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JKEJIE3HBIX MPOILYKTOB, IPUIEM METAJLUTypruiecKas yCTaHOBKA BKIIIOYAET B ceOst ycTaHOBKY (12) mpsiMoro
BOCCTAHOBIICHHSI W TPOU3BOMAAIIYI0 YYr'yH YCTaHOBKY (14), mpuuemM MeTammypruueckas yCTaHOBKa
BKITIOUACT B CcOs TOAady INMUXTHI JKCJIC3HOW PYIbl B YCTAHOBKY INPSMOTO BOCCTAHOBJICHHUS IS
MPOU3BOJICTBA JKEJIE3HBIX MPOJYKTOB IMPSIMOTO BOCCTAHOBIICHHUS, SKCILTYaTAI[MIO [TPOU3BOISILEH YyTyH
YCTAHOBKH JIsl IPOM3BOJICTBA MEPEACIBHOIO YyTryHa, MPUYEM B Ka4eCTBE BOCCTAHOBHUTEIHLHOTO areHTa
B MPOU3BOJAIIYI0 YYT'YH YCTAHOBKY BBOJST OMOYrONb, W MOCPEACTBOM 3TOTO MPOU3BOMAIIAS UYTYH
ycraHoBka BeIpaOarbiBaeT comepkammii CO u CO, orxomsamuii ra3, oOpabOTKy OTXOAMIIEro rasa
Y3 TPOM3BOAAIICH YYryH YCTAHOBKM B ycraHoBke (32) oboraiieHusi BOAOPOJIOM Ijisi 0Opa3oBaHUsI
6oraroro BomopoaoM motoka u 6oratoro CO, motoka. borareiii BOMOpoIOM MOTOK HEMOCPEICTBEHHO
WJIM OTIOCPEIOBAHHO TOJIAIOT K yCTAHOBKE MPSIMOTO BOCCTAHOBJICHHs. TaKKe OlUcaHa COOTBETCTBYOIAs
METaJUTypruuecKas yCTaHOBKA.
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CITOCOB DKCILUTYATALIUA METAJUIYPTUYECKON YCTAHOBKU JJIA
ITPOU3BO/JCTBA XEJIE3HBIX ITPOJAYKTOB

U3ob6peTenne, B 001eM, OTHOCUTCS K 00J1aCTH METAJLTyPTUHU JKeJie3a U, MPeKe
BCETO, K METAINTYPTUYECKON YCTAHOBKE M CIIOCO0Y MPOU3BOJICTBA KEJE3HbIX
npoAyKTOB. bosiee KOHKPETHO U300pEeTEeHHE OTHOCUTCS K METAJLIyPTUU JKeie3a,
OCHOBAHHOH Ha Mpolecce NPsIMOro BOCCTAHOBJIEHUS JKEeJIe3HONW pPYyabI.

ITpou3BONCTBEHHBIE MPOLIECCHI BHOCSAT 3HAUYUTENbHBIA BKJIAJ B 0OIIHE BBIOPOCHI
CO,, u coBpeMeHHBIH MpoLecCc U3rOTOBJIEHUS UyT'yHa U CTAJH ABIAETCS OYEHb
SHEPrOEMKHUM U yIIepOJOEMKHUM.

C yuerowm Ilapuxckoro cornameHuss ¥ TOYTH BCEMHUPHOTO COTJIaCcHUs O
HEOOXOIMMOCTH AEHCTBUI B OTHOIIEHUH BBIOPOCOB SIBISETCS HEOOXOIMMBIM, YTOOBI
Ka)kJ1asi OTPacyib NIPOMBIIIIEHHOCTH o0palnajia BHUMaHUE Ha pa3paboTKy peleHu,
HaIpaBJIEeHHBIX HA YJIYUYIICHHE SHEPTeTHIEeCKON 3 PEeKTUBHOCTH U YMEHBLIEHUS
BbIOpocoB CO,. OnHol TexHOoNorHel, pa3paboTaHHON 1JI YMEHbIICHUS YIIEPOAHOTO
cliefla BO BpeMsl IPOU3BOACTBA CTaJH, ABJSETCS MPOLECC NPSIMOTO BOCCTAHOBIICHUS
JKeJe3HOHN pyabl. XOTs rof0BO€ NPOU3BOACTBO Keje3a NPsIMbIM BOCCTAHOBJIEHUEM
ocTaeTcs HeOOJNBLINM IO CPABHEHHUIO C MPOU3BOACTBOM MEPEAEIbHOrO YyryHa B
JOMEHHBIX M€4Yax, OHO ABJAETCS AEHCTBUTEIBHO OUE€Hb NIPUBJIEKATEIbHBIM U3-3a €0
cpaBHUTENbHO HU3KHUX BbIOpOCOB CO,, koTopsie HAa 40-60 % Huxe nIis
TEXHOJOTHYECKOTO MapIIpyTa MPsIMOTO BOCCTAHOBJIEHUS B 3JIEKTPOAYTOBOH MeUH
(EAF) no cpaBHEHHIO C JOMEHHOU NMeYbl0, KUCIOPOAHO-KOHBEPTOPHBIM MapIIPYTOM.

B mwaxTHO! neuu npsAMOro BOCCTAHOBJIEHUS LIMXTA U3 IPAHYJIUPOBAHHON UIIH
KYCKOBOM JK€JIe3HOM pyJbl 3arpy»KaeTcsl B BEPXHIOIO YacThb €YU U ONyCKaeTcs MOoA
NEeNCTBUE CHIIBI TAXKECTHU Yepe3 BOCCTAHABIUBAKO U ra3. BoccTaHOBUTENBHBIN ras,
COCTOSIIUI U3 BOJOPOAA U MOHOOKCHAA yrieposaa (CUHTa3) TeYeT BBEPX Uepe3 CIOi
pyasl. BoccTraHOBIIEHHE OKCHIIOB XKeJie3a MPOUCXOINUT B BEPXHEH 4acTH nme4yu, OOBIYHO
npu Temnepartypax g0 950°C unu gake Boime. TBepabIl MPOAYKT, HA3bIBA€MbIH
xKene3oM npsimoro BoccraHoBineHus (DRI), 0OpvHO 3arpyskaercss B ropsiuem
COCTOSIHMH B 3JIEKTPOAYTOBBIE MEUU HIIM OPUKETUPYETCS B rOpsiY€M COCTOSIHHUH, C

obpasoBaHueM ropsiuedpukeTupoanHoro xenesa (HBI).
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B GonpmmHCcTBE cymecTByOmMUX npuMeHeHnii DRI BoIIeynmoMsIHYThIH CHHTa3
BbIpa0aTHIBAETCS MOCPEACTBOM pedOPMUPOBAHUS MPUPOAHOTO ra3a. B HEKOTOPBIX
CIy4asixX MOAXOASLIUN ra3 yke UMeeTCs, B CUJIy 4ero NpUpOAHbBIi ra3 He TpedyeTcs.
Kax ussectHO u3 ypoBHs TexHuKH, DRI n moxoxue npoayKThl 3arpyKarTcs B
TOMEHHYIO Ieub MIJIM BbIPaOaThIBAIOIYIO YYT'YH YCTAHOBKY UIM B IJIABUJIBHYIO I€Ub,
Takyto kak EAF, nist BeIpaOOTKHU mepeaespbHOro YyryHa Uik CTaju.

WO02017/046653 packpbiBaeT cnocod U yCTPOHCTBO IJIsl MPSIMOTO
BOCCTAaHOBJIEHUS JKEJIE3HBIX Py C UCIOJb30BAaHUEM MOJYUEHHOTO U3 yIJs rasa.
Cnoco6 npoussoncTea DRI ucnonb3yer CHHTETUYECKUI a3, COMep KAl
OTHOCHUTEJIbHO BBICOKYIO nojt0 CO ¢ otHomenuem H,/CO Huxe, yem npumepHo 0,5, B
CHUCTEeMe BOCCTAHOBIICHUS, BKIIIOHAOLIEH B ceOsl peakTOp BOCCTAHOBJIEHHUS, U3
KOTOPOTO rOpsiYui NOTOK BOCCTAHOBUTENIBHOI'O ra3a OTBOAUTCS B BUJE BEPXHEro rasa,
TETIOOOMEHHHK, B KOTOPOM TEIJIO OTOUPAETCS U3 TOPSIYero BEPXHETO ra3a u
nepenaeTcs K MOTOKY JKUAKOH BOJABI, M YBJIAXKHUTENb ra3a. I[lnaBunbHas neds-
ra3uUKaTOp UCIOJB3YETCs IS MOJYYEHHS MJIaKa U IepPeaebHOTO YyryHa U3
KeJe3HOU pyasl, BeipadaTeiBas mocpenctsom 3toro coaepxkamuii CO u CO,
OTXOASIHH ra3. BeIXOOsIuN U3 MJIABHIBHON Medn-ra3udukaTopa OTXOOAIINN ra3
noasepraercss 00paboTke (0O4UCTKE, CKATHUIO...), IPEKIAE YeM OH MOJNAETCS B 1BE
cllenyroliue Apyr 3a AIpyromM ycTaHOBKU aJs kKoHBepcun CO nis yBeJIMYeHUs
konuuecTBo Hy u CO; B moToke ra3a. TOT MOTOK 3aTE€M MOJAETCA B YCTAHOBKY
ynanenusi CO;, oOpasys mocpeactBom 3toro 6orateiii CO, moTok U GoraThlii
BOJIOPOJIOM IMOTOK. borateiii BOTOpOAOM MOTOK MOJAETCs B PEaKTOP BOCCTAHOBJIECHHUS.
borateiii CO; moTok yaansiercs.

EP 0997 693 oTHOCUTCS K CTOCO0Y 0ObeMHEHUS] IOMEHHOM MeYu U peakTopa
NpsIMOTO BOCCTAHOBJICHHS C MCIIOJIb30BAHUEM KPHOTEHHON PEKTH(PUKALINH.
OunieHHBINM TOMEHHBIN ra3 MoJaeTCs K PpeakTopy CABUTA BOJAA-Ta3. 3aTeM
conepskamuii rnaBabiM oOpazom H; u CO, pe3yabTUPYIOMINEA MOTOK ra3a moaaeTcs K
yCTaHOBKE JUIsl yAAJleHUsI KUCJIOTO ra3a U K yCTaHOBKe MeTaHu3zauuu. Jist oTneneHus
a30Ta OT BOJOPOJia UCIIONb3yeTCsl KpUOreHHas ycTaHoBKa. [{luokcuz yriaepona
yAAJSAETCs U3 CUCTEMBI B CUCTEME ropsiuero kapboHaTa Kajius UM B CUCTEME
ancopOmuu ¢ nepemnagoM JAaBJICHUS.

I{enpro HacTOSIIEro H300peTeHUs SABJISAETCS OOeCIeYeHNe YIyUILeHHOTrO
MOAXO0Aa AJIsl MPOU3BOJICTBA XKEJNE3HBIX NPOAYKTOB NPSIMOTO BOCCTAHOBJIEHHUS,

KOTOprﬁ, Npexaec BCCro, sABJIACTCA 0oJiee IKOJOTUYECKH YUCTBIM.



10

15

20

25

30

-3 -

Kparkoe u3ioxeHHe CYyIHOCTH U300peTeHuUs

OTa 1enb JOCTUTHYTA NOCPEACTBOM crocoba no 1. 1 Gopmynbl n3obpeTeHus.

Hacrosimee nzobpereHne OTHOCUTCS K CrIOco0y 3KCIIyaTaluu
METAJITyPru4ecKOi YCTAaHOBKH JJIsI IPOU3BOJCTBA XKEJE3HBIX MPOAYKTOB,
BKJIFOYAKOLIEMY B ceOsi:

- IOJlauy LIMXTHI KEJIE€3HOH! Pybl B YCTAHOBKY NMPSMOTO BOCCTAHOBJIEHUS IS
MOJIyYEeHHUsI JKEeJIE3HOT0 MPOIYKTOB MPSIMOrO BOCCTAHOBJIEHHUS,

- 9KCIIyaTaLMIO MPOU3BOASINEH YyTyH YCTAHOBKHU JJIsl BBIPAOOTKH
nepeaebHOrO YyT'yHa, IPHYeM B Ka4eCTBE BOCCTAHOBUTENILHOIO areHTa B
NPOU3BOISAIIYIO YYT'YH YCTAHOBKY BBOAUTCS OMOYTOJib, M TOCPEACTBOM 3TOTO
MPOU3BOASINAS YYTYH YCcTaHOBKA reHepupyeT cogepxamuii CO u CO, oTxonsmuii
ras,

- 00paboTKy OTXOASAIIETO ra3a u3 MPOU3BOASLIEH YYT'YH YCTAHOBKU B YCTAHOBKE
oboralieHus BOIOPOIOM AJjisi 0O0pa3oBaHUsi OOraToro BOJOPOIOM MOTOKA U OOraToro
CO; noToka,

npu4eM, 0 MeHbLIeH Mepe, YacThb (TO ecTh, 7o unu 1o 100%) 6oratoro
BOJOPOZOM MOTOKA MOJAETCS K YCTAHOBKE MPSIMOI'O BOCCTAHOBJICHUSI.

Hactosimee nzoOperenne odecrneunBaeT ONTUMAIbHYI0 KOHPUTYPALIUIO
YCTAHOBKU NMPSIMOTO BOCCTAHOBJIEHUS M MPOM3BOSLICH UYT'YH YCTAHOBKH, KOTa OHU
PacHoJIOKEHBI B OJTHOM MECTE€ U OCHOBAHbI HA HCTOYHUKAX 3€JICHOW SHEPTHH, IMPeXae
Bcero buomacce. [IpennoyTuTenbHO, OMOYTOJb MPOU3BOIAT HA MECTE MOCPEICTBOM
YCTAaHOBKHU MUPOJIKM3a OMOMACChl U3 MaTepuaga OMOMAaCCHI.

CornacHo U300peTeHHUI0 OHOYTOJIb UCIOJB3YIOT B Ka4€CTBE BOCCTAHOBUTEIHHOTO
areHTa B MPOU3BOISAIIEH YyTYH YCTAHOBKE, U OTXOMSIIHIA ra3 MPOU3BOASIIEH 4yTyH
YCTaHOBKH (YaCTUYHO HMJIH MOJHOCTBIO) 3aTE€M mepepadaThiBalOT B Ta30BbIi MOTOK,
KOTOPBIN MCTOJB3YIOT B YCTAHOBKE MPSMOTO BOCCTAHOBJIECHUS.

[IpousBoasiiiasi 4yryH yCTAHOBKA MOJy4aeT UIUXTY U3 MaTepuaia - HOCUTENs
JKejesa, KOTopasi, Kak OyzeT oOBbsICHEHO [ajiee, MOKeT UMETh Pa3HOE MPOUCXOKICHHE
U, IpPexXAe BCEro, NpOUCXoaAuTs u3 ycranosku DR.

B pa3HbIX BapuHaHTax OCYINECTBJIEHHs JOCTUTHYTAa CUHEPTHUs ra3oB, a TAKKe
TBEPIbIX MATEPUAIIOB:

- YCTaHOBKA MPSIMOT'O BOCCTAHOBJICHHS UCMOJb3yeT OTXOASIINE ra3bl OT

MPOU3BOJSIIIEN YYTYH YCTAHOBKH,
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- IPOM3BOAAINAS YYTYH YCTAHOBKA MOJET M3BJIEKATh MOJIb3Yy OT HUCIIOJb30BAHUS
NbIIKA U ocTaTka u3 ycraHosku DR. Tak, cienyer npusHaTh, 4TO OTXOABI U3
ycTtaHoBkH DR MOryT OBITH MOBTOPHO HCIIOJb30BAHbI B NPOU3BOASIIEH UYTYH
yCTaHOBKE,

- IPOU3BOAAIIAS YYT'YH YCTAHOBKA MOXET TaK»e/albTepHATHBHO U3BJIEKATh
nosb3y ot ucnosb3zoBanus DRI (npsimoBoccTanoBnennoro xene3a) / HDRI (ropsiuero
PSIMOBOCCTaHOBJIEHHOTO kejie3a) / HBI (ropsueOpukeTHpOBaAaHHOTO Keje3a),
MOJIYYEHHOT'0 TOCPECTBOM YCTAHOBKA MPSMOTO BOCCTAHOBJICHUS.

[TpenmymecTBOM U300PETEHHS SIBJISAETCS ONTUMHU3NPOBAHHAS H
cOanaHCHUpPOBAHHAS CBSI3b MEXKIY YCTAHOBKOW MPSIMOTO BOCCTAHOBJIEHHS U
NPOU3BOASIIEH UyTr'YH YCTAHOBKOM, a TakKe (GakT, 4TO OHH 00e OCHOBAHBI Ha 3€JICHOM
SHEPTUH/3EJI€HOM TOIIJINBE.

CoOTBETCTBEHHO, MPOU3BEAEHHBIE IOCPEACTBOM YCTAHOBKH MPSIMOTO
BOCCTAHOBJICHUS JKEJIE3HbIE MPOAYKTHI, MOXKHO Ha3bIBATh 3€JIEHBIMU METAJUIMYECKUMHU
IPOAYKTAMH.

B Hacrosimem Texcte DR o3HauaeT "npsiMmoe BOCCTaHOBJIEHUE" WU
"NpsIMOBOCCTAHOBJICHHBIN" B 3aBUCUMOCTH OT KOHTEKCTA.

ITo MeHbIIEH Mepe, 4acTh BIpaOOTAaHHOI'O YCTAHOBKOI 000TaIeHust BOJOPOAOM
6oraToro BOAOPOJOM MOTOKA MOXKET OBITh HEMOCPEACTBEHHO OTIIPABJIEHO K YCTAHOBKE
IpPsIMOTO BOCCTAHOBJICHHUS], I'JIe€ OH MOKeT OBITh HCIOJIb30BAH B KAUECTBE ra3a MM
TOIUTMBA I METAJUTyPTUYeCKHUX meneil n/unu nis nened oronsneHus. CienoBaTeNnbHO,
foraTblii BOJOPOJOM ITOTOK MOKET OBITh YaCThIO MIOTOKA BOCCTAHOBUTENIBHOTO ra3a
W/UJIH TOTOKOM ra3000pa3HOro TOIJIMBA.

[IpenmouTUTENbHO, MO MEHBLIEH Mepe, 4acThb (TO ecTh, 7o uwin 10 100%)
6oraroro CO; mOTOKAa KOHBEPTUPYIOT I MepepabOTKHU B YCTAHOBKE MPSIMOTO
BOCCTAHOBJICHUSI. B 3aBUCUMOCTH OT BapHaHTOB ocyInecTiaeHus: borateiii CO, moTok
MOKET OBITh, IPEXKAEe BCEro, KOHBEPTUPOBAH AJIs1 00Opa30BaHUsS CHHTa3a HIIH
IPUPOJHOTO Ta3a (ra3oBblil MOTOK, 00Opa30BaHHBIN ITABHEIM 00pa3oM U3 MeTaHa). DTO
0c000 MpPeANOYTUTENBHO, MOCKOJBKY MpeajiaraeMas MeTajulyprudeckasi yCTaHOBKA
TakuM 00pa3om crocoOHa MOBTOPHO Hcnoiab30BaTh CO; ¢ MONB30H ST YCTAHOBKH
npsimoro Boccranosjenusi. CnenoBarensHo, CO; He BEIOpachIBACTCS HIIN
nepepadaTreIBae€TCs IIe-TO B PYTrOM MECTE, a UCIIOJIb3YeTCsl HEMMOCPEACTBEHHO Ha

MECTC.
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Hanporus, B mpennaraembeix W02017/046653 u EP 0997 693 cniocobax quokcun
yIJeposa yaasieTcss U3 CUCTEMBl U He KOHBEPTHUPYETCs AJA nepepaboTKH B yCTAHOBKE
IpPsIMOTr0 BOCCTAHOBJICHUS.

IIpennoururenvHo, 6orarsiii CO, MOTOK MOXKET MOAABATHCS B YCTAHOBKY
3JIEKTPOJIN3a BOABI, NPEANOYTUTENbHO, JOMOJHUTEIBHO MUTAEMYIO TIOTOKOM Napa Ajs
o0pa3oBaHUs MOTOKA CHHIa3a, KOTOPBIH JOCTABIAETCS K YCTAHOBKE MPSMOTO
BOCCTAHOBJICHUSI. DTOT MOTOK CUHra3a TUIIHYHBIM 00Pa30M CONEPIKHUT TJIaBHBIM
o0pa3oM BOZOPOI U MOHOOKCHUJ YIJIEPOAa, U, CIEIOBATEIbHO, MOXKET ObITh
nepepaboTaH B yCTAHOBKE MPSIMOTO BOCCTAHOBJICHHS B KAYECTBE BOCCTAHOBUTEIBHOTO
rasza win razoobpasnoro rormnusa. Obmee conep:xkanne H, u CO B moTOKe CHHTa3a
MOJKET COCTaBJISATh MO MeHbIel Mepe 60% 00., mpeanouturensHo 70 unu 80% o06.

B BapmaHTax oCymeCTBJIECHUS, [0 MEHbIIEH Mepe, 4acTh OOraToOro BOJOPOAOM
MOTOKA HAMPAaBISIIOT K YCTAHOBKE MPSIMOTO BOCCTAHOBJIEHUS ONOCpPENOBaHHO. TepMuH
"omocpenoBaHHO" 31eCh MOpa3yMeBaeT, 4To OOTaThlii BOJOPOIOM MOTOK
npeodpas3yroT/KOHBEPTUPYIOT HA €ro MyTH K YCTAHOBKE MPSIMOTO BOCCTAHOBIICHUS B
ra3oBbIi MOTOK, KOTOPBIH MOXKET MepepadaThIBaThCS B YCTAHOBKE MPSIMOTO
BoccTaHoByieHus. Hanmpumep, 6oratseiii Bogoponom notok u dorateriit CO; moTok
MOXET HaIPaBJIAThCS OT YCTAHOBKU OOOTaleHsl BOAOPOJIOM K YCTAHOBKE
METaHU3aLUH AJIs1 00pa30BaHMs MOTOKA MeTaHa. DTOT MOTOK HANPABJSIOT K YCTAHOBKE
IPSAMOTr0 BOCCTAHOBJIEHMS [JIsl UCMOJAb30BAHUSA B KA4ECTBE 4aCTU NMOTOKA
BOCCTAHOBHUTEJIBHOI'O ra3a U/MJIM B KA4ECTBE YaCTH MOTOKA ra30BOr0 TOILIHUBA.

B BapuaHTax ocymecTBieHUss OOraTelii BOJOPOAOM a3, HeMOCPEACTBEHHO HIIH
OMOCPEIOBAHHO, MepepadaThIBAETCs B YCTAHOBKE MPSMOTO BOCCTAHOBJICHUS JJISI
HCIIOJIb30BAHUS B KAUECTBE TEXHOJOrHUeckoro raza. Ilpu 3ToM BOCCTaHOBUTENbHBIN
ra3 BBOAUTCA B ycTaHOBKY DR nuist yMeHbIeHUs conepikaHusi HOCUTENeH xene3a B
OKaThIIIax/ariomMeparax. B KoHTekcTe H300peTeHUsT OKATHIIIN/arioMepaThl OOBIYHO
BKJIFOYAIOT B c€0s TOTBKO HOCUTEINH Kejie3a (HalmpuMep, JKeJIe3HOPYIHbIe
gacTHIbl/Mesnoub). OKaThIIIN/arjioMepaTsl OOBIYHO HE coepkaT 10OaBIEHHBIN
TBEPABII BOCCTAHOBUTEJbHBIN MaTepual (IpeBeCHBIH/KaMEHHBIN yroJib UIN
copep Kalue yriepoa MaTepruabl), 32 HCKIIOYEHHEM CIIET0B UM HEU30EKHBIX
KOJINYECTB.

B BapuanTax ocymectpieHus: yctanoBka DR moxker Bkto4aTh B ceOsl meyb
IpPsIMOTO BOCCTAHOBJICHHS UJIM PEAKTOP U JOMOIHUTENbHOE 000PYIOBAHHS B

3aBUCUMOCTHU OT TCXHOJOTUU NPAMOro BOCCTAHOBJICHHS, KOTOpas p€alnu3dyeTCsH.
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Hanpumep, yctanoska DR moxet Bko4aTh B ceds1 B nonosHeHue kK neun DR meup
pedopMHHTa U CUCTEMY peKyIepaluu Termia. B Takom ciiyyae mOTOK MeTaHa MOXKET
UCIIOJIb30BAaThCS YACTHYHO B Ka4€CTBE ra3000pa3HOro TOMJIUBA [ HArPEBAHUS NEeUU
pedopMUHTa W/MJIM YaCTUYHO B KAYECTBE TEXHOJOTHYECKOTO ra3a MmocpeacTBOM
pedbopMuHTa W/ WU MOCPEACTBOM MPSMOTO BBOJA B meub DR.

B BapuaHTax oCyLIecTBIEHUS YCTAHOBKA 3JIEKTPOJIU3a BOJBI CBSI3aHA C
YCTaHOBKOHN METaHHM3aIUH, MOCPEACTBOM YEro BBIXOASIIHNI U3 YCTAHOBKHU
METaHU3aLHUH MOTOK Napa MOJarT B YCTAHOBKY 3JIEKTPOJIU3a I 00pa3oBaHUs
BCIIOMOTATEJIbHOTO IMOTOKA BOAOPOA, KOTOPHIH BO3BPAINAIOT B YCTAHOBKY
MeTaHu3auuu. ITo obecrneunBaeT yHOOHBIH cr1ocod nepepaboTKH BOASHOTO Mapa U3
npouecca MeTaHu3auuu. @akyJIbTaTUBHO, B YCTAHOBKY 3JEKTPOJIH3a BOABI MOXKET
OBITH BBEIICH AOMOJIHUTEJIbHBIN MMOTOK Mapa, MPEANOYTUTEIBHO, H3 3€JIEHOTO
HUCTOYHHUKA YHEPTHUH.

Korna npennonaraercs nepepadoTKa MOTOKA OTXOISIIEr0 ra3a NPONU3BOASAIIEH
YYT'YH YCTAHOBKH B KaU€CTBE METAJUIyPruuecKoro ra3a (BOCCTAHOBHUTEIbHBIN Ia3) B
IIaXTHOM MY MPSIMOTO BOCCTAHOBJICHUS, SIBJISIETCS JKEJIaTeNbHbIM yanenue azora. C
5TOM LEJBI0 YacTh MOTOKA OTXOASIIEro ra3a u3 Npou3BOAsIIEeH YyTryH YCTaHOBKHU
MOXeT ObITh 0OpaboTaHa B OTAENAOIIEH a30T YCTAHOBKE Iepe]] HalpaBleHuEeM K
yCTaHOBKe o0orauieHus: BOJOpoAoM. B BapuaHTax oCyIleCTBIEHUs yCTAHOBKA
yAaJeHusl a30Ta MOXET ObITh PaCHoJIOKEeHa Ha BBIXOJAHOM IOTOKE YCTAHOBKHU
oborameHus BOZOPOJAOM BMECTO €€ BXOJHOTO MOTOKA.

Hactosimee nuzobpereHune MOXKeT ObITh PEaJU30BaHO C CYLMECTBYIOIHM XOPOIIO
U3BECTHBIM B METAJUIy PrudeCKON MPpOMBIILIEHHOCTH 00opynoBanueM. Hanpuwmep,
yCTaHOBKA MPSIMOT'O BOCCTAHOBJICHUS, TPOU3BOAINASI YYT'YH YCTAHOBKA, YCTAHOBKA
NUpPOoIN3a OMOMACChl MOTYT OBITh OCHOBAHBI HAa MOAXOASIIEH TEXHOJIOTHH.
Hcnonpzyembie B n300peTeHUN CUCTEMBI 00pa0OTKHU ra3a Takke XOpOIIO U3BECTHBI,
MOCKOJIBKY OHH HCIIOJIB3YIOTCS B METAJIYPrHYECKON MPOMBIIIIEHHOCTH U Oosee olme
B XUMHYECKOU MPOMBIIIJIEHHOCTH.

Hanpumep, ycTaHOBKa 00OTalIeHUs BOJOPOIOM MOKET ObITh OCHOBaHA Ha
MHOXeCTBe TexHoJoruil. [Ipexne Bcero, yctaHoBka 000raieHust BOJOPOJIOM MOXKET
BKJIIOYATh B ce0s peakTop CABHUIa BOJA-Ta3.

YcTaHOBKH MHpON3a OMOMACChl UCIIOJB3YIOTCS BO MHOTUX OoTpacisax. [lpu
SKCIJIyaTaluu B PEXKUME TaK Ha3bIBAEMOTO "MEIJIEHHOr O MUPOJIN3a" OHU MPOU3BOASAT

6I/IOy1"OJ'IIJ u 61401"213, KOTOPbBIC MOTYT OBITh MUCIOJBb30BaHbI B KAUECTBE yrjaepoaucToro
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MaTepuaia JJis HarpeBaHUs U APYTHX LeJel, mpexae BCero A MeTaJIypTruiecKux
npuMeHeHul. B KOHTekcTe HacTosAmero n3odpereHus TepMus "O0noyroup"
UCIIOJNb3yeTCs i1l 0003HAUEHHS TBEPAbIX MPOAYKTOB MUPOJN3a, KOTOPbIE MOTYT OBIThH
HCIIOJIb30BAaHbI B KAU€CTBE BOCCTAHOBUTENIBHOI'O areHTa B MPOU3BOASLIEH UyTryH
YCTAHOBKE U KOTOpPBbIE OOBIMHO HA3bIBAIOTCA OMOYTJIEM MU OMOKOKCOM.

ITpounsBoasimas 4YyryH yCTaHOBKA IMUTAETCS OMOYTieM B Ka4eCTBe
BOCCTAaHOBHUTEJBHOTO areHTa. B 5TOM KOHTeKCTe OMOYTOJib IPEACTABISET IJIABHYIO
4aCcTh BOCCTAHOBHUTEJIbHOI'O areHTa, a HMEeHHO, 110 MeHbinel mepe 70%, 80%, 90% (1o
Macce), a mpeanoututeabHo a0 100%.

VYcTaHOBKY yaaleHUs1 a30Ta OOBIMHO HCIIOJB3YIOTCS B 00JIaCTH MPOU3BOACTBA
IPUPOJHOTO Ta3a.

VY CTaHOBKH 3JIEKTPOJIN3a BOJBI TAKIKE SIBJSIIOTCS OOIENPUHSATBIMHA U
UCIIONB3YIOTCS s peoOpa3oBaHus BOABI B BOXOPO.

VYcranoska DR moxeT obecrniednBaTh peann3aliio pa3HbIX TEXHOJOTUN. B
BApHUAHTAX OCYLIECTBICHUS OHA BKJIIOUYAET B ce€0s MAXTHYIO MeYb, NeYb peQOopMUHTa U
CHUCTEMY peKylepauuu Termia. B Apyrux BapuaHTax OCYIIECTBJICHUS OHA BKIIOYAET B
ce0s IaxTHYIO Mevb, HarpeBaTesb U ycTaHOBKY ynaneHus CO; (To ecTs, 0e3
IOTNOJTHUTENbHON neun pedpopmunra). Takue yctanosku DR moryt
SKCIIyaTUPOBATHCS C MPUPOAHBIM ra30M U/UJIU C BOCCTAHOBUTEJIbHBIMHU ITOTOKAMH.
OHU SABISIIOTCS TOJNBKO MPUMEPAMH, U CIELHATNCT OyeT 3HaTh, KaK BbIOpaTh
MOAXOJSIINE NMPOLIECCHl BOCCTAHOBJIEHUS.

Taxske nmpousBoAsIas Yyr'yH YCTAHOBKA MOXET 00€CIeYnBaTh pealn3aluio
Pa3HbIX TEXHOJOTHUH.

OO6bruHO BBIpabaTHIBAIOINAS YYT'YH YCTAHOBKA MOKET BKJIIOYATh B ce0st
JOMEHHYIO MeYb UJIH TJIABHJIbHO-BOCCTAHOBUTEJbHBIA PEAKTOp, IpUYeM oda
NMUTAOTCS OMOYTroJieM B Ka4eCTBE BOCCTAHOBUTENBHOIO arenra. IInaBuibHO-
BOCCTAHOBHUTEJbHBIN PEAKTOP THIUYHBIM 00pPa30M BKIIFOYAET B Ce0sl MPOTHBOTOYHBIN
peakTop, MUTaEMBbI CMECHI0 HOCUTEJEH Kefe3a (HECYIUX JKelle30 MaTepHalioB) U
TBEPABIX BOCCTAHOBHUTEbHBIX ar€HTOB. TUMHUYHBIM 00Pa30M HOCUTEIHU JKejle3a 4acTo
MOTYT MPUCYTCTBOBATh B BUJE KYCKOBOM PYbl, OKATBIIIEH WU METOYH (MEIKUX
gacTul]). TBepabple BOCCTAHOBUTENbHBIE ar€HTHI OOBIYHO BKJIIOYAKT B €05 Yyrojb HIIH
yIJIepOJ, OHAKO B KOHTEKCTE N300pEeTEeHHs B Ka4eCTBE BOCCTAHOBUTEIBHOI'O areHTa
ucrnoap3yercs 6uoyronb. Kak H3BeCTHO, BOCCTAHOBUTEJbHAS MJIABKA UCIIOJIB3YETCS

AJIs1 IPOU3BOJCTBA XKUJKOTO ropsAuero Metajjia nogoOHo JOMEHHON nedn, HO Oe3
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3aBHCUMOCTH OT kKokca. OHa TpeOyer HeOOIbLIOH MOATOTOBKH MTOAaBAEMOT0
MaTepuaia U UCIOJIb3yeT yrojb (HIH Yriepoa), KUCIOPOI W/ MU 3JIEKTPUIECKYIO
SHEPTHUIO.

B BapuaHTax OCyIIECTBJIEHHS MPOU3BOASIIAS YYT'YH YCTAHOBKA BKJIIOYAET B ce0s
OOBIYHO HU3KUH NMPOTUBOTOYHBIN PEaKkTOp, MUTAEMBbIIl CMEChIO HOCUTEJIEH JKeye3a
(HeCyIMX JKeje30 MaTepHajoB) U TBEPABIX BOCCTAHOBUTENbHBIX areHToB. Hocurenu
JKejie3a THIUYHBIM 00pa3oM SIBJISIFOTCSI arJIOMEPUPOBAHHBIMU HCXOJS U3
MEJIKO3EPHUCTBIX PYA ¢ JOOaBJIEHUEM K HUM YaCTH BOCCTAHOBHUTEJIbHBIX areHTOB JJIsI
obJyierueHusl peakiuil MoJy4eHus keyue3a. MaTepuaisl 3arpyKarwT B PEaKTOpP CBEPXY
yepes CreluaibHble KaHalbl. Bo3nyx, 3a4acTyo o0OrameHHbliH KUCIOPOIOM, a TAKKe
ra3oo0pa3Hble BOCCTAHOBUTEIbHBIE ar€HThI BAYBAIOT C HUJKHEH YaCTH peaKTopa.
IlepenenbHblil 4YyTryH U IJAK BBINYCKAKT U3 HUXKHEH 4acTu. Takol BUA
BOCCTAaHOBHUTEIbHO-TIJIABHIIBHOTO PEAKTOPa C BEPTHKAJIBHBIMU MITAOETSIMH
MaTepuanoB packpwIT, Hapumep, B WO 2019/110748 u BKJIFOUEH B JAHHBIH TOKYMEHT
no ccbike. Kak MOHATHO CMEUaNucTy B JAHHOW OOJIACTH TEXHUKH, TAKOW HU3KHI
pPEaKTOp OCHOBAH Ha BOCCTAHOBJIEHUU NPU HU3KOM AABJIEHUU C MOJBUKHBIM CJIOEM,
ABJISETCS THOKUM B OTHOIIEHHUM HECYLIUX JKEJIe30 U HECYLIUX YIIIEPOa ChIPbEBBIX
MaTepHaIoB, KOTOpblEe OH MOXeT nepepadareiBaTh. CIOCOOHOCTH criocoba
pPacIiaBiIsATh UIN OKATBIIIN MIM OPUKETHI NN JJa)ke CMEIIaHHbIe 3arpy3KU U3 HUX
ofecrneunBaeT CPenCTBO AJISI UCIIOIb30BAHUS IUPOKOrO AUANA30HA aJIbTEPHATUBHBIX
NUTAKIUX MAaTEPHAJIOB.

3a€ech MOXKHO OTMETHUTD, YTO TAKOH BUJ HU3KOTO BOCCTAHOBUTEJBHO-
IUIABHJIBHOTO PeaKkTopa OObIYHO BhIpa0aThIBAET 3HAUUTEIbHBIE KOJTUYECTBA
OTXOJSIIETO ra3a, CPpaBHUTENBHO OOJbIIE, YeM APYTHe TEXHOJOTUU
BOCCTAaHOBHUTEJbHON MJIABKH, Aejas ero 0co00 MPUTOAHBIM IJIsl UCIIOJIb30BAHUS B
KOHTEKCTE H300pETEeHUs, TO €CTh IJIs1 MCIOJb30BAHUS OTXOISINErO ra3a B yCTAHOBKE
IpsIMOT0 BOCCTaHOBJIEHUA. JIpyrUMH CIIOBAMH, MJIaBUIbHO-BOCCTAHOBUTENbHBIN
peakTop obecrnedynBaeT OCYIIECTBUMOE PELICHHUE ISl UIeH U300peTeH s, rae
OTXOJSIIIHI ra3 MPOU3BOISAIIEH YYyTYH YCTAHOBKH JOJKEH OBITh CIIOCOOEH 00eCnednTh
IJIaBHBIN MCTOYHMK ras3a JUisl 3KCIIyaTaluyl yCTAHOBKH NMPSIMOTO BOCCTAHOBJICHUS.
Takxe noMeHHas me4yb BbIpabaThIBAET JOCTATOYHOE KOJIMYECTBO Tasa.

B koHTEKCTE M300peTeHUs KenaTeNbHO, YTOOBI OTXOMSIINN a3 MPOU3BOISIIEH

4yT'yH yCTAHOBKHU UMen coBMecTHOe copepxkanue CO u CO, no MeHnbiueit mepe 25 %
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00., mpeanoururenpHo Oonee 30, 35 mnu 40 % o00. IIpeanoyTureapHo, CopepIKaHue
CO cocrasaser no menbpuen mepe 20, 25 unu 30 % 06.

Kak OyneT MOHATHO CIEUUaNUCTy B JaHHOW 00JIaCTH TEXHUKH, HEKOTOPbIE
BOCCTAaHOBHUTEJIbHO-TIJIABUJIbHBIE MeYH (TaKHe KaK, HallpUMep, BBIIIEYTOMSHYThIN
HU3KUH MPOTUBOTOYHBIH PEAKTOP MJIM JOMOBAs I1€Yb) MOTYT BhIpabaThIBATH
3HAYUTENIbHbIE KOJINYECTBA a30Ta. B TakoM ciiyyae peKOMEHAYeTCsl UCIOJIb30BaHUE
YCTaHOBKH YIAJICHUS a30Ta U3 MOTOKA OTXOMASLIEro rasa.

Hactosimee nzoOpereHne B pa3HbIX BO3MOKHBIX BAPUAHTAX OCYIIECTBIICHHS
obecneunBaeT HECKOJIbKO MPEUMYLIECTB!

- OcHOBaHHOE Ha Onomacce/3eJeHON YHEePruu MPOU3BOACTBO MEPENETbHOTO
gyryHa, DRI (B pa3HbIx ¢popmax) u cTanm.

- CuHepruro ABYyX TEXHOJIOTUH MPOU3BOACTBA XKeJe3a, IIe YCTAHOBKA MPSMOTO
BOCCTAHOBJICHHUS HCIOJb3yEeT OTXOSIIHNE ra3bl IPOU3BOASAIEH YYTYH YCTAHOBKH,
MOJTHOCTBIO OCHOBAHHBIX Ha OMOMacce/3eJeHOl SHePTHH, CTAHOBSICh B PE3YyJIbTATE
3TOr0 CaMOil OCHOBaHHOW Ha OMoMacce/3eJeHON SHEPTHUH.

- DKCIUTyaTaUU YCTAHOBKHU MPSMOTO BOCCTAHOBJIEHUS, UCIIOIb3VIOLIEH
OTXOJSIIIHE Ira3bl MIPOU3BOIAIIEH YYTYH YCTAHOBKH 0e3 MOTpeOHOCTH B JIFOOBIX Imarax
ynanenust CO, wiu N; U3 TaKUX OTXOISILIUX ra3oB.

- OO0bpenuHEHNE ABYX TEXHOJOTUH NPOU3BOACTBA XKelle3a, I7le IPOU3BOAAI A
YYT'YH YCTAHOBKA MPUTOAHA JUIS UCIOJb30BAHUS MEJIOYM U OCTATKOB U3 YCTAHOBKHU
npsIMOTO BOCCTaHOBJIeHHs. IIpexae Bcero, KOHGUrypalus COrjacHO N300pETEeHHIO
NO3BOJISIE€T 3arpy>KaTh MbUIb, MEJIOYb U APYrUe OCTAaTKU U3 ycraHoBKH DR B kauecTse
YaCTH MOAJIeKAIeH TUIABJICHUIO IIUXThl. DTH MAaTEPHAJbI, TO €CTh MblJIb, MEJIOYb U
ApPYrue OCTATKH MOTYT OBITh, B 3aBUCUMOCTH OT TEXHOJIOTUU MPOU3BOASLICH YYTyH
YCTaHOBKH, MIOBTOPHO MCIOJIb30BaHBI B HACBIMHOM BUe (popMa HEOOIBIINUX YACTHI)
WU B BHJI€ arjioMepaToB (pa3HOro pazmepa). ITa BO3MOKHOCTh MPOCTOTO
MOBTOPHOT'O UCTIOJIb30BAHUS MBI, MEJIOYU U APYTHX OCTATKOB M3 YCTAHOBKH
NpPSIMOTO BOCCTAHOBJICHHS] Ha TOM K€ MECTE B IIPOM3BOASIIEH UyTr'yH YCTAHOBKE
SIBJIIETCS] BEChMA MPEANOYTHTEIBHOU U 0C000 MPOCTO UCMONB3YEMOH ¢
BBIIIEYTOMSTHYTOH BOCCTAHOBUTEJIbHOH IJIaBKOH, BKJIIOYarOImell B ceds
UCIIOJIb30BAHNE HU3KOTO MPOTHBOTOYHOI'O PeaKkTopa.

- Kondurypauus u3 1Byx npou3BOASIINX YYyT'YH TEXHOJOTUH, II€ TPOU3BOACTBO
DRI B ycTaHOBKE MPAMOT0 BOCCTAHOBJIEHUS MOXKET ObITh TOOOUYHBIM IPOAYKTOM

HpOHSBOI{HHIGﬁ YyTYH YCTAHOBKHU B JHOOBIX Ccllydadax ¢ YCTaHOBKaMU, COCAUHCHHBIMUA
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TakuM 00pa3oM, 4TO YCTAHOBKA MPSIMOTO BOCCTAHOBIIEHHUS MOXKET TaK¥Ke
SKCIIyaTHPOBATHCS, KOT/Ia MPOU3BOISINAs YYyTyH YCTAHOBKA He paboTaer.

CornacHo aApyromy acmnekTy u300peTeHHe Takke OTHOCUTCS K
METAJITyPru4ecKoil YCTaHOBKE, KaK M3J0KEeHO B I. 25 ¢opMyJibl H300peTeHHs.

BrimeynoMsaHyTBIN U ApyrUue BAPUAHTBI OCYLIECTBJIEHUS U3JI0KEHBI B
NpHJIaraeMbIX HE3aBUCHMBIX MYHKTaX (OpMyJibl H300peTeHus .

Kparkoe onucanue ueprexei

JApyrue nogpoOHOCTH ¥ MPEUMYIECTBAa HACTOSEro n300peTeHus: OyayT
MOHSITHBI U3 CIEAYIOMEro MoaApoOHOro OMMcaHue He OrPaHUYHBAIOIUX BAPUAHTOB
OCYILIECTBJICHUS CO CCBUIKON Ha MpuaraeMbele 4epTexu, npudaeM ¢ur. 1-4 spisroTcs
CXe€MaMH, WLTICTPUPYIOUMHU Y€ThIPE PAa3HbIX BAPUAHTA OCYILECTBIEHUSA
METaJLUTyPrUYeCKON YCTAaHOBKH, peaju3yrImux HacTosmuii cnocod. Ha ¢purypax, eciau
HE YKa3aHO MHAYe, OJJUHAKOBBIE HUJIU MOJOOHBIE 3JIEMEHThl 0003HaU€HbI OJTMHAKOBBIMHU
CCBUIOYHBIMH 0003HAYEHUSIMU.

[TonpobHOe onucaHue MPEANOUYTHTEIbHBIX BAPUAHTOB OCY I ECTBIEHHUS

Ha ¢ur. 1 nokasana nepsas cxeMa ycTaHOBKH 10 aisi peanu3aniy HaCTOSAIETO
criocoba. J[Byms riiaBHbIMH KOMIIOHEHTaMHU yCTaHOBKH 10 sBISIFOTCS ycTaHOBKA 12
IPsAMOTO BOCCTAHOBJIEHHUs U MPOU3BOASIIAS YyT'yH ycTaHOBKaA 14. Ycranoska 10
TaK)Xe BKJIIOYAeT B ce0s ycTaHOBKY 16 muponnza 6momMaccel, KOTOpasi IPOU3BOJUT
O1OoyroJib, UCMONIB3yEMbIH B IPOU3BOAAILEH YYT'YH YCTAaHOBKe 14 B KadecTBe
BOCCTAaHABJIMBAKOILErO areHTa.

Kak OyneT BUAHO B pa3HBIX BapUaHTaX OCYLIECTBJIEHUs, IpeaaraeMble
KOMIIOHOBKHU 00€CTI€YHBAIOT ONTUMAIBHYIO KOHPUTYpPaALMIO IJisI KOMOUHALUH
YCTAHOBKH 12 mpsAMOro BOCCTAHOBJIEHUS U NPOU3BOASINEN YYT'YH YCTAHOBKHU 14,
OCHOBAHHOM Ha UCTOYHHUKAX 3€J€HOU 3Hepruu. Bo Bcex BapuaHTax OCyLIE€CTBIECHUS
UMEETCsl CHHEePTHs ra30B (YCTAHOBKA MPSIMOTO BOCCTAHOBJIEHHS HUCIIOIB3YET
OTXOJISIINI ra3 U3 MPOU3BOSIIEH YYyT'YH YCTAHOBKH), & TAK)KE TBEPIBIX MAaTEPHUAJIOB
(mpom3BoAsIas YYTYH YCTAHOBKA MOYKET M3BJEKATh MOJIb3Y OT UCIOJIb30BAHUS MbLIH
U ocTaTKoB, a Takke or DRI/HDRI/HBI, npoussoaumsix ycranoBkoii DR).

VYcranoBka 12 nmpsMoro BOCCTaAHOBJIEHUS UMeeT OOBIUHYIO KOHCTPYKIHUKO. B
JAHHOM BapHaHTEe OCYIIECTBIICHUS €€ OCHOBHOE 00OpymOBaHME BKJIIOUaeT B ceds (Oe3
OTPAaHUYEHUH ) MIaXTHYIO Ne€Yb C BEPXHUM BXOJHBIM OTBEPCTUEM U HUKHUM
BBIXOJIHBIM OTBEPCTHEM, NeUb peOPMHUHTa U CUCTEMY peKymnepanuu Temia (He

nokazaHa). [lluxTy 18 xene3HOlN pyabl B KyCKOBOW W/UJIM I'paHyJIUPOBAHHOH dpopme
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3arpy’kar0T B BEPXHIOK YaCTh M€YH, U MO3BOJISAIOT €1 OMyCKAaThCs MOJ NeiCTBUEM
CHUJIBI TSPKECTH Uepe3 BOCCTAHABIMBAO LUK ra3. TUNMHYHBIM 00pa30M yCTaHOBIEHO
JIOTIOJTHUTENIbHOE MeXaHu4Yeckoe 00opyaoBaHUe Al 00JerdyeHust ONyCKaHus TBEPAOro
MaTtepuaa.

IluxTa ocTaeTcs B TBEPAOM COCTOSHUHU BO BpEMs MepeMelIeHHUsl OT BXOAHOIO
OTBEPCTHS K BBIXOAHOMY OTBEPCTHIO. BOCCTAHOBUTENBHBIN ra3 BBOAST B LIAXTHYIO
neyb cOOKY B OCHOBaHME 30HBI BOCCTAHOBJICHUS, TPOTEKAKO UM BBEPX Yepe3 CIOoH
pyasl. BoccTranoButenbHas atmocdepa Bka4aeT B ceOs rimaBHbiM odpaszom H, u CO.
BoccTaHoBIEeHHE OKCUIOB JKejle3a MPOUCKXOAUT B BEPXHEH YaCTH MeYHU MPH
temnepatypax 10 950°C u Beime. B 3aBUCUMOCTH OT BapHaHTa OCYLIECTBIEHUS
IIaXTHas e€Yb MOYKET BKJIIOYATh B ce0sl MEPEXOAHYIO 30HY HUXKE 30HBI
BOCCTAHOBJICHHUSI. JTa 30HA UMEET NOCTATOYHYIO JUIMHY IJISl OTHEJIEHUS 30HbI
BOCCTAHOBJICHHUSI OT 30HBI OXJIAXKIACHHUS, J1eJ1asi BO3MOKHBIM HE3aBUCHMOE yIIPaBJIEHUE
obouMu 30HAMH.

OnHako COrjJacHO COBPEMEHHOW MPAKTUKE LIAXTHAS MMe4Yb TUIIHYHBIM 00pa3om
BKJIIOYAET B ce0s1 HE 30HY OXJIAXKAEHHUs, & 30HY BBITPY3KH (HEMOCPEACTBEH HO MO
30HOI BoccTaHOBJEeHHs ). Takum 00pa3oM, TBEPABIN MPOAYKT IIAXTHOHN MeUH
BBITPY’KaeTcs ropstauM. Torna oH MOXKeT ObITh!

1) 3arpy’xeH ropsstiuM B pacloJIOKEHHOE HUXKE IO NMOTOKY MPOU3BOAAINEE CTAlb
obopynosanue (snexkrponyrosyio neds (EAF), morpyxuyro ayrosyio neus (SAF)),

2) OpUKEeTUPOBAH B TOpsivYeM COCTOsIHUM ¢ oOpazoBannem HBI,

3) OXJTaKIEHHBIM B OTAEJIBHOM pe3epByape B BUAE XOJOJTHOTO
npsiMmoBoccTaHoBieHHOTO *keje3a (Cold DRI),

4) xomMOMHaUMEeNH TpeX MPeabIIyIUX TPOIYKTOB.

OcHOBOI pOU3BOAsINEH YYyTyH YCTAHOBKH 14 31€eCh siBNisieTCsl OObIYHAS
NPOU3BOASINAS TEPEEIbHBIN YyTYH YCTAHOBKA C OTHOCUTEJIBHO HU3KUM
NPOTUBOTOYHBIM PEAKTOPOM, MMUTAEMAasi CMECHI0 HOCUTEINEH kene3a (HeCYIHnX Keae30
MaTepHAaJIOB) U TBEPIBIX BOCCTAHOBUTEJNbHBIX areHToB. Hocurenu sxene3a oObIMHO
SABJISIOTCS arJJOMEPUPOBAHHBIMU HUCXOAS U3 MEJKO3EPHUCTBIX Py € N0OaBIEHUEM B
HUX YaCTH BOCCTAHOBUTENbHBIX ar€HTOB IJIs1 O0JErdyeHus MPOU3BOISIINX KEIe30
peakiuii. MaTepuaibl 3arpy’KarT B PEaKTOP MEPENebHOr0 YyryHa CBEPXY Uepes
crienunajgbHble KaHadbl. Bo3ayx, 3a4acTyro o0OTaleHHbIH KUCIOPOAOM, a TAaKXKe
ra3oo0pa3Hble BOCCTAHOBUTEIbHbBIEC aT€HTHI BAYBAIOT C HIKHEH YaCTU pPeakTopa.

IlepenenpHBIN UyTyH U IIJIAK BBINYCKAKOT U3 HUJKHEH 4acTH (MPAMOYTOJNbHUK 24).
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PeakTop MoXxeT BKJIIOYATh B ce0sl BEPXHUM mTabeNb sl HAOJHUTENS (HOCUTENEeH
JKeje3za) Ha HkHeM mradene. [IutaTenn TBepaOro TONINBA PACIOIOXKEHBI BOKPYT
MecCTa Mepexoia MeXAy BEPXHUM M HIKHUM LITA0ENsIMU TSI TOIUTUBHOTO
3anojaHuTens. TOMINBO Takke BBOIST LIEHTPAJIbHO Uepe3 HaCalKy, PacloIOKEHHYIO
LIEHTPaJbHO HA BepXHell yacTu BepxHero mrabens. Takum oOpa3oM, pasHble
MaTepHuajbl HAIOJIHHUTENS 3arPyKalT B BEPTUKAIbHbIE ITAOEIH.

Takoit B MJIaBHIBHO-BOCCTAHOBUTEIBHOTO PEAKTOPA C BEPTHKAIbHBIMHU
mrabenssMu MaTepualioB packpslT, Hanpumep, B WO 2019/110748 u BKJIIOYEH B
TaHHBIA TOKYMEHT MO cCchlike. MICMoap30BaHNe TAKOTO BUAA MJIABHUJIBHO -
BOCCTAaHOBHUTEJIBbHOTO PEAKTOPA MPEJHA3HAYEHO ISl SKCIIJIyaTaluu ¢
BOCCTAaHOBHUTEJSIMHU yTOJIb/YIIEPOA U MPUCTIOCOOJIEH I SKCIIyaTaluu ¢ OHMOYTIIeM.

OH Takke nenaeT BO3MOXKHON OONbIIyI0 THOKOCTh B OTHOIIEHUH 3arPY3KH
HOCHUTEJIEeH XKeme3a, TakKe Aejas BO3MOXKHBIM ITOBTOPHOE MCIOJIb30BAHUE ITBLIH,
MEJIOYH U APYTUX OCTATKOB M3 YCTaHOBKU DR, KoTOpBIe MOTYT OBITH BBEICHBI B BUIE
KYCKOB (YacCTHI) UJIU B arJJOMEPUPOBAHHON (pOpMe B IJIABUIBHO -BOCCTAHOBUTEIbHBIN
peakTop.

VYcranoska 16 nuponusza Ouomaccs! Takxke oObpruHas. [IpuHIMIOM nelcTBUS
ABJISAETCS MUPOJIN3: OMoMacca HarpeBaeTcst Npu (MOYTH MOJHOM) OTCYTCTBUHU
KHCJIOPOJa, PE3YIbTATOM HEero SIBJIAIOTCS TPU pa3jnuyHble (a3bl, Ha3bIBAEMbIE
COOTBETCTBEHHO yrjieM (TBepaas), cMoJioil unu 6noHedThi0 (KUAKAs) U CUHTa30M
(HexoHIeHcupyeMble ra3el). Pacnpenenenue npoaykra cpeau Tpex ¢as 3aBUCHT OT
pabouux mapamMeTpoB, TJIaBHbBIM 00pa3oM pa3mepa oOpasiia, BpeMeHU MpeObIBaHUS U
Temnepatypbsl. B koHTeKkcTe n300peTeHust 0co00 pacCMaTPUBAEMBIM SIBJISIETCS] TaK
Ha3bIBAEMBbIIl MEIJICHHBIN nMuposau3 (uiu oOyriuBaHue), IPOBOIUMBIN MPHU
temreparypax oT 400 no 500°C ¢ oTHOCUTENHbHO OOJNBIIUM BpeMeHeM NpeObIBaHUS,
MOCPEACTBOM YE€r0 OCHOBHBIM MPOAYKTOM SIBJISIETCA yroJib. Y CTaHOBKa 16 muponusa
O0OBIYHO MOJKET BKJIIOYATh B C€0sl peaKTOp, KOTOPBIA HArpeBaeTcs MOCPEICTBOM
3JIEKTPUYECKON SHEPTUHU.

CoIpoii BBOOUMBIN B YCTAHOBKY 16 muponusa matepuan 22 6HoOMacchl MOXKET
ObITh pa3nuyHbIM. OH THIIUYHBIM 00pPa30M SIBIISIETCS MAaTePUAJIOM, HA3bIBAEMBIM
OMOTOIUIMBOM U MOJKET BKJIOUATh B ceOsl:

1) IpeBeCHY OMoMaccy U MOOOUYHBIE MPOAYKTHI JIECHOW MPOMBIILIEHHOCTH
KYCKHU JIPEBECHHBI, JPEBECHYIO IIEMNy U BCE APYrue NpOAYKTHI JIECHOM

MPOMBILIJICHHOCTH (OMHUJIKH, OTXOAbI JJECOMUIbHBIX TPEANPUATHH ...),
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1) IPOAYKTHI CENBCKOXO3SIMCTBEHHOTO CEKTOPA: SHEPTETUUECKUE KYJIbTYPbI
(XBOPOCT, KHTAMCKUH TPOCTHHUK, 3€PHO ...), & TAKXKE OCTATKHU CEJIBCKOXO35HCTBEHHBIX
KYJbTYp (COJIOMY, JKMBIX, IIENYXY ...),

1i1) opraHudeckre moOOYHbIe MPOAYKTHI MPOMBIIIEHHOCTH: TaAKHE KaK IIJIaM
OyMaKHOT'O MPOU3BOJACTBA MJIM OTXObI MUINEeBOH mpombitieHHOCTH (FPI),

V) OpraHMYecKHe OTXOAbl: OOBIYHbIE OTXOABI, CTOYHbIE BOABI (pepM MM ApyrHe
OTXOJIbl TOPOJCKOTO XO35IMCTBA (IJIaMbl CTOYHBIX BOJ),

U KOMOWHAIUK U3 HUX.

U3 Guomaccel 22 ycTaHOBKa 16 mUpoan3a MpOU3BOAUT J1BA MOTOKA!

- 6uoras 82, KOTOpbIIl MOKET OBITh HAPABJICH K Ta30pacIpeaeIUTEeIbHON CETH

- yrosb 83 (Hampumep, OMOYTOJb UK OMOKOKC), KOTOPBIA HAMIPABISAETCS K
MPOU3BOJSIIEH YyTYH YCTaHOBKE 14.

TpancnopTUPOBKY yIis K NPOU3BOAAIIEH UYTYH YCTAHOBKE 14 BBINOJHSAKOT
JOOBIM MOAXOMSIIIAM CIIOCOOOM, HapUMeEp, MOCPEICTBOM KOHBEHEPOB, PeJibC,
KOpoOOB U T.1II.

B npoussoasmen 4yryH ycTaHOBKE 14 MCIONB3YIOT IHUXTY, BKIOYAK YO B
ce0s Ouoyroab 83 u xene3HOpyAHYIO Menoub T1 (mpsmMoyronbHUK 26).
XKenesnopynnyro menous T1 npu HEOOXOOUMOCTH COOTBETCTBYIOIINM 00pa3om
arJoMepupyroT Mepes 3arpy3koi B yCTaHOBKY 14. DToO MOXKeET BKJIIOYATH B ce0s
HECKOJIbKO 00pabOoTOK JKeJIe3HOPYIHONW MEJIOYH, TAK)KE C HCIOIb30BAHUEM YaCTH
Ouoyrns 83. B naHHOM BapuaHTe OCyLIeCTBIEHUs NOTOK D3 mbuth, Meno4u U APyrux
octaTkoB U3 ycTtaHoBKHU 12 DR ucnonw3yror nis 3amens yactu T1 B mpouecce
arnomepauuu. [1o3ToMy 4acTh WUXTHI NPOU3BOASAIIEH UYTYH YCTAHOBKH COCTOUT U3
0oTX0A0B ycTaHoBKHU 12 DR.

buoyrons 83 neiicTByeT B kKaueCTBE BOCCTAHOBUTEJIBHOIO areHTa, Aenas
NOCPEACTBOM 3TOTO BO3MOKHBIMHU PEAKLMH, HEOOXOAUMBIE JUIsl yAAJeHHS KUCIOpOaa
U3 HECYLIUX JKeJIe30 MaTepHalioB.

IToTok oTXoAsIMero ra3a MpOU3BOASIIEH YyTYH yCTaHOBKU 14 0003HaYeH depes
T3 u comepxkut raasHbiM oOpazom CO, CO,, Hy, H,O u N;. O6sun0 0b111ee
conepxxanue CO u CO; B oTXOAs1EM raze MOXKET COCTaBJATh MO MeHblell Mmepe 25%
00., npeanouturenpHo Oonee 30, 35 unu 40% o0.

IIpencraBneHHast Huxe Tabauna | TPUBOAHUT B Ka4eCTBE MPUMEpPA COCTAB

Pa3HBIX ra30BbIX MOTOKOB AJisd BapHUaHTa OCYLIECTBJICHUA COrJIAaCHO (I)I/Il". 1.
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Tabnua 1. MaTepuanpHble MTOTOKHU KOHQUTYpalluu ¢ METaHU3ALUEN IS

NpsAMOBOCCTAHOBJIICHHOT'O MPUPOAHBIM Ira3oM KeEJI€3a

ITepenenpusiii uyryH (T2)
ITorok 1 ToHHa

ITap u3 ycranoBku DR*
(S4)
IToTok 558,8 HM®

CO, u3 WGS (C1)
ITorok 590,5 HM®

94,64 | Fe %
Cocras Mac.
3,50 | C % wmac.

ITap xk WGS** (S2)
IMoTtok 340 M’

95 CO,; %
Cocras 06.
5 N>, %
00.

ITopomok xene3Hon pyAbl

ITap xk SOEC*** (S3)

H, us WGS (HY1)

(T1) [ToTok 1033 M’ [ToTok 624,2 HM®
ITorok 1,440 ToHH

65 Fe % ITap u3 meranuzaunu (S5) 83,31 |Hy %
Coctan Mac. [ToTok 1122 M’ 00.

30 0% 15,86 | CO; %

CocTas
Mac. 00.

ITopomox u3 DR (D3) Otxopsmuii ra3 (T3) 0,83 N, %
[Torok 0,060 ToHH [Totok 2000 M’ 06.

H, u3 SOEC (HY?2)
ITotok 1930.6 um®

95,5 | Fe % 24 CO %
Mac. 00.
C 3,5 C % wmac. 9 CO; % 89,30 | H; %
e 00. Cocrasn 00.
1 0 % 2 H; % 10,70 | H,0 %
Cocrasn
Mac. 00. 00.
Kenesnas pyna (P1) 7 H,0 % | IIpuponnsriii raz3 NG1)
ITorok 2,525 TOHH 00. [Torok 694,7 um’
58 N, %
00.
70 Fe % Orxomsmuii raz k WGS 80,75 | CH4 %
C Mac. (T4) 00.
N ED) 0 % [lotok 874,7 um® 1425 | CO, %
Cocrasn
Mac. 00.
HBI**** (D4) 54,87 [CO % 500 | N, %
ITotok 1,870 ToHH 00. 00.
20,58 | CO; % Heivosotii ra3 (F1)
06. [Totok 3585,0 um’
95,5 Fe % 4,57 H, %
Cocrasn
Mac. 00.
Cocran 3,5 C % wmac. 16,00 | H,O % 63 N, %
00. 00.
1 0 % 3,97 N, % 22 H,0 %
Cocrasn
Mac. 00. 00.
Cymmapnas notpeOnocts | Ynanennsiit N, (T95) 15 CO; %
B mape (S1) Iotok 1125,3 um’ 06.

IMotox 1373 um’

Cocrtas | 100 N, %

00.
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* IIpssMO€ BOCCTAHOBJIEHHE

*%* CnBur Boma-ras

*#% fJueiika TBEPIOOKCHAHOIO 3JIEKTPOIH3Epa
*#%% TopstueOpUKETUPOBAHHOE JKEJIE30

IToTok OoTXOAsILIEro rasa NPpoOXoAuT uepes GaKyJIbTATUBHYIO OUHINAIOIIYIO
YCTAHOBKY 28, mpU4eM yaaisieTcsi HEKOTOPOe KONIN4UeCTBO Ny, a TakkKe NblIb U APyrue
KOMNOHEHTHI. Beixonuol notok TS N, HanpasisitoT B Hakonuteab 30 Ny ans
BO3MOXHOU mepepadoTKH.

OcratouHblii MOTOK T4 OTXOAsIIero ra3a, BbIXOMSIIUN U3 OUHUINAKOIIeH
yctaHoBku 28, conepxkut B ocHoBHOM CO, CO0,, Hy, H,0 u HanpaBnsieTcsi B KOHBEPTEP
32. Ypansemoe konuuecTBO Ny 3aBUCUT OT conepskanus Ny B notoke T3 u
ponyctuMoro Mmakcumyma Ny B ycraHoBke 12 DR. B HacTosiluem BapuaHTte
OCYINECTBJICHUS BBIOPAHHAS IS MPOU3BOAAINEH YYTYH YCTAHOBKH 14 TeXHOJIOTHSA
BbIpabaTHIBAET 3HAUUTENbHOE KOMUUEeCTBO Ny. OHO MOXKET OTIIHYATHCS MPHU
UCIIOJIb30BAHUM JAPYTUX TEXHOJOTHUIL.

Konseprep 32 (Takke Ha3pIBa€MbIH YCTAHOBKOW 00OrameHus BOAOPOIOM)
BbinoyiHeH 1151 KouBepTuposanusi CO u H,O B CO, u H; u nnst BeipaboTku Goratoro
CO, noroka C1 u orgensHOro 6oraroro H, moroka HY 1.

ITorox HY1 Tunuuneim ob6pazom cocrout u3 Hy, CO, u N, (konudectBo Nj
3aBUCHUT OT TEXHOJIOTHUHU MPOU3BOASALIEH YyT'yH YCTAHOBKU U NPUCYTCTBUSA
ounmar e ycranoska 28). B ornuuue ot N, riiaBHbIM KoMnoHeHTOM notoka HY 1
sasiasieTcs H,.

B cuiy xoHCTpyKUIMU YCTaHOBKH 32 OoJjbpinast 4acTh conepkanusi N, nmortoka T4
OyneT Tunu4HbIM 0Opa3om HampasyieHa B moTok HY 1. CoorBercTBeHHO, moTtok C1
comepxut no cymectBy CO;,, THMUYHBIM 00pazom Beite 90%.

IMockonpky pazaenenue nByx notokoB C1 u HY 1 MokeT ObITh JOPOTrOCTOSIIIUM,
MO’KHO NpPEeANOoYecTh €IMHCTBEHHbBII BBIXOJHON MOTOK, COCTaBJIEHHBIN U3 CMEIIaHHBIX
apyr ¢ npyrom C1 u HY'1. KonepTep 32 31ech BBINOJHEH ISl OCYLECTBICHUS
peakLuy cABUra BOAa-ras:

CO + H,0 < CO; + H,

KonBepTepr! caBura Boja-ra3 Xopouo U3BECTHBI U3 YPOBHS TEXHUKH U
onuceiBaThes He OynyT. s makcumusauuu npespamenns CO, conepikamerocs B

notoke T4 oTxonsiero raza NpoU3BOAAINEH YYT'YH YCTAHOBKH (YUUTBHIBAS, UTO OH YK€
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conepxut H,0), korBepTep 32 MOXKET MUTATHCS MOTOKOM S2 mapa, MPOUCXOISIIIUM U3
UCTOYHHKA 34 BhIpabaTHIBAEMOT0 U3 3€JICHON YHEPrUM mnapa.

MO>HO yCJIOBHO IPUHSTH, UTO OOraThlii BOJOPOIOM BBIXOAHOH IMOTOK
KOHBEpPTEpa CABUTA BOJA-Ta3 SBJISIETCA MOTOKOM "HPOAYKTA", B TO BpeMsl Kak OOraThli
CO, noToK MOXeT Ha3bIBaThCs "XBOCTOBBIM raszom". borarteiii CO, MOTOK sIBIIsIETCSA
XBOCTOBBIM razoM KoHBepTepa 32. OnHako B KOHTeKcTe n3obperenus 6oratoiii CO;
NOTOK He BHIOPACHIBAIOT, a mepepadaThiBAIOT B YCTAHOBKAX, & MMEHHO B YCTAHOBKE
NpPsSIMOT'0 BOCCTaHOBJIEHHUS.

JIBa BBIXOJHBIX MMOTOKA KOHBepTepa 32 , To ecTh OoraThiii H, motok u Ooratsrii
CO; noTok, MOAAKT B YCTAHOBKY 36 MeTaHHM3aLUWU. Y CTAHOBKA METaHU3ALUHN
BBINTOJIHEHA AJ1s1 BbIpaboTKH razosBoro noroka NG1, umMermero Ka4ecTso
COoZlep’)KaHUe MeTaHa, CPAaBHHUMBIE C IPUPOJHBIM ra3oM. B ycTaHOBke MeTaHu3aUU
MPOUCXOAUT CleAyIoIas peakiuus:

C02 +4 H20 > CH4 + Hzo

BripaboranHusiii razoseiii moTok NG1 nMeeT kauecTBO U COZlepIKaHUE METaHa,
KOTOpBI€ 3aBUCST OT BXOJHOI0 notoka. OAHaKo NpU HEKOTOPBIX YCIOBUSX OH
nono0eH NCKOMaeMOMY MPUPOJHOMY a3y M MO3TOMY MOJKET Ha3bIBATHCS MPUPOAHBIM
razomM, 6morazom uiu Bo30OHOBIsIEMbIM NpUpPOIHBIM razoM RNG. IIpeanoururensHo,
NOTOK MPHUPOJHOTO ra3a COAEep KUT 110 MeHbInell Mmepe 65 %, npeanodTuTeNbHO Oosee
75, 80 unu 85 % 06. CHy.

JIpyruM BBIXOAHBIM NMPOJYKTOM YCTAaHOBKHU 36 sIBIAETCSA MOTOK S5, KOTOPBIH,
MPEeANOUTUTENIbHO, TTONAIOT K siueiike TBepaookcuauoro snekrpoausepa 38 (SOEC).
Ycranoska 38 SOEC BeimonHeHa st npeodpaszosanus H,O B Hy, ynansis uzoeitok O,
(kOTOpBII MOKET OBITh MUCITOJB30BAH B IPYTOM MECTE).

®dakynpTaTUBHO, ycTaHOBKa 38 SOEC MoOeT npuHUMATh JOMOJHUTEIbHBIH
3eJIeHbIl MOTOK S3 mapa U3 UCTOYHUKA 34 1l yBeIUUYeHUs IPOU3BOACTBA METaHa.

Kak usBectHo u3 ypoBHs TexHukH, SOEC nMeer KOHCTPYKLHUIO TBEPAOOKCUAHON
TOTUTUBHOM STYEWKH, COCTOSIIEH U3 TOMJIMBHOTO 3JIeKTpoAa (KaToaa), KUCIOPOIHOTO
snekTpoaa (aHOIa) U TBEPAOOKCHAHOTO 3jeKkTponuTa. Ilap mogaroT BAOIE KAaTOOHON
CTOPOHBI siueiiku snexTponusepa. Korna npuknaasiBaeTcs HanpsikeHue, nap
BOCCTaHaBJIMBAETCs HA MOKPBITON KaTaau3aTOPOM MOBEPXHOCTH pas3zena KaTom -
3JIEKTPOJIUT U BOCCTAHABIMBaeTCA ¢ oOpazoBanueM unctoro Hy u noHOB Kucmopoaa.
3aTeM razoo0pa3Hblii BOZOPOJ OCTAETCs Ha KAaTOAHOW CTOPOHE U cOOHMpaeTcs Ha

BbBIXOA€ B KAa4Y€CTBC BOAOPOAHOI'O TOMJIMBA, B TO BPEMs KaK MOHBI KUCJIOPOAa
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NPOBOAATCS Yepe3 TBEPAbI U ra30HENPOHULAEMbIl 3J1ekTpoauT. Ha noBepxHoCTH
paszena 3JeKTPOJUT-aHO HOHBI KUCIOPOIa OKUCISIIOTCA ¢ 00pa30BaHUEM YHUCTOTO
ra3zoo0pa3HOro KUcjiopoaa, KoTopeie cobupaercst Ha nosepxuoctu anona. SOEC
paboraeT mpu BBICOKOH TemmepaType, o0braHo ot 500 no 850 °C.

IIpousBenenusiii nocpeactesom ycranoBku 38 SOEC nortok H; nopatot B
YCTAaHOBKY 30 METaHU3ALMU.

ITorox NG1 Guorasa, npou3BeIeHHbIH YCTAHOBKOH 30 MeTaHM3aLUH,
HanpaBJsitOT K ycraHoBke 12 DR nns nepepaborku. [Totok NG1 Guorasza MoskeT ObITh
UCIIOJb30BAH IS LeJiel HarpeBaHus 1/ UK JJIsI METAJUTYPrudeCcKuX Leiei, TO eCTh B
Ka4eCcTBe BOCCTAHOBUTEILHOrO areHta. Takum obpazom, moTok NG1 Guorasa mMoskeT
OBITh YACTHIO MOTOKA HATPEBAIOINETO ra3a U/MIM YacCThIO MOTOKA BOCCTAHOBUTEIBHOTO
rasa, 3TO 3HaYUT, YTO OH MOJKET OBITh CMEIIaH C IPYTUMH ra3aMu JJIsl 000 U3 3TUX
(S (S78

B BBIIEYTOMSIHYTOM cily4dae, KOrja yCTaHOBKa 12 BKIOUYaeT B ce0s MAaXTHYIO
neyb, pepopMep U CUCTEMY peKyIepaluu TeIia, TOr1a TUITHYHBIM 00pa3oM OonbIyio
gacTh moToka NG1 nmo0aBisiroT k ra3y, peupKyIupyeMoOMy B YCTAaHOBKY 12. DTo
UMeeT MeTaJTyprudeckyro neib. JecTeurenbao, mnotok NG1 BBoasiT B TpydonpoBoa
PELUPKYJISILUU, KOTOPBIM PELIUPKYJIUPYET MEUHON ra3 uepes3 CUCTEMY peKylepanuu
teria u pepopmep. B pepopmepe meTan pearupyer ¢ TMOKCHAOM yTiiepoaa
BOJASIHBIM IapoM ¢ 00pa3oBaHMEM MOHOOKCHAA yriiepoaa u Bogopona (Cyxoi u
napoBoil mpouecc pepOpMHUHTa SIBISIOTCS TOIBKO npuMmepom). Jdpyrue wactu NG1
UCIIOJB3YIOT B KaU€CTBE TOIJIMBA (IJIs1 MOANEePIKKU peakuuii pepopmuHra, Tpedyembix
npoueccoMm DR), a Takxke ns mpsMOro BBoja B IaXTy YCTAHOBKH 12 aJs moanep kKU
HayrJepoKUBaHus npoaykra D4 u ontumMusanuu npouecca.

OTxonsimuii ra3 (IbIMOBOM ra3 CXKHUTAHUS, MOJYYAKOIUNACS OT CKUTAHUS IS
noanepskku npouecca pepopmunra) ycranosku 12 DR HampapisitoT k 40 1Jist BRIy CKa
B aTMOChepy.

C yueToM yCTpoONCTBa HACTOS LN MeTaJJypruueckoil yCTAaHOBKU C HICTOYHUKOM
Ouoyrns u pa3nuyHbIX 00paboTok raza, BeIOpockl moToka F1 oTxoxsmero rasa
KBaJUUIUPYIOTCS KaK 3€JICHble UIN HeHTpaJbHbIE.

CucTeMbl pekyInepanuy Ternjia B yCTAHOBKE 12 nenaroT BO3MOXKHBIM BBIPAOOTKY
3€JIEHOT0 MOTOKa S4 mapa, KOTOPBIil HaMpaBJseTcsl K UCTOUYHUKY 34 AJs AajbHENIIero

HUCIIOJIb30OBAHHUA.
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Ha ¢ur. 2 nokasan BTOpOH BapuaHT OCYIIECTBIEHHS METAJIYyPruieCcKou
yctaHoBkH 110, koTOpas oTauvaeTcs: OT NPEAIIEeCTBYOLUIEr0 BApUaHTa
OCYILECTBJIEHUs TeM, uTo ycTaHoBKka 12 DR He skcnyatupyercst Ha motoke Ouorasa
(CH4), a ocHoBaHa Ha cuHrase. Ee rimaBHoe obopynoBaHnue BkitodaeT B cedst (0e3
OTpaHUYEHHUsI) BEPTUKAJIBHYIO IAXTy (C BXOAOM B BE€pHEH YaCTH M BBIXOJOM B HIKHEH
4aCTH), HarpeBaTesb U ycTraHoBKY ynajienus CO, (He moka3aHo).

[TonoOHO mepBOMY BapUaHTY OCYILECTBJIECHUs, OMOYTOJb TPOU3BOIAT B
yCcTaHOBKe 16 muponu3a u UCMOJb3YIOT AJS MIPOU3BOACTBA NMEPENEJIbHOrO UyryHa B
MPOU3BOSIIEM YYTyH ycTpoicTBe 14. OTxonsuiuii ra3 u3 Npou3BOISIIEH YyTyH
ycTaHOBKHU 14 0OpabaTeiBatoT B (pakyJIbTaTHBHOW OYMINAKOLIEH YCTAaHOBKE 28 U 3aTeM
B YCTaHOBKE 32 o0orameHusi BOZOPOIOM.

OnHako 31ech yCTaHOBKA 30 METaHU3ALMH UCKIIIOYAETCS.

YcranoBka 32 oborameHus BOgopoaa BeipadaTeiBaeT OOraThiii BOJOPOIOM MOTOK
HY'1, HanpaBnisiemblil HANPSIMYIO K YCTaHOBKE 12 MpsiMOro BOCCTAHOBJIEHUS.

BripabateiBaemblii ycTaHoBKO# 12 oboramenus Bogopoaom d6orateiii CO, moTok
HanpasJisitoT K yctaHoBke 38 SOEC. B saTom cnyuae ycranoBky 38 SOEC
SKCIUTYaTHPYIOT B peXXUME KO-3JIeKkTponu3a, B koropom CO; u H,O npeobpasyroTes B
CO u H,, u xucnopon ynansercs.

BrixogusiMm nponyktoM ycraHoBku 38 SOEC B 3To# kOH(QUTrypanuu siBaseTcs
cunras, notok SG1, cocrosimuii rnmaBabiM o6pazom u3z CO u Hy. OtHomenune Hy k CO
B notoke SG1 cuHraza moxet ObITh MeXy 2 u 4, Hanpumep, npumepHo 3. B
BapHaHTaX OCYINECTBJIeHUs (He MOKa3aHbl) ycTaHOBKa 12 MokeT ObITh OCHAIEHA
cuctemoii ynaneuuss CO,, u ynanenHnbiii Takum obpazom CO, MOkeT OBITh OTIPABJICH
k yctaHoBke 38 SOEC nnst ucnonb3oBaHUs B Ka4eCTBE AJOMOJHUTENBHOIO BXOASIIETO
MOTOKA.

IIpencraBneHHast HUKe Ta0auLa 2 TPUBOIHUT B Ka4eCTBE IPUMeEpa COCTAB
pPa3HbIX Ta30BBIX MOTOKOB JJIsI BAPUAHTA OCYIIECTBIEHHs corjacHo ¢ur. 2. MoxHO
OTMETHUTb, UTO 3TOT MPUMEP COOTBETCTBYET CUTYaLIMH, KOTJla OUMINA0IIAasl YCTAaHOBKA
28 sABJIsIETCS] HEAKTUBHOMN MIJIM UCKJIFOUYEHHOH, TO €CTh BhIPA0aThIBAEMbIH
NMPOU3BOASAIIEN YYTYH YCTAHOBKOM 14 a30T OCTaeTCs B OTXOASIIEM ra3e yCTaHOBKU 32
oboramieHus BOJOPOIOM.

B 3aBucumoctu ot conepxxanus N, B motoke T3/T4 MoxHO npennpuHsAThH

ClleAyIlue NeUCTBUA:
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1) cormacuthcst ¢ BBICOKUM conep:kanneM N, B motoke T4 (u, clienoBaTeNbHO, B

notoke HY'1), uroOsl cnenaTs ocHOBHBIM ucnosb3zoBanue HY 1 nns nenei HarpeaHus

B yctaHoBke 12 DR, unu

2) ynanuts Tpedyemoe konuuectso Ny u3 T3 u, cieqoBaTeabHO, CleNaTh

obbennHeHHbIM ucnonb3oBanue HY 1 u SG1 kak nis menei HarpeBaHus, Tak U Leei

BOCCTAaHOBJIEHHUs B ycTaHOBKe 12 DR.

Tabnuua 2. MartepuanbHblie OTOKU KoHurypanuu ¢ Synlink nnst cuaraza DRI

[Mepenenvubiii uyryH (T2)
ITotox 1 ToHHA

ITap u3 ycranoBku DR*
(S4)
[Totok 626,5 HM

CO, u3 WGS (C1)
[Totok 590,5 um’

94,64 | Fe % ITap x WGS** (S2) 95 CO, %
Cocran Mmac. IToTtok 340 HM® Cocran 00.
3,50 | C % mac. 5 N3 %
00.

ITopomwmok xene3Hol pyabl

ITap k SOEC*** (S3)

H, n3 WGS (HY1)

(T1) [ToTok 1652,851 um’ [ToTok 1749,5 um’
IToroxk 1,433 ToHH

65 Fe % 29,72 | H, %
Cocran Mac. 00.

30 O % mMac. 5,66 CO %

CocraB o6

ITopomox u3 DR (D3) Otxopsamuii ra3 (T3) 64,62 | Ny %
[Torok 0,067 TOHH [Totok 2000 M’ 06.

Cunras u3 SOEC (SG1)
ITorok 2243 .4 HM®

95,5 |Fe% 24 CO %
Mac. 00.
3,5 C % mac. 9 CO, % 20,01 | CO %
CocraB CocraB
00. 00.
1 0O % wmac. 2 H, % 00. 5,00 CO, %
00.
K (P1) Otxopsamuii ras3 k WGS 58,94 |H, %
CJIC3HadA pyaa (T4) CocTas 06.
ITorox 2,830 TonH Totok 2000 HM® 2.95 | H,0 %
Cocras | 70 Fe % 1,32 N, %
Mac. 00.
30 O % mac.
HBI**** (D4) 240 [CO %
ITotok 2,096 ToHH 00.
9,0 CO, % Hevosotii ra3 (F1)
06. [Totok 3486,3 HM
95,5 | Fe % 2,0 H; % 006.
Mac. Cocras
Cocras 3,5 C % mac. 7,0 H,0 % 63 N> %
0. Cocras 0b.
1 O % mac. 58,00 | N, % 00. 22 H,0 %
00.
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Cymmapnas notpeOHocTh B | YaaneHnusiid Ny (TS) 15 CO; %
nape (S1) [oTok 0 HM’ 00.
[Torok 1992,851 um’
Cocras | 100 N, %
00.

* IIpsiMOe BOCCTAHOBJICHHE

** CnBur Boma-ras

##% fJueiika TBEPIOOKCHIHOIO 3JIEKTPOIU3EPA
*Ex* TopssueOpHKETHPOBAHHOE JKEJIE30

B nmpumepe cornacuo tabauue 2 N; B motoke T3 He ynaneH: 6oybiias 4acThb
notoka HY'1 (mpumepno 93 %) HanpasisaroT k yctaHoBke 12 DR s neneii mHarpesa.
I'azoBeiit morok SG1 u ocraBmyrocs yacth moroka HY 1 momaroTesi, Takum obpaszom,
HanpsAMYyH K ycTaHoBke 12 DR 1 UCNONB3YIOT B HEW B Ka4€CTBE BOCCTAHOBUTEJIBHBIX
rasos.

Pedopmep He TpeOyercs.

MOHO OTMETHUTb, YTO B YCTAHOBKE 12 MOTYT OBITh HCTIOIB30BAHBI
aJbTEPHATHUBHbIE HCTOYHUKH TeIJja (3JEKTPUUECTBA), YTO MOXKET U3MEHUTH
NOKa3aHHBbIN B mpuMepax OajaHC ra3os.

Ha ¢ur. 3 nokasan apyroii mpumep OCyLIECTBICHUS METAJIYPrHIeCKON
ycTaHOBKH 210, KOTOpBIN ABJIAETCS BAPUAHTOM IpUMEpa OCYLIECTBIEHUS COTJIACHO
¢ur. 1. ITo cpaBHenuto ¢ pur. 1 ycranoska 210 BkitodaeT B ceOst HECKOJIBKO OMIUH,
KOTOpPBIE MOTYT OBITH PeaM30BaHbl B OAMHOUYKY MJIM B KOMOMHALINHU:

- Onumst A). Yacte DRI/HBI/HDRI (noTtok 05), BIpaOOTaHHOTO B YCTaHOBKE
NPSIMOTO BOCCTAHOBJICHHS, MOJKET OBbITh OTIPABIEHA K MTPOU3BOASLICH YyTyH
YCTAaHOBKE B KaY€CTBE BXOJHOTO ChIPbs.

- Onuus b). Yacte DRI/HBI/HDRI (nmoTok 05), BBIpaOOTaHHOTO B YCTAHOBKE
NpPSIMOTO BOCCTAHOBJICHHS], MOJKET OBITh OTIPABJIEHA B KAYECTBE BXOJHOTO CBHIPHS K
OCHOBAaHHOH Ha 3€JIEHOW SHEPTUHU NMPOU3BOAsLIEH cTalb ycTtaHOBKe (Hanpumep, BOF
(koHBepTepHas meub ¢ nonadei kuciaopona), EAF, SAF, npyrum).

- Onums B). Yacte nokuparomero ycraHoBky DR neimoBoro raza F1 w/unmn
4acTh peupKyaupyemMoro B ycraHoBky 12 DR rasza, obo3nauennoro uepes F2, moxker
OpITh HampaByieHa K ycTaHoBke pasaeneHus H,O/CO,/N,, 1 pe3ynbTUPYIOMHUHA TOTOK -
noTok S6 - HanpasysaOT kK yctaHoBke 38 SOEC, B To Bpems kak CO;, - 0003HaUeHHBIH

yepes F3 - nanpasisroT k ycTaHOBKe 36 Metanuszauuu. Eciau N, Takxke oTaeneH, To OH
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MoxeT ObITh epepadoran. Takum obpazom ycranoska 12 DR moxker
SKCIIyaTHPOBATHCS TAK)Ke €CIIM MPOU3BOASAINIAs YyT'YH yCTaHOBKA 14 He paboraer
(Tpebys nMuIIb MUHMMHU3UPOBAHHOI'O BHELIHErO TOIMJINBA/3arpy3ok). B 3aBucumoctu ot
ofmrero 3ampoca yCTaHOBKOH 12 TominBa/ra3a MOTyT peryJupoBaThCs
COOTBETCTBYHLIHUE NPOLEHTHbIE COOTHOLIEHUS PELUUPKYJIUPOBAHHOTO NOTOKA F2 n
notoka T3.

Ha ¢ur. 4 nokasaH npyroi npumep OCyIIECTBIEHUs] METAJLIyPrudecKou
ycTaHOBKH 310, KOTOPBIN SBJISIETCS BAPUAHTOM NMPUMEPA OCYILIECTBICHHUS COTJIACHO
¢ur. 2. ITo cpaBHeHuro ¢ pur. 2 ycraHoBka 310 Bkito4aeT B ceOst HECKOJIbKO OMLHIA,
KOTOpPbIE MOTYT OBbITh PEaJU30BaHBI B OJUHOYKY UJIH B KOMOMHALIMU:

- Onuust A). Yacte DRI/HBI/HDRI (noTok 05) u3 ycranosku 12 DR
HanpaBJISIIOT K NPOU3BOASIIEN YyTYH YCTAaHOBKE 14 B KauecTBe BXOJHOIO ChIPbs.

- Onuus b). Yacte DRI/HBI/HDRI (notok 05) u3 ycranosku 12 DR
HAIpaBJsI0OT K OCHOBAHHOU Ha 3€JIEHON DHEPTUHU NPOU3BOISLIEN CTANb YCTaAHOBKE 44
B KaueCTB€ BXOJHOTO ChIPbs.

- Onums B). Yacte nokuparomas yctanoBky 12 DR geiMoBOro rasza u/uinm 4actb
PEeLUPKYJIHUPYEMOTO B YCTAHOBKY 12 ra3a, 0603Ha4€HHOIr0 Kak MOTOK F2, HampaBisoT
k ycraHoBke 38 SOEC nns ero ko-snektponusa (MOxeT noTpedoBaThCs cTaaus
orpeneHust Ny). Takum oOpaszom, ycraHoBka 12 DR MokeT 3KCIIIyaTHpOBATbCS TaKKe
€CJIM MPOM3BOAINASI YYT'yH ycTaHOBKa 14 He paboTaer (Tpelys nuurb
MHUHHMH3UPOBAHHOI'O BHEIIHErO TOMJINBA/3arpy3ok). B 3aBucumocTtu ot odmero
3ampoca ycTaHOBKOH 12 TomauBa/ra3a MOTYT PeryJHpPOBaThCS COOTBETCTBYOIHE

MPOLIEHTHBIE COOTHOLIEHUs PELUUPKYJIUPOBaHHOTO notoka F2 u moroka T3.
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OOPMVYIJIA U30BPETEHM A

1.  Cnoco0 skcrmuryaTallui MeTaJUIypruieckoi YCTaHOBKH AJIsl IPOU3BOJICTBA
JKEJe3HBIX MPOIYKTOB, MIPUYEM METAJLIyPrHYeCcKasi yCTAHOBKA BKIJIIOYAET B ce0s
ycTaHOBKY (12) mpsiIMOro BOCCTaHOBJIEHUS U MPOU3BOASILIYIO UYTyH yCTaHOBKY (14),
IpUYeM MeTaJIyprudeckas yCTaHOBKA BKIIFOYAET B ceOs:

NO/a4y IUXTHI )KEJIE3HOH PYABl B YCTAHOBKY MPSMOTO BOCCTAHOBJICHUS JJIsI
POU3BOACTBA JKEJIE3HBIX MPOAYKTOB MPSMOTO BOCCTAHOBJICHHS,

SKCIUTyaTAIUIO0 MPOU3BOSAIIEH YYTYH YCTAHOBKH IJIsl POU3BOICTBA
nepeneNbHOrO YyryHa, MpUYeM B KaueCTBE BOCCTAHOBHUTENbHOTO areHTa B
NPOU3BOASINYIO UYTYH YCTAHOBKY BBOIAT OMOYTOJIb, U TOCPEACTBOM 3TOTO
MPOU3BOASIINAS YYT'YH YyCTaHOBKA BhIpabareiBaeT copepsxkamuii CO u CO, orxoasmuii
ras,

00paboTKy OTXOASIIEro ra3a u3 MPOU3BOASLIEH YYT'yH YCTAHOBKU B YCTaHOBKE
(32) oboramenns BogopoaoM st o0pa3zoBaHusi 60raToro BOJOPOAOM MOTOKA U
ooratoro CO; moToKa,

npudeM OOraTelii BOZOPOAOM MOTOK HEMOCPEACTBEHHO MJIM OMIOCPEIOBAHHO

NnoAarT K YCTAHOBKE IPAMOTO BOCCTAHOBJICHUS.

2. Cnoco6 nmo n. 1, npuuem Gorateiit CO, moTOK, MO MeHbLIEH Mepe,
YACTUYHO KOHBEPTUPYIOT IJIs TepepabOTKH B YCTAHOBKE MPSIMOTO BOCCTAHOBIICHHS,

MpeKJe BCero KOHBEPTUPYIOT B CUHIAa3 WJIM NMPUPOAHBIN Tas.

3. Cnocob mo n. 1 unu n. 2, npuy4eM Mblib, MEJIOYb U APYTUE OCTATKU H3
YCTAHOBKH NPSAMOrO BOCCTAHOBJIEHUS MOAAIOT K NPOU3BOASAIIEN YyT'YH YCTAHOBKE B

KayeCTBE YaCTU MOAJIEKAIIEe MJIaBJIEHUIO B HEU IIUXTHI.

4. Cnocob mo m. 1, 2 wiu 3, mpudeM, IO MEHbIIEH Mepe, 4acTh
NpPSIMOBOCCTAHOBJIEHHOTO MPOAYKTA U3 YCTAHOBKH MPSIMOTO BOCCTAHOBJIEHUS MOJAOT
K IPOM3BOASIIEH YYyTyH YCTAHOBKE H/UJIM MPOU3BOASAIIEH CTallb YCTAHOBKE B KAUECTBE
JaCTH MOJIeXKAIIeH TUIABJICHUIO B HEH IIUXTHI, IPUUEM MPSIMOBOCCTAHOBJIEHHBIE
IPOAYKTHI BKIIOYAKOT B cebsi rydvaToe jkene30 u/Uiiu KyCKOBbIe

NpsAMOBOCCTAHOBJICHHBIC IPOAYKTHI.
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5. Cnoco0 no oqHOMY U3 IPeAUIECTBYIOIMUX MYHKTOB, MpUYeM OoraThii
BOJOPOJIOM MOTOK HAIMPABISAIOT K YCTAHOBKE MPSIMOI0 BOCCTAHOBJIEHUS B KAU€CTBE

qaCTH MOTOKa BOCCTAHOBUTCIBHOI'O I'a3a.

6 Cnoco0 mo oAHOMY M3 MPEAIEeCTBYIOMINX MyHKTOB, MpU4YeM OOTaThIi
BOJOPOIOM MOTOK HAMPABJISIIOT K YCTAHOBKE MPSIMOTO BOCCTAHOBJIEHHS B KAYECTBE

qaCTH IIOTOKa F3.3006p3.3HOFO TOILIMBA JJIs L eJIei HarpeBaHUs.

7. Cnocob no n. 5 unu . 6, npudem 6orateiii CO; TOTOK MONAKOT K
YCTaHOBKE 3JIEKTPOJIU3a BOABI, JOMOJHUTEIbHO 00€CIeunBaeMOT0 MOTOKOM Mapa, IJIsi
0o0pa3oBaHUs MOTOKA CHHTa3a, KOTOPBIH MOCTABJISIOT K YCTAHOBKE MPSIMOTO

BOCCTAaHOBIJICHUA.

8.  Cmoco0 no ogHomy u3 n.m. 1-4, mpuyem 60raTeiii BOTOPOAOM MOTOK H
6orarterii CO, MOTOK HAPABIAIOT OT YCTAHOBKU O0OTAIIEHUs] BOJOPOIAOM K YCTAHOBKE
(36) meTanuzanuu a1t 0Opa30BaHMS MOTOKA METAaHA, KOTOPBIA HANPABISAIOT K

YCTAHOBKE MPAMOro BOCCTAHOBJICHUS.

9.  Cnoco0 mno . 8, mpuyem, Mo MEHbLIEH Mepe, 4acTh MOTOKA METaHa
HCIIOJIB3YIOT B YCTAHOBKE MPSIMOTO BOCCTAHOBJIEHUS B Ka4€CTBE YaCTH IMOTOKA

BOCCTAHOBUTCJIIBHOI'O ra3a.

10. Cmnoco6 mo n. 8 unu n. 9, npuvem ycranoska (12) npsimoro
BOCCTAHOBJICHHUSI BKJIFOYAET B Ce0s IMAXTHYIO MeYb U PEaKTOp peOpPMHHTA, U MIPHYEM,
1O MEHbLIEH Mepe, 4aCTh MOTOKA METaHa MOJAI0T K peakTopy pedopMuHra s
BBIPAOOTKH BOCCTAHOBUTEJBHOIO r'a3a, MPEANOYTHTEIbHO, TJIABHBIM 00pa3oM
BOAOPOAA U MOHOOKCH/JA YIiepOoaa, HAPABIAEMOTrO K IMaXTHOH IMeqH AJIs

HUCITIOJIB30BAHHUA B KQYE€CTBC HaCTHU IMIOTOKA BOCCTAHOBUTCIIBHOTO ra3a.

11. Cnocob mo m. 8, 9 uu 10, mpuyeM, o MeHbIIEH Mepe, YaCThb MOTOKA

MCTaHa HUCIOJIB3YOT B Ka4Y€CTBE YaCTHU MMOTOKA F213006p213HOFO TOIIJIUBA.

12. Cnocob6 o onaomy u3 n.m. 8-11, npuyuem ycranoska (38) anekTponusza

BOJbI CBsA3aHa C yCTaHOBKOﬁ MCTaHU3alUuU, NMpUIEM BbIXOI[HOfI MOTOK Mapa us3
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YCTAHOBKU METAHU3AILUU NMOJAIT K YCTAHOBKE 3JIEKTPOIU3a 11 00pa3oBaHUs
BCIIOMOTaTeJbHOI'O MOTOKAa BOAOPOAA, KOTOPBII BO3BPAILAOT B YCTAHOBKY

MCTaHHU3allHuU.

13. Cnoco0 mo n. 12, mpuyeM B YCTAHOBKY 3JIEKTPOJIM3a BOABI BBOIAT MOTOK

napa u3 3eJ€HON SHEepruH.

14. Cnocob mo n. 12 unu n. 13, mpuyueM 4acTh OTXOASILIErO ra3a U3 yCTaHOBKHU
NPsIMOTO BOCCTAHOBJIEHUsI PELUPKYJIUPYIOT B YCTAHOBKY METAHU3ALUU Yepe3
YCTAHOBKY yJaJIEHUs Mapa, Npu4deM yIaJeHHbIN nap NOAarT K YCTAHOBKE

SJEKTPOJIN3a BOABIL.

15. Cmnocob mo n. 14, npuuem paboTy MPOU3BOAAIIEH YYTYH YCTAHOBKHU

peryJupyoT Ha OCHOBAHUM KOJUUYECTBA PELUPKYJIHUPOBAHHOIO OTXOAIIErO rasa.

16. Cmnoco0 mo n. 15, mpuuem pabGoTy nMpou3BOAAIIEH YyTyH yCcTaHOBKH (14)
3aMeAJISI0T WM MPEeKPALIA0T M0Cce JOCTHXKEHHS YyCTONYNBOrO COCTOsIHUE PabOTHI B

YCTaHOBKE IPsAMOTr0O BOCCTAHOBJICHUS.

17. Cnoco0 mo ogHOMY U3 IPEAIIEeCTBYIOUUX NYHKTOB, IPUYEM MOTOK
OTXOZSILIEro ra3a u3 MpOU3BOASIIEH YyryH YCTAHOBKH 00pabaThIBalOT B yCTAHOBKE

(28) ynaneHus a3oTa mepeja HanpaBjIeHHEM K YCTAHOBKE 00OramieHus: BOAOPOAOM.

18. Cnocob mo oqHOMY U3 MPEeAIeCTBYOIUX MYHKTOB, IPUYeM YCTAaHOBKA

(32) oboramennsi BOTZOPOIOM BKJIFOUAET B ce0sl peakTop CABHUIa BOAA-Tas3.

19. Cnoco® nmo ogHOMY U3 MPEAIIECTBYOMNX MyHKTOB, IPUYEM HXTA
NPOU3BOASIIEH UYT'YH YCTAHOBKH BKJIIOYAET B €05 MO CYMECTBY JKEJIE3HOPYIHYIO

MEJIOYb.

20. Cmnocob mo ogHOMY U3 NMPENIEeCTBYIOIUX MyHKTOB, IPUYEM B YCTAHOBKY

oborameHuss BOLOPOAOM BBOAST MHap U3 3€J€HON YHEPTUH.
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21. Cnocob nmo ogHOMY U3 NMPENIEeCTBYIOUX MyHKTOB, IPUYEM, IO MEHbIIEH
Mepe, 4aCTh OTXOMSIIIEro ra3a U3 yCTAHOBKHM MPSIMOrO BOCCTAHOBJICHHUS BBIITYCKAKOT B

atmocdepy.

22. Cnocob nmo ogAHOMY U3 NMPEAIIeCTBYIOMINX MyHKTOB, Tpu4eM OHOYyTroJib

nojiy4aroT B ycTaHoBke (16) muponn3a 6uomaccel U3 Matepuaga OMOMAcCCHI.

23. Cnocob nmo ogHOMY U3 NMPEAIIECTBYIOMNX NyHKTOB, IPUYEM YaCTh
yIalleHHOTO B yCTaHOBKe MpsiMoro BoccTtaHoBieHuss CO, HanmpaBJsIIOT K YCTAHOBKE

QJEKTPOIN3a BOAbI U CMECIIHUBAKOT C MaApOM AJid MOJIYUCHHUSA CUHTAa34a.

24. Cnoco0 mo oAHOMY U3 NMPEAIEeCTBYIOMNX MyHKTOB, IPUYEM YCTAHOBKA
NPSIMOTO BOCCTAHOBJICHHS] OCHAIlEHA BhIpadaThIBAIOLICH Nap CHCTEMON peKyInepanuu

TEIJja.

25. Meramnyprudeckasl yCTAaHOBKA AJIs NPOU3BOACTBA JKEJIE3HBIX NPOAYKTOB,
BKJIIOHAOas B cedsi:

ycTaHoBKY (12) mpsiIMOro BOCCTaHOBIJIEHUS, BBIIOJHEHHYIO ISl IPOU3BOCTBA
NPsIMOBOCCTAHOBJIEHHBIX MPOAYKTOB U3 3arPy3KH KeJE3HON pyAbI,

ycTaHoBKY (16) nupoausa GmomMacchl, BEIMOJHEHHYIO Al BbIpaOOTKH OUOyTIs U3
mMaTepuaia OMOMacchl,

IPOU3BOASAIIYIO YYTYH YCTaHOBKY (14), BBIMOJHEHHYIO AJIsl MIPOU3BOJCTBA
nepeneNbHOro YyryHa, Ipu4YeM MpOU3BOASIIASI YYTYH YCTAHOBKA UCIOJIB3YET
OMOyroJyib B Ka4e€CTBE BOCCTAHOBHTEJIBHOTO MaTepHaia U BbIPAOOTKH OTXOASILIErO
rasa,

ycTaHOBKY (32) oboramenus BOZOPOIOM, BBITIOJHEHHYIO IJIsl IpHeMa
OTXOJSIIErO ra3a NPOU3BOIAIIECH YYTYH YCTAHOBKH U BBIpad OTKH Ooratoro
BOJIOpOJIOM noToka u 6boraroro CO; moToKa,

npudeM OOraTelii BOZOPOAOM MOTOK HEMOCPEACTBEHHO MJIM OTIOCPEIOBAHHO

nepepabaThIBAIOT B YCTAHOBKE MPSMOIr0 BOCCTAHOBJICHHUS.

26. Merannyprudeckas yCTaHOBKA IO 1. 25, BKJIOUammas B ceds cpeacTBo
115t koHBepTupoBaHus CO, B MOTOK ra3a, KOTOpbIH nepepadaTeIiBa€TCsl B YyCTAHOBKE

npsasMoOro BOCCTAHOBJICHUA.
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27. Merannyprudyeckas yCTaHOBKA MO M. 25 unu n. 26, BKiIrOUYaromas B ceds
YCTaHOBKY METaHU3ALMH, BBIIOJIHEHHYIO JJIs MpueMa 60raToro BOAOPOIOM OTOKA U
6oratoro CO; moToka U3 yCTaHOBKM 00OTaIeHust BOJOPOAOM U BEIPAaOOTKH M3 HUX
noroka Omorasa, mpekie BCero NoTOKa MeTaHa, KOTOPbIH HANPaBJSIIOT K YCTAHOBKE

npsAMOro BOCCTAHOBJICHU.

28. Merannyprudyeckasi yCTaHOBKA 1O 1. 25, 26 win 27, BKIOUYaOmas B ceds
YCTAHOBKY 3JIEKTPOJN3a BOABI, CBA3AHHYK C YCTAHOBKON METaHU3allUH, IPUUEM
BBIXOJHOW MOTOK Napa U3 YCTAHOBKU METAHU3ALUU MOJAKT K YCTAHOBKE 3JIEKTPOIN3a
a5t 00pa30BaHUs BCIIOMOTraTEIbHOTO IOTOKA BOAOPOAA, KOTOPBIH BO3BPAIIAIOT K

YCTaAaHOBKEC METAHU3AlIUU.

29. Merannyprudyeckas yCTaHOBKA MO M. 25 wim 1. 26, BKIOYaomas B ceds
ycTaHOBKY (38) 3yekTposin3a BOABI, CBSI3aHHYIO C YCTAHOBKON oOorameHus
BOJOPOJOM, MIPUYEM YCTAHOBKA 3JIEKTPOJIM3a BOABI BHIMTOJIHEHA ISl MpreMa 00ratoro
CO; noTtoka, a Takxe MOTOKAa Mapa, U 00pa3oBaHUsA MOTOKA CUHra3a, KOTOPBIH MOAAIOT

K YCTAHOBKE MMPSAMOTO BOCCTAHOBJIICHU .

30. Merannypruyeckas yCTaHOBKa MO OJHOMY U3 IL.I. 25-29, mpuuem
yCTaHOBKA MPSIMOT'O BOCCTAHOBJICHHUsI BKJIIOUAET B ce0s MAaXTHYIO MeYb, pedopmep u

CHUCTEMY peKyIepaLuu Tera.

31. Merannyprudyeckasi yCTaHOBKA MO OJHOMY M3 1.1. 25-29, npuuem
YCTAaHOBKA MPSIMOTO BOCCTAHOBJIEHUS BKJIFOUAET B ce0s MIAaXTHYIO MeYb, HAarpeBaTesb U

yctaHoBky ynanenus CO,.

32. Merannyprudyeckas yCTaHOBKA MO OAHOMY U3 m.m. 25-31, npuuem

YCTaHOBKaA O6OFaIJ.IeHI/I$I BOOOPOAOM BKJIHOYACT B cebs pe€akTOp CABHUTa BOAA-Ta3.

33. Meramnyprudyeckas yCTaHOBKA MO OAHOMY U3 I.I. 25-32, npuuem
ycTaHoBKa (28) ynaneHus a3oTa pacriojokeHa Ha MOTOKe OTXOSIIEro ra3a u3
MPOU3BOASIIEH YyT'yH YCTAHOBKH K YCTAaHOBKE 00OTalIeHUsI BOJOPOIOM UJIH Ha

MOTOKE Ha BBIXOJAE M3 YCTaHOBKH (32) o0orammeHusi BOJOPOAOM.
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34. Merannypruyeckas yCTaHOBKa IO OAHOMY M3 I.1. 25-33, mpu4em
ycTtaHoBKka (32) oborameHust BOJOPOAOM COEIMHEHA HANPAMYIO C YCTAaHOBKOM
IpPsIMOTO BOCCTAHOBJICHHSI JJIsl TOAAYH, 110 MEeHbLIei Mepe, yacTu 60ratoro

BOOAOPOAOM IIOTOKA.

35. Merannypruyeckas yCTaHOBKa MO OJHOMY U3 IL.I. 25-34, BKJIOUYarOmas B
cels1 cpeacTBa AJisl TPAHCIOPTUPOBKH MbUTH, MEJIOYH U IPYTUX OCTATKOB M3
YCTAHOBKH NPSAMOrO BOCCTAHOBJIEHUS K MPOU3BOJALIEH UyI'YH YCTAHOBKE B KA4€CTBE

YaCTU NOJJIeKallel MIaBJIEHUIO B HEU ITUXTHI.
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