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AKTyanbHocTb paboTbi 0bycrioBneHa HeoOXoAMMOCTbIO M3bICKaHMS TEXHOOMM OXPaHbl UCKYCCTBEHHBIX 3aKNaf04HbIX MaccuBOB B
npoLjecce B3pbIBHOV OTOOVIKV 1Py MOA3EMHON Pa3paboTKe META/INYECKX MECTOPOXAEHMN.

Llenb paboTbi: 060CHOBaHME TEXHNHECKOW BO3MOXHOCTY MUHUMM3ALIMM PA3PYLLAIOLLEro BO3AENCTBIS CENCMUYECKMX KoebaHmyi, re-
HepuMpyeMbIX B3PbIBHbIMYM BOMHaMK, KaK ycroBus obecrieqeHns 6e3onacHocTy paboT 1 NoBbILLeHUS Ka4ecTBa A0ObIBaeMbIX PYA.
Mertoabi nccnegoBanus: 0030p nNepenoBoro onbiTa BeAYyLUMX MPeanpUaTIM, UCrOMb30BaHMUe PE3ybTaToB HATYPHBIX 1 1aboPaTOPHbIX
WCCRenoBaHMIA 1o MaTepuanam nybmkaLumi, MateMatnyeckoe MoAeIpPOBaHME TEXHOIOM0-3KOHOMUYECKMX UCCER0BaHUM, CTaTUCT-
yeckasi 06paboTka MMEIOLUMXCS JaHHbIX Ha OCHOBE MHOXECTBEHHOIO PErPeCCUOHHOO U KOPPENALMOHHOIO aHasn3a.

Pesynbtatbl. CCTEMATV3MPOBAaHbI CBEAEHMS 06 MCMOMb30BaHMM CMOCODOB YrpaBieHus napameTpamu B3pbIBHOV 0TOOVKU 1 Apobre-
HWS pya npy cucTeMax pa3paboTku ¢ 3aKnaakovi TeepaeloLymm cmecamu. OnpeaeneHo, 4To 06beKTbl FopPHOro NPoOM3BOACTBa HEOAHO-
POAHbI Y CKOPOCTY CMELLIEHNSA X CTPYKTYPHbIX 21EMEHTOB HEOAHO3Ha4HbI. [10Ka3aHo, YTO 3HPeKTUBHOCTb TEXHOMOMN C TBEPAEIOLLN-
MU CMECAMU CHYXKAETCA BCIEACTBIME 3aCOPEHNA Pybl MaTepUanoM 3aKafKu v MosBIEHNEM TeXHOTOTNYEeCKX OTCI0eHUu nopoa. 1oa-
TBEPXAEHA BERYLLASA POSTb CEVICMOB3PbIBHbIX KONEOaHMI MOPOL. PEKOMEHBOBAH METOA MPOGUNAKTVKM ONAaCHbIX CENCMUYECKUX KOle-
baHuii nyTem pasaeneHys MpoLEeCcCcoB B3PbIBHOMO Pa3pyLLIEHNS BO BDEMEHM C MOMOLLbIO SKPaHUPOBAaHYIS B3PbIBHBIX BOSIH 1 PErYMpO-
BaHWs apameTpoB OTOOVIKM.

BbiBoAbI. [OpHbIVi MaccyB 1 CraraloLyve ero noposabl HEOAHOPOAHbI, M CKOPOCTY CMELLIEHNA VX PV OAMHAKOBBIX YCIIOBUAX B3PbIBaHUSA
HEeoAHOo3HauHbl. OCOBEHHOCTbIO TEXHOMOMN C 3aKNaAKOV TBEDAEIOLUMMM CMECAMU SBAISETCA ONACHOCTb Pa3PYLLEHUS UCKYCCTBEHHOMO
MaccuBa B3pbIBHbIMU paboTamu. B MexaHv3Me pa3pyLueHis BEaYLLYIo POSb UrPakoT CeNCMOB3PbIBHbIE KOlebaHus nopos, ecm ckopocTb
WX CMELLeHMS MPeBbILLaeT peaenbl. [IpogunakTyika onacHbIX CeNCMUYECKX Konebarmii OCYLLEeCTBIAETCA Pa3AeneHNeM NPOLeCcoB pas-
DpyLUeHus BO BpeMeHu. Hanbornee onacHov sBasetcs 3oHa ot 10 4o 70 M OT UeHTPa B3PbiBa. VICKYCCTBEHHBIN MACCHB COXPAHSET yCTONYM-
BOCTb 10 Tex 110p, 1oka HanpsAXeHVs Ha (PPOHTE BOJTHbI HE MPEBbILLAIOT Mpeaesia MPOYHOCTU 3akafoqHOro Matepumana. YnpasieHue cevic-
MUYECKIM JIEVICTBIEM B3PbIBA C LIENBIO COXPaHeHs 6e30nacHbIX yYCoBUK AN MacCvBa M yMeHbLLUeHWS Pa3ybOXMBAaHWSA Py bl 3aKag04-
HbIM MaTtepuanom oCyLLUECTBIISETCA C MOMOLLbIO SKPAHNPOBAHWS B3PbIBHBIX BOJIH U PEry/IMPOBaHYs NapameTpos OTOOVKM.

KnioueBble cnoBa:
TexHonorvs, NCKyCCTBEHHBIV MaccvB, 0TOOVIKa, pa3paboTka, MECTOPOXAEHME, CeNCMmMYeckoe KosiebaHue, B3pbiBHas BOJIHa, besornac-
HOCTb, Ka4ecTBo, py/a.

BseneHue e PUCKY CBS3AHBI CO B3PBIBHBIMU paboramu. [
TlonseMHuas pa3pafoTKa MeCTOPOMKIEHHH Tome3- YMEHBIIEHAS DHCKA HEeoOXOOUM YUYeT BO3AeHCTBHSA
HBIX ACKOTIAEMBIX /I0JKHA 00€CIIeUNBAT COXPAHHOCT, ~ CECMOB3PBIBHBIX KoJiebaHUI Ha MACCUB 1 O0'bEKTHI.

00'bEKTOB 9KCILTyaTaIi, 6e30IIacHOe BeJieHne TOPHBIX T'opHo-reosoruveckumM u THPOTe0IOTHIeCKUM
paBoT ¥ 0XPAHY HeJIp U OKpy:Kamomei cpexbl. Hauborp-  YCIOBAAM CKAIBHBIX MECTOPOX/EHNUIL B HanOOJIbIIeH
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Mepe 0TBeualoT KaMepHbIe CUCTeMBI Pa3paboTKY ¢ 3a-
TIOJTHEHUEM BBIPAOOTAHHOTO IIPOCTPAHCTBA TBEP/IEIO-
el cmecsio [1, 2], KOTOpbIe MPUMEHAIOTCS IPX 0TPa-
00TKe KPYTOIaJaoIuX PYIHBIX 3ajIeKell ¢ yriIoM ma-
nenus 6osee 50° 1 morgHOCTHIO 0T 3 10 100 M B yeToi-
YUBLIX IOPOJAX ¢ Koa(duimernTom Kpemoctu 1o IIpo-
TOAbAKOHOBY He MeHee 12,

ITapamerpsr 6s0ka: Beicota — 60—70 M (0OBIUHBIE
ooxu) miau 100-120 m (BeIcOKHe 0JIOKHU), AJIuHA —
20-100 M, muprHA paBHA MOIIHOCTH PYAHOTO Teja
IIPU PACIOJIOKeHNY KaMep II0 MPOCTUPAHUIO 3aIesKeit
u 15-20 M mpu pacmosioKeHur KaMep BKPECT IPOCTH-
paHUA 3aJeKel.

3amackl 0TpabaTHIBAIOT MPEMMYIIECTBEHHO B J[BE
craguu. JIuHuA 3a00sA CTymeHUaTas WIu OJU3Kad K
BepTuKaIbHON. OTOOKA PYIBI OCYIECTBIACTCS 3aps-
JlaMu B3phIBUATHIX BeltiecTB (BB) B ckBaskmHAX, IPOOY-
PEHHBIX 13 TIOJ3Ta’KHBIX BEIPA00TOK. BEITyCcK 0TOmMTOM
PYZBI 13 0JI0KA — MM CAMOTEUHBIH uepes BRIPAbOTKY B
HIKHEH yacTu 6JI0KA MM Yepes3 TOPeIl BRIPaOOTKY.

BrrpaGoTaHHOE TPOCTPAHCTBO KaMep 3am0JHAETCSA
TBepAelolelr cMechbio mpounocthio ot 1,0 MIIa. 3a-
HOJIHEHUE TeXHOTEHHBIX IIYCTOT TBEPIEIOUTNMHU CMe-
CSAME CIeJIaN0 CACTEeMbI PaspaboTKU YHUBEPCAIbHBI-
MU ¥ BBICOK03(Q)QeKTUBHBIMY [3].

Me:xay KamMepaMu epBOil ouepesy 0CTAlTCA IIe-
JIUKY OIMPUHON, PABHOU LMINPUHE KaMep, THUIIE BbI-
IeJiesKarero 0JoKa 00pyIIaeTcs Ipu 0TPadOTKe Hi-
sesexamiero gaumia. OrpaboTKa 3amacoB Kamep Be-
JeTcd B HANPABJIEHUU OT IeHTpa 0JoKa K (uraHram
I KaMep MepBoit ouepeny ¥ OT OJHOTO (hJIaHTa K
IpyroMmy — IJis KaMep BTOPOii ouepeau Ipy paspaborT-
Ke KaMep mo mpocTupanuio. Kamepsl, 3a10/KeHHbIE
BKPECT TPOCTUPAHNUSA, 0TPAbATHIBAIOT OT JIEKAUETO 6O-
Ka K BHCIYEMY WX Ha00OPOT.

B cBA3H ¢ pocTOM IIeH Ha BAXKYIIWE BEIIECTBA U
[0JI0pOKaHKEM Tapu(oB Ha TPAHCIOPTUPOBAHUE SKO-
HOMUUYECKAs I1eJec000PasHOCTh IIPUMEHEHUS CHCTEM
PaspaboTKuU C 3aKJIagKON BHIPAOOTAHHOTO IPOCTPAH-
CTBA TBEPAECIONIMMH CMECAME B KayKJOM KOHKDETHOM
cayuae TpebyeT obocHoBauusA. [looxkenue yeyry0is-
eTcs TeM, UTO Jarke HeOOJIbIIoe Pasdy0oKuBaHue PYIbl
3aKJIaJOYHBIM MaTePHAIOM BIMAET HA TTOKABATENH €€
oboraIeHus, BbIXOJ OTXOJ0B ¥ HKOJOTUI0 PErvoHa.
3arpsasHeHne pygel meMeHToM Ha 1 % cHMiKaer us-
BJIEUEHME METAJIOB B KOHIIEHTPATHI IIPHU 000TaIeHuN
Ha 1 %, B T0 BpeMs KaK pasy0o:KuBaHIe BMEIIAOIIl-
mu nopogamu — auinb Ha 0,15 % [4].

PesynbTaTbl U UX 00CyXAEHNe

Onrtumusanyus HOPMATMBHON MTPOUYHOCTH 3aKJa-
TOYHBIX CMeCeil COCTOUT B COKDAIEHHUU CPOKOB IIe-
peBojia MCKYCCTBEHHOTO MAcCUBa B COCTOSHUE 00be-
MHOTO C)KaThs, 3aTI0OMHEHUY KaMep CMEeChI0 IO BCEMY
[IepPUMETPY, 00eCIeUeHUN CILIONTHOrO ()POHTA OUMCT-
HBIX Pab0T U MCIIOIb30BAHUY IPYTUX BAPHAHTOB PEry-
JITPOBAaHUA HAPSKeHui [5—T7].

ITpu BapuaHTe ¢ HAKJIOHOM CTEHKY MCKYCCTBEHHO-
r0 MaccMBa HA PYAHBIA MAcCCWB U HCIOJb30BAHUU
SKpaHupyoIei meau (puc. 1) oOpylmaercsa JIHIIb

BEDXHSAS YaCTh 3aKJAAKU, CHILKAA DPa3y0O:KUBAHIE
PYABI 3aKJIaAK0M HA 35 % .

1%1?

BapuaHT cucTeMbl pa3paboTky C HaKIIOHOM CTEHOK Ka-
Mep Ha pyAHbIV MaccuB. 1= pyAHbIA Maccus, 2 = Bbipa-
6bo1ka, 3 — CKBaxXuHsbl A5 pa3meLyeHns BB; 4 = skpaHu-
pyloLyas Lenb, 5 = nckyccTBeHHbIN MaccuB

Puc. 1.

Fig. 1.  Alternative development system with tilt cameras on the

walls of the ore mass: 1is the ore array, 2 is the produc-
tion, 3 are the wells for spacing explosives, 4 is the shiel-
ding slit; 5 is the artificial array

[Tpu BapmaHTe ¢ TpeOXPAHUTEIHHBIMI MaCCUBa-
MU U3 TBEPAEIONTNX CMeCeH IIyTeM OIePeKaoIeH BbI-
€MKH KaMephl Ha TPAHUIIE PYTHOHN 3aI€KH CO3/AETCA
3allUTHAA CTEHKA, IOCJIe YeTO M3BJIEKAIT OCHOBHbIE
3armacsl Kamep (puc. 2).

Puc. 2. BapuvaHT cuctembl pa3paboTku C NpeaoxpaHnTENbHbIM
mMaccvBom: 1= pyaHbIV MaccuB, 2 — reonornyeckui pas-
JIOM, 3~ reonormyeckoe HapylieHue, 4 — 3alyutHas
CTeHKa, 5 ~ NCKyCCTBEHHbIV MaccuB

Fig. 2.  System design variant with an array of safety: 1is the ore
mass, 2 is the geological fault; 3 is the geological viola-

tion, 4 is the protective wall; 5 is the artificial array

IIpu TexHOMOrMU € MpPeJBAPUTEILHBIM YIPOUHE-
HUEeM 1opof (puc. 3) s YKPEIJIeHUA MOPOL UCII0b-
3YIOT CTaJbHBIE KaHATHI fuamMeTpoM 18—-25 mm, Gero-
HUpYeMble B CKBaKuHAX AiauHoi 10-17 M.

VEKpelieHue IIOPOL CIIOCOOCTBYET MCIIO0Jb30BAHUIO
SHEPTUH 3aKJAJ0YHOTO MAcCHBa Ha YIIPOUHEHUE, OfI-
HaKO 9TU Mephl 3()()eKTUBHEBI He BCerha, TaK Kak pac-
CUNTAHBI HA CTATUYECKHE YCIO0BUSA PaOOTHI MACCHBOB.

OCHOBHBIM KpUTEPHEM AWHAMUYECKOTO BO3[el-
CTBHUSA TIPY MTPOU3BO/ICTBE B3PHIBHBIX PAOOT ABJISIETC
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CKOpOCTb cMeleHusA V Ha (POHTe CelCMOB3PHIBHBIX
Kosiebauuii. CoxpaHHOCTD ITOI3eMHBIX 00'bEKTOB 00ec-
NIeYMBAELTCSA, €CJIU CKOPOCTh CMEII[eHN A TIPU B3PhIBAX
V, He IpeBHIIIAET JOIMYCTUMEIX IIpenesos V,[8]:

V,<V,
PasBuTre mMpUpPOAHBIX TPEIWH ¥ BHIBAJIBI MOPOJ
HabmopatoTca mpu V,=20-50 cm/c, IT09TOMY STOT HH-

TepBaJl IPDUHUMAETCA KaK IIpeeJIbHO ]IOHYCTI/IMHﬁ 110
JUHAMHUYECKOMY IIPDOABJEHNIO 'OPHOT'O NaBJIEHUA.

Puc. 3. BapuwaHT cucTembl pa3paboTki C aHKepHOM Kpenbio:
1 = MCKYCCTBEHHbIN MaccuB, 2 — PyAHbIN Maccua;
3 = pasiom; 4 — reoniorn4yeckoe HapyLueHne, 5 = Bbipa-
borka, 6 — aHKepbl

Fig. 3. Alternative development system with roof bolting: 1is

the artificial array, 2 is the ore array, 3 is the fault; 4 is
the geological violation; 5 is the production, 6 are the
anchors

IIpu omeHKe ceficMUYECKOr0 NeHCTBUA B3PhIBA Jie-
(hopMaI¥y FOPHAIX IOPOJ He JOJKHBI IPEBBIIIATE BeIH-
YHHBI OTHOCUTENBHOM Aedopmanun: £=0,0002-0,0003.

CKOpOCTD CMeIeHus TOPOJ

(oY’

V:KKTJ ,cMm/c,

rae K — xoa(hpuiirenT, XxapaKTepuayIOIINii CBOXCTBA
cpenbl, TNPOBOAAINEH celicMuuYecKue KoJeOaHu;

3
P=T — IpuBeJeHHasd Macca sapsaga, Kr/m; Q —

Macca 3apsaja, Kr; ' — PacCTOSHME OT MecTa B3PhIBa 10
OyHKTA HAOMIOIEeHNS, M; I — KO9Q(HUIHeHT, XapaKTe-
PUBYIOIIWI YCI0BUS BeJleHUS B3PbIBHAIX padorT.

IomycTumas Macca 3apsjfa TPU M3BECTHOM pac-
CTOSIHUY 0 OXPAHAEMBIX 00bEKTOB

i
\Y
S -

BesomacHoe paccTosiHue 1O CeCMUYECKOMY Jei-
CTBUIO B3PhIBA IIPU UBBECTHON Macce 3apsaga

K "
r= r %/6, KT.

Jo1T

MaccuBs mpefcTaBiseT co00il CKAIbHYIO AUCKPET-
HYIO CPeny, SKeCTKOCTh KOTOPO# M3MEHSIETCA B IIPO-
riecce ey OPMUPOBAHUA B 3aBUCHMOCTH OT HATIPSKE-
Huii. IIponsBojCcTBO B MaccuBe TOPHBIX PaboT COIPO-
BOJK/IAETCS €r0 PeaKIlyell B Buje 00pa3oBaHus 30H OC-
JabJIeHHOCTH ¥ PasTPY3KU OT OMOPHOTO AABJICHMUS.
PagBuTne HampsKeHWI W COOTBETCTBYIOIIMX UM Jie-
(dopManuii COMPOBOKAAETCS OTCIOCHUAMU IOPOJ,
BIMAIONIIMY Ha TI0OKA3aTeJN TEXHOJIOTHY PaspaboTKu
[9, 10].

UyBCTBUTENBHOCTD YIACTKOB 36 MHON KOPBI, HAXO-
IAMUXCSA B CTaOMJIBHO HEYCTOWYMBOM COCTOSTHUM,
TIPOSBIAETCS B BUJIE CEICMUUECKOTO OTKINKA HA TeX-
HOTeHHOe BO3[eliCTBIe, BhI3BABIIee N3MEHEHUE ecTe-
CTBEHHOTO HaIpsKeHHOro cocTosauusd [11]. HaBenén-
Has CeNCMUYHOCTh aKTHBUSMPYETCA TOPHBIMU Pabo-
TaMu: T0ObIYeH MONE3HBIX MCKOMAEMbIX C OTKPBITBIM
BBIPAOOTAHHBIM IIPOCTPAHCTBOM U OOPYIIEHWEM IIO-
POJI, 3aKAuKo#l BOJbI, 3aXOPOHEHMEM KUIKUX OTXO-
IoB u p. [12-15].

CmiocoboM peryImpoBaHUA HATPAKEHWH ABIAETCA
KOPPEKTHUPOBKA HECYIIeH CIIOCOGHOCTH TIOPOJ] BO Bpe-
MEHH U IPOCTPAHCTBE TEXHOJOTUUECKIMY METOLAMY,
KOTOpPHIE TT03BOJIAIOT U3MEHATH JUHAMUUECKIIE ABJIE-
HUS HA CTATMYECKUe 3a CUET MCIOJIb30BaHusA s(deKTa
TIPEBEHTUBHOTO 0CIa0IeHNS TTOPOJ.

CocTosiHIE MAcCHBOB OIEHMBACTCA YPOBHEM [Ieii-
CTBYIOIMX B HUX Hamps:KeHuit [16]:

o,tko,, <o, =

Zomax

ol = | f(dx,dx,.dx,) >

Cx
0

Zomax

Gaa}cn = kynp J. fx(dHS)
=< —> 0 s

ZOmax
[ fX(dHg +dH,)

0

o =k

BaKJT yp

oot mpuH., = H->o

CoK 3aKJI

B
=K [ fX(AH)
0

T7ie Oy — BEPTUKAIbHASA COCTABJIAIOIAA TJIABHBIX Ha-
npsuxennii, MIla; o, — ropu3oHTaIbHAA COCTABIIAIO-
Ias rIaBHBIX Hampsukenuit, MIla; kK — kosppuunment
BJINAHUA CTPYKTYPHO-TEKTOHUUECKUX YCIOBUN; O, —
HATIPSAKEHUA B BEDXHEM CJIO€ HAPYIIIEHHOTO MaCCUBa,
MIla; o, — Hamups:KeHWS B 30HE BIUAHUS BHIPA0O-
ToK, MIla; Z, — pasmepsl 0O0HAKEHU, M; X;...X, — Xa-
PaKTEPUCTUKY IIOPOJ; O — OCTATOYHAA IIPOYHOCTD
HapymeHHbIX opox, MIla; o, — IPOYHOCTH 3aKJa-
mounoro maccusa, MIla; k,, — xKosddunuenT ympou-
HEeHusA 3aKJAJOUYHOTO MaccuBa; H, — BBICOTA 30HBI
BJIUAHUSA BBIPAOOTOK, M; B — IMIUpUHA 30HBI 00pYIIIe-
Hud, M; H — BeIicoTa 30HEI 00py1IeHU, M; H, — BBICO-
Ta 3aKJIAJOYHOI'0 MACCHBA, M.

PanguranbHBIM €IOCOO0M YIIpaBIEHWA HAIPAKe-
HUAMU ABJAETCA CTPOUTENBCTBO B BHIPAOOTAHHOM
TIPOCTPAHCTBE NCKYCCTBEHHBIX MACCHBOB 13 TBEP/EIO-
IIUX cMecell. 3aKJIaJ0UHbIE MACCHBHI CO3AI0T MIOATIOP
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mopojam, obeceurBas YCIOBUS O0BEMHOTO CiKATHS
IS 3aKJIaJIOUYHOT0 MaTepuaJa:

[O-] =K[G]min’
rae [o],, — TpouHoCcTh 3aKaanku Kamep, MlIla; [o] —
IIPOYHOCTH 3aKJagKu 0e3 yuera GOKOBOTO IOAIIOPA,
MIla; K — xoa(hdurueHT 60KOBOTO OATIOPA.

B npormecce o6:xaTus TBepALIONIEH 3aKJIaIKY TOH-
Kue (paKI[uu 3aIPecCOBBIBAIOTCSA B ITOPHI U YIIPOUHS-
10T 3aKJagKy B 1,5—3 u Gouiee pas.

OcHOBHBIM (haKTOPOM BO3IEUCTBUSA Ha PYAOBMeE-
IAIOI[e MACCUBHI SABJSETCS B3pPhIBAHUE 3apal0B
B3pHIBUATHIX BemiecTB (BB) mia orpenenus pymasl ot
MaccuBa u ee ApoOneHud. CrTemeHb BO3AEWCTBUS
B3PHIBA HA MACCUB OIpeesaeTcsa KoamuecTBoM BB,
B3PHIBAEMOTO IpPY ONHOM CTYIeHW 3aMeIJeHusd, a
KPUTEPHEM CeCMUUECKOT0 AeHCTBUSA B3PHIBOB ABJIA-
eTcsd CKOPOCTh CMEIIeHUS IIOBEPXHOCTH IIOPOTHOTO
MaccuBa, Kotopas Ha paccrosHuu 10 M oT B3pbIBA J10-
cruraet 300 cm/c. OgHa U3 TJIABHBIX IPUYUH Ae(Op-
MaIuil MaccruBa C OMACHBIMU IIOCJIEJCTBUAMU — BO3-
HUKHOBeHHe KoJie0aHuil B 9J/eMeHTAPHBIX CTPYKTYP-
HBIX MIOPOJHBIX OJIOKAX.

TopHOTEXHUYECKVE 00BEKTHI IIOCTOSHHO HAXOAT-
csl B MOJIAX HANPSKEHUH, BHIBBAHHBIX B3PbIBAHUEM
BB. Kaxaprii ropHBIN 00BEKT HACTPOEH Ha COOCTBEH-
HOe 3eMJIETPSACEHUE U pearupyeT Ha Hero. Mexay pe-
30HAHCHOI YaCTOTON CeICMUYECKUX KOJe0aHUN U TIa-
paMeTpaMu CTPYKTYPHBIX OJIOKOB B MacCHBe CyIIe-
cTByeT Koppesanusd [17].

CKopoCTh ceficMOKOIe0aHWit YaCTHIL TIOPOJ 3aBH-
CHT OT Beca 3apsaja:

V=K($/r6\n,

J

rue K — koahdunyenT, 3aBUCAIINY OT TE0JIOTO-TEXHO-
JIOTHYECKUX YCJIOBUI U dHEPreTHUECKUX XapaKTepH-
ctux BB; n — mokasaTenb, 3aBUCANIMAI OT BUJA Celic-
MUYECKWX BOJH U YCJIOBUE BSPHIBAHNUS.

B mopogax ¢ BEICOKOI aKyCTUUECKOH KECTKOCTHIO
celicMUUYecKue Koie0aHus MPOHUKAIOT B IIyOMHY TOp-
HOTO MacCHBa, CYIECTBYIOT JTOJT0, HO IO MHTEHCHB-
HOCTH HEBEJWKH, [M09TOMY Ied)opMUpPOBAHUE MPOUC-
XOMUT yrupyro. IIpu paccTOSHUAX OT IEHTpPa B3PHIBA
10 15 M CKOpOCTh CeficMUUYeCKUX KOJIe0AHUN 3aBUCUT
OT PacCTOSHUSA MaJjio ¥ BechMa Bo3pacraer, a medop-
MAaIW7 OTJINYAIOTCA YIPYTOIJIACTHUECKUM U TLIACTH-
YECKUM XapaKTepOoM.

B craspHBIX IOpPOJAX IIPU MAaCCOBOM B3DHIBAHUU
(5000 xr) no1s1 ocnabeHusA celicMUYeCKUX KoJe0aHuit
IPUMEHSA0T HeCKOJIbKO CTyIeHel 3aMeleHuil ¢ uH-
TepBAJIOM 35 MC KasK/0e WK 8 3aMeJJIeHUil ¢ MHTED-
BajJoM 25 MC, UTO OKA3bIBAETCA JOCTATOUHBIM [
pasjesieHus IPOIIECCOB PAa3PYIIEHNA BO BDEMEHHN.

Eciu Hanpsa:xeHus u gedopMamnuy OT OTHETBHBIX
B3PBIBOB He 00pasyIoT TPEIIXH, TO KOPOTKO3aMeIJIEHHOe
B3pBIBaHUE 00€CTIEUNBACT YCTOHUMBOCTS TOPHBIX 00BEK-
T0B. B poTHBHOM Ciyuae B3pEIBAHME C TIOCAEAYIOIIAMI
3aMe/IIeHISIMY BelleT K 00pas0BaHUIO TPEIIMH U OTCJI0e-
HUIO TTOPOJ BHE 3aBICUMOCTH OT 3aMe/IJIEHA.

KoporkosameqienHOe B3pbIBaHHE OKAa3bIBAETCS
VCIIEITHBIM B TeX CIyuaax, Korja sapan BB paspesnen
Ha TPYIIBI, KaXAasd U3 KOTOPBIX TeHepUpPYeT Hemo-
CTaTOYHBIE JIA PaspyIIeHWsa BOJHBI HAPAKEHUN U
nedopMaluii B KpaeBoil 30HE IOBEPXHOCTH T'OPHOMU
BBIPaOOTKH.

ITpu maccoBoii 0TOOKE PyABI B MaccuBe POPMUDPY-
eTcs BOJIHA paspyliaionux Hanpaxennit. OHa He Ha-
pyIIaeT CILIOIIHOCTM HOPOJHOTO MaccuBa, IIOKA He
JIOCTUTAET IOBEPXHOCTH Pasjiesia Cpel ¢ PasHOU aKy-
CTUYECKOH JKecTKOCThi0. CBOOOIHASA TIOBEPXHOCTD II0-
POK/IaeT OTPaKEHHYI0 BOJHY U CO3/IAeT caMble HelJIa-
TOTIPUATHBIE YCJIOBUA JJIA YCTONUMBOCTY MOA3EMHBIX
BBIPA0OTOK, CIIOCOOCTBYSA SABJICHUAM TPEIAHO00PA30-
BaHUsA, 3aK0JIOB 1 BBIBAJIOB.

CelicMuYecKoe JefCTBME B3DPHIBA OLEHWBAIOT IIO
CKOPOCTH, TPU KOTOPOH COXPAHHOCTH COODPYKEHMUIT
rapaHTMPOBaHA, a Je(opManuy He MPEBHIIIAIOT IPOT-
Hogupyemble. IIpu BO3OY:KAEHWM B MacCUBe IOPOJ
CKOPOCTH KOJIeOAHUI BBIIIE JONYCTHMOM COXpaH-
HOCTb 3JaHWH WJIN COOPYKEHUU HOCUT BEPOATHOCT-
HBII XapakTep. KpuTuueckoil CKOPOCThIO KoJebaHnit
ABJIAETCA TaKasd CKOPOCTH, BBINIE KOTOPOH COXpaH-
HOCTb COOPY KEHU OIeHUBAETCS C BEPOATHOCTHIO Me-
uee 0,5 [18].

B 30He meiicTBUA B3PBIBA C PASUYCOM D M IIPOMC-
XOmuT Apo0JeHre W TPeIumHoo0pa3oBaHue, Ha 00JIb-
IIIeM PacCTOSHUU MHTEHCHBHOCTH TPEIMHO00Pa30Ba-
HUSA YMEHbIIaeTcsd, a 9HePIus epeposKIaeTcs B 9Hep-
ruro ceficmuueckoin BoaHbl. C ygpanenuem Ha 10 M
SHEPTUA B3PHIBA IIOJHOCTHIO IIEPEXOJUT B IHEPTUIO
ceiicMMUEeCKUX KOJIe0aHuil, II09TOMY HanboJjee omac-
HOH 0 CeICMUYECKUM BO3JEHCTBUAM ABJIAETCA 30HA
or 10 mo 70 ™ oT MecTa B3phIBA.

CelicMuuecKoe [eiicTBHe B3PhIBA HA MCKYCCTBEH-
HBIIl MaCCHB OIPEJAENIeTCA JHEPIeTUIeCKUM COOTHO-
IIeHNeM BOJIH CiKaTud-pacTakeHud. KoamyecTBo
SHEPTUH, OTPAKEHHOU OT TPAHMIIBI pasfesia M IPo-
IeIIel B MICKYCCTBEHHBIN MaCCHB,

C,.—-pC
w,,, :WOM' Tk
p”1CP1 +pn2Cp2
4p C -p C
W =W p”1 Py p”z P2 ’ JIDR,

v ’ pnlcpl +pn2C

P2

rae W, — cyMMapHas SHePrusA BOJHBI, Mafaiollell Ha
rparuny paspena; p,C, — akycTHUecKas KeCTKOCTb
pys (14,6:10'H/m*m/c); p,C, — arycruyeckas se-
CTKOCTB 3aKJafouHOro Maccusa (3,0:10" H/m*m/c).

Ecnu B MaccuB 13 TBepIEIOIIUX CMECel TePeXOUT
TOJBKO 75 Y% oHEPrum ceiicMUYEeCKOH BOJHBI, CKO-
POCTH CelicMOKO0Ie0aHMIl YaCTHI] MaTepuaa

V, =90p°*.107, m/c,

rae p= — mpUBeJIeHHBIN Bec 3apaga BB.

Q
r

ITpouHoCTs TBEPHEIOIIMX CMECeil He IIPEeBLIIIAeT

6,0 MIIa, mosToMy MCKYCCTBEHHBIH IIENIUK COXPAHUT

YCTOI';'I‘II/IBOCTB TOJBKO B TOM CJIyuae, €CJIU HalIpAKe-
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HUS Ha ()POHTE BOJHEI He OYAYT MPEBHIIIATE IPeHea
IIPOYHOCTH 3aKJIaJ0YHOr0 MaTepuaja, uTo 00ecIeumn-
Baercs pu Bece BB B ogrom samennennn 1o 300 Kr.

MaxcumasbHbIe HAIPSKEHN Ha (DPOHTE CeiCMu-
YECKOM BOJHBI B HCKYCCTBEHHBIX I[IMKAX MOIYT
OBITH OIpeesIeHsl rpaduuyecku (puc. 4).

75 85 10,0
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Puc. 4. Homorpamma ans onpeneneHns HanpskeHuv Ha GpoH-
Te BOJIHbI

Fig. 4. Nomogram for determining stress on the wave front

Hamps:xenus Ha (poHTe celiCMUUECKON BOJHEI B
3aKJIQIOYHOM MaTepuaje CBA3aHBI C HAPIKEHUAMHI
Ha ()POHTE CeHCMUYECKON BOJTHEL:

o-s.M = crp.'l‘
P,C
CKOpoCTh CelicMUUeCKUX KOJIe0aHMit YacTHIL II0-
POJI 3aBUCHUT OT KOJUYECTBA OJJHOBPEMEHHO B3PhIBae-
MOT0 KojmuecTBa BB Ha pasjmuyHOM PacCTOSHUH OT
IleHTpa B3PhIBA:

r=7,5m V(0,22Q +20)-10% m/c;
r=85mV(0,2Q+10)-107% m/c;
r=10,0 m V(0,13Q +8)-107? ™ /c;
r=12,0m V(0,09Q +5)-107% m/c;
r=150m V(0,05Q +3)-10% m/c.

CropocTh ceficMOKOJIe0aHMiT YacTHIL IOPOS B PY-
HOM MacCWBe CBfi3aHA C HAMPIKEHWeM Ha (POHTE
ceficMUYeCKO BOJTHBI:

c,, =15V, MIla.

ITpu oxmoBpemenuoMm B3peiBauuu 10 400 xr BB
HAIPSMKEeHUS Ha (POHTE NPEeJOMJIEHHOH B HCKYC-
CTBEHHBIN IEJIWK CeHCMUYECKOW BOJHBI JOCTUTAIOT
6,0 MITa. HopmanbHBIE pacTATUBaiOL[e HAIPSKe-
HUA HAa KOHTYPE UCKYCCTBEHHOTO IeJNKA N3MEHIOT-
ca B mpegenax ot 1,7 mo 8,4 MIla, a KacareabHbIE Ha-
nps:kenus — ot 1,5 mo 3,6 MIla.

[Tpu B3pbIBaHNY BOMM3Y HCKYCCTBEHHBIX IIEIMKOB
Ha MX KOHTYpPe BOSHUKAIOT CXKUMAIONINe U PACTATH-
BaloII[Me HATIPSAKEeHU s, IPEBHINIAIOITE BeININHY Ha-
IPAKEHNA Ha (PPOHTE YAAPHOU BOJHBI U IOCTATOUHBIE

10

I ero paspymenusa. Hapamy c paspylmeHmAMu B
TIPUKOHTYPHON UaCTH IeJMKOB TPENTHHBI 00pa3yoTesa
B 00'beMe BCEro IeInKa. B OKpPecTHOCTSIX HCKYCCTBEH-
HBIX IIEJUKOB BOSHUKAIOT Ae(OpMAaIliil, COMPOBOIK-
JaroITecs pasy0o:KMBaHUEM PY/IbI 3aKJIaT0UHBIM Ma-
TepUAJIOM.

Ilnsa obecrieyeHrs YCTONUYMBOCTH MCKYCCTBEHHBIX
TIEIUKOB OT BO3JIEHICTBISA MAaCCOBLIX B3PHIBOB ITapaMe-
TPBI HATIPS:KEHUH B 3aKJIaJKe PETyIUPYIOT CocoboM,
OCHOBAHHBIM Ha IPUHIAIE OTPAXKEHUA BOJIH OT T'pa-
HUIBI pasfiesia Cpef ¢ Pa3JIUYHBIMU aKyCTUUECKUMU
CBOMCTBAMH, C IOMOIIIbI0 SKPAHUPOBAHNUA.

Me:x 1y OCHOBHOI Maccoii 3apaaa 1 KOHTYPOM KC-
KYCCTBEHHOTO I[JIMKA BOSHUKAET Pa3PhIXJIEHHAA 30-
HA, KOTOpAs UTPaeT PoJib 9KpaHa. [l 3Toro gocraTo-
uyeH 3apsAj, NPEeBLIIAON[UI 3apAj DPHIXJIEHUA Ha
15-20 %.

CHIKeHIe CeCMIYECKOT0 BO3eiCTBIS B3PHIBOB
IOCTHUTraeTCs KOPOTKO3aMe/IIeHHBIM B3PbIBAHNEM, KO-
TOpoe 0o0ecIeurBaeT MaKCUMAJbHOE HCIIOJb30BAHUIE
SHEPTUHU B3PHIBA HA APOOJIEHNE TOPHBIX MOPOJ 1 CHU-
JKEeHVe pacxofla 9Hepruu Ha PaboTy CeHCMUYECKUX
BOJIH. IHTepBaJ 3aMe/JIeHIsA, IPH KOTOPOM HCKJIIO-
YyaeTcs HAJMOKEeHNe HAIPIKeHWH 0T B3PhIBA 3apsAI0B
COCEIHUX CepHil, JOJKeH OBITh PABHBIM WM 0OJIb-
mum 25 mc. [Ipyu MrHOBEHHOM B3PBIBAHUN MHTEHCUB-
HOCTb CEHCMUYECKOT0 BO3JEHCTBUA B 2 pas3a BBIIIE,
YeM IIPU KOPOTKO3aMeIJIEHHOM.

CKopoCTh KOJNe0aHUN IIPU KOPOTKO3aMeIJeHHOM
B3PLIBAHUT

vkl Liui.lo-z, M/c,
Far A
T

rae V — CKopocTh KosiebaHuit yacTur, mopos, M/c; K —
K03(D(UIIEHT TPOIIOPIINOHANBHOCTH]; I' — PACCTOSHIE
OT MecTa B3PbIBA 0 TOUKY HAOIIOEHN, M; ¢ — BEC 3a-
pdjia B OJHOW CTyNmeHu, KTy L — IJIMHA B3PHIBAEMOT'O
0J10Ka, M; At — BpeMd 3aMeJJIeHs OJHO CTYIIeHH, C.

[TpumeHeHnEe KOPOTKO3aMe[JIEHHOTO B3DPBIBAHUS
IJIS CHUKEHUS ceicMIUecKoro a(deKTa B3phIBa -
(ekTHBHO, Korma 3apsan BB pasmemeH Ha rpymmel,
KalKJasd U3 KOTOPBIX 00ecIeurBaeT mapaMeTpsl BOJIH,
HeJOCTATOUHBIE [JI pPaspyIleHus KPaeBOH B30HBI Y
CBOOOJIHOM [TOBEPXHOCTH FOPHOI BEIPAOOTKH.

HauGosee omacHOll ABJAeTCA CUTyanusd, Korja
aKyCTHUYeCKasd JKeCTKOCTb CPebl 0JM3Ka K HYJII0. ITO
“MeeT MeCTO B CJIyuae, KOTJla BOJHA HATIPAKEHUN
BCTPEUAET HA CBOEM TIYTH CBOOOAHYIO TIOBEPXHOCTD —
ropHyio BeIpaboTKy. Hajnnuue cBOOOLHOM MOBEPXHO-
CTY BBI3BIBAET OTPAKEHHYIO BOJIHY U CO3JAeT OIac-
HOCTbD JIJI YCTOMYMBOCTY BBIPAOOTOK, TeHEPUPYS TPe-
IUHBI, 3aK0JIbI X BEIBAJIHI.

3amura 3aKJIaJ0YHOTO0 MaCcCUBa OT CEHCMUYECKO-
IO BO3ZIENCTBUA B3PHIBA MPOU3BOJUTCA IKPAHUPOBA-
HueM. [[J1g 9TOT0 OCHOBHYIO YaCTh CKBAKUH, IIPUMBI-
KAIOIUX K NCKYCCTBEHHOMY LIEJINKY, BSPHIBAIOT C 3a-
MeJJIeHIeM II0 CPABHEHWIO ¢ KOHIIAMU ATUX CKBAMKUH
(puc. 5).
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EP‘ —~
[

Puc. 5. Cxema oTbOVIKM BEEPOB C IKPaHWPOBAHMEM B3PbIBHbIX
BOJIH: 1 — MFHOBEHHOe B3pbiBaHWe, 2 — 3amenneHve 1,
3 —3amennenve 2; 4 — oxXpaHsemMbiv MaccvB

Fig. 5. Diagram of fan breaking with shielding blast waves: 1is

the instantaneous blasting, 2 is the deceleration 1; 3 is
the deceleration 2; 4 is the guarded array

B mepByio ouepenb Ge3 3aMeIeHns B3PHIBAIOT 3a-
PAIBI B TOHHBIX YaCTAX CKBAKWH, IPUMBIKAIOIINAX K
3akJyazke. Ilocjie aTOro B3pHIBAIOT BTOPYIO UaCTh 3a-
pAfla CKBaKUH C 3aMeJ[JIEHNeM U I[eHTpaJbHbIEe CKBa-
JKWHEI ¢ elrle 0oabIuM 3amennenueM. [Togbopom uH-
TePBAJIOB 3aMe/IIeHNs 1 pacxoja 3apaja 100uBaioTesa
BO3HUKHOBEHUS PA3PLIXJIEHHOI 30HBI — 9KPaHa.

IKpaHUPOBAHME XapPaKTePU3YeTCs JOCTATOUHON 1
Heo0X0MMOM 1T 00pa30BAHUA SKPAHUPYIOIIEH mpe-
I'pajibl SHeprueil B3phiBa, BpeMeHeM Me:KJy B3phIBa-
HUEeM 3apafoB JJIA DKpaHa W paspyIIeHus U IpPo-
CTPAHCTBEHHBIM PACIIOIO0KEHNEM IIPErpajbl 0 OTHO-
IIIEHUIO0 K PA3PYIIAIIUM PYTHBIN MAacCUB 3apafaM.

9 heKTUBHOCTb SKPAHUPOBAHUSA 3aBUCUT OT COB-
MECTHOTO JIeACTBU MIPOOJbHBIX 1 IIOTIEPEUHBIX BOJH
U TOBBIIIAETCA TaM, TJle BOJHBI JeHCTBYIOT COBMe-
cTHO. IIpM MIHOBEHHOM B3DPHIBAHHK 00Pas3yIOL[AX
9KpaH 3apAN0B BpeMs ero 00pa3oBaHUSA COCTABJAET
70-75 mMc. DKpaHUpPOBAaHME IIO3BOJIAET YMEHBIIUTH
pasy0oKuBaHMe PYAbI 3aKIaJ0UHBIM MATePHAIOM Ha
5-10 %.

Yupasienue celicMIUYeCKUM JeHCTBUEM B3DPHIBA C
IeJIbI0 COXpaHeHns 0e30TMaCHBIX YCJIOBUH JJIA MacCH-
Ba U YMEHBIIEHUA Pasy00KMBAHUS PYIBI 3aKJIa[0U-
HBIM MaTepUaJIOB BKJIIOYAET PAJ YCIOBWI:

1. CoxpaHeHme yCTONYMBOCTYA MCKYCCTBEHHOTO II€-

JIIKa:

V,, <2V,

2. HempeBrbilieHne JOIyCTUMON CKOPOCTh CEHCMOKO-
nebanuit Vy:

) Koo (Cé - %Cf) {1+@Q-2p)e]® -1
o C,[1+(1-2u)e,]*

2. BepoaTHOCTH COXPAHHOCTU MCKYCCTBEHHBIX IIEJIH-
KOB

V

, M/c

()

(V)
:expLU—OJ.

P — e—0,0le

3. Ckopocth KosebaHusa Ha (DPOHTE CelicMUUECKOM
BOJTHBI

V =156p%° 107, M /c.
4. TloTeps sHepruy BOJHEI B 9KpaHe
4(1-0,5q,)*
up = z 472 !
[1+(0,50,)°]

5. MakcuMaJbHO JOIYCTHMBIN BeC, B3PHIBAEMBIH B
OJHOM 3aMe[lIeHUH,

(vﬂpR”\%_ V)0,
o[ () ®

YcaoBue IIPOYHOCTH, IIPM KOTOPOM II€JIUK HE II0J-
BePXKEeH HaPYIIeHNIO:

o<o,,

K.

rae ¢ — HampsyKeHme Ha (pponTte BosHBL, MIla; o, —
mpees IPOYHOCTH TBEPAECIOIINX CMeced IIPU OIHO-
OCHOM CIKaTHM’.

Hanps:xenue Ha (QpOHTE BONHBI B 3aKJAJOUHOM
MacCuBe HAMHOTO MEHbIIe HANpSKeHUs Ha (PpOHTE
BOJIHBI TI0 PYHOMY MaCCHBY U 3aBUCHT OT Beca 3aps/a:

o,=0,340,,p°*-107 MIla.

Hopmanbuble ¥ KacaTejbHbIE HAIPSKEHUSI HA
KOHTAKTe HCKYCCTBEHHOIO IIeJIMKA MOTYT OBITH OIIpe-
TleJIeHHI 110 cxeMe (puc. 6).

3aj10jkeHHas Kamepa 3aj10/KeHHAs KaMepa

L \ S =
PacuetHas cxema OrnpenesieHnss HopMasibHbIX VM Kaca-
TeNbHbIX HaMPSXEHWA: I = Pafnyc UCKYCCTBEHHOIO Lie-
JiKa

Puc. 6.

Fig. 6.  Diagram of definition of normal and shear stresses: r is

the radius of artificial pillar

() of. 4 3r*)
GV:%kl_%J+%Ll_ELZ+FLAJCOSZO‘ MIla;

G, = ‘32’{1_;3 n Z[H 3::} cos2a MlIla,

I7ie o — HampaKeHue Ha (pporTe BoaHEL, MIla; r — pa-
JTyC MCKYCCTBEHHOTO IEJINKA, M; I; — TEKYITUH Pau-
yC pacIpoCTpaHeHUd BOJHBI, M; & — YTOJI PacIIpocTpa-
HeHUdA (DPOHTA BOJHBI TOPUBOHTATIBHON OCH, TP,

Eciu rpanuieit pasgesa JByxX cpep OyaeT He «Mac-
CUB—BO3[yX», & «MaCCUB — Pa3pBIXJEHHAA IOPOJA»,
DHEPIUA OTPAKEHHOHN BOJIHEI Oy/IeT CYIIIECTBEHHO Me-
HbIIle YHEPTUYU TTaJAI0IIel BOJIHBI, II09TOMY AJId MOJIY-
yeHUd HYKHBIX TTapaMeTPOB JAPOOJEeHUA JHEPTus
B3PBIBA JOJKHA OBITH yBeIWMUeHA Ha K0d(ppuimeHT
3aKUMa:
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(A+A)
(R

TOra
W, =WoK, ...

IlosyueHHbIe Pe3yIbTATEL MOT'YT HAHTH IPUMEHE-
HUE TIPU IOCTPOEHUM HH()OPMAI[MOHHO-MOHUTOPHH-
TOBBIX CHCTEM TeOIMHAMMUYECKOH 0e30IacHOCTH Ha
TOPHO00BIBAIOIIKX IpeAnpuATHax [19-20].

3aknoyeHne

Kpucrannmuueckuii TOPHBI MaccuB, KOpa BBIBe-
TPUBAHUSA U PHIXJbIE OTJIOKEHUS MEeKIYy U3BJIEKae-
MBIMU 3aTIaCaAMH PV IO TE0JOTUUECKUM, THAPOTEOJI0-
IMYECKMM M TeOMEeXAHNMUECKMM YCJIOBHSIM BeChbMa
HEOJHOPOAHBI, X CKOPOCTH CMEIeHUSI UX CTPYKTYp-
HBIX 9JIEMEHTOB [IPY OJIMHAKOBBIX YCJIOBUAX B3PHIBA-
HUSA HEOJHO3HAYUHEL.

TexHosoruu pas3pabOTKU PYAHBIX MECTOPOXKIE-
HHUI ¢ 3aKJIaIKO0M BEIPAOOTAHHOTO IIPOCTPAHCTBA TBEP-
TEIONTIMA CMECAMM XapaKTePU3YIOTCA OMACHOCTHIO
PaspyIIeHns MCKYCCTBEHHOIO MACCHBA B3PHIBHBIMHI
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The relevance of the research is caused by the need to find the techniques for protecting artificial filling arrays in blasting at under-
ground mining of metal deposits.

The aim of the research is to study the technical possibility to minimize the damaging effect of seismic waves generated by the blast, as
a condition for ensuring the safety of operations and improving the quality of extracted ore.

Methods: a review of best practices of leading companies, using the results of field and laboratory researches on publication materials,
mathematical modeling of technological and economic researches, statistical processing of the data available on the basis of multiple re-
gression and correlation analysis.

Results. The authors have systematized the information on application of the methods of controlling the parameters of blasting and
crushing ore at the development systems when filling with hardening mixtures. It was determined that mining production facilities are
heterogeneous and displacement rates of their structural elements are ambiguous. It was shown that the indlices of techniques with har-
dening mixtures decrease due to ore clogging with the filling material and due to occurrence of technological rock cleavage. The authors
proved the leading role of rock seismic vibrations and recommended the method of preventing dangerous seismic vibrations by separa-
tion of explosive destruction in time, screening blast waves and controlling breaking options.

Conclusions. Mountain massif and the rocks building it up are inhomogeneous, the rates of their displacement at the same blasting con-
ditions are ambiguous. The danger of artificial array destruction with explosive works is the feature of techniques when filling with har-
dening mixtures. Seismic-explosive waves of the rocks play the leading role in destruction, if the rate of their displacement exceeds the
limits. Dangerous seismic vibrations are prevented by separation of destruction processes in time, the most dangerous is the range from
10 to 70 m from the burst point. The artificial array remains stable as long as the voltage at the wave front does not exceed the ultimate
strength of the packing material. To maintain safe environment for the array and reduce ore dilution by packing materials the explosion
seismic action is controlled by screening blast waves and adjusting breaking options.

Key words:
Technology, artificial array, breaking, design, field, seismic waves, blast wave, safety, quality, ore.

REFERENCES

Lyashenko V.I. Prirodookhrannye tekhnologii osvoeniya slozhno-
strukturnykh mestorozhdeny poleznykh iskopaemykh [Environ-
mental technologies of developing complex-structured mineral
deposits]. Mine surveying bulletin, 2015, no. 1, pp. 10-15.

Dik Yu.A., Kotenkov A.V., Tankov M.S. Geomechanical substan-
tiation of chamber development system with the «checkerboard»
arrangement of diamond-shaped cells and stowing. Mining jour-
nal, 2014, no. 9, pp. 89-94. In Rus.

Sun Chao, Bo Jing-shan, Liu Hong-shuai. Study on Influencing
Factors of Ground Settlement over Mined—Out Area. Journal of Ji-
lin University (Earth Science Edition ), 2009, no. 3, pp. 498-502.
Shestakov V.A. Proektirovanie gornykh predpriyaty [Design of
mining enterprises]. Moscow, MGGU Publ., 1995. 490 p.

Fiscor S. Roof bolting technology. Coal Age, 2012, vol. 117, no. 5,
pp. 28-30.

Onica L. Introduction in the Numerical Methods Used in the Mi-
ning Excavations Stability Analysis (in Romanian). Petrosani,
Universitas Publishing House, 2001. 156 p.



Golik V.I. et al / Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2016. V. 327. 4. 6-15

10.

11,

12.

13.

Yushina T.I., Petrov .M., Avdeev G.I., Valavin V.S. Strengthe-
ning of surrounding rocks in field mining of uranium deposits in
Streltsovskoe ore field by the development chamber systems. Mi-
ning journal, 2015, no. 2, pp. 90-94. In Rus.

Golik V., Komaschenko V., Morkun V., Gaponenko I. Improving
the effectiveness of explosive breaking on the bade of new meth-
ods of borehole charges initiation in quarries. Metallurgical and
Mining Industry, 2015, no. 7, pp. 383-386.

Golik V.I., Stradanchenko S.G., Maslennikov S.A. Experimental
Study of Non-Waste Recycling Tailings Ferruginous Quartzite.
Research India Publications, 2015, no. 15, pp. 35410-35416.
Pfiitze M., Drebenstedt C. Actual state of technique for selective
mining and materials identification. In: Continuous Surface Mi-
ning — Latest Developments in Mine Planning, Equipment, and
Environmental Protection. Freiberg, TU Bergakademie, 2010.
pp. 158-164.

Dold B., Weibel L. Biogeometallurgical pre-mining characteriza-
tion of ore deposits: An approach to increase sustainability in the
mining process. Environmental Science and Pollution Research,
2013, vol. 20, no. 11, pp. T777-7786.

Wang D.S., Chang J.P., Yin Z.M., Lu Y.G. Deformation and fai-
lure characteristics of high and steep slope and the impact of un-
derground mining. Transit Development in Rock Mechanics-Re-
cognition, Thinking and Innovation. Proc. of the 3* ISRM Young
Scholars  Symposium on Rock Mechanics. USA, 2014.
pp. 451-457.

Golik V., Komashchenko V., Morkun V., Zaalishvili V. Enhance-
ment of lost ore production efficiency by usage of canopies. Me-
tallurgical and Mining Industry, 2015, no. 4. pp. 325-329.

Information about the authors

14.

15.

16.

17.

18.

19.

20.

Eremenko V., Eremenko A., Gakhova L., Klishin I. Finding zon-
es of stress concentrations and seismic events in deep ore mining
affected by high horizontal stresses. Sixth International Seminar
on Deep and High Stress Mining. Perth, Australia, 8-30 March
2012. pp. 443-450.

Wang Li, Zhang Xiu-feng. Correlation of ground surface subsi-
dence characteristics and mining disasters under super-thick
overlying strata. Journal of China Coal Society, 2009, vol. 34,
no. 8, pp. 1048-1051.

Golik V., Komashchenko V., Morkun V. Geomechanical terms of
use of the mill tailings for preparation. Metallurgical and Mining
Industry, 2015, no. 4, pp. 321-324.

Protosenya A.G., Kuranov A.D. Methods of predicting the stress-
strain state of rock mass at the combined development of Ko-
ashvinskoe field. Mining journal, 2015, no. 1, pp. 90-93. In Rus.
Zhukova S.A., Samsonov A.V. Assessing the impact of environ-
mental factors on the expression of seismicity of Khibiny massif.
Mining journal, 2014, no. 10, pp. 123-126. In Rus.

Neroba A.V., Marysjuk V.P., Oparin V.N., Tapsiev A.P. Metho-
dological bases of constructing information and monitoring sy-
stems of geodynamic safety at the mining enterprises. Mining
journal, 2015, no. 6, pp. 89-92. In Rus.

Hencher S. Practical Engineering Geology. Abingdon; New York,
Spon Press, 2012. 450 p.

Received: 16 February 2016.

Vladimir I. Golik, Dr. Sc., professor, North-Caucasian State Technological University; chief research scientist, Ge-
ophysical Institute of Vladikavkaz scientific center of the RAS.

Takhir T. Ismailov, Dr. Sc., professor, Tax Academy of the Russian Federation.

Sergey G. Stradanchenko, Dr. Sc., professor, rector, Don State Technical University.

Victor G. Lukyanov, Dr. Sc., professor, National Research Tomsk Polytechnic University.

15



