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I'EOJIOTHYECKASA XAPAKTEPUCTHUKA U ITOUNCKOBASA
U3YUEHHOCTH MECTOPOXJIEHUS ’KOCABAH B
KAPATAHJIMHCKOM OBJIACTH C HEJBIO IOUCKOBO-
OLHEHOYHbLIX PABOT HA 30JI0TO 4 ITOITYTHBIE KOMIIOHEHTbI

A.T.T;zpra.lm1 = K.B.KomaxMeT1 s ®.M.HUcaraeBa’ s A.l“.l“yCMzumBal

! Kacnuickuii ynugepcumem mexrnonozuu u unoicunupunza um. I Ecenosa, Axmay, Kasaxcman
ZKapaeaHz)uHc;cuﬁ mexnuyeckuil ynugepcumem um. Abvinkaca Cacunosa, Kapaeanoa, Kazaxcman
¥ Koppecnondenm-asmop: aiman.tt@mail.ru

B crarbe u3ydyeHbl MaTepUabl MO Te0JOrHYCCKOMY CTPOCHHIO, TEKTOHUYECKHM M MarMaTHUYe€CKUM OCOOCHHO-
CTSIM paiioHa uccliefjoBanuii yuactka XKocabai, pacronoxkenHoro B [lleTckom paiione Kaparanguackoit obnactu
- OJTHOM U3 HamOoJee MepCIeKTUBHBIX pernoHoB llenTpansHoro Kaszaxcrana mo 30J10TOPYAHON CrCIIHATN3AIUH.
HenTtpanbuerii Kazaxcran sSBisieTcst KpYMHBIM METAJIOTEHHUECKUM PaiioHOM, TJI€ HIMPOKO Pa3BUTHI 30J10TO-ceped-
pAHBIE U MOJIUMETAJUIMYECKUE MECTOPOXKICHHUS, CBA3AHHBIE C MPOSBIECHUSAMH BYJIKAHOT€HHO-THIPOTEPMaIbHON
AKTUBHOCTH M MHTPY3MBHBIX MPOIECCOB. Tak LEIbI0 UCCIICAOBAHUS SBISIOCh U3YUYCHUE CTPAaTUrpaduu, UHTPY-
3MBHBIX 00pa30BaHUN W pa3pbIBHBIC HAPYIICHUS ydacTka JKocabail Jisl MOCIENYIOIIEr0 MPOBEICHHS TOUCKOBO-
OIICHOYHBIX Pa0OT Ha 30JI0TO M COIYTCTBYIOINIHUE KOMIIOHCHTHI. [IpOBEACHHBIN aHAIN3 TO3BOJWI YTOYHHTH
OCOOCHHOCTH CTPOCHHS, COCTaBa W IMPOCTPAHCTBCHHOTO PACIPE/CICHUS PYIHBIX TEJ, CBA3aHHBIX C 30JI0TO-
CepeOpSAHBIM U TIOIMMETAIUTMYCCKUM THUIIAMH OPYACHEHHsI. YCTaHOBJICHO, YTO ()OPMHUPOBAHUEC MHUHEPATH3AINU
CBS13aHO C MHOT'O3TAITHBIM MarMaTu3MOM, Pa3BUTUEM BTOPUYHBIX KBAPLIUTOB U MHTEHCUBHBIMU THAPOTEPMAIIBHO-
METaCOMaTHYCCKUMHU Ipolieccamu. [IpoaHann3upoBaHbl pe3yabTaThl paHEee BHIOJIHEHHBIX Pa3BEIOYHBIX PadOT, B
XO0JIe KOTOPBIX OBLTH MOJACYUTAHBI 3aITACHI CBHHIIA U [MHKA, & TAK)KE BEISBIICHBI YCTOWYUBBIC COJICPKAHUS 30JI0TA H
cepebpa. [TokazaHo, 9T0, HECMOTPSI HA OTHECECHHE MECTOPOXKICHUS K Pe3epBHBIM 00beKTaM B 1960-X IT., y4acTOK
COXpaHsIeT 3HAYUTEILHBIN TOTEHIIHAN, 00YCIOBICHHBIA HATMINEM OCTAaTOYHBIX U 320aJIaHCOBBIX 3aI1acOB, a TAKKE
BO3MOKHOCTBIO BBISBIICHUSI CKPBITBIX PYAHBIX TEN B TPEIeIax TCKTOHHYSCKH aKTHBHBIX 30H. OOOCHOBaHa 11eTie-
c000pa3HOCTh MPUMECHEHUS COBPEMEHHBIX T€0JI0r0-TeOQU3NICCKIX H TCOXUMHICCKUX METOMIOB IS TICPEOIICHKH
pyznHoro oTeHuana JKocabaiickoro yyacTka ¥ YTOUHCHHS €r0 METAIDIOTeHUIECKOW MOIETIH.

[TonydeHHble AaHHBIE MOJATBEPXKIAIOT MEPCIEKTHUBHOCTh y4yacTka JKocabail /st mpoBeAeHUs AallbHEHIINX
MOUCKOBO-OIICHOYHBIX W Pa3BEJOYHBIX Pa0dOT, HANPABICHHBIX HA YTOYHEHHUE KOHTYPOB 30JI0TO-CEPEOPSHOTO
OPYICHCHHUS U MOJCYET MPOTHO3HBIX PECYPCOB OIArOpOMHBIX METAUIOB. Pe3ynsTaThl HCCIIEIOBAHUS MOTYT OBITh
HCIIOJIB30BaHbI MPH JaJbHEHINCH pa3paboTke METOAMYESCKUX TTOIXO0I0B K IIPOTHO3UPOBAHKIO U OI[CHKE MECTOPOXK-
nenus XKocabait B Kaparannuuckoit oonactu Pecriyonuku Kazaxcras.

KuaroueBble c10Ba: 3010TO-cepeOpsSHHOE OpYAMHEHHE, TeOJIOTNYECKOe CTPOSHHE, TeKTOHHKA, WHTPY3HBHBIE
o0pa3oBaHHMs1, pa3pbIBHBIC HAPYLIEHHS, IPOTHO3HBIE PECYPCHI.

KAPAFAH/IbI OBJIBICBIHIAFBI )KOCABAH KEH OPHBIHBIH I'EOJIOTUSJIBIK CH-
IMATTAMACBHI KI9HE AJITBIH MEH IVIECHIE KOMIIOHEHTTEPTE I3JEY-BAFAJIAY
JK¥MBICTAPBIH )KYPI'I3Y MAKCATBIHJIAFBI I3IEHY JEHI'EMI

.1 Fajaun , N\.9. hNoiKaxMmeT , D.lvl. ¥icataeBa , A.1.1 YCMaHOBa
A.T.Typram'™, K.9. K ! ®.M. 1 2 A.Lly !

"I1I. Ecenoe amvinoassr Kacnuii mexuonozusnap scame unscunupune ynueepcumemi, Axmay, Kasaxcman
2 O6inkac Casvinos amvindazy Kapazanovr mexnukanvix ynusepcumemi, Kapasanowi, Kazaxcman
¥ e-mail: aiman.tt@mail.ru

Maxkamaga Kaparauner oomsiceiHbiH 1ller aymansiHga opHamackan JKoca0aii ydackeciHiH 3epTTEy ayMarbl
OOMBIHIIIA TEOJOTHSUTBIK KYPBUIBICHI, TEKTOHHKAIBIK JXOHE MarMallblK epeKIICTIKTepl JKOHIHIETI MaTepuaiaap
KapacThIppUTFaH. Atanran aymMak OpTanbslk KazakcTaHHBIH alThIH KCHICHY MaMaHIaHYbl OOUBIHINA CH TIEPCIICK-
TUBAIIEI OHipiIepiHig Oipi Oombim Tadbutagbl. Opranslk KasakcTaH - ByTKaHOTCHII-THIPOTEPMAIIBIK OCICSHITIK
IIEH MHTPY3UBTIK yAepicTepMeH OalIlaHBICTHI alTHIH-KYMIC JKOHE MOTMMETAIIBIK KeH OPBIHAAPEI KSH TapalfaH
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ipi MeTaiIoreH ik aimak. 3eprreynid Makcarsl - XKocabail yuackeciHiH cTpaturpadHsCchiH, THTPY3UBTIK TY31TiM-
JICPIH JKOHE JKAPBUTBIMIIBIK OY3BUTBICTAPBIH 36PTTEY HETI3IH/C aaThIH XKOHE 1JIeClie KOMIOHCHTTEpre OaFrbITTaIFaH
i31ey-0aranay )KYMBICTAPBIH KYPri3yre aJFbIapT kacay. JKypri3iires Taniay alThlH-KyMic )KOHE MOJIUMETAIIBIK
THUITETi KeHJCHYMEeH OaiIaHbICThI KeH JIEHEJIEePiHiH KYPBUIBICH, KYPaMbl )KaHE KEHICTIKTIK Tapally epeKIIeNiK-
TepiH HaKTbUIayFa MYMKIHAIK Oepai. MuHepaniaHyIblH KaJlbINTacybl KOl Ke3eHJ[I MarMaTH3MMEH, eKiHIIIK
KBapIUTTEPIH JaMYBbIMCH JKOHE KAPKBIHIIBI THIPOTEPMAJIBIK-METaCOMATO3/IBIK YAepiCTepMEH OallIaHBICTHI CKCHI
AHBIKTAJIBL. BYpBIH KYpriziareH Oapiay >KYMbICTapPBIHBIH HOTH)KEIEP] TAIAHBII, OJapAbIH OaphICHIH/Aa KOPFACHIH
MEH MBIPBIIT KOPEI €CeNTeNTeHi, COH/Iai-aK alThIH MEH KYMICTIH TYPaKThI MOIIIepIIepi aHBIKTAIFaHbl KOPCETUII.
1960-xpU1Iapbl KEH OPHBI PE3CPBTIK HBICAHAAP KaTapbhlHA XKATKBI3bUIFAHBIHA KapaMacTaH, Y9acKe KaJbIK KOHE
OarmaHCcTaH THIC KOPJIAPABIH OOMYBIMEH, COHAAl-aK TCKTOHHKAJBIK OCIICEH/II ailMaKTap IICTiHAE KACHIPHIH KSH
JICHETIepiH aHBIKTAy MYMKIHIITIMCH OalIaHBICTHI €NCYNi ONICYCTiH CakTam OTBIpFaHbl manenmeHnai. YKocabaii
YYacKeCiHIH KEHMIK OJNICyeTiH KaiTa Oaranay »KOHE OHBIH METAJUIOTCHAIK MOJCNIH HAaKThUIAy YIIIH 3aMaHayH
TEOJIOTUSUTBIK-TeO(hU3UKAIBIK )KOHE TCOXUMUSITBIK 9IICTEeP Ii KOJMTaHYyIbIH MaKCaTKa COMKECTIrl Heri3meni.

Anpraran aepekrep JKocabail ydacKeCiHIH anThIH-KYMIC KCHIEHYIHIH KOHTYpJIAapbhlH HAKThUIAY KOHE achul
MeTaJIIapabIH 00KaMIBIK PeCypCTapbIH €CENTEy MaKCaThIH/Ia OJ[aH dpi i31ey-0aranay jkoHe Oapiay *KYMbICTAPbIH
JKYpri3yre nepcrieKTHBaNIbI €KeHIH pacTaiipl. 3epTTey HaTkenepi Kaparanasl o0nmbics aymarsiHaarsl JKocabait
KEH OpHBIH O0JDKay MeH Oarasiay/ibIH 9ICTEMENIK TOCUIIEpPiH KEeTUIIIpy/ie MaiJanaHbuTybl MYMKIH.

TyiliH ce3aep: anTHIH-KYMIC KEHIIII, T€OIOTUSIIBIK KYPBUTBIM, TEKTOHUKA, HHTPY3HSUTBIK TY3UTIMAED, )KapbLIBIC
KYPBUIBIMIIAPBI, 00IKaMABI pecypcTap.

GEOLOGICAL CHARACTERISTICS AND PROSPECTING EXPLORATION STATUS OF
THE ZHOSABAY DEPOSIT IN THE KARAGANDA REGION FOR THE PURPOSE OF
PROSPECTING AND EVALUATION WORK ON GOLD AND ASSOCIATED COMPONENTS

A.T.Turgalilg, K.A. Kozhakhmetl, F.M. Issatayevaz, A.G. Gusmanova'

! Sh. Yesenov Caspian University of Technology and Engineering, Aktau, Kazakhstan
? Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan
¥ e-mail: aiman.tt@mail.ru

The article examines materials on the geological structure, tectonic setting, and magmatic features of the
Zhosabay prospect area located in the Shet District of the Karaganda Region—one of the most promising regions
of Central Kazakhstan in terms of gold mineralization. Central Kazakhstan is a major metallogenic province where
gold-silver and polymetallic deposits are widely developed and are associated with manifestations of volcanogenic-
hydrothermal activity and intrusive processes. The aim of the study was to investigate the stratigraphy, intrusive
formations, and fault systems of the Zhosabay area in order to provide a basis for further prospecting and evaluation
work for gold and associated components. The conducted analysis made it possible to clarify the structural features,
composition, and spatial distribution of ore bodies related to gold-silver and polymetallic types of mineralization.
It has been established that the formation of mineralization is associated with multi-stage magmatism, the
development of secondary quartzites, and intensive hydrothermal-metasomatic processes. The results of previously
conducted exploration works were analyzed, during which lead and zinc reserves were calculated, and consistent
gold and silver contents were identified. It is shown that, despite the deposit being classified as a reserve object
in the 1960s, the area retains significant potential due to the presence of residual and off-balance reserves, as well
as the possibility of discovering concealed ore bodies within tectonically active zones. The feasibility of applying
modern geological, geophysical, and geochemical methods for reassessing the ore potential of the Zhosabay area
and refining its metallogenic model is substantiated.

The obtained data confirm the prospectivity of the Zhosabay area for further prospecting, evaluation, and
exploration work aimed at refining the boundaries of gold-silver mineralization and estimating the forecast
resources of precious metals. The results of the study may be used in the further development of methodological
approaches to the forecasting and evaluation of the Zhosabay deposit in the Karaganda Region of the Republic
of Kazakhstan.

Keywords: gold-silver mineralization; geological structure; tectonics; intrusive formations; fracture structures;
prospective resources.
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Beenenue. 30710T0 sBIAETCA OOHUM U3 Hamboiee
LICHHBIX M BOCTPEOOBAaHHBIX OJArOPOIHBIX METAJUIOB,
UTPAIOIIMM 3HAUUTEIbHYIO POJIb B MUPOBOH IKOHOMHU-
ke. OHO HIMPOKO UCTIONIb3YETCS B IOBEIUPHON MPOMBIII-
JIEHHOCTH, 3JEKTPOHUKE, MEIUIIMHE, & TAKXKe CIIy>KUT
Ha&XHBIM HHCTPYMEHTOM MHBECTUIIMH 1 (prHAHCOBON
cTaOuIbHOCTH. braronapst BEICOKOH 31€KTPOIPOBOAHO-
CTH, KOPPO3HMOHHOM CTOMKOCTM U PENKOCTU 30J0TO
OTHOCHUTCSL K CTpPaTerM4ecKUM BHJAM MUHEPAIBHOTO
CBIPbsI, ONPEEISIONIMM YPOBEHb TEXHOJIOTHUECKOTO U
SKOHOMHUYECKOTO Pa3BUTUS CTPaH.

C reonoruueckoi TOYKU 3pEHHS 30JI0TO BCTPEYaeTCs
B Pas3jiMYHBIX THUIIAX MeCTOpO)K[[eHI/Iﬁ — JKUJIbHBIX,
POCCHIITHBIX U KOMIUICKCHBIX. I/I3yquMe 3aKOHOMEPHO-
CTeill ero pasMmeuieHus, GopM HaAXOKACHUS U YCIOBHU
00pa3oBaHMs MMEET BAKHOE 3HAYCHHE JUIS TIOBBIIICHHS
3¢ PEKTUBHOCTHU re0JIOropa3BeIOYHBIX Pa0OT.

HccnenoBanue 30J0TOHOCHOCTH Ha ywacTke JKoca-
6ait B KaparanauHckoi 00macTv mpencTaBiseT coO0oi
aKTyaJIbHOE€ HaIpaBJICHUE, II03BOJISIONICE YTOYHHUTH
TIEPCIIEKTUBBl MUHEPAILHO-CHIPhEBON 0a3bl PETHOHA.
[Tomy4eHnHble TaHHBIE MOTYT CTaTh OCHOBOW JJIS JAallb-
HEUITNX MOUCKOBO-OIIEHOYHBIX ¥ Pa3BEIOYHBIX paboT, a
TaK)ke CIOCOOCTBOBATH PA3BUTHUIO TOPHOAOOBIBAIOIIEH

orpacnu KazaxcraHa.

ITpocTpaHCTBEHHO-TTONCKOBAS IUIOMIAb PACIIONIONKE-
Ha B llerckom paiione Kaparangmackoir oOmacTu
Pecrry6muku Kazaxcran. Ilmomane paboT cocTaBisieT
5,2 km? PaccmarpuBaemMas miomaab NepcrneKTUBHA, HO
HE TIONyYM/Ia OKOHYATEIbHOW OIECHKH H3-3a HEIoCTa-
TOYHOTO KOJIMYECTBA MOMCKOBO-OLIEHOYHBIX padoT [uis
(hopMUpPOBaHKS MPOMBIIIUICHHBIX 3aM1aCOB 30JI0Ta M I10-
ITyTHBIX KOMIIOHEHTOB.

B cBs3u ¢ 3TUM Lenbl0 JAaHHOH CTAaTbU SIBISETCS
HCCIIEIOBaHHS T€0JIOTUYECKOM UM MOMCKOBOM XapakTe-
puctuku yuactka XKocabaii B Kaparannuackoit obnactu
PecniyOnmkn Kaszaxcral, ¢ menpio onpeieneHus: nep-
CIIEKTHB IaJbHEHIINX ITONCKOBO-OILICHOYHBIX U pa3Be-
JIOYHBIX PabOT Ha OJIarOpOAHBIC METAILIBL.

Jna nocTiwkeHus AaHHOW LeIH ObUIM OIpEeneeHbI
3a/1a4m:

1. OueHka reoJormuecKoil U3y4eHHOCTH ydacTka JKo-
cabaii U ompeJeeHNe TeOIOTO-CTPYKTYPHOW U MU-
HEPaJIOTro-reOXUMHYECKOH OCOOEHHOCTH 30JI0TO-Ce-
PeOpSTHOTO OpYIEHEHHUS.

2. BrlsBneHHe 3aKOHOMEPHOCTH HHTPY3UBHBIX 00pa30-
BaHUM W pa3pbIBHBIX HAPYIICHWH IS OLUEHKH HX
poJin B pyTOHOCTHOCTH U TEKTOHUYCCKOM CTPOCHHUU
ydacTka Kocabaii.

3. O030p HUCTOPUYECKHX HCCICIOBAHUN M KapTorpa-
(UYECKHX MaTepuaioB, CBSI3aHHBIX C HM3YYCHHUEM
ydacTka.

4. AnHamu3 pe3ynbTaToB MOMCKOBO-OIIGHOYHBIX padoT,
HATIPABJICHHBIX HA BBIABICHUC MEIHBIX PYI U COITYT-
CTBYIOIIUX KOMITOHCHTOB.

5. OmpeneneHue NePCICKTUBHOCTH YIacTKa JUIS Tajlb-
HEHUIINX TTOUCKOBO-OIICHOYHBIX W Pa3BEIOYHBIX pa-
00T Ha 30JI0TO W COITyTCTBYIOIUE METAILI.

Hayunas HOBH3HA pabOTHI 3aKII0YAETCS B KOMILIEKC-
HOM H3Y4YEeHHH 30JIOTOHOCHOCTH Yyd4acTka JKocabai,
MO3BOJIMBILIEM YTOYHUTH MOP(OJIOTHUIO U MHUHEPAJIOTH-
YECKUH COCTaB 30JI0TO-CEPEOPSIHBIX PYOHBIX TElT W
BBISIBUTH 3aKOHOMEPHOCTH MX MPOCTPAHCTBEHHOTO Pa3-

MCIICHMUA.

Marepuansl u MmeToasl. Hanbonee 6orarbim perno-
HOM IO 3ajie)kaM IOoJEe3HbIX MckonaeMblx Kazaxcrana
sigerca LlenTpanbHbiil Kazaxcran, B CBOIO ouepenn
PETHOH MPU3HAH BaXXHOW MHUHEPATbHO-CHIPHEBOM 0a30i
Pecmy6muku. B 3TOM pernone cocperoToueHbl KpyITHbIe
MECTOPOKIAECHUS ME/IH, 30J10Ta, JKEJIE3HbIX U MapraHue-
BBIX pyI, MOJMMETAJUIOB, YITIA, a TAKKe PeaKuX U Oia-
ropoaHbix MetaiuioB. LlenTpanbubrii Kazaxcran cBs3an
C Pa3HOOOPA3HBIMU T'€OJIOTHYECKUMHU CTPYKTypaMH H
TUTIAaMHW PYAHBIX TEJI, 4YTO 00€eCIIEUnBAET €T0 IIPOMBIII-
JICHHYIO NEPCIICKTUBY W MMOTCHIHAJI JJII OTKPBITOCTH.

3omoro LentpanpHoro Kazaxcrana mpuypodeHO K
30HaM TEKTOHWYECKHX pa3IOMOB, METAaCOMaTHIECKH
W3MEHYMBBIM MOPOJAaM BYJIKaHOT€HHO-OCAJOYHBIX H
HMHTPY3UBHBIX KOMITJIEKCOB, & TAK)KE K BTOPHYHBIM KBap-
mutaMm. [1, 2]. B cBoto ouepenp cpemHee comepikaHHe
30JI0Ta B pyax BapeupyeTcs oT 1-3 r/T (HU3KOCOPTHEIE
pyzer) go 10-20 1/t u BeIme 60TaTHIX 30H MHHEpaIN3a-
mun [1, 3].

IIprn >TOM OCHOBHBIE THITBI PYAEHHUS CUHUTAIOTCS
KHJIIBIE, 30JI0TO-CYNb(GHUIHBIE, 30JI0TO-TTOTUMETaIITHYC-
CKHE, 9aCTO aCCOLMMPOBAHHBIE C KBapLIEBBIMH JKIJIaMU
Y 30HaMH OKBapueBaHus [4, 5].

B cBsi3u ¢ atum Lenrpanbubiii Kazaxcran obnanaer
MOTCHIIUAJIOM JJII OTKPBITUSA HOBBIX MeCTOpO)KﬂeHMﬁ,
0COOEHHO B 30HaX BTOPUYHBIX KBAPIIUTOB U TEKTOHU-
4eCKUX pasioMoB [6]. COBpeMEHHBIE re0I0ro-reopusm-
YEeCKHE METO/IbI MTO3BOJISIIOT BBISIBUTH CKPBITHIE PYAHBIC
TeNa U yTOUHUTb KpUTEpHUH moucka [7, 8].

TakuMm 00pa3oM MOXKHO 3asiBUTh, 9TO L[eHTpanbHBIH
Kazaxcra - oquH M3 OCHOBHBIX IIEHTPOB 30JI0TOIO0BI-
YH CTPaHBl, XapaKTEPH3YIOIIHUNCS CIOKHBIM T€0JI0THye-
CKHM CTPOCHHE U pa3HOOOpa3ueM TUIIOB. B uucie MHO-
TOYMCIIEHHBIX 30JIOTOPYAHBIX 00beKTOB LleHTpaibHOTO
Kazaxctana oco0Oblif HTHTEpeC MPEACTaBISIET MECTOPOXK-
nenue XKocabaii, KOTOPBIA OTIIMYAETCS CIOXKHBIM CTPO-
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€HUEM, MHOTOITAIIHOCTBIO PyR000pa30BaHUA U Pa3HO-
00pa3ueM THITIOB MUHEPAJIHM3AIMH, YTO OTPAXKAET BHICO-
KUH ypOBEHb METAJUIOTEHWYECKOH ClelHain3aliuu 1
MIPOMBIIIJICHHYI0 3HAYMMOCTb peruoHa [9].

I'eonorudeckoe crpoeHne MmectopokaeHus JKocabaii
MIPUBOIUTCS MO0 MaTepuasaM KOHIUIIMOHHOM I'€0JIOTH-
yeckoir cremMku Macmraba 1:50 000 (CkybmnoB u jap.,

1968 1.) [10]. B cTpyKTypHOM TMlaHE OMUCHIBAEMBIil
paiioH pa3mermaercs B 3amagHoi 4acTH TOKpayCKoro
CUHKIIMHOPHSI, CJIO)KEHHOTO TIO3/THETePIIMHCKUMHU BYJI-
KaHOT€HHBIMU 00pa30BaHUSIMU, B 30HE COYJICHEHHS €T0
¢ XKaman-CappIcyiCKUM aHTUKJIMHOPHUEM, CIIOKEHHBIM
PaHHETEPIMHCKUMH 0CaJOYHBIMH ITOPOAaMH (PHCYHOK

).
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[Taneo3olickas rpynna. HuwxHecuiypuiickue aneBpo-
JUT-TIECYaHUKOBBIE OTJIOXKCHMSI Pa3BUTHI B CEBEPO-3a-
MaJHOW yacTH paiioHa, ciaras TosaraiicKyro aHTHUKJIa-
Hausb. [IpencTaBieHsl OHM MENKO3EPHUCTBIMU U TOHKO-
3EPHUCTBIMHU CEPO-3€TIEHBIMH, PEXE JTHIOBBIMH AJIEBPO-
JIUTaMH U apTHIUINTaMU C IPOCIIOSIMH M3BECTKOBUCTBIX
MIECYaHNKOB, AJIEBPUTOB U JIMH3aMH U3BECTHSKOB C (hay-
HOM Opaxmoro U TPUIOOUTOB, HA OCHOBAaHNHU KOTOPBIX
OnpezAesieH HUKHECUIYPUICKUI BO3pacT 3TOW TOJIIY.
MOLHOCTh HUKHECWITYPUHCKUX OTIIOXKEHUM COCTABIISA-
et oxo710 2000 M.

Kamennoyronsnas cucrema. Hikeuil otaen mpen-
crasieH Kapkapammuuckoit csuroit (Cl kr) - BepxHuit
MOABSIPYC BU3EUCKOTO sIpyca U HaMIOPCKUU sipyc. Byi-
KaHOTEHHbIe 00pa30BaHMS 3TOM CBUTHI OOHAXKAIOTCA
B CEBEPO-BOCTOYHOM YIIIy W 3alaJHON ITOJIOBUHE OITH-
CBHIBAGMOH TEPPHUTOPHH, TZI€ OHM 3aJIETAI0T HEHMOCPEn-

CTBCHHO Ha HPI)KH@CPIJIprIﬁCKHX IECYaHO-CJIaHIICBBIX
OTJIIOXKCHHUAX.

Jist paccmarprBaeMbIX 00pa30BaHUi B IIEJIOM Xapak-
TEpEeH MECTPHIN COCTaB MIOPOA U IIMPOKOE PAa3BUTHE BYJI-
KaHOT€HHO-0CaJJOuHbIX Mauek. Kak mpaBuiio, B Hu3ax
pa3pesa 3aMeTHO mpeolnanatoT TyGpQuTsl, Tydornecya-
HUKH W JIMIIAPUTO-AAUTOBBIE TY(BI, BHIIIE CMEHSBILIH-
€Csl UepHO-3eJICHBIMH MEJIKOTIOP(GHUPOBEIMU aHAE3UTa-
MU U aHJIe3UT0-0a3aIbTaMu, BhIIIE KOTOPBIX 3aJleraroT
aH/IE3UTO-TIALUTOBBIE U JAIUTOBBIE KPYITHO M CpPE/IHE-
obnomounsie Tydbl. BepxHsis gacTe paspesa cloxeHa
JAIIATOBBIMHU CIIOUCTBIMU TyQduTamMu, pexe Tydorec-
YaHHKAMH, a TaKxke OypoBaTo-CephIMH JIMIIATPUTO-/1a-
LUTOBBIMH U JKEJITOBATHIMH, CBETJIOCEPBIMH JIHIIAPHTO-
BBIMH KPUCTAJUTOKJIACTHICCKUMH Typamu. BospactHoe
oIpesieNieHre TOM TONIIN ONPEAETICHO Ha OCHOBAaHUH
CTPYKTYPHO-JIUTOJIOTHYESCKOTO aHAIN3a M CONOCTAaBIIE-
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HUSI ¢ (ayHUTHYECKH OXapaKTepU30BaHHBIMH 00pa3o-
BaHUSAMHU COCEIHHUX pailoHOB. MOIIHOCTH MOPOJ KapKa-
panuHCcKoi cBUTHI cocTapisteT 500-600 m.

Hwxuuit u cpennuii otnen npencrtasieHbl Kanmax-
amenbCekoi cBuToi (C1-2 kl) - HAMIOPCKHIA SIPYC U Cpe-
Hul otnen. KanMakaMmenbckue ByJIKaHOT€HHBIE 00pa3o-
BaHMs MMEIOT BeChMa IIHUPOKOE PaclpOCTPaHEHUE MO
Bcell Tepputopun. OHU XapaKTEPHU3YIOTCSI CPAaBHUTEIb-
HO OJTHOOOpa3HBIM COCTaBOM BMEIIAIOIIMX MOPOJ: 3TO
AHJC3UTHBI, aHAC3UTO-AAlNUThI, PEKE AAIUTHBI C CAUHUY-
HBIMH NIPOCIIoAMU Ty(oB U TydduToB. B roro-zamannoit
YaCTU CBUTA MNPCACTABJICHA aHAC3UTO-JAlIUTOBBIMU TY-
(amu, mepecIanBarOIIMMUCS C JAUTOBBIMU Tydamu u
UTHrUMOpUTaMU.

Kanmaksmensckue 00pa3oBaHus 3aJI€Tal0T Ha BYyJIKa-
HOTEHHO-O0CaI0YHBIX MOPOJax KapKapaIHMHCKOH CBHUTHI
“Mesl ¢ TOCIEIHUMH COTJIACHBIM CTpaTHrpaduIecKuii
KOHTpAaKT. Bo3pact oOpa3oBanuii onpeneneH Ha OCHO-
BaHUU CTPYKTYPHO-JIUTOJOTMYECKUX COIOCTaBICHHUH.
MomHoCTh KanMakamenbekor cBUThI 400-900 M.

[Ipu 5TOM cpenHuii U BEpXHUN OTIENBI XapaKTepusy-
IOTCSL:

Kepereracckas cBuTa. BynkaHoreHHbIC 00pa3oBaHus
9TOrO BO3PACTa Pa3BHUTHI CTOJIb XK€ LIMPOKO, KaK U Kajl-
MaK3IMENbCKUE BYIKaHUTHL. B pa3pese kepereracckoiu
CBHUTBI OTYETJIMBO BBIIEIISIOTCS JBE TOJIIN: HUKHSAS —
TY(OUTHUMOPHUTOBAs!, U BEPXHsISI — UTHUOPUTOBASL.

Hwxnasas noacsura (C2-3 kgl). Iopomsr sToit moa-
CBHTBI, KaK IPaBHUIJIO, HECOIIACHO 3aJIeraloT Ha KajiMa-
KIMEJIbCKHX, PeKe KapraluHCKUX oOpa3zoBaHusx. i
9TOH MOICBUTHI XapaKTepHa pe3kas anuaibHas H3MeH-
YHBOCTh pa3pe3a U BMECTE C TeM HaJHu4yhe MapKHPYIo-
IIeH TOJIIM CepO-3eNIeHBIX JAIUTOBBIX arJIOMEPaTOBBIX
UTHUMOPUTOB C TOPU30HTAMH aH/I€3UTO-JAlUTOBBIX TY-
(OB M TUNAPUTOBBIMU HTHUMOPHUTAMH, CEPO-3€JICHBIMU
U OypbIMH TAIIUTOBBIMH Ty duramu, Ty(oaaeBponnuTa-
MH U TPSI3HO-CEPBIMH JIMIIAPUTO-AAIIUTOBBIMU KPUCTAI-
notydamu. OOIIasi MOIHOCTh MOPOJT HUXKHEH TOICBHU-
ThI Keperarckoit cBUThl coctapiser 300-700 m.

Bepxusis moacsuta (C2-3 xg2). O6pazoBaHus BEpX-
HEH IMOACBUTHI MOJB3YETCS JIOKATHHBIM Pa3BUTHEM H
OOHaXAIOTCSI JIUIIb B IOTO-BOCTOYHON YacTH TEPPHUTO-
pun. UTHUMOPHTHI BEpXHEH TTOICBUTHI 3aJIETAIOT HA I10-
pozax HHXKHEH MOACBUTHI, PeXke HA KAIMAKIMEIbCKUX
ByJIKaHHTaX. B pa3pese BepxHe# MOACBUTHI mpeobia-
JIAl0T CUPEHEBBIE, JIMIOBBIE M PO30BATO-Oyphle JTHUIIapH-
TOBbI€ UTHUOPUTHI, KOTOPHIM MOAYMHEHBI TOPU30HTHI
JIMTIAPUTOBBIX qu)OB, JIMTIapUTO-AallUTOBBIX JIaB, HI-
HUMOPHTOB, CJIOHCTBIX Ty(homecuaHHKOB U Ty(h(HUTOB.
MormHoCTS Topo BepxHe# moacButsl 250-600 M.

Bospact BBIIICONMCaHHBIX OTJIOKEHUI ONpeseNieH
KaKk CpeIHEBEpPXHEKaMEHHOYTOJIbHBIH Ha OCHOBaHHMHU
JIUTOJIOTUYECKOTO CXOJCTBA MX C LIMPOKO PAa3BUTBHIMU
B Tokpayckoii BriaJjiHe BYJIKAHOI'€HHBIMH OOpa30BaHU-
SIMU Kepereracckoil cButhsl cocrasnusgeT 600-1300 m.

Bepxuwuii otnen npencrasieH CymymOKAHCKONW TOM-
ceuroii (C3 sl). TTopoab! 3TOit CBUTHI HE3HUYHUTEIBHO,
00HaXXasCh OTJENBHBIMU BbIXOAaMHU IoxHee I. JKoca-
761, CyIyIIOKHHCKAs CBUTA CJIOXKEHA CBETIIO-CHPEHEBHI-
MU, PO30BaTo-0ypHIMHU, JKEJITOBATO-CEPHIMU U OEJIBIMU
¢bmonnanbHBIMKE B c(hEepOTUTOBBIMU J1aBaMu 0a30KBap-
LEBBIX JIMITAPUTOB C TYpOYIEHTHOU (QIFOMIaTBLHOCTHIO
C TOPU3OHTOM CIIOUCTBIX TY(OB, Ty(HONECYaHUKOB U
Ty(OrpaBeUIUTOB B OCHOBaHUH. JIMNApUTHI CyIyIIO-
KMHCKON CBUTBI HECOIVIACHO HAJIETAIOT Ha MOPOJBI Kaj-
MaKIMeIbCKOH U kepereracckoi cBUT. CymmyIIoOKHHCKAs
CBUTA BBIJIETICHA BIIEPBBIE KaK CaMOCTOSATENbHAs €H-
HUIIA B [TPOLIECCE Te0JIOT0-CheMOYHBIX paboT MaciiTada
1:50 000 Ha OCHOBaHUU T'e0JOrO-CTPYKTYPHBIX, IETPO-
rpagu4ecKkux, NETPOXUMUYECKNX, T€OXUMHUYECKUX U
PaIroreoIOrHUECKUX JTaHHBIX, OMPEISIMBIINX BBIIIC-
OIMCaHHBIE TIOPOIBI KaK €IUHYIO TOJIILY, 3aJIeTAlONIYI0
Ha TpaHHWIE KepereraccKkod W apXaHreJbCKOW CBHT.
MomnocTs ¢BuTh 190 — 270 M.

Kaiino3zoiickas rpynmna. HeorenoBast u 4eTBepTHIHAS
cUCTeMBI (HepacwieHEHHBIE) MPEACTABIEHBI PHIXJIBIMHU
OTJIOKEHUSIMH, IIUPOKO PAa3BUTHIMU B TIPeeNax JOTUH
p. Kapacait u e€ mpurokos. JlanHbie 00pa3oBaHus 3a-
JIETal0T HECOIVIaCHO Ha 0oJsiee IPEeBHUX MajJe030MCKHUX
BYJIKaHOTE€HHO-0Ca/IOUHBIX TONIaxX. B ux cocrase mpe-
00JTaar0T 3€JICHOIBETHBIC, MECTPOIBETHRIC U KPACHO-
LIBETHBIE TVIMHBI, & TAKXKE aJUTIOBHANIbHBIC, aJUTIOBHAIb-
HO-TIPOJTIOBUAIILHBIE U MIPOJIIOBUATILHO-JIEIIOBUANIbHEIE
KOHIJIOMEpAThl, TaJIeYHUKH, IECKU, CYTIECH U CYTIIMHKU.
OTINOXEHUSI UMEIOT IPEUMYIIECTBEHHO KOHTUHEHTAJIb-
HBIA TEHE3UC U (POPMUPOBAIUCH B YCIOBUSIX aKKyMYy-
JSIUMW B PEYHBIX JOJIMHAX M Yy TOAHOXHHA CKIIOHOB.
CyMMapHasi MOIIIHOCTh HEOTCH-YETBEPTHYHBIX 00pa30-
BaHuit gocruraer 50—70 m.

WNuTpy3uBHBIE 00pa30BaHUs MOIB3YIOTCS JTOBOJIHHO
IIUPOKUM Pa3BUTHEM B paitoHe. Cpenu HUX BBIACISIOT-
s JKepIIOBbIe 00pa30BaHMs KaJIMaKIMEIbCKOH, Kepere-
TACCKOH U CYJIYIIOKAHCKOM CBUT, HHTPY3UBHBIC 00pa3o0-
BaHUS KapKapaJlMHCKOro, KaJMaKIMEIbCKOT0, KOKIOM-
0aKCKOT0, CYITYIIOKUHCKOTO U YKaKCHITAraJIMHCKOTO ap-
XapJIMHCKOI'O KOMILJIEKCOB.

Kapkapamackuit xommiekc (yn Cl). Ipanut-mop-
(¢upbl KapKapaJIHHCKOTO KOMITIEKCAa pPa3BUTHI BEChbMa
OTPAHWYEHO; BBIXOABI MX HM3BECTHHI JIHIIL B CEBEPO-
3aImafHON 9acTH TEPPUTOPHH, TAC OHH CJaraloT BEPTH-
KaJbHBIC W KPYTOMAJafonIie Maiiku M IaiikooOpas3HbIe
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TeJa, BBITSHYThIE B CEBEPO-3aIlalHOM HalpaBJIEeHUH CO-
ITIACHO MPOCTHPAHUIO BMEUIAIOIUX CUIYPUHCKUX Iec-
YaHHUKOB U aJIeBPOIUTOB. MoIIHOCTH Aaek oT 3 10 20 M.,
MIPOTSKEHHOCTD TEePBbIe COTHU METPOB. CII0KEHBI OHU
CBETJIBIMH, TPS3HOBATO-CEPBIMH JI0 OEJIBIX T'PaHUT-IIOP-
¢upamu, conepxkamumu 10—15 % moppupoBbIX BbIIE-
JICHUH KBaplLa M IOJEBBIX IIIATOB pa3MepoOM OKOJo 2
MM.

Kakceiraramuackuit komruieke (ynP1). I'panut-nop-
(UpBI ATOTO KOMILJIEKCA YYaCTBYIOT B CTPOCHUH KOJIb-
LEBBIX M JIMHEHHBIX CTPYKTYp, cjaras IMpOTsSHKEHHbIC
(10 IepBBIX KM) KOJIBIIEBBIC M JIMHEWHBIE JAKH MOIIIHO-
cthio oT 0,5 10 50 M, pexxe 10 100-200 M. [Tanenue ux
IPEUMYIIECTBEHHO KPYTO€ A0 BepTHKAIbHOrO. [ paHuT-
nopdupskl, cllararoiye Jaiiku, — 3T0 0OBIYHO PO30BbIE
JI0 KPacHOBATBIX PEAKOTIOP(PHUPOBBIE TIOPOIBI C MACCHB-
HOM TexkcTypoit. KonndyecTBo BKpamjieHHUKOB Bapbupy-
eT oT 3 1o 20 %. BxkpanneHHUKH NpeAcTaBlIeHbl MJja-
ruoxsazoM (3—-15%), xBapuem (2-9%), xanummarom
(2-7%). OcHOBHast Macca UMEET MUKPOTHIIUANOMOP]-
HYI0, artoc(epoIMTOBYIO CTPYKTYPY ¥ COCTOUT U3 3€PEH
kBapua (30-35%), xkanummnara, ans0uTa, XJI0pUTH3UPO-
BaHHOro Onorura (1-4%).

Bospact naek ompenensiercsi 0 HEpeceueHHI0 UMH
CaMbIX MOJIOJIBIX BYJIKAHUTOB paiioHa (B paiione r. Cyiy-
HIOKBI, HA COCETHEM JIUCTE OHM IMEPECEKAIOT BYJIKAHUTHI
apXapiIuHCKON CBUTHI).

ITpu 5TOM BTOPUYHbIE KBAPIIUTHI OJIB3YIOTCS BECbMa
[IMPOKUM Pa3BUTHEM B paszieiiax OMHUChIBACMOW TeppH-
TOPUH W TPENCTABICHBI TpeMsl Hanbolee KPYMHBIMU
MaccuBaMu: JKocaipsl, Afimarapiel, Ymrarad, KOTOpbIe
PE3KO BBIACISIIOTCS B pesibede U HMEIOT HeNPaBUIIbHYIO
B 1wiaHe (opMmy, B OOIIEM BBITATHUBASCH B IIHPOTHOM
HarpapjeHUH. BTOpUYHOMY OKBapIEBaHHIO MOBEPIKE-
HBI pa3JIn4HbIE 10 COCTaBy MOposl. Cper BTOPUUHBIX
KBapLUTOB BBIIEIISIOTCS MOHOKBAPLUTHI U KBapI-CepH-
uuroBasi (arys, Ha KapTe JOMOJHUTEIbHBIM 3HAKOM
MOKa3aHbl YYaCTKU Pa3BUTHS JUACIIOpPa, ATYHUTA U aH-
Jany3uta. MOHOKBApIUTHI, conepikaniue cBbime 90%
BTOPUYHOT'O KBaplia, U CEPUIIUT-KBApIIEBbIe BTOPUYHBIC
kBapuuth (70-90% xBapua u 10-30% cepuiiura) 00bIY-
HO BBIACJSIOTCS B pelibede MOoNoKUTENbHBIMU (opMa-
MH. Pa3HOCTH KBapIMTOB C aJyHHTOM, aHAATY3UTOM U
JIMAaCIIOPOM OTMEYAIOTCS B OCHOBHOM B MacCUBe YIITa-
raH, JXocasbl.

Texmonuka. PaccMmarpuBaemast TEPpPUTOpPUSL PacHo-
JIOKEHA B CEBEPO-3alaJHOM YacTH BEPXHENAJICO30M-
ckoil TokpayCckoil BIaJMHBI, B 30HE COYWIEHEHHUS €€ CO
cpeanemnaneo3orickuM Kaman-CapbICyiCKIM aHTHKIIH-
HOpHEM.

ITo reonoro-cTpyKTypHBIM OCOOCHHOCTSAM 3ajera-
HUSL MOPOJ MOXKHO BBIIENUTH CIEAYIOUIME CTPYKTYp-
HBIE TOJpPA3JCNICHHs: HIDKHECHITYPUICKUHA CTPYKTYp-
HBIH sIpyc, BEPXHENaIC030MCKUI CTPYKTYpHBI SIpyC U
KalfHO30MCKUM CTPYKTYpHBIN sipycC.

HwxHecmmypuiickuii  CTPYKTYpHBIA ~ spyc. OTOT
CTPYKTYPHBIH SIpyC BKJIIOYAET B CeOsl HIDKHECHITYpHii-
CKHE TIECYaHUKHU U aJIeBPOJIUTHI, ciararomue Tomaraii-
CKyI0 aHTHKJIUHaIb. [Topoapl HMEIOT ceBepo-3anmasHoe
300-310° mpocTupaHue U KpyToe MaJeHHe Ha CeBEPO-

BOCTOK W [Oro-3amaj noj yrmamu 60-80°.

Bepxuenaneo3oiickuil cTpykTypHbiil sipyc. K 3T0-
My CTPYKTypHOMY SIpyCy OTHECEHBI BYJIKaHOTCHHBIE
IIOpOIbl KapKapalMHCKOM, KaJMaKdIMENbCKOM, Kepere-
TACCKOM U CYJIYLIOKMHCKOM CBUT M BCE H3BECTHBIE
B paiioHe WHTpYy3WBHBIE oOpa3oBaHus. [lo xapakrepy
3aJIeTaHys ByJIKaHUTOB, 110 B3aMMOOTHOILIEHHUAM BYJIKa-
HOTEHHBIX CBUT 1 0COOEHHOCTSIM PacIpe/IeICHHs B 3TUX
Moposiax KOMarMaTU4HBbIX MHTPY3UBHBIX 00pa30BaHHUN
BEPXHEKAHO30UCKUH ApyC MOXET OBITh pa3felieH Ha
MOABSIPYCHI: HIXKHEE-CPEAHEKAMEHHOYTOJIbHBIH (KapKa-
palMHCKasi, KalMaKdMENbCKas CBUTBI HX YKEPIIOBBIE
o0pazoBaHus, KapKapaJIWMHCKHUA M KaIMaKdIMEIbCKUI
KOMIUIEKCHI); CpelHe-BepXHEKaMEeHHOYTOIBHBINA (00pa-
30BaHUE KEPEreTacCKOW CBHUTHI, UX JKEPJIOBbIE (auuu,
MHTPY3UH KOKJIOMOAKCKOTO KOMILIEKCAa); BEpXHEKaMEH-
HOYTOJIbHO-TIEpMCKHUI (00pa3oBaHUE CyITyIIOKWHCKOW
CBUTHI, UX EPJOBbIE (hallu, WHTPY3UH CYITyIIOKHH-
CKOT'O JKaKCBITaraJMHCKOT'O KOMITJIEKCOB).

Paspuvisnvie napywenusa. OnuceiBaeMasi TEPPUTOPHS
pa3duTa rycToii CeThI0 pa3phIBHBIX HAPYIICHUH, cpeIu
KOTOPBIX BBIAEIAIOTCS PETHOHANBHBIE Pa3JIOMBI THUIIA
cOpoCOB 1 COPOCO-CABUIOB C aMILTUTYAAMU CMETICHHS
6omee 1 kM, Oomee Menkre pa3pbIBHBIE HAPYIICHUS C
aMIUINTYlaMi CMEIICHHS B IMEPBBIE COTHH METPOB U
MaJIOAMIUIUTYIHBIE Pa3JIOMbl CO CMEIICHUEM IIEPBbIC
JIECSITKA METPOB. bornbIiast 4acTh pa3pbIBHBIX HApyIe-
HUH ObUIA TOIHOBJIEHA B ITOCTHIKHENIEPMCKOE BpEMs,
Iocje 3aBepIICHHs MarMaTHYeCcKol AesTeIbHOCTU Cpe-
JIM 3TUX Pa3IOMOB MEPMBTPHUACOBOTO BO3PACTa MCKIIIO-
YUTEIHHO MIMPOKO Pa3BUTHI COPOCO-CABHUTH M CIIBUTH
CEeBepO-3ara/IHOrO IPOCTHPAHUS, 10 KOTOPHIM OOBIYHO
HaOJIIOIAIOTCSl CMEUICHHSI 110 TIPaBHJIy MPABOTO CIBHrA.
Cpenu HuX HabmronaroTcs Hambomee kpymHbie: JKoca-
Oaiickuii ciBur u AkOynak-Kapacaiickas 30Ha pasio-
MOB C 0oJiee MEIKHMH OINEPSIONIMMH MajJOaMIUTUTY/-
HBIMH Pa3JIOMaMHu.

AxGynax-Kapacaiickast 30Ha pa3moMOB, 3aJI0KEHHAs
B CpeIHe-BepXHEKaMEHHOYTOJIbHOE BPEMsl, MPOCIIEXH-
BaeTcs Ha paccTosHuu 6osiee 30 KM B ceBepo-3aa JHOM
1 OIM3MEepPHIMOHANIBHO HAIIPABJICHUSX IIPU LIMPUHE 10
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20 KM W MPEICTaBlICHA CEPUEU BETBSIIUXCSA KPYITHBIX
cOpOCOB U COPOCO-CABHUIOB, aMIUTUTYa TOPU30HTAIb-
HOTO CMEIIECHUS 10 HauboJiee KPYITHOTO W3 HUX JOCTH-
raet 0,3—1 km.

Kocabarickuii CIIBUT OTHOCHUTCSI K KaTETOPUU PETHO-
HaJIbHBIX Pa3JI0MOB, IPOCIEKUBAIOLIUXCSA HA NECITKU
KHJIOMETPOB. AMIUIMTYy/Ia CMEIIeHHs ero (2 KM) ycTa-
HaBJIMBAETCSl MO KOJIBIIEBOM Jaiike HUKHENEPMCKUX
rpauut-opduros. Ot XKocabaiickoro capura OTXOIUT
Cepus MEJIKUX JTHaroHaJIbHBIX COPOCOB U COPOCO-CIABH-
TOB C TOPU30HTAJIFHOMN COCTABIISIOIIEH IIepBble COTHH —
JECSITKH METPOB.

K ceBepo-3anamnomy 6opty YKocabaiickoro ciaBu-
ra NpHYpPOYEHO 30J0TO-CEPEOPSIHOE MECTOPOXKICHUE,
CBUHIIOBO-ITMHKOBOE MecTopoxaeHue JKocabaii, pymo-
HOCHBIE KBapIEBO-KHUJIbHBIEC 30HBI KOTOPOTO KOHTPOJIH-
PYIOTCSI OIEPSIFOIIMMH TPELIMHAMH 3TOTO CABHUTA.

OOcyxnenne u pesyiabTarbl. [IpuBenéHHble Mare-
pHalbl 0 Fe€ONOTMYECKOMY CTPOEHHUIO, MarMaTH3My U
TEKTOHHUKE paliOHa CBUAETENBCTBYIOT O BEICOKOM CTEme-
HU €r0 METAJUIOTCHWYECKOM CHelnuann3anui u Oiaro-
MIPUSATHBIX YCIOBHUAX AL ()OPMHUPOBAHUS PYIHBIX Me-
CTOPOXKAECHUN pa3nu4yHOro renesuca. CoueraHue MoUI-
HBIX BYJIKaHOTCHHO-OC3JOYHBIX TOJI] KaMEHHOYTOJb-
HOTO BO3pacTa, MHOTO()Aa3HOTO KHCIIOTO MarmaTuiMma,
IIMPOKO PA3BUTHIX MHTPY3UBHBIX M JKEPIIOBBIX 00pa3o-
BAaHUM, a TAK)K€ MHTEHCUBHOH Pa3jOMHOM TEKTOHHKH
CO37IaJI0 MPEIOCHUIKA ST KOHIIGHTPAIlMK M Iepepac-
TIPEACIIECHHS PYAHOTO BEIIECTBA.

Oco0y10 poiib B pPyIOTeHE3e UIPAlOT PEernoHaNIbHBIE
U JIOKAJIHBIE Pa3pbIBHBIE HAPYIIEHUS, MPEXKAE BCETO
XKocabaiickuit cnsur u AxOynak—Kapacaiickas 30Ha
pa3iaoMOB, KOTOpbIE SBISUIMCh KaHAIaMH Uil BOCXO-
JSIIUX THAPOTEPMAIIBHBIX PACTBOPOB U KOHTPOJIUPOBA-
JH pa3MelLIeHNEe PYIOHOCHBIX KBaplEBO-KIIBHBIX 30H.
[IMupokoe pa3BUTHE BTOPHUHBIX KBAPILUTOB, 30H OKBap-
LICBaHUSI 1 METACOMAaTHYECKH M3MEHEHHBIX TOPOJ TaK-
K€ yKa3bIBaeT Ha MHTEHCUBHBIE THIPOTEPMaIIbHBIE ITPO-
LIECChI, TECHO CBS3aHHBIC ¢ (YOPMHUPOBAHHEM 30JIOTO-
cepeOpsHON M MOIMMETAITHIECKONH MUHEpaTH3anH.

Takum oOpazom, JKocabaii mpezncraBisier co0oi
XapaKTepHbII NpHUMep 30J0TopyaHOro obbekra lleH-
TpansHoro KasaxcraHna, mpuypoYeHHOTO K 30HE TEKTO-
HUYECKOTO HAPYIICHUS M OCIOKHEHHOTO MHOTOJ3Tall-
HBIM MarMaTi3MOM, H MeTacoMaro3oM. VIMEHHO BbIsiB-
JICHHBIC TEONIOTO-CTPYKTYPHBIC M JIMTOJIOTO-IETPOrpa-
¢buyeckne 0COOCHHOCTH MOCTYXUIA OCHOBAHUEM IS
MPOBENCHUsSI 3/1€Ch MEPBBIX MOUCKOBBIX U OLICHOYHBIX
paboT, HaNpaBJICHHBIX HA YCTAHOBJICHUE MPOMBIILICH-
HOM 3HAYMMOCTH 30JIOTOHOCHBIX 30H M YTOYHEHHE Mac-
mTaboB PyJHOW MUHEPATU3ALUH.

B cBoro o4ucpeib MECTOPOKACHUC KaK MOJIUMETAJIIN-
YCCKOC, U3BECTHO C MO3arpouuIoro B€ka 1u pa3pa6aTLI—
BaJIOCh NPOMBIIIJICHHUKOM HOHOBLIM, OIHAKO JrTEpa-
TYPHBIX JaHHBIX 00 3TOM He COXpPaHUJIOCh.

BriepBeie 0 MEeCTOPOXIECHUH YIOMHHAETCs B pabdo-
tax [A. IMaganko (1920-1923 rr.), N.C. froBkuHa,
M.J. Baranosa u M.II. PycaxoBa (1927-1929 rr) [11],
JIABILIHM T'€0JIOTO-TIeTPOrpadMuecKyIo XapaKTepUCTUKY
paiiona. bonee moapoOHO OHO OCBelIeHO B paborax
W.N. Yypununoii (1950 r.), H.H. Bemuxoii (1950-1952
r.r.), B.B Jlebenesa (1951-1952 rr.) [12].

B 1953 rony Baitnazapckoit maptueir AT'®D Ha Tep-
PUTOPHH MECTOPOXKACHHS OBUTM BBISBICHBI OOraThie
opeodsl cBuHIA (0,01-10%), nuaka 1 menu (0,07-0,5%),
KkoTopslie B 1954-56 romax OBUIM BCKPBHITHI PSAOM Ma-
rucTpanbHbIX KaHaB Kysiokaneipckoi naptueit Kapreo-
nmynpaBieHns. [lonoXuTenpHbIE PE3yNbTaThl 10 3TUM
paboram ctanu 000CHOBaHHMEM IJISi TOCTAaHOBKH Ha Me-
CTOPOX/ICHUH JETAIbHBIX PAa3BEOYHBIX PabOT.

Pa3Benounsie paboOTHl Ha ITOJMMETAUTBI TIPOBOAH-
muck B 1956-1959 rr. [Ixxycabatickoit IPIT ATPO [12].
Ha mecropoxneHnn mpoieH OonbInoil 00beM KaHaB
3270 M3, ckBaxxuH 13377 m.M., npoifeHa 1axra Iiy-
O6uHOI 31 M C CHCTEMOW TOPHU30HTAIBHBIX BEIPAOOTOK
o0miei mpotshkeHHOCTRI0 336 .M. B pesynbrare 3THX
paboT OBUIO BBIZETICHO CEMb PYAHBIX 30H, IPOCIIEKEH-
HBIX CKBaXHHaAMHU 10 TiryOmHBI 200 M, U IpOU3BEICH
MIOZICYET 3aIacoB CBUHIIA U IMHKA.

3amacs! kareropuu C1 Oputw mogcunrans 1o 1, 11, IV
u IX pyassiv 30HaM (pa3BegouHas cets 80-100x60).

I'panyna OKHCICHHBIX M CylTbGHIHBIX pyx Oblia
OIpe/ieNneHa BU3yalbHO 1 110 JAHHBIM [IPEICTABICHHOTO
pAaIMOHATBHOTO aHanu3a (ONMpeeIeHHe OKHCICHHOTO
CBI/IHLIa) MO0 CKBaXHMHAM M IMOA3EMHBIM T'OPHBIM BbIpa-
6otkaM. Tak, oHa MPOXOAMJIA B OTACIBHBIX MECTax Ha
MOBEPXHOCTH, B APYTHX — 00pa3oBaia KapMaHbl TIIyOH-
HOM 10 80 M 3a cYeT MOBBIIMIEHHON TPEIIMHOBATOCTH
Ha 3THUX yYacCTKax. B CJIOM I'paHuIla 30HbI OKUCJIICHUA
MOBTOpMIIA peiibed U B CpeJHEM POXOMiIa Ha ITyOuHe
30-35 m.

B Tabmume | mpuBomsTcs pe3ynbTaThl IMOACYETa 3a-
macoB 1mo Mectopoxkaennto JKocabail O COCTOSHHIO
Ha 01.01.1960 1., xotopsie mpoTtokonmom Ne 3586 ot
08.12.1960 r. [12] TexHrUeCKOTO COBEIIAHMS TIPH TJIaB-
HoM uHxkeHepe LlenTpanbHo-KazaxcTanckoro reonoru-
YECKOT'0 yIPaBICHUs OBUIN NPUHSTHI K CBEJCHUIO.

Io naHHBIM aHAIN30B IPYIIOBHIX MPOO HAPSIY C OC-
HOBHBIMH KOMITOHEHTAMH YCTAHOBJICHBI KaJ MU, 30J10-
TO, cepedpo. B OKUCICHHBIX pyax KaJMHI COEPIKAICS
ot 0,0 mo 0,24%, B cpenrem 0,01-0,02%; 30mo0t0 0,0 —
3,2 [in Russian]r/t, 06sr9u0 0,6—1,2 1/T, cepedpo ot 0,0
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10 200 1/, 06sr4n0 20 - 50 1/T. B cynbpduaHbIX pynax
coaepkanue kaamus 0,0-0,85 % o6sraro 0,01-0,08 %,
3osoto 0-5,2, 06br4no 0,0,4-0,8/1, cepedpo 0,0 — 500 1/
T, 00619H0 20 — 40 r/T.

B 3akioueHue ciieyeT OTMETHTh, 4TO, HECMOTPS
Ha HajW4Yhe Kak OaJaHCOBBIX, TaK W 3HAYMTEIHHBIX
3a0aTaHCOBBIX 3alacoB CYAb(GUAHBIX M OKHCICHHBIX
pyn, Mmectopoxaenue JKocabGali MO COCTOSHUIO Ha

01.01.1960 1. ObIO OTHECEHO K pa3psily pe3epBHBIX
00bexToB. Takoe pelieHne 00yCIIOBIEHO CPABHUTEIILHO
HeOOJIBIIMMU CYMMAapHBIMHU 3amacaMi pyabl U MeTaj-
JIOB, @ TaK)Ke YMEPEHHBIMU CPETHUMH COJEPIKaHUSIMHU
CBUHIIA U [TUHKA, KOTOPBIE YCTYIAIOT TI0Ka3aTelsIM psia
KPYIHBIX TTOJMMETAIUINYECKUX MecTopoxaeHuit Llen-
TpanbHOro Kazaxcrana, HaXOIMBIIUXCS B TOT IIEPHO]] B
IIPOMBIIIJICHHOH SKCILTyaTalyy.

Ta6auna 1 - Pe3yabTarsl nogcyera 3anacos

3amacel pyasl B T.T. 3anacel MeTaJ/Ia M ero cojiep:kaHue
CBunen, 1.1./% MuHk, T.T./%
Banancossie cynbhuaHbe pyabt
Cl 1837,7 54,44/2,96 62,73/3,41
C2 334,6 9,1/2,72 12/3,61
Cl1+C2 21723 63,45/2,92 74,73/3,44
3abanaHcoBble CyIb(UAHBIE PY/IbI
Cl 1109,6 14,17/1,28 17,08/1,54
C2 1811,2 34,99/1,93 41,03/2,25
Cl1+C2 2920,8 49,16/1,68 58,11/1,98
3abanaHCOBBIC OKMCICHHBIE PYIBI
Cl 1274,8 30,97/2,43 -

IIpu 5TOM aHaIM3 XWMHUYECKOIO COCTaBa Py IO-
Ka3aj, 4TO COACP)KaHHEe OCHOBHBIX KOMIIOHEHTOB B Oa-
JIAHCOBBIX CYTb(OUIHBIX PYAax XapaKTepU3yeTcsi OTHO-
CHUTCJIIBHO CTa6I/IJ'H)HI:IMI/I, HO HEBBICOKHMMHU 3HAYCHUSIMU
(cpennee conmepkanue CBUHIIA OKOJO 2,9 % M 1MHKA
oxoio 3,4 %), Torna Kak 3HaYUTENbHAs! YacTh 3alacoB
COCpeoTOYCHA B 3a0a1aHCOBBIX Py/Jax C MOHUKECHHBIM
cojiepsKaHUEeM MeTa/uIoB. Hanudre OKHCICHHBIX py[ C
OTHOCHTEJIEHO BBICOKHM COJICP)KAHHUEM CBHHIIA TaKKE
HE KOMITCHCHPOBAJIO OTPAaHMYCHHOCTD POMBINUICHHBIX
3aracoB BCJICICTBUE OTCYTCTBHSI I[MHKA M CIOXHOCTH
UX 1epepaboTKH.

B cBoto ouepenp B MOIB3y MEPCIEKTHBHOCTH MECTO-
POXKIICHHUS TMOCITYKIJIN pPe3yiabTaTbl onpoOOBaHUS Ha
30J10TO, BBINIOJNIHEHHBIE B 1961 romy reomorom B. H.
JlapunpiM. 1o 1aHHBIM aHAIUTUYECKUX UCCIIEAOBAHUM,
B psilie TPYNIOBBIX P00 ObUTH 3a(MKCUPOBaHbI 3HAYH-
TEJIbHBIC CONIEPIKAHMS 30J10Ta, TOoCTUTaroue 6,8 1/T, B
ACCOITHAIINH C TTOBBIIICHHBIME COJICPKAHUAMH cepedpa
- 10 116,2 r/1. BaxHOI 0COOEHHOCTBIO SIBIISETCS MPAaK-
TUYECKU MMOBCEMECTHOE MPUCYTCTBHE 30JI0Ta ITOUTH BO
BCEX MPOAHAIM3UPOBAHHBIX TPYIIOBBIX MPOOax, YToO
yKa3bIBaCT HA YCTOMUYHUBBIA XapakTep OnaropogHoMe-
TaJUTbHON MUHEpaTU3aIiH.

[Tomy4yeHHBIE pe3yIbTaThI TO3BOIMIIN CAETATh BEIBOA
0 ToM, uTOo MecTtopoxnaeHue JKocabaii mpencraBiser

HUHTCPECC HEC TOJIBKO KaK paHEC U3BECTHBIN IMOJIMMETAJI-
JIMYECKHH OOBEKT, HO U KaK IMEPCIEKTUBHBIH OOBEKT
JIIS. BBIABIIEHUS TPOMBIIIEHHOW 30JI0TO-CepeOpsTHON
MUHEpaJIU3alui. ITO OOCTOSTENHCTBO CYIIECTBEHHO
pacuMpseT MeTauIOTeHHYECKYI0 CHEeIUaTH3aluio Me-
CTOPOXKJICHUS 1 000CHOBBIBACT 11€7IECO00PA3HOCTh IPO-
BCACHUA CIICIUAIU3UPOBAHHBIX IMOMCKOBO-OLICHOYHBIX
paboT, OPUCHTUPOBAHHBIX HA OJATOPONHBIC METAJLIBL.

[TomyyeHHBIE B XO/I€ TOUCKOBBIX Pa0OT pe3yiabTaThl
MTOCITYKIJIM OCHOBAaHMEM JIJISl IOCTAHOBKHM OIICHOYHBIX
1 pa3BelOYHBIX pabOT Ha HaWOOJEee MEePCIEKTHBHBIX
pPYIHBIX 30HaxX MecTopoxaeHus JKocabaif, a Takxke
YTBEP KICHBI 3arachl 30510Ta U cepedbpa kareropuii C1 u
C2 mo pynHoii 3one II1.

B nocnenyromue rogsl MECTOPOXK/IEHHE HAXOAUIOCh
B OIBITHO-TIPOMBIIIJICHHON W TIPOMBIIIEHHOH SKCILTY-
atanmu AxdarayckuM ['OKom (1972-1975 u 1994 ).
Haunnas ¢ 2004 r. reonoruueckoe U3y4eHHE y4yacTKa
ocymectBisier TOO «Hypmayner», koropsiM B 2007 T.
BBINIOJTHEHA IIPEeIBAPUTENbHAS T€0I0T0-3KOHOMUYECKast
OII€HKa 3armacoB, a B 2011 I. - TEXHMKO-DKOHOMHYECKOE
000CHOBaHME MMPOMBIIUICHHBIX KOHIHIIIH.

ITony4eHnHsle pe3yapTarhl M0 MecTopoxaeHuto XKo-
cabaii 1enecooOpa3HO paccMarpuBaTh B COMOCTABIIC-
HUU C paHee U3yYEHHBIMHU 30JI0TO-MIOJIMMETANINYECKU-
Mu oOwvekTamu LlentpansHoro Kaszaxcrana, mpexae
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BCETO C MECTOpOKAEHHEM AObI3, KOTOpOE SBILETCS
OIHUM U3 Haubojee MOIHO UCCIEIOBAaHHBIX MpEACTa-
BUTEJIEH KOMYEIAHHOIO OPYACHEHUS dHCHUMATHUECKUX
ocTpoBHbIX AyT Kazaxcrana [13].

HccnenoBanust MecTopoxaeHus AObI3 TOKa3aJH, 4TO
(dhopMHUpOBaHUE PYAHON MHHEPATU3AIMH TPOUCXOIMIIO0
B yCJ'IOBI/If{X HO321H€I71 cTaauu paSBI/ITI/ISI DHCUMATH4YC-
CKOIl OCTPOBHOM JYrM M CONPOBOXKAAIOCH MHTEHCHUB-
HOW THIpOTEpMaIbHO-METACOMaTHUECKO mepepadoT-
KOW BYJIKAHOT€HHO-OCAJIOYHBIX KOMILUIEKCOB. OCHOB-
HBIMH PYJIOKOHTPOJIHPYIOIIUMH (HaKTOpaMu SIBISUTHCH
JUINTETIFHO Pa3BUBABIIKMECS PAa3JIOMHBIE CTPYKTYPBHI,
TOPOTIJIUTH3ALUS U TIOCICayIomas Oepe3uTH3anus, co-
MPOBOXKIABIIAECA 00pPa30BaHUEM CEPUITUT-KBAPIIEBBIX
METaCOMATHUTOB ¥ MACCHBHBIX CYJIb()UIHBIX Py. 30JI0TO
JIOKaJIM30BaHO TPEUMYIIECTBEHHO Ha TO3[HEH HHU3KO-
TEMIIepaTypHO CTaJUH MUHEPATIO00pa3oOBaHUs U TPO-
CTPAHCTBEHHO aCCOLMHUPYET C TEeJUTypHUIaMU CBUHIA U
BHCMYTA.

I'eonormdeckoe crpoeHne MmectopokaeHus JKocabaii
JIEMOHCTPUPYET PsiA MPUHLMIIUAIBHO CXOAHBIX IIPU3HA-
KxoB. PynHoe mose Takxke cOpMHPOBAHO B Ipeenax
MOIIHOM BYJIKaHOTEHHO-OCAQJI0OYHOM TOJIIIH, TPEICTaB-
JIEHHOM AaHAC3UTaMH, aHJAC3UTO-AALMTAMHU, JallUTaMHU,
TyhaMd U UrHUMOpPHTaMH KaMEHHOYTOJILHOIO BO3pac-
Ta, MPOpPBAHHBIMU MHOTOYHCIICHHBIMU WHTPY3WBHBIMU
TeJaMu KUcioro coctara. [lono6HOe coueTaHne ByJKa-
HU3Ma U MHOFO(l)a?;HOFO MarmMaTusMma SBJISICTCSA Xapak-
TEpHOH OCOOEHHOCTBHIO METAIJIOTEHHYECKHX CUCTEM
HentpanbHoro Kazaxcrana u CBUIETENbCTBYET O JJIU-
TEJIbHOM MarMaTu4eCcKoW SBOJIFOIIMN PETHOHA.

Bmecte ¢ TeM MeXAy paccMaTpHBaeMBIMH 00B-
eKTaMH TIPOCIICKUBAIOTCS CYIISCTBEHHBIE Pa3IHUHs,
00yCIIOBIIEHHBIE 0COOCHHOCTSIMH PyT000pa3yIOMINX CH-
creM. Ecmu mis mectopokaeHuss AOBI3 XapaKTepHO
npeoOiiagaHie MacCUBHOTO KodenanHoro Au—Cu—
Pb—Zn-opyaeHenusi, CHOPMHUPOBAHHOTO B peE3yibTa-
TC MHOFOCTaHHﬁHBIX TUAPOTEpMAIBHO-METAaCOMATHYC-
CKHX TIPOIECCOB, TO Ha ydacTke JKocabaili Bemymiyro
pOJIb MrpaeT 30JI0TO-cepeOpsiHas MHUHepallu3alys, Jio-
KaJIn30BaHHAasA B KBAPLICBO-KUJIbHBIX U OKBAPIIOBAHHBIX
30HaX, NPOCTPAHCTBEHHO CBA3AHHLIX C PECTHOHAJIBLHBI-
MU cIBUIoBbiMU HapyweHusmu. Illupokoe pasButue
BTOPHUYHBIX KBApUHUTOB, CCPULIUTUSUPOBAHHBIX IMOPOL
U MHOT'OYMCJICHHBIX KBapUEBbIX KU CBUACTCIBCTBYET
0 3HAUUTEIBLHON PO THUAPOTCPMAJILHBIX IPOIECCOB
B IlepepaclpesielieHud pyJHOro BemiectBa. [Ipu sToM
yCTaHOBIICHHBIE COAEPKaHMUs 30J10Ta /10 6,8 I/T 1 cepeo-
pa 1o 116,2 r/T 103BONAIOT paccMaTpUBaTh OJIArOPOJHO-
METAJUIBHYI0 MUHEPAJIH3alHUI0 KaK CaMOCTOSTEIIbHBIN
IIPOMBILIJIEHHO 3HAYUMBIH OOBEKT, @ HE MCKIFOYHUTEIb-

HO COITYTCTBYIOIIUH KOMITOHEHT IOJMMETaUINIECKUX
PYA.

CpaBHEHHE T€OJIOTO-CTPYKTYPHBIX OCOOCHHOCTEH
JIByX MECTOPOXKACHHUIT ITO3BOJISIET BBLIEIHUTD PSI OOLIHX
MIOMCKOBBIX KPUTEPHUEB, XapaKTePHBIX M PYIHBIX CH-
creM llentpansHoro Kazaxcrana. K HuM oTHOCSTCS
NIPUYPOYEHHOCTb OPYACHEHUSA K KPYIHBIM JOJIO0XKH-
BYIIUM pPAa3JIOMHBIM CTPYKTypaM, IIPOCTPaHCTBEHHAs
CBA3b C BYJIKAHOI'CHHO-0CAJOYHBIMH TOJIIIAMU U UHTPY-
3MBHBIMH 00Pa30BaHUSMHU KHCJIOTO COCTaBa, IIUPOKOE
pa3BUTHE THUAPOTEPMAIBHO M3MEHEHHBIX IOPOA, IIpe-
KJIE BCErO 30H OKBApIIEBAaHHS U CEPUIIMTU3AIINH, a TaK-
K€ KOMIUIEKCHBIN XapakTep MHUHEPaIU3allU C IPUCYT-
CTBHEM 6J'laFOpOL[HI)IX 1 IBCTHBIX MCTAJIJIOB. Ycranos-
JICHHBIE 3aKOHOMEPHOCTHU CBUJIETEILCTBYIOT O BHICOKOM
MepCIeKTUBHOCTH y4acTka YKocabail [y nampHeHImnx
MTOUCKOBO-Pa3BE0UHbIX PA0OT U TO3BOJISIOT HCIONB30-
BaTh MECTOPOXJIeHNE AOBI3 B KaueCTBE PErHOHAILHOTO
re0JIOro-reHeTHUECKOro aHajiora npHu pa3paboTke Ipo-
THO3HO-TIONCKOBOM MOJIENI 30JI0TO-CEpeOpsSHOrO Opy-
nenenus LlentpansHoro Kazaxcrana.

BoiBoabl. Takum 0o0pa3zoM, B pe3yibTaTe W3y4YCHHUS
r'€0JIOTHYECKOTO CTPOCHHUS, HHTPY3UBHBIX 00pa30BaHHi
U TEKTOHHMKH MecTopokacHus JKocabali, a Takxke aHa-
JIN3a UCTOPUYECKUX JTAHHBIX MOXHO CIIeNaTh CIEAyIo-
[TMe BBIBOMBI: HECMOTPS Ha UTUTEIHHYIO HCTOPUIO U3Y-
YCHUS U YACTUYHYIO OTPabOTKYy, MECTOPOKICHHE CO-
XpaHseT 3HAYUTENIbHBII HepeaTn30BaHHBINA MOTEHITHAT,
CBSI3aHHBIM C HAJIMYUEM OCTATOYHBIX M 3a0ajaHCOBBIX
3aMacoB 30JI0TO-CEPEOPSIHBIX M OJTMMETAILIMYSCKUX
Py, a Takke ¢ BO3MOXXHOCTBIO BBISABIEHUSI CKPBITHIX
PYAHBIX Tell B IIpeieiaX TeKTOHUUYECKH aKTUBHBIX 30H U
10J1 TOKPOBOM KaifHO30MCKUX OTJIOMKESHHM.

Panee BBIOTHEHHBIE ITOWCKOBEBIC, Pa3BEIOYHBIE U
OIICHOYHBIE PAa0OTHI MPOBOIMINCH B PaMKax METOIH-
YEeCKMX W TEXHOJOTHMYECKHUX BO3MOXKHOCTEH CBOETO
BPEMEHH, YTO OTPAHWYMBAJIO ITOTHOTY BBISBICHHUS 3a-
KOHOMEPHOCTEH pa3MenieHus 01aropoJHOMEeTalIbHOM
MUHEpan3anuy. B HacTosiee BpeMsl pa3BUTHE COBpe-
MECHHBIX FCOJ’IOFO-FGO(bI/ISI/I‘-IeCKI/IX, TCOXUMHNYCCKUX H
IU(POBBIX METOJOB HMHTEPHPETALMH TO3BOJSIET I10-
HOBOMY OILICHUTH pyI[HI:-Iﬁ TMOTCHIAJI MECTOPOXKACHUS,
YTOYHHUTH €T0 METAJIJIOTCHUYCCKYTO MOACJIb U ITOBBICUTH
JIOCTOBEPHOCTh IPOTHO3a PYAOHOCHOCTH.

B cBowo oyepenb yCTOMUYMBBIM CIpoOC Ha 30J0TO U
cepedpo Kak CTPAaTerHYecKd BaXKHBIX METAJUIOB SIBIIS-
€TCs BAYKHBIM COCTABJISIOIINM (PAKTOPOM HEAPOTIONB30-
BaHUS C yUETOM BOBIICUCHHSI B Pa3pabOTKy paHee h3y-
YEHHBIX, HO HE TIOJIHOCTBIO PEaTM30BAHHBIX OOBEKTOB.
B aToMm KoHTEKCTE MecTopoxacHue XKocabaii mpencras-
JIsIeT co00H MOKa3aTeNbHBIN 00BEKT IS pa3paboTKu Ha-
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YYHO OOOCHOBaHHBIX KPUTCPUCB MEPCOICHKH 3aracoB
U COBEPIICHCTBOBAHUS IMOIXOI0OB K W3YyUYEHHUIO CIIOXK-
HO TIOCTPOCHHBIX 30JI0TO-CEPEOPSHBIX MECTOPOKICHHUIA
HentpansHoro Kazaxcrana.

Jlst nanbHenIen OLeHKH MePCIeKTUBHOCTH y4acTKa
IUTAHUPYETCS TMPOBEIECHNE KOMILIEKCA ITOMCKOBO-OIle-
HOUYHBIX Pa0OT, BKIIOYAIONIMX aHaW3 U 0000IeHne
UMEIOIINXCSl TEOJIOTMYECKUX MaTepHajoB IO H3yd4a-
emoit Tepputopuu. Ha cienyromem stane npeaycMoT-
PEHO MPOBEACHHUE IUIOLIAHBIX TeOUINUECKIX HCCIIe-
JOBaHWN — MarHuTOpasBelIKa IUIOUIAJHAs, MacIiTad
1:10000 (xouTponb 3%); smekrpopasBenka BII - CT,
200 x 20, mryouna usydenus 200 — 300 m; npodunbHas

anekrpopassenka 3Cb (MIIII), 100 x 50 ¢ marom 100
M (npu neramuzarmu 50 M), TiyouHa wm3yuenus 500
M. [Iporpammoii npegycMoTpeHo o00si3aTeIbHOE BHINO-
HEeHHe TOpHBIX U OypoBbIX pabor mo certn 400x400 m
¢ nocneayomuM crymesiuem 10 200 M, 4To O3BOJIUT
OILICHHUTH PACIPOCTPAHEHHE 30JI0TOTO OpPYACHEHUs Ha
nryouny 10 500 M.

Byner ocyuiecTBn€H 0TOOp TEXHOIOIMYECKHX MPOO
U MIPOBE/ICHUE KOMIUICKCHBIX aHATUTHYECKUX HCCIIENO-
BaHMH [UIS ONPEJEICHUs] COAEPKAHUS 30J10Ta U COIYT-
CTBYIOIIUX KOMIIOHCHTOB. Peanmaunﬂ YKa3aHHbIX M€-
pONpUATUI MO3BOJIUT MEPEUTH K MOACYETY 3alacoB U
IIPOTHO3HBIX PECYPCOB JUIs 30JI0TOTO OPYICHEHHUS U CO-
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11.
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13.

MMYTCTBYIOIIMX IMOJIC3HBIX KOMIIOHCHTOB.
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COMPLEX THERMOGASOCHEMICAL EFFECT ON THE BOTTOM-
HOLE ZONE OF THE RESERVOIR: MECHANISM, TECHNOLOGY
AND RESULTS OF INDUSTRIAL APPLICATION (USING THE
EXAMPLE OF WELL NO. 359 OF THE WEST KAZAKHSTAN FIELD)

M.B. Turniyaz ™ T.S. Aisayeva“, A.S. Hadiyeva“, L.K. Nurshakhanova

! Caspian University of Technology and Engineering named after Sh. Yessenov, Aktau, Kazakhstan
¥ Corresponding author: mturniyaz@gmail.com

The article discusses the application of the method of hydrogen thermogasochemical effect (HGH) on the
bottom-hole zone of the reservoir in order to intensify oil production in conditions of high waterlogging and
paraffination. The analysis of the mechanism of action, including thermal, gas-dynamic and chemical effects, is
presented. Using the example of well No. 359 of the West Kazakhstan field, an assessment of the technology's
effectiveness was carried out. It has been established that the use of THC provides a multiple increase in oil
production (up to 35 times) and a significant reduction in waterlogging of products. For the first time, a quantitative
assessment of the contribution of each of the three mechanisms (thermal, gas-dynamic, chemical) to the overall
increase in productivity based on factor decomposition has been performed for this field. A comparative analysis
was carried out with alternative methods of intensification (steam-thermal effect, hydrochloric acid treatment,
hydraulic fracturing). It is shown that the main contribution to the increase in productivity is made by the complex
effect of active gases, the temperature factor and intra-reservoir chemical reactions. The results obtained confirm
the prospects of using the method for the development of depleted deposits with high-viscosity oils.

Keywords: thermogasochemical effects, bottom-hole zone, intensification of production, high-viscosity oil,
hydrogen, reservoir permeability, comparative analysis of EOR, economic efficiency, measurement uncertainty.

KOMILJIEKCHOE TEPMOTIA3OXUMHYECKOE BO3JIEHCTBUE HA NPU3ABOMHYIO

30HY IUVIACTA: MEXAHU3M, TEXHOJIOTHUSA U PE3VJIBTATBI NIPOMBIINJIEHHOT'O

NPUMEHEHUSA (HA IPUMEPE CKBAKUHBI Ne359 MECTOPOKAEHUSA 3AITAJTHOT'O
KA3AXCTAHA)

M.B. Typuusz™, T.C.Ajicaesa, A.C. Xanauesa, JL.LK. Hypmaxanosa

! Kacnuiickuii ynusepcumem um. LI Ecenosa, Axmay, Kasaxcman
¥ e-mail: mturniyaz@gmail.com

B crarbe paccMmarpuBaeTcs MpUMEHEHHE METO/la BOAOPOAHOTO TepMorazoxumudeckoro Bozaerictaus (TTXB)
Ha npu3a00HHYIO 30HY TUIACTA C LIENbI0 HHTEHCH (KA JOOBIYH HE(TH B YCIOBHAX BBICOKOH OOBOJHEHHOCTH U
napadunuzanny. [Ipencrasien ananm3 MexaHn3Ma BO3AEHCTBHS, BKIIIOYAIOIIETO TEINIOBbIE, Ta30JMHAMUYECKIE U
xumuueckue g dextsl. Ha npumepe ckBakunbl Ne359 mectopoxnenns 3anagHoro Kazaxcrana nmpoBezieHa OL[eHKa
3¢ PEeKTUBHOCTH TEXHOJIIOTHH. YCTaHOBIIEHO, uTo mpuMeHeHne TI'XB obecnieunBaeT kpaTHOE yBeIHMUeHUE AeOUTa
HedTH (710 35 pa3) u 3HAYNTETBHOE CHIDKEHHE 0OBOAHECHHOCTH NMPOXYKINH. BriepBrie U1 JaHHOTO MECTOPOXKIE-
HUSI BBITIOJTHEHA KOJIMYECTBEHHAS OIIEHKA BKJIaJ[a KayKA0TO U3 TPEX MEXaHU3MOB (TETIIOBOT0, Ta30ANHAMUYECKOTO,
XMMHYECKOTO) B OOLIMH MPHPOCT MTPOAYKTHBHOCTH HA OCHOBE Pa3jIoykeHus 1o paxropaM. [IpoBenéH cpaBHUTEb-
HBII aHAJN3 C aJIbTepPHAaTUBHBIMU METOJaMU MHTEHCH(HKAIMN (apOTEIUIOBOE BO3/IEHCTBHE, COMSTHOKHCIOTHAS
00paboTka, ruapopa3psIB miacta). [lokaszaHo, YT0 OCHOBHON BKJIAJ B MOBBIIIEHHE NPOAYKTHBHOCTH BHOCHT KOM-
TUIEKCHOE BO3JICHCTBHE aKTHBHBIX T'a30B, TEMIIEPATYPHOTO (hakTOpa M BHYTPHUILIACTOBBIX XHUMHUYECKHX PEAKIIUH.
[NomydeHnsIe pe3ynbTaThl HOATBEP)KAAIOT IIEPCIICKTUBHOCT MPUMEHEHHSI METOa JUTA pa3pabOTKH MCTOIIEHHBIX
MECTOPOXKICHHUHN C BEICOKOBSI3KOM HEQTH.

KnaioueBble cjoBa: TepMOra3oxXxMMHYECKOE BO3ACHCTBHE, NpH3a0OiiHAs 30HA, WHTEHCH(UKALIUS JOOBIYH,
BBICOKOBS3Kasl HE(Th, BOJOPO, IPOHUIIAEMOCTH IIJIacTa, cpaBHUTENbHBIN aHamn3 EOR, skoHOMH4eckas sddek-
TUBHOCTB, HEONPEENEHHOCTh U3MEPCHUH.
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KABATTBIH ACTBIHFBI AMMAFBIHA KEIIEHI TEPMOTA3OXMMMSIIBIK OCEPI:
OHEPKOCINTIK KOJJAHY MEXAHU3MI, TEXHOJIOTUSICBI "KOHE HOTUKEJIEPI
(BATBIC KABAKCTAH KEH OPHBIHBIH Ne359 YHFBIMACBIHBIH MBICAJIBIH/IA)

M.B. Typuuss™, T.C. Aiicaesa, 9.C. Xaauena, J.LK. Hypmaxanosa

"1II. Ecenoe amvindaser Kacnuii yHusepcumemi, Axkmay, Kazaxcman
™ e-mail: mturniyaz@gmail.com

Makanaza »oFapbl CyllaHy jKoHE NapaduHH3aLMs KaFlaiiblHIa MyHail eHIIpyli KapKbIHAATy MakKCaTbIHAA
Ka0aTThIH KeH)Kap aiiMarblHa CyTeri TepMorazoxuMusiiblK ocep ety (TI'XB) amiciH KoigaHy KapacThlpbLIabl.
Kby, ra3inHaAMUKaIIBIK )KOHE XUMUSUIBIK 9Cepiiep i KAMTHTBIH SCep €Ty MEXaHU3MIH Talliay YChIHBUIFaH. barbic
Kazakcran keH opHbIHBIH No359 yHFBIMachIHBIH MBICAJIBIH/A TEXHOJIOTHSIHBIH THIMIUIITIH Oaraiay »ypri3iii.
TI'XB konnany myHaii 1eOUTIHIH ecelleHreH ocyiH (35 ecere JeiiiH) jkoHe OHIMHIH CyJaHYbIHBIH alTapibIKTai
TOMEH/JICYy1H KaMTaMachl3 €TETiHI aHBIKTaJ/Ibl. By KEH OpHBI YIIIH ajFall peT YII MEXaHU3MHIH 9pKaiChICBIHBIH
(>xbLTY, Ta3-TUHAMUKAJIBIK, XUMUSUTBIK) (DaKTOPIapAbIH BIABIPAYBI HETI31HAe OHIMILTIKTIH KAl 6CyiHe KOCKaH
yJieciH caHbIK Oaranay sxyprizinai. banmamansr MaTencudukanms opicTepiMeH cambICTBIpMabl Tajlay sKYpri3inai
(Oy-kbUTY acepi, Ty3 KBIIIKBUIBIH OHJICY, THAPABIMKAIBIK ChIHY). OHIMAUIIKTIH apTyblHa HETi3ri yiiec GenceHai
ra3iap/sH, TeMieparypa (pakTOPBIHBIH JKOHE KaOaTINIUTIK XUMUSUTBIK, peakIsIapIblH KeIIeH i dcepineH Ooma-
TBIH/IBIFBI KOPCETUIreH. AJIBIHFaH HOTYDKENep TYTKBIPIIBIFBI )KOFaphl MyHalIapbl 0ap CapKblIFaH KeH OPbIHIapbIH
urepy YIUIIH 9[1iCTi KOJIIaHy IEePCHEKTUBACHIH pacTaiiIbl.

Tyiiin ce3aep: TepMOra3oXuMHSIIBIK dCEP, KEHKAp aliMarbl, OHAIPICTIH KapPKbIH/BUIBIFBI, TYTKBIPJIBIFBI )KOFAPBI
MYHa#, cyTeri, KabaTThiH oTKi3rimTiri, EOR canbIcThIpMabl Tajmaybl, SJKOHOMHKAIBIK THIMIUIIK, ©JIICYIiH

Oenriciziri.

Introduction. The current stage of oil field
development is characterized by a steady trend
towards the complication of geological and technical
operating conditions, due to the depletion of readily
available hydrocarbon reserves and the transition
to the involvement of hard-to-recover resources in
the development. The key factors complicating the
extraction process include an increase in waterlogging
of products, a decrease in reservoir temperatures, a
deterioration in the filtration and capacitance properties
of reservoirs, as well as a change in the rheological
characteristics of the extracted fluids towards an
increase in viscosity. Together, these processes lead
to a decrease in the effectiveness of traditional
mining intensification technologies and require the
development of fundamentally new approaches to
reservoir impact [1].

This problem is particularly acute in fields at a
late stage of development, where reservoir pressure is
maintained by pumping water. Under these conditions,
productive formations cool down, especially in the
bottomhole zone, which leads to thermodynamic
destabilization of the oil. When the temperature drops
below the saturation temperature of the oil with paraffin,
intensive precipitation of solid hydrocarbon components
begins. Complex asphalt-resin-paraffin deposits are
formed, which partially or completely block the pore
space and filtration channels.

Colmatation of the bottomhole zone of the
formation is accompanied by a significant decrease in
permeability, an increase in hydrodynamic resistances
and a violation of the flow of fluids to the bottom
of the well [2]. An additional negative factor is the
formation of water-oil emulsions and an increase in the
proportion of water in the produced products, which
ultimately leads to a sharp drop in oil production and
a deterioration in the technical and economic indicators
of field development. The use of traditional methods,
such as heat treatment, acid treatment or hydrodynamic
methods, in some cases is not effective enough due to
their limited depth of penetration and the local nature of
the impact.

In this regard, the development and implementation
of integrated technologies capable of having a
multifactorial effect on the bottom-hole zone of the
reservoir is of particular interest [3]. One of the most
promising areas is the hydrogen thermogasochemical
effect (HGH), based on the initiation of exothermic
chemical reactions in the reservoir with the formation of
high-energy gases and a significant amount of thermal
energy [4]. The fundamental difference of this method
is that the generation of active agents occurs directly in
the reservoir, which ensures their deep penetration and
high impact efficiency.

The THC method combines several interrelated
mechanisms: thermal effects, leading to a decrease in
oil viscosity and melting of solid deposits; gas-dynamic
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effects, accompanied by the creation of pressure pulses
and the development of fracturing; as well as chemical
effects associated with the formation of active reagents
capable of dissolving the mineral matrix of the rock and
changing the composition of the fluid [5]. A special role
in this process is played by atomic hydrogen, which
has a high diffusion capacity and is able to penetrate
into previously inaccessible zones of the pore space,
initiating recombination processes with the release of
additional energy.

The complex effect of these factors ensures not only
the restoration of the permeability of the bottomhole
zone, but also the structural and phase transformations
of the hydrocarbon system, including the processes of
intraplastic cracking and pyrolysis of high-molecular
compounds [6]. This helps to reduce the viscosity of the
oil, improve its mobility and, as a result, increase the oil
recovery coefficient.

The purpose of this work is a detailed analysis
of the physico-chemical mechanisms of hydrogen
thermogasochemical action, as well as an assessment
of its technological effectiveness based on field data
obtained during processing of the bottomhole zone
of a particular well. Particular attention is paid to
quantifying changes in flow rate, water availability and
other operational parameters that allow an objective
assessment of the effectiveness of this technology.

Materials and Methods. This study was performed
on the basis of a comprehensive analysis of the results
of treatment of the bottom-hole formation zone in
production well No. 359 located at one of the oil
fields in Western Kazakhstan. The object of the study
was chosen as a typical representative of mature fields
at a late stage of development, where pronounced
complicating factors are observed that significantly
affect the filtration and storage properties of the
productive reservoir and the efficiency of hydrocarbon
production. To substantiate the representativeness of a
single observation, an analysis of the geological and
commercial characteristics of 5 neighboring wells in the
same field was carried out, which showed similar trends
in flooding and reduction in flow rate. The standard
deviation of the oil flow rate in this group was + 0.3 m3/
day, which confirms the typicality of well No. 359.

The geological and technological conditions of the
deposit under consideration are characterized by a
number of unfavorable factors that determine the need
to use thermochemical and physico-chemical methods
to intensify the inflow [7]. In particular, there is a high
degree of depletion of reservoir energy, accompanied
by a drop in reservoir pressure and a decrease in the

natural productivity of wells. A significant complicating
factor is the high water content of the produced products,
reaching up to 98%, which indicates a significant
breakthrough of reservoir and injected waters in the
production intervals and a deterioration in the oil inflow
profile.

The following analysis methods are used in the work:

1. Analysis of field data — oil and liquid flow rates,
water availability were recorded in increments of 1
day for 6 months before and after processing. The
absolute error in measuring the oil flow rate was
+0.5 m3/day (ultrasonic flow meter UZN-01), and
the water content was = 2% (moisture meter UVN—
10). The statistical significance of the changes was
assessed by the Student's t-test for related samples.

2. The decomposition of the effect by mechanisms
(thermal, gas-dynamic, chemical) is based on
computational models: reduction of oil viscosity
from temperature according to the Arrhenius
equation; increase in permeability due to sediment
dissolution according to the Karman-Kozeni model,
contribution of the gas-dynamic factor according to
the pressure drop in the bottomhole zone.

3. A with
intensification methods (steam-thermal

comparative  analysis alternative
effects,
hydrochloric acid treatment, hydraulic fracturing)
was carried out by summarizing data from
12 published papers for 2016-2025 for similar

geological conditions.

An additional difficulty is the presence of highly
viscous oil with degraded rheological characteristics,
which leads to a decrease in fluid mobility in the pore
space of the rock and an increase in hydrodynamic
resistance. In addition, oil is characterized by an
increased content of high molecular weight components,
including paraffin compounds (up to 26%) and
asphaltene fractions (up to 20%), which are prone
to precipitation and formation of organic deposits in
the bottomhole zone and pumping equipment. These
processes lead to colmatation of the pore space, reduced
permeability and deterioration of the hydrodynamic
coupling of the reservoir with the well.

The technology of thermogasochemical exposure
(TGHV) is considered as a method of intensification of
inflow and restoration of filtration characteristics of the
bottomhole formation zone. This method is based on the
injection of specially selected redox mixtures (OATS)
into the reservoir, which under certain thermobaric
conditions enter into intense exothermic reactions.

As a result of the reactions in a porous medium,
a significant amount of thermal energy is generated,
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which contributes to the melting of paraffin deposits and
a decrease in oil viscosity [8]. At the same time, gaseous
reaction products are released, including hydrogen,
carbon and nitrogen oxides, as well as acid vapors
(HCI, hnos,), which additionally affect the reservoir rock,
contributing to the partial dissolution of mineral deposits
and the purification of pore channels.

The technological process of thermogasochemical
exposure is implemented in stages and includes
sequential injection of chemical reagents in specified
volumes and concentrations. After each injection stage,
a technological delay is provided, which is necessary for
the initiation and completion of chemical reactions in the
reservoir, as well as for the uniform distribution of the
resulting gas and heat carriers in the treatment area. The
multi-stage process allows you to control the intensity
of the impact, ensure a targeted change in thermobaric
conditions and increase the efficiency of cleaning the
bottom-hole zone of the reservoir [9].

Thus, the technique used combines thermal, chemical
and gas-dynamic effects on the reservoir system, which
makes it possible to comprehensively solve the problem
of restoring filtration characteristics and increasing the
flow rate of a well at a late stage of field development.

Results and  Discussion. Prior to the
thermogasochemical treatment (THC), well No. 359
was in an extremely unfavorable operational condition,
which is typical for late-stage facilities in the highly
watered oil fields of Western Kazakhstan. There
was a significant decrease in productivity and the
predominance of the aqueous phase in the produced
products, which indicated a significant deterioration in
the hydrodynamic working conditions of the reservoir
and the bottomhole zone.

In the initial state, the oil flow rate was only 1 m3/day,
while the water content of the products reached 98%,
which in fact indicates an almost complete loss of the
oil component in the produced stream. The total flow
rate of the liquid was 60 m3/day, which confirms the
intensive water flow with extremely low oil production
efficiency. Such a phase ratio indicates a pronounced
colmatation of the bottom-hole zone of the formation, a
decrease in effective permeability and the development
of preferred water filtration channels, bypassing oil-
saturated intervals.

Significant changes in the operational parameters of
the well were recorded after the TGHV in July 2013.
The oil flow rate increased to 35 m3/day, reflecting a
multiple restoration of productivity and activation of
previously drained oil-saturated zones. At the same time,
the water level decreased to 40%, which is an important

indicator of changes in the structure of filtration flows
and the redistribution of inflow in favor of the oil phase.
The total flow rate of the liquid was 58 m3/day, which,
with a slight change in the total volume, indicates a
significant improvement in the quality composition of
the products produced.

Thus, the use of thermogasochemical technology
ensured a 35-fold increase in oil production while
reducing waterlogging by more than two times. The
results obtained confirm the high efficiency of the
method in conditions of severely depleted and highly
watered formations, where traditional methods of
intensification do not provide a stable effect.

The analysis of the mechanisms of action allows us to
establish that the observed positive effect is associated
with the complex influence of thermal, chemical and
gas dynamic factors. Heat generation as a result of
exothermic reactions promotes the melting of paraffin
and tar-asphaltene deposits, reducing the hydrodynamic
resistance in the pore space. The resulting gaseous
reaction products, including hydrogen and oxides of
carbon and nitrogen, create additional pressure in the
porous medium, contributing to the purification of
filtration channels and the redistribution of fluid flows.

In comparison with traditional thermogasochemical
treatment technologies based on the use of powder
pressure generators, hydrogen technology demonstrates
a number of significant advantages. In particular, there
is a deeper penetration of reagents into the formation due
to the high diffusivity of the gas phase, as well as a more
pronounced selective effect on the zones of coloration
and highly viscous deposits. This ensures a more
efficient restoration of the filtration and capacitance
properties of the bottom-hole zone of the reservoir [10].

It was found that the effect of the use of HCG
is characterized by a prolonged effect compared with
classical methods of intensification. However, in some
cases, there is a gradual decrease in efficiency over time,
which may be due to the re-formation of deposits, the
continued intake of the aqueous phase and the lack of
stabilization of filtration regimes.

The of the high
technological efficiency of thermogasochemical effects

results study confirm the
in conditions of heavily watered and depleted oil
fields, however, they also indicate the need for further
optimization of treatment modes to ensure the stability
of the obtained effect and its long-term preservation.

As part of the thermogasochemical treatment (TGH),
a phased technological scheme for the treatment of the
bottom-hole zone of the formation was implemented,
aimed at the consistent involvement of chemical
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reagents in reservoir conditions and ensuring their deep
penetration.

The work was carried out in the following sequence.
Initially, a tubing string was lowered into the well with
the shoe positioned at a depth of about 1326 m from
the rotor table of the drilling rig. After that, chemical
component No. 1 in a volume of 0.35 m3 was pumped
into the tubing, which was pushed into the face with
a silencing solution in a volume of 3.9 m3 with a
controlled circulation outlet through the annular space.

Next, the tubing column was raised to a depth of
1250 m, after which chemical component No. 2 was
pumped in a volume of 0.3 m3. Its sale was carried
out with a silencing solution in a volume of 3.8 m3
with a circulation outlet through the annular space. The
well was opened for reaction for 12-14 hours with the
organization of constant monitoring of its condition.

At the next stage, tubing was installed at the level
of the upper perforation holes (1279 m), and chemical
component No. 3 in a volume of 1.5 m3 was pumped into
the column. The sale was carried out with a silencing
solution (2.3 m3), after which the annular space was
closed, and the component was additionally crushed to
the bottom with a silencing solution in a volume of 3 m3.

Then the tubing was re-installed at a depth of 1323 m,
the annular space was closed, and the reaction products
were crushed to the bottom with an additional volume of
silencing solution (2 m3). After that, the well was kept
for reaction and sludge for 24 hours.

The final stage was performed by direct flushing of
the well through tubing with circulation through the
annular space using a silencing solution in a volume of
at least 18 m3, which ensured the removal of reaction
products and cleaning of the bottom-hole zone of the
formation before development.

Table 1 - Key performance indicators of well No. 359 before and after the TGHV

Indicator Before processing After processing Changes
Oil flow rate, m3/day 1 35 +34 times
Water availability, % 98 40 Decrease by 58 p.p.
Flow rate of liquid, m*/ 60 58 Slight decrease
day

Table 2 - Comparative analysis with alternative methods of intensification

Method The multiplicity of | Reduction of water | Duration of the | Unit costs, $/m® of
the increase in oil | supply effect, months additional oil
flow rate
TGHYV (this study) 35 58 8-10 2,2
Parothermal effect 5-12 15-25 4-6 5,8
Hydrochloric acid 2-4 5-10 2-3 4,1
treatment
Hydraulic 8-15 10-20 6-12 12,5
fracturing

As can be seen from the table 1, the most pronounced
effect is observed in oil production, which increased by
35 times. At the same time, there was a sharp decrease
in water availability, which indicates a redistribution of
filtration flows and the connection of previously drained
oil-saturated zones of the reservoir.

A quantitative assessment of the contribution of each
factor to the overall increase in oil production (34 m®/
day) showed:

1. The thermal effect (estimated temperature increase
in the bottomhole zone by 120-150 °C) reduced the
dynamic viscosity of the oil from the initial ~800
MPa-s to ~120 MPa-s. According to calculations

based on the Arrhenius equation, this resulted in an
increase in flow rate of 18 m*/day (53% of the total
effect).

2. The gas dynamic effect is the release of active gases
(Hz, CO, CO,, N,) in a volume of about 50 m’
(under reservoir conditions) created an additional
pressure gradient, contributing to the cleaning of
pore channels and the formation of microcracks. The
contribution of the factor is estimated at 10 m*/day
(29%).

3. The chemical effect — the dissolution of the carbonate
part of cement and asphalt-resin-paraffin deposits
under the action of acid gases (HCI, hno,) led
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to an increase in the effective permeability of the
bottomhole zone from 0.05 to 0.21 mm? which
added 6 m*/day (18%).

Thus, although the thermal factor is dominant,
the synergy of all three mechanisms ensures a
comprehensive restoration of filtration and capacitance
properties.

To assess the relative efficiency of HCT, a comparison
was made with published data on steam-thermal effects,
hydrochloric acid treatment (15% HCI) and hydraulic
fracturing in similar mining and geological conditions
(highly viscous oil, waterlogging >90%, the presence of
AFS). The results are tabulated.

TGHV demonstrates a significantly higher rate of
increase in flow rate and the degree of reduction
in waterlogging compared to alternatives. In terms
of duration of effect, it is second only to hydraulic
fracturing, but surpasses it in economic efficiency by
almost 6 times.

Monitoring of well No. 359 for 12 months after
treatment showed a gradual decrease in oil flow rate
from 35 to 22 m*/day and an increase in waterlogging
from 40% to 65% by the 10th month. By the 12th month,
the flow rate had stabilized at the level of 20 m*/day with
68% water supply. The main reasons for the degradation
of the effect:

* repeated deposition of paraffins and asphaltenes with
a decrease in temperature in the bottomhole zone after
the termination of the thermal pulse;

» ongoing water breakout through highly permeable
layers that have not been completely insulated;

* the lack of stabilization of filtration modes due to
the variable operating mode of the well (periodic
shutdowns).

It is recommended to carry out repeated treatments
with a frequency of 8-10 months or combining HCG
with injection of paraffin deposition inhibitors to
prolong the effect up to 18-24 months.

Table 3 - Characteristics of the technological stages of the TGHV

Stage | Operation Download volume Purpose of the operation
1 Injection of chemical components Nel 0,35 m? Primary activation of the
bottomhole zone
2 Injection of chemical components Ne2 0,3 m? Formation of reaction medium
Injection of chemical components Ne3 1,5 m? Main thermogasochemical effect
4 Well flushing >18 m? Removal of reaction products and
purification of PP

Effect of thermogasochemical treatment (TGHV) on well performance

Before TGHV

100

90

80

Water Cut (%)

60

40

After TGHV

Production Period

Fig. 1 - Changes in oil flow rate and water availability

The multi-stage treatment scheme made it possible to
ensure the gradual development of chemical reactions in
the formation and a controlled effect on the colmatating
sediments.

Visualization of the results confirms the pronounced
effect of thermogasochemical effects on the filtration
and capacitance properties of the reservoir. A sharp
increase in oil flow rate with a simultaneous decrease
in water supply indicates the restoration of oil flow
and partial blockage of water supply channels. The data
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obtained are consistent with the mechanism of combined
thermal, chemical, and gas dynamic effects on the
bottom-hole zone of the formation.

The results obtained indicate the high efficiency of the
applied technology of thermogasochemical exposure in
conditions of heavily watered and depleted deposits. A
significant increase in oil flow rate with a simultaneous
decrease in water availability confirms that the impact
led not only to a temporary intensification of the
inflow, but also to a structural change in the filtration
characteristics of the bottomhole formation zone [11].

From the point of view of physico-chemical
processes, the observed effect can be explained by the
complex action of thermal, gas-dynamic and chemical
factors. The thermal effect helps to reduce the viscosity
of the oil and destroy the paraffin-asphaltene deposits,
while the gaseous reaction products provide additional
pressure in the pore space, helping to clean the filtration
channels and redistribute fluid flows [12].

Separately, it should be noted that a decrease in
water availability indicates a partial blockage of highly
permeable water supply intervals and the involvement of
previously inactive oil-saturated zones of the reservoir
in the filtration process. This makes it possible to
consider THC not only as a method of intensification,
but also as a tool for redistributing filtration flows in
heterogeneous reservoirs.

The results of the study confirm the expediency of
using thermogasochemical methods at a late stage of
field development, however, there is a need for further
optimization of processing technological parameters to
increase the stability of the effect and its duration over
time.

Conclusion. As a result of the conducted research,
a high efficiency of thermogasochemical effect (TGH)
on the bottom-hole zone of the reservoir in conditions
of a heavily watered and depleted deposit in Western
Kazakhstan has been established. An analysis of field
data from well No. 359 showed that the use of the
technology made it possible to significantly change its
operational characteristics and restore its oil production
potential.

Prior to the treatment, the well was in critical
condition: the oil flow rate was 1 m3/day with 98%
water availability, which indicated a predominance
of water inflow and significant degradation of the
reservoir's filtration and storage properties. After the
THC complex, there was a sharp improvement in
performance: the oil flow rate increased to 35 m3/day,
the water content decreased to 40%, with a relatively
stable total fluid flow rate.

The results obtained confirm that the
thermogasochemical effect provides not only a short-
term intensification of the inflow, but also a structural
improvement in the condition of the bottom-hole
zone of the reservoir. The effect is achieved due to
the combined effects of thermal, chemical and gas
dynamic factors leading to the destruction of paraffin-
asphaltene deposits, reduction of filtration resistance
and redistribution of fluid flows in favor of oil-saturated

zones.

It should be noted separately that the multi-stage
technology of the work allowed for the controlled
development of chemical reactions in the reservoir and
increased the effectiveness of the impact compared
to single-stage treatment methods. This confirms the
expediency of using step-by-step reagent injection
schemes in conditions of heterogeneous reservoirs.

At the same time, it was found that the stability
of the achieved effect may depend on the further
operating conditions of the well, in particular on the
level of waterlogging and the re-formation of deposits.
In this regard, it is necessary to further optimize the
technological modes of THC and develop adaptive
approaches to the selection of processing parameters.

It has been quantitatively established that the
thermogasochemical effect provides not only a short-
term intensification of the inflow, but also a structural
improvement in the condition of the bottom-hole zone
of the reservoir. The decomposition of the effect showed
that the thermal component gives a 53% increase in
flow rate, the gas dynamic component — 29%, and the
chemical component — 18%. The effect is achieved due
to the combined action of thermal, chemical and gas
dynamic factors.

A comparative analysis with alternative methods
(steam-thermal effects, coexing, hydraulic fracturing)
showed that THC is superior to them in terms of
increasing the flow rate and reducing waterlogging, and
also has the lowest unit costs per 1 m’ of additional
oil produced ($2.2/m3). However, it was found that the
stability of the achieved effect is limited to 8-10 months
due to the re-formation of sediments and the continued
influx of water. In this regard, it is recommended
to further optimize the technological modes of THC,
including combination with paraffin inhibitors and the
frequency of repeated treatments.

Thus, the conducted research confirms the prospects
of using thermogasochemical methods to intensify oil
production at a late stage of field development and
justifies their further development as one of the effective
ways to increase oil recovery.
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3USTH/BI )KOHE KAYINTI OHIPICTIK ®AKTOPIAPIbIH
TOYEKEJIJIEPIH COMKECTEHIPYIIH, BAFAJIAYIBIH )KOHE
BACKAPY/IbIH XAJBIKAPAJIBIK TOCIIJIEPI

JI.LM. AkTtaeBa , A.M. PaxmeroBa , J.A. KyabmaramoberoBa , [.K. AnmbinoexkoBa A.T. HlIunmenoBa ,

H.T. CarunauxoBa , A.IIl. TamenoB , A.E. EpkinoexoBa =
! Kazaxcman Pecnybnuxacvl Enbex scane Xanvikmol a1eymMemmix Kopaay Munucmpiiziniy Enbexmi xopeay sconinoeei pecnyo-
JuKanvlk eviavimu-sepmmey uncmumymel [LDKK PMK, Acmana, Kazaxcman

¥ Koppecnondenm-asmop: aizada211002@gmail.com

Makanaga eHAIpICTIK yAepicTepliH KypAelIeHyl MEeH eHOeKTi Iu(pIaHAbIpy XaFdalbHIA 3USHIBI JKOHE
KayinTi OHIIpiCTIK haKToOpIapbIH TOYCKEIICPIH COUKECTCHIIPY/iH, OaFaayIbIH )KoHE 0aCKapY/IbIH XaIbIKaPaIIBIK,
TOCUTIEpl KapacThIPBUIFaH. 3ePTTEYNIH ©3CKTUIIN KOCINTIK ToyeKenIep i OaranaynblH KOJIIAHBICTAFEI QiCTEPiH
Kylerney *KaHe oJapIbIH eHOEKTI Koprayabl Oackapy ToKipuOeciHIeTi calbICTHIPMaIIBIIBIFBIH aPTTHIPY KAKETTLI-
riMeH OalIaHBICTHI. 3ePTTEYIiH MaKCaThl — KACiOU ToyeKeIaep i CORKeCTeHIIPYIiH, OaranayaslH xKoHe OacKapy-
JIBIH, XaJIBIKapaJIbIK TOCIIIEPiH JKYHerney jKoHe CallbICTBIpMalbl Tanzay. 3epTTey/e FhUIBIME 9aeOneTTepl xKykeni
JKOHE CaJBICTBIPMAIIBI TaJIAAY, XKIKTEY, JKaJlNbuIay 9JicTepl MaifanaHbuIIbl. AKIApaTThIK HETi3/Ii XaJlbIKapajbIK
crangaprrap (ISO 31000, ISO 45001), XansikapanblK eHOCK YHBIMBIHBIH YChIHBIMIaps! (XEY) , JIyHHeXY31TiK
JeHcaynslK cakray yieMbl (JIY) sxone EHOek Kayirciziri xoHe eHOeKTi KopFay )KeHIHIETT YITTHK HHCTHTYTHI
MarepHuaaapbl, COHAai-aK 3aMaHayH FBUIBIMHU OachUTBIMAAp Kypaiinsl. HoTmkecinae kacion Tayekennepai Oaranay
omicTepi dmicTeMeliK KypAeIiTiK TeHreiii OOMbIHIIA camabIK, )KapThlIaid CAHABIK JKOHE CAHIBIK OOJBIIT KIKTEIIi.
Hoctypmi amictepi Kolmany KapamnaibiM OOIFaHBIMEH, JOJIIIT] IMIEKTEYIi, all Ka3ipri 3aMaHayH TICUIIep, COHBIH
imiage rHOpuaTi omictepai OaranaymblH JKOFAphl HET3NUITH KaMmTaMachl3 etemdi.Toyekemnepai OacKapyabiH
WHTpETrpalysUIaHFaH JKOHE IUQPIBIK MOICTBbACPIHEe KOIIy YpAici aHBIKTAaNAbl. AJBIHFAH HOTIDKEIED CHOEKTI
KOpFayIbl Oackapy KYHelepiH a3ipiiey jKoHe KeTUAipy Ke3iHae naiJanaHbuTybl MyMKiH.

Tyiiin ce3mep: KocinTik Toyekesd, Toyekenjaepai Oaramay, Toyekenaepdi Oackapy, 3WUSHIBI JKOHE KayinTi
eHIpicTiK (akTopnap, Toyekenaepai Oaranay aicrepi, eHOEKTI Kopray, HudpIaHbIpy.

MEXIYHAPOJIHBIE ITOAXO/JAbI K TAEHTU®UKALIUU, OHEHKE U YIIPABJIEHHUIO
PUCKAMMU BPE/IHBIX U OITACHBIX ITPOU3BOACTBEHHBIX ®AKTOPOB

JI.M. AkTaeBa, A.M. PaxmertoBa, J.A. KyabmaramoeroBa, I K. Anmbinoexona, A.T. llunvenosa,
H.T. Carungukosa, A.IIl. Tamenos, A.E. Epkintexosa™

1 . .
PI'IT Ha TIXB PecnyOnukanckuil HAy4HO-UCCIe008AMENbCKULL UHCIMUMYM no oxpare mpyoa Munucmepcmea mpyoa u coyu-
anvrou 3auwumsl Hacenenus Pecnyoniuxu Kazaxcman, Acmana, Kazaxcman

¥ e-mail: aizada211002@gmail.com

B crarbe paccMOTpeHBI MEXIYHapOTHBIE IOAXOABl K HACHTH()HKALNHU, OIEHKE M YIPABICHUIO PUCKAMH
BPEIHBIX U OMACHBIX MPOU3BOICTBEHHBIX (PAKTOPOB B YCIOBUAX YCIOKHEHUS MTPOU3BOJACTBEHHBIX MPOIIECCOB H
nudpoBuzanuu Tpyna. AKTyanbHOCTh UCCIIEA0BaHUS 00yCIOBIEHa HEOOXOJUMOCTHIO CHCTEMATH3AIMH CYIIECTBY-
IOIIMX METOJIOB OLEHKH NMPO(ECCHOHANBHBIX PUCKOB M HOBBIIICHHS MX COITOCTABUMOCTH B IIPAKTHKE yIPABICHHS
oxpaHo# Tpyna. Llens nccnenoBaHus — cUCTeMaTHU3aIUs U CPAaBHUTEIBHBIN aHANN3 MEXIYHAPOIHBIX MTOJXOA0B
K WCHTU(UKALUH, OLEHKE U YIPaBICHUIO PO(EeCCHOHANBHBIME PHCKaMH. B Hcciie1oBaHUH HCIIONBb30BAIUCH
METO/Ibl CHCTEMAaTHUECKOTO M CPaBHUTEIBHOTO aHajiu3a, Kiaccudukanuu, oO0OIIeHHs HayYyHOH ITHTEpaTyphl.
HNHpopManmOHHYI0 OCHOBY COCTAaBIIAIOT MexayHapoaubie ctanaaptsl (ISO 31000, ISO 45001), pexomeHnaruu
MexnyHaponHOIl OpraHu3anyy TpyAa, Marepuainsl BceMupHo opranusanuu 3apaBooxpaHeHus U Hanuonains-
HOTO HMHCTUTYTa OXpaHBl TPyAa, a TaKXKe COBPEMEHHbIe HayuyHble M3JIaHMs. B pesynsraTe METOIbl OLIEHKU
MpodecCHOHATIBHBIX PUCKOB KIACCH(DUIIMPOBAIUCH 110 YPOBHIO METOANYECKON CIIOKHOCTH KaK KaueCTBEHHBIE,
MOJIyKOJIMUECTBEHHBIE U KOJMUECTBEHHbIE. XOTS TPaJUIIMOHHBIE METOBI IPOCTHI B UCIIONB30BaHUM, OHU UMEIOT
OIpaHUYEHHYIO TOYHOCTB, & COBPEMEHHBIE TTOJXO/Ibl, B TOM YHCIIe THOPUAHBIE, 00ECIIeUnBaIOT BEICOKYIO 000CHO-
BaHHOCTbH OLICHKH. BBIsSBIICHAa TEHAEHIMS K NEepexoqy Ha MHTErpUPOBaHHBIE M IH(POBBIE MOJEIHN YIPaBICHUSI
puckamu. [TomyueHHbIe pe3ynbTaThl MOTYT OBITH HCIOJIB30BaHBI IIPH pa3pabOTKe U COBEPILCHCTBOBAHUU CHCTEM
yIpaBJIEHUs OXPaHOU TPyAa.
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KoaioueBbie cioBa: npodeccHOHANBHBIN PHCK, OLIEHKAa PHCKOB, YIPaBJICHUE PUCKAMH, BPEIHbIC U OIACHBIC
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INTERNATIONAL APPROACHES TO THE IDENTIFICATION, ASSESSMENT, AND
MANAGEMENT OF RISKS ASSOCIATED WITH HAZARDOUS AND DANGEROUS
WORKPLACE FACTORS

L.M. Aktayeva, A.M. Rakhmetova, E.A. Kulmagambetova, G.A. Alshynbekova, A.T Shilmenova,
N.T. Sagindikova, A.Sh. Tashenov, A.Y. Yerkinbekova™

! RSE at the National Research Institute for Occupational Safety of the Ministry of Labor and Social Protection of thePopulation
of the Republic of Kazakhstan, Astana, Kazakhstan

¥ e-mail: aizada211002@gmail.com

The article discusses international approaches to the identification, assessment and risk management of harmful
and dangerous production factors in the context of increasing complexity of production processes and digitalization
of labor. The relevance of the study is due to the need to systematize existing methods of occupational risk
assessment and increase their comparability in occupational health and safety management practice. The purpose
of the study is to systematize and comparatively analyze international approaches to the identification, assessment,
and management of occupational risks. The research used methods of systematic and comparative analysis,
classification, and generalization of scientific literature. The information base consists of international standards
(ISO 31000, ISO 45001), International Labour Organization recommendations, World Health Organization (WHO)
and National Institute for Occupational Safety and Health materials, as well as modern scientific publications. As a
result, occupational risk assessment methods were classified according to the level of methodological complexity
as qualitative, semi-quantitative and quantitative. Although traditional methods are easy to use, they have limited
accuracy, and modern approaches, including hybrid, provide high validity of the assessment. The trend towards the
transition to integrated and digital risk management models has been revealed. The results obtained can be used in

the development and improvement of occupational health and safety management systems.

Keywords: occupational risk, risk assessment, risk management, harmful and hazardous production factors, risk

assessment methods, labor protection, digitalization.

Kipicne. Onnuipictik yaepicTepaiH KypaeleHYiHiH,
9KOHOMHKAHBI LIU(PIaHABIPYAbIH KIHE CHOCK CHIIaThI-
HBIH ©3TepyiHiH Ka3ipri armalblHIa KOCiOM Toyeken-
Iepai Gackapy maceneci epekiie ©3eKTi OONBIT OTHIp.
HocTypri 3USHIBI JKoHE KayinTi eHAIpicTiK GakToprap-
MEH Karap aBTOMaTTaHABIpyFa, HUQPIBIK TEXHOJIOTHs-
JapFa ’KOHE TICHX0JIEYMETTIK KYKTeMelepre Oaimanbl-
CTBHI JKaHa TOyeKeNAEPAiiH MaHBI3bI apThIN Keyexi, Oy
oJIapAbl COMKeCTEeHAIPYAiH, OaraaynblH jKoHe OacKapy-
JBIH KOJIJAaHBICTAFl TACUIAEPIH KaliTa Kapayxsl Tajial
eTel.

YITTHIK TOXKipHOEIe KOCINTIK ToyeKenepai Oackapy
Kazakcran PecmnyOnukaceiHbeiH EHOCK KOIEKCIH Koca
aJFaH/a, HOPMATUBTIK aKTiIepMeH perTteneni [1].

Kocibu Ttoyekenmepai 0OackapyablH —XaabIKapasibIK
npaktukacsl ISO 31000 xone ISO 45001 xoca anraH-
Jla, CTaHAapTTay YLIIH XalbIKapajblK YiAbIMIa OSKiTiI-
TeH Toyekenre OariapiaHFaH oOiiylay KaruJajiapbliHa,
COH/Iali-aK XaJbIKapaiblK 3epTxaHaiblk yieiMaa (ILO-
OSH 2001) >xone JlyHHEKY3UIK AEHCAyJbIK Cakray
yiteivbiabiH (1Y) ychiHBIMIapbeiHa Herizneneni. by
KyXarrap yHbIMIBl Oackapy »KyieciHe Toyekeinepai
Oararnay/pl MHTEprpalysUiay YIIH 9JiCHAMaJbIK HeTi3
KaJIBIITACTHIPaIbl )KOHE PEaKTHBTI LIapajapiaH npohu-

JIAKTUKAIBIK JKOHE PEaKTHBTI IIapanapaH mnpoguiak-
TUKAaJBIK OacKkapyFa Kemryre Oarmapuaiiast [2-6].

3aMaHayu FRUIBIMU 3€PTTEYJICP/l Talaay Kociou 1oy-
ekenjepal Oaramay ojictepi OipKeNKi eMeC CeKCHIH
JKOHE carajbl MaTPUIAIBIK MOJECIBICPACH JKapThLIai
CaHJIBIK JKOHE CAHJBIK IICTEpre, COHBIH INIHIE J103a-
3 dEKT MOIEIBACPIHE XKOHE KO KPUTCPHUITIK Taiaay
omicTepiHe JeiiH e3repeTiHiH kepceremdi [7-10]. bara-
Jay KYpaJJapbIHBIH JaMyblHA KapamacTaH, OJiapjibl
JKY#eney, CalbICThIPy JKOHE HAKThI OHJIpic Karmaiina-
pBIHa OeitiMeTy Maceleci cakTaryna.

Ocputaidina, XaJblKapaiblK HOPMATHBTIK Oa3aHbIH
JKETKUTIKTI JICHIeHJIe NaMyblHa KapamacTaH, TOyeKe-
nepi Oaranmay oHE Oackapy OIICTEepiH MPaKTHKAJBIK
KOJIJaHy i je kyhenenOereH. COHIBIKTaH OJIapIibl
XKY#enl Typae Tanaay KaKeTTUIIr TybIHIalpl. 3epTTey
00BeKTICI OHIIPICTIK OpTajarbl KoCiOM Toyekenaepai
0ackapy xy#enepi OOJbIN TaObLIABI.

3epTTey HBICAHBI - 3USAHIBI J)KOHE KayilTi OHIIPiCTIK
(akTopIapAbIH TOyeKeIAEPiH aHBIKTAy, Oarayay KoHE
6ackapy oxicrepi.

3epTTeymiH MakcaThl - KOCIOM ToyeKeIJepai Coii-
KeCTCHIIPYIiH, OaranayIblH XoHe 0acKapyIblH XallbIKa-
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PANBIK TOCUTACPIH KYHeNey jKOHE CalBICTHIPMAITBI Tall-
aay.

Maxkcarka KeTy YIIiH Keneci MiHIeTTep KOHBUIIBL:
TOyeKenaepAi OacKapynblH XaJbIKapajblK CTaHIapTTa-
PBI MEH HOPMAaTHBTIK TOCUTACPiH Taiaay:

* KociOm Toyekenaepai Oaranay 9iCTepiH KIKTey;
* Ka3ipri 3aMaHFbI IiCHAMAITBIK TOCIIICPiH CaTBICTRIP-

MaJlbsl TaJay;

* KociOm Toyekemnepai Oackapy JKYHeNepiHiH Ioamy

TEHJICHIUSIApBIH aHBIKTAY.

3eprTey TUMIOTE3achl — ToyeKeJaAepadl Oaranay/blH
KOJIZIaHBICTAFbI 9JIICTEPIH XKYiieJaey MEH HHTET palusay
0acKapylIbUIBIK MICIIIMAEPAIH HETI3UIIrH apTTHIPbII,
eHOeKTI KOpFay callaChIHJaFbl allIblH aly Inapaiapbl-
HBIH THIMJIUTITIH apTTHIPAJIbL.

Kymbicta >ky#enmik Tanmay, CaJBICTBIpMaibl Taj-
Jay, FBUIBIMH 9JIeOMeTTep/l JKIKTey, JKaJIbUldy JKOHE
KOHTCHT-TAJIZ[Ay 9MICTePl KONIAHBUIII. 3ePTTEYMiH aK-
nmaparThlK 0a3achlH XalbIKapaiblK cTaHmaprrap 1SO
31000 sxone ISO 45001 [2, 3], Xasbikapanablk eHOCK
yitbiMbiHbIH (XEY) yceinbiMaapsr [4], JyHuexy3imik
JeHCayNbIK cakTay YWbIMBIHBIH ([IJ1¥) Marepuanmapsl,
AKIII-teiy EHOex Kayimci3miri jkoHe eHOEKTI Kopray
JKOHIHJET1 YNTTBIK MHCTUTYThIHBIH (National Institute
for Occupational Safety and Health, NIOSH) marepu-
annapsl [5, 6], conmaii-ak 2010-2025 xbingap apanibl-
FBIH/IA )KapUsUTaHFaH FRUIBIME eHOeKTep [7] Kypasbl.

Opnebuerrepai ipikTey Ke3iHie 3epTTey TaKbIPHIObIHA
COWKECTIri, JKapUsUTaHFaH XbUIbL, PELICH3UATAHYbI )KOHE
TOJIBIK MOTIHIHIH KOJDKETIMAUIIr eckepinmai. TakpIpbl-
KA COMKeC KeJIMENTIH, KalTalaHAThIH HEMECE FBIILIMU
carachl TallanTapra CoMKec KeIMEWTIH >KaphsulaHbIM-
Jlap Tanjayra eHri3uireH oK.

3usHOBl JKOHE KayilTi OHIIPICTIK (aKTOpIapIbl
coiikecrenaipy MEMCT 12.0.003-2015 cranmaptsI-
MeH OENTiJICHIeH JKIKTeyre COHKeC XKy3ere achIpbli-
1bl. KonmaHneicTars! FBUTBIME IIOMYyJTapAaH aibIpMalibl-
TBIFBI, OYNT 3eprreyme Kociom Toyekemmepai Oaramay
omicTepiHe CaJBICTRIPMANbI TaNfay JKYpPTi3iiim, omap-
IOBIH OHIIPICTIK MpakTHKaga KOJAAHBUIY epeKIIeNTiK-
TepiHe epeKIle Ha3ap ayAapblIibl.

3epTTeyniH FHUIBIMU JKAaHAJIBIFBl KOCIOM ToyeKen-
Jepni OarayaynblH 3aMaHayHM SJICTEpiH 9JliCHAMAIIBIK
KYPAETIIIK AeHreill MeH MpakTHKaIbIK KOJJIaHy calla-
ChIHAa COHKec KYpPBUIBIMIBIK JKIKTEYIi YCHIHY J>KOHE
OJIapbl CANIBICTBIPMAJIBI TaJIAy HOTHXKECIHAE KOJIaHy
epEeKIIeIIKTEPiH JKyiieney OObIN TaObLIa BL.

ABTOpPJIApABIH FBUIBIMH YJIECi KOCIOH ToyeKeNlaepi
Oaranay oIICTEpiH 9JiCHAMAJBIK KYPACIUIK JeHreii
MEH TPaKTHKANBIK KOJIAHy caiachl OOWBIHINIA KYpbI-
TBIMJBIK JKYieneyle KoHe Onapibl CalbICTBIPMAJIbI

OaraJiay TOCUTIH YChIHY/Ia KopiHe . ¥ ChIHBUIFaH KIKTeY
OHJIIPICTIK JKaFqaiapra colkec ToyeKelaepai Oaranay
OIiCiH TaHJay/Abl HETi3/Ieyre MYMKIHIIK Oepesi.

Marepuangap MeH aaicrep. Ocpl 3epTTey IICH-
OepiHZe OHIIPICTIK OpTaza ONapIbIH JJIiCHAMAIBIK
KOJIIaHBUTYBl TYPFBICBIHAH KOCIOM ToyeKenaepiAi Com-
KeCTeHIipyre, Oarayayra >xoHe Oackapyra Kasipri 3a-
MaHFbI XaJIBIKAPAJIBIK TICUIACPIIH KYPBUIBIMBI MEH Ca-
JIBICTBIPMAJIBUTBIFBIH aHBIKTAyFa OarbITTAlIFaH 3EPTTCY
MaceJieci TY)KbIPbIMIAIbI.

Fruteimu epekkesniepai ipikTey Keneci Kpurepuiiiep
OOMBIHIIIA )KY3€re aChIPbUIABI: 3ePTTEY TAKbIPHIObIHA
COMKeCTiri, 9MiCTeMeNIK TOCITACPAiH CHIIATTaMAaCHI, pe-
LEH3UsTAHFAH FhUIBIMUA 0aChUIBIMIAP/A HKAPUSIIAHYBI
KoHE ©3eKTuIiri. 3eprrey OapriceiHaa 50-aeH actam Oa-
CBIIBIM TaJIIaHAbI, OHBIH IIIIHIE €rKeH-TerKeHIl Taj-
Jay YIIiH €H MaHbBI3IOB! 15 mepexke3 TaHmaIabl. 3USHABI
YKOHE KayilTi eHIIpiCTiK (aKkTopIapAbl COHKeCTeHIIpY
MEMCT 12.0.003-2015 GenrineHren xikTeymi eckepe
OTBIPBITI JKy3ere achIpbuiasl [11].

JKympicta GipiH - Oipi TONBIKTBHIPATHIH OMICTEp Ke-
HIeHI MalianaHbUIIbL: JKYHENIK Tangay ToyeKelnaepi
0acKapyablH XaJBIKAPANBIK TOCUTACPIHIH KYPBUTBIMBIH
3epTTey YIIiH, CANBICTBIPMAIIBI TAJJAy - KACiOM Toye-
Kennepai Oarayay omicTepiH CANBICTHIPY YIIiH, XKIKTEY
ofici-oapabl 9liCHAMAaIBIK KYpACNLUTiK JeHTeli OOMBIH-
1a KYpbUIBIMAIAY VIIIiH, KOHTCHT - Taljiay-JaMyJIblH
HeT13Ti OaFBITTapBIH, TOyEeKeIAep i OaranayabIH SpTYpIi
omicTepiH KONIaHy >KULTITIH KoHE Ka3ipri TEeHICHIHS-
JapApl aHBIKTAY YIIiH KOIIaHbUIAs [12].

3eprTey Ke3eH-Ke3eHIMEH JKYpri3iiii aoHe XaJblKa-
PaNIBIK HOPMATHBTIK TOCUIACPAl TalAAyIbl, TOYCKEIIi
Oarayay oicTepiH Xyleney MeH XKIKTeyal )KoHe 0JIap/Ibl
CaJBICTBIPMAITBI TAIIAYIbI KAMTBIIBL. OiCTEPIl KIKTEY
(dopmamu3anms Iopexeci, KOMIaHbBUIATEIH MOTIMETTEP
TUI JKOHE €CeNTey MPOIEAyPATAPbIHbIH KYPACIiTIK
JIeHrelii OOUBIHINA YKY3€re aChIPhLUIIbI.

OzicTepai canblCThIpMalbl Oaranay Kejeci Kpure-
puiizep OOWBIHINA JKy3ere achlpbULAbL (hopmaIn3aus
JIOpeKeCi, KOJIAHBUIATBIH MAJIIMETTEp TYpi, aKmapar-
THIK 0a3ara KOWBLIATHIH TaJaNTap, HOTHKEIEPIIH Joi-
JIK JICHTeii, COHIali-aK 9pPTYpIIl OHIIPICTIK XKaFaaimap-
Jla TIPAKTHKAJIBIK KOJITAHY MYMKIHJIIT1.

KacinTik Toyekenaepai 6aranay oaicTepiHiH KiKTemyi
oflicTEMENiK KYPHACNiTIK ACHreli MEH eCenTey pociM-
JIepiH peciMzey Iopekeci HeTiziHae >Kyprizinmi, Oy
calaJibIK, JKapThlIail CaHABIK JKOHE CaHIBIK ToclIaepai
0eJtin KepceTyre XKaHe ONap/IbIH CaIbICTHIPMANBLIBIFbIH
KaMTaMachl3 eTyre MyMKIiHJIK Oepi.

ATBIHFaH KIKTEy "HOTIDKENEp JKOHE TalKbuiay' 0elri-

MiHZE YCHIHBUIFAH KociOm Toyekemnepai Oaramay
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9/IiCTEpiH KEeUiHTi calbICTBIpMalIbl TajiayFa Heri3 0oi-
JIBL.

Kymebicta xyieni Tanmaygsl, CalbICTBIPMANbl Taj-
Jayabl, FHUIBIMH KapUSUIAaHBIMAAPABI JKIKTEY OIiCiH
KOHE KOHTEHT-TaJllay/lbl KAMTHTBIH 3ePTTEYIiH KOChIM-
a SICTEePiHIH KelIeHI maiaanaHbUIabl, OV JaMyIbIH
HET13T1 OarbITTapPBIH JKOHE KOCiOM Toyekenaep i Oaraa-
YABIH 3aMaHayd TOCIUIJIEPIHIH epeKIIeNIKTepiH aHbIKTa-
yFa MYMKIHZIK Oep/i.

JHepekrepri eHaey KoHE TYCIHAIPY HOPMATUBTIK KY-
JKaTTap MEH FhUIBIMH 3epTTeyJeple YChIHbUIFAaH HOTHU-
JKETepAl Kby KOHE CAIBICTHIPY HETi3iHAe, omap-
IIBTH €HOCKTI KOpFaymbl Oackapy jKyienepiHae mpakTH-
KaJIBIK KOJITAHBUTYBIH €CKepe OTBIPHIIT XKYy3€ere achIpbll-
b1

Hatmxkenep ke TaakpLiay. XKyprizinreH tamnay
KaciOn Toyekennepai OackapyablH Kas3ipri 3aMaHFbI
XaJbIKapaJIbIK Kyieci cranmaprrapiasiH [2, 3] xoHe
XaJIbIKapaJIbIK YHBIMIAPIbIH YCHIHBIMIAPBIHBIH [4-6]
WHTETPALUACH HETi3iHAe KaTBIITACATHIHBIH KOPCETTI.
Heri3ri karuga Kayinri OKHFalapra PeakTUBTI peaKii-
sITaH OJIAP/BIH allABIH-aTy eCKEePTYyTe KOUTy/li KO3AeUTIH
TOyeKeNre OaFpITTay.

ISO 31000 cranmapthl Toyekeynaepai OacKapyabIH
JKQJIMBl TPUHIANTEPI MEH MPOIECIH AHBIKTAWTHIHBI
anbikTanmer, an ISO 45001 Oyn Tocunmepai eHOEKTI
KOpFay cajachlHa OeHiMaeii.

O3 keseringe XEY yYCBHIHBIMAAPH TOyeKeNIepAi
GacKapyasl eHOCKTi KOPFayIbIH WITTHIK JKyienepiHe uH-
Terpanusiayra *oHe KbI3METKEPICPAiH OChI MPOIECKE
KaTBICYbIHA OAFBITTANIFaH.

Ocpuiaiiiia, XanbIKapablK TICUIIEP KOJIIAHY Calachl
MEH epeKIIeTiKTepiH/Ieri albIpMAaIIbIIBIKTAPFa KapaMa-
CTaH, ToyeKeNaepai OacKapyablH OipbIHFail KarumarTa-
pBIHA HETI3AeTeIi.

XanblkapalblK TOyeKeNIepai Oaramay IKYHeCiHIH
MaHBI3/Ibl JEMEHTI XMUMHUSIIBIK 3aTTapIbl JKIKTEY MCH
TaHOAaNayNbIH JKahaHABIK KemiciareH xyieci (GHS)
meHOepiHAe XKy3ere achIpbUIaThIH KayinTi (akropiap-
Jb OKikTeyni yiiectipy [13], Oy XUMHUSUIIBIK ToyeKe-
JIEpAL COUKECTEHIIPY TICUIIepiH Oipi3aeHAIpyIi KaMTa-
MachI3 eTei.

Kyprizinren Tanmay HOTIKECIHAE KOCIOM Toyekel-
nepai Oarasay oicTepi 9iCTeMETiK KYpASTUTIK JCHI i
OOMBIHIIA YII HEri3ri TOIKA KYHelleHyl MYMKIH eKeH-
JIT1 aHBIKTAJBI: CamajblK dicTep (ToyeKen MaTpulia-
Japbl, OaKpUIay-OaHIUHT); JKapThUIail CaHIBIK IICTEP
(MHICKCTIK oHE OAJIBIK MOJICIB/ICP); CAHIBIK 9/IiCTEP
("mo3a-acep" MozebAEPl, BIKTUMANIBIK Oaranapsl).

Tannay KepCeTKeH/ICH, camabl 9IiCTep KOMIaHYIbIH
KapanaibIMJIbUTBIFBIMEH CUTIATTANTA]bI, OipaK OJap/biH
JONIITT mekTeyi. YKapTeiiaid CaHIbIK dJicTep MQJIIK
IICH MPAKTHKAJIBIK KOJIJJAHY apachIiHIaFbl TeIe-TeHIIKTi
KaMTamach3 erefi. CaHIBIK 9/1iCTep JKOFaphI TopeKee
xKapambl, Oipak alTaplbIKTall NEpPEeKTEep MEH pecyp-
crappl KaxeT ereni [7, 9].

Toyekenmi Oaramay oficiH TaHIay OacTankel Je-
PEKTEepIiH KOJI )KEeTIMALTIr MeH OacKapy MiHIETTEpiHIH
ePEeKILEIrHIH YiJIeCIMIMEH aHBIKTATa bl

CoHbIMEH Karap, Ka3ipri 3aMaHFBl ToCULAEpIe Toye-
KeJre >KapaMIbUIBIK KPUTEpUAIepi, COHBIH imiHae 6ei-
TiCi3MiK JKaFJaifbIHIa TOYEKENIiH pYKCaT eTUIreH JIeH-
TeliH HeTi3Aeyre MyMKiHIiK OepeTiH aKblIFa KOHBIMIIBI
xeTkumikrimik npuannmi (ALARP) maHbI3ABEI pern aTka-
paner [14].

CanpICTRIPMAITBI
JOCTYpi dmicTepi (MaTpUIANBIK MOJCIBACP) CH KeH
TapajiFaH OONBIN Kaja OepeTiHiH KepceTTi, Oipak oiap-

Tangay Toyekenal OaranaynblH

Il KOJNJaHy OaranaynblH CyOBEKTHBTUIINIMEH >KOHE
TOyeKeN TapaMeTpIIepiHiH e3repyiHe TOMEH ce3iMTal-
IBIKIICH OaitaHBICTBI OipKaTrap MISKTEylepMeH Oipre
Kypeni [7, 8].

FoutbiMu kapusIaHBIMAAPIBbIH, Ma3MYHIIbl TaJjiay
ANIEMEHTTEPI KaciOM Tayekenaepi OaranaynblH Kasipri
TOXKIPUOCCIHAC MATPHUIIATBIK MOICIBACD YKOHE OaKbI-
nay-0aHIUHT CHSKTBI ACTYPIi dJicTep 0achlM eKeHiH
KOpPCEeTTi, JereHMEH THOPUITI KOHE HUQPIBIK TOCLI-
Jiep/ii KoJIaHy/IbIH TYPaKThl ecyi Oaiikanasl. XKacaHabl
WHTEIUIEKT TICH KONl KPUTEPHAJAbl TalIay OIICTEpiH
KoJlaHyFa OaFbITTalFaH 3epTTEyNepiH YJeci COHFBI
KBUIIAPBI aPTHIT KEJIe KaTKAHbI aHBIKTAJIBI, OYJT KOCi-
O6u Toyekennepai Oackapy >KyHenepiHiH KypHelieHy
JKoHE U PIAHABIPY TEHICHIUSICHIH KOpCeTe .

CaHIBIK JEPEeKTepIaiH MICKTEYIUIr KarmaaibiHaa
KoCciOM ToyeKesmep/i BIKTUMaI Kayin AeHreinepi 0oii-
BIHIIIA TOITACTHIPYFa )KOHE OHBI OHAIPICTIK (akTopiap-
JIbl TIPAKTUKAJBIK Oarajayna maijanaHyra MYMKIHIIK
OepeTiH Oakpuiay TOOBI OJiCi KEHIHEH KOJIAHBLIAIBI
[15].

XanplkapalblK ToKipuOe KOHTEKCTIHAE >KapThuIait
CaHJIBIK OMIICTEp Camaibl MaTPULATIBIK MOJEIbAEP MECH
KaTaH CaHJbIK €CENTeyliep apachlHIa apaliblK OpBIH-
bl anaapl. OnapasiH 6acThl apTHIKIIBIIBIFBI-0aCTAITKBI
JIepeKTepIiH MIEKTEYIiiri >KarIaiblHAa KOJNTaHYIbIH
CaNBICTHIPMAIIbl KaparnaibIMIbUIBIFBIH CaKTall OTBIPHII,
capanTaMaliblK Oaraiayabl PaCiMaey MYMKIHIIT OOJIBII
caHasajpl.

WHOeKCTIK jkoHEe KeIMICHl 9ICTepAl KOJAaHy JKeKe
napameTpiep/IiH BapHalMsIapblHA JKOFAPhl CE3IMTal-
JIBIKIICH CUIIATTAJAThIH KapanaibiM [[03a-HOpMa KaTbl-
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HacTapbIMEH CAJIBICTBIPFaH/Ia TOyeKesli Oarayiay HOTH-
JKEJIEPIHIH  CaJBICTRIPMANIBUIBIFBIH  APTTHIPYFa MYyM-
KIHIIK OepeTiHi KepceTuireH. Bbysl 3KCIO3UIUSHBIH
KapKbIHBUIBIFBIH FAHA €MEC, KCIIO3UIIUSHBIH Y3aKThI-
FBIH, COHJIal-aK OHIIpiC TMPOIECiHIH YHBIMAACTHIPYIIIEI-
JBIK (paKTOpIApBIH €CKEePETiH MHTETPaIIbl KOPCETKIII-
Tepi KOITAHYIBIH OPBIHIABUTBIFBIH pacTaisl [9].

Ocpuiaiiia, kapThuiaii CaHAbIK dJicTep HAKThI OH-

Jipic JKarmaibIHAa KOciOM ToyeKelAepai OarasayiabiH
THIMJI KypaJibl pETiHE SPEKEeT eTe/li, CAHIIbIK MOJIEIb-
JePIIiH JTIJIri MEH callajblK TICUIIEP/IiH PaKTUKAIBIK
KOJIZIAHBLTYBI apachIHAAFbl TEME-TCHIIKTI KaMTaMachl3
eTeml.
CanaJblK JKOHE CaHJBIK OJiCTEep NEpeKTepre KoWbLia-
TBIH TajanTap MEH AIIIK ACHreiiHae aitapibKTai
epeKIeNeHe T, OYJI ONapbIH dPTYPJIi OHIIPICTIK JKaF-
Jainapaa KOJMIaHbUTYbIH aHBIKTANIbI.

CoHBIMEH KaTap, Kell KpUTSPHIITIK Talaay 9IiCTepiH,
rHOPHUATI MOJENBACPAL KOCa aFaH/a, 3aMaHayH TOCIM-
nep Oaramnay/ibIH JOJAITIH apTTRIPYFa JKOHE TOYEeKeIaep-
JIiH HEFYPIIBLIM HETi3[eNreH OaChIMABUIBIFBIH KaMTaMa-
CBI3 €Tyre MyMKiHIiK Oepemi [10, 16].

OnuipicTi nudpraHABpy KaraaleiHAa O6ackapy Ie-
OIIMIEPiHIH JKeNEeNIIri MeH AQJAITIH apTTRIpyFa MyM-
KiHIIK OepeTiH aBTOMATTAaHABIPBUIFAH JXYHElep MeEH
AHAJIMTUKAJIBIK TUIaThopManap/bl Koca aiFaHia, Koci-
O0m Toyekennepai Oaramay MeH OaKpUIAYIBIH UPPIBIK
KYpaJiapblH MMaiianany epexiie Manbi3ra ue [12].

Opicrep/i  @KBIpaTy[blH HEri3ri  KpUTepuiiiepi:
pecimey nopekeci; 0acTankel JepeKTepre KOMbUIATHIH
Tajanrap; Oaranay JOJIITi ICHIeil; IpaKTHKAIBIK KOJI-
JTaHy MYMKIiHJIIr.

By xarmaiima xociOm Toyekenep TeXHUKAIBIK, Yii-
BIMIACTBIPYLIBUIBIK JKOHE aiaMu (pakTopIapablH e3apa
opekeTTeCcyiHe OailTaHBICThI KYHETIK KYOBUIBIC PETIH/IC
KapacTeipbiiaasl [17].

JKypri3inreH campIcTBIpMaB TalIay TOyeKeN i Oara-
Jiay OMICTEpi apachIHIAFbl AWbIPMAIIBUIBIKTAD TEK CaH-
JIBIK €MeC, COHBIMEH Karap 9JliCHaMalIbIK cHIarTa 6oa-
THIHIBIFBIH KepceTTi. [ocTypmi omictep Oaramaymbly
KCHIUIIETUITEH YNTiUIepiHe OaFbITTaiFaH >KOHE HeTi3i-
HeH KayinTepi OacTarkbl aHBIKTay YIIiH Mai1anaHbIia-
ITBL, 7T 3aMaHay ! TOCLIIep KOII eIeMIi TapaMmeTpiepi
OipikTipyre >XoHE OENTICI3MIKTI ecemke amxyra OaFbIT-
TaJIFaH.

QpicTepli KOJMAHYIBIH THIMALUIITT OacTamksl Jie-
PEKTEpAiH KOJDKETIMALIITIH, OHAIPICTIK OpTaHbl H)p-
JAHIBIPY ACHICHiH )KoHE Oaranay ToJIiTiHe KOHBUIATHIH
TananTapasl Koca anFanja, GaxTopiap KUbIHTHIFBIMEH
aHbIKTaNnaabl. byJl onmapjbl KOJIAHYAbIH HAKTHI ILIap-
TTapbIH €CKepe OTHIPHII, TOYEKeN Il Oaranay 9IicTepiH
TaHAay KaXeTTUIITIH pacTaiabl.

Kocibu Toyekenmepmi Oaranay omiCTepiHIH CaJbl-
CTBIPMAJIBI TAJIAYBI IOCTYPIIl XKOHE 3aMaHayH TICUIIEP-
IiH GopManu3aius ACHI e, TepEKTep TalanTaphl )KOHE
KOJIJaHy callachl OOMBIHINA aWTapibIKTall epeKIese-
HETiHiH KepceTTi. [lacTypii aicTepAiH Herisri cunarra-
Mamapbl 1 - kecteme, al Kasipri 3aMaHFBI oficTep 2-
KeCTele KeNTIPIIreH.

1-kecrte. KocinTik Toyexeagepai 6arajgaynbiH J9cTYpai agicrepi

9jic Tom- | Mpicanaap Jdannik Koiibliatein | Apreikmibl- | HlexTeysep Koagansic asi-

Tapbl mopexeci | Tamamrap JIBIKTAp CBI

Canameik | Toyeken wmar- | Temen-op- | Murnmanger | Komgassi- CyObekTus- [MarpH Kocimo-
pHIaIapsl, Tama CTarbl Kapa- | Timik, TeMeH | peiHOap, OacTa-
OaxpuTay-0aH- MMadBIMIBI- CEe3IMTaIIIBIK TIKBI Oaranay
JUIHT JBIFBI, KBUI-

JTAMJIBIFBI

Kapreuait | Ungexc Oprama exreymi Honnix men | Capanrama- OHipicTIK

CaHJIbIK omicrepi, Fine- KoJiaHy ©Oa- | eIk Oaranayra | KocCIOphIHIAD
Kinney JIAaHCBI TOYEIAUIIK

CaHaBIK Dose- Korapsr MaHpI13 15! Hormxenep- | Kypaeminik Xumust  eHep-
response, IiH OKOFaphl | )kKoHe  pecyp- | kocibi, ExbOek
PBPK, bIKTH- HETI31IIT1 cTapapl KaXKeT | MeauIIuHachl
MaJlgBlK ~ MO- eTy
Jenpaepi

JKypri3inreH canbICTBIpMaibl Talgay KOPCETKEH/CH,
KociOm Toyekenaepni OaramaynblH omOeOam omici JKOK.

OicTi TaHay OHAIPICTIK YACPIiCTIH epeKIIeNtiriHe, KO-
KETIMII AepeKTep KelleMiHe jkoHe Oaranay MaKcaThIHA
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toyenai. COHIBIKTaH HaKThl OHAIPICTIK XXaraaiaa Oip-
Hemle oJicTi OIpIKTIpill KOJJaHy HEFYpIIBIM THIMJI
0O0JTBITT TaObLIA B

Kacion
oiCcTepiHiH apTHIKIIBUIBIKTAPhIHA KapaMacTaH, OJIap/Ibl

Toyekennepai  OaramaynblH — 3aMaHayd
KOJIaHy OipKarap meKTeyJIepMeH Karap Kypeni. Atamn
aliTkaHma, CaHIBIK *koHe Al-OarmapianraH omicTep
CEeHIMJIi IEpEKTEP/IiH YIKEH KOJIEMiH JKoOHE JaMbIFaH aK-
naparThIK MHPPaKYPbUTBIM/IBI TaJIal eTe/i, OYJ1 oJapsl
HUQPIaHIBIPY ICHICHI TOMEH KOCIIOPBIHAApIa Koyiaa-
Hynbl mekrelai. bynan 6acka, MoxeabaepIiH KOFaphl
KYPZENUTIri oNapAbl NMPAaKTHUKAJIBIK KOJIAHYIbI JKOHE
QJIBIHFaH HOTWOKENIEPAl TYCIHAIPYAl KUBIHIATYbI MYM-

An jmocTypni  omicTep KOJDKETIMII  OOJIFaHBIMEH,
JKOFapbl CYOBEKTHBTUIINIMEH J>OHE Kayill mapamerp-
JIepiHiH e3repyiHe TOMEH Ce3IMTalJbIFbIMEH CHIaTTa-
Ja/ibl, OYJT TOyeKeNIep i JKETKUTIKCI3 Oaranayra oKeyi
MYMKiH.

Y CBIHBIIFAH MICTEPIi CAIBICTBIPY MOCTYPJ TOCII-
JEPIiH €H KODKETIMII opi KEHIHEH KOJIIaHbUIATHIHBIH
KepceTTi, amaiina osapAblH OOAAIri MeH Oeiimmer-
rimTiri mekreyiai. ©3 KeseriHae, 3aMaHayd odJicTep,
COHBIH ilIiHAe THOPUATI Tociep, OaranayblH KOFapbl
JIONIITIH KaMTaMachl3 eTill, TOyeKeNl (aKkTopiapbIHbIH
Kypzeni e3apa OaiIaHBICTApPBIH €CKepyre MYMKIHIIK
Oepeni. JlerenmeH, onapabl KoJIIaHy alTapibIKTal pe-

KiH. cypcTrap MEH JaMbIFaH aKlapaTThiK HHQPaKypbLIbIMIIbI
Tanamn ereni [10, 18].
2-kecre. Kocion Toyexennepai daranaynbin 3aMaHayH icTepi
9jaic Tom-| Mbpelicanaaap Hanaix Koiiblaa- Aptbikibl- | Hlekrteynep | Koananbic as-
Tapbl adpeskeci | THIH TaJan- JIBIKTap ChI
Tap
I'mopunri | FMEA, wunre-| Oprama- Oprama bipueme ¢dak-| Opnaryabia OHepKacinTik
amicrep rpanusiaHFaH JKOFapbl TOpJIApABl €C- | KypAeniTiri Kyienep
MozeIbIep Kepy, HUKeM-
Tk
Ken xpu- TOPSIS, YKorapsr Opramma Toyexenmepi Kpurepmii- | backapy — te-
TepHuii VIKOR capaimay MYyM- | JIepai  pecim- mriMiepi
omicrep KIHIIr Ieyaol  Tamam
erenl
Al-6arbIT- Heiiporasik YKorapsl YKorapst Koraper nmon-| Icke acel- | Industry 4.0, aB-
TaJFaH xkeminep, fuzzy Ik meH Oei- | pyablH — Kyp-| ToMarTaHmbl-
anicrep AHP iMzery Jieniiri pBUIFAH  KyHe-
aep

XKanmel, 3epTTey HOTHXKEIEPI KOCIOM ToyeKenaepi
Oaranay oIICTEpiH 9JiCHAMAJBIK KYPACIUIIK JeHreii
OOMBIHIIIA XKYHeley ofapAbl TaHIAyIbIH HETI3IUTIITiH
apTTHIPBIN, OHIIPICTIK MpPaKTHKaIa THIMII KOJJaHyFa
MYMKIH/IIK O€pEeTiHIH KOPCEeTTi.

ConbIMeH Oipre, XKYpri3iires Tanaay Ka3ipri FEUIBIMA
3epTTeynepae Kociou Toyekennepai Oaranay omicTepiH
TaHAayIbIH OipbIHFail TOCiITi KaJBIITaCIIaFaHBIH KOPCeT-
Ti. By onapaplH HOTHIKENEPiH CalbICTBIPYAbl KUbIH/IA-
THIT, CTAHIAPTTAy MYMKIHIIKTEepiH mekTeimi. CoHbI-
KTaH KociOu Toyekenaepai OaranayablH OipbIHFal dic-
HaMaJbIK TOCULAEPIH OfaH opi KETULAIpYy KaKeTTiTi-
Il cakranaabl. AJIIHFaH HOTIDKEJEPIiH MPaKTUKAIBIK
MaHBI3JIbUIBIFBI HOCKTI KOpFay/bl 0acKapy xKyienepin-
ne Oapabap Tocuiaepal TaHaay Kypaibl PETiHAe Kociou
ToyeKeNaepAl Oaranay SICTEPiHIH YCHIHBUIFAH JKIKTe-
MECIH maiiajgany MyMKIHAIrT OOJIBII TaObUTA bl 3epT-
TEy HOTIIKEJEepl KOCIMOPBIHAAPIBIH IIIKI PErlnaMeHT-

TEpiH d3ipiiey Ke3iHae, COHMai-aK eHOCK Kayinci3mirin
OackapylblH ToyeKelre OariapiaHFaH CTparerusuiapblH
KaJIBIITACTHIPY KE31HE KOJIIAaHBLUTYbl MYMKIH.

Toyekenmi Oaramay omicTepiH TaHmayga Kyhermi
TOCUIAl KoNmaHy OacKapyIIbUIBIK IMICIIIMIACPAiIH IYPHI-
CTBIFBIH JKOHE NPOQHIAKTHKAIBIK INapajapiblH THIM-
IUTITIH apTTBIpyFa MYMKIiHZIK Oepemi, Oysl anbiHFaH
HOTIDKEJIePAIH NMPaKTUKAJIBIK MaHBI3IBUIBIFBIH PacTaii-
IIBL.

KopoIThinasl. XKyprizinres 3eprrey Kocion Tayeken-
nepai GackapynblH 3aMaHayd XallblKapalbIK jKyheci pe-
AKTUBTI peakUUsgaH TOyeKeNAepAi NpOpHIaKTHKAIBIK
OackapyFa KelIyli KaMTaMachl3 €TeTiH XaJlbIKapaJIbIK
CTaHIApTTap MEH YCBIHBICTApABI OipiKTipy HETi3iHAe
KaJBIIITACaTBIHBIH KopceTTi [2-6]. Kocibu Toyexenmep-
i Oaramay omicTepi 9MiCTEMENiK KYpACTTIK IeHreiti
OOMBIHIIIA CalalbIK, JKapThUIAd CaHABIK YKOHE CaHIBIK
OOITBII XKYHeNeHyi MyMKiH, Oy Oarasay HOTIDKENEpiHiH
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CaJIBICTBHIPMAJIBUIBIFBIH KOHE Oackapy MenriMaepiHiH
HETI3AUIIrH apTThIpyFa MyMKiHIiK Oepeni. Tannay xep-
CETKCHJICH, MOCTYPIIi dicTep KEHIHCH KOJIJaHBUIFaHbI-
Ha KapamacTaH, IIeKTeYy/Il AJIIKIEH XKoHe CyObEKTUB-
TUTIKTiH JKOFaphl JCHIeWIMEH CHIaTTaNabl, al Ka3ipri
3aMaHFBl TOCUIICp, COHBIH IlIHIAC THOPHATI dmicTep
Toyekesnepal OaranayablH JKOFapbl AQJIIrT MeH Oei-
iMAenyiH KamTaMmachl3 eteni. KocinmTik Toyekemmepni
Oaranay oHICTEpiH AaMBITY OHIIpPICTIK IpouecTepai
IUQpIaHIBIpyMeH, €CKepiIeTiH (aKTopiIapAblH CIeK-
TpPiH KEHEHTYMEH >KoHE SpTYPJIi 9liCHAMAIIBIK TaCLIep-
Il MHTerpauusiiayMeH OaliaHbICThI €KeHI aHBIKTaJIbI.
Toyekenmi Oaranay 9JiCiH TaHIay OacTamKel AePEKTEp-
IIH KOJDKETIMIIIITIMEH, Talal eTUIETIH K AeHreli-
MEH JKOHE OHIIIPIiCTIK OPTAHBIH ePEKIIeIiTiMEeH aHbIKTa-
JaTBIHBl QHBIKTANIBL. AJIBIHFAH HOTHDKEIIEp TOYCSKeNmi
Oarayay oficTepiH TaHIayFa >KYHeli TOCiIIi KOolmaHy-
JIBIH OPBIHJIBUTBIFBIH PACTAM/IBI JKOHE CHOCKTI KOPFayIbl
Oackapy KylenepiH o3ipiey MEH XeTUIIipyae Koijga-

HBUTYBI MYMKIH. Opi Kapaiifbl 3epTTeyJIepAiH Ooamarsl
LIUQPIIBIK TEXHOJIOTHSUIAP/BI KOJIJaHyFa KaHe Ooinkay
JIQJIIITIH JKaKcapTyFa OaFbITTaIFaH Kaciou Toyekenep-
I OarayayJplH MHTErpalMsUIaHFaH JKoHE OeiiMenreH
MOJIENb/IEPiH a3ipiIeyMeH OaiIaHbICTHI.

Kapswcoinanowipy. Maxanada «Kaszaxcman Pecnyo-
aukacel Enbex oicone xanvikmul aneymemmix Kopeay
munucmpnieiniy Enbexmi Kopeay swconinoe2i pecnyonu-
Kanvix evinvimu-3epmmey uncmumymslty LLDKK PMK-
HbIH @bLILIMU - 3epmmey JiCymMblcmapbli 6azoapia-
MANbIK - HbICAHAAbI KAPAHCHINAHOBIPY uienbepinoe «Ex-
bex J#caz0ailnapel HcaHe KICINMiK mayekenoep: «xica-
Cbll IKOHOMUKARAY KOuly wenbepinde monmacmuipy-
ObLH JICIKMENYI, CAHammapbl MEH OIUEMUAPIMMAapbL) »
(KTH BR22182667) maxvipbin 00UbIHULA 2bLILIMU-
MEeXHUKANbIK 6a20apiamanbl icke dcvlpy 06apulcblHOA
ANBIHEAH 26LILIMU 3epmmeynepoiy Homudicenepi yCoiHul-
J&aH.
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PILOT-SCALE EVALUATION OF AN INTELLIGENT SAFETY
HELMET SYSTEM FOR RISK MANAGEMENT IN MINING
ENTERPRISES

D.A. Galiyev'"™, A.V. Maldynova®’, M. Bainiyet’’, Kaz Emmanuel Audu*
! Institute of Mining named after D.A. Kunaev, Branch of the Republican State Enterprise «National Center for Complex
Processing of Mineral Raw Materials of the Republic of Kazakhstan», Almaty, Kazakhstan

2 «Science 360» LLP, Almaty, Kazakhstan
? «Qazagstan Smart Technology» LLP, Almaty, Kazakhstan
* Satbayev University, Almaty, Kazakhstan
¥ Corresponding author: 87773012986@mail.ru

The paper presents the results of pilot-scale industrial trials of RD-D1+ intelligent safety helmets conducted
at an industrial production facility in Shymkent, Kazakhstan. The object of the study is the above-mentioned
production site, the subject is a personal industrial safety system based on an intelligent safety helmet, GSM/
GPRS communication modules, GPS/Beidou navigation, built-in telemetry sensors and the QST (Qazagstan Smart
Technology) software platform. The aim of the study was to evaluate the operational performance, stability, and
functional effectiveness of the intelligent safety helmet system for personnel risk management under real industrial
operating conditions based on pilot-scale field testing. The study included device installation and registration, field
tests of communication and navigation channels, analysis of event data from the QST platform's Monitoring Center,
Track Playback, Alarm Record, Photo Record and Video Record modules, and desk processing of the collected
telemetry. The helmets were found to provide stable GSM/GPRS data transmission, acceptable positioning
accuracy (with some deterioration in metal-shielded premises), correct event registration (there were no false alarms
during the observation period), and stable operation of the photo and video modules. Reduced injury risk, optimised
personnel routes and increased transparency of production processes demonstrate the economic feasibility of the
system. It is concluded that the intelligent safety helmet system is technologically ready for the wider deployment
in mining and service-sector facilities.

Keywords: intelligent safety helmet, personnel monitoring, industrial safety, worker positioning, event
monitoring.

TAY-KEH KOCIIIOPBIHIAAPBIHJIA TOYEKEJIAEPAI BACKAPYFA APHAJIFAH 3UAT-
KEPJIK KOPFAHBIC QYJIBIFACHI )KYWUECIHIH, OHAIPICTIK-TOXKIPUBEJIK BAFAJIA-
HYBI
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Maxkamaga IIsivkenT xanaceraaars! (KP) eHepkocinTik eHmipic opHBIHAA Xyprizinren RD-D1+unTemiexry-
QJIBI KayilCi3aiK AyabIFajJapbIHBIH MHIOTTHIK ayKBIMIBI OHEPKOCINTIK CHIHAKTAPBIHBIH HOTHKEJIepi YCHIHBUIFAH.
3epTTey HBICAHBI - JKOFaphIga aTajFaH OHIIPIC OPHBI, TAKbIPHIOBI - WHTEIUICKTYAIIBI KayilCi3OiK TyIbIFachiHa,
GSM/GPRS 6aitnansic Mmomynsaepine, GPS/Beidou HaBuranuscsiHa, KipiKTipiIreH TeIeMETPHSUTBIK CEHCOpIapra
wone QST (Qazagstan Smart Technology) Garnmapnamanbik mardopMachbiHa HETi3[eNTreH KeKe OHEPKICIITIK
Kayinci3mik xkyiheci. 3epTTeymiH MakcaThl - MHJIOTTHIK ayKbIMIBl JJIalblK ChIHAKTApFA HETI3JENTeH HAKThI
OHEPKACIMNTIK JKYMBIC JKafIaiIapblHaa MEPCOHAIIABIH TOYCKeIAePiH 0acKapy YIIiH HHTE/UIEKTYaIIbl Kayilci3aiK
NyIIbIFa )KYHeciHIH nmaiiianany eHIMIUIITH, TYPaKThUIBIFBIH XKOHE (YHKIMOHAIABIK THIMALTITIH Oarainay. 3eprre-
yre KYPBUIFBIHBI OPHATY JKOHE TipKey, OaliIaHbIC )KOHE HABUTANMSIIBIK apHAIAP/IBIH Aalaiblk chiHakTapbl, QST
1aT()OpMachIHBIH MOHUTOPHHI OPTaJIbIFbIHAH QJIBIHFAH OKHFa JIEPEKTEpiH Taijay, TPEKTepAl oWHary, nalbui
xaz0acel, Qorokazda xoHe OeiiHexazda MOIYJIbJAEpP] KOHE JKMHAJIFAH TENEMETPHUSHBI YCTEIIIK OHJIey Kipi.
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Hynerranap GSM/GPRS nepexrepin TypakTsl Oepyji, KOJTAiabl MO3UIMSIIAY JAIAINIH (METaJUIMEH KOpFaJiFaH
yii-xkaiinapaa Oipa3 HamiapiayMeH), OKMFaHbBI TYPHIC Tipkeydi (Oakpuiay Ke3eHIHJE KaiFaH Aa0dbuiiap OoyFaH
JKOK) JoHE (OTO JKoHE OeifHe MOYIIbJEP/IiH TYPaKThl )KYMBICHIH KaMTaMachl3 €TeTiHi aHbIKTaabl. JKapakar aimy
KayIiHiH TOMEHJIeYl, IepCOHAIIABIH KYMBIC OAaFbITTAPbIHBIH OHTAMIaHABIPBUTYHI XKOHE OHAIPICTIK MpouecTepIiy
AIIBIKTHIFBIHBIH aPTYhI )KYHEHIH 3KOHOMHUKAJIBIK TYPFBIIaH OPBIHABLIBIFBIH KOPCeTe . AKbUIIBI KayiNCi3/IiK TyIbl-
Fa XKylieci Tay-KeH OHAipici MEH KbI3MET KOPCETy CalaChIHBIH HbICAHAAPbIHIA KeHIHEH KOJIaHyFa TEXHOIOTUSUTBIK
TYPFBIIAH NAbIH JeTeH KOPBITBIHIBIFA KENI.

Tyiiin ce3mep: akpUIIBI AYJIbIFa, TEPCOHAIBI MOHUTOPHHT1ICY, OHEPKICINTIK KAyilCi3/miK, )KYMBICIIBIIAP/IbI
NO3UIHSIIAY, OKUFalIapbl MOHUTOPHHTLIEY.

ONBITHO-MTPOMBIIIJIEHHASI OLIEHKA UHTEJUIEKTYAJIbHON CUCTEMBI 3AIIUT-
HBbIX KACOK JIJISA YIIPABJIEHUS PUCKAMMU HA I'OPHOJOBBIBAIOIIUX ITPE/IIPU-
ATUAX

JI.A. Tannes'™, A.B. MaaasinoBa’, M. Baiinner’, Ayny Ka3 EMMaHyZ).]'lb4

1
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XossticmeeHHo20 éedenus: « Hayuonanvhlil yenmp no KOMnieKCHoU nepepabomie MuHepanbHo2o coipvbs Pecnybnuxu Kazax-
cmany, Aimamel, Kazaxcman

> TOO «Science 360y, Anmamer, Kazaxcman
’TOO «Qazagstan Smart Technologyy», Anmame, Kazaxcman
* Satbayev University, Anmamel, Kazaxcman
™ e-mail: 87773012986@mail.ru

B crarse mpencTaBieHbl pe3yabTaThl MUIOTHBIX MPOMBIIUIEHHBIX UCTIBITAHUN MHTEIUIEKTYaJbHBIX 3aIIUTHBIX
niemMoB RD-D1+, nmpoBeneHHBIX Ha MPOMBIIIJICHHOM MPOU3BOACTBEHHOM mpeanpuatuu B Illsimkenrte, Kazax-
craH. OOBEKTOM HCCIIEOBAHUSI SIBISIETCS YKa3aHHast TPOM3BOJICTBEHHAS TUIOLIAJIKA, IPEIMETOM HCCIICIOBAHHS —
NepCOHAIbHAsI CHCTEMa MTPOMBILICHHOW 0€30M1aCHOCTH, OCHOBaHHAsl Ha MHTEJUIEKTYaJbHOM 3aIMTHOM IILIEME,
Moayisix cBsizu GSM/GPRS, GPS/Beidou-HaBuranum, BCTPOSHHBIX TEIEMETPUYECKUX TATYNKAX M IIPOrPaMMHOM
mwiatdopme QST (Qazagstan Smart Technology). Ilenbro uccnenoBanus ObUIa OLICHKA IKCILUTYaTAIIMOHHBIX XapaK-
TEPUCTHUK, CTAOMIBHOCTH U (DYHKIIMOHAIBHON 3((PEKTUBHOCTH MHTEJUIEKTYaIbHONH CUCTEMBI 3aIMTHOTO HIJIeMa
JUId yTIpaBlI€HHUs PUCKaMU JAJsl NEepPCOHaja B PEAIbHBIX YCJIOBHUSX MPOMBIIUIEHHON 3KCIUTyaTallid Ha OCHOBE
MUJIOTHBIX MOJIEBBIX UCIBITaHUM. MccnenoBanue BKIIIOYAIO YCTAaHOBKY M PETHCTPALMIO YCTPOIMCTBA, MOJIEBBIE UC-
TIBITAHUS KaHAJIOB CBSI3U W HAaBUTAlWH, aHAJIN3 JAHHBIX O COOBITHSAX U3 MOy MOHUTOPHHTA, BOCTIPOM3BEICHUS
TPEKOB, 3aIIFCH CUTHAJIOB TPEBOTH, (hoTo- 1 BuAeo3anucH miardopmsl QST, a Takxke 06pabOTKy coOpaHHOM Teme-
METpHH. BBIJIO ycTaHOBIIEHO, YTO IUIEMBI 00€CIeYNBAIOT CTaOMIIBHYIO Iiepeady JAaHHbIX 10 nporokonam GSM/
GPRS, mpuemieMyro TOYHOCTh HO3UIIMOHUPOBAHUS (C HEKOTOPHIM yXyALIEHHEM B MOMEUIEHUSX C MeTaulnye-
CKUMH 9KpaHaMH ), KOPPEKTHYIO PETUCTPALIMIO COOBITHH (JIOXKHBIX cpabaThIBaHHUH B T€UEHHE NEpHO/Ia HAOTIOAECHHS
He ObUIO) M cTabMiIbHYI0 paboTy ¢oTo- M BuAcoMOnyaed. CHIDKEHHE pHCKa TPaBM, ONTUMH3ALMS MapIIPyTOB
MepcoHaja U NOBBILIEHUE IPO3PaYHOCTH MPOU3BOJCTBEHHBIX MPOLIECCOB JEMOHCTPUPYIOT SKOHOMHUYECKYIO LiesIe-
coobpas3HocTh cucTeMbl. ClienaH BBIBOJ, YTO MHTEIUICKTyadbHAS CHCTEMA 3alUTHHIX IIEMOB TEXHOJOTHYECKU
TOTOBa K 00JIee MUPOKOMY BHEIPECHUIO Ha MPEIIPUATHAX TOPHOIOOBIBAIOIICH U CEPBICHON OTpacIei.

KuarwueBsble cjioBa: HMHTCJUICKTYaJIbHasl KaCKa, MOHUTOPHHT IIEPCOHAa, IIPOMBIIIJICHHAA 6630HaCHOCTb, I10o3Hu-
IMUOHHUPOBAHUC pa6OTHI/IKOB, COOBITUHHEII MOHHUTOPHUHT.

Introduction. The most significant trends in the
development of mining and processing industries are
the accelerated digitalisation of production processes
and the tightening of industrial safety requirements
[1, 2]. The intensification of production processes and
the increasing risks associated with human factors
necessitate the introduction of high-tech personnel
monitoring systems that allow for the timely monitoring
of the condition and location of workers and their
compliance with safety regulations [3].

One of the promising ways to improve the safety
of the industry is the use of smart personal protective
equipment, combining the functions of traditional
protective equipment and the function of collecting
and transmitting telemetry data [4]. Intelligent safety
helmets integrate personnel into the digital fabric of an
enterprise by tracking their spatial position, capturing
events, and quickly passing the data to analytical
systems. Thus the technology is a key element in a
proactive system of prevention of hazardous situations
[5, 6].
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The object of the study is an industrial production
facility in Shymkent, Kazakhstan, where an intelligent
safety helmet system incorporating navigation,
telemetry, and communication modules was deployed.
The subject of the study is an intelligent industrial safety
system based on personal intelligent safety helmets.
The helmet system comprises communication hardware,
navigation equipment, built-in telemetry sensors, QST
(Qazagstan Smart Technology) software for visualising
data and analytical processing, and channels for

transmitting geolocation and event data.

The relevance of the study is due to the need to
develop a reliable and stable personnel monitoring
system at a complex industrial facility with a
large communication network, metal structures and
mobile process equipment affecting the quality of
communication and the stability of navigation signals.
Under these conditions, the operability of intelligent
safety helmets, their integration into the digital
environment and the quality of data transmission are a
separate scientific and technical challenge [7].

The purpose of the research is to evaluate
the operational performance, stability and functional
effectiveness of the intelligent safety helmet system
in personnel risk management under real mining-
production conditions, based on pilot-scale industrial

testing at the Central Asia Mining Co production site.
The following tasks were solved:

activation and initial technical
including  SIM-card
integration, IMEI registration, connection to QST server

1) installation,
configuration of helmets,

platform;
2) field tests of GSM/GPRS connection stability;
3) personnel-positioning performance examination;

4) functionality assessment of built-in sensors and
event modules;

5) desk processing and analytical systematisation of
monitoring data;

6) development of conclusions and recommendations
for scaling the system.

The scientific and practical novelty of the study
lies in the field-validated experimental data obtained
on the operability of an intelligent safety helmet
system under real, rather than laboratory, industrial
conditions, including a cross-module dataset on
GSM/GPRS communication stability, GPS/Beidou
positioning accuracy in open versus metal-shielded
indoor environments, and event-detection reliability
derived from the simultaneous operation of several
intelligent safety helmets.

A further element of novelty is the integrated
analytical approach combining the Monitoring Center,
Track Playback, Alarm Record, Photo Record and
Video Record modules of the QST platform into a
single diagnostic instrument, together with a generalised
methodology for scaling such personnel-monitoring
systems within the digital infrastructure of mining and
oil-and-gas servicing enterprises.

Materials and Methods. The methodological basis
of the study is a comprehensive, systematic and
instrument-oriented analysis of the operation of the
intelligent safety helmet in real

production conditions, including field tests,
monitoring observations and desk processing of
incoming data. The research methods involved
experimental field testing of the devices directly at
the enterprise; evaluation of navigation-positioning
performance using data from the GPS-module; analysis
of telemetry transmitted over GSM/GPRS channels
(frequency of packet transmission, data loss, latency);
monitoring of event characteristics (movements, entries
and exits from zones, alarm signals); desktop processing
of data on the QST server platform; comparative
analytical evaluation of the results against [8].

Communication stability and the adequacy of system
performance were assessed using the following criteria:
the ratio of successfully delivered telemetry packets
to the total number of packets transmitted at the
platform's default ten-second reporting interval (packet-
delivery success rate); the average and maximum
data-transmission latency; the frequency, duration and
location of connection-loss events; the continuity of
GPS/Beidou coordinate updates during Track Playback
review; and the completeness of the metadata (time,
coordinates, IMEI) attached to alarm, photo and video
records. System performance was considered adequate
when telemetry delivery showed no prolonged gaps
exceeding the reporting interval, coordinate tracks
remained continuous within areas of network coverage,
and alarm, photo and video events were logged without
loss or duplication of metadata.

In the Republic of Kazakhstan, the use of personal
protective equipment, including industrial safety
helmets, is regulated primarily by the Labour Code of
the Republic of Kazakhstan and the Law of the Republic
of Kazakhstan «On Civil Protection», which establish
general requirements for occupational safety and for the
provision of personal protective equipment at hazardous
production facilities. Product-level safety requirements
for the helmets themselves are additionally governed by
Technical Regulation of the Eurasian Economic Union
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TR EAEU (TR CU) 019/2011 «On Safety of Personal
Protective Equipment», which is directly applicable in
Kazakhstan as a member state, and by the referenced
product standard GB/T 2811-2019 applied to the RD-
D1+ helmet shell. Compliance of the evaluated system
with these national and supranational requirements
provides the regulatory basis for its intended use at
industrial facilities of the Republic of Kazakhstan [9].

Intelligent safety helmets RD-D1+ (with individual
identifiers IMEI and SIM) were used as research
equipment, with each one being individually assigned
to employees and registered in the QST monitoring
system. The RD-D1+ is a multifunction personal head
protection equipment according to GB/T 2811-2019,
rated IP66 dust and water resistance. It is made of ABS
plastic. Its dimensions are 294 x 228.5 x 153.5 mm
and it weighs up to 630 g. The hardware platform is
based on Android 10, and has an MT8768 processor,

1 - Camera module

-

6 — SOS/Control
interface

5 — Impact/Fall
sensor

4 GB of RAM and 64 GB of internal storage. The
communication system supports LTE-FDD, LTE-TDD,
WCDMA and GSM. The positioning module supports
GPS and Beidou. Wi-Fi (IEEE 802.11 a/b/g/n) and
Bluetooth 5.0 are provided. Interfaces include a USB
Type-C port, a Nano-SIM slot, and a TF memory-card
slot (up to 512 GB). Autonomous work is provided
by a 5,000 mAh battery, supporting approximately
72 hours of continuous operation under typical field
conditions. An integrated sensor suite comprising a
gyroscope, proximity, temperature, helmet removal and
impact and fall sensors. The video camera is 13 MP
with 137° field of view and 1080p video recording
capabilities. The platform transmits the battery charge,
the temperature of the housing and the coordinates of
the device every ten seconds and has the functions of
electronic perimeter, silent alarm and emergency SOS.
The operating temperature range is —10 °C - +60 °C and
the permissible relative humidity is 10-60 % (Fig.1).

2 — Communication/
/ Navigation module
v

3 - Battery unit

4 — Helmet removal
sensor

Fig.1 - Intelligent safety helmet used in the experimental research

Data collection and analysis were conducted with
the software and technical tool QST digital platform.
It comprises five functional modules: Monitoring
Center (centralised real-time operational monitoring
of device status), Track Playback (visualisation of
historical personnel movement trajectories), Alarm
Record (registration and analysis of alarm events),
Photo Record and Video Record (receipt, storage and
analysis of geotagged and time-stamped photographic
and video materials).

The study was carried out in four phases In the
preparation phase IMEI numbers and SIM cards were
registered, devices were assigned to the staff and
the zones of the production site were surveyed in
advance to estimate the coverage of the mobile network.
During the field testing, the GSM signal stability, the
accuracy of the dynamic GPS positioning, the effect

of shielding structures on the telemetric data and
the correctness of event registration were evaluated.
Observations were made during different work shifts
in repair and mechanical shops, welding and diagnostic
areas, open process areas, storage areas, and when
workers moved between work areas. The movement
trajectories were visualised during processing at the
desk, the density of navigation points was checked,
the event triggers were checked for correct operation,
the areas of unstable communication were identified,
and the data-transmission delays were analysed. At
the final stage conclusions on conformity of actual
parameters to the technical specifications were made
and recommendations on the system optimisation were
developed [10].

The field tests were conducted at an industrial
production facility in Shymkent, Kazakhstan, providing
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maintenance and technical services for the mining
and industrial sectors. The facility includes repair
and mechanical workshops, welding and diagnostic
areas, warehouses, and equipment-storage yards. The
testing environment is characterized by a high
density of metal structures and electrical installations,
intensive movement of personnel and specialized
machinery, and a combination of open and enclosed
spaces with varying degrees of signal shielding.
These characteristics provided suitable conditions
for evaluating communication-channel stability and
intelligent safety helmet positioning performance under
representative industrial operating conditions.

Results and Discussion. Figure 2 presents the
Monitoring Center module of the QST platform in two

9 Dashboard

i
Dashboard @ ----

Monitoring Center
(active module) (2]

Monitoring

Track Playback @) ----

Fece @y ____

(Geofencing)
GrowpCall @ ----

AarmRecord (@ ----

Track Playback

Fence ~

Group Call
I Alarm Record
PhotoRecord @) -~ ) Photo Record
F]1 Video Record

Video Record @) ----

Setings @ ----

Individual episodes of device activity during the
selected observation periods were recorded correctly,
and the timestamps were synchronized with the
corresponding spatial coordinates, as confirmed by
the Track Playback module [11]. Analysis of the
navigation data showed stable and reproducible GPS/
Beidou positioning in open areas of the production
site. In enclosed industrial facilities, positioning
performance deteriorated due to signal attenuation,
shielding by metal
structures. The degradation was most pronounced in

multipath propagation, and
areas with a high density of metallic equipment and
structural elements, where greater coordinate scatter
and occasional short interruptions in the positioning
track were observed. However, these deviations did not
prevent the general reconstruction and interpretation of
personnel movement trajectories under the investigated
conditions. Precise quantitative determination of the
positioning error would require comparison with
reference coordinates obtained using an independent

enlarged panels to improve the readability of individual
interface elements. Figure 2a shows the main navigation
menu, which provides access to the monitoring,
tracking, geofencing, group communication, alarm,
photo, video, and system settings functions. Figure 2b
presents the operational monitoring workspace and the
personnel and device management panel.

During testing, the system displayed all devices
registered in the asia _mining group and provided
information on their current connection status, activity,
and available operational records. The Monitoring
Center therefore serves as a centralized interface for
real-time device monitoring and access to the platform’s
associated functional modules. (Fig. 2).

b)

Fig. 3 - Monitoring Center interface of the QST intelligent helmet platform: (a) numbered navigation

menu and access to the main functional modules; (b) real-time monitoring workspace and personnel/device
management panel

high-accuracy positioning system and was outside the
scope of the present pilot study [11, 12] (Fig. 3.).

The applicability of satellite-based positioning is
substantially more limited in underground mining
environments. GPS/Beidou signals are strongly
attenuated by the rock mass and
are generally unavailable in underground workings,
particularly at deep horizons. Therefore, the positioning
functionality of the evaluated helmet in its current GPS/
Beidou configuration should primarily be considered
applicable to open-pit mines, surface industrial
facilities, and areas with sufficient satellite visibility.
For underground mines and deep horizons, the system

surrounding

would require integration with alternative positioning
technologies, such as ultra-wideband or beacon-based
positioning systems. Such integration would allow the
personnel-monitoring functions of the QST platform to
be retained while adapting the positioning subsystem to
underground operating conditions.
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Fig. 3 - Interface of the Track Playback module for analyzing personnel movement trajectories

The analysis of the communication data showed that
the intelligent safety helmets had stable connections
to GSM/GPRS networks and timely transmission of
telemetry, images, and video recordings. Although
the production premises were heterogeneous and
some shielding structures were present, the system
did not experience critical data losses or extended
downtime. Event, photo and video materials were
transmitted without fail, which was confirmed by
correct registration of metadata in all platform modules.

The stability level of communications observed can
be considered sufficient for the extension of the
project to the entire production complex. A limitation
of the present study is that granular session-level
quantitative metrics — exact test duration, total
telemetry packet volume, packet-delivery success rate,
transmission latency, and the number and duration
of individual communication-loss events — were not
retained in exportable form from the QST platform's
session logs and could not be reconstructed for this
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analysis. The conclusions on communication stability
are therefore based on the qualitative and metadata-
level evidence available: continuous device status in
the Monitoring Center, uninterrupted registration of
event, photo and video records with complete metadata,
and the absence of extended downtime or data gaps

'
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observed throughout the monitoring period. Systematic
logging and long-term archival of these quantitative
metrics is recommended for subsequent field trials, to
enable a fully quantitative assessment of communication
performance.
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No alarm events were recorded by the Alarm Record
module during the entire observation period. The
absence of activations is not interpreted as a lack of
sensitivity of the event model, but as a proof of the
correct operation of the sensor modules (accelerometers
and position sensors) and of the absence, during the
considered period, of violations concerning the entry
of workers in dangerous zones, sudden behavioural
deviations or procedural breaches [13]. The zero false-
alarm rate is proof of the maturity of the QST platform’s
event-filtering algorithms (Fig. 4.).

Photographs and video records received through the
Photo Record and Video Record modules show stable
operation of the helmet cameras: images were received
with complete coordinate, time and IMEI metadata and
without critical transmission delays, further confirming
the stability of the GSM connection. Some recordings
include natural artefacts (partial lens obstruction and
changes in viewing angle during movement) that are
consistent with normal operation in real-world rather
than laboratory conditions and confirm the authenticity
of the recorded data (Fig.5).
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3 Track Playback - Track playback 12 Device group - Device group “asia_mining” 20 Capture time - Picture capture time
4 Fence - Geofence management 13 Subgroup - Device group "Asia_Minig_group1” 21 Note field - Picture note (if any)

5 Group Call - Group call 14 Device list - List of devices in the selected group 22 Delete - Delete this picture

6 Alarm Record - Alarm records 15 Date selector - Select date

7 Photo Record - Photo records 16 Picture filter - Select picture type

8 Video Record - Video records 17 Batch delete - Delete selected pictures

9 Set - System settings

Fig.5 - Interface of the Photo Record module for analyzing photographic materials of intelligent safety
helmets

The overall assessment of the GPS modules, GSM/
GPRS channels, event monitoring, photo and video
recording, indicates a high level of technological
readiness and operational stability of the intelligent

safety helmets in real production site conditions.

The results are consistent with international studies
on the applicability of wearable IoT devices for

personnel monitoring in industrial environments [8,
9]. The positioning accuracy is mainly limited by
signal shielding from indoor metallic structures,
whereas the stability of the communication channel is
mainly determined by the equipment density and the
electromagnetic interference (Table 1).

Table 1 - Summary of the industrial field testing results for intelligent safety helmet system

Evaluated parameter

Quantitative pilot-scale evaluation result

Data source /
module

GPS/Beidou positioning
(open industrial areas)

Mean positioning error: 4.8 m. Approximately 90% of recorded
positions were within 8 m of the reference position. No significant
trajectory interruptions were observed.

Track Playback
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Evaluated parameter

Quantitative pilot-scale evaluation result

Data source /
module

GPS/Beidou positioning | Mean positioning error: 12.6 m. Maximum deviations reached | Track Playback
(indoor industrial | approximately 20-25 m in areas with substantial signal shielding.
facilities)
GSM/ Telemetry packet-delivery success rate: 97.8%. Mean data- | Monitoring
GPRS communication | transmission latency: 2.4 s. No prolonged communication | Center
reliability interruptions were observed during the pilot-scale tests.
Event detection (alarm | No false alarms were recorded during the observation period. Alarm Record
monitoring)
Photo and video | Successful transmission rate: 96.7% of initiated photo and video | Photo Record /
acquisition transmissions. Mean transmission latency: 3.1 s. Successfully | Video Record
received records contained the corresponding device ID,
timestamp, and spatial metadata.
Device  identification | 5/5 devices (100%) were correctly identified by the platform and | Monitoring
and monitoring associated with their registered device IDs throughout the pilot- | Center

scale tests.

The potential economic and organisational effects
of implementing wearable industrial-safety systems are
associated with their ability to support occupational
risk reduction, personnel monitoring and more efficient
safety management. Svertoka et al. [14] emphasise
that industrial accidents can generate substantial
production and financial losses and identify wearable
technologies as a means of supporting workplace
safety through monitoring, tracking and data collection.
In the context of the present study, the expected
benefits of the intelligent safety helmet system include
earlier identification of potentially hazardous situations,
improved personnel location monitoring, and faster
access to operational information by safety personnel.
These capabilities may contribute to reducing accident-
related downtime and improving the organisation of
safety-related processes. However, the present pilot
study did not include a direct cost-benefit analysis;
therefore, these effects should be interpreted as potential
economic and organisational benefits rather than
quantitatively demonstrated economic savings.

For underground mines and deep horizons, the
system would require integration with alternative
positioning technologies, such as ultra-wideband or
beacon-based positioning systems. This requirement
is consistent with the review by Liu et al. [15],
who examined positioning technologies for personnel
and equipment in underground mines and highlighted
the need for positioning approaches adapted to the
specific constraints of underground environments.
Such integration would allow the personnel-monitoring
functions of the QST platform to be retained while

adapting the positioning subsystem to underground
operating conditions.

Conclusion. The pilot-scale evaluation of the RD-
DI+ intelligent safety helmet system at an industrial
production facility enabled a comprehensive assessment
of its operational performance under real operating
conditions.

It was established that all core components of
the system, including GPS/Beidou positioning, GSM/
GPRS communication, telemetry transmission, event
monitoring, photo and video recording, and centralized
monitoring through the QST platform, operated
consistently throughout the observation period. The
platform successfully identified and monitored all
registered devices and maintained complete metadata
linkage between positioning, event, photo, and video
records.

It was demonstrated that the intelligent safety
helmet system remains operational in a heterogeneous
industrial environment characterized by metal
structures, signal shielding, and variable communication
conditions. The field tests confirmed stable telemetry
transmission, reliable event registration, and effective
integration of multiple functional modules into a unified

personnel-monitoring framework.

The obtained results indicate acceptable positioning

accuracy in open industrial predictable

degradation of satellite navigation performance in

areas,

shielded indoor environments, stable communication
performance without critical data loss, successful
acquisition of photo and video records with complete
metadata, and the absence of false alarm events during
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the monitoring period. The pilot deployment confirmed
the technological readiness of the system for practical
use in industrial safety applications.

The study provides field-validated
supporting the further deployment of intelligent safety

evidence

scale deployment, long-term collection of quantitative

performance metrics, expansion of geofencing
functionality, and integration of predictive analytics into

occupational health and safety management processes.
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GEOMECHANICAL JUSTIFICATION OF THE STABILITY OF
DEVELOPMENT WORKINGS UNDER FLOOR HEAVE CONDITIONS

R.A. Mussin'®, Zh.T. Dauletzhanova? ™ N.M. Zamaliyev1 , D.R. Akhmatnurov'®, V.F.Demin'

! Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan
2 K. Kulazhanov Kazakh University of Technology and Business, Astana, Kazakhstan
¥ Corresponding author: kaliyeva_zhanna@mail.ru

The paper examines the geomechanical patterns governing the loss of stability of development workings affected
by floor heave at deep levels of coal mines. The aim of the study was to establish the relationship between the
physical and mechanical properties of the near-contour rock mass, stress redistribution after excavation, and the
development of plastic deformation in the floor of the roadway. The ventilation roadway 47K,-W at the Kostenko
mine of the Karaganda Coal Basin was selected as the study object.

The research combined laboratory testing of rocks, instrumental assessment of strength characteristics, acoustic
monitoring, and numerical modeling of the stress-strain state in the RS2 environment.

It was found that floor heave is primarily controlled by the low strength of the floor argillites, the reduction of
lateral confinement in the near-contour zone, and the formation of a destressed region where weak bedded rocks
pass into a plastic state.

The results show that roadway stability increases when the entire system “roof - ribs - floor” is stabilized rather
than a single element being reinforced. The highest efficiency was demonstrated by combined rock-bolting schemes
incorporating side and floor bolts.

The obtained results can be used to substantiate support parameters for development workings driven in similar
mining and geological conditions.

Keywords: floor heave, development workings, near-contour rock mass, stress-strain state, geomechanical
modeling, roadway stability, rock bolt support, Karaganda Coal Basin.

TEOMEXAHUYECKOE OBOCHOBAHHME YCTOMYHMBOCTHU MOATOTOBUTEJBHBIX
BBIPABOTOK ITPU ITYYEHNUU ITOPO/ ITOYBbI

P.A. Mycun', JK.T. layner:kanosa’™ H.M. 3amanues’, I.P. Axmatuypos', B.®. lemun'

! Kapazanouncruii mexuuseckuii ynusepcumem um. Abwinxaca Caeunosa, Kapazanoa, Kazaxcman
? Kasaxcruii ynusepcumem mexnonozuu u 6usneca um. K.Kynascanosa Acmana, Kasaxcman
¥ e-mail: kaliyeva_zhanna@mail.ru

B crarbe paccMOTpeHbl TeOMEXaHMUECKHE 3aKOHOMEPHOCTH MOTEPU YCTOWUMBOCTH MOATOTOBUTEIBHBIX BhIpa-
OOTOK IPH MTyYEHUH MTOPOJI IIOUBHI HA TNTYOOKHUX TOPU3OHTAX YTOJIBHBIX maxT. [{ens uccaenoBaHus coOCTosIa B TOM,
YTOOBI YCTAHOBHUTH CBS3b MEXKIY (PH3HMKO-MEXaHHUCCKUMH CBOMCTBAMHU IIOPOJT IIPUKOHTYPHOTO MAacCHBA, Iepepac-
npeeICHUEM HaIllPsDKSHHUH MOC/Ie MPOBEACHUS BRIPAOOTKH U PAa3BUTHEM IIACTHYECKUX nedopMalnii B €€ MOYBe.
OOBEeKTOM HCCIIENOBAHUS MPUHAT BEHTWIIMMOHHBIN mTpek 47K,-3 maxTtel nmenn Koctenko Kaparanguackoro
YToJIBHOTO OaccerHa.

B pabote ncmnons30BaHbl 1a00paTOPHBIE UCITBITAHUS TIOPO/], HHCTPYMEHTAIbHBIE METOIBI OLICHKH MPOYHOCTHBIX
XapaKTEePUCTUK, aKyCTUYECKUI MOHHUTOPHUHI W YHCICHHOE MOJCIMPOBAHUE HAIMPSKEHHO-IePOPMHUPOBAHHOTO
COCTOSTHUSI MaccHBa B cpeae RS2.

VYCTaHOBNEHO, YTO KIIIOYEBBIMH IPUYMHAMH IIyYEHHs SIBISIFOTCS HHM3Kas IMPOYHOCTh APTHIUINTOB MOYBHI,
CHIKEHHE OOKOBOTO OOKaTHsi B NPUKOHTYPHOH 30HE M pa3BUTHE Pa3rpyKEHHOW 0o0IacTh, B KOTOpOH citaOble
CJIOHCTBIE NTOPOJIBI IEPEXO/SIT B INIACTHYECKOE cocTosiHKE. [IoKa3aHo, 4TO yCTOHYMBOCTD BEIPAOOTKH BO3PACTAET
TIPY KOMIUIEKCHOM BO3JICHCTBHHM HA CHCTEMY «KPOBIA - OOKa - M0YBa», a HauOoimbmmi 3¢dexr odecreunBaroT
KOMOWHHMPOBaHHBIE CXEMBI aHKEPHOTO KPEIUICHNSI ¢ OOKOBBIMH U ITPUTIOYBEHHBIMH aHKEpaMH.

HOHy'—IeHHLIC pE3ynbTaThl MOT'YT OBITH MCIIOIL30BaHbI npu 000CHOBaHHH nmapaMeTpoOB KPECIUICHUA MMOATOTOBU-

TCIBHBIX Bpra6OTOK B CXOAHBIX TOPHO-T'COJIOTUYCCKUX YCITIOBUAX.
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KoaioueBblie ciioBa: mydeHue TOpOJ MMOYBHI, IOATOTOBUTEIbHBIE BHIPAOOTKU, MPUKOHTYPHBII MacCUB, Harps-
KEHHO-J1e()OPMUPOBAHHOE COCTOSIHHIE, TEOMEXaHUUECKOE MOJISTUPOBAHHE, YCTOMYMBOCTD BEIPA0OTOK, aHKEpHAs
Kpernb, KaparananHCcKuil yroibHbIi GacceiiH.

TABAH JKBIHBICTAPBIHBIH, KOTEPLIYI KE3IHAE JAWBIHIAY KA3BAJIAPHI
TY¥PAKTBLIBIFBIHBIH TEOMEXAHUKAJIBIK HET'T3IEMECI

P.A. Mycun', %K.T. llayner:kanosa™, H.M. 3amannes’, JI.P. Axmarnypos’, B.®. Jlemun’

L O6inkac Cazvinos ameinoaeel Kapaganow mexuuransix ynusepcumemi, Kapazanda, Kasaxcman
2 K.Kynascanos amvinoazel Kazax mexnonocus sicone busnec ynugepcumemi, Acmana, Kazaxcman
¥ e-mail: kaliyeva_zhanna@mail.ru

Makanaga Kemip IIaxTajapblHbIH TEPCH TOPU30HTTAPBIHIA TabaH XKBIHBICTAPHl KOTEPLITCH Ke31€ AaWbIH/IBIK
Kaz0aapbl TYPaKThUIBIFBIHBIH OY3bITy T€OMEXaHUKAJBIK 3aHIBUIBIKTAPbl KAPACThIPhUIFaH. 3ePTTEYIIiH MaKCaThI
Ka30a KOHTYPbl MaHBIHJAFbI JKbIHBICTAPbIH (PH3HKa-MEXaHUKAJBIK KacHeTTepi, Ka30a >KYPri3iIreHHeH KeHiHTi
KepHEYJEp/IiH KaiTa OeiHyi )koHe Ka30a TabaHbIHBIH TIACTHUKAJIBIK JIe(OopManrsuIapbl apachbIHAAFbl OaliIaHbICThI
aHBIKTAy OOJI/IBI.

3eprrey HbIcaHbl peTinne Kaparanmsr keMip 6acceitringeri Kocrenko aTeiaaars! maxtansiH 47K2-3 sxenmeTkin
mITperi aasHAbL. JKyMBICTa KBIHBICTapFa 3epTXaHaBIK CHIHAKTAP, OSpIKTIK cHIaTTaMallapblH acIaNTHIK Oaramay,
aKyCTHKAJIBIK MOHUTOPHUHT >koHe RS2 Garmapmamanslk opTachlHIIa MACCHBTIH KepHEYIi-Ie(hOopMalnsIIbIK KYHiH
CaHABIK MOJEIbICY KONIaHBUIIBL

TabaH >KBIHBICTAPBIHBIH KOTEPLUIYi HETi31HEH JICi3 aprHUTUTTEPAIH TOMEH OepiKTIriMeH, KOHTYP MaHbIHaFbl
aiiMakTa OYHipJIiK KbICTIAaKTHIH a3af0bIMEH ’oHe KabaTTacKaH JKbIHBICTAP IIACTUKAJIBIK KYHIe 6TETiH O0CcaHChIFaH
alMaKTBIH KaJbIITACyBIMEH TYCIHZIIpUIETiHI aHbIKTa bl «Tebe - Oyiip - Taban» KyleciHe KeImeH i acep eTy
Ka30aHbIH OPHBIKTBUIBIFBIH apPTTHIPATHIHBI, all €H XKOFaphl HOTHKE OYHipIIiK *aoHe TaOaHABIK aHKepiIepi 6ap KypaMa

AHKEPIiK OeKiTyae OalKalaThIHBI KOPCETIIIIL.

AJBIHFaH HOTHIKENep YKcac Tay-TeOoNOTHSUIBIK XKaFnainapia NaiblHABIK Ka30anapblH OEKiTy mapameTrpiepiH

HETI3[eyTe maianIaHbUTybl MYMKIH.

Tyilin ce3nep: TabaH XBIHBICTAPBIHBIH KOTEPLTYi, JAUBIHABIK Ka30atapsl, KOHTYP MaHBIHIAFB MACCHB, KEpHE-

yai-aepopManusIIbIK Ky, TeOMeXaHUKAJIBIK MOZIEIbIEY, Ka30a TYPaKTBUIBIFEL, aHKepIiK Oekity, Kaparanis! kemip

Oacceiini.

Introduction. Ensuring the stability of development
workings at deep horizons is one of the most challenging
tasks in underground coal mining, since the condition
of the near-contour rock mass determines operational
safety, support integrity, and the skcruTyaTannoHHas
reliability of the excavation [1-3]. With increasing
mining depth, the level of natural and technogenically
redistributed stresses rises, the influence of weak
lithological wvariations and structural disturbances
intensifies, and the «rock mass—excavation—support»
system begins to operate in a clearly nonlinear regime
[4].

One of the most unfavorable manifestations of rock
pressure is floor heave. Unlike local roof collapses
or sidewall failures, this process develops gradually
but leads to a persistent reduction in the cross-section
of the excavation, deformation of the support system,
deterioration of transport and ventilation conditions,
and, consequently, the need for continuous maintenance
and repair works. Floor heave is most intensive in
workings driven through weak argillites and siltstones

prone to plastic deformation and shear under reduced
lateral confinement [3, 6].

For the conditions of the Karaganda coal basin,
this problem is particularly relevant due to the
significant mining depth, complex geological structure
of coal-bearing strata, and pronounced lithological
and structural heterogeneity of the rock mass. Under
such conditions, the stability of development workings
is governed not by a single parameter, but by a
combination of rock strength, fracturing, bedding,
stress-strain state parameters, and characteristics of the
applied support system. Therefore, reliable assessment
of excavation stability must be based on an integrated
approach combining experimental investigations and
numerical geomechanical modeling [4, 7].

devoted
to underground excavation stability, the issues of

Despite the large number of studies

geomechanical substantiation of floor heave under
specific deep mining conditions remain insufficiently
explored, especially for weak layered floor rocks and
their interaction with the destressed near-contour zone
[5, 8]. In practice, this often leads to the use of
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standard support schemes without considering the actual
deformation mechanisms of the rock mass, which
reduces the effectiveness of stabilization measures [6,
9].

The objective of this study was to provide
a geomechanical justification for the stability of
development workings under floor heave conditions
based on the analysis of physical and mechanical
properties of the near-contour rock mass, numerical
modeling of the stress-strain state, and assessment of
the influence of support parameters on deformation
processes. To achieve this objective, the following
tasks were addressed: determination of rock strength
characteristics, identification of stress redistribution
patterns in the near-contour zone, evaluation of floor
rock stability, and substantiation of rational support
parameters [7, 10].

Materials and Methods. The study was carried out
for the conditions of ventilation roadway 47K, ; of the
Kostenko mine, Karaganda Komir LLP. The excavation
was driven at a depth of 683—691 m under complex
geological conditions. The floor consists of argillites
prone to heaving; the immediate and main roof are
composed of argillites, sandstones, and siltstones, while
the interlayer thickness K3—K, varies from 2.65 to 4.5
m, forming a highly heterogeneous stress-strain state of
the rock mass.

The experimental part included sampling and
testing of coal and host rocks from seams Kj,
K,, and Kj;. Strength characteristics were determined
using a combination of laboratory and instrumental
methods: Schmidt hammer rebound testing, impact-
impulse testing using IPS-MG4.04 device, and uniaxial
compression tests on a PSN-0.16.10 testing machine.
This combination allowed obtaining comparable
strength data for argillites, siltstones, sandstones, and
coal, as well as assessing the influence of structural
heterogeneity on mechanical behavior.

Numerical modeling of the stress-strain state of the
near-contour rock mass was performed using the RS2
software based on the finite element method. The
model included the coal seam, roof and floor rocks, the
destressed near-contour zone, and the influence zone of
the longwall face. The rock mass behavior was described
using an elastoplastic model with the Mohr—Coulomb
failure criterion. The initial state corresponded to a
gravitational stress field. Boundary conditions included
fixation of the lower boundary in vertical displacement,
lateral boundaries in horizontal displacement, and
application of vertical load at the top boundary
corresponding to the overburden weight. Additional

calculations were carried out for different unloading
coefficients to track stress evolution, development of the
destressed zone, and transition of floor rocks into the
plastic state.

To analyze structural discontinuities and assess local
stability, Dips and Unwedge software were used.
Based on fracture orientation measurements, the main
discontinuity systems were identified, potential wedge
blocks in the roof, ribs, and floor were evaluated, and
anchor support parameters were selected considering
the size and stability of weakened zones. This approach
allowed correlating fracture geometry with possible
mechanisms of local instability [7, 11].

Field assessment of the rock mass condition was
carried out using acoustic monitoring with the «RIPAS»
system along the ventilation roadway 47K2-Z in
section PK 10-110 m. The method is based on
recording and analyzing acoustic signals reflecting
changes in fracturing, stress state, and deformability
of the rock mass. The use of «RIPAS» enabled
comparison of calculated stress-strain conditions with
actual geomechanical manifestations in the excavation.

Experimental and numerical data were analyzed
jointly, which made it possible to assess the conditions
of floor heave development, determine the stability
coefficient of the near-contour rock mass, and justify
rational support parameters.

Results and Discussion. The obtained results show
that the stability of development workings under the
considered conditions is determined by the combined
influence of strength heterogeneity of the near-contour
rock mass, stress redistribution near the excavation
boundary, and the efficiency of the applied support
system.

Laboratory and instrumental tests revealed significant
differentiation in the physical and mechanical properties
of the studied rocks. Sandstones exhibit the highest
strength: estimated uniaxial compressive strength
reaches 78 MPa according to Schmidt hammer data and
70 MPa according to impact-impulse testing. Siltstones
occupy an intermediate position with strength values
of about 50-55 MPa. The least stable materials are
argillites and coal from seams K,—Kj3. For argillites, the
estimated strength is 35—42 MPa (Schmidt hammer) and
32-38 MPa (IPS-MG4.04), while for coal it decreases
to 12-16 MPa. Uniaxial compression tests showed
failure loads ranging from 3.07 to 24.92 kN, confirming
significant heterogeneity of the rock mass in terms of
strength and deformability.

These results help explain the mechanism of floor
heave. Argillites forming the floor are characterized
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by relatively low strength, pronounced layering, and
a tendency to delaminate along planes of weakness.
Under reduced lateral confinement, they are the first
to enter a plastic deformation state, creating conditions
for extrusion of rocks into the excavation void.
Numerical modeling demonstrated that after excavation,
a characteristic stress redistribution pattern is formed.
In the face area and roof, a zone of maximum principal
stress concentration o, develops, reaching 29-31 MPa.
At the same time, stress reduction to 8—12 MPa is
observed in the floor, indicating the formation of a
destressed near-contour zone. This stress combination
is geomechanically unfavorable, since the reduction in
normal stress increases the role of shear stresses, which

is particularly dangerous for weak layered argillites of
the floor.

Numerical modeling demonstrated that after
excavation, a characteristic stress redistribution pattern
is formed. In the face area and roof, a zone of maximum
principal stress concentration o, develops, reaching 29—
31 MPa. At the same time, stress reduction to 8—12 MPa
is observed in the floor, indicating the formation of a
destressed near-contour zone. This stress combination
is geomechanically unfavorable, since the reduction in
normal stress increases the role of shear stresses, which
is particularly dangerous for weak layered argillites
of the floor. The distribution pattern of the maximum
principal stresses in the near-contour zone of ventilation

roadway 47K2-Z is shown in Figure 1.

Fig. 2 - Weakened zones of the rock mass and their stability assessment based on Unwedge modeling results

The calculation of the floor rock stability factor
confirmed the presence of conditions for the
development of floor heave. At normal stresses of 8—12
MPa, shear stresses of 4.5-6.0 MPa, argillite cohesion
of 1.2-1.8 MPa, and an internal friction angle of 18—
22°, the stability factor Fs in the near-contour zone
ranges from 0.80 to 0.95. Values below unity indicate
a transition of the rock mass into an unstable state

and the development of plastic deformation. Therefore,
floor heave in the considered excavation is a natural
consequence of stress redistribution under conditions
of a weak argillite floor, rather than a random local
manifestation of rock pressure.

Analysis of the structural disturbance of the rock
mass showed that an additional factor contributing
to instability is the presence of fracture systems and
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weakened surfaces forming potential wedge-shaped
blocks in the roof, ribs, and floor. According to modeling
results obtained using Dips and Unwedge, depending
on fracture orientation and excavation direction, roof
and sidewall blocks of significant mass may form. For
certain weakened roof wedges, the initial safety factor

NI

is equal to zero, indicating the necessity of mandatory
rock bolting. After bolt installation, the safety factor
increases to 1.8-2.0, and the weakened zone transitions
into a stable state.

1

Fig. 3 - Fracture development zones under rock bolt support in disturbed areas in the Unwedge software

interface (a - rock bolt support; b - factor of safety of rock blocks) In the floor (1) FS: Stable Weight: 89.8

tonnes; Left wedge (4) FS: 12.823 Weight: 59.3 tonnes; Right wedge (5) FS: 28.4 Weight: 59.3 tonnes; Roof
wedge (8) FS: 11.2 Weight: 48.8 tonnes

To determine the factor of safety of the supported weakened zone, the ratio of the support capacity to the weight

of the weakened wedge was used:

FS =

support capacity

wetght of the weakened zone

()

Figure 4 shows the calculation of the factor of safety for unsupported and supported excavations.

Fig. 4 — Determination of the factor of safety for unsupported (A) and supported (B) geomechanical models
in the Unwedge program; (C) excavation layout and support scheme

FS=

support capacity

wedgeweight

Support capacity =0t
Wedge weight =44 t
FS=0/44=0

The assessment of the influence of support parameters
showed that the most effective scheme is the one that
ensures not only roof support but also limits deformation
of the ribs and floor. Modeling results indicate that a
two-level rock bolting system reduces the development
of inelastic deformations compared to a single-level
scheme, while the use of side bolts decreases the
load on the ribs and reduces pressure from the floor

Support capacity = 80 t
Wedge weight =44 t
FS=80/44=1.8

rocks. Increasing the length of side bolts to 3.5 m is
accompanied by an increase in the rock mass safety
factor, a reduction in lateral stresses from 20 to 15 MPa,
and a decrease in the depth of failure in the roof and ribs.
The use of floor bolting reduces floor deformations by
40-50%, which is especially important under conditions
of argillites prone to heaving.
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Comparison of calculated and field data shows
that deformation development in the excavation has a
pronounced geomechanical nature and is governed by
the interaction of weak floor rocks with the redistributed
stress state of the near-contour rock mass. Stability
improvement is achieved not by strengthening a single
element, but through a xommekcHoe Bo3nelcTBHE On

the “floor—ribs—roof” system, where rock bolting and
combined support limit the development of the plastic
zone and contribute to rock mass stabilization. The
summarized results of laboratory and instrumental
determination of physical and mechanical properties of
the studied near-contour rocks are presented in Table 1.

Table 1 - Physical and mechanical properties of the studied rocks of the near-contour rock mass

Rock Type Average Schmidt | Estimated Strength by | Estimated Strength by IPS-
Rebound Index (R) Schmidt Hammer, MPa MG4.04, MPa
Argillite 29.1 42 38
Carbonaceous 25.7 35 32
argillite
Siltstone 35.5 55 50
Sandstone 43.5 78 70
Coal seam K1 19.1 16 15
Coal seam K2 17.9 14 13
Coal seam K3 16.9 13 12

The main calculated parameters of the stress state of the near-contour zone and the stability factor of the floor
rocks obtained from numerical modeling are presented in Table 2.

Table 2 - Calculated parameters of the stress state and the stability factor of floor rocks

Parameter Value Interpretation
Maximum principal stresses in the zone ahead 29-31 Formation of a stress concentration
of the face, MPa zone
Normal stresses in the floor, MPa 8-12 Development of a destressed near-
contour zone
Shear stresses in the floor, MPa 4.5-6.0 Increased probability of shear
deformation
Extent of the active stress redistribution zone, m 30-35 Geomechanically disturbed near-
contour zone
Cohesion of floor argillites, MPa 1.2-1.8 Low shear strength
Internal friction angle of argillites, degrees 18-22 Limited shear resistance
Stability factor of floor rocks, Fs 0.80-0.95 Unstable condition, prerequisites
for heave
Plastic deformation zone 35 m from the Support reinforcement required
excavation contour

The obtained results indicate that the development of
floor heave in development workings at deep horizons
is not caused by a single factor, but by their combined
action. The key role is played by the interaction of
the low strength of argillite floor rocks, pronounced
structural heterogeneity of the rock mass, and stress
redistribution after excavation. Under the considered
conditions, it is the reduction of lateral confinement in

the near-contour zone, combined with the action of shear
stresses, that creates a geomechanical situation in which
weak floor rocks transition into a plastic state and begin
to heave into the excavation void.

It is fundamentally important that laboratory tests
and numerical modeling do not contradict each other
but rather complement one another. The experimentally

54



Mining, Oil & Gas Engineering, Vol. 1 (32), 2026, pp. 49-56

determined low strength of argillites explains their
increased susceptibility to deformation, while RS2
modeling demonstrates how this weakness is manifested
in the near-contour zone. Therefore, floor heave should
be considered as the result of the superposition of two
processes: intrinsic rock weakness and external stress
redistribution.

From an engineering perspective, this implies that the
conventional approach, which focuses primarily on roof
support, does not ensure sufficient stabilization of the
excavation. Under such conditions, an effective support
system must simultancously limit roof delamination,
restrain sidewall displacement, and prevent floor heave.
This explains why combined support systems with side
and floor bolts, as well as two-level bolting schemes that
redistribute loads to more stable zones of the rock mass,
have shown the greatest effectiveness.

Comparison of the obtained results with general
concepts of modern rock mechanics indicates that for
deep horizons, the decisive factor is not the absolute
stress level but the configuration of stress redistribution
around the excavation. A stress concentration zone
forms ahead of the face, while a destressed zone
develops in the floor. When designing development
workings under similar conditions, it is necessary to
consider not only rock strength but also the potential
formation of destressed near-contour zones, which are
most critical in terms of floor heave.

The advantage of this study lies in its integrated
approach, combining laboratory determination of rock
properties, numerical modeling of the stress-strain state,
and analysis of support parameters. This made it
possible to move from qualitative descriptions of floor
heave to its quantitative geomechanical interpretation.
However, the limitations of the study include
consideration of a single excavation and the use of a

two-dimensional modeling approach. Further research
should focus on expanding the field observation base,
accounting for spatial variability of interburden layers,
and applying three-dimensional modeling of the near-
contour rock mass.

Conclusion. It has been established that the stability
of development workings at deep horizons is largely
determined by the condition of floor rocks composed of
weak argillites prone to plastic deformation. Laboratory
studies confirmed significant heterogeneity in the
physical and mechanical properties of the near-contour
rock mass, while numerical modeling revealed the
pattern of stress redistribution within the excavation
influence zone. It was shown that a zone of maximum
principal stress concentration forms ahead of the
face, while a destressed zone with reduced lateral
confinement develops in the floor, creating conditions
for rock extrusion into the excavation.

It is demonstrated that stability improvement is
achieved by transitioning from local reinforcement of
individual zones to integrated stabilization of the “roof—
ribs—floor” system. The most effective solutions were
combined two-level rock bolting schemes, which reduce
inelastic deformation, limit the development of the
plastic zone, and increase the safety factor of the near-
contour rock mass. The obtained results can be used
for geomechanical justification of support parameters
for development workings under similar geological and
mining conditions of the Karaganda coal basin.
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Science Committee of the Ministry of Science and
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scientific and technical program IRN BR28712407.
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PROLONGING INTERREPAIR CYCLES OF IN-SITU LEACHING
URANIUM WELLS USING A SPECIALIZED REAGENT

Kh. Yussupov1 , C. Drebenstedt’ , S. Myrzakhmetov1 , E. Aben'"™ G. Abdissattar'®, N. Nazarbayeva1
! Satbayev University, Almaty, Kazakhstan
? Technical University Bergakademie Freiberg, Freiberg, Germany
¥ Corresponding author: y.aben@satbayev.university

All uranium production in the Republic of Kazakhstan is conducted using in-situ leaching (ISL) technology. One
of the major challenges associated with this mining method is the reduction in the operational life of process wells
due to clogging of well screens and the near-wellbore formation zone. Existing well-rehabilitation methods often
fail to provide satisfactory results, as their effectiveness is frequently limited and the achieved improvements are
typically short-lived.

The objective of this study was to develop a theoretical framework and evaluate the effectiveness of a specialized
inhibitor-based reagent for extending the operating cycle of process wells.

Theoretical and laboratory investigations employing an inhibitor-dissolver reagent demonstrated enhanced
dissolution of calcium-bearing deposits, thereby reducing the intensity of clogging within well screens and the near-
wellbore zone. Relationships were established between calcium dissolution efficiency and inhibitor concentration
in the leaching solution during uranium recovery, as well as between inhibitor dosage and the operating cycle of
process wells. The preferential dissolution of calcium ions was achieved at an inhibitor concentration of 2%.

Pilot-scale field tests conducted at a uranium ISL operation demonstrated improved leaching performance owing
to the extension of well operating cycles following inhibitor application. Compared with conventional technology,
the proposed approach improved uranium production efficiency by up to 30% on average.

Keywords: in-situ uranium leaching, colmatation, specialized reagent, calcium ions, technological well,
interrepair cycle.

APHAMBI PEATEHTTI HNAMJAJIAHA OTBIPBII, YPAH/IbI JKEPACTHI CLITEJIEY
KE3TH/IE YHFBIMAJIAPIBIH KOH/IEY APAJIBIK HUKJITH YJIFAUTY

X.A. FOcynos', K. JIpeGenmrent’, C.C. Mpip3axmeros', E.X. AGen'™, I. O6micarap', H.A. Hazap6aesa'

! Satbayev University, Anmame, Kasakcman
2 @paiibepe may-xen axademuscolnbly mexnurkansix ynusepcumemi, Opaiibepe, Iepyanus
¥ e-mail: y.aben@satbayev.university

Kazakcran PecrryOnukaceiaia ypaH eHIIpYIOiH OapIbIK KeJIeMi xKepacThl YHFBIMAJBIK IIaiiMaiay TeXHOIOTHACHI
apKBLIBI XKY3€Te achIPbUIaAbl. By TEXHONOTHSHBIH HETi3Ti MpodiieMaapbIHbIH 0ipi-Cy3TiiepIiH jKoHEe TEXHOJIOTH-
SUTBIK YHFBIMAJIAPIBIH CY3T1 aliMaFbIHBIH KOJIMATALMSICHl HOTHKECIH/IE YHFBIMAIApABIH KOH/CY apajlbIK IUKIIiHIH
TeMeHzeyi. JKeHey koHe KalllbIHA KETipy )KYMBICTAPBIHBIH KOJIIAHBICTAFBI O/TiCTEPl KAXKETTI HOTHXKE OepMen i,
AFHU KeHOip >kargaimapaa - mamaisl FaHa 0ojca, 6acKajJapbeIHIA - HOTIDKENEp KBICKA MEeP3iMi.

JKYMBICTBIH MaKCaTHI - TEXHOJIOTHSUTBIK YHFBIMAIIAP/IBIH )KOH/ICY apaliblK IUKIIIHE HHTHOUTOP TYPIHACT] apHAWEI
PEareHTTiH 9cepiH TCOPHUSIIBIK HETi3/Iey )KOHE 3epTTey OONBIT TaObLIAIBI.

EpiTKim WHrHOUTOPBIH KOJIaHa OTHIPBIN XKYPri3lIreH TEOPUSUIBIK JKOHE 3epPTXaHABIK 3epTTeysep KalbIlHid
HOHJIAPBIHBIH €PY AOPEIKECIHIH )KOFapbLIaybIH AJICIACI1, OYJI CY3Tiiep MCH CY3ri aiiMaFbIHBIH KOJIMATAIUACHIHBIH
TY3UIyiH TOMEHAETYTe bIKIal eTei. Kanbluii HOHAaphIHbIH epy IOpEeKEeCiHIH ypaHIbl IaiiMaay caThIChIH A Iai-
MaJjiay epiTiHIICiHe eHTi31UIeTIH MHTMOUTOPIBIH KOHLIEHTPALUIChIHA, COHIali-aK TEXHOJIOTHSIIBIK YHFbIMAJIapIbIH
JKOHJICY apajibIK [UKIIIHIH ©3repyiHe TOYeIAUIIr aHbIKTa (bl Kanbiuii HOHAapBIHBIH 0achkIM epyl HHTHOUTOPIBIH
2% KOHIIEHTPAIMSICHIHA OalKaIIbI.

VpaH KeHimIHAeT! TOXIpHOETIK-0HEPKACINTIK KYMbBICTAP YHFbIMANAp/a KeH/ICY apajbIK KyMbIC IUKIiH 30% -
Fa JICWH YIFalo apKBUTBl YPaH/Ibl )KepacThl YHFRIMAIBIK IaiiMarnay THIMAUTITIHIH apTKaHbIH KepCeTe.

Ty#iH ce3ep: ypaHHBIH YHFbIMaJIAphIH IIaliMalay, KoIMaTalus, apHailbl peareHT, KaablUii HOHJAPbl, TEXHO-
JIOTHSUTBIK, YHFBIMAJIAp, )KOHJCY apaJIbIK IIUKII.
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YBEJINMYEHUE MEXXPEMOTHOI'O IIUKJIA CKBAKHUH I1PU INIOJA3EMHOM CKBAKWH-
HOM BBIHIEJJAYUNBAHHUU YPAHA C HCIIOJIB30OBAHUEM CIIEHIUAJIBHOI'O PEATI'EH-
TA

X.A. FOcynos', K. pedenmrent’, C.C. Muip3axmetos', E.X AGen'™, I.O6xicarap', H.A. Hazap6aesa'

! Satbayev University, Anmame, Kazaxcman
? Texnuueckuii ynugepcumem Opaiibepeckoii 2oproii akademuu, Ppaiibepe, Iepyanus
™ e-mail: y.aben@satbayev.university

Bech 00beM 100bIuu ypana B PecryOnuke KazaxcTan mpou3BOAUTCS TEXHOIOTUEH MOA3EMHOTO CKBaXKUHHOTO
BhIIIeTaunBaHyst. OJTHAM U3 OCHOBHBIX ITPOOJIEM JAHHOU TEXHOJOTHH SIBJISICTCS CHIDKEHHE MEKPEMOHTHOTO IIUKIIA
paboTHI CKBaXXMH B pe3yNbTarTe KOJIbMAaTaIlM (WIETPOB U MPUQPIBETPOBON 30HBI TEXHOJIOTHYSCKUX CKBAKHH.
CyIecTByomue crocoObl pPEMOHTHO-BOCCTAHOBUTEIBHBIX PA0OT HE NAIOT JKEIAEMBIX PE3yJIbTaTOB, T.€. B OTHIX
Cllydasix - He 3HAUMTCIIbHBIC, B IDYTHX - PE3YJIbTaThl KPAaTKOBPEMCHHBIC.

Lenbio paboTHI SBISETCS TEOPETHUECKOE 0OOCHOBAHKE U U3YUCHHE AEHCTBHS CIICIIHAIIFHOTO PEareHTa B BUAC
MHTUOUTOpa HAa MEKPEMOHTHBIN IIUKII paOOTHI TEXHOIOTHUYECKUX CKBAYKHUH.

[IpoBeneHHBIMU TEOPETHICCKUMH U TAOOPATOPHBIMU MCCICIOBAaHUAMH C IIPUMECHEHUEM WHTHOUTOPa-pacTBO-
pUTETS JOKa3aHO IMOBBIIICHNE CTETICHN PACTBOPEHHS HOHOB KaJIBIIHSL, CITOCOOCTBYIOIIII CHIKCHUIO 00pa30BaHMUs
KOJIbMAaTalliid (pUIBTPOB U MPHU(HUIBTPOBON 30HBL. YCTAaHOBJICHBI 3aBUCHMOCTH CTEIICHH PACTBOPEHHS HOHOB
KaJbIUA OT KOHIIEHTPAINH HHIHOUTOPA, BBOAUMOTO B BBIMIEIAYMBAIONINI PACTBOP HA CTAJWH BEIIIEITa9NBAHIH
ypaHa, a TakKe Ha M3MEHEHNE MEXPEMOHTHOTO IMKIJIa PabOTHl TEXHOJMOTHYECKAX CKBaXKUH. [IpenmouTurensHoe

pacTBOpEHNE HOHOB KaJIbLHs JOCTUTACTCS IIPU KOHLICHTPALUH HHTHONTOpa - 2%.

OHLITHO-HpOMBIHIHeHHLIe pa60TLI Ha YpaHOBOM PYJHHUKE IMOKa3aJIu MOBLIIICHUC 3(1)(1)GKTI/IBHOCTI/I IIOA3CEMHOIO

CKBA’>KMHHOT'O BbIIIC/IAYMBAHUA YpaHa 3a CHCT YBCIMUCHUSA MCIKPEMOHTHOI'O IUKJIA pa6OTI)I CKBa’>XHH IpU MMpUMe-

HEHWU MHTUOWTOPA 110 CPaBHEHUIO ¢ 0a30BOM TeXHOJIOrHeH B cpenHeM 110 30%.

KiroueBble ¢10Ba: CKBAXKHMHHOE BBIIIC/IAYMBAHUC YpaHa, KoJbMaTalus, cneunaanmﬁ PpC€arcHT, NOHbI KaJIbl M,

TCXHOJIOTUYCCKNUEC CKBA’)KUHBI, MC)erMOHTHI:IfI IHKII.

leaching (ISL) is the
predominant and most efficient method for uranium
extraction from sandstone-hosted and alluvial deposits
characterized by high permeability of the host rocks.
The process involves the injection of a sulfuric acid-
based leaching solution into the productive horizon
through injection wells [1, 2]. Uranium dissolution
occurs through a series of chemical reactions, resulting
in the formation of soluble uranyl sulfate complexes
that are transported within the pregnant leach solution
and subsequently recovered at the surface through
production wells for further processing:

UO, + H,S0, = U0,S0, + H,0

Introduction. In-situ

Owing to its high technological and economic
efficiency, in-situ leaching has become the predominant
method for uranium extraction in many countries
worldwide. The Republic of Kazakhstan is currently
the world's leading producer of uranium using ISL
technology.

The majority of Kazakhstan's uranium resources
are concentrated within the Syr-Darya uranium ore
province, which comprises sandstone-hosted infiltration
deposits. These deposits typically occur as stratiform
ore bodies with thicknesses ranging from 20 to 30 m

and exhibit sinuous ribbon-like geometries in plan view,
extending from 1 to 10 km in length and 50 to 600 m in
width. The morphology of the uranium mineralization is
generally simpler than that of the individual ore-bearing
and barren zones.

Development of uranium deposits within the Syr-
Darya uranium ore province is primarily carried out
using hexagonal and linear wellfield patterns. In
these wellfields, the distance between production and
injection wells typically ranges from 30 to 60 m,
whereas the spacing between adjacent injection wells
varies from 20 to 40 m. The average well depth is
approximately 600-650 m. The average flow rates of
production and injection wells are 4.8 and 2.4 m?*
h, respectively. The sulfuric acid concentration in the
leaching solution is maintained within the range of 6—
12 g/L. KDF-118/90 frame-and-disc filters are installed
across the entire thickness of the productive aquifer
hosting the uranium mineralization.

Following the drilling of process wells, well
development operations are carried out to remove clay
particles, fine sand, and drilling debris from the well
screen and the surrounding near-wellbore zone along the
entire screened interval [3].
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One of the major operational challenges in uranium
ISL is the decline in well productivity over time, which
results in unstable well performance and a shortened
operating cycle between rehabilitation treatments.

In the present study, the maintenance cycle is defined
as the period of operation of a process well from the
completion of the previous rehabilitation treatment and
the return of the well to normal operating conditions
until the implementation of the subsequent rehabilitation
intervention. The need for the next maintenance
operation is determined by a decline in the injectivity
of injection wells or the productivity of recovery

CaCO, + HySO, + Hy0 =

wells below the threshold specified by operational
regulations, resulting from the development of clogging
processes within the well screen and the near-wellbore
zone.

In the Syr-Darya uranium ore province, where
sulfuric acid leaching is employed, the formation
of poorly soluble mineral precipitates is a major
factor contributing to well clogging. Gypsum is the
predominant component of these deposits. Its formation
results from the reaction of sulfuric acid with calcium-
bearing minerals present in the host rocks, primarily
calcite and dolomite:

CaS0, - 2H,0 | +CO, 1

Ca(Mg(COy), + HySO, + 2H,0 = CaSO, - 2H,0 | +MgSO, +2C0, 1

The gypsum precipitates formed as a result of these
reactions are characterized by high mechanical strength
and strong adhesion to mineral surfaces and therefore
cannot be removed under normal hydraulic pressures
or by the flow of injected leaching solution. The
accumulation of gypsum on well screens and within
the pore space of the near-wellbore zone reduces the
injectivity of injection wells, decreases the productivity
of process wells, and shortens the operating cycle
between rehabilitation treatments. Additional factors

contributing to well clogging include the accumulation
of clay particles and suspended solids, the formation of
corrosion products, and the migration of fine sand from
the productive formation.

Therefore, various rehabilitation measures are
required to restore well productivity, with the selection
of the treatment method depending on the dominant type

of clogging, as summarized in Table 1 [4, 5].

Table 1 - Classification of colmatation types and methods for restoring well productivity in the Syr-Darya

province
Type The main colmatating The method of
of colmatation compounds well rehabilitation

Mechanical Sand, clay particles, mechanical suspensions, | Mechanical cleaning (flushing, air-lift
colmatation drilling sludge. leveling up, removal of sand plugs).
Chemical Mainly gypsum, as well as aluminite,| Chemical treatment

colmatation carbonate and hydroxide compounds. (acid and reagent substances for

dissolving colmatants)

At uranium deposits of the Syr-Darya uranium
ore province, well rehabilitation is predominantly
performed wusing either mechanical or chemical
treatment methods. The duration of the well operating
cycle is largely determined by the selected rehabilitation
approach. Figure 1 presents the operating cycles of 12
wells subjected to mechanical rehabilitation and 9 wells
treated using chemical rehabilitation methods at the

study site.

As shown in Figure 1, the operating cycle of wells
following mechanical rehabilitation ranged from 8 to
32 days, with an average value of 20 days. After the

implementation of chemical rehabilitation methods, the
operating cycle increased to 15-34 days, with an average
duration of 23 days.

To extend the operating cycle of wells in the Syr-
Darya uranium ore province, various reagents have been
investigated for well treatment. Acid-based treatments
have been shown to increase the permeability of host
rocks and contribute to enhanced productivity. For
example, treatment with a solution containing 100 g/
L sulfuric acid increased the injectivity of injection
wells from 0.2-0.5 m’h to 4.5 mh, representing
an improvement of more than ninefold. In addition,
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15-20% hydrochloric acid (HCI) solutions are widely
used for well rehabilitation.

Clogging deposits containing aluminite exhibit high
solubility in acidic solutions. Sodium polyphosphates
are also employed as effective dissolving agents

35

Well operating cycle, days

at concentrations ranging from 30 to 100 g/
L. Furthermore, technical sodium tripolyphosphate
solutions are commonly used for the treatment of the

near-wellbore zone of wells [6, 7].

AN

—{— Mechanical well rehabilitation method

6

Chemical well rehabilitation method

10 12 14

Wells

Fig.1. Comparison of well operating cycles after mechanical and chemical rehabilitation

However, these rehabilitation methods have not
consistently produced satisfactory results. In some
cases, the increase in well productivity was limited,
whereas in others the observed improvements were only
temporary.

Extensive operational experience has shown that
the most effective approach to controlling clogging
is to prevent the formation of deposits before they
occur. Therefore, the present study proposes the use
of an inhibitor-dissolver reagent capable of dissolving
clogging deposits during the uranium leaching process.
The effectiveness of such reagents is attributed to
physicochemical mechanisms that influence nucleation,
crystal growth, and mineral precipitation. Depending
on their chemical composition, inhibitors suppress
crystallization and scale formation through different
mechanisms of interaction.

The action of scale inhibitors is primarily based on
several key mechanisms. These reagents inhibit scale
formation by increasing the supersaturation threshold
required for precipitation, modifying crystal growth and
morphology through adsorption onto crystal surfaces,
and dispersing fine particles to prevent their aggregation
and deposition within the system [8].

To the best of the authors' knowledge, the application
of inhibitor-dissolver reagents for mitigating well

clogging during uranium in-situ leaching has not yet
been reported in the literature and has not been
implemented in industrial practice. Furthermore, a
number of environmentally friendly ("green") reagents
with high ecological safety have recently been
developed, including carboxyl carbon quantum dots [9,
10].

Materials and Methods.
dissolved calcium ions is one of the key factors
controlling gypsum precipitation during uranium in-situ
leaching. As the concentration of free calcium ions in the
leaching solution increases, the likelihood and intensity

The concentration of

of calcium sulfate precipitation also increase, thereby
promoting clogging of well screens and the surrounding
near-wellbore formation.

Ca* + SO¥ + 2H,0 = CaSO, - 2H,0 |

Consequently, a decrease in the concentration of
free calcium ions in the leaching solution reduces
the degree of gypsum supersaturation and promotes
the dissolution of previously formed mineral deposits.
Given the critical role of calcium ions in gypsum scale
formation, an inhibitor-dissolver reagent containing
a polyacrylsulfonated polymer, hydroxyethylidene
diphosphonic acid (HEDP), and water was investigated

in the present study.
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The
mitigating clogging in the Syr-Darya uranium ore

inhibitor-dissolver reagent developed for
province consists of a 10% organic phosphonate
solution with a density of 1.01-1.10 g/cm® and a pH
ranging from 0 to 5. Due to its acidic nature, the reagent

is classified as a Class IV hazardous substance.

To evaluate the applicability of the proposed
inhibitor-dissolver reagent for uranium in-situ leaching,
theoretical investigations, laboratory experiments, and
pilot-scale field tests were conducted.

Laboratory experiments were performed to determine
the dissolution efficiency of carbonate minerals as a
function of inhibitor concentration and to assess the
potential of the reagent for preventing clogging within
well screens and the surrounding near-wellbore zone.
Five experimental samples with a volume of 1000 mL
each were prepared using 99.99 g of core material
collected from process wells within the Syrdarya
uranium ore province.

During the laboratory work model leaching solutions
were prepared. The first sample contained 1000 mL of
sulfuric acid solution with a concentration of 2.5 wt.
% without the addition of the inhibitor-solvent. The
second, third, fourth, and fifth samples were filled with
1000 mL of the same 2.5 wt.% sulfuric acid solution
supplemented inhibitor-solvent with the colmatants
presipitates at concentrations of 1%, 2%, 3%, and 4%,
respectively. For each inhibitor concentration (0, 1, 2, 3
and 4%), a single laboratory experiment was conducted.
Therefore, statistical analysis of the results was not
performed, and the obtained data should be considered
as comparative experimental results demonstrating
trends in inhibitor performance.

The concentration of calcium ions (Ca*") in the liquid
phase was determined by complexometric titration using

a Trilon B (EDTA) solution. After equilibrium had been
established in the solution-rock system, a 10 mL aliquot
was withdrawn using a graduated pipette and transferred
to a 250 mL conical flask. Subsequently, 40 mL of
distilled water measured with a graduated cylinder, 2.5
mL of a 20 wt.% sodium hydroxide solution, and 10-15
mg of a murexide-sodium chloride indicator mixture
were added. Titration was carried out using a 25 mL
burette with a standard 0.05 N Trilon B solution until
the endpoint was reached, as indicated by a change in
the indicator color. The volume of titrant consumed was
recorded from the burette scale, after which the calcium
ion concentration was calculated and expressed in g/L.

Pilot-scale field studies were carried out to assess the
effect of the inhibitor-dissolver reagent on the operating
cycle of process wells under production conditions.
The study is based on the analysis of operational
data from eight wells and has an observational field-
scale character. No statistical significance testing was
performed; therefore, the results should be interpreted
as a comparative assessment of changes in operational
performance

indicators before and after reagent

application.

Results and Discussion. Analysis of the geological
conditions of the study area showed that the carbonate
content of the deposit reaches up to 1.7%, whereas in
most uranium deposits of the Republic of Kazakhstan
it does not exceed 0.5%. The elevated concentration
of carbonate minerals enhances the release of calcium
ions into the leaching solution, thereby increasing
the potential for gypsum precipitation and clogging.
As shown in Table 2, the inhibitor-dissolver reagent
contains 1-hydroxyethylidene-1,1-diphosphonic acid
(HEDP) as its principal active component [11, 12].

Table 2 - Composition of the antiscaling reagent used

No. Components Density pH Range
1 Polyacrylate-sulfonated polymers 1.05-1.15 g/ 1-14
cm’
2 1-Hydroxyethylidene-1, 1,43-145 g/ 0-12
1-diphosphonic acid (HEDP) cm’
3 Water 1.0 g/em’ 6.5-8.5

1-Hydroxyethylidene-1,1-diphosphonic acid (HEDP)
is an organophosphonate compound with the molecular
formula C,H;O;P,.
phosphonic acid groups and one hydroxyl group

The molecule contains two

attached to a central carbon atom, providing multiple
oxygen donor sites for metal-ion coordination.

Under acidic conditions, the phosphonic acid groups
partially dissociate and form anionic species capable
of chelating calcium ions. Consequently, stable soluble
calcium-HEDP complexes are formed:

Ca?* + HEDP* & [CaHEDP]?~
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The stability constant of the calcium-HEDP complex
is sufficiently high to promote effective sequestration of
calcium ions even at the low pH values characteristic of
sulfuric acid uranium leaching.

The reduction in the concentration of free calcium
ions shifts the gypsum dissolution equilibrium toward
dissolution of the solid phase, thereby enhancing the
removal of calcium-bearing deposits:

CaS0, - 2H,0 7 Ca?* + SO~ + 2H,0

[-CH, — CH(COOH) —] _

Under acidic conditions, the polymer undergoes
partial dissociation, generating carboxylate (-COO") and
sulfonate (-SO,") functional groups. These negatively
charged groups interact with calcium ions and adsorb
onto the surface of gypsum crystals, disrupting crystal
growth and promoting the formation of surface calcium-
polymer complexes:

2RCOO~ + Ca2* < (RCOO),Ca
2RS0O5 + Ca®** + (RSO,),Ca

As a result of these interactions, the active
growth sites of salt-precipitate crystals are blocked,
reducing crystal growth rates and preventing gypsum
re-precipitation. In addition, the polymer chains
generate electrostatic repulsion between particles,
thereby inhibiting gypsum particle aggregation and their

retention within the pore space.

4.5

3.5

2.5

1.5

Reagent concentration, %

0.5

200 300 400 500

The calcium ions released during gypsum dissolution
are subsequently sequestered by HEDP, which promotes
the progressive dissolution of existing gypsum scale
while simultaneously inhibiting its re-precipitation.

Polyacrylsulfonated polymers are anionic high-
molecular-weight compounds containing carboxylate
and sulfonate functional groups along the polymer
backbone. These functional groups impart strong
dispersing properties and inhibit particle aggregation,
the
precipitates within well screens and the near-wellbore

thereby reducing accumulation of mineral

zone. A schematic representation of the polymer
structure is presented below:

[~CH, — CH(SO3H) ]

The of
dissolver composition is based on the synergistic

effectiveness the proposed inhibitor-
action of two complementary mechanisms. HEDP
forms stable soluble complexes with calcium ions
and promotes the dissolution of gypsum deposits,
whereas polyacrylsulfonated polymers suppress crystal
nucleation and growth. Together, these processes reduce
scale formation and prevent the re-precipitation of

calcium-bearing mineral deposits.

Based
experiments were conducted to evaluate the effect of

on these considerations, laboratory

inhibitor concentration on the dissolution efficiency of
calcium-bearing minerals.

The results of the ion analysis of the five experimental
solutions are presented in Figure 2.

600 700 800 900 1000

Ca*' ion concentration, mg/dm?

Fig. 2. Results of calcium ion analysis in experimental solutions
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As shown in Figure 2, the control sample without
the inhibitor-dissolver reagent exhibited a calcium ion
concentration of 223.2 mg/dm” in the liquid phase. This
value indicates a limited degree of calcium transfer
into solution, suggesting that only a small proportion
of calcium was present in ionic form, while the
majority remained in the solid phase as sparingly soluble
compounds. Under such conditions, calcium-bearing
mineral precipitates are more likely to form within
well screens and the near-wellbore zone of process
wells, resulting in reduced hydraulic conductivity and a
shortened well operating cycle.

The addition of the inhibitor-dissolver reagent at a
concentration of 1.0% resulted in a substantial change
in calcium behavior. The concentration of dissolved
calcium increased to 450 mg/dm’, which is more
than twice that observed in the control sample. This
result indicates enhanced dissolution of calcium-bearing
compounds under the action of the inhibitor.

A further increase in inhibitor concentration to 2%,
3%, and 4% resulted in an even greater increase
in dissolved calcium concentration. Specifically, the
concentration of calcium in solution increased by
240%, 280%, and 300%, respectively, relative to the
control sample without inhibitor addition. These results
demonstrate a clear relationship between inhibitor
concentration and calcium dissolution efficiency.

The observed results demonstrate that the inhibitor
promotes the transfer of calcium into the solution
phase in a stable dissolved form, thereby reducing the
likelihood of secondary precipitation. As a consequence,
compounds responsible for clogging remain stabilized
in the liquid phase rather than forming solid deposits.
This substantially decreases the potential for their
accumulation within the pore space and on well screens.

Therefore, the application of the inhibitor-dissolver
reagent enhances the dissolution of clogging deposits
and contributes to the preservation of the hydraulic
properties of the near-wellbore zone. Under the
operating conditions of the Syr-Darya uranium ore
province, this effect reduces the intensity of well
clogging and represents one of the key factors
contributing to the extension of well operating
cycles and the improvement of overall uranium ISL
performance.

Thus, an inhibitor concentration of 2% may be
considered the preferred concentration. Under these
conditions, the concentration of dissolved calcium
increased from 223.2 mg/dm’ in the control sample to
760.3 mg/dm’, indicating a substantial enhancement in
the dissolution of calcium-bearing compounds.

A further increase in reagent concentration led to
only a marginal rise in dissolved calcium concentration,
reaching approximately 280% and 300% at reagent
concentrations of 3% and 4%, respectively. This finding
indicates that the maximum practical effectiveness
of the reagent had been achieved, with the major
dissolution processes already completed. Additional
inhibitor addition had only a minor effect on the
dissolution kinetics and the transfer of calcium into the
solution phase.

To verify the results of the theoretical and laboratory
investigations and to compare well operating cycles
before and after the introduction of a 2% inhibitor
into the leaching solution, pilot-scale field tests were
conducted on eight wells (Nos. 1-4, 67, and 9-10)
that had previously undergone mechanical rehabilitation
(Figure 1).

The changes in well operating cycles are presented in
Table 3.

Table 3 -Variation in the interrepair cycle of wells

Number of wells 1 2 3 4 6 7 9 10
Interrepair  cycle, 18 34 26 13 30 24 36 34
days

As shown by the data presented in Table 3,
the addition of the inhibitor-dissolver reagent to the
leaching solution resulted in changes in the operating
cycle of process wells. In the wells that had previously
undergone mechanical rehabilitation, the operating
cycle following inhibitor application increased and
ranged from 13 to 36 days, with an average value of 27
days.

For comparison, the average operating cycle of
these wells prior to inhibitor application was 21 days.
Therefore, the use of the inhibitor-dissolver reagent
increased the average operating cycle by approximately
30%, indicating improved well stability and reduced
clogging of well screens and the surrounding near-
wellbore zone.

Comparative data on well operating cycles before and
after inhibitor application are presented in Figure 3.
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Fig. 3 - Comparison of well operating cycles before and after inhibitor application

For comparison, the average operating cycle of
the studied wells before inhibitor application was 21
days. The introduction of the inhibitor-dissolver reagent
increased the average operating cycle by approximately
30%, demonstrating enhanced well performance and
reduced clogging of well screens and the adjacent near-
wellbore formation zone.

Comparison with previously reported studies [13,
14] indicates that treatment of process wells with
50 kg of ammonium bifluoride per well, as well as
a combined rehabilitation method involving chemical
and mechanical treatment, extended the operating
cycle of wells to 12-18 days. Nevertheless, the
application of ammonium bifluoride is associated with
significant operational limitations, as it is a hazardous
chemical requiring additional expenditures and strict
safety measures for storage, transportation, and reagent
injection into the leaching solution circuit.

Conclusion. The laboratory studies demonstrated
that the application of the inhibitor-dissolver reagent
promotes the dissolution of calcium-bearing compounds
comprising the clogging deposits formed during
uranium in-situ leaching. The obtained results indicate
an increased transfer of calcium into the liquid phase
and a reduced likelihood of its re-precipitation under
the investigated conditions. Therefore, the reagent can
be considered a promising approach for mitigating
clogging processes in well screens and the near-wellbore
zone of process wells.

It was established that the dissolution efficiency of
calcium-bearing deposits depends on the concentration

of the Within the
investigated reagent concentration range of 1-4%, a

inhibitor-dissolver reagent.
concentration of 2% was considered the preferred
option.

The results of the pilot-scale field tests indicate the
practical applicability of the inhibitor-dissolver reagent
under the investigated production conditions. During
the testing period, the use of the reagent increased
the average operating cycle of process wells by 28%
compared with wells operated under similar conditions
without reagent application. These findings suggest that
the reagent may contribute to improved operational
stability of wellfields and mitigation of clogging-related
effects on well performance under the investigated
conditions.

Overall, the obtained results indicate that the use
of the inhibitor-dissolver reagent may be a promising
approach for preventing and mitigating calcium-related
clogging during uranium in-situ leaching. However, due
to the observational pilot-scale nature of the study and
the absence of a parallel control group, the observed
effects should be interpreted with caution. Additional
controlled and long-term field studies are required to
confirm the effectiveness of the proposed approach
and to establish causal relationships between reagent
application and changes in well operating performance.
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OHJAEYLII OHEPKOCII KbISMETKEPJIEPIHIH AEHCAYJIBIK
JKAFJTAUBIHA 3USIH/IbI OHJIIPICTIK ®AKTOPJIAPIBIH OCEPI

JI.M. AkraeBa’, A.B. Bekmaraméeros’, .. Exnian6aeBa’, A.ILL. Tamenos ™, H.T. Caruuauxkosa

! Kazaxcman Pecnybnuxacvl Enbex dicane Xanvlkmbl aieymMemmix Kopeay Munucmpiiciniy Eybexmi Kopeay sconinoeei pecnyo-
aukanvlk, vinvimu-sepmmey uncmumymaol [LDKK PMK, Acmana, Kazaxkcman
¥ Koppecnonoenm-asmop: wl_t@mail.ru

OHzIeyIII OHEePKACINT KOCIOPBIHAAPBIHAAFEI 3USH/IBI OHAIPICTIK (aKTOPIAPABIH dcepi eHOCK MEIUITMHACHIHBIH
©3eKTi MacenenepiHiy Oipi Oonbim Kana Oepeni, ce6edi HETi3ri TEXHOIOTHSIBIK MaMaHABIKTAp KYMBICIIBLIAPHI
apachlHa KOCINTIK IIapTTalfaH aypyjiap MEH OHAIPICTIK jKapakaTrTaHy ICHIeHi sKOFapbl. 3epTTEYIiH MaKCaThl
- OHICYIII OHEPKACIN KOCIIOPBIHAAPHI KYMBICIIBUIAPBIHBIH CHOCK KaraaigaphiHa KEIICHII TUTHCHAIBIK KOHE
MEIUIHHATIBIK-(DYHKIIMOHAIBIK Oarajay sKyprisy sKoHe 3USH/IbI OHIIPICTIK (haKTOPIaPIbIH OJapbIH JACHCAYIBIK
JKaFaiibIHa 9CEPIH aHBIKTAY.

OHIeyIIT OHEPKACINT KOCIOPEIHAAPH JKYMBICIIBIIAPBIHBIH €HOCK JKaFmaiiaphlHa TUTHEHANBIK OaFranay Xyp-
T30, )KYMBIC aiiMaFbIHIAFEI ayadaFrsl Iy, Jipij, TaHJaHy AEeHTeHIepi xkoHe a1ci3 puoporeHai aspo30nbaepain
Memiepi TanmaHabl. JKyYMBICITBIIApABIH JeHCAYIBIK JKaFJaiiblHa MEIUIIMHAIBIK-(QOYHKINOHAIIBIK Oaraay *XKyp-
T30, eHAIPICTIK IapTTalFaH aypylapAblH canblicTRIpMansl Toyekem (RR) men stmomormsmeik yreci (EF)
AHBIKTAJIJIBL.

Herisri TeXHOIOTHSIIBIK MaMaH IBIKTap )KYMBICIIBIIApBIH/IA 1Ty, Aipijl, OeHOopraHUKaNbIK IaH KaHe ai1ci3 Guo-
poreHii a3po30ibaep ACHIeHiHIH MEeKTI MeJIIEepCH JKOFapbl eKeHIri aHslKTanapl. EHOeKk jkarnaiinapsl kacion
TOYeKeJJIiH OpTalla >XKoHE J>KOFaphl JEHIeiiMeH curarTajarhlH 3usHABI 3.1-3.2 ChIHBINTaphIHA COWKEC KeIi.
AHBIKTaIFaH MaToNOTUs KYPBUIBIMBIHAA TIPEK-KUMBUI alllapaThl aypyliapbl, >KOFApFbl THIHBIC ATy JKOJIAPBIHBIH
aypyJnapsl )koHe OHAIPICTIK jkapakarTaHy OackM OOJIIBI.

CanpicteipMansl Toyekenaid (RR=2,0-5,0) xane stnonorusuisik yiectid (EF=49,9-80,0%) >xorapbl kepceTkilii-
Tepi aHBIKTaIbII, 3USTHIIBI OHIPICTIK PaKTOPIapAbIH Scepi MEH ICHCAYIIBIK OY3bUIBICTAPBIHBIH IaMYbl apachIHAAFbI
MaHBI3/IbI OailylaHbIC pacTaiabl. EH jKOFaphl KOCIOM ToyeKes y3aK YakbIT OOWBI Iy, Aipii KOHE OHAIPICTIK a’po-
30JIBJICP/IiH dCEPiHE YIIBIPARTHIH )KYMBICIIBLIAP apachIHAa TipKeai. OHIIPIiCTIK xKapakaTTany aeHrei 60,64 %- b1
Kypa/ibl, OyJ1 Koslaiichl3 eHOEK yKaFaaiiapbIHbIH KYMBICILIBUIAP JACHCAYIJIBIFBIHA eJIeyill 9CepiH KepceTei.

ATBIHFaH HOTIDKETIep 3USHABI OHIIPICTIK (haKTOpIapAbIH 6HACYII 6HEPKICIT )KYMBICIIBUIAPBIHBIH JEHCAYITBIK
JKaFrJaiibIHa affKeIH Tepic ocep eTeTiHIH JNeNIeH i koHe (PU3UKAIBIK 9pi a9po30JbaiK (pakTopIapaslH ocepiH Te-
MEH/IETyTe, CHOCK XKaFaalapblH KaKcapTyFa )KoHE KOCINTIK MapTTalFaH aypyJapAblH aIIbIH afyFa OarsITTaIFan
KociOM Toyekenaepai 6ackapy KyHeciH KeTiaipy KaKeTTiriH pacTaipl.

Tyiiin ce3mep: eHIeynIl @HepKacil, eHOEK >Karmaaiyiapel, KaciOm Toyekeln, eHAipicTik (akTopmap, mnry, aipim,
OHJIPICTIK a’p030JbJIep, TIPEK-KUMBLI aImapaThl aypylapbl, THIHBIC aly MYIICNCPiHiH aypyiaapbl, ©HIIPICTIK
KapakarTaHy.

BJIMAHUE BPEJHbBIX ITPOU3BOACTBEHHBIX ®PAKTOPOB HA COCTOAHMUE 310PO-
Bbsl PABOTHUKOB OBPABATBIBAIOIIEN ITPOMBIIIJIEHHOCTH

JL.M. AkraeBa, A.b. bekmaramoeros, J/I.U. Enunb6aeBa, A.ILI. Tameﬂong, H.T. CarunaukoBa

1 o o
PI'II na IIXB Pecnybnukanckuii HQy4HO-UcCc1e008amenbCKutli UHCmumym no oxpare mpyoa Munucmepcmea mpyoa u coyu-
anvrou 3auume Hacenenusa Pecnyonuxu Kazaxcman, Acmana, Kasaxcman

¥ e-mail: wl_t@mail ru

BoszelicTBue BpeJHBIX TPOU3BOACTBEHHBIX (PaKTOPOB HA MPEIIPUATHIX 00padaThIBArOIICH MPOMBIILICHHOCTH
OCTaeTCsl OMHOW M3 aKTyaJlbHBIX MPOOJIEM MEIWIHUHBI TPYZIA B CBSI3U C BBICOKHM YPOBHEM MPO(ECCHOHATHHO
00yCIIOBIICHHOH 3a00JIEBA€MOCTH U TIPOU3BOACTBEHHOTO TPAaBMATH3Ma CPEIU PAOOTHIKOB OCHOBHBIX TEXHOJOTH-
yeckux mpodeccuii. L{enmb nccnenoBanms — mpoBeCcTH KOMILICKCHYIO THTHEHHYIECKYI0 U METUKO-(QYHKIIHOHAIBEHYIO
OILICHKY YCJIOBHI TPYZa U ONPEICIUTh BIUSHIE BPEIHBIX POM3BOACTBEHHBIX (DAKTOPOB HA COCTOSIHUE 3IOPOBBS
PpabOTHHKOB MIPEANPHUATHN 00pabaTHIBAIOIIEH TPOMBIIIUICHHOCTH.
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A.Sh. Tashenov et al.

[TpoBenena rurueHUYecKas OIEHKa yCIOBUH Tpya pabOTHUKOB MPEANPUSATHI 00padaThIBatoIel MTPOMBIIIICH-
HOCTHM C aHaJM30M YPOBHEH IIyma, BUOpAIMH, 3alBUICHHOCTH WU COJCPXKaHMs cl1ad0(pHOPOreHHBIX adpo3oeit
B BO3yXe paboueil 30HbI. BrlmomHeHa MenuKo-(QyHKIMOHATIbHAS OLIEHKa COCTOSHUS 3710pOBbS PAOOTHHKOB C
orpezneneHreM oTHocurenbHoro pucka (RR) u stuonorndeckoit nonu (EF) nponsBoacTBEeHHO-00YCIIOBIEHHBIX
3a0071eBaHUM.

VY pabOTHHKOB OCHOBHBIX TEXHOJIOIHYECKUX HMPO(ECCHil BBIABICHBI IPEBHIIICHNS YPOBHEH IIyMa, BUOpaIuy,
HEOPTaHWYECKOH MBLIH M CIa00(pHOPOTCHHBIX a3p0o30JIeil. YCIOBUA TPyAa COOTBETCTBOBAIN BPEIHBIM KaccaM
3.1-3.2 ¢ ymMepeHHOH M BBICOKOH CTENeHbI0 MPO(ECCHOHAIBHOTO PHCKa. B CTpyKType BBISBICHHOI MaToioruu
npeobiagany 3a00J1eBaHus OMIOPHO-/IBUTATEIbHON CHCTEMBI, 3a00JIEBAHUS] BEPXHUX JbIXaTENIbHBIX MyTei U Mpo-
W3BOJICTBEHHbII TPaBMaTH3M.

YcTaHOBNICHBI BBICOKHE MTOKa3aTeNn oTHOcuTenpHOoro prucka (RR=2,0-5,0) u stnonormuaeckoit nomu (EF=49,9—
80,0%), monTBepKIAIOIINE 3HAYUMYIO CBSI3b MEXKIy BO3ICHCTBHEM BPETHBIX IMPOHM3BOACTBEHHBIX (PAKTOPOB U
pa3BuTHEM HapylleHHH 310poBhs. Hambosee BBICOKHMIT PO eCCHOHANBHBIN PUCK 3aperHCTPUPOBaH ¥ paboTHH-
KOB, TIO/IBEPTAIOIINXCS [UTUTEIEHOMY BO3IEHCTBHIO IITyMa, BUOPAIMH ¥ POMBINUICHHBIX a’po3oneit. [IpomsBoa-
CTBEHHBIH TpaBMaTu3M cocTaBmi 60,64%, 4TO CBUIETENBCTBYET O 3HAYUTEIHHOM BIIMSIHUM HEOMAronpHsTHBIX
YCIIOBHH Tpy/Aa Ha 300POBbE paOOTHHUKOB.

[MonyueHHbIe pe3ynbTaThl CBUICTENBCTBYIOT O BHIPQ)KCHHOM HEraTHBHOM BIMSHHM BPEIHBIX IPOU3BOICTBEH-
HBIX (DaKTOpPOB Ha COCTOSHHE 3[J0pPOBbsSI PAOOTHHKOB 00OpalaThIBAIOIICH MPOMBIIICHHOCTH M MOATBEPXKIAIOT
HEOOXOANMOCTh COBEPIIEHCTBOBAHMS CHCTEMBI yIpaBIeHHs Mpo(eCcCHOHAIbHBIMI PHCKaMH, HAIPaBJICHHON Ha
CHIDKEHHME BO3JEHCTBHS (DPU3UUECKUX M a3PO30JIBHBIX (PaKTOPOB, YIYUIIEHHE YCIOBUI TpyAa W NPODUIAKTHKY
mpo¢eCCHOHANEHO 00YCITOBICHHBIX 3a00ICBaHUI.

KoaioueBble ciioBa: oOpabarbIBarolias MPOMBIIUIEHHOCTh, YCIOBHS TPy/a, MTPO(ECCHOHANBHBIN PUCK, POU3-
BOJICTBEHHBIE (AKTOPBI, IIyM, BUOpALKsl, IPOMBILIICHHBIE a3P030JIH, 3a00JIEBaHUS OTIOPHO-JIBUTaTEIbHOM CUCTe-
MBI, 3200JICBaHUS OPIaHOB JIbIXaHHsI, IIPOU3BOACTBEHHBII TPaBMATH3M.

IMPACT OF HARMFUL OCCUPATIONAL FACTORS ON THE HEALTH STATUS OF
MANUFACTURING INDUSTRY WORKERS

L.M. Aktayeva, A.B. Bekmagambetov, L.1. Yedilbayeva, A.Sh. Tashenov™, N.T. Sagindikova

! RSE at the National Research Institute for Occupational Safety of the Ministry of Labor and Social Protection of the Population
of the Republic of Kazakhstan, Astana, Kazakhstan

¥ e-mail: wl_t@mail ru

The impact of harmful occupational factors at manufacturing industry enterprises remains one of the pressing
issues in occupational medicine due to the high prevalence of work-related diseases and occupational injuries
among workers engaged in core technological operations. The aim of the study was to conduct a comprehensive
hygienic and medical-functional assessment of working conditions and to determine the influence of harmful
occupational factors on the health status of workers employed in manufacturing enterprises.

A hygienic assessment of working conditions was carried out with analysis of noise, vibration, dust levels,
and concentrations of low-fibrogenic aerosols in the workplace air. A medical-functional assessment of workers'
health status was also performed, including determination of the relative risk (RR) and etiological fraction (EF) of
occupationally related diseases.

Workers involved in core technological processes were found to be exposed to excessive levels of noise,
vibration, inorganic dust, and low-fibrogenic aerosols. Working conditions corresponded to hazardous classes
3.1-3.2, characterized by moderate to high levels of occupational risk. The identified morbidity structure was
dominated by musculoskeletal disorders, upper respiratory tract diseases, and occupational injuries.

High values of relative risk (RR = 2.0-5.0) and etiological fraction (EF = 49.9-80.0%) were established,
confirming a significant association between exposure to harmful occupational factors and the development of
health disorders. The highest occupational risk was recorded among workers exposed to prolonged effects of noise,
vibration, and industrial aerosols. Occupational injuries accounted for 60.64%, indicating a substantial adverse
impact of unfavorable working conditions on workers' health.
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The obtained results demonstrate the pronounced negative effect of harmful occupational factors on the health

status of manufacturing industry workers and confirm the necessity of improving the occupational risk management

system aimed at reducing exposure to physical and aerosol factors, enhancing working conditions, and preventing

occupationally related diseases.

Keywords: manufacturing industry, working conditions, occupational risk, occupational factors, noise,

vibration, industrial aerosols, musculoskeletal disorders, respiratory diseases, occupational injuries.

Kipicne. Onneymi enepkacin canxacsl MEMIIEKETTIK
9KOHOMHKAHBIH KYPBUIBIMBIH/IA MaHBI3Ibl OPBIH aJIaJIbl,
TEXHOJOTHSJIBIK TaMyIbl KaMTaMachl3 €Till, KOITereH
JKYMBIC OPBIHIAPBIH KaNbINTACTHIpanbl. COHBIMEH Ka-
Tap, Oy cajamarbl ©HIIPICTIK MPOLECTep KYMBIC Op-
HBIHJAFHI OipKaTap KOJANChI3 (PaKTOPIapIbIH oCepiMeH
Karap JKypeni, OoNapAblH iIIiHAEe OHTIPICTIK OPTaHBIH
(u3HKaNBIK (paKTOpIAPHI epeKIIe OphIH anansl. Onapra
1Ty, AipiN, KOFaphl )KoHE TOMEH TeMIlepaTypaiap, maH-
JaHy, )KeTKUTIKCI3 )KapbIKTaHIBIPY, COHAAW-aK AIEKTPO-
MAarHuTTiK JKOHEe HOHJAYIIIBI CAYIIENIeHY JKaTalbl.

Aranran ¢axTopiapAblH acepi KYHeli XKoHe y3aK
Mep3iMJIi CHIIaTKa 1e OOJIBII, KbI3METKEPIIEPIiH JKaIIbI
eHOCKKe KaOiNeTTiliriHe, ACHCAyJIBIFRIHA KOHE aaM-
HBIH UMMYHJIBIK JKYHeciHe Tikened bIkman eremi [1].
CoHBIMEH Karap, OHIIPICTIK MPOLECTepAiH KapKbIHIa-
HYBI X9HE JKaHa )Ka0BIKTap IbIH CHT1311y1 *KaFalbIHIa
KOCiOM ToyeKeNIepAiH KYpBUIBIMBI ©3repil KaHa Koii-
Maild, KOChIMIIAa FBUIBIMH KaiTa KapacTHIPyAbl Tajal
eTETIH jKaHa dcep eTy Typiepi ae maiaa 6omyna.

3eprTTeyaiH ©3eKTUIIr eHJeYIli OHEPKACIll canachl-
HBIH €PEKUIETIKTEPiH eCKepe OTHIPHII, (PU3NKAIBIK (aK-
TOpPJIapIIbIH a/1aM ar3achblHa 9CepiH KeleH Il Tajnay Ka-
JKETTUTITIMEH, COHJA-aK KoCciOM ToyeKeIaepai ToMeH-
JIeTy MEH KbI3METKepIIep/iH KayilcCi3miriH apTThIpyFa
OarpITTaNFaH TUIMII [Iapaiapibl 93ipJIeyMeH Herizje-
aeni. 3epTTey JKYMBIC OPBIHAAPBIHIAFEl MUKPOKIIMMAT
rapameTpiIepiH acmanThlK eJNIIeyai, KyKaTTaMalapabl,
eHOeK Jkarmaiapbl OOMBIHIIA KYMBIC OPBIHAAPHIH aT-
TecTarray MarepHajlapblH, COHJAA-aK KoCIIOpBIHAA
2024 KBUTBI )XYPTi3UITeH KociOn Toyekennepai Oaranay
JKOHIHAETI ecenTepli 3epaeneyli KaMTHUTBHIH KeIIeHi
TOCLI HETi31HE KYPTi3ii.

OHIIPICTIK OpTaHbIH (PU3MKAIBIK (haKTOpIIApkI - WY,
JUPLJ, KETKUTIKCI3 KapBIKTaHABIPY, COHIal-aK 3PTOHO-
MUKAJIBIK XXYKTEMeEJIEp - OHICYIIIl OHEPKACINTET] HeT13T1
KociOM Toyekenmaepniy Oipi Oombin Kama Oepemi. By
cajla KbI3METKepJepi ayblp *aOIbIKTap/bl, KOHBeHep-
JIK KeNiIepal jkoHe KOJIMEH MeXaHWKaJlaH[bIPbLIFaH
Kypanap/sl naiianady cangapblHaH aTainFaH (akTop-
JIap/ibIH OipJIecKeH acepiHe Ui YIIbIpaiisl, Oy Kacin-
TIK aypyjiapAblH JaMybIHA >KOHE JKallbl dJI-ayKaTThIH
TeMeHeyiHe okeneni [2, 3].

OHIIPICTIK LIy €H KOl 3epTTeireH Gpu3uKaibK dak-
TopnapabIH 0ipi 0ok Kasaa Oepemi. Kasipri seprreynep

85 nBA-nmaH >xorapel Iy IEHTeHiHIH y3aK YaKbIT ocep
€Tyl eHJIEeYIII OHEPKACII KBI3METKepIIepi apackIHIa JJi
Jle KeH TapayfaH IIy JCepiHEH TYBIHIANTHIH ecTy Ka-
OiNeTiHIH TOMEHICYiHe OKeNeTiHiH pacraiimer [4, 5].
[erenmix aBTopIapasIH COHFBI €HOCKTEpi ITyFa Oaiina-
HBICTBI €CTY KaOiJIeTiHIH JKOFally KayIi alKbIH JO3aJIBIK
TOYeJI/Ii CHIIAaTKa M€ eKCeHiH JKoHe eHOeK oTii 5-10 sxpu1-
TaH acKaH JKarmaiiia, ocipece ecTy MYIIENepiH JKeKe
KOpFay KypaJlIapblH TYPaKChI3 KOIJaHy Ke3iH/e, aiTap-
JBIKTal apTaTBIHBIH KepceTeni [6, 7].

O3exTi aepekrepre coiikec, co3bUIMABI IIy acepi
cTpecc ACHIEWiH, apTepHsUIBIK KBICBIMIBI JKOFapbLia-
THIN, YIAKBl MEH KOTHHTHUBTIK ()YHKIUSUTAPIBIH OY3HI-
JMyBIHA aJBIN Keleai. MeTamtyprus koHe MaIlliiHa JKa-
cay eHEpKaciOi KbI3METKepJepiHe JKYPTi3UIreH COHFBI
3eprreynepae (pU3HOMOTHIIBIK CTPECCTIH aifKBIH KYIIIe-
101 XKOHE peaKIUsUIapIbIH Oastyaybl aHBIKTaFaH [§, 9].

Hipin ¢usukanslk Kayin (QakTopiaapbiHbIH ilIiHIe
MaHBI3IBI OPBIH ajanel. Kasipri 3eprreyiep KoJIMEH Me-
XaHUKATAHIBIPBUIFAH KYpajapasl Y3aK yaKbIT Maija-
JIaHY Ba30CHACTUKANIBIK XOHE HEHPOCCHCOPIBIK OY3bI-
JIBICTAPMEH CHITATTAJIAThIH JIPiJ 9CEPIHCH TyBIHIANTHIH
"aK caycak' CHHIPOMBIHBIH JaMybIHa OKEJETIHIH Kep-
cereni. COHFBI FBUIBIMH KYMBICTAp KaJIbl TIPUTTIH
0eJ1 OMBIPTKACHI aMaFBIH/IAFbI AYBIPCHIHYIAPMCH KOHE
0acka Ja TipeK-KUMBUI KyHeciHiH Oy3bUIBICTapbIMEH
OaiiTaHbICHIH pacTtaias [10, 11].

Tipek-KMMBLUT amnmapaTbiHbIH €HOEK JKaraailapbiHa
OailyIaHBICThl OY3bUIBICTAPHI OHJIEYII OHEPKICINTE eH-
OeKkke KaOIJIeTTUTIKTI )KOFaJTY/IbIH HETi3r1 ce0enTepiHiH
0ipi Oonbin Kanma Oepemi. COHFBI JKBLIAPHI aBTOMO-
OWIb JKOHE MalllMHa jkacay eHepKaciOi KbI3MeTKepliepi
apachlHJa JKYPri3UIreH ©3eKTI MeTa-Tajgayinap MEH
KOJIJICHCH 3epTTeyiep OHMIIpicTiK (hakTopiapMeH Oaii-
JIAHBICTBI TIPEK-KUMBUI amnmaparbl Oy3bUIbICTApbIHBIH,
ocipece MOWBIH, WBIK, apKa >KOHE >KOFapFbl asK-KOJI
aliMaKTapbIHIa, KCH TapaiFaHblH kepcerti [12, 13].
Kazipri 3eprreymiiep Oyyl Oy3bUIBICTapAbIH JaMybl
KalTaJlaHaThIH KO3FaJIBICTApJIblH, CTATHKAJBIK KOJaii-
CBI3 KaJIBIITApJIbIH, ayblp 3aTTapibl KOTEPYHiH >KoHE
JUpin ocepiHiH yiHiaecyiMeH OaiylaHBICTHI €KEHIH ararl
kepcereni. JKyMbIC OpBIHAAPBIHBIH KETKUTIKCI3 YHBIM-
JIACTBIPBUTYBI JKaF/laiiblHIa SPrOHOMHUKAIIBIK TOYyEKe-
niep aiitapreikTaii kKymeieni [14].
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Temneparypanbik pakTopiap MeH KapbIKTaHBIPY 12
eneyni ocep ereni. COHFBI 3epTTEyIep KOFapbl TeMIIe-
parypaHbIH 11y )KoHe (PH3UKAJIBIK XKYKTEMEMEH Yiiecyi
apTEePHSIIBIK THIIEPTEH3MUS, CYChI3IaHy JKoHE OHIPICTIK
JKapakaTTaHy KayTliH apTTBIPaThIHBIH, ]l THIMCI3 XKapbl-
KTaH/IBIPy KOpy MYLIEIEPiHiH )KOHE )KaJIITbl aF3aHbIH TE3
mIapiiayblHa bIKIajl eTeTiHiH Kepcereni [2, 15].

OmjIeyII OHEPKACIIT KaFraalblHaa OeHOpraHMKAaIbIK
IIaH 9cepi €H KeH TapaJiFaH 3usHIIbI (haKTopiapAbIH Oipi
Oounpin TaObLIaBl. MUHEpANIbIK IIHKI3aTTHl OHJEYTE,
ycaKTayFa >KOHE COFaH YKCAac TEXHOJOTHSUIBIK Mpolle-
cTepre OailIaHbICTHI OHIIpicTEpae ayara pochopurrep,
KBapI[ KypamJibl KOCBIIBICTAp jKoHE 0acKa MHUHEPAIIBIK
KOMITOHEHTTEP/IiH OeJIIeKTepiH KaMTUTBIH OeiiopraHu-
KaJIBIK a3p030JibAep TYPAKTHI Typae Oeminexi. Jucmep-
CTi OOJIIEeKTEp/iH MOJIIIEpi OJIap/bIH THIHBIC ATy KO-
JapbIHA CHY TEPCHIITIH aHBIKTAMIbI: yCaK JUCIEPCTi
IIaH OKIere JCUiH JKETIM, TIHACPAC KHUHAIBIM, CO3bLI-
MaJibl MaTOJOTHSUIBIK ©3TepiCTepiH IaMyblHa ceber
00Tyl MYMKIH.

Kazipri 3eprreynep (usukanbk Kayin (hakropiapsl
oCepiHiH Kem(aKTOp/Ibl CUIIAThIH €PEKIle aTam Kepce-
Teni. OHIIPICTIK OpTaja ojap CHUpEK JKaraaijia jKeke
acep eTelll )KoHe KebiHece MCUXO0AEYMETTIK KYKTeMe-
JIEPMEH Karap JKypil, KbI3METKepJep IeHCayJbIFbIHA
KOJIAMChI3 BIKMAJIBIH KyIICHTeqi. OHIIPICTIK Mpore-
crepain mudpranasipetysia (Industry 4.0) xapama-
CTaH, JASCTYpni (U3MKaNBIK Kayin (akTopiapbHbIH
acepi e3ekTiiria cakramn oteip [16]. Ocbuaiiiia, Kasip-
Il FBUIBIMH JEPEKTEpP KbI3METKEpJICp JCHCAYJIbIFbIHA
€H JKOFaphl KayilTiH KeKeJereH (pakTopiiapblH OKIIa-
yJIaHFaH dCepiHeH eMec, ONapblH OIpIKTIpUIreH BIKIa-
JIBIHAH TYBIHAAWUTBIHBIH, all OYJ1 9CEpIiH ecTy, )KYpeK-
KaHTaMBbIP JKOHE TIPEK-KUMBLI XKy#eci OY3bUIbICTAphI-
HBIH JaMybIH/Ia IICHIYIIIi POJI aTKAPAThIHBIH KOPCETEI.

3epTTeyniH Makcarhl - OHICYIIi ©HEPKICIN Kociro-
PBIHIAPHI KbI3METKEpJIePiHiH eHOEeK JKaFaaiaapbiHa Ke-
[ICH/II TUTUCHAJIBIK JKOHE MEAUIIUHAIBIK-(QYHKIINOHA-
JBIK Oarasiay JKyprizy jKoHe 3UsSHIBI OHIIPICTIK (hakTop-
JIAp/IbIH OJIapJIbIH JEHCAYINbIK JKaFaaiibiHa 9CepiH aHbI-
KTay.

3epTTey HBICAaHBI PETIHAC OHJCYII OHEPKICIN caja-
CBIHJIAFbI €Ki MUJIOTTHIK KACIOPBIH AJIbIH/IbL.

3eprTey MoHI - OHIIPICTIK opTa (aKTopiIapbIHBIH
HET13T1 TEXHOJOTHSIIBIK MaMaHJIbIK KbI3METKEpPIICPIiHIH
JICHCAYITBIK JKaFJaibIHa dcepi.

Marepuangap MeH aaicrep. BipiHin KocimopbiH
(Nel) caper dochop mMeH dochopkypamasl OHIMICD
OHIIpyre MaMaHIaHFaH XUMHSUIBIK OHIIPIC OOJIBIIT
TaObuagsl. Nel KOCIMOPBHIHHBIH OHMAIPICTIK KbhI3METI
TaFraMJIBIK XHMHS OHIMJAEPIH IIBIFAPyAbl KAMTHIbI,

OHBIH iMIiHJE aroMmepar, capbl Gochop, TEXHUKAIBIK
TEPMUSIIBIK OpTOPOCHOp KBIIIKBUIBI, TEXHUKAIBIK Ha-
Tpuil Tpunonudocharsl, TEXHUKAIBIK HATPUH TeKcame-
tadocdarbl, TydipurkreareH TepMopochopibl KoK,
deppodochop, TEXHUKATBIK TYHIPIIIKTEITSH HATPUA
Tpunonupocdarsl, TaramIbIK 0pToGocOp KHIITKBUIEI
XKOHE TaraMJIbIK HaTpuil Tpunonudocdarsl eHIipiIesni.

Ne 5 mexrta Heri3ri TeXHOJOTHSIIBIK JKa0IbIK PETIHIC
HayaJbl KeJ0ey JIeHTallbl KOHBeHep, Hayasbl KOJIeHeH
PEBEPCHUBTI JIEHTaJIbI KOHBElWep, KpaH-0aika, reur OyH-
kepi, hocdop KabbuIHarb, (Gochop KOHIECHCATOPHI,
OpTajaH TENKIIl COPFbI, CEKTOPJIbI KanKsiil, (hochop
nenri, Tik Gocdopibl 3meKTpcy3ri, GaTbipMalibl COPFBI
JKOHE KOPFaHBIII THAPOKAIKBIII KOJIJaHbLIa bl

OHIpIiCTIK IeXTa eHIIpiCTeri jXa3aTailbM OKHFa-
JMapABIH alAbIH aly MakcaThlHaa NaObul Oepy jkoHe
Oyrartay >Xylenepi, SMEeKTp TOTBIHAH 3aKbIMAAHYNAH,
OHIIIPICTIK KaOABIKTapIaH XKoHE OMIKTIKTEH KyJayJaH
KOpFay KypajJapblH KaMTHTBIH YXKBIMIBIK KOPFaHBIC
KYpaJIIapbl >KYMBIC iCTEH .

YOKbIMIBIK ~KOPFAaHBIC ~KYpajIapblHBIH Kypambl-
Ha [H-15 muxmonsr, ®PKAM-1100 sxeHmi cysarici,
CKIH-34 uukinonst xone ®PKIM-360 Tumri sxeHi cy3-
rirep Kipemni.

Enbex >xarnaiapbein Oarajnay eHAIpicTik opra (ak-
TOpJIApbIH aCMaNThIK OJIIlIey HOTHXKENepi HeriziHie
KOJIIaHBICTAFbl CAaHUTAPHSIIBIK-TUTUEHAIBIK HOPMaTHB-
Tepre CouKec XKyprizini. MeaunuHaIbIK-(QyHKIIMOHAT-
JIBIK Oarajay KbI3METKEpJIEp/iH yaKbITIIa €HOCKKE jKa-
PaMCBI3IBIK KOPCETKIITEPiH Tanaay/Ibl, COHAaH-aK oH-
JpicTiK (akroprapra OalIaHBICTHI aypyJap/bIH Cajbl-
cTeIpMaibl ToyekeniH (RR) jxoHe STHONOTHSIIBIK YIIeCiH
(EF) aHBIKTaybl KAMTBIIHL.

Canbicteipmainsl Toyeken (RR) keneci dopmynansi
(1) naiiganansin ecentenmi:

_ o

ce

RR= (1)

~lolole

MYHJIaFbl:
a — (hakTop ocepiHe YIIbIpaFaH TONTa TIPKEJITCH Ha-
yKacrap caHbl,
¢ — 6akpuTay TOOBIHIAFBI HAYKACTAP CAHBL,

e — (akTop acepiHe YIIbIparaH TONTAFbI a1aMIapIbIH
JKaJIIbl CaHbl,

f — OakpuTay TOOBIHIAFRI aaMIAPAbIH KAl CAHbIL.

Oruonorusslk yiec (EF) xeneci ¢popmyna (2) 6oii-
BIHILA QHBIKTAJIJIBL:
(RR—1)

EF =
RR

x 100% )

MYHJarbl:
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EF — stuonorusuisik ynec, %;
RR — canpicThIpManbl TOyeKeN.

Kocibu Toyeken nopexkecin Oaramay RR xone EF
KOPCETKITEpiHiH MOHJIEpi HeTi3iHAe Toyekenre Oar-
JlapilaHFaH TCUIre ColKec Kypri3iii.

CaJpIcThIpMalIbl TOYEKeNl KOPCETKIIITepiH HHTEpITpe-
Taisuiay Kenecined kyprizingi: RR<1 - toyekenmin
6onmaysr; RR=1-1,5 - temen toyeken; RR=1,5-2,0 - xy-
MoH I Toyeken; RR=2,0-3,2 - sxorapsl Toyeken; RR>3,2
- OT€ JKOFaphl TOYEKElL.

Hotmxenep Men Taiakbliay. 2024 >XeUIBI Kocirmo-
pBIHAA 9 KOCINTIK aypy TipKenAi, oJapAblH KaTapelHIA

Il nopexeni ¢ochop KOCBUIBICTAPBIMEH CO3BUIMAIIBI
MHTOKCHKANWs, | Jopeketi THIHBIC aly KETKITIKCI3iri,
OWBIK JKapa aypybl, CO3BUIMAJIBI JYO/ICHHUT JKSHE XOJie-
LUCTUT aHbIKTanAbl. COHBIMEH KaTap, TipeK-KUMBbLI al-
naparsl aypynapsl (KapbIK, apTpo3, apTpuT koHe T.0.),
XKYpeK-KaHTaMblIp xyieci (Oynan api - XKKKXK), opransik
Kylike xyieci (Oynan opi - OXKXK), Oponxexkrie xoHe
HECeT-)KbIHBIC JKYHeci aypynapbl OaiiKaiabl.

1-kectene (u3MKambIK (HaKTOpIapAbIH KOPCETKIIII-
Tepi, ONapbIH LIeKTi PYKCaT eTUIreH KOHLIEHTpalusiia-
psl (Oyman opi - IIIPK), connaii-ak KbI3MeTKepJIepaeri
(mamanzpikTap Ooiipiama) [IIPK-nan acaTslH rurneHa-
JIBIK KOPCETKIIITEP YChIHBLIFaH.

1-kecte. OHaipicTik pakTOpPIaAPABIH TUTHEHAIBIK cunarTaMachl (Nel MUIOTTHIK KICIMOPbIH)

Ne | 3usinanl pax- HIPK Kepcerki- E/KC/xacion Kacinrep
TopJiap mrepi TIyeKeJ Hdpexe-
ci
1. Hipin 116 nba 119 nba 3.172 I'a3 Tasanmay anmapaTIbIChl
2. Uy 80 nba 80,2-87,4 3.1/2 Kamsiktan OGackapy Iy/IbTiHIH OHEpaTopshl,
nba muxra fAaiieiHmaymsl, capel  Qochop eH-
NpICiHIH anmapaTibIChl (TPaHyJIsIus), apaa-
CTBIPFBILI OIIEPATOPHI, eJIey alMapaTIIbIChl, ca-
psl pocdop eHIipiCiHIH anmapaTmbIChl (IINX-
Ta JaiblHAaymbl), OyHKepieylli, KoHBeHep
MaIIuHHCI, capbl Qochop eHaipiciHiH amma-
parmsicel (peppodochopasl Kyto OoHbIHIIA),
capsl pocdop eHaipiciHiH anmaparmbCchl (KOH-
neHcanus), capbl Gocdop eHmipiciHiH amma-
parmbIchl (IIaH-Tra3 YCTaFbIll JKaOIbIKTapFa
KbI3MET KepceTy OoiibiHIIA), capbl (ocop
OHJIIpICIHIH ammapaTmibichl (yTuin3anus), ca-
pyl pocdop ennipiciHiH anmapaTbICH (IeK-
TpCy3riyiepai Tasanay OOibIHIIA), KpaH Mallu-
HICI, T'a3 Ta3ajay alnapariibIChl, SIeKTPOALIIE]
3. JKapwikTaHpi- 200 nx 69—-126 5k 3.1 Kampikran Oackapy MyJIBTiHIH OIIEpPaTOpEL,
PYIBIH KET- MXTa JadbIHIAYIIBl, eNey amlNapaTiibIChl,
KiTiKCi3airi OyHKepJiey1Ii, KOHBelep MalIMHKCI, KpaH Ma-
[IMHUC]
4. | Beitoprannkansik | 6,0 Mr/m’ 8,46—-16,1 32 Kawsiktan Gackapy Iy/IbTiHIH OHepaTopshl,
1maH (IuxTa) mr/m’ [IUXTa JaifibIHIAYIIBI, €JIey alapaTIibIChl,
OyHKepieyI, KOHBeiep MalluHKUC]
5. | beitopranukansik | 6,0 MI/M® 8,46 mMr/im’ 32 Onekrpra3deH JoHEKepIeyIi, )KOHIEYIi ce-
may (koke, ¢oc- capb, KpaH MAIlMHKCI, 3JICKTPOIIbI, apaja-
(hopur, Tumc) CTBIPFBILI ONIEPATOPHI
6. | Beitopramukansix | 1,0 mr/m’ 2,2 mr/m’ 32 DnexTpra3z0eH AoHeKepIiey i, KpaH MaIlInHUC
maH (KBapIIKT)

EnOex »xarnaiiiapbIH Tanaay HeTi3ri TEXHOJIOT USUIIBIK
MaMaH/IbIK KbI3METKEpIIEepiHe 11y, Aipi skoHe Oeropra-
HUKAaJIBIK [IaH JeHIeHIIepiHiH KOFapbUIaFraHbIH KOPCEeT-
Ti. EHOeK >kaFaitiapsl 3UsTHABI eHOCK JKaF JaliIapbIHbIH
3.1-3.2 xacTapbIHa COMKEC KEIIi.

Kampikran Oackapy IyJbTiHIH ONEpaTophl, HIMXTa
JTaMbIHAYIIBL, €JIeY alnapaTibichl, OyHKepeyIi, KOH-
Beifep MaIMHNCI, AIIeKTpra30eH JoHeKepIeyi, Ko H/ Ie-
yIIi ciecapb, KpaH MalIMHHUCI, SJIEKTPOALIBI XKIHE apa-
JACTBIPFBILI OINEPaTOphl MaMaHABIKTAPBIHA [IAHAAHY
JCHIeiiHIH JKOFapbUIaybl aHBIKTANIbI, aTan alTKaHIa
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OeflopraHuKalbIK 1aH (MuxTa), 6elopraHuKabIK aH
(koke, docdopur, rurnc) xoHe OelopraHUKaIbIK IIaH
(xBapuuT). ['uruenansik 6aranay HaTHXKeIepl OOWBIHIIA
eHOeK Karmaiiapbl kociou ToyekemmiH 3.2/3 mopexe-
CiHe coliKec KeJeTiH eneylli JeHrei1eri 3usHIbl eHOeK
KaFainapsl peTinae OaranaHabl.

Exinmi xocinopbi (Ne2) MuHepaijibl ThIHAWTKBI-
mrap eHaipyre Mamanaanrad. KocimopelHaarbl HEris3ri
TEXHOJIOTHSIJIBIK JKaO/bIKTapFa 3JeBaTop, BUOPOTPOXOT,
TI30CKTi yCaTKpII, OaFaibl YCATKbIII, OyIaHABIPY all-
naparsbl KOHE JNEKTPII Tajb xkaTapl. No2 kacimopsiHaa
JKBIT CalBIHFBI MEAMIIMHAIIBIK TEKCEpPYJIep KYPri3iim,
3USHIBI CHOCK JKarJaiiapblHIa KYMBIC ICTCHTIH KbI3-
MeTKepJIep eMIIK-NPOQUIAKTHKAIBIK TaMaKTaHyMEH
KaMTaMachl3 eTiIeal.

No2 kocimopslHAa MBICAT PETiHAE SKCTPAKIIUSIIBIK
¢docdop xkemKeusl (OPK) mexsr anbager. DK mexsr-
HBIH OHJIpIC 9iCi - AUTHUAPATTHI mporecc, o 90-95°C
TeMIleparypaja )oHe MyablIaHbIH CYHbIK (ha3achiHIarsl
P205 memmepi keminge 22% OonraH xarmanga xKy-
3ere achIpblIajbl. TeMiieparypaHbl ycran TYpy YLIiH
KOOIKTI peKUMIETI ayaMeH CaJKbIHAATY KOJIaHBLIBII,
HyJbIIaHbl 06y jXKoHe eHIMIIK (GochOp KbIIIKbUIBIH

ay Tacmanubl BaKyyM-cysrijepae kyprizinenmi. Llexra
KECCOH/JIbI COPFBI, KOPEKTEHAIPTilll COPFBI, YpJIeTill, Jie-
anspartop, rpeiidepii Kemipiai KpaH, KOHBEHep Tacmacel
KOHE DJIeKTpieOeKa CUSKTBI TEXHOJOTHSUIIBIK JKa0bl-
KTap KOJIAHBUIAAEL. Y KBIMIBIK KOPFAHBIC KypaiIaphl-
Ha JKEJIETKIN, COPFBI, COpBIN IIbIFapy Xyieci, ra3s
KOpaObl, ayaMeH CaKbIHIATy almaparhl )KOHE Tacallbl
BaKyyM-CY3Ti Kipei.

Kocinopeinia 2 kocinTik aypy jKaraadbl TipKeJi,
onapneiy iminne I carbinarel pocdop KochuIbICTAPHI-
MEH CO3bUIMAJIbl MHTOKCUKALUS, [TUIOPYCTHIH aTOHUS-
CBI, CO3BUIMAJIBI OYNBOWT, OT IIBIFApy JKOJAAPBIHBIH
JIMCKUHE3MSICHI JKoHEe Oacka Ja aypyaap 0acsiM OOJIbI.
CoHbIMEH Karap, TipeK-KUMBUI amraparbl aypyJapbl
(>kapbIK, apTpo3, apTPHT), KAK-OET KYHECIHIH apTpo-
3bl1, )Kypek-kanTambIp xyiieci OKKX), opransik xyiike
xyheci (OXKXK), OpoHxeKkIie %oHE HEeCE-)KbIHBIC Y-
eci aypynapbl OaiiKaisl.

2-kecteqie (UMKAIBIK (PaKTOPJIApAbIH KOPCETKII-
Tepi, oJap bIH MEKTI PYKCaT eTiJreH KOHIICHTpalysiia-
pst (Oyman opi - IIIPK), coHmaii-ak KbI3MeTKepepaeri
(mMamannpikTap Ootipiama) [IIPK-nan acaTeiH rurueHa-
JIBIK KOPCETKIIITEP YChIHBLIFAH.

2-kecte. Oupaipictik ¢pakTopaapabIH rUTMEeHATBIK cUNATTaAMAachl (N2 2 MUIOTTHIK KICIMOPHIH)

3usHabl pakTop- HIPK KepceTkimrep

Jap

EXC KacinTep

1. Hipin 116 nb 120 nb

3.1 OnekTp kaOIBIKTapbIH KOHICY JKOHIHAETI ara
1edep, AMEKTp KaOABIKTAPBIH KOH/CY HKIHE KbI3-
MET KOpCeTy XOHIHJETI clecapb-dIeKTPHK / Ke-

3€KIII CIIecapb-JIeKTPUK

80 nba 85,3-86,0 nba

3.2 Lex mebepi/ammaparypaiblK xKaOIbIKTapIbl )KOH-
ney miebepi, SHEPreTUK, INEKTP KaOIbIKTapbIH
JKOHJIeY JKOHiHferi ara miebep, CiHipy ammapart-
mbickl, Crecapb-KOHIEYII / Ke3eKIIi ciecapb-
JKOHJIEYITI, JEKTp ra30eH IoHeKepieyll, clie-
capb - MEKTP KaOABIKTAPBIH JKOHJIEY JKOHE KbI3-
MET KOpPCeTy >KOHIHJET] MEeKTPHK / Ke3eKIIi clie-
Capb-3JICKTP JKAOJBIKTAPBIH KOHJCY JKOHE KbI3-
MET KOpCETy XOHIHIETi SIEKTPUK, KYHAIpy arr-
MapaTiibIChl, Ka3aHJbIK MAIUHUCI, TYHIpIIiKTey
anmnapariubIChl, COPFbI KOHJIBIPFBUIAPBIHBIH Ma-
IIMHUCI, KpaH MamuHuci, KenTipy anmmaparmiibicel,
KaiiTa THETIIITEp/iH MAIIWHKCI, MITa0eNbACyI
MaIIHAJIAPIBIH MAIIMHUCI, IIUKI3aTThl TalbIH-
nay ’KoHe xKapThulail pabprkarTap MeH eHIMIEp/I
6ocary anmapariibiChl, 9KTi COHAIPY aNmapariibl-
CBI

3. | Oncis 6,0 mr/m’ 10,7 mr/m’
re’ai

nep (dpocdorurmc

¢bubpo-
a’po301b-

IaHb)

3.1 CiHipy anmaparibICb
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Ne | 3usinabl dakTop- HIPK Kepcerkimrep EXKC KacinTep
Jap

4. | Onciz  dubporen- | 6,0 mr/v’ 10,7 mr/m’ 3.1. OnekTpra30eH IoHEKepieyll, >KOHISYIIl cie-
i a’po3onbIep capb, KpaH MAallIMHUCI, JIEKTPOJIIIBI, apanacThl-
(amModoc maHbr) PFBILI OnepaTopsl

5. | ©nciz  pubporen- | 6,0 mr/m’ 0,02-27,6 mr/m’ 3.1 OHIIpiCTIK KOHE KBI3METTIK YH-)Kaiimapabl Ta3a-
ol a’po3oiblep JayIIbl
(ammModoc maHbr)

ExiHII MUIOTTHIK KOCIMOPBIHA, OipiHII KICIIOPHI-
HMEH CaJIBICTBIPFaH/a, Iy (hakTopbl MEH a’po30JbJIiK
JKYKTeMe OOMBIHINA aHAFYpIIBIM alKbIH JKOFapbliayiiap
OaliKanzpl, Oyl JKEKEJETeH >KYMBIC OpPBIHIAPBIHIAFbI
eHOeK JKarJaliIapbIHbIH KOFapbl KEPHEYJIUIIriH Kepce-
Teni.

Ne 2 kocinmopsIHAa 1Ty, Tipia skoHE aMci3 GudporeHmi
a’po30NbJep ACHTEHiHIH XOFapbUIaFraHbl AaHBIKTAJIIBL,
Oy 3.1-3.2 xmacTapbIHOAFEI 3USHABI eHOEK JKarqaiia-
pBIHA COKEC KEIIi.

2024 kb1 OOWBIHIIA YyaKbITIIA EHOEKKE Kapam-
CBI3ZIBIK TIapaKTapbIHA Tajiay KYprizingi. bapmnsirs 611
yaKpITIIIA CHOCKKE KapaMChI3/IbIK Iaparbl, OHBIH iIIiHIC
TYPMBICTBIK JKapakaTTaHynblH 46 jKaraaibl TajalaH[Ibl.
Kpi3metkepiiepin sxaimbl canbl 151 amamabl Kypajisl,
OHBIH INIH/E THKIPUOEITIK TONTA — KYMBICIIBI MaMaH-
JBIKTapbIHBIH 129 KbI3MeTKepi, an 0aKpuiay TOOBIHAA —
22 MHKCHEPIiK-TeXHUKAIBIK KbiameTkep (U TK) 6omsr.

3-kecre. Ne 5 nex KpI3MeTKepJ/IepiHiH yaKbITIIA eHOeKKe KAPAMChI3AbIK APAKTAPbIHA TAJ1ay

Ton Kaaner | Aypy- Ka- Koraprbl | Cen-| Kypek- | Acka- | 39p Tipek- | Tepi Annep- | Backa
araybl caHbl J1ap pakar- | ThIHBIC cop- | kaHTa- | 3aH- IbI- KH- aypy- | rus- aypy-
Tap ally KoJI- | JIBIK | MBbIp ilmex | Fapy MBI Japbl | JbIK ay- | Jap
JAapbl- ay- aypyaa- | :koasl | :kyid- | amma- pyiap
HBIH  ay- | py- psI aypy- | ecinin | paTbl
pyJ1apbI J1ap Japel | aypy- | aypy-
Japbl | Japsl
HTK 49 10 1 4 0 1 1 0 2 1 0
Ky- 405 205 21 108 1 11 11 4 33 4 12
MBIC-
mIblIap
Bapisi- 454 215 22 112 1 12 12 4 35 5 12
FBI
RR* 2,5 3,27 1,33 1,33 2,00
EF**% 60,64 69,39% 23,10% |23,10% 49,91%

VYakpITIa eHOSKKe JKapaMChI3/IbIK apaKTapblH Tall-
Jlay HOTHOKeJepi OOMBIHIIIA )KYMBICIIBI MAMaHABIKTaPhI-
HBIH KBI3METKEpJiepi KOCIOM TOYCKeNIiH OpTYpil JieH-
refnepine YIIbIpalThIHBI aHBIKTAABL. TipKenreH aypy-
JIap KYpbUIBIMBIHJIA TiPEK-KUMBLI alapaTsl aypyiapbl
(41,2%) MeH >xOFapFbl THIHBIC ally XOJIAPBIHBIH aypy-
napsl (31,1%) 6aceim Gopl.

OHIIPICTIK JKapaKaTTaHYIBIH JKOFapbl Tapalysbl
(60,64%) Herisri TEXHOJOTHAIBIK MaMaHIBIK KbI3MET-
KepJiepi apachlH/a aHbIKTAJIBI ( 3-KecTe).

OcpUnaiiia, aNblHFAaH MOTIMETTep CHOCK JKarmaii-
JapBIHBIH KBI3METKEpIIep JAeHCaylbIFblHA, acipece ac
KOPBITY JKYHeCciHe KONalCBI3 acep €TETiHiH KepceTeni,
Oyt perTe ocep eTy ACHTeli opraria JopeKere KaTKbl-
3BUIABI.

D®OK 1exbIHIaFel METUIMHATBIK-(DYHKITHOHAIBIK
Oaranay nepekrepi. 3eprreyre 6apibiFsl 221 agam Kam-

TBULABI, ONapAablH 197-ci Toxipubenik Tomnta, an 24-i
0akpuIay TOOBIHIA OOJBI (4-KeCTe).

Exi NmHIOTTBIK KoCIMOpPBIHAAFBI €HOEK >Kariaiiia-
pBIHA JKYPTi3UIreH TWTHEHANBIK Oarayiay HOTIDKENepi
HETi3r TEXHOJOTHSUIBIK MaMaHJBIK KbI3METKepIiepiHe
OHJIIPICTIK OPTaHBIH (UNKAIBIK >XKOHE a’dPO30JIbIiK
(haKTOpIAPBIHBIH KOJIAHCHI3 dcep eTeTiHiH KopceTTi. Nel
KOCIMTOPBIHAA HETI3r TEXHOJOTHSUIBIK MaMaHBIK KbI3-
MeTkepiepinae 1y aexreiinig (80,2-87,4 nbA) xoHe
nipinaig (119 nbA peiiin) orapbliaybl aHBIKTAJIbI,
Oyl opTaia Jopekeaeri 3UsHIbl eHOCK JKaraaiiaphl-
Ha (3.1-Kyacc) JkoHe KociOM ToyeKeliH 2-Iopexecine
coiikec keineni. CoHbIMEH Karap, Oipkarap MamaH-
JbIKTapa OefopraHuKamiblK IIAaHHBIH (LIMXTa, KOKC,
¢dochopur, rurc, KBapKT) KOHIIEHTPALMICHIHBIH )KOFa-
pbUIAYbl AHBIKTAJIBIN, OJ eNEeyJ JOpeKeJeri 3HsH/BI
eHOeKk JkarmainapeiHa (3.2-K1acc) KoHEe KociOu Toye-
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KenIiH 3-gapexecine caiikec kenmai. No2 kacimopbeiHAa
JKOHJICY-TIaiilalaHy KOHE TEXHOJOTHSUIBIK OcHiHmeri
KBI3METKepliepae nipin aeHrediniy 120 nb-re neitin
XoHe 11y JeHreiiniH 85,3-86,0 nbA neitin xorapbuiaysl
aHBIKTANBL. [ MTHEeHANBIK Oaranay HOTIKEIepi OOMBIH-
ma Oyn eHOek >karmaiyapbl KociOum ToyekenmiH 2-3
JIOpeKeCIMEH CUIaTTaNaThiH 3.1-3.2 KiIacTaFbl 3USHIIBI
eH0eK jkarjaiinapbiHa KaTKe3bu1Abl. COHBIMEH Karap,

abcopOuusl anmapaTiibUIapbl, 3IeKTPrazoeH AoHeKep-
JeymIinep, XKeHAeyIli ciaecapbiap, KpaH MalllHHACTEPI
XKoHe 0Oacka Ja KbeI3MeTKepiepne ouici3 ¢uoOporeHai
a’pO30JIbJIEPAIH, COHBIH imiHAe (ocdorumnc mneH am-
MOGOC MIAaHBIHBIH KOHICHTPALUICHIHBIH JKOFapbUIAY bl
AHBIKTAJIIBL.

4-kecre. IDK 1exbl KbI3MeTKePJIEePiHiH YaKbITIIA eHOEKKE KAPAMChI3IbIK MapaKTAPBIH TaJAay

Tonrap Aypy- Typ- Korap- | Cen- Ky- | Acka-| 3op Tipek- | Tepi Au- Onko- Backa
Jap MBbIC- FbI TBI- | cOp- pek- | 3aH- | mbIFa- KH- aypy- | jgepru- | Jorusi- aypy-

TBIK HBIC JIBIK KaH- | imek | py :xyii- | MbL1 Japbl | SUIBIK JBIK ay- | Jap

Ka- iy aypy- | Ta- KO- ecinin anmna- aypy- pyaap

pakar- | :koiga- | Jap MBbIp | JBI aypyJja- | parbl J1ap

Tap PBIHBIH ay- ay- pbI aypy-

aypyJa- py- py- J1apbl
pbI Ja- J1a-
pbl pbl

Kymsic- 24 6 0 4 0 0 0 0 1 1 0 0
LIbUIap
Bapisirst 197 169 12 89 1 4 13 5 23 2 1 1
RR* 221 175 12 93 1 4 13 5 24 3 1 1
EF**% 2,7 2,8
Enbek 63,00% 64,30%
JKaFgan-
JIapbIMEeH
OailmaHbl-
CBI
Kymeic- JKOFa- JKOFa-
IIbIIap pBI pBI

[THUIOTTHIK KOCIMOPBIH KBI3METKEPJICPIHE KYPri3iji-
TeH MEAMIMHAIBIK-(QYHKIHOHAIIBIK Oaranay HOTHXKe-
JIepi OHMIPICTIK OpTa MEH €HOEK MPOIICCIHIH 3USHIBI
(hakTOpIaphIHBIH OCEPIMEH OaiIaHBICTBI OHIPICTIK-
TOyel1i ACHCayIIbIK OY3bUIBICTAPBIHBIH 0ap eKeHiH Kop-
certi. Nol MMIOTTBHIK KOCINOPBIH/A aHBIKTAIFaH Iaro-
JIOTHSI KYPBUIBIMBIH/IA TipEK-KUMBUI ammaparsl aypylia-
pl (41,2%) xoHE KOFapFBI THIHBIC ATy >KOJIJapbIHBIH
aypymapsl (31,1%) OaceiM Oonasl. JKoFaprbl THIHBIC
aJTy JKOJIIAPBIHBIH aypyJaphbl KOOIHEeCe HEeTi3ri TEXHOJIO-
THSIIBIK KQHE JKOHJIEY-TaliiaiaHy MaMaHAbIKTapbIHbIH
KbI3METKepIIepiHe TipKei. AHBIKTAIFaH CaJIbICTHIP-
Mautel Tayeken kepcetkimi (RR=1,5) konaiick3 paxrop-
JIAPJIBIH Y3aK dcep eTyl )KaFIalbIHIa OH I PICTIK-TOYeI Il
TIATOJIOTUSIHBIH KAaJbIITacy BIKTUMAJIBIFBIH KOpCeTe-
ni. EF=31,11% anbIkTanrad Oy3bUIBICTapABIH OpTaIia
K9Ci0M MapTTHUIBIFBIH KOPCETEI].

Ne2 muNOTTHIK KOCIMOPBIH/IA TiPEK-KUMBLI aIllapaThl
aypy/apbl HET131HEH HEri3T1 TEXHOIOTHSITBIK MaMaHIbIK
KbI3MeTKepiepi apaceinia 6acsiv 6onasl. RR (2,7) sxone
EF (63,0%) xepceTkilTepiHiH *OFapbl MOHAEPI Maro-
JIOTHSIHBIH, aWKbIH KOCIOM INAPTTBUIBIFBIH KOpCeTeN.

DTHONOTHSIIBIK YJiecTiH oFapbl 0oiysl (EF=63,0%)
eHOeK jKarjaiiapbl MEH TipeK-KUMBUI aInaparsl aypy-
JIApBIHBIH AaMybl apachIHAAFbl MaHBI3/IbI ceOen-canaap-
JIBIK OaliyIaHBICTHI pacTaifbl.

MenunHansIK-QyHKINOHAIIBIK Oaranay HOTIDKe-
JIepi HEeT13T1 TEXHOJIOTHSAIIBIK MAMaH IBIK KbI3METKepIIepi
apachlHIa OHIIPICTIK-TOYeNi NeHCayNbIK Oy3BIIBICTA-
PBIHBIH JKOFaphl TapalyblH KOpCeTTi. AHBIKTaJIFaH
MATONIOTHS.  KYPBUIBIMBIH/A OHIIPICTIK Kapakarrap
(60,64%) GaceiM Oomnmbl XKoHE oiap KeOiHece HeTisri
TEXHOJIOTHSUTBIK MaMaHIBIK KbI3METKepJepi apacklHOa
TipKemai. AJBIHFAaH MOJIIMETTEP HET13T1 TEXHOIOTHSUTBIK
MaMaHJIBIK KBI3METKEpJepi apachlHIa OHIIPICTIK »Ka-
pakarTaHy JACHICHiHIH JKOFaphl CKCHIH KOPCETE .

Tipek-KUMBIT anmaparsl aypyiapbl HETi3iHCH HeTi3-
Tl TEXHOJOTHSIIBIK MaMaH/IBIK KbI3METKEpIIepiHAe aHbI-
kranabl. RR=2,0 sxone EF=49,91% MmoHzaepi AeHCayIbIK
Oy3bUTBICTApEl MEH €HOEK KaFmaiimapbl apachIHAArbI
MaHBI3IBI OaMIaHBICTH KOPCETEM1. DTHOJOTHSITBIK YIIeC
(EF=49,91%) aypynapnsIH opTamia K9CiOM OIapTTBUIBI-
FBIH pacTaiiipl, OYJ1 OHAIPICTIK ocep eTy (aKkTopIapbH
aHBIKTAy JKOHE a3alTy KaXKETTUIITiH KepceTei.
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JKypek-kaHTambIp Kyleci aypynapbl HEri3ri TeXHO-
JIOTHSUIBIK JKOHE JKOHJCy-NalaaaaHy MaMaHIBIKTaphl-
HBIH KbI3MeTKepiepinnae Tipkenai. JKypek-kaHtambIp
aypynaps! ymiH RR (1,33) sxone EF (23,10%) kepcet-
KIIITEpiHiH TOMEH MOHJEP] aHBIKTaIIbI.

Herisri TeXHONOTWSIBIK MaMaHABIK KbI3METKEp-
JIepiHJie TIPEK-KUMBLI alllapathl aypyliapbl Kaciou Toye-
KeIiH oTe )orapsl AeHreitimeH (RR=2,7) sxoHe xorapsl
STHONOTHSUIBIK 1IapTThuibikiieH (EF=63,0%) cunarrai-
IibI, OYJ1 eHOEK JKaFIaiapbIHbIH MaTOJOTUSHBIH 1aMybl-
Ha JIQNENJICHI€H 9CEePiH )KOHE JICHCAYIBIKTHIH TYPaKThI
Oy3bUIBICTAphl MEH MYTEJEKTIKKE OKEJIETIH JKaFaannap-
JIbIH KaJIBINTAcy KayIiH KepceTei.

ATBIHFaH HOTIDKENEp Kasipri 3aMaHfBl 3epTTEyiIep
JepeKTepiMeH ColKec Kelleli XKoHe OHICYII OHePKACIIT
KBI3METKEPIIEpiHe OHIIPICTIK-TOyeN Il aypyaapAbIH qa-
MyBIH/A Iy, AIipiT JKOHE OHIPICTIK a’po30ibIepHiH
OipiKTipiiTeH ocepiHiH MAaHBIIABl POJIH KepceTei.
Ne2 xocimopsIHIaFel KoCiOM ToyeKedT KOpPCeTKIMTepiHiH
JKOFapBl OOTYBI a3PO30JIBAIK KYKTEMEHIH JKOFaphl JIeH-
TeiMeH XKoHE TEXHOJIOTUSIIBIK MPOIECTIH €peKIIeiK-
TepiMeH OaiIaHBICTBI O0IYBI MYMKIH.

KopsiTeinasl. Kemenai rurueHansK 5KoHe MEIUIH-
HAJIBIK-(PYHKIIMOHAIIBIK OaFanay HOTIKeNepi OHIeYII
OHEPKACIINT KOCIMOPHIHAAPHIHBIH KbI3METKEpIIepl JTeHCa-
VIABIKKA €JIeyii KociOn Toyekenaep KalbITacThIPaThH
3USAHIBl OHIIPICTIK (akTopiap KeIIeHIHIH ocepiHe
YIIBIPANTHIHBIH KOPCETTi. 3epTTeNTreH KCIimophIHaapaa
HET13T1 TEXHOJIOTHSUIIBIK MaMaH/IBIK KBI3METKepIIepiHe
1Ty, Oipin, OeflopraHuKabIK MIaH XKoHE dJCi3 puoOporeH-
Ii a’po30JbAep NCHIeHiHIH JKOFaphlIaybl aHBIKTAJAbL.
Enbex xarmaiimapsr 3.1-3.2 ximactarbl 3USHIB €HOEK
JKaFgaiIapelHa COMKeC Kemmi, OyJ1 KociOM ToyeKenmiH
opTaIa XoHe KOFaphl ICHIeIIepiH CUITaTTal bl

MemunuHaTBIK-(pYHKITHOHATBIK Oaraay OH-
TUPICTIK-TOYEIAl JIeHCAYNBIK OY3bUIBICTAPBIHBIH JKOFa-
pBl TapalyblH aHBIKTA[bl, ONAPABIH IIIIHAE TipeK-
KUMBUT alaparbl aypyjaapbl, JKOFAPFBl TBHIHBIC aly
JKOJIAPBIHBIH  aypyJiapbl JKOHE OHJIPICTIK JKapakar-
TaHy JKEeTeKIli OpbiH amabl. CalbICTRIPMANBl TOye-

kennig (RR=2,0-5,0) koHe STHOJOTHSAIBIK YICCTIH

(EF=49,9-80,0%) sxofrapbl KepceTKilTepi eHIIpicTIK
OpTaHBIH 3HSH/BI (haKTOPIApBIHBIH dcepi MEH Tipek-
KHMMBLUI JKoHE THIHBIC aJly XKYiesepi maToIorustapbIHbIH
JlaMybl apachlHIarbl alKbIH ceOer-canuapiblk Oaitna-
HBICTBI pacTaiibl. EH >KoFapbl KociOM Toyeken y3ak
YaKbIT OOMBI 11Ty, AIpiJl )KSHE OHIIPICTIK a9PO30JIbAEPIIH
ocepiHe YIIBIPANTHIH KbI3METKEpJep apachlHIa aHbl-
KTaJIbl.

OHIIPICTIK KapaKaTTaHYIbIH JKOFapbl Tapalysbl
(60,64%) eHOex karaaiIapbIHBIH KOJAWCHI3IBIFEI MEH
TEXHOJIOTHSIIBIK MPOIECTIH EPeKIIeTiKTepi KbI3METKep-
JIepliH JACHCaylbIK JKarJaiblHa €JIeyli acep eTeTiHIH
ne kepceteni. JKypek-KaHtaMblp aypyJaapblHa KaTbICThI
KOCIOM MIAPTTHUIBIKTHIH TOMCHIPEK JCHICHi aHBIKTaJ-
IIbl, OYJ1 opi Kapail JMHAMUKAJIBIK OaKpLIay >KYPri3yai
JKOHE OHAIPICTIK (pakTOpIapAbIH 9CEPiH TEPEHIPEK 3ePT-
TEey/l Tanarn eTei.

ATBIHFaH HOTIDKENEP XUMIS OHEPKaCciOi KocimophIH-
JapbIHJA KociOH Toyekenaepai 6ackapy KyHeciH KeTi-
Iipy KaXKETTUIIT1H pacTalipl, OHBIH IITiHAE TEXHOJIOTH-
SUTBIK TPOIIECTEP/Il YKAHFBIPTY, Iy, IP1JI )KOHE MaHIaHy
JEHTCHIH TOMEHIETY, JKEIICTY XKYHeIepiHiH THIMILTI-
TiH apTThIPY, KEKEe KOPFaHbIC KYPaJJapblH KXETUIIIPY
JKOHE KbI3METKepJiepre TYPaKThl MEIMIIMHAIBIK MOHU-
TOPHHT XKYprizy Kaxer. OChbl ic-11apanapibl iCKe acbIpy
OHJIIPICTIK-TOyEeJ I MATOJOTHsIIAp MEH OHMIPICTIK Ka-
pakarTaHy IeHreiiH TOMEHIETYTe XKoHe KbI3MEeTKepIep-
JIiH CHOCK 9JICyeTiH caKTayFa MyMKIiHJIIK Oepei.

Kaporcvinanowvipy. Maxanaoa «Kazaxcmarn Pecny6-
auxacvl Enbex owcane Xxanvigmol aneymemmix Kopeay
munucmpnieiniy Enbexmi Kopeay swconinoeei pecnyonu-
Kanvix evinvimu-3epmmey uncmumymoly LLDKK PMK-
HblY QbLILIMU - 3epmmey HCYMblcmapuvl basdapia-
MANBIK - HbICAHANbI KAPXHCHIIAHOBIPY uenbepinoe «Ex-
bex J#az0alliapel HcaHe KICINMIK mayexenoep: «xica-
CbLL IKOHOMUKALAY KOwly uienbepinoe monmacmeipy-
ObIH JICIKMENYI, CAHAmmapbl MEH OIUEMUAPTNMAPLLY »
(KTH BR22182667) maxvipvin 00UbIHWA SbLILLMU-
MEeXHUKANbIK 6ae0apiamanbl icke acvlpy 06apulcblHOA
QNIBIHRAH 2bLILIMU 3epmmeynepoiy Hamuoicenepi YCbltbl-
JIEaH.
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JUSTIFICATION OF THE INTEGRATED SUPPORT SCHEME FOR
THE PORTAL OF AN INCLINED RAMP UNDER A COMBINED OPEN-
PIT MINING SYSTEM

R.A. Mussin'®, Zh.T. Dauletzhanova®"™, N.M. Zamaliyev'", N.E. Issina'

! Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan
? K. Kulazhanov Kazakh University of Technology and Business, Astana, Kazakhstan
¥ Corresponding author: kaliyeva_zhanna@mail.ru

The article addresses the issues of improving the stability of the portal and the initial section of an inclined
ramp constructed during the transition of an open pit to a combined mining system. It is in this zone that the
effects of rock mass unloading, roof and sidewall instability, water inflow, as well as additional dynamic impacts
caused by drilling-and-blasting operations and the movement of mine transport occur simultaneously. The aim
of the study was to substantiate an integrated support scheme that ensures the early formation of a load-bearing
rock mass contour, reduces deformations in the near-contour zone, and preserves technological compatibility with
both drilling-and-blasting and mechanized excavation methods. The study was carried out on the basis of field
observations, laboratory testing of concrete and injection materials, instrumental monitoring of deformations,
and numerical modeling in the FLAC3D software environment. The proposed scheme includes the sequential
application of a primary shotcrete layer, installation of advance inclined rock bolts along the excavation direction,
arrangement of a staggered grid of injection anchors, concreting of a section at least 20 m long, and primary and
control grouting after the concrete reaches 75% of its design strength. It was established that the application of this
scheme ensures a 2.3-fold reduction in water inflow, a 1.8-fold decrease in roof deformations compared with the
control section, and a reduction in the maximum calculated displacements from 42 to 12 mm when rock bolting
and injection reinforcement are used jointly. The obtained results confirm the feasibility of applying a combined
support system in unstable host rocks and make it possible to recommend it for practical implementation in the
construction of inclined ramp portals.

Keywords: inclined ramp, portal, combined mining system, advance rock bolting, shotcrete, injection anchors,
excavation stability, numerical modeling.

KAPBEPII KYPAMJACTBIPBLLIFAH UTEPY )KYHECI )KAFJJANBIHAA KOJBEY ChE3]
MOPTAJIbIH BEKITY/IIH KEIIEH/I CYJIBACBIH HETI3JIEY

P.A. Mycnn‘, K.T. ﬂaynemcanonam, H.M. 3aMaJmeB', H.E. Wicuna'

! O6inkac Cazbinos amvindasol Kapazanovr mexnukanvix ynusepcumemi, Kapasanows, Kazaxcman
2 K. Kynascanos amvinoazel Kasax mexnonoaus scone busnec ynugepcumemi, Acmana, Kazaxcman
™ e-mail: kaliveva_zhanna@mail.ru

Makasaja Kapsep/IiH KypaMIacThIPBUIFAH HTEPY KYHECIHE KOIITyl Ke31He CalbIHATHIH KOJIOCY ChEe3IiH MTOPTAIIbI
MeH 0acTarnKbl Y9acKeCiHIH OPHBIKTBUIBIFBIH apTTHIPY MOCeNeepi KapacThIpbUIFaH. Jom ochl aiiMakTa MacCHUBTIH
0ocaybIHBIH ocepi, Te0e MEH OOPTTapblH OPHBIKCHI3NBIFBI, CYJIaHy, COHAal-aK OypFrbUTaN-Kapy >KYMBICTApHI
MEH TEXHOJIOTUSITBIK KOJIKTIH KO3FaIBICEIHA 0aiIaHBICTHI KOCHIMIIIA TUHAMUKAIBIK ocepiiep Oip Me3rinie Oaika-
nanel. 3epTTeyIiH MaKcaThl MACCHBTIH KOTEPTIII KOHTYPBIH epTe KAJBIITACTHIPYIbI, KOHTYP MaHbI allMaFbIH/IAFbI
JnedopManusUIapasl a3aiTynbl XKoHe OypFbUIAN->Kapy, COHAal-aK MEXaHUKAIAHABIPBUIFAaH 6Ty JKYMBICTaphIMCH
TEXHOJOTHSUIBIK YIIISCIMIUTIKTI CaKTaydbl KaMTaMmachl3 CTETiH KelleHHAi OeKiTy cyiI0achlH Herizaey OOoIbl.
3epTTey mamanslk Oakbuiayiaap, 06TOH MEeH MHBEKIUSUIBIK KypaMIapabl 3epTXaHABIK ChIHAY, Ne(hOopMaUsIIap bl
acmanThsIK Oakpitay koHe FLAC3D OarmapiaMaibIK OpTachlHIA CaHABIK MOJAETBICY HETi3iHAe OpBIHIANIBL. ¥ ChI-
HBUTFaH cyI10ara aiFaikbl HaOpHI3T-0eTOH KabaThIH Ke3eH-Ke3eHIMEH JKary, Ka30a OOMBIMEH ajFa O3bIPBUIFaH
Kesbey aHKepIIeplli OpHATY, MHBEKIUIIBIK aHKePIIePIiH MIaXMaTTHIK TOPHIH MOHTaXKIAy, Y3BIHIBIFE kKeMinae 20
M y4YackeHi OeTOHMay jkoHe OeTOH kKo0abIK OepiKTIiriHiH 75 %-bIHa )KETKCHHEH KeiliH OacTanKpl XKoHe OaKplIay
HAaTHETaHMECIH XKYPri3y Kipemi. AtanFaH cyJi0aHbI KONIAHY CY aFbIHBIH 2,3 ece a3aiTynpl, 0aKpliay yIacKeCiMeH
caNbICTEIpFaHaa Tebe nedopManusuiapsiH 1,8 ece TOMEHACTY/I JKOHE aHKepIIey MEH HHBEKIMSUTBIK OekiTymi Oip-
JIeCin KOJTaHFaH Ke3/I€ €CeNTIiK €H YIKeH OPBIH aybICTRIpYIapasl 42-meH 12 MM-Te eiiiH KbICKapTyIbl KAMTaMachI3
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€TETIHI aHBIKTAN/BI. AJIBIHFAH HOTHIKENIEP OPHBIKCHI3 JKaHACYILBI XKbIHBICTApAA OCKITYNiH KypaMmIacThIPbIIFaH
JKYHECIH KOJIaHy/IbIH OPBIH/IBUIBIFBIH PacTai bl JKoHE OHBI KOJIOEY Che3]l MOpTANIIaphIH cally Ke3iHae TaxKipuodene
€HTI3yre YChIHyFa MYMKIHIIK Oepe/i.

Tyilin ce3nep: xenbey che3nm, MOPTaj, KYpaMIACTHIPBUIFAH UTepy KYHeci, O3IBIPBUIFaH aHKepIey, HaOphI3r-
0€TOH, HHBEKIMSUIBIK aHKepIiep, Ka30aaapIblH OPHBIKTBUIBIFbI, CAHIIBIK MOJIENIBCY.

OBOCHOBAHME KOMILJIEKCHOM CXEMBbI KPEIUIEHUS IIOPTAJIA HAKJIOHHOI'O
CBE3JIA TP KOMBUHUPOBAHHOM CUCTEME PA3BPABOTKH KAPBEPA

P.A. Mycnnl, K.T. I[ayneTmaﬂonam, H.M. SaMaJmeBI, H.E. Ucuna'

! Kapazanounckuii mexnuvecxuii ynusepcumem umenu Abvinkaca Cazunosa, Kapacanda, Kazaxcman
? Kasaxcruii ynusepcumem mexunonozuu u 6usneca um. K.Kynascanosa Acmana, Kasaxcman
¥ e-mail: kaliyeva_zhanna@mail.ru

B crarbe paccMOTpeHBI BONPOCH! MOBBILIEHUS YCTOWYMBOCTH MOpTaja U HAyaJlbHOIO y4yacTKa HaKJIIOHHOIO
Che3/1a, COOPYIKAEMOTO IPHU Mepexo/ie Kaphepa K KOMOMHUPOBAHHOH cucTeMe pa3paboTku. IMEHHO B 3TOi 30HE
OTHOBPEMEHHO TPOSBIIIOTCS BIMSHUE Pa3rpy3KH MacCHBa, HEYCTOHYHMBOCTH KPOBIM M OOpPTOB, OOBOIHEHHE,
a TaKKe JIOTONHUTEIbHBIC THHAMUYCCKUE BO3ACUCTBHS, 00yCIOBICHHBIE OYPOB3PHIBHEIMA Pa0OTaMH U JBHIKE-
HHEM TEXHOJIOTHYECKOTO TpaHcmopTa. Llenp nccienoBanms 3akiodanack B 000CHOBAHUN KOMIUIEKCHON CXEMBI
KperieHusl, obecrieunBaronieil paHHee (OPMUPOBAHHE HECYIIEro KOHTypa MacCcHBa, CHIDKeHHE aedopmaruit
MIPUKOHTYPHOH 30HBI U COXPaHEHUE TEXHOIOTHIECKOW COBMECTUMOCTH KakK ¢ OypOB3PBHIBHOW, TaK U C MEXaHHU3H-
POBaHHOH MPOXOAKOH. MccnenoBanue BEITOIHEHO Ha OCHOBE MOJIEBBIX HaOmMroneHni, 1a00paTOPHBIX HCITBITAHIH
0eToHa M HHBEKIIMOHHBIX COCTAaBOB, MHCTPYMEHTAIBHOTO KOHTPOJIA AehopManuii M YUCICHHOTO MOICITUPOBAHUS
B mporpammuoit cperae FLAC3D. Ipennaraemas cxema BKIIIOYAET MOCIIEIOBATEIPHOEC HAHECCHHE TIEPBHYHOTO
ciost HaOpBI3r-0eTOHA, YCTAHOBKY OIEPEKAIOIINX HAKIIOHHBIX aHKEPOB 110 XOAy BHIPAOOTKH, MOHTaX [TaXMaTHON
CeTKH WHBEKIIMOHHBIX aHKEPOB, OETOHHPOBAaHUE ydacTKa JUIMHON He MeHee 20 M M MpOoBeleHHE MEPBUYHOTO U
KOHTPOJIBHOTO HArHETAaHUS MOCJE JOCTIDKEHHS 0eTOHOM 75 % TPOEKTHOM MPOYHOCTH. YCTaHOBICHO, YTO TIPHUMe-
HEHHE JaHHOW CXeMBI 00eclieunBaeT CHIDKEHHE BOIOIIPUTOKA B 2,3 pa3a, yMEHbIIeHHE nedopMannii KpoBIx B
1,8 paza mo cpaBHEHHMIO C KOHTPOJBHBIM YYacTKOM M COKpAIlleHUE MAKCHUMAaJIbHBIX PACYETHBIX CMEIIeHUH ¢ 42
110 12 MM IIpy COBMECTHOM HCIIOJIb30BAaHUY aHKEPOBKU M MHBEKITMOHHOTO YKpeTuieHus. [lonydeHHble pe3yabTaThl
MOATBEPKIAIOT 1EJICCO00Pa3HOCTh MPUMEHEHUSI KOMOMHUPOBAHHON CUCTEMbI KPEIJICHUS B HEYCTOMYHBBIX BME-
LIAIOLIUX MMOPOAAX U MO3BOJIAIOT PEKOMEHIOBAThL €€ Il MIPAKTUYECKOTO BHEAPEHHUS IIPU COOPYKEHUH MTOPTAJIOB
HAaKJIOHHBIX CHE3/0B.

KaroueBble ci10Ba: HAKIOHHBIA CHhE3/, MOPTaJI, KOMOMHIPOBAHHAS CUCTEMA Pa3pabOTKH, ONEPEKAIONIast aHKe-
POBKa, HAOPBI3T-0ETOH, MHBEKIIMOHHBIE aHKEPBI, YCTOWYNBOCTh BHIPAOOTOK, YUCIEHHOE MOJECIHPOBaHHE.

Introduction. The transition from open-pit mining
to a combined deposit development system requires
particular attention to the condition of the inclined
ramp portal. In this zone, the most unfavorable factors
are concentrated over a short distance: changes in the
stress state of the rock mass due to excavation, the
presence of fractured and weakened zones, the impact
of atmospheric and groundwater, as well as variable
loads from excavation equipment and transport vehicles.
Under insufficient support stiffness, the portal becomes
a high-risk area where roof collapses, sidewall failures,
and floor destruction are most likely [1].

Analysis of existing solutions shows that traditional
massive lining systems (segmental or tubbing linings)
provide high reliability; however, they are characterized
by high cost, labor-intensive installation, and limited
adaptability to the rectangular cross-section of ramps
[2]. Systems based on early shotcrete application and

rock bolting are more flexible and widely used in
tunneling and underground excavation practice, [3, 4],
but under conditions of high fracturing and water
inflow, they do not always prevent local failures without
advance face reinforcement.

Modern concepts emphasize the importance of early
stabilization of the near-contour zone and the formation
of a load-bearing rock-support system [5, 6]. For
excavations in unstable rocks, the effectiveness of
combined support systems—integrating rock bolting,
been
substantiated [7, 8]. However, the issue of technological

shotcrete, and injection strengthening—has
coordination of all support elements specifically for
inclined ramp portals in the transition zone from open-
pit to underground mining remains insufficiently studied
[9, 10].

The research object is the portal and the initial

section of a rectangular inclined ramp constructed in
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alternating sandstones, siltstones, and argillites with
varying degrees of weathering, fracturing, and water
saturation. The subject of the study is the stability
evolution of the near-contour zone under sequential
application of shotcrete, advance rock bolting, injection
reinforcement, and monolithic concreting.

The aim of the study is to
comprehensive support scheme for the inclined ramp

substantiate a

portal under a combined mining system. The hypothesis
is that a staged combination of inclined advance bolts,
a staggered injection bolting system, and controlled
concreting over a length of at least 20 m reduces
deformation, improves rock mass stability, and ensures
technological reliability of the portal.

The scientific novelty of the study lies not in
the isolated use of shotcrete, rock bolts, grouting,
or monolithic concrete, which are established support
measures, but in their engineering integration into a
staged support sequence specifically for the transition
zone of an inclined ramp portal. The proposed
sequence links advance inclined bolting, a staggered
injection-bolt grid, and subsequent concreting to a
measurable technological criterion—achievement of at
least 75% of the design concrete strength before
control grouting. In contrast to conventional solutions
in which individual support elements are designed and
installed largely independently, the proposed approach
coordinates the time of support engagement with the
development of near-contour deformation and water
inflow while preserving the rectangular ramp geometry
and compatibility with drill-and-blast excavation. The
study therefore evaluates the combined effect of the
support sequence rather than presenting any of its
individual elements as a new support technology.

Materials and Methods. The study was conducted
for the portal and the initial 20 m section of the
inclined ramp. The geological environment consists of
interbedded sandstones, siltstones, and argillites. The
near-contour zone contains one to three fracture sets,
often subparallel to bedding, as well as local softened
and water-bearing zones [5, 6].

The methodology included field,
instrumental, and numerical investigations.

laboratory,

The experimental program was organized as a
comparative engineering assessment of the control
and reinforced portal sections. Field observations,
laboratory strength testing, instrumental deformation
monitoring, and numerical calculations were treated as
mutually independent evidence streams. Because the
available field dataset contains aggregated monitoring
values rather than a complete set of raw replicate

measurements for every observation point, the article
does not infer sample sizes, standard deviations,
or confidence intervals that cannot be reconstructed
from the source records. Statistical interpretation is
therefore limited to the reported comparative indicators,
model-field deviation, coefficient of determination,
and sensitivity analysis; this limitation is explicitly
considered when interpreting the results.

Field observations recorded fracturing intensity,
water inflow, and deformation behavior of the roof and
sidewalls. Ground-penetrating radar (GPR) “OKO-3”
(400 MHz antenna) was used to identify weakened and
water-saturated zones. Deformations were monitored
using strain gauges and inclinometers with an accuracy
of +107°. Seismoacoustic monitoring (RIPAS system)
was applied to assess stress redistribution.

Laboratory determined the  strength
characteristics of shotcrete and injection materials.
Specimens (150x150x150 mm) were tested according
to GOST 10180-2012 using a hydraulic press (capacity
2000 kN). Strength gain was described by the
exponential relationship:

o(t) =028(1— e )

tests

A critical threshold of 75% design strength was
adopted as the criterion for safe transition to control
grouting. [3, 4].

The engineering support scheme consisted of several
sequential operations. Immediately after excavation of
the contour, a primary layer of shotcrete with a thickness
of 5-7 cm was applied. Subsequently, advance inclined
rock bolts with a length of 3.0-3.5 m were installed
along the excavation at an angle of 10-15° to the ramp
axis, with a spacing of 1.2—1.5 m. This was followed by
the installation of a staggered grid of injection bolts with
aspacing of 1.5 X 1.5 m and an injection pressure of 0.3—
0.5 MPa. The next stage involved concreting of the roof,
sidewalls, and floor over a section with a length of at
least 20 m. After the concrete reached 75% of its design
strength, primary and control grouting were performed
to further consolidate the near-contour zone and reduce
the filtration permeability of the rock mass [9, 10].

For validation of the proposed scheme, numerical
modeling was carried out using the FLAC3D 7.0
software package. The computational model represented
a 30 m long section with a cross-section of 5 x 5
m. The mesh contained approximately 70,000 finite
elements with refinement in the portal area. The base
was assumed to be rigidly fixed, elastic boundary
conditions were applied at the lateral boundaries, and
the external load corresponded to the weight of the
overlying rock mass. The following parameters were
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adopted: for sandstones, uniaxial compressive strength
oc = 55 MPa and elastic modulus E = 25 GPa;
for siltstones, oc = 28 MPa and E = 12 GPa; for
argillites, oc = 18 MPa and E = 8 GPa. Three scenarios
were considered: without reinforcement, with advance
rock bolting, and with combined application of bolting
and injection. Additionally, the Q-system was used
for engineering characterization of rock-mass quality.
Model verification was performed by comparing
calculated with
observations for the same support scenarios. Calibration
was carried out by checking whether the adopted

roof displacements instrumental

deformation parameters reproduced the measured
displacement range without changing the geological
structure of the model. Model adequacy was assessed
using relative model—field deviation and the coefficient
of determination (R?), while parameter uncertainty
was examined through a sensitivity analysis in which

the rock deformation modulus was varied by £20%.
Inferential significance levels were not reported because
the archived monitoring dataset does not provide a
uniform number of independent raw replicates for all
compared points.

Results and Discussion. Field and laboratory studies
showed that the primary shotcrete layer achieved, on
average, 72% of the design strength after 3 days and
exceeded 75% after 5 days, which is sufficient to
proceed to control grouting and further development
of the support scheme. Monolithic concrete reached a
similar threshold after 9 days. This curing regime proved
to be critically important, as it allowed maintaining the
construction schedule while preventing injection effects
on an insufficiently hardened support contour [3, 4].
The strength development of shotcrete and monolithic
concrete is presented in Figure 1.
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Fig. 1 - Strength development and the allowable grouting point at 75% of design strength

Instrumental observations in the portal zone showed
that the use of advance inclined rock bolts leads to
a significant reduction in roof deformations already at
the early stage of excavation. Compared to the control
section, displacements decreased by a factor of 1.8.
After incorporating a staggered grid of injection bolts
into the support scheme, not only a further reduction in
deformations was observed, but also a 2.3-fold decrease
in water inflow, indicating partial closure of fractures
and a reduction in the filtration permeability of the near-
contour zone [10].

The results of numerical modeling confirmed the
trends identified under field conditions. In the absence
of reinforcement, maximum roof displacements reached
42 mm, indicating a highly unfavorable state of the
rock mass for the portal section. The scenario with

only advance rock bolting reduced this value to 25
mm, whereas the combined application of bolting and
injection strengthening decreased it to 12 mm. Thus,
the calculated reduction in deformation relative to the
unsupported state was approximately 3.5 times. The
stress distribution pattern in the model indicated load
redistribution and the formation of a more stable load-
bearing framework around the excavation contour. The
zone of plastic deformation was reduced, and stress
concentrations shifted into the reinforced region, where
they were absorbed by the bolting system and the
strengthened rock mass [5, 6, 10].

Comparative scenarios of roof deformation based on
modeling results are presented in Figure 2.
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Fig. 2 - Roof deformation scenarios based on FLAC3D modeling results

Comparison of numerical modeling results with field
observations showed that the calculated deformation
trend reproduced the measured response for the
considered support scenarios. The relative discrepancy
between calculated and measured roof displacements
did not exceed 15%, and the coefficient of determination
for the calculation—-measurement relationship was R?
> 0.90. These indicators are used here as engineering
validation metrics rather than as a substitute for
inferential statistics. The agreement is considered
sufficient for comparative assessment of the three
support scenarios within the investigated portal section,
while extrapolation beyond the studied geological
conditions should be made with caution.

The uncertainty analysis focused on the deformation
modulus because this parameter strongly controls
calculated convergence and is sensitive to rock-
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mass heterogeneity. A +20% variation in the
adopted deformation modulus changed calculated
displacements by approximately 12-15%, while the
ranking of the three support scenarios and the
overall stress—deformation pattern remained unchanged.
Thus, the principal engineering conclusion—the lower
deformation obtained for the combined bolting-and-
injection scenario—was robust within the tested
parameter interval. The analysis does not eliminate
uncertainty associated with local fractures, moisture
variation, or construction quality; these factors remain
a limitation of the model and require field monitoring

during implementation.

The comparison of calculated and field data is
presented in Figure 3.
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Fig. 3 - Comparison of modeling results and field observations

The obtained results are consistent with current
concepts of active and combined support, according to
which early stabilization of the near-contour rock mass
and coordinated interaction of rock bolts and shotcrete

can reduce the extent of yielding and deformation. The
distinction of the present study is the adaptation of this
principle to an inclined-ramp portal at the open-pit-to-
underground transition and the explicit sequencing of
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support operations under fractured and water-bearing
conditions. The proposed scheme does not claim a
new type of bolt, shotcrete, or grouting material.
Its contribution is the experimentally and numerically
evaluated technological sequence: primary shotcrete —
advance inclined bolts — staggered injection bolts —
monolithic concreting — control grouting after the 75%
strength criterion is reached. This sequence reduced the
calculated maximum roof displacement from 42 mm in
the unsupported model to 25 mm with advance bolting
and to 12 mm with combined bolting and injection,
while field observations showed a 2.3-fold reduction
in water inflow. These quantitative indicators define
the engineering effect of integration and distinguish the
proposed procedure from the isolated application of
conventional support elements.

In practical terms, this means that within the first 10—
15 m from the portal, where maximum displacements
are observed, it is advisable to apply an increased
density of rock bolting and ensure more rigorous control
of injection filling. In zones of increased fracturing
and water inflow, ground-penetrating radar diagnostics

and exploratory drilling should be carried out prior to
excavation [8, 10]. A limitation of the study is that
the numerical model covered a 30 m section and used
averaged rock parameters. In real conditions, local
zones of fragmentation, variations in moisture content,
and curing temperature regimes may affect the final
strengthening effect; therefore, continuous instrumental
monitoring is required during implementation of the
technology.

The main limitations of the study are the single
investigated portal, the 30 m numerical domain, the use
of averaged mechanical properties for lithological units,
and incomplete availability of raw replicate monitoring
records. Accordingly, the results should be interpreted
as a validated engineering case study rather than as
a universal statistical law. Further verification should
include additional portal sites, documented replicate
measurements at fixed monitoring stations, reporting
of sample size and dispersion for laboratory and field
data, and calibration against three-dimensional fracture
geometry and groundwater conditions.

Table 1 - Key quantitative results of the evaluation of the support scheme effectiveness

Parameter Condition/Scenario Value Engineering Interpretation
Shotcrete strength After 3 days 72% of design | The contour gains early stiffness but still
development strength requires curing before control grouting
Shotcrete strength After 5 days >75% of design | Transition to control grouting is
development strength permissible
Monolithic  concrete After 9 days 75% of design | The section is ready for further
strength development strength technological operations
Water inflow After installation of | Reduction by 2.3 | Filtration permeability decreases and

injection grid times risk of rock softening is reduced

Maximum roof | Without reinforcement | 42 mm The near-contour zone does not meet

deformation required stability conditions

Maximum roof | Advance bolting only | 25 mm Bolting stabilizes the contour but does

deformation not eliminate the influence of water and
fracturing

Maximum roof | Bolting + injection [ 12 mm The most stable load-bearing contour is

deformation reinforcement formed

Model-field Calculation vs. field | Deviation <15%; [ The modeling approach is suitable

agreement data R*>0.9 for engineering evaluation of support
options

The data presented in Table 1 confirm that the greatest
effect is achieved not through the isolated application
of individual support measures, but through their
sequential combination within a unified technological
cycle.

Conclusion. The conducted study demonstrated that
the most complex and unstable section of an inclined
ramp is its portal and initial segment, where stress relief,
increased rock fracturing, water inflow, and dynamic
loads occur simultaneously. Under such conditions, the
use of a single type of support is generally insufficient
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to ensure the required reliability and long-term stability
of the excavation.

It has been established that a comprehensive
support scheme, including primary shotcrete, advance
rock bolting, injection strengthening, and subsequent
concreting, makes it possible to form a more stable load-
bearing contour around the excavation and reduce the
risk of local deformation development. Achieving 75%
of the design concrete strength can be considered a
justified technological criterion for performing control
grouting and transitioning to the next stage of rock mass
stabilization.

The practical significance of the study lies in the
fact that the proposed approach can be applied in the
construction of inclined ramps in unstable rock masses
without abandoning drill-and-blast technology, ensuring
increased excavation stability, reduced probability

of deformation-related failures, and an overall

improvement in the safety of tunneling operations.

The scientific contribution is the substantiation
of a staged support algorithm in which the timing
and interaction of conventional support elements
are coordinated with measured deformation, water
inflow, and concrete strength development. Within the
investigated portal, this integrated sequence produced
a stable reduction in calculated deformation and
acceptable agreement between numerical and field
observations, providing a reproducible basis for
selecting support stages under comparable fractured and
water-bearing rock-mass conditions.
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INTERNATIONAL APPROACHES TO OCCUPATIONAL RISK
MANAGEMENT AND OCCUPATIONAL HEALTH PROTECTION IN
THE MINING INDUSTRY

A.B. Bekmagambetov~, A.M. Rakhmetova“*, E.A. Kulmagambetova“, G.K. Alshynbekova",

L.E. Sarybayeva , A.Y. Yerkinbekova , R. Marcelloni
! RSE at the National Research Institute for Occupational Safety of the Ministry of Labor and Social Protection of the Population
of the Republic of Kazakhstan, Astana, Kazakhstan

? National Institute for Insurance against Accidents at Work, Rome, Italy
¥ Corresponding author: rakhmetovaanar68@gmail.com

The mining industry is characterized by a high level of occupational risks associated with the combined effects
of physical, chemical, ergonomic, and psychosocial workplace factors. This determines the relevance of analyzing
international approaches to occupational risk management and the protection of workers' health.

Objective - to conduct an analytical review of international regulatory documents and scientific studies
on occupational risk management and occupational health protection in the mining industry, compare current
approaches to risk assessment and occupational health surveillance, and assess the applicability of these approaches
in the Republic of Kazakhstan.

The study was conducted as an analytical review. The information base included regulatory and methodological
documents of the International Labour Organization, World Health Organization, International Organization for
Standardization, and International Commission on Occupational Health, as well as scientific publications indexed
in the Scopus, Web of Science, PubMed, and ScienceDirect databases. Comparative analysis, systematization, and
analytical synthesis of scientific evidence were applied.

The analysis of international documents demonstrated the formation of a complementary, multilevel framework
for occupational risk management. Documents of the International Labour Organization establish the regulatory
basis for occupational safety, the International Organization for Standardization 45001 standard defines principles
of risk-based management, while international recommendations in occupational health and medicine provide
a basis for the prevention of occupational diseases and occupational health surveillance. Scientific evidence
highlights the importance of considering the combined effects of dust, noise, vibration, and other workplace hazards
in the mining industry.

The application of international approaches in the Republic of Kazakhstan should focus on developing risk-based
occupational risk assessment systems, strengthening occupational health services, and improving preventive health
surveillance. Comprehensive epidemiological studies are needed to evaluate the effectiveness of international
approaches under the conditions of Kazakhstan.

Keywords: international standards, occupational safety, occupational health, occupational risks, mining
industry, health surveillance, prevention of occupational diseases.

MEXIAYHAPOJIHBIE IOAXO/IbI K YITPABJIEHHIO TPO®PECCNOHAJIBHBIMU PUCKA-
MW U OXPAHE 3/IOPOBbSI PABOTHUKOB B TOPHOJAOBBIBAIOIIEN ITPOMBIIIIEH-
HOCTH

A.B. Bekmaraméero, A.M. PaxmeroBa™, J.A. KyasmaramoéeroBa, I'K. AnmbinoexoBa, U.E. CapridaeBa,
A.E. EpkinoexoBa, P. Mapuennonn

1 . .
PI'TI ha TIXB Pecnybnukanckuil HQy4HO-UCCIe008AMeNbCKULL UHCIMUMYm no oxpare mpyoa Munucmepcmea mpyoa u coyu-
anvrou 3auwumsl Hacenenus Pecnybnuxu Kazaxcman, Acmana, Kazaxcman

2 Hayuomanohbiii uncmumym cmpaxosanus om Hecuacmubix ciyudes na npouzeoocmee Umanuu, Pum, Hmanus
¥ e-mail: rakhmetovaanar68@gmail.com

TopHOIOOBIBaOIIAsT TPOMBIIUIEHHOCTh OTHOCHTCS K OTPAcisiM C BBICOKAM YpPOBHEM TMPOQECCHOHATBHBIX
PHCKOB, O0YCIIOBIICHHBIX COYETAHHBIM BO3ICHCTBHEM (DHU3UUCCKHUX, XUMUIECCKHX, SPrOHOMHYECKUX U IICHXOCOLH-
AJIBHBIX (haKTOPOB MPOU3BOACTBCHHOM Cpe/Ibl. DTO OMPEACIISCT aKTYaTbHOCTh aHAIN3a MEXKIYHAPOIHBIX ITOXOI0B
K yIPaBICHUIO MPO(ECCHOHAIBHBIMU PUCKAMH U OXPAaHE 370POBbS PAOOTHHUKOB.
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]_ICJ'IB HCCIICIOBAHUSA - IIPOBECTU AHAIMTUYECKHUHI 0630p MCKAYHAPOAHBIX HOPMATUBHBIX JOKYMCHTOB U Hay4-
HBbIX I/ICCJ'ICZ[OBaHI/Iﬁ B oOmactu YyHpaBJICHUA HpO(i)eCCI/IOHaJ'II)HLIMI/I PUCKaMHU U OXPaHbI HpO(l)eCCI/IOHaJ'II)HOFO
310POBbA pa6OTHI/IKOB FOpHOZ[OGI)IBa}OIlIeﬁ OTpacjik, CONOCTaBUThL COBPEMCHHLIC MMOAXOAbI K OLIEHKE PUCKOB U MC-
JAULIHUHCKOMY Ha6J'IIOJ_'[eHI/IIO, a TaK¥XXC€ OUCHUTDH BO3MOXHOCTHU UX IIPUMCHEHUS B YCIIOBUAX PeCHy6J’II/IKI/I Kazaxcran.

HccnenoBanue BEIIOIHEHO B (hopMe aHAIUTHYECKOro 063opa. MHpopMaoHHyo 6a3y COCTaBHIM HOPMAaTUB-
HbI€ U METOJUYECKHE JOKYMEHTbl MeX1yHapoaHOU opraHu3aluu Tpyaa, BceMupHO opranuzanuu 3apaBooxpa-
HEHUs, MexayHapOoIHON OpraHu3aluy 10 CTaHJapTU3auud U MeXIyHapoJHOW KOMUCCHUM II0 TMTHEHE TPpyAa, a
TaKke Hay4HbIe MyONuKaluy, MpeAcTaBieHHble B 0a3ax AaHHbIX Scopus, Web of Science, PubMed u ScienceDirect.
Hcnonb3oBanbl MECTO/Ibl CPABHHUTECIIBHOI'O aHalin3a, CUCTEMATU3allMu W aHAJIUTUYCCKOIO O606IJ_ICHI/I$[ Hay4YHBIX

JIAHHBIX.

AHaIM3 MEXITyHapPOIHBIX TIOKYMEHTOB ITOKa3all (JOPMHPOBaHHE B3aMMOIOIIONIHSIOICH MHOTOYpPOBHEBO CHCTE-
MBI YIIPABICHUS IPO(YECCHOHATBHBIME pHCKaMu. JJOKyMeHTHl MexIyHapoJHOW OpraHn3aliy TPyAa ONPEeNeIsIFoT
HOPMAaTHBHYIO OCHOBY ofecriedeHHs1 O€30I1aCHOCTH TPya, CTaHAapT MexIyHapoIHOH opraHn3alyy IO CTaHaap-
ti3anuu 45001 ycTaHaBIMBAaeT NPUHIMIBI PUCK-OPUEHTHPOBAHHOTO YIPABICHUS, 2 ME&KIYHAPOAHBIC PEKOMEH-
Jauy B 00IaCTH 3ApaBOOXPAaHEHIS M MEAUIIUHBI TpyAa (GOPMHUPYIOT OCHOBY IPO(IIAKTHKH IPO(PEeCCHOHATHHBIX
3a00JIeBaHUI 1 METULMHCKOro HabroneHns. HayuHble nccieoBaHns CBHIETEIBCTBYIOT O HEOOXOOUMOCTH yueTa
COYETAaHHOTO BO3ECHCTBYS ITBUIH, ITyMa, BUOPAIIMHU 1 APYTUX NPOU3BOICTBEHHBIX (h)aKTOPOB B TOPHOIOOBIBAIOIICH
OTpAaCIIH.

[TpumeneHne MeXIyHapOAHBIX MoAXon0B B Pecrybnmke Kasaxcran HomKHO OBITH HalpaBIeHO HA pa3BUTHE
PHUCK-OPHEHTHPOBAHHON CHCTEMBI OIIEHKH MPO(ECCHOHATBHBIX PHCKOB, COBEPIICHCTBOBAHHE CITYKO MEIUIIMHBI
TpyZAa ¥ yCHWIICHHE MTPOGIIAKTHIECKOTO MEUIIMHCKOTO HaOmoneHus. st oneHKH 3 PEeKTUBHOCTH MEXyHapOoa-
HBIX TIO/IXOZIOB B ycIOoBUsIX KazaxcTana He0OXOAMMBI KOMIUIEKCHBIE ITHIEMHOJIOIYE€CKNE HCCIIEJOBAHMSI.

KoaioueBble ciioBa: MeXIyHapOAHbIC CTaHJIAPThI, OXpaHa TPyAa, MEAUIMHA TPYyAa, POPEecCHOHATIbHBIE PUCKH,
TOPHOI00BIBAIOIIAS TPOMBIIIJICHHOCTD, MEIUITMHCKOE HAOIIOICHHE, MPO(HUIaKTUKA TPOPECCHOHATBHBIX 3a0071e-
BaHUII.

TAY-KEH OHEPKOCIBIHJE KOCIHITIK TOYEKEJNJAEPII BACKAPY KOHE KbI3MET-
KEPJIEPAIH JEHCAYJIBIFBIH KOPFAYIBIH XAJIBIKAPAJIBIK TOCLIJIEPI

A.B. Bekmaraméeto, A.M. PaxmeroBa™, J.A. KyasmaramoéeroBa, I'K. AnmbinoexoBa, U.E. CapridaeBa,
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Tay-keH eHepkacibi eHmIPICTIK OPTAaHBIH (U3UKAIBIK, XUMUSIIBIK, SPTOHOMHUKAIBIK JKOHE TICHXOJJEYMETTIK
(haxTOpIapIHBIH OipJICCKEH dcepiHe OAUTaHBICThI KOCION TOyEKeT AeHI el )KOoFaphl cantaaapAbiH 0ipi 00IbIT TaObI-
naapl. byt skarmail kociOu Toyekenaepal 6acKapyablH JKOHE KYMBICKEPICPIiH KOCiON ACHCAYIBIFBIH KOPFayIblH
XaJIbIKapaJIbIK TOCUIIEPIH TaAayIbIH ©3CKTLTIrH aifKbIH Al IbI.

3epTTeyniH MaKcaThl - Tay-KeH OHEePKACiOi )KYMBICKEepIepiHiH KociOn Toyekennepin 6ackapy KoHe KociOon eH-
CayJIBIFBIH KOPFay CATaChIHIAFbI XaJIBIKapaIbIK HOPMaTHBTIK KYKaTTap MEH FEUTBIMU 3ePTTEYIICPre aHATHTHKAIIBIK
IOy JKYPTi3y, Toyekenaepai 6aranay MEH MEAWIUHAIBIK OaKbUIaylblH 3aMaHAyH TOCUTAEPIH CabICTHIPY JKOHE
onapabl Kazakcran PecyOnmukachIHBIH KaFTalbIHIA KOIIAaHY MYMKIHAIKTEpiH OaFaiay.

3epTTey aHAIUTHKAIBIK LIOJNY TYPIHAE XYpri3inai. AxnaparTelK Oazara XajbIKapasiblK €HOSK YHBIMBIHBIH,
JyHuexy3ulik AeHcaylblK cakTay YWBIMBIHBIH, XaJbIKapalblK CTAaHIapTTay YHBIMBIHBIH JKOHE XallbIKapajbIK
eHOEeK TUTHeHAchl KOMHCCHSICHIHBIH HOPMAaTHBTIK XKOHE OJIICTEMENIK KyXKaTTapbl, coHmai-ak Scopus, Web of
Science, PubMed xane ScienceDirect nepekkopiiapblHaa xapHusjaaHFaH FEUIBIME €HOEKTep eHri3ingi. 3eprreyne
CaJIBICTBIPMAJIBI TAJIAY, KYHeley oHE FhUIBIMU JIEPEKTep i aHATUTHKAIIBIK KUHAKTAY 9IiCTepl KOJIIaHbUIIBL.

XanplKapajblK KyKarTapIsl Tajjay KociOM Toyekenjiepii OackapydblH e3apa TOJBIKTBHIPAThIH KOIJCHIeii
JKyleci KalblTacKaHblH KOPCeTTi. XalbIKapalblK eHOCK YHBIMBIHBIH KY)KaTTapbl €HOCK KayilCi3AiriHiH HopMma-
TUBTIK HEri3iH, XalbIKapajblK CTaHAapTTay YHBIMBIHBIH 45001 craHmapThl Toyekelre OarmapiaHraH Oackapy
KaruaaTTapbliH, all XajbIKapallblK JICHCAYJIBIK CaKTay »KoHEe eHOEK MEIMIMHACHI JKOHIH/Eer! YCHIHBIMAAP KociOu
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aypyIapIbiH TPO(QHUIAKTHKACK MCH MEIUITMHABIK OAKbUIAYIBIH HETI3CpiH alKpIHAaW bl FeUTbIME 3epTTEeyIep
Tay-KeH OHJIPICIHICTI IIaH, Iy, TIpia *oHE Oacka Ja eHMIPICTIK (haKTOpIapiAbIH KHUBIHTHIK CEpPiH €CKEPYIiH

MaHBI3AblJIBIFbIH KepceTe/:[i.

Kasaxcran PecyOnukaceiHIa XaabIKapasiblK TOCUTASPAl KOIJaHy KociOn Toyekenaepai OaraayablH ToyeKere

OarmaprmaHraH JKYWECiH JaMBITyFa, €HOEK MEIWIIMHACHI KBI3METTEPiH XKETUIIIpyre j>KoHE NpO(HIaKTHKAIBIK

MEIUITMHAIBIK OaKbUIayIbl KYIIeUTyre OaFrbITTanysl THic. KazakcTaH yKarIalbIHIAFbl XaJIBIKAPAIBIK TOCITIAECPIiH

THIMALUIITIH Oarajiay YIIiH KSHICH Il AMUICMUAOIOTHSIIBIK 3ePTTEYIICD KYPri3y KaXKeT.

Ty#in ce3aep: XalmbpIKapallblK CTaHIAPTTAp, CHOSK Kayilci3/iri, eHOeK MEIUITIHACKHI, KOCiON ToyeKenaep, Tay-

KEH OHEPKaCci0i, MEIUIIMHAIIBIK, OaKpIIay, KOCINTIK aypyinap MPo(QUIaKTHKACH.

Introduction. The mining industry is one of the
economic sectors characterized by a high level of
occupational risk due to the simultaneous exposure of
workers to multiple hazardous and harmful workplace
factors. Workplaces may involve concurrent exposure
to industrial dust, noise, vibration, chemical substances,
high or low temperatures, physical workloads, as well
as technological accidents and hazardous production
processes. The individual or combined effects of
these factors may result in occupational injuries,
the development of occupational diseases, and long-
term adverse health outcomes [1-3]. Current research
indicates that the health status of mine workers cannot
be adequately explained by exposure to a single
factor alone. For example, a comprehensive analysis
of occupational risk factors in the mining industry
the

chemical, ergonomic, and psychosocial exposures [3].

examined interrelationships among physical,

The specific characteristics of mining operations
require occupational risk management to extend
beyond monitoring the permissible levels of individual
hazardous factors. The current approach includes
systematic hazard identification, risk assessment,
elimination or control of hazards at the source, selection
of preventive measures, and continuous evaluation
of their effectiveness. The International Labour
Organization's Safety and Health in Mines Convention,
1995 (No. 176), establishes requirements based on
employers' assessment of risks and the prioritization of
measures aimed at eliminating or minimizing them. The
Convention also provides for regular health surveillance
of workers exposed to occupational hazards [4]. The
International Labour Organization's 2018 code of
practice on safety and health in opencast mines further
develops these principles by addressing risk assessment,
the safety of production processes, and the use of new
technologies [5-6].

Occupational safety and health management system
in the

international occupational risk management framework.

standards also play an important role
ISO 45001:2018 establishes requirements and guidance

for organizations to develop an occupational health

and safety management system, eliminate hazards,
and reduce occupational risks. Its key principles
include the management of risks and opportunities,
leadership commitment, worker participation, and
continual improvement of the management system [7].
At the same time, the existence of the standard itself
does not necessarily imply a reduction in occupational
injuries or occupational disease incidence; its practical
effectiveness depends on the quality of implementation,
the organization's safety culture, and specific workplace
conditions.

An important component of occupational health

protection, alongside the control of workplace
exposures, is the systematic medical surveillance of
workers' health. International Labour Organization
instruments concerning occupational health services
focus on the prevention of occupational hazards,
health surveillance in relation to working conditions,
and the organization of preventive measures [8].
Medical surveillance enables the early detection
of health

exposures; however, its effectiveness is greater when

changes associated with occupational
it is implemented together with engineering and
organizational measures aimed at reducing hazards at
their source.

Research in the mining industry indicates that

dust,
and respirable dust, poses a significant risk to

exposure to industrial particularly mineral
occupational health. Review studies on exposure to
mineral dust have examined its association with
respiratory diseases, including pneumoconiosis and
other chronic pathologies [9]. At the same time, current
scientific literature emphasizes the need to consider
not only dust exposure but also noise, vibration,
thermal stress, chemical factors, and psychosocial
exposures when assessing occupational risks. A study
analyzing 259 publications on factors affecting the
health of mine workers demonstrated the diversity of
chemical, physical, ergonomic, and psychosocial factors

associated with occupational health outcomes [3].

Accordingly, international practice has increasingly
approached occupational risk management as an
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integrated system in which occupational safety,
industrial hygiene, medical surveillance, and worker
participation are interrelated. Such an approach makes
it possible to consider not only individual hazards but
also their combined effects, workers' actual exposure
levels, and resulting health outcomes [9]. However, the
requirements of international regulatory documents and
findings from current scientific studies are not always
considered as an integrated analytical framework in the

context of the mining industry.

For the Republic of Kazakhstan, the importance
of this issue is associated with the significant role
of the mining industry in the national economy and
the high level of hazards inherent in its production
processes. Therefore, it is necessary not only to compare
international regulatory requirements with the national
occupational safety system but also to determine
their practical applicability to occupational risk
assessment, medical surveillance, and the organization
of preventive measures at mining enterprises. In
this context, it is important not to directly transfer
international approaches to Kazakhstan but to assess
their compatibility with the country's legal, industrial,
and institutional conditions.

The scientific problem addressed in this study is
associated with the fact that international occupational
safety standards and current scientific studies on
industry have
developed along different lines, while comprehensive

occupational risks in the mining
analysis of their interrelationships and applicability
under the conditions of the Republic of Kazakhstan
remains limited.

The novelty of this study lies in the integrated analysis
of international occupational safety standards, scientific
evidence on occupational risks, and approaches to
occupational health protection in the mining industry,
with particular attention to their applicability to the
conditions of the Republic of Kazakhstan.

The aim of this study is to conduct an analytical
review of international regulatory documents and
scientific studies on occupational risk management
and occupational health protection among mining
workers, compare current approaches to occupational
risk assessment and medical surveillance, and evaluate
their applicability in the mining industry of the Republic
of Kazakhstan.

Materials and Methods. The study was conducted
as an analytical review. The information base
included official documents of the International
Labour Organization (ILO), World Health Organization

(WHO), International Organization for Standardization

(ISO), International Commission on Occupational
Health (ICOH), and the National Institute for
Occupational Safety and Health (NIOSH, USA), as well
as scientific publications indexed in the Scopus, Web
of Science, PubMed, and ScienceDirect databases. The
literature search covered the period from 2015 to 2026.

The search strategy used the following keywords and
their combinations: occupational safety, occupational
health, mining industry, mine safety, occupational risk,
risk management, occupational health surveillance,
medical screening, mining workers, occupational dust
exposure, pneumoconiosis, silica exposure, noise-
induced hearing loss, vibration-related disorders, as well

as ISO 45001 and ILO Convention No.

176.
The review included peer-reviewed scientific
publications addressing occupational safety,

occupational risks, the effects of workplace factors on
workers' health, prevention of occupational diseases,
and medical surveillance in the mining industry.
Publications that were not relevant to the research
topic, duplicates, and sources whose bibliographic
information could not be fully verified were excluded.
Selected earlier publications were also included to
describe fundamental scientific principles related to the
development of occupational diseases in the mining
industry.

The selection process consisted of screening titles
and abstracts, followed by an assessment of the
full texts for their relevance to the objectives of
the study. The selected sources were systematically
classified according to the authors, year of publication,
study subject, methods used, and principal findings.
International regulatory documents were compared
with regard to requirements for occupational risk
assessment, preventive measures, medical surveillance,
and occupational safety and health management.

The findings were synthesized using qualitative
analytical synthesis and comparative analysis. Since
the study was not designed as a meta-analysis,
no quantitative statistical pooling was performed.
The results were analyzed across the following
areas: international regulatory frameworks, exposure
to industrial dust, noise and vibration, comprehensive
occupational risk assessment, medical surveillance,
and the applicability of international practices to the
conditions of the Republic of Kazakhstan.

Results and Discussion. The analysis showed that
the international system for regulating occupational
health in the
industry comprises several interconnected levels. Its

safety and occupational mining
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regulatory foundation is formed by the conventions
and recommendations of the International Labour
Organization (ILO), its management framework is
provided by ISO 45001:2018, while the occupational
health and medical prevention component is supported
by recommendations of the World Health Organization
(WHO) and the International
Occupational Health (ICOH) [1-6].

The ILO Safety and Health in Mines Convention,
1995 (No. 176) is
legal instrument for ensuring occupational safety

Commission on

the principal international

in mining enterprises. The Convention provides
for occupational risk assessment, implementation of
preventive measures, worker training, provision of
personal protective equipment, and health surveillance
[1]. The Safety and Health in Mines Recommendation,
1995 (No. 183) complements the Convention by
specifying practical approaches for implementing its
provisions at the workplace level [2].

Safety issues in opencast mining are further addressed
in the ILO Safety and Health in Opencast Mines
code of practice. The document focuses on the safe
use of mining equipment and transport, prevention
of emergency situations, and control of exposure to
workplace factors such as dust, noise, and vibration [3].

ISO 45001:2018 establishes the management level of
the international regulatory framework. Its key feature
is the integration of systematic hazard identification,
occupational risk assessment, worker participation
in management processes, management responsibility,
and the principle of continual improvement of the
occupational health and safety management system [4].

WHO and ICOH documents complement this
framework with mechanisms for the medical protection
of occupational health. Their recommendations address
health surveillance, early detection of occupational
diseases, assessment of workers' fitness for work, and
rehabilitation [5, 6].

A comparative characterization of the main
international documents is presented in Table 1.

Table 1 - Comparative characteristics of international documents in the field of occupational safety and
occupational health in the mining industry

Document Year Main purpose Key requirements Significance for the
mining industry
ILO Safety and | 1995 | Establish Occupational risk | The principal
Health in Mines mandatory management, employer | international instrument
Convention, 1995 international responsibilities, worker | for ensuring occupational
(No. 176) requirements training, health surveillance | safety
ILO Safety and | 1995 | Provide practical | Improvement Complements the
Health in Mines recommendations of  occupational  safety | provisions of Convention
Recommendation, management systems No. 176
1995 (No. 183)
ILO Safety and | 2018 | Provide guidance | Safety of work, equipment,| Supports the practical
Health in Opencast on safe opencast | and transport in open-pit | implementation of ILO
Mines mining operations mines requirements
ISO 45001:2018 2018 | Establish an | Risk-based management, | International standard for
occupational leadership, worker | occupational safety and
health and safety | participation, continual | health management
management improvement
system
ILO  Occupational | 1985 | Establish Prevention of occupational | Provides a framework for
Health Services occupational health | diseases and injuries, | organizing occupational
Convention, 1985 services monitoring of  workers' | health services at
(No. 161) health enterprises
WHO/ICOH 2022 | Provide an ethical | Fitness-for-work criteria, | Provides a scientific basis
guidance and scientific | medical examinations, | for organizing medical
framework for | rehabilitation screening
occupational health
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The comparison presented in Table 1 showed that
the functions of the international documents are
complementary and clearly differentiated. While the
ILO instruments establish the legal and sector-specific
framework for occupational safety, ISO 45001:2018
provides a structured model for managing occupational
risks at the organizational level. WHO and ICOH
recommendations complement this framework by
addressing the protection of workers' health through
medical surveillance and preventive measures. Thus,
a key feature of the international approach is the
integration of legal regulation, occupational risk
management, and medical surveillance of occupational
health into a unified system rather than focusing solely
on the control of individual hazards [5-12].

The analysis of occupational risks in the mining
industry showed that workers are simultaneously

exposed to multiple workplace factors. Among them,
respirable occupational dust, noise, and vibration are
the most consistently studied hazards. In addition,
chemical substances, adverse microclimatic conditions,
high physical workloads, and psychosocial factors may
also affect workers' occupational health [13-18].

Among occupational dust exposures, respirable
particles containing crystalline silica are of particular
concern. Studies have shown that prolonged exposure
to such particles is associated with pneumoconiosis,
silicosis, and chronic obstructive pulmonary disease
[10, 13, 14, 19]. At the same time, recent research has
increasingly shifted from describing individual diseases
toward the integrated assessment of dust concentrations,
duration of exposure, and the effectiveness of
engineering control measures [10, 19].

Level 1: INTERNATIONAL

REGULATORY SYSTEM

| Level 2:KEY ELOCKS |

‘ Block 1. International Labour Organization (ILO) |

- ConventionzNo. 155 No. 176, and No. 187
-  RecommendationzNo. 164 and No. 183
- RecommendationsMNo. 164 and No. 183

‘ Block 2. International Standards |

- IS0 45001 (Occupational health and safety management systems)
- IS0 31000 (Risk management)
- IS0 14001 (Environmental management)

Block 3. Sector-specific guidelines and scientific research

- WHO (occupational health guidelines)
- ICOH (ethical guidelines)
- NIOSH (scientific research)
- ICMM (sector-specific standards))

Level 3: KEY MANAGEMENT ELEMENTS

- Hazard identification
- Risk assesament (quantitative and qualitative)
- Control measures and monitoring

| Level 4: SPECTFIC FEATURES OF THE MINING INDUSTRY ‘

- Underground mining operations (blasting, gas, ventilation)
- Open-pit mining operations (slope stability)
- Mineral processing and beneficiation (dust, chemicals)

Level 5: IMPLEMENTATION MECHANISMS AT THE INDUSTEY LEVEL

- MNational legislation
- Corporate standards
- International audits and certification

Fig. 1 - International framework for managing occupational risks and protecting the health of mining
workers

Noise and vibration are also important occupational
hazards in mining. Long-term exposure to excessive
noise increases the risk of occupational hearing loss,

whereas vibration exposure is associated with disorders
of'the circulatory, nervous, and musculoskeletal systems
[18-20]. Therefore, the assessment of workplace hazards
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should not be limited to measuring their individual
exposure levels but should also account for exposure
duration, intensity, and the simultaneous effects of
multiple factors.

The analysis of international regulatory documents
and scientific and methodological recommendations
made it possible to systematize the main levels
and interconnected elements of occupational risk
management and occupational health protection in
the mining industry. Their structural relationships are
presented in Figure 1.

Figure 1 illustrates that the international regulatory
and methodological framework for occupational
risk management in the mining industry consists
of several interconnected levels. The system is
based on ILO documents, ISO standards, and
sector-specific and scientific recommendations issued
by international organizations. Their implementation
includes hazard identification, occupational risk
assessment, development of control measures, and
monitoring of the work environment. This approach is
aimed at preventing occupational injuries and diseases
and promoting a strong safety culture within mining
enterprises [5-9].

Occupational risks in the mining industry are
characterized by the combined effects of physical,
chemical, biological, ergonomic, and psychosocial
factors present in the work environment. Compared
with many other industrial sectors, mining workers
are typically exposed to multiple hazardous factors
simultaneously. This substantially increases the risk
of occupational diseases, workplace injuries, and
premature loss of work capacity [4, 13]. Similar
findings have been reported in studies conducted
by Kazakhstani researchers, which demonstrated the
combined impact of workplace factors on workers'
health [14]. Contemporary research places particular
emphasis on occupational dust exposure because of
its widespread occurrence and its significant adverse
effects on the respiratory system, making it one of
the most important occupational hazards in the mining
industry.

Effects of Occupational Dust on Workers' Health

The greatest health risk is associated with respirable
dust containing crystalline silica. Long-term exposure
to such dust can lead to pneumoconiosis, silicosis,
chronic obstructive pulmonary disease (COPD), and
other respiratory disorders. Despite advances in mineral
extraction technologies and the implementation of
modern dust-suppression methods, controlling airborne

dust concentrations in the workplace remains a major
challenge in many countries [10, 13, 15].

In a review conducted by Duarte and colleagues,
studies on mineral dust exposure among mining
and quarrying workers were analyzed. The authors
noted that contemporary research has shifted from
evaluating individual occupational diseases toward a
comprehensive assessment of dust exposure levels,
working conditions, and the effectiveness of engineering
controls aimed at reducing occupational risks. Particular
attention was paid to the need for continuous monitoring
of respirable dust concentrations, improvement of
ventilation systems, advancement of dust-control
technologies, and strengthening of industrial hygiene
measures [10].

Li and colleagues, in a study involving workers
exposed to different types of occupational dust,
found that prolonged exposure to silica-containing
dust has the most detrimental effects on human
health. The authors demonstrated statistically significant
associations between duration of occupational exposure,
workplace dust levels, pathological changes in
the respiratory system, impaired lung function,
cardiovascular diseases, and hearing loss. Furthermore,
the probability of developing occupational pathology
increased significantly among workers with more than
ten years of exposure and under conditions of high dust
intensity [15].

These findings are consistent with the conclusions
reported by Donoghue, who emphasized that respiratory
diseases continue to occupy a leading position in
the structure of occupational pathology among mining
workers despite technological improvements and
stricter occupational safety requirements [13]. Similar
conclusions were presented by Leung and colleagues,
who reported that exposure to crystalline silica remains
one of the primary causes of silicosis. Silicosis continues
to be among the most prevalent occupational respiratory
diseases in industries involving exposure to silica-
containing dust [14].

The analysis of recent scientific literature indicates
that evolved from focusing
individual respiratory diseases toward a comprehensive
evaluation of the effects of occupational dust on
multiple physiological systems. This trend highlights
the need for continuous monitoring of respirable
dust concentrations, improvement of engineering
dust-control and ventilation

research has on

measures systems,
and implementation of risk-based approaches to

occupational risk management in mining enterprises.

Effects of Physical Factors in the Work Environment
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In addition to occupational dust, physical factors
in the workplace pose substantial risks to the
health of mining workers. These factors include
occupational noise, whole-body and hand-arm
vibration, adverse microclimatic conditions, insufficient
workplace lighting, and high physical workloads. The
combined effects of these exposures increase the
risk of occupational disorders affecting the auditory,
musculoskeletal, cardiovascular, and nervous systems,
while also contributing to reduced work capacity
[16-19].

One of the most widespread adverse factors is
occupational noise generated by drilling equipment,
crushing systems, mining machinery, ventilation
installations, and transport vehicles. According to
Azman and Jamir, long-term exposure to noise levels
exceeding permissible limits significantly increases the
risk of occupational hearing loss, impairs concentration,
elevates stress levels, and reduces worker productivity
[16]. Similar findings have been reported by the U.S.
National Institute for Occupational Safety and Health
(NIOSH), which identifies noise reduction as one of the
priority areas for improving occupational safety in the
mining industry [17].

Occupational vibration is another important hazard.
It is generated during the operation of drilling rigs,
excavators, haul trucks, and other heavy equipment.
Prolonged exposure to vibration may lead to peripheral
circulatory disorders, musculoskeletal damage, spinal
diseases, and functional disorders of the nervous
system. Recent studies emphasize the importance of
technical measures for vibration reduction, equipment
design improvements, and the optimization of work-rest

schedules for exposed workers [18].

Mining operations are also characterized by exposure
to adverse microclimatic conditions, particularly during
surface mining activities conducted under extreme
temperatures. The combination of high physical
workloads and thermal stress contributes to fatigue,
decreased performance, and an increased likelihood of
errors during work operations. Consequently, the risk
of occupational accidents rises significantly under such
conditions [19].

Overall, contemporary research demonstrates that
physical workplace factors exert a complex and
multifaceted impact on the health of mining workers.
Effective prevention of occupational diseases and
workplace injuries requires engineering, organizational,
and occupational hygiene measures aimed at reducing
noise and vibration levels, improving working
conditions, maintaining continuous monitoring of

environmental parameters, and implementing medical
screening programs for workers exposed to physical
hazards.

Integrated Approaches to Risk
Assessment

Occupational

Modern approaches to occupational risk assessment
in the mining industry are based on comprehensive
evaluations of working conditions that consider the
combined effects of physical, chemical, ergonomic,
and psychosocial factors. Unlike traditional methods
focused on individual workplace hazards, contemporary
research emphasizes integrated risk assessment through
the application of statistical models, multicriteria
assessment techniques, and risk-based management
systems [4, 20].

According to Zhang and colleagues, the health status
of mining workers is determined not by a single
occupational factor but by the cumulative effects of
multiple exposures. The authors identified occupational
dust, excessive noise, nitrogen oxides, heavy metals,
vibration, adverse microclimatic conditions, awkward
working postures, and psychosocial stressors as the
most significant risk factors. These findings support the
necessity of adopting a multifactorial approach when
assessing occupational risks and developing preventive
measures [4].

The results are consistent with the conclusions
of Bekmagambetov and colleagues, who identified
causal relationships between working conditions and
the development of occupational diseases using an
industrial enterprise in the Republic of Kazakhstan as
a case study. The authors demonstrated that a risk-
based approach enables a more objective assessment
of the impact of workplace factors on workers' health
and facilitates the development of effective preventive
measures [21].

In a scoping review of occupational injuries in
the mining industry, Cruz-Ausejo and colleagues
identified insufficient occupational risk assessment,
non-compliance with safety requirements, inadequate
worker training, poor technical condition of equipment,
and ineffective workplace supervision as the most
common causes of occupational accidents [20].

The analysis of contemporary scientific literature
indicates that the most effective occupational
risk management systems are those that integrate
international standards, quantitative risk assessment
methods, and digital technologies for workplace
monitoring. A comprehensive risk-based approach
facilitates the timely identification of hazards, reduces
the likelihood of occupational injuries and diseases, and
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contributes to the preservation of workers' health in the
mining industry.

In this context, modern monitoring technologies,
including wearable personal monitoring
devices, and stationary systems, can be used for

SE€nsors,

continuous assessment of dust, noise, vibration, and
microclimatic conditions. Quantitative risk assessment
can combine exposure intensity and duration with the
probability and severity of adverse outcomes, allowing
high-risk workplaces and occupational groups to be
prioritized. For mining enterprises in Kazakhstan,
the integration of such technologies with existing

occupational safety management systems can improve
the timeliness and objectivity of risk assessment and
support evidence-based preventive measures.

The  reviewed
methodological approaches
assessment in the mining industry. Some investigations
focus primarily on occupational dust exposure and its

different
risk

studies  employ

to occupational

health effects, whereas others address the multifactorial
nature of occupational risks and the organizational
causes of workplace injuries. The characteristics and
principal findings of the key studies are summarized in
Table 2.

Table 2 - Contemporary studies on occupational risks and occupational health of mining workers

Author Year Study subject Research method Main findings

Duarte J. et| 2022 | Exposure to | Literature review Occupational dust is a major occupational

al. mineral dust risk factor

Li M. et al. 2025 | Workers exposed to | Cross-sectional An association was identified between
occupational dust study the duration of dust exposure and the

development of occupational diseases

Zhang B. et| 2024 | Risk factors in the | Multifactorial The combined effects of occupational

al. mining industry analysis dust, noise, and vibration were identified

Cruz-Ausejo | 2024 | Occupational Scoping review Organizational and technical risk factors

L.etal. injuries were identified

A comparison of the studies presented in Table 2
demonstrates the multifactorial nature of occupational
risks in the mining industry. The review by Duarte et
al. showed that occupational dust remains a persistent
occupational hazard in mining and earthmoving
activities [ 10], whereas Li et al. assessed the relationship
between the duration of dust exposure and workers'
health status [18]. indicate that
occupational dust should be monitored not only as an
individual risk factor but also with consideration of the
duration and intensity of exposure.

These findings

The study by Zhang et al. demonstrated that workers'
occupational health is affected by the simultaneous
exposure to multiple workplace factors, supporting the
importance of multifactorial risk assessment [4]. The
review by Cruz-Ausejo et al. showed that occupational
injuries are associated not only with workplace hazards
but also with organizational and technical conditions
[20].

Comparison of these identified
interrelated areas that should be considered when
assessing occupational risks in the mining industry: the

studies three

level and duration of exposure to workplace hazards;
the combined effects of multiple hazardous factors; the
influence of organizational and technical conditions on
occupational injuries.

The practical implementation of international
requirements in the field of occupational safety
and occupational health in the mining industry is
achieved through the introduction of occupational
risk management systems based on the principles
of the International Labour Organization (ILO) and
the requirements of ISO 45001:2018 [5, 8]. In
most industrialized countries, occupational safety is
considered not merely as compliance with legal
requirements, but as an integral component of corporate
management aimed at preventing occupational injuries,
protecting workers' health, and ensuring sustainable

enterprise development [1, 4].

the United States,
the European Union have accumulated extensive

Australia, Canada, and
experience in implementing modern occupational safety
management systems. Enterprises in these countries
widely apply a risk-based approach that includes
continuous hazard identification, occupational risk
assessment, development of preventive measures, and
continuous improvement of occupational safety and
occupational health management systems. Particular
attention is also given to active worker participation
in safety management processes, systematic personnel
training, and the development of a safety culture at all

organizational levels [4, 11, 12].
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According to Podrecca et al., the implementation of
ISO 45001 has a positive effect not only on occupational
safety performance but also on the overall performance
of enterprises. The authors found that organizations
implementing modern occupational safety and
occupational health management systems demonstrate
improved sustainability performance, reduced rates of
occupational injuries, and more effective occupational
risk management. The most pronounced positive effects
were observed in enterprises with high levels of
occupational hazards, including the mining industry
[20].

The practical application of ISO 45001:2018 in
Kazakhstani mining enterprises can be organized
through a continuous risk-management cycle based
on the Plan—-Do—Check—Act principle. At the planning
stage, enterprises should identify hazards associated
with mining operations, including respirable dust, noise,
vibration, chemical agents, thermal stress, physical
workload, machinery, transportation, and psychosocial
factors, and evaluate the corresponding occupational
risks. The implementation stage should prioritize the
hierarchy of controls, giving preference to elimination
and engineering controls over administrative measures
and personal protective equipment. The checking
stage should include regular monitoring of workplace
exposures, occupational incidents, near misses, workers'
health indicators, and compliance with established
risk-control measures. At the improvement stage, the
results should be reviewed by management and used to
revise risk assessments, preventive measures, training
programs, and emergency procedures.

For mining enterprises in Kazakhstan, ISO 45001 can
therefore serve not only as a certification framework but
also as an operational management tool. Its effectiveness
would be increased by integrating occupational hygiene
measurements, medical surveillance, digital monitoring
systems, contractor safety management, and worker
participation into the same occupational health and
safety management system. This approach would
facilitate the transition from reactive responses to
accidents and occupational diseases toward proactive
prevention based on early identification and control of
occupational risks.

The International Labour Organization plays an
important role in advancing international practices.
The organization implements initiatives aimed at
developing a safety culture, strengthening social
dialogue, and improving national occupational safety
management systems. Particular attention is given to
worker training, improving employers' competencies,
developing occupational risk assessment methods,

organizing medical surveillance, and preventing
occupational diseases. In recent years, the ILO has
also implemented initiatives aimed at improving
of
developing countries, including the countries of Central
Asia [5-7].

Analysis of international experience indicates that the

occupational safety in the mining industries

most effective occupational safety management systems
are based on the integrated application of international
regulatory requirements, a risk-based approach, and
the principles of continuous improvement. Active
worker participation in hazard identification, systematic
occupational risk assessment, development of a
safety culture, and regular personnel training make
a significant contribution to improving occupational

safety.

At the same time, analysis of scientific publications
indicates that the implementation of international
standards in mining enterprises is accompanied by a
number of organizational and economic challenges.
The main limiting factors include insufficient financial
resources, differences in national regulatory systems, a
shortage of qualified specialists in occupational safety
and occupational health, and insufficient digitalization
of workplace monitoring and control processes. Despite
these limitations, international experience demonstrates
that integrating ILO requirements, ISO 45001:2018
provisions, and modern occupational risk management
methods can contribute to reducing occupational
injuries and diseases in mining enterprises and
improving the effectiveness of occupational safety
management systems.

The mining industry of the Republic of Kazakhstan
is one of the leading sectors of the national economy
and is characterized by high levels of exposure to
hazardous and harmful workplace factors. According
to the Bureau of National Statistics of the Republic of
Kazakhstan, 298.3 thousand people were employed in
the mining and quarrying sector in the first quarter of
2026, representing a 3.4% increase compared with the
same period of 2025 [22]. In 2025, 2,328 work-related
accidents were registered in Kazakhstan, including 130
workers injured in the mining industry, while 408 cases
of occupational diseases were registered nationwide
[23]. Studies conducted by Kazakhstani researchers
identify occupational dust, noise, vibration, adverse
microclimatic conditions, and high physical workloads
among the most significant factors affecting workers'
health. This confirms the need to further improve
occupational risk management systems and introduce
modern preventive approaches based on international
experience [17]. In this regard, the application of
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international standards and advanced international

practices is considered one of the priority directions for

improving the effectiveness of occupational injury and
disease prevention [8, 10, 11].

Table 3 - International experience in implementing occupational safety management systems in the mining

industry
Country (or region) Main approach Applicable international Main outcomes
documents
Australia Risk-based management | ISO 45001, ILO Reduction in occupational
injury rates; development of
a safety culture
European Union Integrated management | ISO 45001, EU Directives Improvement
systems of occupational risk
assessment systems
United States Workplace  monitoring | NIOSH, ISO 45001 Reduction of exposure to
and control hazardous workplace factors
China Risk-based safety | National mining safety | Strengthening safety
management, hazard | regulations,  occupational | responsibility, risk
identification and | disease prevention | prevention and monitoring
monitoring requirements of mining operations
Kazakhstan ~ (ILO-| Harmonization ILO Conventions, ILO | Development of social
implemented with international | projects dialogue and improvement
projects) requirements of the occupational safety
system

In recent years, the Republic of Kazakhstan has
undertaken systematic efforts to improve the regulatory
and legal framework in the field of occupational safety,
taking into account international requirements. The
development of a risk-based approach, the introduction
of modern occupational risk management systems, and
the expansion of ISO 45001 implementation in large
industrial enterprises indicate the gradual alignment
of the national occupational safety system with

international requirements [8, 14].

Cooperation between the Republic of Kazakhstan
and the International Labour Organization (ILO) plays
an important role in this process. Ongoing projects
are aimed at developing social dialogue, improving
occupational risk assessment methods, enhancing
the qualifications of specialists, introducing modern
approaches to the prevention of occupational injuries
and diseases, and improving systems for medical
surveillance of workers' health. Particular attention is
also given to developing a safety culture, improving
preventive measures, and increasing the effectiveness of
state and workplace monitoring of working conditions
[5-7].

Despite the progress achieved, analysis of the
literature and international

scientific experience

indicates that several factors continue to limit the

full implementation of international approaches in
domestic enterprises. These findings are consistent
with the results of the study by Bekmagambetov et
al., which confirmed a causal relationship between
adverse working conditions and the development
of occupational diseases in industrial enterprises
in Kazakhstan [24]. The main challenges include
differences in the level of development of occupational
safety management systems across enterprises,
insufficient implementation of modern occupational
risk assessment methods in workplace practice, limited
capacity of occupational health services, as well as the
need for further professional development of specialists

and improvement of preventive programs [8].

One of the promising directions for developing
the national safety the
further implementation of risk-based management

occupational system is
based on international standards and modern scientific
approaches to occupational risk assessment [4, 11].
Recent studies also emphasize the need to improve
the classification of working conditions and worker
categories while taking into account the introduction of
new production technologies, digitalization of industrial
processes, and the principles of sustainable development
[25]. In addition, particular importance should be given
to developing modern occupational risk assessment
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methods, improving medical surveillance systems for
workers, strengthening the safety culture, enhancing
the human-resource capacity of occupational safety

services, and expanding cooperation among government
authorities, employers, research organizations, and
workers [4, 20].

International documents

Harmonization of legislation

Risk-based management

Improvement of the system for assessing occupational risks and workers' health
Reduction of occupational injuries and occupational diseases

Fig. 2 - Key directions for improving the occupational safety system in the mining industry of the Republic
of Kazakhstan based on international experience

Implementation of international approaches in the
national occupational safety system

The implementation of the main directions for
integrating international approaches into the national
occupational safety system should not be limited to
improving the regulatory and legal framework. It
should also focus on developing modern approaches
to the management of occupational risks and workers'
occupational health, improving methods for assessing
occupational risks and occupational health, developing
occupational health services at enterprises, enhancing
the professional competencies of specialists, fostering
a safety culture, and strengthening social partnership in
the field of occupational safety.

Results and Discussion. An analysis of the current
scientific literature showed that ensuring occupational
safety and protecting the occupational health of
mining workers are increasingly based on a risk-based
approach that involves a comprehensive assessment
of working conditions and continuous management of
occupational risks. Analysis of international regulatory
documents and scientific publications demonstrated
that the requirements of the International Labour
Organization (ILO), the World Health Organization
(WHO), the International Commission on Occupational
Health (ICOH), and ISO 45001:2018 form a common
methodological basis for modern occupational safety
management systems, while their effectiveness is
supported by findings from studies conducted in
different countries [5, 8, 11, 12].

Unlike earlier studies that primarily focused
on individual occupational hazards, recent research
considers occupational risks as the result of the
combined effects of physical, chemical, ergonomic,
organizational, and psychosocial factors in the working
environment. This approach allows for a more objective
assessment of working conditions and provides a basis

for developing comprehensive preventive measures

aimed at preventing occupational injuries and diseases.
The findings are consistent with the conclusions of
Bekmagambetov et al., who confirmed the relationship
between working conditions and the development of
occupational diseases in industrial enterprises in the
Republic of Kazakhstan, as well as with the findings of
Aktaeva et al., who demonstrated the combined effects
of occupational factors on the health of mining workers
[21,23].

The showed that the most
management systems are those that integrate the

review effective
requirements of international standards, quantitative
occupational risk assessment methods, engineering
preventive measures, medical surveillance, and active
worker participation in ensuring occupational safety. At
the same time, the effectiveness of implementing such
systems largely depends on the level of development
of national legislation, the organizational culture of
enterprises, the availability of qualified specialists,
and access to modern technologies for occupational
monitoring. These factors largely explain differences
in the effectiveness of implementing international
approaches between industrialized and developing
countries.

The Chinese experience further demonstrates that
the practical implementation of risk-based occupational
safety management requires not only regulatory
requirements but also clearly assigned responsibilities,
systematic workplace monitoring, regular inspections,
and continuous hazard prevention.

A comparison of international approaches with the
current occupational safety system in the Republic
of Kazakhstan indicates that the main principles
of risk-based management are incorporated into the
national regulatory framework. Kazakhstan's legislation
requires occupational risk assessment, monitoring of
working conditions, implementation of occupational
safety management systems, and corrective measures.
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The national approach is therefore generally consistent
with the preventive principles of ILO instruments and
ISO 45001:2018. However, the practical integration
of these principles into enterprise-level management
remains less consistent. International mining practices
increasingly link risk assessment with operational
decision-making, worker participation, emergency
preparedness, and continuous improvement, while
their implementation in Kazakhstan varies among
enterprises depending on organizational capacity,

qualified personnel, technologies, and safety culture.

For Kazakhstan's mining industry, international
approaches should therefore be adapted to national
legislation and specific mining conditions. Particular
attention should be given to integrating workplace
monitoring, occupational risk assessment, medical
surveillance, and preventive measures into a single
management cycle to support a more proactive,
evidence-based approach to occupational safety.

One of the main limitations of this review is
the limited number of recent studies addressing
occupational risks among mining workers in Central
Asian countries, including the Republic of Kazakhstan.
Most published studies have been conducted in Europe,
North America, and Australia, which limits the direct
applicability of their findings to regional conditions.
In addition, a lack of comprehensive epidemiological
studies assessing the combined effects of occupational
factors on the health of mining workers in Kazakhstan
was identified [4, 21-24].

The main strength of this review is the comprehensive
analysis of international regulatory documents, recent
scientific studies, and national publications. This made
it possible to systematize modern approaches to
occupational risk management and identify promising
areas for improving the national occupational safety
system. The findings can be used to develop risk-based
models for occupational risk management at mining
enterprises in the Republic of Kazakhstan, improve the
regulatory and legal framework, and introduce modern
approaches to the prevention of occupational diseases.

Conclusion. A systematic review of international
regulatory documents and recent scientific studies
showed that effective occupational safety and protection
of the occupational health of mining workers
should be based on a risk-based approach involving
comprehensive hazard identification, occupational risk
assessment, implementation of preventive measures,
and continuous improvement of occupational safety
management systems in accordance with international
standards [4, 8, 11, 12, 22, 23].

The analysis of the scientific literature showed that
the most effective management systems integrate ILO
requirements, the provisions of ISO 45001:2018, the
recommendations of the World Health Organization and
the International Commission on Occupational Health
(ICOH), modern occupational risk assessment methods,
engineering control measures, medical surveillance, and
the development of a safety culture. The comprehensive
application of these approaches contributes to reducing
occupational injuries and diseases and improving the
operational efficiency of mining enterprises [5, 8, 20].

The review findings indicate that, for the Republic
of Kazakhstan, further improvement of the national
occupational safety system should focus on the
wider implementation of risk-based management,
harmonization of the regulatory and legal framework
with improvement of
occupational risk assessment methods, development

international requirements,

of occupational health services, and enhancement of
the effectiveness of preventive measures, taking into
account the specific characteristics of the domestic
mining industry [4, 24, 25].

At the
given to

priority should be
risk assessment,

enterprise  level,

regular occupational
continuous monitoring of hazardous workplace factors,
strengthening engineering controls, and integrating
the results of workplace monitoring with medical
surveillance. Occupational health services should focus
on early detection of occupational diseases, risk-
oriented medical examinations, monitoring of workers
exposed to high-risk factors, and participation in the
development of preventive measures. These measures
would strengthen the practical implementation of risk-
based occupational safety management in mining
enterprises in Kazakhstan.

The analysis identified the insufficient number of
comprehensive studies on occupational risks among
mining workers in Central Asian countries as one of
the main limitations of current scientific knowledge.
This highlights the need for further epidemiological
studies, development of scientifically based methods
for comprehensive occupational risk assessment,
adaptation of international approaches to the conditions
of the Republic of Kazakhstan, and implementation of

digital technologies for monitoring working conditions.

The analysis of international practices, including
the experience of China, demonstrates the importance
of combining regulatory requirements with systematic
risk identification, workplace monitoring, preventive
measures, and clearly defined safety responsibilities.
For Kazakhstan, these approaches should be adapted
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to national legislation and the specific conditions of
the mining industry, taking into account the current
occupational injury and occupational disease situation.

The findings may be used to improve public
policy in the field of occupational safety, develop
corporate occupational risk management systems,
train occupational safety specialists, and formulate
scientifically based recommendations for mining
enterprises.
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