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O0JacTh TEXHHKH H300peTEeHUs

BapuaHTh! ocyiecTBIeHUS H300peTeHHs B OOILEM OTHOCSTCS K CUCTEME U CHOCOOY VISt NMOTY4YeHUs CHH-
Te3-ra3a. B yacTHOCTH, H300pETEHHE OTHOCUTCS K CUCTEME M CrIoco0y, HANpaBIEHHOMY Ha MOIyYEHHE KOHBEP-
THPOBAHHOT'O NMOTOKA C OTHOCUTEIBHO HU3KUM cooTHoueHneM H,/CO.

IIpenmecTByOmunii ypoBeHb TEXHUKHU

Karanutuyeckoe mojydeHHe CHUHTE3-Ta3a MyTeM MapoBOro puGOPMHUHTA YIIIEBOJOPOJIHOTO ChIPbS H3BECT-
HO Ha NPOTSHKEHHH JECATHIECTHH. DHIOTEPMHYECKAs] peakiMs MapoBOro pu(pOpMUHra OObBIYHO MPOBOAUTCS B
ycTaHOBKe napoBoro pudopmunra metana (SMR). YcraHoBka napoBoro pupopMHUHTa UM yCTAaHOBKA MapOBOTO
pudopMHHra MeTaHa UMEET HECKOJIbKO 3aMOJIHEHHBIX KaTaJIn3aTOPOM TPYOOK, ITOMELICHHBIX B NIeYb MJIM Harpe-
BaTeNb C OTHEHHBIM 000rpeBOM AT 00ecTiedeHHs TEMIOTHI T 9HAOTEPMHYECKOH peakiuu. DTH TpyOKH 0ObIU-
HO uMeroT JuinHy 10-14 meTpoB u BHyTpeHHUH nuameTp 7-15 cm. Temnora uist SHAOTEPMUYECKOM peaKIUU MO-
JlaeTcs MyTeM CXXHIaHUs TOIUIMB B TOpenkax B neuu. TemmepaTypa Ha BBIXOJE CHHTE3-Ta3a U3 YCTaHOBKH Mapo-
BOro pU(QOPMHMHIa 3aBUCHT OT IPUMEHEHHS CHHTE3-ra3za, HO OOBIYHO OHA OyneT HAXOAWTCS B JHMANa3oHE OT
650°C no 980°C.

N3BecTHO, 4TO 00pa3oBaHHE YIJIEPOAUCTHIX OTIOXKEHHH Ha KaTaJu3aTope, MCIOJIb3YeMOM NP KaTalUTH-
YECKOM I10JIy4YeHHH CHHTE3-ra3a MyTeM [apoBoro pu)OpMHUHra, IBISETCS NPOOIEMOii, 0COOCHHO IS TOTyYEHHSI
CHHTE3-Ta30B C OTHOCHTENIbHO HU3KUM cooTHomeHueM H,/CO. CnenoBarenbHO, TpeOYIOTCS KaTalu3aTOpPHI, yC-
TOWYMBBIE K 00pa30BaHUIO YIIEPOIMCTHIX OTIOXEHHH. TakMMH KaTaju3aTopaMH, YCTOHUMBBIMH K 00Opa3oBa-
HHIO YTJIEPOAUCTBIX OTJIOKEHUH, ABIAIOTCS, HAIPHMED, KaTaIu3aTOpPbl HA OCHOBE OJIarOpOJHBIX METAJUIOB, 4ac-
THUYHO NAaCCHBHUPOBAHHLIC HUKEJICBBIC KAaTaJIU3aTOPbI U NMPOMOTHPOBAHHBIC HHUKEJICBLIC KaTajlu3aTOPbI. Kpome
TOro, pudopmuHr rasza, oborameHHoro CO,, B MPOMBIIIJIEHHBIX MaciTabax 0OBIYHO TPeOyeT COBMECTHOM IT0-
Jlau¥ BOJIBI JJISI CHIDKEHHMS CTEIIeH! BO3AEHCTBHUS ra3a B OTHOLIEHHH 00pa30BaHUsl yIIIEPOAUCTBIX OTI0kKeHHH. C
TEpPMOJMHAMUYECKOH TOUKH 3PEHHS, YTOOBI CIIOCOOCTBOBATh MOJIYUYEHHIO CUHTE3-T'a3a C HU3KHM COOTHOLICHHEM
H,/CO, BBIrOHO UMETH BBICOKYIO KOHIEHTpauuio CO, 1 HU3KYI0 KOHLEHTPALHIO BOASHOrO Mapa B MOTOKE HC-
X0AHOTO chipbsi. OHaKO paboTa B TAKMX YCJIOBHSX MOXXET OBITH HEOCYLIECTBHMA HM3-32 BO3MOXHOCTH 00pa3o0-
BaHMS YIIIEPOJMCTHIX OTJIOKECHHUH Ha KaTalu3aTope.

AJNbTEpHAaTHBHBIM IOJly4YeHHEM CHHTE3-Taza ¢ HM3KMM cooTHouienneM H,/CO nyrem maposoro pudop-
MUHTa sBJIseTcs Mpolecc pupopMHHra ¢ naccusupoBanuem cepoit (SPARG), koTopslif MOXXHO MCHOJIB30BATh
JUIA TIOJyYeHHs CHHTE3-ra3a C OTHOCHTENIBHO HM3KUM cooTHomenueM H,/CO. Drtot mporecc TpeOyeT necyib-
¢dypH3aLuy NONYyYEeHHOTO CUHTE3-Ta3a Ul NOIyYeHHs] CUHTE3-Ta3a, He COJCPIKAILErO CEePBI.

Bounbire nogpobHOCTE 0 pa3IHMUHBIX MPOLEcCcax MOMyYeHHst CHHTE3-ra3a ¢ HU3KuM cootHomenuneM H,/CO
MoxxHo Haith B "Industrial scale experience on steam reforming of CO,-rich gas", P.M. Mortensen & 1.
Dybkjar, Applied Catalysis A: General, 495 (2015), 141-151.

Tepmunst "pucdopmunr” u "pudopMuHr MeTaHa" npeHAa3HAYEHBI U1 0003HAUCHHMS peakMi pUGOpPMHUHTa
B COOTBETCTBHMHU C OJJHOH WJIM HECKOJILKUMH U3 CIEIYIOIMX PEaKIHM:

CH; + H,0 <> CO + 3H, ()
CH, + 2H,0 <> CO, + 4H, (i)
CH, + CO, <> 2CO + 2H, (iif)

Peaximu (i) u (ii) npeacraBiusioT co0oH peakMK NapoBoro pupopMHHra METaHa, B TO BpeMsl KaK peaKLys
(iii) mpeacraBnsgeT cOOON peakLUIO CYyXOTro pUGOPMHUHTa METaHA.

Jnis BEICIIMX yTiIeBOAOpoIoB, a uMeHHO C,Hy,, roe n > 2, m > 4, ypaBHeHue (i) B 00IIEM BUAE BEIpaxaeT-
csl Kak:

CuHpm + n H,O 2nCO + (n + m/2)H, (iv), rnen > 2, m > 4

Kak npaBuiio, pupopMHHT COTTPOBOXIAETCS peakledl KOHBEPCHH BOASHOTO rasa (v):

CO +H,0 «~ CO, + H, v)

Tepmun "mapoBoit pudopMUHr MeTaHa" mpeaHa3HaueH A oxBaTa peakuui (i) u (il), TPOXOIAIIMUX IO
CTpEJIKE CJIeBa HAMpPaBo, B TO BPEMs Kak TEPMUH "METaHUPOBaHHE" MpeAHA3HAYCH IS OXBaTa peakiuii (1) u/mmm
(i1), NpOXOASIIMX MO CTPENKE CIpaBa HaJlieBO. TakuM 0O0pa3oM, TEPMHH "peaKllMu MapoBOro pudopMUHIra MeTa-
Ha/MeTaHUpOBaHUA" MpEJHa3HAYCH A1 0003HaueHHs peakuui (i) u (ii), NPOTEKAIOUIMX B HANPABJICHUH PABHO-
Becust. TepMuH "oOpaTHast KOHBEpCHUsl BOASIHOIO rasa’ npejnHa3HaueH JUIi 0003Ha4YeHUs peakiuH (V), Npoxoss-
HIeH crpaBa HaJIEBO OT CTPEJIKH. B OOJMBIIMHCTBE CiIy4aeB BCE 3TH PEAKLMH HAXOJIATCS B PABHOBECHH I OJIM3-
KM K PaBHOBECHIO Ha BBIXOJIE M3 CIIOs KaTallM3aTOpa MIIM 30HBI KaTaJu3aTopa COOTBETCTBYIOLIErO peaKkTopa.

ITpouecchl, ocHOBaHHBIE Ha aBTOTepMHYeckoM pHdopmuHre (ATR), SABIAIOTCS anbTEpHATHBHBIM NyTEM
MOJIyYeHHs] CHHTE3-Ta3a, 0COOEHHO KOraa TpeOyeTcsi HU3KOe COOTHOLIEHHE BOAOpOJa 1 MOHOOKCHAA YIiiepoa.
OcHoBHbIe 3neMeHThl peaktopa ATR npencraBnsior co6oii ropenky, KaMepy CropaHus M CIOH KaTalu3aTopa,
coJliepallecs BHYTpH KOpITyca ¢ OTHEYNOPHOH (GyTepoBKoii, paboTatomiero noa gasieHueM. B peakrope ATR
MOCJI€ YaCTUYHOTO CXMTaHMs YTJIEBOJOPOAHOTO HCXOJHOTO CBHIPhS C MOMOIIBIO CYOCTEXHMOMETPUYECKHX KOJH-
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YECTB KHMCJIOpOJa CIIEYET MapoBOiH pUPOPMHUHI NOTOKA YACTUYHO CTOPEBIIETO YTIEBOJOPOAHOIO UCXOTHOTO
CBIPbS B HEMOJBM)KHOM CIIO€ KaTaimu3aropa napoBoro pudopmunra. IlapoBoii pudopMuHT Takke B HEKOTOPOHt
CTEINEHU NPOUCXOAUT B KAMEPE CrOpaHMs M3-3a BHICOKOH TEMIEPATypHI.

Peaknust mapoBoro pudopMMHra CONpoBOXIAeTcs peaklued KOHBEpCHM BOAsHOro rasa. Kak mpaBuio,
9TOT a3 Ha BBIXOJIE M3 PEaKTOpa B OTHOIICHMM PEaKIHil MapoBoro puopMHUHra ¥ KOHBEPCHH BOJASHOIO rasa
HaXOJIHUTCS B PABHOBECHHU MM OJIM3KO K HeMY. TeMmeparypa BBIXOSAIIETO ra3a 0ObIMHO HAXOAUTCS B AMANA30HE
Mmexnay 850 u 1100°C. Boapme noapobnocteit 06 ATR u nonHoe onucaHue MOXXHO HalTH B AaHHOU 001acTH
TEXHHUKH, Kak Hanpumep, B "Studies in Surface Science and Catalysis", Vol. 152, "Synthesis gas production for
FT synthesis"; Chapter 4, ctp. 258 - 352, 2004.

IIponiecc ATR ucnonp3yeT KUCIOPOA M BOASHOM Map, a Takke NpH JKEITaHUM TUOKCHU YIIepoaa, B peak-
IIMM C NOTOKOM YTJIEBOJOPOAHOIO HCXOAHOTO CHIPhS /U 00pa3oBaHus cuHTE3-ra3a. COOTHOIIEHHE BOAOPOaA U
MOHOOKCH/Ia YIJIEpo/ia B BEIXO/IAIIEM ra3e 3aBUCUT OT BEIOPAHHBIX YCIOBUI paboThI, BKIIOYAs KOJHYECTBO BO-
JISTHOTO Tapa U JAMOKCHAA YIIIepo/a, 100aBIEHHBIX K MOTOKY YTIIEBOJOPOAHOIO HCXOIHOTO CHIPbS /MM B peak-
Top ATR. YBenauueHue konuuecTBa IMOKCHIA YTriepoaa OyAeT yMEHbBIIATh COOTHOMICHHE BOIOPOAA U MOHOOK-
cHja yrieposa B ra3000pa3HOM NMPOAYKTE, HO TakKe OYIET yBEIMYUBATh pa3Mep peakTopa u3-3a 6osiee BHICOKO-
ro pacxosa.

OOBEKTOM U300pETEHHS ABIAETCH NMPEJOCTABUTH CIOCO0 M CUCTEMY IS OJTYUEHHS CHHTE3-Tasa ¢ 3apaHee
onpeaenaeHHbIM cooTHomeHHeM H,/CO. O6bekToM H300peTEeHHs TAKKE SBIAETCS NPETOCTABUTH CIIOCO0 U CHC-
TEMY JUIS MOJNYYEHUS CHHTE3-ra3a ¢ HU3KUM cooTHomeHnueM H,/CO, npeanourutensHo 6e3 oOpa3oBaHUS U3-
obiTka H,. KpoMe TOro, 00beKTOM HAcCTOSIIETO M300PETCHUS ABIAETCH NPENOCTABUTH CIIOCOO M CHCTEMY I
MOJYYEHUS CUHTE3-Ta3a, I/Ie peakTop 11 pudopMunra npeacrasmusier coboit peakrop ATR u rae ara cucrema u
crnocod uMeroT 6ojee HU3KOE MOTPEOICHUE KUCIOPOIa U ¢ YMEHBIIEHHBIM pa3MepoM peakTopa ATR. O6bexkToM
U300pETEHHS TAKOKE ABIAETCS NMPEAOCTABUTH CIIOCO0 U CUCTEMY, 00ECIEeYHBAIONIME BBICOKOE NTpou3BoacTBo CO
U3 yCTaHOBKM pudopmuHra. J[pyrum o6beKTOM M300pETEHMS ABIAETCSA NPENOCTABUTE CIIOCOO U CHCTEMY, KOTO-
pble MOTYT OBITH NMOJIE3HBI B KAYECTBE MOJICPHU3ALMH CYIIECTBYIOIIETO CNOCO0a U CUCTEMEBI, B CIy4ae, Korjaa
TpedyeTcst U3BMEHUTH COCTAB MOTOKA ra3000pa3HOro NMpOAYKTa B HANPABICHUY ITOJYUYEHUS OOJIBIIET0 KOJHYECT-
Ba MOHOOKCH/Ia YIJIEpOo/ia U3 CYIIECTBYIOIIETO MPOLECCa U CUCTEMBI HITH I YBEITMUEHUS MOIHOCTH POU3BOI-
CTBa MOHOOKCH/Ia YTIIEPOA.

CyurHocTs M300pereHns

OnuH acnekT U300peTeHUss OTHOCUTCS K CrIOcOo0Y MOTYUEHHUS CUHTE3-Ta3a, IPUYEM 3TOT CIIOCO0 BKITIOUAET
CTaauU: a) B3aMMOJCHCTBHS NMOTOKA YTIEBOAOPOJHOIO MCXOJHOIO CHIPhS C ITOTOKOM OKMCIHUTEIBLHOTO rasa B
peakTope puhOpMHUHTa C TOJYUEHUEM, TAKMUM 00pa3oM, MOTOKa MEPBOr0 CHHTE3-rasa; b) nojavyu HarpeToro no-
ToKa rasa, oboramenHoro CO,, B aainabaTHYeCKUil peakTop MOCT-KOHBEPCHH, COJIEpPIKAIMI BTOPOH KaTaiu3a-
TOp, AKTHBHBIN IS KaTanu3a peakiuil mapoBoro pudopMuHra MeraHa, METAHUPOBAaHUSA U 0OpaTHOH KOHBEPCUU
BO/ISIHOTO Ia3a; U ) NMPeJOCTaBICHUS 110 MEHBIIEH Mepe YacTH MOTOKA NMEPBOrO CHHTE3-Ta3a U HArpeToro noTo-
Ka rasa, oborameHaoro CO,, BO3MOXHOCTHU NO/IBEPTraThcs PEAKIHUAM NapoBOro pU(OPMHUHIa MeTaHa, METaHHU-
poBaHUA M 00paTHOH KOHBEPCHU BOJASHOIO ra3a B aJMabaTHuYECKOM pEaKTOpE MOCT-KOHBEPCHH C MOIYUCHHEM,
TaKUM 00pa3oM, MOTOKA ra3000pa3HOro NMpPOAYKTa, MPUYEM ITOT MTOTOK ra3000pa3HOr0 NPOAYKTa NPEACTABIAET
co06oit notok cuntes-raza. Coornomenue Hy/CO B moToke razoo0pa3Horo npoaykra 6yAeT HHXKE COOTHOIICHHUS
H,/CO B noToke nepBoro CUHTE3-rasa.

B pesynbraTte npoBeneHus peakiuii mapoBoro pudopMuHra MeTaHa, METAHUPOBAHHUS U 0OpaTHOH KOHBEp-
CHM BOJSHOTO I'a3a B OTAEIBHOM pPEaKTOpeE, a UMEHHO, B aJHa0aTHUECKOM PEaKTOpe NMOCT-KOHBEPCHUH, HIXKE T10
MOTOKY OTHOCHUTEIBHO peakTopa pU(OpMHUHIA, MOXKET OBITh yBEIMUEHO Npou3BojacTBo CO B 3TOM mpouecce
U/MIM MOXKET OBITh MHIMBHUAYAIBHO afantupoBano cootHomenue H,/CO.

TepMuH "peakTop nocT-KoHBepcHM" MpeaHa3HauYeH A8 0003HAYEHUS PEaKTOpa HUXKE IO ITOTOKY OTHOCH-
TEIBHO peakTopa puOpPMHHIa, I/le peaklMM NapoBoro pupOpMHUHTa, METAHHUPOBAHUSA M 0OpaTHOI KOHBEPCUU
BOJITHOTO ra3a NMPOTEKAIOT B HANPABICHUHU PABHOBECHS B 3TOM pEaKTOpE NOCT-KoHBepcHH. CHHTE3-ra3 U3 peak-
Topa puhOpMHUHTa IPEBPAIIACTCA B KOHEUHBIH CHHTE3-Ta3 B PEAaKTOPE NMOCT-KOHBEPCHH, IPUYEM 3TOT KOHEYHBIH
cHHTEe3-ra3 uMeet Oonee Hu3koe cootHomenue Hy/CO, ueM cuHTe3-ra3 u3 peakropa pudopmunra. Tepmun "pe-
akTop pudopMMHra" npeaHazHaueH JUis 0003HAYEHUS peakTopa /IS IOJYUCHHUs CHHTE3-Tra3a, TaKoro Kak, Ha-
NpUMEP, PEaKTOp /U NapoBOro pU(OPMHHIa METaHa UM PEaKTOp I aBTOTEPMUYECKOTO pUGOPMHUHTa.

[IpumMenenue annabaTHIECKOr0 PEakTopa NoCcT-KOHBEPCHHU, COJIEPXKAILETO BTOPOil KaTanu3aTop, aKTUBHBIN
B KaTalM3e peakluil mapoBoro pudopMHHra MeTaHa, METAHHUPOBaHUSA M OOpaTHOH KOHBEPCHM BOJSHOrO rasa,
MOXKET T10Ka3aThCs HEJOTUUHBIM, NTOCKOJBKY B pe3ynpTate peakuuit (1) u (ill), MpOoTEKaloMUX B HANPaBICHUH
JIEBOH CTOPOHBI, U3 BOJOPO/Aa M MOHOOKCH/IA YIJIEpPOoAa B IOTOKE IEPBOTO CHHTE3-ra3a MEHEpUPYETCS METaH.
OpHaKO NMPEUMYIECTBO MONYUEHUS CHHTE3-Ta3a ¢ BHICOKOH KOHIIEHTpallMel MOHOOKCHU/IA yTIIepoja NpU OTHO-
BPEMEHHOM YMCHBIICHUM pUCKa 00pa30BaHUA YTIEPOAUCTHIX OTIOXKEHHUH Ha KaTalu3aTope BHYTPU aauabaTu-
YECKOr0 PeakTopa MocT-KOHBEPCHHU MEPEBEIIMBAET TOTCHIMAIBHBIA HEAOCTATOK HE3HAYUTEIBHOTO YBEIMYCHHUS
KOJIMYECTBA METAHA B IOTOKE CHHTE3-Ta3a.

B atom konrekcre Tepmun "S/C" umm "coornomenue S/C" sBnseTCs COKpAIIEHUEM I COOTHOIICHHS BO-
JsTHOTO mapa M yriepoja. CooTHOIIEHHE BOASHOIO Napa ¥ yriepoja NpeAcTaBiIseT co00l COOTHOIIEHUE YUCTa
MOJIb BOASHOIO Mapa M YUcia MOJb yTIepoaa B YIJIEBOJOPOJAAX rasa, TAKOro Kak IOTOK YIJIEBOJAOPOTHOIO MC-
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XOAHOTO chipbs. TakuM o6pazom, S/C mpencTaBiieT coboil 00Iee YUCIO MOJIL BOASHOTO Mapa, JCICHHOE Ha
obImiee YUCIIO MOJb YIjIepoaa U3 yrieBoaopoaoB B raze. Kpome toro, tepmun "O/C" umu "coorHomenue O/C"
SBJISICTCA COKPAIICHUEM JJI1 aTOMHOTO COOTHOIICHUA KUCIIOponaa U yriepoaa. COOTHONICHUE KUCIIOPOaa U YT-
JIepo/ia NpeICTaBIAET cOO0H COOTHOIIEHHE YUCTIa MOJIb KMCIIOPOAa U YKMciIa MOJb yriiepoaa B raze. Kpome roro,
tepMuH "H/C" umu "cootnomenue H/C" aBnsercs cokpalieHUeM A1 aTOMHOTO COOTHOILICHUS BOJOPOJA U YT-
nepoaa. COOTHOIIEHHE BOJIOPO/A U YTIIepo/ia NpeaCcTaBIseT co00i COOTHOMIEHHE YUCIa MOJIb BOJOPOIA U YHC-
J1a MOJIb yraepona B raze. Ciaeayer oTMETUTh, uto TepMuH "C" B cooTHOmeHNH S/C, TakKUM 00pa3oM, OTJIHYACT-
cs ot "C" B cootnomenusx H/C u O/C, nockompky B S/C "C" TONBKO U3 YTACBOAOPOAOB, Toraa kak B O/C u
H/C "C" o6o3HauaeT BeCh YIIepo B rase.

Tepmun "cuHte3-ra3" npenHazHaueH I 0003HAYCHUS rasa, COAEPKAIIETO MO MEHBIICH Mepe BOJOPON U
MOHOOKCHJI YIJIePO/ia, XOTA OH TAKKE MOXKET COACPKaTh TUOKCHU]] YIIIEPOId, METAH U BOASHOM map U, BO3MOX-
HO, HEOOJIBIIME KOJUYECTBA APYTUX a30B, TAKUX KaK aproH, a30T U T.1.

Creayer OTMETUTD, YTO BTOPOH KaTanu3aTop B auMabaTHuECKOM PEAKTOPE MOCTKOHBEPCUM aKTUBEH IS
KaTajau3a peakiuii napoBoro puh)OpMUHra METaHA, METAHUPOBAHUS U OOPATHONH KOHBEPCUM BOJIAHOTO raza. ITu
TPU pEAKIUU TECHO CBS3AHBI, U 3TH PEAKIUU B aHAbATUYCCKOM PEAKTOPE MOCT-KOHBEPCUU MPOTEKAIOT B Ha-
NpaBICHUN PABHOBECHUSL.

B onHOM BapuaHTe oCyIECTBICHUS peakTop pudopMuUHra mpeacraBisieT coboil peaktop ATR. Peaxrop
ATR BKIIOYAET TOPENKY, KAMEPY CrOpaHUs U CJIOM MEPBOro KaTaau3aTopa, COACpXKalMecs BHYTPU KOpMyca ¢
OTHEYMOPHO# (hyTepoBKOIL, pabGOTAIOMIEro MO AaBICHUEM. B ApYyromM BapuaHTe OCYINECTBICHUS PEaKTOp PHU-
dopMuHra npeacrasmsieT co0oit peakrop mapoBoro pudopmunra Merana. Peaktop napoBoro pudopMuHra Me-
TaHa BKITIOYAET HECKONBKO TPYOOK, BMEIIAOIIMX MEPBbIH KaTaIU3aTOP, BHYTPU NEUU C TOPEIKAMU.

B onHOM BapuaHTe OCYIIECTBICHHS MOTOK ra3000pa3HOro MpOAYKTa MpEACTaBIseT coOoi cCHHTE3-ra3 ¢
cootnomeHueM H,/CO nmxe 1,8. Ilpenmouturensho, cootHomenue H,/CO B cuHTE3-ra3e COCTaBIAET, CPEAU
npouyero, Huxke 1,6, 6onee mpeaAnoyTUTENsHO, Hibke 1.4, ente Gosice NpeaAnoYTUTENbHO, Hike 1,2, u Haubonee
NPEANOYTUTEIBHO, HUke 1,0.

B oaHOM BapuaHTE OCYIICCTBICHUA MO MEHBILIEH Mepe 4acTh MOTOKA MEPBOrO CHHTE3-ra3a U HAarpeToro
notoka rasa, oborameHHoro CO,, 00beAUHSIOT B OOBEIMHEHHBIM MOTOK ra3a BBIIIC MO XOAY MOTOKA OTHOCH-
TEIBHO aIMa0aTUYECKOTO PEaKTOopa MOCTKOHBEPCUU. B KauecTBe albTepPHATUBEI, 10 MEHBIICH MEpPE YacTh NOTO-
Ka TEpPBOTO CHHTE3-ra3a W HArpeToro moroka rasza, oborameHnoro CO,, NOarOT B aauabaTUYECKUl peakTop
MOCT-KOHBEPCUU TO OTACIABHOCTU 171 CMEMMBaHUS B HeM. TepmuH "ras, oboramenusiii CO," mpenHazHaueH
1A 0003HaYCHUS MOTOKA rasza ¢ coaepxkaHueM CO,, cocTaBnsAomuM no MeHwliei Mepe, 50 Mon.% cyx., kKak
HanmpuMmep, o MeHsieit Mepe 70 Mo1.% cyx. CO,, Hanpumep, no MeHbmie# Mepe, 90 Mo1.% cyx. CO,.

B 01HOM BapuaHTe OCYIIECTBICHUS HArpeThiii moTok rasa, oboramieHHoro CO,, 10 0ObEAMHEHUSA IO
MEHBILEH MeEpe ¢ YaCThIO MOTOKA MEPBOTO CUHTE3-ra3a M/MUIM A0 BBEACHUA B aAMa0aTUYECKUI PeakTop MOCT-
KOHBEPCUM UMeeT TeMneparypy Mexay npuMeprno 500°C u 1100°C. IIpeanoyturensHo, TeMnepaTypa HarpeTo-
ro noToka rasa, oboranieanoro CO,, cocraBnser 6onee 600°C, a 6ojee MPeaNOUYTUTENLHO, TEMITEpaTypa Harpe-
TOro MOTOKa rasza, oboramennoro CO,, cocraBnsger npumepHo 700°C umu BeiIe, YTOOBI U30CKATH CIUIIKOM
HU3KUX TEMOEPATYP B aAMabaTUYECKOM PEAKTOPE NOCT-KOHBepcuU. TeMmepaTtypa HarpeToro noroka rasa, 06o-
rameHHoro CO,, 1omkHa OBITH TOCTATOYHO BBICOKOH, 4TOOB! M30€XaTh 00pPa30BaHUA YIIIEPOJUCTHIX OTIIOXKE-
Huil. KpoMe Toro, BEICOKas TeMIepaTypa HarpeToro noroka rasa, oooramennoro CO,, obecneyuBaeT JIyUIIyIo
CENEKTUBHOCTH MO oTHOMmEeHUIO K CO U, CIeI0BATENBHO, 00JIEE BEICOKHIA BHIXO.

Temnepatypa ra3oB, MOCTYMAIONMX B aAMa0aTUYECKUI PEAKTOP MOCT-KOHBEPCUHU, NOMKHA OBITH OTpEry-
JMPOBAHA, 4TOOB! U30EkKATh OOPA30BaHUA YTIACPOAUCTHIX OTIOKEHUN HA BTOPOM KaTaauzaTope. MUHUMAIbHAS
TeMIlepaTypa 3aBUCHT OT pabouMX YCIOBUiA, HO 00bIYHO cocTaBana 06 750°C, unu Gojee MpeaNOYTHTENLHO,
Beiie 800°C. TeMmneparypa BTOPOro KaranusaTopa B aquabaTHuECKOM PEAKTOPE MOCTKOHBEPCUU OYICT HUXKE
1050°C unu naxe Hike 1000°C.

OfMH BapUaHT OCYIICCTBICHUS U300PETEHUS JOMOTHUTENBHO BKITIOUACT CTaJUI0 HATPEBAHUS NTOTOKA rasa,
oboramenHoro CO,, a1 GopMHUPOBaHUS HATPETOTO MOTOKA rasza, oboramienHoro CO,, B HarpeBaresie ¢ OTHEH-
HBIM 000rpeBoM. B ciryuae, koraa peakrop pudopMunra npeacrasiseT coboit peakrop ATR, 3ToT HarpesaTenb
C OTHEHHBIM O00OTrPEBOM U HATPEBaHUA MOTOKA rasa, oborameHHoro CO,, MOXET ObIThH HArPEBATEIEM C OT-
HEHHBIM 00OTrPEBOM, MCMONB3YEMBIM sl MPEABAPUTEIBHOTO HArpeBa MOTOKA YTACBOJOPOIHOTO HUCXOTHOrO
CBIPbS BBINIE 1O X0y MOTOKA OTHOCUTEIbHO peakropa ATR. B kauecTBe aabTepHATUBEI, HATPEBATEN C OTHEH-
HBIM 000TPEBOM JUTA HArpEeBaHUS MOTOKA rasza, oboranieHHoro CO,, MOXET NPEACTABIATh COO0H TOMOITHUTEND-
HBIf HArPEBATENb ¢ OTHEHHBIM 000IPEBOM.

OfMH BapUaHT OCYIICCTBICHUS U300PETEHUS JOMOTHUTENBHO BKITIOUACT CTaJUI0 HATPEBAHUS TOTOKA rasa,
oborameHHoro CO,, a1 hopMUPOBaHUSA HArpeTOro MoToka rasza, oboramenHoro CO,, B HarpeBareae ¢ 3NeK-
TPUUECKUM 00OTPEBOM.

OfMH BapUaHT OCYIICCTBICHUS U300PETEHUS JOMOTHUTENBHO BKIIIOUACT CTaJUI0 HATPEBAHUS MTOTOKA rasa,
o6oramennoro CO,, a1 00pa3oBaHHUs HArpeToro NoToka rasa, odoramenHoro CO,, myrem TermnoodMeHa ¢ re-
PErpeThIM MapoM.

OfMH BapUaHT OCYIICCTBICHUS U300PETEHUS JOMOTHUTENBHO BKITIOUACT CTaJUI0 HATPEBAHUS MTOTOKA rasa,
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oboramennoro CO,, aust 00pa3oBaHHUsS HArpeToro Mortoka rasa, oboramenHoro CO,, myTeM TeruiooOMeHa 1o
MEHBIIEH Mepe ¢ YacThIO MOTOKA ra3000pa3HOro MPOAYKTA, BBIXOMAIIETO M3 aaMabaTU4YecKOro peakropa Ho-
CTKOHBEPCHH.

HarpeBanue moroxa raza, oboramenHoro CO,, MOXeT ObITh CKOMOMHMPOBAHO TaKUM 00pa3oM, HTO HC-
nonp3yercst Oojee YeM OJMH U3 BAPMAHTOB. HArpeBaTeslb ¢ OTHEHHBIM OOOTPEBOM, HAarpeBaTelb C ANEKTpUUe-
CKUM 00OTpeBOM, TEIJIOOOMEH C INEPErpeTsiM NMapoM M TEMIOOOMEH € NMOTOKOM ra3o00pa3Horo npoaykra. B
cryyae kKoMOMHanui nmorok rasa, oboramenHoro CO,, cHayana HarpeBaeTcs MOCPEACTBOM IEPETPETOro napa
(ecnu HCIOIB3YETCs HarpeBaHUE C MTOMOIIBIO TEMIO0OMEHA € MEPErPETHIM MAPOM), @ 3aTEM BHYTPH HarpeBaTess
C OTHEHHBIM 00OTPEBOM MIIM HArpeBaTells ¢ JIEKTPHYECKHM 000rpeBOM (ECIIM HCIOIb3YETCs HarpeBaHUE B Ha-
rpeBaTeie ¢ OTHEHHBIM 000TpEBOM/ C JJIEKTPUUECKUM 00OrPEBOM) M, HAKOHEIL, MyTEM TEMJI000MEHa MO MEHb-
mei Mepe ¢ 4acThbl0 ra3000pa3HOro NMPOAYKTA, BBIXOASAIIETO M3 aAMabaTHYECKOTO PEaKTopa IOCTKOHBEPCUU
(ecau Takoif TENI000MEH UCHOIB3YETCH).

TepMuH "IIOTOK YII€BOOPOIHOTO UCXOAHOTO CHIPA" peHa3HauEeH /111 0003HAYCHUS TOTOKA HCXOAHOTO
CBIPBS, COAEPIXKAIIETO YTIEBOIOPOAHBIH ra3 ¢ OJJHUM MM HECKOJBKUMHU YIJIEBOJAOPOJAMH H, BO3MOXKHO, IPYTH-
MU COCTaBJSIOMUMHU, TakuMU kak CO, u/umu BoagHoi nap. [Ipumepamu "yrieBomopoaHoro raza" MOryT OBITh
MPUPOAHBIN a3, ra3 ObITOBOI0 Ha3HAYECHUS MIM CMECh METaHa M BHICIIMX YTIeBOI0poaoB. Kak mpaBuno, morok
YIIIEBOJOPOHOTO MCXOTHOTO CHIPhS COAEPXKUT MOTOK YTIJIEBOJAOPOTHOrO ra3a ¢ He3HAYMTENbHBIMU KOIHYECT-
BaMM BOJIOPO/a, MOHOOKCHA YIIIepoaa, AMOKCHIA YTIIepo/a, a30Ta WIIM aproHa WM UX KOMOMHAIMH, B A0MOI-
HEHHUE K BOASHOMY Napy U, BO3MOXHO, TMOKCHY YTIEepoja, 100aBIsSEMOMY K YTIIEBOJIOPOAHOMY ra3y BBIIIE MO
X0/ly MOTOKA OTHOCHTEIBHO peakTopa puGOpMHUHTa.

OOBIYHO YTIIEBOJOPOAHBIN a3 OyAET MOABEPraThCs ACCYIbPYPU3ANMHU, YTOOBI YIAIUTH U3 HETO CEpY H,
TaKUM 00pa3oM, H30exkaTh Je3aKTHBALMU KaTalu3aTOPOB, HCIIOIb3YEMBIX B IIPOLECCE.

Ilpu >xexaHuM, YTIEBOJOPOAHBIH a3 BMECTE C BOASHBIM MApoOM Takke OyAyT MmoaBepraThes aauadaTuye-
CKOMY TIpeBAPUTEIBHOMY PUGOPMHUHTY B COOTBETCTBHM € peakuueil (1v) B TeMOEpPaTypHOM HHTEpBaie NpU-
MepHO 350-550°C nns mpeBpamieHMs BBICHIMX YITIEBOJOPOJOB B KAaueCTBE HavajdbHOW CTaauM B IIpoliecce,
00BIYHO MMEIOIIEM MECTO MOCNE CTajuH AeCyabdypu3anuyu. IT0 yCTpaHIET pUCK 00pa30BAHUS YIIIEPOIUCTHIX
OTJIOKEHMH M3 BBICIIUX YTIIEBOAOPO/IOB HA KaTaIM3aTOPE B MOCIEAYIOMMX CTAIMAX Ipolecca.

B onHOM BapuaHTe OCYIIECTBIEHUS MOJIPHOE COOTHOIIEHHE MEXIY THOKCHIOM YTJEepojAa B HArpeTOM
noToke rasa, oborameHHoro CO,, ¥ yTIeBOAOPOIAMHU B TOTOKE YTIIEBOAOPOTHOTO HCXOTHOTO CHIPhS COCTABIAET
6onee 0,1. BepxHuii mpeaen A1 3TOr0 MOJIAPHOTO COOTHOIIEHUS MEXY TUOKCHIOM YTJEpoja B HArpeTOM NO-
TOKe rasa, oborarmeHsoro CO,, U yTrIeBog0po1aMH B IIOTOKE YTIEBOJOPOIHOIO HCXOTHOTO CHIPhS COCTABIACT 4.
OOBIYHO MOJISIPHOE COOTHOILIEHUE MEXY JMOKCHAOM YTIIEpO/ia B HArPETOM ITOTOKE rasa, oborameHnoro CO,, u
YIIIEBOAOPO/IaMH B TOTOKE YTIIEBOJOPOTHOTO HUCXOHOTO CBHIPhs cocTaBnseT 6onee 0,5.

B onHOM BapuaHTe OCYIIECTBICHHS MOTOK YIJIEBOAOPOIHOIO HCXOTHOTO CHIPhs COJEPXKUT BOJSHOM map, U
cootHomieHue S/C B 3TOM IOTOKE YTIIEBOAOPOJHOIO MCXOMHOro chipbs coctaBisieT oT 0,2 1o 2. Ilpeamouru-
TeNbHO, cooTHomeHue S/C Haxonutes Mexay 0,4 u 0,6.

B oanoM BapuaHTe OCYIIECTBIEHMS KOJMYECTBO BOASHOIO Mapa, KUCJIOPOAa M AMOKCHAA YTIIEpoja, Io-
CTynaromee B peakrop puOpMHMHIa, ¥ KOJHYECTBO BOASHOIO Mapa M AMOKCHAA YIIEepoja, A00aBIAEMBIX I10
MEHBIIEH Mepe K YacTH MOTOKA MEPBOTrO CHMHTE3-ra3a BBIIIE MO X0y NOTOKA MIIM B aMabaTHuYECKOM peakTope
MOCT-KOHBEPCHUM, PEryIupyercs Uil obecreueHus NpeaBapUTENbHO onpeaeiaeHHoro coorHomenus H,/CO B
MOTOKE ra3000pa3HOro MpoayKTa.

B onHOM BapmaHTe OCYIIECTBICHHS KOIMYECTBO M TEMIIEPATypy HArpeToro MoToKa rasa, 000raleHHOro
CO,, peryaupyioT, 4To0bl rapaHTUPOBATh, YTO TEMIEPATypa YKa3aHHOIo MOTOKA ra3000pa3HOro NMpOoAyKTa COo-
craBiseT no Menpuiei Mepe 800°C. TemnepaTypa yka3aHHOTO NOTOKA ra3000pa3HOro NpoaAyKTa OObIYHO Haxo-
nurcs Mexay 800°C u 1000°C, xak Hampumep, mpu 850°C.

B onnoM BapuaHTe OCyIIECTBICHUS BTOPOH aKTUBHBIH KaTaau3aTop NpeacTaBIseT co0oil karanuzaTop na-
poBoro pudopMHHIa M/WIM KaTaau3aTop MeTaHMpoBaHMs. IlpuMepamu TakMX KaTaaM3aTOPOB SBIAIOTCH
Ni/MgAlL,0O4, Ni/AlLO;, Ni/CaAl,O,, Ru/MgAlLO,, RWMgAl,O,4, Ir/MgAl,O4, M0o,C, Wo,C, CeO,, bmaropon-
HBIH MeTann Ha Hocutene u3 Al,Os, HO IpyTHe KaTaau3aTopsl, TOAXOAAIIKE T PUGOPMUHTA, TAKKE SBIAIOTCS
BO3MOXHBIMH. BTOpoii karanuzarop, TakuM 00pa3oM, yYCTaHABIMBACTCA JUIS KaTalu3a peakluu NapoBOrO pHU-
¢dopmunra Merana. O1HaKo, MOCKOJBKY 110/1a4a raa B aAMabaTUIeCKUi peakTop MOCT-KOHBEPCHH NPEACTABIACT
c000# NOTOK CHHTE3-Ta3a, COACPXKAIIMNA BOJOPO] M MOHOOKCHA YTIIEPOAA, TO B a1MabaTHYECKOM peakTope no-
CTKOHBEPCHHU NMPOUCXOIAT BCE PEAKIUH, KaK MapOBOro puGopMUHIa METaHa, TAK U METAHUPOBAHUA U OOPaTHOH
KOHBEPCHUM BOJITHOTIO rasa, M o0llee COJCpKaHUe METaHa, MOHOOKCHIA YTIIepoa M BOJSHOIO 1apa, BBIXO/AIIEE
U3 aAMabaTHYECKOTO PEakTopa NOCT-KOHBEPCHU YBEITMUUBACTCS.

ITepBblit KaTaIM3aTOP MPEANOYTUTEIHHO TAKXKE ABISIETCS KATAIU3aTOPOM NTapoBOro pudopMHHra METaHa.

Jpyroii acniexT H300peTEeHNU OTHOCUTCS K CUCTEME JUTS NOIYYEHUS CUHTE3-Ta3a. JTa CUCTEMA BKIIIOYAET B
ceb:

peakTop puhOpMHHra, YCTAHOBICHHBIH A B3aUMOACHCTBUS YTIIEBOAOPOTHOTO HCXOTHOTO CHIPhS € NOTO-
KOM OKHCJIMTEIBHOIO ra3a ¢ MoJy4eHHEM, TaKUM 00pa3oM, TOTOKa NEPBOro CHHTE3-Ta3a,

anMabaTHUECKUil peakTop MOCT-KOHBEPCHH, COJMEPKAIIMH BTOPOH KaTauu3aTop, aKTUBHBIHA I KaTaiu3a
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peakiuii napoBoro pugopMUHra MeTaHa, METAHUPOBAHUS U 00pPAaTHOI KOHBEPCUH BOJISHOIO rasa,

TpyOONpOBO A BBEJICHUS O MEHBIIEH MEpe YacTH ITOTOKA NEPBOrO CUHTE3-ra3a B aauabaTHYeCcKui pe-
aKTOp MOCT-KOHBEPCHH, U TAAE aAMabaTUIECKUil peakTop MOCT-KOHBEPCHUHU BKJIIOYAET BBITYCKHOE OTBEPCTHE AJIA
BBIBEICHUS NMOTOKA ra3oo0pa3HOro NMpoAyKTa, NMPUYEM MNOTOK ra3000pa3HOro MpOoAyKTa NMpEACTaBiIseT coOOit
MOTOK CUHTE3-Ta3a, U

YCTPOHCTBO I T0OABICHHUS HArPETOro MOTOKa rasa, oborameHHoro CO,, no MeHbIIEH Mepe K YacTH 1o-
TOKa IIEPBOTO CUHTE3-ra3a BBIIIE IO XOAY NMOTOKA MITH B a1MadaTHUECKUI peakTop NOCT-KOHBEPCHH.

Creayer OTMETHUTD, YTO BTOpPOH KaTraiu3aTop B ajMabaTH4YeCKOM pEakTope IOCTKOHBEPCHH SBIAETCS akK-
THBHBIM JUISl KaTaJlu3a peakliy NMapoBOro puopMUHra MeTaHa/peakliil METAHUPOBAHUS U peakuu oOpaTHOM
KOHBEPCHUM BOJSTHOTO ra3a. DTH TPU PEAKIMU TECHO CBS3aHBI MEXKY COOOH M NPOTEKAIOT B HANPABICHUU PAaBHO-
BECHS BHYTPH PEAKTOpPa MOCT-KOHBEPCHH.

[IpeumymiecTBa CHCTEMBI M €€ BapUAHTHI OCYIIECTBICHHUS COOTBETCTBYIOT TEM, KOTOPHIE ONUCAHEI B OT-
HOUIIEHUU crocoba cormacHo u3odperenuto. Iloatomy 3aech oHUM He OYAYT onHcaHbl 6onee NoApoOHO.

KpaTkoe onmncanue puryp

BapuaHThI oCcymecTBIEHUS HACTOSAIIET0 N300pETEHUS MOSACHSAIOTCS C IIOMOIIBIO MPUMEPA M CO CCHUTKON Ha
npungaracMele uyeptexxd. Cleayer OTMETUTD, YTO NpHaracMble YepTeKH MILTIOCTPUPYIOT TOJHKO NPUMEpHI Ba-
PHMAHTOB OCYIIECTBIEHHS ITOTO M300pPETEHMS U, CIIEOBATEIBHO, HE JOJDKHBI pACCMATPUBATHCS KAaK OrpaHUYHU-
BAIOIHE €r0 00bEM, MOCKOIbKY M300pETEHHE MOXKET AOMYCKaTh APYTHE Takue ke 3()(EKTHBHBIE BAPUAHTHI
OCYIIIECTBICHHUS.

@ur. 1-3 mpeacTaBIAOT cO00H CXEMATHUYECKUE YEPTEKH CUCTEM /I MOTYHEHHS CHHTE3-ra3a COrIacHo
U300PETEHHIO.

ITonpodHoe onucaHue N300peTeHUA

Hanee npuBeaeHo noapoOHOE ONMHCAHHE BAPUAHTOB OCYIECTBICHUS M300pETEHMS, IPOUILTIOCTPUPOBAH-
HBIX Ha MpUJIaracMbIX YyepTexax. BapuaHThl 0CyIIECTBICHUS ABIAIOTCSA IPUMEPAMU U NIPEACTABICHB! HACTONBKO
noApoOHO, YTOOBI YETKO JTOHECTH H300peTeHue. TeM He MeHee, KOIMYECTBO Npe/IaraeMblX NOApoOHOCTEH He
IpeTHa3HAuYEHO /IS OTPAaHUYCHUS OXKUTAEMBIX BapHallMii BAPMAHTOB OCYILECTBICHUS, HO, HAPOTUB, LIENb CO-
CTOHUT B TOM, YTOOBI OXBAaTUTh BCE MOAUGDUKAIIMH, IKBUBAICHTHI U aJbTEPHATUBBI, NO/INAAIONIME 1O/ CYIIHOCTD
1 00bEM HACTOSAIIETO U300pPETEHH, KaK ONPECICHO C IIOMOIIBIO pUnaraeMoit hopMyIsl H300pETEHUS.

@ur. | npencrasnieT coboit cxemaTuueckuit ueprex cucrems! 100 1 modgyueHHs CHHTE3-ra3a COrjacHo
u3o6perenuto. Cuctema 100 Brmouaet B ce6s peakrop ATR 10 u annabarudeckuit peakrop nocr-kousepcuu 20.

ITotok yrieBomopoanoro ucxoasoro coipbs 4 B peaktop ATR 10 cucremsr 100 cocrour u3 nmoroka yrie-
BOJOPOHOrO rasza 1, moroka rasa, oboramenHoro CO,, 2, HanpuMmep, no cymecTtBy yuctoro CO,, 1 BOJSHOTO
napa 3. [lotok rasa, o6oramensoro CO,, 2 1 BOAsSHO# nap 3 100aBIAIOT K MOTOKY YTIEBOAOPOIHOrO rasa 1, rem
caMbIM (hopMHPYS 00BbETMHEHHBIH MTOTOK YTIIEBOJOPOIHOIO HCXOTHOTO CHIPBS 4, Iepe/l BBEACHUEM 3TOr0 00be-
JMHEHHOTO MOTOKA YTJIEBOJOPOAHOro HcxonaHoro ceipbs 4 B peaktop ATR 10. Peakrop ATR 10 BMmemaer nep-
BBII karanu3arop 11 B ¢opme kaTamuzaropa napoBoro pudopmunra merana. Kuciopoacoaepxammii norox S,
TaKOH Kak BO3AYX, O0OTaIlCHHBIH KHUCIOPOAOM ITOTOK MM MO CYIIECTBY YHUCTHIH KHUCIOPOJ, BBOAUTCS B 30HY
cropanus peakropa ATR 10 uepe3 Bnycknoe orsepcrue. Peaktop ATR 10 npou3BoauT NOTOK NMEPBOro CUHTE3-
rasa 6, comepkaluuii BOAOPO/, MOHOOKCH/ YTJIEpOa ¥ AMOKCH YTIEpoaa, U3 0OBbEJUHEHHOTO TTI0TOKA YTIIEBO-
JIOPOJTHOTO UCXOJHOTO CHIphS 4 U MOTOKa 5, coaeprkaliero kuciaopon. Ilorok nepBoro cuHres-rasa 6, BBIXOA-
muit u3 peakropa ATR 10, 00br4HO MMeeT TeMnepaTypy Mexay npumepro 900°C u npumepno 1100°C, nanpu-
Mep, okonio 1000°C.

AnuabaTnueckuil peakTop rnocr-koHBepcuy 20 BMEIIAET BTOPOH KaTaau3aTop 25, akTUBHBIHN I KaTaiu3a
peakiuii mapoBoro pucdopMHHra METaHa, METAHUPOBAHUSA U 0OpaTHOI KOHBepcUM BoJsSHOro rasa. Hampumep,
BTOpO#1 karanu3arop 25 npeacraBnseT coboil cioit BToporo katanu3aropa. TakuM o0pa3oM, B aauabaTHIECKOM
peakTop noct-koHBepcuH 20 NMPOMCXOAUT YMCTas BHIpAOOTKA MOHOOKCH/JA yTIepoja, mapa M MeTaHa. Takum
00pa3oM, peakius napoBoro pudopMuHra MeTaHa M oOpaTHas peaklus KOHBEPCHU BOJISHOIO raza MpPOHCXOAAT
B aTMa0aTHUECKOM PEaKTOPE NOCTKOHBEpcHU 20 BMECTE € peakIUeii METAHUPOBAHHUS.

Kpome Toro, cuctema BkiodaeT B ceds HarpeBartens (He mokas3aH Ha ¢ur. 1) nns HarpeBaHus MOTOKA rasa,
oboramennoro CO,, amst GOpMUPOBAHUS HATPETOrO MOTOKA rasa, odoramennoro CO,, 7. Tpybonposona coenu-
HSET BBIMYyCcKHOE OTBepcTHe U3 peakropa ATR 10 ¢ BNyckHBIM OTBEPCTHEM aauabaTHHEcKOro peakropa mno-
ctxonBepcuu 20. Harperslit motok rasa, oboramennoro CO,, 7 106aBasioT K MOTOKY NEPBOro CHHTE3-raza 6
BBIIIIE 110 X0y NTOTOKa OTHOCUTEIRHO aAnabaTHIECKOro peakTropa noct-koHsepcuu 20, B pe3yaprarTe Yero oobpa-
3yeTcs MMOTOK CMENIAHHOIO ra3a 8. DTOT MOTOK CMEIIAHHOIO rasa § MocTymaeT B aauabaTHYecKUil peakTop no-
cTkoHBepcuH 20, a NOTOK ra3000pa3Horo nNpoaykTa 1S BEIXOAMT U3 anuabaTHiecKoro peakropa MocT-KOHBEPCUH
20 B xauecTBe KOHEYHOTO CHHTE3-raza. Ilotok razoobpa3Horo npoaykra 15 Moxer moaseprathes AanbHeHmek
00paboTke HUXKE IO MMOTOKY OTHOCHUTEIBHO aanabaTuieckoro peakropa noct-kousepcuu 20. Ilorok razoobpas-
HOro npoaykTa 15 npeacrasnser coboil cunTe3-ras.

AnuabaTnueckuil peakTop nocT-koHBepcHH 20 CIyKUT I MPUBEICHUS CMEIIAHHOTO ra3a K paBHOBECHIO
U, TaKUM 00pa3oM, U1 yMeHbleHus cootHommenus H,/CO B motoke razoo0pas3Horo mpoaykra 15 mo cpasae-
HUIO ¢ cooTHomeHueM H,/CO B moToke MepBOro cuHTE3-rasza 6.
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B BapuanTe ocyuiecTBneHus, NOKa3aHHOM Ha ¢ur. 1, HarpeThli NoTok rasa, oboramennoro CO,, 7 no6aB-
JISIOT B MOTOK NEPBOTO CHHTE3-Tasa 6 ¢ MOJyYeHUEM NTOTOKA CMEIAHHOro rasa § nepej BBEACHUEM B aquadaTh-
yeckuil peakrop nmoctkoHBepcud 20. Tem He MeHee, B kauecTBE albTCPHATHBEI, HArPETHIil MOTOK rasa, obora-
menHoro CO,, 7, U MOTOK MEPBOTO CUHTE3-ra3a 6 MOXHO MOAABATh B aiuabaTHUYECKUH pPEAKTOpP MOCT-
koHBepcuM 20 MO OTAEABHOCTH, AN CMEIIMBAHUS B HEM, BBIIIE IT0 X0y IOTOKA OTHOCHTEIBHO CII0S BTOPOTO
Karaau3aTopa 25.

@ur. 2 npeacTaBaseT co00i cxeMaTHUeCKUi yepTex cucteMsl 101 118 moaydyeHUs CHHTE3-ra3a COrIacHO
u3obpereHuro. Cucrema 101 Bxmrouaer B cebs ycTpoitcTBa/kOMIOHEHTH cucTeMbl 100, moka3aHHbie Ha ¢ur. 1.
OnuHaKkoBBIE YCTPOHCTBA 0003HAUEHB! OTMHAKOBBEIMU CCBIIOUYHBIMU HOMEPAMH M HE OYAYT NMOJPOOHO ONMMCAHEI
3aeck. Cuctema 101 Brumrouaer HarpeBatens 30. Harpesatens 30 MoxeT mpeacTaBisTh coboil HarpeBaTelb C
OTHEHHBIM 00OIPEBOM MJIM HarpeBaTenb ¢ 3JIeKTpuueckuM oborpeBoM. HarpeBatens 30 Moxer ObITh HarpeBa-
TEJIEM, UCTIONIB3YEMBIM IS MPEABAPUTEIHHOIO HAarpeBaHHs MOTOKA YTIIEBOJAOPOHOTO HCXOTHOTO CBHIPhS Nepea
peakropom ATR 10, umu oH MOXET NpeacTaBIiATh CO00H OTAENbHEI HarpeBatens. [1oTok ra3a, o6orameHHoro
CO,, 7' HarpeBaeTcs NOCPEACTBOM TEII00OMEHa BHYTpH HarpeBatens 30, TeM caMbIM MpeBparias ero B Harpe-
TEII OTOK rasa, oboramennoro CO,, 7.

@ur. 3 npencraBnieT coboit cxemaTHueckuit ueprex cucteMs! 102 1 MoIyueHHs CHHTE3-Ta3a COrjacHo
u3obpereHuto. Cucrema 102 Bxmrouaet B ceds ycTpoilcTBa/KOMIOHEHTHI cucTeMbl 100, moka3aHHbie Ha ¢ur. 1.
OnuHakoBbIe YCTpOHCTBA 0003HAUEHB! OTMHAKOBBEIMU CCBIIOUYHBIMUA HOMEPAMH M He OYAYT MOJPOOHO ONMMCAHEI
3neck. Cuctema 102 Bkmouaer TennoodMeHHUK 40 HUXKE 1O TOTOKY OTHOCUTENBHO aMabaTH4ecKoro peakropa
noct-kouBepcuu 20. IToTok raza, odoramennoro CO,, 7' HarpeBaeTcs NyTeM TEIUIOOOMEHA C TOPSIYUM MOTOKOM
razo00pa3HOro MpoaykTa 15, BEIXOASIIUM U3 aTHabaTUUECKOr0 peakTopa MOocTkoHBepcuu 20, TeM caMbIM Mpe-
Bpallas ero B HarpeThlit moTok rasa, oboramenHoro CO,, 7. BapuanTsl ocyinecTBieHus, oka3aHHble Ha Gur. 2
U 3, MOTYT OBITH OOBETMHEHBI, TAK YTO NOTOK rasa, oboramenHoro CO,, nepBoHA4YaIbHO HAIPEBAETCS C MOMO-
melo Harpesarens 30, a 3aTeM HarpeBaeTCs MyTEM TENI000MEHa ¢ TOPSYUM IIOTOKOM ra3000pa3HOro NpoaykTa
15. Kpome toro, norok rasa, o6oramesnoro CO,, MOXHO HarpeBaTh NyTEM TEIUI00OMEHA € MEPETPETHIM NapoM
(Ha "yepTexax He MOKA3aHO); B 3TOM CIy4ae TEMI00OMEH C MEPErPEThIM NapoM OOBIYHO NMPOUCXOAMI OBl Tepea
HarpeBaHUEM BHYTPH HarpeBaTeis C OTHEHHBIM 000TrPEBOM HITH C JJIEKTpUUeckUM o0orpeBoM. Takke BO3MOXKHA
KOMOHHANHUS, B KOTOPOH MOTOK rasa, oboramenHoro CO,, cHayama HarpeBaloT ¢ NOMOIIBIO NEPETPETOro napa, a
3aTE€M IyTEM TEII0OOOMEHA C rOpAYMM MOTOKOM ra3000pa3HOro mpojaykra 15 u3 anmabaTuueckoro peakropa
noct-koHBepcuu 20.

ITIpumep

IIpumep pacuera mpouecca npuseacH B Ta6n. 1 Hke. IloTokx yrieBogopo HOro HCXOAHOTO CHIphS 4, co-
JIeprKaluii yrineBogopoaHbIil ra3 1, morok rasa, oboramennoro CO,, U BOASHON nap 3, U UMEIONMH COOTHOIIIE-
Hue S/C, cocrapmsromee 0,6, monarot B peakrop ATR 10 cormacHo nzobpereHuto, kak nokazano Ha gur. 1. Io-
TOK YTJICBOJAOPOAHOTO UCXOMHOTO ChIpha 4 mepen BnyckoM B peaktop ATR 10 narpesaror no 650°C. Peakrop
ATR 10 BeIpabaThIBaCT MOTOK NMEPBOro cUHTE3-rasza 6. [loTok 5, cogepkanuii KUCIOPOA, NOOABIAIOT B PEAKTOP
ATR 10, 1 ero xoIM4eCTBO PETYIMPYIOT Tak, YTOOBI TEMIEpaTypa NOTOKAa MEPBOr0 CHMHTE3-ra3a 6 cocTaBisiia
1050°C.

OO6muii NoToK BceX KOMIIOHEHTOB BO BCEX BXOAHBIX MoTokax B peakTop ATR 1 moTok BceX KOMIOHEHTOB
B IIOTOKE NIEPBOT0 CUHTE3-ra3a 6 MpUBEACHBI B KOJIOHKE, o3armaBieHHoi "ATR 10" B tabm. 1.

ITorox rasa, oboramenHoro CO,, HarpeBaoT ¢ MOIYYEHHUEM HArpeToro NorToka rasa, odoramenHoro CO,,
uMeroniero temneparypy 650°C, n oObeAMHEHHBIH a3 (IOTOK NMEPBOTO CHHTE3-Ta3a U HArpeThli MOTOK rasa,
oboramenHoro CO,) mocTynaer B aruadaTHUECKHUil peakTop mocT-koHBepcuu 20 mpu Temneparype 969°C.

BryTpu aguabatuieckoro peakropa nocT-koHBepcuH 20 3TOT 00BEIMHEHHBIH NMOTOK MPHUBOJUTCS K paB-
HOBECHIO, @ UMEHHO, TI0/IBEPracTcsl peaklusM 00paTHOH KOHBEPCHM BOJASHOIO ra3a, METaHUPOBAaHHUA U pHdop-
MuHra. O0ee KOIMYECTBO MOHOOKCH/IA YTIIEpo/ia, apa U METaHa, BBIBOJIMMOE M3 a/Ma0aTHUECKOro peakTopa
noct-koHBepcuu 20, yBeIHYMBAETCS MO CPAaBHEHHUIO ¢ Mojadeil raza B Hero. Temmneparypa Ha BBIXOJE MOTOKA
ra3000pa3Horo NpoAyKTa, BEIXOMAIIETO U3 afiMabaTHiecKkoro peakropa noctkousepcuu 20, cocrasmser 951 °C,
YTO 3HAYUTEIHHO HUXKE PABHOBECHON TEMIlEpaTyphl pas3iIokKeHHs MeTaHa /Ui rasa, cocrasistomeit 1195°C, u
BBIIIEC TEMIIEPATYPHI paBHOBeCHs B peakuuu bynyapa mis rasa, cocraisitomeii 850°C. CienoBarensHo, MOTOK
ra3000pa3Horo NpoayKTa He 00J1alaeT MOTEHIMATIOM /Ul 00pa30BaHUA YIIEPOAUCTHIX OTIOKEHHH.

B atom koHTekcTe TeMmepatypa pa3noxxenus MeraHa (T(MDC)) paccuutsiBaeTcs kak TeMIepaTtypa, npu
KOTOPO#l KOHCTAaHTa paBHOBECHUS pasiokeHus MetaHa B rpadur (CHy <> C + 2H,) paBHa peakilMoHHOMY K03¢-
¢unuenty raza. O6pazoBaHue rpaUTOBOrO YIiepoaa MOXKET MPOUCXOAUTH, KOTAa TEMIEpaTypa BBIIIE ITOH
TeMreparypsl. Peakunonnsiit koaddunuent QC onpeaensercs kak OTHOIMIEHHE KBaJpara NapluaibHOro jJaBle-
HHUS BOZOPOA K MapUHaIbHOMY AaBIeHMIO MeTaHa, T.¢. QC = P4yy/Peya.

Temneparypa paBHoBecus B peakiuu bynyapa (T(BOU)) paccuutbiBaeTcs aHaNOTHYHBIM 00pa3oM, HO M3
peaxkuuu bynyapa (2CO<C+CO,), u B 3T0M ciydae 00pa3oBaHUE IpadUTOBOTO YTICPOIa MOKET UMETh MECTO,
KOI'Jla TEMIIEpaTypa HIKE 3TOH TeMIEpaTypsl paBHOBECHS B peakiMu bynyapa.
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Tabmuua 1
AnuabaTtuveckuil peakTop MOCT-
ATR 10 | xonBepcun 20
IMopaua T [°C] 650 969
Boemyck T [°C] 1050 951
IMonaya P [kr/cm?r] 35,5 34,5
Boinyck P [kr/cm?r] 34,5 34
Brimyck TMMDC) [°C] - 1195
Bemyck T(BOU) [°C] 892 850
IMogaua:
N, [Hm3/4] 27 251
CO, [Hw?/4] 8515 19356
CH, [Hw?/4] 19222 [391
H, [Hwm3/4] 405 32380
H,0 [Hwm*/u] 11639 |17327
CO [Hm/4] 0 21315
Kucaopoanoe coipbe:
0O, [Hm?/4] 11018
N, [Hm?/4] 224
T kucnoponsoro ceipbs [°C] 371
Boinyck:
N, [Hm?/4] 251 251
CO; [Hm?/4] 6032 14597
CH, [H™m?/4] 391 779
H, [Hv3/4] 32380 [26455
H,0 [Hm?/4] 17327 122475
CO [Hm?/4] 21315 |[25685
OO6wiuit pacxon Ha Bbixoae [Hm?/4] 77696 190242

Taknm 06pa3omM, Korja HCIOJIB3YIOTCS CHCTEMA M CIIOCOO COrIacHO M300pETEHNIO, BO3MOXKHO 00ECIICHUTh
MOTOK ra3000pa3HOro nNpoaykTa B opMe CHHTE3-ra3a, MMEIOIIEro OTHOCUTENIBHO BbICOKOE Koimn4ecTBo CO.

CpaBHHUTEINIBHBII IPUMEP ISl COOTBETCTBYIOIMX OOBEMOB VIS MOJIyYCHUSI aHAJIOTMYHOI0 CHHTE3-rasa B
cucteme ¢ peaktopoM ATR, Ho 6e3 anmabaTHyecKoro peakTopa 1ocT-KOHBEPCHH, KOTOPBIH 31ech 0003HayaeTcs
Kak "HckirounTessHO peaktop ATR", mokasan B Tabu. 2. B atom ciydae Becb CO, pobapnsieTcs 10 peakropa
ATR, kotopsiit paboraer nipu S/C, pagaom 0,6. CpaBHeHue npuMepoB u3 Tadil. | U 2 MOKa3bIBAET, YTO MPH KC-
kirounTesisHo peaktope ATR Tpebyercs Gosbplie KuCaopoaa i MPOU3BOACTBA 3aAaHHOTO KOJIMYECTBA MOHO-
OKCHJa yriepoza.

N3 tabu. | u Tabiu. 2 taxke BUAHO, YTO BeIXOAALMI NoTOk U3 peakTopa ATR B cilydae Hacrosiiero u3o-
OpeTeHust MEHBIIE, YeM B Cllydae HCKIO4YHTENbHO peaktopa ATR. D10 o3Hawaer, yTo B ciiydae n3oOpeTreHus
MOXkeT ObITh pazpadoran peaktop ATR MeHblero pazmepa. 310 Takke 03HA4aeT, YTO B ClIy4ae MOJCPHHU3ALUH
MPOU3BOJCTBO MOHOOKCH/IA YIJIEPOJa MOXET ObITh YBEIM4YEHO 06€3 HEOOXOAMMOCTH YBEJIMUYCHUS MMEIOILIEIOCs
peaktopa ATR. D10 nenaercs nyrem pobaBiieHUs aiMabaTHYECKOr0 PEaKTopa MOCT-KOHBEPCHH COTJIACHO C M30-
OpeTeHuto.
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Tabnuua 2

HckmouurenbhHo peaktop ATR
Ilogaua T [°C] 650
Brimmyck T [°C] 1050
TTonaua P [kr/cm?r] 35,5
Brinyck P [kr/cm?r] 34,5
Boemyck T (MDC) [°C] -
Ilogaua:
N [Hm3/4] 26
CO, [Hm*/4] 18678
CH, [Hm?/4] 18967
H, [Hm3/4] 400
H,0 [Hwm?/4] 11494
CO [Hm?/4] 0
KucjopoaHoe coipbe:
0O, [Hv?/u4] 11739
N, [Hm?/4] 240
T xucnoponHoro ceipbs [°C] 371
Beinyck:
N, [Hv?/u] 266
CO; [Hm*/u4] 11807
CH,4 [Hm/4] 153
H, [Hv?/u] 26493
H,0 [Hm3/4] 23029
CO [H™m*/u] 25685
OO0wwuii pacxon Ha Bbixone [Hwm?/u] 87433

KonuyecTsa 1y apyroro mpuMepa coriacHo H300peTeHHIo npuBeaeHs! B Ta0u. 3. [loTok yrieBogopoaHo-
T'0 MCXOJHOTO CBHIpBs, COAEpKAIIM yrieBonopoaHslit raz, CO, u BOASHOM Map, 1 uMeroumit cootHomenue S/C,
coctasistomee 0,6, nogaercs B peaktop ATR 10 B cucteme cornacHo M300peTeHHIO, Kak MOKa3aHO Ha ¢ur. 1.
OTOT MOTOK YIJIEBOAOPOAHOTO MCXOTHOTO ChIpbsi HarpeBaloT Ao 650°C mepen BmyckoMm B peaktop ATR 10.
Buytpu peaktopa ATR 10 nocne yacTUYHOro CropaHus MOTOKa yrieBOAOPOAHOTO UCXOAHOTO CHIpbS MO ACH-
CTBHEM CYyOCTEXHOMETPHYECKHX KOJMYECTB kHCIopoda, nodasnsemoro B peaktop ATR 10, crnenyer mapoBoit
pHGbOPMHHT MOTOKA YACTHYHO CTOPEBLIETO YIIIEBOJOPOIHOIO HCXOAHOTO CHIPbSl B HEMOABHKHOM CIIOE TTEPBOTO
KaTanMzaTopa B (hopMe karamuzaropa MapoBoro pupopMHHra, B pe3ysbTaTe Yero moiayqaeTcs MOTOK MEpBOro
CHHTe3-raza, uMetomii Temnepatypy 1050°C. M3-3a Huskoro cogepxanusi CH4 B cHHTe3-raze M3 peakropa
ATR paBHOBecHast TeMIepaTypa peaklMH pa3IoKeHUs] MeTaHa 10 rpadUTOBOro yriaepoaa Muisi AaHHOTO COCTaBa
raza o4eHb BBICOKA. B TO e camoe BpeMsi, 3Ta TeMIlepaTypa BbIILE PAaBHOBECHON TEMIepaTyphbl [l peakLuH
bynyapa c obpasoBanueM rpaduroBoro yriepona, paBHoit 884°C, u, cremoBaTenbHO, 3TOT ra3 He oOnagaer
CKJIOHHOCTBIO K 00pa30BaHMIO YIIEPOAUCTBIX OTIOKEHHUH.

ITotok raza, o6oramennoro CO,, HarpeBaroT ¢ MOJYYEHHEM HAarpeToro moroka rasa, odorameHHoro CO,,
umeroiero Temneparypy 650°C, u o0beqMHEHHBIN ra3 (MOTOK MEPBOr0 CHHTE3-ra3a M HarpeThbli MOTOK rasa,
oboramenHoro CO,) moctymnaer B aquadaTHYECKHii peakTop mocT-koHBepcuu 20 npu Temmeparype 8§79°C.

BuyTpH agnabaTHueckoro peakropa MocT-koHBepcuH 20 3TOT 0OBEAMHEHHBIH MOTOK NMPUBOJUTCS K PaB-
HOBECHIO, & MIMEHHO, MOJBEPraeTcsl peakuusIM o0paTHOW KOHBEPCHM BOASHOTO ra3a, METaHMpPOBaHHUS U pHop-
MHHIa, B pe3yjbTaTe yero oOpasyeTcs YMCTBIM MeTaH, map U MOHOOKCHI yriepoaa. TemmepaTypa Ha BBIXOE
MOTOKA ra3000pa3HOro MpoAyKTa, BEIXOIAIIETO M3 aqHadaTHUECKOro peakTopa MocT-koHBepcHH 20, COCTaBIISET
856°C, 4T0 3HA4YUTENBHO HUXKE PABHOBECHOH TEMMEpPaTyphl PA3OkKEHUS MeTaHa IS rasza, COCTaBISIOILEH
991°C, u BbIlIE TEMIEPATyphl PAaBHOBECHS B peaklMu bynyapa ans raza, coctasistouei 795°C. CnenoBatenn-
HO, NMOTOK razo00pa3HOro MpoAykTa He 00JafaeT MOTEHLMANIOM Uil 00pa3oBaHMs YIIEPOIUCTHIX OTIOKEHHH.
['a3000pa3HbIil MPOAYKT M3 aqHabaTHUECKOro peakropa mocT-koueepcuu 20 umeet cootHomenune H,/CO, pas-
Hoe 0,63.
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Tabsmna 3
AnunabaTu4eckuil peakTop MocCT-
ATR 10 KoHBepcuu 20
Iogaya T [°C] 650 879
Boemyck T [°C] 1050 856
IMoxaua P [kr/cm?r] 35,5 34,5
Boinyck P [kr/cm?r] 34,5 34
Boeinyck TMMDC) [°C] - 991
Beiyck T(BOU) [°C] 384 795
IMopaua:
N, [Hm3/4] 19 186
CO; [Hm?*/4] 8237 35439
CH, [Hm3/4] 13950 218
H, [Hv3/4] 294 22321
H,0 [Hm?/4] 8449 13886
CO [Hm*/4] 0 16530
KucnopoaHoe coipbe:
02 [Hm?/4] 8186
N2 [Hwm3/4] 167
T xucnoponnoro ceipbs [°C] 371
Bbinyck:
N, [Hv3/4] 186 186
CO, [Hv?/4] 5439 28985
CH, [Hm3/4] 218 779
H, [H™m3/4] 22321 14186
H,0 [Hm?/4] 13886 20900
CO [Hm* /4] 16530 22423
O, [Hm?/4] 0 0
®OPMVIJIA U3OEPETEHUA

1. Cnioco0 mosty4eHus CUHTE3-ra3a, IpUYeM yKa3aHHbII CI0CO0 BKJIFOYACT CTalUH:

a) B3aMMOJCICTBUS MOTOKA YIJIEBOAOPOJHOIO HCXOJHOTO CHIPBS BMECTE C IIOTOKOM OKHCJIMTEIBHOIO ra3a
B peakTope pu(opMHHra, COAEpIKaILeM MEPBhIN KaTaju3aTop, ¢ MOJy4YeHHEM, TaKUM 00pa3oM, OTOKa MEPBOTo
CHHTE3-I'a3a;

b) momauu HarpeToro notoka raza, oooraueanoro CO,, B agnadaTu4ecKuii peakTop MOCT-KOHBEPCHUH, CO-
JepoKaIlMi BTOPOH KaTajuM3aTop, akTHBHBIH Ul KaTaju3a peakUuil mapoBoro pudopMHHra MeTaHa, METaHUPO-
BaHMs U 00paTHON KOHBEPCHUM BOASHOIO rasa; u

C) IPEROCTaBJICHNS 110 MEHBLICH Mepe YacTH M0TOKA I1EPBOr0 CHHTE3-Ira3a U YKa3aHHOI0 HarpeToro 1noTo-
Ka rasa, oborameHaoro CO,, BO3MOXKHOCTH IIOJIBEPraThCs pPeakysM MapoBoro pudopMuHra MeTaHa, MeTaHU-
poBaHuS 1 0OpaTHON KOHBEPCHH BOISHOIO raza B yKa3aHHOM aanabaTH4eCKOM PEaKTOpe MOCT-KOHBEPCHH C
HOJIy4eHHEM, TaKUM 00pa3oM, [10TOKa ra3000pa3HOro NPOJYKTa, LIPUYEM YKa3aHHBIH II0TOK ra3000pa3HOro
HPOJyKTa IPeJCTaBJIsieT CO00 IOTOK CHHTE3-ra3a.

2. Cnoco0 1o 1.1, rae peaxrop pudopMUHra IpeACTaBiIseT co00H peakTop aBTOTEPMUUECKOr0 pU(OPMHHTa.

3. Cnoco6 no 1.1, rae peakrop propMHHra MpeACTaBIIseT cO00i peakTop IapoBoro pudopMuHra MeTaHa.

4. Crioco6 1o jirobomy u3 0. 1-3, rae moTok ra3000pa3Horo MpoayKTa NpeAcTaBiseT co00i OTOK CHHTE3-
ra3a ¢ coornomenneMm H,/CO umxe 1,8.

5. Cnoco6 no nobomy u3 ni.1-4, rae ykasaHHas 10 MEHBILECH Mepe 4acTh IOTOKA IIEPBOr0 CHHTE3-ra3a U
yKa3aHHOT'O HAarpeToro HnoToka rasa, odoraueHHoro CO,, 00beAMHAIOT B 00bEAMHEHHBIH IOTOK ra3a BbILIE 110
XOJy [IOTOKa OTHOCHUTEJIBHO aanabaTHYECKOro peakTopa NoCT-KOHBEPCHH.

6. Crioco6 no so6omy u3 . 1-5, rae HarpeTsiid moTok rasa, oboramentoro CO,, MeeT TeMneparypy me-
xay npumepHo S00°C u 1100°C no ob6benuHeHHs ¢ yKa3aHHON 110 MEHBLIEH Mepe YacThIO IOTOKA IEPBOTO CHH-
Te3-ra3a W/WiM 10 0Ja4Yy B yKa3aHHBIN ainadaTHYECKUI peakTop 0CT-KOHBEPCHHU.

7. Cnoco6 mo Jiro6oMy U3 M. 1-6, TOMONHUTEABHO BKJIFOUYAIOUIMIK CTaIUI0 HAarpeBaHUs MOTOKa rasa, 00o-

-9.
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rammeHHoro CO,, ¢ 00pa3oBaHUEM YKa3aHHOT'O HAarpeToro noTtoka rasa, oboramennoro CO,, B HarpesaTele
OTHEHHBIM 000TPEBOM.

8. Croco6 nmo mo6oMy U3 mn.1-7, TOMOJHUTENBHO BKIIOHAIOMIMI CTaAMI0 HarpeBaHUA IOTOKa rasa, 06o-
rammeHHoro CO,, ¢ 00pa3oBaHUEM YKa3aHHOT'O HAarpeToro noTtoka rasa, oboramennoro CO,, B HarpesaTele ¢
JNEKTPUYECKUM 0O0TPEBOM.

9. Cnoco6 no mro6oMy U3 1. 1-8, TONOIHUTENHHO BKIIOYAIONIME CTaqUI0 HarpeBaHHUs MOTOKA rasa, 00o0-
rammennoro CO,, ¢ 06pa3oBaHMEM YKa3aHHOTO HarpeToro NoToka rasa, oboramennoro CO,, nyrem TemmoobMe-
Ha C MEPErPETHIM NapoM.

10. Crioco6 no ar06oMy u3 1. 1-9, TOMOTHUTENBHO BKIIOYAIONMH CTAAMIO HAarpeBaHus IOTOKa rasa, 06o-
rammensoro CO,, ¢ MoNy4yeHHeM yKa3aHHOTO HarpeToro noroka rasa, oboramenHoro CO,, myrem TermnoodbMeHa
IO MEHBIIEH Mepe C YacThIO MOTOKAa ra3000pa3HOro MpPOAYKTA, BBIXOMAIIETO M3 aauabdaTHUECKOro peakropa
MOCT-KOHBEPCHUH.

11. Cnoco6 mo mrodomy u3 nm.1-10, rae MOIIpHOE COOTHOIICHUE MEXTY TUOKCHIOM YTIIEpOaa B yKa3aH-
HOM HAarpeToM IoToke rasa, oboramenHoro CO,, U yriIeBOAOPOJaMH B MOTOKE YTIEBOJOPOIHOTO UCXOTHOTO
CBIpbs cocTaBnseT donee 0,1.

12. Cnoco6 no nro6omMy u3 nn.1-11, rae yka3aHHBIH TOTOK YIIIEBOIOPOIHOTO UCXOIHOTO CHIPhS COACPIKUT
BOJISHOH Map, a cooTHomeHue S/C B yka3aHHOM ITOTOKE YTIIEBOAOPOTHOTO UCXOTHOTO CHIPHS HAXOAUTCS MEXIY
0,2u2.

13. Cnoco6 no moboMy u3 nn.2-12, rae KOIMYecTBO Nnapa, KUCIOpoaa U IMOKCHAA YTIIepo/a, BBEICHHOE B
peakTop pudopMUHra W/UIH 100aBICHHOE K yKa3aHHOI MO MEHBIIEH Mepe YacTH IOTOKa MEPBOro CUHTE3-ra3a
BBIIIIE TTO XOAY MOTOKA MM B YKa3aHHOM aaMabaTHYECKOM pPEaKTOpE NOCT-KOHBEPCHH, MOJOUPAIOT TaK, YTOOHI
o0ecrneyuTh NpeaBapUTEIbHO onpesenenHoe cootHomenue Hy/CO B ykazaHHOM MOTOKE ra3000pa3HOro MPOAYKTA.

14. Cnoco6 no mroboMy u3 mm.1-10, rae konu4ecTBO U TEMIEpaTypy HArpeToro MoToka rasa, o0oraieH-
Horo CO,, noabupaloT Tak, YTOOBI 0OECTIEYHUTH, YTO TEMIIEPATYPa YKa3aHHOTO IT0TOKA ra3000pa3HOro NpoayKTa
cocraBniser o MeHblei Mepe 800°C.

15. Cnoco6 no mobomy u3 nm.1-11, rae Bropoit karanuzarop npeacTaBiIseT co00il karanu3aTop NapoBOro
pudopMuHra.

16. CucreMa A1 MONy4YEHUS CUHTE3-Ta3a, NpUUYeM yKka3aHHas CUCTEMa BKIIIOYAET B ceOsl:

peakTop pu(opMHHTa, COACPKAIIMIl NEPBBIIl KaTaaIM3aTOp M YCTAHOBICHHKIH N0 MEHBIIEH Mepe A Jac-
THYHOT'O B3aUMOJCHCTBHUSA YTIIEBOIOPOIHOTO HCXOIHOTO CHIPBS C TOTOKOM OKHCIMTENBHOTO ra3a ¢ MOJyuYCHHEM,
TakUM 00pa3oM, TOTOKa MEPBOTO CUHTE3-Ta3a,

anMabaTHUECKUil peakTop MOCT-KOHBEPCHH, COMEpKAIIMH BTOPOH KaTaau3aTop, aKTUBHBINA I KaTaiu3a
peakiuii napoBoro pugopMUHra MeTaHa, METAHUPOBAHUS U 00PAaTHOI KOHBEPCUU BOJSHOIO rasa,

TpyOONpOBO /I BBEJCHUS 110 MEHBIIEH Mepe 4acTH NMOTOKA IIEPBOr0 CHHTE3-Tra3a B yKa3aHHBII ajnabda-
THYECKHH PEaKkTop MocT-KOHBEPCHH,

YCTPOHCTBO /U1 100aBIEHUS HArpETOro NOTOKa rasa, oboramenHoro CO,, k yka3aHHOH 1O MEHbBIIEH Mepe
YaCTH IOTOKA NEPBOI0 CHHTE3-Ta3a BBHINIE 1O X0y NOTOKA MIIH B aMadaTHUECKUH peakTop NOCT-KOHBEPCHH; H

BBIITYCKHOE OTBEPCTHE U3 YKA3aHHOTO afMabaTHYeCKOro peakTopa MOCTKOHBEPCHH JUIS BBIBEACHHS MOTOKA
ra3000pa3Horo NpoayKkTa, NpHYEM YKa3aHHBIH MOTOK ra3000pa3HOro NpoayKTa NpeacTaBIsieT co00i NOTOK CHH-
Te3-rasa.

17. Cuctema no n.16, rae peakrop pudOpMUHTa MPEACTABIACT COO0H peakTOp aBTOTCPMHUYCCKOTO pH-
¢dbopmuHra.

18. Cucrema mo .16, rae peaktop pudopMHHIa MPEACTAaBIAET COO0H peakTop MapoBOro pUGpOpMHHTa
METaHa.

19. Cucrema no mo6omy u3 nmn.16-18, rae noTok razoo0pa3HOro NpoaAyKTa MpeacTaBaseT coOoH MOTOK
cuHTe3-rasza ¢ coornomenueM H,/CO nuxe 1,8.

20. Cuctema no m.16, TOMOTHUTEIBHO COACPIKAIIAas HArpeBaTeiab ¢ OTHEHHBIM O00OrPEBOM, MPUYEM YKa-
3aHHOE YCTPOMCTBO 11 100ABIEHUS HArPETOro MoToKa rasa, oborameHHoro CO,, COAEPKHUT YCTPOHCTBO AT
HarpeBaHuMs MOTOKa rasa, odoramieHnoro CO,, myTeM TenIooOMeHa BHYTPH HarpeBaTens ¢ OTHEHHBIM 000IPEBOM.

21. Cucrema no n.16, TONONHUTENBLHO COAEpIXKAlas HarpeBaTeab € JIEKTPUUECKUM 000TPEBOM, NMPUUEM
yka3aHHOE YCTPOWCTBO A 100ABIEHMS HArpeToro MoToka rasza, oborameHHoro CO,, CONEPXHUT YCTPOHCTBO
JUIsL HarpeBaHUA MOTOKa rasa, oboramenHoro CO,, nyTeM TermIooOMeHa BHYTPHY HArpeBaTels ¢ JIEKTPUIECKUM
000rpeBoOM.

22. Cucrema no mo6omy u3 nn.16-21, 1onoIHUTENBHO COAEpIKaIas BTOPOE TEMIO0OMEHHOE YCTPOHCTBO,
MO3BOJISIONIEE HAIPEBATH NOTOK rasa, oborameHHoro CO,, myTeM TEMI000MEHa € IEPErpeThIM MapoM.

23. CucreMa mo mo6oMy U3 mi.16-22, TOMOTHUTENBHO COACpKaIas TPEThE TEIIO0OMEHHOE YCTPOHCTBO,
MO3BOJIIONIEE HArPeBaTh MOTOK rasa, oborameHHoro CO,, ¢ NONyYEeHHEM YKa3aHHOTO HArpeToro NnoToka rasa,
o6oramennoro CO,, myreM TenIooOMEHa 110 MEHBIIEH MEPEe ¢ YacThIO NOTOKA ra3000pa3HOro NPOAYKTA, BBIXO-
JSIIETO U3 YKa3aHHOT0 aAMabaTHYeCKOro PEakTopa NocT-KOHBEPCHH.

24. Cuctema mo mro60oMy u3 mm.16-23, rae BTOpo#l KaTanu3aTop NPeacTaBiIsfeT coOOM KaTanau3aTop mapo-
BOro pudopmuHra.
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