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IpsSIMOE BOCCTAHOBIICHHE BOJOPOJIOM CHHEPIeTHUECKH DKCIUTyaTHPYETCsl B KOHTEKCTE MPOMBIIIJICHHOTO
npeanpusaTus. BoccTaHOBICHHE BOAOPOAOM OMEPHUPYET C BOCCTAHOBHUTENLHBIM Ta30M, COICPIKAIIAM
mo MeHbIed Mepe 85% 1o o0beMy BOMOPOAA, W TMOJY4YaeT MOTOK MOJMMTOYHOTO Bomopona. Ilo
MEHBIIICH Mepe YacTh MMOTOKA MOMIHTOYHOrO BOAOPOIA IMPOM3BOAMUTCS HA MECTE MOCPEACTBOM OIHOTO
U3 INEKTPOJM3HBIX CPEJCTB, BHIMOIHEHHBIX JJISi IPOU3BOJICTBA BOAOPO/AA U3 MOIYYEHHOTO OT OIHOTO
Wi 0oJiee KOMIIOHCHTOB MPOMBIIIICHHOTO MPEIIPUATHSI TIapa U/ BRIPAOOTAHHOTO C UCIIONIBb30BaHHEM
OTXO[IIEr0 TEIUIa Mapa HW/WIK BBIACIAECMBIX OIHHM HJIH 00jice KOMIIOHEHTAMH TOPSYHX TIa30B;
W PEaKTOPHBIX CPEICTB CABHTa Ta3a, BBIIOTHEHHBIX i mpeBpameHus CO-comepikariero rasa,
BBIJICJIIEMOTO 110 MEHBIIICH Mepe OTHUM KOMIIOHEHTOM MPOMBIIIICHHOTO MPEIIPUSATHS, B BOIOPOI U JUIs
yaaneaus CO,.
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CIIOCOB ITPOU3BOACTBA BOJOPOAA JJIA ITOJIYUHEHUA XEJIE3A
I[TPAMOI'O BOCCTAHOBJIEHUA

YpOoBeHb TEXHUKHU

HeobxonumocTs, a Takxke 00s13aHHOCTh CHUKeHUsI 00mux BoiOpocoB CO,
OKa3bIBAIOT BIUSHUE HA CTANCITUTEHHYIO MPOMBIIIJIEHHOCTb KaK Ha TJIABHOTO
OTBETCTBEHHOI'0 YUYacCTHHKA. BcemupHas nekapOoOHU3aLHs MPUHYKAAET
NPOU3BOAUTEINICH CTAIH K Iepexoay K OoJiee 3KoJornuyeckn 6€30macHOMY
NPOM3BOACTBY, OCHOBAHHOMY Ha IPOLECCE MOJYYEHHs Keje3a MPsMOTo
BoccTanoByieHusi (DRI) ¢ momombio Bonopona (H,).

Bonopon sBnsieTcs HOBBIM Kt0UeBbIM (pakTopom nis cHmkeHust CO; B
HacTosIIIee BpeMs U, MPEKae BCero, st Oyayimeil nekapOoHU3aLuH MPOU3BOICTBA
cTaynu (3eJIeHbIH BOAOPON).

B Hacrosimmee BpeMst IIaBHBIMH YTBEPAUBIIUMUCS IPOL[ECCAMU ITPOU3BOICTBA
BOZOPOJA SIBJISIFOTCS

1) [TapoBoii peOpMUHT MIPUPOIHOTO ra3a

JToT mpo1ecc ABaseTcs Haubojaee pacIpOCTPAHEHHBIM U CAMBIM JI€IIEBbIM
HUCTOYHUKOM MPOMBILIJIEHHOTO BOAOPOA.

ITpuponnsiii ra3 Harpesaetcs 1o 700-1100 °C B npucyTcTBUU Napa u
HUKEJIEBOTO KaTalnu3aTopa. MoJieKyJibl MeTaHa pa3pylarTcs ¢ 00pa3oBaHHEM
MOHOOKCHJA yIriiepoaa U Bogopoaa. 'a3oo0pa3Hblil MOHOOKCH yIiIepoaa MPOXOIUT C
napoM HaJ OKHCHUIOM JKeJie3a WU JPYTUMH OKCHAAMHU M MOCPEICTBOM PEaKIUH
casura a3 BoAa-ras rnojydaercs JOMOJTHUTENbHbBIN BOJAOPOS.

ITpon3BOACTBO BOAOPOA TAKUM CIIOCOOOM SIBJISIETCS SKOHOMHUYECKHU
NPUBJIEKATEIbHBIM, HO TpeOyeT ucKomaeMbIX TOIuB U 3axBata CO, nns
NpeaoTBpaIeHUsT BBIOPOCOB.

1) DJNeKTPOIU3HbIE CPEICTBA

DJEeKTPONU3HBIE CPEICTBA HA OCHOBE BOJBI COCTOST U3 HECKOJBKUX STUYEEK,
IpUYeM Kakaasi COCTOUT U3 OAHOTO aHOJA U OJHOTO KATOJbI, MOTPYKEHHBIX B
3JEKTPONUTUYECKHI PACTBOP U COEAMHEHHBIX C UCTOYHUKOM NMHUTAHHUS.

DNeKTpUUECTBO pas3jaraeT BXOJHOW MOTOK BOJAbBI HA BOJOPOX U KUCJIOPOA.
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BMecTo 3TOr0, NuTaeMble NapoM 3JEKTPOJU3HbIE CPEACTBA UCIIOJB3YIOT Map B
Ka4eCcTBE BXOJHOIO ChIPbsl JJIsl IOJYYEHHUs BOAOPOA U KUCIOPOAA, OCHOBBIBASCH
npuOIU3UTENBbHO HA TE€X )K€ MPUHIUIAX, YTO U OCHOBAHHBIE HA BOJAE YCTAHOBKHU.

IInTaemMble BOON 3JEKTPOIHU3HBIE CPEACTBA ABIATCA AOPOTOCTOSAIMMHU C TOUKH
3penust CapEx (kanutanbabix 3aTpaT) 1 OpEX (IpOM3BONCTBEHHBIX 3aTPaT).

ITuTaemMble mapoM 3JIEKTPOJU3HbIE CPEACTBA ABISIOTCA JOPOTOCTOAIIUMHE C
touku 3peHusi CapEx u OpEx, Ho MmeHee ¢ meHee Boicokumu OpEx, uem nuraembie
BOJIOW YCTaHOBKH BCJIeNCTBUE Ooyiee BbICOKOU 3 PEeKTUBHOCTH.

Lenb cozpanus u300peTeHus

Takum oOpas3om, MoJy4yeHHE BOJOPOAA B HACTOSIIIEE BPEMS CBSA3AHO C BBICOKUMH
3aTpaTaMu, TaK YTO OCHOBHOW IBUKYIIEH CUIOHN SIBJSETCS MOUCK HOBBIX U
aJbTEPHATUBHBIX U HKOJOTUUECKH O€30TaCHBIX PEIICHUHN 1O HCIOJIb30BAHUIO
BOJIOpPOJa, CHUKAIOLIUX CBSI3aHHBIE 3aTPaThI.

KpaTkoe u3nokeHue CymHOCTH H300peTeHus

HacTosimee nzoOpereHne HampaBiIeHO HA MOUCK MPHUBIEKATEIbHBIX
KOH(UTrypauuii Ast MOJy4YeHUs] BOAOPOIA SKOJOTrHYECKN O€30MacHbIM H
KOHKYPEHTOCIIOCOOHBIM 00pa3oM MpHU pa3MelIeHUH B IPOMBIIIIEHHON cpene.
Hacrosimee nzobpereHne packpbiBaeT yCTaHOBKY U criocod nonydenus DRI B
ycranoske DR Bogoponom.

ITonyuenue Bonopona (H,) nnst ycranosku DR Bonoponom peanusyercs
IOCPEICTBOM HOBATOPCKUX KOHQHUIYypaLUii C UCIONb30BAHUEM YCTAHOBKH pPeakTopa
casura a3 Boaa-ras U/Miau MUTAEMOU MapoM TMAPOJU3HON YCTAHOBKH JJIs
SKCIUTYyaTallUu 3HEPTOHOCUTENEH, YK€ UMEIOIUXCS B KOMILIEKCHBIX
CTaJIeIIaBUJIbHBIX 1eXax (uiu B Oosee oOmeM CMBICIE Ha MPOMBILIJIEHHBIX
NPEeANPUATHSX ), I OJYUESHUS BOJOPOAA.

BrimmeynoMsiHy TBIMH 3HEPTOHOCHTENAMHE sABJIst0TCA nap u/unu CO-comeprkamuii
ras.

CornacHo u3zobperenuro cnocod usroroienus DRI Bkimtovaet B cedsi:

- 3KCcHayaTauur yctaHoBkH DR Bogoponom, nmpudem skene3Has pyaa
BOCCTAHABJIMBAETCS B IMIAXTHOHN IMeYH B BOAZOPOAHON BOCCTAHOBUTENBHON aTmMocdepe,
IpUYeM IIaxXTHas Me4Yb COeJUHEHAa C KOHTYPOM TE€XHOJOTHYECKOro rasa,
PacIOJIOKEHHBIM IS TpUeMa KOJOIIHUKOBOIO ra3a OT IIaXTHOH medu, o0paboTku
KOJIOIIHMKOBOTO ra3a Inepej €ro HarpeBaHueM B HarpeBaTeJbHOM YCTPOWUCTBE, U

BO3BPALIEHUs K €YU BOCCTAHOBUTEJBHOIO ra3a, COAEPIKaIEero no MeHbien mepe 85
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% 1mo o0pemy BOAOpOAA, MPUUEM MOTOK BOAOPOaa (OOBIYHO HA3BIBAEMOTO
HNOATIUTOYHBIM BOAOPOIOM) 100aBIAIOT K KOHTYPY TEXHOJOTHYECKOMY Ia3a BBIIIE IO
MOTOKY OT HarpeBaTeJbHOI'O yCTPONCTBA,

- 3KCIUTyaTaLHI0 MPOMBIIIJIEHHON yCTaHOBKH, BbipabaTsiBatomeit CO-
COZIepIKALINH ra3 W/ WK Map U/UiIu OTXOIAIIee TeIIO H/UIIN ropsiuue ra3bl, IpHIeMm,
IO MEeHbILIEH Mepe, 4acTh MOTOKAa BOAOPOAa (MOTOKA MOAMUTOYHOIO BOAOPOAA)
BbIPa0aTHIBAETCS MOCPEACTBOM MO MEHbLIEH Mepe OJHOTO 3!

- 3JIEKTPOJIU3HBIX CPEICTB, BBIMOJHEHHBIX AJIS MPOU3BOJICTBA BOAOPOAA U3
U3BJIEYEHHOTO OT OJHOTO MK 00Jiee KOMIOHEHTOB MPOMBIIIJIEHHOTO MPEeATPUSTHS
napa u/uiu napa, BbIpabOTAaHHOTO MOCPEACTBOM CPENCTB PEKyIepaluy TeIJa,
BBIMTOJTHEHHBIX JUIsI BRIPAOOTKHU mapa U3 OTXOISAIIEro TEIia, /WA BbIAEISIEMbIX
OIHUM miH O0Jiee KOMITIOHEHTAMH T'OPSIYUX ra3oB, U

- PEaKTOPHBIX CPEJACTB CIBUIa ra3a, BHIMOJHEHHbIX s npespainenus CO-
COJZeprKalllero rasa, BbIIENs€MOro o MeHblllell Mepe OJJHUM KOMIIOHEHTOM
IPOMBIIIIEHHOTO MPEANPUSITHS, B OOraThlii BOJOPOAOM ra3, U, MPEANOUYTHTEIbHO, IS
ynanenus CO;.

«YcranoBka DR Bomopomom» moxeT ObITh ycTaHOBKONW DR, nurtaemoii
BOJIOPOJIOM B Ka4€CTBE€ BOCCTAHOBUTEJIBHOTO Ia3, NIpU4YeM COAepKaHUEe BOAOPOAA B
BOCCTAaHOBHUTENIBbHOM rase Haxogurcs mexay 85 u 100 % no oObemy,
npeanoutTutesnbHo 6onabuH 85 unn 90 % no obvemy, Hampumep Mexay 90 u 95 % no
obbemy. Takast yctanoBka DR 0ObI4HO BKIIIOYaeT B ce0sl IAXTHYIO MeYb U CBS3AHHBIM
C HEW KOHTYD PELUPKYISLUU ra3a, U3BECTHBIM KaK KOHTYP TEXHOJOTHYECKOTO rasa,
MOCPEACTBOM KOTOPOTO KOJIOIIHUKOBBIH ra3 neun odpabdaTbiBaercs: (00BIYHO
OYMINAETCS U CKMMAETCS) M HAarpeBaeTCs ISl PELUPKYJISALUU B Te4Yb B Ka4€CTBE
BOCCTaHOBHUTEJIBHOTO Ia3a C BbILIEYKa3aHHbIM COAEpP KaHHEeM BOAOPOAa.
@DakyabTaTUBHBIA KOHTYP TOIMOYHOTO ra3a (C UCTOJIb30BAHUEM YaCTHU
PELHUPKYIUPYMOTO KOJOUTHUKOBOIO ra3a) MOKET OBbITh UCIOJNB30BAH IS IeNel
HarpeBaHUs B HarpeBaTEJIbHOM yCTpOUcTBe. Bomopon, obecrneynBaemMblii TOTOKOM
BOZOPOJa, OOBIMHO HA3bIBbIAEMBIH TOTOKOM MOANUTOYHOTO BOJOPOAA, 100ABIAETCS K
KOHTYPY T€XHOJOTHUYECKOTO ra3a B KOJUYECTBaX, JOCTATOUHBIX JJi AOCTUXKEHUS
BBILIEYIIOMSIHYTOI'O AMana3oHa KOHLEHTPaluu BOJOPOa B COOTBETCTBUU C
TEXHOJIOrHYeCKUMH TpedoBaHusiMu. Takum oOpa3oM, poiib MOAMUTOYHOI'O BOJOPOAA
3aKJI04aeTcs B J0OABJIEHUH HEKOTOPOrO KOJMYECTBA BOJOPOJA B TEXHOJOTHYECKU

KOHTYp IUIst AOCTHXKeHUs1 Tpedyemoit paboueii konuentpanuu H, B
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BOCCTAaHOBHUTENbHOM rase. [IoTOk MoaAnuTOYHOTO BOAOPOAAa OOBIYHO MOXKET UMETh
koHneHTpaunuo H, ot 90 1o 100 % no oovemy. YcranoBka DR Bonoponom oObrdHO
MoeT ObITh Bonoponuoi ycranoskoit MIDREX H,.

ITap MoXxeT ObITh MONYYEH OT JIIOOOr0 KOMIIOHEHTa MPOMBILIJIEHHOTO
NpEeANpUATHUS, 1€ MOXKET UMEThCs nap. AJNbTEpPHATUBHO WJIU JOMOJHUTEIBHO, Nap
MOJKET TOJIy4aThCsl IOCPEACTBOM JIFOOOr0 XOPOIIO U3BECTHOTO 000pYJOBAHUS AJIS
peKymnepaLuy Teria ¢ UCIOJIb30BAHNEM HCTOYHUKOB OTXOJSIIIEro Terjia B
NPOMBIIILJIEHHOM MPOLecce, KOTOPOe HHa4Ye OyaeT MpeACcTaBsATh COOOM TEMIOBbIe
notepu. OOopynoBaHue Js peKymnepanuu Teria 0ObIYHO MOXKET BKJIIOYATh B ce0si
TETUIOOOMEHHHUK, BBIITOJHEHHBIN JJIs1 BBEICHHUS B TEMJIOOOMEHHYIO CBSI3b TOPSYHX
ra3oB/OTXOAsAIero Teria s Beipaborku napa. ObopynoBaHue sl peKynepanuu
Teria MOXET, HAallpUMep, BKIOYATh B ce0s1 KOTEJI, TI€ BOAA HarpeBaeTCA
MOCPEACTBOM IrOPSTYUX ra30B/OTXOMSIIIErO TEIIa.

BripaboTaHHbIl TakuM 00pa3oM Map MojgaeTcst K OMHOMY HIJIH Oojiee MUTaeMbIM
apoM 3JIEKTPOJIU3HOMY CPEACTBY, KOTOPbIE MOTYT IIPEBPAINATh MMap B BOAOPO U
KHCJIOPOJ MMYyTEM UCIIOJIb30BAHUS 3JIEKTPUIECTBA. MOTyT OBITh HCIIOIB30BAHBI
COOTBETCTBYIOIINE 3JIEKTPOJU3HBIE CPEACTBA, CIOCOOHBIE BBIACISATh KHCIOPO U3
BOJSHOTO Iapa, HaIIpUMep 3JIEKTPOJUTHYECKAs sTUelKa TBEPIOOKCUIHOTO
sanektposnsepa (SOEC).

CO-conpepxamuii ra3 npeacrtapisier coO0i 000N UMEIINNACS B HAJTUYUH
IIPOMBIIIJIEHHBIH a3 CO 3HAYUTEIbHBIM COEPKAHUEM MOHOOKCHA yriiepoaa
(Hampumep, no meHbineit mepe 20 % mo 00beMy, B HEKOTOPBIX BapHaHTaX
ocymecTByieHus ot 20 10 25 % no o6beMy, HO MOTYT OBITh HCITOJB30BAHBI APYTHE
ra3sl ¢ Oosiee BIcOKUMH KOHIeHTpanusamMu CO). B koHTeKCTe MPpOU3BOACTBA YYyTYHA
CO-copepxamuii ra3 MOKET OBbITh JIFOOBIM UMEIOLIUMCS Ha 3aBOJIE METAJUTYPrUYECKUM
ra3oM CO 3HAYUTEJIbHBIM COJIep)KaHUEM MOHOOKCHA yriepoaa (Hanmpumep, JOMEHHBIM
(BF) razom, kouBeprepHbiM (BOF) razom, TGF-razom, oTxoasmmM ra3omM norpyxHoH
nyrosoit neun (SAF) u T.11.), IpeANOYTUTENBHO ¢ HU3KUM conepkanuem azora. C
MOMOII IO 000PYIOBaHUSI, OCHOBAHHOTO Ha TexHoJioruu casura a3 soga-raz (WGS)
u ynanenuu CO,, CO-cogepxamuii ra3 mpeBpaIaeTcs: B MOTOK JUOKCHIA yriaepoaa
CO,, KOTOpBIN OTHENSIETCS] OT OCTAIBHOIO, TO €CTh IO CYIIECTBY OOTaToOro BOJOPOAOM
noTOKa. MOryT OBITh HCTIOJIB30BAHBI PA3HBIE TEXHOJIOTHH, TAKHE KaK HUCIIOJIb3yEeMbIe
COIJIaCHO YPOBHIO TexHUKH 1us 3axBaTa CO, npu npenBapuTeNbHOM CKUTaHUU. B

nanpHelneM 3To obopynoBaHue OyeT Ha3bIBAThCA PEAKTOPHOM YCTAHOBKOW CABHTIa
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raza (GSRP). Kak uzBectHo u3 yposHs TexHuku, GSRP moxer Bkirouats B ceds WGS
peaxkTop, oObenuHEeHHBIN ¢ ycTpoiicTBoM 3axBata CO, (Hanpumep, aMUHHBIE
TEXHOJIOTUU). ATTBTEPHATUBHO, MOTYT OBITh UCIIOJIB30BAHBI OOBENNHEHHBIE
TEXHOJIOTUHU, 1€ OJUH PEAKTOpP BBINOJHEH 1Jd peanuzauuu WGS peakuuu u
ornenenust CO,. DTH TEXHOJOTMH U3BECTHBI U3 YPOBHS TEXHUKHU U HE TPeOYIOT
noapoOHOTO ONMUCAHUS.

JIroObie 0ObIYHAS MUTAEMbIE TAPOM BJIEKTPOJIU3HbIE CpencTBa, jrodas GSRP
yCTaHOBKA U JII000e 000pyAOBaHME IJIs PEKyIepaluy Terjia, TPUCIoCoOIeHHOe IJIs
BBIPAOOTKH Mapa, MOXKeT ObITh UCMOJB30BAHO B KOHTEKCTE U300PETEHUS.

B BapmaHTax ocymecTBieHus yctanopka DR Bogoponom oObennHeHa ¢
ycTaHoBKOH DR nmpupoaHbIM razom, UMEOLIENCcs Ha TPOMBIIIJIEHHON NPEeANPUITHH.

Ycranoska DR npuponabiM ra3om oObIYHO MOKeT ObITh ycTaHOBKOW MIDREX
NG (c ucnonb3oBaHUEM NMPUPOJTHOTO ra3ad), aIbTEPHATUBHO OHA MOKET OBITh
3ameneHa Ha yctaHOBKY MIDREX MxCol (¢ ncnosnp3oBaHHEM MMOJYYEHHOTO
razudukanuen yris raza) uian ycranoBky NG/H; (Mcmonbp3oBaHHEM NMPUPOIHOTO
raza/Bogopona).

Ycranoska DR npupoaHbIM ra3oM KjaacCU4€CKHU SKCIIyaTUPYETCs Ha
pedopmupoBanHOM npuponHoM rase s noixydennss DRI u3 skenesnoit pynsl. Ona
BKJIIOYAET B ce0s APYIyI0 MAXTHYIO Me4Yb U APYroi KOHTYP TEXHOJOTHYECKOro rasa,
npuYeM APYroil KOHTYP TEXHOJOTHYECKOro rasa BKJIYaeT B ce0s CpeacTBa Harpena-
pedopmuHra st BEIpaOOTKHM CHHIa3a U3 MPUPOJHOIO ra3a (U pelupKyJIHUpOBAHHOTO
TEXHOJIOTHYECKOr0 ra3a). 9TOT CUHIa3 UCIMOJb3yeTCs B JONMOJHUTENbHON MAaXTHOM
MeYy B Ka4eCTBE BOCCTAHOBUTEIBHOIO ra3a, Npu4eM TUIIUYHBIN COCTaB MO1aBa€MOTr0
K MIeYH BOCCTAHOBUTEIBHOIO ra3a Mpuoan3utenbHo cocrasisier 30-34 % no o0vemy
CO, 0-4 % CO,, 50-55 % H,, 2-6 % H,0, 1-4 % CH,, 0-2 % N».

CnenuanucTy B 1aHHOU 00JacTH OyAET MOHSATHO, 4TO ycTaHOBKa DR
MPUPOJHBIM ra30M BbIJeJseT KOJOIIHUKOBBIN ra3, KOTOPHIH ABIAAETCS TOPSYUM razom
u congepxxut CO. OObryHas yctanoBka DR npuponHbIM ra3oM MOXKET CHHEPTreTHYECKH
SKCIUTYaTHPOBATHCS ¢ YCTaHOBKOW DR BOIOpONOM 1iist CHHKEHHUS TOTPEOHOCTH B
BOZOPOJi€ U3 BHEUTHUX UCTOYHUKOB. TO jke camMoe MOXKeT OBbITh CAENaHO IS
ycranoBok MxCol u NG/H2.

B BapmaHTax ocymecTBIeHUsI CIOCO0 BKIIOYAET B ce0sl peKyInepaluo Temia us3
yctaHoBku DR mpuponHbIM razom ais BeIpabOTKH napa U NPOU3BOACTBA BOAOPOIA B

QJICKTPOJIM3HBIX CpEACTBAX.
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3TO MOXKET OBITh 1€TaHO B HECKOJbKUX MECTONOJOXEHUAX B ycTaHOBKe DR
INPUPOJHBIM Tra30M:

- YCTAHOBKA PEKyINepaluu MOXeT ObITh PACIOJNIOXKEHA B IPYrOM KOHTYpe
TEXHOJOTM4YeCKOTro raza ycraHoBku DR nmpupoaHbIM razom, npexxae BCEro BbILIE MO
MOTOKY OT YCTAHOBKHU IbLIEYJIAaBIUBAHUSA, AJIsl pEKyNepaluy Terjua us
pPEeLUpPKYINPYEMOTO KOJOLUTHUKOBOTO ra3a U BeIpa0OTKHU mapa AN MOAauH K
BIIEKTPOJIM3HBIM CPECTBAM,

- CPeACTBa peKyNmepaluy Terjia MOTYT ObITh PACIIOJIOKEHBI AJISl peKyepannu
TeIia U3 TOMOYHOIO ra3a OT CPEACTB HarpeBa-peOpMUHTa KOHTypa
TEXHOJOTMYeCKOro raza ycraHoBku DR nmpupoaHbsiM razom, mpesxje BCero nepexn
BBITSDKHOM TpyOoit yctanoBku DR npuponHbiM ra3om, s BEIpaOOTKH mapa,

- CPeACTBAa PEKyNEpPaUU TENJIa MOTYT OBITh PACIIOJNIOXKEHBI ISl PEKyTIepannu
teruta u3 ropsitaero DRI (B ero pasubeix ¢popmax, Hanpumep HDRI (ropstuero xenesa
npsimoro Bocctanosienus ), HBI (ropsuebpukerupoBanHoro xenesa) niu CRDI
(XomogHOrO Xeje3a MpsiIMOro BOCCTAHOBJIEHUS ), MPOU3BOAUMOro ycTaHoBkoit DR
MPUPOJHBIM Ta30M.

ITap moxeT ObITh BBIpAaOOTaH MyTEM PEKYyIEepaLUy TEIJIa ONUHAKOBBIM 00pa3zom
(B onunakoBoMm MecTe) B yctaHoBKax MxCol u NG/H; nnst monydeHust Bogopoaa
MOCPEACTBOM 3JIEKTPOJIU3A.

IIpombIIeHHOE MPEeanpusATHEe OOBIYHO MOYKET BKJIIOYATh B ceOs
snexkTponyrosyo neub EAF, npexae Bcero ans naasinenus DRI B ogHo# u3
ycTtaHoBOK DR unu B npyrom mecte. IlpennouTurenbHo, CpeaAcTBa peKymnepanuu
TerJia MOTYT OBbITh BBIOJHEHBI ISl PEKyMepaLuy TEIia U3 TOPSTInX
ra3op/oTxoznsuero temia, Beigensiemoro EAF, nnst BeipaboTku mapa (mogaBaemMoro K
3JIEKTPOJIU3HBIM CPENCTBAM).

B BapmaHTax ocymecTBieHUs crocod BrioYaeT B ceds uspneuenue CO-
conepokaiero rasa u3 ycranosku DR nmpupoassim razom u nogaun seigenenHoro CO-
COJZeprKalllero rasa K yCTaHOBKE peakTopa rasa Ajs MojJydeHHus BOAOPOAA.

ITepsoiit motok CO-coxepikamero ra3a MoxeT ObITh OTBETBJIIEH OT KOHTYpa
TEXHOJOTMYECKOTO ras3a, NpeAnouTUTENbHO, HUXKE MO OTOKY OT KOMIIPECCOPHBIX
cpeacts. Bropoit motok CO-coneprkamero ra3a MOXeT ObITb OTBETBJIEH ITOCIE
YCTaHOBKHU IblIEYJIaBJINBAHUS.

B BapmaHTax ocymecTBIeHHUs CIOCOO MOXKET BKJIIOYATh B ce0sl peKyInepamnuo

TeI1a MOCPEICTBOM OJHOM miu Oojiee yCTAaHOBOK peKylepanuu Temna,
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PacIOJIOKEHHBIX B OAHOM MJIM O0Jiee MECTONOJIOKEHUAX B ycTaHOBKEe DR Bomopomom,
U 1o7javy BeIpaOOTaHHOrO napa K 3JeKTPOJHU3HBIM CPEICTBAM.

CpencrBa pexymnepanuu Temia MOTYT ObITh TaK)Ke PACION0XKEHHBI B KOHTYpe
TEXHOJOrM4YeCKOro raza ycranosku DR Bonoponom, npesxae BCEro BhIlIe O NOTOKY
OT yCTAaHOBKHU NbLICYJABIMBAHUS, s pEKyNlepalluu TeIJIa OT PELHUPKYIUPYyEMOro
KOJIOIIHUKOBOT'O ra3a U BBIPaOOTKH Hapa, MOAaBaeMOTO K 3JIEKTPOJU3HBIM CPEICTBAM.
CpencrBa pexynepauuu Terja MOTYT ObITh PACIIOJNOKEHBI IJIsl PEKYMepaluu TeIja OT
ropsiuero DRI, npousseaenHoro nocpenctsom ycranosku DR Bogoponom nns
BBIPAOOTKH Mapa, MOAaBa€MOro K 3JICKTPOJIU3HBIM CPEJICTBAM.

B obmewm, cpencTBa pekynepauny Temia MOTYT ObITh PACIIONOXKEHBI IS
peKkyInepauuu Tenjaa oT OAHOTO MJIU HECKOJbKUX KOMIIOHEHTOB MMPOMBILIJIEHHOI O
npeanpusaTus, npexae scero EAF, ot onHoil nnu 0onee cucremM pekynepamnuu Temnjia
ot DRI (ot nmro6oii yecranosku DR) unu ot nobeix ycranosok DR.

CornacHo Apyroro acrnekTy u300peTeHne OTHOCHTCS K YCTAHOBKE, BKIIOUAO EH
B cels:

- IPOMBIILJIEHHOE NMPEANPUATHE, BKJIOYAlOIlee B ceOs M0 MeHbIIeil Mepe OANH
KOMIIOHEHT, BeipabaTeiBatomuii CO-comepikamuii ra3, OTXOAsIee TEIIo W/ Wi map
U/UIIA TOpSYHE ra3bl,

- yCTaHOBKY npsimoro Boccranosienus: (DR) Bogoponom, BKIOUAKOIIYIO B ceOsi
HIAXTHYIO Ne4Yb, B KOTOPOH JKejle3Hasl pyAa BOCCTAHABINBAETCS B BOJOPOAHOM
BOCCTAHOBHUTEJIBHOH aTMOc(epe, 1 KOHTYP TEXHOJOTHYECKOTO ra3a, pacroyOKeHHBIH
IJ1sl IpUeMa KOJIOIIHUKOBOT'O Ta3a OT IMAaXTHOM meun, o0paboTKH KOJOUITHUKOBOIO ra3a
mepesa ero HarpeBaHHueM B HarpeBaTelIbHOM YCTPOWMCTBE, U BO3BpAIIEHUS K Me4YU
BOCCTAHOBHMTEJIbHOTO ra3a, BKJIOUAKmero B ceds mo menbei 80 % mo oObemy
BOJOPOJA, MPUUYEM MOTOK BOAOPOAa NOOABJISIETCS B KOHTYP TEXHOJIOTHYECKOTO ra3a
BbILIE MO MOTOKY OT HarpeBaTeJbHOrO yCTPONCTBA,

- CpeACTBa MPOU3BOACTBA BOJOPOAA, BKIIOYAOINX B ce0sl MO MEHbIIEH Mepe
OJHO U3:

1) 3JIEKTPOJU3HBIX CPENICTB, BBIMOJIHEHHBIX JUJIsI IPOU3BOJCTBA BOAOPOAA U3 Mapa,
MOJIYYEHHOT'O OT OJHOTO HJIM 00Jie€ KOMIIOHEHTOB IPOMBIIIIEHHOTO MPEANPUATHSA,
W/UNK U3 mapa, BbIpabOTAHHOTO MOCPEACTBOM YCTAHOBOK peKyIepamnuy,
BBIMTOJTHEHHBIX I BBIPAOOTKH Mapa U3 OTXOASIIEro TeTJja U/ WIN ropsiuuX ra3os,

BbBIACIAACMbBIX OOAHHUM HJIN Oonee KOMIIOHCHTaMu, "
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1) peakKTOPHBIX CPEACTB CABUTA ra3a, BBINOJHEHHbIX s npespamenns CO-
COZEpIKalIlero rasa, BpIAEAAeMOr0 NPOMBILIJIEHHBIM NPEANPUATHEM, B BOJOPOL
(mpeanoYTUTENBHO, C KOHTEKCTHBIM yaaneHueMm CO,),

IpUYeM MOTOK(-M) BOJOPOA, MPOU3BEIEHHBIH(-€) TOCPEACTBOM CPEICTB
IPOU3BOACTBA BOJOPOJA, IO MEHbLIEH Mepe, YACTUUHO MOoAaeTCs(-I0TCsA) K YCTAaHOBKE
DR Bonoponom st 1oOaBieHUs] B KOHTYDP T€XHOJOTHYECKOT O rasa.

DTa NPOMBILIIEHHAs] yCTAHOBKA OOBIYHO MOJKET OBbITh BBIMOJHEHHOW IS
peanu3aliy ONMUCAHHOTO BhILIe criocoda.

CornacHo Apyromy acnekTy u300peTeHHe OTHOCHTCS K CIOCO0y 3KCIIyaTaluu
yctanoBku DR Bomoponom, BkiIroUarmeMy B cedsi peKymnepaunio Temnjaa nocpeacTBOM
CPEeACTB peKylepannu Teria, PaCcIloJOKEHHBIX B OJHOM UJIU 00Jiee MECTOMOJIOKEHUAX
B yctaHoBke DR Bomoponom u monaromeit BeipaOOTaHHBIN Map K 3JIEKTPOITUTHIECKOU
yCTaHOBKE JUJIsl IPOU3BOJCTBA BOJOPO/A, KOTOPBII B CBOIO O4Yepeab MOAAIT K KOHTYPY
TEXHOJOTMYEeCKOro raza ycranosku DR Bogopoaom.

CpencrBa pexynepanuu TeIja MOTYT OBbITh PACIOJIOXKEHbI B KOHTYpe
TEXHOJOrM4YeCKOTro raza ycranosku DR Bonpoponom, nmpesxe BCEro BhILIE M0 NOTOKY
OT YCTAaHOBKHU MblJIEYJAaBIUBAHUS, AJSA PEKyNepaluu Temia OT PELUPKYJIUPYEMOTO
KOJIOIITHUKOBOI'O ra3a U BhIpaOOTKH Mapa, moAaBaeMoOTo K 3JIEKTPOJIU3HBIM CPEICTBAM.

CpencrTsa pekymnepanuu Temia MOTYT ObITh PACTIONOKEHBI ISl peKyIepaLunu
Tera u3 cucteMsl pekynepanuu temna DRI ycranosku DR Bogoponom nns
BbIPaOOTKH Mapa, MoJaBaeMOro K 3JIEKTPOJU3HBIM CPEACTBAM.

CornacHo emie OAHOMY aCHEKTy U300peTeHne OTHOCUTCS K CUCTEME ISt
peanu3aliy BRILIEONMHUCAHHOTO criocoba (CM. TakKe MPUBEIEHHBIH HUXKE BAPUAHT
OCYIIECTBJICHUS 4).

Kparkoe onucanue ueprexen

Teneppb HacTosee n3o0peTeHue OyaeT OMUCAHO JJIsl IPUMepPa CO CChUIKOW Ha
npujiaraeMble 4epTEKU, Ha KOTOPBIX Guryps! 1-4 OTHOCATCSA K pa3HBIM BapHAHTAM
OCYIIECTBJICHUS HACTOSIIEr0 H300PETEHHUS.

[TonpobHoe onucaHue MPEANOUYTHTEIbHBIX BAPUAHTOB OCYLIECTBICHUS

IIpombliiieHHBIE IPEANIPUATUS XapaKkTepusyroTcs Hanuuuem napa u CO-
cofeprkaliero rasa. B sTom KOHTEKCTe yCTaHOBKA NPSIMOTO BOCCTAHOBJIEHUS
Bonoponom (Hanpumep, MIDREX® H;) cTaHOBUTCS MOJTHOCTBIO HHTETPUPOBAHHON B
CyLIECTBYIOLI€e NPOU3BOJACTBEHHOE MPEANPUATHE COIJIACHO HUXKECIEAYIO UM

BapuaHTaM OCYILICCTBJICHUA.
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Kak Oyner nokaszaHo, HacTosee n300peTeHne npenjiaraeT KOHQUrypamnuu, B
KOTOPBIX yCcTaHOBKAa DR NMOMHOCTBIO HHTErpUpPOBaHA B MIPOMBILIJIIEHHOE IPEANIPUATHE,
npexae BCero Merajuryprudeckuii 3ason. Mzobperenue Goxycupyercs Ha mOAAEpKKe
ycraHoBku DR Bonoponom B oTHOomeHuu npoussoactesa Hy nocpeacrsom
UCIOJb30BAHUS CUHEPTU3MA B OTUX MPOMBILIJIEHHBIX NPEANPUATUSIX.

B onmcaHHBIX HUKE BapUAaHTaX OCYLIECTBJIEHUS padOTarIINe Ha BOAOPOIE
yctanoBku DR oTtHOCsTCA, Hanpumep, sBasAr0Tcs yectanoskamu MIDREX H,™ tuna.

B HeKOTOpPBIX BapHaHTaX OCYILIECTBJIECHHS pabOTaOINe HA BOJOPOAE YCTAHOBKHU
DR ycTaHOBJ€HBI Ha MIOLIAAKE C SKCILIYyaTUPYEMOUN HAa PUPOJHON ra3e yCTaHOBKOM
DR, xoropas, Hanpumep, siBisiercsa yctanoBkoii MIDREX NG tuna.

Bapuant ocymectsieHust Nel - cM. HHHOBALIMOHHYIO CXeMy corjlacHo ¢wur. 1

Uro xacaercs ¢ur. 1, To Ha Hel MOKa3aH MePBbIH BAPUAHT OCYINECTBICHUS
nzo0pereHusi, B KOTopoM yctaHoBka 10 DR Bomopomom, skcmyatupyemas ¢
BOJOPOAOM B KaUue€CTBE€ BOCCTAHOBUTEJBHOIO ra3a, MHTErpUPOBAaHA B CYLIECTBYHOLIEE
METaJUIyprudeckoe npeanpusitue 12.

VYcranoska 10 DR o6branO coorBeTcTBYyeT npoueccy MIDREX H,. Kak
U3BECTHO, OHA BKJIFOYAET B ce0s1 BEPTUKAJIBHYIO IAXTy 16 ¢ BEpXHUM 3arpy304HbBIM
oTBepcTUEM 18 M HUXKHUM pasrpy3ouHbiM oTBepcTHeM 20. IIIuxTy U3 Kene3Hou pyabl
B BUJI€ KOMKOB W/WUJIU B 'PAHYJUPOBAHHON opMe 3arpyxKaercsi B BEpPXHIOIO 4acCTh
ne4Yu U CBOOOTHO OMYCKaeTCsl MOCPEACTBOM CHIIBI TSXKECTH Yepe3 BOCCTAHOBHUTEbHbIH
ra3. Bo BpemMs nepemenienus OT 3arpy304HOrO OTBEPCTHUS K pa3srpy304HOMY
OTBEPCTHUIO LIMXTA OCTAETCSI B TBEPJAOM COCTOSIHMU. BOCCTaHOBUTENBHBIN a3
(cocTosimuii B OCHOBHOM U3 Hy) BBOAMTCS B IIAXTHYIO Me4b COOKY, KaK MOKAa3aHO
CTpeNKOoM 22, B OCHOBaHHE BOCCTAHOBUTEJbHON CEKLMU, MPOTEKAsi BBEPX UEpe3 CIOU
pyabl. BoccTaHOBIEHNE OKCUAOB Kejle3a NPOUCXOAUT B BEPXHEN CEKLUU MEYU B
boraroit H) BoccTaHOBHTENBHOM aTMOC]epe nmpu TeMnepaTypax B auamna3zone 850-950
°C. TBepablii MPOAYKT, TO €CTh MPAMO BOCCTaHOBJIEHHOE kene30 ( DRI) mwimn
BOCCTAHOBJIEHHOE I'y0YaToe JKene30, BBIFPYKAETCs MOCJe OXJIAKACHUS U B TOpSYeM
coctosiany, obozHaudaetcs kak CDRI (xonmonroe DRI), HDRI (ropsiuee DRI) u HBI
(ropsiueOpHUKETHPOBAHHOE JKENIE30).

Cornacuo npoueccy MIDREX H; B kauecTBe BOCCTAaHOBUTENBHOTO Ta3a AJis
neun DR ncnonp3yercss mo4TH YUCTBIM BOJOPOA.

HneanbHoe conep:kaHue BOAOPOAA B BOCCTAHOBUTEJIBHOM rase cocrtasiser 100

%. Ha npaxtuke conepxanue Hy moxer usmensareca mexay 85 u 100 % no obbemy ¢
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0OCTaTKOM, cocTaBJieHHBIM u3 N,, CO, CO,, H,O u CH4. 3T cocTaBHBIE YaCTH
ONPEeAEAITCS YUCTOTOW MOANMUTOYHOTO BOJAOPOAa U BO3MOKHBIM 100aBIEHHEM
INPUPOJHOTO raza, Kak U3BECTHO U3 YPOBHS TEXHUKHU.

Cneuuanucty B naHHoU obnactu Oyaet nmousitHo, uto MIDREX H, nonoGen
craggaptHoMy npoieccy MIDREX® ¢ npupoaHbIM ra3om 3a UCKJIIOYEHHEM TOTO, YTO
BXOAHOH razoobpasHbiii Hy BeipabaTsiBaeTcs 3a npenesiaMu npoiecca. rak, 10JKeH
BBIMTOJIHATHCS HE Mpouecc peOpMHUHTA, a TOJAbKO TeIIonepeaaya IJisi HarpeBaHuUsI
raza 10 TpedyeMoli TeMmepaTyphl.

ITockoneky H; mpespamaercs B HyO u koHIeHCUpYETCs B ra3004UCTUTETIE
KOJIOITHUKOBOTO rasa, cucrema yaaienus CO2 ne Tpedyercs (3a HCKJIIOUYEHHEM
YIOMSIHYTOT'O BbIllle 0COOeHHO O0NBIIOTo 100aBIeHUs MPUPOTHOTO ra3a).

Cornacuo ¢urype, neub 16 DR coennHeHa ¢ KOHTYpOM 24 peLUpKYISALHT
KOJIOITHUKOBOTO ra3a (MJIM KOHTYPOM TEXHOJOTHYECKOTO ra3a), BKIUYAIIIUM B ceOs
ra3004YHUCTUTENb 26, KOMIPECCOPHOE YCTPOUCTBO 28 U HarpeBaTEIbHOE YCTPOUCTBO
30. Takum oOpazom, BeIxomAmuil u3 neun 16 DR KOJOITHUKOBBIN ra3 mpoTeKaeT
yepes ra3o0uuCTUTENb 26, Te yaalseTcs NblIb U KOHAEHCUPYETCs BOJa, U fajee K
KOMIIPECCOPHOMY yCcTpoucTBY 28. KonnuecTBo Bonopoaa B KOHType 24
TEXHOJIOTHYECKOI0 ra3a peryJIupyrT nyTeM 100aBIeHHs TOTOKa BOAOPOA,
Ha3bIBA€MOTO "MOAMUTOYHBIM BOJOPOAOM", B 3aBUCHMOCTH OT TpeOOBaHUHN mpolecca.

Conep>xanue Hy B moTOKe MOANUTOYHOrO BOJOPOAA, PEATIOUYTUTENBHO,
cocrasiysieT oT 90 1o 100 %. IToTOk MOAMUTOUYHOrO BOAOPOAA - HCTOYHUK BOAOPOaA
0003Ha4YeH Kak MPSIMOYTOJbHUK 32 "MOATIUTOYHBINA BOAOPOA" - BBOIST B KOHTYp 24
PELUMPKYJISILIAN MEXAY KOMIPECCOPHBIM YCTPOUCTBOM 28 U HArpeBaTEIbHbIM
ycTpoiictBoM 30. 3aTeM ra3 HarpeBarT 10 TPeOyeMOoro TeMIepaTypHOro AHana3oHa B
HarpeBaTeJbHOM ycTpoiicTBe 30, MOCPEACTBOM UE€ro BOCCTAaHOBUTEJbHBIN I'a3 TrOTOB
111 BBOAA B Ieub 16. DHEPrus HarpeBa MOXKeT ObITh MOAABAEMON K HATPEBATEIbHOMY
ycTpoucTBY 30 MOCPENCTBOM 3KOJIOTUUECKH 0€30TaCHbIX UCTOYHUKOB TEIlIa, TAKUX
KaK OTXOZsAINEe TEIUIO, 3JIEKTPOIHEPTHs, BOJOPOA, OMoMacca u/Uiiu MPUPOIHBIH ras,
TpeOyeMBblIil B KaueCTBE TOIJIMBA JJIsl HATPEBATEIbHOTO YCTPONUCTBA.

W3 naHHOTO OMHMCAHMs MOHSITHO, 4TO OOJNbINas YacTh TpebyemMoro ais mporecca
BOCCTAHOBJICHHUS ITOTOKA BOAOPOAA MOXET OBITh MPOU3BENEHA HA MECTE, MOCTynas K
y3ny 32. @akynpratuBHO, Hy MoxkeT ObITh n0OaBJIEH U3 BHEUTHETO UCTOYHUKA, XOTS
3TO OOBIYHO AOJIKHO COCTABJIATH HE3HAUYUTENbHYIO YaCTh 1OOABISIEMOTO K KOHTYPY

TEXHOJIOTUYECCKOIr'o ra3a noToka Bogopoaa.
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ITap S1 mony4arOT OT MPOMBILLJIEHHOTO MpennpusaTus 12, roe OH MOXKeT
UMEThCS, NN MOXKET OBbITh MOJIYYE€H NOCPEACTBOM CTAHJAPTHOTO 000PYAOBAHUS IJIs
pexkynepauuu Teria. Hanpumep, oTxoaAmuii ra3 HanpasiasoOT K TEIUIOOOMEHHUKY IS
NOJIy4eHHs mapa u3 BOAbl (HampuMmep, nojydyeHue napa OoiiepHOro TUmna).
IIpon3BeneHHbIN U/MIIM OJY4EHHbIH 00paTHO Map MOKET ObITh M CIOAb30BaH JJIs
MUTAHUS MTUTAEMON NMapOM 3JEKTPOJINU3HON YCTAHOBKU 3 U moJyueHus notoka Al
BOJOPOAA, HANpaBasieMoro k ycranoBke DR Bogoponom.

HApyro#i motok S2 mapa, moJy4eHHbIH 00paTHO OT MJIM BhIPAOOTAHHBIH
NPOMBIILJICHHBIM NMpeanpusATHEM 12 MOKET NUTaTh YCTAaHOBKY 1 peakTopa casura ¢as
Bona-ra3 coBMecTHO ¢ CO-comepxamum razom G1, mnpoucxoasiuium 13 ra3os,
BbIpa0ATHIBAEMBIX PA3HBIMH MPOIECCAMU, MPUCYTCTBYIOIUX HA NpeanpusaTau 12.

PeaxkTopnas yctanoBka 1 casura raza GSRP BbinonHeHa AJs peanusanuu
peakuu casura ¢a3 Boga-ra3, KOTopas OMUCHIBAET PEAKIUI0 MOHOOKCHAA YIJIepoaa 1

BOJASIHOTO mapa ¢ o0pa3oBaHHEeM AUOKCHIA Yriepoaa U BOAOPOAa:

CO + H,O0 « CO, + Hy

GSRP 1 moxer ObITh OCHOBaHA Ha JIO0O0M MOAXOAsIEel TexHONoTHelH. Takum
obpasom, oHa nuraercs AByms norokamu (rnap S2 u CO-conepxamuii raz G1) ot
MPOMBILIJIEHHOTO NMPEeANPUATUS ISl IPOU3BOJCTBA ABYX INIaBHBIX MOTOKOB,
coaep KaluX, ¢ OJHOW CTOPOHBI, IUOKCU] YIepoaa U, C APYroi CTOPOHBI, OOTATHI
BOJOPOJOM MOTOK, 0003HA4YEHHBIH KaK MOTOK A2. 31ech clieyeT MOHUMAaThb, YTO
GSRP 1 takxke BbinonneHa aist oraeinerus CO;,, KOTOpbIH MOXkKeT ObITh, TAKUM
obpasom, ynanen u3 npouecca. GSRP 1 MokeT ObITh OOBIYHOM, OCHOBAHHOW Ha
M000# MOAXOasIel TEXHOJIOTUH.

Brirekaromuii u3 GSRP 1 6oraTeiii BOIOPOIOM IMOTOK MOKET OBITh
(bakyJbTaTUBHO MPOMYIIEH Yepe3 yCTPOUCTBO 2 ynajeHus a3ora (Hampumep, ¢
UCMOJIb30BAaHHEM MeMOpaH WU aACOPOLMU ¢ MepenaaoM NaBJIeHUs ) IJIs BbIIEICHHS
N> U3 razoBoro noToxa.

[TonydeHHbI TakKUM 00pa3oM MOTOK A2 BOAOPOAA MONAIOT K y31y 32, rae ero
CMELIUBAIOT C MEPBBIM MOTOKOM Al ¥ BO3MOXKHO C IpyruM notokoM H,, mpuxoasmum
U3 BHEImHero uctouynnka. O0bennHEeHHBIH TAKUM 00pa3oM MOTOK BOAOPOAA BBOMIST B

KOHTYpP 24 peuupKyIsiLUU KOJOLHUKOBOIO rasa.
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ITorok G1 CO-coxmepskamero raza MOKeT OBITh CKaT BbilIe 1o MOTOKy oT GSRP
1 mocpencTBom koMmmpeccopHoro ycrpoiictsa 34. Cucrtema 36 BOCCTaHOBJICHUS
napieHus (TypObuHa) MokeT ObITh PAaCIIOJIOKEHAa HUXKE 110 TOTOKY OT YCTAHOBKH 1
peakTopa cnsura (a3 Boga-ra3 WGS s Bo3BpaleHus SHEPTUU U3 MOTOKa A2
BOAOPOAA U BBIPAOOTKM SHEPTHUH A MUTAHUS KoMIlpeccopa 34.

C 5TUM MHTErpUPOBAHHBIM pelIeHueM OOJIBIIMHCTBO BOAOPOAA, TpeOyemMoro as
MpoIecCa BOCCTAHOBJIEHUSI BOJOPOIOM, MOKET ObITh 00€CcTIeueHO
caMOBBIPabaThIBAEMbIM B UHTET'PUPOBAHHOM MPEANPHUSITHH BOJOPOIOM.

CnenuanucTy B TaHHOW 00JlacTH OyAET MOHSATEH MOTEHIUAJ PEKyIepaluy Tera
CTAHJAPTHBIX CTAJICJIUTEHHBIX 3aBOJIOB, OCHOBAHHBIX HA TEXHOJOTHYECKOM MapUIpyTe
BF-BOF (1o ecTb, Ha mape, MpOW3BEIECHHOM MMOCPEICTBOM PEKyIepalny Teria B
OXJIaIUTEJIE arjioMepara, MoCPEeACTBOM CyXOTO TYIIEHHUS U T.I.). AHAJIOTHYHO
CIEeUATUCTHI B TAHHOU 00JIaCTH JIETKO OompenessiT KonudectBo u tunbl CO-
COZlepIKaIlUX ra3oB, UMEIOLIUXCS Y CTAaHAAPTHOIO CTAaJIeNJaBUIbHOTO 3aBOJA,
ocHoBaHHOro Ha Mapmpyre BF-BOF mapmpyTe (To ects, BF raze, BOF raze,
orxoxasimeM SAF raze u t.mm.).

OcoOeHHO nHTEpeCcHOH KOHUTypauelt siBisieTCsl MoKa3aHHbIN ycraHoBka DRI-
EAF. O6brunas npaktuka yctaHoBok DRI-EAF orpanndena pexynepauneii Termnia,
CO-copepxamue ra3pl ABISIOTCA HU OOBIYHO JOCTYMHBIMH, HU PEHTA0EIbHO
UCIIOJIb3y €MBIMHU.

Takum oOGpa3om, HacTosIee H300peTeHHe B OTHOM U3 BapPHAHTOB
OCYIIECTBJIEHUS] UCTIONb3yeT oTxosuee Termio u CO-conepxamuii ra3 ot
3JIEKTPOAYTOBOM meun Ajs nojqydenus Hy mocpencTBOM 3JIeKTPOn3a U peakiuu
casura ¢a3 Boja-ras. ITo AejJaeT BO3MOXKHBIM CHUXKEHHE 3aBUCUMOCTH OT BHEIIHHX
ncrouHukos Hy nns skcnnyatanuu ycranosku DR.

MOHO OTMETHUTb, 4YTO KOHPUTypaLus corjacHo ¢ur. 1 nenaet BO3MOKHBIM
n30MpaTeNbHYIO SKCILUTyaTalui0, OCHOBaHHYIO Ha nape mwin CO-conepskamem raze. To
€CTh MOKHO 3KCILIyaTupoBaTh ycTaHOBKY DR ¢ H,, npousseaenHelM U3 napa,
BBIPAOOTAHHOTO MOCPEACTBOM PEKYIEpall TeTUla OT MPOMBIIIJIEHHOTO MPEaPHUATHS
(TO ecTh, MOCPENCTBOM 3JeKTponu3a), uiu ¢ H,, npoussenennbim uz CO-

conepskamero raza ycranoskoit GSRP, unu ¢ o6oumu Bunamu H,.



10

15

20

25

30

- 13 -

Bapuant ocymectBienus Ne 2 - cxema corjiacHo ¢ur. 2

BapuaHT ocymecTBieHus 2 spisiercs 0ojiee moApOOHBIM ClydyaeM BapuaHra 1,
koraa ycraHoska 10 MIDREX H; BcTpoeHa B CyIIeCTBYHOYIO yCTaHOBKY 40
MIDREX NG.

Kak u3BecTHO crennanucty B faHHOH oOxacTu, yctanoska 40 MIDREX NG
0OBIYHO BKJIFOYAET B ce0sl MIAXTHYIO Meub 42 U KOHTYD 44 peuupKyJIsiquu
KOJIOIITHUKOBOTO ra3a ¢ ra3zoouucturesieM 46 KOJOWHUKOBOrO rasa, kommnpeccop 48
TEXHOJIOTHYECKOr0 rasza, cuctemy 50 pexynepanuu Temia u neus 52 pedpopMHHTa.
[TokazaHuoe Ha ¢ur. 2 pazmemenue cuctemMbl S0 pexynepanuu Temia u neuu 52
pedopmunra sisnsiercss o0bruHbIM 1t ycTaHOBKM MIDREX NG, rae cunras (riaaBHbIM
obpazom CO u H») obpasyercs B nmeun 52 pedopmuHra nocpeactsom pegopmunra
npupoaHoro raza. CO-conepxaluil pelupKyJIupyeMblil KOJOIIHUKOBBIN ra3 BMeCTe C
NPUPOJHBIM ra3zoM, 00pa3yrue BOCCTAHOBUTEIbHBIA MUTAO MUK Ta3 sl eUH,
NpeIBapUTENbHO HarpeBaroT B cucTeMe 50 pekynepanuu Tenja U 3aTeM BBOASAT B
peakuuto B meun 52 pedopmuHra st BbIpaboTKu moToka cuHrasa SG. [IpupoaHslid
ra3, 4aCTh KOJOIIHUKOBOIO ra3a U BO3AYX CKUTaroT B ne4yu 52 pepopMuHra ais
NoAAEepKAHUS peakuu peOpMHUHTa U IBIMOBBIE ra3bl HAMPABIAIOT K cucteme 50
peKymnepaluy Teria 1 Jajiee HUXKe 10 MOTOKY B OKPYJKAIOLIYIO cpeay (BBITSKHASA
TpyOa 54).

IToHsATHO, UTO CTaNeNMIaBUIBHBIN LieX, cocTosamuil u3 yctanosku 40 MIDREX
NG u snextpoayrosoii neuyu 12 uMeeT pasHble HCTOYHUKHU OTXOASAILIETO TEIJa,
KOTOpPBIE MOTYT OBITH UCIIOJIB30BAHBI At BbIPAOOTKH Mapa i MUTAHUS MUTaeMON
MapoM 3JIeKTPOJU3HON YCTAHOBKHU 3 M NMPOU3BOJCTBA BOAOPOAA, MOKAa3aHHOTO KaK
notok Al, ans ucnons3oBanus B ycranoBke 10 MIDREX H,.

Bripa®oTky mapa BBIMOJHSIOT TOCPEACTBOM O0OPYAOBAHUS IS PEKYIEepaluu
TernJja/BeipaboTKu mapa (Hanpumep, OONUJIEPHOTO THIIA), PACTIOJOKEHHOTO B OJTHOM
win 0oJiee CIeNYIIUX MECTOMOIOKEHUN:

- YCTAHOBKH 5 peKymnepauunu Teria/BppaboTKH napa Ha BBIXOJ1E€ KOJOUITHUKOBOTO
rasa (mo3unus 5) Ha KOHType 44 penupkyasnuu, BeipabaTeiBatolieid moTok S4 mapa,

- YCTAHOBKH 6 peKymnepauuu Teria/BelpaboTKH napa Ha JIMHUU TOTMIOYHOTO ras3a
nepes BXOJOM B BBHITSDKHYIO TpyOy, Beipa0OareiBatomeii motok S2 mapa,

- YCTAHOBKH 7 pekynepauuu Teria/BeipadoTku napa Ha EAF 12,

BbIpabaTeiBaroIeil morok S1 mapa, u
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- YCTaHOBKH 8 peKkyInepamnuu Teria/BbIpa0OoTKH napa, pacroOKeHHON IS
pekymnepauuu Temia or cucreMsl oxnaxaeHuss HBI, BeipabaTeiBaromeii motok S5 mapa.
31ech TeNJI0Ta U3BJIEKAETCs U3 BBITPYKeHHOTO U3 neuu 42 HBI, HO Takxke Moxer
OBITH MOJIy4Y€Ha MOCPEACTBOM TeILIa, YAAJIEeHHOTO U3 cuctemMbl oxyaxaenuss CDRI

Pasubie motoku S1-S5 mapa o0beAUHAIOT NOCPEACTBOM CMECUTEIBHBIX Y3JI0B 50,
56 nns oOpa3oBaHUsi CYMMapHOTO MOTOKA S6, MOJaBaeMOro K 3JeKTPOJH3HBIM
cpencrsaM 3, riae Npou3BOAUTCS MOTOK Al Bogopona u nomaercs yepes y3en 32
(moAmUTKA BOAOPOAOM) K KOHTYPY 24 pelHPKYISIHUHU SKCILTyaTHPYEMOI Ha BOJOpOe
ycTtaHoBku 10 DR.

IIponsBeneHHbIN BCEMU YCTAHOBKAMHU PEKYNEPALMHU TEIJIAa CYMMAapHbIA MOTOK
00BbEeAUHSAET U YMEHbIIAET TPEOYEMYIO MOAMUTKY BOAOPOIOM OT BHEIIHUX
HUCTOYHHUKOB B Pa3HBIX MPOMOPLHUIX COTIACHO pa3MepaM Kakaoro OJI0Ka yCTaHOBKH
MIDREX.

ITo cpaBHenuro ¢ ycranoBkoit MIDREX NG npou3BoaAUTENbHOCTHIO | MUJIIHOH
ToHH B rog (MTPY), nnsa ycranosku MIDREX H; Bo3MokHa 3KOHOMHS
npubnusurenpHo 60-70 % obimero MeTalyprudeckoro BOAOpoaa
MPOU3BOAUTENBHOCTHIO 1 MUIIINOH TOHH B I'OJ.

Bapuant ocymectBienust Ne 3 - cxema corjacHo ¢ur. 3

BapuanT ocymectBienus 3 npeacrapisier COOONH JONMOJHUTENbHBIA TOAPOOHBIN
ciay4ail BapuaHTa 1, anbTe€pHATUBHOrO (MJIM AOMOJHUTENBHOTO) BAPUAHTY
OCYLIECTBJIEHUS 2.

3nech yctanoBka 10 DR Bogoponom cHOBa cBsizaHa ¢ yctaHOBKO# 40 DR
MPUPOIHBIM ra30M.

Yactp CO-copepxkamero rasa, BbIpabOTaHHOTO MOCPEACTBOM Ipolecca
BoccTaHoByeHUsI NG, a UMEHHO 3/eCh MOTOK R2 TOMINMBHOrO KOJOIMIHUKOBOTO ra3a
u/unu moTok R1 TexHONMOrM4Yeckoro ra3a, 0epyt u3 kourypa 44 peuupkyisinuu NG u
HanpasystoT kK GSRP 1 nns npoussoacrea notoka C1 Bonopona ans npoiecca
BocctaHoByeHUs1 Bogopoaom. ITorok CO; B1, Beipaboranusiii mocpenctsom GSRP 1,
[0 MeHbIIENH Mepe, YaCTUYHO NMOBTOPHO BBOASAT B Ipolecc BoccTaHoBiaeHUus NG nis
yIAOBJIETBOPEHUS 3apaHee ycTaHOBIeHHOMY oTHoueHuto CO, B npoiecce
pedopmuHra.

ITorok C1 Bomopona BBOAAT, PaKyIbTaTUBHO OOBbEANHEHHBIM C BOAOPOIOM H3
APYTroro UCTOYHHKA, B KOHTYP 24 peLupKyJIsILUUHA KOJOUIHUKOBOro raza yctanosku DR

BOJOPOAOM BBILIE MO MOTOKY OT HArpeBaTeabHOro ycrpoiicraa 30.
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Kak u Ha ¢ur. 1, xomnpeccop 34 pacnonoxen nepenq GSRP 1 ans cxxarus CO-
copepxamux norokoB R1 u R2. DHeprus moxeTr ObITh BO3BpaIeHa MOCPEICTBOM
JTOTIOJTHUTENBHON TYpOUHBI 36 BOCCTAHOBJICHUS 1aBJICHUS.

B pacnonoxeHHOlH Huke Tabnune 1 moka3aHbl THMUYHbBIE COCTABBI ra3a AJis

TOIUTMBHOTO KOJOIIHUKOBOIO rasa (morok R2) u rexunonorudeckoro rasa (morok R1).

Tabnuna 1
% 1o obbemy | TonnuBHbIN KomomHUKOBBIN ra3 (R2) | Texnonormueckuii ra3 (R1)
CO 23,49 19,76
CO2 20,57 17,39
H2 46,54 39,21
H20 2,91 15,54
N2 2,40 2,26
CH4 4,09 5,54
Temnepartypa 35 172
0
JlaBnenue 0,9 2,66
(6ap,
N30BITOYHOE)

Bapuant ocymectsienus Ne 4 -cxema cornacHo ¢ur. 4

OTOT nocneHUN BapUAHT OCYLIECTBJIEHUS MPEACTABISAET JONOJHUTENbHYIO
BO3MOXHOCTb, KOTOpPasi MOKET OBITh peaiu30BaHa B JOMOJHEHHE K NMPEAbIAYy M
BapUaHTaM OCYLIECTBJIEHHUS.

CranennaBWiIbHBIN 1eX, BKIOYaomui B cedsa ycranosky MIDREX H, u
snextpoayrosyt neds (EAF) MoxkeT caMm mpou3BOAUTD YacTh BOJOPOAA, TpeOyeMoro
MpOIeCCOM BOCCTaHOBJIeHUs B ycTaHoBKe 10 DR Bogoponom cornacHo moka3aHHOM Ha
¢ur. 4 koupurypanuu. B 3TOM BapuaHTe OCYLIECTBIEHHS pa3Hble UCTOUHUKH TETIa
UCIIONB3YIOT JJIsl BRIPaOOTKH Mapa MoCPEeCTBOM CPEACTB PEKyIMepaluu
Teruia/o00pyioBaHus Ui BBIpAOOTKH mapa (Hanmpumep, OOHJIIEpHOro THma),
PaCIOJIOKEHHBIX B OAHOM HJIH 00Jiee CIEeAYIOMNX MECTOTONOKEHHUAX |

- ycTaHOBKY 00 pexynepanuu Temnja/BbipadOTKH Mapa Ha BBIXOJE
KOJIOUIHUKOBOTIO ra3a U3 nedu 16 mepea BXOAOM B ra3004UCTUTEND 20,
BbIpa0aTHIBAIOINYIO MOTOK S7 mapa,

- YCTaHOBKY 62 pekymnepanuu Temnja/BeipadoTku mapa B MecTe ycTaHOBKH EAF,

BbIpabaTHIBAIOINYIO MOTOK S9 mapa,
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- YCTAHOBKY 04 pexynepamnuu Tenja/BbipaboTku napa, 00beAUHEHHYIO C
cucremoit oxnaxaenuss HBI nnsa BeipaGoTku noroka S8 mapa (Moxet OBITh TakXke
MOJIy4eH MOCPEACTBOM TeIlJIa, OTBEIEHHOrO OoT cucteMbl oxnaxaeHuss CDRI).

IToroxu S7, S8 u SO (BO3MOXKHO C AOMOJHUTEIbHBIM TIOTOKOM Tapa U3 CETU
NPOMBILIIEHHOTO NMPEANPUATHs) 00ObEIUHSIIOT HA CMECHTEIBHOM y3Iie 66,
nostydeHHbI notok S10 mapa moAarT K MUTAEMBIM MTapOM 3JIEKTPOJIU3HBIM CPEACTBAM
3 nns mpousBonacTBa notoka Al Bonopona.

B BapuaHT OoCymeCTBJICHHUS COTJIACHO PUT. 3 MOTYT OBITh JIEFKO HHTETPUPOBAHBI
nonosHUTENbHbIE yeTpoiicTBa (10, 11 u/unu 12) pexynepauuu temnia u
3JIEKTPOJIN3HbIE CPEACTBA.

IIpeumymectsa

- IIpeumymectsa B otHomeHun OPEX/CAPEX

OO6prunas sKcruryatanus yctanoBok DR Bomoponom numeeT B HacTosinee BpeMs
Henoctatok BbicoknXx OPEX (u CAPEX), cBA3aHHBIX C MPOU3BOACTBOM BOAOPOA UIH
€ro NpuoOpPETEeHNs U3 HCTOYHUKOB, BHEIIHUX OTHOCHTEIBHO YCTAHOBKH.

Hactosimee nzobperenust obecrneynBaeT TEXHUUECKN rHOKOE pelieHne, MOCKOJIbKY
OHO MOXET 00ecTeYnuTh NPENMYIIEeCTBa KaK JJIs1 HACTOSAIEro BpEMEHH, TaK U AJIs
Oynyuiero, rae yCJaoBuUsl PbIHKA OYAyT U3MEHSATHCA.

Ecnu B HacTosiliee BpeMsl MUTa€Mble [TapOM 3JIEKTPOJIU3HbIE CPEACTBA HE MOTYT
OBITh MOJHOCTBIO PEHTA0EIbHBIMH BCIEICTBUE TEKYIIUX LIEH Ha 3JIEKTPOIHEPTHIO,
MOXHO MUHUMM3UPOBATh UJIN UCKJIIOYUTh UX BKJAJ B IIPOLIECC, esiast yIop Ha
TEXHOJIOTHIO cABUra (a3 Boma-ras, KOTOpasi B HACTOsILIEE BPeMs IPEACTABISIETCS KaK
HanboJjiee MpuUBJIEKaTEIbHAS AJIs1 TPOU3BOACTBA BOAOPOAA C CAMOW HU3KOW MUKOBOM
CTOMMOCTBIO IO CPABHEHUIO C MPOMBILIIIEHHBIM BOAOPOIOM, MPUOOpPETAEMbIM Ha
pBIHKE, U MPOU3BOJCTBOM BOAOPOIA, OCHOBAHHBIM Ha 3JIEKTPOJIHU3E.

B Gnuskatimem Oynyiiem LeHa Ha 3JEKTPOIHEPTHUIO CHU3UTCA. PerneHue ¢
MUTAEMBIM [1apPOM 3JIEKTPOJH3OM CTAHET HanboJiee MOAXOASIMUM yTEM IS
NpOU3BOACTBA BoxOpoaa. [ MOKOCTh HACTOSUIUX BAPUAHTOB OCYIIECTBIEHUS
NPEeIOCTABISAET BO3MOXKHOCTh UCIIOJIB30BAHUS JBYX Pa3HBIX TEXHOJOTUH B
COOTBETCTBHUU C HauOoJiee MOAXOISIIINMHU YCIOBUSIMH PbIHKA.

CrnenoBaTenbHO, YHOMSHYTBIE HOBATOPCKHE KOHQHUTYpAITUNU YCTAHOBKH MOTYT
YMEHBUIUTH 3aTPaThl, CBA3AHHBIE C HCIIOJIB30BAHIEM BOAOPOAa KaK B HACTOSIIEE

BpEMs, TaK U B 6ynymeM, NpUuHUMasa BO BHUMAaHUE, UTO CaMOBpra6aTbIBaeMbIﬁ
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BOAOPO MOXKET YIOBJIETBOPSITh TPeOOBAHUIM MPOLECCA B U3MEHSIO LITUXCST
NPOMOPLHUAX COMIACHO XapaKTePUCTHKAM MpOLecca U pa3Mepy YCTaHOBKH.

- DKOJIOTHYEeCKHE MPEUMYIIeCTBA

IIpennaraemble pemeHus ocHoBaHbl Ha CO-comeprkaieM raze u/uiu NuTaeMom
napoM dJieKTposuse. B ciydae ucnonp30BaHus MUTAEMOI0 APOM 3JIEKTPOJIU3a
NPOU3BENEHHBII BOJIOPOI MOKET ObITh 00bsABIeH cBOOOAHBIM OT CO; (Mpu yCioBuUH,
YTO 3JIEKTPOIHEPTHs IPOU3BEAEHA COOTBETCTBYIOIIUM 00pa3om).

B cnyuae ucnonb3zoBanus CO-coaepikaiero rasa BOIOPOI MOXKET ObITh
oObsiByieH o MeHbel Mepe CO, HEHTPaNbHBIM (ITOCKOJIBKY HE BBIOPACHIBAETCS
nononuutenbHbiii CO,, a Takke He TpeOyeTcs: JONMOJHUTENbHOE HCKOTIAaeMOe TOIIUBO,

TO €CTh CPaBHEHHUE C MAPOBBIM PePOPMHUHIOM METAaHA).
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ITEPBOHAYAJIbHAA ®OPMVYJIA U30BPETEHUA

1.  Cnocob npousBoacTBa xejne3a npsamoro Boccranosienus (DRI),
BKJIFOYAKOLUH B ceOs:

- SKCIJIyaTalH YCTAaHOBKH NMpsiMOro BocctaHoBnenus (DR) Bonoponowm,
NpUYEM JKEJIE3HYI0 PyAy BOCCTAHABIUBAIOT B IIAXTHON meun B OOraTtoil BOZOPOIOM
aTMocdepe, MpUYeM MAXTHYIO MeYb COSIUHSIOT C KOHTYPOM TEXHOJIOTHYECKOro rasa,
PacCIOJIOKEHHBIM ISl MPUeMa KOJOUIHUKOBOTO ra3a OT IMIaXTHOH me4u, o0paboTku
KOJIOIIHUKOBOTO ra3a Mepej ero HarpeBaHWeM B HarpeBaTeJbHOM YCTPONCTBE, U
BO3BpALIEHUs K €YU BOCCTAHOBUTEJBHOIO ra3a, COAEepIKalero no MeHbien Mmepe 85
% 1o o0bemMy BOAOpOAA, MPUYEM MOTOK BOJOpPOAA NOOABNSIIOT K KOHTYPY
TEXHOJOTMYECKOT0 ra3a BbILIE [0 NOTOKY OT HarpeBaTelIbHOIO yCTPOICTBA,

- SKCIUTyaTaLHI0 MPOMBIIIJIIEHHOTO MpeanpusTus, BeipadarsiBatomero CO-
copep Kalui ra3 u/Uiu OTXOAINEe TEIUIO W/UIIH TOpsYHe rassbl,

npuYeM, IO MEHbIIEH Mepe, 4acTh OTOKA BOJOPOAA BEIPadaThIBAIOT
MOCPEACTBOM MO MEHbIENH Mepe OAHOIO U3:

- 3JIEKTPOJIM3HBIX CPEJCTB, BBIMOJHEHHBIX AJS MPOU3BOACTBA BOAOPOAA U3
MOJIYYEHHOT'0 OT OJHOTO MM 00Jie€ KOMIIOHEHTOB IIPOMBIIIJIEHHOTO MPEeANPUATHUS
napa u/uinu BbIpaOOTAHHOTO C MCIIOJb30BAHUEM OTXOMASLIEro Telia napa u/unu
BBIIEJISIEMbIX OJHUM HIIH 00Jiee KOMIIOHEHTaMU FOpSYHX ra3oB, U

- PEAaKTOPHBIX CPEACTB CIABUra ra3a, BBIIOJIHEHHBIX AJs npespatienus CO-
COIepIKaIlero rasa, BeIIEIIeMOro o MeHbllell Mepe OJHUM KOMIIOHEHTOM

MPOMBILIJIEHHOTO MPEeANPUATHS, B Bogopoa U ais yaaneHus CO;.

2. Cnocob no m. 1, mpu4em NpOMBIIIJIIEHHOE MPEANPHUATHE BKIOYAET B ceOsI
ycTaHoBKY DR mpupoaHbIM razom, 3KCIUIyaTHPYEMYIO Ha pedOPMUPOBAHHOM
NpupoAHOM rase mis npoussoacrtsa DRI u3 skenesnol pyasl, npudeM ycraHoska DR
NPUPOJHBIM ra30M BKJIIOYAET B ce0sl IPYIyI0 MAXTHYIO MMeYb U APYTOH KOHTYP
TEXHOJIOTHYECKOr0 rasza, Ipu4eM JPYyroil KOHTYP TEXHOJOTHYEeCKOro ra3a BKJIYAeT B
cebs cpencTa HarpeBa-pedopMuHTa ISl BRIPAOOTKH CHHTAa3a W3 MPUPOIHOTO Tra3a JUis

MOJa4y K APYrOd MAXTHOM M€YH B Ka4eCTBE BOCCTAHOBUTEINIBHOTO rasa.
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3. Cnocob no m. 2, BKJIIOYAK KN B cedsl peKymnepanuio Termia u3 yCTaHOBKHU
DR npuponHsiM razom asst BeIpaOOTKHU mapa U IpOU3BOACTBA BOJOPOA B

QJICKTPOJIM3HBIX CPpEACTBAX.

4. Cnoco0 mo m. 3, mpu4eM CpeACTBa peKylepalHu Termia pa3MeIlamT B
APYrOM KOHTYp€ TEXHOJOrH4eCcKoro raza yctaHoBku DR mpuponHbiM razom, npexae
BCEIro Jid NpUBECACHHUSA B KOHTAKT C KOJIOIIHUKOBBIM I'a30M ITIOCJIC BbIXOda M3 HIaXTHOU
ne4u, Ui peKynepaluu Ternjaa U3 peUUPKYJIHPYyEMOTO KOJOIMHUKOBOTO ra3a u

BBIPAOOTKH Mapa, KOTOPBIH MOJAOT K 3JIEKTPOJH3HBIM CPEACTBAM.

5. Cnocob mo . 3 unu n. 4, mpu4eM CpecTBa PeKyIlepaluu Termia
pasMelnaroT U peKylepanuy Temua OT TOMOYHOTO ra3a U3 CpeACcTB Harpesa-
pedopMHUHTa KOHTYpa TEXHOJOTHYECKOro ra3a ycraHoBkd DR mpupoaHbeIM razowm,
IpeXxae BCero nepea BhITSIKHON TpyOoit yctaHoBkM DR npuponHsiM razom, ast

BBIPAOOTKH mapa.

6. Crnocobmomn. 3, m. 4 unu n. 5, Ipu4YeM CpPeACTBa PEKyIepaluy Ternia
pasMelarT A peKynepauuu tenaa ot ropsiuero DRI, npou3BeneHHOr0 yCTAaHOBKOMU

DR npuponHsiM razom, ajs BepaboTKH mapa.

7. Cnoco0 1o ogHOMY M3 NPENIIEeCTBYIOINX NYHKTOB, IPHYEM
IMPOMBIIILIEHHOE NMPEANPUATHE BKJIOYAET B Ce0s 3JIEKTPOAYTOBYIO MeUb, U CPEACTBA
peKymnepaluy Teria pa3MeNnIeHbl 1Sl peKynepalny OTXOASIIEro TeTia U/ Wil ropsiuux
ra3oB, BBIIEJISIEMBIX 3JIGKTPOAYTOBOW MEYbI0 IJIs1 BRIPaOOTKH Mapa, ¥ BO3SMOXKHO OT

PaCIOJIOKEHHOT0 HUXKE 110 MOTOKY 000pyAOBaHMUS.

8.  Cmoco0 mo ogHOoMy u3 1.1. 2-7, BKiIrodaromuid B cedst uzpneuenue CO-
cozaepiKalero raza u3 yctaHoBku DR npupoaHbIiM razomM, U nogady U3BJICYEHHOTO
CO-conep:xaimero ra3a K peakTOPHBIM CPeICTBAM CIBHUTa rasa,

NpeanouTUTeNbHO, NepBblii noTok CO-conep kaliero raza U3BJIEKawOT U3
KOHTYpa TEXHOJOTHYCCKOI'O ra3da HMUXKeE Mo noTOKy OT KOMINPECCOPHBIX CPEACTB I/I/I/I.]'II/I
BTOopoi motok CO-conmepxkaiiero ra3a U3BJIEKaKOT MOCJE YCTAHOBKHU

NbUICYJAaBJIIMBAHHUSA B KOHTYPC TEXHOJOTNYCCKOIr'O ra3a.
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9. Cmnoco0 nmo ofHOMY U3 MPEeAUIEeCTBYOIINX NYHKTOB, BKIIOYAIOMUN B ceOs
peKyInepaLuo TeIjaa MoCPeICTBOM CPEACTB PeKynepaluy TeIla, PacnolOKEeHHbIX B
OJHOM uyu Oojiee MecTonojoxeHul B ycranoBke DR Bogoponom, u nogady

Bblpa6OTaHHOFO rnapa K 3JICKTPOJIU3HBIM CpE€ACTBaM.

10. Cnoco0 nmo n. 9, nmpuueM CpeacTBa peKynepalnuu Teria pa3MeImanT B
APYyroM KOHTYpe TeXHOJIOrn4eckoro raza ycraHosku DR Bomoponom, npexae Bcero
AJId TPUBEACHUS B KOHTAKT C KOJIOIMHUKOBBIM Ira30OM IMOCJIC BbIXOda U3 IIaXTHOH ne4yu,
IUISl peKyTnepanny Teria U3 peLupKyIupPyeMOro KOJOMHNKOBOTO ra3a U BEIpabOTKH

napa, noaaBacMoro K 3JICKTPOJIIU3HbIM CPEACTBAM

11. Cnocob mo n. 9 unu n. 10, mpuyuem cpencTBa peKynepauuu Teria
pa3MeuarT A peKynepauuu Temia ot ropsdero DRI, npou3BeneHHOro ycTaHOBKOM

DR Bonopoznowm, anst BBIpaOOTKH Mapa, MogaBaeMoro K 3JIeKTPOJU3HBIM CPEACTBAM.

12. Cnoco0 nmo ofHOMY U3 MPEeAMEeCTBYOIINX NYHKTOB, IPHYEM
IPOMBIIIJIEHHOE MPEANPHUATHE BKIOYAaEeT B ceOst OAHY Uiin OoJiee arioMepannOHHbIX
YCTaHOBOK, 0aTapero KOKCOBBIX Ie€Ueil, 3JIeKTPOAYTOBYIO Me4b, JOMEHHYIO MeUb,
HNOTPY’KHYIO NyroByio neub (SAF), ycTaHOBKM HEPEPBIBHOIO JUThS, IPOKATHbBIE

CTaHbl, OCHOBHOW KHUCJOPOJAHBbIA KOHBEPTEP U T.II.

13. Cnoco0 no ogHOMY U3 IPEAIIeCTBYOUUX NYHKTOB, IPUYeM KOHTYP
TEXHOJIOTHYECKOT0 ra3a BKJIOYaeT B ¢e0sl ra300UHCTUTEIbHbIE CPENICTBA U
KOMIIPECCOPHBIE CPEICTBA BbILIE IO MOTOKY OT HarpeBaTeJbHOrO YCTPONUCTBA, IPUYEM
nobaBieHNE MOTOKA BOAOPOA BBIMOJHIIOT MEXKAY KOMIPECCOPHBIMH CPEACTBAMH U

HarpeBaTelbHbIM YCTPOUCTBOM.

14. Cmnoco6 mo nm.m. 1-13, mpuyem MOTOK BOAOPOAA, 10OABIIEMOT0 K KOHTYPY
TeXHOJOru4yeckoro rasza ycranosku DR Bonoponom, conepxut ot 90 1o 100 % no
obbemy H,, u ¢pakyabTaTUBHO BOJOPOA U3 IPYroro HCTOYHHMKA MOAAETCS K YCTAHOBKE

DR Bonoponom.
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15. TlpeampusAtue, BKIOHawIee B ceOs:

- IPOMBIILLJIIEHHOE NMPEANPUATHE, BKJIIOYalOIlee B ceOs M0 MEeHbLIeH Mepe OJUH
KOMIIOHEHT, BbeipabaTeiBatomuii CO-comepikamuii ra3, OTXOAsIIee TEIJIO W/ HIu map
U/UIA TOpsAYHE ra3bl,

- YCTAHOBKY mpsiMoro BoccTaHoBjieHus: (DR) Bogoponom, BKIHOUAOLIIYIO B ceOst
IIAXTHYIO MeYb, B KOTOPOU JKejie3Hast pyJa BOCCTAHABINBAETCS B BOAOPOIHOM
BOCCTAaHOBHUTEJBHOU aTMOC(epe, U KOHTYP TEXHOJOTHYECKOro ra3a, pacrooKeHHbIH
IUIsl IpUeMa KOJIOIIHUKOBOI'O ra3a M3 IaXTHOH meun, 00paboTKH KOJOMHUKOBOTO ra3a
nepe] ero HarpeBaHUeM B HarpeBaTeJIbHOM yCTPOHCTBE, U BO3BPALIEHHS K MEUH
BOCCTAHOBHUTEJIbHOTO ra3a, cojep:kamiero no Menbineii mepe 80 % no odvemy
BOZOPOJa, MPUUYEM MOTOK BOAOPOAa NOOABISIETCS K KOHTYPY TEXHOJIOTHYECKOMY ras3a
BBIIIE 10 MOTOKY OT HarpeBaTEeIbHOIO YCTPOMCTBA,

- CpeacTBa MPOU3BOACTBA BOJOPOAA, BKIKOUYAKOLINE B ce0s MO MeHbIIEH Mepe
OJTHO H3:

- 3JIEKTPOJIM3HBIX CPEJICTB, BBIIOJHEHHBIX IJIs1 IPOU3BOACTBA BOIOPOAA U3
U3BJIEYEHHOTO OT OJTHOTO WJIH 00Jie€ KOMIIOHEHTOB MPOMBIIIJIEHHOT'O PEANPUITUS
napa u/uiau u3 napa, BbIpabOTaHHOTO MOCPEACTBOM CPEACTB PEKYIEePaLUH TEIa,
BBIMTOJTHEHHBIX /ISl BBIPAOOTKHU Mapa U3 OTXOASILIEro Teria, /UK BbIAEIsIeMbIX
ONHUM HJH O0Jiee KOMIIOHEHTAMH TOPSYUX ra3oB,

- PEAaKTOPHBIX CPEACTB CIABUra ra3a, BIIOJIHEHHBIX AJs npespauienus CO-
cozieprKaliero BbipadbaThIBA€MOro MPOMBILIICHHBIM NMPEANPUATHEM r'a3a B BOJOPOX U
ynanenus CO,,

npu4YeM NOTOK(-M) BOJOPOAA, MPOU3BEACHHBIN(-€) MOCPEACTBOM CPEICTB
NPOM3BOACTBA BOJOPOJA, IO MEHbLIEH Mepe, YACTUYHO MOAAeTCs(-I0TCSA) K YCTAHOBKE

DR Bomoponom aisi nobaBiieHHsI B KOHTYP TEXHOJOTHYECKOTrO rasa.
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YTOUHEHHAA ®OPMVYJIA U30BPETEHUA

1.  Cnocob npousBoacTsa xeje3a npsamoro Boccranosienus (DRI),
BKJIFOYAKOLUH B ceOs:

- SKCIUTyaTalM0 YCTAHOBKH NMpsIMOTO BoccTaHoBNeHus (DR) Bogoponom,
NpUYEM JKEJIE3HYI0 PyAy BOCCTAHABIUBAIOT B IIAXTHON meun B OOraTtoil BOZOPOIOM
aTMocdepe, MpUYeM MAXTHYIO MeYb COSAUHSAIOT ¢ KOHTYPOM TEXHOJIOTHYECKOTO rasa,
PaCIOJIOKEHHBIM JJIsl TpUeMa KOJOIIHUKOBOIO ra3a OT WIAXTHOW mevyu, 00paboTku
KOJIOIIHUKOBOTO ra3a Mepej ero HarpeBaHHeM B HarpeBaTeJbHOM yCTPONCTBE, U
BO3BpALIEHUs K €YU BOCCTAHOBUTEJBHOIO ra3a, CoAep Kalero no Meuoluei mepe 85
% 1o 00beMy BOAOPOAA, MPUUEM MMOTOK BOIOPOIA JOOABISIOT K KOHTYPY
TEXHOJOTMYECKOTO ra3a BbILIE [0 NOTOKY OT HarpeBaTeJbHOI'0 yCTPOMCTBA,

- SKCIUTyaTaLHI0 MPOMBIIIJIIEHHOTO MpeanpusTus, BeipadarsiBatomero CO-
comep Kalui ra3 u/uiy OTXOISIIee TEIJIO U/WIIN ropsidue ra3bl, MpuiemM
NPOMBIIIIEHHOE NMPEANPUATHE BKIIIOYaeT B ceOst ycTaHOBKY DR mpuponHbIM razom,
AKCIUTYaTHPYEMYI0 Ha peOpMHUPOBAHHOM MPHUPOIAHOM Tase s npoussoactsa DRI u3
KeJe3HOH pyasl, mpuyeM yctaHoBka DR nmpuponHsiM razom BKIrO4YaeT B ce0s APYryro
LIAXTHYIO Me4Yb U JPYTrOoid KOHTYpP TEXHOJOTUYECKOro ra3a, NpuieM Apyroi KOHTyp
TEXHOJIOTHYECKOI0 ra3a BKJIOYaeT B ce0s cpencTBa HarpeBa-pepopMUHTa AJIs
BbIpaOOTKHM CHHTra3a U3 MPUPOJHOrO ra3a s MOJauu K APYrod MaxTHOHN Meyu B
Ka4eCTBE BOCCTAHOBUTEIBHOIO rasa,

npuYeM, O MEHbIIEH Mepe, YacTh MOTOKa BOAOPOAA BhIPa0aThIBAIOT
MOCPEACTBOM IO MEHbIEeH Mepe OAHOrO U3:

- 3JIEKTPOJIM3HBIX CPENCTB, BBIMOJHEHHBIX ISl IPOU3BOJCTBA BOJOPOAA U3
MOJIYYEHHOT'O OT OJHOTO HJIH 00Jiee KOMIIOHEHTOB MPOMBIIIJIEHHOTO MPEeANPUATHUS
napa u/unu BeIpaOOTAHHOTO C HCIOJb30BAHUEM OTXOASILIErO TeIJa rnapa u/min
BBIEJISIEMbIX OJTHUM HJIM 0OJie€ KOMIIOHEHTAMH TOPSIYUX ra3oB, U

- PEaKTOPHBIX CPEJICTB CIBUIa Ira3a, BbIINOJHEHHBIX AJs npespatierus CO-
COZlepIKallero ra3a, BbIIEIsI€MOro 10 MeHbllell Mepe OJJHUM KOMIIOHEHTOM

NPOMBILIJIEHHOTO MPEeANpPUsITHS, B Bogopoa U 1 yaainenus CO;.

2. Cmnocob mo n. 1, Bkimroyaromuil B ce0si peKynepanmio Tenjaa U3 yCTaHOBKHU
DR npuponHsiM razom asst BeIpaOOTKHU Mapa U IpOU3BOACTBA BOJOPOA B

QJICKTPOJIM3HBIX CPEACTBAX.
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3. Cnoco0 mo m. 2, mpu4eM CpeICcTBa PeKyIepaluy Termia pa3MeanT B
APYrOM KOHTYpP€ TEXHOJOTM4eCKOro raza yctanosku DR npupoanbsiMm rasom, npexnae
BCEro AJis MPUBEAECHUS B KOHTAKT ¢ KOJIOUIHMKOBBIM Ia30M NOCJE BbIXOJA U3 LIaXTHOU
neyvu, AJs peKynepanuu Teria U3 peupKyJIupyeMoro KOJOIMHUKOBOTO ra3a u

BbIpaOOTKH Mapa, KOTOPBIH MOAAIOT K 3JIEKTPOJU3HBIM CPEICTBAM.

4. Cnocob mo m. 2 wim 1. 3, mpu4YeM CPEeACTBA peKylepaLluu Teria
pasMeIarT 4Jis peKynepaluuy Temjaa OT TOMOYHOIO ra3a u3 CpeICcTB Harpena-
pedopMHUHTra KOHTYpa TEXHOJOTHYECKOro rasa yctaHoBku DR npuponasiM razom,
npeXae BCero nepexa BITSDKHON TpyOoit yecraHoBku DR mpupoaHbIM razom, s

BBIPAOOTKH Mapa.

5. Cnocobmom. 2, m. 3 uiu n. 4, mpu4eM CPeACTBA PEKyNepannu Teria
pasMelarT A peKynepauuu tenaa ot ropsiuero DRI, npou3BeneHHOr0 yCTAaHOBKOMU

DR npuponHsiM razom, aist BEIpaOOTKHU mapa.

6. Cnoco0 mo oHOMY U3 NPENIIEeCTBYIOIUX MyHKTOB, IpUYEM
NPOMBIIIJIEHHOE NPEANPHUATHE BKIOYAET B Ce0sl 3JI€KTPOAYTOBYIO Ie4b, U CPEACTBA
pexyInepanuy Teria pa3MeIleHbl 1 peKynepaud OTXOASINEro Terjia 1/ Uiu Fopsuaux
ra3oB, BBIIEJSIEMbIX 3JIEKTPOAYTOBOI Ne4bto Ayist BbIpaOOTKHU Mapa, ¥ BO3MOXKHO OT

PacCIoJIO)KEHHOTO HUXKE MO MOTOKY 000pyIOBaHMUS.

7.  Cnoco0 mo onromy u3 m.m. 1-6, Bkiaodaromuii B cedst uzpnedenue CO-
cojaepikalero raza u3 yctaHosku DR npupoaHbsiM razom, U nmoaady U3BJIEUYEHHOTO
CO-conepxaimero rasa K peakTOPHBIM CPEICTBAM CABHUra rasa,

NpeaNnouYTUTENbHO, NepBblil MoTok CO-coaeprkaliero raza U3BJIEKaOT U3
KOHTYpa TEXHOJOTHYECCKOIO ra3da HUKE MO MOTOKY OT KOMIIPECCOPHBIX CPEACTB I/I/I/IJ'II/I
Bropoi motok CO-comepxkaiiero raza U3BJIEKAIOT MOCJE YCTAHOBKH

NbUICYJAaBJIIMBAHHUA B KOHTYPC TCXHOJOTNYCCKOI'O ra3a.

8.  Cmoco0 mo ogHOMY M3 MPEeaUEeCTBYOINX NYHKTOB, BKIIOYAOIUN B ceOs

peKyInepaLuio Teja NOCPeACTBOM CPEACTB peKylepaluu Tejaa, pacnoil0XKeHHbIX B
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OIHOM uJu OoJiee MecTONooXKeHul B ycraHoBke DR Bomoponom, u nogauy

Bpra6OTaHHOFO napa K 3JICKTPOJU3HbIM CPEACTBAM.

9.  Cmnoco0 mo . 8, mpuyeM cpeAcTBa peKylepaluy Termia pa3MemarnT B
APYrOoM KOHTYp€ TE€XHOJOTru4eckoro raza ycranosku DR Bonoponom, npexnae Bcero
ISl IPUBEEHUSI B KOHTAKT C KOJIOUTHUKOBBIM T'a30M MOCJI€ BbIXO/1a M3 IIAXTHOH MeuH,
IJIsl peKyTnepanuu Terja U3 peuupKyIupyeMOro KOJIOMHNKOBOTO ra3a U BeIpad OTKH

nmapa, noaaBacMoro K 3JICKTPOJIU3HbIM CpeaACTBaM

10. Cmnoco6 mo n. 8 mim 1. 9, mpu4eM CpeacTBa peKylepaLlny Teria
pa3MeuaroT A peKkynepauuu Temia oT ropsuero DRI, npousBeaeHHOro ycTaHOBKOM

DR Bonopoznowm, anst BBIpaOOTKH Mapa, MogaBaeMoro K 3JEeKTPOJH3HBIM CPEICTBAM.

11. Cnoco® nmo ofHOMY U3 MPEAMECTBYOIINX NYHKTOB, IPHYEM
NPOMBIIIJIEHHOE NMPEANPHUATHE BKIOYAaeT B ceOst OAHY Uiu OoJiee arioMepannoOHHbIX
YCTaHOBOK, 0aTapero KOKCOBBIX Ie€Ue, 3JIEKTPOAYTOBYIO Me4b, JOMEHHYIO MeUb,
HNOTPYKHYIO nyroByio neub (SAF), ycTaHOBKH HENPEPBIBHOTO JUThS, IPOKATHBIE

CTaHbl, OCHOBHOM KMCJIOPOJHBIA KOHBEPTEP U T.II.

12. Cnoco0 no ogHOMY U3 IPERIIeCTBYOUIUX NYHKTOB, IPUYeM KOHTYP
TEXHOJOTUYECKOTr0 Ia3a BKIIOYAET B Ce0s1 ra300UNCTUTENbHbIE CPECTBA U
KOMIIPECCOPHBIE CPEACTBA BBIIIE IO MOTOKY OT HATPEBATEJIbHOI'O YCTPONHCTBA, NPUYEM
nobaBlieHUE MOTOKA BOAOPO/IA BBIMOJHSIIOT MEXKAY KOMIPECCOPHBIMU CPEICTBAMU U

HarpeBaTelbHbIM YCTPOUCTBOM.

13. Cmnocob mo nm.m. 1-12, mpudem mOTOK BOAOPOAA, 10OABIIEMOT0 K KOHTYPY
TeXHOJOoru4yeckoro raza ycranosku DR Bonoponom, copepxkut ot 90 no 100 % no
obbemy Hj, u pakyabTaTHBHO BOJOPOA U3 APYTOTO UCTOYHHKA MOAAETCS K YCTAHOBKE

DR Bonoponom.

14. TlpeanpusAtue, BKIOUawIee B ceOs:
- IPOMBIILLJIIEHHOE NMPEANPUATHE, BKIIOYalOIee B ce0s Mo MEeHbIIeH Mepe OUH
KOMIIOHEHT, BeipabaTeiBatomuii CO-comepikamuii ras, OTXOAsA1Iee TeII0 U/ Uiy nap

U/UIIA TOpSTYNe Tasbl,



10

15

20

25

-21 -

- yCcTaHOBKY mpsimoro Boccranosienus: (DR) Bogopoaom, BkiIrOUarmyro B cedst
LIAXTHYIO Me4b, B KOTOPOIl JKeje3Hasl pyAa BOCCTAHABINBAETCS B BOJOPOJAHOM
BOCCTaHOBHUTEIBHON aTMOcdepe, U KOHTYP TEXHOJOIHYECKOro ra3a, pacroJo>KeHHBIH
IS IpUeMa KOJIOIIHUKOBOI'O ra3a U3 MIAaXTHOM me4yn, oOpabOoTKU KOJOIHUKOBOIO ra3a
nepen ero HarpeBaHUuEeM B HarpeBaTeJbHOM YCTPONCTBE, U BO3BPALICHUs K €YU
BOCCTAaHOBHUTEJBHOTO ra3a, couep:kamero no Meubuieir mepe 80 % no odbemy
BOZOPOJA, MPUUYEM NOTOK BOAOPOAa 10OABIAETCS K KOHTYPY TEXHOJOTHYECKOMY rasa
BbILIIE TIO MMOTOKY OT HarpeBaTeJbHOrO yCTPONUCTBA,

- CpeacTBa MPOU3BOACTBA BOJOPOAA, BKIIOYAKOIINE B ce0s MO MEHbIIEH Mepe
OJHO U3:

- 3JIEKTPOJIM3HBIX CPENICTB, BBIMOJHEHHBIX ISl IPOU3BOJCTBA BOJOpPOAA U3
U3BJIEYEHHOTO OT OJHOTO HJIM 00Jiee KOMIIOHEHTOB MPOMBILLIEHHOTO MPEANPHSITUS
napa u/uiu u3 napa, BbBIpabOTaHHOTO MOCPEICTBOM CPEACTB PEKyIepannu Teria,
BBIMTOJTHEHHBIX U1 BBIPAOOTKH Mapa U3 OTXOASIIEro TeTJa, U/UIH BhIAEISIEMbIX
OIHUM K O0Jiee KOMIIOHEHTAMH T'OPSIYUX ra3oB,

- PEaKTOPHBIX CPEACTB CIBUIa ra3a, BHIMOJHEHHbIX 1Js npespawenus CO-
coaep Kalero BHIpadaTeiBAa€MOr0 MPOMBILIJIEHHBIM NPEANPHUATHEM ra3a B BOJOPOA U
ynanenus CO,,

pUyYeM MOTOK(-M) BOJOPOJa, MPOU3BEEHHBINH(-€) TOCPEACTBOM CPEICTB
IPOU3BOACTBA BOJOPOJA, IO MEHbIIEH Mepe, YaCTUYHO NMOJAAETCA(-I0TCA) K YCTAHOBKE
DR Bonoponom st noOaBlieHUs] B KOHTYP TEXHOJIOTHYECKOTO0 rasa,

npuYeM MPOMBIIIJIEHHOE NMPEaNpPUsiTHE BKIOUaeT B ceOst yctaHoBKy DR
NPUPOJHBIM ra30M, SKCILIYaTHPYEMYIO Ha peGOopMUPOBAHHOM MPUPOTHOM rase IJis
npoussonctsa DRI u3 xenesnoli pyasl, npudeM yctraHoBka DR npupoaHsim razom
BKJIIOYAET B ce0s NPYryo MAaXTHYIO Ne4Yb U PYroil KOHTYP TEXHOJOIHYeCKOro rasa,
NpUYeM IPYyroil KOHTYP TEXHOJOTHYECKOro ra3a BKJI0YaeT B ceOsi cpencTBa Harpena-
pedopmuHTra 15 BbIpaOOTKHM CHHTa3a U3 MPUPOAHOIO rasa JJIsl MoJadu K APYyron

IMaXTHOM IMe4YH B Ka4eCTBE BOCCTAHOBUTEJIILHOIO rasa.
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