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OBPA30OBAHHUE U PACITPOCTPAHEHUE BBICOKOANUCITEPCHBIX IIBIJIEBBIX
ADPO30JIEX IO TOPHBIM BBIPABOTKAM ITPU BEJIEHUU B3PbIBHBIX PABOT

PaccmoTpen nporecc pacnpocTpaHeHNs] TOHKOIUCIEPCHO IbUIH, 00pa30BaHHOI B pe3ysbTaTe MpOu3-
BOJICTBA B3PBIBHBIX PAa0OT IPH NPOBEACHUH OATOTOBUTEIBHBIX BEIPAO0TOK. COTIIaCHO TEOPHHU ABMIKEHHUS a3po-
JICIIEPCHBIX CHCTEM M Ha OCHOBaHHMHU perieHus auddepeHnnansHoro ypaBHeHusl TypOyJieHTHOH auddy3uu
B3BEIICHHBIX B BEHTWJISIIHOHHOM TOTOKE YaCTHII TTBUTH MOJy4eHa TEOPETHYecKasi 3aBUCUMOCTb, TI03BOJISIONIAs
OIIPEICTATh KOHIIEHTPALINIO MEJIKOAUCIIEPCHOM MBbUIM Ha JIFOOOM PACCTOSIHUHM OT MCTOYHHKA MbLICOOPa30BaHUs
TI0 JUTMHE TYIHKOBOH BBIPAOOTKH B IIEPHOJ €€ MPOBETPUBAHUS C yUETOM YTE€UYEK BO3yXa U3 BEHTHJISILIMOHHOTO
TpyOorpoBoza.

KnioueBblie cioBa: B3pbIBHBIE Pa0OTHI, NOATOTOBUTENBHBIC BHIPAOOTKH, KOHLEHTPALMS MEJIKOIHC-
MIEPCHOM MBUTH, TYpOyJIeHTHAs AU(Qy3Hs B3BEIICHHBIX YaCTHII IBLTH.

B ycrioBusiX MrHOBEHHBIX UCTOYHUKOB BBIAETICHUS NpuMeceil (IIPOU3BOJCTBO B3PHIBOB,
BHE3aIHbIE BHIOPOCHI U JIp.) B TOPHYIO BHIPAOOTKY 3a BECbMa KOPOTKUN MPOMEXKYTOK BPEMEHU
BBIOpACHIBACTCS MBUIEra30BOe 00JaKo, HA KOTOpOe JeHCTBYeT CBOOOAHAs CTPYs BO3/yXa, BbI-
XOJISIILIEro M3 BEHTWISILIMOHHOTO TpyOorpoBoaa. [Ipumecu (Mbuth U ra3bl), HAXOASIIUECS BHE
rpaHuIl cBOOOIHON CTPYH, MPOHUKAIOT B BO3AYIIHYIO CPedy 3a cueT TypOyineHTHoU auddy-
3UM U TaKUM 00pa3oM MPOUCXOAMT MEepeMEIINBaHUE, U UHTEHCUBHBIM BBIHOC IMbUIETa30BbIX
npuMecei u3 npuzaboifHON YacTH BbIpaboTKuU [1, 2]. IIbuth M MPOAYKTHI B3pBIBA, PacHpo-
CTPaHASACH MO TOPHBIM BBIPAOOTKAM, YXYIIAIOT CAHUTAPHO-TUTHEHUYECKHE TIOKa3aTeNln py/i-
HUYHON aTMoc(epbl Ha pabouux MecTax. [|Jis yMEeHbIICHUS 3albIJICHHOCTH PYAHUYHON aTMO-
chepbl TIpU TPOBEACHUHM TOPHBIX BBIPAOOTOK OYPOB3PBHIBHBIM CIIOCOOOM HCIIOJIB3YIOT pas-
JMYHBIE CIIOCOOBI CHIDKEHHSI IbLIIe0Opa30BaHus IPH MIPOM3BOJICTBE B3pHIBOB. [lJisi onpesene-
HUS 3(PPEKTUBHOCTH TMPUMEHSIEMBIX CTIOCOOOB M CPEACTB CHIDKEHHUS MBIJICOOpa30BaHUS TIPH
BBITOJIHEHUH B3PBIBHBIX pabOT HEOOXOJMMO OINpENeisTh KOHICHTPALMIO IMBUTH Ha JII0O0O0H
JUIMHE TYMUKOBOM BBIPaOOTKH B T€UEHHE BCErO BPEMEHU MPOBETPUBAHUSA C YUETOM yTEUeK
BO3/IyXa U3 BEHTWIALIMOHHOTO TPyOOINpPOBOJA, YTO BOSMOXHO Ha OCHOBAHWHU 3aKOHOMEPHO-
CTeil a3pOMeXaHUKU BEHTHIALIMOHHBIX IOTOKOB B TOPHBIX BBIPAOOTKAX ILIAXT.

CornacHo TeOpuM B3BELICHHBIX YACTHIl B TypOYJICHTHOM BEHTHJILIMOHHOM IOTOKE
XapakTep UX IBMKEHUS B TOPHBIX BBIPAOOTKAX OMpEAEISAETCS CHEKTPOM ITyJIbCAIlMid, XapaK-
TEPHBIX A TypOyJIeHTHBIX MOTOKOB [7]. TypOyneHTHbIe mylnbcaluil XapaKTepU3yIOTCs Be-
JMYUHON CKOPOCTH M PACCTOSIHUSIMU, Ha IPOTSDKEHUH KOTOPBIX OHM MTPETEPIIEBAIOT 3aMETHBIC
U3MEHEHHUs. DTH PacCTOSHUS HA3bIBAIOTCS MaciiTabom aBmkeHusi. Cambie OBICTpBIC MyJbca-
MM UMEIOT M CcaMblii 0oJbIIold MaciuTa® JBMkeHUs. Tak, Hampumep, NMpH TypOYJICHTHOM
JIBUKCHUH B KaHalle HauOOJNBIIMKA MaciiTad Mylbcaluii COBMaAaeT ¢ AMaMETPOM KaHaia, a
CKOpOCTh IyJIbCAIIM — ¢ MaKCHMaJbHBIM 3HAUY€HHEM CKOPOCTH B IIEHTpe KaHaia. Takue
KpYIMHOMACIITaOHbIE MyJIbCAIIMU 3aKIII0YAIOT B ce0€ OCHOBHYIO JIOJTI0 KHHETHYECKOW SHEPTUU
TypOYJIEHTHOTO IBHKEHHS U OCYIIECTBISIOT IEPEHOC CyOCTaHIINY.

BeprukansHoe pacnpesesieHrne YacTUll B TOPU30HTAILHOM TIOTOKE C yU4eTOM JIEeHCTBUS
rpaBuTanmoHHOro moisi ompeaeneno H.A. @ykcom. PaccmarpuBas paBHOBECHE MPOIECCOB
OCKICHHS YaCTHUIl MOJ JIEHCTBUEM CHJIBI TSHKECTH M MEpexojia X B BEPXHHE CIIOHM MOTOKA
1I0J] BIIUSTHUEM TYpOyJeHTHOH nudy3un, OH MOTYUHII CIEAYIONIee YpaBHEHNUE pacpeere-
HUS 9aCTHII TIO BBICOTE:
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C U,y
1n_y:_L, 1
C (1)

D,

rie  C — KOHIIEHTpAIs YaCTHIL y JTHA KaHaja, MI/M>;
Cy — KOHIIEHTpAIUs Ha BHICOTE Y, MI/M>;
¥ — BBICOTA KaHaJa, M;
De — CKOPOCTB OCaXJICHUS YACTHUIl B CTIOKOWHOM BO3IyX€, M/C;
Di — ko3 urment TypOynenTHoit quddysuu, m*/c.

D, =0,044Re%7 | )

rae  Re — uamcio PeitHonbaca;
V — KHHEMATHYeCKasl BI3KOCTh BO3yXa, M2/c.
W3 ypaBuennii (1) u (2) cnemyer, 4To

Uey

—— (3)
0,0044Re% 7

C), =Cexp —

PacueTsi, BBITIOJIHEHHBIE IO YpaBHEHHIO (3) 171 BRIPAOOTKHU TJIOMIAABI0 TIOTIepey-
HOTO ce4eHHus 8 M2, IIOKa3bIBAKOT, YTO IPH CKOPOCTH BO3AyHIHOro notoka 0,25-0,3 m/c u
IUaMeTpe KBapLEBbIX YAaCTHUIl JO 5 MKM KOHIIEHTpAIUs a’3p030Jisl MO BBICOTE OCTAaeTCs
NPaKTUYECKH HEM3MEHHOH. DKCIEpPUMEHTAIbHbIE HMCCIIEOBaHus, BbloJHEHHbIE B.B. He-
nuaeiM 1 O.J1. HellkoBbIM, MOATBEPKAAIOT CIPABEIIUBOCTh AaHHBIX pacueToB [3]. Cue-
JIOBATEJIbHO, KBAPLIEBbIE YACTUIBl C IUAMETPOM 10 5 MKM B TaKHUX MOTOKAaxX MOJHOCTBHIO
YBIIEKAIOTCSI BUXPEBBIMU MacCaMM, M JAEHCTBUE CHJIBI TSKECTH B yJAJE€HUHM OT CTEHOK
BBIPaOOTOK MPEHEOPEIKUMO MAJIO 1O CPABHEHHIO C JEHCTBUEM adpOAMHAMUYECKUX CHIL.

B maxtax mo mepe ynajneHus OT UCTOYHUKOB MbUIEBBIIEIECHHUS 3albLIIEHHOCTD BO-
3/lyXa yMEHbIIAeTCs. DTO SIBJICHUE OO0BSACHICTCS OCAXJACHUEM YaCTHUIl NMBUTH Ha MOBEPX-
HOCTh (OOKa, KPOBJIIO U MOYBY) BeIpaboTOK. HaGmtoaeHHsT MOKa3bIBAIOT, YTO MBLIb OCaXK-
JaeTcsl Ha TOBEPXHOCTH BBIPAOOTOK KaK MPH MAJbIX, TaK U MPU OOJBIIHX CKOPOCTAX Be-
HTUJISAIMOHHOU cTpyu. Tak, Hampumep, B PYAHBIX IIaXTaX HMMEET MECTO HaKOIJIECHHE
NOBUTH B BEHTHJISIITUOHHBIX BBIPA0OTKAX, T€ CKOPOCTh ABMIKCHUS BO3JyXa IOCTHUTaeT
5-7 m/c. OcaxaeHue MbUIEBBIX YAaCTHUI] B TypOYyJ€HTHOM MOTOKE BO3MOKHO MOJ BIIUSA-
HUEM TPaBUTALMOHHBIX CUJ, NU(P(Y3UOHHBIX MPOIECCOB U MHEPIUOHHBIX CUJI. AHAIU3
TEOPETUUYECKUX U DKCIEPUMEHTAIbHBIX MCCIENOBaHUMN [5], moka3pIBaeT, 4To B TypOyJie-
HTHOM IIOTOKE Ha JOCTATOYHOM YJAJI€HHUU OT CTEHOK YaCTHUIbI ITOJHOCTHIO YBIIEKAIOTCS
NyJIbCAIlUIMHU U UX MEepeMelIeHUe B HAIPaBJICHUU TEYEHHS U 10 CEUYECHUIO MOTOKa OoImpe-
JeNseTCs TIIaBHBIM, 00pa3oM AWHAMUYECKUMH MapaMeTpaMu MOTOKa. [ paBUTALIMOHHBIE
CUJIBI Ha IMepeMelIeHHEe MEJIKOAMCIEePCHBIX YacTHUI[ BIMSHUS TOYTH HE OKa3bIBaIOT.
[MogcunTano, 4TO B TOPU3OHTAIBHON BBHIPAOOTKE MPH CKOPOCTH BEHTWISLIMOHHON CTpyH
6omnee 0,2 mM/c ocaxkJieHHWE TBUIM ¢ pa3Mepamu dactull MeHee 10 MKM moja aercTBHEM
I'PaBUTALIMOHHBIX CHJI NMpaKTUYeCKH HCKIoueHo [3]. Takum oOpa3oM, MOXHO YTBEpPXK-
JaTh, YTO pa3jiUuMe B Mpolieccax TypOyJIeHTHOTO MepeHoca TBEPAbIX YAaCTHUIl U MOJIEKYJ
rasa 3aBUCUT OT CTEIIE€HM AMCIEPCHOCTH IbUIM U JUJI BBICOKOJUCIEPCHBIX CUCTEM 3TUM
pa3nu4ueM MOKHO TpeHeOpeub, 0e3 ymepOa IUIsi TOYHOCTH MPAKTUUYECKUX PacCyeToB.
[Ipu cpaBHEHUM KapTUHBI ABMIKCHUS B3BEIICHHBIX YACTHI] M MOJIEKYJ ra3a B TypOyIeHT-
HOM MOTOKE CJeayeT UCXOAUTh U3 OOIMNX YpaBHEHUN MEXaHUKHU TypOYyJIEHTHOIO JBHXKe-
HUSI MHOTOKOMIIOHEHTHBIX CpENl.
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[TonyyeHue TeOpeTUUECKOW 3aBHUCUMOCTH, MO3BOJISIONIECH ONMpeAeasiTh KOHIEHT-
pauuio MenkonucrnepcHod men (< 10 MKM) Ha JI000M PacCTOSHUM OT HCTOYHHUKA
nbUIe00pa3oBaHus MO JJIMHE TYNHUKOBOW BBIPAaOOTKHM B MEPHUOJ €€ MPOBETPUBAHUSA C
Y4ETOM YTE€UeK BO3JyXa M3 BEHTWISIHOHHOTO TPyOOINpPOBOJIa BO3MOKHO Ha OCHOBAHUU
nuddepeHImanbHOro ypaBHeHUs TypOyJeHTHOU auddy3un.

[Tocne B3pBIBaHHS MPOLIECC MPOBETPUBAHUS JIIMHHBIX TYMHKOBBIX BRIPAOOTOK MpH
HAarHeTaHWM B HUX CBEXKEro BO3JyXa MO TPyOONpOBOIY 3aKIIOYaeTCs B HEMPEPHIBHOM
pacTshkeHHM W aedopmalue TBUIEBOTO0 00JIaka Mo BBIPAOOTKE 3a CUET MOCTYILICHUS
HOBBIX TOpui Bo3myxa (puc. 1) [2].

2

2 | -

=

-

e A P
— S —~ 3 x

Puc. 1. Cxema nedopmaninil U pacTsHKEHHUS TTBUIEBOTO 00JIaka B TYIIMKOBOW BBIPAOOTKE MPH
HECTalMOHApHOM NpolLiecce TOCTYIUICHHS IBUIA M HaTHETaTeIbHOM CIIO0CO0e TIPOBETPUBAHMS.

[To Mepe ABUKEHMS MBIIEBOrO 00JIaka OT 32005, MPOUCXOIUT PA3KUKEHUE TBLIH,
a, CIe0BaTEIbHO, U M3MEHEHHME €€ KOHLEHTpPAlMHM IO JJIWHE TopHoM BeIpaboTku. Ha
CTEIEeHb Pa3XKIMKCHUS MBLIEBOr0 00J1aKa OKa3bIBAIOT TAKXKe BIHMSHUE YTEUKU BO3JyXa H3
BEHTWISLIMOHHOTO TpyOonpoBojga. Kpome toro, mo mepe ABUIKEHHMs NbUIEBOrO oOJaka,
YacTh MBUIM OCAXIAETCA B BHIPA0OTKE, YTO TAaKXKe BIHMSET HA U3MEHEHUE €€ KOHILICHTpa-
nuu. CrenoBaTenbHO, Ha HW3MEHEHHME KOHUEHTpPALUMM MbUIM IO JJIMHE BBIPAOOTKH
OKa3bIBAIOT BIIMSHUE JBA OCHOBHBIX Ipolecca: aedopmalus U pacTsHDKEHUE MbUIEBOTO
oOmnaka 3a cueT ne0uTa CBEXKEro BO31yXa, a TAaKXKe OCAKICHHE NMBUIM U3 O0JIaKa 3a C4eT
cui TypOyleHTHOW nud@y3un, HOCAUIUX MyJIbCALMOHHBIA XapakTep C HENpPEepbIBHBIM
U3MEHEHUEM BEKTOpa U JIETEPMUHHUPOBAHHBIX CHJI C NOCTOSHHBIM HampaBJI€HUEM U MO-
nyJeM (CHIJIbI I'PaBUTALIMOHHOI'O OCAXKJEHMsI, CUJIbl CONPOTHUBIIEHUS, a3pOJUHAMUYECKUE
CUJIbI BEHTWJISIHUOHHOTO MOTOKa). TakuM oOpa3zom, o0Iiee M3MEHEHHE KOHILEHTpalUH
MEJKOJUCIIEpCHOW BUTAIOLIEH MbLIM, OOYCIOBIEHHOE CYMMapHBIM BO3JAeHCTBHEM
BBILIIEYKA3aHHBIX CUJI, ONPEJIEIUTCS U3 BBIPAXKEHUS

C(x)=Cr(x)+Colx) . @)

rae  Cru Co — COOTBETCTBEHHO, UI3MEHEHUs KOHLEHTPALlMM BUTAIOIIEH NBUIM 1O AJIMHE
BbIPaOOTKH, 00YyCIOBICHHBIE sIBIICHHEM TypOyieHTHOH auddy3uu u yBeIudeHUEM pa-
CX0J1a BO3JyXa B BEIpaOOTKeE, Mr/M>,

CooTHOIIEHNE YKAa3aHHBIX CHUJ Pa3WYHO JAJI YAaCTHUIl pa3HOM Macchl, onpenense-
MOW €€ pa3MepoM (JIMaMETPOM) M KBA3UIIJIIOTHOCTHIO (OTHOIIEHHEM a’pPOJUHAMHYECKH
aKTUBHOTO 00bEeMa YacTHUIBI K ee Macce). Takke Ha COOTHOIICHHE CHUJI OKa3bIBAIOT BIIUS-
HHUE CKOPOCTh BO3AYLIHOTO MOTOKA UM IEPBbIE IPOU3BOAHBIE KOOPAUHAT 110 BpeMeHHU [5].
B npenenax paccmarpuBaeMou 3a1adyu ONpPEIENICHUs] KOHLECHTPALUU MEIKOAUCIEPCHOMN
Butaromeil neuiu (< 10MKM), BIUSHHEM JI€TEPMUHUPOBAHHBIX CHUJ MOXHO NpeHeOpeub
6e3 ymep0Oa st TouHOCTH. TO ecTh mMpuHUMaeM, YTO JaHHbIe (PAKIIUU MBIIN SBISIOTCS
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TypOYyJI€HTHO OCaXJAaeMbIMH YaCTHI[AMH, JJIl KOTOPBIX CHJIa Beca MOJHOCTHIO KOMIIEH-
CUpYETCSl a’pOJMHAMHYECKUMH CHUJIAMHU U YCKOpEHHE CBOOOIHOTO MaJeHUs MEHbIIe
au00 paBHO YCKOPEHHUIO, MPHUAABAEMOMY YaCTHUIE MOJABbEMHBIMH a’3pOJUHAMUYECKUMU
CUJIAMH.

TypOynentHas nuddys3us TpUBOAUT K HEMPEPHIBHOMY OOMEHY YaCTHUIIAMU MEXKIY
3JIEeMEHTApHBIMU 00bEMaMH BO3/yXa (MOJSMHU), IO3TOMY KOOpJIMUHATA Y A1 IPOU3BOJIb-
HOM YacTUIBl MOXET UMIYJIbCUBHO M3MEHUTHCS KaK B CTOPOHY YMEHBILIECHHS, TaK U B
cTopoHy yBenuuenus [5]. UHTerpanbHo neiictBue cui TypOyiaeHTHON nuddy3un Hampa-
BJICHO Ha BBIpaBHHBaHHE KOHIICHTpAIlMU NMpPUMEcCEl B yCIOBHOM oObeme BO3JyXa, MpH
9TOM YacCTHIBI MEJIKUX (paKkiuil MBI pachpenenstoTcs MPakKTHYeCKH PaBHOMEPHO MO
CEYEHUIO BHIPAOOTKH.

DKclepruMeHTalbHbIE JaHHBIE MOCIENHEero mnepuoaa [5] ¢ AeTanu3upOBAHHBIM
no(ppakIMOHHBIM aHAIM30M IMPOIECCOB OCAXK/CHUS MBIIN yKa3bIBalOT HA TO, YTO Macca
OCaXXJEHHOW MBI (BUTAIOMUMX (paKlHil) IpsSMO MPOMOPIHUOHAIbHA CKOPOCTH MOTOKA
BO3ayxa. B sToM ciydyae Bo3pacTaeT aMIUIMTyJa TYpOYJEHTHBIX NyJbcallnii, 00beM
BBIHOCHUMOM TOHKOW MBLIH B «OCAXJAaeMYI0» 00JacTh yBenuuuBaeTcs. CHIIbI CLETUICHUS
YacTHI] C MOBEPXHOCTHIO (B IMAMA30HE Vsosy < Vxp) AOCTATOUYHBI JJISl yAepKaHUs TypOy-
JIEHTHO OCaXJCHHBIX YaCTHII, MO3TOMY TOHKHE (paKIMU, YIpaBisieMble TOJbKO CUIIaMU
nuhys3un, ocaxaaroTcs 60jiee HHTEHCUBHO C POCTOM CKOPOCTH MOTOKA BO3TyXa.

Jns TypOyleHTHO ocaxJaeMbiX (pakuuil NbUIM H3MEHEHHE KOHIIEHTpAlluu B
nuddepeHnuanbHOi Hopme 1Mo JIHHE OMMCHIBAETCS YpaBHEHUEM [5]

aCr _ (- kv, )dx,
Cr (5)

rae k —OTHOIIEHUE MAacChl BUTAIOINIEH MOHOJMCIIEPCHON MBUIM B pacCCMaTPUBAEMOM dJie-
MEHTapHOM 00BbeMe BhIPAa0OTKH K Macce OCaKJCHHOU MbUTH Ha €AMHUIIE TUIOIIAIH.

Pemenune ypaBuenust (5) ais IByX MTPOU3BOJIBHBIX CEYEHHH, OTHECEHHBIX Ha
paccTosHuE AXx C Yy4E€TOM M3BECTHOM KOHUEHTpaluu B HadalbHOM Touke Co, AaeT 3aBU-
CHMOCTH U3MCHCHUS KOHIICHTpAIUHu (Ppakimuii adpo30Jis, MOIBEPKEHHBIX IIpoIleccaM To-
JBKO TypOYJIEHTHOTO OCaXIACHUS:

Cr(x)= Co exp(~ kAxv, ) (6)

rae  Co — KOHLEHTpaLus NbIIM B Ipu3aboiiHoii 30ne, Mr/m>

VYpaBHenue (6) onpenenser npouecc yObIBAaHUS KOHIIEHTPAIMd MOHOIUCIIEPCHOTO
a’po30JIsi, HAXOIAIIETOCS B COCTOSHMM BUTAHUSA, T.€. Korga g'< 0 1 pacCMOTPEHHBIX
pa3MepoB YACTHII.

Jlist onpeesieHusl KOHIEHTPALUK TBIUINA C y4eTOM JedopMalliy MbIEBOTO o01aka
MaTeMaTH4YEeCKH 3aJja4a MOXKET OBITh MpeIcTaBICHA CIEAYIOLUIUM 00pa3oM.

B nununapuyeckoil cucteMe KOOpAUHAT, Hauallo KOTOPOM, pacroioXeHo B IJIOC-
KOCTH HarHeraresibHoro TpyOompoBonaa (puc. 1), mpeamonaraercs, 4TO B HaudaJlbHBIN
MOMEHT BpeMeHH (¢ = 0) KOHLEHTpalus NbIIK sABIsSeTCS QyHKIUEH paanyca BbIpabOTKH,
T. €. C = Co (7).

[IpuHuMaem nomyuieHHe, YTO Ha IMOBEPXHOCTh BbIpaOOTKU (¥ =R) BuUTaromas
eIk He ocenaeT. CKOpOCTh ABUKEHHUs BO3ayXa (v) NPUHUMAETCS PaBHOW CpeJHEMY ee
3HAUEHMIO HAa paccMaTpuBaeMoM ydacTke. KoHIEHTpanus NblIM 3a MpelesiaMu Ipusa-
001iHOM 30HBI (x = 0) 3aBUCUT OT pajguyca BRIPAOOTKU U U3MEHSETCS M0 SKCTIOHCHTE
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CQ =Cy exp(— ;)—t]f(r),

3

C Y4YC€TOM NPUHATBIX I[OHYH_ICHI/Iﬁ HU3MCHCHHC KOHLCHTpAaUU BHTaIOIHGﬁ ITBIJIN
MO>KHO OTIUCATh ypaBHEHUEM TypOyaeHTHOU nuddy3un:

oc oc 0%c oc 0%c
—Q+U—Q+AC=Dx 9 + D, 1 Q+—Q
Ot Ox Ox2 roor ol

¢ ycaoBusimu oHo3HauHocTH: Co(0, 7, x) = Cop(r); Co(t, r, 0) = Coor exp(- vt/l5):

oC, (t,R,x)
or

BCJ’II/ILII/IHa, Y4YUTbBIBaromas M3MCHCHHUC KOHICHTPALlMKU BHTaIOIHCﬁ IObIJIM 3a CYET

YTCUCK BO34AyXa H3 BCHTHILIHUOHHOTO pr60np0Boz[a onpeaciaeTCss Ha OCHOBAHUU
BBIpAKCHHA:

(e
- s
O x
rae QOu - KOMMYECTBO BO3/yXa, IOCTyNalolee B Ipu3aboifHOe IPOCTPAHCTBO, M/c;
Ok - KOIMYECTBO BO3/lyXa B Hayale TOPHOH BEIPaOOTKH, M>/c.
[IpuMeHsieM MeTO] KOHEUHOT'0 HHTETPAIbHOT'0 TIpeo0pa3oBaHust XaHKEIs B BUJE:

_ R
Colt,e,x)= [rCo (t, 7, x)o(er r
0

¢ ¢popmymoi obparieHus

N3 ypaBHEHHUS UCKIIIOYAEM IIEPEMEHHYIO 7.

Hcnonp3yem Takke MHTErpaipbHOE mpeoOpa3oBanue Jlammaca mo nepeMeHHOM ¢ B
CIEYIOIEM BUAE:

C, (p,&.x)= _[exp(— pt)CQ (t,8,x Yt
0
[Ipu momotu Tadnuil [4] BEIMONHSIEM MIEPEX0 K OPUTHHAIY 110 IEPEMEHHOM .
VYka3anubie mpeoOpa3zoBaHus Ial0T peUICHUE 3a1a4u B 0e3pa3MepHoii popme:
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C 1 1 P
C—Q =2[ y®(y My - exp(= BFo)+ [ yF(y)dy - eXp(Te x— ﬂFOJ x
0 0 0

X< exp| — P—82+B—,Bx erfc r P62+B—/3 Fo |+
V4 24Fo 4

+ exp 1/£+B—,Bx -erfc . P62+B—,B Fo |} —
4 2+ Fo 4

— }yd)(y)dy . exp(— BFO){erfc[ T % Foj + exp(Pe x)- elfc(2J);7_0 + % Foﬂ +

0 24/ Fo

wlo(%)’){l ‘ cexol 28— O}X
+i§11§(u,-) (I)yF(y)fo(ﬂzy)dy p(z ﬂFj

2 2
X exp[\/%+3ﬂ+kyi2x}-erfc 2\/);'_0—\/[})2 +B—ﬂ+kyl~2JFo +

2

2
+eXp[\/P%+B—ﬂ+kﬂi2'X}><erfc 2\/xF_ +\/[P: +B—ﬂ+kﬂi2JF0 —eXp[—(B+k,Ul'2)Fo]><
o

X (})y(D(y)Io (,uiy)dy X {erfc( 2\/);_0 - %\/F_oj + exp(Pe x)- erfc( 2\/);_0 + % \/F_Oj} +

- 2(}) y®(y)lo (;.7)dy - eXp[— (kuiz + B)FO]

(7)
D,t UR
rne Fo m Pe — coorBerctBenHo, kpurepun @Dypse u llekne; Fo = o Pe:F;
R x
D I, -1 r AR’ v R’ ol(r) f(r)
k=—;x=1—, y=—; B= s f=——; u,=&R; Oy)= ; Fly)= :
D Y= AT R () 3 () c.

[lepen HavanoM B3pBIBHBIX paboOT, KOT/Aa BPEAHbIE MPUMECH B MOJATOTOBUTEIBLHOM
BeIpaboTKe oTcyTcTBYIOT C (0, ¥, X) = O(y) = 0.

DKcnepuMEeHTalbHbIE UCClieJ0BaHUs [3] mOKa3aiu, YTO KOHIIEHTpaLKsl BUTAIOIIEH
NBUTH 110 BBICOTE BHIPAOOTKM OCTAETCS MPAKTUYECKU HEM3MEHHOM, cliel0BaTeIbHO, MOX-
HO JIOMYCTUTh, YTO MOTOK TypOyJieHTHOU nuddy3uu HampasieH JUIIL B HAMpPaBICHUU
ocu X. Torga F(x) = 1 u pemenne (7) MoXeT OBITh MIPEACTABICHO B CIEAYIONIEM BHUJE:

G, =C0%exp(%x—ﬂFoj exp[—w/sz +B—ﬂx]-eiy‘c[2\/);_0 —\/ P:Z +BﬂJFo]+
Pe’ X Pe’ |
+exp(1/ , +Bﬁx}~erfc{2\/ﬁ+\/( 2 +B—ﬂjF0

(8)
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Benuunna B B BeipaxkeHusx (7) u (8) onpenensiercs u3 GOpMYJIbI:

g AR _(0.-0, PR’

D 0 .xD,

X

S — mI0maab MONEPEYHOr0 CEYEHHs TOPHOI BRIPAOOTKH, M2,

CreneHb W3MEHEHHS KOHIICHTPAIMM BUTAKOIIEH NHUTM B NPU3a00WHOM IMPO-
CTPaHCTBE 3aBHCHUT OT aKTUBHOCTHU CBOOOJHON cTpyH, OOyCIOBJICHHOIN BEIUYMHOH pa-
CX0Jla BO3/lyXa BBIXOASAIIETO M3 KOHLA BEHTHJIALIMOHHOTO TpyOONpOBOJa U XapaKTepu-
3yeTcsl BEIMUYUHON [ ompenenseMoi U3 BhIpaXKEHUS:

_OFR
o SDI,

Ha ocnoBanuu Bbeipaxenuii (4), (6) u (8), u3MEeHEeHHE KOHIIEHTPALIMU MEJIKOHUC-
NEePCHON BUTAIOMIEH TBIIM MO JIJIWHE MPOBETPHUBAEMON TOPHOHW BBHIPAOOTKH, C yUETOM
BIIUSIHUS ACHCTBYIOIIUX CHUJI, MOXKHO BBIPA3UTh CIEAYIONIEH 3aBUCUMOCTHIO:

C(x) =C, eXp(— kAxux)Jr C, %exp(%x - ,BFoj X

Peé? X pPe’
X< exp| — +B—pfBx |-erfc — +B—-pf |Fo |+
P p | erf 2JFo 4 p
Peé? X Pe*
+ex ——+B—fx |-erfc + +B-p0 |Fo
P 4 P f 2~/ Fo 4 P

HavanpHast 3anbuieHHOCTh Bo3ayxa Co B Ipefenax 30HBI 0TOpoca NMpPOAYKTOB
B3pBIBa omnpenensercs no popmyne [6]:

K
C0=KHleK—C, 9)

8

rae K — ko3 dumuent nponopruonanbHocTd (K7 = 60 171 HavyaabHOW MaKCUMAaJIbHOMN
3anbUieHHOCTH U Ki7 = 20 — nns cpeaHei 3amblieHHOCTH); Ke — Ko dUIueHT, 3aBu-
cAmui oT crioco0a B3pbIBaHUS (MpHU JIeKTpoB3pbiBanuu K = 0,5, mpu OrHEBOM criocobe
K. =1,0); Ks — xo3pdunment, 3aBucsuiuii OT 00BOJHEHHOCTH MOPOJA U BHIPAOOTKH (114
cyxoro 3a60s Ks = 0,5; 1151 326051 ¢ BIaXXHBIMU OPOJAMU MJIM UCKYCCTBEHHBIM OpOIIIe-
HueM Ks =1,0; ans 3a60s co cnabbIM NMPUTOKOM M HEOOJNBIIUM KamexoM Kes = 2,0; nms
00BOIHEHHOTO 320051 C OOWJIBHBIM KaleKoM WJIM BHYTpPEHHEH BOASHOHN 3a0oiikoi
Ks = 3,0), f — xoadpuuueHT Kkpenoctu nopos no mkaie npod. M. M. [IpoToassakoHoBa;
/m — cpenHss ANMHA HITypa, M.

[Ipu B3pBIBAaHUU MO CIIOWCTHIM U TPEHIMHOBATHIM TopojaMm B dopmyny (9) BHO-
cutcs nomnpaska 0,7—0,9. IIpu B3pbIBaHUM B BEPTHKAJIBHBIX CTBOJAX, HAKJIOHHBIX BhIpa-
00TKax W B BOCCTAIOIIUX BHOCHTCS COOTBETCTBYIOIIAs momnpaBka, pasHas 0,1; 0,5 u 0,1.
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BriBoaBI

Takum 00pazoM, B paboTe pacCMOTPEH MPOLIECC PACIPOCTPAHEHUSI TOHKOAUCIICPCHON
LT 00pa30BaHHOM B pe3ysIbTaTe MPOU3BOJICTBA B3PHIBHBIX pa0OT MPHU MPOBEICHUU MOATO-
TOBUTENLHBIX BBIPAOOTOK. [IpennokeHHas TeOpUTHUECKAsh 3aBUCUMOCTh, OCHOBAaHHAsl Ha 3a-
KOHOMEPHOCTSIX adPOMEXAHWKW BEHTHJIAIIMOHHBIX TIOTOKOB B TOPHBIX BBIPAOOTKAX IIAXT,
MO3BOJICT OINPEACTUTh KOHIIEHTPAIIMIO TBLUTH HA JIFOOOH JTMHE TYIMHMKOBOW BBIPAOOTKU B Te-
YEHHE BCEro BPEMEHHU MPOBETpUBAHUS. J[aHHAS 3aBUCHUMOCTh YUHMTHIBAET TAK)KE YTEUKHU BO3-
JyXa U3 BEHTWISIMOHHOTO TpyOompoBoaa. Pe3ynbTatel paboThl MOTYT OBITh HCIIOH30BAHbBI
JUISl yMEHBITIICHUS 3albICHHOCTH PYIHUYHOW aTMOC(EPhl U YIyUIlIeHUs CAHUTAPHO-TUTUEHH-
YEeCKUX MOoKazaTenell Ha pabouux MecTax MpH MPOBEACHUU TOPHBIX BHIPAOOTOK OYpPOB3PHIB-
HBIM CIIOCOOOM.
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B.I. T'ominbko, J1.B. CaBenbeB

YTBOPEHHA TA TIOHIMPEHHSA BUCOKOAUCIIEPCHUX ITMJIOBUX AEPO3OJIIB IIO0 T'TPHUYNX
BHWPOBKAX ITPY BEJJEHHI BUBYXOBUMX POBIT

PosrnstHyTO mMponec momupeHHsT TOHKOAUCIIEPCHOTO MLy, YTBOPEHOI'O B Pe3yJIbTaTi BUPOOHUIITBA BUOYXOBHX
pOOIT IpU MPOBEICHHI MiIrOTOBYMX BUPOOOK. 3rifiHO Teopii pyxy aepoMCHEpCHUX CHUCTEM 1 Ha IiJcTaBl pi-
HmIeHHA JudepeHianbHOro piBHAHHS TypOysieHTHOI audys3il 3BaXKCHUX y BEHTWIALIHHOMY IOTOLI YaCTHHOK
NIy OTpUMaHa TeOpEeTHYHA 3aJIeXKHICTb, KA J03BOJISIE BU3HAYATH KOHLEHTPALIO IpiOHOANCIIEPCHOTO Uy Ha
Oynb-sIKii BiACTaHI BiJ AKepela MUIOYTBOPEHHS MO JOBXXMHI TYIIMKOBOT BUPOOKH B IEpios ii IPOBITPIOBAHHS 3
ypaxyBaHHSM BHTOKIB IOBITPS 3 BEHTHIIILIHHOTO TPyOOIIPOBOY.

Kitrouosi cioBa: BHOyxoBi poOOTH, MiATOTOBYI BUPOOKH, KOHIIEHTPALIiS IPiOHOIMCIIEPCHOTO Iy, TypOyJeHT-
Ha udy3isd 3BaKEHIX YaCTOK TIHITY.

V.I. Golinko, D.V.Saveliev

FORMATION AND EXTENSION SUPERFINE DUST AEROSOLS IN MINE WORKINGS FOR BLASTING
OPERATIONS

The process of distributing fine dust formed due to the blasting operations while driving development workings
is considered. According to the theory of the movement of the aerodispersive systems and on the basis of
solving differential equation of turbulent diffusion of the dust particles weighted within ventilation flow,
theoretical dependence enabling to determine concentration of the fine dust at any distance from the dust source
along the length of the blind drift at the moment of its ventilation taking into account air leak from the air duct is
obtained.

Keywords: blasting operations, development workings, concentration of the fine dust, turbulent diffusion of the
weighted dust particles.
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