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Wzobperenne oTHOCHTCS K crocoOy muiaBkd. Croco0 BKmodaer ciemylomue craauu: (i) momady
arJioMepaToB, KOTOPBIC 3aKIIOYAIOT B ce0c MEIKHE YacTHIbl METaJUICOICPIKAIEro ChIPbS M MEJIKHe
YaCTHIBl BOCCTAHOBUTES, B IDIABWIIBHYIO I1€Yb C 00pa30BaHUEM YIUIOTHEHHOTO CIIOS arsioMeparos; (ii)
MIPOITyCKaHKe MEePBOH YacTH OTXOAIIETO Ta3a, cojepakariero okcuy yriaepona (CO), yepe3 yruroTHEHHBIH
CJIOW aryioMepaToB JJIsi YaCTHYHOTO BOCCTAHOBJICHHS MEJIKHX YaCTHIl METaJUICOAEpIKaLIero chpbs; (iii)
C)KHTaHWE BTOPOW YaCTH OTXOIAIIETO ra3a, cofaepxamniero okcua yriaepoaa (CO), B KauecTBe TOIUTHBHOTO
rasa INpH TIOMOINM TOPENKH JUIS HarpeBaHMs ariOMEpaToB B IUIABMIBHOM IEYH /10 TEMIIEpaTyphl,
npessiatoineit 1000°C, u pacriaBiaeHus 3a CYET STOTO arJIOMEPATOB B INIABHIILHOM MeYH ¢ 00pa3oBaHueM
pacIIaBIeHHOTO MPOAYKTa; (iV) MOAady pacIIaBIEHHOTO MPOAYKTa B BOCCTAHOBUTEIBHYIO ITeYb U (V)
BBITUIABKY PACIUIABICHHOTO TPOAYKTa C 00pa30BaHUEM XHMKOTO METAJIMYECKOTO MPOAYKTa, JKUIKOTO
[IJJAKOBOTO MPOAYKTa M OTXOAAILIEro rasa, cogepikamero okcupa yriepona (CO), KOTOpelii MOAAIOT B
IUIABHJIBHYIO I1eYb.
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CITOCOBb ITNTABKY METAJIJICOAEPXKAIIETO ChIPbA

ObnacTh TEXHUKHU

JlaHHO€e M300peTeHne OTHOCUTCS K CIIoco0y IJIaBKH METaJUICOEp Kallero coipbsi. bonee
KOHKPETHO, H300peTeHHe OTHOCUTCA K Crnoco0y IUIaBKM METaJUICOAEPIKAIEero ChIpbsl C
UCIIOJIb30BAHHEM OTXOMSIIErO ra3a BOCCTAHOBUTEIBHOH IEYM, COAEPIKAIIEro OKCUA yriepoaa
(CO), B KauecTBe ra3a-BOCCTAHOBUTEJISI M TOTUIMBHOT'O rasa.

YpoBEeHb TEXHUKHU

OObIMHO MeTaJT HM3BJIEKAIOT W3 €ro pyAbl MOCPEACTBOM TMpolecca IUlaBku. B xone
nporiecca IJIaBKU OKCHUJ METajlla, UMEIOIIUNCS B PyJAe, BOCCTAHABIMBAETCS TOJ BO3JEHCTBUEM
TeIVIa W XHMHUYECKOTO BOCCTAHOBHUTENS C BBICBOOOKACHHEM KHCIOPOIA, CBS3aHHOTO C
MmetayuioM. Kuciopon, BBIOENSIOIIMICA W3 OKCHIOA METajlia, CBS3BIBAETCS C YIJIEPOAOM C
o0Opa3oBaHHEeM OTXOJSIIETO rasa, conepskamiero okcun yriepona (CO).

Otxopmsiimuii a3, comepskammii okcun yriepoxa (CQO), 4acTo cxkurartT B Qakene u
BBIMYCKAIOT B arMocdepy B Bume auokcuna yriaepona (COz). B Takom ciydae TepsieTcst BCs
SHEPrHs, CBsI3aHHAsI C OTXOMALINM ra3oM, coxepskamum okcrp yriuepona (CO).

Bbuty ipeanpUHSITHI MOMBITKY UCTIONb30BAHHS SHEPTHH, CBS3aHHOM C OTXOISIIUAM Ta30M,
cogepxkaumM okcun yriepoga (CO). Kak nHampumep, OTXOASIIMN Tra3, COAEPIKALIUN OKCHUA
yraepoaa (CO), mpuMeHsin it 00IIe3aBOACKUX Hefiell HarpeBaHUsl U BbIPAOOTKH MOIIHOCTH.
OnHako o0a BblIEyKa3aHHBIX BapUaHTA MPUMEHEHUS] UMEIOT OTHOCUTENIBHO HU3KYIO TEIJIOBYIO
5 PEeKTUBHOCTb, U TMO-TIPEKHEMY TEPSETCS MHOTO SHEPrHHU, CBA3AHHOH C OTXOISIIUM ra3oM,
cogep:kaumm okcun yriepoaa (CO).

Takke M3BECTHbI METAJUTyPrUYECKUE MPOLECCHl MM CIOCOOBI, MPHU MOMOIIU KOTOPBIX
UCTIONIb3YIOT OTXOASIIME Tra3, comepkammii okcun yriaepoma (CO), mis mpeaBapUTETbHOTO
HarpeBa UCXOAHBIX MaTepuayioB. OQHAKO B YKa3aHHBIX MPOLIECCAX M CIOCO0aX HE UCHOJB3YIOT
ONTUMAJIBHO HEPTHUIO, CBS3aHHYIO C OTXOISIINM Tra3oM, coaepxamum okcua yriaepona (CO).

ITepBbIii mpuMep Takoro cmocoda HM3JIOKEH B MexayHapomHod myOmukammu Ne WO
2017/089651 Al. HzobpereHue, ONMUCAHHOE B NAHHON NyOJHMKAIMK, OTHOCUTCS K CIIOCOOY
NpeABApUTEPHOIO HarpeBa M IUIABKH arjoMepara MapranueBoil pyabl. Croco0 BrirOuaer
CTaJMIO CXXHUTaHWs OTXOASIIEro rasza, copepxkamero okcun yriaepoma (CO), kotopblit
UCITyCKAeTCsl U3 MOTPYKHOW 3JIEKTPOAYTOBOH reun, ¢ oOpa3oBaHMEM Tra3000pa3HOro JTUOKCHIA
yramepona (COz). 3arem ra3ooOpaszueii auokcun yriepoma (COz) monmator B OyHKep
NPEABAPUTENPHOIO HAarpeBa Ui HArpeBaHUs MCXOIHOM CMECH, KOTOpas 3aKio4aer B cebe
arJioMepaTr MapraHUeBOH pyZAbl, NepeA MoAavyel yKa3aHHOH ChIPbEBOM CMECH B IOTPYKHYIO

JJNIEKTPOAYIOBYIO Tmedb. JIaHHBIA CHoco0 BKIIOUAET TakXke CTaaui0  PeryJHpOBaHUS
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Temreparypsl rasoodpasHoro nuokcunma yriaepoma (CO:z) Ha ypoBHE TeMIepaTypbl HIDKE
TEMIEpPaTyp IUIABJIEHUS AarjoMepaToB KaJbLIUTOBOM MapraHLeBOH pyAbl, OIMCAHHYIO B
npumepax 1 - 4 nybnukanuu. Takum o0pazom, B crioco0e, M3JI0KEHHOM B TAHHOH MyOJIMKaLny,
OTXOASIIUI Ta3 TOTPY>KHOH 3JIEKTPOAYroBoi meun, copepxkammii okcupa yriepopa (CO),
CKUTaloT ¢ oOpasoBaHueM ra3zooOpasHoro muokcuma yriepopa (CO2) ¢ wenbro
IPeABApUTENIbHOIO HarpeBa, a He MJIABJICHUS arjJioMepaToB KaJlbLIUTOBON MapraHIeBoOi py bl

Berimeonucanubiii ¢crnocod ucnonb3oBai Oytokymmny Oif ¢ LeNblo MoaorpeBa Cre4€HHbIX
okatbleil GeppoxpoMoBol pynbl B OyHKepe MPEABAPUTEIHHOrO HAarpeBa IO TEMIIEePaTyphbl
700°C, a He ux muaBieHus. B pesynprate 3TO mpuBOAMIO K 6 - 8%-HOMYy YMEHBIIEHHIO
KOJINYECTBA JJIEKTPHUYECKOW »SHepruw, TpeOyemMoil sl IUIaBJIeHHs W BOCCTAHOBJICHHUS
(beppOXPOMOBBIX OKATBIIIEH B 3JIEKTPOAYroBOM meun. TakuM oOpa3oM, MpU TOM, YTO B JAHHOM
croco0e UCTIONB3YEeTCsl OTXOMANN ra3, copepskamuid okcua yriepoaa (CO), ans obecrieueHus
Oonee sHeprerudeckd 3(QQPEKTUBHOrO TMpolecca IUIABKH PyA, B HEM HE ONTHMAJBHO
UCTIONIb3Y€TCS SHEPTHs, CBsI3aHHAsI C OTXOMALINM ra3oM, conepskamum okcup yriepona (CO).

Bropoit nmpumep crmocoba, B KOTOPOM OTXOISIIUN Ta3, COIEp KAl OKCHUZ YIJiepona
(CO), ucronb3yroT IUIsl MOBBIMEHUs SHEProd(HPeKTUBHOCTU TpoLecca, M3JIOKEH B 3asBKEe Ha
€BpPONENCKUI MaTeHT, onyonuKoBaHHOW nog HoMepoMm EP 2937429 Al. B nannoii nyOnukanmm
OMKCAHO M300pEeTeHHe, B COOTBETCTBUU C KOTOPBIM coaepskammii okcup yriepoma (CO) ras,
OTXOASIIIUI W3 IUJIABMJIBHOW I1€4M, 4YAaCTUYHO CHXKMTaloT U MPONYCKAlT dYepe3 Iedb
NpeABapUTELHOIO HarpeBa AJisl HarpeBaHus, a He JUIsl pacIlyIaBJIeHUs CTAJIbHOTO JIOMa, KOTOPbIH
NOJA0T B Teyb IpeBapUTeNbHOro HarpeBa. Ilocie mpomyckaHusi uepe3 CTaJbHOH JIOM
HEKOTOpPOe KOJMYECTBO OTXOJSIIero rasa, coaepxkamero okcupn yriaepoxa (CO), momaror B
BOCCTAHOBUTEJIbHYIO M€Yb, I7I€ €r0 CKUTAIT B BOCCTAHOBUTEIBHON aTMocdepe sl 4aCTHUHOTO
BOCCTaHOBJICHHsI OKQJIMH HU3KOCOPTHOTO OKCHAA keje3a npu temneparypax ot 800 go 1300°C,
T.e. TeMIepaTypax HIDKE TEMIIEpaTyp IUIaBJIeHUs OKaJuH okcupa xenesa. C  yuérom
BBILIECKA3aHHOTO, B BOCCTAHOBUTENIbHOW M€Y OKAJIWHBI HU3KOCOPTHOTO OKCHIA JKeie3a
HArpeBAIOTCS W YAaCTUYHO BOCCTAHABIUBAIOTCS B TBEPAOM COCTOSIHMM. 3aT€M YaCTHYHO
BOCCTAHOBJICHHBIE OKAJIMHBI HU3KOCOPTHOTO OKCHIA KeJie3a TMOAAI0T B IUIABWIIBHYIO I€4b, e
OHU TUIABATCS] M BOCCTAHABJIMBAIOTCS TIOJTHOCTHIO TIPH TIOMOLITH 3JIEKTPUIECKON SHEPTrUu. XOTH B
N300pEeTEeHNH, ONMMCAHHOM B JAaHHOH 3asBKE, HCIIONB3YETCSl HEKOTOPOE KOJIWYECTBO SHEPTHUH,
CBSI3aHHOH C OTXOMSIIMM ra3oM, coxepxamum okcun yriaepoma (CO), usobpereHue He
NOAXONUT Ul IUIABJIEHUS] W BOCCTAHOBJIEHHsS MeTtajuicoiepxamux pyxa. HMzobperenue,
U3JIO)KEHHOE B JAHHOW MNyOJMKAaLWU, MOXXOAUT TOJBKO Ui IUIABJIEHHUS CTAJIbHOTO JIOMa U

BOCCTAHOBJICHU OKaJIMH HU3KOCOPTHOTO OKCHIA XKEJIC3a.
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Tpernii npumep crocoba, B KOTOPOM HCIIONB3YIOT OTXOMALINH a3, COAePIKALIIA OKCHT
yraepoaa (CO), nist mobieHust sHeprodgdexkTuBHOCTU criocoda, u3joxeH B nateHte CIIIA Ne
3186830. U3o0pereHune, OnMucaHHOE B JAHHOM IMATEHTE, OTHOCHUTCS K CIIOCOOY HEeMpepbIBHOU
BBIIJIABKH JINTEHHOrO 4YyryHa. YCTpPOMCTBO, HCIIONB3yeMOE€ MJIsi OCYIIECTBJIEHUs CIIOco0a,
BKJIIOYAaET B ce0sl BEPTUKAIbHYIO LIAXTHYI Me4Yb, COCAMHEHHYIO C KOMMJIBHUKOM. JlaHHBIN
croco0 BKJIOYAET CTAAMIO MOJAYM CMECH METaJUI-KPYITHOKYCKOBOE TOILIMBO B BEPTHUKAJIbHYIO
IIAXTHYI TM€4Yb U IUIABKM YKA3aHHOH CMECH MeTaJUI-KPYIHOKYCKOBOE TOIUIMBO C
UCTIOJIb30BAHUEM JHEPIrUuHu, IMOJIyYeHHOW B pe3yJIbTaTe CropaHusl KOKCa B IIAXTHOH MeEYH.
Otxopsiiuii ra3, comgepxkamuii okcun yriepona (CO), CxKUTarT B KOMUJIbHUKE JJIsT HArPEBAHMUS
KHJKOTO METaJUIa, KOTOPBIH pa3sMelaeTcss B KOMIJIBHHUKE, 0 TeMIepaTypbl pa3iuBku. OmsTh
e, XOTsl B JIaHHOM CIOCO0€ HCIOJIB3YeTCs] HEKOTOPOE KOJIMYECTBO SHEPTHH, CBS3aHHOW C
OTXOMSIIIUM Ta3oM, copepskamum okcun yriepona (CO), Takast 3HEpPTUsl HE UCTIONB3YETCS B HEM
ONITUMAJIBHO.

W3 BBIIEN3JI0KEHHOTO OUEBUAHO, YTO OCTAETCS MOTPEOHOCTD B JYYIIEM HCIIOJIB30BAHUN
SHEPTHUH, CBSI3aHHOW ¢ OTXOISIIINM ra3oMm, copep:xkamum okcun yrieponaa (CO).

3amaya HacTOSIIEro U300peTeHHs] 3aKjovaercs B pa3paboTke cmocoda TMIaBKU
METaJUICOAEPIKAIIETO ChIPbS C HMCIMOJb30BAHUEM OTXOMSIIErO I'a3a BOCCTAHOBHUTEIBHOH IEYH,
coxepskatiero okcun yraepona (CO), mpu moMoIH KOTOPOro, Kak MoJiaraeT 3asiBUTENb, MOXKHO
Jy4IIe WCIIOJIb30BaTh SHEPTHIO, CBSI3aHHYIO C OTXOSIINM Ia30M, COAEPKAIlMM OKCHJI yTiiepoaa
(CO), yem B M3BECTHBIX IUIABWJIbHBIX IPOIECCAX M CUCTEMAax, MM KOTOPBIH oOecrieunBan Obl
NOJIE3HOE  aJIbTEPHATUBHOE IMPUMEHEHHE OHEPruM, CBS3aHHOH C OTXOHALIMM TIa3oM,
cogep:kaumm okcun yriepoaa (CO).

PackppiTHe CyLHOCTH U300peTeHus

CorimacHo mepBOMY  acmeKkTy  M300peTeHus, Mpenjaraercss Crocod  IUIaBKU
METaJUICOAEPIKALIETO ChIPbS, BKJIIOYAOIIUHN CIENYIOIINe CTaIHH:

- MOMAKOT arjIOMEpaThbl, COAEPKAIIME MEJKHE YaCTHULbI METAJJICOAEPIKAIIEro ChIPhS,
MEJIKME YaCTUIbl BOCCTAHOBHUTENSI M MEJKHE YacTHUbl (UIrOca, B IUIABHIBHYIO I€4b C
o0pa3zoBaHHEM B HEH YIIOTHEHHOT'O CJIOS arJIOMEPaTOB;

- TOMAIOT OTXOMSINUI ra3 BOCCTAHOBHUTENIBHOW I€YM, COAEPIKAIUI OKCHA yriepona
(CO), B ropenky IUIaBHIIbHOM MeYH,

- TPOMYCKAIOT MEPBYI0 YaCThb OTXOIALIEro rasa, copepskamero okcup yriepoxaa (CO),
yepe3 YIUIOTHEHHBIN CJIOH arjioMepaToB ISl YACTHYHOIO BOCCTAHOBJIEHHS, IO MEHBIIEH Mepe,
HEKOTOPBIX MEJIKMX YaCTHI] METAJUICOEPIKAILETrO ChIPbS;

- IOJTAFOT UCTOYHMK razoobpazHoro kuciopoaa (O2) B ropenky MniaBHIbHON MEYH,
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- CXKHTAIOT BTOPYIO YacCTh OTXOJSINEro rasa, coxepsamero okcun yriaepona (CO), B
Ka4eCTBE TOIUIMBHOIO Tra3a IpH IIOMOLIM TOPEJKH IUIABMJIBHOW I€4M JJIsi HarpeBaHHs
arJioMepaToB B IJIABMJIbHOMN IeUu 0 TeMmepaTypsl, npesbiatomieii 1000°C, u pacnnasieHus 3a
CU€T HTOTO arjiOMePaToOB B IUIABMIIBHON MY ¢ 00pa30BaHUEM PACIUIABICHHOIO MPOAYKTA,

- IOJIAIOT paCIUIaBJIEHHBIN MPOAYKT B BOCCTAHOBUTENIBHYIO I€Ub; U

- BBIIUIABJIIOT PACIUIABJICHHBINH MPOAYKT C O00pa30BaHUEM SKHUAKOTO METAJTHYECKOro
NPOAYKTA, KUIKOTO IIJTAKOBOTO MPOAYKTA M OTXOMSALIErO ra3a, COIepsKalero OKCUa yriepona
(CO), kOTOpBIii MOAAIOT B FOPEJNIKY IJIABHIIbHOM TeUH.

Mernkre 4aCTHULIbI METAJUICOIAEPIKAIIETO ChIPbsl MOTYT SIBJIATHCS MEJIKHMH YaCTHIIAMH
PYABI HITH MEJIKUMH YaCTUIIAMU OKCHJA METaJlIa.

ArnoMepat MOXKeT IPUHUMATh (opMy OpHKEeTa, OKAThIIIA MITH SKCTPYAaTa.

Cnenyer mnpuHHUMAaTh BO BHHUMAaHHME, YTO TEPMHUH «MEJKHE» IO CTaHAAPTY
METaJUTyPrU4eCKOH MPOMBIIIJIEHHOCTH 0003HAYaeT OYeHb MAJIEHbKUE YaCTHUIIBl, YTO IpH
arJoMepupoOBaHUH OyJleT 00ecreYnBaTh BO3MOKHOCTb TECHOIO KOHTAKTa MEXY YITOMSHY THIMH
yactuuamu. Kak npasuno, yactuus! umerot guametp 0,1 MM niu meHbLie.

B BapuaHTe oOCymecTBIEHHs, B KOTOPOM YaCTHIbl BOCCTAHOBHUTENS IMOJAIOT B
IUIABHJIBHYIO TI€Ub OTAENBHO OT arjoMepaToB, YaCTHIbI BOCCTAHOBUTEJNS, KaK MPAaBHIIO, MOTYT
UMEThb IUaMeTp O MM UJIH MEHbIIIE.

CrnenuamuctaM B AaHHOM O0JacTH TEXHUKHM OyAET MOHATHO, YTO OTXONSALIMH ras3
ABJISIETCS a30M, KOTOPBIN HCITyCKAeTCs KaK MOOOYHBIN MPOAYKT XMMHUYECKOT0 IPOLIecca.

JlaHHBIN NPOLIECC MOKET BKJIIOUYATh JOMOJIHUTENBHYIO CTaJANUIO NTOIaYl BOCCTAHOBUTENEH
B IUIABWIBHYIO II€4b, HE3aBHCHMO OT arjioMepaTtoB. BoccraHOBUTENH MOIYT NPEACTaBIATH
co0OH OAMH W3 MaTepPHaJOB, BBIOPAHHBIX M3 TPYIIIbI, COCTOSLICH U3 aHTPALMTA, YTJIsl, KOKCA U
UX COYETaHUM.

JIaHHBIH MPOLIECC MOKET BKJIIOYATH JOTOJHUTEIBHYIO CTaJUI0 PEryJUpOoBaHusT 00béEMaA
(T. €. CKOpPOCTH TOTOKa) HCTOYHMKA TrazooOpasHoro kuciopopa (0Oz), KOTOphIH MOAAOT B
TOpeNKy IUIABWIBHON meun i oOecnedeHuss Toro, uroOel kuciopox (Oz) sBisuics
OTPAaHUYMBAIOIINM PEareHTOM B PEAKLUH TOPEHHUs] OTXOISINEro ras3a, COAEPIKAIlero OKCHUJ
yraepozna (CO), KOTOpBIi MOAAIOT B TOPEIKY.

Hcrounuk razoobpasnoro kuciopona (Oz) MOKHO MPEeABapUTENIBHO HArpeBaThb Mepen
nojaueii B ropenky. Mcrounumk razooOpasHoro kuciopoaa (Oz) MOXKHO TpenBapHTEIBHO
HarpeBaTh A0 Temmeparypbl 800°C. Ucrounukom razoodpasHoro kuciopona (02), kak mpaBuiio,
SIBJISIETCS BO3AYX JJISI TOPEHHSI.

B xadecTBe anpTepHATUBBI BO3AYXY U TOPEHMS WJIM B COYETAHUU C HUM, B TOPEJKY

TUIABHJIBHOM IMEYH MOKHO ITOJIaBaTh MPAKTUIECKH YnCThIN kuciopon (O2) ¢ uenpio notpedaeHus
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razoobpasnoro kuciopona (Oz) mis CKUTaHUS B TUIABUIIBHOW ME€YH BMECTE CO BTOPOH HACTBHIO
OTXOZSIIIETO ra3a BOCCTAHOBUTENBHOMH reun, copepaxkatnero okcun yriepoaa (CO).

Mernkue dYacTULbI METANICOAEpIKAINEero ChIpbsl B arjoMeparax MOIYT YaCTHYHO
BOCCTAHABJIMBATbCS B TBEPAOM COCTOSIHUU B TJIABUJIBHON MEYH.

PacruiaBiieHHbI MPOAYKT, OOpasyrOIUICS B IJIABHJIBHOW MEYH, MOXKET COAEP:KaTh
TBEPABIE YACTHULBl, KOTOPBIE 3aXBAaTbIBAIOTCA B JKUAKOCTb. Kpome TOro, pacrniaBieHHbIN
NPOAYKT MOJKET 3aKJ4aTh B ceOe KOMIIOHEHT METAJUICONEPIKAINero ChIPbsi, KOMIIOHEHT
YaCTUYHO BOCCTAHOBJICHHOT'O METAJUICOAEP KAIEro ChIPhbsi, KOMIIOHEHT HENMpOpearipOBaBLIETO
BOCCTAHOBUTEJISI 1 KOMIIOHEHT (JTrOCa.

BoccraHoBuTebHAS MMeYb MOXKET MPEACTABNISATbH COOOW JIOOYIO Tieub, BBIOPAHHYIO U3
IPyIIBbI, COCTOSALIENH U3 AYTOBOHM Me4Yd, MUTAEMONW MOCTOSHHBIM TOKOM 4Yepe3 LIETKU, AYTrOBOU
neyy, MUTAeMOM NMEepPEeMEHHBIM TOKOM uepe3 LIETKH, U JAyroBOH IMedH, MUTaeMOil MOCTOSHHBIM
TOKOM.

JlyroBasi meub, mMHUTaeMasi 4yepe3 WIETKH, MPENCTABISAET COOOH 3JIEKTPHUYECKYIO IeYb,
3JIEKTPOJBI KOTOPOH O0pa3yrOT HaBEPXy COAEPIKUMOTO MeUr IyTy MaJOd JJIMHBI, KaK MPABUJIO,
He aimuHHee 100 mm.

JlaHHBIN NpoLIeCC MOXKET BKJIKOYATh JOMOJHUTENbHYIO CTaUI0 MOAa4l BOCCTAHOBUTENEH
B BOCCTAHOBUTENIbHYIO TI€4b. BOCCTaHOBHUTENM MOIYT NPEACTABIATH COOOH OOuH W3
MaTepHajoB, BBIOPAHHBIX U3 IPYIIIbI, COCTOALIEH U3 AaHTPALUTA, YIS, KOKCA M UX COYETaHUH.

IInaBunpHast meYb MOXKET SBJSATBCS BarpaHOYHOW IEYbI0 HAa Ta3oBOM TOIUIHBE (T.€.
0€3KOKCOBOM BarpaHoO4YHOH Ieubl0). B kauecTBe aibTepHATHBBI, IUIABUIIbHAS I€Yb MOXKET
SIBJISITBCS IIIAXTHOMN NEYbIO.

JlaHHBIN TPOLIECC MOKET BKJIIOYATh AOIOJHUTENBHYIO CTAIUI0 YAAJeHHs B MOKPOM
ckpyOOepe TBEPABIX YACTHIl U3 OTXOMALIETO ra3a BOCCTAHOBUTENIbHOW MEYH, COIAEPIKAILIETO
okcup yriepoaa (CO), mepen nmopaveli ero B KaU€CTBE ra3a-BOCCTAHOBUTEIS M TOTUTUBHOTO ra3a
B TOPEJIKY TUIABUIIbHOM MEYH.

CoriacHo BTOPOMY AacleKTy HACTOSLIEr0 M300PETeHHs, Mpeasaraercs Crocod IIaBKH
METAJIICOAEPIKAILErO ChIPbsl, BKIOYAOLINN CIeyOLIIe CTaauN:

- TOJAIOT arjioMepaThl, cojep Kalllie MeJKHe YacTHIbl MEeTaJICOEPKallero ChIpbs,
MEJIKHE 4YaCTUIbl BOCCTAHOBUTENS M MEJKHE YacTULbl (roca B IUIABWIBHYIO I€Yb C
o0Opa3zoBaHHEM B HEH YIUIOTHEHHOT'O CJIOS arJIOMEPAaTOB;

- TIOJAIOT OTXOJALIMI ra3 BOCCTAHOBUTEJBHOW I€4H, COAEpKallMil OKCHUJ Yriepona

(CO), B mIaBWIbHYIO TEYb;
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- TPOMYCKAIOT MEPBYI0 YacThb OTXOJSIIEro rasa, copepskaiero okcun yriepopa (CO),
Yyepe3 YIUIOTHEHHBIM CJIOH arjioMepaToB JUJIsl YACTHYHOIO BOCCTAHOBJIEHHS, 10 MEHbIIEH Mepe,
HEKOTOPBIX MEJIKUX YaCTHI] METAJICOEPIKAILErO ChIPbS;

- MOIAI0T UCTOYHUK ra3000pazHoro kuciopona (O2) B TopenKy iaBUIbHON MeUH;

- COKMTar0T BTOPYIO 4YacCThb OTXOASIIEro rasa, cogepxainero okcun yriepoaa (CO), B
KauecTBE TOIIMBHOIO ra3a IpU IIOMOLIM TOPEJKH IUIABMJIBHONW @4 JJisi HarpeBaHus
arJioMepaToB B IUIABWIJIBHOM M€Y A0 TeMrepaTypbl, npepbimaromei 1000°C, u pacraBieHus 3a
CUET HTOTO arjiOMePaTOB B IUIABMJIBHON MEeYH ¢ 00pa30BaHHEM PACIUIABICHHOTO MPOAYKTA,

- IOJAIOT PACIUIABJIEHHBIN MPOAYKT B BOCCTAHOBUTENIbHYIO M€4b; U

- BBIIUIABJIIIOT PACIUIABJICHHBIA MPONYKT C OOpa3OBaHHMEM SKHUAKOTO METAJUTHYECKOTO
MPOAYKTA, KUIKOTO IIJTAKOBOTO MPOAYKTA U OTXOMSALIETO ra3a, CONEpIKaIlero OKCHI yriepoaa
(CO), kOTOpBIi MOAAIOT B MJIABUJIBHYIO MEYb.

CornacHo TpeTbeMy acCHeKTy HACTOALIEr0 M300PETEHHs], MPEeAiaraeTcst Crocod IIaBKH
METaJUICOAEPIKALIETO ChIPbS, BKJIIOYAOIIUIN CIIENYIOIINe CTAIHH:

- TOMAKOT arjIOMEpaThl, COIEP’KAIINE MEJKHE YaCTHULbI METAJJICOAEPIKAIIErO ChIPhS,
MEJIKHE 4YacTUIbl BOCCTAHOBUTENSI M MEJKHE YacTULbl (roca B IUIABWIBHYIO I€Yb C
o0Opa3zoBaHHEM B HEH YIUIOTHEHHOT'O CJIOS arJIOMEPaTOB;

- MOJAIOT MEPBYI0 YacCThb OTXOJSAIIErO Ia3a BOCCTAHOBUTENBHOW IEYH, COMAEPIKAIIEro
okcun yraepoaa (CO), B IIaBUIbHYIO 11€Yb,

- IPOMYCKAIOT MEPBYI0 YaCThb OTXOJSAIIEro rasa, copepxauero okcun yriuepoaa (CO),
yepe3 YIJIOTHEHHBIM CJION arjioMepaToB JJIsl YACTMYHOI'O BOCCTAHOBJIEHMs, IO MEHbIIEH Mepe,
HEKOTOPBIX MEJIKUX YaCTHL] METAJICOEPIKAILErO ChIPbS;

- MMOAAI0T UCTOYHUK ra3000pazHoro kuciopona (O2) B ropesKy miaBUIbHON TEYUH;

- MOJAIOT BTOPYIO YacTh OTXOZSINEro ra3a BOCCTAHOBUTENBHOW TMEYH, COIEPIKAIIETO
okcun yraepoaa (CO), B ropesiky MmiaBuIbHON MEYH,

- CXKHTAIOT BTOPYIO HYacCTh OTXOMSINEro rasa, coxepskamero okcun yriaeponma (CO), B
KAQ4eCTBE TOIUIMBHOIO ra3a IMpH TOMOLIM TOPEJKH IUIABMJIBHOHW TI€4YM JJIsi HarpeBaHHs
arJioMepaToB B IJIaBUJIbHON Ieuu 10 TeMIepaTypsl, npesbiatoiieii 1000°C, u pacnnasieHus 3a
CU&T HTOTO arjiOMePaTOB B IUTABMIIBHON MEYH ¢ 00pa30BaHHEM PACIUIABICHHOTO MPOAYKTA,

- IOJTAFOT PACIUIABJIEHHBIN MPOAYKT B BOCCTAHOBUTENbHYIO 1€Yb; U

- BBIIUIABJIIIOT PACIUIABICHHBIH MPONYKT ¢ OOpa3OBaHUEM >KHIAKOTO METAJUINYECKOTO
NPOAYKTA, XKUIKOTO IITAKOBOTO MPOAYKTA U OTXOMALIETO ra3a, CONEpsKaIlero OKCHI yIriiepoaa
(CO), xoTOpBIii NOAAIOT B IUIABUIIBHYIO TI€Yb U TOPEJIKY IJIABUIIBHOHN IEYH, COOTBETCTBEHHO.

Kpartkoe onucanue yeprexen
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durypa 1 mpencrasiser coOOH CXeMy CHUCTEMbl M300pPETEHHS, MPU TMOMOLIM KOTOPOH
BOILJIOIIAETCS CIIOCO0 JAHHOTO M300peTeHHUs.

OcymecTBieHne U300peTeHus

Co ccbuikoit Ha ¢urypy 1 oTMeTuM, 4TO CHUCTEMa ISl IUIABKH METaJUICOAEPIKALIEero
CBIPbsI COTJIACHO CNOCO0Y JaHHOTO U300peTeHus: 0003Ha4YeHa B 1iesioM nozuuueit 10.

Cucrema 10 Bxmouaer B ce0Os IuaBwibHYIO medb 20, KOTOpash MMeeT Tropenky 22.
Cucrema 10 3axmouaer B cebe Takke BoccTaHOBUTENbHYIO meub 30. Tpyba 40 mpocTtupaercs
MEXIy BOCCTAHOBHUTENbHON mneubto 30 u ropenkod 22 mjaBwibHOW neun 20 ans nojayu
OTXOASIIIEro rasa BoccTaHoBUTeNbHOW meun 30, copepkamero okcupn yriepoxa (CO), B
Ka4yeCTBE ra3a-BOCCTAHOBUTENS U TOIUIMBHOIO rasa B ropeiiky 22 njaaBuiabHON neun 20.

Arnomepatel (HE TIOKa3aHO), COIEpKAIUE MEJKHE YaCTUIbl METAJUICOAEPIKAIIero
CBIPbsI, MEJIKUE YaCTHUI[bl BOCCTAHOBUTEINSI M MEJIKHE HacCTHLbI (IIFOCa MOAAOT B TUIABHIIBHYIO
neub 20 ¢ oOpa3oBaHMEM B Hel YIIOTHEHHOTO CJIOS arJIOMEpaToB (HE MOKa3aHo). ATJIOMEpaThI
OOBIYHO MOAAIOT B IUIABHIIBHYIO Medb 20 uepe3 numo3 (He moka3aHo). TeXHONIOrHn4ecKuid TOTOK
(I) Ha ¢urype 1 ykaspiBaeT Ha CTAAMIO MOJAYM arJIOMEPATOB B IUIABHIIBHYIO mneub 20. dDiroc
CHOCOOCTBYET AaKTHBHPOBAHUIO IUIABJIEHUS MEJKHUX YacTHI METAJJICOAEPIKAIIero ChIpbs B
arnoMmepartax. ArjioMepar, KOTOpbIH MOAAOT B IJIaBMIIbHYIO Meub 20, Kak MpaBUiIo, IPUHUMAET
¢dbopMy OpukeTa, OKaThIIIA WK SKCTPyAaTa.

YacTuupl arnoMepaTroB 0ObIYHO UMEIOT nuameTp 0,1 MM MM MeHbIIe.

Boccranosurenu Taxke NMOJAOT B IUIABWIBHYIO Medb 20 HE3aBUCUMO OT arjoMepaToB.
BoccranoBurensmu, kak MpaBUIIO, IBJIAIOTCA KOKC, YTOJIb UJIM AHTPALIUT.

YacTuiel BOCCTAHOBUTENEH OOBIMHO UMEIOT JUaMeTp 6 MM WJI MEHbLIIE.

Menkue 4YacTULbI METAJUICOAEPIKALIETO ChIPbsl, KAaK IPAaBUJIO, SIBISAIOTCS MEJNKHUMU
YaCTULAMU PYAbl WK MEJIKUMH HYaCTULIAMU OKCUJIOB METAJLIOB.

VIUIOTHEHHBIN CJIOH arJioMepaTtoB OOBIYHO PACIONaraeTcsi HABEpPXy CJIOS TYTOIUIABKHX
MarepuaioB (He mokaszaH). CJOi TYroljiaBKMX MaTe€pHajoB, B CBOK O4Yepe/b, PacroJiaraeTcs
MOBEPX OXJIAXKAAEMOM BOJIOM KOJIOCHUKOBOH pewméTku 24 mmasuiabHOM neun 20. Oxnaknaemast
BOAOW KOJIOCHHUKOBAsl pelérka 24 MOKphITa TYrOIUIABKMM MAaTEPUAJIOM [l YMEHBIIEHHUs
MOTEPHU TEIJIa U 3aLUThI OXJIAKAAEMON BOAON KOJOCHUKOBOM pemérku 24. Kamepa 26 cropaHus
nIaBuiIbHON neun 20 pacnojaraercsi Moj OXJa)XAaeMOW BOAOW KOJOCHUKOBOW PEIIETKON 24,
KOTOpasi MOKpBbITA TYyrOIJIaBKUM MaTtepuasoM. ['openka 22 BbIMONIHEHA C BO3MOKHOCTBIO
CKMT'aHMsI BTOPOW 4aCTU OTXOJSLIEro ra3a BOCCTAHOBUTENBbHOU nedn 30, comepKalero OKCua
yraepona (CO), BMecTe ¢ BO3AYXOM IUIsI TOPEHUs B Kamepe 26 cropanus IIaBWIbHON meun 20
IUId HarpeBaHUs arjJioMepaToB A0 Temmeparypsl, npesbimatoiieii 1000°C u pacnnasneHus 3a

CUéT 3TOro arjoMepaTroB C OOpa30BaHHEM pPACIUIABJIEHHOTO Mpoaykra. Bosmyx ams ropeHus
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NOJAl0T B Tropenky 22 ruaBwibHOH mneun 20, uto mnoka3aHo Ha ¢urype | B Buze
TexHosorudeckoro noroka (II). Bo3nyx ams ropeHus, Kak MpaBuiio, MPeABAPUTEIBHO HATPEBAIOT
B noporpesaresne 70 mepen ero mopader B ropenky 22 muasuiabHOM neun 20. Bosgyx ams
ropeHusi oObIMHO HarpeBaroT 10 Temrepatypbl 800°C B momorpesatene 70. B kauectse
anbTePHATUBBI BO3AYXY [JIsl TOPEHUS WJIN B COYETAHUU C HUM, B FOpesKy 22 IUIaBUIbHON Ieun
20 MOXHO MOAABaTh KUCJIOPO.

B xauecTBe NONMOJHUTENBHON aJIbTEPHATUBBI WIIM B COUETAHUU C BBILIEYTOMSIHYTHIM, T
IUISL TOCTHKEHHUS JKEIaeMOW TEeMIIEpaTyphl M TMONAEPKAHUS BOCCTAHOBUTENIBHON aTMochepbl
BHYTpH TUTaBHIBHON mieun 20 TpeOyeTrcst NOMOJIHUTENIbHAS BHEIIHSST SHEPTHUs], B TOPeNKy 22 u3
UCTOYHHKA 72 MOXKHO TMOJaBaTh BHEUIHWH TOILTUBHBIN a3 B (OpMe CHHIaza WM MPUPOJHOTO
raza. bbuto OOHapy»KeHO, YTO TAaKOW BHEIIHWH TOIUIMBHBIA ra3 MOKeT TpeOOBaThCs, KOrma
arJoMepaTsl copepkat Gpeppoxpom.

Taxoil BHEITHUI TOTUTMBHBIN ra3 Tak:Ke MOKET MOMOTaTh Ha (ba3e 3amycka mpouecca.

IlepByr0 4acTp OTXOAALIErO rasa BOCCTAHOBUTEIbHOW meun 30, copepskamero OKCUA
yraepona (CO), mpomyckaroT depe3 YIUIOTHEHHBIH CJIOH arjioMepaTtoB Uil YacTHYHOTO
BOCCTAHOBJICHHMs], IO MEHBLIEH Mepe, HEKOTOPBIX MEJIKUX YaCTHUL METAJUICOAEPKALIETO ChIPbs,
HaXOASILIUXCS B arJIoMepaTax B TBEPAOM COCTOSTHUU.

C yuéToM BBIIIECKA3aHHOTO, MEJKHE YacTULbl METAJUICOAEPIKAIEro ChIpbs B
arjoMepaTtax BHavajle YaCTMYHO BOCCTAHABIUBAIOT B TBEPJAOM COCTOSHUU B IUIABUJIBHON MEYH
20, a 3areM pacIUIAaBSIIOT € O0pa30BaHMEM pPAaCIIaBJIEHHOIO TMPOAYKTa. PacriiaBieHHbIH
NPOAYKT 3aKJOYaeT B ce0e KOMIOHEHT METaJUICOAEPIKAINero ChIPbs, KOMIIOHEHT YaCTHYHO
BOCCTAHOBJIEHHOI'O ~ METAJJICOAEPKAILEr0  ChbIpbsl,  KOMIIOHEHT  HENpOpearupOBaBILIEro
BOCCTAHOBUTEJISI 1 KOMIIOHEHT (hJTroCa.

JUtsi peryiupoBaHMs CKOPOCTH IOTOKA BO3AyXa MJIsl TOPEHMs MM Ta3000pa3HOro
kucaopona (O2), MOCTyNaroero B ropeiky 22 riaBuibHOM ey 20, npenyCMOTPEH KilaraHHbIH
mexaHu3M 90. CkOpoCTh MOTOKA BO3AyXa JJIsI TOpeHus win ra3oodpasHoro kuciopona (0z),
MOCTYTAIOIIEro B TOPENKy 22, peryJupyroT st odecneueHus: Toro, 4todsl kucimopon (Oz)
SIBJIAJICST OTPAHUYHUBAIOLIUM PEareHTOM B PEaKLUU TOPeHHs BTOPOH 4acTHU OTXOASIIEro rasa,
conepkamiero okcun yriaepona (CO). To ects, moTok Bo3myxa misti ropenus: win kuciopoaa (02)
PeryJIupyOT Ha YPOBHE HIDKE CTEXMOMETPHUYECKOrO OTHOIIEHHs, TpeOyeMOoro sl TMOJHOTO
CropaHMsl OTXOAsSINero rasza, comepxkamero okxcup yriepopa (CO), KOTOpBI MOJAIOT W3
BOCCTaHOBUTEIBbHON neuu 30 B MIaBUIBHYO neub 20.

B BepxHeit paboueii 30He maBmwibHON neun 20 MpenyCMOTPEH BBITy CKHOM maTpyOok (He
MOKA3aHO) Ui OTBOJA M3 TUIABUJIBHON Tieun 20 OTXOASIIero ra3a, KOTOpblid B Hell oOpa3yercs.

Cragust oTBOAA M3 MJIaBIIIbHOMN neun 20 OTXOASIIEro ra3a, KOTOpbIid B Hel oOpa3yercs, ykasaHa
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Ha ¢urype 1 B Buzme texHonoruueckoro noroka (VI). Otxonsmmii ra3, KoTopelii oOpasyercs B
TUIABIIIbHOM meun 20 ¥ OTBOIUTCS U3 HeE, OOBIMHO MPEncTaBisieT coOOWM MUOKCHUI yTriepona
(CO2). Conmepkammit guokcun yriepona (COz) orxopsimmii ras, KOTOpBIA oOpasyercss B
TIaBWIbHOM neun 20 U u3BJeKaeTcs U3 He€, NMPOIYyCKaloT depe3 MewmouHblil Guuptp 60 s
yIaJieHus U3 ra3a TBEPABIX YaCTHUI] IEePe BbITyCKOM OTXOJSIIIEro raza B atmocdepy.

ITnaBunpHast meub 20 coobmaercst MO TeKy4el Cpeae ¢ BOCCTAHOBUTEIBHOH meubto 30
nocpenctBoM Tpyosr 50. Tpyba 50 oObIMHO TPOCTHpAeTCss W3 HUXKHEW paboyeil 30HBI
aBwiIbHOW meun 20 (Hampumep, U3 00JACTU JIETKM U BBIYCKHOTO OTBEPCTHS IUIABUJIbHOM
neun 20) B BoccTaHOBHTENBHYIO 1edb 30. TpyOa S50 cry KuT 1J1sl mepeMeIneHus pacIuiaBIeHHOTO
npoAyKTa (He MOKa3aHo), KOTOPbIM 0OpasyeTcsl B MIaBUIbHOM nedyn 20, B BOCCTAHOBHUTEIBHYIO
neub 30. PacriaBneHHBIH NPOAYKT 3aKII0OYAET B ce0e KOMIIOHEHT METAJJICOAEPIKALIErO ChIPbS,
KOMIIOHEHT  YaCTUYHO  BOCCTAHOBJICHHOIO  METAJUICOAEPIKALIErOo  ChbIpbs, KOMIIOHEHT
HETPOpPEearupoBaBIIEro BOCCTAHOBUTENS W KOMIOHEHT ¢umoca. Tpyba 50, kak mpasuio,
ABIISIETCS 3aMKHYTOH TpyOOH W u30MUpyercs Uil MPenoTBpAIleHHs] IMOTeph Terula Mpu
MEePEMELLICHUH PACIUIABJIEHHOIO MPOAYKTAa U3 IUIaBUJIbHON Neun 20 B BOCCTAHOBUTENBHYIO NEYb
30.

BoccranoBurenpHasi meub 30 MOXKET NPEenCTaBisATb COOOM OOHY W3 CIEAYIOLIUX:
OYTOBYHK) I€4Yb, MHUTAEMyI0 IOCTOSHHBIM TOKOM 4epe3 IUETKH, IyrOBYI0 II€4b, MUTAEMYIO
MEPEMEHHBIM TOKOM 4€pe3 WETKH, WA AYTOBYIO M1€4Yb, MUTAEMYH0 ITOCTOSIHHBIM TOKOM. [lyrosas
neub, MUTaeMas yepe3 METKH, MPEACTABIAET COOOH AIEKTPUUECKYIO IeUb, SJEKTPOIbl KOTOPOH
00pasyroT HaBEpXy COMEPKUMOrO MeYH AyTry Majoi AJIMHBI, KaK MpaBuio, He amuHHee 100 MM,
IIpuBenénHble B BUAE NPUMEPOB BAPUAHTHI UCIIOJIHEHUs JYTOBON M€4H, MUTAEMON Yepe3 LIETKHY,
MpeiaraloTcss B MeXAyHapomHou 3asBke Ha mnareHT Ne PCT/IB2011/052428, rosHO-
appukanckom mnatenre Ne 2012/04751 u mpeaBapuTENbHON 3asBKe HA HOKHO-apUKAHCKHUN
nareHT Ne 2019/07850. Comep:kuMoe TpEX YKa3aHHBIX JOKYMEHTOB BKJIFOYEHO B HACTOSLIHIA
JOKYMEHT CCBUIKOM.

Ha ¢urype 1 BoccraHoBHTENBbHAS TIeub 30 uMeeT GOpMy AyroBOil Me4H, MATaeMOH depe3
IETKY, WMEIoINel J1Ba sJekTpora 32a u 32b, KOTOpble MNPOCTHPAOTCST OT cBoma 31
BOCCTAaHOBUTEJIbHON meun 30 WM CKBO3b HEro. JNeKTponsl 32a u 32b CKOMITIOHOBAaHbBI B AYyTH
33a u 33b cBepxy conepkumoro 34 neun. BoccTranoBuTenu (He NMOKa3aHO), MpeAHA3HAYCHHbIC
JUTsl BOCCTAHOBJICHUSI YACTUYHO BOCCTAHOBJIEHHBIX MEJIKUX YaCTHUL METAJUICOAEPIKALIErO ChIPbs
B PACIUIABJICHHOM MPOIYKTE, MMOAIOT B BOCCTAHOBUTENBHYIO eub 30, Kak yka3aHo Ha ¢urype 1
B BUze TexHonorndeckoro noroka (II1). BocctanoBuTensmu, kak MpaBuio, SIBISIFOTCS aHTPALIUT,

YIOJib, KOKC UJIK UX COYCTAHUCE.
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Conepxumoe 34 meun BKIFOYAeT B ceOsl KUAKHMHA IIJIAKOBBIA MPOAYKT 34a M KUIKUN
Mmertaunaeckuii nponykt 34b. Conepxxumoe 34 reun oOpasyeTcst B pe3ysibTaTe B3auMOeHCTBUS
npu 1miaBke. B Xxope B3auMMOAEHCTBHs MpPU IJIaBKE€ KOMIIOHEHT YaCTUYHO BOCCTAHOBJIEHHBIX
MEJIKUX YaCTHULl METAJUICOAEPIKALIErO ChIPbsl PACILIABIEHHOIO MPOAYKTAa BOCCTAHABJIMBAETCS C
0o0pa3oBaHUEM KHIKOTO IIIAKOBOTO MPOAYKTA 34a M JKUAKOrO METaJUTMYeCcKOro mponykra 34b.
B xopme B3auMonmeNcTBUs NpPU IJIABKE HCIYCKAETCsl OTXOMSLIMI Tra3, COAep Kallui OKCUA
yraepona (CO).

B BoccraHoBHTEBHON Tieun 30 MPEeayCMOTPEHO BBIMYCKHOE OTBepCTHE (HE MOKa3aHO)
JUIsl TIEPEeMEIIEeHUs] JKUJKOTO LIJIAKOBOrO MpoAykTa 34a M3 BOCCTAHOBUTENBHON mneun 30, kak
noka3aHo Ha ¢urype 1 B Bune texHojorudeckoro noroka (IV). B BoccranoBuTenbHO# meun 30
NPEAyCMOTPEHO JIOTIOJHUTENIbHOE BBITYCKHOE OTBEPCTHE (HE IMOKA3aHO) JUIA TepPEeMELICHHUs
JKUJIKOTO METaJUTMYeCKoro mponykra 34b u3 BoccTaHOBUTENbHOW meun 30, Kak MOKa3aHO Ha
¢durype 1 B Buze rexHonorundeckoro noroka (V).

Kak yxe usnoskeno, tpyda 40 mpocThpaeTcsi MeKAy BOCCTAHOBUTENBHOH meubto 30 u
ropenakoi 22 muaBuibHON neun 20 17 nogadu OTXOISIIEro ra3a BOCCTaHOBUTENbHOU reuu 30,
comepskamero okcun yriepopa (CO), B kadecTBe TOIUIMBHOTO U BOCCTAHOBUTENBHOTO Ta3a B
waBmwIbHY0 nedb 20. Orxomsamui ra3, copgepxkamuii okeun yriepoaa (CO), MOXHO mozasaTth
HETIOCPEACTBEHHO B ropenky 22 muaBwibHOM meun 20. Bonee koHkperHo, Tpyba 40
MIPOCTHPAETCS] MEXIy BepxHell palouedl 30HOM BoccTaHOBHTENbHOW meuu 30 u ropenkon 22
maBwibHOM meun 20. To ectb, TpyOa 40 mmeer OTBepCTHE B BOCCTAHOBUTENbHOH meun 30,
KOTOPOE PACMOJIAraeTcs BhILIE CONEPKUMOTo 34 BOCCTAaHOBUTEIbHOM neuun 30.

B xauecTBe anbTepHATHBBL, NEPBYI0 YacTb OTXOASILErO ras3a, COAEPIKALIEro OKCHUJ
yriepona (CO), MOKHO TMOAaBaTh B IUIABHJIbHYIO Teub 20, a BTOPYIO YacTh OTXOJSIIETO rasa,
conepkamiero okcun yriepona (CO), MOKHO mofaBaTh B ropesiky 22 rmiaBuibHOMN neun 20.

Kak mnokaszaHo Ha ¢urype 1, mpeaycMoTpeH MOKpbIid ckpyOOep 80 nnst ypanenus
3arpsi3HUTENIEN M3 OTXOMALIEro rasa BOCCTAHOBHUTENbHOM meun 30, conmeprkalnero OKCHUL
yraepona (CO). B wactHocTH, MOKpBIH ckpyOOep 80 CyKUT s yaaNeHUus TBEPABIX YACTHUIL 3
OTXOJSILIIETO Ta3a BOCCTaHOBUTENbHOM neun 30, conepskamiero okcua yriepona (CO), mepen ero
nojayel Kak TOIUIMBHOIO ra3a B ropesiky 22 njaaBuibHON neun 20.

IIpn ucnonp3oBaHWUM arjioMeparbl (HE TIOKa3aHO), 3aKJIoYarole B cede Menkue
YaCTULbl METAJICOAEPKALIETO ChIPbsl, MEJIKHUE YaCTHLbI BOCCTAHOBUTEN U MEJIKHUE YaCTULIbI
¢iroca, MOAAT B IUIABIIIbHYIO Tedb 20 "epes 1uTo3 (He mokasano). JlaHHasi cTanus ykasaHa Ha
¢urype 1 B Buzne texHonornyeckoro noroka (I). ArjaomepaTs! nogarT B IUIaBWIBHYIO meub 20
s 00pa3oBaHUs YIUIOTHEHHOIO CJIOSI arjioMepaToB Ha YIUIOTHEHHOM CJIO€ TYTOIUIABKUX

MarepuajoB (HE MOKa3aHO). YIUIOTHEHHBIM CJIOH TYrorulaBKUX MaTepHalOB OMMPAETCS Ha
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MOKPBITYK0 TYIOIUIABKUM BELIECTBOM, OXJIAXKIAAEMYK) BOJOH KOJOCHUKOBYIO pewmérky 24
MJIaBUJIbHON neuu 20.

IlonBeprHyThIi MOKpPOM OYHUCTKE OTXOMALIMM Tra3 BOCCTAHOBUTENbHONW meun 30,
cogepxkaumii  okcup yruepopa (CO), momaroT B KayecTBe TOIUIMBHOIO Trasa M rasa-
BOCCTAHOBUTEJIS B IIABUIIbHYIO 11e4b 20 1o TpyOe 40.

ITepByro uacth oTxonsuero rasa, cogepxainero okcua yriaepona (CO), mpomyckaroT
yepe3 YIUIOTHEHHBIN CJIONW arjioMepaToB JJIsl YACTUYHOTO BOCCTAHOBJIEHHS, MO MEHBLIEH Mepe,
HEKOTOPBIX MEJIKUX YaCTHULl METAJUICOAEPIKALIErO ChIPbsi B TBEPAOM COCTOSIHUU.

B ropenxy 22 nnaBuibHON neun 20 MOAAIOT NMPEABAPUTENBHO HATPETBIM BO3AYX IS
ropeHus, Kak mokasaHo Ha ¢urype 1 B Buzme TexHojormueckoro motoka (II). T'openka 22
MJIAaBWJIbHON neun 20 CKUraeT BTOPYIO YacTh OTXOMASLIErO rasa, CoAepsKallero OKCUa yriepoaa
(CO), B couetannu C BO3OYXOM JJIsi TOPEHHs C LEJIbIO HArPEBaHHs YIUIOTHEHHOTO CIIOS
TYTOIUIAaBKUX MaTepUaioB B miuaBuibHON neun 20. TyromnaBkue MaTepuanbl, B CBOK O4epenp,
HArpeBaroT arjioMepartsl 70 Temneparypsl, npesbimaroiieli 1000°C, mist pacriaBieHus 3a CYET
3TOrO arjioMepaToB B IUIABMIIbHON meun 20 ¢ o0pa3oBaHMEM paCIUIABJIEHHOTO MpOAyKTa (HE
NOKa3aHO). PacruiaBieHHBIH MPOAYKT 3aKJIHOYaeT B cebe KOMIIOHEHT MEeTaJICOAEPIKAIIero
ChIpbsl, KOMIIOHEHT YaCTUYHO BOCCTAHOBJIEHHOTO METAJICOAEPKALIErO ChIPbsl, KOMIIOHEHT
HETPOpearupoBaBIIEro BOCCTAHOBUTENS U KOMIIOHEHT (hJIroca.

B xone peakiuu ropenus odpasyercs OTXOMALIMN a3, COAePIKAIMNA TUOKCH] YIIIepona
(CO»). Otxopmsmuii ra3, cogepxkamumii quokcun yriepoga (CO2), OTBOAAT U3 IJIABWIBHON MEYH
20, kak yka3zaHO B Buume TexHojorudeckoro motoka (VI). M3Bneu€HHbIN OTXOASIIMN ras,
cogepxkaumii  guokcun yriaepona (COz), mpomyckaroT uepe3 MemmouHbld ¢uastp 60 s
yAJIeHUs] U3 HerO TBEPABIX YACTHI] ITEPE]] €ro BbIMyCKOM B aTMOchepy.

PacnnaBneHHBII NPOAYKT CTEKAeT BHU3 4Yepe3 YIUIOTHEHHBIN CJIOW TYTOIJIaBKUX
MaTEPUAJIOB U IOKPBHITYI0 TYTOIJIABKUM BELIECTBOM, OXJIAXKIAEMYK BOJON KOJOCHUKOBYIO
pemérky 24, OTKyJa MOCJe 3TOr0 OH NepeMeINaeTcss B BOCCTAHOBHUTENbHYIO neub 30 mo TpyOe
50.

PacrinaBieHHbli NPOAYKT pasMeniaeTcs B BOCCTaHOBUTeNnpbHOW neun 30, U B
BOCCTAaHOBUTENIBHYIO meub 30 u e€ comepxkumoe 34 HENpPepbIBHO MOAAOT 3JIEKTPUYECKYIO
SHEPTHUIO TIPH MOMOIIH 3JIeKTPoaoB 32a u 32b. Dnektponst 32a u 32b ckoMmoHOBaHbI B 1yTH 33a
u 33b cBepxy comepxkumoro 34 meun. B BoccTaHOBUTENBHYIO Teub 30 Takke HENMPEPBIBHO
NOJA0T BOCCTAHOBHTENb (HE IMOKA3aHO), KaK yYKa3aHO Ha ¢urype | B BUIE TEXHOJIOTHYECKOTO
notoka (III).

ITockonbky B BOCCTAHOBHUTENBHYIO Iedb 30 U €€ comep:kumoe 34 HEenmpepbIBHO MOAAOT

OJICKTPUYCCKYKO JSHEPrur0 U BOCCTAHOBUTECIIHN, YaCTUYIHO BOCCTAHOBJICHHBIC MEJIKHE YaCTHULIbI
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METAJIJICOAEPIKAIIErO ChIpb M MEJKHE YaCTULbl METaJJICOJAEPIKAIIEero ChIpbs, KOTOpbIE He
BOCCTAHOBWJIMCH YAaCTHYHO B IJIABHJIBHON neun 20, pacIiiaBisiOTCs ¢ 00pa30BaHUEM SKHUAKOTO
MeTajuimyeckoro mnpoaykra 34b u mwtaka 34a. JKugkuit mertammdeckuit mponykTt 34b
NEepPUOANYECKU U HENPEPBIBHO BBINMYCKAIOT U3 BOCCTAHOBUTEIbHON neun 30 yepe3 BBy CKHOE
oTBepCcTHE (HE MOKa3aHO), Kak yka3zaHo Ha ¢urype 1 B Buae TexHojormueckoro moroka (V).
IMlnak 34a nepuoaNYECKU WM HENPEPBIBHO BBIMYCKAIOT U3 BOCCTAHOBUTEIbHOU neun 30 uepes
BBIITYCKHOE OTBEpCTHE (HE NMOKAa3aHO), KaK yKa3aHo Ha ¢urype 1 B BHAE TEXHOJOTMYECKOrO
noroka (IV).

B xone B3auMonencTBus, NMPOTEKAIOIIEr0 MPU IUIABKE, MUCIYCKAETCs OTXOMASIIMM ras,
cocTosiiuii B OCHOBHOM u3 okcuna yriepoaa (CO). Ortxopsmmii ras, COmepsKaluil OKCHI
yraepona (CO), otBonmsaT u3 BoccraHOBUTENbHON meun 30 mo TpyOe 40 U MOmaroT B MOKpPBIH
ckpy0bep 80. B mokpom ckpybbepe 80 m3 oTxopsiiero rasa BOCCTaHOBHTENbHOW meuu 30,
cogepkamero okcun yriepoaa (CO), ymamsarorcss 3arps3HUTENN W MaTepHaj, COCTOSIINUN U3
TBEPABIX YaCTHULl. 3aTeM MOJBEPrHYTbIH MOKPOW OYMCTKE OTXOMALIUI ra3 BOCCTAHOBUTEIbHON
neun 30, comepxkammii okcun yrinepopa (CO), momgaroT B KayecTBe TOIUIMBHOIO rasa M rasa-
BOCCTAHOBUTEJIA B IUIABWIIbHYIO neub 20.

CrnenuamictaM B JaHHOM OONAacTH TEXHMKHM OyIeT IOHSTHO, YTO OTXOMSIIMHA ras3
BoccTaHoBUTeNpHOW meun 30, comepskamuii okcupn yriepona (CO), moxker 0Opa3oBBIBATH
KOMITOHEHT TOILUIMBHOIO ra3a, KOTOPbIN MOJAIOT B FOPENKY 22 IuiaBUiIbHOM neuu 30.

Crnoco0® Hacrosimmero uzoOpereHus mnpemyaraercst 171 3((GEKTUBHOTO HCIOIb30BAHUS
SHEPruM, CBSI3aHHOM C OTXOXSALIMM Ta30M BOCCTAHOBUTENBHON I€UH, COAEPIKAIUUM OKCHUJ
yraepona (CO). Ilpu wuCroOnb30BaHMM OTXOAALIErO Tra3a BOCCTAHOBUTENBHON Ieuw,
cogepskauiero okcun yriaepona (CO), B kauecTBe TOIUIMBHOIO ras3a Jisi TOPENIKH TUIABHUJIbHOW
NeYd U BOCCTAHOBHTEJBHOIO Ta3a, 3asBUTENb OOHAPYKMJ, YTO MPOM3BOAUTEIBHOCTD
BOCCTAHOBUTEJILHOI NeUU MOXKET yABauBaThCs. B kauecTBe anbTepHATUBEL, IPU UCTIOIb30BAHUU
OTXOJSIIIErO ra3a BOCCTAHOBHUTEIBHON meun, coxepskamero okcun yriepona (CO), B kauecTse
TOIUIMBHOTO rasa JJil TOpesKd IUIABUIbHON M€Y M BOCCTAHOBUTENIBHOIO Trasa, 3asiBUTENb
OOHApY>KWJI, YTO MOXKHO CYIIECTBEHHO YMEHbBINATh MOTPEOHOCTH BOCCTAHOBUTENIHOW TEYH B
3JIEKTPO3HEPIUH.

MaccoBblii U 3HEPreTHHYECKHH OaNaHChl, MOSCHAIOIINE Ha IMPHUMEpe NPEeUMYILIeCTBa
HACTOSIIETO U300PETEHUSI.

Huxe cnepyet conocraBieHne MeXAy ABYMsl IPOLIECCAMU TUIABKU:

(1) mepBbIi, TPAAUIHMOHHBIN MPOLIECC TUIABKH, B KOTOPOM HCIIONB3YETCS 3JIEKTPHUECKast

AyTroBas I€4b, MUTACMas 4€PE3 H_IeTKI/I, u
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(1) BTOpPOH mpomecc IJIaBKH, B KOTOPOM HMCHOJB3yeTcss crnocod u cucrema 10
HACTOSALIETO N300pETEeHUsI.

IlepBblii, TPaAULMOHHBIM MPOLECC IJIABKU, B KOTOPOM HCIOJB3YETCSl 3JIEKTPUYECKasi
IyroBas Neub, MUTaeMas 4yepe3 IETKU:

IepBbIii, TpaJULMOHHBIN MPOLECC MPENCTABISIET COOO MpOoLece MIABKH, B KOTOPOM IS
pacIuUIaBIEHUs] arJIOMEPAaTOB HCIIOJIBb3YETCsl JJIEKTPUUYECKast Ayrosas Ieub, MHUTaeMas 4depes
IETKU. ATJIOMEpaThl MIPUHUMAKOT (POpMy O(IIFOCOBAHHBIX OKATBIIIEH U CONEPIKAT, B MACCOBBIX
NPOLIEHTAX, MPUOIU3UTEIBHO!

- 32,5% Cn03;

- 22,6% FeO,

- 13,4% AlOs;

- 12,7% CaO;

- 8,1% MgO; u

- 5,5% Si0s.

ArnomepaTel MOJAIOT B 3JIEKTPUYECKYIO AYTOBYIO I€Ub, MUTAEMYIO 4epe3 IIETKH, CO
CKOPOCTBIO 21,3 METpUUECKUX TOHHBI B 4ac. B 3JeKTpUYECKy0 AYTOBYIO N€Ub, MUTAEMYIO Yepe3
HIETKY, TAKXKE MONAIOT BOCCTAHOBUTEIU CO CKOPOCTBIO 3,6 METpUYECKMX TOHH B Hac. B
3JIEKTPUYECKYIO TyTOBYIO M€Yb, MUTAEMYIO Yepe3 WETKH, MoAatoT 30 MeraBaTT 3JI€KTPUIECTBA C
Henpr0 obecrieueHus: >Hepruel, TpedyemMol Ui pacrulaBiIeHUs] OKCHIOB METAJUIOB, KOTOPbIE
pa3sMeLIarTCs B arjaoMeparax.

ArnomepaTsl pacIIaBJSFOTCS B 3JEKTPUUECKON NyTOBOM ME4M, MUTAEMOMN uepes IIETKHY,
¢ 00pa3oBaHNEM CILUIAaBHOTO XHIKOTO MPOAYKTA U IITAKOBOTO JKUIKOTO MPOAYKTA.

CrinaBHOW KMIKHUM MPOAYKT BBIMYCKAIOT U3 SJIEKTPUUECKON NYroBOM IMeYH, MUTaeMOM
yepe3 meTku, npu temmeparype 1550°C u co ckopocTteto 7,7 METpUUYECKHX TOHH B 4ac.
CrutaBHOM JKUIKUH TPOOYKT COAEPIKHUT, B MACCOBBIX MPOLIEHTAX, MPUOIU3UTEIBHO!

- 50,3% Cr;

- 38,9% Fe;

-6,5%C;u

- 4,0% Si.

IIInaxkoBelil KUAKUH NPOAYKT BBINYCKAOT U3 JIEKTPUUECKOW TyrOBOMW IMEe4YH, MUTAEMOU
yepe3 wWETKU, npu temmeparype 1650°C u co ckopoctbto 10,7 MeTpuueckux TOHH B dac.
ITnaxoBbIi KUIKHHA TPOAYKT CONEPKUT, B MACCOBBIX MPOLIEHTAX, MPHOIU3UTENBHO:

- 11,6% Cr203;

-9,0% FeO;

- 28,4% Al0s;
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-25,3% CaO;

-16,2% MgO; u

- 7,4% Si0s.

OTxonsuuii ra3 OTBOIAT U3 BJIEKTPUUYECKON AYrOBOM Meuu, MUTAeMOM uepe3 LIETKU, CO
CKOPOCTBIO MOTOKA 8173 HOpMaJbHBIX KyOnuecknx merpa B yac ¥ 10 METpUYECKUX TOHH B 4ac.
Otxomsamuii raz umeer Ttemmeparypy 1200°C u comep:kuT, B MAacCCOBBIX IPOLIEHTAX,
MPUOJIM3UTENBHO:

-51,4% CO;

-7,9% CO;

-26,5% Na;

-2.,7% Ha;

-0,1% SO2; u

- 11,4% H2O.

DnexTpuueckas Ayrosass Iedb, IUTaeMas 4epe3 ILIETKHU, XapakTepusyercs
ko3 purmeHToM ucnonb3oBanus, paBHbM 0,92, M3 smekTpuueckoil [yroBol medu, MUTaeMOU
yepes3 MIETKY, TePSIFOTCS 4 MeraBaTT MOIHOCTH BCJIEACTBHE TEIJIOBBIX [1OTEPD.

Ilutaemass dyepe3 INETKM OJeKTpUYecKas OyroBas TIedb YKa3aHHOTO IEPBOIO,
TPAAULMOHHOIO MpPOLIECCAa IJIABKU XapaKTEPU3YEeTCsl YIAEIbHBIM PacXOAOM 3JIEKTPO3HEPTHUH,
paBHbBIM 3,81 MeraBaTT-yac Ha METPUYECKYIO TOHHY FOPSTYEro MeTalIa.

Bropoit mporecc miaBku, B KOTOPOM HCHOJB3YETCsl CIIOCOO M CHCTEMA HACTOSINEro
n300peTeHus:

Bropoii nmpouecc mpeacraBisier coOOOH MpOLECC MIIaBKH, B KOTOPOM IJISl PACILIaBIICHUS
arJoMepaToB HCIHOJb3yercss crnocod u cucrema 10 Hacrosiero u300peTeHHs. ATJIOMepaThl
NPUHUMAOT (OpMy O(QIIFOCOBAHHBIX OKATHIEH M COIEep’KaT, B MAaCCOBBIX IPOLICHTAX,
NPUOJTU3UTENBHO!

-32,5% Cn20s;

- 22,6% FeO,

- 13,4% ALO:s;

- 12,7% CaO;

- 8,1% MgO; u

- 5,5% Si0s.

ArnomepaTel MOJAIOT B MJIABWJIBbHYIO Medb 20 CO CKOPOCThIO 36,5 METPUUECKHX TOHH B
yac. B mnaBuibHON meun 20 aryiomeparbl oOpasylOT YIUIOTHEHHBIA CJIOW ariomeparosB. B

MJIaBUJIBHYIO ME€Yb TAKXKE MOAA0OT BOCCTAHOBUTEIN CO CKOPOCTBIO 0,6 METPUYCCKHUX TOHH B 4ac.
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a3, orxomsmuii w3 BoccTaHOBUTENbHONH meun 30, KkoTopwli oOpasyercs B

>
3JIEKTpUYeCKON ayrosod mneun 30, nmuTaeMon dYepe3 INETKH, MNPOMYCKAT 4Yepe3 MOKPBIN
ckpy06ep 80 u momaroT mpu Temmneparype S0°C co ckopocteio 10,88 MeTpuyeckux TOHH B 4ac B
nIaBUiIbHYO neub 20. ['a3, oTxoasiumii U3 3JeKTPUYECKON nyrosoi nedu 30, muTaemMou uepes
IETKH, COAEPIKUT, B MACCOBBIX MPOLIEHTAX, MPHOIN3UTEIIHHO:

- 58,5% CO;

-27,1% Np;

- 13,6% Ha;

-0,1% SO»; u

- 0,7% H»O.

Bo3nyx nnst ropeHus npenBapuTesbHO HarpesaroT o temnepatypsl 800°C u moparot co
CKOPOCTBIO 09,2 METPUYECKUX TOHHBI B 4aC B FOpeNKy 22 miaBuibHOU neun 20.

IlepByro uacTh OTXOAsIIEro rasa, copepskamero okcup yriepopa (CO), mpomyckaroT
4yepe3 YIUIOTHEHHBIN CJIOW arjioMepaToB JJIsl YACTUYHOIO BOCCTAHOBJICHMS], IO MEHBIIEH Mepe,
HEKOTOPBIX MEJIKUX YaCTHULl METAJUICOAEPIKALIErO ChIPbsI.

Bropyro uacte okcuna yraepona (CO), comepskamerocss B OTXOIALIEM Ta3e, CKUTAKT
IIpU MOMOLIM IOpPENKH 22 W HArpeBarOT YIUIOTHEHHBIM CJIOM arjioMepaToB A0 TEMIEPaTyphbl
1500°C B mnaBuipHOM meun 20 ¢ 0Opa3oBaHUEM PACIIIABICHHOTO MPOAYKTA M OTXOMASIIEro rasa
MJIaBUIbHOW meun. PacriaBneHHbIN mpoaykT uMmeer temnepatypy 1500°C u nepemernaercs: u3
MJIaBUIbHOU meun 20 B JJIEKTPUYECKYIO AyroByro mnedb 30, muUTaeMyr 4epe3 LIETKH, CO
CKOPOCTBIO 33,8 MeTpHuUecKHX TOHHBI B yac. PacIuiaBiaeHHBIN NPOAYKT 3akirodaer B cede S0%
TBEPABIX BELIECTB M COAEPIKUT, B MACCOBBIX MPOLIEHTAX, MPUOIH3UTENBHO!

- 35,2% Cn0s;

-7,3% FeO;

- 13,3% Fe;

- 14,6% ALOs;

- 13,7% CaO;

- 8,8% MgO; u

- 6% Si0».

Otxomsumii ra3 MJIABWJIBHONW TMEYM OTBOAAT U3 IUIABWIbHOW medn 20 CO CKOPOCTBIO
notoka 34233 HOpManbHbIX KyOWdeckmx Merpa B 4ac U 47,4 METpUUeCKUX TOHHBI B Hac.
OTxonsiuii ra3 MmIaBUJIbHON MEeYU OTBOAUTCS U3 IUIaBUIbHON neun 20 npu temmepatype S00°C
U COZIEPIKUT, B MACCOBBIX MPOLIEHTAX, MPHOIU3UTEIBHO:

-21,7% COg;

- 4.8% Oy;
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- 66,5 N2, u

- 6,9% H»O.

Kak y:xe u3i0xkeHO, pacIaBieHHbIM NPOAYKT NEPEeMELIA0T U3 IUIaBUiIbHONU neun 20 B
3JIEKTPUYECKYIO AYTOBYIO neub 30, MUTaeMyro uepes3 IIETKH, CO CKOPOCTBIO 33,8 METPUYECKUX
TOHHBI B 4ac. B snexTpuueckyro AyroByro neup 30, MUTAEMyH 4depe3 INETKH, TaKyKe MOAAI0T
BOCCTAHOBUTEJN CO CKOPOCTBIO 6,3 METPUYECKUX TOHH B 4ac. B 3leKTpu4ecKyro AyroByro meub
30, muTaemyro dYepe3 INETKH, momaroT 30 MeraBaTT 3JIEKTPUUYECTBA C ILEJIbI0 OOecredeHus
sHeprued, TpeOyemoil JUIsi paciUIaBJ€HUs] OKCHUAOB METAJUIOB, KOTOPBIE pPa3MEIIAIOTCS B
PacCIUIaBIC€HHOM MPOIYKTE.

PacnnaBieHHBIN NPOAYKT CIUIABIAETCS B 3JIEKTPUYECKON nyroBod neuu 30, mutaeMoin
yepe3 MWETKH, ¢ 00pa3oBaHUEM CIUIABHOTO JKHUIKOTO MPOAYKTA U IUIAKOBOTO JKUIKOTO MPOAYKTA.

CrinaBHOM XKUAKUI NPOAYKT BIMYCKAIOT U3 3JIEKTpUUEcKOl ayrosoi neuu 30, mutaemMoi
yepe3 IETKU, npu Temreparype 1550°C u co ckopocThio 14,2 MeTpuuecKHX TOHHBI B 4ac.
CrutaBHOM JKUIKUH POOYKT COAEPIKHUT, B MACCOBBIX MPOLIEHTAX, MPUOIU3UTENBHO!

- 50,3% Cr;

- 40,5% Fe;

-8%C;u

- 1% S1.

IMlnaxkoBelii KUAKUNA TPOAYKT BBINYCKAIOT M3 JJIEKTPUYECKOM nyrosor mneun 30,
nuTaeMol uepes WETkH, npu temmneparype 1650°C u co ckopoctbio 17,8 MeTpudeckux TOHH B
yac. [1InakoBblil XKUIKUI MPOIYKT COAEPIKUT, B MACCOBBIX MPOLIEHTAX, MPUOIU3UTENBHO!

- 8% Cr20s3;

- 5% FeO;

- 29,5% Al0s;

-26,1% CaO;

-16,7% MgO; u

- 12,6% Si0s.

OTxopsiiuii ra3 OTBOAAT U3 dJEKTPUUECKOl nyrosoi nmeun 30, nuraeMoil uepes LIETKHY,
CO CKOpPOCTBIO TOTOKa 12460 HOpMaNbHBIX KyOWYEeCKHX METPOB B 4ac M 13,6 MeTpHuecKux
ToHHbl B 4ac. Otxomsamuii raz umeer temnepatypy 1400°C u comepkuUT, B MacCOBBIX
NPOIIEHTAX, MPUOIU3UTEIBHO!

- 58,5% CO;

- 27,1% Nz;

- 13,6% Ha;

-0,1% SO»; u
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- 0,7% H»O.

80% macc. OTXOASIEro raza 3JeKTPUIECKON AyroBoil neun 30, muTaeMoil yepe3 ETKH,
MOJAIOT B KaueCTBE TOIUIMBHOTO M BOCCTAHOBUTENIBHOTO Ia3a B IJIABHJIBbHYIO Nedb 20, rae ero
UCHOJIBb3YHOT, KaK OMHUCAHO BBILIE.

Onextpuueckass payrosas mneub 30, mnuraemas depe3 IIETKHM, XapaKTepU3YyeTCs
ko3¢ puumeHroMm ucnosab3oBanusi, paBHbIM 0,92, U3 snextpuueckod ayroBoit meunm 30,
MUTAEMOH uepes3 WETKU, TEPSIOTCS 4 MEraBaTT MOIHOCTH BCJIEACTBUE TEMJIOBBIX OTEPh.

IIuraemas yepe3 mWETKU dneKTpUUeckas Ayrosas nedb 30 cucremel 10 xapakTepusyercs
YAENbHBIM PacxXxOIOM 3JIEKTPOSHEpPruu, paBHbIM 2,07 MeraBarT-4ac Ha METPHUYECKYIO TOHHY
ropsiuero MeTasja.

CrnenpanucraM B JaHHOW 00JIACTH TEXHUKU OYIET MOHATHO, YTO CHIJKEHHE YAEIBbHOTO
pacxozia BJEKTPOSHEPTUU B JJICKTPUYECKOW IyroBOM Me4W, NMUTaeMon vepe3 wWETku, ¢ 3,81
MEraBaTT 4ac Ha METPUYECKYI0 TOHHY ropsiuero metasuia Ao 2,07 MeraBaTT 4ac Ha METPUYECKYIO
TOHHY TOpsiYero MeTajjla SBJSIETCSl 3HAUUTEIbHBbIM. YKa3aHHOE 3HAYUTENIbHOE CHIDKEHUE
SBJISIETCS. TPSIMBIM  CIIEZICTBUEM COOTBETCTBYIOINErO HACTOALIEMY HM300PETEHHUI0 HOBOTO U
N300peTaTeNbCKOrO MPUMEHEHHS SJHEPTUH, CBSI3aHHON C OTXOMSIINUM Ia30M BOCCTAHOBUTEJBbHON
nieu, conepskamum okcua yriepona (CO).

Crnenpanmucram B JaHHON OOJNIACTH TEXHUKH OyIeT MOHATHO, YTO JAaHHOE U300peTeHe He
OrpPaHUYMBAETCA TOYHBIMU IMOAPOOHOCTAMM, MU3JIOKEHHBIMU B HACTOSIIEM JOKYMEHTE, M YTO
BO3MOXKHBI MHOTHE U3MEHEHUs 0e3 OTCTyIIeHHs oT 00béMa n3obperenus. I1o cBoemy cyiuecTBy
HacTosIIee N300peTeHe PaCIPOCTPAHETCS Ha BCe (PYHKIIMOHAIBHO SKBUBAJICHTHBIE IPOLIECCHI,
crocoObl 1 00IaCTH MPUMEHEHHs, KOTOPBIE HAXOIATCA B Ipeenax ero oobéma.

JlaHHOe OmHCaHWe TPEACTABICHO B BUAE MPUMeEpa TOJBKO BBHIY OOECIEYEHHUs TOrO,
9TOOBI, KaK MPENNoJiaraeTcs, OHO SIBJISIOCh HauOOJiee MOJIE3HBIM U JIETKO BOCIPHHUMAEMbBIM
ONMUCAaHUEM TPHHLMUIIOB M KOHLENTYAJIbHBIX ACHEKTOB HACTOSALIEro n3o0pereHus. B cBsi3u ¢
5TUM, He ObUIO MPEANPHHSTO HU OJHOW TONBITKU IMOKa3aTh ero Oojee moapoOHO, HeM 3TO
HeoOxomuMo it (PyHIAMEHTaJbHOTO IMOHMMAaHHUs NaHHOTrO u3oOpereHus. ClioBa, KOTOpbIE
YHOTPEOISINCh B HACTOALIEM IOKYMEHTE, SIBIISTIOTCSI CJIOBAMH ONMHCAHUS M WIUTFOCTPALNH, a HE

CJIOBaAMU OIrpaHUYCHUA.
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OOPMVIJIA U30BPETEHUA

1. Crioco® miaBKu METAJUICOAEPIKALIETO ChIPbsl, BKIIOYAOIINH CIEAYIOLINE CTAIUH:

NOZIAI0T arjIOMEpaThl, COAEpIKAlMe MeEJKHE YacTUIbl METAJUICOAEPIKALIEro ChIPbs,
MEJIKME€ YacTUIbl BOCCTAHOBHTENS W MeEJIKHE YacTHLbI (PIroca B IUIABHIIBHYIO I€Yb C
o0pa3oBaHueM B HEll YIUIOTHEHHOTO CJIOS arJIoOMepaToB,;

MOJAIOT OTXOMASIIUIN ra3 BOCCTAHOBUTENIbHOM Teuu, conepsxauuii okcun yriepona (CO),
B TOPEJIKY TUIABUJIBHOM TMeYH;

NPOMYCKAOT TMEPBYK YacThb YKa3aHHOTO OTXONSILIEro rasa, COIEpKallero OKCHUJ
yraepona (CO), yepe3 yIUIOTHEHHBIN CJIOH arjIoMEpaToB JJISi YaCTUYHOTO BOCCTAHOBJICHHS TIO
MEHBIIEH Mepe HEKOTOPBIX MEJIKUX YaCTHUI] METAJIJICOAEPIKAIIETO ChIPbS;

MOJIAFOT UCTOYHHK Ta3000pa3Horo kucinopoaa (O2) B ropeNky MIaBUIbHOMN MeYH,

C)KUTalOT BTOPYIO 4acTh YKa3aHHOIO OTXOASINEro rasa, COAep Kallero OKCHJ yIiepoaa
(CO), B KauecTBe TOIUIMBHOIO ra3a MpU MOMOIIU TOPESKU IJIABHJIBHON MEeUr Ui HAarpeBaHUS
arJioMepaToB B IJIaBUJIbHOMN Ieuu 0 TeMiepaTypsl, npesbinatoiieii 1000°C, u pacnnasieHus 3a
CUET HTOTO arjiOMEPaTOB B IUTABMIIBHON MEYH ¢ 00pa30BaHHEM PACIUIABICHHOTO MPOAYKTA,

MOJAI0T PACIUIABIICHHBIH MPOAYKT B BOCCTAHOBUTENBHYO IIeUb; U

BBIIJIABIISIOT PACIUIABJIEHHBIN NPOAYKT C OOpa3OBaHMEM >KHIKOTO METAJUINYECKOTrO
NPOAYKTA, XKUIKOTO IIJTAKOBOIO MPOAYKTA U OTXOAALIETO ra3a, COIepsKallero OKCHI yriepoaa
(CO), KOTOpBIi1 MOAAIOT B FOPEJIKY IJIABHJIBHOHN MEeUH.

2. Crnocob no 1. 1, B KOTOPOM MEJIKHE YaCTHULbl METAJUICOAEPIKAIIErO ChIPhsI SBILSIFOTCS
MEJIKUMHU YaCTULIAMU PYIbL

3. Cnocob no n. 1, B KOTOPOM MEJIKHE YaCTHIIbl METAJICOAEPIKAILIETO ChIPbsI SBIISTFOTCS
MEJIKMMH YaCTHLIAMU OKCH/Ia METaJLIa.

4. Cnioco6 mo yrobomMy u3 mi. 1-3, B KOTOPOM arjiomepar BeIOpaH M3 TPYIIIbL, COCTOSIICH
u3 OpHKeTa, OKaThIIa U SKCTPyAaTa.

5. Cnocob mo mobomy u3 1. 1-4, B KOTOPOM OCYIIECTBIISIIOT TOMOJHUTENBHYEO CTaIHIO
NOJJaYM BOCCTAHOBUTEJIECH B TUIABMIIBHYIO 11€4Yb, HE3aBUCHMO OT arjIOMEpaToB.

6. Criocob mo mobomy u3 mm. 1-5, B KOTOPOM MEJKHE YacCTHUIbI METAJICOAEpPIKAIIero
CBIPbs YACTUYHO BOCCTAHABJIMBAIOT B TBEPAOM COCTOSIHUH B IUTABHIIBHOMN ITEUH.

7. Cniocob 1o modomy u3 M. 1-6, B KOTOPOM OCYLIECTBIISIIOT AOTIOJIHUTEIBHYIO CTAIUIO
perynnpoBaHusi oOb&éMa HCTOYHMKA TrazooOpasHoro kuciopoxa (0Oz), KOTOPBIA NOAAIOT B
rOpeNKy IUIABUIBHON meun gy oOecmeueHus Toro, uroObl kuciopox (O2) sBisuics
OrPaHUYMBAIOIINM PEAareHTOM B PEAKLUH TOPEHUs] OTXOJSIIEro rasa, COAEPIKAIlero OKCHUJ

yraepoaa (CO), KoTopblii TOJAIOT B TOPETIKY .
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8. Crioco0 mo mobomy u3 mm. 1-7, B KOTOPOM HCTOYHHK ra3o00pasHoro kuciopoaa (O2)
MPEABAPUTENIBHO HArPEBAKOT MEPEl €ro Nojavei B rOPEesKy IJIABWIbHON NeYu.

9. Cnocob mo m. 8, B KOTOPOM HCTOYHHK ra3oo0pasHoro kuciopoga (O2)

>
IPEBAPUTENIbHO HAarpeBaroT 10 Temnepatypbl 800°C.

10. Cnioco6 mo mobomy u3 mm. 1-9, B KOTOPOM BOCCTAHOBHUTENbHASI MEUb MPEICTABIISIET
coboii nroOyr me4b, BBIOPAHHYIO M3 TPYMIbL, COCTOSIMIEH M3 AyrOBOM IeYH, MUTAEMOMU
MIOCTOSTHHBIM TOKOM 4epe3 INETKH, AyroBOU Me4H, MUTaeMOH NMePEeMEHHBIM TOKOM Yepe3 IETKH,
Y AYTOBOM MEYH, MUTAEMOMN MOCTOSIHHBIM TOKOM.

11. Crocob mo mrobomy u3 mm. 1-10, B KOTOPOM OCYINECTBJISIFOT AOTMOJHUTEIBHYIO
CTAJMIO MOIaYH BOCCTAHOBHTENEH B BOCCTAHOBUTEIIBHYIO MEUb.

12. Cniocob mo m. 11, B KOTOPOM BOCCTAHOBUTENU BBIOPAHBI U3 TPYIIIBI, COCTOSIIEH H3
AHTPALINTA, YTJIsI, KOKCA M UX COYETAHUH.

13. Cnoco® mo mobomy u3 mm. 1-12, B KOTOPOM IUIaBUJIbHAS T€Yb SIBISIETCS
BarpaHOYHOM IMEYbI0 HA ra30BOM TOILINBE.

14. Cnocob mo mobomy u3 mm. 1-12, B KOTOPOM IIaBUIIbHAST TIeUb SIBIISIETCS LIAXTHON
NEYbIO0.

15. Crnocob mo mrobomy u3 mm. 1-14, B KOTOPOM OCYIIECTBJISIFOT JOTMOJHUTEIHHYIO
CTaJUI0O VAAJNeHHs B MOKPOM CKpyOOepe TBEPABIX YaCTHI M3 OTXONALIEro rasa
BOCCTAaHOBUTEJIbHON Ie4H, copeprkaiiero okeun yriaepona (CO), nepen ero nogavel B ropesiky
IUIABUJIBHON TEYH.

16. Cioco0 miaBKu METaJICOAEPIKAIIErO ChIPbs, BKIFOYAIOIIUH CIEIYIOIUE CTaUH:

NOJAIOT arjIOMepaThl, COAEp:Kallie MeJNKHe 4YacTUIbl METaJUICOAEPIKALIEro ChIpb,
MEJIKMe 4YaCTUIbl BOCCTAHOBUTENSI U MeEJKHE YacTUIbl (roca B TUIABWIBHYIO TeUb C
o0pa3oBaHUEM B HEW YIJIOTHEHHOT'O CJIOS arJIOMEPaTOB;

MOJAI0T OTXOMSLINI ra3 BOCCTAHOBUTEBHOMN Neun, coaepxkauuii okcun yriepona (CO),
B TUIABWJIbHYIO T1€Yb;

NPOMYCKAIOT TMEPBYI0 YacTh YKA3aHHOTO OTXOMSALIETO Tras3a, COAEpIKallero OKCHI
yraepona (CO), yepe3 yIUIOTHEHHBIN CJIOH arjioMEpaToB AJISI YACTUYHOTO BOCCTAHOBJICHHUS TIO
MEHBIIEH Mepe HEKOTOPBIX MEJIKUX YaCTHUI] METAJIJICOAEPIKAIIETO ChIPhS;

MOJAI0T UCTOYHUK ra3oo0pasHoro kucnopona (O2) B ropesKy IIaBHIbHON MEYH,

CKUTAIOT BTOPYIO 4YacTh YKA3aHHOTO OTXOJSIIErO ra3a, COAEpIKaIIero OKCHI yTriepona
(CO), B xauecTBe TOIUIMBHOIO ra3a IpU MOMOIIU TOPESIKU TUIABMIBHON MEeYr Ui HAarpeBaHUS
arJioMepaToB B IJIaBMJIbHOMN Ieuu 70 TeMiepaTypsl, npesbinatomieii 1000°C, u pacnnasieHus 3a
CU&T HTOTO arjiOMePaToB B IUIABMIIBHON MY ¢ 00pa30BaHUEM PACIUIABICHHOTO MPOAYKTA,

nogaroT paCHHaBHeHHblﬁ NpoOAYyKT B BOCCTAHOBUTECJIbHYIO II€Yb, U
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BBIIIJIABIISIIOT PACIUIABJICHHBIN MPOAYKT C OOpa3OBaHMEM >KHIKOTO METAJUINYECKOTO
NPOAYKTA, KUAKOIO ILIJIaKOBOIO MPOAYKTa M OTXOASIIErO rasa, CoAEpsKallero OKCHA yriepoaa
(CO), KOTOpBIii MOAAIOT B MJIABUIBHYIO MEYb.

17. Criocob muaBKu METAJICOAEPIKAIIErO ChIPbsl, BKIIFOYAIOIIUN CIEAYIOINE CTaIuH!

NOJAKOT arjoMepaThl, COAEp’Kallhe MEJKHE 4YaCTULbI METAICOAEPIKALLErO ChIPb,
MEJIKME€ YacTUIBl BOCCTAHOBHTENI W MEJIKHE YacTHLbl (pJiroca B IUIABMIIBHYIO I€Yb C
o0pa3oBaHHEM B Hell YINIOTHEHHOT'O CJIOS arJIOMEPaTOB;

MOJAIOT MEPBYIO YaCTh OTXOMASALIErO I'a3a BOCCTAHOBUTEIBLHOM MEYH, COEPIKaLIero OKCUT
yraepoaa (CO), B IIaBUIIbHYIO TEYb;

NPOMYCKAOT TMEPBYK0 YacTb YKa3aHHOTO OTXONSILIEro rasa, COIEpKaLIero OKCHUJ
yraepona (CO), yepe3 YIUIOTHEHHBIN CJIOH arjIoMEpaToB JAJISI YACTUYHOTO BOCCTAHOBJICHHUS TI0
MeHbIIIeH Mepe HEKOTOPBIX MEJIKUX YaCTULl METAJIJICOAEP KAILETrO ChIPb;

MOJTAFOT UCTOYHHK Tra3o00pa3Horo kuciopoaa (O2) B ropeNky MIaBUIbHOMN MeUH,

MOJAIOT BTOPYIO 4YacTb YKA3aHHOTO OTXOJSALIEr0 ra3a BOCCTAHOBUTENBHOM IeuH,
conepkamero okcup yriepona (CO), B ropesiky TUTaBHIIbHOM MeYH,

COKUTarOT BTOPYIO YacTh yKa3aHHOIO OTXOASINEro rasa, COAep Kallero OKCHJ yIiepoaa
(CO), B xauecTBe TOIUIMBHOIO ra3a IpU MOMOIIU TOPESKU IUIABMIBHON NMEeYu Ui HAarpeBaHUS
arJioMepaToB B IJIABMUJIbHOMN IeUu 10 TeMiepaTypsl, npesbiatomieii 1000°C, u pacnnasieHus 3a
CU&T HTOTO arjiOMePaToB B IUIABUIIBHOMN M€Y ¢ 00pa30BaHUEM PACIUIABIEHHOIO MPOAYKTA,

MOJAOT PACIIABJICHHBIN NPOAYKT B BOCCTAHOBUTEIBHYIO 11€Ub; U

BBIIUIABJISIIOT PACIUIABJICHHBIH MPOAYKT € OOpa3sOBaHMEM >KUAKOTO METAJUINYECKOrO
NPOAYKTA, KUAKOIO LIIAKOBOIO MPOAYKTA M OTXOASILErO ra3a, COAEpKallero OKCUA yriepoaa

(CO), kOTOpBIi MOAAIOT B MJIABMJIBHYIO MEYb U FOPEJIKY TUTABUJIbHOM M€YH, COOTBETCTBEHHO.
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