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OINIPEAE/IEHHE AETOHALIMOHHBIX ITAPAMETPOB
IMVY/IbCHOHHBIX BB H HAITPA>KEHHHU HA CTEHKE
B3PBIBHOH I10/10CTH ITPH PA3PYIIEHHH
KAPBOHATHBIX IIOPOA

OmyrscrorHble BB nmerot npermyiiectBo nepea apyriumu BB B ToM, YTO HX MOMKHO
MPOM3BOANTS /IS YC/IOBHF KOHKPETHOIO MeCTOPOXACHHA U /17 AaHHOIroO criocoba Be-
aerns BBP, a tarkxe aasioTca 6e30rnacHbIMH MPH MPOU3BOACTBE H TPaHCIIOPTHPOBKE
Ha B3pbiBaeMblti 6/10K. Bo3HHKaeT HeoOXOAHMOCTh KayeCTBeHHO H KO/IHHYEeCTBEHHO OIl-
pedeants napametpsl BB u BomH HanpsxeHHE IpH Ipe/IOMICHHH AeTOHaLHOHHOM
BO/IHBI B TOPHYIO I1I0POAY.

KmoueBble coBa: aMy/IbCHA, AeTOHALIMOHHbBIEe MapaMeTphbl, AaB/leHHe, YaapHas BO/IHa,
CKOPOCTb A€TOHALIMH, IPOAYKTbI AeTOHALIHH.

B HacToslllee BpeMs TPy MPOM3BOACTBE OYPOB3PBIBHBIX PabOT Ha MeCTo-
POXRICHUSIX CTPOWTENBbHBIX MaTepUalloB MIMPOKO TPUMEHSIIOTCS 3MY/ThCH-
onHble BB, netonaimonHble mapametpsl (/1) KOTOphIX paccMOTpeHbl HeaoCTaTou-
HO. XOpOIIO M3BeCTHO, UTO 3MY/IbCHOHHble BB — 3To croxkHas 3MyibCHOHHAs CUC-
TeMa, COCTofllas M3 MHOTOUHC/IeHHBIX KOMITOHEHTOB U THITMYHOTO KoMriosutHoro BB.
B HacTosiee Bpems cylecTBYeT MHOXKeCTBO crioco6oB pacdeta /1, KoTopble nmpHBo-
[AT K 3HAUMUTe/IbHBIM 3aTPYAHEHUAM B OMpe/e/leHNH eTOHAlIMOHHBIX MapametpoB BB
A8 WHXKeHepHo! MpakThki. HeobxoamMo paspabotats crioco6 Hauboree MOoMHOro
YuéTa MapaMeTpoB AeTOHAIIMOHHOM BO/HBI, MPU €€ MpeoM/IeHUH B TOPHYIO Topoay 1
onpeenyTh MapaMeTphl YAapHOM BO/THBI Ha CTeHKe CKBaXKMHbBI B IAHHOM cpesie.

OcHoBHble (POPMY/IbI, KOTOPhIE MCTIONB3YIOT /718 ONpeeneHus MPOAYKTOB 1eTOHa-
LMY KOHZIGHCHPOBaHHbIX BB.

W3 crioco60oB pacyéta MPOAYKTOB ATOHALIMKU PacCMOTpeHHbIX B [1, 2, 3] cieayer:

1) Tpebyercsa cocTaBieHre YpaBHEHHs PeaKlMU, YUUTHIBAIONIEIO COCTaB IMPO-
MYKTOB /IeTOHALIMU U UX KOIUYECTBO.

2) OrpeneneHrie TeMmriepaTypbl B3pbiBa IIPeCTABASET CAOKHOCTU, TakK Kak
MMPOMEXKYTOK BpeMeHH, B TeueHHe KOTOPOro AOCTHUraeTcsi MakCUMasibHas TeMIiepa-
Typa BechbMa Masa.

CrorictBa 3mMyribcHoHHBIX BB B mpoliecce meToHaumy MeHSIOTCH 3HAYMUTE/IBHO.
[IpakTrueckoe TMpUMeHeHUe 3MYIbCHE TTOKa3a/io, UTO BHEIHee COCTOSHUE 3MY/b-
cuoHHbIX BB Gonbliieit 4acTbio 3aBUCUT OT KaTerOPUM Mac/IsgHOM a3kl BHIOPaHHAIX
MaTepHasIoB, M UX COOTHOIIeHUs B peuentype BB or dusuueckolt KOHCHCTeHLMU
ropiouero.

Kak mnpaBu/1o, MZIOTHOCT 3MY/TLCHOHHOM cMecH 6e3 MoavdHKaTopa I/IOTHOCTH
o6bIuHO cocTaBaser 1,45 r/ CMS, CKOPOCTb ee /IeTOHAlIMK A0BO/IbHO HHU3Kasg. YUTo6bI
YBe/IMYNUTh BOCMIPUMMYMBOCTD K /I@TOHALIMM, TIZIOTHOCTH aMyrbcHoHHOTO BB cnenyet
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OTPeryMpoBath B MpoLlecce NMPOM3BOACTBA MYTeM BHECEHHA B COCTAB MoandUKa-
Topa. B peaynbTaTe oTHOCTb MoHrkaetesi ¢ 1,45 no 1,0-1,35 r/cm® [6].

YMeHbllleHWe T7IOTHOCTU 3HAUMTE/IbHO TMOBBIIAeT BOCIIPHUMUHMBOCTL 3MY/TbCHOH-
Horo BB K neroHalwmu, ¥ ocoGeHHO, ecii OHa peanu3yercsl MyTeM pacCerBaHHs
BO3/YIIHBIX MUKPOMY3bIPHKOB B 3MY/IbCUOHHOM CMECH.

[Tpu wHnumypoBannu BB paBHOMepHO paccesHHble B BB 6ecuncrieHHble Bo3-
AYIIHbIE MUKPOITY3bIPbKU SB/ISIOTCA TOPAYUMH TOUKAMU. Bosﬂymele MUKPOIY3bIPb-
KM HerpepblBHO HarpeBaioTcs, B KpaTdaimuit neproa (10° - 10 ceryuasl) dop-
mupyertcs cepus ropsaunx todek (400 — 600 °C) u, 3aTeM BO3HMKaeT /AeTOHALIVA.
HccnenoBanus mokaskiBaioT [6,7], UTO UyBCTBUTE/IbHBIC BO3AYIIHbBIC TMY3BIPHKU, CO-
nepxalirdecss B aMynbCMOHHOM BB, momkHbI GBITh MO BO3MOXKHOCTH MEHbIIMMH U
[OMKHBI GbITh PAaBHOMEPHO paclipenesieHbl A1 TOro, YToObl [Py aaruabaTUYecKoM
cxkatii BB u3 — 3a GpicTporo HarpeBaHus 0OpasoBa/ioChb MHOIO TOPSAYMX TOYEK.
O6blMHO AvaMeTp BO3AYHIHOTO My3bipbka coctaBaser 1 — 100 MuRpomeTpoB, HO
[IPeArOUTUTE/IeH HUXKE 50 6, 7] MUKpoMeTpoB. ONTHUMa/IbBHOE YMC/IO BO3AYLIHBIX I1Y-
3bIPHKOB COCTaB/SICT 10%- 107 Ha KyOHueckuii cantuMetp. CoBeplileHHO fCHO, UTO,
Korzla TO/YyUYeHHOe UKMC/IO BO3AYIIHBIX IMY3BIPEKOB OIpese/sIeHO, MBI [AO/MKHBI pac-
cMaTpuBaTh (PAKTOPhI, KOTOPHIE IMOBLIMAIOT BOCIIPUMMUMBOCTG BB K nertoHarmy 1
YAeIbHYIO TEer/IoTy B3phiBa [6).

[To cpaBHenuio ¢ BB u3 rpaHyanpoBaHHOTO HUTpaTa aMMOHHS CO CXOXKHM
COCTaBOM, 3MYy/IbCHOHHble BB wuMeioT Goree BBICOKYIO MIOTHOCTh. HackimHbie
aMynibcuoHHble BB Moryt ocoGeHHO MIOTHO HAMOMHATh CKBAXKUHY M CLICTI/ISATHCS
C eé CTeHKaMM, M, T03TOMY pe3y/bTUpYIolias M/I0THOCTb 3apsna Ooblle, yem
M7I0THOCTD 3apsiza BB u3 nurpata ammonus. QueBHAHO, YTO OCHOBHOM MPHUH-
HOM 6oree BhICOKOM MaoTHOCTU BB sBnsercs to, uto BB comepxar Baary u He-
OpraHUUeCKUil OKWUC/IWTe/b (HUTpaT aMOHUS) B BU/E MepeHachllieHHOrO BOAHOTO
pacTBopa.

B cucreme smynbcroHHbIX BB TOMAMBHBIN peareHT HaxOAWTCS B KOHTaKTe C
OKHC/IUTE/IeM € MPOCTOM hopMOit Mozekyrbl 1o doponTy UemrieHa-2Kyre. B pesyb-
TaTe aMynbcuoHHoe BB nMeet sHaunTenbHO GOMBIIYIO CKOPOCTh ACTOHALIMU B YC/IO-
BUsAX Ge3 orpaHUYeHHI MO OTHOUIGHHUIO K MpOoMbiizieHHbiM BB, conepxkammM vHaY-
BUAYa/IbHBIM ceHcubunmsatop coctaBa BB. Ha ocHoBe akcriepyMeHTasIbHBIX AaHHBIX
MOKHO YTBepXKaaTh, YTO OCHOBHAsi YacTb peakumu 95% MporcxoauT [0 MIOCKOCTH
Yemrnena-2Kyre.

3Hasi, yto 6GO/bIIas YacTh XUMHUYECKOM DPeaKLMM MPOUCXOAWT 0 I/IOCKOCTU
Uemniena-2Kyre u amynbcroHHble BB oTHocsATcA, B ocHOBHOM, K Opr3aHTHBEIM BB,
MOZKHO HCTIO/Nb30BaTh C/ICAYIONIMI TOAXOA.

[laBreHyie NPOAYKTOB AETOHALIMM B COOTBETCTBHM C paboTori [1]:

.D?
P=(1-a:p,,) Lo ,
’ Py (1) +1)

3
rae Py, - mnotHocts BB, kr/mM”; D - ckopocts netoHatmu, M/c; (¢ - KOBO/MOM Ha

(bPOHTe IeTOHALIMIOHHOM BOMHBI, M°/KT; Q;, - KOHCTaHTa; } - TIOKa3aTe/lb IO/IUTPOIIBI.

[ lokasaTenb MOMUTPOIIBEI ¥ Be/TMUKMHA KOBO/IIOMa OMpeae/sioTCs CornacHO paboTe
[3]. Pemasi maHHble ypaBHEHUS MOMKHO ONpene/rTh BCe HeOOXOAWMbIe MapaMeTphl
MPOAYKTOB AeTOHALIWH.
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[ Ipenomnenrie neToHalIMIOHHOM BO/HBI B OKPYKAIOUIYIO Cpeay MOMKeT ObITb OITH-
CaHO Kak pacriaa MpOor3BO/IbHOIO pa3phbiBa.
Takott paspblB B CBOMCTBaxX TeUeHHsl BO3HMKaET, B YaCTHOCTH, Ha T'paHHLIe paszaena
[BYX Cpea B MOMEHT, KOI/la ee [AOCTUraeT (ppOHT YAapHOM WM [eTOHALIMOHHOM
BO/IHBl Y BO3HMKHYT IIpe/ioOM/IeHHble U OTpaxeHHble YaapHble BO/HBI B [1epBOHa-
Ya/IbHO BO3MVIIEHHOM cpeze.

BoamoxHbI nBa cr1ydas a) Hada/bHOe aBrieHre Py Ha IpaHHLe pasdera MeHble
naenenus P, BO (ppoOHTe AeTOHALMOHHOM BO/H, CYMMapHas CKOPOCTb YacTHLl B

[IPOAYKTaxX AeTOHaLMHM T10C/1e pacllaZa pas3pbiBa COCTaB/adgeT U o= u, + AU; 6) Ha-

yasibHOe Py, Ha rpaHule paszaena 6onblie gabneHus P, Bo (hpoHTe neTOHaLMOHHOM
BO/IHBI, CYyMMapHas CKOPOCTb YACTHL B MPOAYKTaX AETOHALIMU MOC/Ie pacliaga pas-

pbiBa coctasaset U, =U, —AU.

[apneHyrie Ha PPOHTE YAapPHOM BO/HBI B TOPHOM MOPO/IE MOMXKHO NpeACTaBUTh B
crenyiomeM Buze [4]:

I'+1
qu =pn0p (Cv +Tu¢))u¢)7
rae C, — ckopocTs 06bEMHOM Bo/HBI CatusA[6, 7]; 7 — KoadpdpruvenT [ proHarize-
Ha; U, — MaccoBas CKOPOCTb YaCTHLL TOPHO# MOPOZIBI.

ﬂ[IH I[epBOro c/1yyad penlaeTtcd YpaBHEeHKe A4 P¢7 HpI/IO6p€Ta€T BU:

_ &4' (/Onop.CV)2+4.Pd;.pnnp
2 2 Py

y-1

) P \2r
u()+ﬂ.%. 1_(l) 7
(y-1-p,-D P

207

rae U, - MaccoBas CKOPOCTb MPOAYKTOB [IeTOHALIMM, O, - IZIOTHOCTb Ha OPOHTe e~

TOHALIMOHHOM BO/THBI.
[nsa BTOPOTIO C/1ydad OHO IMPHHKMaeT BUA

XapakTepHcTHKH H pacyeTHble napameTpsl BB

OcHoBHbBIE XapaKTepu-
CTHKH P
Tun BB Pz QBB, D, v U,, m/c Uy, M/c P, I'lla n'.”’;
Kkef m® K/ mfc
1 2 3 4 5 6 7 8 9
Centra gold | 1900 | 3450 | 4500 | 279 | 1186 | 1173 3.2 8,1
(fgggpm 1000 | 3050 | 5080 | 3,14 | 1225 1201 3,1 8,4
Ir/ll?ggeM“T 1450 | 3490 | 4600 | 2,69 | 1243 1233 4,1 8,6
Power 2500 | 1100 | 3990 | 3810 | 2,63 | 1046 1030 2.2 6,7
‘;ggg“m 1200 | 2900 | 4000 | 2,66 | 1090 1075 2,6 7,5
Wrnanut 900 | 3780 | 3200 | 2,49 | 914 893 1.3 5.6
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D IIa —— AguabataropHoi nopogkel
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HECTCHIE CIDSIH L]

Puc. 1. YaapHsle aana6athbl B H3BeCTHSIKe H NapaMeTpbl NPOAYKTOB AeTOHALHH
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: i 2 3 4z Waf kpuBean

Puc. 2. 3aBucumocTb Ko3(ppHLIHEeHTa nepeaayH HalpPsKeHHS P(i) / R, B FOPHYIO MO-
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3aBNCMMOCTb Mexay HanpaxeHnem Ha CTeHKe CKBaXXMHbl OT

P @ SHEeprum gnccunaumn
9- y=3,8¢ +1,3x+5.2
R?>=0.97 l m Wrpoauut
8,5 /{I-
>1§/ A Power 2500
8
7,5 O Hobenut 3020
[y X Centra gold 100
6,5
® [paHemuT U 50
6 -
+ Cwubupwut 1000
55 g
5 . E. % —— AnnpokcumumpyoLL as
0 0,25 0,5 0,75 1 KpuBasi

Puc. 3. 3aBHCHMOCTD MeKAY HaNpsi)KkeHHeM Ha CTeHKe CKBayKHHbI OT 3HepPrHH AHCCH-
nauHH

DuzrKo-MexaHMUeCKre CBOMCTBa KapOOHATHOM MOpobl (M3BeCTHAK) AdaHaCheBCKOro
MECTOPOKZICHVA HMEIOT C/Ie/yiollre 3HaUeHHs: TVIOTHOCTb ropobl p, = 2900 K% 35
M

CKOPOCTb 0OBeMHOM BoiHbl  C, =1100f% , CKOPOCTb TPOAO/IBHON  BO/HBI

C, = 2000 J% , Koacppurment [Tyaccona V=0,2.

B tabnuiie mpeacTtaBieHbl pe3yabTaThl pacyeToB MO MpeCTaB/IeHHBIM BhICIIee
dopmynam. [IpuHaTteie B pacyeTax yaapHasd aaviabata M3BeCTHAKA M COCTOSHHUS
MPOAYKTOB AeToHalmu BB npeacrariena Ha puc. 1.

M3 tabnuiiel 1 puc. 1 BUAHO, YTO a5 aMynbCHOHHBIX BB B M3BecTHAKOBOM rop-
HOM Nopo/e peanrayercs caydal, Koraa B TOPHOM Mopoze BO3HHKAeT YaapHas BO/I-
Ha, a M0 MPOAYKTaM JeTOHALIMH PaclpOCTPaHAeTCH BO/IHA BTOPUYHOIO CKaTUS.

[nsa o6obuieHns TMOMYYEeHHBIX pesy/IbTaTOB Oblla COCTaB/IeHa 3aBHCHMOCTD

o
P,/P, =1(2), rae ;=2 P sappcuMocTs KoathdHLIMeHTa Tepenauy Harps-
D'pBB
KeHHsl B TOPHYIO TTOPO/Y OT COOTHOIIGHUS MMITeIlaHca FTOpHO#M ropozbl 1 BB puc. 2.
Pacuernas saBucumocts Py /P, = f(Z)Moxer Gbith annpokcnmmpoBaHa ¢ Be-

y 0,28
nrunHoM noctoBepHoctr Py /P, =1,64Z7°.

I'lpn pacnpocTpaHeHHM MO TOPHOM IOpoZe BO/IHA HaIpAKeHHs POWCXOAAT
notepy sHepruu (muccunaiivs). O6yc1oBeHHbe pa3nnurieM aavabar Harpy3kd U
pasrpy3ku. [lo Metoay paGotsl [7] ObIIM TakKe pacCUUTaHbl Be/MUHHBI SHEPrUu
[VICCUTIALIMY 1718 aHa/TM3UpYeMbIX B HacTosiiel pabote BB
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B cBete COBPEMEeHHOI'0 COCTOAHMA I'OPHbIX HaYK AaHO ITOHATHE KOM- e

GUHMPOBAHHOTO crocoba pa3pabGoTKU, KOMOHMHHPOBAHHBIX [eOTeXHO/I0- e
THH, OIMCaHbl OCOGEHHOCTH U [aHa KAacCUHKaLMA U XapaKTepHCTHKa e

TOPHOTEXHUUYECKUX CHCTeM C IIpHMeHeHHeM KOMOWHUPOBAHHOM pa3pa-
OOTKH PYAHBIX MECTOPOXKAeHHH. PaccMOTpeHbl CXeMbl BCKPBITHA MeCcTo-
POXKAGHUM MTPU KOMOUHHPOBAHHOM CIIoco6e UX pa3pabOoTKU B Pas/IMUHbIX
FOPHO-TEONOTHMUYECKHX Yc1oBUsAX. OrmrcaHbl 0COG@HHOCTH reoMexaHude-
CKOTO COCTOfIHMA MacCCUBa W IpHBeJeHa MeTOMKa IeOMeXaHHUeCKOro
OBOCHOBaHMsI OCHOBHBIX KOHCTPYKTHBHBIX TApaMeTpPOB KOMOHMHUPOBaHHOM reotexHosoruu. Or-
peaerneHbl criocobbl YIIpaB/IeHHsl KadeCTBOM PYIOMOTOKOB. PaccMoTpeHa MeToauKa BeiGopa IMpu
MPOEKTUPOBAHUN MPEeArioYTUTe/IBHOIO BapHaHTa KOMOWHUPOBAHHOM IeOTexXHO/IOTHU M MapaMert-
POB FOPHOTEXHNUECKUX CUCTEeM KOMITIEKCHOTO OCBOEHHS PYAHBIX MeCTOPOXKACHHH.

PYAHBIX
MECTOPOXAEHHHA
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