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AHHoTauus

B HacTosiwee BpeMs Ha OTKPbITbIX rOpHbIX paboTax yHUKanb-
HbIM W MPAKTUYECKU EJUHCTBEHHbIM BbICOKO3(h(EKTUBHBIM
cnoco6oM NOAroTOBKU CKaNbHbIX MOPOSA K BbIEMKe ABNSIETCS
WX paspylweHue aHeprueil BapbiBa. OfHaKo Npu Npou3Bof-
cTee 6ypoB3pbiBHLIX paboT cywecTByeT npobnema onepexa-
lowero cpabaTbiBaHUS CKBaXXMHHbIX 3apsifo0B, AaHHas npo-
6neMa NpMBOAUT K HapyLEHWI0 ouepeHOCTU cpabaTbiBaHus
3apsAfo0B, UTO HEraTMBHO BNMUSIET HA 3(h(heKTUBHOCTb B3pbIB-
HbIX paboT, 3KonorMyecky u ceilcMyeckyio GesonacHocTb
U yxypwaeTt npopaboTKy MaccuBa, NpUBOAS K YBENUYEHUIO
BbIxofa HerabapuToB, TeM caMbIM yBenuuuBas (UHaHCOBbIE
noTepu Npou3BoAcTBa. B cTaThbe npuBoaUTCS MccnepoBaHue
thakToB onepexarwuwero cpabaTbiBaHMs CKBaXMHHbIX 3aps-
[O0B Npu NPUMEHEHWUU 3MYNIbCUOHHbBIX MPOMEXYTOUHbIX fAe-
TOHATOPOB B KOHCTPYKLUM 3apsifa U3 IMyNbCUOHHOIO B3pbl-
BYaTOro BewecTBa B Nnpouecce MOAroTOBKU FOPHOW MacCbl
K BbleMKe BypoB3pblBHbIM cnocoboM, a Takxe nepBUYHble
thakTopbl, BNUSIIOWME Ha onepeXatolee cpabaTbiBaHKe CKBa-
XUHHbIX 3apSA0B U METOLbl UCKAIOYEHNS faHHOMU npobneMbl
B X0[,e NOAroTOBKM FOPHOM Macchl K BbleMKe BypoB3pbiBHbIM
cnocoboM. B xope uccnepoBaHUs (haKTOB onepexarolero
cpabaTtbiBaHMs CKBaXMHHbIX 3apsfoB 6bliM npepnioXeHbl
MeponpuaTUs LS NpefoTBpalLeHus BO3AeCTBUS B3PbIBHOM
BOJIHbI Ha 3MYNbCMOHHbIE 6OEBUKM U UX NPeX[eBpeMEeHHOro
cpabatbiBaHus. [laHHble UccnepoBaHUS MPOM3BOAUNIUCL HA
Kapbepax u paspesax [lanbHero Boctoka. [lpu nposegeHuu
3KCNEepUMeHTaNbHbIX B3PbIBOB C UCMONIb30BaHMEM pa3pabo-
TaHHbIX KOHCTPYKLUA U MeponpuUaTUiA, NpU YCKOPEHHol Bu-
AeoduKcaLum B3pbIBa, onepexatou,ero cpabaTbiBaHUS CKBa-
JXWUHHBIX 3apsf0B He BbiSIBNEHO.

KnioueBble cnoBa:

YronbHbIA paspes, Kapbep, 3MyNbCUOHHbIA NPOMEXYTOUHbIN
JeToHaTop, onepexalouee cpabaTbiBaHue 3apafoB, B3pbIB,
B3pbIBHasA BOJHA

BeepeHue

BHeppeHue ycoBepleHCTBOBaHUI B BypoB3pbiBHbIE pa-
60Tbl, HECMOTPS Ha WX SIBHblE TEXHONOTUYECKUE BbIroAbl,
BrieueT 3a co60il pap, CyLEeCTBEHHbIX 0TPUL,ATENbHbIX aCheK-
108 [1, 2].
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Abstract

Currently, in open-pit mining, a unique and practically the
only one highly efficient way to prepare rocks for excavation
is to destroy them with explosive energy. However, during
drilling and blasting operations, there appears a problem
of anticipating the firing of borehole charges. This problem
leads to a violation of the sequence of firing charges, which
negatively affects the efficiency of blasting, environmental
and seismic safety and worsens the development of the ar-
ray, leading to an increase in the yield of oversized materials,
thereby avoiding financial losses of production. The article
analyses the facts of anticipatory firing of borehole charges
when using emulsion intermediate detonators in the design
of an emulsion explosive charge during the preparation of
rock mass for excavation by the drilling and blasting method,
as well as the primary factors influencing the anticipatory
firing of borehole charges and methods for eliminating this
problem during the preparation of rock mass for excavation
by the drilling and blasting method. By the analysis of the
facts of anticipatory firing of borehole charges, the authors
have proposed measures to prevent the effects of an explo-
sive wave on emulsion militants and their premature firing.
These works were carried out in the quarries and sections
of the Far East. When conducting experimental explosions
using the developed constructions and measures, the accel-
erated video fixation of explosions has not detected any signs
of anticipatory firing of borehole charges.

Keywords:

coal mine, quarry, emulsion intermediate detonator, pre-fir-
ing charges, explosion, blast wave

OpHow U3 KnoueBblx Npo6neM B TeXHONOrUK 6ypoB3pbiB-
Hbix paboT ocTaeTcsd HapylweHue ouepefHocTW cpabatbiBa-
HWSl CKBaXKMHHbIX 3apsfoB. Mpy 3TOM OCHOBHOW MpPUUMHON
CUMTAETCS OTKNOHEHME (haKTUUeCKOro BpeMeHu cpabatbia-
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HUS HE3NEKTPUUECKMX CUCTEM MHULMUPOBAHMS OT HOMUHASb-
HbIX 3HaueHui [3, 4]. OpHako uccneposanus [5-10] peMoH-
CTPUpYIOT, UTO Ha 0YEpPefHOCTb CPaBaTbiBaHUA CKBaXMHHbIX
3apsAA0B MOTYT CYWeECTBEHHO NOBAUATL TaKXe Apyrve dak-
TOPbl, @ UMEHHO: BO3[E/CTBME BOJIH HaMPSXXeHUI 0T cocefi-
HUX CKBAXMHHbIX 3apafoB (LedopMUpyloT cpedy M3MeHsas
YCOBUS MHULLMMPOBAHMS); HanMune BOLOHOCHLIX FTOPU3OHTOB
(BbI3bIBAKOT TMApPABNMUYECKUE YAAPbI, KaBUTALMIO). YKasaH-
Hble (hakTopbl B BOMblel CTENeHW OTHOCATCS K 3MymbCU-
OHHbIM B3pblBUaTHIM BelwecTBaM (3BB), Tak Kak, cornacHo
nccnegnosanuam [11-14], 3BB nposiBNSIOT MOBbIWEHHYO UyB-
CTBUTENbHOCTb KO BHEWHWUM MexaHUYeCKUM BO3LENCTBUAM
MO CPaBHEHWIO C MPOCTEMWMMM B3PbIBUATHIMU BELLECTBAMM,
YTo 06YCNOBNEHO OCOBEHHOCTAMU WX (PU3MKOXMMUYECKON
CTPYKTYpbI.

Bce nepeuncrneHHble (hakTopbl MOTYT MPUBOAUTL K Ha-
PYLIEHWIO 33[,aHHON MOCNef0BaTeNIbHOCTA MHULMMPOBAHMS
CKBaXMHHbIX 3apAfO0B, uTo, B CBOK 0uepefb, 06ycnasnu-
BaeT CHUXeHMe 3(HeKTUBHOCTU Lp06NeHns ropHON Macchl,

yBeNWueHWe pasneTa OCKONKOB B30PBaHHOM ropHOi Macchl
W yCWUNEeHWEe CEeMCMMUECKOro BO3LEACTBUSA Ha OKpYXaloliue
o6bekTbl [15-19].

B npouecce aHanusa nuTepaTypHbIX UCTOYHUKOB U pe-
3yNbTaToB HabNIOQEHWUA MacCOBbIX B3PbIBOB Ha YrofbHbIX
pa3pesax XabapoBcKoro Kpasi bbinu BbiIBNEHbI haKTbl Cyle-
CTBEHHbIX HapyleHW nocnefoBaTenbHoCcTH cpabaTbiBaHNg
CKBaXXMHHbIX 3apsf0B U NPeaioKeHbl MePONpUATUS MO CHU-
XKEHMIO PUCKOB COOTBETCTBYIOLLEr0 HEFraTUBHOMO SBJIEHMUS.

MaTepMan bl U METOAbI

3a nepuog, 2023-2024 rr. cotpymuukamu UL ABO PAH
3a(MKCUPOBaH PsAfd, B3PbIBOB C HapyLWIEHUEM OUepefHOCTH
YCTaHOBNEHHOW CXEMOI MOHTaXa B3PbIBHOM CeTH, Npu Be-
LEHUN B3pPbIBHbIX PaboT C NPUMEHEHUEM HE3NeKTPUUECKUX
cucteM uHuumupoBaHus (HCWU) Ha paspesax BypenHckuii
u MpaBo6epexHblit (hoTo 1), a TakKe Ha pasHbiX Kapbepax
LanbHero BocTtoka (thoTo 2), ¢ KOHCTpYKLUMeNn 3apafa, BKITHO-

s

®oro 1. inHammka B3pbiBa 6noka N2 37, rop. 385 Ha paspese bypeunckui, uionb 2023 ropa.
Photo 1. The explosion dynamics of block N¢ 37, mountain 385 at the Bureinsky section, July 2023.

®oro 2. lunamuka B3pbisa Gnoka N2 38, rop. 520 Ha ManoMbipckoM pyaHuke, Man 2024 ropa.
Photo 2. The explosion dynamics of block N2 38, mountain 520 at the Malomyrsky rudnik section, May 2024.
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yatoweit 3BB 1 3MyNbCUOHHBIA MPOMEXYTOUHBIA LEeTOHATOp
(na).

[ins dnkcaumm onepexatowero cpabaTblBaHUs CKBaXMWH-
HbIX 3apsfo0B npuMeHanu keagpokonTtep Autel Robotics Evo |l
Pro V3 (puc. 1). CbeMKa yCKOpeHHOro BUL,E0 MPOU3BOAUTCS C
paspeleHrem 1920 x 1080 ¢ uacToToi 120 K/cek.

PucyHok 1. Keappokontep Autel Robotics Evo Il Pro V3.
Figure 1. Autel Robotics Evo Il Pro V3 quadcopter.

Mo chakTy BMOeodMKcaL MM MaccoBoro B3pbiBa NPOM3BO-
ounu obpaboTKy BMOeOMaTepuana C MOMOLLbIO NpOrpamMMmbl
MovaviVideoSuit-22, roe BpeMs MeXJy CTOM-Kagpamu cO-
crasuno 8,33 mc.

OpHMM M3 haKTOpPOB oOnepexarlero cpabaTbiBaHWS
CKBaXXWHHbIX 3apsf0B NPennosioXUTeNIbHO MOXET SBNATbHCS
MorpewHocTb BO BpeMeHW cpabaTbiBaHWs Kancloned feTo-
HaTtopos [15]. [Ina npoBepku paHHoro taxrtopa 6binn npo-
W3BedeHbl M3MepeHUs BpeMeHW cpabaTbiBaHMA Kanchonei
neTtoHatopoB HCW, ucnonb3oBaHHbIX NpW NpOM3BOLCTBAX
MacCOoBbIX B3pbIBOB.

W3mepenus npoussopunu npu nomowu npubopa VMBU-4
npoussopctea KTb «MHTepsan» r. HoBocubupcka. Ha vcnbl-
TaTeNbHOM NONMIroHe Kapbepa (paspesa) ycTaHaBnMBanu gu-
HUWHbIK (cBeToBOM) maTumK (hoto 3) B KOPo6KY, UCKNoUalo-
LYo MPOHUKHOBEHWE CBETa, C O[HOW CTOPOHbI, U CTapTOBbIN
natuuk (choto 4) - c apyroit. [lanee oTxoaunu Ha GesonacHoe
paccTosiHMe W NPOM3BOLWNM MHULMMPOBaAHUE MOCPELCTBOM
CTapTOBOr0 YCTPOICTBA.

AHanu3 paHHbIX, NPeACTaBeHHbIX B Tabnuue, yKasbiBa-
eT Ha NoTeHUMarnbHYK KOppensuui Mexmy norpewHocTbl

e
Do10 3. DUHMWIHBIA [ATUMK.
Photo 3. Finishing sensor.

®oto 4. CTapToBbINA AATUMK.
Photo 4. Starting sensor.

BpeMeHn cpabaTtbiBaHus petoHatopoB HCU u HapyweHueMm

nocnefoBaTenbHOCTU WHULIMMPOBAHUS CKBAXMHHbIX 3aps-

00B. B uenax HMBenMpoBaHUs BAUSIHUS MOTPeLIHOCTU Bpe-

MeHM cpabaTbiBaHUs OETOHATOPOB Ha MOCNEfYHIWNX 3KC-

nepuMeHTax BbinW MPUMEHeHbl 3MEKTPOHHblE [,ETOHaTOopbl.

TeM He MeHee flaHHasl Mepa He cnocobcTBoOBana yCTpaHeHuto

BbIIBNIEHHOr0 HeraTMBHOrO 3ddekTa HapyweHus nocnepo-

BaTeNbHOCTM B3pbIBaHWUS 3apsfoB. [103TOMy Ha OCHOBaHMM

NMPOBEAEHHbIX WCCNEeS0BaHWUN BbIABMHYTA rMMoTe3a 0 TOM,

uUTO BO3MOXHOM NPUUMHOI HAPYLEHUS 0YePefHOCTY B3pbIBa-

HWS CKBAXKMHHDbIX 3apsf0B ABNAETCS BO3LEHCTBUE B3PbIBHO

BOJNHbI Ha 3MYNbCUOHHbIN M]1, uepes onpefeneHHbIN ropu3oHT

MaccuBa ropHbix Nopog (Mpocnoiky yris, BOGOHOCHbIE FOpU-

30HTHI W [p.), NPUBOASALLEE K MHULMMPOBaHMIO 3apana 3BB,

L0 MOMeHTa cpabaTbiBaHUS LETOHATOpPa CKBaXXMHHOWM CeTu

[6-10].

B uenax HelTpanusaLmMu yKasaHHOro Bbille HEeraTUBHOIO
thakTopa NpefoXeHbl CrepyroLue MeponpuaTus:

— UCroNb3oBaHWe B KayecTBe MPOMEXYTOYHbIX [eTOoHaTo-
POB TPOTMNOBbIX MM MEHTONUT-TPOTUNOBBIX WALLEK;

— npuMeHeHue aMmynbcuoHHoro M[], ycTaHoBneHHoro B 3a-
WHTHbIA Kopnyc (puc. 2) [20], KoTopblit TaKKe CAYXUT ans
TOYHOr0 MNO3ULIMOHMPOBAHUS MPOMEXYTOUYHOI0 AETOHATO-
pa Mo LLeHTPY CKBaXXMHbI, @ UHULMUPYIOLLETO AeTOHATOPA,
B CBOK oyepefb, - no ueHtpy M,

— MCnonb3oBaHWe NaTPOHMPOBAHHOMO 3MYNIbCMOHHOMO NPO-
MEXYTOYHOro [,eToHaTopa B CreLuanbHoOM NiacTMKOBOM
Kopnyce no aHanoruu c M1, «Cubuput».

B pesynbTaTe peanusauuy npenioXkeHHbIX MEPONPUATUN

Ha MpaKTUKe M COOTBETCTBYKWMX HabniopeHuit 3a npous-

BOJLCTBOM MacCOBbIX B3pbIBOB (h0T0 5) Ha yKasaHHbIX Bbilue

pa3pesax sIBHbIX HapyLeHWt B NOCNeL0BaTENbHOCTU UHULM-

MPOBaHUS B3PbIBHOW CETU HE BbISIBNEHO.

BbiBobl

Ha ocHoBaHWM nNpOBELEHHbIX MCCNefo0BaHWN Mnpenno-
XEHHbIE MeponpusiTUS NPeLCTaBnaTCs 3IHEKTUBHBIMM
LAS NpefoTBPaLLeHUs omnepexa-
fowero cpabaTbiBaHUs CKBaXMH-
HbIX 3apsifoB. Bmecte c TeM, ons
Bonee petanbHOro aHanusa npu-
UMH  OTKIMOHEeHUM  (PAKTMUYECKoM
MocrnefoBaTeNbHOCTH B3PbIBOB
0T TNpPOEKTHOW, MpefyCMOTPEHHOM
6ypoB3pbiBHbIMKM  paboTamu, pe-
KOMeHLyeTCs [anbHeillwee Gonee
yrny6neHHoe npoBefeHue Wuccre-
[LOBaHWiA B 3TOW 06nacTy.

ABTopbl 3asBnawT 06 oOTCYT-
CTBMM KOH(IMKTA MHTEPECOB.
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Pe3ynbTaTtbl U3MepeHUii NOrpewHocTH BpeMeHu cpabaTtbiBaHus
petoHatopos HCU

Measurement results of the blasting time error of NSI detonators

= DaKTMyeckoe 3HayeHue 3amMemneHuns ’E ° CpenHee 3Haue-
es |2 o LLETOHATOPOB, MC 3 S | HMe OTKNOHeHus!
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Ne2 1026 | 1052 2 |1039.0| 390 39 Photo 5. Operation of borehole charges upon application of
the measure.
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PucyHok 2. KoHTeiiHep ans 3awmTbl 3MynbCUMOHHOTO BoeBuKa. 3.

VcnoBHble 0603HaueHns. 1 - KoHTenHep; 2 - 3alWMUTHbINA KOpMyC; 3 - NOMbIMA Ly1-
NMHAP; 4, 5 - BbICTYNbI; 6 - TOpew, LUAMHAPA; 7 - NepneHAnKynsapHas ocb; 8,
9 - ueHTpupytowme anemeHThl; 10 - HapyxHas cTopoHa; 11, 12 - BepTUKanbHble
yacTu; 13, 14 - aneMeHTbI MeHbluero paauyca; 15, 16 - ynpyrue anementsl; 17,

18 - mucku; 19 - otBepcTus; 20 - nasbl; 21 - NepuMeTp BUCKOB; 22 - TONWMHA 6.

CTEHOK; 23 - 3MyNbCUOHHbIA GoeBUK; 24 - ypapHo-BonHoBas Tpybka; 25 -
CKBaXMHa; 26 - CKBaXMHHbII 3apsf,.

Figure 2. Container for protection of emulsion fighter.

Keys. 1 - container; 2 - protective housing; 3 - hollow cylinder; 4, 5 -

protrusions; 6 - cylinder end; 7 - perpendicular axis; 8, 9 - centering 7.

elements; 10 - outer side; 11, 12 - vertical parts; 13, 14 - smaller radius
elements; 15, 16 - elastic elements; 17, 18 - discs; 19 - holes; 20 - grooves;
21 -perimeter of discs; 22 - wall thickness; 23 - emulsion fighter; 24 - shock
wave tube; 25 - borehole; 26 - borehole charge.
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