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STUDY OF INFLUENCE OF STRUCTURAL-TECTONIC FEATURES
AND PHYSICAL AND MECHANICAL PROPERTIES OF ROCKS
ON THE STABILITY WITH TAKING INTO ACCOUNT
THE FACTOR OF TIMES AND MASS EXPLOSION

H.M. Kassymkanova, G.K.Jangulova, B.K. Bektur, V.B. Turekhanova, S. Bular.

Al-Farabi Kazakh National university, Almaty, Kazakhstan
E-mail: khaini_kamal@mail.ru, gulnar zan@mail.ru

Keywords: Mining, disturbance of the massif, man-made collapse, dust suppression, quarry, rock mass,
stability, strengthening weakened areas, fractured rock, complex mining and geological conditions, geomechanical
state of the array.

Abstract. This article discusses the impact of structural and tectonic characteristics and the physical and
mechanical properties of rocks on the slope stability, taking into account the time factor and massive explosions.
Questions about the impact of blasting on the stability of pit walls and ledges stacked rock and semi fractured rocks,
which offered partial solutions. Methods of blasting in quarries greatly affect the strength, and hence the stability of
rocks. Collapse of the individual benches, and sometimes groups of ledges, in many cases is due to the fact that the
approach to the limit circuit is not observed by anti-deformational blasting mode. The action of the detonation wave
propagates surface, causing the resilient and permanent deformation, the voltage in some areas, especially in places
of their concentration reaches a significant magnitude greater than the tensile strength of rock, which causes
irreversible deformation and destruction of the ledges. The studies revealed that at the approach of drilling and
blasting to the project outline career, in order to avoid deformation processes in the quarry slopes, which have
already been delivered in the design position, for further safety mining in the underlying horizons for their
adjustments need to explore the mountain for its internal disturbance.

VK 622.691.33

HUCCJEJOBAHME BJIUSHUS CTPYKTYPHO-TEKTOHUYECKHUX
OCOBEHHOCTEN U ®N3UKO-MEXAHUYECKNX CBOUCTB
T'OPHBIX ITOPO/I HA YCTOMYNBOCTH OTKOCOB
C YYETOM ®AKTOPA BPEMEHHU 1 MACCOBBIX B3PHIBOB

H.M. KacsimkanoBa, I'.K. IxanryiaoBa, b.K. Bekryp, B.b. Typexanosa, C. Byjiap
Kazaxckuii HalMOHANBHBINH YHUBEpCUTET UMeHH anb-Dapadwu, T. Anmarsl, Kazaxcran

KioueBbie cioBa: pa3paboTka MECTOPOXKICHHM, HAPYLUICHHOCTh TOPHOTO MAcCHBA, TEXHOTCHHBIE
00pyLIeHNS, TIBUICIIOIABICHIE, Kaphep, MACCUB TOPHBIX IOPO/I, YCTONYUBOCTD, YKPEILUICHHE, OCIA0ICHHBIC YIaCTKH,
TPELINHOBATBIE IIOPOJBI, TOPHOTEXHUYECKHE, TOPHO — TEOJIOTHYECKHE YCIIOBHS, I'€OMEXaHHYECKOE COCTOSHHE
MAacCHBa.

AmnHoTtarus. B cratbe paccMaTpHBAIOTCA  BOMPOCHl  BIUSHUS CTPYKTYPHO-TEKTOHHUYECKHX
0COOCHHOCTEW U (PU3UKO-MEXAaHHUYECKUX CBOMCTB TOPHBIX MOPOJ HA YCTOWYMBOCTH OTKOCOB C yUETOM
(hakTOpa BpeMEHH W MAaCCOBBIX B3PHIBOB. BOMPOCH! 0 BIHMSHWUU OYPOB3PHIBHBIX paOOT Ha YCTOWYHBOCTH
YCTYIIOB M OOPTOB KaphepoB, CIOKEHHBIX CKAIBHBIM M TONYCKATBHBIMH TPEIIMHOBATHIMH TIOPOJAMH, B
KOTOPBIX MPEJIaratoTcsl YaCTHHIE PEIICHUSI.
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CriocoObl  BemeHHsI B3pPBIBHBIX pPa0OT Ha KaphepaXx B 3HAUYHTENFHOW Mepe BIMAIOT Ha MPOYHOCTH, a
CJIEZIOBATENIbHO, M HA YCTOWYMBOCTH mopoi. OOpylieHHe OTIETbHBIX YCTYIOB, a MHOTJA M TPYMI YCTYIOB, BO
MHOTHX CIIy4asX BBI3BAHO TEM, UYTO TMpH TMOAXOAE K TPeAelnbHOMY KOHTYpy HeE coOmronancs
MPOTHUBOACPOPMAITMOHHBIA PEKUM B3PBIBHBIX padoT. JleficTBHE B3pHIBHOW BOJHBI PACIIPOCTPAHSETCS IIOBEPXHOCTD,
BbI3bIBAas YNpPyrHMe€ M OCTAaTOYHbIE JaeOpMallMi, NP OSTOM HANpsHKEHUE 10 OTIENbHBIM HAalpaBICHHUSAM, B
OCOOCHHOCTH B MECTaxX HX KOHIECHTPAIMU, JOCTHTalOT 3HAYMTEILHOW BEJIUYMHBI, IPEBBIMIAIOIICH IpeIe
MIPOYHOCTH TIOPOJI, YTO BHI3BIBACT HEOOPATUMYIO Je(DOPMAIIHIO YCTYIIOB U HX pa3pyIlICHHUE.

B pesynprare mcciieoBaHMN BBISBICHO, YTO IMpPH IMOAXOAE OYypPOB3PHIBHEIX PabOT K MPOCKTHOMY KOHTYpY
Kapbepa, B IEIIX HCKIIOYCHUS 1e(OpMAIOHHBIX IMPOIIECCOB HA KaphepPHBIX OTKOCAX, KOTOPHIE YXKE TIOCTABICHBI B
MIPOEKTHOE TIOJIOXKEHUE, TS JalTbHEHUIIero 0e301MacHOro BeICHU TOPHBIX paboT Ha HIDKEIIEKAITIX TOPU30HTAX, UL
X KOPPEKTHPOBKH HY>KHO HUCCIIEIOBATH TOPHBI MacCHB Ha MPEIMET €ro BHYTPEHHEHW HApYIICHHOCTH.

BBenenune. B HacTosimee BpeMs yAETBHBIM BEC OTKPBITOTO CIIOCO0a pa3spabOTKH MECTOPOKICHHI
MOJIE3HBIX HCKomaeMbIX (75% o0mieili MUpOBOH MOOBIYM TOJNE3HBIX HCKOMAEMBIX) CBUACTENBCTBYET O
COXpPaHEHWH O3TOTO TIEHEPaIbHOTO  HAMpaBICHUS  Pa3BUTHS  TOPHOMOOBIBAIOIIMX  OTpaciel
MPOMBIIIUIEHHOCTH JJIs1 O0ECTIeYeHHsI TOTUTMBOM W MUHEPATBHBIM CHIPbEM.

3a py0OexoM IpH TOMOIIM OTKPBITOH pa3paboTKu noObiBaeTcss mpumepHo 30% yris, okono 75%
JKeJIe3HbIX pyAd, A0 80% pya IBETHBIX METAJUIOB, CBBIIIEe 90% HEeMETaIUIMUEeCKUX MOJE3HBIX UCKOMAEMBIX
(acGecrt, TpaduT, KaONHH, CIIFOA, TANBK), TouTH 100% HepyIHBIX CTPOUTENBHBIX MaTEPHAIIOB.

JJist COBpeMEHHOTO 3Tana pa3BUTHSL OTKPBITBHIX Pa3pabd0TOK MECTOPOKIACHHH MOJE3HBIX HCKOIAEMBIX
XapaKTepHbI: yBeTUUEHHE TIyOHHBI KapbepoB, CPOKOB CIYKOBI OTKOCOB YCTYIOB M OOPTOB KaphepoB,
pOCT 0OBEMOB BCKPBIIIN, UHTEHCU(UKAIIUS U KOHIIEHTPAIUS TOPHBIX PabOT, CIOXKHOCTh WHKCHEPHBIX,
TEOJIOTHYECKUX W THUAPOTEOJOTHYECKHX YCIIOBHH pPa3padOTKH MeCTOPOXKICHHH, HHU3KOE COIEpKaHHe
MOJIE3HBIX KOMIIOHEHTOB B pyae. Critie 70% kapbepoB uMeroT riryouny cssiiie 200 M, MHOTHE Kapbepsl
otpabateiBaroT Topru30HTH 400 — 500 M OT 3eMHOI MTOBEPXHOCTH, a MPOEKTHBIE TTyOnHBI nocturaroT 700
n Oomee MerpoB. C 1eNbI0 TOBBIMIEHUSA 3((OEKTUBHOCTH W TOJTHOTHI OTPAOOTKH MECTOPOXKICHHS,
VIIy4YIICHUs] TEXHUKO-DKOHOMHUYECKUX TOKazaTteneil paboTel mpeanpusarusi, odecriedeHus: 6e30macHOCTH
BEJCHHUS TOPHBIX paboT B Kapbepe TpeOyeTcs Halae)kHOe OOecmedeHHe YCTOWYMBOCTH KapbepPHBIX
otkocoB. [Ipu 3TOM OCHOBHOW 3ajmadeill SBISIETCS OINpE/ACTICHHE ONTHMANBHBIX MapaMeTPOB OTKOCOB,
o0ecreunBaloNuX UX JUIMTEIBHYI0 YCTOHUYMBOCTD MPH MUHUMAIILHBIX 00beMaX BCKPHIIIHBIX PadoT.

OpHako, HECMOTPSI Ha JOCTUTHYTHIC MPH BBINOJIHEHHM MHOTOYHCIECHHBIX HMCCIIEIOBAHUHN yCIEXH U
MpeanpuHIMAaeMbIe TIPH 3TOM 3HAYHUTEIbHBIE YCHITHS, Tpo0biaemMa o0ecIieyeHrsl yCTOMYUBOCTH KapbePHBIX
OTKOCOB, H3y4Y€Ha emle MOajeKo HEeAOCTAaTOYHO TOMHO W TpedyeT manpHeimed pa3paboTku u
COBEPIICHCTBOBAHUS MHOTHX BXOSIINX B HEE BOIPOCOB.

B naHHOl cTaThe paccCMaTpHUBAIOTCS BOTIPOCHI BIUSIHUS CTPYKTYPHO-TEKTOHHUECKHX OCOOCHHOCTEW M
(PU3HKO-MEXaHWMIECKUX CBOWCTB TOPHBIX TOPOJ HA YCTOWYHMBOCTH OTKOCOB C y4éToM (haKTOpa BPEMEHHU U
MAacCOBBIX B3pPBIBOB. Bompockl 0 BIUSHHM OYypOB3PHIBHBEIX Pa0OT HAa YCTOHMYMBOCTH YCTYIOB U OOpPTOB
KapbepOB, CJIOXKCHHBIX CKAIBHBIM U TIONYCKaJbHBIMH TPEIIMHOBATHIMH MOPOJAMH, B KOTOPBIX
MpeJTaratoTCs YaCTHBIE PEIICHUSI.

Metoabl HcciaenoBaHusi. D(PPEKTUBHOCT OTKPHITOTO CIOcOo0a pa3pabOTKH MECTOPOKICHUI
MOJIE3HBIX MCKOMAEeMBIX MOKHO CYIIECTBEHHO TOBBICUTH 33 CUCT NMPUMEHEHUS WH)XEHEPHBIX CHOCOOOB
yIpaBJeHHsI, KOTOPHIA B CBOIO oUYepe b 00eCreunBaeTCs MyTeM IMOIydeHus JOCTOBEpHOU HH(popMauu o
COCTOSIHWH TTPHOOPTOBOTO MaccuBa [1-3].

[MosToMy mpobniema obecrieueHns YCTORYNBOCTH KapbePHBIX OTKOCOB SIBIISIETCS BaXKHBIM, 0COOCHHO
JUTSL CKAJIBHBIX U MOJYyCKABHBIX TPEIIMHOBATHIX MAaCCUBOB, TaK KaK MPU BBICOKOH MPOYHOCTH OTACITHHBIX
MOHOJIUTHBIX OJIOKOB HaJIWYHEe B MAacCHBaX IOBEPXHOCTEH OclabiieHWs B BHIE TPEIIUH OTIAEIbHOCTU
0OJIBIIIOTO MPOTSKEHUS, TOBEPXHOCTEH CMECHTENIEH TEKTOHMYECKMX HApPYIICHHH, KOHTAKTOB CIOMCTBIX
MOPOJ, PE3KO YXYAIAeT YCTOWYNBOE COCTOSTHIE OTKOCOB.

W3 mHOrMX (hakTOpOB, BIHMSIOMINX HA YCTOWYMBOCTH OTKOCOB C BMEIIAOIIUMH CKAalbHBIMH H
MOTyCKAJIbHBIMKA TIOPOJIaMH, MOXXHO BBIIENIUTh TPH OCHOBHBIX (pakTOpa, TpeOyromux 00s3aTeIhHOTro
y4éTa Mpyu MCCIeJOBAaHIH T€OMEXaHUIECKUX MPOIIECCOB:

1) cTpykTypHO-TEKTOHHMYECKHE OCOOEHHOCTH TOPHOTO MACCHBA,

2) pu3nKo-MeXaHMIECKHE CBOWCTBA TOPHBIX MTOPOI;

3) wuccrenoBaHue BIUSHHSA (AKTOpa BPEMEHHM W BIMSHUS MACCOBBIX B3PBIBOB Ha YCTOHYMBOCTD
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OTKOCOB.

U3 BhIIIIENIEpEUUCIICHHBIX TIEPBhIe J1Ba (hakTopa SBISIOTCS MPUPOJIHBIMHU, TIPUCYIIMMU KOHKPETHOMY
MacCHBY, UX MOXKHO TOJBKO YYHTHIBaTh NPH pacueTax yCTOMYMBOCTH OTKOCOB. Tperuit xe (akrop
SIBIIICTCS. TEXHOTCHHBIM, M JIOJDKCH OBITh yIpaBiIseM TMpPH PEUICHHH TpoOJIeMbl O0CCIeUeHHS
YCTOMYMBOCTH KaphepHBIX OTKOCOB. Bce ocTanbHbie (HakTOphl UMEIOT MOJYHHEHHOE 3HAYCHUE M MOTYT
OBITH YUTEHHI B pacuéTax depe3 K03 UIIUCHT 3amaca yCTOMIHBOCTH.

OO0ecrieyeHrEe YCTOMYMBOCTU OTKOCOB M YCTYIOB KapbhepoOB SIBISCTCS KOMIUICKCHOW 3ajaveH,
pellcHue KOTOPOH JOMKHO BKIIFOYATh HE TOJBKO OMpPE/CICHUE MapaMETPOB YCTONYUBBIX OTKOCOB, HO U
yIpaBJIeHHE UMH JJIs1 TOCTHXKEHHS JTYYIIHX SKOHOMUUYECKHX PE3yIbTATOB U MPUPOIHBIX PECYPCOB.

Ha pucynke 1 mpuBeneHa cucTeMaTH3alUsl YIpPaBiIEHHUS YCTOWYMBOCTBIO OOPTOB KapbepoB IPH
MCCIICJIOBAHUY TEOMEXaHHMUECKUX MTPOIECCOB.

HayueHne GaxTMeckoro COCTOAHKA OTKOCOE, EMIOE MX OeopMalnal 1
thaxTopoR. BIMAIOMNIE Ha YCTOMHBOCTE OTKOCOE, CIIOMEHHBIX
TPEMIHHOEATEIMH IOPOTAMI

Ipuponasie GaxTopsl Texnonormaeckne QaKTops
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Pucynok 1 - CucteMaTH3aIusi Mo yrnpapicHUIO YCTOHUYHBOCTBIO OOPTOB KapbhepoB

CTpyKTypHOE CTPOCHHE MAacCHBa SBISAETCS OJHUM M3 OCHOBHBIX (DaKTOPOB, OIPEAEIAIOLINX
MPOYHOCTh U YCTOMYMBOCTH MpPHU OTPAbOTKE MECTOPOKICHWI M BKJIIOYAET B ceOs JIMHEHHBIE pa3Mephl
TPELIMH: UX MPOTSHKEHHOCTh M MOIIHOCTH, MOP(OJIOrHYecKHe OCOOCHHOCTH, HAIMYKE 3aIllOJHHUTEIEH,
IPOCTPAHCTBEHHAs] OpPUEHTAlMs TPCIIMH, MX WHTEHCHUBHOCTb M DSl IPYTUX, XapaKTepU3YHOLINX
HapyIIEHHOCTh TPUPOJHON cperpl. MccienoBaHue TpPEUIMHOBATOCTH SIBISETCS OJHUM W3 Haumbonee
TPYJOEMKHX IIPOIECCOB, CBA3aHHBI C MPOBEJEHMEM MHOTOYMCICHHBIX HATYPHBIX H3MEPEHMH WU
NoCeayIomel UX CTaTUCTUYEeCKOW 00paboTkoW. B MaccuBax ¢ BBICOKOH CTENEHBIO HAPYLIEHHOCTH U
BHEIITHEH XaOTHYHOCTBIO TPEUIMHOBATOCTH, KaK HM3BECTHO, TOPHBIE pPabOTHl BEIyTCS TPU YCIOBHH
M30MSIMKM  OOHAaXXCHUH, YTO B OMNpPEICIICHHOH CTEeNeHH Cy)KaeT OOBEKT W3Y4YEHHUs, MNpPEACTaBIss
BO3MOXHOCTh HMCCIIEIOBAaTh JIMIIb OTPaHHYEHHOE TIPOCTPAaHCTBO. Bce »3TO Bieder K  PoCTy
IPOIOJDKUTEIBHOCTH HCCIIEAOBAHMN, TaK KaK 4YeM CJIOXKHEH MaccuB, TeM OOJbIe CTaTHCTHYECKOI'O
MaTepuana TpeOyeTcs sl BBISBICHHS peabHOW KapTHHBI [4-8].

OU3NKO-MEXaHUUYECKUE CBOMCTBAa IOPOA BO B3aUMOCBA3M CO CTPYKTYpHO-TEKTOHHYECKHUMH
0COOEHHOCTSMH TOPHOTO MAacCHBa OIPEACISIIOT €ro HalmpsKEHHOE COCTOSIHME B yCTymax M 0Ooprax
KappepoB TMOJ JeiiCTBHEM BHYTPEHHHX M BHEIIHMX CHJ. TIIaTenpHOE M BCECTOPOHHEE H3YyUEeHHE
MIPOYHOCTH TOPHOTO MAaccHBa JOJDKHO IPEALIECTBOBATH PELIEHHIO BOINPOCOB IO MPEeayHpexISHUIO
neopMay 0TKOCOB Ha Kapbepax.

Tax Kak 4acTO MacCHB CKaJbHBIX TPELIMHOBATHIX IOPOA 0OpYIIAETCS Ha OTKPBITHIX pa3paboTKax 1o
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MNOBEPXHOCTSM  OCHAOJICHHs ~ pa3iMYHOTO  TPOUCXOXKICHUS, HEOOXOAMMO  3HATh  C/IBUTOBBIC
XapaKTEPUCTUKU TI0 3TUM MOBEPXHOCTSAM. [IpakTHKOM yCTaHOBIEHO, YTO CLEIUIEHUE IO TPEIIMHAM WIIU
KOHTaKTaM CJIOEB [TOPOJ] B HECKOIBKO Pa3 MOXKET ObITh MEHBIIIE, YeM CLeIieHne B Maccuse [9-12].

Ha pucynke 2 oTpakeH macrmopT HPOYHOCTH TOPHOM MOPOIBI, TJe KPUBasi OTPaXkaeT 3aBUCHMOCTD
MEXy KacaTelIbHBIMU W HOPMaJIbHBIMH HaIPSDKCHUSMU.

Vroa HakIOHa XOPbl K OCH a0CIHCC ONMPEAeNIIeT YroJl BHYTPEHHET0 TPEHUS JaHHOW Mopomsl (p), a
0TPE30K, OTCEKaeMBIi 10 ocH opAMHaT, cueruienue (C) B Macmrabe rpapuka.

T
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Pucynok 3 - Ilacnopt npo4HOCTH IIOPOJ

Bompoc o BnmsHUE OYpOB3pBIBHBIX pPaOOT Ha YCTOWYHMBOCTH YCTYIIOB W OOpPTOB Kapbepos,
CJIIOKEHHBIX CKAIBHBIM U MOJyCKaIbHBIMU TPEIIUHOBATHIMUA TOPOIAMHU, 10 HACTOSIIIETO BPEMEHHU HU3YUYCH
HEJOCTaTOYHO, XOTS B TOCIEIHHE AECATh JIET MOSBHIIOCH psl padoT, B KOTOPBIX yKa3bIBaeTCs Ha
Cepbe3HOe 3HAUYCHHUE 3TOTO BOMPOCA U MPEIararoTCsl YaCTHBIE PEIICHUSI.

Crioco0b! BesleHHs B3pBIBHBIX pabOT Ha Kapbepax B 3HAYMTEIHHON Mepe BIUAIOT Ha MPOYHOCTH, a
CIIeIOBATENbHO, U Ha YCTOMYMBOCTH Nopoa. OOpylieHHe OTHENbHBIX YCTYIIOB, a WHOTAA W TPYMI
YCTYIIOB, BO MHOTHX CIIy9asX BBI3BAHO TE€M, UTO IMPH MOIXOZE K MPEIeIbHOMY KOHTYPY HE COOIIONancs
NPOTHBOIE(OPMALTUOHHBIN PEKUM B3PBIBHBIX PaOOT.

Pesyabratel  ucciaenoBanusi. HanOomee mokasaTelnbHBIM — OOBEKTOM TP HCCIICAOBaHUU
YCTOWYHMBOCTH OOPTOB Kapbepa sBiseTcs MecTopokaeHne KoHbIpaT, 1o OCHOBHON JOOBIYE METHOU Py IIbI
B CJIOKHBIX TOPHO - TE€OJOTHYECKUX yCIOBHSIX.

B crpykrypHom muaHe KoHBIpaTckoe MECTOpOXKIEHHE NPUYPOUEHO K INTOKY TI'pPaHOAUOPUT-
nmop(hUpoB, KOTOPBIA PACIIONIOKEH HAa TEPEeCceYeHWH HECKOIBKHUX pPAa3IOMOB B S/Ipe CHHKIMHAIBHON
CKJIAJIKM W TIPEJICTAaBIsIeT cOOOM annKaabHYIO0 4acTh OOJBIIIOTO WHTPY3WBA TPAHUTOMIOB, HE BCKPHITOTO
spo3ueit. ['paHUTHI ITOKA KPYTOMAIArOIINe U OCJIOKHEHbI MHOTOUMCIICHHBIMH anodu3amMu pa3jindHON
MourHocTd 1 hopmsl [13-15].

Hcxonms W3 TEHETHYECKUX M CTPYKTYpHO-MOp(doIoTHIecKuX ocobeHHocTel, KonsipaTckoe
MECTOPOXKICHNE OTHOCHTCS K MeJHOMOP(UPOBOMY IMpOMBINIICHHOMY THIy. Ha pucyHke 3 mpuBeneH
CTPYKTYPHBIH pa3pes 1o 60pTy Kapbepa.
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Pucynok 3 — CtpykrypHbIii pa3pe3 mo 6opTy

UccnenoBanne (hakTnyeckoll yCTOHYMBOCTH OTKOCOB, BEISBICHHBIX OCHOBHBIX BUIOB Je(hOpMaIluii
MpUOOPTOBBIX MACCHBOB, a TAaK)K€ PE3yJbTATOB CTPYKTYPHBIX OCOOEHHOCTEH M (PH3MKO-MEXaHWYECKHX
CBOIWCTB TOPHBIX MOPOJ MO3BOJIWI NOJTYYHUTh TpadoaHaTUTHUECKUE 3aBUCUMOCTH MEXIY MapaMmeTpamu
OTKOCOB U CBOICTBaMHU MOPOT (PUCYHOK 4)

HccnenoBanus mokasanu, 4YTO BBIAEICHUE YYacTKa OJHOPOJHOM TPEHNIMHOBATOCTH OCYLIECTBIISIETCS
HEJOCTaTOYHO TOYHO, TaK KaK 3a TPaHHUIly y4yacTKa MPUHUMAETCS KPYNHbIE AU3bIOHKTHBHbBIE HAPYIICHUS

[16].
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Pucynok 4 — IlpsmoyronbHas [uarpaMma TPEIMHOBATOCTH

B nensx geranuzanuu CTpOSIT NOJIUTOHAIBHBIE KPUBBIE YTJIOB NaJACHUS CUCTEM TPELIUH M0 y4acTKam
WM 17 Bcero kKapbepa. Ha pucyHke 5 TpeAcTaBiI€Hbl a3UMyTalbHblE MOJMIOHAJIBHBIE KpPHUBBIE
pacmpeneseHusT CHUCTEM TpeIIMH NOopoAHOro waccuBa. Creayer OTMETUTh, YTO Ha Kapsepe B
MpuOOPTOBOM MAaCCHBE 4Yallle BCEro BCTPEYAIOTCS JWATOHANBHBIE W TPOJOJbHBIE TPEIIMHBI, MPUYEM
COINIACHO ITaIa0IIMe BA B pa3a 4alle, YeM HECOIIACHO MaJarolue.

— 4) ——
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Pucynok 5 - [TonuronanbsHble KpUBBIE pACIPEEICHUS] CUCTEM TPELLIMH Kapbepa

Oo6cyxxaenne pe3yabTaToB. HaOmoneHNs 3a MOBEPXHOCTHIO OTKOCOB YCTYIIOB TMOKa3alld, YTO C
TeYeHHEM BpPEMEHHU BEIMYMHA YIJIOB HAKJIOHA YCTYIIOB MHTEHCHUBHO YMEHBIAETCA, IPUYEM, B TIEpBEIC
3-4 roja MPOUCXOAUT OYEHb MHTEHCHUBHOE BBIMOJIAKMBAHUE YIJIOB HAKJIOHA YCTYNOB, a B JajdbHEHIIeM
3TOT TpOIlecC MopakaeT MeljieHHee (PUCYHOK 6). Ha oCHOBaHWM BBIIEH3IIOKEHHOTO MOXKHO CIIENaTh
BBIBO/I, YTO BBINIOJIAKUBAHME OOIIET0 yIila HAaKJIOHA yCTyIa CBA3aHO, TIIaBHBIM 00pa3oM, ¢ pa3pylieHHeM
ero BepxHed wactu. OcTaBisieMble NpPEIOXPAaHUTENbHBIE OEpMBI, C OJHOM CTOPOHBI, OCHIMAIOTCH (B
BepXHel OpOBKH YCTyMa), a ¢ IPYroil CTOPOHBI, - 3aChINAOTCs (Y HUKHEH OPOBKH yCTyTa), COSAUHSS TeM
caMBIM OTKOC B CIUIOIIHYIO JMHHUIO. DJTO 3aTpyIOHSET BEACHHWE TOPHBIX paboT Kapeepe U Tpedyer
CHUCTEMAaTUYE€CKON OYMCTKH O€pM U OOHOBJICHUS OTKOCOB, YCTYIIOB, YTO, B KOHEYHOM CUETE, IPUBOJIUT H
YBEJIIMYCHHUIO 00beMa BCKPHIIIIH.

CeBepablii  O0opT Kapbepa KoHbIpar, CIOXEHHBIH, B OCHOBHOM, KpPENKHUMH IIOpPOJaMH, HMEET
JIOTTyCTHMBIE YTIIBI HAKJIOHA MPHU JABYX CABOCHHBIX ycTymnax (51°-54° mpu BricoTe 30-40M) omHAKO YKe,
OTCYTCTBHE OepM TpeOyeMBIX pa3MepOB Ha BEPXHHUX TOPU30HTAX TPEOYET MepecMOTpa UX apaMeTpOB.

HeynosnerBopuTenbHBIE COCTOSHUS OOPTOB KaphepOB OOYCIOBICHO TaKXe CKJIOHHOCTHIO TOPHBIX
TOPOJI K pa3pyIIeHHIO.

¥roa OTKOCA, rpaji

Bpema cTosHEA YCTYIOE, t (1eT)
PucyHOK 6 - 3aBUCHMOCTb yIJIa HAKJIOHA YCTyIa OT BPEMEHH CTOSHHUSL YCTYIIOB

YCTaHOBIEHO, YTO OCHOBHBIMHM BHUJaMH JeQOpMalMd YCTYIOB, CIOXEHHBIX CKAJTbHBIMH U
MOy CKaJIbHBIME TPEIIMHOBATHIMU TIOPOJIaMU, SBIAIOTCA OCBHITb W oOpymeHue. Ha ycTymax oceIlib U
oOpylieHrne o00pa3yloTcst HW3-3a BIWSHHE IOCIEICTBHIA OypOB3PBIBHBEIX padOT Ha YCTOWYHMBOCTH
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MOPOJTHOTO MAacCUBA

W3BecTHO, 4TO B pe3ylbTaTe YAapHOTO JCUCTBUS B3pBIBA B OKPYXKAIOIIEH cpe/ic BOZHUKAOT BOJHBI
HaNpsDKEHWH, pacTpocTpaHsiomuecs ¢ Oonbmiod ckopocthio  (280-5200 w™/cex). Hampasnennoe
COCTOSIHME, CO3/1aBaeMOE€ B MAacCHUBE TOPHBIX IOPOJ MpPU MPOXOKACHUH BOJH CXATUS U PACTSDKEHHSA,
npuBomUT (B Mpeaenax —paadyca  paspylieHHs) K BO3HHKHOBCHHIO CEPHH  Pa3HOOOpa3HO
OPUCHTUPOBAHHBIX TPEIIMH BCIECICTBUIO MPOPACTAHUS ECTECTBEHHBIX PABHOBECHBIX MHKPOTPEIIMH
cpeAbl B MAaKkpOTPEUIMH M TOSBJICHUS HOBBIX IOA JACHCTBHEM SHEPrMd BOJNH Hampsokenus. [lpu
MOCIEAYIONIEM pACIIUPeHUN o00beMa Ta30B TMOCHE B3phIBA pa3MeEpbl TPEHIMH BO3PACTAIOT, YTO
obecrieunBaeT MOJIHOE MIIM YaCTHYHOE HAPYIIICHHUE CBSI3aHHOCTH CTpoeHMs MaccuBa [17, 18].

Paguyc paspyiieHusi, IpOU3BOJAUMOrO SHEPrueii BO (PPOHTE BOJHBI CHKATHUS, HE3HAYUTEJCH BBHILY
TOTO, 4TO TIyOWHA TMPOpacTaHusl TPEIIMH OrPaHWYCHA YCIOBUSAMH pa3pyLIeHHs TOPHBIX IOPOJA B
COCTOSTHUM BCECTOPOHHETO CXKATHSL.

Jns ompeneneHus pagdyca r pas3ieiM MBICICHHO BECh MAacCHB, B IpeJeliaX BBICOTHI 3apsiia,
TUIOCKOCTSIMH, TIEPIICHANKYIAPHBIMA OCH CKBa)XKMHBI, Ha 3JIEMEHTapHBIE CIOM TOMMWHON Ah, a Kaxmbli
CJIOi, B CBOIO OYepe/lb — Ha DJICMEHTApHbIC KONbIIA IMUPUHON Ar (pUCYHOK 7).

O4eBUIHO, YTO pa3pylIeHUE KaXKIOTO CIOsS HAYHETCS TOTNa, KOTJa JCHCTBYIOIIME HATPSKCHUS
IIPEBBICAT KaKyI0-TO ONPCACIICHHYIO BEJINYNHY CBA3b.

Paguyc pazpymenns MaccHEa, M

r0HHEAa H Macca zapaga BB, m

BoiSuoo~eakwhn—=o

Ty

Pucynok 7- I'padux n3meHeHus paaryca pa3pylleHus B 3aBUCUMOCTH OT JJIMHBI 3apsiaa BB

BbiBoabl. B pesynbpTare mccienoBaHWN BBISIBICHO, YTO HPH TMOAXOJE OYPOB3PHIBHBIX padOT K
MPOEKTHOMY KOHTYpPY Kaphepa, B LEISIX HCKIIOUEHUS Ne(OpPMAIMOHHBIX MPOIECCOB HA KapPhEPHBIX
OTKOCaX, KOTOpBIE YK€ TIOCTABJICHHI B MPOEKTHOE IOJIOKEHUE, IS NajlbHEeWIIero 0e30macHoro BeIeHUs
TOPHBIX pabOT Ha HIKeNEeKalMX TOPHU30HTaX HYXHO ISl WX KOPPEKTHPOBKH HCCIEAOBATH TOPHBIHI
MacCHB Ha MPEIMET €ro BHYTPEHHEH HApYIIICHHOCTH C UCIIOJIH30BAHUEM PA3IUIHBIX METOJOB. [1pu 3TOM,
HEOOXOAMMO Y/ICIUTh BHUMAHUE PEUICHHIO MPOOJIEMbI BKIIFOYAIOIIUE: - TEOMEXaHUIECKOe 000CHOBAaHUE
0oTpabOTKH, ONTHUMH3AIMS ITapaMEeTPOB KapbepPHOTO MPOCTPAHCTBA, AHAIMTHYECKHAE PacyeThl 00HEMOB
BCKPBIIIHBIX TIOPOJ] BO BHYTPEHHUX OTBajlaX, OOOCHOBaHHUE KapbhbepHOIO TPAaHCIOpPTA M BCEX
TEXHOJIOTHYECKUX TIPOIIECCOB, 00ECIeUeHUEe yCTOMYMBOCTH OOPTOB Kaphepa M OOPTOB OTBAJIOB, pacueT
9KOJIOTUYECKHUX PUCKOB U YIIIEpOOB OT BPEIHOTO BO3IEHCTBYSI BHEITHIX OTBAJIOB.
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YAKBIT ®AKTOPbI MEH KAIIIAM ) KAPBLIBIC )KYMBICTAPBIH ECKEPE OTBIPBIII, TAY
KBIHBICTAPBIHBIH TYPAKTBUIBIFbIH )KOHE KAPBEP KEMEPI BEPIKTII'THIH K¥PbIJIBIM/IBIK-
TEKTOHHUKAJIBIK EPEKIIEJIKTEPI MEH ®U3UNKA-MEXAHUKAJIBIK KACUETTEPIH 3EPTTEY

H.M. KaceiMkanosa, I'.K. /Ixanrynosa, b.K. Bekryp, B.b. Typexanosa, C. byiap

On-Dapabu ateinaarel Ka3ak YITTBIK yHUBEpPCUTET,. AnMmartsl K., Kasakcran

Tyiiin ce3nep: KeH KOpPBIH UTepy, K€H MACCHBiHIH OY3bUTYBI, TEXHOTCHIIK Kylamanap, IaHael 0acy, Kapbep, KeH
JKBIHBICBIHBIH MAaCCHBI, TYPaKTBUIBIK, OCKiTy, 0OCAaHCY ailMaFrbl, KapBIKIIAKTHI KEH JKBIHBICHI, KYpP/ENi KEHTCXHHKAIBIK JKOHE
KEHI'€OJIOTHSUIBIK JKaFainap, MACCUBTIH T€OMEXaHUKAIIBIK KaFAaibl.

AHHOTanus. Makanaga yakpIT (akTOpbIHA OalIaHBICTHI JKammaid aTTeIpy (Kapy) OapbICBIHOAFbl Tay JKBIHBICTAPBIHBIH
TYPaKTBUIBIFBI MEH (DU3NKA-MEXaHUKAJBIK KACHETTEPl, KYPBUIBIMABIK JKOHE TeKTOHHKAJIBIK 9Cepi epeKIIeNikTepi KapaCTHIPBUIFaH.
AIIBIK 9JiclieH Ka3bIMIay Ke3iHOe Tay KEeH J>KYMbBICTapbIHIArbl jKapraOaKThl KOHE JKapThUIAi >KapraOaKThl KapBIKIIAKTHI
KYPBUIBIM/IBI Tay KBIHBICTAPBIH OYPFBUIAI aTThIPY OapBICHIHAAFBI KEPTIEIISIep MEH Kapbep KeMEpIIepiHiH TYPaKThUIBIFbL.

AmIBIK Tay KEH KYMBICTAPbIHIAFbl Tay XBIHBICTAPBIHBIH TYPAKTBUIBIFBI MEH OepiKTiriHe OailaHBICTHI OYpFHUIAN aTTHIPY
JKYMBICTapbIH JKYprizy. JKeke »koHE TONTHI KepTHeuenepAiH Oy3bpUTyBl MEH KyjIay ocepi, aTTBIpy XYMBICTapbl OapbICBIHAA
neopMaUsAHBIH ANIBIH ajlly HIapajapblHBIH IYpBIC KojgaHOaybl eckepinreH. benrimeHreH OepiKTiK IIETiHEH THIC KapbUIBIC
TOJIKBIHBIH OOJIATBIH CEepIiMAiI KaNBIKTHL AedopManusiiap ocepi JKoHe KepTemelnep MEH Kapbep KeMepiHiH KaWThac
neOopMaHSIIBIK OY3bUTYBIHA OKEITIN COFaIbL.

3eprTey OaphIChIHAA ambIK TAay KEH JKYMBICTAPBIHAAFBI OYPFBUIANl aTTHIPY >KYMBICTaphIH XKYpPri3y OapbICBIHAA Kapbep
KepTIemeNnepi MeH KeMepiepiHiH OY3bUTYbIH JKoHE Ie(OpPMAIlSUIBIK YAEpICTEpiH Tay IKBIHBICHIH JKapBIKMIAKTHIK I1€H

OY3BUIFBILITHIFBIHA 36PTTCY aPKBUIBI AJIBIH ATy MaHBI3/IbUIBIFBI 3€PTTEIICH.
Ilocmynuna 16.05.2016 2.
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