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in size. Pins and outfalls arise and develop within six months, roof collapses become acquainted in the
form of domes. This acutely increases volume and complexity of the tunneling works, as well as the cost
of workings fixing and repairing.

Stability of adjacent rock masses is determined by the degree of their fracturing. Strengthening
technology of fractured massif should ensure the complete cracks filling in the massif with different
composition and securely bind individual structural blocks into a single whole. One of the effective
methods to prevent this type of rock deformation is their artificial strengthening which allows to provide
the necessary slopes stability of inoperative mine sites and in some cases to prevent possible rock collapse
in weakened areas, in others - significantly reduce the volume of overburden operations [1-3].

The most common strengthening method is rock cementation. Such method of ensuring the slopes
stability of mine sites is complex task, solution of which should include not only parameters determination
of stable slopes, but also their management to achieve the best economic results in the development of
natural resources. Use of artificial strengthening of rocks and massifs allows increasing gradient of slope
in arcas with unstable rocks. Strengthening advisability is established by technical and economic
calculations. Strengthening of some arcas is achieved with the help of substances that significantly
increase its strength characteristics. Adding substance in the massif is made under pressure, using cement
solutions, silicates and polymer resins as hardening material, confirmed by publications of leading
scientists in the field of mining [4-10].

To prevent the collapse of underground workings (underground structures), passed through fractured
rocks, roof timber with metal fencing mesh and shotcreting are used. However, roof rocks cleavage of
transport drift and significant rocks destruction indicates that this timber does not solve the problem of
stability ensuring of workings and does not prevent deformations development. As a result, after 2-3 years
of standing workings, timber are damaged and major repairs are required. Therefore, effective solution of
controlling issue on geomechanical properties of rocks is particularly important for adjacent rock mass of
mine sites and for underground workings passed through fractured rocks [11-13].

Researches on rock fracturing and methods development of controlling their properties were carried
out for the conditions of Akzhal deposit. Analysis of geological conditions of the field and workings
condition passed by fractured rocks showed that fracture systems of heavy pitch have great influence on
the workings’ stability. By nature, cracks vary from smooth, wavy to uneven, splintering. The width of the
crack opening does not exceed 3 mm and averages 1.5-1.8 mm. Based on conducted researches on
samples of fractured rocks, it was found that rocks have different degrees of fracture. According to the
degree of change, they were classified into 3 groups: particularly, highly and partially disturbed (table 1).

Various strength characteristics of fractured rocks predetermine the need for differentiated approach
to managing the rocks properties with fracturing intensity.

Table 1 — Classification of rocks, their physical and mechanical properties, structure and texture
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[TpombrmneHHas mepepadoTKa TEXHOTSHHOTO CHIPBS (OTXOABI OOOTANICHHS M TEPEPadOTKH, BCKPHIIHBIE U
BMEIIAIOIIIE TTOPOABI), OIM3KOTO MO COCTaBY K IPHPOAHOMY H HCHOJB3YEMOTO B TPAJHIUOHHBIX HAIPABICHUSIX,
MPAKTHYECKH HE OTJIMYACTCA OT INPOMBIIUICHHOW TNEpepabOTKH NPHPOTHOTO MHUHEPANbHOTO ChHIpbI. Coszmanme
3((PEKTUBHBIX TEXHOIOTHH MEPEPAOOTKH TEXHOTCHHOTO CHIPBS, MO3BOJLIIOIIMX IMOIY4YaTh W3 HETO KOHKYPEHTOCIIO-
COOHYTO IPOIYKIHIO IS PA3THYHBIX 00J1aCTEH MPOMBIIUICHHOCTH, SIBIBICTCS AKTYaJIbHOH 3a1a4eH.

Ecom ama mpeaynpekacHua OOPYIICHHI W OMOJM3HCH MCKYCCTBCHHOC TOBBIICHHC MPOYHOCTH OOIBIIIX
MACCHBOB IOPOJ HMPAKTHYCCKH IIOKA HEOCYINECTBHMO, TO TPEAyIpe:KIcHHE ae(OpMariii OTACTbHBIX YCTYIIOB H
MPETOTBPAMICHIE OCHINCOOPA30BAHI C IOBEPXHOCTH OTKOCOB IIyTEM MCKYCCTBEHHOTO YKPEIUICHHS HAXOAUT CEHUac
MIPUMCHEHHE HA OTCUYCCTBEHHBIX M 3apyOCKHBIX Kapbepax. Ha 00JbIMMHCTBE KaphepOB TOPHBIC TIOPOIBI, CIATAIOIINE
Hepaboune OOpTa, HEOAHOPOIAHBI IO CBOCH CTPYKTYpEe M (PM3HUCCKHMM W MEXAHHYCCKHM CBOWCTBaM. Jlake B
OJHOPOJHBIX M3BEPKCHISIX IOPOJAX KAPHEPHOTO ITOJSI HACUUTHIBACTCS MHOXKECTBO 30H TCKTOHHYECKON HAPYIICH-
HOCTH.

B 3aBucuMoOCTH OT HX pa3MEpOB M IMPOCTPAHCTBCHHONW OPHCHTAIIMU OHH OKA3BIBAIOT OO0JICE MU MCHEE 3HAYH-
TEIBHOC BIMSIHUC HA YCTOMYIMBOCTD YCTYTIOB H OOpTOB. C MOMOIIBIO YKPEIUICHHS MOKHO 3aMEIITh MPOLCCCHI BHIBET-
PHBAHUS U OCHITAHK OPOJ, MIPEAYIPESKAATh OOPYIICHHUS YCTYIIOB H OCBHITAHKE TIOPO/ C IOBEPXHOCTH OTKOCOB.

B crarse mpoaHAMM3HPOBAHBI PA3IMYHBIC CIIOCOOBI CO3MAHHUS PACTBOPOB AT YKPEIUICHHS TPEIIHHOBATHIX
TOPHBIX TNOPOJX WM CTPOUTCIBHBIX COOpYXeHHH. [IpMBEACHBI pPE3yNbTAThl HCCICAOBAHMS XBOCTOB OOOTAINCHHS
Bamxamckoro ropHo-mMeTamtyprudeckoro komomaara (B’ MK) u nmommyueHns1 pacTBOPOB A YKPEIICHHUS TPEIIIHO-
BaTBIX TOPHBIX TIOPOJ U TIOI3EMHBIX TOPHBIX COOPYKCHHUIH.

YrpouHeHHE MACcCHBA TOPHBIX ITOPOJ HA OCNAOICHHBIX YYACTKAX JOCTUTACTCSH BBEICHHEM B TPCHIMHBI BE-
IIECTB, KOTOPBIE TTOCIIC OTBEPACBAHMS W CXBATHIBAHUS C TIOPOIOH YBEIHYHBAIOT €€ XaPAKTEPUCTHKA COMPOTHBICHHUS
CIBUTY. BBeneHHE yIIPOUHSIOMETO BEMECTBA B MACCHB OCYINECTBILICTCS MO JABJICHUEM, a4 B KAUCCTBE YIIPOUHSIO-
IIErocsi MaTeprala HaMH PACCMATPHBAOTCS IEMEHTHBIC PACTBOPBI, CHIIMKATHI M TOJUMEPHBIC cMOIbL. Hanbompmee
pacIpoCTpaHCHUE CpPElr METOAOB YIPOYHCHHS ITOJYUMIA LEMEHTAIM NPH IPOBEICHHH TOPHBIX BBIPAOOTOK
(TTOI3eMHBIX COOPY>KCHHUI) B TPEIIMHOBATHIX mopoaax. O0macTs ee MPUMEHECHHUSI — MACCHB, CJIOKCHHBIN ITOPOAAMH
OT CHJIbHOTPCIIUHOBATHIX CKAIBHBIX M ITOJIYCKAIBHBIX IO KPYIHO3EPHUCTHIX MECKOB W TAJICUHUKOB NPH HAIMYHH B
MOPOAAX TPEINHUH, 00ECIICYHBAIOIINX JOCTYII IIEMEHTHOTO PACTBOPA B TPEILUHY.

3HAYMMOCTH IOJYUCHHBIX PE3YJIbTATOB I CTPOMTCIHHOW OTPACIH 3AKIFOYACTCS B PACIIMPESHHU W BOCIIPO-
H3BOJACTBE CHIPBCBOH 0a3bl MPOMBINUICHHOCTH CTPOUTCIBHBIX MATCPHAJIOB 3a CUCT HCIOJIB30BaHUA 0TX040B [ MK
(XBOCTOB 000TAMICHMS) H PA3PAOOTKH PECYPCOCOCPETarOIIUX TCXHOMOTHH. [IpakTHIeCKOS 3HAUCHHE PaOOTHI COCTOUT
B TOM, YTO [JCTANbHO pa3paboTaH MOAM(UIMPOBAHHBIH CHOCOO MPOM3BOJICTBA CTPOHMTEIBHBIX MATCPHAIOB H
H3ICIAN.

KimoueBbie ciioBa: pa3paboTka MECTOPOKICHHH, Kapbep, HAPYIICHHOCTb, TPEHIMHBI, OOPYIICHUS TOPHOTO
MACCHBA, VYKpPCEIUICHHE, OTXOJOB TOPHOTO TPOW3BOJCTBA, CTPOUTEIBHBIC MATEpHaNbl, MOJH(PHITMPOBAHHBIC
PacTBOPEL.
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