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0.0. sBopceka, JI.A. Hoikos, M.IO. [konHiKOB
3MIHA KOHIIEHTPAIIII ITUJTY Y TA3OIIUJIOBII XMAPI
IMPU BUBYXOBUX POBOTAX Y 3AJI30PYJIHOMY KAP'€PI

Anomayin. Biokpuma po3pobka pooosuiy cynposooNCyeEMvbCsi GUKUOAMU Y NOGIMPsL WKIOU-
8UX (paryill nuy, wo Npu3800UmMsb 00 NOPYULEHHS eKO002ii HABKOIUUHBbO2O Cepedosulya i
RIOBUWYE PUBUK XPOHIYHUX 3AXB0PI08AHL. Y cmammi nposedena oyiHKa Maco8oi KoHYenmpa-
yii’ ppaxyii nuny 6 2azonunosit xmapi Ha OUHAMIYHIL cmaodii ii hopMY8aHHS NICISL MACOBO2O
8UOYXY V 3aNI30pYOHOMY Kap '€pi. Bcmanoeneni dianazonu 3miHu eucomu niotiomy i KOHYeHm-
payii ppaxyii nuny. Hasedena 3anedcuicmo emicmy ¢hpaxyiil nuny 6io sucomu ix niotiomy ma
OMPUMAHO DIGHHHS pecpecii.

Knrwouosi cnosa: kap'ep, subyxosa pevosuna, 2ipcoka nopooa, 2a30nuno8a xmapd, OUHAMIYHA

cmaois, gpaxyis nuny, KOHYeHmMpayis, ucoma NiooMy.

ITocTanoBka npodaemu. Bigkputa po3poOKka poJoBHIL CYIPOBOIKYETHCS BUIIICHHSIM
B MOBITPA WIKIUMBUX (Gpakiliii muiny Ta rasiB. BuainenHs nuiay BigOyBaeTbcs mpu poOOTI
Kap’€pHOTO TPAHCIOPTY, OypOBUX Ta BUOYXOBHX poOoTax. TexHoreHHe 3a0pyAHEHHs TOBITPs
TBEPAMMH YacTHHKaMu nuiny giamerpamu Bin 0,001 mo 2,5 mxm (PM 2.5) ta Bix 2,5 no 10
MKkM (PM 10 ) € ocHOBHUM (aKTOpOM PHU3UKY XPOHIUHUX 3axBoproBaHb. CepeqHbon1000Ba
KOHIIEHTpAllisl [IMX YaCTHMHOK Yy TOBITPI MOBHMHHA CTaHOBUTH He Ounbmie Hix 0,025 MI/M°
(PM 2.5) ta 0,05 Mr/m® (PM 10) [1].

[Tpu MacoBux BuUOyXax y Kap’epax BiiOyBa€eThCs BUKU TBEPAUX Ta ra3ono i0HUX Mpo-
JYKTIB JIETOHAIIi1, BKJIIOYAIOYH YaCTUHKH 3pYHHOBAHUX TPCHKHUX MOPiA, 10 3HAXOJATHCS MO-
py4 13 3apsaoM BHOyxoBoi pedoBuHH (BP). BinOyBaeThcst popmyBaHHS ra3onuioBoi xmapu, B
AKif KOHIIEHTpaIlis iy Moxe nocsiratu 6ineine 4000 mr/m’ (mmst MIITHUX TIPCHKUX TMOPIN).
@paxuii nuity 3 po3mipamu 10 10 MKM MOXXYTb 1OCSTaTH BUCOTH JI0 2 KM 1 IEPEHOCITHCS HA
BifacTanb 10 10 kM 1 Oinbmie. kiAmTuBI peyoBUHM, IO BUALISIOTHCS il 4aC MAacOBHUX BHOY-
XiB, 3a0pyIHIOIOTH aTMOc(epy Kap €piB Ta MPUWIETIUX 10 HUX TePUTOpii. 30KpeMa BCTaHOB-
JIeHo, 110 B yMoBax MicTta Kpusuil Pir 3anuieHicT HOBITPS Ha MEXIi CaHITapHO-3aXMCHUX 30H
MOYKe MEpEeBHUIYBATH 3HAYEHHSI IPAaHUYHO-JONYCTUMUX KOHIEeHTpauiil y 17-200 pasis. ITpu
IIbOMY B1JICOTOK MEPEBUILIEHHS PiBHIB I'PAHUYHO JOMYCTUMUX KOHLIEHTpAIliil (pa3oBe 3HaYEH-
a1 0,5 MF/M3) Ha BiAcTaHsxX Bix 4 g0 19 kM Big MacoBux BHOYXiB 3a3BH4Yail CTAaHOBUTH
100% [2]. ToMy aKTyaJIbHUM HMUTAHHSAM € JOCIIIPKEHHs MPOLECiB 3MiHU KOHIEHTpauii Gppak-
il NIy B ra30MUIIOBINA XMapi Ta X PO3MOBCIOJKEHHS 32 MEXKi Kap'epy.

AHaJi3 ocTaHHIX AochaiqkeHnb i myoJaikamii. ¥ pobotax [2-6] Ta iHIIUX PO3TISIHYTO
npoiiec popMyBaHHS Ta JUHAMIKa PO3MOBCIOJKEHHS YACTUHOK MHJTY IICJIsI MACOBUX BUOYXiB
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y Kap’epax. 30kpeMa y poOoTi [2] BCTaHOBIIEHO, 1110 Y Ta30MMIOBIH XMapi (pakmii nuiy 3 po-
smipamu Bix 1 mo 10 Mxm ckimanarots Outbme 30% Bijx 3aransHoi Macu. Y po6orti [3] oTpuma-
HO CIIBBiJIHOIIEHHS JJIi BU3HAYEHHS 4Yacy Ta BUCOTH HiAHOMY CHEpPUYHHX YACTUHOK ITHITY
niamerpom 10 100 MkM Ha nuHaMiuHii cTanii popmyBaHHs xMapu. PoGortu [7, 8] npucBsueni
MO/ICITIOBAHHIO 3a0pyIHEHHS Kap'€pHOTO MPOCTOPY MUJIOM IPU MACOBUX BHOYXax. 30Kpema y
po6oTi [7] BCTAaHOBJIEHO, IO 32 BIACYTHOCTI BITPY IIBHUIKICTH Mirpamii 4aCTHHOK MUY J10-
cuth HU3bKa. [Ipu npoMy ¢pakuii mumy 3 po3mipamu 10 40 MKM OCiIalOTh JOCUTH HMOBIBHO.
VY po0ori [8] nociiKeHo cXeMH PO3CiIOBaHHS ra3oNMUIOBUX XMap MPH MPOBEACHHI BUOYXO-
BUX pOOIT y rimubokoMy Kap'epi. BcTaHoBiI€HO, 110 HIBUAKICTD BITPY, HOTO HAIPSMOK Ta IO-
JIOKEHHS JKepena BUOyXy BIUIMBAIOTh HA cxeMmy IuQy3ii Ta KOHIEHTPAIi0 YaCTUHOK MUITY.
VY poboti [9] mpoBeneHo aHami3 ckiaay MHIOBOI XMapH MPU MacOBOMY BHOYXY y BalHSKOBO-
My kap'epi «Taffs Well» (Yenbc). BecranopieHo, 1110 4epBOHYBATO-Cipi XMapu CKJIaar0ThCsI
MEPEeBAXHO 3 YaCTHHOK JIOJIOMITOBOI BAaITHAKOBOI MOPOAM, @ OUIBII CBITIIII MICTSTh YaCTHH-
K¢ BUOYXOBOTO 3ropsiHHs. Y po6oTi [10] HaBeneHo MaTeMaTHIHy MOJICTh PyXy YaCTHHOK ITH-
Ty micas aetoHauii 3apsay BP. 3nificHeno MonentoBaHHs (OPMH Ta30MMIOBHX XMap y CTaHi
yaapHoro, rpubomnoioHoro ta nqudysiiiHoro pyxy. Takox peaaizoBaHO MOJCIIOBAHHS PYyXY
YaCTUHOK MUY Y peaIbHOMY Yaci.

Meta po00TH — OIliHKa CepeHBOI KOHIIEHTpalii (paKiii My B ra30MuIOBii XMapi Ha

BukJjiageHHsi 0CHOBHOro MaTtepiajy aocaizxenns. [Ipu macoBux BuOyxax y Kap'epax
(bopMyBaHHS ra30MUIOBOI XMapH BiOYBA€ThCS Y JIBI OCHOBHI CTafil: nuHamivHa (10 1 ¢) Ta
terioBa (1o 60 c) [3].

Ha mepmriit crazii miciast yTBOpEHHs TPIIMH y OJI0M1 TIPChKUX MOPiA Mif] BIUTABOM BH-
Oyxy BiOyBaeThCsl IHTEHCUBHHUI BHXiJ B aTMoc(epy MpOoAyKTiB AeToHamii. Bucximuuii pyx
YaCTUHOK MUY Ta MIMATKIB 3pyHHOBAHOI IPChbKOI1 MOPOIU (BKIHOYAKOUYH MPOIYKTH JETOHAIIIT)
B1JI0YBA€ThCS MiJI JI€I0 TUHAMIYHOTO iMITyibcy. Ha npyriil cTanii Ha YaCTUHKY MUJTY i€ M-
HOMHa cuila, siIKka BUKJIMKaHa PI3HULEI0 TEMIIepaTyp 30BHI 1 BCEpEIUHI ra3onujIoBOi XMapu
(e’xek1iifHI MOTOKM MOBITPs). B 1anomy Bunanky BUcOTa miaioMy XxmMapu Oy/Jie 3Ha4HO BHILIE.
[Ipu uboMy y BepxHii 4acTUHI XMapu (HaNpUKiHII cTafii) OyayTh MicTUTHCA (pakiii muity
nepeBaxxHo 10 10 MKM.
3a1I30pYIHOMY Kap’epi Ta cxema (pakiiifHOTrO pO3MOJIITy YaCTUHOK MHIY 32 BUCOTOO TIijI-

HoMmy.
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HOT'O PO3MO/IiTY YaCTHHOK MUY 32 BUCOTOIO miaiiomy (6): hj — BucoTa migiioMmy dpakiii muiy,

M; M; — maca ¢pakuii, kr; Ui — BekTop mBHIKOCTI (pakmii muiy, mM/c; Fyj — cuna inepii, H;
F.i— cuna no6osoro onopy, H; Fgi — cuna tsxinns, H

BignosinHo mo puc. 1, 6 BuCXimHUI pyX CHEpUUYHHUX YACTUHOK MHITY TIiJ MI€I0 CHIIH
1HepIii ONUCYEThCS PIBHSIHHAM

dUi _ pchi2 ndiz 1
dt, 9-575 m,’

1€ p.. — WIIBHICTH Ta30BO1 CyMillll y XMapi, Kr/M”; & — koedimieHT 1060Boro onopy ¢paxirii

(1)

nuiy; tj — gac nigiomy dpakiii nuiy, ¢; g — IPUCKOPEHHS BUILHOTO MaiHHS, m/c2.

Ha nunamiuniii ctanii enepris BUOyxy Hajtae cepuyHUM YaCTUHKAM MWITY TUHAMIYHIN
IMITYJIbC

Pi = miU; = 0,1677l'di3pUi, (2)
JI€ p — UIUIbHICTB TIPChKOi MOPOIH, Kr/M3; di — miameTp YaCTHHKH THIIY, M.

[IpuiiMemMo mpuUNyIIEHHS MPO BiJICYTHICTh BIUIMBY TeMIIEPaTypHOro (hakTopy (exek-
iliH1 MOTOKM MOBITPs y XxMapi). ToJll MOKHa Ka3aTH, 1110 YACTUHKU MWITY 3 OUIBIION Macolo 1
OJIHAKOBOIO IIUIbHICTIO MAaTUMYTh OUIBIIMN IMITYJIBC 1 BIANIOBIAHO BUCOTY MiAHOMY Ha JUHA-
MiuHi# ctaaii. Takum unHOM Oyzie crioctepiratucs GppakiiiHui Moaiia YaCTUHOK MUITY.

VY po6orti [3] Oynu npuHHATI NPUMYIIEHHS IPO cPeprUUHICTh YACTUHOK MIITY Ta iX 00Ti-
KaHHS Ta30BUM ITOTOKOM 3T1HO 13 3ak0HOM CTOKca. 3 piBHAHHSA (2) Oysno oTpuMaHo GopMyny
JUTSL BU3HAYSHHS] BUCOTH MiTHOMY YaCTHMHOK MUITy JiaMeTpoM 1o 100 MM mif Ai€ro AHHAMid-
HOTO IMITYJIbCY

h _ l'Irpdiz In gpdi2
" 18u, |\ gpd’+18u.u,

ne Uy — IBUAKICTh BUXOTY 3aJIMIITKOBUX MPOAYKTIB JETOHAII1, M/C; [, — TMHAMIYHA B'SI3KICTh

(3)

2c

ra3oBoi cymimii, [1a-c.
Buxua rasy ta muiy y OpoAyKTax JeTOHalli CBEpAJIOBUHHHUX 3apsjiiB BiIOyBa€TbCs
MPUOJIM3HO 3 OJTHAKOBOIO MIBHKICTIO, TOOTO Ui = Uy
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Jlns BU3Ha4YeHHs cepeHboi KoHIeHTpauii muiy C,, (Mr/M%) y ra3onuioBiit xMapi ckopH-
CTaEMOCS EMITIPUIHOIO (POPMYIIOI0

C = 3,25q,N"%, (4)

A€ Qy — IUTOMa KUIbKICTh MY, SIKa BUIUIAEThCA HiJ 4ac BUOyXy 1 m° ripeskoi macu, kr/m’; N
— cyMapHa MOTYXHICTh 3apsny BP, T.

Konnenrpauis ¢ppakuii muty y ra3onuioBiii XMapi BU3HA4a€ThCs 332 GOPMYIIOI0

Ci= niCCp, (5)
1€ Nj — IPOLIEHTHUH BMICT (PpaKIIiid.

IIpuitMeMO HACTYIHI BHXifHI DaHi: IIBHICTS MaTepiany 4acTHHOK muny — 3440 kr/m®
(3ami3na pyna); BP — «Anemike»; motyxHicTh (3aranbHa Maca) 3apsny BP — 300 1; HacumHa
miteHicTs HaGiitkn — 1800 kr/m’; miamerp cBepIoBHEE — 0,25 M; 1oBXKHHA 3apsity BP Ta Ha-
Oiiiku — BignosigHo 11 Ta 7 M; rimbuna Kap'epy — 295 M; Temmepatypa aTMOC(EpHOTo MOBIT-
ps — 272 K; Temmeparypa ra3onoJiOHuX MpOAYKTiB AeToHamii y xmapi — 555 K; BMicT okcuiB
a30Ty Ta MOHOOKCHUIY BYTJICIIO — BiImoBigHO 2,9 1 248 MI/M°; IHTOMA KiIBKiCTH Uy MpU
MacoBoMy BuOyxy — 0,030 kr/m°.

Kpim TOro, ckopucraeMocsi pe3yibTaTaMu EKCHEPUMEHTAIBHHUX JOCIiIKEHb BMICTY
¢dpakuii nITy y ra30mMuiIOBUX XMapax Iicis MacOBUX BHOYXIB y Kap epax IHrynempkoro rip-
HU40-30arauyBaigpbHOro KoMOiHary (M. Kpusuii Pir) [2] (Tabm. 1).

Tabmums 1
BwmicT ¢pakuiii nuty y ra30nuIoBiii XxMapi miciisi MacOBOTO BUOYXY
CepenHiii
JTiameTp 1 3 7 13 23 38 73
bpakuii (0-1,4) (1,4+4,2) (4,2+10) (10+15) (15+30) |30+45) |(45+100)
dep.iy MKM
IIpouenTHUI
BMICT (ppaxiiit 10,67 | 11,24 12,46 14,15 | 15,88 17,37 18,24
n;, %

Pospaxynku 3a ¢popmyioro (3) mokasyroTh, 1110 BUCOTa MiAHoMY (Qpakiiii My i3 cepe-
THIM JiaMeTpoM Bif 1 10 73 MKM 3MIHIOEThCS Yy Aiama3oHi BiamosiaHo Big 0,11 mo 26,211 m.
[Ipu ubomMy yac migiiomy pakuii nuIy NpsMo NpoHopIiiiHUiL iX Maci (abo giameTpy).

3 dopmynu (4) oTpuMaEeMo, 0 CepeIHsT KOHIICHTpAILlisl MUY Y XMapl JopiBHIOE 1367
Mr/m®,

Po3paxynku 3a ¢popmyroro (5) Moka3yrTh, 10 IS 3aJaHOTO J1ara30Hy 3MIHH JiaMeT-
piB (pakuiii Uy BeIMYMHA TX KOHIEHTpALli 3MIHIOEThCS Y Jlana3oHi BiAMOBiAHO Bijx 145,86
710 249,34 Mr/v®. 3pocTaHHs KOHIIEHTpAIlil Ipy 30UIbLICHH] AlaMeTpy (pakiii nu1y moscHIo-
€ThCS (PI3UKO-MEXaHIYHUMU BJIACTUBOCTSMHM T1PCHKOT TOPOIH 1 BIAMOBITHO OCOOIHUBOCTSAMH i1
NpoOJieHHsl MpU JIeTOoHalli cBepAJoBHHHMX 3apsniB BP. V cBoro uepry mpouec apoOieHHs
3aIe)KUTh BiJl MOTYKHOCTI Ta (hopmu 3apsy.

Ha puc. 2 HaBeneHO 3aJIeXKHICTh KOHIIEHTpAIIil (ppaKIliii miuiy Bil BUCOTH X MiiloMy Ha
JMHAMIYHINA cTaii opMyBaHHS ra30MuIoBOI XMapH.
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Pucynok 2 — 3anexxHicTh KOHUEHTpaii ppakiiii nuty Big BUCOTH iX migioMy:

........ - KpuBa perpecii

Amnaiiz puc. 2 mokasye, 0 HaiOLIbIl BUpakeHe 301IbIICHHS KOHLEHTpamii (pakimiii
MIUTY CIIOCTEPIraeThCsl B Jiana3oHi BUCOT ix mimiomy Bix 0,11 no 6 m. 3rigHo 3 popmyroro (3)
e BiANoBigae ¢ppakmisM Ity i3 cepenHim aiamerpom Bix 1 1o 31 mxm. Hamani cnocrepira-
€ThCS 3HIKCHHS IHTCHCUBHOCTI 3pocTanHst KoHueHtpanii (31 < d; <73 Mkm).

KpuBa perpecii Ha puc. 2 ONUCYEThCS CTATUYHOIO 3aJIEKHICTIO 3 KOe(DIIliEHTOM JeTep-
minanii R” = 0,9556

C; = 193,53 h;*07®, (4)

BucnoBku. Ha nuHamiuauii ctamii ¢opMyBaHHS Ta30IHJIOBOI XMapH BHCOTA MiTHOMY
YaCTUHOK MHJTY 13 cepelHiM aiaMeTpoM Bix 1 1o 73 MKM 3MiHIO€ThCS y Aaiana3oni Bix 0,11 mo
26,211 M, a BemuuWHa 1X KOHIIEHTpalii — y miama3zoni Big 145,86 mo 249,34 mr/m®, Bumict
¢bpakuiii nwy OpsMO MPONOpUIMHUN X cepenHboMmy Aiamerpy. Lle mosicHioeTbes (i3uko-
MEXaHIYHUMHU BJIACTUBOCTAMHU TIPCHKOI MOPOAU 1 BIIMOBIIHO OCOOIMBOCTAMHU ii JpOOJIEHHS
eHeprieto BUOyxXy. J{1s BKazaHUX BUXIJHUX JIaHUX HalOLIbII BUpaXkeHe 301IbIIEHHS KOHIICH-
Tpalii cnocrepiraeTbes i Qppakiiil ity aiamerpom Big 1 1o 31 MKM Ha BUCOTax ix mififo-
my Bix 0,11 10 6 M.
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Changes in dust concentration in a gas-dust cloud during blasting in an iron ore pit

In open-pit extraction of minerals emit large amounts of harmful dust fractions and gas
into the atmosphere. This leads to atmospheric pollution in open pit and sanitary protection
zones. The largest dust emissions are observed during blasting operations in open pits. This is
especially the cases when unfavorable meteorological conditions occur, means of dust sup-
pression are not sufficiently effective, blasting technology was violated. Dust particles are
known to be able to propagate long distances from the source of the explosion. Dust fractions
up to 10 um diameter are the most dangerous, as they are the main risk factor for the devel-
opment of chronic respiratory diseases. In particular, according to European standards, the
average daily concentration of dust particles with a diameter between 2.5 and 10 um should
not exceed 0.05 mg/m®.

The paper estimates mass concentrations of dust fractions in the gas-dust cloud at the
dynamic stage of its formation after a mass explosion in an iron ore open pit. The following
assumptions were made in the calculations: no influence of the temperature factor (ejected
air flows); dust particles are spherical; flow of dust fractions by the gas flow follows the
Stokes law. The ranges of variation of ascent height and mass concentrations of dust fractions
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at the dynamic stage of gas-dust cloud formation are established. In particular, the lift height
of the dust fraction is directly proportional to the value of the dynamic impulse. The differ-
ence in mass concentrations of dust fractions in the gas-dust cloud is due to the physical and
mechanical properties of rocks destroyed by boreholes explosive substance charge. When de-
termining the mass concentrations of dust fractions, the results of experimental studies were
used, which were carried out in the open pit of Ingulec Mining and Processing Combine. The
graphical dependence of average mass concentrations of dust fractions depending on the
height of their ascent at the dynamic stage of gas-dust cloud formation is presented, the re-
gression equation in the form of a degree function is obtained. The results of calculations
have shown that the greatest intensity of mass concentration increase in the gas-dust cloud at
the dynamic stage of its formation is characteristic of dust fractions with diameter up to 31
um. The intensity of growth of mass concentrations of larger dust fractions decreases
markedly.
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