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Peghepam
Beeoenue. Cosepuiencmeoganue npoyecca Ky4Ho20 6bliyelaiu8anus MHO2OAPYCHO20 pyOHO20 wmabe-
JI5L BOZMOJCHO NOCPEOCMBOM NPUMEHEHUS. HOBBIX PAYUOHATLHBIX MEMOO08, OOHUM U3 KOMOPBIX AGJIAENI-
€S UHMEHCUDUKAYUsL nymeM BCMPAXUSAHUS MHO205PYCHO20 PYOHO20 WmMAabenst nOpoo 83PbleoM Kamyd-
JIEMHO20 YUTUHOPUYECKO20 CKBANCUHHO20 3apsada BB. Jlannbiil cnoco6 npuemnem 6 ciyude CHUNCEHUS
KOHYEeHmpayuu 3010ma 8 npoOyKmMuEHOM pAcmeope ¢ meueHueM 8pemenu, a makice 6 ciyyae oopaszo-
8aHUs 30Hbl KoTbMamayuu. Heobxo0umo npousgecmu 6Cmpsaxudanus MHO20APYCHO20 PYOHO20 wmabens
20PHBIX NOPOO E3PbIBAMU KAMYPAEMHBIX CKEANCUHHBIX 3apa008 BB, npu smom npoucxoosm nepemeuye-
HUe, UsMeNbYeHUe, PAZMENCEBANHUE U USMEHEHUEe OPUEHMAYULU KYCKO8 NOPOObL 8 2IyOUHE MHO20APYCHO20
PYOHO20 wmabenst ¢ 06paz0eanuem OONOIHUMENbHBIX MUKPO- U MAKDOMPEUUH.
Llenv pabomsr. Onpeoenenue paduycog 301 00pazoeanus mpewunoobpazosanus 6 pyoHom wmabene
KYUHO2O0 8bLUYeNAUUBAHUS NPU 63PbLEE KAMYPILEMHO20 CK8ANCUHHO20 3apsda BB.
Memooonozusn. Onpedenenue enuanus Kamy@premnoo 83pbiea CK8aXCUHHO20 3apada BB na unmencuguxa-
YU NpoYyecca KyuHO20 bl elauUBaHls 3010Ma ¢ UCNOTb308AHUEM MAMEMAMULECKO20 MOOETUPOBAHUS.
Bui6oovt. Paspabomana mamemamuueckas Mooenb 0eticmsus Kamypiemnozo 63puléa YuiuHOpUecko-
20 CKBANCUHHOZ20 3apsdd, ONUCHIBAIOWdsl 30Hbl MPEUUHO0OPA308AHUS 8 2NYOUHE MACCUBA 2OPHBIX NO-
POO pyOH020 wimabens Ky4HO20 bl elauusanus. YCmanoeieHo, Ymo npu 63pulee Kamy@premno2o cKed-
HCUHHO20 YUTUHOPUHECKO20 3PSO NOO 8030elicmeuem YOapHOU U OMPAXNCEHHOU 60JIH HANPANCEHUS OM
C80000HOIL NOBEPXHOCMU YCMYNA 8 2IYOUHE MACCUBA 20PHBIX NHOPOO PYOHO20 umabens Ky4H020 ebluje-
JaYUBaHUs 06PA3YeMCs 30HA MpewuHo0Opazoeanus maccusd. Onpedenen paouyc 30Hvl MpewuHooopa-
308aHUsl, 3a6UCAWUL OM PAOUyca KamydiemHozo 3apsaoa, ko3 @uyuenma, onpedensirouezo yciogus
63PbIBANUS, AKYCMUYECKOU JHCECMKOCMU MACCUBA, Kodgduyuenma I[Iyaccona u npoyHOCHMHbIX C80UCME
20PHBIX NOPOO PYOHO20 WMabens Ky4HO20 GbliyelauU8AHUs HA PACMAICEHUe.

Knroueenvte cnoea: paouyc mpewunoobpasosanus,; pyousiii wmabens, 63pwle; Kamy@iemuvlil yu-
JUHOPUHECKULl CKBAJNCUHHBIL 3aps0 BB; paduanvhoe uanpsicenue; MAaccus cOpHbIX HOPOO; paouyc
CKBANCUHHO20 3apsioa BB.

BBenenune. CoBepIlieHCTBOBaHHE IIPOIIEcCca KyYHOTO BEITICIAYUBAHISI MHOTOSIPYC-
HOTO PYIHOTO INTabessi BOZMOXHO IMTOCPEICTBOM IIPAMEHEHHUS HOBBIX PAlMOHAIBHBIX
METO/IOB, OTHUM W3 KOTOPBIX SBJISCTCS HHTEHCU(HUKAIIHS ITyTEM BCTPSIXUBAHUS MHOTO-
SIPYCHOTO PYIHOTO IITa0es MOPoJT B3PHIBOM KaMy(IIETHOTO IUJIHHIPHYECKOTO CKBa-
JKuHHOTO 3apsina BB. JlanHbIi crioco0 mpuemiieM B ciydyae CHUXKCHHS KOHIICHTPAIUU
30J10Ta B IPOAYKTHBHOM PAacTBOPE C TEUCHUEM BPEMEHH, a TAKKe B Cilyyae oOpa3oBa-
HUsI 30HBI KOJIbMaTalluH. HCO6XOZ[I/IMO IMPOU3BECTU BCTPAXHUBAHUA MHOT'OAPYCHOI'O
PYIHOTO MITa0esNs TOPHBIX TIOPOJ B3phIBAaMU KaMy(IeTHBIX CKBAYKHHHBIX 3apsiioB BB,
TIPH 3TOM TIPOUCXOJIAT IepeMeIieHIe, H3MelbUeHHe, pa3MekeBaHNe U H3MEHEHUE OpH-
EHTAINH KYCKOB MOPO/IbI B IITyOHMHE MHOTOSIPYCHOTO PYAHOTO IMITades ¢ 00pa3oBaHH-
€M JOIIOJHUTECIIbHBIX MUKPO- U MaKPOTPCIIMH.

Hens padornl. OnpeneicHre pagnycoB 30H 00pa30BaHUsS TPEIIMHOOOPAa30BaHUS
B PyAHOM ITabene Ky4HOTO BBIIeadiBaHuUs IIPH B3PBIBE KaMy(IeTHOTO CKBaYKHHHOTO
3apsiga BB.
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MeTtopoaorusi. OnpezaeneHue BIUSHUS KaMy(IeTHOTO B3pbIBa CKBAKUHHOTO 3a-
psina BB Ha uHTeHCH(UKALHIO MTpoliecca KyYHOTO BBIIETaYWBaHUS 30J10Ta C UCIONb-
30BaHUEM MaTE€MaTU4eCKOr0 MOJEIUPOBAHUSL.

[ onpenenenus paguyca 30H TPELIMHOOOPa30BaHUs B PyIHOM IITa0ee Ky4HOrO
BeimenaynBanus (KB) ucnonp3oBanace Metonuka, paspaboTaHHas aBTOpamMH padOT
[1-14]. IIpu 3TOM OymeM cuuTarth, 4YTO paAnyC TPEIIMHOOOPA30BAHMUS MacCUBa OIpee-
JsieTcsl JeCTBUEM B3phIBa KaMy(hIeTHOTO IMIMHAPHUIECKOTO CKBRXKMHHOTO 3apsina BB
JUAMETPOM d,.
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Puc. 1. 3aBucUMOCTh MaKCHMAIBHOTO PaANyca 30H TPEUIMHOOOpa30BaHUs
TOPHEIX Topof B pynHoM mrtabene KB ot koaddunmenta [yaccona npu
pa3HO aKyCTHUECKON )KECTKOCTH MOPOJ;:

1 —npu pC,=8,0 - 10° kr/™’* - M/c; 2 — pu pC, = 10,0 - 10° kr/™? - M/c;
3—npu pC,=12,0 - 10° kr/m’ - m/c; 4 —npu pC, = 14,0 - 10° kr/nve® - m/c

Fig. 1. Dependence between the maximum radius of rock fracture zones
ina HL ore pile and Poisson ratio under various acoustic stiffness of rocks:

I —under pC, = 8,0 - 10° kg/m’ - m/s; 2 —under pC, = 10,0 - 10° kg/m® - m/s;
3 —under pC, = 12,0 - 10° kg/m’ - m/s; 4 — under pg'p =14,0 - 10° kg/m? - m/s

CorracHO 3aKOHaM TEOPUHM YHPYTOCTH, PAINyC TPEIIMHOOOpPa30BaHUS TOPHOTO
MacCHBa 3aBHCHT OT BEJIMYMHBI TAHTCHIIMAIHHBIX HAMPSDKEHUH HA PacTSHKEHUE, BO3-
HUKAIOIIMX B TOPHOM MacCHBE, KOTOPBIE OMPEICIIIOTCS 10 SMIUPUIECKOi popmymne

— HGC)K

Gpac (1—“),

e u — xkoddunuent [lyaccona; 6, — paauanbHble HanpsKeHus Ha cxkarue, MITa.
PaguanbHble HanmpsHKeHUS Ha CkaTHe Ha (PPOHTE IETOHALMOHHOW BOJHBI U CKO-

POCTh MacCOBOI'O CMEIIICHUSI MAaCCHBA TOPHBIX MOPOJ] CBA3aHBI MY COOOM CIeIyto-
e 3aBUCUMOCTBLIO

_ UG,

g

9

e U — CKopoCTh MacCOBOTO CMeILeHH s, M/C; pC, — aKyCTHYECKast )KECTKOCTh MaCCHBa

ropueix mopozx, pC, = (1,5-15) - 103 kr/m® - M/c; g — ycKopeHHe CBOOOTHOTO majie-
Hus, M/C2.
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CKOpOCTh MacCOBOTO CMEIIEHHS MPOAYKTUBHOTO IJIaCTa ONMpPEAEISIETCs 10 H3BECT-
Hol popmyie M. A. CagoBckoro:

U=4 e

™

: (1)

rae A — k03(hUIHEHT, 3aBUCAIIMN OT YCIOBHUS B3pbIBaHuUs, npuHuMaercs 200-250;
Q — macca 3apsga BB, kr; R | — paccTosHHE OT LEHTpa 3apsija 10 pacCMaTpUBACMON
TOYKH, M; M — KO3(Q(PULIUEHT MOIIOMIEHHUS SHEPTHH U1 KaMy(IeTHOTO MIMHApHYIe-
ckoro 3apsna BB, m =2 [15].
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Puc. 2. 3aBHCHMOCTh MaKCHMAIILHOTO pajMyca 30H TPEHIMHOOOpa3oBa-
HUS TOPHBIX MOpoJ B pynHoM mTabene KB OT MpOYHOCTHBIX CBOWMCTB Ha
pacTsDKeHHe IPH pa3HbIX paanycax CKBaKHHHOTO 3apsina BB:

1 —npu Ry =0,05m; 2—npu Ry=0,075m; 3 —npu R;=0,1 Mm; 4 —nipu R; = 0,125 m
Fig. 2. Dependence between the maximum radius of rock fracture zones
in a HL ore pile and the tensile strength under various radii of a blasthole charge:
I —under R= 0,05 m; 2 —under R, = 0,075 m; 3 —under R, =0,1 m; 4 —under R= 0,125 m

3
[Moncrasnsis B ypaBuenue (1) 3snauenus O = 2nR;, umeeMm:

n

R
U =354 R—° , (2)

gy

e R, — paauyc KaMy(IeTHOTO CKBa)KUHHOTO 3aps/a, M.
PemnB ypaBHenue (2) OTHOCHTENBHO R M MOACTaBMB 3Ha4eHus U, G, TOTydHM
CJICAYIOILYIO SMIIUPUYECKYIO GOPMYITY:
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MaxkcuManbHBIH paguyc 30H TPEIIMHOOOpa30BaHUsl B TIyOMHE PYOHOTO IITalems
OKOHYATEJIBHO ONPEACISETCS U3 YCIOBHil G, = |(5

e

Pesyabrarsl uccienopanns. Ha puc. 1 nokasansl 3aBUCMMOCTH MaKCHMaJIbHOTO
panuyca 30H TpeInHOOOpa30BaHus TOPHBIX TOpol B pynHoM mradene KB B 3aBucu-
MocTH OT Kod¢ppunmenTa [TyaccoHa mpu pa3HOW aKyCTHYECKOH KECTKOCTH MOPOJ.

Ha puc. 2 noka3aHsl 3aBUCIMOCTH MaKCUMAJIbHOTO Pagnyca TPEIIMHOOOPa30BaHuUs
TOpHBIX TopoA B pyxHoM mmrtadene KB oT MX MpOYHOCTHBIX CBOWCTB Ha PacTSKEHHE
MIPU pa3IMUHBIX pajycax CKBaXMHHOTO 3apsaa BB.
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Puc. 3. 3aBUCHMOCTb MakCHMAJIBHOTO paanyca 30H TPEUIMHOOOpa30BaHHS
TOPHBIX MOopoA B pyaHoM mradene KB ot pagnyca ckBaxxuHHOTO 3apsiga BB
IIPU pa3HON aKyCTUYECKOMN JKECTKOCTH:

1 —npu pC,=8,0 - 10° kr/™’* - M/c; 2 — pu pC, = 10,0 - 10° kr/™? - m/c;
3—npu pC,=12,0 - 10° kr/m’ - m/c; 4 — npu pC, = 14,0 - 10° kr/m® - m/c
Fig. 3. Dependence between the maximum radius of rock fracture zones
in a HL ore pile and the radius of a blasthole charge under various acoustic
stiffness:

I —under pC,=8,0 - 10° kg/m* - m/s; 2 —under pC, = 10,0 - 10° kg/m® - m/s;

3 —under pC, = 12,0 - 10° kg/m’ - m/s; 4 —under pC, = 14,0 - 10° kg/m’ - m/s

Ha puc. 3 moka3anpl 3aBUCHMOCTH MaKCUMAJIBHOTO Pajiyca 30H TPELUIHHOO0Pa30-
BaHUs TOPHBIX MOpoz B pyaHoM mrabdene KB ot paanyca ckBaxurHOTO 3apsina BB mpu
pa3HOU aKyCTHYECKOM HKECTKOCTH.

Ha puc. 4 npencraBneHsl 3aBUCHMOCTH MaKCUMAaJIbHOTO paJlyca 30H TPEIINHO-
00pa30BaHus TOPHBIX OO/ B pyaHoM miTadesne KB ot koadduimenTa, yauTbiBaroie-
TO YCJIOBHA B3pPhIBaHHUSA, TIPY PAa3TUYHbIX paguycax 3apsana BB.

BouiBoabl. Pazpaborana maremaTrdeckasi MOJEINb IEHCTBUSI KaMy(QJIETHOTO B3phIBa
MWIAHAPAYIECKOTO CKBAXHHHOTO 3apsi/ia, OMMCHIBAIOIIAs 30HBI TPEIIMHOOOPAa30BaHU
B INTyOMHE MaccuBa FOpHBIX Opoj pyaHoro mradens KB.
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YcTaHOBJICHO, YTO MPH B3PBIBE KaMY(IIETHOTO CKBKUHHOTO IIMJIMHAPUIECKOTO 3a-
psiAa o BO3ACHCTBHEM YIAPHOM M OTPaKEHHOH BOJIH HANpPSHKEHUS OT CBOOOIHOM TT0-
BEPXHOCTH yCTyTIa B TITyOMHE MacCHBa TOPHBIX MOpOx pymaHoro mradens KB obpazyercs
30Ha TPEMMHO0O0pazoBaHus MaccuBa. OIpeneseH paguyc 30HbI TPEIIMHOOOPa30BaHHUA,
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Puc. 4. 3aBUCHMOCTS MaKCUMAJIEHOTO paJiiyca 30H TPEIHHO00pa30BaHuUs Top-
HBIX IOpoZ B pynHoM 1uTtadene KB ot koadduiinenTa, yauTHBaOIETO YCIOBUS
B3pbIBaHMs, IPH PA3HBIX paJlilycax CKBaXHHHOTO 3apsna BB:

1 —npu R, =0,05m; 2—npu Ry=0,075m; 3 —npu R;=0,1 Mm; 4 —nipu R;= 0,125 m
Fig. 4. Dependence between the maximum radius of rock fracture zones
in a HL ore pile and the coefficient accounting for the blasting conditions under
various radii of a blasthole charge:

I —under R, = 0,05 m; 2 —under R,= 0,075 m; 3 —under R, = 0,1 m; 4 —under R, = 0,125 m

3aBHCSIIMN OT pagmyca KaMyQIeTHOro 3apsaa, koddduipenTa, onpeaensonero yc-
JIOBHSI B3PBIBaHMWS, aKyCTHUECKOW >XKECTKOCTH MaccuBa, kodddumnuenrta Ilyaccona n
MIPOYHOCTHBIX CBOMCTB TOPHBIX NTopoA pynHoro mradens KB Ha pacTsokenue.
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Theoretical studies of changes in fracture zones radius in the ore pile of heap
leaching with camouflet blasthole charge explosion

Turii A. Borovkov!, Temur M. Iakshibaev!
I Russian State Geological Prospecting University, Moscow, Russia.

Abstract
Introduction. Multi-tiered ore pile heap leaching process improvement is possible by using new rational
methods, including a method of intensification by means of shaking a multi-tiered ore pile by an explosion
of a camouflet cylindrical borehole charge. This method is acceptable if the concentration of gold in the
productive solution gradually reduces, and also if clogging zone is formed. It is necessary to shake a multi-
tiered ore pile with explosions of camouflet borehole charges, thus moving, grinding, delimiting and
changing the orientation of rock pieces in the depth of a multi-tiered ore pile with the formation of
additional micro and macro cracks.
Research aim is to determine the radiuses of fracture zones in heap leaching ore pile upon the explosion
of a camouflet blasthole charge.
Methodology includes the determination of the effect of the explosion of a camouflet blasthole charge on
the intensification of gold heap leaching process with the use of mathematical simulation.
Summary. A mathematical model of the action of a camouflet explosion of a cylindrical borehole charge
has been developed, which describes fracture zones in the depth of the rock massif of heap leach ore pile.
1t has been stated that during the explosion of a camouflet borehole cylindrical charge, under the action of
a shock or reflected shock waves of stress, from the free surface of a bench, fracture zone is formed in the
depth of the rock massif of heap leach ore pile. The radius has been determined of a fracture zone depending
on the radius of a camouflet charge, the coefficient determining the blasting conditions, massif acoustic
stiffness, Poisson coefficient, and the coefficient of heap leach rock tensile strength.

Key words: fracturing radius; ore pile; explosion; camouflet cylindrical borehole charge; radial stress;
rock mass; borehole charge radius.
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