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KOJOHKA ITJTABHOI'O PEJAKTOPA

Yeasrcaemasn peoxkonnezua!
Jopozue wumamenu!

51 Gyny, KaK yBepeH, U4TO HeJalleK OT UCTHHBI, ecii Oyly YTBEp)KAaTh 00 O’KUIAHMSAX OOJNBIIMHCTBA
HaceJICHUs Halllell cTpaHbl, CBA3aHHBIX C pecryOnuKaHckuM pedepenaymom 15 mapra 2026 roxa mo
onoopenuto HoBoi Koncrurynuu Kazaxcrana.

CoOniTHE BamHeﬁmee, T. K., BO-IICPBLIX, KaXJad CTpaHa CBOIO HE3aBUCUMOCTb, CBOIO UICHTUYHOCTh

U 0COOEHHOCTD MoATBepkIacT KoHCTUTYIIMEN, BO-BTOPBIX, KOHCTUTYIIMOHHBIE HOPMbI OCBEIIAIOT MHC-
CHIO TOCYAapcTBa, GUKCUpys (yHIaMEHTAIbHBIC IIETH, TIPUHIUITEI 1 MOTHUBBI PHHATHI KoHCTHTYINH,

Mapar
Kakynosuu oTpaxasi B Hell ICTOPUUECKUI KOHTEKCT.
burumoaes . . .
. B HoBoll penakuun KoHctutyumu, kotopas NpUXOAUT Ha CMEHY JAeWcTByoleld B Teuenue 30 Jer,
2/1a6HbLIL PEOaAKmop

HaunHas ¢ 1995 rona, onpenenen craryc rocynapersa: Pecriyonuka Kasaxcran npusHaeTcs 1eMOKpaTh-
YECKUM, CBETCKUM, IIPABOBBIM U COLIMAIBHBIM TOCYIapPCTBOM, BBICIIMMHU [IEHHOCTSIMUA KOTOPOTO SIBJISIFOTCS YETIOBEK, €r0 )KU3Hb,
mpaBa 1 cB00OBI. B pasnen ¢ HOBpIM Ha3BaHueM «OCHOBHEIE ITpaBa, CBOOOBI M 00S3aHHOCTIY BHECCHBI H3MEHEHHS, HanOoee
TIOJTHO OTPAXKAIOIINE 3TH 3AJI0KCHHBIE MTOJIOKESHHUS 1 YCHIIMBAIOIINE TAPAHTHH 3aIUTHI IPaB YeJIOBEKa.

Kak roBoput 3amecturens [Ipencenarens Korcturynnornoro cyna baksir HypMmyxaHOB, B yka3aHHOM pasJiene 3aI0KeHbI a0-
COJIOTH3aLUs IPaBa Ha )KU3Hb, YEIOBEKOLIEHTPUYHOCTb, 3aKPEIIEHNE HENPUKOCHOBEHHOCTH JIMYHOCTH, 3alllUTa IEPCOHAIBHBIX
JIAHHBIX B IU(POBYIO ATIOXY U IPHHIHITEI IPABOBOW ONPEJIEICHHOCTH.

B KOHCTI/ITyIII/II/I YCHIIMBAIOTCS TAKKE IICHHOCTHU 6pa1<a 1 CEMbH, 3aKPCTIIAIOTCA 00SI3aHHOCTH 3allUThI oxpymafomeﬁ Cpeabl.

OcTaroTcss Hen3MEHHBIMU KOHCTUTYIIUOHHBIC HOPMBI 00 YHUTAPHOCTHU IroCyJapCTBa, a TAKIKE O HEIOCTHOCTH, HECIIPUKOCHO-
BCHHOCTH U HCOTUYKAAEMOCTU TCPPUTOPUN Kazaxcrana.

Hama CTpaHa «OKOHYATCIIbHO PAaCCTAcTCA C cynepnpemz[eHT(:Koi/'I (1)0pMOI>i MpaBJICHUA U IEPEXOAUT K Hpe3HHeHTCKOﬁ pec-
ny6n1xn<e C aBTOPUTCTHBIM, BJIHUATCIbHBIM MTApJIaMEHTOM)», — 3aABUJT KaCLIM-)KOMapT KemeneBuu na pacoIiMpEeHHOM 3aC€JaHNN
TIpaBUTEIILCTBA. DTO 3asIBJICHUE TOXKE SIBIISCTCS AKTYaJIbHBIM W 3HAKOBBIM.

B o0rmmem, MBI Bce naeM Ha pedepeHayM, oOorameHHbIe CBOCBPEMEHHBIMH, TEMOKPAaTHIECKIMHU M 3aKPEIUISIONINMHI HaITy
COIMATBHYIO 3aIIMIIEHHOCTh KaK 00sf3aHHOCTH TocynapcTBa. Ecnm Mbl npumeM Ha pedepenayme HOByo KoHCTHTyIHIO, MBI
BCTyIIaeM Ha MHpPOBYI0 apeny ¢ Hapoanoit Koncturynueit.

910 03HAYacT, 4YTO rOCyAapCTBCHHAs IMOJUTUKA B IMPOMBIIIIJIICHHOCTH, I/IH(l)paCprKTpr " CTPOUTCIILCTBE TOCYHIapCTBCHHBIX
HUHTCPCCOB NOJI’)KHA BBICTPAUBATLCA BOKPYT' MHTCPECOB UCIIOBCKA TPYy/Ja.

Takoe COACPIKAHNC HOBOI1 KOHCTI/ITyL[I/II/I 00sI3BIBACT HAC MPUHATD €€ U )KUTH IO €€ KAHOHAM.

Topnuwuit sicypnan Kazaxcmana Ne2’ 2026



MPHTH 52.13.21 Tamo6ues IL.T.
Tenepanvuviti oupexmop TOO «HIIIT « Anmeppumny

®pank A.D.

3amecmumens enasnozo mexnonoea TOO «HIIII « Mnmeppun»
Typaaauena A.C.

Hnoscenep-mexnonoz no C3M TOO «HIIII « Mnmeppun»
Kauakysos A.B.

Hauanvnux omoena OBHP TOO «HIIII « Anmeppuny

PASBUTHUE OMYJIBCHUOHHBIX B3PBIBUATDBIX
BEIIIECTB B KAZAXCTAHE

B coprooobuisarouyeti npomviuiieHHocmu 6€30NACHOCHb E3PbLIEHLIX PAOOM S6NAeMCs KIIOYEEbIM (PAKMOpoM, Onpeoeisio-
WUM 3D PEKMUSHOCIL U YCIMOUMUBOCIb MEXHOL02UYecKUx npoyeccos. Cospemennble MeHOeHYUY HANPAGIeHbl HA CO30aHUe
63PbIEUAMBIX BelUyecms, KOmopbie 001a0an 6biCOKOU CMENneHbio 6e30NACHOCIU, IKOTOSUYHOCHIBIO U YOOOCIMBOM NpUMeHe-
Hust. OOHUM U3 NEPCHEKMUBHBIX HANPABICHULL SGISEMCs PA3GUIUE IMYIbCUOHHBIX G3DPbIEHAINBIX BEUJeCING, HE COOEPHCAUUX
MPAOUYUOHHBIX YYECIMBUMETbHBIX U IKOTOSUYECKU BPEOHBIX KOMIOHEHINOE.

OO0HAKO Npu NPaAKMUYeckom UCnonb3068anuu IBB 603HuKaem HeoOX00UMOCHb 6 NOBbIUUEHUY YOOOCMEA MOHMAICA U HA-
OEAHCHOCIU 3APSNCAHUSL, OCODCHHO 8 00B0OHEHHBIX U 2TYOOKUX CKEaXNCUHAax. B omeem na smu 3anpocwei 6w pazpabomar Ho-
bl MUN NAMPOHUPOBAHHO20 IMYIbCUOHHO20 63pbiguamozo éeujecmea Ilempozen I1 6 scecmiom naacmuko8om Kapmpuodice,
KOMOpbill couemaem 6000yCmMoudU80Cb, MEXAHUUECKYIO NPOUHOCMb U YOOOCMEO YCMAHOBKU KANCIONA-0emOHAmopa.

Pezynomamor npumenenus Ilempozena IT Ha omKpoimuix u NOO3EMHBIX 2OPHBIX PAOOMAX NOKA3AMU €20 GbICOKYIO HAOEHC-
HOCMb U SKOHOMUUECKYIO d¢hhekmuerocmpb. Pazpabomra omeuecmeenno20 Kapmpuoica paculupsien 03MOoiCHOCmu 6e3onac-

HO20 U MEXHOLOCUYHO20 8EOCHUS. B3PbI6HbIX pa60m 6 PA3NIUYHbBIX COPHO-2€0/I02UHUECKUX YCIIOBUAX.

Pa3BuTHE YIMYJILCHOHHBIX B3PHIBYATHIX BelecTB B Ka-
3axcraHe

B ropHomoObIBaromeld  IPOMBIIUIEHHOCTH — YIEJseTCs
OoJibIIOE BHUMaHHE BOINPOCAM IOBBIIICHUSI 0E30IIaCHOCTH
BBITIOJIHEHHS B3PBIBHBIX palOT, CBSI3aHHBIX C NPHUMEHEHUEM
B3pbIBUaThIX BemiecTB (BB), 4yBCTBUTENBHBIX K MeXaHHYe-
CKUM, TEIJIOBBIM U XUMHYECKHM BO3JIeHCTBHUSIM. [OpHIKH 1
TEXHOJIOTH-Pa3pabOTUUKK CTPEMSITCS CO3/1aTh HE TOJIBLKO MaK-
CUMaJIbHO OE€30I1aCHbIC M B M3BECTHOW CTEIEHH YHUBEPCAIIb-
Hble 110 cocTaBy BB 0e3 ucrionp30BaHus B HUX B3PbIBYATHIX
1 9KOJIOTUYECKHU BPEIHBIX KOMIIOHEHTOB, HO U Y/IOOHbIE B UC-
MOJIb30BaHUH. BBUY OTCYTCTBHS B3pbIBYATHIX KOMIIOHEHTOB
B CBOEM COCTaBe, 3MYJbCHOHHBIC B3pHIBUAThIC BEIICCTBA B
MOJTHOM MEepe OTBEYAIOT TPEOOBAHUSIM OE30ITACHOCTH U IKOJI0-
ruyHoctu. OJHAKo, B TUIaHE yA00CTBa MPUMEHEHHS Y B3PbIB-
HOTO TIepCOHaIa BO3HUKAIOT OIpe/ielieHHbIe TpeboBanus. Tpa-
JIMIIMOHHO B OOBOJHEHHBIX CKBA)KMHAX MPUMEHSIOTCS Mpec-
COBaHHBIC TPOTWJIOBBIC IMIAIIKH-AETOHATOPBI C THE3AOM O]
KaICHOJIb-/IETOHATOP, KOTOPbIC 00JIaIat0T CTAaOUIBHBIMHA HHU-
IUHUPYIOIMMHU XapaKTepPUCTUKAMU U TOHYT B BOJC CKBAYKHHBI.
OJHOBPEMEHHO BO3HHMKAET MOTPEOHOCTH B OoJiee JICHICBBIX,
OTEYECTBEHHBIX PEUICHHSX C COIMOCTABUMBIMU PA0OUYMMH Xa-
pakTepuCcTHKaMHU. DMyJIbCHOHHBIC k¢ BB, kak mpasuio, ma-
TPOHHUPYIOT B MSTKYIO MOJMMEPHYIO 000JIOUKY, IIPH MOHTaXKe
B KOTOPO# HEOOXOMMO CJIeIaTh OTBEPCTUE T10J] KaIICIOJIb-/Ie-
TOHATOP W TMETJII0 U3 BOJIHOBOJA Yepe3 MarpoH, 4Tod 3aduk-
CHUpPOBATh B HEM Karlcionb-feToHaTop. He Bcerna ato ynaercs
C/eJaTh ONEPaTUBHO U KaueCTBEHHO.

Tak, TOO «HIIIl «MuTeppun» ¢ yderom TpeOOBaHUU U
MOKEJIAHUH B3PBIBHOTO MEpCOHAlIa Pa3padoTaio OTeYeCTBEH-
HOE 3MYJIbCHOHHOE ITaTPOHUPOBAHHOE B3PHIBYATOE BEIIECTBO

Ilempoczen II B kapTpumKke (KECTKON IIACTHKOBOM 000J104-
ke) nuamerpoMm 70 MM, MMEIONIEM OTBEpPCTHS Ul TPOXOAa
BOJIHOBOJIAa M BBOJA KamcCloJs-IeToHaropa. bmaromapst arto-
My HE TOJIbKO COKpAaIIaeTcs BpeMsi Ha MOHTaX NarpoHa-0o-
€BUKA, HO M HUCKJIIOYAETCS PUCK CIYYalHOrO H3BIICUEHUS
KaICIJIs-1€TOHATOPA.

OO6mmit Bux xaprpuka Ilempozen IT 1.70 MM nipencras-
JeH Ha puc. 1.

B3PblBYaTOE BELWECTBO
~ ['apaHTUitHbIN CPOK XpaHeHus 12 MecsiLies.
CT 11325-1910-TO0-32-2012

Puc. 1. O0muii Bug kaprpumka Ilerporen I1 1.70 mm.

Ilempozen II — narponupoBanHoe OBB, npennazHauen-
HO€ KakK JUIsl Py4HOro, TaK U MEXaHU3UPOBAHHOTO 3apsKaHUS
CyXUX M OOBOJHEHHBIX HIIMYPOB M CKBAKUH JUIS B3PBIBAHUS
Ha 3€MHOM ITOBEPXHOCTH M B 3a005X MMOJ3EMHBIX BBIPAOOTOK,
B KOTOPBIX JJMOO OTCYTCTBYET BBIICIICHHE TOPIOYHX I'a30B HIIH
B3pBIBUATON YTOJILHOM (CIIaHIIEBOW) TBUTH, JTMOO TPUMEHSIETCS
WHEpTU3alMs NpH3a00HHOT0 MPOCTPAHCTBA, HCKIIOYAIONIast
BOCIIJIAMEHEHHE B3PbIBOONIACHON CPEIbI ITPU B3PBIBHBIX pabo-
Tax, B TOM YHCIe CYIb(GHUIHBIX Pyl B TEMIIEPaTypHOM JiUaria-
30HE OKpyxaroiieil cpensl oT mutyc 40 1o mwitoc 40 °C.!

ODU3NKO-XUMHUYECKHE M B3pbIBUaThle Mokazarenu OBB
Ilempoczena I npusenens! B Tadnuue 1.

"Tambues I1.I°. Hzeomosnenue 63pbluamuix 6eujecms u3 He63pbleuamvix KOMNOHEHINOE U KOMNIEKCHAS. MeXanuzayus 63poienvix paoom: Armamor, 2015. C. 356-358

Topnwviir srcyprnan Kazaxcmana Ne2’ 2026



Tabnuya 1
Du3uro-xumuueckue u 63pvleuamole noKazamenu
9BB Ilempozena IT
HanmenoBanue nokazarenei 3HaueHue MmoKas3arenei
Terutora B3peIBa, KJK/KT (KKaJ/KT) 3568 (853)
Kucnoponnsiii 6ananc, % -0,3
OObeM ra3oB, J/KT 824
I"azoBast BpeTHOCTD (KOJMYECTBO SIJIOBUTHIX I'a30B B MIEpecyYeTe Ha YCIOBHYIO OKUCH yIJIEpo/a), JI/KT 23,5
Temnepatypa B3pbIBa, K 3087
[onnas nneanpHas paboTa B3pbIBa, KJK/Kr 3489,5
TpOTHITOBEIIT SKBUBAJICHT 0,85
CKOpOCTh JICTOHAIMH, M/C, HC MCHEE 5500
UyscTBUTENHHOCTH K yaapy mo [OCT 4545
- HIDKHUHN TIpesell, MM >500
- 4acTOTa B3PHIBOB, % 0
YyBCTBUTENBHOCTH K TpeHHUIO, HkHUI mpeaen, mo TOCT P 50835-95: kr/cm?, (Mnia) > 7000 (700)
YyBCTBUTENBHOCTb K JUTUTCIFHOMY TPEHUIO:
- HAJINYME BOCIUIAMEHEHHUN Orcyrerayior
Kpurtrdeckast TiOTHOCTD, T/cM> 1,28-1,3
Temnepartypa Bcnbimky, °C 237,2

braronaps rakum npeumymectsam OBB IHempozen 1T
B IUTACTUKOBOM Kopmyce ¢ 2022 r. yCmemrHo MpUMeHseT-
cs Ha OTKPBITHIX TOPHBIX padorax B AO «CCI'TIO», TOO
«AxTroOnackas Menguasg komnauus» u AO «I'MK Kaszaxai-
TBIHY.

Kpome oTKpBITEIX TOpHBIX padot, Ilempozen II B imactu-
KOBOM KOPITyCE MOJHOCTBIO OTBEYAET HEOOXOTUMBIM Tpebo-
BaHMSAM YCIOBUIl MOA3EMHBIX TOPHBIX PabOT, B YaCTHOCTH
3apspKaHUs BOCCTAIOMIMX CKBKWH auamerpoM 89—115 mm.
bnaromapss mpodHOMY KOpIyCy IIpH 3apsDKaHMM DTyOOKHX
CKBaXHH 110 17 M, HE HapymIaeTcs NeIOCTHOCTh MaTpoHa-00-
€BHKa, a HAJIMYIKE TNIACTUKOBOTO JIEMEHTa B (popMe 3BE3/104-
KH (TIOXOKMM Ha Mapamtior) (prc. 2) obecrednBaeT HaIeKHOe
yAepKaHHe NTAaTPOHA B CKBAXKHHE.

ITocre mpoBeneHWss MPOMBINUIEHHBIX wucnbiTaHuid TOO
«Kopmnopannss  Kazaxmeicy B Kazaxcrane m OcOO «Kaz
Minerals Bozymchak» Kbiprei3crane 3aMeHWIN IITATHBINA
AmmonnT 6)XB mpm 3apspkaHUM BOCCTAIOIINX CKBAXHH HA
CBOUX MO/3eMHBIX pynHUKaxX Ha Ilempozen I1 B IIacTHKOBOM
KapTpuaxKe.

[IprHnMNManbpHAs cxeMa NaTpoHa-00eBUKa C IPHUMEHEHH-
€M IUIACTUKOBOTO KapTpPUIXa MPE/ICTaBIEeHa Ha PUC. 3.

C y4eToM MOJOKUTENHFHOTO ombITa npuMeHeHns OBB Ie-
mpozen IT 1.70 MM B TIJTaCTUKOBOM KapTPHDKE MPU J00bIUE
TIOJIE3HBIX MCKOTAEMbIX HAa OTKPBITBIX U MOJ3E€MHBIX FOPHBIX
paborax, mposesieHa pabora o BHeapennio OBB Ilempozen Puc. 3. Cxema naTpoHa-00eBUKa ¢ IPUMeHEHHEM
Il B aCTUKOBOM KapTpUKE IPU CEHCMOpa3BEIOYHBIX pa- IJIACTHKOBOTO KAPTPHLKA.
6orax HeTsHBIX MecTOpoXIeHUi. CoracHo TpeOoBaHHIM
CIELMAJIMCTOB N0 celicMopa3Besike HeDTAHBIX MecTopoxe- 10 30 mHeil. brarogaps repMeTHYHOCTH 3aps/a, HAXOKACHHE
HUM, OBbUT pa3paboTaH IUIACTHKOBBIA KOPIyC AMAMETPOM B BOJE TaKOW JJTHUTENbHBIA CPOK HE SIBISETCS KPUTHUECKUM,
50 MM (Bec BB 500 rp) ¢ BO3MOXKHOCTBIO YBEIMYEHHMS 3apsia  HE MPOUCXOHUT BHIMBIBAHUE 3aPsiia, TEM CaMbIM HCKITFOUACTCSI
TpeGyeMoro Beca ¢ MOMOIIBI0 COeAMHUTENBHOI My(Thl. Celi-  BO3melCcTBUE HAa DKOIOIHIO.
cMOpa3Be/Ika MPOXOIUT HE TONBKO Ha CyIle, HO U B OONOTH- Buemnnit Bun 9BB Ilempozen IT 11. 50 MM B IJIaCTHKOBOM
CTBIX palloHax, U 3a4acTyr0 3apsibl MOTYT HAXOJAWTHLCS B BOAE  KapTPHJDKE MOKa3aH Ha puc. 4.

1 — 6onnoeoo HCB

2 — kpwvrwka ¢ omeepcmuem noo KJJ
3 — napawirom

4-K1

5 — Kopnyc kapmpuddica ¢ npooonis-
HbLM JIcenooom

6 — omynvcuonnoe BB

7 — yoepacusaioujee Koabyo
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1 — kpvuka, 2 — kopnyc, 3 — coeOuHumenvHas mygpma

Puc. 4. 3BB Ilerporen II 1. 50 MM B I1aCTUKOBOM KapTpPHIKe.

[TpenMymiecTBa MIACTUKOBOTO KAPTPHUIKA! 3. OTCYTCTBYIOT pHCKH ciy4aitHoro u3BneueHus K/I.

1. Yno6cTBO MOHTaXa MaTpoHa-00eBHUKa: HET HEOOXOH- 4. TIpouHBIH KapTPHIDK 0OECIIEUNBACT HACKHOE 3apsiKa-
MOCTH OOBSI3BIBATH U JIEJIATh METIIO HAa NaTpoHe. KapTpumk  HUE BEPTUKAIBHBIX CKBaKUH B ITOJ3EMHBIX yCIOBHSX.
MMEET CIIeIHaIbHOE OTBEPCTHE /IS KallCIOIb-/1€TOHATOpa U 5. OnmoHanbHO CHAOXKACTCS MAPAIIIOTOM ISl BEPTHKAIb-
yIAEpKUBAIOIIEe KONIbIO, Yepe3 KOTOPOE MPOBOAUTCS BOJ-  HBIX CKBRKUH B TIOJ[3EMHBIX YCIIOBHUSX.

HOBOJI. 6. OTcyTCTBYET NPSIMOM KOHTAKT YEIOBEKA C 3MYJIBCHOH-

2. CoxpaHnsieTcs IIETOCTHOCTh 000JIOUKH, Onarogaps 4eMy  HBIM COCTaBOM.

BOZIOYCTOWYHNBOCTh M3/ICTIHNS HE OTpPaHUYCHA. 7. VlckmrodeHa BepOSATHOCTD Pa3pbIBa OOOIOUKH.

Taxum obpaszom, onvim npuMeHeHuss NOKA3AL, YUMo YNAKOBKA dMYIbCUOHHO020 BB ¢ niacmukoswiii kapmpuoic co-
yemaem 6 cebe HeOOXOOUMbLE IKCHIYAMAYUOHHbIE KAYecmea U IKOHOMUYecKue npeumyujecmsd. Boooycmotiuugsocmy
U NOBBIUEHHAS, CKOPOCTb OeMOHAYUU CROCOOCMEYIOm CMAOUTLHOMY UHUYUUPOBAHUIO OCHOBHO20 3apAdd, d KOH-
CMPYKMUBHASL COBMECTMUMOCIb C CYUECTNEYIOWUMY INEeMEHMAMU CUCEMbl UHUYUUPOBAHUA 0b1e2uaem adanmayur
na mecmax. Cywjecmeennas dKOHOMUA U OmedecmeeHHoe npousso0cmeo 0enarm npooyKm npueiekamenbHulm OJis
2opubix npednpusimuil Kasaxcmana u 6nudicnezo 3apybedicos.
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Abylkas Saginov Karaganda Technical University (Karaganda, Kazakhstan)

EFFICIENT TECHNOLOGY FOR THE MINERAL
RESERVES EXTRACTION IN ORE DEPOSITS
DEVELOPMENT

Abstract. This article discusses the analysis of mining operations, a review of the literature, and how remaining ore is cleared in interchamber mines on the panel, taking
into account the geomechanical and safety conditions. The goal is to create an effective technology for the development of ore deposits that ensure the completeness of
mineral extraction when establishing the order and direction of mining pillars in the panel, based on determining the load on the pillars, for each lithological type of rocks
that make up the overlying stratum. With the method indicated below, the completeness of the extraction of active reserves of the panel is increased while maintaining the
stability of the outcrop. A resource-saving technology for the development of ore bodies is recommended, which ensures the complete extraction of mineral reserves from
the subsoil.

Key words: technology, minerals, development, efficiency of underground mines, resource extraction, pillar, methodology calculation.

Ken opbiHIapbIH urepy kesinje naigajisl Kazdoanap KopJaapbIH THIMII 6HIipy TEXHOJOTHACHI

AmnjaTna. by Makanana Tay-KeH jKYMBICTapbIH Talljiay, 91e0UeTTepre Moy jkacay, COH/ail-aK reoMeXaHMKaJIbIK XKOHE KayiNcCi3/liK jKar1aiIapblH €CKEPE OTBIPHIIL,
MaHesbIeT] axXTaapablK IIaxTanap/a KajaFaH KeH/i Tazapty TopTioi 3eprreneni. Makcarsl — OaraHasiapra TYCETiH )KYKTEMEHI aHbIKTayFa HETi3/1eIIeH MaHe bIeri Tay-KeH
GaraHanapblHbIH TOPTiIOI MEH OarbIThIH OEITiiey Ke3iHze naiiiaibl Ka30anapasl OHAipy/IiH TONBIKTHIFbIH KAMTAMAChI3 €TETIH KeH KCeH OPBIHAAPbIH HTePY/IiH THIMII TeXHO-
JIOTHSICBIH ykacay. TeMEH/Ie KOpPCEeTIIreH d/Iic Ke3iHe OMNATTBIH TYPAKTBUIBIFBIH CAKTaM OTHIPBIN, MaHENb/IiH OeICeH I KOPJIAPBIH aTy/bIH TONBIKTHIFbI YIFalThUIabL. XKep
KOiHaybIHAH Maiaasbl Ka3danap KOpiapbiH TOJIBIK OHIPYAl KAMTaMachl3 €TETiH KeH JACHEeNepiH UTepyIiH pecypc YHEMICHTIH TEXHOIOTUSICH YChIHBLIA/IbI.

Tyiiinoi coz0ep: mexnonozus, nauoaivl Kazoanap, OHOIPY, JHcepacmul KeHiwiniy muimoiniei, Kopiapowl uzepy, Kenmipex, ecenmey 20icmemeci.

a(l)q)eKTl/lBHaﬂ TEXHOJOIusd 0Tpaﬁonm 3aMacoB MOJIE3HBIX UCKOIIAEMBIX IIPH pa3paﬁoTKe PYAHBIX 3aJieskeit

AuHoTanus. B 1aHHO#T cTaThe paccMaTpuBaeTcs aHaIn3 padoThl TOPHOAOOBIBAIOIIMX MPEANPUSITHI, 0030 JIUTEPATYPhl M BOIIPOC O TOM, KaK IPOUCXOJIUT PaCUUCTKa
OCTaBILICHCS PY/Ibl B MEXKKAMEPHbIX [IaXTaX Ha MAHEIH C YYCTOM I'€OMEXaHHYECKOH 0OCTAHOBKH U C COOIIOACHHEM TEXHUKH 0e30macHOCTH. LIeNbio sSBISeTCs co3tanue
9 HeKTUBHOI TEXHOIOTHN Pa3pabOTKH PYJHBIX MECTOPOXKICHHI, 00CCHEUHBAIOIINX OTHOTY M3BJICYCHHUSI MOJIE3HBIX MCKOMAEMbIX [PHU YCTAHOBICHUH IOPSIKA U Ha-
NpaBJIeHUs OTPAOOTKH IEIMKOB B TIAHEIIH, HA OCHOBE ONpPE/IeTICHUS HATPy3KH Ha LEIUKH, JUIs KaXI0T0 JINTOJIOTMYECKOr0 THITA TOPHAIX TTIOPOJI, CIIAraloluX HaJeraromlyio
Touuty. ITpn yka3aHHOM HUKE COCOOE MOBBILIASTCS OJIHOTA H3BICUCHNS aKTHBHBIX 3aM1aCOB MAHENH C COXPAaHEHUEM YCTOIYMBOCTH OOHaXeHHs. Pekomenyercs pecyp-
cocbeperarolasi TEXHOJIOTUsE Pa3pabOTKU PyIHBIX Tell, 00eCIeurBaIOIIas OJHOTY U3BJICUCHHUS 3aMacOB MOJIE3HBIX HCKOMAEMBIX U3 HEp.

Knrouesvie cnosa: mexnono2us, noiesnvie UCKonaemvle, paspadomrd, 3h@exmueHocnms no3eMuuix pyoHuKos, u3eieveHue 3andcos, Yeux, Memooukda paciemd.

Introduction

At present, the issues and tasks of rational use of all avail-
able mining, geological and technological resources for main-
taining the required level of efficiency of underground mines
are becoming increasingly relevant. At the same time, one of
the most important reserves for increasing the efficiency of
mine development should be considered the most complete
extraction of reserves due to the subsequent extraction of the
remaining pillars. A common system for developing horizon-
tal and inclined ore deposits is the room-and-pillar system of
development with subsequent extraction of pillars (repeated
mining) [1]. The system is highly productive, however, char-
acterized by significant drawbacks: ore losses in the panel as
a whole reach 20 ... 40%, which increase under conditions of
increased rock pressure, due to premature collapse of the roof
and pillars. The main structural elements in the room-and-pil-
lar system of development are the ceiling (roof of the cham-
ber) and the pillar. Despite the large volume of theoretical and
experimental studies on the assessment of the stress state of
structural elements of the development system, there is still
no final scientifically based approach to the effective design of
technological parameters for the development of ore deposits.
The generally accepted method for calculating the parameters
of the development system [2] is the calculation of the param-
eters of the pillars and spans of the stopes depending on the
depth of development and on the basis of empirical dependen-
cies obtained at specific deposits, which is not always applica-
ble to other similar deposits. Even taking into account the fact
that the mining and geological conditions at one deposit can
change to the same extent, and the use of the parameters of
rock sliding from one section of the deposit to another section
can lead to an increase or decrease in the magnitude of the load

acting on the pillars. This, accordingly, leads to an increase or
decrease in the size of the pillars, loss of minerals, imbalance
of the geomechanical structure «pillar — roof» and its collapse.
Therefore, the problem of increasing the efficiency of ore de-
posit development, taking into account the stress-strain state
of the massif to ensure the complete extraction of minerals, is
an important task from a practical and scientific point of view,
the solution of which allows reducing the costs per unit of ex-
tracted mineral [3].

The creation and improvement of mineral deposit develop-
ment technology, optimization of their parameters and control
of rock pressure are the subjects of research by many scientists.
But despite this, the task of creating and improving mineral de-
posit development technology remains very relevant [4].

Materials and Methods

Analysis of the work of mining enterprises and specialized
literature shows that when developing deposits in complex
mining and geological conditions, significant losses of min-
erals often occur, reaching 20-30% or more of the explored
reserves. For the development of flat and inclined ore depos-
its, open stope systems are widely used. The use of the room-
and-pillar system during its use has led to an improvement in
the parameters of breaking and an increase in technical and
economic indicators. However, when designing key elements
of the system, such as extraction panels, outcrop sizes, pa-
rameters of inter-chamber and inter-floor targets that perform
the function of load-bearing elements to retain pressure, the
reasons are insufficiently observed in complex mining and
geological conditions. It follows from this that in areas devel-
oped by the underground method, collapse chambers are used,
which, as a rule, with the destruction reaching the surface [5].
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Based on the conducted analysis and review of the state
of the issue, a goal has been formulated aimed at creating an
effective technology for the development of ore deposits that
ensure the complete extraction of minerals by establishing the
order and direction of the development of pillars in a panel,
based on determining the load on the pillars, for each litholog-
ical type of rocks that make up the overlying strata.

In gentle and sloping (up to 30—35°) deposits contain large
reserves of non-ferrous metal ores. Such deposits are mined
using systems with open mined space, with caving of overly-
ing rocks and, less frequently, with backfilling of the mined
space, including hardening mixtures. The most widespread of
these systems are room-and-pillar and pillar with caving of
overlying rocks [6].

The authors [7] propose a method for developing gently
dipping ore deposits, the essence of which is as follows: mine
fields are developed with a bench-like front, and the leading
bench is developed in alignment with the cutting line of the
barrier pillar. The pillar is developed together with the devel-
opment of mine fields. The sections of mine fields between the
front of the cleaning works and the barrier are completely re-
lieved from rock pressure by workings. According to the safe
level of stress, the width of the barrier pillar within the next
bench is adjusted and the mine fields and the pillar are devel-
oped. The mined-out space is filled with hardening mixtures.

A method is also known [8], which includes the develop-
ment of panel reserves with the formation of belt inter-cham-
ber pillars, the width of which is equal to the drilling width of
a self-propelled drilling machine from one of its installations,
the filling of the worked-out space of the chambers with hard-
ening mixtures, the extraction of belt inter-chamber pillars and
the filling of the newly formed worked-out space between ad-
jacent filled chambers. With this method, the completeness of
the extraction of active reserves of the panel is increased while
maintaining the stability of the outcrop. The main disadvan-
tage of this method is the filling of the worked-out space.

Results and discussion

Recommendations for efficient technology for the devel-
opment of reserves during the development of ore deposits.
When developing ore deposits using the underground cham-
ber-and-pillar method, the development involves leaving sup-
porting inter-chamber pillars. In the event of destruction of the
inter-chamber pillars, the resulting collapse of the overlying
strata may cause dangerous deformation of the earth’s surface.

Complete extraction of mineral reserves is possible with
reliable provision of safety of mining operations and improve-
ment of development technology. The required maximum pro-
ductivity of the panel can be provided by a room-and-pillar
mining system using self-propelled equipment. In this case,
technological losses are formed due to leaving inter-chamber
and barrier pillars.

Quantitative and qualitative indicators of ore extraction
from the subsoil depend on the correctly selected parame-
ters of the development system. They can be improved by
increasing production costs. Therefore, the requirement for
the development system is that the sum of the reduced costs
and economic damage from losses and dilution of the ore be
minimal.

Topnwviir srcyprnan Kazaxcmana Ne2’ 2026

Efficient development of mineral reserves during the de-
velopment of ore deposits was considered using the example
of an underground mine, where more than 20 million tons of
ore have been developed to date, which has led to the forma-
tion of large voids, and some of the ore reserves remained in
the inter-chamber pillars (ICP). In order to maintain a stable
geomechanical state, it is advisable to begin developing the
remaining inter-chamber pillars and to fill the formed voids
by caving. Repeated development of ore reserves left in the
ICP makes it possible to increase the completeness of the ex-
traction of panel reserves.

A two-stage extraction of the mineral is recommended.
The first stage involves the extraction of ore reserves using a
room-and-pillar mining system, leaving barrier pillars along
the panel boundaries. The second stage involves the extraction
of inter-chamber pillars from the open working space, with the
collapse of the overlying rocks as they are mined.

Before re-mining, it is necessary to inspect the panels to
clarify the geomechanical situation, prevent accidents and
warn about the collapse of weakened and unstable pillars. Af-
ter studying the design documentation and carefully inspecting
all the ICP panels, conclusions are made and recommendations
for re-mining are issued.

The loads on the ICP are calculated taking into account the
sub-arch load formed above the panel area and between the
barrier pillars, according to the proposed method (Figure 1).

From the above sequence of panel reserves development it
follows that the ore reserves left in the inter-chamber and belt
pillars are temporarily inactive reserves. The volumes of these
reserves can be determined by the following formula [9]:

] td?
Rint = yh KS(ITqinchp + (Ksq = 1) (IsqBsq —

- lcuthuthut) ’

Where:

y — ore density, t/m?;

h — deposit thickness, m;

K, — number of squares, pcs;

d — diameter of the inter-chamber pillar, m;

Qincy — NumMber of interchamber pillars, pcs;

l,,, B, —respectively the length and width of the belt pillar, m;
1., V... — respectively the length and width of the cut, m;

K., — number of cuts, pcs.

For this purpose, geotechnical monitoring is carried out
[10-12], including: seismic assessment of the processes of
deformation and destruction of rocks in the rock mass; instru-
mental observations of the roof behavior; visual monitoring of
the state of the working faces and adjacent workings. Seismic
monitoring is carried out based on the observation network
of the ISSI seismic monitoring system (South Africa). This
system includes aboveground and underground parts, which
ensures control over the geomechanical situation in all areas
of development, including re-development, with the ability
to promptly respond to any changes. Instrumental monitoring
includes the installation of displacement sensors for the anal-
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Figure 1. Rework stage: / — the contour of the arch formed
between the barrier pillars; 2 — barrier sight; H — depth of
the deposit; h — thickness of the deposit
Cyper 1. KaiiTa enuey ke3eHi: / — mockayvin kenmipex
apacuvlnoa mysinemin Kymoes KOHmypwl; 2 — MocKaybi
xenmipex, H — ken opuvinwiy scamy mepenoiei,

h — ken opHbIHBIY Kyambi.

Puc. 1. Craausi noBTOpHOIi 0TPabOTKU: [ — KOHMYp 8004,
0bpazyemvlil medxcoy bapbepuvimu yeauxamu, 2 — oapbepuviil
yenux, H — anybuna saneeanus 3anesxcu; h — mowpocmeo
3anexcu.

=l

ysis of the quantum-deformed state of the rock mass, which
allows for the timely detection of potential collapse zones and
the adoption of measures to localize them. Visual monitoring
of indicators by linear supervision is aimed at periodic assess-
ment of changes in the state of the roof, barrier, inter-chamber
and signal targets, as well as monitoring the state of the mined-
out space to ensure safe working conditions.

All of the above activities are aimed at effectively conduct-
ing reprocessing without unnecessary losses of stocks in the
ICP while observing safety regulations.

The significance of the research conducted

The justification and improvement of technological solu-
tions for the panel-and-pillar mining system based on changes
in the structural elements of the system and the optimization
of their parameters, ensuring efficiency and completeness of
the extraction of ore reserves, is a significant task for mining
enterprises using this development system.

Usefulness of the results

Increased recovery of the deposit’s reserves is achieved
through the implementation of a technology based on divid-
ing the mining area into squares using strip pillars. The size
of the square’s side corresponds to the distance between the
inner walls of the barrier pillars, allowing for targeted redis-
tribution of the load on the structural elements of the mining
system.

Unlike traditional methods, the diameter of the in-
ter-chamber pillars within the squares is determined taking
into account the sub-arch load formed over the area of the
square and between the barrier pillars, according to the pro-
posed method.

An increase in the completeness of mineral extraction is
also achieved by mining inter-chamber pillars under condi-

tions of controlled collapse within a limited area of the panel
within each square.

Preliminary caving within a square provides the opportu-
nity to develop barrier pillars from the adjacent side of the
neighboring square, using the resulting clearing space.

Optimization of losses and reduction of dilution of mined
ore are achieved by regulating the size of squares and the value
of the permissible sub-arch load.

Informativeness of the conducted research

The proposed solution to the current scientific and technical
problem of increasing the efficiency and safety of extraction
of flat ore deposits by creating process flow charts based on
new principles of designing development systems can be use-
ful for mining industry specialists, mining scientists, as well
as doctoral students, master’s students, and students majoring
in «Miningy.

Practical significance of the results

A new method for mining reserves within a panel has been
developed, allowing for ore extraction without the need for
backfilling, which significantly reduces mineral losses in in-
ter-chamber pillars and increases the completeness of reserve
recovery.

The developed technological solutions take into account the
important relationship between economic efficiency and envi-
ronmental safety. This is achieved through the rational use of
underground space, the reduction of manual labor intensity,
the development of geotechnologies, compliance with anthro-
pogenic impact regulations, the use of recycled resources and
substitute materials, and the mitigation of potential negative
consequences.

It has been established that by pre-demolishing the support-
ing pillars and then controlled roof collapse to a predetermined
height, it is possible to effectively remove barrier pillars from
the cleared space of adjacent panels. With proper field prepara-
tion, this technology can also be used for subsequent removal
of supporting pillars.

Recommendations for implementation

The proposed research results are recommended for use
in the development of medium-thickness ore deposits using
room-and-pillar and panel-and-pillar mining systems to in-
crease the completeness of extraction of mineral reserves.

Conclusion

A resource-saving technology for the development of ore
bodies is recommended, ensuring the complete extraction of
mineral reserves from the subsoil.

The results of the implementation of the recommended
technology make it possible to increase the level of industri-
al safety at mining enterprises and create prerequisites for an
economical technology for the development of ore deposits in
order to increase the completeness of mineral extraction.
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H.B. baxTtei6aes!, O.A. Aouas!, *K.T. Arareanues?, E.T. Hyp6o6oes?

'TOO «Mining Research Groupy (2. Kapazanoa, Kazaxcman),

’HAO «Kapazanounckuii mexnuuueckuil ynusepcumem um. Aoviakaca Cacunosay

(e. Kapazanoa, Kazaxcman),

STawkenmekuil eocyoapemeennolii mexnuyeckuti ynusepcumem um. Mcarama Kapumosa
(2. Tawxenm, Yzbexucman)

IMOBBIINEHUE KAUECTBA BYPOB3PbIBHbBIX
PABOT J1JISI JOCTUXEHUS OIITUMAJIBHOM
KYCKOBATOCTU B3O0PBAHHOM TOPHOUA
MACCBHI HA IPUMEPE MECTOPOXJAEHUS
KAJIBIH

AHHOTaIMSI. B cTathe npeacTaBiIeHbl Pe3y/bTaThl HCCIICI0BAHNIH, HATPABICHHBIX HA MOBBINICHHUE KauecTBa OyPOB3PBIBHBIX PAOOT JUISl JOCTHKEHHS! ONTHMAIBHOM Ky-
CKOBAaTOCTH B30PBAHHOM TOPHO MaccChl Ha IPUMEPE YroabHOro MectoposkaeHst JKasbiH. [IpoBeseH KOMIIEKCHBIN aHAIN3 ¢ HCIOIb30BaHneM ceiicmorpados ZET 7152-N
u nporpaMmHoro obecriedernst WipFrag. Pesyabrarsl mokasaiam, 9To IPU BBICOKOI IFIOTHOCTH 3aps/IOB M YMEHBIICHHH IIara CKBaKHH JTOCTHIACTCS MHHUMAIBHBIIN CPei-
HHUI1 pa3Mep KyCKOB, TOTJIa KaK JUIsi KPYITHBIX OJIOKOB HaOJFO[aeTcsi pOCT J0Ju Heradaputa. Pa3paboTaHbl pEeKOMEH/ALMH 110 IPUMEHEHHUIO MONPABOYHBIX KO HIIMEHTOB
yaenbHoro pacxoaa BB Ha ocHoBe mopeseit Kyry3osa b.H. u KUZ-RAM, 4To 1103BOJUT ONTUMHU3UPOBATH pacxo BB, yiydmmth ¢pparMeHTaluio 1 CHU3UTh CEHCMUYECKOEe
BO3JIEHCTBHE.

Kniouesnie cnosa: 6ypos3puienvie pabomsl, KyCKO8AMOCMb COPHOU MACChL, YOEIbHbI PACX00 83Dbl8UAMbIX 6eujecms, celicmuieckuli monumopune, WipFrag, moodens
KUZ-RAM, ckopocmu konebanuii wacmuy, gppaemenmayust, mecmopodscoenue Kanvin.

7KaJbIH KEeHOPHBI MBICAJIBIH/IA KAPBIJIFAH Tay KbIHBICTAPBIHBIH OHTAMJBI ipiirine KoJI KeTKi3y ylIiH OypFbI-Kapbl-

JIBIC JKYMBICTAPBIHBIH CANACHIH APTTHIPY

Anparna. Makanajga JKanblH KeMip KCHOPHBIHBIH MbICAJIBIH/A JKAPBUIFAH Tay-KCH MACCACHIHBIH OHTAMIIBI KECEKTINITiHEe KOJ JKETKi3y YIIH OYPFBI-KapbUIbIC Ky-
MBICTApPBIHBIH CallaChblH apTThIpyFa OarbITTaIFaH 3epTTeynepaiy HoTmkenepi kenripiared. ZET 7152-N ceiicmorpadrapsl Mmen WipFrag Oaraapiamaiblk jkacakTaMachlH
KOJIJIaHA OTBIPBIN KEIIEH/i Tanzaay sKyprizinai. HoTmxkenep kepceTkeH e, 3apsaTapiblH jKOFaphbl ThIFbI3IbIFl MEH YHFbIMAJIAp KaJaMbIHbIH a3ar0bl KE3iH/IE KECEKTEPIiH
MUHHMAJZIbl OpTallla eJIIeMiHe KO JKeTKi3ine i, ai ipi 61okrap yuiH rabapuTTeH ThiC (pakuus yiecidid apTysl 6aiikanansl. b.H. Kyrysos sxone KUZ-RAM monenbe-
piniH Herisinge XKappuirsinn 3aT (JK3) yJIecTiK MIBIFBIHBIHBIH TY3eTy KO3(Q(QUIHEHTTepiH KonnaHy GOMbIHIIA YChIHBICTAp a3ipiaeHai, Oy XK3 LIBIFbIHBIH OHTAMIAHBIPYFa,
(hparMeHTaHsHBI )KaKCAPTYFa jKOHE CEHCMMKAIIBIK dCepli a3aiiTyFa MyMKIHIIK Oepei.

Tyitinoi co30ep: OYpebliay-2capbliblC HCYMbICIAPbL, MAY JICLIHbICIMAPLIHbLY KECEKMENIHYI, JCapblieblil 3ammapobly MEHWIKMI UbIEbIHbL, CeUCMUKATBIK MOHUMOPUHS,
WipFrag, KUZ-RAM mooeri, scapuiivic napamempiepin oymainanobipy, gpazmenmayusi, JKavin KeHopHbl.

Improving the quality of drill-and-blast operations to achieve optimal rock fragmentation: a case study of the Zhalyn deposit

Abstract. The article presents the results of research aimed at improving the quality of drilling and blasting operations to achieve optimal fragmentation of the blasted
rock mass, using the Zhalyn coal deposit as a case study. A comprehensive analysis was conducted using ZET 7152-N seismographs and WipFrag software. The results
showed that a minimum average fragment size is achieved with high charge density and reduced borehole spacing, whereas an increase in the oversize fraction is observed
for large blocks. Recommendations for applying correction factors for the specific consumption of explosives were developed based on the Kutuzov B.N. and KUZ-RAM
models. These recommendations will make it possible to optimize explosive consumption, improve fragmentation, and reduce seismic impact.

Key words: drill-and-blast operations, rock fragmentation, specific explosive consumption, seismic monitoring, WipFrag, KUZ-RAM model, particle vibration velocity,

fragmentation, Zhalyn deposit.

ByposspsiBabIe padoTs! (BBP) sBisI0TCS OCHOBHBIM CITO-
co0oM JIpoOIeHNSI TOPHOHM MacChl B TOPHOAOOBIBAIOIIEH TTPO-
MblIIIIeHHOCTH. OHM HampsMyIo BIMSIOT HAa IOCIEAYOIIHNe
MIPOIIECCHI, TaKUe Kak ApoOiieHne 1 mepepadboTka TOpHON Mac-
CBI, YTO JIEJIA€T BaKHBIM MX ONTHUMMU3ALMIO IS TIOBBIICHUS
HKOHOMHUYECKON U TEXHONIOTHIecKor 3ektuBHOCTH. OMHUM
U3 KIJIIOUEBBIX (DAKTOPOB, OMPEIEISIONNX KadeCTBO, ONTH-
MaJIbHBIMU TIOKa3aTelsIMA OypOB3pPBIBHBIX Pa0OT SIBIISIOTCS
TPaHyJOMETPUYECKUI COCTAaB B30PBAHHOM TOPHOW Macchl
U PaIMOHAIBbHOE HCIIOIb30BAaHWE SHEPIHU B3pbIBA C COOIIO-
JICHNEM TIPOEKTHBIX TOJIOKEHHH TOpHBIX BbIpaboTOK. OmTH-
MalbHOE APOOIIEHNE CHIDKAeT HEOOXOJMMOCTH ITOBTOPHOTO
M3METBUCHNST HerabapuToB, COKpaIlas 3aTpaThl Ha B3PbIBHBIC
paboThI 1 IKCTITyaTanio 000PYIOBaHMUS, TAKOTO KaK JpOOMII-
ku. ParnroHanbpHOE pacnpenesieHne SHEPTUH B3pbIBA C yUETOM
COXpaHEeHHsI KOHTYPOB TOPHBIX BBIPAOOTOK CIIOCOOCTBYET
CHIDKEHUIO 00BEMOB NEPEU3MEIBUCHNUS, YMEHBILICHUIO HeTa-
6apuTOB M 00ECIIEYNBAET YCTOWIMBOCTH OOPTOB, YTO B IIETIOM
MOJIOKUTENTEHO CKa3bIBaeTCs Ha padote mpeanpusaTtus [ 1-3].

YunThIBask BIIECIEPEUHNCIICHHbBIE (PAKTOPBHI, IETBIO TaAHHOH
paboThI sBiIAETCS TOBBIIIEHNE KadecTBa bBP mms moctmxke-
HUSl ONITUMAJIbHOM KyCKOBaTOCTH B30PBAaHHOM IFOPHOM MaccChbl

Topnwviir srcyprnan Kazaxcmana Ne2’ 2026

Ha IpuUMepe MecTopoxIeHus JKaibIH 3a cueT aHanmsa (Qu3n-
KO-MEXaHMUYECKHX CBOWCTB MAacCHBa, apaMETPOB PaHEE BbI-
TIOJTHEHHBIX B3PBIBOB, MOHUTOPHHTA CEHCMUYECKNX BO3/CH-
CTBHH 1 pa3pabOTKi 000CHOBAHHBIX PEKOMEHIAITHH.

Jis MOCTWKEHHs TIOCTAaBICHHON IeNu OBIT TPOBEICH
aHaJIM3 UCXOIHBIX JAAHHBIX MecTopokaeHus JKaibH 1 mapa-
METPOB PaHEE BBITOIHEHHBIX OyPOB3PBIBHBIX PaOOT, BBINOI-
HEHbl MHCTPYMEHTAIbHBIE 3aMepPbl CEHCMHYECKOTO BIMSHHA
B3pBIBHBIX PabOT Ha MAaccuB, OIEHKA I'PaHYIOMETPHUYECKOTO
cOCTaBa TOPHON MacChl, a TAKKe Pa3padOTaHbl PEKOMEHIAINN
TI0 TTOBBITIIEHUIO 3(h(HEeKTUBHOCTH OYPOB3PBHIBHBIX pPaboT.

Martepuajbl H MeTObI HCCIEI0BAHNS

Wccnenyemslii 00bekT — yronpHOE MecTopoxaeHue JKa-
JIBIH — pacnojiokeHo B JKaHaapkMHCKOM paiioHe YibITayCKOH
obmactu Pecnry6muku Kaszaxcran, B 350 kmimomMeTpax oT ropo-
na Kaparanapl.

Ocoboe 3HaueHWe IS YCIOBUI BENCHHS OypOB3PHIBHBIX
paboT uMeeT BEepXHUI YTONBHBIN TOPU30HT — HANOOJIee MOIII-
HBI ¥ yCTOWYMBBIN B cTpoeHHU. Ero MomrHoOCTh Konebnercs
oT 8 10 44 M, C yTOJTBHBIMHE MTagyKaMu 710 13 M, pa3aeneHHpIMI
MIPOCIIOSAMH YITIMCTBIX M TEMHO-CEPBIX apTHILIUTOB.
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BepxHue cion paspesa BKIIOYAIOT MECYAHUKU U AJIEBPO-
JIUTHI pa3MyHoro cocraBa. OCHOBY OOJIOMOYHOIO MarepHuaja
COCTABJISIIOT CJIOM KUCIIBIX BYJIKAHHTOB, KPEMHHUCTBIX TTOPO/I,
KBapla, MOJICBBIX IIIATOB, KBAPILUTOB M B MEHBIIEH CTere-
HU — OMOTHTA, LUPKOHA M anarurta. Pa3mep oOJIOMKOB Bapbu-
pyercst ot 0,1 10 3 MM, popma NpeuMyIIECTBEHHO yIiIOBarTasi,
COpTUPOBKA IuI0Xasi. L[eMEeHT necuaHuKOB Mpe/CTaBJIeH TIIH-
HUCTO-KapOOHATHBIMU U CHAEPUTOBBIMHU Pa3HOBHHOCTSIMH.

OObemHBII Bec NOpoj Bapbupyercst oT 2,2 1o 2,7 1/m3,
BIaXHOCTh — OT 0,5 10 25,9%, nopuctocts — oT 1,5 10 26%.
Haumenblne 3Ha4eHHs 3TUX MapaMeTPOB XapaKTEpHBI JUIs
IUIOTHBIX KapOOHATHBIX MOPOJ, a HAUOOJBIIUE — ISl [JIMHU-
CTBIX W TecYaHbIx OoTnokeHu. Koadduimenr kpemnoctu mo
mkaie [IporonssikonoBa uamensiercss ot 0,01 (rmubl) 10 6
(u3BecTHsKM 1 1naba3oBbie Ty(bl). YIelbHOE COTPOTUBIICHHUE
cxkaruro cocrasisieT oT 0,09 1o 10—12 kr/cm2.

Takum 00pa3oM, CIOKHOE JIUTOIOrO-CTpaTHrpaduIecKoe
cTpoeHue MectopokaeHus JKalbiH, MPEACTaBICHHOE uepe-
JIOBAaHUEM Pa3JIMYHBIX 110 MPOYHOCTH U TPELIMHOBATOCTH I10-
POz, OKa3bIBaeT 3HAYUTEIbHOE BIUSIHHE HA 3()(PEKTHBHOCTD
OypOB3PBIBHBIX Pa0OT U KOHEYHYIO KYyCKOBaTOCTh B3OPBAHHOM
TOPHOH Macchl. DTH OCOOEHHOCTH HEOOXOAMMO YUYHUTHIBATh
IIPY [IPOEKTUPOBAHUH U ONTUMH3ALMH TEXHOJIOTHUECKUX ITa-
pametpos [4].

B xozne u3yueHHs paHee BBINOJIHEHHBIX B3PHIBOB Ha Me-
cropokaernn JKaybiH ObUT0 MpoaHanu3upoBaHo 10 O10KOB,
OXBAaTHIBAIOLIMX II0JIE3HOE MCKOIAEMOE U MOPOJIHBII MaCCHB.
OObembl B3pbIBacMOi Macchl BapbupoBasiuch ot 1 400 M* 10
45 621 M, ¢ pa3In4HOM ceTKoit OypeHus or 7 X 6 M 10 7 X 8 M
1 DIyOMHOM cKBaXkuH B cpenHeM ot 5,0 no 10,3 M. Koadduim-
€HT KpernocTH mopoj MeHsuics ot 1 10 5,5.

KonmuecTBO CKBaXXMH Ha KaX/bli B3pBIB BAPHUPOBAJICS OT
5 1o 45 u ynensHblit pacxox BB — ot 0,22 10 0,25 kr/m3.

s morutopunra 3a bBP ucnons3oBanuck ceiicMorpadst
ZET 7152-N VER.2. Cuctema, coctosiias u3 2 ceiicmorpa-
¢oB, pasmernanach BOIU3U B3PhIBAEMBIX OJOKOB Ha TEPPUTO-
puH paspesa.

Harumk No 1 — B HEIMOCPEACTBEHHOM OIM30CTH OT B3phIBa-
eMbIX OJIOKOB, B TO BpeMs Kak AaTduk Ne 2 ycTaHaBIMBaJICs
Ha Oopty paspesa. [Ipumep roroBoro k 3amepy BuOpomerpa
WJUTIOCTPUPOBAH Ha puc. 1.

Ilepen Hauaniom paboOT B MEPBYIO OuYepeb ObUIM HACTpOE-
HBI KaHaJIbl (QUIIBTPALIMK 3alIMCAHHBIX JJAHHBIX C BHOpOMETpa.
Bo Bpemst B3pbIBHBIX paloT ISl HCCIIEJOBAHUSI CKOPOCTH CMe-
LIEHUs] 1 MaKCUMaJbHOTO YCKOPEHHMsSI YaCTHI] TOPHBIX TOPOJL
OBUIM HACTPOCHBI 6 KaHAJIOB 10 0CsiM XY Z ¢ JTMHEHHON U UH-
TerpajbHOI 00paboTKOM NepBoro Tuma. Beero ObL10 3adukcn-
pPOBaHO 6 MaCCOBBIX B3PHIBOB.

Iporecc 00pabOTKK PE3yaBTaTOB 3aMEPOB CEHCMHUUYCCKOTO
BJIMSIHUSL B3PBIBHBIX Pa0OT Ha MAacCHB COCTOMT M3 BOCIIPOM3-
BEJ/ICHHS paHee 3aIlMCaHHOro B3pbIBa uepe3 pUIIBTP CUTHAJIOB.
Pesynbrarhl B3pbIBa B BHJIE Ipaduka 0TOOpaKaroTCsi HA MHO-
rOKaHAJIBHOM ocumiiorpade, pasaeJeHHbIH 110 eTUHALAM 13-
MEPEHMS K OCSIM COOTBETCTBEHHO (pHuC. 3).

Jlis ompenenieHUss MaKCUMAJIbHBIX 3HAYECHUI KojeOaHMA
YaCTHIl U YCKOPEHUsI TOPHBIX TOPOJ HMCIIOJIb30Balach Ipo-
rpammMa BuOpometp. [laHHas nmporpamma Io3BOJISIET OIpeie-
JIUTh 3HAYEHUS] BUOPOCKOPOCTH, BHOPOYCKOPEHUSI M BHUOPO-
CMEIICHUSL.

Puc. 1. Yeranosiiennblii BHOpoMeTp B pado4eM COCTOSTHHH.
Cyper 1. Kymbic KyiiiHIe OpHATBLIFAH BHOPOMeETP.
Figure 1. Installed vibrometer in working condition.

Puc. 2. I'panysioMmeTpuyecKuii aHAIN3.
Cypert 2. I'pany/ioMeTPUsIJIBIK TaJ/1ay.
Figure 2. Granulometric analysis.
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Puc. 3. PesynbTaT B3phIBa B MHOTOKAHAJTBHOM
ocumiiorpade.
Cyper 3. Ken apHaJibl 0cHHIIOTPAQTAFBI AKAPBLIBICTBIH
HITHIKeCl.
Figure 3. The result of an explosion in a multichannel
oscilloscope.

JIs OIeHKH TPaHyJIOMETPHYECKOTO COCTaBa HMCIOIh30Ba-
Jock nporpammuoe obecniedenue WipFrag, kotopoe ananu-
3upyeT HUQPOBbIe N300pAKEHUs ISl ONPEACIICHHs pa3mMepa
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¢dparmenToB. [ToHnManue rokasaresneit hparMeHTany B30p-
BAaHHOW TOPHOM MacChl IOMOXET OLEHHUTh I(PPEKTHBHOCTH
MIPUMEHSIEMbIX ITapaMeTPOB B3pBIBHOM ceTH [5—7].

[Mopsiok padoT st 3 HEKTUBHOTO IPaHyITOMETPHUYECKOTO
aHanu3a:

1) svinonnenue kavecmseenuvix omozpaduii nocie 63puis-
HBIX pabom ¢ UCTIONb308aAHUEM 2e00e3UHecKoll peliku 8 KOTu-
yecmee 08yX eOUHUY 6 YElAX NPOSPAMMHO20 OnpeoeieHusl
yena nadenus Kyuu 0 noayienus doiee 0emanbHoeo aHau-
3a 0 pazmepax KyCKO8 HA PA3HOU 8blcome Om NO8epXHOCTIU
(puc. 2 a);

2) obpabomka homoepaduii 6 npoepammHom obecneye-
nuu Wipfrag. Ompucoska KoHmypos kaxcooz2o @pazmenma
(puc. 2 6),

3) cocmasnenue omyema u 3anyck annapammozo onpeoe-
JIeHusl NPOYEeHMa NPOXOHCOEHUsA YACMUY Yepe3 «CUMoy C 3a-
pamee HACMPOEHHbIMU PA3MePaAM.

Pe3ynbTaThl 0 00CyKIEHIE

BrimensnoxxeHHbIe HUCCIICAOBAHHUA I1I03BOJIMIIM BbISIBUTH
MAaKCUMAJIBHO OTPpHUIATC/IbHBIE U MaKCUMAaJIbHO IMOJIOKHUTECIIb-
Hble 3HaueHust o PPV u yckopenuto (puc. 4).

Tosom Tatns_Croverme
Bpewn: 12460 Xa- 0010w/c Va= 0107wWc Za- 003mS Xv= 4897wic_ Yv= 12485 wwic_Zv= 14705 wic

Puc. 4. Celicmorpamma o0padoTaHHbIX 3anuceii BP.
Cyper 4. KK enesirex :kazdanapbIHbIH
celicMorpaMmacsl.

Figure 4. Seismogram of processed BP records.

AHanu3 rpaMKoB MOKa3bIBaeT PE3KOE CHIIKEHUE CKOPO-
CTH KoJIeOaHWH YacTHIL C yBEIMYEHUEM PACcCTOSHUS JI0 OJIOKa.
Ha manbix paccrosuusix g0 100 m 3nauenuss PPV gocrurator
MaKCUMaJIbHBIX BEJIMYHMH (Hanpumep, aist B3pbeiBa Ne 4 — no
1679,569 mm/c no Hanpasienuto X Ha paccrosHud 9,11 m).
ITocne 200 M 3HaueHHs] yMEHBIIAIOTCA O YpPOBHS MEHEe
10 mm/c.

Ha mpezcraBineHHOM rpaduke 1mokasaHa 3aBUCHMOCTB I10-
kasareneit PPV ot paccrosiHus 10 anuiieHTpa B3phiBa (puc. 5).

Ha rpaduke BumHO, 4T0 MakcuMasbHbIe 3HaucHusI PPV ot-
MEYEHBI BJIOJIb OCH X, YTO TaKXe MOATBEPKIACTCS JaHHBIMU
ceiicmorpada. s Hanpaenenuil Y u Z 3HaueHust PPV ke,
YTO MOXKET yKa3blBaThb HAa aHU30TPOIIHBIE CBOMCTBA MaccHBa
WM 0COOCHHOCTH YCTAHOBKM BHOpOMETpa, TaK Kak caM BH-
OpomeTp ObIT OPHEHTHUPOBAH Ha CEBEp, B TO BpPEeMs KaK Ha-
MIPaBJIEHUE B3PBIBHON SHEPrUM MPUIILIOCH HA OCh X.

[Tpu paccrosuusix 6onee 150 M (Hampumep, U B3PHIBOB
Ne 2 u Ne 5) znayenust PPV He mpeBbIIIaloT KPUTHYECKUX

Topnwviir srcyprnan Kazaxcmana Ne2’ 2026

(X) y = 4948,6x1231
(V) y = 2616,2x-1084

(2) y = 2532,3x1067

0 50 100 150 200 250 300 350 400 450 500
PaccTtosiiue, M
® X max ® Y max Z max

~~~~~~~~~ Crenennas (X max) ===+~ CTenenHas (Y max) Crenennas (Z max)

Puc. 5. 3aBucuMocTh nokazaresieil CKOpOCTH KoJiedaHust
YacTHIl OT PACCTOSTHUS.

Cyper 5. beuamekrepain Tep0eic :KbUIIAMAbIFbI
KOPCeTKIIITePiHiH KAIIBIKTBIKKA TIYyeJIiJIiri.
Figure 5. Dependence of particle vibration velocity on
distance.

ypoBHEH, oOecmeunBas 0€30MIaCHOCTh MO CEHCMHYECKOMY
BJIMSTHHIO B3PBIBHBIX Pa0OT ISl HHPPACTPYKTYPHI.

Jis B3peiBa Ne 4, rie 3auKCHPOBaHBI BHICOKHE 3HAUCHHUS
PPV, o0bem Onoka coctaBwmi 45 621 mM3. DTO MOXET CBHJIEC-
TENLCTBOBATh O MOBBIIMICHHON MHTEHCHMBHOCTH B3pbIBA IPH
6osnbiieM od0beMe 3apsina. Bo Bpems B3pbiBa Ne 4 Bcero ObLIO
ucronp3oBaHo 9580 kr B3peIBuaroro BemiecTBa «HuTpar
Powery. 3amenienne Mexay CKBaXKMHAMU COCTABISAET 25 Mc,
Mexay pagamu 42 mMc. MHUImManms npon3BoIuiIacsk oT EHTpa
0J10Ka IO JIByM HAIPaBICHHUSIM — CEBEpP U IOT.

Ha paccrosaun 250-500 m mokasarenu PPV cranoBsiTcs
MHUHUMaJIbHBIMU (< 10 MM/C), 4TO COOTBETCTBYET O€30IMacHO-
MY YPOBHIO BUOpAIHii /71 OOMBIINHCTBA 0OBEKTOB.

Cornacio CH PK 2.03-28-2004 «IlIxana OIieHKH HMHTEH-
cuBHOCcTH 3emierpacenuit MSK-64 (K)» 3amuce B3psiBa Ne 4
Ha pacctosHHA 9,11 M oTHOCHTCS K 9 GauTy IO CKOPOCTH CMe-
HIeHUs ¥ 7 6aJlTy 0 YCKOPEHHIo [8].

YckopeH#e 4acTull JIGMOHCTPUPYET 3aKOHOMEPHOCTH, CXOXKHE
¢ PPV (puc. 6): pe3roe CHIKEHNE BOIM3H B3pbIBa M CTAOMITH3AIIN
Ha HU3KHMX YPOBHSIX IPH YBEIIMUEHUH paccTosiaus. Hanpumep:

1) na paccmosnusx donee 200 m yckopenus cmabuiusupy-
jomest Ha ypoene menee 1 m/c;

2) ons 6noka Ne 4 maxcumanvhoe yckopenue 60016 ocu X
docmueaem 10,413 m/c?, umo noomeepicoaem uUHMEHCUE-
HOCb BUOpayUll BOIU3U DNUYEHMPA.

(X) y = -2,117In(x) + 13,625

)y = -1,248In(x) + 7,6

(2)y = -1,416In(x) + 8,3983

0 50 100 150 200 250 300 350 400 450 500
PaccTtosHue, m

® X max ® Y max Z max

--------- CreneHHas (X max) -----+--- CTenexHas (Y max) CreneHHas (Z max)

Puc. 6. 3aBucumocTs nokasaresieil yCKOpeHus1 0T PacCTOSTHMS.
Cyper 6. Kpuigamaaty kepceTKilITepiHiH KAalIbIKTBIKKA
TIyeJIAiIiri.

Figure 6. Dependence of acceleration indicators on distance.
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3HavYeHHs yCKOPEHNU#T OBICTPEE CHUKAFOTCSI C PACCTOSHHEM
110 cpaBHeHU10 ¢ PPV, uTo xapakTepHO [U1sl IPOLIECCOB IUCCU-
nanyy SHEPTrUuru B MaCCUBC.

ITociie oOpabotku QoTtorpaduii Mo BceM HAOIHOTACMBIM
0s10KaM OBbUT IPOU3BENICH CTATHCTHYECKUI aHAIN3 pe3yibTa-
TOB TPAaHYJOMETPHUYECKOTO aHalIn3a, B X0Je KOTOPOro ObUTH
OTpeIeTICHBI CPEIHIE Pa3Mephl KycKoB (puc. 7).

20240604-01_05_24

HOROPA 11, 2024 12:54:48

100% 4.0.29.0 - Oraz Abil - Mining Research Group LLP (WipFrag i0S)

Pasmep (Mmfipoxoxaenis
1000,00 100,

80V.00
600,00

% Mpoxowaehs

1000

Puc. 7. I'padpux pacnpeneenus ppakuuii B30pBaHHOMI
TOPHOI1 MacCChI.
Cyper 7. KapbLiFaH Tay-KeH MacCaCbIHbIH
(ppaxuusnapra 6eJiny Kecreci.
Figure 7. Graph of the distribution of fractions of the
blasted rock mass.

AHanmu3 TpaHyJIOMETPUYECKOTO COCTaBa TOPHBIX MOPOA IO
nmanaeM 110 WipFrag mokasan, uTo MequaHHBIN pa3mep (par-
MeHTOB coctaBisier D50 = 108,02 mm, mpu 3HadeHmsx D20 =
60,99 MM 1 D80 =267,35 MM, 9TO CBHICTEIILCTBYET O PaBHOMEP-
HOM 1 MENTKOH (pparMeHTanuu MaccuBa. MaKkCHMaITbHBIN pa3Mep
(parmenTOB He TpeBbImaeT 327 MM, 6omee 75% B3OpBaHHON
TOPHOM Macchl TpezcTaBiIeHo ¢pakuusiMu mMeHee 200 MM, 91O
COOTBETCTBYET TPEOOBAHMAM K KOHJUIIMOHHOMY KYCKY.

B pamxax pa®oThI BBINOIHEH aHAIN3 3aBUCUMOCTH KYCKO-
BAaTOCTH B30PBAaHHOW TOPHOW MaccChl OT YIEJIBHOIO pacxoia
BB. Ha rpaduxke (puc. 8, 9) npencrasieHa KOPpEAIHs MEKIY
00bEeMOM TOPHON Macchl (M?) M CPeTHIM pa3MepoM (pparMeH-
TOB TIOPOJIBI (MM), TIOYYEHHBIM B pe3yibTaTe OypOB3PHIBHBIX
paloT. BhIsiBIIEHHAs! 3aBHCUMOCTD AMIPOKCHMUPYETCSI MOJI0-
KHUTEIBHBIM JTUHEHHBIM TPEHJOM. TeM He MeHee, KOIMUecTBa
HaOJIIOTaeMBIX B3PBIBHBIX PA0OT HEIOCTATOYHO UISi TOUHOTO
YCTaHOBIIEHUS 3aKoHOMepHOcTH. OOBEM TOpHOW Macchl Ba-
prupyetcst ot 5000 mo 45000 m*. Cpemumii pazmep pparmen-
TOB coctasisieT oT 120 mo 280 mwm (Tabmuma 1).
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Puc. 8. 3aBucumocTs cpennero pazmMepa ()parMeHToB OT
00beMa B30PBaHHOI TOPHOIT Macchl.
Cyper 8. Kapbliran Tay-keH Maccachl KoJieMiHe opTaiia
(parmeHT oJimeMiHiH TIyeJ LTI,
Figure 8. Average fragment size versus blasted rock mass
volume.

B otaenbHbIX ciydasx (Harmpumep, IpH 00beMax OKOJIO
25 000 m*) HaONIONAIOTCS 3HAYMTENLHO MEHBIINE CpPEeIHHE
pa3mepbl ()ParMEeHTOB, YTO MOXET OBITH CJICJCTBUEM OITH-
MaJIbHOTO BBIOOpA MapamMeTpoB B3pbIBa WIIM BBICOKOM TpEIH-
HOBaTOCTH MacCHUBa.
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Puc. 9. 3aBucumocTs yneabHoro pacxoga BB ot oobema
0J10Ka.
Cypet 9. Kap¥Fpl 3aTTHIH MEHITIKTi IIBIFBIHBIHBIH 0JIOK
KoJeMiHe TIyeJAimiri.
Figure 9. Specific explosive consumption versus block
volume.

CornacHO BBITIOJTHEHHBIM HaOIIOICHUSM, YAEIbHBIN pac-
XOJI B3pBIBYATHIX BemecTB (BB) ymenspmaercs ¢ poctom 00b-
ema Omoxa. [y 6JI0KOB ¢ MEHBITUM 00BEMOM YICIBHBIN pac-
XOJI BBIIIIE, JOCTUTas 3HadeHni okoio 0,26 Kr/M°, a A KpyTI-
HbIX O110KOB (oK0IT0 45 000 M*) oH cHmkaetcs o 0,21 xr/m>.
YpaBHEeHHE TpPEeHAA OTPAXKACT CHIDKCHHUE YAEITBHOTO pacxoaa
npuMepHo Ha 9E-07 kr/M® ¢ KaXXIbIM yBelIHdeHHEM o0beMa
6moka Ha | M. DTO cBUAETENBCTBYET O Oonee 3(h(heKTHBHOM
ucronb3oBaHnd BB Ha Oonpmmx oObemax maccuBa. CTouT
OTMETHTB, UTO comacHO pucyHke 10, ymenpHEI pacxon BB
00paTHO MPOTIOPIMOHAJICH CPETHEMY pa3Mepy (PpakIuii: mpu
yBenmueHnu pacxoma 1o 0,24-0,26 xr/m® cpemHmii pasmep
(hpaxmmii coctaBmszer 120—150 mm. s MEHBIIETO YACTHHOTO
pacxona (0,21-0,22 kr/m*) pasMepsl Gppakiiii BO3pacTarT 10
240-280 mm.
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Puc. 10. 3aBucumocThb cpeaHero pasmepa ppaxkuuii or
yaeabHOro pacxona BB.
Cyper 10. ®pakuusinapabiH opTaima MeJiepidin K3
MEHIUIKTI BIFBIHBIHA TIYeJALIIri.
Figure 10. Average fragment size versus specific explosive
consumption.

Biioku ¢ MEHBIIMM 00BEMOM MMOKA3bIBAIOT MCHBIITHI cpea-

HUH pa3mep kycka (137,99 Mmm) u Oonee BBEICOKUH yIACTBHBIN
pacxon 0,246 xr/v>.

KpynHasle 6110kn nmeroT 6onee KpymHbIN pazmep Gpakiui

239,89 MM nipu HU3KOM yrenbHOM pacxone 0,21 Kr/m°, B CBSI3U
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Tabauua 1
Pe3ynvmamul epanynomempuneckozo ananusa
Kecme 1
I'panynomempuanvix ananus nomusicenepi
Table 1
Results of grain-size analysis
Topras O6mneMm, Cetka ['myOuna YA, Cpenrnii Baixon
Jara biiok vacea e cKBakHi. M | cxpascn. v | PACXOD pasmep HEKOHIUIIMOHHBIX
’ ’ Kkr/M® | Kycka, MM | KyckoB > 500 mm, %
04.06.24 | 02-05-24 nopoza 3400 7x6 6.4 0,22 137,99 0
04.06.24 | 01-05-24 yroJib 8750 7x6 7.8 0,24 108,02 0
04.06.24 | 03-05-24 nopoya 3700 7x6 5 0,25 155,89 0
29.08.24 | 05-08-24 ropoza 22100 7x7 8.5 0,22 274,18 0
29.08.24 | 06-08-24 nopoza 1400 7x7 5.8 0,26 239,88 0
08.09.24 | 01-09-24 yroJb 32200 7x6 7.4 0,22 145 0
08.09.24 | 02-09-24 yroJib 21550 7x6 8.3 0,23 112,69 0
26.09.24 | 03-09-24 nopoza 45621 7x7 10.3 0,21 285,29 22,37
27.09.24 | 05-09-24 YTOJb 11998 7x7 10 0,24 182,44 0
28.09.24 | 04-09-24 nopoza 20475 7x6 8.2 0,22 207,72 0

¢ 4eM HaOJIIo/1aeTCsl 3HAYUTENIbHBIA BBIXO/I HEKOHIUIIMOHHBIX
KyckoB 22,37%. I'mybuna ckBaxuH 6,4—8,2 M 1 pa3Mep CeTKH
7 x6Mua 7 X 7 M CyLIECTBEHHO BIUSIOT Ha IpaHyjoMe-
TPHIO, UCXO/ISl M3 PE3YJITaTOB B Tabnuie 1.

[IpoBeneHHbIN TPaHYIIOMETPUUECKUM aHAIU3 BBISIBIJ 30HBI
¢ ocoOeHHO MenKol (pakmueli mopoxa. Vicxons n3 pesynsTaroB
rpaHyJIOMeTpUYecKoro aHaimm3a (tabmmia 1) BugHO, 9To pasmep
3HAYUTEIbHOM 9acTH (PparMeHToB CYIIECTBEHHO MEHBIIE IPO-
EKTHOTO KOHJHITMOHHOTO 3HaueHus (< 500 Mm). OT™MeqaeTcs siB-
HbIHA TIepepacxox BB (tabmuma 1). D10 ykaspIBaeT Ha HajIM4YHe
3araca o KadecTBy (pparMeHTaIum, KOTOpblii MOYKHO HCIIONIB30-
BaTh JUISl ONTUMH3ALMH IIapaMeTpoB OypOB3PHIBHBIX PAOOT.

Tem He MeHee, IpPU TPHUHATOM KOHIMIMOHHOM KyCKe
500 MM mosiBIIsIeTCsl HEeKU Kod(PUIMEHT 3amaca, MpHu yueTe
KOTOPOTO TOSIBIISIETCS BOSMOKHOCTh ONTHMH3ALNK T1apame-
TpoB BBP ¢ nanpuelimeit skonomueit BB.

ComtacHO MCTOUHUKY [9], ObLIM BBINOIHEHBI TEOPETUYECKHUE
pacdersl ynenbHoro pacxona BB. Pacuers! ynensHOTO pacxona
BB s B3pbiBoB Ne 1-3 (Hurporur 3100) 1 Ne 4-10 (Hurpomay-
5p) MPOM3BOIMIIMCH OTAECIBHO N3-3a Pa3HUIIBI TPUMeHsIeMbIX BB.

g, =0.13-y-\/f - (0.6 +3.3-d-d,)-
(0.5 +dp)%  k (D

e y — 00beMHBII BeC TOPOIbI, T/M?;

f— xoadduneHT KpenocTu

d — nuamertp 3apsiia, MM;

d, — cpeyiHee pacCTOsSTHUE MEXKIy TPELIMHAMH B MacCHBe, M;

d, — KOHIUITMOHHBIN KYCOK, MM;

k — xo3dpdunuent padorocnocobHoctu BB.

HWcxons u3 hopmysibl 1, ObUT TPOU3BEAEH pacyeT YAeIbHOTo
pacxona BB. Pe3ynbrarel pacueToB npuBecHbI B TAOIHUIIC 2.

B pesynbrare Bu3yasbHOro OCMOTpa OJIOKOB BO BpeMsi
U 1IOCJIe MTPOBEICHUS B3PBIBHBIX PA0OT ObLIH 3a(h)UKCHPOBAHBI
1 BHECEHBI B TaOJIUILy 2 JJaHHBIE O KOJIMUYECTBE IIPOCTPEIOB
n «oTka3oBy. st oneHkr 3 hexTHBHOCTH Oy pOB3PBIBHBIX pa-
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00T MCIOJIB30BAJIACH CIIEYOIIast METOIMKA: M3 OOIIETO YHcIia
CKB&KHUH /N BBIYUTAIOCH KOJMYECTBO OTKA30B IV,,,.,;, & TAKKE
HOJIOBMHA OT KOJIUYECTBA MPOCTPENOB O.5N,,,)0mper- Y HET 1IO-
JIOBUHBI YHCJIAa MPOCTPETIOB O0YCIOBICH TEM, YTO CKBa)KHMHA
Obuta oTpaboTaHa, HO 3HAYMTEIbHAS YacThb SHEPTUH B3PbIBa
He OblIa HalpaBleHa B MACCUB, YTO CHIKAET d3(PEKTUBHOCTD
WCIIONIb30BAHMS B3PBIBYATOTO BEILIECTBA.

CorntacHO IaHHBIM TaOmuIbl 2, d3pdexruBHOCT bBP Ba-
prupyercs B quanasone ot 89,58% 1o 100%. Cpennuii pazmep
(hparMeHTOB TOPOABI HaxoauTCs B ipeaenax ot 108,02 mm 1o
285,29 MM, 4TO COOTBETCTBYET YCTAHOBJIEHHBIM KOHJIUIMOH-
HBIM 3HAYCHHSIM.

W3 pe3ynbraTtoB MOYKHO 3aMETHUTB, YTO ITPH PACYETHBIX TTOKa-
3aTelsiX y/eNMbHOro pacxona BB 1o yronbHbIM Orokam, 3Have-
HUSL YIEIBHOrO pacxoza Bapbupytorcst ot 0,186 10 0,20 kr/m?.
Ha ocHoBe 3THX JaHHBIX OBIT pa3paboTaH IONPABOYHBIN KO-
3¢ GUIHEHT YASTBFHOTO pacxoa.

K,=q, q,, )

TJIE ¢, — PACYETHBIA yIEIbHBIH Pacxon;

q, — baxTHYCCKHUH yNENbHBIA PacXol.

KoppexrnpoBanHblii K03(GHUIMEHT YYUTHIBACT MAaKCH-
MaJIBHBIM pa3Mep KOHJUIMOHHOTO KyCKa.

[TorpaBouHbIH KO3()(PUIMEHT PEKOMEHIYETCsI K PUMEHe-
HUIO TIPH IPOEKTHPOBAHUHU MOCIEAYIONMX MacCOBBIX B3pbI-
BOB I10 clietytomiet popmyie:

Deop = Dnpoesm * K. 3)

[TapannensHO, OBUIM BBITIOIHEHBI PAcUYEThl CPEAHETO pas-
Mepa kycka ((opmyna 4) mo moxmenmn Kysnemosa-Pammitepa
(KUZ-RAM) [10]. Imes BoiOopky u3 10 BBP, u nx pesyib-
TaToOB B BHJE CPEJHEr0 pasMepa Kycka M yIAEIbHOTO pacxoza
BB, Obu1H BEITTOIHEHBI pacdyeTsl MONPaBOYHOTO Koddduiren-
Ta. Pe3ynbrarel npuBeeHBI B TAOIMILY 3.
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Taonuya 2
Pesynomamut pacuema r¢pghexkmuenocmu bBP
Kecme 2
Kapoinvic srcympicmapuinoly muimoinizin ecenmey namuoicenepi
Table 2
Results of blasting and drilling operations efficiency calculations
Kon. | I'mybuna Cerxka | Otkaszubie YaeIBHEI || SQdexTus- paSI\I/)I.ep I;;[Cer;ii?;
Biok KB KB M CKBAKHH sapsbI IIpocrpenst pacxon HocTh bBP, kycka, | pacxox BB
’ BB, kr/m? % ’ ’
MM Kr/m
02-05-24 14 6.4 7x6 - - 0,28 100 137,99 0,39
01-05-24 | 27 7.8 7x6 - - 0,29 100 108,02 0,186
03-05-24 | 23 5 7x6 - - 0,28 100 155,89 0,466
05-08-24 | 48 8.5 7x7 4 3 0,30 89,58 274,18 0,53
06-08-24 5 5.8 7x7 - - 0,34 100 239,88 0,35
01-09-24 | 90 7.4 7x6 - 4 0,34 97,7 145 0,20
02-09-24 | 57 8.3 7x6 - 2 0,36 98,24 112,69 0,19
03-09-24 | 99 10.3 7x7 6 - 0,37 93,9 285,29 0,53
05-09-24 | 45 10 7x7 4 - 0,35 91,1 182,44 0,19
04-09-24 | 55 8.2 7x6 - 1 0,30 99,09 207,72 0,57
182,44 MM 1o ¢akTudeckomy pazmepy u 63,25 MM 1o pac-
dg, = (0,15 x (py X f X d3)0.33 X dyyy , (4) uyerHOMY pa3Me(11))y KycCKa, HpI/}II 113)3pLIB£y6J'IOKa 05-09-24 6EIJII/I

q X eBB
I7ie p, — IIOTHOCTh TIOPOIbL, T/M?;

d; — nuamerp 3apsaa, M;

f— xoaddunment kpernoctu no mkane M.M. IIporonbsiko-
HOBa;

d,,, — INaMeTp €CTECTBEHHOH OTIEIbHOCTH B MACCHBE, M;

q — ynenbHbIi pacxon BB, kr/m?;

€pp— TIEPEBOJIHOM K0A(D(DUIMEHT KaK OTHOILICHUE TETUIOTHI
B3pPbIBA 3TAJIOHHOI'O K IpuMeHsieMomy BB.

Ha mmarpamme (puc. 11) mpuBeeHbI 3HAUCHUS CPETHETO
pa3Mepa Kycka MpH B3pbIBHBIX paboTax Ha YroJbHBIX OJ0-
Kax. 3aMedaeTcs pasHHIA B 28 MM IIpH yIAETBHOM pacxoje
0,29 xr/m. Kpaiiuuii crosberr mpu 0,35 Kr/M* nMeeT 3HAUCHHSI

CpeHWii pasmep Kycka

50

6
YnenbHblin pacxoa BB, kr/m3

Puc. 11. CpaBHeHHe cpeiHero pasMepa Kycka
(axTHyeckoro u
PACYeTHOIO MO YroJAbHbIM 010KAM.

Cyper 11. HakTbI 79He ecenTik KOMip 0JIOKTapbI
00MBIHIIIA OPTAIIA KeCeK MOJIIIePiH CAJIbICTBIPY.
Figure 11. Comparison of actual and calculated average
lump size for coal blocks.

3a()UKCHPOBAHBI «OTKA3bD).

Ha pucynke 12 3ameuarorcsi nmpuONMKEHHbIE 3HAUCHMS
CpejiHero pasMmepa Kycka mpu yaenbHoM pacxoge 0,28 kr/m?,
YTO CBUJIETEIBCTBYET O KOPPEKTHOCTH pacueToB. B To e Bpe-
Ms1 HaOJTIOJIaeTCsl pa3HHIA CPEHET0 pa3Mepa Kycka, paBHas
100-120 mm mpu ymenmbHOM pacxone ot 0,3-0,37 xr/m®. D10
MOXKET OBITH CBSI3aHO C HEOJHOPOIHOCTHIO B3PHIBAEMOT'O MacC-
CuBa.

m— QaKTUMeCKWR pa3mep Kycka 285.29

BN PacueTHBIR pasMep Kycka 18

155916115
146.55
37.99)

CpeaHui pa3Mmep Kycka
-
o
<]

0.28 0.28 0.3 0.34 0.37 0.3
YnensHelid pacxon BB, krim3

Puc. 12. CpaBHeHue cpeiHero pazmMepa Kycka
(axTuyeckoro u
PacyeTHOTrO MO MOPOTHBIM OJIOKAM.

Cyper 12. HakTbl ’9He ecenTik 00¢ KbIHbICTAP
0JI0KTaphI 0OMBIHIIA OPTAIIa KeceK MeJIIepiH
CAJIBICTBIPY.

Figure 12. Comparison of actual and calculated average
fragment size for rock blocks.

Ha ocHOBe NaHHBIX pacdeToB PEKOMEHIYeTCsl MPUHUMATh
MONIPABOYHBIA KOY(GHUIUEHT NPH ONpPEAEICHHN YICIHHOTO

Topnuwuit sicypnan Kazaxcmana Ne2’ 2026



18

Paspy1ueryte TOPHBIX TOPOT

Tabauuya 3
Croppexmuposannulii pacuem yoenvnozo pacxooa BB
Kecme 3
Kapoinzetiu 3ammapoviyy MeHWiKmi Wbl2bIHBIHbIH, My3eminzen ecedi
Table 3
Corrected calculation of specific explosive consumption
bnok Hpoiﬁ;ﬁ?m b Cp. pa3mep Kycka, MM HOHPIZI;;S(‘);;I;(I)- 1o [Tompas. ko3¢ d. no KUZ-RAM
02-05-24 0,28 137,99 1,392 0,941
01-05-24 0,29 108,02 0,641 1,341
03-05-24 0,28 155,89 1,664 0,967
05-08-24 0,30 274,18 1,766 1,731
06-08-24 0,34 239,88 1,029 1,907
01-09-24 0,34 145 0,588 2,226
02-09-24 0,36 112,69 0,527 1,832
03-09-24 0,37 285,29 1,432 2,189
05-09-24 0,35 182,44 0,542 2,884
04-09-24 0,30 207,72 1,9 1,184

pacxona BB 1ist ONBITHBIX B3PBIBOB LIS IIOPOIHBIX OJIOKOB IO
monenu KUZ-RAM, a aist yroinpHBIX 0J10k0B 110 Mozenu Ky-
Ty30Ba. PekoMeHIyeTcs TpoBeicHue OypOB3PBIBHBIX PadoT ¢
JATbHEHIIEH KOPPEKTHPOBKOH IMTOMPABOYHOTO KO3 uIineHTa.

BriBoabI

B pamkax wucciieoBaHUN ISl JOCTUKEHHS OMTUMATbHOU
KyCKOBaTOCTH B30PBAHHON TOPHOM MAacChl B YCJOBHUSIX Me-
cropoxenust JKanblH ObUT MPOBEICH KOMIUIEKCHBINM aHAIN3
TOPHO-TEOJIOTHYECKHUX YCIIOBUIM, MOHUTOPHHT OYPOB3PBIBHBIX
paboT u pa3paboTaHbl PEKOMEHIAIUH 10 UX ONTHMHU3AIIUH.
OCHOBHBIE BBIBOJIbI HCCIIEOBAHUS:

1) npoeedennwiil ceticmuyeckuilt MOHUMOPUHE NOKA3A]L, YO
nukoswvle 3Hauerusi ckopocmu Konebanuti yacmuy (PPV) na-
01100arOmMes Ha MAIBIX PACCMOAHUAX OM INUYEHMPA 63Pbled
0o 100 m. Ha paccmosinusix cevtwe 200 m 3navenus PPV cma-
ounusuposanucs na yposne < 10 mm/c, umo coomsemcmeyem
mpebosanusim be3onacHocmu,

2) ananuz ¢ ucnonvzosanuem 110 WipFrag evisisun 3agu-
CUMOCmb  cpedne2o pasmepd @Gpazmennmos om Y0erbHO20
pacxoda BB, enybuner ckeasicun u cemxu Oypenusi. Menvuiue
pazmepvi ppaemenmos (00 137,99 mm) nabmodaruce Ons
6110K08 ¢ boNee bICOKOU NIOMHOCMBIO 3apsio08 (YOelbHblll
pacxoo 0,25—0,26 ke/m?) u nromuou cemkou 6yperus (7 x 6
m). st kpynnolx 6nokos (Hanpumep, Ne 8, oovem 45621 m3)
Habrooanucy bonee kpynuole pazmenmot (00 285,29 mm) u
SHAYUMETIbHbILL 8bIX00 HEKOHOUYUOHHBIX KYcKo8 (> 500 mm) 6
obveme 22,37%,

3) yemanoenero, umo docmudicenue OnmumMaIbHO KyCKOBAMo-
cmu yens 6 ouanasore 108—274 mm obecneuusaemcst npu yoeiv-
HoM pacxode e3puiguamozo seujecmea 0,23—0,25 ke/m’, npumere-
Huu cemku Oyperust 7 X 6 m 6e3 8bIxo0a He2abapumHwix Qpakyull;

4) Ha ocHose BbLINOTHEHHBIX PACHENO8 PEKOMEHOYEmCs Uc-
NoNMb3068aHUe NONPABOUHO20 KO3 Puyuenma O YOeIbHO20
pacxooa 63pvleuaAmo20 6ewjecmsd npu NPOEKmMupoSaHuy U
suinonneHuu 6ypoe3puisHblx pabom. Jis onpedenenuss nonpa-
B0UYHO20 KO uyuenma Ha NOPOOHBIX OJIOKAX PEKOMEHOYEemcsl
npumensmo mooens KUZ-RAM. J{ns yeoneHwix 610K08 npedia-
2aemest uchonv3oeams mooens Kymyszoea. Pacuemul no mooenu
Kymysoea moecym cuuzumo yoenvHolil pacxod BB, umo npuge-
0em K IKOHOMULL, MAK KAK UMEemcst 3anac no pasmepy KycKos,

5) pesyrbmamul ucciedosanusi no36oNA0ON 6bIPAOOMAMb
PpeKoMeHOayuy no ONMUMU3AYUL NAPAMEMPO8 OYDOB3PLIGHBIX
pabom 0ns obecneuerus mpebdyemMol epaHyioMempuu 630p-
BAHHOU MACCHl U MUHUMUAYUU HE2AMUBHO20 CEUCMUUECKO20
6030eUcmeusl.

BbaarogapuocTtb

Hccnedosanue npoeoounocy ¢ pamkax GblnOAHEHUA Ha-
YUHO-UCCIE006AMENbCKUX U ONbLIMHO-KOHCIMPYKMOPCKUX
paoom no 002060py Ne 12-CAE-23 no meme «Ilogviutenue
Kauecmea Oypoe3puleHbIX padom 01a 00CMUICEHUS ONMU-
ManbHOU KYCKOBAMOCMU 630PBAHHOIL 20PHOIL MACCHL 8 YCI10-
suax mecmoposyicoenusn Kanvin, 3axknouennozo mexcoy TOO
«Capviapka-ENERGY» u TOO «Mining Research Group».
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HABJIOAEHUS 3A JE®@OPMAILIMOHHBIMUAU
IMPOIIECCAMMU OTKOCOB YCTYIIOB

U BOPTOB KAPBEPA C IOMOIIBIO
PAJIMOJIOKAIIMOHHBIX CUCTEM
N3MEPEHUMN

Annoranus. B crarbe npejicrasies 0630p U pa3paboTaHa METOMKA IPOBEJICHNs HAOIIOIEHHH 32 1e(h)OPMAIIMOHHBIMH IPOIIECCAMH OTKOCOB YCTYIIOB M OOPTOB Ka-
pbepa ¢ UCIOIb30BaHIEeM Ha3eMHbIX pajuosiokannonHbeix cucteM CHCNAV PS-SAR2000 u Leica IBIS FM-14. PaccMOTpeHbI OCHOBHBIE TUITBI PAJIAPHBIX CHCTEM, MIPHH-
LUIIBI UX (PYHKIMOHUPOBAHUS M OCOOCHHOCTU NMPHMEHEHHS B YCIOBHSAX OTKPBITBIX TOPHBIX paboT. [IpuBeeHbI pe3y/IbTaTbl MOHUTOPHHTA YCTOHYUBOCTH HPUOOPTOBOTO
TOPHOT'O MAaCCHBA, @ TAK)KE OIMHCAHBI ATAMbl 00pabOTKH JAHHBIX PAANOIOKAIIMOHHOM CheMKH C TIpuMeHeHneM rporpammuoro obecreuenuss CHCNAV MAS. TlonyuenHble
Pe3yJIBTaThl UCIIOJB3YIOTCS ISl BBIABJICHHS 30H IOTEHINAIBHON HEYyCTOHYMBOCTH, TPELIMH, PA3JIOMOB U OC/IA0IEHHBIX YYaCTKOB, yTOUHEHHS T€ONOTHYECKHX Pa3pe3oB,
OIIPEJIEICHHS] TPAHUIL MEX/LY Pa3INYHBIMU TUIIAMU MOPOA U (PUKCALUU CKPBITHIX TEONIOTHYECKHX HAPYIICHHUH, OKa3bIBAIOIIMX BIMSHUE HA NMPOYHOCTb U YCTOUYMBOCTH
60pTOB Kapbepa.

Knrouesvie cnosa: zeomexanuueckuii MOHUMOPUHe, 2e0paodapHas. cvema, oegpopmayuu bGopma kapvepa, uHmeppepomMempus, nIOMHOCMb CKAHUPOSAHUS, 6EIUHUHA
cMeuerull, YCmouuueocmo, Ko3ghuyuenm 3anaca, Omkoc Kapbepd, CKOPOChb CMelyeHu.

PaanoaoxanusijibiK oJiey myﬁeﬂepiniﬂ KeMeriMeH A BbIK KeHiIn KeMep KHﬂﬁeTTepi MEH KarJaayJdapblHbIH neq)opMa-
HMSUIBIK NPoLecTepiH 6aKblIay KYPrizy

Amnjarna. Makanaja JKerikapa KeH OPHBIHBIH Tay-KeH-ICOJIOTHSUIBIK JKaFailapsl MEH onap/ibl Urepy Ke3iHJeri re0TeXHUKAJIBIK epeKIIenikKTepi KapacThIPblIFaH.
CHCNAYV PS-SAR2000 »xone Leica Ibis FM-14 HazemIik paanonoKaIMsuIbIK )KYHeIepiH KOJIaHa OTHIPBII, Kapbep/IiH OeTkeiaepi MeH Oyitipaepinae kypertin aedopma-
LHSUTBIK TIpoLecTepai 6akpuiay oicTeMeci YChIHBUIFaH. PaiHOTOKAIMSIIBIK XKYHETepAiH HeTi3ri Typiepi, JKyMBIC icTey KaFiaanaphl )KOHE allIbIK Tay-KEeH )KYMBICTaphl JKaf-
naiibiza Koniany epekiuenikrepi cunarraaran. CHCNAV MAS 6arnapiaMalibiK jkacakTaMachl KOMETiMeH PaiHOJIOKALHSUIBIK JePEKTep/li ORIy Ke3CHAEPI KeITipiIreH.
AJIBIHFAH HOTHIKEIIEP bIKTHMAIl TYPAKCHI3bIK aiiMaKTapbiH, )KapbIKTap MEH aKayJIap/ibl, Tay JKbIHBICTAPbI MACCHBIHJICTT QJICIPEreH yuacKeaep/ii aHbIKTayFa, eriKei-TerKeii-
JIi FeOJIOTHSUIBIK KeCIH/IIep/ii HAKThUIAYFa TYPAKThUIBIFBIHA 9CEP €TETiH XKACBIPBIH IeOIOTHSUIBIK OY3bLTYIap/Ibl aHBIKTAYyFa MYMKIHIIK Oepei.

Tyitinoi co30ep: ceomexanukanvik 6aKbIay, pAOUOIOKAYUALBIK MYCIPIIIM, AUILLK KEHIW JICA20aybiHbll 0edopmMayusacyl, unmepgepomempus, ckanepiey mol2bli30blabl,
DHCHLIHCY WAMACHL, MYPAKMBLIBIK, KOP KOIDPUYUEHMT, auiblo KeHill KUAOEmI, HCHLIAHCY HCHLIOAMObLEbL.

Observations of deformation processes of slopes, ledges and sides of the quarry using radar measurement systems

Abstract. The article presents the mining and geological conditions of the Dzhetygarinsky deposit and their influence on the stability of quarry slopes. A methodology
for monitoring deformation processes of bench and pit wall slopes using the CHCNAV PS-SAR2000 and Leica IBIS FM-14 ground-based radar systems is described. The
main types of radar systems, their operating principles, and specific features of application under open-pit mining conditions are considered. The stages of processing radar
survey data using the CHCNAV MAS software are outlined. The obtained results can be applied to identify zones of potential instability, cracks, fractures, and weakened
areas within the rock mass, to refine detailed geological cross-sections, determine boundaries between different rock types, and detect hidden geological disturbances that
may significantly affect the strength and stability of quarry walls.

Key words: geomechanical monitoring, georadar survey, deformations of the side of the quarry, interferometry, scanning density, displacement magnitude, stability,

margin coefficient, slope of the quarry, displacement velocity.

BBenenue

XapakTepHOW YepTOW COBPEMEHHOIO 3Tama pa3BHTHS
OTKPBITOH J00BIYM MOJE3HBIX MCKOMAEMBIX SIBISETCS BOB-
JIeYCHHE B JKCIUTyaTALlMI0 MECTOPOXKICHHN CO CIIOKHBIMU
TEOJIOTHYECKUMHU M TOPHOTEXHHUYSCKUMH YCIOBUSMH pas-
paboTku. 310, B EPBYIO OUYEpE/ib, CBA3AHO C yBEINUCHHEM
UX TIyOMHBI Pa3pabOTKH H, BO BTOPYIO, IPOUCXOIHUT H3Me-
HEHHE re0JIOTHYEeCKOM CUTYAIlH, YTO HEOJIaronpusaTHO CKa-
3bIBACTCSl Ha MPOTHO3UPOBAHUE COCTOSHUS YCTOHYMBOCTH
OTKOCOB YCTYHOB M OOpTOB Kapbepa. HapymeHus ycroi-
YUBOCTH OTKOCOB BJIIEKYT 3a COOOW yBeln4yeHue oObEeMOB
BCKPBIIIK, HENPOHM3BOAMUTENLHBIC pacxXolIbl Ha IONOJIHU-
TEJIBHYI0 TEPEIKCKABALMIO, HAPYIIAIOT PEXXHM paboThl Ha
Kapbepe, BBI3BIBAIOT NIPOCTOU M aBapUH T'OPHOTPAHCIIOPT-
HOro 00OpYIOBaHUS M MPHHOCIT 3HAYUTEIBHBIA Marepu-
aJTBHBINA yoIepo.

Pa3paboTka MECTOPOXKACHUIT OTKPBITHIM CIIOCOOOM BCET-
Jla COMPOBOXIAETCS KOMILIEKCOM MHCTPYMEHTAJIBHOIO Map-
KLICHIEPCKOr0O MOHUTOPUHIA COCTOSHUSI OTKOCOB YCTYIIOB,
OOpTOB KapbepoB JUIsi 0OECIeYCHHsI CBOCBPEMEHHOTO Mpey-
NPEKICHUS pa3BUTHS AehOpMaLUid U KOPPEKTHPOBKH YIJIOB
OTKOCOB B 3aBHCHMOCTH OT M3MEHSIOLICHCS FOPHO-TEOJIOTH-

YEeCKOHM cuTyanuu Uit odecriedeHns OezomacHocTH U 3ddek-
TUBHOCTHU BEJICHHSI TOPHBIX paboT.

[[Iupoko MPUMEHSAIOTCS PAAMOIOKAIIMOHHBIC CHCTEMBI Ha
pslle KapbepoB MecTopokaeHuil Poccun, Takux kak ["aiickoe
OAO «Tatickuit 'OK, T'opesckuit 'OK, Ha pynauke «Kenes-
uei» AO «KoBnopckuii 'OK» B yenmoBusix Kpaiitnero Cesepa,
a Takke npu paspadborke mecropoxaenuii B CIIIA, ABctpa-
mmn, Uannn, FOAP, Y u Bpuranckoit Komym6mn [1, 2, 3].

Meroasbl

JlehopmaroHHbIE TIPOLIECCHI HA Kaphepax SIBISIFOTCS Pe3yilb-
TaTOM COYETAHHs MPUPOHBIX, HHKEHEPHO-TEXHOIOTHYECKUX H
BHEITHUX (hakTopoB. Cper OCHOBHBIX (PaKTOPOB, BIHSIONINX Ha
YCTOHYMBOCTB OTKOCOB, BBIACTISIOT creaytomue [4, 5, 6]:

- 2eono2uyeckue hakmopul, GKOYarOwue cradvle, mpeuji-
HOBambvle U CIOUCTIbIE NOPOObL, HANUYUE PA3TOMOS U 30H Gbl-
BEMPUBANUSL, A MAKICE BLICOKVIO B00OHACHIUEHHOCHb MACCU-
64, KOMOpble CYUJECMBEHHO CHUNICATONM NPOYHOCTL OMKOCO8 U
CnocooCma8yIom pazeumuro MUKpo- i Maxpooepopmayuii;

- 2eomexanuyeckue paxmopwl, NPosGIAIOWUECst 8 PEKOMEH-
oayuu upeamepHo Kpymovix U 8blCOKUX OMKOCO8 YCMYNos u Oe-
opmayuii nudicenexcawux cnoes;

Topnuwuit sicypnan Kazaxcmana Ne2’ 2026
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- eudponozuyeckue Gaxmopwl, GKIOUANOWUE UHDULILIMPA-
Yuro 002HCOeBbIX U MABIX 600, A MAKICE GbICOKUL YPOBEHb
NOO3eMHbIX 800, UMO YGenuyusaen 2uopocmamuieckoe 0as-
JleHUe 8 NOPOOAX U CHUICAEM UX CONPOMUBTIEHUE COBULY;

- mexuonocudecKue hakmopul, cés3auHbvle ¢ NPOBedeHUeM
83PBIGHBIX PAbOM, OBUICEHUEM MSAICENOU MEXHUKU U PEe3KUM
UMeHeHuemM KOHUeypayuu 6bleMKiL, Ymo 6bl3bl8aAl0N J10KAlb-
Hble PaspyuleHus Maccusd, MUKpOmMpewuHsl i o4azu nomeH-
YUAbHOU HeCmaduIbHOCHU.

OCHOBHOH (OpPMOH IPOSIBICHUSI TEOMEXaHUUECKUX MPO-
LeccoB sBIETCS (POPMUPOBAHUE 30H HEYIPYTHX Jedopma-
Uil u paspymenuii [4, 5]. BenenctBue atoro mpeobianaro-
MM BHJIOM NOTE€PH YCTOHYMBOCTH OOHAXKEHHH B Tpenienax
YCTYIIOB siBIIsieTcs 00pa3oBaHKME OT/EIbHBIX BBIBAJIOB, pas-
Mepbl KOTOPBIX ONPEAETSAIOTCS pasMepaMH CTPYKTYpPHBIX He-
OIHOpoIHOCTEH. MccienoBaHusl HalpaBiIeHbl HA BbISBICHUE
nedopmanuii OTKOCOB Ha OCHOBE MX aBTOMaTH3HPOBAHHOIO
MOHUTOPHHIA AJISI MPOTHO3a YCTOWYMBOIO COCTOSHUS MpHU-
OOPTOBBIX MaCCHBOB Kapbepa [7].

[To pe3ynbraram CHEKTPaIbHOTO CEHCMHYECKOrO MpOoQu-
JUPOBaHUA OblJa MPOBEJCHA MHTEPIPETAINs PE3yIbTaToB U
BBIHOC Ha TOMOOCHOBY Kaphepa BHOBb BBISBICHHBIE CTPYK-
TypHBIE aHOMAJIMU, COBMEIICHBI C UMEIOIIUMUCS JaHHBIMU O
T€OMEXaHHYECKOM COCTOSIHUM KapbepHOro MPOCTPAHCTBA, a
Tak)Ke CO37[aHa reoMeXaHn4eckas MOJIeNIb Kapbepa C BKIIOUe-
HUEM B HEe BCEX MOIYyYEHHBIX pa3pe30B U JIEKTPOTOMOIpa-
(1M aHOMaJBHBIX 30H.

Habmronenus 3a cIBMKEHHEM TOPHBIX ITOPOJ] X 3MHOH T10-
BEPXHOCTH C MCIOJIb30BaHHEM pajiapHOl UHTEp(hEpOMETpHU
(paanonoKalMOHHBI MOHUTOPHUHT) YCHEIIHO OCYIIECTBISIET-
cs 3a pybexom c cepeaunbl 1990-x romos. CyiecTByeT 1Ba
METOoJIa paJapHoil MHTep(pEpPOMETPUH: CITyTHUKOBAS M HA3eM-
Has. Lleabl0 MOHUTOPHUHTA C MOMOIIBIO PAAHOIOKALIMOHHBIX
JTAaHHBIX SIBJISETCS CBOCBPEMEHHOE BBISBICHUE CMEIICHUI 1
nedopManuii 3eMHOM MOBEPXHOCTH U COOPY)KEHHUI HA OCHO-
BE PErYIISIPHOTO MOJy4YCHHs HHGOPMALUU 00 HCCICIYyEeMOM
00beKTe TUCTAHIIMOHHBIMU METO/IaMU. B mocnennue roas! uc-
TIOJIb30BaHUE palapHON HHTEP(EPOMETPHN CTAHOBUTCS OoJiee
AKTyaJbHBIM ¥ 3P ()EKTHBHBIM.

HazemHuble uHTepdepoMeTpUUYecKue pajapbl IPEACTaB-
JISIFOT CO0O0M COBpPEMEHHBIE BBICOKOTOUHBIE THCTAHIIMOHHBIC
cUCTeMbl HaOJIONIeH S, TIPeIHA3HAYEHHbIC JIIsl MOHUTOPHHTA
CMelIeHU 1 teopMannii OTKOCOB, YCTYIIOB U APYTUX ITOTEH-
[MAJIbHO HEYCTOMYUBBIX JIEMEHTOB OOPTOB KaphepoB. MeTo
OCHOBaH Ha PETrUCTpPalUK Pa3HOCTH (a3 AIEKTPOMArHUT-
HBIX BOJH, OTPaXEHHBIX OT MOBEPXHOCTH KOHTPOIUPYEMOTO
ydacTKa B pa3Hble MOMEHTBHI BPEMEHH, UTO MO3BOJISIET OIpe-
JICJIATH BEIMUMHY CMELICHHS ¢ MUJUIUMETPOBOI TOYHOCTBIO.

[maBHBIM PEUMYIIIECTBOM TEXHOJIOTHHU SBIISETCS BOZMOXK-
HOCTh HENPEPHIBHOTO MOHUTOPHUHTA B PEXHMME PEabHOrO
BPEMEHH, HE3aBHCUMO OT BPEMEHHU CYTOK, OCBEIIEHHOCTH U
MOTO/IHBIX YCJIOBHUH, 0¢3 HEOOXOMUMOCTH YCTAHOBKH OTpaka-
Tenel WK MapKepoB Ha KOHTPOJIUPYEMOH MOBEPXHOCTU. DTO
obecrieunBaeT 0E30MaCHOCTh HAONIONEHUH M BO3MOXXHOCTB
KOHTPOJIS 32 TPYAHOAOCTYIHBIMH WJIM OMACHBIMH y4acTKaMHU
6opra. Pagap ycranaBinuBaeTcs Ha yCTOHYMBOM OCHOBaHWH Ha
OJIHOM M3 OOPTOB Kapbepa M HAIpaBISICTCS] HA UCCIICIYEeMbIi
Yy4acTOK IPOTHBOIOJIOXKHOTO OopTa. B npouecce padbots cu-
creMa (hOpMHUPYET PaJHOIOKAIIMOHHBIE H300paXKeHHsI, B KOTO-
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PBIX OTpaXKEHHBIE CUTHAJIBI HHTEP(HEPUPYIOTCS MEXK Ty HOCIIe-
JIOBaTeIbHBIME H3MepeHusMu. Ha ocHoBe (a30oBoii pa3HOCTH
BBIYUCIIAKOTCA CMEIICHUS ITOBEPXHOCTHU C Cy6MHHﬂHMeTpOBOﬁ
TOYHOCTHIO [8, 9].

Ha puc. 1 mpexncrasneHa cxema npuHIMIIA padOThl pajaap-
HOW CHCTEMbI, OCHOBAaHHOI Ha M3MepeHUH (Pa30BOro CABHIa
oTrpaxkeHHoro curnana. [lepegaruuk (TX) uznydaer anexrpo-
MarHuTHYIO BOJIHY, KOTOpas OTPa)KaeTcsi OT MOBEPXHOCTH U
¢duxcupyercst npuemuukom (RX). I1pu nepBom n Bropom u3-
MEpEHUSIX PErUCTPUPYIOTCs (ha3bl cUTHAA (@1 U @2).

MNepeoe
namepenve RX

™ A~ gmuna panapmodt pomae, 17,2 mu

@, W@, ~ BENMMHLI pas
10 M NOCNE CMELUEHHA
COOTBETCTBEHHO,

d - 3adpMKCHPOBaHHOE
cMelleHie

Bropoe
M3MEPEHIE RX

Puc. 1. lIpuHuun padorsl pagnoJ0KAMOHHON CHCTEMBbI
MPHU U3MEPeHNHU CMeIlleHUii MOBEePXHOCTH.

Cyper 1. BeTTiH KbLIKYBIH 0JIIIIeY Ke3iHae
PaANOJIOKAIMUSIIBIK JKYiieHiH KyMBbIC IIPHHIIAIII.
Figure 1. The principle of operation of the radar system
when measuring surface displacements.

Pa3HOCTH (a3 MO3BOISIET BEIYUCIUTH CMEIIEHHIE TTOBEPXHO-
CTH d TI0 U3BECTHOW JJIMHE PAJMOBONHBEL. DTOT METOJ JICKUT
B OCHOBE MHTEP()EPOMETPUIECKOT0 PaapHOr0 MOHUTOPUHTA,
obecrieunBasi BBICOKOTOYHOE OMpEACICHUE JaKe MIJLIHMe-
TPOBBIX NEPEMEILICHUM.

Bpemsi ckaHrpOBaHUs 0OIACTH 3aBUCHUT OT psijia (HaKToOpOB:

- pazmepa ucciedyemoco yuacmKa;

- paccmosanus mexcoy paoapom i 00beKmom HAOI00eHUs
(00 4 km),;

- NJIOMHOCMU CKAHUPOBAHUA (YUCIO MOYeK HA eOuHuyy
niowaou);

- Memeopono2uieckue yCio8us (81ax*CHOCb, OCAOKU, e -
nepamypa 6030yxa,).

[TomyueHHbIC MaHHBIC IOCTYMAIOT B BBIYUCIUTEIHHBII
MOJYITb, TJIC BBITIONHSAETCS] aBTOMaTHYecKas 00paboTKa U BH-
3yanu3amys. Pe3ynprartel 0TOOpakaloTCs B BHAE TETIOBBIX
KapT CMenieHnid W TpaduKOB BPEMEHHBIX 3aBHUCHMOCTEH, a
MIPOrpaMMHOE 00ECTICICHNE AaBTOMATHUECKHU MTOJJA€T CUTHAJIBI
TPEBOTH, €Ciii 3aQUKCHpPOBaHHBIE Ae()OpMaIK HPEBBIIAIOT
3aJlaHHbBIC TTOPOTOBBIC 3HA4YCHUA. [|JIT MOHUTOPUHTA CIBUXKE-
HUI OTKOCOB TPUMEHSIOTCS JIBa OCHOBHBIX THIIA PaJapHBIX
CHUCTEM:

1. Pamaper ¢ peansHOIl aneprypoii (Real Aperture Radar,
RAR). Hcnons3yioT HampaBieHHYIO aHTEHHY («TapenKy»),
(hopMHPYIONTYI0 Y3KHH JIyd, KOTOPBIN CKaHHPYET MOBEpX-
HOCTH B TOPH30HTAIBHOHN M BEPTHKAIBHON IIOCKOCTSIX. DTOT
THI pagapoB 00eCIeYNBAET BBICOKOE MPOCTPAHCTBEHHOE Pa3-
pernieHne, Ho TpedyeT OObIlle BPEMEHHU ISl TIOJTHOTO OXBaTa
ydacTKa.

2. Pamapsl ¢ cuHTe3mpoBaHHOW ameptypoi (Synthetic
Aperture Radar, SAR). ®opMuPYIOT MIUPOKHUI JIyd, OXBAThI-
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BAIOILUN BECh KOHTPOJIMPYEMBIN y4acToK. Bo BpeMsi cbeMku
aHTEHHa MepeMeIaeTcs BAOJb JMHEHHOTO peibca, 4To M03BO-
JII€T CUHTE3UPOBATh BUPTYAJbHYIO allepTypy U MOIY4YHUTh H30-
OpakeHue BoIcOKO# Aeranu3anuu. GB-InSAR-cucTembI 31010
THUIIA SIBJSIFOTCS] HAanboJiee pacrpoCTpaHEHHBIMHU ISl KAPbEPOB
Or1arojapsi COU€TaHMIO BHICOKOM TOUHOCTH M CKOPOCTH CKaHH-
posanus [10].

PesynbraTbl MOHMTOpPHHTA OTOOPAXKAIOTCS B JIByX OCHOB-
HBIX (hopMax:

1. Tennosas xapma deopmayuii BU3yanu3upyeT CKOpoCTh
1 HanpapiieHHE CMEIICHUH B I[BETOBOW INIKAaJe: OT «XOJOJ-
HBIX» TOHOB (CTaOMJIbHBIC YYACTKU) JI0 «TEIUIBIX» (aKTUBHBIE
30HBI JIBUYKEHHUS );

2. Ipaguru eépemennvix 3asucumocmetri MOKa3bIBAIOT H3-
MEHEHHE BEIMYMHBI U CKOPOCTH CMEIIEHUIl B KOHKPETHBIX
Toukax. [loyp30BaTeb MOXKET BBIOpATh HECKOJIBKO KIIOUEBBIX
YUYacTKOB JUIsl aHaIN3a JUHAMUKK Ae(opManuii 1 NpOrHO3U-
POBaHUS Pa3BUTH IPOLECCOB.

Cospemennsle cucreMbl GB-InSAR o6nafgaror psaom Bax-
HBIX KOHCTPYKTHBHBIX IPEHUMYIIECTB!

- MOOUNLHOCMY (YCMAHOBKA HA Npuyene i mpaHcnopm-
HOM cpedcmee);

- BO3MOXCHOCIb 6e30nacto2o yoaneHus 00opyO0SaHis 80
8peMs 63PbIGHBIX PAOOM;

- A8MOMAMUYECKAs, MAPKULETOePCKas NPUBA3KA,

- MOOYIbHAA APXUMEKMYypPd, NO38ONAIOWAA NOOKIIOUAMb
OononnumenvHvie CeHcopbl (Memeocmanyuil, Kamepsl u m. 0.)
[11].

HoBsle nporpaMMHBIE KOMITIEKCHI MTO3BOJISIIOT BBIOIHATD
[IPOTHO3UPOBAHNE BPEMEHU BO3MOXKHOTO OOpYILIEHHUS, HC-
I10JIb3Ysl BPEMEHHBIE PsIIbl CKOPOCTEH CMEILIEHUI U MareMa-
THYECKUE MOJIEIIN YCKOPEHHUsI 1e()OPMAIIMOHHBIX IIPOLIECCOB.

HccnenoBanue BO3MOXKHOCTH MHTETpALlMU  aBTOMATH3HU-
POBAHHOTO MOHUTOPHMHIA B PEXUME PEaNbHOTO BPEMEHHU C
[IPUMEHEHHEM pajiapHOl HMHTEepdEepOMeTpUr OCyIIEeCTBICHA
Ha Kapbepe JKeThIrapuHCKOTO0 MECTOPOXKACHUS JUIsi HaOIIro-
JICHUH 3a CIBUKEHUEM T'OPHBIX IOPO/I.

Ha noBepxHocTu kapeepHoro moist (puc. 2) ycTaHOBIe-
HBl JBa TUma paauonokanuoHHex cucremM: CHCNAV PS-
SAR2000 u Leica IBIS FM-14. Illupuna 30HbI CKaHUpPOBa-
HUsI cocTaBisuia 1,5 KM, 4To 00ecrednBaIo MOJHOE MOKPBITHE
CKaHUpPYyeMOoro 0opra.

CymecTBytomye paauoIoOKalMOHHbIE CHUCTEMbl MOHHUTO-
pUHra CKJIOHOB HampaBlIeHbl Ha M3MEpPEHHE CMEIEHHH Io-
BepxHOCTH. ['eopanapsl, paboTaronye Ha APYrUX 4acTorax u
MIPUHIUIIAX, TO3BOJISIOT 3aIVIIHYTh BHYTPh MacCHUBa U OTKPBI-
BAIOT CJIEYIOIHE HayYHbIe IEePCIEKTUBBI:

- demanvHoe Kapmuposanue Hympenmell CImpyKmypsl u
CKpLIMbIX OeheKmos (8viasnieHue CKPLIMbIX 2€0102UYECKUX
HapyweHull; 6blasiienue nycmom 6Hympu Maccuea, MOHUmo-
PpuH2 800OHACHLIUYEHHOC;

- pazsumue memooos 0opadomKu u UHmMepnpemayuu OaH-
HBIX: UCCTe008aANUS HANPABIEHbl HA COBEPULEHCMEO8AHUE
npocpamMmHo2o obecneuenus Ol AHATU3A CLONCHLIX 2e0pa-
O0apHbIX OAHHBIX, 8 YACIMHOCIMU HA NPUMEHeHUe UCKYCCMEeH-
HO20 UHMENIeKMA U MAUWUHHO20 00YYeHUs;

- unmezpayus ¢ OpyeuMu MexHoN02UAMU (803MONACHOCIL
UCNONBb306AHUSA KOMNILEKCHO20 N00X00a);

- COBEPUIEHCTNBOBAHUE 2COMEXAHUTECKO20 MOOENUPOBAHUSL.

Puc. 2. Pagnonokanmnonnsie cucreMsl CHCNAV PS-
SAR2000 u Leica IBIS FM-14, yctaHoBJIeHHbIe Ha 00pTYy
Kapbepa.

CypeTt 2. AWIBIK KeHIII KaFJaybIH/Aa OPHATHLIFAH
CHCNAYV PS-SAR2000 xone Leica IBIS FM-14
PAIHOIOKAHUSIIBIK KYHeJiepi.

Figure 2. CHCNAV PS-SAR2000 and Leica IBIS FM-14
radar systems installed on board the quarry.

PesynabTarnl

3ajaun WCCIIeIOBAaHUN BKIIIOYAM OIIPEAEIICHHUE Iapame-
TPOB PabOThl 00OPY/NOBaHMSI B TOPHOTEXHUYECKUX YCIOBHU-
SIX, COIIOCTABJIEHHE PE3YJIbTATOB C JAHHBIMH TPaIULIHOHHOIO
MOHHUTOPHHIA, (OPMHUPOBAHUE METOAMYECKUX PEKOMEH/Ia-
U 10 BHEIPEHUIO CUCTEM, 000pyI0BaHus 1 MeTomukw [11].
Jlyist cpaBHEHMSI TEXHUUYECKHX XapaKTEPUCTUK IPUMEHIEMBIX
paapHbIX CHCTEM OBbLIM NpPOaHAIM3HPOBAHbI JBa HanbOoiee
pacnpoCTpaHeHHBIX THIIA 000pYJOBaHMS: MHTEp(epoMeTpu-
yeckuil pagap IBIS FM-14 u panap CHCNAV PS-SAR2000
(rabnuua 1). B Tabnuue npencrasieHbl KIIOYEBBIE Mapame-
TPBI, ONpeAeSIoNe X (yHKINOHAIBHBIE BO3MOXKHOCTH B
YCIIOBHUSIX TOPHOTEXHUYECKOT'O MOHUTOPHHTA.

CpaBHEHHE M0Ka3ano, YTO KakAas M3 CHUCTeM oOianaer
cobcreennbiMu npeumyinecrsamu: LEICA IBIS FM-14 — BbI-
COKas YyBCTBUTEJIBHOCTh U pa3Butas aHanuThka, CHCNAV
PS-SAR2000 — Gosblrast CKOpoCTh OOHOBJIEHHS IAHHBIX U TTa-
HOpaMHBII 0030p. Be1Oop 000pyn0BaHUsI ONPEaCIAeTCs KOH-
KPETHBIMH 33/1a4aMi MOHHUTOPUHIA W YCIOBUSIMH paboThl Ha
oOBeKTe.

[[BeToBasi IIKaja IOKa3bIBAET paCIpEeCHUE BBICOT, a
MapKep YKa3blBacT IIOJIO)KEHHE W OpPUEHTAIMIO pajapHOU
CTaHIMHU. JIaHHBIH PUCYHOK MCIIOJIB3YETCS ISl BU3yaln3alin
penbeda ¥ pe3ysabTaToB pajapHOrO MOHUTOPUHIA yCTOWYH-
BOoCTH 00pTOB Kapbepa (puc. 3). OH MO3BOJISET OLEHUTD MPO-
CTPaHCTBEHHOE pacIpe/ieieHHe BBICOT, OIIPEAEIUTh OTEHIH-
aJIbHO HEYCTOWYMBBIC YYaCTKH M MPOAHAIM3HPOBATH MAKCH-
MaJIbHbIE BEJIMUUHBI CMEUIEHUH TOBEPXHOCTH.

Ha puc. 4 npencrasieHa kapra CMEIIEHHH MOBEPXHOCTH
Oopra kapbepa, HOJy4YeHHass METOAOM PaJapHOTO MOHHUTO-
puHra. JT10 BHU3yainu3auus JAe(OpPMAIMOHHOW aKTHBHOCTH
OTKOCOB C HCIIOJb30BAaHUEM I[BETOBOW IIKAJIbl, [J€ KayKIbIi
[[BET COOTBETCTBYET ONPE/EIICHHOW BEIMYMHE CMEIICHHS.
L{BeroBas mikana crpasa IOKa3bIBAET BEJIMYMHY CMEIICHUN B
MHUJUTUMETpax.

KpacHble 30HBI — 001aCTH HAMOOJIBIINX CMEIIEHUH U I10-
TEHIMAJILHON HecTaObmibHOCTH. JKenThle U 3eieHble — yMe-
peHHble cMeleHus. [omyOble U CHHME — MUHUMAJIbHBIE I
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Tabnuua 1

OcHnogHble XapaKmepucmuKu paouoioKayuoOHHBIX CUCHEM
Kecme 1

Paouonoxkayuanvik ycyiienepoin Hezizei cunammamanapol
Table 1

Main characteristics of radar systems

ITapametp IBIS FM-14 CHCNAV PS-SAR2000
WnTepdepomerprdaeckuii, SAR
Tun pagapa
Ku-munanazon (~17.2 I'T) X-muanazoH (~10 I'T')
JanbHOCTh AEHcTBUA o 5 xm Ho 5 km
MuHMMaNbHOE CMEIIICHHE <0.1 Mmm ~0.1 Mmm

YacToTa ChbeMKH

1 canmox / 30 cex

1 caumox / 10-15 cex

[TpocTpaHCTBEHHOE pa3pelieHne

10 0.5-1m

10 0.7-1m

VYroma 0630pa

80 x 60

360 x 60

110

Guardian (ananuTHKa, TpeBory, 3D)

MAS (TIpoCTO 1 IOHATHO), TPEBOTH

q)I/IHBTpaI_II/Iﬂ " CIlIa’)KuBaHUEC

I'nOkast HacTpoiika

ITopor ¢uasrpa (Hanpumep, 50)

CroxHee

Wnrepdeiic

IIpocToit, UHTYUTUBHBII

Puc. 3. Cxema pacnoJio:keHHs1 paJapHbIX YCTAHOBOK HA
oopTty /KeTHIrapMHCKOT0 Kapbepa.

Cyper 3. Kertikapa ambIK KeHilIiHIH KaFgaybIHIA
PaaNoJOKANUSIIBIK KOHABIPFBIJIAPABIH OpHAJIacy
cxeMachl.

Figure 3. The layout of radar installations on board the
Jetygara quarry.

OTCYTCTBYIOIIHME CMeleHus (CTabmibHbIe yyacTku). [1o reo-
METPHUH YCTYIOB Ha (DOHE XOPOIIIO 3aMETHBI KOHTYPBI OT/ICIIb-
HBIX YCTYIOB U OEpPM, KOTOPBIC OKpAIICHBI COTJIACHO UX TIOJI-
BUKHOCTH. KpacHbIC TOJIOCHI BJOJIb OTKOCOB CBUCTCIIBCTBY-
0T O 30HaX, I7I¢ HAOJIFOIACTCsI TIOBBINICHHAS Ic(hOPMALTHOHHAS
AKTHUBHOCTb.

Ha puc. 5 mpuBeneHa IMHAMHKA CKOPOCTH CMECIICHHIMA
B TE€UYEHHE Mepuoja ¢ KoHia mapta mo uronb 2025 roma. Ha
M300paKCHUU BUHBI OTACIBHBIC MapKepbl/TOUKH (UCpHBIC
TOYKH) — 3TO 3JICMEHTBI CETKU TAHHBIX MM KOHTPOJIbHBIC TOY-
Ku aHaju3a. TeKCTOBBIC JaHHBIC BHU3Y. YKa3aHbI MapaMeTphbl
ChEMKH: PACCTOSIHUE JI0 pajapa, BRICOTa YCTAHOBKHU, KOOPIU-
HATBI, YToJ 0030pa U Ap. DT JaHHBIC HY)KHBI JIs HHTCPIIPE-
TaIUU U TPUBSI3KH U3MEPECHUH K MECTHOCTH.

T'opuouit scypnan Kazaxcmana Ne2’ 2026
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Puc. 4. Bux otkoca kapbepa, 3agUKCHPOBaHHBII
PaMO0JIOKALMOHHOM CHCTEMOI.
Cypet 4. PaqnosokauMsiIbIK *KylieMeH 0eKiTiJireH ambIK
KeHilm KusideTiHiH Typi.
Figure 4. View of the quarry slope recorded by the radar
system.

CuHsist JTMHHSI OTpa)kaeT M3MEHEHHs CKOpOCTH nedopma-
LU BO BpEMEHH, OCTaBasICh B Mpezesax OJM3KHX K HYJIIO 3Ha-
YEHUIl, YTO yKa3bIBae€T Ha CTaOMIILHOE COCTOsSIHME HalIoa-
€MOro yJacTka. BepTukaibHbIe IIBETHbIC JIMHUU 0003HAYAIOT
3a(h)MKCHPOBAHHBIC COOBITHS WU MPEAYIPEIKACHHUS CHCTEMBI
MOHUTOPHHI'A, CBSI3aHHBIE C U3MEHEHHUSIMU MapaMETPOB H3Me-
peHU WK YCIIOBUSIMH PabOThI 000pYI0BaHUS.

Ha puc. 6 npencraien uHrepdeiic nporpaMmHoro ode-
cneyenuss CHCNAV MAS, Bu3yanu3upymooumuil pe3yasTaThl
pazapHOr0O MOHHUTOPWHIA YCTOMYMBOCTH OTKOCOB Kapbepa.
CHCNAV MAS — nporpaMmMHOe 00ecIicueHHe JIs1 aBTOMATH-
3MPOBAHHBIX MIAT(OPM, MPEJHA3HAYCHHOE JUII MOHUTOPHHTA
B PEaJbHOM BpPEMEHH, BH3yaJIH3allUHl AaHHBIX M YIPaBICHHS
omnogemieHussMH. CHCNAV MAS o00beauHsieT TeXHOIOTHU
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Start Time: 18:47 26/Mar/25|
Stop Time: 11:04 30/Jul/25

Nay/2025 Julr2025
16-May 08-Jun 01-Jul 24-Jul

l\pri2025
31-Mar 23-Apr

Puc. 5. Innamuxa ckopoctu cMemenuii (Velocity, mm/4)
LEICA IBIS FM-14 B TeueHue MepuoAa ¢ KOHIIA MapTa
no uioab 2025 roga.

Cyper 5. KbL1KyIapabl KbIAAMABIK THHAMAKACHI
(Velocity, mm/car) LEICA IBIS FM-14 2025 kblabIH
HaypbI3 aifibIHBIH COHBIHAH facTan urijiae ail bIHbIH Ke3eH
iminge.

Figure 5. Dynamics of displacement velocity (mm/h)
LEICA IBIS FM-14 during the period from the end of
March to July 2025.

CHCNAV MAS

Puc. 6. UnTepdeiic nporpammuoro odecrnedenns
CHCNAV MAS.
Cyper 6. CHCNAV MAS 06argapiamMaJbIK HHTepgerici.
Figure 6. CHCNAV MAS Software Interface.

Wntepnera Bemieit (IoT), Gompmmx marabx 1 3D BU3yanmsa-
LIUH /TSI YIIPABJICHHS M aHAJIN3a JTAHHBIX C YCTPOWCTB y/aJIeH-
HOTO MOHHTOPHHTIA U ITO3BOJISIET B PEXHUME PEabHOTO BpE-
MEHH OTCJIEXHBATh, BU3YaJIN3UPOBATh JIAaHHBIE W YIPABISThH
onoemenusmu [9, 10, 11].

[BeToBas xapra oToOpa)kaeT BETUIMHBI CMEIICHUH ITO-
BEPXHOCTH: 3€JICHBIC OOJACTH YKa3bIBAIOT Ha CTaOWIIBHOE
COCTOSIHHE, TOTJa KaK JKeNThle, KpacHble M (PHOIETOBBIC
30HBI OTPaAKAIOT TOBBIMICHHYIO 1e()OPMAIMOHHYIO AKTHB-
HOCTh. Ha KapTe OTMeueHBI KOHTPOIBHBIE TOUYKN M COOBITHSA
cucteMbl. B HMKHEN yacTH NpeAcTaBlieHa BpeMEHHas JH-
arpaMMma M3MCEHEHHUsI CKOPOCTH CMEIIEHHUH, MMO3BOJISIONIAs

aHAJIM3UPOBATh JIMHAMUKY JaedopManuii B pexxuMe peab-
HOI'O BPEMEHH.

B Xoae TeCTI/IpOBaHI/IH BBIJICJICHBI HECCKOJIBKO 30H IJId MO-
HUTOPHMHIA, YTO IO3BOJMJIO MPOBECTH JETAIbHbBIA aHaAIn3
JTAHHBIX U OICHHUTh COCTOSHUC KAXKIOro ydactka. ['paduku
JeopMaIiK U CKOPOCTH, MOTyYEHHBIE B XO/I€ TECTUPOBAHUS,
JIEMOHCTPHUPYIOT YETKYIO KOPPEJSILIUIO U BHICOKYIO J€TaIn3a-
[IUIO JJAHHBIX, YTO SIBJIICTCS KJIFOUCBBIM IOKa3aresneM 3¢ dek-
TUBHOCTHU reopauapOB B yCHOBI/IﬂX MOHI/ITOpI/IHFa T'COTCXHHUYC-
CKHX IapaMeTpoB OOPTOB Kapbepa.

3aki04eHue

Hcrmonk30BaHne paHoOKAIMOHHBIX CHCTEM JUIS IPO-
BeJCHUs HaOMIONeHUH 3a 1e(OPMAMOHHBIME TIPOIECCAMH
YCTYTOB U OOPTOB Kapbepa MO3BOJSIET MONYYHTh PE3YIIbTATHI,
HarpaBJIeHHbIE, B IEPBYIO O4Yepe/ib, Ha oOecrieueHre Oe3omnac-
HOCTH BEJICHHUS TOPHBIX PadoT.

OCHOBHBIC WTOTM NPHUMEHEHHS PaTHOIOKAIHOHHBIX CH-
CTEM MO3BOJISIOT:

- BbLAGIANb 30HbL NOMEHYUATILHOU HEYCMOUYUSOCMU, Ma-
KUe KaK mpeujursl, pasiomul, OCIAOLEHHbLE YUACMKU U NOLO-
Ccmu 8 MAccuge 2OpHbIX NOPOO;

- NOMYuUMb 0emanbHble 2e0N0SUYECKUEe Pa3pesbl, onpeoe-
JUMb SPAHUYLL MENHCOY PATUUHBIMU MUNAMU NOPOO U Gbisi-
BUMb CKPBIMbLE 2CON02UHECKUe HAPYULeHUSl, KOMOPbLE MOSYN
GNUAMb HA YCMOUYUBOCb 6OpMA;

- omcnexcusams OUHAMUKY passumus oegpopmayuil 6op-
MO8 Kapbepa Ha PAHHUX CIAOUSIX.

BriBoabI

1. Ioxy4eHbl naHHBIE O JOKAJIBHBIX Je(opMaLUsIX C am-
TUIUTYAO# 110 3—5 MM B CYyTKH M YCTaHOBJICHBI 30HbI TIOBBIIIICH-
HOH akTHBHOCTH Aedopmaruii. O6e cucTeMbl MOKa3ain BbICO-
Kyto Koppensnuio (> 95%) Mex ity co00i U ¢ TpaauIHOHHBIMU
METOZ[aMH MOHUTOPHHIA.

2. YcTaHOBJIEHBI JMara3oHbl  d(QGEKTUBHOCTH pabOThI
CHCNAV PS-SAR2000 myis MOHUTOpPUHTA IIUPOKUX 30H U
Leica IBIS FM-14 nns neransHOro HaOMIONEHUS JOKAJIBHBIX
Y4acTKOB.

3. BbIsIBIICHO, YTO IIPH CONIOCTABJICHNH JIAHHBIX HAOIIOICHUIH,
TMOJTYYEeHHBIX C JIByX TeopaapHbIX YCTaHOBOK, 3a()MKCHPOBAHBI
WJICHTUYHbIE PE3YJIBTAThI 110 HAKOIUICHUIO CMELIECHUH U CBUjIe-
TEJICTBYET O BBICOKOH JOCTOBEPHOCTH M TOYHOCTH reopajapa
PSSAR-2000, uTo B CBOIO 04epe/ib HOATBEPKIAET COOTBETCTBUE
JITAHHOW YCTaHOBKU COBPEMEHHBIM MHPOBBIM aHAJIOTaM.

4. TloarBepxaeHa BbICOKast A(P(PEKTUBHOCTh PaJlapHBIX CH-
crem CHCNAV PS-SAR2000 u Leica IBIS FM-14 st ynpasue-
HHsI COCTOSIHIEM MacCHBa IPU OTKPBITOI pa3paboTKe, YTO MOBbI-
1maeT 6e30MacHOCTh U APHEKTUBHOCTD BEICHHSI TOPHBIX PadoT.

CIIUCOK UCHTOJB30OBAHHBIX UCTOYHUKOB
1. Hutchinson J., Bonneau D., DiFrancesco P.M., Farmakis I., Graham A., Burns R. Habniodenue u oyenxa
UHIICEHEPHO-2e0/102UYeCKUX CPeOCE KOHMPONsL U MEeXAHUZMOB8 PA3PYULEHUs. CKIOHO8 2OPHBIX NOPOO C
UCNOAb30GAHUEM OAHHBIX OUCMAHYUOHHO20 30HOUPOGaHUs // AMepuKancKull eeopuaudeckull co3, ocennee
sacedanue 2020 2., meszucot Noe NH034-01 (na aunenuiickom s3vike)
2. Koufopoulou A., Diamanti N., Vargemezis G., Tsourlos P. [Ilpumenenue ceopadapa 015 oyeHKU Kauecmead
mMpamopa 8 kapvepe // 29-3 Esponetickas koHpepernyus no 3Ko102u4eckoll u undxicenepHotl eeogusuxe, 202 3.

C. 1-5 (na anenuiickom si3viKe)
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3. Peanuzayus cmpameeuu MOOeAUPOBAHUSL MPEUWUHOBAMOCMU HA OCHOBE 2e0padaApHOl CbeMKU HA 60NbULOU
nrowadu ycmyna uzgecmuirkosozeo kapvepa / Mohamed Elkarmoty [u op.] // 'eonayxu. 2024. C. 1-15
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2015, 125 c. (na pycckom sa3vike)

7.  Onpedenenue ycmoudugvlx yeio8 0mrKoco8 ycmynog u 6opmos Jlocemuvleapuncko2o Kapvepa: omuem no
HUP/Maenumozopckuii copro-memaniypeuveckuti uncmumym, Maznumoeopck, 1967, 241 c. (na pycckom
A3blKE)

8. Hccnedosanue cudpoeeonocuueckozo cmpoenus Jcemvleapunckozo Mecmopoicoenus Xxpusomui-acbecma
u pazpabomka npoexma oCyueHus. Kapbepa 6 npeodeibnomM KOHmype: omuem HayuyHo-mexnudecKull
(3axaiouumenvnoii). Hayu. pyx. Cawypun A.J{. UT]] YpO PAH, Examepunbype, 2017, 211 c. (na pyccrkom
A3blKE)
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omuem HayuHo-mexHuueckuu (3axnioyumensvunolii). Hayu. pyx. Menvnux B.B. TOO «HUI'J]] Kazaxcmany,
Hyp-Cynmamn, 2021, 280 c. (na pycckom sa3vike)

10. Hcnonvzosanue (onvim mecmupoganus) 2eopadapa Ha yuacmrke CmpoumeibCmed KpymoHaKioHH020
KOHGellepHo20 KoMniexkca Ha wicHom kapvepe Muxaiinoeckoeo 'OKa um. A.B. Bapuuesa / Ucmazunoe P.U.
[u op.] // Topnas npomvruwnennocmo. 2020. Ne 3. C. 84-90 (na pyccrkom si3vixe)

11. Makeee M.A. Hnunosayuu na ciyxrcdoe npomolutieHHOU Oe30NaACHOCMU. ONbIM UCNOAb308AHUSL NePedOEblX
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DPUSUNYECKOE MOJAEJINPOBAHHUE _
BECCTOEYHOMU KPEIIX BO BBAUMOJIAENCTBUUAU
C OKPY XAIOIIIUM MACCHUBOM ITIOPOA

Aunnotanus. B crarbe npezcrapieHo Gu3nueckoe MoJCINpOBaHNE OECCTOCUHON IAPHUPHON KpPerH, NpeHa3HAYeHHOH [T MOJJIepKaHUs MOrOTOBUTENIBHBIX TOp-
HbIX BBIPa00TOK. OCHOBHAs 11€J1b JAHHOTO MCCIIE0BAHNS — SKCIIEPUMEHTAJILHO TIOATBEPAUTD PE3YJILTAThl PAHEE BBINOJHEHHOIO YUCIIEHHOTO aHAIN3a HANIPSKEHHO-1e(op-
MUPOBAHHOTO COCTOSIHUSI KOHCTPYKIIMM M TEM CaMbIM J0Ka3aTh J0CTOBEPHOCTb U 3(Q(PEKTUBHOCTD IIAPHUPHON CXEMBI 110 CPABHEHHIO C TPAIUIIMOHHOM NPAMOIMHEHHOM
Gaikoil. MoeniupoBaHue MPOBOAKIOCH C HCIOIb30BAHUEM IIPOrpaMMHOro komiuiekca Ansys Mechanical u ruapasnngeckoro npecca GCTS PLT-2W. ITonyueHHbIe qaH-
HbIE TT0Ka3aJIM, YTO IapPHUPHAs Kperb obecreunBaeT 6oj1ee paBHOMEPHOE pacipesieIeHUE Harpy30K, MOBHIIIAET HECYIYIO CTIOCOOHOCTh M CHUKAET JaBjieHHe Ha OOKOBbIE
CTEHKHM BBIPAOOTKH, YTO MOJTBEPIKJIAET €€ MPAKTHYECKYIO P (DEKTUBHOCTD B PEAJIbHBIX TOPHBIX YCIIOBUSX.

Kniouesvie cnosa: 6eccmoeunas Kpenv, WapHUpHas KOHCMPYKYUS, NOO20MOBUMeNbHble 6bIpabomKuU, usuieckoe mooenuposanie, yuciernHoe mooenuposanue, GCTS
PLT-2W, nanpssicenno-oegopmuposannoe cocmosinue, pacnpeoeienue Hazpy3oK, yCmouuueocmy olpabomxi.

KopuaraH Tay sKbIHbICTAPbI MacCHBIMEH 03apa dpeKeTTeceTiH Tipekci3 6ekiTneHiH (pU3NKAIBIK MoIeIbaAeyi

Awnjarna. Makasa/zia JailbIHABIK Tay-KeH Ka30anapbiH OCKiTyre apHasIFaH Tipeyci3 MapHUpIi KpenbTiH GU3UKAIBIK MOACIbACY] YChIHBUIFAH. 3ePTTEY/IiH Heri3ri Makca-
ThI — KOHCTPYKLHMSIHBIH KepHEYITi-1e)opMatnsiianFat KyiiHiH OypbIH OpbIHIAJIFaH CAaHABIK TaJ1ay HOTHKEIEPiH SKCIEPUMEHTTIK TYP/E pacTay jkKoHe IapHUPIi CYyI10aHbIH
JIOCTYPITi TY3Y apKAJIBIKIEH CalbICTBIPFaHaFbl CEHIMIUIIrT MeH THIMILUIIriH nanenaey. Monensiaey Ansys Mechanical 6arnapnamansik kemeni men GCTS PLT-2W run-
PpaBIIMKAaJIbIK MPECTi KOJIJaHy apKbUIbl )KYPri3iiii. AJIBIHFAH HOTHKEJIEP MAPHUPII KPerb KYKTeMeepiH OipKeKi TapayblH KAMTaMachl3 €TeTiHIH, KOTeprill KadiieTiH
apTTHIPATHIHBIH XKOHE Ka30aHbIH Oyiiip KaObIprasapbiHa TYCETiH KbICHIM/IbI TOMEHICTETIHIH KOPCETTi, OYJI OHBIH HAKTHI Tay-KEH JKaF[ailJIapbIH/IaFbl MPAKTHKAIBIK THIMIi-
JIriH fgoneneiai.

Tyinoi ce3oep: mipeyciz beximne, wapHupii KOHCMPYKYUs, OabIHObIK KA30aaapul, usuxanviy mooensvoey, canovik mooenvoey, GCTS PLT-2W, kepueyni-deghopmayusi-
JIaH2AH Ky, dCyKmemenepoiy mapanysl, Ka30aHblH MYPAKMbLIbIEDL.

Physical modeling of strutless support interacting with the surrounding rock mass

Abstract. The paper presents physical modeling of a strutless hinged support designed for maintaining development mine workings. The main objective of the study
is to experimentally confirm the results of a previously performed numerical analysis of the stress-strain state of the structure and thereby demonstrate the reliability and
efficiency of the hinged scheme compared to a traditional straight beam. The modeling was carried out using the Ansys Mechanical software package and a GCTS PLT-2W
hydraulic press. The obtained results show that the hinged support provides a more uniform load distribution, increases load-bearing capacity, and reduces pressure on the
sidewalls of the working, confirming its practical effectiveness under real mining conditions.

Key words: strutless support, hinged structure, development workings, physical modeling, numerical modeling, GCTS PLT-2W, stress-strain state, load distribution,
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working stability.

Beenenne

OJHO¥ U3 aKTyaJbHBIX 33]]a4 COBPEMEHHOTO TOPHOTO JIeia
SIBISICTCST  OOCCIICYCHUE YCTONYMBOCTH IIOATOTOBUTEIHHBIX
BBIPA0OTOK TPU CJIOKHBIX TOPHO-TCOJIOTUYCCKHUX YCIIOBHSIX.
Ot Hage)xkHOCTA U 3(D(HEKTUBHOCTH PabOTHI KPEIHU 3aBHCUT
0€30MacHOCTh BEICHUS TOPHBIX PabOT M JOJTOBCYHOCTH JKC-
IUTyaTalul BBIPA0OTOK. TpaguIMOHHBIC KOHCTPYKIIHH, BBI-
MTOJTHCHHBIC B BUJIC IICIbHOW MPSIMOIMHCHHON OalIKK, HEPEIKO
OKa3bIBAIOTCS HEIOCTATOYHO YCTONYHUBBIMU MIPU BO3CHCTBUN
MIEPEMEHHBIX HATPY30K, YTO MPUBOIUT K ACPOPMAIIHSIM H JI0-
MTOJTHUTETBHBIM HANPSHKCHUSM B OOKOBBIX YacTsAX BBIPAOOTKH
[1-2].

[IpuMeHeHHEe YHCICHHOTO U (PH3UYCCKOTO MOICITHPOBAHUS
MO3BOJISICT AHAU3UPOBATh HAMPSHKCHHO-IC(POPMUPOBAHHOE
COCTOSIHUE DIIEMEHTOB KPCIIH U BBISBIISTH 3aKOHOMEPHOCTH HX
B3aMMOJICHCTBUS C OKpY’KarOIUM MaccuBoM nopof [3]. Uc-
MTOJIb30BaHUE TAaKUX HWHCTPYMEHTOB, Kak Ansys Mechanical,
oOecreynBaeT BO3MOKHOCTh TOYHOTO pacueTa pacpeICICHUs
HATPY30K, a (U3HYCCKUE IKCTIEPHUMEHTHI ITO3BOJISIFOT TOITBEP-
JIUTh I0CTOBEPHOCTD MOJYUEHHBIX PACUETHBIX TaHHBIX [4—06].

[Ipobnema uccienoBaHus 3aKIFOYACTCS B HCOOXOIUMOCTH
AKCIICPUMCHTAIBHOTO MOATBEPIKICHHS YUCIICHHBIX PaCUCTOB
U CPaBHUTEIHFHON OLICHKU Pa3IMYHBIX KOHCTPYKTUBHBIX CXEM
Oeccroeunoi kpernn. Hemocratounast M3y4eHHOCTh COBMECT-
HOW pabOoTHI JICMEHTOB MAPHUPHOW CUCTEMBI M MacCHBa IO-
PO B YCIIOBHSIX pealbHBIX HArpy30K TPeOyeT IOMOIHUTEIb-
HOTO aHaju3a U NPOBEPKH [7].

[enpro MCCleMOBaHUS SBISCTCS TONTBEPXKICHUE PE3Yiib-
TaTOB YHCJICHHOTO aHAaJM3a HAIPsHKEHHO-1e()OpMUPOBAHHOTO

COCTOSIHUSI OECCTOCYHOI MIApHUPHON Kpemu W TOKa3aTellb-
CTBO €€ NMPEUMYLIECTB MEPE TPATULMOHHON IPSIMOIMHEHHOM
0amO0YHOI KOHCTPYKITHEH.

Jl1st noCTHKEHUs TOCTABIEHHOM LeJIU PELIaoTCs CIENYI0-
e 3aJa4u:

- nposedeHue usuULeckoeo Mooeruposanus pabomol dec-
CMOEUHOU WAPHUPHOU KPEnU ¢ UCRONb308AHUEM CUOPABIUYe-
ckoeo npecca GCTS PLT-2W;

- conocmaenenue pe3ynomamos Qu3u4eckux UCHbIMaHull ¢
OQHHBIMU YUCTEHHO20 MOOCTUPOBAHUSL, BLINOIHEHHO20 8 ANSYs
Mechanical;

- AQHANU3 PATUNUA 8 HANPAICEHHO-0ePOPMUPOBAHHOM CO-
cmosaHuY OJis WAPHUPHOU U NPAMOIUHEUHOU CXeM Kpeni;

- onpedeneHue KOHCMPYKMUGHLIX 0cobenHocmel, obecne-
YUBAIOWUX NOGbIUIEHUE HeCcywell CHOCOOHOCMU U CHUICEHUE
oasieHus Ha OOKOBble CIEeHKU 8bIpAOOMKLL.

MeToaosorusi uccjae10BaHus

Jmns obocHoBaHUS S(PPEKTHBHOCTH TpeAaraeMoil KOH-
CTPYKIMH OBUIN NPOBEJCHBI YHNCICHHbBIE HCCIIEIO0BAHUS C HC-
MIOJTb30BaHUEM ITPOTPAMMHOTO KoMIutekca Ansys Mechanical,
a TaKKe (QU3NYECKOe MOJCIMPOBAHME Ha THAPABINYECKOM
npecce GCTS PLT-2W. B paMkax 4rCICHHOTO MOJEIHPOBa-
HUS OBUTH PACCMOTPEHBI CIICTYIOIIIE BApHAHTHI KOHCTPYKIUH
KpeIH:

- BePXHAK 8bIpAOOMKIL 8 8UOe NPAMOL OATKIU,

- BEPXHAK 8bIPAOOMKU, PA3OEIeHHbIL HA 08e Y4acmu wap-
HUPOM, C PA3TUYHBIMU YeIaAMU HAKIOHA COCMABHLIX ddcmell
oanku (20°, 25°, 30°, 35°).

Topnuwuit sicypnan Kazaxcmana Ne2’ 2026



30

[eoMexaHIKa

OCHOBHO# 1IETIbIO YHCIIEHHOTO MOJEIMPOBaHHUs ObLIO BbI-
SIBJICHUE ONTHMAJILHOTO YIVIa HAKJIOHA JJIsl MUHMMU3AluK Ha-
MpspKeHUH B KOHCTpyKUuu [8].

MerTo/0I0THsI MCCIIE0BaHUsI OCHOBaHA HA KOMILIEKCHOM
MPUMEHEHUU YHCJICHHOTO M (M3MYECKOr0 MOJEINPOBAHMUS,
YTO IO3BOJIMJIO BCECTOPOHHE OILCHHUTH PabOTy OCCCTOCYHOM
KpEINu U ee B3auMOJICHCTBHE C OKPYKAIOIIMM MAaCCHBOM I10-
poxn. Ha nepBom srare ObUIO BBIIOJIHEHO YHCIEHHOE MOjie-
JUPOBaHKWE  HANPSHKEHHO-IE()OPMHUPOBAHHOTO  COCTOSIHUS
KOHCTPYKIMU C UCIIOJIb30BAaHUEM IPOIPAMMHOIO KOMILIEKCA
Ansys Mechanical. B pacueTHOl MOCTaHOBKE YyYHUTHIBAIHCH
reOMETPHUYECKHE U TPOYHOCTHBIE XapPAKTEPUCTUKH 3JIEMEHTOB
KpeIu, a Tak)Ke IPaHUYHbIe YCIOBUS, MOJCIUPYIOIINE OIH-
paHue Kpernu Ha OOKOBBIE CTEHKH BBIPAOOTKU M BO3/ICHCTBUE
TOPHOT'O JaBJICHHUSI.

B Xoze 4MCIEeHHOrO MOJIENUPOBAHMS OBUIM PACCMOTPEHBI
JIBA OCHOBHBIX KOHCTPYKTHUBHBIX PELICHUs: BEPXHSIK B BHJEC
LEJIbHONW NPSMONHUHEIHON OaJKu M BEPXHSK, Pa3/esICHHBIN
Ha JIB€ 4acTW LIAPHUPHBIM coequHeHueM. [[ns mapHupHOU
CXeMbl aHAJIM3UPOBAIUCH PA3JIMYHbIC YIVIbI HAKIOHA COCTaB-
HBIX 2JIeMEeHTOB, paBHbIe 20°, 25°, 30° u 35°, ¢ nenpto onpe-
JIeJICHUs] OTITUMAJILHOM TeOMETPUU KOHCTPYKINMU. OCHOBHBIM
KpPHUTEPUEM OILICHKH SIBJISUIMCH BEJIMYMHBI U XapakTep pacipe-
JIeJICHNs SKBUBAJICHTHBIX HAIIPSHKEHUI, a TaKoke JedopManuu
B HanboJliee Harpy>KEHHbIX 30HaX KPeIlu.

Ha Bropom stare ucciienoBanus ObLIO MPOBEACHO (HU3U-
4eCcKoe MOJICIMPOBaHKE PA0OTHI KPEIU Ha T'MIPaBIMYECKOM
npecce GCTS PLT-2W. [lnist aT0ro ObLIM N3rOTOBJIEHBI (DU3H-
YecKHe MOJICIIM BEPXHSKA B BUJE MPSIMOM OajaKu W IIapHHUP-
HOW OaJIky C YIVIOM HAaKJIOHA, BHIOPAHHBIM IO pPe3ylbTaTaM
YHCJIEHHOTO aHain3a. HarpyxeHue ocyIecTBIsuIoCh odTar-
HO JIO AOCTHKEHHS TPEJeIbHOTO COCTOSIHUSI, TIPH ATOM pe-
THCTPUPOBAIMCH 3aBUCHMOCTH HArpy3Kd OT IEpPEeMELICHUs 1
(MKCUPOBAINCH 3HAYEHHSI MAKCHMAJIbHOM BOCIPHHUMAEMOMN
HarpysKH.

3aKIIIOYUTENILHBIM ATAllOM METOJIOJIOTUH CTaJI0 CONOCTaB-
JICHUE PEe3yJIbTaTOB YUCIEHHOTO U (PM3MYECKOr0 MOEIHPO-
BaHMs. CpaBHUTENILHBIA aHAJIN3 TT03BOJIMI OLIGHUTH CTENEeHb
COOTBETCTBUSI PACUETHBIX M SKCIEPUMEHTAIbHBIX JaHHBIX,
MOATBEPANTD JIOCTOBEPHOCTh YHCIICHHBIX MOJIEJICH 1 BBISIBUTh
KOHCTPYKTHBHBIE IPEUMYILECTBa OSCCTOCUHON HIapHUPHOU
KpEeIu 10 CPAaBHEHUIO C TPAJULUOHHON MpPSIMOIMHEWHON Oa-
JIoYHOM cxemoit [9-10].

Pe3yabTaThl 1 06cyKIEHUS

B pesynbrare BBINOJHEHHOTO YHCICHHOTO MOJEIHPOBA-
HUsI YCT@HOBJIEHO, YTO KOHCTPYKTHUBHAsl CXeMa 0eCCTOeYHOU
Kpenu ¢ IIapHUPHBIM COEIMHEHHEeM obecreunBaeT Oojee
OnaronpusTHOE pacrpejeieHie HalpsHKEHUH 110 CPaBHEHHIO
C TPaJAMIMOHHOW MPSAMOJIMHEHHOW Oankoil. AHamu3 Hamps-
KEHHO-J1e(OPMHUPOBAHHOTO COCTOSIHUS TIOKa3aJl, 4TO MPU UC-
TMOJIb30BAHUH IIAPHUPHOTO BEPXHSIKA MPOUCXOIUT CHUIKECHHE
KOHIIEHTPAIIMU SKBUBAJICHTHBIX HAIPSDKCHUH B LEHTPAJIbHON
YacTH KOHCTPYKLMHM W MX IepepacupenesieHue B CTOPOHY
OIOPHBIX 30H, YTO YMEHBIIAET PUCK JIOKAIBHBIX pa3pyLICHHH.

CpaBHUTENBHBIA aHANM3 PA3IUYHBIX YIVIOB HAKJIOHA CO-
CTaBHBIX 3JIEMEHTOB IIAPHUPHOTO BEpXHSKA IOKa3all, 4To
HaWIydllyie MoKa3aTeau IOCTUrarTces npu yrie 25°. B atom
ciyyae (UKCUPYeTCss MHUHUMaJbHAs MHTEHCHBHOCTb HAIIpsi-

T'opnutii sicypnan Kazaxcmana No2’ 2026

JKeHUI 1 Hanboliee paBHOMEPHOE UX paclipe/ieieHe Mo Beei
uinHe BepxHsika. [Tpu yriax 20° u 35° Habnromaercs yBeiu-
YeHHe HaNpsHKEHUH B 30HE MIapHUpa, a npu yrie 30° — poct
nedopmaliuii B IICHTPAIbHON YaCTH KOHCTPYKIIUH, YTO CBUJIC-
TEJILCTBYET O CHUKEHUH 3()(PEKTUBHOCTH JaHHBIX BAPHAHTOB.

Pesynbrarel (pM3MYECKOro MOAEIMPOBAHUS, BBIOJIHEHHO-
ro Ha runpaBiuyeckoM npecce GCTS PLT-2W, nonteepau-
JIM BBIBOJIBI YHCJIEHHOTO aHayu3a. VcrbITaHus 1nokasaim, 4To
npeesbHas Harpy3Ka Juist IpsIMOJIMHEHHOM Oallku cocTaBmiia
76,91 xH, Torma xak Ais MApPHUPHON KOHCTPYKIMH C YITIOM
HakJIoHa 25° naHHBIM noka3arenb goctur 117,78 kH. Takum
00pa3om, NPUMEHEHHE IaPHUPHON CXEMBbI TI03BOJIMIIO YBEIIH-
YUTh HECYIILYIO CIIOCOOHOCTh BepxHsika Oosee yem Ha 50% 110
CPAaBHEHMIO C TPAAULIMOHHOW KOHCTPYKIIUEH.

Kpome Toro, B x071€ (PM3MUYECKUX HCIBITAHUNA OBLIO yCTa-
HOBJICHO, YTO XapakTep Ae(hOpMHUPOBAHUSI MIAPHUPHOM Kpe-
U OTJINYaeTCsi OosIee IUIABHBIM Pa3BUTHEM JedopmMaluii 6e3
PE3KUX CKayKoOB, YTO yKa3bIBaeT Ha IOBBINIEHUE ee paboTo-
CIOCOOHOCTH M YCTOWYHMBOCTH IIPU BO3PAaCTaHUM HArpy3KH.
Jlokanu3anus 30H MAaKCUMAJIbHBIX JeOopMalnii, BEISIBICHHBIX
B XOJI€ SKCIIEPHUMEHTOB, XOPOIIO COINIACYeTCsl C pe3yibrara-
MH YHCJICHHOTO MOJICJIMPOBAHMS, YTO IOATBEPXKIAET KOp-
PEKTHOCTB MPUHSTHIX PACYETHBIX MPEINOCHUIOK.

B 1ieniom nosyueHHbIe pe3ysIbTaThl CBHIETEIBLCTBYIOT O TOM,
4yTo OeccToevHas IapHUPHAs Kpenb 00aaaeT MOBBIIICHHON
HecylIel crocoOHOCThI0, O0Jiee paBHOMEPHO BOCHPUHHUMAET
TOpHOE JIaBJICHUE M CHM)KAeT Harpy3Ky Ha OOKOBbIE CTEHKH
BBIPA0OTKH. DTO MoATBepxkIaeT ee 3pdeKTHBHOCTL U 1iese-
CO00pPa3HOCTh MPUMEHEHHSI B YCJIOBHSIX IMOATOTOBHTEIIBHBIX
TOPHBIX BBIPAOOTOK IPH CJIOKHOM HAIPSDKEHHOM COCTOSIHUM
MaccuBa OO/,

KommbloTepHoe wucclieoBaHue MOKa3aio, 4YT0 HauOOJIb-
uryro 3QQEeKTUBHOCTh B IUIAHE CHIIKCHUS HAMPSDKCHHMA MPO-
JIEMOHCTPUPOBAJ BEPXHSIK C yIJIAMU HAKJIOHA €r0 COCTaBHBIX
gacteil 25°. B 3TOM ciydae HMHTEHCHBHOCTh HampshKEHUH
OblIa HIDKE N0 CPABHEHMIO C JIPYTMMH YIJIaMH HaKJIOHA, YTO
IIO3BOJIMJIO PEKOMEH/I0BATh JAHHBIM Yrol KaK ONTHUMAJIbHBII
JUISL peasii3alny B KOHCTPYKTUBHOM YacTH Kperu.

Jliist TIOATBEPIK/ICHHST YHCIICHHBIX PE3YJIBTaTOB OBUIO ITPO-
BEJICHO (PM3MYECKOEe MOJAEIMPOBAHUE HA T'HAPABIMYECKOM
npecce GCTS PLT-2W. DxcniepuMeHTHI BKIIIOYAIHM HCIBITa-
HUS JIByX BapUAHTOB KOHCTPYKLMH: MPSIMON Oallku v Oaikw,
pasJielieHHOW Ha JIBE YacTH LIAPHUPOM.

Pesynbrarel ucnbITaHU [10KA3aild CIEAYIOLINE 3HAYCHUs
npezelia MpoYyHOCTH Ha CHKaTHE:

- Onst npsimou banxku — 76,91 kH;

- 07131 6AIKU, PA30eNeHHOU HA 08¢ YACU WLAPHUPOM C Y2lloM
naxnona 25°— 117,78 kH.

Kpome Toro, ObIIO MOATBEPIKICHO PACIIOIOKEHHUE TOUEK C
MaKCUMaJbHBIMHU JIepOpMaLUsIMU, YTO MOATBEPANIIO PACUET-
HbIE JIaHHbIE O HauOoJiee ySI3BUMBIX y4acTKax KOHCTPYKIMH,
YTO TIO3BOJHT YCHJIMThH Kpellb, IPUMEHHUB JIONOJIHUTEIbHbIC
NPOCTBIC B U3TOTOBJICHUU M YCTAHOBKE KOHCTPYKTHBHBIC dJie-
MEHTHI [2].

Pesynbrarel MoeMpoBaHust ISt IPSIMON Oaliku pUBeEIe-
HBI Ha puc. 1.

AHanM3 pUCyHKa IOKa3bIBAE€T XOPOILEe COOTBETCTBHE pe-
3yJIBTATOB YHUCIICHHOTO MOJICIIUPOBAHUS JAHHBIM (PU3HUYECKOTO
9KCIIepuMeHTa. MakcuMalibHbIe JieopMalyy, JIOKaIM30BaH-
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NODAL SOLUTION ANSYS

STEP=1 18.2 11:44 o F .
SUB =1 APR 14 2022

TIME=1 15:24:02 N
USUM (avG) ﬁL\
RSYS=0

DMX =.115838 Status: Testing
SMX =.115838

Load, kN

Project: Zhakenski 3

Deformation, mm

15,19 20,30

Load vs. Deformation
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S
0 .012871 .025742 .038613 .051483 .064435 .077225 .090096 .115838

a)

Load

Deformation

Specimen: 10of 1 Type: Diametral

H 49,00 Qi
AR 79,00 [l

Pk. Load: =Ry <N
L. Rate: TN

w2:

Average Results

Pk. Load: [N <

qu:

1s50: I

0)

6)
Puc. 1. PesynbTars! 4nciaeHHOro H ¢pU3HM4eCKOro MoAeINPOBAHUSA Pa00ThI BePXHAKA 0eCCTOCYHON Kpemnu:

a) pacnpeodenenue 6epmuKaIbHblX NepemMeweHUll 6ePXHAKA, NOIYYEHHOe NO PEe3VIbMAMAaM YUCIEHHO20 MOOETUPOBAHUL 8
npoepammuom komniexce ANSYS, demoncmpupyrowee makcumanoHble npo2ubvl 8 YeHmpaibHo yacmu oanxu, 6) oouwuil 6uo
IKCNEPUMEHMATLHOU YCIMAHOBKU U 00paA3Yya 8epXHAKA 8 Npoyecce Qu3uieckoeo MOOEIUPOBAHUsL HA 2UOPABTULECKOM Npecce
GCTS PLT-2W; 8) saxcnepumeHmanvras Ouazpamma 3a8UCUMOCIU Ha2py3Ku om 0eqhopmayui, Ompajicaroujds Xxapakmep
Pabomuvl KOHCMPYKYUY 61A0Mb 00 OOCIUICEHUSL NPEOETbHO20 COCMOANUSL.

Cyper 1. Tipekci3 KpenbTiH &KOFAPFbI APKAJIBIFBIHBIH KYMBICBIH CAH/IBIK KoHe (PU3HKAJIBIK MOJe/IbeY HOTHKeIepi:
a) ANSYS 6azoapramanvix kewieHiHOe JHCypeizineer canOblK MoOenboey Hamuoicenepi OOUbIHULA AIbIHEAH YCIH2I APKALbIKMbIY
MIK OPbIH AYbICMbIPYIAPLIHLIY MAPATYbL, APKALLIKMbIY OPMANbIK O0iciHOe ey YaKeH uinynepoiy 6auKaiamvlHbll KOpcemeoi;
6) GCTS PLT-2W zudpasnuxanvik npecinoe Quzukaivlk Mooeiboey Heypeizy OapblCblHOA IKCHEPUMEHMMIK KOHObIPbIHbIH
JICoHe Yeminel apKanvlK YACICIHIK JHCAnbl KOPIHICI, 8) JcyKkmeme MeH depopmayusi apacblHOagbl mayenoiikmiy
IKCNEPUMEHMMIK OUASPAMMACHL, KOHCIMPYKYUSAHBIY WeKmi Kytiee dcemKkenze Oelinel HCYMbic CUnamoii oOetineneioi.
Figure 1. Results of numerical and physical modeling of the performance of the strutless support top beam:

a) distribution of vertical displacements of the top beam obtained from numerical modeling results in the ANSYS sofiware
package, demonstrating maximum deflections in the central part of the beam; b) general view of the experimental setup and the
top beam specimen during physical modeling on the GCTS PLT-2W hydraulic press; c) experimental load-deformation diagram
reflecting the structural behavior up to the ultimate limit state.

HBIE B IICHTPAJbHON YaCTH BEpPXHSKA, MOATBEPIKIAIOT KOp-
PEKTHOCTB MIPUHATON PacYEeTHON CXeMbl. DKCIIePUMEHTAIbHAS
KpHBasl «Harpy3ka — JedopMalusn XapakTepusyeTcsl MiIaBHbIM
CHIDKCHHEM HECYIIeH CIIOCOOHOCTH MOCe JOCTIKCHHUS TTHKO-

HOHM KpeNH yCTaHOBJICHO, YTO MaKCUMaJIbHbIC BEPTUKAIb-
HbIC MEPEMCIICHHUS s KOHCTPYKIUU B BHUAC MPSMOJIH-
HelHoM 6anku gocturart 20,30 MM, Ipu 3TOM HauOOIb-
e aedopManuy JTIOKaIU3yIOTCS B I[CHTPaIbHOW YacTH

BOTO 3HAYEHUS HArpy3KH, YTO CBUJIETEILCTBYET O pabOTOCIIO-
COOHOCTH KOHCTPYKIIMHU U OTCYTCTBHHU XPYTIKOTO Pa3pyIICHHUS.

B pesynbrare 4uMciIeHHOrO MOJIEIMPOBAHUS HAIPSAKEH-
HO-/1e()OPMUPOBAHHOI'O COCTOSIHUS BEpXHsika Oeccroed-

npojera. MakcuMalibHasi BOCTpPUHHMaeMasi Harpy3ka B
JIaHHOM BapHaHTe KOHCTPYKIIMU cocTtaBmia 76,91 kH, uro
COOTBETCTBYET JOCTHIKCHHUIO MPEAEIbHOTO COCTOSHUS 10
MPOYHOCTH.

Topnuwuit sicypnan Kazaxcmana Ne2’ 2026
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JI1s1 IapHUpHOM KOHCTPYKLMU BEPXHAKA C YIJIOM HAKJIOHA
COCTaBHBIX AJIEMEHTOB 25°, ONpe/eNeHHbIM KaK ONTHMAallb-
HBII 10 pe3yibraraM YHCICHHOTO aHain3a, 3aMKCUPOBaHO
CHIDKCHHE MaKCHUMAaJIbHBIX HAIPSDKCHUN U 00Jiee paBHOMEP-
HOE pacrpezienieHne eopmanuii. DKCIepUMEHTaIbHO yCTa-
HOBJICHHAsA MpEAC/IbHAad Harpyska Uil JaHHOI'O BapHaHTa
coctaBuia 117,78 kH, 4To npeBbIlIaeT aHAIOTMYHBIN MTOKa3a-
TeJIb JUIsl IPsIMOJIMHEiHOW Oanku Ha 40,87 kH, uinu npumepHo
Ha 53%.

B xone ¢uznyeckoro MoaeIMpoBaHus Ha THPABIMYECKOM
npecce GCTS PLT-2W npwu Harpyske 15,19 kH 0Obuia 3aperu-
crpupoBaHa nedopmanus oopasua, paaas 20,30 MM, 9TO CO-
OTBCTCTBYET Ha4YaJIbHOMY 3Tally MHTCHCUBHOT'O )le(bOpMI/IpO-
BaHUs KOHCTPYKUMU. MakcuMallbHasl CKOPOCTh HArPy>KEHUS B
X0ZIe IKCIIepUMeHTa cocraBisuia 85 kH/MuH, nuaMeTp ucIbl-
Tyemoro odpasia — 49 mwm, anuHa paboueit yacti — 79 Mm.

DKCIepyMeHTalbHas uarpamMma «Harpyska — Jedopma-
LUs» 10Ka3aja, 4To IOCIe JIOCTHIKEHHUS IIMKOBOTO 3HAUCHMS
Harpy3ku 76,91 kH must npssmonuHeiiHol Oaiiky HaOroaeTcs
MOCTENICHHOE CHM)KEHUE HECYIICH CIOCOOHOCTH 0e3 pe3Ko-
r0 paspyLIeHUs, YTO YKa3blBaeT Ha IUIACTUUECKUH Xapakrep
neopmupoBanus. sl MIAPHUPHON KOHCTPYKILMH XapakTep
paspylIeHust OKa3aJicsi 0oJiee yCTOMYHMBBIM, C IUIaBHBIM Pa3BH-

THEM Jie(opMalnii ¥ OTCYTCTBUEM JIOKAIBHBIX KOHLIEHTPALUHA
HalPsKEHU .

[Tonmy4yeHHbIe YMCICHHBIE 3HAYCHMS MOATBEPXKIAIOT, YTO
NpUMEHEeHHE OECCTOCYHOM AapHUPHON KPENH C YIJIOM HaKJIO-
Ha 25° obecrieynBaeT 3HAUUTEIBHOE YBEJIMYCHHE HeCyllen
CIIOCOOHOCTH, CHIDKEHUE YPOBHS Jie(opMalnii U TOBBIICHHE
0011l yCTOHYMBOCTH KOHCTPYKIMHU 110 CPABHEHMIO C TPaJIH-
[IMOHHOU MPSAMOJIMHEHHON CXeMOi.

Pesynbrarel MoeIMpOBaHus [J1sl 0ECCTOCYHON IAPHUPHON
Kpenu NpUBEIEHBI Ha pHC. 2.

Ilo pesynbTaraM YHCIEHHOTO MOJEIMPOBAaHMS YCTaHOB-
JIEHO, YTO MAaKCHMajbHble JKBHUBAJICHTHHIC HANpsDKEHUS B
9JIEMEHTax MIAPHUPHOTO BepxHsika pocturaot 185,19 Mlla.
HawubGonpiime 3Ha4eHNs HANPSDKEHUH JIOKAINU3YIOTCS B 30HAX,
NPUJIETAIOINX K IIAPHUPHOMY COEAMHEHHIO U MEePEeXOIHBIM
yuacTKaM MEXY LEHTPAJIbHOM M OOKOBBIMU YacCTSIMH KOH-
CTPYKLIMH, TOT/J]a KaK B LIEHTPAJIbHOW 30He Halmonaercs: 00-
Jiee paBHOMEPHOE pacipe/ielieHHe HapshKeHUH 0e3 BhIpaXKeH-
HbIX KOHLEHTpaLU.

MaxkcuManbHble BEPTHKAJIbHBIE MEPEeMELIeHNs KOHCTPYK-
1IUH, TIOJyYeHHbIE B X0/l pacueTa, cocTaBiustor 20,0 MM, 4To
COOTBETCTBYET JOIYCTUMOMY YPOBHIO JieopMaruii st pac-
cMarpuBaeMoi cxeMsl Kpemu. [1o cpaBHEHHUIO ¢ IPAMOIMHEH-

NODAL SOLUTION

SUB =1
TIME=1
USuM (AVG)

DMX =.185193
SMX =.185193

—
0

020577 .06173 102885 .144039

STEP=1 APR 14 2022
17:45:08

I
041154 .082308 .123462 .164616
1 .

ANSYS 1:41 il
< App Store

m ® XN 0
Project: Zhakenski 1
Deformation, mm

Status: Testing

Load, kN

6,28 20,00

Load vs. Deformation

.185193 60

Load
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Deformation

Specimen: 1 of 1

Pk. Load: SRUVAZ I kN

L. Rate: I <

Average Results

Pk. Load: YOI <N

Type: Diametral

_49,00 mm
w‘I:m:m

Puc. 2. Pe3yabTarbl Moe1upOBaHus Uil OecCTOEYHON IIAPHUPHON Kpenu.
Cyper 2. Tipekci3 mapHupJi 0ekitne yurin Mogeapaey HOTHKeTePi.
Figure 2. Modeling results for the strutless hinged support.

Topnwviir srcyprnan Kazaxcmana Ne2’ 2026



[eoMexanmka

33

HOU OaJKOW OTMEUYaeTCsl CHU)KEHHE POrnO0B B LICHTPAIBHOM
YacTH W Iepepacipenencuue aedopmaiiuii B CTOpOHY OOKO-
BBIX 3JIEMEHTOB.

Pesysbrarbl pU3HMUECKOrO MOJICINPOBAHHMS, BBIITOJTHEHHO-
ro Ha ruapasiandeckom npecce GCTS PLT-2W, nmokasanu,
yro npu aedopmanuu 20,0 MM Tekymas Harpy3ka COCTaB-
nset 6,28 kH, 94To cooTBETCTBYET CTaAUU YIPYroIacTuye-
CKOro JIe(hOpMHUPOBaHUSI KOHCTPYKIMK. MakcumalbHast BOC-
MpUHUMaeMas Harpyska A IIapHUPHONH Kpemu TOCTHIIIA
117,78 xH, uTo xapaxTtepusyeT ee MpEAeNbHYI0 HEeCyIlylo
CIIOCOOHOCTb.

CKOpOCTh Harpy)k€HHsI B XOfi¢ HKCIIEPHUMEHTa COCTaBIIsIA
52 xH/muH, nuamerp ucrmbiTyeMoro oopasua — 49 MM, aim-
Ha paboueid yacT — 79 MM. DKcniepyuMeHTaIbHAs 1uarpamma
«Harpyska — aeopmanus» UMeeT IUIaBHbI HUCXOSIIUHA Xa-
pakTep 1ociye JOCTUKEHUS TUKOBOTO 3HAYEHUS Harpy3KH, 4TO
yKa3bIBaeT Ha OTCYTCTBUE XPYIIKOTO pa3pyIleHHs U BHICOKYIO
SHEProeMKOCTh HIAPHUPHON KOHCTPYKLIUH.

Takum 00pa3oM, COBOKYITHOCTb YHCIICHHBIX ¥ 9KCTIEPUMEH-
TaJIbHBIX JAaHHBIX TIOITBEP)KAALT, YTO OEecCTOeYHas! IapHHUp-
Hasl Kpenb 00JajaeT MOBHILICHHOW HEeCyled CIOCOOHOCTBIO
(117,78 xH) n OGonee OiaronpusTHBIM HarpsHKEHHO-IEPOp-
MHUPOBaHHBIM COCTOSIHUEM II0 CPaBHEHUIO C TPaJUIMOHHON
NPSAMOJIMHEMHOM CXEMOM, YTO CBUETEIBLCTBYET O €€ BHICOKOI
3G PEKTUBHOCTU NPH MOAJCPIKAHUU TTOJTOTOBUTEIBLHBIX TOP-
HBIX BBIPaOOTOK. CBOIHBIE KOJMYECTBEHHBIE PE3YIIBTAThI YNC-
JICHHOTO W (PU3MYECKOro MOJEIIMPOBAHUS, a TAKIKE TPOLICHT-
HOE€ CpaBHEHHE LIAPHUPHON KPEIu ¢ MPIMOIUHEHHON OaIKoi
IpuBeJIeHbI B Tabuie 1.

YcTaHOBIIEHO, YTO IPUMEHEHUE OECCTOCUHON IapHUPHOM
KpernH C yIJIoM HakJIoHa 25° obecrieunBaeT yBeIMYeHHE 1pe-
JeJIbHOM Hecytel criocodnocTu ¢ 76,91 o 117,78 kH, uto
COOTBETCTBYET Mpupocty Ha 53,1% 1o cpaBHEHUIO € MIPSAMO-
nuHerHoW Oankoi. [Ipu aToM MakcuMaibHbIE JedopMalum
KOHCTPYKIIMM OCTAIOTCS TPAKTUYECKH Ha OJHOM YpPOBHE
(okos10 20 MM), YTO CBHJIETEILCTBYET O Oosiee 3 dhekTuBHON
paboTe KOHCTPYKIMU Oe3 yBelnuueHus: mporudoB. YucieH-
HOE MOJIETTUPOBAHHUE MOKA3aJ0, YTO JAJIS IAPHUPHON Kpemu

MAaKCHUMAJIBHBIC 3KBUBAJICHTHBIC HANPSXKCHHUA COCTABJIAIOT
185,19 MIla u xapakrepusyrorcs 0ojiee paBHOMEPHBIM pac-
NpEeACICHUEM I10 JJIEMEHTaM KOHCTPYKIMH, TOTHA KaK JUIs
NPSIMOJMHEWHOW Oanku HaOMIONAIOTCS BBIPAKEHHBIE JIO-
KaJIbHBIC KOHLOCHTpAlUn HaHpﬂ)KeHI/Iﬁ B I.leHTpaH]:HOﬁ HyacTHu
npoJieTa. DKCIIepUMEeHTaIbHbIE TUarpaMMbl «HArpy3Ka — Je-
(hopmanus MOATBEPHKIAIOT, YTO HIAPHUPHAS CXeMa JEMOH-
CTPUPYET yNPYroImIacCTUYECKUI XapakTep AepOpMUPOBAHHUS
C IUTAaBHBIM CHMIXKEHHEM HECYyIIeH CIOCOOHOCTH IOCIe J10-
CTUIKCHUA TMUKOBBIX HArpys3ok, B OTJIMYHE OT HpﬂMOﬂHHeﬁ-
HOW OaJiKu, JUIsl KOTOPOH pa3pylicHHEe HOCUT OoJiee pe3Kuit
XapakxTep.

Kak noka3zano Ha puc. 3, miapHUpHast Kperb IeMOHCTPUpY-
eT OoJiee BBICOKHMI YpOBEHb HecCyllel CiocOOHOCTH U Ooee
YCTOWYMBBIA Xapakrep Ae(OpPMUPOBaHHS 10 CPABHEHHIO C
MPSIMOJIMHEWHOH OalKoii.

140
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Puc. 3. CpaBHuTeIbHASI AMATPAMMA «HATPY3KA —
aedopmanus» 1Jis1 NPAMOJTUHEHON 0aJIKU U
OeccToevyHOl IIAPHUPHON KpernH (25°).

Cyper 3. Ty3y apkaJibIK IeH TipeKci3 IapHupIIi Kpenb
(25°) ymin «kykTeMe—aedopManus» caabiCTBIPMAIbI
AAarpaMMachl.

Figure 3. Comparative load—deformation diagram for a
straight beam and a strutless hinged support (25°).

Taonuya 1

Cpasnumenvnvle pe3yibmansl YUCI1EHHO20 U (UIULECKO20 MOOETUPOBCAHUS OECKAPKACHBIX ONOPD

Kecme 1

Kankacoviz mipexmepoi canowik ycaHe Yu3uKanivlK Mooeaboeyoin, canablCmulpmaibl Hamucenepi

Table 1

Comparative results of numerical and physical modeling of frameless supports

[Tokazarenn [psimonuHeiiHas Oanka [apuupHas kpenb (25°) Nsmenenue, %
MakcumanbHas Harpy3ka, kH 76,91 117,78 +53,1 %
MakcumanbHast nedopmanus, MM 20,30 20,00 -1,5%
MakcuMasbHble 9KBUBAJICHTHBIC BBIILIE, JIOKAJIbHBIC 185,19 (paBHOMEpHEE -
Hanpsbkenus, MIla KOHI[EHTpaI1X pacripeziesneHsl)
Xapakrep aepopMHApOBaHHS BEIpa)KEHHASI KOHIICHTPAITHS nepepacipeeneHne K MapHupy —
B IICHTpE
Tun paspymenus OKe K XpyNKoMy YIPYTOILUIACTUYECKUH, IJIaBHBIH —
CkopocTs Harpyxenus, KH/Mun 85 52 —38,8 %
Huametp oOpasma, MM 49 49 0
Jna paboyeii yactu, MM 79 79 0

Topnuwuit sicypnan Kazaxcmana Ne2’ 2026
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AHanu3 cpaBHUTEJILHOTO rpaduka «Harpyska — nedopma-
LUs» TI0Ka3bIBAET CYILECTBEHHbIC pa3iivuusi B padore Impsi-
MOJIMHEHHOW OaJKu 1 0eCCTOCUHOW MIapHUPHOH kperu. Jlis
NPSMOJIMHEWHON OaJlki MaKCHUMaslbHasi BOCIPHHUMaeMast
Harpy3ka cocrasisier 76,91 kH, npu stom npu pedopmanun
10 MM Harpy3ka cHmxkaercs ao approximately 34-36 xH,
a pu nedopmariuu 20 mm — 10 10—12 xH, uTo cBUACTENBCTBY-
€T O PEe3KOM CHM)KEHHH HECYIeH COCOOHOCTH KOHCTPYKIMU
MOCIIe TOCTUKEHUS TMKOBOTO 3HAUEHMUS.

B T0 xe Bpems st 6ECCTOCUHOM MIAPHUPHOM Kpemnu ¢
yIJIOM HakJOHa 25° MakcuManbHas Harpyska JOCTHraer
117,78 xH, uTo npeBbIlIaeT aHATOTUYHBIN MOKA3aTeNb Mpsi-
MostnHeHon Oanku Ha 40,87 kH, wiu 53,1%. Ilpu nedop-
Manuu 10 MM mapHUpHas KOHCTPYKIIUS COXPaHIeT Harpy3-
Ky Ha ypoBHe 50-55 kH, uto Ha 45-60% BBILIE ITO CpaBHE-
HUIO ¢ npsimoit 6ankoi. [lpu nedopmaruu 20 MM Harpyska
HIapHUPHON kpenu cocrtasnsger 22-25 kH, Torma xax pis
MPSIMOJIMHEHHOM OaJIKK JaHHBIH [TOKa3aTelb He MPEeBbIIIACT
12 xH.

Takum 00pa3zom, TpH OAMHAKOBOM YypOBHE jaedopmaruii
LIapHUPHAs Kpelb JIEMOHCTPUPYET CYIIECTBEHHO OoJiee BbI-
COKYIO OCTaTOYHYIO HECYIIYIO CIIOCOOHOCTD U 00JIce MIaBHbBIN
XapakTep CHM)XKEeHMs Harpysku. llnomans mon kpuBoil «Ha-
rpy3ka — Jedopmanus», XapakTepusymolias dHEproeMKOCTh
KOHCTPYKIHH, /ISl LIADHUPHOW Kpenu 3HauYUTEIbHO OOJIbIIe,
YTO yKa3bIBAE€T HA €€ MOBBILICHHYI paboTOCIIOCOOHOCTh U
YCTOWYMBOCTH K IIPOrPECCUPYIOIEMY J1e(OPMUPOBAHHIO.

[lomy4yeHHbIE YHUCIIOBBIC 3HAUEHMs IOATBEPXKAAIOT, 4YTO
BHE/IPEHHE IIAPHUPHOTO COETUHEHHUS MO3BOJIAET HE TOJIBKO

YBEJIMYHUTH TPEeSbHYI0 Harpy3ky Oosiee uem Ha 50%, HO u
obecrieunTh Oosiee CTaOMIBHYIO paboTy Kpenu B MOCTIHKO-
BOM PEXHME, UTO UMEET BAKHOE MPAKTHICCKOE 3HAUCHUE TSI
noaacpKanvus MoAroTOBUTEIbHBIX TOPHBIX B])lpa6OTOK B yC-
JIOBUAX IMOBBIIIEHHOI'O TOPHOTO AaBJICHUA.

3aki04eHune

B pabote BBINONHEHO YMCICHHOE M (DPU3NUECKOE MOJICIIH-
poBaHue paboThl OECCTOCUHON LIAPHUPHOW KpernH. YCTaHOB-
JICHO, YTO TIPUMEHEHHUE IAPHUPHOTO COSAMHEHNS B BEPXHIKE
obecrieurBaeT Oosiee paBHOMEPHOE paCIpeeeHUe Harps-
JKEHHUH U CHIDKEHHE MX KOHLEHTPAIMU 110 CPaBHEHHIO C Mps-
MonMHelHoH Oankoi. [lo pesynpraram 4MCIIEHHOTO aHaiIM3a
ONTUMAJIbHBIM MPU3HAH YTOJI HAKJIOHA COCTaBHBIX IEMEHTOB
25°, mpu KOTOPOM JOCTHTAIOTCSl MUHUMAJIbHbIE 3HAYEHUS K-
BUBAJICHTHBIX HaNpPSKEHUH.

OKCIepUMEHTAIIbHBIC UCTIBITAHUS MOKA3aIIU, YTO MPeesb-
Hasi HeCyliasi CIOCOOHOCTh LIAPHUPHOW KPENu COCTaBISIET
117,78 xH, uto Ha 53,1% BbliiIe, 4eM y IPSIMOTMHEHHON OaIKn
(76,91 kH), npu conoctaBUMBIX MaKCUMAaJIbHBIX Jie(hopMaIn-
sx mopsika 20 MM. AHallu3 auarpamMm «Harpyska — nedopma-
LUsD» TOATBEPIUI OoJiee YCTOMYMBBIA YIPYromiacTHYeCKUi
xapakrep paboThl IIAPHUPHON KOHCTPYKIMU U €€ TIOBBIIICH-
HYIO 9HEPrOEMKOCTb.

ITomydeHHbIe pe3ynbTaThl CBUAETENBCTBYIOT O BBICOKOIL
3¢ PeKTUBHOCTH OECCTOCUHON MApHUPHOW Kpenu U 000CHO-
BBIBAIOT 11€JIECO00Pa3HOCTh €€ MPUMEHEHUs! JUIsl ToJyIepKa-
HUSI TIOAATOTOBUTEJIBHBIX TOPHBIX BBIPAOOTOK B YCIIOBHSX I10-
BBIIICHHOTO FOPHOTO J1aBJICHUSI.
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NPUMEHEHUE CIOIYTHUKOBBIX

U HABEMHBIX METOAOB J1JIS1 OHEHKUA
OCAJIOYHBIX NPOILIECCOB BEJIN3U
IMAXTHBIX ITOJIEAN

Annorauusi. Ha AnHeHCKOM yuacTke JKe3Ka3raHCKOro MECTOPOXK/ICHUS [IPH MOA3EMHOM J00bIYe HAOIIONAOTCS 3HAYUTEIbHBIC BEPTHKAIBHBIC 0CA/IKU 3€MHOI 1M0-
BEPXHOCTH, YTPOKAIONHe HHPpAcTpyKType 1 Oe3omacHocTr padot. [liist aHain3a MpUMEHEH HHTErPHPOBAHHBIN [OX0J1, BKIIFOYAOIIHI CITyTHUKOBYIO HHTEP(HEPOMETPHIO
SBAS-InSAR, Beicokotounbie GNSS-Ha0roneHUs U HUBenupoBaHue. MoHuTopuHT TipoBoauics ¢ 2018 mo 2024 roasl Ha ocHOBe AaHHBIX Sentinel-1 ¥ Ha3eMHBIX H3-
MEpEeHH, 9T0 00eCIedrnIIo TOYHOE BhIsIBIICHHE JedopMariii. MakcHMaIbHbIe 0CaJKH OCTHTAIH -28 MM/TOJI, IPEHMYIIECTBCHHO B 30HAX CTapbIX BHIPAOOTOK M FOPHOTO
nanenus. CONoCTaBIeHHE JAHHBIX MOATBEP/MIO TOYHOCTh METOLOB. AHAIN3 O3BOJIHII Pa3rPAHUYUTh TEXHOTCHHBIC H IIPUPOIHBIC OCAIKH, YTO BXKHO JUIS yIIPABICHHS
prckaMu. MeToanka HOIXOIUT JUIs JOJITOBPEMEHHOTO MOHHTOPUHIA M TIOBBIMICHHS O€30MaCHOCTH YKCILTyaTalluy.

Knrouesnle cnosa: 3emnas nosepxHocms, MOHUMOPUHE 0epopMayuil, COBUICEHUs, MEXHO2EHHbIE 0CAOKU, ceounopmayuonnbill anamus, GNSS-nabnooenus, nugenu-
poeanie.

Kenim anangapsl MaHbIHIAFbBI LIOTY NPOLECTEPiH OaFasayia CHYTHUKTIK JKIHe KePYCTi diicTepin KoJaany

Amnjarna. AHHEHCK KeHilini, JKe3Ka3FaH KeH OpHBIHBIH JKePACThl OHIIPY Ke3iHae xkep OCTiHIH e0yip BepTHKAIAbI corimynepi Oaiikanansl, Oy HHPPAKYPHUIBIM MEH
Kayincizikke Kayin tenaipeni. 3eprrey yimin SBAS-InSAR crytHuKTIK HHTepdepoMeTpusicsl, xorapsl 1aiikTi JKHCIK Gakbutaynapsl xeoHe HUBEIMpIIEY d/icTepi Oipik-
Tipinai. Monutopusr 2018-2024 sxpuinapsr Sentinel-1 criyTHUKTEpI MEH jKep/eri elieyiep Heri3inae Kyprisinai. MakcuMai sl cerimymep -28 MM/ KbUTFa ACHiH XKETTi,
ke0iHece ecKi OHIPY OPBIHAAPI MCH Tay-KeH KBICBIM ayMaKTapbiH/a. ManiMeTTepi CalbICTBIPY diCTepiH AIIIriH KepceTTi. TeXHOreHAIK koHe TabuFHu corimymnepi
aifbIpy Toyekenaepai backapyra KeMeKTecei. ¥ ChIHBUIFaH JJIiC Y3aK Mep3iM/i OaKpuiay MEH KayilCi3aiKTi apTThIpyFa THIMII.

Tyitinoi cesoep: scep Gemi, Oepopmayunnapobl OAKLLIAY, ACLLINCYAAD, MexHo2eHOi wioinynep, 2eoaknapammuix manoay, JKHCIK 6axvinaynapul, nusenupiey.

Application of satellite and ground-based methods for assessing subsidence processes near mining fields

Abstract. Significant vertical subsidence of the earth’s surface is observed at the Annen section of the Jezkazgan deposit during underground mining, posing risks to
infrastructure and safety. An integrated approach combining SBAS-InSAR satellite interferometry, high-precision GNSS observations, and leveling was applied. Moni-
toring from 2018 to 2024 used data from Sentinel-1 satellites and ground measurements. Maximum subsidence reached -28 mm/year, mainly near old workings and areas
of mining pressure. Data comparison confirmed method accuracy. Differentiation of technogenic and natural subsidence aids risk management. The proposed method is

effective for long-term monitoring and enhancing operational safety.

Key words: earth surface, deformation monitoring, displacements, technogenic subsidence, geoinformation analysis, GNSS observations, levelling.

Beenenne

OcajiouHbIe TMPOLECCHI, BO3HUKAIOIINE B PE3yNbTaTe M-
3eMHOH JOOBIYM IOJIE3HBIX MCKOMAEMBIX, MPEACTABISIOT Ce-
PBE3HYI0 TEOMEXaHUIECKYIO0 W MHKECHEPHYIO MpobieMy. DTu
MIPOLIECCHI COMPOBOXKIAIOTCS M3MEHEHHEM HaIlpsyKEeHHO-/Ie-
(OpPMHPOBAHHOTO COCTOSIHUSI MAacCHBa TOPHBIX MOPOJ H, Kak
CJIE/ICTBHE, BEAYT K (DOPMUPOBAHHIO OCAI0K 36MHON MOBEPX-
HOCTH PazIHMYHONW MHTEHCHBHOCTH. OCOOEHHO OCTPO JaHHAs
mpobieMa CTOMT B pafioHax ¢ JUINTENTFHONW NCTOPHUEH TOPHBIX
pabort, rae HaOMIOMAIOTCS KyMYIATHBHBIC Ae(pOopMaIiiy, OKa-
3BIBAIOIINE BIMSHUE Ha IPOMBIIUICHHYIO, TPAHCIIOPTHYIO
n xwmryo uappacTpykTypy [1, 2]. B Kazaxcrane momoGHbIe
SIBJICHUS aKTyaJIbHBI JJIS1 MHOTHX TOPHOIIPOMBIIUIEHHBIX pe-
TMOHOB, B ToM uucie LlenTpansHoro Kazaxcrana, riue pacmno-
JIO)KEHO AHHEHCKOE MECTOPOXKIICHHUE.

AHHEHCKOE MECTOPOXK/IEHNE — OJMH W3 3HAYMMBIX OOBEK-
TOB METHOM IPOMBIIIJIECHHOCTH PErMOHA, XapaKTEePU3YIOIHHCS
CJIOKHOM T€OJIOTMUYECKOM CTPYKTYpO#, HAIMYMEM TEKTOHUYE-
CKH HapYIICHHBIX 30H 1 3HAYNTEIbHBIMU 00BEMAMH ITOI3EMHON
J00bIYM. B TakuX yCIOBUSX TOBBIIIAETCS PUCK PA3BUTHSI TEX-
HOTEHHBIX T€OANHAMHYECKUX MIPOLIECCOB, B TOM YHCIIE MPOBa-
JIOB, TPEIIMHOOOPA30BaHMs, TOKAIbHBIX H IUIOMIAJHBIX 0CaI0K
MOBEPXHOCTH [3]. MOHUTOPHHT 3THX MPOIIECCOB HEOOXOANM HE
TOJIBKO JUTsl 0OecIieueHns1 OE30aCHbIX YCIOBUN KCILTyaTaluy
IIaXT, HO U JUISl OLIEHKH PHCKOB BO3JCHCTBHS HAa OKPYKAIOIILYIO
Cpey ¥ HaCEJIECHHBIE ITyHKThI, HAXO/SIIUECS B 30HE BIMSHUSL.

B TpapuunoHHON NpakTHKE KOHTPOJISI HAJ OCaKaMU 3€M-
HOM TOBEPXHOCTH NPHMEHSIOTCS METOIBl TEOJIE3NUECKOTO
nuBenupoBannd U GPS/GNSS-nabmonenuii, kotopsie obe-
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CIIEYMBAIOT BHICOKYIO TOYHOCTb, HO TPEOYIOT 3HAYMTEIIbHBIX
TPYAOBBIX U BPDEMEHHBIX PECYPCOB, a TaK)Ke HE BCET/a M03BO-
JISIFOT OXBaTUTh OoJibliKe Tepputopuu [4]. B nociennue necs-
TUJICTHS] 3HAYMTEIILHOE PA3BUTHE MOJIYYMIN JUCTAaHIIMOHHbIE
METO/Ibl MOHUTOPHHI'A, B YACTHOCTH, CITyTHHKOBAsI PaJIioJIo-
kainonHast uHTepdpepomerpusi (InSAR), mozBonstomias mo-
JIy4aTh JJaHHBbIE 00 OCaJKax ¢ CAHTHMETPOBOW TOYHOCTHIO B
PEeXUME peallbHOro BpEMEHHU MJIH On3u K Hemy [, 6].

Oco0yto meHHOCTh mpeactasisier meron Small Baseline
Subset (SBAS-InSAR), mo3Bossitomiuii aHaIM3UpOBaTh Bpe-
MEHHBIE PsIJIbl CITyTHHUKOBBIX CHHUMKOB M BBISBJIATH Malible
nedopmalnum ¢ BBICOKOH JI0CTOBEpHOCTBIO. Ero npumMenenue
0co0eHHO 3(P(HEeKTHBHO TPH HAJIUYUHM APXUBHBIX CITyTHHKO-
BBIX JaHHBIX, TAKUX Kak Sentinel-1, 4To JemaeT BO3MOKHEIM
PETPOCHEKTUBHBIA aHaIW3 M BBISIBICHHE 3aKOHOMEPHOCTEH
nedopMalmoHHbIX mporeccos [7, 8]. Onnako nanHbie INSAR
TpeOyroT BepudUKalyu 1 KaTMOPOBKH 110 HA3eMHBIM H3Mepe-
HUSM, B niepByto ouepeab GNSS u nusenuposanuto. [Toatomy
HanOoubIni 3h(eKT TocTUraeTcsl NP UHTErPalUK CITy THH-
KOBBIX M TPaIUIIMOHHBIX METO0B HaOroneHus [9, 10].

AKTyaJIbHOCTb HACTOSIIIEr0 HCCIIEH0BaHUs 00YyCIIOBIICHA
HEOOXOIMMOCTBIO CO3/[aHUSI HAJICKHOW CHCTEMBI MOHHTO-
pUHra 0CaJgKoB 3eMHOHN MOBEPXHOCTH B pailoHe AHHEHCKOTO
MECTOPOXKACHUS, IJIe B MOCIEIHUE TO/Ibl HAOII0NAt0TCs IpH-
3HAKU aKTHBM3AIlMM T€0JIMHAMUYECKUX nporeccoB. HoBuzna
paboThI 3aKIIIOYAETCS B IPUMEHEHHH KOMIUIEKCHOTO TOIX0/1a,
COYETAIOIIEr0 CIIYTHUKOBBIE U HA3€MHBIE JIaHHbIE, C TIOCIIeTy-
IOLLEH UX [IPOCTPAHCTBEHHO-BPEMEHHOM MHTErpaLueil B cpe-
ne reonHpopmannonHbix cuctem (I'MC).
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Leunb uccnenoBanus — orieHka 3 (HEeKTUBHOCTH COBMECTHO-
rO MCIOJIb30BaHMs CIIyTHUKOBOM uHTepdepomerpuun (SBAS-
InSAR) u Hazemubix MetozioB (GNSS, HUBETUPOBAHUE) NS
JETEKTUPOBAHUS U aHAJIM3a OCAJOYHBIX MPOIECCOB B palioHe
AHHEHCKOTO MECTOPOXKACHNUS. 3a1a41 UCCIIEA0BaHUS BKJIIOYA-
I0T: aHaJIM3 I'e0JI0rMYeCKON U TOPHOTEXHUYECKOH 00CTaHOBKH
HCCIIEyeMO# TeppuTopuu; cOop, 00pabOTKy U HMHTEPIpETa-
LU0 CIIyTHUKOBBIX U Ha3€MHBIX JJAaHHBIX; IPOCTPAHCTBEHHBIH
aHaJM3 30H JieopMalnii; BHIIBICHHE 3aKOHOMEPHOCTEH oca-
JIOYHBIX TIPOLIECCOB.

[TonyueHHble pe3ysbTaTbl MOT'YT OBITh HCHOJB30BaHbI JUIs
MIPUHSTHSL 000CHOBAHHBIX YIIPABJIECHUECKHUX PElIeHHH B cepe
MIPOMBILIJICHHON 0€30MaCHOCTH, PAllMOHAIBHOTO HEJIPOIIOIb-
30BaHMs, a TAKKE ATl MOCTPOCHUS MPOTHOCTUYECKUX MOJe-
JIel TOBEJICHHsI 36MHOM MOBEPXHOCTH IMPH JlajbHEeHIeM pas-
BUTHHU TOPHBIX PadoT.

OOBbeKT M METO/IBI MCCJIe0BAHMUS

JI)xe3ka3raHckoe MEIHOE MECTOPOXKJIEHHE, PACIOIO0KEH-
HOe B LieHTpasbHOM yacTu Kazaxcrana (KaparanauHckas 00-
JIACTh), MPEACTaBIsieT COOOH ONMH U3 KPYNHEHIIUX B MHpE
CTpaTUGOPMHBIX CYIb(QHUIHBIX MEIHBIX 00bEKTOB. PymoHoc-
HOCTh NPUYPOUCHA K BEPXHENPOTEPO30WCKUM KPACHOLIBET-
HBIM TOJIIAM, HPEICTABICHHBIX YEPENYIOUIMMUCS CIOSMU
NIECYaHUKOB, AJICBPOJIMTOB, apIMJUIMTOB M KOHIJIOMEPATOB.
MecTopokieHHe XapaKTepu3yeTcs: Iar()OPMEHHBIM THIIOM
3aJeraHusl PyIHBIX Tell, 4TO OOYCJIOBJIMBAET CPABHUTEIBHO
YCTOHYMBBIE YCIIOBHS BEJIEHUsI TOPHBIX padot. Tem He MeHee,
Ha psijie Y4acTKOB HaOJIONAIOTCS TEKTOHMYECKHE Hapylle-
HUSI, Pa3sioMbl, CyOBEepTHKaIbHbIE COPOCHl U TEKTOHHUYECKHE
TPEUIMHBI, YTO MOXKET CIIOCOOCTBOBATH PA3BUTHUIO JIOKAIBHBIX
nedopmaruii.

[[TaxTa AHHEHCKas, OJHA U3 KJIIOYEBBIX JEHCTBYIOIIMX
maxT J[»Ke3ka3raHckoro pygHOrO IMOJIsl, IKCIUIyaTHpyeT-
cs ¢ cepenuHbl XX Beka. 3a JIECATHIICTHS NOOBIYM 311€Ch
c(OpMUPOBAIHCH KPYIMHBIE MOJ3€MHBIE IOJIOCTH, B pe-
3ylIbTare 4ero M3MEHHJICS ECTECTBEHHBIH DPEXUM Hampsi-
KEHUH B MaccuBe. DTO 00yCJIOBIMBAET Pa3BUTHE OCaJ04-
HBIX HPOIECCOB, MPOSBISIOUIMXCS B BUIE IMOCTEHEHHBIX U
I PEepeHINPOBAHHBIX BEPTUKAIBHBIX CMEIEHUI 3eMHOM
noBepxHocTu. HaOitoneHne u oleHKa 3THX MPOLECCOB SIB-
JISIeTCSl BKHOM 3ajiaueil Juist o0ecreyeHns yCTOMUYNBOCTH
WHXEHEPHBIX COOPY)XEHUH M NPOTHO3UPOBAHHUS BO3MOXK-
HBIX aBapUUHBIX CUTYaIlHH.

HacTtosiee uccrnenoBaHne OCHOBAaHO Ha KOMIUIEKCHOM
MOAX0Je K MOHHUTOPUHIY OCaJ04YHBIX IPOIECCOB, BKIIIOUA-
IOLIEM MHTETPalMio CIYTHUKOBBIX (IMCTaHIMOHHBIX) U Tpa-
JIUIIMOHHBIX HA3eMHBIX METOJIOB. TakoW MOAX0Jl MO3BOJISIET
MOJIYYUTh KaK IIUPOKYIO IPOCTPAHCTBEHHYIO OXBATHOCTH (3a
cuer InSAR), Tak ¥ BBICOKOTOUHYIO JIOKQJIbHYIO Bepu(pHKa-
nuio (3a cuer GNSS 1 HUBETHPOBAHUS).

Cnymmuuxkoswiti monumopune memooom SBAS-InSAR

Meton wuHTEpPEpOMETPUICCKOM 00pabOTKU pagapHBIX
nzobpaxennii (InNSAR) no3Bosisier nerexTupoBarh nedopma-
LMY 36MHOW TOBEPXHOCTH C CAHTUMETPOBOH M Ja)Ke MIJLIH-
METPOBOW TOYHOCTHIO. B pamkax paboThl MCIOJIB30BaH IMOJ-
xo1 Small Baseline Subset (SBAS-InSAR), nozBosnsromiuii
aHaJM3MPOBATh MHOTOBPEMEHHbBIE CITyTHHKOBBIE CHHUMKHU C
MaJIbIM HHTEPPEPOMETPUUECKUM 0a3HCcoM.

J1u1st aHaM3a UCII0Ib30BAIINCH JaHHbBIE CIY THUKOB Sentinel-
1A u Sentinel-1B, npenocrasisemMple B paMKax IIpOrpaMMbl
Copernicus Eporeiickoro kocmuyeckoro areHrcrsa (ESA).
OOBEKT OXBara: TCPPUTOPHSI panguycoM okosio 10 KM BOKpyT
maxthl AHHeHcKas. [lepuon HaOmronenuii — ¢ stuBaps 2018
rona o mapt 2024 rona. Beero oopabdorano 6osnee 120 cieH B
dhopmare SLC (Single Look Complex).

OO6paboTKa [MaHHBIX BBINOJHSJIACH C HCIOJb30BAHU-
€M CIEeQymoIIuX MnporpaMMHbIX pemeHuii: ESA SNAP
Toolbox — HauyanpHas KaauOpOBKa, BRIpaBHUBaHHE HU300pa-
JKeHuH, reHepauust nnrepdeporpamm; StaMPS (Stanford
Method for Persistent Scatterers) — peanusamuss SBAS-
aJIrOpUTMa, MOCTPOCHHE BPEMEHHBIX PSIIOB M CKOPOCTHBIX
kapt nedopmannii; SNAPHU — ¢dasoas passeprTka nnrep-
dheporpamm.

B pesynbrare mosydeHbsl MpOCTPAHCTBEHHBIE KapThl BEP-
TUKAJIBHBIX CMeHICHHfI U BPEMCHHBIC DPAAbI OCAAOYHBIX
nporeccoB (puc. 1) [11]. Pa3peienue mo mpocTpaHcTBy CO-
ctaBuio 14 x 14 M, TOYHOCTH OIIEHKH CKOPOCTH — MOpsIKa
2-5 mm/ron.

3nauenue ()

B Buicoxmii: 0

Huzxmit :-10

Puc. 1. Kapra cmenennii 3eMHO NOBEPXHOCTH
HA AHHEHCKOM pYIHHKe 32 nepuoj ¢ stnpaps 2018 rona
no maprt 2024 roaa.

Cypert 1. AHHeH KeHimiHaeri xkep 0eTiHaeri BIFbICY
kaprachbl (2018 kbLarbl KaHTap — 2024 :KbLIFBI HAYPbBI3
apaJbIFhbl).

Figure 1. Surface displacement map at the Annensky
mine from January 2018 to March 2024.

Oco6oe BHUMaHHE YIEICHO MHTEPIPETALNH 30H C YCKO-
PEHHBIMH 0Ca/IKaMH, TPEBBINIAIOIIMME -10 MM/TOJ, KOTOpbIE
MOTCHIUATIBHO YKa3bIBAOT HA OIACHBIC YYaCTKH TEOjHHA-
MHYECKOH aKTHBHOCTH, CBS3aHHBIC C BHIPAOOTAHHBIMH TIPO-
CTPAaHCTBAMH U 30HaMH OCJIAOICHUSI TOPOI.

Topnuwuit sicypnan Kazaxcmana Ne2’ 2026
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GNSS-nabnioodenus

GNSS-HabroneHs OBUIH MTPOBEICHBI HA OTOPHBIX MyH-
KTax, YCTAHOBJICHHBIX B IpeJesiax MOTeHIUaIbHO nedop-
MHUPYEMBIX 30H, BKIIIOYas TEPPUTOPHIO HAJ TOPHBIMH BBI-
paboTkamMu ¥ BOJIM3M MHPPACTPYKTYPHBIX 00OBEKTOB (1I1aXT-
HbIC 3/1aHUS, NPOMBIIUICHHbIE OOBEKTHI, TPAHCIOPTHBIC
yTH).

Jlnst u3MepeHnii MCIoNb30BajJOCh COBPEMEHHOE TI'e0JIe3H-
yeckoe obopymoBanue (GNSS-npuemMHUKH), 00CCIEUUBAIO-
111ee BHICOKOTOYHOE MO3UIIMOHMPOBAHNE B PEXKUME CTATHKH U
KkrHeMaTtnku. KoopuHaThl yHKTOB ONPEACISIINCH B CHCTEME
WGS 84, nanpHeliias 00pad0TKa BIMOJIHSIIACH B CIICIIHANN-
3MPOBAHHOM MPOTPAMMHOM OOECIICUeHUH ISl TOCTOOPadoT-
k1 GNSS-nanHbIX.

HaOumonenust BeMch B JBa Jrara:

nepeviil — 6 agcycme 2022 2. (bazosoe cocmosnue);

emopou — 6 cenmsaope 2023 e. (nosmoproe uzmepenue).

[To pe3ynbraram HaOMIOICHNH BBISBICHBI JJOKAIBHBIE 0CAI-
K Ha OTJIEJIbHBIX y4acTKaX, COOTBETCTBYIOIIME CITy THUKOBBIM
JTAaHHBIM (CXOTUMOCTH B Ipefenax 1—2 ¢Mm), 4To MOATBEpKaacT
nocroBepHOCTh INSAR-pesynsraroB (puc. 2). Ha Heckoiabkux
MYHKTax 3a()MKCHPOBAHbI YCKOPEHHBIE CMEIEHHUS 10 25 MM/
TOJl, YTO KOPPEIUPYET C y4acTKAMU MaKCUMaJIbHBIX 3HAYCHHUI
IO CITyTHUKOBBIM JIaHHBIM.

HasemHble HabnogeHus
A HasewmHble HabnogeHns

* YCcKOpeHHble cMmelleHus (Mm/rof)

Puc. 2. Pesynbrarel GNSS-Hab101eHuii.
Cypet 2. GNSS-0aKkbL1ay HOTHIKETEPi.
Figure 2. GNSS observation results.

T'eooezuueckoe nusenuposanue

J1st nosryyeHnst BRICOKOTOUHBIX IAHHBIX TI0 BEPTHKAIBHBIM
NepeMelIeHUsIM ObUIM TIPOBENICHBI IHUKIIBI TPEIU3HOHHOTO
nusenupoBanus Il kmacca. Mcnonb3oBajock COBpeMEHHOE
muQpoBoe HUBEIUPHOE O00OpYyAOBaHUE, OOecIeunBarolce
TOYHOCTB M3MepeHnH 10 0.3 MM/KM.

MapipyTsl HHBEIMPOBAHUS IPOJIETAIN Yepe3 OINOPHBIC
MYHKTHl B 30HE IIAaXTHBIX TOJICH, BKJIIOYAs yYacTKU C TpH-
3HaKaMu JieopManuii, a TaKke KOHTPOJBHBIC YYacCTKH BHE
30HBI BIUSIHUS. [10BTOpHBIE M3MEpEHHs NPOBOAMINCH C WH-
TepBaJIOM 12 MecsIeB, YTO MO3BOJMIO BBIYHCIHUTH TOIOBYIO
CKOPOCTb OCAJKOB.

MakcumasbHble BEIMYMHBI OCaJOK 3a(MKCUPOBAaHBI Ha
ydJacTke BOJM3HM IVIaBHOTO CTBOJIA IIAXTHI U B paiiOHE CTapbIX
BBIPA0OTOK. BeTMUMHBI 0Ca0K COCTABUIIN OT 5 10 27 MM/TOI.
Pesynbrarbl HUBEIMPOBAHMSI KCIIONB30BaHbl KaK OIMOPHBIC

Topnwviir srcyprnan Kazaxcmana Ne2’ 2026

JaHHbIC 1 KanuOpoBku InSAR-Mozeneit 1 noaTBepKaCHUS
GNSS-HabntoneHuii.

Teounpopmayuonnas obpadbomra u unmezpayus OGHHHIX

Wurerpanust CiyTHUKOBBIX M Ha3€MHBIX JaHHBIX IPOBOJIH-
nack B cpene ArcGIS Pro. Bee pesyinbrarsl ObUIM NPUBEICHBI
K €/IMHOM CHCTEeMe KOOPJMHAT U IPUBS3aHbl K LU(PPOBOM MO-
nenu penbeda (IIMP), cosnannoit Ha ocHoBe gaHHBIX ASTER
u noxansHoro JINJIAP-ckaHupoBaHus.

B cucremy ObuIH 3arpy KeHbI CIEAYIOIIUE CIIOU:

Kapmul 0cadok no oannvim InSAR (SBAS),

Koopounamol u gexkmopwvl cmeujeruii no GNSS;

MOUKU HUBETUPOBAHUS C AMPUOYMUSHOU UHGDOpMayUell;

wiaxmmuvle KOHMYpPwl U NOO3eMHble 8bIPAOOMKIU (8EKMOPHbIE
naamsl);

2eonozuyeckue Kapmol (MpewuHo8amocms, pasiomsl);

un@pacmpyxkmypa (0opoau, 30anusl, 6000embl).

[TyreMm mnpoCTpaHCTBEHHOro aHanm3a (MHCTPYMEHTHI
Overlay u Spatial Analyst) ompezmencHbl y4acTKd mepece-
YEHUs1 30H aKTHBHBIX OCAJIKOB C MHYKEHEPHOM W MPUPOIHOMN
UH(pacTPyKTYpOil. ITO MO3BOJIMIO BBLACIUTH TOTEHIIUAIBEHO
OIIACHBIE YYaCTKH U 30HbI JAJIbHEHIIIEr0 KOHTPOJIS.

Crnenyer OoTMETUTh, uTO MeTozibl InSAR uyBCcTBHUTENBHBI
K TOTOJIHBIM YCJIOBHSIM, PACTUTEILHOMY TIOKPOBY M T'€OMOp-
(dosoruy MOBEPXHOCTH. B YCIOBUSIX TOPOICKOH 3aCTpOMKH
U B pailoHaX ¢ U3MEHYMBBIM Pebe()OM BO3MOXKHBI OIIHMOKH
(a30BOll pa3BEepPTKUM M CHW)KEHHE IUIOTHOCTH OTpa)kaTeliei.
[ToaToMy 00sI3aTeNIbHBIM 3TAIIOM SIBJISUIACH (DHIIBTPALMS JaH-
HbBIX, UCKJIFOYEHUE YYACTKOB C HU3KOH KOT€PEHTHOCTBIO U Tie-
PEeKpecTHas BaJIMIaLus HA3eMHBIMU W3MEPEHHUSIMH.

GNSS u HuBenMpoOBaHKE, B CBOIO OYEPE/ib, TPEOYIOT HIEpH-
OZIMYECKHX BBIE3/IOB U AOCTYIIA K perepam, 4To OrpaHn4HBaeT
UX OINEPAaTUBHOCTh, HO 00ECIICYMBACT ITAIOHHYIO TOYHOCTb.
WuTterpanusi pa3iMuHbIX METO/IOB IO3BOJISIET HHUBEIUPOBATH
ci1abble CTOPOHBI KaXKIOrO M3 HHUX, oOecreyrBas OObEKTHB-
HYIO KapTUHY J1e()OpPMALMOHHBIX TIPOLECCOB.

BoiBoabI

Pesynbrarsl vccieoBaHust O3BOJIMIIM BBISIBUTB IPOCTPaH-
CTBEHHO M BPEMEHHO JIETAJIM3MPOBAHHYIO KapPTHUHY OCaJ04-
HBIX TIPOLIECCOB B paifoHe IaxThl AHHEHCKasl. Mcronp3oBaHue
MHTErPUPOBAHHOTO IMOAX0/a, BKJIIOYAIOIIETO CITyTHUKOBBIE U
Ha3eMHbIE METOJIbl, 00ECHEYNIO KaK OXBaT OOJBIION TEppH-
TOPHH, TaK W JIOKAILHYIO BHICOKOTOUYHYIO OLIEHKY CMELICHHH
36MHOH IIOBEPXHOCTH.

AHanu3 pe3ysbTaToB UHTEPPEPOMETPUUCCKON 00padbOTKH
CIIyTHUKOBBIX CHUMKOB Sentinel-1 mokaszas Haluuue yCTOM-
YMBBIX HETaTHBHBIX TPEHJIOB BEPTUKAJIBHBIX CMELICHUH Ha
TEPPUTOPHUH, MPUIIEraoNel K maxTHoMy nomo (puc. 3). Oc-
HOBHbIE JIe(pOPMALINH JIOKAJIM30BaHBI:

80NIU3U 271A8HO20 CMBOAA WAXMbl AHHEHCKAsL,

8 30He CIMApPbLIX 8LIPAOOMOK 3aNAOH020 OIOKA;

600/1b UHPDPACMPYKIYPHBIX KOPUOOPOE (NOOBE30HbIE NYMiU,
KOMMYHUKAYUL,).

CKOpOCTH OCaJKOB B YyKa3aHHBIX 30HaX JOCTHUTAIOT
-20...-28 MmM/roj, mpu 3TOM 00J1aCTh HAMOOJIBIIICH KOHIICH-
Tpauuu aedopManuii 3aHMMaeT IIoIagb okojo 1,6 KM2.
JluHaMuKa 0CaJKOB B 3THX Y4acTKaX HOCHUT KBa3UJIUHEH-
HBIH XapakTep, 4TO CBUAETENIBCTBYET 00 MX TEXHOT'CHHOU
npupose.
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Ocagku, mm/roa
B -25-20
[ -20-15
[1-15-10
N -10-5
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€HCKas

Puc. 3. Pe3yabraTr unrepdepomerpuyeckoii 0o6padoTku
CIYTHUKOBBIX CHUMKOB Sentinel-1.
Cypert 3. Sentinel-1 cnyTHUKTIK cypeTTepiH
nHTepdepOMeTPUSIIBIK OHAEY HITHIKECH.
Figure 3. Result of interferometric processing of
Sentinel-1 satellite images.

Ha nepudepun maxraoro momns (6onee 2 KM OT ASHCTBYIO-
IIUX BBIPa0OTOK) 3apETUCTPUPOBAHBI OCA/IKH, HE ITPEBHIIIA0-
ye -5 MM/TOJI, ITO YKITaJbIBACTCS B JOITYCTUMBIE (JOHOBO-TE-
OJIOTUYECKHUE 3HAYCHUsI. DTO TO3BOISIET ONPEACIUTh TPAHNIIBI
BIIMSTHUS TOPHBIX pabOT HA IIOBEPXHOCTD.

Pesynsrarer GNSS-HaOmroneHuil TMONTBEpAUIN HAJTHIUC
OCAaJIKOB Ha TEX )K€ y4JacTKaX, 4TO M CITyTHHUKOBBIC JaHHBIE.
Ha nByX KiTIOUEBBIX MYHKTAX, PacIONOKEHHBIX B Ipesenax
aKTHBHOHN 30HBI, 3a()UKCHPOBAHBI BEPTHKAIbHBIC CMEICHUS
Ha 22 MM U 25 MM COOTBETCTBEHHO 3a Tof (puc. 4). OTu 3Ha-
YeHHS MPAKTHICCKU COBIAAAIOT ¢ MaHHBIMH InSAR, pacxox-
IeHus cocTaBisAioT MeHee 10%, 9To HaXoWTCs B Ipeaerax
JIOITYCTUMOW MOTPELIHOCTH.

Bepuchrkaums n conoctaenexHme

C Ha3eMHbIMW N3MEPEHUAMU
Bl -25-"20 /\ GNSS-Habniog-
B -20--15 @® Husenu
I:‘—15——10 poBaHue
B -10-5 ]
=<5

Puc. 4. Bepudukauus u conocrabjieHre ¢ HaA3eMHBIMU
H3MepeHUusIMHU.
Cyper 4. KepycrTi ojieyiepMen Bepupukanus KoHe
caJbICTBIPY.
Figure 4. Verification and comparison with ground-based
measurements.

Ha pemnepax, pacrnoyioXXeHHbIX BHE 30HBI BIHSHUS IIaXThI
(KOHTpOJIBHASL TPYIIA), CMELIEHHs ObLIM HE3HAYUTENbHBIMU
(0-3 MM), 4TO MOATBEPIKAACT HAJAEIKHOCTh (PUKCALIUH TIPOLIEC-
COB UMEHHO B IIpeJiesiaX 30Hbl BBIPAOOTOK.

ITo pe3ynabraTaM ABYX HUKJIOB MPEIIM3HOHHOIO HUBEIUPO-
BaHMS, BbINOJHEHHBIX B 2022 1 2023 rogax, BbISBICHBI 0Ca/l-
KH Ha OTJIENIbHBIX YYaCTKaX MapIIpyTa: MaKCHMaJIbHbIE 3HaUe-
Hust: 26,4 MM/TOJT; CpEIHUE 3HAYEHUS M0 30HE JedhopMaliuu:
18,7 mm/roz.

[TpoduibHble rpadMKK MO JIMHUNA HUBEJIMPHOTO MaplIpyTa
(epecexaromero IMaxTHYI0 30HY) MOKa3ajid YETKYI0 BOTHY-
Ty10 (hOpMy 0CaI04HOI BOPOHKH. L{eHTp BOPOHKHM coOBIaiaeT
C 30HOH Haubosiee MHTEHCHBHBIX MMOJ3EMHBIX BBIPAOOTOK U
pacnosnioxeH B mpeneiax 200 M OT CTBOJIA IIAXTHI.

ConocraBneHue KapT OCaJAKOB C HMH)KEHEPHO-TeoJOorHye-
ckoil mH(pOpMaNKeil MO3BOJMIO YCTAHOBUTH KOPPEIISAIIHIO
MEX/1y 30HAMU MaKCUMaJIbHBIX Je(opManuii ¥ CIeAyOIUMA
(bakTOpamMu: IJIOTHOCTHIO TOPHBIX BBIPAOOTOK (4eM Ooubliie
[1yOuH 1 00beM TOOBIYH, TEM BBIIIE CKOPOCTh OCAIKOB); O~
30CThI0 K TEKTOHUYECKUM HapyIICHHSM (BIOJb JIOKAIbHBIX
Pa3yioMOB HaOJIOIAIOTCS PE3KUE I'PAJIUSHTBI 0CA/IKOB); TUIIOM
MOPOJA: B palfOHAX C MOBBIIICHHON TPEIIMHOBATOCTHIO (Apriil-
JIMUTHI U aJIEBPOJINTHI) OCAJIKU OOJiee BBIPAKEHBI, YEM B 30HaX C
MAacCCUBHBIMH MEeCYaHUKaMHU (pHC. 5).

ConocTasneHvie KapT 0Caakos

C UHXEHEePHO-TE0NOr14ecKoi

nHbopmaumen
M =<-5
-10-15
B -15-10
I -10-5
Il <-20

TeKTOHUKECKME HapyLLEeHN

Aprunnuntbl
aneBponuTLI

MnotHocTL
FOPHbIX BbIPAGOTOK

| Twnbl nopog ==

=
|

ApPrvnuTLIN, anesponThl

Puc. 5. ConocrasiieHue KapT 0CajgKoOB.
Cyper 5. lllory kapraJjiapblH caJbICTBIPY.
Figure 5. Comparison of subsidence maps.

ITpocTpaHCTBEHHBIM aHAJIN3 TaK)Ke BBIIBHII 30HBI, B KO-
TOPBIX OCAJKH 3€MHOW MOBEPXHOCTH PACIIPOCTPAHSIOTCS Ha
TEPPUTOPUIO TIPOMBIIUICHHOW HMH(QPACTPYKTYpPBL: aJIMHHHU-
CTpaTUBHBIC 37[aHUS, JIMHUN 3JICKTPONEpeaadn, oporu. B ox-
HOM M3 TaKUX 30H 3a()UKCHPOBAHO MPOCEAAHNE OCHOBAHNUS ac-
(haIbTOBOTO TTOKPBITHS, YTO MOTEHINAIBHO CBUACTEIBCTBYET
0 BIMSIHUM Jie(pOopMaliii Ha SKCIUTyaTal[MOHHBIE XapaKTepH-
CTHKH OOBEKTOB.

[TocTpoeHHBIC BpeMEeHHBIE psb! o JaHHBEIM SBAS-InSAR
TIOKA3aJI1, 4TO OOJBIIMHCTBO OCAJKOB Pa3BUBAIOTCS C KBa3H-
JMHEHHOW TUHAMMKOHN, 0e3 Pe3KHX CKauKOB. DTO TOBOPHT O
CTaOMILHOM (HO MPOJIOIDKAOIIEMCS ) TIepepacpe/ie/iCHNH Ha-
npsbKeHUH B moposax. OHAaKo B OTJEIBHBIX yUacTKax (B paii-
OHE CTapbIX BHIPAOOTOK) HAOIIOIACTCS YCKOPEHHE CMEIIEHUH
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B nieprion 20222023 rT., 4TO MOXKET OBITH CBSI3aHO C IPOCAI-
KOH OOPYIIMBIIMXCS KAMED MJIM BTOPHYHBIMU JIE€POpPMALIUSIMU
MaccHBa.

ITo pmannbiM GNSS Tarxke (GUKCUPYIOTCS YCTOWYMBBIC
TPEH[IBI, YTO JICNIAET BO3MOXKHBIM IKCTPAIONSAIHMIO TTOBEACHHUS
3eMHO#1 TOBEPXHOCTH Ha MOCIIEYIOIINE IEPUOLI IPU COXpa-
HEHUU PEeKMMa OTPabOTKH.

BaxHO OTMETHTb, YTO aHAITH3 COBOKYIIHBIX TAHHBIX MTO3BO-
JIMJT BBIICNTUTH [IBE TPYMIIBI OCAT0YHBIX IPOIECCOB!

MexXHOZeHHbBle 0CAOKU — IOKANU306AHbL 6 npedenax 1—2 ku
OM WAXMHOU UHPPACMPYKMYPbL, XAPAKMEPUIYIOMCSL BbLCOKU-
mu ckopocmsmu (00 -30 Mm/200), peskumu RPOCmMpPaHcmeeH-
HbLMU 2PAOUEHMAMU U COBNAOAIOM € 30HAMU NOO3EMHOL O~
pabomkiu;

donoso-npupoonsvie 0caoku — puxcupyromcst 8 YOaieHHbIX
pationax (bonee 3 KM 0Om wiaxmol), UMeEOM PAGHOMEPHOE PAC-
npeoenenue u Huzkue ckopocmu (-1...-4 mm/200), umo modxcem
ObIMb CEA3AHO ¢ NPUPOOHBIMU KOHCOTUOAYUOHHBIMU NPOYEC-
Camu Uil Ce30HHbIM USMEHEHUEM 81A20CO0EPIHCAHUSL.

Takum 06pa3oM, CITy THHUKOBBIC M HA3eMHBIE METOJIbI [TO3BO-
JIMJTA Y€TKO Pa3TPaHUYUTh 00JACTH TEXHOTCHHOTO BIUSIHUS U

MPUPOIHOTO OCEIAaHUs, YTO BaKHO JJIs IUIAHUPOBAHUS Mep
MOHUTOPUHTA U YIPABICHUS PUCKAMH.

ITomy4eHHbIe pe3yabTaThl MPECTABIAIOT UHTEPEC IS UH-
JKEHEPHBIX CIIYXKO IIaXThl — KaK OCHOBA Ul YTOYHEHMSI 30H
pHCKa; SKOJIOTHUECKUX CITY>KO — TP OLIEHKE TTOTEHIIMAIBEHOTO
BIIMAHUS HAa OKPY’KAIOLIYI0 CPENy; OPraHOB MECTHOIO Camo-
yIOpaBJIEHUS] — B YacTU I'PajOCTPOUTEIHHOIO IUIAHUPOBAHUS
U pa3MelIeHHsI HOBBIX 00BEKTOB HH(PPACTPYKTYphI; HAYYHOTO
coo0IIeCTBa — KaK Keic 10 KOMIUIEKCHOMY MOHHMTOPHHTY B
YCIOBHUSAX MHTEHCHBHOTO HEJIPOTOIb30BaHUS.

MeToauka MHTETpalliK CITyTHUKOBBIX M HA3€MHBIX JTaHHBIX
MOJKET OBbITh MaclITabMpoBaHa Ha JIpyrue yuacTku Jlke3kasran-
CKOTO PYIHOIO paiiOHa U MCTIOJIb30BaHa JUIS CO3aHHs aBTOMATH-
supoBanHoi ' IC-cucrembl e(hopMalmoHHOrO MOHUTOPUHT A,

Buarogapnocrs

Cmambvs Hanucana no pe3yibmamam OUCCEPMAUUOHHO
pabomul asmopa cmampu Caovixosa b.b. na memy: «Cosep-
WIeHCMEOBAHUE MEMOOA YNPAGIEHUA PUCKAMU 6 PCI08UAX
UHMEHCUBHOTL PA3PAGOMKU MECIOPONCOeHUS HA OCHOGE UC-
nonvizoeanus F'HC mexnonozuuy, 2. Arimamet, 2022 2.
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APPLICATION OF SENTINEL-2 SPECTRAL
INDICES FOR REMOTE MAPPING OF ORE
MINERALIZATION IN THE DEPOSITS OF EAST
KAZAKHSTAN

Abstract. The paper discusses the application of Sentinel-2 multispectral data for remote mapping of ore mineralization within the open pit and waste dumps of the
Nikolaevsk deposit, the underground workings and dumps of the Artemyevsk deposit, and the tailings facility of the Nikolaevsk processing plant. The aim is to assess the
potential of integrated spectral index analysis for identifying mineralization within surface and underground mining areas of the largest polymetallic deposits in the Shem-
onaikha ore zone. A median composite for 2022-2023 was generated, and NDVI, Clay, Ferrous, Alunite, Brightness, and BSI indices were calculated. After normalization,
a spectral anomaly map was produced and compared with mining contours and technogenic formations. High Clay, Alunite, and Ferrous values correspond to hydrother-
mal-metasomatic alteration zones.

Key words: Sentinel-2, spectral indices, remote sensing, polymetallic deposits, spectral anomaly mapping.

IIbireic KazakcTan keH OPbIHIAPBIHBIH MUHEPAJAAHYBIH KAIIBIKTBIKTAH KapTorpadusay ymin Sentinel-2 cnexkrp-

JiK MHAEKCTEePiH KOJIAaHy

Awnjarna. Makanazia Sentinel-2 My/nbTHCIIEKTpIIIK AepEeKTEpiH naifanany apkpuUibl Hukomaes KeH OpPHBIHBIH Kapbepi MEH YiiH/iaepi, APTEeMbEeB KEH OPHBIHBIH IIAXTa-
JIapbl MeH yiinainepi sxone Hukonaes GaitbiTy GpabpUKachIHBIH XBOCTOXPaHHIIUILEC ayMaFbIH/IA Pyalibl MUHEPaaHy bl KALIbIKTBIKTaH KapTorpadusiiay KapacTbIpblia-
Jibl. 3eprTeyiH Makcarsl — [llleMoHanxa KeH/li ailMarbIHAAFbI 1pi MOJIMMETaIT KeH OPbIHAAPBIHBIH )KEPYCTI JKIHE HKEePACThI Tay-KEH 5KYMbICTAphl LIETiHIe MHHEPaJAaHY/Ibl
aHPBIKTay YIUiH CIIEKTPAJIbIK MHICKCTEPAIH HHTErPaI/bl TANIay deyeTiH Oaranay. 2022-2023 soK. MeAnaHalIbIK KoMIo3uT Kypacteipblibin, NDVI, Clay, Ferrous, Alunite,
Brightness sxone BSI unznexcrepi ecenrenai. Hopmanun3aius Herizinae CieKTpablK aHOMAaIHsIap KapTackl jKacablil, 01 Tay-KeH Ka30agapbl MEH TEXHOTCH/IK TY3LIiM-
nepmen cansicThipbuibl. Clay, Alunite sxone Ferrous sxxorapbl MOHIEPI THAPOTEPMANIBIK-METACOMATHKAIIBIK ©3repicTepre COMKec KeleTiHi KepeeTini.

Tyiiinoi cesoep: Sentinel-2, cnekmpanovix unoekcmep, KAublKmaHn 30HOMAy, NOTUMEMALT KeH OPbIHOAPbl, CHEKMPAObIK, AHOMATUANAPObL KAPMOPADUANLAY.

IlpumeHeHue cieKTPaIbHbIX HHIEKCOB Sentinel-2 1Jisi AMCTAHIIMOHHOTO KapTOorpagupoBaHusi pyIHOH MUHepaJu3a-

uuu MecropoxaeHuii Bocrounoro Kazaxcrana

AnHoOTanus. B cTathe paccMaTpuBaeTCs IPUMEHEHHE MYJIBTUCIICKTPAIBHBIX JaHHBIX Sentinel-2 s IMCTaHIIMOHHOTO KapTOrpadupoBaHus PYIHON MHHEpPATH3aLHN
B IIpeJieNiax kKapbepa M 0TBajoB HukonaeBcKkoro MeCTOpoXkK/ICHHs, IaXT ¥ OTBAJIOB APTEMBEBCKOTO MECTOPOXKICHHS, a TaKKe XBOCTOXpaHuInma Hukonasckoit oboraru-
TenpHOl habpuku. Llenb — olleHKa MOTEHIMalla MHTErPAJIbHOIO aHAJIN3a CIIEKTPaIbHbIX HHJIEKCOB JUIs BBISABICHN MUHEPAIM3A[MH B 30HAX IIOBEPXHOCTHBIX M MOJ3EMHBIX
TOPHBIX PabOT KPyHMHEHIINX HOIUMETALTHYEeCKHX 00beKkToB [lleMoHanxuHCKo# pyaHoit 30HbL. TocTpoer MeananHbIi KoMmo3ut 3a 2022-2023 rr., pacCUUTaHbl HHACKCHI
NDVI, Clay, Ferrous, Alunite, Brightness 1 BSI. Ha ocHoBe HopManu3aiuu co3jaHa KapTa CHeKTpaIbHbIX aHOMAIIHIA, COOCTABICHHAS ¢ TOPHBIMHU BBIPAOOTKAMH U TEXHO-
reHHpIMHI 00pa3oBanusMy. [TokasaHo cooTBeTcTBHE BBICOKUX 3HaueHuit Clay, Alunite u Ferrous 30HaM ruipoTepMaibHO-METACOMATHYECKUX M3MEHEHHUH.

Knrouesvle cnoga: Sentinel-2, cnekmpanbrble UHOEKCbl, OUCMAHYUOHHOE 30HOUPOBAHUE, NOTUMEMANTUYECKUE MECIOPOAICOCHUS, KAPMO2PAPUPOaHLe CNeKMPAIbHbIX

43

anomanuil.

Introduction and literature review

With the growing need for rapid and cost-effective exploration,
the use of remotely sensed Earth observation (RSE) data for the
initial identification of potentially mineralised zones is of partic-
ular relevance [1]. In traditional practice, mapping hydrothermal
alteration and oxidised weathering zones requires extensive field-
work and expensive spectral analysis techniques, which limits
coverage of areas, especially in hard-to-reach areas.

Remote sensing, especially using Sentinel-2 multispectral
data (1060 m, VNIR and SWIR bands), has proven to be an
effective tool for initial assessment of spectral-mineralogical
anomalies associated with mineralisation due to free access to
data and high spatial and temporal resolution [2]. Recent stud-
ies have demonstrated that Sentinel-2 is suitable for mapping
iron oxides (hematite, goethite) and hydroxylated minerals
due to the presence of narrow-focus VNIR and red-edge bands
sensitive to iron and hydroxyl [3].

Anifadi et al. used Sentinel-2 together with ASTER and
Hyperion to delineate hydrothermal alteration zones (clay and
aluminosilicate minerals) on the Tibetan Plateau [4]. Ge et
al. conducted a study in the Cuprite area (Nevada), showing
that Sentinel-2-based indices (Ferrous, Ferric oxides) reliably
identify iron-bearing minerals [5]. In Indonesia, Purwadi et al.
successfully detected rare earth minerals in mining tailings us-
ing Sentinel-2 MSI [6].

In 2024, Abdelkader et al. integrated Sentinel-2 and ASTER
data to improve lithological mapping in the shortwave infra-
red [7]. In addition, a review by Shirmard et al. emphasises
that smart processing techniques, including machine learning,
enhance the potential of satellite data to build mineralisation
prospectivity maps [8]. In parallel, recent studies emphasise
the digitalisation of mining operations and the integration of
geoinformation systems as part of the overall technological
transformation of the sector [9].

Thus, recent literature confirms that Sentinel-2 is capable of
detecting spectral signatures of hydrothermal alteration, iron
oxides and clay minerals — using indices similar to those ap-
plied in this study (NDVI, Ferrous, Alunite, Clay, Brightness,
BSI). These approaches effectively complement traditional
field methods, especially at the early stages of geological ex-
ploration and in remote regions [10].

The Shemonaikha ore zone is characterized by a com-
plex geological structure, a variety of ore types, and a high
level of geological exploration, making this region an op-
timal testing ground for satellite-based mineralization de-
tection. It comprises four ore fields, comprising over 80 ore
bodies. The largest of these are the Artemyevsk and Niko-
laevsk polymetallic deposits (copper, lead, zinc, gold, and
silver), whose ores are processed at the Nikolaevsk process-
ing plant.
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The Nikolaevsk deposit is a pyrite-polymetallic (volca-
nic-sedimentary) deposit of the Altai ore type (similar to the
Kuroko type). It is confined to the Nikolaevsk volcano-tec-
tonic depression. The ore bodies occur in rocks of the Niko-
laevsk suite (Middle Devonian), represented by acidic effusive
rocks (rhyolites). The ore bodies are represent by huge lenses
of massive pyrite ores with high copper content and associated
lead and zinc. Gold, silver, selenium, and tellurium are also
present. The deposit was initially mined using open-pit mining
(the famous Nikolaevsk quarry); later, underground mining of
the remaining reserves was adopted.

The Artemyevsk deposit is located in a deeply buried block
of the same structure. Mineralization is confined to the con-
tact of felsic and basic volcanics, often controlled by shear
zones and faults. The deposit is characterized by more com-
plex metasomatic transformation of the ores and belongs to
the gold-copper-polymetallic type. The ores at the deposit are
complex (Cu, Zn, Pb, Au, Ag). 1t differs from the ores of the
Nikolaevsk deposit in having higher gold and zinc grades, as
well as a significant proportion of cuprous ores in the low-
er horizons. The deposit is currently mined exclusively using
underground mining. Development is carried out through ver-
tical shafts using modern systems with goaf backfill. Howev-
er, space maps near the deposit show a significant number of
waste dumps.

The objective of the study is to evaluate the capability of
Sentinel-2 integral analysis of spectral indices for mapping
mineralisation features and to develop an approach to quanti-
tative validation and filtering of false positive anomalies.

Research Objectives:

1. Calculate diagnostic spectral indices (NDVI, Clay, Fer-
rous, Alunite, Brightness, BSI) for selected deposits;

2. Construct an integral map of spectral anomalies and
compare it with known contours of ore bodies,

3. Quantify the coincidence of anomalies with ore contours
and the proportion of false positives;

4. Develop and test rules for filtering out false anomalies.

Methods and materials

Satellite data. Multispectral Sentinel-2 satellite images pro-
vided by the European Space Agency through the USGS Earth
Explorer platform were used as input data. To improve the re-
liability of interpretation and minimise the influence of cloud
cover and atmospheric distortions, a median composite scene
was generated for the period 2022-2023, providing a stable
representation of the spectral characteristics of the Earth’s sur-
face.

Pre-processing. Processing included atmospheric correc-
tion, calculation of spectral indices and visualisation of the
results using QGIS and ENVI. All indices were normalised to
the range [0, 1] using formula (7) to ensure comparability of
values.

Diagnostic spectral indices. In the present study, diagnostic
spectral indices were used to identify mineralogical anomalies,
which is consistent with modern approaches to spectral map-
ping. Within the framework of this study, six Sentinel-2-based
spectral indices were calculated:

1. NDVI (Normalised Difference Vegetation Index) — vege-
tation cover indicator;

Topnwviir srcyprnan Kazaxcmana Ne2’ 2026

2. Clay Index — sensitive to clay minerals,

3. Ferrous Index — reflects the content of iron-containing
minerals;

4. Alunite Index — reveals hydrothermal minerals (alunite,
sericite);

5. Brightness Index — characterises the overall reflectivity
of the surface;

6. Bare Soil Index (BSI) — identifies exposed soils and rocks.

Formulas and spectral channels follow ESA recommenda-
tions for Sentinel-2 and are given in subsections NDVI, Clay,
Ferrous, Alunite, Brightness, BSI.

NDVI (Normalised Vegetation Index). One of the most
widely used indices designed to estimate vegetation density
and soil moisture. It is calculated using the formula:

NIR — Red 1
NDVI= IR+ Red’ @
where Band 8 (WVIR, 842 nm) and Band 4 (Red, 665 nm)
channels are used for Sentinel-2.

NDVI values range from -1 to +1, where positive values
indicate the presence of vegetation and near zero or negative
values indicate exposed surfaces or water bodies. In this study,
NDVI was used to exclude vegetated areas and to highlight
exposed bedrock.

Clay Index. This index is used to identify areas with high
content of clay minerals such as kaolinite, illite and smectite.
The index is calculated as the ratio of near and mid-infrared
reflectivity:

SWIR,
SWIR,

where Band 11 (SWIR,, 1610 nm) and Band 12 (SWIR,,
2190 nm) channels are used for Sentinel-2.

Clay minerals have a characteristic absorption around 2.2
pum, making this index effective in delineating zones of hydro-
thermal alteration.

Ferrous Index. The index is designed to identify areas
with increased content of secondary ironbearing minerals
such as hematite and goethite. These minerals are charac-
terised by high reflectivity in the shortwave infrared range
and reduced reflectivity in the near infrared. The index for-
mula is:

)

Clay Index =

SWIR,

NIR 3)

Ferrous Index =

where Band 11 (SWIR,, 1610 nm) and Band 8 (NIR, 842
nm) channels are used for Sentinel-2.

Elevated index values may indicate zones of oxidation,
weathering with accumulation of ferruginous compounds
and tectonic disturbances. In the study, this index was used to
highlight oxidised weathering zones and potential ferruginous
anomalies.

Alunite Index. The index is used to map minerals of hydro-
thermal origin such as alunite, sericite and kaolinite (Yamagu-
chi, 2003). These minerals show pronounced spectral absorp-
tion in the range of about 2.2 um.

The index is calculated using the formula:
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SWIR, @
SWIR,

Alunite Index =

where Band 12 (SWIR,, 2190 nm) and Band 11 (SWIR,,
1610 nm) channels correspond to Sentinel-2.

Elevated index values may be indicators of zones of ad-
vanced argillisation, often associated with epithermal and por-
phyry systems. In the study, this index was used to highlight
zones of hydrothermal alteration.

Brightness Index. The index reflects the overall brightness
of the surface and is used to identify areas with highly reflec-
tive light-coloured rocks such as quartz, salts and carbonates
(Qiu, 2017). One formula is the square root of the sum of the
squares of the reflectance squares in the visible range:

Brightness Index = /Red? + Green? + Blue?, (5)

where Band 4 (Red, 665 nm), Band 3 (Green, 560 nm) and
Band 2 (Blue, 490 nm) channels were used for Sentinel-2.

Elevated brightness values may indicate light-coloured
quartz-sericite alteration, leach zones or exposed salts. In the
context of this study, the index was used to highlight highly
reflective zones with possible lithogeochemical anomalies.

Bare Soil Index. The index aims to highlight areas with
minimal vegetation cover and maximum soil or rock exposure
(Mzid, 2021). The formula used takes into account the differ-
ence between SWIR + Red and NIR + Blue components:

(SWIR, + Red) — (NIR + Blue) ©

BSI = ,
(SWIR{ + Red) + (NIR + Blue)

where Band 11 (SWIR,, 1610 nm), Band 4 (Red, 665 nm),
Band 8 (NVIR, 842 nm) and Band 2 (Blue, 490 nm) were used
for Sentinel-2.

BSI values above zero correspond to bare surfaces not cov-
ered by vegetation. In the study, the index was used to high-
light exposed areas suitable for further geospectral analysis.

Integral spectral anomaly map. For a comprehensive as-
sessment of spectral anomalies potentially associated with
zones of mineralisation, an integral approach based on the
summation of normalised values of spectral indices has been
implemented as part of this study. This method allows to ag-
gregate the information obtained on various geologically sig-
nificant features (vegetation, exposed rocks, clay and ferrugi-
nous minerals, hydrothermal alteration, etc.) and reflect it in
the form of a single integral map of anomalies.

At the first stage, all calculated spectral indices were
brought to a single scale (from 0 to 1) by linear normalisation
using the formula:

Xoorm = M, (7)
Xmax - Xmin

where X is the initial index value;

X,.in and X,,,,. are the minimum and maximum index values
within the whole scene.

The normalised values for each index were then summed
pixel by pixel to construct an integral spectral anomaly map
reflecting the cumulative intensity of occurrences associated
with the ore occurrences.

The final step involved grading the anomalous values to in-
terpret the results. Based on the statistical distribution of pixel
values of the integral map (using quantiles), three classes were
identified:

1. Background value — values lying within the lower 60% of
the distribution;

2. Weak anomaly — values between the 60th and 85th per-
centile;

3. Strong anomaly — values above the 85th percentile.

This approach allows us not only to localise potentially
promising areas, but also to quantify the severity of anomalies.
In the future, the results can be compared with geological data,
field observations or geophysical surveys to refine the forecast.

Quantitative validation. In order to objectively assess the
quality of the identified anomalies, validation was performed
using spatial intersection of known ore occurrence points (and
non-ore control points) with the classified anomaly map. The
following metrics were calculated: Precision — the proportion
of anomalous points correctly corresponding to ore occur-
rences; Recall — the proportion of ore occurrences captured
by anomalies; and F1-score — the harmonic mean of Precision
and Recall.

This allowed us to quantify both the ability of the method
to capture known zones of mineralisation and the level of false
positives.

Study area. The quarry and mine dumps of the Nikolaevsk
deposit, the mines and mine dumps of the Artemyevsk deposit,
and the tailings of the Nikolaevsk processing plant, located
within the Shemonaikha ore zone, which is a large mineragen-
ic taxon of Rudny Altai, were selected as the objects of study
(Figure 1).
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Figure 1. The study area with the location of the quarry
and mine dumps of the Nikolaevsk deposit, mines and
mine dumps of the Artemyevsk deposit, and the tailings
storage facility of the Nikolaevsk processing plant.
Cyper 1. HukoJiaeB keH OpHBI Kapbepi MeH yiiinaijiepi,
ApTeMbeB KeH OPHBI JKepacThbl Ka3dajapbl MeH
yiiinainepi s;kone HukosaeB 6aiibITy (hpaGpuKachbIHbIH
XBOCTOXPAHWJIHIIECI OPHAJIACKAH 3ePTTey ayMarbl.
Puc. 1. Paiion ucciieqoBanusi ¢ pacnoJio:keHueM Kapbepa
" oTBaJIOB HUKO/IaeBCKOT0 MeCTOPOKIEHNS, INAXT H
O0TBAJIOB APTEeMBbEBCKOT0 MeCTOPOKIEHMSI, 2 TAKIKE
xBocToxpanuauma HukonaeBckoii o6orarurenbHoii
(padpuxu.
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Results and Discussion

A study of six Sentinel-2 spectral indices was conducted to
identify spectral signatures of mineralized zones within the quar-
ry and waste dumps of the Nikolaevsk deposit, the mines and
waste dumps of the Artemyevsk deposit, and the tailings storage
facility of the Nikolaevsk processing plant. The value ranges re-
ported below refer to the original (non-normalised) index values;
normalisation to [0, 1] was applied only for the integral anomaly
map. Whilst these areas have been studied, the objective of the
study was to establish the extent to which remote sensing can cap-
ture geologically significant anomalies by spectral characteristics
without the use of additional geological and structural data.

The results obtained showed that spectral indices allow
differentiating areas with pronounced signs of hydrothermal
alteration, outcrops of sulphide mineralisation and anthropo-
genic impact. Interpretations for each of the indices are sum-
marised below and also there are maps of the distribution of
each of the indices reflecting various aspects of vegetation,
mineralisation and surface geological features (Figure 2—7).

NDVI (vegetation index). NDVI values range from -0.31
to 0.60, reflecting the contrast between anthropogenically dis-
turbed areas and areas of stable vegetation cover. The min-
imum values reliably indicate areas of open-pit mining and
mineral processing, including the quarry and mine dumps of
the Nikolaevsk deposit, the mines and mine dumps of the Arte-
myevsk deposit, as well as the tailings storage facilities of the
Nikolaevsk processing plant. The highest values are observed
along floodplains and pastures, confirming the sensitivity of
NDVI to the extent of vegetation degradation. The index, al-
though not specific to ore occurrences, allows differentiating
technogenic objects within the deposits.

Clay Index (Clay Index). The index range (0.80 to 1.73) is
characterized by localized maxima forming concentric halos
around the quarry and man-made formations of the Niko-
lacvsk deposit, the mines and waste dumps of the Artemyevsk
deposit, and especially the tailings ponds of the Nikolaevsk
processing plant. These halos correspond to kaolinite-hydrom-
ica mineral associations accumulating in waste dumps and
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Figure 2. NDVI map.
Cyper 2. NDVI unjekcidin kapracsbl.
Puc. 2. Kapra ungexca NDVIL.

sraoe arsos

Figure 3. Clay Index map.
Cyper 3. Clay Index unaekcinin
KapTacsl.

Puc. 3. Kapra ungexca Clay Index.

Figure 4. Map of Ferrous Index.
Cyper 4. Ferrous unekcinin
KapTachl.

Puc. 4. Kapra nnpnekca Ferrous.
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Figure 5. Alunite Index map.
Cyper 5. Alunite nnaexcinin
KapTacsl.

Puc. 5. Kapra nungekca Alunite.
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Figure 6. Brightness Index map.
Cyper 6. Brightness nnjexcinin
KapTacsl.

Puc. 6. Kapra nngekca Brightness.

Figure 7. BSI (Bare Soil Index) map.
Cyper 7. Kajan Tonblpak UHIEKCi
(BSI) kapracsl.

Puc. 7. Kapra unaexca royioii nouBsl
(BSD).
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tailings, as well as being localized within the quarry walls that
expose «iron hat» zones formed by the weathering of sulfide
ores. High clay index values are also typical of agrolandscapes
and river valleys, where a thick cover of Cenozoic loose de-
posits of eluvial and alluvial origin is developed.

Ferrous Index (Ferrous Mineral Index). Index values range
from 0.21 to 3.91 and spatially coincide with mine waste
dumps and quarries, as well as the tailings of all three man-
made sites. The highest values are recorded within the quar-
ries, due to the presence of oxidation products of iron-con-
taining sulfides (hematite, limonite) exposed during mining
operations. The sublatitudinal strike of the linear anomalies
correlates with the direction of tectonic and mineralised zones
of the sulphide-polymetallic formation. It should be noted that
the index is sensitive mainly to oxidation products, but not to
sulphides themselves, which imposes restrictions on its appli-
cation in poorly penetrated areas.

Alunite Index (Alunite Index). Alunite index values reach
4.12, with the highest intensity observed in agricultural
landscapes. These values correspond to quartz-sericite-al-
unite mineralization, typical of high-sulfate eluvial systems
formed by metasomatically altered volcanic rocks rich in
potassium feldspars (such as rhyolites, dacites, and andes-
ites) widely distributed around deposits. In the quarry of the
Nikolaevsk deposit and within its waste dumps, the mines
and waste dumps of the Artemyevsk deposit, and the tailings
ponds of the Nikolaevsk processing plant, this index attains
moderate values (~1.32), which may be related to the less in-
tense development of alunite mineralization in the oxidation
zones of pyrite-polymetallic deposits. High sensitivity of the
index to the presence of secondary aluminosilicates is noted,
but the reliability of the estimation depends on the degree of
rock exposure.

Brightness Index. The Brightness Index shows a wide
range of values (159.2 to 22,268.1), with extreme peaks
within quarries, dumps and other anthropogenic sites. This
magnitude is expected because the index was computed from
scaled surface reflectance values (x10,000), rather than from
0-1 reflectance. This index serves as a reliable marker of
open disturbed surfaces, including oxidation zones associ-
ated with «iron hats». High correlation with anthropogenic
load maps confirms the index’s effectiveness in identifying
areas disturbed by mining.

BSI (Bare Soil Index). The Bare Soil Index ranges from
0.73-3.03 and shows similar patterns to the Brightness In-
dex. The main anomalies are concentrated within the quarries
where there is no vegetation cover and rock is exposed. The
combined use of BSI and Brightness Index can reliably high-
light anthropogenic objects, however these indices are not spe-
cific to mineralisation.

Integral analysis and anomalous zones. An integral spec-
tral anomaly map (Figure 8) and the corresponding classified
spectral anomaly map (Figure 9) were constructed from the
normalised values of the six indices.

The integral spectral anomaly map (range of values: 0.73—
3.04), constructed by summing the normalised values of the
six spectral indices, showed high sensitivity to different types
of alteration associated with natural mineralisation and anthro-
pogenic sites.

Figure 8. Integral spectral anomaly map.
Cyper 8. UHTerpa/jibIK ClieKTPaJIAbIK AaHOMAJIHAIAP
KapTachl.
Puc. 8. Kapra nnterpajbHbIX cieKTPaJbHbIX AHOMAJIMIA.

Figure 9. Classified spectral anomaly map.
Cypet 9. KnaccupukauusiiaHFaH CleKTPAIbIK,
AHOMAJTHSIJIAP KapTaChl.

Puc. 9. Kapra kiaccupuuupoBaHHBIX CHEKTPAIbHBIX
aHOMAJIM.

Anomalies corresponding to known man-made features
were identified:

1. Tailings ponds of the Nikolaevsk processing plant (Cu-
Pb-Zn-Au-Ag) — pronounced Clay + Alunite + Iron triad, with
a maximum integral value of 3.04;

2. Mine dumps and shafts of the Artemyevsk deposit (4u-
Cu-Pb-Zn) — predominance of the Iron and Brightness indices
(3.01), indicating exposed oxidized sulfide zones;

3. Mine dumps and quarry of the Nikolaevsk deposit (Cu-
Pb-Zn-Ag) — moderate manifestation of the Iron + BSI anoma-
ly (2.63), likely due to weak erosive collapse of the ore bodies.

Also, false signals have also been localised:

1. Anomalies of fluvial genesis (up to 2.8) are interpreted
to be the result of redeposition of clay and ferrous fractions
(Clay?, Ferrous?) leached from primary sources;

2. Technogenic objects (road network, settlements) are
characterised by a combination of high Brightness and BSI
values with no Alunite signal, which allows their effective
screening.
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3. Agricultural landscapes around pyrite-polymetallic depos-
its are distinguished by high values of the alunite index, which
indicates the accumulation of alunite mineralization here.

Validation of the above-described methods for identify-
ing pyrite-polymetallic deposits within Rudny Altai deserves
special attention. For this purpose, the area near the Niko-
laevsk and Artemyevsk deposits was surveyed using Senti-
nel-2 multispectral imagery. This revealed an area with iron
values of 3.5 and alunite values of 1.6, along with lower BSI
values of < 0.3, indicating a potentially promising target. This
area coincides with the Kamyshensk pyrite-polymetallic de-
posit, whose mineralization is confined to the vent of a Mid-
dle and Late Devonian paleovolcano composed of rhyolites
and basalts. The ores of this deposit are complex, including
copper, lead, and zinc. The deposit is characterized by verti-
cal zoning: from top to bottom, barite-galena-sphalerite ores
give way to pyrite-chalcopyrite-sphalerite ores, and then py-
rite-chalcopyrite (copper) ores. The ores also contain gold,
silver, bismuth, and rare minerals. The deposit was mined
underground and is currently considered depleted. The ex-
tracted ore was sent for processing to the Nikolaevsk pro-
cessing plant. Therefore, there are no quarries or significant
waste dumps nearby.

It is important to emphasise that the results demonstrate pre-
dominantly the ability of the method to capture already man-
ifested and erosionally cut features of mineralisation. Never-
theless, the technique can be effectively adapted for screening
analysis of areas with limited accessibility, especially when
combined with geophysical or geochemical data.

Thus, the method of integral analysis of normalised spectral
indices has confirmed its applicability for remote screening of
polymetallic prospectivity in the Ore Altai area. The optimal di-
agnostic combination, allowing to identify ore objects even with
limited erosional stripping (for example, in the area of Kamysh-
ensk deposit), was the triad: Ferrous > 3.7, Alunite > 1.4, Clay
> 1.5

It should be noted that the main limitation of the method
remains the dependence of the anomalous signal expression
on the degree of erosion opening of mineral bodies. Also an
important element in improving the accuracy of interpretation
is the application of filtering of anthropogenic interferences by
using thresholds on BSI and Brightness indices.

Assessment of classification accuracy. To quantify the ef-
fectiveness of the integral anomaly map, validation was per-
formed by spatial intersection of known field points with the
classification results. (Table 1) Three categories were anal-
ysed — «background» (0), «weak anomaly» (1) and «strong
anomaly» (2).

Table 1
Results of validation of the integrated anomaly map for
known ore points
Kecme 1
Benzini ken nykmenepi 60iibinuia uHmezpaioslx
AHOMANUANGD KAPMACHIH 8AIUOAUUANAY HamUIcenepi
Tabauua 1
Pesynomamul éanudayuu uHmezpaipbHOI Kapmovl AHOMATUTL
RO U36eCHHBIM PYOHBIM HIOUKAM

Class / Actual Ore Point (True) Non-ore point
(False)
Strong anomaly (2) 7 2
Weak anomaly (1) 2 3
Background (0) 1 12

Calculation of metrics showed: Precision = 0.78, Recall
(completeness) = 0.70, F1-measure = 0.74. The high precision
values confirm the good correspondence of the «strong» anom-
alies to the actual ore bodies, with the moderate completeness
value explained by the fact that some of the mineralised areas
only show up in the «weak anomaly» class due to partial over-
lap with vegetation cover or spectral response features.

Conclusion

Integrated analysis of Sentinel-2 spectral indices proved
effective for mapping hydrothermal alteration and oxidation
zones within the Shemonaikha ore zone. The method identi-
fied ore anomalies consistent with known mineralization types
and distinguished them from anthropogenic and fluvial fea-
tures. Validation confirmed a good correspondence between
«strong» anomalies and ore bodies (F1 = 0.74). Notably, the
verification feature showed diagnostic features of iron-alunite
consistent with hydrothermal alteration. These results demon-
strate that Sentinel-2 multispectral data, which enables the use
of integrated spectral indices, can serve as a practical tool for
prospecting for ore features in Rudny Altai.
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Kox MPHTH 52.45.29

*A.M. lllaxanoB, M.b. BapmeHmnHoOBa
Satbayev University (2. Aimamuol, Kazaxcman)

AHAJIN3 COBPEMEHHBIX METO/J10OB
OMNPOBOBAHUS U DKCITPECC-AHAJIN3A
NPOJAYKTOB ®JIOTAIIMOHHOT O
OBOTAILIEHUS MEJHBIX PY/I

AnHOTauMs1. B cTarbe BBINOJIHEH JIMTEPATYPHBIH 0030p COBPEMEHHBIX METOI0B OMPOOOBAHHS M SKCIIPECC-aHaIN3a IPOLYKTOB (IIOTAIMOHHOIO 00OTralleHUsT MEIHBIX
pya. Lleab paGoThl — CHCTEMATH3aLKs TOXO0/0B K 0TOOPY P00 B MyJIBIIOBBIX IIOTOKAX H METOJOB ONEPATUBHOIO KOHTPOJISI XHMHUYECKOTO COCTaBa B YCIIOBHSIX TOPHO-0-
0OraTHTENIbHOrO MPOU3BOACTBA. PacCMOTPEHBI MPHHIMIIBI [PEICTABUTEILHOCTH MPOO, 0COOEHHOCTH (IIOTALMOHHBIX MPOAYKTOB, IPUMCHEHHE aBTOMATH3MPOBAHHBIX
poOOOTOOPHBIX CHCTEM M IKCIIPECC-METO0B aHaln3a, BKIIIOYAsi PEHTICHO(ITyOPECICHTHBIMN, JIa3epPHO-HH/IYIMPOBAHHBIA CIICKTPAIBHBIN U ONIKHIOI HH(pPaKpacHyio
cnekrpockonuio. OTenbHOe BHUMAaHUE yIeIeHO HHTerpanuy ananutuaeckux cucreM ¢ SCADA/MES/LIMS, MeTponornieckoMy 00eCIedeHNI0 ¥ SKOJIOTHYECKHM aCTIeK-
TaM. [ToKa3aHa 3HAYMMOCTb IKCIPECC-aHANN3a [UIsl [IOBBIIICHHS OLIEPATUBHOCTHU YIIPABICHHUS IPOLIECCAMHU M CHIJKEHHS! 3aTPaT Ha KOHTPOJIb Ka4eCTBA B MEHOI [IPOMBIILI-
nenHoctn Kazaxcrana.

Kniouesvie cnosa: meonvie pyovl, promayus, onpobosanie, IKCNPecc-anaus, dsmomamusayis, Yugposusayus.

Mpbic keHaepiH (aoTanusIbIK 0alibITy 6HiMAepiHiH oonmpolaJiay icTepi MeH 3Kcnpecc-aHBIKTAMAIAPBLIHBIH 3aMa-

HAYH KaFJaibIH TaJ1ay

AmnpaTna. Makanazia Mbic KeHIEpPiH QIoTalusIbK OalibITy ©HIMAEPiH onpodaiay KOHE SKCIPECcC-TalIayAbIH 3aMaHayd TICLIIepiHe oe0u oIy XKacaiFaH. 3epTTey-
JIiH MaKcaThl — ITyJIbIIa aFbIH/IAPbIH/IA ChIHAMA Ay 9JIiCTEPiH XAHE KypaMibl xKe/el1 0aKblIay KypallIapbIH KYlieley, COHIali-aK TeXHOIOIUsIbIK GaKblIay bl LU(PPIaHIbIPY
ypaicrepin kepcery. [IpobanapabiH eKiALTIN KaruaaTTapbl, GroTanusuiblK ©HIMACPAIH epeKIIeTiKTepi, aBTOMATTaHAbIPbUTFaH MPOoO00TOOD JKYienepiH jKoHe IKCIpecc-
Tanzaay oxpicrepid (XRF, LIBS, NIRS, PGNAA) KosaHy, oJap/IbiH apThIKIIBUIBIKTAPI MEH 1ekTeys1epi Kapactoipbuirad. SCADA/MES/LIMS xyiienepin nHTerpamusiay,
METPOJIOTHSIBIK KAMTaMAaChl3 €Ty JKOHE SKOJOTHSIBIK aCIEeKTiIepre epeKiue Hasap aynapbuiraH. Ka3akCTaHIbIK jKOHE LICTEIAIK TOXIpHOEIep CalbICTBIPBUIBII, 3KCI-
pecc-Tanaay/abl eHri3y/IiH eHIIPICTIK mpouecTepi Keael GackapyIarsl )KaHE caraHbl 0aKbUIay LIBIFBIHIAPBIH TOMEHACTYACT] MPAKTHKAJIBIK 3Pi SKOHOMUKAIIBIK MAHBI3bI
KOPCETIIreH.

Tyitinoi cosdep: moic Keni, hnomayus, onpobanay, IKCnpecc-maioday, agmomMammanobipy, YuGpranowvipy.

Analysis of modern methods of sampling and express analysis of copper ore flotation products

Abstract. The article provides a literature review of modern methods for sampling and express analysis of copper ore flotation products. The aim of the study is to
systematize sampling approaches in pulp streams and rapid analytical techniques used for operational process control in mineral processing. The principles of sample repre-
sentativeness, specific features of flotation products, and the use of automated sampling systems are considered. Express analytical methods, including X-ray fluorescence,
laser-induced breakdown spectroscopy, near-infrared spectroscopy, and neutron-based techniques, are discussed in terms of their advantages and limitations. The practical

significance of express analysis for improving process control efficiency and reducing quality control costs in the copper industry of Kazakhstan is demonstrated.

Key words: copper ores, flotation, sampling, express analysis, automation.

BBenenue

CoBpemMeHHasi TOPHO-METAJUTYpruyeckass MpPOMBILIIEH-
HOCTb DPAa3BUBAETCS B YCIOBUSX pacTyLIell KOHKYpPEHLUH,
JKECTKHUX KOJOTHYCCKUX TPEOOBAHMA M HEOOXOAMMOCTH TO-
BEIIICHYS AQPEKTUBHOCTH HCITOIH30BAHUS MUHEPAITBHO-CBI-
pbeBbIX pecypcoB. OIHOM M3 KIIIOUEBBIX 3a/Jad SIBISETCS
o0ecTiedeHNe TOCTOBEPHOCTH JTaHHBIX O COCTaBE W KAuCCTBE
PYIHBIX IOTOKOB Ha BCEX CTAIMIX MEPEPAOOTKH.

OnpoOoBaHKE U IKCTIPECC-aHAN3 SBISTFOTCS BaKHCHIITIMHA
DJIIEMEHTaMU CUCTEMBI TEXHOJIOTMYECKOro KOHTposst. OT ux
TOYHOCTH M ONEPATUBHOCTH 3aBUCUT KAau€CTBO YIPaBJICHUS
mporeccaMu 00oTanIeHusT U KOHeuHas: Y3PEKTUBHOCTD TIPO-
m3BoncTBa. Ocoboe 3HAYCHUE ITH METOABI IPHOOPETAIOT TIPH
(ITOTaIMOHHOM 00OTAICHUN MEIHBIX Py, TII¢ H3MEHYHBOCTh
MUHEPAIOTUICCKOTO COCTaBa M TUCIIEPCHOCTH YacTHUI] TpeOy-
€T BBICOKOM 4yBCTBUTEIBHOCTH M BOCHPOU3BOIMMOCTH aHa-
JINTUYECKUX METOJOB [1].

Lenpro HacToslEH CTAaTbU SBISIETCSI CUCTEMaTU3alusl CO-
BPEMCHHBIX MOAXOIOB K ONMPOOOBAHUIO W IKCIPECC-aHATH3Y
(ITOTalIMOHHBIX MPOAYKTOB MEIHBIX PYI, 8 TAKXKE BBIIBICHUC
TEHCHINI nX pa3BUTHA B KazaxcTane u 3a pyOeKoM.

Teopernyeckue 0CHOBBI ONIPOOOBAHNS

Teopust onpoOoBanus 6a3upyeTcss Ha MPUHIMIIAX IPEJl-
CTaBUTEIBHOCTH U Bocnpoussoaumoctu. Cornmacuo 'OCT
n ISO, nst monyueHnns KOppeKTHOH nH}opmanuu HeoOXo-
JUMO YUYUTBIBATh F€TEPOT€HHOCTh MUHEPAIBHOIO CHIPbS,
KPYIMHOCTb YaCTHIl U JUHAMHUKY TEXHOJIOTHYECKHX MOTO-

KOB. BaxHYI0 poib UTPAIOT CTaTHCTHYECKHE METOIBI, 110-
3BOJISIONINE OOOCHOBBIBATH KOJMYECTBO M YAaCTOTy HpPoO
[2, 3, 4].

Ha mpakTike 0cHOBHO# po0ieMoii SBsieTcs obecrieueHmne
PaBHOMEPHOTO 0TOOpa U3 MyJbIIOBBIX IIOTOKOB (MIOTALINH, TIE
BBICOKOE COJZIEpKaHNE TBEPIOH (a3bl U TypOyIEHTHBIN PeKUM
JBIKEHUS CO3IAI0T PUCK CMEIEHUs IPoo.

Oco0eHHOCTH (UIOTALIMOHHBIX MPOAYKTOB

DI0TaIOHHBIE IPOIYKTHI XapaKTEPHU3YIOTCSI BBICOKOH M3-
MEHYHMBOCTBIO T'PAHYIOMETPHUUECKOTO U MHHEPAJIOTHUECKOTO
cocraBa. KOHIIEHTpAT CONEPKUT TOHKOIUCTIEPCHBIE YACTHIIBI
MeJIU ¥ COMyTCTRYIoImue 31eMeHTH (Fe, S, As u 1p.), XBOCTHI
OTJIMYAIOTCSl CIOKHBIM PACTIPECICHHEM YacTHUIl Pa3InIHON
TUIOTHOCTH.

JIJ1st TAKUX CHCTEM MPOCTBIE PyUHBIE METOIBI OTTPOOOBAHMS
HeapdexTuBHbL. [103TOMY BCe MMpe MPUMEHSIOTCS] aBTOMATH-
3UpPOBAaHHBIE POOOOTOOPHHUKH, 00ECIIEUNBAIOIINE HETIPEPHIB-
HBIA ¥ paBHOMEPHBII 0TOOp MaTepurana.

MeToas! HKcnpecc-aHAIN3a

CoBpeMEHHbIE TEXHOJOTHH II03BOJISIIOT aHAJIHM3UPOBATh
COCTaB PYAHBIX ITOTOKOB B PEalbHOM BPEMEHH, IpPHYEM 3a-
gacTyio 0e3 orbopa mpoO. Hambombiee pacmpocTpaHeHne
MONMYYHiIN: peHTreHodmyopecrenTHsiii anamm3 (XRF) [5,
6], mazepuo-uckpoBas cnexrpockorus (LIBS) [7], ommxHsst
NK-cnexrpockonus (NIRS) [8] n mpomnT-raMma-HEHTpOHHAS
aktuBanus (PGNAA) [6, 9].

Topnuwuit sicypnan Kazaxcmana Ne2’ 2026
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Tabnuuya 1
Cpasnumenvnas XapaKmepucmuKka co8pemMenHbIX Memooos
IKCHpecc-ananu3a GromayuoHHbIX RPOOYKNI08 MEOHBIX PYO
Kecme 1
Mpuic kenoepin promayuanslx daivimy eHimoepin
IKCnpecc-manoayoviy 3amanayu d0icmepiniy
CANBICMBIPMATIBL CURAMMAMACDH]
Table 1
Comparative characteristics of modern express analysis
methods for copper ore flotation products

UYro ompene-
Merton p [IpeumymectBa | OrpanuyeHus
JsIeT
XRF Cu, Fe, As Oneparus- Bnusinue
HOCTB, 0e3 Tpo- BJIaru
00TOoNrOTOBKH
LIBS | mukpooOwsemsl | Bricokas dyB- TpeOyetcs
CTBUTEIBHOCTb | KaJIMOpOBKa
NIRS Bnaxunocts, | He paspymaer Hy>xHbI
MHUHEPAJIOTUs Moz
PGNAA Ananms Wneanen mns | JloporosusHa
«B IIOTOKE» KOHBEHEPOB

Kaxxnplii 13 METOIOB MMEET MPEUMYLIECTBA U OIpaHUYeE-
HUSI, OJHAKO MX MHTErpanusi 0OECIeUMBAET KOMIUIEKCHBIN
KOHTPOJIb Ka4ecTBa.

ABTOMaTH3auus U nMppoBU3aLUs

CoBpeMeHHBIE TPEIIPUATHS MIEPEXOIAT K «YMHBIM (habpu-
Kam», T71e KOHTPOJIb Ka4eCTBa BCTPOCH B NNU(PPOBYIO CUCTEMY
yHOpaBiIeHUs. ABTOMaTH3UPOBAaHHBIE MTPOOOOTOOPHUKN 00BE-
muastiores ¢ cucteMamu SCADA, MES, LIMS, gto obecrieun-
BAa€T MPO3PAYHOCTH MPOIIECCOB, ONEPATHBHYIO KOPPEKTUPOB-
Ky IapaMeTpOoB U CHIKEHHUE demoBedeckoro daxropa [10, 11].

B Ka3axcrane y»e BHEIpEHbl aBTOMaTU3MPOBAaHHbIE aHa-
nm3aropsl (Hanmpumep, Boxray Compact/24 (IlBenns), omHako
3apyOekHbIe (PaOpPUKHU TMPOIBUTAIOTCS JajbIIe M aKTHBHO HC-
MOJB3YIOT CHCTEMBI C 3JIEMEHTAaMH MAIIMHHOTO OOydeHHs U
HCKYCCTBEHHOTO MHTEJIICKTA.

Mertposioruyeckoe odecnedeHne 1 CTAaHAAPTHI

KirtoueBBIM yCIIOBHEM JOCTOBEPHOCTH 3KCIpECC-aHaIn3a
SIBIISICTCS. METPOJIOTUYECKOEe O0eCIedeHne: KatnopoBka 000-
pyZOBaHHMs, IPUMEHCHUE JTAJIOHHBIX MaTepHajioB, CTaHIAp-
TH3aLHs METOIMK. MexayHaponHble cTrannaptsl ISO 1 Hary-
onanpHbIe [[OCTHI permaMeHTHPYOT TpeOOBaHMS K TOYHOCTH
1 BOCIIPOM3BOIMUMOCTH pe3ynbTaros [1, 11].

JKO0JI0rHYecKrue U HOPMATHBHBIE ACTEKTHI

Okonoruyeckas 0€30MacCHOCTh CTAHOBUTCS BaKHBIM (aK-
TOpOM BBIOOpa MeTomoB aHaimm3a. COBpEeMEHHBIE CHCTEMBI
JOJDKHBI MHHUMH3UPOBATH OTXOIBI NMPOOOIONTOTOBKH, CHH-
JKaTh BO3ICHCTBHE HA OKPYKAIOIIYIO CPELy M COOTBETCTBO-
BaTh HALMOHAIBHBIM SKOJIOTHYECKIM HOPMaM.

3apy0e:kHbIIi H Ka3aXCTAHCKUHA OMBIT
B KazaxcraHne BHEIpEHHE IKCIIPECC-METOIOB U aBTOMATH-
3UPOBAHHBIX CHCTEM HAXOAWTCS Ha CTaJWU aKTUBHOTO pa3-

Topnwviir srcyprnan Kazaxcmana Ne2’ 2026

Butusi. OCHOBHOE HanpaBJICHUC — aJalTainusd TEXHOJOTHUHA K
MECTHBIM YCIOBHUSM U CHIKeHue 3arpar [10, 11].

3a pyoexom (Apcrpanusi, Kanana, Kuraii) npumensrorces
KOMIIJIEKCHbIE [IU(POBBIE pEeLIeHUs, T/Ie JTaHHbIE dKCIIPecC-a-
HaJin3a UHTETPUPYIOTCS B 061111/16 CUCTEMBI YIIPABJICHUSA ITPE-
npusitueMm. Ocob0e BHUMaHUE YACIISACTCS MPOTrHO3HOW aHaU-
THKE M ONTUMH3ALUH MIPOIIECCOB HA OCHOBE MCKYCCTBEHHOTO
unresviekra (Al) [1, 6-8].

IIpakTHyeckast anpodanusi aBTOMAaTU3UPOBAHHBIX CH-
cTem Ha npeanpusaTusx Kazaxcrana

B TOO «Kopnopamust Kazaxmbic» Ha Bcex 000oraruTesb-
HBIX (paOpukax IUisi aHaJU3a MCXOJHOHM py/Abl B IIOTOKE Ha
KOHBEHEPHOM TPAHCIIOPTE BHEIPEHbI OTEYECTBEHHBIE PYIIO-
KOHTPOJIUPYOIUE CTAHIMU Ha 0a3e PeHTICHO(IYOPECIICHT-
HbIX Jlaboparopusix npudopos PIII1-21 (TOO «Acnanl'EOy,
. AJiMater).

[T

Puc. 1. PynokoHTpoaupyoIas cTaHuus: o0uii BUI
H ycTaHOBKA Ha JKe3ka3ranckoii odorarurenbHoOM
(adpuxe Ne 2.

Cyper 1. Ken 0akbliay cTAaHIHACHI: AKaJIbI KOPiHici
oHe XKeskasran OaiibiTy padpukacel Ne 2-ge
OPHATBLITYBI.

Figure 1. Ore control station: general view and
installation at Zhezkazgan processing plant No. 2.

J1s OLIEHKM JIOCTOBEPHOCTH TOKAa3aHUH PYIOKOHTPOIHPYIO-
IMX CTaHIMH CHCTEMaTHMYeCKH BBINTONHIETCS CpaBHEHHE C pe-
3yIbTaTaMK XMMHYECKOTO aHaIM3a CIIMBHOTO onpobosanust. Huske
B Ta0nuie 2 Mpe/CTaBlIeHbl CpaBHUTENbHbIE JIaHHbIE 32 2024 rox
1o JKe3kazranckum oborarurenbHbM padprkam NeNe 1, 2 [12].

1,50
130
110
090 —

0,70

0% 084 Q_§3 082 084 086 084 g5 0.81 0.83

ol S Q
¥ 8 N

087 g3 085 087 086 455 486 g5 083 083 08 081 085

e P!

os2 086 og 084
e O

S < ¥ c:?«'

EC I

e Fmemcim
Puc. 2. I'padux cxonumocTu pe3yabTaToB 10 MeIH 10
naHHbIM PKC u caimBHOrO onpodoBaHusi 1o d6ajaHcy B
MOCTYNAIOIEM ChIpbe.

Cyper 2. Mbic 6oiibinma PKC nepexrtepi MeH ciIMBTeH
cbIHAMa aJ1y HITHKeJIepiHiH yilieciMainik rpaduri.
Figure 2. Convergence graph of copper assay results
based on RCS data and overflow sampling.



53
Oboraterte oMe3HbIX MCKOMAEMBIX

Tabnuua 2
Pesynomamut cpasnumensrozo ananuza oannvix PKC u cnuenozo onpobosanus
Kecme 2
PKC oepexmepi men cnusmen colnama aiy HIMuicenePinin canvlCmblpmaisl maaiodaysl
Table 2
Results of comparative analysis of ore control station data and overflow sampling
SlHBaps Despanb Mapt Anpeinb Mait Hions
Haumenoanue
PKC | Cnus pasHit- PKC | Cnus pasHit- PKC | Cius pasHit- PKC | Cimus |pasnun| PKC | Cius pasHit- PKC | Cius pasHit-
na ma ma ma ma
BXP 0,73 | 0,73 0 0,70 | 0,69 | 0,01 | 0,69 | 0,64 | 0,05 | 0,69 | 0,63 | 0,06 | 0,71 | 0,67 | 0,04 | 0,71 | 0,69 | 0,02
IOXP 0,72 | 0,72 0 0,69 | 0,69 0 0,70 | 0,68 | 0,02 | 0,70 | 0,65 | 0,05 | 0,70 | 0,69 | 0,01 0,67 | 0,66 | 0,01
3araHbIi 0,66 | 0,67 | -0,01 | 0,65 | 0,64 | 0,01 0,72 | 0,68 | 0,04 | 0,68 | 0,63 | 0,05 | 0,70 | 0,67 | 0,03 | 0,69 | 0,67 | 0,02
Kunawguuckuit | 0,97 | 095 | 0,02 | 096 | 092 | 0,04 { 090 | 082 | 0,08 | 0,99 | 0,89 | 0,10 | 0,94 | 0,88 | 0,06 | 093 | 0,87 | 0,06
Komapr 1,28 1,33 | -0,05 | 1,30 1,31 | -0,01 | 1,36 | 1,32 | 0,04 1,38 1,25 | 0,13 1,37 1,43 | -0,06 | 1,36 | 1,36 0
Bcero chipbs: 0,84 | 0,85 | -0,01 [ 0,83 | 0,82 | 0,01 | 0,85 | 0,81 0,04 | 087 | 0,79 | 0,08 | 0,86 | 0,85 | 0,01 0,86 | 0,84 | 0,02
Hronb ABryct Centa6pb OkTs10pb Hosi0pb Jlexalpb Wroro3a2023 1.
HaumenoBanue
PKC | Coms | P | ke | Cons | P*7 | PrC | Coms | P | PRC | Coms | P2 | pKC | Coms | P2 | PrC | Coms | P* | PRC | Cos | P2
HHUIIa HHULa HHULa HUI[ HUIa HUIa HUIa
BXP 0,73 | 0,69 | 0,04 | 0,66 | 0,62 | 0,04 | 0,66 | 0,67 |-0,01| 0,66 | 0,63 | 0,03 | 0,71 | 0,65 | 0,06 | 0,69 | 0,66 | 0,03 | 0,70 | 0,66 | 0,04
IOXP 0,70 | 0,68 | 0,02 | 0,71 | 0,68 | 0,03 | 0,69 | 0,64 | 0,05 | 0,62 | 0,62 0 0,71 | 0,68 | 0,03 | 0,64 | 0,64 0 0,68 | 0,67 | 0,01
3araHbli 0,67 | 0,63 | 0,04 | 0,71 | 0,67 | 0,04 | 0,68 | 0,70 | -0,02 | 0,67 | 0,66 | 0,01 | 0,68 | 0,66 | 0,02 | 0,64 | 0,62 | 0,02 | 0,68 | 0,66 | 0,02
Kunanguuckuii | 098 | 0,90 | 0,08 | 0,90 | 0,75 | 0,15 | 0,87 | 0,75 | 0,12 | 1,02 | 0,84 | 0,18 | 1,09 | 0,96 | 0,13 | 1,02 | 0,95 | 0,07 | 0,96 | 0,87 | 0,09
XKomapr 1,37 | 1,35 10,02 | 1,39 | 1,34 | 0,05 | 1,37 | 1,47 |-0,10 | 1,26 | 1,36 | -0,10 | 1,22 | 1,34 |-0,12 | 1,23 | 1,33 [-0,10 | 1,32 | 1,35 | -0,03
Beero coipps: | 0,86 | 0,82 | 0,04 | 0,85 | 0,80 | 0,05 | 0,83 | 0,84 | -0,01 | 0,83 | 0,81 | 0,02 | 0,86 | 0,84 | 0,02 | 0,81 | 0,81 | 0 | 085|082 | 0,03

Kak BHIIHO 13 cpaBHEHUS HKCIPECC-aHAIN3 PY/BI B ITOTO-
K€ C IOMOIIBIO PYJOKOHTPOJINPYIOIINX CTAHIUI MTOKa3bIBACT
YAOBJIETBOPUTEIBHYIO CXOANMOCTb U YKIJIaJbIBaeTCs B IIpe-
JIeITbI MEKJIA00PATOPHOTO JOIYCKa C XUMHUUECKUM aHAJIN30M
CJIIMBHOTO ONpoOOBaHMs. B cBA3M ¢ 4eM, JaHHBIE PYIOKOH-
Tponupyromux craHuuii Ha JKeskasranckux u banxanickoi
o0oratuTenbHbIX (padpHuKax NPUMEHSIOT JUIS paclpeeICHUs
CJIMBHOTO METaJlyla MEXJY IIaXTaMH M PyJHHKaMH, T. K. B
CJINB THJPOIMKIIOHOB py/a MOMaaaeT yxe B cMecH. Kpome
TOTr0, pacCMaTpPUBAETCs BOIPOC O NMPUMEHEHUH AaHHBIX PY-
JOKOHTPOJINPYIOIIUX CTAaHIUH B TOBapHOM OanaHce meral-
n0B. B Takom ciryuae, o0beM paboT 1o onpoOOBaHHIO U XHU-
MHYECKOMY aHalIM3y Ha CIUBE I'MJPOLMKIOHOB MAaKCHMallb-
HO COKPATHUTCSl, U OCTaHEeTCs JIMLIb JUIs TEePHOANYECKOTO
KOHTpPOJISI TIOKa3aHUi MprOOPOB M MX KAJIMOPOBKH IO Mepe
HEO00X0IUMOCTH. DTO MO3BOJIUT 00ECIICUUTh ONIEPAaTHBHOCTD
TIOJYYCHHUS TaHHBIX O KauecTBe rnepepadaTbiBaeMOro ChIpbs
1 3HAYUTEJIHO COKPATUTh PACXOJbl HA MPOLECCH KOHTPOJIS
KauecTBa.

[TonmoxkuTenbHbIe Pe3ysbTaThl BHEAPEHHUS dKCIpecc-aHa-
JU30B pyasl Ha oborarutenbHbIX (pabpukax B TOO «Kop-
ropanusi KazaxMpIc» MO3BOIWIM MEPEHTH K CIEIYIOIEMY
9Taly aBTOMaTH3alMK — SKCIIPECC-aHAIN3Y TOBAPHOTO KOH-
LIEHTpAaTa B MOTOKE MPU MOCTYIUICHUU Ha MeJICIUIaBUIIbHBIC
3aBoAbl. B ampene 2024 r. na JKe3kasraHckoM MejernJa-

BWJILHOM 3aBOJI€ B LieX€ MOATOTOBKHU LIMXTHI HA KOHBEHepe,
TPAHCIOPTUPYIOIIEM TOBApPHBIA KOHIIEHTpAT, YCTaHOBJIECHA
pydOKOHTpoJupytomas ctanuusi. CpaBHUTENbHBIN aHaIN3
C JCHCTBYIOIIMM METOJOM ONMPOOOBAaHHS M aHAIIM3a TaKKE
MOKA3bIBACT XOPOIIYI CXOIUMOCTH (10 2% OTHOCHUTEIB-
HbIX). [locie Habopa MOCTATOYHBIX CTATUCTUYCCKUX TaH-
HBIX OyJIeT MPUHUMATHCS PEHICHUE O MPUMCHCHHH TaHHBIX
9KCIIpecc-aHalu3a B OMEPAaTUBHOM YyuYeTe M ONTHUMHU3AIUU
MPOLECCOB KOHTPOJIS KauecTBa.

O0cy:xnenue

CpaBHEHHE OTEUYECTBEHHOI'O M 3apyOeKHOTO OIIbITa IOKa-
3bIBaeT, yTo Kazaxcran HaxoAMTCs HA MyTH K HU(PPOBU3AIMN
MIPOLIECCOB MPOO0OTOOpa U aHAJIM3a, OTHAKO TPEOyeTCs YCKO-
pEHHE BHEIPEHUS! MHTEIIEKTyalbHbIX CHCTEM U COBEPIICH-
CTBOBaHME HOpMaTuBHOI 0a3bl. [IpakTndeckne nannsie TOO
«Kopnopaumst KazaxMbIcy MOATBEPKAAIOT, YTO aBTOMAaTH3H-
pOBaHHBIC PYIOKOHTPOJIMPYIOIIHE CTAHIMK OOECHEUHBAIOT
BBICOKYIO CXOIMMOCTb C JJa0OPaTOPHBIMH PE3yJIbTaTaMH, 4TO
TIO3BOJISIET MCIIOIB30BATh UX JUISi ONEPATHBHOTO YIPABICHHS
TEXHOJOIMUECKUM MPOLECCOM.

3apyOexHble MCCIEIOBAaHUS IMOATBEPXKIAIOT S(PHEKTHB-
HOCTB NPUMEHEHHsI on-line M in-stream aHAJIUTHYCCKUX CH-
CTEM JIJIsl IOBBIIIEHUS] TOYHOCTU U ONEPATUBHOCTH TEXHOIO-
THYECKOTO KOHTPOJISI HA 000raTuTeIbHbIX (adpukax [6—8].
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3akJil0ueHne

CoBpeMeHHBIE METO/IbI OTIPOOOBAHMS 1 SKCIPECC-aHaIH3a
MO3BOJISIIOT CYHIECTBEHHO IIOBBICUTH TOYHOCTH M ONEPATHB-
HOCTH KOHTPOJIS (pIIOTAIIMOHHEIX TporieccoB. Hambomnee mep-
CIIEKTHBHBIMH HAITPABICHUSIMH SBIISIOTCSL:

- pasgumiue pobomusupOSaAHHBIX NPOOOOMOOPHUKOS,

- unmeepayus XRE, LIBS, NIRS u PGNAA 6 edunvle xom-
NAeKChl,

- ucnonvsosanue yu@dposvlx niamepopm u Al orns npoeHos-
HOU AHATUMUKU,

- yCuienue Mempoiocuiecko2o obecneuerus u coomooeHue
cmanoapmos ISO/I'OCT;

- HEOpeHUe IKONOSUYECKU De30NACHBIX MemOo008 AHANU3d,

- pacwupenue NPUMEHeHUsl a8MOMAMU3UPOGAHHbIX CU-
cmem 015t NOGbIUUEHUSL OOCMOBEPHOCIU NPOU3E00CINEEHHO20
KOHMPOIIs.
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N. Abdimutalip, *G. Toychibekova, K. Baeshova, A. Adilbay
Khoja Akhmet Yassawi International Kazakh-Turkish University (Turkestan, Kazakhstan)

INFLUENCE OF GEOLOGICAL
CONDITIONS ON FORMATION

OF CARBONATE-HYDROCARBONATE
WATERS OF THE KOSKORGAN RESERVOIR

Abstract. The carbonate-hydrocarbonate composition of the surface waters of the Koskorgan reservoir is formed in conditions of an arid climate and the carbonate
geological structure of the catchment, which determines its hydrochemical specificity. The work analyzed the seasonal dynamics of HCOs~ and COs*" ions according to field
observations of 2023-2025. The concentrations of hydrocarbonates ranged from 142.3 to 197.6 mg/dm?, the average values for the seasons were 168-185 mg/dm?® with
a standard deviation of 14-26 mg/dm? and a coefficient of variation of 8-15%, which indicates the relative stability of the hydrocarbonate system. It has been established
that a seasonal increase in carbonate content can reduce the irrigation suitability of water due to the risk of alkalization of soils, which must be taken into account when
using the Koskorgan reservoir for water management.

Key words: Koskorgan reservoir, water carbonate content, hydrocarbonate ions, seasonal variability, hydrochemical mode, coefficient of variation, irrigation suitability
of water.

leonorusIbIK KAFIARIAPIBIH KOCKOPFAH Cy KOMACHIHBIH KAPOOHATTHI-THIPOKAPOOHATTHI CyIaphIHbIH TY3LIyiHe dcepi

Amnjarna. KockopraH ¢y KOMMAaCBIHBIH JKep YCTI CyIapbIHbIH KapOOHATTHI-THAPOKAPOOHATTHI KYPaMBbl Cy JKHHAYABIH apHATI KINMaThl MCH KapOOHATTHI T€OIOTHSLIBIK
KYPBUIBIMBI JKaFIaifbIH/1a KasblTacasl, OyJ1 OHbIH ruapoxuMusuibiK epekeriri. JKymbicra HCOs™ sxone COs?” HOHIApBIHBIH MayChIMIBIK IHHAMUKACHIHA Ty JKacal-
el 2023-2025 sxpunapaarsl 3aTTai GakpuiayIapIbH IepeKkTepl OOWbIHIIA THPOKapOOHATTapAbIH MIOFbIpianybl 142,3-ten 197,6 Mr/aM-re neiiin e3repi, MaychIMaap
GoiibiHina opraira MoHaep 168—185 Mr/oqM Kypajisl CTaHAAPTTHI aybITKY Kesinge 14-26 mr/mM sxoHe Bapuaims koddduimenti 8—15%, Oy ruapokapOoHar xkyiteciHiy
CaJIbICTBIPMAIIBI TYPAKTBUIBIFBIH KopceTe/ai. KapOoHATTBUIBIKTEIH MayChIM/BIK KYIICIOl TONBIPAKTHI CLITIICY Kaylli eCeOIHeH CYAbIH HPPUraIlHsUIbIK JKapaMIbLIBIFBIH TO-
MEH/IETYi MYMKiH €KeHi aHBIKTAJI/Ibl, OHbI KOCKOpFaH Cy KOMMAChIH Cy MIapyallbUIbIFBIH/A [alijalaHy Ke3iH/e eCKepy KakKerT.

Tyiuiinoi co3dep: Kockopzan cy Koumacwl, cyobly KapOOHAMMmMbLIblebl, UOPOKAPOOHAMMbL UOHOAD, MAYCHIMObIK, 032ePMENiNIK, SUOPOXUMUSIBIK DEXCUM, BAPUAYUsL
KO3 Puyuenmi, cyobiy UpPULAYUSIILIK HCAPAMOBLIBIZb.

Biusinue reoJiorudeckux yCJ'IOBI/Iﬁ Ha oﬁpasona}me KapﬁOHaTHO-FHZIpOKapﬁOHaTHLIX BOI BOAOXPAaHUJ/IMIIA Kocxopraﬂ

Annorauus. KapooHaTHO-rHpOKapOOHATHBIH COCTAB NMOBEPXHOCTHBIX B0 KOCKOpraHcKoro BoaoXpaHuauiia (popMUpyeTcs B yCIOBUSAX apHIHOIO KIIMMara U Kap-
GOHATHOIO reOIOrNYECKOr0 CTPOCHHUS BOAOCOOPA, 4TO ONpPEALIIeT ero F’HAPOXUMHUYECKYIo creluduky. B pabore BbinonHeH aHaan3 ce30HHON auHamuku noHoB HCOs™ u
COs* 1o JaHHBIM HaTypHBIX HaOmogeHnid 20232025 rr. KoHuenTpauun rugpokap6oHaToB BapbupoBamy ot 142,3 1o 197,6 Mr/am?, cpefiHue 3HAYCHUS 110 CE30HAM
cocraBmin 168—185 mMr/am?® npu cranzapTHOM OTKIOHeHHH 14-26 Mr/aM® n koadduunente Bapuannu 8—15%, 4To yka3biBacT Ha OTHOCUTEIBHYIO yCTOHYHBOCTD THAPO-
KapOOHATHOH CHCTEMBI. YCTaHOBJIEHO, YTO CE30HHOE YCHJIEHHE KapOOHATHOCTH MOYKET CHHKATh UPPUTALIMOHHYIO TIPUIOHOCTH BOJIBI 3@ CUET PHCKA OIE/IauyMBaHHs 110YB,
4TO HEOOXOIMMO YUHTHIBATh IIPU BOJIOX03AHCTBEHHOM HCIIO/Ib30BaHNN KOCKOPraHCKOro BOJIOXPAaHHIIUIIA.

Kniwouesnie cnosa: Kockopzaickoe 6odoxpanunuuje, KapooHamnocms 600bl, 2UOPOKAPOOHAMHbLE UOHBL, CE30HHAS USMEHYUBOCIb, 2UOPOXUMUECKULL PeICUM, KOIDDu-

yuenm sapuayuu, uppucayuonHas npueodnocmb 600bl.

Introduction

Reservoirs play a key role in regulating the water resources
of arid and semi-arid regions, such as South Kazakhstan, pro-
viding irrigation, water supply to settlements, ecosystem sus-
tainability and economic development of rural areas. One of
these objects is the Koskorgan reservoir, built in the middle of
the 20th century in the Turkestan region with the aim of accu-
mulating and using water for irrigation and household needs.
Despite the importance of the infrastructure, the current state
of the hydrological regime and the chemical composition of
water in this reservoir remains poorly studied, especially from
the point of view of the influence of geological conditions on
the formation of the hydrochemical profile of dissolved car-
bonate-hydrocarbonate ions in the water mass. The relevance
of this study is determined by a set of interrelated causes. First
of all, over the past decades, the Koskorgan reservoir and adja-
cent water bodies have been subjected to increasing influence
of climatic factors and anthropogenic activity, which is man-
ifested in a decrease in inflow volumes, transformation of the
hydrological regime and a change in the chemical composition
of water. According to research data over the past thirty years,
a decrease in the average annual water inflow and an increase
in temperature indicators are recorded in the region, which
determines the redistribution of minerals and an increase in
the level of general mineralization of water bodies. So, in the
period from 1994 to 2024, the value of the total mineraliza-
tion of the waters of the Koskorgan reservoir increased from
0.8-1.0 g/l to 1.5-1.7 g/, while the concentrations of individ-
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ual anions, including nitrates and sulfates, exceeded regional
sanitary standards by 15-20%.

Secondly, the chemical composition of water, includ-
ing concentrations of carbonate (CO;3*") and hydrocarbonate
(HCOs") anions, is largely determined by the geological and
mineralogical features of the catchment basin. The formation
of carbonate-hydrocarbonate type of water, as a rule, is as-
sociated with the processes of weathering and dissolution of
carbonate rocks, such as limestones and dolomites, common
within the catchment area, which affects the overall hardness,
alkalinity and buffer capacity of the aquatic environment [1—
2]. These processes are of particular importance in areas with
a complex geological structure and lithological heterogeneity,
where the filtration of waters through carbonate-containing
horizons helps to intensify the migration of calcium, magne-
sium, sodium ions and associated acid anions. At the same
time, the detailed mechanisms of the geologically determined
formation of the chemical composition of the waters of the
Koskorgan reservoir remain insufficiently studied, which leads
to gaps in regional hydrochemical models [3].

The purpose of this study is a comprehensive analysis of the
impact of the geological structure of the catchment basin on
the formation of carbonate-hydrocarbonate ion composition of
the waters of the Koskorgan reservoir. The work provides for
the identification of sources and mechanisms of ingress of dis-
solved technogenic components, as well as the study of geo-
chemical processes of interaction of the aquatic environment
with host rocks. The implementation of this goal will make it
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possible to clarify the patterns of migration and transforma-
tion of the main anions and cations within the reservoir and
form scientifically based prerequisites for predicting changes
in water quality under conditions of climatic variability and
anthropogenic impact.

To achieve this goal, the study provides for the following
interrelated tasks:

1. Description of the geological structure of the reservoir
catchment area with identification of the predominant litho-
logical complexes;

2. Analysis of the spatial and temporal dynamics of the
content of carbonate-hydrocarbonate anions and associated
cations in water based on the results of hydrochemical studies;

3. Comparison of the data obtained with the results of sim-
ilar studies performed on reservoirs and natural water bodies
of Kazakhstan and foreign territories,

4. Identification of key geochemical processes that form the
ion-chemical appearance of the reservoir [4].

The methodological base and testing of the applied ap-
proaches are based on many years of domestic and internation-
al experience in the field of hydrochemical analysis of natural
waters and geochemical modeling. In scientific works devot-
ed to the study of the chemical composition of surface and
groundwater in Kazakhstan, it has been shown that most water
bodies are characterized by a hydrocarbonate-calcium-magne-
sium type of water, increased alkalinity and significant hard-
ness, which is due to the geological features of catchment
basins. Thus, comprehensive studies of the hydrochemical
regime of the waters of the Irtysh river basin revealed a wide
distribution of hydrocarbonate anions in combination with cal-
cium and magnesium ions, which is typical for territories com-
posed of carbonate-containing rocks [5]. These results confirm
the need to take into account the lithological composition and
water-geochemical processes when analyzing and predicting
the quality of water resources.

Foreign scientific literature contains an extensive body of
research on the role of geochemical factors in the formation
of the properties of the aquatic environment. The results of
work performed in various physical and geographical condi-
tions indicate that the processes of leaching and dissolution of
carbonate rocks are one of the determining mechanisms for the
accumulation of hydrocarbonate ions in surface and ground-
water, especially in regions with a temperate and arid climate.
Studies of the chemical composition of watercourses of moun-
tainous and foothill territories, including the rivers of Crimea
and areas comparable in geological structure, revealed a stable
relationship between the lithological composition of water-
sheds and the predominant hydrochemical types of water. The
obtained data confirm the leading role of the geological factor
in the formation of carbonate-hydrocarbonate orientation of
the ionic composition of natural waters [6—7].

The scientific novelty of this work is determined by an inte-
grated approach based on the joint use of data from geological
and structural analysis and the results of hydrochemical stud-
ies, which makes it possible to reveal the causal mechanisms
of the influence of the lithological structure of the catchment
area on the formation of the chemical composition of the wa-
ters of the Koskorgan reservoir. A similar level of detail and
systematization for this region was not previously implement-

ed. It is assumed that the obtained results will make it possible
to concretize the role of the main geochemical processes in the
formation of concentrations of carbonate and hydrocarbonate
ions, as well as to develop a prognostic model of changes in
water quality under the influence of natural and technogenic
factors. In general, the study is an actual scientific work fo-
cused on an in-depth understanding of the relationships be-
tween the geological features of the catchment basin and the
hydrochemical state of one of the significant water manage-
ment facilities of the Turkestan region. The results can be used
in a wide range of applied areas, including hydrogeochemistry,
environmental monitoring systems and science-based water
management in the region.

Research materials and methods

The empirical basis of this work was the results of com-
prehensive hydrochemical, geological, geographical and hy-
drological studies of the waters of the Koskorgan reservoir
and its catchment area, carried out in 2023-2025. The ob-
ject of the study was the surface waters of the reservoir, the
formation of which is determined by a combination of natu-
ral geological factors and modern hydrological conditions.
Concentrations of carbonate (C0Os*) and hydrocarbonate
(HCOs") ions were considered as the subject of the study, as
well as their relationship with the lithological features of the
catchment basin.

The Koskorgan reservoir is located within the Turkestan re-
gion and is confined to the zone of a sharply continental arid
climate, characterized by pronounced uneven precipitation and
a high level of evaporation. The average annual rainfall in the
study area is about 200-300 mm, while the value of potential
evaporation reaches 800-900 mm per year, which contributes
to the concentration of dissolved components in the aquatic
environment. The geological structure of the catchment basin
is represented mainly by sedimentary deposits of the Mesozoic
and Cenozoic age, among which limestones, dolomites, marls
and carbonate-containing siltstones are widespread, which
play a significant role in the formation of hydrocarbonate type
of water.

Water samples were taken in accordance with applicable
national and international regulations governing surface wa-
ter quality monitoring. Sampling was carried out in the char-
acteristic hydrological zones of the reservoir, including sec-
tions of the main tributary, the central part of the water area
and the zone of spillway structures. During the observation
period, more than 60 samples were taken in various hydro-
logical seasons (spring, summer and autumn), which ensured
that the seasonal variability of hydrochemical indicators was
taken into account. Samples were taken from the surface
layer of water at a depth of 0.3-0.5 m using pre-prepared
polyethylene containers with a volume of 1 liter. Preserva-
tion of samples was carried out by cooling and transporta-
tion to laboratory conditions no later than 24 hours from the
date of sampling. Chemical and analytical studies of water
samples were carried out in accordance with applicable reg-
ulations and state standards governing methods for assessing
the quality of surface water. Determination of the hydrogen
index (pH) was carried out according to the requirements of
GOST 33045-2014 «Water. Methods for determining pH»,
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[8] the value of total mineralization was established in accor-
dance with GOST 18164-2014 «Drinking water. The method
for determining the dry residue», [9] and the total hardness
of water was determined in accordance with GOST 31865-
2012 «Water. Determination of total stiffness» [10]. Concen-
trations of hydrocarbonate and carbonate ions were deter-
mined by the titrimetric method in accordance with GOST
31957-2012 «Water. Methods for Determining Alkalinity
and Carbonate Hardness» [11] using standard acid solutions
and corresponding indicators. All stages of analytical work,
including sampling and preparation of samples, were carried
out in compliance with the requirements of GOST 31861-
2012 «Water. General Requirements for Sampling», [12]
which ensured reproducibility, comparability and reliability
of the results obtained.

Laboratory studies included the determination of the main
physicochemical characteristics of water, such as hydrogen in-
dex (pH), total mineralization, total hardness and alkalinity,
as well as the quantitative content of carbonate and hydrocar-
bonate ions. pH values were determined potentiometrically
using a calibrated pH meter and measured immediately after
the samples were delivered to the laboratory. Total alkalinity,
reflecting the total concentration of hydrocarbonate and car-
bonate forms, was determined by the titrimetric method us-
ing a standard solution of hydrochloric acid and indicators of
phenolphthalein and methyl orange. Hydrocarbonate ion con-
centrations were calculated based on titration data, taking into
account the pH value and temperature corrections.

To assess the carbonate equilibrium and hydrochemical
type of water, traditional methods of hydrochemical calcu-
lations were used, including the analysis of the ion balance
and the ratios between the main anions and cations. Particular
attention was paid to the study of the ratios Ca?*-HCOs™ and
Mg?*-HCO;s", which make it possible to assess the degree of
influence of the dissolution processes of carbonate rocks on
the chemical composition of water. The obtained results were
compared with regional background values for surface waters
of Southern Kazakhstan, as well as with current sanitary and
hygienic standards.

The geological study of the catchment basin was carried
out on the basis of an analysis of geological maps of scales
1:200,000 and 1:500,000, as well as a generalization of the
materials of published regional geological and hydrogeologi-
cal studies. Lithological analysis made it possible to establish
the main sources of carbonate and hydrocarbonate ions enter-
ing the water system (figure 1).

Additionally, a comparative geographical approach was
used, in which the hydrochemical parameters of the Koskor-
gan reservoir were compared with the characteristics of simi-
lar reservoirs in arid regions of Kazakhstan and adjacent terri-
tories. Statistical processing of the results was performed us-
ing standard methods of variational statistics. Mean, minimum
and maximum values of ion concentrations were determined,
as well as coefficients of variation characterizing spatial and
seasonal variability of indicators. Correlation analysis was
used to identify relationships between water chemistry and
geological factors, the results of which were used to interpret
the leading geochemical processes of carbonate-hydrocarbon-
ate water formation.
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Figure 1. Map of the studied area of the Koskorgan
reservoir.
Cyper 1. KockopraH cy KOMMAaCBIHBIH 3epTTe/IeTiH
ayMarbIHbIH KapTachl.
Puc. 1. Kapra uzy4yaemoii TeppuTOpHHU BOAOXPAHUJIMILA
Kockopran.

Statistical processing of experimental data was carried out
using methods of variational statistics, widely used in hydro-
chemical and geoecological studies. Arithmetic mean was cal-
culated for each parameter x, minimum and maximum values,
and standard deviation ¢ determined by the formula:

(D

where x; — individual value of the indicator;

X — arithmetic mean;

n — number of observations. The coefficient of variation
was used to estimate the degree of variability:

g
V= =X 100%. )

The relationship between hydrocarbonate ion content and
geological factors was estimated using Pearson’s linear cor-
relation coefficient:

r= Y- -y , 3)
VEx -3y -y)?

that made it possible to identify statistically significant depen-
dencies and interpret the leading geochemical processes of for-
mation of carbonate-hydrocarbonate composition of waters.
The comprehensive application of field, laboratory and ana-
lytical methods ensured high reliability and reproducibility of
the results obtained and made it possible to comprehensively
assess the impact of the geological conditions of the catch-
ment basin on the formation of the chemical composition of
the waters of the Koskorgan reservoir. The obtained data form
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the scientific basis for further monitoring of the state of the
water body and the development of recommendations for the
rational use and protection of water resources in the region.

Results and discussion

During the study, an analysis was made of the content of
carbonate and hydrocarbonate ions in the water of the Koskor-
gan reservoir and adjacent areas in the city of Kentau and its
environs. Samples were taken at three characteristic points re-
flecting the influence of both natural geological conditions and
local anthropogenic factors. The results obtained are presented
in Table 1 and served as the basis for the analysis of the spa-
tial variability of the carbonate-hydrocarbonate composition
of water.

Analysis of the data showed that the content of carbonate
ions (CO5? ") in the studied water samples is insignificant and

varies from 4.8 to 6.0 mg/dm?. The highest value of carbon-
ates (6.0 mg/dm?®) was recorded at the point at the entrance
to the city at a distance of 150 m from the traffic police post,
while the minimum concentration (4.8 mg/dm?) was noted in
the same zone during repeated measurement. In the coastal
zone of the Koskorgan reservoir, as well as in the area of the
Kusshy-Ata bridge, carbonate ions were not found, which in-
dicates a slightly alkaline reaction of the environment and a
shift in carbon dioxide equilibrium towards the predominance
of the hydrocarbonate form.

Hydrocarbonate ions (HCOs") at all points studied were
the dominant anionic component of the aqueous medium. The
maximum concentration of hydrocarbonates was recorded at
the entrance to the city and amounted to 197.6 mg/dm?, which
indicates an intensive interaction of surface water with car-
bonate-containing rocks of the catchment basin. In the coastal

Table 1

Seasonal and interannual dynamics of carbonate-hydrocarbonate composition of water and related indicators
in the Koskorgan reservoir and adjacent areas (2023-2025)

Kecme 1

Kockopzan cy Koumacol men ipzenec ayoanoapoazot CyovlH KapooHammaol-2uopoKapooOHammuol KYpAMbIHbLY JHCIHE
OHBIMEH OAUIAHBICIbL KOPCeMKIUmepoin MaycolMObIK HeIHe HCebLI0bIK cepnini (2023—2025 ncarc.)

Tabnuuya 1

Ce30HHan u Mexce0006as OUHAMUKA KAPOOHAMHO-2UOPOKAPOOHAMHO20 COCMABA 800bl U CEA3AHHBIX C HEll
nokazameneii ¢ Kockopzanckom sodoxpanunuwie u npunezarowux paiionax (2023-2025 zz2.)

HCO;~ Water Total . .
Carbonates . Ecological interpretation
Year Season COs"- mo/dm? hydrocarbonates, temperature, pH | salinity, (impact on hydrobiota)
s, me mg/dm? °C g/dm? P Y
Favorable conditions,
Spring 4.5 145-155 12-15 7,6 0,9-1,0 activation of
phytoplankton
Summer 6,0 185-198 2428 8,1 | 14-1,6 | Alkalinity growth,
2023 increased bioproduction
Autumn 52 170-180 16-18 79 | 12-13 Stabilization of
ecosystem processes
Winter 4.8 140-150 4-6 75 | 1,0-1,1 _ Slowdown of
biochemical processes
Spring 42 150-160 13-16 77 | 1,01, | NNormalconditions for
zooplankton
Summer 5,8 170-180 25-29 8,0 | 1,5-1,7 |Mmereased salinity, risk of
2004 local eutrophication
Autumn 53 160-170 17-19 78 | 13-14 | Steady state ofaquatic
environment
Winter 5,1 145-150 3-5 74 | 1,1-12 Minimal biological
activity
. Biota recovery after
Spring 4.8 155-165 14-17 78 | 1,1-12 !
winter
Summer 6,0 185-195 26-30 82 | 1,6-1,8 | Maximum load on the
ecosystem
2025 Gradual lization of
Autumn 5,5 170-175 18-20 7,9 | 1,3-1,5 | recuatnotmatzation o
conditions
Winter 5,0 145-150 4-6 76 | 1,1-12 | Stable background-
natural conditions
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zone of the Koskorgan reservoir, the content of hydrocarbon-
ates was 170.8 mg/dm?, and in the area of the Kusshy-Ata
bridge — 142.3 mg/dm?. The observed decrease in the concen-
tration of HCOs™ in the direction from the urban area to the
peripheral areas may be due to differences in the lithological
composition of the rocks, hydrodynamic conditions and the
degree of water contact with carbonate deposits.

Comparison of the obtained values with regulatory require-
ments showed that the concentrations of hydrocarbonates in
all samples do not exceed the maximum permissible value of
45 mg/dm 3 established for drinking water, but are in the upper
range of typical values for surface waters of arid regions. This
indicates increased natural alkalinity of water formed under
the influence of geological conditions, and not about man-
made pollution. The lack of normalization for carbonate ions
also confirms their secondary role in the chemical composition
of the studied waters compared to hydrocarbonates.

A generalized analysis of the data for 2023-2025 was per-
formed to assess the interannual and seasonal variability of
the carbonate-hydrocarbonate composition of the waters of
the Koskorgan reservoir and adjacent areas (table 1). Season-
al values of ion concentrations are presented in the form of
averaged and approximated indicators calculated on the basis
of actual results of laboratory analyzes, taking into account
hydrological conditions, temperature regime and features of
the geological structure of the catchment area. In addition, the
table includes auxiliary physicochemical and ecological-hy-
drochemical parameters that make it possible to assess the ef-
fect of water composition on the state of the hydrobiota and the
environmental stability of the reservoir.

Analysis of seasonal and annual dynamics showed that the
chemical composition of the waters of the Koskorgan reservoir
is characterized by a steady predominance of hydrocarbonate
ions at low or non-fixed concentrations of carbonates, which
corresponds to the hydrocarbonate type of water formed under
the conditions of the carbonate lithological structure of the ba-
sin. In all years of observations, the maximum concentrations
of HCOs™ occur in the summer period (up to 195-198 mg/
dm?), which is associated with an increase in water tempera-
ture, intense evaporation and increased processes of weather-
ing and dissolution of carbonate rocks.

Spring and winter periods are characterized by minimal
concentrations of hydrocarbonates (140—165 mg/dm?), which
is due to dilution with melt and atmospheric waters, as well
as a decrease in biogeochemical activity. Interannual dynam-
ics indicates a trend towards a moderate increase in the total
mineralization and alkalinity of water in 2024-2025, which
can be considered as a consequence of climatic changes and a
decrease in water exchange.

From an environmental point of view, the revealed values
of carbonate-hydrocarbonate ions generally create favorable
conditions for the development of hydrobiota, however, in the
summer, with increased mineralization and pH, local intensi-
fication of eutrophication processes is possible. Thus, the data
obtained emphasize the need for regular hydrochemical mon-
itoring of the reservoir in order to timely assess changes in
water quality and the stability of the aquatic ecosystem.

For an in-depth analysis of the carbonate-hydrocarbonate
composition of the surface waters of the Koskorgan reservoir,
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model spectrophotometric profiles of key forms of inorgan-
ic carbon were formed. Using the spectral approach makes it
possible to determine the relative fraction and degree of stabil-
ity of COs*"and HCOs™ ions in different wavelength ranges, as
well as analyze the effect of hydrogeochemical and tempera-
ture conditions on the features of their distribution in annual
dynamics. The spectra were modeled on the basis of experi-
mental data on concentrations for 2023-2025, which ensures
a correct comparison of the calculated results with the actual
hydrochemical characteristics of the reservoir (figure 2).

Modelled spectrophotometric profiles of carbonate species
Koskorgan Reservoir (2023-2025)

—— HCO:~ (bicarbonates)
— = COs*" (carbonates)

Absorbance (a.u.)

Figure 2. Modelled spectrophotometric profiles of
carbonate (COs*) and hydrocarbonate (HCOs") species in
surface waters of the Koskorgan Reservoir (2023-2025).
Cyper 2. KockopraH cy KoiiMacbIHbIH Kep
ycTi cynapbinaarsl kapooHarTsl (COs? ) skaHe
ruapokapoonarTel (HCO 57) Typiiepain Moaeibae/IreH
cneKTpodoToMeTpHSIIBIK Npopuiabaepi (2023-2025 xik.).
Puc. 2. CMonesmpoBaHHbIe cClIEKTPO(oTOMEeTPpUYECKHEe
npopuian kapooHatHeIX (CO 3 % ) ¥ rHAPOKAPOOHATHBIX
(HCOs") Bu10B B noBepxHOCTHBIX Bogax Kockopranckoro
BoAoOXpaHuMIa (2023-2025 rr.).

As shown in figure 2, spectrophotometric profiles show a
predominance of the hydrocarbonate form, which is expressed
in a higher absorption intensity in characteristic wavelength
ranges compared to carbonate ions. The identified spectral
relationships indicate a stable hydrocarbonate type of water
formed as a result of the interaction of surface waters with car-
bonate-containing rocks under slightly alkaline environmental
conditions. Year-to-year changes in the intensity of spectral
maxima reflect the influence of the temperature regime, water
exchange and evaporation processes, while the ratio of COs*"
and HCOs™ remains within the limits typical of reservoirs with
prevailing geogenic control of chemical composition. The re-
sults obtained confirm the decisive role of geological factors in
the formation of the carbonate-hydrocarbonate regime of the
waters of the Koskorgan reservoir.

To assess the possibility of using the waters of the Koskor-
gan reservoir for irrigation purposes, a comprehensive agro-
ecological interpretation of hydrochemical indicators was car-
ried out. The analysis was carried out taking into account the
international recommendations of the FAO (food and agricul-
ture organization of the united nations) and generally accepted
criteria for assessing irrigation waters, including alkalinity, en-
vironmental response and potential impact on the soil structure
and biota (table 2).
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Table 2
Koskorgan reservoir water irrigation suitability assessment (2023-2025)
Kecme 2
Kockopzan cy aiiovinsin cyapy sxcapamosvinvizeii 6azanay (2023—-2025 scorc.)
Tabnuua 2
Ouyenka npuzoonocmu opouienus éoooema Kockopzan (20232025 22.)
Indicator Value range Eva}lugtlon Agroecological interpretation
criterion
pH 73-8.1 FAO Slightly alkaline reaction, acceptable for most
S (6,5-8,4) cultures
Hydrocarbonates (HCOs"), mg/dm * 140-200 <300 Moderate alkahmty,sg l(;rslsigle risk of secondary
Carbonates (CO5? ), mg/dm® 0-7 <10 Low level, no direct toxic effect
Total alkalinity, mg-eq/dm? 3,5-5.8 <6,0 Borderline admissible
RSC*, mg-eq/dm? 0,8-1,9 <2,5 Moderate risk of soil structure degradation
Water type HCOs;—Ca-Mg -- Geogenically determined hydrocarbonate type
Impact on soil structure - - Possible compaction during long-term irrigation
Impact on soil biota - - Moderate reduction in microbial activity at pH > 8

As follows from the data in table 2, the waters of the
Koskorgan reservoir generally meet the requirements for irri-
gation waters, but are characterized by increased hydrocarbon-
ate alkalinity. With short-term use, such waters can help stabi-
lize the reaction of the soil solution, while with prolonged and
intensive irrigation, the risk of degradation of the soil structure
and suppression of the soil biota increases. This requires the
introduction of adaptive reclamation measures and regular
monitoring of the chemical composition of the water.

In order to establish the mechanisms for the formation of
the carbonate-hydrocarbonate composition of the waters of
the Koskorgan reservoir, an analysis was carried out of sea-
sonal changes in the concentrations of COs*~ and HCOs™ ions
in comparison with the main control factors, including the
environmental reaction (pH), temperature conditions, gas re-
gime (dissolved CO:) and evaporation intensity. The use of an
integrated approach makes it possible to assess not only the
quantitative variability of the ionic composition, but also the
factors that determine the shift of the carbonate equilibrium
under various hydrological and climatic regimes (figure 3).

As shown in figure 3, seasonal variability in carbonate and
hydrocarbonate ion content is closely related to pH dynamics,
water temperature and gas regime characteristics. In the warm
period, an increase in temperature and an increase in evapora-
tion processes are accompanied by a decrease in the concen-
tration of dissolved CO: and an increase in pH, which leads
to an increase in the proportion of the carbonate form. In the
spring-autumn and winter seasons, at lower temperatures and
increased solubility of CO:, a stable predominance of hydro-
carbonate ions, typical of waters with geogenic carbonate con-
trol, remains. The identified dependencies confirm the decisive
influence of geological and hydrogeochemical conditions of
the catchment on the formation of a stable carbonate-hydro-
carbonate regime of the waters of the Koskorgan reservoir.

To interpret the mechanisms of formation of carbonate-hy-
drocarbonate composition of the waters of the Koskorgan res-
ervoir, a conceptual scheme of carbonate equilibrium in the

Seasonal formation of carbonate species controlled by pH,
temperature, ime and evaporation (Koskorgan Reservoir)

—8— HCOs~ (mg/dm?) sl
increase _g. Cos*~ (mg/dm?)
Water temperature influence

€O fraction

Dissolved CO: influence
Sk pH apt
R E)

lon concentration (mg/dm?)
5
8
M
3
H
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Figure 3. Seasonal redistribution of inorganic carbon
forms (HCOs™ and CQOs*) driven by temperature,
evaporation, and dissolved CO: regime.

Cypert 3. Temneparypara, Oy;anyra sxoHe epitiniren CO
pexxuMize 0aiIaHbICTBI KOMIpPTeriHiH OellopraHuKaIbIK
Hbicanaapbii (HCO;s™ xane COs*) MaychbIMIBIK KaidTa 0eJ1y.
Puc. 3. Ce3oHHOe nepepacripeeieHne HeOPraHUYeCKUX
¢opm yrinepoga (HCOs u COs*), 00ycsioBjIeHHOE
TeMIIepaTypoii, HcapeHHeM U Pe;KHMOM
pactBopennoro CO.

CO:—HCOs— COs* system was used. This approach allows
us to visualize the effect of the reaction of the medium (pH),
gas regime and temperature conditions on the redistribution
of forms of inorganic carbon in natural waters and explain the
revealed predominance of hydrocarbonate ions (figure 4).

As shown in figure 4, the distribution of inorganic carbon
forms in the waters of the Koskorgan reservoir is determined
mainly by the reaction of the medium. In the pH range of 6.3—
8.3, characteristic of the studied waters, the dominant form is
the hydrocarbonate ion, which is consistent with the exper-
imentally determined concentrations of HCOs". An increase
in pH in the warm season due to photosynthetic activity and
a decrease in the solubility of CO: leads to a shift in equi-
librium towards the carbonate form, while in the cold period,
with an increase in the content of dissolved carbon dioxide, the
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Carbonate equilibrium system COz-HCOs~-COs?~
with pH-controlled transitions

T T
CO: / H2COs dominant HCOs~ dominant COs*~ dominant

CO:2 + H20
= H2C0s

HCOs-
(main form)
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Figure 4. Carbonate equilibrium system (CO.-HCOs—
COs*) and pH-controlled transitions in natural waters.
Cyper 4. Taburu cynapaarbl KapOOHATThI Tele-TEHAIK

ikyie (CO:-HCOs—COs5?) xoHe pH-0aKkbl1aHATBIH

oTKeJIep.
Puc. 4. Kapoonarnas papHoBecHast cuctema (CO:x—
HCO:—-COs?) u pH-koHTpO/IHpYyEMBIE IIEPEXOAbI
B NIPHPOIHBIX BOJAX.

proportion of hydrocarbonates increases. Thus, the carbonate
equilibrium reflects the stable geogenically determined nature
of the chemical composition of the waters of the Koskorgan
reservoir.

To illustrate the application of statistical methods, the aver-
aged seasonal values of the concentrations of hydrocarbonate
and carbonate ions obtained from three observation points in
2023-2025 were used.

Arithmetic mean calculation (X):

165+ 148+ 182 +195 690
1 =7 = 172.5 mr/am3

HCOs: x=
45+7.2+51+3.8 20.6

2-e G —
COs*: x= 1 =

= 5.15 mr/am3

Calculation of standard deviation (¢): HCO:s™

Xi Xi— X (xi — x)?
165 =75 56.25
148 —24.5 600.25
182 9.5 90.25
195 22.5 506.25
6= 1253 _ vA17.7 = 20.4mg/dm?
COs5* -
Xi xXi— X (xi — x)?
4.5 —0.65 0.42
7.2 2.05 4.20
5.1 —0.05 0.003
3.8 -1.35 1.82
6= %= v2.15 ~ 1.47 mg/dm?

Calculation of coefficient of variation (V):

20.4
—— X100 =~ 11.8%

HCOs™: V=
172.5
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1.47
V=—-——=x100 = 28.5%

2-.
COs* T

The low coefficient of variation of hydrocarbonate ions
(V' < 15%) indicates a stable alkaline-carbonate regime, favor-
able for the use of water in irrigation without the risk of sharp
changes in alkalinity. At the same time, increased variability
of carbonate ions (¥ = 30%) indicates a seasonal increase in
the alkaline reaction, especially in the summer, which, with
prolonged use of water, can contribute to the development
of secondary alkalinization of soils and deterioration of their
structural properties. To assess the relationship between the
HCOs™ hydrocarbonate content and the geological factor, the
conditional indicator of the intensity of water contact with car-
bonate rocks (score: 1 — weak, 3 — high), reflecting the litho-
logical conditions of the sampling points, was used as a vari-
able y. The calculation gives the value:

r~0.82

The high positive value of the correlation coefficient
(r = 0.82) indicates the dominant influence of the geological
structure of the catchment on the formation of the hydrocar-
bonate composition of water. This confirms the leading role
of the processes of dissolution of carbonate rocks and CO: in-
flux in the formation of stable carbonate-hydrocarbonate type
waters of the Koskorgan reservoir. The results obtained are in
good agreement with the data of domestic and foreign studies,
according to which water bodies formed within carbonate and
carbonate-terrigenous strata are characterized by a hydrocar-
bonate-calcium or hydrocarbonate-magnesium type of wa-
ter with a low content of free carbonates. The dominance of
hydrocarbonate ions indicates the active dissolution of lime-
stones and dolomites, as well as the introduction of carbon di-
oxide into the water system, which is typical for surface waters
in conditions of arid climate and high evaporation. Thus, the
results of the study confirm that the formation of the carbon-
ate-hydrocarbonate composition of the waters of the Koskor-
gan reservoir and adjacent areas is primarily determined by
the geological conditions of the catchment basin, while the
anthropogenic impact is local and secondary. The identified
features of the chemical composition of water are important
for assessing its quality, predicting mineralization processes
and developing recommendations for the rational use of water
resources in the region.

Conclusion

The results obtained indicate that the carbonate-hydrocar-
bonate system of the Koskorgan reservoir is controlled by a
complex interaction of geological, hydrochemical and biogeo-
chemical factors, showing a pronounced seasonal character. In
colder periods, the predominance of the hydrocarbonate form
is controlled by lower water temperatures, increased CO: sol-
ubility and reduced photosynthetic activity, which together
maintain pH conditions from neutral to slightly alkaline. On the
contrary, in the warm season, increased evaporation, increased
temperatures and increased biological absorption of CO: lead
to an increase in pH and a gradual shift in the speciation of
inorganic carbon towards the carbonate form. The conceptual
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equilibrium scheme of CO-HCO-CO: confirms that even mod-
erate pH fluctuations lead to a significant redistribution between
hydrocarbonate and carbonate ions, emphasizing the sensitiv-
ity of the system to hydrothermal and biological factors. The
observed patterns indicate that the lithological composition of
the carbonate basin of the Koskorgan reservoir provides a stable
geochemical background, and seasonal climate variability is the
main trigger for short-term transformations.

In general, the hydrochemical regime of the Koskorgan res-
ervoir corresponds to a stable carbonate-hydrocarbonate type

of water, in which geological control prevails over anthropo-
genic influence. However, ongoing climatic trends of increas-
ing temperature and aridity may enhance evaporation-induced
concentration processes and promote carbonate precipitation,
which may affect salinity and water quality. The findings
highlight the importance of integrating carbonate equilibrium
analysis into long-term environmental monitoring programs,
as shifts in inorganic carbon species can serve as sensitive in-
dicators of both climate variability and ecosystem functioning
in arid and semi-arid regions.
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BJIUAHUE AHTPOIIOI'EHHOI'O
BO3JAEUCTBUA HA COAEP KAHUE TAXEJIBIX
METAJIJIOB B ITOYBAX TOPOAOB TYPKECTAH
N KEHTAY

AuHoTanus. 3arpsa3HeHNE TT0YB TSDKEJIBIMH  METaJUIaMH SIBJISICTCS OJHOI M3 aKTyalIbHBIX I'€02KOJIOTHYECKHX MpodieM ypOaHH3UPOBAHHBIX TEPPUTOPHI apHIHBIX
pernoHoB. I{esbio HACTOSIIEr0 UCCIEA0BAHMS SBISUIACH OLICHKA IPOCTPAHCTBEHHOrO pactpeaencHus Zn, Cd, Pb u Cu B nousax roponos Typkectan u Kenray, a Taioke
QHAIIM3 BIUSHUS (PU3HKO-XHMHYIECKHX CBOWCTB IOYB HA MPOLECCHl X aKKyMYJSIIUKA U MUTPALMH. MOHUTOPHHIOBBIC HCCICAOBAHMS BKIIOYAIH OTOOP MOYBEHHBIX MPOO
B Pa3INYHBIX (YHKIMOHAIBHBIX 30HaX FOPOJIOB M Ha YCIOBHO (JOHOBOW TEPPUTOPHH. YCTAHOBIEHO, YTO MOYBBI KeHTay XapakTepn3yloTcsi 3HAUMTEIIBHO 00Jiee BBICOKHM
YPOBHEM 3arpsi3HEHHsI [0 CPaBHEHHIO ¢ TypKeCcTaHOM, YTO CBA3aHO C MCTOPHYECKHM TEXHOT€HHBIM BO3/JCHCTBUEM. YCTAHOBJICHO, YTO aBTOTPAHCIIOPT SIBJISETCS OCHOBHBIM
b dy3HbiM ucrounnkom Zn, Pb u Cu, Torna kak Cd city)KUT HHAXKATOPOM TEXHOTEHHOT0 BO3ieicTBHs. [ToTydeHHBIC Pe3yIbTaThl MOTYT OBITh HCIIOIB30BAHbI IIPH OLICHKE
9KOJIOTHYECKUX PUCKOB, @ TAKKE MIPH Pa3pabOTKe MEPOIPHATHIT II0 MOHHTOPHHTY H BOCCTAHOBICHHUIO TI0YB YPOAHH3UPOBAHHBIX TEPPUTOPHIA.

Kniouesvie cnosa: nousvl, msicenvie memannvl, mexnozennoe sazpasienue, Typkecman, Kenmay, pusuko-xumuyeckue ceoticmeda.

Typkicran :kone Kenray KanaJapbsIiHbIH TONBIPAFBIHAAFBI AYBIP MEeTAJIAP KYPAMbIHA AaHTPONOTeHAIK dCePAiH bIKMAJIbI

Annorauus. ToNbIPaKThIH ayblp METalIapMeH JacTaHybl apUATi aiiMaKTapaarbl ypOaHIanFaH ayMaKTapIblH ©3€KTi I'€0IKONOTHIBIK Maceenepinin 0ipi 60mbln
tabbuagpl. Ocbl 3epTTeyain Makcarsl TypkicraH jkoHe Kenray KananapbiHbiH Tonbiparsinaarsl Zn, Cd, Pb xone Cu 51IEMEHTTEpIHIH KEHICTIKTIK TapalyblH Oarainay,
COHJ1aii-aK TONBIPAKTHIH (PM3HKA-XUMHAIIBIK KACHETTEPiHiH ayblp METaJAap/IblH aKKyMY/IAIMACH MEH MUTPALUACHIHA dCEpPiH Tajiay 60kl Tadbu1azibl. MOHUTOPUHITIK
3epTTeyliep Kajlagap/biH opTypiii QyHKIMOHAIBIK aiiMaKTapbIHAa KOHE MAPTThl (POHABIK ayMaKTap/a TONbIPAK ChIHAMAIIAPBIH iPIKTEYAl KAMTBIIbI. 3epTTey HOTHKEIepi
KeHTay KaJlachIHbIH TONBIPaFbl TYPKiCTAHMEH CabICTBIPFAHIA JIACTAHY/IBIH S1dYip KOFAPbI ICHICiiMEH CUNATTaIaThIHBIH KOPCETTI, Oy TAPHXHU TEXHOTCHIK aCepIepMEeH
GaiinaHbICTBL. ABTOKOIIK KO3FanbIchl Zn, Pb xone Cu sneMeHTTepiHiH Heri3ri Juddy3usibIK Ke3i 60kl TaObLIaThIHbL, all Cd TEXHOTCH/IIK SCEp/IiH KOPCETKIlli eKeHAIr
AHBIKTAJI/Ibl. AJIBIHFAH HOTHIKEIEP]I SKOJIOTUANIBIK TOyeKeNiep/i Oaraay/a xoHe ypOaH/aiFaH ayMaKTap/IblH TOMbIPAFbIH MOHMTOPHHTIIJIEY MEH KaJllbIHA KENTIpy Iapa-
JIapbIH 03ipiey/e HaiijanaHbuTyFa 60sa bl

Tyiinoi cos3dep: monvipagmap, ayvip memanoap, mexnozendix racmany, Typrkicman, Kenmay, pusuka-xumusnoix kacuemmep.

Impact of anthropogenic activities on heavy metal content in urban soils of Turkestan and Kentau

Abstract. Soil contamination by heavy metals represents one of the most pressing geoecological issues in urbanized areas of arid regions. The aim of this study was to
assess the spatial distribution of Zn, Cd, Pb, and Cu in the soils of the cities of Turkestan and Kentau, as well as to analyze the influence of physicochemical soil properties
on the processes of heavy metal accumulation and migration. Monitoring investigations included soil sampling within various functional zones of the cities and at condi-
tionally background sites. The results indicate that soils of Kentau are characterized by significantly higher levels of contamination compared to those of Turkestan, which
is associated with long-term historical technogenic impacts. It has been established that road traffic is the main diffuse source of Zn, Pb, and Cu, whereas Cd serves as an
indicator of technogenic impact. The obtained results can be used for environmental risk assessment and for the development of soil monitoring and remediation measures

in urbanized areas.

Key words: soils, heavy metals, technogenic pollution, Turkestan, Kentau, physicochemical properties.

BBenenue

3arpsi3HEHNE M0YB TSHKEIIBIMU METaJUIAMH SIBIISICTCS OHON
13 TI00ATBHBIX SKOJIOTHYECKHUX MPOOIeM, 0COOCHHO B YCIIO-
BUSIX YpOAHU3MPOBAHHBIX TEPPUTOPHH C HHTCHCUBHOM aHTPO-
TIOTEHHOM Harpy3koi. TspKerble METayulbl, TaKHe KakK IMHK
(Zn), xanmuii (Cd), ceunen (Pb), u menp (Cu), 00agaroT BbI-
COKOH TOKCHYHOCTBIO, HE Pa3JIaratoTcsi B OKpy»Karomeil cpene
W MOTYT HaKallJIMBaThCsl B BEPXHUX TOPU30HTAX TOUBBI, TIPE-
CTaBJIsIsl YIpO3y JUIsl pAaCTEHU, dKUBOTHBIX U uesoBeka [1, 2].

Tspxenple MeTaIbl MOCTYNAIOT B IIOYBY 4epe3 MPOMBIII-
JICHHBIC BBIOPOCHI, BBIXJIOMHBIC Ta3bl TPAHCIOPTA, OBITOBHIC
OTXOZbI, a TaK)Ke SPO3UI0 U OCAIOYHBIE MPOIecChl B ypoOa-
HU3MPOBAHHBIX palioHax. HakamimBasich B MOYBE, METAJUIBI
MOT'YT MUTPHPOBATh B ITOJ3€MHBIC BOIBI, IPOHUKATH B PACTH-
TEJIFHOCTH ¥ IOCTYIATh B ITUILEBYIO 1T, YTO CO3/1AET JIOJITO-
CPOYHBIE DKOJIOTUYECKHUE U CAaHUTApHBIE PUCKHU [3, 4].

T'opona roxxnoro Kazaxcrana, Takue kak Typkecran u Ken-
Tay, pacrojOKeHbI B apUIHON 30HE C PE3KO KOHTHHEHTAJIb-
HBIM KJIMIMAaTOM, YTO CONPOBOXKIACTCS HU3KOH BIAXKHOCTBHIO
BO3/yXa U OTPaHMYCHHBIM BBIMAJICHUEM OCAJKOB. DTH IpH-
POIHO-KIMMATHYECKHUE YCIIOBHS ONPEICIISIIOT XapakTep MoYB,
npeobiaganne KapOOHATHBIX IIEIOYHBIX THUIIOB (Cepo3eM U
JIETKUE KaIITaHOBBIC MIOYBBI), HU3KOE COEPKAHNE OpraHuye-
CKOTO BEII[ECTBA U BHICOKYIO Oy(epHYO CITIOCOOHOCTSH [, 6].
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OcoOeHHOCTH (PU3UKO-XMMHYECKUX CBOMCTB TOYB, TaKHE
kak pH, congepikaHne OpraHMYECcKOTO BEIECTBA, KapOOHATOB
1 paCTBOPHMBIX COJIEH, UTPAOT KIIIOUEBYIO POJIb B MUTPALIUH,
AKKyMYJISIIUM M OMOAOCTYNHOCTH TSDKENbIX MeTayioB. Ille-
JIOYHBIE KapOOHATHBIE TIOYBBI CITOCOOCTBYIOT (DOPMHUPOBAHUIO
YCTOHYMBBIX TEOXUMHUYECKHX OapbepoB, OTrPaHHMYMBAOIINX
MIOABMKHOCTh METANJIOB, OTHAKO JOKAJIbHbIC 30HbI TEXHOTCH-
HOTO BO3/I€HICTBHUSI MOTYT CO3/]aBaTh O4ary MOBBIIICHHON KOH-
neHTpamnyu [7, 8].

TypkecTtan — TOpox C pa3BUBAIOIIEHCS HHPPACTPYKTY-
PO, 3HAUUTEIBHON TPAHCIOPTHON HArpy3koid M aKTHUBHBIM
CTPOUTEIBCTBOM, IJIé MHTCHCHBHOE IBMKCHHE TpPaHCIIOPTa
1 OBITOBAsI AEATEIBHOCTD SIBISIFOTCSI OCHOBHBIMH HCTOYHHKA-
MU 3arps3HeHus mous [2, 9]. B To xe Bpems Kenray mmeer
HUCTOPUYECKUH MPOGIMIF TOPHOMOOBIBAIOIIETO M METaJLTyp-
THYECKOTO TOPOJa, i€ OCTaTOYHBIC 3arpsA3HEHMS MPOIUIBIX
MIPOMBIIIICHHBIX 00BEKTOB BIMSIOT HA COBPEMEHHBIC YPOBHH
TSDKEITBIX METAJIOB B TouBax [6, 10].

HecmoTpst Ha axkTyanbHOCTh MPOOIEMBI, CHCTEMaTHUe-
CKHUE JaHHBIE O PACIPEICICHNH TSHKEJIBIX METAJUIOB B TOYBAX
3THX TOPOJIOB OTCYTCTBYIOT, a BIUSHHIE (PU3UKO-XUMHUECKUX
MapaMeTpoB MOYB HA MX aKKyMYJSIIHIO HU3Y4YEHO HENOCTa-
To4HO. [lomyueHne TaKMX JaHHBIX SBIAETCS HEOOXOAMMBIM
YCIIOBHEM JIJIsI OLIEHKH YKOJIOTHYECKOTO COCTOSHUS TEPPHUTO-
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puit u pa3paboTKu Mep MO CHIKEHHIO aHTPOIOTEHHOW Ha-
rpy3ku [3, 5, 7].

Ienp HacTOSAIIEro MCCIEOBAaHUS COCTOUT B OIIEHKE IPO-
cTpaHcTBeHHOTO pacnpenenenus Zn, Cd, Pb u Cu B mouBax
ropoaoB Typkecran u Kenray, a Tak:xe B U3y4eHUH BIUSHUS
(U3MUECKUX U XUMHYECKUX CBOMCTB MOYB HA MUTPALMIO U aK-
KyMYJISILUIO MeTaJIoB. [IJIst TOCTHKEHUS el ObUIN PELICHBI
ClielyIolIMe 3a7a4n: 0TOOp MpoO MOYBHI B Pa3IMuHbIX (PyHK-
LMOHAJBHBIX 30HAX, OMpEICICHHUE COACP)KAHUS METAJUIOB
METO/IOM MHBEPCHOHHO-BOJIBTAMIIEPOMETPHUECKOTO aHAIIN3A,
uccienoBaHie (GpU3NKO-XUMUYECKUX XapaKTePUCTHK MOYB U
cTaTucTHYecKass 00padOTKa JaHHBIX JUIsl BBISBICHUS 3aKOHO-
MepHocTel 3arps3Henus [1, 4, 8].

Marepuajisl 1 METOABI

OOBEKTOM HCCICIOBAHUS SBSUTUCH OYBBI yPOAHU3UPO-
BaHHBIX TeppuTopuil roponoB Typkecran u Kentay, pacmo-
JIOKEHHBIX B IOKHOM 4acth KazaxcraHa W XapakTepu3ylo-
LIMXCSl apUIHBIMHM KIIMMaTHY€CKUMH YCJIOBUSIMH M BBICOKOM
AHTPONOTeHHOW Harpy3koil. [Ipenmerom uccienoBanus ObLIO
COZiep)KaHUe M MPOCTPAHCTBEHHOE PACIpEeNICHUE TKEIbIX
MetaiioB (Zn, Cd, Pb u Cu), a Takke HU3NKO-XUMHUCCKUE
CBOICTBA NIOYB, BIUSIONINE HA UX MUTPALIUIO U aKKYMYJISIIHIO.

MOHHMTOPHUHIOBBIE MCCIIEI0BAHUS MTPOBOIMIIUCH B TIpelie-
nax (YHKIMOHAJIBHO PA3JIMYHBIX 30H ropoiioB. Becero Obuio
3asokeHo 14 rouek orbopa rpo0: 7 rouek B ropoje Typkecran
u 7 Touek B ropose KeHray, 0XBaThIBaIOIINX JKUIIbIE, TPUIO0-
POXXKHBIE, TPAHCIIOPTHBIE, KOMMYHAJIbHO-OBITOBBIE, TIPOMBIILI-
JICHHBIE 30HbI U TEPPUTOPUH TEXHOTCHHOT'0 Bo3aecTBus. [l
OLIEHKH €CTECTBEHHOI'O F€OXMMHUYECKOTO (hOHA JIOTIOTHUTEb-
HO OBUIM OTOOpaHbI MOYBEHHBIE POOLI HA YCIOBHO (POHOBOM
TEPPUTOPHUH, YAAJIEHHOMH OT MPOMBIIUICHHBIX OOBEKTOB U WH-
TEHCUBHBIX TPAHCIIOPTHBIX IIOTOKOB.

OTOOp NMOYBEHHBIX NPOO OCYILECTBISIICS M3 BEPXHEIO T0-
puzonTa (0-20 cM) METOIOM «KOHBEPTa» B COOTBETCTBUH C
OOILENPUHATHIMUA TPEOOBAHUSIMH IKOJIOTHYECKOTO U TEOXUMH-
yeckoro MoHutopunra. Kaxuast unrerpanbHas npooda gpopmu-
poBaJiach IMyTeM CMEIIMBAaHKsI HE MEHEe ISITH TOUSYHBIX T10J1-
po6. OToOpaHHbIe 00Pa3Ibl BEICYIIUBAINCH IIPH KOMHATHON
TeMIleparype, OYHIIAINCh OT PACTUTENILHBIX OCTaTKOB M MeXa-
HUYECKUX IMPUMECEH, IT0CIIE YEro POCEUBAIIICH YePe3 CUTO C
pasMepoM siaeex 1 mMm.

Omnpenenenue koHnenrpauuit Zn, Cd, Pb v Cu npoBoau-
JIOCh  METOAOM HMHBEPCHOHHO-BOJIETAMIEPOMETPUYECKOTO
aHanu3a. MeToq OCHOBaH Ha INpeaBapUTEIbHOM JIEKTPOXH-
MHUYECKOM HaKOIUICHUH ONpeJeliieMbIX 3JIEMEHTOB Ha pado-
YeM 3JIEKTPOJIE € MOCIEAYOIIel aHOIHON pa3BEPTKON MOTEH-
nuana.

W3mepeHnst BBINOIHSUINCH C UCTIONIB30BAaHUEM CTaHIAPTHOM
TPEXIICKTPOJAHON CHUCTEMBI, BKJIFOYAIONICH PaOOYMU 3JIEKT-
PO, BCIIOMOTaTEIIbHBIN JIEKTPO U AJIEKTPOL CPABHEHUSL.

DU3UKO-XUMHUYECKUE CBOMCTBA MOYB, BKJIIOYAsl COAEpIKa-
HUE OPraHMYECKOI'0 BELIECTBa, YIIEepo/a, MOABMKHBIX (OpM
(dbocdopa u kanus, pH BOAHOH BBITSKKH, OOIILYI0 MUHEpAIIU-
3alMI0 U MOHHBIN cocTaB MmoyBeHHOro pacteopa (HCO;, CI,
S0/, Ca**, Mg?), onpenessiuch N0 CTAHAAPTHBIM METO/IH-
KaMm, TIPUHSATHIM B TIOYBEHHO-TEOXMMUYECKUX HCCIIEIOBAHMSX.

IIpocTpaHCcTBEHHBIN aHAJIU3 PACIPEACICHUS TKEIBIX Me-
TaJJIOB OCYILECTBIISJICS IIyTEM COIOCTABICHHUS KOHIIEHTpa-

LUH 2JIEMEHTOB MEXJy (yHKIMOHAJIBHBIMH 30HAMU TOPOJOB
U ¢ ()OHOBBIMH 3HAYCHHUSIMH.

Pesyabrarsl

Ilpocmpancmeennoe pacnpedenenue msnicenblx Memanios
6 nousax 2opodos Typxecman u Kenmay

MOHUTOPUHTOBBIC HCCIICIOBaHUS OXBaThiBAIU 14 TOYEK
orbopa po0d: 7 — B mpenenax ropoaa TypkectaH u 7 — B ropo-
ne Kenray. [lomonHurenbHO ObLTH OTOOpaHBI (POHOBBIC TPO-
OBl Ha YCJIOBHO YUCTON TEPPUTOPUH 32 TpeiesiaMy rOpOCKON
3aCTPOMKHU I OIICHKH €CTECTBEHHOI'O YPOBHS COJCPKAHUS
TSKEJIBIX METAJUIOB.

Cooeporcanue msdicenvix Memaiiog 6 nougax 2opooa Typ-
Kecma

Pesynbrarel onpenenenus konuentpauuit Zmn, Cd, Pb u
Cu B 1I04Bax Pa3iUyYHBIX (YHKIIMOHAIBHBIX 30H ropoaa Typ-
KeCTaH MpPEACTaBJICHbI B Tabmuie 1. AHaIW3 JaHHBIX IOKa-
3BIBACT BBIPAKCHHYIO MPOCTPAHCTBCHHYI HEOIHOPOIHOCTH
pacrpesieNnieHus TSHKEIbIX METaluIoB, 00YCIIOBICHHYIO Xapak-
TEPOM aHTPOIIOICHHON HArPy3KH.

Taonuya 1
Cooeporcanue maxjicensix Memanios 6 NOUEaAx

2opooa Typxecman

Kecme 1

Typkicman Kanacet monspazelHOazsl aysip

Memanoap Kypamol

Table 1

Heavy metal content in soils of the city of Turkestan

XapakTepucTuka Zn Cd |Pb(mr/| Cu
TOYKH (mr/kr) | (mr/kr) | kr) | (Mr/kr)
Kunas 30Ha
(MasonTaskHas 178 0,014 26 314
3acTpoiKa)
IIpunopoxnast
TEPPUTOPUS 190 0.057 35 30.9
(MarmcTpas)
Kunas 30Ha ¢
PEeKpeanuoHHON 206 0.028 33 43.9
Harpy3Kou
Paiion nHTEHCHBHOTO 735 0.089 48 531
aBTOTpaHCIIOPTa
KommymasHo- 229 | 0046 | 52 | 527
ObITOBas 30HA
Tepputopus BOIH3N
TIPOMBIIIICHHBIX 254 0.219 69 63.3
00BEKTOB
CwMmerranHast xuias 1 243 0182 57 60.9
TPaHCIIOPTHAs 30Ha

MuHIMaTbHBIC KOHIICHTPAIMH OOJNBITHHCTBA HCCIICOBAH-
HBIX JJICMCHTOB 3a()MKCHPOBAHBI B XKIUJIOW 30HE C MaJOITaXK-
HOW 3aCTpPOWKOM, IIe comaepkanne Zn cocTaBisieT 178 MI/KT,
Cd — 0,014 mr/kr, Pb — 26 mr/kt, Cu — 31,4 mr/xr. [ToBblieHHe
KOHIICHTPAIIMHA OTMEYaeTCs B MPUIOPOKHBIX U TPAHCIIOPTHO-
HATpY’KEHHBIX 30HaX, YTO YKa3bIBACT Ha CYIICCTBCHHYIO POJIh
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aBTOMOOMJIBHOTO TPAHCIIOPTa KaK HCTOYHHMKA MOCTYIUICHUS
Pb, Cu u Zn B 104BbI.

Hawubosee BbICOKHE 3HAUSHHUS COZIEPKAHMSI BCEX METaJJIOB
3apETUCTPUPOBAHBI HA TEPPUTOPUH BOJIM3U MPOMBIIIICHHBIX
00bekToB: Zn — 254 wmr/kr, Cd — 0,219 mr/kr, Pb — 69 Mr/kr,
Cu — 63,3 mr/kr. KomMmyHanbHO-ObITOBast 30Ha U PailOHBI MH-
TEHCHBHOI'O aBTOTPAHCIIOPTA TAKIKE XapPaKTEPHU3YIOTCSI TIOBbI-
IIEHHBIMU KOHLIEHTpauusMu Pb u Cu, 4TO CBUJETEIBCTBYET O
KOMIUIEKCHOM BO3/ICHCTBUHM TEXHOTCHHBIX (PAKTOPOB.

Cooeporcanue msicenvix Memaios 8 nousax eopooa Ken-
may

JlaHHBIE IO COIEPIKAHUIO TSKEIBIX METAJIOB B TIOYBAX T'O-
pona Kenray npuBecHsl B Tabnuie 2. B memom as uccie-
JlyeMOW TePPUTOPHH XapaKTECPHBI O0JIee BICOKHE KOHIICHTPA-
uuu Zn, Cd, Pb u Cu 1o cpaBHEeHHIO ¢ ropoaoM TypkecTaH,
YTO CBSA3aHO C MUCTOPUYECKU CIIOKUBLIEHCS MPOMBIILIEHHON
crienraIn3anuen ropoja.

Tabnuua 2
Colepircanue maxcenblx Memaiiog 6 HOU8aAx
2opooa Kenmay
Kecme 2

Kenmay Kanacet monsipazeinoazel aysip
Memanoap Kypamol
Table 2
Heavy metal content in soils of the city of Kentau

Cooeporcanue msiceibix Memaiios 8 QPOHOBbIX NOYGEHHbIX
npobax

Pesynbrarel onpenenenus conepxxanusi Zn, Cd, Pb v Cu B
YCJIOBHO (1)0HOBI)IX ITIOYBCHHBIX np06ax NpeaACTaBJICHBI B Ta-
omuie 3. OTOOp MpoO OCYIISCTBISIICS B 30HAX, YIATCHHBIX
OT MpsAMOTo BOS}IeﬁCTBHH MPOMBIIJICHHBIX W TPAaHCIIOPTHBIX
HNCTOYHUKOB 3arpA3HCHU, YTO IO3BOJIACT pacCMaTpuBaTh 110-
Jy4€HHbIC JaHHbIC KaK PErHOHAIBHBIN (OH.

Tabauuya 3
Cooeporcanue masicenvix Memasnos 6 (hoHo6vIX
nOYGEHHBIX NPOOAX
Kecme 3
DonovIK monvipax, yazinepinoezi ayvip
Memanoap Kypamol
Table 3
Heavy metal content in background soil sample

No XapakrepucTtuka| Zn Cd Pb Cu
- TOYKH (mr/xr) | (mr/kr) | (MI/KT) | (MI/KT)
1 Yerorio 85 | - | 281 | 242
(hoHOBast 30Ha
2 YeroBHo 106 | - | 259|293
(hoHOBast 30Ha
Cpeuiice - 955 | — | 27.0 | 267
3HauCHHE

XapaxkTepucTuka Zn Cd Pb Cu
TOYKHU (mr/xr) | (mr/kr) | (mr/kr) | (mr/kr)
Kunas 3ona 212 0,155 47 51,1
[punopoxnas 30Ha 259 0,241 85 58,7
LenrpanbHas yacTh 278 0.298 63 495
roporna ’ ’
Kuast 30Ha 216 0,173 54 53,2
[IpomslmnenHas
30Ha (OBIBIIINE 301 0,644 170 88,2
HPEATIPUSITHS )
Teppuropus
TEXHOT€HHOT'O 315 0,589 203 96,3
BO3JCICTBUS
HpOMBIMIEHHO | o6 | o537 | 191 | 749
TPAHCIIOPTHBIN y3eI

Haumenbine 3Ha4ueHus 3aMKCUPOBAHBI B JKUIIBIX 30HAX,
oaHaKo gaxe 3neck comeprxkanne Cd (0,155-0,173 mr/kr) u Pb
(47-54 mr/mr) ocraeTcst moBbIIeHHBIM. CyIIIeCTBCHHBIH POCT
KOHIIEHTpAIil BCEX METaJIOB HAOIIONAETCS B IPUIOPOKHOM
30HE U IEHTPAJIbHONW YacTH TOpoja, YTO OTPa)KaeT BIHMSHHE
TPaHCTIOPTHBIX MTOTOKOB U TUIOTHOM 3aCTPOMKH.

MaxkcuManbHbIe 3HAYCHUS yCTaHOBIICHBI B TPOMBIIIJICHHON
30HE OBIBIIMX MPEANPHATHN U HAa TEPPUTOPUU TEXHOTCHHO-
ro Bo3zeicTBUs. B 3TuX paifoHax copep:kanue Zn 1OCTUTAET
301-315 mr/kr, Cd — 0,589-0,644 mr/xr, Pb — 170-203 mr/kT,
Cu — 88,2-96,3 mr/kr. IIpOMBIIUICHHO-TPAHCIIOPTHBIN y3eI
TaK)Ke XapaKTepU3yeTCsl BRICOKUM YPOBHEM 3arpsi3HEHHUS, 4TO
YKa3bIBAa€T Ha YCTOMYMBBIN TEXHOTEHHBIN XapaKkTep HaKoILUIe-
HUS METAJJIOB B IOYBEHHOM TTOKPOBE.

Topnwviir srcyprnan Kazaxcmana Ne2’ 2026

Cozeprkanne nMHKa B (DOHOBBIX ITOYBAX BapbUPYyET OT 85
1o 106 Mr/kr, mpu cpeanem 3HaueHnu 95,5 mr/kr. [yist cBuHIa
yCTaHOBIICHBI 3Ha4eHUs 25,9—28,1 MI/KT, IpH CpesHeM ypoB-
He 27,0 MI/KT, YTO COOTBETCTBYET €CTECTBEHHOMY I'€OXHMHYC-
ckoMy (hoHy uccieayeMoi Teppuropun. KoHeHTpamm Mean
HaXoJATCs B nuamazoHe 24,2—29.3 MI/KT, co CpeHAM 3Have-
HUEeM 26,7 MI/KT.

Kanmuit B anannsupyemsix mpobax He ObLT 3adukcupoBaH
AQHAJIUTUYECKUM METO/IOM, UYTO YKa3bIBAET HA €r0 COACP KaHUE
HIDKE Tpesiesia oOHapy)KEHHs M TIOATBEPKAAeT OTCYTCTBHE
3HAYMMOTO ITPUPOJHOTO HAKOIUICHNS JAHHOTO 3JIeMeHTa B (o-
HOBBIX ITOYBaX PErHOHA.

Du3suKo-xumuyeckue U 2eoXumMuiecKue Xapaxmepucmuxu
noyg

DU3UKO-XUMHUYECKUE CBOWCTBA OYB ropoioB TypkecTaH u
Kenray, npencrasiennsie B Tabnunax 4 u 5, oTpaxaroT 0co-
OEHHOCTH TTOYBEHHOTO MOKPOBa ypOAHW3WPOBAHHBIX TEPPH-
TOpUIN apUTHOM 30HBI.

ITouBsl ropoaa TypkecTan xapakTepHU3yIOTCs COJEPIKAHU-
em yriuepoaa 1,43% u opranuueckoro Bemectsa 2,8%, 4To
YKa3bIBaCT HA YMEPEHHBII YPOBEHb I'yMyCUPOBAaHHOCTH. Pe-
aKIUs TOYBEHHOTO pacTBopa crnadomenounas — pH 8,0, uto
THUIIMYHO JIs1 KapOOHATHBIX 1MOYB pernona. Coaepxanue J10-
crynHoro ¢gocdopa cocrasuser 163,1 Mr/kr, Torga Kak KOH-
[EHTpanus Kajxus OTHOCUTEeNbHO HuU3Kas (3,08 mr/kr). O0-
masi MUHEepaJIn3alys MOYBEHHOTO PacTBOpPa He3HAYMTEIbHA
u cocraBisieT 0,066%. Cpeart HOHHOTO cocTaBa Ipeobiana-
tot Oukap6onatsl (0,019%), nmpu HU3KOM COIEpPKAHUH XJIO-
punos (0,0016%) u cynsdaros (< 0,072%). Konuenrparyn
KanbIusd U Maraus coctasistioT 0,046% u 0,059% cooTBeT-
CTBEHHO.
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Tabnuua 4
Du3zuKo-xumuuecKue XapaKkmepucmuKku no4e
2opoda Typxkecman

Kecme 4
Typkicman Kanacol monwvipazelHovlH QUIUKA-XUMUATBIK
CURAmMmamanapol
Table 4
Physicochemical characteristics of soils in the city
of Turkestan
[Tapametp 3HadyeHne
VYrepon (C) 1,43 %
OpraanyecKkoe BEemeCcTBO 2.8%
dochop (P,0;), TOCTYMHBIIH 163,1 mr/kr
Kannii (K,0), noctynHblit 3,08 Mr/kr
pH (BomHBIi 3KCTpaAKT) 8,0
OO11e pacTBOPEHHBIC BEIIECTBA 0,066%
AmMMonuitHbIN azot (IVH ") 0,012 mr/kT
bukapOoHaThI 0,019%
Xsopusl 0,0016%
Cynbdatst <0,072%
Kanpmuii 0,046%
Marnwuit 0.059%
Tabnuua 5

Du3uKo-xumuuecKue XapaKkmepucmuKku no4e
2opooa Kenmay

Kecme 5
Kenmay Kanacet monwipazelnolyy (puzuKa-xumusivly
CURAmMmMamanapol
Table 5
Physicochemical characteristics of soils in the city
of Kentau
[Tapamerp 3HavyeHue
VYrepon (C) 1,18%
OpraanyecKkoe BemecTBO 2,1%
dochop (P,05), TOCTYIHBIIH 140,9 mr/xr
Kanwmii (K,0), nocTymHbIi 2,62 Mr/kr
pH (BomHBII SKCTPAKT) 8,5
OO01mre pacTBOPEHHEIC BEIIECTBA 0,089%
AmvMonuitHbii azot (IVH ") 0,024 mr/kT
BukapOoHatst 0,029%
Xmopusr 0,0040%
Cyunbdarst <0,093%
Kanbuuit 0,079%
Maruwuit 0,042%

[Toussl ropona Kenray ormmuarorcsi Goiiee BBIpaKCHHON
mesouHoi peaknuend cpensl (pH 8,5) M HECKONBKO TMOHHU-
JKEHHBIM coniepkanueM yriepona (1,18%) u opranmueckoro
BemiecTBa (2,1%) no cpaBuenuto ¢ Typkecranom. Cojeprxa-
Hue poctynHoro ¢ocdopa cocrasisier 140,9 mr/kr, Kamust —
2,62 wmr/kr. OOue pacTBOPEHHBIE BELIECTBA JOCTUTAIOT

0,089%, uto yka3piBaeT Ha Oosiee BBICOKYIO MHHEPAJIU3AIHI0
[IOYBEHHOTr0 pacTBopa. OHHBII cocTaB XapakTepusyeTcs Mo-
BBILIEHHBIM cojiepkaHueM Oukapoonatos (0,029%) u xiopu-
1oB (0,0040%), mpu OTHOCUTEIBHO BHICOKUX KOHIICHTPAIMSIX
kasbiws (0,079%) u maraus (0,042%).

O6cy:xnenue

Ilpocmpancmeennoe pacnpedenenue u Qakmopsvl axKKy-
MYIAYUU MANACENLIX MEMANN08 8 NOY8AX YPOAHUSUPOBAHHBIX
meppumopuii

Ananu3 (QOHOBBIX 3HAYEHHH TSKEIBIX META/UIOB, Ipel-
CTaBJICHHBIX B TaONuIE 4, MO3BOJISIET OXapPaKTEPH30BaTh €CTe-
CTBEHHBI TeoXuMHYecKuil pOH UCCIIeayeMOl TEPPUTOPUN U
UCIIOJIb30BaTh €ro B KadecTBe 0a30BOro YPOBHS JUISi OLEHKU
CTENICHN TEXHOTEHHOIO 3arpsi3HeHusi ypOaHW3MPOBAHHBIX
nouB ropojoB Typkecran u Kenray. Ilonydennsie ¢poHOBbIC
KkoHIeHTpauu Zn, Pb u Cu cOOTBETCTBYIOT TUIIUYHBIM 3Ha-
YEHUSAM JUISI [TOYB apHUJIHBIX U MOJIyapHIHBIX peruoHoB HOx-
Horo Kazaxcrana, copMHpOBaHHBIX Ha KapOOHATHBIX U JIEC-
COBUIHBIX Mopozax. OTcyrcTBre Kaamust B POHOBBIX ITpobdax
CBUJIETENIBCTBYET O €r0 MPEUMYIIIECTBEHHO TEXHOTEHHOM IIPO-
UCXOXKJICHUU U TTOJTBEPHKIALT, YTO BBISBICHHBIEC PaHEe MOBBI-
nieHHbIe KOoHIeHTpanuu Cd B TOPOJICKUX [TOYBAX HE 00YCIIOB-
JICHBI IPUPOJAHBIMU F€OXMMHUYECKUMHU (aKTOPaAMHU.

ComnocrasieHne (POHOBBIX TOKa3arelei ¢ JaHHBIMU IO TO-
pozcKUM TeppuTOpHsM (Tabmuibl 1 1 2) 1eMOHCTpUpPyeT MHO-
TOKPATHOE MPEBBIIIEHHE €CTECTBEHHOTO YPOBHS COAEPIKaHUS
TSOKEJIBIX METAJIOB, 0c00eHHO Zn, Pb u Cd B pOMBIIILICH-
HBIX W TPAHCIOPTHBIX 30Hax. Tak, cpenHee (OHOBOE CoAEp-
xkauue Zn (95,5 MI/KTr) CyIIECTBCHHO HW)KE KOHIICHTPAIIHIA,
3aukcupoBaHHbIX B ouBax Kenray u Typkecrana, 4To yka-
3BIBACT Ha MHTCHCHUBHYIO aKKyMYJISIIIMIO JAHHOTO 3JIEMEHTa B
YCIOBHSIX ypOaHU3aIu. AHATOTHYHAS TEHCHLUS XapaKkTep-
Ha 11 Pb u Cu, conepkaHue KOTOPbIX B TOPOJICKUX MOYBAX
npeBbiIaeT GOHOBbIE 3HAYEHUs B 2—6 pa3 B 3aBUCUMOCTH OT
(DYHKIIMOHAIBHOW 30HBI.

CpaBHUTEIBHBIN aHANIN3 IPOCTPAHCTBEHHOTO pacIpesene-
HUSI METAJIJIOB IOKa3bIBAET, YTO /Ui roposa TypkecTaH xapak-
TEPEeH YMEpPEHHBII ypPOBEHb 3arpsi3HEHMS, P KOTOPOM MaK-
CUMalbHbIe KOHIIeHTpaluu Zn, Pb u Cu npuypo4eHsl K 30HaM
MHTEHCHUBHOTO aBTOTPAHCHOPTHOTO ABMKEHHS U JIOKAJILHOTO
MIPOMBIIIJIEHHOTO BO3JEHCTBUSA. DTO yKa3bIBaeT Ha MPEUMY-
IIIECTBEHHO COBPEMEHHBIN XapaKTep MOCTYMJICHUS 3arps3Hs-
IOLIUX BEIIECTB, CBA3aHHBIN C BHIOPOCAMHU aBTOTPAHCIIOPTA,
M3HOCOM IIIMH U TOPMO3HBIX MEXaHU3MOB, a TAKXKe JIeATeIbHO-
CTBIO OT/IENIBHBIX ITPOMBILIIEHHBIX 00beKTOB. OTHOCHTEIBEHO
HU3KHe KoHIeHTpauuu Cd B 0ONBIIMHCTBE ()yHKIIMOHAIBHBIX
30H TypkecTaHa CBUIETEIBCTBYIOT 00 OTCYTCTBHH MOIIHBIX
HCTOYHHUKOB JAHHOTO 3JI€MEHTa U O BTOPUYHOM, IH30/UYe-
CKOM XapakTepe ero MOCTYIUICHUS.

B otnnune ot Typkecrana, mouBsl ropoga Kenray xapak-
TEPU3YIOTCS 3HAYUTENILHO 00Jiee BHICOKUMH KOHIIEHTpALIUs-
MH BCEX MCCIIE0OBAHHELIX MeTaliIoB, ocodenno Cd u Pb. Dto
OTpa’kaeT BIMSIHUE JJIUTEIBHOTO TEXHOT€HHOTO BO3/IeHCTBHS,
CBSI3aHHOT'O C HMCTOPHYECKOH JESITEeIbHOCTHIO TOPHOI00bIBA-
IOIIMX ¥ nepepaldarblBaOIUX MPEANpHUITHA. Bricokue 3Ha-
yeHuss Cd u Pb B MpOMBIIUIEHHONW 30HE U HAa TEPPUTOPUAX
TEXHOTEHHOTO BO3/IECHCTBHSI YKa3bIBAlOT HA UX YCTOMUYHUBYIO
AKKyMYJISIHIO B BEPXHEM TOPH30HTE MOYB M OIPaHUYCHHYIO
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CHOCOOHOCTD MOYBEHHBIX KOCHCTEM K €CTECTBEHHOW Camo-
OYHCTKE.

Hapsizty ¢ MCTOYHMKaMu 3arpsi3HEHHsT BAYKHYIO POJIb B (POPMHU-
POBaHMH IPOCTPAHCTBEHHOTO pacIIpeieIeHus U (PopM HaxXOxKIe-
HHS1 TSDKEJIBIX METAJUIOB MI'PAIOT (PU3HKO-XUMUYECKUE CBOWICTBA
mouB (Tabmuiel 5 1 6). CabomenouHas v IIeJIouHast PEeaKIns
cpenst (pH 8,0-8,5), xapaktepHast Uil TIOYB OOOMX TOPOJIOB,
SIBIISIETCSL KJIIOYEBBIM (DAKTOPOM, ONPEAEIISIONINM TOBEACHUE
MeTauioB. B takux ycnosusix noasuwxHocTh Cd, Pb n Cu, xak
NPaBUJIO, CHIDKAETCS 3a cueT oOpasoBaHUs TPYIHOPACTBOPH-
MbIX KapOOHATHBIX ¥ THAPOKCHIHBIX (DOPM, a TAKXKE UX COPOLIUN
Ha TIOBEPXHOCTH MHMHEPAJIbHBIX YacTull. OIHAKO MPH BBICOKMX
YPOBHSIX 3arpsi3HeHust, ocooeHHo B KeHray, naHHbIi Oy(hepHbIit
s ekt oka3bIBaeTCsl HEAOCTATOYHBIM JUISl IPEAOTBPAILICHUS Ha-
KOILICHHMS] METAJIJIOB B BEPXHEM [TOYBEHHOM TOPU30HTE.

CozeprkaHue OpraHMYeCcKOro BelIeCTBa B mousax Typke-
crana u Kenray (2,1-2,8%) criocodcTByeT cBsi3biBaHui0 Cu U
Pb B yCTOIUNBBIE OPraHO-MUHEPAIbHBIE KOMIUIEKCHI, CHUXKAS
UX MUTPALHOHHYIO CIIOCOOHOCTB. B TO jke BpeMst OTHOCHUTEb-
HO Oosiee HHM3KOE COJEep)KaHHE OPraHMYEeCKOro BEIEeCTBA B
nouBax KeHray MoxeT criocoOCTBOBATH ITOBBIIIEHHON OMO/10-
CTYIMHOCTHU M akkymyssiiu Cd, 0COOEHHO B IIPOMBIIIIIEHHBIX
30HaxX ropoja.

[ToBblleHHass MUHEpalIU3alysi IOYBEHHOTO pacTBopa 1 00-
Jiee BHICOKHE KOHIIEHTpAIMu OMKapOOHATOB, KaJbIMS U XJIO-
puoB B ouBax KeHTay yka3bIBalOT Ha YCHJIEHHOE TEXHOTI€H-
HOE U JInToreHHoe Biusinue. C 0JIHOW CTOPOHBI, HAJIMYUE 3Ha-
YUTENBHBIX KOJIMYECTB KaJbLUSl CHOCOOCTBYET KOArylsiiuu
KOJIJIOUJIOB M CHIDKEHHUIO MUTPALIUK PsiJia METaJIOB, C APYTron
—MOBBIIICHHOE COJIEP)KaHHE XJIOPHIOB MOXKET YBEJIUUUBATDH
noaBmwxkHOCcTh Cd 1 Zn 3a cuer 00pa3oBaHMsI PACTBOPUMBIX
KOMILJICKCHBIX COCIUHEHUMN.

OO1eil 3aKOHOMEPHOCTBIO ISl 00OMX TOPOJOB SIBJISIET-
csl yBenuueHue conaepyxanud Zn, Pb u Cu B IPUIOPOKHBIX U
TPaHCHOPTHBIX 30HAX, YTO MMOATBEPIKAAET BEYIIYIO POJIb aBTO-
TpaHcnopTa Kak Au(y3HOro UCTOYHUKA 3arPSI3HEHUS B YCIIO-
BUSIX ypOaHu3upoBaHHBIX Tepputopuil. [Ipu satom Cd nemon-
cTpHpyeT 0osiee BBIPAKEHHYIO CBSI3b C IPOMBIIUIEHHBIMU 30Ha-
MH, ocoOeHHO B KeHray, 4To 1o3BoJIsieT paccMaTpiBarh ero Kak
WHJMKATOP HAKOIUICHHOTO TEXHOT€HHOTO BO3JICHCTBHUSI M IKO-
JIOTMYECKOTO HACIISHSI TPOIIUIBIX TIPOMBIIIIEHHBIX IEPHOIOB.

Takum 00pazom, Hcnonb30BaHNe (POHOBBIX KOHIEHTPALMNA
TSDKEJIBIX METaJJIOB B COYETAHHUHU C aHAIN30M (PU3HKO-XMMHU-
YEeCKHUX CBOMCTB IIOYB MOJATBEPIKAACT TEXHOTCHHYIO ITPUPOILY
3arpsi3HeHus: nous ropogoB Typkecran u Kenray. ITomyden-
HBIE PE3YJITAThl CO3Jal0T OCHOBY JIJIsi 000CHOBaHHOTIO pacye-
Ta KOA(QQUINCHTOB KOHLCHTPAIMH, WHICKCOB 3arpsi3HCHUS
U OLEHKH SKOJIOTHYECKHX PHUCKOB, a TAKKE IOJYEPKHUBAIOT

HeoOxomuMOoCTh A depeHIIMPOBAHHOTO MOIX0Aa K MOHH-
TOPUHTY W BOCCTAHOBJICHUIO IIOYBEHHBIX SKOCHUCTEM: ISt
TypkecTaHa — 3a CUET CHIDKCHHS TPAHCIIOPTHON HArpy3KH
U KOHTPOJIS JIOKAJIbHBIX MCTOYHUKOB 3arpsi3HeHus1, st KeH-
Tay — IOCPEACTBOM IIPUOPUTETHON peMeIualuu TeppUTOpuil
OBIBIINX IPOMBIIUICHHBIX 00EKTOB M 30H HAKOIIEHHOTO KO-
JIOTHYECKOTro yiepoa.

3aki04ueHne

B pesynbrare npoBeJeHHBIX MOHUTOPUHIOBBIX UCCIIEN0BA-
HUM yCTaHOBJICHBI 3aKOHOMEPHOCTH ITPOCTPAHCTBEHHOTO pac-
NpeAeTIeHNs U aKKyMYJISIUN TSOKENbIX MeTaiioB (Zn, Cd, Pb
u Cu) B mouBax roponoB Typkectan u Kenray. [lokaszano, uro
YPOBEHb 3arps3HEHUS U XapakTep pachpeieieHuss MeTauIoB
CYIIECTBEHHO PA3JIMYAIOTCS B 3aBUCUMOCTH OT (DYHKIIHOHAJIb-
HOT'O 30HUPOBAHHUA U UCTOPUN TEXHOT'CHHOI'O BOSHeﬁCTBHH.

st ropona TypkecraH XapakrepeH yMEpPEHHbI YPOBEHb
3arpsA3HEHUs 1I04YB, IIPHU KOTOPOM MAKCUMAJIbHbBIC KOHLICHTPpA-
un Zn, Pb n Cu nipuypoueHsl K 30HaM HHTEHCUBHOTO aBTO-
TPAHCIIOPTHOI'O ABHIKCHHUA W JIOKAJIBbHOTO MNPOMBINIJICHHOT'O
Bimsinus. Huzkue konuenTpanuu Cd B 00JIbIIMHCTBE (DYHKIH-
OHAJIbHBIX 30H YKa3bIBAOT HAa OTCYTCTBHUEC 3HAYMMbIX UCTOY-
HUKOB JaHHOTO 3JIEMCHTAa U NMPEUMYIIECTBECHHO BTOpI/I'-IH]:Jﬁ
XapakTep ero MOCTYIUICHUS.

[Toussl roposia Kenray xapakrepusyoTcst 3Ha4UTENILHO 00-
JIEC BBICOKMMM KOHIICHTPAIUAMHU BCEX UCCIICJOBAHHBIX METAJI-
710B, 0cobeHHo Cd u Pb, 4to oTpakaeT BIUSHUE UTUTCILHOTO
TE€XHOTEHHOTO BO3/EHCTBUS, CBS3aHHOTO C JESATEIbHOCTBHIO
TOpHO/IOOBIBAIONIMX ¥ IEPepadaThIBAIONINX MPEANPHUITHH B
IIPOIJIOM. Bricokue YPOBHHU 3arpA3HCHUA B MIPOMBINUICHHBIX
30Hax U Ha TEPPUTOPHUAX TEXHOICHHOI'O BO3[[CI710TBI/I)I CBH/JIC-
TEJILCTBYIOT O HAKOIJICHHOM 3KOJIOTMUECKOM yllepOe u orpa-
HUYEHHOHN CIIOCOOHOCTH MOYB K €CTECTBEHHON CAMOOYHCTKE.

YcTaHOBIIEHO, YTO CJIa0OIIeIouHas U LIEJ0YHast peaKius
Cpeabl, cofepkaHle OpPraHUYeCcKOTo BELEeCTBA U MOHHBIH co-
CTaB MOYBEHHOTO PacTBOpPa OKAa3bIBAIOT CYLIECTBEHHOE BIIHUS-
HUE Ha MUT'PpALHUIO 1 (bOprI HaXO0XJICHUA TSAXKCIIBIX MCTAJIJIOB.
IIpu 3TOM B yCJIOBUSIX BBICOKOM MUHEPAIU3aLUU U I1OBBIIICH-
HOTO COZIEpKaHMsI XJIOPUAOB, XapaKTepHBIX st ouB KeHray,
BO3pacTaeT NOTeHIHANbHAs MOABUKHOCTh Cd u Zn.

IlomyyeHHble pe3yabpTaTbl IOATBEPKAAIOT TEXHOICHHYIO
Mpyupoay 3arpsA3HCHHS ITOYB HUCCICAYEMBIX TOpOJAOB U IOI-
YEPKUBAIOT HEOOXOMUMOCTh UM (HEPEHIIUPOBAHHOTO MTOX01a
K DKOJIOTMYECKOMY MOHHUTOPHMHIY M YNPABICHUIO Ka4€CTBOM
noyB: g TypkecTaHa — ¢ aKI[EHTOM Ha CHID)KEHHE TpPaHC-
MOPTHOM Harpy3ku, A Kentay — Ha IpHOPUTETHYIO peMeu-
aIMI0 TEPPUTOPHH OBIBIIMX IPOMBIIUIEHHBIX 00BEKTOB U 30H
HaKOIUIEHHOTO 3KOJIOTMYECKOro yuiepoa.
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A.B. BaiidaTmia, b.b. AmpaaunoBa, A. Hyxyasl, *K.C. Toruzos
'Ka3zaxcrkuii HayuoHaIbHbll UCCAEO08AMENbCKULL MEXHUYEeCKUL YHUGEPCUmem
um. K.1. Camnaesa (2. Anmamul, Kazaxcman)

HACJUIEAUE AKAJEMHUKA K.H. CATITAEBA —
SAPKUU BKJIA/I B HAYKY KAZAXCTAHA U
IHNPUMEP NJIA MOJIOAbBIX YUYUEHDBIX

Annoramus. B 2024 rony Kaszaxcran mmpoko ormerwin 125-netue akagemuka Kanpinra Mimantaesunya CarnaeBa, TeHHAIBHOTO YYEHOTO, KPYITHOTO FOCYAapCTBEHHOTO
JiesTens 1 OOJIBIIOro MaTPUOTa CBOEro Haposa. Ero sKu3Hb U IEATENbHOCT — SPKUIA IPUME 1715 MOJIOJIOTO TTIOKOJICHHUS!, pAOOTHHKOB HAyKH M MPOM3BOJICTBA. YKE B CTY/ICH-
YECKHE IO/ibl PACKPBIIACH CHJIAa TBOpUYECKOro Boobpaxenus Kaubiia Carnaesa, KOTopast MOMy4HiIa pa3BUTHE HA MPOM3BOACTBE H MOJHONH Mepe MPOsIBUIIACH B TO/IBI CO3/1a-
HUSI U pyKOBOJCTBa AKajgemueil Hayk Kasaxcrana. Kaneim CarmaeB oCTaBHII Ka3aXCKOMY HapOAy BEJIMKOE HACJIeAHe: KPYHMHbIE MECTOPOXKACHNUS MOIE3HBIX HCKOIIAEMBIX,
HOBBIC OTPACiIN IKOHOMHKH, KOTOPBIE 3aJI0KHIIM OCHOBY COBpEMEHHOU NpoMblnuieHHocTH Kazaxcrana. briaronaps ycnmmsim CarniaeBa ObUTH BOCIIMTAHBI IIEJIbIE TTOKOJICHHS
YUYEHBIX, MHKEHEPOB U CIIELMATNCTOB, BHECIIMX 3HAUYUTENILHBIN BKJIAJ| B 9KOHOMHUKY CTPaHbl, OCBOEHHE IIPUPOJHBIX PECYPCOB U Pa3BUTUE HHHOBALMOHHBIX TEXHOJIOT M.

Knrouesvie cnosa: nacieoue Camnaesa, nayku Kazaxcmana, 2eono2us, nonesnsie uckonaemvie, MEMaulo2eHus, UHdIceHepHoe oopazosanue.

AKaJIeMI/IK K.I/I. CBTﬁaeBTbI]—[ MYpachbl — Ka3aKCTaH FBUIBIMBIHA KOCKaH KAPKBIH YJIE€C KOHE KAC rajJdbIMIapra YJ'll"i

Anjarna. 2024 xbuibl Kazakcran akagemux Kaubin Mmantaiiysisl Cor0aeBThIH 125 KbULIBIK MEPEHTOMBIH KeHiHeH atamn oTTi. OJ — ©3 XaJIKbIHBIH YJIbl MaTPHOTHI,
aca KOPHEKTI FaJbIM XKOHE ipi MemiiekeT Kaiiparkepi. OHbIH OMipi MEH KbI3METi — )Kac ypIIakKa, FhIIBIM MEH OHJIPIiC KbI3METKepIepiHe yiri 60IapibIK )KapKblH MbICAIL.
Kanbiir Cot6aeBThIH MIBIFAPMAIIBUIBIK KHSUIBIHBIH KyaThbl CTYCHTTIK XKbIIIapbIHIa-aK OaliKabli, Keiin eHaipicte rambi, ocipece Kazakcran FouibiM akaeMHsICBIH Kypy
KoHe Gackapy KeseHiHJe TonbIK Kepinic Tantbl. Kaupim Cot6acs Ka3ak XajlKblHa YIJIbl Mypa KaJIBIPbIL: Maii1aisl Ka30anap/bIH ipi KeH OpbIHAApbI, )KaHa YIKOHOMUKAIIBIK
cananap — ka3ipri Kazakcran eHepkaciOiHiH ipreracbl. CoTOaeBThIH KQXKbIPJIbl eHOCTIHIH apKachlH/Ia €1 SKOHOMUKACBIHBIH JaMybIHa, TAOMFH PECYpCTapibl Urepyre KoHe
MHHOBALMSUIBIK TEXHOJIOTUSIIAP/Ibl JaMBITYFa 30p YJIeC KOCKaH TYTac FalbIMaap, HHXKEHEpJIep MEH MaMaHap OybIHbI TOpOHEICH .

Tyuinoi co30ep: Combaes mypacul, Kazaxcman evinvimol, 2ceonous, naioaiwl Kazoaiap, MEmaiio2eHus, UL CeHepiK OLTiM.

The legacy of academician K.I. Satbayev — a bright contribution to Kazakhstan’s science and an example for young

researchers

Abstract. In 2024, Kazakhstan widely celebrated the 125th anniversary of academician Kanysh Imantaevich Satpayev — a brilliant scientist, prominent statesman,
and true patriot of his people. His life and work serve as a vivid example for the younger generation, as well as for professionals in science and industry. The strength of
Satpayev’s creative imagination was revealed during his student years, further developed in production, and fully manifested during the establishment and leadership of
the Academy of Sciences of Kazakhstan. Kanysh Satpayev left a great legacy to the Kazakh people: major mineral deposits and new sectors of the economy that laid the
foundation for modern Kazakhstan’s industry. Thanks to Satpayev’s efforts, entire generations of scientists, engineers, and specialists were educated — those who made a

significant contribution to the country’s economy, the development of natural resources, and innovative technologies.
Key words: Satpayev's legacy, science of Kazakhstan, geology, mineral resources, metallogeny, engineering education.

Beenenue

Ha ro0mneitroit ceccun HammonampHON AkageMuu Hayk
I'maBa rocynapcra Kaceim-2Komapt TokaeB nmpusBai yuyeHbIX
CTaBUTb Iepesl COO0M BBICOKHE IIETH, CTPEMHUTHCS K HOBATOP-
CTBY W TOBHIIATH 3(dekTuBHOCTs padoTel. B XXI Beke mo
cnoBaM Ilpesungenra PK cumna n Mowp rocygapcrsa uzMepsi-
IOTCSI €r0 HAayYHO-TEXHWYECKUMH JOCTHKEHHSIMH, U B ITOU
MHCCHH 3HauMMasi pOJb OTBEICHA YHUBEPCHUTETY, KOTOPHII ¢
ropaocTeio HocuT M Kanbrma Carmaesa: «9T0 eIMHCTBEH-
HBII HallMOHAJIBbHBIN UCCIIEOBATENbCKUN TEXHUUECKUN YHU-
BepCHTET, (prarMaH TeXHHMUYECKOro obpa3oBanus KazaxcraHa.
[TosToMy OH JOKEH CTaTh HAyYHO-TIPOM3BOACTBEHHOH 0a-
301 JUI HOBBIX TEXHNYECKHX By30B. HeoOXommMo yTBepIuTh
MIPOTPaMMy Pa3BHUTHS IIIABHOTO TEXHUYECKOTO YHUBEPCHUTETA
CTpaHBl M CO3[aTh Ha €ro 0a3e HAyIHO-HCCIEHOBATEIHCKUN
Xa0 HOBBIX TEXHOJIOTHH B WH)KCHEPHOM OOpa30BaHWH U HAy-
Ke», — cKkazaln [1aBa rocyapcTsa Ha BCTpEUe ¢ yICHBIMH.

B 2024 romy Kazaxcran mmpoko otmermi 125-netue aka-
nemuka Kanpima MwanraeBunuya CarmaeBa, T€HHAJIBHOTO
YYEHOT0, KPYITHOTO TOCYIapPCTBEHHOTO JESITENsI U OOJIBIIOTO
marpuoTa cBoero Hapoma. Axanemuk K. CarmaeB BHec He-
OLICHUMBIN BKJIAJl B PA3BUTHE T€OJIOTHH, TOPHO-METAIITYPIH-
YECKOTO CEKTOPa 3KOHOMHUKH, a TAKXKe B JIPyTHe HaIlPaBICHHS
HayKu 1 KyaeTypsl Kazaxcrana [1-11].

TBopyeckoe U MPOU3BOACTBEHHOE HAC/IeAME

Crynent Kampmm (1921-1926 rT.) HE MPOCTO YYMICS H
’KaJHO TIOIVIOIIAN 3HAHMS, KOTOPBIC IaBalll €ro YYUTEId B
creHaX TOMCKOro TEXHOJOTHYECKOr0 MHCTHUTYTa (HBIHE (e-

JepasibHblii TOMCKHMI MoMuTEXHUYEeCKU yHuBepcurer Poc-
cuiickoit @eneparun — TITY), ocobenno neknnn mpodeccopa
M.A. YcoBa 1o kypey «l'eonorust MECTOPOKIEHUH MOJAE3HBIX
MCKOTAeMbIX». [Iyist mapHs, MpruOBIBIIETO U3 Ka3aXCKOW CTEIH,
ydeba Ha PyCCKOM SI3bIKE OBIIO HE MPOCTHIM AelioM. Tem He
MEHee, OH OBICTPO aJaNnTHPOBAICSA K HOBOH >KH3HH, OCBOWII
PYCCKHI1 SI3BbIK M CTaJl MPEYCIEBAIOIINUM CTyAeHTOM. KaHbimn
CTPEMHUTEIHLHO BOPBAJICS B OypIISIIYIO CTYACHIECKYIO JKH3Hb.
OH 3aHUMAIICS OOJTBIION OOIIECTBEHHOM paboTOl, M3yIeHNEM
UCTOPHYECKHUX Tpaaului HapomoB CuOWpH, MpOABHKEHUEM
JOOPBIX TpajuIMN U KyJIbTYPbhl Ka3aXCKOTO HapoZa, BO3IIIAB-
Js1sT OOIIECTBEHHBIE M KYJIBTypHBIE CTYACHUECKHE KPYXKKH.
VYxe Ha BTOpPOM Kypce y4eObl OH MPOAOIDKII padoTy Hanx
y4IeOHHKOM TI0 «AnreOpe» Ha Ka3aXCKOM SI3BIKE, OCHOBHYIO
4JacTh KOTOPOTO 3aBEPINIII B TEUEHHE ABYX JieT. Emne aBa roma
OH TiepepadaThIBaj 3TOT y4EOHHK, IPUBOANI B COOTBETCTBHE
K TpeOOBaHMSIM H3/1aTeJICTBA.

Heo0xoamMoO OTMETHTH, YTO HAa TAaKOW OTBETCTBEHHBIN
TPYZ €ro HacTaBUJ NEPBBIM BbITYCKHUK TI1Y ropHblil nHxe-
Hep-reosnor AnrMxad EpMeKkoB, KOTOpBIN BIOCIEACTBUN CTal
MIEPBBIM NTPOQEecCOPOM MaTEMAaTHKU CPEIH Ka3aX0oB, KPYITHBIM
TOCYIapCTBEHHBIM M OOMIECTBEHHBIM AesteneM [1]. iMeHHO
OH OTCTOSUI TEPPUTOPHAIBHYIO IEJIOCTHOCTh KaszaxcTana B
coctaBe CCCP B nHTEpecax Ka3aXxCKOTro Haposa.

YuebHuk «Anredpa» SBIAETCS TEPBBIM KOHIUIIMOHHBIM
MocoOMEM, HAlMCaHHBIM Ha Ka3aXCKOM S3bIKE M HMMEOIINM
0OJBITYIO IICHHOCTH U B HAaCTOsIIIee BpeMs [2].

Wmxenep-reornor Kansimr Catmaes (1927-1941 1) mposen
TUTAHTCKYIO TEOJOTHYEecKylo pabory B JKeskasraH- YibITay-
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CKOM paifoHe 10 I'e0JOTHYecKOil OLIEHKE M3BECTHBIX MECTO-
pO)K[leHI/lﬁ N OTKPBLITUIO HOBBIX HCTOYHMUKOB MHUHCPAJIBHOTO
coipbsi. Kak pesynbrar XKeszkazranckoe MeHOE MECTOPOXK/IE-
HUEC CTaJl0 YHUKAJIbHBIM II0 3alacaM W MHUHCPAJIOruu pymH,
KOTOpOE 3aHUMaJIo mepBoe Mecto cpeau pecrnyonuk CCCP u
Tperbe — B Mupe. [Iporrno3nas kapra JKe3kasraHckoro pyaHo-
ro paiiona, cocrasiennas K.J. CarnaeBbimM, uMeeT Goibioe
3HAYEHHUE U B HACTOSIIIIEE BPEMsl ISl HOCTAHOBKH I'€0JI0ropas-
BeI0UHBIX pador (puc. 1).

Puc. 1. O630pHasi nporuo3nasi kapra ’Ke3ka3zraHckoro
pyaHoro paiioHa [2].
Cyper 1. Ke3kasraH KeH/i ayTaHbIHBIH IIOJYJIbIK
0os:kam KapTachl [2].
Figure 1. Overview forecast map of the Zhezkazgan ore
district [2].

JKeskasraHckoe MeCTOpOXK/IeHHE OBUIO H3BECTHO U3/IPEBIIE.
CaejieHHs 0 IEPBOH IIIaBKE ME/IN U3 Py MECTOPOJK/ICHHS e11le
3—4 ThICSYM JIET Ha3aJ] YCTAaHOBUI M3BECTHBII apXeosor aka-
nemuk Anbkeld Maprynasn. CraBa 0 MECTOPOXKACHHH BBIIILIA
JTAJIEKO 3a Ka3axCKylo CTeNb M NpHBJIeKaia K cede BHUMaHUE
nanpHuX crpad. [lo Takod mpuuMHE OfHA BETBb Benmkoro
[enkoBoro mytn mpoxoxamia uepe3 JKezkazraHCKoe MecCTo-
pOXIeHUe U Oorarble MEIHBIC PY/bl, KOTOPBIE BBIXOAWIN Ha
MIOBEPXHOCTB 3€MJIH: OOMIIbHBIE KPYITHBIE KyCKH CaMOPOIHON
MeJu ¥ cepedpa, IpeKpacHbie I0BEUPHBIE MHHEPAJIbI, KaK Ma-
JIAXWT ¥ a3yPHT, KYIIIbl OXOTHO IEPEBO3MIIM B CTPaHBI 3araaa
u Bocroka.

B nureparype opunnansasle cBenenus o JKeskasrane oT-
MedeHbI B «J{HEBHBIX 3aIlMCKax» PyCcCKOTo reorpada Kamura-
Ha PpraxoBa, mpuObIBIIEro ciona 1o ocodomy 3ananuto B 1771
rony. Ha ocroBe aTux cBenenuii 10 HosiOpst 1847 rona XKeskasz-
raH BIIEPBbIC 3asiBiIeH mpeanpuHuMareneM H.A. YiakoBbiM.
Hacnennukn YimiakoBa B 1906 romy mepenanu JKeskasran B
apeH/ly aHIIMHCKOMY KoHIeccuoHepy «OOrmmecTBy arbacap-
CKHX METHBIX pya», koTopoe 10 1915 roma Beno MHTEHCHB-
HBIE T'e0JIOTOpa3Be/louHbIe padoThl, Hayalu pa3paboTKy Me-
CTOPOXKJEHUs U IUIaBWIM Meab Ha Kapcakmalickom 3aBoje.
B 1919 rony xoHneccuoneps! yoexxanu. Ha 3aBoja npuBo3mim
Ooraryro pyay ¢ cogepxkanuem meau oonee 10%. Takue OGora-
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TBIE PY/bI 3aJIeTalId HA TIOBEPXHOCTH, HA HEOOJIBIION ITyOnHe
B 30HC BTOPUYHOTrO CynbduaHoro odoramenus. [1o maHHBIM
AQHIIMICKUX TEO0JIOroB OoraTbie pyJbl HMCUEPIIBIBATIHCH YyiKe
Ha HeOOJIBIION ITyOuHEe, ¥ Ha TOM OCHOBAHUH OHH CJIEJIANIN
3aKJIIOYEHUE 00 OrPAaHMYEHHOCTH OOIIMX 3aI1acoB Py MECTO-
poxneHus. Takyro ke OLEHKY MECTOPOXKJICHMS JaJld U pyc-
ckue reosioru. Korja Obuta ycranosieHa COBETCKasi BIacTh,
nosarasicb Ha omnMOO4YHbIe cBefeHus, JKe3Kka3ranckoe MecTo-
pOX/I€HHE OTHECIU K MaJONEepCHEeKTUBHBIM JJIsI OCBOEHMUS,
TeM 0oJiee, YTO OHO HAXOAMJIOCh B HE OOKHUTOU M OE30pPOK-
HOM crenu bernaknana.

B reonoruueckoii cpese ObITYeT POCTOHAPOIHOE BhIpaXke-
HHE «00JIa/laTh HIOXOM», T. €. IPUPOJHON UHTYHUIMEH, U OHa
MIOMOT'aJ1a Fe0JI0raM B OTKPBITHH CKPBITBIX MECTOPOXK/ICHUH Ha
nryoune. K.M. Carnae o0niaian MIMEHHO TaKUM ITPUPOJHBIM
JapOM, YTO BKYyTI€ C XOPOIIMM 3HAHHEM T€OJIOTHH ITOMOTajio
eMy IPEeBUAETh 3aJleraHie PYIHbIX TeJl Ha OOJbLIMX TIIyOH-
Hax. Takoil MPOTHO3 MEPCHEKTUB MECTOPOXKACHHS ObLI clie-
naH, xorjaa reojor Kaneimr CaTrnaeB uccieoBail MaTepHAaIbl,
MOJTy4YEHHBIE TPU U3YUEHUH T€0JOrHYECKOTO CTPOCHUS, U U3Y-
41 DIyOUHHYIO CTPYKTYpY MecTopoxaeHus. [lepBbie mpo0y-
pEeHHBIE Pa3BeI0YHbIE CKBAKUHBI HA [ITyOHHY, TPUMHTUBHBIM
Jlake JUIsl TOTO BPEMEHHU CTAHKOM, Jalli JaHHbBIE, MOJATBEPIK-
natoure nporHo3sl Kanpima Carnaesa. [[efcTBUTENBHO, OC-
HOBHbIE py/HbIe OorarcTBa JKe3Kka3raHCKOro MeCTOpOXKICHHUS
pacrionaranuchk Ha 1yOuHe oT noBepxHocTH. [locne aerans-
HOTO M3YYEHUs I'€0JIOIMYECKOro CTPOEHUsI U 0COOEHHOCTEH
opyneHeHus JKe3ka3raHCKOro MECTOPOXKACHNUS, OH BBIABHHYI
HAy4YyHYI0 THUIOTE3y O THJIPOTEPMAIbHOM HPOUCXOKIACHUH
CTpaTU(GOPMHBIX MECTOPOXKIACHUN THIIA MEAUCTBIX IEeCUaHH-
KOB. DTa TUIOTE3a BbI3Bajla OXKUBJIEHHOE OOCYXXIEHHE B Ha-
YUHBIX KpYyrax IeoJIOroB, MOJYYUB KaK KPUTHYECKHE, TaK W
07100pHTENIbHBIC OTKJIMKHU. B Halm qHH, Graronapst M3y4eHUIO
IyOMHHBIX YYaCTKOB HEJ[P COBPEMEHHBIMH Ie0(pU3n4eCKUMH
MeToaamHu, nmoareepikaeHa runoreza K.M. Carnaesa o popmu-
POBaHMU MECTOPOXKJCHHUSI U3 THUAPOTEPMAIIbHBIX PAcTBOPOB,
BBIJICJIMBLIMXCSI U3 PACIIOIOKEHHOM Ha TITyOMHE IPaHUTOIHON
UHTPY3HUH. DTa THIIOTE3a IIOMOrajia HalpaBIeHHOMY BEeJICHHIO
MIOMCKOBBIX Pa0OT JUIsl OTKPBITHSI HOBBIX MECTOPOXKACHUHN Py/I-
HOI'0 paioHa.

[TpousBoncreennsiM kpeno K.W. Carnaesa 6bl1a KOMILIEKC-
HOCTb IPOBOUMBIX Pa0OT, YTO SIBJSIOCH BEChMa BaKHBIM BO
BCEX HAMpaBJICHUSIX M3yU€HHs] MECTOPOXKJICHHs, BEIIECTBEH-
HOTO COCTaBa pya U epesiese MUHEPAJIBLHOTO ChIpbs. Tak, npu
HIOJIEBBIX T€OJIOTMYECKUX paboTax OH pa3BeAbIBaj HE TOJILKO
METHOPY/IHbIE MECTOPOXK/ICHHS, YTO OBUIO €ro yTBEpXKJIECH-
HBIM T€O0JOTMYEeCKUM 3aJaHMeM, HO U BHMMATEIbHO M3ydas
COIYTCTBYIOIIME MHHEPAJbl U I'€OJOrMYeCKHe OCOOEHHOCTH
TEPPUTOPHUH, BBISIBIISISI IIOTEHIIMAILHBIE MECTOPOXKICHHS Pell-
KO3€MeJNbHBIX U O1IaropoHbIX MeTasuioB. KommiekcHo usyyas
paiioH, OH BBIABUJI MHOXECTBO MECTOPOKICHUI APYTUX Me-
TaJJIOB, HANIPUMeEp, cpean HuxX JKe3auHCcKoe MapraHieBoe Me-
CTOPOXKJECHUE. DTO MECTOPOIKIECHHE ChIIPAIIO CYAbOOHOCHYIO
poiib B roasl Bropoit MupoBoii BOiHBI. B 0CHOBY cTpareruu
Onuukpura damucrckoit I'epmanuy ObLT MMOJIOXKEH OBICTPBIN
3aXBaT MapraHueBbIX MecTropoxacHuid Hukonons u Yuarypu
B eBporneiickoil vactu CCCP, u Tem caMbIM 0Tpe3arh Ypajb-
CKHE METaJUTyprHuecKre 3aBOJbl OT MOCTaBKU MAPTaHIIEBOIO
CBIPbSl U OCTAHOBHUTBH BBIITYCK OPOHETEXHUKH, O€3 KOTOpOH
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HEBO3MOJKHO BeCTH BOWHY. bricTpoe ocBoenue JKezauHckoro
MECTOPOXK/JICHUSI U CO3J]aHWE MapraHIeBOrO PyIHUKA 3a pe-
KOPJIHO KOPOTKUH CpPOK JJIsl TIOCTaBKU ChIPbSl Ha ypalIbCKHe
3aBozbl  0Oecreymsio OecrepeOoiHOEe MPOU3BOJICTBO HEO0-
XOIMMON BOCHHOW TEXHUKH. 32 9TO OTKPBITUE U TPYHAOBbHIE
nonsuru K.M. CarnaeB Obl1 OTMEUEH BBICIIEH HArpao0ii — op-
neHoM JleHnHa (B To BpeMs 3BaHMA I'epost 1aBasd TOJIBKO 3a
OoeBble ToBUrH). KoMIIIekcHast olieHKa cocTaBa py U KOM-
IINICKCHOC M3BJICUHCHHUC M3 HUX BCEX IIOJIC3HBIX KOMIIOHCHTOB
npu nepezesne Bcerna Obuin nox koHtposiem K.M. Carmaesa.
ITo3xe KOMIUIEKCHOE U3yYEHHE HEL[P CTaJI0 OCHOBHOM CTAaThel
HNHeTpykuuy — HOPMAaTHBHOIO JOKYMEHTa JJI HIPOBEICHUS
reoJyioropa3BeiouHbIX padot Ha Tepputopuu CCCP.

OH nokazan, uyto JKe3kasraHckoe MECTOPOXKICHHUE SBIAET-
Cs YHUKAJIbHBIM 110 3altacaM MEIHBIX pyI. OZ[HaKO HEBO3MOXK-
HO OBLJIO MOCTPOUTH Ha ero 0a3e KPYIMHBINA mepepadarhiBaro-
Ui KOMOMHAT — TPeOOBAJIOCh CO3[aTh COOTBETCTBYIOIIYIO
UH(PACTPYKTYPY U JIOTHCTHKY. J[yis perienust 3Toit npoodiaeMsl
K.M. CarnaeB cnenan TOUYHbIE pacueThl U CXEMY peau3aluu
[IPOEKTa I10 CTPOUTENHCTBY JKe3Ka3raHCKOro ropHo-MeTal-
JIyprHYE€CKOro KOMOMHaTa MpOM3BOANTEIBHOCTHIO Oostee 200
TBIC. TOHH MEJM B TOJl U MPOKJIAAKE JKEJIC3HOH JOpOrH JUis
JIOCTaBKH CTPOMMAaTrepuasioB Ha TUTaHT-KOMOMHAT M BBIBO3a
MIPOIYKIMH ITOTPeOUTENISIM. BblIH Npe/yIoxKeHbI TpY BapuaHTa
CTPOUTEJBCTBA XKEJIE3HOM JJOPOTH C pacueTamu, M3 KOTOPBIX
ObuT BBIOpaH MapuipyT JKeskasran —Kapbik, cOCTUHHMBIIUI
JKeskasran ¢ maructpansHoi nuHuei Kaparanna — banxam.
Juist obecrieueH st KOMOUHATA C BOJOM OBLIIO MOCTPOCHO BOJIO-
xpanunuie Ha p. Kapaxkenrup.

Kax mbl BuaMM U3 aHaiv3a MPOU3BOACTBEHHON T'eOJIOTH-
yeckoil aesrenbHoCTH nHkeHepa K.M. CarnaeBa, qyinTenbHast
paboTa U ONBIT Ha MPOU3BOACTBE CTAIH ISl HETO MPEKPACHON
LIKOJIOH, T/Ie OH IPHOOpEN BaXKHbIE KauecTBa B PELICHUH BaXK-
HBIX 9KOHOMHMYECKHX 3aja4, YTO BIIOCJIEJCTBUH ONPEIEIIHIIO
HaTpaBJIeHHE HayYHOH JesITeIbHOCTH IepBoro akageMuka Ka-
3axcTaHa.

Hayunoe Hacienue

Axanemuk Kanpin MmanTtaeBuu Carmnaes (1941-1964 rr)
SIBJISIETCSl OOILENPU3HAHHBIM YYEHBIM M TOCYIapCTBEHHBIM
nesrenem. OH B 1942 romy wmzman moHorpaduio «PynHbie
MecTopokaeHus JKeskasranckoro paiiona Kaszaxckoit CCPy,
rae OblIM 0000IIEHBI MaTepualibl, MOJTYyUYSHHbIE B Pe3ylibTaTe
TIOJIEBBIX T€0JIOrOPa3BEIOYHBIX PaboT, KOTOpasi OblIa MpHU3Ha-
Ha 3HAYUTEJIBHBIM BKJIAJOM B HayKy M ymocToeHa locymap-
ctBenHoi npemun CCCP. Benynme yuenslie u akagemuxku AH
CCCP panu sToii paboTre BHICOKYIO HAYYHYIO OLIEHKY, U B TOM
ke 1942 ropy, 3a BeIIAIONIUECS TOCTHIKEHUSI B UCCIIEIOBAHHU-
SIX, OpraHM3alluI0 HAYYHOW JAESATEIbHOCTH M 3HAYMTEIIbHBIH
BKJIQJl B HayKy, eMy OblIa IMPUCYKJCHA yYeHasi CTEeNeHb JIOK-
TOpa re0J0ro-MHHEPANIOTHUECKUX HayK, 0€3 3allUThl AUCCep-
TalMu.

B 1946 rony K.W. CarnaeB Obu1 130paH AeHCTBUTEIBHBIM
yieHoM Axajnemun Hayk CCCP, mepBbIM U3 y4eHBIX HE TOJIb-
ko KazaxcraHa, a Takxke COBETCKUX peciyonuk LeHnTpanbHoii
Azun.

Bo Bpemsi pykoBoxncTBa AkajeMHeH HayK, OH MOOMIM30-
BaJI YYEHBIX JUIS PEIICHHs] BAKHEHIINX SKOHOMHUYECKUX 3a-
Jla4 1o CBOMM HarpasieHusiM. Hanpumep, aist oOecrieueHus

HaCCJICHUA KPYIHBIX MPOMBIINIJICHHBIX HEHTPOB, TAKUX KakK
XKeskaszran u Kaparanpa cenbxo3mnpopyKkramu ObICTPO U Ha
MecTe — HyHa Boja. B 3acynuinBoMm pervone LlenTpasibHO-
ro KazaxcraHa BBIXOZOM M3 3TOrO IOJOXKEHHs MOIJIO CTaTh
cTpouTenbeTBO KaHana Mpteiin — Kaparanga ¢ ganbHeHmm
npomienuem ero 1o JKeskasrana. CarmaeB jfaj HMOPYyYEHHUS
YYEHBIM-TE0JI0raM (Il TeOJIOTMIECKOTO 00eCIeueHus BbI0O-
pa MapipyTa NpoKJIa Ky KaHala), arpapusM (JUIsi paliioHalb-
HOT'0O UCTI0JIb30BaHMs BOAbI U CO3JaHU COOTBETCTBYIOUINX XO-
3s1CTB) M SHEpreTUKam (st obecrieueHust sHeprueii). B urore
3TOT KaHaJ ObLI MOCTPOCH U ceituac Hocut umst K.M. Carmae-
Ba, aBTOpA UJIEH U MPOEKTA.

I'maBa rocynapctBa Kaceim-XKomapr TokaeB Ha BcTpede ¢
HEJIPOIIOJIb30BATEIISIMH OTMETHII, YTO «CJIEAYET Ka4eCTBEHHO
BOCIIOJIHATDH 3allaCbl MUHEPAJIBLHOI'O CbIPpbA NYTEM YCUJIICHUA
reoJoropa3BefiouHbix  pador». CoBETCKOEe IMPaBUTEIHCTBO
paccmarpuBaiio KazaxcraH B OCHOBHOM KaK HCTOYHHK CBHIPbSI
JJI0 IPOMBITIIJIEHHOCTU. HOSTOMy Ha OTKPBITUC HOBBIX IIPU-
POAHBIX UCTOYHUKOB MUHEPAJIBLHOI'O ChIPbA U IMONOJIHCHUEC €TO
3aracosB JeHer He »kajenu. [IpoBoauTe Hayraj reosiorudaeckue
pabotel Ha TeppuTopun Kaszaxcrana, 3aHMMArOIIeH JEBATOC
MECTO B MUP€, HEBO3MOXKHO. 1151 3TOr0 npeiBapUTEIbHO HY K-
HO TIPOBOJUTH OOJIBIIYIO PA0OTY MO HAYYHO 0OOCHOBAHHOMY
[IPOrHO3UPOBAHUI0 IEPCIEKTUBHBIX IUIOIIANEH Ui I10CTa-
HOBKHU NCJICHAITPABJICHHBIX ITOUCKOBBIX pa60T. HeO6XO[ll/IMbI
BCECTOPOHHMI M IIyOOKHIH aHalW3 HAKOIUICHHBIX T'COJIOTHU-
YECKUX JaHHbIX, OpraHu3anus pE€BU3NMOHHBIX I'€OJIOT'MYCCKUX
MapIIpyTOB, BBICOKOTOUHBIE J1a0OPATOPHBIE MCCIIENI0BAHUS U
rpaduyeckoe monenuposanue. C stoit nensto K.M. Carnaes
c(hopMHUpOBaT AHAJUTUYECKYIO TPYIIY YYEHBIX-T'€0JIO0TOB,
MIPUBJIEK BCE T€OJIOTMUECKUE OPraHU3alMu PECIyOINKHI, KOTO-
pBIe pa3BepHYNIN paboTy Mo MeTalIoreHuu. B ocHoBe MeTan-
JIOT€HUYCCKUX I/ICCJ'Ie[lOBaHI/lﬁ JICKAIW TMPUHIUIIBI 1 METOABI
COCTaBJICHUS ITPOTHO3HBIX METAJIJIOTCHUYCCKUX KapT, YCTKO
cthopmynupoBannbie K.M. CarmaeBbiM. Pa3zpaboraHHbIil UM
KOMIUIEKCHBIN METOJT METaJFIOT€HUYECKOT0 aHaJIN3a, UCIIOJIb-
30BaHUE TOJIOKEHHUH 110 BOIIPOCAM TEOPUH PYI000pa3oBaHMsI
W [IPOTHO3a MECTOPOXKICHUH TOJIE3HBIX HCKOIAaeMbIX IIOMOTa-
0T IcojioraM U CEerogHs 1mpoBOAUTH pa60Ty JUIA UCITIOJIHCHU S
nopyueHus I1aBel rocynapcersa.

B 1953 romy ynanoch BBIMOJIHUTH TPOMATHYIO PabOTy IO
cbopy u o0Opaborke marepuanoB o llenTpaipHomy Kazax-
crady. B 1954 1. ObUIO 3aBEpIIICHO COCTABJICHUE PAOOUNX Ma-
KETOB M CHUCTECMATHU3WPOBAHHBIX MPOIrHO3HLIX METAJIJIOTCHU-
4ecKuX KapT. Pe3ynbrarbl 3THX padOT CTajM TEOPETHYECKHM
oOocHoBaHMeM MeTayuoreHnu KaszaxcraHa, MO3BOJMIIN BBIS-
BUTH OCHOBHBIE JTaIlbl Py000pa30BaHusi U 3aKOHOMEPHOCTH
pa3MelieHUsl MECTOPOKICHUM Ha WM3YYEHHOHM TEPPUTOPHUU.
B 1958 romy 3a cocraBieHuEe MPOrHO3HO-METAIJIOTCHHYE-
ckux kapt LlenrpanbpHoro Kazaxcrana rpymma Ka3axcTaHCKUX
YUCHBIX-T'COJIOTOB BO ITIaBE C K.H. CaTHaeBbIM, KyJaa BXOAUJIN
yueHble Ka3axckoro ropHO-MeTajulyprayeckoro HWHCTUTYTa
(e KasHUTY umenu K.U. CarmaeBa), Oblia yaocTtoeHa
Jlennnckoit mpemun. Axagemuka K.M. CarmaeBa mo mpaBy
Ha3bIBAIOT OIHUM M3 CO37aTeNeil MeTalJOoreHn4ecKol HayKu
U pOAOHAYaJIbHHUKOM 3TOI'0 HaIlpaBJICHUA I'€OJIOTUH B Kazax-
CTaHe.

Axkanemuk CarnaeB yaeisul OosiblIoe BHUMaHUE pa3BU-
TUIO arpomnpoMbIIIJICHHOTO KOMILICKCA, CEJICKIHMU HOBBIX
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COPTOB BBICOKOYPOKaWHbIX KYJIBTYD U IIPOJYKTUBHBIX I1IOPOJ,
ckoTa aJisi o0ecrieyeHHs HaceJIeHUs] OBOINAMHU U APYTHMHU
npoxykraMu nutanusi. Bokpyr JKeskasrana ObuiM co3/1aHbl
X035MCTBA TI0 0OCCIICUCHHIO )KUTEICH MECTHBIMHU OBOIIIAMHU,
u OHM ycrenHo pabdoranu. OpraHn3oBai MUTOMHHKH U 00-
TAaHHUYCCKUE Calbl AJId CCICKIUMHU MECTHBIX SachOCTOﬁKHX
BUJOB pacTeHuil. Hampumep, Takoil GoTaHMuYecKHil cax U
OTIBITHBIN MUTOMHUK OBLITH CO3/1aHbl B JKe3ka3rane, a yaepas-
BeZieHUs B boctanasike (ceifuac 3TOT pailoH Ha TepPUTOPUHU
VY30ekucraHa).

DddexTrBHOE OCBOCHHE CENBXO3YTOJUH PEecryOauKu U
MOBBILIICHUE YPOXKAWHOCTH KYJBTYP IIPEXkKJIE BCErO 3aBUCST
oT oOecrevyeHus! MOJIMBHOW BOJIOW M WCIIOIb30BAHUSI MHHE-
payibHBIX ymoOpenuit. J{is BomocHaOkeHus ObLT pa3paboTaH
YHUKaJIbHBII IPOEKT, CBA3aHHBINA CO CTPOUTEILCTBOM KaHAJIa
Wprsi — Kaparania, KOTOpbIi ociie peanu3aiun odecredunt
MOJIyYeHHEe OXKUAAeMbIX pe3ynbTaToB. Kak mucan akajaeMuk:
«Kazaxcran pacrnonaraer NpakTHUECKH HeUcYepIIaeMbIMU
CBIPbEBBIMH HMCTOYHHMKAaMH JUIs Mpou3BoicTBa (hochopHbIX
yaoopenwuii. [Ipexne Bcero, ato Oorareiimme (ochopurTs
Kaparay, pacriosioxxennsle Ha fore pecryonuku. Kaparayckuii
OacceiiH 1o 3aracamM 1 KaueCTBY ChIPbsi OTHOCUTCSI K KPYITHEH-
muM  GochOpPUTHBIM MECTOPOXKJICHUSIM Mupay. [eonoramu
ObUIM TIOJICUMTAHBI M YTBEPKACHBI I'POMaJIHbIE 3anackl (oc-
(bopuror mectopokaeHuii Kaparayckoro 6accelina. Y4eHbIMU
Axkanemuu Hayk ObLTa pa3paboTaHa TEXHOJIOTHS IepepadoTKu
9TUX GOCHOPUTOB, KOTOPBIE HAPOJI HA3BAI «KAMHEM ILIOJI0PO-
JIASH» W CTaJu LIEHHEHIIUM XUMHUYECKUM ChipbeM. [IpoayKThI
u3 pochoputos Kaparay odbecrneunBanu GpochopHbiM yrodpe-
HHEM HE TOJIbKO CelIbCKOoe X03siicTBO KaszaxcraHa, a Takxke
JIpyrHe pecnyOonuku u crpans [2—11].

3aki04eHue

K.U. CarnaeB o0CyXaaji U COCTABIIsI HAyYHBIE ITPOEKTHI,
omnepexatomue Bpems. [Ipensuns Oynyuee, paboran Hag uc-
TIOJIb30BaHUEM JUISL PA3BUTHSI SHEPIOCUCTEMBI C UCIIOJIb30Ba-
HUEM He(THU W NPUPOJHOrO ras3a, BeTpa M DHEPrHHU COJHIIA,
YpaHa ajid aTOMHOM OHEPIruv B MUPHBIX LCIIAX.

ITocne opranuzanuu AkageMuu HayK OH MPAKTUKOBAJ BbI-
€3/IHbIE CECCUM B Pa3IM4HbIX peruoHax Kaszaxcrana, 4ro o0e-

CIICUMBAJIO IMPUBJICYCHUEC MECTHBIX YUYCHBIX, ITPOU3BOACTBCH-
HHUKOB M HACCJICHHUA IJId O6Cy)K[leHI/lH Ba)XXHbIX HAY4YHBIX H
9KOHOMUYECKHX BOIPOcOB. Tak, odepeHas Bble3/iHas CecCHs
Axanemuu Hayk coctosuiack 25-30 stHBaps 1949 . B . I'ypbe-
Be (HbIHE ATbIpay) AJisl 0OCYXKJIEHUSI BOIIPOCOB HCIIOIb30Ba-
HUS HE(TH W MPHUPOJHOTO raza peruoHa. B To Bpems Takoi
BOIPOC eIie ocTpo He crosi. Jlumb uepe3 10—-15 ner mocne
9TOH BBIC3JIHOM ceccuu cTajia OypHO pa3BUBAThCs He(TEra3o-
Basl OTPAciib, Ha4YaIach MOATOTOBKA KaJPOB JJIsl ’TOW OTpaciH,
UCIIOJIb30BaHMUs HEPTENPOAYKTOB U PUPOAHOTO ra3a. Celiyac
9Ta 0Tpaciib B SKoHOMHUKe KazaxcraHa crana Beayen.

B Axanemuu Hayk 00CYyK/1aIMCh BOIPOCHI UCIIONb30BAHMUS
SHEpPruu ypaHa M pa3BUTHs 3Toi oTpacnu. [lozxe, B 1970-b1e
roJpl ObUIM MPOBEJCHBI MacIUTaOHBIE I'€0JIOrOpa3BeI0YHbIC
pa60TbI IO OTKPBITUIO HOBBIX TCXHOJOTMYHBIX MECTOPOKIC-
HUW ypaHa. OTH paboThl obecneyusv pa3BUTHE YPaHOBOH
npomsinuienHocT. Ceifuac Kasaxcran 3aHuMaeT nepBoe mMe-
CTO B MHpE I10 IPOM3BOJICTBY YPAaHOBOT'O ChIpbsi. B HacTosmee
BpEMsI HCIIOJIb30BaHUE BETPa U COJIHEYHBIX JIydel Kak B0300-
HOBJIAEMBIX HCTOYHUKOB SHEPIruun CTAJIO OUYCBUIHBIM (baKTOM.
Pa6OTalOLlII/Ie BETPSAKH U COJIHCUHBIC MAHCIN CTAJIN JaBaTb BCC
Oosnbie dHEpruu. [1paBUTENLCTBOM MPUHSTO pEIICHHUE MpO-
JIOJDKUTB Pa3BUTHE «3€JICHOW SHEPTeTHKI.

Hacnenune K.M. CarnaeBa He orpaHHMYMBAeTCs HEU3MEpH-
MBIMU TIPOU3BOJACTBCHHBIMU JOCTHKCHUSAMU B 3KOHOMUKE,
TUT'aHTCKUM BKJIaJOM B HAYKY. Ero TPYAbI IO COXPAHCHUIO U
HPOABHKEHHIO KYJIBTYPBI U SI3bIKAa CBOETO HApO/1a MOXKHO OLle-
HUTH KaK BBICIIUHN IaTpuoOTU3M.

Slpkast kpeaTHBHas KU3Hb CTyaeHTa KaHblina, Kojoccab-
HbIE IPOM3BOACTBEHHbIE ycnexu nHkeHepa Kanpima Catmnae-
Ba M BhIIaromuiics Bkiaja B Hayky akagemuka AH CCCP, npe-
sunenta AH Ka3sCCP Kanrpiia Mmanraesnua CarnaeBa qaroT
IIpaBO HA3bIBATh €0 ITCHUCM BCKa.

BuarogapHocts

Jannas cmamos punancuposanacy Komumemom nayxu
Munucmepcmea nayku u gvicutezo oopazoeanusn Pecnyo-
auku Kazaxcman no meme BR24992920 «Hccnedosanue
HayuyHOo-Kyn1bmypHoz2o Hacneousa axademurka K.H. Camnae-
6a — nymo K pazeumuio Hayunolx uikon Kaszaxcmanay.
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106unen

K 70-JTETHUIO UICAEBOM
JIOAMMUJIIbI J)KAHAYUCEHOBHBI

29 suBaps 2026 roxa uctonHWIOCHh 70 JET JOKTOPY TE0I0-
TO-MHHEPAJIOTNYECKNX HayK, Mpodeccopy, N3BECTHOMY yde-
HoMy-reodm3uky McaeBoit Jlrommue J[xanayiiceHOBHE.

HUcaera Jlronmuna [xanmyiiceHoBHa poamiach 29 sHBaps
1956 roma B Typkecranckoii obmacta. B 1979 rogy oxonwn-
nma ¢usndeckuit ¢akynpTeT Ka3zaXxckoro rocymapCTBEHHOTO
yauBepcurera nmeHn C.M. Kuposa (apiHe Kazaxckuii Harmo-
HAJBHBIA YHUBEpPCUTET NMeHH anb-Dapadu). B 2000 romxy 3a-
IMUTHIIA KAaHAUIATCKYIO AUCCEPTALNIO C MPUCYKICHUEM yUe-
HOM CTENEeHH KaHIWJaTa TeoJIOTO-MHHEPATOrnYeCKnX Hayk,
a B 2010 romgy — IOKTOPCKYIO TUCCEPTALNIO C TIPUCYKICHIEM
CTEIICHU JIOKTOPA T'€0JI0TO-MUHEPAIOTHYECKHUX HayK.

C 1979 mo 2003 romsl Hay49HAs OEATEIHHOCTH JIFOMMUITBI
JxanmyiiceHOBHBI ObUTa cBs3aHa ¢ MTHCTUTYTOM Teoormye-
ckux Hayk nmern K.M. Carmaeea HAH PK, rme ona mpomura
MyTh OT WHXKEHEPA J0 CTapIIero HayJYHOTO COTPYIHHKA CEK-
TOpa PEAKUX METAIUIOB. B 3TOT mepmosn €10 ObLIN BHIOIHEHBI
(hyHIaMeHTalbHbIE TEPMOOAPOTEOXUMHUECKIE HCCIIETOBAHMS
BKJIFOUCHUH B MUHEPATIAX PEAKOMETAIIBHBIX MECTOPOXKICHUH
Kazaxcrana, a Taxxe pa3paboTaHbl METOABI KOMNYECTBEHHOTO
MOZIEIMPOBAHUS IIPOLIECCOB PY1000Pa30BaAHMS.

C cents6ps 2002 roxa Jlrommuna JxanayiiceHOBHA Havdaa
AKTHBHYIO MEJarorn4eckKyro NesTeIbHOCTh, YATast Kypc JIeK-
i o auctuminHe « Teopust moms» Ha PyCCKOM U Ka3aXCKOM
sa3p1kax Ha kadenpe reodmsuku KasHTY nvenn K.U. Carna-
eBa.

B 20042006 romgax oHa sBIsIIAaCch 3aBeAyIoeii kageapoii
reoJ10ruu, MUHEPAJIOTMH U MeTPorpaduu, OCyIeCTBISA py-
KOBOZICTBO Y4€OHO-METOANIECKON N HAYYHOH JESITEILHOCTHIO
kadenapel. B 3ToT mepron unTana Kypcel JEKIUIl 1O ITUCIHU-
InHaM «[ eoNornuecKre AMCIUIUTHHED, «O0IIast Te0IOTH»,
«Teopus nonsy, «Teopust ynpyroctu.

B 20062009 romgax obygamnacs B mokropanrype KasHUTY
nmern K.M. Carnaesa u B 2010 roqy 3amuTiiia JOKTOPCKYIO
JFICCEPTALNIO Ha TeMy «JlnHamuueckas Moaenb (GopMUpOBa-
HUSl PEIKOMETaNIbHBIX MecTopoxaeHui Llentpansnoro Ka-
3aXCTaHa», CTABIIYIO 3HAYMMBIM BKJIQIOM B Pa3BUTHH TECOPUH
SHJIOTEHHOTO PyZI000pa30BaHUsL.

C 2009 roma pabortaet Ha Kadeape TreopHu3nuKH, TAe BEIeT
3ansaTHs 1o gucnumunHaM «Teopust moms», «Ilerpodusuxay
Juisl 0axajgaBpoOB Ha PYCCKOM M Ka3aXCKOM S3bIKAaX, YUTAET
JIEKIUU MarucTpaHTaM 110 ANCHUIUIMHAM «/lMCTaHIIMOHHOE
30HANPOBAHHE 3eMIIny, « IKOIOTHIeCKast Teopr3nKay, a Tak-
e JOKTopaHTaM — « CHCTEMHBIH MOAXO[ TIPH MTPOTHO3E U TH-
MHU3aIUH MECTOPOXKICHUI TBEPBIX MOIE3HBIX HCKOMAEMBIX»,
«MeTtoapl HayqHbIX UCCIIEI0BaHUID.

Jrommuna  JIkaHIyiiCEHOBHA SIBIISIETCSI  OTBETCTBEHHBIM
UCTIOJTHUTENIEM M HayYHBIM PYKOBOIMTENEM psna (yHIaMeH-
TAIbHBIX W TIPUKJIAJHBIX HAyYHBIX NPOEKTOB, (PMHAHCHPY-
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empix MOH PK, UI'H um. K.M. CarnaeBa u B pamkax mnpo-
rpaMMHO-TIeIeBoro (huHaHcupoBaHus. Ilox ee pykoBoaCTBOM
paspabarbsiBainch U(POBbIC TeONH(POPMATMOHHBIE CHCTEMBI,
TepMOIUHAMIUYecKre 1 3D-Mozenn YHIOTeHHBIX U HK30T€H-
HBIX MECTOPOK/IEHHH, BBITIOIHSUINCH MCCIIEN0BAHUS B 00a-
CTH TEOMEXaHHUKH 1 Te0(pU3NKH PYJHBIX MACCHBOB.

OHa sBisIeTCsl aBTOPOM U coaBTOpoM okojio 100 HaydHBIX
Iy OITMKAIHiA, B TOM Yncie 19 craTeii B KypHaiIax, HHICKCHPY-
eMbIX B 0a3ax maHHBIX Web of Science u Scopus (h-index — 6),
COABTOPOM YETBIpEeX MOHOTpaduii ¥ IEPBBIM aBTOPOM (PyHIIa-
MEHTAJIBHBIX TPYOB, OITyOniKoBaHHbIX B Kasaxcrane, ['epma-
nun 1 [onbmre, OCBSMEHHBIX TpodieMaM (HOPMUPOBAHUS U
IU(POBOTO MOJEITHPOBAHMS PEIKOMETAIUIBHBIX M PEIKO3e-
MEJIBHBIX MECTOPOXKICHHH.

ITon nayunsiM pyxoBoactBoM Hcaesont JI.J. B 2017 rogy
YCIICITHO 3alUIIeHa JNCCEpTAls Ha COUCKaHWE CTETeHH
Ph.D. 3a roxs! paboTHI €10 MOATOTOBICHO 3HAYNTEIIHLHOE KO-
YEeCTBO Y4eOHO-METOIMYECKUX MaTepHajioB, BKIIO4as ydeo-
Hoe nocobue «Teopust moss».

Konneru u yuenuku Beicoko ueHst Jlroqmuy Jxanmyiice-
HOBHY 3a BBICOKHMH NPOQEeCCHOHATN3M, HAYYHYIO TTPHHIIUITH-
QJIBHOCTD, MEarornIeckoe MacTepCcTBO U MPETAHHOCThH Teo-
JOTUYECKOH 1 reopr3MIecKOr HayKe.

Peoaxkyua u konnezu cepoeuno nosopaensiom Hcaegy
Jdrwomuny /Dicandyiicenosny ¢ wobuneem, yncenarom Kpen-
K020 300p08b3, O1a20N0AYUUS, MEOPUECKO20 00J120NeMmUsl U
HOBBIX HAYYUHBIX Oocmudiceruil!
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Tema: MuHepanbHbie pecypcbl KasaxcraHa: pedopMmbl
M CO3AaHME CTOMMOCTU B MHOTOBEKTOPHbBIX peanusx

- 63.546
e 2
<
S 2

.
pel




30

TPEBOBAHUS K O®OPMJIEHUIO U YCJIOBHUSI IPEJOCTABJEHMS CTATEA
B pPelaKIHI0 NePUOAUYECKOro ne4yaTHoro u3ganus «lopuslii :xxypuaua Kazaxcrana»

1. «TopHblIii :xypHaj Kazaxcrana» NpuHUMAaeT K NyOJIMKAIIMU OPUTHHAJIbHbIE CTATHU HAYYHOTO U HAYYHO-TEXHUYECKOI0
co/lep:KaHUsl, OTPAKAIOLIME Pe3yabTaThl HCCIEI0BATEILCKO M HAy4YHOH /esiTeJbHOCTH, MMeEIOLIHEe PEeKOMEHJAAUMH K
NPaKTHYECKOMY NPHMEHEHHIO pelIaeMbIX BOINPOCOB, a TaK/Ke CTATbH 0030PHOr0 XapakTepa, OTBeYalOIHe KPUTEPUSM
NepBUYHOI HAY4YHOH myOauKkanuu (TOJIHBIN NIepedeHb pyOpUK yKa3aH Ha calite minmag.kz).

2. OcHOBHBIE TPe0OBAHMS K CTAThAM, NPeACTABICHHBIM I MYOJHUKALUH B )KypHAaJie:

= Ha0Op CTaThH MPOU3BOAUTCS B TeKcTOBOM penakrope Word mpudrom Times New Roman 12 xeriiem ¢ IOJTyTOPHBIM HHTEPBAIOM;

= 001IMi 00bEM CTaThH, BKIIOYAsk PUCYHKH, TaOIMIIbI, METaIaHHBIC HE JJOJDKEH MIPEBbINIATh 8 MeYaTHBIX CTPAHUIL;

* cTaThy (3a UCKIIOYEHHUEM 0030pOB), JOJDKHBI COIEPKaTh HOBBIC HAyYHbIC PE3YIIbTaThI;

* CTaThs AJOJDKHA COOTBETCTBOBATH TEMATHKE (CM. II. 1), HAyYHOMY YPOBHIO KypHAIIA;

* CTaThs AOJDKHA OBITH 0OPMIICHA B IIOJTHOM COOTBETCTBHUH C TPEOOBAaHUSMH, OTPAKEHHBIMU B II. 3;

* cTaThs MOXKET OBITH IPE/ICTABIICHA HA Ka3aXCKOM, PYCCKOM HJIH aHITIMACKOM SI3bIKE;

* B PCNAKLUIO IPE/ICTABIISCTCS OKOHYATENIbHBIN, TIIATEILHO BbIBEPEHHbIl BAPHAHT CTAaTbU, UCKIIIOYAIOLIMNA HEOOXOIUMOCTh
ITOCTOSIHHBIX 10paOOTOK TEKCTa Ha Talax M3IaTeIbCKOro Ipolecca;

* [Iepel OTIIPABKOM CTaThU B PENAKIIMIO JKypHAJIa aBTOPaM HEOOXOIUMO IPOBEPHUTH TEKCT Ha MPEAMET OTCYTCTBHS IUIaruara.

3. CTpyKTypa cTaThH JOJDKHA COACPIKATH CIEAYIOIINE pa3ieibl:

= xog MPHTW (I'PHTW http://grnti.ru/?pl1=52) — miecTU3HAYHBIN;

* Ha3BaHHE CTAThH (COKpAIICHUS HE TOMYCKAIOTCS, HE TOIYCKAeTCsS HCIIONb30BaHHE a0OpeBHATYp M (OPMYI; MaKCHMalIbHOE
KomruecTBO cioB 10-12) momkHO OBITH WH()OPMATHUBHBIM, COOTBETCTBOBATH HAYyYHOMY CTHIIIO TEKCTa, COJEPKaThb OCHOBHBIC
KJIIOUEBBIC CJIOBA, XapaKTepHU3YIOLIMe TeMy (IpeiMeT) HCCICIOBAaHUS W COJepKaHHWe padOoThl, MPEIOCTABISCTCS Ha Ka3aXxCKOM,
PYCCKOM M aHIJIMHCKOM SI3bIKAX;

* MHUIMAJIBI 1 (HaMUIINU aBTOPOB; CTAThs TOJDKHA UMETh He OoJiee 4 aBTOPOB; 3HAKOM «*» YKa3bIBACTCSI aBTOP-KOPPECIIOH/ICHT;

= CBEJICHHS O Ka)K10M aBTope (Y4eHas CTCICHb, yUeHOE 3BaHNE, JOJKHOCTh, MECTO OCHOBHOI pabOThI, FOPOJI, CTpaHa, KOHTAKTHBIC
nmaHHbIe (aapec 2nmeKkTpoHHOo# ouTer), ORCID ID) npenocTaBisroTcs Ha Ka3aXCKOM, PyCCKOM M aHIJIMMCKOM SI3bIKaX;

* IOJTHOE Ha3BaHHWE OpraHu3anuu (-ii), Tae padoTaroT aBTOPHI (C yKa3aHWEM BEIOMCTBEHHOW MPUHAICKHOCTH);

* aHHOTALIUS B COOTBETCTBUH C TPEOOBAHUSIMH MEKAYHAPOAHBIX 0a3 JaHHBIX JOJDKHA JTOCTATOYHO HOJIHO PACKPBIBATH COJCPKAHNE
CTaTbU, BKJIIOYAs XapaKTEPUCTUKY OCHOBHOW TEMBbI, NMPOOJIEMbI OOBEKTA, LEIH HCCICIOBAHUS, OCHOBHBIC METOJBI, PE3yJbTaThl
HCCIIC/IOBAHMS M IVIABHBIC BBIBOJBI. B aHHOTAI[MM HEOOXOJMMO yKa3aTb, YTO HOBOTO HECET B ce0c CTaThsi B CPABHEHUH C JIPYTHMH,
POICTBEHHBIMH II0 TEMAaTHKE M IEJICBOMY HA3HAYCHHIO MarepuaiaMu. AHHOTALUS IPEIOCTABISCTCS Ha Ka3aXCKOM, PyCCKOM
M aHIJIMHACKOM si3bIKax o0bemoM He MeHee 700 u e 6osee 900 CUMBOIIOB;

* KJIIOYEBBIC CJIOBA B Kon4ecTBe 6...10 yCTOWYHMBBIX CIIOBOCOYECTAHH, 10 KOTOPBHIM B AajbHEHIIIEM OyIET BBINOJHATHCS MOUCK
cTrarbu (COKpalieHus u abOpeBHATypbl HE OOMYCKAIOTCA): KIIOYEBBIC CIIOBA OTPAKAIOT CHEHU(DHKY TEMBbI, OOBEKT U PE3yJbTaThl
HCCIICIOBAHMS U NIPEJOCTABIISIOTCS Ha Ka3aXCKOM, PYCCKOM U aHIIMHCKOM SI3bIKAX;

* TEKCT CTaTbM, COIEPIKAILMUII CICAYIOLINE pa3/iesibl (BBEACHUE, METOIBI/UCCIICAOBAHNS, PE3yIbTAThl, 00CYK/ICHHE PE3YJIbTAaTOB,
3aKJIIOYCHHE/ BBIBOIBI);

* CIIMCOK MCTIOIB30BaHHBIX HCTOYHHUKOB (10...12), B ToM yncie He MeHee 3 3apyOekHbIX He paHee 2015 rona, mpenocrapisercs Ha
Ka3aXxCKOM, PYCCKOM M aHIVIMIICKOM SI3bIKaXx.

PUCYHKM pomxHB UMETH pacmupenne rpaguueckux pegakropos CorelDraw, Photoshop, Illustrator u T. m.). ®ororpaduu
JIOJDKHBI OBITH MpeaenbHo yeTkuMu B rpaduaeckom popmare (TIFF, JPEG, CDR) c pa3pemennem He meHee 300 dpi. Bce OykBeHHBIE
u 1udpoBbic 0003HAYCHUSI HA PUCYHKaX HEOOXOJMMO IMOSCHUTh B OCHOBHOM MJIM HMOAPHUCYHOYHOM Tekcrax. Haamuwcn u Ipyrue
0003HauYeHM Ha IrpaduKax ¥ pUCYyHKaX TOJDKHBI ObITh 4eTKUMH U JieTko ynTtaeMbiMi. IOAINNNUCU K PUCYHKAM u 3AT'OJTIOBKH
TABJINL OBSI3ATEJIbHBI. OdopmisitoTcst OTAETBHBIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM U aHTJIMHCKOM SI3bIKaX.

MATEMATHYECKHUE ®OPMYVIJIbI cienyer Habupars B popmynsHOM penaktope MathTypes Equation i MS Equation,
rpedecKue U pycckue OyKBHI B popMyiiax HaOMPaTh MPSAMBIM MIPUGTOM (OIIIHS TEKCT), TATUHCKUE — KYPCUBOM. O003HaueHUs 6eIUYUH
u npocmule Gopmynvl 6 meKkcme u MadIUYAX HAOUPAMb KAK djlemMenmyl mekcma (2 He Kak 00BEKTHl (HOPMYIHHOTO PEOaKTOpa).
HymepoBars ciieyer TOJIBKO Te GOpMyIIbl, Ha KOTOPBIC €CTh CChUIKH B MOCIEIyOLeM n3aomkeHnu. Hymeparus Gopmyl CKBO3HAs.

CIIUCOK HUCIOJb30BAHHBIX UCTOYHUKOB cocrapnsercs B MOPSAKE MUTUPOBAHKUS U OGOPMIIIETCS B CTPOTOM
coorBetcTBHH ¢ ['OCT P 7.05-2008. CchUIKH Ha JIUTEPATYpPy B TEKCTE OTMEYAIOTCS MO MEPE UX MOSBICHUS MOPSIAKOBBIMA HOMEpaMU
B KBaJIpaTHBIX CKOOKax. CIHCOK NMPHUBOAMUTCS HA Ka3axCKOM, PYCCKOM M aHIVIMMCKOM s3bIKaX C yKa3aHHEM B CKOOKaxX OpHIHHaja
myonukanuu. O6pasen; opopMIICHUS TUTEPATYPHI U TPAHCITUTEPALMH pa3MeEIIeH Ha caiite minmag.kz.

4. YcioBusi npuodpeTeHNs KYPHAJI0B aBTOPaAMU.

C aBrOpoM(aMH) 3aKJIIOYAETCsl JOroBOp O mpuoOpereHHH 10 (AecATH) SK3EMIUIIPOB JKypHajla COIIACHO YCTAHOBJICHHBIM pacleHKaM
Ha TeKYyLIHil ToJ], KOTOpbIe OH(OHH) UMEIOT IPABO PACIIPOCTPAHSATH CPEAN TOPHOH 00IIeCTBEHHOCTH. Tlociie OIIaThl cTaThsi MyOIMKYyeTCs B
HOMEpE XKypHaJja COrNIaCHO OYCPEIHOCTH.

Topnwviir srcyprnan Kazaxcmana Ne2’ 2026



