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['opHO-TEeKTOHMYECKHE YJapbl OTHOCATCS K KaracTpopUuecKWM SBICHHSM MO MaciiTtadam CBOETO
BO3/IEMCTBUS HE TOJIBKO HA TOPHBIE BBIPAOOTKH, HO M TOBEPXHOCTH. [ Ip1 pazpaboTke py IHBIX MECTOPOKICHUM
3TH SIBJIEHUSI MOTYT IPUBOJMUTH K JIUTEIbHONW NMPUOCTAHOBKE BEJCHUS FOPHBIX pabOT M CYyIIECTBEHHBIM
3aTpaTaM Ha BOCCTAQHOBJIEHHWE HApYLIEHHBIX WHYKEHEPHBIX KOHCTPYKUMH M KOMMYHHUKAIMH, a Takxke, B
OTJIEJIbHBIX CITy4asiX, K IOJTHOMY IIPEKPALEHUIO padOoT, 3aKPBITHIO IPEANPUATHS U 3HAUUTEIbHBIM YObITKaM.

B maccuBax MHTPY3MBHBIX HOPOJ FOPHO-TEKTOHUYECKHE YJapbl MOTYT ObITh OOYCIIOBJIEHBI pa3HBIMU
dakTopaMu — Kak TNPHPOJHBIMH, TaK W TEXHOTEHHBIMH. K NPUPOIHBIM OTHOCSATCS 3E€MIIETPSICEHUS,
WHTCHCUBHBIC BOJIOTIPUTOKH, OOMIIbHBIC CHETOIAbl, HATMYUE aKTUBHBIX Pa3oMOB M T.A. K TeXHOTeHHBIM
— B3pbIBHBIE Pa0OTHI, U3BATUE U NIEPEMELIEHHE TOPHOI Macchl, IPUrpy3Ka U pa3rpy3ka O00JbIINX IUIOIIA e
Ha TIOBEPXHOCTH, KOMOMHUPOBAaHHAsI CHCTeMa pa3padOTKH, COJMKEHHBIE PyIHUKH, TIIyOMHA Pa3pabOTKH
u T.71. COOTBETCTBEHHO, MEXaHU3M KOHKPETHBIX COOBITUI 110/ BIMSHUEM OTIEIbHBIX WM COBOKYIHOCTH
HECKOJIBKUX (DaKTOpOB (HAampuMep, CI0KHBIE TOPHO-TEOJIOTHUECKUE YCIOBUS pa3pabOTKH MECTOPOKICHUS
IUTIOC OOWJIBHBIE BOJONPUTOKM) Toxke OyneT paszmmueH. [Ipomeccs! negopManuu U TpenmHOOOpa30BaHUs
B MacCUBE I'OPHBIX MOPOJ SABJISIOTCS PE3YJIbTATOM OTPAXKEHMsSI MPOSIBICHUS (PAKTOPOB (OTAEIBHBIX WIN HUX
COBOKYITHOCTH). A cTeleHb KaYECTBEHHOT'O (KOCBEHHOE, MPSMOE) WM KOJIMYECTBEHHOTO (CUIIBHOE, CpEHEE,
ci1aboe) BAUSHUS OTAENbHBIX (PaKTOPOB — B 3aBUCUMOCTHU OT aHAIIM3UPYEMOT0 MacITAOHOTO YPOBHSI.

Ha npumepe psina pazpabarbiBaeMbIX yAapOONacHbIX PyAHBIX MECTOPOXKIEHUNH pacCMOTPEHBI BIUSHUS
pa3IMYHbIX (AKTOPOB M UX COBOKYITHOCTEH HA MPUYMHBI peaTH3alii 3apEerUCTPUPOBAHHBIX HA HUX TOPHO-
TEKTOHMYECKUX yAapOB U UX IOCIEACTBUSA. BBIONHEHHBIH aHaIu3 MOKa3ajl, YTO XapakKTep M3MEHEHHS
HaIpsKEHHO-/1€(OPMUPOBAHHOTO COCTOSIHUS IIPU BEJAEHUH TOPHBIX PA0OT HA MECTOPOKACHUIX MMOJIE3HBIX
MCKOMAeMBbIX B MarMaTHYeCKHX KOMIUIEKCaX 0O0YCIOBIEH C(POPMHUPOBAHHBIM MO3AaUYHBIM IMPUPOIHBIM
MI0JIEM HAIpsOKEHUN BHYTPU MHTPY3MBa 3a CUET €ro UEPApXUUHO-OJOYHOTO CTPOEHHUS M POCTOM HOBBIX
MarucTpajIbHbIX Pa3pblBOB (TEXHOTEHHBIX pa3pbIBHbIX HapylieHuil). [Ipm 3TOM crTeneHb HM3MEHEHHUs
3aBHCHT C OJIHOM CTOPOHBI OT T€HE3Hca, POPMBI, TITyOUHBI 3aJIETaHUSI MECTOPOXKICHUS, TPOSBICHHOCTH B
penbede MOBEpXHOCTH, a ¢ IPYrol — MPUMEHSEMOM TEXHOJIOTUH, MHTEHCUBHOCTH U MacIITa0OB OCBOCHUS
MECTOPOXKICHUS, a TAaK)Ke O1aronpusATHOTO HAaIlpaBJIEHUS Pa3pbIBHBIX HAPYLIEHUN JUISl TIOJIBUXKEK OJIOKOB.

B nenom, pe3ynbraThl BBINOJIHEHHBIX HCCIEIOBAHUN MO3BOJWIM aBTOpaM pa3lelIUTh HNPUYUHBI TOPHO-
TEKTOHUYECKUX YJIapOB Ha TPU I'PYIMIIbl — IPEUMYIIECTBEHHO IPUPOIHBIE, COBMECTHBIE U IPEUMYIIECTBEHHO
TexHOoreHHbIe. [Ipy yueTe BBISBICHHON CIIEMU(PUKN peaTu3alii TOPHO-TEKTOHUYECKUX YIapOB OKUAAETCS
BO3MO>XHBIM TOBBICUTbH BEPOSITHOCTh MPOTHO3a TAKUX SIBJIEHUI, YTO MO3BOJIUT pa3padboTaTh NPEBEHTUBHBIC
MEPOTPHUATHS TI0 UX MPEJAOTBPANICHUIO0 1 MUHUMH3AIHNHY MTOCIEACTBUI UX peau3alii, TO €CTh 00ECIeUnTh
0€301acHOCTb BeIeHHsI pPa0OT Ha YAapPOOIIACHBIX MECTOPOKACHUSIX.
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Mining-induced earthquakes are considered catastrophic phenomena in terms of their impact not only
on mining workings, but also on the surface. During of the ore deposits development, these phenomena can
lead to a prolonged suspension of mining operations and significant costs for the restoration of damaged
engineering structures and communications, as well as, in some cases, are finished of work, closure of the
enterprise and significant losses.

In intrusive rock massifs, mining-induced earthquakes can be caused by various factors, both natural and
man-made. Natural phenomena include earthquakes, intense water flows, heavy snowfall, active faults, etc.
Man-made operations include blasting, removal and movement of rock mass, loading and unloading of large
areas on the surface, a combined mining system, converging mines, depth of development, etc. Accordingly,
the mechanism of specific events under the influence of individual or a combination of several factors (for
example, difficul mining and geological conditions of deposit development + abundant water flows) will also
be different. The processes of deformation and cracking in a rock mass are the result of the manifestation
of factors reflection (individual or their combination). And the degree of qualitative (indirect, direct) or
quantitative (strong, medium, weak) influence of individual factors depends on the analyzed scale level.

Using the example of a number of rockburst hazardous ore deposits under development, the effects of
various factors and their combinations on the causes of the mining-induced earthquakes registered on them
and their consequences are considered. The performed analysis showed that the nature of changes in the
stress-strain state during mining operations at mineral deposits in magmatic complexes is due to the mosaic-
shaped natural stress field inside the intrusive due to its hierarchical block structure and the growth of new
mainline ruptures (man-made discontinuities). At the same time, the degree of change depends, on the one
hand, on the genesis, shape, depth of the deposit, the appearance in the surface relief, and, on the second hand,
on the technology used, the intensity and scale of deposit development, as well as the favorable direction of
discontinuous faults for block movements.

In general, the results of the performed studies allowed the authors to divide the causes of mining-induced
earthquakes into three groups — mainly natural, joint and mainly man-made. Taking into account the identifi d
specifics of the mining-induced earthquakes implementation, it is expected that it will be possible to increase
the probability of predicting such phenomena, which will make it possible to develop preventive measures
to forecast them and minimize the consequences of their implementation, that is, to ensure the safety of
operations at rockburst hazardous ore deposits.
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