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CO Cl-comepxariuii ra3000pa3HbIil CyOCTpaT ¥ MPOU3BOIAUT HHOKYIISAT, KOTOPBIN MOJAOT IO MEHBIICH
Mepe B ouH Oouopeaktop. buopeakrop npuaumaet Cl-comepkamuii ra3000pa3Hblii cydCcTpar, KOTOPBIH
MOXET COJEP)KAaTh WM HE CONESP)KATh YMEHBIICHHBIC KOJMUYECTBA BOMOPOJA, MAJISI MOIYyYEHUS! OIHOTO
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ra3oo0pasHoro cy0OcTpara B HMHOKYJISLUOHHBIH pPEAKTOp KaK WHOKYJIALUOHHBIA pEakTop, Tak |
MOCTEYIOIIU I GHopeakTop(bl) MOT'YT UMETh MOBBIIICHHYIO CTAOMIBHOCTD U CENIEKTUBHOCTB 110 MPOLYKTY.
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CNOCOBbbl U CUCTEMbI ANA NONYYEHUA METABOJIUTA C
NCNOJIb3OBAHUEM OBOTrALLEHHbBIX BOAOPOAOM C1-COOEPXALLUUX
CYBCTPATOB

MEPEKPECTHAA CCBINKA HA POOACTBEHHYIO 3AABKY

3aaBka uvcnpawmveaeT npuopuTeT no npeasapuTenbHon 3asBke CLUA Ne
62/556,099, nogaHHoh 8 ceHTabps 2017 roga, cofepXaHWe KOTOPOW BKMKYEHO B
HaCTOALLMIN JOKYMEHT NOCPEACTBOM CChISKU.

OBINACTb TEXHUKWN, K KOTOPOW OTHOCUTCHA M3OBPETEHUE

N306peTeHne oTHOCMTCS K crnocoby nony4yeHWss OAHOro WM HECKOMNbKMX
NpoaykToB chepMeHTauum nocpeacTBOM MHOFOCTaAMMHOIO npouecca epMeHTauum
rasa, Bknio4atowero B cebss MHOKYMAUMOHHBIA peakTop W, Mo MeHbLlen Mepe, OAWH
6uopeakTtop. B yacTHoCTW, 3obpeTeHne oTHocUTCS K cnocoby, nocpeacTBOM KOTOPOro
oboraweHHbin  CO  C1l-copepxawmin  rasoobpasHbini  cybctpatr nopjawT B
WHOKYNALMOHHbBIA peakTop ANs Nony4YeHus HOKynsaTa.

YPOBEHb TEXHUKA

Ha gwokcung yrnepoaa (CO;) npuxogutca okono 76% rnobanbHbiX BbIGpocoB
NMapHUKOBLIX Fa30B, BbIAENSOWUXCA B pesynbTaTe AeATeNbHOCTM YeroBeka, Npyu 3ToM
OCTaToOK cocTaBnsloT MeTaH (16%), 3akuck asoTa (6%) 1 dpTopupoBaHHble rassl (2%)
(YnpaBneHve no oxpaHe okpyxatwowen cpeabl CLUA). CokpaweHne BbiGpocoB
NapHUKOBLIX ras3oB, B YacTHocTM CO,, MMeeT pellatolliee 3Ha4YeHe AN NpekpaLleHns
pa3B1TUA rnobanbHOro NOTENNEHM U COMYTCTBYIOLWMX MBMEHEHUIA KNMMaTa U norogbl.

Yxe paBHO 6bino oBHapyXeHOo, YTO KaTanuUTUYeckue npOoLecChbl, TakMe Kak
npouecc ®uwepa-Tponwa, MOXHO MWCNoNb3oBaTb Afs MNpeBpalleHns rasos,
cofepxawmx guokena yrnepona (CO;), moHookeua yrnepoga (CO) w/vnv Bogopon
(H»), Taknx kak NpoMbILLfIEHHbIAN OTpaboTaBLUWIA ras UnNn cuHTes3-ras, B pasHoobpasHbie
TONnMBa N xumMmyeckmne BellecTtBa. OaHako, B nocriegHee BpeMs hepMeHTauusa rasa
cTana anbTepHaTMBHOW NnaTdopmoin Ans Guonornyeckoin ukcaumm Takux rasos. B
YyacTHocTW, ObiNo npoaemMoHcTpupoBaHo, 4YTo C1-duKcupyowme MUKPOOpPraHmaMbl
npespaLlanT rassl, cogepxawmne CO,, CO w/vnm H,, B TakMe NpoayKThbl, KaK 3TaHOM U
2,3-6ytangvon.

Takme rasbl MOryT 6bITb MOMyYeHbl, HANPUMEP, U3 NPOMBbILLIEHHBLIX NPOLIECCOB,
BKMOYaa ras w3 dQepMeHTauMM yrneBogoB, ras OT MNPOU3BOACTBA LEMeHTa,

npon3BoACTBa UENNo3bl U 6ymar|/|, npon3BoacTBa CTanu, nepepa60TK|/| Hed)TI/I n



CBSi3aHHbIX NPOLECCOB, NPOU3BOACTBA HePTEXMMUYECKMX MPOAYKTOB, MPOU3BOACTBA
KOKca, aHaapobHoro wnm aspobHoro cbpaxuBaHWs, CUHTE3-ra3 (Mofy4YeHHbI U3
WCTOYHMKOB, BKMOYasA, HO HE OrpaHNyYMBasicb UMK, Buomaccy, NOTOKU XUOKNX OTXOA0B,
NMOTOKN TBEPAbIX OTXOAOB, MyHMUMMArbHbIE MOTOKW, UCKOMaeMble pecypchbl, BKMOYas
NPUPOAHLIA a3, yronb U HedTb), 0T A0BbIYM NpuUpoAHOro rasa, Ao6bluM HedTw,
MeTannypruyeckMx npoueccoB ANA NpPou3BoAcTBa WU/MNW OYUCTKU anioMUHKS, Meau
n/vnn deppocnnaBoB, reosfiorM4ecknx KoNnekTopoB M KaTanUTMYeCKUX MNpoLeccoB
(Mony4YeHHbIX U3 MCTOYHWMKOB MNapa, BKMOYasi, HO He OrpaHMYMBasiCb UMW, NapOBYLO
KOHBEPCUIO MeTaHa, NapoBYK KOHBEpPCUD HedTu, rasvdukaumio HedTAHOro Kokca,
pereHepauuio KaTanusaTopa - KPEKUHr XWAOKOro KaTanusaTopa, pereHepalumio
KaTanuasaTopa - pupopMUHT HePTH, N CYXOn PUPOPMUHT MeTaHa).

Mpyn onpeneneHHbIX MPOMbILIMEHHBLIX MPOLECccax COCTaB rasa MoXeT ObITb
HenaeanbHblM Ans depMmeHTaumn. Korga coctaB rasa HewpaeaneH, pocCT KNeTok,
CENEeKTUBHOCTb MO NPOAYKTY U CTabUNbHOCTb MOTYT BbITb HUXE ONTUMAanbHbIX.

CooTBeTCcTBEHHO, OcTaeTcd noTpebHocTk B M30b6peTeHMM, KoTopoe
ONTUMU3NPYET COCTaB rasa M3 MPOMbILWMEHHbIX NpoueccoB, Y4Tobbl cnocobcTBOBaATh
POCTY KMeToK, CeneKTMBHOCTM npoaykTa u ctabunbHOCTM B nocneayoleM npouecce
depMmeHTaunK.

KPATKOE OINMNCAHUE M3OBPETEHUA

N306peTeHne npegnaraet cnocob nONyyYeHMs OOHOMO WMW  HECKOSbKUX
NpoaykToB epMeHTauuun, oTnuyawwmics Tem, 4to oboraweHHbin CO  C1-
copepxawun rasoobpasHbli  cybcTpaT nogaldT B MHOKYNSAUMOHHBIA - peakTop,
CoAepXalluin XUAKYI0 NUTaTenbHyl0 cpeay, KoTopas coaepXUT KynbTypy OOHOro Mnu
Heckonbkux C1-OUKCUPYIOWNX MMUKPOOpraHuamoB, rae oboraweHHbin CO  C1-
coaepxalwuin razoobpasHbin cybcTpaT doepMeHTUpyeTCca AN NonyyYeHus MHOKYnATa,
Nno MeHblUen Mepe, YacTb MHOKYNsTa noZaloT B BMOpeakTOpHylo cucTteMy, npudem
OvopeaktopHasli cucTeMa BKMOYaeT, NO MeHblled Mepe, oauH GuopeakTop,
coaepxalun KyneTypy oOHOMO UM Heckonbkux C1-bUKCUPYIOLLINX MUKPOOPraHN3MoB
B XWOKOW nMTaTeneHoOW cpede, oborawleHHbln H, C1-copepxalwmid rasoobpasHblit
cybcTpaT nogatoT B BMopeakTopHyto cuctemy, rae oboraweHHbln H, C1-cogepxalymn
rasoobpasHblii cybcTpaT hepMeHTUPYIOT ANA Nofy4eHus, No MeHbLIe Mepe, OOHOro

npoaykta oepMeHTauum.



B KOHKpeTHbIX BapuaHTax peanusaumn mnsobpeTteHus oboraweHHbin CO C1-
coaepxawuin raszoobpasHbin cybcTpaT, nogaBaeMbii B WMHOKYNSLMOHHBLIA peakTop,
coaepxut H, B MonsipHOM cooTHolleHun H»:CO meHee 1:1.

B HekoTopbix cnyyasx oboraweHHbin CO C1-copgepxawmin raszoobpasHbli
cybcTpaT, nogaBaembli B MHOKYNAUMOHHLIA peakTop, coaepxut H, B MonspHoMm
cooTHoweHun H,:CO meHnee 0,5:1.

MpeanoytuteneHo oborauweHHbin CO  C1-copepxawmin  rasoobpasHbiii
cybcTpaT, nogaBaembli B MHOKYNAUMOHHLIA peakTop, coaepXut H, B MonspHoMm
cooTHoweHun H,:CO ot 0,02:1 pgo 1:1. B HekoTopblIX BapuvaHTax peanusauum
n3obpeTeHnst monspHoe cooTHolweHne H,:CO coctasnseT ot 0,05:1 po 1:1, unm ot
0,15:1 po 1:1, vnm o1 0,25:1 po 1:1, unun ot 0,35:1 go 1:1, unn o1 0,45:1 po 1:1, rm ot
0,55:1 po 1:1, vmm o1 0,65:1 o 1:1, unn ot 0,75:1 go 1:1, unn ot 0,85:1 po 1:1, rm ot
0,95:1 po 1:1.

B KOHKpeTHbIX BapwaHTax peanusauun unsobpeteHusa oboraweHHbin H, C1-
coaepxalwuin rasoobpasHbii cybcTpaT, nogaBaemMblil B BUMOpPEaKkTOpHylD CcuUcTeMY,
coaepxut H, B MONsipHOM cooTHoLeHun H,:CO, no MeHblieh mepe, 1,1:1.

MpeanoytutensHo  oborauwieHHbln  H, C1l-copepxawmin  razoobpasHblii
cybcTpaT, nogjaBaembli B 6GuMOpeaKkTOpHylO cucTeMy, coaepXkut H, B MonsdpHOM
cooTHoweHun H:CO ot 1,1:11 go 6:1. B HeKkoTOpblX BapuaHTax peanuaauuu
n3o6peTeHnst MonsipHoe cooTHolleHne H,:CO coctaensieT ot 1,5:1 go 6:1, nnn ot 2:1
no 6:1, unm ot 2,5:1 go 6:1, unn ot 3:1 go 6:1, unn ot 3,5:1 po 6:1, unn ot 4:1 no 6:1,
mnm ot 4,5:1 no 6:1, unn ot 5:1 go 6:1.

Mo MeHblen Mepe, B OAHOM BapwaHTe peanusaumm wusobpetenns C1-
OUKCUPYIOLLMIA MUKPOOPraHuaM B WHOKYNAUMOHHOM peaktope unv BuopeakTopHOM
cucTeMe nnm B HUX obounx npeactaenseT cobon kapbokenaoTpodHyto HakTeputo.

B Tex BapmaHTax peanuzaummn, B KoTopbix C1-thUKCUPYIOWLNA MUKPOOPraHU3M
aBnaeTca  kapbokcnaoTpodHbIM,  KapbokcuaoTpodHas Gaktepuss MoxXeT  ObiTb
BblbpaHa w13 rpynnbl, Bkntovawwen Moorella, Clostridium, Ruminococcus,
Acetobacterium, Eubacterium, Butyribacterium, Oxobacter, Methanosarcina W«
Desulfotomaculum.

MpeanoytutensHo KapbokcugoTpodHaa 6Haktepus npeactaenseT cobon

Clostridium autoethanogenum.



Mo MeHblwen Mepe, B OAHOM BapuaHTe peanusaumm M3o6peTeHus
BGuopeaKkTopHas cucteMa CoaepXuT OOUH MMM HECKOMbKO MepBUYHbLIX BMopeakTopos,
CBSA3aHHbIX C OAHWUM WM HECKOMNBbKUMW BTOPUYHLIMK BrMopeakTopamu.

MpeanoytuTensHo cnocob npegycmaTpyMBaeT nojady, MO MeHbLUen Mepe,
yactn C1-cogepxallero razoobpasHoro cybctpaTta B MHOKYMSILMOHHBIA peakTop W, no
MeHbLUen mepe, Yactn C1-cogepxallero razoobpasHoro cybctpaTa B 6uopeaktop, rae
C1-copepxawuin  raszoobpasHbii  cybcTpaT B WMHOKYNSALUMOHHOM  peaktope
hbepMeHTUpyeTCS ANA MNOMyYeHUss MHOKyNATa, rge, No MeHblen Mepe, 4acTb
WHOKYNATa nopaeTcs, No MeHbllen mepe, B oauH Guopeaktop, rae C1-cogepxawmn
raszoobpasHbli cybctpat B 6uopeaktope epMeHTUpyeTca Ana nonyyeHus, no
MeHbllen Mepe, ofHoro npoaykta depMeHTaumn, u rae C1-cogepxalimi
rasoobpasHblii cybeTpaT, NoAaBaeMbli B UHOKYNSALMOHHBIA peakTop, noasepraeTcs, no
MeHbLUen Mepe, ogHOMY npoueccy yaaneHus H, nepeg nogayen B MHOKYMALWOHHBINA
peakTop.

B KOHKpeTHbIX BapuaHTax peanu3aumn wns3obpeteHns C1-cogepxalimn
rasoobpasHbli cybcTpaT, nogaBaeMblii B MHOKYIALUMOHHBLIA peakTop, coaepXxut H, B
MOISIPHOM COOTHOLUeHUN H»:CO meHee 1:1.

B HekoTopbix cniyyasax C1-coaepxawmin razoobpasHblii cybcTpaT, nogaBaemMbli
B WHOKYMNALMOHHBLIA peakTop, coaepxuTt H, B MonspHOM cooTHoweHun H,:CO meHee
0,8:1.

B HekoTopbix cniyyasax C1-coaepxawmin razoobpasHblii cybcTpaT, nogaBaemMbli
B WHOKYMALMOHHbLIA peakTop, coaepxut H, B MonsipHoM cooTHoleHun H,:CO meHee
0,5:1.

MpeanovtutensHo C1-coaepxawuin razoobpasHbii cybcTpaTt, nogaBaeMbil B
WHOKYMALUMOHHLIN peakTop, coaepxuTt H, B monsgpHoM cooTHoweHun H,:CO ot 0,02:1
Ao 1:1. B HeKkoTOpbIX BapMaHTax peanu3auum n3obpeteHns MonspHoe COOTHOLUEHWUE
H,:CO cocTtasnsiet ot 0,05:1 go 1:1, vnmn ot 0,15:1 no 1:1, unwn ot 0,25:1 oo 1:1, nnn
o1 0,35:1 po 1:1, nn o1 0,45:1 o 1:1, unmn ot 0,55:1 go 1:1, unn ot 0,65:1 go 1:1, nnn
o1 0,75:1 po 1:1, unmn o1 0,85:1 oo 1:1, unn ot 0,95:1 go 1:1.

B HekoTOpbIX BapuaHTax peanusaumm mnsobpeTeHus npouecc yaaneHus H,
BKIIlOYaeT, Mo MeHbLUen Mepe, 04uH npolecc aacopbunmn Npym nepeMeHHoOM AaBreHnn.

B HekoTOpbIX BapuaHTax peanusaumm nsobpeTeHus npouecc yaaneHus H,

BKNIOYaEeT, N0 MeHbLUEN mMepe, OAnMH Moaynb MeM6paHHOFO oTaeneHud.



Mpeano4yTnUTEenEHO, N0 MeHbLUEN Mepe, YacTe C1-coaepxallero raszoobpasHoro
cybcTpaTa nonyyeHa M3 NPOMbILLIIEHHOrO UCTOYHMKA.

B HekoTopblx cnyyadx, Mo MeHblen Mepe, 4vacTb C1l-cogepxallero
rasoobpasHoro cybctpata MoxeT ObiTb nony4veHa w3, MO MeHbLlen Mepe, OAHOro
NMPOMBILLIIEHHOrO UCTOYHUKA, BbIGpPAHHOIMO M3 rpynmnbl, COCTOAWEN M3 depMeHTauum
yrneBofoB, ras3oBoW epMeHTaumMu, Mpou3BOACTBA LEMeHTa, NpoM3BOACTBa
uenntonosbl U 6ymarun, NpomM3BoAcTBa cTanu, nepepaboTkm HeddTU U COMYTCTBYIOLLMX
npoLeccoB, NPOW3BOACTBA HedTEXMMUYECKUX NPOAYKTOB, MNPOU3BOACTBA KOKCa,
aHaspobHoro nnu aspobHoro cbpaxmneaHus, cMHTe3-rasa, Ao6blYM NPUMPOAHOro rasa,
Aobblun HedTN, MeTanmnypruieckMx npoLeccoB Ans MpOM3BOACTBA W/MNN OYUCTKM
anoMuHMs, Meau  Wunn - eppocnnaBoB, EONOrMYEcKMX  KOMMNEKTOpoB W
KaTannuTU4YeCcKnX NpoLeccoB.

MpeanoytuTensHo cnoco® JaeT BO3MOXHOCTL MOMYy4YUTb, NO MeHbLUENn Mepe,
OOMH NpoAayKkT depMeHTaumn, BbIOpaHHbLIA W3 Tpynnbl, COCTOSAWEN W3 3TaHona,
auetaTta, 6ytaHona, 6yTtupata, 2,3-6ytaHguona, 1,3-6ytaHauona, naktaTa, 6yteHa,
OGyTagveHa, MeTUNaTMNKeTOHa, 3TUNeHa, aueToHa, u3onponaHona, nMNMAoB, 3-
rMapoKCcUNponuoHaTa, U3oMnpeHa, XUpHbIX kucnoT, 2-6ytaHona, 1,2-nponaHguwona, 1-
nponaHorna, MoHO3TUNeHrnukons, nsobyteHa n C6-C14-cnupTos.

Mo meHblUel Mepe, B OOHOM BapuaHTe peanu3auun M3obpeTeHust oAauH UNnu
HECKONbKO NpPOAYKTOB )epMeHTauMM AOMOMHWUTENBHO MpeBpallaT, Mo MeHbLUEen
Mepe, B OAMH KOMMOHEHT AW3enbHOro TOMNWBa, peakTMBHOrO Tornnuea, 6GeH3uHa,
nponuneHa, HelnoHa 6-6, pe3nHbl UW/KnM cMon.

B KOHKpeTHLIX BapnaHTax peanm3aummn n3obpeTeHunsi, N0 MeHbLLIen Mepe, OAWNH
npoaykT depmeHTaumm npegctaBnseT cobon MukpobHyio Guomaccy. B HekoTopbix
crny4asix ata MukpobHass Guomacca moxeT ObiTb AononHuTenbHo obpaboTaHa Ans
nony4yeHus!, No MeHbLUER Mepe, OAHOro KOMMNOHEHTAa KOpMa Ans XXMBOTHbIX.

KPATKOE OIMUCAHUE dUTYP

dur. 1 npeactaBnseT cobol 6nok-cxemy, wusobpaxarwLllylo MWHTerpaumo
npouecca yaaneHus BOZOPOAA, WHOKYNAUMOHHOrO peaktopa W OGuopeakTopHOM
CUCTEMBI.

dur. 2 npeactaBnseT cobol Hnok-cxemy, u3oOpaxalwLylo MHTerpaumio
npouecca yaaneHus BOZOPOAA, WHOKYNAUMOHHOrO peaktopa W OGuopeakTopHOM

CuctemMmbl, rge npouecc yganeHma BoAdopoAa HaxXoAUTCA Bbile NO MOTOKY KaK OT



WHOKYNALMOHHOIO peaktopa, Tak U 0T BMOpeakTOpHOM CUCTEMbI, B COOTBETCTBUWN C
OZHUM acnekToM n3obpeTeHus.

®ur. 3 npeactasnsieT cobor 6rok-cxemy, AONONHMTENBLHO N3obpaaloLlyto ABa
npoLecca KoHBepcuM BoAa-ra3 v npouecc agcopbumm npu nepemMeHHOM AaBreHuu
BbilLIe MO NOTOKY OT BMOpeakTOpHOM CUCTEMbI, FAe OAWH NPOLLEeCC KOHBEpCUWM Boaa-ras
nponyckaeTcs B COOTBETCTBUM C OAHMM acnekToM n3obpeTeHus.

®ur. 4 npeactaBnsieT cobor 6rok-cxemy, AONONHMTENBLHO N3obpaaloLlyto ABa
npoLecca KoHBepcuM BoAa-ra3 v npouecc agcopbumm npu nepemMeHHoOM AaBrieHun
BbllLe MO MOTOKYy OT BGMOPEaKkTOpHOW CUCTEMbl B COOTBETCTBUM C OAHMM acneKkToM
n3obpeTteHus.

dur. 5 npeacrtaBnseT cobon Grok-cxemy, OONOMHUTENLHO M306paxaroLLyto
AononHWTenNbHble  Mpoueccbl  yaaneHus  BOAOpPOAa  Bbllle MO MOTOKY  OT
WHOKYNALMOHHOMO peakTopa B COOTBETCTBUM C OAHMM acnekToMm nsobpeTeHus.

Ha ®ur. 6a u 6b npeactaBneHbl rpacduky, MNoKasbiBaolWmMe BbipaboTKy
MeTabonuTa 1 nornoLleHne rasa B nepBom 6rMopeaktope B COOTBETCTBMM C [1pumepom
1.

Ha ®ur. 7a u 7b npeacTtaBneHbl rpacduki, nokasbiBalowme BbipaboTky
MeTabonuta M norrnoweHne rasa BO BTOpoM Ouopeaktope B COOTBETCTBUM C
Mpumepom 1.

Ha ®ur. 8a u 8b npeactaBneHbl rpacduky, MoKasbiBaolwme BbipaboTKy
MeTabonuTa 1 nornoLleHne rasa B nepBom 6rMopeaktope B COOTBETCTBMM C [1pumepom
2.

Ha ®ur. 9a u 9b npeacrtaBneHbl rpadukM, nokasbiBawolme BbipaboTKy
MeTabonuta M norrnoweHne rasa BO BTOpoM Ouopeaktope B COOTBETCTBUM C
Mpumepom 2.

nogrPOBHOE OMNCAHME U3OBPETEHNA

ABTOpPbI M306peTEHNSA YCTAHOBUNK, YTO NyTEeM OMNTMMU3aLMM COCTaBa ra3oBoro
NnoToKa, NOAaBaeMOro B WHOKYMSLMOHHbBIA peakTop, POCT KNeTOK, CEeNEeKTUBHOCTbL MO
NpPoAyKTy 1 cTabunbHOCTb ONTUMU3UPYIOTCA Kak B MHOKYNALWMOHHOM peakTope, Tak U B
nocregytowen 6uopeaktopHon cucteme. B yacTHocTn, aBTOpbl K306peTeHus
OBGHapYyXUnmM ONTUMAarnbHbLIA  POCT  KNETOK, CEeNeKTUBHOCTb MO  MNPOAYKTY W
cTabunbHOCTb, KOrga MOTOK rasa, nodaBaeMbli B MHOKYMSAUMOHHBLIA  peakTop,
COAEPXMT YMEHbLLUEHHOE KONMYEeCTBO Bogopoaa.

OnpedeneHusi



Ecnn He ykaszaHO wWHOe, cnegylolme TepMUHbI, UCNOMb3yeMble B AaHHOM
ONMUCaHNN, UMEKOT NPUBEAEHHbIE HXKE 3HAYEHWS:

«C1» oTHOCUTCSA K ogHoyrnepoaHon Monekyne, Hanpumep, CO, CO,, CH, nnu
CH30H. «C1-okcureHaT» OTHOCUTCA K OOHOYINEpOAHOW Mornekyne, KoTopas Takke
COOEpPXUT, NO MeHblUen Mepe, OAWH aToM Kucropoaa, Hanpumep, CO, CO, unn
CH30H. «UcTtouHnk C1-yrnepoaa» OTHOCUTCH K OAHOYINepoaHOW Monekyre, Kotopas
CNYXXUT YaCTUYHBbIM UMW eOUHCTBEHHBIM UCTOYHMKOM Yyrnepoaa And MuUKpoopraHusma
cornacHo Hactosiemy nsobpeteHuto. Tak, Hanpumep, UctouHuk C1-yrnepoga MoxeT
coAepXaTb OJHO WITM HECKOMbKO COoeaAMHEHWI, BbibpaHHbIX n3 CO, CO,, CH,, CH3;0H
unn CH,0,. Uctounuk C1-yrmepoga npeanoyTUTENbHO COAEPXKUT ogHo wunun oba
coeamHeHna CO n CO,. «C1-UKCUpYIOLWLMIA MUKPOOPraHMamM» npeacTtaBnseT cobon
MMWKPOOpPraHuam, cnocobHbli NpoAyuUMpOBaTb OAMH MMM HECKOMbKO MPOAYKTOB M3
uctodydmka C1-yrnepoga. Kak npaBumno, MWUKPOOPraHU3M COrflacHO HacToswemy
n3obpeTteHuto npeactaenseT cobon C1-prUKCUpPYIOLNMA MUKPOOPraHMU3M.

«C1-copgepxawme rasoobpasHble cybcTpaTtbl»  BKMyawT nobon  ras,
BbIXOOALWA U3 NPOMBILLNIEHHOMO Npouecca, Brknovawwuid C1. B pasnuyHbIx criydasx
C1-copepxawuin rasoobpasHbii cybectpat cogepxut CO, H,;, CO; wunm  ux
KoMBuHaumn. MasoobpasHbii cybeTpaT 0BblMHO COAEPXKUT 3HaumTensHyto gonto CO,
npeanoyYTATENBHO, MO MeHblieA Mepe, oT okono 5% po okono 100 06. % CO.
a3o006pasHbin cybcTpaT MOXeT cofep)aTb 3HauMTenbHyl Oonio Bogopoaa. Tak,
HanpvMep, B KOHKPETHbIX BapuvaHTax peanu3aumm unsobpeTeHusa cybeTpaT MOXeT
coaepxaTtb H, n CO B cooTHolleHun okono 2:1, unu 1:1, nnun 1:2. B ogHom BapuaHTte
peanusaumm nsobpeTteHusa cybctpaT cogepxuT okorno 30 06. % H, unm meHee, okono
20 06.% H, nnn meHee, okorno 15 06.% H, unmn meHee unu okono 10 06.% H, unu
MeHee. CybCcTpaT Takke MOXeT coaepaTb HekoTopoe konudectBo CO, Hanpumep, oT
okono 1 06. % ao okono 80 06.% CO, unn ot 1 06.% Ao okono 30 06.% CO,. B ogHoMm
BapvaHTe peanusaumm nsobpeTeHns cybeTpaT coaeput meHee unu okono 20 06.%
CO,. B KoHKpeTHbIX BapuaHTax peanusaumm nsobpeteHus cybeTpaT cooepXut MeHee
nnn okono 15 06.% CO,, meHee 1unn okono 10 06.% CO,, MeHee unu okono 5 06.%
CO, nnu npaktudeckn He cogepxnt CO,. Kpome Toro, C1-copepallmin razoobpasHbii
cybcTpaT MOXeT cogepXaTb OAMH WU HECKONbKO 3MeMEHTOB, BblOpaHHbIX U3
kmcnopoga (O;), asota (N2) n/unu metana (CHy).

XoTsa 0BblMHO cyBeTpaT sBnseTcs rasoobpasHbiM, OH Takke MOXeT ObiTb

npeacTtaeneH B anbTepHaTMBHbIX dopmax. Tak, Hanpumep, cybcTpaT MOXHO



pacTBOpUTbL B >KMAKOCTW, HacbiweHHon CO-cogepxalwum rasoMm, C MOMOLLbIO
ANCNEPCUOHHOIO reHepaTopa MUKpomMy3blpbkoB. B kadecTBe [ONONHUTENBHOMO
npumMmepa cybctpaT moxeT 6biTb agcopbupoBaH Ha TBEPAOK NOASOXKKE.

TepMuH «co-cybcTpaT» OTHOCUTCA K BeLlecTBY, KOTOpoe, XOTa WU He
o6a3aTenbHO ABMASETCA NepPBMYHBIM MCTOYHUKOM SHEPrUU U MaTtepwana Ans cuHTesa
npoaykra, oAHako, MOXeT OblTb WCMONb30BaHO AN CUMHTE3a npoaykta npwu
aobasneHuun K apyromy cybcTpaTty, TakoMmy Kak nepBuYHbIA cybecTpar.

Cyb6etpat wuvnm  wnctouHnk C1l-yrmepoga MoXeT npeactaenaTb  cobown
oTpaboTaBwMiA ra3, MNONyYeHHbIn B BuAe MNOBOYHOrO nNpoaykTa MPOMbILLINIEHHOrO
npouecca WNU U3 Kakoro-nubo Apyroro MCTOYHMKA, TAKOro KaK BbIXMOMHbIE rasbl
aBTomobunen vnn rasucpumkauma Guomacchl. B HekoTopbix BapuaHTax peanu3aumm
n3obpeTeHna NpoMbILUMEHHbIN Npouecc BbiIGpaH U3 rpynnbl, cocToswen 13 soibpocos
rasa oT depMmeHTauuM yrrneBoAoB, ras3oBoW depMeHTaumu, BbIBpocoB rasa oT
npov3BoACTBa LEMeHTa, NpoM3BOACTBa LEennionosbl n 6ymarn, NnpomM3BoacTBa ctanm,
nepepaboTkn HedTU W CBA3AHHLIX MPOLIECCOB, MNPOM3BOACTBA HeMTEXUMUYECKNX
NpPoAYKTOB, NPON3BOACTBA KOKCa, aHa3pobHOro nnm aspobHoro copaxunBaHus, CUHTE3-
rasa (MOMy4eHHOro U3 MCTOYHMKOB, BKMOYasA, HO He orpaHudmMBasicb umu, Buomaccy,
MOTOKN KMAOKMX OTXOAOB, MOTOKM TBEpAbIX OTXOAOB, MYyHUALMNANbHbIE MOTOKW,
ncKonaemble pecypchbl, BKMOYas NPUPOAHBIN ras, yronb U HedThb), A06bIYN NpMPOAHOro
rasa, Aobblum HedTW, MeTannypruyeckux npoLeccoB Ans MNpOM3BOACTBO W/MNu
OYUCTKM anioMUHWUA, Mean w/unu ¢eppocnaBoB, rEONOMMYEecKUX KOmNnekTopoB W
KaTanmTuyeckMx npoueccoB (MOMyYeHHbIX W3 WMCTOYHMKOB Mapa, BKMYad, HO He
OrpaHN4YMBasiCb MMMW, MaApOBYKD KOHBEPCUIO MeTaHa, MapoBYK KOHBEPCUIO HedTH,
rasucukaumo HedTAHOrO KOKca, pereHepaumilo KaTanmsaTopa - KPEKUHT XWAOKOro
KaTanusaTopa, pereHepaumio KatanuaaTopa - pudOpMUHT HEPTH, N CYXO pUDOPMUHT
MeTaHa). CormacHO TakMM BapvaHTam peanusaumm unsobpeTteHusa cybctpaT w/vnu
nctouHmk C1-yrmepoga MOXHO M3BMe4Yb U3 MPOMBILWNEHHOrO npouecca nepen ero
BbIGpOCOM B aTMOcdepy € ucnonb3oBaHnemM noboro yaobHoro cnocoba.

«lMa3oBbIi NOTOK» OTHOCUTCA K NOBOMy MOTOKYy cybcTpaTa, KOTOPbIA MOXHO
noaaeaTb, HanpuMep, U3 OAHOro MoAaynsi B ApYrol, n3 ogHoro Moayns B GuopeakTop,
N3 0OHOro MOAyNsa B MHOKYNSILMOHHbBIA peakTop, U3 OAHOro npouecca B Apyron n/wunm

M3 ogHoro moaynsa s yCTpOI?ICTBO ynaesnmeaHMA yrnepoaa.



Mcnonbayembld B JaHHOM [OKYMeHTe TEepMWH «ynaBnuBaHWe yrnepona»
OTHOCUTCA K YyNaBnNUBaHWIO coefuHeHWW yrrepoda, Bknw4vas CO, w/unn CO, u3
noToka, cogepxaulero CO, nw/vwnn CO, n nmbo:

npespalleHmto CO, n/vnn CO B npoaykTbl; Nnbo

npespaweHnto CO, w/mnn CO B BellecTBO, NpUroaHoe Ansi AONArOCPOYHOro
XpaHeHus; nnn

ynaenueaHuio CO, n/nnn CO B BellecTBax, NoAXOAAWMX AN OOArOCPOYHOIo
XpaHeHus;

nUnNn KOMBUHaLIMM 3TUX NPOLLECCOB.

Ncnonb3yemble B HacTOSLWEM OMMCaHMU «peareHTbl» OTHOCATCA K BELLecTBY,
KOTOpoe nNpWHMMaeT y4yacTve W MOoABEepraeTcs W3MEHEeHUI0 BO BPEMS XMMWUYECKOMN
peakumn. B KOHKpeTHbIX BapuaHTax peanu3auum nm3obpeTeHus peareHTbl BKIIYatoT,
HO He orpaHuymnearTcsa nmu, CO u/mnn Ho.

«lMpouecc ypanewus Bogopoda» W Tomy nofgobHoe Bkno4vaeT B cebs
TEXHONOrMKn, KoTopble CcnocobHbl yaanaATe wwunu otgenaTte Bogopog ot Ci1-
copaepxawero rasoobpasHoro cybcTtpata. B KOHKpeTHbIX BapuwaHTax peanuaaumm
n3obpeteHna npouecc agcopbumm nNpu nNepemMeHHOM AaBreHun w/unu npouecc
MeMBpaHHOro oTAeneHnsa UCMOoNb3YIOT B KAa4YeCTBe MNpolecca yaaneHus Bogopoaa.

TepMmuH «Buopeaktop», «buopeakTopHas cuctema» W Tomy nogobHoe
BKIlOYaeT YCTPOWCTBO AN bepMeHTaLuMu, COCTosllee U3 OAHOMO WM HEeCKONbKMX
COCya0B W/MNWN KOHCTPYKLMIA BalleHHoro Tuna unm TpybonpoBoaoB, KOTOpoe BKMoYaeT
B ceba peaktop HenpepbiBHOrO AeAcTBMA C nepemewumBaHnem (CSTR), peakTop c
nmmMobunmsoBaHHeiMK  knetkamu (ICR), peaktop ¢ opowaembiMm cnoem (TBR),
GapboTaXHyl0  KOMOHHY, rasnMTHbIA  depMeHTep, CTaTUY4EeCKUA CMEecUTEnb,
LUMPKYNALUMOHHBIA NeTneBoW peakTop, MeMBpaHHbIA peakTop, Takon Kak MeMBpaHHbIn
6uopeaktop ¢ nonbimu BonokHamu (HFM BR), wnu gpyron annapaTt wnu gpyroe
YCTPOWCTBO, NOAXOAsLLEee ANA KOHTaKTa ras3-xuakocTtb. bropeakTtop npegnovtutensHo
npucnocobneH Ans nonyyeHus rasoobpasHoro cybcetpaTta, cogepxawero CO, wnu
CO;, vnn H,, unu nx cmecu. bropeaktop MoXeT cofaepXaTb HECKONLKO peakTopoB
(ctyneHent) nmbo napannenbHo, nunbo nocnepoBaTensHo. [lpeanovTUTENBLHO
GuopeakTop CKOHUIYpUpOBaH ANA MpuemMa WMHOKYNsTa W3 MNyCKOBOro peakTtopa.
MpeanoytuTensHo BGnopeakTop BbINOMHEH B BUAE NPOM3BOACTBEHHOMO peakTopa, rae

npon3BOONTCA 6onblias Yactb npoayKToB d)epMeHTaLI,VII/I.
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TepMUHbl  «MHOKYMALMOHHBIA  peakTop», «UHOKYMATOp», «3aTpaBOYHbLINA
peaktop» W ToMmy noaobHoe BKNWOYAT QEepMeHTaLMOHHOe YCTPOWUCTBO Ans
YCTAHOBMEHUA W CTMMYNUPOBAHWUA poCTa KNeTOoK. WHOKYMNSUMOHHBIA  peakTop
npegnoyTuTensHo  npucrnocobneH ana  npuvema  rasoobpasHoro  cybertparTa,
cogepxawero CO, wnu CO;, wurm H,, wnn wnx cmecn. [lpegnodTUTENBHO
WHOKYNALUMOHHbIA peakTop npeactaBnseT cobol peakTop, B KOTOPOM M3HA4arbHO
HauyMHaeTcA poCT KneTok. B pasnuyHbix BapuaHTax peanu3auun mn3obpeTeHus B
WHOKYNALMOHHOM peaKkTope OXMBMAT paHee BblpalleHHble KneTku. B pasnuyHbix
BapvaHTax peanusauum W300peTeHnss MHOKYNATOP WHULUMMPYET KNEeTOYHbIA poCT
OLHOMO WNM HECKONbKMX MMWKPOOPraHU3MOB ANA MNONYYEHUss MHOKYNATa, KOTOpbIv
3aTeM MoXeT OblTb nepefaH B GMOpeaKkTOpHyl cuUcTeMy, rae Kaxzabli Guopeaktop
BbINMOSMIHEHHbLIA C BO3MOXHOCTbIO CNOCOBCTBOBAaTL MPOM3BOACTBY OAHOMO UMK
HECKONbKUX MNPOAYKTOB depMeHTauun. B HekoTopbIX criyyasx WHOKYNSTOp uMmeeT
YMEHbLUEHHbIN 06beM MO CpaBHEHWIO C MocneaylwmM OOHUM UMW HEeCKONbKUMMU
GnopeaktopaMu.

«lMuTaTensHble cpegbl» WNW  «nUTaTenbHas cpefa» Ucnonb3yeTcs  Ans
onucaHmna cpeabl H6akTepuaneHoro pocta. Kak npaBuno, 3T0T TEPMWUH OTHOCUTCA K
cpede, coaepXallen nuTaTenbHble BellecTBa WM ApyrMe KOMMOHEHTbI, Moaxoasime
Ans pocta MUKpOBHONM KynbTypbl. TEPMUH «NUTaTENbHOE BELLECTBO» BKNOYaeT B cebs
noboe BellecTBO, KOTOpoe MOXeT ObITb UCnonb3oBaHo B MeTabonuyeckom nyTu
MUKpOOpraHuama. TuUnu4yHble nNUTaTenbHble BeLlecTBa BKYAKOT Kanwuii, BUTAMWHbI
rpynnel B, cneabl MeTannoB n aMMHOKUCOTI.

TepMUH «(EepMeHTAUMOHHBLIA OynboH» MM «BynbOH» OXBaTblIBAET CMECH
KOMMOHEHTOB, BKIOYas NUTaTenbHyl cpeay WM KynbTypy WMAM OOMH UMM HECKONbKO
MUKpoopraHuamoB. Cnegyet OTMETUTb, 4YTO TEPMWMH MWKPOOPraHmaM W TEPMUH
BGaKkTepmm UCnornb3yTCA B3aNMO3aMeEHSIEMO MO BCEMY JOKYMEHTY.

TepMUH «MHOKYNAT» OXBaTbiBAET (DEPMEHTALMOHHBIA BYrbOoH, NepBOHaYansLHO
BblpalLEHHbIA B MHOKYMALWOHHOM peakTope, KOTOpbIA 3aTeM nogaeTcs B OAWMH WNuU
HecKonbKko nocneaylowmx 6uopeakTopoB ANs 3aTpaBKM OAHOMO WM HECKONbKMX
nocregytowmnx 6uopeaktopoB. NpegnovTUTENLHO MHOKYNSAT UCNONb3YEeTCA OOHUM UM
HecKonbkuMK BuopeakTopaMm AN Npou3BOACTBA OLHOMO UMM HECKONbKMX MPOAYKTOB
depMmeHTaunK.

TepMUH «Kenaembll cocTaB» ucnonb3dyeTca Ans obosHayeHuss Kenaemoro

YPOBHA N TUNOB KOMMNOHEHTOB B BELLlEeCTBE, TAKOM KakK, HanpuMmep, rasoBblii NOTOK. B
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YAaCTHOCTW, CUYMTAETCsl, YTO a3 MMeeT «KeNaeMblii COocTaB», €CNMN OH COAEpXUT
onpedeneHHbld KOMMOHeHT (Hanpumep, CO, H, wunn CO;) wunn conepxut
KOHKPETHbIA KOMMNOHEHT B onpeaeneHHOW Nponopuun U/vnm He COAEPKUT KOHKPETHbIN
KOMMOHEHT (Hanpumep, KOMMOHEHT, BpeAHbin ANnA MWUKPOOPraHM3moB) W/unn He
COAEPXKUT KOHKPETHbI KOMMOHEHT B onpeaeneHHon nponopuuun. Mpu onpegeneHnn
TOro, MMeeT NN rasoBblii MOTOK XenaemblA cocTaB, MOXeT ObITb paccMoTpeH Genee
4YyemM OOWH KOMMOHeHT. B ogHoM unu Gonee BapuaHTax peanu3aumn unsobpeTteHus
«wkenaembin coctaB» C1-cogepxawero rasoobpasHoro cybcTpata onpegensieTcs,
ncxoass ns monspHoro cootHowenus H,:CO. B pasnuuyHbiXx BapvaHTax peanu3auum
n3obpeteHun xkenaembln coctaB C1-cogepxawero rasoobpasHoro cybeTparta,
KOTOPbIA NoAalT B MHOKYMSLUMOHHBLIA peakTop, OTiM4YaeTCca OT XeraemMoro cocTasa
C1-copepxawero rasoobpasHoro cybcTpaTta, KOTOpbI nogalT B GUMOpeakTopHyto
cuUcTEeMYy.

TepMUHbl «MoBbILLEeHWE 3(PPEKTUBHOCTMY», «MNOBbILLEHHAA 3PDEKTUBHOCTE» U
ToMy nofo6Hoe, Korga OHWM UCMOMb3YITCS B OTHOLLEHUW npouecca epMeHTauuu,
BKIIOYAOT, HO HEe OrpaHuMYMBaloTCA UMW, YBENUYEeHWEe OAHOW WM  HEeCKOMbKUX
CKOPOCTEN poCTa MMWKPOOPraHW3MOB, KaTanuavpylowmx cepmMmeHTaumio, pocT wu/unm
CKOPOCTb MNPOM3BOACTBA NPOAYKTa MpM MOBbLIWEHHbLIX KOHLEHTpauusax npoaykTa,
o6bemM Xenaemoro npoaykTa, nponssegeHHoro Ha obvem notpebnsemoro cybcTpaTa,
CKOPOCTb MPOWM3BOACTBA WNW YpOBEHb MNPOM3BOACTBA >Kenaemoro npoayKta wu
OTHOCUTENbHYIO NPOMOPLMIO KenaemMoro npoaykTa, NpovM3BeAeHHOro No CPaBHEHWUIO C
ApyrMmm noboYHbIMKU NpoAyKTamMn pepMeHTaLmnu.

Ecnn koHTekcT He TpebyeT wHoro, cpasbl «depMeHTauusa», «npouecc
hbepMeHTaumMmM» MnnM «peakums depMmeHTaumm» n Tomy nogobHoe, ncnonb3yembie B
AaHHOM [JOKYMeHTe, OXBaTbIBalOT Kak hasbl pocTa, Tak 1 asbl BMocMHTE3a npoaykTa
rasoobpasHoro cybcTpaTa.

«Mukpoopranmam» npeactaBnseT coBGON  MMKPOCKOMUYECKUA OpraHuam, B
yacTHocTn, 6GakTeputo, apxet, BUMpYyC wunu rpubok. MwukpoopraHuam cornacHo
HacTodAwemMy wusobpeTeHMo o06bIMHO npeacTaBnseT coboin Gaktepuwo. B aaHHOM
AOKYMeHTe crnegyeT cuuTatb, YTO TEPMMH  «MWKPOOPraHmaM»  oxBaTbiBaeT
«BakTepuo».

«Poantenbcknin  MukpoopraHnam» npeactaBnseT CcoboA  MUKpOOpPraHuam,
nucnonb3yembli  Ans NOMyYeHWss  MUKPOOPraHuMamMa  COrfacHoO  HacToswemy

nsobpeteHuto. PoautenbckuiA  MMKpoopraHuaMm  MOXeT npeacTaBnsaTb  cobGow
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BCTpEYaloLLMIACa B NpMpoae MUKPOOPraHMam (Hanpumep, MUKPOOPraHMam AUKOro Tuna)
NN MUKPOOPraHmM3Mm, KOTOopbIi Bbin NpeaBapuTensHO MoaAudUUMPOBaH (HanpuMmep,
MYTaHTHbIA UMM peKOMOBMHAHTHBIN  MUKpoOpraHuam). MwuKpoopraHuaMm CorfmacHo
HacTosileMy un306peTeHMio MoxeT OblTb MOAUMUUMPOBAH AN 3KCNpeccuu Wnm
CBEpXIKCMpPEeCCMn OAHOr0 WM HEeCKONbKUX EepMeHTOB, KOTOpble He 6binu
3KCNPEeCcCcUpoBaHbl UM CBEPX3KCMPEeCCUpoBaHbl B POAUTENLCKOM MUKPOOpPraHuame.
MogoobHblM 06pa3oM  MWMKpOOpraHMaM cornacHo u3obpeTeHuio MoxeT ObiTb
mMoaudmumpoBaH, 4ToBbl cofepXaTb OOWH WMNW HECKOMbKO rEeHOB, KOTOpble He
cofepxanuce B  POAWTENbCKOM  MUKpoopraHuame. MukpoopraHvMsm  COrnacHo
n3obpeTeHuo Tarke MoxeT BbiTb MoaudumumpoBaH, YTOBbl He 3KCnpeccMpoBaTb UMK
aKcnpeccupoBaTbh 6ornee HWU3KME KOMMYEeCTBa OAHOMO MMM HECKONbKUX (DEepMEHTOB,
KoTopble ObinNM 3KCMpeccuMpoBaHbl B poOAUTENLCKOM MWUKpoopraHusme. B ogHom
BapuaHTe peanusaumm u3obpeTeHus poAUMTENbCKUA MUKPOOPraHuaMm npeactaBnset
cobown Clostridium autoethanogenum, Clostridium ljungdahlii nnn Clostridium ragsdalei.
B npegnoytutensHOM BapuaHTe peanusauMm  u3obpeTeHus  poaUTENbCKUIA
MUKpoopraHuam npeactasnseT cobon Clostridium autoethanogenum LZ1561, koTopbIn
6bIn genoHupoBaH 7 uioHsa 2010 ropa Deutsche Sammliung von Mikroorganismen und
Zellkulturen GmbH (Hemeukon KoOnnekuMn MWUKPOOPraHM3MOB W KMETOYHLIX KynbTyp
(DSMZ)), pacnonoxeHHo no agpecy Inhoffenstrall 7B, D-38124 Braunschweig,
epmaHVs, B COOTBETCTBUM C YCNoBUAMKW ByaaneluTckoro AoroBopa M MPUCBOEHHBLIM
permcTpaumoHHblM HoMepoM DSM23693. 3ToT wTamMM onucaH B MeXayHapoaHOW
3aaBke Ha nateHT Ne PCT/NZ2011/000144, onybnmnkoBaHHomn kak WO 2012/015317.
TepMUH «nNpomcxoguT OT» O3HayaeT, YTO HYKNeuwHoBas kucnota, 6ernok wnu
MUWKpPOOPraHn3M MoAMMULMPOBaHbI UMW aAanTUpPOBaHbl, MCXOAA U3 APYron (Hanpumep,
pOAUTENBCKOW UMW AMKOro TUMNa) HYKNEeMHOBOW KMCNOTbI, 6enka nnm MMKpoopraHmama,
C Uenblo MNOonyyYyeHWs HOBOW HYKNEWHOBOW KWCMOTbl, 6enka wunM MUKpoopraHusma.
Takue moandukaLmm nnv agantaummn obbl4HO BKITHOYAIOT BCTaBKy, Aeneuunio, MyTauuio
UNWN 3aMeHY HYKNEeWHOBbLIX KACMOT MUnu reHoB. Kak npasuno, MMKPOOpraHMam COrfnacHo
HacTosiLLeMy N306peTeHNIo NPOUCXOANT OT POAMUTENBLCKOro MUKpoopraHnama. B ogHom
BapuaHTe peanu3aumm UM306peTeHMs MUKPOOPraHUM3M COMMacHO  HacTosLleMy
n3obpeteHuto npoucxoaut ot Clostridium autoethanogenum, Clostridium ljungdahlii
unu Clostridium ragsdalei. B npegnoytutensHoM BapuaHTe peanusaumm nsobpeteHus

MMKPOOPraHnM3M COrnacHo HacTtosieMy u3obpeteHuto npoucxoant ot  Clostridium
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autoethanogenum LZ1561, KoTopblA AENOHUPOBAH MOA perncTpaumoHHbIM HOMEPOM
DSMZ DSM23693.

«Byp-JletoHraan» oTHOCUTCA K ONMCAHHOMY NyTW yrnepoaHon dukcaumv Byna-
JlbtoHraana, kak, Hanpumep, Ragsdale, Biochim Biophys Acta, 1784: 1873-1898, 2008.
«Mukpoopranmambl  Bypa-flbloHrgana», Kak UM OXWOanocb, OTHOCATCA K
MUKpoOpraHuaMam,  cofepxawmm  nyTe  Bypa-lletoHrgana. Kak  npasuno,
MMKPOOPraHU3M COrMacHO HacTosLEMY M306peTEHNIO COAEPXKUT HAaTUBHbLIN NyTb Byaa-
JlbioHrgana. B paHHoMm cniyyae nyTte Bypa-flbtoHrgana moxeT ObiTb HaTMBHbIM,
HemoguduumpoBaHHbiM nytem Byga-IlbtoHrgana wnu moxeT 6biTb nytem Byaa-
JlbloHrgana ¢ HeKOTOpOW CTeneHbld reHeTudecko Moaudukaummn (Hanpumep,
CBEpPX3KCrpeccus, reTeponorMiHasa aKkcrnpeccus, HokayT 1 T.4.), Noka OH Ucnonb3yeTca
ans npeobpasoeanus CO, CO, u/unu H, B auetnn-KoA.

«AHaspob» npeacTtaBnseT coboM MUKPOOPraHMam, He Tpebylowuin Kucnopoa
ansa pocta. AHasapob MoXeT pearMpoBaTb HEraTUBHO MW Aaxe yMepeTb Npu Hanu4mm
Kncnopoda Bbllwe onpefeneHHoro nopora. OgHako, HeKoTopble aHal3pobbl CNOCOBHLI
NnepeHocUTb HU3KME YPOBHM kucrnopoga (Hanpumep, 0,000001-5 06.% kncnopopa). Kak
npaBuIo, MMKPOOPraHN3M COrflacHo HacTosLeMy n3obpeTeHunio npeacrtaenseT cobown
aHaapob.

Kak npaBuno, «aueToreHbl» npeacTtaBnsioT coboli obnuratHo-aHaspobHble
Gaktepun, wucnone3yowme nyte Bypa-flbloHrgana B KavyecTBe WX  OCHOBHOIO
MexaHu3Ma [ONnA COXpaHeHWUs 3Heprun U cuHTe3a auetun-KoA ©u  npoaykTos,
nornyyeHHeIx w3 auetun-KoA, Takux kak auetat (Ragsdale, Biochim Biophys
Acta, 1784: 1873-1898, 2008). B 4acTHOCTW, aueToreHbl ucrnonb3dylT nyTe Byaa-
JlbtoHraana kak (1) MexaHuam Ans BOCCTaHOBUTENLHOro cMHTesa aueTtun-KoA mns CO,,
(2) TepMuHanbHLIA 3NEKTPOHOAKLENTOPHbIA, 3Heprocbeperarowmn npouecc, (3)
MexaHu3M aAna dukcaumm (accumunaunn) CO, Npu CUHTE3e KNeTO4YHOoro yrnepoaa
(Drake, Acetogenic Prokaryotes, In: The Prokaryotes, 3rd edition, p. 354, New York,
NY, 2006). Bce BcTpevawlwueca B npupoge auetoreHol gsnditca  C1-
PUKCUPYIOLLIMMMU, aHaspobHbIMM, aBTOTPOMPHLIMK " HeMeTaHOTPOMHbLIMU
opraHnamamn. Kak npaBuno, MMKPOOPraHMam COrnacHo HacToswemy unsobpeTeHuto
npeacTtaesnsieT cobon aueToreH.

«3JTaHonoreH» npegctaenseT cobon MMKPOOPraHWaMm, KOTOpbIA npoayumpyeT
unu cnocobeH npoayuupoBaTb 3TaHomn. Kak npaBumio, MUKPOOPraHumam CorfiacHo

HacTodAlleMy |/|3o6peTeH|/|ro npeactaBndeT coboin aTaHONOreH.
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«ABTOTpO» nNpeacTaensieT coboW MUKpoopraHmam, crnocobHbIi pacTn B
OTCYTCTBME OpraHudeckoro yrnepoga. Bmecto 3Toro aBTOTPOMbbI MCMONBL3YIOT
HeopraHuyeckne WCTOYHUKM yrnepoaa, Takve kak CO w/unm CO,. Kak npasuno,
MWKPOOPraHM3M COrfacHoO HacTosieMy u3obpeTeHMio npeacTaBnsieT  coboin
aBToOTpO.

«KapbokcnpooTtpod» npeactaensieT coboOA  MUKPOOPraHuMaMm, CrnocOoOHbIN
ucnono3oate CO B kayecTBe eAMHCTBEHHOrO WUCTOYHWKA yrriepoda W aHeprun. Kak
npaBuno, MUKPOOPraHN3M COrfacHo HacTosileMy u3obpeTeHuio npeacTaBnseT cobow
kapbokcuaoTpod.

MwuKpoopraHvmam COrnacHo HacTosLeMy U306peTeHUI0 MOXHO KyNbTUBMPOBATb
C MOTOKOM rasa Ans NnofyyYyeHust OOHOIO UMW HEeCKOMbKUX MpoAyKTOB. Tak, Hanpumep,
MWKPOOPraHM3M COrfacHo HacTosilleMy K3obpeTeHWio MOXeT npoayuuMpoBaTtb Wnu
MOXeT ObITb reHeTU4ecKM CKOHCTpyMpoBaH Ans npoayuupoBaHus atadona (WO
2007/117157), auetata (WO 2007/117157), 6ytaHona (WO 2008/115080 n WO
2012/053905), 6ytupata (WO 2008/115080), 2,3-6ytanguona (WO 2009/151342 wu
WO 2016/094334), naktata (WO 2011/112103), 6yteHa (WO 2012/024522),
6ytagueHa (WO 2012/024522), meTunatunkeToHa (2-6ytaHoHa) (WO 2012/024522 wn
WO 2013/185123), atuneHa (WO 2012/026833), auetoHa (WO 2012/115527),
usonponaHona (WO  2012/115527), nunugos (WO  2013/036147),  3-
rmgpokcunponuoHata (3-HP) (WO 2013/180581), TepneHoB, Bknwo4as M3onNpeH
(WO 2013/180584), >xupHbix kucnot (WO 2013/191567), 2-6ytaHona (WO
2013/185123), 1,2-nponaHavona (WO 2014/0369152), 1-nponaHorna
(WO 2014/0369152), npoaykToB, norny4eHHblx 13 xopuamata (WO 2016/191625), 3-
rmgpokcnbytnpata (WO 2017/066498) mn 1,3-6ytaHgmona (WO 2017/0066498).
Hapsay ¢ oAHUM unu HECKONMLKUMW LeneBbIMA NPOAYKTaMU MUKPOOPraHWaM COrfacHo
HacTosiLLleMy M306peTeHNIo Takke MOXeT npoayuupoBaTb aTaHon, aueTaTt wunm 2,3-
6yTaHguon. B HekoTOpbIX BapuaHTax peanusauuyM M3obpeTeHWs camy MUKPOGHYIo
Buomaccy MOXHO paccMaTpuBaTb KaK MNpPOAYKT. 3TWU NPOAYKTbl MOryT 6blTb
AONonHUTEnNBHO npeobpa3oBaHbl AN NPOM3BOACTBA, MO MeHbLUe Mepe, OOHOro
KOMMOHEHTa AN3enbLHOro TONnMBea, peakTMBHOro Tonnuea u/vnu 6eHanHa. Kpome Toro,
MukpobHasi Guomacca MoxeT ObiTb MoABeprHyTa AanbHenweln nepepaboTke Ans
nonyyeHus 6enka oaHoKNeTouHbIX (SCP).

«Bbenok ogHokneTo4HbIX» (SCP) oTHOCUMTCA K MMKpOBHOW BGuomacce, KoTopas

MoxeT 6bITk Mcnonb3oBaHa B 6oraTeix GenkaMmmn KopMax and noaen nwnm XnNBoTHLIX,
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4YacTo 3aMeHsIst TpaaULMNOHHBLIE UCTOYHMKN BenKkoBbIX 406aBOK, Takue Kak coeBasi Myka
unu pbibHaa myka. Ona nonyveHns 6enka OAHOKNETOYHbIX WNKW ApPYroro npogykTa
crnoco® MOXeT BKNo4YaTb AOMNOMHUTENbHbIE CTaauu pasgeneHus, nepepaboTkn wnm
obpaboTkn. Tak, Hanpumep, cnoco® MOXeT BKMN4YaTb CTEPUNM3ALUI0 MUKPOBHON
6uomacchl, UeHTpUdyrmpoBaHue MWUKpOBGHOM BMomacchbl W/MNU CywKy MUKPOBHOM
B6uomacchl. B HekoTopbIX BapuaHTax peanunsaumm n3obpeteHnss MMKpobHyto Guomaccy
cywaT C UCMonNb30oBaHWEM pPachbIIMTENBHON CYLLKM UNKW rionacTHon cylwku. Cnocob
Takke MOXeT BKMIOYaTb YMEHbLUEHWE coAepXaHus HYKNEMHOBOW KWCNOTbl B
MuKpobHol Buomacce ¢ ucnonb3oBaHueM mnboro cnocoba, M3BECTHOrO B JaHHOM
o6nacTM TEexXHWKW, MOCKOMNbKY noTpebneHve paumoHa C BbICOKMM coAepXaHuem
HYKNEWHOBOW KUCMOTbl MOXeT MpPMBECTU K HAKOMNMEeHWo npoayKToB pacnaja
HYKMEWHOBOW  KUCMOTbl  WWMM  XenyaoyHOo-KULLIEeYHOMY  paccTponcTBy. bernok
OLHOKNETOYHbIX MOXeT ObiTb NOAXOAALWMM ANs KOPMIEHWS XMBOTHbIX, TakKWX Kak
AOMaLLHWIA CKOT UNW AOMAaLLHWNE XMBOTHbIE. B 4acTHOCTK, KOpM AN XXMBOTHBIX MOXET
ObITb NOAXOAAWMM ANs KOPMIIEHUS OAHOMO WNW HECKOMBbKMX MSCHBIX XUBOTHbIX,
MOMOYHOrO CKOTa, CBWHEW, OBel, KO3, nowagen, MyrnoB, OCMNOB, OfleHeN,
6yrBonos/6n3oHOB, Nam, anbnak, ceBepHbIX oneHeln, Bepbniogos, 6aHTEHroB, rasnos,
AKN, Kypew, WHAOKKOB, YTOK, Fycen, nepenenos, Lecapok, ckeobos/ronyben, pbibbl,
KpeBeToK, pakoobpasHblx, KOTOB, cobak W rpbidyHoB. Komnosvumsa Kopma Ans
XMBOTHbIX MOXeT ObITb aganTMpoBaHa K MOTPEOHOCTAM B MUTAHWM  pasnuU4HbIX
XMBOTHbIX. Kpome Toro, cnocob MoxeT BKMoYaTb CMeLUMBaHWEe UM KoMbuHMpoBaHue
MUKpOBHOI BomMacchl C OAHUM UM HECKOSBKMMMW HANOMHUTENSMMW.

«HanonHuTenb» MOXeT OTHOCUTLCA K NoBoMy BeLecTBy, KOTOpOe MOXET BbITb
aobasneHo B MMKpOBHY0 Bromaccy Ansa ynyyweHus unu nameHeHust hopmbl, CBOMCTB
UNU nNUTaTenbHOW LEHHOCTU KOopMa NS XMBOTHbLIX. Tak, Hanpumep, HanonHuTenb
MOXeT cogepxaTb oauH wunu 6onee yrneeBodoB, KneTyaTKW, Xupos, 6enkos,
BUTaMUHOB, MWHeparnos, BOAbI, BKYCOBbIX  A006aBoK, noacnactuTenen,
aHTUOKCMAAHTOB, (DEPMEHTOB, KOHCEpPBAHTOB, MPOOGMOTUKOB wMNM aHTMbuoTukos. B
HEKOTOPbIX BapuaHTax peanusaumm nsobpeteHusa HanonHutenem MoxeT ObiTb CEHO,
cofiomMa, CWnoc, 3naku, Macra Wnu Xupbl WKW OpYyrol pacTuUTenbHbIA MaTepwuarn.
HanonHutenem moxeT ObiTb MOBOM KOPMOBOWM WHrpeaueHT, ykasaHuHbin B Chiba,
Section 18: Diet Formulation and Common Feed Ingredients, Animal Nutrition

Handbook, 3" revision, pages 575-633, 2014.
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«HaTuMBHbIN nNpogykT» npeactaBnseT cobon NPoAyKT, NpoAyLMpyeMbIi
reHeTM4Yeckn HemoanpMUMPOBaHHLIM MWUKPOOPraHM3MOM. Tak, HamnpuMmep, 3TaHof,
auetat wu 2,3-6ytanguon  SBNAKOTCA  HaTMBHbIMW  npoayktamu  Clostridium
autoethanogenum, Clostridium ljungdahlii w Clostridium ragsdalei. «HeHaTBHBLIN
npoaykT»  npeacTtaeBnseT  cobol  MNpOAyKT,  MPOAYUMPYEMbBIA  FEHEeTUYECKU
MOANPULMPOBAHHBIM MUKPOOPraHW3MOM, OAHAKO, OH He NpoayUMpYyeTCs reHeTUYeCcKn
HemMoaUMULMPOBAHHLIM  MUKPOOPraHM3MOM, W3 KOTOPOro Mosfy4alT reHeTUYecKu
MOANDULMPOBAHHBIA MUKPOOPraHU3M.

«CenekTUBHOCTbY KacaeTcsi OTHOLUEHWS NPOM3BOACTBA LIeNeBOro Npoaykta K
Npou3BOACTBY BCEX MPOAYKTOB hbepMeHTauun, npoayumpyeMbiX MUKPOOPraHU3MOM.
MukpoopraHmamM corfnacHo HacTtosileMmy usobpeTeHuto MoxeT ObiTb CKOHCTpyMpoBaH
ANA NonyyeHus NpPoayKTOB C onpedeneHHOW CENneKTUBHOCTBbIO UM C MUHUMAanbHOM
cenekTMBHOCTLIO. B oaHOM BapuaHTe peanu3aumm M3obpeTeHus LeneBor NpoaykT
cocTaBnsieT, Mo MeHbLUen Mepe, okono 5 Bec.%, 10 Bec.%, 15 Bec.%, 20 Bec.%, 30
Bec.%, 50 Bec.%, 75 Bec.% wunm 90 Bec.% Bcex MpoaykToB hepMeHTauuu,
npoayuupyemMbiX MUKPOOPraHM3MOM COrfMacHoO HacTosiemy udobpeteHuo. B ogHom
BapvaHTe peanu3auum M3obpeTeHus LeneBor MNpoAyKT COCTaBnseT, MO MeHbLUEn
Mepe, 10 Bec. % Bcex npoaykToB depMeHTauun, NpoayLmpyeMbiX MUKpOOPraHU3MOM
COrnacHo HacTosiLeMy n3obpeTeHnto, Tak YTO MUKPOOPraHM3M COrnacHo n3obpeTeHunio
obnagaeT CeNeKTMBHOCTLIO NO OTHOLLEHWUIO K LIeneBOMY NpOAYKTY, MO MeHbLUEen Mepe,
10 Bec.%. B pgpyrom BapmaHTe peanu3auum un3obpeTeHuss UeneBor NpoaykT
cocTaBnseT, no MeHblwen wMepe, 30 Bec.% Bcex nMPOOYKTOB epMeHTauuuy,
npoayuupyemMbiX MWKPOOPraHM3MOM COrflacHO HacTosileMy M306peTeHuto, Tak 4To
MMKPOOPraHn3m cornacHo n3obpeteHuio obnagaet cenekTUBHOCTLIO MO OTHOLLUEHMIO K
LueneBoMy MpPoOAYKTY, MO MeHblel mepe, 30 Bec.%. B ogHoM BapwaHTe peanuzauum
n3obpeteHns LeneBo NPOAYKT cocTaBnsieT, No MeHbwen mepe, 90 Bec.% Bcex
NpoaykToB  dbepMeHTaumMy,  npoayuumpyeMblX  MWUKpOOpraHuamMamu, Tak  4yTo
MMKPOOPraHn3m cornacHo n3obpeteHuio obnagaet cenekTUBHOCTLIO MO OTHOLLUEHMIO K
LeneBoMy NpoAyKTYy, MO MeHbLen mepe, 90 Bec.%.

LleneBble npoayKkTbl MOXHO OTAENUTb WU OYUCTUTL OT (PEPMEHTATMBHOIMO
6ynboHa, ucnonbays nobon mMetog MM KOMBMHALMIO METOAOB, M3BECTHLIX B AaHHOW
o6nacTM TEeXHWKWM, B TOM 4ucne, Hanpumep, (OPakUMOHHYIO MEeperoHKy, ucnapeHue,
Anpy3MoHHOe ncnapeHne, OTrOHKY rasoM, pasgerneHue a3 u  3KCTPaKTUBHYIO

d)epmeHTau,vno, BKNKW4ad, HanpuMmep, NKUAOKOCTb-KUOKOCTHYIO  3KCTpPaKUUIO. B
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HEeKOTOpbIX BapuaHTax peanusauuvm nsobpeTeHus Lenesble NpoAyKTbl U3BMNEKalT U3
depmeHTaTMBHOro GyrnboHa nyTeM HernpepbiBHOrO yaaneHus M3 Gropeaktopa 4acTtu
GynboHa, oTAeneHust oT BynboHa MUKPOBHbLIX KNeTok (06bI4HO NyTeM unbTpauum) 1
n3eneyeHnss N3 GynboHa oaHOIo UMM HECKONbKMX LieneBbiX NpoaykToB. CnupTel W/munm
alLeToH MOXHO M3BneYb, HanpuMep, NyTeMm neperoHkn. KUcnoTbl MOXHO W3Breyb,
Hanpumep, nytem agcopbuum Ha akTuBupoBaHHOM yrre. OTaeneHHble MUKpPOOHble
KNeTKW npeanoYTUTensHo BosBpalwlaT B 6uopeaktop. BeckneTouyHblt nepmear,
OCTaBLUIMIACA nocrne YyAaneHus LeneBblX MNpoayKTOoB, Tawkke npeanoYTUTenbHO
Bo3BpalwawT B GuopeakTop. [ns BOCMOMHEHUs cpefbl Neped ee BO3BpPaToM B
GuopeakTop Kk GeckneTodHoMy nepmeaTty MOXHO [nA06aBWTb  AOMNOMHUTENbHbIE
nuTaTenbHble BewecTea (Hanpumep, BUTaMyHbI rpynnbl B).

Ana nonyyeHus uUeneBOro nNpoAyKTa  KynbTMBMPOBaHWE/(epMeHTaLmio
KenaTtenbHO  NpoBOAUTb B COOTBETCTBYWOLUMX  ycroBusix. Kak  npaewurno,
KynbTMBMpOBaHWe/epMeHTaUmMio NPOBOAAT B aHa3poOHbLIX YCNOBUSX. YCHoBUS
peakuun, KoTopble crnedyeT yyuTbiBaTb, BKMOYAOT AaBneHve (UNu napumansbHoe
AaBrneHue), TemnepaTypy, CKOPOCTb MOTOKa rasa, CKOpPOCTb MOTOKa Xuakoctu, pH
cpedbl,  OKWACNUTENbHO-BOCCTAHOBMTEMbHBLIA  MOTeHUMan  cpedbl,  CKOPOCTb
nepeMellvMBaHus (MpY  NPUMEHeHUW peakTopa HenpepbiBHOTO  AENCTBUS  C
nepemMellVBaH/eM), YPOBEHb WHOKYMNsiTa, MakcumarbHble KOHLEHTpauuu rasoBoro
cybGcTpaTta, KoTopble rapaHTMpyeT, 4TO ras B XuakolW ase He cTaHeT
orpaHMyMBaloWLMM  (haKTOpOM, W MakcumarbHble KOHLUEHTpauuu npoAdykta BO
n36exaHne UHrMBMpoBaHMSA NPoAyKTa. B 4acTHOCTU, MOXHO KOHTPONUPOBATL CKOPOCTb
BBeAeHus cybcTpaTta ans obecneyeHuss Toro, YTo KOHLEHTpaums rasa B XXuakoin dase
He CcTaHeT orpaHu4yMBaloLLMM (PaKTOPOM, MOCKOMbKY B YCMOBMSIX OFpaHWYeHHOro
KOnu4yecTBa rasa npoayKTbl MOryT NOTPeGNATLCA KyNbTYPOW.

Okcnnyataums  ©GuopeakTopa NPV MOBbIWEHHbIX AaBMeHWsIX Mo3BonseT
MOBBLICUTb CKOPOCTb MacconepeHoca rasa W3 rasoBol @asbl B Xuakyto daasy.
CooTBeTcTBeHHO, B obwem  cnydae  NpeanoyTUTENbHO — OCYLLEeCTBMSATb
KyNbTMBMpOBaHMe/epMeHTaumnio Npu AaBneHusix Bbllle aTMOCHEpHOro AaBreHUus.
Kpome Toro, NockonbKy 3afiaHHasi CKOpOCTb MpeBpalleHns raza 4acTUYHO 3aBUCUT OT
BPEMEHN yaepXxuBaHuMs cybcTpaTta, nNpy 3TOM BPeEMS  YAEepPXWMBaHWA  OUKTyeT
HeoGxoaMMbIA 06bem GuopeakTopa, UCMoNb3oBaHNEe CUCTEM NoA AaBNEHUEM MOXEeT
3HauUTENbHO YMeHblUMTb TpebyeMbll o6bem OuopeakTopa W, credoBaTenbHoO,

KanuTtanbHbIE 3aTpaTbl Ha o6opy/:|,OBaH|/|e and KyJ'IbTI/IBI/IpOBaHVIFI/d)epMeHTaLI,VIFI. 3710,
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B CBOIO o4yepenb, O3Ha4aeT, YTo Npu nogaepxaHum GMopeakTopoB NpW MOBbILLEHHOM
AaBrneHMn, a He npu aTtMocepHOM AaBreHUW, MOXHO YMEHbLIUTL BpeMs
yaepXuBaHus, onpegensemMoe kak obbem XuakocTu B Guopeaktope, AerneHHbIn Ha
CKOPOCTb MNOTOKa HarHeTaemoro rasa. OnTumanbHble YCroBUA peakuuun ©6yayT
YACTMYHO 3aBUCETb OT KOHKPETHOro WCMoMb3yemMoro MukpoopraHuama. OpfHako, B
oblwem crnyyae nNpeanoyTUTENbHO NPOBOAWMTL PEPMEHTAUMIO MpU AaBrneHWMU Bbille
aTMocdepHoro aaeneHuns. Kpome Toro, NockombKy 3adaHHasi CKOpoCTb NpeBpaLleHuns
rasa 4acTU4HO 3aBUCUT OT BPEMEHW YyAepXuBaHWA cybcTpaTa, a [OCTUXKEeHWe
XXenaemoro BpeMeHU YAEpXMBaHWs, B CBOKO odepefb, AUKTYeT Heobxoanmbli o6bem
GuopeakTtopa, WCMOMb3OBaHWE CcUCTEM MNOA [OaBMEHWEM MOXEeT 3HaYUTenbHO
yMeHbWNTL Tpebyembin obbem OuopeakTopa W, cneaoBaTenbHO, KanuTanbHble
3aTpaTbl Ha obopygoBaHMe Ansa KynNbTUBUPOBaHUS/epMeHTaLMS.
OnucaHwne

Bboino obHapyxeHo, 4TO KOHTponupoBaHue cocTtaBa C1-cogepxallero
rasoobpasHoro cybctpaTa, NoAaBaeMoro B MHOKYNATop u/mnn érnopeaktop, 0cobeHHo
nonesHo Ans CTUMYNMPOBaHUA poCTa KMeToK, CEenekTUBHOCTU MO MpOAYKTY W
CTabuMnbHOCTM Kak B  MHOKYNAUMOHHOM peakTope, Tak WM B MOCneayroLwmx
6uopeakTopax. NpeanoyTntensHo coctaB C1-coaepxallero cybcTpaTta KOHTpONMpYOT
nepea nogayven B MHOKYNSLMOHHbBIA peakTop, YTOBbl NONYyYNTb MHOKYNAT ANS 3arpy3ku
B OAWMH WNW  HeCKOMbKO  nocrneaylouwmx  peaktopoB.  [lpeanoyTtutensHo
WHOKYMALUMOHHBLIA  peakTop COAEpXMUT KynbTypy OAHOrO WNU  Heckonbkux C1-
hUKCUPYIOLLIMX MUKPOOPraHM3MOB B KWMAKOW MUTATENbHOW cpeae U MOXeT MpUHUMaTh
C1-copepxawuin razoobpasHblii cybCcTpaT KOHTPONMPYEMOro coctaBa Afis Nofy4eHus
WHOKYNATa nyTem cepMeHTaumu.

ABTOpbl  M306peTeHna  OBHapyxunn, 4YTO MPU  UCNONbL3OBaHUM  ANS
depmenTaumm C1-cogepxallero rasoobpasHoro cybcTpaTta, KoTopbld oboralleH
BOAOPOAOM, npoueccy epMeHTauuMm 4acto He  XBaTaeT  OONTOCPOYHOWN
CENeKTUBHOCTM W cTabunbHocTM npoaykta. HeoxuaaHHbiM  obpa3om  aBTopbl
HacTodAwero un3obpeTeHnMs OOHapyxunuM, 4YTO nNpWU  OCYLWIECTBMEHMW npouecca
bepmeHTaumMm B oboralleHHbIX BOAOPOAOM YCIOBUSIX, MoAaya noToka, cogepxallero
aneTepHaTuBHbli C1-coaepxawunin okema yrnepoga (CO), B MHOKYNAUMOHHLINA peakTop
NpUBOOUT HE TONLKO K YBENUYEHUIO pocTa Bruomacchl U CKOpocTU pocTa BMomacchl, HO
M K NOBbLIWEHHON CENEeKTUBHOCTU MO 3TaHOMy W ynyylweHHoW cTabunbHOCTU B

nocnenyrownx 6I/I0peaKTOan.
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[daHHoe un306peTeHMe ocobeHHO MpUMEeHUMOo K npoueccaMm depMeHTauumn ¢
NCNONb30BaHMEM MOTOKOB MPOMBILUIIEHHOrO rasa, cogepxawmx H, npu mMonspHom
cooTHoweHnn H,:CO, no meHbluen mepe, 3:1, ogHako, cuMTaeTcs, YTO M3obpeTeHne
TaKke NpegnovYTUTENbHO ANS NPOMbIWMEHHbLIX MNOTOKOB, COAEPKALLUMX KOMMO3WULUMK C
Bonee HWU3KUM copepXaHueM H, Takme Kak rasoBble MOTOKW, UMeloLMe MonspHoe
cooTHoweHne H,:CO 2:1, unm 1,5:1 nnm 1,1:1. B ogHoM BapuwaHTe peanusauuu
HacTodlee n3obpeTeHne OTHOCMTCS K Cnocoby MonyyeHUss O4HOTO WM HEeCKOSbKMX
NpoayKToB (hepMeHTaLuK, BKroYaloLwemy: (a) nogady, no MeHbllen mepe, yactn C1-
coaepxallero razoobpasHoro cybcTpaTa B MHOKYNSLMOHHBIA peakTop W, Mo MeHbLUen
mMepe, 4Yactm C1-copepxawlero rasoobpasHoro cybctpata B 6uopeakTtop; (6)
dhepmenHTaumio  C1-copgepxallero raszoobpasHoro cybcTtpata B MHOKYISALWMOHHOM
peakTope C nosry4eHneM UHOKYNSTa; (C) noaady, No MeHbLUEen Mepe, 4acTu MHOKYNATa,
no MeHbllen Mepe, B oauH Buopeaktop; u (d) depmeHTaumio C1-copepkaliero
rasoobpasHoro cybctpaTta B 61Mopeaktope C rnofly4eHuem, no MeHblle Mepe, OQHOro
npoaykta depmeHTaumn; roe C1-cogepxawimi rasoobpasHbin cybcTpaTt, KOTOpPbIN
nodaltT B MHOKYMAUMOHHBLIA peakTop, noABepratT, MO MeHblleld Mepe, OAHOMY
npoueccy yaanexuus H, nepea nogayen B MHOKYNALUMOHHLIA peakTop.

B KOHKpeTHbIX BapvaHTax peanusauum usobpeTeHns GuopeakTop coaepX uT
OAMH WNWN HECKONbKO NEPBUYHbLIX PeaKTOpOB, CBA3AHHbLIX C OOHUM WIN HECKOMNbKUMMU
BTOPMYHbIMKM peakTopamn. B HekoTOpbiX BapwaHTax peanu3aumm wnsobpeTeHns
nepBuYHbIN  peakTop(bl) paboTaeT B YCMOBWUSIX, CMNOCOBCTBYIOWIMX MOMNYyYEHUIO
B6uomacchbl, a BTOpPWYHBLIM peakTop(bl) paboTaeT B YCNOBMAX, CMOCOGCTBYHOLINX
nonyyeHmto Metabonuta. B pasnuuHbIX BapuaHTax peanu3auumn  nsobpeteHus
oboralleHHbln H, C1-copepxawmin razoobpasHbiii cybcTpaT, KOTOpbIA MnoaarT B
NepBUYHBLIA U BTOPUYHbBIA peakTopbl, NONy4eH U3 O4HOMO M TOrO e MPOMBbILLNIEHHOrO
NCTOYHMKA N MMEEeT NPaKTU4ECKM OOUHAKOBbLIA COCTaB.

B opgHom BapuaHTe peanu3aumm um3obpeTeHus oboraweHHbin CO  C1-
copepxawuin  rasoobpasHbin - cybecTtpaTt M oboraweHHbln H, C1-copgepxawimn
rasoobpasHblii cybcTpaT nonyyarT U3 OAHOIMO M TOMO XXe NPOMBbILLNIEHHOrO UCTOYHUKA.
B pasnunuyHbix BapuwaHTax peanu3aumm wm3obpeTeHusi, N0 MeHbLUen Mepe, 4YacTb
oboraweHHoro H, C1-copepxawero rasoobpasHoro cybcTtpata nepea nogaden B
WHOKYNSALMOHHBIA peakTop MoABepralT npoueccy yaaneHus Bogopoaa, npuyem
npouecc yganeHus BoAopoAa BbINOSHEH C BO3MOXHOCTbIO OTAENEHMWs, MO MeEHbLUEn

Mepe, 4YacTu Boaopoaa oOT o6GorauweHHoro H, C1-cogepxallero rasoobpasHoro
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cybctpata ana nonyyvenna oboraweHHoro CO C1-copepkallero raszoobpasHoro
cybctpaTta. B KOHKpeTHbIX BapuaHTax peanusauun unsobpeTeHuss 3oHa o06paboTkm
BKIMOYaeT Moaynb MembpaHHon cenapaumn H, w/vnn npouecc aacopbumm npwm
nepeMeHHoMm pAasneHun (PSA). lNpeanoyTntensHO, npouecc yaaneHus Bopopoaa
BKItoYaeT Moaynb MembpaHHO cenapauun.

B oaHOM unun Heckonbknx BapuaHTax peanunsaumm nsobpeteHns oboralleHHbIN
H, C1-cogepxawmn rasoobpasHbin  cybcTpaT nony4alwT B pesynbTarte
NPOMbILLIIEHHOrO NpoLiecca.

B anbTepHaTuBHLIX BapuaHTax peanusauum nsobpeteHus oborawieHHbin CO
C1-copepxawmin razoobpasHbiii cybcTpat coaepmTt noTtok HannoHHoro rasa CO. B
OZHOM BapuaHTe peanusaumm n3obpeteHnsa 6annoHHbIn ras CO cMmewwnBatoT ¢ OAHUM
UMW HECKONbKUMK ra3oobpas3HbIMM KOMMOHEHTaMMW, TakKMMW Kak asoT Wunu guokeua
yrnepoaa. B gpyrux BapwaHTax peanu3auum unsobpeteHus oborawleHHbin CO C1-
copepxawuin rasoobpasHbin cybcTpat npegctaBnseT cobon oboraweHHbin CO
rasoBbIA MOTOK, MOMYYEHHbIA W3 WCTOYHWKE, OTMAMYAOWEroca OT WCTOYHMKA
oboraweHHoro H, C1-cogepxawlero rasoobpasHoro cybcrtpata. B ogHom BapuaHTte
peanusaumm nsobpeteHnsa oboraweHHbin CO C1-razoobpasHbin cybecTpaT nony4valoT
n3 npouecca anekrponusa CO,.

Ypaanexue Bogopoaa

Heobxoammblli o06bem rasa B HEKOTOpbIX CRyyasx MoOXeT caenatb
nucnonb3oBaHne 6anfoHHOMO rasa HEeBO3MOXHbIM M3-3a €ero CTOMMOCTWU. Takum
obpasomMm, npeanoyTUTEnbHOW aBnNsAeTca ob6pabotka oborawieHHoro H, C1-
copepxaulero rasoobpasHoro cybctpata Ans yaaneHus, no MeHblueh Mmepe, 4acTu
Bogopoda w3 cybetpata M nonydeHus oboraweHHoro CO  C1-copepxalero
rasoobpasHoro cybcTtparta. Moaxoasawme cnocobbl obpaboTkn oborawieHHoro H, C1-
copepxawero rasoobpasHoro cybctpar MoryT Bknwo4date B cebs, HO He
OrpaHN4YMBaOTCA WMMMW, TEXHOMOTMM MeMOpaHHOro OTAENeHUs W TeXHOormu
agcopbumm npn NnepeMeHHOM aBneHun.

Moaynu membpaHHOW cenapaumm obecneyvBaloT HeLOPOroW, OTHOCUTENLHO
npocTon cnocob yaaneHus, N0 MeHbLlen Mepe, YacTu Bogopoda U3 razoobpasHoro
cybcTtpaTa. Tak, Hanpumep, ycTaHoBKa AN pudOPMUHra CUHTE3-rasa ¢ COCTaBoM 72
06.% H; 14 06.% CO, 7 06.% CO, n 7 06.% CH,4 npn aaBnexHuun 25 6ap, npoxogsiuas
Yyepes AEMOHCTPALMOHHbIA MoAYNb MeMBpPaHHOIo OTAENEeHUS, NPUBOAUT K NONYyYEHMIO

O6OFaLLI,eHHOFO CO noToka BLICOKOrO AaBreHns U O6OFaLLI,eHHOFO H, noToka HWU3KOro



21

naeneHusi. OboraueHHbIn CO NoTOK BbICOKOrO AaBNEHUSI COXpaHsieT AaBneHne 25 6ap
n cogepxut 50 06.% CO, 16 06.% H, 25 06.% CH4 1 9 06.% CO,. B oboraweHHom H;
NMOTOKE HM3KOro AaBneHus AaBreHne ymeHbluaetcs Ao 1 6ap n oH cogepxut 92 06.%
Hy;, 6 06.% CO, n 1 06.% CO n CH4 cooTtBeTctBeHHo. OborauweHHbin CO noTok
BbICOKOIO AaBrieHnss MoxeT OblTb ModaH B WHOKyNsTOp kak oboraweHHbin CO C1-
coaepxaluin razoobpasHbin cybcTpat. OboraleHHbln CO NOTOK BbICOKOro AaBNeHWs
obGecneuMBaeT  OOMNOMHWTENbLHOE  NPEUMMYLLEeCTBO, TaK Kak He  Tpebyet
AOMNONMHUTENLHOMO CXaTus, YTO NO3BONSIET M36eXaTb KAanUTanbHbIX 3aTPaT, CBSA3aHHbIX
C YCTaHOBKOW AOMOSTHUTENBHOIO KOMMpeccopa Ans MHOKYNALMOHHOIO peaktopa.

TexHonornn npolecca agcopbunn npn nepeMeHHOM AaBreHUN NpeacTaBnsoT
cobori Bonee CNOXHbIN, HO 3heKTUBHLIN cnoco® yaaneHus, no MeHbllen mepe,
YactTum Bogopoda u3 rasoobpasHoro cybcTtpaTta. [lpy ucnonb3oBaHWKM npouecca
agcopbumm nNpym NnepeMeHHoM AaBneHun nony4vaembliin oboraweHHbin CO noTok nmeet
HW3KOe AaBreHMe. XoTa WUCMonb3oBaHWe npouecca aacopbuun npu nepeMeHHOM
AaBneHun aesnsieTcs UenecoobpasHbiM, MOXeT noTpeboBaTthcs cxxaTue oboralleHHoro
CO C1-copepxallero razoobpasHoro cybctpaTta nepea nogavyell B MHOKYNSAUMOHHbLIN
peaktop unun nobor GuopeakTop, TEM CaMbIM YBENWYMBAA KanuTanbHble 3aTpaThl,
CBSA3aHHblE C MHOKYIAUMOHHLIM peakTopoM. OAHako, 3TO MOXeT ObITb, MO MEHbLUEN
Mepe, 4acTM4HO KOMMEHCUPOBaHO, ecriv y4ecTb TOT pakT, 4YTO MOTOK Bodopoaa,
nonyyaembli B npouecce aacopbuum npu nepemMeHHOM AaBneHUW, HaxoauTcs nof
BbICOKWMM [aBneHneM 1 MOXeT NpoaaBaTbCA B KAa4ecTBe NpoaykTa.

3nektponuns CO;

AnbTepHaTUBHbLIM cnocobom nonyveHus oboraweHHoro CO C1-copepallero
raszoobpasHoro cybctpaTta saBnsieTca mcnonb3oBaHue anektponuda CO,. [Mpoueccol
anekTponusa CO, npeBpalatoT ucxogHoe chlpbe CO, B CO n O,. Ucnonb3osaHue
npouecca anektponm3a CO, ans nonyveHms oboraweHHoro CO noTtoka pAans
WHOKYNATOpa MOXeT MpeAcTaBnATb WHTEpeC Ha MNPOMbIWNEHHbIX ObbekTax,
copepxawumx oboraileHHbin CO, NOoTOK B AOMONMHEHUN K oboralieHHomy O, NoTOKy.
Kpome TOro, cumtaetcsa Takke, YTO OCTATOYHbIA ra3 M3 WUHOKYNSALMOHHOIO peakTopa
n/vnm GuopeakTopHOW cucTeMbl, oboralleHHblin CO,, MOxeT ObiTb MCMONb3OBaH B
KayecTBe Cblpbsa ANS YCTAaHOBOK anekTponuia CO..

Ha ®ur. 1 nokasaHa 6nok-cxema 0HOro BapvMaHTa peanmaaumn nsobpeTeHus.
YacTb C1-conepxauliero razoobpasHoro  cybcTpaTa nponyckawT  4yepes

TpybonpoBoaHoe ycTtponctBo 110 B uMHOKynsumoHHbin peaktop 130, roe C1-
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copepxawun cybetpaT depMeHTUpyeTcs ANA nonydeHus MHokynata. Mo MeHbluen
Mepe, 4YacTb WHOKynsaTa nponyckalT 4depe3 TpybonpoBoaHoe yctponctBo 131 B
B6uopeaktopHyto cuctemy 140, 150, rge uyacte C1-cogepxawero raszoobpasHoro
cybctpata Takke nponyckaiT 4epe3d TpybonpoBoaHoe yctponctBo 110 ansa
depMeHTaunn ¢ nonyyeHnem, No MeHbllen Mepe, ogHoro npogykta 141, 151. C1-
coaepxaluin razoobpasHblii cybcTpaT, nogaBaeMbli B MHOKYIAUWOHHBIN peaktop 130,
noaBeprawT, MO MeHbLUENA Mepe, OAHOMY npoueccy yaaneHua sogopoaa 120 nepen
nogayen B WHOKYNAUWOHHbIA peaktop 130. [Npouecc ypaneHua Bogopoga 120
nonyyaet C1-cogepxawen rasoobpasHbii cybctpatr udepes TpybonpoBogHoe
yctporctBo 110 n yaganseT, nNo MeHblUlel Mepe, 4YacTb Bogopoda 121 wns C1-
copepxawero raszoobpasHoro cybctpata ans nonyyeums oboraweHHoro CO C1-
copgepxallero rasoobpasHoro cybcTparta, KOTOpbId NoAalT B WUHOKYNSALUMOHHbLIN
peaktop 130 yepes TpybonpoBogHoe ycTponcTeo 122.

MpeanovtutensHo C1-cogepxawmin rasoobpasHbii cybcTpaTt, nogaBaeMblii B
WHOKYNAUMOHHLIM peakTop 130, copepxuT H, npu monspHoMm cooTHoweHun H,:CO
MeHee 1:1. B HekoTopbix BapuaHTax peanusauumn m3obpeteHus C1-cogepxawimn
rasoobpasHblii cybcTpaT, nogaBaeMbli B MHOKYNAUMOHHLIA peakTop 130, cogepxut Hy
npu MonapHoOM cooTHowweHun H,.CO meHee 0,8:1. MNpegnoytntensHo C1-cogepxalinn
rasoobpasHblii cybcTpaT, nogaBaeMblii B MHOKYNAUMOHHLIA peaktop 130, cogepxut Hy
npu mMonapHoMm cooTHoweHun H,:CO ot 0,02:1 go 1:1. B pasnuyHbIX crnyyasax B
pesynbTaTe OCYLeCTBNEeHUA npouecca yaaneHua Bogopoda 120 yaandeTcs, Mo
MeHbLUen Mepe, 4YacTb BoAgopoda NocpeacTBOM MCMOMNb30BaHMA, NO MeHbLUen mepe,
ogHoro moaynsa memb6paHHoOro otaeneHvs. B pasnuuHbix cnyyasx B pesynbTaTte
OCYLLEeCTBeHMs npouecca yaaneHna sogopoga 120 ypganseTcs, No MeHbLlen Mmepe,
YyacTb BOAOPOAA NOCPeaCcTBOM MCMONb30BaHUA, NO MeHbLUE Mepe, O4HOro npouecca
agcopbumm npu nepemMeHHoM AaBreHun. B pasnuuHbIX BapuaHTax peanu3auum
n3obpeteHna B pesynbTate OCYLIeCTBMeHUsa npouecca yaaneHus Bogopogda 120
yaanseTcd, no MeHbllehn mMepe, 4YacTb Bogopoga NoCcpefCcTBOM MCMOMb30BaHUA Kak
mMoayna memMbpaHHOro otaeneHus, Tak M npouecca agcopbumm npy nepemMeHHOM
AaBneHuu.

B HekoTopbix cniyyasax C1-coaepxawmin razoobpasHbiii cybcTpaT, nogaBaeMbii
B WHOKYNAUMOHHbIN peakTtop 130 n GuopeaktopHyto cuctemy 140, 150, no meHbLlen
Mepe, YacTUYHO MOMyYeH W3 MPOMbLIWMNEHHONO WCTOYHMKA. [lpeanoyTuTensHo

I'IpOMbILIJJ'IeHHbe/'I NCTOYHUK Bbl6|/|pa}0T M3 rpynnobl, COCTOSAILLIEA W3 d)epMeHTaLI,VII/I
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yrneBoAoB, ra3oBow hepMeHTaumMm, NPou3BOACTBA LieMeHTa, Lennonosbl n ymaruy,
npousBoacTBa cTanu, HedtenepepaboTkMm M CBA3AHHbLIX MPOLECCOB, MPOM3BOACTBA
HedpTeXMMNYECKUX MNPOAYKTOB, NPOM3BOACTBA KOKCA, aHa3poBHOro wunm aspobBHoro
cbpaxmBaHus, CcWHTe3-rasza, Aobblum  npupoaHoro rasa, AobbluM  HedTw,
MeTanmnypruyecknx npoLeccoB Ansi MPOU3BOACTBA W/WMM OYMCTKM aniOMUHKSA, Meau
n/unn peppocnnaBoB, reonorMyecknx KOnmekTopoB U KaTanMTU4ecKnxX NpoLeccoB.

MpepnoytuTensHo  npoaykT  depmeHTaumm 141, 151,  nonyYeHHbIA
6uopeaktopHon cuctemor 140, 150, BbIBUPAOT U3 rpynnbl, COCTOSALIEA U3 3TaHonNa,
auetaTta, 6ytaHona, 6yTtupata, 2,3-6ytaHguona, 1,3-6ytaHauona, naktaTa, 6yteHa,
OyTagveHa, MeTUNaTMNKeTOHa, 3TUNeHa, aueToHa, u3onponaHona, nuvnuaos, 3-
rMapoKCcUNponuoHaTa, U3oMnpeHa, XUpHbIX kucnoT, 2-6ytaHona, 1,2-nponaHguwona, 1-
nponaHorna, MOHO3TUNEHrnukons, u3obyteHa u C6-C14-cnnptoB. B pasnuuHbix
cnyyasx, MO MeHblen Mepe, 4YacTb npoaykra 141, 151 OONONHUTENBLHO
npeBpallaeTcs, MO MeHbWen Mepe, B OAWH KOMMOHEHT AW3enbHOro TOMMUBA,
peakTMBHOro Tonnuea, 6eH3nMHa, nNponuvneHa, HelnoHa 6-6, pe3avHbl w/unu cmon. B
pa3nuyHbIX cry4aax, No MeHblleln Mepe, OAWH NpoAaykT depmeHTaumm 141, 151
npeactaenseT cobo MukpobHyto Guomaccy. 3ta MmukpobHass Buomacca MoxeT B
HEKOTOpbIX Ccriyyasx noaBepraThbCcA AanbHenwein obpaboTke ANA nNonyyeHus, no
MeHbLUEeR Mepe, OAHOIrO KOMMOHEHTa KopMa AN XKUBOTHbIX.

B pasnunuHbiXx BapuwaHTax peanusaumm mn3obpeTeHuss epMeHTaLMOHHbIN
6ynboH n3 ogHoro 6uopeakTopa 140 moxeT ObITb NogaH B Apyron Guopeaktop 150 B
6uopeaktopHon cucteme 140, 150 yepes TpybonpoBoaHoe ycTponcTeo 142.

Ha ®ur. 2 nokasaHa 6nok-cxema OAHOro BapuaHTa peanusaumm nsobpeteHus.
Yactb  C1-cogepxawero  rasoobpasHoro  cybcTpata  nponyckawT — yepes
TpybonpoBoaHoe ycTponctBo 210 B MHOKyNAuMOHHbIN peaktop 230, roe C1-
copepxawun cybetpaT depMeHTUpyeTcs ANA nonydeHus MHokynata. Mo MeHbluen
Mepe, 4acTb WHOKynsaTa nponyckalT 4epe3 TpybonpoBogHoe ycTtponctso 231 B
BGuopeakTopHyto cuctemy 240, 250, rge uyacte C1-cogepxawero raszoobpasHoro
cybctpata Takke nponyckaiT u4epe3d TpybonpoBoaHoe ycTponctBo 210 ansa
depMeHTaunn ¢ nonyyeHneM, No MeHblled Mepe, ogHoro npogykta 241, 251. C1-
coaepxalmin razoobpasHbin cybcTpaTt, nogaBaeMbii B MUHOKYNALMOHHLIA peakTtop 230
n BuopeaktopHyto cuctemy 140, 150, noaeepratT, MO MeHbLIEA Mepe, OAHOMY
npoueccy yaaneHus sogopoaa 220 nepen nogavyer B MHOKYNAUWOHHBIA peaktop 230.

Mpouecc ypmanenus Bogopoaa 220 nony4daetr C1-cogepxawen rasoobpasHbin
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cybcTpaT yepes TpybonpoBogHoe ycTponcTBo 210 u yganseT, No MeHblUen mepe,
YyacTb Bogopoaa 221 ns C1-cogepxallero razoobpasHoro cybctpaTta Ans nonyvyeHus
ob6oraweHHoro CO C1-cogepxallero rasoobpasHoro cybctparta, KOTOpbId nodarT B
WHOKYNAUMOHHbIN  peaktop 230 u4epesa TpybonpoBoaHoe ycTponcTBO 222 M B
B6uopeakTopHyto cuctemy 140, 150 yepes TpybonpoBogHOE YCTPOUCTBO 223.

MpeanovtutensHo C1-cogepxawmin rasoobpasHbii cybcTpaTt, nogaBaeMblii B
WMHOKYNAUMOHHbIN peakTop 230 1 6rnopeaktopHyto cuctemy 240, 250, coaepxut H, npu
MONApPHOM cooTHoweHun H,:CO meHee 1:1. B HekoTopbix BapuaHTax peanusauum
n3obpetennna  C1l-cogepxawmii  rasoobpasHblii  cybcTpaT, nozaBaembli B
WMHOKYNAUMOHHbIA peaktop 230 1 6uopeakTtopHyto cuctemy 240,250, cogepxut H, npu
MONAPHOM cooTHoweHun H,:CO meHee 0,8:1. lMpegnoututeneHo C1-cogepxaluuia
razoobpasHbli cybcTpat, nodaBaeMblli B MHOKYNMAUMOHHBLIA  peaktop 230 u
BGuopeakTopHyto cuctemy 240, 250, coaepxumTt H, npm monapHoM cooTHoweHun H,:CO
ot 0,02:1 po 1:1. B pasnuyHbIx cny4asx B pesynbTaTe OCYLIEeCTBNEHUS npolecca
yoaneHus Bogopoda 220 yaandetcdA, MO MeHblIen Mepe, 4YacTb Bozopoaa
nocpeacTBOM WCMOMNb30BaHMA, MO MEHbLUEA Mepe, OOQHOro MoAayns MembpaHHoro
oTaeneHus. B pasnnyHbix cnyyasix B pesyrbTaTe OCYLECTBNEHUA npoLlecca yaaneHus
Bogopoda 220 ypanseTcsa, NO MeHbllelW Mepe, 4acTb Bojopoda nocpeacTBOM
NCNonb30BaHWs, MO MeHbLUE Mepe, OAHOro npouecca agcopbumm npu nepemMeHHoM
AaBneHMn. B pasnunuHbiX BapuaHTax peanu3aumm un3obpeteHua B pesynbTaTte
OCYLLEeCTBIMEeHMs npouecca yaaneHna sogopoda 220 yaanseTcs, N0 MeHblUen Mepe,
YyacTb BOAOpOZa NOCPEACTBOM UCMOMb30BaHUA Kak Mogynsa membpaHHOro otaeneHus,
Tak u npouecca agcopbumm npn NnepeMeHHOM AaBneHun.

B HekoTopbix cniyyasax C1-coaepxawmin razoobpasHbiii cybcTpaT, nogaBaeMbii
B WHOKYNAUMOHHbIA peakTtop 230 n 6uopeaktopHyto cuctemy 240, 250, no MeHbLUen
Mepe, YacTUYHO MOMyYeH W3 MPOMbLIWMNEHHONO WCTOYHUKA. [lpeanoyTuTensHO
MPOMBbILUSIEHHBIA WUCTOYHUK BbIGMpAlOT W3 rpynnbl, COCTOSALENA M3 depMeHTaumm
yrneBofoB, ras3oBoW epMeHTaumMu, Mpou3BOACTBA LEMeHTa, NpoM3BOACTBa
uennionossl 1 6ymarn, npomsBoAcTBa cTanu, HedTenepepaboTkm U  CBA3AHHbLIX
npoLeccoB, NPOW3BOACTBA HeTEXMMUYECKUX NPOAYKTOB, MNPOU3BOACTBA KOKCa,
aHaspob6Horo mnm aspobHoro cbpaxmBaHus, CUHTE3-rasa, AoObl4M NPUPOAHOro rasa,
Aobblun HedTN, MeTanmnypruieckMx npoLeccoB Ans MpOM3BOACTBA W/MNN OYUCTKM
anoMuHMa,  Meau  Wunu - eppocnnaBoB, MeonorMyeckux  KOMNeKTopoB WU

KaTannTn4eCKnx npoueccos.
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MpeponoytuTensHo  nNpoaykT  depmeHTaumm 241, 251,  nonyYeHHbIA
B6uopeaktopHon cuctemon 240, 250, BbIBUPaOT U3 rpynnbl, COCTOSLENA U3 3TaHona,
auetaTta, 6ytaHona, 6yTtupata, 2,3-6ytaHguona, 1,3-6ytaHauona, naktaTa, 6yteHa,
OyTagveHa, MeTUNaTUNKeTOHa, 3TUNeHa, aueToHa, u3onponaHona, nunMaos, 3-
rMapoKCcUNponuoHaTa, U3oMnpeHa, XUpHbIX kucnoT, 2-6ytaHona, 1,2-nponaHguwona, 1-
nponaHorna, MOHO3TUNEeHrnukonsi, u3obyteHa un C6-C14-cnuptoB. B pasnunyHbix
cnyyasx, MO MeHblen Mepe, 4YacTb npoaykra 241, 251 [ONONHUTENBLHO
npeBpallaeTcs, NO MeHblleld Mepe, B OOWH KOMMOHEHT AW3enbHOro TOMMuMBea,
peakTMBHOro Tonnuea, 6eH3nMHa, NponuneHa, HelnoHa 6-6, pe3avHbl w/unu cmon. B
pasnuyHbIX cry4aax, No MeHblleld Mepe, oAWH NpoaykT depmeHTauum 241, 251
npeactaenseT cobon MukpobHyto OGuomaccy. 3ta MukpobHas Buomacca MOXeT B
HEKOTOpbIX Ccriyyasx noaBepraThbCcA AanbHenwein obpaboTke ANA nNonyyeHus, no
MeHbLUEeN Mepe, OAHOIro KOMMOHEHTa KopMa A1 XKUBOTHbIX.

B pasnunuHbiXx BapuwaHTax peanu3auum un3obpeTeHus epMeHTauNOoHHbIN
6ynboH 13 ogHoro GuopeakTopa 240 moxeT BbiTb NogaH B gpyron Guopeaktop 250 B
B6uopeakTopHon cucteme 240, 250 yepes TpybonpoBoaHOE YCTPOMCTBO 242.

Ha ®wur. 3, 4 n 5 nsobpaxeHbl pasnmyHble BapnaHTbl peanusaumm n3obpeTteHus
C MCMnonb3oBaHMEM MpoLecca NonyYeHnsa Bogopoaa B NpoLecce OYMCTKU B KayecTBe
MPOMBILLIIEHHOrO MCTOYHMKA oboraweHHoro H, C1-cogepxallero rasoobpasHoro
cybctpaTta. TvnU4HBLIA Npouecc nonydeHus BogopoAa, Kak usobpaxeHo Ha dwur. 3,
dur. 4 n our. 5, BknoYaeT cnegyolme ctagun: (i) npouecc pudopMumHra, B KOTOPOM
cbipbe, copepxawee CH,4, npeBpallaloT B NOTOK CUHTE3-rasa, cogepxaiuuim CO un Hy;
(i) no MeHbLen Mepe, OOHY CTaaMKD KOHBEPCUW BOASHOrO rasa, npyv KOTOPOW 4YacTb
CO pearupyet ¢ Bogon ¢ obpasoBanmem H, n CO;; u (iii) moaynb aacopbuumn npum
nepeMeHHoM pfasneHun (PSA), npefHasHadeHHbId ONA M3BReYeHWA BoaopoAda U3
rasoBOro NOToKa.

®ur. 3 4eMOoHCTpMpYeT OAWH BapuaHT peanusaumm HacTosiLero n3obpeteHms ¢
ncnonb3oBaHnem oborawjeHHoro H, C1-copepxallero rasoobpasHoro cybctpaTta w3
npouecca pudopmuHra 310. Mo MeHbwen mepe, YacTb oboraweHHoro H, C1-
coaepxallero razoobpasHoro cybctpaTta nogatoT B MOAYNb MeMBpaHHOro otaeneHuns
350 yepes TpybonposoaHoe ycTponcTteo 312. Mogynb membpaHHon cenapauumn 350
pasgenset C1-cogepxawmii razoobpasHbin cybcTpat Ha oboraweHHbin CO noTok
BbICOKOrO AaBneHusi n oboralleHHbIn NoToK Hy NoTok HM3Koro aaBneHus. 1o MeHbLuen

Mepe, 4acCTb O6OFaLLI,eHHOFO CO noToka HM3KOro AaBfeHUsa NoaatoT B I/IHOKyJ'IFILI,I/IOHHbII?I
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peaktop 370 uepes TpybonpoBoaHoe ycTponctBo 352. [lo MeHbllel Mepe, 4acTb
obBorauwieHHoro H, noToka HM3KOro AaBreHus nogalT B npouecc aacopbuum npwm
nepemeHHoM aaeneHun 360 yepes TpybonpoBogHoe ycTponcTBo 351. Mo MeHbLuen
Mepe, B OOHOM BapuaHTe peanusaumn nsobpeteHns razoobpasHbelii cybcTpat nogatoT
B KOMMpeccop nepea ero nogayen B npouecc agcopbuumv npy nepeMeHHoM gaBneHum
360. B opgHom BapuaHTe peanusaumm u3obpeTteHns oboraweHHbin CO noTok
COOEepPXUT, NO MeHblUen mepe, 40 % CO, unn, no MeHblwen Mepe, 50 % CO, unu, no
MeHbLen mepe, 60 % CO. B ogHom BapuwaHTe peanusauun n3obpeTeHus AaBreHue
oborauieHHoro CO C1-coaepxalllero notToka CocTaBnsieT, Mo MeHblLUen Mepe, 15 6ap,
unu, no MeHsllen mepe, 20 6ap, UK, No MeHbLUeRn Mepe, 25 bap.

B pasnnyHbix BapnaHTax peanusaumm n3obpeTeHnst NpoLecc MOXeT BKYaTh
B cebsl HecKomnbKO MpoLEeccoB cMeHbl BoasdHoro rasa 320, 330 w/wnn Heckonbko
npoueccoB yaaneHua sogopoza 350, 340, 360. Kak nokasaHo Ha dwmr. 3, C1-
copaepxalwuin razoobpasHbii cybcTpaT MOXeT cHadana ObiTb noaaH M3 npouecca
pudpopmumHra 310 B npouecc KoHBepcun BogsaHoro rasa 320 yepes TpybonpoBogHoe
ycTponcTeo 311 ansa npeobpasoBaHus, N0 MeHbLUER Mepe, YacTn CH4 B NOTOK CUHTE3-
rasa, cogepxawmn CO n H,. 3TOT rasoBblil NOTOK MOXeT HeobsisaTenbHO 06X0aWThL
OOWH WIW HECKOMNbKO AOMOMHUTENBLHBIX NPOLEccoB KoHBepcun BoasHoro rasa 330
yepes TpybonpoBoaHoe ycTponctBo 321 M ObiTb NogaH B OAMH MMM HECKONbKO
npoueccoB yaaneHus Bogopoaa 340, 4ytobbl OTAENWUTb, MO MEHbLUEeNn Mepe, YacTb
Boaopoaa 341 oT ra3oBoro NoToka. 3TOT NOTOK 3aTeM MOXeT OblTb NoAaH B 0AWH UNK
Heckonbko  JOMOMHWUTENbHBLIX  MpoueccoB  yaoaneHua Bogopogja 360 uepes
TpybonpoBoaHoe ycTporcTBo 342. [0TOK M3 OQHOIrO UM HECKOSbKMX AOMONHUTENbHbIX
npoueccoB yaaneHus sogopoaa 360 moxeT 6bITb HanpaBneH B 6uopeaktop 380 yepes
TpybonpoBoaHoe yctponctBo 361 ana depmeHTaumn. Mo MeHblen Mepe, 4acTb
cybctpaTta, He oTnpaBneHHas B OwopeakTtop, MoOXeT ObITb AOMOMHUTENBHO
oTnpaerneHa B npouecc pudopmuHra 310 yepes TpybonpoBoaHoe ycTponcTeo 362. B
pasnuuHbix cnydasx 6uopeaktop 380 nonyyaeT rasoobpasHbini  cybcTpaT WM
NpoM3BOAUT OAMH WNW HecKonbko npoayktoB depmeHTauumn 381. HeobsasaTtensHo
OCTaTOYHbIA ras Kak M3 WMHoKynsuuoHHoro peaktopa 370, Tak n n3 6uopeaktopa 380
MoXeT ObITb Bo3BpaweH obpatHo B npouecc pucdopmuHra 310 yepes oTAenbHble
TpybonpoBoaHble yctpoictea 372, 382 n/vnm cMellaHHbIi noTok 378.

B pasnunyHbix BapmMaHTax peanu3aumm n3obpeTeHns MHOKYNALMOHHbBIN peakTop

370 n 6uopeaktop 380 BbINOMHEHbI CTyneH4YaTbiM 06pas3oM, B peaynbTaTe 4ero
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WHOKYNAUMOHHbIN peakTtop 370 depmeHTUpyeT oboraweHHbin CO C1-cogepxawmn
raszoobpasHbli cybcTpaT Ana MOMyyYeHUss WMHOKYNSATa, KOTOPbIA 3aTeM nodalT B
6uopeaktop 380 uepes TpybonpoBoaHoe yctponcteo 371. Bnarogaps ncnonb3oBaHuo
3TOro MHokynaTta B GuopeakTtope 380 noBblaeTca CeNeKTUBHOCTb MO NPOAYKTY W
cTabunbHoCTL Npouecca depMeHTaLnn.

B ppyrom BapuaHTe peanusaumm mn3obpeTeHus, kak nokaszaHo Ha dur. 4,
oborawieHHbin Hy C1-cogepxawmin notok ua npouecca pudopmmHra 410 nopgatot B
npouecc agcopbumm npu nepemeHHom pfaeneHun 450 4yepes TpybonpoBoaHoe
yCTpPOUCTBO 412, pacnonoXeHHoe Bbile MO MOTOKY OT WMHOKYNSAUMOHHOIO peaktopa
470. Tlpouecc apcopbumm npu nepemeHHoMm pAasrneHun 450 pasgensetr C1-
coaepxallui NoToK Ha oboralleHHbIn H, NOTOK BbICOKOrO AaBneHMst U oboralleHHbINA
CO noTok Huakoro gasBneHusi. OborauweHHbin CO NOTOK HU3KOrO AaBMEHWUSA MOXEeT
ObITb NOAAH B KOMMPECCOP Nepes ero nogayen B UHOKYNAUMOHHLIA peakTop 470 yepes
TpybonpoBoaHoe ycTponcTBo 452. B ogHOM BapuaHTe peanu3auun mnsobpeTeHus
ob6oraieHHbIn CO NOTOK, NoAaBaeMbIi B MHOKYNAUMOHHLIA peakTtop 470, cooepxwuT,
no meHbluen mepe, 30 % CO, nnn, no meHbllern mepe, 40 % CO, unKu, NO MeHbLIEn
Mepe, 50 % CO wvnm, no MeHblen mepe, 60 % CO. OTaeneHHbIN BoAOpPOA MOXET
6bITb NepenaH u3 npouecca aagcopbumm npu nepemeHHoMm aaesneHun 450 B apyrown
npouecc agcopbumm npu nepemeHHoM pAaeneHun 460 4epes TpybonpoBoaHoe
yCTponcTBO 451. B pasnunuHbIX BapuaHTax peanusauum naobpeTeHus aToT npouecc
MOXeT BKMoYaTb B cebsl HECKOMNBLKO MpPOLIECCOB CMeHbI BoasiHoro rasa 420, 430 n/vnn
HecKomnbKo npoueccoB yaaneHna sogopoaa 450, 440, 460.

Kak nokaszaHo Ha dur. 4, C1-copepxawmin razoobpasHbli cybcTpaT MOXET
cHayana 6bITe NnoaaH u3 npouecca pudopmMmuHra 410 B npouecc KOHBEpPCUM BOASIHOIO
rasa 420 4epes TpybonpoBogHoe ycTponcTteo 411 ana npeobpasoBaHus, MO MEHbLUEN
Mepe, 4Yactu CH,; B noTok cuHTes-rasa, cogepxawmin CO n H,. 3TOT rasoBbln NOTOK
MOXeT Heobsi3aTenbHO 06X0AMTL OAWH MIM HECKONBLKO AOMOMHMTEMBHbIX MNPOLIECCOB
KoHBepcun BogsHoro rasa 430 yepes TpybonpoBogHoe YCTpoUcTBO 421 1 nogaBaTbCs
B OOWH MINM HECKONbLKO MpoueccoB yaaneHus Bogopoaa 440 yepes TpybonpoBoaHoe
ycTporcTBo 431 Ang oTaeneHns, No MeHsLUen Mepe, YacTn Bogopoa 441 oT rasoBoro
notoka. 3TOT MNOTOK 3aTeM MOXeT ©ObiTb MNogaH B OAWH WM HECKONbKO
AOMNOMHMTENbLHBLIX MpoueccoB yaaneHus Bogopoaa 460 uepes TpybonpoBoaHoe
ycTponcTBo 442. TOTOK M3 OOHOMO UMW HECKOMNBKMX OOMNOMHUTENLHbLIX MpOLLeccoB

yaaneHns Bogopoaa 460 moxeT ObiTb HanpaeneH B 6uopeaktop 480 udepes
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TpybonpoBoaHoe ycTponctBo 461 ana depmeHTaumn. Mo MeHbllen Mepe, 4acTb
cybcTpaTta, He oTnpaBneHHas B GBuopeakTop, MOXeT ObITb HeoBs3aTenbHO OTNpaBneHa
B npouecc pucopmuHra 410 yepes TpybonpoBoaHoe ycTponcteo 462. B pasnuuHbIx
cny4vasx 6uopeaktop 480 nony4daeT razoobpasHblii cybcTpaT M NPON3BOAUT OAUH UMK
Heckonbko npoayktoB depmeHTaumm 481. HeobszaTenbHO OCTATOYHbIA ra3 Kak w3
WHOKYNAUMOHHOro peaktopa 470, Tak u n3 6uopeaktopa 480 moxeT BbiTb BO3BpaLLleH
o6paTHO B npouecc pudopmuHra 410 yepes otaensHble TpybonpoBoAHbLIE YCTPONCTBA
472, 482 w/vnu cMellaHHbIn noTok 478.

B pasnunyHbix BapmMaHTax peanu3aumm n3obpeTeHns MHOKYNALMOHHbBIN peakTop
470 n 6vopeaktop 480 BbINOMHEHbLI CTyneH4YaTbiM o6Gpa3oMm, B pesynbTaTe 4ero
WHOKYNAUMOHHbI peakTtop 470 depmeHTUpyeT oboraweHHbin CO C1-cogepxawmn
raszoobpasHbli cybcTpaT Ana MOMyyYeHUss WMHOKYMSTa, KOTOPbIA 3aTeM nodalT B
6uopeakTop 480 uepes TpybonpoBoaHoe ycTponcTBo 471. Bnarogaps Ucnonb30BaHMo
3TOro MHoKynaTa B OGuopeakTtope 480 noBblaeTca CENeKTUBHOCTb MO NPOAYKTY W
cTabmnbHOCTL Npouecca epMeHTauuun.

B gpyrom BapmaHTe peanusauuun m3obpeTeHus, Kak nokasaHo Ha dwur. 5, C1-
coaepxaluin noTok n3 npouecca pudpopmmHra 510 moxeT 6biTb NogaH B HECKOSMbKO
npoueccoB yaaneHua Bogopoaa 540, 550, 560, 590 nepeg nojayen B
WHOKYNAUMOHHbIN peaktop 570 w/unn 6uopeakTtop 580. B pasnuuHbix cnyyasx C1-
coaepalluin NoTok MoxeT BbiTb NOAaH B KOMMNpeccop nepen Wunu mexay npoueccomM
yoanenus Bogopopa. [lMogaBas C1-cogepxaliMii MOTOK B HECKOMbKO MpOLEeccoB
yaaneHns Bogopoaa, coctaB CO B C1l-cogepxawemMm notoke MoxeT ObiTb
AOoMNonHUTENLHO oboralleH.

B pasnnyHbIx BapMaHTax peanunsaumm n3obpeTeHns NpoLecc MOXeT BKMYaTh
B cebs HecKkonbko MpoueccoB KoHBepcunm BoasHoro rasa 520, 530 B coyeTaHum c
HecKonbKUMUK npoueccamu yaaneHua sogopoaa 540, 550, 560. Kak nokaszaHo Ha dwur.
5, C1-copepxawuin razoobpasHbiii cybcTpat MoXeT cHavyana 6bITb NogaH M3 npolecca
pudpopmumHra 510 B npouecc KoHBepcun BogsHoro rasa 520 yepes TpybonpoBogHoe
ycTponcTeo 511 ansa npeobpasoBaHus, No MeHbLUER Mepe, YacTn CH4 B NOTOK CUHTES-
rasa, cogepxawuin CO n H,. 370T rasoBbld NOTOK 3aTeM MoXeT ObITb NOAaH B OAWH
UMY HeCKomnbKO AOMOMHUTENbLHBLIX MPOLLeCCOB KOHBepcun BoasaHoro rasza 530 yepes
TpybonpoBoaHoe yCTPONCTBO 521 M HanpaBneH B OAWH WKW HECKONbKO MpoueccoB
yaaneHus sogopoga 540 yepes TpybonpoBoaHoe ycTponcteo 531, 4ytobbl OTAENUTD,

Nno MeHblUen Mepe, 4aCTb BOAOpOAa 541 oT rasoBoro noTtoka. 3aTtem 3TOT MOTOK
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MOXeT ObITb NogaH B OAWMH MMM HECKONbKO AOMOMHUTENbHbIX MPOLECCOB yaaneHus
Bogopoaa 560 4yepes TpybonpoBoaHoe ycTtponctBo 542. [loTok M3 ofHOro wnu
HECKONbKUX AOMOMHUTENbLHbLIX MPOLECcCCOoB yaaneHnsa Boaopoaa 560 moxeT ObiTb
HanpaeneH B 6uopeaktop 580 uyepes TpybonpoBogHoe ycTponcTtBo 561 ansa
depmeHTaumn. o MeHblen Mepe, 4YacTb cybcTpaTta, He OTNpaBnNEHHOro B
B6uopeaktop, MoxeT ObiTb Heobs3aTenbHO nodaHa B NOCneaylwnin  npouecc
yaaneHus sogopoaa 550 yepes TpybonpoBoaHoe yCcTponcTBo 562 n HeobsizaTenbHO B
AononHUTenNbHLIM  Npouecc yaanenns Bogopoda 590 uepes TpybonpoBoaHoe
ycTpocTBO 551, KOTOpbI B KOHEYHOM uTOore MoXeT ©OblTb oTnpaBneH B
WHOKYNAUMOHHbIM  peakTop 570 4epe3 TpybonpoBogHoe ycTponctBo 591 ans
nonyyeHns MHOKyNsTa.

B pasnnyHbix cnyyasax 6uopeaktop 580 nonyyaeTt rasoobpasHbii cybeTpaT u
NpoOM3BOAUT OAMH WM HECKONbKO npoayktoB depMeHTauumn 581. HeobsasaTtensHo
OCTaTOYHbIA ras Kak M3 WMHOKyNsUWoHHOro peakTtopa 570, Tak n n3 6buopeaktopa 580
MOXeT ObITb BO3BpalleH obpaTtHo B npouecc pudopmuHra 510 yepesa oTaenbHble
TpybonpoBoaHble ycTpoicTea 572, 582 n/vnu cMmellaHHbIn NoTok 578.

B pasnunyHbix BapmMaHTax peanu3aumm n3obpeTeHns MHOKYNALMOHHbBIN peakTop
570 n 6uopeaktop 580 BbINOMHEHbI CTyneH4YaTbiM 06pas3oM, B peayrbTaTte 4ero
WHOKYNAUMOHHbIN peakTtop 570 depmeHTUpyeT oboraweHHbin CO C1-cogepxawmn
raszoobpasHbli cybcTpaT Ansa MonyyYeHus WHOKYMSTa, KOTOPbIA 3aTeM noAdalT B
6uopeaktop 580 uepes TpybonpoBoaHoe ycTponcTBo 571. Bnarogaps ncnonb3oBaHuo
3TOro MHoKynaTa B OGuopeakTtope 580 noBblaeTca CenekTUBHOCTb MO NPOAYKTY W
cTabunbHOCTL Npouecca epMeHTaLmn.

CnegyeT noHumaTtb, 4tO0 X0TAa dur. 3, dur. 4 n dur. 5 asnawTcs
npeacTaBneHUsMU  MHTErpaumMmM C MpoLeccoM MNonyyeHuss BoAopoda, Tekyllee
NpUMEHeHMe He AOOMKHO OblTb OrpaHMYeHO MHTEerpaument ¢ NPOLECCOM MNOonyyYeHus
BOAOpOAa.

NMPUMEPHI

Crnepgyowive  npuMmepbl  JOMOMHUTENBHO  UIMMIOCTPUPYIOT  HacTosLee
nsobpeTteHne, Ho, pasymeeTcsl, HAKOUM 0Bpa3oM He OOIPKHbl paccMaTpuBaTLCA Kak
orpaHuyuBatoLlne ero obbLem.

lNpumep 1

OT0T nNpumep  OEMOHCTPUPYET  CpaBHUTEMbHble XapakTepucTUKUW  ABYX

peakTopoB, B koTopble 6bin nogaH razoobpasHbin cybecTpat, coaepxawmin 68 06.% H;
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3,8 06.% CO, 26 06.% CO, n 1 06.% N, npn monsapHoMm cooTHoweHun H,:CO 18:1.
EQvHCcTBEHHBbIM  pasnuumem B pabounmx napameTpax ABYX peakTtopoB Obinu
YCIroBUSIMU, B KOTOPbIX Bbln NONyYeH MHOKYNAT ANS Kaxaoro peaktopa. Ha dwr. 6a n
6b nokasaHbl npodnnm meTabonMToB 1 ra3oB B NepBoM BrMopeakTope, B KOTOPbIA Bbin
NnoAaH MHOKYNAT, MOony4vyeHHbIn B oboraleHHblx CO ycnosusix. Ha dur. 7a n 7b
nokasaHbl Npodunn mMetTabonnToB M rasoB BO BTOPOM GuopeakTope, B KOTOpbIA Bbin
nogaH WHOKYNAT, Nofy4eHHbln B oboraweHHbix H, ycnosuax. Ob6a peakTtopa
notpebnsT Hy, CO n CO, ¢ oanHakoBoh 3cbdEKTUBHOCTLIO, HO peakTop, B KOTOPbLINA
6bIN NogaH WHOKYNAT m3 oboraleHHoro H, MHOKYNAUMOHHOro peaktopa (dwr. 7a),
UMEEeT CHUXKEHHYIO CENEKTUBHOCTL MO 3TaHOIy.

lNpumep 2

3TOT NpyMep AEMOHCTPUPYET CPaBHUTESNbHbLIE XapaKTepPUCTUKM peakTopoB, B
KoTopble ©Obinl MOAaH WMHOKYMAT M3 WHOKYMSLUMOHHBIX peakTopoB, paboTalwmx B
pasnUyHbIX rasoBbIX ycnoeusax. Ha dur. 8a n 8b nokasaHbl npodmnn metabonutos m
rasoB oepMeHTaLmMm, MHOKYNIMPOBAHHOW KyNbTYpPOKr, NOMYYEHHON NP MHOKYMSLMU CO
cneaylowmm coctaBoM rasa: 48 06.% H,, 40 06.% CO, 2 06.% CO, n 10 06.% N,. Ha
dur. 92 u 9b nokasaHbl npodwunu MeTabonuMToB W rasoB epmeHTauumu,
WHOKYNUPOBAHHbLIX KyNbTYpOW, MOMyYEHHOW Mpu WHOKyNsaumMn B oboraweHHbix CO
ycroBusix. CenekTMBHOCTbL MO 3TaHony, MNpPOAEMOHCTPMpPOBaHHaA B peaktope, B
KOTOPbIA NoAalT WHOKYNAT u3 oboraweHHoro CO ra3oBOro MHOKYNALUMOHHOMO
peaktopa (®ur. 9a), 3HauMTenbHO Bbille, YeM B peakTope, B KOTOpbLIA noaarwT
NHOKynATa u3 oboraleHHoro H, MHOKynsauMoHHoro peaktopa (dwur. 8a).

Bce ccbinkv, Bknovas nybnvkauun, 3asiBKM HAa NaTeHTbl WM NaTEeHTHl,
UMTUPOBaHHbIE B [aHHOM [OKyMeHTe, BKMYEHbl B HacTodllee onucaHue
nocpeacTBOM CCbINKM B TOW Xe cTeneHw, Kak ecnu Obl Kaxaasa ccbifka 6bina
WHOMBMAYANbHO M KOHKPETHO yKasaHa Ans BKMIOYEHWSA NMOCPEeACTBOM CCbINKM U Bbina
n3noxeHa B AaHHOM AOKYMEHTE BO BCEW ee nornHoTe. B HacToswemM onucaHnm ccbinka
Ha noboN N3BECTHbIN YPOBEHb TEXHUKN HE SBNSAETCS M He OOMMKHA paccMaTpyBaTbCs
Kak npu3HaHuve TOro, YTO TaKOW W3BECTHbI YPOBEHb TEXHWKM SBNSAETCA 4acTblo
06LLe0CTYNHbIX N3BECTHbIX 3HaHMI B 0bnactn geatenbHocTy B Ntobor cTpaHe.

CnepyeT cuuTaTb, YTO MpUMMEHEHWe TEepMWMHOB B E€AWHCTBEHHOM 4ucrie WU
aHanornm4yHbIX CCbIFIOK B KOHTEKCTE ONUCaHWUS HacToswero nsobpeteHnsa (ocobeHHo B
KOHTEKCTEe NpUBEAEHHON HMXe hopMyIbl M306peTeHns) BKMoYaeT Kak eUHCTBEHHOe,

TaK U MHOXeCTBEeHHOe YNCNOo, eCni TONbKO B HAcCTodAWeM OOKYMEHTe HE YKa3aHO UHoe
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UNnN 3TO SIBHO HE MPOTMBOPEYUT KOHTEKCTY. TEePMMHbI «COCTOSILLIMIA U3», «UMEIOLLIMIAY,
«BKMIOYAOLWWA» N «coaepalluiny criefyeT paccMaTpyBaTh Kak HeorpaHuyveaoLlme
TEPMUWHbI (TO eCTb O3HavalwllMe «B TOM YUCNE, HO He OrpaHMYMBasiCb MMU»), ecnin He
yKasaHo WHoe. TepMWMH «B OCHOBHOM COCTOSILLMA W3» OrpaHnyMBaeT oGbem
KOMMO3ULUMK, npolecca Unu crnocoba ykasaHHbIMWM MaTepuanaMmy uUnu atanamu unu
TEMW, KOTOpble He OKasblBalT CYLECTBEHHOro BIIUSIHUS Ha OCHOBHble W HOBble
XapaKTepuCTUKN KOMMO3WLUK, npoliecca unu cnocoba. Mcnonb3oBaHvne anbTepHaTUBSI
(HanpumMep, «unu») cneayeT MoHMMaTb Kak o3Hadawwee nmnbo opHy, ob6e, nunbo
nobyo X KoMBUHaUMIO anbTepHaTUB. Mchnonb3ayeMblil B JAaHHOM JOKYMEHTe TepMUH
«OKono» o3HavaeT * 20 % yKkasaHHOro auanasoHa, 3Ha4eHWUst NN CTPYKTYPbl, eCNN He
yKasaHo WHoe.

MepeuncneHve Auana3oHOB 3HAYeHWA B [AaHHOM [JOKYMeHTe MpocTo
npeaHasHayeHo ANA  WCMOMb3oBaHUA B KayecTBe  COKpallleHHoro  crocoba
NHAVBMAOYANbHOW CChINKM Ha Kaxaoe oTaenbHoe 3HayeHwe, nonagatollee B 3TOT
AnanasoH, ecn B AaHHOM [OKYMeHTe He yKa3aHo MHOoe, MpWU 3TOM Kaxaoe oTAernbHoe
3Ha4yeHWe BKMIOYEHO B onucaHue, Kak ecnvm 6bl OHO GbINO OTAenbHO MpuBeaeHo B
AaHHOM AokymeHTe. Tak, Hanpumep, noboi AManas3oH KOHUEHTpauuW, NpoLeHTHbINA
AvanasoH, AuanasoH COOTHOLLIEHUA, AXana3oH LenbIX YAcen, AnanasoH pasmepoB Unm
AVManasoH TOMNWWH cneayeT NMOHUMAaTb Kak BKMovawllmid B cebs 3HayeHue no6oro
Lienoro Yy1cna B ykasaHHOM AuanasoHe W, npu HeobxoaumocTu, ero Aonu (Hanpumep,
ofHa fecsiTasi U oaHa coTas Lenoro Yncna), ecnm He ykasaHo MHoe.

Bce cnocobbl, onncaHHble B AaHHOM [OOKYMeHTe, MOryT ObiTb BbINOMHEHbI B
no6omM noaxoasiemM nopsiake, ecrnv B JaHHOM JOKYMEHTE He yKkasaHo MHoe MNKn MHoe
SIBHO He NPOTUBOPEYUT KOHTeKCTy. Mcnonb3oBaHue nobbiXx M Bcex MPUMepoB Wnu
BBOAHbLIX CMOB (HanmpuMMep, «TakoM Kak»), NpUBEAEHHbIX B [OaHHOM [OKYMEHTe,
npeaHasHa4yeHo MPOCTO ANS IydLero OCBELLEHUS HacTosiero usobpeTeHUs U He
HanaraeT orpaHu4YeHus Ha ob6beM n30BpeTeHus, ecnu He 3asiBNeHo MHoe. Hu opHo
BblpaXxeHue, npuBeaeHHoe B IaHHOM ONMUCaHUW, He crnefyeT ToMnkoBaTb KakK ykasaHue
Ha Kakoi-NnnMbo HesasiBNeHHbIA 3NeMEeHT KaK CYLIeCTBEHHbIA Ans NpaKTU4ecKon
peanua3aunn HacToslLLIero N3obpeTeHns.

B naHHOM [OKyMeHTe onucaHbl NpeanodTMTernbHble BapuaHTbl peanusaumm
HacTosilllero  u3o6peTeHus. Bapuauum TakMx npeanodTUTEnbHbIX  BapuUaHTOB
peanusauum MoryT cTaTb OMeBUAHLIMW AN CNeuuannMcToB B IaHHOW 06nacT TeXHWKN

nocne npo4vTeHnda npmBeaeHHOro Bblille onncaHus. ABTOpr HacTodAwero |/|3o6peTeH|/|s=|
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oXunaarwT, 4TO KBaJ'IVId)I/ILI,I/IpOBaHHbIe cneunanncTbl 6yﬂ,yT MCcnonb30oBaTk TakKne
BapumaHTbl, WUCXOOA W3 KOHKPETHbIX yCJ'IOBI/II?], npn 3TOM aBTOPbl HaCTOALLEero
|/|3o6peTeH|/|s=| npegnonarakoT, 4YTO OHO 6y/:|,eT peann3oBaHO Ha NpakTuke MHa4de, 4em
KOHKpEeTHO OfnnMcaHo B  AaHHOM  OOKYMEHTEe. CooTBeTCTBEHHO, HacTosdawee
|/|3o6peTeH|/|e BKNMO4YaeT BCe MOﬂI/Id)I/IKaLI,I/II/I N 9KBMBANEHTbl 06bekTa |/|3o6peTeH|/|s=|,
npmBegeHHOro HUXxXe B cbopmyne |/|3o6peTeH|/|s=|, KaK 3TO YCTaHOBIEHO ﬂeVICTBy}OU_lMM
3aKOHOOaTeENBLCTBOM. Kpome Toro, niobas KOM6I/IHaLI,I/I$-I OMNUCaHHbLIX BbilLIE 3NNEMEHTOB
BO BCeX UX BO3MOXHbIX BapuvauunAx BKMKOYHEHa B HacTosdAllee |/|3o6peTeH|/|e, ecinm B

AaHHOM OOKYMEeHTEe He YKa3aHO UHOe NI NHOe ABHO He NMPOTUBOPEYYUT KOHTEKCTY.



®OPMYNA U3OBPETEHUA

1. Cnocob nony4yeHUA OZHOMO WM HECKONbKMX MPOAYKTOB hbepMeHTauuu,
BKMIOYaIOLLIVIA;
a. nogayy oboraweHHoro CO C1-cogepxalwlero rasoobpasHoro cybcTtpata B

WHOKYNALMOHHbBIA peakTop, CoaepKallmi XNaKyto NuTaTenbHylo cpeay, coaepallyo KynbTypy
OAHOro NN HeckornbKUX C1-HUKCUPYIOLLIMX MUKPOOPraHNU3MOB;

b. bepmeHTUpoBaHne oborawieHHoro CO C1-copepxawero rasoobpasHoro
cybcTpaTa Ansa nonyyYyeHns MHOKYNATa;

C. nogayy, No MeHblUEA Mepe, 4YacTM MHOKynATa B OMOpeaKkTOpHyl cuUcTemy,
npuyem OGuopeakTopHaa cucTemMa COAEPXWT, MO MeHbllen Mepe, oavH BuopeakTop,
coAepXalluin KynbTypy OAHOro M Heckonbknx C1-UKCUPYIOLLIMX MUKPOOPraHU3MOB B XXUAKOW
nuTaTenbHOM cpeae;

d. nogavy oboraweHHoro H, C1-cogepxawero rasoobpasHoro cybctpata B
BGUOpeaKToOpHY0 CUCTEMY; U

e. depmeHTUpoBaHme oboraweHHoro H, C1-copepxawero rasoobpasHoro
cybcTpaTa Ansa nonyyeHus, No MeHbLUEe Mepe, 0OHOMo NpoAyKTa hepMeHTaLmu.

2. Cnocob no n. 1, oTnuyaroLlLmMncs Tem, 4yTo oboralleHHbin CO C1-coaepxalumi
rasoobpasHblii cybeTpaT coaepxmTt Hy npy MonsipHom cooTHoweHun H,:CO meHee 1:1.

3. Cnocob no n. 1, oTnuyaroLlLmMncs Tem, 4yTo oboralleHHbin CO C1-coaepxalumi
rasoobpasHbli cybeTpaT cogepxuT Hy npym monspHom cooTHoweHun H,:CO menee 0,5:1.

4. Cnocob no n. 1, oTnuyaroLlLmMncs Tem, 4yTo oboralleHHbin CO C1-coaepxalumi
rasoobpasHblii cybeTpaT coaepxmTt Hs npyu monspHom cooTHoweHun H,:CO ot 0,02:1 o 1:1.

5. Cnocob no n. 1, oTnuyarwmincs Tem, 4to oborauleHHbIn H, C1-copepxalumia
rasoobpasHbli cybeTpat coaepxut H, npu monsipHom cooTHoweHun H,:CO, no meHbluewn
Mepe, 1,1:1.

6. Cnocob no n. 1, oTnuyarwmincs Tem, 4to oborauleHHbln H, C1-copepxalumi
rasoobpasHblii cybeTpaT coaepxmTt Hy npyu MmonsipHom cooTHoweHun H,:CO o1 1,1:1 go 6:1.

7. Cnocob no n. 1, oTnuyawwmicsa TeMm, 4To C1-OUKCUMPYIOLNMIA MUKPOOPraHU3m
npeacTtaesnseT cobon kapbokcnaoTpodHyto Baktepuio.

8. Cnoco6 no n. 7, oTnuyawwwunica Tem, 4To kapbokcmaoTpodbHas Gaktepus
BbiGpaHa m3 rpynnbl, coctoswen m3 Moorella, Clostridium, Ruminococcus, Acetobacterium,
Eubacterium, Butyribacterium, Oxobacter, Methanosarcina n Desulfotomaculum.

9. Cnoco6 no n. 7, oTnuyawwwuincs Tem, 4To kapbokcmaoTpodbHas Gaktepus

npeactaenseT cobon Clostridium autoethanogenum.
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10. Cnocob no n. 1, oTnnyawmincs Tem, 4To BropeakTopHas cuCTeEMa COAEPXKMUT
OOMH MMM HECKONMbKO NepBMYHbLIX BMOpeakTopoB, CBA3AHHbIX C OAHWMM UMW HECKONbKAMMW

BTOPWYHbIMK GUoOpeaKkTopamu.

11. Cnocob nony4yeHUa OZHOMO WM HECKOMNbKUX MPOAYKTOB (bepMeHTaumu,
BKMIOYaIOLLIVIA;
a. nogavy, no MeHbllen mepe, Yactu C1-cogepxalwero rasoobpasHoro cybctpaTa

B WHOKYNSLUMOHHBIA peakTop W, No MeHblien Mepe, Yactn C1-cogepxalwero rasoobpasHoro
cybcTpaTa B GuopeakTop;

b. dhepMeHTUpoBaHue C1-copepxallero razoobpasHoro cybcTpata B
WHOKYNALMOHHOM peakTope AN Nony4YeHUs MHOKYNATa;

c. nogayy, no MeHbLleh Mepe, YacTU MHOKYNATa, MO MeHbllen Mepe, B OAWH
6ropeakTop; U1

d. bepmeHTUpoBaHmne C1-cogepkallero razoobpasHoro cybcrtpaTta B GuopeakTtope
ANSA Nony4YeHus, No MeHbLIENn Mepe, O4HOMo NpoAyKTa hepMeHTauuu;

e. npuyem C1-cogepxawmn rasoobpasHbini  cybcTpaTt, KoTOpblid nojawT B
WHOKYNALUMOHHbBIA peakTop, NoaBepratoT, MO MeHbLIe Mepe, ogHOMY npoueccy yaaneHusa Ho
nepea nofayen B UHOKYNALMOHHBLIA peakTop.

12. Cnocob no n. 11, oTnuyarimincs Tem, 4yto C1-coaepxalunin rasoodbpasHbii
cybcTpaT, KOTOpbIA MNOAAT B WHOKYMAUMOHHBLIA peakTop, coaepXuT H, npyv MonsipHOM
cooTHolweHun H,:CO meHee 1:1.

13. Cnocob no n. 11, oTnuyarimincs Tem, 4yto C1-coaepxalunin rasoodbpasHbii
cybcTpaT, KOTOpbIA MNOAAKT B MHOKYMAUMOHHBLIA peakTop, coaepXvuT H, npyv MonsipHoM
cooTHoweHun H,:CO menee 0,8:1.

14. Cnocob no n. 11, oTnuyarimincs Tem, 4yto C1-coaepxalunin rasoodbpasHbii
cybcTpaT, KOTOpbIA MNOAAT B WHOKYMAUMOHHBLIA peakTop, coaepXuT H, npyv MonsipHOM
cooTHoweHun H,:CO meHnee 0,5:1.

15. Cnocob no n. 11, oTnuyarimincs Tem, 4yto C1-coaepxalunin rasoodbpasHbii
cybcTpaT, KOTOpbI MNOAAKT B MHOKYIMAUMOHHBLIA peakTop, coaepXvuT H, npyM MonsipHOM
cooTHoweHun H,:CO ot 0,02:1 go 1:1.

16. Cnocob no n. 11, oTnMyaoWmMiAcs TeM, Y4TO nNpouecc yaaneHusa H, BkrnovaeT, no
MeHbLLUEeN Mepe, OAMH Npouecc aacopbunn npy nepemMeHHOM AaBneHnn.

17. Cnocob no n. 11, oTnMyaoWmMiAcs TeM, Y4TO nNpouecc yaaneHusa H, BkrnovaeT, no
MeHbLUEen mepe, oanH MoAyNb MeMBpaHHOM cenapauun.

18. Cnocob no n. 11, oTnuyarwWMiics TeM, 4To, MO MeHbluel Mepe, 4dactb C1-

copaepaLlero ra3oo6pa3Horo cy6CTpaTa nony4arwT N3 NPOMbILLNEHHOro MCTOYHUKA.
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19. Cnocob no n. 18, oTAnYarLWKWACS TeM, YTO NPOMBILLNEHHBIA UCTOYHUK BbiGMpatoT
W3 rpynnbl, BKNOYalowen depmeHTaumio yrneBoAoB, rasoByld hepMeHTaumio, npomM3BoacTBO
LuemMeHTa, NPoM3BOACTBO Lennonossl u Bymarn, nponsBoacTBO ctanu, nepepaboTky HedTn u
COMyTCTBYIOLLME MPOLECChl, MNPOM3BOACTBO He(TEXUMUYECKMX MPOAYKTOB, MNPOM3BOACTBO
Kokca, aHaspobHoe unu aspobHoe cbpaxuBaHue, cuHTe3-ra3, Aobblidy npupoaHoro rasa,
Aobblyy HedTH, MeTannypruyeckne nNpouecchl And NPOM3BOACTBA W/WMM OYUCTKU antoMUHMS,
Meaun nnnu deppocnnaBoB, reoriorm4yeckne KonnekTopbl U KaTanMTu4eckue npoLecehl.

20. Cnoco6 no n. 11, oTAMYalOWKWACA TeM, YTO, NO MeHbLUEN Mepe, OAUH NPOOYKT
hbepmeHTaumMm BbIBUpaOT M3 rpynnbl, COCToALLEN M3 3TaHona, aueTaTa, byTaHona, GyTupara,
2,3-6ytangunona, 1,3-6ytaHamona, nakrata, 6yteHa, bytagueHa, MeTUNITUIKETOHA, 3TUNEHA,
aueToHa, wW3onponaHona, nUMNMAoB, 3-rMAPOKCUNPONUMOHAaTa, M30MpeHa, XUPHbIX KUACMOT, 2-
6ytaHona, 1,2-nponaHgvona, 1-nponaHona, MOHO3TUNEeHrnukons, u3obyteHa un C6-C14-
CNNpTOB.

21. Cnoco6 no n. 20, oTnMyalOWUACA TEM, YTO OOWH WM HECKONbKO MPOOYKTOB
depMeHTaUMn AOMOMHUTENBHO MpeBpallalT, Mo MeHblleld Mepe, B OAWH KOMMOHEHT
An3ernkbHOro TOMMMBA, peakTMBHOrO Tonnvea, OeH3uHa, nponuneHa, HelnoHa 6-6, pesuHsbl
w/vnn cmon.

22. Cnocob6 no n. 11, oTnu4atowmndca Tem, YTo, MO MeHbLUE Mepe, OANH NPOAYKT
hbepmeHTaumm npeactaenseT cobon MMKpobHyto Buomaccy.

23. Cnoco6 no n. 22, oTnuyawowWuiica TeMm, 4YTO MUKpoBHyto Bmomaccy

O6pa6aTbIBaPOT Ana nonyvyeHud, no MeHbLLIEN Mepe, 0OaHOro KOMMNOHEHTa KOpMa AnAa XUBOTHbIX.
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