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MOHHUTOPUT TEOAUHAMUYECKOTO COCTOSAAHMAA
KXKNAAHANHCKUX TPYTT MECTOPOXAEHNU

i
C.T. ConrabaeBa’ e , E. TneyoexyJibl

PaccMoTpeHbl 0CO6EHHOCTH MPOSIBAEHUS FreEOMEXaHMUYECKMX NMPOLLECCOB U MyTU UX peLueHms Ha XXun-
AQHAMHCKMX FPYI MECTOPOXAEHMI YAyTayckoi o6aacTu KasaxcraHa. AAsS HAAEKHOTO NPOrHO3MpPo-
BaHMS M NPeAOTBPaLLEeHMs OMacHbIX reoMexaHUyYeckmnx 9BAeHUI B paiioHe XXMAQHAMHCKOrO pyAHOro
MOASl CO3AQH F€OAMHAMMYECKMIA MOAUIOH, B COCTAB KOTOPOrO BXOASIT COBPEMEHHbIE M3MEPUTEAbHbIE
Komnaekcbl. C NpMMeHeHNeM COBPEMEHHbIX CPEACTB F€OAMHAMMUYECKOrO MOAMIOHA BbISIBAEHbI BayK-
Hble 3aKOHOMEPHOCTU MOBEAEHUS YAAPOOMNACHOr0 MAacCMBA FOPHbIX MOPOA M OGOCHOBAH MOKa3aTeAb
OLIEHKM ero cocTogHud. B pesyabTate npoBepeHHbix HMP co3paHbl n BHeApeHbl B MPOM3BOACTBO:
reoAmMHammyeckmnin noanrox (FAIM) paroHa; paspaboTaHHble KOHCTPYKLMM MOCTOSIHHBIX (Ha3eMHbIX M
NMOA3EMHbIX) MYHKTOB MPUHYAUTEAbHOrO LieHTpupoBaHus (ML), no3Boagiouie NoBbICUTb NMPOU3BO-
AUTEABHOCTb M TOYHOCTb HaBAIOAEHUI; COCO6 YKPENAEHUS CTALUMOHAPHbIX KapbepHbIX OTKOCOB MPo-
rHO3MPOBaHMS Hanps>keHHo-AeopmmpoBaHHoro coctosHus (HAC) MaccuBa; coCTaB yKpenAsiowero
pacTBopa M3 OTXOAOB FOPHOIO MPOM3BOACTBA AAS MOBbILLIEHMS YCTOMYMBOCTM HAPYLLUEHHbIX Y4YaCTKOB
YCTYMNoOB Kapbepa.

HoBwusHa paspaboTaHHbIX Cnoco60B M CPEACTB NMOATBEpPXKAeHb! NateHTamm PK Ha mn3obpeteHue.
B ycAOBUMSIX MPOSIBAEHUSI CAOXKHbIX FEOAMHAMMUECKMX MPOLECCOB, TPEOyeTCs AdaAbHellliee pa3BuTHe
METOAOB M CPEACTB reOAMHAMMYECKOro NMOAMroHa >KMAQHAMHCKOTO PYAHOrO MOAS, pa3paboTku MH-
HOBALMOHHbIX METOAOB M CPEACTB MOHMTOPMHIA Ha y4acTKax, B KOTOPbIX MPOrHO3MPYIOTCS OMnacHble
reoAMHamMyueckme nNposiBAeHUs 1 060CHOBaHUE MX HAAEXKHBIX NPEABECTHUKOB.

KaloueBble cAOBa: TeXHOreHHasi CEMCMMUYHOCTb, FreOAMHAMMKA, TeKTOHWYeckasi CTPYKTypa, Ha-
NPSKEHHO-AE(POPMMPOBAHHOE COCTOSIHME, MACCMB FOPHbIX MOPOA, FreOMEXaHUYeCKUii MOHUTOPUHT,
reoAMHaMMYeCcKmii MOAUIOH.

G. Meirambek'*, K. Rysbekov!, M. Nurpeissova’,
S.T. Soltabayeva', E. Tleubekuly?
'Kazakh National Research Technical University named after K.I. Satpayev, Almaty, Kazakhstan

2Al-Farabi Kazakh National University, Almaty, Kazakhstan
*e-mail: g.meirambek@satbayev.university

Monitoring of the geodynamic state of the zhylandy group of deposits

The features of the manifestation of geomechanical processes and ways to solve them at the mines
of the Zhilandinsky ore field in the Ulutau region of Kazakhstan are considered. For reliable forecasting
and prevention of dangerous geomechanical phenomena in the Zhilandinsk ore field area, a geody-
namic polygon has been created, which includes modern measuring complexes. Using the means of a
geodynamic polygon, important patterns of behavior of an impact-prone rock mass have been identified
and an indicator for assessing its condition has been substantiated. As a result of conducted research,
following were created and introduced into production: geodynamic polygon (GDP) of the region; de-
veloped designs of permanent (above-ground and underground) forced centering points (FCP), allowing
to increase productivity and accuracy of observations; method for strengthening stationary quarry slopes
for predicting the stress-strain state (SSS) of the mass; composition of strengthening solution from mining
waste to increase stability of disturbed sections of quarry benches.Novelty of developed methods and
means is confirmed by the Patents of the Republic of Kazakhstan for invention. In the context of complex
geodynamic processes, further development of methods and tools for the geodynamic testing area of
the Zhilandinsky ore field is required, as well as the development of innovative methods and tools for
monitoring areas where dangerous geodynamic manifestations are predicted and the substantiation of
their reliable precursors.
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In conditions of man-made seismicity with increasing complexity of geomechanical and hydrologi-
cal conditions for mining deposits, further development of methods and tools for the geodynamic landfill
of the Zhilandinsky ore field, development of innovative methods and monitoring tools in areas where
dangerous geodynamic manifestations are predicted and substantiation of their reliable precursors is
required.

Keywords: technogenic seismicity, geodynamics, tectonic structure, stress-strain state, rock mass,
geomechanical monitoring, geodynamic polygon.
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JKbIAaHABI K€H OpbIHAAPbl TOObIHbIH, T€0AMHAMUKAABIK,
)Ka-KyHiH MOHUTOPUHITEY

KasakcTaHHbIH YAbITay 0OAbICbIHAAFLI XKbIAQHABI KEH OPHbIHbIH, KEHILUTEPIHAE rEOMEXaHMKAAbIK,
MPOLLECTEPAIH KOPIHY epeKLLeAiKTepi K&He 0AapAbl Lelly >KOAAAPbl KapacTbipbiAFaH. XKbIAAHAbI KeH
OpHbl ayMarblHAQ KAyinTi reoMexaHMKaAbIK, KyObIALICTApAbl CEHIMAI BOAXKAY XKOHE aAAbIH aAy YLUiH
reoAMHAMUKAABIK, MOAUIOH KYPbIAAbBI, OHbIH KypaMblHA 3aMaHayu eALley KelleHAEpi Kipeai.

[e0AMHAMMKAABIK, MOAMIOHHbIH 3amMaHaym XabAbIKTapblHbIH KOMEriMeH KeH COKKblFa 6eriM Tay
>KbIHbICTAPbIHbIH MAaCCUBIHIH MaHbI3Abl CMMATTaMaAapblHbIH 3aHAbBIAbIKTAPbl aHbIKTAAAbl >KOHE OHbIH,
an-KyniH 6aranay kepceTkilli HerizaeaAi. XKyprisiareH F3>K HaTuxeciHAE MblHAaAAp KYPbIAAbI >KoHe
OHAIpiCKe eHri3iAAl: ayAaHHbIH reo0AMHAMMKAAbIK, MOAMTOHbI (TA); GakbirayAapAbIH, OHIMAIAIM MeH
ASAAITIH apTTbipyFa MYMKIHAIK GepeTiH MaxKOypAaen opTaabikTaHAbIpyAbiH (ML) TypakTbl (kep ycTi
>KOHE >KepacTbl) MYyHKTTEPiHIH, 83ipAEHreH KOHCTPYKLUMSIAQPbl; MAacCMBTIH, KepHeyAi-aedopMaLMsAaH-
FaH kan-kyniH (KKC) 60A>ayAblH, CTaLMOHAPABIK, KapbepAik GeTKeMAepiH HbIFATy TOCIAl; KaAAbIK-
TapAaH KaTanTaTblH epiTiHAIHIH Kypambl KapbepAiH 6y3bIAFaH yUaCKEAEPiHiH, TYPAKTbIAbIFbIH apTThIPy
YLWIiH Tay-KeH eHAIpICi. O3ipAEHreH TOCIAAEP MEH KYPaAAAPAbIH XKaHaAbIFbl eHepTabbicka KP nateHT-
TepiMeH pacTaAAbl.

Tay-KeH >KYMbICTapbIHbIH FreOAMHAMUKAABIK, >KaFAdiibl KypAeAeHe TyckeH. 2KblIAaHAbI KEH OPHbIHbIH,
reoAMHAMMKAABIK, MOAUTOHbIHbIH, 8AICTEPI MEH KYPaAAApPbIH OAAH 8pi AAMbITY, KayinTi reoAMHaMmKa-
AbIK, KOpiHiCTep 60AXaHATbIH XEPAEPAE MHHOBALMSABIK, dAICTep MeH 6akbiAay KypaAAapbiH >kacay,
OAAPAbIH, CEHIMAI BOAXKaMAAPbIH Heri3aey Kaker.

TyiiH ce3Aep: TEXHOreHAIK CefCMMKA, FeoAMHaMMKA, TEKTOHMKAAbIK KYPbIAbIM, KepHeyAi-Ae-
(hopMaLMSAbIK, KYI, Tay KbIHbICTAPbIHbIH MAaCCUBI, FreOMeXaHUKaAbIK, MOHUTOPUHI, Fre0AMHAMUKAABIK,

MOAUTOH.

BBenenue

I'eogmHaMUYeCcKHe MPOIIECCH — ATO aKTyaJbHAs
npobseMa, UMeromasi MeCTo NpU BEACHUU KPYII-
HOMAaCIITa0OHBIX TOPHBIX PabOT B CIOKHOCTPYK-
TYpPHOM MAacCHUBE TOPHBIX MOPOA, KOTOpask MOXKET
TOBJIEYh 332 COOON HE TOJNBKO KaTacTpoduuecKue
TEXHHUKO-DKOHOMHUYECKHE MOCIIEACTBUS, B TOM YHUC-
Jie TeXHOTEHHBIE 3eMJIETPSCEHUs, TOPHbIE yIaphl,
OIOJI3HU, HO MHOTAA MPHUBOJUTH K YEIIOBEUYECKUM
KepTBaM, Ha YTO YKa3bIBAIOT MaTepuaisl Mexy-
HapoOJAHOTO CUMIIO3MyMa IO TOPHBIM YyJapaM H
IIaxXTHOW ceficMuuHOCTH B pyaHukax (John, 2012;
MenpuukoB, 2010)] 1 ynpaBieHUIO STUMU MPOLIEC-
CaMHM MOBCEMECTHO YyJIeIsieTcst OONbIIIOe BHUMAHHE,
0 YeM CBUCTEJLCTBYET BO3POCIIEE YUCIO MyOin-
kanuit Ha 9Ty Temy (TpyOerkoii, 2020; Mikhailova,
Uzbekov, 2018).

l'eomnHamuveckoe oOecrevyeHue, COMPOBO-
KAawlee pa3padoTKy MECTOPOKICHHN TBEPIBIX
MMOJIC3HBIX HMCKOTIACMBIX, KaK TPaBHIO, Oa3upyeT-
Cs Ha WHXKEHEPHBIX MOJAXO0NAX, aJalTUPOBAHHBIX
K KOHKPETHBIM TOPHO-T€OJOTHYECKUM YCIIOBUSM.
OmHAKO MPU 3TOM HE YYHTHIBAIOTCS OCOOCHHOCTHU
CTPOCHUS TOAPA00TAHHBIX TOMII, (HU3UKO-MEXaHU-
YECKUX CBOWCTB MOPOJA U TEOJOTUYECKOH Ccperbl,
YTO CKa3bIBACTCS HA OCTOBEPHOCTH T'€OMEXaHMYIE-
CKHUX OLIEHOK PeaJIbHbIX TOPHOTEXHUYECKUX CUTYa-
WA, Y4ecTh MepedrciieHHbIe (DaKTOPhI B pacdyeTax
BO3MOKHO 32 CUET BBEJCHUS U aHAIN3a pPe3yJbTa-
TOB MOHUTOPHHTA HEIP.

KpynHomacmitabHas 1 MHTEHCUBHASI TEXHOTCH-
Has JESATENBHOCTh, K KOTOPOM OTHOCHUTCSI BBICMKA
U TepeMenieHre O0JIbIINX 00bEMOB TOPHBIX ITOPOJT
IpH pa3paboTKe MECTOPONKICHHUH TBEPIBIX TOJIE3-
HBIX HCKOIIA€MbIX, OKa3bIBAECT 3HAUUTEIHHOE BIIU-
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SITHUE€ HAa €CTECTBEHHOE HANpsKEHHO-Ie(hOpMHUPO-
BaHHOE COCTOSIHME BEpPXHEN 4acTH 3eMHOM KOpbI U
4acTO NMPUBOANT K aKTHBU3AIMH I€OJTUHAMHYECKUX
MpOIECCOB B 3TUX paiioHax. [IposiBieHuem reou-
HaMUYECKON aKTUBU3AILMU SIBISIOTCS TOPHBIC y/a-
PBI, TEXHOTEHHAs CEHCMHYHOCTB, a TaK)Ke APYTHE
OITaCHBIC T€OIMHAMHYECKUE SBICHHUS, TIPOTHO3UPO-
BaHWE KOTOPBIX MIPECTABIISAET COOO0 aKTyaIbHYIO 1
OJIHOBPEMEHHO BEChMa CIIOKHYIO MPOoOIeMy.
OOBEKTOM HCCIeIOBaHMS SIBISIETCS MEXKITyHa-
POIIHBIE MECTOPOXKeHUs JKMITaHIMHCKOTO PyI0TO
nons B [entpansnom Kazaxcrane. [Tockonbky pas-
BeJlaHHbBIE 3armackl MeAHON py/bl JKe3ka3raHCKOro
MECTOPOKICHUS MOCTEIIEHHO JIopabaThIBAOTCS, Ha
COBPEMEHHOM 3Tarie CIOXKWIACh HEOOXOJIUMOCTh
BBISIBJICHHS 3aIlacOB PYZBI JJIS MPOJUICHUS KU3HH
3TOro MecropoxaeHus eme Ha 40-50 net, a Takxke
pa3paboTKH HOBBIX MECTOPOXKIACHUI BOIHM3H TOpO-

Pucynok 1

noB XKeskazrana u CatnaeBa. B HacTosiiiee BpeMs
CO3/1aI0TCA YCIIOBHS /ISl paCIINPEHNST MHHEPAIbHO-
ceipbeBoil 0aswl LlenTpanbHoro Kazaxcrana. OT0
MecTopoxaeHus: Bocrounas u 3anmagnas Caprio0a,
Kummaknaii, Kapamomaxk, Wrtay3, pa3pabarbiBac-
Mble JKMITaHIMHCKIM PYTHHUKOM.

MOIIHOCTE TPOMBIIIIEHHBIX PYJ IS BCEX Me-
cropokaeHni JKUTaHIMHCKOHN TPYMITBI KOJIeOIeTCs
ot 0,1 10 20M. Pa3zmeps! pynHBIX TN KOJIEOIIOTCS
B npeaenax ot 200x100m mo 3200x1400Mm (MmecTo-
poxnenue 3anaanas Capsioda) u 3000x750m (me-
cropoxknenne Wrtay3). B pyaHOM 1ose BBISBICHO
11 pynHBIX 3a5exeil, B cCOCTaBe KOTOPBIX pa3BelaHO
109 pyanbix Ten. Hanbosee kpymHbie 3a1eKu MPH-
YpOUEHBI K TACKYAyKCKOMY Topu3oHTY. [IpocTupa-
HHE UX CEBEPO-BOCTOTHOE, TPOTHKEHHOCTH 70 3200
M, MolHOCTh OT 0,5 1o 17 M, pa3mep mo mageHUIo
1o 1400 m (puc.1).

Teonoco-cmpyxkmypuas kapma XKuranoOuHCKUx epynn MecmopoicoeHuil

Nopdy [N |, [Boak|; [Puke’l, [P s

Ea -]7 Ms L’ﬂs: Mm

Venosuvie oboznauenus: 1 — eaneunuxu, cyenunku, eaunl; 2 — cepvie u Gypoie 2UNOCHOCHbLE
2nunbvl; 3 — craboyemenmuposannvie NeCYaHUKuy, Jceie3ucmoie Konepiomepamel, 4 — cepvle
U36ECMHSAKU , Mep2enu, 5 — APKOKpacHvle Bypbie U36eCMHIKU, Mepeelu, 6 — Oypule apeuiu-
Mbl, A1eBPONUMbL, MEIKO3EPHUCTbIE NeCUAMHUKY, 7 — cepble U OYPo8amo-cepuvle NecuaHuKu,
anesponumul U apeunumsl, 8 — epaHuya 20pHo20 omeooa JKunanounckoil epynnvl mecmo-
podcOenutl, 9 — meKmoHudecKue pasiomvl, YCMaHoBLeHHble N0 2e0PUIULECKUM OAHHBIM,

10 — 30Ha MenKux paspvléHbiX HapyuleHul.
Tpumeuanue: cocmagieno asmopom.
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MaccuB TOPHBIX MOPOJ OCIOXHEHBI TEKTOHU-
YECKMMHU HApYyIICHUSMH, TIOPOJHBIMU KOHTAKTAMH,
M COJEpXKAalIero TOpHbIE BHIPAOOTKH Ppa3IUYHbIX
¢opM 1 pazMepoB, KOTOpPBIE B 3HAYUTEIHHOHN CTe-
NEHN 3aTpyAHseT ux pa3paboTky (Nurpeissova u
np.,2020; Bazaluk n op, 2022).

Ha »10i1 ocHOBe mocTaBieHa ek, 000CHOBaHA
uzaest u chopMynrpoBaHa CTPYKTypa CO3/IaHUs Teo-
JTUHAMHMYECKOTO MTOJINTOHA, B COCTaB KOTOPOTO BXO-
JIIT COBPEMEHHBIE N3MEPUTENbHBIE KOMIUIEKCHI JIIIS
BEJICHHsI MHOTOYPEBHOBON CHCTEMBI MOHMTOPUHTA
¥ MOJICITMPOBAHMUS HANPSHKEHHO-1e(hOpMHUPOBAHHO-
T'O COCTOSIHUSI MacCHBa FOPHBIX Mopoa B LlenTpans-
HoM Kasaxcrane.

Metoasl u cpeactBa MOHMTOpPUHTAa. ClOX-
HBI€ TOPHO-TEOJOTMYECKHE YCIOBHS Pa3padOTKU
JKutaHAWHCKUX TPYII MECTOPOXKICHUN 00YCIOBH-
T HEOOXOAMMOCTH PEIIeHHs IPOoOIeM TpeIoTBpa-
IIEHHS CIOXKHBIX T€OJUHAMHUYECKUX Ipoleccos. B
CBs3M ¢ 3TUM Kadeapoil Mapkiieiaepckoro nemna
u reonesun Satbayev Universiy NpoBOAMIHMCH U
MIPOBOJIATCS B HACTOSIIIEE BPEMSI KOMIUIEKCHBIE HC-
CIIEIOBaHHUs TE€OJUHAMHMUYECKUX IPOIIECCOB, YYET
KOTOPOW TIO3BOJISIET TOYHEE OIICHWBATH XapakTep
U TIapaMeTpbl MOJIsi TeKTOHHYECKHX HampspKeHHH,
OCOOCHHO B paifoHE MHTEHCHUBHOTO BEIEHUS TOp-
HBIX paboT ¢ IPUMEHEHHEM COBPEMEHHBIX MPHOO-
pOB, a Takke pa3pabOTaHHBIX aBTOPAMH CPEICTB
HaOII0ICHUH.

OmHAaKo ATOT TEKTOHUYECCKU-aKTUBHBIN palioH
Llentpansaoro Kaszaxcrana mo cux mop sIBIsIETCS
HEJOCTaTOYHO M3YUYEHHBIM. {151 3TOM TeppuTOpUn
HEOOXOMMBI KOMIIJICKCHBIE MCCIEIOBAHHS 110 U3-
YYEHHUIO TeOJUHAMHYECKOW W CeHCMHYecKoil 00-
CTaHOBKH, y4€T KOTOPOI MO3BOJISIET TOUHEE OLICHH-
BaTh XapakTep W MapaMeTphl MOJIs TEKTOHUYECKUX
HaNpsDKEHUH, O0COOCHHO B pailOHE MHTCHCHUBHOTO
BEJICHHUSI TOPHBIX PAa0OT M MPHUHATHS OOOCHOBAH-
HBIX Mep 10 CHUKEHHIO Te0IMHAMHUYECKOT0 pHCKa.
O} PexTHBHBIMU MHCTPYMEHTAMHU JJISl TTOHUMAaHUS
pasHOMAacIITa0HBIX NPUPOTHBIX M TEXHOTCHHBIX
IPOLIECCOB U IOCJIEAYIOIIEro IIOCTPOCHUS aJleKBaT-
HBIX MOJENEH MOITOCPOYHOTO IMPOrHO3HPOBAHUS
COCTOSIHHSI T€OJIOTHYECKON CPEIIBI SBIISIFOTCS T€OIH-
HaMHWYECKHE TIOJIMTOHBI, MPEACTABISIONE CO00H
CHeaTbHBIM 00pa3oM BBIOpaHHBIE TEPPUTOPHH,
B Ipe/esiax KOTOPBIX MPOBOJUTCS KOMIUIEKC pery-
JISIPHBIX T€0/Ie3MYECKUX, CITyTHUKOBBIX, CelicMmUe-
CKHUX, TeOPHU3NUECKHIX, TEOJOTMYECKHUX U LEIBIN P
JIPYTHX HaOJIOEHUH, HAIleIEHHBIX Ha OTCIIEKUBA-
HHE 1e(hOPMaLMOHHBIX POLIECCOB B BEPXHEH YacTh
36MHOU KOPBI.

Pe3syabTatbl

Boimonnsemsie Ha JKUITaHIWHCKHAX MECTOPOXK-
JICHUS, TEOMEXaHNUECKUE HCCIICAOBaHMS C IpUMe-
HEHHEM CPEJICTB T'€0IMHaMUYECKOr0 MOJINTOHA I10-
Ka3aJm cBOO d(h(hEeKTUBHOCT.

Pesynbrarhel nccienoBanus (HU3NKO-MeXaHHUeE-
ckux cBoiictB (OMC) mopox maccuBa TTO3BOJIMIN
YCTaHOBUTH TpadOoaHAINTHUECKHE 3aBUCUMOCTH
IIPOYHOCTHBIX CBOMCTB MOPOJ MaccHBa C TIIyOHHON
UX 3aJleraHusl U ONEepaTHBHO BHOCUTH M3MEHEHUS
B MOTOPHU30HTHBIE PACUEThl YCTOHUYNBOCTH TOPHBIX
BbIpa0oTOK [7]. Ha ocHOBe MpoOBEIcHHBIX HCCIICIO-
BaHUH [TOJTyYeHbI KOJIMYECTBEHHbIC U KAUECTBEHHBIC
XapaKTEPUCTUK CBOWCTB IIOPOJ MECTOPOXKJICHUMN
Hentpansuoro Kazaxcrana. OTu XapaKTepUCTHKHU
OyayT MCTIOB30BaHbI IPH PEIICHUN Psia TEXHUYC-
CKHX 3aJlay Ha Kapbepax U MOA3EMHBIX PyIHHUKAX:
IpU OLIEHKE YCTOWYMBOCTH YCTYIIOB M OOpPTOB Ka-
PBEPOB: PACUECTHBIX LEJINKOB U MPEACIbHBIX MOTO-
JIOYHH, JUIsi O0OOIIEHHST Pe3ylbTaTOB WHCTPYMEH-
TaJIbHBIX HAOMIONEHUH M ysSCHEHHS (U3NUECKON
CTOPOHBI ITpolecca CABUKEHNS.

Baxueiiieli reoMexaHMYeCcKOM XapakTepu-
CTHKOW MaccHBa TOPHBIX MOPOJ SIBJISIETCA €ro Ha-
npsbkeHHo-nedopmanronHoe  coctostaue  (H/C).
K nacrosmemy BpeMeHH BbIpaOOTaHBI pPa3IndHbIC
MeTonel U crocoObl koHTposss HJIC mopomHOTO
maccuba. s uzyuenus H/IC maccuBa ropHBIX HO-
poxn Satbayev Universiy pazpabotan «CelicMoaky-
cTuuecknit Mmetox npornosuposanusg HIAC maccuBa
TOPHBIX MOPOJI ¥ BHEAPEH B pon3BoacTBO (IlaTenT
RZ35898-b, 2024; Saik u 1p,2023).

Benenne MOHUTOPHHTA 32 COCTOSTHIEM MAacCHBa
TOPHBIX TOPOJ NpU pa3paboTKe MECTOPOKJIEHU,
3aHUMAIONIMX OOJBIIYIO IJIOIAAb, COCTOSIINX U3
HECKOJIBKHX 3aJie)Kel M 3aJleraloluxX B pa3IudHbIX
riyOOKMX TOpPU30HTaX, TPeOyeT CO3aHusl 2eo-
ounamuyecrkoeo noaueona (). Jnst Gonee ne-
TaJIBHOTO, & C 3KOHOMHYECKOW TOYKH 3PEHUS BbI-
TOJTHOTO H3YYEHHS TI'eOJMHAMHYECKUX IPOLIECCOB
pu pa3paboTke MecTopokaeHuil B LlenTpanbsHoM
Kazaxcrane, py/aHble *KHUIbl KOTOPBIX 3aJ€raloT Ha
3HAYUTEJIBHBIX INIyOMHAX M pa3dpocaHbl 1O MO0,
reoMexanndeckoi mikoyiot Satbayev University
IIPEJIOKEH M OCYIIECTBIICH HOBBIN ITOJIXO/ K CO3/a-
uuto ['JII1. Co3gaHbl «y3710BBIEY» BETBU, COCTOSIITNE
U3 ONOPHLIX NYHKINOG U 0ePOPMAYUOHHBIX HUBENUD-
noix peniepoB (Howiii moaxom. 2021; Nurpeissova u
Ip., 2023). Bee y3nossie myakTs I'I11 pacnionoxe-
HBI B COOTBETCTBUH PYIHBIM KUJIAM U MPHUBSI3aHBI
K MYHKTaM TPUAHTYJSIIMU [ ocylapcTBEHHON Teo-
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ne3nueckor cetu (puc.2,a). YcoBeplICHCTBOBaHA
KOHCTPYKIMs onopHbIX nyHkToB I'JIIT u momzem-
HBIX HaONOJaTeNbHbIX cTaHIui (puc.2,0). TexHu-
YEeCKUM Ppe3yJIbTaTOM H300pETeHUS] MOCTOSIHHOTO
re0/Ie3MYECKOT0 TYHKTa NPUHYAUTEIBHOTO IEeH-

Pucynoxk 2

tpupoBanus (I1I1L]) siBisieTCS MOBBILIEHUE TOYHO-
CTH U OIEPATUBHOCTH W3MEPEHUs! IIPU OTCYTCTBUU
LITATHBOB B IYHKTaX CTOSIHMS IJIs1 HaOJIIOJCHUS
(ITaterr RZ35798. 2022; Ilarenr KZ35900-B.,
2024).

Tpuaneynayuu 'ocyoapcmeennoil eeode3udeckoli cemu

Taskuduk

a — cxema pacnonodceHust ONOPHLIX NYHKMOS HA 2e00UHAMUYECKOM NOIUSOHE
6 — KOHCIMPYKYUU HAZEMHBIX U HOO3EMHbIX NYHKIMOE NPUHYOUMETbHO20 YEeHMPUPOBAHUS

Tpumeuanue: cocmasneno agmopom.

MacmtaObl BIMSIHHS KapbepoB, UX OTBAJOB,
MMOJA3EMHOM JOOBIYM TaKOBBI, YTO UX BO3JEHCTBHE
HaKJIaJbIBACTCS APYT Ha APYra, cO3/4aBas CIOKEH-
HbIC 3aKOHOMEPHOCTH ()OPMHUPOBAHUS BTOPUIHOTO
nojist HanpspkeHud. OAUH U3 aCHEKTOB ATOTO SIB-
JICHUsI — BEPTUKAIBHBIC TEPEMEIICHHSI MacCHUBa
ropueix mopoj (puc.3, a). [loatomy cioxuBIIH-
ecs B JIAaHHOM paloHe MaciiuTaldbl MPOU3BOJICTBA
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TpeOYIOT yriryOJIEHHOTO M3YyYEeHUSI U KOHTPOJIS 3a
MPOUCXOAANIUMHU MPOIIECCaMi BO M30€KaHUE He-
KOHTPOJHUPYEMBIX KaTacTPOPUYECKUX MPOSIBIIC-
HHUIl TeoMeXaHWYeCKUX MpoleccoB. Pe3ynbTaThbl
MOHHUTOPHUHTA OIOJ3HEBBIX YYacCTKOB Kapbepa ¢
2022 mo 2025 roasl U YCTAaHOBJICHHBIC BEIIMUNHBI
CMEIICHUSI B TIPOCTPAHCTBE BPEMEHH IMPUBEICHBI
Ha puc.3,0



I'. Meiipambex u nip.

Pucynok 3

Ononsnu na wocnom bopmy xkapvepa Bocmounas Capuvloba (a) u ouazpammer cme-
wenus 10xcno20 ononsms ¢ 2022 no 2025 22(6)

BepTukaneHoe cMeleHne HXHOMo ONoM3HA (2022-20251T)

0 8 g\ = =
g -100 —_——
- 200
2022 2023 2024 2025
—e— Min -0,07 -0,11 -1,07 -2,07
—8— Max | -5.12 1145 | -12408 | -1522

FopuaoHTansHoe cMelleHue xHoro ononaHa (2020-2023rr)

400
g 200 T

0 F— = =£)

2022 2023 2024 2025

—e— Min | -002 -0,05 -1,09 20,12
—8— Max | -1.00 <123 11,65 155,35

Hpumeanue: cocmaeiieno aemopom.

BI)IHOJ'IHSIGMI)IG Ha MeCTOpO)K)];eHI/ISIX reomMexa-
HUYECKHE HCCIICIOBaHMS C TIPUMEHEHHEM CPEJICTB
reoJJMHAMHYEeCKOro nojmrona AP3 mokasaiu cBOIO
s¢dextuBHOCTE. [lo pesynbraTaM KOMITJIEKCHOTO
re0IMHAMUYECKOI0 MOHHUTOPHHIAa B PYJHUYHOMN
30HE 32 OJIATOBPEMEHHO BBIJIENISIOTCS TTOTEHIIHAIb-
HO OMNAaCHbBIC YYaCTKH, B Mpejeiax KOTOPBIX MOCIe
JIOITOJTHUTCILHOM OIICHKH METOJAaMU MHOTOKAHAJIb-
HOIro KOHTpOJISI COCTOAHUA MacCCHUBa FOpHBIX HOpOZ[
BEITIOTHSFOT HEOOXOMMBIE MEPOIPHUATHUS 110 YKpe-
MJIeHUI0 MaccuBa. [TockonbKy KOHEYHOU LETBIO JIs
BCEX TCOMEXAHHWYECKHX HCCICAOBAHUN SIBIIIECTCS
obecrieueHne TPOMBIIIICHHOW 0€30MacHOCTH, TO
JUTSL TIPEIOTBPAIICHUS JalbHEHIIEro OIoJ3HS Oop-
Ta MecTopoxaeHue «KapbepHoe» Hamu ObUT pas-
paboTaH crocod yKperieHHusI KapbepPHBIX OTKOCOB,
TEXHUYECKasi HOBM3HA KOTOPOIO MOJTBEXKJICH Ia-
tenToM PK (ITatent K336246-b. 2024; Ilarent PK
Ne 840, 2023).

Ilepcnekmuenl pazeumus KOMRIEKCHOZ0 2€0-
OUHAMUYECKO20 MOHUMOPUH2A

MupoBasi TopHasi MpakTHKa CBUAETEIbCTBYET,
YTO yBEJIUYEHHE BOAONPUTOKA B OTPabOTaHHOE
MIPOCTPAHCTBO MPUBOANUT K CHWKEHHIO TPEHHS IO
rpaHULaM TEKTOHMYECKHX OJIOKOB, CIOCOOCTBYS
BHE3AITHBIM ITO/IBMYKKaM C BBIJICTIEHHEM 3HAUUTENb-
HOW DHEPIrUU M TPOSIBICHUIO TEXHOTEHHOM ceiic-

Mu4HOCTH (puc. 4). B Takux ycnoBusix Tpedyercs
JAJIbHEHIIIee pa3BUTHE METOAOB M CPENCTB IeOH-
HaMHUYECKOT0 MOJHUIOHA, YCTaHOBKA JOMOIHUTEb-
HBIX 3JIEMEHTOB MHOTOYPOBHEBOM CHCTEMBI I€0TEX-
HUYECKOI'0 MOHUTOPHHTA Ha YYacTKax, Ha KOTOPBIX
MIPOTHO3HPYIOTCS ONMACHBIE TE€OAMHAMUYECKHE TIPO-
sIBIICHUSI 1 00OCHOBAaHUE WX HAJIC)KHBIX TPEIBECT-
HUKOB

Pucynok 4
Komnnexcuviti monumopune na meppumopuu Kunanounckux
2PYNN MeCmopodIcOeHUll U UHMEPNPEemayis e2o pe3yabmanos

prweqal-tue: cocmaesiieHo asmopom.
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Jyis 3TOr0 HEO0OXOJUMO TIPOBEJICHUE CIICIH-
aJbHBIX HCCIIEIOBAHUI MO COBEPUICHCTBOBAHUIO
METOIUYECKON U TexHuueckoi 6a3el I' /111, ¢ mensro
OTIpeIIeIICHIs 00J1acTell TIepBOOYEPEIHOTO KOHTPO-
751 1 00OCHOBaHUS PErMOHAIBLHBIX MEp MO YIIpaB-
JIeHWI0 TOpHBIM naBieHueM (Rysbekov u mp.2024:
Saik u ap., 2024).

BriBoabI

KoMrmnekcHbIE MOHUTOPUHT Ha TEPPUTOPUHU
KunanAMHCKUX TPyNI MECTOPOKIACHUN U UHTEp-
MpeTaIus ero Pe3ybTaToB, MOTYYCHHBIX 3a IEPUOT
2021-2025 rr., mo3Boawit chopMyIupOBaTh CICAY-
IOILIKUE BBIBOJBIL:

1. I oGecriedeHus MPOMBITIUICHHON W 3KOJIO-
THYECKON 0€30MacCHOCTH OCBOCHUS HEAP MPOBOIUT-
Cs1 KOMITJICKCHBIT MOHUTOPHHTA COCTOSTHHSI MECTO-
poxnenun AP3 u BHeApPEHBI B IPOU3BOJICTBO:

- MHOTOYPOBHEBAs CHCTeMa KOMIUIEKCHOTO Te0-
JTUHAMUYECKOTO MOJIUTOHA: B COCTaB KOTOPOU BXO-
IUT PSIT B3aUMOJIOTIOJTHIEMBIX METOJIOB M TEXHU-
YECKUX CPEJICTB, 00CCIeUnBarOMIUX 3PPEKTUBHYIO
pEeruCTpanyio M yrIyOJIEHHBIA aHaIN3 ITUPOKOTO
CIIEKTPa U3MEHSIIONINXCSA B IPOCTPAHCTBE U BO BpE-
MEHH TTapaMeTPOB T'EOIPOIIECCOB

- 0a3a reonpOCTPAaHCTBEHHBIX JaHHBIX O MECTO-
poxaennsx AP3, uzyuenst ®MC u H/IC maccuBa
TOPHBIX MOPOJ HWKHUX TOPU30OHTOB PYIHHUKA IS
CO3/IaHUsI TPEXMEPHBIX MOJIEIeH TOPHO-TE€OIOTHYe-
CKUX O0BEKTOB C yYeTOM U3MEHEHH UX B IIpoliecce
OCBOCHWSI HEIIP;

- CO3/IaHHBIN AJI PErHOHA «JIOKAJBHBIN METOA
Te0JMHAMUYECKOTO MTOJINTOHA;

- pa3paboTaHHBIE KOHCTPYKIIUU TOCTOSHHOTO
Ha3¢eMHOTO W TOA3EMHOTO IYHTKOB TPHUHYIUTEIIb-
Horo nieatpupoBanust (HIIIL] n ITITLIT), mo3Bo:s-
FOIIIAE TIOBBICUTH MPOU3BOAUTEILHOCTh U TOYHOCTH
HaOJIOICHUI;

- COCTaB YKPEIUISAIOUIEr0 pacTBOpa U3 OTXO/I0B
TOPHOTO MPOU3BOJCTBA JJISl MOBBIMICHUS YCTONUU-
BOCTH HapyIICHHBIX YYACTKOB YCTYIIOB Kaphepa.

HoBuzna pa3paboTranHbIX crOCOOOB M CPEICTB
noaTrBepkaeHsl [larenramn PK Ha m3o0pereHue,

BXO/MIIIIMMA B MEKYHAapOJHYH 0a3y TMaTeHTOB
Derwent.

2. Pe3ynbpTaThl MOHUTOPHUHTA TTO3BOIMIIN CACTATh
BBIBOJI, YTO B HACTOSIIEE BpeMs pa3paboTKa MECTO-
POXJICHUH PA3IMYHBIMU CIOCOOAMH CYIIECTBECHHO
HE U3MEHSET CIIOKUBIIIEECS NPUPOIHO-TEXHOTCHHOE
U Te0IMHAMHUYECKOE COCTOSHHE Heap. 3aperucTpu-
pOBaHHbIE HE3HAUYMTEIbHBIE CMEILECHUS MPUypoUe-
HBI K TEKTOHMYECKMM HapylIeHUsM. B Takux ycno-
BHUAX TpeOyeTcs MalbHEHIIee pa3BUTHE METOIOB U
CPEACTB T€OAMHAMHUYECKOrO IOJMIOHA, YCTaHOBKA
JIOTIOJTHUTENBHBIX CPEJICTB CUCTEMbBI TEOMOHUTOPHUH-
ra 0CJa0JICHHBIX Y4aCcTKaX KapbepoB U 00OCHOBaHHE
WX HAJCKHBIX MPEIBECTHUKOB. {151 3TOrO0 HE00X0-
JIUMO TIPOBEJICHUE CHELMAIbHBIX UCCICAOBAHUMN 1O
COBEPIIIEHCTBOBAHUIO METOAMYECKON U TEXHUYECKON
0a3bl reOAMHAMHYECKOITO TIOJIUTOHA.

DOuHAHCHPOBAHHE

Hacrosmiee uccrnegoBanue BBIIIOJHEHO B paM-
Kax rpaHToBoro (punancupoBanus Komurerom Ha-
yKu MHUHHCTEPCTBA HAYKH U BBICILIETO 00pa30BaHUs
PK AP23489269 «I'eoTexHm4eCcKOe€ MOHUTOPH-
pOBaHHE TE€OJAMHAMUYECKOIO COCTOSIHHS T€0JIOro-
CTPYKTYpPHOW CpeIbl MacCHBa TOPHBIX IMOPOJ TMPH
OCBOCHHU

Bxaang aBTopos:

Konuenryanuzamus —  [.Meiipambex u
K.b. Pric6exoB; Metonomorus — M.b.Hyprencona;
[IporpammHoe obecnieuenune — E. Tneyoexynsr ; Ba-
mugarmus — [.Meiipambex u K.b.PricoexoB; Dop-
ManbHbIH ananu3 — Opmambekosa A.E.; Mccnenosa-
nue — C.T.Conrabaesa; Pecypcst — C. T.Conrabaena;
KypupoBanue nansbix — I.Melipambek; Hamm-
CaHMe — TIOJATOTOBKAa IEPBOHAYAIHFHOTO BapHaH-
ta — C.T.ConrabaeBa; Hamucanue — peneH3upo-
BaHME U penaktupoBaHue — Hypneucosa T.b.;
Busyanuzanms — E.TneyOexynbl; Hayunoe pyxo-
BoactBO — K.b.PpicOexoB; AQMUHHCTpHpOBaHHE
npoekta — K.B.PeicOekoB; [IpuBneuenue punancu-
poBanusa — I".Meiipambex
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