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Pestome: PaccmMOTPeHbl YCOBUS NPUMEHEHUS CEMCMO6E30MacHbIX TEXHONOMMA Npu paspaboTKe PyLHbIX
MEeCTOpOXAeHUA. [laHa OLeHKa CEeNCMUYeCKOro AerCTBUSA B3PblBA HA MOA3EMHbIE U MOBEPXHOCTHbIE 0OBLEKTHI
MHGPACTPYKTYPbl NPeAnpuATMS, 060CHOBAHbI MEPONPUATUS MO CHUXKEHWUIO CENCMMUYECKOro [eiCTBUS B3pbIBa
npu pa3paboTke MECTOPOXAEHUA. AKTYanbHOCTb UCCEA0BAHNA ONpeenseTcs He06X0AUMOCTbIO MOBbILIEHUS
Ka4ecTBa J06bIBaEMbIX PyA 1 0CNabfeHns BPeAHOr0 BANSHNA NPOM3BOACTBA HA 3KOSIOrMYECKYt0 06CTaHOBKY pe-
rnoHa. Lienb uccnepoBanuii. CoBepLLEHCTBOBAHNE HAy4YHbIX OCHOB NPUPOLOOXPAHHbIX U PECYPCOCOEpEeratoLLmxX
TEXHONOrMN Pa3paboTkn pyoHbIX MecTopoxaeHuin. MeTofbl uccnefosanuii. [JaHHble 0 NMoOBeAEHUM MACCKUBOB
METaniocofepxaLinx nopos UccrefoBaHbl U3BECTHbIMU CTAaTUCTUYECKUMI MeToLaMu. PesynbTatbl Uccneao-
BaHMiA. [T0kazaHa BOXHOCTb y4eTa CENCMUYECKOro AeCTBUA B3pbiBa NPU UCMONb30BAHNM CEACMO6€30MaCHbIX
TEXHONIOrUN Pa3paboTKM MeCTOPOXAEHNA A1 COXPaHEeHUS MHAPACTPYKTYPbI NpeanpuaTui. 0606LLeHbI CBee-
HUS 0 AONYCTUMON CKOPOCTM CMELLLeHUs A1 COOPYKeHMiA. MoKasaHo, YTO CKOPOCTb CMELLEHNS 3EMHOII NOBEpPX-
HOCTU ABNSETCA (hyHKUMeR macchl 3apsaga BB. [etanusupoBaHa ctabunuanpytowias 1 orpaHnyuTenbHas posb
3anoJIHeHNA BbIPabOTAHHOr0 MPOCTPAHCTBA TBEPAEKOLUMN CMECAMU, NPUPOAHBIMI 1 HABEAEHHbIMU HaNPsXe-
HUAMU B YNPAB/IEHUN HANPSXKEHNAMU, a TAKXXE HanpaBJieHHOCTW (DPOHTA B3PbIBHOM BOJHbI. [JaHbl MOENMN Ans
pacyeTa cemcMo6e30MacHOi Macehl 3apsaaa ans 06beKTOB MHAPACTPYKTYPbI U FOPHbIX BbIPAOOTOK. [laHbl peKo-
MeHAaLUMW No ynpaBsieHNK0 UHTEHCUBHOCTbIO CEACMUYECKUX KONebaHWil Nof BO3AEACTBUEM TEXHOOMMYECKMX
thakTopos. MpeanoxeH KpUTEPUIA OLEHKN OMACHOCTI CEACMUYECKOro AeCTBIUS B3PbiBA B BUAE CKOPOCTU CMe-
LweHms nopof. 0606LLeHbI CBEAEHUS O CeACM06e30MacHON Macce 3apsaaa Npu B3pbIBe ero B CKBaXuHe. Pa3pa-
60TaHbl PernameHT 1 NepruoanNYHOCTb MOHUTOPUHIA COCTOSHNA PYAOBMELLAIOLLEr0 MaccuBa n UHAPACTPYKTYpPbI
Haf HUM. Pe3ynbTaThbl UCCNEA0BaHNS NPEACTABNAT UHTEPEC AN pa3paboTKM TBEPAbIX NOSIE3HbIX UCKOMNAEMBbIX.

Kniouesbie €noBa: pyaHble MECTOPOXAEHUS, NOPOAHbLIA MACCUB, CEICMUKA, B3PbIB, MOHUTOPUHT, reodu-
3nka.
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Abstract: The conditions for the use of earthquake-safe technologies in the development of ore deposits are
considered. An assessment of the seismic effect of the explosion on the underground and surface infrastructure
facilities of the enterprise is given, and measures to reduce the seismic effect of the explosion during field
development are substantiated. The relevance of the research is determined by the need to improve the quality
of the extracted ores and reduce the harmful effects of production on the ecological situation of the region. Aim.
Improvement of the scientific foundations of environmental protection and resource-saving technologies for
the development of ore deposits. Methods. Data on the behavior of arrays of metal-bearing rocks have been
studied by well-known statistical methods. Results. The importance of taking into account the seismic effect of
an explosion when using earthquake-safe field development technologies to preserve its infrastructure is shown.
Information about the permissible displacement velocity for structures has been provided. It is shown that the
rate of displacement of the Earth’s surface is a function of the mass of the explosive charge. The stabilizing and
restrictive role of filling the developed space with hardening mixtures by natural and induced stresses in stress
management, as well as the direction of the blast wave front, is detailed. Models for calculating the earthquake-
safe charge mass for infrastructure facilities and mining operations are given. Recommendations on managing the
intensity of seismic vibrations under the influence of technological factors are given. A criterion for assessing the
danger of the seismic effect of an explosion in the form of a rock displacement rate is proposed. The information
about the earthquake-safe mass of the charge during their explosion in wells is summarized. The regulations and
frequency of monitoring the state of the ore-bearing massif and the infrastructure above it have been developed.
The results of the study are of interest for the development of solid minerals.
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BeseapeHre

OnTumu3aiusi TPOeKTOB OYPOB3PHIBHBIX PAa0OT JOCTHTAeTCs 3a CYET TOUYHOCTH U
HAJIC)KHOCTU PACUYETOB MapaMeTPOB B3pPbIBA, OIarogapst y4eTy BIUSHUS yYaCTBYIOIIUX
(hakTOpOB Ha PE3yNIBTaThl U OE30MACHOCTh PAOOT U SBISICTCS IEPCIIEKTUBHBIM PE3ePBOM
YMEHBIICHUSI HEraTUBHOTO BIIMSHUS Ha MPUPOJIHYIO CPEy.

HayuHo-TexHruyeckue OCHOBBI CeMcMO0E30MacHON TEXHOJIOTHUHU TMOJ3EMHOM pa3pa-
OOTKM MECTOPOXKACHUH C Y4eTOM IeOJIMHAMHKH MaccuBa C(OPMYITUPOBAHBI paboTaMH
uccneaosaresnei, B Tom uucine [Jlsmenko u ap.,2006; [onvk u ap., 2019].

Xapakrep W MapaMmeTpsl BIUSIHUS CBOMCTB MACCUMBA HA €r0 CEHCMHYECKYHO AKTHB-
HOCTB UCCJIeJIOBaHbI B paboTax [Zaalishvili et al., 2016; Ko3sipes u np., 2018; Ko3sipen
u ap., 2021; My3aes u ap., 2022; 3aanumsunu, ['onuk, 2024; bypazuesa u ap., 2024].
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Pacrnipenenenue ceiicMruueckix cCOOBITHI B MACCUBE TOPHBIX TOPOT U CBSI3b €T0 C TEK-
TOHUYECKUM CTPOEHHUEM IMPH OTPaAOOTKE YIAPOOMACHBIX MECTOPOKACHUN HOCUT YCTOM-
yuBbli xapakrep [Korukos u ap., 2020; XKykosa u ap., 2022].

MOHUTOPUHT T€OJMHAMUYECKUX SBICHUM MHKPOCEHCMHUYECKHMM METOAOM IpPHU OC-
BOCHHH CEHCMOOMACHBIX MECTOPOKICHHI 00eCreunBaeTCs METOIaMH IIAXTHOU reodu-
3uku [JIsmenko, Kucneiit, 2015; Tonuk u ap., 2023; Epemenko u ap., 2022; SluBapés,
Bo6omypotos, 2024].

Pe3ynbrarel peTpOCHEKTUBHOIO aHalid3a IOKa3aresied CEeHCMUYECKON OMacHOCTU
KPYIHBIX CEHCMHUYECKHX COOBITUH B MOJ3EMHBIX MIAXTaX MOIYYEHBI PAIOM YUYEHBIX
[Nordstrom et al., 2020; Wang et al., 2021; Chakraborty, Goswami, 2021].

Jlis 6e30MacHOCTH TOPHBIX OOBEKTOB HAMOONBIIYI) OMACHOCTh MPEACTABISIOT
BUOpaIMM TMOPOAHOIO MacCuBa IMpH B3pbiBe TopHbIX mopox [McQuillan, Bar, 2023;
Yin et al., 2021; Gonen, 2022; Pa3zymoB u nip., 2022; PykaBumiHukos u 1p., 2023; domeH-
KO U JIp., 2022; bensikoB, Emenbsanos, 2023].

MaTeprnaA 1 METOABLI MICCAEAOBOHUI

O06o01enue, aHaian3, UHKEHEPHOE MPOTHO3UpoBaHUE. Vcnonb30BaHbl pe3yabTaThl
paHee BBIMOJHEHHBIX HccaenoBanuii u myonukanun 'O BHI PAH u npyrux cnenm-
AJM3UPOBAHHBIX OpPraHU3alMKi U MaTepuanbl aBTopa. Mcnoiab30BaHbl METOABI KOPPEs-
IIMOHHOTO aHAJIu3a U JIPyTue croco0bl 00padoTku nHMOpMAIIUK.

Pe3yAbTATbl MICCAEAOBOHUN N UX OBCYXAEHMNE

[Tpu pa3paboTke pyTHBIX MECTOPOKACHHH, CTI0)KEHHBIX CKAJIbHBIMU TTOPOIaMH OTHO-
CUTENbHBIC IepopMaIuy B PyIOBMEIIAIONINX TTOPOJIaX JTOKHBI TOTIUHATHCS YCIOBHIO:

E <E,.

rne £, — nomyctumas aedopmanus; £, — OTHOCUTENbHAs nepopMalius.
CKOpoCTh CMeIleHUs TTOpOo/1 TIpH B3pbiBe U, HE T0JDKHA MPEeBBIIIATh 1onycTuMyto Ul,:

U,<U,

[TapameTpbl cMelIeHus TOPOJT U COOPYKEHHI pUBEAEHBI B Tabiuie 1.

Tabnuya 1/ Table 1

JlonycTumMas CKOpocTh cMellleHHUsI VIS COOPYKeHUI 1o KJjaccaMm /
Permissible displacement rate for structures by class

CxopocThb JomycTumasi CKopocTh
HanmeHoBaHHe OPOJ / HpOI[OJ'H)HLI)§ BOJIH, | CMEIIEHHS JJIsl COOPYKEHHUH,
m/c*10° / KJIacchl, cMm/c /
The name of the breeds Name Velocity of Permissible displacement
longitudinal waves, | velocity for structures, classes,
m/s*103 rocks cm/s
1 2 3 4
OO0JIOMOYHEIE OTIOXKEHUS / 122 47 33 123 203
Block deposits ) ) ) )
CkasibHbIC BeChMa TPEIUHOBATHIC/
The rocks are very fractured 34 9-6 1927|284 | 47.7
Cnabo tpemuaoBarsie / Slightly fractured 5-6 147 | 29.6 | 44.6 | 74.5
lc:/rlz?cl:{kosﬂmHHe 6e3 tpeurua /Monolithic without 6-7 175 354 532 893
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IIpu nmpou3BOACTBE B3PBHIBOB CEHCMUYECKHE COTPSICEHUS! MCIBITHIBAIOT, U MOBEPX-
HOCTHBIE, U MOA3eMHbIE 00bEKThl. CKOPOCTh CMEIICHUS 36MHOM TOBEPXHOCTH SIBIISICTCS
¢dyHnkuueit macesl 3apsia BB (Q):

%/a 112
U =384 e , CM/c.

CTaOWIM3UpyYIONIYIO ¥ OTPaHHYUTEILHYIO POJTb B YIIPABJICHUH HANPSDKCHUSIME UTPAET
(heHOMEH 3aroJTHEHUS BBIPAOOTAaHHOTO MPOCTPAHCTBA TBEPACIOIIMMH cMecsiMHu (puc. 1).

| I I v |

™,
g
2,5—3 MPa

Puc. 1. [Toosmadicno-kamepHas cucmema paspadbomxi ¢ 3aKaa0KOU meepoerouumMu CMeCIMU:
1 — npounocme 4 Mlla, 2 — npounocmo 3 MIla, 3 — ompesnou eoccmarowutl, 4 — nopoOHsIll HABA,
5 — noepysounulii 3ae30, 6 — 6ypo-0ocmasourvlil opm /

Fig. 1. A sub-floor-chamber development system with a foundation of hardening mixtures:
1 — strength of 4 MPa, 2 — strength of 3 MPa, 3 — cut-off rising, 4 — rock bulk, 5 — loading run,
6 — drilling and delivery ort

OTOMY XK€ COCOOCTBYET M PallMOHAJIbHAS HAIIPABICHHOCTh ()POHTA B3PBHIBHOW BOJI-
HBI IpU 00pa30BaHUM YKPAHUPYIOLIEH 11enHu (puc. 2).

Puc. 2. Bapuanm cucmemvl pazpabomku ¢
HAKJIOHOM CMEHOK Kamep Ha 3aKIA00YHbLIL MACCUB:
1 — xoumypHas skpanupyowas wens /

Fig. 2. Variant of the development system with

chamber walls inclined to the backfill massif:
1 — contour shielding slot
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Celicmobe3omacHast Macca 3apsaa it 00beKTOB HHPPACTPYKTYPHI:

2,68
Up | 3
=| 29 ‘R’ KT.
© (38,4j

Cericmo0Oe3omacHas Macca 3apsAaaa st HOA3EMHBIX COOPY)KGHI/II‘/JII

1,44
Up |~ 3
=| 29 ‘R, KT.
Q (575}

[Ipu pacnonoxeHnn BEIpaOOTOK MapauIeIbHO Beepy:
U =575¢*", em/c
[Ipu pacnonoxeHn: BEIPAOOTOK HOPMAIIBHO K BEepy:

U = 145¢*% cu/ec.

NHTEeHCUBHOCTH CeiCMUYECKUX KOJIeOaHHUH MPHU MPOXOKIESHUU B3PBHIBHBIX BOJIH 4e-
pe3 BbIpabOTaHHOE MPOCTPAHCTBO YMEHBIIIAETCS.

N3MeHeHre HHTEHCHBHOCTU CEMCMUYECKHX KOoJleOaHMil TPy B3PBIBHOM 0TOOIKE Mpo-
UCXOJUT IOJT BO3/ACMCTBUEM TEXHOJIOTUYECKUX (PaKTOPOB, B TOM YHCIIE:

— B ThUIY B3pbIBa 3apsa CKOPOCTh BO3MYIIIEHHUsI MaccuBa B 1,5 pa3a OoJbliie, 4eM BO
(manrax u B 2 pa3a, ueM BO (PpOHTAIIbHOI YacTH;

— HaJIMYWe OTPE3HOM IIEeu CHIKAET ceiicmudeckuit agdekt B 1,5 pasa;

— IPHU MPOXOKJIEHUU Yepe3 BhIpaOOTaHHOE MPOCTPAHCTBO CEiCMHUUECKOe JeHCTBHE
B3pPBIBHOW BOJIHBI YMEHBIIIAETCS B Pa3bl.

Kputepuem orieHkH OMacHOCTH CEMCMHUYECKOTO IeWCTBHUS B3PhIBA SIBIIETCS CKOPOCTh
CMEIIECHUS MTOPO/I.

YpoBeHb BO3IEHCTBUSI CEMCMOB3PBIBHBIX KOJIEOAHUN YCTaHABIMBAETCS MO CKOPOCTH
cmerienus U, kotopas GopMupyeTcst B cpenie pH B3pbIBe 3apsaaa ( Ha pacCTOSHUU 7 OT
coopyxkeHnus (puc. 3).

35

bt
=]
1
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h
|
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=]
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1
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1

CkopocTh ceficMokonedanmii X 100, m/c

o

Speed of seismic vibrations x 100, m/s
h

0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45
TIpuBenenuslii Bec 3apana, kr/M> Reduced charge weight, kg/m?

Puc. 3. 3asucumocmo ckopocmu celicMoxoneoanuil om npuseoernHo2o 6eca 3apsaod 0as YCiosuil:
1 — pyonux 1; 2 — pyonux 2/

Fig. 3. Dependence of the seismic vibration velocity on the reduced charge weight for the conditions of':
1 —mine 1; 2 — mine 2
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NHTEHCUBHOCTh CEHCMUYECKUX KOieOaHWN BO MHOTOM 3aBHCUT OT PACIIOJNIOKEHUS
OXpaHsEeMbIX 0OOBEKTOB OTHOCHTENHHO ()POHTA B3PBIBHBIX PabOT, TOITOMY HEOOXOIUMO
CTPEMHUTHCSA K yAAICHUIO0 GPOHTA TOPHBIX padOT OT 3aHUH U OCYIIECTBISITH MOHUTOPUHT
HanpsHKEHHO-eDOPMUPOBAHHOTO COCTOSIHUSL MACCHBA B OCHOBAHUU 3IaHUN U COOPYKe-
Hu# (Tabm. 2).

Tabnuya 2 / Table 2

PernamMeHT U nepuogUYHOCTHL MOHUTOPHUHIA /
Regulations and frequency of monitoring

Pernament /

Coneprxanne u 3a1a4u /

Mepomnpustus /

IepuomuanocTs /

diagnostics

skeHui u nedopmanuii. Determina-
tion of the nature of rock displace-
ment, prediction of the magnitude
of displacements and deformations.

craniuit. / Equipment of
underground observation
stations.

Regulations Content and tasks Events Periodicity
Huarnoctuka | OmpenencHue Xapakrepa ciaBmke- | O0OpyIoBaHHE MOA3EM- Exemecsiano /
mopox / Breed | Hus mopo, MPOTHO3 BEJIMYHH CABH- | HBIX — HaOIIFOIaTeIhHBIX Monthly

OmnpejeneHne MpeienbHOr0 COCTO-
STHHSL MacCHBa IIOPOJ, TPODHIAKTH-
Ka Kputhdeckux aedopmaruii. De-
termination of the limiting state of
the rock mass, prevention of critical
deformations.

3ByKOMETPHUCCKHE u
aKycTudeckue  HalIo-
nenus / Sonometric and
acoustic observations

Exxemecsiuno /
Monthly

KouTposb HAIpsHKeHHO-1epop-
MHPOBAaHHOTO COCTOSIHHSI TIOPO/I.
Control of the stress-strain state of
rocks.

Teodusuyeckue wuccie-
JOoBaHusA /
Geophysical research

Cucremarnueck /
Systematically

KonTposs co-
CTOSIHHS TIOPOJT/
Rock condition
monitoring

OnpeneneHue 30H  OOpyIICHUS
CTCHOK BEIpaboTOK. Identification
of areas of collapse of the walls of
workings /

Buzyansaple  HaOmome-
uust / Visual observations

ExenenensHo /
Weekly

YTounenue ¢opmbel 0oTpaboTOK /
Clarifying the form of workings

NHcTpyMeHTaIbHBIC
MapKmenagepckue
cbeMku / Instrumental
surveying

[Ipu HeoOxomumocTH /
If necessary

Omnpenenenne NpeaeabHOro cocTo-
SIHUSI MAacCHBOB TOPOJ M BbIpabo-
Tok / Determination of the limiting

3BYKOMETPHUYCCKUE Ha-
omogenus / Sonometric
observations

ExxenenensHo /
Weekly

state of rock massifs and workings

Ob6ecneueHre 6€30MaCHOCTH TOPHBIX pabOT BO MHOTOM ompenensieTcs 3hpeKkTuBHO-
CTBIO MEp IO CHIKCHHUIO TUHAMUYECKUX (POPM MPOSBIICHUSI TOPHOTO JTABICHUS U METO-
JIMKOH re0()U3NIeCKOr0 MEHEHKMEHTA TOPHBIX Pa0oT.

BbiBOADI

CelicMOB3pBIBHBIE MUMITYJILChl HE JOJDKHBI MPEBBIILIATH JOMYCTUMBIE MPEAENbl: JUIs
3aHUll B XopoleM cocTosiHUM — 3,0 cM/c; B yIOBIETBOPUTENIBbHOM — 2,0 cM/C; B HEYIOB-
neTBopurtesnbHoM — 1,0 cM/c.

IIpu u3meHeHnn QpoHTa TOpHBIX PAOOT, BBEIEHUH B HKCILIYaTallMI0 HOBBIX OJIOKOB
HE00X0IMMO MPOBE/IEHNE KOHTPOJIbHBIX 3aMEPOB YPOBHSI CEHCMOB3PBIBHBIX COTPSCEHUI
U1l yTOUHEHHSI YCIIOBUH PAacIpOCTpaHEHHsI CEHCMOB3PBIBHBIX KOJIE€OaHUN U KOPPEKTHUPO-
BaHMSI CYIIECTBYIOIINX 3aBHCUMOCTEN OTNpe/IeTICHUsI CEeiCMO00e30IIacHON MacChl 3apsiaa v
celicMo0e301acHOr0 MHTEpBaJla 3aMeIJIEHUS ¢ Y4ETOM TOPHOTEXHUYECKUX YCIOBHM Ipo-
W3BOJICTBA TOPHBIX PaOOT.

IIpuBeneHHbIE BBILIE PEKOMEHJAIMN MOT'YT OBITh HCIIOJIB30BAHbI ITPU BEIOOpPE TEXHO-
JIOTHH BBIEMKH 3aJIEXKEH PyZ ¢ APYTUM MUHEPATIOTMYE€CKUM COCTaBOM.
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