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PROBLEMS OF THE ACTION MECHANISM
OF THE EXPLOSION OF THE NEW DESIGN
OF THE BOREHOLE CHARGE

Annomayus:

Texnonozus 63pbl6HbIX PAOOM 8 OAHHOM UCCIeO08ANUU
CBA3aHA C BONPOCOM MEXAHUIMA 83Pbl8A OOHOU U3 KOH-
CMPYKYULL CKBAICUHHO20 3apAod, YCIOBUAMU €20 NPO-
8e0eHUs, COOMBENCMEYIOWUMU B3PbIBYAMbBIMU elye-
cmeamu U bINOJHEHUEM IKCNEPUMEHMATLHBIX 83Dbl-
606 NpuU KOMOUHUPOBAHHOI PA3PAOOMKe MeCmopodic-
OeHuil. B 20pHOOOOBISAIOWEL  NPOMBIUIEHHOCIU
8eCLMA NEPCHEKMUBHBIM AGNACTNC KOMOUHUPOBAHHDII
Ccnoco6 paspabomku MecmopoHCOeHUll NOAE3HbIX UC-
KONaembix, GKIIOUAIOWUL NOO3eMHble U OMKPbINble
pabomul. Takas paspabomxa daem 603MONCHOCHb UH-
meHcuduyuposams 20pHvie pabomvl Ha Pa3eOaHHbIX
MeCOpOiCOEHUAX U CYUWECMBEHHO YAVUUUNG meX-
HUKO-DKOHOMUYeCKUue nokazamenu 0o0viuy, oenaem
YenecooOpasHoll pazpabomky yenioeo psaoa Mecmo-
POHCOCHUL, KOMOpble Ce200Hs CUUMAOMCs Heapgex-
musenvimu. Coemecmnoe npumeHeHue Ha OOHOM Me-
CMOpodCcOeHUU 08YX cnocob08 paspabomku xapakme-
puzyvemcs  onpedenenuvimu  ocobennocmamu. Om
83PbIGHBIX PAOOM 30€Ch 3ABUCATN He MOJIbKO KOHEYHble
pe3yromamul OmpadomKi 6ce20 MeCOPOACOEHUs, HO
U nokasamenu OMKPLIMbIX (MPU OOPAOOMKE HUNCHUX
20PU30HMOB) U NOO3EMHBIX pabom (0cobeHHO Ha nep-
8bIX 20PUBOHMAX).

Taxum 06pazom, 6ecema 8aiCHOU NPOOAEMOU NPU KOM-
OUHUPOBAHHOM CNOCODe pas3pabomKu Mecmopoicoe-
HUL NOAE3HBIX UCKONACMYIX AGNAIOMCSA 0COOEHHOCU
6e0eHUs HA Kapbepax U pazpe3ax 6ypoe3puieHbIX pa-
o6om, GIUAIOWUX HA COXPAHHOCTG WIAXMHBIX 2OPHBIX
8bIPAOOMOK U HENOCPEeOCMBEHHO HA celicMobe3onac-
Hocmy.  Bosuuxaem neobxodumocmuv 3awumuvl Kax
NOO3EMHBIX 20PHBIX BLIPAOOMOK, MAK U HAXOOAUUXCSL
PAOOM PA3IUYHBIX 2OPHBIX 0ObEKMOB.

s pewenus 3a0auu no obecneyenuro yCmouyugocmu
MAaKux 00beKmo8 HeodX00UMO MeopemudecKl i IKC-
NEPUMEHMATLHO U3YYUMb U 0000WUmMb HeKomopule
acnexmvl MexHoA0Ull U UX NAPAMEmPbL, ONPedesiio-
e, 8 HACMHOCMU, CIeneHb Y4acmusi CeUCMUYecKo20

Abstract:

The technology of blasting in this study is related to the
issue of the mechanism of explosion of one of the struc-
tures of the borehole charge, the conditions for its con-
duct, the corresponding explosives and the perfor-
mance of experimental explosions during combined de-
velopment of deposits. In the mining industry, a com-
bined method of developing mineral deposits, includ-
ing underground and open-pit operations, is very
promising. Such development makes it possible to in-
tensify mining operations at the explored fields and sig-
nificantly improve the technical and economic indica-
tors of production, makes it expedient to develop a
number of fields that are considered inefficient today.
Certain features characterize the joint application of
two development methods at one field. Not only the fi-
nal results of mining the entire field depend on blasting
operations here, but also the indicators of open (when
refining the lower horizons) and underground works
(especially on the first horizons).

Thus, a very important problem with the combined
method of developing mineral deposits is the peculiar-
ities of conducting drilling and blasting operations at
quarries and sections that affect the safety of mine
workings and directly on seismic safety. There is a need
to protect both underground mine workings and vari-
ous mining facilities located nearby.

To solve the problem of ensuring the stability of such
objects, it is necessary to study theoretically and exper-
imentally and generalize some aspects of technologies
and their parameters, which determine, in particular,
the degree of participation of seismic impact for the de-
velopment of effective methods and means of blasting.
The performed seismic studies are supplemented by the
results of calculations carried out by the method of
smoothed particles (SPH). In this regard, the actual
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6030eticmaust 015l paspabomxu IPHeKmusHbIx CHOCO-
006 u cpeocms 63pvisanus. Beinonnennvie ceticmuye-
CKUe Ucc1e008aHs OONOIHEHbl Pe3yIbmamami pacie-
MO8, NPoBeOeHHbIX MEMOOOM C2NAHCEHHBIX YaACMUY
(SPH). B smotui c6s3u akmyanoHulil HayYHblll U NPaK-
Mu4ecKull uxnmepec npeocmasiaion uccie008anus
ocobenHocmeli OUHAMUKU  G3DbIBHO20 B030eUCBUs
npu onpeodeneHHbIX MeXHOIOUAX PA3pAbOmMKU MeCmo-
POIHCOCHUIL, YeMy U NOCEAUeHa OAHHASL CIAMbSL.

Knrouesvie cnosa: e3puvienvie pabomvl, 2eoMexaHuxd,
KOHCMPYKYUs CKBANCUHHOZO 3aps0d, KOMOUHUDOBAH-
Has paspabomka mMecmopoxicoeHull, ceucmobezonac-

scientific and practical interest is the study of the char-
acteristics of the dynamics of explosive impact with
certain technologies of field development, which is
what this article is devoted to.

Key words: blasting, geomechanics, borehole charge
design, combined field development, seismic safety,
fracturing, explosive energy intensity.

HOCMb, MPEeWUHO8AMOCmb, dHep2oemMKocmyb BB.

Beeoenue

[enpro nccnenoBaHmil sIBIASETCS 0OOCHOBAHUE PAIMOHAIBHOM TEXHOJOTHU B3PHIBHBIX
paboT, CHIKaIOIIEH HeraTUBHbIE BO3JICHCTBUS MAaCCOBBIX B3PHIBOB HA pa3pe3e Mpu KOMOUHHU-
pOBaHHOM pa3pabOTKe HAa TOPHBIE BHIPAOOTKHU mIaxThI [1].

N3BecTHO, 4TO YypOBEHb TpaBMaTU3Ma IIPH BEJICHUH B3PbIBHBIX paObOT Ha 00bEKTaX Top-
HOPYIHOM, HEPYAHOU MPOMBIIIJIEHHOCTH U 00BEKTaX MOJ3EMHOTO CTPOUTEIHCTBA COCTABIISACT
10 20 %, mpu oOpymeHun 00pTOB yCTYMOB — 110 18 % OT 00mIero KoJauyecTBa YUCICHHOCTH
WCTIOTHUTENICH B3PBIBHBIX paboT. B ycrnoBusx KOMOMHUPOBAHHOM pa3pabOTKH MECTOPOXK/Ie-
HUM OT TEXHOJIOTHH MaCCOBBIX B3PBIBOB CYIIECTBEHHO 3aBUCUT A((HEKTHBHOCTH pabOTHI BCETO
TOPHOPYIHOTO mpeanpusatus [2]. U3BecTHa TEHACHIIMS OTPHUIIATEIIHPHOTO BIUSHUS YBETUICHUS
BEca 3apsi/I0B MACCOBBIX B3PHIBOB HAa YCTOMUNBOCTH OOPTOB KaphepoB, MTOI3EMHBIX BHIPAOOTOK,
3IaHUI U cOOpyKeHHI. B cBeTe aToro manHas mpobiema pernianach CrmocoOOM B3pBIBHBIX pa-
00T Ha OCcHOBe pa3pabOTKN HOBOM KOHCTPYKIIMH CKBaKMHHOTO 3aps/ia M €ro MeXaHu3Ma Iepe-
Jla4u SHEPrUu B Maccus [3].

Ocnosnasn wacmo

Huxe Ha puc. 1 moka3zaHa rOpHOTEXHMUYECKasi KApTUHA B3PBIBHBIX OTKPBITHIX padoT,
MPOLIECC MTPOXOKACHHS B3PHIBHBIX BOJIH UY€pe3 MACCUB-LEIUK MEXAY KapbepoM (pa3pe3om) U
MOA3EMHOM pa3paboTKoi (TOpHBIE BBIPAOOTKH, 00BbEKTHI). [Ipobiaema 3akimrodaeTcsi B HEraTHB-
HOM BO3JICMCTBHU B3PBHIBHON OTOOMKH BEPTUKAIBHBIMU HUCXOISUIUMU CKBAKUHHBIMU 3aps-
JaMH Ha Kapbepe Ha pa3paboTKy IJIACTOBOTO YTOJIbHOTO MECTOPOXKJICHUS MO JHOM Kapbepa
MIPU KOMIUIEKCHOM cucteMe pa3padotku [4, 5]. KoHkpeTHas 3agada onpeaensieTcss orpaHuye-
HUEM CEIICMHYECKOTro JeHCTBUS B3pbIBA MPU MPOXOXKIACHUU Yepe3 LENHUK CIIocoOO0M B3pPBHIBHOM
TEXHOJIOTUU MPU MAaCCOBOM OTOOMKE YISl M TOPOJ.

Puc. 1. Obmas kapTuHa Bo3aeicTBHA (parMeHTa MacCOBOTO B3pbIBA
Ha OTKPBITHIX TOPHBIX PadOTax Ha MOA3EMHYIO pa3paboTKy:
1 — B3pbIB CKBaXKUH; 2 — QPOHT PacpPOCTPAHCHMS CEHCMUYECKOTO EHCTBUS B3PhIBA;
3 — moa3eMHas BBIpaOOTKa
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CymHOCTh pEeICHUsT 3aKII0YaeTCs B KOHCTPYKTHBHBIX OCOOCHHOCTSIX M MEXaHU3ME
JEWCTBUS B3PBIBA, TO €CTh B Pa3pabOTKe HOBOTO COco0a B3PBIBHBIX paboT Ui yCIOBUN KOM-
OMHHMpOBaHHOU pa3paboTku [6, 7].

Ha puc. 2 cxemaTn4Ho npencTaBiieHa Uaes HOBOTO CKBaXHMHHOTO 3apsizia Ha 0ase uc-
MOJIb30BaHMsI OCHOBHBIX MTAPaMETPOB MITATHOW MPOOYPEHHOIN CKBa)KHUHHBI.

CkBa)XMHHBIN 3apsil KOHCTPYKTHBHO pa3/eiisieTCsl Ha JBE PA3IMYHBIE 110 Macce pa3Ho-
BPEMEHHO JIETOHUPYIOIINE YACTH, KaX/1asi U3 KOTOPBIX IPEACTABIISIET COOOM CaMOCTOSATENbHBII
3apsa. OJIMH U3 HUX pacloyaraeTcsl B HUKHEN YacTH CKBaXXUHbBI U B3pbIBaeTCs epBbIM. Huk-
HUH 3apsij ¢ IpeBapUTENIbHBIM €0 B3pbIBAHUEM IpEJHAa3HAUYEH JUIsl 00pa30BaHuUsl B Hadaje
y4acTKa MOICKBaXXMHHOM 30HbI pa3pyieHHoi (I13P) ropHoii Macchl.

Jlanee uepe3 MHEPTHBII IPOMEXKYTOK pacloiaraloT BEpXHUM 3apsi/i B3pbIBYUATOrO BEIlle-
CTBa, KOTOPbII MHULIUHUPYETCS CIIEZIOM, BO BTOPYIO OU€peib APYTUM J€TOHATOpoM. MexaHu3m
JeMCTBUS B3phIBA TAKON KOHCTPYKLMU CKBaKMHHOIO 3apsja UMEEeT 0COOEHHOCTH, 3aKII0Yato-
myecs B GOpMUPOBAHUH HECKOJIBKUX MOCHIEI0BaTEIbHBIX cTaauit ((a3). [Tocnennss (cymmap-
Has) U3 HUX, npouas I13P, xapakrtepusyercs CylIeCTBEHHbIM CHM)KEHHEM HHTEHCHUBHOCTH
«HaYyaJIbHOM B3pHIBHOM, a Jlajiee CEICMOB3PhIBHON BOJIHBI B HAIIPABJIEHUU OXPaHIEMbIX I1aXT-
HBIX 00BEKTOB.

Puc. 2. Cxema MexaHnu3Ma AEWCTBHUS B3phIBA CKBAXUHHOTO 3apsiia;

a) 1 — ¢poHT ynapHOIl BOJHBI IOHHOM YacTH 3apsa;

2— (bpoHT yaapHOU BOJHBI OCHOBHOM YacTH 3apsia;

3 — 30Ha B3aUMOJCHUCTBUS IIPH CTOJIKHOBEHHH [IBYX YAAPHBIX BOJIH BHYTPH CKBRKHHHOTO 3apsia;
0) 1 3a0oiika; 2— OCHOBHOM BEpXHHI CKBOXHHHBIH 3apsi[;

3 — uHepTHBI (1eOeHb, IPEeBECUHA, YIOJIb HIIH JIp.) WM BO3IYIIHBINA IPOMEKYTOK;

4 — NOHHBIN 3apsif; 5 — NOJACKBaKWHHAS 30HA Pa3pyLICHHON ropHO# Macchl (1emidepHas 30Ha);

6 — TpeuwmHsbI OT 3apsina

BBLIO BBIMOIHEHO CEMCMUYECKOE HHCTPYMEHTAIBHOE UCCIICI0OBAHUE SHEPTETHYECKOTO
BO3JICHICTBUSI MACCOBBIX B3PHIBOB Ha Kapbepe Ha HIKEPACIIONOKEHHBIC TTOA3EMHBIC COOPYKE-
HUSI, TIO3BOJIMBIIKE YCTAHOBUTD €T0 KOJIMYECTBEHHBIC KOHKPETHBIC TapaMeTphl. BhITIOTHEHHBIC
CEMCMUYECKUE MCCIICIOBAHUS ObLIN JIOTIOJIHEHBI Pe3yJIbTaTaMH PAcYeTOB, MMPOBEACHHBIX Me-
To0M criaxkeHHbIx yactuil (SPH) [8].

Hwxe mpencraBieHbl HEKOTOPBIC PACCYMTAHHBIC COCTOSIHHS pa3padaTblBaeMOro Mac-
CHBa, CBSI3aHHBIC B PAMKaX pacCMaTpUBAEMOI MPOOJIEMBI C XapaKTEPOM TPEIIMHOBATOCTH Pa3-
PYILLIEHHOW MOPOJIBI B 3aBUCUMOCTH OT SHEproeMkocTd BB, uTo 6a3upyercs Ha TEOpEeTHIECKUX
npennocsuikax [9]. [Ipu aTom B OmmkHeEN 0061acTH, HEMOCPEACTBEHHO MPUMBIKAIOIIEH K 3a-
psidy, TOpHAsi OPO/ia HAXOJUTCS B YCIOBUSX HEPABHOMEPHOTO 00BheMHOT0 cxkaTusi. K MoMeHTy
BpeMeHH 10 MC B MJIOCKOCTSIX, OPHEHTHPOBAHHBIX MIPEUMYIIECTBEHHO MO yriioM 45° Kk paau-
QIIbHOMY HAIpPaBJICHUIO OT OCH 3apsja, BO3HUKAIOT HAMOOJNbIINE N0 BEJIHYHWHE KacaTellbHbIE
HaAMpPsKEHUS, 32 CUET Yero o0pasyeTcsl CucTeMa CIUPATbHBIX JTUHUH JoKanu3auu aedopma-
1M, pa3OUBAIOIINX TOPOIY HA Melbyaiiiue OJ10KH. 3a mpeaeaMu 3TON 30HBI B Pe3ylIbTaTe
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pacimpeHus: MaccuBa oOpa3yeTcsi cucteMa paguanbHbeiX TpeuH (puc. 3). [lpu najgenuu nas-
JICHUS B Ta30BOH MOJIOCTU ¥ 0OPaTHOM JIBUKEHUU TTOPO/IbI B HAIIPABICHUHU 3apsi/ia BOSHUKAIOT
TaHTeHIMaJIbHBIC TpeHbL. COBOKYIHOCTh 30HBI OOBEMHOI0 CXKAaTHUS M 30HBI TPEIIUHOOOpa-
30BaHUs 00pa3yeT Tak Ha3bIBaeMYIO O0JIACTh peryiupyeMoro apobienus. B cimydae BeIxona
BOJIHBI C)KaTHsI HA OOHAKEHHYIO MIOBEPXHOCTh OHA TPAaHC(HOPMUPYETCS B BOJIHY PaCTSKEHHUS,
KOTOpasi IPU CBOEM JIBM)KCHHUU OT MOBEPXHOCTU 00pa3yeT CHCTEMY OTKOJIBHBIX TPEIIHH.
Tonma nopon, ociabieHHas OTKOJIAMH U TPEIIUHAMU, UTYIIUMH C TIOBEPXHOCTH, BBI3BAHHBIMU
OTPa)KEHHOM BOJHOW HAIPsDKEHWM, paspyliacTcs. B COBOKYIHOCTH 3TO ONpenessieT CB3b
sHeproemkoctu BB u Maciiraba paspymiennoit nopozst (puc. 4).

BB ANFO AC/IC TNT TO.JI H6 TEKCOI'EH HMX OKTOT'EH
CKOPOCTb.

JIETOHAILIH

4160 m/c 6930 M/c 7470 m/c 9110 M/c

t=15 Mc

Puc. 3. Bug xapakrepa TpEImMHOBATOCTH Pa3pyIICHHON OPOIBI B 3aBUCUMOCTH
oT 3HeproeMkocty BB

. o
2.00 /

101 paspyuenuii, %
5
th
N

lo”

1.00 T T T T T T
4000 5000 6000 7000 8000 9000 10000

CKOPOCTD I€TOHALIMH, M/C

Puc. 4. ond pa3zpylueHHOM NOPOBI B 3aBUCUMOCTH OT 3HeproemMkoctu BB

B uenom PE3YIbTATHI 3THUX, 4 TAKIKEC IPOMBIIIJICHHBIX SKCIICPUMCHTAJIbHBIX UCCIICAOBA-

HUH TO3BONIMIN O(DOPMUTH COOTBETCTBYIOIIYIO 3asIBKY Ha M300peTEHHUE C MOJTYyYEHHEM Ha Hee
narenTa [10].

3aknouenue
[TokazaHa cyTh HOBOI KOHCTPYKIIMU CKBRKMHHOTO 3apsijia U MEXaHU3Ma JCUCTBUS €ro
B3PbIBA, 3aKTIOYAIOIIASCS B 00pa30BaHUU PA3IMUHBIX YACTeH CKBaKUHHOTO 3apsiia MpU pa3HO-

BpPEMCHHOM HX B3PbIBAHWH, U 30H paspymeHHoﬁ FOpHOﬁ MacCChI IOJ UX pgaaMu B HIDKHEH 4a-
CTH.
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