8D07202 — Tay-keH ici MaMaHabIFbI OoiibIHIIA (puT0coPus nokTopsl (PhD)
JAIPeKECiH ajny YIIiH IMCCePTANMSINIFA
AHJATIIA

CAJIKBIHOB APHAT TYPCBIHBEKYJIbI

«TEOJIOTUSIBIK BY3BLITY ANMAKTAPBIHIA KAJIFAH
KOPJIAPJbI UTEPY TEXHOJIOTUSICBIHBIH TEOMEXAHUKAJIBIK
HETI3IEMECI»

JluccepTaumsuIbIK 5KYMBIC T€OJIOTUSIIBIK Oy3bUTy ailMaKTapblHa OpHAJIaCKaH
MKOHE OPTYPJIl I'EOJIOTUSIIBIK, T€OMEXAHUKANBIK KOHE TEXHOJOTUSIIBIK ceOenTepre
OalmaHBICTBI OYpPBIH OHIIPIIMEN KajlfaH KEH KOpJIApbIH Kayilci3 opi THIM/II
UTEPY/IIH T€OMEXaHUKAJIBIK HET13/IepiH 931pJIeyre apHalFaH.

3epTTey TaKbIPHIOBIHBIH ©3CKTLIIr Ka3ipri KE3eHIIe MUHEPaIbIK-TIHKI3aT
0a3achlH TOJIBIKTHIPYIBIH KHBIHIAYbl, KEH OPBIHIAPBIHBIH TEpeH KadaTTapra
aybICybl OHE KOJJIAHBICTAFbl KEH OPBIHAAPBIHAAFEI KOPJApAbl OapbIHIIA TOJBIK
Urepy KaxeTTUTiriMeH asblKTanansl. Kazakcran PecmyOnmkacbiHga Tay-KeH
OHEPKACIOl YITTHIK AKOHOMHUKAHBIH CTPATErMsUIBIK CalallapblHbIH Oipl OOJbII
ta0bbutael. COHFBI JKBUIAAPHI TCOJOTHUSIIBIK Oapiiay »KYMBICTAPBIHBIH KoJeMi
yIFaibln, naigansl Kaz0anapabl eHAIpyre OarbITTadFaH MHBECTULIMSIIAD KOJeMI
TypakThl Typae ecyae. COHbIMEH KaTap K€H OPBIHIAPBIHBIH OackiM OeJiri y3ak
yakbIT OOMBI UTEPLIIN Kelie KaTKAHIBIKTaH, OHAIPUIETIH KOPJIAPIAbIH KYPBHLUIBIMBI
e3repil, KypAedl Tay-T€OJOTHUSIIBIK JKaFaaijiapia OpHaJIacKaH KOpJapJblH Yiiecl
apThITI KEJe/Il.

['eonorusuiblk Oy3bUTy aliMaKTapblHIAa OpHAJacKaH KEeH KOpJapblH HUTepy
KE31HJ€ Tay >bIHBICTAPhl MACCUBIHIH KepHEeyli-Ie@opMauusiblK Kyl Kypaenl
e3repicrepre yiiblpaiibl. Tay-KeH Kaz0agapbiH KYprizy HOTHXKECIHAE TaOUFH Tere-
TEHIIK OY3bUIBIN, Tay >KbIHBICTAPBIHBIH JehopMaIusiaHybl, >KapbIKIIAKTaHYBI,
OTBIPBUTYBl JKOHE Tay KBICBIMBIHBIH KailTa O6JiHyl CHAKTHI T€OMEXaHUKAIBIK
mporecTep AaMuabl. MyHAal Karmaimap OHIIPICTIK Kayilci3fik JIeHTeHiHIH
TOMEHJICY1HE, K€H YKOFAJIBIMBIHBIH apTybIHA KoHE KCHHIH KYHAPCHI3JaHybIHA aJIbIIl
kenemi. COHOBIKTaH TEONOTUAIBIK Oy3bUly ailMakTapblHAAa OpHAlacKaH KeH
KOPJIApBIH WTePY/iH FBUIBIMH HETI3JICATCH TEeXHOJOTHSUIAPBIH d3ipiiey Tay-KeH
FBUTBIMBIHBIH MaHBI3/Ibl OaFbITTAPBIHBIH O1p1 OOJIBIN TaObLIAIbI.

Juccepranusinbik 3epTrey JKe3kasraH KEH OpHbBI KAFIalubIHIa OPBIHIAIIBI.
3epTTey HbICaHbl peTiHae Kyjiama Oypsiibl 20-35° 6onaThiH Kea0ey KeH JeHenepl
aNbIHIBL. 3epTTey IMOHI — KaMmepasbl-OaraHallbl Ka3zy >KYMECIHIH KYPbUIBIMIBIK



AIIEMEHTTEPI MEH MapaMeTpJEpiHiH Tay >KBIHBICTAphl MACCHBIHIH KEpHEYIi-
nedopManusIbIK KyHiHE 9CEPiH 3epTTey OOJIbIN TaObLIA b

JKyMbICTBIH MakcaThl — Kyjiama Oypsiiibl 20-35° GoslaThiH KeH JeHeNepiH
Urepy Ke3iHJEerl Tay *KbIHBICTapbl MAaCCUBIHIH KepHEYi-Ie(popMalusiIblK KYHiHIH
KaMepaapasblK KEHTIPEKTEp MEH KEeH WIOFBIPbl IMapameTpiepiHne OalIaHbICThI
e3repy 3aHIbUTBIKTAPBIH AHBIKTAY JKOHE OJIAPBIH HET131H]Ie T€OJIOTHUSIIBIK OY3hLTY
allMakTaphlHAa KaJdFfaH KEH KOpJapblH Kayilci3 opi  THIMII UTEpYIiH
TEXHOJIOTUSIIBIK MIEITMACPIH d31pIiey.

Koiipuran MakcaTka Colikec Keecli MiHASTTep eI

— KEH OpHBIHBIH T€OJOTUSIIBIK, TEKTOHUKAJBIK >KOHE TIeOMEXaHUKaJbIK
EpEKIIETIKTEPIH 3ePTTEY;

— Tay JKbIHBICTApbIHBIH OEpIKTIK KacHeTTepl MEH OJIapJblH TEepPEHIIKKE
OailJIaHBICTBI ©3TePY 3aHABUIBIKTAPHIH aHBIKTAY;

— TepeH KabaTTapaarbl Tay KbICBIMBIHBIH 9CEPIH CaHABIK MOJICIBACY;

— KaMepaJbl-0araHalbl Ka3y )KYHECIHIH mapaMeTpiIepiH KeTUAIpy;

— 3epTTey HOTHXKEJIEpPIH OHJIPICTIK JKardailliapfia CbIHAKTaH OTKI3y MoHE
OHJIIPICKE €HT13Y.

3epTTey OaphichIHAA oAcOMETTepre Tajjay »acay, OHIIPICTIK Oakpliay,
T€OMEXaHUKAIBIK MOHUTOPUHT, MAaTEMaTHUKAJIBIK CTAaTHCTHKA JKOHE CaHJbBIK
MOJICTIbJICY OMICTEepl MaimamaHbUIAbl. [ €OMEXaHMKANBIK TMPOIECTEPl 3EPTTEY
PRESS 3D URAL xone FIDESIS OGarmapiamanblk KeIICHIEPiHIH KOMeTriMeH
KY3ere achIPbUIIBI.

XKyprizuiren 3eprreynep HoTWKeciHAE Kyama Oypeibl 20-35° GosaTeiH
KoeJIOey KEH JICHEJEpiH Urepy Ke3iHJe KamepaapasiblK KEHTIpEKTep MEH Tazajiay
KaMmepajapblHbIH TapaMeTpiiepl MEH Tay JKbIHBICTapbl MACCUBIHIH KEpHEYIIi-
neopManusIbIK KyHi apachbliHa ChI3BIKTBIK TOYENIUTIK Oap €KEHIr aHbIKTaJIIbI.
CaHJIBIK MOJIETIB/ICY HOTIKETIEP] KaMmepaapaliblK KeHTIPEKTEePIiH TOMEHT1 OOJITIHIH
MIIIHIH ©3TepPTy apKbUIbl KEHTIPEK TYOIHAE TIpeyilll KepTIHe KaJIbIITACThIPy €H
YKOFaPhI CO3BLITY JKOHE CBHIFBLTY KEPHEYJIEPIH TOMEHAETYre MYMKIH/IIK OCpETIHAITH
KepceTTi. byl ©3 Ke3eriHjae KEeHTIPEKTIH YK KOTEprillUTiK KaOuIeTIH apTThIPHIIL,
OHBIH OPHBIKTBUTBIFBIH KAMTaMacChI3 €TE/Ii.

3epTTeyaiH FhUTBIMU KaHAIBIFBl TOMCHICTIICH HOTHKEIICPMEH CHITATTAJIA IbI:

— KamepaapayiblK KeHTIPEKTEPAiH KaHa MIII1HI YCHIHBULIBL;

— Kyama Oypermbl 20-35° GosaThiH KEeH JICHENepiH Kamepalbl-OaraHaibl
KYHEMEH UTepyAiH KETIIAIPUIreH TEXHOIOTUICHI d31pJICHI];

— KaMmepaapayblK KEHTIPEKTEp/AiH KOTEeprilmTik KaOUIeTIH apTThIPYIbIH
T€OMEXaHHUKAJBIK 3aHABLIBIKTAPH! AHBIKTAJIIB;

— OalibiTy (haOpUKaChIHBIH KAJIJIBIKTapbl HETI31HJE >KapbIKIIAKTaJIFaH Tay
KBIHBICTAPBIH OEKITYI'€ apHaJiFaH jkaHa OypIKIeOETOHIBIK KOCIa Kacall ibl;



— T€OJIOTUSIIBIK OY3bITYy aiiMaKTaphIHIa KAJIFaH KOPJIAp bl UTEPYIiH Kayirci3
napamMeTpJiepi Heri3aem/l.

Koprayra yChIHBUIATBIH HET13T'1 FBUIBIMU KaFuanap:

1. Kynama 6ypernibsr 20—35° 6oaThIH KeH JCHEIEPiH Urepy Ke31H e
KaMepaapasblK KEHTIPEKTep/iH MapaMmeTpiiepl MEH Tay >KbIHBICTapbhl MaCCHBIHIH
KepHeyi-n1eopMalusIbIK Kyl apachlHa ChI3BIKTHIK TOYEJIUTIK Oap.

2. KamepaapanblKk KeHTIpEeKTep/AiH MIIIHIH 63repTy MaKCHUMAaJIbl
IIOFBIPJIAHFAH KEpPHEYJEPAIH TOMEHJCYIHE JKOHE OJIApPJIbIH OPHBIKTHLIBIFEIHBIH
apTybIHA aJIbIN KEJE/Il.

3. KenTipekTiH ToMeHr1 OeJIiriHe Tipeyiln KepTie KaIbIITacThIpy
KEH KOpJapblH Kayilci3 eHAIpyre *oHE KEH >KOralbIMbIH 3 %-7aH acblpmayfa
MYMKIHAIK 6epei.

3epTTeyAiH TPAKTUKAIBIK MAaHBI3IbUIBIFGl  YCHIHBUIFAH TEXHOJOTHSIIBIK
MISTIMAEPIH HAKThl OHJIIPICTIK KaFlalia eHr13UTyIMeH pacTajajbl. O3IpJICHTCH
texHonorus JKe3Ka3raH KEHOPHBIHAA OHJIPICKE EHTI3UIIN, OHBIH THIMJILUIIT
OHIPICTIK chIHaKTap OapbickiHAa nonenacHAl. CoHbIMEH Kartap 3epTTey
HoTHKenmepi  OOinkac  CarblHOB  aThlHAarbl  KaparaHmbl — TEXHUKAIIBIK
YHUBEPCUTETIHIH OKY YJI€piCiHE EHT13LII].

Hucceprammsuibik, sxymbic HOTIDKeNEepl «Kazakmbic Kopmoparusicery XIIC
TEXHUKAIBIK KeHeciHne oHe Kazakcran PecnmybOnmukacel Tetenie sxarmaiinap
MUHHUCTPJITT OHEPKICINTIK KAyimnCi3MIK KOMUTETIHIH KYMBIC TOINTapBIH/IA
OastHmanbin, OH OaramaHasl. Kamepaapasiblk KEHTIPEKTEPIH OPHBIKTHUIBIFBIH
apTTBIpyFa apHaJFaH TEXHOJOTHSUIBIK IremiMmaep Kaszakcran PecmyOmmkacs
TeteHile xargaiiap MUHUCTPIIITT OHEPKICINTIK KAYINCI3[[IK KOMUTETIHIH KYMbIC
TOOBIHBIH HICIIIMIMEH OHIPICKE €HT13yTe YChIHBUIIBI.

3eprrey OapbiChiHAA OHAIPICTIK KaJABIKTApAbl KailTa MaijanaHy apKbUIbI
*aHa OypiKIeOeTOHABIK epiTiHAl a3ipieHal. by memiM Tay-keH Ka3z0aiapbIHBIH
OPHBIKTBUIBIFBIH aPTTHIPBIN KaHA KOWMai, OHIIPICTIK KaJABIKTap/Ibl KaiiTa OHIeyTe
MYMKIiHIIK Oepeni skoHe Kasakcran PecmyOmukaceiabiy «XKacein Kazakcrany»
casicaThIHBIH MaKcaTTapblHA COMKEC KEe/Ii.

Huccepranus HoTwkenepl OoMbIHIIA 3 Makajga Scopus XallbIKapajblK
JEPEKKOpPbIHA EHT131ITeH XypHainaapaa, 1 makana KP F2KbM yceiHFaH FHUIBIMU
OacelIbIMIA, 3 OasHIaMa XaJdbIKapaliblK FRUTBIMU-TIPAKTUKAIBIK KOH(EpEHIHIIAp
MaTepHalIapbIH/Ia KapUsJIaHFaH KoHE 1 aBTOPJIBIK KYKBIK KYQJIiri ajbIHFaH.

AJIBIHFaH HOTHDKEJIEPJIIH JOMEKTUIIN MEH CEHIMIUIIT OHIIPICTIK Karmaiaa
KYPri3UIreH 3epTTeYJepAiH >KETKUTKTI KOJEeMIMEH, MaTeMaTUKAJIbIK ©OHICYMEH,
CaHIBIK MOJENbACY HOTIKEIEPIMEH MKOHE OHIIPICTIK €Hri3y aKTUIepIMEH
pactananel. 3eprrey  «Kazakmpic  Koprmopaumsicel»  yUIiiH — OpbIHAAJFaH



NeAGR.2022.0039.02.03 bUIBIMH-3€PTTEY KYMBICHI AsIChIHJIA KY3E€r€ aCBIPBUIBII,
oHbIH HoTHXKeIepl 2020-2023 xbuiaparsl FEUIBIMH €CENTEPTe SHI 13111,

Ocpuraiima,  JUCCEPTAMSUIBIK — KYMBICTA  TEOJIOTHSUIBIK — OY3BLTY
aliMaKTapbhIHAa KaJlFaH KOopJjapJbl HUTepy/iH >KaHa TEXHOJOTHSUIBIK IIeIIiMaepi
FBUTBIMU HETI3/ICIII, OJApAbIH ©OHEPKOCINTIK KAyilCI3AIK TEeH KEH OHIIPY
TUIMIUTITIH apTTHIPYAaFbl AKOFAPbl THIMILIITT JOIEIACH]II.



AHHOTAIUA
AMCCEPTALMHU HA COMCKAaHMe cTeneHH J0KTopa ¢punocopuu (PhD) mo

cnecnaabHocTH: 8D07202 — «I"'opHOTO 1€J10%.
CAJIKBIHOB APHAT TYPCBIHBEKYJIbI

«TEOMEXAHNYECKOE OBOCHOBAHME TEXHOJIOI'MHN
OTPABOTKMH 3AITACOB, OCTABHIUXCS B 30HAX
TEOJIOTHYECKUX HAPYIIIEHUN»

JluccepranrionHasi paboTa MocBsIIeHa pa3padoTKe TEOMEXaHUYECKUX OCHOB
6e3omacHOi M 3()PEeKTUBHONW OTPAOOTKH 3amacoB PYJIbI, OCTABIIMXCA B 30HAX
IEOJIOTUYECKUX  HApyLIEHWW  BCIEACTBUE  PA3IMYHBIX  [E€OJIOTHYECKUX,
r€OMEXaHUYECKUX U TEXHOJIOTHYECKUX (PaKTOPOB.

AKTyaJbHOCTh UCCIIEA0BaHUS 00YCIOBJIEHA YCIOKHEHUEM BOCIIPOU3BOICTBA
MUHEPAJIbHO-CBHIPhEBOM 0a3bl, MEPEXO0J0M TOPHBIX paboT Ha OoJiee TIIyOOKHE
TOPU30HTHI W HEOOXOAMMOCTBIO OO0Jiee TOJIHOTO W3BJIEUYECHMs] 3alacoB Ha
JEHCTBYIOIUX MECTOPOKACHUIX. ['opHOI00BIBaIOIIas TPOMBIIIIICHHOCT SIBJISETCS
OJIHOM U3 CTpaTernuecky BaxHbIX oTpacieit skoHoMmuku PecrryOnuku Kazaxcran. B
MOCJIEIHUE TOJIbl HAaOI01aeTCsl YCTOMUUBBINA POCT 0OBEMOB I'€0JI0rOpa3BeI0UHbIX
paboT ¥ WHBECTHUIMH, HAMPABIAEMBIX HAa OCBOCHHE MECTOPOXICHHUI IOJIE3HBIX
UCKoIaeMbIX. BmecTe ¢ TeM anmuTenbHast SKCIUTyaTalnsi MECTOPOKIECHUN PUBOJIAT
K UW3MEHEHHUIO CTPYKTYypbl 3alacoB, BCJEACTBHE 4YEro BO3pacTaeT JoJis
TPYJIHOMU3BIIEKAEMBIX 3a1aCOB, PACIIOJIOXKEHHBIX B CIIOKHBIX TOPHO-TEOJIOTMYECKUX
YCIIOBHSIX.

[Ipu pa3paboTke 3amacoB, pacHOJIOKEHHBIX B 30HAaX TI€OJOTHYECKUX
HapyILICHUH, HAIPsHKEHHO-1e()OPMUPOBAHHOE COCTOSTHUE MacCUBa FOPHBIX MOPOJ
CylmecTBeHHO u3MeHsiercsi. [IpoBeneHue TOpHBIX  BBIPAOOTOK — Hapyllaer
€CTECTBEHHOE PaBHOBECHE MACCHBA, BbI3bIBAs A€(POpMALINU, TPEUTMHOOOPa30BaHUE,
oOpyllleHHsI W mepepacnpesiesiecHue TOPHOTO AaBJi€HUS. YKa3aHHbIE MPOLECCHI
OPUBOAST K CHUKEHHUIO YPOBHS NPOMBIIUIEHHON O€30MacHOCTH, YBEIMYEHHIO
noTeph pylabl U ee pa3yOokuBaHMIO. B cBs3um ¢ 3TuM pa3zpaboTka Hay4qHO
00OCHOBaHHBIX TEXHOJOTMM OCBOGHMsI 3alacoB, pAacloOJOXKEHHBIX B 30HaX
re0JOTUYECKUX HAPYILICHUH, SIBISIETCS OJHOW M3 AKTYyaJbHBIX 3a7a4 COBPEMEHHOMN
TOPHOM HayKH.

HccnenoBanusi BBIMOJIHEHBI MPUMEHUTENBHO K YCIOBUsM JKe3Kka3ranckoro
MecTopoxaeHUsI. OOBEKTOM HMCCIIEIOBAHUS SBIIAIOTCS HAKJIOHHBIE PYIHbBIE TENa C
yriioM nagenus ot 20 mo 35°. IIpeagmeroM ucciaeqoBaHus SBISIIOTCS CTPYKTYPHBIE



3JIEMEHTHI U MTapaMeTPhl KAMEPHO-CTOJIO0BOW CUCTEMBI pa3pabdO0TKU, OKa3bIBAIOIIHNE
BJIIUSIHUE HA HAMPsKEHHO-Ie(hOPMUPOBAHHOE COCTOSIHHE MacCHBa TOPHBIX MOPOJ.

Llenpto paboOThl SIBISIETCS YCTAaHOBJIEHHE 3aKOHOMEPHOCTEW HW3MEHEHHUS
HaIpPsHKEHHO-1€(OPMUPOBAHHOTO  COCTOSIHUS ~MAacCMBa TOPHBIX IOPOJ B
3aBUCUMOCTH OT MapaMeTpPOB MEXAYKAMEPHBIX LEIUKOB U PYAHBIX 3ajiekKed mpu
pa3paboTKe pyAHBIX Ten c yrioM mnageHuss 20-35°, a Takke pa3paboTka
TEXHOJIOTUUECKHUX pelIeHuH 1j1si 6e30macHoi u 3PGeKTUBHOM OTPaOOTKHU 3aracos,
OCTAaBILMXCS B 30HAX T'€OJOTMYECKUX HAPYLIECHUH.

JIJist TOCTHKEHUS TIOCTABJIICHHON LEN PELIEHBI CIEAYIOINE 3aJaun:

— UCCJENOBaHbl T€O0JOTUYECKHE, TEKTOHUYECKHE M TIeOMEXaHUYeCKUe
O0COOEHHOCTH MECTOPOKICHUS;

— OIpENESIEHbl 3aKOHOMEPHOCTH U3MEHEHUS IIPOYHOCTHBIX CBOMCTB TOPHBIX
HOpOJI ¢ TIIyOUHOI;

— BBIIIOJIHEHO YHCIICHHOE MOJICJIMPOBAHUE BIIMSHUS TOPHOTO JABJICHUS HA
rI1yOOKHUX TOPU30HTAX;

—  YCOBEpIIEHCTBOBAaHbl  MapaMmeTpbl  KaMEpPHO-CTOJOOBOW  CHUCTEMBI
pa3paboTKH;

— TIPOBEEHA MPOM3BOJICTBEHHAs ampoOalus U BHEAPEHHE pe3yJIbTaTOB
VCCJIEIOBAHUS.

B mpouecce wuccienoBaHus KCIOJIB30BaHbl METOJbl aHAlM3a HAyYHOU
JUTEPATYPHI, MPOU3BOJCTBEHHBIX HAOIIOICHUI, TEOMEXaHNUYECKOTO MOHUTOPUHTA,
MaTeMaTUYECKOW CTAaTUCTUKU M YHUCJIEHHOTO MojenupoBaHus. FccinegoBanue
F€OMEXaHUYECKUX TPOLECCOB BBIMOJHEHO C MCIOJIB30BAHUEM MPOTrPAMMHBIX
komiiekcoB PRESS 3D URAL u FIDESIS.

YCTaHOBIIEHO HaIW4ME JMHEWHOW 3aBUCUMOCTH MEXAY MapameTrpaMu
MEXIyKaMEPHBIX IEIMKOB, OYMCTHBIX KaMep W HaIpsKEHHO-Ae()OpMUPOBAHHBIM
COCTOSIHHEM MAacCHBa TOPHBIX MOPOJ MPHU pa3pabOTKE HAKIOHHBIX PYIAHBIX TEJ C
yrioM naaenust 20-35°. Pe3ynbTaThl YHCIEHHOTO MOAEIUPOBAHUS MMOKA3aJId, YTO
u3MeHeHHe (POpMbI HIDKHEH YacTH MEXIYyKaMEpHOro Ieluka ¢ (opMUpPOBAHUEM
OTMIOPHOM BBIEMKHM TMO3BOJIIET CHU3UTh MAaKCHUMAaJbHbIE PpACTITUBAIOUIUNE U
CKUMAIOIME HAMPSHKEHUS. JTO CIIOCOOCTBYET YBETMUEHUIO HECYLIEH CIIOCOOHOCTH
U YCTOMYUBOCTH MEXITYKAMEPHBIX 1IEJIUKOB.

Hay4dHast HOBU3Ha UCCIEI0BAHMS 3aKIIIOUYAETCA B CIEAYIOIIEM:

— IpeJIIo’KeHa HOoBast (hopmMa MEXITYKaMEPHOTO TEINKa;

— pa3paboTaHa yCOBEPIIIEHCTBOBAHHAS TEXHOJIOTHS Pa3pabOTKU HAKJIOHHBIX
PYIHBIX Tel ¢ yriioM najenus 20-35° kaMepHO-CTOJI00BOM CHCTEMOIA;

— YCTaHOBJIEHbl T€OMEXAHUYECKUE 3aKOHOMEPHOCTH IMOBBIIICHUS HECYIIEH
CIIOCOOHOCTH MEXIYKaMEpPHBIX LIETUKOB;



— pa3paboTaH HOBBIN COCTAaB TOPKPET-OETOHHON CMECH Ha OCHOBE OTXOOB
o0oratuTenbHON (pabpuKy AJis 3aKPEIICHHS TPEIIMHOBATHIX MOPOI;

— o00ocHOBaHbl Oe30macHble MapaMeTpbl OTPa0OTKH 3alacoB B 30HAaX
re0JIOTUYECKUX HapyLICHUN.

Ha 3amuty BBIHOCATCA CAEAYIOIINE HAYYHBIE TOJOXKEHUS:

1. Mexnay mnapameTpamMM MEXIyKaMEpPHbIX LEJIUKOB W HaNpPsHKEHHO-
ne(OPMUPOBAHHBIM COCTOSIHUEM MAacCHBa TOPHBIX MOPOJ CYIIECTBYET JHHEHHAS
3aBHCHMOCTb IPHU pa3pabOTKe PyIHBIX TeJ ¢ YIiioM majaenus 20-35°.

2. I3ameHeHne (popMbl MEXAYKAMEPHBIX LEIUKOB MPUBOAUT K CHUKEHHIO
MaKCUMAaJIbHBIX KOHLEHTPALUI HAPSIKEHUN U MTOBBIIICHUIO UX YCTOMYHUBOCTH.

3. ®opMupoBaHUE OMOPHON BBIEMKH B HIKHEHM 4acTH IejuKa o0ecrieunBaeT
0e30MmacHy0 0TpabOTKy 3allacoB U MO3BOJSET OTPAHUYUTh MOTEPU PYAbl YPOBHEM
He Oounee 3 %.

[IpakTrueckass 3HAYMMOCTb MCCIIEOBAHUS IMOATBEPKIAETCS BHEIPEHUEM
pa3pabOTaHHBIX TEXHOJIOTMUYECKUX PEIICHUH B MPOU3BOJCTBEHHBIX YCIIOBHUSX.
Pa3paboTtanHasi TexHosiorus BHeApeHa Ha JKe3Ka3raHCKOM MECTOPOKIECHUU U
J0Ka3zasia cBOI A(PEKTUBHOCTh B XOJi€ MPOU3BOACTBEHHBIX UCIbITaHU. Kpome
TOTO, pe3yJIbTaThl UCCIEAOBaHUS BHEAPEHBI B yueOHBIH nporecc KaparanauHckoro
TEXHUUYECKOTO YHHUBepcuTeTa nMeHu AbObuikaca CarnHoBa.

OcHOBHBIE pe3yNbTaThl JUCCEPTAIMOHHON pabOThl ObUIM PACCMOTPEHBI U
onobpennbl Ha TexHudeckoM coete TOO «Koprnopanus Kazaxmbic», a Takke Ha
3acegaHusix pabounx rpynn  Komurera npombllUIeHHON — Oe30macHoCTH
MuHucrepcTBa 1O  4Ype3BblUaHBIM  cuTyauusM PecnyOnuku  Kaszaxcras.
Pa3paboTaHHble TEXHOJOTMYECKUE PEIICHHUs] MO MOBBIIIEHUIO YCTOMYHUBOCTU
MEXIyKaMEPHBIX I[ETMKOB PEKOMEHI0BAHBI K IPOMBIIIJIEHHOMY BHEJIPEHUIO.

B xome wuccnenoBaHus pa3pabOTaH HOBBIA COCTaB TOPKPET-OETOHHOTO
pacTBOopa Ha OCHOBE NEpepabOTKU MPOMBIILIEHHBIX OTXOJ0B. JlaHHOE perieHue
MO3BOJIAET HE TOJBKO IMOBBICUTH YCTOMYMBOCTH TOPHBIX BBIPAOOTOK, HO H
o0ecnednuTh MOBTOPHOE MCIOJIb30BAHUE OTXOJ0B MIPOU3BOJCTBA B COOTBETCTBUU C
OpUHIUMIAMU  3KoJorudyecko mnonutvku PecnyOnmuku Kazaxcran «3eneHsii
Kazaxcran».

[To pe3ynbpTaTaM quCCEpPTAIMOHHOTO UCCIIEIOBAHUS OMYOJUKOBAHbI 3 CTaThU
B MEXIyHApOIHBIX KypHajaX, MHIEKCUPYEMbIX B 0a3e JaHHBIX Scopus, 1 cTaThs B
HAyYHOM U3JaHUM, peKoMeHJoBaHHOM KomurteTrom mo oOecnedeHnio KayecTBa B
chepe Hayku u Bbiciiero oopaszoBanus MHBO PK, 3 noknaga B Marepmaniax
MEXAYHApOAHBIX HAYYHO-TIPAKTHUUECKUX KOH(EpEeHLUH, a Takke MojydeHo 1
CBUJIETENBCTBO O TOCYIAPCTBEHHON PErucTpaluu 00beKTa aBTOPCKOIO MpaBa.

JlocToBepHOCT, U OOOCHOBaHHOCTh  TOJIYYEHHBIX  PE3YJIbTaTOB
MOATBEPKIAAIOTCS JIOCTATOYHBIM OOBEMOM MPOU3BOACTBEHHBIX HCCIEIOBAHMM,



MaTEeMaTHYECKON 00paboTKOi JAHHBIX, pe3ynbTaTamMmu YUCJICHHOTO
MOJICJIMPOBAHUS U aKTaMU BHEJIPEHUS B IPOU3BOACTBO. MccieoBanNe BHIOTHEHO
B paMKax Hay4Ho-HcclienoBarenbckoi padoTel Noe AGR.2022.0039.02.03 gy TOO
«Kopmoparus Kazaxmbic», a ero pe3ysiabTaThl BKIIOYEHbl B HAYyYHO-TEXHUYECKUE
oTueThl 3a 2020-2023 roapl.

Takum 0Opa3om, B auccepTaliMOHHONW paboTe HaAydyHO OOOCHOBAHBI HOBBIC
TEXHOJIOTUUECKHE PEIICHUS MO OTPaOOTKE 3amacoB, PACIOJIOKEHHBIX B 30HAX
TCOJIOTUUECKNX HApYIICHWH, W J0Ka3aHa UX BbICOKas H3(PGEKTUBHOCTh B
o0ecrieyeHn TMPOMBIIIUICHHON ©O€30MacHOCTH M TOBBIIMICHUU A()PEKTUBHOCTH
TOPHBIX PaboT.



ABSTRACT
PhD Dissertation in the Specialty: 8D07202 — Mining.

SALKYNOV ARNAT TURSYNBEKULY

GEOMECHANICAL SUBSTANTIATION OF THE TECHNOLOGY OF
DEVELOPING RESERVES REMAINING IN THE ZONES OF
GEOLOGICAL DISTURBANCES

The dissertation is devoted to the development of geomechanical principles
for the safe and efficient extraction of ore reserves remaining within geological
disturbance zones due to various geological, geomechanical, and technological
factors.

The relevance of the research is determined by the increasing complexity of
replenishing the mineral resource base, the transition of mining operations to deeper
horizons, and the necessity for more complete extraction of reserves from operating
deposits. The mining industry is one of the strategically important sectors of the
economy of the Republic of Kazakhstan. In recent years, the volume of geological
exploration activities and investments directed toward the development of mineral
resources has steadily increased. At the same time, long-term exploitation of
deposits has led to changes in the structure of mineral reserves, resulting in a
growing proportion of difficult-to-extract reserves located under complex mining
and geological conditions.

The extraction of reserves located within geological disturbance zones is
accompanied by significant changes in the stress-strain state of the rock mass.
Mining operations disturb the natural equilibrium of the rock mass, causing
deformation, fracturing, rock failure, and redistribution of mining-induced stresses.
These processes result in reduced industrial safety, increased ore losses, and higher
ore dilution. Therefore, the development of scientifically substantiated technologies
for mining reserves located within geological disturbance zones is one of the most
important challenges in modern mining science.

The research was carried out under the conditions of the Zhezkazgan deposit.

The object of the study is represented by inclined ore bodies with dip angles ranging



from 20° to 35°. The subject of the research is the influence of structural elements
and parameters of the room-and-pillar mining system on the stress-strain state of the
surrounding rock mass.

The main objective of the dissertation is to determine the regularities
governing changes in the stress-strain state of the rock mass depending on the
parameters of inter-chamber pillars and ore blocks during the extraction of inclined
ore bodies with dip angles of 20-35°, and on this basis to develop technological
solutions for the safe and efficient mining of reserves remaining within geological
disturbance zones.

To achieve this objective, the following tasks were completed:

— investigation of the geological, tectonic, and geomechanical characteristics of the
deposit;

— determination of the variation patterns of rock strength properties with depth;

— numerical simulation of mining pressure effects at deep horizons;

— improvement of the parameters of the room-and-pillar mining system;

— industrial testing and implementation of the obtained research results.

The research methodology included scientific literature analysis, field
observations, geomechanical monitoring, mathematical statistics, and numerical
modeling techniques. Geomechanical processes were investigated using the PRESS
3D URAL and FIDESIS software packages.

The results demonstrated that a linear relationship exists between the
parameters of inter-chamber pillars, mining chambers, and the stress-strain state of
the rock mass during the extraction of inclined ore bodies with dip angles ranging
from 20° to 35°. Numerical modeling showed that modifying the lower part of an
inter-chamber pillar by creating a supporting notch reduces maximum tensile and
compressive stresses. As a result, the load-bearing capacity and stability of the pillars
are significantly improved.

The scientific novelty of the research is reflected in the following
achievements:

— a new geometry of inter-chamber pillars has been proposed,;



— an improved room-and-pillar mining technology for inclined ore bodies with dip
angles of 20-35° has been developed:;

— geomechanical regularities governing the enhancement of pillar load-bearing
capacity have been established;

— a new shotcrete mixture based on processing plant waste has been developed for
strengthening fractured rock masses;

— safe mining parameters for reserves located within geological disturbance zones
have been substantiated.

The following scientific provisions are submitted for defense:

1. A linear relationship exists between the parameters of inter-chamber pillars
and the stress-strain state of the rock mass during the extraction of ore bodies with
dip angles of 20-35°.

2. Modification of pillar geometry reduces maximum stress concentrations
and increases pillar stability.

3. The formation of a supporting notch in the lower part of the pillar ensures
safe extraction of ore reserves and limits ore losses to no more than 3%.

The practical significance of the research is confirmed by the implementation
of the developed technological solutions under industrial conditions. The proposed
technology has been implemented at the Zhezkazgan deposit and has demonstrated
its effectiveness through industrial testing. Furthermore, the research results have
been incorporated into the educational process of Abylkas Saginov Karaganda
Technical University.

The main results of the dissertation were presented and positively evaluated
by the Technical Council of Kazakhmys Corporation LLP and by the working
groups of the Industrial Safety Committee of the Ministry of Emergency Situations
of the Republic of Kazakhstan. The developed technological solutions aimed at
increasing the stability of inter-chamber pillars were recommended for industrial

implementation.



During the course of the research, a new shotcrete composition based on the
reuse of industrial waste was developed. This solution not only improves the stability
of underground excavations but also contributes to waste recycling and supports the
environmental objectives of Kazakhstan’s “Green Kazakhstan” policy.

The results of the dissertation have been published in three papers in Scopus-
indexed international journals, one paper in a journal recommended by the
Committee for Quality Assurance in Science and Higher Education of the Republic
of Kazakhstan, three papers in international scientific conference proceedings, and
one copyright registration certificate has been obtained. ©s;

The reliability and validity of the obtained results are confirmed by the
substantial volume of field investigations, mathematical processing of data,
numerical modeling results, and successful implementation in industrial practice.
The research was carried out within the framework of Research Project No.
AGR.2022.0039.02.03 for Kazakhmys Corporation LLP, and its results were
included in scientific and technical reports for 2020-2023.

Thus, the dissertation scientifically substantiates new technological solutions
for the extraction of reserves located within geological disturbance zones and
demonstrates their high efficiency in improving industrial safety and enhancing

mining performance.



