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FACDBIPJIIBIK F'¥MbBIP/IDbBIH TAT'bIJIBIMbI

2026 xncvlnzel Kazawoa
Kazakcmannoty  may-xen
MEmaypeus CaniacbiHbly
Jamyvina eaweyciz yaec
KOCKaH KOpHEKmi may-Ken
umndICeHepi, MexXHUuKa 2ol-
JABIMOAPLIHBIY, ~— KAHOUOA-
mot, KCPO Memnexemmik
COLILILIZBIHBLY,  SlAYpeambl,
KCPO-nuwiy enoex cinipzen
waxmepi /lanabait Ocna-
nynot Ewnanoemutyy my-
eanwvina 100 sicotn monaowl.

OHBIH KapThl FacklpAaH actam eHOek sxonbl JKeskasra,
Axmiaray »xoHe banmkamr cexinii enmimi3aiH ipi Tay-KeH Me-
TaJUTyprusi OPTAJBIKTAPBIMCH THIFBI3 OaimaHbICThL. [lamabaii
EmmanoB — eHipicTi TepeH MEHrepreH MHXXEHEep FaHa eMec,
TYTac KCIOPBIHAAP/BIH JaMybIHa OarbIT OepreH OinmikTi 6ac-
IIIbI, )KaHA TEXHOJIOTUsIIAP/IbI OHIIPICKe OATHUT CHII3TCH XKaHa-
LIBUT, KEHIHT1 OybIHFa OHEre KaJIbIpFaH TAJIMIep TYJIFa.

CrIp OoiibiHan CapblapKa KeHilITepine

Hana6aii EmmanoB 1926 sxeutebl 15 kazanna Kessutopaa
o6mnbIchHbIH Kapmakiie! aynansiana, Ceipaapus O0WbIHAA Y-
Huere kemai. 1944 xputbl Anmateiiarsl Kasak Tay-keH MeTai-
JIyprusi HHCTUTYThIHA OKy¥a TycTi. bynm — Opransik Kazakc-
TaHHBIH TaOWUFU OalIBIKTaphl KEHIHCH urepinin, JKe3kasraH
MeH bankar ipi HHAYCTpHSIIBIK OpTalbIKTapFa aiiHana oacra-
FaH Tapuxu ke3eH eni. [lamabaii EmmaHoB Tek OUTIKTI HHXe-
Hep FaHa eMec, eJIIK MY/JIeHI OapiHeH OMiK KOWFaH Memiie-
keturin azamar 6omael. O Kansimn Cotdaes, dinmyxamen Ko-
Haes, [llaxmapnan Ecenos, EBHeil bexeToB cekini Ka3aKThIH
OipTyap TyJFanapbiMeH Oipre eHOEK eTim, YITTBIK OHIpICTIH
KaJIBIITACybl MEH HBIFalObIHA CyOeli yiec KOCTHI.

1949 XbUTBI HHCTUTYTTHI «Tay-KeH HHXKEHEpi-MapKIIe-
Jiep» MaMaHbIFbI OOMBIHIIA TOMaM/IaFaH Kac MaMaH eHOeK
xonbiH JKe3kasraH Tay-KeH MeTajulyprusi KOMOWHATBIHAA
O6acTtanpl.OChl KOCIMOpBIHAA O©TKEH 22 KBUI OHBIH KOCiOM
KaJIBINTaCybIHBIH YJIKEH MEKTeOiHe aifHaiJbl. YdackKesik
MapKIiehaepIeH Oactam IIaxTaHbIH 0ac WHKCHEP1, KEHIII
OacTbIFbl, 0ac WHXKCHEpP MOHE JHUPEKTOP KbI3METTEpiHe
JeiiH keTepinai. OHIIpicTiH OapibIK CATBHICBIHAH OTKEH
OCBIH/Ial eHOCK JKOJIbI OHBI KEHIIIHIH KYHJENIKT] )KYMBICHI-
HaH 0OacTam aJibIl KOCIMOPBIHABI 0aCKapyIblH KYpIeTi Mo-
cesienepine JIeHiH KeTiK OUIETIH Harbl3 OHAIpic OaCIHIBICHI
€Tl KaJIbINTaCThIP/BI.

1971-1974 xeinpnaper Hanabaii OcriaHysisl AKHiatay Tay-
KeH OalibTy koMOnHaThIH 0ackapabl. Keitin JKeskasranra opa-
JIBIT, Tay-KeH METaJuTyprusi KOMOWHATBIHBIH 0ac WHXKeHepi
6onabl. A 1980 xbibl banmkamn Tay-KeH MeTauTyprust KoM-
OMHATBIHBIH 0ac JMPEKTOPHI KbI3METIHE TaraibIHIaIIbII, OHBI
1986 xputra geiiin 0acKapIsl.

HnikeHeptik i3geHic neH kaciom OuikTiK
Jana6aii EmmanoB eHaipicTik ToXipnOeHI FBUIBIMH 13]1e-
HICTIEH yITacThIpa OireH uHxkeHep eai. 1965 KbIIbl KaHu-

JATTHIK JHCCEPTAlMsICHIH KOPFall, TEeXHUKA FHUIBIMIAPBIHBIH
KaHAUJATH FEUTBIMU Topexecit anapl. 1969 xeitst oran «KC-
PO-uBIH eHOeKk CiHipreH maxTepi» KYpPMETTi aTarbsl Oepimi.
An 1970 sxpurer XKe3kasraH Tay-KeH METaILTYPrisi KOMOMHATHI
IIaxTajapbelHa KeH OHIIPY/IiH *KaHa TEXHOIOTHSICHIH J3ipIIerl,
©3/IITHEH XKYPEeTiH jKaOaBIKTapIs! KOMAAHy HETi3iHIe Tay-KeH
JKYMBICTAphIH KEIIeHII MEeXaHWKaJaHIBIPYAsl OHIIpIiCKe CH-
risreni ymiH KCPO MeMJeKeTTiK CHIANBIFBIHBIH JIaypeaTsl
araHnsl. EHOEri MeMiekeT TapamblHaH JKOFaphl OaFaslaHBIM,
Jlennn, Kazan peomonusice! xxoHe EHOex Keiput Ty opaen-
nepimMeH maparnartanabsl. Kasakcran Kommaptuscer Opraibik
Komurerinig mymeci 6omsimn catimansin, KOKIT XX VII cresi-
HE JIeTIeTaT PEeTiH/Ie KaTbICTHI.

MyHBIH 069pi OHBIH KociOn Oe/leiHiH TeK 031 OacKapFaH Ko-
cimopBIHIapIa FaHa eMec, OYKUT OTAaKTHIK Tay-KeH MEeTauryp-
THS CaJIaChIHa MONBIH/IAIFAHBIH KOPCETE].

Bajakaui: skaHFbIPY MeH ’KacaMIa3AbIK Ke3eHi

Jama6ait OcrianyJTeIHBIH eMipOassHeIHIa bankamnt ke3eHiHIH
opHBI afipeikma. 1980 xpuTel bamkamr Tay-KeH MeTaylTypriust
KOMOWMHATHIH OacKapyFfa KeJreH OJl OHMIPICTIK JKocTapiaapabt
OpBIHIAYMEH IICKTEIIMEH, allbIll KACIMTOPBIHIAR TEXHUKAIBIK
TYPFBI/IaH JKaHFBIPTYFa epeKIe MoH Oepi.

1981-1986 xpImaaps! OHBIH OACIIBUTBIFBIMEH OabITY (pad-
pHUKachl KaiTa >KaHFBIPTBUIBIN, OHIIPICTIH TYPAaKTH KYMBIC
icTeyiHe OarpITTanFaH OipKaTap MaHBI3IB TEXHUKAJIBIK JKOHE
YUBIMAACTBIPYIIBUTBIK MiHACTTEp mIeminai. Ochl Ke3eHHIH eH
eNeyim OKUFATaphIHBIH Oipi — bankamr MpIc OanKpITy 3aybl-
TBIHJA COJI YaKBITTaFbl €H O3BIK TEXHOIOTHIAPIABIH Oipi ca-
HaJaThIH CYWBIK BaHHAJa OaNKbITy OMiCiHIH, SFHH BaHIOKOB
TIETIiHIH OHIpicke eHTi3imyi Oommsl. 1985 xbutel, amabait

EmmanoB koMOWHATTBEI OacKaphIll TYpFaH Ke3eHne, BaHokoB
TIeTi maijananyra Oepiii.

Amakmul Baniokos neuti

Kana TexHonorus CynmbOUATI MHUKI3ATTHI Y3AIKCi3 OHACYTe
MYMKIHIIK Oepil, MeTauTyprHsUIbIK OHIIPICTIH THIMIUTITIH
e19yip apTTHIPABI.

T'opnotit scypnan Kazaxcmana Ne9’ 2026



EH MaHBI3IbICHI — OCBIIAH TOPT OHXKBUIIBIK OYPBIH €HT'i-
3UIreH TEeXHOJIOTHSIHBIH OMIPIICHITH YaKbITThIH 031 J9J1e-
neni. lana6aii OcriaHyJIBIHBIH FACBIPJIBIK MEPEHTOMBI aTajIbI
oreTiH 2026 b1kl Ja bankan MbIc OalKbITY 3aybIThIH/IA OCHI
TEXHOJIOTHSUIBIK JKEJre KaTbhICThl JKaOABIKTApJIbl ayKbIMJIbI
YKAHFBIPTY JKYMBICTAphI KYprizinyne. by — Oip kezeHue Ka-
ObUIIaHFaH MHXKEHEPIIIK MeMHIH OipHerie OybIHFa KbI3MET
€T€ aJIAThIHBIH KOPCETETIH XKAaPKbIH MBICAIL.

Hana6aii EmmanoB yuriH KoMOMHAT Tek niaxranap, Gpadpu-
KaJiap MEH OH/IPICTIK LeXTap/iaH TYPFaH jKOK. AJIbII OH/Iipic-
TiH 0aCThl KYH/IBUIBIFBI — /1AM €KCHIH OJ1 TEPEH TYCIHII.

CoOHZBIKTaH OHMIPICTIK KayiNCI3OIKIEeH KaTrap >KYMBICIIbI-
JIapiblH TYPMBIC KaFJlaiibIH )KaKcapTyFa, TYPFbIH Yil caiyra,
JICHCAYJIbIK CaKTay, MO/ICHHET IIeH CIIOPT HbICAHJIAPbIH J1aMbl-
TyFa epekuie koHia 6emnni. OnbiH eHoeri XKeskasran, CorOacB
koHe acipece bankain KaanapblHbIH 9JI€yMETTIK AaMybl Ta-
PHUXBIHAH J1a aiiKbIH KepiHe/i. 3amannacrapsl lanadaii Ocma-
HYJIbI 0aCIIBUIBIK €TKEH JKblapbl bankamra koMOUHAT KbI3-
METKEpJICPIHE apHaJIFaH Kaiibl KONKa0ATThl TYPFBIH YiJIep-
JIIH KapKbIHJIbI CaJIbIHFaHBIH epeKine atan ote/i. Kama kypay-
IIbI KSCIOPBIHHBIH 0aCHIBICHI PETiH/AE OJI: KyaTTbhl OHIPICTIH
Heri3iH/Ie TEeXHHUKAa MEH TEXHOJIOTHUS FaHa eMecC, €H ajbIMEeH
ajlaMra JISTeH KaMKOPJIBIK TYPYbI KePEK JIeTeH KaFruJaHbl Oepik
YCTaH/IBL.

Hnxenep. bacmbl. Tonimrep

Bac mupekrtop Kei3meriHeH keitin ne amadaii OcraHylisl
Tay-KeH METaJUTypIusi callaChlHaH KoJ y3reH oK. «Ka3rycri-
METMaIl» FhUIBIMU-OHIIPICTIK OIpJIECTIriH/Ie KETEeKII HHKe-
Hep, «Kasmeramm» KaybIMAACTBIFbl TEXHHKAJBIK JAUPEKIUS-
CBIHBIH 0ac capariibiChl KbI3METTEpiH arkapiabsl. 1997-2004
Kbuaapbl «KazakMbIC» KOPHOPALMSIChIHBIH 0ac capariibiChl
Oonael. OHmaran KbUinap OOWbI KUHAKTAJIFAH MOJI ©HIIpic-
TIK JKOHE WHXKEHEPJIK TaXIpHOeciH jxac Mamanaapra Oepin,
Tay-KeH WH)KEHEepJIepi MEH MEeTaJUTypITepiH KaHa OybIHBIH
TopOueIeyre arcajbICThI.

3amanpgacel opi gockl, Kazakcran PecryOnukachiHbIH €H-
oek cinipren kKaiiparkepi KokimOex CaibikoB Jlanabait Emi-
MAHOBTHI TePEeH OLTIMII, OMIIBLT HHXKCHEDP, Ka3aK XaJIKbIHBIH
TapUXbIH )KOHE aHa TUIIH XKeTiK OlIeTIH a3amaT peTiHJIe KoFa-
pbl Oaranaran. O Tananmbul 9pi Karaji Oacuibl OOJIFaHbIMEH,
KapaMarblH/IaFbl ajlaM/iapra epeKile UITHIATICH KapanTbIH.
Kokimbek CasbIKOBTBIH €CTENIr OONBIHIIIA, YIKBIMFA KAMKOP-
TbIK kacay Jlanabait OcriaHyJIbIHBIH ©MIpIIiK YCTaHBIMBI €.

OHBIH TYJIFaJIbIK OOJIMBICHIHBIH MOHI Jie ocbkiHa. Jlanabaii
EmmanoB MHXeHepIliK ey, OHipiCTIK HOTHKE JKOHE aJjaM
aJJIbIHJIAFb] JKayallKepIIiTiKTi Oip-OipiHeH OeJin KapamaraH
OacuibuIap OYBIHBIHBIH OKLII OOJIIBI.

T'opnuwuit scypnan Kazaxcmana Ne9’ 2026

OHereJii FYMBIp — o1IIIEC Mypa

Hama6ait Ocnanynsl EmmanoB 2004 KBUTFBI KBIPKYHEKTE
eMip/ieH oTTi. Aaiiia YIKeH HHXCHEP/iH apThIHA CaTbIHFaH
KOCIITOPBIHAAp MEH JKY3€re achIpbUIFaH OHAIPICTIK kobamap
FaHa KayraH KOK. OHBIH KociOn MekTeOi, MoKipTTepi MeH i3-
Gacapnapbl, KEHIIJIEp MEH METaJUTyprTepliH TyTac OyBIHBI
Kanmapl. OTOACKIHAAFBI KOCIOM JOCTYpAl KeHiHT1 ypIiak eKinme-
pi e JKanFacTeIpAbl. Byrin, TyFaHbIHA %KY3 XKBIT TOJFaH TYCTA,
Hana6aii EmmanoB aTkapraH iCTiH ayKbIMBI OYPBIHFBIIAH J1a
aliKBIH KOpiHei.

JKeskaszran MeH bankamTsIH aibl KOCITOPBIHAAPH! 971 e
€J1 DKOHOMHKAChIHA KBI3MET €TiIl, 3aMaH Tajla0blHa cail JKaH-
FBIPBIT KeJeqi. A Ke3iHJe OHBIH TiKeleH KaTbICyBIMEH Ka-
ObUTIaHFaH HHKCHEPIIIK KOHE TEXHOJIOTHSIIBIK MISTTIMIEPIiH
OipKaTapsl apajia OHIaFaH KU OTCE JIe Ka3ipri OHIipicTiH Ky-
pamac 6eJiri OOJIBIT OTHIp.

Tyransiaa 100 >xp11 TONBI oTHIpFaH anabait OcrnaHyJisl-
HBIH FHOPATTHI FYMBIPHI — KOCiOM MIeOepITiKTiH, agan eHOek-
TiH, OTQHIIBUIIBIKTHIH JKOHE €JIre KAJITKBICHI3 KbI3MET eTyAiH
apkpiH yirici. On Kansimr CorbaeB 6actaraH ykacamIias icTi
XKAIFACTHIPBIIN, KazaKCcTaHHBIH OHEPKACINTIK KyaTbIH KajbII-
TaCTBIPFaH Tay-KeH HHKCHEPIICPiHIH KOPHEKTI IIOFBIPBIHA Ka-
Tazapl. by OybIH en OaiibIFbIH HrepyTe Kocion OiLTiMiH, HHXKe-
HEpITIK TaJIaHTBIH, KaXKbIP-KAaHPaThIH apHal KaHa KOWFaH JKOK.
Omap eHAIpICTIH TaFabIPBIH, €HOCK aTaMBIHBIH JKaFJaibIH
JKOHE CaJlaHBIH OOJIAIIaFbiH ©3CPiHIH a3aMaTTHIK Kayarkep-
mriiri gen 6inzi. OmapasiH eciMi MeH eHOeri KeHiHT1 ypraKka
opaaifeiM eHere 0ombIm Kana 6eperni. OChIHAal azamMaTTapAbIH
OMIp JKOJIBIH YIIBIKTAay — ITapbl3, OTKEHIe Tar3bIM FaHa eMec,
Oomamnrakka Oarmap.

Jana6aii EmaHoBTBIH FUOPATTHI OMipi — FachIpJbIK
FYMBIP/BIH TAFbLILIMBI.

Facsbip eTce e es urisirine KbI3MeT eTKeH eHOEeK YMbI-
ThUIMAIAbI. OCbIHAAN TYJIFAJAPIbIH OHEereciH YJIbIKTAay —
OTKeHIe TAF3bIM FaHa eMec, Ka3akcTaHHBIH *KaHa OybIH
KeHIIiJIepi MeH MH:KeHepJiepiHe aMaHAT, KICiOu agajabIK
MeH eJire KbI3MeT eTyliH OMiK eJeMi.

Ce3 COHBIH, KOPHEKTI aKbIH, MEMJICKET JKOHE KOFaM Kaii-
parkepi KokimOex CaslbIKOBTBIH OFaH apHaifbl XKBIP apHall,
a3aMarTHIK KenOeTiH OeifHereH MbIHA Oip HIyMaK eJeHIMEH
asIKTarbIMBI3 KeJTeIl

Hapvinoviivizeiy amsigObl OUiK emmi,
3op cenimin myzan endiy ipinemmi.
Kenwi-2anvim, Kasvinam azamam oen,
Kanvuu-aza e3iyoi cytiin ommi.

M. b. HypneiiicoBa,

TeX.FbUL.I0K., Ka3¥ T3VYeiH nipodeccopsr,
Kazaxcran JKacymsurap OpaarHeIH MyIIIeci
A. T. CaiKbIHOB,

PhD, «Anl'eoPutm» FOK, 6ac nupexropsr



«AJITTOPUTM YCIIEXA»: OT 'OPHOI'O
IMMPONU3BOJACTBA K KOMIIVMIEKCHBIM
PEINIEHUSsM B HEJIPOITIOJIB3OBAHUUAU

Ilpogpeccuonanvusiii nymo Apnama CankovlHo8a U pazeumue HayYHo-npouU3600CmMEeHHOl

rxomnanuu «Aal eoPumm»

Cospementoe Heopo-
nonv306anue mpebyem He
MONbLKO 2IYOOKUX UHIICEHEeD-
HbIX 3HAHUL, HO U YMeHUs
00beOUHAMb HAYKY, NPOU3-
600CMB0, NPOCKMUPOBAHUE
U UHBECMUYUOHHbIE peule-
Hus. HUmenno makoi Kom-
NJIEKCHBILL NOOX00 ENCUN 8
OCHOBe  NpoghecCUOHANbHO-
20 NYymMu 20PHO20 UHIICEHe-
pa Apuama Typcynoexynoi
Canxvinosa u OesimenbHo-
cmu  CO30AHHOU UM HAY-
HO-NPOU3800CMEEHHOU KOM-
nanuu «Anl eoPumm»y.

IpogeccuonanbHas mkoJia Ke3kasrana

Apnar TypcynOekynsl CalKblHOB — TOPHBIH HHXXKEHED,
CICIHATHCT B O0JAaCTH HEIPOIONb30BaHMS, OCHOBATEIb M
PYKOBOJIUTEIb HAYYHO-ITPOU3BOACTBEHHON KoMmaHuu «Anle-
oPutm». B 1999 rogy on oxonunn Kazaxckuil HalmoHaIbHBIN
TEXHUYECKUI YHUBEPCUTET MO CrienuanbHOCTU «[ OpHBIN HH-
JKEHep».

TpynoByio AesITeNbHOCTh Hayan Ha pyaHukax JKeskasra-
HAa — OMHOM W3 KPYIMHCWIIMX [ECHTPOB TOPHOIOOBIBAIOIICH
npombinuicHHOCTH Kazaxcrana. B teuenue 17 mer paboran
B koprnopanuu «Ka3zaxmpicy, TociaeoBaTeIbHO proOpeTas
MIPOU3BOJICTBEHHBIN U YIPaBICHUYCCKUI OMBIT. PaboTa Hemo-
CPEICTBEHHO Ha TOPHBIX MPEANPUATHIX CPOPMUPOBAIIA ITPAK-
TUYCCKOC MMOHUMAHHE TEXHOJIIOTHYECKHX IMPOIECCOB, TPeOo-
BaHUI TPOMBIIUICHHOW O€30MaCHOCTH, TEOMEXaHUYECKHIX
PUCKOB M OTBETCTBEHHOCTU 3a MPUHUMAEMble WHIKEHEPHbBIC
peuieHus.

HaxormuieHHBI OMBIT OXBATHIBAET TOPHOE MPOU3BOJCTBO,
TCOMEXaHUKY, TCOJOrOpa3BEIOYHbIC PAOOTHI, OpPTaHU3AIUIO
HMHBECTULIMOHHBIX TPOEKTOB U COMPOBOKJICHUE JIEATEIBHOCTH
Heaponoib3oBaresneil. B Hacrosmee Bpemst ApHar CalIkbIHOB
TaK)Ke 3aHUMACTCS HAyYHO-HCCIICIOBATCIBCKON paboToM, H3-
y4asi BOIIPOCHI Pa3BUTHUS MaJIOTO U CPEIHETO OH3HEca B cdepe
HEJPONOIb30BaHMSI U COBEPIICHCTBOBAHUS MEXaHU3MOB €ro
roCyIapCTBEHHOM MOIIEPIKKH.

«Adal'eoPuTm»: NOJMHBIA HUKJI — OT HeH 10 peau3auuu

Hayuno-npousBoacrsennas kommnanus «AnleoPutm» ocy-
ImecTBIIeT AesaTeabHoCcTh ¢ 2012 roga. Kommanus cosmaBa-
JIaCh KaK WHXKCHEPHAsI CTPYKTYpa, CIIOCOOHAsT COMPOBOXK/IAThH
MPOEKTHI HAa Pa3IMUYHbIX dTanax — OT NPeABAPUTEIBHOMN OLIEH-
KM ¥ U3BICKaHUHN 10 MPOEKTUPOBAHUS, CTPOUTEILCTBA U MOJI-
TOTOBKH K MPOMBIIIEHHOMY OCBOCHHIO.

KitroueBasi 0COOCHHOCTh KOMITAHUHM — MEXIHUCIUILTHHAP-
HBIY TOAXO/1. B 0THOM MPON3BOICTBEHHOM KOHTYPE 00BEIIHE-
Hbl HAay4YHO-HCCJIEIOBATEIbCKUE, MPOEKTHO-U3bICKATEIbCKUE,
reoJIOTHYECKUE, MapKILEeHAepCKUe, THAPOre0JOTHYECKHUE, Ja-
0OpaTOpPHO-aHATUTUYCCKHE W CTPOUTEIBHBIC KOMIICTCHIIHH.
Takoii (hopMaT MO3BOJSICT 3aKA3UYHKY MTOTYYaTh HE OTACITBHYIO
YCIIYTy, @ COIVIACOBAHHOE KOMIUIEKCHOE PEIIECHUE C YyYeTOM
TEXHUYECKHX, SKOHOMUYCCKHX H PETYIIATOPHBIX (PaKTOPOB.

«Hawa 3a0aua — coeounumo UHIHCECHEPHYI0O MOYHOCHb,
HAy4HYI0 000CHOBAHHOCHb U npakmuu4eckyro
peanusyemocms npoeKma).

KomnereHuuu u cTaHaapThl KayecTBa

«Anl'eoPutm» pacronaraeT rocyZapCTBEHHBIMH JIMIICH-
3UAMH Ha W3BICKATENIbCKYIO JESITEIbHOCTD, 3KCIUTYaTaIHIo
U TIPOEKTHPOBAHUE T'OPHBIX M XHUMUYECKHX HPOU3BOJCTB, a
Tak)Ke Ha CTPOUTEIHHO-MOHTAKHBIE M POEKTHBIE padoTs 111
kareropuy. KoMmanust akkpeZJuTOBaHa KaK CyOBEKT HAyYHOU
W HAayYHO-TEXHUUYECKON AEATEIBHOCTH U IMEET HEOOXOIMBbIE
aTTeCTaThl A BBIIONHEHUS PabOT B OONACTH 3KOJIOTHH U
MIPOMBIIIIICHHOW O€30TTaCHOCTH.

B xomnanum BHeApeHa MHTETPUPOBAHHAS CHCTEMA MEHE]-
JKMEHTa, OXBaThIBAIOINAsl Kaue€CTBO, OXPaHY OKPY)KaIOIICH
cpermpl, 0€30IMacHOCTh Tpyda M dHEpProMeHemKMeHT. Pabora
BBICTPOCHA B COOTBETCTBHM C TPEOOBAHMSAMH MEXIyHApPOI-
HBIX ctagaaptos [SO 9001, ISO 14001 u ISO 45001.

OcHOBHbIE HANIPaBJICHUS JesATeJIbHOCTH:

* HAYYHO-HCCIIEA0BATENBCKHIE U ONBITHO-KOHCTPYKTOPCKHE
paboTsr;

* IPOEKTHO-U3BICKATENbCKAS 1ESTEIBHOCTD;

* MapKIIEHIEpUs U Te0le3Us;

* THPOTEOJIOTHIECKNE UCCIIEI0BAHMUS U OypEeHUE CKBAXKHH;

* pa3BeKa TBEP/BIX MOIE3HBIX NCKOMAEMBbIX;

°* TOpHBIE paboTEHI;

* 1a00OpaTOPHO-aHATUTHYECKHIE HCCIIEI0BAHMS;

* IPOMBIIIUIEHHOE CTPOUTEIHCTBO.

JoBepue oTpaciii ¥ NAapTHEPCKMI MOAX0

3a romel paboTHl KOMITaHUS chopMUpOBaa ONBIT B3aHMO-
JIEUCTBHA C BELYUIMMH MPEIIPHUATHSIMUA TOPHO-METaJLUTypTH-
YEeCKOro KoMIUIekca cTpaHbl. Cpeay 3aKa3dMKOB W IMapTHe-
poB — cTpykTypsl kopmopanun «Kaszaxmbic», «KasmuHk»,
ERG, «Anraii [Tomumerammery, AltynEx Company, «Boc-
xon-ORIEL», KAZ Minerals, « AnteiHanMacy, «Nova L{uHk»
U JIpyTHE.

B ocnoge pabdotsr «Anl'eoPutmy nexar mpUHINTIEI Oepex-
JMBOTO TPOW3BOACTBA, MHIMBHIYAIbHOTO IOAXOAA M HETO-
CPE/ICTBEHHOT'O COTIPOBOXK/ICHNUS MIPOEKTOB HA MecTax. [Ipak-
THYECKas [IeJIb TAKOTO MOIX0a — IIOMOYb 3aKa34HKy ONTHMH-
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3UpOBATh IPOU3BOJICTBEHHBIE IPOLIECCHI, CHU3UTH U3/IEPKKHU,
MOBBICUTb YIPABISIEMOCTh PUCKOB U 00€CIIEUUTh YCTOWYHBYIO
peanu3anuio IpoeKTa.

Hayka, 6u3nec u Oyayuiee HeIpoIoJib30BaHUsI

CerozHsi mepel OTPACibi0 CTOSAT 3a/add BOCIIOJHEHHUS
MHUHEPaJIbHO-CHIPhEBOI 0a3bl, MPUBJICUEHHsT MHBECTHLHUH B
reojioropasBeaKy, MOBBIICHUA TCXHOJIOTHMYHOCTU MNPOU3BOI-
CTBa U paClIMPCHUA Yy4YaCTHA OTCUCCTBEHHBLIX CCPBHUCHBIX H
IOHMOPCKUX KoMIaHui. Pemenue 3tux 3amau Tpedyer Ooiee

TECHOH CBSI3M HAyKH, HH)KEHEPHOW MPaKTUKH, OW3Heca U ro-
CylapCTBEHHBIX HHCTUTYTOB.

[Tpodeccronanbhblii myTh ApHara CajKbIHOBA TOKA3bIBA-
€T, 4TO YCTOMYMBOE Pa3BUTUE B T'OPHOM OTpaciIyM HaYMHAeT-
Csl C MPAKTUYECKOTO OMBITA, MPOAOIIKACTCS Yepe3 HaydHBbIH
MIOWCK U TI0JIy4aeT peajibHOe BOIUIONIEHUE B (P (PEKTHUBHBIX
MPOU3BOACTBEHHBIX pelIeHusX. MMeHHO 3TOT mpuHIMI —
HOCJIEI0BATENIbHOCTh, CUCTEMHOCTh U OTBETCTBEHHOCTb 32
pe3yabpTaT — MOXKHO Ha3BaTh INIABHBIM «aJIFTOPUTMOM yCIIeXa»
KOMITaHUH.

«THE ALGORITHM OF SUCCESS»:
FROM MINING OPERATIONS TO INTEGRATED
SOLUTIONS IN SUBSOIL USE

The professional journey of Arnat Salkynov and the development of the Scientific

and Production Company «AlGeoRitm»

Modern subsoil use re-
quires not only deep engi-
neering expertise, but also
the ability to integrate sci-
ence, production, design,
and investment solutions.
This comprehensive ap-
proach lies at the heart of
the professional journey of
mining engineer Arnat Tur-
sunbekuly Salkynov and the
activities of the Scientific
and Production Company
«AlGeoRitm», which he
founded.

The Zhezkazgan School of Professional Excellence

Arnat Tursunbekuly Salkynov is a mining engineer, a spe-
cialist in subsoil use, and the founder and head of the Scientific
and Production Company «AlGeoRitmy». In 1999, he gradu-
ated from the Kazakh National Technical University with a
degree in Mining Engineering.

He began his professional career at the mines of Zhezka-
zgan, one of Kazakhstan’s major mining centers. For 17 years,
he worked at Kazakhmys Corporation, progressively gaining
extensive production and management experience. Direct in-
volvement in mining operations shaped his practical under-
standing of technological processes, industrial safety require-
ments, geomechanical risks, and the responsibility associated
with engineering decisions.

His accumulated experience spans mining operations, geome-
chanics, geological exploration, investment project development,
and support for subsoil users. At present, Arnat Salkynov is also
engaged in research, focusing on the development of small and
medium-sized businesses in the subsoil use sector and on improv-
ing mechanisms of government support for these enterprises.
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«AlGeoRitm»: A Full Cycle — From Concept to Imple-
mentation

The Scientific and Production Company «AlGeoRitm» has
been operating since 2012. The company was established as
an engineering organization capable of supporting projects at
various stages — from preliminary assessment and surveys to
design, construction, and preparation for commercial devel-
opment.

A key distinguishing feature of the company is its multidis-
ciplinary approach. Research, design and survey, geological,
mine surveying, hydrogeological, laboratory and analytical,
and construction competencies are integrated within a single
operational framework. This enables clients to receive not an
isolated service, but a coordinated, comprehensive solution
that takes technical, economic, and regulatory factors into ac-
count.

«Our goal is to combine engineering precision, scientific
validity, and the practical feasibility of every projecty.

Expertise and Quality Standards

«AlGeoRitm» holds state licenses for survey activities, the
operation and design of mining and chemical production fa-
cilities, as well as Category III construction, installation, and
design works. The company is accredited as an entity engaged
in scientific and scientific-technical activities and holds the
necessary certifications to perform work in the fields of envi-
ronmental protection and industrial safety.

The company has implemented an integrated management
system covering quality, environmental protection, occupa-
tional health and safety, and energy management. Its opera-
tions are organized in accordance with the requirements of
international standards ISO 9001, ISO 14001, and ISO 45001.

Core Areas of Activity:

» research and development activities;

* design and survey activities;



* mine surveying and geodesy;

* hydrogeological studies and well drilling;
» exploration of solid mineral resources;

* mining operations;

* laboratory and analytical studies;

« industrial construction.

Industry Trust and a Partnership-Oriented Approach

Over the years, the company has developed extensive expe-
rience working with leading enterprises in Kazakhstan’s min-
ing and metallurgical sector. Its clients and partners include
entities within Kazakhmys Corporation, Kazzinc, ERG, Altai
Polymetals, AltynEx Company, Voshod-ORIEL, KAZ Miner-
als, Altynalmas, Nova Zinc, and others.

The work of «AlGeoRitmy is based on the principles of lean
production, an individual approach to clients, and direct on-
site project support. The practical objective of this approach
is to help clients optimize production processes, reduce costs,
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improve risk management, and ensure the sustainable imple-
mentation of projects.

Science, Business, and the Future of Subsoil Use

Today, the industry faces the challenges of replenishing the
mineral resource base, attracting investment into geological
exploration, increasing the technological efficiency of produc-
tion, and expanding the participation of domestic service and
junior companies. Addressing these challenges requires closer
cooperation between science, engineering practice, business,
and government institutions.

Arnat Salkynov’s professional journey demonstrates that
sustainable development in the mining industry begins with
hands-on experience, advances through scientific inquiry, and
ultimately takes shape in effective production solutions. This
principle — consistency, a systematic approach, and responsi-
bility for results — can rightly be regarded as the company’s
main «algorithm of success».
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IO. A. JInuman, I. X. Jlaytos, T. T. Bougapenko

PE3VYJ/IBTATBbI IPUMEHEHUS HEKOTOPBIX
INPAKTUYECKUX PEKOMEH/JIAIINN

AJIA YBEJIMYEHNSA BBICOTBI BHEIHNITHUX
MNOPOJAHBIX OTBAJIOB U3 YCJIOBUUA
BE3OIIACHOCTU HA PA3BPE3E «BOCTOYHBIN»

DPAO «<EDK»

B npakTrke 0TBanooOpa3oBaHus BBICOTA ITOPOAHBIX OTBa-
JIOB M3MEHSIETCS] B 3HAYMTEINILHBIX MpEJeax U 3aBHCUT IJIaB-
HBIM 00pa3oM OT (PU3MKO-MEXaHUUECKHX CBOWCTB CKIIQANPY-
€MBIX TOPHBIX OO/, IPOYHOCTH MOPOJ OCHOBAHMUS OTBAJa,
penbeda MECTHOCTH M TEXHOJIOTHH OTBaJI000pa30BaHusI.

Ha mpoTrspkeHHn JUIMTEIbHOTO BPEMEHH BBICOTY BHELIHUX
OTBAJIOB IIPU TPAHCIIOPTHBIX CUCTEMAX OTKPHITON pa3zpaboTKu
npuHuManu B npenenax 45,0-60,0 M. 310 B HEKOTOPOH cTe-
MIEHN MPUBOAWIO K TOMY, YTO OTBAJbl YNAISUINCh HA 3HAYM-
TEJIbHBIE PACCTOSHUS OT Pa3pe30B, YBEINYNBAIACh CTOUMOCTb
TPAHCIIOPTUPOBKH ITyCTHIX MOPOJI, 3aHUMAJIMCh OOJIbIINE 3e-
MeJIbHbIE TUIOLIAIH.

B nesisix cHUKEHMS 3aTpaT Ha 0TBaJIoOOpa3oBaHue, Ha psijie
HPEANPHUITHH 110 JOOBIYE MTOJIE3HBIX UCKOIIAEMBIX OTKPBITHIM
CHOCOoOOM IOILIH 110 ITyTH 3HAYUTEIILHOTO YBEJIINYEHUS BbI-
COThl OTBaJIOB. YacTO BBICOKHE OTBAJIBI CTalM OTCHINATHCS
B TOPUCTOH MECTHOCTH HPHU CKJIAJUPOBAHUU CKAJIBHBIX I10-
poxn. Hanpumep, Ha AntbiH-TonkanckoM KOMOWHATe BhICOTA
OTBaJa INpPH 3KCKaBaTOPHOM CHocode OTBaI000pa3oBaHMs
coctaBisia 130 M. Beicokue noposHble OTBaJIbl HA TOPHBIX
cKkJI0OHax oTchinanuch B Teipaayzckom 'MK (400-500 m), B
Anmansikckom 'MK (200-300 m). Ha LlentpansHom pynHu-
ke 10 «Amarur» npu Oylba03epHOM OTBajI000pa3oBaHUU
OTCBHINKA MOPOJ] B OTBAJbl IPOU3BOAMIIACH OJHUM YCTYIIOM
BbicoTOl 250-400 M. Ha HepronrpuHckoM paspese BbICOTa
MOPOJHBIX O0TBaN0OB gocturaeT 40-50 M, a Ha y4acTKax C 1o-
HUKCHHBIM peibeoM MecTHOCTH — 70 M. XapakTep nedop-
MallM{ OTBAJIOB HE 3aTPYJHSET BEJICHHUE OTBAJIBHBIX PaloT.
Ha pa3pesax Kysbacca: Kenposckom, um. 50-netust OKTsiOpst
BBICOTA HIKHETO SIpyca KCKaBaTOPHBIX OTBAJIOB JIOCTHIAET
80 M. OTchInKa BHICOKHX TOPOJIHBIX OTBAJIOB IPOU3BOANUTCS
Ha pslie IPyTUX KapbepoB 3a pyOekoM, Iriie 0TBasooOpa3o-
BaHHE B YCJIOBUSIX TOPUCTOTO peibeda oCyIecTBIsIIOCh Ha
pynaukax «Bunram-lOra», «YunctBa Cuukiiep» (CILA),
«Auanra» (FOxnas Adpuxa) u ap., rae BbICOTa OTBAJIOB J10-
cturaet 250-600 m.

Hcxons n3 BhIILIECKa3aHHOTO, IIOCTAHOBKA BOIpoca 00 yBe-
JIMYEHUH BBICOTHI MOPOJHBIX OTBAJIOB Ha paspese «Boctou-
Heli» — PAO «EBpoa3uarckas sHepreTuyecKasi Koprnoparus»
UMeEET 11071 CO00i1 peasbHyI0 OCHOBY.

W3 nureparypHbIX UCTOYHUKOB U3BECTHO, YTO B PSJIE CITy-
YaeB BBICOKHE OTBaJIbl Ae(hOPMUPYIOTCS, a WHOIZIA OTBAJIOO-
OpazoBaHKE MPOMU3BOJUTCS B YCIOBHUSIX ITOCTOSTHHOTO JIBYKE-
HUSI OTBAJIOB, OJTHAKO, OCHOBHOE YCIIOBUE BEJICHUS paboT — 3TO
obecrieuenne Oe3omacHOW paboThI Jtozieil U 00OpyHOBaHMS,
3aHSATHIX Ha JJAHHOM TEXHOJIOTHYECKOM TIpOILECCe.
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Kak npaBmuito, nedopMariioHHbIe MPOLECCH OTBAJIOB HOCST
3aKOHOMEPHBIH XapakTep M MPOSIBISIFOTCS B MOCTEIIEHHOM H
IUTaBHOM HAapacTaHWU CKOPOCTH CMEIIEHHS OT/EIbHBIX y4acT-
KOB OTBAJIOB. TE€XHOJOTHYECKUM KPUTEPHEM HMX Oe30MacHOM
9KCILTyaTallly CIY)KHUT BEPTHKAJIbHAsE CKOPOCTh MX JeopMa-
un — 50 MM/CyTKH. 3auacTylo 3HaHHE 3aKOHOMEPHOCTH JIaH-
HBIX MPOLIECCOB MO3BOJISIET OE3011aCHO MPOU3BOAUTH OTBAJIb-
HbIE pabOTHI JAKE B YCIOBHSX MTOCTOSHHOTO MX JIBHYKCHHUSL.

OCHOBHBIMU TIPUYUHAMH ONOJI3HEH M JedopManuii 0TKo-
COB OTBAJIOB SIBJIAIOTCS!

- HU3KAA HeCywjas CHOCOOHOCHIL SPYHINOS 6 OCHOBAHUU OM-
6an06;

- Hecoomeemcmeue blCOMbl OMEANA PUIUKO-MEXaHUUe-
CKUM CBOTCNBAM NOPOO, OMCLINAEMbIX 6 Melle OMBANd,

- KOHYeHmpayus 2IUHUCMbIX HOPOO 8 HUICHUX CNOAX OM-
eana;

- OM2py3Ka 6 OMBAbl YENANHCHEHHBIX 2TUHUCIIBIX NOPOO;

- HaIUYUe CHe2a 6 meje Omeana 60IU3U e20 OMKOCA 8 nepl-
00 CHe2OMasAHUsA,

- HAaKonlieHue 00AHCOeBblX U NABOOKOBbIX 600 V HUJICHEl
bposeku omeana.

Paspes «Boctounsiity @AO «EDK» pacnonaraercs B rpa-
HUIAX DKHOAaCTy3CKOTO yroysibHOro OacceifHa B Hemocpen-
CTBEHHOM Onu3octu 0T ropona Dkubdactys [laBnonapckoii 00-
nactu Pecriyonuku Kazaxcran. @poHT 100bIMHBIX paboT Ha
paspese, B HacTosIIee BpeMs, COCTaBIsIeT okoio 7,0 kM, oTpa-
00TKa BCKPBIIIHOM 30HBI BesleTcst Ha 14-TH ycTynax BbICOTOH
ot 10,0 1o 20,0 m. ITpu cpennem 14-rpagycHoM yriie HakJIOHa
YTOJNBHBIX IUIACTOB K TOPU30HTY, B HAIPaBICHUU JOOBIYHOM
30HBI B OJIMKANIIINE TOJIBI OXKUJIAETCS €KETOJJHOE yBEIINIEeHHUE
CKOPOCTH IOTPY>KEHHS TOPHBIX padot ot 5,0 1o 10,0 m.

B cooTBeTcTBHHM C TE€ONIOrHUECKUMH JJAHHBIMU BCKPBIIIHbIC
opoibl cOCToAT U3 ~30% aneBpOIUTOB, MECYAHUKOB — ~25%,
apryuuToB — ~20% u =25% 0CTAaTOYHBIX, COCTOSIIUX U3 ITe-
pecilanBaroIMXCs YIS, YIIMCTBIX CIIAHIIEB M OPOI.

DU3UKO-MEXaHUUECKHUE CBOMCTBA MECUaHUKOB, aJIeBPOJIU-
TOB apTrUJIMTOB IIPUBEAEHBI B Tabuuib! 1, 2, 3.

Pa3pes «BocTounslity pacnosoxkeH B paiiloOHE CO CIIOKHBIMU
THJIPOTEOJIOTMYECKUMH YCIOBHAMU. [10/13eMHbIE BOJIBI HMEIOT
muHepanu3anuio ot 0,6—1,0 1o 5,0-14,8 r/am?, npuypoueHbI K
HaunboJiee NPOHUIIAEMBIM 30HaM TPELIMHOBATHIX MOPOJ U JIO-
KaJIbHO-PACIIPOCTPAHEHHBIM DPBIXJIBIM OTIIOXKEHUSIM. JleOUThI
ckBakuH HeBbicokue 0,1-0,2 n/c, pexe 0,5-0,6 1/c npu mo-
HIKeHuH ypoBH4 10 15,0-17,8 M. Cpean aHHOHOB B IPECHBIX
BOJIax MPeoOIasaoT ruIpoKapOOHAThl U CyIb(aThI, a B COJIO-
HOBATBIX — XJIOPUJIBI U CYIb(arsl. Bospl coepxkar 3Ha4UTEINb-



Tabnuya 1
Du3zuko-mexanuuecKue c0icCmea necCYaHuKos
Bpemennoe
BpeMeHHOE COMpOTHBJIEHHE | COMPOTHBIIEHHE Bemrmma | oo
['my6una Bnaxxnocrs, CKATHIO, G, PACTSIKEHHIO, CLUCIICHUS | o e IInorHocts, | AGpa3us-
3aJIeraHus, M W, % ’ o B KYyCKe, 5 r/em?® HOCTb, I/T
pacm. /M2 ca, r/cm
Kr/cm? MIla kr/em? | Mlla
0-50 2,0 205 20,5 11 1,1 170 2,39 2,70 36
409494 41.0-49.6 | 29-52 | 2.9-4.2
50-100 1,3 471 476 4 34 415 2,52 2,70 36
433-642 433-64.2 | 31-54 | 3.1-54
100-200 2,0 542 54.2 3 43 620 2,55 2,73 36
509-751 51.0-75.1 | 45-75 | 4.5-7.5
200-300 1,9 626 62.6 56 5.6 765 2,61 2,74 36
529-762 53,0-76.2 | 51-70 | 5.1-7.0
300400 1,9 612 61,5 59 59 870 2,64 2,78 36
IHpumeuanue.

B uucnumene: MUHuUMym — Makcumym, 6 sHamenameie — cpeonee 3HaueHue.
Benuyuna mpewunosamocmu: min. — 2,7 mp./m; max. — 4,2 mp./m. Cooepoicanue c60600no0z0 kpemnezema SiO:: min. —31,6%; max. —43,3%.

Taonuuya 2
Du3uko-mexanuueckue ce0icmea anieepoiunos
Bpementoe Bennunna VYron
B -
g;ygiiz BakHOCTS, peMeHé-IX(:;T(;I(I)(l;Ip;)TI/IBJICHI/Ie compoTHBICHTE - OM6aLeI:H:/$I }IIIHOTTL BHYTpEH-
3 eM ’ W, % e PaCTAKEHUIO, ey, | B KyCKE, f:ia; r(;ch; HEro TPeHwus,
Kr/cM? MIla Kr/cM> MIla /v rpax.
50 - 234 234 - - 90 - - 33
508-710 50.8-71.0
50-100 4.4 606 60.6 49 49 270 2,54 2,72 33
469-688 46.9-68.8 16-33 1,6-3.3
100200 33 336 58.6 4 2.4 430 2,55 2,72 33
617-747 61.7-74.7 21-56 2,1-5.6
200-300 2,7 666 66.6 47 47 550 2,57 2,74 33
22-53 2,2-53
300-400 1,8 - - ) 42 600 2,66 2,83 33
Ipumeuanue.

B uucnumene: MUHUMYM — MAKCUMYM, 8 3HAMEHAMENe — CPeOHee 3HAUEHUE.

Benuuuna abpazusnocmu: min. — 0,1 &/m; max. — 5,6 2/m (6 cpeonem 1,2 2/m). Tpewunosamocms: min. — 1,3 mp./m; max. — 1,7 mp./m npu
KapOOHAMHO-2IUHUCTIOM U 2IUHUCTOM Yyemenme u min. — 2,7 mp./m; max. — 4,2 mp./m 0151 gvieempensix nopood (0o anyounst 50 m). Cooep-
srcanue c0600no20 Kpemnesema SiO:: min. — 25,5%; max. — 51,9%.

Taonuuya 3
Du3uko-mexanuueckue ceoicmea apuiiumos
B Bpemennoe
peMeHHOe
COMPOTHUBIICHUE CHKATUIO COTPOTHBIICHHE
[irvGuna BIIasKHOCTS > | pacrskeHuro, Bemnuuna | OO0bemHast TLIOTHOCTS Vron BHyTpeH-
Y N O o CLeIJICHUS B | Macca, 1/ 5 | Hero TpeHus,
3ajeraHus, M W, % pacm. KycKe, T/ o r/cMm rpan

Kr/cm? MlIla kr/cm? | MIla

10-50 - 75-250 7,5-25,0 - - - - - 28
25,0—

50-100 - 250-345 34.5 - - - - - 28
100-200 3,2 441 44,1 25 2,5 470 2,32 2,55 28
200-300 3.4 - - - - 570 2,65 2,88 28
300400 2.8 390 39,0 16 1,6 610 2,55 - 28

Ilpumeuanue.
Benuuuna abpaszuenocmu cocmasnsiem: min. — 0,9 2/m; max. — 2,2 2/m (¢ cpeonem 1,6 2/m). Tpewurnosamocmo: min. — 3,3 mp./m; max. —
5,9 mp./m. Cooeporcanue c60600H020 kpemnezema SiOz: min. — 37,4%; max. — 39,1%.

Topnuuit scypnan Kazaxcmana Ne9’ 2026
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Hoe koimdecTBo dropa 3,0-8,0 mr/nm? (2,0-5,0 ITJIK), cBuHIta
0,1-0,318 mr/am®. YpoBeHb BOJI, IPEUMYIIIECTBEHHO ClI1aboHa-
MIOPHBIX, pacrojyiaraercsi Ha yonHax 1,9-12,8 m.

[Turanne MoA3eMHbBIX BOJ OCYILECTBIISIETCS 32 CYET HH(DUITb-
Tpanuu arMoc(epHbIX 0CaJKOB U HanOOoJIee aKTHBHO IPOHCXO-
JTUT B TIpeJieliaX MOJIOKUTEIBHBIX (GOpM perbeda B paitoHax 00-
Ha)KEHHsI BOJJOBMEILAIOIINX MOPOJI. [J1aBHYyIO0 poiib B MUTaHUN
TIOJI3EMHBIX BOJI paifoHa MIPAIOT OCAIKKU OCEHHE-3UMHE-BECEH-
Hero nepuona. B Teruiblit nepuon (JeTHuit), BBUIY BBICOKOTO
neduimTa BIaXKHOCTH, arMOC(EpHBIE 0CAIKH PACXOIYIOTCS Ha
UCTIapEHUE U TPAHCIIUPALIUIO PACTCHUSIMH.

CopneprkaHre MUKPOIJIEMEHTOB B MOJ3EMHBIX BOJIAX H3Me-
HSIETCSl B IIMPOKUX MpE/eNaX U 3aBHCUT OT CIIEIYIOIINX OC-
HOBHBIX (DAaKTOPOB: JIMTOJOI'MYECKOTO COCTaBa IOPOJ 30HBI
a’palny, BOJOBMELIAIONINX MTOPOJI, TEOMEXaHUUECKHX YCIIO-
BUIi, COIEpIKAaHUS B IOPOAX PYAHBIX KOMIOHEHTOB U YPOBHS
TEXHOI'€HHOTO 3arpsi3HEHUsI MOJ3EMHBIX BOJI. MaKCHMallbHbIE
COZIepIKaHUsI HEKOTOPBIX IKOJIOTUYECKU TOKCHYHBIX MUKPO3-
JIEMEHTOB B TI0JI3EMHBIX BOAAX HEPEIKO IPEBBILIAIOT IPeJIeIib-
HO-JIONyCTUMbIE KOHIIEHTPALIUH.

B mHactosimee Bpemsi Ha paspese «Boctounbrity DAO
«EDK» 1u1st IOBBIIIEHHST YCTOHYMBOCTH BBICOKHUX MOPOJIHBIX
OTBAJIOB IPUMEHSIOTCS CIICYIOINE MEPOTIPUSITHS:

1. Omcewinka npedomeanos.

B nanHOM citydae yCTOHYMBOCTh OTBAJIOB 00€CIICUHNBACTCSI 3
CUCT MPUTPY3KH MOPOIHBIX TUIOMIAIACH, IPUIICTAFOIINX K OTBAJb-
HbIM OTKOCaM. OOBIYHO TPEIOTBAT COOPYIKACTCS JIO OTCHIITKU
OCHOBHOI'O OTBaJia C MOCJCAYIOIIUM 3allOJIHCHUEM MPOCTPaH-
CTBa MEK/Ty MTPEJIOTBAJIOM H OCHOBHBIM OTBAJIOM. YCTOWYHBOCTh
OTBaJIa HAXOIUTCS B 3aBUCHMOCTH OT BBICOTHI IIPEIOTBAJIA, T. K.
C YBEJIMUYCHUEM BBICOTHI IPESIOTBAIA BBIMOJAKHBACTCS OOIIUI
YToJI OTKOCa OTBajIa. JlaHHOE MEPOIPHSATHE TAKKE UMECT LIENIbI0
M30JIMPOBaHKE YIVICCONCPIKAIUX TIOPOJ, YJAMKCHHBIX B IIpe-
JIOTBaJI TUIOTHBIM CJIOEM HMHEPTHOTO Marepualia, MPaKTHYCCKU
MOJIHOCTHIO MCKJIFOYAIOIIETO aKTHBHBIC OKHCIUTEIBHBIC IPO-
LIECChI B ITOPOJIaX, CKIIOHHBIX K CAMOHATPEBAHHIO.

2. Unoicenepnas nodeomosrka 0cHOBAHUIL 0MEAI08.

[Tpu uHXEeHEePHOH NOArOTOBKE OCHOBAHUS OTBAJIOB BBIITOJ-
HSIIOT OJIHO U3 CJIEAYIOIUX MEPOIIPHSTHIA:

- meppacuposanie noussbi NPU HAKIOHHOM OCHOBAHUU OM-
sana;

- yoanenue ci1aboeo cios npu mowpocmu e2o 00 2,0 m
(puc. 1);

- YCmpoucmeo npomugoonon3HesblX 8bleMOK CHeyudIbHOl
@opmul (puc. 2) ¢ yuemom MUHUMATLHOU WUPUHbI OMBATLHOU
3aX00KU.

Ha puc. 1 npuBezeHo yaanenue ciiaboro ciiost Ha IJIOMIAAKe
(hopmupoBanus epBoro sipyca orsana «KoHBelepHbli» pas-
pe3a «Boctounsrity DAO «EDK».

Ha puc. 2 mnpuBeseHO yCTPOHCTBO IPOTHBOOIOJIZHEBBIX
BBIEMOK CIICLIAJIbHOM (POPMBI.

WHcrpymeHTanibHOE HaONIONEHHE 32 TOBEPXHOCTBIO OT-
Bana «KonBelepHbli» paspe3a «BocTouHbI» ¢ mOMOIIBIO
BIJIA mpuBezneHo Ha puc. 3.

Ha puc. 4 npuBeneHa KOHCTPYKLMSI IIPOTHBOOIIOJI3HEBBIX
BBIEMOK CIEIMAJILHON (POPMBI C IIaroM yCTPOWCTBA paBHOU
MUHUMAaJIbHOU MIMPUHE OTBATBHON 3aXO/KH.

T'opuouit scypnan Kazaxcmana Ne9’ 2026

Puc. 1. Yiasenue ¢1a60ro cjiosi Ha IJIOIAAKe
¢opmupoBanus nepsoro sipyca orpajia «Konpeiiepusblii»
paspe3a «Bocrounbiiiy — ®AO «EJK».

Puc. 2. YeTpoiicTBO IPOTHBOOMOJI3HEBBIX BEIEMOK
crnenuaabHO| opmbl.

Puc. 3. UHcTpyMeHTaIbHOE HAO I0eHHE 32
NMOBEPXHOCTHIO 0TBaJa « KonBeiiepHblii» pa3pe3a
«BocTounblii» ¢ momombio BITJIA.

XapakTepucTHKa OTPadaThIBAEMBIX BCKPBIIIHBIX OO,
pacripeneneHe nopos 1Mo JUTOIOTHUECKUM PAa3HOCTSIM IPHU-
BEIECHBI B TabmuIie 4.

B orBan «KouseitepHsrit» paspesa «BocTounsiit» ckianu-
PYIOTCS pa3HOPOJHBIE TOPOABI, KOTOPHIC MEPEMEIINBAIOTCS
B MPOLECCE OTCHINKH, B PE3yJbTaTe 4ero oOpasyercsi Kaue-
CTBEHHO HOBAasl Macca ¢ MHBIMU CBOMCTBAMH, YEM HCXOIHBIC
KOMIIOHEHTHI. [Ipu 3TOM pa3Mepsl KyCKOB IOCIE ApOOIeHHs
Bapsupytotcs oT 0 10 300 mm.
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Puc. 4. KoncTpykuusi npoOTHBOOIOJI3HEBBIX BbIEMOK
crnenuaabHOi GOpMBI.

Taonuua 4
Pacnpedenenue nopoo no 1umonozuiecKum pazHocmam

Cpennss
OTHOCHTEIBHOE
HaumenoBanwme opos 0 MOIITHOCTb
ydactue, %
CIIOeB, M
Ilecuanuk 38,2 5,8
AneBponut 27,5 3,6
Apruut 15,1 23
[lepecnanBanue nopox 11,2 4,2
VYrucras nopona 2.9 0,7
VIIUCThIC CIIaHIIbI 2.4 2,1
VYrons (Hepaboune IIacThl) 1,6 0,4
[TokpoBHBIE OTIOKEHHS 2,4 (o7 0,3
1,0
(TIecoK, CYIIMHOK, TITMHA) 10 4,5)

Bnasicnocms nopoo enewneti sckpoviuiu — 5—10%.

Cpeonsis obvemnas macca (N10MHOCMb) GHEUHEU BCKPbI-
wu 2,3 m/m’.

Obvemnas macca nopoo Ha KApOOHAMHO-2TUHUCTIOM Ye-
Menme:

necuanux — 2,12 m/m*; anesponum — 2,41 m/m3, apeun-
aum — 2,04 m/»°.

ITo pesynmpraTamMm HHXECHEPHO-TEOJIOTHYECKUX HCCIIEI0Ba-
HUIl MOBEPXHOCTH (GOpMHUpOBaHMSI OTBaJIa (DUIUKO-MEXaHH-

YeCKre CBOWCTBA TPYHTOB CIEIYIOIINE: ECTECTBEHHAs BIIaX-
HOCTh 16-35%, ynmenbHast IIOTHOCTH 2,74 r/cM?, oObeMHast
wiotHoCTh 1,79-1,89 r/cm?. TlnoTHOCTH Cyxoro rpynra 1,43—
1,55 r/em?, kosddurtent nopucroctu 0,78-0,96, mopucrocts
43,1-47,8%, npenenst Texkyuectu 0,41-0,60, packaTbiBaHuUS
0,19-0,24, uncio miactuynoctu 0,20-0,36. Kosdduiment
cnsura (tg¢) 0,249-0,322; yron BHyTpeHHero TpeHus (p°)
14°-18°; ynenvHoe cremienue 0,42-0,56 kr/cm?. Moayib Je-
topmaruu (E) npu €CTECTBEHHON BJIa)KHOCTH PAaBEH B CPe/l-
HeM 66—83 Kr/cM?, Ipy 3aMadMBaHUH CHIDKAETCs 110 60 Kr/cm?,
['pynThl OOnanaroT cinabol NPOCaTOYHOCTHIO, HO 3TO HE
OKa3bIBaeT HEraTWBHBIX MOCJIEACTBHI NpPU CKIIAJUPOBAHUU
BCKPBILIHBIX TOPOJI.

[To BeIIEyKa3aHHBIM (haKTOpaM BCE BHEHIHUE OTBAJIBI pa3-
pe3a «Bocrounslity — PAO «EDK» paBHOIEHHBI IO COCTaBY
BCKPBIIIHBIX MOPOJI, CKJIQJIMPYEMbIX B OTBAJIbI, YTO J]a€T BO3-
MOXXHOCTB TIPOCLIUPOBATh YCTAHOBJICHHBIE TAPAMETPHI BHEII-
HUX BBICOKHX OTBAJIOB.

IIpn MopenupoBaHUM U IPUHATHUM PELIEHUN 10 MaKCH-
MaJIbHBIM [TapaMeTpaM OTBAJIbHBIX SPYCOB YUUTHIBAJIHUCH ClIe-
JIYIOIINE, U3BECTHBIE U3 PAKTHKHU, CBEJICHHUSI:

- TPHU Pa3IMYHBIX TEXHOJIOTHYECKHX YCIOBHSAX (OPMHPO-
BaHMs OTBAJIa C UCIIOJIb30BAHHEM TOPHO-TPAHCIIOPTHOTO 000-
PYJOBaHUS BBICOTA OT/AEJBHBIX SPYCOB MOXKET COCTABISTH OT
28,0 10 90,0 m;

- JUIsl CMEUIaHHBIX HArpy)KCHHBIX CKaJbHBIX M MOJIYCKaJb-
HBIX TIOPOJ] OTBaJIa KOAP(UIMEHT YCTONYMBOCTH SIPYCOB H OT-
BaJsia Tpedyercs MpuHUMarh B nHTepsaie 1,2—1,3.

Heo0xoanmMo 0TMETHUTB, YTO /ISl TOBBIIICHUST HAJIGKHOCTH
pacyeTHbIX apaMeTpoB sIpyca K y4eTy IPUHUMAINCh BapHaH-
TBI, B PE3yJIbTaTe pacueTa KOTOPhIX BeJIMYrHa Koddduirenra
3araca yCTOHUMBOCTHU 1 cOCTaBHIIA He HIbke 1,4.

B uwacTHOCTH, B pe3yibTare MHOTOJICTHUX HAONFONCHUHN U
pacyeTHbIX MaTepHajoB 10 OE30IaCHBIM YCTOHYMBBIM Iapa-
MeTpaM BHEIIHUX OTBaJOB, oTBasl «KoHBelepHbIi» paspesa
«Boctounslity PAO «EDK» dopmupyercst co cieayromumu
3HAUCHUSIMHU:

- nepsvuii sipyc: svicoma 90,0 m; wiupuna 6epmvt 100,0 m; yeon
omroca spyca 35°, koagppuyuenm 3anaca ycmouuueocmu 1,4;

- emopoti spyc: evicoma 75,0 m; wupuna 6epmor 100,0 m;
yeon omxoca spyca 35°; koapgpuyuenm sanaca ycmouuugo-
cmu 1,4.

[TpuHsTBIE TEXHUYECKHE PEIIeHMs] IOATBEPIKIEHBI CTa-
OMJIBHBIM COCTOSIHEM OTBAaJIbHBIX SIPYCOB.

T'opnotit scypnan Kazaxcmana Ne9’ 2026
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*B. Mbiarkacaposl, III. K. Aiitkazunosal, JI. M. Kuprusoaesa', H. A. Munetenko?

!Kazaxcrkuil HayuoHaibHblll ucciedosamenbekuil mexuueckutl ynusepcumem (KasHUTY) um. K. M. Camnaesa
(2. Aamamet, Kazaxcman,),

Uncmumym npobnem xomniekcho2o oceoenus nedp (MITKOH PAH) um. akademuxa H. B. Menvnuxosa

(2. Mocxkea, Poccus)

OIIbIT NCITIOJIB3OBAHUA BBICOKOTOYHOI'O
DQJIEKTPOHHOI'O TAXEOMETPA II1PHU
AEDODOPMAIINOHHOM MOHUTOPHUHI'E
IT'NJIPOTEXHUYECKHUX COOPYXEHUM

AnHoOTauus1. B crarbe npeacTaBieHbl Pe3ybraTbl MOHUTOPHHTA Ie(OPMALOHHBIX IPOLIECCOB THIPOTEXHUYECKUX COOPYKeHMI Karyarailckoil rupoasieKTpocTaH-
wun (I'DC), pacnonoxeHHoi B AnmariHckoil obnactn Pecry6omukun Kazaxcran. VccnenoBanue HampasieHO Ha oOecriedeHne 0e30macHol KCILTyaTalu COOPYKEHHUI
MOCPEICTBOM I€0[e3MUIeCKOr0 MOHUTOPHUHIA C IPHUMEHEHHEM COBPEMEHHBIX TEXHOJIOTHI, BKIIFOYas CIlyTHUKOBBIC CHCTEMbI M BHICOKOTOYHBIE JIEKTPOHHBIC TAXEOMETPbI.
PaccMOTpeHO MPUMEHEHHE BBICOKOTOYHOTO TPHTOHOMETPHYECKOTO HUBEITMPOBAHMUS TSl OIIPE/ICICHNS BEPTHKAIBHBIX JeopMarniii. YCTaHOBICHO, YTO MPU COOIIOCHUN
COOTBETCTBYIOLICH METOIMKH H3MEPEHHiT COBPEMEHHBIC aBTOMATH3HUPOBAHHbIC JICKTPOHHBIC TAXEOMETPBI 00ECIICYHBAIOT TPEOYEMYIO TOYHOCTh T€0[E3UYECKOr0 MOHHTO-
punra. ITo pe3ynsraram HabmroaeHui Ha nedopmarimonHoM ctBope Kamuaraiickoii I'DC BbISIBICHO, 4TO KO3(DGHUIIMEHT BEPTHKAIBHOM pedpakiiiy n3MEHSETCS BO BpEMEHH
U MMEET TeH/ICHIIMIO K YBEJIMYCHUIO B IHEBHOM 11epuo/1. [1oydeHHbIe pe3yIbTarhl MOIYT ObITh MCIIOJB30BaHbI ISl OBBIIICHUS OE30IIACHOCTH SKCIUTyaTal[ii THAPOTEX-
HHYECKHUX COOPYKCHHH U CHIKCHHUS PUCKOB, CBSI3QHHBIX C CEHCMUYCCKOM aKTHBHOCTBHIO PErHOHA.

Kntouesvte cnosa: cuopomexnuyeckue coopydicenus, 0epopmMayuoHHbIl MOHUMOPUHS, 2TEKMPOHHbLI maxeomemp, 6epmuKaibHyle 0egopmayuu, 6epmuKaibHas pegd-
PAKYUsi, MOYHOCHIb USMEPEHUL.

I'mapoTexHUKAIBIK KYPbUIBICTAPABIH AedopMaNMsIIBIK MOHUTOPHHIIHIE JKOFAphl AJJIAIKTI 31eKTPOHABIK Taxeo-

MeTp/i KoJiaaHy Taxkipudeci

Amnjarna. Makanajna Kasakcran PecryOnukachiHbiH AnMaTsl 00nbIckiHIa opHanackan Kamnaraii cy anextp cranumsicbinbiy (COC) ruapoTeXHUKAIBIK KYPbUIBICTa-
phIHAAFBI AeGOPMALMSIIBIK IPOLECTEPAI MOHUTOPHHITEY HOTIIKENEP] KenTipiiareH. 3epTTey 3aMaHayH reOfe3HsUIbIK TEXHOIOTUSUIAP/bl, COHBIH iIIIHAE CIYTHHKTIK JKY-
Hesiep MEH JKOFapbl JAQJIIKTI 2IEKTPOHIBIK TAXCOMETPIICP Il KOJIaHy apKbUIbl KYPBUIBICTAPABIH KaylIici3 MaiijalaHbLIyblH KaMTaMachi3 etyre Oarbirtanran. Tik gedop-
MalusIap/bl aHBIKTAY KE3iH/e KOFapbl JIAIKTI TPUTOHOMETPHSUIBIK HUBEIUPIICY I KOJIaHy KapacTeipbutrad. THicTi ey aicTeMeci cakTaiFaH xar/aiiia 3aMaHayu
aBTOMATTaH/IbIPBUIFaH AICKTPOH/IBIK TAXEOMETPJICp Fe0AC3UsITBIK MOHUTOPUHITIH KQXKETTI JOJIIriH KaMTaMachl3 eteTini anpikranrad. Kammaraii COC-HiH nedopmarusi-
JIBIK CTBOPBIH/IA JKYPTi3ireH OaKpliayiap HOTHKECIH/E TiK pedpakius kodhGUIHEHTIHIH yaKbIT OOMBIHIIA ©3rePETiHi JKOHE KYH/II3r Ke3eHIe YIIFal0 Ypici OallKaaaTbIHbI
QHBIKTAJI/IbI. AJIBIHFAH HOTIKEIEP MMAPOTEXHUKAIIBIK KYPBUIBICTAPABIH Mal1aaty Kayilci3Airin apTThIpyFa j)KoHe OHIPAIH ceficMUKaIbIK OelceHainiriver 6ailTaHbICThl
ToyeKeNJep/i TOMEHIeTyre MyMKIHIIK Oepei.

Tyitinoi cezoep: 2udpomexHuKaIbIK KYPbLIbICMaAp, 0ehopMayusiblk MOHUMOPUHS, 2TeKMPOHObIK Maxeomemp, mpucoHOMempusLIblK, HUgeIupiey, mik oegopmayusiap,
mix peppaxyus, eeode3usnnvik 6axwiiayiap, onwey 0dnoiei.

Experience in using a high-precision electronic total station for deformation monitoring of hydraulic structures

Abstract. The article presents the results of monitoring deformation processes in the hydraulic structures of the Kapchagay Hydroelectric Power Plant (HPP), located
in the Almaty Region of the Republic of Kazakhstan. The study is aimed at ensuring the safe operation of hydraulic structures through geodetic monitoring using modern
technologies, including satellite systems and high-precision electronic total stations. The application of high-precision trigonometric leveling for determining vertical de-
formations is considered. It is established that, when appropriate measurement procedures are followed, modern automated electronic total stations provide the accuracy
required for geodetic monitoring. Observations conducted along the deformation alignment of the Kapchagay HPP showed that the vertical refraction coefficient varies over
time and tends to increase during the daytime. The results can be used to improve the operational safety of hydraulic structures and reduce risks associated with seismic

activity in the region.

Key words: hydraulic structures, deformation monitoring, electronic total station, vertical deformations, vertical refraction, measurement accuracy.

Beenenne

TunposnepreTnka mpeacTaBiIseT cOOOH 3HAUUMBIN CeK-
Top crparernn KaszaxcraHa 1o AMBEPCHU(UKAUN BCETO
9HEPreTHYECKOTO HANPaBJICHUs CTpaHbl. B 3TOM KOHTeKcTe
ocobenno nHTepecHa Kanmaraiickas ['DC mmenu L. Yo-
KMHA — €IMHCTBEHHAs THAPOSIICKTPOCTAHIUS Ha peke Mm.
CTpOUTENBCTBO OCHOBHBIX COOPYXEHHUH THAPOy3la OBLIO
Havato B 1966 rony, pexa Mnu Oplna nepekpeita 29 ceHTs-
Ops 1969 rona, mepBeIi THAPOATPETAT CTAHIIUU OBLT IMTyIICH
22 nexabpst 1970 roga, mocnexamii — 22 nexadps 1971 roga.
B 1980 roxy crpoutensctBo I'DC OBUIO OKOHYATENBHO 3a-
BEPIICHO.

CrpoutensctBo Kammaraiickoit I'9C 0pu10 HE0OXOANMO
JUIsl 0OECIIeUeHNsT Pa3BUBAIONIETOCS Toposa AJIMarkl U €ro
rOpPOAOB-CIIyTHUKOB HEJJOPOTOM 3JIEKTPOIHEPTUEH. A B HACTO-
sIIee BpeMsl OHa CTajla BaXHBIM ()aKTOPOM B Pa3BUTUH TO-
pona Konaesa, cioco0cTBys pOpMHUPOBAHUIO KOMMYHATBHOM,
00pa3oBaTeIbHON, MEAUIIMHCKON U KyJIBTYPHOI HH(pACTPyK-
Typ. VHTEeHCcHBHOE pa3Butue ropoaa Konaesa, Beipaxaronie-
€csl B I3MEHEHUH €T0 TUIAaHWPOBKH, TIOSIBICHUEM HOBBIX KPYTI-
HBIX 00BEKTOB U COOPYKCHHH, a TAKXKEe Oe30IacHON SKCILTya-

TaIUH TAKUX CTPATETUYCCKUX U OTBETCTBEHHBIX HHKCHEPHBIX
coopykeHnH, kak Kamgaraiickas ['9C, nocturaercs nposene-
HHUEM T'€0/Ie3NIeCKOT0 MOHUTOPHHTA.

B 3TOM OTHOIIEHNM M3YYEHHE F€OTUHAMUYIECKOTO COCTOS-
HUS  ypOaHW3UPOBAHHBIX TEPPUTOPHUNA TPAAULIMOHHBIMU Me-
TOJAMH TPYAOEMKO M MO3TOMY JJISI TAKMX YYaCTKOB HCKIIO-
YUTEIHHO HEOOXOAMM Te0e3NYEeCKH MOHUTOPHHT C BBICO-
KOTOYHBIMH MTPUOOpAMH U OHU TIPENCTABISIOT 3HAYUTEIbHBIN
[IPaKTUYECKUI UHTEpEC.

OoecrieueHre HaIe)KHOU 1 OE30MaCHOI AKCIUTyaTaliK TH-
JIPOTEXHUYECKUX COOPYKEHUM SIBIIAECTCS OJHOM M3 BaKHEM-
IIMX 33]71a9 COBPEMEHHOT'0 HH)KEHEPHO-Te0Ie3NUECKOT0 MOHHU-
TopuHTa. B mporecce AIUTEIBHON SKCIUTyaTallMyd THAPOTEX-
HUYECKHE OOBEKTHI MOABEPraroTCsl BO3ACHCTBHUIO KOMILIEKCA
MPUPOJHBIX U TEXHOT'CHHBIX (DAKTOPOB, CIIOCOOHBIX BBI3bIBATH
MPOCTPAHCTBEHHbIC CMENICHUSI U Je(dOpMalUU OTIENIbHBIX
KOHCTPYKTHUBHBIX 2JIeMEHTOB. CBOEBPEMEHHOE BBISBICHHE Ta-
KHX U3MCHEHHUI MO3BOJIAET OLICHUTh TEXHUYECKOE COCTOSHUE
COOpY)KEHHSsI, OTIPEACIUTh TCHICHIIMN pa3BUTHUs Aedopmariu-
OHHBIX MPOIIECCOB M NMPHHATH HEOOXOAUMBIE MEPHI MO MPETy-
MIPEXKACHUIO aBapUUHBIX cUTyarwii [1, 2].

Topnuuit scypnan Kazaxcmana Ne9’ 2026
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Ocoboe 3HaueHHue MPH MOHUTOPHHIE TMAPOTEXHUYECKUX
COOPY)KeHMH MMeeT KOHTPOJIb BEPTUKAJIBHBIX IepeMelle-
Hui. TpaguIMOHHO Ul ONpEAENIEHUS 0CaJOK IPUMEHSIETCS
BBICOKOTOYHOE F€OMETPUYECKOe HUBEIMPOBAHUE, 00ECIIeUH-
Barollee HeOOXOIMMYIO TOYHOCTh M3MepeHni. Bmecte ¢ Tem
BBIMOJIHEHHE T€OMETPUYECKOTO HUBEIMPOBAHUS Ha KPYMHBIX
THJPOTEXHUYECKUX 00BEKTAaX HEPEIKO CBA3aHO CO 3HAYNTEIb-
HBIMH TPY/IOBBIMU M BPEMEHHBIMH 3aTpaTaMu, a 0COOCHHOCTH
pacronoxkenus AeopMaOHHBIX MapOK M YCIIOBHS IKCILTY-
aTalllu COOPYKEHUH MOTYT CYIECTBEHHO 3aTPYIHATH POBE-
JIEHUE U3MEPEHUN.

Pa3BuTue COBpEMEHHBIX I'€OJE3UYECKUX TEXHOJIOTUN U
COBEPIIEHCTBOBAHHUE IEKTPOHHBIX TaX€OMETPOB BBICOKOI
TOYHOCTH PACIIUPSAIOT BO3MOXHOCTH NPUMEHEHMS] TPUTO-
HOMETPHYECKOTO HHBEIUPOBaHUS IpHU Jae(GOopMalnOHHBIX
HaOIO/IeHUSIX. ABTOMATH3aLUs [TPOLiecca U3MEPEHUs YIJIOB
U PAacCTOSIHUHN, BBICOKAsi TOYHOCTh COBPEMEHHBIX TPUOOPOB
U BO3MOXKHOCTb ONEPATUBHONW 00pabOTKH pe3ysbTaToB MO-
3BOJIIIOT paccMaTpHUBaTh BBICOKOTOUHOE TPUTOHOMETPH-
4eCcKOe HUBEIHMPOBAHHE KaK MEPCHEKTUBHBIA METOA OIpe-
JIeJICHUSI BEPTUKAJIBbHBIX MEPEeMEIIeHUI HHKEHEPHBIX COO-
pykeHuil. OJHAKO TOYHOCTh TPUTOHOMETPUUYECKOTO HUBE-
JUPOBAHUS B 3HAYUTEIBHON CTENEHH 3aBUCHUT OT BIMSHUSA
BHEUIHMX ycyioBUH. OfHMM M3 Haumbojiee CylIeCTBEHHBIX
(hakTOpoB SBIISIETCS BepTUKaJbHas pedpakius, o0yciaoB-
JICHHAs] HEOJHOPOJIHOCThIO TPU3EMHOTO CJIOS aTMOC(epsl
1 U3MEHEHHMEM TeMIIepaTypHOro IpaJueHTa Bo3ayxa. Bmou-
SHUE pe(pakiuu 0COOSHHO 3aMETHO INPHU BBICOKOTOYHBIX
HN3MEPEHUSIX U MOKET MPHUBOJUTH K CHCTEMAaTHYECKUM HC-
Ka)KEHUSAM pe3ylbTaTOB OINpe/elieHNs MpeBbIeHn. B cBa-
3M C 9TUM HCCJEe0OBaHHE XapakTepa U3MeHeHHs Kodddu-
LIUEHTa BEPTUKAJIbHOW pedpaKkii U OLEHKA ero BIUSHUS
Ha pe3yJbTaTbl U3MEPEHUN NPEACTABISIOT 3HAYUTEIbHbIN
npakTuyeckuid uurepec [3, 4].

Ilenpro HACTOALIETO MCCIENOBAHUS SIBISETCS OLICHKA BO3-
MOXXHOCTH NPUMEHEHHS BBICOKOTOYHOTO 3JIEKTPOHHOTO Ta-
XeoMeTpa sl ONpEeAeeHUs] BEPTHKAIbHBIX jaedopManuii
THJIPOTEXHUYECKUX COOPYKEHUI METOAOM TPUIOHOMETpHYe-
CKOTO HHMBEJIMPOBAHUS U UCCIIEOBAHUE BIMSHHUSA BEPTUKAIb-
HOH pedpakiiy Ha TOYHOCTh Te0/IE3NUECKUX H3MEPEHHH.

Marepuajbl 1 MeTOAbI HCCJICIOBAHUS

DKCIIepUMEHTAJIbHBIE MCCIEJOBAHUS MPOBOIMINCH Ha TH-
JIPOTEXHUYECKUX COoopyxkeHusx Kamuaraiickoif ruaposnek-
tpocTaniuu. OO BUI UCCIIEyeMOr0 THAPOTEXHUYECKOTO
COOpY>KeHMS MPEeACTaBIEH Ha puc. 1.

B kadecTBe 00BEKTa KCIEPUMEHTAIBHBIX HCCIIEIOBAHUN
BbIOpaH Jie(hOpMaIIMOHHBIN CTBOP, PACIIOJIOKEHHBIH Ha TPAHC-
dhopmaropHo#i wioImaaKe ruapoysia. CyecTByoas CUcTe-
Ma reoJIe3UUeCKOro KOHTPOJIS BKIIIOYAaeT OMOpHbIE U edop-
MalMOHHbIE MYHKTHI, IIpeJHa3HAYCHHbIE ISl HAOIIOIeHNH 3a
BEPTUKAIBbHBIMU IIEPEMENICHUSIMU COOPYKEHHUS.

Jlns oLleHKH BO3MOXHOCTH IPUMEHEHHS BBICOKOTOYHO-
IO TPUTOHOMETPHYECKOTO HHUBEIMPOBAHMSI OBbLIM BBITIOJIHE-
HBI CpaBHHUTEJbHbIE TeoJe3udeckue u3MepeHusa. B kauecte
STAJIOHHOTO METOJIa HCIIOIh30BaJIOCh BBICOKOTOUHOE TIeoMe-
TpUYECKOe HUBeIMpoBaHHe. V3MepeHus: nmpoBoaMiINCh Hud-
poBeiM HuBenupoMm DiNi 0.3, obecnednBaroliiM BBICOKYIO
TOYHOCTb OIIPEIEICHUs NIPEBbIIEHU. TpUroHomMerpuueckoe

T'opnuwuit scypnan Kazaxcmana Ne9’ 2026

Puc. 1. MecTo pacnoJio:keHusi CTBOPHOI JIMHUU HA
TpanchopmaropHoii miomanke Kamuaraiickoii I'C.
Cyper 1. Kanmaraii COC TpanchopmMaTopibIK
AJIAHBIHAAFBI CTBOPJIBIK ChI3BIKTBHIH OPHAJACKAH JKepi.
Figure 1. Location of the alignment line on the
transformer site of the Kapchagay HPP.

HUBEJIMPOBAHUE BHITIOIHIOCH BBICOKOTOYHBIM JIEKTPOHHBIM
taxeomeTpoMm Leica TCR 1201+. TexHmdeckne XapakTepu-
CTHKH IPpUOOpPa MO3BOJISIOT NPOBOAUTE YITIOBEIC U JIMHEHHBIC
W3MEPEHHUS C BBICOKOW TOYHOCTBIO, YTO SIBIISIETCSI HEOOXOIH-
MBIM YCJIOBHEM IIPH ONPENETICHIN MaJIbIX BEpPTHKAIBHBIX IIe-
peMeneHr HHKEHEPHBIX COOpYKEeHUH [5].

PesyabTarsl 1 00cyxkaeHue

V3mepenns BBIMOMHAINCH HA ITyHKTaX Ae(OpMamOHHOTO
CTBOpA IO CTIEHAIBHO Pa3pabOTaHHOM IpoTrpaMMe HaOIoe-
Huil. Cxema pacroioKeHus ITyHKTOB CTBOpa Ha TpaHChopMa-
TOPHOM TUIOMIAJIKE TPECTABICHa Ha PUC. 2.

Huoicnuii 6ve

A 12 34 56 78 910 11 12 b

Puc. 2. Cxema pacnoyiokeHusi IyHKTOB CTBOpPa Ha
TpaHc(OPMATOPHOH IJIOLIA/IKe.
Cypert 2. TpanchopMaTopabIK ajJaHIaFbI CTBOP
NMYHKTTEePiHiH OpHAIacy cy10achl.
Figure 2. Layout of the alignment points on the
transformer site.

[TonokeHne 3IEKTPOHHOTO TaXeOMETpa W BU3UPHBIX IIe-
JIei BBIOMPAIOCH C YIETOM 00eCIIeueHHs yCTOWIMBOMN JTHHAN
BH3UPOBAHUSI 1 MUHUMH3AINHN BIUSHUS JOKAJIBHBIX TPETIsT-
CTBUH Ha pe3yabTarsl u3Mepenuil. [Ipu nposenenuu sxcnepu-
MEHTaJIBHBIX paboT 0coboe BHUMaHHE YAEIAIOCh TOYHOCTH
M3MEPEHNUs BEPTHKAIBHBIX yIIIOB [6].

HaOmionennst BBITOMHAINCH, MHOTOKPATHBIMH MpPHEMaMH
MIPU JIBYX TOJIOKEHHUSX BEPTHKAIBHOTO KpPyra TaxeoMeTpa.
Takoll mOpsAAOK U3MEPEHUI MO3BOJMII CHU3UTH BIIUSHUE UH-
CTPYMEHTAIIBHBIX TOTPEITHOCTEH M TOBBICHTH HAAEKHOCTH
OTIPEEIIEHHSI CPEIHIX 3HAUCHNH BEPTHUKAIBHBIX YTIIOB.

[IpeBbiIeHust MEXIy HAOMIOZAEMBIMH IMYHKTAMH OTpesie-
JSUTICH METOAOM TPUTOHOMETPHUYECKOTO HHBEINPOBAHUS C
YUETOM H3MEPEHHOTO HAKJIOHHOTO PACCTOSHUS, BEPTHUKAIb-
HOTO yIJIa, BEICOTHI IPHOOpa M BBICOTHI OTpakareins. Pacuer
TIPEBBIIIEHUH BBITONHSUIICS TI0 popmyae (1):
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2R
k=1—F(h—Stga), (1)

rne R — paauyc 3emin (6371 km);

h — npeBkINICHHE MEXKTy KOHIIAMHU 0a3uca U3 reoMeTpHuue-
CKOTO HHUBEJIUPOBAHHUSI, MM;

S — anuHa 6asuca, M;

0 — U3MEPEHHBIN YTOJl HAKIIOHA, B TPajycax.

J1J1st OIICHKH TOYHOCTH TOJTyYCHHBIX PE3yJIBTATOB 3HAUCHHUSI
MPEBBIIICHUH, OTPENICIICHHBIC METOIOM TPUTOHOMETPHUYUCCKO-
IO HUBCIIMPOBAHHMS, COTIOCTABISIIMCH C PE3yJIbTaTaMU BBICO-
KOTOYHOTO TCOMETPUYECKOTO HUBCIHUPOBAHUs. Pe3ymbraThl
TEOMETPHUYCCKOTO HUBEIIMPOBAHMS ITPUBEICHBI B TabmuIe 1.

Taonuya 1
Pezynomamut 2eomempuueckoz0 HUGEIUPOCAHUA
Kecme 1
T'eomempuanvik, Husenupney Hamuoicenepi
Table 1
Results of geometric leveling
Hanpasgie- Bpewms, Yucno IIpeBbI- Cpen-
HHE X0/1a Yackl M | IITAaTUBOB | INEGHHUE, | HEE, MM
MUH MM
[psimo 7:30 +2057,0 | 2056,75
O6patHo 18:20 8 -2056,5

OnmHUM M3 OCHOBHBIX (DAaKTOPOB, OKa3bIBAIONIMX BIIUSTHHE
HA TOYHOCTH BBICOKOTOYHOTO TPUTOHOMETPUYECKOTO HUBEIH-
poBaHus, SIBISICTCS BepTUKaIbHAsA pedpakims. s nceneno-
BaHMS €€ BIMSHUS TPOBOIMIINCH MHOTOKpATHbIC HAOIIOICHHS
B TEUEHME JHEBHOTO MEPHO/A.

KoadduimenT BepTukalibHOM pedpakium onpenessics Ha
OCHOBAaHMU PE3yNbTaTOB TaXEOMETPUUECKUX U3MEPEHUN U U3-
BECTHBIX MPEBBINICHNI MEX/ Ty HaOOaeMBbIMH ITyHKTAMH 110

dopmye (2):
tga = h 5, 2

B mpotiecce IKCepUMEHTABHBIX HAOMIOACHUIH (DUKCHPO-
BAJIOCHh BPEMS BBITIOJIHEHHsI U3MEPEHU, YTO MO3BOJIMIIO yCTa-
HOBUTH XapakTep M3MeHeHHs KOI(DHUIMEHTa BEPTHUKAIbHOM
pedpaximu B TeueHne UcciaeayeMoro nepuoja. [lomydeHHble
JIAHHBIE UCIIOJIb30BAIUCH ISl OIICHKU YCTONUUBOCTH PE3yiib-
TATOB TPUTOHOMETPHUYECKOTO HUBEIHUPOBAHUS U OITPE/ICIICHHS
YCIIOBUI BBITIOJIHEHHUS! BBICOKOTOUHBIX I'€0JIC3MYECKUX H3Me-
penwii [7].

Takum 00pa3om, MPUMEHEHHAss METOIUKA HCCIIEN0-
BaHMU OCHOBaHAa HAa CPAaBHHUTEIHLHOM aHAIM3E PE3YJbTaTOB
BBICOKOTOYHOTO T€OMETPUYECKOTO U TPUTOHOMETPUYUECKOTO
HUBEJIMPOBAHUS U TTO3BOJISIET OLIEHUTh TOYHOCTHBIC BO3MOXK-
HOCTH DJIEKTPOHHOTO TaXeoOMEeTpa MPU MOHUTOPHHIE BEPTH-
KaJIbHBIX Ae(opMaIiii THAPOTEXHUUECKUX COOPYKESHHIA.

Pe3ynbraThl BBIMOJIHEHHBIX JKCIIEPUMEHTAIBHBIX HCCIIe-
JIOBaHUU MMOKA3aJd, YTO NPUMEHEHHE BBICOKOTOUHOIO AJICK-
TPOHHOTO TaXEOMETpa MO3BOJSIET OMPEIEIISATh MPEBBIIICHHS
MEXIy MyHKTaMH Je()OPMAIIMOHHOTO CTBOPA C TOYHOCTHIO,
HEOOXOAMMOM JIJIsl PELICHUS 3a/1ad Te0/Ie3UYECKOr0 MOHHUTO-

PHUHTa THAPOTEXHUYECKUX CoopyxkeHni. CpaBHEHHE pe3yib-
TaTOB TPUI'OHOMETPHUUYCCKOTO HUBEIHUPOBAHHA C JIaHHBIMU
BBICOKOTOYHOTO T'€OMETPUYECKOTO HUBEIHPOBAHMS MOKa3aIo
XOPOILYIO COINIACOBAHHOCTH IOJIyYEHHbIX 3HaueHui. He3Ha-
YUTCJIbHBIC PACXOXKACHUA MCEXKIAY pE3yibTaTaMu 1/13MepeH14171
00yCIIOBJIEHB! COBOKYMHBIM BIUSHHEM IOTPELIHOCTEH H3Me-
pEeHUs BEPTUKAJIbHBIX YIVIOB, OLIPEIEICHUs PACCTOSIHUM, yCTa-
HOBKHM IIpHOOpa M OTpakarelisi, a TaKKe BO3/ICHCTBUEM BHEII-
HUX arMoc(epHbIX pakTopos [8].

AHanu3 MHOTOKPATHBIX M3MEPEHUN BEPTUKAIbHBIX YIJIOB
MoKa3all, 4TO UCHOJIb30BAaHHE BBICOKOTOYHOTO 3JIEKTPOHHOTO
taxeomerpa Leica TCR 1201+ obecneunBaer yCTOHYMBBIC
pe3yabTarhl HaOIOACHUH. BhINloHeHNEe n3MepeHunit ITpu 1By X
MOJIOKEHUSIX BEPTUKAJIBHOIO KPyra M OINpeJielIeHHe CpeaHe-
ro 3HA4EHHUs] BEPTUKAIBHOTO yITa MO3BOJIAIOT CYIECTBEHHO
YMEHBIIUTL BJIIUAHUC HWHCTPYMCHTAJIBbHBIX HOFpemHOCTeﬁ.
Bwmecte ¢ Tem OKCIICPUMCHTAJIbHBIC UCCIICAOBAHUA TTOATBEP-
WM, YTO OIHUM M3 HauOoJiee CYIICCTBEHHBIX (DaKTOPOB,
OrpaHMYUBaOIUX TOYHOCTb TPUTOHOMETPUUYCCKOIO HUBCIIN-
poBaHUs, SIBISCTCS BepTHKalbHas pedpakius. V3MmeHeHue
TEMIIEPaTypHOTrO COCTOSIHUSI TPH3EMHOT0 CJos arMochepsl
MMPUBOAUT K UCKPHUBJICHUIO BUSUPHOI'O JIy4a U, KaK CJICICTBUE,
K U3MEHEHHUIO U3MEPSEMOro BepTUKAIBHOIO yTIa.

B xone HaOrOnCHUN YCTAaHOBJICHO, 4TO KOG GUIIMEHT Bep-
TUKAJIBHOHN pepakiiy He SBISETCS ITOCTOSHHON BEIMYUHOM
" CyHIECTBEHHO U3MCHACTCA B TCUCHUC MICpHUOJa I/ISMepeHHﬁ.
[TonyuenHble 3HaYeHMs KOIPPHUIMEHTA HAXOAWINCH B IHaria-
30He oT -0,14 no +0,81. Xapakrep usmenenus ko3dduipenra
BEPTHKAJIBHOW pedpakluy B TEUEHHE IepHoja HaOII0AEeHUN
MIPeACTaBJIEH Ha puc. 3.

09 -
08
0,7
06
05
04
03
02
01

0.1 —
0,2
175 1,9

Puc. 3. U3menenne ko3¢ dpunuenTa BepTUKATbHOM
pedpakuuu B TeueHUe nepuoaa HaG 0aeHHiIl.
Cyper 3. Bakbuiay ke3eHingeri Tik pegpakuus
k03¢ dpunneHTIHIH 03repyi.

Figure 3. Variation of the vertical refraction coefficient
during the observation period.

AHanmi3 TONyYeHHOH 3aBHCHMOCTH MOKAa3bIBAaeT OOIIYyIO
TEHJICHIMIO K YBEJIMYEHHIO KO3()(HUIMEHTa BEpPTHUKAILHOM
pedpakuuu B JTHEBHOE BpeMs. DTO CBS3aHO C HM3MEHEHH-
€M TeMIIEepaTypHOTro TPaJHeHTa B IIPH3EMHOM CIIO€ BO3JyXa
BCJIC/ICTBHE TIPOTPEBa TOBEPXHOCTH COOPYXKECHHUSI M TIpHIIe-
raforieid repputopun. [Ipn 3ToM oTAENbHBIE KPaTKOBPEMEH-
Hble KoeOaHust kKoddduieHTa MOryT OBITH OOYCIIOBIEHBI
JIOKJIGHBIMA M3MEHEHHSIMH METEOPOJIOTHIECKHUX YCIOBUI H
HEOTHOPOJHOCTBIO BO3AYIIHON Cpe/bl BIOJIb JIMHUU BU3UPO-
Banwus [9].

[Tomy4yeHHbIe pe3yabTaThl CBHJCTEILCTBYIOT O TOM, YTO
WCITIOJIb30BaHUE IOCTOSIHHOTO 3HaueHust Koddduumenra
BEPTUKAIBGHOW pedpaknnu npu 00pabOTKE BBICOKOTOYHBIX

T'opnotit scypnan Kazaxcmana Ne9’ 2026
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TPUTOHOMETPUYECKUX U3MEPEHUN MOXKET HPUBOAUTH K JO-
IIOJIHUTEJIBHBIM CUCTEMAaTU4EeCKUM norpemsoctsm. Ilos-
TOMY IIpPH BBINOJIHEHUH J1e()OPMALMOHHOTO MOHUTOPHUHIA
THJIPOTEXHUYECKHX COOPYKEHHUII HEO0OXOAMMO YUUTHIBATh
(akTHYeCKOe U3MEHEHHE PePPAKLIMOHHBIX YCIOBHH B MEPH-
o7 HaOJItoeHuU.

Jyist CHUKEHUS BIUSIHUS BEPTUKAIBHON pedpakiuu 1ese-
c000pa3HO BBINOJIHATH U3MEPEHUsI B TIEPHO/IbI OTHOCHTEIBEHO
YCTOWYMBOTO COCTOSIHUSI ITPU3EMHOTO citos arMocdepbl. Kpo-
M€ TOTr'0, MMOBBIILIEHNE HAJIS)KHOCTH PE3YJIbTaTOB MOXET ObITh
o0ecrieueHo MHOTOKPATHBIMU HAOMIIONEHUSMH BEPTHKAJIbHBIX
YIVIOB, BBIIIOJHEHUEM HU3MEPEHHH IpU JBYX IIOJOXKECHMAX
BEPTUKAJIBHOIO Kpyra U COKpAallCHMEM BPEMEHHOI'O HHTEp-
Bajla MEXKY I0CIEN0BaTCIbHbBIMY U3MEPEHUSIMUY Ha ITYHKTax
neopmanmonHoro creopa. CorocTaBieHHe pe3ylbTaToB
BBICOKOTOYHOI'O I€OMETPUYECKOI0 M TPUIOHOMETPUYECKOIO
HUBEJIUPOBaHUS IIOATBEPKIAET BO3MOXKHOCTb I[PUMEHEHUS
COBPEMEHHBIX JIEKTPOHHBIX TAXEOMETPOB ULl ONPEACICHUS
BEPTUKAJIBHBIX [IEPEMEILEHUN T'MIPOTEXHUYECKUX COOpYKe-
Huil. IIpy uCnonp30BaHUM COOTBETCTBYIOLIECH METOAMKHU Ha-
OnrofieHui ¥ y4eTe BIMSHHS BEPTUKAIBHON pedpakuuu TpH-
TOHOMETPUYECKOE HUBEIMPOBAHUE MOXKET PacCMaTpUBATBCS
Kak 9(QQEKTUBHBI M OINEPaTUBHBI METOJ TI'eoJIe3UUECKOro
nedopmanmoHHoro Monutopunra [10].

Taxum 00Opa3oM, pe3ynbTaTbl IPOBEACHHBIX HCCIIEN0BaA-
HUM NOATBEPXKAAOT IEPCIEKTUBHOCTb UCIIOIb30BaHUs BbI-
COKOTOYHBIX 2JIEKTPOHHBIX TAXEOMETPOB IIPU MOHUTOPUHIE
TUJPOTEXHUYECKUX coopykeHull. I[lpumeHeHue aBrOMa-

TU3UPOBAHHBIX HU3MEPUTEJIbHBIX TEXHOJIOTUM [03BOJISIET
MOBBICHTH OINEPATHBHOCTh I'€0JC3UYCCKUX HAOIFOJICHUN U
COKPAaTHTh TPYAOEMKOCTh MOJICBBIX PA0OT P COXPAHCHUH
TpeOyeMoil TOUHOCTH OIpPEIC/ICHUs BEPTUKAIbHBIX Je(op-
MaIluii.

BoiBoabI

[TpoBeieHHbBIE UCCIICIOBAHMS MTOATBEPANIN BO3MOXHOCTh
NPUMEHEHHUST BBICOKOTOYHOTO 3JIEKTPOHHOIO TaXeoMeTpa s
JeGOpMaIHOHHOTO MOHUTOPUHTA THAPOTEXHUIECKUX COOPY-
JKEHUH.

1. Bvlcokomounoe mpucoHoMempuueckoe HUGEnUpOSanHUe
obecnequsaem onpeoeneHue GepPmMUKAIbHLIX deopmayuil ¢
MOYHOCTBIO, OOCHAMOYHOU OISt MOHUMOPUH2A CUOPOMEXHU-
YECKUX COOPYICEHUL.

2. Pesynomamul mpucoHOMempuiecko20 HUBeIuposanIs
XOPOWIO CONACYIOMCSL € OAHHbIMU BbICOKOMOYHO20 2eoMe-
MPUYECKO20 HUBETUPOBAHUS, YMO NOOMEEPICOaen HAOedic-
HOCHb MEMooa.

3. Ha mounocmo uzmepenuil cyujecmeennoe Gusnue oKa-
3bl6aem BePMUKATIbHASL pehparyusi, KOdpduyuenm Komopoi
UBMEHSIEMCSl 80 BPEMEHU U QONICEH YYUMbIBAMbCSl NPU 00pa-
bomKe pe3yIbmamos.

4. Jlns nosvluenusi mouHocmu Haomo0eHull pekomeHoyem-
€5l BLINOMHAMb MHO2OKDAMHbIE USMEPEHUs], YHUMbI8amsb (ax-
muuecKkue pepakyuonnvie ycao6us u npogooums Habode-
HUst npu Haubonee cmaduIbHOM COCMOAHUL NPUZEMHO20 C0s
ammocgepul.
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I'. Meiipaméek, *M. M. ViiceHoB
Satbayev University (Aamamul K., Kazakcman)

T'AXK )KOHE KK3 JEPEKTEPI HET'I3IHJIE
MAHFBICTAY OBJIBICBIHJIAFBI )KEP
KOMHAYBIH IAUJTAJAHY MEH XKEPJIEPIIH
BY3bIJIYBIHBIH TEOKEHICTIKTIK
MOHUTOPUHI'1

Amnpaarna. Makana/ia MaHFbICTay OOJIBICBIHBIH JKEp PECYPCTapbiH MOHHTOPUHITEY JKOHE JKep KOWHAYBIH IMaii/[aaHy bUIap/bIH KbI3METiH OaKpLIay YIIiH reoakmnapar-
ThIK KYitenepai (FAX) sxone XKepai kambikran 3ouaTay (JKK3) aepexrepin Konmany MyMkinaikTepi kapactoipsuirad. KazEOSat-1 sxone KazEOSat-2 criyTHHKTEpiHEH
AIIbIHFAH FAPBILITBIK CypeTTep Herisinae GipblHFaii reoaknapaTThIK AepeKTep 6a3achl KalbITACThIPUIBII, MOHHTOPUHT HOTHKEICPIH BU3yaIn3allisIayFa, CAaKTayFa KOHEe
KEHICTIKTIK TaJjaayFa apHaJIFaH MaMaHJaH/IBIPbUIFAH TeoropTan a3ipien/i. KeH opblHAapbIH Urepy/IiH HAKThI [IeKapalapbl JIMIEH3HSUIBIK y4aCKEIEPMEH CallbICThIPBLI-
niel. KesticiMImapTThiK ayMakTapiaH ThIC KYMBICTAp JKYPri3y, jkep/i 03 OeTiHIle Maialany jKOHEe YKOJOTHSUIBIK JacTaHy (MyHaiMeH JlacTaHy) ydacKesiepi aHbIKTaJbl.
Hormxenep TAXK 6en JKK3 nepexrepin MeMIEKETTIK jxep Oakbliaybl, Oy3yLIbUIBIKTAp/IbI KEe/IEN aHBIKTAy XKOHE SKOIOIUSIIBIK MOHUTOPUHT MiHIACTTEpiHAe OipiKTipymiH
THIMJIUTITIH pacTaisl.

Tyiiinoi cesoep: XKepoi kawvikman 30n0may, ceoaxnapammuiy, scyienep, ArcGIS, KazEOSat, ceonopman, sxcep Kolnayvin naoaiany, sxcep MOHUMOPUHST, KeHICMIK-
mik manoay, eapeluimolk cypemmep, Mangvicmay oonvicbl.

Geospatial monitoring of subsoil use and land disturbance in the Mangystau region using GIS and remote sensing data
Abstract. The article examines the use of geographic information systems (GIS) and Earth remote sensing data for monitoring land resources and controlling the activi-
ties of subsoil users in the Mangystau Region. Using satellite imagery from KazEOSat-1 and KazEOSat-2, a unified geoinformation database was created and a specialized
geoportal was developed for visualization, storage, and spatial analysis of monitoring results. The actual boundaries of field development were compared with licensed ar-
eas. Cases of operations extending beyond contractual territories, unauthorized land use, and areas of environmental pollution, including oil contamination, were identified.
The results demonstrate the effectiveness of integrating GIS and remote sensing data for state land control, timely detection of violations, and environmental monitoring.
Key words: remote sensing, GIS, ArcGIS, KazEOSat, geoportal, subsoil use, land monitoring, spatial analysis, satellite imagery, Mangystau Region.

reOHpOCTpaHCTBeHHLIﬁ MOHMTOPHUHI HEIPONOJIb30BAHUA U Hapymeﬂm?i 3e€MeJIb B Manmnaycxoﬁ 00JIACTH € MCI0JIb-

3oBanneM I'MC u nannbix 133

Annorammsi. B crarbe paccmarpuBaercst mpumeHeHune reonHpopmanuonHbix cucreM (I'MC) u naHHBIX qUCTaHIMOHHOTO 30HaUpoBaHus 3emin (/J133) mwis MoHHU-
TOPHHTIA 3eMEJIBHBIX PECYPCOB U KOHTPOJIS ACATEIBHOCTH HEIPOIoib30Bareneii Manructayckoi oonactu. Ha ocHoBe cHumkoB cryTHHKoB KazEOSat-1 u KazEOSat-2
copmupoBana eauHas reonHpopManoHHas 0a3a TaHHBIX U pa3paboTaH CreHATH3UPOBAHHBIN F€0MOPTAT TS BU3yalIH3alliy, XPAHSH S U IIPOCTPAHCTBEHHOTO aHAIIH3a
PEe3yJIbTaTOB MOHHTOPUHTA. BBINONHEHO comocTaBieHne (aKTHICCKUX PAHUI] OCBOCHHSI MECTOPOXKICHHIT C JMIICH3MOHHBIMH YYacTKaMH. BBISBICHBI CIydan BBIXOJA
paboT 3a 1peJiesTbl KOHTPAKTHBIX TEPPUTOPHUIi, CAMOBOIBLHOTO 3eMIICTIONIB30BAHMS U YYACTKH YKOJIOTHUECKOTO 3arpsi3HEHHS (3aMa3ydeHHOCTD). Pe3yibTaThl MOATBEPIKIAI0T
s¢dexruBrocTs nuTerparuu I'VIC u nanusix 33 s rocyapcTBEHHOTO 36MEeIIbHOTO KOHTPOJIS, OEPATHBHOTO BbISBICHHS HAPYIICHHI 1 YKOJOTHYE€CKOr0 MOHUTOPHHTA.

Kntoueswte cnosa: oucmanyuonnoe sonouposanue 3emau, eoungpopmayuonnvie cucmemot, ArcGIS, KazEOSat, eeonopman, neopononb3osanue, MOHUMOPUHS 3eMelb,

npocmpchmeeHHwﬁ ananus, Kocmuveckue CHUMKU, Manzucmaycm;z obnacmo.

Kipicne

Taburu pecypcrapibl KapKbIHIbI HTepy XKaraaibIHIa xKep pe-
CypcTapblH YThIM/IbI Al JaIaHy, kep KOMHAYbIH NaliJaaHyIlbl-
JapAbIH, KbI3METIH 0aKbuiay JKOHE ayMaKTapIblH SKOJOTHSIIBIK
JKarJalblH Oarayay KaKCTTLNIr apThil Kesemi. JKepai Karbik-
TBIKT@H 30H/Tay/IbIH 3aMaHayd TEXHOJOTHsUIApbl MEH TeoaKra-
PAaTTHIK JKYHeep KeHICTIKTIK JepeKTep/Ii JKeIel allyFa jKoHe Tall-
JiayFa MYMKIH/IiK Oepei, Oy skep pecypcTapbiHbIH MOHUTOPHHT
THIMJIUTITIH apTThIpyFa jKOHE JKep Mai/lajiaHy callaChIH/Iarbl 3aH
Oy3yLIbUIBIKTAp bl aHBIKTAyFa JKar(ai xkacaiapl [ 1-3].

Masgrsictay obnbickl Kazakctan PecmyOnukachIHBIH HET'13-
Il MyHai-ra3 eHJIpyIIi eHipiepiHiH Oipi OOJbINT TaObUIA/IBL.
[Maiinansl Kazdanap/pl OHIIPY ayKbIMBIHBIH 6CY1 aHTPOIIOTeH-
JIIK )KYKTEMEHIH apTybIMCH KOHE JKePIICPIiH JerpajalisiiaHy
TOYEKEJICPiHiH KYIICIOIMEH Karap JKypei, OyJ1 skep pecypc-
TapbIH NaliAasanybl OakblUIayIbIH 3aMaHayn HUQPIBIK TICII-
nepin eHrizymi tanan erenmi [4]. Kasakcranma aymakrapbiH
Kal-KyiiH Oaranay »oHE Kep MaijaiaHy CalachIHIarbl Oy-
3YIIBUIBIKTAP/Ib AHBIKTAYy MaKCaTBIH/IA JKepJIEPAl FApPBIIITHIK
MOHUTOPHHITEY/IIH 3aMaHayH 9/1icTepi OCICeH Il TYp/e KoJia-
HbLTYAA [5, 6].

3eprTeyaiH MakcaThl — KallbIKTBIKTaH 30HATAYy JepeKTepi
HeTi3iHae MaHFbICTay OOJBICHIHIAFHI JKep KOHHAYBIH Maiiia-
JIaHy MEH ep pecypcTapbl MOHUTOPUHTIHIH T'€0aKIMapaTThIK
KYHECiH jKoHE HOTHIKENIep/Il caKTay, Tajujay MEH BU3yaliu3a-
LUsIayFa apHaJIFaH MaMaH/IaH/IbIPBUTFaH TeoropTal a3ipiey.

T'opnuwuit scypnan Kazaxcmana Ne9’ 2026

Marepuangap MeH dicTep

3eprreyne KOFapbl KCHICTIKTIK — a)KbIPAThIMIBLIBIKTAFbI
KazEOSat-1 criyTHHTIHIH FapbIITBHIK CypeTTepl kKoHe opTaria
KEHICTIKTIK akbIparbiMIbUIbIKTarbl KazEOSat-2 criyTHUTHIH
CypeTTepi, MEMJICKETTIK JKep KaJaCTpPBIHBIH JIEPEKTEpi, JKep
KOWMHAybIH TMaiilalaHyIIbUIapbIH JIMIEH3UIIBIK yuacKenepi-
HIH LIeKapaiapbl Typajbl MAJIMETTE, )Kep KOWHaybIH naija-
JlaHy OOBEKTUIEPIHIH KOOPJMHATTAaphl, OKIMIIIIIK-ayMaKThIK
HIeKapaiap jK9He BEKTOPIIBIK KapTorpadusuiblK MaTepHaiiap
nadnanansuiael [7-9]. XKepal KauibIKTIKTaH 30HATAY CITYT-
HUKTIK I1aTopManap apKbuUIbl Xep OeTi Typalibl KeHICTIKTIK
aKmapar aiyra MyMKIHJIIK Oepe/ii, OHBIH JKaJIIbl KepiHici 1-cy-
peTTe KOpCeTiIreH.

Kewicrikrik nepekrepai eHaey xone tangay ArcGIS Gar-
JapiiamMaiblK OpTachlHJla TEOKEHICTIKTIK Tajjay Kypajaapsl
MeH JKep/ii KallIbIKTHIKTaH 30HATAY TEXHOJIOTHSIapbIH Nai/ia-
JIaHa OTBIPKII KYPTi3iiai. AJFaliKbl Ke3eH 1e 0acTanKbI 1epPeK-
Tep JKUHAJIBII, )KYHEICH/Ii )KoHE aN/ibIH ana exaeni. Fappim-
TBIK CypeTTepii reorpadusiblK OalIaHbICTBIPY KYpriziim,
3epTTey ayMarblH TOJBIK KAMTHTBIH OipbIHFal pacTpIbIK Kadar
KaJIbINTacThIpbuLAbl. O1aH opi JIMIEH3USUIBIK YUacKelep, jKep
KOMHAYbIH TalianaHy OOBEKTUICPi, OKIMINLIIK MIeKapaiap
YKOHE MOHHMTOPHMHT HOTHIKEJIEPIH KAMTHUTBIH TaKbIPBIITHIK Ka-
OarTap Heri3inze reoaepextep 06azacel Kypbuiabl [10].

Fapouuteik cyperrepai aenmdpriey Herizinae KeH OpbIHia-
PBIH UTepy ayMaKTapbl MEH OHJIPICTIK 0OBEKTIJICP/IiH HAKTHI
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Cypet 1. KambIKTaH 30HATAY KYMBICTAPBIH JKYPTi3y
cbI30achl.
Figure 1. Remote sensing workflow scheme.
Puc. 1. Cxema npoBeeHust JUCTAHIIUOHHOTO
30HANPOBAHMSI.

mIeKapaiapbl aHBIKTAJBII, BEKTOPIBIK (hopMaTKa KEeNMTipiii.
Hakrsl nrexapasiappl IMLCH3UUIBIK yYacKeIepIiH [eKapaia-
PBIMEH CaJBICTBIPY KEHICTIKTIK KUBUIBICY 9JIiCi apKBLITBI JKY3€-
T'e achIPBULIBL. ByJT Tocin KemiciMIIapTTHIK ayMaKTap bl IIe-
TiHEH THIC JKYPTi3UITeH )KYMBICTAp/IbI, IIeKapalapaslH Kadat-
TaCybIH JKOHE JKep Taiiiamanyra KaTbICTHI ©3T¢ JIe KeHiCTIKTIK
colfkecci3mikTepi aHbIKTayFa MyMKiHAIK Oepai. COHBIMEH Ka-
Tap aHTPOIIOTEH/IIK dCepACH OY3BbUIFaH KOHE MYHAMeH Jiac-
TaHFaH ayMaKTap/bl aHBIKTAy MaKCaThIHAA KOCHIMIIA KEHic-
TIKTIK Tajjgay Kypri3inami. 3eprrey asceiHmaa MaHFbIcTay 00-
JIBICBIHBIH JKEP PeCypcTapbl MEH XKep KOHHAYbIH aiilalaHy bl
MOHHTOPHHITEYTe apHaJIFaH MaMaHAaHbIPBUIFaH TeONOPTall
azipnenni. 'eomopran XKepai KamIbIKTBHIKTaH 30HATAY ACPCK-
TepiH, KaJaCTPIIBIK KOHE TaKbIPHINTHIK KeHICTIKTIK aKIapaTThI
OipeIHFall TI(QPIBIK OpTaia CaKTay, OHJEY, BU3yalu3allisuiay
JKOHE Taljay VImiH KypsUinel. OHBIH HETi3r1 MakKcaTbl — Fa-
PBILTHIK MOHUTOPHHI HOTHIKEJICPIH OPTaJIBIKTaHIBIPBLIFaH
Typae 0ackapy >KoHe jKep pecypCcTapbIHbIH Maii1anaHbuTybIHa
JKYPTI3UICTIH KeHICTIKTIK OaKpUIaypl aKIMapaTThIK KaMTama-
ce3 ety [11, 12].

TeomopranapiH (QyHKIHOHAIABIK MYMKIHIIKTEpi FapbIIl-
TBIK CYpPETTEPIi OpTYPIIi KEHICTIKTIK aKBIPATHIMIBLTBIKTA KOP-
CETY, TAKBIPBINITHIK Ka0aTTapIbl KOCY JKOHE OJapIbIH KOPiHyiH
Oackapy, 00beKTiIepIiH aTpUOYTTHIK aKIapaThH Kapay, KeHic-
TIKTIK CYpaHbICTap OpbIH/AY, KAIIBIKTHIKTAap MEH aydaHIapibl
OIIIIIey, COH/Iali-aKk MOHUTOPHHT OOBEKTIICPiHIH 63apa KeHic-
TIKTIK OpHAJAaCybIH TalAay MYMKIHIIKTepiH KaMTHIbL. KeHic-
TIKTIK JEPEKTEeP/i CANBICTEIPMAIIBI TANAAYIbI KESHUIIETY YIIiH
OpTYpJIi KabaTTap MEH FapBIIITHIK CypeTTEpIi KaTap CaIbICTHI-
pyFa MYMKIHIIIK OE€peTiH «IITOpKa» KYpaibl iCKe aChIPBUIIBL.
CoHBIMEH KaTap apXUBTIK KOHE ©3€KTi FAPHIMITHIK CYpPeTTEPIL
i31ey, cysriey xoHe TaHAay yiriH ImageDiscovery Kypaib
enrizinmi. ImageDiscovery KypasblHIa TaHIaIFaH FAPBIIITHIK
CypeTTepi Kapay MBICANBI 2-CypeTTe KepceTinreH. leormop-
Taja KeHICTIKTIK 0OBEKTIJIepi peIakuusIay KOHE OJapIblH
CHTIATTaMaJIbIK aKIapaThlH )KaHAPTY MYMKIHIIIT1 KapacTHIPBLI-
raH. by reonepekrep 6a3achlH ©3€KTEHAIPYTE KOHE MOHUTO-

PHMHITIK aKMnaparThl KYHesl TYpHe TOJBIKTBIpyFa MYMKIHJIK
Oepeni. XKyite KypambIHa Xep KOMHAybIH MaiiaiaHyIbLIap-
JIbIH JINLEH3USUIBIK Y4acKeliepl, HaKThI JKep Iaijanany ayMak-
Tapbl, MyHallMeH JIACTaHFaH JKOHE aHTPONOTEHIK Oy3blIFaH
JKepiiep, OKIMIIIIIK HIeKkapaiap, THPPaKypbuIbIM 00bEKTIIEP],
COH/Iali-aK JKOFapbl )KoHE OpTallla KeHICTIKTIK a)KbIPaThIMIbl-
JIBIKTarbl FapBIITBIK CYPETTEPAIH TaKbIPBIITHIK KadaTTapbl
EHTI31II].

Cyper 2. «Image Discovery» KypaJibIHAa TAaHAAJFaH
reojepeKkTep cyperTepiH Kapay.
Figure 2. Visualization of selected geospatial imagery in
the «Image Discovery» tool.
Puc. 2. [IpocMoTp BHIOPAHHBIX Ire0JAHHBIX CHUMKOB B
uHcrpymente «Image Discovery».

3eprTey HOTHKEIEPi

3eprrey OapbichiHaa MaHFBICTAYy OOJIBICHIHBIH ayMarblH-
Jla JKep KOWHAYbIH MaifanaHy OObEKTUICPIHIH JHIICH3USIIBIK
yJacKeJIepIiH OCNriJIeHreH IIeKapajapblHa COHKecTiri 0Oa-
ranaHpl. KeHICTIKTIK CaJIbICTBIPY HOTHXKECIHJE HAKThI XKep
naiijanany Iexapaiapbl MEH JIMIEH3MSUIBIK Yy4YacKeJlepaiH
OCITIJICHICH MICKapaiapbl apachlHaa OipKarap CoMKecCi3aiK-
TEep aHBIKTANbI. ATal alTKaH/a, TULIEH3HUSIIBIK yUacKeIep i
[IEKapachlHaH THIC ayMaKTapjbl Urepy, )KEKelereH ydacke-
JICpAiH KabaTTacybl KOHE HAKTHI JKEp MaigagaHy IieKapaja-
PBIHBIH pyKcar 0epy KyKaTTapblH/a KOPCETUIreH ayMaKTapra
colikec KeJMeyl CHUSIKTBI JKaraaiiap OesriieH/i.

AHBIKTaIIFaH KeHICTIKTIK COMKecCI3miKTep ep KOoWHaybIH
naiijanany ayMaKkTapbIHbIH HAaKThl )Kal-KYHiH Oarayay jKoHE
oJlapbIH OCJTUICHICH IIIeKapajapra CONKEeCTIriH Oakpuiay
K@XKETTUIriH Kkepcereni. KeHICTIKTIK Taijay HOTHXKEIEpiH
KapTorpausuiblK TYpJe KepceTy Oy3yIIbLIBIKTapJIblH OpHAa-
JIaCybIH HaKThUIAyFa )KOHE KOCBIMINA TEKCEPY/i KaXKeT eTeTiH
ayMaKTapiabl aHBIKTayFa MYMKIHIIK Oepefi. JIMIEH3USITBIK
yuackeJep/iH OeNriieHreH IieKapajgapbl MEH HaKThl Kep
naiianany ayMakKTapbIHBIH KCHICTIKTIK apaKaThIHACHI JKOHE
aHBIKTAJIFaH Colikeccizmikrep 3-cyperte kepcerinreH. Kapra-
Jla JIMLEH3MSUIBIK yYacKeNepIiH HIeKapaiapbl MEH HAKThI Kep
naiijanany ayMaKTapbIHbIH KOHTYpJIapbl KOPCETLUTII, OJIap/IblH
e3apa opHallacybl MEH IIeKapanap/aH ThIC OpHAJIACKaH ydac-
KeJepi BU3yasisl Typae Oarajgayra MyMKIHIIIK Oepeni.

JKorapbl KEHICTIKTIK a)KbIPATBIMABUIBIKTAFbl FAPBIIITHIK
CypeTTep Heri3iH/ie elii MEKEH/Iep ayMarbIH/IaFbl JKep naiiaa-
JIaHy KYPBUIBIMBIHA KOCBIMINIA TaJJiay KYpri3iiii. FapbIlThik
MOHHUTOPHHI HOTHIXKEJIEPIH MEMJICKETTIK JKep KaJacTPbIHbIH

Topnuuit scypnan Kazaxcmana Ne9’ 2026
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Cypert 3. Kepnai naiinananynsid ’)KK3 nepexrepi
00IfbIHIA AHBIKTAJFAH OY3yIIBLIBIKTAPbI.
Figure 3. Detected land use violations based on remote
sensing data.

Puc. 3. BeisiBjleHHbIe HAPYLIEHHSI 3eMJIENI0JIb30BAHMS 110
nannbiM J133.

JIepeKTepiMEH CaJIBICTBIPY OapbIChIH/IA KaJacTPIIbIK aKnapar-
Ta KOPCETUIMEreH HeMece KeHICTIKTIK CHIaTTamasiapbl e3eK-
TEHJIIPY/Ai KaKeT ETETiH jKep ydacKeJepl aHbIKTalabl. by
KalIbIKTaH 30HATAY MaTepHUaJIIapblH KaJacTPIIbIK JIEpeKTep-
IIH TOJIBIKTBIFBI MCH KCHICTIKTIK ©3CKTUIITiH Oaranay Kypajibl
periHie naiiianany/bIH MaHbI3AbUIBIFBIH KOPCETEII.

KalbIKThIKTaH 30HATAY JAEPEKTepiH Jemudpiiey HITHXe-
ciHJle MyHalIMEH JlacTaHFaH y4acKellep aHbIKTaJIbII, OJIap/AbIH
KEHICTIKTIK IIeKapajapbl MEH Tapally CHIaThl OarajaH/bl.
KemnicTikTik Tanmay JiacTaHy LIOFBIPJIaHFaH ayMakTapibl ai-
KbIHJIayFa JKOHE KOCBHIMIIA HKOJOTHSUIIBIK 3epPTTey MEH MOHH-
TOPHMHITI KQ)XET eTEeTiH ydackelepai Oenriieyre MyMKIHJIIK
Oepai. AHBIKTaIFaH ayMaKTapAblH KEHICTIKTIK OpHAaJIacyblH
KapTorpausuiblK TYpJE KOpCeTy JIacTaHy OLIAKTapbIH BH-
3yainjbl Oarayiayra )KoHE OJap/blH OpHAJIACy epeKIIeKTepiH
Tanjayra xarjgal okacaiipl. MyHailMeH JlacTaHFaH ydackKe-
JIep/liH KEHICTIKTIK OpHallacybl 4-CypeTTe KopCceTiIreH.

AJIBIHFaH HOTWDKEJIEp MYHalMEH JlacTaHFaH ayMaKTap/bl
aHBIKTAy JKoHE Kaprorpadusuiblk Oeitneney yumiH Xepai ka-
IIBIKTaH 30HATAY JEPEKTEpiH KOJIAHYIbIH THIMALIIIIH Kep-
cereni. Jlemmdprey HOTHKENEPIH reoaknaparThlK KyleMeH
MHTETpalysiay JacTaHFaH yYacKeJepAiH KCHICTIKTIK CHIar-
TamajapblH OaraliayFa, OJap/blH e3repyiH OakplIayFa jKoHeE
SKOJIOTHSIIBIK OaKpliIay ic-IIapaiapblH aKnaparThK KaMTaMa-
CBI3 eTyre MYMKIH/IIK Oepei.

JIMueH3uANbIK  y4acKenepaiH OeNriieHreH IieKapaiapsl
MEH HaKThI JKep MaiiianaHy ayMaKTapbIHBIH [IeKapaiapblHbIH
KEHICTIKTIK apakaTblHachl S-cyperre Kepceriiren. Kaprana
JMLEH3MSJIBIK Y4acKeJIep/IiH IIeKapajiapbl MEH HaKThl XKep
naiijanany ayMakTapbl )Keke rpa(uKaiblK KOHTYpiiap apKbLUIbI
OepiJrir, oapabIH ©3apa OpHAIACYbl MEH IIeKapaapIblH Coii-
Kec KeJIMeyiH BU3yallibl Oaranayra MYMKIHAIK Oepeti.

T'opuouit scypnan Kazaxcmana Ne9’ 2026

HapylueHHE 3EMENBHEIX YHECTHD B

Cyper 4. JlacTanraH yyackeJiepJiH KeHiCTIKTIK
opHajacybl.
Figure 4. Spatial distribution of contaminated sites.
Puc. 4. [IpocTpaHcTBeHHOE pPaCIIOJIOKeHUEe 3arPsI3HEHHBIX
Y4aCTKOB.

1:10 00q

Cyper 5. JInneH3usiIbIK y4acKeliep HieKapaJapbIHbIH
JK9He Kep KOWHAYBIH NaiIa/IaHylIbLIAP TapANbIHAH
sKi0epinren 0y3ymbLIBIKTAP/ABIH ChI30aChI.
Figure 5. Scheme of licensed area boundaries and their
violations by subsoil users.

Puc. 5. Cxema rpaHui JIHIEH3HOHHBIX YYACTKOB H UX
HAPYILIECHHS HeAPOINO/Ib30BaTeIsIMH.
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KeHicTIKTIK Tajamay HOTHXKEIEepl )KEKEICereH ydacKelepe
HaKThI JKep MNaiijanaHy MeKapaJapblHbIH JHIECH3MIIbIK ay-
MaKTap/IblH HIeKapanapbIMeH COUKEeC KeIMEUTIHIH KOHE oJ1ap-
IIBIH apachlHa KabarTacy jkaraaiaapel 0ap CKeHIH KOPCETTI.
MyHzait KeHICTIKTIK coiikecci3/iikTep JKep KOHHaybIH maiiia-
JIaHy y4acKeJIepiHiH IleKapaiapblH HaKThlIAy )KOHE reoiepeK-
Tep/ii ©3eKTEHIIPY KOKETTUIIH KOPCeTe/Ii.

AtanfaH TOCUI JHMLEH3USJIBIK YYacKelIep/iH KEeHICTIKTIK
YKar/aiiblH KOpHeKI Oarajiayra jKOHE JKep NaijajaHy IieKa-
pajlapbIHAaFbl BIKTHMaJI OY3yIIBUIBIKTAP/AbI JKEeJeN aHbIKTay-
Fa MYMKIiHAIK Oepeni. Hotmxenepai kaprorpadusiibik Typae
KOpCeTy aHbIKTAJIFaH COMKeCCI3MiKTep/i KeHiHT1 KaJacTpIIbIK
JKOHE KYKBIKTBIK TEKCEpy YIIIH Heri3 periHje naiijanaHyra
JKar/ai sKacanipl.

[eonopranubsiy uHTEpEHCiHAE FAPBILTHIK CYypeTTep, JIH-
LEH3USUTBIK y4acKesep, JKep maiganaHy OOBEKTiIepl JKOHE
MOHUTOPHHI' HOTHIKENIEpIH KAMTUTBIH TaKbIPBINTBIK KEHiC-
TIKTIK Kabarrap OipikripinreH. MHTepdeiic apKplibl Fapblii-
TBIK CYpeTTep/ii )KOHE TaKBIPBINTHIK KadaTTap/ sl 0ip yakbITTa
BU3yaIM3alMsIay, OJIapIblH 63apa KCHICTIKTIK OpHAIacybIH
CAJIBICTBIPY )KOHE MOHUTOPUHT OOBEKTUIEPIH Taliay MYMKIiH-
Iiri KamTamachl3 erieni. ['eomopran uHTepdeiicinme MOHH-
TOPUHTKE apHAJIFaH HETI3r1 KeHICTIKTIK JepeKTepai OipTyrac
OpTaja KepceTy MbICcajbl 6-CypeTTe KeTipiiireH.

[eonoprasniuplH KypbUIBIMBI MOHHTOPHHITIK JEpEeKTep.i
KYHenl Type JKaHapTyFa JKOHE OJap/bl KEHIHIT KeHICTIKTIK
Tanjay YUIiH mnaiinananyra MyMKiHIik Oepeni. Jlepekrepsai
OipTyTac HUQPIBIK OpTaaa BH3yaIU3aIMsIay MOHUTOPHHT
HOTIDKEIICPiH KeIeH Ii Oaraiayra, 00beKTUICPIIH 63apa KeHic-
TIKTIK OpHAJIACYbIH TaJJayFa )KOHE aHbIKTaJIFaH COMKEeCCI3/IiK-
Tep/i JKeJlell KapacThIpyFa MYMKIHIIK Oepei.

KopbIThIHABI

3eprrey HOTHXKECIHIe MaHFbICTay OOJBICBIHBIH KEp pe-
CypcTapbl MEH jKep KOWHAybIH MaiiiagaHy MOHHTOPHHTIHE
apHaJFaH re0aKNaparThIK JKYHe o3IpJIeHIl, OHBIH aKmapar-
TBIK Heri31H JKep/il KalllbIKThIKTaH 30HTay, KaIaCTPIIbIK JKOHE

TYPKIMEHCTAH

B m wme

AIEPEABNAH

Cypert 6. ManFbIcTay 00JIBICBIHBIH #Kep pecypcTapbl
MEH ’Kep KOHHaybIH Naii1aaaHyAbl MOHUTOPUHITEY
reonopTAIbIHBIH HHTepdeici.

Figure 6. Interface of the geospatial portal for monitoring
land resources and subsoil use in the Mangystau Region.
Puc. 6. UuTepdeiic reonoprana MOHUTOPHHIA 3eMeIbHBIX
pecypcoB U HeAPONOoJab30BaHUsA MaHrucTayckoi 00/1acTH.

KEHICTIKTIK JiepeKTep/i OipiKTipy apKbUIbl KaJIBIITACTHIPY To-
CLITI YCBIHBUT/IBL.

JKyprizinaren Tannay FaphlITBIK MOHUTOPHHI MaTrepHallia-
PBIHBIH HaKTHI XKep Maiiajany xKaraiblH Oaraayra skoHe Oell-
TUICHTeH LIeKapajapJaH aybITKyJapabl aHbIKTayFa MYMKIH/IK
OepertiHiH kepceTTi. by Tocin skep pecypcrapbl Typabl KeHic-
TIKTIK aKMaparThl ©3eKTEH Py KoHE MOHUTOPHHT HITHKENEPi-
HiH OOBEKTHBTUIINH apTTHIPY YIIiH KOJIQHBLTYbl MYMKIH.

O3ipJIeHIeH I'eornopTal MOHUTOPUHITIK JepeKTepal OipbIH-
Fail aKmapaTThIK OpTaja XKyieneyre )koHe oJap/ibl KeHICTIKTIK
Tangayra MyMKIHJIK OepeTiH IpaKTHKaJIBIK Kypall peTiHJe Ka-
JBIITACTHIPBUIIBI. OHBIH KOJIAHBUTYbI JKep pecypcTapbiH Oac-
Kapy *oHe JKep KOMHaybIH NaiijaaHy canachlHIarbl OaKplIay
YZIepiCTepiH aKMapaTThIK KAMTaMachl3 eTyre OarbITTaFaH.

Y CBIHBUIFAH OMICTEMENIK TOCUIII OaH 9pi KETUIIIpy MO-
HUTOPHHT YJEpIiCTEpiH aBTOMATTAHJBIPyFa YKOHE KOITyaKbIT-
TBIK, FAPBILITHIK JEPEKTEP HETI3IH/e ayMaKThIK ©3TepiCcTepIin
JIMHAMHKACBIH Oaraiayra OarbITTaTybl MYMKIH.
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D. Ozhigin, *U. Kubaidullina, V. Kazantseva, O. Starostina
Abylkas Saginov Karaganda Technical University (Karaganda, Kazakhstan)

APPLICATION OF INSAR TECHNOLOGY
FOR MONITORING OF THE SHERUBAY-NURA
RESERVOIR DAM

Abstract. This paper investigates the potential of multi-temporal satellite radar interferometry for monitoring the deformation state of the Sherubay-Nura Reservoir
dam. Spatial and temporal displacements of the structure were assessed using the SBAS-InSAR approach based on Sentinel-1 satellite imagery. Trihedral corner reflectors
were employed to improve the reliability of interferometric measurements by ensuring stable identification of reference points. The analysis enabled the identification of
localized deformation zones and the assessment of displacement rates and their temporal evolution, demonstrating the effectiveness of integrating InSAR technology with
corner reflectors for the remote monitoring of hydraulic structures.

Key words: SBAS-InSAR, satellite radar interferometry, Sentinel-1, earth-fill dam, deformation monitoring, corner reflectors, geodetic monitoring.

Hlepy6aii-Hypa cy Koiimacbl 0eretinin moHutopunrijieyie InSAR TexH0/10rusICBIH KOJIIaHY

Amnnarna. Makanana Illepy6aii-Hypa cy koiimacel Gererini ae(opMaIMsIbIK KaF(aiiblH MOHUTOPHUHTIICY/Ie KOITYaKBITThI CITyTHUKTIK Pa/MOIOKALUSAIBIK HHTEP-
(epomeTpust TEXHONOTHACHIHBIH MYMKIHIIKTEpi KapacTeipbliFaH. Sentinel-1 cnyTHUKTIK Tycipinimaepi Herizinge SBAS-InSAR ogiciH KoniaHy apKbUibl KYPbUTBICTBIH
KeHICTIKTIK-YaKbITTBIK BIFbICYIAapbIHA Oarasay skyprizinai. MHTephepoMeTpHsIIbIK oIeyIepAlH CCHIMAIINH apTThpy MaKcaThiHAA OaKblIay HYKTEIEePiH TYPAKThI COii-
KECTEHAIPY/II KAMTaMaCchI3 €TETiH YIIKBIPIIbI OYPBILITHIK IIAFbULIBIPFBIIITAD MaiiaanaHbliabl. XKyprisiaren tanaay aedopMalusiapIbiH KePrilikTi aliMaKTapblH aHBIKTAY-
Fa, BIFBICY JKbIIIAMJIBIKTAPBl MEH OJIAPJbIH JIaMy CHITAThIH OarajiayFa MyMKIHJIK Oeplii ’KoHE THAPOTEXHUKAIIBIK KYPbUIbICTAP/IbIH Ae()OPMALMSIIBIK KaFIaiblH KALIBIKTaH
MouuTopuHrineyne INSAR TexHOMOrusicbl MeH OYpBIITHIK HIAFbUIIBIPFBIITAP/IBI O1pJIeCill KOJIAHYAbIH THIMALTIIIH pacTapbl.

Tyitinoi cosoep: SBAS-InSAR, cnymnuxmik paduonokayusnvis unmepgepomempus, Sentinel-1, scep 6o2emi, deghopmayusnap MOHUMOPUH2L, OYPbIUMbIK WASLLIObIP-
2blumap, 2e00e3usiblK MOHUMOPUHE.

IIpumenenne Texnosoruu InSAR st Monutopunra 1amosl Illepy6aii-Hypunckoro Boqoxpanuiauima

AHHOTanMs. B crarbe paccMOTPEeHbI BO3BMOXHOCTH MHOTOBPEMEHHOW CITyTHHKOBOII PaHOIOKAIMOHHON HHTEP(HEPOMETPUH JUISi MOHHUTOPHHTA Je()OPMALIMOHHOTO
cocrosiaus nam6sl Llepy6aii-Hypunckoro Bogoxpanunuma. Ha ocrose Metona SBAS-InSAR 1o qaHHBIM CITy THHKOBO# CheMKH Sentinel-1 BBIIOIHEHA OLICHKA TPOCTPAH-
CTBEHHO-BPEMEHHBIX CMEILCHNH coOpykeHHs. s OBBILICHHS HAJIKHOCTU HHTEP(HEPOMETPHUCCKIX U3MEPEHHIT HCIOIBb30BAHBI TPEXIPAHHBIC YTOIKOBBIC OTPaXKaTelu,
obecreynBIINe yCTONUMBYIO HACHTH(OHKALIMIO KOHTPOJIBHBIX TOUYEK. BBINOIHEHHbINH aHAIN3 O3BOIMII BBISBUTH JIOKAJIbHBIC 30HBI 1e(OpMalMii, OLIEHUTh CKOPOCTH M Xa-
paKTep pa3BUTHS CMEIICHUH, TOATBEPAHB 3P (HEKTUBHOCTH COBMECTHOTO IPUMEHEHNUsT TeXHOIOruH INSAR 1 yroikoBbIX OTpaskaTesne Ajs AMCTAaHIIMOHHOTO MOHHTOPHHIA
THIPOTEXHUYECKUX COOPYIKCHUM.

Kntouesvie cnosa: SBAS-InSAR, cnymuuxosasn paouonokayuonnas unmep@epomempus, Sentinel-1, 3emnsinas damba, MoHumopune oeopmayuil, yeoikosvle ompa-

27

Jlcamentt, 200e3uU4ecKutl MOHUMOPUHZ.

Introduction

Hydraulic structures are classified as critical infrastructure
facilities whose safe operation largely depends on the timely
detection and assessment of deformation processes. The de-
velopment of settlements and horizontal displacements may
reduce the operational reliability of a structure and increase the
risk of structural failure. At present, the monitoring of earth-fill
dams is primarily based on high-precision leveling, electronic
total station surveys, and Global Navigation Satellite System
(GNSS) observations. Although these methods provide high
measurement accuracy, they yield information only at discrete
control points, limiting the assessment of the spatial distribu-
tion of deformations over the entire surface of a structure and
requiring regular field surveys.

One of the most promising approaches to remote deforma-
tion monitoring is Interferometric Synthetic Aperture Radar
(InSAR). Modern multi-temporal InSAR (MT-InSAR) tech-
niques, including Persistent Scatterer Interferometry (PS-In-
SAR) and the Small Baseline Subset (SBAS) method, enable
the estimation of line-of-sight (LOS) displacements, the gen-
eration of high-resolution deformation maps, and the analysis
of deformation dynamics over time. Advances in time-series
processing algorithms have substantially reduced the effects of
atmospheric delays, temporal decorrelation, and noise, making
InSAR one of the most effective tools for monitoring slowly
evolving deformation processes affecting engineering struc-
tures [1].

A review of recent studies indicates that the application of
InSAR has expanded considerably and now encompasses the
monitoring of hydraulic structures, landslides, mining areas,
transportation infrastructure, and urban environments [2].

A major milestone in the development of this technology was
the launch of the Sentinel-1 satellite constellation, which pro-
vides regular revisit intervals, global coverage, and free access
to archived SAR data. These capabilities have significantly
enhanced the feasibility of long-term deformation monitor-
ing without the need for continuous on-site field inspections.
Recent investigations have demonstrated the high potential of
MT-InSAR for monitoring various types of hydraulic struc-
tures. In the case of the Upper Atbara earth-fill dam, Sentinel-1
time-series analysis revealed the spatial heterogeneity of de-
formation across different sections of the dam [3]. For the Be-
ninar Dam (Spain), the integration of MT-InSAR results with
engineering modeling was shown to improve the effectiveness
of comprehensive structural health assessment and provide a
more reliable evaluation of dam stability [4]. Studies conduct-
ed on the Xiaolangdi and Bangiao dams (China) confirmed the
capability of MT-InSAR to identify the spatial distribution of
deformations, analyze their seasonal variability, and assess the
influence of reservoir water-level fluctuations on displacement
patterns [5, 6]. Similar findings have been reported for tailings
dams, where multi-temporal interferometry enables the iden-
tification of zones affected by non-uniform deformation and
facilitates the early detection of potentially hazardous geotech-
nical processes [7, 8].

Despite these advantages, published studies indicate that the
application of InSAR is subject to several limitations. The qual-
ity of the derived deformation measurements is influenced by
the coherence of the radar signal, satellite imaging geometry,
the spatial resolution of SAR data, and the orientation of the
displacement vector relative to the satellite line of sight. Conse-
quently, the highest reliability is achieved through the integra-
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tion of satellite interferometry with conventional ground-based
geodetic monitoring methods, allowing cross-validation of the
obtained results and improving the accuracy of deformation as-
sessments for hydraulic structures [9, 10].

The aim of this study is to evaluate the capabilities of
MT-InSAR for monitoring the spatio-temporal deformation of
the Sherubai-Nura Reservoir dam using multi-temporal Senti-
nel-1 SAR observations.

Methodology of Satellite Monitoring Using InSAR

The study was conducted on the Sherubai-Nura Reservoir
dam, located in the Karaganda Region of the Republic of Ka-
zakhstan. The hydraulic structure was commissioned in 1960
and has been in continuous operation for more than 60 years.
Structurally, the dam is an earth-fill embankment with a rock-
fill body and a concrete spillway.

To assess the deformation state of the structure, Synthet-
ic Aperture Radar (SAR) images acquired in Spotlight mode
from a descending satellite orbit with left-looking imaging
geometry were used. The central radar incidence angle was
29.9820°. The SAR imagery had a ground sampling interval
of 0.45 m in the range direction and 0.35 m in the azimuth
direction, providing sufficient spatial resolution for detailed
analysis of localized deformation.

A total of 16 SAR images acquired between July and Octo-
ber 2025 were included in the interferometric processing. The
spatial coverage of the study area by the satellite observations
is presented in Figure 1.

Figure 1. Spatial coverage of the acquired images.
Cyper 1. Tycipinimaepain kKeHicTIKTiK KAMTBLTYBI.
Puc. 1. IIpocTpancTBeHHOE NOKPHITHE CHUMKOB.

The SAR data were processed using the Small Baseline
Subset (SBAS) technique, which is based on solving a system
of interferometric equations through Singular Value Decom-
position (SVD). This approach minimizes the effects of both
temporal and spatial decorrelation, enabling the generation of
stable deformation time series. The network of connections
between the SAR images used and the corresponding interfer-
ometric pairs is presented in Figure 2.

To analyze the spatio-temporal deformation of the study
area, the SBAS-InSAR multi-temporal interferometric tech-
nique was employed. This method enables the reconstruction
of ground deformation dynamics by generating deformation
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Figure 2. List of the source synthetic aperture radar
(SAR) images used, including their acquisition dates.
Cypert 2. Tycipijim kyHaepi kepceTijireH naiigaianblIFaH
f6acTanKbl paTHOIOKAIUSIBIK CypeTTepaiH Tizimi.
Puc. 2. CiucoK HCIMOJIB30BAHHBIX HCXOIHBIX

PaAUOJIOKAIUOHHBIX CHUMKOB € JaTaMU CbeMKMH.

time series and estimating displacement velocities along the
satellite line of sight (LOS) from interferograms formed using
SAR images with short temporal and perpendicular baselines.
The SBAS-InSAR approach is based on constructing a redun-
dant network of interferometric pairs generated from SAR
images acquired within limited temporal and spatial baseline
intervals.

At the first stage of processing, an interferometric network
is generated, defining the set of SAR image pairs used for sub-
sequent interferometric analysis. One SAR image is selected
as the reference image, relative to which all other images are
co-registered with sub-pixel accuracy up to 1/100 of a pixel.

After completion of the co-registration procedure, interfer-
ograms are generated for each selected image pair through pix-
el-wise multiplication of the complex signal of the master im-
age by the complex conjugate of the slave image signal. Since
each SAR image contains both amplitude and phase compo-
nents, the interferometric phase () represents the phase dif-
ference between two acquisitions. This phase decomposition is
essential for the accurate separation of the deformation signal
during subsequent processing stages. At the second processing
stage, interferogram filtering and phase unwrapping are per-
formed. To isolate the deformation-related phase component,
the topographic phase contribution is first estimated using a
Digital Elevation Model (DEM), after which a differential in-
terferogram is generated. In this case, one complete phase cy-
cle variation (2m) corresponds to a surface displacement equal
to half of the radar wavelength, or to an elevation difference
determined by the relationship between the perpendicular and
critical baselines. To reduce the influence of phase noise, an
adaptive Goldstein filter is applied, which effectively suppress-
es random phase fluctuations while preserving the structure of
interference fringes required for subsequent processing.

Phase unwrapping was performed using the Delaney Min-
imum Cost Flow (MCF) algorithm, which minimizes phase
discontinuities by selecting optimal unwrapping paths in ar-
eas characterized by low coherence. The resulting unwrapped
interferograms were subsequently inverted using the least
squares method, taking into account the temporal relation-
ships between SAR acquisitions. This procedure enables the
reconstruction of incremental displacement sequences and the
generation of cumulative deformation time series. Following
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phase unwrapping, the quality of the generated interferograms
was assessed. Interferometric pairs characterized by low co-
herence and pronounced artifacts, including phase discontinu-
ities, were excluded from further processing. When necessary,
coherence threshold values were adjusted, after which the
interferometric network was reconstructed using an updated
set of image pairs. One of the key requirements for obtaining
reliable results in interferometric processing is the presence of
targets with stable radar backscattering characteristics with-
in the study area. For this purpose, trihedral corner reflectors
were installed as part of the study. The operating principle of a
corner reflector is based on multiple specular reflections of the
radar signal from mutually perpendicular surfaces, allowing a
significant portion of the incident electromagnetic energy to
be redirected back toward the satellite antenna. As a result, a
bright and stable point target with a high radar cross-section
(RCS) is formed in SAR images, clearly distinguishable from
the surrounding surface. Aluminum was selected as the mate-
rial for reflector fabrication due to its high electrical conduc-
tivity, which ensures efficient radar signal reflection through
minimal energy losses during electromagnetic wave interac-
tion with the surface, as well as its low weight and high corro-
sion resistance. The edge length of 1 m was selected consid-
ering the operating wavelength of the Sentinel-1 C-band radar
system, ensuring reliable detection and stable identification
of the reflectors during multi-temporal SAR data processing.
Corner reflectors serve as reference ground targets, providing
high signal amplitude and stable phase characteristics over
time. Therefore, they are essential for the calibration and geo-
referencing of satellite observations within InSAR monitor-
ing applications. Each reflector was installed on an individual
concrete foundation equipped with an adjustable inclination
mechanism to ensure precise orientation toward the satel-
lite (Figure 3). Monitoring of the reflectors across a series of
SAR acquisitions confirmed the stability of signal amplitude
and phase consistency over time, enabling their application
for: internal calibration of deformation time series; external
validation of InSAR measurement accuracy; ensuring metric
consistency between satellite-derived data and ground-based
observations.

Figure 3. General view of the corner reflector and its
angle adjustment.
Cypet 3. BYpbIIITBIK IAFBLIABIPFBIIITHIH KAJIIbI
KOPpiHici ’k9He OHbIH OYPBIIIBIH PeTTeY.
Puc. 3. OcHoBHOI1 BHI oTpaxkaTe/isi 1 PeryJIHpOBKa yIJia.

Monitoring of the reflectors across multiple SAR images
enabled an increase in the backscatter intensity of individual

reflectors and allowed the optimal orientation angle of each
reflector to be adjusted.

Results

The interferometric processing results provided informa-
tion on displacement velocities characterizing the deforma-
tion state of the Sherubai-Nura Reservoir dam. The analy-
sis was performed using more than 26,000 measurement
points distributed across the study area. The obtained results
showed that the average displacement velocity was 3.1 mm/
year. Spatial analysis of the displacement velocity distribu-
tion enabled the identification of three deformation concen-
tration zones (Figure 4). Deformation Zone No. 1 is located
within the sluice complex area, Zone No. 2 is situated in the
central part of the dam body, and Zone No. 3 is located in
the southern section of the structure.The most pronounced
spatial displacement gradients were observed in the area of
the sluice complex, where both positive and negative veloc-
ity values were detected within a limited area. A detailed
analysis of the deformation time series revealed that, within
Zone No. 1, positive displacements are associated with the
concrete elements of the sluice structure, whereas negative
displacement values are concentrated in the area of the flow
energy dissipation structure, including the side walls of the
spillway and the bridge roadway.

Figure 4. Deformation zones.
Cypert 4. le¢opmanus aiiMmakTapbl.
Puc. 4. 3oubl 1epopmanmii.

Analysis of the time series for three control points charac-
terized by the maximum displacement velocities demonstrated
a high degree of consistency in both cumulative deformation
trends and instantaneous velocity variations. The obtained de-
pendencies indicate the stable nature of the recorded deforma-
tion signal.

Over the investigated period of approximately three months,
the cumulative displacement reached 0.02 m in the satellite
line-of-sight direction. It should be noted that the identified
positive displacements exhibit clear spatial localization and
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coincide with the location of the concrete structures of the
sluice complex.

The absence of a random distribution of the deformation
signal and the consistent behavior of the time series indicate
that the detected displacements represent a stable characteris-
tic of the investigated area rather than being caused by random
errors associated with interferometric processing.

Discussion of the Results

The analysis of the spatial distribution of deformations
demonstrated that different structural elements of the dam
exhibit varying responses to operational loads. The most in-
tensive displacements detected within the sluice complex area
are likely associated with a combination of structural and op-
erational factors. At the same time, the absence of maximum
hydrostatic loads during the study period does not allow water
pressure to be considered the sole cause of the observed defor-
mations, indicating the need for further investigation of their
development mechanisms.

The effectiveness of the SBAS-InSAR approach is attribut-
ed to the use of an interferometric network composed of im-
age pairs with small spatial and temporal baselines, enabling
the reconstruction of the spatio-temporal displacement pattern
while maintaining high coherence of the interferometric data.
An additional factor that improved the reliability of the results
was the use of corner reflectors, which enhanced the quality
and reliability of control point identification.

Compared with traditional geodetic monitoring techniques,
the proposed approach provides continuous information on the
deformation state of the structure, allowing the localization of
deformation zones and the assessment of their temporal evo-
lution. However, the method has several limitations associated
with the determination of displacements only along the satellite
line of sight (LOS), as well as with the dependence of measure-
ment accuracy on radar signal coherence and imaging geometry.

Further development of this research should focus on inte-
grating InSAR-derived measurements with GNSS observations,
high-precision leveling, and total station monitoring, as well as
extending the duration of satellite observation time series. This
will improve the reliability of deformation interpretation, enable
the assessment of seasonal variations, and help identify the pri-
mary factors governing the deformation behavior of the dam.

Conclusion

The results of the study demonstrated the applicability of the
SBAS-InSAR technique for monitoring the deformation state
of the Sherubay-Nura Reservoir dam. The use of multi-tempo-
ral Sentinel-1 SAR data enabled the generation of a spatially
continuous displacement velocity field, the identification of lo-
calized deformation zones, and the assessment of their spatial
and temporal variability. The installation of corner reflectors
ensured reliable identification of reference points and improved
the stability of interferometric measurements. The obtained re-
sults indicate the potential of integrating SBAS-InSAR with
corner reflectors for the remote monitoring of hydraulic struc-
tures, particularly in areas characterized by a limited number
of stable natural scatterers. However, a comprehensive eval-
uation of the proposed approach requires validation against
independent reference data, including ground-based geodetic
measurements. Future research should focus on extending the
satellite observation time series, investigating the influence of
seasonal and operational factors on deformation patterns, and
further improving the integration of InNSAR and conventional
geodetic monitoring techniques.
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KACIINU MAHBI AUMAFBIHBIH
TEOJIMHAMUKACBIH MOHUTOPUHI TEYIIH
T'EOJE3USAJBIK OAICTEPIH KETIJIIIPY

Anparna. Makaina KasakcraHHblH 6aTbic OHipiHIeri KOMIpCyTeK KeH OpbIHIApbIH Urepy Ke3iHIe TYBIHAANUTBIH Ie€OAMHAMHUKAIBIK MPOLECTEPA 3epTTeyre apHajFaH.
Kacmuii Tenizinig bo3arusl TyOerinzaeri xep 0eti nedopmanusiiapbiH KeleHli MOHUTOPUHITEY HOTHKeepl YChIHBUIFAH. 3aMaHayH Te0Ie3HsUIbIK acianTap MeH aBTopiiap
JKETUIIPreH TeXHUKAIbIK Kypanaap/ibl KoJiaHy xkep OCTiHiH 11ery napaMmeTpiaepid aHbIKTay/AbIH JOJ/Ir MeH XKeACNAIriH apTThIp/bl. MOHUTOPUHT HOTIIKECIH/IC ayAaHHbIH
TeOJMHAMUKAIIBIK TTOJIMTOHBI JKOHE MOKOYPIIi LIEHTPIICyTre apHaIlFaH TYPAaKThl TIPEK IYHKTTEPIHIH KOHCTPYKIUUSCHI 3ipiIeHin, eHaipicke eHrizinai. 3epTTey HoTHKEeNIepi
«I'eocepBuc-C» XKIC-ne barsic Ka3akcTan keH opbIHIApBIH UTepy Ke3iHzaeri xkep OeTiHIH aeopMalysIIbIK MPOLECTePiH MOHUTOPUHITEY JKO0ACHIH iCKe achIpy/ia sKoHe
an-®apabu arbiHaarsl Kasak YITTIK YHUBEPCHTETIHIH OKY YACpICiHAC MaiijanaHbulibl.

Tyitinoi co30ep: komipcymex Ken opolHOapbl, Jcep 6emi, wozy, 2e00UHAMUKANBIK NOAUSOH, 2e00e3usiibl Monumopune, GPS bakviiaynap.

Improvement of geodetic methods for geodynamic monitoring in the Caspian region

Abstract. The article examines geodynamic processes arising during the development of hydrocarbon deposits in western Kazakhstan. The results of integrated
monitoring of ground surface deformation on the Buzachi Peninsula in the Caspian region are presented. The use of modern geodetic instruments and technical solutions
improved by the authors increased the accuracy and efficiency of determining ground subsidence parameters. Based on the monitoring results, a geodynamic monitoring site
and a design for permanent forced-centering control points were developed and implemented. The research results were implemented at Geoservice-S LLP during a project
on monitoring ground surface deformation during field development in Western Kazakhstan and used in the educational process of Al-Farabi Kazakh National University.

Key words: hydrocarbon deposits, ground surface, subsidence, geodynamic monitoring site, geodetic monitoring, GPS observations.

COBepmeHCTBOBaHHe reoIe3anIeCKUuX ME€T010B MOHUTOPUHIA T€COAUHAMUKHU npmcacrmﬁcrcoﬁ 30HbI

Aunoranus. Ctarbs MOCBSIIEHA U3YYCHHUIO I'€OJMHAMUYECKUX MPOLIECCOB, BOBHUKAIONIMX MPH Pa3paboTKe MECTOPOXKJICHHI yIIeBOAOPOIOB B 3alaHOM PErHoHe
Kasaxcrana. IIpefcTaBieHbl pe3y/bTaThl KOMIZIEKCHOTO MOHHTOpPHHTA AedopMmariuii 3eMHOI nmoBepxHOCTH Ha By3auntuckom nomayoctpose Kacruiickoro mopst. Fcmonb3o-
BAHNE COBPEMEHHBIX I'€O[E3MYECKHX MPUOOPOB U YCOBEPIICHCTBOBAHHBIX aBTOPAMH TEXHUUECKUX CPEICTB TIOBBICHIIO TOYHOCTh M ONEPaTHBHOCTD ONPEICICHHS MapaMe-
TPOB OCEJaHHUs 3eMHO# MoBepxHOCTHU. ITo pesy/bTaTaM MOHHTOPUHTA CO3/JAHbl M BHEJAPEHBI FCOMHAMUYECCKHIT MTOJIUTOH PaifoHa H KOHCTPYKIMS MOCTOSHHBIX OTMOPHBIX
ITYHKTOB NPHHYANTENILHOTO LeHTpUpoBaHust. Pe3ynbrarsl nceneobanus Bueapersl B TOO «I'eocepuc-Cy» npu peanusaliy IPOeKTa 0 MOHUTOPUHTY Je()OPMALHOHHbIX
MPOLIECCOB 3eMHOI MMOBEPXHOCTH MPH pa3paboTke MecTopoxkaeHni 3anagnoro Kasaxcrana i HCmosb30BaHbl B yueOHOM mporecce Ka3axckoro HallMOHAIBHOTO YHUBEP-
curtera UMeHH anb-Dapadu.

Kniouesvie cnosa: mecmoposicoenus yene6000po00s, 3emMHas NOBEPXHOCHb, 0cedanue, 2e00UHAMUYECKULl NOTUSOH, ceode3utecKuti Monumopune, GPS-nabnooenus.

Kipicne

OJIeMHIH KOIITeTeH MyHali-ra3 OacceiHaepiHIe MyHail MCH
ra3 eHJipyre OAlIaHBICTHI KYIITI, TINTi alaTThl TCOAWHAMH-
KaJIBIK KYOBUTBICTAp TipKedreH. bysr KyObuThICTap KEp CiKi-
HICTepi, MOTiHIi >KBIHBICTAp KAOATHIHIAFBI TEKTOHUKAIBIK
JKapbUTBIMIAPIBIH OCIICEH/IITICHY1 KoHe Kep OCTiHIH KapKbIH-
ITBI TIIOTYi TYpiHe Oaiikamaabl. Ka3ipri yaksiTTa skep 0eTi Ko3-
FaJIBICTAPBIHBIH KAPKBIHIBUIBIFEI TYPabl ayKBIMIBI FEUTBIMA
JIepeKTep KUHAKTAJIFaH.

Bareic Kazakcranmarsl MyHal-Ta3 KeH OPBIHIAPBIH Y3aK
YaKbIT OOWBI KAPKBIHIBI HTEPY HOTHIKECIHIE TEXHOTCH/IIK JKep
CUIKIHICTEpiHIH Taia OOy BIKTHMAJIBIFBl apTHIT KeIei.
OnberTe, MyHIall CEHCMUKANBIK KYOBUTBICTAp IKOIOTHSIIBIK,
QIIEYMETTIK JKOHE SKOHOMHUKAJBIK TYPFBIIAH €Jeyii 3apiar-
Tapra anelm kenemi. bym eHipme Oyran jmeiiin nme OipHerre
ceficMHUKanbIK OKuFamap TipkenreH. Macenen, 2008 KbUTbI
[Mankap keni MaHBIHIA MarHUTYNACHl 7 OalUIIBIK Kep Cill-
KiHici opeiH anmael, an. 2011 sxeureer 21 aknmanma TeHi3 keH
OpHBI ayMarbIHIa MarHUTynacel 4,1 6amr GoiaTeIH XKep Cill-
kinici Tipkeni. 2000 XBUTFBI coyip/e Kep OCTiHIH ayKbIMIBI
meryi camgapeiHaH ConTycTik bo3amrsl kKeH opHBIHA KaKbIH
opHanackan Kamamxkac sxone Kapakan6ac KeH OpBIHIapBIHBIH
enoyip ayMakTapbiH ¢y 0acthl. 2018 xbUTFBI skenTokcanaa Ka-
3aKCTaHHBIH CCHCMOJIOTHSIIBIK KBI3METTEpi AKTay KalachlHAH
345 XM KamIBIKTBIKTa MarHUTyZAachl 3,3 Oamm OoNaThIH Kep
cinkinicin Tipkeni [1, 2].

Ocriran OaiimaneicTel bateic Kazakcranmarsl KeMipcyTek
KEH OpBIHIAPBI ayMaFbIHAFEl TCOAMHAMUKAIBIK TIPOIIeCTEPIl

T'opnuwuit scypnan Kazaxcmana Ne9’ 2026

3epTTey aca ©3eKTi FhUIBIMUA MIiHJeT Oouibil Tabbutaabl. [eo-
JMHAMHKAJIBIK IpolecTep/i OopKay MOACIbIACPIH d3ipiey
JKOHE OJIapbl THKIPUOEe KOJIaHy KayilTi reoinHAMHUKAIIbIK
JKaFaiiap/iblH aJIJbIH aJlyFa >KOHE OJIap/ibl allIbIH ana 0oJ-
Kayra MYMKIHIIK Oepeni. by e3 keseriHue MyHaii-ra3 ke
OPBIHAAPBIH JKOJOTHAIBIK TYPFBIOAH KAayillCi3 ToclimepMeH
Urepysi KaMTaMachl3 eTill, KOpIIaFaH OpTara KeJeTiH 3UsH/IbI,
COH/Iali-aK BIKTUMaJl SKOHOMHUKAJIBIK HIBIFBIHAAP/bI a3aiTyFa
JKarIam skacamabl.

MyHaii KO3FasbICTap XKeprilikTi reoAMHAMUKAIIBIK, TTOJIU-
rougap (I'/II1) aymarbinaa aa, KeH ayMakTap Ierisjie je Oai-
KaJabl.

Kemmrinik »xarmaliga reoOqMHAMHUKAIIBIK TOJIMTOHAApAa MO-
HUTOPHHT KELICH I TYP/C KYPri3iieai: xep O0eTi Ko3FaibIcTa-
pbl OAaKbUIAHBIN KaHa KOWMaii, COHBIMEH Karap re0JOrusuIbIK,
reoMop(OIIOTHSLIBIK, Te0()U3NKAIIBIK, CEHCMOJIOTUSIIBIK KIHE,
€H aJIJIbIMEH, Te0/Ie3UsUIBIK 3ePTTEYIeP/IiH KeH ayKbIMbI OPbIH-
nanazpl. COHbIMEH Oipre aJaMHBIH WHKEHEPIIK KbI3METIHIH
OCepiHEH TYBIH/IANTHIH JKep OeTiHIH bIKTUMaN Aedopmarusia-
PBI MEH TEXHOTCHIIK KO3FaIBICTaphI 3epTTeiei [3].

Kep OeriHiH weOryiH 1oy OOKAY KOHE MyHAll MEH ra3 eH-
JIpYIiH Tepic caljapblH OOJibIpMayFa OarbITTajFaH THIMJII
HHXXEHEPJIIK [iennmMaepai Kadbuiaay YIiH jxep OeTiHiH xkKaj-
bl BEPTUKAJIb MIOI'YIHAErT TEXHOTCHIIK Kypamaac OeJIiKTiH
yJIeCiH HakKThl aHbIKTay KaxceT. Cebedi TaOuru YKOHE TEXHO-
reHik (akropiapablH ocepi aKblpaTbUIMaraH jKaraaiia Ka-
ObUTIAHATHIH AJJIBIH ajly [Iapanapbl HETi3Ci3 MaTepHaIbIK
IIBIFBIHIAPFA OKEIII, KYTUIeTIH HOTHKEHI KaMTaMachl3 eTIeyi
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MYMKiH. OcblFaH 0aiJIaHBICThI TEXHOTCHIIK XKep OeTi meryin
FBUIBIMH HETI13/I¢ OHE JKe/Ies O0JDKayIbIH MaHbBI3bI apTa TyCce-
1. MyHnai 60JnKaM KeHICTIKTIK dKOHE YaKbITTBIK ©3repicTepai
€CKepe OTBIPBII, 3ePTTENETIH HBICAHHBIH BIKTHMAJI JKai-KyHiH
FBUIBIMH TYPFBIZIaH Oarayayra Herizesesi.

ArtaiFaH KarbIMChI3 KYObLIBICTAp/bl OOJDKAy MKOHE oJap-
JIbIH, CaJJapblH azaiiTy e3ekTi Macese 0oJblin Tadbl1a sl by
Mmocese OoiibiHnra Kasakcran PecrnyOnukachkinbig «JKep Koii-
Haybl )KOHE JKep KOHHAybIH NaiiiajiaHy TypaJibl», 3aHbIHA MY-
Haii-ra3 KoCIOpbIHAApbIHA JKep KOWHAYBIHBIH OHEPKICINTIK
YKOHE HKOJIOTHSIIBIK KAYITCI3IriH KaMTaMachl3 €Ty MaKcaThbIH-
Jia Kep OETiHIH jKai-KyWHiHEe TYpaKThl MOHUTOPUHI KYPTi3y
MIHJIET] JKYKTeNreH [4].

3eprTeyain MaKcaThl — MyHall K€H OPBIHJIAPBIH HUIepy
OapbIChIHa MOHMTOPHHITIK OakbuIaylap HerisiHjae Tadu-
FU-TEXHOTCH/IIK ICOAMHAMUKAIBIK YICPICTEPIiH OHIIPICTIK
YKOHE DKOJIOTHSUIBIK 3apAalTapblH OapblHIIA a3aiTyabl Kam-
TaMachI3 ery.

3epTTey HbICAHBI MEH IAHI

3eprrey HbicaHbl — bo3zaribl TyOeriHie OpHalacKkaH KeH
OBIHJIAPBIL. 3epTTey IMoHI — KOMIPCYTEeKTep/li OHAIPY HOTHIKE-
ciHjie Jkep OCTiHIH MIery mporeci.

3eprrey daicrepi

KemipcyTek keH OpbIHIApbIH Urepy OapbIChIHIA OpTYp-
Ji TaOWUFU-TEXHOTCHIIK mpoiecTep OpbiH amansl. Onapra
TEKTOHMKAIIBIK JKapbUIBIMAAPABIH OcliceHaiienyi, nedop-
MalMsUIBIK IpoliecTep, JKep OeTIHIH IIeryi, Tay »KbIHBICTA-
PBl MacCHUBTEpiHIH KOJJIEHEH BIFbICYJIaphl kartaabl. by ky-
OBUIBICTAP/IBIH OPKANCHICHI OHIIPICTIK JKOHE 3KOJIOTHSIIBIK
TYPFBIJIAH eJieylli )KaFbIMChI3 cajjapra okeiayi MyMkiH. CoH-
JBIKTaH 3epTTey/le KEeUICH Il FBUIBIMU JIiC KOAaHbuibl. O
3epTTeNIeTIH ayJaHHbIH TEOJOTHSJIBIK JKOHE TEKTOHHMKAJIBIK
KYpPBUIBIMBIH TaJlZlay/ibl, Xep OETiHIH >KbUDKYBIH Oakpliay
OOlbIHIIIA KEUICHII MOHUUTOPUHT JKYPri3y »KOHE Tay Kbl-
HBICTApbl MAacCUBIHIH KepHeyIi-nedopmManusiblk Kydin Oa-
FaJjiayJbl KaMTHIbI.

CoHbIMEH KaTtap Kasipri reofie3usulblK TOKipuOeae zama-
HayM reoJe3MsUIbIK aclanTap/sl Maiijanana OThIPHIN Tay Kbl
HBICTapbl MACCUBIHIH JKail-KyHiHE MOHUTOPHHI YPIi3yldiH
OipeIHFail oicTeMeci KajbinTacnarad. OCbiFaH OaiJIaHBICTHI
MACCHBTIH TI'€OIMHAMHKAJIBIK JKal-KYWiH Oarajmay MeH OO0JI-
)KayFa apHajJFaH Teo/le3UsUIbIK MOHMTOPHUHI QJICTEpiH OHIi-
PpiCKe eHri3y Tay-KeH )KYMbICTapbIHbIH KayiICI3/iriH apTThIpy-
JIbIH JKOHE Maiiaaibl Ka30aiap sl urepy THIMAUIITIH KaMTama-
CBI3 €TY/IIH MaHBI3bl FHUIBIMHU-TIPAKTHKAIIBIK MIHJCTI OOJIBII
TaObLIa/IbI.

KemipcyTek MIMKI3aThIH Urepy Ke3iHje >Kep KOWHaybl-
HBIH T€OJMHAMUKAJBIK JKal-KYHiHE MOHHTOPHHI XXYPri3y,
COHJali-aK KeH OpPbIHJAApBl ayMarbIHIAFbl Oipereil WHKe-
HEpJIIK KYPBUIBICTAP/bIH TCOMMHAMHKAIBIK Kayilmci3airin
KaMTaMachl3 €Ty MakcaTTapbl MEH MiHJeTTepi Oakbuiay
JKYHeEJIepiH FBUIBIMU HET137Ie KYPY/bl )KOHE oJiapia KeH op-
HBIH UTepyAiH OapiblK Ke3CHIHIC Y3I1KCi3 MOHHUTOPHHITIK
OakpuIaysIap yiHbIMIAcThIPpyabl Tasamn ereai. Konma 6ap reo-
JIOTHSUTBIK-TCO(PU3UKANIBIK JKOHE KOCIMIIITIK-Te0TOT HSUIBIK
MaTepuaiiap/ibl, COHIai-aK OHIpAIH CeHCMOTEKTOHUKAIBIK
KarJaiiblH Tajjay TIeoJUHAMHMKAJIBIK MOHHTOPHUHI KYp-

rizyaid ym Herisri tocimi: nepopmauusuisik (Leica WILD
NA 3003 acnabbimen kaiiTanan Huenupiey), GPS (Leica
GS16) xxone rpaBumeTpusuibik (AutoGrav CG-5- 091-rpa-
BUMEp) OakbuIayaap/ bl KSMICH I KOJJAaHYIbIH KaXKSTTUIITH
KepceTTi. MyHall )koHe ra3 eHJipy ayAaHaapbiHaa xkep Oeri
KO3FaJIbICTAPhlH MOHUTOPUHITEY KE3iHJE KeJeCi HEeri3ri
TajanTap KOWbUIaAbL: 3epTTEY HOTHIKEJIEPiHIH aKmaparThbl-
JIBIFBIH apTTHIPY, OAKbLIAYIAP/IBIH KEICIAITTH KaMTaMachl3
€Ty JKOHE 3ePTTEYJCPIiH 3KOHOMHKAIBIK THIMIIIITIH KO-
rapsuiaty [S]. Ockl Tanantapjsl HEri3re ajga OThIPhIN, OJI-
(apabu areiHgarsl Kazak yinTTelk yHHBepcuTeTi bosamibl
TyOeri KeH OpHBIHJA KYPTi3IreH 3epTTeyIepaiH MaKcaThl
AMKBIHIAJIBII, FEUIBIMU HESCHI HET13e1i, HEeri3ri MiHaeT-
Tepl TYXKBIPBIMAAIIBI.

3epTTey HOTHKEEPi

® — CpasuUMEempusIbLIK NYHKMmepmen Oipikmipineen Huge-
aupney nynkmmepi, leveling points combined with gravimetric
points; HugelupHsie NYHKMbl, COBMEUjeHHblE C 2pasuUMempl-
YecKUMU NYHKMamu

® - [HCC nynxmmepi; GNSS points;, I'HCC-nynxmol

® — yyevimanap, boreholes; cxasoicunvl

Cyper 1. «Kapaxxan6ac» reoIuHAMHUKAJbIK MOJTUTOHbI
aymarbIHIaFbl 3—3 NPOoPUIIbLAIK ChI3bIFbI 00HbIMEH
OPHAJIACKAH MYHKTTEPAiH chI30achl.

Figure 1. Layout of survey stations along Profile Line 3-3
within the Karazhanbas Geodynamic Monitoring Area.
Puc. 1. Cxema pacnoJioxeHusi MyHKTOB M0 NPOoQUuIbLHOIM
gunuu 3-3 Ha tepputopuu IIIT «Kapaxamobac.

YJIKeH alKanThl aliblll JKaTKaH, OipHelle KeHOPbIHIAphI
[IOFBIPJIAHFAH JKOHE OPTYPJI TepeH KabarTapia Ty3iIreH
bozamibl TyOeriHAe MOHHOPHUHI KYPri3y MKOFapbl JSJJIIK-
Ti TEOJC3USIIBIK HEri3AeMeHi Kypyabl Tanan etemi. OcbiFan
OatinmanwicThl, Tipek, [HCC, HUBenHpIIiK, CEHCMONOTHSITBIK,
rPaBUMETPHUSUIBIK KOHE paJapiblK HHTe(DEepOMETPHS TYHKT-
TEpiHEH TYpaThblH TapMaKTaJFaH I'eOJNHAMMKAJIBIK IIOJIUTOH
(CAOIT) KypbUIABI KOHE OHBIH MPOQPMIBIIK CHI3BIKTAphl 3P
KEeH OPBIHIAPBIHBIH TEKTOHHUKAJBIK JKapbUIBIMIAD IIOFBIP-
JIaHFaH KepJepiHe COKeC OpHATBUIABL. 1-CypeTTe »KOoFapbl
monmikti 11 KiracTel KaiiTamama HUBEIUpiey 3-3 nmpoduiiHiH
ce130achl kepceriiared. [Ipoduns 25 penepai KAMTHIBI KIHE
MOJMTOHHBIH OPTANbIK OOJIriH OaThiCTaH MIBIFBICKA Kapan
Kecim eTei.

T'opnotit scypnan Kazaxcmana Ne9’ 2026
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l'eonnnamuxansik nonuronaapasiy (IAI1) MbeiHHAH acTam
penepIepiHe )KYPri3iireH KOIDKbUIIBIK OaKbLIayIap JaiajiblK
KYMBICTAp/bIH, 9Cipece achanrtap >KUBIHTBIFbIH (ACTaNThIH
031, IWITaTUB, peiikainap >xoHe T. 0.) Oip MYHKTTEH EKiHIIICiHe
TachIMaJlay/IblH aca eHOeK ChIMbIMIbI eKeHiH kopceTTi. Ochl-
raH OailylaHBICTBI acmanTaplbl OPHATYJIbl JKEHIJJETY, OJIIey
YKYMBICTAPbIH KEICNETY, COH/Iai-aK jkep OeTIHIH KeJIeHEeH
JKOHE TIK BIFBICY KypaM/acTapbIH KOFapbl IQJIAIKIICH aHBIKTAY
MaKCaTbIH/Ia MOKOYPJIl LEHTPIICY YCTEIIMCH >Ka0IbIKTaIFaH
TepeH TipeK MyHKTiHIH KOHCTPYKLUSCHI d31pICH/l KOHE OH/Ii-
picke eHrizinaiy (2-cyper).

Tepen Tipek MyHKTI reome3us cajachblHa, aran alTKaHIa,
xep Oeti pedopMalMsIIapbIH y3aK Mep3iMii MOHUTOPUHITEY-
re apHaJIiFaH KypbUIFbuIapra xatajpl. Ol MyHai jKoHe Ta3 KeH
OPBIHJAPBIH UTEPY KEe31H/IE, COHIal-aK HHKCHEPIIIK-TCOIOT Usi-
JIBIK JKaraaiyiapbl KypJeli ayMakrapaa KolJaHyFa apHaliFaH.
¥ ChIHBUIFaH KOHCTPYKIHSIHBIH TEXHUKAJIBIK apTHIKIIBUIBIFBI —
TOIBIPAKTBIH JKOFAPFbl Ka0ATTapbIHBIH Ae(opMalHsIapbIHbIH
ocepiH 0oJIbIPMayY, COHBIMEH KaTap INTATUBTI KOJiaHOai aK
HUBEJIMPJICY J)KOHE CITyTHHUKTIK OaKpLiayaap »yprizy MyMKiH-
IIriH KaMTaMachkI3 ety [6].

leome3usyiblK  acmam INTATHUBCI3, MOKOYpPIi ICHTPICY
KYPBUIFBICHIHBIH KOMETiMEH TiKelell ITyHKTTIH IKOFapFbl
OesiriHne opHaTBUIABI, OYJI eJIIeyJIepAiH IQIAIriH apTThl-
PBIN, AaNaIbIK KYMBICTap/AbIH OHIMAUITIH JKOFapbLIaTa/Ibl.
[TyHKTTIH >KOFapFbl OeJiriHae opHalaCKaH TipeK MUIIOHBI-5
reoJIe3UsUIBIK aclarnThl OpHATyFa apHajFaH OypaHIaybl KO-
CBUIBICHI 0ap IEHTPl — 7 KapacThIPbUIFAH OPHATY pamachl-
MeH — 6 sxadabikranraH. COHbIMEH KaTrap, HUBEJIHUPIIK peii-
KaHbl OpHaTyFa apHaJIFaH IEeTKI MapKa — 8 KapacThIpbUIFaH.
Ocsbutaiiia, 0¥ KOHCTPYKIHUS KOIAJIEMEHTTI Kyie O0JbIn
TabbutaZbl. MyHIa CHIPTKBI KYOBIP JKEp/iH XKOFaprbl Kabar-
TapbIMEH OaifJlaHbICKaH, INIKi KyObIp apMaTypajiblK TipeKTep
MeH M200 mapkaiibl 06TOH KOCHachl apKblUIbl OSKITUITEH, all
MeTa/ul KYOBIp Tay >KbIHBICTApbl MAacCUBIHIH TepeH Kabat-
TapblHa KaraH OekiTijenl. ¥ ChIHBUIFAH TepeH penepai nai-
JajaHy kep OeriMeH Oepik OalaHBICKAH METAl ©3CKTiH
LEHTPIHIH OPHBIH aHBIKTAY apKbLIbI XKEP/IiH KOFapFbl KabaT-
TapbIHbIH Tay J>KbIHBICTAPHl MACCHBIHE KATBICTBI BIFBICYBIH
Oaranayra MyMKIiHIIK Oepeni [7].

TepeH reoae3usuIbIK MyHKT AuaMeTpi 89 MM OOJIaThIH Me-
Ta Kyobipya — 1 sxkacanran. KyObIp/bIH ilIiHAE Y3bIH/IBIFbI
1,5 m, quamerpi 25 MM 00JaThIH, COJMIOIMEH TONTHIPbUIFaH
eKIiHIII KYOBbIp/IbI — 3 OpHAJIACTBIPYFa apHAJIFaH apMaTypasIbK
Tipekrep — 2 opHarbuFaH. COJIMI0IMEH TOJNTHIPbIIFaH KYObIp-
IIbIH imiHe quamerpi 12 MM 0onaThlH MeTaut apmarypa — 4)
eHrizinin, on 8§—10 M TepeHJiKke JeiiH TOIbIPaKKa Karblia-
Jbel. MyHJail TepeH pernep/l naijanaHy »kep OeTiMeH Karal
OaiilaHbICKAH ©3€KTIH IEHTPIHIH OPHBIH aHBIKTAy apKbUIbI
YKEPIIH JKOFapFbl Ka0ATTapbIHBIH Ty JKbIHBICTAPbl MACCUBIHE
KaTbICTBI BIFBICYBIH KOFaphl JQJIIKIICH Oaranayra MYMKIHJIIK
oepeni.

Teooezusnvix oaxvliaynap. «Kapaxambac» reoauHamu-
kasnbik noiuronsiHaa (IAIT) II kimacter HuBenupiey Leica
WILD NA 3003 canzpIK j1a3epiiiK HUBEINUPI )KOHE WHBAPIIBIK
peiikanap KeMeriMeH Typa jkoHe Kepi OarbiTTap OOMbIHIIA KO-
capJiaHFaH HUBEJIMpIIEY dJliciMeH opbiHAaNIbl. HuBenup yurin
monaik mreri 0,4 MM Gosbin Oenrineni, Oy I kimactel HUBe-
JIUpJIeyTe KOMBLIATHIH TajlanTapra colkec keneni [8].

T'opnutii sicypnan Kazaxcmana Ne9’ 2026
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Cyper 2. MaxoypJen nenrpiaeyain 'HCC nyHkrrepi.
Figure 2. GNSS Forced-Centering Stations.
Puc. 2. THCC-nyHKTbI NPUHYAUTEJILHOIO
HeHTPUPOBAHMSI.

TEeKTOHHEATEIE, KapBLIBIM

Cyper 3. «Kapaxam0ac» reofHHAMHKAJIBIK
NOJUTOHbIHBIH 1-3 nmpo¢uai GolibiHIIA KalTanan
HHUBeJUpJiey rpaduri.

Figure 3. Graph of Repeated Leveling Results along
Profile Line 1-3 of the Karazhanbas Geodynamic
Monitoring Area.

Puc. 3. I'paduk pe3yabTaToB NOBTOPHOIO
HHUBeJUPOBAHUS N0 Npoduiio 1-3 reoguHAMIYECKOTO
nojurona «Kapaxxkanoacy.

I[Ipoduns MyHKTTEpiHIH BIFBICYTaphl OOWBIHINA KYPTi-
3inreH emmeynepai Tangay HoTwxkeciHae 2008 KBUIFHI Ka-
pamaman 2026 KXBUTFBI MayChIMFa ICHIHTI Ke3eHIE CIyT-
HUKTIK KOOpPAWHATANBIK aHBIKTAylap AepekTepi OoibIHIIA
MYHKTTEPAIH eNeyli KeJJICHEH BIFBICYNaphl TipKeIMereHi
aHBIKTAIABl. AJ, OWIKTIK e3repicTepiHe (meryrnepiHe) Ke-
neTin Ooncak, Tek 4 MM-J€H acaThlH BEPTHKAJIb IIOTyJIep
8 skoHe 25 IyHKTTEp FaHa epeKIle Hazap aydapyabl KakeT
eTenl.

2026 XBUTFBI HUBEIHPIICY HOTIDKEIEPi TOMEHAETiNeH Ko-
PBITBIHIBLTAP JKacayFa MYMKIHIK Oepeti:
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Kecme 1

CnymHuKmik dcane Col3bIKMbLK 01uieynep Hamuiiceepinit, canblcmblpmaibl maaioaybsl

Table 1

Comparative Analysis of Satellite and Linear Measurement Results

Tabnuya 1

CpaﬁHllmeﬂbelﬁ anaiu3 pe3yibmamos CnymHuUKo6blx u JIUHEUHbIX uwepemu?

[TynkrTeH Gactam Hyf?.(TKe ApaK?mHKTHK S ApaI.(aHIBIKTLIK S dS CanpICTRIpMATBIKATEITIK
IeriHa Leica GS16 Leica TS1201
1 2 2359.266 2359.265 0.001 1/1947000
1 3 1962.898 1962.896 0.002 1/1002000
1 4 2276.461 2276.465 -0.004 1/625000
2 3 1220.430 1220.428 0.002 1/663000
2 4 686.720 686.465 0.006 1/625000
4 5 2840.789 2840.796 -0.007 1/386000
OmmeynepaiH opTamia KBaapaTThIK KaTewiri 0.005

1. )Kep 6eminiy Oeopmayusnany yoepicmepi Y30iKci3
cunamia ue, anauoa onapobliy KapKbIHObLIbIEbl YAKbIM 0O0U-
blIHWA OIpKenKi e32epmetiol.

2. [lechopmayusanapoviy ey a#coeapsl HCbLIOAMObIKMAPbL
2026 sacvinoap apanvi2blHOa 6AUKAIBIN, MEKMOHUKALBIK HCA-
PBUILIMOAP AUMAKMApblHa CalKec Keneoi.

Penepnepoiy wezy wamanapvin anvikmay Hamudicenepi
Kaumanama Hugenupney oepexmepimeH caiblCmuipuliobl.

Kepcepikmik 6akpinaynp. T'eonrHaMUKAIBIK OJTATOHIA-
FBI Kep OeTi nedopMarusnapeH Oaranay MakcaThIHAa OpHA-
TeutFaH (1-cyperreri) 5 GPS myHKTTEpiHIH KOOpAWHATAIAPHI
anbIKTanael. CHOyTHUKTIK Oakbutayinapabl eHuey GPS-xaObui-
JAFBIITAPBIHEIH KypambiHa KipeTiH GS16 («Leicay, IIBeii-
Lapusi) CTaHAapTThl OaFAapiIaMallblK KaMTaMachl3 €Tyl apKbl-
JIBI XKYPTi3inai. OHIeY HOTHKECiHe KaObIUITaHFaH KEePTLTiKTI
KOOpAMHATTAp *KyHecinae 3—3 mpoQuiIbIiK ChI3bIFEI ITyHKTTE-
PiHIH IIaHIBIK KOOPIUHATANAPHI JKOHE perepiepIiH OUiKTiK
Oenrinepi KaTagaH aHBIKTAJIBL.

CIOyTHHUKTIK eImeyiaepaiH IoNIirin Oaramay Makca-
TBHIHJa TEONMHAMHUKANIBIK TOJUTOH MPOQIITiHIH HETi3ri 5
myTkTi Kockimmra Leica TS1201 ayexTpOHIBIK TaXxeoMeT-
piMeH eNIIeHAI. OIIey HOTHXEIEPiHIH CalbICTRIPMAabI
Tanmaysl KecTene KenTipiiareH jxoHe Oy kecrenen GPS
Gakpuiaynapbl OOHBIHIIA aHBIKTAIFAH KOOPAMHATAIAPABIH
TIOJIITI STEKTPOHIBIK TaXCOMETPIiH KOMETiMEeH allbiHFaH
eImIeynep DOIAITIMEH ic XKYy3iHAe COWKeC KEJETiHIH Kep-
cerTi [9].

Ocpunaiima, «Kapaxambacy TreoqMHAMHUKAIBIK MOJNTO-
HBIH/IA KaliTajaMa HUBENUpiey eumeynepi Hudpisk ga3ep-
JIK HUBEIUPICPi, STICKTPOHIBIK TaxeoMeTpiepi skone GPS-
KaOIBIKTaphIH IMaliAaiaHy apKbUIBI KYPTi3imi, Oy xkep OeTi
nedopMaIusUIapbIHBIH MOHUTOPHHTI HOTHYKEIICPIHIH KOFaphI
JIJIAITI MEH CEHIMIUTITIH KAMTaMachl3 €TTi.

Kemneci 4-cyperte «Kapaxxambacy reonnHaMHKAaJIBIK ITOJTH-
TOHBIHBIH HUBEIHUPIIK JKemiciHmeri 3—3 mpoduis OoibIHIIA
2020-2026 xox. sxoHe 2006—2026 %K. apaiblFbIHAAFb pENEp-
JIEPIIH BIFBICY TPAapUKTEPi KOPCETIITCH.

Kaiitamama Gaxputaynmap HoTIOKenepin Tammay 2020-2026
JKBUTJAP apalibIFbIHIA PETiepIIEP/iH BEPTHKAIb bIFbICYIaPhI-
HBIH [IaMackl 2—8 MM apalbIFbIHa e3repreHid kepceTTi. Co-
HBIMEH KaTap, HeFYPIIBIM Y3aK Mep3iMIi Oakpuiaytap Ke3eHiH-
1e (2006—2026 >xK.) BEpTUKAIh BIFBICYIBIH €H YIIKEH [IIaMaCHI
2,9 cm-re xeTkeH. byt nedopmManusibIK yaepicTepaid sKuHaK-
TaJly CHITIATBIH KOHE ayMaKTa y3aK Mep3iM/Ili Te0IMHAMHUKAIIBIK
MOHHUTOPHHT XYPTi3yHiH KaXXCTTLUTITIH JONIeIISHII.
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Cypet 4. «Kapa:xxamdac» reoiuHaMUKAJIbIK

NoIUToHBIHBIH 1-3 mpoduii doiibiHIIa penepaepain

JKbLIIAP 00iibI BEPTHKAJIB KbULKY Ipadukrepi.
Figure 4. Annual Vertical Displacement Graphs of

Benchmarks along Profile Line 1-3 of the Karazhanbas

Geodynamic Monitoring Area.

Puc. 4. I'padpuku BepTHKATBHBIX CMelleHUI penepoB

no npoduiaie 1-3 reoTMHAMHYECKOT0 MOJUTOHA
«Kapaxxan6ac» 3a pa3Hble roasl.

Hamaneik emmeynepain Hotmxkenepi Leica Geo Office ma-
MaHJaH/bIPbUIFaH OaFapiiaMasblK KAMTAMAaChl3 €Tyl apKbLIbI
GPS-5 6a3anbIk myHKTiHE KaTbIcThl oHaenai. GPS-5 6a3ambix
MyHKTIHIH KOOPAWHATTaphl MOHWUTOPHHITIH OYKIT Ke3eHiHe
TYpaKTHI peTiHAe OeKITii.

OmmeynepaiH canackl CeCCHUsIIAPAbIH KaOBICYy HYKTETepiH-

neri

aifpIpMamIbUTBIKTap OoiibrHIIa Garaxanmst [10].
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KopbITbIHABI

1. Ken opwinoapwl ucepinemin aymagmapoazel oegopma-
yuAnaposbl acnanmolk 6axwliay OOUbIHULA OMAHOLIK JHCIHE
wiemenoix 2e00UHAMUKATLIK 3epmmeynepee  HCaH-HCaKmbl
manoay Hcypeizindi. 3epmmey Hamuodicenepi 2e00UHaAMUKA-
vl noaueonoa (IAI1) xayinmi zeo0unamukanvl yoepic-
mepOi KeuileHOi bazanay men Oon#cay a0icmemecin azipneyze
Hezi3 6010ul.

2. Teoounamukanely nonueon nyHkmmepinoe Kaumanama
baxwvLraynap scypeizy aoicmemeci cemindipindi. Odicmeme
JHco2apbl  0an0ikmi  yudpvlk Huseaupneyoi, 1eKmpOoHObIK
maxeomemprepoi dxcane GPS-mexnonozusnapvii Koioanya

Heziz0en2eH KeuleHOI 2e00e3UsLIblK OaKbliayiapobl KAMMUObL.
Byn orcep beminiy woeyin anvikmay 0210i2i mMen dicedenoicin
apmmuipya, COHOAU-axK OaNANbIK JHCIHE KAMEPAObIK 2e00e-
BUSLIBIK HCYMBLCIAPObL YUPPILAHOBIPY eceOiHel 2e00UHAMUKA-
JIbLK MOHUMOPUHSIMIY MUIMOLTIZIH JHCO2APbIAAMY2a MYMKIHOIK
bepeo.

3. Ken opuwt aymagvinoa scypeizineen GPS-onueynepoin
EKIHULL YUKTILIHBIY HOMUICENEePIiH OIPIHWLE YUK OepekmepimeH
canvicmulpy dicep Oemi K032aabiCMapblHbly, MIK JHCoHe KOlde-
Hey KYpamoacmapbliHvlly ayMAaKmuli mMapaiyblHOdebl He2isel
3aHOBLILIKMAP MeH 0amy ypoicmepin aHblKmayea MyMKIHOIK
bepoi.
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H. M. 3amaaues, *B. H. loaronocos, U. M. llImuar-Penorona, A. H. lllynenun
Hekxommepueckoe axyuoneproe oowecmso «Kapazanounckuii mexnuuecxkutl yHugepcumem um. Abviakaca
Cazeunosay (2. Kapazanoa, Kazaxcman)

OBOCHOBAHME ITAPAMETPOB AHKEPHOTI' O
KPEIJIEHUSA ITIOATIOTOBUTEJBHBIX TOPHBIX
BBIPABOTOK B YCJIOBUSX CJOUCTBIX 1
HAPYIIEHHBIX ITOPOJI KAPATAHAMHCKOT O
YI'OJIBHOT O BACCEMHA

AuHotanus. B crarbe 000CHOBaHBI ITapaMeTPbl AHKEPHOTO KPEIUICHUS IIOATOTOBUTEIBHBIX BHIPAOOTOK B CIIOMCTBIX M TEKTOHMYECKM HApyIIeHHBIX nopoxax Kapa-
TaHMHCKOTO yrojpHOro Gacceiina. ITo pesymbraTam reosoro-CTpyKTypHOTO aHajin3a, HATYPHBIX HAOMIOACHUI M PAacueTOB ONpPE/IEICHBI BHICOTA CBOAA SCTECTBEHHOIO
PaBHOBECHUS], PALlMOHANIBHbIC JUIMHA U IIAr aHKEPOB, PACHPEEICHUE HArPy3KH MEXIy YPOBHSAMH KPENH. YCTaHOBJICHO, YTO IPHU BbICOTE cBOAa Oonee 1,3 M, pa3BuTOit
TPEIMHOBATOCTH M CIIA0BIX AJICBPOJINTO-apTHIUTMTOBBIX POCIIOSX TPeOyeTcs ABYXypOBHEBOE aHKepoBaHue. J{inHa ankepos coctasiseT 2,0-2,6 M, mar — 0,8—1,2 m. Taxast
CHCTEMa CHIKAET PACKPBITHE MEKCIOEBBIX TpelmuH Ha 32-45%, nporu6 kpoimu Ha 26-38% ¥ BeposATHOCTD paspyuieHus B 2,6-3,1 pasa. Pe3ynbraTsl IPUMEHUMBI IPH
Ppa3paboTKe MAacOPTOB KPEIUICHHS U a/IalTAllK aHKCPOBAHMUSI K TE€OMEXaHUUCCKUM YCIIOBHSM.

Kniouesvte cnosa: anxepnas kpens, Kapacanounckuii yeonvhwiii baccetin, ycmouuusocms Kpogiu, c600 eCecmeeHHo20 PA8HO8eCUs, 08YXYPOSHe8As Kpenb, ONUHA
aAHKepos, waz aHKepos, 2eOMEeXAHULECKUE YCT06U.

Kaparanabl kemip 6acceiiHiHiH KadaTThI :KoHe 0Y3bLIFAH KbIHLICTAPbIHAA NalbIHABIK Tay-KeH Ka30aJlapblH aHKep-
JiK OeKiTyniH napameTpJiepiHn Herizaey

Awmgarma. Makanana Kaparans! kemip 6acceiiHiHiH KabaTThl )OHE TEKTOHUKAJIBIK OY3bUIFaH KBIHBICTAPBIHIAFBI TailbIH/IBIK Ka30aiapblH aHKepIIiK OeKiTy mapamerp-
Jiepi HerizaenreH. [ eomorusuIbIK-KYpbUIBIMIBIK TaJl/ay, HaTypIiIbIK Oakbliayaap sKoHe ecenrteyiep OOiMbIHIIa TAOUFHU Tere-TeH K KyMOe3iHiH OMIKTIri, aHKepIIep/IiH YTHIM/IbI
Y3BIHABIFBI MEH Ka/[aMbl, COHZIA-aK OeKiTIe aeHreiiepi apachbIHAaFbl )KYKTeMEeHIH Tapaitybl aHbIKTasabl. KymOes ouikriri 1,3 M-/ieH ackaH/a, )KapbIKIIAKTBUIBIK JAMbIFaH
JKOHE QJICI3 ANIEBPOINT-apTMILTHT KabaTiaaapsl O0FaH jKkaFaaiiaa exi IeHreilni ankepey Kaxer. AHKepaepaiH y3bHabEs! 2,0-2,6 M, opHaty Kagamsl 0,8—1,2 M. By xkyiie
KabaTapaJibIK KapbIKTap/IbIH ambuTybiH 32—45%, Tebe uinyin 26—-38% asaiitein, Oy3buly BIKTUMAIABIFBIH 2,6-3,1 ece Temennereni. Hotimkenep GekiTy macrnoprrapbiH
a3ipiieyre apHaJFaH.

Tyiinoi ce30ep: anxepnik 6eximne, Kapazanovl kemip 6acceiini, mobe mypaKmoliblebl, mabuzu mene-meqoiK Kymoesi, ekioeneeini beximne, aHkep Y3bIHObI2bl, AHKED
Ka0ambl, 2eOMEXAHUKATIBIK JICA20aunap.

Substantiation of rock bolt support parameters for development workings in layered and disturbed rock masses of the

Karaganda coal basin

Abstract. The article substantiates rock-bolt support parameters for development workings in layered and tectonically disturbed rocks of the Karaganda Coal Basin.
Geological-structural analysis, field observations, and engineering calculations were used to determine the natural equilibrium arch height, rational bolt length and spacing,
and load distribution between support levels. Two-level bolting is required when the arch height exceeds 1.3 m, fracturing is developed, and weak siltstone—-mudstone
interlayers are present. Rational bolt length is 2.0-2.6 m, with spacing of 0.8—1.2 m. The system reduces interlayer crack opening by 32-45%, roof deflection by 26-38%,
and failure probability by 2.6-3.1 times. The results can be used in support design documentation.

Key words: rock bolt support, Karaganda Coal Basin, roof stability, natural equilibrium arch, two-level support, bolt length, bolt spacing, geomechanical conditions.

BBenenue

VYBenmnueHne TIyOWHBI pa3paboTku B KaparanamHCKOM
YTOIBHOM OacceiHe COTPOBOXKAACTCS POCTOM TOPHOTO JaB-
JICHHS, TPEIIMHOOOPA30BaHNEM W CHIDKCHHEM €CTCCTBEHHOU
Hecymiel crmocoOHOCTH KpoBiH. Hambomee omacHBIM Mexa-
HU3MOM SIBIISICTCSI MEKCIIOCBOE PACCIOCHUE ATEeBPOIHTO-ap-
THJUTUTOBBIX TOJII: TPH OCIAOICHHOM CICIUICHHH MEXKIY
cHosIME (OPMHUPYIOTCS 30HBI OTPHIBA, KITHHOBUIHEIC OIOKU U
CBOJI €CTECTBEHHOTO PaBHOBECHSI, TApaMETPBI KOTOPOTO 3aBH-
CAT OT IIPOJIETa BRIPAOOTKH, TPOYHOCTH U CTPYKTYPHOU HApy-
IeHHOoCTH MaccuBa [ 1, 2].

AHKepHas Kpemnb 00beIUHSCT OTACIbHBIC CIOU B apMu-
POBaHHYIO HECYIIYIO CHCTEMY M OTPaHUYUBAET PACKPBITHE
TpemuH. Ee 3hpexTUBHOCTE ompenenseTcs COOTBETCTBUEM
JUTHHBI, II1ara ¥ CXeMBl aHKEPOBaHUS (PAKTHIECKON BBICOTE
HapymeHHOH 30HBI. Llens paboTer — pazpaborarh pacuer-
HO-TIPUKJIAJHON TIOAXOJ K BBHIOOPY OIHOYPOBHEBOH WITH
JIByXypOBHEBOW CHCTEMBI HA OCHOBE T€OMEXaHUIECCKON MO-
JIeJTH, HeCyIIed CroCOOHOCTH aHKEPOB M PE3YNBTATOB Ha-
osroneHwuit 3, 4].

MeTtoabl M MaTepUAJIbI

Teomexanuueckas mooens Kposiu

YcTOWYNBOCTh KPOBIM OILEGHHBAaJNach 1O cxeme (op-
MHPOBaHUS CBOJA €CTCCTBEHHOTO paBHOBecHs (puc. 1).

B Mozmenu motepsi MeXCIOEBOTO CLEIUICHHS NPUBOIUT K
00pa30BaHNIO KPUBOJIMHEIHON ITOBEPXHOCTH pa3pylICHNUs,
a BBICOTA MOTEHIIMAIBHO HEYCTOWYMBOW 30HBI OIIpeesIeT-
Csl IIMPUHON BBHIPAOOTKH M KOO(D(OUIMEHTOM CTPYKTYpPHOU
HapylieHHOCTH [3].

Puc. 1. PacueTHasi cxema onpeiesieHUs1 BLICOTHI CBOAA
€CTeCTBEHHOI0 PABHOBECHSI.
Cyper 1. TaOuru Tene-TeHaik KyMmOe3iHiH OMiKTIirin
aHBIKTAyFa apHAJIFaH eCenTik cyJ0a.
Figure 1. Calculation scheme for determining the height
of the natural equilibrium arch.

BricoTa cBona onpenersiercs o BeipaskeHuto (1):

Topnuuit scypnan Kazaxcmana Ne9’ 2026
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h, = k-B, 1)

rae h,,— BBICOTA CBOJIa €CTECTBEHHOTO PABHOBECHS, M;

k — xo3(pdULMEHT CTPYKTypHOH HapyIIEeHHOCTH, Oe3pas-
MEPHBIH;

B — mmpuHa BbIpaOOTKH 110 MOYBE, M.

Jlist BBIpaOOTOK IUPUHON 4,5-5,2 M pacueTHasi BBICOTA
cBofa cocramisgeT 1,2-2,1 M, MO3TOMy B apMUPYEMYIO 30HY
HEOoOX0MMO BKIIIOYATh 2—4 CJI0sI KPOBIIH.

VYcnoBue MEKCIOEBOTO pa3pylIeHHs IMPUHUMAETCI B
Buze (2):

Tp > Tupy 2)
e 7, — JeHcTByIOlIee KacaTeabHOE HAMPSDKEHUE Ha MEXKCII0-
eBOoM KoHTakTe, MlIla;

7,, — KPUTHIECKOE MEKCIIOEBOE CIETIEHHUE, OTIPENENAEMOE
naboparopHbIMU HcTbiTaHusIME, MITa.

Cxembl aHKepHO20 KpenieHus
PaccMoTpeHbl OIHOYypOBHEBass U JBYXYPOBHEBas CXEMBI
Kperuienust (puc. 2).

A b

Puc. 2. OqnoypoBHeBasi (4) u AByxXypoBHeBas (b) cxeMbl
KpeIleHUusl KPOBJIU: [ — 30Ha YnpouHenus aHkepamu,

4 — kanamnvle ankepuvl; 5 — cmanenonumepHble aHKepbl.
Cypert 2. Ka30a Tedecin dipaenreiini (4) mxoHe exinenreii
(b) dexity cyadanapsel: [ — aukepiepmen bexemoeneet
aumax; 4 — apkanovl ankepiep, 5 — bonam-nonumepii
ankepiep.

Figure 2. Single-level (4) and two-level (B) roof-support
schemes: / — bolt-reinforced zone; 4 — cable bolts; 5 — steel-
polymer bolts.

Oonoypoenesas cxema >PPEKTHBHA TPU MOIIHBIX OIHO-
POIHBIX CIIOSX U HEBBICOKOW TPELIMHOBATOCTH. /[8yxyposHe-
6as cxema (GOpMHUpYET TIOBEPXHOCTHBIH M TIIYOWHHBIN CHIIO-
BBIC TOPU30HTHI, CBA3BIBACT CJIa0ble KOHTAKTHI M 00€CIIeunBa-
€T COBMECTHYIO paboTy HECKOIBKHX CIIOEB KPOBIH [4].

JIByXypoBHEBasi cXema IPUMEHSETCS IPH BHICOTE CBOAA
6omee 1,3 M, pa3BUTOI TPEIIMHOBATOCTH, HATMYUHU CIAOBIX
QJICBPOJINTO-aPTHJUTUTOBBIX MPOCIOEB W B 30HE BIUSHUA
OYHMCTHBIX paboT.

Pacuersl BBINOJHEHBI 0 JIMTOJIOTO-CTPYKTYPHOH MOZJEIN
MTOPOIHOTO pa3pesa (puc. 4), yIUTHIBAOIIEH MOIITHOCTE U IIPOY-
HOCTB CIIOEB, a TAKXKE MOJIOKEHUE 0CITIA0TIEeHHBIX KOHTAKTOB [5].

T'opnuwuit scypnan Kazaxcmana Ne9’ 2026
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Puc. 3. /IByXypoBHeBO€e KperieHne KpoBJau: / — 30na
VAPOUHEHUs CIANeNONUMEPHbIMU aHKepamu, 2 — 30Ha
VAPOUHEHUA KAHAMHIMU AHKepamu, 3 — cOeOuHeHue 30H,
4 — kanammuvle aHKepuvl; 5 — CMALENnoAUMEPHbIE AHKEPDI,
6 — 30HA MAKCUMATLHO2O YNPOUHEHUS.

Cypert 3. Ka30a Tedecin exigenreiini dexity: / — 6oram-
nonumepii ankepiepmer bexemoenzer aumax, 2 — apKaHovl
aukepnepmer bexemoenzen aumak,; 3 — amMakmapouly
batlnanvicel, 4 — apkanovl ankepiep, 5 — bonam-nonumepii
aukepnep, 6 — makcumanovl bekemoey aumMagnl.
Figure 3. Two-level roof support: / — zone reinforced by
steel-polymer bolts; 2 — zone reinforced by cable bolts;

3 — connection of the zones,; 4 — cable bolts; 5 — steel-polymer
bolts; 6 — maximum reinforcement zone.
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Puc. 4. PacueTHas cxema onpejeseHusi napamMeTpoB
KpeIJleHUsl TOPHOil BBIPA0OTKH.
Cyper 4. Tay-keH Ka30acbIHbIH 0eKiTy HapaMeTpJiepin
aHBIKTAYFa APHAJIFAH eCeNTik cyJida.
Figure 4. Calculation scheme for determining roadway
support parameters.

Paspes mpencraBieH depeoBaHHEM alleBPOJIUTOB IIPOY-
HocThio 12-25 MIla, aprusmutos 10-20 MIla u necyanukoB
30-45 MIla. MontHocTts cioeB cocraBigeT 0,1-1,5 m, mex-
cinoeBoe cuermienue — 0,08-0,25 MIla. Haubonee cinaObie
KOHTAaKThl 3ajleraloT Ha paccrosiHuu 1,2—1,8 M oT KpoBiwu,
MOATOMY MUHHMAIIbHAS JUTHHA aHKepa OMpeesieTcs BhIpa-
xerueM (3):
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Ly = hg + A 3)

rac La — MUHUMAJIbHAA pacquHaﬂ JJIMHA aHKepa, M;

h,, — BBICOTA CBOJIa €CTECTBEHHOTO PABHOBECHSI, M;

A — 3amac ATUHBI 715 3aKPETUICHUs] aHKepa B yCTOHYMBOM
cinoe, M; npuaumaetcs 4 = 0,3-0,5 m.

Jns paccmarpuBaemMbIX yCIOBHMM pacyeTHas AJIMHA aHKe-
poB cocrtasiusieT 1,8-2,4 m.

Pacuem naepysxu, necyweil cnocobnocmu u waza ankepos.

Pacqu BBIIIOJIHAJICS I10 I/IH)KeHepHI)IM HOMOFpaMMaM C
MIPOBEPKOI HATPY3KM HA OJJUH aHKEP, €ro Hecyllel CrocoOHO-
CTU U [[Ol'[yCTI/IMOFO mIara yCTaHOBKI/I.

PacueTHas nmoroHHas Harpyska, NPUXOIALIASCS Ha OIHY
aHKepHyIO JIMHUKO B l'[pOZlOJ'II:HOM HaHpaBﬂeHI/II/I BI)Ipa6OTKI/I,
OTIpEIEIISICTCS TIO0 BBIPAXKEHHIO (4):

p, =Y La’® )
n
rae Pa — pacueTHas MOTOHHAs Harpyska, MPUXOASIIAsCS Ha
OJIHY aHKEpHYIO JINHUI0, KH/M;
y — yACIbHBIN Bec mopoa kH/m?;
hce — BBICOTA CBOJIA, M;
B — mmipuHa BBIpaObOTKH, M;
n — KOJINYECTBO aHKEPOB B IOMEPEUHOM sy, Oe3pa3mep-
Has BeIUYMHA.
IlonyueHHbll Auana3oH pacyeTHOW IOIOHHOW Harpys3Ku
cocraniser 30-85 kH/m.
Hecymiast ciocoOHOCTh aHKepa MPUHUMAETCS 110 BhIpaXKe-
Huto (5):

R, =R, +R,, (5

rae Ra — pacueTHas HecyIas CHocoOHOCTh aHKepa, KH;

Rs — cocraBnstoniasi Hecymiel crmocoOHOCTH, Ornpenerse-
Masi COPOTHUBICHUEM aHKEPHOTO CTEepKHS, KH;

Rc — cocrapnstomas Hecyliel crmocoOHOCTH, ornpenerse-
Masl CLIETUICHHEM aHKepa C MOPOJHBIM MaccuBoM, KH.

IIpu pacyeTe yIuTHIBAINCH TUAMETP, IIMHA 3aKPETUICHNUS, TIpe-
JIeTT TeKy4eCTH CTAJIH ¥ CLETUICHHE C BMEIIAIOIIUMH TTOPOIaMHL

JlonmyCTUMBIH 1IAar YCTAHOBKH OIPENEIACTCS 110 BbIpAXKE-
Huto (6):

s= |-% (6)

rae S — MaKCUMaJIbHO JTOTYCTUMBIHN 11ar yCTAHOBKHU aHKEPOB B
MIPOJIOJIHOM HAIPaBICHUU BBIPAOOTKH, M;

Ra — pacyeTHas HecyIas ClIOCOOHOCTh OTHOTO aHkepa, KH;

Pa — pacyeTHass MOroHHAas Harpyska, MPHUXOIsIIascs Ha
OJIHY aHKEPHYIO JIHHIEO, KH/M.

Juis ycrmoBuii OacceiiHa palMOHANBHBINA IIAT COCTABIISCT
0,8—-1,2 m.

Pe3ynbrarhl

PacueThl BBINOIHEHBI ISl TIOJITOTOBUTEIBHBIX BBHIPAOOTOK
mpuHoi 4,8—5,2 M. [lonydeHHble mapaMeTpsl COMOCTAaBICHBI
C HaOIromaeMbIMH Ae()OpMaMSIMU M YCIIOBUSIMU DKCILTyaTa-
uu B KaparanauHckoM yroiapHOM OacceiiHe.

Pacuemnvie napamempul u ycmouuugocms Kpoeu.

BricoTa CcBOfa €CTECTBEHHOTO PABHOBECHS COCTABISCT
1,3-2,2 m. PocT ko3¢ dunmenTa crpyKTypHOi HapyIEHHOCTH
or 0,28 mo 0,44 ysenuuuBaetr ee Ha 34-41%. [ns aneBpo-
JIUTOB U apTrHJUINTOB NEPEX0/ K HEYCTOHUYMBOMY COCTOSTHHIO
HauOosee BeposiTeH Ha m1yOonHax cBbiie 400—480 M; aHkepo-
BaHHE JIOJDKHO OOBEAUHATH HE MCHEE TPEX CIIOCB KPOBIH [6].

PanmonanbHas qnuHa aHkepoB coctaBiuser 2,024 M B
YCTOWYMBBIX 30HaX U 2,4-2,6 M B cllaObIX aJIEBPOJIUTOBBIX IO-
pU30HTaX. YBenuueHue UIMHbI oT 1,6 10 2,4 M CHUXKAET pac-
KPBITHE MEXKCIOEBBIX TPEIIUH B cpeHeM Ha 38%.

B nByXypoBHEBOH cucTeME BEpXHUM T'OPU30HT BOCIIPUHU-
Maet okoj0 70% cymMMapHOil Harpy3ku, HxKHUN — okoio 30%
u (uxcupyer ciadble KOHTaKThl. ONTHMAaJIBHBIN 1Iar COCTaB-
nsiet 0,8—1,2 M, a B 30HaX MOBBIIIIEHHOTO JIaBJICHUS YMEHbIIIA-
ercs 10 0,8-0,9 m [7].

Cpasnenue 00HOYPO8HesOl U 08YXYPOGHEBOU CUCTEM.

O/HOYpOBHEBOE aHKEPOBAHUE OTIMYACTCS IMPOCTOTOU
MOHTa)Ka, OJTHAKO CHIDKAaeT NedopMaluy KPOBIH TOJIBKO Ha
14-21% wn He OrpaHUYMBACT Pa3BUTHE DIIyOHMHHBIX TPEILHH.

JIByXypOBHEBas CHCTEMa CHH)KACT PACKPBITHE TPEIIMH Ha
32-45%, nporud kpoBnu Ha 26—38% U BEpOSITHOCTH pa3py-
menus B 2,6-3,1 pasa. [1pu Beicore cBona Oonee 1,3 M ee cie-
JIyeT paccMaTpuBaTh Kak o0s3arenbHoe pemieHue [8].

Paboma xpenu 6 301e enuanus o4ucmuuix padom.

Ha paccrosaun 20-50 M oT ouncTHOrO 32004 Harpy3ka Ha
KpOBJIIO Bo3pacTaeT Ha 35-50%, MeKCI10eBOe CIeTNIEHuEe CHU-
skaetcst Ha 20-30%, a cmemenus ysenuunatorces Ha 30—40%.
[Tpu nBYXypOBHEBOM aHKEPOBAaHHM PACKPHITHE KOHTAKTOB
orpannymBaercs 8—12 mm BMecto 20-28 MM, a Iporud KpoB-
au — 22-30 MM BMecTo 40—55 MM IIpH OTHOYPOBHEBOM cXeMe.
Kpurnueckoe cocTosiHue MaccuBa IPU 3TOM HE JIOCTHIaeTCsl.

Pexomenodyemvie napamempeoi.

[Mapamerpsr kpenu T PepeHIIMPOBaHbI 110 YCTOHYUBOCTH
KPOBJIH ¥ YPOBHIO TOPHOTO JaBNEHUsL. [/ y4acTKOB ¢ ycTOiun-
BOI KpOBJIEH JOIMYCKAIOTCs aHKeph! nHOH 1,8-2,0 M npH 11are
1,0-1,2 m. IIpu noaTBepskACHHOMN OTHOPOTHOCTH MAacCHBA MOYKET
MIPUMEHSTHCSI OJTHOYPOBHEBasl cxeMa. B ciioncThIx 1 cnaboycToi-
YUBBIX 30HAX PEKOMEHIYIOTCSI aHKephbl AIMHON 2,2-2.4 M mpu
mrare 0,9-1,1 m. Kperuienue 10mKHO BBITOIHATHCS MO JABYXYPOB-
HEBOI1 cxeMe ¢ (pukcarpeil cladbIX MEKCIIOEBbIX KOHTAKTOB.

B 30HaxX MOBBIIIEHHOTO OMOPHOTO JIABJICHHSI M MOAPadOTaH-
HBIX MACCHBAX PAaIlMOHAJIBbHBI aHKEPhI JUIMHON 2,4-2,6 M mpu
mare 0,8-0,9 M. [ToBbllIeHHAs TNIOTHOCTh YCTAHOBKU HEOOXOIU-
Ma JIJIs1 BOCIIPUSITHST HEPAaBHOMEPHBIX M IMHAMUUECKHX Harpy30K.

Bxuttouenue 3—4 crnoeB KpOBIU B COBMECTHYIO paboTy CHU-
kaet nedopmanuu B 1,5-2 pasa U 00eClEUHMBACT COOTBET-
CTBHUE HECYIICH CIIOCOOHOCTH KPEMHU PACUCTHOM HArpys3Ke.

O06cy:kaeHne pe3ybTaToOB

[TonyueHHble pe3ynbTaThl OKa3bIBAOT, YTO YCTOMYUBOCTD
KPOBJIIH ONpEAEsIieTCs He TOJBKO MPOYHOCTHIO OTJEIBHBIX
CJI0€B, HO TPEKIE BCEr0 COCTOSHHEM MEXKCIOEBBIX KOHTaK-
ToB. OJHOYpOBHEBasl KpEIb YAEPKUBACT IOBEPXHOCTHYIO
4acTh MAaCCHBa, TOrJga Kak ABYXypPOBHEBAA CUCTEMA CBA3BIBACT
cnabble KOHTAKTHl C YCTONUMBBIMU TOPH30OHTAMH: KOPOTKHE
CTaJIeTIOJIMMEpPHBIE aHKePbl (POPMUPYIOT apMHUPOBAHHYIO 0aJI-
Ky, @ KaHaTHbIC aHKepBbI IEPEIAl0T Harpy3Ky B Iiryouny. Takoi
MEXaHU3M O0CCICYMBACT COBMECTHYIO pabory 3—4 cioeB u
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COOTBETCTBYET COBPEMEHHBIM IPECTABICHHUIM 00 yrpasiie-
HUU CIIOUCTOM KpoBIei [5, 9].

Kputnueckumu napameTrpamu sIBISIOTCS JUJIMHA U IIar aH-
KepoB. 3aKpeIuieHue B yCTOWYMBOM cioe npu miuHe 2,0-2,6
M OIpaHHYMBaeT packpbiThe TpeumH, a mar 0,8—1,0 M obe-
CIIEYMBAET PaBHOMEPHOE paclipe/ielieHUe YCUIIMU. YBenuue-
Hue mmara a0 1,2—1,3 M noBsiaer gedopmaiuu Ha 18-24%.
HarypHble HaOMIOIECHUS MOATBEPIKIAIOT, YTO JBYXypPOBHEBAs
cucTeMa yCTOWYMBee K JMHAMUYECKUM Harpys3Kam, nojapadoT-
K€ ¥ U3MEHEHHUIO BOJOHACHIIEHHS [TOPOJI, @ BEPOATHOCTh aBa-
PUIHBIX MPOSIBICHUH CHIKaeTCs MpuMepHo B 2,5-3 paza [10].

IIpu 0AHOYPOBHEBOM aHKEPOBAHUM 3AKPEILIAETCS IPEUMY-
IIECTBEHHO ITPUKOHTYPHBIH CIION, II03TOMY PaCKpPBITHE [IIyOHUH-
HBIX KOHTaKTOB MPOIODKACTCS JaXe IPU YAOBICTBOPUTEIEHOM
COCTOSTHUHU TTOBEPXHOCTH KPOBIH. J[ByXypOBHEBOE KpeIUICHHE
CO3/1aeT CBSI3aHHYIO CHCTEMY: II€PBBIH YpOBEHb (hopMupyeT
KECTKYI0 apMHUPOBaHHYIO OaJIKy, BTOPOW IepenaeT yCuius 3a
Ipezienbl HapyIleHHOH 30HbL. Takoe pacmpeneneHue MpersT-
CTBYET Pa3BUTHIO KJIMHA OTPbIBA U CHMXKAET KOHLICHTPALUIO
KacaTelIbHbIX HalPsDKeHUH Ha TPaHUIAX CIOEB.

VYBenuueHue JUTUHBI aHKepoB ¢ 1,8 10 2,4 M obecrieurBaeT
3aKperieHne B OoJiee YCTOWYMBOM TOPM30HTE M yMEHbINa-
eT packpbiTue TpenmH Ha 35-40%. Aukepsl kopoue 1,8 M He
nepeceKaroT Haubosee ciiadble KOHTAKThI, PacIOIOKEHHBIE Ha
nyoune 1,2—1,8 M, o3TOoMy MX NpUMEHEHHE Ha TIIyOOKHX ro-
PHU30HTAX HE 0OecIeurBacT TPEOYEMOro 3araca yCTOHUHBOCTH.

[ar ycraHOBKHM oIpenesnsieT paBHOMEPHOCTh Mepefaul Ha-
rpy3ku. Marepsain 0,8—1,0 M koMIIeHCHPYET JTOKaIbHYIO HEOIHO-
POIHOCTB ITOPOJ] U OTPAHUYMBAET PA3BUTHE YIACTKOB MOBBIIICH-
Ho#t pedopmanmu. [Ipu yBenmuenun mara g0 1,2-1,3 M Bo3pac-
TaeT Mporud KPOBIH U CHIKAETCs 3PPEKTUBHOCTH COBMECTHOM
paboThI aHKEPOB, OCOOCHHO B 30HE BIIMSIHUSI OYUCTHOTO 3320051

[Ipu nuHaMUYeCKUX BO3IEHCTBUSX, TOJPAOOTKE U U3MEHE-
HUH HalPaBJIEHUS OMOPHOIO JaBJICHHs OTHOYPOBHEBAs cXxeMa
XapaKTepU3yeTcsl HEJIMHEMHBIM POCTOM cMelleHul. B nByxy-
POBHEBOI cHUCTeMe Harpy3ka IepepacripenenseTcs MexxIy To-
PH30HTAMH KPEId, TI03TOMY JIOKaJIbHOE OCIIa0ICHUE OT/IEIIb-
HOTO CJIOSl HE NPUBOJIUT K HEMEIJICHHON II0TEPE yCTONYHUBO-
CTH BCEH KPOBIJIU.

CorocraBiieHHe PacueToB C HATYPHBIMH HaOIIOACHUSIMHU
MOATBEPIKIACT YCTOMUMBOCTh MPEUIOKEHHBIX IHANa30HOB
JUIMHBI U IIara aHKepOB. YIIyYIlIEHHE COCTOSHHUS KPOBJIU Ha-
OnrogaeTcs Takke IPH M3MEHEHUH BJIAYKHOCTH M BOJIOHACHI-
LIEHUs TOPOJ; OJHOBPEMEHHO OIPaHMYHMBAIOTCS OOKOBBIC
CMELICHUS B 30HE CONPSDKEHUS «KPOBJISt — 0OK», 4TO MMOBBIIIA-
eT OO0IIYI0 AKCIUTyaTallMOHHYIO Ha/Ie)KHOCTh BHIPA0OTKH.

[IpakTHyeckoe NpPUMEHEHHE Pe3yJIbTaToB IPEAIoIaracT
MPeABAPUTEIHHOE YTOUHEHHE JIUTOJOTHYECKOTO CTPOEHUS
KPOBJIN, ITyOUHBI C1a0bIX KOHTAKTOB M (DAKTHYECKHUX CMellle-
HUI Ha KOHKPETHOM y4acTke. PacueTHble napameTpbl JOIKHbL
MIPOBEPATHCST MHCTPYMEHTAIbHBIM KOHTPOJEM IOCHIe yCTa-
HOBKH Kpenu. [Ipy BeIsIBIIEHUU POCTa pACCIIOEHUN, U3MEHEHUS
BOJIOHACBHIIIEHUS UM YBETMUYCHHS 30HBI OTMIOPHOTO JTAaBIECHUS
JUIMHA U IJIOTHOCTh aHKEPOB KOPPEKTUPYIOTCS 6€3 N3MEHEHU s
00111e#t 1ByXypOBHEBOI KOHIICTIIINH.

3akJjoueHne
st BeipaboTok mmpuHoi 4,8—5,2 M BbIcOTa CBOJa ecre-
CTBEHHOTO paBHOBecHsl cocTapisieT 1,3-2,2 M; JOMUHUPYIO-
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MM MEXaHU3MOM IOTepH YCTOHUMBOCTH SIBIISETCS MEXKCII0e-
BOM CABWT B aJIEBPOJIUTO-apPTHIIIITUTOBBIX MOPOAAX.

PanmonanbHas ninuHa aHkepoB coctapiseT 1,8-2,6 m, ipu
9TOM B CJ1a0BIX U MOAPa0OTaHHBIX 30HAX CIEAYET NPUMEHSThH
quanaszo” 2,2-2,6 M. OnTUMaibHBIM IIar YCTAaHOBKU PaBEH
0,8-1,2 M u ymenbmaercs 10 0,8—0,9 M mpu MOBBIIIEHHOM
TOPHOM JaBJICHUN.

JIByXypoBHeBasi cucTeMa 00eCHeYMBaeT CHIDKEHHE pac-
KpBITHS TpeluH Ha 32—45%, nporuda xposiu Ha 26—-38% u
BEPOSTHOCTH pazpylieHus B 2,6-3,1 paza. OaHOypoBHEBast
cXeMa JOIlyCTHUMa TOJbKO NP MOLIHOW OJHOPOIHON U yMe-
PEHHO TPEIMHOBATON KPOBIIE.

IIpennoxKeHHbII pacueTHBIN [IOXO0/ YUUTHIBAECT CTPYKTYPY
MacCHBa, MOJIMKEHHE cIa0bIX KOHTAKTOB, IIIyOUHY pa3pabor-
KH ¥ JeHCTBYIONTyI0 Harpy3ky. OH MOXeT IPUMEHATHCS MpH
pa3paboTke MacropToB KPEIJICHUs ¥ BBIOOpE MapaMeTpoB aH-
KepOBaHMs Ul KOHKPETHBIX y4acTKoB IaxT Kaparananxcko-
rO yroJibHOro OacceiiHa.

OnHOYpOBHEBOE aHKEPOBAHUE LeJIeCO00Pa3HO TOJIBKO B
MOIITHBIX OJIHOPOIHBIX CIIOAX IPU YMEPEHHOM TpeIIHHOBATO-
cTh. B cioncThIX noponax oHo He (PUKCHUPYET IIIyOHHHbBIE KOH-
TaKThI U HE 00ECIIeYrnBaeT yCTOWYNBOCTh IIPH POCTE OTIOPHOTO
JTaBJICHUSL.

Munumanbubiit mar 0,8—0,9 M peKoMeH1yeTCsl B 30HE BIIH-
SIHUSI OYMCTHBIX Pa0OT M Ha y4yacTKax MOBBIIIEHHOTO TOPHOTO
JlaBJIeHMs. YBenuueHue mara jo 1,3 M conmpoBOXKIaeTcsi po-
cToM aedopmaiiuii kposiu Ha 18-24%.

PacueTHast Harpy3ka Ha OIMH aHKEp M3MEHSETCs B Iperenax
30-85 xH. Ilpu cHmxeHun npouHoctu nopof Huwke 25-30 MIla
Harpy3ska Bo3pacraet Ha 40—50%, uto TpeOyeT IpUMCHEHNS JIBY-
XyPOBHEBOH CXEMBI U 3aKPEILICHUS B YCTOMUMBOM I'OPU30HTE.

B 30He BiMSHMS OUYMCTHBIX padOT JBYXYpOBHEBas KpEIlb
OTPAaHUYMBACT PACKPBITHE TPEIIMH BEIHMUMHON 8§—12 MM H
nporu® kpoeau 22—30 MM. DTH 3HAYCHHS COOTBETCTBYIOT
YCTOMYMBOMY COCTOSIHUIO MaccuBa IpU JEHCTBUM CTaTHye-
CKUX U IMHAMHMYECKUX Harpy30K.

PazpaboranHas METOAMKA MOJKET UCIIOIB30BATHCS ITPU IIPO-
EKTHPOBAHUH MaCIIOPTOB KPEIUICHHsI, IIOCKOJIbKY 0ObEANHSIET
pacueT BBICOTHI HAPYIIEHHON 30HBI, IPOBEPKY HECYIIEH CIIo-
COOHOCTH M BBIOOp 1Iara aHkepoB. BXonHbIMM IapameTpaMu
SIBJISIIOTCSI IIMPHHA BBIPAOOTKH, CTPYKTYpHAsi HAPYIIEHHOCTb,
MOIIIHOCT M HPOYHOCTH CJIOEB, IOJOKEHHUE OCIA0IEHHBIX
KOHTAKTOB M pacyeTHas HarpysKa.

[TpombllIeHHOE TIpUMEHEHHE TpeOyeT KOHTpost (ak-
THYECKOH paboThl KpeIu Ha ONbITHOM y4yacTke. Conocras-
JIEHUE PACUETHBIX M HM3MEPEHHBIX CMENIEHUH I03BOJAET
YTOUYHUTH KOIPPUIMEHT CTPYKTYpPHOH HApyIIEHHOCTH H
aJanTHPOBATh MapaMeTPhl I APYTUX BIPaOOTOK HIaXTHO-
ro nosst. Takoil mopsiioK CHUXKAET PUCK HEOOOCHOBAHHOTO
YMEHBIIEHHS JUIMHBI aHKEPOB M 00eCIieYnBaeT TEeXHOIOI -
YECKHU YNPABIISIEMBIN IIEPEXO] OT OAHOYPOBHEBOU K JABYXY-
POBHEBOH CXEMeE.
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COMPREHENSIVE GEOMECHANICAL
ASSESSMENT OF UNDERGROUND MINE
ROADWAY STABILITY USING DIPS AND
UNWEDGE SOFTWARE COMPLEXES

Abstract. Increasing mining depths in the Karaganda Basin require reliable assessment of roadway stability. This study presents a geomechanical evaluation of the
stress-strain state around the 4th Eastern Conveyor Entry of seam K, at Kostenko Mine using the Rocscience suite. Joint mapping in Dips identified three dominant discon-
tinuity sets with dip angles of 40-80° and strike azimuths of 40-300°. The resulting wedge geometries were analysed in Unwedge. Unsupported roof wedges showed zero
factor of safety and masses up to 49 t. Steel arch support increased roof FS to 2.3, but the critical JINJ2 wedge still required reinforcement. A combined support system with
2.4 m steel-polymer bolts and 3.2 m cable bolts on a 1.5 x 1.5 m grid ensured FS > 2.0 for all failure surfaces. Dips — Unwedge workflow proved effective for identifying
hazardous zones and optimising support in deep coal roadways.

Key words: geomechanics, rock mass stability, discontinuity analysis, Dips, Unwedge, anchor bolt, Karaganda coal basin, under-ground roadway.

Dips xone Unwedge 6arnapiamManbIK KelieHAepiH KOJJIaHA OTBIPBIIL, KePACThI Tay-KeH Ka30aCbIHbIH TYPAKThLIbI-

FbIH Kel].[el-[ﬂi reoMeXaHUuKaJbIK Gafa.nay

Awnnarna. Kaparanas! 6acceiiHinie KeH oHAIPY TePEH/IrHIH apTybl )KepacThl Ka30aaapblHbIH TYPAaKThUIBIFBIH Oaranay/pl Kaxer eteai. 3eprreyae Rocscience kemreHi
apkbuibl Kocrenko maxraceinaarst K, kabarsiabiH 4-11bIFbIc KOHBEHEPITIK ITPETiHiH MaHbIHAFbl MACCHBTIH KepHeYITi-1eopMalusianFas Kyii 6aranansl. Dips Garnap-
naMackinzia Kytay Oypeimrrapsl 40-80° xxaHe co3buibiM a3uMyTTapbl 40-300° GonaThIH YII HETi3ri XKapblIKIIakTap kyieci anbikTanasl. Unwedge Tannaysl OekiTiiMereH
Tobe ChiHa OJIOKTApBIHBIH Kayilci3aik kodddUIUeHTi Homre TeH, Maccachl 49 T-Fa JieiiiH jkeTeTiHiH KkopceTTi. MeTain apkansl 6ekitre FS moHiu 2,3-ke AeiliH apTThipra-
HbIMeH, J1MNJ2 cbiiu 60Tl KOChIMILIA aHKEPIIEY/li KaXKeT eTTi. 2,4 M Oonar-noanMepii xoHe 3,2 M apKaH/Ibl aHKepIIepaeH TypaThiH, 1,5 X 1,5 M Top GolibIHIIA OpHATHIIFAH
GekiTy kyiieci Gapnbik Oy3bl1y 6erTepi yuriH FS > 2,0 kamramacsk3 erti. Dips — Unwedge ozici kayinTi aiiMaKTap/ibl aHbIKTAy jkoHE OSKITy/li OHTAMIaHABIPY YIUiH THIMAI
GO0 IBI.

Tyitinoi cesoep: 2eomexanuxa, may HColHbICMAPbl MACCUBIHIK MYPAKMbLIbIbL, JHcapblkuakmapobl manoay, Dips, Unwedge, anxepnix oeximne, Kapaganowl kemip
bacceiini, scepacmol may-ken Kazoacoi.

KommiiekcHasi reoMexaHn4YecKasi OLeHKA YCTOWYMUBOCTH TMOA3EMHON TOPHOiIl BHIPAGOTKHU € HCIOJIb30BAHHEM IPO-

rpaMMHbIX KomiiekcoB Dips u Unwedge

AHHOTaUWsA. YBeJIn4eHNe NTyOnHbI TOpHBIX paboT B KaparanauHckom Oacceitie TpeOyeT Ha/le)KHOM OIIEHKH YCTOHYMBOCTH BBIpabOTOK. B MccienoBanuu ¢ mpumeHe-
HHeM Rocscience BBINONHEHAa reOMEXaHNUYECKAs OLEHKA HANPSKEHHO-Ae(OPMUPOBAHHOTO COCTOSHUSL MacCHBa BOKPYT 4-ro BOCTOYHOro KOHBEHEpPHOro MmTpeKa IiacTa
K, maxte! uM. Kocrenko. B Dips BbIJe/ICHbI TPH OCHOBHBIC CHCTEMBI TPEIIHH ¢ yraamu naaenus 40-80° u asumyramu npoctupanus 40-300°. [eoMeTpus KINHOBUIHBIX
GriokoB npoananusuposana B Unwedge. J{iist He3akperIeHHbIX KPOBEIBHBIX KINHBEB KOY(QOUIMEHT 3amaca yCTOHNUYMBOCTH paBeH HyIII0, Macca Jocturaet 49 1. Apounas
Kpernb noseitaet FS kposmu 10 2,3, oqHako kputudeckuit kianH J1NJ2 Tpebyer aHkepHOTo ycuieHus. KOMOMHUpOBaHHAs cXeMa U3 CTalICTIOJIMMEPHBIX aHKepOB 2,4 M 1
KaHATHBIX aHKepoB 3,2 M 1o ceTke 1,5 X 1,5 M obecneunsaet FS > 2,0. Anropurm Dips — Unwedge sdekTrBeH 17151 BbIABICHHS ONACHBIX 30H U ONTUMH3ALMH KPETUICHNUSL.

Kniouesnie cnosa: ceomexanuxa, ycmouuusocms MAccusd 20pHbIX NOPoO, anaius cmpykmyphoix napywenuti, Dips, Unwedge, anxepnoe kpennenue, Kapacanouncxuii

Y2OIbHbLL 6ACCeliH, NOO3eMHAsL 20PHASL BLIPADOMKA.

Introduction

Underground coal mining at depths exceeding 300 m gen-
erates high stress concentrations that fundamentally compro-
mise the integrity of mine roadways. In the Karaganda Coal
Basin (Kazakhstan) — one of Central Asia’s most productive
coal regions — current extraction fronts at Kostenko Mine op-
erate at depths of 500-700 m, where horizontal stresses may
exceed vertical overburden pressure by a factor of 1.5-2.0 [1-
4]. Under these conditions, roadway stability is governed not
only by bulk rock-mass strength but also by the geometry and
orientation of pre-existing structural discontinuities.

Classical analytical approaches, predicated on homoge-
neous isotropic behaviour, are inadequate for fractured sed-
imentary sequences [5, 6]. Kinematic failure modes — roof
wedge fall, rib spalling, and floor heave — are con-trolled by
the relative geometry of joint sets, roadway axis, and in-situ
stress field. This has driven the adoption of dedi-cated soft-
ware tools for rapid three-dimensional characterisation of dis-
continuity networks [7—10].

The Rocscience suite offers two complementary mod-
ules: (i) Dips — for stereographic projection, clustering, and
kinematic analysis of structural data; and (i7)) Unwedge — for
three-dimensional wedge stability computation and support
design optimisation. Despite their proven individual utility,

T'opnuwuit scypnan Kazaxcmana Ne9’ 2026

applications that systematically couple the two programs with-
in a single site-specific workflow remain sparsely reported for
Carboniferous-age interbedded coal measures.

This study presents a fully integrated Dips — Unwedge as-
sessment applied to the 4th Eastern Conveyor Entry of coal
seam K- at Kostenko Mine. The objectives are: (1) to character-
ise dominant joint systems from field mapping; (2) to identify
kinematically critical failure mechanisms; (3) to quantify wedge
geometries and associated safety factors under both unsupport-
ed and supported conditions; and (4) to derive an optimised
bolt support scheme satisfying prescribed stability criteria. This
study presents a comprehensive analysis of slopes and the ab-
sence of wedges, applied to the 4th eastern conveyor entry of the
K7 coal seam at the Kostenko mine. The objectives of the study
are: (1) to characterize the predominant fracture systems based
on field maps; (2) to identify kinematically critical failure mech-
anisms; (3) to quantitatively assess the geometry of the wedges
and the associated safety factors, both in the absence and pres-
ence of support; and (4) to develop an optimized bolting scheme
that meets the specified stability criteria.

Materials and methods
Study site and geological setting. The investigation focuses
on the 4th Eastern Conveyor Entry, driven along coal seam
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3K- at Kostenko Mine, Karaganda Basin. The entry has an
arched cross-section of 14.4 m? (net), width 5.3 m, and height
3.55 m, supported by steel arch sets supplemented by interme-
diate resin-grouted bolts. Following convergence, the residual
section reduces to 11.62 m? — a cross-sectional loss of 18.9%.

The stratigraphic sequence at the working horizon compris-
es alternating sandstone, siltstone, mudstone, and occasional
marl bands. Physical-mechanical parameters, determined from
laboratory testing of drill-core specimens, are summarised in
Table 1 [11, 12].

Table 1
Physical-mechanical properties of the rock mass at
Kostenko Mine
Kecme 1

«Kocmenko» wmaxmacwvtnoazel may scolHvicmapol
Maccueiniy pu3uKa-mexanuxKaivlK Kacuemmepi
Tabnuua 1
Du3uxo-mexanuuecKue ceoiCmea Maccusa 20PHuIX HOPoo
Ha waxme «Kocmenko»

Parameter e Bl b Coal | Marl
stone | stone | stone

Young’s
modulus, MPa 20 23 11.5 3.7 | 33.1
Poisson’s ratio 0.27 0.39 0.38 | 0.30 | 0.22

Uniaxial

compressive 75 30 25 9 543
strength, MPa
Tensile strength,
MPa 16 13 6 1.8 9.7
Unit weight,

MN/m 2.61 2.37 231 | 1.32| 2.70
Cohesion, MPa 18.5 13.0 7.5 32 | 140
Internal frlgtlon 50 39 39 25 27

angle,

The roof strata are classified as competent sandstone
(UCS = 75 MPa, E = 20 GPa) immediately above the coal
seam; however, the presence of clayey partings and carbona-
ceous mudstone bands (UCS = 25 MPa) creates a mechani-
cally weak composite roof susceptible to delamination. Mine-
scale structural mapping indicates three dominant dis-continu-
ity sets of predominantly tectonic origin.

Structural discontinuity mapping and Dips analysis. Field
discontinuity surveys were conducted along the conveyor en-
try using standard scan-line methodology following ISRM
suggested methods. Orientation measurements (dip direction /
dip angle) were collected for each visible discontinuity plane.
Data acquisition targeted the four principal surfaces of the en-
try: roof, right rib, left rib, and floor.

Processing was performed in Dips (Rocscience Inc., To-
ronto). Equal-area lower-hemisphere stereographic projection
(Schmidt net) was used for contouring pole concentrations.
Fisher K-values and confidence cones were computed for each
cluster. Three statistically significant joint sets were identified:

Set J1: dip 60°, strike azimuth 200° (sub-perpendicular to
roadway axis),

Set J2: dip 40°, strike azimuth 40° (oblique, low-angle),

Set J3: dip 80°, strike azimuth 300° (near-vertical, sub-par-
allel to roadway axis).

Kinematic feasibility of planar sliding, wedge sliding, and
direct toppling was evaluated for each joint-set combination
against the entry orientation (tunnel azimuth 10°, plunge 0°)
using the kinematic analysis framework of Hudson and Harri-
son, implemented within Dips via the tunnel axis plugin.

Figure 1 illustrates the fracture mapping results on the four
entry surfaces, with individual fracture traces and measured
lengths (0.5-3.5 m) subsequently projected to construct the
3-D discontinuity model.

Figure 1. Fracture system mapping on the conveyor entry
of seam 3K, Kostenko Mine: (a) roof, (b) right rib, (c) left
rib, (d) floor.

Cyper 1. Koctenko maxracoingarbl 3K7 KadaTbIHbIH
KOHBelieplik Ka30achblH/Aa KapbIKIIAKTAP KYieciH
Kapranaay: (a) mobe, (b) oy sicax Oyiiip Kabwvipea, (c) con
Jicak byuip Kabwipea, (d) maban.

Puc. 1. KaprupoBaHnue cucTeMbl TPeIIMH B KOHBEHEPHOM
mrpeke miacra 3Kz maxrel um. Kocrenko: (a) xposns,
(b) npasviit 6opm, (c) neswviti 6opm, (d) nousa.

Figure 2 presents the stereographic projection from Dips,
with joint-set poles, mean orientations, and Fisher confidence
cones. The zonal fracture intensity map (Fig. 2¢—d) depicts
3-D discontinuity density along the entry, with red and orange
zones denoting critically fractured intervals requiring priority
reinforcement.

Wedge stability analysis in Unwedge. Orientation data
exported from Dips were imported into Unwedge (Roc-
science). The roadway cross-section was defined as a rect-
angular-arched profile (width 5.3 m, height 3.55 m). A
gravitational stress field was assumed (Ko = 1.0), which is
standard practice for kinematic wedge analysis where block
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failure is driven primarily by self-weight rather than devia-
toric stress [1, 2].

The factor of safety for unsupported wedges is computed in
Unwedge as [10]:

FS = (c:A + W-cosa-tang) / (W-sina),

where c is joint cohesion;

A is sliding area;

W is wedge weight;

a is sliding angle and ¢ is friction angle.

Roof input parameters for seam K5 strata: £ = 68,000 MPa;
¢ =2.56 MPa; ¢ = 59°; UCS. = 175 MPa; UCS,, = 49.3 MPa;
tensile strength = 0.44 MPa; unit weight = 0.027 MN/m?.

The tunnel azimuth was systematically rotated through 360°
to identify the orientations generating maxi-mum and mini-
mum wedge volumes. Two critical drive directions were iden-
tified: 110° (maximum blocks) and 46° (minimum blocks).

Bolt support design. Support optimisation was conducted
within Un-wedge by sequentially adding bolt patterns until all
wedge FS values exceeded the target of 2.0, consistent with
the Kazakhstan normative requirement for permanent mine
road-ways [7]. Two support tiers were evaluated.

Figure 2. Stereographic analysis of rock mass
discontinuity systems and tunnel orientation.
Cyper 2. Tay :KbIHBICTApbl MACCUBIH/IETI KAPBIKIIAKTAP
JKyiiesiepi MeH Tay-KeH Ka30achbIHbIH 0aFbIThIH
cTepeorpausiIbIK TaJAAYy.

Puc. 2. Crepeorpaduueckuii aHaIu3 cucTeM
TPELIMHOBATOCTH MACCHBA FOPHBIX MOPO U OPHEHTALUH
rOpHOii BbIPa0OTKU.

Tier 1 — Steel-polymer resin-grouted bolts: ¥22 mm rebar,
L=2.4m,grid 1.0 x 1.0 m; nominal bolt capacity 250-300 kN;
minimum borehole diameter 28 mm; three resin cartridges per
bolt.

T'opnuwuit scypnan Kazaxcmana Ne9’ 2026

Tier 2 — Cable bolts: L =3.2 m, grid 1.5 x 1.5 m; nominal
capacity 350-370 kN per bolt.

The capacity of each support element is entered as an equiv-
alent force vector opposing wedge displacement; FS is recom-
puted as the ratio of total resisting forces to the driving force
component.

Results and Discussion

Kinematic failure modes. Kinematic analysis confirmed
that three independent failure mechanisms are feasible: (i)
wedge sliding controlled by intersections J1NJ2, J1NJ3, and
J2NJ3; (ii) direct top-pling of J3 slabs; and (7ii) flexural top-
pling of J1 plates in the roof. Planar sliding along a single set
was found kinematically inadmissible for the prevailing entry
orientation (azimuth 10°).

The most critical intersection — J1NJ2 — generates a
near-symmetric roof wedge with apex height ~1.0 m above the
arch crown and estimated mass of 4049 t. The J2NJ3 inter-
section creates an asymmetric floor wedge (depth 1.3 m, mass
~45 t) contributing to floor heave under moisture-softening
conditions.

Wedge geometry and factor of safety. Table 2 reports FS
and mass of principal wedge bodies in the fully unsupported
state (azimuth 110°). The roof wedge [8] exhibits FS = 0.0,
confirming the absolute necessity of artificial support. The rib
wedges display FS values of 10.6 and 7.1 — adequate under
current conditions but vulnerable to stress relaxation during
seam extraction.

Table 2
Wedge FS and weight-unsupported roadway
(azimuth 110°)
Kecme 2
beximinmezen may-ken Ka3zdoacolnoazol ColHANAPObIH
OPHBIKIMBLILIK, KOPbIHBLY KOIuyuenmi men maccacol
(azumymut 110°)
Tabnuuya 2
Koappuyuenm 3anaca ycmoituusocmu u macca Kiunvee
6 He3aKpenyieHHOoll 20pHoll evipadomke (azumym 110°)

Characteristic Floor | Left rib R;ﬁ:‘ t Roof
FS (unsupported) Stable 7.1 10.6 0.0
Rock mass weight, t 89.8 49.3 59.3 48.9

Although the existing steel arch support provides pas-
sive confinement and partially stabilises shallow loosen-
ing zones, it cannot intercept the J1NJ2 failure plane (apex
height ~2.1 m), which extends beyond the structural reach
of the arch set. Active anchor bolt reinforcement is there-
fore essential to achieve the required FS > 2.0 for that
geometry.

Rotation of the tunnel azimuth to 46° reduces the critical
roof wedge mass from 48.9 tto 1.45 t —a 97% reduction (Table
3). This directional sensitivity strongly suggests that planning
future entries at azimuths 40-60° would substantially simplify
support requirements, a design intervention with direct opera-
tional and economic implications.
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Table 3
Wedge block parameters for azimuths 110° and 46°
Kecme 3
110° s1cane 46° azumymmap Kesinodezi colnanvl
onoxmapowviy, napamempinepi

Tabauua 3
Ilapamempol kKnunosvix 610k06 npu azumymax 110° u 46°
Azimuth 110° — Azimuth 46° —
maximum blocks minimum blocks
Floor wedge [1]: FS — Stable; Floor wedge [1]: FS —
Weight: 89.8 t Stable; Weight: 3.6 t
Lower Left wedge [4]: FS — Upper Left wedge [4]: Figure 4. Support scheme for wedge-shaped block No. 8
6.1; Weight: 39.3 t FS —1380.2; Weight: 0.0 t in the roof of an underground mine opening using rock
Upper Right wedge [5]: FS— | Upper Right wedge [7]: bolts: § — potent.ially unstable wedge-shaped block in the
7.06; Weight: 59.4 t FS — 14.29; Weight: 0.05 t excavation roof supported by rock bolts.
Cyper 4. KepacTbl Tay-KeH Ka30acbIHbIH ToOeciHaeri
Roofwe(.lge _[8]: FS-0.0 Roofwe(.lge .[8]: FS-0.0 Ne 8 cbIHa Topi3ai 010KTHI aHKepJIiK OeKiTieMeH OeKiTy
Weight: 48.9 ¢ Weight: 1.45 ¢ cyabacel: 8 — kazba mebecindeei ankepik Oeximne

Jicytiecimen DeKiminemin bIKmumal mYpaxcol3 CblHa mapizoi
o110K.

Puc. 4. Cxema 3akpenieHusi KJIMHOBUJAHOTO 0Jioka Ne 8
B KPOBJIe M0/13¢MHOIi TOPHOIi BLIPA0OTKH aHKEePHOM
KPenbio: 8§ — nomeHyuaibHo HeyCmouyuablil KIUHOGUOHbILL
010K 8 KposJLe 8blpaboOmKU, 3aKPEnIsLeMblil CUCTNEMOU

Figures 3-5 illustrate the weakened zone cross-sections and
Unwedge 3-D model output for both critical azimuths.

AHKEPOB.
Figure 3. Spatial model of potentially unstable
wedge-shaped blocks around an underground mine a b
opening: / — wedge-shaped block in the lower part of Figure 5. Maximum (a, azimuth 110°) and minimum
the excavation, near the floor/lower sidewall, 6 — wedge- (b, azimuth 46°) block geometries as a function of tunnel
shaped block in the left sidewall of the excavation, orientation.
7 — wedge-shaped block in the upper right part, near Cypert 5. Tay-KkeH Ka30acbIHBIH 0aFbITHIHA 0AHIAHBICTDI
the roof zone, 8 — wedge-shaped block in the roof of the GJIOKTAPABLIH MAKCHMAJIBI (2, a3uMyThI 110°) sxoHe
excavation. MHUHHMAJIABI (0, a3UMYTHI 46°) reoMeTpHUsChHI.
Cyper 3. 7KepacTbl Tay-KeH Ka30achl MAHbIHAAFbI Puc. 5. 'eomeTpusi MakcumMaabHoro (a, a3umyt 110°)
BIKTHMAJI TYPAKCBI3 ChIHA TIPi3Ai GI0KTAPABIH U MUHUMAJIbHOTO (b, a3uMyT 46°) 6J10K0B B 3aBUCUMOCTH
KeHICTIKTiK Mojesi: [ — kazbanviy momenei bonicinoeei, OT OPHEHTAIIMH TOPHOi BHIPAGOTKH.
maban/memenei OyUip anmagvblHOA2bl CblHA MAPi30i
10k, 6 — Kasoanviy con dncak Oyuipindei coina mapizoi Optimised bolt support design. Single-tier steel-polymer
010K, 7 — Kasoanviy Jo2apebl Ol JcarK bonicindesi, bolts (L = 2.4 m) proved sufficient to stabilise the J1NJ3
meoe aumMazbiHoazyl Cina mapizoi 010k, 8 — kasoanwly wedge (apex height < 2.0 m), raising FS from 0 to 2.07. For
mebecinoezi cbina mapisoi OnoK. the dominant J1NJ2 wedge (apex height ~2.1 m), the bolt
Puc. 3. [IpocTpancTBeHHAst MOe/Ib MIOTEHIHATBHO falls short of the failure plane and cable bolt supplementation
HEYCTOMYHMBBIX KIMHOBUIHBIX 0JIOKOB BOKPYI is required.
T0/13¢MHOM FOPHOIi BLIPAOOTKMU: | — KAUHOBUOHbII The adopted two-tier scheme performs as follows. Tier — 1
010K 6 HUdICHEl Yacmu 8blpabomKi, 6 30He No4ebl/ steel-polymer bolts (2.4 m, 1.0 x 1.0 m, ~300 kN/bolt) ad-
HudCHe20 Oopma, 6 — KIUHOBUOHbLI ONIOK 6 1e6oM OOpmy dress shallower instabilities and raise the smaller wedge FS to
8bIpabOOMKU, 7 — KIUHOBUOHDIU OIIOK 8 8epXHell NPpagoll >2.0. Tier — 2 cable bolts (3.2 m, 1.5 x 1.5 m, ~360 kN/bolt),
uacmu, 6 30ne Kposnu, 8 — KIUHOBUOHbLIL 010K 6 Kpos.e installed within 2 m of the working face, intercept the J1NJ2
8bIpabomxKu. failure plane and raise the principal roof wedge FS to 1.8-2.0.

51
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Floor wedge (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

Figure 6. Cross-sectional scheme of potentially unstable
wedge-shaped blocks around the mine roadway:

1 — potentially unstable wedge-shaped block in the floor zone of the
mine roadway, 4 — potentially unstable wedge-shaped block in the left
sidewall of the mine roadway, 5 — potentially unstable wedge-shaped

block in the right sidewall of the mine roadway, 8 — potentially unstable
wedge-shaped block in the roof zone of the mine roadway.
Cyper 6. Tay-keH Ka3zdacbl KUMachl MAHbIHAAFbI
BIKTUMAJI TYPAKCHI3 CbIHA TIPi3Ai 0JIOKTAPABIH CYJI0aChI:

1 — may-xen Kazoacvinvlyy madban aumMagblHOabl bIKMUMAL MYPAKCHI3

cbiHa mapizoi 6ok, 4 — may-ken Ka30acwinbiy col Hak Oyuipinoei

BIKIMUMATL MYPAKCHI3 ColHA MIPI30i OIOK, 5 — may-Ken Kazoacvlbly oy
JrcaK, Oyuipinoei bIKmuman mypaxcsl3 colia mapizoi 010k, 8 — may-Kem

Ka30acwiHblH mode atMazbiHOA2bl bIKMUMAT MYPAKCHI3 CblHA MapI30i ONOK.
Puc. 6. Honepelmaﬂ ¢XeMa NMOTCHIUAJIbHO HCYCTOﬁqﬂBLIX
KJIMHOBHIHBIX OJIOKOB BOKPYT rOPHOii BHIPAOOTKH:

1 — nomenyuanvHo Heycmouuusblll KIUHOBUOHBII ONIOK 6 30He NOYEbI
20PHOLUL 8bIPAOOMKU, 4 — NOMEHYUATLHO HEYCIMOUYUBHIL KIUHOBUOHBII
010K 6 1eBOM DOPNLY 20PHOUL 8LIPAOOMKU, 5 — NOMEHYUATLHO
HeyCcmoudueslll KIUHOBUOHBLIL OJIOK 6 NPagom 60pmy 20pHOIL
8bIpabomKu, 8§ — NOMeHYUAIbHO HeYCMOUYUEbIll KAUHOBUOHDLIL OTIOK 6
30He KPOGU 20PHOU BbIPAOOMKIL.

Combined, the scheme satisfies FS > 2.0 across all identified
failure surfaces.

If the cable bolt capacity per bolt equals 40 t, then for the
critical 44-t wedge: FS = (2 x 40) / 44 = 1.8 > target, confirm-
ing structural adequacy of two cable bolts for that zone.

Conclusions

A rigorous two-stage geomechanical investigation of the
4th Eastern Conveyor Entry at Kostenko Mine has been pre-
sented. The principal conclusions are:

1. Three dominant tectonic joint sets (J1: 60°/200°; J2:
40°/40°; J3: 80°/300°) govern wedge-type failures. Kinematic
analysis identifies wedge sliding and toppling as the primary
failure modes.

2. The unsupported roof wedge (J1NJ2, mass ~49 t) exhib-
its FS = 0.0, representing an acute safety hazard that cannot
be mitigated by arch-set framing alone, as the failure plane
extends beyond the structural reach of the arch.

3. Reorienting future entries to azimuths 40—-60° reduces
the critical roof wedge mass from ~49 t to ~1.5t —a 97%
reduction — with substantial safety and economic implications.

4. A two-tier bolt scheme — steel-polymer bolts (022 mm,
2.4 m, 1.0 x 1.0 m) combined with cable bolts (3.2 m, 1.5 x
1.5 m) —restores FS > 2.0 across all failure surfaces, satisfying
Kazakhstan normative requirements.

5. The integrated Dips — Unwedge workflow constitutes a
reliable and reproducible framework for structurally controlled
stability assessment, transferable to analogous coal measure
sequences throughout the Karaganda Basin.
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OILILEHKA YCTOP’I‘II{IJBOCTI/I INPOEKTHUPYEMOI'O
OTBAJIA «O3EPHBIN-2» PASPE3A «CEBEPHBIN»
TOO «BOTATBIPb KOMMUP»

AnHoTauus. L[eb10 BBITOIHEHHBIX UCCIICJOBAHHI SIBIISICTCS OLICHKA YCTOMYMBOCTH IPOCKTHPYEMOT0 BHEIIHET0 aBTOMOOMIILHOTO 0TBasa «O3epHbIii-2» paspesa «Ce-
BepHbIi» TOO «Bborareips Komupy, pa3paboTka pekoMeHAAM U TPESATIOKESHHI 10 00SCIeYSHHIO ero yCTondnBoCTH. OCOOCHHOCTD 3a/1a4i 3aK/IF0YaeTCsl B HAIMYMK Ha
y4acTKe, OTBEACHHOM JUIsl OTCHITNKH TIPOSKTUPYEMOT0O OTBaJIa, MOIHOTO CJ1a00ro TEXHOTGHHOTO OCHOBAHMS. BBIMOIHEH KOMIUIEKC HHXEHEPHO-TCONIOTHYECKUX, HHKEHEP-
HO-T€OJIC3UYECKUX M MHKEHEPHO-THAPOTeONIOrNUeCKHX H3bICKaHui. 110 MaTepnasiam, IpeAOCTaBICHHBIM MapKIICHACPCKOH M re0IOrHYeCKON CIyKO0aMu MpeAnpHsITHS,
MPOBE/ICH aHAJIN3 CYIECTBYIOLIET0 COCTOSIHUS BEPXHUX FOPH30HTOB CTallMOHAPHOTO OopTa paspesa «CeBepHbIi» B palOHE MPOSKTHPYEMOro BHEIIHEro oTBaa. Bbmoi-
HEHbI PacyeThl YCTONYUBOCTH MPOCKTHBIX KOHTYPOB U OIPE/EIICHHE KOHCTPYKTHBHBIX [IapaMETPOB OTBaa, @ TAKKE IIMPHHBI OepMbl O6E30I1aCHOCTH OTBalIa OT BEPXHE
OpOBKHU CTALIMOHAPHOTO OOpTA.

Knrouesvie cnosa: omsan, sipyc, cmayuonaphoiii 6opm, 6epma 6e30nachocmu, HACbINHOU 2PYHIM, UHICEHEPHO-2C0N02UNECKUL dTeMeHN, MACUmabHblil pakmop.

«borarsips Kemip» KIIC «CoarycTik» keH KUMacbIHbIH «O3epHbIii-2) K00aJbIK YHiHIICIHIH TYPAKTBUIBIK KaF-

naiibIH GaFanay

Awnjarna. 3eprreyain Makcarsl «borarsips Kemipy XKIIC «Conrycrik» KeHimiHiH «O3epHbIi-2» xKo0anaHaTbIH CHIPTKbI aBTOMOOMIIb YiliHAICIHIH OPHBIKTHUIBIFBIH
Garajiay JKOHE OHbI KAMTAaMachl3 €Tyre OarbITTalFaH YChIHBIMAAP 93ipiiey. 3epTTey epeKLIeNiri YiHiHaiHi OpHanacThIpyFra OeJliHIeH ayMaKTa KyaTTbl QJICi3 TEXHOTCH/IIK He-
ri3niH 0oaybIMeH cumarTananbl. OchbiFaH OaiIaHBICTBl HHKSHEPITIK-T'€OIOTHSIIBIK, HH)KSHEPITIK-Te0Ie3MsUIBIK KOHE HHKESHEPITIK-THIPOT€OIOTHSIIBIK, 131€CTipyiep KeleHi
Kyprizial. KocimopbIHHBIH MapKIIeHepiIiK )KoHe reoJOTHsIIbIK KbI3METTEpl YChIHFaH MaTepHaiap Herizinjae :o0adaHaThIH ChIPTKbI YHIH/II OpHAllacaThiH aiiMaKTaFbl
«CeBepHblit» pa3pesi cTalHOHAPIIBIK OOPTHIHBIH KOFAPFBI TOPH30HTTAPBIHBIH Ka3ipri kail-KyitiHe Tannay skacanasl. HoTmkecinae yiliHAiHIH %K00aIbIK KOHTYPIapbIHBIH
OPHBIKTBUIBIFbI GaFaIaHbIIl, OHBIH KOHCTPYKTHBTIK apaMeTpiIepi MEH CTalMOHAPIIBIK GOPTTHIH KOFAPFbI )KUETTHEH KayilCi3nik OepMaChIHBIH €H a3 €Hi aHBIKTAJIIbI.

Tyiiinoi cesoep: yiinoi, spyc, cmayuonapvix, 6opm, Kayincizoik bepmacyl, yuiHOLiK Monvipak, UHMCEHEPIIK-2e0N0SUANBIK INEMEHM, MACUMAadmulK Gakmop.

Estimate of «Ozerny-2» designed dump stability on «Bogatyr Komir» LLP of the «Severny» open pit

Abstract. The study aims to assess the stability of the designed external haulage dump «Ozerny-2» at the «Severny» open pit of «Bogatyr Komir» LLP and to develop
recommendations for ensuring its stability under weak technogenic foundation conditions. Comprehensive engineering-geological, engineering-geodetic, and engineer-
ing-hydrogeological investigations were carried out. Based on data provided by the mine surveying and geological services of the enterprise, the current condition of the
upper benches of the permanent pit wall of the Severny open pit in the area designated for the planned external waste dump was analyzed. Stability analyses were performed
to determine the design parameters of the dump and the minimum required safety berm width between the dump and the upper crest of the stationary pit wall.

Key words: dump, bench, stationary pit wall, safety berm, fill soil, engineering-geological element, scale factor.

Beenenne ITo cBoemy cocraBy cBajKa (majee — HACBITHOW T'PYHT)

[Ipobnema cxiaanpoBaHust OONBIINX OOBEMOB BCKPBIII-
HBIX MTOPOJT SIBJISIETCS] BECbMa aKTyallbHOM ISl OTKPBITHIX TOP-
HBIX pa0bOT B CBS3M C OPAaHNYEHHOCTHIO TEPPUTOPUI TOPHBIX
otBoOB. [lon BHEITHUI aBTOMOOHIBHBIH 0TBAT «O3EPHBIH-2%»
Ob11 BIJIENeH yuacTok Ha CeBepHOM OopTy paspesa «Ceep-
Helii» TOO «borarslps KOMHpP», HA KOTOPOM pacHoiaraiach
cBaJIKa ObITOBOTO Mycopa (puc. 1).

Puc. 1. YyacTok noa npoeKTHpPyeMblii 0TBAJI HA CEBEPHOM
0opTy pa3pe3sa.
Cyper 1. Kenimrin coarycTik 00pThIHIA #K00JIAHATHIH
YHiHaiHi opHAnacTBIPY yuyackeci.
Figure 1. Site for the projected dump on the northern side.

TIPE/ICTABISIET COOO0 HEOTHOPOJHBIM CMEIIAHHBIA HACHITHON
MarepHal, KOTOPBIA BKIIIOYaeT B ce0sl CyINIMHOK, TPYHT Hepe-
OTJIOKEHHBIH, CIIEKABIIMICS ¢ BKIIOYEHUEM CTPOUTEIBHOTO U
6bITOBOTO Mycopa MomHocThI0 10—12 M. [Tpu mpousBoncTae
HMH)KEHEPHO-T€0JIOrMUECKUX U3bICKaHUI CBOMCTBA HACBIITHOTO
MacCcHBa HE U3y4aJlUCh MO0 MPUYMHE €r0 HEMPUTOAHOCTHU TS
UCTOJNIBb30BaHMs B KAa4ECTBE OCHOBAHMI 3/1aHUIl U COOpYXKe-
HUi. B Marepnanax n3pickaHnii oH 0003HAYEH KaK MH)KCHEp-
Ho-Teostornueckuii anement (UI'D —1).

CornacHo gevictByromux CtpourtensHeIXx HOpM U IlpaBun
(CHull) Taxoli mMarepmas peKOMEHIyeTCs YIalsTh Ha BCIO
MOIIHOCTh OTJIOXKEHUS C 3aMEHOH Ha MeCYaHO-TPaBHIHYIO
cmech [1, 2]. OgHako 3Ta peKOMEHIAIM KacaeTcsi o0i1acTu
cTpouTenbcTBa. B maHHOM paloTe TpeanpHHsATa MONBITKA
H30JIUPOBATh CIOM CBAJKH BCKPBIIIHBIMHA TOPOJAMH U IIPO-
BECTH aHAJHU3 YCTOHYMBOCTU MPOEKTHPYEMOIO COOPYKEHUS
METOJZIOM TIPEACTBHOTO PAaBHOBECHS JUIS OTBAJIOB Ha CliaboM
ocHOBaHMM OoipmOi MomHocTH. Ilpu ¢dopMupoBanun oT-
Basia 1oBepx HackbimHoro rpyHta (UI'D — 1) manHbBIA TpyHT
CTaHOBHTCSI YaCThIO €ro OCHOBAHMs, NMpruodpeTas (yHKIHIO
CTPYKTYpPHOTO 2JIEMEHTa U MEPBOro sipyca oTBajna. B cBa3u ¢
9TUM HPU BBIMOTHEHUU PACUETOB YCTOMUMBOCTHU MPOEKTUPY-
€MOro OTBajla 0c000€ BHUMAHHUE YJEINSETCsl OLICHKE BIMSHUS
(hM3NKO-MEXaHUUECKUX CBOMCTB TEXHOI'€HHOTO OCHOBAHMS Ha
€ro yCTOIuMBOE cOoCTossHUE. PacueTsl yCTOMYMBOCTH BBINOJ-
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HEHBI C HCTIOIb30BAHHEM METOJIOB MPEICILHOTO PAaBHOBECHS,
OCHOBAHHBIX HAa aHATM3E YCIOBHU PaBHOBECHS TMOTCHIHANb-
HOW TIOBEPXHOCTH CKOJIbKeHHs. OmpeneneHue KodpQuim-
€HTa 3araca yCTOWYMBOCTH MPOBOJHIOCH C MPUMEHEHHEM
meroauk BHUMMU, a raxxe meronos Bishop, Janbu u GLE
Morgenstern-Price ¢ y4eToM HHKEHEPHO-TCONIOTHYECKHX yC-
TOBHU U (PU3UKO-MEXaHUYECKHX XapaKTePHCTUK IPYHTOB OC-
HOBaHMs 1 oTBajsa [3-5].

Marepuajibl M1 METOABI HCCJIEIOBAHMIT

WHxeHepHO-Te0/1e3nYeCKUE N3bICKAHMS HA YaCTH TUIOMIA-
KA 1J1si ()OPMHUPOBAHMSI BHEIIHEr0 aBTOMOOMIJIBHOTO OTBaja
miomaaeio 25,4 ra 6pun BeimoaHeHsl B 2021 . M3pickanus
BBITIOJTHEHBI C IEJIbI0 MOIyYeHHsT TOorpado-reoie3n4ecKux
MarepuajaioB U JaHHBIX O pem)e(be " CUTyallun MECTHOCTH IJIsA
co3maHusl TWIaHOB U 1udpoBoi Moaenu mectHocT (LIMM),
a TaKKe M3YYEHHs] TIeO0JIOr0-JINTOJIOIMYECKOr0 CTPOSHHMS
ydacTka, KJIAacCU(HUKALUKU TI'PYHTOB, BBIJCICHUSI HHKEHEp-
Ho-reosiornueckux anemeHToB (MI'D), onpenenenus ycioBuit
HX 3ajJICraHus, TUApPOJJIOrM4eCKuX yCHOBMi/lI U OLCHKH MpOoY-
HOCTHBIX M JIe(DOPMAIIMOHHBIX XapaKTEPUCTHK TIPYHTOB [0,
7]. Tonorpaduyeckass cheMKa y4acTKa BBIOJHCHA METOIOM
TaXeOMETPUYECKON CheMKH C HUCIIOJIb30BAaHUEM JJIEKTPOHHBIX
taxeomerpoB Trimble M3 u GNSS — npuemnnka Trimble RS
B pexxume RTK.

OTMeTKH OCHOBAHUS (3eMHasl IOBEPXHOCTh) U3MEHSIOTCS B
npeaenax ot +182,0 M (BocTouHas 9acTh yuyacTka) 10 +187,0
M (3ananHas 4actb). [lepenaa ormetok B mpenenax 5,0 M Ha
1,0 xmM mpocrtupanusi 6opra. Penbed paBHMHHBIM ¢ He3Ha-
YUTENBHBIM YKJIOHOM C 3arazia Ha BOcToK. OTBai 1o Bepxy
uMeeT cpeHio orMeTky +196,0 M. Takum 00pa3zom, BbICOTa
otBaia coctasiusieT ot 10 1o 15 M. Kpome Toro, otBan «HaiBU-
HYT» Ha J[Ba BEPXHUX YCTyIa CTallMOHAPHOIo OopTa paspesa
«CesepHbIii». [To BepxHEMy yCTyIly CTallHOHAPHOTO OOpTa Ha
MPOTSKEHUU 0KoJo 1,0 KM OH MOJTHOCTBIO 3aChIlIaH OTBAJIOM.
Bepxwsis momiazka BTOporo ycrymna Ha ropusonte +176,0 m
SIBJISIETCSI OCHOBaHMEM OTBaJjla B KOHTYpe pa3pesa. Tam BbicoTa
oTBaJia coctaisieT okosio 20 M (otmeTku +176,0 + +196,0 m).

Ha uccnenyemoii repputopuu ObLIO MPOOYPEHO 5 CKBAXKHUH,
n3 HUX 4 ckBakuHb! TiryOnHOW 1o 10,0 M M OJlHAa CKBaKMHA
(ckB. Ne 5) mmy6uHoi#t 15,0 M, npoOypeHHas yepes Telio OTBaja
(puc. 2). O6muit 00bem Oypenust cocrasmi 55,0 . M. [8, 9].

Puc. 2. Pacnonoxenne pa3Be1o4HbIX CKBAXKHH.
Cyper 2. bBapiiay yHFbIMAJIaPbIHBIH OPHAJIACYBI.
Figure 2. Exploration wells location.

[TonzemubIe BO/BI BCKPBITH B CKBaknHaX Ne 2 (Ha mmyOu-
He 3,0 M) u Ne 3 (ua rry6une 4,7 m). CkBaknnsl Ne 1 u Ne 4
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pacroyioKeHbl OJM3KO K KOHTYpPY pas3pesa M JPEHUPOBAHBI
JEIPECCUOHHON BOPOHKOW. B CKBaKMHAX, HAuMHAs C TIIyOu-
Hbl 1,0 M yepe3 KaXkblii MeTp J10 IPOEKTHOW TIIyOUHBI, ObUIN
0T00paHbl MPOOBI CYTIMHKOB ISl OTPEACICHUS (PU3UKO-Me-
XaHUYECKHX XapaKTePUCTUK (€CTECTBEHHOH BIIAXKHOCTH,
NpEeAesoB TUIACTUYHOCTH, TUIOTHOCTH, IUIOTHOCTH YacCTHIL,
K03 GUIMEHTA TOPUCTOCTH, CTETIEH! BOJAOHACHIILIECHHS, YIJIa
BHYTPEHHET'0 TPEeHHMs, ClerieHus, Moayis FOura u xoaddu-
nuenTta [lyaccona).

['eonornyeckoe CTpoeHHe yyacTka U3bICKaHUI B pejiennax
pa3BeJaHHON TyOWHBI PEICTABICHO JABYMS MH)KEHEPHO-Te0-
norudyeckumu snemeHTamu (U19):

1. UT'D — 1. Hacvinuoti epynm (ceanka), 6KIOUAOWUL
MEMHO-KOPUUHEBbLU  CY2IUHOK, EPYHNL  NePeomiONCeHHbIl,
CReNCABUIUTICSL € GKIIOUEHUEM CTPOUMETbHO20 U ObIMOBO2O
Mycopa, 00Jisl KOmopo2o oyenugaemcst nopsoxa 50%.

2. UT'D — 2. Cyenunok cepo-3enenviil, ¢ 2nyoumst 6,5 m cye-
JIUHOK KOPUYHEBHIL, NOLYMEEPObIll, C NPOCLOAMU NECKA MOUY-
HOCMbIO 00 5 CM, ¢ 8KIOUeHuem opecevl U ujebns (0o 15%).
Huoice yposns epynmosvix 600 Opecéa u ujebenb T0KAIbHO
06800HeHb.

B rabnuue 1 npuBeneHsl GprU3NKo-MeXaHUYECKUE XapaKTe-
puctuku cyrmmHakos (UI'D — 2).

Tabnuua 1
Du3uxo-mexanuuecKue XapaKmepucmuKku cy2iuHKo8
Kecme 1
Cazoaxmapovty, pu3uUKaIbIK-MEXAHUKATBIK
cunammamanapul
Table 1
Physical-mechanical properties of the loam rock

EctecTBeHHast
IloanHoe
ITapameTtp BJIA’KHOCTD IR LGS
(13%)
OO0BeMHEIH Bec,
N/m? 18,2 16,1
Yucno 0,12 o
IUIACTUYHOCTHU
Mopnyns FOnra,
MPa 8,0 6,0
Koagpdumment 0.35 0.42
ITyaccona
Cuermrenue, kPa 32,0 7,0
VYron Tpenus, 23.0 15.0
rpamyc

ITo pe3ynsraTraM 1a0OPATOPHBIX UCCIETOBAHUH TS CYTIIHH-
KOB B 00pa3Iax ONpEeAeNICHbl CPETHAE 3HAUCHHUS MPOYHOCTHBIX
XapaKTepUCTHK: crietuieHune cocrapisieT 32 klla, yron BHyTpeH-
Hero Tpenus 23°. CpotiictBa HackimHOTO TPYHT (MI'D — 1) He H3-
yUaJIICh IO IPUYMHE €r0 HETPUTOAHOCTH ISl HCHIOMIB30BAHMS
B KaueCTBE OCHOBAaHWH 37aHUN U coopyxkeHui. s monenu-
POBaHUSI COCTOSIHUSI M pacdyeTa yCTOHYMBOCTH OTKOCOB OTBaja
ncnons3oBana nporpamma Slide (maxera Rockscience) [9]. Un-
TepIpeTanus J1a00paTOpHBIX JaHHBIX B mporpamme RockLab
JUISL OLEHKH TIPOYHOCTHBIX M Ae(OPMALOHHBIX XapaKTepH-
CTHK MacCHBa CYINIMHKOB IPE/ICTABIICHA Ha pHC. 3.
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AHaNUS POHOCTH FOPHBIX NOPOR ¢ Mcnonbsosanmem Roclab
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Puc. 3. Onenka cBoiicTB MaccuBa cyriinHkoB B RockLab.
Cyper 3. RockLab 0arnapiamaceinga cazgakrap
MACCHBiHiH KacueTTepiH OaraJay.

Figure 3. RockLab loam mass properties estimation.

C yuerom macmrtabHoro (akTopa 1o oueHke B RockLab
MIPOYHOCTHBIX XapaKTEPUCTHK CYIIMHKOB (B MaccuBe): clie-
mnenue 15 kIla, yron BHyTpeHHero Tpenus 18 rpanycos.

Pe3yabTaTrhl 1 00cyxKaeHUE

BoinonHeH mpeaBapUTEnbHBIN pacueT yCTOWYMBOCTH aB-
TOMOOMIIBHOTO OTBajia obmiel Beicotoi 50 M. Konctpykims
OTBaJIa BKJIIOYAET ATk sipycoB 1o 10 M. [llupuna nuomanok —
10 M, renepanbHblil yron 24,2°. B pacueTax IpUHATHI CIEAYIO-
mue (QU3NKO-MEXaHNYECKUe XapaKTePUCTHKH: OTCHIITAHHOTO
orBana cueruienue 5,0 klla, yron BHyTpenHero tpenust 30°;
ocHoBaHMe (cymmHOK) cueruienue 15,0 xIla; yron BHyTpeH-
Hero tpenust 18°. Ilo ananusy B RockLab yuren MaciTaOHbIH
(axTop M CHM)KEHHE TIPOYHOCTH CYTIIMHKOB.

Pesynbrarsl pacuera npeacTaBiIeHbl Ha puc. 4.

Puc. 4. [IpexBapurenbHasi OlleHKa YCTOYUBOCTH 0TBAJIA.
Cypert 4. YiliHliHiH OPHBIKTBLIBIFBIH AJIbIH aJ1a OaFaJiay.
Figure 4. Dump stability tentative estimation.

[IpenBapuTenbHbI pacdeT MOKa3blBaeT yCTOMUMBOE COCTO-
SIHUE MTPOEeKTHOTO KOHTypa otBana (K3VY = 1,48), orceimanHo-
TO B HJICaJIbHBIX YCIOBUIX HAa HEOOBOJHEHHbIE CYIIIMHKH. Kak
OBLIO CKa3aHO BbIIIe, B ckBakuHAaX N 1 u Ne 4, kotopsie pac-
TIOJIO’KEHBI OJIMKE K KOHTYPY pa3pes3a, BOJIbl He 00HAPYKEHO,
OHU JIPEHUPOBAHBI IECMPECCUOHHON BOPOHKOM.

Jlanee paccMOTpEeHbI OCHOBHBIE HEOIAronpusITHIE (haKTO-
PBI, OKa3bIBAIOILIUE BIMSHUE HA YCTONUMBOCTH MPOEKTHUpYE-
MOTO OTBajla, BKIIIOYasi HaJU4YHE CIadOro TEXHOT€HHOIO OC-

HOBaHMs, 0COOEHHOCTH T€OJIOTHUECKOTO CTPOCHUSI Y4acTKa 1
KOHCTPYKTHBHBIE TapaMeTphl OTBANA.

HachImHOM TPYHT NIpeAcTaBlIeH TEeMHO-KOPHUYHEBBIM CYT-
JIMHKOM, SBJISIOINMMCSI MEPEOTIOKEHHBIM M CIIEKaBIIMMCS
IPYHTOM C BKJIIOYEHHEM CTPOHMTEJILHOTO U OBITOBOTO MYCOpa.
Ilo pesynbraram M3bICKAHUN PEKOMEHJOBAHO YIAJATh Ha-
CBIIIHOM IPYHT Ha BCIO MOILLHOCTb OTJIOXKCHMSI, C 3aMEHOH Ha
[1€CYAHO-TPAaBUIHYIO CMECh, HO 3TO BECbMa JOPOrOCTOAIIEE
MepompusaTue. [loaTomy B pamkax IIPOBOAMMOIO MCCIIEN0BA-
HUsI PacCMaTpHUBAETCs BO3MOXKHOCTH (POPMHUPOBAHMS OTBaja
nosepx cBaskd. [Ipu stom HaceimHOM TpyHT (MI'D — 1) oka-
3BIBACTCS B OCHOBAaHMM OTBAJIa U SIBJISICTCS €r0 HWKHUM SIpy-
com. OLeHMM BIIMSIHME HHYKHETO ¢J1a00ro sipyca OTBalia Ha ero
YCTONYHMBOCT.

Pacuer ycroiunBOCTH OTBajla Ha BCHO INIPOEKTHYIO BBICOTY
M0 KPYDIOIMIMHIPUYIECKON MOBEPXHOCTH CKONBKEHUS HE B
IIOJIHOM Mepe OTpa)kaeT BO3MOXKHbBIE YCJIOBUsI [IOTEPU yCTOM-
YHBOCTH, [TOCKOJIbKY TaKasli [IOBEPXHOCTb IPOXOAUT uepe3 00-
Jiee IPOYHbIE CYIVIMHUCTHIE CJIOM OCHOBaHUs. B cBsA3u ¢ Hanu-
4yueM ciaaboro TexHoreHHoro ciost UI'S —1 Heobxoaumo yuu-
THIBaTh IIOTEHLUAIbHYIO BO3MOKHOCTb CMELICHUs OTBAJIa 110
KOHTAKTy ¢ OCHOBaHUeM. 1109TOMy IIpU OLIEHKE yCTOMYUBOCTH
0co00e BHUMaHHUE Y/IeNSeTCsl aHAJIU3Y BIMSHUSI IPOYHOCTHBIX
XapaKTepUCTHUK CJIa00ro CII0s HA YCTOHUMBOCTD POPMHUPYEMO-
ro oTBaja.

[lepBbiii pacuer nan 3HaueHne KO QUIEeHTa 3araca H1Ke
€IVHULBL. YBEIUYUTh €r0 3HAaYEHHUE BO3MOMKHO IIyTEM U3Me-
HEHMsI KOHCTPYKIIMM SIPYCOB, YMEHbIIasl FeHepaJbHbBII yroi
OTKOCAa 3a CYET yBEIMYEHUS LIMPUHBI IIOAA0K. YBEIUUUBa-
€M HIMPUHY IUIOIAI0K a0 15 M. BeIOOp mMpUHbI MU0 10K
15 M IpUHSAT 110 pe3yNbTaTaM pacyeTHOro MoA00pa KOHCTPYK-
TUBHBIX NapaMeTPOB, 00CCHEYMBAIONINX BBIOJIHEHUE YCIIO-
BUH YCTOMYUBOCTH IIPU COXPAHEHUU TEXHUYECKOU BO3MOXKHO-
CTH pa3MelleHus oTBaja. [Ipu 3ToM reHepaibHbIil yroi Oynet
pasen 20,8°. Pe3ynbprarhl pacuera npeCcTaBlIeHbl Ha PUC. 5.

Puc. 5. Ouenka ycToiiuMBOCTH 0TBAJIa HA CJIA00M
ocHoaHuu (b =15 m).
Cypert 5. 9uci3 Heri3neri yiliHTiHiH OPHBIKTBLIBIFBIH
oaraiay (b = 15 m).
Figure 5. Dump stability estimation on weak foundation
(b=15m).

Kos¢ppumnment 3amaca n = 1,10 HIDKE TOITyCTUMOTO HOp-
MaTHUBHOTO 3Ha4deHwus |5, 6]. [Ipn pacmonokenny oTBana B He-
MOCPEACTBEHHON OIM30CTH OT OTBETCTBEHHOTO COOPY)KEHMS
(6opT paszpesa) WM HAMWYIHS CIa00T0 OCHOBAHMS, MUHUMAIIb-
HO JIOIyCTHMOE 3HadeHHe Kod(pduImeHTa 3amaca yCTOHYH-
BOCTH 7, = 1,30. Pacder mokazay HecTaOMIILHOE COCTOSTHUE
MIPOEKTHOTO KOHTypa oTBaja. HeoOXommmo oOecrednTh In-
pHUHY IUIomIanok Oojiee 15 M u 3HaYeHHE TEHEPaIBFHOTO yIa
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Menee 20°. [Ins cneayromux UTepanuu pacuera MpoeKTHOTO
KOHTYpa, YBEJIHMYUM ILIOIIAKHU 10 25 MeTpoB (puc. 6).

a) Ulupuna niowadok — 20 m
1.219

6) Hlupuna niowadox — 25 m

Puc. 6. OueHka ycToiH4MBOCTH 0TBAJIa Ha €JIA00M
ocHoBaHuu (b =20 m u b =25 m).
Cypert 6. 9uci3 Heri3neri yiliHiHiH OPHBIKTBLIBIFBIH
oaragay (b = 20 m :xoHe b =25 m).
Figure 6. Dump stability estimation on weak foundation
(b=20 m and b =25 m).

PacdeTsl moka3anu, 9TO TS BBIIICNEKAIINX IPYCOB OTBa-
ma Tpedyemasl yCTOHYHMBOCTH OOeCIeynBaeTCsl MpU IIHPHHE
TOPH30HTAIBHBIX TUTOMAIoK 20 M. OqHAKO JaHHOE PEIICHHE
HE MOXET OBITh PACIIPOCTPAHEHO HA HIKHUH SPYC, TIOCKOIBKY
OH (opMHupyeTcs Ha c1aboM TeXHOTeHHOM ocHOoBaHuu (U3 —
1), mpencTaBICHHOM HACHITHBIM TPYHTOM, U BOCHPHHHMACT
HATPY3Ky OT BCEH BBIIIeNeKamiel uactu oteana. [Ipu mupuae
TUTOIIAKH HIDKHETO sipyca 20 M eTO COCTOSTHHE SIBIISETCS TIpe-
TIENBHBIM (pHC. 7), 9TO He 0OecreunBaeT HEOOXOIUMBIH 3arac
YCTOMUYMBOCTU. B CBS3M ¢ 3THM MO pe3yibTaraM BBIITOTHCH-
HBIX BApUAHTHBIX PacyeTOB IS HIKHETO sipyca (0TM. +195 M)
PEKOMEHIYETCSI YBEIUIHUTD MAPHHY TUTOMAAKH 10 25 M, TOT-
la Kak TS BBIIICTICKAIIUX SPYCOB IOCTATOYHOHN SIBISIETCS
LIMpPHHA TUI0IAL0K 20 M.

3akJl0ueHne

BeinonHeHHOE  MCCileOBaHME  ITO3BOJIMIIO  YCTAHOBHUTH
3aKOHOMEPHOCTH (POPMHPOBAHUS YCTOWYMBOTO COCTOSTHHMS
MIPOEKTUPYEMOTO BHEIIHETO0 aBTOMOOMIBbHOTO oTBasa «O3ep-
HBIA-2» paspesa «Cesepubiity TOO «borateipe Kommp» ¢
YYETOM OCOOEHHOCTEH HHXEHEPHO-TEOIOTHYECKOTO CTpoe-
HUSI y9acTKa, (M3UKO-MEXaHUYECKUX CBOMCTB TPYHTOB OCHO-
BaHMS ¥ KOHCTPYKTHBHBIX ITAPAMETPOB OTBAJIA.

YCTOHYMBOCTh MPOEKTUPYEMOH KOHCTPYKLHH OTIPEIes-
€TCs COBOKYIIHBIM BIIMSHHEM T'C€OTEXHHYECKHX YCIOBHI OC-
HOBaHMS U NTapameTpoB GopmupoBanus oreana. [Ipn uneanu-
3MPOBAHHBIX YCIOBHUSX 3QJI0KEHUS HA IPOYHOM HEOOBOIHEH-
HOM OCHOBAaHHH, TIpEACTABICHHOM cyrmmHKamu WD — 2,
MIPOCKTHBIE TTApaMETPBhI OTBaja BEICOTON 50 M obecreunBaroT

T'opnuwuit scypnan Kazaxcmana Ne9’ 2026

20 m

o]

Puc. 7. Onenka ycToi4MBOCTH NIEPBOIO SIPyca 0TBAJIA
(b1 =20 m).
Cyper 7. Yiiinainin 6ipiHmIi ApyCbIHbIH OPHBIKTBLIBIFBIH
oaranay (b: = 20 m).
Figure 7. First floor dump stability estimation (b1 = 20 m).

ycToiunBoe coctosinue. OJIHAKO HaJUuMe B OCHOBAHUU TEX-
HoreHHoro ciost UI'D — 1, npencraBneHHOrO MepeoTIOKEH-
HBIM CJIEKABIIMMCSI TPYHTOM C BKJIFOYEHUEM CTPOUTEIHHOTO
U OBITOBOTO MycCOpa, SIBIISICTCSI ONPEICIISIONIMM (PaKTOPOM,
OTpaHUYMBAIONIUM YCTOWYMBOCTh OTBaJbHOW KOHCTPYKLIHUH.
IIpoBeneHHbIi aHAINU3 MOKAa3ajl, YTO MPHU OLEHKE YCTONYUBO-
CTH OTBajJa HCOOXOMUMO YYHTHIBATH BO3MOXHBIN MEXaHH3M
ne(OpPMHUPOBAHYSI, CBSI3aHHBIM CO CMEIICHHUEM IO CIIadoMy
KOHTaKTy MEX]y TEJIOM OTBaja U TEXHOT€HHBbIM OCHOBAaHU-
eM. PacyeTHbie cXeMbl, HE YYUTHIBAIOIIUE BIHUSHUC CJIA0OTO
CJIOsI, HE OTPaXKAIOT HanboJIee HeOMAronpPHUsITHRIC YCIOBUS pa-
0OTBI COOPY)KEHUSI, TOCKOJIbKY MOTCHIIMAIBHAS TIOBEPXHOCTh
CKOJILKEHHUSI MOKET Pa3BUBATHCS MPEUMYILIECTBEHHO 0 30HE
MOHM)KEHHON MPOYHOCTU. YYEeT MPOYHOCTHBIX XapakTepu-
ctuk UI'D — 1, a Takxke MacinTabHOrO (hakTopa MmpH pacyeTrax
MPUBOJUT K CHIXKEHUIO PACUETHBIX TOKa3aTeneil yCTONYnBO-
CTH ¥ TPeOyeT KOPPEKTUPOBKH KOHCTPYKTHBHBIX MapaMETPOB
orBasia. [loBbIllIEHHE YCTOMYMBOCTH OTBaja BO3MOXKHO 3a
CYeT ONTUMM3AIMH €0 T€OMETPUUYECKUX MapaMeTpOB MyTeM
YBEJIMUYEHUS! IIUPUHBI TOPU3OHTAIBHBIX TUIOMIAJIOK U YMEHb-
[ICHUsSI TCHEePaJIbHOTO yria oTkoca. [Ipu 3tom Haubomnee Kpu-
TUYECKUM DJIEMEHTOM KOHCTPYKILUU SIBISETCS HUKHHUM sIpyC,
c(hOopMHPOBAaHHBI HAa TEXHOTCHHOM OCHOBAaHUH, IMOCKOJIBKY
OH BOCHPUHUMAET CyMMapHYIO Harpy3Ky OT BbIIIENEKaIIUX
SIPYCOB ¥ XapaKTePU3yeTCsl HAaHOOJIbIICH HEOIPEICIIEHHOCThIO
MPOYHOCTHBIX CBOMCTB. B CBSI3U ¢ 5TUM AJIsi CHUKEHUS PUCKA
pa3BuTHs AePOpMAIIii PEKOMEHIOBAHO YBEIMUCHHUE IIUPUHBI
IJIOLIAAKH MIEPBOTO sipyca A0 25 M, a BbIIIENeKAIIUX SIPYCOB
10 20 M. OueHka BIMSHUSA THAPOTEOJOTHUYECKUX YCIOBUH
MoKasajia, 4TO IMOJ3EMHbIE BOJbI HA HCCIIEIYEeMOM Yy4YacTKe
HMMEIOT JIOKaJIbHOE PACcHpOCTPAHEHUE U MPU PACCMOTPEHHBIX
pacUETHBIX YCIIOBUSIX HE OKA3bIBAIOT CYIIECTBEHHOTO BIIMSI-
HUS Ha YCTOWYHMBOCTH OTBaja. Hanmuuune ciaObix IMHUCTHIX U
TEXHOTCHHBIX IPYHTOB OOYCIIOBIUBACT HEOOXOAUMOCTh y4e-
Ta BO3MOXKHOTO CHIKEHUSI UX MPOYHOCTHBIX XapaKTEPUCTHK
MIPH TICPEYBIAXKHCHUU. B CBsI3U ¢ 3TUM 0053aTEIBHBIM yCIIO-
BreM 0Oe30macHoro (popMUpOBaHUS OTBaJA SIBISICTCS O00ecCIe-
YCHHE HACKHOTO (DYHKIIMOHUPOBAHKS CHCTEMbBI BOIOOTBO/IA
U TPEeAOoTBpallleHue HAKOIJICHUS! BJIarM B 30HE OCHOBAHUSI.
OnpepersiroimuM (akTOpOM YCTOWYHBOCTH MIPOCKTUPYEMOTO
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oTBajia ((OSeprlﬁ-2)> SABJISACTCA BSaHMOHeﬁCTBHe OTBaJIbHOM TMYECKOI'o CTPOCHNA OCHOBAHMs, aHAJIN3 BO3MOKHBIX MEXaHU3-
KOHCTPYKLMHU CO CJIa0bIM TeXHOT€HHBIM ocHoBaHueM D — 1. MoB nedopmMupoBaHHs, 0OOCHOBAaHUE PALMOHAIBHBIX TEOMe-
[TonyyenHble pe3ynbrarbl IOATBEPIKIAIOT HEOOXOAMMOCTh  TPUUYECKHX MapaMeTPOB M IOCIEAYIOLUINI Te0TEXHUYECKUI MO-
KOMIIJICKCHOI'O I1IOAX04a K OLICHKE yCTOﬁHMBOCTM TCXHOI'CHHBIX HUTOPHUHI' COCTOSIHUA OTBaJIa U MIPWJICTAOMICTO CTAIMOHAPHOT'O
MacCHBOB, BKJIIOUAIOIIET0 YUET peallbHOr0 MHKEHEpHO-reoio-  Ooprta paspesa «CesepHsiit» [10, 11].
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I'EOTEXHHYECKAJ CIIYIKBA AO «AJITBIHTAY
KOKHIIETAY»: KOMIIVIEKCHBIN MOHUTOPHUHTI
B CUCTEME OBECIIEYEHUA BE3ZOITACHOCTH
INHPU BEAEHHNUU I'OPHbBIX PABOT

AHHOTauuMsl. B crarThe MpeicTaBlIeHb! Pe3yJbTaThl HCCICIOBAHUS U IPAKTHYECKOTO MPUMEHEHHUS KOMIUIEKCHOM CHCTEMbI TEOTEXHUYECKOr0 MOHHUTOPUHTA, BHEPEH-
HO#1 Ha BacuiibkoBckoM 300topyaHoM MectoposkaeHnn AO «Altyntau Kokshetau». AkTyabHOCTh paboThl 00yCI0BICHA HEOOXOJUMOCThIO 00ECIIEUSHHS YCTOHUYHBOCTH
60pTOB IIIYGOKOro Kapbepa, CBOEBPEMEHHOTO BBISBICHHUS OMACHBIX T€OMEXaHUYECKUX IIPOLIECCOB U TIOBBILICHHS IPOMBIIUICHHON G€30MaCHOCTH MPH BEJEHUN OTKPBITHIX
TopHbIX padoT. VccienoBaHue OCHOBAaHO Ha NMPHMEHEHHH aBTOMATH3MPOBAHHBIX I'€OJE3MYECKUX HAONIONCHMH, CITyTHUKOBOTO, I€OPAJaPHOr0 U CEHCMUYECKOTO MOHH-
TOPHHI'A, & TAKXKE METOJIOB YUCIICHHOTO MOJICIIMPOBAHNUS HANPSDKCHHO-1E()OPMUPOBAHHOTO COCTOSHUSI MAacCHBa FOPHBIX MOPOJ. [1oaydeHHbIe pe3ysbTaThl MOATBEP I
3(EKTHBHOCTH KOMIUIEKCHOTO MOAX0/a K KOHTPOJIIO 1e()OPMALIMOHHBIX [POLIECCOB, MOBBIILIECHUIO JOCTOBEPHOCTH OLICHKH yCTOHYMBOCTH GOPTOB Kapbepa U IPe/yIpeK-
JICHUIO BO3HUKHOBEHHS aBAPUHHBIX CUTYAIUH.

Kntouesvie cnosa: kxapvep, ceomexanuueckue npoyeccul, ceomexnuueckasn cayxcoa, GeoMoS, eeopadap, 6asosas cmanyus, ' HCC, kapma ceomexanuueckux onacHoc-
meil.

«Altyntau Kokshetau» AK-HbIH reoTeXHMKaJbIK KbI3MeTi: Tay-KeH ’KYMbICTAPBIH KYPridy Kayincizairin kamramacoi3
eTy JKyilecinaeri KemeHn1i MOHUTOPUHT

Amnnarna. Makanana «Altyntau Kokshetau» AK BacniibkoB KeH OpHBIH/IA €HT131ITeH KEIIeH 1l Te0TeXHUKAJIBIK MOHUTOPUHT XKYHECiH 3epTTey XoHEe OHIIpicTe KOJaHy
HOTHKeJIepi OepinreH. 3epTTeyaiH O3eKTIIr TepeH Kapbep OOPTTapbIHBIH OPHBIKTBUIBIFBIH KAMTAMAChI3 €Ty, KayilTi FeOMEXaHUKaJbIK YAepiCTep i Aep Ke3iHAe aHbIKTay
JKOHE AILIBIK TAY-KCH KYMBICTAPBIH KYPri3y Ke3iHAeri OHePKACINTIK KayilCi3AiKTi apTThIpy KaXeTTUliriMeH GailiaHbICThl. 3epTTey OapbIChIH/a aBTOMATTaH/IbIPBLIFAH Ie0-
JIe3HUSUIBIK OaKblIayIIap, CIly THUKTIK, Fe0paJapIibIK XKOHE CeHCMUKAIIBIK MOHUTOPHHI, COHZIali-aK Tay JKbIHBICTAPbl MACCUBIHIH KEPHEYTi-Ie(opMaLlisIaHFaH KYiiiH CaHIbIK
MOJIENIB/ICY O/IiCTepi KONAAaHbIIAb. AJIBIHFAH HOTHIKEJNIEP KEIICH i MOHUTOPUHT KYHeciHiH tedopmanmsibik yaepictepai 6akpuiayaa, kapbep 00pTTapbIHBIH OPHBIKTBIIbI-
FBIH Oaraay/ia »oHe KayinTi )KaraailiapJbIH ajjiblH aly/a )KOFapbl THIMALTITIH KOPCETTI.

Tyiiinoi cosodep: xapvep, eeomexanuxaivly yoepicmep, ceomexnuxanvi Koizmem, GeoMoS, ceopadap, 6asanvix cmanyus, GNSS, eeomexanukanvis Kayin-gamepiep
Kapmacet.

Geotechnical service of Altyntau Kokshetau JSC: integrated monitoring for safe mining operations

Abstract. The paper presents the results of implementing and evaluating an integrated geotechnical monitoring system at the Vasilkovskoye gold deposit operated by
Altyntau Kokshetau JSC. The study addresses the need to ensure the stability of deep open-pit slopes, provide early detection of hazardous geomechanical processes, and
improve industrial safety during mining operations. The monitoring system combines automated geodetic observations, satellite, ground-based radar and seismic monitor-
ing, together with numerical modelling of the stress—strain state of the rock mass. The obtained results demonstrate the effectiveness of the integrated monitoring approach
for controlling deformation processes, improving the reliability of slope stability assessment, and reducing the risk of hazardous situations during open-pit mining.

Key words: open-pit mine, geomechanical processes, geotechnical service, GeoMoS, ground-penetrating radar, base station, GNSS, geomechanical hazard map.

BBenenue JIOTUU TTO3UIHUOHUPOBAHUA, pO6OTI/ISI/IpOBaHHLIe reoae3nyec-

30/10TO OTHOCHTCSI K YHCIY CTPATeTHYECKH Ba)KHBIX BH-
JIOB MUHEPAJIBHOTO CHIPBS, OMPEACIIAIOMNX SKOHOMUIECKYIO
0e30MMaCHOCTh TOCYAAPCTBA U PAa3BUTHE TOPHOAOOBIBAIOIICH
orpacnu. OmHON W3 MPHOPUTETHHIX 3amad PecmyOmmku Ka-
3aXCTaH SIBIISIETCSl HapalyuBaHue OOBEMOB 30JIOTOMOOBIYH 32
cdeT 3(pPEKTUBHOTO OCBOCHHS KPYMHBIX 30J0TOPYAHBIX Me-
CTOPOXKICHUH, K KOTOPBIM OTHOCUTCS BacuibkoBCkO€ MECTO-
poxnenwue, pazpadareiBacmoe AO «Altyntau Kokshetauy.

CoBpeMeHHasi pa3pabOTKa MECTOPOKICHUH OTKPBITHIM
CrocoOOM COTIPOBOXKAACTCS TIOCTOSHHBIM YBEIIMYCHUEM TITy-
OMHBI KapbepoB, YCIOKHEHHEM TOPHO-TEOJIOTHIECKUX yCIIO-
BHH M POCTOM T€OMEXaHMUYECKUX HATPYy30K HA MPUOOPTOBBIC
MaccHBbl. V3MeHeHHne HampspKeHHO-1e(hOpMHPOBAHHOTO CO-
CTOSTHHSI TOPHBIX TIOPOJI MOKET MPUBECTH K Pa3BUTHIO OIIac-
HBIX Je(OPMAIMOHHBIX MPOIECCOB, CHIDKCHHIO YCTOHYH-
BOCTH OTKOCOB, HapyIICHHIO TEXHOJIOTHYECKOTO IIpoIiecca,
HSKOHOMHYECKHUM TIOTEPSIM ¥ BOSHUKHOBEHHIO aBAPUIHBIX CH-
tyanuii [1-3]. [oaTomy obecrniedeHne ycToiunBOoCTH OOPTOB
KapbepoB SIBISETCS OAHUM W3 KITIOYEBBIX YCIOBHH Oe3omac-
HOM 1 3(h(heKTUBHOM IKCILTyaTaIll MECTOPOKICHUH.

3HAYATENPHBIA BKJIAJ B Pa3BUTHE TCOPUU TCOMEXaHHUKH
1 METO/IOB OIICHKH YCTOHYHMBOCTH MAaCCHBOB BHECIH OTEYe-
CTBEHHBIC U 3apyOekHbIe HccaeaoBaTenu [4—6]. B mocnexnue
TOJIBI IUPOKOE MMPUMEHEHHE TIOYYMIA CITyTHUKOBBIE TEXHO-
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CKHE KOMILJIEKCHI, JIa3epHOE CKAHMPOBAHKE M YHCIIEHHOE MOJIe-
JIUPOBAHUE, TTO3BOJISIFONIUE CYIIIECTBEHHO MOBBICUTH TOYHOCTh
re0TeXHHYEeCKOro MOHUTOpUHTa. OJJHAKO CyIIECTBYIOIINE Me-
TO/IBI HE BCer/Ja 00eceyrBaloT HaJeKHOE MTPOTHO3UPOBAHUE
Pa3BUTHS OMACHBIX TEOMEXaHUYECKHX TIPOIIECCOB B CIIOMKHBIX
TOPHO-TEOJIOTHYECKHUX YCJIOBHUSX, YTO OOYCIIOBIMBAaeT HEO0O-
XOIUMOCTh JIaJIbHEUIIIETO COBEPIIICHCTBOBAHUS KOMITJICKCHBIX
METOJIOB MOHUTOPHHIA W MOJICIHUPOBAHUS HAIPSKECHHO-JIC-
(hOopMHPOBAHHOTO COCTOSTHHS MaccuBa [7-9].

Ilenp paOOTHI — MOBBIIICHUE MPOMBIIUICHHON M 3KOJIO-
rH4eckoll 0e30macHOCTH pa3padoTku BacmiibkoBckoro Me-
CTOPOXKICHHUS IyTEM COBEPIICHCTBOBAHUS METOAUKU TI€O-
TEXHUYECKOTO MOHHUTOPUHTA M MPOTHO3HPOBAHUS OMACHBIX
reoMeXaHN4YeCKUX MPOLIECCOB Ha OCHOBE MOJICIIMPOBAHUS Ha-
MPSDKEHHO-T1e()OPMHUPOBAHHOTO COCTOSTHHSI MacCHBa TOPHBIX
TIOPOI.

MeToabl HCCJIETOBAHUNA

JIns TOCTHIKEHUST MOCTaBICHHOM €M MCIOJIb30BaH KOM-
TIJIEKCHBIN MOJIXO0/1, BKJIFOYAIOIINI HH)KEHEPHO-TE€0JIOTHIECKUE
HCCIIeIOBaHMs, CTPYKTYPHO-TEKTOHHMYECKOE KapTHPOBaHUE,
BBICOKOTOYHBIC MapPKIICHIEPCKO-Te0IC3UUCCKIE HAOTFOICHUS
C HUCTOJb30BAHUEM COBPEMEHHBIX T'€OTEXHUYECKUX H3MEpH-
TeNbHBIX KoMILIeKcOB B GNSS-TexHoI0rHii, a TakKe aHaau3
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HaTPsKEHHO-1e()OPMUPOBAHHOTO COCTOSIHUSI MACCHBA C MIPH-
MEHEHHEM METO/IOB T€OMEXaHUUECKOTO MOJIETUPOBAHUSI.

Pe3yabraTbl  00cyKIEHHE

TI'opno-zeonozuueckue ycnogusn

JleranbHO W3YYeHBl 20PHO-2€0/102UYecKUe W TOPHO-TEX-
HU4eckue ycinoBusa BacunbkoBckoro mectopokaenus [10].
MecTopokaeHuEe ABISIETCS OJHUM M3 KPYMHEHIINX 00BEKTOB
3050TOI00BIBaONICH NpoMblilIeHHOCTH PecnyOnnku Kazax-
CTaH M BXOAMT B YHCJIO JIBA/ILATH KPYITHEHIITMX 30J0TOPYIHBIX
MECTOPOXK/ICHUI MHpa 10 BEJIMYMHE 3a11acoB, MaciuTabam J10-
ObIUM W NPOM3BOJICTBEHHOMY MOTEHIHMATy. MecTopoxieHne
pacrionokeHo B AKMOJIMHCKOM oOnactu Pecnyonukn Kazax-
ctaH, B 17 kM k ceBepy ot ropoaa Koxkmeray. Paiion xapak-
TEpU3yeTcsi BHICOKMM YPOBHEM IIPOMBIIIEHHOTO OCBOCHHMS
U Pa3BUTON WHXKEHEPHO-TPAHCHOPTHON HHQpacTpyKTypoii,
BKJIIOYAIOLIel aBTOMOOMJIbHBIE W IKEJIE3HOAOPOXKHBIE Maru-
CTpaj, dHEPreTHUCCKUEC CETH, OOBEKThI BOIOCHAOKCHUS U
MIPOM3BOJICTBEHHbIE 0a3bl, 4TO obecreunBaeT 3ddexTrBHOE
(YHKIIMOHUPOBAHUE TOPHO0OBIBAIOIIETO MTPEAIPUSTHSI.

B reomnorumueckoM OTHOWIEHWH BacuibkoBCKoe pyaHOE
T10JIe IPUYPOUCHO K ANThIOANCKON CHHKIMHAIBHON CTPYKTY-
pe ¥ IpeacTaBiseT coOOW KPyIMHOMACIITAOHBINA 30J0TOPY/-
HBIH LITOKBEPK THIPOTEPMAIILHOIO MPOUCXOXKIeHUs. PynHoe
Tesno uMeeT GopMy MOJTY3aMKHYTOTO TOJICTOCTEHHOTO AJUINII-
ca ¢ OTHOCHTENILHO Oe3pyAHBIM IIEHTPAIBHBIM SJPOM, OKpY-
YKEHHOT'O CHCTEMOMW T'yCTO Pa3BUTBIX KBapLEBO-CYIb(UIHBIX
KU M MPOXKHIIKOB, COIEPIKAIIUX MPOMBIIIICHHYIO 30J0TO-
HOCHYIO MUHEpaiu3aiuo. Takoe ctpoeHue 00ycioBuiio ¢op-
MHUPOBaHHE 3HAYUTEIHHBIX 3al1aCOB IOJIE3HOI'O MCKOIAEeMOT0
U TIPEJONPEIENINIO0 BEIOOP TEXHOJIOTHH Pa3pabOTKH MECTO-
poxneHus (puc. 1).
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Puc. 1. CrpykrypHas cxema BacnibkoBckoro
MEeCTOPOKIEHHSI.
Cyper 1. BacuiibKkoB KeH OPHBIHBIH KYPbLIBIMIBIK CYJI6AChI.
Figure 1. Structural scheme of the Vasilkovskoye deposit.

B Hacrosimiee Bpemsi pa3paboTka MECTOPOXKACHHS OCy-
INECTBJISACTCA OTKPBLITHIM CHOCO6OM C HCIIOJIB30BAHUEM BbI-
COKOIIPOU3BOAUTE/IbHBIX TOPHOTPAHCHOPTHBIX KOMIIJIECKCOB.

Kapbeep umeer pa3smepbl 10 BEpXHHM TOPH30HTaM IOPsiAKa
1000-1200 m B auamerpe, TeKyinas riyOuHa gocturaet 495
M, a MpoeKTHas riryouHa cocrasisier 540 m. [To mepe yBemnmye-
HUsI TyOUHBI pa3pabOTKU CYIIECTBEHHO BO3PACTAIOT 00bEMBI
BCKPBIIIHBIX Pa0OT, YCIOXKHSIOTCS HHXXCHEPHO-Te0JIOTHYe-
CKHE M F€OMEXaHW4YeCKUe YCIIOBHS IKCILIyaTaluu OOpTOB Ka-
pbepa, 4To TpeOyeT MOCTOSIHHOI'O COBEPILIEHCTBOBAHMUS TEXHO-
JIOTUH re0TEXHUYECKOr0O MOHUTOPUHIA, KOHTPOJIS YCTOMYUBO-
CTH OTKOCOB U YIIPaBJICHHsI HAIPSHKEHHO-1e(OPMUPOBAHHBIM
COCTOSIHHEM MacCHBa TOPHBIX ITOPOI.

TexHonoruueckas cxema MpenpHusiTHs 00ecreunBaeT MmoJ-
HBII LUK NIepepaboTKi MUHEPAJILHOTO CBIPbS C IOJIyYeHUEM
cruaBa Jlope, KOTOpBIM SIBJISIETCSI IPOMEXKYTOYHBIM IIPOILYK-
TOM ITPOH3BOJICTBA ah(PUHUPOBAHHOIO 30J10Ta. BhICOKMIA ypo-
BCHb aBTOMAaTH3allUM TEXHOJIOT'MYCCKUX IPOLCCCOB, IMPUME-
HEHHE COBPEMEHHOT0 000PYI0BAHUSI M CHCTEM IKOJIOTHUYECKO-
r0 KOHTPOJIS TTO3BOJISIIOT 00ECIeunBaTh BBICOKHE MTOKa3aTeNn
W3BJICUEHHMS 30J10Ta MPU COOIONEHUN MEXITyHAPOJHBIX Tpe-
0OOBaHUI1 MPOMBINIJICHHON U 3KOJOTHYECKOI 0€3011aCHOCTH.

B Hacrosmee Bpems AO «AnteiHTay Kokmeray» peanu-
3yeT CTpaTerHyecKyro MporpaMMy NalIbHEHIIEro OCBOCHHS
MECTOPOKACHUS, NPEAYCMATPUBAIOIIYIO YIIIyOJIeHHEe Kapbe-
pa ¥ MOATAIHBIN 1epexo/l K KOMOMHUPOBAHHOW TEXHOJIOTHH
pa3paboTKu C MOCIEAYIONIMM OCBOGHHEM IITyOOKO3ajerao-
IIMX 3aMacoB TMOA3EMHBIM crocoOoM. Peanm3zarus maHHOM
CTpAaTeTUu MO3BOJIUT 3HAYUTECIBHO MPOAJIUTHL CPOK OKCIIITY-
aTaluu MCECTOPOXKACHHS, MOBBICUTH IMOJHOTY H3BJICUCHUA
3arnacoB M 00ECHeYuTh yCTOMYMBOE DPAa3BUTHE OIHOTO W3
KPYIMHEHIIUX MPEANpUSATHHA 30J0TON00BIBAIONICH OTpaciu
Kazaxcrana (puc. 2).

a 7] 6

Puc. 2. IlepcnieKTHBHBIE HANIPABJIEHUSI PA3BUTHS
BacuiibKOBCKOro MeCTOPOKIEHUSI: d — pacuiupenue
Kapvepa, 6 — yenyonenue xapvepa, 8 — nepexoo K no03emHoul
paspabomke 21y60K03ane2aiomux 3anacos.

CypeT 2. BaCM/IbKOB KeH OPHBIH UTepyaiH
MEePCNEKTHBAIBIK OAFBITTAPBI: d — KapbepOi Keyelumy;,
0 — Kapbepdi mepenoeny, 6 — mepenyoe OpHAIACKAH
KOPAApObl HCepacvl Maciiimen usepyee Kouty.
Figure 2. Prospective development directions of the
Vasilkovskoye deposit: a — pit expansion,

b — pit deepening; ¢ — transition to underground mining of
deep-seated ore reserves.

B rakux ycnoBusx sdexruBHas u 6e3omacHas oTpadoT-
Ka PYIHBIX JKUJI BOBMOXKHA TOJIBKO TIPH OPraHU3alUH TeoMe-
XaHNYECKOT'O MOHUTOPUHI'a COCTOAHHUSA MMOPOAHBIX MaCCUBOB,
3aKJIIOYAIOLIErocs: B CHCTEMAaTHUSCKHUX HaOMIONCHUSX 32 IIPO-
CTPaHCTBEHHO-BPEMECHHBIMU T'€COMCXaHUYCCKUMU IIpOIECcCa-
MU, BO3HUKAIOLIUMU B MAaCCUBE I'OPHBIX IIOPOZ B pE3yibTare
ero oTpabOTKH; B MareMaTH4ecKod o0paboTKe pe3ysbTaToB
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HaOJIIO/ICHNH; CoflepKaTeIbHOM aHallM3e U MPOTHO3€ COCTOSI-
HUSI IOPOJIHBIX MAaCCHBOB, Pa3padOTKe PELICHUI 10 yrpasJie-
HUIO HCTAaTUBHBIMU MTpOLECCaMU.

Komnnexcnas cucmema zeomexHuueckozo MOHUMOPUH2AQ

Jlst obecrieueHust ycToiUMBOCTA OOPTOB Kapbepa u 0e30-
nacHoro BeJieHus ropHbIx padot Ha AO «Altyntau Kokshetauy
CO3/laHa KOMIUIEKCHAsi CHUCTEMa TI'eOTEXHHYECKOr0 MOHUTO-
puHra, O6’I>CI[I/IHHIOH_[3H ABTOMATU3UPOBAHHLIC I'€OAC3NYCCKUEC
HAOJFOZICHHUS, T€OPaIHOIOKAIIMOHHBIN, THAPOTeOIOTHUCCKUH,
CEeHCMMYECKUIl U CIyTHUKOBBIH MOHHTOPHUHI, a TaKXe 4HC-
JIeHHOE MojeiupoBanue. KoMIuiekcHOe NpUMEHEeHHE COBpe-
MEHHBIX METOJIOB OOCCICYMBAET HEMPEPHIBHBIN KOHTPOJIb
HAarpsHKEHHO-/1e()OPMUPOBAHHOTO COCTOSIHUSI ITPUOOPTOBOTO
MacCHBa U MO3BOJIAET CBOCBPEMECHHO BbBIABIIATL IOTCHUHAIb-
HO OmacHbIe Jie()OpMALMOHHBIE TPOLIECCHI.

OCHOBY T€0Je3MYECKOr0 MOHHUTOPUHIA COCTaBIISIIOT TPU
aBTOMAaTH3UpoBaHHbIC cTaHmuu Leica GeoMoS, ocHaleHHbIe
POOOTH3NPOBAHHBIMU AJIEKTPOHHBIMU TaxeomeTpamu Leica
TMS50. Cucrema obecrieunBaeT KpyIIOCYTOUHBIH KOHTPOJIb
MIPOCTPAHCTBEHHOTO IOJIOKEHUSI OTpakaresiei, yCTaHOBJICH-
HBIX Ha Ooprax kapwepa. [1o cocrosinuro Ha konern 2025 roxa
CeTh MOHMUTOPHMHIA BKIIIOUaeT 637 KOHTPOJBHBIX IYHKTOB C
JIAJIbHEHIIINM PACIIMPEHHUEM 10 Mepe YIIIyOlIeHns! TOPHBIX pa-
60t. B 2026 romy mpeaycMOTpeHa YCTaHOBKA JOMOJIHUTEIIb-
HBIX OTpamaTenei?I 1 HOBBIX aBTOMAaTHU3UPOBAHHBIX CTaHHI/Iﬁ,
YTO MO3BOJIUT IMOBBICUTH TOYHOCTH U OINCPATUBHOCTH OIIpEC-
nenus aedopmaruii (puc. 3).

Puc. 3. CucreMbl MOHUTOPHHIA: @ — 2€0pA0apHblil; 6 —
Kocmuueckull, 8 — GeoMoS; 2 — monumopuneogvle mouxu;
0 — cellcMuyecKull MOHUMOPUHL.

Cypet 3. MOHUTOPHHITIK :KYiie: a — ceopadapnvik, 6 —
eapoiuumoix; 8 — GeoMoS;

2 — MOHUMOPUHSIMIK HYKMenep, O — CeUCMUKANbIK
MOHUMOPUHE.

Figure 3. Monitoring systems: a — ground-based radar,
b — satellite; ¢ — GeoMoS, d — monitoring points; e — seismic
monitoring.

Pesyabrarsl

OCHOBHBIM DJIEMEHTOM CHCTEMBI OIEPAaTHBHOTO T'eOTEX-
HHUYECKOTO KOHTPOJISA SIBIISIOTCS TEOpaJapHbIC KOMIICKCHI
IDS IBIS ArcSAR-360 Performance, obecreunBaromue He-
MPEePHIBHOE AMCTAHIIMOHHOE CKaHHUpPOBAaHHE OOPTOB Kaphepa

T'opnuwuit scypnan Kazaxcmana Ne9’ 2026

C MEepUOANYHOCThIO 2 MUHYTHL. OOpaboTka M3MepeHuil BbI-
TIOJIHSIETCS B PEXKUME PEaJIbHOTO BPEMEHHU C aBTOMATHUECKUM
BBISIBJICHHMEM 30H aKTHBHOIO Je()OPMHUPOBaHHS, PacueToM
CKOpocTell cMerieHnid 1 (GpOopMHUPOBAHUEM TIPEIYIPEIUTEIb-
HBIX CHT'HAJIOB TP MPEBBILICHUH YCTAHOBJICHHBIX TIOPOTOBBIX
3HA4YEHUIl.

Pesynbrarel reopailapHOro MOHUTOPUHIA TTO3BOJISIIOT CBO-
€BPEMEHHO BBISIBIISITH pa3BUTHE JIe(hOPMALIMOHHBIX IPOLIECCOB
Y OLEHMBATh JIMHAMHUKY CMEIIEHHH MOTEHIIMAIBHO HEYCTOM-
YHMBBIX Y4acTKOB. B kadecTBe mpumepa Ha puc. 4 mpeacras-
JIEHBI Pe3yJbTaThl MOHUTOPHHIA CMELICHUH y4JacTKa BbIBaja
B 30He Ne 5 3a utonb 2025 roga. AHaIN3 MONTY4YEHHBIX JAHHBIX
CBHJICTEJILCTBYET O JIOKAJIILHOM XapakTepe pa3BUTHsI Jedop-
Malyi U MO3BOJISIET ONPENEIUTh IPOCTPAHCTBEHHOE pacipe-
JIeJICHUE BEJIMYMH CMEIEHHUH, a TaKkKe BBLICINTH Hanboiee
OIIaCHBIE YYaCTKH, TPEOYIOIHE YCUIEHHOTO HHCTPYMEHTAb-
HOTO KOHTPOJISt ¥ MPOBEJCHUSI TIPEBEHTHBHBIX MEPOIPHSITHIHA
110 o0ecrieyeHnto 0e30MacHOCTH TOPHBIX PadoT.

YuacTok swigana g zoHe N°5.

.
PR

mm.
E i)

Puc. 4. PesyabTarsl paiapHOro MOHMTOPHHIA YYACTKA
BbIBaJ1a B 30He Nt 5 3a nionb 2025 1.

Cyper 4. 2025 xKbL1Fbl MaycbIM alibIHAAFBI Ne 5
aliMaKTarbl ONBIPLLIY YYACKeCiHIH pagapibIK
MOHUTOPHHI HITH:KeJIepi.

Figure 4. Results of radar monitoring of the slope failure
area in zone No. 5 for June 2025.

BBeeH CIyTHHKOBBIT MOHUTOPHHI YYacTKOB Kaphbepa,
PYIHBIX CKJIAZIOB U TOPOIHBIX OTBAJIOB. CITyTHUKOBBIN MOHHU-
TOPUHT O0CCIIEYMBACT KOHTPOIb AedopMaliuii Ha OONBIION
IUIONIAJM ¥ TO3BOJSICT aHAIM3UPOBATh MEIJICHHBIC CMeEIIe-
nus. Kaxnpie 11 gHeit, mocne nposiera CIyTHUKOB Haj Tep-
puropueit AO «Altyntau Kokshetau», oOHOBIIsIIOTCS 1aHHBIE
CKaHMPOBAHUSI, TO3BOJISIOLIHIE ONPECIUTh CMEIICHHS MacCH-
Ba rOpHBIX MOpoj. [1o JaHHBIM CITyTHUKOBOTO MOHHTOPHHTA C
anpenst 2024 rona o uroHb 2025 roga 3aperucTpupoBaHO Ha-
nuaue 1ehopMaIMOHHBIX MporeccoB B 30He Ne 9 (puc. 3, 6).

ABTOMATHM3MpOBaHHAs CUCTeMa MOHHUTOpHHra Leica
GeoMoS (puc. 3, 6), OCHOBaHHas Ha POOOTU3UPOBAHHOM
JJIEKTPOHHOM Taxeomerpe Leica, 0OecrieunBacT HENpephIB-
HbIC HAOJIOICHUS 32 CEThIO U3 637 MOHUTOPHUHTOBBIX TOUYCK
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(puc. 3, 2), pa3MeIeHHBIX 0 BceMy KaphepHoMy momo. Cu-
cTeMa aBTOMAaTHYECKH ONpEJelsieT MPOCTPAHCTBEHHBIE CMe-
IIEHU, PACCYUTBIBACT UX BEJIMYNHY, HAIPABJICHHUC U CKOPOCThH
pasButus nedopmanuii. B kauectse npumepa Ha puc. 5 npe-
cTaBJIeHbl TpauKK cMelleHuit 3a Heaemro B 30He Ne 10 Cese-
po-BocrouHoro 6opra kapbepa.

stance (mm)

Puc. 5. I'papuxku cmemenusi no GeoMoS MOHHTOPHHTY.
Cypet 5. GeoMoS MOHUTOPHUHT] GOIbIHIIA BIFBICY
rpagukTepi.

Figure 5. Displacement graphs based on GeoMoS
monitoring.

ITomMrMoO Teone3NIecKUX U TeopagapHbIX HAOMIOACHUH, HA
TIPEATIPUSATHN PEaN30BaH KOMIUIEKC JOMOIHUTEIBHBIX METO-
JIOB TEOTEXHUYECKOTO KOHTPOJISl, OOECIIEUNBAIOIINX BCECTO-
POHHIOIO OIIEHKY COCTOSIHMSI MacCHBa TOPHBIX mopon. Pery-
JISIPHO BBITIOTHSACTCS CEHCMUUECKIH KOHTPOIIb OYPOB3PBIBHBIX
paboT ¢ OLIEHKOI MapaMeTpPOB CEHCMUYIECKOTO BO3ACHCTBHS U
COOMNIONEHHSI TEOTEXHMUECKUX PEKOMEHAAIMH IIPU BEICHUU
B3pBIBHBIX pa0OT, YTO MO3BOJSIET MUHUMHU3HPOBATh UX BIUS-
HHUE Ha yCTOWIMBOCTH OOPTOB Kapbhepa U MPEJOXPAHUTEIBHBIX
oepM.

Jns wccnenoBaHusl CTPYKTYpHOTO CTPOEHHS MacchuBa ¢
2019 roma mpuMeHSETCS MPOTPAMMHBINA KOMILIEKC Sirovision
Datamine, obecrieunBarOIInil TpeXMEpHOE KapTHPOBAHUE
TPEIUHOBATOCTH 0 MH(POBEIM U300PaKEHUSIM OTKOCOB Ka-
pwepa. [lomydenHble JaHHBIE UCTIONB3YIOTCS TP OCTPOCHUH
CTPYKTYPHO-TEOJIOTHUECKUX MOJIENEH U yTOUHEHNH TeoMexa-
HUYECKUX XapaKTEPUCTUK MACCHBA.

ABTOMaTH3UpOBaHHAs TeopajapHas CHCTEMa, BKJIIOUAO-
mas TpPU pajapa, OCYLIECTBIAET KPYIIOCYTOYHOE CKaHMPO-
BaHHUE TEpPHMETpa Kaphepa ¢ WHTepBaioM 2 MHHYTHL. OOpa-
00TKa pe3yNbTaTOB BBIMOIHICTCS B IPOrPAMMHOM KOMILJIEKCE
Guardian FPM-360, o0ecrie4ynBaroiieM aBTOMaTHYECKOE BBbI-
SIBIICHHE 30H aKTUBHBIX Je(OpPMaIInii, pacdeT CKOPOCTEH cMe-
LIEHUH U repefady MH(OpPMaIK B peXKUME PeaIbHOTO BpE-
MEHHM Ha JUCIETYEPCKUN ITyHKT pyaHuKa. [Ipu mpeBeiennn
YCTQHOBJICHHBIX TTOPOTOBBIX 3HAYEHHUI CHCTEMa aBTOMaTnye-
cKH (hopMHpYyeT NMPEAyNPEKAAIOMNIT CUTHAI, YTO MO3BOJISIET
CBOEBPEMEHHO MPUHUMATh MEPHI MO TPEIOTBPAILICHUIO aBa-
PUMHBIX CUTyaLMi.

[IpencraBute B paMKax ONHOW CTaTbU BECh O0BEM eke-
JTHEBHBIX M €XKEMECAYHBIX PE3yJabTaTOB MOHUTOPHHTA, MOIY-
YEHHBIX T€OTEXHUYIECKON CITyKOOH, HE TPEICTaBISETCS BO3-
MOXHBIM. VX neTanbHbIi aHanm3 OyaeT U3JI0/KEH B OT/ACIBHBIX
HayYHbIX ITyOIUKaIUsIX

Jnst obecrieueHnst HEMPEPHIBHOCTH KOHTPOJIS OPTraHU30Ba-
HO KPYIIIOCYTOYHOE JISKYPCTBO CIICIHATINCTOB TEOTEXHUYC-

CKO CITy’KOBI, @ TEXHUYECKOE COIPOBOXKJICHHUE IeopajapHOn
cUCTeMbl ocyllecTBisieTcss koMmnanuei Leica Geosystems
Kazakhstan. Ha ocHOBe MaHHBIX MOHHTOPHHIA PErYJISPHO
(hopMupYIOTCSI KapThl TEOTEXHUYECKUX onacHocTer (puc. 6),
HCIOJBb3YEMBIC IPU TUIAaHUPOBAHUU U 6e3OHaCHOM BEICHUHN
TOpPHBIX padoT.

Puc. 6. Kapra reorexHu4ecKux OnacHbIX 30H.
Cypert 6. I'eoTexHuKaIBIK KayinTi aiiMaKTapabIH
KapTachl.

Figure 6. Geotechnical hazard map.

Taxmm o6pazom, B AO «Altyntau Kokshetauy» co3mana mao-
rOypOBHEBas HHTETPHPOBAHHAS CHCTEMa TI'COTEXHHYECKOro
MOHHTOPHHTIA, OOBEAMHAIOAs HMHCTPYMEHTAJIbHBIE HAOMIIO-
JCHUS, ITUCTAaHIMOHHBIE METOIbl M3MEPEHHH, CIIyTHUKOBBIN
MOHHTOPMHI W YHCIEHHOEe MozaenupoBaHue. KommuekcHoe
UCIIONB30BaHUE YKa3aHHBIX TEXHOJIOTHH oOecriednBaeT CBO-
€BPEMEHHOE BBISBJICHHE ONACHBIX T€OMEXaHNYECKUX IpoLec-
COB, MMOBBIIIAET JOCTOBEPHOCTh OLIEHKH yCTOHYMBOCTH OOp-
TOB Kaphepa U CIOCOOCTBYEeT 00ECTICYCHUIO TPOMBIIIEHHON
0€30MaCHOCTH MIPH BEICHUH OTKPBITHIX TOPHBIX PadOT.

BriBoabI

[IpoBeneHHBIN aHAIM3 COBPEMEHHOIO COCTOSIHUSI T€0TEX-
HUYECKOTO MOHHTOPHHTa BacHIIBKOBCKOTO MECTOPOXKICHHMS
MIOKa3aJI, YTO 0 Mepe yBEIMUECHUS NTyOHHBI OTKPBITOH pa3pa-
OOTKHM BO3pacTaroT TPeOOBaHUS K OOCCIEYCHUIO YCTOMIMBO-
cTH OOPTOB Kapbepa U CBOEBPEMEHHOMY BBISIBIICHHIO OTTACHBIX
TEOMEXaHNIECKNX MPOLECCOB.

YcraHoBneHO, 4To Hanbonee >(pPEKTHBHBIM HAIIPABICHU-
eM SBIISeTCA TPHMEHEHHE KOMIUIEKCHOTO T'€OTEXHHUYECKOTO
MOHHUTOPHHTA, OOBEIUHSIOIIET0 aBTOMAaTH3UPOBAHHBIE I€0-
JIE3NUECKHE HaOMIONECHUs, TeopaJapHbIi, THAPOreoIornye-
CKHM, CITyTHUKOBBIM M CEMCMMUYECKUI MOHUTOPHUHI, a TaKkKe
METOZbI UHCJIIEHHOTO T'€OMEXaHWYECKOrO MOJEIUPOBAHMS.
WuTerpanns pasnudHbIX METOAOB HAOMIOAEHUH oOecnednBa-
€T TIOoTyueHNe HanboJiee MONHOW WH(POPMALUU O COCTOSHUHU
pUOOPTOBOTO MACCHBA U MOBBIIIAET HA/IE)KHOCTh OLIEHKH €TO
YCTOMYUBOCTH.

ITokazaHo, 4TO MCIIOIB30BAHUE COBPEMEHHBIX aBTOMATH3H-
poBaHHBIX cucTeM MoHUTOpHHTa HAa AO «Altyntau Kokshetauy
MIO3BOJISIET OPTAHM30BaTh HEMPEPBIBHBIN KOHTPOJIb Iedopma-
IIMOHHBIX MPOLECCOB, CBOCBPEMEHHO BBISABIATH MOTCHIINAIb-
HO OTACHBIC YYACTKH M NPUHUMATh WHKCHEPHBIC PEIICHHS,
HaIrpaBJIeHHBIE Ha 00eCIIeYeHNe POMBINUICHHON 0e30macHo-
CTH TP BEICHUN OTKPBITBHIX TOPHBIX PadoT.

[lepciekTHBBl NadbHEHIIErO pa3BUTHUS TE€OTEXHUUYECKOIO
MOHHUTOPHHTIA CBA3aHBI C COBEPIICHCTBOBAHUEM KOMIUICKCHON
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00paboTKN Pa3sHOPOAHBIX JAHHBIX, PACIIUPEHUEM HPUMEHE- BaaropapHocTh

HUSI TU(QPOBBIX FTeOMEXaHUYECKUX MOJIEIICH, TEXHOIOT Ui InC- Asmopuvl  svipadicalom  UCKPEHHIONW  O1a200apHOCHLb
TAHIMOHHOTO 30HIAMPOBAaHUS 3e€MJIM M aBTOMATU3UPOBAHHBIX  CHEUUATIUCHIAM 2€0MEXHUUECKOU CYyHcObl U MapKuieidep-
CHUCTEM IPOTHO3UPOBAHUSI JC(POPMAIIMOHHBIX MTPOIECCOB, YTO K020 omoena AO «Altyntau Kokshetauy» 3a npedocmaenen-
OyzieT criocoOCTBOBATH TOBBIIICHHIO 0E30I1aCHOCTH U dYPPEK-  Hble Mamepuansl, co0eicmeue U HOMOULb 8 NPOBEOCHUU NO-
TUBHOCTH Pa3padOTKH NIyOOKUX KaphepoB. J1e6b1X HAONI00eH UL

b
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CY PECYPCTAPBIHBIH JIACTAHYDBI )KOHE
OHBbI HIEIIYAIH KOJJIAPLI

Amnparna. Makanana Ka3akcTaHHBIH Cy pecypCTapbIHbIH, OHBIH iIIIHJE jKEPACThI CYIAPBIHBIH HETI3ri JIACTaHy KO3Iepi KapaCTBIPbUIBII, OJIAPABIH kKal-KyWiH Oara-
JlayFa apHaJlFaH KalllbIKTaH MOHUTOPUHITEY dJlici YCBIHBUIFAH. 3ePTTey/IiH MaKcaThl — baskann ke skarajiayblHAAFbl KCH OHJIPY jKoHE KeH 0allbITy KaCiNOpbIHIAPBIHBIH
KBI3METIHEH TYBIHJAMTBHIH ayblp METaJJapMeH JIaCTaHy ePeKIICSTIKTEPiH aHbIKTAy )KOHE OHBIH aJJbIH ayFa OarbITTAFaH WHKCHEPIIK KOJDKETIMII 9pi SKOHOMHUKAIIBIK
THiMZI oicTi d3ipiey. 3epTTey GapbIChIHAA IPEHAKIBIK JKylieaep MeH OaKplIay YHFbIMAIAPhIH Mafianana OTIPHII, JIACTAYIIBI 3aTTapABbIH Tapaily OarbIThIH OaKbLIay TOCLII
KapacThIPbULIbL. ¥ CBIHBUIFAH OJIiC APEHAKIBIK apHAIap MEH KOl apajibIFbIHIa OPHATACKaH OaKblldy YHFbIMAJaphbl apKbUIbI JIACTAYIIbI 3aTTaP/IbIH MUTPALIMSCHIH Y3/iKCi3
OakplIayra MyMKIiHIIK Oepeni. HoTmkenep Tay-keH KociopbsIHIapbIHIa eHrisinin, Satbayev University oKy yzepicinie KoJIaHbUTyAA.

Tyiinoi cesdep: cy pecypcmapnl, CyOblH 1ACMAHYbL, AYbLP MEMANOAP, KAUbIKMbIKIMAH MOHUMOPUHE.

Water resources pollution and ways to address it

Abstract. This paper examines the major sources of water pollution in Kazakhstan, including groundwater, and proposes a remote monitoring method for assessing
their condition. The aim of the study is to identify the characteristics of heavy metal pollution caused by the activities of mining and ore-processing enterprises in the coastal
zone of Lake Balkhash and to develop an engineering-feasible and economically efficient method for preventing such pollution. The proposed method enables continuous
monitoring of contaminant migration through observation wells installed between drainage channels and the lake, providing information on changes in water quality. The
research results have been implemented at mining enterprises in Kazakhstan and are used in the educational process at Satbayev University.

Key words: water resources, water pollution, heavy metals, groundwater, remote monitoring.

3arpsi3HeHHEe BOJHBIX PECYPCOB U MYTH €r0 pelieHns

AnnoTanus. B cTathe paccMOTPEHbI OCHOBHBIE HCTOYHHKH 3arPA3HEHMs BOIHBIX pecypcoB KasaxcraHa, BKiHoUas MoJA3eMHbIE BOJIBI, M IIPEIOKEH METOM JIMCTaHIH-
OHHOT'O MOHHTOPUHTA UX COCTOsHMS. L1enb nccie10BaHus — BBISBIEHHE 0COOEHHOCTEH 3arpsA3HEHUs TKEIBIMU METAILIAMU, 00y CIIOBIEHHOTO JIEATENbHOCTBIO TOPHOIO00bI-
BAIOLINX M TOPHO-000raTHTENBHbIX MPEANPUATHH, PACIOTI0KEHHBIX Ha oOepexbe 03epa banxa, n pa3paboTaTs HHKEHEPHO JOCTYITHBIA U SKOHOMUYECKH (D ()EKTUBHBIIT
METO/I, HANPaBJICHHBII Ha MPETyNPEkKICHUE JAHHOTO 3arpsi3HeHHs. B nccie0BaHuy paccMOTPEH TOIX0/1, OCHOBAHHBIH Ha MCHOIb30BAHUN APEHAKHBIX CHCTEM M Ha0III0-
JIaTeNbHBIX CKBAKUH JIJIsi KOHTPOJIS MUIPALIMK 3ar pA3HAIONIMX BemecTs. [Ipeutaraemplii MeTos obecrieurBaeT HeNpephIBHBIA KOHTPOIIb PACPOCTPAHEHHs 3arps3HUTeNeH
C UCIOJIB30BAHUEM CKBAXKHH, PA3MEIIEHHBIX MEK/Ty JAPEHAKHBIMH KaHAJIAMU M 03€POM, 4TO IT03BOJIAET OTCIIEKUBATH N3MEHEHHs KaueCTBa BOJIbl. Pe3yibTaThl HCcie0Ba-

69

HHSI BHEIPEHBI HA TOPHOZOOBIBAIOIINX TIPEAIPUSITHAX M HCTIONIB3YIOTCS B 00pa3zoBarensHoM npouecce Satbayev University.
Kniouesvie cnosa: 6oonvle pecypcui, 3azpssnenue 600bl, Magicenble Memaiivl, NO03emMuble 600bl, OUCTAHYUOHHII MOHUMOPUHE.

Kipicne

Kazakcran cy pecypcrapbl OOWBIHIIIA QJIEMJIET] Cy Tallllbl-
JBIFBl OalKaJIaThIH eJJIepAiH KaTapblHa jkartanpl. Enain cy
KOPBI XKep YCTi JKoHE Kep acThl CyJapbl eceOiHEeH KalblNTa-
cazpl. XKep ycry cynapbiHbH 44,3%-bI KepIizec MeMIICKeT-
Tep ayMarblHaH KEJICTIH TPaHCIIEKapaJIbIK ©3CHAEP/IIH aFbIHBI
eceOiHEeH KaJIbIIITaCKaH.

CapanramainblK Jepekrep OOHBbIHIIA, pecryOnuKa ayma-
FBIHJA KaH OachlHA IIaKKaHJAFbl JKBUIIBIK CYy PECypCcTapbl-
HBIH KOJIEMi OpTa €CelIleH maMaMeH 6 MbIH M® Kypanpl, Oy
kepcetkim Peceii denepanusceiMeH canbICThIPFaHa MIaMa-
MeH aiThl ece ToMeH. KazakcTaH TaOuFH ’KoHE MUHEPAJJIBIK
pecypcTapra Oaif MemJleKkeT OOJIFaHbIMEH, CY PECYpCTaPBIHBIH
MISKTEYIIJITT eIIH TYPAKTHI QJIEYMETTiK-9KOHOMHUKAIIBIK, Ja-
MybIHa 9cep eTeTiH MaHbI3Ibl (aKTOpIapAblH Oipi OOJBIIT
ecenreneni. KazakcTaHHBIH Cy pecypCTapbIHBIH endyip Oerriri
TpaHCIIEKapabIK ©3EH/EP aFblHbl €CEeOIHEH KaJbINTacapl.
Kanmel cy xopsiHbIH mamameH 50%-b1 Pecelt, Kprraii, Kpip-
FBI3CTaH, O30ekcTaH xoHe ToKIKCTaH aymakTapblHaH Oac-
Tay ajaTblH ©3eH/Aep apKbUIbl Keyeni. OchbiFaH OailIaHBICTHI
TpaHCIIEKapabIK Cy PeCypCTapblH THIMII Oackapy Maceneci
peCIyOIMKaHbIH CY KayilCi3airiH KaMTaMachl3 eTy/Ieri Herisri
OarpITTapAbIH Oipi Oobin TadbuTans [ 1-3]. Ka3zakcran ayma-
FBI 8 HETI3ri Cy IapyambUIBIFEl OacceiiHine Oeminemi (1-cy-
per): Apan-Ceiprapust cy Oaccelini, bankamni-Anaken, Epric,
Ecin, Hypa-Capsicy, Toobsur-Topraii, Illy-Tanac sxone JKa-
neIk-Kacmuii 6accerinaepi.

Aranran GacceifiHIep Cy pecypcTapblH ecelke aiy, Oeury,
nalanany *oHe KOpray CajlachIHAArbl MEMJICKETTIK casicar-
THI iCKe aCBIPYABIH HET13T1 ayMaKThIK OipIiKTepi OOIBIT TaObI-
JaJIbl.

Tobtin-Topraii
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Cypert 1. Kazakcran Pecny0iukacbIHBIH CY
HapyalbLIbIFBI 6acceiinaepi.
Figure 1. Water Management Basins of the Republic of
Kazakhstan.
Puc. 1. Bonoxo3siiicTBeHHbIe Dacceilinbl Pecnydnnku
Kasaxcran.

ConpiMeH Kartap, Kazakcran PecmyOmmkackr ep acTel
cymapblHa aca 0aif MemutekeTTepiH Oipi caHamampl. 3eTTey-
Jepre CyMeHceK, eliMi3aeri maigananyra KapamMabl )KepacThl
Cy KOpbI JKbUIbIHA 55 MIIpJ TEKLIE METPre >KYbIKTalIbl XKoHE
2026 xwuiel Kazakcran PecmyOmukaceiabiy Cy pecypcTapbl
JKoHEe Wppuranus MuHHCTpIIri enme 4803 OapnanraH xep
acThl Cy KeH OpHBI 0ap eKeHiH xapusnaasl. bysr — Kypraknibl-
JIBIK JKHIJIETI, KIIMMATTBIK ©3repic KYIISHIeH Ke3eHae epeKiie
MaHBI3Fa Ue KOPCETKIII jkoHe Oara jKeTIec OalIbIFbIMBI3. by
GalIIbIK MMJUTHOH/IaFaH TYPFBIHHBIH AybI3 CyFa JIETCH CypaHbl-
CBIH OTEIl KaHa KOMMaii, aybll MapyalbUIbIFbl, OHAIPIiC JKoHE
OHJICY CaJIaIapbIHBIH TYPAKThl JKYMBIC iCTEYiH KaMTaMachl3
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ereni. OHBI YKBINTHI Naiiajany, KOPbIH CaKkTay, JlacTaHyJaH
KOpFay — KeJIelleK YPIIaK ajlIbIHAAFbl YIKeH MiHeT. JXKepacTsl
Cy KOPBIH FBUIBIMHU HETi3/e Oarasay >KOHE OHbI THIMJII Maiiia-
nany — KazakcraH yuiiH KyH TOpTIOiHEH TYCHEHTIH MaHbI3/Ibl
MiHgeTTepiH Oipi [4, 5].

Ocsl MakcaTTa efimizze ajirain per KazakcTaHHBIH jKkepac-
Tl CyJlapblHa apHaJFaH KeLIeH/i I'MJPOTeOJIOTHSUIIBIK aTiiac
azipnenai. by ipreni enbexti KP FrutbiM xoHe xorapbl Oi-
JIM MUHHCTPIITiHIH KojijaybiMeH Cor0OaeB YHUBEPCUTETIHIH
AxmencapuH arbiHIaFbl [HIPOreonorus )XoHE Te0dKOJIOTHS
WHCTUTYTBIHBIH FaJbIMJApPbl JaibIHAAIbl. ATIIAC — >KepacThl
CybI TypaJibl OYpPBIH-COHIBI OOJIMaraH KeJeMli dpi KyHeIeH-
reH FhUIbIMU 0a3a. KasakcTaHHBIH jKepacThl CyJaapbl — €JIiH
Taburn Kopsl. COHBIMEH KaTap, €7 SKOHOMHKAHBIH JKETEKII
caJsiaiapbIHbIH Oipi OOJBIN CaHANaThlH Tay-KeH METaJTyprus
KEILIeH], )KepacThl CyJapblHbIH callacblHa alTapibIKTail acep
ereni. Herisri jactany Ke3iepiHE IIAXTaJlbIK JKOHE Kapbep-
JIK cynap, KalIblK CakTay KOWMaiapsl, YHiHIiUIEp, OyiaHy
TOFaHAApbl, arMoc(epaiblK JKaybIH-IIAMIBIH CyJapbl JKOHE
METaJUTYprisUIbIK KaJIbIKTap jkarajpl. bys macene OoiibiHIIa
Kazakcran PecrryOnukachinbiH «Kep KoHHAyBI aKoHE )Kep KO-
HaybIH aianany Typajibh», 3aHbIH/Ia MyHal-ra3 KOCIOPbIH-
JTapbIHA Kep KOWHAYBIHBIH OHEPKACINTIK YKOHE IKOIOTHUSIIBIK
Kayilci3irid KaMTaMachl3 €Ty MaKcaTblH/1a JKep OeTiHiH jKaii-
Ky#iHe TYpaKThl MOHUTOPHHT JKYPri3y MiH/ETI )KYKTeJTreH [6].

3epTTeyain MaKcaThl MeH dfiicTemeci

3epTreyniH Makcathl — bajkain kel KaralayblHIarbl KCH
OHJIIPY JKOHE KeH OalbITy KOCIMOPBIHIAPBIHBIH KbI3METIHEH
TYBIHIAAUTBIH ayblp METAJIAPMEH JIACTaHy epeKIIeNiKTepiH
AHBIKTAY JKOHE OHBIH aJIJIbIH allyFa OarbITTaJFaH MHKEHEPIIiK
KOJDKETIM/I1 9pi 9KOHOMUKAJIBIK THIMJII 9JIiCTI a3ipIiey.

3eprrey bankan eHipiHiH opTYpJli TEXHOT€HIIK )KYKTEMere
YIIBIpaFaH ayMaKTapbIHbIH OHEPKACIIITIK JKOHE IKOJOTHSUIBIK
Kayilci3[irid OaranayblH KEHICHI TOCUIIHE HEri3/ereH.
OJliCHAMAIIBIK TY)KbIPbIMJIaMa T'€0JIe3MsUIbIK, I'€OMEeXaHUKa-
JIBIK, T€0aKIaparThIK YKOHE T'MIPOTreOJIOTrUsUIBIK MOHHUTOPHUHT
quicTepin Oipnecin KoyiaHyabl Ke3/eWai. ¥ ChIHBUIBIIT OThIP-
FaH TOCUIIIH YKEKeJlereH AeMeHTTepi AKOakail anTelH KeHAl
aiimarbl MeH bankain OaiibiTy (paOpUKaChIHBIH BIKIIAN €Ty ay-
Marbl MbICAJIBIH/IA CBIHAKTAH OTKI3UII.

3epTTey HITHIKeNIEPi KIHE Tayaay

DKonozuansvik rHncazoaii

KazakcTaHHBIH OSKOJIOTHSJIBIK JKYHenepi aHTPONOIeHIIK
ocepriepre TO3IMALIINIHIH TOMEHIIrIMEH epekieseHeni. Ex
KYpJeJii 3KOJOTHSUIBIK eHipiepre Apan maHbl, CeMell ChIHAK
MIOJINTOHBIHBIH aymarbl, Kacruil TeHi3iHIH »Karajaybl, COH-
nmait-ak OpTtainsik xoHe OHTYCTiK Ka3akCTaHHBIH 1IOJ XKOHE
menelT aiMakTapsl xkarajpl. Kopiaran oprara y3ak xKbUiiap
00I1bI TEXHOTEHTIK SCEPAIH bIKIAIbl TAOUFH OPTa KOMIIOHEHT-
TEPiHIH TYPaKThl MOHUTOPHHIIH KaXET CTCTiH JKOJOTHUSIIBIK
Kayin JieHreii jKorapbl aiiMaKTap/blH KaJbIITacyblHa AJbIIl
kesmi. OcblFaH OalIaHBICTBl TaOMFHM IKOXKYHeNepaiH Kaii-
KYHiH Oarajiayra yKOHE DKOJOTHMSUIBIK MOHUTOPUHI QJIICTEPiH
a3ipieyre OarbITTallFaH 3epPTTEYJIEPIiH MaHBI3bl epeKIie ap-
TBII OTHIP.

KazakcTaHHBIH CTpPaTerysulblK MaHbI3bl Oap TaOWFU HbI-
canapbiHbly 0ipi — Bankamn ke (2-cyper). On — esueri ey

T'opnuwuit scypnan Kazaxcmana Ne9’ 2026

ipi aFbIHCHI3 IIIKI KeJ1 koHe Ka3akCTaHHBIH OHTYCTIK-IIbIFbI-
CBHIHJIAFBI KyaH aliMaKTap/bl Cy pecypcTapbIMEH KaMTaMachl3
eTEeTIH MaHbI3IbI Cy aiinbiHbl. KemmiH Oipercityiiri OHbIH €Ki
0eJIIKTeH TYpaThblH THAPOJIOTHSUIBIK KYPBUIBIMBIMEH CHIIAT-
Tajamel: KediH Oareic Oeiiri Liie e3eHIHIH CybIMEH KOpPEK-
TEHETIHIKTEeH TYIIbI Cy OOJIbII TaObUIabI, all MIBIFBIC 0OJIiTri
OacceliHep apachlHarbl Cy ajJMacyJblH IIEKTeyli OoiybIHa
OailyIaHBICTBI MHHEpAIJaHy JCHIeHIHIH >KOFapbUIBIFBIMEH
epexueneHeni. KenaiH ruaponorusuiblk peKUMIH cakrayaa
Taburu Kopsl 255,3 M*/c nen OarajilaHaThIH JKEp acThl CyJIaphbl
MaHBI3IbI POJT aTKapajsl [7].
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Cyper 2. baaxam keJiiHiH aliHAJaCbIHA2 OPHAJTACKAH
OHEPKICINTIK HbICAHIAPBI.
Figure 2. Location of Industrial Facilities Around Lake
Balkhash.
Puc. 2. Pacnosio:keHne NpOMbINLIEHHBIX 00beKTOB BOKPYT
o3epa banxam.

CoHFBI OHXBUIIBIKTapAa bankamn KeuiHIH SKOJIOTHSIIBIK
YKaF/1aiibl FRUUIBIMU KaybIMJIACTHIKTBIH €ISyl ajJaHaayIlblIbl-
FoIH TyrbI3yna. Cy albIHBIHBIH THUAPOJIOTHSUIBIK PEXHUMIiHE
1970-xpuIHaphl cajbIHFaH JKoHE Maigananyra oepinren Kan-
maraii cy KoMachl alTapIbIKTai ocep eTTi. liie e3¢HiHIH aFbI-
HBIHBIH a3al0bl KOJITe KeJIETIH Cy KOJEMiHIH TOMEHIeyiHe, Cy
JICHIefiHIH KeMyiHe KoHe TaOUFH Cy TeHrepiMiHiH Oy3bUTybI-
Ha akengi. byn yaepicrepain omaH api jkanFacysl Apa TeHisi
GacceliHiHIIE OPBIH aJFaH DKOJOTMSUIBIK 3aplanrapra yKcac
JKaFBIMCBI3 CalJapra ajibll Kedyl MyMKiH. COHBIMEH Karap,
KeJI DKO)KYHeciHe OHBIH Cy J)KMHAY ajla0blH/1a OpHaIaCKaH Tay-
KEH METaJUyprusi KelleHi KocCillOpBIHIaphIHBIH OHIIPICTIK
KBI3METI JIe eJICyIi aHTPOIIOTEH/IIK XYKTEME TyCipye.

OcpIran OaitaHbICTHl Apalt TeHi31 YKOJIOTHSUTBIK araThbIHbIH
cayiapiapblHa YKcac KOJIalChI3 YAepicTepaiH AaMy Kayi ap-
TBII KeJe/Ii.

OKOJOTHSUTBIK TYPFBIIAH aca KayinTi HbICAHIApIbIH Ka-
TapblHa Tay-KeH METaJUTyprusl KOCIMOPBIHIAAPHI JKaTabl.
OapIbIH KBI3METI KOTI MOJIIICPIC OHIPICTIK KAJIBIKTapIbIH
TY3UIyiMEH >XoHE KOpIIaraH OpPTaHbIH ayblp MeTaJlapMeH
JacTaHybIMEH Karap >KYpeZi. Ayblp MeTajiap >KOFapbl YbIT-
TBUIBIFBIHA, Tipi ar3anapia OMOKWHAKTATy KaOlIeTiHe KoHE
KOpIIaraH OpTaja y3aK yaKbIT CaKTalyblHa OaiJaHBICTBI €H
KayiNTi JIacTayIIbl 3aTTap/AbIH KaTapblHa >KaTaisl [8].

3eprreneriH aymak bankamr Tay-KeH MeTaTyprus KOM-
6unarsl (BTMK) Men oHbIH OaifbiTy (paOpHKAaCBIHBIH BIKITAI
eTy aliMarbIH/Ia OpHaJacKaH. by KecinmopbIHAap/IbIH KbIZMETI
OHIp/IIH Cy pecypcTapbliHa eJeyili TEeXHOT€HJIIK 9CEepiH TUTi3y-
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ne. bankam 6aiibiTy paOpHKachIHBIH KaJIIbIK CaKTay KOWMAaChI
Baskaim kesiHiH CONTYCTIK-0aThIC )KaranayblHia, TopaHFalIbIK
[IbIFAHAFBIHA TIKEJICH YKAKbIH JKEpJe OpHAIACKaH xoHe 1937
XKbULAaH Oepi nainananbuibin keieai. [laiinananyap 0acran-
Kbl Ke3CHIHJIC TCXHOJIOTUSIIBIK aFbIH cyJap Tikened Topanra-
JIBIK 1IBIFAaHAFBIHBIH aKBaTOPUsIChIHA arbI3buiraH. Kasipri ya-
KBITTA JKUHAKTAJIFaH KaJIABIKTApIbIH KaJIIbl KesieMi 428 MiTH
TOHHAJIaH acajibl, OYJ1 JKepYCTi JKOHE XKEepacThl CyJapbIHbIH
aybIp METAJIJIAPMEH JIACTaHy KayIliH apTThIpajs (3-cyper).

Bankam OGaiibiTy (haOpUKachIHBIH KaJIABIK CaKTay KoiMa-
Cbl — OalbITy KaJIBIKTapblH T'MIPABIUKAIBIK SIICIEH TOry
apKBLIbI KAJBIITACKAH JKbIpa-cail TTYpIHAEr] YHIHIICI OOJIBII
TabbuTa el OHBIH ayaaHbl lamMameH 18,8 kM2, a1 oFaH ipreyec
OpHaJIaCKaH KaJJIbIK CyJapblH KMHAKTAYIIbl TOFAHHBIH ayJia-
Hbl 14,03 km? Kypaiiasl. Kanabik caktay KolMaaapbIiHbIH Ape-
HaXKABIK XKYHeci Cy3iH/ cynap/pl )KHHay )KOHE OYpBIIT SKEeTy/Ii
KaMTaMachl3 €TeTiH €Ki JPeHa)X/IbIK KaHaJl MEH COPFbI CTaH-
LUsIapblHaH Typassl. ¥3bHABIFE 8600 M IpeHaxIbIK apHa
KaJJIBIK CaKTay KOWMACBhIHBIH OHTYCTIK JKoHE OyJaHIbIpy
TOFAHBIHBIH OOWBIMEH JKYpri3iireH (3-cyperre ApeHaXKIbIK
apHa KbI3bUI CHI3BIKIICH OENTICHIeH).

TyHABIPFBIW
ToFaH

Kanaplk caﬁ{ray‘
A Kgjimach!

BK-1
)=

BynaHabipy
TOfaHbl

TopaHfbinbIK WhiFaHafs!

Banxaw keni

Cyper 3. baakau 6aiibiTy padpuxacbiibid (BB®)
OPHAJIACYBIHBIH LI0JIY-KAPTaChI.
Figure 3. Overview map showing the location of the
Balkhash Concentrator Plant (BCP).
Puc. 3. O030pHas kapTa pacnoJio:kenusi banxamickoi
oboraruresabHoil padpuxu (BOD).

I'maporeonorusibIKk OpTaHBbIH JKaH-KYHiH Oakpliay mpe-
HaKIBIK YHFBIMaJIap apKbUIb XKypriziieni. «Cy pecypcTapbsiH
YTHIMJIBI TAlTalIaHy KoHE KOPFay, OHbIH imiHae bamkan kemi»
Xo0aIbIK OaFIapiIaMachlH icke acbIpy MakcaTbiHga 2014-2025
XKbUIIap apanbiFeiHAa «Kasakmeic koproparusacen KIIC-Hig
KOJITaybIMEH OipKaTap FRUIBIMHA 00ajap jKy3ere achIphLTy/a.
JKepacThl cymapbIHBIH carachlH 0aKbUIAy THAPOTCOIOTHSITBIK
JKOHE THIPOTCOXUMUSUIBIK KOPCETKIMITEePAi ACIAINTHIK OJIic-
TEpPMEH TOKCaH CalbIH JAPCHAKIBIK YHFbIMATAP apKBUIBI ©J1-
ey SKOJBIMEH JKYpri3inesi. Anaia KOIIaHbICTAaFbl OaKbLIAY
oMicTepi Cy pecypCTapbIHBIH JIACTAHYBIH JKCICN aHBIKTAayFa
MYMKIHAIK Oepmeiii.

Kanpgpik cakray KoliMachIHa jKiOepiieTiH OalbITy KaJlIbIK-
TapBIHBIH CYWBIK (ha3achIHIAFBl XUMHSITBIK KOMIIOHCHTTCPIIH
KOHLEHTPALUSACHl MEH MUHEPANOaHy Oapejcecine Tainay
KYPri3inai. MbIC, XpOM, MBIPBITI KOHE MBIIIBIK CHSIKTHI Me-

TaJJapIbIH MOJIIIEP] PYKCAT ETIIreH MIEeKTI KOHIIEHTpaIHsiIap
1Ierinae OoNFaHbIMEH, KaJJIbIK CAKTay KOWMAChIHBIH CaHHUTa-
PUSIIBIK-KOPFay aliMarbIH/Iarbl KepacThl CYJapbIHAAFbl OJlap-
JIBIH MOJIIICPIHEH JKOFaphl CKeHI aHBIKTAJIBI [8].

MiHe ochlHal Karaaiiia, op TOKCaH CaiiblH eMec, Kyie-
71 TYpZAE Y3AIKCi3 MOHUTOPHUHT XKYHECIH €Hri3y SKOJOTHSUIBIK
TOyeKeJIepAl yaKThulbl Oaranayra, TaOMFaTThl KOpFay Ilapa-
JIapbIH THIMJI iCKe achIpyFa skoHe baskain kesniHiH cy pecypc-
TapbIH CaKTay/(bl KAMTAMAaChI3 €TYre MYMKIH/IIK Oepe/i.

JKepacTbl cynapbIHbIH Kal-KYiiH Oakbuiay Tay-KeH OHIIpY
JKOHE METAJUTYPrHsl KOCIMOPBIHIAPBIHBIH, KAJIIBIK CaKTay KOH-
MaJlapbIHBIH KOHE OHIIPICTIK KaJABIKTAp IOJIMTOHAaPbIHBIH
SKOJIOTHSUTBIK KAYIICI3AIriH KaMTaMachl3 CTyIeri MaHbBI3IbI
MiHJeTTepAiH Oipi Gousbi Tabbuiaabl. MOHUTOPHHITIH J19C-
TYpJI 9AicTepi chiHaMaIapabl MEep3iMJl TYp/e aliblll, 3epTXa-
HAaJIBIK TaJlJlay KYPri3yre HeTi3/leNreH, COHABIKTaH ojiap aBa-
PUSIIBIK JIACTAHY KarIaiylapblH J1ep Ke3iH/1e aHbIKTayFa )KoHEe
THJPOT€OXMMUSIIBIK KOPCETKIIITEP/IH e3repy JANHAMUKACHIH
Y31iKci3 OaKplIayFa MyMKIHIIK OepMeiTi.

Ocbiran opait, bajkam eHipiHIH KepacTbl CyJIapbIHIarbl
ayblp MeTaJIap/blH KOIi-KOH YIepiCTepiH kemea Oakbuiay
OMICTEPiHIH MKETKUIIKCI3/Iri ChIMCBI3 OaiJIaHBIC TEXHOJIOTHUsI-
Japbl Heri3iHJe KallbIKTaH MOHHMTOPHHI KYPri3y KyHeciH
J3ipIiey KaKETTUIITH alKbIHaH/TbI.

3arrap unrepHeti (IoT) TeXHOIOTHsIAPBIHBIH KAPKBIHIbI
JlaMybIHa OailJIaHbICThl HAKThl YaKbIT PEXKUMIHJIE JepeKTepai
Y31KCi3 )KHHAY MEH Oepy/li KaMTaMachl3 €TCTiH KAlllbIKTaH aB-
TOMAaTTaHABIPBUIFAH MOHUTOPHHT JKYPTi3y 9/1iC1 YCHIHBULIBL.

Jlactanypl OKIaynaayablH €H THIMII HHXCHEPIIIK IIeIIiM-
JIepiHiH Oipi — KOJIJaHBICTaFbl APEHAXK/BIK apHa MeH bankar
KeJll apachlH/arbl aiiMakTa TYIKi Tay >KbIHBICTApbIHA JICHiH
KOCBIMIIA JIPEHAKABIK YHFbIMaiap Oyprbuiay jKOHE Y3MIKCi3
KaJaraarn oTeIpy [9].

JKepacmul cynapoinvly KQuiblKMan MOHUMOPUHZ HCYP2i-
3y 20ici

bankam eHipiHIH jkepacTbl CyJapblHa HKOJOTHSUIBIK Oa-
KbUIAyJIbIH ~THIMIUICIH apTThIPy MakcatblHaa Satbayev
University ranpiMIapbl CHIMCBI3 OailJlaHBIC TEXHOJIOTHUSIAPHI
HETi31H/Ie JKepacThl CyJIapbIHbIH JIACTAHYBIH KallILIKTaH MOHH-
TOPHHITEY 9JIiCiH d3ipuiesti. ¥ ChIHBUIFAH JKYHe KaJJIbIK CaKTay
KoiMaiapbl MEH ©3re JI¢ BIKTUMAJ JIACTAHY KO3ICepiHIH ocep
eTy aiiMarblH/la OpHAJIACKaH OaKblIdy YHFbIMAaJapbIHarbl
THJIPOT€O0JIOT USUIBIK YKOHE THAPOTCOXUMHSIIBIK KOPCETKIIITep-
Il Y3/iKCi3 OaKblIayFa apHaFaH.

Y CBIHBUIFAH QJICTI €HII3y KEepacThl CYJIapbIHBIH JACTaHY
OLIAKTapbIH €pTe Ke3eHJEe aHbIKTayFa, MOHUTOPUHITIH >Ke-
JEJIIITT MCH JQJIICIH apTThIPYFa, SKOJOTHSIIBIK OaKbUIAY/IbIH
eHOCK ChIMBIMIBLIBIFBIH TOMCHIICTYTE oHe bakair eHipiHig
Cy pecypcTapbIHbIH 3KOJOTHSIIBIK KayilCI3IIriH KaMTamMachi3
eTyre MyYMKiH/IiK Oepexni (4-cyper).

Ojlic aBTOHOM/BI OJIIIey TOpaNTapblH Maiijananyra He-
rizaenred. OnapiblH KypaMblHa KemapaMeTpiii 0aTbipMaibl
30H/TAp, ACPEKTEP/li KUHAY KOHE OHJACY KOHTPOJLIepiepi,
LoRaWAN cmanoapmuinsiy coimcolz oaiianvic mooyib-
oepi JcaHe aA6MOHOMObL KOPEKMeHOIpy Ko30epi Kipel.
MoHHUTOPUHT OapbIChIHAA KEPACThl CYJIApPbIHBIH JCHICHI,
Temneparypacbl, pH kepceTkirii, 3JIeKTPOTKI3TILITIr KoHE
JlacTaylibl 3aTTap/blH KOHIIEHTPALMUSChl aBTOMATThl TYpJE
OJIIIICHE]T].

Topnuuit scypnan Kazaxcmana Ne9’ 2026



72

[eoaxomorns

Cyper 4. KepacTbl cy1apbIHbIH JACTAHYbIH KANIBIKTAH
OaKbLIAYIBIH TICLTi: | — 6akbLiay yyevimanapsl,; 2 —
bamvipmansl kennapamempii 3onomap; 3 — oepexmepoi
JACUHAY JHCoHE OHOeY KOHmpOLLepaepi; 4 — coiMcbl3 Oatlianbic
MoOyboepi, 5 — bazanvik cmanyust;, 6 — depekmepoi
6epy KOMMYHUKAYUSILLK MOOYIL, 7 — Oepekmepoi oyoey
cepsepi; 8 — depexmepdi mandayoviy. 6a20apIamMaiblk
mooyni; 9 — nanioananywst unmepetici; 10 — asmomammol
xabapranowipy Jicyiieci.

Figure 4. Method for Remote Monitoring of Groundwater
Contamination: / — observation wells; 2 — submersible
multiparameter probes, 3 — data acquisition and processing
controllers; 4 — wireless communication modules; 5 — base
station; 6 — data transmission communication module; 7 —
data processing server, 8 — data analysis software module;
9 — user interface; 10— automatic notification system.
Puc. 4. Cniocod 1MCTAHIMOHHOTO MOHMTOPHHTI A
3arpsi3HeHus NMOA3eMHBIX BOI: [ — Habmooamenvhvie
CKBAIICUHDBL; 2 — NOSPYIHCHBIE MHOLONAPAMEMPUUECKUE
30HObL; 3 — KOHMPOLLEPbL COOPA U 00PAbOMKU OAHHBIX,

4 — mooynu 6ecnposooHoll ces13u; 5 — bazosas cmanyusi; 6 —
KOMMYHUKAYUOHHBIT MOOYIIb Nepedayu OauHbix, 7 — cepgep
06pabomku OanHbIX; 8§ — NPOSPAMMHbBIL MOOYIb AHANUZA
dannvix; 9 — nonvzoeamenvcrutl unmepgetic; 10 — cucmema
ABMOMAMUYECKO20 ONOBEUEHIUS.

Ouiiey HOTHIKETIEPI KOHTPOJUICPIIEpIC ANIbIH ajla OHICIIIL,
LoRaWAN sxenici apKpUlbl 0azaliblK CTaHLMSFA JKETKIZUIeI.
Basaybik craHuus KenTereH OakpuIay yHFbIManapsiHaH 10-15
KM paJiiycTarbl aknapartbl Kadsuiiarn, onsl GSM, 4G, Ethernet
HEMeCe CITyTHUKTIK OailyIaHbIC apHaIaphbl apKbUIbI OPTAJIBIK Cep-
Bepre xkibepeni. CepBepre MepeKTep KUHAKTAIIBII, CaKTaIa b,
OHJIeJIe/11, HOPMATHBTIK JKoHE (DOHJIBIK MOHIEPMEH CaJIBICTHIPbI-
Jaj1bl, COHIAR-aK rpauKTep, KecTenep *oHe KapTorpadHsuIbIK
Marepuaiap Typinae Busyanusanusuianazst [10, 11].

JKylieHiH MaHbI3/Ibl €PEKILEIITT — HAKThI YaKbIT PEXKUMIHIC
Y3IIKCi3 MOHHUTOPHHI JKYPIi3y >oHE OaKbLIaHATBIH KOPCET-
KILITEp/iH IIEKTI pyKcaT eTUINeH MOHJIEP/AEH aybITKYbl aHBIK-
TaJIFaH JKarJal/ia naiijananynbuiapra aBTOMarThl TypAe €c-
KepTy xabapiamanapblH (JIEKTPOHABIK omrta, SMS Hemece
OarapiamaibiK HHTepenc apKbuUIbl) KiOepy MYMKIHJITI.

LoRaWAN TexHOIOTUACHIH MaiifanaHy SHEPrUsl IIbIFbI-
HBIH a3aMThIMN, aKMapaTThl aJlbIC KANIBIKTBIKKA CEHIMJI JKeT-
Ki3y[i KaMTamachl3 eTelli. TeXHUKaIbIK HOTHIKECI YKepacThl
CyJIapbIHBIH JIACTAHYbIH MOHUTOPUHITEY AT MEH Keen-
JUTiH apTThIPYFa, SKOJOTUSIIBIK OaKbLIayIbIH CHOCK ChIABIM-
IBUIBIFBIH TOMEHACTYTe, JACpPeKTepii OepydiH CeHIMILIIriH
KYLIEHUTYyTe oHe OaKbUIaHATBIH 00BbEKTUIEPAIH SKOJIOTHSIIBIK
Kayilci3airin KaMTaMachl3 eTyre OarbITTalFaH.

KopbIThIHABI

1. JKypeizineen zepmmeynep namudicecinoe dcepacmol
CYNAPbIHLIY TACMANYbIH MOMeHOeny2e 0ablmmanean UuH-
JICEHEPIK Wewimoep YCblHblibin, OHOIpicKe eHnei3inoi. Aman
aumKanoa, KoLOAHbICMAgbl OPeHaxdcOblK Kanal men bankaw
KO/l apanvi@blHOa MynKi may JHCbIHbICMAPbIHA OelliH KOCbIM-
wWa OpeHadtcoblK YHbIMAAAP OYPRblAaHbIN, IACMAYULbL 31~
Mapoviy, Mapanysii uwlekmey Kammamacols emiioi.

2. LoRaWAN cuimcols Oaiinanbic mexHono2usacolia Heeis-
oenzen dHcepacmol CYIapbIHblY KAUWbIKMAH MOHUMOPUHEMEY
grcyiiecti  a3ipnenodi.  ¥cvinvligan ocyle  2UOpO2eonoSUsIbIK
JICOHE 2UOPOLEOXUMUSILIK KOPCemKiumepol HAKMbl YaAKbIM
pedcuminde y30iKciz bakvliayea, aknapammol agmomMammol
mypoe onoeyze JHcane IKONOSUSILLK KAVINmI dHcagoaiinap niy-
panvl dceden xabapnayea MymKiHOIK bepeoi.

3. Bonocamowix bazanay OoubiHwa, KabwliOaH2aH uwapa-
1apobl iCKe acvlpy HIMudicecinoe Kaioblk Cakmay KOUMAchl-
HAH Mapanrameli aacmayuisl 3ammapowly bankaw xenine
JICOHE JHCePACbl CYAPLIHbIY He2i3el ¢y Komepaiul 20pu30oH-
molHa Jicemy Kayni edayip memenoetioi. Byn enipoiy cy pe-
CYPCMAPbIHBIY IKONOUSLIBIK KAVINCI30I2iH apmmulpyaa JHeaHe
OHOIpicmiK 00vekminepoiy KOpuiazan opmaea acepin muimoi
backapyea MyMKiHOIK bepeo.
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INVESTIGATION OF THE ACID DESILICATION
PROCESS OF INDUSTRIALLY SPENT ANION
EXCHANGE RESIN

Abstract. Silicon fouling of strong-base anion-exchange resins reduces the efficiency of uranium recovery from pregnant solutions generated during in situ leaching.
This study examined the acid desilication of industrially spent resin using HF and HF-HNO;solutions. The effects of reagent concentration, solid-to-liquid ratio, and treat-
ment time were evaluated. Increasing the HF concentration and the solid-to-liquid ratio enhanced silicon removal. The highest desilication efficiency, 65.5%, was achieved
with 2.0 M HNO; + 0.5 M HF at an S:L ratio of 1:5, reducing the residual Si content to 3.81 wt.%. Most silicon was removed within the first 30-90 min, after which the
rate decreased due to intraparticle diffusion limitations. Particle-size analysis showed that the resin beads largely retained their integrity after treatment. The HF-HNO,
system therefore offers a practical approach for regenerating silicon-fouled anion-exchange resins used in uranium hydrometallurgy.

Key words: uranium, underground leaching, sorbent, silicon, desilication, acid treatment, sorbent regeneration.

eH}]ipiCTe naﬁz[ananbmraﬂ AHUOHAJIMACTBIPT I H]aﬁblp}l])ll{ KbIIIKbIJIAbI JeCUIUKAIIUA l'lpOIIeCiH 3epTTey

Annarna. KpeMHHI KOCBUIBICTapbIMEH JIaCTAHFaH KYIUTI HEri3/li aHHOHAJIMACTBIPFBILI [IAMBIPIap KepacThl MaiMaay eHiMII epiTiHaiIepiHeH ypaH/Ibl COPOLHSIIBIK
Geurin any THiMALTIriH TOMenaeTei. JKymbicta eHepkacinTik naitnanansiran maitbipast HF sxone HF-HNO; epitinainepiMeH KbIIIKbUIIbIK ASCUIHKALSIIAY 3ePTTENI].
Pearentrep koHUEHTpauuschiHbiH, K:C KaThIHACBIHBIH JKOHE OHJCY Y3aKThIFBIHBIH dcepi Oarananasl. HF xoxuentpauusicsl MeH K:C KaTbIHACHIHBIH apTybl KPeMHHUITIIH
OeutiHy JopeKeciH )KOFapblIaTThl. EH jkorapsl necmmkanus napexeci 65,5% 2,0 M HNO; + 0,5 M HF epitinaicinge sxone K:C = 1:5 ke3inne anbsiHpl, aix Si KalIblk
meuurepi 3,81 mac.% aeitin remenaeni. Kpemuuiiain Herisri 6emiri anramks! 30-90 MuH imiHae )KOMBULIBI, KeHiH TYHipiIik imingeri anpdy3usuibik mekTeynepre oaina-
HBICTBI TIPOLIECC KBUIAAMABIFBI TOMEH L. [ PaHyITOMETPUSIIBIK Taldy MAalbIp TYHIPIIIKTEPiHiH TYTACTBIFbI cakTanFranbiH kopceTTi. HF-HNO); xyiieciH ypaH ruapomMe-
TAJUTYPrUsIChIHAA KPEMHHIIMEH JTaCTaHFaH aHHOHAJIMACTBIPFBILI IIAHBIPIAp/Abl pEreHepalusiIay YIIiH KoJlanyra 6omasl.

Tyiiinoi cesoep: ypan, dcepacmol waumanay, copoenm, KpemHuil, 0eCUIuKayus, Kolukbliobl OHOey, copbeHmmepoi peceHepayusinay.

HccnenoBanne npouecca KUCJAOTHOM JeCHIMKALMU NPOMBIIIJIEHHO 0TPA0OTAHHOH AHMOHOOOMEHHOH CMOJIbI

AHHOTaHl/lﬂ. 3ar‘p5[3H€HI/IC CHJIBHOOCHOBHBIX aHMOHOOOMEHHBIX CMOJI COCAUMHCHUAMH KPEMHHsI CHHXKACT 3q)q)CKTHBHOCTL COp6LII/IOHHOF0 W3BJICUCHUS ypaHa M3
TIPOAYKTUBHBIX PACTBOPOB IMOA3EMHOTO BBIIICTTAYNBaHUA. I/lccneuoaaﬂa KHUCJIOTHAasA ACCUIIMKAIMA IIPOMBIIIIIEHHO OTpaGOTaHHOﬁ CMOIJIBI pacTBOpaMu HF n HF—HN03
OlLIeHEeHO BIMSIHUE KOHIIGHTPALMU peareHToB, cooTHotueHus T:)K u npopomkurenbHocTH 00padoTku. YBenudenue koHueHtpaunun HF u cootHomenus T:)K noBsliimano
CTeneHb ylaleHus: KpeMHus. MakcuManbHas gecunukanus 65,5% nocrurnyrta npu 2,0 M HNO; + 0,5 M HF n T:)XX = 1:5; ocrarounoe cojepxanue Si cocrapuio 3,81
Mac. %. OCHOBHOE y#aJeHHE KPEMHHUsI IPOUCXOAUIO B mepBbie 30-90 MUH, MOCIIE YEero CKOPOCTh CHUKANACH U3-32 BHYTPUTPAHYIIBHBIX AU((Y3MOHHBIX OrpaHHYCHHUI.
['paHynomMeTpryecKuii aHaIN3 MOATBEPHI COXpaHeHHEe [eTI0CTHOCTH rpanyil. Cucrema HF—HNQ; MOXeT CTIOJIb30BAThCs VISl pereHepaliii KpeMHe3arps3HeHHbBIX aHH-

OHOOOMEHHBIX CMOJI B YPAaHOBO# TMPOMETaILTYPIHUH.

Kniwouesnle cnosa: ypau, noosemmoe ebluyeradusariie, COpoenn, KpemHuil, 0ecunukayus, KUciomuas oopabomka, peceHepayus copoenmos.

Introduction

Global demand for natural uranium is expected to rise as nu-
clear power capacity expands. Under the WNA scenarios, ura-
nium requirements could reach about 130 ktU/year by 2040 in
the base-rate scenario and around 183 ktU/year in the high-rate
scenario. The same analysis indicates that, with rapid growth
of nuclear power, uranium production could peak around the
middle of this century, increasing the risk of a widening gap
between reactor requirements and primary uranium supply [1].

Amid growing uranium demand, ISL technology has be-
come dominant in the global mining structure, accounting for
more than half of global uranium production [2]. ISL’s wide-
spread use is due to its relatively low capital intensity, reduced
environmental impact, and high economic efficiency com-
pared to traditional open-pit and underground mining methods
[3]. In sulfuric acid ISL processes, widely used at sandstone
uranium ore deposits in Kazakhstan and other countries, urani-
um is transferred to productive solutions primarily in the form
of anionic uranyl sulfate complexes [4].

In industrial practice, uranium extraction from produc-
tive ISL solutions is typically accomplished by ion-exchange
sorption using strongly basic anion-exchange resins that ex-
hibit high selectivity for uranyl sulfate complexes, stability
in acidic environments, and suitability for continuous column
operation. The efficiency of the sorption-desorption process
is largely determined by the preservation of the sorption and
mechanical properties of the ion-exchange material under
long-term cyclic operation. One of the main factors limiting
the operational stability of anion-exchange resins in uranium

T'opnuwuit scypnan Kazaxcmana Ne9’ 2026

ISR systems is their contamination with silicon compounds
entering the productive solutions as a result of the sulfuric acid
decomposition of silicate and aluminosilicate host rocks. Sil-
icon compounds present in the solution, in the form of silicic
acid and reactive silicate particles, are capable of being sorbed
onto the functional groups of the resin, followed by intrapore
polycondensation and the formation of polymerized siloxane
structures within the polymer matrix. This process leads to the
blocking of active ion-exchange centers, deterioration of mass
transfer, a decrease in the uranium sorption capacity, and a
gradual degradation of the mechanical strength of the sorbent
granules [5-8]. According to industrial and laboratory studies,
the silicon content in spent uranium anion exchange resins can
reach 12—17 wt. % or more, which is accompanied by a sig-
nificant decrease in the technological efficiency of the sorption
process [8]. In this regard, the regeneration of silicon-contam-
inated sorbents is one of the key tasks in ensuring the stability
and cost-effectiveness of ion-exchange uranium extraction.
The most common industrial method for desiliconizing an-
ion-exchange resins is alkaline treatment with sodium hydrox-
ide solutions, based on the hydrolytic destruction of siloxane
bonds and the conversion of silicon into soluble silicate forms
[6]. However, numerous studies show that the effectiveness of
alkaline desilication is limited in the presence of highly po-
lymerized silicon structures, while an increase in the alkali
concentration and more stringent processing conditions lead to
the degradation of the polymer matrix and functional groups of
strongly basic anion exchange resins [8§—10]. Despite the sig-
nificant practical significance of the problem, the development
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of alternative methods for the deep regeneration of silica-con-
taminated uranium sorbents remains understudied. In particu-
lar, the number of studies devoted to the use of acidic methods
for processing silica-contaminated anion-exchange resins is
limited, and the impact of acid treatment on the degree of silica
removal, the state of the polymer structure, and the restoration
of sorbent performance requires further systematic study.

Therefore, the objective of this study is to investigate the
acidic reprocessing of anion-exchange resins contaminated
with silica compounds during the processing of uranium ISL
(in-situ leaching) productive solutions and to evaluate the ef-
fectiveness of this approach for desiliconizing sorbents and
restoring their performance properties.

Materials and Methods

Materials

The object of the study was an industrially spent strong-
ly basic anion exchange resin applied in the extraction of
uranium from productive solutions of in-situ leaching. The
silicon content in the studied industrially spent sorbent was
11.04 wt. %. According to the results of granulometric anal-
ysis (Table 1), the studied sorbent was characterized by the
predominance of granules of the medium fraction. Solutions
of hydrofluoric acid HF and HF-HNQ); mixtures of chem-
ically pure grade were used as reagents. The choice of HF
solutions and HF-HNO; mixtures as desilicate reagents is
due to the ability of hydrofluoric acid to interact with silica
to form soluble fluorosilicate compounds, whereas nitric acid
promotes the oxidation of silicon compounds and increases
the efficiency of their dissolution, which is consistent with
the literature data on the chemical dissolution of silicon in
HF/HNO; systems [11, 12].

Equipment

The sorbent was processed in a chemically resistant poly-
propylene flask. Stirring was performed using a magnetic stir-
rer. After processing, the sorbent was separated by filtration on
a laboratory filter.

Desilication Procedure

Desilication was carried out in a static mode with stirring at
room temperature. Treatment was carried out at a solid:liquid
ratio of 1:3—1:5, a contact time of 15—180 min, and a sorbent
sample weight of 25 g. After treatment, the sorbent was sepa-
rated by filtration, washed with warm distilled water to a neu-
tral pH, and dried. The filtrate was sent for analysis. All exper-
iments for each point were carried out in at least three inde-
pendent replicates. The sorbent desilication process flow chart
is shown in Figure 1. Additionally, after treatment, a compar-
ative analysis of the sorbent’s particle size distribution was

performed to assess possible changes in granule distribution
under the influence of desilication solutions.

Figure 1. Scheme of the process of desilication of the
sorbent and subsequent filtration.
Cyper 1. CopOeHTTi AecunKanusjiay Npouecidin sxone
KeHiHri cy3yaiH chI30aHycKachl.
Puc. 1. Cxema npoBeeHus npolecca IecCUInKanuu
copOeHTa M nmocJenyoulei GpuiasTpamun.

Analytical Methods

The silicon content released into solution after desilica-
tion was determined gravimetrically by analyzing the filtrate.
Based on the data obtained, the degree of silicon removal from
the sorbent was calculated using the formula:

R=(C,—C)/C, 100 %,

where C, is the 87 content in the original resin, wt. %;
C is the residual Si content in the resin after treatment, wt. %.
To monitor the effect of reagent treatment, the particle size
distribution of the sorbent after desilication was additionally
assessed.

Results and Discussion

The results showed that treatment of the anion exchange
resin with HF and HF-HNQO; solutions at a solid-to-liquid
ratio of §:L = 1:3 contributed to a decrease in silicon content
within the sorbent structure. As shown in Figure 2, increas-
ing the HF concentration was accompanied by an increase in
desilication efficiency. When using 1.0 M HF, the degree of

Table 1
Granulometric composition of the industrially spent sorbent
Kecme 1
Onoipicme naiidoananvlizan copoeHmmin; ZpanHyi0MempusIblK Kypamol
Tabnuuya 1
Tpanynomempuueckuii cocmag npOMsLILIEHHO OMPAGOMARKO20 COpOenma
Sieve cell size, mm 2.0 1.8 1.6 1.4 1.25 1.0 0.8 0.63 0.5 0.4 0.315
Fraction content, % 0 1 4 10 35 31 14 3 1 1 0
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silicon removal reached 33.2% with a residual Si content of
7.38%, whereas increasing the HF concentration to 2.0 M en-
hanced the silicon removal degree to 46.9% and reduced the
residual Si content to 5.86%. The obtained results are associ-
ated with silica dissolution and the formation of soluble fluo-
rosilicate compounds.

50

16.9
4.5
7.3 ]
S T
B ™ — —
. — 30
20
10
0

o LONMHF LOMHF LOMHNG, + 058 MHIF 20 MENO, = 0.5 M HF

o,

Siextraction,

Residual Si, %

Figure 2. Effect of HF concentration and HF—HNO,
systems on the degree of silicon removal and residual Si
content in the sorbent.

Cyper 2. HF xonnentpanuscsl Mmen HF—HNO,
JKylie1epiHiH KpeMHUII K010 19pexKeciHe KIHe
copOeHTTeri KaabIK Si MeJepine acepi.

Puc. 2. Bimsanune konnenrpanuu HF u cucrem HF—
HNO; Ha cTeneHsb ynajeHHs] KpeMHHUS H 0CTATOYHOE
coaep:kaHue Si B copOeHTe.

Higher desilication rates were observed using combined
HF-HNO, solutions. For the 1.0 M HNO; + 0.5 M HF system,
the silicon extraction rate was 41.5% with a residual Si content
of 6.46%. Increasing the HNO; concentration to 2.0 M while
maintaining a constant HF concentration (0.5 M) increased
the silicon removal rate to 53.2% and reduced the residual Si
content to 5.18%. This increased efficiency is likely due to the
combined action of the acidic environment and fluoride ions,
which ensure more intensive destruction of silicate deposits
in the sorbent structure. The use of more concentrated acidic
systems was also not considered to minimize potential degra-
dation of the ion-exchange resin structure during processing.

As shown in Figure 3, increasing the solid:liquid ratio has a
positive effect on desilication efficiency. For a 1.0 M HNO; +
0.5 M HF solution, an increase in the S:L ratio from 1:3 to
1:5 was accompanied by a decrease in the residual Si content
from 6.46 to 5.29% and an increase in the degree of silicon
extraction from 41.5 to 52.1%. A similar pattern was observed
for a more concentrated system of 2.0 M HNO; + 0.5 M HF,
where an increase in the S:L ratio from 1:3 to 1:5 led to a de-
crease in the residual Si content from 5.18 to 3.81% and an
increase in the degree of silicon extraction from 53.2 to 65.5%.

The obtained results indicate that increasing the solution
volume relative to the sorbent mass facilitates more complete
interaction of the reagent with silicate deposits in the resin
structure. This is likely due to improved mass transfer condi-
tions, increased availability of the active reagent, and reduced
local saturation of the solution with silica dissolution products.

As can be seen in Figure 4, the desilication process at a
solid:liquid ratio of 1:5 is characterized by uneven silicon re-
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Figure 3. The influence of solid:liquid ratio on the
efficiency of sorbent desilication.
Cyper 3. KarTbl:CYiibIK KATBIHACBIHBIH COPOEHTTI
AecHJIHMKALUsIAay THIMALTIriHe dcepi.
Puc. 3. Biusinue cooTHOLIEHNST TBEP0€:)KHIKOE HA
3 peKTUBHOCTD 1eCUITUKAINU COPOEHTA.

12 65.5 66.5 67.2 70

60

%o

Si extraction, %

Residual Si,

0 15 30 60 920 120 180
Time, min

Figure 4. Effect of treatment time on sorbent desilication.
Cypert 4. Onjiey yakbITHIHBIH COPOEHTTI IeCHIMKAIUSLIIAY
npouecine ycepi.

Puc. 4. Binsinue npofoKuTeIbHOCTH 00padoTKH Ha
JAeCUJIHKALNMIO COPOEHTA.

moval rates at different stages of processing. At the initial stage
of the process, intensive dissolution of silicon compounds is
observed: within the first 30 minutes, the silicon extraction
rate reaches 44.9%, with the residual Si content decreasing to
6.09%. It is likely during this period that the most accessible
and weakly bound silicate deposits localized on the surface
and in the subsurface layers of the sorbent are removed.

In the 30-90 min interval, the process rate decreases, but
desilication continues to proceed quite intensively. By 90 min,
silicon extraction reaches 65.5%, and the residual Si content
decreases to 3.81%, indicating further dissolution of more sta-
ble forms of silica within the resin structure.

A further increase in processing time to 120—180 min does
not significantly improve process efficiency: extraction in-
creases only from 65.5 to 67.2%, while the residual Si content
changes only slightly — from 3.81 to 3.61%. The obtained re-
sults indicate the gradual achievement of a quasi-equilibrium
state and the process being limited by internal diffusion of the
reagent deep into the sorbent granules.

Thus, the optimal desilication duration is approximately
90-120 min, since this interval achieves maximum silicon re-
moval with minimal increase in processing time. After desil-
ication of the sorbent, a comparative analysis of the particle
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Table 2
Comparative granulometric composition of the sorbent before and after desilication
Kecme 2
Jecunukayunza deitingi yncane Keiinzi copoenmmin canplCMulpmanbl 2panyioMempusnblK Kypamol
Tabnuua 2
Cpasnumenvhulii 2panyiomempudecKuii CoCmae copoenma 00 u nocie 0ecuTuKayuu
Sieve cell size, mm 2.0 1.8 1.6 1.4 1.25 1.0 0.8 0.63 0.5 0.4 0.315
Before desilication, % 0 1 4 10 35 31 14 3 1 1 0
After desilication, % 0 1 4 11 36 28 12.5 5.5 1 1 0
size distribution was performed to assess the effect of reagent Conclusion

treatment on the granule size distribution (Table 2). The ap-
pearance of the sorbent before and after desilication is shown
in Figure 5.

a b

Figure 5. Appearance of the sorbent before (a) and after
(b) treatment.
Cyper 5. Ouaeyre aeiiinri (a) :xoHe enaeyneH keiiinri (b)
cOpOEeHTTIH CBIPTKBI KOPiHici.
Puc. 5. Buemnnii Bug copéenra 10 (a) u nocJe (b)
00padoTKH.

It was established that after processing, no significant
change in the granulometric composition was observed, while
no noticeable destruction, deformation or change in the color
of the sorbent granules was visually detected, which indicates
the preservation of the structural integrity of the polymer ma-
trix under the studied desilication conditions. The majority of
the sorbent, both before and after desilication, was composed
of medium-sized granules, indicating that the material’s struc-
tural integrity was maintained under the selected processing
conditions. Minor changes in the content of individual frac-
tions may be due to mechanical action during mixing and
partial surface modification of individual granules during pro-
cessing.

This study investigated the feasibility of acid desilication of
industrially used strongly basic anion exchange resin used for
uranium extraction from productive in-situ leaching solutions.
Treatment with HF and HF-HNO; solutions was found to
partially remove silicon compounds from the sorbent structure
and reduce residual silicon content.

Increasing the HF concentration and increasing the
solid:liquid ratio were shown to intensify the desilication pro-
cess. The highest silicon removal rate was 65.5% using a 2.0
M HNQO; + 0.5 M HF system and a solid:liquid ratio of 1:5,
while the residual Si content decreased to 3.81 wt. %.

Kinetic studies showed that the most intense silicon remov-
al occurs during the first 30-90 minutes of treatment, while
further increases in process duration are accompanied by a
slight increase in the degree of desilication. A reasonable treat-
ment duration is 90—120 minutes. The results of particle size
analysis and visual inspection showed no significant granule
degradation after acid treatment. Unlike alkaline regeneration
methods, which can lead to degradation of the sorbent’s poly-
mer matrix, the HF and HF-HNQ; systems ensure silicon re-
moval while maintaining the resin’s structural integrity.

These results confirm the potential of HF and HF-HNO,
systems as an alternative method for the partial regeneration
of silica-contaminated anion exchange resins used in uranium
production.

Acknowledgements

This research was funded by the Committee of Science of
the Ministry of Science and Higher Education of the Repub-
lic of Kazakhstan (Grant No. BR28713471) «Development
of methods for increasing the extraction of uranium from
uranium-containing solutions by effectively reducing the
content of silicon compoundsy.

REFERENCES
1. Mirkhusanov U. T., Semenova D. Yu., Kharitonov V. V. Forecasting the cost and volume of uranium mining
for different world nuclear energy development scenarios // Nuclear Energy and Technology. — 2024. —

No. 10 (2). — P. 31-137 (in English)

2. Uranium 2024: Resources, Production and Demand / OECD Nuclear Energy Agency, International Atomic

Energy Agency. — 2025 (in English)

3. International Atomic Energy Agency. In Situ Leach Uranium Mining: An Overview of Operations. — 2018

(in English)

4. Soldenhoff K. Uranium IX — Past, Present and Future // ALTA 2019 Uranium-REE Conference

Proceedings, 2019. — P. 16-27 (in English)

5. Zhang G. A study on mechanism of silica fouling of anion exchange resins // Reactive Polymers, Ion
Exchangers, Sorbents. — 1988. — No. 7. — P. 289-292 (in English)

Topnuuit scypnan Kazaxcmana Ne9’ 2026



30 Meramnyprig

6. Inhibition of silicic acid elution during the regeneration of strong base anion exchange resin column
/ T. Chuuman et al. // Bulletin of the Chemical Society of Japan. — 2019. — No. 92 (4). — P. 869-874
(in English)

7. Impact of silica on hydrometallurgical and mechanical properties of RIP grade resins for uranium
recovery / V. Yahorava et al. // Journal of the Southern African Institute of Mining and Metallurgy. —
2009. — No. 109 (10). — P. 609-619 (in English)

8. Development of technology for purifying ion exchangers from silicon impurities during processing
of uranium-containing productive solutions / M. K. Kylyshkanov et al. // Combustion and Plasma
Chemistry. — 2025. — No. 23 (4). — P. 435—446 (in English)

9. Ritcey G. M. Silica fouling in ion exchange, carbon-in-pulp and solvent extraction circuits // Canadian
Metallurgical Quarterly. — 1986. — No. 25 (1). — P. 31-43 (in English)

10. Intensifikatsiya ionoobmennykh protsessov iz ekstraktsii urana iz kremniysoderzhashchikh rastvorov i
pul’p [Intensification of ion-exchange processes for uranium extraction from silicon-containing solutions
and pulps] T. V. Molchanova et al. Atomnaya Energiya [Atomic Energy]. — 2001. — No. 90 (3). — P. 199—
203 (in Russian)

11. Experimental studies on the mechanism of wet chemical etching of silicon in HF/HNO3 mixtures / M.
Steinert et al. // Journal of The Electrochemical Society. — 2005. — No. 152 (12). — P. C843—-C850 (in
English)

12. Reactive species generated during wet chemical etching of silicon in HF/HNO3 mixtures / M. Steinert et
al. // The Journal of Physical Chemistry B. — 2006. — No. 110 (23). — P. 11377-11382 (in English)

NANJAJTAHBIJIFAH 9JIEBUETTEP TI3IMI

1. Mirkhusanov U. T., Semenova D. Yu., Kharitonov V. V. OnemOix amom 3Hep2emuKracvli 0amblmyoblH
apmypai cyeHapuiliepi Ke3iHOe2l ypaH 6HOIpy KYHbl MeH Kojemin oondcay // Nuclear Energy and
Technology. — 2024. — Ne 10 (2). — b. 131-137 (azvinwsin mininoe)

2. Uranium 2024: pecypcmap, endipic scone cypauvic / OECD Nuclear Energy Agency, International Atomic
Energy Agency. — 2025 (azgvinwvin mininoe)

3. International Atomic Energy Agency. Ypanowl sicepacmol wiaumaniay: mexHoio2usiivl Onepayusiiaped uoy.
— 2018 (agvlrwvin mininoe)

4. Soldenhoff K. Uranium IX — emxkeni, 6yeini scane 6onrawazol // ALTA 2019 Uranium-REE Conference
Proceedings, 2019. — B. 16—27 (azvinwein mininoe)

5. Zhang G. Anuonanmacmuipaolul Wablpaapoblly KpeMHe3eMMeH 1adCmany mexanusmin sepmmey // Reactive
Polymers, Ion Exchangers, Sorbents. — 1988. — Ne 7. — 5. 289-292 (azvinwsin mininoe)

6. Kywmi nHe2i30i AHUOHAIMACMBIPEbLUL UWLATLLD KOJOHHACbIH Pe2eHepayusiay Ke3inoe KpemMHull KbluKbllblHblH
waumananyvin mexcey / T. Chuuman [scone m. 6.] // Bulletin of the Chemical Society of Japan. — 2019. —
Ne 92 (4). — . 869-874 (azvinwbin mininoe)

7. VYpawuow any ywin xondanviriamein RIP-xaacmul watleipaapoviy cuopomemaiiypeusivlk HCaHe MeXanuKaivlk
Kacuemmepine kpemnezémuiy acepi /' V. Yahorava [acone m. 6.] // Journal of the Southern African Institute
of Mining and Metallurgy. — 2009. — Ne 109 (10). — b. 609-619 (azvbinwoin mininoe)

8. Kypamwinoa ypanvt 6ap onimoi epimindinepoi oyoey Kezinde UOHAAMACMBIPEbIUMAPObl KPEeMHUL
KocnanapvlHan masapmy mexnoaocusacvin asipaey / M. K. Kylyshkanov [scone m. 6.] // Combustion and
Plasma Chemistry. — 2025. — Ne 23 (4). — b. 435446 (azeinuein mininoe)

9. Ritcey G. M. Honaimacy, koeMip-nyibna jcane epimkiumix 3KCmpaKyus cyi0aiapolH0abl KpemHe3eMMeH
nacmany // Canadian Metallurgical Quarterly. — 1986. — Ne 25 (1). — 5. 31-43 (agvlnwsin mininoe)

10. Kypameinoa kpemnuii Oap epiminoiiep MeH nyibnaiapOdH ypaH anyo0bly UOHAIMACY NPOYecmepit
gapgoinoamy / T. V. Molchanova [scone m. 6.] // Amomnas suepeusn. — 2001. — Ne 90 (3). — . 199-203
(opvic mininde)

11. HF/HNO3 kocnanapoinoa KpemMHUOl XUMUSIbIK OH0ey MeXaHusMin skcnepumenmmix zepmmey / Steinert M.
[ocane m. 6.] // Journal of The Electrochemical Society. — 2005. — Ne 152 (12). — b. C843—-C850 (azvinubin
mininoe)

12. HF/HNO3 kocnanapoinoa KpemHuiol XuMusiolk oyoey Kezinoe mysiiemin 6eicenoi 6onuwexmep / M.
Steinert [sicone m. 6.] // The Journal of Physical Chemistry B. — 2006. — Ne 110 (23). — F. 11377-11382
(agvinwvin mininode)

CIIUCOK UCHTOJB30OBAHHBIX NCTOYHHUKOB

1. Mirkhusanov U. T., Semenova D. Yu., Kharitonov V. V. [Ipoenosupoganue cmoumocmu u ob6vema 000b6l4u
ypamna npu pasiuyuHblX CYEeHApUsx pazeumusi Mupoeot amomuou snepeemuru // Nuclear Energy and
Technology. —2024. — Ne 10 (2). — C. 131-137 (na anenutickom sasvike)

T'opnuwuit scypnan Kazaxcmana Ne9’ 2026



Meramnyprig 81

2. Uranium 2024: pecypcoi, npouszsoocmeo u cnpoc / OECD Nuclear Energy Agency, International Atomic
Energy Agency. — 2025 (na anenuiickom sa3vike)

3. International Atomic Energy Agency. [lo03emnoe svlwyenavuusanue ypana: 00630p mexHoni02uiecKux
onepayuti. — 2018 (na anenuiickom sa3vike)

4. Soldenhoff K. Ypan IX — npownoe, nacmoawee u oyoywee // ALTA 2019 Uranium-REE Conference
Proceedings, 2019. — C. 16-27 (na anenuiickom a3vike)

5. Zhang G. Hccneoosanue mexanusma 3aepa3Henus AHUOHOOOMEHHbIX cMONl KpemHezemom // Reactive
Polymers, lon Exchangers, Sorbents. — 1988. — Ne 7. — C. 289-292 (na anenutickom sA3viKe)

6. Tlooasnenue @iy elauu8aHUs. KPEMHUEBOU KUCIOMbL IPU pe2eHepayuu KOLOHHbL ¢ CUTbHOOCHOBHOT
anuonooomennou cmonou /' T. Chuuman [u Op.] // Bulletin of the Chemical Society of Japan. — 2019. —
Ne 92 (4). — C. 869-874 (na anenuiickom s3viKe)

7.  Bausinue kpemHezema Ha 2UOpomMemaniypeuvecKue u Mexanudeckue ceoucmea cmon RIP-xnacca ons
uzeneuenus ypauna / V. Yahorava [u op.] // Journal of the Southern African Institute of Mining and
Metallurgy. — 2009. — Ne 109 (10). — C. 609-619 (na aunenutickom a3vixe)

8. Paspabomka mexHono2uu O4UCMKU UOHOOOMEHHUKOB OM npumecell KpeMuus npu nepepabomke
ypaHcooeparcawux npooykmugnvix pacmeopos / M. K. Kylyshkanov [u op.] // Combustion and Plasma
Chemistry. — 2025. — Ne 23 (4). — C. 435-446 (na aneauiickom A3vike)

9. Ritcey G. M. 3azpsasnenue kpeMHe3eMOM 6 CXeMax UOHHO20 00MeHd, Y20lib-8-NYibne U IKCMPAKYUU
pacmeopumenem // Canadian Metallurgical Quarterly. — 1986. — Ne 25 (1). — C. 31-43 (na anenutickom
sA3blKE)

10. Unmencugurayus uoH00OMEHHBIX NPOYECCOE U3GLEUCHUSL YPAHA U3 KPEMHUTCOOEPAHCAUUX PACTEOPO8 U
nyaon / T. V. Molchanova [u op.] // Amomnas snepeus. — 2001. — Ne 90 (3). — C. 199-203 (na pycckom
sA3vIKe)

11. Oxcnepumenmanbhbie UCCIEO0BAHUS MEXAHUIMA XUMUYECKO20 mpasienus Kpemnus 6 cmecax HF/HNO3
/ M. Steinert [u op.] // Journal of The Electrochemical Society. — 2005. — Ne 152 (12). — C. C843—-C850
(Ha aneautickom sa3viKe)

12. Axmuenvie vacmuysl, 06pasyrwuecs npu XuMuieckom mpasienuu kpemuus ¢ cmecsax HF/HNO3 /

M. Steinert [u Op.] // The Journal of Physical Chemistry B. — 2006. — Ne 110 (23). — C. 11377—-11382
(Ha aHeaUtlcKoM s3blKe)

Information about the authors:

Altaibayev B. T, Ph.D, Senior Researcher, Kazakh-British Technical University (Almaty, Kazakhstan), bagdataltai9@gmail.com;
https://orcid.org/0000-0002-7405-6854

Kylyshkanov M. K., Doctor of Physico-Mathematical Sciences, Professor, Kazakh-British Technical University (Almaty, Kazakhstan),
kylyshkanov@mail.ru; https://orcid.org/0000-0002-8304-7124

Togizov K. S., Ph.D, associate professor, Satbayev  University (Almaty, Kazakhstan), k.togizov@satbayev.university;
https://orcid.org/0000-0002-4830-405X

ABTOpPJIap TypaJibl MAJIiMeTTep:

Anmaitoaes b. T., Ph.D, ara reuteiMu Kpi3MeTkep, Kasak-bpuran texnukansik yHuBepcureTi (Anmarsl K., Kazakcran)

Kororukanos M. K., busnka-mareMarika FpUIBIMIAPBIHBIH JOKTOPHI, ipodeccop, Kazak-bpuran TexHukaiblk YHUBEpCUTeTI (AIMaTh K.,
Kazakcran)

Tozusoe K. C., Corbaes yuusepcuterinin Ph.D nokTopsl, KaybIMAacThIK mpodeccopsl (Anmarsl K., Kazakcran)

CaejieHusi 00 aBTOpax:

Anmaitoaes b. T., Ph.D, ct. Hayunslii corpyauuk, Kazaxcrancko-bpuranckuii Texundeckuii yausepceuteT (I. Anmarsl, Kazaxcran)
Kovinvuukanoe M. K., noxtop pusnko-mareMaTuueckux Hayk, npogeccop, Kazaxcrancko-bpuranckuii TeXHUYeCKUId yHUBEPCHUTET (I. AnMa-
Tb1, Kazaxcran)

Tozusoe K. C., Ph.D, accormupoBannsiii mpodeccop, Satbayev University (r. Anmarsi, Kasaxcran)

T'opnotit scypnan Kazaxcmana Ne9’ 2026



32

[06uen

3YJIBIJUIBIKTbBI YJIBIKTAY — ITAPDBI3

KasakTeiH KacuerTi TombIpaFbl XX Fachlpja  Tajai
aNbINl FabIMAapnasl ayHuere okenai. ConapiblH KarapblHAa
K. H. CorbaeBneH Kaak FIBIMBIHBIH jKaHa JQyipiH OacraraH,
Kazakcran ¥nTTeIK FBUIBIM akaJeMusICHIHBIH HETi3iH KaJiay-
HIbUIap/AbIH 01pi, KOPHPEKTI FaibIM, mpodeccop AkkaH JKak-
chIOEKYITBl MalaHoBTHIH anap opHbI aipbikma. On Kapka-
painbLaH OacTalFaH eMip XKOJbl Ka3ak JalachblH KOKTEeH oTil,
AnaraygaH achlll, 9JIEMIIK FBUTBIM KCHICTITIHE KOTEPUIreH
TYJIFAHBIH MYpachl OYTiH/IE Jie ©3€KTUIIrH )KOFaITKaH JKOK.

XX FacwIpia Ka3aK FhUIBIMBIHBIH KaJIBIIITACybl MEH OPKEH-
JieyiHe eIIIeyci3 yiec KOCKaH FalbIMIap HIOFBIPBI KallbIITac-
1. Conmapapry Karapberana Kaneim MmanTaityier CoTOacBrieH
Oipre KazakcraH FBUIBIMBIHBIH ipreTachlH KajayFa aTcajibIC-
KaH, Kazakcran ¥JITTBIK FBUIBIM aKaJeMUSICBIHBIH HETI31H Ka-
Jaynbutap/AbiH 0ipi, mpodeccop AkkaH MamraHOBTHIH OPHEI
epeKxlIe.

A. 7K. MamaHoBTbIH FBUIBIMH JIYHUETAHBIMBI TCOJIOTHS
JKOHE Tay-KeH iCIMEH FaHa IIEKTeNreH KoK, O Tay KbIHBICTa-
PBI MEXaHHWKAChl MEH T'eOMEeXaHUKa FhUTBIMBIHBIH KazakcraH-
JIAFbl HETi31H KaJaylibuiapAblH Oipi OOJBIM, JKep KOWHAYBIH
3epTTEy/IiH KaHa FHUIBIMH OarbITTapblH JaMBITYFa 30p Yiec
KOCTBI.

FaipIMHBIH FBUIBIMH-TIC/IATOTHKANIBIK KBI3METI JIe epeKIe
TarblUIbIMFa TOJIBL. OJT YHUBEPCUTETTIH «MapKmeiaepiik icy»
kadenpaceiH 30 XbUITaH actaM OacKapblll, MBIHHAH acTaM
Tay-KeH MH)XEHEpi-MapKIIeiiepiIepiH, OHIaraH FhIIBIM KaH-
JIUJIATTapbl MEH JOKTOPJIAPBIHBIH KAJBIITACYbIHA JKOJ allThI.
OnbiH 0acTamMachIMEH Tay JKBIHBICTAphl MEXaHHKachl 0Oii-
BIHIIA OYKIIOAAKTHIK FEUIBIMU-TEXHUKAIBIK KOH(pEpeHIUsIIap
yibIMaacTeIpbuIb, Kasakcran reomexannka MeKTeOiHIH xke-
TICTIKTEepl KCHIHEH TaHBUIABI. FanmbiMHBIH «Kep KOoiHAYBIHBIH
yittecimi» eHOeriHiH ['epMaHusa HeMic TUTIHAC )KaphIK KOpyi
OHBIH FBUIBIMH MEKTEOIHIH XaJbIKapalblK JCHIrei1e MOHBIH-
JTaJIFaHbIH KOPCETTI.

AKkaH an-MalaHu FeUIBIMHBIH KOC KaHATBIH/AH €Ki YIIKeH
OaFrbITTHI KaTap aybll Xypai. bipi — reoMexaHuKa FhIIBIMBI-
HBIH TEPEH CBIPIapbIH 3epTTey Oosnca, ekiHmici — [IBIFBICTEIR
wibl oibLIel O0y Hackp an-MapabuiH FRIIBIME MYpPaCchIH
TyFaH XaJIKbIMEH KaiiTa Kayblmrthlpy ezi. OHbIH on-Dapadu
MYPAaCBIH 3epPTTey/Ier KaKbIPIIbl eHOET1 Ka3aK pyXaHUSThl MCH
FBUIBIMBIHBIH TaPUXbIH/A alPBIKIIA OPBIH alla/ibl.

¥aer ycrazabiH, 120 KpUIABIK MepEeHTONBl KapcaHbIHIA
Satbayev University-ne AxxaH MaliaHOBTBIH KoJia OrOCTi
casTaHaTThl Typae amblIsl. COHbIMEH Oipre YHHBEPCUTETTE
FAJIBIMHBIH OMipi MEH FBIJIBIMH MYPAChIH TaHBITATBIH FhHUIbI-
MU-IKCITO3UIVSUIBIK Tajiepesi KaHa Ma3MyH[a JKacakKTaJl/ibl.
lanepesiHbIn 03eri — «OKep KOHHAYBIHBIH YiHIIECIMIi: UTepyIcH
KalTa KaJbIlHa KeATipyre Aedin» xoHe «FbutbiMu a3ipieme-
JIep MEH MaTeHTTEP» aTThl TAKBIPHIITHIK MaHHodap. Onap KeH
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OHJIIPY, KaJABIKTapIbl Kaid-
Ta OHJCY JKOHC TaOWFaTTHI
KaJIbIHA KeATipyai OipTyrac
FBUIBIMHE KYHE peTiHae Kep-
cerei.

[TaHHOHBIH €Ki KaNTaJIbIH-
na Axokan MaraHoBIieH Oip-
re Ka3ak Tay-KeH FhUIBIMBIH
oepkennetken Kanbim Cot-
0acB MEKTeOIHIH KOPHEKTI
eximuepi — O. A. baiikoHbI-
pos, I1I. E. Ecenos, E. A. be-
ketoB, XK. C. EpxaHoB xoHe
0acka FalbIMIApIbIH MOPT-
perTepi KoWbUTFaH. MepelTol asChiHIa OTCTIH XaIbIKapaJIbIK
KOH()EPCHIIUSHBIH 0acThl MaKcaThl — AKXKaH dJI-Marnianu My-
PachIH KaHa OybIHFa TaHBITY, )KacTap/Ibl FRUIBIMFA Oayiry JKOHE
VHHUBEPCHUTCTTIH FHUIBIMH JIOCTYPIH JKaHa JCHIEHTe KeTepy.
«9n-Maranu oKynapeDy — ycra3 OCH IIOKIPT ca0aKTaCThIFBIH
JKAITFANTBIH TaFbUTBIMIBI FRUTBIMU aJIaH.

FansIMHBIH Mypachl 6TKCHHIH €CKepTKilIi emec, Ooamak-
ThIH OarnaprraMbl. COHIBIKTaH AKXaH oll-MalllaHubl TaHy
— KepJli TaHy, FBUIBIM/IBI TaHY, YITTBIH pyXaHH OWIriH TaHy.

AxokaH an-MamanusiH «JKep KOWHAYBIHBIH YIIIECIMI») Ty-
PaJIBl FBUTBIMU TYKBIPBIMBI apajia aJIbIC JKbUI 6TCE JIC ©31HIH
OMIpIIICH/IITIH KOFaJITKaH koK. byrinri Kazakcran ymriH 0yt
YFBIM TCK TCOJIOTHS MCH Tay-KCH FhUIBIMBIHA FAHA eMeC, Ta0u-
FAaTTBI KOPFay, OHIPICTIK KAIIBIKTAPIbI KaliTa OHICY, FEUTBIM-
JIbI OHJIPICIICH YIITACTHIPY JKOHE JKAC YpPIIaKKa YITTHIK KYH-
JBUIBIKTAPIBI IOPINTEY MACEICIICPiHe JIe TIKeTICH KaThICTHI.

FaneIMHBIH FYMBIPBI OHBIH CHOCKTEpIHJC, KiTalnTapblHIA
JKOHE MIOKIPTTEPIHIC KalFacapl. JKapaTynisIMbI3, alaMFa eKi
Tize Oeprenze: OipeyiH YCTa3[bIH alJbIHIA, CKIHIIICIH opi-
TepJIiH anabiHaa Oyryre OepreH ekeH aercH Karuma o0ap. Con
alThUTFaHIal, OYTIHIC YJIBI YCTa3qapbIMBI3IBI CCKE ATy, PyX-
TapbIH TIPUITY, OJIap TYPaJIbl )KacTapra alThIN KeTy — maphi3!

¥ BI yCTa3/Ibl €CKE ajy, OHBIH PYXBIH KAHFBIPTHII, FHLIBI-
MU MYPAaChIH ac YPIaKKa JKETKi3y — MIOKIPTTIK Maphl3 FaHa
eMeC, YIT FRUIBIMBIHBIH Ca0aKTaCTHIFBIH cakTay. COHIBIKTaH
FBUIBIMJIA OIIIICC 13 KaJABIPFaH TYJIFalapibl YIBIKTAY, OJlap-
JIBIH allTKaH KaHATBIKTAPbIH HACUXATTAY JKOHE YIIbLIAp CallFaH
JAHFBLT JKOJIJIBI )KATFACTBIPY — OapIIaMbpI3Fra OpTaK MaphI3.

M. b. Hypneiiicoséa, Cot6aeB arbinarsl Kaz¥Y T3Y
npodeccopbl, TEeXHUKA FBUIBIM. IOKTOPBI, aKaJIeMHUK,
Kazakcran YKa3ymsiiap oJarsIHbBIH MyHIeci

K. b. Pvicoexos, CotOaeB atbingarsl KazY T3V

O. A. BaiikoHpIpoB atbiHarsl TKMU-HBIH AUPEKTOPEI,
aKaJIeMHK, TEXHUKA FBUTBIM. KaHJIUJIAThI, Ipodeccop
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AJIEKCEU IIEXOBOM: OT ABTOMATU3AIIUU
IT'OPHOTI'O ITPOM3BOJ/ICTBA K KVJIBTYPE
IIPOEKTHOI'O YIIPABJIEHUS

28 aBrycra 2026 rona ucnoiaamiocs 85 ner Anexcero Ouumnmo-
Buuy [{eXxoBOMy — TOKTOpY TEXHHYECKUX HayK, Ipodeccopy, akae-
MHKY, H. 0. TIpe3uaeHTa MexXayHapoaHOH akajeMuu nHdpopmaru-
3anuu, npesuzneHty Corosa MPOEKTHBIX MeHekepoB PecryOmiku
Kazaxcran. Ero nmpodeccnoHanbHblil MyTh HEPa3phIBHO CBS3aH C
Pa3BUTHEM Ka3axCTAHCKONH WHXKEHEPHOW HayKu, TOPHOMOOBIBAIO-
1ieit 0Tpaciy U BBICILIETO 00pa30BaHUsL.

Topublii umkeHep 1o oOpaszoBanuio, Asekceidl PuiunnoBuy
Oonee momyBeka paboraer B cucteMe Satbayev University. Hauas
JeATeNIbHOCTh B 1974 romy, OH Tpomen myTh OT AeKaHAa MHKEHep-
HO-CTPOMUTEIBHOTO O0IETEXHUIECKOTO (haKylIbTeTa U PyKOBOIHUTES
CTYJICHUECKOI Hay4YHO-MCCIIEIOBATENBCKOM padOThl 10 3aMECTHTENS
MPOPEKTOpa MO HayKe, PyKOBOAUTENsS HAyYHO-HCCIIENOBATENbCKOM
yacTy, aupekropa LleHTpa HOBBIX MH(OPMAILMOHHBIX TEXHOJIOTHH,
3aBenyrolero kadenpoii u npodeccopa yHuBepcHUTETA.

OnHMM M3 IIaBHBIX HAINpPaBICHUH €ro Hay4yHOW NeATeIbHOCTH
CTaJI0 aBTOMAaTU3HMPOBAHHOE YIPABIECHNUE CIOKHBIMHU IIPOMBIIIIICH-
HBIMH 00bekTaMu. bonee copoka ser Anekceld DUIUIIOBUY PYKO-
BOJUT MCCIIEOBAHUAMH, CBSI3aHHBIMHU C CO3JAHHEM M BHEIPEHHEM
nH()OPMAIMOHHBIX M YIPABISAIOIIMX CUCTEM B TOPHOLOOBIBAIOILECH
MIPOMBIIUICHHOCTH. JTa paboTa BCeraa CTpomIach Ha COSUHEHUH
MHKEHEPHOW TOYHOCTH C CUCTEMHBIM B3IIISIOM: IPEANIPUATHE Pac-
CMaTpPHBAJIOCh HE KaK COBOKYITHOCTb OT/EJIBHBIX IPOLIECCOB, a KaK
e[IMHAast ANHaMHUYECKasl CUCTEeMa, B KOTOPOH TEXHOIOrun, HHpopMa-
LML, JIFOOH U YIIPaBICHYECKHE PEIeHNUs IOMKHBI ObITh COIIACOBa-
HBI MEXTy COOOH.

IIpakTuyeckuii ONBIT TOPHOTO HHKEHEPA U UCCIIEA0BATENs 3aKO-
HOMepHO npuBen Anekcess PUIMNNIOBIYA K TPOSKTHOMY yIIpaBlie-
nuo. OH oHUM U3 nepBbIxX B Kazaxcrane yBuzen B HEM HE TOIb-
KO METOJl peaju3allii OTAENbHBIX 3a/1a4, HO U CAMOCTOSATEIbHYIO
po(eCCHOHANBbHYI0 AUCHUILIMHY, CHIOCOOHYIO TOBBICUTD PE3YIlb-
TaTUBHOCTb ITPOMBIIIJICHHOCTH, TOCYIAPCTBEHHOTO YIIPaBIICHUS,
HayKd 1 00pa3oBaHusl.

IIpu ero HenocpencTeeHHoM yuactuu B 2008 rogy HarpaBieHHe
«¥YmpaBieHue MpoeKkTaMu» ObUIO BKIIOUEHO B locCymapcTBEeHHBINH
kiaccuduxarop cnenuansHocTeil Pecriyonuku Kazaxcran. B Kas-
HUTY ©Obma peanu3oBaHa AKCIIEPUMEHTAbHAs MarucTepcKast
IporpaMma, a 3aTeéM OTKpBITBI Maructparypa u PhD-gokropantypa
1o 3toit cnenuansHocTu. Ilox ero aBTOPCKUM PYKOBOACTBOM ObLI
MO/ITOTOBJICH TIEPBBIN Ka3aXCTAHCKUH Y4YEOHHK IO YIPaBICHHIO
MIPOEKTaMH.

B 2003 rony Anexceit @unmmosnd Bo3raBui Cor03 MPOEKTHBIX
MmenekepoB PecryOnmuku Kasaxcran, craBummii npodeccroHalb-
HOM TUIOIIAJIKOH Ul PacIipoCTPaHEHHs COBPEMEHHBIX CTaHIapTOB
U TOATOTOBKH crienuanuctoB. ITo ero mHUIMATHBE MPOBOAMIUCH
MEJKLyHapoiHbIe (OPYMBI, KOHI'PECCHI, KPYIJIble CTONBI 1 00pa3o-
BaTeJIbHbIE IPOTrPAMMBI.

MacmTab ero npoheccuoHaIbHBIX HHTEPECOB MOATBEPKIACTCA
yuaactueM B npoekrax IIporpammer passutius OOH u skcniepTHOit
OLIEHKE TOCYJapCTBEHHBIX MPOTrpaMM «DJIEKTPOHHOE INPaBUTEIIb-
cTBOY», «CHIKEHHE MHPOPMAIIMOHHOTO HepaBeHCTBay, «MHbopma-
nmonHbI Kazaxcran — 2020», a Takke ['ocymapcTBeHHOM Tporpam-
MBI ()OPCHPOBAHHOTO MH/YCTPUATIbHO-UHHOBAIIMOHHOTO Pa3BUTHSL.
OH KOHCY/IBTHPOBAJl OpPraHU3allud TOPHO-METAJTypTrUYeCcKOro,
He]Tera3oBoro, reoJIoropa3BeloyHOro, arpapHoro u MH$opManu-
OHHO-KOMMYHHUKAI[HIOHHOTO CEKTOpOB, Bkirodas «Kocranaiickue
munepans, «Kasreomoruto», «KasMynaiil'az», ®HBb «Cam-

pyk-Kasema» n Ilapk mHHOBanu-
OHHBIX T€XHOJOTU1.

C 2025 rona Anekceit ®dunumo-
BUY — wieH OOIIEeCTBEHHOTO COBETa
npy MUHHCTEpPCTBE UCKYCCTBEHHO-
TO UHTEIUIEKTa U U(POBOTO pa3BU-
T Pecrryonuxu Kazaxcran.

He menee 3HauuM BKJ1aJ] y4eHO-
TO B MOATOTOBKY Kajpos. Ilox py-
KOBOJICTBOM Autekcest dunnnosnya
3aIIMILIEHBl JIBE JMCCEpTalUH Ha
couckanue crerenn Ph.D u Oonee
JBaJLIaTH MAaruCTePCKUX [HCCep-
Taluil 10 YIpPaBICHUIO IPOEKTa-
miu. Ero HayuHoe Hacieane Hacyu-
ThiBaeT cBbie 300 myOnukanui,
BKJIIOUAsl 4EThIpe MOHOTpaduu U y4eOHO-METOANYECKHE TTOCOOHSL.

B 2024 romy Amekceli DwimnmoBWY 3aBEepHIMI MPOEKT II0
Agile-ynpaBnenuto noprdenem passutuss MCB. Ero pesynsraramu
CTaJIM MPaKTUYECKHE PYKOBOJCTBA, MOJIENIb KOMIIETEHIHH PyKOBO-
gurtenei u aBropckas paspaborka «lIpaxtuka Agile-ynpaBineHus
noptdenem pazputust opranmzanuu (I[IAVIIPO)», narnpasieHHbIe
Ha MOBBIILICHUE yIpaBlIeHYecKol 2 pekTuBHOCTH On3HEca.

Crnenyrommm stanom crai npoekt MPH AP26103501 «Paspa-
00TKa 1 MHTErpaLus Mojieliel, METOZI0B U apTe(haKTOB IIPOEKTHOTO
YIpaBJIEHUs] B HAyYHO-HUCCIIENOBATENILCKYO JEATEIbHOCTD HALMO-
HaJIBHBIX By30B Kazaxcrana» (2025-2027), KOTOpBIM OH PYKOBOJHT.
Co3naBaeMble PYKOBOACTBA U HMHCTPYMEHTBI JOJKHBI TOBBICHUTH
YIPABIEMOCTb U PE3YIBTaTUBHOCTD By30BCKUX HCCIICIOBAHHMA.

Ceronns Anexceit GUIMIIIOBUY MPOAODKAET AKTHBHYIO Hayd-
HYIO ¥ OOIIEeCTBEHHYIO PaboTy B KayecTBe . 0. Mpe3ueHTa Mex-
JIyHaponHoi akagemuu uH(popmarusauuu. s Hero mH(opMma-
TU3aLHsl — 5TO HE TOJIBKO BHEIPEHUE LU(DPOBBIX TEXHOIOTHH, HO
HPE’KIe BCETO CO3JJaHKE CPElIbl, B KOTOPOI 3HAHMSA MPEBPAIIAIOTCs
B IIPaKTUYECKHUE PEIICHHs, a HAyYHbIE U/I€H — B IPOEKTHI Pa3BUTH.
MMeHHO Takoii moxxox oObeqUHIET OCHOBHBIE ATallbl ero npogec-
CHOHAJIbHOH Onorpadum.

Meuoronernuii Tpyn Anexces PuaumnoBHua OTMEUEH rocynap-
CTBEHHBIMH, OTPACJIEBBIMH U TPOQPECCHOHAIBHBIMU HarpagaMH.
Cpenu Hux — HarpynaHbsie 3Haku «lophsukas cinasa» II u III cre-
HeHel, nobena B HALMOHAIBHOM OTPAcIeBOM KOHKypce «30J0TOH
I'eect» B HOMMHALUK «YYEHBIH-TIENArOr», a TaKKe Harpajisl 3a
BKJIaJl B pa3BUTHE HayKH 1 oOpazosanus Pecry6onuku Kasaxcran. B
2025 roxy oH ObIT ynocTtoeH opaeHa «Kypmer».

OJ1HaKO IIIaBHBIM UTOTOM JeATeNIbHOCTH Allekcest DuamImoBuya
OCTAIOTCsI CO3JaHHbIE UM NpodeccHoHalIbHbIE U 00pa30BaTelIbHbIC
MHCTUTYTHI, MOATOTOBJICHHBIC CIELMAIUCTHI U C(HOPMHUPOBAHHAS
KyJIbTypa YIIPaBIICHUs, MOMOTAIoIIas MpeBpallaTh HWHKCHEPHbIE
3HAHUS B YCTOWYMBBIE PE3YJIBTATHI Ul OTPACIU U CTPAHBL.

Otmeuas robuneit Anekces ®umunmosuya lLlexoBoro, Hayu-
HO-TEXHHUYECKass ¥ TOpHasi 00IECTBEHHOCTD JKeJaeT eMy JoOporo
30pOBbsi, aKTUBHOTO JOJTOJICTUS], TBOPUECKHUX YCHEXOB Ha Oiaro
Pecny6nukn Kazaxcran.

Ilpe3uouym 00 «MAHH», OFOJI «CIIM PK», TOO «Anmany,
HAO «Ka3HHUTY um. K. H. Camnaesa», Hucmumym zopnozo
oena um. /l. A. Kynaeea, «l'opnutii scypnan Kazaxcmanay.
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TPEBOBAHUS K O®OPMJIEHUIO U YCJIOBUSI HIPEJOCTABJEHUS CTATEA
B pPelaKIUI0 NePUOAUYECKOro neyaTHoro u3aanus «lopubii xypHaa Kazaxcrana»

1. «T'opHblii :xypHaia Kazaxcrana» NpHHUMAeT K NyOJIMKAIIMU OPUTHHAJIbHbIE CTATbU HAYYHOI'0 U HAYYHO-TEXHUYECKOI0
cO/lep:KaHusl, OTPAKAIOLIME Pe3y/abTaThl HCCIeI0BATE/ILCKO M HAy4YHOH /esTeJbHOCTH, HMMeEIOLIHE PEKOMEHJAANMH K
NMPaKTHYeCKOMY NPHMEHEHHMIO pelIaeMbIX BOIPOCOB, 2 TAaK)Ke CTATbH 0030PHOr0 XapakTepa, OTBeYalOIHe KPUTEPUSM
NepBUYHOI HAY4YHOH myOaukanuu (TOJHBIN epedeHb pyOpuK yKa3aH Ha calite minmag.kz).

2. OcHOBHBbIe TPeOOBAHHS K CTATHAM, PEeACTABIECHHBIM JIA MyOJHKALMH B )KypHaJie:

= Ha0Op CTaThU MPOU3BOIUTCS B TEKCTOBOM penakrope Word mpudrom Times New Roman 12 kersiem ¢ mosyTOpHBIM HHTEPBAJIOM;

= 001IHiT 00bEM CTAThH, BKIIIOUAsi PUCYHKH, TAOIHIIbI, METAaJaHHBIC HE JIOJDKEH MTPEBBIILATH 8 IIEYaTHBIX CTPAHHIL;

* cTaThH (32 UCKIIOUYCHHEM 0030pOB), TOJDKHBI COEPIKATh HOBBIC HAyYHBIC PE3yJIbTaThI;

* CTaThs JOJDKHA COOTBETCTBOBATh TEMAaTHKE (CM. 1. 1), HAyYHOMY YPOBHIO JKypHaia;

= CTaThs JOJKHA OBITH 0()OPMIICHA B TIOJTHOM COOTBETCTBHH C TPEOOBAHUSAMH, OTPAXKCHHBIMH B 1. 3;

* cTaThsi MOXKET OBITh IPEACTABICHA HAa Ka3aXCKOM, PYCCKOM WJIM aHITIMHCKOM SI3BIKE;

* B PEIAKLHUIO MPEACTABISICTCS OKOHYATENIbHBIN, TINATEIbHO BbIBEPEHHBINI BAPHMAHT CTAaThH, UCKIIOYAIOLINH HEOOXOAUMOCTh
IIOCTOSIHHBIX 10pabOTOK TEKCTa Ha Tarax M3JaTeIbCKOro IpoLecca;

* repe]] OTIPABKOil CTaTbU B PEAAKILHUIO )KypHAJIa aBTOpaM HEOOX0IMMO MPOBEPUTH TEKCT Ha MPEIMET OTCYTCTBHSI IJIaruara.

3. CTpyKTypa cTaThH J0JDKHA CONEPIKATh CICAYIOLIUE PAa3ACIIbl:

= xon MPHTUW (I'PHTWU http.://grnti.ru/?pl=>52) — meCcTU3HAYHBIIH;

* Ha3BaHHUE CTAThbU (COKPAIICHHS HE JTOMYCKAIOTCs, HE JOMYCKAETCA HCIIOIb30BaHHE a0OpeBHATyp M (OPMYI; MaKCHMalIbHOE
KommuecTBO cioB 10-12) momkHO OBITH WH(OPMATHBHBIM, COOTBETCTBOBATH HAYYHOMY CTHIIIO TEKCTa, COIACPKAaThb OCHOBHEIC
KJIIOUCBBIC CJIOBA, XapaKTepH3ylolne TeMy (IpeIMeT) HCCIICNOBAaHHUS U COJAepKaHUEe paboThl, NMPEIOCTABISACTCS Ha Ka3aXxCKOM,
PYCCKOM U aHIJIMICKOM SI3bIKAX;

* MHUIMAJIB U (aMUIIMK aBTOPOB; CTAaThs J0JDKHA UMETh He Oosee 4 aBTOPOB; 3HAKOM «*» YKa3bIBACTCsl aBTOP-KOPPECIIOH/ICHT;

* CBE/ICHUS O KaXKIOM aBTOpE (Y4eHasi CTEIeHb, yYEHOE 3BaHHE, JOJDKHOCTh, MECTO OCHOBHOM pabOoThI, FOPOJI, CTPaHa, KOHTAKTHBIC
naHHbIe (agpec 2nekTpoHHOoM mouTer), ORCID ID) npenocTaBisroTcs Ha Ka3aXCKOM, pPyCCKOM M aHIJIMHCKOM SI3BIKaX;

* IOJIHOE Ha3BaHUE OpraHU3auu (-if), Tae paboTaroT aBTOPHI (C yKa3aHHEM BEAOMCTBEHHOM MPUHAIIC)KHOCTH);

* QaHHOTALIMS B COOTBETCTBHHU C TPEOOBAHUSAMH MEKIYHAPOAHbBIX 0a3 TaHHBIX JODKHA JOCTATOYHO MOJIHO PACKPBIBATH COEPIKAHHE
CTaThb, BKJIIOYAs XapaKTEPUCTUKY OCHOBHOW TEMBbI, MPOOJIeMbl OOBEKTa, LEIM HCCICIOBAHUS, OCHOBHBIC METOJBI, PE3yJIbTaThl
HCCIICIOBAHUS M IVIABHBIC BBIBOJBI. B aHHOTAIMKM HEOOXOAMMO yKa3aTbh, YTO HOBOTO HECET B ce0e CTaThsi B CPABHEHUH C JIPyTUMH,
POACTBEHHBIMH 10 TEMaTHKE M IEJICBOMY HA3HAUCHHIO MarepuanaMu. AHHOTALUS NPEAOCTABIISCTCS Ha Ka3aXCKOM, PYCCKOM
M aHIJIMHACKOM s13bIKax o0bemoM He MeHee 700 u He 60siee 900 CUMBOJIOB;

* KJIIOUCBBIC CJIOBA B KOJIMYECTBE 6...10 yCTOHYMBBIX CIIOBOCOYETAHUIA, IO KOTOPHIM B JalibHEHIIEM Oy/leT BBIIOIHATHCS MOUCK
crarbu (COKpamieHuss u abOpeBHUATypbl HE JOIYCKAIOTCSA): KJIIOUEBBIC CIIOBA OTPAXKAIOT CHEHU(HUKY TEMBbI, OOBEKT M PE3yJIbTaThl
HCCIICIOBAHMUS U ITPEJOCTABIISIOTCS Ha Ka3aXCKOM, PYCCKOM U aHIIMICKOM SI3bIKAX;

* TEKCT CTaThM, COACPIKAIIUI CIIeIyIole pa3zieibl (BBEACHNE, METOIbI/UCCIIC0OBAHUS, PE3YJIbTaThl, 00CYKICHUE PE3YIIbTATOB,
3aKJIF0YeHUE/ BBIBOIBI);

* CIIMCOK MCTIOJIb30BaHHBIX HCTOYHUKOB (10...12), B ToM uncie He MeHee 3 3apyOekHbIX He paHee 2015 roma, mpenocraBisieTcst Ha
Ka3aXxCKOM, PYCCKOM M aHIJIUICKOM SI3bIKaX.

PUCYHKM nomxHBl HIMETh pacmupenue rpadguaeckux pegakropoB CorelDraw, Photoshop, Illustrator u T. m.). @otorpadun
JIOJDKHBI OBITH MpeAesbHo YeTKUMU B TpaduaeckoM popmare (TIFF, JPEG, CDR) ¢ pa3pemerrnem He meHee 300 dpi. Bce OykBenHbIe
u nudpoBbiec 0003HAYECHUSI HA PUCYHKaX HEOOXOIMMO IOSCHHUTh B OCHOBHOM WJIM HOAPHUCYHOYHOM TekcTax. Haamucu u apyrue
0003HauCHHsI Ha TpauKax ¥ pUCYHKAX TOJDKHBI ObITh 4eTKUMU U JieTko yntaeMbiMu. [IOAINNCU K PUCYHKAM u 3AT'OJTOBKHA
TABJIUL OBS3ATEJIbHBI. OdhopMiIsitoTcst OTIETBHBIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM M aHIJIMICKOM SI3bIKaX.

MATEMATHYECKUE ®OPMYVIJIbI cinenyer Habupats B popmynasHoM peapaktope MathTypes Equation wnmun MS Equation,
TpedecKue u pycckue OyKBbI B pOpMyIiax HaOUpaTh NPsIMBIM PU(TOM (OIS TEKCT), JATHHCKHAE — KYpPCUBOM. Q003HaueHus 6eTudun
u npocmole Gopmynvt 6 meKkcme U MadIUYAX HAOUPAMb KAK djlemenmul mekcma (2 He Kak 00BEKTH (POPMYIIBHOTO PEAAKTOPA).
HymMmepoBars ciienyer ToJIBKO T¢ YOpMYIIbl, Ha KOTOPBIC €CTh CCHUIKH B HOCIEAYIOLIeM u3IokeHnn. Hymepanus Gopmyi CKBO3HASI.

CIIUCOK UCHIOJb30BAHHBIX UCTOYHUKOB cocrapnsercst B MOpSAKE MUTHPOBAHUS U OPOPMIIIETCS B CTPOTOM
coorBetcTBUH ¢ ['OCT P 7.05-2008. CchUIKH Ha TUTEPATypy B TEKCTE OTMEYAIOTCA 110 MEPE UX MOSIBICHUS MOPSIAKOBBIMA HOMEpaMu
B KBaJIpaTHbIX CKOOKax. CHHCOK NPHBOAMTCS HA Ka3axXxCKOM, PyCCKOM M aHIIMMCKOM sI3bIKaX C YKa3aHHEM B CKOOKaxX OpHMIHHAJa
myonukanuu. O6paser; opopMIICHUS TUTEPATYPHI U TPAHCIUTEPALMH pa3MelIeH Ha caiite minmag.kz.

4. YciaoBusi npuodpeTeHNs JKYPHAJI0OB aBTOPaAMHU.

C aBrOopoM(aMH) 3aKJIIOYaeTCS AOTOBOp O mpuodpereHHH 10 (mecsATH) SK3EMIUIIPOB JKypHalIa COMIACHO YCTaHOBJICHHBIM PacLEHKaM
Ha TeKYIIUil TOJ], KOTOpbIe OH(OHH) UMEIOT IPABO PACIIPOCTPAHSTH CPEAN TOPHOH 00IIeCTBEHHOCTH. T1ociie OIIaThl CTaThs MyOIMKYeTCs B
HOMepe JKypHaJja COINIACHO OYCPEIHOCTH.

T'opnuwuit scypnan Kazaxcmana Ne9’ 2026



