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nPEJIHCnOBHE 

Ha XXVII C"beJne KilCC rroA11epKHBanoc&, t1To- B o6nacrn tiepttou Me
Tannypnm CTOHT 3ana11a nosecTH B 1_990 r. Bb1nycK roTOBoro npoKara 
]l,0 116-119 MJIH.T 6e3 pocTa npoH3BO}lCTBa lJyrytta H rrpH cym~CTBeHHOM 

CHH:>KeHHH pacxona KoKca. 

KoKc HBn.ReTC.H Ha.H6onee .nopornM H JJ.ec}nmHTHhIM KOMnoHeHTOM AO

MeHHOH llIHXTbl: Ha ero AOillO npHXO.IDHC.H JlO 40-50 % ceoeCTOHMOCTH 

ttyryHa. TioJTOMY cmn1<eHHe pacxona KOKca - ocaosHoii H onpenenmo
mmi nyTb COBepmeHCTBOBal-1101 H nOBbillieffiHI 3c}>cpeKTHBHOCTH TCXHono .. 

rnH AOMeHHOH nnaBKH. 3a noCJieron1c 25 TteT B CCCP pacxon Ko1<ca Ha 

I T qyryHa CHH3HJ1Cjl c 785 no 501 Kr, r.e. Ha 36 %. Oi:nrnKo B nocnen

HHe rO,lI.hl TeMIIhl CHH)KCHHJI pacxona KOI<:Ca cymecTBeHHO 3aMe,l1llHJIHCh: 

cpenJierOAOBoe cmnKeHHe pacxoAa KOKCa Ha BbIIUiaBKY I T nepe.nenh.HO
ro tzyr}'Ha B 1976--1985 rr. COCTaBHilO l-3 Kr. 

HH3KHe TeMTibI CHH)l(eHJt.H pacxona KoK:ca Kpalure H~6naronpHHTHo 
cKa3hIBaIOTCH Ha Bh1nonHe1nrn 3aBOAaMM munrn BhIJUiaBKH tiyryHa. TaK, 
ronLKO B 1982 r. rrpocroH AOMeHHbIX ne11eii YCCP HJ-Ja OTCYTCTBHH 

KOK~a COCTaBHffii 1,82 "%, lITO onpenenHJlO CHlUKeHHe npOH3BOJ1)1TeJibHOC· 

m llOMCHHblX neqeu Ha 1,6 MJilI. I H nepepaCXOA KOKCa Ha 150 ThlC.T*. 

IlpH11HHbl CJIOiKHBllierocH nono:>KeHHH U3BCCTHbI: 

yxyJ:UlleHHe MapollHoro COCTaBa yronbHbIX I.l.IHXT )l)UI KOKCOBaHMH ~ 

COOTBeTCTBCHHO yxyJl,llleHHe KaqecTBa KOKCa, onpeJJ,eil.HIOUleecH CHH)f(C

HHeM 3anacOB xoporno KOKCyroJ..I..tHXCH.AOHeII,KHX yrneii; 
Me,lllleHHbIC TeMilhl ynytJillCHHH KatieCTBa )l(ene3opy,o.HoH lllliXThl ~ npejl(

. }le Bcero arnoMepaTa, no co.uep)l(airnJO :>Kene3a H Meno11H 5-0 MM; 
CIDUKeHHe 3cp<l>eKTIIBHOC'Ili HCilO!lb30BaIIll.H nonOJIHHTC!lbHblX BH}.lPB 

TOIDIHBa BCJICJJ.CTBl!e BbICOKOro ypoBHH HX pacxona, orpaHHqeHHblX B03 .. 

MO>KHOCTeH OOBMllleHHH IeMnepa1ypbl A)'Tb.ff, co.uep)KaHHH B HeM KHCJIO

poAa H npyrHX KOMileHCHpyroIUHX MeponpHHTHH. 
AHanH3 pa3BHTHH JJ.OMeHHOH TeXHonorHH noKa3bIBaeT, 11ro cmuKcHHe 

pacxona KoKca B nocnenirne 25 ner o6ecnetJeHo npe)K,a:e Bcero 3a cqer 

ynYtIIlleHHH Kattecrna )l(CJ1e3opy,IlHoH IIDIXThI H 11p11MetteID1H n.ononHHTenb

HbIX BH)l.OB TOIUIHBa. flO .. BH]lHMOMy, B naTibHefu.neM :na TeH,neHUHH COX

paHHTC.H, IlOCKOilbKY IIOTeHUH3JibHbie pecypcbI yKa3a.HHbIX HanpaBneHHH 

3KOHOMHH KOKca BCCbMa 3HatnncnbHbl. 

Ha Halli B3rnau, HMeHHO napannenbHoe HHTeHCHBHoe pa3BHTHe yKa-
3fillHbIX HanpaBn euHii o6ecnetlHT B 6yAymeM MaKCHM8.llbH1>1u 3cp¢eKr. 

* PeweHHH napnm H npasHTeJll>CTBa no X03JiltCTBeHHblM BonpocaM. - M.: noIIHT
HJJJ.aT, 1983. T. 14. - C. 122. 
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KaK noK83hIBaeT npaKTHKa, ynyqmeHHe KatiecTBa ll.IHXThI H raJOJJ,HHa~
. 11ecKoro pe>KHMa co3naeT 6naronpHHTHhie npe.nnoc1>1nKH AJJH omHMaJib-

. HOrO pacxoir.a H IlOBbllllCHIUI J¢cpeKTHBHOCTH npHMeHeHHH nononHHTenb
HhlX BHAOB TOIUIHBa, lfTO B KOHelffioM ClJeTe o6ecne\IHT COKpaweHHe cpo

KOB oKynaeMOCTH .ll0CT3T011HO KallHTaJ10CMKHX MeponpHHTHH no ynylfill~ 
HHIO Ka'leCTBa II.IHXTbl. 

1 Ilyn 3Ha11HTCflhHOrO IIOBhlllleHHfl 3cp<Pel<TUHHOCTH KOM6HHHpOBaHHOro 

.uyndi ue J1BnHeTCH OJlH03HatfHhIM. HapasHe c TparotUHOIDlbIM nyreM }'Be
Jlll'leHHR pacxona npHpOnHoro ra3a HJIH Ma3yTa B co11eTamrn c noB1>1me
HHCM reMIIepaTyphI .IJ.YTLH M o6orameHHeM ero KHcnopOAOM nepcneKTHB
HhIM npe.ncTaBilJICTCH Il}'Tb COBMecrnoro IIpHMCHCHIDI npHpollllOro ra3a 

H 111>1J1eyron&Horo TOIIJIHBa. EeccrropH1>1MH npeHMy111ecTBaMH IIDmeyron1>

·Horo ro~~IJIHBa HBilHJOTCJI ero MHHHMaJibHOe B03geiicTBHC Ha TeMIIepazypy 
ropHa H BbIXOJl ropHOBbIX nl30B, HaJUl11He 3Hal.JHTCJ1hHl>lX pecypcoB Hecnc

KaJOIIlHXC.ff yrneH., npHrO}lliblX WUl npHroTOBnCHIDI n&meyron1>Horo TOD

nHBa, B03MO)l(H0CTH HCDOnb30BaIDUI llb1J1eyron1>Horo TOIInHBa WUI one

paTHBHOro ynpasneHIDI HarpeBOM ropHa H KalleCTBOM qyr}'Ha. TeopeTH
qecKHH 3HaJlH3 IlOKa3bJBaeT, lfl'O 6naronap.R yxa33.HHbIM npCHMYIUCCTBaM 
n_pH CJlO>KHB~XCH TCXHOJIOrHtJCCKHX ycnoBIDIX H napaMeTpax KOM6HHH-

·poBa11HOrO n)'ThH IlhmeyronhHbIM TOIUlllBOM MO)KHO 3aMeHMTb AO 20--30% 
KOKCa, o6ecrre'IHB coxpaHCHHC OITTHM'1IlbHl>IX rrapaMeTpOB HarpeBa ropHa 
COOTBeTCTBYJOIUHMH H3MeHelllfHMH pacxona KMCJlOpOlJia H rrpHpOJlHOro 

rala. . 
Bomma.Ji TeopeTHtieCKaH H 31':cnepHMeHTaJihH3JI pa6oTa no npHMeHCHHIO 

IlhlJleyronbHOro TOilllHBa .• ll,TUI BhIIDiaBKH qyryHa npc Be.neHa COBeTCKHMH 
yqellhlMH. IlepBbie npoMbiilliJeHHbie OilbIThI no BAYBamno B ropH noMeH-

Hl>IX neqeji lll>Uieyron1>HOfO TOIDlllBa c JleJlhlO CIDDKeHHH pacxoga KOKCa 

npoeeneHI>I B 1948 H 1955 r. Ha ,UuenpOBCKOM HM. )J,3ep>KHHCKOro 

KOM6miaTe H Tyn:&cKOM MeTannyprHlfeCKOM 3aBone. 
BonpocaM pa3pa6oTI<H TeX.HonornM AOMeHHOH IDTaBKH c npHMeHeHHeM 

mmeyron1>Horo TOIUIHBa H o6opy)J.OBaHIDI AJl.R ee pea.nHJauHH IlOCBHIUCHl>I 

HCCIIeAOBa.HHH UHMMqepMeTa, 11HcrHTyTa tJepHoif MeTarrnyprHH, JlHenpo
n:Jep>KHHcKoro HHA)'CTpHan&Horo HHCTHT}'Ta, JloHHHHtiepMeTa, KaparaH-
·JlHHCKoro, . 3ana.rum-C116HpcKoro, 3arropo:>KCKoro ~~ 3anopo:>KcTan:&" H JlHen
poBcKoro HM. ll3ep)J(HHCKOrO MeTannyprHlleCKHX KOM6HHaTOB, noHeU
KOro MeTannyprHtiecKoro 3aBOAa. 

B npeAIIaraeMOH KHHre paccMOTpeH 6onee tieM 20-nenm:u OIIhIT no
HeUKoro MeTaJUiyp~H'ICCKOro 33B0A3 H JlOHHH1tliepMeTa B pa3pa6once 

TeopeTH11eCKHX OCHOB H nyTeH: npaKrntieCKOH peaJTH3auHH TeXHonoIW1ec

I - Koro npouecca Jl.OMeHHoii IUiaBKH c B.rzyBaHHeM B ropH IlbineyronhHoro 

T01111HBa, npHroToBneHHoro H3 HecrreKa10wHXcJ1 yrneu, 06ecrretnma10mero 
3Ha11HTeJlhHOe CHH)Kelllie pacxo.ua l<OKca H ce6ecTOHM0CTH tiyryHa. 

Ha OCHOBe npoBe,neHHOH pa6oTbl C03ll3Ha 11 OCBOeHa B 1980 r. nepBaH 
B CCCP npoMb11ID1eHHru1 ycTa.HOBKa WIH npHrOTOBJieHHJI H B,nyBainu1 
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Dhmeyron&Horo TOIDIHBa B ropH AOMeHHhIX ne11eii N° 1 H 2 lloaemcoro 
MeTarmyprHqecKoro 3asona, pa3pa6oTa11a H BHenpeHa TeXHononra noMeH_. 
HOH IUUlBKH c BJzyB8HHeM Ha 1 T qyryHa 60-80 Kr IDillleyromuoro TOD
JIHBa, 06ecnetmBwaJ1 cHIDKemie pacxona KOKca Ha 11,4-14,3 % npH cox
paHeHHH Ha HCXOJlHOM yposue 1IpOH3BOJ]JITeJibHOCTH ne1111 H KaqecTBa 
qyryua. 

3a 7 ne-r 3KcIDiyaTaium nouenicoii npoML11w1eHHoii yCTaHOBKH Hcnon1a-
30BBHO 400 TbIC. T mmeyronbROrO TOIDIHBa, Bl>IIDiaBJieHo c ero DpHMe
HeHHeM 6onee 7,0 MJIH.T 'lyryHa, C3KOHOMJieHO 6onee 350 ThIC. T KOKCa, 

70 MJIH. M3 npHpo.D.Horo ra3a. Ilon}'11ellllble noKaJatenu Hane)l(HOCTH 

o6opyµpBaHHJI H 34>4>eKTHBHOCTH teXHOJIOrHH HaxO)lJITCJI Ha ypoBHe, 
nocTHrHYTOM B 1981-1987 rr. Ha nytlllDfX 3apy6e)l(HJ,IX npoMhIIWieHHLIX 
arperaTax. 

Ha OCHOBe nonyqeHHoro OIDdTa BeAeTCJI non;roTOBKa K CTpOHTeilbCT
BY a11anorH11111>IX npoM1>wmeHHhlX ycTaHOBOK JJJ1J1 Jq>yrHX MeTannyprH
qecKHx npeAIIPHJime CCCP. 

IlpoBeAeHH1>1e HCCJieAOBaHIDI BhlDOnHeHbl B conp)')Kecme c JloHel(KHM 
MeTannyprHqecKHM 38BOJlPM, fHnpocTan1>10, IUili, YKplHeproqepMeT, 
BHHH aHaJIHTHtlecKoro npH6opocrpoeHH11 (r. KHeB), YXHHoM (r. Xap1a
KQB)' YKpHHH yrneo6orameHHe (r. BopolllHJlOBrpaA) H npymMH opra

HH3aJOIJIMH. 



1. OIJLIT DPHMEHEBWI H 3MEKTHBHOCTL 
. llODQJDIHTEJlbBhlX BHIIOB TODJIHBA B .UOMEHHOfl MABKE 

.. IlpHMeHelDle npHpoAfforo ra3a H 111>meyrorr1>Horo TOID1HBa AJIJI Bhm

naBKH qyryHa, Ha11aroe B npoMI>lllIJieHHOM MacnITa6e 6onee 25 neT Ha3a,n, 

BW3B8JIO cyllleCIBeHllhle 6naronpHHTHble H3MeHeHHJI B )lOMeHHOH TeXHO

nonlH, D03BOJIHBWHe 3Hal1Hten1>HO CHH3HTh pacxon KOKCa H ce6ectOH
MOCU. qyry11a. OnaaKo noTeHUHaJihH1>1e B03MO)l(Hocm npHMeHeHIDI ,a.onon
HHT~WIWX BH.[lOB TOIDlHBa AaJieKO ae HcqepnaHbl. Hx peanH33UHJI B pe

WllOIUeii Mepe 3aBHCHT O.T ypoBHH DOAfOTOBKH H KatieCTBa >Kene3opyA
BOfO ChlphJI, BBPJl H pacxo,a.a AOilOJIHHTeJlhHOro TOIDI~~ H TeXHonomqec

JCOro pe>KHMa IDI8BICH, CTeneHH H 3t\>tPeKTHBHOCTH KOMIIeHcauHH Hapywe

Jlllii. OCHOBHhIX DOK83ateneH TCXHOJlOnttlCCKOro pe)l(HMa, Bbl3bIBaeMJ>IX 

. BAYB811HeM TOIDJHB8. 

B. HaCTOJlllleii rnaBe Ha OCHOBaHHH HMCIOIUHXCJI Teope11flleCKHX HCCJie
.AOBIJIHii H ripoMW1UJ1e1D1oro OJThITa pacCMOtpeHbl llyTH 3Ha11HTeni,Horo 

noBwmeHHJI 34>cl>eKTHBHOCTH H umpoKoro npoMbIIIIJie1moro BHeApeHHJI 
AOUOJIHllTeJIWIWX BH.nOB TOIDUIB8 npH BhIIDiaBKe qyr}'Ha, B '13CTHOCTH, 

upa COBMecTHOM ~HMeHeHHH npHponHoro r83a H 111>meyron1>Horo ron
JJRBa. ,, 

1.1. 3BepreD14tCKlle pecypcw qepaoA MenuIJIYprHH 

Macca yCJioBHoro TOIDIHBa, noTpe6nReMoro B MHpe, cocraen11eT 
> 9 MJl}lA. T. IlpeAIIOnaraeTC.H, 'ITO K 2000 r. JTa UHcl>pa B03pacTeT AO 
25 MJipA.T. 0AH8KO H B 3TOM cnyqae pa3BenaHHblX 3anacoB 3HeprHH Ha 

. 3eMJie XBamr Ha ISO neT (1] . Bonee 90 % JHepremqecKHx 3anacoB 
~eMml DpRXOAffTCJI Ha MHHepan1>H1>1e HCTO'IHHKH - ra3006pa3HOe, >KHJl
ICOe H mepAQe TOJDIHBa. OKono 95 % 3Hepnm B MHpe nonyqaioT 3a cqer 
HCilOJD»30BaHHJI XHMIACCJ.<Oro H MHHepanbHOro TOIDIHBa. B npenenax Hac

~JllQero ·croneTllJI XH?dlftlecKOe TOtunfBO OCTaHCTCR OCHOBHhIM H onpene
JJJooUUtM licro1111HIC0M JHeprlDI. 

IlepepacnpeAeJieHHe nonH nepe1D1cneHHhIX BHJJPB MHHepan1>Horo ron
DHBa Bld3B8HO 06cTOJ1Ten1>CTB8MH, CB.H33HHl>IMH c MeHl>WeH CTOHMOCTblO 
·B J1)'11111eii tpaHCDOpTa6en1>HOCThlO >KHUI<Oro H ra3006pa3Horo TOIDlHB. 

DpomeAUIHe H3MeHeHIDI HaxOAJITCJI B pe3KOM npoTHeopetDIH c pecypcaMH 

nepe1111rneBH1aIX BHnos TOWIHBa. 3To nponmope'IHe JIBHJioc1> CJieACTBHeM 
BeDJiaBOBOro pa3BHTHJI ~anHT8JIHCTHqe~KOro 06llleCTBa H CT8JIO llplAHHOH 

rny6oKoro., 3HepreTH11ecKoro KpH3Hca, . pa3pa3HBillerocx B 1973-197 5 rr • 
. Bo~ npoTHBope11HJI MOryI CTaTh B finIDKaHnnfe fOAbl npH11HHOH 

Ka11ecme1D1oro poCTa A06hAH yrns H yaemrqeHHH noIIH ero n0Tpe6ne1DU1 

BO BceX OCllOBllhlX 0Ip8CJIJIX Dpc>MhIIIDieHHOCTH. 

Ha OCROBBHHH cramcmqecKHx .UaHHbIX pacCMOTpHM nepcneKTHBhl 
'ka)l(AOro H3 paCCMOYpeHHhIX BHAOB MHHepaJibHOrO TOIDIHBa. 
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llpupooHblU za3 

llocroBepH1>1e 3anac1>1 npuponuoro ra3a paBHl>I 54 823 MJIPA· M3 '[1]. 
B 1985 r. · ,no61>It1a upHpoAHoro ra3a B KanHTanHCTH11ecKHX cTpa.Hax 

COCTaBHJia 992,4 MJipJJ.. Ky6. M. B ro,u. IlpH coxpaHeHHH npe>KHHX TeMilOB 
npHpoCTa A06h111H ocrasnmxcJI pecypcoe npHpoWforo r83a B KanHTanHc
TH'leCKOM MHpe XBaTHT ron1>KO Ha 20-30 neT. HecMOTpJI Ha 3Ha11HTenL
aoe }'BeJIHlleHHe no61>111H, Ae<l>HUHT npHpoJlHoro r83a 3a py6e)ICOM B03-
pacTaeT. 

3TO 06hJ1CHJ1eTCJI npHHJITHeM B pJIAe CTpaH HOBblX 38KOHOB no 3alI.lH
Te 0Kpy>K3.IOI.UeH cpeJ:U>I, IlOCKOill>JCY B CJIO>KHBllUIXCJI ycnoBIDIX eAHHCT
BeHHl>IM BHJlOM TOIDIHBa, 06ecne11HBaJOlllHM AOIIYCTHMl>Ie HOpMl>I 38I'pJl3-
HeHIDI B03A}'X8, ocraeTCJI IlpHp<>AHhIH r83. IlpH11HHOH 3Ha'IHTeJ1hHOro Ae-
4>HUHT8 npHpo.nJIOro ra3a J1BnJ1etcJ1 TaIOKe llBlpoKoe ero Hcnon1»30BaHHe 
wu1 61>1TOB1>1x HY>Kn H B XHMH11ecKoii npoMi»llWleHHoCTH. B HacT011mee 
BpeMH B CfilA H HnoHHH npo6JieMY .ne<}>HI':llTa npHpoAHoro rala peIIIalOT 

nyreM 3Hatnrren1>Horo pacI1IHpeHHJ1 ero HMilOpTa, ciJopcHpoBaHHJI npor
paMM pa3pa6oTKH TeXHononm non}"leHHJI CHHTeTH11ecKoro ropio'lero 
r83a. Ilo MHeHHio cneUHaJIHCTOB ycTpaHeHHe ne<l>HllHT& npHponuoro r33a 

3a cqer peweHIDI 3THX 33A311 B03MO)l(HO He paHee 11eM 11epe3 10-20 ner. 
B c1111y H3J10)l(eHH1>1x Bblllle npHtmH 38 py6excoM B 11epuoii MerannyprHH 
npHpOJlHJ>IH r83 npHMeHJIIOT B orpaHHqeHHbIX KOJmqecmax .. 

Hama cYpaHa 3aHHMaeT nepBoe MecTo B MHpe no 3anacaM npHpo.1n10-

ro ra3a. B 1986 r. no6brro 686 MJipn.M3 npHponaoro r83a, ronoBoii npHpocT 
COCT8BHJ1 7 %. 

' 
B CCCP Macconoe npHMeHeHHe nonyqHJia TeXHonorru1 BbIIDiaBKH qy

r)'Ha c npHMeHeHHeM npHpo)llloro ra38. TaK, B 1981 r. c Hcnon1>30Ba
HH~M A8ffHOH TeXHonorHH Bl>IIDiaBJieHO 100 MJIH.T qyryHa, T.e. 93 % Bceii 
ero Bl>IIUI8BICH. Jl.JUI 3TOH UeJIH 61>1no H3p8CXOJ];OB8HO ~ 11 MIIpn.M3 

npHpo1n1oro r838, qro no3BOIIHIIo· cHH3HTh pacxon KOKca Ha 10-15 % 
H ce6eCTOHMOCTI> qyryHa Ha 150--200 MJIH:py6. CneizyeT OTMeTHn, qyo Ha 
6on1t11JHHCTBe 3aBOAOB AOCTHrH)'Tbl OmHMaJlbHhle pacXOn;LI npHponaoro 
r33a~ )lan1>Heifwee YBemt11eHHe ero pacxona H :J<l><l>eKTHBHOcTH npHMeHe
HHJI yi)e6yioT OCYIJlecmneHHJI KalDITaJIOeMKHX KOMileHCHpYJOIIlHX Mepo
npHJITHii: IlOBl>IWeHIDI TeMneparypbI JJYii,JI H conep)l(aHHJI B HeM KHCJIO

pona H T • .t(. 

B 6JI~)KaHllDle rom>1 MO)l(HO oxaman 3Ha11HTen1»Horo yseJIH11eHHJ1 
norpe6HOCTH B npHpC>lJ.HOM r83e J:QIJI HY1KA 3HepreTHKH B CBJl3~ c ycH
neHHeM 6opi.6b1 38 'IHCTOTY B03nynIHOro npocTpaHCTBa, yseJIHqe1meM 

e~ 3KcnopTa. 

l131IO:>KeH11h1e . 06CTOJ1ten1>cTBa tpe6yioT H3yqeHIDI nyreii DOBhIWeHIDI 
34>cl>eKTHBHOCTH DpHMeHeHIDI npHpo1l8oro ra:Ja, IlOHCKa MeHee UeHHl>IX 

H He.ne4>HUHTHhIX BHnOB .apnonHHTeJil»HOro TOIDIHBa WIJI Bl>llDHlBKH qyryHa. 

8 



Jl_e<}n u Mll3y:r 
llrictOBeplD>le 3anaCbI Hecprn B KaIIHTaJIHCTHlleCKHX H p83BHBaIOIUHXCJI 

qTpBHBX OOCTaB11JllOT 84,3 M1Ip,n.T. 06ecne11eHHOCTI> p83Be]laHHl>IMH 3ana

.caMJI · secpTH ·paCCllHTaHa Ha 45 neT. MHpoBou 3Heprenr<1ec1adi KpH3Hc 
Blal388JI nosldllleime ueH H~ Hecl>~fl B 3,5-:4. pa3a B yeqeHHe 1973-1974 rr., 
a le 1982 r. - B 15-18 pa3. 

·B BatTOJ11Ilee BpeMJI )1(11,UKOe TOllJIHBO JIBil.HeTCJI He3aMeHHMbIM B pJIJle 

M&CCOBJdX npoH3BOACTB, B 'laCTHOCTH, B TpaHCilOpTe, aBHaI.OIH, He<t>TeXH
MJlll" ~. TJl. Hcnon1»30BaHHe MaJyra H ue<l>TH B JHepre~Ke B03paCTaeT 

eze:roµ;Ro 6onee lfeM Ha 5 %. B noCJieJJ.HHe 15 net Ma3YT HaqaJIH WHpoxo Bcuom3osan AJIJI 3aMeH1>1 KoKca B 11.0MeHHb1x neqax. TaIC, B Hno
sim B 1973 r. pacxoA Ma3yra B qepHon MeTannypnm cocTiiBHJI 
13,82 MDH.T, B TOM 'IHCJJe B. 1l0MCHHOM npoH3Boncme - 5,41 MJIH.T. 

PaCXoA- ·M83yra Ha 1 T qyryaa IlOBhICHJICJI 1l0 60 1<.r/T qyryHa, a B pJ1ne 

diy11aea·· Ha 60JI1>IllHX noMeHHh1x nellax 11.0 90--100 Kr/T qyryita. ~ noc

neAelie rOJlhl, O.D.HaKO, 38 py6e>KOM OTMeqeHa TeHAeHllHJl K 3Hatnrren1»

ii0My-"" ooiq>ameHHlo HCilOilb30B81DIJI Ma3yta 11)'111 B~IIDUlBKH qyryHa, npe)l(
ile· ~.eero · BCJieACTBHe 3Ha«n1Ten1>HOro, IlOB1>1WeHW1 ero CTOHMOCTH [2-4]. 

- .. , .. NitpoBOii' 3HepreTH11eCKHH KpH3HC OK833Jl onpenene1moe BJIHJIHHe Ha 

.prenncy CosetcKoro COJ03a: necjnm.HT >KHAKOrO TOIDIHBa 3H8'1HTen1»HO 

J'Beml1JHJ1bi BcnencmHe Het1epnaHHJ1 pecypcoB B 3ananuoe 11acm cTpaHbI. 
· , B Hallleii cTpaHe Ma3yT nn11 3a.Mem1 KOKca B noMeHHoif mnmKe cranH 

·. ~ .- snepswe Ha MeTaJIJiypruqecKHX 3asoii;ax Ypana, o,tJ.HaKo 3Ta 
texBOJIOl1IJI He HaIWia WHpoKoro pacnpoCTpaHeHHJI BCJieACTBHe HaJIHllHJI 

.-.~. TeXHO,JIOrH11J10f0 TOIDIHBa - npHpoJ.J,Horo fa38. TonbKO B nocnen;
~:~.r.OJUaJ Ra YKpaHHe H3·3a necl>HIU{Ta npuponuoro ra3a H Ha BoctoKe 
~:. OTcyTCTBRJI r830DpOBOAOB npHpoAHOro ra3a Ha pJ1.ne Merannypm-
:~*8X 38BOAOB crana pa3BHBaTLCJI TeXHonorHJI c BA)'BaHHeM Ma3yra 

.. [~, '6), •. <>Awuco M8CWTa61>1 npHMeHeHlUI ee He3H811HTen1»HL1: B IlOCJienime 
~J,lla'I -=~~eMaTH11ecKH BA)'BaJOT M33YT JIHl.Ul> s AOMeHH1>1e rretIH KaparaH
-·QrQ MeT81IJiyprH11eCKOrO KOMOHHara, HCil0IlL3}'IOUUle AJIJI 3TOH UeJIH 

~" .. ~ 200--;250 ThIC. T M83yTa • 
. . '. ~: .~B · pe3yni.TaTe MOlKHO cnenan. Bl>IBOA 0 TOM, 'QTO B 6JllDICaHnme 10-
. '-> .. :.Bet ·MeT81IJIYprH11ecKHM 3aBOAaM YKpaHH1>1 Hen:&3H pacc11HT1»man. Ha 

. ~ren~Hoe pacII.IHpeHHe HCDOill>30BaHHJI >KHJlKOro TOIDIHBa AJIJI BJJm

-- 'l)TYlla. Ha Haw B3rJIJIA, MaKcHMaJil»HO B03MO>KHoe KOJIHllecmo 

~. Beo6xOWIMO HCll0Ilh30B8TL ATIJI Bl>IIDI8BKH qyryHa B KaqecTBe 

-. ~~ro TOIDIHBa, oco6eHHO B CJ1ytl3JIX necl>KllHT3 npHpOAHOro f838 

-#.'.·~· nepHon. 
~., J I •• 



Teep(}oe TOl'lllUBo 

3anacbI mepnoro TOJUIHBa cocTaBIIJUOT > 80 % pa3senaHHLIX MHpo
BbIX pecypcOB MHHepaIIbHOro TOIDIHBa. B 1974 r. OHH COCTaBHJIH 11200 
MJipn. T. 113 HHX H3BneKaeMble 3anaCbl - 2900 MJIPA· T. IlpH COXpaHeHHH 
nocTHrHyThIX TeMilOB no6bl'IH 3THX 3anacoB 1lOCTaT011HO Ha 2000 neT [ 1] . 

HenocraTK~ ... yrnJI KaK TOIDIHBa HBflJllOTCJI OTHOCHTenhHO BblCOKHe 
CTOHMOCTb no6bl'IH, cepHHCTOCTh, HaJIH'IHe 30Ilbl, IUIOxaH TpaHcnopta6enb
HOCTh. C>KHraHHe yrnJI Tpe6yeT 6onee CJIO>KHbIX H nopomx yCTpoHCTB H, 

CaMOe rnaBHOe, Bbl3bIBaet 3Hat.IHTeilbHOe 3arpH3HeHHe 8TMOc<l>epbI. ,Ilo6bJlla 
yrn.ff HaH6onee 3KOHOMlfllHblM OTKpblTblM cnoco6oM conpOBO)l(AaeTCH Ha
pymeHHCM naH.uma<Pta. TaK, B CllIA, rne c 1971 r. > 50 % yrnH no6L1-
BaeTc11 OTKpbITl>IM cnoco6oM, B 1974 r. HMeilOCh > 8·109 M

2 
3eM.JIH, 

He npHrogHou wu1 ucnonb30BaHHB, T.e. 6e3 sepXHero cnoH no11Bbl. YKa-
3aHHbie npHtmHhI onpeAemum pe3KOe cHH>KeHHe yqaCTWI yrnB B 3Hepre
m~e 6onhlI.IHHCTBa KaimtanHCTH'ICCKHX crpaH (7, 8]. 

B HacToHmee BpeMJI KOHKypeHTocnoco6Hocth yrnH 3Ha11HTen1>HO B03-
pocna, qro o6'h.RCHBeTcB npe>KAe ecero Memweii ero croHMOCThJO no 

cpaBHCHHIO c He<l>ThlO HJIH npHJ>OnHbIM ra3oM. 3Ha11HTenhHOe DOBbIWeHHe 
KOHKypeHTOCilOC06HOCTH TBCpAOfO TOIDIHBa OmBCHJleTCJI TaK>Ke TeM, qro 
yronh B HaCTOJIIUee BpeMH HBflJICTCH C.DJIHCTBeHHhIM M8CCOBblM CblpbeM 
AfUI nonyqeHHJI HCKYCCTBeHHhIX BOCCTaHOBHTeilbHOro ra3a, >KHAKOro TOD
nHBa H T-1l· 

CnencmHeM H3JlO:>KeHH1>1X Bhlllle npHllHH J1BnJ1eTcJ1 HHTeHCHcl>HKanwI pa-
601 no BOCCTaHOBneimio H pacWHpelDUO yronbHOH npoMLillDleHHOCTH 
B CllIA, CllpaHUHH, Cl>Pf' .Hnomm H npymx CtpaHax, B 11aC1110CTH, HHTeH
CH<}>HI<auHH pa6ot no npHMeHeHHIO llbVJeyronhHOro TOID1HBa AJIJI BbIIl
naBKH ll}TyHa. 

CoBeTCKHH Co103 3aHHMaet nepBoe Mecto s MHpe no pecypcaM TBe~ 
noro TOIDIHBa - > 42 % MHpoBhIX 3anacos. Pecypc1>1 mep]];oro TOIDIHBa 
B CCCP cocraBJUUOT 92,4 % OT o6IJ.tHx 3anacos MHHepanhHoro TOIUIHBa 
[I]. IlpH YCTa.HOBHBlllHXCJI TeMDax no6bltm 3THX pecypcoB .QOCT8TOtIHO 

Ha 2000-3000 neT. B 1986 r. B CCCP no61>1To 751 MJIH.T yrns, K 
2000 r. no6bNa yrn11 B CCCP MO>KeT B03pacm BABOe. 

HaH6onee nepcneKTHBHhIMH enmotcJI HOBbie yronb111>1e 6acceihlb1 Ha 
BoctoKe CCCP. K HHM ornocHTCB Ka11c1<0-A'IHHcKoe Mecropo)l(.IleHHe 
6yp1>IX yrneii. Ha 633e MecTopo~emu1 B03MO>KHO C03AaHHe KOMIDieKca 
c f01l0BOH MOmHOCTblO no no61>1BaeMOMY yrmo no I MJJpn. T npH CTOH· 
MOCTH no61>IllH (on<pbIThIM cnoco6oM) HeMHoro B1>1We 1 py6. 3a 
1 T (9]. 

HecMotpH ila orpoMH1>1e 3anac1>1 TBepnoro To~a, pecypcbI KOK-
C}'IOl.IlHXCJI yrneii 011eHL orpaHHtieHlll»1. TaK, B lloH6acce npH o6lllHX pecyp
cax 250- Mnpn. T TOill>KO 15,7 % DpHXOJlHTCJI Ha KOKcyIOl.IUleCJI MapKH 
yrneii. 0CHOBH}'IO Macey yrneMeCTOpO)l(AelDIJI COCTaBilHIOT IDIOXO cneKaJO
IUHeCH ra30Bhle {41,,8 %) H 3HepreTH'leCKHe (TOWHe, aHYpallHTLI. WIHH-
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H01D1aMeH111>1e) - 25,8 %. K0Kcy10w.Hec11 yrnH HBnJ110TcH Ha116onee no
pcirHMH H TpYAHO,IlOCTYIIHblfdH, IlOCKOilhKY 33JieralOT TOHKHMM CJIOJIMH. 
B Hacrom.Uee BpeMB B JloH6acce 3KOHOMHtmoii ctmTaeTCB ,no61>Na KOK
CYJOIIUIXCR. yrneii H3 cnoes 0,5 M. TeMIIhI no6b~ KOKcyromHXcB yrneii 
B 1 ~-2 pa3a npeB1>1ma10T HX .a.oneBoe yqacn1e B MeCTopcnKAeinrn, Bcnen
CTBHe qero B 6nH>KaHWHe fOAbl B03MO>KHa HX Bb1pa60TKa, tlTO o6ecueHHT 
Meet9po>KAeHHe. B CBH3H c H3no>KeHHDIM B nocne)l.lDle ro}J)>I Ha YKpaHHY 
AJ1JI KOKCOXHM3aBonos 3aB03HT KOKCyroIUHetB yrnH Ky3aeuKoro, Ile
qopcKoro H 11pyrHx MecTopo>KJl.eHHH. B To '.>Ke BpeWI Jl.06h1tia 3He_preTH
qecKHX MapoK yrnen B lloH6acce He YBeIIHtIHBaeTcH, HeCMOTpH Ha 6naro
npHJ1THhle nepcneKTHBbI MH 3HatIHTenLHoro paclllHpeHIDl HX A06hillH. 

OcsoeHHe B yCJIOBHHX YKpaHHbI TeXHonorHH AOMeHHOH 1D1aBKH c 
, BJcyBaHHeM 100-200 Kr/t qyr}'Ha I11>meyronhHOro TOID1HBa M3 HecneKaro· 

WHxc.11 MapoK yrneii onpeneJIHT cHH>KeHHe pacxo,a;a KOKca Ha 20--30 % 
H II03BqJIHT A06bIBaTh KOKCYIOIUHCCJI yrnH B COOTBeTCTBHH c reonorH
qecKHMH pecypcaMH, paclllHpHTh no61>1qy HaH6onee nemeB&IX H nocryn-

nix HecneKaJOIUHXCH yrneif. 
PaccMOipHM npyrne B3)1(}{hie acneKThl npHMCHCHHH IlbIJieyronhHOro 

TolJ]IHBa 1llUI BhllDlaBKH llyrYJla. 

C~pa ICoKca H yron1>Hoii IlbUIH nornomaeTcB B noMeHHoii netn1 t1yry
ROM H mnaKOM Ha 95-97 %. IlpH C>KHraHHH yrn11 B 3HepreTH11eCKHX 
yCTaHOBKax "Dp8KTHqecKH BCR cepa nonanaeT B aTMoccpepy. B 1980-
1985 · r. Ha YKpa.HHe > 90 % qyryHa BhIIDiaBnHJIH c npHMeHeHHeM npH
poAJ1bro ra3a, pacxon KOtoporo cocraBHJI 113 M3 /T qyr}'Ha. IlpH 3aMeHe 

1npHpoAH<>ro ra3a aHTpaiUITOM H TOIUHM yrneM, COAep)l(alUHM 2,0 % s, 
HcilOD:&3QBaHHe ocBo6oromwerocH npHpoJJ.11oro ra3a B 3HepreratiecKHx 
yCTIJiOBKBX ll03BOilHT COKpaTHTI> e>KerogH&tii Bh16poc B aTMoe<l>epy 
60-:-80 TIJIC. T S. 

. . . 
I • • 

. µpHtoroBneHHe llhmeyronhHOro TOIIIIHBa conpOBO)l(AaeTCJI 3HatlHTCilhHO 
MeBIJllBM 38rp113HeHHeM aTMOc<}>ephI H BOJJ;HOro 6acceima, tieM iipoH3-
BO~CTBO . KOK ca [ 10- 12] . 3Ha11HTenhHOe pacnm:peHHe HCll0Ilh30BaHHH 

. \ .. 
~yromHoro TOIDIHB3 WUI BbIWiaBKH qyr}'Ha Il03BOJIHT yseJIH'IHTh 
npoH3BO.QCTBO tiyr}'Ha 6e3 CTpOHTeJILCTBa HOBhlX KOKCOXffMHlleCKHX 

38B.OAO~. 

· - IIIHpoKoe IIpHMeHeHHe mmeyron1>Horo TOID1HBa 6yneT conpoBo)l(Jl.aTb
CJI 3Ha11HTemHhIM llOBbillleHHeM npOH3BO.l(KTCilLHOCTH Tpyna, pacctmTaH
BOii Ha KOMIDieKc AOMeHHl>IX H KOKCOXHMlftleCKHX uexoB: no .D.aHHbIM 
)loHHHll'lepMeTa H YKp3HeproqepMeTa npoH3BoncTBo 1 MJIH. T yronLHoii 
~ B ro~ Tpe6yeT 100--200 pa6otmX, a npoH3BO]l.CTBO I MJlll. T KOKCa 
~ 1000 pa6o11Hx. CnenoBaTenhHo, npH K03<}>tl>HUHeHTe 3aMeH1>1 KOKca 
)'rneM 1': I BnyBa.HHe B ropH 1 MJIH. T yronhHOH ID>IJIH 6yii;eT conpoBOlK
A8nCJI BWCB060>ICJle1D1eM .u,rrg HapoAHoro xo3fillcraa 800-900 BhlCOKO
~aJIHcl>BU.KpoBallllblX pa6011HX. 
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y CHUIOBKH AJUI npHrOTOBneHHJI yronhHOH Ill>UIH 33.HHMaIOT 3HatDITeJlb

HO Memme MecTa, qeM KOKCOXHMHqecKHH 3ason COOTBeTCT~YIOllleH MOl.I.l

HOCTH, H Tpe6yioT JlllH CTpoHTenhCTBa MeHhUillX KarlllTaJl&HbIX 3aTpar 

[13]. 

1.2. CpaBHHTeIUdlWI o~eHKa a<}lcl>eKTHBHOCTH BbIIDl8BKH qyryHa 

DpH npHMeHeHHH DhlneyronLHoro TOIUIHB3 

0CHOBHl>IJMH nonOJIHHTellhHblMH BHnaMH TOIDIHBa, KOTOpbie ycnenmo 

ocBOeHhl B AOMeHHLIX uexax CCC~ H MoryT B 6nIDKa:Hnme roJlhI llIH
poKo npHMeHHTbCH )J)IH Bbll1J13BKH tiyryHa, jJBil.HIOTCH npHpO)l.HhlH raJ, 
Ma3yT H mmeyronbHOe TOIDIHBO. 0HH pa3JIHlUlJOTCH npe)l(Ae Bcero CO

nep>KaHHCM ropIOtrnX KOl\fi10HeHTOB - yrnepona H sonopona, 'ITO onpe

Aen.ReT H3MeHeHHe BeJlHllMHbl OTHOillfHHH C/H OT 3- 7 }l)IH npHpOnHOro 
ra3a H Ma.3YTa IJ.O 17-35 )JJlH K3MCHHblX yrneH (Ta6n. l). 

Cne,a;cTBHeM HH3Koro 3Ha'leHHH C/H wu1 npHpo.ru10ro raJa 11 Ma3yTa 
.HBilJllOTCH BhICOKHe 3aTp3Thl IeIUia Ha n;HCCOUHaUHIO yrneso.noponconep
)l(aII.UlX COePJIHeHHH, 6onblli0H Bl>IXOA nponyKTOB ropeHHH, OTHOCHTeilbHO 

HH3KaH TeopeTHt1eCKaH TeMnepazypa ropeIDIH, onpenen.arowa.a Heo6xo,a:H
MOCTh 3HatmTCilhHOH TeMnepaTypHOH KOMileHcawm. B TO >Ke BpeMH IlbI

neyron1>HOe TOIDIHBO, HMCIOlllee B 06bl1IHl>IX ycnOBHHX MHHHMaJibHYlO 

Bila)KHOCTh ( < 0,5 % ) , npH BbIXO)l.e neT}"DIX no 1.0 % Tpe6yeT B 2-4 
pa3a MeHbllle TeIDia Ha ero nonroTOBI<Y K c:>Irara.HHIO. 3ro onpenenHer 

npHHI.(HIIHailbHbie TCXHOnorn11ecKHe npeHMYWCCTBa IILmeyronbHOfO 

TOIDIHBa. 

PaccMoTpHM aHaJIHTH11ecKHe H 3Kcnep~MeHTaII1>H1>1e pa6oTb1, rrocB.HIUeH

Hhie COilOCTaBneHHIO JcpcpeKTHBHOCTH npHMeHeHlffi ra3oo6pa3Horo, >KHA
KOro H rnepnoro TUIVIHBa WUI BhIIDiaBKH qyry11a. 

T a 6 n a u a 1. OcaoeHbie xapaKTepHCTHKH npHJ>OAHOTO ra3a, M83yTa, ronnHBa 

XHMHttec1adt cocTaB, %: 

IlpHpOWlhIH 

ra3 

yrnepo,u. . . . . . . . . . . . . . 76 
3ona .............. . 
cepa. . -. . • • • . • • • • . . • . 
neryqHe . . • . . • . . . . • • . 100 
Bila)l(HOCTh. • • • • • • • . • • • 

BLIXO.U BOAOpo.na M 3 /M3
, M 3 /Kr . 2,01 

CJnf>KeHHe TeopeTH11ecKolt TeMnepa-
TYPLI ropeHH.SI C0C) npH ynenH11e-
HHH pacxo.cui nononHHTenLHoro ron .. 
nHBa ua 1 r/M 3 

• • • • • • • • • • • 4,85 
C/H . . . . . . . . . . . . . . . . . . 3 
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Ma3yT 

85,4-87,4 
0,1-Q,3 
0,8- l,3 

3,6- 7,8 
1,28 

3,6 
6- 7 

Ihmeyron&uoe ion
nHBo H3 KOHUCHTpa
T3 Tomero yrm1 

76,49 
11,0 
1,71 
7,49 
0,38 
0,46 

1,3- 1,6 
17-35 



T·.i G n B n a 2. DoK83aTeJlll pa6on1 .QOMe1D11>1X ne'lei npa o6orUQeHHH AfTbR 

~ 25 % 02' DOCTOJIHHOH TeMnepazype ,[U'T&JI H pa3BH11Hh1X BH.QaX 11o6aBOK K .(WThJO 
1 • I I 

--
DoicasaTe11J» Mcxo1n1ble BMJI A068BOK 

,naHHhie 

He<l>Th yroJll> aHTp8UHT nap MeT8H KOKCOBbm 

ra3 

PacxoA no6asox, Kr/T azy-
J'Yll8. • • • • • • • • • • • • . 69 119 167 49,3 36 47,6 
PacxoA KOKC&, l<I'/T qyr}'Ha .657 540 530 460 650 570 569 
3J<OHoMllJI KOKC8, KI'/T 
~ ............ 118 129 194 3,5 86,S 88 
~3C1MPmBeHT 3aMeHLI, Kr 

c-~ta' KOKC8. • • • . 0,59 0,92 0,86 13,09 0,41 0,53 
osc)cl>R11HeHT 3&MeIUeHHJI, 

0,81 J<IbK KOKca/K]J)K A06aBl<H 0,90 0,97 0,98 0,82 
CoC18B KODO~HKOBOro 
~%:. 

Cpl .. ,• . . . . . . . . . 15,5 18,1 18,0 17,9 18,4 18,4 18,4 
... co . ~ .......... 25,9 26,6 27,4 27,5 28,0 26,0 25,9 
... H 'I 1,0 3,5 2,8 2,7 2,7 3,9 4,3 . 2 . . . . . . . . . . . .. 

CO/C02 . ••• • • • • • • 1,67 1,47 1,52 1,54 1,52 1,42 1,41 
Bo3JttO>KRQe yBen1111eHHe 

:~~OPJfTeJILHOCTH, % . . 12,8 12,0 13,5 9,3 13,1 14,l 

:B pa6oTe, B1>1nonHeHHoii $HpMoH EHcpa (AHrnHH), aHanHrntiecKHM 

oyre~ . qnpeneneHa JC}><}>eKTHBHOCTh IIpHMeHeHHH pa3TIHtfHhIX no6aBOK K 

~-~ B . Kat1ecme yCJioB1u1 pac11eTa 6h1no npHHHTo, qro npH BrzyBamrH 

to~a COXpaHHIOTC.H Ha HCXOAffOM ypoBHe reopeTHqecKaH TeMrrepacypa 
ro~ H HHTCHCHBHOCTb rmaBKH no BhIXO,ay ropHOBl>IX ra30B. PactieT 
B.WIIOJIUeH IJlI.H CJiytiaH IlOBbillleHHH TeMnepaTypbl nyTb.H Ha I 00 °c H o6o

:r~eHllB ero .no 25 % 0 2 (Ta6n. 2) . 
. . · KaK B nepBOM, TaK H BO BTOJ>OM cnyqaHX MaKcHMaJr&Hoe cHH>KeHHe 
pac"o~ KOKca onpeiI.enJie1 npHMeHeHHe a.Hrpan~11Ta, ,opnycrnMb1H pacxoA 

'JCOto"po~b OK3.33JICJI B 2-4 pa3a Bhllll~ a nonyqaeMCUI 3KOHOMHH KOKCa 

& 1~2-I,7 ' 1 pa3a 6on1>ll.Ie, qeM npH B1lYBaHHH KOKCOBOro ra3a, MCT8Ha HJIH 

.M83yra. B o6oHX CJiytia.HX npHMeHemno aHTpaUHTa cooTBeTcTByeT no11TH 
M8KCHM8J11>HOe IlOBbIIIIeHHe npOH3BOJ],HTenhHOCTH netra ( 13,5 % ) ' ynYtI-

. I 

·melDle. ~cnonh30BaIIHH BOCCTaHQBHTenbHOH 3Hepnm ropHOBl>IX ra30B [ 17] . 
B p~6ote <l>Pam.tYJCKHX Hccnenosarene:H, BhIIlOITHeHHoii wu1 Metannyp

_ ~J1111ecJCO~O 3aBona B r. lllacce, B Ka11ecrne yCJioBHH pacqera npHIIHTbI 

·HeH3MeRHbIMH TCIUIOCO~epiKaHHe ropHOBbIX ra30B, BblXOA ropHOBhIX ra

:.30B, B' e,llKBHny BpeMeIDI, creneHb HC110Ilh30BalUUI O.KHCH yrnepona H 

~·•o~opoJXa, TeMnepaTypa KOnOllllDIKOBblX ra30B H IlOTepH Tenna c BO,[\OH 

- B !JKpy>KaIOlllee npocTpaHCTBO [17]. 113 llaHHhIX, npHBeACHHl>IX B 
~:rafin. 3 BHlnfO, qyo MaKCHMaJibHoe KorurqecrBo reIDta Ha e,rnumuy MaccLI 
j-.,.a 
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Ta 6 n Hu a 3. 34K1>eKTHBHOCTh BAYBBHIUI B rope A<>MeHHOA ne'IH Hecl>TH 
H pa3JIH1lm1x coproa yr neA 

Tonn.HBO T en110, m.1.ne-OnTHMani,uoe 3KOHOMHR Ko3cl>QJHUHeHT 

nJreMoe B KOJUl'leCTBO KO.Kea, Kr 3BMeHhI, Kr KOK-

ropHe, A06&BKH, Kr ca Ha 1 Kr Ton-
K~/Kr mtsa 
TOID1HB8 

KoKc ....•.....•.. 8359 
Hect>n . . . . . . . . . . . · 6034 46 66,7 1,45 
AHTp8l.lllT • . • • • • • • • . 7508 110 116 1,05 
>KHpHbdt yronb . • • • . . . 6788 85 90 1,06 
f a.JOBhIA yron:b . . . . . . . 6541 81 79 1,06 
l1naMem1hIA yronL . . . . . 5313 73 73 1,0 
40 % Heqrm + 60 % I"a30BO-

ro yrnJI. . . . ........ 6021 73 73 1,18 

HnH o6'beMa A06aBKH BbinenJieT aHTpaUHT, 3aTeM cne~T yrnH c IlOBbl
lllelillbIM co,nep>KaHHeM neT}"IHX H Hecl>TL. 3KOHOMHqecKHH 3$<l>eKT OT 
BA}'BaHHH 31llX BH)lPB TOIDIHBa nponopnu:oHaneH HX TennoTe cropaHHH. 
A.liaJIOf'HlffihlC BLIBO.ln>I nonyqeHbl B pa6cne, BhIDOJIHeHHOH aHrJDIHCKHMH 

HccneAOBaTenHMH wu1 ycnoBllH JaBOAa B r. CTeHTOHe [20] . 
Ilonyt1eHHbIC aHailHTHlleCKHM nyTeM Bl>IBO,nbl 0 TeXHonorHtieCKHX npe

HM~eCTBax npHMeHeHHB n1>meyron1>Horo TOWIHBa nonmep>K.naIOTCH 

OilhITilbIMH IUHlBKaMH. TaK, B pHne pa6oT npHBeneH 3H81IH3 OTHOCHTen1>
HOH 34>cpeKTHBHOCTH npHMeHeHHJI M83yra H npHpoAHoro ra3a [ 15-17, 
21] . 113 naHHbIX Ta6n. 4 cnenyeT, qro cywecTBeHH1»1x npeHM}'meCTB TO 

HJlH HHOe TOI111HBO He HMeer, 1fr0 06nHCHHetCJI He3Ha1D1ten1>HbIM pa3JIH

tIHeM HX 4>H3HKO-XHMHQecKHx csoifcm. 

B Ta6n. 5 npHBeJ];eHbI pe3yn1>taTbl npHMeHeHlUI npHpO.nHOTO H KOKCO• 

BOfO ra30B, M33yTa H llbtneyronhHOro TOIDIHBa Ha pa3JIHtlHLIX MeTannyp
rHllCCKHX 3aBOA3X. 11CXO)l;Hl>IH OTHOCHTenhHbIH pacxon KOKCa B npHBe

neHHbIX HCC1Ie)lOB3HHJIX COCTaBHII 571-620 Kr/T 'l)'I'YJla. fnaBHbie >Ke 

<t> aKTO p1>1, onpe)J.enHIOl.llHe 3c}>c}>eKTHBHO CTI> npHMeHemm /J.O nonHHteJibHblX 

BH.U.OB TOilJlHBa, - TeMnepatypa, BJla)KHOCTb JJYThB, a T8KlKe conep)l(aJDJe 
B HCM KHCJlOpona - cymecTBeHHO l!e H3MeHHJIHCI>. 3TO CBHAeTen1>cTByeT 

0 IOM, tfrO nonyqeHHblH 3KOHOI\ttJflleCKHH 3<}>$eKT onpe.nenBeTCJI npe)l(JJ.e 

BCero BH,UOM .nononHHTC1IbHOrO TOflJIHBa. IlpHMeHeHHe KOKCOBoro, npH

pOAHOfO ra30B H Ma.3yTa Il03BOIIHno npH OTCYTCTBHH cym:ecTBeHHOH KOM
neHCau)'IH CHIDKCHHB HarpeBa ropHa COKpaTHTb I pacXOA KOKca Ha 6,3-
12,0 % npH yBeJIH'leHHH npoH3BO,D.HTeIIbHOCTH netJH Ha 0,2-2,2 %. TipH

MeHeHHe Ilbuteyron&Horo ronnHBa e AaHHl>IX yCJloBHHX no3BOJlHJlo CHH-

3HTh pacxon 1<0Kca Ha 23,2 % npH pacxone TOll.TlHBa 132 Kr/T tzyr}'Ha. 
Tat<HM o6pa30M, B coorBercraHH c TeopemqecKH~ BhIBOAaMH paccMor-
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IlOK838TeJIH 8JzyB8RHe M83Y'f8 Bll;)'B&HHe npHJ>O.tXHoro raaa 

MMK HTMK MMK 

HcxoAHhlA: pacxon koKca, 1<r/T llyryHa •••••• . . . 596-607 620-598 595-607 
Pacxo.n: TO IIJIHBa. • • • • • • • • • • • • • •. • • • • • • • • 22 20-30 50,0 
CHH>KeHHe pacxo.na Koxca, KF/T qyryHa. • • • • . • • • 39 31-53 56 
To )Ke,% K ecxonuoMY .•••.•••.•••••••• · 6,S · 6,3-7,4 9,6 
H3MeHeHHe npoH3BO.D.HTem .. HoCTH netm, % . . . . . . . -18 

' 
+ (0,2-1,2) +0,6 

lbMeHelDle TeMIIepaTypLI izyn,a, rpan .......... (-23)- (+23) +(50-91) +4 
H3MeHeHHe co.nep:>KaHHJI KHCJJopona B .ny'll>e, % . . . • 0 0 0 
Ko3<l><&lHUHeHT 3aMeHld TOIDIHBa, Kr KOKca/Kr TOIDIHBa 1,8 1,40-1,56 1,03-1,16 

T a 6 n H u a S. 3«1>4»eKTHBHOCT& npHMeeeHHH .nononeHTe.JlhHOro TODJIHBl npH He3aa1111reru,ai.1x H3MeHeHHRX 
TeMneparypHO·.QYTheBOro peaatMa 

IlOK838TeJIH 

KOKCOBbtH ra3 

PacxoA J].ononHHTeJihHoro TOIDIHBa*. . . . . • • • • • • 40,9 
Hcxo,tJJihrlt pacxon KoKca, Kr/T 11yry11a • • . • • . • • • 607 
CIDllKeHHe pacxoAa KOKca, Kr/T qyryHa. • . • • . . • • 42 
To )l(e, % K HCXO.IJ.HOMY • • • • • • • • • • • • • • • • • • 6,9 
Ko3«ixltHllHeHT 3aMeHLI, Kr/M3 

• • • • • • • • • • • • • • 1,03 
H3MeHeHHe npoH3BOJ.niTeJO,Hocm ne'IH, % . . . . . . . +0,5 
H3Meeemrn TeMnepazyphl AY'l1lB, 0c. . . . . . . . . . . - ~O 
H3MeHeHHe Bna)l(Hocm A}'ThJI, r/M3 

• • • • • • • • • • • +6,5 
H3MeHeHHe CO,l{ep)l(aJDUI 02 B nyne, % . . . • . . . . . +0,8 

.U.ono11HHTen&HOeTODnHBO 

npHpo.tUlhdi ra3 M&3yT 

80-85 20-30 
572 598-620 
65-70 31-53 
11,2- 12,0 6,3-7,4 
0,86 1,40-1,56 
0+2,2 0,2- 1,2 
+6 50- 91 
( - 9,5) - (+2,2) HeT CB. 

0 0 

* IlpHpO,rnihlR H KOKCOBLIA f'a3Ll npHBCJ].eW,J B M 3 /T qyryHa, Ma3yT H llhDieyronLHOe TOMHBO - Kr/T qyrYffa. 

HTMK 

607 
62,7 
56 
9,2-9,75 
+ (0,5-0,7) 
+(90-105) 
+0,1 
0,9-1,09 

ni,meyronbHoe 
TODnHBO 

132 
571 
132 
23,2 
1,0 
HeT ce. 
0 
0 
0 



peH111>1e OIIbITHbie IUHlBKH IlOATBCp,[(HJIH, 'ITO npH OTCYTCTBHH KOMileHCH

PYlOI.IUIX H3MeHeHHH TeMnepaTypHO-nyThesoro pe>KHMa cmntce1me pacxona 
KOKCa 3a CllCT BA}'BaHHH yrn.H OKa33JIOCh B,O:SOe 6onblilllM, qeM 3a ClJeT 

BnyBamfH npyrHX BHJJPB TOII.JIHBa. 

BbIBOA o cyw:ecTBeHHhIX JKOHOMHt1ec101x npeHMYIUeCTBax en}'BaHH.H 
n1>meyronbHoro rorumBa no cpasHemno c BnyBaHHeM Ma3yTa HJIH npH
poAHoro ra3a non}'lleH nocne nposeneHHH ,lll1HTen1>HbIX npoMb1nmeHHb1x 

nnaBOK Ha MetannyprH11CCKOM 3aBo,ne B AnmeHAe (CIIIA) [ 10, 11, 
23, 24]. ABTop1>1 ymep>KAaJIH, llTo B&rrona OT BA}'Bamu1 yron1>HOH 

Ill>IJIH B 5-9 pa3 BbIIIIe, tieM OT BA}'B8HHH M33}'T8 HJ1H npHpo,n11oro ra3a. 
0THOCHteJibHaJI ]1.0n11 3aMeHbl KOKCa yronLHOH IThlJll>IO B 2-3 pa3a npe
BbllllaeT aHaJ10rH11HYIO BCIIHllHHY IIpH 3aMCHe KOKCa npHpoJJ,HhIM ra30M 

HJIH M83Y1'0M. CnepyeT OTMeTHTb, 'JTO COOTHOWeHHe ueH AJUI ycnOBHH 
MeTannyprH11ecKoro 3aBOAa B AllDieHne, HBnmomeroc.R ueHTpoM yrne

no61>mammeii DpOMbillDieHHOCTH, 6naronpHHTCTBYCT I1pHMeHeHlUO llhine-
yron~HOfO TOIDIHBa. . 

B ycnoBIDIX Y KpaHH&I 6on1>woM: HHTepec npeAcTas1111eT aH3JlH3 3<f><l>eK
THBHOCTH npHMeHeHHJI npHpo,IlHoro ra3a B COtieTaHHH c Ma3YTOM H1IH 
IlbIJieyronbHblM TOIUIHBOM • PactieT BblilOnHeH HCXO)l.H H3 ·YCJIOBHJI cox
pa.HeHIDI Ha HCXOWfOM ypOBHe TeopeTHtieCKOH TeMnepazyp:bI ropeHIDI. 
IlpH coxpaHeHHH Ha HCXOAffOM ypoBHe napaMeTpOB )lyThJI MaKCHManhH}'lO 

3<l><l>eKTHBHOCTI> 06ecne11HBaeT 3aMeHa npHpOAHoro ra3a m,meyron1>H1>1M 

TOIDIHBOM. BA)'BaHHe Ha 1 T qyryH8 100 Kr mmeyrOJil>HOro TOIDIHBa 

MO)KeT o6ecne'IHTb nononHHTeJI1>Hoe cmnKeHHe pacxona KOKca Ha 60 Kr/T · 
qyrYJla npH coKpaiueHHH pacxo,a;a npHpo}lHoro ra3a Ha 50 M3 /T qyr}'Ha. 
3aMeHa npHpo1l:Horo ra3a Ma3}'TOM B aHanorH'IHhIX ycnoBIDIX conpouo>K
naeTcH AOilOilHBTCJibHl>IM CHH>KeHHeM pacxona KOKCa Ha 43 Kr/T qyryHa 
M pacxona npHpoJl.Horo ra3a Ha 80 M3 /T qyr}'Ha. 

B 1970 r. BbI~OnHeHa pa6oTa no oueHKe 34>cl>eKTHBHocTH npHMeHeHHx 
npHponeoro raJa B co11eTamm c llhmeyron1»111>1M TOIDIHBOM AJIJ1 ycnoBHH 
lloHeuKoro MeTannyprH11ecKoro 3aBOAa. Ilo yCJIOBIDIM pacqeya npHHJDIH, 
qro npH B.nyeaHHH 1I1>meyron1>Horo TOIDIHBa B03MO>KHOCTH KOMneHCanHH 

ero OXJlIDK,naIOIUero BJIIDIHHH 33 ClleT H3MeHeHIDI TeMIIepatypHO-A}'TheBO

ro pe>KHMa oTcyrcrByior, ewunma yrnepo,na KOKca 3aMeID1eTc11 eAHHH11eii 
yrnepona IlhDIH, npHXon Bo,a.opona Ha eAHHHuy WHXThI coxpaID1eTcJ1 noc
romm1>IM. 

HH)l(e npHBe,neH XHMH'lecKHii cocraB yrneii, npHMeID1eM1>IX JJ)IJI BJzyBa
HHJI B ropH .UOMellllOH nellH, %: 

c 
MapKa yrnJI: 

16 

JlJ'iHHHOIDla-

MeJIHLll • • . • 62,1 
TOIUHI . • . . • 72.3 
aHTp&llHT. • • • 76,8 

4,50 
3,37 
1,64 

s 

2,37 
1,84 
1,23 

9,SS 
1,12 
1,23 

1,31 
1,20 
0,65 

3o.na 

17,3 
18,3 
16,3 

Bnara 

1,0 
1,0 
1,0 



KaK BHJUIO H3 pHc. 1, ·:.1aMeHa qacTH npHporomro ra3a IlhIJieyronhHhIM 
TOlUIHBOM JKOHOMH'leCKH BblrO,nHa: npH B,llyBattHP Ha 1 T qyryHa I 00 Kf 

DbIJieyronbHOro TOIUlHBa pacxon KOKca CHH)l(aeTC.H Ha 90-130 Kr, a CTOH

MOCTh TOIDIHBa - Ha 0,9-3,0 py6. 
Ha MeTannyprHqe£KHX 3aBon.ax lloHeuKa H 3anopo)l(h.R, a T3K)Ke Ha 

3aBone fyTa <I>nopHaH B Ilonbl11e npoBe,neHh1 npoMbIIWieHHbie nnaBKH, 

nonHOCTLIO IlO)l;TBep,nHBWHe BhICOKYIO JKOHOMlf'ICCK}'IO lcpcpeKTHBHOCTb 

npHMeHeHHH npHporo-mro ra3a B COtieTaHHH c IThlJleyronhHbIM TOIUJHBOM. 

IlpH BA)'BaHHH B ropH 20-80 KT yron1>HOH IlbIIlH Ha 1 T tryr}'Ha pacxon 
KOK Ca CHH3HJICH Ha 3,5-15 ,0 % , npHpOAHOro ra:Ja Ha 5 ,5- 18 M

3 
H 

CTOMMOCTL TOI1J"IBB3 Ha 1-3 py6. Ko3cp4>mmeHT JaMeHbI KOKca Ilhme

yronbHhlM TOIUIHBOM, KaK npaBHno, 61>1n paBeH IUIH npeBbllllaJl 1, npOH3-

BO,IUITenLHOCTh ne'IH R Ka11eCTBO qyryHa cymecTBeHHO He H3MeHHJIHCb. 

Cl>aKTHqecKaH 3cpcpeKTHBHOCTb npHMeHeHIDI KOM6HHHpOBaHH0fO JzyTL.R 

yeeIIHtIHJiach BABOe no cpaBHeIDiro c npHMeHeHHeM OJJ,HOrO npHpOWIOrO 

ra3a [26-29]. 
"PacCMOTpHM BOnpoc 06 3KOHOMH'leCKHX H Texttonorffl.leCI<HX npeHM)'

mecTBax BAYBaHHJI B ropH .a;oMeHHoii ne11H pa3IDl11HhIX copToB KaMeHHo

ro yrna. 
Ilo ,D;aHHbIM pa60Tbl [24] , MaKCHMaJibHOe CHH)l(CHHe pacxona KOKCa 

Ha6nIO)l3.TIOCb npH IlpHMeHeHHH yrne:H c MaKCHMaJihHbIM COAep)l(aHHeM 

yrnepo.na. B traCTHOCTH, BA}'BaHHe aHTpa1una 06ecne11Hsano Ha 30 % 
6onhllle JKOHOMHIO KOKCa no cpaBHemno c BnyBaHHeM raJOBbIX yrneH. 

~.c 

30 

PocxoiJ npupoi!Hoeo cO.J0
1 

110 
H3/m 'l!Je!JtlO zo 
Pocxod KOKCO, 500 
Ke/m ll!JZYHO 400 

CgH11opHoR cmou11ocmb l5 
mun.nu Bo, 23 

pytf/m 'tyZ!JHO ZT 

0 80 150 80 160 80 150 
Pocxoo nh!neyzoflbHO?o monnu8o, 

KZjm 'l~l!JHO 

he. 1. 3asHCllMOC'l'll TeXHHK0·3KOHOMll'leCKHX noKa3arcneii WiaBKH OT pacxo~ 
AmlHH011J1aMeaaoro (.ll);. Towero (T) yrneii H &11Tpaun1a (A) npH CHH»reHHH rd,%: 
I - O; II - 2; /// - 5 Ha Ka:>K):Ude 100 Kr IlbineyroIIDHJro TOIUIHBa, BAYB&eMoro 
Ra 1 T ll}'ryHa 

17 



Ilo A3HHbIM pact1eTa airrnHifcKHX HCCJJeJJ.OBaTeneii, B1>1nonHeHHoro 11;u1 

ycnoBHH MeTannyprH1.1ecKoro 3aBona B CTeHTOHe, 3aMeHa TOWHX yrneH 

c co.nep>KaHHeM 6,2-6,9 % neT}'tlHX yrIDIMH c conep:>KaHHeM neTy'IHx 

27 ,2-33,3 % conpOBO)l(AaJlaCb COKpameHHeM 3aMeHbl KOKCa yrneM OT 

87,5- 86,5 11.0 69)5-77,0 Kr/T qyry11a npH npaKTHlJeCKH IlOCTOHHHOH 

npoH3BO,u;HTenbHOCTH ne11eii (20]. B1>1Bon 06 3KOHOMHqecKoM npeHM}'

~ecrBe B)l)'BaHlUI yrneii c MHHHMaJlhHhIM conep)l(aHHeM n~Tytrn:X IlO)lT

Bep)K)l;aeTC.H H .a:pyrHMH HccnenosaTeJIHMH (31] . 
IlpH pa6oTe noMeHH1>1x neqeu c BAYBaHHeM npHpo}lHoro raJa H IIbUie

yronhHoro TOIDIHBa npenno11THTenbHOCTh IlbmeyronbHOfO TOMHBa c MH

HHMaJlbHbIM co,uep>Ka.HHeM neTytrn:X CTaHOBHTCH O'leBH,IlHOH. llnH 3KOHO

MHlleCKOH oueHKH MO>KHO npHHHTh, llTO BO)J.Opon neTytrn:X yrns IIO TCIDlO

BbIM 3aTpaTaM 3I<BHB3J1eHTeH Bonopony npHpO)J.HOro ra3a, TaK :>Ke, KaK H 

yrnepon KoKca JKBHBaneHreH yrnepo,uy yron1>HOH IThIIDI. ,llrurnoe rrpe.n

nono>KeHHe cnenatto Ha ocHosaium aHaJIHJa OIIbITa np11MeHeHH.H ITh1ne

yronbHoro TOITJIHBa B CCCP H 33 py6e)KOM (20; 33, 42] . 
,Il;,JHTeilhHl>IH OIIhIT npHMeHemu1 npHpo)l,Horo ra3a )J)UI BbIIDlaBKH qy

r}'Ha IlOKa3aJI HaJ11ftm:e 3KCTpeMaJibHOH 3aBHCHMOCTH Me)l(.ll;y pacxonoM 

npHpoAHoro ra3a H KOKCa [33, 34]. B CB.H3H c "3THM B BbIIlOilHeHHOM 

3BTOpaMH pacqeye npHIDITO yCJIOBHe coxpaHeHHH Ha HCXOAHOM ypoBHe 

npHXoAa BOAopona Ha emnrnuy llIHXTbI. TaKHM o6pa3oM, no yCJJoBHHM 

pacqeya MeHblllruI 11aCTb IIhmeyronhHOro TonnHBa (nezyt111e) pacxo,uyetcH 

B ropHe Ha 3aMemeHHe Bo,nopona npHpoJJ.Horo ra3a, a 6on1>IIIIDI 11acn 

(ueneTyqliH yrnepo,a.) - Ha 3aMemeHHe yrnepoAa KOKca. 

IlpH cnO)f(HBll.IeMCH COOTHOllleHHH ueH Ha npHpOro-D>IH ra3, KaMeHHblH 

yron1> H KOKC, a TaK)l(e pa6oTe .noMeHHOH netIH c npHMeHeHHeM npH

po,rn1oro raJa MaKCHMaJil>HOe CHIDKeHHe pacxona KOKCa H ce6eCTOHMOCTH 

11yr}'Ha MO)l(eT 6bITb nonytieHO npH BnyBaHHH yrneH c MHHHM3nbHbIM co

Aep)l(aHHeM netytlHX H MaKCHMaJlbHbIM COAep:>KaHHeM Henezyt1ero yrnepo
l(a (cM. pHc. I). 

Bonpoc 06 011THM3.J11>HoM conep)l(a.HIDI 3on1>1 B yrn.HX, BnysaeMhIX B 

ropH, HBnReTc11 nHCKyccHOHHbIM, HecMoTpH Ha ycnelllHhIH Oill>IT BAYBaHH.H 

B ropH yrneii c co.nep)l(aHHeM 3on1>1 OT 3,5 JJ.O 40 % (35, 36]. PactJeTHDie 

H npaKTHtiecKHe J].aHHhre pa6oTbI ne11eif no,urBep)l(A'!JOT TeXHonornqecKyro 

uenecoo6pa3HOCTb npHMeHeHHH yrneH c MHHRMaJlbHbIM co,a;ep:>KaHHCM 

30Ilhl If MaKCHMaJlbHbIM co,a;ep)l(3HHeM yrnepona. 3KOHOMH'llecKaH 3<l>clJeK

THBHOCTb npHMeHeHHH HH3K030Ill>Hl>IX yrneii B 3HatrnTeJibHOH Mepe onpe
ner1HeTC.H HX CTOHMOCTblO [11 , 37-42]. 

B CHJiy MMHHMaJlhHOro BJIHHHHH IThIJieyron&HOro TOIUlHBa Ha CHH)l(eHHe 

Harpesa ropHa H H3MeHeHHe~ B1>1xona ropHOBhIX ra3oB npHMeHeHHe naHHO

ro BH,ua TOIDIHBa HBnHeTCH npeAJIOllTHTen1>HblM H ,II.a)l(e eJJ,HHCTBeHHO ue

necoo6pa3HhlM B HeKOTOphIX KOHKpeTHhIX ycnoBIUIX )l;OMCHHOH IUiaBKH. 

TaK, llhineyron1>Hoe TOfDlHBO Mo>KeT 06ecne1D1Th 3HallHTen1>Hoe CHH)KeHHe 
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paCXOA3 KOKCa npH BhIIUiaBKe cneUHanhHblX BH]J.OB qyrytta, Tpe6yIOIUHX 

BbICOKHX HarpeBa ropHa H OTHOCHTenbHOfO pacxo.ua KOKca. 

11MeCTCH ycnell.lliblH OllhlT npaKTHlleCKOro npHMeHeHHH IlbUieyronbHO

ro TOIDIHBa AJlH BbIIIJiaBKH c}leppoMapraHna Ha HoBo-TynLcKOM 3asone, 
<PeppOCHJlHIUUI - Ha MeTannypnl'IeCKOM KOM6HHare HM. ,U3ep)l(HHCKOro, 

IDITeiiHoro qyry11a - Ha MeTannyprHlleCKHX 3aBo.n;ax B CTeHTOHe (AHr
nHs) H YHproHe (CIIIA). B TO )Ke BpeMH npHMeHeHHe, HanpHMep, npH

poTJ,Horo ra3a B Tex )Ke yCJioBHHX HeueJieco~6p3.3HO HJIH MaJIOJcp<t>eKTHB

HO, tITO IlOATBep)KJlaeTCH KaK TeopeTWICCKHMH, TaK H npaKTHtieCKHMH 

,naHHhIMH pa60Tb1 neqeif [17, 34, 43, 44, 57]. 
IlpH pa6oTe JJ.OMeHHOH netn1 Ha tiaCTHllHO MeTaJinH3HpOBaHHOH llIHXTe 

OTMetiaeTCH 3HatnnenhHOe COKpameHHe Il0Tpe6HOCTH B ra3e-BOCCTaHOBH

rene. BAYBaHHe npHpo,a.Horo raJa B JlaHHbIX ycnoBHHX CTaHOBHTCH ttene
necoo6pa3H.bIM, a npHMeHeHHe Ilhmeyron1>Horo TOIDIHBa HBnHeTCH e)];HH

cTBeHHO B03MO)l(HhlM H J<t>cpeKTIIBHhIM, IlOCKOill>KY He· Bbl3bIBaeT cymecT

BeHHoro H3MeHemu1 BbIXona BOCCTaHOBUTeJihHblX ra30B H TeMnepazypHO

ro pe)KHM8 ropHa. y CJIOBHJI HCilOTib30BaHIDI BOCCTaHOBHTenhHO.li JHeprIDI 

ropHoBoro raJa rrpH JTOM ynylll.JJaroTCH 6naronap.H CHIDKeHIDO pacxoAa 
KOKCa H, cne,uoBaTeilbHO, yBenRlleHHIO BpeMeHH I<OHTaKTa ra3a-BOCCTaIIO

BHTeJIH c >1<ene3opyro1oif 11acrb10 llIHXTbI. 

1.3. OmlT npHMeHeHIDI llbIJleyronLHoro TOID1HB8 11.JUI BLIIDl3BKH qyryua 

Pa3pa6orKa u coeepweHcreoeaHue 06opydoea11.u11, 
O/lJl npu2oroe.neHWl u eoyeaHUJl nbuzeyzOJlbH020 TOMUBQ 

e ooMeHHble ne11u 

OAHa H3 npH'IBH M~AJieHHoro rrpOMhIIIDieHHoro BHenpeHHH TeXHononm 
AOMeHHOH IUUlBKH c npHMeHeHHeM Ilhmeyron1>Horo TOIUIHBa 33KJIIOqaeTC.R 

B OTC}'TCTBHH Hane)Kfforo, aBTOMaTH3HpOBaHHoro M YAOBneTBOp.Rromero 
Tpe6oBfilllUIM TeXHonorHH o6opynosaHHH )l)IH npHroToBneHHH H BnyBaHHH 

.. TOIIJIHBa. 0roIHM H3 HenocTaTKOB ero HBJHieTCH BbICOKIDI CTOHMOCTb, B 

7-10 p33 npes1>1I.Ua10wa.H CTOHMOCTh o6opy}J.OBaHHH ]llUI B,n;}'BaIDUI 
M83yra. 

Cl>HpMa ~' ApMKO Cnm" (CIIIA) OUCIIllBaeT CTOHMOCTb o6opynoBaHHJI 
1J)IJI HCil0Ilh30BaJIHH IlhmeyronLHOfO TOIDUIBa ]l)lH O}J.HOH netIH B 10 MJIH. 

nonn. [45]. 1'13 HHX Ha y3en npHfOTOBileHHH TOllJlMBa npHXO,nHTCH 60-
70 %. 

B nocnerome ro.lll>I 6onb111oe pacnpocTpaJieIDle nonytrnna cHcTeMa o6o

PYAOB3.HH.H )J)IH np1rroroBneHHH M B)l.)'BaIDIH Ilbmeyron1>Horo Tormmia 

f}>HpMb1 "ApMKO Cnm" . Pa3pa6orKa H cosepllleHCTBOBaHHe AaHHoro 

o6opyAOB3HIDI Hatiat1>1 B 1963 r. [10, 11, 23, 24, 31] (pHc. 2). Cb1po8 
}'rOilb IlOCTynaeT B wapoByro 6apa6aHHyro MCilbHHUY 3, HJ KOTOpOH 

r<lTOBOe TOID1HBO BhIHOCHTCH rop.Hq}{M B03AYXOM B 6YlfKep 3arraca 5. 
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Pac. 2. YcTaHOBKa AJIR BJzyBaHHJI' mmeyronLHOro TOIUIHBa B ,QOMCHHylO ne'lh KOHeT
PYKQllH cl>HpM1>1 "lia6KoKc :JlfA B1111bKOKc": 
1 - 6yHKep 3anaca wu1 pxnosoro yrJ1J1; 2 - noAorpe:saTen1>; 3 - MenhlDIIta; 4 -
um<noH-cenapaTop; 5 - pyKaBHhIA <l>HnhTp; 6 - 6yHKep 3anaca JlJUI yronLHolt llbDIH; 
7 - A03HpoBOllH.bIA 6yn1<ep; 8 - IlOABO]l C>KaTOro HHeprnoro ra3a; 9 - IlOABOA 
c>KaToro Bo3izyxa; 1 O - pacnpenemrre1Ih yrnx; a - Tpy6onpoBozu,1 WUI TpaHcnopm
poBKH yrIDI; b - Tpy6onpOBO)lbJ WUI TpaHcnopTHpoBKH ropJit1ero nepBH11Horo B03-
n,yxa 11JIJI noncyuuma.HIDI yroJlbHolt flbtnH; c - Tpy6onpoBOJ].bl AJUI . IIOJla'IH C)IQ!TOl"O 

HHCpTHoro 1'3.3a; d - Tpy6onpoBOAJ.>I J:uVI pa3pL1xneHID1 yroJll>HoA l1hlll¥ B 6yHKepax 
HHepTHLIM raJoM; e - ypaBIDITe:thHLie Tpy6onpoeonn1 O:uu1 BhipaBHHBamUI naBne-

. mu1); f - Tpy6onpoeon.LI nrrx nOAallH B03Jlyxa-HoCHTen.H 

0r]J.eneHHe IlhIIleyronbHOro TOIIJIHBa OT B03AYX3 npoHCXOnffT B UHKnOHe· 
4 u <j>HJI1>Tpax 5. 113 6yttKepa 3anaca TOIIJlliBo noccynaeT B OAffH H3 IIH
TaIOIUHX pe3epByapoB 7. B pa6oTe yqacTBYfOT 2 pe3epByapa: no OAHOMY 
Ha HanonHeHHH H Bbl,DyBKe, T_peTHH - pe3epBHl>IH. 

B1>1Aa11a II1>IJieyron1>Horo TOIDIHBa B netlh npono.n;HTCH HHepm1>1M ra30~ 
no o6~eMy llbIJienposony, KOTOpbIH B AaJihHCHllleM c IlOMOl.I.U>IO cne
UHanbHOro ycTpOHCTBa 10 nenHTCR no tmcny B03]1;ywHblX cpypM. Ilpo
MbIIWieHHaJI ycTaHOBKa no yKa3aHHOH cxeMe ycnellIHo pa6oTaeT Ha AByx 
AOMeHHl>IX nettax MeTannypr:u11ecKoro JaBona B AumeHne (CIIIA) . 

YKa.JaIIHWI cHcTeMa, J1Bn.snowaJ1cH OAHOH H3 coBepmeIDlb1x, HallDia 
npoMbIIWieIDioe · npHMeHeHHe B pHne 1<:anHTamf CTH11ecKHX ClpaH [I 0, 
40, 41, 45-47]. 

Y3en IlpHrOTOBnemu1 TOIDIHBa paccMaTpHBaeMOH CHCTeMbI BblilOJIHeH 
B COOTBeTCTBHH c MHoronerneH npaKTHKOH JHepremqecKOH npOMbllWieH .. 
HOCTH: 11.0 HaCTOHmero BpeMeHH mapon1>1e 6apa6aHHl>Ie MenbHHUhl OCTaJOT· 
CH HaAe)l(HbIMH H aBTOMaTH3HpoBaHHblMH arperaraMH, o6ecnetmBaioIUHMH 
npHrOTOBneHHe n&meyronhHOro TOIIJIHBa H3 yrneif nro61>1x MapoK. 

BonpocbI B3p1>1Bono)Kapo6eJonacHocTH pemwu1cb Ha npoTJDKemm 15 
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neT, H B HaCTOJimee epeMH no JJ;aHHOMY IlOKa3aTeJIIO nocrnrnyTa AOCTa
TO'IHruI H3J];e)K}IOCTb npH paooTe Ha yrnHX c BblCOKHM conep>KaIDleM rre
TytlHX [39]. PemeHHe Bonpoca, norrY11eHHoe nocne Tpex peKOHcTp}'KIUIH 
OCHOBHOro o6opynoBaHHH H pa3pa60TKH pHJla opHrHHaJlbHbIX TeXHlfllec
KHX pemeHHH, 6Lmo 06ecrre11eHo npe:>Kne Bcero 3a CtieT rrpHMeHeHlUI HeiiT
pan1>Horo ra3a-HocHTenH ,rcu1 HanoJIHeHlUI 6yHKepa 3anaca H rmeBMOTpa.H
cnopTa IlbmeyrorrbHoro TOIDIHBa B noMeHHyro ne'll>. 

B xone 3TOH pa60Tbl B OOOTBeTCTBHH c HOBl>IMH HOpMaMH H 3aKOHa
MH 3all'(HThl OKp)')KaIOI.UeH cpeAJ>I ycneumo pemeHbl TaIC)l(C BOilpOChl 3KO
JIOrHH. He oTpHUaH HaAe)l(l-IOCTH npenno)l(eHm1x pellleIDIH, Heo6xonHMO 
OTMeTHTb HX BhICOKYIO KailHTaJIOeMKOCTb: pemeirne BOilpOCOB B3pbIBO
no:>Kapo6e3onaCHOCTH onpenenHno IlOBbIIIIeHHe CTOHMOCTH OCHOBHOro o6o
PYAOB3HHJI Ha 20-30 %. 

IlpHHUHIIHaJihHOH oco6eHHOCThlO pacnpeneJIH1enbHO-J];03HpoBolJHoro OT
lleJICHIDI (P,llO) CHCTeM1>1 cpHpMbI '' ApMKO CTIDI'' RBJIHeTc.fl BbIAa'la ron
nHBa o6ll{HM 3.3paUHOHHbIM IDITaTeneM B IIbinenpoBOA, KOTOpblH c no
MOIUblO nenHTenH IlOTOKa o6ecne'llHBaeT ero -IlOAatiy B OTp;en1>Hhie <l>YPMl>I. 
YcnoBHO TaKa11 cxeMa MO:>KeT 61>1T1> HaJBaHa "IIHTaroIUHH pe3epByap
IIHTa1en1>-,n.enHTeJih IlOTOKa-c}>ypMhl". IlpmUIHIIHaJlhHblMH HeAOCTaTKaMH 
TaKOH cxeMI>I HBJUllOTCH ee CJIO>KHOCTb, HeB03MO>KHOCTh B03]leHCTBIDI Ha 
pacxo,n TOIDIHBa no OT,[(eilbHblM <}>ypMaM H, crreAOBaTeJibHO, ynpaBJICHlUI 
ero pacXOAOM no oKp)')KHOCTH netm. IIepHOAfflleCKOe OTKJiro11eHHe B:&IAaqH 
n:&meyronbHOro TOIUIHBa npH nepeKn1011eHHH o)J)loro pe3epsyapa Ha npy
roii C03,naeT 3HalJHTCilhHhie KOJie6ami.fl pacxona TODnHBa BO BpeMeHH. 

TaKHM o6pa3oM, npH BbICOKOH aane)KHOCTH H B3p1>1Bo6e3orracHocTH 
npoMhllillieHHOH ycTaHOBKH B CIIIA B Heu HenocTaTo\Illo nonHo pemeHb1 
Bonpoc1>1, o6ecnetrnBarol.llHe ynoBnernopeHHe rpe6oBaHHii TeXHonorHH no
MeHHoii rmaBKH, 'ITO pe11Ial01IXHM o6pa30M MO:>KCT OTpa3HTbCH Ha BenHtm
He OilTHMa.Jll>HOro pacxona TOIDIHB3 H 3<f>cf>eKTHBHOCTH HOBOH TeXHononm. 

HcxoAH H3 HMeiomerocs 0111>1Ta Ha Ollh1mo .. npoMh111U1eHHOH H npo
MLlllDieHHOH ycraHOBKax lloHeUKoro MeTannyprWiecKoro JaBona Henpe
pbIBH}'IO no.a;aqy Tomnma Bo epeMeIDI, KOHTponb H nepepacnpeneneHHe 
ero BO BpeMeHH H no cPYPMaM o6ecne'IRTIM 3a CtieT HCil0Ilh30BaHIDI CXeMbl 
llHTaJOJ.IlHH pe3epeyap-a3paUHOHHhm mna1e11b - <i>ypMa. J13 IIHTammero 
pe3epsyapa, nononHHeMoro qepe3 llDII030Byro eMKOCT1>, T.e. 6e3 CHH)l(eHH.R 
JJ.aBneHHH H npeKpameHHH BAYB3HHJI IlhmeyronhHOro TOmIHBa, qepe3 HH
AllBHAyanhH1>1e Ha KIDKJJYJO cPYPMY nHTaTenH H TpacCbl TOIUIHBO nonaeTCH 

. B cl>ypMhI noMeHHOH netm [48-50]. 
OiumM H3 HaJ16onee omeTCTBeHHhlX y3noB PllO HBJIJieTCH y3en A03H

p<>BaHHH TOIUIHBa. B pH)le ycTaHOBOK 1Jllfl 1];03Hp0BaHHH TOIUIHBa npe.n
no>KeHO HcnonhJOBaTh MexaHH11ec1<He A03aTopbI. B 1968-1971 rr. Mexa
lfHllecKHe ,no3a1op1>1 HCilOTih30B3JIH Ha OIIbITHO·IlpOMhlllL'IeHHOH yCTaHOBKe 
B .IloHeUKe. B 3anopo)Kbe )l)JH Ollh1mo-npoMbII1IJ1eHHoii ycTaHOBKH MlfM 
MHH'lepMeTa CCCP npeµno)l(eH rpynnoBoii poTopHI>IH A03aTop, o6ecnetm-
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BaJOnnUt Bbl.I1.aqy llhIDeyronbHOro TOIDUIBa 0)1.HOBpeMeHHO B HeCKOflbKO 
cpypM (27' 51, 52] . 06IUHM Hen.ocTaTKOM MeXaHHtleCKHX mnaTeneu HB
n.HeTCH HX rpOM03,ll.KOCTb, HaJ1JllIHe BparuaroI.UHXCH neTaJieH B CIUibHO 33-
DLIJieHHOH cpeAe. Cna6hIMH y3naMH B mnaTerre HBflHIOTCH can&HHKH H 
3neKTpoABHrarenH nocTOHHHoro TOKa. B CBH3H c 3THM yKa.JaHH1>1e TIHTa

TeJIH He HaIIJJlll llIHpOKOro npoMbillDieHHoro npHMeHeHIDI. 

A3paI.(HOHHbIH npHHUHn A03HpoBamt:H, ycnellIHO npHMeHeHH1>1H H BHeA
peHHbIH B CCCP, CIIIA H .Hnomrn, HMeeT npeHMymecrBa nepen Mexaim-

11ecKHM npe>KJJ:e BCero 3a CtieT 6on1>llleH Ha,ne)l(HOCTH, MCHbllIHX pa3MCpOB, 

CTOHMOCTH H T.A. OcHOBHOH 3aAa11eii npe,a;cnmn.HJioc1> nanLHeillilee noBbI
weHHe 3KcIUiyarauHOHHhIX xapaKTepHcntK AaHHoro IIHTaTeIDI, npe)IQJ;e 
ecero B qacn1 HX 11.neHTHtPHKarurn H BOCilpc>H3BO,rnlMOCTH, IlOBbillieIDUI 

a6pa3HBHOH CTOHKOCTH H peMOHTocnoco6HocTH [104, 108]. Bb16op cxe
MhI PllO H Metona .a;o3HpoBaHHH nbmeyronbHoro TOilJlHBa onpenenH10T 
H MeTOA pellleIDUl B O)J):IOH H3 OCHOBHbIX 33Aa'I )];aHHOr~ o6opynoBaHHB -

06ecne11eHHe paBHOMepuoli no cl>ypMaM nona11H Ilh1neyron1>aoro tOIDIHBa. 
B cxeMe cllHpMhI "ApMKO cnm" 3TY 3anat1y pem3.IOr 3a cqey B1>1paB

HHBaHID1 rnnpaBnHqecKHX conpOTHBneHHH OTnenbHblX Tpacc nyreM KaJIH6-

pOBKH. Ilo MHeHHJO aBTOpOB HaAC)l(ff Oe pemeHHe 3ana11H TaKHM nyteM 

npenct:mJUieTc.H otieHI> CJIO)l(HDIM H3-3a H3MeHeHHH rHnpaBJIHqecKHX conpo

THBneHHii Tpacc DOA BillUIHHeM a6pa3HBH0f0 H3Hoca, H3MeHeHHJI corrpo
nraneHHH B1>ixony tomrnsa B ne'llb - AaBnemu1 B AOMeHHoii netm. H3Me

peHHe rnnpaBJIHtleCKHX conpoTHBneHHH H BBOA JJ:OilOnHHTeJlbH:blX corrpo

THBneHHH HBilHIOTCH CJIO>KHhIMH, TpynoeMKHMH H 3MIIHpHtieCKHMH one .. 
paUHHMH. IlpH HCilOilh30BaHIDI cxeMhl IIHTalOIUHH pe3epByap - aJpaI.(HOH
HblH mfT&Tenh - <l>ypMa co3na10T npenrroc:&mKH wu1 onepaTHBHoro ynpaB

neHIDI paCXO,DPM TOIUIHBa Ha Ka)l(Ayio <l>YPMY H3MeHeHHeM napaMeTpoB 

pa6on1 11HtaTena. B AaHHOM HarrpaBrreHHH H' coBepweHCTBOBaJIH npo
MbIIID1eHHYJO ycTaHOBKY Ha ,Ilolieu1<0M MeTa.rrnyprH'lecKOM 3aBo.a;e. Peme

HHe Janaq AOCTHranH 3a cqeT pa3pa60TKH H COBepIIICHCTBOBaJUUI KOHCT

PYKUHH HH,lijiBHJzyaJil>HhIX a3panHOHHblX TIHTateneii: HccnenoBaHHH xapaK

TepHCTHK HHllHBH.DYaJil>HblX IIHTaTeneii; pa3pa60TKH H BHenpeHIDI rrp1160-
poB KOHTponH paCXOA& TOIU1HBa no <}>ypMaM; pa3pa6oTKH H BHeApeHH.H 
aBTOM3TH11eCKOH CHCieMJ>I ynpaBJieH1UI paCXO}lOM TOTIJIHBa no cpypMaM. 

YK83alillyio BhIWe pa6oTy IIpC>BO}J,HJlH Ha 6a3e OCBOeHHH H BHe)l;peHHH 

KOMIDleKca aBTOMaTHtleCKHX CHCTeM: 

nepec1>1nKH TOIDIHBa B mnaiomIDi pe3epByap H noJJJJ.ep:iKaHIDI ero noc-

romrnoro ypoBHH; 
nepena.a;a naBneHHH IIHTaionulli pe3epByap - ropH noMeHHOH ne'IH; 
pacxo.a;a TpaHcnopTHoro H aJpaIJ.HOHHoro B03nyxa. 

PemeHHe Bonpocoe nonHoro ynosneTBopeHHH o6opynosaHHeM wu1 

B}l}'BaHHH llhIJieyronLHOro TOIUIHBa Tpe6oBaHHH TeXHonorHH HCB03MO>KHO 
6e3 HaJilfllll.R 06"beKTHBHOH, TOtlHOH H npocTGH MeTO,ll;HKH oueHKH cpaK

T}ftleCKOro pacxona IIhineyromHoro TOWIHBa no cpypMaM, a T3.K>Ke KOilH-
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qecrneHHou oneHKH nonHOTbI cropaHIDI IlhmeyronbHOro TOIDIHBa e ropHe 
,ll.OMeHHOH netIH. B TeXHH'leCKOH JIHTepazype OTCyTcmyeT HH<}>OpMall.HH 

0 MeTO,n:HKax H o6opynoBaHHH JJ)lH H3MepeHID1 }'K33aHHl>IX IlOKa3aTeneii, 
B CBH3H c tieM ny6JIHKYCM1>Ie 3apy6e)l(}{bie )l;aHHbie, B tfclCTHOCTH, 0 HepaB
HOMepHOCTH pacnpeneneHIDI TOIDlHBa no $ypMaM, npen;CTaBJIHIOTCJI cy6'b
eKTHBHhIMH [ 40] . B CBHJH c H3JlO)l(eHH1>IM pa3pa6oTKa cneUHaJibHbIX 

o6opyAOBaHIDI H MeTO~K JlllH BblDOnHeHIDI nepetmcnelilil>IX lKCnepH

MeHTOB npeACTaBnHeTCH aKTYaJibHOH. 

0TBeTCTBeHHhIWi JneMeHTaMH o6opynoBa.HHH HBflHIOTCJl rpaKT IlOAatIH 

H YJen Bn}'BaHHH IIbmeyrorrbHOro TOIIJIHBa B ropu noMeHHou netm. B 
npaKTHKe H3BecTHbI cnyqaH HH3KOH a6pa3HBHOH crofucocm rpaKra nona

tn-1 llb1neyrorr1>Horo rormHBa B noMeHHyio ne'lh. KaK npaBWio, nono6H1>1e 
pe3ynbraTbI onpenenHJIHCb rrpHMeHeHHeM llbmeyron1>Horo TOIDIHBa Kpyn

Horo IlOMOna, ero BbICOKHMH afipa3HBHl>IMH xapaKTepHCTHKaMH (nony
KOKC) H CKOpOCTHMH IlHeBMOTpaHcnopTa (47]. 

Ha.H6onee pauHoHaJibHbIMH nyrHMH noB1>111IeHID1 a6pa3HBHOH cToiiKocTH 

tpaKTa no,natIH HBil.HIOTCJI: 
CHH)KCHHe TOHHHhI IlOMOna TJ.O ypOBIDI, onpenenHeMoro He06XOAH

MOCThlO ero nonHoro cropaHIDI B cpypMeHHbIX 30Hax; 

onTHMH3auHJJ pe)l(HMa IllleBMOTpaHcnoprn, npe>K,ne Bcero B qacTH cHH
)KeHIDI CKOpoCTeH ,llBH>KeHHJI DOTOKa no ,IJ)IHHe TpaCCbl B npenenax 5-
15 M/c; 

pa3pa6oTKa CilCUH3nbHblX KOHCTpyKUHH IlOBOpOTOB Tpacc, a TaK>Ke HX 

yCHneirne. JAcnOJil>30BaHHe yKa3aHHblX MeponpIDITHH Il03BOJIHJ10 IlOBbICHTb 

a6pa3HBH}'10 CTOHKOCTI> TpaKTa no,nallH TOIDlHBa n;eaMeTpOM 100 H 25 MM 

TJ.O 1 rona H 6onee. 
Ilpe,Il)Io>KeHbI pa3JIH'IHbie BapHaHThI yctpoHcTBa BBOAa m1neyron1>Horo 

TOIDIHBa B ropH AOMeHHOH netIH (10, 17, 51, 53]. bOJil>WOe pacnpocr
paHeHHe 3a py6e>KOM IlOil}"IHJI cnoco6 BBO,a;a tiepe3 OOKOB}'10 CTeHKY 

COIUia, llTO o6ecnetnmo ,llOCT3TOtIHOe ynaneHHe MCCTa BBOJ:(a TOIUIHBa OT 

HOCKa cpypM1>1 H cooTBeTCTBeHH}'IO npe~apHTen1>H}'10 ero . no,nroTOBKY i( . 
cropamno. Hcnon1>30BaHHe .n;a11Horo MeTo,na B CIIIA, B tiacTHocTH, cno

co6cTBOBano AOCTH)KeHHIO nonHoro cropaHIDI mmeyron1>HOFO TOIDIHBa Ha 
paCCTOHHHH 300-400 MM OT HOCKa <llYPMl>I [2]. 0.u;HaKO YCJJOBH.H npHMe

HeHIDI IILIJieyron1>Horo TOfDUIBa H JlaHHOro yctpoHCTBa B CfilA He 61>111H 

THilH'lHbIMH JJ)IH COBpeMeHHOH reXHonorHH JlOMeHHOH IUlaBKH: ecrecTBeH

Hoe conep>KaHHe KHCJiopona B nyne, reMIIepacypa A}'ThH 950 °c. Mc1I1>1ra
HHe nono6Horo npHHUHna BBO,a;a TOIDlHBa B YCJIOBHJtX MeTannyprHllCCKOro 

ICOM6HHaTa "3anopO)l(CTaJib"' pa60T3.10IUero B COBpeMCHHhIX TeXHonom

qecKHX ycnoBHHx, nonTBep)lHJlo HaJilftlHe rrpHHUHIIHaJILHhIX HenocTatKOB 

yCTpoHCTBa: B ycnoBIDIX BhlCOKHX TeMnepaTyphl nyTbJI H o6orameHHH 
ero KHcnopo,a.oM ropeHHe Ilhmeyron1>Horo - TOnnHBa HatmHanoc1> }')Ke B 
npenenax <l>YPMhI, tJTO BbI3bIBano noHBneHHe neperpeThIX tiacmu 3on1>1 H 
3aillJI8KOBhIBaHHe B03JlYllIHhlX <l>ypM, 3H311HTeJibHOe Hapywetme yCJ=IOBHH 
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noczyIDJemu1 B nellb AYTbH H CHH)l(eHHe npoJJ3BOW'fTeJ11>HocTH ,noMeHHOii 

neqH. IlpHMeHeHHe na11Horo cnoco6a BBona TOIIJIHBa He Hcl<Jlio11aeT Ta101<e 
If a6p33HBHoro H3Hoca BJIYTpeHHeH IIOBepXHOCTH B03llYIIIHbIX «l>ypM, 'llTO 

. onpenenHeT npe>KAeBpeMeHHblH BbIXOA HX HJ CTpoH. 

TiocKOnhKY H3flO)KeHH1>Ie HenocTaTIOI rrpen.cTaBJIJllOTCB cymecTBCHHhIMH 

B tpy.D.HoycTpaHHMl>IMH, Ha lloHeUKOM MeTannypm11ecKOM 3aBone 61>1n 

ycoBepmeHCTBOBaH H3BeCTilhIH paHee cnoco6 BBO,a;a TOIDIHBa qepe3 B03-

,nynrnyro <l>YPMY [17, 35, 36, 51-53]. IIpH 3TOM 6bUIH nocTaBJieH1>1 

H pemeHbl CJI eJzyIOillHe 3an;atm: 

coxpaHeHne no,11,Bona 11epe3 c}>ypMy npHpo)l;Horo ra3a; 
o6ecnetteHHe M3KCHMaJ1bHOf0 KOHTaKTa c n}'ThCM H npensapHTCilbHOH 

nonroroBKH TOIDIHBa K cropaHHIO B npenenax cl>YPM1>I; 
IlOBLIWeHHe a6pa3HBHOH CTOHKOCTH TeX yqacTKOB BHyrpeHHeii DOBepx

HOCTH 4>YPMbI, c KOTOphIMH B03MO)KeH KOHT8KT TOIUIHBa; 

ocBoe1me cepHHHoro npoMh11ID1eHHoro npoH3Boncma B03JJYIIlli&IX 

<l>YPM ,n.JHI no,na'IH B ropH Ill>IJieyronhHOro TOIDIHBa H npHpOAJ{Oro ra3a. 

IlpOMhlll.DieHHb1e }fCilbITillDUI IlOJJ.TBep)lHJJH BhlCOKHe TeXHonorHll~CKHe 
H 3KCIUIY3TaJ.UiOHHbie 1101<'33aTenH pa3pa6oTaHHhlX B03AYillHl>IX <l>YPM npH 

BJzyBaHHH B ropH Ha 1 T qyr}'Ha JJ.O 100 Kr IlbmeyronLHOrO TOIDIHBa. 

EeccnopHOH HBn11etc11 · BhICOKa.H nepcneKTHBHOCTh BnyBamu1 B ropH 
Il:&IJieyronLHOro TOIUIHBa B CMeCH c IWiaKopa3)1Qi)f<aIOlllHMH H ApyrHMH 

A06aBKaMH (ToIDIHBHhte cMecH). OAHaKo o6opyAOBaHHe JJJUI npHrOTOB

neHIDI TaKHX CMeCeH He pa3pa6oTaHO, B CBJl3H c qeM OTC}'TCTByer OIIhIT 

HX npHMeHemu1. 

Ha OCHOBaHHH nposeneHHoro aHaJIH3a MO)l(JIO OTMeTHTL cneJzy101.I.U1e 
TeHACHllHH B pa3pa6oTKe HanelKHoro, y,a;oBneraop.RIOmero Tpe60Bamu1 
TeXHononm noMeHHOH rmaBKH o6opy,o;oBaHHH AJUI npHrOTOBneHHJI H Bny .. 
BaHIDI Ill>IJieyronhHOro TOIDIHBa; 

KOMIDieKCHOe H Hane)l(Hoe pemeHHe BOilpOCOB B3pbIBOilO)Kapo6e30-

nacHOCTII H JKOnorHH; 
MeXaHH3aJ.J,HJI H aBTOM3TH3a!UiB pa6oTbI MeXaHHtiecKoro o6opyAOB3HHJI 

YCTallOBKH; 
C03)1.aHHe npHHIUIIIHaJil>HO HOBhlX npH6opOB KOHrponH pe>KHMa rmeB

MOTpaHcnopra, a TaK)l(C CHCTeM aBTOM3TH3auHH H ODTHMH3anHH pe:>KHMa 

nHeBMoTpaHcnopTa; 

pa3BHTHe H COBepmeHCTBOBaHHe 83pauHOHHOf0 npmnuma .Il03HpoBaHHJI 

n1>meyron1>Horo TOIDIHBa; 

p83pa6oTK3 o6opynoBaHHH )JJ'UI 11pHrOTOBnemu1 MHOrOKOMilOHeHTHblX 

TOIUIHBHhIX CMeceu (I11>meyron1>HOe TOIDIHBO + IlD13KOp83)KH)l(aIOl.UHe 

,Il;06aBKH H T.Jl.). 
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TexHOllOZUR ooMeunou nrzaeKu 
c npuMeHeHUeM nblJZeyzollbHOZO T011/lU8Q 

TeXHonorns noMeHHoii tmaBKH c npHMeHeHHeM 111>meyronbHoro rorn1H
sa H3BecTHa c 1831 r. 

3anDKHOH nepHOJl. IIpOMbilWleHHoro OCBOeHIDI TeXHOilOfHH AOMCHHOH 

nnaBKH c npHMeHeHHeM IlbmeyroJibHOfO TOIDIHBa MO>KHO 06"bffCHHTb 

Heo6xo,D.HMOCThlO pa3pa6oTKH cno)l(}{oro H noporocToJiwero o6opynoBa

HHH )l,JUI o6pa60TKH H BnyaaHlUI TOrDIHBa, HeAOCT8TOlJHOH tieTKOCTblO 

Tpe6oBaHHH K naHHOMY o6opynoBaHHIO, ycnelllllOH KOHKypeHUHCH co 
c1opoHbI Ma.Jyra H npHpo.IU1oro ra3a. B TO >Ke BpeMH MHoroqHCJieHHbte 
reopeTH11ecKHe pa6orb1 Ha Bcex Jranax ocBoeHHH HoBoro npouecca HeH3-
MeHHO IlOK3.3LIBa.ml ero BLICOKyro 3KOHOMH11CCKyro H TeXHonorHlleCKYJO 

3<PcpeKTHBHOCTb (20, 42, 54, 57, 62, 65, 66). 
HaH6onee B3.)KHbIM onpe.nenHIOI.UHM 1pe60BaHHeM HOBOH reXHonornH 

HBn11ercH 06ecne11eHHe nonHoro cropamu1 TOnnHsa B npenenax cpypMeH
HOH 30HhI n0Mem1oii nettH. Bbixon tiacnrn: llbmeyronhHoro TOIDlHBa 3a 

npeAenhI <l>ypMeHHbIX JOH Bbl3bIBaeT yxyw.neHHe K03<l><f>HUHeHTa 3aMeH1>I 

KOKca TOIUIHBOM, BR3KOCm ll.UUlKOB H ra3onpoHHuaeMOCTH ropHa. 

MMeercs npoMb1llDieHH1>1ii OilhIT, y6en;Hten1>Ho nonraep>KJJ;alOntHH cKa-
3aHHoe: B pRne 0Ill>ITH1>IX rmaBOK npH IlOBbIIIIeHHOM pacxone TOIUIHBa 

OTMellanOCb MaCCOBOe ropeHHe B03]l;ynIH1>IX tPYPM, CHH)KeIDle npOH3BOAH

renbHOCTH ne11e}I, JarpoMo)l(.UeHHe ropHa, }'BeJIHtteHHe cyMMapHoro pacxo

na roIDIHBa. IlpHMblM CBH,r.r.eren1>CTBOM aenoJIHoro cropamu1 TOIDIHBa 

JIBHJIOCI> 3HatmTCill>HOe yBenITTeHHe co,nep)f(amul yrnepo,a;a B KOnOI.I.IHH

KOBOH mmH H llDlaMe ra.JootmcroK [ 57] . IIonHoe cropairne IThmeyronh

Horo TOilJIHBa B <}>ypMeHHhlX 3oHax onpenenHeTCB npe>KJJ.e scero ero 
<}>paKUHOHHl>IM COCT3BOM, 

B mneparype ormcaH on1>1T Hcnonh30BaHIDI TOimHBa pa3nHtmoro 

<l>paKUHOHHOro COCTaBa: OT 0-3,0 H ~>Ke 0-6,0 Jl.0 0,022-0,032 MM 

[11, 17, 38, 57]. AHanH3 3TOro OIIhITa noKa31>1saeT 11eTKyro o6paTHyro 

CBJl31> Me:>KP.y CTerreHblO H3MenbtieHHH ToIInHBa H 3<J><l>eKTHBHOCTl>IO ero 

np~MeHeHHH. 3a nocne,rume 10 neT Ha ocHose reopeTH"leCKHX pacqeroB 
H ycnell.IHoro npoMbIUDieHHoro Olll>ITa no1<a3aao, 11ro B npe.a;enax <l>YP
MeHHLIX 30H MOryT IlOilHOCTl>IO cropaTb 'IaCTHUbl ~ 0,20-0,100 MM, T.e. 

TOill>KO IThIJleyronbHOe TOIUIHBO Ta1<oro <l>paKUHOHHOfO COCTaBa H nyqwe 

MO)l(eT 6bITh ycneumo HCIIOnb30BallO B COBpeMeHHblX TeXHonomqeCKKX 

YCJIOBIDIX pa60T1>1 neqeu. 
. Ilo-BH,a;HMOMy, llaJlbHeihnee COBepmeHCTBOBaHHe TeXHonorHH HCilOnbJO
BaHIDI IlhmeyronbHOI'O TOIOIHBa B )lOMeHHOH WiaBKe Il0Tpe6yeT CHH>KeHIDI 

CTeneHH H3MeJ1b1IeHIDI KaK c neJlblO o6ecnetieIDUI IlOJIHOTbl cropaHHH, TaK 

H IlOBbllllCHIDI Hane>KHocnI H aBTOMaTH3auHH pa60Thl o6opynoBaHHH WI.fl 
npHrOTOBneHHJI H B.a;yBaHIDI DbDieyronbHOro TOIIJIHBa: CHH)l(eHHe creneHH 

H3MenbqeHHH· o6ecnetrnBaeT YJI}'llllleHH ero TeK}'1ICCTH H IlOnBH)l(HOCTH, 
DOCTeneHHO npH6nH>KaJ1 CBOHCTBa a3pHpOBaHHoro IlOTOKa TOID1HB3 K 

25 



CBOHCTBaM )IGl,[I)(OCTH. HeranmHofl CTOpoHou ocramTcH 3HatlHTenLHO no
Bb1llla10un1ecH 3aTpaTbI JHeprHH H CTOHMOCTh npHrOTOBilCHIDI TOIUIHBa, 

yeenHtieHHe noTepb yrn.a, CHH)l(CHHe npoH3BO)l.HTenbHOCTH IlOMOilbHbIX . 

cpencTB H T .!(. llo HaCTOHlllero BpeMeHH OCTaeTC.R HenocTaTOQHO H3y'leH

HbIM BJl11HHHe <t>opMhl qacmu TOIUIHBa Ha CKOpOCTh ero cropamrn B yc
flOBHHX cpypMeHHOH JOHbI AOMeHHoii netrn. J13aecTHO, qyo npH rrpotrnx 

paBHblX ycnoBHHX yBenHtfeHHe y}lenhHOH ~OBepXHOCTH tiaCTHU Ilhmeyronh
HOro TOIUIHBa HHTeHCHcpHUHpyet HX cropaHHe. 113 H3IlO)l(eHHoro cnenyeT, 

lJTO O)l.HOH HJ aKTYaJibHbIX 3anaq pa3pa6aTbIBaeMOH TeXHOilOP~ HBnHeTC.H 

OflTHMH3allH.H cppaKUHOHHoro COCTaBa H cpopMbl qacmu T0IlJ1HBa HCXOn,H 

H3 ycrtoBHH 06ecnet1emu1 ero nonHoro cropa.HHH, yMeHLUieHHH CTOHMocrn 

npHrOTOBneHH.R H o6ecnetzeHHH HaJJ,eiKHOH pa6oThl OCHOBHOfO o6opynosa

HHH, B nepByro 011epenh, no a6pa3HBHOMY H3HOCY. lJacTHOH 3analleH .RB

nHeTCH pa3pa60TKa MeTOnHKH onpeneneHHH <PpaKl.UfOHHOfO cocraBa TOil
IlHBa npH Be.TllltIHHe IlOMOJia 80-100 % MeHee 0,08-0,1 MM. 

OnhIT noKaJaJI, tito npHMeHHeMbie J1;u1 JTOH u.enH CHTa "POT All" 
He o6ecnetIHBaIOT nonyt1emu1 Ha.n.e)KHOH H KOilH'leCTBeHHOH HH<!lOpMal.Ulli 
H3·3a 3HatJHTenbHbIX IlOTepb TOHKHX cppaKUHH - Bl>IIlhUUIBaHHH, a TaK)Ke 
CJUIITaHHJI lJ3CTHU. 

He6naronpHHTHoe Bnmnrne Ha nonHoTy cropaHHs Ilbmeyron1»Horo 
TOilJIHBa H IlOKa3aTCilH noMeHHOH IIJiaBKH OKa3bIBaeT ero HepaBHOMep-

Hoe noctyIUieHHe no <l>YPMaM. OpHeHrHpOBOllllhie pacqen,1 noK33bIBaror, 
ttro na>Ke aepaBHOMepHOCTh nocryIDieHIDI no cpypMaM B npenene ±10 % 
(npH pacxone IIDmeyronLHoro romnma 100 H KOKca 400 1<r/T tJyr}'Ha) 

onpenen11eT pa3HHIJY B npHxone Tenna B cpypMeHH1>1e 30HbI Ha 3-4 %, 
'ITO MO)KCT o6ecnetmTI> HepaBHOMepHOCTI> conep:>KaHHH B ll}'r}'HC AO 0,3--
0,5 % Si H ero TeMnepacyp1>1 no 20-30 °c. CooTBeTCTBeHHO Kone61110Tc.R 

BbIXOA ropHOB1>1x raJoB H npoT.H:>KeHHOCTb cl>ypMeHHhIX ~OH. OcHOBHLIM 

HenocraTKOM HepaBHOMepHOH IlOJ].a11H TOIDIHBa HBnHeTCH 3H3tm:TenLHOe 

OTKilOHeHHe OT OilTHMaJlhHOro ypoBH.H OCHOBHbIX <l>H3HKO-XHMHtieCKHX 
ycnOBHH B <ilYPMCHHbIX 30Hax, qro HapywaeT cxon WHXThl H xo.n BOC
CT3HOBHTeIIbHhIX npoueccoB, 11eM o6"bHCH.HeTCH yxy.o;meHHe OCHOBHbIX 

noKa3aTeneu rmaBKH H 3HatJHTCilbHOe CHH>KeHHe Jcl><l>eKTHBHOCTH HCIIOnh-
30Ba.HHH TOIIJlHBa. 

llpaKTHKa npHMeHeHH.H IIhIJieyronLHOro TOIIJIHBa IlOKa3aJia, tITO B 
6onL111HHcTBe CJiyqaeB no1<aJaTenL HepaBHOMepHOCTH noczy1D1emu1 Ton
nHBa no cpypMaM He KOHTpOnHp<>BaJICJI, MeTOAbl ynpaBneHIDI H yMeHLllle

HHH Jl,aJIHOH HepaBHOMepaocm OTCYTCTBOBaJIH, 'ITO B HTOre H onpenenH
no BbICOKoe 3HalleHHe naHHoro noKa3aTeJUI B peanLHbIX ycnoBHHX WiaBKH 
(no ±50 ... 100 %) .. Heo6xoJJ.HMO OTMeTHTh, qyo B He1<:01op1>1x pa6orax H 

peKnaMHbIX MaTepHanax yKa31>maJioc1> Ha CHH)KeHHe HepaBHOMepHocrn 

IlOCTyIJJleIDUI TOruIHBa no <PYPMaM no ± ( 4-3 % ) H }l;a)Ke ± 1 % ( cpHpMbl 
,'Ilonb B10pt", n10KceM6ypr; '·' ApMKO CTHn" CIIIA) . 

Ha Ham B3rnH,n, nocroBepHOCTb npHBeneHHbIX noKa3aTeneM: HeJI.OCTa-
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TOtnla; B yKa3aHHbIX pa60T3X He OIIllChIBaeTCH MeTOAHKa onpeneneHH.H 

HepaBHOMepHOCTH, He npHBOWITCH 3KcnepHMeHTaJ1hHbie )1.aHHbie H ycno
BHH ux nony'leHIDI. . Eonee Toro, B nocne)lHHX rry6nHKauHHX yKaJaHHb1e 

cpHpMbI He nonreep:>KJJ:aIOT npHBeJJ.eHm1e BbIIIIe noKa3aTenH HepaBHOMep

Hocrn. 
B nocneAJllle rO.llbI 6b1n npe,a;cTaBnee Meron <PHpMbI "Ilonb BiopT", 

npH KOTopoM n1>1neyronhHoe TOIInHBo pacnpeJ:J;enHJJH no <}>ypMaM nponop-
I.J.HOHaJlhHO pacxo.a;y AYThH. 

He OTpHUaH onpe.neneHHOH 3cpcpeKTHBHOCTH J:i;aHHoro MeponpHHrnH, 

cnep:yet, OA113Ko, npH3HaTb, llTO OHO He pemaeT sonpoc no cymecTBy: 
He ycTpaIDieT HepaBHOMepHOCTH pa60TLI noMeHHOi netIH no OKp}')KHOCTH, 
He C03,a;aeT B03MO>KHOCTH AJI.fl 0IlTHMH3auHH cpH3HKO-XHMWieCKHX ycno
BHH B cpypMeHHbIX 30H3X H, TaKHM o6pa30M, OilTHMH3auHH TeXHOnorH
llCCKOro pe)IGIMa llOMeHHOH IUiaBKH B n:enoM. 

KaK nOKa3LmaeT npaKmKa AOMeHHOro npOH3BoncrBa, Ha.H6onee 3<}>
<l>eKTHBHhIM nyTeM pellleHHH AaHHbIX BOnpocoB HBnHeTCH 06ecnet1eHHe 

paBHbIX H onTHMWll>HbIX cpH3HKO-XHMHlleCKHX ycnoBHH B cpypMeHHLIX 
30Hax, 'ITO MO>KeT 61>ITI> 06ecne11eHO npe))(,O.e BCero 3a ctier MaKCHMaJlhHO 

paBHOMepHOH no OKpy>KHOCTH ne'IH nonatIH A)'ThH H nononHHrenhHl>IX 
BHnoB TOIUlHBa. B CBH3H c JTHM Bonpocb1 06ecne11eHHH paBHOMepuoro 
pacnpeneneHHH TOIUIHBa no tl>ypMaM, ·HapaBHe c pa3pa6otI<:OH npH6opoB 

H MCTonoB KOHTponH <PpaKUHOliliOrO COCTaBa TOIUIHBa H HepaBHOMepHOC
TH pacnpen.eneHHH ero no cpypMaM, JIBnHIOTCH aKTYaJihHl>IMH H 34><}>eKTHB

HblMH. 

B pHne crry11aeB MHpoBoii npaKTHKH lKcnepHMeHtanhHO noKa3aHa 

B03MO)l(l{OCTb IlOJIHOfO cropaHHJI 3HatmTeTILHbIX KOJIHlleCTB IlbDieyronb

HOro TOIUIHBa B npenenax cpypMeHHOH 30Hbl. 

TaK, B CWA c n0Mom1>10 cKopocTHoH KHHOC"beMKH ycTaHOBneHo, 'ITO 

noCJierome t1acrnU1>1 nbuieyronbHOro TOIIJIHBa croparor Ha paccTOHHHH 
300-400 MM OT HOCK3 <iJypMbl [2]. AHaJIOrHllllhle pe3yn1>TaTbl nonyqelil>I 
B Iunae np:u BUYBaHHH B ropH no 270 Kr 111>meyron1>uoro TOimHBa ua 
1 T tzyr}'Ha [38]. IlpHMeHHeMWI B CIIIA arrnapacypa wu1 orrpe.a;enemtJI 
nonuoTbI cropaHIDI 011eH1> CJIO)l(Ha H o6ecnetIHBaeT JIHlllb Kat1ecrneHHYJO 

· oueHKy. Eon1>unmcTBOM HcCJiep;oBaTeneif nonHoTa cropamu1 TOIUIHBa on:e
HHBanac1> Ka'IeCTBeHHO no noKa3arenHM pa6oTbI netm: BeJIHtmHe K03cp<l>H

IUleHra 3aMeHbI, H3MeHeIDIIO HHTeHCHBHOCTH IUlaBKH H COCTOffHHIO ropHa. 
OtleBHAHO, 11To p3.3pa6oTKa Ha_ne)l(}foro MeTona KOnHt1ecrneHHoro onpe

AeneHHH nonHOTLI cropaHIDI n1>meyronbHoro TOID1HBa HBnHeTCH aKzyanb
Hoii 3(lAalleH, pemeHHe KOTOpOH 6yneT cnoco6cTBOBaTb pa3BHTHIO H co
BepllleHCTBOB3HHIO pa3pa6aTbIBaeMOH TeXHononm. 

CornacHO 3KcnepHMCHTaJibHLIM naHHblM BeTIHllHHa K03<J><}>HUHeHra 3a
' r.teHb1 K

3 
npH H3MeHeHHM 301lbHOCTH ronnHBa OT 3,5 uo 40 % H3Me11HJiac& 

, B mnepBane 0,5-1 ,34 [36, 38, 40, 52, 68]. KaK pacqerHb1e, TaK H 
. 3kcnepHMeHTaJil>Hble pa60TbI IlOJJ;TBep)l(Jl;alOT He3aBHCHMOCTI> K03cp<j>HIJ;HeH-
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Ta 3aMeHbl OT pacXOAa IlbineyronbHOro TOIUIHBa H AOilH 3aMeIDieMoro 

HM KOKCa. 
TosapoBCKHM 11.f. 6bm pacc'nlTaH wu1 Ilbmeyron1>Horo TOilllHBa H3 

aHTpaUHTa, conep>Kamero 19 % 30Ilbl, KOJ<l>cl>HUHeHT 3aMeHl>I, paBHl>IH 

enmmue, npu11eM no Mepe }'BeJIHt1emu1 pacxo)la TOIDlHBa K03c}>4>HUHeHT 

YBeJIHt[HB3JlC.fl [ 65]. 
B KHTae npH BA}'BaHHH rom1Hea H3 aHTpaUHTa c conep)KaHHeM 12-

14 % 30Ilbl K03cpcpHII.HeHT 3aMeHbI COCTaBH.TI 0,8 H cymeCTBeHHO He 

H3MeHHJIC.H npH yBeJIHtiemm: pacxo.na Tonmraa JJ.O 270 Kr/T t1yr}'Ha [38]. 
0AHaKO H reopeTHtleCKH, H 3KcnepHMentanLHO JaBHCHMOCTb K3 OT 3on1>
Hocm Ilhmeyron1>Horo TOID1HBa H3}"1eHa ue,noctaT011Ho. IIonyt1eHHh1e Ha 

npaKTHKe naaHb1e He HaIWJH t1eT1coro 06'bJ1CHeHID1: TaK, B ClIIA o6pa6oT
Ka pe3yn1>TaTOB 3KCnepHMeHTOB, npoBeneHHl>IX Ha npoMbIIlDleHHOH ne'IH, 

Il03BOJIHJia nonyt1HTh 3aBHCHMOCT:&: 

K
3 

= 1,48 - 0,66 (A~ A~), (1) 

rne Ac HA c - 3on1>HOCTh nbmeyronbHoro TOWIHBa H KOKCa. y K 
Cornaceo 3TOH 38BHCHMOCTH e HHTepBane 3on&HOCTH IlhmeyromHoro 

TOIIJIHBa OT 3 no 8 % 1 Kf yrnepona TOililHBa, BBe,neHHbIH B ropH 33 

ctieT CHH>KeHH.H ero 30n&HOCTH, 3aMeH.HeT 5 Kr yrnepoJJ;a KOKca. Ilo APY
rHM AaHHhIM, 3cl><l>eKTHBHOCTh yrnepo.ua 11hmeyronbHOro TOilJIHB~ 3H8'1H-. 

1en1>HO HH>Ke (40, 47, 63, 64]. HenocTaTOllHaH HCHOCTh B ii:aHHOM npHH
UHIBlaJibHOM BOnpoce C03naer Tpy,nHOCTH B oueHKe 3tl>cpeKTHBHOCTH npH

MeHeHHH IILmeyronbHOrO . TOIIJIHBa H3 HaH6onee JlOpOrHX HH3K030Ill>Hl>IX 
yrne:H, Bb16ope pecypcoB yrneii AflJI IIhIJieBA}'BaHHJI. 

PacqeTLI noKa33JIH, qyo npli BAYBaHHH B ropH 11Lmeyron1»Horo Torunma 

CTeneHb HCilOilJ,30BaHIDI BOCCTaHOBHTenbHOH cnoco6HOCTH ra30B ynyq
maeTC.R npe>K.Ite ecero 6naronapJ1 yMemmeHmO ,uonH KOKca B llIHXTe H 

COOTBeTCTBeHHOMy }'BeJIHtfeHHIO BpeMeHH KOHT3KTa BOCCTaHOBHTenl>HbIX 
r83oB c OKCHAaMH >Kene3a [36]. CoOTBeTcTBeHHO H3MeHHetcJI H cTeneH1> 

npHMoro BOCCTaHOBneHHH FeO: 3KcnepHMeHTaJil>HhIMH 'JJ.aHHbIMH nOJJ.T

Bep>KJJ.eHo CHH>KeHHe CTeneHH npHMOfO BOCCTfillOBneHHH rd Ha 1-5 % Ha 
Ka)l(Jlp1e 100 Kr IIbmeyronLHoro TOIDIHBa Ha TOHHY qyrYJla [25, 38]. 

Bon&IInlHCTBO 3KcnepHMeHTOB c BAyBaHHeM mmeyronLHoro TOIJJIHBa 

npoBO.lnfJIH 6e3 cymecTBeHHoro H3MeHeHIDI napaMeTpOB TeMIIepazypeo

.a,yT&eBoro pe>KHMa, qyo He npeIUITCTBOBaJIO ,n:OCTH>KeHHIO BbICOKHX IlOKa-

3aTeneii. OpHeHTHpoBotIHoe cHIDKeHHe TeopemqecKoif TeMnepaTyp1>1 rope

HHJI COCTaBHJ10 30_:_200 °c [11, 38-40]. 11HTepBaJI Teope11flleCKOH TeMne
paTypbI ropeHHH, npH KOTopoM noMeHHb1e ne11H pa6onurn c BA}'BaHHeM 

n1Jmeyron1>Horo TOIUJHBa, eec1>Ma 3HatmTeneH: TaK, B KHTae H CTeHTOHe 

OH 6hm HH)l(e 1800 °c; B CIIIA npH 33MeHe llhIJieyronbHhIM TOIDlHBOM 

28,5 % KOKC8 3TOT ypoBeHI> COCT8BHJ1 1900 °C; B flnOHHH npH BJJYBaHHH 

B ropH 52 Kr Toruuma ua I r 11yr}'Ha H pacxo,a;e KOKca 396 Kr/T 11yr}'Ha 

28 



TOOpeTH'leCK8JI reMnepaTypa ropeHHH COCT8BHna 2300 °c [ 10, 38, 40, 
41, 57]. 

Bonpoc 06 onTHManbHOM ypoBHe TeopeTHtleCKOH TeMDepazypbI rope
HHH, 3aBHCHMOCDf 3TOro UOKaJatenH OT TeXllonorHqecKHX YCJIOBHH nnas
KH JIBIDleTCH aKTY3nbHhlM H HeJJ;OCT8TO'IHO H3YlleHHbIM, tITO npeIDITCTByeT 

pactieTy H OCBOCHHIO Ha116onee l<P<f>eKTHBHl>IX pe)l(HMOB c BA}'BaHHCM 

nbmeyronbHoro TOIDIHBa. 
B Ka'tlecTBe KOMileHcHpyi<>l.l..UIX MeponpIDITHH 6h1.TIH npe,llllo)l(elll>I H Hc

IlhITaH:&I B npoMbllIDleHHbIX ycnoBH.RX noBblllleHHe reMnepaeypbI JJYTbH 
H CHH)KeHHe ero Bna>KHoCTH, a TaK)Ke o6orameHHe nyns KHcnoponoM 

[7' 17' 27' 52, 57]. 
IlpH COBMeCTHOM HCil0Ilb30BaHHH IlbineyronbHOro TOIUIHBa H npHpOA-

1 

HOrO ra.Ja KOMileHCaJ..UUI TeIUIOBOro pe:>KHM3 ropHa ,UOCTHranac1> 3a CllCT 

HeKoToporo CIDl)l(eIDUI pacxoAa npHporoioro raJa (0,2-0,3 M
3 / Kr II1>1ne

yronhuoro TOIDlHBa)' 'tlTO crroco6cTBOBaJIO coxpa.HCHHIO Ha HCXOWIOM 

ypoBHe HJIH nosb111Iem110 TeopeTHqec1<0H: reMnepaTyphI ropeHHH [25, 26]. 
KaK pactieTH1>1e, taK H 3KcnepHMeHTaJI1>H1>1e )laHHbie nO)l.TBepJJ)llH 3Ha .. 

11Hren1>Hoe YBeJIHqeHHe 3clJcpeKTHBHocTH B.a.y1uunra n1>111eyrom>Horo rormHBa 

B CO'leTaHHH c KOMileHCHpyi<>I.UHMH H3MeHeHHBMH napaMeTpoB lJYTbB. 

TaK, BcyBa.HHe LB ropH Ha 1 r 'lyr}'Ha 250 Kr llhmeyron1>Horo TOIIJlHBa 
B coqeTaHHH c o6orameHHeM A}'Tbll KHCJIOpollOM 11,0 29 % Il03BOilHJIO 

CHH3HTb pacxon KOKCa 11,0 263 1<.r/T qyryHa - peKOp.IJ.HO HH3KHH pacxou 
npH nporuiaBKe B AOMeHHOH netrn OKHCJleHHOH IIIllXTbl (140]. 

CornacHo pac11eTHhIM ):J;a11H1>1M H3MetteHHe npoH3BO]lHTen1>HOCTH 1.J.OMeH

HhIX neqeii npH B,oyBaHHH IIbmeyronbHOro TOIDIHBa MO)f(CT 61>ITb KaK 

nono)laITenhHDIM, TaK H oTpHUaTeJibHhIM. HeK0Topb1e aBTOpbI C'lHTaIOT, 

'ITO BcyBaHHe 6onee 50 Kr nbmeyron&Horo TOIDIHBa Ha I T 11yry1rn HeH3-

6e>KHo onpeAen11eT CHIDKeHHe npoH3B01lffTenbHOCTH. AHaJJH3 HMeIOl.l..UIXCH 

TeopeTHtieCKHX H JKcnepHMeHTaJlbHl>IX ,UaJIHl>IX DOJI;TBepAHJI yxynweHHe 

raJonpOHHUaeMOCTH IllliXTbl npH 3aMeHe 113CTH KOKCa Ilhmeyron1>HhIM 

TOIDIHBOM. CoxpaHeHHe npoH3BO,nHren1>HOCTH netm B raKHx ycnoBHHX 
MO>KeT 61>1T1> o6ecnetteHo 3a ctieT nonHoro cropaHHH 1I1>1neyron1>Horo 
IOIUIHBa H coxpaHCIDUI HOpMaJlbHOfO COCTOHHIUI ropHa, BbICOKOfO K03<1>

cl>HUHeHTa 3aMeHbI, npH.MeHeHIDI KOMileHCHpyi<>IUHX MeponpHHTHH: IlOBbl
wemu1 reMnepaTyphI nyTbH H couep>KaHHH B HeM KHcnopoAa H T.11.. 

B CBH3H c H3JIO>KelfllblM CJleJ.zyeT OTMeTHTI> HepemeHHOCTb BOIIpoCOB 

KOMIUICKCHOH KOMileHCauHH HapymeIDIH TeXHononNCCKOro pe>KHMa, BhI-

31>IBaCMbIX BnyBaHHCM B ropH .111>1J1eyron1>Horo TOIUIHBa H COOTBCTCTBeH-

1 Hl>IM CHH>KeHHeM pacxo,ua KOKca: CHH>KeHHe ypoBHH Te~nepaTyp ropeHHH, 

' rcoonpoHHuaeMOCTH, y.:noBHH cropaHHH IlblJleyronbHOro TOID1HB3 (B CBH-

3H co ClilUKeHHeM TeMnepaTypbI 11 conep>KaHJUI KHCJJOpona B ra30BOH 

<l>a.3e). IlpeACTaBIDieTCJI Kpafufe aKl)'aIIbHbIM o6ocHOBaHHe MeponpIDITHH, 
1 

06ecnet1HBa101.1..U1X 1<0Mrme1<cttoe BoccraHoBneHHe onTHManbHhIX ycnoBHH 
., IDUlBKH H, raKHM o6pa30M, B03MO)KffOCTb 3ffatUfTeJibH0fO yaeJn111eHHH 
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T a 6 JI H u a 6- 7. l loKa:JaTenH pa6oTl>I AOMCHHblX newieii c npHMeHeHHeM 

DhtneyrOJlbHOfO TOJ1JIHB3 B L'C(.;.f H 38 pyoe:wroM 

noKa3aTenH CCCP, JlM3 CWA, KeHTYKKM, KHTaH, qntpMa SlnoHcKM <l>HP .. «l>Pr, 3aBon B YraH>Ke 
( OnbITHO·npoMl>IW- AwneHAt $HpMa ,,Uloy ny" Nia 99CaH-HHn-
JleHHaH IVI3BK8) ''ApMKO'' noH CeHT3HH" 

06'beM netm, M 3 . . . . . . . . . . ,. . 1033 2039 1200 4158 710 
KonH'lleCTBo <l>ypM, lllT .•. • ...•. 14 24 12 38 14 
BHn c:&IpMI >Kene3opy,11Horo, % : 

arno Mepa1· . . . . • . . • . • . . . • 69,0 18-20 95,S 85,l fiOWOTOB-
neHHoe cLipLe 

oKaTblum . . . . . . . . . . . . . . 31,0 80-83 Her CB. 10,6 
Bbtxon nmaKa, Kr/T 11yryHa . . . . . . 524 348- 334 640 313-317 300 
C0Aep>Ka.HJ1e KHcnopona B Ayn,e, % 23,5 21,0 23,3 20,5-24,2 23,0 
Pacxo.n DMneyronhHoro TOIDIHBa, 
Kr/T qyryaa ....... .. ...... 120,4 85,0 144,0 52,3 73,0 
PacxoA KOKCa, KI'/T 'lyr}'Ha: 

H CXO llf{blA • • • • • • • • • • • • • • 519 600 587 469,3 Her cs. 
c BAYBaHHeM IILDieyronLHoro Ton· 
11HBa . . • . . • . • . . . . •. . 436,4 486 380 394.4 380 

CmuteeHHe pacxona KoKca: 
Kr/T 11yryita .. . .... ....... 83 114 207 74,9 HeT CB. 
% 41 t e • • • e e • I • • • • e I I • • 15,0 19.0 35.3 15,7 15,0 

Ko3<l>$HI.tHeHT 3aMeHLI KOK.Ca llbVJe-
yronl>HhlM TOtl1IHBOM . . . . . .. 0,87 1,34 0,90 1,21 0,85 

MapKa ynu1 ATIH npHroTOBnemu1 
ll.hmeyronr,Horo TOIIJIHBa .• . •. KoHneHTPaT KmmeHTpaT Hl Ali'I'pauHT KOHUeHTpaT H3 TolllHA )1,11HHHOIUia-

H3 Tomero yrm1 rowero ynnr, Toruero YI'JUI MeHHLIA, '1GlpHLB1 
1J)lmIHO nnaMeHHLtit 

3onWioCTL IILmeyronLHoro TOrumBa,% 10.4 3,18 13,5 6,6 1.0 
ToHHHa noMona n1>meyron1>Horo 
TOIUlHBa, MM • • • • . • . • I I I • t t 90% 80% 100 % 100 % 67 % 

TeMnepaTypa nyTM. 0c 
< 0,08 < 0,074 < 0,05 < 0,075 < 0,08 
1073 874 1090 1290 995 - 1017 



0IlTHM3JlbHOro pacxo,a.a IlhDieyronbHOro TOIDUIBa 6e3 CIDDKeHH.ff npOH3BO

)lHTeJ1bHOCTH ne'IH H Ka'leCTBa qyr}'Ha. 

Ha OCHOBaHHH aJiaJIH3a pa6oT [ 11, 37-42] H Ta6n. 6-7 MO)IQIO OTMennh 

pHA npHHUHmiaJILHhIX oco6eHHocreii, xapaKTepHhIX )l,TlH pa3BHTH.R Tex

HonorHH IUHlBKH c npHMeHeHHeM IlbJJieyronbHOfO TOilnHB3 B nocne}],lille 

roJJ.1>1 H, Ha Ham B3rnHA, pernaromHM o6pa30M onpenenHBuntMH ee e1>1co
Ky10 H~e>KHOCTh H 3cp<l>eKTHBHOCTb; 

npHMeHeHHe JJ)IH npJ.ffOTOBJICHHH llblneyronbHOro TOIU1HB3 HH3K0-

30nl>HblX yrneii (2,0-14 %) ; 
H3MeJib11eHHe TOIUIHBa AO 0,022- 0,075 MM; 
BJJYBaHHe TOIUIHBa B cpypMb1; 

paBHOMepHaH nona11a TOfUUIBa BO BpeMeHH H no cpypMaM (HepaBHO-

MepHOCTh no <}>ypMaM ±4-10 % ) ; 
HCilOilb30BaHHe B KatieCTBe l<OMIIeHcHpyi<>ll01X MeponpHHTIIH IlOBbillle

HIDI TeMnepaTypbl A}'TbH H conep)l(aHIDI B HeM KHcnopona, CH11>KCHHH 

Bn a)f(l{OCTH A)'Th.ff ; 

Hcnon&30BaHHe IlbIJieyronhHoro Torun1Ba B AOMeHHbIX neqax, pa6oraro

IUHX Ha no,nroTOBneHHOM BbICOKOKatteCTBCHHOM Chiphe, onpenenHIOWCM 

HH3KHH HCXOAHblH pacxo.u. KOKca; 

lffiCTHtffiaH HJlH nonHruI 3aMeHa IThineyronbHbIM TOIUIHBOM MaJyTa H 

npHpo}lfioro ra3a. 

2. TEOPETMqECKOE OliOCHOBAHHE M PAC1IET 
OilTHMAJibHblX TEXHOilOfHqECKHX PE>KHMOB IlOMEHHOM 
IlIIABKH C OPHMEHEHHEM DPHPOllHOfO f A3A 
H DblilEYrOilbHOfO TODJil1BA 

2.1. TeopemtrecKIDi aHa.mt3 oco6eHHocTeu rexHonornllecKoro pelKHMa 

c npuMeHeHHeM npepo.IUioro ra33 
. H mmeyronLuoro TonnHBa 

• 
IlpHHII.HilllaJihHblM HenoctaTKOM MHOrHX MCTO,UWieCKHX pa60T no 

oueHKe 3cpcpeKrn:BHOCTM npHMCHCHIDI IIbmeyronbHOfO TOIDIHBa HBJUleTCH 

Heo6ocHOB8HHOCTb IlpHHHMaCMbIX HCXOAHbIX ycnOBHH pacqeya [ 19, 30, 
42, 64]. K TaKHM ycnOBHHM OTHOCHTC.ff npe)l(Jle scero coxpaHeHHe Ha 

HCXO.ll:HOM ypoBHe taKHX rrapaMeTpOB, KaK reopen1qecKaH TeMnepaTypa 

ropeHIDI, BblXOJl ropHOBhlX ra30B B emnnruy BpeMeHH, CTerreHli HCfl0flb-

30BaHHH BOCCTa.HOBHTenbHOH 3HeprHH ra30B. 

KaK noKaJaJI OilhIT, np11 B,llyBaHHH paJJIHlffibIX BHAOB .nononHHTenb

Horo ronnHBa nepetIHcneHHbie 110KaJaren11 06b1irno cymecTBeHHO HJMe

HHIOTCH, Bbl3bIBaJ.I H3MeHeHHe pa6otbl ne1.111 " JcflcPCKTHBHocrn HOBOrO 
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reXHonorHt1ecKoro pe>KHMa. B HacToHw.eu rnase HccneAOBaHo H oueHeHo 

BilWIHHe JibineyronbHOfO TOIDlHBa Ha TeMnepaTypHbIH, ra30}lHHaMHtieCKHH 

H ApyrHe pe)l(HMbI IUiaBKH, a Ta.K>Ke npenno:>KeHbI napaMeTpbI, onpene

n.RIOI.UHe MaKCHMaill>Hhie pacXOA H 3<l><l>eKTHBHOCTb npHMeHCHIDI TOJDlHBa 

B KOHKpeTHl>IX TeXHonorHl.leCKHX ycnoBHHX. 

PacnpeoeneHue TeMneparyp no ebzcore ooMeHHOU ne'lu 

Ha ocHoBaHHH aHaJIH3a ypaBHeHIDI E .H. lu1TaeBa, ocHOBaHllhIX Ha 

3aBepllleHHOCTH TeWI006MeHa B ropHe, BBeneHO IlOH.HTHe He06XO,nHMOH 

reopeTHtleCKOH TeMnepazypbI ropeHIUI, npH KOTOpoii B HOBblX TeXHono

rHqccKHX ycnoBHHX. o6ecnellMBaercji coxpaHeHHe HCXOAHOH reMnepaTypbI 

npO.fl.}'KTOB 1ID3BKH* [70] . 
IlpllHHMrul, tITO KOHelfriruI TCMnepaTypa lllHXThl B HCXOLUlbIX (two) 

H HOBbIX (t Ill 1) TeXHOnorHlleCKHX ycnOBHHX He H3MeH.HeTCH, Hax.O,[J.HM, 

tff 0 

(2) 

rne t TeMnepatypa ra.Ja H lllHXTbI B 30He JaMe,Il)IeHHoro reIUioo6Me

Ha, oe; to; t 1 - HCXO,!lHaH H He06XOAffMaJI TeopeTHlleCKHe TeMIIepary

pbI ropeHHH, 
0c; Wwo; Ww1 - BO].J}IHbie 3KBHBaJieHTbl lllHXThl, Kn~T; 

V 0; V 1 - orHOCHTen1>HbIH BbIXOA ropHOBbIX ra.JOB, M
3 

/T KOKca; Ko; 
K 1 - pacxon KoKca, Kr/T qyr}'Ha. 

IlpH 3aMeHe qacrH KOKca ru,meyron1>HhIM TOIUIHBOM MO>KHO npHHHTh, 

'ITO KOJcl><PHl.UfeHT 3aMeHhI KOKca yrneM paBeH 1, a BblXOA ra3a H3 

MaCCOBOH enuHHIU>I KOKCa paBeH BbIX01lY ra3a H3 MaCCOBOH C)lHHHUhl 

yrnH, rorna 

(3) 

Cne.nosaTeJJhHO, B 3TOM CJI)'1lae Heo6xo,D,HMaH TeopeTHtiecKaH TeMnepa

rypa ropeHHH onpeAenHeTcH MJMeHeHHeM TeIUioconep>KaimH nocTynarome:H 

B HH:>KHIOIO 30HY Tennoo6MeHa ll.IHXTbl, Koropoe orrpenenHCTCH H3MeHe

HHCM CTeneHH npHMOrO BOCCTaIIOBJICHHH. OKCHna )l(ene3a. YpasHeHHe (2) 
MO>KHO Bblpa3HTb c yqeTOM CTeneHH npHMOro BOCCTaHOBilCHIDI: 

(4) 

* B AaJJLHeRweM WUI yno6CTBa JJ.aHHLIA TepMHH 6yAeM H33bIBaTL "Heo6XOnffMaJI 
reo pemqec1<aJ1 Tel\mepaTypa". 
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0 9 . 
rne A = (1 - -· - ) ~ 0 7 = const · rd rd - uaqaJihHOe H KOHe1.1Hoe 

H W
0 

' ' o' 1 

JHatieHIDI CTeneHH np.HMOro BOCCTaHOBneHHH. 
TaKHM o6pa30M, npH BAYBaHHH B ropH 111>1neyronbHoro TOIDIHBa, 

6JIH3K0f0 no XHMHqeCKOMY COCTaBy KOKCy, ypoBeHh Heo6xo~MbIX Teo
peTHlleCKHX TeMnepaTyp onpenen11eTcH H3MeHeHHeM creneHH npBMoro 
BOCCTaHOBneHIDI OKCHJJ.a )Kene3a. IlpH npO'IHX paBHblX YCJIOBHHX CHH>Ke
HHe ·CTeneHH T d Ha 1 % onpenenHCT CHIDKeHHe He06XOAHMOH Teopern-
11CCKOH TeMnepaTypbl ropeHHH Ha 15-25 °c. IlpH BJzyBaHHH TOIUHX yrneH: 
He06XOAHMaJI TeMnepazypa ropeHHH CHH>KaeTCH Ha 20 °c Ha KIDKAI>Ie 
100 Kr IlbUieyronhHOrO TOilJIHBa, BBe)J.eHHoro Ha I T qyr}'Ha. 0rHOCHTenh
HO MciJil>IH TCMII H3MeHeHIUI Heo6xO,a;HMOH TeopernqecKOH teMnepaTypbI 
06nJ1c1U1etcH JHa'DiTenbHI>IM coI<pameHHeM pacxo,a.a npHpo,llHoro raJa, 
. pacC'IHTaHHbIM HCXOAH H3 YCJIOBHH coxpaHemu1 ua HCXOJJ.HOM ypoBHe npH
xo,na so,u.opo,na Ha ewumuy nmxrh1, cHH>KeHHeM pacxo,na ,nyrh.H H B1>IXona 
ropHOBl>IX fa30B Ha e)l;H1flillY qyryHa Bcne,a;CTBHe npmmna c JlCcytlHMH 
yrnH KHcnopona, 3aMeHHromero qacTh sonopona AYTLH. 

CHH>KeIDle reopeTH11ecKoH teMnepacyp1>1 npH BA)'BaHHH }1,TIHHHonnaMeH
H1>1x yrneu Memwe, lleM npH BAYBaHHH TOWHX yrneii HnH aHtpaUHTOB, 
'llTO o6'hJICHHeTCH IlOBl>IllleHHblM BLIXOAOM necytmX H, CJienoBaTenbHO, 
6oJihIIIHM coKpameHHeM pacxona npHpoAHoro r33a. IlpH 6naronpID1THhIX 
yCJIOBIDIX nnaBKH (CHH>KeHHe rd Ha 2-4 % Ha Ka)K).U>1e 100 Kr yronhHOH 
Ill>UIH Ha 1 T qyry11a) He06XOp;HMWI H reope1W1eCK3.H TeMnepaTypbI 
ropemm pa3JIHt1a10Tc11 HC3HatmTenhHO. TaKHM o6pa30M, KaK H npH BAyBa
HHH npHpo,nHoro ra3a, BlJ.)'BaHHe B ropH llblilC}TOilhHOrO TOIDIHBa conpo
BO)l(JlaeTCH CHH)l(eHHeM Heo6XOAHMOH TeopeTH'ICCKOH TeMnepazyp1>1, npH-
11eM TeM 6onee 3HatmTenhHl>IM, tieM 3Hatn1Ten1>Hee CHH)l(eHHe cTeneHH r « 
(66, 74, 78]. 3To o6cTOHTenhCTBO onpe,neJUieT HaJIHllHe MHHHM31IhHOH 

p83HOCTH Me)K)zy yeopemtieCKOH H He06XO,llHMOH TeMnepacypaMH ropeHHH. 
CneAQBaTennHO, npH BJzyBaHHH yrneu c BhICOKHM coneI?)KaHHeM yrnepoAa 
AOilOillllfTenbHaH KOMileHCaIUUI OXIlIDKJ].8.IOlllero BilHHHIDI TOIUIHBa He HB
IlJleTC.R o6.H3aTen1>HOH HIIH MO>KCT 61>1Th MHHHMaJihHOH. 

Ilo AaJIHhIM p.H)la HCCJleAOBaHHH ODTHM3Jll>H3H reoperHtleCKaJI TCMIIepa
Typa ropeHHH npH Bl>IIDlaBKe nepeAen&Horo wYHa B cospeMeHHl>IX Tex
Honornt1ecKHX yCJIOBIDIX cocTaBn.ReT 1950-2150 °c. IlpH noBhIWeHHH 
teopeTH'leCKOH TeMneparypbI no OilTHMaJlbHOro ypoBHH OTMetiaetCH YilYtJ· 

WeHHe YCJIOBHH cropaHHH )lOilOilHHTen1>HOTO TOIUIHBa, CTa6HJIH3allIDI cxona 
IIIHXThI, ynyqweHHe yCJIOBHH HarpeBa npOJJ.yi<TOB IDiaBKH. 

IlpH BA}'B3HHH 111>1J1eyronhHOro TOIDIHBa nonHaH H H36bITOllHaH KOM
DeHcanIDI oxrrIDK)laiomero BJIHmm.11 no6aBKH Ja c'leT H3MeHeHHH reMne
pazypHo-nyT1>eBoro pe>KHMa TaK >Ke 3<l><l>eKTHBHa H 3KOHOMH'1Ha, K3K H 
DpH BllYBaHHH .npyrnx TOIUIHB. ()ueHHM BJIIDIHHe Ilb1Jieyron1>HOro TOIUIHBa 
Ha Bl>IOOIY 30H TeIUI006MeHa. 

B1>1coTa HH)l(ffeH 30HbI reIDioo6MeHa onpe,nenHercff ypasHeHHeM [70] : 
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Cw (1 - /) 
H =3p------

" Qv [ ( W H I W r) - 1] 
(5) 

rAe p - Hanp.snKeHHe celleHHH lllaxThI, M
3 

/ ( M
2 

·4 l : al' - h:t a:)(IHi>JU u icn, 
BHellilieH TelUlOOT]J:allll, Kll'}K/ (M3 .q.K); c - TeWlO CMKtlCTb I :\·tJ ·W BXw 
Thi, K}J)K/ (M3 .K); f - nop03HOCTb llIHXThl. 

3aBHCHMOCTH, pacctIHTaHHbie no ypaBHeHHIO, IlOKaJ1>ma10T, \ITO WHI 

npHHHTblX B pactieTe YCJIOBHH AOMeHHOH nelfif nM3 BhlCOTa Hl1:>KHeH 

30Hhl TeWI006MeHa H3MeHHJiaCb He3HallliTenbHO. 

BbICOTa eepXHeii 30HbI TeIUioo6MeHa 

cw H = 3 p ----=---s 
Qv (1 - (Ww/ Wr)] 

(6) 

113 ypaBHeHH.H (6) cnenyeT, tITQ BblCOTa BepXHeH 30Hbl TeIUI006MeHa 

3aBHCHT OT BeJlH'lIHHbl OTHOllICHHH BOAffilblX 3KBHBaJICHTOB llIHXTbl H ra-

30B. PactteTbI noKaJbIBaroT, 11To BeJIH\IHHa orHoIIIeHHH Ww l ~ CHH)KaeTcH 

npH BJJ.YBaHHH IIbDieyronbHOro TOIUIHBa B Cpe,1lHeM Ha 5 lo Ha K3)Kj],bIC 

100 Kr yronbHOH IIhIIlH, BAYBaeMoi1 Ha 1 T qyryHa, tITO onpenenHercH 
coKpameHHeM pacxoii.a KOKCa. CooTBeTcTBeHHo BhICOTa sepxHeu 30HbI 

Teruio06MeHa COKpamaeTC.H Ha 0,20-0,25 M. 

TeMnepazypy KonollIHHKOBhIX raJOB MO)l(HO onpeneIDITb no ypaBtte

HHIO [70]: 

t J< = to (1 - Ww ) + Wm . !:::.t K, 

wr wr 
(7) 

rne ill K - pa3HOCT1> Me)l(Ay reMnepaTypoii lllHXTbI H raJoB Ha ypoBtte 
3aCl>IIIll. 

PacqeT1>1, B1>1nonHeHH1>1e no ypaBHeHH10 (7), noKa3aJIH, 'ITO npH snyBa
mrn IIhmeyron1>HOfO TOilIIHBa B KQJIHqeCTBe l 00 Kr Ha 1 T 11yryHa t K 

noB1>1waercH Ha 8-15 K. 
On1>1T pa60Th1 noMeHHl>IX netieH c npHMeHeHHeM npHpOAHOro raJa 

DOKaJan, 'ITO OTMeqaeMoe B p.sne CJI}'llaeB IlOBblllleHHe TeMileparyphl KO

nOWHHKOBbIX ra30B He npeIDITCTByer 3HatIHTen1>HOMY CHH>Kemno pacxona 

KOKCa. 3To o61>HCHHeTCH TeM, 'ITO He)l(enaTenbHbie HBnemu1 TIOBl>IllieHHH 
TeMnepaTyphl KOilOlliHHKOBhlX ra30B nonHOCTblO KOMIIeHCHpyroI'CH ynytt

rneHHeM YCJIOBHH npOXO)l()J.eHH.H peaKUHH KOCBeHHoro BOCCT3HOBne1nu1 

OKCH.Ua >Kene3a, onpe.nenaeMhIX }'BenHtteHHeM nponnKeHHocrH 30HhI Ja-

.MeJl)leHHoro Te1U1006MeHa H noB1>1meHHeM TeMnepa1yp&1 llIHXTbI H raJOB 

B BepXHeH 'IaCTH noMeHHOH netm. 
TaKHM o6paJoM, B1>1c0Ta JOHbI JaMenneHttoro reIUioo6MeHa yBen:Htrn· 

BaeTC.H Ha 0,3-0,4 M Ha KIDKJU>Ie 100 Kr yronbHOH IlbUUI, IlO]l.aBaeMOM 

Ha 1 T qyryna, npe)K)J.e Bcero 3a c11er coKpaweHHH BbICOThI eepxHeii JOHhI 

Terrnoo6MeHa. 
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~ yCJIOBHHX llM3, T.e. npH pa6oTe neqeit c BbICOKHM HCXOAHhIM pac
XOJlPM KOKCa, AaHHOe HJMeHeHHe MO>KeT cnoco6cTBOBaTb HeKOTOpOMy 

ynylfilleHH-10 HCilOilb30BaHHH BOCCTaHOBHTenbHOH JHepnrn raJOB B netni H 
COOTBeTCTBeHHO CHH>KeHHIO CTeneHH rrpHMOro BOCCTaliOBneHH.H :>Kene3a. 

TeMnepaTypa raJoB B 30He JaMenrreHHoro Te1D1006MeHa npH JHatUITenb
HOM COKpameHHH nonH KOKca B umxre H COKpameHHH ero peaKUHOHHOH 

noBepXHOCTH Ha 1 T llyr}'Ha MO)l(eT B03paCTH, 'ITO TaK>Ke 6yneT crroco6-
CTBOBaTb DOBhilleHHIO IDITeHCHBHOCTH peaKUHH KOCBeHHOro BOCCTaHoBne

HHH OKCH.Ua )l(ene3a H COOTBeTCTBCHHO CHIUKemuo WW. 
CneAoBaTenhHO, npH pa6oTe ,uoMeHHhIX ne11eii B coBpeMeHHhIX TeXHo

norHtieCKHX ycnoBH.HX npHMeHeHHe IThIJieyronhHOro TOIUIHBa B KOflHtieCT-

Be no 200 Kr Ha 1 T ttyr}'Ha MOiKeT 6hITh :Mf><PeKTHBHhIM npH MHHHMaJlh

HhIX KOMTieHcHpyIOJ.UHX HJMeHeHHHX TeMnepaTypHO-JzyTheBoro pe)KHMa, 
qyo onpe.o.en.HCTCH, B 'llCTHOCTH, conyTCTByromHM CHH)l(CHHCM CTeneHH 

np.HMoro BOCCTaHOBneHHff OKCH.Ua :>KeJie3a <rd). 
IlOBhIWCHHe Teopernt1eCKOH TeMnepazypbI ropeHHH, B nepByro O'lepe.nb 

38 C'IeT IlOBblllICHHJI teMnepatypLI Jl}'TMI H COKpawemu1 ero BJIIDKHOCTH, 

6yneT cnoco6cTBoBaTh BHecemuo B ropu p:onomrnTeJibHoro cl>H3HllecKoro 
TeIDia, ynytllll~HHIO YCJIOBHH HarpeBa llIHXTLI, HCilOnli30BaHHlO BOCCTaHO

BHTenbHOH 3Hepnm ra3a H, B KOHet.IHOM ClleTe, IlOBJ,IIlleHHIO J<l><l>eKTHB
HOCTH npHMeHeHHJI IIbDieyronbHOro TOIDIHBa. 

B pean1>HhIX TeXHonorHtJecK~ ycnoBHJIX 6onbWHHCTBa MerannyprH

qecKHX npennpHHTHH paCXOA npHpo,nHoro ra3a HBnHeTC.R OCHOBHhIM napa

MeTpoM, COKpalllaH J<OTOpbIR MO>KHO o6ecnetIHTI> Heo6xo,nHMbIH ypoBeHL 

TOOpeTHtleCKOH TeMrrepatyphI ropeHHH npH B)l}'BaHHH B ropH 3Ha11HTenb-
• HOfO KOflHlleCtBa llb1J1eyron1>Horo TOIDIHBa. 

IlpH BhlllOnHeHHH pac11etOB paUHOHaJILHbIX COOTHOilleHHii pacxo.na npH
pOAHOro ra3a H IlhmeyronbHoro TOIUIHBa (HopMl>I KOMileHca.JJ.HH) npHHH .. 

MaJIH, 'I_TO npH H3MeHeHHH yKa3aHHbIX IlOKa3aTeneii pacxo.n TeIDia Ha 1 T 

11yr}'Ha H HHTeHCHBHOCTh IUlaBKH no BhlXOAY ropHOBblX ra30B coxpaHH
IlHCb Ha HCXO,ll){OM ypoBHe. 310 Il03BOJIHno pacctmTaTb OCHOBHble noKa-

3aTenH TeXHOJIOrH11ecKoro pe)IQ{Ma [75, 76]. 
BhIXOA <l>ypMeHHhIX ra30B 

Vr = (1+0,01w+0,00248 'P)VA + 2 Vn.r +0,6Qn. (8) 

TeopeTH11ecKaH TeMnepatypa ropeHIDt 

T = (31,42 w - 1,385 ip + C,f Tl) VA - 1200 V n.r - 600 Q0 (9) 
vrcr 

r,ue w - COAep)l(aHHe KHCJiopona B JzyTbe, % ; 'fl - co,nep)l(aime BJiarH 

B .a;yr1>e, r/M
3

; V n - pacxon lJYThH, M3 /MBH; t - TeMIIepazypa JJYThH, 
0 c; V nr - pacxoA npHpowmro ra3a, M

3 /MHH; (f
0 

- pacxoA m.meyronb
Horo TOIDlHBa, 1<.r/MHH; CTJ. - TennoeMI<OCTb JlYThH, KKan/ (M3 •

0c); 
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Cr TeI1J1oeMKOCTh <l>ypMeHHbIX ra3oB, KKan/ (M3 -°C); Qr - npHXOA 
Tenna B ropH AOMeHHOH netIH, KK3J1/MHH. 

0THOCHTCilbHOe H3MeHeHHe ripoH3BO]lHTenbHOCnf JJ.OMeHHOH netm 

P1 =Po(Qr 1/ Qr0), (11) 

r.n:e Qro, Qr1 - npHxon TeIUia B ropu netm B 6330BOM H OllblTHOM ne
pHonax, KKan/MHH; P0 - npoH3BO.ri;HTenbHOCTb netm B 6a30BOM nepHo
Ae, %. 

Q = 
K 

CKt Qro 

CKO Qrl 

(12) 

rp;e CKO' CK 1 - KOilH'leCTBO yrnepo.ua KOKca, cropaiowero y <l>YPM B 
6aJOBOM H OilbITHOM nepHo.uax, Kr/ll. 

06mee KOnHlleCTBO yrnepoAa KoKca H nhmeyron1>Horo TOIUIHBa, cro
paromero y <l>ypM: 

eel> = (0,0107 w + 0,000667 'P) v n - 0,575 v n.r· 

·KonH11ecrBo yrnepona KOKca, croparomero y $ypM: 

CK = c4> - ccl>.n' 

(13) 

(14) 

rJJ.e C<l>.n - KOilH11eCTBO yrnepoAa lll>IJleyronhHOfO TOIDIHBa, croparomero 
y <}>ypM, Kr/MHH. 

PactieT HOpM KOMileHCauHH BbIIlOITHeH AJIH YCJIOBHH pa60Thl noMeHHOH 

ne'lll none3HI>IM o6'beMOM 1033 .M3 B )loH6acce AJIH ~ana3oHa H3MeHe

HHH pacxona npHpO)lHOfO ra3a 0-7,0 TbIC. M
3 /q ({}--100 M

3 Ha 1 T qyry
Ha) H HH3K030JlbHOro IlbDieyron1>Horo TOIDIHBa H3 yrnH MapKH T -
0-15 T/q (~ 200 Kr/T 11yr}'Ha) npH HeH3MCHHOM 3HatieHHH AP}'THX noKa-
3aTeneif TeMilepaTypHoro, JzyTbeBoro H IIIHXTOBOrO pe>KHMOB IUiaBKH 

(pHC. 3). 
IlpHBeneID1h1e nHana30HhI H3MeHeHHH pacxo,n.a ,nonommTen1>Horo Torr

nHBa rrpHHJ.J.HimaJibHO MOryT 6bITb peaIIH30BaHbl B paccMaTpHBaeMbIX 
TCXHOilOIWleCKHX yCJIOBlUIX rmaBKH, xapaKTepH3YJOIUHXC.JI npe)KAe Bcero 
OTHOCHTenLHO HH3KHM (AO 23-25 %) conep>KaHHeM, KHC110pOAa B A}'Tbe, 

HarpeBOM ero no 1000-1100 °c, HCXOnHJ>IM paCXO,f.\OM KOK.Ca 550 Kr/T 

wy11a. 
BA)'BaHHe B ropH 11h1neyronLHoro TOIDIHBa npH coxpaHeHHH 3a CtieT 

KOMileHCHpyromero H3MeHeHHH paCXOAa npHpoAHOro raJa TeopelWleCKOH 

TCMIIepaTyphI ropeHHH B npenene 1950-2150 °c, COOTBeTCTBYJOll(eM 

o6hJtlHblM ycnOBIDIM pa6oThl AOMeHHOH net1H, C03,IJ.aeT npennochinKH 
.llJlJI H3MeHeHHH B JHatnnenbHhIX npeAenax pacxo.a;a KOKca (104-68 %) 
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Pac. 3. 3aBHCHMOCTb OCHOBHhlX DOK83aTeneii ,t(OMeHHoii IUI3BkH OT paCXOAOB npHpoA
HOro ra3a H llbllleyrOJlbHOro TOR1Ulea 

H npoH3BOnffTeJlbHOCTH AOMeHHOH netIH (96--106 % ) ' B1>16opa TeXHono
rlftlecKoro pe>KHMa B COOTBeTCTBHH c COCTOJIHHCM netIH H Heo6xolJ,H
MOCTbIO pemeHHB TeI<ynlHX 3a.a;aq (CM. pHC. 3). 

IlpH pacxo.ue 20-40 Kr Ilbmeyron1>uoro TOIDIHBa Ha 1 T qyr}'Ha KOM

neHCHpyiomee H3MeHeHHe pacxo.na npHpO.llffOro ra3a npHMeHHTb Heuene-
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coo6pa3HO H3-3a He3Ha'IHTeJlbHblX H3MeHemtii Teopem11eCKOH TeMnepaTypbI 

ropeHIDI H npyrHx noK3.3aTeneii. 

Pac11eT HopM KOMneHCaII.HH npoBOAHJ1H HCXOAH H3 YCJI<?BHH nopJ1_ep>Ka

HHJ1 MaKCHMaJlbHOH npOH3BO,nHTeITbHOCTH ne'IH (nHHIDI a1a4) HJIH MHHH
MaJlbHOro paCXOAa KOKCa (rm:mu1 6164). )13 pHC. 3 BHAHO, 'ITO nepBOe 

ycnoBHe MO)l(et 6bITh BhinonHeHo npH HOpMax KOMneHCaUHH 1I1>meyron1>
eoro romnma npHpOAHhIM ra30M or -1,0 no -0,55 M3 /Kr (TotIKH 

a1, a2, a3, a4), lffO Il03BOn.HeT nonytrnTh. IlOBbIWeHHe IlpOH3BO,II,HTenb
HOCTH netm no 106 % H CHH>KeHHe pacxo):la KOKCa AO 93--76 %. IlpH 

o6ecneqeHHH MHHHMaJlhHOrO pacxona KOKca HOpM1>1 KOMileHCaIUIH }'MeHb

lllaIOTCJI COOTBetCTBeHHO no 0 - (-0,2) M 3 /Kr (TO'IKH 611 62, 63, 64)' 
qyo 06ecnetn1Baet AOnonHHTen&Hoe CHH)KeHHe pacxona KOKca (no cpaB
HeHmo c nHHHeH a1a4) Ha 3--8 % npH CHH)KeHHH npOH3BOllHTenhHOCTH 

ne'IH no 96-95 %. 
IlpH O,llHHaKOBl>IX yCJJOBHJIX 6onee npenno11THrenbHI>IMH npeAcraBnHJOT

cx TeXHonorHtjeCKHe pe)IQ{Mbl c BbfcOKHMH HOpMaMH KOMileHCailHH H 

IlOBl>IlllCHHbIM paCXOAOM IThUieyronbHOro TOIUIHBa H, CJle)lOBaTeJihHO, 

IlOBl>IIIIeHHbIJMH reopeTH11eCKHMH teMneparypaMH ropeHIDI H npOH3BOAH

TenbHOCThIO neqeii. K0He11Hoii 38)1.atieii ynYllllleHHH KaqecTBa IIhmeyronb
Horo TOIDIHBa, COBepmeHCTBOBa.HIDI pe)l(HMa B~aHHJI TOIDIHBa H TeX· 

HOnorHH AOMeHHOH IUlaBKH c ero npHMeHeHHeM, IlO-BHnffMOM)'' cnenyet 
npH3HaTL }'BeJIH'leHHe pacxoii.a m,meyron:&Horo TOIDlHBa AO ypoBHH, 

HCKJI10tm101Ilero Heo6xogHMOCT1> BJlYBaHIDI npHpoAHoro ra3a npH yCJioBHH 
coxpaHeHHJI pOBHOro CXO)J.a llillXThl H MaKCHMaJibHO ,uonyctHMOro ypoBHH 
TeopeT1111ecKHX TeMnepazyp. 

B KOHKpeTH1>IX TeXHonorH'leCKHX ycnoBHJIX nM3 taKoii .pe>KHM MO)KeT 

61>1Tb ocymecTBneH npH pacxone Ill>meyronLHoro TOIDlHBa 170 Kr/r 
11yr}'Ha (TotIKa a· 4), o6ecnetmBaroLUHx no.rr.nep)KaHHe reopeTH11ec1<:oii TeM

nepatyp1>1 Ha ypoBHe 2150-2200 °c, CHH)KeHHe pacxo,n;a KOKca no 76 % 
H noBi.1meHHe npoH3BOnHTen:&HOCTH netn1 AO 106 %. HopMa KOMneHCaUHH 

IlbmeyronbHOro TOIUlHBa npHpOroD>IM ra30M ,[l}IJI AaffHOrO BapHaHTa coc

TaBJI.HeT 0,57 M
3 

/Kr. 

Onpo60BaHHb1e B 1972 H 1983 · rr. Ha llM3 TeXHonorH11ecKHe pe>KHMhI 

c yseJIHlleHHeM paCXOAa IlbIJieyronbHOro TOID1HB8 AO 100-110 Kr/t qy
r}'Ha xapaKTepH30Ba.TIHCb HH3KOH CTeneHblO KOMilCHCaUHH TOIDlHBa npH

pOroD>IM ra30M (0,1-0,3 M3 /Kr). IloCJieUHee 06CTOJ1TeJI1>CTBO, Ha Ham 
B3rnH,n;, H .HBHI1oc1> on,Hon H3 npHllHH Toro, qro }'KCl3aHHb1e TeXHonorH-
11ecKHe pe)l(HMl>I OKa3aJIHCb He3<P<l>eKTIIBHl>IMH H IlOJTOM)' He 6bIJIH BH~n
peHb~. 

BpeMR zopeHUR nbllley2onbHOZO ronn.uea 

Pacqeyi.1 epeMeHH socIDiaMeHeHHH H cropaHHH 11acTHU Towero yrnH 
Bl>IDOnHeHhl no 3MmtpHtleCKHM ypaBHeHHJIM, TIOJIYlICHHhIM npH Hccnenosa
HIDI npouecca Bl>IrOpaHIDI qacTHU H3 pa3IIH'Dll>IX MapoK yrneH [77]. 

Pe3yn1>TaTh1 Hccne,u.oBaHHJI, npHBeAeHH&re B pa6oTe [77] , f:IOK83anH, 

38 



qTo npouecc ropeHHH yron:&HOH l.laCTHULI MO)KeT 6bITh palneneH Ha qeTb1pe 
cTaP,HH: HarpeB 11acTHu no eocnnaMeHeHH.a neT}"IHx; ropeHHe netytmX; 
HarpeB KOKCOBOrO OCTaTKa no ero BOCIUiaMeHemu1; ropeHHe KOKCOBoro 

OCT3TK3. 

qeTb1pexc1a)l.HiiHoe pa3BHTHe npouecca ropeHHH yronbH1>1x qacTHu 
HMeeT MeCTO B nmpoKOM .D}'lanaJOHe pa3MCpoB qacnru H TeMneparyphI 

ra30BOH cpeA1>1. 
BpeMH Harpesa lJ3CTHU JJ.O BOCIDiaMeHeHHH nezytrn:x (T B.n) B CCK}'Hnax 

B03pacTaer nHHeiffio c }'BenH11eHHeM pa3Mepa tiacTHU H yMemwaercJI 
nponopu110HaJibHO reMnepaType raJoeoii cpe}J.h1 B tJeTBeproM: creneHH 
[77]: 

T = 25·1015 1:4 d e.n ' r ' (15) 

rJJ;e d - cpe.rmereoMeTpH1.1ecKHH pa3Mep traCTHlt, M; Tr - reMnepacypa 
ra30BOH cpell.hI, K. 

BhiropaHHe ne1}'1llix ue 3aBHCHT OT reMnepacyph1 ra3oBoii cpenJ>t 
H OllHCbIBaeTCH ypaBHeHHeM: 

1·r.n = 0,45·10-6d2
• (16) 

IlporpeB KOKCOBoro ocTaTKa TJ.O ero BocmiaMeHellliH HacrynaeT noCJie 
OKOITTaHHH BbirOpa.HIDI neT)'llHX. TeMnepaT}'pa KOKCOBOfO OCTRTKa B 3TOT 

nep11on B03pacTaer co c1<opocT1>10 1500-2000 K. 
,Il)UiTenbHOCTb 3TOH CTa)])iH OimCbIBaeTCH ypaBHeHHeM: 

T n. K = 5,36·104 Tr 1 
• 
2d 1 

'
5 

. ( 17) 

,UrnnenbHOCtb Jcmepwarome:H crarorn ropeHHH KOKCoBoro ocTaTKa 

npH pa3TIH'IHhlX .O.HaMeTpax tiaCTHU d H TeMilepazype ra30BOH cpe}J.bI OIIH

ChIBaetc.H ypaBHeHHeM: 

. K 
100-A K PK d 2 

T = 3 09 · l 06 --~· ___,,__._____ 
r.K ' 

100 ' 
(18) 

r.}le 02 - 061>eMHaH KOHUeHTpaIJ>fH KHCTiopo.a;a B .uyne, % ; PK - KIDKy· 

IU3.HCH WIOTHOCTb KOKCOBOro OCTarKa, Kr/M3 

100- WP- vP 
PI< = Pyr 

100 
(19) 

r}le Pyr - Ka)l(ymaacH IUIOTHOCTb Tomero yrna, Kr/M3 
; WP - BJia>KHOCTh 

pa6011ei1 Macchi, %; VP - conep)l(airne neTyqHX B pa6oqeif Macce, % 

Ac =AP __ l_OO __ _ 
K wP , 100 -

(20) 
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r.ne A~ - COAep>KaHHe 3on1>1 B KOKCOBOM ocTaTKe, %; AP - co,a.ep>Ka
HHe 3on1>1 B pa6o11eu Macce, %. 

113 ypaBHeHIDI (18) CJienyer, qro BpeMH ropeHHR KOKcoBoro ocrarKa 
nponopUHoHanbHO KOnHtiecTBY rop1011eif Macchi, KIDKYIUCHCR nnoTHOCTH, 
KBanpaTy AffaMeTpa 11acTHu H o6paTHo nponopUHOHaJJbHO reMnepazype 
cpeW>I H CTeneHH o6orameHH.H )l}'TbH KHCJioponoM. 

Pe3yJJbTaThI paet1eTa speMeHH cropaHIDI qacnm TOIDlHBa pa3MepoM OT 
0,03 no 0,5 MM npH TeMnepazype ra30BOH cpeA1>1 1200-2400 K no 
ypaBHeHHRM (15)-(20) npHBe)J.eHhI Ha pHC. 4. J13 naHHhIX pHC. 4 CJie .. 
,nyeT, 'ITO CKOpC>CTb IlOIIHOro cropaHKH qacTHUbl IlhDleyronbHOrO TOIDIHBa 
onpe,o.enReTcR npe>KAe Bcero ee BenHttHHoii, conep>KaHHeM B roIUIHBe 
ner)"IHX, TeMnepacypoii ra30BOH <}>33bl H conep)KaHHeM B Heii KHCJIO

po]];a. 

40 

QqeBHAlfO ~ tfIO WUI ycKOpeHIUI npouec
ca cropaHIDI 11acnnx nhmeyron1>Horo Ton
IDIBa nepB1>1e 3 cranim, 3aHHMa10mHe 
20-50 % o6mero BpeMeHH cropaHIDI 
H He Bbl3hIB3IOl.UHe IlORBneHHJI )l(}f,IJ)(HX 
H IDI8CTWICCKHX Mace, nenecoo6pa3HO 
ocYIUeCTBflHTb B conne H cpypMe, T.e. 
/J.O BhIXO,a.a IlOTOKa B <l>YpMeHH}'IO 30H}'. 

B1>1ropaHHe KOKCOBoro OCT8TKa non)l(
HO 3aBepwaThcH B npenenax <}>ypMeHHoii 
30Hhl. Il pHHHMaJI BO BHHMaHHe 38Bep
meHHOCTb nepBhIX rpex cpa3 ropeHHH AO 
IlOCTylUleHHH TOID1HB8 B <)>ypMeHHble 
30HhI, a TaK>Ke <l>H3HQeCKHe yCJIOBHH 
B 3THX 30Hax - TeMnepaTypy, co.nep
>KaHHe KHCJiopona, npoTH)KeHHOCTl>, CKO
pocn ABH>KeHHH ra3a H TOIInHBa, MO>KHO 
oueHHTh MaKCHM3JlbH1>IH pa3Mep 11acTHnhl 
n1>meyronbHoro TonnHBa, KOTOpaJI cropHT 
B npenenax <l>YpMeHH1>1x 30H. 3ra BeJIH
tnma COCTaBIDICT 0,03-0,05 MM. 

Pac. 4. 3aeHCHMOCTb epeMeHH crOpaHHH 'laCTH

llbl m.meyroJlhHoro TOllJIHea OT ee pa3Mepa H 

TeMneparyp&1 ra3osoii c1>a3111, K: 
1 - 1200; 2 - 1800; 3 - 2400 



()qeBH,nHO TaK>Ke pemaromee BilHHHHe Ha OllTHMH3alUUO H COBepmeH
CTBOBaHHe npouecca ropemu1 qacruu nhmeyronhHoro ro1D1HBa paBHOMep
Horo pacnpeAenemu1 --ero no c}>ypMaM, nocTO.HHCTBa XHMlfllecKoro H <l>paK
UHOHHoro COCTaBa TOIDIHBa. 

3Ha'IHTenbHhIH, BmIOTb AO 100 %, pe3epB no o6ecneqeHHIO nonHOH 
r33H<l>HKaIJ.HH ~meyronbHoro Toruu1Ba B npeuenax 4>ypMeHHhIX H 6nHJ
ne>KamHX 30H 003.0.aeTCH 6naro.n:ap.H . npHMOMY BOCCTallOBneHHlO OKCHAa 
)KeJte3a yrneponoM Ilbmeyron&Horo TOIDIHBa. 

llnJI oueHKH BepOJITHOCTH eronKHOBeHH.H qaeTHU JlhlJleyronbHOro TOil
nHBa c I<aIUICH llDUlKa npHHHJIH, llTO 11epe3 <i>YpMeHHbie 30111>1 npoXOP.HT 
50 % IlDlaKa B BHAe Kane111> cpeJJ,HHM pa3MepoM 5 MM. CpeAHHH nonepe11-
H&IH pa3Mep OKHCTIHTeJlhHOH 30Hbl npHHHJIH paBH1>1M 0,7 M, npoTJl)KeH
HOCTh - 1,2 M, KOilH'leeTBO <ilYPMCHHLIX 30H - 14, Bl>IXon 11.DlaKa 
700 Kr Ha TOHHY qyryHa ( c }"ICTOM eoAep>KaHHH 30 % OKCH,na >Kene3a) • 
YCJioBHO Bee o6pa3yioutHecH 11aCTHUhI IllJ1aKa pacnpeii:emmH no nonepeq
HhIM CJIOHM, ronunmoii 8 MM H oueHHJIH BepoHTHOCTb p eTOilKHOBeHH.H 
t1aCTHUbI 111>1neyronbHoro TOIDIHBa c KaDJieH nmaKa B OAffOM cnoe (P0 = 
= 0,022) . Bepo.HTHOCTh P npoxo)l(AeHIDI t1aeTHIU>I yrnH qepe3 Bee CJIOH 
6e3 cTonKHOBelillJI orrpeii;emurn H3 ypaaHemu1 [55] : 

P = c0 P0qn-o = (0978) 170 ~ 0 0223 
D ' , ' 

(21) 

rAe q = 1 - po ; C
0 

- tmcno eoqeTaHHH nona,naHH.R ttaCTHUbI yr1u1 B 
~ann10 1ID1aKa npH npoxo>K.nemm Bcex cnoeB. 

~eCJie,llOBaHIDI CKOpOCTH ropeHIDI 11aCTHU IThDleyronbHOrO TOIUIHBa B 
<l>ypMeHHl>IX 30Hax noKa3hIBaIOT, 'ITO y)Ke Ha pacCToJIHHH 0,5-0,7 M OT 
HociCa <l>YPMl>I CBhIIIJe 95-98 % t1acrnu IlbmeyroJibHOro ToIDJHBa non-
· Hocn10 cropaioT B KHCJIOpoAe A}'Th.fl (eM. pa3,nen 3.3). CneAOBaTeJibHO, 
o6~3JI (noCJie 3aBepweHH.H nponeccoB ropeHH.H 11acrnu B KHCJiopoAe 
AYThH H nornomeHHH HX 'l}'I"}'HOM H 11D1aKOM) BepoHTHOCTb BhIXOA3 
HecropeBillllX traCTHit llhmeyron1»Horo TOIDIHBa 3a npenenhl <J>ypMeHHDIX 
30H paBHa 0,004, trro TaK :>Ke, KaK H nornomeHHe 2-5 % IThmeyronbHO· 
ro TOIDIHBa 'l}'T}'HOM H WJiaKOM, He MO)l(eT OK833Th cymecTBeHHoro 
HeraTHBHOro BJIHJIHWI Ha TeXHonornqeclOIH nponeec noMCHHOH IDl3BKH. 

KaK noK83hIBaeT TeopeTH11ecKHii aHaJIH3 H HeCJieAOBaHIDI noMeHHblX 
ne11eif, np.HMOe BOCCTfillOBneHHe yrnepo.a:oM KOKea H Ilhmeyron1»Horo 
T011JIHBa 3Ha'IHrenbHoro H361>1nca OKCHna )KeJie3a, co.Qep>Kamerocx B 
noc-rynaiomeM H3 <PypMeHHl>IX 30H wnaKe, npoTeKaeT B M3JlOM o6'heMe 
ropHa npaKm11ec1<11 nonHOCThIO. 3To onpenenHeT BO Beex TeXHonornqee
kHX yCJioBHHX cHH>KeHHe oonep)ICaJ{HJI oKcHna >Kene3a H yrnepoAa B nma
Ke }')Ke Ha ypoBHe I.WiaKOBOH JleTKH, pacnono)l(eHHOH Ha 1,6 M HIDKe 
ypOBHJI <l>ypM, no 0,5 % H HH)l(e. 

3roMY enoco6eTB}'IOT BhICOKHe YACilbHas noBepXHOCTh IIl>meyroni.Ho
ro roIDIHBa (100-450 M2 /Kr), Macca, TeMnepaTypa H cTenem, oKHcileH
HOCTH llDlaKa, npoxownuero qepe3 cl>ypMeHH1>1e 30Hht. 
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Jf3MeHeHue ucnOllb308QHUJI ~OCCTQHOBUTe.tlbHOU 3Hepzuu 

20pH085lX ZQ308 u CTeneHU np11.M020 80CCTQH08/leHWl OKCUOQ xen,e3a 

P33BHTHe peaKUHH BOCCTaHOBneHHJI BIOCTHTa OKCH1l0M yrnepO,a;a Ii 

Bonopo,noM onpenenHeT cTeneHb Hcnon1>30BaHHJ1 BOCCTaHOBHTemeoii 3Hep

rHH ra.JOB H pa3BHTHH BOCCTallOBHTeilbHhIX nponeccoB B maxTe netIH, 

BenHtmHy KOl<l><PHUHeHTa npHMOfO BOCCTaHOBneHHJI OKCHJ].a )l(ene3a, 'ITO 

B KOHCtIHOM CtfCTe onpep:enHeT H 3<l><l>eKTHBHOCTb nponecca BOCCTaHOBne

HHH - OTHOCHTenhHble paCXOAbl TeID1a, BOCCTaHOBHTeni.Horo ra3a H KOKCa. 

JlrrH KaqecTBeHHOH oueHKH BJIHHHHH BblXO)la BOCCI8HOBI-nenbHhlX ra30B 

Ha creneHb HX HCil0Ill>30BaHIUI H BeJIHtIHHy rd 61>1.TIH COCT3BilCHLI MaTe

pHaJibHO-TeIDlOBble 6anaHCbl pa60Tbl neqeu lloHeUKOro H qepenoBCllKOTO 

MeTannyprH11ecKHx 3aBonoB. B pe3yn1>1aTe BHenpemu1 pa3JDl'IHl>IX Mepo-

npHHTHH paCXOA KOKCa COKpanmcJI OT 1050 no 600 H OT 750 no 

440 Kf/T qyr}'Ha, a Bl>IXO,U ra30B-BOCCTaJIOBHTeneH - OT 1350 AO 

640 M
3 

/T 11yry11a (Ta6n. 8). 
B paccMaTpHBaeMLIX ycnoBH.HX pemaiomee BllHJIHHe ea H3MeHeHHe CTe

neHH HCilOilh30BaHH.R BOCCTaHOBHTenbHOH cnoco6HOCTH ralOB OK838110 

CHH>KeHHe BbIXOAa r830B-BOCCTaHOBHTeneii OT 1350 no 640 M
3 

/T ll}'l"Yff3. 

BoccraHoBHMOCTh IlIHXTI>I H TeMnepazypa ra3oB B lllaxTe npH oTMe11eHH1>1x 

H3MeueHHHX TeXHonorHH miaBKH H3MCHHJ1HCh B 6onee Y3KHX npenenax, 

IIOJTOMY He MOTJIH onpe)J.eJIHTb cymecTBeHHoro H OAff03Ha'IHoro HX BnHJl

HHJI Ha cTeneH1> Hcnonb30BaHHJI ra30B H r d. 

113 pHC. 5 cneeyeT, llTO ~H COKpamemm Bl>IXO,na fa30B-BOCCTaJIOBHte

neii OT 1350 AO 750-800 M /T 'lyr}'Ha OTMe'l:eHO CHH)l(eHHe ' ·a OT 0,4-

Ta 6 n Hu a 8. IlOK838TeJJH pa6oTbl .QOMeHHhIX ne'leii 'lepenoaeQKoro KOM61D1an H 1lo 
ei,mnaeKe nepe~eJlbeoro 'l)TYH& 

IlOK838TeJJH I 'llepMK, AOMeHHBJI ne<n. N" 2 

HoMep TOl.IKH Ha puc. 8 1 2 3 4 5 6 
IlpOH3BoncTBO,T/cyr .•.. 2029 2237 2259 2332 2310 2347 
Pacxon Ko1<ca, Kr/T qyryua 510 484 469 453 473 470 
Pacxo,n arnoMepan H oKa-
TLIIIrn, Kr/T 'lyryHa •• • .. 1716 1705 1661 1659 1609 1613 
Pacxop; H3BecTW11<a, Kr/ T 
'lyryHa ......... .... 8,5 4,8 4,3 11,0 18,2 11,0 
BLIXOA nmaKa, Kr/T 
qyr}'Ha . .. .•.•.. • .. 464 397 377 377 385 385 
TeMnepaTypa AYTLB, 0c .. 1042 1033 103.5 1016 1016 103,2 
Pacxo.n npHporomro raJa, 
M

3 
/ T ttyryHa .• • .. · . · · 56,5 85 90,4 98,5 80,l 57,6 

Conep)l(aHHe KHcnopo,na B 

,nyn,e, % ...... . .. .. 21,0 21,0 22,2 23,5 22,6 23,S 
Co~ep)l(aJrae 1<peMHHx B 

11yryne, % . . . . . . . . . . 0,46 0,38 0,42 0,41 0,42 0,36 
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Puc. s. 3aBHCHMOCTlt creneHH npRMOTO BOCCTaHOBneHHJI H AP)THX 00Ka33Teneii 

OT BhlXO.Qa ra30B·BOCCTaJIOBHTeJieii npH pa6ore .QOMeHHblX ne'leii 'IMK (cBeTJThle TO'l
KH) H JlM3 (TeMHble TO'lkll) Ha 8TMOC«l>epHOM .izyn,e (a) H 8TMocc1JepHOM A)'Tbe c 
Bl{)'B8.HHeM npHpOAJIOro ra3a (6) 

0,5 no 0,3-0,4. IlpH 3TOM creneHl> HCilODl>30Ba.HHH OKCH,na yrnepona B 
netm DOBl>ICHJiaCb OT 0,25-0,30 TI.O 0,37-0,40. IlpH naJILHe:HweM CHH

>Kemm Bl>IXOAa ra30B·BOCCTaHOBHTeneii OTMe11aeTCH }'BenH11e1n1e rd no 
0,40-0,45, QTO MO)l(HO 06'bHCJDITL He;nocraTKOM ra30B-BOCCTaHOBHTeneii 

}J)UI npoxo)l(AeHHJI peaKUHH BOCCTaHOBneHHJI BIOCTHTa. Benlf'IHHa BbDCona 

eeqxoro MeTaruiypr1111ecxoro 3aso.Qa a pa3nll'IHhlX Tex1mnor1111ecKHX yc.nosHRX npH 

I. ,llM3, .tlOMemmH neqi, N° 1 1 )lM3, .tJ..n. 2 

7 8 1 2 3 4 5 6 7 8 
2263 2458 1219 1290 1324 1389 1428 1493 1589 1643 
456 454 816 746 690 647 649 635 595 580 

1648 1607 1047 1197 967 689 1411 1612 

2,3 3,8 950 831 583 479 480 476 169 164 

385 331 1022 982 850 728 707 638 536 490 
1002 1009 882 946 919 989 990 929 975 949 

74,6 15,S 167,4 155,0 129,0 114,6 106,0 104,0 89,0 75,0 

21,8 22,2 21,0 21,0 21,0 21,0 21,0 21,0 21,0 21,0 

0,38 0,35 0,76 0,87 0,80 0,79 0,83 0,82 0,83 0,9 
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f330B-BOCCTaHOBHTencH., o6ecne'IHB3101.Ua.H MHHHMaJ'IhHOe 3HalleHHe rd' 
npH6JIH3HTenhHO O,nHHa1<0Ba ATIJI pe)IGIMOB c npHMeHeHHeM H 6e3 . npHMe

HeHHJI npHpo)lHoro ra3a H cocTaBJu1eT 750-800 M3 /T qyr}'Ha. Pacxon 
KOKC8 B JTHX pe>KHMax p33nH'l3nCJI 3Hatn1Ten1>HO H COCTaBn.HJI 480 H 

560 Kr/T qyryHa COOTBeTCTBeHHO. 

TaKHM o6pa30M, cTeneHb nocTH)l(eHHH paBHOBeCHB r830M-BOCCTaHOBH

TeJieM )l,JlH peaKUHH KOCBeHHOro BOCCTaHOBneHHH OKCH)l.a )l(ene3a B 

3Ha'IHTenhHOH Mepe onpenenseTcR BhIXonoM ra3a-soccTaHOBHTeIDI. Oro1a
KO BhIXO,n ra3a-BOCCTaHOBHTeIDI JIBilJleTCJI JIHWI> llaCTHl>IM ll0Ka38TeneM, 

onpeAen_HIOllUIM xon peaKuHii BOCCTa.HOBneHHJI BIOCTHTa OKCH)l.OM yrne

po.na H BonoponoM, HapaBHe c T8KHMH IlOKa38TeJIHMH, KaK BhICOTa 30Hhl 

3aMe)J)leHHoro TeIDI006MeHa, HHTeHCHBHOCTh nnaBKH, AaBneHHe ra30B B 

pa6ot1eM npocTpaHCTBe ne'IH, non.R KOKca B ~HXTe, nonH oKHCJlOB )l(elle3a 

B arnoMepaTe H np. 
06o6~aJOll.VfM JTH H ApyrHe 113CTHl>le IIOKa3aTenH HBnHeTCH yirneep

C3J1bHhIH nOKa3aTen1> - BpeMH KOHT8KT8 ra3a-BOCCTaJIOBHTenH c OKHC

naMH )l(ene3a B 3oHe 3aMe1J,iieHHoro rermoo6Meea µ;oMeHHoii nellH*. Ha
pa:eHe c JTHM Il0Ka3aTeneM paBHOe BJlIDIHHe Ha xon BOCCT8HOBHTen1>Horo 

nponecca MOryT OKa31>1BaTb TeMneparypa ra3a H lllllXThl, BOCCTaHOBH

MOCTh OKHCJIOB llreJie3a. AH31IH3 pa6oT no uccnenoBaHHIO TeIDioo6MeHa 
H TeMnepaTypeoro pe>KHMa B waxre new noKa31>maer, qro npoHcwenume 

3a IlOCJienHHe 20 1IeT H3MeHeHHJI TeXHOilOrH'leCKOro pe>KHM3 He Bbl3B8• 

IlH cywecTBeHHoro H3MeHeHH.R ypoBHJI TeMnepazyp B waxTe AOMeHHOH 

netm. 
TaKHM o6pa30M, BpeMH KOHTaKTa ra30B-soccra110BHTene:H c OKHCJI&MH 

)l(ene3a Hait6onee nonHO Olpa>KaeT Bnwnme TeXHOilOrHtleCKHX YCJJOBHH 

Ha pa3BHrne BOCCTaHOBHTenhHhIX npouecCOB B lllaxTe nellH, CTeneHD HC

IlOilh30BaHH.R f330B H CTeneHI> np.RMOro BOCCTaHOBneHIDI OKCH,na )l(eJie3a. 
BpeMH KOHTaKT3 B ceK}'HA3X pacctm:ThIBaJIH no ypaBHeHHIO: 

(22) 

rAe Tu - BpeMH npe61>1BaHHJI r830B B nellH, c; K1 - Ko3fl>cl>HIU1eHT, 

paBHl>IH OTHOWeHHJO Bl>ICOThl 30Hl>I 38MeAJieHHoro TeIDI006MeHa K o6~eii 
Bl>ICOTe CTIO.JI IIDIXThI; Ku - K03cJ?4>HIU1eHT, 'BICJieHHO paBHl>IH oGbeMHOH 

}1.0ne arnoMepaTa H ApyrHx :>Kene3opyAHJllX MaTepHanOB B IIDIXTe; K111 -
K034>4>HUHeHT, 11HC11eID10 paBHl>IH 06'beMHOH }1.0ne OKHCJIOB >KeJie3a B 061>

eMe )f(eJJe3opy,I:tHOH 'laCTH ImlXTl>I. 

Pac11eT BpeMeHH KOHTaKTa 61>m CAena11 WUI JlOMeHHhIX ne11eii llepeno
seuKoro H lloae~oro MeTannyprHt1ec1G1x 3aBOJlOB 3a nepHon c 1957 
no 1968 r. H3 pHC. 6 BHAffO, llTO BenHtJHHa BpeMeHH KOHTaICJ;a B pac
CMOYpCHHbIX reXHonorHtleCKHX YCJIOBHJIX B03pOCJ18 B 5 pa3 - OT 0,25 

* B AaJlldlelweM 3TOT TepMHH 6y.a;eM HalLIBan •~BpeMR J<OHT&KTa "TK". 
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PHc. 6. 3aBHCHMOC'l'b DOKalaTeneii AOMeHHOH OJl8BKH OT epeMeHH KOHT8KTa ra30B· 

BOCCTallO.BHTeneii c OKHCJlaMH >Kene3a npH BbIDnaBKe nepeAeJlhHoro 11yryHa: 
1 - pe>ICHM pa60TLI ne'IH 003 HCil01IL30BaIIHJI npHpo.D)ioro ra3a; 2 - c npHpoUHLIM 
rll30M 

no 1,25 c. OrornM H3 ocHOBH1>1x <PaKTopoB, onpenenHBIIntx JTO HJMette

HHe, 61>mo CHHX<eHHe BhIXOna T330B-BOCCT3HOBHTeneH Ha CJJ,HHHUY IIDIX

Thl, Bhipa3HBllleecH B CHH>Kemm H36.l>ITKa ra3a-BOCCT3HOBHTemI Jl)UI. peaK
nHH B0CCT3.HOBneHIDI BlOCTHTa OKCHAOM yrnepona H BonoponoM OT 1,3- :. 
1,5 AO 0,7-0,8. HapaBHe c 3THM }'BeJIHtieHHe BpeMeHH KOHTaKTa orrpeAe-
neHo yBeJm11eHHeM BpeMeHH npe61>maHHH ra3a B netm H nonu arnoMepara 
B IllHXTe (ta6n. 8, 9). 

YBeJIHlleHHe T K 'fl.O 0, 7 c conpoBO>KJJ:aJIOCb yBen1111em1eM OTHOCHTenhHOH 

CTeneHH HCilOilb30BaHH.H ra3a JlJlH peaKUHH BOCCTaHOBneHHH OKCHJla )l(e
ne3a OKCHAOM yrnepona or 0,3 no 0,7-0,9. 3a eroumny rrpHHHTO paBuo

eecHoe conep>KaHHe C02 B ropHOBOM ra3e. llanbHeiiwee yseJIH'leHHe r K 

He Bb131>IBaer cymeCTBeHHOro H3MeHeHIDI CTeneim HCilOffb30BaHHJI ra3a. 

Ilo-BHJJ;liMOM}', npH H36l>ITKe ra3a-BOCCT3HOBHTenH, paBHOM 0,8-0,9, 
H BeJIHtfHHe BpeMeHH KOHTaKTa T Kp = 0,7 c cl>aI<THllCCKHH COCTaB ra3a 

B lllaxTe ne'lli npH6nH)K3CTCJI no COCTBBY K paBHOBeCHOMY D,JUI pea1<mm 
KOCBeHHoro BOCCTaHOBneHIDI OKCH,na )l(eJ1e3a. 
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T a 6 n H u a 9. IlokaJaTenH pa60T1t1 .QOMeH111>1x ne11eii 'lepenoae"QKoro MeTaJ1nypre11ecxo 
YCJJOBHJIX (nHTeibthiii 11yryu) 

IlOKa38TCJ1H qepMK, .a.oMeHH9Jl neqb N° 1 
,~ 

HoMep ToqKH Ha pHc. 7 1 2 3 4 5 6 
IlpOH3BOllCTBO, T/cyr ... 1567 1594 1608 1675 1593 1574 
Pacxon KOKca, Kr/T qyryHa 586 565 560 530 535 593 
Pacxon arnoMepaTa + oKa-
TLllllll, Kr/T •••••..•. 1505 1449,5 1512,6 1451 1401,6 1558 
Pacxo.a. H3BeCTHJIKa, Kr /T 

llyr}'Ha •....•.•.•.. 3 
BLIXOA lllJlaKa, Kr/T 
qyryua • • t • I • 1 • • • • • 415 376 384 345 317 425 
TeMIIepaTypa ,tzyTLB, 0c 1036 1032 1029 1031 1016 1029 
Pacxo,n npHpoJIHoro r8.3a, 
M 3 /T qyryua • • • . . . , • . 54,7 65,9 65,0 64,9 36,96 41,0 
Coµ.ep)f(aHHe KHCJIOpoAa B 

nyri,e, % ........•.. 21,0 21,0 22,1 23,13 21,7 21,0 
Conep)l(aHlf e KpeMHWI B 
qyryue, % .......... 2.77 2,67 2,68 2,56 2,58 2,9 

Pactien1 noKaJ1>1sa10T, llTO H3 umpoKo pacnpoctpaHeHHI>1x nononHH
ten1>H1>1x BHAOB TOIDIHBa TOJlhKO B,UyBaHHe Bl>ICOKOyrneponHCTOrO mme

yronhHOro TOIDIHBa conpoBO)l(,naeTCH yBeJIHtfeHHeM BpeMeHH KOHTaKta 

,,. K 6naroAapH coxpaHeHHIO HJIH CHIDKeHHIO BhlXO,[Ul ropHOBl>IX falOB H 

3Ha'IKTeIIbHOMY cmDKeHHIO pacXOAa KOKCa. 

Oco6eHHOCTH BilHJIHIDI pa3HhIX BHAOB TOIUIHBa Ha BpeMH. KOHT3KTa 

(T K) A3IOT B03MO:>KHOCTI> . paCCMOTpeTh BOnpoc 06 OilTHM3IlbHOM BH.U.e 

TOIDIHBa B 3aBHCHMOCTH OT TeXHOJIOrHtleCKHX ycnOBHH IDIBBKH. 

P33AenHM none (pHc. 6) Ha yt1aCTKH, xapaKTepH3}'10WHe onpeneneHH1>1e 
TeXHonorHqecKHe ycnoBHH pa60T1>1 JJ.OMeHHl>IX ne11eii. 

Ha yqacnce I, xapaKTepH3yervioM BbICOKHM pacxoii;oM KOKca (6onee 
900 Kr/T tzyr}'Ha) H H36LITKOM ra30B-BOCCTaHOBHTeneii (BbIDnaBKa <t>ep

pOCHIIHD.IDI, cpeppoMaprauua, 3epKaJihHoro H nHTeHH:oro tzyr)'HOB) , ~ene
coo6pa3HO npHMeHeHHe BhICOKoyrnepoAHCTOro IThUieyronbHOro TOIDIHB3 c 
MHHHMaJibHblM 001].ep)f(aHHeM neTyqHX. 

IlpHMeHeHHe TaKoro nLmeyrrur1>Horo TOIDIHBa o6ecnetmT cywecme~oe 
YBeJIH'leHHe BpeMeHH KOHTaKta H, CJieAOBaTenbHO, 3H311HTen&HOe ynyq .. 
me1me CTeneHH HCilOnb30B3HHH . BOCCTfillOBHTenbHOH JHeprHH ra30B H CHH· 

)l(CHHe IIOTepb TCILTta c KOilOllilDIKOBhIM ra30M. 3TH o6cTOJITeJlhCTBa on

penenHT nonyt1eHHe KOl<l>«l>HUHeHTa 3aMeHh1 KOKca yrneM, >> 1, B03MO)l(

HOCTb npHMeHeHHJ[ yronbHOH 11Dl1IH B 3Hatm-renbHbIX (no 300-500 Kr/T 
11yr}'Ha) KOJIHqecmax. 3KOHOMHtleCKHH 3$cl>eKT npHMeHeHIUI IlhmeyroJil>
HOro TOIUIHBa B D,aHHblX yCJIOBHJIX B COOTBeTCTBHH c H3BeCTHhlM npHH

UHilOM OKepMaHa--IlaBnoBa 6yii;er MaKCHMaJI!.H&IM no cpaBHemuo c 
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ro xoM61D1aTa H )loHenxoro MeT8JIJlyprlt'lecxoro 38BOAB B pa3nH11111>1X TexaonorH'lecKHX 

.IlM3, JlOMeHH8JI neqh N° 2 )lM3, ne'lh N° 1 

1 2 3 4 5 6 8 9 JO 7 

1070 1015 1028 1072 1117 1125 1173 1163 1241 1154 
910 975 951 873 852 881 830 812 750 799 

387 203 112 481 573 1070 529 

902 977 1143 753 691 778 662 577 372 491 

967 \ 1073 1125 885 766 852 805 729 585 648 
895 923 966 939 949 1024 955 958,5 939 929 

150,3 180,8 171,2 158,2 109,6 140,6 69,0 84,0 65,0 111,0 

21,0 21,0 21,0 21,0 21,0 21,0 21,0 21,0 21,0 21,0 

2,86 2,74 2,67 3,01 2,95 2,65 2,81 2,81 2,86 2,84 

,npyrHMH TeXHonorH11eCKHMH yCJioBHHMH. IlpHMeHeHHe Ma3yra H oco6eH
HO npHpoAffOro ra:ia B .D;aHHl>IX TeXHonomqecKHX ycnOBHHX MO)f(eT HMeTb 
OTp~ateJI:&HhlH HJIH npH oqem, Bl>ICOKOH KOMileHCaI.UIH MHHHMaJibHbIH 

IlOflO)l(}f'feilbHblH 3<}>cl>eKT. 

Ha yqacTKe II (npH B1>11UlaBKe nHTeHHOro WIH nepeAen1>Horo qyr}'Ha 
C paCXOAOM KOKca OT 900 11.0 600 Kr/T 1.J)T}'H3) HaHOOnbIIIYJO 3<l>cpeK

THBHOCTb MO)l(et o6ecnellliT:& npHMeHeHHe IThmeyronbHOro TOnnHBa, noc

KOnhKY OHO 06ecne1D1T yaem111eHHe IlOKa3aTenH T K' CJieJJ;OBaTenbHO, CHH

>KeHHe CTeneHH r d H nonyqeHHe K03c}><l>HUHeHT3 3aMCH1>1 BbIIIle 1. 34>
cpeKTHBHhlM B naHHLIX ycrIOBHHX MO)l(eT OKa3aThCH npHMeHeHHe ra30B1>1x 

yrneif, coqeTaIOJ.llHX B ce6e npeHMYutecTBa npHpOAHOfO ra3a H BbICOKO· 

yrnepo}l;Hcroro n1>meyronLHOro TOIIJIHBa, a TaK)Ke BbICOKoyrnepoAHcToro 

TBepnoro TOIIJIHBa B coqeTamm c npHpoJlHbIM ra3oM. IlpHMeHeHHe 
npHpoAHoro ra3a B JlaHH1>1x TeXHonorH_ttecKHX ycnoBHHX uenecoo6pa3-

Ho c IlOJIHOH HJlH H36hITOllHOH KOMIIeHcanHeH oxna)KJJ;a10mero BJIHHIDUI 

ra3a Ha TeMIIepaTypy ropHa AOMeHHoii nel!H. 

IlpH 3H8'1HTenLHOM oTnanemm <l>aKTH11eCKOH BeJIHllMHbl BpeMCHH KOH .. 

TaKTa BnpaBo OT KpHTHtieCKOro 3HatJeHHH T , paBHOro 0, 7 c (yqac-
1<. l<p 

TOK Ill) , HaH6onee nenecoo6pa3HO npHMeHeHHe npHpont1oro ra3a, Ma3yTa 

HJlH yrJUI c BhlCOKHM conep>KaHHeM neTyqHX. 3rH BH)J,hl TOlDIHBa o6ec
netiaT KaK 3HallHTenhHOe cHH>KeHHe cyMMapHoro pacxo,D.a TOIUlHBa, raK 

H 3aMeHy yrnepoAa KOKCa yrneponoM TOIDlHBa. IlpH 3TOM BblCOTa pe3ep
BHOH 30HDI BOCCTaHOBJICHHH B lllaxTe ne'IH COKpaTHTCH AO MHHHMyMa 3a 
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c11er }'BenH'leHIDI npHXo,na ra3os-soccTaHOBHTeneii, a BeJUttIHHa 'T K YMeHh

lliliTCH AO KpHTH'lecKoro ypoBHH. 
TaKHM o6pa30M, npHMeHeirne IIhlJleyronbHOro TOIDlHBa pacnmp.HeT 

B03M0)KHOCTH .H IlOBbilllaer 3cp$eKT.HBHOCTb npnMeHeHHH KOM6HHHpoBaH

HOf0 A)'Thff npaKTHttecKH BO Bcex reXHononrqecKHX yCJIOBHBX. Ba)KHeH
llIHM npeHMymecTBOM npHMCHCHHJI KOM6HHHpoBaHHOro JzyTbH Ha yqacrKe 
III .KBJIHercH B03MO~ocTh cm1:>KeHHJ1 rd AO 0 3a ct1eT }'BeJIHqeHHH AO 

OilTHMaJibHOro ypOBHJI Bl>IXO,U.a raJOB·BOCCTaHOBHTeneii H BpeMeHH KOH

TaKTa T K' tfIO cnoco6crnyeT JlOCTH)l(eHHIO MaKCHMaJlhHOrO 31<'.0HOl\oDfllec

KOro H TCXHOnorHtICCKOro 3<l><t>eKTa OT npHMeHeIDUI ,[(aHHOH TeXHonorHH. 
H3 p.Hc. 6 BHJ.lHO, 'ITO }'Beru-1t1eHHe BpeMeHH KOHTaKTa B ,tJ,Hana30He 

ur 0,3 110 0, 7 BbI3bIBae1 ynyqmeHHe CTeneHH HCilOJ11>30BallHH ra3a OT 

0,4 AO 0,8, tITO np:n yCJlOBHH coxpaHeHHH Ha HCXO,nHOM ypoBHe Bl>IXO.[la 

BOCCTaHOBHTCJll>HbIX ra30B Ha CJlHHHU)' qyryHa MO>KeT Bbl3BaTb CHH)l(eHHe 

rd Ha 4 % Ha KIDKAl>IC 0,1 c BpeMeHH KOHTaKTa. tl>aI<THtieCKOe CHH>KeHHe 

rd npH OTMetieHHl>IX H3MeHeHHHX 1" K COCTaBnHeT 1 % Ha K3'KA1>Ie 0,1 c 

BpeMeHH KOHTaKTa, 'ITO 06'MICIDICTC11 3HatmTenLHhIM CHIDKeHHeM Bl>IXOJJ.a 
ralOB·BOCCTaHOBHreneii. )lrr11 ycnoBHH -UoaenKoro MeTaJIJiyprHt1ecKoro 
3aBO.Qa npHMeHeHHe llbDieyroJil>HOfO TOIUIHBa B KOnHtJeCTBe Jl:O 200 Kr 
Ha TOlilly qyry11a Bl>I3BaJIO YBeJIHlleHHe BpeMeHH KOHTaKTa Ha 0,12 c, 

npe>K.ne Bcero 3a cqey }'BenH'leHHH ,a;oJIH arnoMepaTa B IIIHXTe Ha 5-
10 %, }'BeJllllleHHe BhICOTbl 30Hbl 3aMen,neHHOrO TCim006MeHa Ha 0,4-
0,5 M, CHH)l(eHH.H BblXOJla ropHOBhIX ra30B Ha eAHHHUy qyryHa. OrMetieH

HOe yBeJIH'leHHe T K MO'.>KCT conpoBO)l()laTl>CH CHH)l(eHHeM CTeneHH rd Ha 
2-4 % Ha KIDIGU>Ie 100 Kr 111>meyron1>Horo TOIUIHBa, pacxonyeMoro Ha 
1 T tzyr}'Ha, H o6ecnetIHT nonor11mten1>Hoe cHH>KeHHe pacxo.n:a KOKca Ha 
}Q-20 Kf • 

.Ilonomrnren1>Hoe CHH>KeHHe pacxoAa KOKca npH BAYBaHHH B rope 
mmeyron1>Horo TOIDIHBa MO>KeT 61>1Tb BbI3BaHo raK)Ke YMeH1>meHHeM 

aenpoH3BO,llHTen1>H1>IX n0Tep1> yrnepo.Qa. 
HenpoH3BOnHTenhHhie notepH yrnepona COCTOHT B OCHOBHOM H3 n0Tep1> 

KOKca c nponyi<raMH IDia.BKH H Konol.IlHHKOBOH IlhtnblO. Ha Haw B3rnH,n, 

K 3THM norepHM, IIpHMO HCKOHTpo11HpyeMhIM MarepHaribHO-TeIUIOBl>IM 

6anaHCOM, Ha,n.o A06a.BHTb raK>Ke 3a1paTb1 rerrna Ha o6pa30BaHHe ue:aim:
AOB, BOCCTa.HOBileHHe H UHpKynHllHIO menOtIHl>IX MCTanJIOB, o6pa30BaHHe 
CH4 H T.,n. BenH\IHHa 3THX noTepb cocraBnHeT 25-35 Kr yrnepona/r 
tiyrYffa H np.RMO nponopUHoHanbHa yJJ.enbHOMY pacxony KOKca. KaK no-

1<aJan aHaJ1H3 MatepHan1>Ho-reIUIOBbIX 6anaHcoB, BbinonHeHHbIX ATIH pa3-

nHllHl>IX teXHonorn11ecKHX ycnoBHH, cymecmeHHoe cHIDKeHHe pacxona 
KOKca, KaK npaBHJIO, conpoBO)l(AaJIOCb cHIDKeHHeM 33TpaT 'TCIUia Ha 
oxna)l(,ueHHe nellll, onpeneneHHI>IX no pa3HOCTH npHxona H pacxona Ten
na [78]. 

MarepHaJihHo-reIUioBhIMH 6anaHcaMH, B1>1nonHeHH1>IMM c H3MepemieM 
norepb TeIUia · c oxna)KJlaroIUeif ~o,apif, noK3.3aHO, qyo <PaKTH'leCKHe nore-
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pH Terma OK333JIHCI> cymeCTBeHHO - B,nBOe - MeHblllHMH, 'leM B C11}"13JIX, 

Korna HX paCCtDITbIBaJIH no pa3HOCTH. 3TO MOIKHO o61>JICHHTh npe)IQJ.e 

BCero BKillOqeHHeM- BO BTOpoM cnyqae B OT8Tbl0 "n0Tep1>" HenpoH3BO,nH

TenhHbIX 3aTpaT yrnepona. y CTatlOBneHO, llTO B paccMOYpCHHblX CJI}'llaJIX 
HenpoH3B0,[1,HTen1>m,1e no,-epH yrnepona coCTaBHJIH 01 2,4 no 12,8 Kr (e 
cpentteM :>-6) Ha KIDIQll>Ie 100 Kr pacxo.n.a KOKca. CmnKeHHe pacxona 
KOKca, onpeAeneHHoe, B 11acTHocTH, H npH_MeHeHHeM Ilb1neyron1aeoro Ton
nHBa, MO>KeT conpoBO)KA8TbCJI COOtBeicTBeHHJ>IM AOilOilHHTenbHl>IM CHH
>KeHHeM pacxona KOKca. 

Jf3MeHeHue ZQ300UHQMU'leCKOZO peJICUMtl MQ8KU 

u npOU3800UTe.llbHOCTU OoMeHHOU ne1'u 

Bo MHOrHX pa6oTax H3MeHeHHe npoH3BOAHTen1>HOCTH nellH npH BJzy

BaHHH B ropH nononHHTen:&Horo TOIDIHBa paCC'DITbIBaJIH HCXOWI H3 yCJio
BIDI coxpaHeHIDI Ha HCXO.a;HOM ypoBHe HHTeHCHBHOCTH IDUlBKH no Bl>IX0-

'11.Y ropHOBhIX r330B. IIpH1lllHID1aJI1>H1>1M HeJ:t;ocraTKOM TaKoro MeTona 
HBnHeTCJI TO, 'ITO OH He }"IHThIBaeT BJIHJIHHe Ha npOH3BO,nHTeni.HOCTI> ne11H 

r83onpommaeMOCTH IIDfXThI, onpe.n.enHeMOH OTHOCHTeill>HhlM pacxonoM 
KOKca H BbIXOAOM llDJaKa Ha eAHHHUY qyryHa. IlpH 3H811HTen1>Hl>IX H3Me

HeHIDIX pacXOA8 KOKC8 BJIHJIHHe 3THX ct>aKTOpoB Ha npOH3BOlJJITenl>HOCTI> 

ne11H JIBJUICTCJI onpe.neJUllOIUHM. 

A.H. IloXBHCHeB H B.M. IOieMnepT npenno)l(HJllf ypaBHelDls wu1 onpe
neneHHH HaCl>IIDIOH Macchi CJIOJI IImXThl B pacnape H fiO}l1>eMHOH CHJil>I 

ra3oBoro noToKa 6p. B3aHMHoe ypaBHeHHe ,ne8cmyiollUIX CJUI onpene
nHer npeAenLHl>IH, KpHllfllecKHH ypoBem npoH3BOnHTenhHOCTH: 

'YT.)I( = (0,5 - e) 'Ywn + 0,5, (23) 

rne e - nopo3HOCTh Ko Kea B 30He nnaBJJeHHa UIHXTbI, M3 
/ M3 

; 'Y w -
}'AeJltiHhIH Bee llDlaKa, T/M

3
; 0,5 - H8Cl>IIlH8JI Macca KOKCa, t/M

3
• II 

BeIIH'IHHa 6p B Kr/M2 no~c11HT1>maeTCJI no <J>opM}'Jle: 

6p = 1,75 l - E 
e3 

3 H w 2 1 r 
d g ' 

(24) 

rne d - ,nHaMeTp KYCKa KOKca, M; g - ycKopeHHe CHJibl TJl>KeCTH, 

M/ c2 
; w - cKopocT1> ra3a, omeceHHaH KO Bceii rmomaJJ.H nonepe11Horo 

ceqeHIDI netJH, M/c; H - BbICOTa cnoR IIIHXTl>I, M. Jl.rul onpeAeneHHJI 
BeJlH'IHHl>I f HCDOil!.3YJOTCJI B Kaqecme HCXOn;Hl>IX BeJllfllHH B1>1xon nma
Ka, YJJ.eJil>HhlH Bee ~OKCa H llDI&Ka, COACp>KaHHe yrnepona B KOKce H np. 

Ilo ypaBHeHWIM (23) H (24) BhlllOnHeHDI pac11eThl npHMeHHTenbHO K 

yCJtoBHHM- pa60T1>1 noMeHHoii new N° 3 ,UoHeuKoro MeTanTiyprHt1ec1<oro 
3aBona. Paet1eTht no orrncamu,IM ypaBHeHH.RM noKa3hIBa10T, 1ITO npH 
yxy]lllleHHH nopo3HVCTH ll.IHXT1>1 ee eac1>1IlHa.R Macca ao3pacTaeT no JIHHeii-
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HOMY 3aKoey, a YBeJIHqeime no.n'beMHOH CHIIbI ra30B - no napa6onH11ec-
1<oii KpKBOH. 3To o6ycnoBnHBaeT nepeceqeHHe .r:myx nHHHlt npH nopo3-
HOCTH KOKCa OKono 0,35 M

3 /M3
' KOTOpaH nocnrracTCH npH BAy-BaillUI B 

ropH 100 Kr yronbHOH DbIJIH Ha 1 T - qyTYJla. ll~bH~iilnee CHH:>KeHHe 
pacxona KoKca 3a c11eT BA)'Bamra yron1>Hou llhIIlH 6yn.eT conpoBo)K):(aTbCH 
CHH>KelllieM HHTeHCHBHOCTH nnaBKH no BblXO)zy ropHOBblX ra30B H COOTBeT
CTBeHHO npoH3BO)lHTeilbHOCTH netJH. 

TaKHM o6pa30M, H3 TeopeTHqecKoro aHanH3a cnenyeT, tITO npH Bn}'Ba
HHH B ropH /lO 50--100 Kr yrOJibHOH IlbIIIH Ha 1 T qyryrui H npH 3aMeHe 
yrneM JlO 10--15 % KOKCa npoH3BOAHTeTibHOCTh netm MO>K~T cymecrneHHO 
He H3MeHHncs, a npH finaronpIDITHLIX TeXHonorHqecKHX ycnoBHJIX - He3-
Ha11HTen1>Ho noBbICHTbCH. Jlan1>Heiiwee ysenH'leHHe pacxoAa yrnJ1, HanpH
Mep AO 200 Kr Ha TOHHy qyryHa, H CHll'.>KeHHe paCXOA8 KOKCa Ha 20-
30 % MoryT conpoBO)l()laThCJI CHH)KeHHeM npoH3BOAffTCill>HOCTH nellH 
BCJieACTBHe yxynmeHHH ra3onpoHHnaeMOCTH lllHXThl. 

2.2. Oco6eHHOCTH TeMnepatypHoro pe>KHMa ropea 
H pacqer OD'111M3JILHOI'O TeXHOilOnl'leCKOro p"e)IQIM8 AOMelDIOH Dn3BKH 

npa BA}'B3HHH llldJieyronW1oro TOIUIHBa 

UoBJ>IWeHHe TeM1IepaTypb1 JlYTbH no 1200-1400 °c H o6orame-
HHe ero KHCJiopoAOM AO 25-35 %, AOCTHrHyTb1e B nocnerorne ronh1 B 
nepeAOBbIX noMeHHbIX uexax CCCP, onpenenmu1 nosh1IIIeID1e HOMHHanL
Horo ypOBIDI (6e3 yqeTa BJIHHHIDI JlOilOilHHTenl>HhIX TOIIJlllB) TeopeTH11ec
KHX TeMnepazyp ropemu1 no 2500--3000 °c. Ilo:noM}' npHMeHeHHe AO
nonHHrenbHhIX BH,[\OB TOIDIHBa, BJJYBaeMbIX c lJYTbeM, C03}J.3n0 B03MO)K
HOCTb BapbHpOBaHIDI H OIDHMH38UHH ypOBlUI TeoperntieCKHX TCMnepacyp 
B lllHpoKOM Aff8Il830He. 

3aeUCUMOCTb TeopeTU'leCKOU TeMnepaTypbl zopeHWl 

OT TeXHOllOZU'leCKUX yc.noeuu OOMeHHOU 1l/IQ{31(U 

)lnHTeilbHOe BpeMH OCHOBHLIM ycnOBHCM Ilp.H pac'leTax TeXHonorn11ec
KHX pe)l(HMOB c npHMeHeHHeM KOM6HHHpOBaHHoro AyYhJI 6blnO COXpa.He
HHe Ha HCXOAlfOM ypoBHe TeopeTH'leCKOH TeM11enaTVDbl ropeHHJ! [ 17, 
42, 57]. 

YKaJaHHoe yCJioBHe, oJJ,HaKo, 6L1no npoAHKTOBaHo cKopee nomKoH, 
11eM reopeTH11ecKHMH coo6pa)l(eHlfHMH. 

Ha npaKTHKe npHMeHeHHe Ma3yTa H npHpoAHoro r83a 11acTo conpo
Bo>K,Uanoc1> CHH)KeHHeM TeopeTH1IeCKHX TeMnepazyp ropeHHH no ypoBIDI, 
nonycTHMOro YCJIOBHJIMH HarpeBa npon)'KTOB IU13BKH. 

Ka11ecTseHH1>1MH nocbIJ1KaMH K BbI6opy TaKHX pe:>KHMOB 6b111H: B03-
MO)l(HOCTb nonnep)KaHHH MaKCHManLHOrO pacxona .uononHHTenbHOfO TOil
nHBa, . YMeHLWeHHe cpaKnrqecKoro o6»eMa H TeMnepaTypHoro nepen(lAa 
ropHOBbIX r~OB, HCKJJIOllCHHe B03MO)l(HOCTH B03rOHKH KpeMHe3eMa H 
llPYJlfX MaTepH8110B. 
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B cooTBeTCTBHH c H3JIO>KCHHblM Ha MHornx AOMelfill>IX neqax B CCCP 
H 3a pyQelKoM, pa6oTaIOIUHX B 6naronpHHTHblX WHXTOBbIX ycnoBIDIX H 

c BhICOKHMH pacXOAaMH KHCJIOpo.na H nononHHTen1>HOro TOID1HBa, AOC

THrffY"tbl peKOPAJfhle TCXIDIK0-3KOHOMIACCKHe Il0Ka3aTenH npH ypOBHe 

TeopeTHllecKHX TeMnepatyp ropeHHJi 1900-2100 °c [80-83]. 
Ha AOMelillbIX ne11ax, pa60Ta10IJ.UfX s He6naronpHJ1THbIX CLipbeBbIX 

yCJIOBHJIX, MmmMaJll>HhIH pacxoA KOKca npH BIJYBaHHH npHpo.nHoro ra3a 

6Lm nonyqeH ~H CHH:>ICeHHH ypoBHH Teopemq~c1<HX TeMDeparyp ropeHWI 
AO 1700-1800 C [94]. 

B TO lKe BpeMH H3 TeOpHH Te1D1006MeHa cnenyeT, 'ITO ysen1111eHHe 

pa3HOCTH TeMnepazyp HarpeBalOIUHX nl30B H HarpeBaeMoro Tena onpene

n.ReT HHTeHCH4>HKaumo TeIDI006MeHa H IlOBLillleHHe KO:t<l>cl>HUHeHTa HC

ll0Ilf)30BaHHH Terma, 'ITO MO)KeT 6naronpHHTHO CKa38Tl>C.R Ha Hcnonb30-

BaHHH XHMHlleCKOH 3HeprHH fa30B, CKOpOCTH BOCCTaHOBneHHJI OKHCJIOB 

)l(eHe38 H, eCTeCTBeHHO, CHIDKeHH.H ll0Tpe6HOCTH B TeIDie H KOKce. 

B noCJierome 15-20 neT Ha pH.ne AOMeHH&IX neqeii B CCCP H 3a 

py6e>KOM COBepweHCTBOBaJIHe ChlpheBhIX H TeXHonorHtieCKHX ycnoBHH 

IIJl8BKH H coo~eTCTBeHHOe yny'lllleHHe OCHOBHl>IX .IlOKa3aTene8 conpo

BO)l(AaJIHCb IlOBl>IWeHHeM ypoBHB TeopeTHtleCKHX TeMnepaTyp ropeHIDI 

[85-87]. 
HaH6onee qacTo 3TO Ha6moAaeTcJI npH pa6oTe ne11eii 6on1>moro o6'be

Ma: yCTOH'IHBhie TeXHonomqecKHe pe>KHMl>I H BhICOKHe TeXHHK0-3KOHO

MH'leCKHe IlOK838TenH Ha TaKHX neqax 6hIJDI .a;ocTHrHYThl npH IlOBhJWeHHH 

ypoBHJI TeopeTHlleCKHX TeMnepal)'p 11.0 2300-2500 °c (67, 87]. 
H3 H3JIOlkeHHoro cnenyeT, qyo AO HacTosmero BpeMeHH He}l;OCTaT011-

HO H3yqeHO BJlHBHHe TeXHonorH11eCKHX YCJIOBHH pa6oThl ne1.1eii Ha reope

TH11eCKYJO TeMnepacypy ropeHHs, He npeAJIO:>KeHO y6eJ:(HTen1>HhIX teopeTH-

11ecKHx IlOChUIOK 1J)'IJI ee OilTHMH3aI.UfH, pa3pa60TKH H OCBOeHHJI TeXHO

nonAeCKHX pe>KHMOB, 06ecne11HBaIOIIUIX nonYlleHHe MaKCHManbHOro 3KO

HOMHlleCKOro H TeXHOilOnflleCKOro 3<l><l>eKTa OT npHMeHeHWI B KOHKpeT

HblX ycnOBHJIX AOnonHHTeJll>HblX BHAOB TOIUIHBa. 

3HatieHHe H006XO,llHMOH TeopenftleCKOH TeMnepaTypLI ropeHWI paHee 

6i.mo onpeAeJieHO H3 ypaBHeHWI ( 4) WIH TCIUIOBoro 6anaHca AJUI HH)f(HeH 

30H1>1 TeIDioo6MeHa, H3 Kotoporo CJieJzyeT, qyo TeXHononfllecKHe yCJio

BHJI AOMeHHOH miaBKH onpeAeilJIIOT yposeHI> Heo6XOnffMblX reopeTHqec

KHX TeMnepazyp ropemu1: CHH>KeHHe pacxona KoKca Ha 1 T qyr}'Ha H 

BWXOA8 ropHOBhIX fa30B Ha eAHmmy KOKCa Ha 1 % onpenenJllOT Heo6-

XOAJIMOCTh IlOBhIWeHHJI AaHHOH TeMnepayYpbl Ha 20-30 H 10-15 °c 
COOTBe'ICTBelUIO, poCT IlOKalaTeJIH rd Ha 1 % onpenenHeT DOBhIWeime 

TeMnepazypM Ha 10-25 °c. 
KaqecmeHHoe cooTBeTCTBHe yKa3a.HH1>1x 3aKoHoMepHocTeil peanhHhIM 

yCJIOBHJIM J:tOMeHHOH IDJaBKH 6binO HCCJie)lOBaHO Ha npHMepe p;OMeHHJtIX 

ne11eii >K.naaoncKoro '' A3oBCTaJu,'', 1lepenose1.J,I<oro KOM6HH8TOB H ,Uoaeu

Koro MeTannyprn11ecKoro 3aBOAa (Ta6rr. 8- 10). 
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Ta 6 n H ll a 10. DoKa3aTeJIH pafiOT1>1 AOMeRHblX ne11ei MeTamtypnt11ecxoro KOM6101an "A3oncTa111t'' 
B pa3JIJl1IH1t1X TeXHonora•ecKHX yCJ10BHJ1X (nepeAe,m,ai.di cj>occl>opacn.dl 'l)TyH) 

IlOK83BTenH 

HoMep roqKH Ha puc. 1 O. • . . . . 1 2 3 4 5 6 7 8 
IlpOH3BOACTBO• T/CyT ••••••• 2194 2219 2215 2365 2348 2526 2440 2491 
Pacxon KOKca, Kr/cyT .... ~ .. 659 704 692 656 594 536 553 546 
Pacxon arnoMepaTa H 0Kan1welt, 
xr/T qyry11a . , . . . . . • . . . . . 1934 1844 1'689 1924 2066 2053 1952 1792 
PacxoA H3BeCTHJ1Ka, Kr/T qyryHa 280 327 426 319 22 24 s 20 
B&1xo~ u.maxa_ Kr/T ~ryua . . . 811,3 862 893 755 737 606 638 614 
TeMnepaTypa .z:tYTWI, 0c ...... 995 927 1020 1048 1038 1216 1218 1213 
Pacxo.a. npHpo11.imro ra3a, M3 /T. . 117,7 67,3 116,7 107,0 96,2 107,2 96,4 101,2 
CoAep)l(aHHe KHCJIOPOAS. B AYTLe, 
% . . • . . . . . . . . • . . . . . • . 21,0 21,0 21,0. 21,0 23,98 24,58 23,86 23,12 
Coii.ep*aHHe KpeMHIDI B \lyryHe,% 0,52 0,64 0,54 0,58 0,5 0,52 0,45 0,42 

9 10 11 12 
2501 2602 2644 2608 
551 531 523 511 

1916 1975 1984 2017 
10 30 4 5 
636 610 614 592 
1231 1205 1303 1281 
92,6 95.2 104,0 94,8 

23,22 23,12 23,22 24,53 
0,46 0,38 0,36 0,46 



AHaJIH3 DOK833Jl, 'ITO CHH)l(eHHe pacxona KOKCa H BblXOAa rOpHOBhIX 

fa30B Ha 1 T qyr}'Ha 6b1no 06ecne11eHO CHH)ICeHHeM noTpe6HOCTH B yrne

po.ne-TeIDIOHOCHTene: CHH)l(eHHe Bl>IXOAa IW18Ka, Bbmo.n H3 llIHXThl Cl>Ipo

ro <l>nioca, noBhIWeIDie TeMnepatyphI A}'Tl>JI H AP· Onpe,neneHHoe AaHHhI

MH Me~npIDITIDIMH CHH)f(eHHe BbIXOAa ropHOBblX ra30B OT 3800 'JJ.O 

1700 M /T qyryHa cnoco6cTBOBaJIO npHpocry npoH3BOnlfTCilbHOCTH neqeii, 

yn}'llllleHHIO creneHH HCilOill>30BaHIDI BOCCTaJIOBHTenLHOH cnoco6HOCTH rop
HOB&IX n\30B, IlOBl>IWeHHIO ypOBHH Teopemt1ecKHX TeMnepazyp ropeHHH 
AO 2170°C, T.e. opHeHTHpOBOtIHO Ha 3--5°C Ha Ka)l(JlylO CJlHHHnY CHH

>KCHIDI pacxo.a:a KOKca (pHc. 7-9). 
AHanH3 MaTepHanLHO-TeIUioBhIX 6anaHCOB niu1 MeTannyprH11ecKoro 

KOM6HHaTa "A30BCTaJII>" Il0Ka3an, llTO CHH)f(eHHe BhIXO.na ropHOBhIX 

ra3oe Ha 30 %, onpeneneHHoe coKpanteHHeM pacxona KOKca Ha 21 %, 
cnoco6cTBOB3IlO }'BCilHlleHH10 CTeneHH HCil0Ilh30BaHHJI BOCCTilHOBHTenhHOH 

x 
)( 

)()( )(~----
---- ...J<. -)(-- ----::.-:..-x_ 

l B 7~ 51/J 2 

~i -
450 500 550 500 550 700 Z10 800 

Pocl'oil KDKtO, Ke/m 11gigHa 

PHc. 7. DoKa3aTeJIH pafioTt.1 AOMeilm.ix netrel 'IMK (TeMH1t1e TO'IKH) a .llM3 e pa3-o

J11111111>IX TeXBOJJOrJl'leCKHX yCJJOBHRX llpH BlalllJla&Ke mtTeiiHoro 'lyryHa (Ta6.n. 9) 
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Pile. 8. DoKB3aTeJIH pa6on.1 .QOMeJllU»IX ne11ei 11epeooeeQKoro (TeMH1.1e TO'IXll) a A<> 
ee~oro Merannypr1111ecKHX 3&BOAOB B p83Jlll'lllltIX TeXHonorR'iecKHx ycnosHHX npH 
B•nmaBKe nepeAeJDteoro 11)'1')'11& (Ta6JJ. 8) 

cnoco6HoCTH ra:JoB OT 31,1 no 34,9 %; K03cp<PHUHeHTa none3Horo. neHcT

BIDI Tenna B ne11H OT 82,3 AQ 88,0 % npH coxpa11emm Ha HCXOnHOM 

yposHe IlOKa3aTenJI T d H HHTeHCHBHOCTH IUUlBKH no yrnepony H ropHO

BlalM ra:JaM. IlpH 3TOM BhICOTa IDDKHCH 30Hhl TeIUI006MeHa COKpanmacb 

OT 1,58 AO 1,37 M, a BepXHeii CYIUeCTBeHHo ue HlMeHHJiaCb, Teope11111ec

KaJI TeMnepaTypa ropeHIDI IlOBlaICHIIaci, Ha 205 °c (nepHOAJ>I 1 H 9 
Ta6n.. 10). 
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PHc. 9. fiOK33aTeJUI pa6oThl AOMeHHhlX ne11eii MeT8.11nyprH'leCKOro KOM6JDllT& "A3os
CTaJJb" B p33IlHtfllhlX WHXTOBhlX YCJJOBHRx (Ta6n. 10) 

113 30HaJibHbIX TeI1J10Bl>IX 6anaHCOB, pacctmTaH1il>IX W!JI nepHonos 

1 H 9, cn:enyer, 1110 co1<pameHHe o6mero pacxo,na teIDia 01 6155376,5 
no 4917411,l Kll)f(, T.e. Ha 20 % cnoco6c1B0Bano 6naronpIDITHOMY H3-
MeHeHHro CTpYJ<TypbI notpe6.rre~H TeIUia no BbICOTe AOMeHHOH ll~lJH: 

OTHOCHtenbHa.H ,a.onH reIUia, no1pe6nJ1eMoro npH B:&ICOKHX reMIIepazypax 
(1500 °C), COI<paTHJiaCb B 2 pa3a, 11TO CilOC06CTBOBa.IIO IlOBbillleHIUO 

ycToiitmBOCTH pa6oTbI ropHa. CootBeTCTBeHHO B03poCJia OTHOCHTeJibHaJI 

nonH rerma, Hcnon1>3yeMoro B BepXHHX ropH30HTax ( Ta6n. 11) . 
YK3.3alfilb1e 6naronpW1THL1e H3MeHeHHJ1 onpenenHIOTCR npe)KJ];e Bcero 

ynyqweHHeM ycnoBHH HCil0Ilb30BaHHll BOCCTaHOBHTC111>HOH 3HepmH rope 

HOBblX fa30B B 30He 33MeWJeHHoro TCWI006MeHa. BpeMJI l(OHT3KTa BOC-
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T a 6 n H ~ a 11. PacxoA reDJJa no 3oaaM Te1111006MeHa a ycnoaHJIX 
KOM6H118T& "A30BCT8Jllt" 

TeMIIepaTypHhie PacXOJl Term& 38 nepHOJJ.l>I 
0 

30Hl>J, C 
x)l>Ke 103 

K,D$•10 3 % 
-

IlepHOAhl no Ta6n. 10 . . . . . . . . . 1 9 
,llo 900. • . • • . . . . . . . . . . . . . 2197,1 35,7 1810,9 
900-1200 e e e • e • • • • • • I • I • • 2203,4 35,8 1871,9 
1200-1500 . . . . . . . . . . . . ... 1324,5 21.s 1052,6 
> 1500 I e e • I e • I • e • e e • I t • e 4305,4 7,0 1819,4 
06UXHA pacxon Tema ........• 6155,4 100,0 4917,4 

% 

36,8 
38,1 
21,4 
3,7 
100,0 

CTaHOBHTeJibHl>IX ra30B c OKC}fAaMH >Kene3a B yKa3aHHOH 3.0He B cpaBHHBae
MhlX nepHonax B03poCIIo OT 0,84 AO 0,97 c, T.e. Ha 15,5 %. YKa3aHHoe H3Me
HeHHe onpeAeneHO yMeHbWeHHeM )lOJIH KOKca B llIHXTe H BhIXOna ropHOBl>IX 
r830B, coxpaHeHHeM Ha HCXOAffOM ypoBHe BhlCOThl 30Hhl 3aMe,D)leHHoro 
rennoo6MeHa. TaKHM o6pa30M, coKpameHHe Bb1xona ropHOBbIX ra30B 
Ha 1 T qyr}'Ha 06ecne11HJ10 KOMIDieKcHoe ynytnI.IeHHe TeXHonomqecKHx 

YCJIOBHH IITUlBKH, 'ITO onpenenH..TIO COOTBeTCTBeJIHOe ynytnI.IeHHe TeXllH
K0-3KOHOMH11eCKHX 00Ka33Teneii. 

TaKHM o6p33oM, yposeHb TeopemqecKHX TeMIIepazyp He MO:>KeT 6bITh 

onpeneneH npOH3BOill>HO. TeM 6onee OH He MO)l(eT 6bITh COXpaHeH DOC· 

TOJIHHl>IM npu H3MeHeHHH reXHonorH11ecKHX ycnoBHH nnaBKH. B KOHK

peTHLIX teXHononrc1ecKHx yCJIOBHJIX Heo6x01J>iMbIH ypoBem TeopeTH11ec
KHX TeMnepaTY.P ropeHHH onpeneru1eTcJ1 npe>KAe Bcero BhlXonoM ropHO· 
BhIX ra3oB, cTenem10 3asepwellllOCTH TeIUioo6MeHa Ha rpamme npoMe)f(}'

TOllHOH H HH)ICffeH 30H TeIDI006MeHa. 

Ha OCHOBaHHH aHaJIH3a ypasHeHIDI (4) H pHC. 7-9 MO)KHO cnenaTb 

BbIBOA 0 TOM, 'ITO COXpaHeHHe HJ1H ynY'llf.IeHHe OCHOBHI>IX TeXHOIIOrHtlec
KHX ycnOBHH nnaBKH npH npHMeHeHHH KOM6mmpoBaHHOro JlYTl>.H MO)KeT 

6h1Th o6ecneqeHo npH yCJIOBHH coxpaHeHHJI HIIH }'MemweHIDI o6wero 
Ha 1 T qyrYJla BhIXO,na ropHOBblX r330B H ooxpaHeHllJI HJ1H IlOBhIWeHHJI 

TeopenAecKoii TeMnepazyphI ropeHHJI [71, 72, 88]. 

06oCH08QHUe onTUMQ/lbH020 TeXHO./lOZU'leCl\020 pe:JKUMQ 

U HOpM KOMneHCQijUU npu BOyBaHUU 8 20pH nbuzeyZOJlbH020 TOMUBQ 

Ha oCHoBamm Bb1I11eH3JIO)l(eHHoro AJIH Ka)l(JJ.oro BH.Ua nonoJIHHTenb
Horo TOilIIHBa MO)l(eT 6bITh onpeneneH HOMHHaJll>HhIH ypoBeHh cyMMap
HOro K03<}>$HUHeHTa 3aMeHbl ~3' npH KOTOpoM no Mepe ysenHqeHH.H 
pacxona TOIDIHBa He npoHCXO,uHT ysenHqemu1 BbIXO)l.a ropHOBhIX ra30B, 
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CHH>KeHHH TeopemqecKOH TeMnepaTyphl ropeHHH H COOTBeTcTBeHHoro 

yxy.a;weHIDI TeXHOJIOmtleC~HX yCJIOBHH IUiaBKH1 
• 

,[VIH KOMIU1eKCHOH <?UeHl<H H3MeHeHIDI TCXHOnorHtICCKHX YCJlOBHH 
npH BnyBaHJm B ropH pa3m1tIHhIX nonomrnrenbHl>IX BH.D;OB TOWIHBa H 
oueHKH BeJIHtnnlhI HorvmHanLHoro K npHH.HJIH: W1H xapaKTepHCTHI<H 

3 u 

TellJioBoro pe>KH.Ma ropHa ypaBHeHHe Heo6xOJlHMOH TeopemqecKOH TeM-
nepaTyphI ropeHHJl (4); ]J)IH xapaKTepHCTHKH raJO,IJ.HHaMH\lecKoro pe)KH. 
Ma ypaBHeHHe PaMMa A.H. (89] : 

PI =Po (Vr0/ Vr1) (108 o/'YfJi) (d0 / d1)o,s, (25) 

r,n.e Po H P1 ; 8 0 H fJ 1 ; 'Yo H 'Yi ; d 0 H d1 npoH3BOnHten1>HOCTh 
noMeHHoii ne'IH, reMnepazypa, ynen1>HhIH Bee ropHOBbIX ra.3oB, omocH

Ten1>HaJI ra3onpoHHnaeMOCTb lilllXTbI B HCXOnHJ>IX H HOBblX TeXHonorn
qecKHX yCJIOBHHX. 

PocT cpaKrn11ecKoH: KOHI(eHTpaUHH (DcJ>aKT) ra3a .. (C02) no BhICOTe 

BocctaHaBJIHBaeMoro CJlOH )l(ene3opy,I:Uioro MaTepHana onpenerumH no 
<PopMyne [70]: 

_K"£F T 

Dct>aKT = DpaBH {l - e V ) (26) 

HJIH npHMeHHTCffbHO K KOHKpeTHbIM yCJIOBHHM pactieTa 

D - D (1 e-0,63 T) cl>aKT - paBH - , (27) 

r.a;e K 'E - cyMMapHbI~ K03cpcpHUHeHT cKopocTH npouecca, yqHTbraaiomeH 

XHMHtleCKHH H AH<l><l>Y3HOHHl>IH <l>aKTOphI H npe.a;ctaBil.RJOIIUiH cooo.H cpen

HIOJO CKOpoCTb yp,aneHHJI KHCllopona qepe3 1 CM2 
Hap}')KHOH IlOBepXHOCTH 

KYCKOB PYAl>I, CM3 /c; F/ V - oTHoweHHe peaKUHOHHOH noBepXHocTH ~ 
1 M3 annapaTa K KOJ<l><l>HUHeHzy 3anonHeHID1 o6'beMa; F - noBepXHOCT:& 

KYCKOB PYAl>I B enmmne o61>eMa, M2
; T = L/ v 1 - speMH npe6h1BaimJ1 

ra3a B ne'IH, c; L - )l]IHHa annapaTa, M; v t - 4>aKTH11ecKaH cKopoCT& 

JlBH>KeHHH ra3a, M/ c. 
,I:Vi.11 pac11e1a BpeMeHH cropaHHH (T ~ nononHHTen1>Horo TOIDIHBa 

B <l>YPMCHHblX 30Hax HCI10nb30B3JIH ypaBHeHHJI (15)-(20) [77]. 
,[VIJI oneHKH BJIHJIHlUI IIhIJieyronbHOro TOIDIHBa H KOMilJlCKCa KOMileH

CHpyi<>IUHX MeponpHHTHH Ha napaMeTpbl AOMeHHOH JDlaBKH pacc11HThmaJIH 
TeXHonorH'leCKHe pe:>KHMbl, HCXO)lHhIM WUI KOTOpbIX 6hm peanbHDIH pe
:>KHM c pacxonoM KOKCa 558 Kr/T qyr}'Ha [25]. B Katiecme KOMIIeHCH
PYIOlllHX MeponpIDITHH npHHHManH HJMeHeHHe 30nbHOCTH Ill>tneyron1>Ho-

1 ·K3 onpeneruorn neneHHeM ClDlllCeHIDI pacxop;a KOKca, nonytteHHoro 3a c11eT 
B,tU'BaHHJI IILIJ'leyronLHoro romIHBa H ocyweCTBneHWI 1<0MneHCHpyiomex MeponpHJ1-
mD, na pacxon IILDieyrop1>Horo TOIDIHBa. 
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ro roru1HBa, reMneparypbI ,tzyThH, Bb1xona nmaKa H pacxo.a.a Chtporo <t>ruo
ca Ha 1 T 11yrYJla. 

P.acqey "BblilORHHJIH ,lllUI <l>HKCHp<>BaHHhIX 3HaqeHHH CyMMapHOro KOlcl>
cpH~eHTa JaMeHbl "l:K.3 .B HHTepBane 0,6-2,3. 

M3 aHaJIH3a ypaBHelilUI (27) H pHc. l O; a TaK>Ke .pe3yn1>tatoB om1T
H1>1x H npOMblllU1eHHbIX IUI8BOK, npoBeneHHl>IX B Haweii: ctpaHe H 38 

py6e)KOM, cnenyer, 'ITO npH eenutmue K
3 

> 1,o+l,2 enysaHHe 111>me
yron1>Horo TOIDIHBa o6ycnoBnHBaer ynY.111lleHHe KOMIDleKca TeXHonomqec
KHX YCJIOBHH ImaBKH, onpenenHIOl.UHX no Mepe }'BeJIH11eHIUI pacXOAa TOil· 
JIHBa pocT npoH3BO,IJ)'lTen&HOCTH, IlOBbillleHHe cTeneHH. HCilOilb30BaHHJI 
BOCCTaHOBHTen&HOH 3Hepnm ropHOBhlX ra30B, COKpameHHe BpeMeHH cro
pa.HIDI nononHH.Ten&Horo TOIUIHBa npH IlOBbIWeH;HH ypoBIUI Heo6XOAffMl>IX 
reopeTH11eCKHX reMDepaTyp ropeHHH. TeopemqecKH npH eenH11HHe K

3 
= 

= 1,0-H ,2 H 6onee no Mepe }'BeJIH'leHlUI pacXOAa TOIDIHBa He npoHCXO,tl,HT 
HeraTHBHblX H3MeHeHHH B COCTOJIHHH TeXHOJIOI'HlleCKOro pe>KHMa, KOTO
p1>1e orpamrQHBanH 61>1 3$<}>e~THBHOCTh rrpHMeHeHIDI IlhtneyromHoro Ton
nHBa H BeJIHtIHHY ero OllTHM8J1LHOrO pacxona. 

J13 B&lllleH3JIO)l(eHHoro cneJzyeT, 'ITO npH ~hICOKHX pacxonax nonon
HHTen1>Horo TOIDIHBa, KOMDeHCHpyiomHMH HX 11eraTHBHOe BJJHJIHHe Ha Tex
HOJIOrHlO, MoryT 61>1Tb Te MeporrpHHTHH, KOTOphie o6ecnetJHB3IOT }'Bemt
qeHHe cyMMapHoro K03cpcpHI(HeHT8 3aMeHLI no HOMHHaJlbHOro ypoBHJI. 
TaKHM o6pa30M, HapasHe c noB1>1WeHHeM TeMneparyp1>1 A}'Tl>JI H CHH)l(e
HHeM ·ero BJia>KHOCTH KOMIIeHCHpyiounIMH MeponpIDITHJIMH MOryT 6bIT& 
BbIBOA H3 lllHXThl H3BeCTIDIKa, CHH>KeHHe Bl>IXOAR Il.DlaKa, 118CTH11HU Me
T3J1Jlll33IUUI 1.1.llIXThl H T Jl. 

Mo)l(HO OTMeTHT1>, trro COBepweecmoBaHHe TeXHonorH11ecKHX ycnoBHH 
rmaBKH, CODpOBO)l(JJ.aeMoe CHH)l(eHHeM pacxoua KOKCa H Bl>IXOAa ropHO
BhlX raJOB, 003,U.aet rrpeAfiOChinKH 1J}IH }'Ben1111eH11J1 ODTHMaJlbHOro pacxo
na AOilOilHHTen1>Horo TOIDIHBa H llOB~IIUeHHJI 34>4>eKTHBH0CTH ero npH
MeHeHIDI. 

BeJIHllHHa HOM:HHaJ11>Horo 'JX
3 

MO)l(eT 61>1T1> noHIDKeea 3a cqey CHH>Ke
HH.R pacXOAa npHpOAHOro ra3a HJIH 06orameHHJ1 lzyThJI KHCJIOpoAOM. 

Ilepeoe MeponpHHTHe >KenaTeJibHO npHMeHHTb B orpaHH11eHH1>1x Macw
ra6ax H B IlOCJie,ruuoio oqepe)lb, IlOCKOnbKY OHO Il0BhIW8eT pacxon KOKCa, 
CHH>KaeT BeJIHllHH}' I'/(3 H 3<l>cpeKTHBHOCT& HOBOH TeXHononm. 

KoMneHCalJ,HJI 3a cqey 06orameHHJ1 ,tzyThJI KHcnopon:oM npH npo11Hx 
paBHbIX YCJIOBHJIX TaK)KC CBJl3aHa co. CHH>KeHHeM rrpuxona TelDla H onpe
nen.Her noe1>nueHHe pacxona KoKca B MemweH: cTeneHH, 'leM coKpameHHe 
pacxona npHpoW1oro ra3a. 

H3 paccM0TpeHH1>IX Tpex BH}lOB nononHHTen1>Horo TOWIHBa HaH6onee 
nepcneKTHBHhIM npencTaBnHeTcH Ilhmeyron1>Hoe 6naronapJ1 MHHHMBIIl>HOH 
pa3HOCTH <}>aKTH'IeCKH nonY11aeMoro (0,5-1,4) H HOMHH&nbHOro (1,0) 
3HaqeHHH K

3 
[17, 57]. 

Pemaromee BJIHHHHe na ... aj><l>eKTHBHocn, npHMeHeHHH IlhDieyron1>eoro 
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Pee. 10. 3aeHCHMocn. ocaoBHhIX Texaonom11ecxHX noxa3aTeneii IJJl&BKH OT pacxo.Qa 
DJ,1J1eyrom.Horo 'l'ODJIHBa (uatj>p1>1 y KpHBl>IX - FK"3 - C)'MMapmdl K03cJ>4>HQHeHT 
38MeHhl) 
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monnu6e. 0/a 

PHc. 11. 3aBHCHMOCTb Ko3'1>41111n1eeTa 
3BMellhl (K3) OT 30JJIJllOCTH m.me

yrOJlbHOl'O TOllJIHB8: 
1 - 9KcnepHMeHT8JJLHLie AaHHLie [11, 
38, 40, 51, 5 2] ; 2 - pac'leT no MeTo

AHKe, ODHcaHHOA B HCfO'lllllJ<e [78]; 
3 - pac'leT no 6ana.11cy yrnepoAa; 
4 - pact1eT no MeTOJI.HKe np<><t>. PaM
Ma A.H. [89]; 5 - pacqeT no MeTo
.D.HKe [11] 

TOIDIHBa B ,ll:OMCHHOH IUia.BKe OKa3bIBaeT 30Ill>HOCTI> HCilOill>3yeMLIX yrneii 
(puc. 11). 

Ha ocHoBamm aHanH3a pa60Tb1 AOMeHHb1x net1eii 6h1no npHIDITO, 1110 
06IUHH ypoBeHL Il0Tpe6HOCTH TeIDia H pacxoAa KOKCa B OCHOBHOM onpe
.uenmor noTpe6HOCThlO B BhlCOKOTeMnepatypHOM TCIDle, pacxonyeMOM 
B HH)l(Heii 30He TeIIJI006MeHa Ha neperpeB qyr}'Ha H llDlaKa, BOCCTaHOB
n eHHe oKcHna >Kene3a yrnepoAoM 11 T.n. Iloc1<on1>1<y llDiaK, nonyt1aeM1>1ii 
Hl 3on1>1 mmeyron1»Horo TommBa, HarpeBaeTcx 11.0 TeMnepacyphI npo
llfKTOB llJiaBKH Ha BhIIlYCKe TOfll>KO 33 ClleT BhICOKOTeMnepaTypHoro 
Tenna, TO om:oweHHe KOnHt1ecma Tenna, Heo6xop;nMoro JllIH neperpeBa 
e)DIHHUbI wnaKa, BBOJnfMOro 11epe3 <}lypMhI, K KOnHllec~y TeWia, eeo& 
XOAffMOMY wu1 neperpeBa TilKOro )Ke WJiaKa npH 3arpy3Ke ero 11epe3 
38ChIIIllOH annapaT Qo6m' COCTaBHT: 

11 = (Qo6w./qB.T)-(qB.T/Qo6w), (28) 

r.a;e qB.T - nonH OT Qo6w, npHXOAJilllaHCJI Ha Bl>ICOKOTeMnepazypHoe 
TeIDIO. 

BhIBO.a; H3 COCTaBa llhmeyronbHOro TOIDIHBa 1 Kr IIDlaKa MOlKeT o6ec
netmTb B 3aBHCHMOCTH OT eenHllHHbl qB.T' KOnHqeCTBa H BHJ:(a BBO)lHMO· 
ro ATIH onma.KOB8.HHJI <1>n10ca CHIDKeime pacxona ICOKca Ha 0,5-1,0 Kr. 

BBeAeHHe B ropH BMeCTO 1 Kr llDI8Ka 1 Kr yrnepona B COCTaBe llb1Ile
yron1>Horo TOIDIHBa Il03BOilHT .nononHHTenbHO CHH3HTh pacxo.n KOKCa Ha 
BenHllHHy 

~QK = (1/C4>CK)K, (29) 

rne K - Ko3$<}>HUHeHT, yqHThIBamIUHH BJIHmme Ha pacxo11. Ko,Kca pa3-
HOCTH Tel\11lepatyp KOKCa H mmeyron1»HOro TOIDIHBa npH HX nqccy1D1e
HHH B HH>KHIOIO 30HY rewioo6MeHa; eel> - non.ff yrnepoAB KOKca, cro
parowero Ha cl>ypMax; Cl< - ~OnH yrnepo,na B KOKCe. 
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B YCJIOBH.HX nouen.Koro MeTannyprnlleCKOrO 3aBona BBOn B ropH 

JJ;ononHHTenbHO 1 Kr yrnepoJJ;a 3a c11eT CHH)l(eHHH 30nbHOCTH nhu1eyronb

Horo TOililHBa MO)KeT 06ecne11HTb CHH>KeHHe pacxona KOKca na 2,0-
2,5 Kr. 

IlpOMblllDieHHbIH OllhIT pa6oTbl neqeit Ha IIl>UieyronhHOM TOIIJIHBe 

30flbHOCTblO }J.O 2,8-6,8 % IlOKa31>maeT, 1ITO npH H3MeHemrn TeXHOilOfH

'ICCKHX yCTIOBHH BenHtJHHa YKa3amtoro CHH:>KeHHH pacxo,na KOKCa MO>KeT 

B03p8CTH AO 3-5 Kr/Kr. llononmneJibHOe CHIDKeHHe Il0Tpe6HOCTH B ren

ne H KOKce, onpeAeJIHeMoe Hcnonb30BaHHeM Mettee 3onbHOro TOIUIHBa, 

KaK . npaBHflO, conpoBO)f(AaeTCJI CHH>KeHHeM BbIXO,Ua ropHOBhIX ralOB H 

COOTBeTCTBeHHhIM npHpoCTOM npoH3BOII>fTenhHOCTH net{H. 

PacqeTHhIM nyTeM H npol\1bIIIIDeHH1>1MH JKcnepHMCHTaMH 61>1no ycTa

HoBneHo, lJTO npH cmnKemm 30flbHOCTH IlbD1eyronhHOro TOIUIHBa AO 70-
80 % OT 30nhHOCTH npHMeHHeMoro KOKca BerIH'lHHa K

3 
MO)l(eT npH6-

nIDKaTbCff HJIH npeBhllll3Tb HOMMHa.JJbHhIH ypoBeHb, o6ecnetnmamIUHH 

coxpaHeHHe RTIH ynytnneHHe TeXHonorH'IeCKHX ycnoBHH H BenHllHHl>I K
3 

no Mepe yaenH11eID1s pacxona TOIUIHBa. 

Y1<a3aHH1>1e oco6eHHocrn HH3l<030nbHoro Ill>meyronbHOro romnma 

npe):l.onpeAeruinH nepcneKTHBHOCTb H 3cf><l>eKTHBHOCTb ero HCilOilb30BaHHJI 

npH pa6oTe noMeHHhlX netieH Ha KOM6HHHpOBallHOM .UYTbe BhICOKHX 

napaMeTpOB. 

PactieThI noKa33J1H, 'ITO npH nro6oM HCXOAffOM coAep)l(aHHH KHCJiopo.ua 

B ,uyrbe, pacxo]:lax np11poroioro ra3a H KOKca BAyBaHHe IDl3K030nbHoro 

nLmeyronhHOfO TOWIHBa COBMeCTHO c HCKOTOpLIM CIDDKeHHCM pacxona 

npHpo,nHoro raJa (Ha 0,1-0,3 M
3 
/Kr) MO>KeT o6ecne\ll1Th nonytieHHe Tex

HonorH~eCKHX pe>KHMOB, OTBeqa10mmc. OCHOBHhIM rpe6oBaHHHM no Bbl

XOJJY ropHOBbIX raJOH H ypoBHIO TCOpeTINeCKHX TeMilepaiyp ropeHIDI. 

Bee JTO TIO.UTBepro-u1ocb noCllenHHM npoMhillDleHHblM OilhITOM npHMe

HeHHH mmeyronbHoro TOIUIHBa B CIIIA H .Hrromrn: BJJYBaHHe B ropH 

MaJ1030nbHOro (Ac = 3,5~,8 %) llLineyronbHOro TOIUIHBa ll03BOflHflO 

npH pacxo,n.e ero 52- 70 Kr/T qyryHa nonyt1HTh K
3 

= l,2+1,33, npHpocT 

npoHJBO,a.HrenbHOCTH Ha 5- 10 % npH ynyqmemm Ka11ecrBa 11yr}'Ha. II pH 

3TOM conyTCTBYIOWHC HJMeHeHHJI TeXHonorHqecKoro pe>KHMa 6bmH MH

HHMaJlbHblMH (40, 41, 45, 46]. 

PacrJeT 1<fiifJeKTUBHOCTU TexHollozu11ec1<ux peJICUMoe ooMeHHOli. ruzaeKu 

c npuMeHeHUeM nbllley20/lbH020 TOntlUBa u T011.flU8HO-!fi/l10C08blX CMeceu 

TeopeTH11ecKyro oueHKY J<l><PeKTHBHOCTH npHMeHeHHH IlhmeyronbHoro 

TOilJ1HBa H TOIUIHBHhIX CMeceH ocyiuecrBn.RJIH c HCilOflb30Ba.HHeM MaTe

MaTH'ICCKOH MO,IJ.eJIH ,llOMCHHOro npouecca, npencraBflfflOllleii CHCTeM}' 

ypaBHeHHii:, OillfCbIBalOll(HX 6aJUlHCOBbie YCJIOBIDI nnaBKH H OCHOBHbie 

Tenno- H Maccoo6MeHH1>1e, raJOllHHaMH11ecKHe H MexaHH11ecKHe HBneJm.H B 

noMeHHon ne11H. 

baJlaHCOBl>Ie ypaBHeHHJI 6bIJIH COCT3.BneHbl c HCll0flb30BaHHeM KOlvlll-
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ne1<cHoro MeTo.na pactieTa noKa3aTeneii ,n:oMeHHOH IUiaBKH npo$. A.H. 
Pa.MMa [89]. YpaBHeHHe Maccoo6MeHa pa3pa6oTaHo Ha ocHoBe cpH3H'lec

KOH MO,UeJIH KOHBeKTHBHOrO MacconepeHoca, npe.IJ)IO:>KeHHOH npoq,. 
,n.E. CnonnimroM, a ypasneHHe, OIDICbIBaiomee ra30nHHaMHt1ec1G1e HBne

IDIH, COCTasneHO Ha OCHOBaHHH TeOpHH aJCan. H.M. >KaBopoHKOBa n,JI.ff 

pacqera a3po.a;HHaMHqec1<oro conpoTHBneHIDI opomaeMhIX uacanoK [90, 
91] . COBMCCTHOe peweHHe CHCTCMhl ypaBHeHHH Il03BOilHJIO paCCllHTbIB8Tb 

HapaBHe c npOH3BO)J,HTenbHOCTblO netm H pacxo,uoM KOKCa cTeneHb npH

MOfO BOCCTaHOBneHIDI OKCH]lia )l(eneJa H CTenem HCil0Ill>30B8HHJI BOCCTa

HOBHTCnbHOH cnoco6HOCTH ra30B 11 co u Tl H • 
YpaBHeHHe Maccoo6MeHa 61>mo npeo6pa3ofsaHo B BHAe: 

OdFeO OdFeO OR - 03 
rd= = -

OFeO 0,2865 Fe
0 

0,2865 Fe
0 

OR KmoB 
(Ke 

6 
) T, (30) + 

0,2865 Fe
0 Po de Pm x1 

rne Km - KOHCTallTa Maccoo6MeHa, Kr/ (M2 ·c); Ke - nopHCTOCTI> Boc
ctaHaBmmaeMoro MaTepHana, M2 /Kr; de - cpen,HHH AHaMeTp qacTHu, 
M; p - WIOTHOCTI>; Kl - K03<l>cl>Hl.UfeHT <t>opMl>I BOCCTaHaBnHBaeMoro 

MarepHaJia; T - BpeMH npe6hIBaHIDI, c; B - XHMH11ecKHii noTeHUHaJI 
BOCCTaHOBHTeRl>HOfO ra3a. 

(1 - cue> (t _ ·11coO + e)] 
B = 4 (31) (31) 

cBe + r (pd/ Po) 

rne CBe - KOHUeH1J>aIUUI BOCCTallOBHTeneii B ra3e, paBHOBeCHaH c FeO 
npH TCMnepaType 30HLI 3aMe)lTJCHll0f0 TelUI006MeHa; r - CTeXHOMeT

pHtICCKOe COOTHOilleHHe BOCCTaHOBHTeneii B peaKUHH c OKCHAOM >Kene3a 

(FeO + B = Fe + BO); Pm ; pd; Po - IlJIOTHocn COOTBeTcTBeHHo )l(e
ne3opynHbIX MaTepHaJIOB, r83a H BOCCTaHOBHTenJI (cpemme)' Kr/M3 

; 

T - BpeMR npe6bIBaH1UI )l(ene3opynHbIX MaTepHaJIOB B IlOTOKe fa30BOC

CTallOBHTeneH, c; 11 co - cTenem Hcnon1>3osaHHH OKCHna yrnepona B 

.zlOMeHHOH netm. 

OTHollleHHe creneHeii Hcnon1>JOBaHID1 onpenen.HJIH H3 ypaBHeHIUI: 

11Hi = ____ 1 ___ _ 

1ico 
(32) e = 

KoHCTaHTa paBHOBecHH KP peaKUHii sowrnoro napa C02 + H2_ ~ 
~ CO + H20 HaXOAliJlaCb H3 3aBHCHMOCTH ee OT teMilepatyphI: 
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-In K~ =- 9934 
T 

+ 3,151 . 10- 6 

6 

6,233· 10- 3 

+ 8,41 + 0,515 ln T- -----
2 

T+ 

(33) 

TeMnepazypy B 30He 3aMe.lVleHHoro Teimoo6MeHa onpeAerumH H3 
ypaBHeHHJI 6.H. l<HTaeea ATIJI BepXHeif 30Hhl TeIDI006MeHa. 

Jlng peweHHR YK3.3aHHoii cHcTeM1>1 ypaBHeHHii 6hma pa3pa6oTaHa H 

ocBoeua nj>orpaMMa wu1 3UBM EC-1033. 
ConocTasneHHe pacqeTHhIX H 3KcnepHMeHTan1>H1>IX no1<a3a-feneii Ha 

AOMeHHl>IX ne11ax llM3 npH B}l}'BaIDIH nhIIIeyronbHOro TOIDIHBa fi0Ka33J10 

HX xopowyio CXO)JJIMOCTb. 

Pact1en1 c npHMeHeHHeM }'Ka.3am1ofl MeTOAHI<H nonTBep1J.HJIH B1>1co1<yio 
TeXHonorHtleCKYJO H 3KOHOMHlleCKyto lcl><PeKTHBHOCTI> npHMeHeHIDI llbine

yron:&HOfO TOI11IHB8 H3 HH3K030ITl>HhIX yrneii (pHc. 12). 
IlpH pa6oTe Ha aTMOccl>epHOM A)'Tbe c npHMeHeHHeM npHpoAfforo r83a 

HCil0Il1»30BaHHe HH3K030Ill>HOro (HH)Ke 5-10 %) IlhUieyro~bHOro TOIDIHBa 

B KOJIH11eCTBe 100 Kr Ha 1 T tzyr}'Ha conpoBO)l(AaJIOCI> npHpoCTOM CTeneHH 

HCil0Ill>30BaHHJI BOCCTaHOBHTeIIl>HOH 3HeprHH fa30B (71co) Ha 4,8-13,5 %, 
CHH)l(eHHeM creneHH IlpJIMOro BOCCTaHOBnemra OKCH.a,a )l(eJie3a Ha 0,3-
2,0 %, npHpocroM npoH3BOAHTen1>HOCTH netm, cmnKeHHeM pacxona yCJIOB· 

HOro TOIDIHBa Ha 0,5-30 Kr/T qyryaa, HJIH 0,1-4,7 %. 

~ . 
~~~ ~ 6JO 
~~ ~ ~ 610 
~~ ~~ 

,,,,,,,,,., 
_,,,, 

--~----,,, 
-~----·---·-~ -"" 

!, 5" 
1,3 

~ 1,1 
0,9 
0, 7 

0,37 
30,35 
~ 

O,JJ 

0,311 

_, 
"'"--- -·- 2 

""" --J 
"'~ --- q 

' ----·--- " ·------- ......... ·--------= 

- - - -- -:.:: ::; :--=--~ ~ ----------· -------------=-=::::=---::;:;---~ 0,33 -2 -- -- -- --

--- ---a12 ___ --~ ~ ~ -S;.. 5.90 
~ --------------------.-......~ 5 10 15 20 25 30 5 70 15 20 25 30 

CodepJKoHue .Jon1J1 6 gine, % 

PHc. 12. DOKa3aTtmH 3Cj>cl»eKTHBHOCTH JIAYB8HHR a rope 100 Kr 11LmeyronhHoro Ton

nesa Ha 1 T 11yryt1a, nperorosneHHOro H3 p83RblX yrneii: 
1 - To~e; 2 - ra3os1>1e; 3 - a.HTPQllHT; 4 - BenHtiHHa no1<a.JaTenJI npH pa6oTe }J.O
MeHHoA ne1111 6e3 IJldJleyroJIDHoro TOIDlHBa 
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B ycnoBIDIX pa6oThI JJ.OMeHHbIX ne11eii c npHMeHeHHeM npHpo,rnioro 
ra3a HaM6onee 3cp$eKTHBHhIM OKa3aIIOCh npHMeneHHe nhmeyronbHoro 
TOIInHBa c MHHHMaJlbHhIM conep)l(aliHCM nel)"IHX. 

BA)'BaHHe 100 Kr Ha 1 T qyrYHa IlbIJJeyron1>HOfO TOIUIHBa 30nl>HOCTblO 

7 ,5 % HJ yrneif MapoK r H T npH yCJioBHH ero nonHoro cropaHHH B 
cpypMeHHbIX 30Hax conpoBO>KJlaJIOCb CHH)l(CHHeM pacxcina KOKCa Ha 87 H 

111 Kr, npupocToM npoH3B01nfTCilbHOcTH netllf Ha 7, I H 10, 7 %, cHH>Ke

HHeM paCXOAa npHpoAHoro ra3a Ha 38 H 29 M
3 /t qyr}'Ha H pacxoAa 

ycno;aHoro TOIUIHBa Ha 21,5 H 10,0 Kr/T qyryHa COOTBCTCTBeHHO. XapaK

TepHO, 'ITO no Mepe CHH>KeHHH 30J1bHOcrn yKa3allHOe pa3nHtme B J<l>cl>eK

n rnHocrH nhurcyronbHOro TOilJUiB3 HJ yrneii MapoK r H T B03p3CTaJ10 
np~)l(]le BCero 3a cqey IlOBbl!llCHHR lcp<l>eKTHBHOCTH yn1eil c HH3KHM co

)J.~p~amteM neTYlfilX. 

IlpH pa6oTe AOMeHHhl.X 11e11eu Ha KOM6HHHpOBaHHOM )zyTbe BblCOKHX 

napaMerpOB 3<}><l>e:KTHBHOCTb npHMeHeIDIH llhineyron1>Horo TOWIHB8 MO)KeT 

cyI.QeCTBeHHO B03pacTH. 3TO npenonpenen.ReTCR B03MO)KffOCTblO 3HatIHTen1>
Horo noBbIWeHIDI onTHMan1>Horo pacxona 1Th1neyron1>Horo TOIDIHBa Ha 1 T 

llyr}'Ha BcrrencmHe KaqecTBeHHoro ynycnneHH11 ycnoBHH ero cropaHHH B 
<l>ypMeHHbIX 30Hax. 

CKa3aHHOe no,u:raep)l;HJIOCb pacqeTaMH, BbIIlOilHCHHblMH no H3BCCTHOH 

MeTOroiKC PaMMa A.H. 
113 pHc. 13 cnenyer, llTO npH pa6oTe AOMeHHoii netm Ha nyThe, o6o

rameHHOM KHCJIOpO.D.OM no 30 %, B03MO)KH0 B)l;}'Baillle Ha 1 T qyryua 

AO 200 Kr HH3K030IlbHOrO IlbUieyron:&HOro TOIDlHBa H3 yrnH MapI<H 

T, qro npH coxpaHeHHH Ha HCXO;ll.HOM ypoBHe npoH3BO,nHTenbHOCTH 

nellH MO:>KeT o6ecnetJHTL CHIDKeHHe paCXOAa KOKca Ha 24,7 %, npHpon
HOro ra3a Ha I 00 M

3 
H npHBe,U.CHHl>IX 3aTpaT Ha 1 T qyr}'Ha Ha 0,4 py6. 

IlpHMCHelilie B }'Ka3ail.HblX TCXHOnOfHl.JeCKHX ycnoBHHX TOIDIHBHhlX 

cMeceu e KOJIHtJecTBe Ha 1 r qyryHa 200 Kr, cnoco6crByiolUHX 6onee 

HHTeHCHBHOMY CHH)l(CHIUO TeopemlleCKOH TeMneparyphI ropeHHH, MO>KCT 

o6ecnetmn ycnoBHH }JJIH nonHoro Hc1auoqeHIDI no,uatra npHponHoro ra3a. 
IlpHHUHIIHaJil>Hrut B03MO)l(HOCTh yKa3aHHhIX B1>1coKoJ<P<JleKn1BHhIX rex

HonornqecKHX pe)KHMOB AOKa3aHa KBI< teopeTH'leCKH, TaK H Ha OIIhITHO

npoMbillDieHHl>IX rma:BKax [38, 140]. 
Pact1eT1>1 no1<a3wrn, 11TO HaH6onee 3<PcpeKTHBHbIM 0Ka3anocb BAYBa.HHe 

B ropH BMecre c IlbUieyronl>HbIM TOIDIHBOM H3BeCTH, conpoBO)KAa1nueecJ1 
coornerc1BeID1hIM CHH>KeHHeM pacxoAa Cbtporo H3BeCTHJIKa. YsenH11eHHe 
B CMeCH ApyrHx Heroprotmx )l;06aBOK, KpoMe H3BeCTH, conpOBO)l(AaIIOCb 

CHH>KeHHeM IlpOH3BOAHTenhHOCTH ne'IH, DOBl>IllleirneM pacxona KOKCa (B 
OCHOBHOM 33 CtieT yMeHLWeHHH paCXOAa IlbIJieyronbHOfO romnma)' He

KOTOpbIM npHpoCTOM CTeneHH npRMOro BOCCT3HOBnemu1 OKCH,na iKeJ1e3a 

{cM. pHc. 13). He6naronpHHTHoe BJIIDIHHe Herop10tn1x no6aBOK Ha noKa-
3arenH ,llOMeHHOH IUlaBKH MO)l(HO OfuRCHHTb IlODblllleHHeM Il0Tpe6HOCTH 
B BblCOKOTeMnepaTypHOM TeIDJe. 
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Piie. 13. BJDU111He 3aMem1 11acTH 11&111eyrom.aoro TOllJIH&a eeropJ011HJ\OI MaTepeanaMH 

ea DOKa38TeJIH AOMeHHOii DJiaBKH. Pacxo~ TOJIJIHBHOii CMecH 100 Kr/T 'lyryHa: 

H - H3BeCTb; JI - AOilOMHT; )1(1( - )l(eJie3opy,a;Hhlit KOHUeHTpaT 

YK333HHhIM pacqeTOM He MO)KCT 6hITh, O)J.HaKo, yqreHo B03MO)KHOe 

H 3Ha1JHTeJibHOe 6naronp1u1moe BJIH.snme BBe,n.eHHbIX B ropH Heropio'IHx 

no6aBOK Ha BH3KOCTb H ycrofftIHBocri, nepBlfllHl,IX IIDlaKOB, ra3onpOHH

llaeMOCT& 30HhI IDiac11flleCKHX MarepHanOB H pacnpeJJ;eneHHe ra30BOro 

IlOTOKa, CKOpOCTb
0 

ropeHIDI 111>meyronbHOrO TOIDlHBa H necynb<l>ypawuo 

11yr}'Ha. 

B CBJ13H c H3no>KeHHDIM 6bm cnenaH B1>1Bon o uenecoo6pa3HocTH BBe

AeHIDI B n1>1neyronbHOe TOIDIHBO OTHOCHTCilbHO MaJIOH llOJIH ueropIOtIHX 

p;o6aBOI< (1-30 % OT MaCCl>I IIl>IJieyronbHOfO. TOWU-IBa), J<}>c}>eKTHBHOCT~ 
KOTOpbIX AOJI>KHa 61>1Tb KOMWieKCHOH H 3H31IHTeJ1bHOH, nepeKpl>IBaIOJ.UeH 

HX HeraTHBHOe BJIH.HHHe Ha TCWIOBOH pe)IQfM ]lOMCHHOH netm. 



3. HCCnEnOBAHHE OCOBEHHOCTEA 
TEXHOilOfHllECKOfO PE)l(MMA ,UOMEHHOft nJIABKH 
llPM BllYBAHID1 B fOPH fiblnEYf OnhHOf O TOflJrnBA 
H IlPHPOilHOfO r A3A 

3.1. P83pa6oTKa H couepweaCTBoBaHHe MeTOnHKH 11ccne,uoe3HIDI 

TeDJIOBOf'O pe)IQIM3 .IlOMeHHOi% OJl3BKH 

B pe3ynLtaTe H3yqeHIDI HMe10merocH OllbITa, npHMeHeHHH HOBbIX 

orHeynopHbIX H TCpMOJneKTpOJJ;HblX MatepHaJIOB, HCilhITaHIHI pa3JHfllHblX 

KOHcrpyKUHH TepMonap 6bma IlOBbillleHa Hane)KHOCTb H TOllHOCTb H3Me

peHIDI ICMnepazypbl ropHa H npOA}'KTOB ruiaBKH Ha BbIIlYCKe, pa3pa6o
TaHbl }1 BHenpeHbl opHrHHaJibHhJe MeTOAHI<H KOMIUieKCHoro HCCJieAOBaHl-UI 

ropHa c or6opoM npo6 MaTepHanOB H raJoB, onpenene1rnH <PpaKUHOH
Horo cocTasa H nonHOTbI cropaID111 nbmeyronbl1oro TOID1HBa. 

HcCJZeooeaHue pa6oTbl zopHa ooMeHHOU nellu 

,Uru1 KOMmteKcHoro Hccne,a:oBaI11u1 pa6oT1>1 ropna Heo6xo.tn1MO npo
BOnHTI> H3MepeHMe uenoro pHJla napaMeTpOB: AaBneHIU1, TeMnepaTypbI 

H XMMH11ecKoro cocnrna ropttosoro raJa, llyryHa, UUiaKa 11 KOKca Ha 
ypOBHe c}lypM H I .n. 

Ilp11MeHHeMb1e wu1 HccnenoBattHH ropHa Bo,nooxna)l(AaeMbie ycrpoifcT
Ba H3 Tpex 1<oaueHTpH11ec1G1 pacnono>1<eHHbIX tpy6 II03BOnHJm onpe.o.enaTL 
B O)JilOM OIIhlTe TOnbKO OJ]JIH napaMeTp [73, 92- 94]. 

Jlru1 KOMIUieKCHoro ucCJ1enoBaHM.ff pa6oTbI ropHa 6bma npcnno)l(eHa 
cne.uyromru1 KOHCTpYJ<UH.>l BO)l_OOXJia>K,UaeMOH tpy6bf: B pa:inenHtenhHylO 
Tpy6y (pHC. 14) BBapHBaJIHCb ,use (MO)l(HO 3 HIUI 4) Tpy6KH, OUHY H3 

KOTOpl>IX ucnonh30BaJUf ,llJUI H3Mepemu1 TeMnepaTypbl B ropHet BTOpyio 

(n.pyrHe) - ,ll,lUI H3MepeIDJJI itpyrHX napaMeTpOB. 0og6opOM JJ,MaMeTpoB 

Hap}')KHOH 6, pa3}leJIHTenbHOH 5 H BHyTpeHHHX rpy6oK 3, 4 MOjf(f{Q 

6binO no6MTbC.SI .uocraTO'IHOM IlJIOlllan,H H np.H6nH3HTeJ1bHOro paBeHCTBa 

HanopHOro H HCXOJl)lll.lero celfCHHH, T.e. HOpMartbHblX YCJJOUHH OXJia)l(Jle

HHH HCCIJenoBaTenbCKOH Tpy6T:>l . 

IlOCKOJlbKY Tpy6KH 3 H 4 pa3uenHJIH Ha ABC 113CTH nonocrb ]JlUl 

OTBOJ].a BOAJ>I, nonaon H OTBOA BO)J.bl ].IJIH oxna)f(.UeHHff He06XO.llrl'IMO 6LmO 

ocyweCTBnHTb .USYMH (HnH TpeMH) naTpy6Kaf\.m 2, pacnono>KeHHbIM11 
nepneH;l,HKynRpHO IU10CKOCTH 3THX Tpy6oK. 

11cilbITaHIDI rpy6b1 onHcaHHoli KOHCTPYKUHH ycnellIHO npoee,neHbI Ha 
AOMeHHOH ne'IH 06'beMOM 2000 M3 )KnaJiOB CKOfO MeTaTIJiyprn11ecKor o 
KOM6HHata HM. l1nbH1.13. c IlOMOIUblO Tpy6bl c JlBYMJI K3H3113MM ~'Hi 
HCC1Ie)l.OB3HIDI B telfeHHe 40 MHH OilbITa 61Jma H3MepeHa TeMnepary pa 

H orofipaHbl npo6bl ra3a B 8 MecTax BOCCTaHOBHTeJlbHOH 30Hbl ropHa, 
npMllCM Kp3HWUI H3 HCCJlCAOBaJIHblX TO'leK HaXOlJlllaCb Ha paccTOHHHH 
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PHc. 14. YcrpoiiCTBO AJUI KOMl1JleKCHOJ"O HCCJleAOBBHHB ropea AOMeHHOH De-IH! 

1, 3 - Tpy6a A1UI oT6opa npo6 ra3a; 2 - wzyuepa nonBona H OTBOAa BOJ:U>I; 4 - Tpy6a 
Jl)Vl H3MepeHHJI TeMnepaT}'pbI B ropHe; 5 - Tpy6a pa3J1CJ1HTeJlhH3Jl; 6 - Tpy6a Ha
py>KHaJI 

4,3 M OT HOCKa cpypMLI. Ha npoTJI:>KeHHH Olll>ITa TeMnepaTypa OXJ18>KAaID

llleH BO,lll>I He npeBhIWana 35-40 °c npH naBneHIDt 0,7-0,8 MH/M2
• 

Ha n0Me1moii ne11H N° 3 lloHeUKoro MerannyprHqecKoro 3aBO)la B re
qeHHe 5 MeCJIUeB npoBO,ttHJIH KOMIDieKCHbie HCCJie,apsaHHft' pa6oThl ropHa 
rpy6oif 8HaIIOIWDiOM KOHCTpyKUHH Ha paCCTOJIHHH OT 0 AO 3,2 M OT 

HOCKa <l>YPMLJ npH ,naBJieHHH oxna)l(llaiomeii BO.r.ll>I 0,45-0,55 MH/M2
• 

TeMnepaTYPa oTXo.ll)lweif BOllbI He npeB1>I1IIana 50-70 °c [73, 94]. 
,IJ,1u1 H3MepeHHH reMnepazyp1>1 B ropHe HcnoJfb30BaJUI repMonapy nor

p}"KeHHJI . cnenyiome:H KOHCTPYKUHH (pHc. 15): cTaJibHoii Wl)'Ilep 7 
qeXJia TepMonapbl H MOnH6AeHOBl>lH HaKOHellHHK 13 HMeIOT OnffHakOBYIO 

pe3b6y, Ha KOTOpyro o~eBaetCJI BTyJIKa 8. Ilocne cl>HKCHpoBaHHJI MecTa 
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(OC'raJIYILie 0003HaQeHHJI B Te1<CTe) 

67 



CilWI Ha Hero Ha,D.eBalOT MOilH6neHOBbIH HaKOHellliHK 13, nocrre 'Iero 
111zyu.ep H HaKOHelffiHK coe,UHIDllOT BTynKOH 8 [94] . 

,IlnJI npe,a;oTBpameHIU1 DpOAYBOB ra3a Me>K.ny qexnoM TepMonap1>1 H 
Tpy6oii, a TaK>Ke npHBapHBaHHJI HaKOHetIHHKa K Tpy6e IlOBepXHOCTH 
WTynepa R BTYilKH o6MaTbIB310T llIH}'pc>BhIM ac6eCTOM 9' a Ha MOJIH6-
,neHOBhlH HaKoHetIHHK Ha,ne:sa10T rpaQJHtoByio szynKy 11. HaKoHetmHK 

<ilHKCHpc>Baml B1)'1IKOH 4, pacnonO)l(CHHOH Ha XOilO.ll,HOM KOHl.{e qexna 

TCpMonaphI. 
,Un.JI 3aIUHThl cnaH TepMOnaphI npoBenH HCIIbITaHH.H HaKOHCtIHHKOB H3 

pa31IH'IHblX orHeynopHLIX MaTepHanOB. 
HaH6onee nono)l(HTenbH1>1e pe3ynhTaTh1 nonyqeHD1 npH HCIILITaJIHH· 

MOJIH6)leHOBhlX H TOilCTOCTeHHblX (6 = 273 MM) KBapueBhlX H8KOHetnm

KOB. BpeMH nporpeBa cnaH, Jau.unue1moro JTHMH HaKoHel.JHHKaMH, no 
TeMneparypbI ropHa COCTaBil.HJIO 40- 60 c. HaKOHCtIHHKH H3 MOnH6AeHa 
H KBapua He pa3pymaJIHCb B OKHCJIHTCJlbHOH 30He B TC'leHHe 6-8 MHH, 

no Ka npoBO,a;HJIH H3MepeHHH_ TeMnepazyphI B 3--5 T011Kax. 
B ycnoBIDLX KOM6Heara "A30Bctanb" (rrpH o6oramemm JJ;yrf>Ji tdlCJio

poAOM }lO 22-28 % H TCMnepaType B $oKyce ropeHHH 1900--2100 °C) 
CTOHKOCTh MOnH6p;eHOBbIX HaKOHetIHHKOB CHIDKaJiaCb 1J.O 2-3 MHH. 

Mo)l(}lo npennono.>KHr1>, 'ITO ropeHHe MarepHana 3aWHTHOro HaK0He11-

HHKa (rpa<t>Hta, MOnH6~eHa) caMO no ce6e cny>KHT HCTOllHHKOM OllIHOOK 
npH H3MepeHHl1 TeMnepaTyphI, nOCKOnf>KV conpoBO)l(AC!CTC.ff. BbI,lleneHHeM 
Tenna. 

,Iln.H npoBepKH :noro npennono:>KeHHH 6b1JIH np0Be,u.e1J1>1 KOHTpon1>Hh1e 
H3MepeHIDI TeMneparyphI B OKMCJIHtenhHOH 30He tepMonapbI, ap:MHpoBaH
HbIMH OKHCJUllOmHMHCJI (MOJIH6ACHOBl>Il\.fii) H HCOKHCJJHIOmHMHCJI (KBap

neBbIMH) HaKOHetffiHKarvm. 06e tepMonaphl BBO!UUIH B ropu B O,llHOH 

11ccne,UOB8TCJlbCKOH 1'py6e H Bbl,llBHranH J]JIH H3MepeHIUI TeMnepatyphI 
nocnen0Baren1>Ho (noCJie cropaH1u1 nepBoro HaKOHCtIHHKa). 

Pe3yn_btaTb1 KOHTpOnbHhIX H3MepeHHH noKaJanH, 11ro Hcnonb30BaHHe 

MOJIH6,neHOBhIX HaKOHCtIHHKOB BMeCTO KBapueBhIX He BhI3hIBaet cymecT
BeHHOH Ol1Il16KH npH 113MepeHHH TeMnepazyphI OKHCJIHTen1>HOH 30HbJ. 

MonH6AeH HBn.HeTcH HaH6onee · no,n,xo.rviwHM MatepHanOM Jl)lH 3aI.UHTl>I 

cnaH TepMOnapbl rrpH H3MepeHHH TeMnepazyp B ropHe, IlOCKOilbKY HMeeT 

BhICOKHe npollHOCTb, TjTOIUHlBKOCTh, TeIDionpoBOJJ:HOCTb H OTHOCHTeJibHO 

nerKo 06pa6aTb1Bae1cH. 
B KaqecTBe qyBCTBHTen1>HhIX 3neMeHTOB rrpH H3MepeID1..H TeMTiepaTyp1>1 

B ropHe Hcnonb30BaJIH BOnh<ppaM-peHHeBbie H BOnbcppaM-MOJIH6AeHOBhie 

JneKTpo)J.bI, a B KatieCTBe H30nHUHOHHoro MaTepHana )l;UI apMHpoBKH 

ropHtiero Cila.H TepMonap1>1 - TOHK)'IO (2,5- 3,5 MM) ABYXKaHaJibHylO 

conoMKY H3 rnHH03eMa, )lHOKCHJla n:HpKOHIDI H OKCH,n;a MarHHff. 

Ilpu H3MepeHHH TeMnepazyp1>1 ropHa OllhIT npoBOWillH B cne,tzy10meM 

nopH,llKe: nepBOHaqaJlbHO Tpy6y BhIBOn;HJIH 33 npe11en1>1 OKHCJIHTellbHOH 

30Hbl (> 1,1-1,3 M OT HOCK3 <l>YPMl>I) ]J,O TOtJKH, HaMC'leHHOH ,tl)l.H H3-
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MepeHHH TeMnepacypbI. Ilocne ,D;OCTH>KeHHH JTOH OTMeTKH Tpy6y B TetJe

HHe 5-10 c OTBO.lJ,HIIH Ha3a.rl Ha 0,05-0,10 M H B o6pa30B3BlilllHCH B 

KOKCe Kattan BblJ].BHfaJlH HaKOHetnrnK TepMonapbI. 

OTc11eT HatIHHaJIH noCJJe ycra.HoBneHIDI nocTo.HHHOH TeMIIeparyphI. 
IloCJ1e CHHTIDI IlOKa3aHHH TCpMorrapy IlOMeWaJIH B Tpy6y, KOTopyro no
AaBaJlH ne6enKoii Bnepen AO CJJe,nyromeii TO'IKH, noWie>Kame:H HccnenoBa

HHIO. B BOCCTaHOBHTenbHOH 30He ropHa MoJrn6neHOB1>18 HaKOHe111nuc He 

npeTepneBan cyiuecTBeHHhIX H3MeHeHHii. 

Ilocne HCCJIC,llOBallHH IlOCJieJJ;HeH H3 HaMe'leHHhlX TOlJeK BOCCTa.HOBH

TenLHOH 30Hhl TepMonapy IlOMCIUaJlH B Tpy6y, KOTOpyio BBO.lJ,HIIH B <l>YP
My, nocne 11ero npH ABIDKeIDIH "Bnepen" npoBO,IJWIH H3MepeHHe TeMrre

paTypbI B OKHCJIHTenbHOH 30He ropHa. 

IlpOAOfl)l(HTenbHOCTb . OllDITa npH H3MepeHHH TeMnepazypbI B 6-8 
TO'IKaX BOCCTaHOBHTenbHOH H B 2-4 TOQKax OlOICJ1HTen1»HOH 30H ropHa 

061>1l1HO COCTaBnHJia 2~30 MHH. 
Or6op npo6 ra3a H3 ropHa TaK>Ke rrpeACTaBnHJI onpeAeneHHbte tpyA

Hocrn, TaK KaK KaHaJI, no KOTOpOMY wen ra3, 3a6HBaJICJI nmaKOM, 
'IYf}'HOM H IIhlJiblO. HaH6onee HaJJ.e)KH1>IM cnoco6oM or6opa npo6 r33a 

H3 ropHa npH3HaH cne,ny1aI.UHH: B Tpy6Ky ,II,llJI oT6opa npo6 ra3a c pa6o

lleu CTOpoHbl BCTaBilHJIH HeCKOill>KO CTaJibHl>IX npyrKOB AJIHHOH 0,2-
0,4 M, KOTOpbie BO BpeMH OT6opa npo6 ra3a Bbl'faJlKHBaml B ropH 
ynapaMH no Ko~y llIQMnona. B 3TOM cnyqae r33 H3 ropHa nonaBanH 
HenpepbIBHO, Il03TOMY 10-15 npo6 ra3a no pa,Il.H}'CY ropHa OT6HpanH 

3a 15-25 MIDI. 

IlpH npoBeneHHH HCCJien;oBa.HHH c or6opoM npo6 ra3a H H3MepeIDleM 

TeMnepaTypbI ropHa B OJlHOM OIIbITe c06Ju0Jl3J1H cnenyiouzyio IlOCJJCAO

BaTeJibHOCTI> orrepaUHii: apH ,a)nn1<eHHH , Tpy6b1 enepen OT cpe3a <l>YPMhI 
OT6HpaJIH npo61>1 ra3a B 6--8 TOtIKax Ol<HCJIHTeJibHOH 30HbI; npH BhlXOAe 

Tpy6hI B BOCCT3HOBHTeff&H}'IO 30HY ropHa npH ABH:>KCHHH ee BnepeA B 
KIDICAOH Totn<:e or6HpaJIH npo6y ra3a H H3MepHJIH TeMnepazypy. IIoCJie 

HCCJleAOBalfHH KpaHHeH TO'IKH BOCCT3.HOBHTen1>HOH 30Hbl ropHa HIUMepHJIH 

TeMnepaTypy B OKHCJ1HTeilbHOH 30He. 

)lJu1 H3MepeHHH TCMnepacypbI 4JypMCHHOH 30Hhl rrpHMeIDUIH aBTOMa

TH'ICCKHe HpKOCTHbie mtpoMeTpbl, KOTOpbie HMCIOT xopolliHe 3KCIUiyaTa

UHOlilll>lC KaqecTBa, a no pHny noKaJareneii npeBocxoJJ)IT npHMeHHeMb1e 
)JJUI TaKHX H3MepeHHH npH6op1>1. 

B npouecce JKcIDiyarawm aBTOMarnqecKHX HpKOCTHhIX rmpoMerpoB 
ycTa.HOBneHhI cnenyioIUHe npeHMYlUCCTBa no cpa.BHeHHro c panHauHOH
HbIMH: 

6onee BhICOKaH TOlffiOCTh H3Mepemu1 TeMTieparyp1>1; 

TO'IHOCTh H3MepeHHfl reMnepaTypbI B MCHbllle11 CTeneHH 3aBHCHT OT 
3arpH3HeHH.R OIITH1IeCKOH CHCTeM1>1 npH6opa [73, 94] ; 

HenpephmHaH H aBTOMaTH'ICCKaH perHCYpaUHH TeMnepazyphI, qyo ycT
paH.RCT nonHOCThlO cy6neKTHBHbie OIIIH6KH; 
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6onee Y3KHH yron BHlHpoBamt:JI, qyo o6nerqaeT HX JKcIIJiyaTaruno 
H IlOBbIWaeT TOllHOCTb H3MepeIDUI TeMnepacyphl; 

B03MO>KHOCTh pa6oTbl npH6opa 6e3 H3MeHeHIDI ero TepM03neKTpH11ec
KOH xapaKTepHCTHKH npH HarpeBe Kopnyca H qyBCTBHTeJILHoro 3JleMeHTa 
11.0 70-100 °c. 

IlpHHUHil AeHCTBIDI HpKOCTHOro IIHpoMerpa OCHOBaH Ha Hcnonb30B31lliH 
ceneKTHBHoro nornomeHHJ1 onpeneneHHhIX yqacTKOB cneKTpa H3Jiyt1eHHH 
HarpeToro Tena KpeMHHeBhIM <PoTOAHOAOM. McCJie.noBaHHH noKa3aJIH 
BhICOKHe Ka'leCTBa KpeMlllieBoro <}lOTOJI;HOAa Kai< qyBCTBHTeJThHOro 3Jle
MeHTa onTHqec1<oro rmpoMerpa (94]. 

Macca aBTOMaTHllec1<oro HpKocTHoro IIHpoMeTpa cocTaBnHer 2,25 Kr, 
ATJHHa 185 MM, AHaMeTp 70 MM; sec B KOMIU1eKTe c apMaTypoif 4,5 Kr. 

,Iln.R YCT8HOBKH IIHpoMeTpa HCilOilb30BaJlH ycrpoiicmo, B KOTOpoM 
c lleJlblO IlOBhIWeHIDI TO'llHOCTH BH3HpOB3HHH H o6neflleHIDI ero o6cny
)IQ{BaIDIJI Me)l(Jly KOpnycoM H IlOBOpoTHOH ID1HTOH ycTaHaBJJHBaJICJI ma
poBOH mapHHp c UCHTpanbHhIM omepcTHeM. 

Ha pHc. 16 npHBeneHhI 3Hat1eHHJ1 reMDepazyp1>1 nepH<}>epHH ropHa, 
H3MepeHHl>Ie HpKOCTHhIMH IIHpoMeTpaMH Ha 6-if H 9-H <PypMax H TepMo
napoii norp}'iKeHHH, BBO,tlHMOH B nepH<t>epHHHYJO 3011}' Ha rny6HHY OT 
0,1 AO 0,6 M 11epe3 <l>YPMY N° 8 AOMeffllOH netIH N° 3 .IlM3. PaJOBhie 
H3MepeHHH TeMneparypLI repMonapoil npoBOJUUIH e)l(ecyrollHo. B Ka-
11ecrae mt:poMeTpH11eCKOH TeMilepaTypbI npHHHMaJlH cpeJ].HeapH<l>MeTH'!eC
KOe 3HaqeHHe cpen:He'laCOBhlX TeMnepaTyp 6-ii H 9-il €}>ypMeHHhlX 30H. 

Hl pee. 16 cnenyeT, llTO reMnepazypa, H3MepeHHaH 11HpoMerpoM, 
xopowo cornacyerc.R c TeMneparypoii, H3MepeHHOH repMonapoii Ha pac
CTOHHHH 500-580 MM OT HOCKa $ypMLI. 

Cpe,t:J.IDIH 3a nepHOA HcCJieAOBaHHJI HpKocnuur TeMnepazypa 6-ii H 9-u 
cl>ypMeHHhlX 30H COCTaBnJIJia 1871 °c. TeMTiepaTypa B $oKyce ropemu1 
(no H3MepeHIDIM tepMonapoii norp}'iKelDIH B :JTOM )l(e nepHone) , pacno
no>KeHHOM Ha paccromnm 0,58 M OT HOCKa <l>YPMl>I, paBH.RJiaCb 
1861 °c. Cne,nosaren1>Ho, B nepBOM np116nH>KeH11H MO>KHO ctmTaTb, qyo 
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.HpKOCTHbIM IllipoMCTp li3MCpHeT TeMneparypy B TOtIKe, HaxOWIWCHCH 
B6JU13M ¢loKyca ropeHHH OKHCJIHTCflhHOii JOHbl. 

no HaCTOHlllCfO BpeMelU1 HC 6hmO npeJ1)10>KeHO MCTO,O.a KOnHtieCTBeH

HOfO l(OHTpOnH rronHOTbl cropa1uu1 IThIJJeyrorrbHOro TOIUIHBa HnH upyrHx 
nononm·nenhHblX TOIU1HB B cpypMCHHOH 30He. 

KonwqecTBeHHhIH Meron onpene11eH.HH 11onHOT1>1 cropaHHH ronn11Ba B 
¢ypMeHHbIX 30Hax pa3pa6oTaH H liCilbITaH B ycnOBHHX llM3 H 33KJUO

qaeTCH B cnenyioiueM [95]. 
Y crpoiicrno nn.H or6opa npo6 cocToHno H3 nonooXJia)f(Jlaet\imro KOp

nyca 1, B KOTOpoM pacnonO)l(eHbI UCHTpaJlbllhIH K3H3Jl 2 H I<OJibUeBaH 

nonocrh AJIH non.a1m BOJlbl 3. BttyTpH ueHTpanbHoro ra300T6opHoro 
Kattaria 2 6hUI pacnono)l(eH lliOMIIOTI 4 )l)UI rnypoBKH, B ra300T60pHOM 
I<aHaJle 2 BhIIIOnHeHbl OOKOBhle OTBepCTIUI 5' coe)];HHHIOIUHC nonoCTb Ka

ttan a 2 c KOJibUeBoii noJIOCTblO J. Oraepcrn.H AJIH nonatIH BOW>I pacnono
:>KeHbl OT ropua ycrpoiicTBa Ha paCCTOHHHH, paBHOM 3 p;uaMeTpaM ra.300T-

6opHoro KaHaJJa. llnH IlOAatJH BOAbl B KOilbUeBylO nonoCTb 3 HMenach 
Tpy6a 6 c KpaHOM 7; )JJI.R IlOJJ,allli BOW>I B ycrpoiicTBO H ee OTBOU3 -

narpy6KH 8 11 9. B TbinbHOH t1acn1 ycrpoiicTBa pacnonaranH narpy6oK 
JO ,lJ,JUI OTBOAa nynhllhl. c uenbIO y1111orHeHHH H npeuoTBpaweHIUI BbI6po
COB ra3a 11epe3 ra300T6opHblM KaHan 2 ycrpOHCTBO cHa6}lHJIH CaJlbHHKOM 

J J (pHC. 17) (32, 96]. 
0T6op npo6 npoBOJlHJU1 B reqe1rne 40- 60 MHH rrocne oKofftlaHHH 

Bb1nyc1<a. 
y CTpOHCIBO DlUl OT6opa npo6 BBO}l.lUIH B ropH J],OMeHHOH ne'IH 11epe3 

cpypMeHHbIH npH6op. Ilocne JJ.OCTH)l(eHIUI ycTpOHCTBOM OTMeTKH 0,5-
1,0 M ]:!.,0 nepBOH Hccne.uyeMOH roqKJ.i OTKpbIBaJIH KpaH 7 H Bon.a 11epe3 
oTBepcntc 5, KaHaJI 2 H rratpy6oK IO nonanana B eMKOCTh, B KOTopoii 

oca>KJ].run1cb rnepnn1e qacn1ub1. B Bo}le, nocTynaromeii B eMKOCTb, pacrao
peHbI mcnotm, 1.nrn1m:i1,1>1, ynaBJIHB3IOTCH CMOJia H ,upyrue KOMilOHeHTbl, 

conep)Kain11ecH B ropttoBOM ra3e. IloCJie 3Toro OtmllleHHbie ropHOBbie 
ra3bl nocTynaJ111 B poraMeTp c uenblo onpegeneHH.R pacxo,na, JaTeM B 
npufiop )JJIJI or6opa cpeJ.UieH: npo6b1 H, HaKOHeit, Ha c6poc. IloCJie nepe
xo.a.a K cnenyromeii Tot£1<:c or6op npo6b1 Ha'IHHaJIH noCJie c6poca BOAO-
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Pnc. 1 7. Tpy6a AJUt OT6opa npo5 nna H MaTepHanou 113 ropHa p;oMeHHoii ne'IH 
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raJOBOH CMeCH B arMoc<Pepy B Te'leHHe 2-3 MHH c uenblO YAaJleHHH 
H3 TPY6b1 ocTaTKOB MaTepHanoB H3 npeA1>1,Dy1Ue:H rotIKH. TaKHM o6pa-
30M, npH o6hitIHOH rrponon)IQfTenbHOCTH OT6opa npo6bI OT 2 no 5 MHH 
06ecne1.1HBanH nony'leHHe npeACTaBHTenhHOH npo6b1 ra3a, nopowKoo6pa3-
Horo MaTepHana, conep)Kaiuero, KaK npaBHJlo, IlbIJieyronhHOe romumo, 
H HaKoHeu npo61>1 BOAI>I, conep)Kameii menollH, UH3.HHJJ.hI, cMonhl H npy
rHe ynoBneHH1>1e H3 ropHoBoro ra3a MaTepHarr1>1. Ilocne 3aBepmeHHH 
OIThITa npo6y Maccoif AO 2 Kr OTCTaHBaJlH c uen1>10 ynaneHHH BOAJ>I, a 
ocTaBwyroc11 nyn1>ny B1>1cyllIHBaJIH. IlonyqeHHhIH nopowoK no,llBepranH 
MaKpoCTpy1crypHOMY H XHMHtleCKOMY aHaJIH3aM. IlonyqemILie pe3ynhTaThl 
HCil0flh30BarrHCL )J)UI onpe.neneHHH <PaKTH11CCKOH KOHU.eHTp3UHH 11bine
yron1>HOro T011J1HB3 B npo6e MaTepuanOB B Ka)l()lOH HCCJie,rzyeMOH TO'IKe 
ropHa, a T~IOKe JJJUI onpeneneHHH cocnma ropHoBoro ra3a H conep)l(amu1 · 
B HeM meno11e.H, Uff3HHAOB H .npyrHX COCT3Bil.RIOm;HX. 

McCJleAOBaIIHe npo6, 0106paHHbIX H3 ropHa MaTepHanOB, B&111onHHJIH 
c IlOMOWblO MeTonoB XHMH'leCKOro aHaJIH3a, a raK>Ke MaKpo- H peHrre
HOCTp}'KyYpHoro aHarrH3a nopolllKoo6pa3HbIX npo6 c Hcnon1>30BaHHeM 
MHKpOCKOilOB "Hemt>OT· 2"' "MJ1M .. 8" H ,rnuppaKTOMeTpa ".II.POH-2". 
Ilo OIIHC3.HHOMY paHee MeTOJlY or6op npo6 MaTepHaJIOB H3 ropHa MO)f(HO 
COBMemaTh c oT6opoM npo6 ropHoBoro ra3a H H3MepeHHeM TeMDeparyp1>1. 

H3MepeHue TeMneparypbi npooy1<roe Mae1<:u Ha ebinycKe 
u3 ooMeHHou nellu 

llru1 npoBe,neHH.H naimoro JKcnepHMCHTa 61>ma npeAJio)l(eHa TepMonapa 
norpy>KeHHJI, 3aillH1UeHH3JI rpa<l>HT-MOnH6neHOBbIM HaKOHe11HHKOM (pHc. 
18). 

Cnaii 1epMonap1>1 3aIUHlllaJIH nBYMB o6onotUCaMB. Hap}')KHaR, cocTOH
maa H3 rpacpHTOBblX CTep)l(WI 4 H HaKOHetIHHKa 6, HaxOAHJI3Cb B Heno
cpencTBeHHOM KOHT3KTe c H3MepHeMOH cpeppii H 331UHlll31la OT pa3py- . 
llieHHJI 1lyr}'HOM H IID18KOM BTOpyio o6onotIKy, COCTOHillYJO H3 AJIHIDIOro 
MOnH6neHOBOro HaKOHellHHKa 5, IDlOTHO Bxowiwero B KOpnyc TepMOna
pbI 1 H npenoxpa.HJ110my10 cnaif TepMonap1>1 OT 3arp.H3HeHWI yrneponoM 
H ero OKCH,IJ.a:MH, >KeJ1e30M, KpeMHHeM, cepoii, <Poc<PopoM H npyrHMM 
npHMeCHMH, KOTOpble 06RT1bHO BbmenJDIHCb npH HarpeBe apMHpoBKH. 
Bc10 KOHCTPYI<IJJUo )J(eCTKO yKpemuum Ha 11exne TepMonap1>1 c nQMOIW>IO 
ra.HKH 2, HaBHHllHBaeMOH Ha rpa<l>HTOBl>IH CTep>KeHb. 

B Ka11ecrne qyBCTBHTen1>Horo lneMeHTa Hcnon1>30BaJIH IDiaTHHOpoAHii
IUiaTHHoB1>1e, 1D1amHOpo1lHH-IDiaTHHOpC>)].HeB1>1e {IlP 30/6) H BOn1><j>paM
MOilH6neHOB1>Ie 3JleKTpOJJ;bl. 

IlpH 33lllHTe CilaJI repMorrapbl rpa<l>HT-MOilH6AeHOBblM HaKOHe'IHHKOM 
cnytraeB C3MOIIpOH3BOill>HOro p83pyweHWI 3IleKTPoAOB He Ha6r11onanoc1>. 
y CToiftnraocn rpaJzyHpOBKH TepMonaphl npH npoJJ.Oil)l(HTenl>HOH 3KCIU1ya
rauHH cnaJ1 CHCTeMaTHqecKH npoBepHJIH nyreM npoeeneHHJI napannenhHJ>IX 
KOHTpOilbHblX H3MepeHHM TeMIIeparyp1>1 HOBOH IUiaTHHOBOH TepMonapoli. 
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1 3 

250 

4 5 

740 

PHc. 18. TepMonapa N1JI ll3MepeuHJ1 TeMnepaTYPbl op<>io'KTOB nnaBKH ea m.mycKe 113 
AOMeHHhlX ne'leii: 
1 - Kopnyc; 2 - onoplWI raAKa; 3 - H30JUIUHOHH8JI conoMKa; 4 - rpa<l>HToBldl CTep
)KeHL; 5 - MonH6neaos1>1il Ha.J<0He1111HI<; 6 - rpacl>HToBLIR HaKoHe'DiHK; 7 - cmUt 
TepMonapLI 

B 6onbWHHCTBe CJiyqaeB pa3HOCTh MelKJJY Il0Ka3aHHHf&f pa6ot1eii H KOHT

pon~HOH TepMonap He npeBhtwana ±10 °c. 
MaTepHanoM rcu1 HapY'fCHoro HaKOHellHHKa H cTep)l(Hjf apMHpoBKH 

TepMonapbl 61>IJI B1>16paH rpacl>HT, HMe10u.udi Bl>ICOKYIO TeIDionpoBOAffOCTI>, 

YAOBileTBOpHTen1>11yio npOllHOCTb, He CMa11HBaIOIUHHC.fl qyI'}'HOM H llD1aKOM. 

fpa<l>HTOBl>IH HaKOHe'IHHK B1>1AepXCHB3J1 no DOIIHOro H3HOCa 2-4 11 

Henpep1>IBHOfO norp}')KeHIDI HJIH 20-30 KpaTKOBpeMeHHl>lX norp}')KelUIH 
no 3--5 MHH. CKopocT1> nporpeBa rpa<l>HT·MonH6AeHoBoro HaKOHe'IHHKa 

AO nonHOH cra6HJIH3aI.lHH TeMnepaTyp1>1 COCTaBnmia 1,5-2,5 MHH. fpa

<l>HTOBl>IH CTep)l(eHb Bbinep>KHBan 11.0 4-6 q HenpepbIBHOro norp}')KeHHJI B 

WYH HJIH no 40-60 1<parK0BpeMe11H1>1X norp}"KeHHif {cM. pHc. 18). 
,Ung 3al.IJ){Thl cnaa OT 3arpJl3HeHHJI HCilOflh30B3JIH MOJIH6n:eHOBl>IH 

HaKOHe11HHK, HMeIOLUHii: BbICOI<He r330IDIOTHOCTI>, TeIDIO~BO,IUIOCTli H 

npollHOCTh, XHMH'leCKH HeHTp3JlbHbIH IIpH HarpeBe 'fl.O 1600 c (94]. 
MoIIH6neHOBl>IH HaKoHetIHHK, 3amHI1leH111>1H: rpacpHTOM OT HenocpeACT

B eHHoro KOHTaKT3 c qyr}'HOM, npakTH11eCKH He npeTepneBan H3MeHeHHH 

npH WJHTenlJHOM HarpeBe AO 1600 °c. -
,Una H30mtpoBaIUUI 3neKTpc>AOB B BbICOKOTeMneparypHOH 30He HC

DOilh30B'3JIH CJIHH03eMHCTyro, UHpKOHHeByi<> HIIH 6epHJDIHeByi<> ABYXKa
HaJihH}'lO conoMKY.. 
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OnpeoerzeHue !fipaKqUOHHOZO COCTQBQ nbi.neyZO/lbHOZO TOMUBQ 

<llpaKUHOlllll>IH cocTas IlhineyronbHoro TOil.JIHBa onpenenJIIHI B nsa 
JTana. 

CuTOBblU aHQ/lU3. IlpH ero nposeneHHH Hcnon1»30BanH CHTa c .R11e:HKa
MH pa3MepoM 0,100, 0,063 H 0,050 MM. TiepBC?H3'131IbHO. CHTOBblH aHa
JIH3 npoBO)l)UIH MeTOAOM cyxor.o pacceBa Ha BH6poBctpHXHBarene "Po
Tan". B naJI1>HeiiweM OT JToro MeTona npHlllJIOCb OTK338ThCH H3·3a Henon
Horo npoc1>1naHHJ1 TOID1HBa MenKHX cl>paK1.ndi t1epe3 tHta Manoro pa3Me
pa, a TaK>Ke 6onbWHX norepb MatepHana Ha B1>1111>UIHBallHe. nhin npHMe
HeH MCTOA, 33K.Tll0113JOn.ntiiCJI B npoMhIBKe npo6hI )l(H,[UCOCTLIO (3THJIOBbIM 

crmpr, BOAffOCIIHpTOBOH HJIH Ml>IJlbHhIH pacmopbI) Ha Tex )Ke CHTax; 
Macca npo61>1 yrn11 cocraBnHr.a 25 r. 

CeoUMeHTa14uoHHbzu aHtlllU3. ToIDlHBo cl>paKUHeii - 0,050 MM, oCTaewee
cJI Ha no.trJIPHe, B naJibHeifweM noneepranoc1> ce1U{MeHT~H Ha teH30-
s ecax, npe.nCTaBJIHIOlllHX co6oif rn6Kyio ctanbH}'IO 6ano'IKy 1 c HaKJieeH
H1>1MH Ha Hee TeH30pe3HCTopaMH 2 (pqc. 19). K 6anoqKe IIOnBennmanH 
H3MepHTen1>Hy10 'laillKY 3, Ha KOTopoii 4>HKcHpc>BanH Macey oceBllDIX 
'laCTHU. Ilo.u B03,neHCTBHeM H3MeHHIOll.leHC.R M8CCbl BbIIlaBmero ocani<a 
qacnm IlbIJieyronbHOro TOIDIHBa, COilpOTHBJleHHe TCH30pe3HCTOpoB H3Me

HJIJIOCL nponopUHOHani.uo HX Macce. TeH3ope3HCTopb1 6hUIH BI011011eHhI B 
H3MepHTenbH1>1H MOCT. P8363JlaHC HanpH>KeHHJI MOCTa ct>HKcHpoBarlH caMO

IDflli}'lllHM noTeHUHOMeTpoM KCil-4. 
TaKHM o6pa3oM, ea )l;HarpaMMHOH neHte nonyqanH KpHByio ce)lHMeH

raUHH, 011HCl>IB810llzylOCJI 38BHCHMOCThlO: 

Q=f(T), (34) 

rJJ,e Q - Macca Bl>InaBwero oca}J)Ca yrnJ1, r; T - speMR, c. 
IlpH npoBe,neHHH ceAHMeHTOMeTpH11CCKOro 8HanH3a Ilbmeyron})HOro 

romnma B03HHKaJ1H TpynHOCTH B Bb16ope ,IJ,HcnepcHOllllOH cpeno1, Tai< 
KaK yron1>HWI Ill>Ini. 11enxeTcH rnnpocl>o6HhIM eemecmoM. BhillH Hc111>1Ta

HLI 311UIOBhlH CDHpT, aneTOH, )l;HCTHJIJIHpoBaHHaH eona c no6asKaMH rm-
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po<}>oc<PaTa HaTpHH (Na2 P2 0 7 • 10 tt2 O) B KOnHtICCTBe 0,01 MOnL/TJ.M3 

cycnel:l3HH. 0)1.HaKO npHMeHCHHe yI<a33.HHblX >KHnKOCTCH ireo6xonuMoro 
pe3yn1>TaTa He AaIIO, OOCKOilbKY 3THJ10BblH CIIHpT H aueTOH o6nanruoT 

6onbWOH necyqecTblO, 'ITO HeAOII}'CTHMO npH AJIHTeill>HOCTH OilbITa > 24 ll, 

TaK KaK conpOBO)IGJ.aeTCH H3MeHeIDfeM BhICOThl OCCWlffHH. llHcTHIDIHpo
BaHHaH sona c .no6aBKOH rmpocpoc<PaTa HaTpHH e Ka11ecTBe cTa6HJIH3aTo

pa TaK)Ke OKaJaJiac1> HenpHrOAHOH H3-3a uenonHoro cMa11HBatlHH nopow

Ka yronhHOH Ill>IJIH. Heo6xo~Mo fihmo CHJihHOe noBepXHOCTHO-aKTHBHoe 

BemecTBO (ITAB), CHH)l(aIOIUee IlOBepXHOCTHOe H3Tff)KeHHe BO,[JJ>l H ycTpa

HHIOIUee KOaryJJHI..OUO qacTHU IIbUJeyronbHOfO TOIUIHBa. B Ka'lecTBe TaKoro 
IlAB 61>mo .HCilblT3HO, a B AaJibHCMUieM H npoeeneH PHA OIThlTOB c HC

non1>30BaJIHCM He6onbll.IHX KOnHtJecra >KH.IU<Oro MLma. llo6aBKa IIAB 
cocTaBnHJia I r/II. C npHMeHeHHeM B Ka'llecTBe IIAB >KHJlKOro MhUia 

61>ma nocTHrnyTa nonHaH cMatIBBaeMOCTb H ycTpaHeHa Koarynm.uu1 t1ac
THU, 0 11CM CBH,neTenhCTByeT xapaKTep KpHBOH CelUIMeHTaIUIH H MaJiaJI 

CKOp<>CTb ocenmmH. 
OnpeneneHHe peonorn1.1ecKHx csoiicrn pacmopa c IlAB noKa3ano, 

'ITO B.ff3KOCTh ero He BbIWe, a HCCK0111>KO HH>Ke, qeM Bff3KOCTh BO,llhl, 
H COCT3BHJ1a 0,922-1,01 8 3aBHCHMOCTH OT teMneparyphI. IlnOTHOCTb 

pacmopa cocTa.BHJia 0,999 r/cM3 npH t = 18,7 °c. TaKHM o6pa30M, 
yMeHbllleHHe CKOpoCTH oce.a;aHIDI qacTHu 6bIJIO Bhl3B3HO ycTpaHeHHeM HX 

KOarynHIJ.HH. 3TH pe3YJ11>T3Thl Il03BOilHJIH npHMeIDITb paCTBOp c 11AB 
wu1 npoMhIBKH npo61>1 yrn11 Ha cHrax, reM 6onee, qro nony\!eHHyio noc

ne IlpOMblBKH cycneH3H10 HCil011h30B3JIH KaK y)Ke roTOBblH npenapaT 
JJ.J1H ceAHMeHTauHH. KpoMe Toro, HCKJ11011anH B03MO>KHocT1> o6pa3oBaHHH 
arperaroB qacTHU, KOTOpaH HMerra MeCTO rtpH pa3M3'1HBaHHH cyxoii npo-

61>1.. IlHI<HOMetpmeCKaJl IInOTHOCTb yron1>Horo nopowKa c ll3CTHU3MH 

p33MepoM < S 0 MKM cocTaBHJia 1,5 5- 1,66 r I CM
3 

• 

CpaBHHTCilhHblH 8H3nH3 CHTOBOro cocraea m1neyron1>Horo TOIDIHB8, 

npoBe.neHHhlH MeTO.O.OM pacceBa Ha BH6poBCTp.RXHB3Tene H npoMbIBKH 

npo6bl Ha CHTax 3THJIOBhIM CIIHpTOM, 110l<a33JI, lfTO cyxoii pacceB Ha 
cHTax naer noBhillleHHoe conep>KaHHe rpy61>1x <l>paKUHH. TaK, conep)l(a
HHe 11aCTHU cppaKUHeH 100-63 MKM npH npOMbIBKe coctaBJIJUI 11,83 %, 
B TO BpeMH KaK npH cyxoM pacceee - > 32 %. 

IlpHMeHeHHe MeTona npoMbIBKH Ha CHTax >KHAKOCTblO, a TaIOKe npH

MeHe}ll\e IIAB ,wu1 npose)l,eHHH ceAHMeHTauHOHHoro aH3JlH3a D03BOnHJio 

nonytmn 6onee peanbHOe npeActaBJJeHHe o cl>paKUHOHHOM cocraBe H 

Apyrnx xapaKTepHCTHKax IlbineyronhHOrO TOWIHBa. 

3.2. HcCJJeAOBaHHe oco6e1U1ocreA TeIDiosoro pe1KHM8 noMeHHoA ne1111 
npH BAfB8HHH B ropH AODOIDIH'reJIYIOro TOIDIHB8 

B,ay1uume B ropH npHpo]J.lloro ra3a, B Memweii Mep~ Ilbmeyrunbuoro 
TOWIHBa, conpOBO)l()l.ae-rcH HHTCHCH$HKauHeii npouecca KOCBeHHoro BOC

CTaHOBneHHJI OKCHna )l(e11e3a (rd), a TaK:>Ke CIDf)l(CHHeM OKHCJIHTCnhH0-
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ro DOTCHUHana <l>YPMCHHhlX 30H, CJieACTBHeM qero HBnJleTCJI yMemweHHe 

OKHCJielllfH 3JleMeHTOB 11yr}'Ha, B nepsyio oqepe.11.1> )Kene3a. 
B pe3yrr1ttaTe yKa3aHHbIX H3MeHeHHif npoHCXOnHT cymecTBeID1oe }'MeHb

rneHHe npHXona B ropH OKCH,na >Kene3a, BOCCTaHOBileHHe KOTOporo H.ll;CT 

npHMI>IM nyTeM, T.e. co 3aat1HTenbHLIM norpe6neHHeM renna. 
Ha npaKmKe npH BJJYBamm npHpoJnioro ra3a H Ilb1neyronbHOro Ton

nHBa BOCCTallOBneHHe OUTHM8JlbHOro HarpeBa ropHa H KaqecTBa npo.n}'K
TOB rmaBKH nocnrranocb ysenHtJeHHeM py.neoH Harpy3KH H cootBeTcTBeH
HhIM CHH)l(CHHCM pacxo}J.a KOKCa. 

OnuaKo BoccraHoBneHHe TeWioBoro paBHOBeCHH ropHa noMeHHoii nelllf 
no KOHellHl>IM COCTaBy H TeMnepazype npoAYKTOB IlTlaBKH He CBHAeT·enb

CTBOBaJlO 0 TOM, \ITO H B ropHe AOMCHHOH ne'tlH BOCCTaHaBnHBaIOTCH 

npe)IQ{]{e TeMnepaTypHbIC ycnOBHJI: O'ICBH,llHO, cyiuecTBeHHoe CHH>KeHHe 
npHXOA3 B ropH OKCHAa )l(ene3a, onpe.a;enHeMoe B,IzyBaHHeM nononHHren1>
Horo TOIDIHBa, 113CTH'IHO pa3rp}')KaeT ero OT BOCCTaHOBHTenbHOH pa60Tl>l 

H laTpaT teIUia, 'ITO npenonpe.nen.ReT B03MO)l(HOCTh se,neHHJI nponecca 
Ha 6onee HH3KOM TeMnepacypHOM ypoBHe. 

IlOCKOilbKY npH B,lzyBaHHH B ropH npHponHoro ra3a CHH)f(eIDle npH

XOAa B ropH OKCH)l.a )l(Cile3a OpHeHmpoBOlffiO B,IlBOe 6on1>llle, llCM npH 

B,lzyBaHHH 111>meyron1>Horo TOIDIHBa, TO H 3<1>cpeKT B03)leHCTBIUI 3TOro 

MeponpHJITHJI Ha teMnepaeypHbIH pe)l(HM ropHa COOTBeTCTBellllO 6on1>IIDIH. 
IlpH BAYBaHHH B ropH npHpoAUoro ra3a H Ill>IJieyronbHOro TOIUIHBa 
YK83aHHble :Jtil<l>eKTl>I cyMMHp}'IOTC.H, o6ecnetIHBCUI COOTBeTCTBeHHOe yn}'ll
weHHe ycnoBHH HarpeBa I1p0JzyKTOB IDiaBKH, Aecyn1>«pypainm qyry
Ha H T.lJ.. 

CKa3aHHoe nonTBep)l(Jl:aercH npHMbIMH 3KcnepHMeHTal\lli, npoBeneHH1>1-

MH Ha .lJ.OMeHHblX ne11ax MetannyprH\IeCKHX 33BOAOB lloH6acca, pa6oTalO
lllHX c B,IzyBaHHeM npHpo1];Horo ra3a. 

H3MeHeHue reoperu"ecKou TeMnepaTypbz zopeHwi. OnpeAeneHHe onrn
MaJ11>Horo 3HaqeHWI Teopem11ecKoii teMnepaTyp1>1 npH B;Il)'BaHHH e ropH, 
npHpo)].HOro ra3a HMeeT npHHUHIDl31IhHOe 3H311eHHe B CBJl3H c teM, tITO 

OT npaBHJibHOro peweHIDI ero BO MHOfOM 33BHCHT l<l><l>eKTHBHOCTb HOBOH 

teXHononm. 
B yCJioBHJIX )loHeuKoro MeTannyprHt1ec1<oro 3aBOAa npHMeHeHHe npH

ponaoro ra3a Ha ,noMeHHoif ne"IH N° 1 npHBeno K cHIDKeHH10 1eopem11ec-
1<oii TeMnepa11ypJJ1 .ropeHHH OT 1940 no 1770--1842 °c (ta6n. 12). 

)lnJI AOMeilHoH ne'IH 2, HMe10weii 6e3 npHMeHeHWI npHpOAHOro raJa 

6onee HH3KYJO HCXOAHYJO TeopeTH11ecKyio TeMnepazypy ropeHHH, BAYBa
HHe npHponuoro ra3a B ropH ,O.OMeHHOH ne'IH norpe6oB3J10 DOBl>IWCHHJI 
teMneparyp1>1 .tJYTLB, qro n03BOnHIIo coxpaHHn TeopeTHllecKyto TeMnepa
rypy ropeHWI Ha HCXOp;HOM ypoBHe [73]. 

)lnH HccnenosaHHH onTHManbHoro pacxona npHpo,tJ.Horo ra3a e KOH

KpeTHhIX TeXHononrqecKHX ycnoBHHX B onpe.neneHH1>1e nepHO.tn>I 6:&IJIH 

o6pa6oTaHLI cpeJl,llecyTollHb1e AaHHhie no .n;oMeHHoif netm N° I. ).loMeHH3JI 
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Ta 6 n H u a 12. IloKa:iaTeJIH pa60T&1 .QOMeHHLIX ne'leii N° l 11 2 tJ.M3 B ocpHOAJJI c BA)'eaHHeM H 6C3 BAfeaHHH 

llpll]>OJ.UIOTO ra3a 

noK838TeJlb ,U0Me1n1a11 ne'lh N° 1 

I II III IV v 

flpoH3Bonnn~nbHot'Th nctru, T/cyr . . .. 1098 1196,4 1203,1 1296,8 1364,4 1353,8 1439,3 
PacxoA KOKca, Kr/T ttyryHa ........ 1046 878 881 749 685 687 648 
Pacxo,n np11po,ru10ro raJa, M3 /T tiyryHa 0,0 167,4 176,6 153,0 125,0 125,0 106,0 
Bwxon wnai<a, Kr/T qyryHa . . . . . . . . 1051 1083 1088 917 788 706 689 
Ocaoeuocn llDlaKa~ Ca0/Si02 • • • • • • 1,35 1,23 1,25 1,24 1,28 1,28 1,22 
Conep>KaHue MgO B wnaKe, % . . . . . . 3,20 3,37 3,04 3,8 4,5 4,56 5,4' 
Pacxon arnoMeparn, Kr/T t1yry11a. . . . . 0 0 0 851 1168 1195 1475 
Pacxo~ c1>1poro <t>moca, Kr/T qyryHa • . . 954 987 999 709 547 530 403 
CoAep.>KaHMe C02 B KonowHHl<oBoM ra-
3e, % O o o I e 0 • • 0 • I I 0 o o 0 o o 4 O O 10,6 10,75 10,96 11,4 12,4 11,9 12,0 
TeMnepazypa eyT&a, 

0 c . . . . . . . . . . 772 880 906 916 989 1016 1007 
.. 3 

2365 2630 2512 2489 2285 2269 2310 KonfftleCTBo ,a.yrbJI, M /MHH. . . . • . . • 
JJ.aeneHHe KonowHHKoeoro ra3a, Mna 0,085 0,115 0,14 0,121 0,126 0,126 0,126 
Coeep>1<atme Si B qyryHe, % . . . . . . . 0,89 0,80 0,82 0,84 0,80 0,87 · 0,81 
Co,II.ep>KaHHe S B 11yryHe, % . . . . . . . . 0,041 0,032 0,034 0,035 0,034 0,035 0,033 
TeopeTHtlCCK3JI TeMDepa Ty pa ropeHHJI 
KOKca, 

0 c . . . . . . . ' . . . . . . . . . . 1940 1805 1783 1777 1842 1886 1904 



neqi, Bb111J1aBJIJDia nepenenbm1if WYH M3 e1>1pb1x pyn KpHBoro Pora, 
Haxonunach e ynoBnemopHTen1>HOM cocroJIHHH H pa6oTana B conocTaBH

MhIX TeXHonorHqecKHX ycnoBHRX. 

B nepBLIH nepHon MaKCHMaJlbHM :JKOHOMHJI KOKca (146 Kr/r qyry
Ha) 61>ma nocTHrHyta npH pacxone npHpoAJloro raJa 187,5-200 M3 /T 
yrnepona, cropeewero y q,ypM, npH 6onee HH3KOH, iieM B ucxonHOM 
nepHo,a:e ( 1800-1825 °C), teopeTH'leCI<OH TeMneparype ropeHKH KOK Ca. 

IlpoHlBO)lHTenbHOCtll netIH npH naHHOM pacxone npHpoJ.tHoro raJa 
6i>1na BbIWe, qeM B HCXO,llHOM, HO HeCKOilbKO MeHbllle MaKCHMaJil>HO 

nocTHmytoil np11 pacxone npHpoAHoro raJa 175 M3 /T yrnepo.a:a, cropeB
wero y <ilYPM· 

AHaJJ0111tmb1e pe3ynhT&TbI nonyt1eHhl B nepH011e II nocnc YBeJIH11emu1 
teMnepaYyp&J A}'TbH AO 900--960 °c. B naHHOM nepHone MaKCHMan&HCUI 

3KOHOMHs KOI<ca (> 250 Kr/T 'iyryHa) 6bma nocmmyTa npH oonee 
BhICOKOM pacxone npHpo~oro ra3a (> 300 M 3 /T yrnepona, cropeBmero 
y <}>ypM). TeopeTH11ec1<aJ1 TeMnepacypa ropeHHH npH MaKCHM3JlbHOH 31<0-
HOMHH KOKca OKaJaJlaCb 6onee 11eM Ha 200 °c HH)l(e HCXOllHOH. TaKHM 

o6p330M, B AaHHl>IH nepHOA ysenH'leHHe TCMnepazypbI A}'Tl>JI H pacXOAa 
npepo,llHoro ra3a IT03BOnHJIO CHH3HTh yposeHb OIITHM3nbHOH ( c TO'IKH 
3pemu1 3KOHOMMli KOKca) TeogeTHqe'CKOii TeMnepatypl>I ropeHHJI KOKCa 

OT 1800-1825 TJ.O 1750-1775 c. llpOH3BOUHTe11bHOCTh ne1m BO BIOpoH 

nepHOA H3Mewmaci> B 3HaqHTeJlbHhlX npeAenax, onu:aKO npH MaKCHMaJlb· 

HOM pacxoAe npHpop;Horo ra3a coxpammac1> Ha HCXOAffOM ypoBHe. 
H3MeHeHue oeuCTBUTeAbHOU reMnepaTypbl zopHa. Ha OCHOBaHHH HCCJle

Jl:OBaHHH, npoBe11eHH1>1X Ha EHaKHeBCKOM, )1.oHeUKOM 3aBo,nax H )J(naHOB

CKOM ('' A30BCT3Jl1t ") MCTannyprnqecKOM KOM6HHaTe, pa6oTa10ll.lHX B 

pa3llH'lHbIX TeXHonorHqeCKHX ycnOBIDIX, Heo6XOJJ:HMO cnerran BbIBOW>I 

OTHOCHTenhHO xapaKTepa pacrrpeneneHHJI H ypoBHJI AeHCTBMTCI!hHblX 
TeMnepaYyp B ropHe noMeHHoii netIH npH B.UyBaHHH npHpoJl}loro ra.3a. 
ConocTaBHM nonyqeHHb1e .D:aHH1>1e aHanorHllll&IX HCCJieAOBaHHH Ha ne,1ax, 

Bl>IIDlaBJUllOl.UHX nepeAen1>HbIH qyryu 6e3 npHMeHeHHJI npHpOAHOfO ra3a 

[92,' 93, 97-99]. 
Pa3J1H11HJ1 TeXHonorn11ecKHX yCJioeliH pa6otb1 AOMeHHbIX net1eii, a TaK

>Ke npHMeHHeMbIX Meroronc H3MepeHHH TeMneparyphI B npoBeJleHHOH H 

HCilOnb3yeMI>IX WlJI CpaBHeHHJI pa6orax He naror B03MO>KHOCTH npoBeCTH 

KOmt:qeCTBeHHyio oueHKY nonyt1eHllhlX pe3yllbTaTOB [73, 92, 93, 97-
99). B ro >Ke speMH 6onbwoe 'IHCJIO npoBeneHHbIX OIIl>ITOB H 60nbwou 
lUlana30H TeXHononrqecKHX yCJIOBHH pa6oTl>I HCCJlCllOBaHHl>IX neqe~ rapaH

n1py10T JJ;OCTOBepHOCTb H upencraBHten1>HOCTh BhIBO,ilOB, oueHHBaeMbIX c 

Ka11ecTBeHHoii cropoHbI (pHc. 20, 21; Ta6n. 13). XapaKTep pacnpe,nene
HHH TeMnepatyp no paUMycy ropHa npH BnyBamm npHpo.a;uoro ra3a cy
mec1·aeHHO ae H3MeHWICH (pHc. 20, 21). Ton1>ico B HaH6onee fi11~ro
npHBTHl>IX ycnoBHJlX ncMeHHa.a nellh KOM6KHaTa ,, A3oBCTanh", pa6c>Taio
ma.H npH TCMnepatype ;iyr1>11 > 1000 °c H coµ.epiKa.HHH B WHXTe 90-
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tllJpHOt oC 

;---~-lall.-~-°'-:-~-,-~---_->-,-~ ~: 

1300 ° ... t~1100 
1900 

1500 
noo __ 8 _____________ __. ________ _ 

0,5 1,3 2,1 2,9 0 0,8 1,6 
l om HOCKO lP!/PHbl, M 

PHc. 20. XapaxTep H3MeHeHHJI TeMDepaT)'p1>1 no J>l.AHYCY ropaa AOMeHHltIX neqeii npH 

pa6ote Ba ITMOccl>epHOM ~ Ha MarHHTOropcKOM MerannyprH'lecOKM KOM6JDl&Te 
(a) ; "3anopom:rana .. (6); HTM3 (s) ; MMK (2) 

2000 ~'\ 0 - \ 
1800 

1600 

11/00 

0 0,8 1,6 2,~ J2 
!9SO 0 
1750 ~ 

~ 1550 

~ 1150 

0 
1800 

1600 

1*00 ____ _ 

0 0,11 0,8 1,2 0 0,8 1,6 2/1 J,2 
l om HOCKO f/JYPH, 11 

PHc. 21. XapaKTep KJMeHeHHR TeMDeJ>aTYpt.1 no paAHYcy ropaa npa pa60Te ua aTMoc
cj>epHOM .QYT1te c npHMeaeHHeM npepo.QHoro ra3a: ea EM3 (a); "A3oecTanH" (6); 
AM3 (e): 
1 - npe on<mo11eHHoM npffPOAHOM I'a3e; 2 - npH BJJ.YBaHHH ero B ropH; 3-8 - Ha 
&TMoe<l>epHOM nyn.e c BAYBaHHeM fiPHDO.tUIOro rala 

100 % 0<1>n10coBaHHoro arnoMepaTa, reMnepazypa B <PoKyce ropeHH.H 

panwmac& MHHHMaJibHOH, yctaHOBneHHoii npH pa6oTe netJH 6e3 npHMeHe
HHB npHpoJJ.Horo ra3a (cM. pHc. 20, 21; Ta611. 13). Bo Bcex >Ke ocTanb
H1>1x Cil)'llaJIX npH Bl];yaaHHH B ropH npHpOJlHOfO ra3a TeMnepaTypa B 

79 



T a 6 n H u a 13. TeMDepazypa B ropae ,ttOMellJIJ,tx ne-1eii npn pa6oTe c B~BaHHeM H 6e3 BAfPHHR 
npHpOAHoro ra:ia 

KoM6JU1aT HJIH :iasoA, )lHaMeTp cl>oxycropeHHB CpeAHJ1J1 TeMnepa- Pacxo.r:r. qHcno nHTe• 
HOMep AOMeHHOH ne'IH ropea no l'DlOlllaJUI Typa y OCH npHpOJJ)IOro OJJl>ITOB pa Ty pa 

neqH, paccTOH- TeMnepa- TeMIIepaTypa ne11H, 0c r8.3a, M 3 /T H H3Mepe-
MM HHe OT Typa, 0c ropHB, 0c qyryHB aHii TeM-

HOCKS nepaTyphl 
cl>ypMhl, MM 

~ . 

MMK, N21 7600 600 1900 1765 1400 0 93 
7600 500 1870 1280 0 

MMK, N9 6 7600 400 1880 0 
"3anopo>1<CT3JI1>", NV 3 8000 600 1900 1750 1370 0 

8000 550 1800 1-370 0 92 
8000 650 1900 1400 0 

HJIM3 18200 550 2091 1739 1385 0 98 
MMK 8000 400 1990 1450 0 99 
EHaKHCBCKHA, N9 4 <1)* 7200 500 1805 1601 1306-1459 125,5 28 73 
"A30BCTclJ'IL", ~ 6 (3) 8800 275 1895 1587 1308 106 

(4) 8800 450 1900 1584 1312 109 41 
MM. HlIDHtm, N2 4 9400 1502-1470 OKOno 100 3 
nM3 no nepHOAAM: 

73 (5) 6000 200 1783 128 
(6) 6000 500 1788 126 
(7) 6000 475 1825 1648 1450 117 123 
(8) 6000 550 1834 1655 105 

* UH<l>pLI B cKo6Kax fKa3LmaIOT cooTBeTCTBeHHble nepHonw Ha pHc. 21. 



clloKyce ropeHHH cyw.ecTHCHHO (Ha 40-250 °C) Hff)l(e, 'llCM npH pa6oTe 
6e3 npHMeHeHH.fl HpHpOil,HOrO ra3a. J1ccne)1.0B3HH.H, npOBe,D.eHHblC Ha no
HeIJ.KOM MeTannypn,rqech:OM 3aBone B Tel!eHHe lleTl>Ipex nepHOJlOB, OTnH
tialOWHXCH I..llliXTOBbIM H TeMnepaTypHO-AYTbeBbIM pe:>KHMaMH, IlOK33aJIH, 

'HO BBe,aeHMe B IIDlXTY o<PnrocoBattttoro arnoMepara, noBhillleHHe TeMne

paTyphI JJ.YThH H HeKOTOpoe CHH>KeHHe pacxo.ua npHpOJlHOfO ra3a B nepHO
nax Ill 11 IV onpenen.HJIH noBb1weHHc I eMneparyph1 B <}loKyce ropeHH.H 
Ha 34--50 °c (cM. Ta6n. 13). OAHaKo u B JTOM cn~ae reMnepaTypa B 

cpoKyce ropeHHH 6bIJia MHHHMaJlbHO~ no cpaBHeHIUO c TeMnepaTypo:H npH 
pa6oTe neqeft 6e3 BJl)'BrulliH npHpoAHoro raJa. 

Ilpn Bn,ysaHHa B ropH npupOLUloro ra1a p accroHHHe cpoKyca ropeHHH 

OT HOCKa cpypMbl B uenOM HC H3M~HHJ10CL (cM. Ta6..J. 13) . 
nponDKeHhOCfh OKJ.IC!IHTCnbHOH 30Hbl, 011pe}leJUieM£S COCTaBOM ra3a 

H neper116oM reMnepaTypHOH KpHBoif, raK>Ke coxpamu1ach Ha npe>KHeM 
yposHe npH B.Il.)'Ba.HIDI B ropH npHpo,uHoro ra3a. 

XapaKrepHoii H cywecrnettttoii oco6ettttocThlO pacnpeneneHIDI TeMnepa
TYP no pan.Hycy roptta coBpeMeHHbIX ne11eif HBJUieTcH 6orree pe3KOe rra

]l.eHHe reMneparyp O.T MaKCHMaJlbHhIX K ~MaJibHbIM. IlepeXOA OT 

OKHCJIHTenbHOU 30Hbl K BOCCTaHOBHTenbHOH Bbipa)KeH JHatIHTeJI:&HbIM 
CHH>KeHHeM TeMTieparypnI, B TO BpeMH Kal< B 6onee paHHHX HCCJienoBa

HHHX :nor rrepexon 6hm 6onee nnaBHhIM (cM. pHc. 20). 
3Ta oco6eHHOCTb, Ha Harn B3rJIHJ]., He HMeeT npHMOro OTHOllleIDUI K 

BAYBaHHro npHpomioro raJa, a BhI3BaHa 3Ha'lliTeJlbHblM Cllli>KeHHeM pacxo

ga KOKca Ha COB peMeHHblX netiax H, c.ne]l.oBaTenhHo, poc;oM PYAHhIX 
Harpy30K Ha KOKC H YM~HnllleHHeM BbIXOAa ropHOBOro raJa Ha eJ].HHHUy 
npomrn.BnHeMou nrnxThI. 

3To o6cTOHTenncmo ycKopHJio npoueccb1 rermoo6MeHa H TeIDionepe
AatIH Me:>KAy ra30M H IIJHXTOH, llTO H Bhl3BaJIO 6onee 6bICrpoe CHH>KeHHe 
reMneparyphI ra3a. 

Cne}J.)'eT, OJ:UiaKo, OTMeTHTh, ttro teMrrepazypa y ocH ropHa, HecMOYpH 

Ha CHH>KeHHe pacxo,n.a KOKCa H YBeJ1HtieHHe )l,HaMeTpa ropHa, C}'lUeCTBeHHO 

He H3MeHIDJaCb (CM. pHC. 20, 21; Ta6n. 13) . 
BbICOKaH reMnepaTypa ra30B y OCH ropHa, xapaKrepH3YJOI.UaH ero 

xopomyro ra3onpoHHuaeMOCTh, HBJIHeTCH, Ha Harn B3fTIHA, cPaKTOpoM, 

onpe,nenH10LUHM ycroHtrusocTb uarpeBa ropHa, Ka11ecTBO ll}'ryHa H Apyrne 

TeXHHK0-3KOHOMH'lleCKHe IlOKa3aTen11 IUiaBKH. Ilo3TOMY co CHH)KeHHeM 
pacxoAa KoKca 11 YBeirn11eHHeM ro-iaMeTpa ropHa reximnorn no6HBaJ1HCb 
rro.u.n;ep)l(allli.fl Ha Heo6XOAHMOM ypoBHe reMIIepazypbl y OCH TOpHa c no
MOUI.hlO }'BeJIH'lleHHH KHHeTH11ec1<o:H 3Hepnm lIYTbH, COOTBeTCTBYJOmHM 
H3MeHeHHeM pe)KHMOB 3arpy3KH CblpblX MarepHaJIOB. 

Ha cospeMeHHhIX n e11ax cpe~HH no IUIOllla,UH TeMIIeparypa ropHa 

CYllleCTBeIDIO CHH3HJiaCb B pe3ynhTaTe CHH:>KeHHH y poBHH MaKCHMaJlbHOH 

TeMneparypbl H }'BenHtieIIB.R 01llOCHTeJ1bHOH nonJ-1 F .. M.3KOTeMnepa1ypHOH 
BOCCTaHOBHTeilbHOH .30Hbl ropHa (CM. ra6rr . 13, . YB -~J1Hllemt:e HH3KOTeM-
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nepaT)'pHoii. 3oHh1 ropaa Ha coBpeMeHHhIX neqax BhI3BaHo npe>K.Ue Bcero 
j)onee -pe3KHM CHH>KeHHeM TeMnepaTypbl npH nepexone OT OKHCJIHTenbHOH 
K BOCCTaHOBHTeilhJ!OH 30He, a TaK)ICe cywecTBeHHbIM }'BeJlHqeHHeM .n,Ha-

MeTpa ropHa. 
IlpencTaBnHeT HHTepec TeMnepaTypa KOKCa B OKHCJIHTeill>HOH H BOC-

CTaHOBHTenl>HOH 30Hax ropHa, H3MepeHHaH TepMOnapoii norpy)ICeHIDI BO 
BpeMH KpaTKOBpeMeHHblX OCTaHOBO~ nel.IH (Ta6n. 14). 

lleiiCTBHTenbHaH TeMnepazypa KOKCa B OKHCJlHTeJibHOH 30He ropHa. 
6nH3Ka K npHHHMaeMOH 06h1tmo npH pactieTax Teopen111ecKoii TeMnepa
Type ropeHHH (1450-1500 °C). 

H3MeHeHue cocTaea za3a no paouycy zopHa. 11JBecTHO, ttro B,nyBalllie 
B ropH npHpo]J;Horo raJa npHBO.lllfT K yMemmemno OKHCJIHTen1>HOH cno
co6Hocrn cpypMeHHOH 30HbI, nocKOilbI<Y tI3CTb KHCJJopoAa AYTb.R Hcnonb-
3yeTcH Ha ropeHHe npHpo,IUioro raJa B cpypMe H nepHcl>epHHHoii 30He 
ropHa. 3a npeAenaMH nepHcpepHli ropHa ropeHHe KOKCa o6ecnet{}IBaerc.a 
KHCJiopo.opM, nonyqeHHhIM OT JJ;HCCOUH3UIDI napoB BO)J)>I H ,a;HOKCH.Ua 
yrnepo.ua, OKHCJIHTeJibHa.H cnoco6HOCTb KOTOphIX MeH1>llle, 'leM y ra30-
o6pa3HOrO KHcnopo,ua [73, 97-99] . 

Ha pHc. 22 npHBeneHbI pe3yn1>TaTbI nonHoro aHanH3a npo6 ra3a c 
napannen1>HbIM H3MepeHHeM reMneparyp1>1 roptta. 

Conep)l(mme MeTaHa B ropHoBoM ra3e B roqKax, pacnono>K"HHMX 

Ta 6 n Hu a 14. TeMnepazypa 1<oxca B ropae .QOMeHHoii ne11H, 

R3MepeHH8JI BO epeMH Kp8Tl(OBpeMeHHOH OCTaHOBKH 

PaccTOHHHe HM. Jfu1>H118 ,I:lM3 
OT HOCK& 

<l>ypMbI, MM 1 2 l 2 3 

200 1439 
400 1450 1695 1487 
500 1425 1420 
650 1670 
750 1458 1613 1420 

1000 1522 1413 
1250 1431 1462 
1350 1465 
1500 1306 1442 
1750 1237 
2000 1408 
2500 1373 

0KU C/ZU Te.tlbHllJI 30HQ 

llo 1250 MM 1459 1450 1659 1441 
> 1250 MM 1270 1390 1445 
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tUJp110,oC 
40 !900 

~ JJ ~ 1800 

~~ 30 ~ 1700 ~ 

~ ~ · ;::, 

~~ ~ 25 ~~ 1500 
~ ~~ 
~ 20 ~t{f5 1500 
§_ 

1'100 ~ 15 
~ 1300 ~ 10 -

~ 7200 -~ f 
~ 

0 7100 
0/1 0,0 0,'I 0,8 7,2 1,5 2,0 2/.J l ,8 3,2 

1 om z11030 f/Jqp11b l, H 

Puc. 22. H3MeHeHHe XMMHqecKoro cocTaea u reMnepaTyph1 ra30B no p8Jluycy ropua 
AOMeHHoii ne•m N° 3 AM3 

p;anbWe 0;3 M OT fJia3a cpypMbl, He npeBbllllaIIO 0,1-0,3 %, tITO CBH,Ue

Ten:&CTByer o cropaHIDi rrpHpoAHoro ra3a Ha nepH$epHH ropHa. 
06 JTOM >Ke MO)f(HO CYnHTh H no KpHBOH H3MeHeHH}I conep>KaIDUI 

sonopona B ropHOBOM ra3e. Y cpe3a. cpypMhI conepJKa.HHe BonopoAa muKe 
1 %; 3aTeM no Mepe yt1acuu1 napoB BO.IU>I - rrpopy1<ra nonHoro ropemu1 
npHpo,nHoro ra3a - B OKHCJJeIDIH yrnepona KOKca, coniep:>Kalllie sop;opo
na IlOBbllllaJIOCI> AO 4,5- 5,Q % Ha paCCTOHHHH 0,4 M H B Jl3JibHeHineM 

cymecTBeHHO He H3MeH.HJIOCb. 
CoAepiKaHHe KHCIIOpona HatraHaeT CHlDKan>CH eme B cpypMe B CBJl3H 

c 11cn9nb30BaHHeM ero Ha C)l(Hra.HHe npHpoA.Horo ra3a. TionHoe Hctie3HO- . 
BeHHe KHCnopona OTMettanH Ha paccTOJIHHH 400-500 MM OT rna3a 
cpypMl>I. 

MaI<:CHMaJibHOe conep)KaHHe C02 OTMetranH Ha paCCTO.HHHM 0,8 . M, 
a Ha paccrommH 1,4 M OHO cmn1<anocb no 1 %. XapaKrepHo, 'ITO MecTo 
pacnono)f(eHIDI . MaKCHMaJI1>Horo coAep:>KaHHH C02 coBnan.aJio c MaKcH
M3JibHOH TeMnepaTypofI ropHa. Ilo xapaKTepy KpMBblX conep)l(aIDUI 

C02, CO H 1eMneparype ropaa MO)l(HO ycraHOBHTb, trro npoTH)l(eHHOCTb 
OKHCJ1Hren1>HOH 30H1>1 oocraBnHJia 1,2- 1 A M, KaK 0 npH pa6oTe neqeii 
6e3 npHMeHeHIDI npHpon.Horo r33a [97, 98] . 

fny6Hffy 30Hbl pa3pbtXJieHH.H H3MepHilH MeXaHHqecKHM 30HJlHpOBa
HHeM: BO,u,ooxna~aeMyro Tpy6Ky noMewarnt B ropH no rex. nop, noKa 
OHa He yrrnpanacb B CTOn6 HeilOAJ3H)l(H.0H llIHXTbI . Ilpon1JKeHHocrb 30Hbl 

pa3pb1xnemu1 H3MeIDVIaCb no 3THM H3MepeHHHM OT 0,9 no 1,4 M. 
Ilp0Be,n~HH1>1e ,o:aHHbie nonTBepJlHJIH BhIBOlJ.bI npyrnx HccnenoBaTeheH: 

0 CHH)l(elilIH OKHCJIHtenbHOH cnoco6HOCTH cpypMeHHOH 30Hl>I netrn npH 

BA)'BaHHH npHpO):I.Horo f333. 
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McCJienoB3.HIDIMH, npoBe,neHHhIMH Ha AOMeHHhIX neqax EHaKHeBcKoro, 
noHCUKOro 38.BO/JPB H KOM6HHaTa ,, A30BCTaJib',' IlOATBep)f(neHO, 1.ITO 

ocsoem1e 1eXHononm BLmnaBKH nepe,nen1>Horo -qyryita c npHMeHeHHeM 

npHpoWioro r33a conpoBO)KJJ;aJIOCb CHH:>KeHHeM MaKCHMaJibHDIX TeMilepa· 

TYP B c}>ypMeHHbIX oqarax Ha 40--250 °c (no 1774-1990 °c), coxpatte

HHeM 3Ha11HTenbHOH npoTJDKeHHOCTH OKHCJIHTenbHl>IX 30H (0,9--1,4 M) ' 

coxpaHeHHeM TeMnepacyp y OCH ropHa Ha Half6onee BbICOKOM ypoBHe, 
OTMeqeHHOM npH pa6oTe neqei{ Ha aTMOcQ>epHOM AYTbC (1306-1500 °c). 

YKa3alillbIC oco6eHHOCTH TeIDJoBoro pe)f(HMa ropHa JJ.OMeHHo:H netm . 

TaK >Ke , KaK H CHH)l(eHHe co~ep)l(aJDUI OKCH,na )l(ene3a nepBHtIHLIX H 

KoHetIHDIX umaKoB, cnoco6cTBoBanH ynyt1meHH10 cxo.ua lllHXThI, n0Bb1llle
HHIO ycTofflnmocTH Harpesa ropna, yCJioBHH uarpeBa npoA}'KTOB DJiaBKH 

H necynbcpypamm wYHa [71, 73]. 
ConocTaBJieHHe Ka11ecTBa nepe,nen1>Horo qyr}'Ha, BhIDJiaBnHeMoro B 

noMeHHOH ne'lli N° 1 llM3 B nepHO}lhI, xapa1<TepH3yi<>ll.UfeCH OTHOCHTenh

HO paBHDIMH IIIHXIOBl>IMH yCJIOBHHMH, Il0Ka33JIO, tffO OCBOeHHe TeXHono

rHH AOMeHHOH IUiaBKH c npHMeHeHHeM npHpo,[ijioro raJa conpoBo>K.Ua
nocb CHH:>KeHHeM CO!JiCp)KaHHH KpeMHHH B -qyrytte Ha 0, 10--0, I s % npH 

coxpaHeHHH Ha BbICOKOM ypOBHe TeMIIepaTypLI qyr}'Ha Ha BhlnycKe 
(1476-1511 °c). B tiaCTHOCTH, npH BJJYBalIHH B ropH npHpo1n1oro ra3a 

COAep:>KaHHe cepbl B qyr}'He CHH3HnOCb c 0,042-0,044 % TJ.O 0,030--
0,34 %, l!TO o6'bHCHHeTCJI COKpameHHeM npaxona cephI c KOKCOM Ha 
8,6-22 % H ynylllIIeHHeM CTeneHH HCil0Ilb30BaHHH necyn1>cpypaUHH 1W13-
KOB Ha 9,1 % [101]. Conep>Ka.HHe yrnepoPia B qyr}'He cocTaBII.RJIO 

4,30--4,70 %. BhICOKoe COAep)l(a.HHe yrnepo,ua B qyrYJi~ 06'bJ1cHHeTc.R 

KaK IlOBhIWeHHeM ~ro npenena paCTBOpHMOCTH, TaK H ynYllllleHHeM 
yCJioeHii Hayrnepo>KHBa.HHH qyryaa B netrn. CTeneHb Hayrnepo>KHBaIIH.H 
qyfYffa COCTaBJUUia 94,0--97,5 %. 

3.3. HCCJJeAosamte oco6eHHocreft Menmnypm11ecKHX nponeccoB 
e 4>ypMe1mi,1x 30H8X npH snysaHHH mmeyroJILHoro TODJIHBa 

H3MeHeHue OKUCJZUTe.tzbHou cnoco6HocTu rfiypMeHHblX 30H 

Ilpeo6naAaroruee ropeIDie IIhmeyroJibHoro TOIUIHBa H npHpo,IJ.Horo ra3a 
B <PypMe .a;oMeHHOH netm H Ha nepH4>epHH OKHCITHTenoHOH 30Hbl onpene
nKeT pacxon Ha 3IH peaKilIDI 11.0 50 % KHcnopop;a A)'ThH. ,Uan1>Heiilnee 
CHH:>KeHHe pacxo)l;a KOKca H yBeJIHlleHHe pacxona IIhmeyronhHOro TOIDIH
Ba ~ 150 Kr/T qytyHa Moryl cnoco6cTBOBaT1> .llaJILHeiirneMY CHH)l(e

HHIO co.a;~p>Ka.HH.R KHCJiopona B ropHOBOM ra3e B OCHOBHOM o6ne· 

Me <l>ypMeHHh1~ 30H. B yi<a3fil1Hl>IX ycnoBHHX. ropeHHe Bce:H HJIH 3Ha
tIHTenhHOH llaCTH yrnepona I<'OKCa npoXOAHT 3a C'leT ero B3aHMoneifcT
BHH c napaMH BO,Ilbl H nffOKCH,nOM yrnepona. 

l13BeCTHO, 'ITO npH npo11HX paBHhIX ycnoBHJIX OKHCJlHTenLHaJI cnoco6-
HOCTh C02 H H2 0 3HatmTenLHO ycrynaeT OKHCJJHTenhHOH cnoco6HocTH 
cBo6o,nHoro 0 2. 
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Ha ocaoBaHHH a.HaJIH3a 3KcnepHMeHTan1>H1>1x AaH.HhIX, o6o6meHWI pe-
3ynbTaToB nonyqeHDI CJie.nyiowHe COOTHOWeHH.JI Me)f()l.y 3HeprHJIMH aKTH

Bal.UiH OCHOBHLIX peaKUHH OKHcnemu1 yrnepop;a [I 00]: 

Ec+C02 
' --·--=22· , , 
E c+o2 ~ co2 

Ec+H 2 0 
-----= 1,6. 

E C+o2 ~ C02 

(35) 

(36) 

C Hcnonb30BaHHeM 3aKoHoMepHOCTH AppeHHyca JJ)UI onpen.eneHHH 
CKOpoCTH peaKUHH no MeTOAHKe, pa3pa6oTaHHOH IloMepaHUeBLIM B.B . 
.[J)UI peaKUHH OKHc.Tiemm yrnepo.o.a I<HCJIOpoJJ.OM, ,II.HOKCHJJPM yrnepo,ua 

H BO,IUIHhIMH napaMH, nonyqeHO Bbipa)f(CHHe, KatieCTBeHHO xapaKrepH-

3}'IOIUCe- OTHOllleHHe CKOpocreif OKHCJieHIDI yrnepo,a;a KOKca B yCJIOBIDIX 

pa60Tbl noMeHHOH netrn 6e3 npHMeHeHIDI (HHneKc 0) H c npHMCHeHHeM 
(HH.a;eKC 1) ,11.0ilOilHHTeJlbHbIX BH)l;OB TOilJIHBa: 

wc+o2 ---- -------= 
w (C+o2 ) (C+C02 ) (C+H2 0) 

RT 0 

Kc+o2 e . C02 
- ------....E.-c_+_o_2 ------_-E...-c-+c_o_

2 
______ ~Er--c-+H-, o---, <37) 

KC+o2 e RT' cQ2 + KC+co2 e RT + KO+H, 0 e RT CH2 0 

ri:r,e Ec+o
2 

; Ec+co
2 

; Ec+u
2 0 - :JHepl'IDI a1<THBaUHH peaKUHH; ct

2 
; , , , 

Co ' Ceo , CH 0 - KOHUCHTpfillHH KOMilOHeHTOB B pe)l(HMax C>KHraHHH 
2 2 2 

KOKca H .o.ono111mrenbHOro TOIDlHBa, MOnb/M3 
; ~+O ; ~+CO ; 

2 2 

~+H2 o - npei:r,:JKcnoHeHUHaJIJ>HLIH MHO)IG{TeJIJ> 3aBHCHMOCTH AppeHHy-

ca .nn11 reTeporeHHoii peaKilHH, M/c. 

PactieTLI no ypaBHeHHIO (37) )l;UI TexHonorHtiecKHX yCJIOBHH noMeH

HLIX neqeif B ,IloH6acce Il0K33LIB3IOT, "t!TO npH paBeHCTBe reMOepaeyp 
ra30BLIX cpa.3 CHIDKeHRe HX OKHCJIHTen1>HOH cnoco6HOCTH npH Bll}'BaHHH 

nonOJIHHTeJibHOro TOilJlHBa COCTaBHT 1,9 pa3a, a c yqeTOM B03MO>KHOro 

CHB>KeHIUI reMneparypbI ra3osoii $83bI Ha 200 °c - , 4 pa3a. 

IlpaKTHtleCKHM cne,ncTBHeM }'K'13aHHOfO H3MCHeHHH npH B)l.yBaHHH B 

ropH nonon1mren1>Horo TOOJIHBa MO:>KeT 6hITh ysen:H1ieHHe o6oeMa H npo

TH>KCHHOCTH OKHCJIHrenbHl>IX 30H, CHH)f(eHHe ypoBHH MaKCHMaJibHblX TCM

nepaTyp ra3oeoif cpa3bI. 

OrMet1eHHoe CHH:>KeHHe OKHCJIHTenbHOH cnoco6HocTH nt30BOH QJa3bI 
' 
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Puc. 23. MHKpocTpyxzypa npo6 MaTepHa .. 
na, OT06paHHOro H3 ropua AOMetlHOH ne

'IH N" l ,llM3 npu BJzyBaHHH 50-60 Kr/T 

11yr)'Ha DbtneyromHoro rom111ea: 
1 - DhtneyronDHoe TOIIIlHBO ( OCTpoyronL
HLie M TOHKO.HtfeHCTLle t.iaCTHU,bl) ; 2 -
wnaK; 3 - KOKC; 4 - MC1'3JlmtllCCKOC 
>Kene3o 



cl>ypMeHH1>IX 30H MO)l(eT cnoco6cmoBaTb TBK'1Ce orpaHH11emno nponecca 
BTOpH'l!Horo oKHcrreHH.R ocHOBHl>IX 3neMeHTOB ll}'I"Yffa Fe, Si, Mn H AP· 

,ll)u1 oneHKH BJ1HHHIDI n1>meyron&Horo TOIDIHBa Ha reMnepaTypy npo. 

AYKTOB miaBKH conocTaBHJIH ypasHeHHe reIUioBoro 6ana.Hca nru1 HH)l(Heii 
3oa1>1 Te1D1006MeHa AflJI HaqaJibHDIX (HH,[(eKc O) H HOB1>1x (HHAeKc 1) 
ycnoBHH IDiaBKH. IlpmmMaH mu1 JTHX yCJIOBHH to = t 1, t 80 = t H 

1 
= 

= t 
8

, nonyqHM: 

w 0 t = t + w 
l< 1 H W 

wl 

(38) 

113 JToro ypaBHeHIDI cne~er, 11To TeMIIepazypa npoJzyKTOB IDiaBKM 
npH pa6oTe .UOMeHHOH nellH c BJJYBaHHeM Ilhineyron&HOro TOIDIHBa MO)KeT 
B03pacrn opHeHTHpoB011HO Ha 2-3 % BCJie;uCTBHe CHH)KeHIDI creneHH 
npHMOro BOCCTaHOBnelDIH H yMeHl>WeHHJI OKHCJIHTeilbHOH cnoco6HOCTH 
fa30BOH l}>a3bl cpypMeHHbIX 30H, onpenenJIIOl..lUfX CHH)f(eHHe npHXona B 
ropH OKCHAa >KeJie3a If IlOBhillleHHe OTHOllleHHJI Ji~ 0 / U~ 1• 

JfccneooeaHue 2opeHWl nbllleyZO/lbH020 TOn11uea 8 zopHe OoMeHHOU ne'lU. 
MccnenosaHHe nonHoTbI cropaHIDI nhmeyron:&Horo TOIDIHBa, BnYBae-

Moro B KOnH'lecTBe 40-80 Kr/T qyr}'Ha, BbIIlOilHHJIH Ha AOMeHHOH netrll 
N° I no oIIHcaHHoH: pa11ee MetO)l.HKe. 

llnH COilOCTaBneHHH 6bIJIH npoBe,a;eHbl aH3J10fHt1Hbie HccnenoBaHHH 

npH pa6oTe JlOMeHHOH netm 6e3 BnyBaHIDI llb1J1eyron1>HOro TOIUIHBa. 
Bcero Ja BpeMR Hccne,n0Bamu1 oto6paHo 170 npo6 MaTepHanos H3 

12 TO'lleK ropHa. 113 pHc. 23, 24 BHAHO, \!TO y)Ke Ha cpe3e <ilYPMbI pa3-
M ep qacnm mmeyronhHoro TOIDIHBa (6enoe none) 3HatIHrenbHO YMeH1>
IInu1c11. Ilo Mepe y,a;aneHHH OT HOCKa <l>YPMl>I KaK pa3Mep t.IaCTHU, TaK 
H HX KOilfflleCTBO npoppn>KanH HHTeHCHBHO yMeHhlllaTbC.H. 

Ha OTMCTKe 0,50-0,60 M, KaK npaBHJIO, B COCTaBe H3BJle'leHHhIX H3 

ropHa nopoWKoo6pa3HbIX MaTepHanOB qacTHUhI Ilhmeyron1>Horo TOIUIHBa 
OTC}'TCTBOBa.JlH, 11TO CBHAeTenbCTBOBaJ10 0 3aBepmelmH ropeHHJI Ilbme
yron1>Horo TOIUIHBa. 

B n;an1>HeihneM (orMeTKH +0,75 :- 1,5 M) B npo6ax MaTepHanOB H3 

ropHa oTMet1anoc1> · n0Bb1llleID1e conep)KairnJI yrnepona. 0JlllaKo, KaK 
IIOKaJhmaer pa3Mep H cTpyKtypa yrneconep)f(alllHX \laCTHU, JTO H3MeHe
HHe o6'bJICHHeTCH COOTBercmeHHl>IM yeenHqeHHeM KOJ1H1ICCTBa qacnm 
KOK Ca. 

c IlOMOJ.UblO MHKpOCK0Il8 "Heocl>oT-21" BhlllOJIHeHo KOnHtleCTBeHHOe 
onpeneneHHe cocTaBa npo6 nopollIKOBbIX MarepHaJJOB, oTo6pa.HHhIX H3 

ropHa (pHc. 25) . IlonyqeHH1>1e .UaH111>1e taK)f(e nonrBepwmu npaKrnt1ec
KH nonHoe cropa.HHe IIbIJieyron1>Horo TOIDIHBa K OTMeTKe 0,5- 0,7 M 

OT cpe3a <llYPMhl. lfureHCHBHOe ropeHHe llbDieyroJlbHOro TOIUIHBa HatJa
JIOCh eme no era nocTyIIIIemu1 B cpypMelilIYJO JOHy: Ha cpe3e cpypMbI 
croparro y)Ke 50- 70 % TOIDlHBa, Ha OTMeTKe +0,37-70 M - 90 % TOIIJIHBa. 
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PHc. 25. KoMD0HeHTH1>1ii cocTaB MaTepH.aJJOB no paAuycy ropHa: 
a, 6 - 6e3 BAYBaHHH llhmeyromHoro TonJIHBa; e, 2, o, e- c BJlYBaHHeM llbtneyronLHo
ro TOWIHBa: 1- ni,meyronLHoe TonnHBo; 2 - oCTaTKH OT tracmu nLmeyroJihHoro Ton
nuBa B BHD.e .HtleHCTLIX CTpyKzyp; 3 - wnai<; 4 - 1.IYryH; 5 - KOK c 

OcHOBHhIM KOMTIOHCHTOM npo6 MaTepHaJIOB H3 ropHa JIBilHIOTCJI IIbl

neyron1>HOe TOIDIHBO H mnaK: noneBOe yqacTHe HX B npo6ax H3MeHJUIOCL 

OT 0 AO 100 %. B 3Ha1IHTeIILHO MCHbWHX KOnfftleCTBaX, OAf{aKO npaKTH

'tleCKH BO Bcex HCCJJenosaHHl>IX roqKax ropHa, npe,ncTaBneHbI WYH H 

KOKC (0- lQ %}. 
B KOHUe OKHcrmrenbHOH 30Hbl KOnH'leCTBO 3THX MaTepHaJIOB B npo6e 

IlOBLilllaeTCH, 'ITO o6'bHCHHeTCJI oco6eHHpCTHMH D,BH)l(eHIDI MaTepHaJIOB H 

raJoB B <l>ypMeHHbIX Jottax. AHaJIOfHlffibie BbIBOJlbJ no11TBep)l(JleH1>1 xHrvrn-

PHc. 24. MHKpOCTpyt<Typa npo6 MaTepmuta, oTo6paHHoro H3 ropaa AOMeHHOH ne'IH 
N° I .llM3 npH BA)'BaHHH 60-70 Kr/T 'lyryHa 111>meyron&Horo tommea: 
1 - flhlJieyroIIW1oe TOWlHBO; 2 - wnax; 3- KoKc; 4 - MerannHqecKoe >Kene3o 
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Ta 6 n Hu a 15. XHM1111ecKHii cocTaB MaTepaanoe no paAJIYCY 4>ypMeaaoii 30H1>1 

To11Ka OT6opa, M Macca Co,nep)l(aHHe, % Co,llep)ICBHHe yrne-
npo6h1, p0,ll8 
r yrne- neTy'IHX >Kene3a w.eno· 

PO.Ila Bew.eCTB t1eii r(B %(oT MeCTa 
npo6e) BBO,o.a IIbUJe-

yronhuoro 
TOID1HB8) 

Bson IlbUieyromr 53,55 63,84 8,84 2,0 0,92 100 
Roro Torunma 
Bson npHpo,rumro 32,1 51..26 8,50 2,54 1,72 17,0 50 
ra3a: 

0 ( cpe3 cllypMbI) 92,03 10,25 2,13 16,0 1,00 9,3 28 
+0,125 14,78 29,82 4,41 21,4 1,06 4,8 12 
+0,850 24,6 19,57 3,64 20,l 1,28 4,8 12 
+0,375 32,5 18,31 4,64 27,0 0,94 6,0 18 
+0,500 97,41 5,6 1,21 17,4 0,60 5,2 15 
+0,750 177 ,81 0 0,32 17,75 0,54 0 0 
+l,00 72,13 38,97 3,98 17,6 0,78 28,0 83 
+l,250 27,10 48,36 5,9 13,2 0,92 14,0 35 
+l,500 17,20 46,01 9,1 11,8 0,98 9,0 26 \ 
+1,750 25,61 17 ,37 5,01 4,73 0,72 4,3 11 

11eCKHM aHaJIH30M OilHCaHHblX npo6 nopolllKOo6pa3HbIX MaTepHaJIOB 
(Ta6JI. 15). 

XJiMH'leCKHH cocTaB ra3a no pa,uHycy ropHa B nepHO}J)>I pa6oThI netm 
c B)l;}'BaHHeM H 6e3 B.rzyBaHHJJ IlbDleyronbHOrO TOIDIHBa IlO)l;TBepJJWI 
HHTeHcHBHoe ropeHHe TOIIJIHBa Ha nepH<PepHH, KatiecrBeHHbIH pact1et no 
pa3mtn;e co.uep)l(aHHft KHCJiopop_a B ra30BOH cpa3e no orMeTKH +0,5 M 
OT HOCKa <iJypMbl IlO)UBep.n;Hn B03MO)K}{OCTh nonHoro croprum.R llbIJle
yron&HOro TOrurnBa {pHc. 26) . 

AHanorn'lllb1e AaHHhie 6bUIH nonyt1eHL1 H Ha npynrx MeTaJinyprH11ec
I<HX 3aBonax [11, 37, 38, 69, 102, 103). 

11HTCHCHBHOe cropaHHe IIhUieyronbHOro TOIUIHBa Ha nepu<PepHH ropHa 
rro.a;mep,D,HJIOCb TaK)l{e KOnH'leCIBOM H XHMHtieCKHM COCTaBOM npo6 
oro6paHHbIX nopoIIIKoo6pa3HbIX MaTepHanos. 

IlpH B.rzyBaHHH Ilhmeyron1>Horo TOIUIHBa cpe.a;HIDI Macca npo6b1 oTo6-
paHHbIX B ropHe nopOIIIKOBhlX MaTepHaJIOB 6btna cywecTBeHHO MeHbIIIe, 
11eM B OIIhITax 6e3 B.rzyBaHIDI. Eonee qeTKO JTa pa3HHUa Bbipa)l(eHa B 

npo6ax HeMarHHTIIOH qacm: T3K, B TOqKax ropHa, pacnonO)l(CHHblX OT 

0 no 1 M OT HOCKa cl>YPMbI, cpeAJiH.H Macca npo6bI npH Bnyaamm TOIU1H
Ba 61>ma B 2,9 pa3a MCHbllle, qeM B aHanorHtIHbIX OilhITax 6e3 BnyBaHH.H 
(pHC. 27). 

IlocKon1>1cy ycnoBHH 3a6opa npo6 MaTepHaIIOB H3 ropaa BO scex 
OIThITaX 6bIJIH paBHblMH, OlJeBH,Ill{O, HMCIOTCH o6'heKTHBHhie npHllHHbl, 
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10 25 
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0 0,5 1,0 1,5 0 0,5 1,0 1,5 0 0,5 1,0 1,5 
l om HOCKO QJIJPl1hl, 11 

PHc. 26. H3Meueuue XHMH'lecKoro cocTasa ropaosoro ra3a npH pa6oTe AOMemmA ne'IH 
c BA)'BaHHeM (1) If 6e3 BlzyB3HHJI 111>meyrOJ1bHOro TOMHBa: 
1 - Jl.Henpo,n3ep>KHHcKIDt MeTa.nnyprn'lecxmt KOM6HHaT; II - Kapara.HnHHCKHR MeTaJI· 
nyprn11ecKHX KoM6HHaT; III - coBpeMeHHWI n.oMeHHaB nettb B RnoHJm; IV, V -
.UoHeUKHA Menumyprn'leCKHn 3RBO.D. 

onpe.n;enHBIIIHe yi<aJaHHoe pa3JIH'IHe B Bece npo6. OJIHa H3 onpeAenmo
IUHX IIpffiHH Jal<JUoqaeTCH B 3HatIHTenhHO MeHblllCH OKHCJielillOCTH Ill1Ia

KOB B OilhITaX c BnyBaHHeM lll>meyronhHOrO TOmrn:Ba. 113 pHC. 27 BHn
HO, tITO conep:>Kaime OKCH,Ua >Kene3a B OllbITax c BnyBaHHeM TOIDlHBa 
6Lmo HH)Ke B 2 pa3a, t1eM B cdnocntBHMbIX (To11KH 0,0-1,0 M). AHano
rHtffibie, XOTH MCHee qeTKO Bbipa>KeHHbie, 3aBHCHMOCTH 6J>UIH non}"ICHbl 

11)111 conep)f(aHIDI cepb1 H menol{H (K2 0 + Na2 O) B llDiaKe: npH B.Izyirn-

91 



800 
~ 600 

t.::s...: 
~~ IJ.00 
~~ 
~ ~200 

40 " .....,,_ / 1~ FeO I' __ , 
?'O I ' """"' ,, """"' £j I ,, ' ,, """'", '---' ~ z , ___ _ 

I 

,,,.-,, KzO+Na20 
1,0 ,--" "-----.. 

-----~lc::_..J.............J..._~~[_..J._~::!il!~~...__.....1---L.--I 

-0,3s-o,2J o 0,125 o,2s 0.1150,5 o,52s a15 1,0 7.25 1,s 
l om HOCK(] t/l!JPHhl, H 

PHc. 27. Mace.a H XHMll'lecKHii cocTas npo6 MaTepaanoe, oT06paHH1>1x H3 ropua npa 
pa6oTe .QOMeHHOii ne'lll c B.nYBaBHeM (J) H 6e3 BJJ.YBaHHR (2) m.meyrOJll>HOro TOIUIHBa 

HHH B ropH TOIUIHBa CO)J.ep)l(aHHe B IIDia1<e JTHX MaTepHanOB Bl>IWe, 11eM 

B npo6ax conocTaBHMhlX 3KCnepHMeHTOB (CM. pHC. 27) . 
XHMJNeCKHH coctas npo6 qyryHa H KOKca H3 <l>YpMeHHoii 30HhI npH 

B.a;YBaHHH TOIUIHB3 npHBeneH B Ta6n. 16. Ha OCHOBaHHH 3THX AaHHbIX 

MO>KHO rOBOpHTb 0 6onee BhlCOl<OM co.a;ep)KaHHH KpeMHIDI H cep1>1 B 11y

rYHe B OilbITax c BJzyBaHHeM TOMHBa. 

Ha HaI.1.1 B3rnsn, ycraH0BneHHb1e oco6eHHOCTH npe)l()J.e Bcero MO)l(}IO 

o6'bHCHHTb 3H3'lllTCilbHO MeHbllIHM BTOpHtrnhlM OKHCJieHHeM )KeJleJa qyry
Ha B cpypMeHHbIX 30Hax ecne.a;cTBHe MeH1>mero conep)l(3.HHH KHcnopona 

B ra36BOH <}>a3e cl>ypMeHHOH 30lffil, a TaK)KC MeHbWeH TeMneparypoH 

Ta30BOH cpa31>1, HHbIMH CJ10B3MH, MeHbIIIHM O.KHCJIHTenblll>IM IlOTeHUHaJIOM 

$ypMeHHoil 30HLI. CoornercTBeHHo MeH1>lllee OKHCTieHlle )KeJie3a H nepe

xo.a; B mnaK OKCH,[I.a )KCile3a onpe.a;enHIOT B OltbITaX c BJzyBaHHeM TOIDIH

ea YMeH1>WeHHe Bb1xo,a;a nopollIKoo6pa3HhIX MaTepHanOB. YKa3aJIHoe )Ke 

H3MeHeHHe npeAOTBpamaer H3MeHeHHe KoHuenrpainm (Na2 0 + · K 2 0) 
H s B nocrynaioweM B <l>ypMeHHbIC 30Hbl nmaKe. 

OrHocHren1>Ho BbICOKOe conep:>KaHHe cepb1 :B 11yr}'He e OIIhITax c B,u;y

BaHHeM TOIUIHBa, no-BHIJ.HMOM)', MO)l(HO 061>.RCHHTb B npe,u;enax cpypMeH-
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T a 6 n H u a 16. XaMJ111ecKHii cocTaB 11yryaa, oro6pammro H3 ropaa AOMeHaoii neqH 

npH pa60Te c BA)'BallHeM H 6e3 BA)'BalUUI llhmeyrwu,aoro ToJUJnea 

To'IKH Macca npo6b1, Si, % Mn,% S,% 
BBOµa r, 6e3 nbme-
Tpy6&1. yron&Horo 6e3 llbDle- c nbme .. 6e3 llbme-c IlhUie- 6e3 flhme- c llbme-

M TODnHBa/c yronh- yronb- yrOJlb· yronL- yronh- yronb-
mmeyronb- Horo HblM uoro HblM HOro HblM 

HblM TOJDIH- TOnJlHB3 TOnnH- TOnnHB8 TOIUIH- TOllJlHBa TOIDlH-

DOM BOM BOM BOM 

-0,125 -/1,3 0,184 
0 -/2,0 2,04 0,39 

+0,125 2,7/- 1,1 0,192 
+o,250 -/-

0,375 -/6 0,416 0,296 
0,5 1,0/13,7 2,62 0,2 0,085 0,335 

+o,625 -/21 1,56 0,123 0,19 
+0,75 5,7 /19,6 1,3 2,49 0,145 0,17 0,295 
+l,0 12,40/7 ,5 0,99 l,57 0,114 0,249 0,205 0,432 

1,25 1,15/7 2,23 0,349 0,434 

uou 30HbI 3HatmTenhHhIM noKanhHhIM noBbIIJ.IeHHeM KOlllJ.CHTpaUHH cephI 
B ropHOBOM ra3e, onpe)J.eneHHOM coorserctBeIDibIM YBeneqeHHeM npH
XOAa B ropH cepbI 3a CllCT Ta3H<l>HKaIJ,HH IlbUieyronbHOro TOIUIHBa. 

TaKHM o6pa3oM, cymecTBellllo MeHbllIHH OKHCTIHTenhHhIH noTeHUHaJI 

<l>ypMeHHbIX 30H npH BJJYB3HHH IThmeyronhHOrO TOIUIHBa, onpenenJieMbIH 
' HHTCHCHBHl>IM H, B KOHetIHOM C'leTe, IlOJIH~IM cropamteM IlhmeyronbHoro 

TOIDIHBa Ha nepH<l>epHH ropHa, IlO,llTBep)K}J,aeTCJI KaK np.HMbIMH Hccrreno
BaHHHMH IlOJIHOThl cropaHHH mmeyrOIIbHOrO rormHBa H XHMHtlecKoro 
COCTaBa ropHOBoro ra3a, TaK H KOCBeHHl>IMH AaHHbIMH, npeAcrasneHHbl
MH KOJilllieCTBOM H XHMH'leCKHM COCT3BOM nopomK006pa3Hl>IX MaTepHa
IlOB, OT06paHHhlX H3 ropHa. 

CnencTBHeM rronHoro cropaHHH nbmeyronLHoro TOWIHBa H YMeHbme

HIDI OKHCJIHTenbHOro noreHUHana cpypMeHHhIX 30H MOryr 6hITh cnenyio
IUHe 6naronpHHTHl>Ie H3MeHeHHH: 

nonHoe cropaHHe TomrnBa B npenenax $ypMeHHhIX 30H HCKnroqaeT 

HJIH 3aTpyJI.IDleT B03MO)Kll0CTh nonaAaHHH nopollIK006pa3HOrO yrnepona 
B mnaK, nop1>1 KOKCa H T.A., "ITO HC.KJilOllaer B03MO>KHOCTb Hapywemu1 
,npeHa)l(}IOH cnoco6Hocrn ropua H co3naeT 06neKTHBHb1e npe.nnochIJtKH 
nru1 AanhHefunero 3<Pcf>eKTHBHoro yBenH'leHHH pacx6na nononHHrenbttoro 
TOimHBa; 

3HatIHTeJibHOe Cffif)l(eIDfe OKHCJIHTen1>Horo IlOTeHIUHl.Jla <l>YPMCHHhIX 30H, 
ycHneHHoe CHH)KeHHeM IlOKa3aTens npHMoro BOCCTaHOBneHHH 3aKHCli 

>Kene3a, TaKiKe onpene1u1eMb1M B1zyBaHHeM Ilbmeyron1>Horo TOIDIHBa, cno
co6cTByIOT yMeHhlllemuo npHXOAa B HH)KHIOIO BhlCOKOTeMneparypHYIO 
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30HY ropHa HHTeHCHBHOrO OXJ13Jl)ITenH - OKCH,na >Ke1le3a, llTO_ MO>KeT 
cnoco6cTBOB3Th ynyt11.IIeHHIO HarpeBa npOAYKTOB IUI3BKH, BOCCTallOBneHHJI 
KpeMHHH H MapraHI.(a, ,necynbcpypau;u1 t1yr}'Ha. 

B TO >Ke BpeMH. noBbIWeHHe co,nep>Kal-IIDI cephl B ropHOBOM rcoe, 
onpeAeneHHoe COOTBeTCTBeHHbIM yeenHtieHHeM ee npHXona 3a cqeT cro
paHIDI IThmeyron1>Horo TOnnHBa, cnoco6cTByeT nOBbilllemuo ee co,a;ep>Ka
HHH B qyryHe. 

YMeHbllleHHe OKHCJUtTen:&Horo noTeH11Hana <l>ypMeHHhIX 30H, HeKOTO· 
poe CHH'.>KeHHe AeHCTBHTenbHOH TeMIIepatyphI ropHOBhlX raJOB H npHXOAa 
B ropH oKcuna >1<ene3a MoryT cnoco6crB0Bar1> pacumpeHHIO npoTJDKeH

HOCTH <PYPMCHHbIX 30H no conep)l(aHHIO nHOKCHna yrnepona. 
IlpH npotmx paBHLIX yCJioBHHX nepe11HCJleHH1>1e H3MeHeHHH MOryT 

cnoco6CTBOBaTb ynytnnemno cxon.a llIHXThl, CHH)KeHHIO Il0Tpe6HOCTH 

TeIIJia B ropae H, TaKHM o6pa30M, IlOil}"ICHHlO nononHHTen1>HOH 3KOHOMHH 
KOKCa, pocTy npOH3BO,llJiTenbHOCTH nellH, T.e. B HTore IlOBbllllemuo 3<1>

<l>eKTHBHOCTH npHMeHeHHJI mmeyronbHOrO TOIDlHBa. 

Oco6eHHOCTU npoijecca oecynb¢ypaijUU ~y2yHa 
IlpH pa6oTe AOMeHHoii netm c s,uyacumeM B ropH IlhIJieyron1>Horo 

TOIUIHBa HMelOT MeCTO ClleA)'IOIUHe npHHUHimail:bHhie oco6eHHOCTH npo· 
uecca .necynbCpyp3.llHH WYHa: KOKC, COAep>KaIUHH nepB0Ha11an1>Ho 1,2-
1,6 % S H pacxon KOToporo npH BflYBaHHH mmeyronbHOro Tomuma 
cocTaBnJ1eT 400-450 KriT qyr}'Ha, nocrynaeT E cpypMeHHLie 30HbI, noTe
pRB 50 % u 6onee ceph1. B TO >Ke BpeM11 Ill>IneyromHoe TOIUIHBO, pacxon 

KOtoporo B 6narOJ):pIDITHbIX llm.XTOBl>IX ycnOBIDIX MO>ICeT COCTaBHTI> 
100 Kr/T tiyrYHa H 6o~ee, COAep)l(HT B cpe,nHeM 1,5-2,0 % s, KOTOpaB 
nonHocr1>10 nepexon;HT B ra3oByro <1>a3y c)>ypMeHHLIX JOH. CnenosaTen1>
Ho, KOJlH'leCTBO cepbl, nepeXOJ],JIWeH B ra30BYJO l}>a3y <l>ypMeHHOH 30Hb1 

npM BJlYBaHHH B ropH IIhmeyronLHOro TOimHBa, MO)KeT B03pacTH Ha 
5 0-100 %, qyo B nepByio 011epe,m, MO>KeT cnoco6cTBOBaTh nos1>1wemuo 
conep)l(aHHH cephI B qyryHe, npoxo.rvnueM t1epe3 3TH 30Hl>I. 

IlpoBeACHHLle HCCIIe)lOBaHHJI nonrnepAHJIH 3Ha'lllTenLHOe (noqTH 
B,llBOe) IlOBbIWeHHe con:ep>KaHHJI cepbl B qyr}'He B ABHHhlX TeXHOIIOrH-

11eCKHX yCJioBIDIX (CM. Ta6n. 16). Conep>KaHHe cep1>1 B IWiaKe B 3TOH 
30He TaK)l(C noBb1cHnoc1>. qyo no.a.TBep)k)laer ee HHTeHCHBHoe nornomeHHe 

H3 fa30BOH $a3bl. 

Pac11eTL1, B1>1nonHeHHh1e no MeTO.D.HKe B.11. RBoiicKoro H H.M. qyii· 
KO, IlOKa.3aJ1H, tfTO Me)l(.Uy llyr}'HOM H llina.KOM B cl>ypMeHHbIX 30Hax 

npaKTHlleCKH AQCTHraeTCJI paBHOBecHe, npHlleM BCJIHtmHa K03cl><PHl.UfeHT3 
pacnpeAeneHHH cepbI Ha nop11uo1< HH>Ke ( 4--8 e,rotHHU), 11eM B KGHe'IHOM 
umaKe (pHC. 28, 29). Ilocne,llHee 06CTOHTenbCTBO onpenenHeTCH OKHC1IH
ren1>HOH cpenoif c}lypMeHHblX 30H H BhICOl<HM co.nep>KaHHeM OKCHAa )l(e
ne3a B umaKax (CM. pHc. 27, 28; Ta6n. 16) [I 05, 106]. 

He6naronpID1THoe H3MeneHHe IIpH B,nyBamrn B ropH Ill>meyron1>Horo 
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PHc. 28. U3MeHeHHe Ko3<1>ct>H1'Het1Ta 
pacnpeAeJiatHR cep1>1 Me>Klly 'l)T)'HOM 

H wnaKOM no AJIHHe <l>ypMeHHOH 30Hbl 
npH pa6oTe AOMeHHOH ne11H c BAYBa· 
HHeM OhUieyrOJlbHOfO TOllJIH&a: • 
1 - 3KCnepHMeHT3JlbHble .lla.HHhle; 2 -
no MeToD.HKe; B.n. ~Boitc1<oro ; 3 -
no MeTOJlHKe H.M. qyAJ<o 

(S)/(S] 
9 

7 

5 

J 

1 

/ 

1 / 
'y 

/ 

/ J 

0 0,25 0.50 0, 75 1,00 1,25 
I om HOCKO !fJ!!Pt1/JI., M 

TOIDIHBa 6anaHca npHxo.na cepb1 B cl>ypMeHHbie 30H1>I B onpeneneHHOH 
Mepe HeHTpaJIH3yeTCJI CHH>KeHHeM co.niep)l(aHHH B WJiaKax cpypMCHHblX 30H 
OKCH)la :>Kene3a, ynyqmeHHeM YCJIOBHH HarpeBa npo,nyKTOB IDlaBKH H 

B03MO>KHbIM nOBbIWeHHeM HX TeMneparyp1>1. BHAHMO, 3TH o6cTOHTenbCT· 
Ba H onpeAen.HIOT npH B.eyBaHHH B ropu Ha 1 T qyrYHa AO I 00 Kr IlbIDe· 
yronhHOro TOIDIHBa coxpatteHHe Ha HCXO.nHOM ypoBHe Ka11ecTBa qyryHa 
no CO,llep>1<aHH10 cep1>1 npH paBHOM ee npHxone B netib c llIHxrou [ l 07]. 

OAHaKo npH yBenH'leHHH pacxona mmeyron&Horo TOllJIHBa 6onee 

I 00 Kr/T qyryHa, cymecTBeHHO 6onee BbICOKOM, 'leM B KOKCe, co.uep)Ka
HHH B TOllJIHBe cep1>1, llTO BepoJITHO B ycnOBIDIX lloH6acca, Kallecmo 
tiyryHa MO>KeT yxyAJ,I.IHTl>CH, qro IlOTpe6yeT IlOBhIWCHHJI o6~eii OCHOB· 

J 

2 

D,2§0 0,500 0, 750 1,000 1,250 
l om HDCKO QJPPl1bl, 11 

he. 29. H3MeHeHHe Ko3C1>q>nuHeHTa pacnpe.QeneHHR cep1>1 Me~y qyr)'HoM H wnaKoM 
no AJIHHe ct>ypMeHHOH 30Hhl npH pa6oye AOMeHHoii De'IH 6e3 B~yealDUI mmeyrOilhHOTO 
TonnHBa: 
1 - 3KcnepHMeHTan1>H1>1e nanHLie; 2 - no MeTOAHJ<e B.Il. J!BoitcKoro; 3 - no MeTOAHKe 
H.M. llyth<o 
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HOCTH IW13Ka, pacxo,a.a cpn10ca H COOTBCTCTBellllO MO)l(eT cywecrneHHO 

CHH3HTh 3cp<J>eKTHBHOCTb npHMeHeHM.H nbmeyronbHOro TOIUIHBa. 

Bonee l<P<\leKTHBHhIM JlJl.H pellleHHH nocTaBneHHoif JaJJ.a'4n MO)f(eT 6bITb 

B.tzyBa.HHe B ropH TOIDIHBHo-<t>nIOCOBbIX CMeceii, C03)lalOll.UiX B03M0)1(

HOCTb noKaJibHOrO (B cpypMeHHblX 30Hax H CJIOe Il.IJ1aKa non HHMH) 3Ha
'llffeJlhHOf0 IIOBblllICHHH OCHOBHOCTH, >KHnKonO}lBH:>KHOCTH H ,a;ecynMpy

pHpyioIUeH cnoco6HOCTH llUlaKOB. 

ll;u1 peaJIHJauHH npouecca npeWIO:>KCHbI rormHBHo-<t>n10coBb1e cMecH, 

co.nep>KaIUHe H3BeCTb, rurnBHKOBhIH lllnaT, MapraHeuco,nep)KaJ..UHe MaTe
pHrutbl. <I>opMHpyronuriic.H H3 raKHX CMeceH ULTJaK HMCCT reMneparypy 
IIJiaB!f CHH.H 1100--1200 °c, MO)l(e1 6LITh neperpeT B ropHe AO 15 50-
1650 °c, lJTO Il03BOJIBT nOBblCHTb KOJcPcfJHUHeHT pacnpeneneIDiH cepbI B 

pacKHcneHHOM llD1aKe non cpypMCHHbIMH 30HaMJi ,!10 100--200 e.IlHIIHU 
[110, 111] . 

J],1u1 HHTeHcH<}>HKauHH npoueccos ropeHIDI IIhmeyron1>Horo TOnrrHBa 

H Aecynh<l>ypaUHH qyry1rn npe)lIIO)l(eHO HCII01lb30B3Tb TOIUIHBHbie CMCCH, 
COAep)KamHe a30THOKHCJ1bIH KaJlbll,HH HJIH aMMOHHH [110]. 

c UeJiblO yny'lll.leHHJI AecynbC}>ypauHH 'lyr}'Ha H IlOBhillleHH.R Jcl><PeI<THB

HOCTH IIpHMeHCHHH .a;oporHX H ne<i>IDI.HTHbIX KOMilOHCHTOB CMeCH (Map
raHeU- H cpropCOAep)KfilUH.X MaTepHaJIOB) lllJHlK006pa3yIOIUHe no6aBKH 

BBOAHJ]H nocne 3aKpb111UI llyryHHOH neTKH COBMCCTHO c IlbIJieyronhH.bIM 

TOWIHBOM B reqeHHe 10-20 % BpeMeID~ Me)l()zy BbIIlYCKaMH tiyr}'Ha B 

KOnlflleCTBe 0--100 Kr/T qyry:Ha npH COOTHOIIIeHHH KOMilOHeHTOB 1: (0,4-
0,8) . TaKo8 cnoco6 BBeneHIDI llD1aK006pa3y101.1..tHX MaTepHanoB no3Bomm 

c<I>opMHpOBaTh Ha IlOBepXHOCTH qyryHa CJIOH aKTHBHOro IJDlaKa, xapaK

TepH3YIOIUerocJI IlOBblllleHHbIMH TeMneparypo:H, OCHOBHOCTblO H necynb<l>Y

pHpyromeu cnoco6HOCThlO, qepe3 KOTOpbIH 6yner npoXOAffTb npaKTHtleCKH 
Beeb qyrYH BbIIIYCKa [ 111] . 

3.4. 6anaHC He4>TenpoJlYKTOB H Macen 

B xo.a;e ocBoeHHH npoMbIIWieHHOH ycraHOBKH 6hmo ycraHosneHo Ha
JIH11He 6onbwero KOJIH11ecma (no 6,2-11,4 1<.r/T tiyr)'Ha) Macen H Heq>Te

npo,D;)'KTOB B tIHCTOM ra3e H Bone noCTie CKpy66epa. 
H3BecTH1>1 CJJytlaH 3H&tIHTenbHoro yBenH11eHHH conep)l(amu1 He<}>renpo

AYKIDB B 1111cTOM KononnmKOBOM ra3e H oTcroff.HoM 6acceiffie BCJICACT· 

BHe Henorutoro cropaHIDI B cpypMeHH1>1x 3oHax Ma3yTa H Ill>meyron&Horo 
TOIDIHBa, BA)'BaeMhIX B ropH c JlYTheM [57] . 

B CBJ13H. c H3IlO)KeHHbIM 61>mo BbICKa33HO npep;nono)KeHHe o HanH'IHH 

no.a;o6Horo HBnelUUI Ha goMeHHhIX neqax N° 1 u 2 ,UM3 npH BJ:zy'Bamm 
nhmeyron1»Horo roIIJIHBa. .llaHHoe rrpennono)l(eHHe o6'hHCHJUio TPYAHOCTH 

nepBoro :nana OCBOCHWI rrpoMhllWieHHOH ycTaHOBKH H COOTBeTcTByrorueii 

TeXHOJlOrHH. 
Jlnff BhIJ1CHemu1 npHtrnH HaJlH'QHJI B 'IHCTOM ra3e H BOAe nocne CKpy6-

6epa 6onb1IIHX KOJIBl.ICCTB Macen H ue<t>TenponyKroB ( 6,2-11,4 Kr/T 
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T a 6 JI H u a 17. 6anauc1>1 Ml.CJUIHJ,JX a1t1.i.eneeaii ea .QOMeRHoi ne'lll N° 1 c pUJlll'llUllMH pacxoA3MJ1 
MeTIJIJIO.QOfi&BOK H yrOJlbHOH llblJIR 

IlepHOJJ; MaTepHBJlhI PacxoA, CoAep)l(aHHe KoJIHqecT· MaTepHBJlhI Pacxo.a, Conep)l(8HHe I<onJAeCTBO 
Kr/T Macen s eA- no Macen B Kr/T Macen a e.[l. Macen B MaTe-
11yryua MaTepH.8118, MaTepHBJie, qyr)'Ha Ma Tep HaJia. pHane, Kr/T 

% Kr/T qyryHa Kr/M 3 qyryHa 

llpuxod Pacxoo 

1 MeTaJIJ10~06ae1<a 202,6 3,44 6,97 KonoWHHKOB&Ift ral 2373,2 32,5 ·lo- 6 0,08 
YroJILHu IlbIJJL 45,0 0,32 0,14 Bo.a:a ra300tlHCTKH 2,35 3,09 7,27 . 

HToro 7,11 ff Toro 7,35 
II MeT3JIJIOA06aeKa 208,S 4,9 10,23 Kono1IJHHK0BhlA ra3 2450,4 23,3·10- 6 0,06 

Yrom.HaJI Illd11h 62,4 0,32 0,2 Bo,na ra3001111C1101 2,4 4,85 11,6 
HToro 10,41 MToro 11,66 

III MeT8JJJlo,a.o6aBKa 0 0 0 l<nnoWHHKOBhlil ral 2865,9 5,9·10 - 6 0,02 
YronLHaa nhUIL 36,8 0,32 0,12 BoAa ra3ootfHCTKH 2,87 0,116 0,333 
Ii Toro 0,12 HToro ... 0,35 

IV MenmnoAo6aeKa 193,1 5,9 11,4 KonoWHHKOBblA ra3 2160,3 83,4·10- 6 0,18 
YronhH8JI DLDIL 0 Bona ra3oo'IHCTKH 2,18 6.33 13,8 
HToro 11,4 HToro 13,98 

v MeTaJ1JIOAo6aBKa 196,1 3,1 6,08 KonoWHHKOBLIA ra3 2281,0 22,7·10- 6 0,052 
Yrom.Raa IILDtL 37,7 0,32 0,12 Bona ra.3oo'IHCTKR S,01 1,27 6,39 
ff Toro 6,20 HToro 6,44 



tiyr}'Ha) 6bIIlH npose,a,eHl>I OilbITHble IIJiaBKH, Ha OCHOBaHHH KOTOpbIX 

COCTaBneHhI MaTepHaJlbHbie 6anaHChl. JlnH COCTaBneHHH 6anaHCOB 6hDIH 

opraHH30BaHl>I . e>KecyTOtffibie OT6op1>1 npo6 CblpbIX MaTepHaJIOB, BOW>I 

AO H noCJie CKpy66epa, tmcroro AOMeHHoro ra3a H T.JJ.. B yKa3a.HHhIX 

npo6ax Bb1nonHeHb1 onpe,n.eneHHH conep:>1Gu1w1 Macen H He<l>TenponyKTOB. 

y CT3HOBneHO, 'ITO npaKTHlJCCKH Bee MaCJia BHOC.HTC.H B ne1Ib MeTanno

)l06aBKOH, cot(ep)l(awe:H HX OT 3 JJ..O 6 -%. IlpH BbIBOAe MCTaJUIO,D.06aBKH 

H3 IlIHXThl BbIXOA Macen CHH3HnCH B 20 pa3, T.e. AO ypoBHH norpenmoc
TH onpe.a;eneHHH (Tafin. 17). Oro6paHHL1e npo6b1 Macen H3 MeT3JU1ono-
6a.BKH H OTXO)J)IIUeii BO,ll.bl nocne CKpy66epa OI<a33JUiCh HACHTHlffihIMH 

no MHHepanomqecKoMy cocrasy. B npo6ax BO.IJl>I noCJie CKpy66epa 
OTCYTCTBOBaJIH ~MOflbl, B TOM tIHCJle H KaMeHHoyronbHble • .AHanH3 npo6 
MaTepHaJIOB H ra3a, OT06paHHblX H3 pa3Hl>IX TOtieK cpypMeHHOH 30Hbl, 

Tal<>Ke IlOK33aJI OTCYTCTBHe B IDIX Macen H CMOn. B TO )KC speMH, 011e
BHAHO, Macna H3 MeTa.rmon.o6aBOK, IlOCTynaromHe B BOCCTallOBHTCTihHYJO 

cpe,ny KOnOlllHHI<a Jl.OMeHHOH ne'IH, IlOA BnHHHHeM BbICOKHX TeMIIepazyp 

nonHOCTblO B03f0HJllOTCJI H nepexO,W.lT B KOnonnrnKOBl>IH ra3. 
Mcc.nenoBaHhI oco6eHHocrH pacnpenenemu1 yrnepona Me'.)f(,lzy npo,ayK

TaMH AOMeHHOH ID13BKH: npH B,UyBaHHH B ropH 1ThDieyron1>Horo TOIDlHBa 

IIOTepH yrnepo.n:a co umaKOM H KOilOlllHHKOBOH IlbDiblO He yaenHtIHIIHCL. 

B y1<a3aHHb1X npoAYJ(Tax nnaBKH He o6Hap}')KeHo t1acnm yrnepoAa, no
,no6HL1x no pa3MepaM, <}>opMe H cTpy-Ktype qacrnuaM Ilhmeyron1>Horo 
T011JtHBa. 

IlonytieHHl>re AaHH1>1e noATBepiK)J.aroT, t1TO npH pacxoAe no 80 Kr 
IlhIJieyronbHOro TOIDIHBa Ha TOHHY qyr}'Ha 6bma 06ecne11eHa npaKTH11ecKH 
nonHoH ero ra3HcpHKanHH B AOMeHHOH ne'DI. 

3115. OnepaTHBHoe perynHpoBaHHe reJDiosoro pe)Kl{Ma .a;0Me1D10A rmaBKH 

PerynHposaHHe TennoBoro coctomm:H .noMeHHOH ne'IH "cBepxy,, CBH-

3aHO co 3HatmTeJI&HbIM 38fl33Af>IBaHHeM BO BpeMeHH, o6yCJioBneHHhIM 

nepeMemeHHeM IllllXTOBLIX MaTepHanOB no BblCOTe netm, H HHepUHOH

HOCThlO TefiJIOBbIX npoueccoB. )ln.H IlOBbllllCHIDI KatieCTBa peryJIHpOBamt:H 
"BepXHHe', perynHpyiom11e B03~eiicTBHJI Heo6XOAHMO CO'leTaTb c B03,ne:H-

CTBl.l'aMH "CHH3y", KOTOp ..... e II a "TH" ri.n .ul p K ..,.eCIOI He HMeIOT BpeMeHHOfO 3ana3-
AJ>IBaHHH. 

CpellH MeTo,o;oB perynHpoBaIDIH TermoBoro COCTOHHHH JlOMCHHOH netm ,, " 
CHH3Y uapsny c H3MeHeIDfeM TeMnepaeyphI " BJia>KHOCTH nyTb.H HaH-

6onee 3KOHOMH'IHhIM H nepcneKTHBHhIM JIBnHeTCH H3MeHeHHe pacxo,na 

B.n.yBaeMbIX B ropH ra3oo6pa3HhIX, >IGl,UKHX H rnepllbIX TOIDlHB. 

llru1 C03AaffHJI CHCTeMbl perymipoBaHIDI Termoaoro COCTOHHHH ne'lH 

c HCil0Ilh30BaHHeM ynpaBJUIIOJ..UHX B03)l.eHCTBHH "CHH3Y" Hccne,noBanH 

UHHaMHKY noMeuaoro npouecca no npe)JllaraeMJ>IM KaHanaM ynpaBneHHH. 

y CTaHOBJieH C1lO)l(}fblH xapaKTep BJIHJIHIDI HJMeHeHWI pacxo.a;a npHpOA-
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Horo ra3a H MaJyra Ha co,nep>Ka11He 1<peMmu1 B ttyryHe. TaK, }'BenHlieHHe 
pacxona npHpoUHoro ra3a run1 Ma3yTa cHaqa.rra BhIJhmaeT nOHH)KeHHe 

HarpeBa ropHa H yMeH1>WeID1e co.n.ep)l(aHHH 1<peMHHH B tiyrYffe. qepe3 
HeKOTOpoe BpCMH B CB.H3H c HHTeHcH<IJHKaIJ,He:H xona BOCCTaHOBHTCnl>HhIX 

npou.eccoB B ne'll1 HatIHHaeT npOHBJIHTbC.H BTOpHllHbIH 3<l><PeKT, 33KJIIO

qaro1.I.1HHCH B fiOBbIIIICHHH HarpeBa ropHa. 
IlonHbIH 3cpcpeKT peryffilpOBaHHH co,a;ep)KaHHH I<peMHH.H B qyryHe H3-

MeHeffiieM pacxona npwpommro ra3a nocTHraeYCH 11epe3 10-16 q. 

Cno)KffbIH 11 ,[I)lHTen&HbIH xapaKTep nepeXOAHhIX npoueccoB npu H3Me

ueHHH pacxo.n.oB npHpo,ll,Horo ra3a M MaJyTa 3arpy.D.ID1eT Hcnon&JOBaHHe 

JTHX TOIUUIBHbIX ,no6aBOK AITH oneparnBHOrO perynHpoBaHIDI HarpeBa 
ropHa netm. 

Ub1neyronbHOe ronnHBO, 6nH3KOe no XHMHllCCKOMY cocTaBy K 1<0Kcy, 

He Bbl3bIBaeT cymecTBeHHhlX H3MCHeHHH B COCTaBe H KOnH'IeCTBe <PYP
MeHHblX ra30B, IlOJTOMY H3MCHeHHe ero pacxona JlOJDKHO BilHHTh Ha 

conep)IGUIBe KpeMHHH B l!Yf)'lie no MeHee CJlO>KHOM)' 3aKOHy. 
OAHaKO )J.OCTaTOtilfOro l<Offiil!ecma Ha,ne>KHblX naHHhIX 0 CB.H3H Me)l(].J;y 

pacxonoM Ilbmeyron&Horo roIDIHBa 11 TermoBhIM cooTomrneM netm. noKa 
ee HaKOIUieHo. Ha npaKTHKe IThmeyronhHoe TOIDlHBO Hcnonh3yeTCH nHlllb 

B KatJ:eCTBe 3aMeHHTeJIH KOKCa H, K3K npaBHJ10, illlllib npH poBHOM 

XO/J.e H HOpMaJlbH_OM HarpeBe netIH. 

3KcnepHMeHTaTibHble HCCJICP,OBaHHH BilIDIHIDI JJ.HHaMHtteCKHX CBOHCTB 

IlhIJleyronbHOTO TOIIJUiBa Ha TCIDIOBOH pe>KHM PPMeHHOH IDISBKH npOBO

.rutnH Ha noMeHHoii netIH N° 2 JlM3 [112]. 
B nepHo,u HcCJJenosaH11i1 I11>meyron1>Hoe TOnnHBO nonaBanH B netD> 

qepe3 9-11 tPYPM H3 14, qro o6ecnetIHBaJIO AOCTaTOlffiO paBHOMepttoe 
. ero pacnpeneneHHe no 01<py)l(HOCTH ropHa. 

,Il,HHaMHtieCKHe CBOHCTBa IlhIJieyronbHOfO TOIDIHBa HccrrenoBanH, npo

BO)J)I c1<:aG:1<:006paJHL1e H3MeHeHHH ero pacxona Ha BXOAe 06'he1<Ta no 
OTHOlllCHHIO K OAHOMY H3yqaeMOM)' napaMeipy (pacxony yronLHOH IIbl

nH) npH coxpaHemm 3Hat1eHHH n.pyn1x perynHpyromax napaMeTpoB Ha 
npe>KHeM ypoBHe.. 3KcncpHMeHT npOlJ.OJDKaJIH AO nocTH>KeHlffi HOBOfO 
ycta.HOBHBwerocH 3HatieHHj{ co.uep)KaJIH.H KpeMHHH B qyr}'He. 

llJu1 nposenemrn: 3KcnepHMeHTOB BhI6Hpamt nepHOJ];bI, Korna Ha npo

TIDKeHHH 2-3 BbinyCKOB He 6bIITO TeHgeHUHH K H3MeHeHHIO HarpeBa 

ne11H H Kone6amu1 conep)Kainu1 KpeMHHH B ti:yrYHe 6bun1 He3HatIHTenb-

Hl>Il\m. 

Bee KOHTponHpyeMb1e napaMeTpbI npencTaBJlRJIHCh a BH]l;e pa3BepTKH 

HH<f>opMauHH 0 pa6oTe JJ.OMeHHOH neqH BO BpeMemI. llHcKpeTH,bie 3Hatie

HHH napaMeTpOB, perHctpHpyeMblX KOHTpOnLHO-H3MepHTenbHbIMH npH6o
paMH, ycpenH.HIIH 3a 15- 60 MHH pa60Tb1 netnt. 

3a nepHOJl Hccrre,upBaHHH pacxon IlbVleyrOJil>HOfO TOIDIHBa CKatIK006· 

pa3HO H3MCHHJIH 20 pa3 (B CTopoey YBenHtJ:eIDt.H H CRH>KCHHH). 

IIonyt1eHm1e ycpe,uJ-IeHHbie KpHBb1e nepeXOAlfbIX npoueccos HJMeHemu1 
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conep)l(aHIDI KpeMHHJI B 'l}'T}'HC c ,llOCTaTOlJHOH creneHbJO TOllHOCTH MOryT 
61>1Th OIDIC3Hbl anepHO,Il)NeCKHM 3BCHOM nepBoro nopJiwca c 3aD33.DPIBa· 
HHeM . .IllmaMHtieCKHMH xapaKTepHCTHKaMH TaKoro 3BeHa JIBnJIIOTCJI Bpe
MR tIHctoro 3ana3,t1.1>1Ba1DU1 To , K03<l><l>HI.UteHT nepenallH 061>e1<Ta K H noc
TOJllillaJI speMeHH T. 

YpaBHeHHe nepexo.a;Horo nponecca no Hccne,uyeMoMy KaHany c Hc
nonhJOBaHHeM BhIWenpltBe,neHHblX 0003HaqeHJtii MO:>KeT 6hITh npeACTaBne
HO B BH,ne (113]: 

X =KX (1 - e- (T-To)/T] 
BhIX BX ' 

(39) 

r,n.e XBX' XBLix - COOTBeTcTBeHHO BeJIBlIHHhI pery1u1pyro1uero H BLIXo,n
uoro napaMeTpoB; T - TeKy11um MOMeHT BpCMeHH. 

lbiCJieHHD1e 3Hat1emu1 ;rn1HaMHlleCKHX xapaKTepHCTHK onpe,nenJIJIH MeTo
AOM HaHMemumx KBa.npaTOB. AHanH3 nony11eHH1>1X pe3yn1>TaToB CBH,ne
TenhcTsyeT o TOM, 11ro cKat1Koo6pa3Hoe H3MeHeHHe pacxona II1>1J1eyron1>
Horo TOID1HBa Cl<a3LIBaeTCJI Ha co,nep>KallHH Si B qyryHe y)f(e Ha cneTzyIO-
ll.{eM B1>1nyc1<e nocne HaHeceHHH B03M}'memur. BpeMH 3ana3.rt1>IBaIDU1 ne
pexoAHoro nponecca COCTaBnJ1eT 0,5 q. B pean1>HL1x yCJJoBHJIX AOMeHHOii 
nnaBKH 3TOH BeJIHlllffiOH MO)l(f{O npeHe6pellb; IlOCTOJIHHWI BpeMeHH T 

COCTaBilJICT 3,5 q_ IlOJIHhlH JQ><PeKT perynHpOBaHHH npaKTINeCKH AOCTH
raeTCJI 11epe3 8-9 q (B cpe,llHeM Ha TpeTheM B1>mycKe). Co.a.ep:>KaHHe 
KpeMHHH B qyryne npH 3TOM H3MeIDieTCJI Ha 0,13; 0,25 H 0,33 % npH 
H3MeHeHHH pacxona yronhHOH IlhDIH COOTBeTCTBCHHO Ha 1,2 H 3 r/1!. 
CneppBaTen1»Ho, K = 0,11-:-0,13 % Si Ha 1 y/q, qyo npH6nH3HTenhHO co
OTBeTCTByeT 0,07-0,10 % Si Ha 10 Kr/T wYHa. 

TaKHM o6pa3oM, ypaBHeHHe nepexoWioro npouecca H3MeHeHHH co,n:ep
)l(aHHJI KpeMHHH B qyryHe npH HJMeHemrn pacxona mmeyronbHoro 
TOIIJIHBa 3aIIHCbIBaeTCH B BHne: 

.6Si = 0 085 .6G (1 - e- (T - 0,5) /8,5) 
, nyT ' (40) 

r.ne /lGnyT - H3MeHeHHe pacxona mmeyronhHOro TOIUIHBa, Kr/T; T -

TCK}'lllee BpeMH OT MOMeHTa HaHeceHIDI B03M}'llleHHH, II. 
TecHoTa CBJ13H co,nep)KaliHJI KpeMHHH B qyry11e c H3MeHeHHeM pacx6Aa 

n1>meyronhHOro TOIDlHBa xapaKTepH3yeTCJI K03cpcpHUHeHTOM Koppen.HUHH 
r = 63 %. 

)lHHaMHlleCKHe xapaKTepHCTHKH Ill>UieyronhHOro TOIIJIHBa HCCJie,O:OBaJIH 
Ha ,n.oMeHHoH netrn N° l o6oeMOM 1033 M3

• 

BnHHHHe n1>meyronhHoro TOIIIIHBa Ha HarpeB ropHa oueHHBa;m no 
HJMeHeHHro conep)KaHM.R KpeMHHH B qyryae, a taIOKe teMI1epaTyp1>1 'l)'

r}'Ha Ha B1>1nyc1<e. IlnH aBTOMaTHtiecKoro Henpep1>muoro H3MepeHHH 
TeMnepaeyp1>1 qyryHa Ha BhinycKe 6hIJJ YCTaHOBneH arperaTHl>IH KOMIUieKC 
Aill1P..C, 6ecKOHTaKTHO KOHTponHpyrol.I.lHH TeMnepazypy llOBepXHocrn Har-
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Pac. 30. BJDIJIHHe 3aKpb1THJ1 n0Aa11a llbtneyroJlbuoro TODJIHB8 ea TeMnepaTypy 'lyryHa 
a Maccoayto AOnto B eeM KpeMHHJI/ (nepHOJU>I pa60Tbl ,noMeaeoii ne'IH N° 1 AM3) : 
a- 2.12.84 r.; 6 - 16-17 .12.84 r.) 

peTbIX Ten no HX TeIUIOBOM)' 3neKTpoMarHHTHOM)' H3JI}'lle1Dno (114]. 
C}'MMapHaa np1me,n:eHHru1 norpeumocTb noKa3aHHii KOMIUleKca He npeBhl
wana 1,5 %. l13Mep.HeMaH TeMnepacypa '1YJ"Yff3 aBTOMaTHllCCKH 3arIHChl
Banach Ha cTaHnapTHOM caMorm~eM npH6ope KCII-3n. 

Ha pHc. 30---32 npe.a;cTaBne1rn nHHaMHKa H3MeHemo1 conep)KaHHJI 
1<:peMHID1- Si B 11yryHe, TeMnepaTypb1 11yr}'Ha Btopoii. nonoBHHbl BbmycKa 
t qyr H cpe,n11eii Ja BhinycK TeM11epaTypb1 tzyr}'lia :;:r npH cKatn<:oo6pa3-
HOM H3MeHemrn pacxo,u:a mmeyronhHoro TOIDlHBa unyT· 

B Te11em1e ABYX B1>1nycKoB, npero:necrnymmux aa11any BA)'BaHHH IlhUIH, 

COAep:>KaHHe KpeMHIDI B qyryHe H ero TeMnepaTypa OcTaB3JIHCh HCH3-
MeHHl>IMH. 

3Hat1eHID1 Apyrnx napaMeTpoe KOM6mmpoBaHHoro JlYThB B paccMaT
pHBaeMbIH nepHOA, a TaK>Ke B npe,[ij.IIeCTB}'lOll(HC cyTKH He H3MeHHJIHCh. 

B pe3ynhTaTe YBenH'leHHJI pacxona yronhHOH llhIJIH Ha 2,25 T/11 H 

yMemweHIDI- PYnHOH Harpy3KH Ha 0,06 T/T co.nep)l(a.HHe KpeMHIDI B qy
~YHe noBhICHJIOCh Ha 0,5 %. Iloc1<onhKY KonHt1ecTBeHHOe BllHBHHC pyA
Hoii aarpy3KH Ha conep>Kmme KpeMmu1 B 11yryi1e H3BeCTHo, TO onpene
neHHax pacqeTHbIM nyTeM AOJUI BJIHJIIDIH IIhineyronhHoro rormHBa Ha 

- COACpllCaHHe B qyryHe KpeMHHJI B nonyqeHHOM 3<P<l>ekTe COCTaBnHeT 
0,20---0,25 %. 
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8pe11R cymoK, " 

PHc. 31. Bmumae ysen1111eHHJt pacxoAB yroJibHoii llbIJnt Ha c0Aep>1Ca&He KpeMHHH B '1Y
ry11e B ero TeMnepazypy 

Pac. 32. BJIJUIHHe npexpa~eHIUI BA)'BUIHH yro11bHOH llbIJIH H BOAJIHoro napa Ha co.n~ 
>KaHHe KpeMHHR e 11)'rYJle H ero TeMnepaTypy 

a 

PHc. 33. BJIHJ1HHe apeMeHH npeKpameHHJI noAa'IH llhmeyronbHOro TOR11HB8 Ha TeMnepa
Typy 'lyr)'Ha H MaCCOByJO ~OJDO B HeM KpeMHHR (nepHO,llbl paoon1 AOMeHHoii ne'lll 
N° 1 .l(M3: 
a - I ; 6 - 11) 



TeMnepaTypa qyryHa ycTOHtIHBOro nepHona BTOpou rronoBHHhI Bb1-

nyc1<:a tqyr ysen~acb ua 40-50 °C qepe3 ~10 'I nocne H3MeHemu1 
pacxona yronhHOH IIbIJIH. 

Ha pHc. 33 HJITIIOCTpHpyeTCff .n;uHaMHKa H3MeHeHHH XHMH11ecKoro H 

<l>H3HlleCKOro HarpeBa tzyr)'H3 npH OTKJUOllCHHH IlOi:(atm B netth IIbmeyron1,
HOro TOWIHBa. B CBH3H c {IOBhllllCHHhIM HarpeBOM ne11H 3a 3 q no npeK· 
pameHIDI BnJBaHHH IIhD1H 6Lm OTKpbIT nonaon napa Ha }'Bfla)KlfeHHe 
GH 0 B KOnHllecme 2 T/1I. llpyrHe napaMeTphI ,n:yrbH, a TaK)l(e PYAH}'IO 

2 
Harpy3KY B Te'leHHe HccneuyeMbIX H npenmeCTB}'IOl.II1iX cyroK He H3-
MeH.HJ1H. 

TaKHM o6pa30M, cHIDKeHHe COAeg)l(amu1 KpeMHHH B qyryHe aa 0,35 % 
H TeMnepaTyphI tzyr}'Ha Ha 35-40 c JIBHJ10Cb pe3yn1>T3TOM COBMCCTHO
ro B03]lCHCTBHH rrpeKpaweHIDI Bn)'BaHH.R IIbineyronhHOfO TOIUIHBa (coK
pameHHe ero pacxona B cpeAHeM Ha 3 T/q) H }'BeJrntiemo1 pacxona napa 
Ha 2 T/TI. 

C 1982 r. Ha AOMeHHbIX neqax N° 1 H 2 H3MeHeHHe pacxona Ill>me
yron1>Horo TOIDIHBa CTaJIH CHCTCMaTH'ICCKH npHtdeHHTh ,[tTl.R KOppeKTH
poBKH aarpeBa ropHa H conep)Ka.HHJI B qyr}'He KpeMHHH. B t1acTHOcTH, 
npH "rop11t1eM" xone nellH npaKTHKyeTc.R 3aKpbITHe non;atm llbmeyronb
Horo TOIDIHBa Ha 1-4 q 11,0 3Hatn1Ten1>Horo CHH)f(CHHJI HJlH BOCCTaliOBne
HIDI OilTHMaJlhHOro ypoBHH HarpeBa ropHa. 

Pe3ynhT3TbI 3KcnepHMeHTaJII>HbIX Hccne,noBaHHH ceHneren1>cmyior o 
6onee npocroM xapaKTepe nepexoro1oro npouecca H3MeHeHIDI conep)f(aHHH 
KpeMHHH B qyryHe npH peryJIHpoBamrn HarpeBa pacXOAOM mmeyronb
HOro TOWIHBa, TICM npH H3MCHCHHH pacxoAa npHpOAffOro ra3a HilH Ma3Y
Ta. B co11eTaIIHH c BhICOKOH nHHarvm'llHOCTblO yronbHOH IThIJIH 3TO npe,opn
peneJ111eT ee rtpeHMymecTBa npH Heo6xo,tJ;HMOCTH onepaTHBHOro peryJIHpo
Ba.HIDl TeIUIOBoro COCTO.HHHH ropHa noMeHHOH netm. 

Il1>1neyron1>Hoe TOIIJIHBO B CMeCH co nmaKC06pa3}'IOIUHMH MaTepHa
naMH MO>KeT HCilOilh30BaTbC.R T3K)l(C ,II,TUI onepaTHBHOro KOMilJICKCHOro 
B03AeHCTBHH Ha HarpeB ropHa H OCHOBHOCTh KOHetn1oro IID1aKa. 

4. PA3PA60TKA H OCBOEHHE TEXHOilOfHH BLIDJIABKH llYfYHA 
C DPHMEHEHHEM IlLIJIEYfOJibHOrO TOOIIHBA 

TeXHonorn.R AOMeHHoii nnaBKH c npHMeHeimeM Ilh1neyron1>Horo TOIDIH
Ba 6bUia pa3pa6oTaHa Ha JJ;OMCHHl>IX neqax N° 1, 2, 3 .IlM3 B XOAC OCBOe

HHJI H npoMDIII.DieHHOH 3KCIIJIY3TaIJ.HH OIIBITHO-npoMbllIDieHHOH H npoMbIW

neHHOH ycTaHOBOK )J)lfl npHrOTOBneHHH H BA)'B8HHB IThlJleyronbHOrO 
TOWIHBa. 
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4.1. y CJJOBHJI H XO]]; OCBOeHHJI TeXHononm noMelDIOA rmaBKH 

Pa3pa6oTKY H OCBOeHHe TeXHonorHH ,llOMeHHOH IDiaBKH c npHMeHeHHeM 
n1>meyronhHOro TorumBa npoBOAHJIH Ha THilOBhIX noMeliH1>1x ne11ax N° 1 ; 
2; 3 llM3 none3HbIM o6oeMOM 1033, 1033 H 700 M

3
• 3TH ne11H pa6oTa

nu c npHMeHeHHeM npHpoAHoro ra3a, noB1>1weHHDIM (0,11-0,12 Miia), 
a N° 3 - 061>1tIHbIM (0,01 Mila) AaBJleHHeM KOilOl.lIHHKOBoro raJa, 61>mH 
06ecnet1eHb1 HarpeTbIM no 105 0-1100 °c JlYT&eM, KOTOpoe nepHOAffllCCKH 
06oramanoc1> no 22-23 % KHcnopo.a;oM. CoCTOHHHe netieii B nepHoA 
npoBeAeHHH HccnenoBaHHH 61>mo, Ka1< npaBWIO, ynoBnemopHTenhHhIM 
[17]. 

IlpH B,eyBaHHH mmeyronbHoro TOIUIHBa Jl;oMeHH1>1e ne11H N° 1; 2; 3 
BbllDUlBJUUIH MaJIOMapraHUOBHCThIH nepenenbHbIH tiyr}'H H3 npHB03HOrO 

IlOAJ'OTOBneHHoro Chlph.H: arnoMepaTa IOfOK, OKaThlllleH uroK H rrroK. 

Ta 6 n Hu a 18. XHMll'leCKHii ~ rpauynoMetpH'lec1adi COCTaB mmeyro.Jlbaoro 
TOD.JIHBa, HCDOJll»3yeMoro Ha }loaeigcoM Meraruiypr1111ecKOM 38BO)le 

IlOIC838TeJ1H roA npoBeAeHHJI miaBOK 

1970 1971 1972 1981 1982 

MapKa ynu1 . • . . . . . . . . IlAPlll T T Alrrp8JlHT T 
TexHJNeCKHA aaane3 yrnR,%: HT 

3ona 19,7 11,0 11,95 17,37 13,3 
cepa 2,06 1,71 1,72 1,53 1,86 
nezy11He 7,71 7,49 6,6 
snara 5,55 0,33 0,26 0,35 

(yron1a) (llldJIL) 
XHMH'leCKHA coCTaB 3onLr 
yroJILHoit ID:d1Iu, %: 

Si02 52,8 46,3 46,5 49,3 44,9 
CaO 4,3 3,S 3,8 3,88 5,32 
A1203 21,9 23,l 26,6 . 21,9 23,8 
Fc2 0 3 17,9 16,1 17,1 14,9 18,6 
MgO 2,1 . 1,78 1,88 1,89 1,90 
P20s 0,23 0,243 0,257 0,293 0,419 
(Na 2 o+K2 0) 1,4 9,0 0,75 0,43 

fl>paKIUIOHllLiit CO CTaB 
yronYloA IILDIH, %: 

> 0,60 MM 0,4 0 0 
0,60-0,42 MM 1,0 0,1 0,17 
0,42-0,105 54,6 42,71 50,2 
0,105-0,075 30,1. 39,25 36,S 
0,075-0,067 6,0 7,14 6,7 
< 0,056 7,9 10,8 6,0 
> 0,080 9,6 21,7 
0,080- 0,063 11,6 
< 0,063 78,8 
0,080- 0,071 . 12,6 
< 0,071 65,7 
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1983 

T 

8,1 
1,83 

0,37 

34,8 
9,22 
18,9 
19,0 
3,29 
0,316 
0,30 

24,2 

10,0 
65,8 



B Ka11ecTBe MapraHeucoAep>KaI.UHX MaTepHanOB Hcnonh30BaJ1H HHKononhc

KHe 1<ap6oHaTHh1e, HH3KOCOpTHbie tIHatypcKHe PYALI, a B nocne)J.llHe 

fOAJ>I - lIIJlaKH CHJIHKOMapraHua H lllJiaKOBYJO KOpKy - OTXOAbl IIpOH3-
BOACTBa XapU1>13CKOrO Tpy6ocBapOllHOro 3aBOJl3 [59, 119). 

0CHOBHblM BH,UOM TOIDlHBa 6hIJI KOKC lloHeUKOrO KOKCOXHMHtleCKOro 

3aBon.a. KatteCTBO KOKCa B 1980--1986 rr. CHH3HJIOCb no MexaHHlleCKOM 

npo'lHOCTH H <t>paKUHOHHOM)' COCTa.By, 'ITO 061>.RCIUleTCH yxynweIDleM 

yronbHOH CblpheBOH 6a3hl H CHH)l(CHHeM B KOKCOl.llHXTe ,IJ.OilH KOKCYJO

lllHXCJI yrneii no 9-12 % [59]. ,II.JUI Bn}'BaHIDI B ropH HCil0IlL30BaJIH 

npHpO.nHhIH raJ CTaBpononLcKoro MecTopo:>KAeHHH. Jlru1 npHroToBneHHH 

n1>meyronbHoro TOnJIHBa Hcnon1>JOBaJIHCb yrnH lloHeuKoro 6acceiiHa Ma
po1< IlAPIII H A, a TaK>Ke T - pHJlOBOH H KoHUeHTpaT. YrnH IIAPIII H 
A Hcnonb30BaJIH B nepHOJ:U>I ocaoemu1 0Ilb1THo-npoMb1umeHHoif H npo
MhIIIIJieHHOH ycTallOBOK BA}'Ba.HHH. B yCJIOBHHX ycTaHOBHBIIIeiicH 3Kcn ... 

nyaTaitHH HcnonL30BanH KOHUeHtpaT yrnH MapoK T MocIIHHCKOH, Konoc
HHKOBCKOH H qyMaKOBCKOH UO<I> (Ta6n. 18). C anpen.R 1982 r. KOH

ueHlJ>aT yr1u1 MapKH T qyMaKOBCKOH UO<l> orrpy)l(aJIH cornacHO epe
MeHH&IM "TexirnqecKHM ycnoBIDIM Ha yronh wu1 npHroToBneHHH Ilbme
yronLHoro TOIDlHBa wu1 AOMeHHhIX ne11eii", cornacHo KOTOphIM 30ilb
HOCTh KOHtteHTpaTa oroBopeHa npenenaMH 7,4-8,0 %, a conep)Ka1rne cephI 

2,0-- 2,5 %. <l>paKUHOHHbIH COCTaB 111>meyronbHOrO TOIUIHBa, onpe,neneHHblH 

pacceBoM Ha cHrax, npe,ncnmneH B Ta6n. 18 [17, 59]. 
113 Ta6n. 18 BHAHO, t1To o6e ycraHOBKH o6ecnetmBanH TOHKHH noMon 

n&meyronhHOro TOIUIHBa. 3aMeHa a3p06HJibHbIX Men:&HHU OilhITHO-npo
Ml>IllDieHHOH ycTa.HOBKH mapOBhIMH 6apa6aliltbIMH npoMbnnneHHoii conpo

BO)K,nanac1> yn}'111lleHHeM cppaKUHOHHOro COCTaBa TOIUIHBa npe)l(Ae Bcero 

38 cqeT yMemmeHHJI AOnH KpynHhIX <)>paKUHH (> 0,071-0,08 MM). 

B Ta6n. 19 npencTaBne111>1 pe3ynLTaT1>1 onpeneneHH.R <l>paI<UHOHHoro 
cocTaBa IlhmeyronLHoro TOIDlHBa ce,ll;HMeHTaI.IHOHHbIM MeronoM 3a JI,TIH

Ten1>H1>1ii nepHOJJ. pa60Tbl IIpOMhillDleHHOH yCTa.HOBKH Ha KOHUeHTpaTe 

qyMaKOBCKOH UO<I>. XapaKTepHoif oco6eHHocn10 3THX 11.3.HHl>IX HBnHeTc.R 
cymecmeHHO 6onee TOHKHH IlOMOn TOIDIHBa no cpaBHeHHIO c 3H3JIOfH11-

HhIMH pe3ynbTaTaMH, nonyt1eHHhIMH Ha cHTax. B1>1XOA TOIIJIHBa c cone~ 
)l(aHHeM cppaKnHH < 0,050 MM OKa3aJICH B HeCKOilbKO pa.3 6on1>11IHM 

(72, 44%). 
IlonytteHH&IH ce)l.lfMeHTailHOHHhIM MetOAOM pa3Mep tiaCTHl\ Ka11ectBellllO 

IlOATBep)l(AaeTCH H MaKpOCTPYKTypHhIM aHaIIH30M, BhIDOnHeHHl>IM c no

MOillblO CTpyKTypHoro aHaJIH3aTopa "31IHKBaHT". 
CTa6HJI1>HhlH pe)IGIM pa60T:&I y311a 11JIH npHroToeneHIDI TOIUIHBa 6bm 

AOCTHrHyT B rrepHOJJ., KOrAa cperoiee conep)KaHHe cppaKUHH < 0,05 MM 

COCTaBJUUIO 62,2- 81,7 %; ,IlOflJI cppaKUHH > 0,10 MM - 4,Bcr.-13,31 %. 
_ XapaKiepHo, tffo HapaBHe co 3Ha'IHTenhHOH noneii Kpy1IH1>1x cppaKUHH 

(> 0,063 MM - 18,l %) B IThDleyronbHOM TOrDUIBe HMeeTCH 3Ha'lHTenh
H8H AOnH 011eHb MenKHX <l>paKUHii. TaK, AOnH TODmlBa <PpaKUHeH 
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Ta 6 n Hu a 19 .. G>paJQ..tHOHHLiii COCT8B m.meyrOJJ&HOrO TODJIHB& H3 KO~eHTp818 yr~ 

TioKa3aTerm CHTOBhlH 8H811H3, MM 

-
0,100 

CoAep)l(aHHe, % : 
MHHHMaJIWIOe 4,8 6,06 
Mal<CHManb- 13,31 14,27 
Hoe 
cpe,a.Hee 8,58 9,49 

0,063-
0,050 

7,0 
12,07 

9,43 

0,050-0 

62,16 
81,68 

72,44 

o,oso-
0,040 

0 
34,3 

7,14 

0,040-
0,020 

2,4 
14,8 

4,99 

< 0,01 MM H3MeHJmaCb OT 21,99 no 46,68 % (cpeAHRJI 34,42 %) . 
3Ha'BfTenbHa AIDKe }J.OnR <l>PaKIJ)IH < 0,002 MM: AO 18,01 % (cpeAHJl.R 
5,36 %). 

Ilonyt1eHHbIH pa3Mep llaCTHU oraeqaeT TJ>COOBaHHJIM, npeA'bJIBn.ReMl>IM 

I< llbIJieyronbHOMY TOmIHBY npe)l(Jle Bcero HCXOWI H3 YCJIOBHJI 06ecnet1e

HHH ero nonHoro cropaHHB B npe.a;enax c}>ypMeHHl>IX 30H [11, 26, 38]. 
Ilo B1>1nonHeHn1>1M pacceBaM 6:&ma pacCtIHTaHa yAeni.HaJI noBepXHocn 

TOIUIHBa - IlOKa3aTen:&, 4>YHKUHOH83IbHO CBJ133.HHl>Iii co CKOpC>CThlO ero 

ropeHIDI. 

H3 npHBeneHHDIX B Ta6n. 19 AaHHLIX ~AHO, trro B 3-MeC>IllH&rH 
nepHOA ycTOHllHBOH pa60T1>1 yctaHOBKH oT.n:enbH1>1e 3HaqeHHJI .a;aHHoro 
Il6Ka38Ten.R OTJill'laJlHCI» OT CpellHero Ha 200-250 %. 

I1pHBeneHH1>1e WlffHbie CBHAeteni,CTBOBaJIH 0 3HatJHTeJThHOH HeOAHOpC>A

HOCTH <PpaKUHOlllloro cocta.Ba .nonyqaeMoro 111>meyron1>Horo TOllllHBa, 

qTO npeIDITCTBOBaJIO COBepweHCTBOBaHHIO H OnTHMH3anHH pe)IQIMa IllleB

MOTpaHcnopra, a T8K>Ke cropaHHR TOIDlHBa B fl>ypMeHHOH 30He. 

B OT~en1»H1>1e nepHO)l,bI 6hmo o6ecneqeHo 6onee TO~Koe H3Men1>qeJD1e 
n1>meyron1>Horo T011JIHB8 - AOJljf TOIDlHBa <l>paKUHeH < o,os MM IlOBM· 

lliaJ13CL AO 91,6 %. OllHaKO npH OTHOCHTen:&HO M8JIOM pacxo,ne TOIJ1IHB8 

( 40-60 KI/T tiyr}'Ha) TaKOe TOHKOe H3Men1>lleHHe OK8331IOCll H3IIHIInlHM: 

He 61>mo oTMe'leHo ynyqwemu1 ycrroBHH IllleBMOTpaHcnopTa, 6onee non

Horo cropaHHJI TOJUIHBa H .npyrnx npeHMymecTB. B ro >Ke BpeMJI 3Hatm

Ten1>Ho CHH3HJ13CI> npoH3BOAlfTenhHOCTL wapoBl>IX Men:&HHU, }'BeJIH11HJlHCI» 

DOTepH yrnH, yxynunmacb HaAe)IC}[OCTh pa60ThI YCT8HOBKH no Il0)1(Clpo-

6e30Il3CHOCTH. 

HcCJie.a.oBaHIDIMH noK33aHo, 'ITO B nonaBJuuoweM 6onLIIIlfHCTBe cny
qaeB cpopMa ll8CTHU TOIDlHBa - OCKOJIOllllaH, HenpaBHJll>HaJI, llTO onpeAe
nseT noB1>nneHHe ynen&Hoii noBepXHOCTH TOll1IHBa (pHc. 34). IIpH pa6oTe 
ycTaIIOBKH Ha OAffOM BHAe yrn11 (KoHUeHTpaTe qYMaKOBCKOii _ UO<l>) 
yAanoc1> 06ecI1e11HT& nonyqeHHe omocHTen1>Ho cra6HrI1>H1>IX Blla)IQIOCTH H 

XHMHtleCKOro COCTaBa IlbUleyronbHOro TOIDIHBa (CM. 1a6II. 18). 
OnhlTHo-npoMI>mmeHHaJI ycTaHOBKa JlJIJI Bll}'BaHHJI Ilbmeyroni.Horo ron-
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Mapxu T 

MeTpH'leCKHH 8H81IH3, % Hac&m- Yi.(enb- CpeitHIUt 
Haff Ha.ff no- pa3Mep 

0,020- 0,010-0 0,010- 0,005- 0,002-0 Mace a., sepxuo- tJaCTJ.ill, 

0,010 0,005 0,002 r/CM 3 
CTb M

2 /r MM 

12,l 20,99 9,33 4,0 0,3 0,441 0,1604 
43,48 46,68 28,03 13,17 18,01 0,5259 0117596 

25,84 34,42 19,67 9,14 5,36 0,481 0,2829 0,0363 

he. 34. $opM3 'IRCTH~ IlblJleyroJibHOro TOMHBa pa3MepoM: 
J:_ MeHee0,05 MM; 2 - 0,063- 0,5 MM; 3 - 0,5- 0,l MM; 4 - 6onee .O,l MM 
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JIHBa pa6oTaJia B BeceHHe-neme-0ceHHHH nepHon no 4-7 ·MeCHUeB. OcHOB
H1>Ie OllbITHl>Ie JD18BKH H HCCJIC.O:OBaHHJI TeXHonorHtiecKoro pe:>KHMa Bhffi
IlaBKH neRenenLHoro t1yr}'Ha 6bIJIH np0Benee1>1 Ha noMeHHoil netm N° 3. 
llnH OIIhlnlO-npoMhIIIDICHHOH ycTaHOBKH MOll.UIOCThlO 70-80 T/CyT Ilbl1Ie· 

yron1>Horo rormHBa 61>1J1H Hcnon1>30BalfhI 2 aJpo6HJibHl>Ie Men1>HHUhI neii
cmyiowero KOTen1>Horo uexa, a taK)l(e 3,naHHe nea3paTopHoii noMeHHoif 
netfH N° 2 ,a)u1 pa3MemeHID1 pacnpenenHTen1>Ho-no:n1poBotDforo OT,neneHHJ1 

(18, 26, 120]. 
1IpoMb111D1eHHCU1 ycTaHOBKa npHroTOBneHIDI H B.nyBaHHH Ilhmeyron1>

aoro roIDIHBa B noMeHHD1e new N° 1 H 2 61>1na nocTpoeHa B 1978-
1980 rr. H cnaHa e 3KcIUiyaTanmo B Mae 1980 r. [17, 48, 50, 96, 120]. 

CoBepweHCTBOBaHHe TeXHonomu BblIUiaBI<H nepe1).en1>Horo qyry11a ocy
mecmrumocb B OCHOBHOM Ha .O:OMeHHOH ne1D1 N° 1. 

B 1982-1984 rr. Ha noMeHHoii ne'IH N° 1 oceoeH npoeKTHbIH ypoeeHh 
ycTaHOBKH no pacxo.uy Ilhmeyron1>Horo TOIDIHBa: 65 Kr Ha 1 T tzyr}'Ha 
L 48, 111, i 21 1 • , 

C 1982 r. Ha noMeHHoii ne'IH N° 1 > 90 % tf}rryHa Bh1IDiaBnsercJ1 c 
npHMeHeHHeM Ilbmeyron1>Horo TOIUIHBa. 

4.2. Pa3pa6oTKa H OIITHMH38UHJI rexuonorHH BhlIDiaBKH qyryHa 

c BJlYB811HeM m,meyroJildloro roIDIHBa 
c HCllOJIL30BaHHeM om.1mo-npoMhillDleHHoR ycraHOBKH 

Pa3pa6oTKa u onTUMU30l4Wl TexHoJZozuu 
8blrl/Ul8KU nepec>e.nbHOZO 'lYZYHQ 

B 1969-1972 rr. Ha noMeHHou ne'lli N° 3 BHenpeH1>1 MeponpIDITHJI, 
ll03BOJIHBl.llHe ycosepweHCTBOBaTb TCXHOilOI1fllecKHH pe>KHM IJJ18BKH: 

COKpame110 con:ep>KaHHe B nmxTe arnoMepaTa H3 pe3epBa (co c1<.naAa); 
CHH>KeHa non11 lllJl~KOB OCHOBHOCThlO BbIIIIe 1,35 no 10-20 %; 
ynyqmeH OTceB Me..TIO'IH H3 l<OKca; 
IIOBl>IWeHa 3<l><)>eKTHBHOCTh npHMeHeHHJI npHpo.1n1oro ra3a 33 C'leT 

onmMH3auHH pacxona, ynyqmeHH11 cnoco6a BBop:a, BHe.npeHHJ1 cHcTeM1>1 
aBTOMaTHlleCKoro paBHOMepaoro pacnpeAeneHHH no Q>ypMaM; 

BHeApeHo ·H3Mepe1D1e ''qacTHI>ix" nepen~oB naeneHHB ra3oe B netm: 
ropH - maxTa H waxTa- KOilOllillHK; 

YJ3CIIH'leHo KOIIHtJecTBo Bb1nycKoB qyr}'Ha no neBRTH . B cyrKH H nons 
HH)l(Hero llDIRKa JlO 50 %; 

CHH)l(CHa HepaBHOMepHOCTI> nona11H yron1>HOH llhlIIH no <l>YPM3M 3a 
CtICT yseJIHt1eHID1 'IHCJl3 cpypM c IlO)J.a'ICH yronbHOH IlhlJIH /1.0 12, BHe,n ... 

pelUUI a3pauHOHHhIX mITaTeneM: H npH6opoB KOHTpotu1 pacxona · TOIDIHBa, 

B1>1paBHHBaHHJI rHApaBJIHtieCKHX conpoTHBneHHH Tpacc; 

noBbillleHa no 1060-1070 °c TeMIJepazypa ,tzyTI>H; 
CHH)KeH BhlXOJJ. IIIIIaKa AO 450 Kr Ha I T qyrYHa 3a ClleT 0DTHMH3auHH 
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ero OCHOBHOCTH H yaenHqeHH.H conep)f(aHHJI >Kene3a B >Kene3opyJ.lH08 
qacTH lllllXTl>I. 

BHeApeime nepetmC.TieHH1>1x H Apyrnx MeponpHHTHH noJaommo yco
eepweHcTBoBaTb TCXHOilOrHIO BbIIDiaBKH ttyr}'Ha c npijMeHeHHCM lll>IJle
yron1>Horo TOIDlHBa, onpenemra }'BenHt1eime ero pacxona no 60--80 Kr 

Ha 1 T 'lyryHa H CHH)KeHHe pacxona KOKca Ha 10-15 %. 
B Ta6n. 20 npHBeAeH1>1 ocHOBHb1e AallHLie 06 Ollb1rno-npoMb11IDleHtthIX 

nnae1<ax c npHMeHeHHeM Ilbmeyron:&Horo TOWIHBa, npose.a;eHH1>IX B 1968-
1972 IT. 3cJ>ct>eKTHBHOCTb npHMeHeIDIJI IlbUieyron1>HOro TOIUIHBa co epeMe
HCM B03pacTana, qyo JIBHJIOCI> CJiencmHeM coBepmeHcrnoea.HHH npouecca 
BnyBaHHJI yronbHOH IlhIJIH H TeXHonorHH noMeHHOH IUiaBKH c ero npH
MeHeHHeM. 

,llnJI nonyqeHIDI KOnfflleCTBeHHbIX 3aBHCHMOCTeH pacxon KOKCa H 

npoH3BO,t:ij-ITenbHOCTb netm rrpHBO,llHJlH K paBHhIM ycnOBHHM no BhlXO.lJY 

1IDiaKa H pacxo.a:y <}>nroca, reMrrepazype H Bna)l(ffOCTH AYThH, HHTeHCHB

HOCTH IDUlBKH, COACp:>KaJilUO B llyryHe I<pel'viHHH H MapraHna. 

Koaj>cpHIUieHThI nru1 npHBe)leIDUI npHHHThI no D,aHHl>IM TeXHH11ecKoii 

nHTepazyp1>1 H pe3yn1>TaTaM :nccnepHMeHTOB, npoBeneHHhIX Ha lloHeu
KOM Merannypnr<1ecKOM 3asone. Ilo pacXOAY npHpo.ll,Horo ra3a npHBeAe
HHe K paBHhIM ycJIOBHHM He BbIIlOnlUIJIOCb, nocKOilbKY HMeBmee MeCTO 

CHH)KeHHe pacxoAa npupoJl)loro r33a HBnJ1noc1> reXHonornqecKH aeo6xo
AHMl>IM H onpenenJIIlOCh npliXO,DPM BOAOpo.a;a B COCTaBe ne1)'11HX yronb-
HOH IlhIJIH. • 

113 AaHHhIX, npHBe,UeHHblX B ra6n. 20, BH)J.liO, tlTO BO Bcex OilblTHbIX 

nepHo.nax npH paCXOAe yronbHOH IIbIJm TJ.O 40 I<r Ha TOHHY qyr}'Ha H 3a

MeHe llbmeyronLHhlM TOIUIHBOM 5-10 % KOKCa npOH3BO,(tHTeJILHOCTb 

AOMeHHOH nellH cywecTBeHHo He H3MeHHnac1>. B onhITH1>1x miaBKax 

1971 r. CHH)KeHHe npOH3BO,IJ;HTen&HOCTH OTMetleHO npH B)J_}'Bamrn 58 Kr 

·YfOill>HOH IThUIH Ha TOHH)' qyryaa. KaK ll0Ka3an IlOCJle.n)'IOl.I.lHH 3H3JUl3. 

1l8HHOe H3MCHeHHe, BH,[(HMO, He CBH3aHO c npHMeHeHHeM Ilb1J1eyron1>HO

ro TOIUIHBa. Yxy,tUI..IeHHe npoH3BO,DJITenLHOcnt ne11H B 3TOM nepHOAe 
06'bJICIDICTCB npe)K)le Bcero H3HOCOM KJ13)l..KH B BepXHeii 1.Iacm IIIaxThI : 
B MecTe nepexona OT Jal.QHTHI>IX Koneu K KJia,uKe 06pa3oaancJ1 rny6o
~Hii KOilblleBOH ycTyn, KOTOp:bIH CTaJl IlpffllHHOH ycToiftnmoro HapymeHHH 
pacnpeneneHHH llillXTb1 H ra30B Ha KOJIOIIIllHKe ,llOMeHHOH netIH. 

· Ha116onee xapaKtepHbIMH 61>DIH 0111>1TH1>1e IITJ.aBKH, npoae.neHHbie B 

1972 r. K Hatiany rmaBoK 61>DIH ycnellIHo onpo6onam1 H BHe;a;peHhI Me
ponpHHTHH, o6ecnetIHBaIOume CHH>KeHHe HepaBHOMepHOCTH noczyIUieHHH 
lll>meyron&Horo TomrnBa BO BpeMeHH H no <f>ypMaM. . 

Ilocne ycneumoii pa6otbI netm c pacxonoM 30-50 Kr yronbHOii nhUIH 
Ha 1 T qyr}'Ha pacxon 6huI YBerIHtieH Jl.O 60--80 Kr. C TaKHM pacxonoM 
DJJmeyron&Horo TOIDJHBa JlOMCHHaJI nelJb N° 3 pa6otana B nepHon, Korna 
YA3IIOCb onTHMH3HpoB aI.b OCHOBH1>1e TeXHonorH11ecKHe llOK3.3arenH rmaa-
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.... Ta 6 Ji. H ll a 20. noK333TeJnf pa60Tbl J:'(OMCHHOH RC'IH N° 3 AM3 c npHMeHeHHeM H 6e3 DpHMeHeHHH ~ 

c llbmcyn.un: noro Tonmma c 1968 no 1972 r. 
-------
fioKa3aTenH 1968 1969 1970 1971 

TipOHJBOJlHTeJibHOCTb, T /cyT . . . . . . . . 789,3 808,5 1065,6 1067,7 987 986,2 1018,6 1002,6 
Pacxon. yronbHon mum, Kr/T 1.1yryH~ .. . 0 36,5 0 27,5 5,5 35,9 0 21,4 
Pacxo.n ROKca, Kr/T 'ly ryHa . . . . . . . . . 860,6 823,0 595,0 554,9 618 587 598 583 
C)'MMapHbn1 pacxo~, yrncpo.a;a, Kr/T qy-
ryHa • • e e • e e e • I • • • I e • • • I e I e 821,1 801,4 543,3 526,6 568,7 574 555,l 562,4 
Kl':J¢qnuUtCH1' 3aMeHLI KoKca yrneM . • . 0 l,03 0 1.45 0 l,01 0 0,70 
Pacxon. npiipoAHoro ra3a, M 3 /T . . . • . . . 146,5 119,0 56,6 48,8 74.l 65A 74,4 73,3 
TcMnepaTypa nyThll, 0c . . . . . . . . . . . 898 912 1001 973 975 1000 980 969 
ncperra,n ,nUBJieHHH .D:YTbe - KOJlOlllllHK, 
Mna . . . . . . . . . . . . . . . . . . . . . . 0,123 0,120 0,108 
BbtHoc KonowHH1<0Boit rrbUIH, Kr/T qyry-

0,103 0,101 0 ~ 103 0,119 0,122 

Ha •• . • • ••.••. . •..•••••.••• 92,2 116,5 85,2 
X..J MHtteCKHR COCTaB l<onollJHH.KOBOro 

82,7 120,5 103,8 135,6 128,3 

ra3a, %= 
C02 . ........ .. ........ I • 13,2 12.7 15,1 14!' 8 12,4 12,8 12,2 12,9 
H2 I ., e I • t I I I I 19 I I f I I t • I W I 5,9 5,8 4,4 4,9 S,2 5,2 4,35 4,4 
11CO . . . . . . . . . . . . . . . . . . . . - 0,382 0,376 0,317 0,325 0,322 0,327 

Pacxon Ha 1 T liyl'yHa, Kr· 
an10MepaT ~ OKUThI.llUI. . • • . 1724 1651 1672,8 1686 1672 1694 
H3.!JCC"rnfiK • • • • I • • • • • • • • • • • • 154 157,3 77,9 150,9 127,3 132,7 
MeTa1mon,06aB1<.11 • . • • . . . • . . ••. 0 39,5 60,8 44,5 74,5 56,5 

XH Ml14ecKHit coCTaB qyryHa, % : 
s i 0 O o I I • o I 0 t o • O • I O o • I • • 0 0,99 1,02 0,88 0,98 1.07 0,95 0,83 0,86 s .. . . . . . . . . . . . . . . . . . . . . . 0.037 0,041 0,042 0,040 0,042 0,051 0,043 0,037 

XHMHllccJ<Htt cocras wnat<a % : 
CAO ... ... ... . . ... . ....... 48,9 48,3 48,4 47,7 46,6 44,7 44,6 44,3 
Si02 I I I I I • I I I I I I f I • • I I I • 37,5 38,3 37,8 37,8 36,6 35,9 35,7 36,2 s I I I I I I • I I I I I I I • • I I I I I I 1,59 1,57 2,04 2,04 2,07 1,81 2,05 1,86 

CreneH.b npXMOI'O BOCCTaHOBJlCHHSI , d . . - 0,356 0,306 0,407 0,416 0,398 0,338 



" llpoOOllJlteHUe TOM. 20 

IlOK338TenH 1971 1972 

I nepHo,a; II nepHOA III nepHoA I nepHon II nepHOA Ill nepHO.tl 

IlpoHlBOMTeJILHOCTL, T/cyr • . .•.••.• 1017,7 965 971 949,9 1038 926,5 
Pacxon yron:&HoA: m,IJIH, Kr/T qyryHa • • • • 40,4 58 0 37,2 67,0 84,4 
Pacxo'n Ko Kea, Kr/T qyryna • • • • . •• , •• 520 538 573,4 542,4 517,8 500 
CyMMapHLllt pacxo.n yrnepoJla, Kr/T qyryHa 518,6 546,8 542,5 541 529,0 524,6 
Ko3¢¢>HUHeHT 3aMeHLI KoKca yrneM .... 1,93 1,03 0 0,906 0,93 0,87 
Pacxoa npHpOromro ra3a, N 3 /T qyryua ••. 66 62,4 83,1 74,7 58,4 53,5 
TeMnepazypa nyTLJ1, 0c . . • . • , . , • • • . . 1002 1056 1072 1080 1060 1083 
IlepenaA naenemu1 AYT&e - KonoUJHHl(, Mila 0,124 0,117 0,112 0,111 0,108 0,115 
BLIHoc KOJIOlllllHKOBoA DLIJIH, Kr/r • • , , • 147 150,5 110,6 128,0 110,9 153,2 
XHMfftlecKHA coCTaB KonoumHKoBoro ra-
33, %: 

C02. . . I • • • • • • I • • ' • ' • • • I I • 12,4 13 12,17 12,8 15,3 13,5 
H2 . . . . . . . . . . . . . . . . . . . . . . 4,9 5 5,4 5,6 5,39 4,9 
11co ' . . . . . I • • I • • • • • I • • • • • 0,357 0,334 0,323 0,335 0,386 0,334 

PacxoA Ha 1 T qyryHa, Kr: 
arnoMepaT + oKaTLD.I.IM. • . . • • . ••• , 1720 1733 1616,6 1634,4 1718,9 1669,3 
H3BeCTHJll< • • • • • • • • • • • • • • • • • • 108,l 105,2 66,05 75 115,5 14,3 
MeTaJinoAo6aBKH . . • • • . • • . . • . • • 54,6 44,6 87,3 85,5 52,5 69,6 

XHMH1·1eCKHA coCTaB qyry11a, % : 
Si I t • t I I • I • I I • I I I I I I e I 411 e 0,83 0,86 0,93 0,83 0,93 1,02 
s • I • I • I • e e • • • I ' • I • • I I I I I 0,039 0,045 0,04 0,04 0,045 0,042 

XHMJAecKHil cocTaB wnaKa, % : 
eao ...................... 45,0 44,2 47,7 46,8 47,5 48,0 
Si0 2 I • • • I I I I I t a • • I • • I • I ' I 36,8 36,5 36,8 37,2 37,0 36,4 
s e I I e • I I I • e • I I I • • I I • • • I e 1,93 1,85 2,14 2,03 2,25 2.52 

CreneHL npHMoro eocCTa.Hoenemur · r d , . , 0,387 0,423 
..... ..... ..... 



KH H 06ecne11HTL ycTOWIHB}'IO H Bl>ICOKOilpC>H3BOAHTenbH}'IO pa6ozy 

~OMeHHOH ne'IH (cM. Ta6n. 20). 
BnaronpHHTHOe BJIHJIHHe Ha cTa6Hml3auHIO ra301J.HH3.M1fllecKoro pe)l(HMa 

IlJiaBKH OK33aJIO BBe.a;eHHe B lllHXyY 20-30 % OKaThIWCH UfOK, CIIOC06-
CTBOBaBwee CHH)l(eHJllO conep)l(aHIDI B IIIHXTe MeJIOllH 5-0 MM H BhIXO,Ua 

milaKa 11.0 450 Kr Ha I r qyr)'Ha. 
Y cnenmoif pa6oTe ,noMeHHOH ne11H cnoco6cTBOBaJ1H TaK)l(e paBHOMep

Hoe nocT}'Il.JleHHe B n;ex arnoMepaTa H 0Kar1>1llleii, ycToiitIHBoe Kaqecmo 
I<OKca PyrqeHKOBCKoro KX3. IlpoHJBO)l;HTenbHOCTh netm, Kaqecmo 11yry

Ha B ,naHHOM nepHone ITO cpaBHeHHIO c conoctaBHTeilLHbIM yn}'lfilIH

n.HCh. 

B 1972 r. TaK>1~e npennpHWlTa no111>1n<a ocBOHTh reXHonorn11ecKHii 

pe)KHM c pacXOJI.OM yronbHOH IlbD1H 80-100 Kr Ha TOHHY qyr}'Ha. 3Ha
'IHTenbHOe }'BeJIHlleHHe pacxol{a TOID1HB8 conpoBO)l(JJ.aJIOCI> CHH)f(eHHeM 

HHTeHCHBHOCTH IDiaBKH Ha 10-20 %, yxynweHHeM CXOAa lllliXThl, CHH

)l(eHHeM npOH3BOnffTenbHOCTH ne'IH or 1000-1050 no 850 t/cyT. B reqe

HHe :noro nepHona 6hIJIH ·ABa ATJHTenbHDIX (no AByx cyToK) paccTpoHcT

Ba xona netIH. 

IlpOMl>IllDieHHl>Ie ID13BKH c Bn}'BaHHeM no 100 Kr yronbHOH llhUIH Ha 

J T qyryHa, npoBep;eHHbie Ha nM3, IlOJJ;TBep,mmH pe3yJ1bT3Tbl reopeTH'IeC

KOfO aH3J1H3a 3apy6e>KHblX ODhlTHblX H IlpC>l\1billD1eHHhlX IUUlBOK 0 B03-

M0)1(80CTH nonyqeHHH KOJ<l><l>HUHeHra 3aMeHI>I KOKCa TOIDIHBOM > 1. 
lf3 AaHHblX, npHBeneHHbIX B Ta6n. 20, BHAffO, 11TO npH B)zyBaHHH B ropH 
AO 40-60 Kr yronbHOH IlbIJIH Ha 1 T t.1yr)'Ha K03cp<lnnUteHT 38MCHl>I 
yrnepona KOKCa yrneponoM IlbllIH H3MeHH.JICH OT 0,7 no 1,9. 3TOT 3Hatm
Ten:&HhIH HHTepBan o61>HCHHCTCH He)l.OCTaTO'lHOH T011HOCThlO npHBe.a;emu1 
pacxo,u.a KOKC8 K paBHhIM yCJJOBIDIM, a T8K)Ke BJlIDIHHeM npyrHX, HeAOC
T3TOllHO KOHTpoJIHpyeMhlX cpaKTOpoB: Katiecma arnoMepaTa H KO Kea, 
pacnpel{eneHWI T330BOro IlOTOKa, COCTOHHIDI ll:OMCHHOH netm H np. 

B onhITHl>IX IDiaBKax 1971 r. npH yBenHqeHHH pacxona Ill>IJIH 11.0 
58 Kr Ha 1 T qyryHa (IV nepHo.n) K03tj>cpHUHeHT 33MeHbl CHH3HJICH, qyo 
o6'hHCHHetcH He6naronpHHTHhIMH TeXHonornqecKHMH ycnoBHHMH nnaBKH. 

B OIIhITHl>IX IDiaBKax 1972 r. K03<l>cpHUHeHT 3aMeHb1 cymecTBeHHo He 

H3MeHJIJICH BO BceM )lHana30He pacxona yronbHOH llhIJlH H COCT3BHJ1 B 
cpe,nHeM ,._ 1,0. IlpHMeHeHHe IIhineyron1>Horo TOIIDHBa COnpOBO)l(A3.JIOCI> 

cmuKeHHeM o6mero pacxoAa yrnepona. 

PacxoA npHponttoro ra3a npH YBenHqeHHH pacxona Ilbmeyroni,Horo 
TOIUIHBa COKpawanc11 c ueni,10 KOMlleHcainm oxna)l(AaJOmero BJIHHHH.H 

TOIUilfBa H 0IlTHMH3ail,HH DpHXOAa BOAopona Ha ewumuy llIHXThl. 
,1J;u1 H3yqeHIDI pacnpeAeneHIDI yrnepona yronbHOH Ilhm.H Me)l(.lly npo

AYKTaMH rDiaBKH 6bIJIH HccnenoBaH1>1 npo6b1 KonoIIIHHKoBoii IlhDIH, qy

ryHa H nmaKa. B pe3ynhtaTe aHaJIH3a B nepetIHcneHHL1x MaTepHanax He 

ycra.HoBneHo yseJIHqemu1 conep)ICaJIHH yrnepona. 

c IlOMOl.UblO MaKpocrpyi<cypHoro aHanH3a Il0Ka3aHO, 'ITO npaKTHtiec-
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KH Bee 'laCTHIU>I yrnepoAa B KOilOIIIIDIKOBOH IlhUIH 3HallHTenbHO KpynHee 
qaeTHn yronhHOH IlbIJIH. KpoMe 1oro, nee qaeTHUhI yrnepona B Konow

HHKOBOH IIhIJIH HMeior xapaKTepHyro CTPYKTYPY KOKca [119]. 
ff3 mnepaTypHLIX HCTO'IHHKOB H3Becrao, 'ITO ttaCTO npH IlOBhIIIIeHHh1x 

pacXOAaX M33yTa H yronbHOH IlhlJIH Ha6n10AaeTCH BhIHOC c KOnOll.IHHKO

BhIMH ra3aMH HecropeBllIHX tra.CTHU nononHHTenbHoro TOIDIHBa. J13 npoBe
neHHl>IX Ha llM3 HCCJie,noBaHHH CJieJJYeT' tITO nono6Hble HBneHHH He HMe
JIH MecTa JJ.IDKe npu pacxone yronbHOH IlbUIH 100 Kr Ha 1 T qyr}'Ha 
(pHe. 35) .. 

CHH>KeHHe BhIXO,tla BOCeTaIIOBHTeffbHhIX ra30B H l{OflH KOKea H ll.IHXre 

Ha 2- 5 %, YBenfftleHHe ·shICOTbI 30111>1 }'MepeHHbIX TeMnepazyp H ,n:pyrne 

Pac. 35. CTpyKTypa 'fBCTH~ yrnepo
ita (6enoe none) B m.meyroJlhHOM 
JOJtmlB(i (a) H KOJIOWHHKOBOH 
DhlJlH (6, 8) 
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6naronpIDITHb1e H3MeHeH1UI onpe.nenHJJH }'BCnHtieHHe BpeMeHH KOHTaKTa 

ra30B-BOCCTaHOBHTeneii c OKHCJiaMH ~ene3a, llTO B CBOIO oqepe.a.1> HBH

nocb OCHOBHOH npHtIHHOH ynyqweHHH HCilOilb30B8HHH BOCCTaHOBHTeilbHOH 

JHeprHH ra30B. 113 ,naHHbIX Ta6n. 20 BHn,HO, t{TO "B 1971 r. B OT,nenbHble 

nepHOAJ>I ID18BKH flea Il0BhICHJ1H Ha 0,005-0,035, HJIH Ha 1,7-11 %. 
Ilo pe3ynbTaTaM nnaBOK 1972 r. creneHb HCil0Ilb30BaIIHH BOCCTaliOBHTenb

HOH ~HeprHH ra30B n0Bh1wanac1>. nponopI.tHOHaJibHO pacxo;rzy yron1>HOH 
nbDIH Ha 1,0--1,5 % ua Ka)l(Ab1e 10 Kr yrnH. XapaKTeeHo, 11ro CHH>Ke~e 
BhlXO.[Ul BOCCTaHOBHTeneu npOH30llIJIO 38 Cl.IeT CHH)KeHHH npHxona OKCH,0.3 

yrnepo.na npH npaKrnttecKH noCTOHHHOM npHXone eonopona. Ilocne,D,Hee 

06CTOJ1Ten1>CTBO cnoco6crBOB3J10 coxpaHemno COAep:>KaJmH BO)lPpoAa B 
KOJlOIIIllliKOBOM ra3e Ha IlOCTOflHHOM ypoBHe - 4,5- 5,2 % [ 17]. 3<l>
cpeKTHBHOMY HCilOilb30BaHHIO BOCCTaHOBHTenbHOH 3HeprHH ropHOBblX ra-

30B, uecoMHeHHO, cnoco6crnoBarr poBHbIH cxo.n IIIHXThI, orMettaroI.UHHca, 

KaK npaBHJio, npH pa6oTe )J,OMeHHbIX net1eii c BA}'BaJIHeM yronhHOH nhurn. 
XapaKTepHhIMH B 3TOM OTHOWeHHH HBil.HIOTC.ff Oill>ITHbie IUiaBKH 1972 r. 

J13 AaHHLIX Tafin. 20 H 21 BHAHO, t1To o6mH8 nepenan ,a;aBJieHHs ra3oB H 

qacTHbte nepena,ll.h1, KOnH11ecrBo rrpHHY]J)ITen1>HbIX ocanoK, reMnepaTypa 

nyTMI, npoH3BOAHTeilbHOCTh ne'IH H ,o:pyrHe noKa3aTeJIH, KatteCTBeHHO xa
pai<repH3yi<>lllHe cxo,n: IllHXThI, cymecrneHHO He HJMeHIDIHc1> npH yBenH-

11eHHH pacxona yron1>Hoii I11>mH ii.o 6~80 Kr Ha 1 r qyr}'Ha. IloKa3aTe
neM CXOAa llllfXThl HBnHeTCH BpeMH pa60Tbl ne'IH c npHOTKphIThIM KJia

Ila.HOM "CHOpT". c neJihlO BbipaBHHBaHHH cxona llIHXThl H npenynpe)K.[(e

HIDI Jl)IHTeJlbHhIX paCClpOHCTB B He06XO,a;HM1>IX CJIY11aHX npHOTI<phIBaJlH 

KJianaH "CaopT" AJlH CHH)KeHH.R ne11enaAa naBneHHH no yp<>BHH, o6ecrre
'IHBaromero poBHhIH cxon l.lllfXThI. 

BpeMH pa6oTLI c npHOTKpbIThIM IOianaHoM "CHopy" 6h1no He3HaqH

Ten1>HhIM BO Bee nepHOAJ>I, KpOMe OroIOfO: npH pacxon.e IIbUieyronLHOfO 

TOIIJIHBa 84,4 Kr Ha 1 T qyrYHa senHtraHa JTOfO DOK333TenH IlOBblCHnaCb 

.no 28,9 %. CToHKOCTb B03.uynIHhIX cpypM npH pa6ote AOMeHHoii netra c 

BJzyBaHHeM yron1>HOH lll>IJIH 61>ma ,o:ocraTOtIHO BbICOKOH H cymecTBeHHO 

He H3MeHHJiach. 

113 Ta6n. 21 BH)l;HO, qro B 1972 r. }'BenHtnmOCb KOnHlleCTBO CMeHHblX 

IIDiaKOBhIX cl>ypM, 'ITO 06"hHCIDieTCH 3aii;ep:>KKaMH BhlilYCKOB 'Iyr}'Ha H3-3a 

HenocTaTKa tJyrYHOB03HbIX H IIDiaKOBhIX KOBWeii. Bo BpeMH OilblTHhIX 

nnaBOK He 6hUIO I1pH3H8KOB 3arpoMO)l()J.eHHJI ropaa HJIH o6pa30B3HHJI 

HaCI1>1J1eH. 
TaKHM o6p33vM, OTCYTCTBHe yrnepona yronbHOH IIl>InH B npo,ayKrax 

,IJ;OMeHHOH ID'UlBKH, pDBHhlH cxon IIDIXTLI, OTCYTCTBHe CJiyqaeB 3arpOMO>K

neHWI ropHa H MaCOOBOro ropeHIDI B03AynIHbIX cpypM, BbICOKHH I<03Ql

<l>HUHeHT 38MeHbI KOKca yrneM H npyrHe o6cTOHTenbcTBa CBH.nerenbCT

BYJOT 0 TOM, 'ITO yrnepo.n yronbHOH IlbIJIH npH pacxo.ue IlOCJie)l}leH AO 

100 Kf Ha 1 T qyr}'Ha rionHOCThlO cropaeT B <PYPMCHHhIX 30Hax AOMeH

HOH netIH [17, 18, 261. 
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Ta 6 n H u. a 21. DoKa38TeJJH CXOAa WHXThl B nepHOAhI pa6on1 ,u.oMeHHOii IE'llf N° 3 .llM3 c BAYBaHHeM 

H 6e3 BAYBaJIHR yronbHOii IOJIJIH (anpen& - HOR6pb 1972 r.) 

• 
IlOK&38 Ten1> ] II III IV v VI VII VIII IX x 

Tiponon>KHTenLHoCT"o nepHo,a,a., 
CYT I • • • • • • • • • • • • • • • • • 28 14 35 7 35 28 14 19 13 14 
PacxoA yronLHoit IILUIH, Kr/T qyryaaO 0 37,2 8,2 42,7 57,6 64,6 84,4 0 0 
Ilepena.n .n:aeneHJUI, Mila: 

waXTa - KOilOWRHK • • • • • • 0,015 0,014 0,021 0,018 0,019 0,020 0,021 0,021 0,018 0,018 
ropH - waxTa •••..•..•. 0,115 0,119 0,118 0,113 0,121 0,119 0,114 0,109 0,110 0,114 

KonHirecmo cropeswux <)>ypM, WT.: 
B03AfWHhIX • • • • • • • • • 1 7 3 1 1 
UUiaKOBblX. • • • • , • • • • • • 6 6 7 1 2 

KonH'leCTBo npHHyiurrenY1L1x 
OC8AOK, WT •••••••••• I ••• 15 3 29 8 17 26 10 50 29 6 
BpeM.St pa6oTbl c BA}'BaHHeM na-
pa, % ......•.........• 86,3 98,6 98,8 88,7 92,6 35,7 28,8 54,8 22,l 41 
BpeMJI pa60TD1 npH oTKpblTOM 

"CH ,. 3 KIIanaHe opT , v • • • • • , • • 1,04 0,6 1,2 7,1 0 0,45 0 28,9 10,9 2,38 
PoBilhdt cxon WHXThl, % . . . •.. 96,4 98,4 98,6 87 94,4 81,8 100 42,5 72,4 100 



CnenyeT OTMenITb, 11TO Hapastte c TaKHMH npHtrnHaMH, KaK nonHoTa 
.cropaHHH yron1>Hoii IlbIIDl B cpypMeHHhIX JOHax H ynytuneffile cTeneHH 
HCilOilbJOBaHHJI BOCCTaHOBHTenbHOH JHepnm raJOB " ~ netm, nonyqeHHIO 
BbICOKOro K03<l><l>HllHeHTa 3aMeHbl KOKCa yrneM MOfflH crroco6cTBOBaTh 

H npynie npHllHHhl. TaK, 3KCnepHMeHT3JlbHO AOKa3aHO, tITO npH B)J.}'Ba

HHH B ropH yron1>HOH IIhDIH norepH TeIUia Ha OXJia)KJJ.eHHe lI;OMeHHOH netIH 
cymecraeHHo cHH)l(atoTCH, qro MO>KHO o6oHCHHTb nepepacnpeAeJ1emteM 
reMnepaTyp no BhICOTe AOMCHHOH nequ; norepH reIDla c KOnOIIIlIHKOBhI

MH raJaMH yMeHbllIHJIHCb 6narOA3pH CHH)l(CHHIO BhlXO)J.3 KOflOIIIffilKOBblX 
ra.3oB Ha emnnmy t1yryHa. 

JlIUI H3}'lleHHH BilHHHH.ff IlbUieyrOJibHOfO TOIUlHBa Ha IIOKaJaTCilH no
MeHHOH nrumKH paccMOTpeIIH rpH nepHona c pa3nH11HhIM pacxonoM 
yron&HOH IlhDIH, HO CTa6HJ1bHbllvlH npyrHMH TeXHOnOrHtieCKHMH ycnOBIUl

MH pa6orh1 netnl. B Kaqecrne enmrntIHoro OllhITa npHIUUIH CMeHHh1e 

(8 q) nepHOAbl pa60Thl neqH, npHqeM npOH3BO)l)ITCilhHOCTb H pacxon 
KOKCa paCC'llHTbIBaJIH no 6anaHcy >Kene3a H npHBOAHJIH K pOBHhIM ycno
BIDIM no OCHOBHhIM noKaJaren.HM [28] . 

OnTHMaJibHhIH pacxo,u I11>meyron1>Horo TOIUIHBa onpe.n.enHJIH ucxo)JJI 
H3 ypOBHH 11pOH3BOJJ)iTenbHOCTH ne'IH H BemlllHHbl K03c}l<lnn.(HeHTa 3aMe

Hl>I KOKca yrneM. .Uru1 Tpex paccMOTpeHHhlX nepHO,[lOB B Il.IHpoKOM 

)lffana30He pacxona Ilb1neyron1>Horo TOIDlHBa coxpaH.HeTc.H 06paTHaJ1 nH
HeifHaH 33BHCHMOCTI> Me>IQlY pacXO,llOM KOKCa H yrOJibHOH IlblflH, qTQ KOC

BeHHO CBHneTenbcTByeT o nonHOM cropa.HHH nononHHren1>Horo TOIDlHBa H 
BhICOKOH creneHH HCilOffb30BaHHH TelDIOBOH H BOCCTaIIOBHTenbHOH 3Hep
rHH ra30B B netra (30Ha OIITHMaJibHhIX 3HaqeHHH 33IIITpHXOBaHa) (pHC. 

36) . Ko3<t>cpHU.HeHT JaMeHbI COCTaBHJI 0,9-1,2 Kr KOKCa/Kr TOIDIHBa. 
Y BenH'leHHe pacxo.n.a yronbHOH IIDIJlH AO 6{}- 70 Kr Ha TOHH}' tJYfYJI3 

conpoBo)l(Aanoch noBhIWeHHeM npoH3BO,IlHTeJI&HOCTH netm. Me>K.ny pac
xon.oM yroJibHOH IlbDlH H npOH3BO]J>ITen1>HOCThlO nellH )JllH 150-u cyTOtI

HOH 11JiaBKH, nposeneHHoli B 1972 r., ycTaHoBneHa craTHllecKaJI 33BHCH

MOCTb: 

P = 330,816 + 0!422(Q
0 

- 37,676)- 0,0432(Q~ - 37,6762
) , (41) 

rne P - npoH3BO,D;liTen1>HOCTh ne'IH, T/cMeHy; Q
0 

- pacxo,u yron&HOH 

UhinH, Kr/T qyryHa. 

Ilo 3TOMY ypaBHCHHIO MaKCHMaJihH3JI IIpOH3BOnHTen&HOCTb netIH 
(104,5 %) noCTHranacb npH pacxoAe yrnH 67 Kr Ha 1 T wYHa, a HCXOA

HCUI - npH 80 Kr Ha I T qyryHa. 

Mcxo.wi H3 YCJIOBHH COXpaHeHHH UOCTOHHHhIMH npHXOAa so.uopona 
Ha e,u;HHHUY MaCCl>I qyryHa H TeopeTHlleCKOH TeMTieparyp1>1 ropeHHH BA)'

BaHHH 1 Kr yronbHOH IlbUIH conpoBO~aJIOCb CHJDKeHHeM pacxona npH

po,a;i-mro ra3a Ha 0,2-0,3 M
3

• BL1co1<He noKa3aTeIIH, nonyt1eHH1>1e B 

OilbITHblX IU13BKax, no.a:mep>KJJ;a.IDT npaBHilbHOCTb BbI6paHHoro COOTHOllle-
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PHc. 36. 3aaacHMOCT& ocuosm1x noK83aTeneii nnaeKH OT pacxo,o:a mmeyrOJJ&Horo 
TODJUIBa (AOMeHHaJI ne'Jb N° 3) : 
1 - .UJUI nepeona (4-17) .05 H (25.05- 30.08) 1972 r.; 2 - 14.09-17 .10) 1972 r . ; 
3- (1.09-30.10) 1973 r. {33WTpHXOBaHH8JI o6nacn,- OimfMaJildlhlit pe>KHM) 

HHB Me~y pacxo.a;oM I1b1neyron1>Horo TOIVIHBa H npupo)Uloro raJa (cM. 

pHC. 36). 
Bo epeMH OilhITHbIX rmaBoK npHMelUIJIH crrepyrowire cHcTeMh1 3arpy3-

KH: KAAK, KKAA, AKKA. Macca KOKCOBOH Konon.m cocTaBnHJia 2,5-
3,3 T, py.unoii 9-12 T, ypoBeHh JaChIDH 1,25-2,5 M. B Olll>ITHOH 1D1aBKe 

1972 r. Ha.H6onee paUHOH3Ill>HOH OKa.3anac1> cHcTeMa KAAK 1,5 M npM 
Macce py.nuoli KOilOl.I.IH 9,5 T H KOKCOBOH 2,7- 3,0 r. YBeJIH'leHHe pac

xona IlhmeyronbHoro TOIDIHBa no 60 1<.r/1 11yr}'Ha conpoBo~oc1> non
rpyJKoii BCeX TOllCK pa,ll.Hyca KOnOWHHKa arnoMepaTOM H OK3Tbllll3MH, 

1ff0, On:HaKo, He npHBOAHJIO K CHH>KeHHlO rrpOH3B0AffTeJibHOCTH nellH 
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PHc. 37. Co.Qep>KaHHe C02 no PBAHycy xono1UHH1<:a npH pa6oTe AOMeHHoH ne•IH 6e3 

B~B8JUUI (J) H c BJlYsaHlleM mmeyrOJlbHOro TODJDIBa (2, 3) 

PHc. 38. 3aBHCHMOCTh pacxoAa KOKca H DpOH3BOAftTeJihBOCTH AOMeHHOii ne'IH OT JDITeH· 
CHBHOCTH DJl8BKH 

(pHc. 37). IlpH 11pe3MepHoii (> 10-12 % C02) 3arpy3Ke nepH<l>epHH 
HilH neHTpe py.a:oii pacxop; KOI<Ca npo,apn:>Kan CHH>K8TbCH, O,u.HaKO OAffO
BpeMeIDIO CHH>KaJiaCb H npoH3BOllffTenhHOCTb. 

IlpH pa6oTe Jl;QMeHHOH netIH ~o 3 c Bn}'BaHHeM yron1>HOH fll>InH yCTa

HOBileHa 3aBHCHMOCTb MC>KnY pacxonoM KOKCa H HHTeHCHBHOCTblO IDiaB

KH (pHc. 38) . Hcxons H3 ycnoBHH Bb1nonHeHJUI IIpOH3BO~cmeHHoto 
nnaHa, peKOMeHAOBa.Ha HHTeHCHBHOCTb IDiaBKH no yrnepony 0, 70-
0, 74 T/ (M3 

·CyT). 

B OTJIHtme OT .a:pyrHX ne11eii )lM3 (N° 1 H 2) OIITHMaJlbHOe co,nep>Ka

HHe KpeMHIDI B tzyrYHe Ha nellH N° 3 nOBh1meHHoe (0,90-1,05) H Hec
KOnbKO npeBhIIIlaeT BHyTpH3aBOACKHe re:x.mrqecKHe yCJIOBHJI (0,90 %) ' 
qyo 061>.RCHHeTC.H MeHhllIHM ee o61>eMOM, OTCYTCTBHeM IIOBllIWeHHoro 

AaBnemu1 ra30B B netIH, oco6eHHOCTHMH npo4>HnH. 
OnmManhHYJO ocHOBHOCTh llDiaKa no Ca0/Si02 = 1,23+1,32 onpene

nIDIH, HCXOAff H3 ycnoBHH COXpaHeHHH MaKCHMaJlbHOH npoH3BO.a;HTCilb

HOCTH netIH H nonyqeHIDI KOH.DJIUHOHHOfO no cepe 'lyrYlfa (0,040 %) . 
IlpH yaeJIHlleHHH OCHOBHOCTH nmaKa > l,3S, KaK npaBHJIO, 3Ha11HTen1>HO 

HapymaeTCJI cxo.u IlIHXThl H CHlnKaeTCH npoH3BOAHTeJILHOCTb, B TO Bpe

MH KaK Kaqecmo qyr}'Ha no cepe cymecmeHHo He ynyqwaeTcH. OnTH
Man1>Hoe COAep)Ka.HHe rnHH03eMa H OKCHna MafHHH COCT3.BHJ10 COOTBeTCT

BeHHO 9,5-10 H 2,5-4,5 %. IlpH AJIHTeJll>HOM OTKilOHelDIH no 3THM IlO· 

Ka.JaTenHM ODTHMaJibHOro cocTcma llDlaKa, oco6eHHO B cropoey YBenHlle-
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T a 6 n H u a 22. 3cl>cl>eKTHBHOCTh ODTHMaJlbHOro TexHOJIOrH'lecl(oro peHCHMa IUlaBKH 
npH ~eamm e ropu yroni,eoii IlhIJIR H npupowmro r83a 

IlOK838TeJ1H 0nTHM8JThHhte CpellflHe 3Ha11eHHJ1 OncnoHeHHJl 
3HBQeHH.H napa- DOK838TeJleH 
MeTpOB npH pa- a6comoTHhte % 
6oTe c BAYBa- C BAYBB- 6e3 BAYBa- 3HaqeHHR 

HHeM yronhHOH HHeM yrnR HHJI yrnR 
IlhlJIH 

IlpoH3BOAJITerILHOCTb, 
T /cyT . • . • . . . . • • • . - . 998,7 971,0 + 27,7 + 2,85 
Pacxo.n, KI' /T qyryua: 

KOKca ••••••••• 476,6 573,4 -96,8 -16,9 
npHporomro ra3a, 
M3 /T •••••••••• 50±5 57,8 83,1 -25,3 -30,4 
yronhHOA IILUIH • • . • 70±10 69,5 0 + 69,5 

HHTeHCHBHOCTb IlJlaBKH 
no yrnepony; T/ (M3 .cyr) 0,72±0,02 0,748 0,753 -0,005 -0,73 
BLIHOCKOnOWHHKOBOR 

UhDIH, KI'/T 'lyryHa • . • • 121,0 110,6 + 10,4 -9,4 
XHMHtlCCKHA COCTaB qy-
ryHa, %: 

Si . . . . . . . . . . . 1,00±0,1 0,88 0,93 -0,005 -5,38 
Mn, ••••••••••• 1,26 0,98 + 0,28 + 2,86 
s . . . . . . . . . . . . - 0,043 0,040 + 0,003 + 7,5 

OcHOBHOCTL IWlaKa, 

Ca0/Si02 • • • • 4 • • • • 1,27±0,03 1,25 1,29 -0,04 -3,l 
CyMMapHVI CTOHMOCTL 
TODJIHBa,py6/TqyryHa 23,12 26,24 -3,12 -118 

' CO 2 (nepecl>epim;) , % 8,5±1,5 8,15 
CO 2 (UeHTp), % . . • . . 8,5±1,S 11,0 

HHH, Ha noMeHH1>1x neqax N° I H 3 CHCTeMaTH'leCKH oTMetiaioTcH Hapyme
HHJI HOpMa1IbHOro -cxo.ua IIIHXTbl H CHH)l(eHHe npOH3BO)lHTeilbHOCTH. 

TaKHM o6p330M, onTHMaJibm~ .HBnHeTcH TeXHonorutiecKHii pe>KHM c 
BA}'BaimeM B ropH 60-80 Kr yron1>HOH IThIJIH Ha 1 T qyr)'Ha. B 1972-
1973 rr. c JTHM pacxoAOM IlbIJIH ne111> N° 3 pa6oTana 6onee AByx MecH

ueB. JI.JUI cpaBHelDUI IIpHHJIT nepHO}l: B 20 cyT, B KOTOpc>M .UOCTHrHYThl 

MHHHMaJlbHble pa3.TIH11ID1 Me:>l(Ay <l>aKTHtlCCKHMH H OilTHM3JlbHhIMH 3Ha
qeHHJIMH OCHOBHl>IX napaMeTpOB IDiaBKH (Ta6n. 22). BA}'BaHHe Ha I T 

'l}T}'Ha 69 Kr yroni,Hoif llhIJIH conpoBo~ocb cHH>KelDfeM pacxo.u.a 
KOKca ea 96,8 Kr/T qyr}'Ha (HJIH 16 %), npHporo1oro ra3a Ha 25,3 M3 /T 
qyryHa, }'BeJIHlleHHeM npOH3BOAHTenbHOCTH netm Ha 2,85 %, CHH)l(emteM 

CTOHMOCTH 101111HB8 (Ha TOIDfY qyry11a) Ha 3,12 py6. npH coxpaHCHHH 

Ha HCXOrofOM ypoBHC Ka'leCTBa nepenen:&Horo qyryHa. 
IlpimeneHHbIH K paBHhIM YCJJOBHHM K03cp<l>m!HeHT 3aMeHbI KOKCa 

n1>meyron1>HhlM TOIDIHBOM COCTaBWI 0,98 Kr/ KI' [28]. 
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MaTepuarzbHO-TeMOBble 6MaHCbl ooMeHHoii 11.llaeKu nepeiJe.rzbH020 
'lyZyHa 

)lnH COCTa.BneHHJI MaTepHaJibHO-TeIUlOBhlX 6anaHCOB HCilOilb30B3JIH pe-

3YilbT3TbI IDITHMeC.R'lllOH OIIbITHOH IUiaBKH, npoBeneIDIOH Ha AOMeHHOH 

neqH N° 3 llM3 [18, 25, 26]. 
IlepHO,[J,bl J1,IDI COCTaBJieHIDI 6anaHCOB BhI6paJUi HCXOJJ)I H3 YCJIOBHH 

coxpaHeHIDI ycToiftnmbIX pacxonoB IIbIJIH H npHpo]].Horo ra3a, cocTaBa 

IllHXTbl H .upyrnx IlOKa3aTeneH IDI3BKH, OTCYfCTBHH Jl)lHTenhHhlX npoc

TOeB. Pacxon KOKca H npOH3BO,a;1-1TenhHOCTb ne'IH B conocTaBHTenhHOM 

nepH01].e I HaxOAHJIHCh Ha ypoBHe nyqnmx 3a Beeb nepHon JKcrmyaTa

I.tHH netIH. IlepHO]J.l>I II u III xapaKTepH30Ba.TIHCb ycTOH1.JHBOH H poBHOH 

pa6oTOH ,[lOMeHHOH ne'lll: TeXHonorntJeCKHH pe>KHM B rrepHonax 6bIJI 

6nH30K K OilTHMaJlbHOMy H o6ecne'IHBaJI BblCOK}'IO J<l><}>eKTHBHOCTb 

npHMeHeHHH yron1>Hou IIbVJH. B IV nepHop;e BBHAY ero KpaTKOepeMeH

HOCTH He 6b1n OTpa60TaH OilTHMaJibHl>IH TeXHOilOfH'leCKHH pelKHM no 

CHCTeMe 3arpy3KH, HHTeHCHBHOCTH IUiaBKH H pacxony npHpOn,Horo ra3a. 

IloJTOM}' cxon WHXThl 6bm HeycTOHtIHBbIM, a npoH3BOAHTen1>HOCT1> CHH3H

nac1> Ha 9,5 % (Ta6n. 23). 

Ta 6 n H u a 23. 11oKa3aTenH pa60TL1 AOMeHHOH ne'IH npH BA)"BaHHH B ropH 
mmeyron1>eoro TODJIHBa e npeporo10ro ra3a s p83H111e nepHO.QJtl 

IlOK838TeJIH IlepHO,[t;bl 

I JI III IV 

Ilponon)l('JJTenhffoCTL, cyr 24 23 9 10 
npoH3BO.lnfTeJTLHOCJ'I>, T B C}'TKH 990 1000 1035 907 
PaCXOA KOKCa (cyxoro),Kr/T 
qyry113. • I e I e • e • • • e • I e I 558,0 519,0 481,0 479,0 
Pacxo,n; yroJILHoR DLDUI, Kr/T 
qyr)'Ha • . • . . • • • • • • • . • • 0 32,0 66,6 86,5 
PacxoJJ. npHpommro ra3a, M3 /T 
11yry11a ....•••..•••••• 68,5 70,0 56,6 53,l 
TeMnepaTypa JJ;yThff, 

0c ..... 1065 1080 1044 1077 
Pacxo,n; cyxwc MaTepHanoB, Kr/T 
qyryaa: 

arnoMepaT •• • .•••.••• 1676 1640 1162 1269 
OJ<aTLIIIDl • . • . . . • . • • • 8,5 0 536 403 
cJ>IIIOc • • • • . • • • . • • • • • 111,7 111,2 106,0 11s,n 
Map:raHUeBaJI pyna . • • • . . 63,5 85,0 73.6 52,5 
MeTa.11J1ono6as1<H •.. . •.. 60,1 85,1 51,6 61,4 

Cop;ep>KaHHe B qyryae, % : 
Si . . . . . . . . . . . . . . . 0,90 0,87 0,96 1,13 
Mn . . . . . . . . . . . . . . 1,23 1,35 1,29 1,19 s . . . . . . . . . . . . . . . 0,038 0,042 0,043 0,046 c . . . . . . . . . . . . . . . . 4,17 4,30 4 ,16 4,04 

0cHOBHOCTb wnaKa, CaO/Si02 1,30 1,26 1,24 1,29 
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)J,JUI COCTaBJieHIDI 6anaHCOB HCil0flb30BaHbl AaHHbie TeXHonorH11eCKOro 
KOHTpOnH pacxona H XHMHqecKoro COCTaBa CbipbIX MaTepHaJIOB, nponyK
TOB IUiaBKH H ApyrHX IlOKa3aTeneii, nonHoro aHaJIH3a e>KeCMeHHhlX H 
.nononHHreJJbHhlX e)KeCyTOlJHMX npo6 KOilOWIDIKOBOrO raJa, e)KeCyT011HO
ro H3Mepeml.H IlOTCpb TeIDla c OXJla)l(Jl.3.IOIUeH BOAOH H onpe,a.eneHHH 
co.nep)KaHHH cepbI B KOJJOIIIllHKOBOM ra3e. 

IlpoHJBOJJ.HTenbHOCTb netiH npoBepmm no 6anaHcy >Kene3a. EanaHChI 
-61>1J1H pacctmTaHbI Ha I T qyrYHa no H3Becmoii MeTOAHI<e [89]. 

MaTepua.nbHblU 6tlllaHc. 06mHii npHXOA MaTepHanOB npH BAYBaHHH B 
ropH yronbHOH IlbIJIH COKpaTHnCB Ha 23,3-73,9 Kr/r, R1IH Ha 0,5-1,6 %, 
qro o6'bHCHReTcH npe>K,n:e Bcero CHIUKeHHeM o6iuero pacxona yrnepo,n:a. 

06ll.(HH npHXOJJ: yrnepona c TOIDlHBOM COKpaTHIICH Ha 8,5-22,8 Kr/r 
qyr}'Ha, HnH Ha 1,5-4,2 % ; npH :JTOM npHxon yrnepo,n:a c yronhHoii 
IlblilbIO uocrHr 4,5-12,2 % o6mero npHXo.n;a. Jlon.H yrnepoua uononHH
TeJibHoro TOIDlHBa (Ta6n. 24) IlOBhICHJiaCb OT 27,9 AO 63,4-96,0 Kr 

T a 6 n H u a 24. Jianauci,1 yrnepo~ H BO.QOPOA3 

CTaThH npmcoJJ.{l H pacxona fiepHOAbI 

I II 

llpuxoo yMepo0a, K2/T llYZYHa 

C KOKCOM ••••••••••••.• 482,0 448,0 
C yronLHoA nLtnhto •••••.••• 0 24,7 
c npHpO,llHhlM ra30 M. • • • • • • • 37,9 38,7 
Bcero c TOJlJIHBOM ••••••.•• 519,9 511,4 
C APYrHMH KoMnoHeHTaMH 
ll.DIXTLI • • • • • • • • • • • • • •• • 25,39 23,29 
06~D npHXOA • • • • • • • • • • • 545,29 534,69 

Pacxo~ y2.llepo0a, KZ/T 11yzyH11 

B npo.nyKTilX rmaBKH H 
KOilOIIIHHl<OBOA llbDIH • • • • • • • 57,6 59,41 
B 1<onoII.IHHI<o BO M ra3e . . . • . . 487,69 475,28 

llpuxoa BOOopoOa, M3 /T llYZYHO 

C A)'TLCM. • • • • • • • • • • . . • • 26,3 51,3 
C KOKCOM • • • • • • • • • . • . • • 37 ,7 34,9 
C yronLHolt llbmldO. • • • . . . • • 0 11,2 
c npupoWILIM I'a30M. • . . • . • • 135,0 138,8 
06nudt npuxon. • • • . . . . . • . 199,0 236,2 

Pacxod so0opo0a, M 3 /r 'lyzy11a 

.B KonolllllHKOBOM I1l3e • • • . • • 133,8 133,2 
Ha BOCCTaHOBJleHHe IIDfXThl 
(no pa3HOCTH) • • • • • • . . . . • 65,2 103,0 

III 

415,5 
50,4 
31,2 
497,l 

23,96 
521,06 

62,24 
458,82 

28,0 
32,4 
24,8 
112,1 
197,3 

129,8 

67,5 

IV 

414,0 
66,69 
29,35 
510,0 

25,36 
533,36 

58,4 
474,96 

37,0 
32,3 
32,6 
105,2 
207,l 

135,7 

71,4 
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(oT 6,9 11.0 11,6-17,7 %). l1JMettemu1 B npHxo.a;e yn1epo,na npenonpe
.a.enIDlH yMemmeHHe nepexo.a;a yrnepona B Konol.llHHKOBhIH ra3 Ha 12,4--
29 ,9 Kr/T qyrYffa, qyo o6yCJIOBHilO CHH)KCHHe pacxop:a AYTbH H BhlXOAa 
ropHOBOfO H KOilOWHHl<'OBOrO .ra30B (CM. Ta6n. 24) . 

Oco6eHHOCThIO 6anaHca Bonopona HBnHeTCH coxpaHemt.e ero npHxon,a 
c TOIUIHBOM Ha HCXOAHOM ypoBHe BBHAY KOMilCHC3UIDf COKpaweHHeM 
pacxona npHpop,1mro raJa. ,U.ru1 pacXOJJ.JihIX cTaTeii 6anaHca xapaKTepHo 
DOBhIIIIeHHe (Ha 2,3-6,2 M

3 
/T qyryHa) pacxop;a BO,Uopona Ha BOCCTaHOB

neHHe oKcH.na )l(e11e3a (cM. ra6n. 24). 
B 6aJiaHcax 11D1aK006pa3yrollI,Hx npaKTHtiecKH He H3MeIDincH rrpIDCon 

KpeMHe3eMa c TOWIHBOM - ±(0,7-2,l I<r)' llTO 061>.HCHHeTC.R npHMeHe
HHeM MaJ1030flbHOf0 yrnH H nonyqeHHeM BCJle)l.CTBHe :noro BblCOKOro 
K03cp<}lHI.1,HeHTa JaMCHbl KOKCa yrneM. 06WHH npHXOA KpeMHe3eMa TaK)KC 
He H3MCHHJIC.ff HJUI COKpaTHJJCH Ha 3,2-6,9 Kf/T, a BbIXOA llDiaKa CHH-

. 3HJICH Ha 26--59 Kr/r B OCHOBHOM BCJie,[(CTBMe CHH)l(eHH.H Ha 0,03-
0,04 OCHOBHOCDI umaKa H HeKOTOporo TIOBbillleHM.H CO}l.ep)KaHHH )Kene3a 
B llIHXTe. 

06nulli npHXOA cepbI c llilfXTOH H_,B tiacTHOCTH c TOIUIHBOM, no cy-
mecTBY He H3MeHHJICH, qro 061>.HCIDICTC.H OTHOCHTenbHO IDl3KHM conep)Ka
HHeM cephI B yrne H BbICOKHM KOJcpcpHIU1eHTOM 3aMeHbl. IlpHXOA cepbl 
c yronbHOH IlhVlblO yBeJIH'IH.TICH )IO 0,56-1,50 Kr/T H cocTaBHJI 5, 7-
14,6 % OT o6wero npHXona. OTMeqeHo nOBbIWeHHe conep)Kfill}IH cepbI B 
t1yry11e, 'ITO B .nepH011.bI II H III o6ycnoBneHo cHH)f(eHHeM BhIXOAa H oc
HOBHOCTH umaKa, a B nepHOA IV - TaK)l(e H yxynllleIDieM cxo.ua lllHXTbI. 

Bo Bcex paccMaTpHBaeM1>1x nepHonax nona cepb1, yne1)'11HBaromeHcH 
c KOilOlliHHKOBhIM r3.30M, 6bDla He3H3'1HTC1IhHOH (0,58--0,27 Kr/I qyrYHa, 
HJIH 5,8-2,8 %) . 

06U1Uii u 30HtLf1,bHblU Te11.ll08ble 61l!laHCbl. IlpHMeHeHHe IIbineyronh
Horo TOIDIHBa crroco6cTBOBano HeKoropOM)' coKpamemuo H rrepepacn
peneneHHro noTpe6HOCTH B TeIUie no BhICOTe AOMeHHoii ne'IH. ll.ru1 oueH
KR 3TOro H3MeHeHHH paCCllHTaIIH 30HaJibHbie TeIDlOBLie 6aJI3HChl ,IJ;JUI Tpex 
30H: AO 900; 901-1200 H 1201-1500 °c. PacrrpeneneHHe noTpe6HOCTH 
B renne no cTaThHM 6ana.Hca npHHHJIH no JIHTepaTypHhIM llaHHl>IM. Co
nocTaBnelllle rrpoBonrurn n11H nepHo.a;oB I H Ill. 

CHIDKeIDle noTpe6HocTH B · Tenne Ha 8,9 % B 30He no 900 °c B oc
HOBHOM 6b1Il0 ]J.OCTHrHYTO 6naroAapH yMeHhllICHHIO ero pacXOA3 Ha no
.a.orpeB IIDIXThJ H KOKCa. Ilpouecc BOCCTaHOBneHIDI OKHCJIOB )f(efle3a B 

3TOH 30He 3aMeTHO HHTeHcH<l>HllHpoBancs, tITO, O,nHaKO, He Bbl3BaJIO cy
mecTBeHHoro H3MeHemrn TeIDIOBOro 6anaHca H3-33 HH3KHX 3H1J.OTepMHqec
KHX KITH JK30TepMHqecKHX 3<}>$eKTOB peaKUHH, npoXOAHlllHX B JTOH 30· 
He. B 30He TeMnepaTyp 901- 1200 °c cmnKeHMe noTpe6Hocrn B TeIUie 
Ha 10,3 % npH BAYBa.HMH OilTHMaJil>HOro KOTIHllecrna yronbHOH fibUIH 
61>mo o6ycnouneao cymecTBeHHhIM orpaimtieHHeM npouecca npHMoro BOC· 
cTaHosneHHH OKCHAa )KeneJa yrneponoM, a raK)f(e. CHH)l(eHHeM pacxoua 
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Teruia Ha nonorpeB KOKca H llJJlaKa. B JOHe TeMrreparyp 1201-1500 °c 
noTpe6HOCTb B TeIUie COKpamnacb Ha 9,1 % B CBH3H c MeHbllllfMH JaTpa
T3MH Temia Ha BoccraHoBneHHe H nonorpeB IllHXThI, a TaK>Ke 6naronap.H 
yMeH&llleHHro 3aTpar Ha oxna)l(J].eHHe. 

IlpH pa6oTe noMeHHOH netm c BAYBaHHeM yron1>Hoii nhIJIH xapa1<Tep 
fiOTpe6nemuI Terma no BblCOTe ]l.OMCHHOH nellH KatieCTBeHHO He H3Me
HHJJCH (pHc. 39) . Bee >1<e nHHHH rrpHXona H pacxo,a;a reIDla, B oco6eHHoc· 
TH B 30Hax TeMneparyp 901-1200 H 1201_-1500°C, HeCKOJlbKO c6rrH-
3HJIHCb. 3ro 3aKOHOMepHO, IlOCKOnhKY o6yCJJOBneuo orpaHH'leHHeM JH,llO· 

yepMHlleCKHX npoueccoB, CHH)f(eHHeM Ka)l(yllleroc.R BO)l)IHOro 3KHHBaneH
Ta lIDIXThl, qyo CBHJJ.eTenhCTByeT 06 yny1rn.IeHHH yCJIOBHH Harpesa lllHXThl 
H 11Cl10Jlb30BaHIUI TeIDia B noMeHHOH netIH, B03MO:>KHO, 0 IlOBhllllfHHH 
creneirn 3aBepmeHHOCTII TeIUI006MeHa Me>KA}' raJOM H llIHXTOH. 

06IUHH npHXO,lJ. TeIUla, B TOM tIHCITe OT ropemuI yron&HOH IlhUlH (B 
c1<06Kax) no nepHonaM I-IV, xapaKrepH30BaJICH CJieeyi<>mHI\1H ]laHHl>IMH, 

KJl.>K/ T qyTYJia: 
. I 

5537504 
(0) 

II 
5326957 
(221944) 

Ill 
5265280 
(462283) 

IV 

6384904 
(599715) 

06I.QaH norpe6HOCTb B rerme npH pa6ore c e,n.yeaHHeM onTHMarr&Horo 
KOJllitICCTBa yron&HOH IThITIH (III) CHH3IDiac1> Ha 8,3 % rrpe)K]l.e Bcero B 
CBH3H co CHH)l(eHHeM norpe6HOCTH B Tenne Ha BOCCTaHOBneHHe OKHCilOB 

)f(ene3a (Ha 23,1), rro.uorpes KOKCa (ua 14,9 %) H IIDiaKa (Ha 12,0 %) , 
oXJia>KneHHe netm (Ha 15,5 %) . 113MeHemu1 B nepBbIX AByx Hl nepetIHc
neHHhIX cTaTe:H pacxona Tenna rrp.HMO 
mm KOCBCHHO Bhl3BaHhI npHMeHe-
HHeM yronbHOH IlhlJIH H CHH>KeHHeM 

.nonH KOKca B IlIHXTe. CHH)l(eHHe 

. 33.TpaT renna Ha no.norpeB lIIJiaKa 11 
oxna)IQJ.eHHe nequ He HMeeT npHMOH 

CBJl3H c npHMeHeHHeM yronbHOH Ilhl
JIH H o6ycnoBneHo CHIUKeHHeM BhIXO

Aa llDiaKa, noB1>IllICHHeM npoH3BOnH

Ten1>HOCTH ne'IH, H B03MO)l(HO, nepe

pacnpeneneHHeM TeMTiepazyp ra30B 
H llIHXThl H, BCJieACTBHe 3TOro, H3-
MeHeHHe ycrrOBHH ¢oprvmpoB3HIDI 
rapHHca)Ka B HH>KHeii tJacni .uoMeHHoii 
ne1111. 

Pac. 39. H3MeHeuue noTpc6nocTH B renne 
ABCDEL, A 1B 1 C1D 1 D 1 £ 1 L 1 H npHXo.Qa 
Tenna (OF, 0£1 ) no s&1cotc AOMeHHoii 

De'lll npH pa6oTe 6e3 BAYBaHHR (/) H c 
BAfBaHHeM OOTHMaJllJHOro KOnH'lecTaa llhl

J1eyro11hHOro TODJIHBa (Ill) 

t °C I 

300 

500 

900 

1200 

1500 

1800 

0 1200 21100 ]500 4800 5000 
!(0Jlut1ecm60 menno, 

mbtC. K/!11</T 'lff2!JHO 
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B COOTBeTCTBHH c OTMClleHHblMH H3MeHemtHMH TeIUJOilOTpe6HOCTH 

npHXOA Terma B <J>ypMCHHl>IX 30Hax OT ropeHH.H yrnepona KOKCa H npH
ponnoro raJa, a T3K)KC B BH,Ue cl>H3HtieCKOro Terma AYTL.H COKpaTHnCH Ha 

435425-756924 Kll)I(, HJIH Ha 7,9-13,7 %. 3TO CHH)KeHHC \laCTHllllO KOM

neHcHpoBaJIOCb yseJIHtieHHeM npHxona TeIUia OT ropeHHH yrorrbHOH Ilb1n11, 

AOnH KOToporo B03pocna no 4,0-- I Ot8 % o6wcro npHXOAa TeIUia. B HTore 

o6wee CHH)l(CHHe npHXOAa TeIUia npH BJ:lYBaHH.H yroJibHOH llblllH COCT3BH

no 152600--272224 K,!l)K, HnH 2,76-4,92 %. 
. TaKHM o6pa30M, npHMeHeHHe llbineyronLHOro tonnHBa HapHny c npH

MOH 3aMeHOM yrnepona KOKCa yrnepO!lOM yronLHOH llblJTH Bbl3BaJ1U 

neKoropoe CHH>KeHHe o6weii noTpe6HOCTH B rerme npe)l(Jle acero Ja cqcr 

CHlDKeHHH 33TpaT Ha BOCCTaHOBJieHHe OKCH,UOB )l(CJIC3a. 

3TO CBH,UerenbCTByeT 0 6naronpHHTHOM Bllii.HHHH IlbineyronbHOro TOn

nHBa Ha xon BOCCTaHOBHTenbHhIX npoueccoB H HCilOnb30BaHHe TCIUla no 
BbICOTe JIPMCHHOM ne'IH, aHaJlOfH'IHOM BilHHHHIO npHpo.a.11oro nl3a [73, 
101 ]. 

KoM1'l.lleKcHble noKa3aTe/lU 3</HpeKTUeHocTu ooMeHHOU nnaeKu. IlpH
MeHeHHe IlbineyronbHOro TOIDIHBa cnoco6cTBOBaJIO CHH:>KeHHIO AOnH KOK

ca B nmxTe Ha 1,0-3,7 %, cpeJJ,Hero pa3Mepa lllHXTbI, yBeJlHlieHHIO B1>1xo

ii;a IIDiaKa H KonounmKoBoro ra3a Ha e,nuHHuy KOKCa. TeM He Mettee 

npH pacxon.e yrOJlbHOH IlbUIH 66,6 Kr Ha TOHHY llyryHa npoH3BO,IUiTeJlb

HOCTb rretIH YBCilHllH.nacb Ha 4,5 %, \ITO o61>HCHSieTcH cHH:>KeHHeM pacxona 

WHXThl H BhIXOAa ropHOBOfO ra3a Ha 1 T qyryHa, ysenHqeHHeM aKTHBHOH 

MaCChl lllHXTbl H HCDOnb30BaHHeM pe3epBOB ra30WfHaMHtleCKOro pe>KHMa 

nnaBKH (ta6n. 23, 25). 
YBenHtieHHe nonH ar.noMepaTa B wmue, CHH>KeHHe Bh1xona ra3oB Ha 

e)lHIDIUY llIHXTbl, HeKOTOpoe CHH)l(eHHe HHTeHCHBHOCTH IDlaBKH, coxpa

HeHHe Ha HCXOAHOM ypoBHe TeopeTHlleCKOH TeMnepaTypbI ropeHHH H yse

JlHlleHHe BhICOTbl 30Hbl yMepeHHbIX TeMnepaTyp B IllaxTe netm Ha 0,14-
1,0 M M .npyrne npH11HH1>1 cnoco6cTBOBaJIH yBenHlleHHro BpeMeHH KOH-

TaKTa f330B-BOCCTaHOBHTeneu c OKHcnarvm )Kene3a B 30He yMepeHHbIX TeM

nepaTyp T K - KOMilJleKCHOro noKa3aTeJ1.H, <J?)'HKUHOHaJibHO onpeAeJlHIO

mero CTeneHb HCilOilh30BaHH.H BOCCTaHOBHTefibHOH 3HeprHH ropHOBblX 

ra30B H pa3BHTHe npouecca KOCBeHHoro BOCCTaHOBneHHH (17). BpeMH 

B03pDCTIO B nepuonax c BlJYB3HHeM yrnH Ha 0,026- 0, 131 c, HJ1H Ha 

5,6-27,3 %. YBenHt1eHHe speMeHH KOHT3KTa raJOB-soccTaHOBHTeneu c 

OKCHllaMH )KeJle3a, HapaBHe c OilTHMH3'1UHCH TeXHOilOflfllCCKOrO pe>KHMa 

nnaBKH, cnoco6CTBOB3J10 YBeJIHqemuo CTeneHH HCil0Ilb30Bamu1 BOCCTaHO

BHTen1>HOH 3HeprHH BOJJ.Opona H OKCHAa yrnepona Ha 0,006--0,108, HJ1H 

1,6--3 2,0 % H CHH>KeHHlO CTeneHH IlOKa3aTeJIH npHMOfO BOCCT3HOBn eHIUI 

OKCHAa >Kene3a (rd) Ha 5,2-9,9 % (cM. ra6n. 25). 
CnencmHeM cHH>KeHHH rd H HenpoHJBOJJ,HTCnbHbIX 3aTpaT yrnepona, 

coxpaHeHHR Ha HCXO)lHOM ypoBHe TeopetH\leCKOH TeMneparypbl ropeHHH 

.RBnHCTCH CHH)KeHHe pacXOA3 H np:uxona TCIDla ua l T qyryHa, yny11weHHe 
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Ta 6 n H u a 25. floKa3aTenH tenJJosoii H eoccTaHOBHTeJJ&Hoii pa6oT&1 

PJ?.H B.tlYB3HHH yrOJlhHOH DhlnH 

OoK&3&TenH IlepHOAf>I 
I 

I II Ill 

06'heMHaB AOflB KOKca B lllHX-

TC, % .. • .... • . . ....... 58,5 57,2 51,5 
Cpe.uaHA AIUlMeTp KYCK3 lllHX-
Thi, MM. • . • . • • . • • • • • ••• 37,85 37,06 35,84 
BwCOTa BepxHeA 30HLI TeIUioo6-
MeHa, M • • • • • • • • . • ••••• 8,30 7,92 8,83 
To )ICC, 30HLI 3aMeJl,JleHHoro Ten-
noo6MeHa, M . . • . . • . . . . . . 16,56 16,70 16,30 
TeoperH'lec1<aa TeMnepaTypa . 0 

1997 1903 1969 . ropeHIDI, C . . . . . . . . . . . . . 
BldXon cyxoro Konoun1HJ<0Boro 
ra3a, M 3 /T qyryHa .......... 2290 2230 2210 
To >Ke, ropHosoro, M 3 /T t1yryHa 2100 2120 1950 
C)rMM&pHLIA BbIXOA I'a30B-BOC-
craHOBHTeneA, M3 /T qyryua ..•. 855 898 833 
BpeMB KOHTilKTa ra3a c OKCH]la-
MH )l(eHe3a T Kt c ••.••.••• . 0,464 0,490 0,515 
. CreneHL Hcnonb3oBaHWI sonopo-

Aa 11H · • · · · · · · · · · · · · · · 0,327 0,435 0,342 
2 . 

0,371 0,359 0,395 To >Ke, OKCIWa yrnepoAa flCQ .. 
Ko3C1lcl>HUHeHT npBMoro eoccra-

30,3 &OBJieHWI >Kene3a r d' % . . . . . . 38,9 29,0 
Ko34J4JHUHeHT ucnonLJoea.HKR 
TelDIOBoA 3HeprnH yrnepona, % 56,3 56,0 58,4 
T~IUiosoA 3KBHB3JleHT yrnepo-

;'p.a, ·J<D.>i</Kr . . . . . • . . . • . . . 21746 22207 23129 
' K.n.A. TeIDia, % . . . . . . . . . . . 83,9 84,32 86,89 

IV 

54,8 

35,99 

6,89 

17,56 

1959 

2225 
2040 

828,5 

0,495 

0,344 
0,377 

33,7 

56,3 

21788 
84,51 

- -~OMDJieKCHhIX noI<a3aTeneii HCDOilh30BaHIUI B noMeHHOH netm Tenna H 

y:rnepona. TaK, creneHb :ucnon1>3osaHHa TennoBoii JHeprnH yrnepona 
"B ~etJH coxpaHHnacb Ha HCXOJJ)IOM ypoBHe HJIH ynyqmHJlaCb Ha 2, I %. 
Ko3cJ><PuuueHT noneJHoro ACHCTBHH TeIDia yaenHt001CH Ha 0,4--3,0 %. 
"TeIDIOBOH 3KBHB8JleHT yrnepona B AOMCHHOH ne'IH (B TOM q}{CJie H yrne
p<>Aa yron1>HOH IlhinH) cymecTBeHHO He H3MeHHJICH HJUI ynyqnmncH 

(~. Ta6n. 25). 
fiony11eHH1>Ie naHHhle CHHACTellbCTBYIOT 0 npHHUJUIHaJlbHOH B03M0)1Qi0C· 

~ A3JILHeihncro noBhillleHHH pacxona yronbHoif IlbinH. 

"H3MeHeHue XUMUIJeCKOZO cocraea u TeMneparypbl 'IYZJ'HQ 

. Onpenenaiomee BJTHHHHe Ha Ka11ecrBo 11yr}'Ha oKa3hIBaJOT nonHoTa 

:cropamu1 IThUieyron1>HOro TOrDlHBa B <J>ypMeHHl>IX 30Hax H paBHOMepHOCTb 

· DOAattH ero Bo BpeMeHu H no <l>YpMaM. KpoMe Toro, JaMeHa traCTH KOKca 
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DbUieyronbHhlM TOIUIHBOM Bhl3bmaeT onpeAeneHHble H3MeHeHHH cpH3HKO
XHMHqecKHX ycnoBHH B HlUKHeH 30He Tennoo6MeHa, B BenHtniHe npHxona 
H B pacnpe,a;eneHHH Me)l()ly npoAYKTaMH rmaBKH Bpe,nHbIX npHMeceu 
( cephI, <Poc<Popa) • 

KaqecTBO qyrYJla H ero TeMnepaTypa Ha B1>1nycKe onpenenHIOTCH 
KOMJDieKCOM TeXHOnorHtieCKHX noKa3aTeneif, KOTOpbie MOryT H3MeHHTbCH 
non BJIHJIHHeM ropeHIDI IlbUieyron1>Horo TOIDJHBa. 

HopMbI KOMneHcaiurn 11bmeyron1>Horo TOIDIHBa npHpo)J)ll>IM ra30M 
paCC1lHT3Hl>I H3 yCJIOBHH coxpa.HeHIUI Ha HCXO,llHOM ypoBHe HJlH DOBhIIlle
HHH TeopeTHtlecKoii TeMnepacyp1>1 ropemu1. B peanbHblX ycnoBHHX IUiaB

KH 3TO Tpe6osairne, KaK npaBHJlO, BbIIlOnHHJIOCb (cM. Ta6n. 2S). Cox
paHeHHe IIOCTOHHHOH TeMnepaTypbI ropeHIDI npenonpe,neJUUIO IlOCTOJIHCT
BO BblCOTbl HH>KHeH 30Hbl TeIUI006MeHa, HeHJMeHHOCTh ycnoBHH Harpesa 
WHXThl H BOCCTaHOBneHHH KpeMHHH. 

IlpH pa6oTe AOMeHHOH ne'IH c BA}'BairneM IlhmeyronbHOro TOIIJIHBa 

B KOnHtieCTBe AO I 00 Kr Ha TOHHY qyrytta npHXOA c lllHXTOH cephl H 

c}>oe<l>opa CYllleCTBeHHO He H3MeHIDICH, 11TO onpenenHJJOCb XHMHtieCKHM 

COCTaBOM TOIUlHBa H BblCOKHM K03cp<}>HUHeHTOM 3aMeHbI KOKCa yrneM 

(cM. Ta6n. 23). YHOC cepbl c KOnOl.llHHKOBhlM ra30M npH B.nyBaHHH 

Ilbtneyron1>Horo TOIUIHBa, Kai< Il0Ka33JIH HCCJleAOBaHHJI Ha JJ.OMeHHhlX 

neqax N° 2 H 3 .lloHeuKoro MeTannyprHlJecKoro 3aBona, cymecTBeHHo 

He H3MeHHJics. H oocTaBHn 2,8-5,8 % or o6mero npHXo,na cephI. 
Cxop; llIHXThI H HHTeHCHBHOCTb nnaBKH no yrnepony, onpenenHrowHe 

TeMnepaTypy IIpOJ.JYKTOB mtaBKH H yCJIOBHH BOCCT3HOBneHHH KpeMHWI 

H Aecynb<l>ypaUHH qyryHa, npH B,IJyBaIDIH B ropH OllTHM3JlbHOrO KOnH-
11ecTBa IlbDleyronbHOro TODJIHBa (60--80 Kr/T) CYllleCTBeHHO He H3Me

HHIDICb (CM. Ta6JI. 20, 21) (18, 107]. 
CornacHo TeopeTH'lCCKMM pacqeTaM H npoBeneHHbIM OilbITHhIM IDiaB

KaM, CTenem npHMOro BOCCTaHoeneHHH rd npH BJlYBaHHH B ropH yro-ni.
HOH DbinH CHH)KaCTCJI Ha 2-4 % a6c. Ha Ka)l(JJ,b1e 100 Kf yroJibHOH IIbIJIH 

Ha 1 T qyr}'Ha. 

IlpHMeHeHHe IThDieyronbHOrO TOIDIHBa crroco6cTBYeT TaK'.>Ke CHIUKeHHIO 

OKHCJIHreni.Horo IlOTeHUHaJia cpypMeHHbIX 30H. 3TO orrpe,nenHeTCH }'Be

llH'leHHeM AOJIH yrnepona n.ononHHTenbHoro TOIDIHBa, croparowero Ha 

nepH$epHH cpypMeHHl>IX 30H, OT 4- 5 AO I 0-14 % (CM. Ta6n. 24) . CooT
BeTcTBeHHo yMemmaeTcH conep>KaIIHe KHcnopona B ropHOBbIX ra3ax 
Ha ypoBHC B031lynIHhlX <l>YPM H }J.OnH BTOpHtIHO OKHCJI.SOOIUerocH Ha 

<t>ypMax )l(eJle3a. Ilo-BHAHMOMy, HeKoropoe cmnKeHHe OKHCJlHTCilbHOfO 

noTeHUHaJia cJ>ypMeHHblX 30H H yMeHbllieHHe couep>KaHH.B OKHCJIOB )l(ene-
3a B nepBHtnlbIX llJJlaKax HBilHIOTC.H OCHOBHOH oco6eHHOCThlO nnaBKH c 

npHMeHeHHeM Ilbmeyron1>uoro TOrurnBa, 0KaJb1Ba10meii BJIHKHHe Ha TeM

nepaTypy H XHMHtICCKHH COCTaB 'lyr}'Ha. 
Pa.Hee 6bmo ycTaHOBneno, 'ITO CHHiKeHHe upHXona B ropu OKCH)la 

>Kene3a, onpenenxeMoe rrpHMeHeHHeM llbmeyronbHOro TOIDlRBa, MO)l(eT 
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cnoco6cTBOBaTh HeKOTOpOMY TIOBbill.IeHHI<J TeMnepaTyp1>1 (1-3 %) npo· 
AYKTOB IIJiaBKH Ha Bb1nycKe. 

3aBHCHMOCTb OOAep)KaJmH cepbI B ttyrytte OT TeXHOilOfHQt:CKHX <PaK
TOPoB onpe,a;enRCTCH ypaBHeHHeM [122]: 

_ 100 Pco 
Qwn - o ) [ ] (0,95 qs - 10/[S]), 

<LsPcolf[s] s f[s]e 
(42) 

H3 KOTOporo BH)lHO, llTO c}laKTOpaMH, onpe.UeJIHIOI.UHMH KOHetffioe conep
)ICa.HHe cepbI B qyrytte, HBnmoTc.H Bh1xon llUlaKa q , npHxon cep1>1 c 

. IIIHXTOH q8 , pasHosecHbIH KoJ<P<tnnweHT pacnpeAene~x cepLJ L ~, nap
UHaJil>HOe ,a.aBneHHe o.KcHna yrnepona Pco, KOJtP<PHIUleHT aKTHBHOCTH 

cep1>1 f [s l H CTeneHb TJ.OCTH)f(CHHH IllilaKOM paBHOBCCHJI no cepe e . 
TeopeTk'IecKHii aHaJIH3 H onhn pa6oTbI noMeHHhIX netieH c B.rl}'BaIIHeM 

· yromHou IlhUIH 33 npomeiulllie rOAJ>I IIOKa3an, tITO npH pacxone yron1>
HOH IlhIJIH AO 1 00 Kr Ha 1 T tJYryHa He OTMet1aeTcH cymecTBeHHoro 
H3MeHeHHJI nepB!;IX IUITH cpaKTOpOB (CM. Ta6n. 23-25). 11HLIMH CJIOBa

MH, B KOHKperHOM cnyqae co)J.ep>KaHHe cepbI B qyr}'He onpenenHeTCH 
Il0Ka3aTene:M: € , 41YHKUHOHaJil>HO 33BHC.HIUHM OT TeM11epaTyp1>1 npopyKTOB 

. IDI8BKH, crerreHH paCKHCJleHHOCTH H BH3KOCTH IIIIIaKOB. 

BJI3Kocn peanhHhIX lIUiaKoB npH pa6oTe c B.ayBaHHeM yro111>Hoif mmH 

He H3MeHHilaCh (pHC. 40) . 
TaKHM o6pa30M, npHMeHeHHe flhmeyronbHoro TOIDIHBa cymecrneHHo 

He H3MeIDieT ycnosHii ,D.ecynhcl>ypawm qyry11a B }J.OMeHHOH neqH. Hanpo
THB, CHH)l(eHHe co~ep)l(aHIDI OKCHAa )Kelle3a B nepBHlffiblX H KOHetIHhIX 

J.UJl8Kax, onpe,u,enHeMOC I1pHMeHeHHeM IIbUieyronLHoro TOIDIHBa, MO>KeT 

cnoco6cTBOBaTb YJIY1IllleH1110 npouecca necynhcpypamm qyr}'Ha, Henocpen
cmeHHo B03AeHCTBYH Ha KOHCTaHTY paBHOBeCHH H OK3.3bIBaR 6.naronpIDIT
HOe BilHHHHe Ha TeMnepaTypy nponyKTOB IIJI3BKH B ropHe. 

Pac. 40. 8H3KOCTb peanbHbIX AOMeHHhIX 
DIJJaKoa ne11eii .[toneQKoro MeTaJJnypre
•ecJroro 3aBO_na: 
a B, a B - HH>KHHft H BepXHHn lllJlaKH npH 

Ca0/Si02 = !.,33+1 .34, netfb NQ 1, 6e3 BAY
~IDI yroJlbHoil llblJlH; a' H; dB - TO >Ke 

c BrorBamieM yronLHojt llhUUi, ne"IL N9 2 

4,0 

O...._~~---------...._ ____ ~~ 
1300 !350 11/-00 t, °C 
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IlpH BJlYB3HHH B rope IlhmeyronbHOro TOIIJillBa yCJIOBIUI BOCCTaHOB

neHHH KpeMHIDI H HayrnepO)IGIB3.HlUI qyryHa HeCKOflbKO ynyqmaroTCH, 

tITO onpenenHeTCH npe)K)l.e scero B03MO)l(HbIM noBhIWeHHeM TeMnepaTypbI 

npOA}'KTOB maBKH H CHH:>KeHHeM npHxona B ropH OKCHAa )f(eJie3a Ii 

OKHCJIHTenbHOrO noTeHUHana cpypMeHHblX JOH. IloCJiewmii <t>aKTOp MOr 

cnoco6CTBOB3.Th CHH)Kemno AOIIH 1<peMHH.H H yrnepoAa, OKHCJUIIOlllHXCH 

ua <\lypMax. 

Ta 6 n Hu a 26. IloKa3aTeJIH pa6oThI AOMeHHhlX ne11eii N° 2 u 3 
.QoHe1'J(oro MeT3.Jlnypru11ecKoro 3aBOAa c BAyBaHHeM yron&aoit llhmH* 

IlOK833TenH 

I 

IlpOH3BOAlfTeJlhHOCTL, T/cyr . . • . . . . 958 
Pacxon MaTepHaJ10B, Kr/T 11yryHa: 

lKene3HaJI pyna . . . . . . . . . .. . . . 0 
arnoMepaT IOrOKa . . . . . . . . . . . 1506 
OKaTbllllH • • • • • • • • • • • • • • • • 0 
MapraHUeJWI py Aa • • • • • • • . . • . 8819 
MeTanno~o6aBKH. . • • . • • • . . . . 125 
H3BCCTWIK . • . . . • . . . . • . . . . • 98 
KOKC •••••••••••..•••••• 575 
yronLHaB nhDII» • • • • • • • • • • • • • 3 2 
npHpOJlHLdt ra3, M3 /T . . . . . . . . . 67 

TeMnepaTypa AYTLSI, 0 c . . . . . . . . . . 1070 
lb61>ITot1Hoe JJ.aBneHHe, Mila . • . . • • • 0, 117 
BLmoc KonowmncouoA IILUIH, 1<.r/T 

'lyryua . . . . . . . . . . . . . . . . . . . . 72,5 
HHTeHCHBHOCTL miaBKH no yrnepOAY, 
Kr/ (M3 ·cyr) . . . . . . . . . . . . . . . . . 704 
TeMnepazypa 1<onoWHHKOBoro ra3a, 

0 c 338 
lfa6LITO'IHoe nasneHHe, Mila ....... ·0,0015 
Conep)l(aHHe, %: 

C02 • • • • • • • • • • • • • • • • • • • • 13,28 
co . . . . . . . . . . . . . . . . . . . . 26,15 
H2 . . • . . . . . . . • . . . • • . • . . 5 ,4 

Conep>KaHHe B 11yryHe, %: 
Si . . . . . . . . . . . . . . . . . . . . 0,88 
Mn . . . . . . . . . . . . . . . . . . . . 1,48 
s . . . . . . . . . . . . . . . . . . . . . 0,037 

Conep>KaHHe B uma.Ke, %: 
Al2 03 . . . . . . . . . . . . . . . . . . 10,S 
MgO . . . . . . . . . . . . . . . . . . . 3,56 
MnO . . . . . . . . . . . . . . . . . . . 1,57 
s . . . . . . . . . . . . . . . . . . . . . 2,12 

BLIXOA II.DIB.Ka, Kr/T qyryHa . . • • . . . . 422 
Conep>KaHHe )ICeJJC3a B WHXTe, % . . . 54,2 
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IlepHOAbl 

II 

1227 

621 
203 
797 
19 
105 
394 
735 
43 
53 
1047 
0,207 

99,0 

829 
363 
0,121 

9,9 
28,4 
4,0 

0,86 
0,67 
0,030 

7,89 
3,8 
0,59 
2,45 
545 
53,9 

III 

1232 

683 
1075 
2 
41 
130 
500 
763 
55 
86 

0,206 

66,0 

894 
277 
0,117 

11,3 
27,8 
4,9 

0,86 
1,21 
0,033 

7,4 
3,7 
1,17 
1,89 
783 
53,l 

lV 

1136 

1290 
326 
42 
49 
147 
675 
678 
60 
94 
1005 
0,22 

58,5 

836 
269 
0,122 

11,1 
28,8 
5,6 

0,91 
1,02 
0,036 

10,2 
4,52 
0,9 
1,79 
818 
52,7 



3KcnepHMeHT3JlbH3H 'll:aCTb pa6oTbl BbIIlOJIHeHa Ha 6a3e .ODhlTHO-npo

Ml>lllUleHHOH ycTaHOBKH ,ll)I.H Bn)'Ba.HHH llbUieyronbHOro TOIDUma B ropH 

AOMeHHbIX neqeif N° 1 H 2 JJ.M3 [ 17]. 
BnHHHHe ItbmeyronbHoro TOIDlHBa Ha Kallecrno H TeMneparypy nepe

Jlen1>Horo It IIHTeHHOro ll)'f}'Ha HCCJie)lOBaJIH B XOAe np0Benemu1 AJIH

TeJlbHblX OilbITHblX I11HlBOK (Ta6n. 26). TiepBhIH nepHOA OTHOCHTCH 

1< pa6oTe netm N° 3 npH pacxoue yronbHOH llhUIH 30-50 Kr/T llyrytta, 
BTOpoii - ttemepThIH nepHOAJ>I - K netIH N° 2 npH BbIIDiaBKe rrepe.u.enb
Horo qyryaa c pacxonoM yronhHOH IlbIJIH no 100 Kr Ha 1 T qyr}'Ha. 
XapaKrepHCmKa neqeif. H IlOKaJaTeIIH HX pa60Tbl B paccMaTpHBaCMI>Ie 
nepHOTJl>I npimeneHh1 B ra6rI. 26 H 01mca.H1>1 paHee [17, 25, 28]. 

TeopeTHllecI<He coo6pa)KeHHs 06 H3MeHCHHH TeMnepazyp1>1 qyryHa 
fiOATBep>KAalOTCH JKcnepHMeHTaJlhHblMH .ll.aHHl>IMH, nonyt1eHHbIMH Ha /J.O· 

MCHHOH netrn N° 3. CpenHHH TeM11epazypa qyry1rn B nepHOA 6e3 B.uyBamu1 
1!1>DieyronbHoro rommBa cocTaBnAAa 1467 °c (npH Kone6amrnx 1424-
1505 °C). IlpHMeHeHHe IlbUieyronbHOTO TOIDlHBa B KOTIHlleCTBe 50 Kr Ha 

1 T ll)'f)'Ha Bhl3B3JIO IlOBbillJeHHe reMneparypbI tiyrYJla Ha 15-20 °c 
(pHC. 41). 

IlpH pa6o~e JlOMeHHOH nelllf c npHMeHemteM yronbHOH IlhlJIH OTMe\le-

Ha Bl>ICOKaJI CT36HnbHOCTh TeMrrepa-
zyp1>1 IlpDA}'KTOB nnaBKH Ha Bbl
nycKe (pHc. 42). 

BBHJzy pHAa KOHCTp}'KTHBHbIX H 

TCXHOnorH11ecKHX oco6eHHOCTeH npH 
· npotmx paBHbIX ycnoeH11x TeMnepa

zyp1>1 qyr}'Ha H lIDiaKa Ha nel£H N° 2 
61>UIH 6onee BbICOKHMH' qeM Ha ne
'IH N° 3 (Ta6n. 26- 28, pHc. 42). 

AHaJIH3 noKa3bIBaeT, tzro B ycno

BllJIX noMelllion netJH N° 2 nocrHr
HyTbI npaKrnt1ecKH rrpenenhHhie TeM

nepazypbI nepenenbHoro qyryHa H 
BepXHero llIJ1aKa ( Ta6n. 26 H 27) . 
Ilo3TOMY npHMCHeHHC TibineyronbHO· 
ro TonnHBa B naHHbIX ycnosHsx He 

BWJBano cyiueerBeHHOfO H3MeHeHIDI 

TeMneparypbI npoeyKTOB nnaBKH Ha 
Bi.mycKe. 

Pac. 41. 3&BHCHMOCTb XHMH'ICCKOro coc

T&Ba H TeMDepazypi,1 'l)Tyita oT pacxo.Qa 
tromnoii llLinH ('AoMeHHaJI ne111> N° 3) 

~ 
~1575 

...... 1570 

~ 0,50 
g 0,1/5 

~ 92 
C,.) 

.------------ - --

~ 90 
~ t----~~..t..-~~...L..-~~~~ 

'?/! 1/1/0 
g ~l/J 

------~~-------~--~~--~ 
~ 40 
Cl') 

~ 20 
1--~~----~-----~~--~ 

~ D,OIJO 
~ D,DJS '-' I--~------._~-------~--~ 

0 f 0 
~ 40 en 
< JO 

~ .. D,900 

~ 0,885 

i.--1--~~.._~~---~---_._~ 

!0-2C 2.1-JO 3/-1/0 IJl-50 
PtJ{ .1 i;} ~1?0n/JHOU 17/JIPU, T/ c11m 
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·JT 

20 

~ 10 
~ ... 

~ 
~ 21-
~ 25 

31- 11-1- 51- ~IT- l/:JI- f/..51- ii. 71- 81- 91- 101-
35 "5 55 >DO l/;tD *.zo /;,50 l/:eo 85 95 10s 

~ [SJ, 10-~ 3 [CJ,% Ccp / Cp , % 
~ 

~JO 
~ 

20 

10 

11/JT- 1"'51- 11171- 11/91-ISJI- 1571- 15gr /l51- 0, 71- 0,91- 1, 11- 1,Jl-
1#0 11/60 11180 1500 1550 1580 1/iOO D,60 0,80 1,01 7,20 1,1/0 

tv, °C t 01A,°C [Si], 0/o 

PHc. 42. 'facroTm1e iurarp8MMhl XHM1111ecxoro COCT&Ba 'lyryBB a wnaxa npH pat 
AOMeHHoii ne'IB N° 3 c BAYJWDleM yrOJlbHOH 111>1J1H 

Ta 5 n H n a 27. XHMH11ecKHi cocTas H TeMnepaTYJJ& npoA.fKTOB nnasKH npH 
pa6oTe AOMeHHoii neem N° 2 c BA)'&aHHeM H 6e3 B,tO"BBHHB yroJlhaoA m.ma 

fiOK838Te11H 

lblcno BLmy:cKOB qyryHa 
PacxoA yrom.HoA DLUDI, 

TB CMeHy •••••••••• 
CoJleplK8HHe B qyryne, %: 

SI. . 
. . . . . . . . . . . . . 

Mn, ...... • . •••••• 
s . . . . . . . . . . . . . 

TeMnepazypa qyryHa, 0 c 
Co~epllCIHRe B HH>KHeM 

whaxe, %: 
Ai2 0 1 •••••••••• 

MgO ....•....... 
Milo ......... . 

0CHOBHOCTI» Ca0/Si02 ••• 

TeMnepazypa sepXHero 
1W1a1<a, 

0 c ......... . 

Be3 yronhHOH mme 

26 

0, 70- 0,90 (0,86) 
1,05-1,35 (1,19) 
0,018-0,047 (0,038) 
1491-1547 (1512) 

6 ,8-8,0 (7 ,6) 
3,(}-3,4 (3,3) 
1,12-1,12 (1,12) 
1,13- 1,39 (1,32) 

1576-1589 (1582) 

c yromHOH llhlJlblO 

19 

19,0- 27 ,5 (22,0) 

0, 7 2- 1,05 (0,84) 
0,90-1,25 (1,12) 
0,019- 0,035 (0,026) 
1465 - 1546 (1497) 

7 ,0-9,0 (8,~) 
3,3- 5 ,0 (3, 7) 
0,86- 1,26 (1,08) 
1,30- 1,50 (1,39) 

1580-1597 (1587) 

Il p B M e q a H H e. B CJ<06I<ax npHBeAeHLI cpeJlR}le 3Ha'leITTUI TIOKalaTenelt )]JUI BJ 
l<OB. 

-------
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I 

T a 6 n H u a 28. XHMH'leCKHH cocTaB H TeMllepazypa npOAYJCTOB DJJ&BKH 

npH pa6oTe AOMeHHoii ne'IH N° 2 c paJnH'IH1>1M pacxoAoM yromHoii n1tmH 

IloKa3&Tenu Man1>rii p acx o.a; Bom.woii pacxo.a; 

llHCJIO BLIDYCKOB qyryHa 53 107 
Pacxo,n yroJILBoA nhlJlH, 
Kr/T qyryHa ••.••.••. 0-16,1 (1,2) 31,2-69,2 (50,0) 
Cop;ep>KaHHe B qyryue, %: 

Si . . . . . . . . . . . . 0,28- 2,1 (0,87) 0,26-1,35 (0,87) 
Mn . . . . . . . . . . . 0,68-1,55 (1,11) 0,44-2,35 (1,11) 
s . . . . . . . . . . .. . 0,018-0,120 (0,038) 0,014-0,135 (0,036) 

TeMnepazypa qyryua, 0c . 1410-1606 (1501) 1392-1589 (1502) 
Coµ_ep>KaHHe B IDl>ICHeM 

wnaKe, %: 
Al2 0 3 ••••••••••• 7 ,8-14,55 (10,0) 6,75-13,0 (9,78) 
MgO . I ••••••••• 3,6- 8,55 (5,72) 3,0-7 ,93 (5,49) 
MnO . . . . . . . . . . 0,25-2,10 (0,88) 0,20-2,10 (0,78) 
CaO/Si02 . . . . . . . 1,09-1,49 (1,26) 1,06-1,49 °(1,29) 

:TeMilepazypa BepXHero -
IIDlaKa •• • e 0 e e I • e 0 e 1400-1604 (1561) 1411-1590 (1546) 

fl pH Me Q a H He. B CK06KaX npHBeJJ;eHhl cpeJllnte 3H&llefllUI IlOKB3&TeneA. 

BhICOKHe TeMnepazypb1 npo,DyKtOB rmaBKH Ha Bb1nycKax H3 noMeHHoif 
ne11H N° 2 npH BA}'Bamm IlbUieyron1>Horo IOllJIHBa 6bIJIH OTMet1eHh1 taK>Ke 
npu BhIIUiaBKe nHteimoro qyryHa (ta6n. 29). -

JlnHtenbHbIH npoPdl>IllDieHHblH OflbIT BbIIDiaBKH nepe,a;enhHOro t1yr}'Ha 

Ta 6 n H ~a 29. Ka'lecTBo npoA}'KTOB IIJl&BKH npH pa6oTe AOMeBHoii Deq)t 

c BA)"BaBHeM yrOJJhHOH mmu* 

. fiOK83BTeru, 

PacxoA yroni.Hoit IlLJIIH, Kr /T qyryua . . . • . • . 
CoAep>KaHHe B qyryHe ea BLmycKe, %: 

Si . . . . . . . . . . . . . . . . . . . . . . . . . 
Mn e • • e • w • • e e • • • • • • e • e a I e I e e 

s 
p 

. . . . . . . . . . . . . . . . . . . . . . . . . 
e • • I • a • • • • • e • • • I • • • • • • I • e 

c .• • e I • • e • • o e • • • • • • • • • • • • • • 

OmoweHHe C«t>/ Cp • 100 % . . . . . . . . . . . • • 
TeMUepaTypa qyryaa, 0 c . . . . . . . . . . . . . . 
Co~ep>K&.HHe e HH>KIIeM 1W1a1<e, %: 

Al2 03. ·• . . . . . . . . . . . . . . . . . • • . . . 
MgO • . . . . . . . • . . . . . . . • . • • • I • 

M!tO . . . . . . . . . . . . . . . . . . . . . . . 
CaO/Si02 . . . . . . . . . I • • • • • • I .. • • 

TeMDepaTypa sepXHero llIJiaKa, 0c ... ..... . 

BeJIH11HH8 

10-66 (37) 

2,04- 3,56 (2,S 8) 
0,52-1,31 (0,71) 
0,015-0,070 (0,028) 
0,074-0,100 (0,085) 
3,82-4,50 (3,96) 
86,0-101,9 (93,2) 
1499-1593 (1555) 

6,2-11,0 {9,7) 
2,6- 4,0 (3,6) 
0,42- 0,70 (0,53) 
1,12- 1,49 (1,34) 
1564-1623 (1580) 

0 p H M e Q a H H e. B CK06J<aX IlpHBeJ:(.eHLI cpeJl}IHe 3HalleHlUI llOK&l&TeJJeA: IlO 20 Bbl· 

llyCKaM. 

131 



~ ® 6 
0 80 ..... 
V) fiO 0 

I 0 
<C 'JO 

. 
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~ 0,90 0 
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0,85 6 ,....., 
0 ·~ 0 

"' 0,80 0 ~ 

1,5 0 

~ 
0 - "* 0 0 ,..... 

1,2 0 c: 0 0 
2:: 
'--' 1,0 

0,015 0 
0 

g!?_ 0,032 
0 0 0 

§ 0,028 0 

0 70 zo JO 40 50 60 70 80 
Poc,roiJ !JZO/ll>HOU n/JIRU, KZ/T l/fl!fHO 

Piie. 43. 3aBHCHMOCTh llOKa3&TeJieA K3'1CCTB8 1Jyr)'Ha OT pacxo~a mmeyroHf.eoro TOD

nHBa (1.1Hcj>pbl B Kp)'lKKax - KOJIH'leCTBO OllLITOB) 

Ha noMeHH1>1x neqax N° 2 H 3 nonTBepD.Hn oTcyTcTBHe Haue>KHoif ctarnc
THllecKoii B33HMOCBH3H Me)l()l;y pacXO)lOM IlbineyronLHOro TOID1HBa H co
nep)f(aHHeM cep1>1 B qyryHe (Ta6n. 26, 27; pnc. 41, 43). Ka11ecrao qyry
Ha yxy.uwanoch nHIIIl> B cnyt1aHX Hapywemu1 HOpManbHoro pe)KHMa 

pa6oTbI neqeii. TaK, B OIIhITHOH IlJiaBKe Ha AOMeHHoli nellH N° 3 B 1972 r. 

npH pacxone yrOnbHOH IlLIJIH JJ,O 60-80 Kr/T 11}'I'Yffa conep)KaHHe cepLI 

B ttyr}'He, Kone6neMOCTb 3TOro IlOK33aTenH, a TalOKe Bl>IXOA KOHAH

UHOHHOfO no cepe qyryua cywecmeHHo He H3MeHHJIHCb. B AaJI1>HeiiIIIeM, 

HeCMOTpH Ha OJl,HOBpeMeHHOe IlOBbIWeHMe conep)l{a!llUI KpeMIDIH, BhlXO.U 

KOH,IlHUHOHHOrO qyryHa CHH3HJICH OT 50-60 ]J.O 35- 40 %, 'ITO 06'hflCHHeT

CH HapyweHHeM HOpMaIIbHOro cxo.n.a lllHXThl. 

XapaKTep 3aBHCHMOCTH co}J,ep)KaJIHH cep1>1 B 11yryHe or ero TeMnepa
TYPhI, conep)l(aHHH KpeMHIDI H ocHoBHOCTH mna1<a B ycnoBIDIX noMeH

HI>IX neqeii N° 2 u 3 KatJeCTBeHHo He H3MemmcH, lITO TaK)Ke CBHAeTen1>cT

ByeT o coxpaHeHHH yCJJoBHii )J.ecynh<}lypamm qyryJrn. 
AHanomlll-lhIH BbIBOA non.tBep>IQleH OIIbITOM npHMeHeHHJI yronLHOH 

fibiml Ha MeTannyprH'leCKHX 3aBOAax B Hameii CTpaHe H 33 py6e)l(OM 
[17, 57]. 

Cpe;a:HHii ypoBeHb conep>KaHHH KpeMHHH B 11yryHe JJ.OMeHHOH ne'IH N° 3 
6hUI IlOBl>IWeHHbIM, llTO onpenenHeTCfl OTIIOCHTCJlhHO MaJihlM o6oeMOM 

netrn, HH3KHM .UaB1IeHHeM raJOB B ropHe H oco6eHHOCTHMH npo<t>HJIJI. 

Conep)KaHHe KpeMHIDI B qyryHe H3 JToii rrellH npH }'BenHt1emm ·pacxoAa 
yronbHOH llhIJIH JJ,O 60-80 Kr/T llyr}'Ha cywecrBeHHO He. H3MeHHJIOCb. 

IlpH 6onee Bl>ICOKOM pacxone TOIDIHBa BCJle.ncTBHC HeOTpa6oTaHHOCTH 
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OilTHMaJlbHOro pe)l(HM3 IUiaBKH cpeAHHH yposeHb H KOne6neMOCTb conep-
)IC8HHJI KpeMHHH B qyr}'He IlOBHCIU"GICb [17] . . 

IlpH BI>IIDlaBKe nHTeHH:oro H nepeAen&Horo qyryHa c BnyBaHHeM yronb
HOH IlbIIIH B KonHtiecrse no I 00 Kr Ha TOHH)' qyry11a Ha netm N° 2 ypo
eeH1> H cra6HnhHOCTh conep)l(3.HHH KpeMHIDI B qyrYHe CYllleCTBeHHO He 
H3MeHHJIHCh (CM. ya6JJ. 29). 

B MHorotmCTieHHhIX Olll>IIHhIX nrrasKax, npoBeAeHHhIX e CCCP H 3a 
py6e>KOM, He 6hlJIO OTMeqeHO H3MeHeHHH B nponecce BOCCTaHOBneHHJI 
JCpeMlDUI npH BbIIDiasKe nepegen1>Horo, nHTeillioro H cneUHaJJ1>Horo 11yry-

Ha (cpeppoCHJIHUHH) [17, 28, 107, 123]' I 

KaK nOKa3anH HCCJie,noBaHHB, crenem Hac1>1meHHH qyry11a yrnepoAOM 
. (ornoweHHe C~/ CA 100) B yCJIOBHHX ,llM3 61>ma s1>1coicou H ycro:Htm
BOH (90-100 %) L-'4). 

H3 npHBeneHH1>IX AaHHhIX cnenyer, qyo co,a;ep)l(aHHe yrnepona B nepe
Aen&HOM H JIHTeHHOM qyryHe H creneH& Hac&lll{eHHH HM wYHa npH pa-
6oTe AOMeIDIOH ne'IH c npHMeHe.HHeM Ill>VleyronbHOro TOIUIHBa CYIIleCT· 

· seHHo He H3MeHHIIHCh. He1<:orop1>1e 1<:one6aHHH 3toro nOKa3aTen11, KaK H 
npH pa6oTe B o6hfllffl>IX ycnOBHJIX, 061>HCHHIOTCH npe:>KAe ecero H3MeHe
RHeM XHMH'leCKOrO COCTaBa qyr}'Ha (CM. pHC. 41, 42; Ta6n. 29). 

KaK cne.nyer w MatepHan1.tHh1x 6anaHCOB, npHxon tl>oc<l>opa c lllHX· 
TOH npH B,t:zyBaHHH Ha 1 r wYHa no 100 icr yron1>Ho:H IIl>IJIH cymeCTBeH
HO He H3MeHHJI~H, tfl'o M np~,norrpe,n:enHJio coxpaHeHHe ero COAep)f(aHIUI 
B tcyr}'He Ha HCXOA}IOM ypOBHe (CM. ra6n. 29). 

:JloMeHHQ.Jl 11.flQl:fKQ C eoyeaHUeM 8 20pH TOl1/lU8HO-(filllOC080U CMecu 

IlpH pa6oTe noMeHHbIX ne11eii Ha BbICOKOTeMnepatypHOM, o6orameH
HOM KHCTIOpo):I.OM A)'The, . reopeTHtleCKHe TeMDepal)'phI ropeHIDI MOfYT 
B03pacTH AO 3000 °c H Bl>IIIIe. 3Hatmten&HOe CHH)KeHHe paCXOAa KOKCa 
MO:>KeT Bb13B3Th HapymeHHe ra30JJ)IH8MH11eCKOf0 pe>KHMa IDiaBK~ H c~
>KeHHe npoHlBOJJ,HTen&HOCTH neqe:ff, He6naronpm1THoe· nepepacnpe]l;eneHHe 

TeMnepaTyp no BbICOTe AOMeHHOH ne\IH. l103TOMY nenecoo6pa3Ha tmc
THtmWI HJIH nonHWI 3aMeHa npHpOnaoro ra3a KOMIDleKCHhll\m TOIU1HBH0-
4>J11000BhIMH CMeCHMH, cnoco6cTByiollUiMH I<aK CHH>KeHHIO pacxona KOKCa 
H COXpaHeHHlO Ha OIITHMaJlhHOM ypOBHe TeopemtiecKHX TeMnepatyp ro
peHHJI, TaK H 3Ha111uen&HOMY ynyqwemno ra30.tJ.H11aMH11ecKoro pe>KHMa 
38 Ctlet CIDl)KCHHJI BbIXO,na ropHOBl>lX r830B H Bl>IBO,a;a H3 onpeAeJIJIJOIIleH 

~ 30HhI nel!H llaCTH IIDlaKa. B yKa3aHHbie cMecH nenecoo6pa3HO · BBOAHTh 
KOMilOHeHTI>I, 06ecnetIHBa1<11UHe HHTeHCH<l>HKauHR> nponeccoB ropeHHJI 
TOIDIHBa, llDiaK006pa30BaHID1 H ,a;ecyn&cpypamm qyryHa [ 100, 111] . 

0AHaKO sseneHHe xonOAHJ>IX' HeropiotJHx no6aBoK e rope c 11hIJie
yron1.tH1>1M TonmmoM cnoco6cmyeT cymecTBeHHoMy noBhIWemuo not
pe6Hocm Tenna. IloJTOMY HaH6onee nenecoo6pa3HO p;o6aBJI.aTb K II1>me
yron&HOMY TOl11IHBY MapraHUCB1>1e pyn,&1, nnaBHl<OBhIH nmaT, K3JI&UHeByio 
cenHtpy. Kap6H,U KailbWUI H ,a;pyrue, cnoco6Hbie MaJ1J.IM KOnHlleCTBOM 
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06ecne1D1Tb cymeCTBeHHbIC 6naronpHHTHhie H3MeHCJmJI B pa6oTe AOMeH
HOH ne'Ili [110, 125]. 

Ha n0Mem1oii ne11H N° 2 onpo6oBaJIH TeXHonorHro noMeHHoii IUJaBKH 
c BA}'BaHHeM B ropH TOIDIHBHo-<)>nrocoBOH CMecH, COCTOHllleH H3 80--
90 % IlbDieyronbHOfO TOl11IHBa H 10-20 % nmaKOBOH KOpKH - OTxona 
tpy6ocBapo'QHOH npoMl>llllJieHHocTH, COAep>Kawero TJ.O 40 % MnO H no 
3-5 % F [124, 125]. 

)lnH npHrOTOBneHHH TOIDlHBHO-<l>niocoBOH cMecH HCil0Ilb30BaJ1H BTOpyio 
HMY yromHoro CKJia,n:a. 113 nepBOH H BTOpoH HM yronh H KOpKa no.na
BaJIHCh B nsa npHeMHhIX 6yHKepa, H3 KOTOphIX OJ];HOBpeMeHHO c no
MOlUhlO no3atopoB B1>1naBaJIHCh Ha Tpattcnoptep. CooTHoIIIeHHe pacxoAa 
yrnH H KOpKH perynHpoBanoc1> B npenenax 10: 1 H 5: I. IlonytieHHWI 
cMeci. B nponecce neperpy3KH nepeMenmBanach H noczynana B npHeM
Hl>IH 6yHKep, H3 Hero - B a3po6HIIbHbie MeJlbHHUbl. 

IIepeKa11Ka nonyqeHHOH TOID1HBH0-<t>n10c0Boii cMecH Ha pacnpenenHtenh

HO·A03HpoBotn1yio ycTaHOBKY' ee A03HpoBaHHe H BA}'BaHHe B JJ.OMeHH}'lO 
ne11& npoXO,DJIJIH 6e3 cymecTBeHHblX H3MeHeHHn no cpaBHeHHIO c pa6oTOH 
Ha IlblJleyronhHOM TOIDIHBe. 

)lnH BAYBaHHJI B ropH Hcnonb30B3JIH HH3K030IlhHhIH TOmHH yronb 
waxt1>1 "Paccaet" tpecTa "lIIaxTepcKaHTpauHT", COAep)l(ai.UHH 9-11 % 
30.JJLI, }J.0 12 % neTyqHX, 1,3-1,6 % cepbI, 3-6 % BilarH. <l>paKD.HOHHhie 
COCT8Bhl IlbUieyron1>Horo TOIIJIHB3 H TOIUIHBHO·<t>n10COBOH CMeCH OTJIH'la

IlHCL HecymecTBeHHO ~ cpewmii pa3Mep traCTHU COCTaBHJI COOTBeTcTBeHHO 
0,103-0,114 MM, BbIXOA cppaKII,HH KpynHee 0,1 MM - (Sl,9+58,0 %), 
HaH6onee npeAcT8BHTen1>HblMH 6:&IJIH $paKnffH 0,063--0,2 MM, nonH KO
TOphlX COCTaJnma COOTBeTCTBeHHO 78,82-84,92 % . 

.UoMeHH3JI nellb N° 2 K MOMeHTY npoBeneHHH OllhITHOH rmaBKH pa6o
Tana nocne KarIHT3J11>Horo peMOHta II pa3pana 4,5 ro,na. CocTOHHHe 
ne'lll 6hmo yJJ.0BneTBOpHTen1>H1>1M. 

B 1978 r. ne11& B1>1rmaBJIJ1J1a qyryH H3 nowoTOBneHHoro c1>1p:&J1 Ha 
)],}'The, o6oraweHHOM /J.O 22-23 % KHCTIOpoAOM, c BA}'BaHHeM npHpon
Horo r3.3a. 

)lnH aHaIIH3a IIpHHHTbI nepHO)lhl pa6oTbl .IlOMCHHOH netm npH B,a;}'Ba
HHH B ropH DhmeyronhHoro TOIUllIBa H npHpo,uHoro ra3a ( conoctaBH• 
Tenl>HhlH I) ' TOIDIHBHO-<t>nrocoBOH CMecH H npHpo.IUioro ra3a ( OIIl>ITHbIH) , 
npHpo.D.Horo r33a (conocraBHTen1>Hbm II) (1a6n. 30). 

YKa3aJIH1>1e nepHOJlbI xapaKTepH30BaJU1c1> ycroii'IHBblMH noKa3aTeJIHMH 
ll.IHXTOBOro, TeMTiepacypHO-AYTl>CBOro H IID13KOBOrO pe>KHMOB ID18BKH. 

Ha.H6onee BI>ICOKHe noKa3aTenH AOMeHHOH IUiaBKH nonyqeHbI B OIThIT
HOM nepHOAe - npH BA}'B3HHH B ropH TOIUIHBHO-<l>n10coBOH CMecH. 
IlpHBeAeHHeu1 K paBHl>IM ycnoBHHM npoH3Bo,r:urrenbHOCT1> netm B lTOM 
nepHo.ue 6h1na BLIWe, qeM B COilOCTaBHTenbHhlX, Ha 128,1 H 20,2 t/cyr. 

B oITh1rnoM H conocTaBHTen1>HbIX nepuonax onTHMaJil>HaH {onpenenHro
IllaH MaKCHMaJlbHYJO npOH3BO)UiTen1>HOCTh netIH) HHieHCHBHOCTh no yrne-
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Ta 6 n Hu a 30. IloKa3arenH pa6oT1>1 AOMeHHoii ne11H c BAfBaHHeM TOOJIHBHO

tlJmoCOBOH CMecu 

fiOJ<833 TCJill 

IlpOH3BOJJ,lflenLHOCTb netlH, T/cyr ...... . 
Pacxon cyXHx MaTepHaJioa, Kr/T qyryHa: 

KOKCa •••.••.••. . . . . . . . . . . . 
arnoMcpaTa IOfOKa .. 
OKaTbllllCii llfQKa . . . 
MapnmueBoj;i pynhl. . . 
MeTannono6aBKH . . . • 

. . . . . . . . . . . 

. . . . . . . . . . . 

. . . . . . . . . . . 

. . . . . . . . . . . 
H3BCCl'HHKa • • • • • • • • • • • • • 

IlapaMeTphl AYTIJI: 
I 3/ . KOnl· lleCTBO, M MHH. • • • • • • • 

TeMnepaTypa, 0c . . ....... . 

. . . 

AaancHHe, Mna . . . . . . . . . . . . . . . . 
COJJ.Cp)Ka.Hlle KHCJIOpona, % . . . . . . . . . 
pacxoi:x npHpoJJ.Horo ra3a, M3 /T qyryaa . . 
pacxon llUlaKOBOR. KOpl<H, Kr/T qyryHa .. 
pacxo,n yronldloA DbUIH, Kr/T qy:ryHa • • • 

XHMHt1ecKH~ cocTaB qyryHa, %: 
Sl. . . . . . . . . . . . . . . 
Mn ... . ..... . .. ... . 
s • • • e • e I I I e I e e e t a e e e • • I I 

p . . . . . . . . . . . . . . . . . . . . . . . 
TeMncpaTypa qyryHa, ° C . . . : . . . . . . . . 
llIJiaK HH)f(J-1Hil. • • • • • • • • • • • • • , • • • • 

Bhlxon nmai<a, Kr/T qyryna .. .••.•••• 
TeMTiepaTypa BepxHero IilllaKa, 

0 c ..... . 
Co,ll.Cp)Ka.HHe C02 a KOnournHKOBOM ra3e, %. 
BLIXOJl KOnOlliHHKOBOro ra3a, M3 /T qyryHa 
B1>1xoA ropHOBbIX ra3oB, M 3 /T qyryua ..... 
B1>1xon raloB-BOCCTaHoBHTcne1t, Kr/T qyryHa 
BpeM.H npe6bIBa.HWI ra30B B netm, c •..•.. 
B1a1con eepxJ1eti 30HLI TcllJloo6MeHa, M •• · •• 
8LICOT3. 1-Ilf')f(Hei\ 30Hhl TCrUIC0 6MeHa, M •••• 

TeopeTHt1ec1<aJ1 TeMnepazypa ropeHWI (no 
PaM ~,1y). 0 c ... . .... . . . ........ . 
CTeueHb ucnonhJOBaHH.R CO . . . . . . . . . . 
CTl~nenh ncnoJibJOBaHH.R H ~ ..........• 
Clt'fk'H i. npn:Moro soccTa1msneH1u1 )l(eJICJa 
r ,-., tl• ,( . . . . .. . . . . . . . . . . . . . . . • • . . 
T ~11..1 OB o c JHalleHHe yrnepo.na (no IlaBIIOBY) • 
1<.Jl;1.:/!<r }Tnepo.na . . . . . . . . . . . . . . . . 
Ko.J<?>q11nrnenT 1-tcnom,30 aamUI TennoBoA: 
3Ht>pnm yrncpona, % . . ... . . ....... . 

I 

1684,7 

534,4 
990,8 
616,2 
29,9 
71,2 
216,5 

2255 
1010 
0,225 
22,87 
84,7 
0 
38,7 

0,92 
1,01 
0,038 
0,056 
1459 
1,32 
487,1 
1477 
14,67 
2314 
2160 
942,l 
3,21 
2,49 
1,33 

1948 
0,353 
0,456 

35,2 

22,88 

56,9 

IlepHO.tJ.bl 

II 

1812,8 

528,3 
972,3 
553,7 
22,9 
137,2 
177,6 

2322 
1014 
0,220 
23,21 
75,0 
3,0 
16,4 

0,94 
1,07 
0,037 
0,052 
1471 
1,30 
423,0 
1520 
15,55 
2042 
1923 
853 
3,18 
2,68 
1,43 

1952 
0,368 
0,527 

30,9 

23,0S 

57,5 

III 

1792,6 

555,2 
646,5 
763,8 
40.9 
197,9 
209,8 

2270 
1009 
0,224 
22,85 
87,8 

· O 
0 

0,99 
1,02 
0,036 
0,050 
1464 
1,31 
404,2 
1508 
14,47 
2111 
1966 
871 
3,34 
2,58 
1,42 

1922,6 
0,346 
0,439 

34,0 

21,75 

54,6 



•• .-.---
0 

• ·-·-·-A 
'9 

.() a 0 0 

0,590 0,1110 u,100 ae*o o,e!lo o,!11/0 aggo 
H11meHCUBHDCfflb nno6KU' T/111 q1m 

PHc. 44. BmtflHHe HHTeHcHBHOCTH 

nnaeKH Ha npOH3BOAHTenbHOCTb IJ.0-
MeHHOH ne'IH, )lM3, .QOMeHHU ne'lh 

N° 2: 
J - AO OllblTOB; 2 - BO BpeWI 

OIIhlTOB; 3 - noCJie OilLITOB (UH«l>
pLI B xpy>KKax - 'IHCJIO OllblTOB) 

po]Jy coctaBHJl~ cooTBeTcTBeHHO 0,91, 0,89, 0,83 T/ (M
3 ·cyT). OnTHMan1>

H1>1M 3Ha'leHHHM HHTeHCHBHOCTH OTBeqana npOH3BO.a;HTen:&HOCTb ne'IH, 
paBHaH 642, 598, 587 T/cMeH}' (pHC. 44). 

CooTBeTcmeHHo pacxon icoKca B Olll>ITHOM nepHone 61>1n m-t::>Ke Ha 

6,1 H 26,9 Kr/T qyryHa, npHlleM AOCTHrHyro 3TO 3a c11eT 6onee 3<l><PeK
THBHOro HCil0flL30B3HHJI TOIUIHBa. 

B on1>1THOM nep110ne OTMetieHo noB1>1IIIeHHe ycTOHtIHBOCTH pa60T1>1 

netDI. XapaKTepHa B JTOM oTHowemm 33BHCHMOCTI> noica:JaTeneli IDiaB

KH OT OCHOBHOCTH llDiaKa. IlpH BA)'BaHHH llbineyronbHOro TOIUIHBa ycTa

HOBneH AOCTaTO'lllO 'leTI<O B1>1pallCeffilbIH OilTHM}'M OCHOBHOCTH 

(CaO/Si02 = 1,32)' npHtieM 3H3'1HTenbHOe IlOBhillleHHe pacxona KOKCa 

Ha6nronaeTC.ff }')Ke npH OTKilOHeHHHX OCHOBHOCTH 6onee tieM Ha 0,03-
0,05 OT OilTHMaJil>HOH (pHC. 45) . 

IIpH pa6oTe noMeHHoii ne,u1 c BnyBaHHeM TOIIJIHBHo-<l>niocosoii cMecH 
Bl>ICOKHe Il0Ka3aTenM IDlaBKH Ha6IIionrutH B 6bnee WHpOKOM AHaDa30He 

OCHOBHOCTH nmaKa ( 1,25- 1,45). Ilono6H1>1e HJMeHelUUI OTMeqeHbl IIpH 
KOne6a.HHJIX HHTeHCHBHOCTH rmaBKH H CO,Uep>KaHIDI KpeMHHJI B tfYTYHe. 
B Ollh1moM nepHone ynytWIHJIC.H cxon IIIHXThI, o qeM CBHlleTen&CTBYJOT 

CHH)f(eHHe BblllOCa KOilOlllIDIKOBOH ID>IJIH, nepenaAa ,na.BJleHHH ,ropJ1qero 

A}'ThH H KononnmKoBoro ra3a, a TaJOKe ynyqweHHe Kaqecma 11yrYHa. 
TaK, Bl>IXOA qyr}'Ha c COAep)f(aHHeM cep.&1 < 0,035 % }'BeJIH'IWICJI OT 41 
,a;o 49 %, MaKCHM)'M conep:>KaHIDI cep1>1 CMeCTHJICH B CTOpoHy MeHblllHX 

COJ].ep>KaHHH Ha 0,005 % H B03poc OT .18,5 JJ.O 23 %. B1>ixon qyryHa c 

coii.ep>KaHHeM KpeMHHH B npenenax ±0,15 % OT cpenHero 3uaqemu1 
YBenH'IHJICJI OT 57,5 no 87,5 %. 
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CaO/SiOz 

Pac. 4S. 8JIHHHHe OCHOBHOCTH wnaxa Ha OCHOBHJJJe llOJ<a38TeJDl AOMeHHOH DJJaBKH B 

pa31We nepHOAJ>I (1U14Jpi.1 B Kp)')KK8X - 'IHCBO OllhlTOB) 

Xapru<:TepH1>IMH HBnHroTcH MaTepHan1>Ho-TermoB1>1e 6ana11c1>1 nposeneH
. RlaIX IUiaBOK. 

06II.tHH npHxon MarepHaJIOB B OIIbITHOM nepHone COKpanmcH Ha 

302,4-363,7 Kr/T qyrYffa, npe)l(JJ.e Bcero la ct1eT CHH)l(eHHH pacxona 

ICOICCa, nyr1>H H BblllOCa KOilOIIIHHKOBOH IlbDIH • 

. Cs1>1we 92-94 % s BHOCHTC.H KOKCOM H mmeyronl>HbIM TOIJJIHBOM, 

o6u.urn npHXO,U KOTOpOH Bl>ICOK J].IDKe JJ}IH YCJIOBHH ,IloH6acca (9,94-
11,15 Kr/T qyr}'Ha). TaKaJI )Ke tmCT& cephI nornowaeTCH IIDiaKoM -

91,08-94,26 % H TOnbKO 3,3-3,8 % - t1yr}'HOM. Ml new BbnIOCHTCH 

1,95-3,71 % cep1>1. 
IlpHxon <Poc<f>opa HeJHat{HTeneH (0,58-0,61 1<r/r qyryHa), 'ITO onpe

AeJIJieTCH HHlKHM conep)KaHHCM 3TOro 3IleMeHTa BO Bcex KOMilOHCHTax 

IIDIXT1>1. B 11yrYff nepexo.rnn 85,4-89,2 % P, B II1J1aK - 4,55-8,38 %. 
Ilo OpHCHTHpOBO'IHbIM pactJeT&M, conep)l(3.HHe <l>ropa B IWiaKe, npo

XOJ:UlllleM qepel <J>ypMeHHble 30Hhl, DpH B}l}'BallllH TOIUlHBHo-<1>n10COBOH 

CMecH YBeJIH'llUIOCI> Ha 0,2- 0,3 %. 
IlpeHMymecTBa pa6oTbl ne'lll B OilbITHOM nepHO)l.e BHWfbI Hl aHaJ1H3a 

OCHOBHl>IX pact1eTHb1x noKaJaTeneu. TaK, B OIIbITHOM nepHo.ne noKaJa-
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Tenb CTeneHH np.HMOro BOCCJ'lHOBneHHH 6bIIl lllUKe Ha 3,1-4,3 %, Hec

MOTpB Ha MCHblIIllH BbIXOJJ. ra30B-BOCCTaHOBHTene8 (18,G-88,9 M
3 

/T 

qyryHa, IDIH 2,15-9,5 %) . CooTBercTBeHHO IlOBhICHJiach cTeneHh Hcnonb

;30BaHIDI BOCCTaHOBHTCilbHOH cnoco6HOCTH ropHOBl>IX ra30B: 11 co B03-

pocno oT 0,353-0,346 AO 0,368, a 'IJH
2 

- OT 0,456-0,439 no 0,527 . 
Ko3cpcpHUHeHT 11cnon1>JOBaJUIH rermoBoii JHepnrn yrnepona ynY'llllHnCR 

Ha 0,6-2,9 % (cM. Ta6n. 30). 
0CHOBHOH npH11HHOH ynyqrneHHH pa6oTbI netIM B OilbITHOM nepHo.ue 

HBnHeTCH BJ:(yBaHHe B ropH TOIUIHBHO-qm10COBOH CMCCH, cqnep)l(ameii Ha 

TOHHY qyry1rn 16,6 Kr yrnH H 3 Kr lllJiaKOBOH KOpKH. MexaHH3M BJlHH

HHH yKaJIDIHOH cMecH onpenenHeTCH npe)l(Ae Bcero npHMbIM 6naronpHHr

HblM BJlH.HHHeM }'BenHtteHH.H B KOHetmOM H qacrntmo nepBHtniOM nmaKe 

COAep:>KaHHH qnopa H 3aKHCH MapraHI..I_a - aKTHBHblX llDiaKopa3)1(}[)KalO

IUHX JJ.06aBOK. 

KpoMe roro, BAyBaHHe lilJiaKOBOH KOpKH Morno cnoco6cTBOBaTb 

cra6HnH3aIUIB reMnepaTypHoro peiKHMa H o6neMa <}>ypMeHHbIX 30H. 

CywecrneHHo noB1>1CHTh J<f>cPeKTHBHOCTb MeponpIDITHH Morno H ro 

06CTOHTeTibCTBO, tITO nononHHTenbHhIH qlTop H 3aKHCb Mapra1ni:a BBO}Ul

flHCb B UD1aK, KOTOpbIH IlpOXOJJWJ tiepe3 cpypMeHHl>Ie 30HbI: 3TOT IIUiaK 

noABep)l(eH HaH6onee 3Hatm.Ten1>HbIM Kone6airn.HM H B pemaromeii cTene

HH onpeAen.HeT pa6oTy noMeHHOH ne'lll. 

B .YCJIOBHHX pa6or1>1 AOMeHHOH netIH Ha OCHOBHblX H TyrOIDlaBKHX 

IllJlaKax YJ<a33HHl>Ie H3MeHeHHH cnoco6CTBOB3JIH. cymecTBeHHOM)' OOBbl

llleHHIO ycTOHtJJIBOCTH H IlO,nBH)KffOCTH KOHClffihIX H nepBHllHhIX mnaKOB 

H, Kai<: cne,ucTBHe, ynyqrneHHro npeHIDKHOH cnoco6HocTH ropHa, pacnpe ... 

AeneHHH ra30Boro IlOTOKa, CXOAa IIIHXThl H COOTBeTCTBeHHO OCHOBHhIX 

TeXHHKO-JKOHOrvtHllCCKHX IlOKa3ateneii. 

BbtllllaeKa llUTeuH020 1Jy2yHa 

Ilp11 BbIIDiaBKe IIHTeiiHoro tiyrYJia onpenenHIOl.lUIM npoueccoM HBnHeT

cn BOCCTa.HOBneHHe KpeMHHH, Tpe6yromee Bl>ICOKHX TeMnepaTyp B ropHe 

H 3HatmrenLHoro H36bITKa rerma. 3roT npouecc CBH3a.H c OTHOCHTenLHO 

BhICOKHM pacxonoM KOKCa, 3Ha'IHTenhHbIM BbixonoM BOCCTaIIOBHTenbHl>IX 

ra30B, MCHbllleH CTeneHblO HCilOill>30BaJIIDI ero XHMHtteCKOH JHepmH, 

coorBeTcTBeHHO MeHLll.IHM OnTHMaJil>HbIM pacxonoM npHponHoro ra3a no 

cpaBHeHHIO c TeXHonorHeu Bb1nnaBKH nepe.nen1>Horo ttyryHa (33, 34]. 
0nTHMH33UHH lllHXTOBoro, TeMnepaTypHo-nyTbeBOro H IIDiaKOBOrO pe

)KHMOB IUlaBKH B CO'leTamrn c BHe)]:OMeHHOH ,uecyn1>t}lypauHCH ttyr)'Ha 

BhIWiaBKH BbICOKOKatieCTBeHHoro nHTefmoro qyr}'Ha MapKH JIKP (no 

rocr 5.1751--72) [57, 121, 128]. 
IlpHMeHeHHe IIhmeyron1>Horo TOIDlHBa conposo)l(JlaeTc.H 3HatiHTen1>HhIM 

CHH)KeHHeM pacXOAa KOKCa H Bbl3bIBaer MHHHMaJlhHhie H3MeHeHH.a TeMne

paTypHoro H ra30)lHHaMHlleCKoro pe'.>KHMOB rmaBKH. IlOJTOMy MO)IQ{O 

O)KH.UaTl>, qro np11 Bb1IDiaB1<~ nHTeiiHoro ttyrytta 3aMeHa 11acTH npHpo.u-
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110ro ra3a yron1>Hoii IlbDlblO 6yJ:J;eT cnoco6cTBOBaTb nOBhIIIIeHHIO pacxon,a 

AOilOJIHHTen1>HOro TOIDUfBa npH coxpaHeHHH HJIH IIOBbIIIIeHHH TeMIIepaTy

pl>l ropeHHH, llTO B · CBOIO 011epe.Ill> onpenenHT IIOBbIWeHHe 3<l>c}>eKTHBHOC

TH npHMeHeHH.H KOM61urn:poBaHHoro AYTbH. 
Ha JlM3 HapaBHe c nepenenbHbIM ocBoeaa TeXiionorHH B1>1nnaBKH 

JlHTCHHOro qyr}'Ha c , B,IlyBaHHeM B ropH Ilhmeyron1>Horo TOWIHB3 H np:u-

poJlHOfO ra3a. _Onb1n1 npoBeneH1>1 Ha ,uoMeHHOH netJM N° 2, BbIIDiaBn.RB
weH: n11reifHb1H qyrYH H3 c1>1p1>rx pyn KpHBopo)l(cKoro 6accefuia H arno

MepaTa IOfOK c Hcnon1>3oBaHHeM KOKca Pyrt1eH1<0BCKoro KX3 H npH-

. paJJ.Horo ra3a. lln.R npHrOTOBJleHHH yroJJbHOH IlbIJIM HCIIOflb30BaJ1H KOH

ueHipaT romero yrnH MocIIHHc1<oi1: UO<l> [ 123] . 
,Ilru1 oueHKH J<!lcf>eKnIBHOCTH npHMeHeHIDI yron1>HOH IlbIJlH npoH3BOAH

TCJibHOCTb ne1.Ill H pacXOA KOKca IlpHBe.TIH K paBHbIM YCJIOBHHM no co
Aep)Kamno KpeMHHH, Bb1xony lllJ1aKa, pacxony <Pnroca H reMnepaType 
AYfbH. Ilo np11po)l,HOMY ra3y IlOKa3aTeffil He npHBO)]J'ITIH K paBHhlM 
ycnoBHHM, IlOCKOnbKY ero CHH)l(eHHe npH BnyBamm yronLHOH IlbDIH 

JIBilJleTC.R reXHonorHtieCKH He06XO,[IJIMl>IM. 

On1>1T1>1 npoBOJlHnH B TetteHHe 40 cyTOK. 3a 3TO Bpewr B1>11D1aBHJIH 

()KOilO so ThIC. T nHTeHHOfO tzyrYHa npH pacXOAe yron1>HOH IThlJIH 40-
60 Kr/T qyryaa. 

IlpHMCHelllie yron1>HOH IThDlH B KOJilllleCTBe 50 Kr/T tzyrYHa Il03BO
JlH.TIO CHH3HTh pacxon KOKCa Ha 10 %. Cpe,IlHHH 3a Bech nepHOA K03<}>cpH
IUfeHT 3aMeH1>I COCTaBHJl 1,35 Kr KOKCa Ha 1 KT TOIDUIBa. Pacxo,a; npH
pO.IJ.liOro ra3a npH 3TOM COKpanmcH c 57 11.0 40-45 M

3 
/r 11yryHa, TeM

nepaTypa A}'Tl>H R ero BJra>KHOCTI> He H3MemmHCb. CnenosarenbHO, ocBoe
HHe TeXHonor.u.u BhIIDiaBKH IIHTeinmro qyr}'Ha c B,uyBaHHeM SO Kr Ilhme
yron1>Horo TOIUIHBa Ha 1 r qyryHa conpoBo)l(Aanocb noBbillleHHeM reope
TJl'lecKOH reMnepacypbI ropeHWI. B pe3yn1>TaTe H3MeHeHHi'I B pacxone 
)'K33aHHbIX BH)l.OB TOIUUt:Ba o6mM CTOHMOCTb TOID1HBa Ha I T tzyr}'Ha 
CllH3HJ13Cb Ha 2,8 py6. IlpoH3BO,D.HTen1>HOCTb AOMeHHOH netm npH 3TOM 

DOBbICHJiaCh Ha 2 %, KaqecTBO qyryaa H ero TeMnepaTypa He H3MeHHJ1HCh. 

CxoA ll.IHXTbI H ycrolitmBOCTh pa60TbI ropHa cymecrBeHHO He H3Me-

11HJIHc1>. 
3a nepHo,a; OIThITHOH IU13BKH cropeno 5 B03nYIIIliblX <f>ypM, He 6bU10 

npH3HaKOB yxy.ruueHHH ApeHa)l(Hoi{ cnoco6Hocrn ropHa, 'ITO CBHJJ;eren1>
cmye1 0 IIOilHOH f33HcpHK3UHH yron1>HOH Ill>UIH B npenenax ropHa )lOMeH
Hoii netm. 

3<)><l>eKTIIBHOCTb npHMeHeHHH yronllHOH IlblflH npH BbIIDiaBKe JIHTeHHO· 

ro tzyr}'Ha OKaJanac& 6onblrreii, tieM npH BbIIUI3BKe nepe,uen1>Horo. 
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4.3. CoeepweHCTBoeaHHe rexaonom.H BLIDJiaBKH qyryHa 
npH BA)'eaHHH . mmeyronldloro TODJIHBa 

c HCIIOilL30B8HHeM npOMLlllDleHHoA ycraHOBKH 

Oco6eHHocru rexH01102u"ec1<020 pe:NCUMa eb11111ae1<1.l 'lyZyHa 
B nepuoo oceoeHUR npOMblWJZeHHOU ycTaHOBKU 

CoBeprneHcTBOBaHHe TeXHononm BbnmaBKH nepenenbHOro qyrytta c 

npHMeHeHHeM IlbIJleyronbHOfO TOIIJIHBa B 1980-1983 rr. npoXO,lI,lrnO B 

CJIO)l(JlbIX TeXHonorlflleCKHX ycnoBHHX. 3To o6'h.HCWieTc.H npe)l{Ae Bcero 

1<paiiHe Hepa.BHOMepHblM BO BpeMeHH H no <l>YpMaM noczyMeHHeM Ill>IJle

yronbHOro ronnHBa, qyo KBHJIOCb CJie)J.CTBHeM CTpOHtenhHl>IX HeppJJ,enoI< 

npoMbillDleHHOH ycTIDIOBKH, HH3Koro . )l,aBneHHJI KOMnpeccopHoro B03JJY

xa, OTCYTCTBHH CHCTeM CTa6HJIH3aI.tHH H OilTHMH3allHH pe)IG{Ma JIHeBMO

TpaHcnopTa H npH6opoB KOHTpoil.H <l>aKTHlleCKOro pacXOAa TOilJIHBa BO 

BpeMeHH H no cpypMaM. BTop1>1M HeAOCTaTKOM 61>mo HH3KOe KaqecTBO M 

HenOCTOHHHbIH XHMHtleCKHH COCTaB IIhineyronbHOrO TOllilllBa: TaK, 30nL

HOCTh TOmIHBa H3MeIDIJlaCb OT 10 1l0 33 %, a cepHHCTOCTb - OT 1,5 no 

4,0 %. ,UaHHoe 06cTOJ1Ten1>cTBO 060HCHHnocb OTCYTCTBHeM nocTOJIHHOH 
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Puc. 46. TeXJ1H11ecKHii aHaJlll3 n1neyroJ11tuoro TOllJIHBa, HCOOJlh3feMoro ea npoMb1w

nwHoii ycTaHoexe JloHeJll(oro Me11umy prH11ecxoro 3aeo,na: 
1 - yrom, MapKH T waxTbI >KHToMupcKaJI; 2 - yroJlh MapKH T WaxTLI "PaccBeT''; 
3, 4 - KoHueHTpaT yrnx MapKH T qyMaxoBCKoA UOG> 
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yromHOH 6a3bl /Jllff. llbUieB)lyBaHHff. H 003TOMY pa6oroii Ha p.RJJ.OBblX 

~ pa3HbIX wax.T lloH6acca (pHc. 46) . 
He6naronpHHTH1>1MH 61>UIH TaK>Ke TeXHonorHqecKHe ycnoBHH pa60T1>1 

AoMeHHhIX ne'leii N° 1 H 2 llM3, qyo 06nHCHHJIOC1> HerrocTOHHCTBOM coc
.. TaBa )l(ene3opy.u;uou t1acTH ll.IHXt1>1, 3arpY3KOH B IIIHXTY JJ.O 40-60 % 
arnoMepata co CKJiana, HH3KHM KatreCTBOM MapraIIeUCOJJ.ep:>KaIUHX MaTe

. pHaJIOB, yxyA111eHHeM Kat1ecTBa KOKca. CymectBeHHO yCJIO>KIUUIH pa6oTy 
)loMeHHbIX netiefl BbICOKHe npHxon1>1 c nmxrou cepb1 (6-9 Kr/r 11yrytta) 
·it wenot1e8 (7 ,07-10,06 Kr/T qyrYHa). 

· B CJIO)l(HBillHXCH texuonornl!ecKHX ycnoBHHX .noMeHH1>1e ne11H pa6o
T81IH co 3HatIHten&HhIMH Kone6aHHHMH HarpeBa ropHa H yCJioBHH cxona 
D.DIXThl, Kpaillie HeCTa6IDII>Hl>IMH rapHHCIDKCM H npeHa)KHOH cnoco6HOCTblO 
ropHa, qyo npHBoAHno K 3apactaHHIO npocp.mu1, <f>opMHpOBaHHIO HacTbrneif 
H- 3arpoMo)l(AeHH10 ropHa. TaK, ua .a.oMeHuoil ne'IB N° 1, pa6otaromeil B 
1981 r. npaKTH11eCKH IlOCTOHHHO c B)l.}'BaHHeM IlbVIeyronbHOfO TOIDlHBa, 
OrMet1euo 6onee 10 crryqaeB Hapylllemu1 npo<l>IDu1 netm. YctpaHeHHe 
3mx HapymeHHH conpoBo:>K,a,anoc&, KaK npaBHno, 110.nat1eu 6onhmerpy3· 
mix npoMbIBOtIH1>1x "nbI)Keli", CHH)KeHHeM pacxona IIhineyron&Horo ton
ruma H npHpo)J.Horo raJa, o6iuHM JHatmrenbHl>IM HapyweHHeM TeXHono
.rH11ec1<oro pe)KHMa, notepHMH npoH3BO,uHten&HOCTH H nepepacxonoM 
KOK Ca. 

J],nH 06ecnet1eHH.R cra6HJI&Hou pa6otbI neqeu npH BnyBallllH B ropH 
n1>meyronhHOro TOIUIHBa 61>mH orrpo6oBaHl>I H BHeJJ;peHbI cnepyroll.Ule 
MeporrpHHTH.H .. 

. Pa6oTa o6opyooeaHUJl OIZR npUZOT06/leHWl u eoyeaHUJI. 

Bb1nonHeHa peKoHcrpyKltHH pacnpenenHtenLHo-,uo3HpoB011HbIX otJJ,ene
HHH N° 1 H 2, MonepHH3HpOBaHbI a3paUHOHHb1e IIHTaTenH, YBeJIHlleH 
WfaMetp KJiammoe Ha HanonHeHHH npoMe>K}'TOtIHOH eMKOCTH H IDITaIO· 
mero pe3epByapa, pa3pa6onm ~ ocBoeH Meto,n onpe,a;enemu1 <f>aKTHllec
Koro pacxo.n.a nbmeyron1>Horo tonnHBa no <PypMaM, ocBoeHa pa6ota 

. 8BTOMaTHtieCKHX CHCTeM cra6HJIB3filUIH pe>KHM3 IlHCBMOtpaHcnopta: nepe
CblilKH TOIUIHBa, pacxo.ua a3paUHoHHoro H TpaHcnopruoro B03,ayxa, nepe
D~a ,uaBneHH.R IIllT310l.UHH pe3epByap - ropH, BBe]leH B JKCIIJlyataUHlO 
8BTOHOMHbIH B03]lyxonpOBOJJ,, 06ecnetrnBa10ll.DfH IlOBbIWeirne )1.aBneHHH 

.- kOMnpeccopHOfO B03)J.yXa ]lO 0,45-0,50 Mila, OCBOeHa pa6oTa TeIUIOBblX 
. HH,nHKatopoB JUJH)KeHHH TOIUIHBa B <l>YPMbl, ycoBeprneHCTBOBaHa KOHCT
; PYKUHH B03JlYIIIlIOH cpypMbl. 

B Htore BbinonHeHHOH pa6oTbI coJnaHhI pe)KMMHbie KapTh1 JJ)IH Pll0-1 
H P,U0-2, yMeHbWeHa ttepaBHOMepHoCTb noczynneHH.R TOIDIHBa Bo BpeMe
HH H no cpypMaM no ±10 %, CHH>KeHbl no 2- 3 % npoCTOH o6opynoBaHIDI. 
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Y.!ly1Jwe1tue Ka!lecrea nblJleyzo/lbHozo TOn!luea 

c MapTa 1982 r.. Ha ycTaHOBKe ,tl,lUI B,OyBaHHH IlbineyronbHOrO TOil

IlRBa CTaJIH HCIIOnb30BaTb HH3K030IlbHbIC KOHUeHtpatbl yrn.H MapKH T 
qyMaKOBCKOH UO<I>. Ha yronLHOM cKJia,ne ycTaJIOBKH nonuep>KHBWIH 
HCCillDKaCMbIH Janae yrnH B KOmI'lleCTBe 2-4 TblC. T. IlocTaBKa yrneH 

Apynrx IIIaxT npeKpameHa. OcBoeH e)KeCyTOtIHbIH KOHTponh XHMHqecKo
ro H <t>paKUHOHHOfO COCTaB3: IlhmeyronbHOro TOIUIHBa, OCBOeH ce):U{MCH

TailHOHHbIH MeTO)l onpeneneHHH cppaKUHOHHoro COCTaBa IThmeyronLHoro 
rormHBa.. Bb1nonHeHbI HCCJienoBaHH.H H onTHMH3HpoBaHa pa6ora y3na 

npHrOTOBneHHH, pacctrnraHH3JI Ha IIOilytICHHe CTa6HJibHOf0 no <l>paKJ..ijiOH

HOMY coctaBy H Bila)K}iOCTH 111>1neyronbHOrO TOIDnfBa. 
TiepequcneHHbie MeponpHHTHH cnoco6cmoBaJIH 3HatmTenbHOMy nOBbI

wemuo 3cpcpeKTHBHOCTH npHMeHeHHH IIhineyron1>Horo TOIUIHBa, OJJ,HaKO 

He pemanH OCHOBHOH npo6neMbI. CBH3aHHOH c HH3KHMH CTa6HJlbHOCTblO 
rapHHca>1<a waxrhI H HapymeHHeM ApeHa)l(Hofl cnoco6HocrH ropHa. Perne
HHe Jtoro H ApyrHX Bonpoc;c>B TeXHOnonm 6bIJIO, B OCHOBHOM, o6ecne

qeHO 38 CtieT ynyqmeHIDI <}lpaKUHOHHOro OOCTasa IIIHXTl>I, HeifrpanH3aUHH 
BilHHHIDI menotieH, OIITHMH3auIDI CHCTeMbl 3arp}'3KH ll.IHXTbl H npyrnx 
napaMeTpoB TexHonorn11ecKoro peiKHMa. 

Y11yllweHue ¢paK£lUOHH020 cocraea tuUXTbl 

Mccne]l.oBaHHH noKaJanH, tITO B o6blllHOH npaKTHKe )lM3 npuxon c 
)l(eJie3opynttOH llaCTblO lilliXTbI cJ>paKlUIB 5-0 MM COCT3BnHn AO 500---
600 Kr/T tiyr}'Ha, T.e. npeBl>IlllaJl aHaJlOfH'IHYIO BeJ1Hl.IHHY _Ha npyrHX Me
TaJIJiyprHtieCKHX 3aBoAax CCCP B 2-5 pa3. OcHoBHhIM nocTaBIUHKOM 
<t>paKUHH 5-0 MM 6Lm arnoMepaT IOfOK, cop,ep>KawllM ee 26 %. OWia
KO B 061>1\filOH npaKTHI<:e 3aBO)l.3 AO 40---60 % arnoMepaTa 3arp}')KanH 

c pyuHoro .naopa - "113 pe3epBa": COAep:>KaHHe MeJIO'IH B raKOM arnoMe
paTe n0Bb1I1Ianoch no 35-45 %. IlpH conep:>KaHHH B llllfXTe 70 % arnoMe
paTa H Jarpy3Ke B nrnxTy nonoBHHbI arnoMepata "M3 pe3epBa" 3TOT 

KOMilOHeHT lllHXTbl BHOCMn AO 70---80 % ¢paKUHH 5-0 MM. 

MHoro Meno-crn BHOCHJia • qHazypc1<fill Maprain.i;eB3JI pyna IV copra, 
COAep>Kamaa 50- 60 % cppaKIJ,HH 5-0 MM, pacxon ICOTOpoH COCT3Bil.HJ1 
50---100 Kr/T tzyryHa. 3HatIHTeneH (no 3-S %) Bl>IXO}l. <l>paKUKH 5-0 MM 

H HJ OKaTbUlleH UfOKs .a;onH l<OTopbIX B IIIHXTe cocraBn.Rna AO 20-
50 %. )lnH ynyqmeJiliH cppaKUHOHHOro COCT3Ba llIHXTbl 6bIJ1H BHe,a:peHbl 
cne.uyroll.Uie Meponpm1TID1: 

yBemrqeHO OT 15-18 AO 28-30 KOilHlleCTBO 6yHKepoB A.TUI Bhlrpy:3-
KH arnoMepaTa: 

pa3pa6oTaHhI H 43CTlf11HO BbIIlOnHHIIHCb rpacpm<H paBHOMepHOH IlOCTaB

K H arnoMepaTa: no O)lHOMY Mapmpyzy B cyrKH; 
arnoMepaT Bh1.nep)l(HBanCH ''Ha Konecax" a Tex CJiyqaHX, 1<:orna AJUI 

3TOf0 6hunt H005XO,llHMOCTb If B03MO>KHOCTb; 

CIIJDKeHO COAep)KaHHe Mapnuma B qyryHe AO 0,6- 0,8 %; 
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qacTH'IHO HJ1H nonHOCTbJO 3aMeHeHa 1uiazypcKa11 MapnrnueBaJI pyJJ.a 
IV copTa wnaKOM cHJIHKOMapnuma H 11D1aK0Boii KOpKoii; 

H3BeCTHHK. cilpaI<UHH 20-80 MM 3aMeHeH H3BeCTHffKOM 20- 50 MM; 

B COCTa.Be npOMhlBOlllll>IX ~T CTaJIH Hcnonb30BaTb CBapO'llibIH llU1aK , 

JJJ118K CHJIHKOMapraima H KpHBopo)KCK}'IO )KeJieJH}'IO PYAY - npolllib1e H 

JCYCKOB:&Ie MaTepH31Ibl. 

PeaJIH33UIDI nepe11HcneHH:&1x H npyrnx MeponpHHTHH noJBoJIHna yMeHb

IllHTb e 1983 r . .nonm "pe3epBHoro" arnoMepaTa B lllHXTe no 5-10 %, 
3H8'1HTeJibHO COKpaTHTb paCXOA HJIH BbmecTH nonHOCTblO H3 lllliXTbl tIHa
TYJ>CKYJO Maprruui;eeyio pyny IV KJiacca. B HTore yKa3aHm1e H npyrHe 
MeponpHHTHJI Il03BOJllUDI B~oe H 6onee COKpanfTL npHXOA c IllHXTOH 
c)>paKUHH 5-0 MM, 11TO HBHJIOCb QJ}'H.naMeHTOM MeponpHHTHH no IlOBhillle

HHIO CTa6HJ1bHOCTH npo<Pmu1 AOMeHHOH netIH. 

HeuTpllllu3a14ua enuRnu.11 U1e:zo"eu u cra6ullU3au,wi npo<ft'UllR waxni 

B1>1coKHe (7,07-10,06 1<r/T qyryua) npHXOA menoqeu c ll.IHXTOH H 

AOilJI nepexona HX B ra3 onpeAemmH npeBLIIIIeHHe B 10-20 pa3 6e3o
nacHhIX HOpM HX KOHneHrpamrn B ropHOBOM ra3e [130; 131]. l13 Tex
HlllleCKOH IlHTepazyp1>1 cne.rzyeT, qTO, nepeXO}J}I B T3KHX KOJmtiecrnax B 
r33, meno'IH Bl>l3hI.13alOT 3HalJHTeill>HOe yxyJlllleHHe IIpO'IHOCTH KOKCa H 

oKannnen, HapymeHHe ycnoBHH pacnpep;eneHIDI ra3oBoro noToKa B netrn, 
npo<l>HJIJI ne'IH, npeHa>KHoii cnoco6HocTH ropHa, cnoco6crnyroT Hacn1-
neo6p33oeam110. Y1<a3a.HHh1e H3MeHemu1 3HatIHTenbHO yxy)J.IllaIOT reXHHK0-

3KOHOMH11ec1<He IlOKa3aTeJ1H ID13BKH, B qacTHOCTH, CHH>K3IOT npOH3BO,[l,H

TeJll>HOCTh ne11eii Ha 20 % H 6onee [130]. Bpe):Uloe BIIHHHHe menot1eii 

3Ha11HTeJ1bHO ycyry6Ju1eT 6onblIIOH npHXOA c IIIHXTOH <PpaKUHH 0- 5 MM. 

HccnenoBaHIDI HaCTLmeii, ynaneHHbIX Ha noMeHHhIX neqax N° 1 H 2, 
DOATBep.rourn, tITO B HX COCTaB BXOAJIT KOKC, rpa<l>HT, qyr}'H, IIInaK, 

,arnoMepaT H OKaThIWH. lllnaK, JIBil.RIOJ..UHHC.JI OCHOBHbIM CBH3YJ01UHM Ma
TepHa110M, COCTOHT npeHMYIUeCTBeHHO H3 KpHCTaJUIOB MenHJUITa, renH

HHTa, BonnacTOHHTa H meno'IHocon~pilCanuiX MHHepa.TIOB. XapaKTepHa 
cnoeBaJI crpyKzypa HaCTl>IJlH, B KOTOpOH TOHKHMH cnoHMH pacnonara
IlHCI> 11D1aKH c BhICOKHM (B OTnen1>Hl>IX npo6ax AO 35-54 %) conep>Ka

.HHeM menoqeii. 
IlpHBe)l.CHHbie AaHHhie CBHAeTenbCTB}'10T 06 HHTCHCHBHOH KOH)l.eHcamm 

lllenoqeii B waxTe AOMeHHOH netIH H onpe.a;enmoweM BJI1u1mrn JToro npo
llecca Ha cJ>opMHpOBairne rapHHc8)Ka. 

06menpH3HaHHbIMH 3<}l<l>eKTHBHhilvlH cpencrnaMH 6op1>61>1 co meno11aMH 
JIBilJllOTCJI CHH>KeHHe HX npHXo,na c llIHXTOH no 6e3onacHoro ypOBHH 
"(1,5-4,5 Kr/T qyryHa), nepHO.tnI'leCKOe IlpHMeHeHHe npoMl>IBOlJHbIX 
IIIHXT H3 "KHCJil>IX" MaTepHanOB, nepHO!U{tleCKOC JUlH IlOCTOHHHOe CHH

)ICeHHe OCHOBHOCTH nmaKa H HarpeBa ropHa c UeJlblO IlOBbllllCHIUl CTerre

BH yxo,na menoqeif co 1ID1aKOM TJ.O 80 % 11 6onee. B YCJIOBHHX ,UM3 
DpH pa6oTe ne'IH c BJlYBaHHeM ID>meyronbHOfO TOilJIHBa "'yonbKO 35 ,5-
37 ,l % meno11en y.nan.Rnocb co IWiaKoM (Ta6n. 31). 
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Ta 6 n Hu a 31. 6amU1Ch1 ll(eJJo'leii no nepHOA3M pa6ot&1 AOMeeuoi ne'lH N° 1 

llJ.HXTOBhJe M8TepH3Jlbl Hioni, 1981 r. 0KTH6ph 1981 r. 
npo.u,yKTbI D:J18BIC H 

paCXOA COAep)l(a· npH.XO.tJ: Ha l T pacXOA COJJ.ep)l(3- npHXO.D. H8 1 T 

M8TCPHa- HHe B Ma- qyryHa M3TepH8· HHe B Ma- 11yryHa 
na, ICI'/T TepHaJ1a, na, Kr/T Tep Hane, 

% Kr/T cyTKH % % Kr/T CYTKH % 

llpuxod 

KoKc CKHIIOBhlA (cyx.) ........•. 522 0,38 1,98 27,9 507 0,40 2,03 25,9 
Ih.meyronLHoe TOIIDHBO •••••••••• 19 0,68 0,13 1,8 33 0,68 0,23 2,9 
ArnoMepaT IOfOK . . . . . . . . . . • . . 918 0,24 2,20 31,0 1254 0,29 3,63 46,4 
OKaTldWH UfOK . . . . . . . . . . . . . . 711 0,26 1,85 26,1 377 0,26 0,98 12,5 
>Kene3HWI py.na . . . . . . . . . . . . ... 11 0,40 0,05 0,7 11 0,42 0,05 0,6 
MapnmueBaJI py.na ............. 39 1,55 0,60 8,5 32 1,62 0,52 6,6 
H3BCO'l11RK. • • • . . • . • • • . . . • • . • 133 0,12 0,16 2,3 120 0,20 0,24 3,1 
IlnaBHKOBDIJt wnaT. . • . . . . . • . . . . 7 1,29 0,09 1,3 12 1,3 0,15 1,9 
lllnaKOBaJI KOpKa . • • • • . . • . . . . . • 5 0,61 0,03 0,4 2 0,50 0,01 0,1 

Pacxod 

.IIIJiaK . . . . . . . . . . . • . · . • . · · • · 425 0,62 2,63 37 ,1 456 0,61 2,78 35,5 
KonowHHKosu nLUih •••••••..•. 137 0,30 0,41 5,8 89 0,56 0,50 6,4 
Bona ralooqHCTKH . . . . . . . . . . . . 17 M 3 /T 0,96 13,5 1,7 M3 /T 0,96 12,3 
OcraeTc.H B neqH (no pa3HOCTH) • • • . • 

, 
3,01 43,6 4,56 45,9 



flpOOOIZJIC(!HUe TD6/l, 31 

lllHXTOBble ¥8TepHanh1 H HoH6p& 1981 r. 21.4-02.S.83 r. 04 - 11.0S.83 r. 
npo.a.y KTbl W18BKH 

pacXOA co.a;ep- np HXO.O. Ha 1 T pacxo.n; co,a.ep- npHXO.tl Ha 1 T pacxo,a. co.a;ep- npHXOJl Ha l T 
MaTepua- >K3HHe qyryHa MaTepHa- )1(3HHe 'lyryHa M3TepHa- )1(3HHe qyryH3 
na, B M8Te- na, Kr/T B M&Te- na, Kr/T B MaTe-
Kr/T puane, Kr/T % puane, Kr/T % pHane, Kr/T % 

% % % 

llpuxoo 

KOKC CKHilOBLdt (cyx.) 531 0,44 2,34 33,0 459,1 0,27 1,2306 22,7 507,l 0,25 1,2677 23,5 
IlldJleyronLHoe ToIIJIHBo 22,0 0,63 0,14 2,0 82,3 0,25 0,2057 3,8 0 
ArnoMepaT IOfOK . . .. 1058 0,22 2,33 33,0 1058, 7 0,28 2,9644 54,3 974,7 0,26 2,5342 46,9 
0KaThlllDI UrOK . . . . . 576 0,20 1,15 16,3 447,4 0,16 0,7158 13,1 464,7 0,16 0,7435 13,8 
>Kene3H8JI pyna . . . . . • 10 0,42 0,04 0,6 4,0 0,18 0,0072 0,1 54,4 0,18 0,0979 1,8 
Mapnuu,teBaJI pyna . . . . 43 1,41 0,61 8,6 47,6 1,58 0,7521 13,9 
l13BCCTHJIK • • ••••.•• 114 0,26 0,30 4,2 148,3 0,006 0,0089 0,2 160,4 0,004 0,0064 0,1 
IlnaBHKOBLIA wnaT. . • . 11 1,30 0,14 2,0 
lllnaKOBrul KOpKa. . 5 0,40 0,02 0,3 50,8 0,62 0,3150 5,8 

Pacxoo 

lllriaK . . . . . . . . . . . . 415 0,61 2,53 35,8 463,1 0,98 4,5384 83,2 438,4 0,94 4,121 76,3 
J<onOWHHKOBa.H Obuth . . 101 0,44 0,44 6,2 82 0,64 0,5248 9,6 78 0,48 0,3744 6,9 
Bo.na ra30otmCTKH . • . • 1,7 M 3 /T 0,96 12,3 1,7 M 3 /T 0,20 0,7600 13,9 4,9 0,47 2,3030 42,6 
lllilaM. . . . . . . . . . . . - 16,0 0,48 0,0704 1,4 12,5 0,67 0,0838 1,6 
OcraeTCJI B ne'IH (no pa3-
HOC'l"H) •• • •••••• . • - 4,10 44,5 -0,4450 8,1 - -f,4804 27,4 . 



OcHOBHbIMH nocTaB1UHKaMH menotteii 6LDIH arnoMepaT, MapraHue
B1»1e PY~I, KOKC~. XapaKTepHLI 3HatfHTen:&Hhle KOne6aHHJI conep)l(aHHJI 
menoqei{ B 111HXTOBhlX MaTepHanax (pHC. 47, Ta6n. 31). 

HeKoTopoe CHH)l(eHHe npHXo,na menoqeii c umxToif y.nanocb o6ecne
'tlHTh 33 CtleT CIDDKeHHJI paCXOAa TOIDIHBa (KOKC + II1>V1eyron1>uoe TOIUIH
BO) ' a TaK)l(e-"MapraimeBhlX ,no6aBOK. 

Ca.Mo DhmeyronbHOe TOIDIHBO BHOCHT 2,0-4,2 % meno11eii. IlOJTOM}' 

061.UHii npHXOA menot1eii c npHMeHeHHeM Ilbmeyron:&Horo TOIIJIHBa cy
mecmeHHo He H:JMeHHJICJI. TeM He MeHee, npHMeHeHHe IIhmeyron:&Horo 
TOIUIHBa MO)l(et ycyry6HTh HeraTHBHOe BnHBHHe menoqeii 6naronaps 

~ 
~ 
~ 

~ 40 

~ 
'l 

~20 

~ 

5 

~ 0 __ .......... ___ ___,,,~ _ _..__,__.&.....,,l._....__ ..................... I......'--........... __, 

410 410-0,21- aJI- 1,0 1,01- ~51- l,01-2,51-J,01- J,5 
v 0,20 0,30 0,'10 !, 50 2,0 2,50 J,O J, 50 

0, 700,10-U,ll-D,Jl-0,'1!·0,51- 0,61- D,71-0,61- O,!Jl-7,01- 1,n 
0,20 O,JO 0,'10 0,50 0,60 0,70 D,81 0,90 1,0 1,10 1,20 

{K20 + N20), % 

PHc. 4 7 ~ 'lacTOTm.1e AJ1arpaMM1»1 pacnpeAenet1HJ1 cyMMapaoro COlleJ>>IWllUI IQeno.el 
B WllXTOBhlX MaTepHBJiax H TODJIH&e: 

1 - arnoMepaT IOrOK; 2 - OKaTlaDJ.IH UfOK (CeBrOK) ; 3 - OKaTWillH nroK; 4 -
>KeJie3H8JI PYAa; 5 - H3BecTHJl1< 06D111HLdt; 6 - MaplCIHUeB8JI pyna; 7 - KORc; 8 -
01JJ1eyroJllaHOeTOIDIHBO 
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yBeJIH'leHHIO PYAHhIX Harpy301< H npHxo,na <t>paKUHH 0-5 MM Ha I T 

KOKca, tffo npe.uonpenenHeT yxylUlleHHe ra3onpommaeMOCTH lllHXTh1, 
ycToH'tmsocm ra3osoro noToKa, TeMnepaTypHoro pe>KHMa ropHa H max
TbI. IlpH HeH3MeHHOM COCTaBe )Kene3opy,nHOH llaCTH llUiXThl H KOKCa 

cywecTBeHHoe CHH:>KeHHe npHXona meno'leii 3aTpy,uHHTenbHO. IloJToMy 

oqeBH)l,HO, lJTO HeiiTpaJUl3aIUUI BJIIDIHHJI weno11eu B KOHKpeTHbIX TeXHo

norHtieCKHX yCJioBHHX B03MO>KHa nHllll> 3a cqey MeponpKHntii, 06ecne11H

BaIOI.UHX MaKCHMaJlbHhlH HX nepeBOU B lliJ1aK. 
CTantcTH.t1ecKHH aHaJIH3 nonmep.rum, 11To pernaromee BJIHHHHe Ha y.ua

neHHe menoqefl co llDiaKOM OKa3bIB3IOT OCHOBHOCTb wnaKa, conep)KaHHe 

B HeM 3aKHCH Mapraiu~a H COJJ,ep:>KaHHe B qyrYHe KpeMHHH (pHC. 48, 
49) . Jlo 70- 90 % cnyttaeB H3MeHemu1 conep)KaHHJI menol!eu B uma1<e 
onpeAen.HeTCH 3THMH IlOKa3aTen.HMH. CHH)KeHHe OCHOBHOCTH lllJiaKa Ha 

0 ,1 % H CO,D;ep)KaHWI B qyryHe 
KpeMHIDI Ha 0,1 % onp~)J.eJIHIOT 
yBenHqeHHe nepexoAa menoqeu B 
IW13K COOTBCTCTBeHHO Ha 1,7 H 

0,3 Kr/T KJ1H opHeHTHpoBOIJHO Ha 
20 H 4 %. 

113 pHc. 48 BH)lffo, lfIO H ycToii
llHBbIH ypoBeHL YAaneHIDI menot1eK 
B nmaK o6ecnelllffianc.s np11 conep

>KaHHH B 'l}T}'He KpeMHHH 0,6-
0,8 % H OCHOBHOCTH llUlaKa 1,21-
1,30. YKa3aHH1>1:H pe)l(HM, OAffaKo, 

He Mor 6hITh npl"JUIT K BHenpe

HHlO, TIOCKOilbKY IlpH AamlhIX 

napaMeTpax pa6oTL1 netIH e1>1xon 
HeKOHAHUff OHHoro no cepe qyrYJla 

ysenHtlHBaJlCfi AO 19- 21 %. 

PHc. 48. 'lacTOTHbte AHarpaMMhl pac
DpeAeneHHR OCHOBHOCTH wnaKa, COAep

*8.HHJI KpeMHHH H cepLI B 11yryue npH 

YCJJOBHH COAeplKaHHJI s WJiaKe 6onee 

1,4 % ll.leJIO'leii 

JO 

20 

10 

20 

70 

1,10 1,11-1,16-1,2!-1,31-~J6-
!,15 1,20 !,JO ~J5 l,'10 

npeoeno1 no ocHD6Hocmu t.uRoKo 

4lD-!lJJ-O,'l/-fl5/- 0,6/-0, 7J-Q87-D,9/-0,01-1, 10 
0, JO 0, 'ID 0,50 0,50 fl 70 0,80 4 90 ~ 0 1,10 " 

r-- ' 
I 
I 
I 
I 

l 

[Si.],% 

0 ~"""'-1.~'--'-------------------U, D l O- 0,011- 0,057- 0,071- O,D!J/- 0) 00 
v 0,01/0 l!D50 D,080 0. 100 I\ 

[SJ, jo 
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1, 1 1, 2 7,3 !,'~ 1,5 

CaO/SiOz 

~ J,5 
... -0 

~ lJ 
- I 

hJ 

7, 1 

0.5 0, 7 0,9 1, 1 1,3 
[Si J , 0/o 

Pile. 49. H3MeHeHHe COAeplK3.HHJ1 tQeno'leii e wnaxe B 3aeHcHMOCTH OT TexHonor1111ec
KHX llOK83aTeJJeii AOMeHHblX ne11eii: 
1 3- 1 · 2- 2 I t 

IlpHHRTaH B 1981 r. MeTO)l.lU<:a nepHOAHlleCKOH DpOMbIBKH rrpoqnmH 
6on&rnerpy3HbIMH nonatraMH (no 50--200 T) HMena ycnex nHllll> B cny-
11ux y>Ke CJIO)KHBIIIerocH H 3H8tIHTeJJl>HOro HapyIIIeHHH npo<l>HJUI H HC 

npHHOcHJia ycnexa KaK npo<l>HJiaK1W1ecKoe MeponpIDITHe. 

,IlrrJI ynyqmeHHH npo<t>HJiaKTH'leCKOH pa6oTbI npoTHB 3apacTaH1UI npo

<l>HJUI ne'IH c anpenH 1982 r. Ha JlOMeHHbIX neqax N° 1 H 2 Hat13JIH cHcte
ManNeCKH npHMeHJITb npoMbIBOtIH.bie "KHCJibie" MaTepHaJihI: )l(ene3uyio 
pyA}', 01<athIWH IlfOK H UfOK, MapraaueByio pyA}', llUlaK CHJIHKO

MapraHua H 1IU1aK0By10 KOpKy. MapraHeuconeP>KalllHe MaTepHan1>1 non
HOCThIO BBOWIJIHCb B COCTaBe npoMbtBO'llll>l.X nunaq, H3BeCTIUIK - B 

orpaHH11eHHOM KOnHtJecTBe HJIH nonHOCT1>10 Hc10110qanc.H. Macca KOKca 

B npoMl>IBOQHOH IlO)l.aqe H CHCTeMa ee 3arpy3KH He H3MeHRJ1HCb no cpaB

HeHHIO c OCHOBHhIMH nona11a?dH. 
AHanH3 MatepHaJil>HbIX 6anaHCOB 3a 1983 r. no1<a3an, 'ITO npHIDITbie 

Mep1>1 no3BOnHJIH cHH3HTb o6num npHXOJl merrot1eii Ha 1 r qyr)'Ha, a cTe

neHb HX nepexona B nmaK noB1>ICHTh no 76,3-83,2 % (ra6n. 31). Ynyq
weHHro nepexona meno11eii B IlD1aK cnoco6cTBoBanH T3.10Ke orpaimqeHHH 

OCHOBHOCTH IWlaKa H CO}l;Cp)l<aHHH B qyryHe KpeMHIDI .. 
Ha ,a;oMeHHhIX ne11ax N° 1 H 2 Tp3JlHUHOHHOH 6bma CHCTeMa 3arpy3KH 

llIHXThl "KOKCOM BnepeA'' npH BeJUNHHe KOKCOBOH KOilOl.UH 4,5-5,0 T. 

OJJ,ilaKo no Mepe noe1>1weIDU1 PYWlhIX HarpYJOK H B ycnoBHHX pa6o11>1 
C 6onhlIIHM npHXO,UOM Ha 1 T qyTYJia <l>paKUHH 0- 5 MM, pauHOHaJibHbIM 

0Ka33J10Cb }'MCHl>llleHHe Beca KOKCOBOH KOilOlIIH flO 4,0--4,25 T npH Bece 

py,llHon qacTH lllHXTl>I 14-16 T, a T3K)Ke 3arp}'31<a rro.natm arnoMepaTOM· 
( OKaTl>IlllaMH) "Bnepe.n". 

B npaKTHKe pa6oThI c npHMeHeHHeM m.meyronbHOro TOIDIHBa B 1968-
1978 rr. OCHOBHbIM napaMeTpoM KOMneHcamm 6bm npHpo,nHbIH ra3, 

paCXO)l KOTOporo /JllH coxpaHCHHJI Ha HCXO]lHOM YPoBHe TeopeTHlleCKOH 

148 



Ta 6 n Hu a 32. 11oxa3aTenH pa6on1 AOMeaaol ne'IH N° l AM3 e nepHOA 
OCBOeHHR TexHonontH c DpHMeHeHHeM DhUJeyrom.aoro TOOJIHB8 

fiOK838TenH HHsaph cl>enpBJih- lli<>Hlr- CeHT.R6pb 0KT.R6ph 
anpeni, asrycT 
(A) (B) 

IlpoH3Bo,nCTBo qyryHa 
{npHBeA.)' T/cyr •.....• 1630,l 1649,8 1675,9 1717,9 1762,5 
Pacxon KoKca (npHBe,n.), 
Kr/T qyryHa .••.•..••• 517,6 486,6 468,3 453,2 447,6 
~CXOA cyXHX MaTepHBJIOB, 
Kr/T 'lyryHa: 

arnoMepaT IOfOK . . . . 1011,5 994,6 1004,4 1023,8 1033,5 
0 Ka Thllllll • • • • • • • • • 536,8 526,2 516,0 501,9 455,2 
Mapnmues&J1 pyna H 
Maprauenconep>k8lllHe 
no6a.BKH ...•..•••. 50,7 56,1 40,6 31,4 31,6 
CBapoimLnt WJJaK • • • • • 0 0,2 11,6 5,0 0 
H3BeCTIUl·K . • • . • . . • • 178,6 139,2 154,l 148,5 124,0 
MeTaruJOJl06aBKH • . . • . 141,5 174,6 157,7 131,l 157,9 

.Dyneso1t pe)ICHM: 
KOnHlleCTBo, M3 /MHH. • • 2175 2099 2024 1933 1905 

· .uaBneHHe, MIIa • . • • • . 0,230 0,238 0,239 0,239 0,228 
0 . 

1070 1078 1080 1088 1078 TeMUepazypa, C . . . . . 
Pacxon npHpoAHoro ra3a, 
M3 /T 'lyryH.a • • . • • · · • · • 75,7 69,3 73,l 78,0 61,7 
Pacxon IIl:dJieyronl:dloro Ton-
nHBa, xr/T qyry11a • • . • . • 3,5 38,6 33,7 38,4 39,9 
KononmHKOBLUi ra3: 

0 TeMnepazypa, C . • . . . 264 284 335 321 307 
.naBJteHHe, Mila . . . . . . 0,127 0,133 0,133 0,130 0,118 

XHMHtreCKHA COcnlB, %: 
C02 ••••••••••••• 14,7 14,5 15,S 16,4 16,0 
co ............. 25,7 25,3 24,S 24,0 23,8 
H 2 . . . . . . . . . . . . . 5,3 5,4 5,5 5,8 5,4 

CreneHi, ncnonLloBaHHJI CO 0,364 0,364 0,388 0,406 0,402 
BhIHOC KOilOWHHKOBO:R IILI-
nH, Kr /T 'lyryHa • • • . . . . • 62,9 81,6 77,1 73,77 67,4 
XHMH11ecxmt coCTaB qyry-
Ha,%: 

Si . . . . . . . . . .. . . . . 0,98 0,90 0,81 0,87 0,85 
Mn ............. 0,77 0,77 0,65 0,55 0,64 
s . . . . . . . . . . . . . . 0,03~ 0,039 0,034 0,035 0,039 

XHMHlleCKHA coc~ UDial<a, 
%: 

A12 o, ......... . ~ . 9,1 9,1 8,7 8,9 9,2 
MgO •..........• 4,0 3,9 4,0 3,0 3,9 
s . . . . . . . . . . . . . . 1,99 2,12 2,06 1,97 1.,96 
MnO •..•.•.. I ••• 0,68 0,96 1,25 0,66 0,71 
FeO ............. 0,58 0,59 0,57 0,51 0,49 
CaO/SiO~ . . . . . . . . . 1,29 1,31 1,29 1,30 1,30 

Bi,1xo.n l!DI&Ka, Kr/T qyryHa 464,5 439,7 448,l 442,0 420,0 
TeKytUHe npocroH. '1-MHH . 6-21 26- 46 32-02 ~S9 17-17 



flpo0onJ1CeHue ra6.tl. 32 

IloKa3aTeJIH .Sl.HB8ph Cl>eBP a11&- HloHb- CeHTH6ph 0KTH6pb 

anpen:& aerycT 
(A) (E) 

3aMeHa B03JlYIIIllLIX ct>ypM, 29 15 7 5 
llIT • • • • • • • • • • • • • . • 

TeXHmecKJdt BHanH3 IILIJie-
yroIILHoro TOIDIHBa, %: 

Bnara. • • . • • . . . . • . 0,4 0,4 0,4 0,6 0,6 
3ona ••• .. ••••••• 19,3 17,2 15,3 9,8 9,6 
cepa •.•..••...•.• 2,19 . 1,67 1,80 1,76 2,25 

CreDeHL 1 np.BMoro BOCCTa-
HOBileHIDI, %. . . . . . . . . . 41,8 4P,6 36,2 38,7 42,1 
TeopeTHlleCKaH TeMnepaTypa 
ropeHWI, 0c. . . . . . . . . . 2043 2016 2031 2048 2033 
CyMMapnLIA pacxon yrnepo-
AR, Kr/T qyryHa • . • • • • . • • 490,4 494,5 476,8 471,2 441,4 
CyMMapHLdt pacxon yCJio.e-
Horo TOIDJHBa, Kr/T qyryHa 581,5 591,6 567,4 
CyMM8pHaJI CTOHMOCTL 
TOIJJIHBa, py6 /T qyryaa. • . • 34,54 33,71 32,62 32,50 29,92 

TeMneparyphI ropeHHH H BblXO,a;a ropHOBl>IX ra30B Ha 1 T qyryua COKpa

ll{aJICH Ha 0,2-0,3 M
3 /Kr lll>IneyronbHOro TOIDIHBa. 

HeraTHBHoe BilHHHHe Ha ra30gHHaMHKY noMeHHoii ne1111 3aMeHL1 qacTH 

KOKCa IlbmeyroJihHl>IM TOIJJIHBOM HeihpaJIH3yeTCJI npH nocTH)KeIDm cyM

MapHoro K03Cl>cl>HIWeHTa JaMeHbl "i:K.3 = 1,0 H BhIWe. 

Cnen.oBaTenhHO, B JJ.aHHOM CJiyqae KOMneHcHpyi<>IUHM MO>KeT 61>1Tb 

n106oe MeponpHHme, 06ecnetmB810l.llee }'BenHqeHHe TK
3

: cHIDKeHHe pacxo

na c1>1poro «1>n10ca H Bl>IXOJ].a llU13Ka, IIOBhIWeHHe TeMnepacyphI JzyTbB H 

CHH)KeHHe ero Bna:>KHOCTH, MeT3JlIIH3anHH lllHXTbl, IlOBl>lllleHHe KaJIOpHH

HOCTH .uononHHTenbHOro TOID1HB3 HilH KOKC3 H T.)l.. IlpH J],OCTH)Keinm 

ypoBHJI TK
3 

= 1,0 pacxon npHpoAHoro ra3a MO)KeT cymeCTBeHHO He 

yMeHLwaThcJI, tITO B more 6y,D.eT cnoco6cTBOBaT1> o6weMy CHH)l(emuo 

pacxo~a 1<01<ca. 

B npaKTHKe oceoeHHB npoM1>1llD1eHHOH ycTaHOBKH nOBbillleHHe BenH-

1rnHhI TJ(3 D,O HOMHHaJlhHOro ypoBWI 6bin0 06ecne11eHO 3a ClleT CHH>KCHHH 

30nbHOCTH IlhUieyronhHOro TOIDIHBa ~o 7- 8 %, qacTHtJHOro BhIBO,Ua H3 

llIHXTbl arnoMepaTa H3 npe3epBa" H 11Harypc1<oii MapraimeBOH PYAf>l, 
BHe,npeHHH npoMhIBOlffiblX no,naq H T .Jl. 

KaK no1<a3anH npoMb11IIJieHHb1e IUiaBKH, yKaJaHHbIX H3MeHemtif 01<a-

3anoc1> ,UOCTaTO'IHO )l.TIJI KOMileHCallHH BJl.)'BaHHH 30-40 Kr IlbU1eyron1>

HOrO TOIDIHBa Ha I T t1yr}'Ha 6e3 CYlllCCTBeHHOfO H3MeHeHHH pacxona 

npHpoAHoro ra3a. 

)]JUI KOJIH11CCTBeHHOH OUCHKH J<t><l>eKTHBHOCTH MeponpIDITHH no CTa-
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6HJIH3auHH npo$ruu1 ne'lH 6bUIH paccMoTpeHbI nepHOAhI pa6oTbI neq11 N° I 
no npe>KHeii reXHonorHH - ct>espan&-anpenb (nepHon A) H no uosoii -
mo11raBrycr (nepHon E) (Ta6n. 32). B OilbITHOM nepHo.a;e 3Ha'1Hren1>Ho 

(61-91 %) IlOBIJICHIICJI IlOK83aTeni, ycTOHllHBOro CXOAa llmXThl, B 10 pa3 

yMemnnmoci, KonH11eCTBO 6on1>11Ierp}'3HJJIX npoMI>mOllHbIX "1Ib1>Keii", 

nOJlaBaeMhIX AJIJI ycTpaHeHHJI 3apacTaHHJ1 npo<l>HnJI H BbipaBHHBaHHJI xona 
ne11H, }'MeHbllOOIOCb KQJIHqecTBO npHH)')l.HTenbHhIX OC8AOK H T .J].. 

HroroBbIMH noKaJaTenxMH pa6oTbI ne'IH B OJlbITHOM nepHone cranH 
npHpoCT npHBe]J.elillhIX K paBHblM yCJIOBHJIM npOH3BOJnfTeJIIJHOCTH netIH 

Ha 1,6 % H CHH)KeHHe pacxo~a 1<0Kca Ha 18,2 Kr/r 11yr}'Ha, HJtH Ha 3,8 %. 

Coeepw.eHCT606QHUe u 3<fi(fieKTU8HOCTb TeXHOllOZUU 8bl1l./lQ8KU 

nepeOe.tlbH020 l/)'ZyHa c npUMeHeHUeM nbl/leyZO/lbHOZO T01111U8Q 

Ou;eHKY 3apf}>eKTHBHOCTH npHMeHeHH11 IThmeyron&uoro TOIDIHBa B&1non

HHJIH Ha npHMepe JlOMCHHOH nelllf N° 1, IlOCKOilhl<Y Ha HeH HMeJICJI Mecfiq.. 

HhIH nepHOA pa6oTbI 6e3 IlbDieyron1>Horo TOIUIHBa npH ycTOiftmBOM 

COCTOJIHHH of>opyAOBaHIDI H TeXHOnOrnlleCKOrO pe>KHMa. 

CpeAJieMecHllllbIH pacXOA TOIDIHBa H3MeIDIJ1C.fl OT 30 no 40 Kr/T qyry- · 
Ha. Cl>aKTlftleCKOe CHH)KCHHe pacxona KOKCa no cpaBHeHHJO c 1-11 KBap
IaJlaMH 1980 r •. (Hatra.JIO BHenpeHIDI IlbIJieyronbHOro TOIDIHBa) COCT8.BHJ10 

B 111-N KBapTaJiax 1982 r. 70 Kr/T tiyr}'Ha, H1lll 6onee 70 TbIC. T KOK

ca B ran, B TOM 11Hcne 3a cqer npHMeHeHIDI mmeyronbHoro TOIDIHBa -

30 Tl>IC. T (rafin. 32, 33). 
KaK }'Ka3bJBanoci, paHee, ,nocmruyroe CHH)f(eHHe pacxona KOKca 

060.HCIDieTCH HapaBHe c IIpHMeHeHHeM mmeyron1>Horo TOIDIHBa npHllH

THeM Mep no cTa6HJIH3aJJ.HH reXHonomqecKoro pe>KHMa IDiaBKH: aeiiT-

Ta 6 n Hu a 33. CDaxTH'lecxHe pacxo.Q1t1 roDJIHBa npH BhlOJl8BKe nepeAe.JlbHoro 11yryaa 
ea JloaeQKoM MeTarutypr1t11ecxoM 3&BOAe B 1980-1987 rr. (no A8JIHblM TexBH'lecxoro 
onen 3BBOA&) 

roA Pacxo.a; PacxoA Pacxo,a; CyMMapHhIH CToHMocn 
Ilb11Ieyron1t- npapo~m- KOK Ca paCXOA TOIDJHBR, 
HOro TOIUIH- ro r&38, cyxoro, ycnoBaoro py6/T 
Ba, Kr/T M 3 /T 11yryHa Kr /T qyryH8 TOIDlHBB, qyryua 
qyryea Kl" /T qyr)'H8 

1980, I uonyroAHe 0 82 592,0 681,2 41,46 
1980, II nonyroA11e 11 83 578,0 678,4 40,96 
1981 19 73 554,1 651,0 39,53 
1982 36 73 531,0 642,8 38,69 
1983 33 77 517,2 631,l 37,73 
1984 42 76 509,0 630,0 37,56 
1985 63 70 501,7 634,7 37,83 
1986 66 71 490,0 627,1 37,33 
19~7 (4 MeCJ1U9.) 69 72 479,0 620,0 36,73 

151 



panH3aIJ)UI BJIHJIHIDI l.l{enoqeii, CHH>KeHHe 30IlhHOCTH H cepHHCTOCTH IlhUle

yromHoro TODJIHBa, coKpameHHe pacxo,na MaprauueBbIX ,no6asoK, onTH

MH3aIUUI CHCTeMbI 3arpy3KH WHXThl, 1ff0 o6ecnetIHJIO KOMneHcaUHIO He

raTHBHbIX H3MeHeHHii ra30nHHaMHtJecKoro pe>KHMa, onpe,n.ene~hIX 3aMe

HOH '13.CTH KOKca IlbmeyronbHhIM TOIUIHBOM [ 115, 117] . 
CpeUHHH no nepHo.a;aM, rrpHBeneHHbIH K paBHJ>IM ycnoBHJIM KoJ<P<l>u

IUieHT 38MeHbI KOKCa COCTaBHJI 0,64 )],TUI llhineyronhHOro TOIUlHBa H3 

pH,II.OBoro yrnJI H 0,8 n;IJI TOIDIHBa H3 KOHUCHTpata yrnH q}'MaKOBC

KOH UO<I>. 
11poH3BO~Ten1>HOCT1> ne11eif no Mepe }'BeJIHtieIDIH pacxona TOIUIHBa 

cymecmeIDIO He H3MeHHJI3Ch (CM. Ta6n. 32, 33). 
Ka11ecmo qyrYHa B nepHO)J)>I c BA}'BaimeM mmeyronhHOro TOID1HBa 

T3IOKe cyiuecrneHHO He IOMeHHJIOCh, HeCMOTp.H Ha HeKOTopoe CHH)l(eHHe 

conep)KaHHJI B qyryae MapraHua ( ra6rr. 32). ConocTaBJieHHe nepHo,noB 

A H Ii noK3.3.bIBaeT, qyo CTa6HJIH3aUH.H cxo,na llIHXThI, ycTpaHeHHe 3apac

TaHIDI npo<1>mu1 H CHH>KeHHe pacxo,ua KOI<ca cnoco6cTBoBanH ynyqweHHro 

Ka11ecma qyryaa no co,nep)f(aHHIO KpeMHHJI H ceph1. TaK, BbIXOA HeKOH· 

,llHUHOHHOro qyryirn B Mapte H aBrycTe CHH3HJICJI COOTBeTCTBeHHO no 

KpeMHHIO H cepe OT 42,4 AO 24,8 % H OT 19,l ,II.O 15,6 %. IlpH 3TOM 

OCHOBHOCTh IIDiaKa T&IOKe CTa6RJIH3HpOBanac1>: non11 B.binyCKOB llDl&Ka 

c OCHOBHOCTblO 6onee 1,35 CHH31UlaCI> OT 24,4 TJ.O 15,1 % npH cpeJU{eH 

OCHOBHOCTH 1,31 H 1,30 COOTBeTCTBeHHO (pHC. 50). 
IlpHMeHetm:e IlbIJieyron1>HOro TOIUIHBa conpoBO)l(AaJIOCh ynyqweHHeM 

20 
15 
10 

s Ll._.....L,___......J._~~~~:::::t:::::==r::::::::i=::c::.._J 
O~ 21 31 '11 51 61 71 87 91 101 "' 
~ -25 -35 -f/.5 -55 -65 -75 -85 -95 -105 -115 
~ [SJ· 10-~ % --------+------~ 
~35 
~ 30 

~ 25 
~ 20 
~ 75 
~ 10 

5 

*' 61 87 707 121 1'11 '11 61 87 101 121 1,16 1,25 1,36 
-50 -70 -90 -110 -130-150 -50 -70 -90 -110 -1,30 -1,20-1,30-1,40 

[Si]. 10-~ % [Mn]. 10-~ % Cao/ Si02 

PMc. 50. Ka11ecmo 'l)'I'yHa B nepHOABX c npHMeHeeHeM (1) H 6e3 npHMeHeeHH (2) mme
yro.J11Jaoro TOIUDIBa 
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OCHOBHl>IX KOMIUieKCHhDl Il0Ka3aTeneu IIJI3BKH. TaK, creneHb HCIIOnb30-

BaHIDI BOCCTa.HOBHTCilbHOro IlOTeHI.(Hana ropHOBl>IX ra30B IlOBl>ICHJiaCb 

Ha 1,3-4,2 %, TeoperHt1ecKaa reMnepacypa ropeHHH coxpammac1» Ha 

Bl>ICOKOM HCXOl(HOM ypoBHe: 2018-2059 °c (cM. Ta6JI. 32). 
YKa3aHHhie H3MeHeHHH noKa3areneu rmaBKH ceHneren1»cTBYJOT o 6rra

ronpHHTHhIX H3MCHCHHHX TeXHonom'leCKOro pe)KHMa, onpeAeileHHhIX KaK 

uenocpencTBCHHOH 3aMeHOH qacrn KOKCa IlhDieyrOilhHblM TOIDIHBOM, 

Tak'. H KOMIDICKCOM TeXHonorHtieCKHX MeporrpIDITHH, 06ecnet1HBa10lllHX 

}lononHHTenhHoe CHH)KeHHe pacxo.ua KOKca, BbIXona ropHOBoro ra3a H 

IlOBbIWeHHe ~3 JJ.O ypoBIDI 6onee 1. 
On1>1rno-npoMb1WJieHHaH IDiaBKa 6b1na npoBeneHa Ha noMeHHoif ne'IH 

N° I c nen1>10 yTotIHeHIDI ocHOBHLIX napaMerpoB TexnonorH11ecKoro pelKH

Ma npH IlOBblllICHHOM pacXO):J.e IlbmeyronbHOro TOWIHBa, npHrOTOBilelUIO

ro H3 HH3K03oni,uoro KOHII.eHrpata romero yrnH qyMaKOBCKOH UOcI>.· 
(Ac= 9 %) . B nepHOA OIIhITHOH 1UiaBKH Bh1nonHeHa noBepKa H KOppeK· 

THpOBKa IlOK3.3aHHH BarOH-BeCOB H KOKCOBblX ronOBOK, IlOBbIWeHa T011-

HOCTh orrpeneneHIDI eeca mmeyronbuoro TOIDIHBa, o6ecneqeuo no.u.nep

)l(aHHe cra6HJU>HOrO COCTaBa IIIHXThl H OCHOBHl>IX napaMelpOB llDiaKOBoro 

H reMneparypHo-nyrheBoro pe>KHMOB. 

B om1m1>IX nepHo,a;ax noJJ.IJ;ep>KHBancH noB1>1meHHhIH pacxoA KHcnopo

~a AJUI 06oraweHHJ1 A}'Tb.H: 3,2 Tb1c. M
3 /q, YBeJUlqeu pacxo)l csapo11Horo 

IIDlaKa, IWiaKOBOH KOpKH H llDiaKa CHJIHKOMapraHua c UeJihlO yCHJleHIDI 

npoMhmOK ropHa H npo<I>mu1 maxn1. XapaKTepHOH oco6eHHocn.10 1D1aB

KH 6bIJIO OTIIOCHTCilbHO MaJIOe CHH>KeHHe pacxona npHponeoro ra3a Ha 

BA}'Ba.HHe TOIUIHBa: 4>aKTiflleCK8.JI KOMileHcamu1 IlbIJieyronhHOro TOIDIHBa 

npHpOn;HbIM ra30M COCTaBHJia < 0,1 M
3 

/T IILmeyronhHOrO TOIUIHBa. 

OceoBHbIMH KOMneecHpy101IU1MH MeponpIDITIDIMH CTaJIH CHH)l(eHHe 30nh

HOCTH IlbIJieyronbHOro H o6oraweHHe nJTb.H KHCJIOpo.rtOM. 

M3 ra6.n. 34 BHAHO, trro cpe,ll.HHH npHBenelillhrii Ko3<1>4>HIU1eHT 3aMeHhI 
COCTaBHJI 0,82-0,97 COOTBCTCTBeHHO AflJI pacxona IlbIJJeyron1>Horo TOIDIH

Ba 68,0-93,2 Kr/T 11yry11a. l11>meyronbHhIM TOIUIHBOM 6bUIO 3aMeHeHO 

52,0-73,1 Kr KOKca (11,4-14,3 % COOTBCTCTBeHHo). Pacxon ycnOBHOrO 

To1D1HBa H o6uum pacxon yrnepona coxpaHJDIHCb npaKTHtleckH Ha HCXOA

HOM ypoeHe. 

IlpHBe.a;eHHaJI npOH3BOAffTenhHOCTI> lJ.OMCHHOH net1H H HHTCHCHBHOCTh 

'no yrnepony TaK:>Ke COXpaHHJIHCh Ha HCXO)l.HOM ypOBHe H npeBl>IIIIa.llH 

IDiaHOBbIH ypoBeHh. 

TaKHM o6p33oM, )'Ka3aHHI>IMH 6a1umcoBhIMH OllbITHhIMH IDiaBKaMH 

DOATBCp>K)J.eHa Bl>ICOKaH TCXHOnOrHlleCKCUI H JKOHOMH'leCKaJI :Jcl>cl>eKTHB

HOCTb }'BeJIHtICIDUI pacXOAa HH3K030IlhHOrO IIL1J1eyronhHOrO TOIDIHBa 11,0 

60-80 Kr/T qyryaa. 
IJocne npose):J;eHHH OIIhITIIl>IX nnaBOK Ha noMeHHOH neqH N° 1 noimep

xamanc.H IlOBblllICHHbIH (Ha ypoBHe npoeKTHOH MOWHOCTH ycraHOBKH -

65 Kr/r qyryHa) pacxoii; IIhDieyronbHoro ToIDIHBa: noKa38TeJIH J<!>cl>eKTHB-
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Ta 6 JJ H u a 34. UoKa38TenH pa6oTh1 AOMeuu1>1x ne'leii AM3 c BA}'BaHKeM 

llbmeyroJibHOro TOMHB8 

IlOKa3aTeJIH v VI Vil IX 

Ilpo,a,on>KHTenbHOCTh, cyT.. . . . . . . . 10 15 12 53 
IlpoH3BOAHTenLHocr1>, TI cyr. . . . . . . . 1781,9 1792,3 1735,0 1738,3 
Pacxo).1. KOKca, Kr/T qyryaa, <t>axT .••• 519,9 466,8 459,l 439~3 
PacxoA IILD1eyro.TIH1oro TOIUJHBa, 1<r/T 
qyrYffa . • • . • • • • • . • • • • • . • • • 0 68,0 93,2 78,7 
Pacxon npHponaoro ra.Ja, M 3 /T qyryaa 75,2 70,8 68,8 63,9 
TeMDepaTypa AYTLJI, 0c • • • . . . . • • 1067 1062 1058 1063 
Pacxon MaTepHaJioB, Kr/T qyryHa: 

arnoMepaTa .• . • • • • . . •.•••• 
...__ 958,2 994,2 1058,7 895 

OKaTbIWeA •••.••..••.•.•. 442,6 458,9 447,4 508,2 
ct>nmca . : . . . . . . . . . . . . . . • 140,6 133,5 148,3 248,4 
MapraHeuconeplKantHe MaTepHan1>1 49:1 55,0 51,0 45,2 
MeTaJIJIOA06aBKH • • • . • • . • • . • 214,8 179,2 171,5 174,3 

Co~ep>KaHHe B qyryHe, %: 
Si . . . . . . . . . . . . . . . . . . . 0,76 0,77 0,81 0,76 
Mn . . . . . . . . . . . . . . . . . . . 0,84 0,86 0,63 0,56 
s . . . . . . . . . . . . . . . . . . . 0,030 0,028 0,034 0,036 

- BLixo~ IWJaxa, xr /T qyryaa . . . . . . . 425,8 431,1 463,1 496,0 
Ca0/Si02 . . . . . . . . . . . . . . . . . 1,28 1,29 1,30 1,27 
06DeMH8JI 1l0rul KOKca B WHXTe, % .. 5(),05 52,8 51,S 50,9 
Cpe,llHJdt J].HaMeTp KYCKOB WHXTLI, MM 37,9 36,6 36,l 36,2 
TeopeTHt1ec1<aJ1 TeMIIepazypa ropeHIDI, 
oc. . • • • • • . • • . • • . • . • • • • • • 2051 2042 2069 2057 
BldXoA cyxoro KonoIIIHHKoBoro ra3a, 
M 3 /T llyryHa • • • • . • • • • • • • • • • • 2186,4 2207,8 2210,5 1901,0 
CyMMapHLIA: BhlXon l"a30B-BOCCTa· 
HOBHTtmeA:, M

3 
/T qyryHa. • • • • . • • • 886,2 832,2 830,3 710,9 

BpeMJI KOHTaKTa ra3a c OKCHJJPM )l(e-

ne3a f2K, c . • • • . •••..• • • • · · • 0,573 0,520 0,609 0,554 
CTeneuH ucnoJIL3oBaHHH: 

BOAOPO~ ••••••••••••••• 0,346 0,330 0,384 0,402 
OKCH,IUI. yrnepOAa • . • • • • • . • • • 0,355 0,365 0,359 0,385 

CTeneHL npHMoro BoCCTaHoenemu1 rd' 
% . . . . . . . . . . • . . . . . . . . . . • 31,9 35,0 32,8 40,7 
Ko3Cl><1>HU.HeHT Hcnonh3oB8HWI reruio-
BoA 3HeprnH yrnepona, % ....... . 57,01 56,55 56,06 57,56 
K.n.A. TeIDia, % . . . . . . . . . . . . . . 78,48 80,41 80,0 90,79 
PacXOA YCJIOBHOro TOIDIHBa, Kr/T 
'llyiyHa • • • • • • • • • • . . • • . • • • • 518,5 583,6 591,5 550,4 

HOCTH npHMeHeIDUI flbIJleyroJibHOro TOIIJlHBa B OCHOBHOM coxpammHCb 

Ha !JhICOKOM ypoBHe B pe'1<'.HMe ,lJ)IHTeJlhHOH npOMhllWieHHOH 3Kcnnya
T8UHH (CM. Ta6JI. 34) .[ 116] . 
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4.4. Cosepmeecraoea11ue reXHonomH BLIDJiaBKH qyryna 
npH pa6ore ,noMelDILIX neqeii 
c npHMeHeHHeM nonOJIHHTenldlLIX TOIUIHB 

Ha JJ.M3 pa3pa6oTaHbI H ocBoettbI TeXHonorHtieCKHe MeponpHHTH.R, 

. cnoco6CTBOBaBl.11He HapaBHe c .upyrHMH KOMilCHCHPYIOIUHMH MeponpHR
THHMll nOBbIUieH1110 ycToiitIHBocTH 11 3cp<}>eKTHBHOCTH TeXHonon1qecKo

ro pe:>KHMa llOMeHHOH IU13BKl1 npH BeyBaHHl1 B ropH flbUieyrOJibHOro 
TOIIJlHBa 11 np11poJJ.Horo raJa. 

IlpoBeACHbl npOMbIWJieHHblC HCflbIT3HHH aBTOM3TH11eCKHX HpKOCTHblX 

nHpoMeTpOB JJ,JHI H3MepemuI TeMneparypbl cpypMeHHbIX 30H JlOMeHHbIX 

neqeii. 

Bo3MO)f(HOCTh J<a11ectBeHHOH ou.eHKH ypoBHH HarpeBa roptta no noKa-

3aJIHHM HpKOCTHblX rmpoMeTpoB HBTIHCTC.H HX OCHOBHbIM, HO He e,rnrn
CTB eHHhIM npeHMymecTBOM. Ilo IlOK33aHH.HM JTHX IIpHOOpOB MO)KHO 

IlOJJ.D.Cp'1GIBaTb TaKyro teMilepaTypy B <J?ypMeHHbIX 30Hax, KOTOpaH HB· 
nHeTC.H OITTHM3JlbHOH c TOtIK'.H 3peHHH pOBHOfO cxo,ua lllliXTbl, JJ;OCTH>t<e

HIDI BblCOKOH CTeneHH HCilOilb30BaJUUI BOCCTaHOBHTeTibHOH cnoco6HOCTH 

ropHOBbIX ra30B H T.n. l13MepeHHe reMnepacypbI BO BCex c}>ypMeHHblX 

30Hax ;a;aeT B03MO)l(HOCTb ycTaHOBHTI> HepaBHOMepHOCTb pa6oTbl netJ.H TIO 
OKpy>KHOCTH. HenpepbIBHbIH KOHTponb 3a COCTOHHHeM Q>ypMeHHbIX 30H 

;naer B03MO)l(ll0CTb CBOeBpeMeHHO ycTaHOBHTb HapymeHHH TeXHonorH11ec

KOfO pe)KHMa nnaBKH, Bbipa>KaroIUHecH B rny6oKOM noxonop:aHHH ropHa, 

ononJaHHH rapHHC3)f(d , OnJIOCTopoHHeM cxo.ue lllllXThI, noHBnemrn Hacrbl· · 

, neii, nonaAaHIDI e maxTy netn1 BOJ.U>I H3 nporopeBIIIHX xonorom1>HHKOB. 
HenpephIBHOe H3MepeHHe TeMnepaTypbI <t>ypMeHHhIX JOH HpKOCTHbIMH 

nHpoMe1'p3MH ycTpaIDieT cy6neKTHBHOCTb B 01..(CHKe TeIUIOBOrO COCTORIDUI 

ropHa H <l>YPMCHHbIX 30H [94] . 
l13MepeH.He TeMnepaTyphI tiyrytt·a H BepXHero lllllaKa Ha Bh1nycKe 

Heo6XOAffMO AJUI KOHTpOIDI 3a H3MeHeHHeM TefIJlOBOro COCTOHHIDI ropHa 

H noir.nep)Ka.HH.H 3Toro noKa~aTenH Ha ypoBHe, HaH6onee 6naronpHHTHOM 
WUI nonyqeHHJI KaqecrneHHoro 11yrytta H BbICOKOro ypoBH.H OCTaJibHblX 

noKa3aTeneft 1D1aBKH. l13MepeHHe reMnepatypbI qyry11a H nmaKa Ha BhI· 
nycKe MO>KeT OKa3aThC.ff He06XO)];HMDIM npH OCBOeHHH HOBbIX BH~OB 

CbipbH, npH BHCJJ.peHHH KaKHX-mIOO H3MeHeHHH TeXHonorHtJ:eCKOro- pe)KH .. 

Ma, npH OTpa6C>JKe OrrrHM3JlbHOro pe:>KHMa IUiaBKH HJIH ycTpaHeHH.H .il)lH
renbHblX Hapylllemtii pa60Tb1 nellH. B 3THX ycnoBHHX H3MepeHHe TeMne-

, paTypbI qyrytta H nmaKa Ha Bbmyc1<ax naeT BOJMO>KHOCTI> HMeT1> uane)K
HbIH H npHMOH noKa3aTenb Harpeea ropHa u Kat1ecTBa wYHa, 'ITO B 3Ha

. q1nenbHOH Mepe o6nertJHr H ycKopHT pemeHHe nocTaBJlemibIX 33}].311 
. [94, 132]. 

AHamt3 TeXHH11ecKOH ITHTepaTyph1 H OIThIT pa6oThI AOMeHHbIX ne11eif 
JlotteuKoro Merannypn-1qecKoro JaBona noKaJbma101, 11To Me~y pacxo
AOM KOKCa H TeXHOJIOfH'1eCKHMH rrapaMeTpaMH TIJiaBKH cymecmyeT JKCT

peMaJlbHaH 3aBHCHMOCTb. Pa3pa6oTaHa H onpo6oBaHa nporpaMMa pacqera 
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Ha 3UBM "MHHCK-32" 3KCTpeMaJ1hHhIX 3HatieHHH OCHQBHblX napaMeTpoB 
nnaBKH, 06ecnet1HBa!OlllHX pa6oTy AOMeHHOH nel.IH c rdHHHMaJlbHO B03-

MO>KHhlM B AaHHhIX TeXHonorHtleCKHX ycnoBHHX pacxo,a,oM KOKca. Pac
'leTbI, Bh1nonHeHHb1e wu1 ycnoBHH ,noMeHHOH netm N° 1 (V n = 1033 M

3), 
nOKa3bIBaIOT, lfrO Me>K,Dy paCXOAOM KOKCa, c OJ:OIOH CTOpC>Hbl, H HHTeH
CHBHOCThlO IUiaBKH, pacxo,noM npHponHOTO r33a, conep:>KaHHeM B t1yrYHe 
MapraHna H KpeMHHH, noKa3aTenHMH Kat1ecma arnoMepaTa u KOKca, c 
Apyroii, HMeeTcH ycToiftu1sa11 3KCTpeMaJibH3JI 3aBHCHMOCTh. IlpH 3KCTpe
MaJil>HhIX [ 133] 3Ha11emu1x napaMeTpoB pacxona KO Kea Mor 6LIT_I> Ha 
4-8 % HH)l(e <PaKTH'leCKOro. 

B ycnOBIDIX pa60Tbl J];OMeHHblX net1eH Ha OCHOBHhIX (CaO/Si02 = 
= 1,25-H ,35) mnaKax OCBOeHHe teXHOJIOrHH BbUJJiaBKH nepenenbHOfO 
llyrYHa c BBeneHHeM B lilllXTY <J?ropCOAep>KaIUHX nmaKOp33)1(}i)KaIOWHX 

MaTepHaJIOB cnoco6cTBOB3J10 CTa6HJIH33UHH HX <f>H3H'leCKHX CBOHCTB H 

xlfMHllecKoro cocTaBa, yny111nemuo cxo.na IIDlXThI H Ka'leCTBa nepe.a;enL
Horo qyryt1a. Ha OCHOBe <f>TOpHCTbIX lllJlaKOB OCBOeHa TeXHonorHH BbIIl
naBKH M3J10Mapra.HUOBHCToro nepeneJI1>Horo 11yr}'Ha H3 llIHXTbI, conep
)l(ameii AO 50-100 % oKaTLuneu [134]. 

IlpHMeHeHHe HaKnOHHl>IX B03A}'ll.IHhIX <l>YPM 34>t}>eKTHBHO rrpH BbIIl
naBKe tiyrYHa pa3HbIX BHll;OB. 

IlpHMeHelllle cpypM c HaKJIOHOM 9-15° K ropH30HTY npH BbIIUiaBKe 
cpeppoMapra.HUa cymecmeHHo yn~o ApeHIDI<Hyio cnoco6HocTb ropHa, 
111'0 cnoco6cTBOB3JIO CHH)KeHHIO paCXOAa KOKCa H IlOBbilllemuo npoH3BO
AHTen1>HOCTH ne11H Ha I %, yeenuqeHHio cpo1<a CJiy)l(6Y\ B03A}'ll.IHhIX 
<l>YPM H aM6pa3yp B 2-3 pa3a, CHH)l(CHHJO npocTOeB ne'IH B 2 pa3a, 
yMeH1>wemuo pacxona MapraHneBoii pyll.L1 Ha 15-20 Kr/T qyr}'Ha H no
-Bh1wemno TeMnepaTyp1>1 tiyrYHa Ha BbIIlYCl<e AO 1550--1600 °c, llTO B 

o6weM Hrore 06ecne11HJ10 AJUI ii;oMeHHoii netm o61>eMOM 1033 M3 nony-
tieHHe rOAOBOro 3KOHOMH'lecKoro 3<l><l>eKTa B pa3Mepe 135 TblC. py6. 
[135, 136]. 

IlpHMeHeHHe B03.DYIIIHl>IX <l>YPM c HaKJJOHOM 4,5-8° npH BbIIDI3BKe 
nepeAeJibHoro H nHTeihloro qyryua cnoco6cmoBano YBenH11eHH10 HX 
CpoKa CJiy)f('.61>1 H 3HatIHTenbHQMY CHH:>KeHHIO TeKymHX npoCTOeB netm. 
IlpH BhIIDiaBKe JIHTeHHOrO tiyr}'Ha OTMe"leHO TaK)l(e ynyqweHHe ycnOBHH 
BOCCTaHOBneHHH KpeMHIDI H necynL<f>ypamm qyr}'Ha B netIH (137]. 

S. 3KOHOMH11ECKMI 3MEKTHBHOCTb 3AMEHLI qACTH KOKCA 
IlblJIEYfOnbHblM TOnmtBOM 

BhIJIH paccMoTpeHbI KOMIUieKcHaH oueHKa 3<lJ<f>e1<:THBHOCTH 3aMeHl>I 

11acrn KOKCa IIl>DleyronbHhIM TOIDIHBOM c yt1eroM H3MeHeHHii B MeT3Jl
nyprn11eCKOH .H KOKCOXHMHllCCKOH no.a;oTpaCJUIX, a taK>Ke B ropHopyJlHOM 
npOMbIIIDieHHOCTH, 3<P<PeKrnBHOCTI> CTpo:KTeJihCTBa npoMl>IllllleHHblX ycTa-
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HOBOK npHTOTOBneHHH H BA)'BaHHH IlbIJieyronhHOro TOIDIHBa B AOMeHHbie 
nellH >Krl.aHoBcKoro "A30BCTaJih" H KoMMYffapcKoro MeTannyprHlleCKHX 
KOM6HHaTOB, <t>aKTH'leCI<aH 3<l><l>eKTHBHOCTh HCII0Il1>30B3.HIDI llbUleyronb
HOro TODnHBa Ha IIpHMepe pa6oTl>I OIIhITHO-IlpOMbil.lll1eHHOH H IIpOMl>Illl

neHHOH yctaHOBOK )J)IH npHrOTOBneHHH H BnyBaHlUI IlbUieyronbHOfO TOil
IlHBa B AOMeHHLie ne'IH llM3. 

S.l. KoMIUieKCHa.JI oneHKa 9'f>ct>eKTHBHOCTH npHMeeeJDUI m,meyromHoro 
TOIDIHB8 B AOMeHHOM npoH3BOACfBe 

IIIHpoKoe npoM1>1I1DieHHoe BHe,upeHHe TexHonorHH )J;oMeHHOH ID1aBKH c 
npHMeHeHHeM llhmeyron1>Horo TOimHBa, npHroToBneHHoro H3 Hene<l>H
UHTHbIX MapoK yrnH, MO>KeT COilpDBO)KAaThCH: 

CHH)l(eIDieM noTpe6HOCTH B MeTannyprHtieCJ<OM KOKce Ha 10-20 %, 
lfIO coJ,uaeT npennoc1>mKH )J)IH o6HoBneHIDI H peMOHTa ne11Horo <l>oima 
KX3; 

1 

Bl>IBO.llOM H3 KOKCOiilllXTbl llaCTH HecneKalOI..UHXC.H H CJia6ocneKaIO-
IUHXCH yrne:H, 'ITO ynytWiaeT Ka11eCTBO KOKCa H IIOKa3aTenH pa6oThI 

tr.0MeHHL1x neqeii; 
yMeHbllleHHeM BbI6poca B 3TM0Ccpepy Ill>DIH, cephl H npyrHX Bpe):tH.bIX 

MaTepHanoB, a Ta1<)1(e 3arpH3HeHIDI BO)l)ioro 6acceHH:a; 

YMeHbllleHHeM KaIIHTaJIOeMKOCTH, IDioma.a;eii, 33.IDIThIX o6opyAOBaHHeM, 
nOBhIWeirneM IIpOH3BO~TeilhHOCTH TPYAB npH pacqeye 3THX noK33aTene:H 

AJIH I<OMID'leKca KOKCOXHMHtleCKOH H MeTannypnrqecKOH Ilpc>MhIIID1eH

HOCTH (138] . 
c yqeTOM H3IlO>KeHHoro 6hm B:&monHeH KOMIUieKCHl>IH pac11eT 1cp$eK

THBHOCTH MaCCOBOrO npoMDlllDieHHOrO BHe,a;pemu1 llbmeyronhHOrO TOilJIH
Ba AJ]B OCHOBHLIX AOMCHHbIX nexoB YKpaHHbI*. 

YCJZoeUR., npuHuMaeMble npu 3KOHOMU'lecKoi1 Oij.eHKe 

Bo3MO:>KHl>IMH pecypcaMH yrns ,ITJIH npHroroenemur llhmeyronbHoro 
, TOllJIHBa, YAOBneTBopJ1101.I.lHMH Tpe6oBaHHHM teXHonornH noMeHHo:H IDiaB
kH, HBnHIOTCH MeHee )J;ecj:>Hl.(HTH1>1e Hecne1<a101.l.(HecH H CJia6ocneKamI.UHecH 
06orameH111>1e yrm1 MapoK I; H T, 1<0TOpb1e MOryT nocTaBnHTbCH cne,a;)'IO

II.{~MH 06oraTHTen1>HhIMH <l>a6pHKaMH: 1IyMaKOBCKOH, CoBeTCKOH, KoH,IJ;
patLeBCKOH? YrneropcKoii, KpacHonHMaHCKOH H IlaBJiorpancKOH. 

HaMeqeHHbie AJIH nonyqe111u1 1Ibmeyron1>Horo tonmma pecypc1>1 06ec
ne11HBa10TCH 3anacaMH yrneii H cymeCTB)'IOIUHMH MOlllHOCTJIMH ,IJ)UI HX 

no61>JllH. 
B ,a;an1>HeiiweM n0Tpe6HOCT1> B c1>1p1>e WIH npHrOTOBneHIDI Ilhmeyronh

Horo TOIDIHBa MO)l(eT ynoBneTBOpJITl>C.H 38 CtieT ra30BblX yrneif. 

* B B~moJIHeHHH paCtteTa npHHHMaJIH yttacme COTpYWfitl<H YXHH - n.n. ]lpo3-
JUnn<, 10.C. ICa<l>TaH, YKpHl111 yrneo6oraweHHe - H.E. CB.HTeU, JloRHHl1qepMeTa -
'.A.H. Crpeneu, n.g. BopoHoBa, n.n. BpycoB H np. 
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Ha OCHOBaHIDI TeopeTHtJeCKHX HCCJienoBaHHH, a TaK)l(e rrpOMbllll1JeHHO

ro OilhITa .D)UI pac'leTa 3KOHOMHlJ.eCKOH J<P<l>eKTHBHOCTH npHIDUIH OTHO

CHTenbHblH paCXOA IThineyrOJibHOrO TOIUIHBa paBHbIM 100 Kr/T qyryHa 

[II, 26, 37, 38]. Bo3MO:>KHhie B 1986-1990 rr. BbIWiaBKa qyryHa c npH

MeHeHHeM IlbineyronbHOro TOIUlHBa H IlOTpe6HOCTb B yrne (KOHUeHT

paTe) npHBep;eHl>I B Ta6n. 35. 
M.H11yT11enpoMOM CCCP onpeneneHhI pecypcbI yrne}f ,Llo11enKoro, 

Il&BOBCKo-BonbIHCKoro, IleqopcKoro, Ky3HeW<oro H Kapara.Hro-IHCKoro 

6acceH1toB p,TUI npoH3BO,UCTBa IUiaHHpyeMbIX Ha KOKCOXHMH'ICCKHX 3aBO

,a;ax YKpaHHhl KOKca. IlpH s.aysamrn B ,uoMeHH1>1e ne'lli KOHUeHTpaTa 

TOWHX yr11eH Il0Tpe6HOCTb B llIHXTe WUI KOKCOBallIDI yMeHblllaeTCH Ha 

6,0 lvillH. T 3a C'leT CIDDKeHHH npoH3B_9ACTBa noMeHHOro KOKCa Ha 4,5 
MJIH. T. B JTOM cnyqae MapotnihIH cocTaB WHXThI, Hcno111>3yeMOH WJH 

KOKCOBaHHH, ynytnIIHTCH. TaK, CO)l.ep)l(aHHe ra30BbIX yrneii }'MeHbllIBTCH 

Ha 4,7 MilH. T, a TOIUHe yrnH 6yA)'T IlOTIHOCTblO BbIBe)J.eHhl H3 CblpbeBoii 

6a3bl KOKCOBaJDUl. 

IlpH BA)'BaHHH B AOMeHHbie rre'IH ra30BblX yrneii (AC= 7,5 %) IlOT

pe6HOCTh B noMeHHOM KOKCe CIDUKaeTCH Ha 3,6 MJlH.T, a IlOTpe6HOCTb 

B l.lIHXTe yMeHhlllaeTCH COOTBeTCTBCHHO Ha 5,0 MJIH.T, qro TaKiKe Il03BO
IIHT nonHOCTblO OTKa3aTbCH OT HCilOflh30BaHHH ,tJ)Ul ueneif KOKCOBaHHH 

Ta 6 n Hu a 35. Bo3MO>KH3JI rOAOBaR noTpe6Hocn B yrmIX (KOHUeHTpaTax) 
npH Bt.lllJlaBKe qyryua c DpHMeHeHHeM llblJleyroJlbHOro TODJUlB8 B 1986-1990 r. 

MeTannyprHllecKHe KOM6HHaThI Bo3MO>KHhie H3MeueuHJI noKa3aTeneii npu BAYBaHHH 

(38BOAJ>J) n&meyronbHOrO TOII1IHB8 

MaKeeBcKHA •.......•••. 
EHaKHeBCKHA • • • • • • • • • . • 

KoMMyHapCKHA (6e3 noMeHHLIX 
neqe:R N9 1 H 2) .......... 
lloHeUKHit (6e3 .tlOMeHHoil IlC'IH 
NQ 3) 
11MCHH HJn~ma 
KpHBopO)f(CJ<Hit (6e3 AOMeHHoA 
ne1Ilf N2 9) . . . . . . . . . . . . . 
HMeHH JlJep>KHHCKoro. . • . . • 
"3anopo)l(CTa.Jlh" . ...... .. 
"A30BCT3Jlh,, . • . . . . . . . . . 
HMeHH IleTpoBc1<oro. . . . . . . 

noTPe6HoCTh noTpe6uocTb CHH)l(eHHe noTpe6uocTH B 
B yrne (KOH- B CYXOM fibl- ~OMelUiOM KOKCe IIpH HC

ueHTpaTe) , neyronJ>HOM nonb3osaHHH yrneif 
TLIC. T 

370 
360 

360 

140 
600 

1000 
500 
500 
680 
260 

TOIUIHBe, 

TblC. T 

323,8 
314,5 

360,0 

124,5 
520,3 

913,5 
438,0 
426,5 
596,l 
222,6 

KOH~euTpBT KOHQeHTp8T 

T, Thie. T r, Thie. r 

340 290 
330 280 

330 280 

130 110 
600 510 

960 810 
460 390 
460 390 
630 530 
230 200 

Bcero .............. 4770 4200 4470 3790 
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TOIUHX yrneii H yMeHbll.IHTh Aonesoe yqacTHe ra30BbIX yrneii ua 3,7 MIIH.T. 
CoAep>KaHHe yrneif ocHOBHbIX MapoK (>K, K H OC) B nmxTe B03pacTaeT 

B nepBOM CJl}'llae Ha 6,0, a BO BTOpoM Ha 5,0 %. 
H3BecTHo, 'ITO noB1>Ill.IeHHe conep>KaHIDI yrneii ocHOBHhIX MapoK B 

IlIHXTe 38 C'leT CHH)l(eHIDI cna6ocneKaIOIIlHXCJI ra30Bl>IX H HecneKaIOWHX

C.H TOIIlHX yrneii npHBOAHT K ynytlllleHHJO Ka'leCTBa KOKCa no DOKa3aTe

nJIM npo11HOCTH H HCTHpaeMOCTH. 

YK83a.HHoe H3MeHeHHe coci:aBa lllllXThI Ha KOKCOXHMH11ecKHx 3aBOAax 

o6ecnetIHT yn}'llllleHHe Ka11ecrna KOKca no noK3.3arenBM npcr<mocTH M2 5 

Ha 2,2 %, a HCTHpaeMOCTH M10 Ha 1,1 % npH BnyBalDIH TOIIlHX yrneu. 

B cnyqae B)zyBaIDIH ra30BhIX yrneii 3TH IlOKa33TeJlll ynyqwalOTCJI Ha 1,8 
H 0,9 % cooraeTCTBCHHO. 

H3MeHeHue 3aTpaT npu npou3eoocTee KOKca e ceR3U c ebzeoooM 
U3 KOKCOBblX WUXT ZQ308blX u T01l4UX yweu u nepeoa'lU ux 

HQ npUZOT08/leHue nbl.lley20llbH020 T01lJZU8Q 

M3MeHeHHe cocTaBa lllHXT Jl)UI KOKCOBamu1 nosne11et noBhIWeHHe HX 

CTOHMOCTH Ha 0,43 H 0,50 py6/T COOTBCTCTBeHHO npH Bl>IBO,ne ra30B.bIX 

H TOIIlHX yrneii, qyo B pacqeye Ha 1 T BaJIOBOro KOKCa COCTaBHT 0,57 
H 0,66 py6. 0AHOBpeMeHHO c 3THM H3MeHHIOTCH H BbIXOAJ>I npOA)'KTOB 

KOKCOBaHH.H: Bl>IXOA KOKCa yBenH11HTC.R, a XHMlflleCKHX npoA}'KTOB KOK

COBaHIDI - CHH3HTC.fl. Bmuume H3MCHeHHH Bl>IXO,na npoA}'KTOB KOKCO

BaHWI He3Ha11HTen1>HO - ~5 KOll Ha 1 T cyxoro BaJIOBoro KOKCa. C}'M
MapHoe B.TIHJIHHe <l>aKTOpOB YAOpO>KaHHJI IIIHXTbI H H3MeHeHHe BblXOJlOB 

npOn}'KTOB KOKCOBaHHJI npHBeAeT K IlOBl>llIIeHHIO ce6ecTOHMOCTH O)l.HOH 

TOHHhl cyxoro BaJIOBOro KOKCa Ha 0,54 H 0,61 py6., MeTannyprn11ecKO

ro Ha 0,35 H 0,40 py6. 
3a CtleT ynytlllleHIUI Kal!eCTBa KOKCa B pe3ynbTaTe BbIBO,na H3 IlIHXT 

AJIJI KOKCOBaHIDI ra30Bl>IX H TOIIlHX yrneii ueHa MeTannyprH11eCKOro KOK

ca }'BeJIH'IHTCJI Ha 1,62 H 1,92 py6. 

Pac'leTbI Il0Ka3bIBaIOT, qyo H3MeHe1me TeKylilHX 33Tpat H CTOHMOCTH 

B1>1pa6aTbIBaeMOH KOKCOBOH npoJJYI<UHH onpeAeJI.HeT IlOBl>IllleHHe 3aTpaT 

B cpe)J.HeM Ha 20 MJIH. py6. CTOHMOCTh >Ke peanH30B8HHOH npoJJYI<UHH 

(B paet1eTe Ha HaMet1aeM1>1:H o61>eM npoH3Boncma) 3a cqeT noB1>1welillJ1 
·ICatiecTBa KOKca YBemfllHTCH Ha 58-66 MJ1H.py6. IlpH 3TOM OTnanaeT 

.Heo6xOnHMOCTb B peKOHCTpyi<:UHH KOKCOBl>IX uexOB C}'MMapHOH MOm

HOCTblO 3,6--4,5 MJIH.T KOKCa, I.e. 3KOHOMHH KanHTaJlbHl>IX BJIO)l(eHHii B 

kOKCOXHMHlleCKOe np0H3BO.D;CTBO Ha nepeKJianicy KOKCOBl>IX 6atapeH 
Mo>ICet COCTaBHTb 50-70 l\tDIH.py6: B1>1cB06o)l()l:eHHe pa6ol!HX coCTaBHT 

400-550 t1en. 

H3MeHeHue 3aTpaT Ha y21Zeo6ozaTUTe.tzbHbZX <fJa6puKax 

IlpH onpenenemrn HJMeHeHHJI laTpaT Ha yrne96oraTHTen1>m1x cpa6pH
~ax 3a 6a30BhIH BapHaHT IIpH o6orameHirn TOIUHX yrneii B ycnoBIDIX 

qYMa.KOBCKOH UO<!> npHHHTa 30n1>11ocTb KOHn;eHTpara 7 ,5 % (HopMa no 
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Ta 6 n Hu a 36. Ueea KOHQellTp&Ta TO~ero yrnR e 3&BHCHMOCTH 

OT 30JlhHOCTH H8 UQ«) "'lyM&KOBCK8H" 

TosapHbte BbIXOA, 30111>- UeHa CToHMOCTh H3Meueuue Ueea 1 T CTO~OCTh 

npoAyKThl % HOCTb, 1 T, peanH3a- CTOHMOCTH KOHUeHTpa-peamcauHH 

% py6. UHH c yqe- peanma- TB C r1e- TOB8pHOH 

TOM BblXO- UHH no TOM KOM· nponyKUHH 

,na, py6/T cpaBHeHHlO neHCBUHH C yqeTOM 

CO CTOH- CHmKeHWI HOBOH ue-
MOCThlO, peanma· Hhl KOHUeHT'" 

py6/T IJ.HH, py6/T paTa, py6. 

KouueHTpaT 60,9 7,5 30,96 18,85 
IlpoMilpOA)'l<T 3,6 30,9 11,90 0,43 
HToro 64,4 19,28 
KoHUeHTpaT 59,6 7,3 31,09 18,53 31,29 18,65 
IlpoMnpOAYKT 4,9 26,8 12,89 0,63 0,63 
HToro 64,5 19,16 - 0,12 19,28 
KoHueHTpaT 56,8 7,1 31,22 17,74 32,03 18,20 
IlpOMilpOlJYKT 7,6 21,5 14,6 1,08 1,08 
HToro 64,4 18:82 - 0,46 19,28 

TeXHHqecKHM yCJJOBIDIM). IlpH TaKoH rny6HHe o6orameHHH, KaK noKa3an 

OllbIT pafx>ThI, BblXOA KOHUeHTpaTa H3 PMOBbIX yrneii COCTaBn.ReT 60,9 %; 
BblXOA npoMnpo,tzyKTa 30nbHQCTblO 30,9 % COCTaBn.HeT 3,6 %. c yqeTOM 

TaKoro COOTHOWeHIDI BhIXOp;a npon}'KTOB o6ora~eHHJI CTOHMOCTb pe31IH-

33UHH nponyKUHH COCTaBHT 19,28 py6/T. 

IlpH 6onee rny6oKoM o6oraweHHH yrneii H noBenemrn 30nbHocrH 

KOHUeHTpaTa }J.O 7 ,3; 7, 1 ; 6,9 % BhIXOA KOHUCHTpaTa YMCHblllaetCH 

coomeTcmeHHo c 60,9 % (6a30BhIH BapHaHT) no 59,6; 56,8; 53,4 %. 
B1>IXOA npoMnpony1<:ra npH JTOM noBhilllaeTc.s c 3,6 % no 4,9; 7,6; 
11,0 %. TaKoe H3MeHCHHe COOTHOWeHHii npHBOAl'fT K noHIDKeinno CTOli

MOCTH peanH331J.HH ro.n;Horo npOA)'KTa. Pacqey ueH Ha KOHUeHTpaT c 

yqeTOM KOMileHCauHH CHH>KeHHJI peanH3aI.Uill npuBe,UeH B Ta6n. 36. 

Pe3yllbTaTbl ucno/lb30BaHUR KOKca noebiWeHHozo Ka'lecrea 

npu 8bl11Jl.Q8Ke 'lYZYHa 

BbIBOA H3 I.l.IHXT ,[CUI KOKCOBaHH.R f330BhlX H IOlllHX yrneH: ynyqnrn1 
KatiecTBo MeTannyprHtiec1<oro KOKca no noKa3aTen.SIM M2 5 H M 10 , qyo 

noBnetieT IlOBhIWeHHe ueH Ha KOKC COOTBeTCTBCHHO Ha 1,62 H 1,92 .PY6/r, 
r .e. ii;ononllllTenhHhie 3a1paTbI npH B&IIUiaBKe qyryHa Ja C11eT yaeJIH11eHHH 

ueH Ha KOKC COCTaBHT 50544 H 58752 ThIC. py6 COOTBeTCTBeHHO npH Bbl

BO)l,e H3 llBIXT AJIH KOKCOBaHIDI ra30B&IX H TOIUHX yrneii. 

0,nHaKo npH Hcnonb30BaHHH B noMeHHblX uexax KOKca ny,nnero 

Ka'leCTBa CHH3.HTC.H 33TpaThI Ha BbIIDiaBKY qyry1rn 3a C'leT }'MemllleHlUI 

ero YAe!1bHoro pacxo.u.a H noBLillleHH.s npoH3BOUHTen1>HOCTH noMeHHbIX 

net1eii. TaK, }'BenHlleHHe DOKa3aTen.s npo'llHocrn KOKca M2 5 ua 1 % 
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npHBeAeT K yseJIHlleHHIO npOH3BOA11Tenl>HOCTH AOMeHHl>IX neqeit: Ha 0,7 % 
H CIDf)Kemuo yAenhHoro pacxona KOKca Ha 1 %. YMemweHHe noKa3aTen.H 

npo'IHOCTH KOKca M 10 Ha 1 % o6ecne'llHT ysenK'leHHe npoH3BO,lJJltenhHOC

TH noMeHHl>IX neqeit: Ha 3 % H CHH3HT pacxon KoKca Ha 1,5 %. 
YnytnlleHHe Kaqecma KoKca B pe3yn1>TaTe BhIBo.na H3 llIHXT wu1 KOK

cosaHHH ra30B&IX H TOIUHX yr:ieii CHH3HT pacxon KOKCa COOTBeTCTBCHHO 

Ha 3,25 H 3,85 % H DOBhICHT npoH3BOW1Ten1>HOCTh ppMeHHl>IX ne'leH Ha 

4,03 H 4,84 %. 
CHHlKeHHe 3aTpaT Ha BhI1D1aB1<:y qyr}'Ha 3a et1eT yn}"lllleHHH Kat1ecma 

KOKCa onpeneneHO no CTUUI.apTHOH MeTOW'fKe H COCTaBlUlO 1JlUl BapHaH

Ta c BJzyBaHHeM KOHUeHlpaTOB ralOBhIX yrneH 58,38 MJIH.py6 H ~JI 

BapHa.HTa c BJzyBaHHeM KOHUeHTpaIOB H3 TOll.UiX yrneii 59,27 MJ1H.py6. 

Onpeoe.neHue 3<fiifJeK1UeHocru ucnollb30BaHWl nbl!leyzo.nbHozo TOMf!.ea 
01111 eoyeaHUJl e zopH OoMeHHblX ne'4eil 

3cl>cj>eKTHBHOCTh HCilOill>30Bamu1 n&meyronhHoro T011JIHBa B JJ.OMeHHOM 

npOH3BO;a.CTBe onpeAeneHa 1J)1H 14 sapHaHTOB: npH HCil0flh30BalDIH yrneii 
OCHOBHblX MapoK (PJIAOBl>IX H KOHUCHTpaTOB) 30fll>HOCThlO 4,5-30 %. 

3cl><l>eKTHBHOCTb onpenen.RJUi npH nonHOM Hcnon1>30BaIIHH MOIUHOCTeH 
' ycTaHOBOK no npHrOTOBneHHIO H BJzyBaHHlO IlbUieyron1>Horo TOII1IHBa H3 

pacqeya 100 Kr TOIDIHBa Ha 1 T BhIIDl8BJ1HeMoro t1yry11a. PacxoA yrns 
AJI.R npHrOTOBneHIDI 1 T yronhHOH IlbJJIH npHHHT 1,15 T. 3aTpaThl Ha npH

roTOBneHHe 1 T IlhIJIH, tpaHcnopmpOBaHHJI H BJzyBaHHH paCC'IHTaHbl HC

XOAH H3 OIIhITa pa6oTl~I ]lOHeUKOH npOMhIIIIJlelillOH ycTa.HOBKH H COCTa

BHJIH 5,4 py6/T • 

. T a 6 n H u a 3 7. 3arOTOBHTeJlbHaJl CTOHMOCTb 1 T m.meyrO.JlhHOro IODJIHB8 

B 38BHCHMOCTH OT Ka'leCTBa HCllO.Jlh3YeMOro yrm1 

MapKa yr1U1 

: ·KoeueHTpaT T - Tomero yrm1 

PanoBLie T01uue yrnu 

ICoHUeHTpaT r - I'8.30BOro yrn.JI 

PJIAoBLie ra30BLie ynIH 
~ 

I 

AlnpauHI'LI {KOHUeHTpaTLI) 

~UHThlpBAOBLIC 

CoAep)f(8HHe 
30J11>I s yrne, 

% 

6,9 
7,1 
7,3 
7,5 
14,0 
17,0 
30,0 
7,5 
14,0 
17,0 
30,0 
4,5 
7,5 
25,0 

3arOTOBHTenhHBR CTOH· 

MOCTb 1 T yrOilhHOH 

IlhtnH, py6. 

42,36 
42.20 
42,05 
41,90 
36,98 
32,69 
25,42 
46,39 
39,92 
33,18 
27,85 
63,43 
59,46 
29,95 

r.---------~--~~~--~---------------~~----~------~~~--
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3aroTOBHTeilhHMI CTOHMOCTL 1 T IlbineyronbHOrO TOIDUIBa onpe.neneHa 

c .Y'leTOM Ka\leCTBa yrnH H 3atpaT Ha ero nepeB03KY OT o6oran·nenLHblX 

cpa6pHK K MeTannyprHtleCKOMY 3aBOJJ,y, BHyTpH3aBoncKHX nepeB030K H 
pa3rpy3KH yrn.H, a raK>Ke JaTpat Ha noMon, TpaHcnoprnposamte H snysa
HHe lll>UieyronhHOfO TOII11HBa (ra6n. 37). 

Ha ocHOBaHHH aHanHTH11ecKoro pactieTa, a TaK)l(e aHaJIH3a onb1Ta npo-
MbillDleHHoro npHMeHeHHff IlbmeyronbHOrO TOIDlHBa H3 pa3Hb1X MapoK 
yrn.R npHIUIJlH CJle!Ij'IOlUHe OCHOBHble TIOKR3aTenH pa6oTbr )lOMeHHbIX 

~ j 
ne'leH npH 3aMeHe HM '13CTH KOKca: 

IloKa3aTenH • • • • • • • • • • • • • 3oJILHOCTl> Ko3fll<l>HUHeHT l13MeHe•IHe npolD-
TOWIHBa, 3aMeHbl KOK ca Ilbl- BOJ:UfieJlbHOCTH 

% neyro111>HLIM JlO MeHHLIX neqeA, 
TOIDIHBOM % 

Hcxo.mme cLipLe: 

KoHUeHTpaT T Tomero yrm1 7,5 1,02 + 2,8 
14,0 0,90 -0,8 

p.RAoBLie TOI.UHe yrnu ..... 17,0 0,82 -1,9 
30,0 0,70 -6,2 

J<OHUeHTpaTLI f ra30BblX 

yrne:lt. • . . • . . . . . . . . . . 7,5 0,87 -1,0 
14,0 0,82 -2,0 

p.HAOBLie ra3oBLie yrnH •••• 17 ,0 0,79 -2,0 
30,0 0,65 -4,0 

AHTpauHTL1 (KoHUeHTpaT) . . . . 4,5 1,18 + 5,6 
7,5 1,08 +4,3 

PJIAOBble aHTpauHThI • • • • • • . • 25,0 0,76 -2,8 

Ta 6 n Hu a 38. H3MeHeHHe 3aTpaT B AOMeHHOM npoH3BOACTBe Mml'lepMeTa YCCP e 

IlpHMeH.ReMblH BH)l yrnB CoAep*aHHe IlOTPe6HOCTb M3MeHeHHe np~ 

30.Jlbl B B yr.ne, H3 BOJJ;HTeJlhHOCTH 

yrnsx, % TbIC.T/roa Tl,OMCHHhIX neqei{~ 

TblC.T/rOA 

f a3oBbie yrnH 7,5 4782 - 420 
14,0 4733 - 840 
17 :-0 4714 -1208 
30,0 4637 -1680 
6,9 4975 + 1260 
7,1 4970 + 1218 
7,3 4965 + 1176 
7,5 4965 + 1176 

ToI.U.He yrnH 14,0 4791 -336 
17,0 4738 -798 
30,0 4531 - 2604 

AHT}laUKIDI 4,5 5100 + 2352 
7,5 5038 + 1806 
25,0 4695 - 1176 
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l13MeHeHHe 3aTpaT B noMeHHOM npOH3BOACTBe B CBH3H c HCDOJlb30B8HHeM 

Ilhmeyron&Horo TOIUIHBa onpeAeneHo ~o <t>opM)'ne: 

n 
3 = [ ~ [).Ci - EH (K2 - Ki) ]A2, 

i=l 

(43) 

rne 1 ... i ... n - CT3TbH 3KcnnyaT3UHOHHhIX 33TpaT, Ha KOTOpblC BJIHHCT 

Hcnon&30BaHHe yKaJaHHOH TeXHonorMH; /lC. - HJMeHeHHe 3aTpaT no 

i -10H CTalbe, py6/1; EH - HopMatHBHL1H K~3<l><l>HllHeHT 3<l><l>eKTHBHOCTH 

KallllTan&HhIX BJIO)l(eHHH (0,15) ; K1 ; K 2 - ynenb111>1e Karmtan1>HL1e 

BilO)KeJDl.H B npOH3BO,O:CTBeHHhie <PoHro>I no H noCJie HCilOnh30Bami11 

HOBOH teXHonorHH, py6/T; A 2 - npe,n;nonaraeMbm o6'heM BbIDJiaBKH 

qyr}'Ha c HCnOnb30BaHHeM IlbmeyronbHOfO TOIDIHBa, ThIC. T. 

Pe3ynbtaTbI H3MeHCHHH JaTpaT npHBe,n:em1 B Ta6rI. 38. KaK BHAHO HJ 

npHBe,neHHblX ,l.laHH.bIX, MaKCHMailbHOe CHH>KeHHe pacxona KOKCa H IlOBhl

IIIeHHe npoH3BOJI.HTCJil>HOCTH Moryr 6bITb AOCTHfH}'Thl npH BJJ:}'B3HHH B 
ropH noMeHHhIX neqeu Mano3on1>Hb1x (Ac = 4,5 %) aiITpallHTOB. TeM He 

MeHee, npHMeHeHHe aHTp3UMTOB MeHee 3<fl<l>eKTHBHO, 'leM TOIUHX yrneii, 
npe>K)le Bcero H3-3a BblCOKOH 3arOTOBHTeilbHOH CTOHMOCTH TOIDIHBa. 

IlpH 0}1.HHaKOBOM KalleCTBe yrneii no 30IlbHOCTH (7,5 %) Hcnon:&30-

B8HMe TOmHX yrneii B cpaBHemm c ra30BhIMH o6ecne'IHBaeT 6onhmyro 
Ha 22 % 3KOHOMHIO KOKCa. fo~OBOH 3KOHOl\OllleCKHH 3tJ>cpe1<T npH 3TOM 

B03pacTaeT B 1,8 pa3a. 

MeHbllI3JI 3cpcpeKTHBHOCTI> npHMeHeHIUI Ilh1neyronbHoro TOIDillBa HJ 



T a 6 n H u a 39. Konll'lecTBO Bb16pocos B BTMOc<t»epy npH npOH3BOACTBe_ KOKca H llblJle 

TipoH3BOACTBO KonH'leCTBo BpeWJhlX 1<0M110HeHTOB e Bbt6pocax, 

TihUib cepOBO.l:\OPOA OKCH,ll; 3MMH3K 

H APYrHe yrnepo.na 
cepocoAep*a-
u.ute ra3bl 

KoJ(C 3160 2030,S 380 140 
IlLDieyroJtbHOCTOIDIHBO 5000 

nl30BbIX yrneu 011penen11eTcH MeHblllHM conep)l<al.IHeM yrnepoAa B TOIDIH

ee H COOTBeTCTBeHHO MeHblIIHM KOJ<f><}>11UHeHTOM 3aMeHbl KOKca IIbIJie

yronbHhIM TOIDIHBOM, 3HatIHTenbHl>IM COflYICTBYIOIUHM CHH)l(eHHeM pacxo-
1'.{a npHpo,tl}loro ra3a. 

IIpHMeHeHHe MeHee 3on1>HbIX KOHUeHTpaToB, XOT.R H 06ecne1U1BaeT 

,O:OilOnHHTenhH}'IO 3KOHOMlilO B ;a.oMeHHOM 11poH3BO;a.CTBe, TeM He MeHee 
B HTOre OKa3b1BaercH MeHee 3cp<PeKTHBHhL'\1 H3-3a yxyAIIIeHHH IlOKaJa

TeJieH 06ora~emu1 H BbICOKOH 3aroTOBHTCffbHOH UeHl>I TOIUIHBa. 

B pacqeTe 3<l><}leKTHBHOCTH BBHAY CJIO)l(HOCTH MeTO,ll.HKH He orpa)f(eHbI 

6narorrpHHTHble 3KOJIOfHlleCKHe nocnenctBH.H JaMCHbl KOKCa IThIJieyronh
HhlM rorornBOM. H3 Ta6n. 39 CJier1yeT, 1no JaMeHa I1I>meyron1>HbIM Ton

JJHBOM H3 KOHUeHTpaTa Tomero yrn.s: (Ac == 7,5 %) 4,4 MilH.T KOKCa 

B ro.u Il03BOnHT npep;OTBpanrrb BbI6poc B .aTMCccpepy 13:,2 TblC. T cepo
BOA~pona, 5,1 ThIC. T npotrnx Bpe,rJ.HbIX BewecTB, B TOM llHCIIe 270 T 

OKHCJIOB a3ora H 44 T CHHHTibHOH KHCJ10Tl>I. 

Ilo opHeHTHpoBOllHDIM AaIIHl>IM, npHHHThIM no aHanornH c ApyrHMH 
oTpacn.HMH reXHHKH, OTMetieHHhie 6naronpHJITHbte JKonornqecKHe noc
neACTBHH MoryT o6ecne'IHTb TIOBhIIlleHHe 3cl><l>eKTHBHOCTH npHMeHemtH 
n1>meyronhHoro TOIDlHBa Ha 5- 10 %. 

B CBeie npIDUIThlX 3aKOHOB 06 oxpaHe OKpYJKaIOWeH CpeJU>I H y>Kec
TO'leHHH COOTBeTCTB}'IOI.UHX Tpe6oBallliH K TeXHOilOrHllCCKHM npo1~eccaM 

yKa3aHHbie 6naronpID1THbie 3KonorlftlecKHe nocnencrBHH, nonyqaeMD1e 

6e3 nononHHTenhHOfO H cneUHaJihHOro CTpC>HTenbCTB3, MOryT OKa3aThCB 

cymectseHHhIM <PaKTOJ>OM, onpe,ueJUllOIIUIM nepcneKTHBHOCTh HOBOH 

TeXHononm. 
Ha OCHOBaHHH npoBeJ].eHHOH H npyrHX pa6c>T' a T3K)l(e OilhITa pa60Tbl 

npoMbUlIJleHHOH ycTaHOBKH Ha JloHeUKOM Metru1nypIW1eCKOM 3aBO}J,e 
MHHtlepMeroM CCCP yrnep:>KAeHLI B Ka11ecTBe ocHoBHOH yronhHOH 6aJbI 
JJ)IH paclllllpeHHH BHe,npeH1UI IlbDieyronbHOro TOIIJIHBa qYMaKOBCKaH 
UO<ll, npOH3Bo,r:vnuaH c 1982 r. KOHUeHrpaI romero yrnB. MHH)'rnenpoM, 
MHHtlepMeT YCCP, a TaK>Ke ''YKprnasyronh" yrnepAHJlH B 1984 r. Bpe
MeHH1>1e TeXHHtlecKMe ycnOBHH Ha KOHUeHTpaT M3pKH T cpelUleU 30Tib-
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yronbaoro ronmma 

cl>eHon 

86,8 

yrneso
.IlOPOAhI 

300 

C IDIHJJl>HBJI 

KHCJIOT8 

9,9 

OKCHW>l 

&30T8 

61,3 

HToro 

6168 
5000 

HOCThlO 7,4 % (MaKCHMaJll>Ha.K 8,0) KaK Cblphe AJUI nonyqeHIDI IThIJle· 

yromHoro TOIDIHBa, oTseqaromee nepcneKTHBHLIM yCJIOBIDIM AOMeHHoii 

IlJ1aBKH. 

S .2. 34>4>eKTHBHOCTL BHenpeHH11 npoMLIIIDieHHhIX yC"f3HoB01< 

,ll)lH BAfB8RHJI 111>meyroJ1LHoro TOllJIHBa B TJ.OMe1D1L1e ne'IH 

)l\naHosc1<oro "A30BCTaJIL" u KoMMYffapcKoro MeTaJ1nypm11ecKoro 
KOM6H118TOB 

06e cnpoeKTHpoBaHHbre npoMbllllJieHH1>1e ycnlHOBKH pacctJHTaHLI Ha 
Hcnonb30BaHHe K0Hne1-upai:a Tomero yrnH llyMm<OBCKOH U()(l>, ro,noBaJI 
IlOTpe6HOCTh B KOTOpoM COCTaBHT 415 'ThlC. T. 

OcHOBHhie noKa3aTen11 CTOHMOCTH H l<l><l>eKTHBHocm y1<a3aHHLIX ·rrpo
MbillDleHHbIX ycnlHOBOK npHBeAeHl>I B Ta6Jl. 40, H3 KOTopoii cnenyeT, 

Ta 6 n H u a 40. DoKa3aTe.'1H 3<l><1>eKTHBHOCTH npHMeHeHHR m.meyrom.eoro TODJIHB3 

Ha KOMMJHapcKOM H lK.nalloscKOM "A3oBCnru." MeTaruiypr1111eCKHX KOM6HJlaT3.X 

IloK838TenH 

CToHMOCTD npoMLmmeHHoro KoMlDieKca 060-

PYAOBaHWI, MJIH.py6. 
Pacxon yr.JUI Ha DldJieBnYBaHHe, TLIC. T /roTJ. 
IlpHWITLIA B paC11eTe Ko3C}>cl>HUHeHT 3&MeHLI 
KOKca TOIIJIHBOM, Kr/Kr 
IlpHHJIToe H3MCHeHHe npoH3BO.llHTeJ1LHOCTH 
CHH>KeHHe pacxoJ;Ul KoKca. T1>1c. T/roJJ. 
CmoKeHHe pacxona npHporomro ra3a, 
M1lH. M 

3 /roJJ. 
CHIDKeHHe ce6eCToHMocn1 qyryim, MJJH.py6./roA 

* Bc3 npHpo,nooxpa.HHLIX MeponplDITJdt. 

KoMMyHapcKHii >ICAaHOBCKHH CyMMa 
MeTan.nyprH- Me'!81UiyprH- no .IlBYM 

qecKHH KOM- qecKHH KOM- KOM6HHa-

6HH8T 6HH8T TBM 

12,9 17,9* 30,8 
191,0 290,0 481,0 

0,95 0,90 
0 0 0 
175,0 217,2 392,2 

88,5 86,9 175,4 
1,89 4,16 6,05 
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1ff0 OCHOBHOH :J<P<l>eKT onpe,a;eneH CHH)l(eHHeM paCXOAa KOKCa Ha 394,2 
TblC. T, a T&IOKe HeKOTOphlM CHH)l(eHHeM paCXOAa npHpoJJ.Horo ra3a. 

06mee cmnKeHHe ce6ecTOHMOCTH lfYTYH3 COCTaBHT 6,05 MJIH. py6/rOA, 
OKynaeMOCTb COOTBCTCTBeHHO AJIH )J{.n:aHOBCKOro H KOMMyHapcKoro ·Me

T3JIJiyprH11ecKHX KOM6HH3TOB - 6,0 H 7 ,0 neT. 

s .3. 34»4>eK1HBHOCTI. 3aMeHLI ICOKC8 llLlJleyroJlldlldM TOilJDIBOM 

Ha npHMepe 3KCJIJIY81'8IUIH OIILITHO-DpoMLllWlelllfOA 

H npoMJaillDleHHoA ycraaoBoK 

B 1968-1978 rr. Ha JlM3 c Hcnonb30BaHHeM om1rno-npoM1>nw1eHHoii 
YCTaHOBKH 6&Iml npoBen;e111>1 npencraBHTen1>HD1e c~ 1400 cyr) IIJiaBKH no 

oueHKe 34)(peKTHBHOCTH npHMeHeHHJI Ilbmeyron1>Horo TOIDIHBa. 01IbITHl>Ie 
nnaBKH npoBeneHbI Ha AOMeHHhIX neqax N° 3 (V n = 700 M 3

) H 2 (V 
11 

= 
= I 033 M

3
) npH B&IIDiasKe nepeAen1>Horo H nHreiiHoro qyr}'Ha H 3HatJH

TenLHOM H3MeHeHHH c1>1p1>eBhIX ycnoBHH IUiaBKH. TaK, Ha noMeHHoif ne'IH 
N° 3 nepe~en:&HLIH WYH B1>1maBJIHJICH H3 c1>1p1>1x py,n arnoMepaTa IOfOK 
H OK3ThIWeH. 

Bo scex HccrrenoBaHH&IX pe>KHMax npHMeHeHHe mmeyromeoro TOIDIH

Ba 0Ka38JIOCL 34>cpeI<THBHhIM (Ta6n. 41). 

T a 6 n H u a 41. 3<1J<lteKTHBHOCTh npHMeHeHHJI m.meyronbHOro TOllJIHBa HI ,llM3 

IlOK838TenH Tun ycTaHoBKH" HToro 

OIIhlTHO- npoMhull· 
npOMbilll- neHH8J1 

neHH&JI 

XapaKTep 3KCrmyaTaUHH yCTa.HOBKH IlepHOJJJ{- HenpepLIB-
11eCl<HA RLIA 

HoMepa ne11eA, pa6oTa.IOIIlHX c BAYBaHHeM IILme-
yronLHoro TOIDlHBa 2,3 1,2 
KonHtleCTBo cyroK pa6oTLI c BA}'BaHHeM llldJI& 

yronhHoroTOIDlllBa 1390 830 
KomAeCTBo qyryua, BbIIDiaBneHHoro c npHMeH& 
HHeM llhlJieyroJILRoro TOIUIHBa, MJIH.T 1,38 3,22 4,6 
}fapacxoAOBaHO yrrul, TLIC.T 80 115 195 
Pacxo.a KoKca npH BA}'BaHHR 1ILDieyroJIJdloro 
TOIIJIHBa, Kr/T qyryaa 689,3 547,3 
CHH>KeRHe pacxo.u.a KoKca 3a c11eT npHMeHeHHJI 
IILIJieyroJJhHoroTOIJJIHBB,TLIC.T 79,7 87,7 167,4 
To )Ke, Kr/T 11yry11a 51,7 29,0 
To >Ke,% 7,0 5,5 
CmuKeHHe pacxona npHpollHoro ra3a, MJIH.M3 16,7 32,1 48,8 
To >Ke, M 3 /T 12,8 7,9 
Cml>KeHBe ce6ecro~MOCTH qyryHa, M1IH.py6. 1,78 4,19 5,97 
3JCOHOMH'leCKa.JI 3$$eKTHBHOCTb, MnH.py6. 1,38 2,11 3,49 
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3a nepHOA JKC1U1yaTa1.U1H OllhITHo-npoMhillDleHHoii ycTallOBKH Hcnonb-

30BaHO ~ 80 Thrc. T yrnH, cpe,nHHii pacxon KOToporo Ha 1 T WYHa 
COCTaBHII 50 Kr. c IlhmeyronbHblM TOIDUIBOM BhIIDlaBileHo 1,38 MJ1H. T 

11yrYJia, HM 3aMeHeHO 7 % KOI<ca· npH cpe)l.HeM K03<}><}>HUHeHTe 33.MCHbl 

0,99. IlpH 3TOM pacxo,n. npHpO}l)-IOfO ra3a CHH3HJICJI Ha 12,8 M3 /T qyry

Ha, Ka'leCTBO qyryHa H npoH3BOn,HTen1>HOCTL neqeif cym.eCTBeHHO He 
H3MCHHJIHCI>. 06mrui 3<P<l>eKTHBHOCTI> npHMeHeHHH IThmeyronbHOro TOil

DHBa COCTaBHJia 1,38 MJIH.py6., H111f 1 py6/T qyr)'Ha. 
3a speMH 3KcIDiyarauim npoMbllWleHHoii ycTaHOBKH 61>mo Hcnon1>3o

BaHO > 400 TbIC. T yrna, BhifDlaBneHO c npHMeHeHHeM TOIDIHBa > 7,0 
MJIH. r qyryHa (cM. Ta6.n. 41). OceoeHbI TeXHonoratiecKHe pe:>KHMhI c 
BA)'BalDleM Ha 1 T qyryHa 60-80 Kr nbmeyron1>Horo roIDIHBa, np1rro

Tosne1rnoro H3 KOHUeHTpaTa yrnH MapKH T, 06ecnetn1sa10mero 3aMeuy 
12-15 % KOKca npH cpeA!ieM K03<l>cj>MUHCHTe 3aMeHhI KOI<ca TOIDIHBOM 

0,9. .llocratOllHO nonHO 3<PcpeKTHBHOCTh OCBOeIDUI npoMl>IllDleHHOH ycra
HOBKH ,IVJH BP.YBaHHH Ilbtneyron1>Horo TOIDlHBa xapa1<repHJyeTCH <l>a1<TH-
11eCKHMH Il0Ka3aTenHMH pacxona KOKC8 H npHpOJJ)loro ra3a B nepHOA 
1980-1987 rr. (CM. Ta6rI. 33) . · 

lf3 Ta6TI. 33 BHJlllO, 'ITO BnyBaHHe B ropH 11hmeyron1>Horo TOIDIHBa 

B COtleTamm c PHAOM .npyrHX KOMileHCHpymI.UHX MeponpIDITHH Il03BOilH
no CHH3HTh B 1987 r. <t>aKTHtleCKHH pacXOA KOKCa AO 479 Kr/T tzyr}'Ha, 

HJlH Ha 19,1 % no cpaBHCHHIO c nepHonoM AO Haqana OCBOCHIDI ycTa
HOBKH (I-II KB8pTaJThl 1980 r.). 

3a nepHOA 3Kcnnyatamm npoMb1;umeHHOH ycraHOBKH Ilhmeyront.HhIM 
TOIUllfBOM 38MeHeHO CBbIWe 350 ThlC. T KOKca, 1ITO o6ecne'llHJIO nonyqe
HHe 3KOHOMHtleCKOrO J<t>cl>eKTa B pa3Mepe 7 ,5 MJIH. py6. 



6H6IlHOrPA4»H'IECKHR CilHCOK 

1. Kupu.tUIUH B. 3HepreTm<a - npo6neMhl H nepcneKTHBLI//KoMMyHHCT. 1975. -
N21.- c. 43-51. 

2. Coal injection for blast furnace operation//lndustrial Heat. - 1968. - Vol.35. N 6. 
P. 1098; 1100. 

3. Griffin Stuizrt. Nippon Steel plans cut by half its furnace fuel oil use//Steel Times. -
1980. - VoL 208, N 5. P. 354; 356. 

4. Kajaikawa Y., Nakajima R., Kishimoto S. Operation of blast furnace without liquid 
fuel//Trans. Iron and Steel Inst. Japan. 1982. Vol 22, N 2, P. 134-142. · 

s. .IloMeHHaJI ID18.BKa Ha A}'The, o6orai.ueHHOM KHC110pOAOM AO 30 % c pacxonoM Maly-
1'9. IJ.O 100 1<r/T qyryaa./B.H. BaKyll uH, H.E. ,ayHaee, B.B. EMywuH14ee H 1J.p.//Cram,, 
1976. ~ 7. c. 585-591. . 

6. Iletjfruee H.M., flonoe A.I'., Bopovbee A.I1. Bi,umaBI<a qyryHa c ucnonl»3oBaHHeM 
M83yTa H npHpO}lHOro ra3a Ha 38BoAe HM. JimMqa//CranL. 1978. N2 2. c. 107-113. 

7. Gasper D. Evolution of the energy crisis/ /J. Iron and Steel Engineer .1974. - Vol 
51,N 7, P. 65-70. 

8. KaDHTanHCTHttecKnlt pLIHOK npoMLllWleHHoro CLiphB H TODJIHBa: KpaTKHA cnpa -
B01llDIK. B10nnereHL HHOCTPaHHoA KOMMepqecJ<oA HHcl>opMBilHH· - M.: BneWTopr
H3JUlT. 1974. N@ 9.i f;! 28-59. 

9. IIerpoe E. llTo TaKoe KAT3K//l13Becnm, 1975, 5 mm. 
1 O. Bell S.A., Pugh LL., Snyder B. l Coal injection Bellefonte furnace/ I J. Metals. 

1968. - Vol 20, N 4. - P. 85-88. 
11 Bell S .. A., Pugh LL., Sexton T.R. Armco coal injection/JAIME Ironmaking Confer~

. nee and Proceedings. - 1975. - Vol 34. - P. 307-325. 
12. Blast furnace operation with low fuel rate/Togino Y., Tateoka M., Sugata M. et.al// 

· Trans. Iron an~ St~el Institute of Japan. -- 1980. Vol 20, N 12. P. 842-848. 
13. Fitgerald F. Reducel coke consumption in the blast furnace tluough injection/ /Steel 

Times. - 1985. - Vol .. 213, N 12, P. 585-589. 
14 Ridgion J.M. Blast furnace perfomance with injection at the tuyeres/ /J. Iron and 

Steel Institute -'- 1961. N 2. P. 135--:143. 
15. 0CBOeHHe ,noMeHHoA ID'l&Bl<H c IJPHMeBeRHeM DpHpou11oro ra38 Ha JiH)ICHe-Tanmb

CKOM MeTannypnNeCKOM KOM6Hll&Te/B.K. KopHes, H. H. ll)'IUKDW, E.n. nasapee 
H AP-//Cram.1968. N2 3. c. 199-201. 

16. OnLIT pa6ofw noMeHHhIX neqeA Ha M83yre H npHpoJJ.HoM ra3e/A.A. AzawuH, H.B. 
EaoapPJiKuH, IO.II. B011Koe H np.//CTaJu,. 1965. N9 5. C. 393-400 . 

. 17. IlpHMeHeHHe m.irieyro11DHoro TOIDJHBa AJIX BldIIJiaBKH qyryua/C.n. HpoweecKuu , 
A.H. P11.6eHKO, A.A. AHroHoe HAP· - KHeB: TeXHiKa, 1974. 188 c. 

18. Pe3ynLT8.TDJ IlpOMbllWleHHLIX ID18BOK c B!(}"BaHHeM B ropH AOMeHHOA ne'IH AO 60-
100 Kr/T IILUleyroJlhHoro Torunraa/H.H. Kpacae'14e6, c.n. HpoweeCKUU, R.3. Cyn -
.nUH H ]JJ>.//HOBOe B arnonoMeHHOM npoH3BOJlCTBe. noHeUK. 1973. C. 271-276. 

19. Chaurat P. Injection pneumatique de charbons secs au haut fourneau N 2 de la 
·comp'1gnie des Hauts Journeaux de Chasse//Rev. de mJtallurgie. 1963. N 1. P. 39. 

20. Summers E.M. Coal injection into N S blast furnace at Stanton and Stavely, ·Ltd.// 
J. Iron and Steel Institute. 1963. Vol. 201, N 8. P. 666-667; 678-692. 

21. IlpuMeaeHHe )l(HJU<Oro TOWIHB8. B AOMeHHLIX De"IB.X HH>KHe-T8.I'11Jll>CKOI"O MeT8.Jl
nyprn11ec1<oro KoM6HHaTa/JO.C. Eopucoe, B.K. KopHee, H.H. llywKaw u dp.// 
Cram,. 1965. ~ 6. c. 497-503. 

22. B,oyB8HHe KOKcoeoro ra3a B noMeHHyio ne'IL H~ 3aeone B JlnoHHH//B1.0n. Hayq .• 
TeXH. HHcl>opM. - 1963. BLm. 8. c. 51. 

23. Pilv~ed .coal injection cuts blast furnace coke rate//J. Iron Age. 1968. Vol 201, 
N 2. P. 67-68. 

24. Brandy J.L. Amanda and Bellefonte, answers to iromnaking//J. Metals. 1964. Vol. 
16, N 8. P. 637-643. 

168 



25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41 .. 

42. 

43. 

44. 

45. 

MaTepH8JIHlo-TeIUios1>1e 6anaHcLI ,a;oMeHHoA 1DJaB1<H npH nny:eaHHH B ropn nLme

yro.JlbHoro TOIIJlHBa H npHpO,ttHoro rala/C.n. .RpoweecKuu, H.H. Kpacae14ee, 
B.B. CrenaHOB u op./ /Cram,. 1976. N~ 11. c. 979-982. 
JlpoweecKUU c.n., Kpacae14ee H.H., AffiaHOCbe81l 3.K. TeXHononra noMeHHOlt 
nnaBKH c BAYBaHHeM e ropH npHpo,a;Horo ra:Ja H 100-200 Kr/T 'lyryHa ru,meyro111>
Horo TOWIHBa/lbs. BY30B. qepHSJI MCTannyprIDI. 1976. N2 6. c. 35-39. 
He1<pacoe 3.H., /Omco JLJ.l., 06o<XlH .JI.M. KoHCTpyxUWI H npoMDmmeH.Hoe oceoe
HHe IllleBMOYCTBJIOBOK H1IM lJ,.TUl IlOJJ,811H IILIJleyroJThHoro TOIIJIHB3 B ropH noMeH
HOA nellH//MeTaruiypIWI qyryHa. M.: Menumyprn1l, 1973. - BLIII. 1. C. 91-109 . 
.RpoweecKUU c.n., Kpacae14ee H.H., CrenaHOB B.B. C>lrrm.1H331UUI TeXHonornt1ec
xoro pe:>KHMa IUl8BKH DPB B.IlYB8HHH DLUJeyroJILHoro TODJIHB& H npHpoJl}loro 

ra3a//Menumypr. 1974. N912. C. 11-14. 
Wannot L, Matlinski W., Kowalchuk L. Snizovani spotrebu koksu ve vysokopechnim 
procesu cestou pridavani spolecne fouhaneho uhelneho pvachu a zemniho olynu 
do hesteje vysoke pece//Mezo- Ved-techn. konf. vysokopec.-Ostrava.-1970. 
Sb. 4. S. 244-256. 
Carbee A.K. Use of pulverized coal in ironmaking blast furnaces: State of the art 
apd cmrent ~co operations//ILAFA-Blast Furnace Congress. - Buenos Aires.-
1978. August. P. 25-35. 
Consideration for coal injection in ironmaking//Steel Plant Furnace·, Industrial 
Heating. 1984. Vol. 31, N 8. P. 1485-1486. 
JbyqeHHe npouecca ropeHIUI AOllOJIH.HTeJILHoro TODnHBa B <l>YpMelDlldX 30HaX 
AOMeHHOA nettH/C.Jl .RpoweBCKUU, A.T. AHUCUM06, H.H. EtjJaHoea u op.//C:raJID. 
1985. N2 2 .. C. 9-13. 
OrrmMa.TILHldA pacxon npHponaoro raJa npH Bldll1IaBKe nepeAemHoro H nHTettHo
ro qyryu.~/C.ll. RpoweecKUU, I' .A. llaHee, H.B. Kpacae14ee u op.//MeT8JJ.Ilypr_. 
19 7 3. N2 1. c. 8-11. 
BLllDlaeKa JIHTeAHoro t1yryua c npnMeHeHHeM npHpoAHoro ra3a/C.Jl Hpoweec
Kuu, H.H. llonoe, H.H. Kpacae14ee HAP· - Kiles: TeXHiKa, 1971. 63 c. 
/iyHllee H.E., I'ycapoe A.K rexHonomtUiocrb noMeHHoro npouecca c BJI.YB8HHeM 
H3Me111>11:eHHoro mep.u.oro TOII11HBa B ropH n0Me1moit ne'IH/ /MeT8JUlypnrn qyryua. 
M.: Menumyprwi, 197 3. BLIII. 1. - C. 111-119. 
EMywUHuee B.B., I'an.e.MUH H.M., ,llyHaee H.E. BLI111Ias1<a nepenenYloro qy:ryHa 
c p83nH'IHbIM pacxonoM DhlJieyronwmro TOIUIHBa//Cr~. 1969. N9 6. C. 489-493. 
Colnot B. Injection de charbon puverise aux tuyeres du haut fourneau 3 d'Uckande/ I 
Rev. metallurgie. - CIT. 1982. Vol. .79, N 11. - P. 877-887. . · 
Guo Yun-zhi, Liu-cai (SISC). Injection de poudre de charbon dans le haut four
neau//Rev. de metallurgie. CIT. 1980. Vol 77, N 10, P. 841-851. 
Carbee A.K.//HF-80: Congr. Int. Haut Fourneau Theor et Prat, Aries, 2-4 Juin, 
1980. Vol 3. S. 11.4/1-11.4/14. 
Pulverized coal injection into N 1 blast furnace at Oita works/M Kawabe, S. Maku-
ri, M Baba et alJ/Tetsu to Hagane.1982. N 15. P. 329-334. . · 
Puiverized coal injection working at Oita N 1 furnace/ I J. hon and Steel Engineer. 
1982. N 6. p. 78. 
Bogdandy L. Mechenishes, thermishes und chemishes Verhalten Kleiner KohlerkC>
mer bein Einblasen in den Hochogen und die sich :dabei ergebenden Veranderungen 
der Hochofenbetrlebsdaten//Arch .. Eisenhiittenwesen. 1964' Bd. 35, N 101 S. 936 -
976. . . - · . 

Boc1<06oilHUKOB B.I'., · MUXll.lleeu11 A.I'. Ilym ASJihHeAmero CHH>KeHIUI pacxoA& KO

KCa B llOMeRIWX ne11ax/(C:riim,. i969. NV 7. C. 584-588. 
no2UHOB B.H., OpeWKWl r.r., llo.nOB'4eH1CO H.I'. BmrBaHHe IILDleyronLHoro TOD -

nHB&. B ropH JlOMeHHOA De'llJ.//Cranl>. 1956. N9 8. c. 675- 682. 
Labei C.J. Armco uses pulverized coal injection at Ashland/ /1 .. hon and Steel Eng. 
1976. VoL 53, N 8, p. 51-52. 

169' 



46. Kohlenstaub-Einblassystem im Hochofen Nr. - 1 des Oita-Werks der Nippon Steel 
Corporation//Stahl und Eisen. - 1982. Bel. 102, N 10. - S. 52. 

47. Coal injection in blast fumace/D. Roy, B.N. MJjumder, V. Ganda .et?J.l/J. Institution 
Engineering' (India). - 1976. - Vol. 57. P. 20-24. 

48. AHanH3 ocsoeHIDI H 3KCMyaTaUHH npqML:IIIDieHHoit ycraHOBKH AJI.H npHrOToBJieHHJI 
H BA}'BaHIUI Illdneyronworo TOMHBa Ha lloHeUI<OM MeTaJIJlyprH'leCKOM 3aBoAe/ 

- c.n. Rpou!eeCKUU, A.H. Pa6eHKO, A.A . .RpMQ/lb H JJ.p.//Te3. noKJI. Bcecoto3H. eay11.- -
TeXH. COBelll. "IlepcneKTHBLI HCllOIIb30B8HIUI IILl1IeyronLHoro TOIDIHBa H APYrHX no
poWJ<oo6pa3HhlX MaTepHaJioB B AOMeHHhlX ne'lax,,. - M. 1981. c. 40-44. 

49. Pa3pa6oTKa H ocsoeHHe npoMhnuneHHoR ycrauoBKH A11JI BAYBaHHJI llldJleyron1r 
Horo TOIUIHBa B ropH D.OMelDILIX neqeA/A.A. RpMllllb, c.n. .RpoweecKUu, M.B. 
qeMUKOCOB U Op.//MeTannypI'H11eCKaR H ropHopyJJ,HaJI npoMhilllJleHHOCTh. 198S. 
N93.C.5-7. 

so. Ilynt OOBepweHcrBOBaHWI OCHOBHOit cxeMLI H o6opyJlOB8HHJl AJUI npHrOToBJie
HIDI H BJlYB3HIDI llbDieyroJILHoro TonnHBa/A.M. KllMllpiJUH, B.B. CrenaHOe, 
c.n. HpoweeCKUU u op.//Te3. 11.0KJI. BceCOI03. Hay11.-TeXH. COBeIU. "IlepcneKTHBW 
HCDOJlL30BaHHJI llLUieyrom>110ro TOIDIHBa H 11.pymx nopomKoo6pa3HldX MaTepHB
noB B JJ.OMeHBLIX neqax". - M., 1981. C. 46-49. 

51. HeKpacoe 3.H., 06odaH H.M., llpuxo~bKO IO.n. YcosepmeHCTBOBaBHe o6opy
JJ.OBaJIWI yC'l'aHOBKH 11JJJI BJlYBaHHJI nldJieyroJlhHoro TOIDIHBa B ropH JlOMeHHoA 
ne'IH//MeT3Jlnyprn11eCKWI H ropHOPYAH8JI npOMldlllJleRRO~. 1970. N2 6. c. 1-S. 

S2. Pa6oTa JJ.OMeHHoA ne'IH npu COBMeCTHoM npHMeaemm npHpoAJloro ra3a, 11Wie
yroJILHoro TODJIHBa H 06orame1moro KHcnoponoM 1JYTIJl/3.H. HeKpacoe, JZJJ.. 
IOnKo, llR. MyxuH u c>p.//HHTeHCH<)>mcaLUUI npoueecoB noMemtoA: nn&BKH H 
ocBoeHHe neqe:A 6olll>woro o6oeMa. - M.: MeTaJqiypI'WI. 1978. ~ 4. C. 22-29. 

S 3. A.c. 239979 CCCP. CllypMa A.JUI nona'IH B03Jzyxa H TBepAoro peareHTa B MeTaJI
nyprn11ecKHA miaBHJILHLIA arperaT/3.H. HeKpaCOB, H.M. 06oooH, r.r. llo6ezau
.no u ~p.l/On<phITHSI. H3o6peTelDlx. 1969. NO 12. C. 

S4. Aliare B., Grafeuille F., Lag D. Usinor-Dunkerque. Injection de charbon sur le 
haut foumeau 2 d'Usinor _-Dunkerque//Rev. de metallurgie. - 1985. - Vol 82, 
N 11. P. 789-799. 

SS. Brme14Kuil H.I'., BeHe'14~a11 B.H. OcHoBHLie MaTeMaTHKO-cTaTHCTH'leCKHe noHHnu1 
H «i»opMynLI B 3KoHoMHqecKoM aH8JIH3e: CnpasollHHK. - M.: CraTHCTHKa. 1979. 
448 c. 

S6. Ostrovski E.J., Dietz l.R. Blast furnace operations ·with coal at Weirton//J. Metals. 
1965. N 12. P. 1289-1291. 

57. ,/lyHaee H.E., Ky~pae14eea 3.M., Ky3He140e 10.M. BA)'saBlfe. IIWJleBH.Q.HWX M&Te
pHBJIOB B AOMeHHLie ne11H. - M.: Merannypl"HJI, 1977. - 207 c. 

SB. JloMeHHaJI onaBKa c BAfBBHHeM yrnJI Ha JlOMeRHoft ae11H o&LeMOM 2000 M 3 

3ana.a.uo-CR6HpcKoro MeT8JIJlypm11ecKoro 3aBo1JJJ./H.E. ,l(yHaee, A.K. I'ycapoe, 
E.H. AwnuH u dp.//M~armypnu1 qyryHa. - M.: MerannyprnJ1, 1973. - BLID. 1. 
c. 119-127. 

S9. BAYBaHHe yronwoA IILDlH B rope noMeHHoA ne'Df/C.n. RpowescKUu, A.A. Hp
Mllllb, ll.3. CyMUH u t}p.l/CranL. 1976. NV 9. C. 788-792 .. 

60. Lu W.-K., Holditch. Alkali control in blast furnace: Theory and Practice//HF-
80.- Blast Furnace Conference. - 1980. P. 1-18. 

61. Pulverized coal injection working smoothly at Oita N 1. BF//Nippon Steel News.-
1982. February. P. 55. . 

62. AHdpoHOe B.H. 00 3Cl>ct>eKTHBHOCI'H BAfB8HBJI AODOnHHTeJIWILIX TOIDIBB B rope 
n<>MeHHLIX neqeDj/Cr31D>. 1976. N2 8. C. 694-698. 

63. BOllOBUK I' .A. lcl>cl>eKTHBHOCTh HCDOJih30BaHlUI yrnepo.a.a H BOAOpoJJ.COAeplkaIUBX 
no6asoK ~ AoMeHHoit DJiaBKe//CranL. 1980. NV 12. C. 1062- 1064. 

64. llapwaKOB B.M., EoKoeuKos E.A., IJJKIUlp tl>.P. MeToJJ,HKa pac11eTa 11 onpeAene-

170 



HHe 3KOHOMH'leCKH BblrOAHbIX yposHeR napaMeTpOB BLICOKOTeMDepaTypHoro 
KOM6HHHDOT;UlHHoro JJ.YThJI//CranL. 1980. N2 3. C. 169-173. 

65. ToeapcKUU H.I'., XoMU'l B.H., EORp<J8CKOJl r.n. .MccneAOBaHHe .3<Pct>eKTHBHOC
TH npuMeHeHHR ~TheBLIX p_o6aBoK B noMeHHoM npouccre//C:ranh. 1980. NQ 11. 
c. 941-949. 

66. TexaonornqecKHe acneKTLI opHMeHeHHJI B noMeHHoit nnaBKe ToJUIHBHLIX no6a ... 
BOK, BBO,a;HMDIX B <l>ypMeHHble 30Hbl COBMeCTllO c JlyTbeM, o6orameHHbIM KHC

noponoM/B.r. BocKofioilHUKOe, H.E. ,l!yHaee, E.n. )J(ypaKoecKuil u dp.//Cram~. 
1980. N2 10. C. 888-896. 

67. Tizuka .Motohiko, ·Kichimoto Sumiyuki Blast furnace operation with low fuel// 
Tetsu to Hagane. J. Iron and Steel Inst. Japan. - 1980. Vol. 66, N 3. P. 1966-
1974. 

68. G~tzke Manfred//Stahl und Eisen. - 1978. Bd. 98, N 23, S. 1243- 1244. 
69. Mijadzaki T. Study at conditions of pulverized coal combustion in blast furnace 

hearth//Tetsu to Hagane. - 1982. - Vol. 68. N 4. P. 4-5. 
70. Kumee B.H., RpoweHKO IO.I'., Jla3apee E.n. TeIUioo6MeH B 11.oMelUloR netIH. -

M.: MeT3JlnypI1U1. 1966. - 355 c. 
71. HeKoTopLie oco6eHHoCTH TermoBoro pe)l(HMa ropHa npM pa6oTe Ha KoM6HH11po

BaHHOM .uyn,e BblCOKHX napaMeTpOB H OUeHKa BIIH.HHWI 3THX napaMeTpoB Ha oc
HOBHhle noKa3aTeIIH noMeHHolt IDiaBKH/A.B. Jiudeeu'l, C.n. RpoweecKuu, n.n. 
Epyroe u op.//MonoJJ);,Ie y'leHLie - Hayll.-TeXH. oporpeccy B llepHoA MeTannyp
rHH: MaTepHaJihl 2-R Hay11H.-TeXH. KOH<l>epeHI11.fH. - noHeUK. 1981. c. 63- 74. 

72. OnpeneneHHe oIITHMaJUdlLix TeXHonornttecKHX napaMerpoB noMeHHoA IDiaBKH 
c HcnoJib3oBaHHeM IIbIIleyroJILHoro Tommsa/C.n. Jlpoweec1<uu, n.n. Epycoe, 
A.B. ,audeeu'l u Op .//Te3. noKn. Bceco103H.Hayq!'-rexH. co Bew.. "IlepcneKTHBLI 
HcnoJIL30BallH11 11b1JleyronLHoro Torumsa H npyrnx noponIKoo6pa3HLIX MaTe
pHaJios B noMeHHDIX neqax,,. - M.: 1981. C. 14-19. 

73. PacnpenenCHHe TeMDepaTyp no PaAHYCY ropHa AOMeHHoR ne11H npH BJJ.YBMt"11H 
DPHpOAHOro ra3a/I'.A. flaHee, A.I'. Ky3y6, llll. qyenblllO u op.//C:ranb. 1966. 
N2 3. C. 200-205. 

74 . .HpoweecKuu C.Jl, .auoeeu11 A.B., CrenaHoe B.B. OcHOBHLie nym KoMneHcamm 
yxyJlllleHHJI TeMnepaTypHoro H ra30JJ.HHaMH11ecKoro pe>KHMOB IUiaBKH npn JHa111i
reJILHoR 3aMeHe KoKca nononHHTeJI:LHLIMJI BHABMH TOilJIHBa/ /TeJ. noKn. Bceco103. 
HayQ.-TeXH. KOHcp. "TeoplUI H npaKTHKa COBpeMeHHoro .a.0Mem10ro DpoH3BOACT
sa ". - llHenpooeTpoBcK. 1983. C. 140. 

75. IIpomo3HpoBaHHe pe>KHMa noMeHHoA nnaBKH npH pa6oTe Ha KoM6mtHpoBaHHoM 
A}'TLe H llpHMeHemm ero Ha npaKTHKe/B.10. llb1M6a.Ji10K, n.o. KopoCTUK, B.A. 
CopoKUH u op.l/KoHTpom. H peryJIHpOBB.HHe napa.MeTpoB D.OMeHHoro npouecca.
KHeB: HayKoBa JJ.YMKa, 1972. C. 103-111. 

76. TeXHonoIW1ecKHe Q>axTopLI, oupe.nerunoIUHe reopemqecKyio TeMUepazypy rope
mu1/IO.M. Ilore6HR, P.I'. Puxrep, T .A. Ty.nyeecKllJI. u op.//C:rarcL. 1982. NV 10. 
c. 14-17. 

77. Ea6uu B.H., HeaHoea H.ll JlmlTem.HocrL socJDlaMeHeHHR H ropeHIDI 'laCTHU llbl
JIH pa3nH1111L1x MapoK yrneA//ropeHHe TBep11.oro TOIDIHBa: MaTepHaJILI III 
Bcecol03. KOHcp. no TeopHH ropeHHJI TBep11.oro ToII.JIHea. - HoBoCH6HpcK: HayKa, 
1969. c. 82-92. 

78. 9UeHKa K03CM>HUHeHTa 3&MeHLI KOKca llhlJleyroJILHLIM TODJIHBOM/C.JJ. Jlpo
weeCKUU, B.H. TepeU4eHKO, 3.H. Ru6epo81l u dp. //MeTannypru11ec1<u H ropHo
·pyAR:ui npoMldIWJeHHoCTD. 1981. N2 2. C. 10-14. 

79. lloxBUCHee A.H., KJJe.MnepT B.M. 0 MHHHMaJILHOM pacxoµ.e KoKca B 11.oMeHHoA 
ne'IH no yCJIOBWIM ra:m,[J.HH&MHI<H npouecca//CraJIL. 1969. N9 12. c. 1077- 1079. 

80. OnLITBLie noMemu.ie nnaBJ<H c HcDo1Ib3oBaHHeM s arnol1:1MXTe 6eJIHoA Mapraa
ueBoA PYAL1/B.A. YJZaxoeu11, B.H. Co1100Koe, B.H. HerpoHuH · u · 'op. //C:ra.JIL. 
1981. N2 5. c. 4-6. 

171 



81. Pa6oTa noMeHHoD netfH qepen0Beu.1<oro 3aBona na 1<0M6mmpoBaIIHOM AYTLe BLI
coKHX napaMeTpoB/JlA. EJUlblU, E.n. )[(ypaKOBCKUU, A.I'. MliX!IJleBU'I u op.I/ 
Cranb. 1978. N-! 9. C 782-787. 

82. OnLITHLie IIJI&BKH B .noMeHHoA i:Ie'IH o6'beMOM 2000 M 3 Ha nyne c 1<0HueHTpa
UHeR KHCJ10po~a no 35 % /3.H. HeKpaCOB, C.B. Konnal<08, /J.<1>. AHopeee u op.I/ 
Cram,. 1973. N2 2. C. 97-104. 

83. IlepBLdt onhlT pa6oTLI noMelUloA ne'IH o6'heMoM 2000 M 3 HJIM3 c o6orameHHeM 
JlYThH KHcnoponoM no 40 % /3.H. He1<pacos, H.C. AHTUnoe, H.M. MoJ1Ct1peHKO 
u op.//CTanL. 1981. N9 7. c. 7-9. 

84. 3<P<Pe1<THBHOCTb BhnmasJ<H mrre1tHoro llyiyHa c npnMeHeHHeM rILmeyroJILHoro 
TOIDlHBa H npHpoAHOro ra3a/I'.E. Hexaee, B.B. CrenaHOB, B.E. Epaza u op. // 
Menumypr. 1987. N2 3. C. 15-17. 

85. Pa6oTa JJ.OMeHHoA ne'IH c HH3KOA creneHhlO KOMneucauHM KHCIIOpo)la npHpoA
HLIM ra3oM/ll.A.. DJf./lblU, B.A. Y/UJXOBU'l~ E.Jl )l(ypaK08CKUll u op.//Cr8II'&. 
1981. N~ 11. C. 31 - 35. 

86. CoBepweHCTeowiHHe TeXHonornH noMeHHott ru1asKH Ha nellH o6'bCMOM 2700 M3 

qepenose10<oro Merannyprnt1ecKoro 3aBona/B.A. Y.11axoeu'l, B.H. Co.lloiJKoe, 
A.H. Koroe u op./jCraJIL. 1978. ~ 6. C. 492- 497. 

87. Le Scour C. Amelioration de la mise au mille au haut fourneau 3 d'USINOR 
Dunkerque//Circ Informs Techn. Cent. Doc. Sider. - 1972. Vol. 29, N 1. 
P. 159-167. . 

88. RpoweecKuu C.JI., J!uiJeeu'l A.B., Epycoe D.ll. He1<0TopL1e oco6eHHoCTH .noMeH
Hoit 1UiaB1<H npH BAYBamm B ropH 1<0HUCHTpaToB ralOBLIX H 3HeprernttecKHX 

yrnefr/ /Ma'I'epHaJILI 3-ett Hay'll.-TCXII. KOH¢. "MoJJO,llLle y~eHLie Hay'l.-TeXH. IIpor
peccy B 11epHoit MeTannypnm" - lloHeIU<, 1981. C. 25-28. 

89. Pa.,\tM A.H. CoBpeMeHHhlit noMeHHhlli nponecc. - M.: Me'l'annypnu1, 1980. - 303 c. 
90. )J(aeopoHKOB H.M. fanpaBIDl'leCKHC OCHOBLI c1<py66epHoro npouecca H TeIUio

nepenaqa B cKpy66epax. - M.: CoBeTCKaJI uayKa, 1944. - 44 c. 
91. Cno.t10UHZ ,ll.E. KoHBeKTHBHLIA MacconepeHOC (nepeBOA c aHrn.). M.; n.: 3HeJr 

ma, 1965. - 384 c. 
92. lloMeHHhlit npouecc DO 3KCnepHMeHTaJThHhlM. W!Hl!bIM//C6. TPYAOB nIIH, noc

B.H~CHHhIA 80-neTHlO co AHJI p0>1QleH1U1 IlaBnoBa .M.A. - fl.: 1949. - T. 2. -
345 c. 

93. Ko3.lloeu14 11.3. Hccne11ioBaHHe pa6oTbI ropaa .noMeHHoA new N9 1 MMK//Co
BeTCK&JI MeTaJ1nypmJ1. 1936. N2 9. C. 5- 18. 

94. Rpoiuee~KUU c.n., I'aiJeopoHCKUU H.C., nonoe H.H. KoHTpo!Ih TCWIOBOTO coc
TO.HHHB ropHa JlOMeIDioA netlH. - KHcB: TexHil<a, 1968. - 184 c. 

95. A.c. 1062268 CCCP. YcrpoAcrao wu1 oT6opa npo6 HJ ropea ~oMeHHol ne'IH/ 
C.JI. .Rpowe6CKUU, I'.E. I'op.11UH08, A.1"1. KaMapouH u dp.//OrKpbITIUI. lfao6-
perenH.H. 1983. N9 47. C. 116. 

96. .RpoweeCKUU c.n., AHUCUM08 A. T., ErflaHOea H.H. J13yqeHHe npouecca ropeHIDI 
JlOnonHHTenLHoro TOWJHBa B ct>ypMeHHLIX 30HaX AOMelDloA ne11H/Te3. AOKJI. 
BcecoJ03. H2y11.-TeXH. KOH<I>. "TeopHJI H npaKTHKa coepeMeHHoro JlOMeBHoro 
npo_H3Bo.ncma". - ,llHenpomrrposcx. - 1983. - C. 118. 

97. Ocrpoyxoe M.n., XodaK n. 3. HoBhle nccneAOBaHH.R npouecca ropeHlUI KoKca 
y «l>YPMhl )lOMeHHOit ne'IH//C:rarrb. 1956. N9 10. c. 867-872. 

98. X[XJMOB B.A. K Bonpocy o TeMnepaType ra3oB B ropHe B CBJl3H c pa6oToii 
noMeHHoil ne'IH Ha 06ora.u.tem10M KHCJioponoM nyne. E10n. HTH YKpHHH Me
TaJUIOB. - M.: Menm11yprH3AaT, 1958. NO 7. C. 22- 41. 

99. Ea6apblKUH H.H., IOwuH <P.JJ. H3Meeemu1 AOMeHHoro npouecca npu pa6oTe 
Ha o¢mooosaHHoM armJMepaTe//Crani,. 1958. NQ 12. C. 1057-,1065. 

100. OcHosLI npaxTH'lecJ<oil reopHH ropeBHJJ./B.B. lloMt!pl1H'tlf!8, K.M. Ape</Jbee, 
/J.B. AXMedoe u op. n.: 3HeprnJI, 1973. - 264 c. 

172 



101. HpoweeCKUU c.n., ,[(yHaee H.E. BnHJIHHe npHpoAffOI'O rala Ha HarpeB H XllMH'leC

KHA COCTRB qyryHa//Cranb, 1962. N9 4. c. 296-300. 
102. no2UH08 B.H., EexTep B.H. BnysaHHe mmeyroJlhHoro TODJIHB8. M BIDUIHHe 

:noro <l>a.KTopa Ha HarpeB ropHa H OKHCJIHTenLHytO 30Hy//li3s. BYlOB. llepH8JI 
Menumyprn.H. 1972. N9 4. C. 28-31. 

103. flJUJCTUHUH E.II., )J(e.ne311.oe P. 3. HccnenoBBHHe npoueccos ropeHWI H xapaicre
pa ra3opacnpenenemu1 npH BllYBa.HHH yroJILHoD IlhUDf B JlOMeHHyJO nelfb/ /KoMn
neKCHa.H nepepa6oTKa pyn 'lepHLix MeT8JlnoB Kalaxcraaa. - AnMa-ATa: HayKa. 
1969. T. 6. C. 42-48. 

104. A3paUHOHHblA IllfTaTeIIL yroJlbHoi\ DbIJIH WUI }'C'faHOBOK B1lYBaHH.H IlblJleyrom,

HOro TOWIHBa B ropH noMeHHoA ne'IH/C.ll. .Rpoweec1<uil, A.A. HpMQJ'lb, A.H. 
P116eHKO u c>p.//HBTeHcmpHK3.UHJI npoueccoB noMeHHoA IDI&BKH H ocBoeHHe ne
tfcA 6oJibmoro olYLeMa. - M.: MrTannyprnJI. 1977. BLm. 3. C. 72- 78. 

105. MeTaJmyprn.J1 cranH/B.H. Reoiu:1<uu, 10.B. KpaKoecKuu, B.11. I'pu20pbee u dp.
M.: MerannyprWI, 1983.- 583 c. 

106. qyuKo HM., qyuKo A.H. Teopns H TeXHonomg :meKTpollJJRBJCH cranH. - KHeB; 
D.oneuK:'lbnua 1.1.IKona, 1983. - 248 c. 

107. BmumHe n1>meyro11LHoro TorumBa Ha TeMIIepazypy H XHMH\lecKHit cocras qyry
. Ha/C.R. RpoweacKUU, B.fl. TepelJ4eHKO, I'.E. Hexaee u op.//L~anL. 1979 .. N9 5. 

c. 328-332. 
108. A.c. 933 709 CCCP. IIHTaTe.TU> .DJUI nonaqa yroJILHoR IILJJIH B noMeHFiyIO ne'lh/ 

B.H. Ma11UKUH, H.T. Jiu(fleHKO, c.n. HpoweBCKUU u iJp.//OrKpLITHS. 1'bo6peTe
HHX. 1982. N!l 21. c. 112. 

109.,lluaeeUll A.B., llleeKQJleHKO B.M., RpoweeCKUU c.n. BJIHJIHHe H3MeHemu1 conep
:>K~R 30Jlbl B ni,meyroJibHoM TOIDIHBe Ha BeJIH'IHHY K03<l>$HUHeHTa 38.MeHbI/ I 
"Mon. yt1eHLie H cneu. - nay11.-TeXH. nporpeccy e MeT8JIJiypnm". MaTepHanhl 
4 Hay'l.-TeXH. KoHfl>. llotteuK. HHH \fepu. MerannypmH. }loueuK. 24-26 MWI, 
1983. 4.1 - JloHcUK, 1984. c. 55-57. - Den. B YKp. HHl1 HTH 13.02.85. ~ 327 
YK--8~ ,llen ... 

110. A.c. 734285 CCCP. Cnoco6 n0Mem1oii wm.BKH/C.D. Rpouu:ecKuii.; H.H. 11onoe, 
B.H. AHdpoHu6 u op.//OTKpbITHH. H3oGpeTeHHx. 1980 NQ 18. c. 172. 

111. A.c. 670616 CCCP. Cnoco6 BeneHHx p,oMeHHoA TIJIBBKH/C.n. .Rpo1uescKui!, 
B.H. And1xmoe, I'.A. BonoeuK u dp.//OrKpLITHfl. Jho6peTemu1. 1979. NQ 24. 
c. 87. . -

112. OnepaTHBHOe pery1mpoBa.HHe TCIIDOBOro pe>KHMa }lOMeHHoit rmaBKH/A.H. Eo6u", 
C.H. RpoweecKuu, O.B. MuTacoe " c>p.//C:raJIL. 1982. N2 5. C. 7- 9. 

113. Bapwaecl<UU o.r. PerymtpOB8HHe TCIDlOBbIX MeTarmyprulleCI<HX npoueccoB. -
M.: MerannyprIDI. l 968. - 312 c. 

114. OnepaTHBHLIH KOHTponL TCIDlOBOI"O COCT01IHIDI ropHa llOMemIOA ne'llf./A.H. Ea
OU'l, c.n. .JlpoweeCKUll, A.H. J16'1HOB U.Op.//MeTaJinypr. 1982. N9 5. c. 11- 13. 

115. Pa3pa6oTJ<a H OCBOCHHe npoMLilW1eilHOit YCTaHOBKM )JJUI Bnyna.HH.H ru,meyrom,
eoro ToIDIHBa B rnpH ;ioMcHHLlx ne11e.tt/..4.A. Rp.MAJ1b, CJ/. Jlpoweac1<uzi, MB. 
qe.MUKOCOB u iJp.//MeTannyprHl.leCKaJI H ropHopy,WUUI npoMhlUITieHHOCTL .. 1985 . 
N9 3. C. 5-7. 

116. PaJpa6oTKa H ccBvCime Tex1mnonm noMemm~ nnaBKH c npHMeHeHHeM n1>me-
yroJJhnoro Tomnrna H npuponu:oro ra3a/C.fl. EtfluMeHKO, C.n. JlpoweecKuu, 
A.M. KaMapou11 u op.l/CranI>. 1986. N2 10. C. 23-29. 

117. OnLIT 3KcIUJyaTawm Ycra.HOBOK no nn}'BaHHJO yroJibHoit m,um/H.H. llonoe, 
A.A. Ea11.uHuH, CJ /. J!poweecKuu u iJp.l/Te3. noKn. BcecoI03H. Hay1.1.-TeXH. 
oosem. "noBL1rne1rne Tex1mtlecKoro ypoBHJI H coeepweucrnoBaHHe Tex1mno
nrn n0Me1moro npoHJBClllCTBa". - IIHncuK. 1982. - C. 34-35. 

118. Oco6eHHocrH Ter.nwpazypnoru pe>KHMa ropna npH pa6oTe AOMeHH1>1x neqeA c 
BJlYBaHHeM npupomwro raJa H m,mcyroJILHOI"l' TOTmMBa/CJ7 Rpow.eRc1<uu, 
C.T. fl.nucKauoec1<u1i, A.M. Ka1t1apoun u op.l/CTa.JIL. 1986. N2 4. C. 7-11. 

173 



119. B1>11maBKa 11yryua c B,tzyBaHHeM B ropH ;noMeHHoA nellH IlhmeyronLHoro TOimH

ea/C.n. Rpow.eeCKUU, H.H. Kpacae14ee, R.3. CynnuH u op.//Me11U1J1ypmtteCKaJI 
H ropHopy.D.HWI npoMbil.WleHHoCTh. 1974. NY 4. C. 7-9. 

120. 3cp<t>eKTHBHOC'l'b AOMCHHOA nnaBKH c BJlYBaHHCM B I'OpH IlhIJieyronLHoro Ton
rm.Ba/ C.n. .RpoweecKuii, A.B. JiuaeBUll, 3.K A(PaHacbeea u dp~//Menumyprn
qecKaJI H ropHopynHaJI npoMLD.WieHHoCTL. 1979. N9 2. C. 5-6. 

121. JlpoWEdCKUU c.n. HcnoJlb30Bamte llhmcyroJThHoro TOIIJll{Ba B AOMeHHOM npo
H3Boncrae//TeJ. AOKJI. Ha II COBeTCKO·Hll.nHACK. CHMD03. no qepHOA MeT3J1nyp
n-tH "3KOHOMHJI MaTepHaJIOB H 3Hepnm B qepHoA MeTaJIJiyprnu". - .IIoneuK, 
1982. c. 7-8. 

122. Kyau1<oe H.C. ,llecym,«t>ypaUHJl qyryHa. - M.: Me1CUU1ypm3AaT. 1962. - ~06 c. 
12 3. Bi,mnasKa JIHTeltHoro qyryHa c npMMeHeHHeM nLDieyroJihHoro TOOJIHBa H npHpon

eoro ra3a/ C.n. Rpoweec1euu, B.B. CrenaHoe, R.3. Cy11.11uH u op.//MeTannyprn-
4eCKaJI H ropHOpyUHaJI IIpoMLllllJICHHOCTh. 1976. N2 6. c. 77-78. 

124. noMeHJUUl nnaBKa c BAYBaHHeM B ropu 'l'OWIHBHOA CMecH/C.n. HpoweeCKUU, 
E.H. CKJUlOQHOBCKUU, I'.E. Hexaee u op.//MeTaJinyprnqecKast H ropHOPYAHWI 
npoM:&llWICHHoCTb. 1981. N2 4. C. 28- 31. 

125. 0IlhITHLie nnaBKH c BA}'B~HeM B ropH AOMeHHoA ne'IH <t>mocoTOIDIHBHOit CMe

CH//C.ll. RpoweecKuu, O.K. AHy¢puee, 3.K. AgiaHllcbeea u iJp.//Te3. noKJI. 
BcecoJOJH. Haytt.-TeXH. cosew. "Ilepcne1<THBLI Hcno1Ib30BaHID1 nLIJleyronLHoro 
TOIDUIB3. H APyT11X nopoWKoo6pa3HLIX MaTepHaJIOB B .D,OMeHHLIX ne'laX". -

M., 1981. - C. 30-34. 

126. BHene11Hoe pa<}>HHHpOBa.HHe ttyryaa H CTaJIH/H.H. EopHDF.4KUil., B.H. Ma'luKuH, 
B.C. )/(ue'leHKO u op. - KHes: TeXHiKa. 1979. - 167 c. 

127. 0 coomomeHHH omHMan&HLIX pacxo.noB npHpoAHoro I'a3a npH BLIImaaKe nepe
ACJIL.Horo H nHTeDHoro 11yryHa/C.n. .HpoweecKuii, I'.A. flaHee, H.H. Kpacae14ee 
u op.//0£aJJ.1,. 1973. N9 6. C. 487-491. 

128. IlpoH3BOACTBO nHTetbloro qyryHa noBblllleH11oro KatteLTBa/B.H. Ma11uKuH, 
E.H. CICJZQOQH08CKUU, c.n. Rpo_weecKUll u <)p.//MeTaJJ.nypm'.JeCKaJl H ropHo
PYJlH3JI npoML!UtneHHoCTL. 1981. N9 3. C. 1- 3. 

129. CoBepwe11CTB0BaHHe Teximnonm ,u0Mem10A IIJI8BKH c uem10 yMeH1>WeHHJ1 oTpH

u,aTeJibHoro BJIHIDIHJI iuenoqeA H UHHKa/0.'11. Kop11K-0ea, B.B. /Ile1UlHCKUI1, 
A.E. flap14eecKuu u dp.//qepHaJJ. Mera.n:nyprIDI: B10n. Hayll.-TCXH. HH4JopM. -
1980. - BL1n. 15. - C. 13-33. 

130. llatano M, Miyazaki T., lwanaga Y. Effect of alcali circulation in blast furnace 
on its working regime/ /Tetsu to Hagane. J. Iron and Steel Inst. Japan. 1979. 
Vol 65 .. N 12, P. 1663-1673. 

131. Hatano },f., Miyazaki 1:, Iwanaga Y. Effect of alkalies on coke properties//Tetsu 
to Hagane. J. Iron and Steel Inst. Japan. - 1979. Vol. 65, N 10, P. 1509- 1515. 

132. AHanHTM11ecKoe HCCJiell.OBaHHC BJIHJIHHJJ TCXHonorntieCKHX oapaMeTpOB JlOMeH .. 
lloA nnaBKH Ha TeMnepaTypy 11yryHa H WJl&Ka/A.H. J/BOHOB, c.n. RpoweecKui1, 
A.H. Baffa" u op.; no11Hl1Hi:epMeT - noHeUK, 1982. - 9 c. - ,llen. 3. 06.82. 
N9 1614 - lJM. 

133. 0IITHMH3awut TeXHO!lOrHH BblIUlaBKH 'lyryHa c HCI10Ilb30naHHeM MeTO,U.OB MaTeMa
THlfeCKQj{ craTHCTHKH u 3UBM/C.n. RpoweecKuU, B.H. A1'opoHoe, H.H. Be.nuKuu 
U op.//CTaJU~. - 1975. - N2 3. - C. 205-208. 

134. Hpow.eecKuu C.ll. , CrenaHoe B.B., HecTepeHKO C.B. IlpHMeHeHHe 1maBHKoeoro 
runaTa B lliHXTe noMeHnhIX net1ea//C-ranh. 1981. NQ 3. C. 14-15. 

135. CoBepmeHCTBoba.HHe Temonornu e1>1nnaBKH <J>eppoMapraaua/H.0. KOTe.tlbHUKOB, 

B.B. ,l(udeHKO, H.H. Y cTU."leHKO u op.j/MeTaJUiypr, 1976. N~ 5. c. 11-13. 
136. 3 c}.lcpeKTHBHOCTb Df'HMt.:HeJllfll HaKJIOHHhlX B03.l:lYWHLIX <)lypM B ,noMeHHLIX nettax/ 

H.B. Kore.tlbHUKO b", R.B. JJ.uaeHKO, 11.R. YcroMeHKO u up.l/C:ranL. 1975. N2 12. 
C. 1075- lOTi. 

17a+ 



137. BLIIDIBBKa JUITeAHoro 11yry11a Ha HaKJJolUILIX tl>YpMax/H.H. Kpacaeqee, E.H. 
C1GIUlc>aHoecKuu, A.H. CnupuH u c)p.//MeTa1mypr. 1973. N9 11. C. 19-20. 

138. KoMIIJleKataB OUeHKa 3Cl><t»eKTHBHOCTH npHMeHeHH.H nbUleyroJihHoro TOIIJIHBa 

AJUI BhIIDJaBKH, 11yryua/I'.A. llaHee, c.n. JlpoweecKUU, C.A. To.nCTblX u op.// 
HHreHCH<l>HKauHJI nponeccoB noMeHHoA nnaBKH H oCBoeHHe net1eR 6onLmoro 
o6'&CMa. - M.: MenumypmJ1, 1977. - Bi,m. 3. - C. 55-59. 

139. OnTHMBJIYIOC'ID H 3'1>cl>eKTHBHOCTb TeXHODOrH'ICCKHX pe)ICHMOB }l.OMeHHoit llJlaBKH 

c npHMeHeHHeM 1ILIJ1eyroJihHoro TODJUfBa/C.n. Rpoweec1<:uu, ll.II. Epycoe, 
A.A. RpMllllb u dp.//C:ran1>, '1985. NV 8. C. 12-16. 

140. Leightner M .. W. Developments in Iron and Steehnaking//Blast Furnace and Steel 
Plant. 1966. Vol 54. P. 1025. 



IlpOH3BOJlCTBeHHoe HlAaHHe 

CraHHCJiaB lhBOBH11 JlpoweBCKHli 

BblililABKA lf>TYHA c IlPHMEHEHHEM ULlflEYrOnLHOro TODilHBA 

PeilaKTop H3AaTen:&cTBa 0.B. Me.ue.QOBCKaJI 
Xyno)ICecrBeHHLIA pe~KTop AA Jlxy6eHKO 
TeXHH'lecKHA penaKTop 0.6. MapKoaa 
KoppeKTOpbI r.«l'.flo6a.Hosa, n.M.3Hll'leHKO 
06no>KKa xyno>KHHKa E.H. Bo11Kosa 

IloJllIHcaHo B ne11an 05 .10.88. T-174 78. cJ>opMaT 6yMarH 60x90 1/1 · 
liyMara o<I>cerHu N9 2. Ile11aTL o$CeTHaJI. Ycn.ne'UI. 11,0. Ycn.Kp.-on. J~eH-
Yq.-H3A.n. 12,84. THpa:>K 1450 3K3. 3aKa3 3495 Ue11a 65 K. 1'fan. N9 1: ·cKuii 

Ha6paHO B H3.llaTenbcrBe "MeTannyprHH" 
Ha HITT onepaTopoM r.B. KpacJOK 

OpneHa TpynoBoro Kpa01oro 3HaMeHH 
H3JlaTenLCTBO "MeTannyprns", 119857' rcn, MocK:ea, f-34, 
2-it 06hIJJ.eHcKldt nep., A· 14 

MocKOBCKWI THnorpa<l>IDI N9 9 HOO "BcecoIOJHWI KHH>KHSJI nanam '' 
npH f ocy~apCTBeHHOM KOMHTeTe1CCCP 
no nenaM lf3AaTenLcrB, noJIHrpa«lhm H KHH>KHoD Toproenu 
10~033, Moc1<sa, BonotraeBcmui yn., 40 

' 'i.82. 

·'1a
·'.u 


	Выплавка чугуна с применением пылеугольного топлива
	Выплавка чугуна с применением пылеугольного топлива(1)



