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13 OTpabOTaHHBIX T'a30B, N3BJICKAIOT B TIPE/IEIax yKe
CymIecTByIomeil 00pabOTKH HEOYHIIIEHHOTO METaHo-
Jla TIOCPEICTBOM TMEPErOHKH C TOIYYEHHUEM YHUCTOTO
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Cnoco0 u ycTpoiicTBO /151 M3BJIeYeHHUsI METAHOJIa

O0JsacTb TEXHHKH, K KOTOPOH OTHOCHUTCS H300peTeHHe

Hacrosimee u300peTeHne OTHOCUTCS K CHOCOOYy M3BJIEUEHMS METAHONA U3
TEXHOJIOTHYECKUX OTPa0OTaHHBIX ra30B, OOPAa30BAaHHBIX NPH CHHTE3€ METAHOJNA.
Kpome Toro, B HacrosmeMmM HU300pETEHHUH TPENyCMOTPEHO YCTPOWCTBO IS

OCyECTBJICHUA NaHHOTO criocoba.

YpoBeHb TeXHUKH

Crnoco0pl mosy4eHus1 MEeTaHoJa MyTeM KaTaJUTHYECKOrO MPEeBPALIeHUs] CHHTE3-Ta3a,
COepIKaIero BOJOPOA W OKCHIBI YIJIEpOAa, JABHO HM3BECTHBI CHELUAINCTAM B
nanHOH obOmactu TexHuku. Hampumep, B Ullmann's Encyclopedia of Industrial
Chemistry, mecroe m3nanue, 1998, snekrpoHHoe wu3nmaHue, pasgen "Methanol",
noapasaen 5.2 "Synthesis", omucaHbl pa3nu4YHBIE OCHOBHBIE CHOCOOBI IMOJIYyUYEHHS

METaHOJIA.

UzBecren Oosiee CIOKHBIN IBYXCTaAUHHBIN CIIOCOO MOJyYeHUs] METaHOJIa, HAlpuMep,
n3 noxkyMmenra EP 0790226 Bl. MetaHon moJy4arOT HNOCPEACTBOM LIUKJIUYECKOIO
croco0a, Py KOTOPOM CMECh CBEXKEr0 M YaCTMYHO MPOPEArHpOBABILIETO CHHTE3-Ta3a
CHayaja MOAAKT B OXJAXIAaeMbli BOAOW PEAKTOp, a 3aT€M B OXJIAXKIAEMBIN ra3oM
pPeaxkTop, B KaXKAOM U3 KOTOPBIX CUHTE3-Ia3 IPEBPAIIAOT B METAHOJ Ha KAaTalu3aTope
Ha OCHOBE MeIu. MeTaHOI, MOJYYEHHBIH C MOMOLIBI0 JAHHOTO Crocoda, OTAENSOT
OT CHHTE3-ra3za, NOMJIEXKAINEer0 pPEeLUPKYJSALUY, KOTOPBIA 3aTeéM B KaudecTBe
OXJIQAUTENs] B MPOTUBOTOKE HAMNPABIAIOT 4Ye€pe3 OXJIAKIAEMbIH ra3oM peakTop H
MPEeNBapUTENIbHO HarpeBaroT A0 Temreparypbl 220-280°C, mocje 4ero BBOAST B
MEPBBbI PEaKTOp AJsA CHHTe3a. UacTb CHUHTE3-rasa, MOAJIEKAILNErO PEeLUpPKYJIALNH,
YAAJSIFOT U3 crocoba B BUIE MPOAYBOYHOTO MOTOKA (TaK HA3bIBAEMOE MPOJY BAHHE) C
LEJIbI0 MNPEAyNPEKACHUs] HAKOIJIEHUS WHEPTHBIX KOMIIOHEHTOB B LIUKJIE CHHTE3A.
JlaHHOe NelCTBUE TaKXKe OMHMCAHO B HEPACCMOTPEHHOM 3asiBKe Ha maTeHT I epmanun

DE 2934332 Al u B 3asBke Ha eBponelickuii nateHT EP 1016643 Al.



S1 0357 2

Ilorox mnpomyBOYHOrO Tras3a, BBIIYCKAEMOIO U3 KOHTypa CHHTE3a, HarpyKeH
3HAYUTENBHOW YacTbIO MeTaHona. TO k€ OTHOCUTCS K JAPYyrMM [OTOKaMm
OTpabOTaHHBIX Ta30B, KOTOpblE MOJYHYAIOT IPU CHHTE3e MeTaHola U 00paboTke

HCXOOHBIX MMPOAYKTOB, TaKHX Kak HarnpuMmep, OTpa6OTaHHbIe ra3bl us3

2
pPacCIIUPUTENIbHBIX PE3epByapoB JJIsi METaHOJa WM OTpaOOTaHHbIE Ta3bl W3
pe3epByapoB IUIsl XPaHEHHUs] HEOYHLIEHHOIO METaHOJA, CMECEH METaHOJ-BOAA WU

YUCTOrO METAaHOJIA.

PesepByapbl [Jisi XpaHEHHs: METAHOJA 3aYaCTYIO BBIMIOJHEHbI B BUE PE3EPBYapOB C
3aKPEIUIEHHONW KpBIIIKOH, TAe Uil MHEPTU3alUd BHYTPEHHEro oObeMma, He
3aMOJIHEHHOTO METAHOJIOM, €ro 3a4acTyl0 MPOMBIBAIOT WJIHM 3alOJHSOT a30TOM.
Takum oOpa3om, armocdepa a3ora HacbllleHa MeTaHONoM. Ilpu 3arpyske
pe3epByapoB MM BCJIEACTBHE JbIXaHHs pe3epByapa, HANpuMmep, BCIEICTBUE
COJIHEYHOTO M3JIy4€HHs], a30T, HATPY>KEHHbI METAHOJIOM, BBIYCKAIOT U3 PE3epByapa

C LIeJIbIO TIPEOTBPALIeHNUs] U30BITOYHOTO IABJICHUSI B pe3epByape.

Yactn MeraHona B JaHHBIX OTPaOOTaHHBIX ra3ax SBISIFOTCS  JJOCTATOYHO
3HAYUTCIJIbHBIMU BCJICACTBUEC HU3KOH TEMIICPATY PbI KUIICHUA METaHOJIA,
coctasiisrouieit 65°C npu IaBJISHUN OKPYIKAIOLIEH Cpeabl, MOCKOIbKY OTpaOOTaHHbIE
ra3pl, KakK TIIpaBHJIO, HACbIICHbBI IIapaMHd MECTAaHOJIA IIpU COOTBeTCTBYI*OH.Ieﬁ
temneparype. Hanpumep, B yCIOBUAX HACBILEHNs KOHLIEHTPALMS METAHOJIA B TIOTOKE

otpaboraHHOro raza npu temmneparype 42°C cocrassier npumepHo 33 06. %.

C yueToM naHHBIX 3HAUEHUH COAEpP)KAHUS METAaHOJa BO3MOXKHO, YTO HU3BIIEUEHUE
METaHOJIa U3 OTPa0OTaHHBIX I'a30B 00ECNEUNBAECT BAYKHBIN BKJIAJ B 3KOHOMHYECKYIO
COCTABJBIFOLIYIO0 crocoba cuHTe3a MeraHosa. C Apyrod CTOPOHBI, B KOHTEKCTE
BBICOKONW TOKCHUYHOCTH METAHOJA, C TOYKU 3PEHMs 3aIlUThl OKPY KaroleH Cperbl
TAKXKE SIBJIIETCSl HELEeNeCOOOpa3HbIM BBbIIENATh OTPAOOTAaHHBIE Ta3bl C TAaKUMHU
BBICOKUMH 3HAYEHHUSIMU COAEP)KAHHS METaHOJa B OKPYXKAKOLIyl cpeay 0Oes
nocienyromeii oopaborku. HakoHeln, BBICOKHME 3HAYEHHUS CONEPXKAHWUS METAHONA B
OTpaOOTaHHBIX Ta3ax TAaKXKe CO3AAI0T MPOOJIEMbl BO BpPEMsSl HUX JIOMOJIHHUTEIBHOM
00palOTKH, TMOCKOJIbKY METaHOJ MOXKET KOHIEHCHPOBATHCS H, TaKUM 0O0pasom,

HaIlpuMep, MOBPEXKAATb a30Bble TOPEIIKH.
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H3-3a BBICOKOW pacTBOPHMOCTH METAHOJA B BOJIE€ MPOMBIBAHNE OTPAOOTAHHBIX ra3oB
BOJOW B Ka4yeCTBE MPOMBIBOYHOIO CPEACTBA IOKA3aJ0 CBOK LIEHHOCTb B KAaueCTBE
cnioco0a otaenenus. B packpeiToii 3asBke Ha eBponeiickuii mateHT EP 2168938 Al,
HAaIpUMep, OINHUCBHIBAETCS] U3BJECUEHHE METaHONAa W3 OTPa0OTaHHBIX Ta30B,
00pa30BaHHBIX MPH MEPErOHKE HEOUMIIIEHHOTO METAHOJIA, Iy TEM IPOMBIBAHUS BOJIOM
B NPOTHUBOTOYHON KOJOHHE. B onucanum esponerickoro nareHta EP 0802893 Bl
TAK)K€ OINMCAHBl OTNEJeHHWE W M3BJIEYEHHE METaHOJAa W3 OTPa0OTAaHHBIX TIa30B,
00pa30BaHHBIX TNPH NEPEroHKE HEOYHIIEHHOrO METAHONa, IyTeM IPOMbBIBAHMS

BOIOM.

B marenre CIIIA Ne 5346593 A omucana pekTU(UKAIMOHHAs KOJIOHHA IS
NOJy4YEeHHUsT HEOYHMIIEHHOIO METaHOJIa, KOTOpas OCHAIEHAa B €€ BEepPXHEH YacTH
CTYTIEHBIO JIJIsI IPOMBIBAHUS BOAOH, U OHA BBINOJHSIET (YHKIHIO OTAEJICHNS OCTATKOB

ME€TaHOJIa OT IIOTOKa OTpa6OTaHHOFO raza, NOKMAaromero KOJIOHHY .

Haxonen, B onmucanuu espomneilickoro mnareHra EP 0009385 B1 packpeiBaeTcs
OTIeJIEeHHe METaHOJIa OT TOTOKa IMPOAYBOYHOIO rasa, BBIMYCKAEMOrO U3 IMKJIA
CHUHTE3a, MOCPCACTBOM IMPOMbIBAHUA BOLIOI71 N U3BJICUCHHE BBIJACJICHHOI'O METAaHOJIa

MOCPEACTBOM MEPECTOHKU.

OI[HaKO, noaBOAsA HUTOrH, CICAYET OTMETUTDH, YTO, HECMOTPS Ha HpeI[H_IeCTBy}OH_[I/Iﬁ
YPOBEHb TEXHUKH, OOCY’KIaeMblii BBIIIE, BCE €IIe CYIIeCTByeT HEOOXOIMMOCTh B
ONTUMU3SHUPOBAHHDBIX cnoco6ax u YCTpOﬁCTBaX JiA OTACINEHUA U U3BJIICUCHUA
ME€TaHOJIa U3 PA3JIMYHBIX ITOTOKOB OTpa6OTaHHbIX ra3oB, KOTOPBIC IOJYyYarOT IIPHU
CHHTE3e MeTaHoJa U 00paboTKe HCXOAHBIX MPOAYKTOB. B uacTHOCTH, BCe elie
MNPUCYTCTBYET HeO6XOI[I/IMOCTb B ONTUMH3ALlMU B OTHOLICHUU HHTErpalliud AaHHbBIX
cTanmii crocoda B CIOKHYIO OJIOK-CXeMy, BKJIFOYANOIYI 00paboTKy HEOUHIEHHOTO
METaHONla, W3BJEYEHHEe MeTaHOJNia W3 HECKOJNbKMX W3 YKa3aHHbIX THIIOB
OTpaOOTaHHBIX Ta30B, M B OTHOUIEHMH TPOLEAYPHOTO MPOEKTHPOBAHHS

MIPUMEHSEMBIX YCTPOWCTB.

Onucanue uzodpereHus
B 1aHHOM KOHTEKCTe LENbI0 HACTOSIIEro H300peTeHHs sBIsIeTCs obecreueHne

crocoba W yCTPOHCTBA, B KOTOPBIX HJM C TIOMOINBID KOTOPBIX OOECTeYHBAETCS
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s¢pekTHBHOE H3BIIEUCHHE METAHOJIA M3 TEXHOJOTHYEeCKUX OTPabOTaHHBIX Ta30B,

00pa30BaHHBIX MPU CHHTE3€ U JOTIOJIHUTENBbHON 00paboTke MeTaHoa.

JIaHHOW 1eM AOCTHraroT € MOMOINBI Crocoba ¢ MPU3HAKAMU B COOTBETCTBHH C
NyHKTOM | (opMyJiel M300peTeHHsT M C TOMOLIBI0 YCTPOWCTBA C NPU3HAKAMU B
COOTBETCTBUU ¢ MyHKTOM 10 ¢opmysbl mu3obpereHusi. J{ONMOMHUTENbHBIE ACTIEKTHI
HACTOSIIIEro M300peTeHUs] MPEICTABICHbl B COOTBETCTBYIOLINX 3aBHCHUMBIX ITyHKTaX

dbopmy bl H300pETEHUS.

Cnocob 1o HacTosIeMy H300pETEHHIO

Cnoco06 wu3BieYeHHsST MeTaHONA W3 TEXHOJOTMYeCKHX OTpabOTaHHBIX Ta3oB,
00pa30BaHHBIX MPU CUHTE3€ METAHOJIA, BKJIFOYAKOIIUN CIIEAYIOIINe CTaJuH Crocoda:
(a) mpeBpalueHHe IOTOKA CHUHTE3-Ta3a IPU YCIOBUSX CHHTE3a METAHOJa B IO
MEHbIIEH Mepe OJHOM peaKkTope IUIsl CUHTE3a METAaHOJIA, KOTOPBIM paclONOXeH B
KOHTYp€ CHHTE3-Ta3a AJisl HeNPEeBPAIleHHOrO CUHTE3-Tasa,

(b) BBIMYyCK KMIKOrO MOTOKA HEOYHIIEHHOrO METAHOJAa M3 KOHTypa CHUHTe3-ra3a |
BBIMYCK TMOTOKa MNPOAYBOYHOIO ra3a M3 KOHTypa CHHTE3-ra3a, MPH 3TOM IOTOK
POy BOYHOI'O Ta3a HArpy»KeH rmapamMu METaHOa,

(c) BBemeHMe TIOTOKA TNPOAYBOYHOIO Ta3a B YCTPOWCTBO [JIsi TMPOMBIBAHMUS
NPONYBOYHOIO Tra3a, MpPHUBEACHHE B KOHTAKT TIOTOKA MPOAYBOYHOIO ras3a B
YCTPOWCTBE MJII MPOMBIBAHUSI MPOAYBOYHOIO ra3a € IMOTOKOM BOIBI B KAauecCTBE
MPOMBIBOYHOT'O CPEICTBA, KOTOPBIN HAMPABJISAIOT Yepe3 YCTPOHCTBO ISl POMbIBAHHUS
NPOAYBOYHOIO ra3a B MPOTHBOTOKE MO OTHOLIEHHIO K MOTOKY MPOAYBOYHOTO rasa,
IIPU 3TOM TOTOK BOJBI aO0COpOMPYeT MO MEHbIIeH Mepe 4acTb METaHOJa M3 IOTOKA
POy BOYHOT'O Ta3a,

(d) BeIMyCK MOTOKA BOABI, HATPYKEHHOTO METAHOJIOM, M TIOTOKA MPOIYBOYHOIO rasa,
00€THEHHOTO METAHOJIOM, M3 YCTPOMCTBA JJIsl MPOMBIBAHHUS POy BOYHOTI'O rasa,

(¢) BBemeHHME >KHIKOrO NOTOKA HEOUYMIIEHHOTO METaHOJAa B PACIIUPHUTENbHBIA
pe3epByap, B KOTOPOM TIIOHIJKAIOT [ABJICHHWE JKUIAKOTO TIOTOKA HEOYHIEHHOTO
METaHOJIa, TPH S5TOM IMOJNYYAIOT TIOTOK PACIIUPEHHOrO Ta3a, Harpy’KeHHbIH
METAHOJIOM, U TIOTOK HEe HAXOSIIErocs MO 1aBJICHHEM HEOUHIIIEHHOTO METaHOIa,

(f) BBemeHme mMOTOKA pPACIIMPEHHOrO Ta3a B YCTPOWCTBO Ui TMPOMBIBAHHUS
pacCUIMPEeHHOro Tas3a, MPUBEACHHE B KOHTAKT IIOTOKA pPACIIMPEHHOrO Tras3a B

YCTpOfICTBe AJisE MPOMbBIBAHUA PACIIUPEHHOI0 rada € NOTOKOM BOABI B Ka4YE€CTBE
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MPOMBIBOYHOTO CPE/ICTBA, KOTOPBIN HAMPABJISIIOT Yepe3 yCTPOHCTBO ISl IPOMBIBAHUSI
PaCUIMPEHHOT0 ra3a B MPOTHBOTOKE IO OTHOLICHHMIO K MOTOKY PAacCIIMPEHHOIO rasa,
IPU 3TOM IOTOK BOZBI aOcopOUpyeT Mo MeHbIIeH Mepe 4acTh METaHOJa M3 IOTOKA
PacIINPEeHHOTO rasa,

(g) BBIMYCK MOTOKA BOJIbI, HATPY KEHHOTO METAHOJIOM, U TIOTOKAa PACIIUPEHHOrO rasa,
00€IHEHHOTO METAHOJIOM, U3 YCTPOMCTBA Ui MPOMBIBAHUS PACLIMPEHHOTO Ta3a, MpU
3TOM JO0aBNSIOT TOTOK BOABL, HATPY)KEHHbIH METAHOJOM, K TIIOTOKYy He
HaxOZSALIErocs MoJ AAaBJI€HHEM HEOUUIEHHOTO METAHOA,

(h) BBeneHmne moroka He HAXOIAIIErOCs TOA NaBJIEHHEM HEOUYHINEHHOIO METAHOJa B
pe3epByap Uil XpaHEHHs, B KOTOPOM €ro XpaHsST O €ro mocieaymooueil oopadoTku
WIM TOCJIEAYIOWEero IpHUMEHEHHsT B Crocode, M MPU 3TOM €ro MOKPBIBAIOT
MHEPTU3UPYIOLIUM ra3oM, KOTOPBIH 32 CUET 3TOr0 HArpy>KaeTcs METAHOJIOM,

(1) BBIIYCK NOTOKAa WMHEPTH3HPYIOLIErO ras3a, HArpy’>kKeHHOrO METaHOJIOM, W3
pe3epByapa Uil XpaHEHHUs] U BBEAECHUE YKa3aHHOIO MOTOKA rasa B yCTPOMCTBO AJIst
NPOMBIBAHHMSI ~ MHEPTU3HPYIOLIErO ras3a, IMpUBEAEHHE B  KOHTAKT  IIOTOKA
VMHEPTU3UPYIOLIEro ra3a B YCTPOWCTBE Ul MPOMBIBAHMS MHEPTU3HPYIOLIErO rasa C
IIOTOKOM BOJIbI B KaueCTBE NMPOMBIBOYHOI'O CPEICTBA, KOTOPBIM HANPABISIOT Yepes
yCTPOMCTBO JJIsi TPOMBIBAHHSI HHEPTU3UPYIOLIEr0 ra3a B MPOTUBOTOKE IO
OTHOILIEHHIO K TIOTOKY MHEPTH3HMPYIOLIEro rasa, Ipu 3TOM MOTOK BOAbI abcopOupyer
1O MeHbIIEH Mepe YacTh METAHOJIA U3 TOTOKA HHEPTU3UPYIOLIETO rasa,

(j) BBIMYCK TOTOKA BOJbI, HATPY>KEHHOTO METAHOJIOM, U MOTOKA WHEPTU3HPYIOIIETO
raza, 00OeJHEHHOTO METAHOJIOM, M3 YCTPOWCTBA JJISi IPOMBIBAHUSI HHEPTU3UPY FOLIETO

rasa.

Y CTpOoRCTBO O HACTOSALIEMY W300DETEHUO

YCTpoHCTBO it M3BJIEYEHUS] METAHOJIA U3 TEXHOJOTMYECKUX OTPabOTaHHBIX T'a30B,
00pa30BaHHBIX IMPHU CHHTE3€ METAHOJA, COAEpIKallee CIEAYIOIIHE KOMIIOHEHTHI H
y3JIBL:

(a) peakTop ISl CHHTE3a METAHOJA, KOTOPBIA PACIIONOKEH B KOHTYPE CHHTE3-Ta3a
IUTSL HETIPEBPALIEHHOTO CHHTE3-Ta3a,

(b) TpyOompoBon Ijisi BBIMyCKAa KUIKOTO TOTOKAa HEOUMIIEHHOrO METaHOla U3
KOHTypa CHHTE3-ra3a W TPyOONpOBON JJIsi BBIMyCKAa MOTOKA MPOJYBOYHOTO ra3a u3
KOHTypa CHHTE3-Ta3a, NPU 3TOM IMOTOK MPOAYBOYHOIO ra3a HArpyKeH Mapamu

METaHOJIa,
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(C) yCTpOWCTBO 1Jisi MPOMBIBAHMS MPOAYBOYHOIO Tra3a, BBINIOJHEHHOE B BHIE
NPOTUBOTOYHOTO MPOMBIBOYHOIO ammnapara, TPyOONpPOBOA JJisi BBEICHHUsS MOTOKA
NPOAYBOYHOrO Tra3a B YCTPOHCTBO MJisi TMPOMBIBAHHS MNPOAYBOYHOIO rasa,
TpyOONpoBOA AJsl MOJA4YM IMOTOKA BOABI B Ka4yeCTBE MPOMBIBOYHOIO CPENCTBA,
TpyOONpOBOA Ui BbIMyCKa TIOTOKA BOXbI, HArPy’>KEHHOTO METaHOJIOM, H
TpyOONpPOBOL ISl BBIMYCKA MOTOKA MPOJYBOYHOIO ra3a, 00eIHEHHOTO METAHOJIOM, U3
yCTpoiicTBa I IPOMBIBaHUS ITPOYBOYHOTO rasa,

(d) pacumpuTenbHBINA pe3epByap, B KOTOPOM TMOHIDKAOT JABJIEHHE KUIKOTO MOTOKA
HEOUHMINEHHOTO MeTaHoJNa, TPyOOmpOBOA Ui BBEOCHUS JKHIKOIO  IOTOKA
HEOUHINEHHOTO METAHOJa B PpACIIMPUTEIbHBIH pe3epByap, YCTPOWCTBO I
NPOMBIBAHHSI PACIIMPEHHOTO Tras3a, BBIIOJIHEHHOE B BHAE MNPOTUBOTOYHOIO
IPOMBIBOYHOTO aIllapara, KOTOPOe COSJUHEHO C PACIIUPUTEIBHBIM pPE3ePBYapOM,
TpyOONpOBOA AJsl BBEJEHMS MOTOKA BOIBI B KAa4eCTBE NMPOMBIBOYHOIO CPEICTBA B
YCTPOICTBO Ui NMPOMBIBAHUSI PACIIMPEHHOTO ras3a, TPyOONpOBOA Ui BBINyCKa
IIOTOKA HE HaXOJIIErocs MOJ JaBJI€HHEM HEOYHIEHHOrO METaHoNa U TpyOonpoBoa
IS BBIITY CKa MTOTOKA PACIINPEHHOTO ra3a, 00eTHEHHOTO METaHOJIOM,

(e) pesepByap sl XpaHeHusi, TpyOONPOBO Il BBEACHHUS TIOTOKA HE HAXOMASLIETOCS
NOJ AaBJIEHHEM HEOUYHMINEHHOTO METaHOJa B Pe3epByap Ul XpaHeHuUs, TPyOOnpoBO/
1N BBENEHHs HWHEPTU3MPYIOIIEro rasa M TPyOONMpPOBOA Uil BBIMyCKA IOTOKA
WHEPTU3UPYIOLIErO ra3a, Harpy>KeHHOr0 METAHOJIOM, U3 pe3epByapa Ui XpaHEeHHs,
TpyOOMpPOBO ISl BBIY CKa HEOUHIEHHOTO METAHOJIA,

(f) ycrpoiicTBO ansi mpOMbIBaHMS HHEPTHU3UPYIOLIETO Ta3a, BHIMOJHEHHOE B BHIE
MPOTUBOTOYHOTO IMPOMBIBOYHOIO ammapara, TPyOONMpPOBOA JJisi BBEICHHS MOTOKA
WHEPTU3UPYIOLIErO ra3a, Harpy »KeHHOr0 METaHOJIOM, B YCTPOMCTBO ISl IPOMBIBAHUSI
WUHEPTU3UPYIOLIEro rasa, TpyOOMpoBOA Ui BBEOSHMS] MOTOKA BOIAbI B Ka4eCTBE
MPOMBIBOYHOTO CPEICTBA B YCTPOWCTBO Ul MPOMBIBAHHS WHEPTHU3UPYIOLIErO rasa,
TpyOOMNpOBOA [Jisi BBbIMyCKa [OTOKA HWHEPTH3UPYIOIIEro ras3a, OOeIHEHHOTO
METaHOJIOM, 1 TPyOONPOBO ISl BBIMYyCKa MOTOKA BOJBIL, HATPYKEHHOI'O METAHOJIOM,

13 yCTPOUCTBA [Tl IPOMBIBAHNSI HHEPTU3UPYIOILErO rasa.

VcnoBpust cuHTE3a MCTAaHOJIA, HeO6XOI[I/IMbIe AJId TOpeBpali€HUA CHUHTE3-Tra3a B
MECTAaHOJI, U3BECTHBI CIICTUAJINUCTY B I[aHHOfI 00JIACTH TEXHUKU U3 NpeaAECCTBY FOLIECTO
YPOBHA TEXHUKH, HANPUMEDP, U3 JOKYMCHTOB, OINMMCAHHBIX BBIIIC. 9710 B YaCTHOCTH,

HO HE UCKJIFOUUTEIIbHO, OTHOCUTCA K YCJIOBHUAM OCYIICCTBIICHUSA cnoco6a, TaKUM KakK
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3HAYEHUS TEMIIEPATyphl, NABJICHUs, MOAXOMASINNE 3HAYEHUs] OOBEMHONW CKOPOCTH U
KaTaJu3aTOPhl, TOJUIeKaIle MNpuMeHeHu0. HeoOxomumble amganTalud JaHHBIX
YCJIOBUN K COOTBETCTBYIOIINM TEXHHUYECKUM TPpeOOBaHUSIM Oy Iy T CleJIaHbl HA OCHOBE

OOBIYHBIX OKCIIEPHUMEHTOB.

IlonpasymeBaercsi, 4YTO NPOAYBOYHBIM Tra3 WM, B KauyeCTBE AaJbTEPHATHUBDI,
NPOMBIBOUHBIA Ta3 MpPEACTaBIseT COOOH YacTh ra3a, OTOOPAHHYIO M3 CHUCTEMBI,
HanpHUMep, U3 KOHTYpa CHMHTE€3-ra3a sl CMHTE3a METaHOJa, KOTOpas B OCHOBHOM
ABJISIETCS] HEOOJNBIION MO CPABHEHHIO C 3alacoOM ra3a, MPUCYTCTBYIOIIUM B CHCTEME.
Ot16op mpoayBOYHOro rasa NnpeaoTBpAllaeT MOCTOSHHOE YBEIMYEHUE 3aIaca rasa B
CHCTEME U BBINOJHAET (PYHKIUIO BBIMyCKa NMpUMecel, MOOOYHBIX MPOAYKTOB W/WMIH

HWHEPTHBIX KOMIIOHCHTOB.

ITonpasymeBaeTcs, YTO HEOYHINEHHBIH METAaHON MpPEeACTaBsieT COOOH OCHOBHOM
NPOAYKT, TIOJNYUYEHHBbI HEMOCPEACTBEHHO IPU CHHTE3€ METaHOoJa, Iepen
OCYILIECTBJIIEHHEM ero oOpabOTKM MOCPEICTBOM IMEPErOHKH C IMOJYYEHHEM YHCTOrO
meranona. OpHako TmepBble CcTaAuu OOPaOOTKM WM BBIIEPKUBAHUS MOKHO

OCYyECTBJIATD YK€ B OTHOIICHUN HCOUUIICHHOTIO METAaHOJIAa.

Bona, mpumMeHnsiemasi B kKaueCTBe MPOMBIBOYHOTO CPEACTBA, B OCHOBHOM MPEICTABIISIET
coboli aeMHuHepain30BaHHY0 Boay. OnxHaKO BOAY C APYTUMH KadeCTBAMH, B
YaCTHOCTH, BOIYy C OoJiee BBICOKOH YHCTOTOM, HAIPUMEDP, BHICOKOOUHUIIEHHYIO BOIY
HJIN JUCTHIUIMPOBAHHY IO BOOY, TAKXKEC MOXHO IMPUMECHATDb B KAUECTBEC IMMPOMBIBOYHOT'O
cpencta. Bomy ¢ Oonee HH3KOW YHCTOTOM MOKHO TIPUMEHSTh B KadeCTBe
IIPOMBIBOYHOI'O CPEACTBA, €CIU MPUCYTCTBYIOLINE COMPOBOXKIAOILIUE BEIIEeCTBa HE
CO3MAIOT TpodJieM Ha MOCHENYIOIIUX CTaAHAX Crocoda, HW  TEXHUYECKHE
XapaKTePUCTUKN TPOAYKTa HAa OCHOBE YHCTOTO METAHOJA COOTBETCTBYIOT

TpeOOBaHUSM.

I[IpennouTuTeIbHBbIE ACMEKTHI H300peTEHUS

B mpennournrensHOM acnekTe crnocoda COryaCHO HACTOALIEMY H300PETEHHIO MOTOK
MPOAYBOYHOTO Ta3a, OOCMHEHHBI METAaHOJIOM, KOTOPBIM mMmojiydeH Ha cramuu (d),
NOJA0T B YCTPOWCTBO JJIsl M3BJEUEHHs] BOIOpona. B kauecTBe ycTpoiicTBa IUIs

U3BJICUEHHs BOIOPOJA, HATIPUMED, MOKHO NMPUMEHSTh YCTAHOBKY € ancopOumeit mpu
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nepemeHHoM naBineHun (PSA) wmnm memOpanHyro ycraHoBky. Takum oOpasom,
LIEHHbI BOAOPOA MOXKHO H3BJIEKATh W3 IMOTOKA MPOAYBOYHOIO Tas3a W IMOJBEPraTh

PELUPKYJISILMU B CUHTE3 METAHOJA.

B nomonaHuTENPHOM acmekTe crnocoba COracHO HACTOSIIEMY W300PETEHHUIO MOTOK
BOJIbI, HATPY>KEHHbIII METAHOJIOM, KOTOpbIM monydeH Ha craguu (d), mo MeHbLIei
Mepe YaCTUYHO IOAAIOT B PACLUIMPUTENbHBIN pe3epByap. Takum o0pa3oMm, MOTOK
BOJIbI, HATPY>KEHHBIII METAHOJIOM, MOKHO IOJIaBaTh Ha MOCIEAYIOLIYI0 00paboTKy
BMECT€ C JPYrMMHU NOTOKAMHU BOXbIL, COAEPIKALIUMH METAHOJ, TaK 4YTO HET
HEOOXOIUMOCTH B OTHAENbHBIX YCTPOWCTBaX IUIsI OOpabOTKHM IOTOKAa BOJBIL,

Harpy>keHHOTO METAHOJIOM, KOTOPbIH moy4eH Ha ctaauu (d).

B nOMOMHUTENBHOM TNPEAIOYTUTENBHOM AacCHeKTe Crnocoba COrIaCHO HACTOSIIEMY
N300pETeHUI0 MOTOK BOABI, HATPYXKEHHBIH METAHOJIOM, KOTOPBIH MOJIy4eH Ha CTauu
(d), mo MeHbIIell Mepe YaCTUYHO MPUMEHSIIOT B KA4eCTBE MPOMBIBOYHOTO CPENCTBA B
yCTpOiicTBE sl TNPOMBIBAHMS  PACIIMPEHHOro rasa. B mgaHHOM  ciyd4ae
[PEUMYIIECTBEHHBIM SIBIISIETCS, YTOOBI AEMHHEPAIHU30BAHHYI BOIY, B OCHOBHOM
MPUMCHACMYIO B KaUCCTBEC IIPOMBIBOYHOIO Cpe€ACTBA, YaCTUYHO WKW IIOJHOCTBIO

COXpaHsaIn, 3a CHET YETro obecrnieynBaeTcst YMEHBIICHUE 3aTPaT Ha €€ obecrieueHue.

KpOMe TOro, NPpEUMYIIECTBCHHBIM SABJIACTCA, €CJIN 1O MEHbIIIEH MEPE YaCThb IMMOTOKA
HEe HAaXOMSALIerocsl MOJA JAaBJI€HHEM HEOYHIIEHHOrO METaHOJa, MOJyYEeHHOro Ha
cranuu (€) cnocoda, MOJAT B YCTPOWCTBO LIS MEPErOHKH Oe3 MPOMEKYTOYHOTrO
XpaHEeHUsT B pe3epByape IUIsl XpaHeHUs. 3a CueT 3TOr0 MOXXHO COXPaHUThb
BMECTHMOCTb PE3€PBYapOB JIJIsi HEOUHIIEHHOIO METAHOJIA ¥ MOYKHO CITPOEKTHPOBATh

MEHbBIINE COOTBETCTBYIOLIUE PE3EPBYaphl IJIsl XPAHEHUSL.

B KOHKPETHOM ACIICKTE HACTOALLECTO I/1306peTeHI/I$I MOKHO BBOAUTH I1O MEHbIIEN MEpE
Y4acTh MOTOKA PACIIMPEHHOIO ra3a, 0OCIHEHHOIO METAHOJOM, KOTOPbIH MOJNY4YeH Ha
craguu (g) cniocoba, B pe3epByap A XpPaHEHUsI B KAUeCTBE HHEPTU3UPYIOIIETo rasa.
C NOMOIIBI0 TAHHOTO aCHeKTa HACTOSIIEro M300pETeHUs] MOYKHO IMOJHOCTBIO MU

HaCTUYHO COXPAaHUTb MHEPTU3UPYIOIIHE ra3dbl, TAKUE KaK, HAIIPUMED, a30T.
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Taxke BBITOJHO, €CIM TO MEHbIIEH Mepe YacTb IOTOKA BOJIbI, HATPYKEHHOTO
METAHOJIOM, KOTOPBIH MOJy4eH Ha CTagud crocoda (j), MPUMEHSIOT B Ka4decTBE
IPOMBIBOYHOI'O CPECTBA B YCTPOMCTBE AJIsI NMPOMBIBAHUS PACLIMPEHHOro rasa. B
JAHHOM Clly4ae MPEeUMYILIECTBEHHBIM SIBJSIETCS, YTOOBI AEMUHEPAJIM30BAHHYIO BOAY,
B OCHOBHOM TIPUMEHSEMYI0 B KAaueCTBE INPOMBIBOYHOTO CPEICTBA, YACTUYHO MWIIH
MIOJTHOCTBIO COXPAHSJIM, 33 CYET 4ero o0ecrneunBaeTcsi YMEHbLICHHE 3aTpaT Ha ee

obecrieueHue.

Kpome Ttoro, Obuio OOHapy»>K€HO, YTO NPEUMYIIECTBEHHBIM SIBISIETCS, €CJIU 10
MeHbIIEN MEpPE YaCThb MOTOKA BOABI, HAIPYXKCHHOTO MECTAHOJIOM, KOTOprﬁ MOJIy4ecH
Ha cranuu (j) cnocoba, MOAAIOT B PACLIMPUTENbHBIH pe3epByap. Takum obOpaszom,
MOTOK BOJbI, HArPY’KEHHBI METAHOJOM, MOXKHO IIOJaBaTh Ha TMOCIEAYIOLIYIO
00paboTKy BMECTe ¢ JPYyTUMH MOTOKAMHU BOABI, COAEPKALIMMU METAHOJ, TaK YTO HET
HEOOXOMUMOCTH B OTHENbHBIX YCTPOWCTBAX JUIsi OOpabOTKM TIOTOKA BOJBI,

Harpy>keHHOTO METAHOJIOM, KOTOPBIH Mojy4eH Ha craauu (d).

OcoOeHHO TPEANOUTUTENBFHO CIIOCO0 MO HACTOSIIEMY H300PETEHUIO MPUMEHSIIOT IS
HU3BJICUCHHA METaHOJIa U3 TECXHOJOTHYCCKHUX OTpa6OTaHHbIX ra3os, O6pa30BaHHbIX B
YCTaHOBKE JUIsl CHHTE3a METaHOJA, B KOTOPOH METaHOJ MOJy4YaroT M3 CHHTE3-Trasa,
nony4aemoro us yrisi. Us3-sa cootHoumenuss C/H B HCXOOHOM yrile CHHTE3-ras,
HOJ'IyLIaeMI:Jﬁ U3 yrjsd, B YaCTHOCTH, XapaKTCPpU3YETCA BBICOKUM COACPKAHUEM
MOHOOKCHIA YIJIeposia, HO OTHOCHUTEIbHO HHU3KUM conepykaHueM Boabl. OpHaKo
JOCTAaTOYHO LeNeCOOOpa3HbIM SIBISIETCS 3aJlaHHOE COZIepIKaHHe BOZBL, KOTOPOe
ABJIACTCA TIOBBIICHHBIM OTHOCUTEJIBHO HCXOAHOI'0 COACPIKAHHA B CHHTE3-rasc,
HOJNy4aeMOM M3 yruisi. JTO 00ecnedrBaeT ONpeAeNeHHble MPEUMyINecTBa IPU
00paboTKe HEOUHINEHHOrO METaHOJA IyTeM MEePErOHKH, MOCKOJIbKY TaKUM 00pa3oM
HEXKEIATCIIbHBIC HEMOJIAPHBIC IMPUMECH, HAIIPUMED aJIKaHbI, MOJYY€HHBIC B KAYCCTBE
NOOOYHBIX MPOAYKTOB MPU CHHTE3€ METAHOJA, MOXKHO OoJiee JIErKO OTHENUTb OT
MeraHona. TakuM oOpas3oMm, 3arpy3Ka HEOUHIIEHHOTO METaHOJia C BOIOW B Ka4eCTBE
MPOMBIBOYHOT'O CPEACTBA ABJACTCA NOCTATOYHO HpePIMyn.[eCTBeHHOfI B Pa3JIMYHBbIX

TOYKaX crocooa.

B KOHKpETHOM KOHCTPYKTMBHOM HCIIOJHEHUH YCTPOMCTBA COIJIACHO HACTOSIIEMY

N300pETeHNI0 TaKOe YCTPOWCTBO MAOMOJHUTEIBHO COAEPKUT YCTPOHCTBO IS
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U3BJICUEHHsI BOJAOPOAA M TPYOOIpPOBOA AJIsi BBEIAEHHS IOTOKA IMPOXYBOYHOIO rasa,
00EeTHEHHOrO0 METAHOJIOM, B YCTPOICTBO AUl W3BJIeUEHHs Boaopoaa. B kadecTse
YCTPOWCTBA JJIs1 M3BJICUEHUSI BOIOPO/A, HAPHMEDP, MOJKHO NMPUMEHSTh YCTAHOBKY C
ancopbumeli npu nepeMmeHHoM nasieHud (PSA) mm MmeMOpaHHy!0 ycTaHOBKY. Takum
o0pa3oM, IIEHHBIH BOAOPOA MOXKHO H3BIEKaThb M3 IMOTOKA MPOAYBOYHOIO raza H

MOABEPraTh PELUUPKY LMY B CUHTE3 METAHOIA.

ITpeanouTHTENbHO YCTPOICTBO COrIACHO HACTOSIIEMY M300PETEHHUIO TOTIOJHUTEIBHO
COmEpKUT TPyOONMpoOBOA Ui TMOAAYM MOTOKA BOBI, HArPy’KEHHOTO METAHOJIOM,
KOTOpbI nonyueH Ha craguu (d) crmocoba, B paciumpuTenbHbI pesepByap. Takum
o0pa3oM, TIOTOK BOZBI, HArpy>KEHHbI METAHOJOM, MOXHO TIOJaBaTh Ha
NOCJIEAYIOIYI0 00paboTKy BMeCTe C APYTMMH MOTOKaMH BOIbI, COIEP KAIIUMH
METaHOJ, TaK 4YTO HET HeOOXOAMMOCTH B OTAEJBHBIX yCTpOHCTBax st 0OpabOTKH

MIOTOKA BOJIBI, HATPYKEHHOT'O METAHOJIOM, KOTOPBIH MojTy4eH Ha ctaauu (d).

B nononHuTENBHOM acmekTe YCTPOHCTBO COINIACHO HACTOSLIEMY H300PETEHHIO
JOTIOJTHUTEHO CONEPKUT TPYOOMPOBOA [UIs MOJAYU MOTOKA BOMBI, HATPYKEHHOT'O
METAHOJIOM, KOTOpBI monydyeH Ha craguu (d) crnocoba, B YCTPOMCTBO IS
NPOMBIBAHMsI PACHIMPEHHOIO rasa B KayecTBE MPOMBIBOYHOIO CpencTBa. B maHHOM
cilyvdac TMpEeUMYLICCTBCHHBIM SABJIACTCA, LITO6bI ACMUHEPAJIU30BAHHYI0O BOAY, B
OCHOBHOM IIPUMECHACEMYIK0 B Kad€CTBE IPOMBIBOYHOI'O CpE€ACTBA, 4YaCTUYHO HJIHU
MOJTHOCTBIO COXPAHSJIM, 33 CYET 4ero o0ecrnevrBaeTCsi YMEHbIICHHE 3aTpaT Ha ee

obecrieueHue.

BBIrOIHBIM SIBIISIETCSI, €CJIM  YCTPOHCTBO COIJIACHO HACTOSILIEMY H300pETEHHIO
JOTOJHUTEIBHO CONEPKUT YCTPOWCTBO AJIsl TIEPErOHKH M TPpyOOmNpoBOa AJsl MOgaun
IIOTOKAa HE HAXOMSIIErocs IMOJ JABJICHHEM HEOYHINEHHOIO METaHOJIA, MOJy4YE€HHOrO
Ha craauu (e) crmocoba, B YCTPOWCTBO MU TEPETOHKH. 3a CYET 3TOr0 MOKHO
COXPAaHUTh BMECTHMOCTb pPE3e€pBYyapOB Ul HEOYMIIEHHOrO METaHOJa U MOXKHO

CIIPOEKTUPOBATH MEHBIIINE COOTBETCTBYIOIIKE PE3EPBY APl ISl XPAHEHUS.

B nOomonHUTENPHO acmeKTe YCTPOWCTBO COTJIACHO HACTOSLIEMY H300PETEHHIO
JOTIOTHATEJIPHO CONEPKUT TPyOONpPOBOA IUIs TMOAAYM TO MEHbBIIEH Mepe YacTH

IMOTOKa pPaCHIMPCHHOro rasa, O6€I[H6HHOFO METAaHOJIOM, KOTOprfI NOJIy4arOT Ha
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cranuu (g) cocoda, B pe3epByap IJisl XpaHEHUS] B KAYECTBE WHEPTUIHPYIOIIETO Ta3a.
C moMOLIbI0 TAHHOTO aCMeKTa HACTOSILIEro M300pEeTeHHsST MOYKHO MOJHOCTBIO HIIH

YaCTUYHO COXPAaHUTb MHEPTU3UPYIOIIHE ra3bl, TAKHUE KaK, HAIIPUMED, a30T.

BhIronHbIM SIBIISIETCS, €CJIM  YCTPOHCTBO COIJIACHO HACTOSLIEMY H300PETEHHIO
JOMOJHUTENIBHO COACPIKUT TPyOONMpoOBOA IJisi MOJAYM MO MEHbIIEH Mepe 4acTh
MOTOKa BOJIbI, HATPY>KEHHOTO METAHOJIOM, KOTOPBIN MOJy4YeH Ha ctaguu (j) crocoda,
B YCTPOWCTBO JJisi NMPOMBIBAHUS PACIIMPEHHOTO ra3a B Ka4yeCTBE MPOMBIBOYHOIO
cpenctBa. B nmaHHOM  ciiydae  MPEUMYINECTBEHHBIM  SIBIISIETCS,  YTOOBI
IeMUHEPATM30BaHHYIO BOAY, B OCHOBHOM MPUMEHSIEMYIO B KQU€CTBE MPOMBIBOYHOIO
CPEeICTBa, YaCTUYHO WM TOJHOCTBIO COXPAHSJIM, 32 CYET 4ero o0ecreunBaeTcs

YMEHBIIEHHE 3aTpaT Ha ee oOecreYeHue.

ITpennodTuTeNbHO YCTPOUCTBO COMIACHO HACTOALIEMY H300PETEHHIO NOTIOIHUTEIBHO
COAEPKUT TpyOOMpPOBOX Ui IMOAAYM O MEHbLIEH Mepe YacTH IOTOKAa BOMBI,
Harpy>kKeHHOTO METAaHOJIOM, KOTOpBI Tmojyd4eH Ha craauud (j) cmocoba, B
pacuIpuTenbHbI  pe3epByap. Takum 00pa3oM, TOTOK BOZbL, HArpy>KEHHbIH
METaHOJIOM, MOJKHO NOAaBaTh Ha MOCIEAYIOIYI 00paboTKy BMecTe C ApPYyTHMH
MOTOKaMHu BOIAbI, COACPKAIMUMU METAHOJI, TaK YTO HET H606XOI[I/IMOCTI/I B OTACJIbHBIX
yCTpPOWCTBaX Ayisi OOpabOTKM TOTOKA BOJIBIL, HATrPY>KEHHOTO METAHOJOM, KOTOpPBIH

noyiyueH Ha craguu (d).

OCOOEHHO TPEANOUTUTENPHO YCTPOWCTBO COTJIACHO HACTOSIEMY H300PETEHHIO
PacIMoJIOXKEHO B YCTaHOBKE JJIS MOJIyYEHUs METAaHOJA IMyTeM IpeBpaLleHHs] CHHTE3-
rasa, nojay4aemoro u3 yris. Ms3-3a coorHomenus C/H B UCXOIHOM yTiie CHHTE3-Ta3,
NOJIy4aeMblii W3 YIJI, B YaCTHOCTH, XapaKTEPU3YETCs BBICOKUM COJAEPIKaHUEM
MOHOOKCHJA YTIJepoAa, HO OTHOCUTENbHO HU3KUM cojepkaHueM Boapl. OnHako
JIOCTAaTOYHO ILIENIECOOOPa3HBIM SIBJIIETCSl 3aJaHHOE COZEPIKAHUE BOIBI, KOTOpPOE
SIBJIIETCSI TTOBBILIEHHBIM OTHOCHTEJIBHO HCXOJHOTO COZAEP)KAaHUS B CHUHTE3-Tase,
NOJIy4aeMOM M3 YIJBsl. JTO oOecreyuBaeT OmNpeesieHHble MPEUMYINecTBA IPU
00paboTke HEOYHIEHHOrO METaHOJIa MyTeM MEPErOHKH, MOCKOJIBbKY TaKUM 00pa3oM
HE’KeJIaTeNIbHbIe HETIOJISIPHBIE MPUMECH, HAIPUMED aJIKaHBI, TIOJyUYeHHbIE B KaUECTBE
NOOOYHBIX MPONYKTOB TPU CHUHTE3€ METaHOJA, MOXKHO OoJjiee JIErKO OTAENUTH OT

MeraHosa. TakuMm 00pa3oMm, 3arpy3ka HEOYHIIEHHOIO METaHOJa C BOIOH B Ka4eCTBe
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MPOMBIBOYHOTO CPEACTBA ABJIACTCA NOCTATOYHO HpeI/IMYHleCTBeHHOfI B PAa3JIMYHBIX

TOYKaX crocooa.

NnnrocTpaTHBHBIE BADHAHTBI OCYIECTBJICHHS] U YHCJIEHHbIE TPUMePbI

JloTIONHUTENbHBIE TIPU3HAKY, MPEHMYLIECTBA U BO3MOXKHBIE IyTH OCYIIECTBICHHS
HACTOAIIEr0 M300PETEHUs] TAK)K€ MOTYT OBbITh B3SITHI U3 CIEAYIOIIEro OMUCAHUS
WJUTIOCTPATUBHBIX BAPUAHTOB OCYINECTBJIEHHUS U YHUCJICHHBIX NPUMEPOB, a TAKXKE
rpaguyeckux MarepuanoB. Bce ommcaHHblE W/MIM  MPOWLIFOCTPUPOBAHHBIE
NPU3HAKU O0pas3ylT CYLIHOCTh H300peTeHus camMu 1o cebe wimm B JHOOOH
KOMOMHAIMM HE3aBUCUMO OT HX BKJIIOYEHHs B (GOpMyJy H300peTeHHs WU

O6paTHbIX CCBIJIOK Ha HHUX.

Ha rpajuueckux matepuanax:

Ha ¢ur. 1 MoKa3aHO CXeMaTHuecKoe MpenCcTaBieHne Crocoda COrIaCHO HACTOSILIEMY
M300pPETeHHI0 M YCTPOWCTBA COIJIACHO HACTOSILIEMY H300pETEHHIO B

IMEPBOM aCIIEKTE,

Ha (ur. 2 MOKa3aHO CXEMATUYeCKOe MPENCTaBIEHHE CIOco0a COrNIAaCHO HACTOSILIEMY
M300pPETEHHI0 U YCTPOMCTBA COIJIACHO HACTOSIIIEMY H300PETEHUIO BO

BTOPOM acCIIeKTe,

Ha (Qur. 3 MokKa3aHO CXeMaTU4eCKOe MPENCTaBIeHHE Croco0a COrNIACHO HACTOSILIEMY
M300pETeHUI0 U YCTPOWCTBA COTJIACHO HACTOSLIEMY H300pPETEHHIO B

TPETBEM ACIICKTE,

Ha (Qur. 4 MoKa3aHO CXeMAaTU4eCKOe MPENCTaBICHHE Croco0a COrNIACHO HACTOSILIEMY
M300pETeHUI0 U YCTPOWCTBA COTJIACHO HACTOSLIEMY H300pPETEHHIO B

YETBEPTOM aCIICKTE.

Crniocob mo HacrosimeMy H300pETeHHIO0 U YCTPONCTBO MO HACTOSIIIEMY HU300PETEHUIO
COTJIACHO TMEPBOMY acrhekTy oObsicHenbl Ha ¢ur. 1. ITocpencrsom TpyOomposona 1
CHHTE3-ra3, COCTOSALIMI M3 BOAOPOJA M OKCHUIOB YIJIEpOaa, BBOIST B PEAKTOp 2 s

CHUHTE3a METAaHOJA, PACMOJIOXKEHHBI B KOHTYpE CHHTE3-ra3a, KOTOPBIM B JaHHOM
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JOKYMEHTE TIOKa3aH TOJBKO CXEMAaTHYeCKd W He OMHCAH TMOAPOOHO, B KOTOPOM
CHUHTE3-ra3 4aCTUYHO MPEBPALNAIOT B METAHOJ IIPU YCJIOBUSIX CHUHTE3a METAHOJA.
HeounimeHHplli MeTaHOJ, TMOJIyYEHHBbIH B CHOCOOE, BBIMYCKAIOT W3 pPeaKkTopa st

CHHTE3a METaHOJIa MOCPEACTBOM TpyOomposoaa 10.

Camyro Oonplyl0 4acTb CHHTE3-Ta3a, HE NPEBPALIEHHOTO BO BpPEMs CHHTE3a
METaHOJIA, PELUPKYJIHUPYIOT BO BIlyCKHOE OTBEPCTHE PEAKTOpA AJIsl CHHTE3a METaHOJa
MOCPECTBOM HE MPOWIIIOCTPUPOBAHHOTO KOHTypa cuHTe3-raza. IlocpencTtsom
TpyOOIIpoBOJa 3 OCTABIIYIOCA YacCTh HETPEBPALIEHHOTO CHHTE3-Ta3a BBITYCKAIOT U3
peakTopa JUIsd CUHTE3a METAHOJIAa B Ka4eCTBE MPOAYBOYHOTO ra3a WX MPOMBIBOYHOTO
rasa M HAmpaBJsAIOT B YCTPOWCTBO 4 1Ji NMPOMBIBAHHS INPOAYBOYHOIO rasa. JTo,
COOCTBEHHO, YK€ M3BECTHAs MPOMbBIBHASI KOJIOHHA, KOTOPAask MOXKET OBITh OCHAIEHa
TapeIKkaMy, CJOSMH HAaCcagKW WM CTPYKTYPHPOBAHHBIMHU HAacaJKaMU C IIEJIbIO
YCUJIEHHsI MacCOBOT'O NEPEHOCAa MEXAy Ia3oM U KHUAKOCTHIO. IIOTOK mpoayBOYHOrO
rasa 3arpy>karT B YCTPOWCTBO JIsi MPOMBIBAHUsI MPOAYBOYHOIO ra3a B €ro HUXKHEM
YacTH U B NPOTHBOTOKE MPHUBOISAT B KOHTAaKT C IMOTOKOM BOJBI, MOJABae€MbIM B
Ka4yeCcTBE MPOMBIBOYHOIO CPEICTBA MOCPEACTBOM TpyOOIMpoBOaa 5, 3a CUeT dYero
o0ecrieunBaeTcsi YyMEHbIIEHHE CONEpPXKaHHs MapOB METaHOJAa. B WLIOCTpaTHBHOM
BAPHUAHTE OCYLIECTBIICHHS HACTOSLIETO M300PETEHHs M B BAPUAHTAX OCYIIECTBIICHUS,
OMKMCAHHBIX  HW)KE, B  Ka4yeCTBE TMPOMBIBOYHOIO  CpPEACTBA  MPUMEHSIOT

ACMHUHEPAIN30BAHHYIO BOAY, €CJIM HE YKa3aHO UHOE.

IIpomyBouHbIl Tra3, OOEAHEHHBIH METAHOJIOM, BBIXOJUT W3 YCTPOWCTBA IS
NPOMBIBAHHSI TIPOYBOYHOI'O Ia3a MOCPEACTBOM TpyOorpoBosa 6. 3aTeM ero MOKHO
HeoOsI3aTeNIbHO HAarpeBaTh B TEIIOOOMEHHHKE 7 MyTeM HENpsIMOro TeIiooOMeHa ¢
NapoM IpPHU HU3KOM JABJICHUU B KAa4eCTBE HArpeBarOIlEed Cpeabl U MOCPENCTBOM
TpyOoIpoBoaa 8 BBINMyCKAaTh U3 Croco0a M HAIMPABISATh B HEMPOWLIFOCTPUPOBAHHY IO

CUCTEMY U3BJICUCHUA BOAOPOAA.

Boay, Harpy>x€HHYH0 METAaHOJOM B YCTPOWCTBE IJii NPOMBIBAHUS IPOAYBOUYHOIO
ras3a, BBITYCKAIOT U3 HEro MOCPenCTBOM TPyOOmpoBona 9 u BMecTe ¢ HEOUHIIEHHBIM
METAHOJIOM, TIOAABAaeMbIM TIOCPEACTBOM  TpyOomposona 10, HampaBisiOT B
pacIiupuTeNbHBI  pesepByap 12 mocpenctsom Tpybomposona 11.  IloHmkarot

AABJICHUE CMECHU HCOYHUIICHHOI0 METAHOJIA U BOJAbI B YKA3aHHOM PaCIIUPUTEIIbHOM
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pesepsyape ot 7,0 MIlau3b. nmo masmenus 0,5 MIlamsb. (u30. obGo3nagaer
COOTBETCTBYIOIYKO ~ €IWHUIly JaBJI€HUs TpU HW30OBITOUHOM JaBjieHuu). B

yCTpoWcTBe 13 it NpoMBIBaHUS ~ PACIIMPEHHOrO  rasa, KOHCTPYKLMOHHO

>
COEAMHEHHOIO C PaCIIUPUTENIbHBIM PE3ePBYapoM U OOJIAIAI0IIero CBS3bI0 C HUM 10
TeKy4del cperne, ra3bl WIN Mapbl, BBICBOOOXKIa€Mble BO BPEeMsl TIOHW)KEHUS JTABJICHUS,
NPUBOIAT B KOHTAKT C IOTOKOM BOJbI, NMOJABAEMBIM B Ka4ye€CTBE MPOMBIBOUHOIO
cpeacTBa TOCpencTBOM TpyOompoBona 14, 3a cuer uyero obecrednBaeTcs
YMEHbIIEHNE COAEPKAHUS TIapOB METAHONA. YCTPOMCTBO Ui IPOMBIBAHHS
pacCUIMPEHHOI0 ra3a TaKXXe INPEeACTaBiIsgeT COOOH, COOCTBEHHO, YK€ M3BECTHYIO
IPOMBIBHYIO KOJIOHHY, KOTOpasi MOKET ObITh OCHAII[EHA TapeJIKaMH, CIOSIMH HACaKH
WIA CTPYKTYPUPOBAaHHBIMH HAacagkaMHU C LEJIbI0 YCHJIEHHUS MacCOBOIO IEepeHOca
MEKy ra3oM U JKHIKOCTBIO. [TOTOK pacimpeHHOro rasa, 0O€IHEHHOTO METaHOJIOM,

BBIXOOUT U3 YCTpOﬁCTBa IJI1 IPpOMBbIBAHHS pPaCIIUPECHHOrO rasa MMOCPEeACTBOM

Tpybonposona 15.

He mnaxopsmyrocs noA [OaBJI€HHEM CMEChb HEOUMIIEHHOIO METAHOJa U BOJIbI
BBINTyCKAIOT M3 PACIIUPUTENBHOTO pe3epByapa 12 mocpeactsom TpyOomposona 16.
ITocpencTom TpyOomnpoBoaa 17 ee MOKHO MOJHOCTBIO MJIH YACTHYHO HAMPABJISITH B
HENPOWIIIOCTPUPOBAHHOE YCTPOWCTBO [JIs1 MEPErOHKHU, B KOTOPOM HEOUHILEHHBIH
METAHOJI JIOTIOJIHUTEIbHO O00palaThIBAIOT A0 YHCTOTO METAHOJA MyTeM OTACICHHS

BOIBI TIOCPEACTBOM IIEPETOHKU.

IMocpencTom TpybompoBoaa 18 4acTh CMECH HEOYHMINEHHOTO METaHOJa U BOJIbI, HE
HaIPaBJIsIEMbIX B YCTPOMCTBO Uil IEPErOHKH, HAINIPABJIAIOT B pe3epByap 19 u BBomsT
B Hero. [103:ke HEOUHIIEHHBIH METaHOJI MOJKHO OTOMpaTh U3 pe3epByapa M MoaaBaTh
Ha 00pabOTKy MOCPENCTBOM MeperoHKH. TpyOonpoBOIBI MOJAYHM W BBIMYCKA JJIS
HEOUYHIIEHHOTO METaHOoJia He Toka3aHel Ha ¢urype. Pesepryap 19 mpencrasnser
co0oi1 pe3epByap C 3aKpeIJICHHOW KPBIMIKOW, B KOTOPOW CBOOOIHBIN BHYTPEHHHIMA
0o0BEeM  pesepByapa 3alONHSIIOT a30TOM, KOTOPBIH MOJAIOT  IOCPEACTBOM
HETPOMJUTIOCTPUPOBAHHOTO TPyOONPOBOAA, i TAKMM 00pa3oM MHEPTU3IUPYIOT. Takum
oOpasom, arMoc(epa a3ora HacblmeHa MeTaHoJoOM. [Ipu 3arpyske pesepByapoB WU
BCJIEICTBUE JbIXaHUs pe3epByapa, HalpuMep, BCIEACTBHE COJHEYHOTO H3JIy4eHMs,
asoT

, HAarpy>KEHHBI METAHOJIOM, BBIIYCKAOT U3 pe3epByapa MOCPEACTBOM

TpyOompoBoaa 20 ¢ LeNblo MPeAOTBpALIeHHsT N30BITOYHOTO AABJIEHHS B pe3epByape.
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JIaHHBII TOTOK HHEPTU3MPYIOLIETO Tra3a, HAarpyXeHHOro MapamMyd METAaHOJA,
HAIpPaBJISOT B YCTPOMCTBO 21 1711 MPOMBIBaHMSI MHEPTU3UPYIOLIETO rasa, MnofarT B
HEro B €ro HW)KHEW 4acTU, U B MPOTUBOTOKE MPUBOAAT B KOHTAKT C MOTOKOM BOJBI,
NOJJaBAEMbIM B KaueCTBE IPOMBIBOYHOIO CPENCTBA MOCPENCTBOM TpyOorpoBona 22,

3a CYET Yero o0ecrneunBaeTCst YMEHBIICHUE COACPIKAHUA ITAPOB METAHOJIA.

YCTpONCTBO NIl MPOMBIBAHUSI MHEPTU3HPYIOLIETO ra3a TaKXKe BBIIIOJHEHO B BUAE
IPOMBIBHON  KOJIOHHbl UM  OCHAIlEHO TapelikaMH, CJIOSIMH HAacagku WU
CTPYKTY PUPOBAHHBIMU HACaJKaMH C LIENbIO YCUJIEHUS MAaCCOBOIO MEPEHOCA MEXKIY
rasoM M XHMAKOCTbIO. OJHAKO OHO pa3fesIeHO Ha BEPXHIOK M HIXKHIOK 4YacTb C
IOMOILIBIO  Pa3feJINTEIbHOW TapesikKi, PAacCMONIOKEHHOW NPUMEPHO MOCEPEIUHe
KOJIOHHBI, KOTOpas BBbIOJHEHa B BUAE MNOIyNIyxod Tapenku. IIpombiBouHOE
CPEACTBO, YACTUYHO HArpPy>KEHHOE METAHOJIOM, HAKaIJIMBAETCsl HAa HEH, IOCKOJIbKY
13-32 KOHCTPYKLMK B BUJE MOJIYTJIyXOHU TapeNKH, OHO HE MOXKET MONACTb B HUKHIOK
4aCTh KOJIOHHBI B KOJIOHHE, TOIZla KaK IMOTOK MHEPTU3UPYIOLIETO rasa, MoJIesKaLIii
OYHCTKE, MOXET CBOOOJHO Teub U3 HIDKHEH B BEPXHIOK YacTb KOJIOHHBI.
IIpoMBIBOYHOE CPENCTBO, YACTUYHO HArpy>KEHHOE METaHOJOM, C APYrod CTOPOHBI,
HaNpaBJsSIIOT M3 KOJIOHHBI  NOCPEACTBOM  TPyOONpPOBOAA,  OXJNAXIOAIOT B
MIPOMEKYTOUHOM OXJIAJUTENIe U CHOBA 3arpy’karoT B KOJIOHHY uepe3 BEpPXHUN KOHell
HIDKHEW YacTW KOJIOHHbI. BcnencrtBue OXNakaeHHs YacTUYHO Harpy>KeHHOro
NPOMBIBOYHOTO CPEICTBA €ro TMOMJIOTHTENbHAS CHOCOOHOCTP B  OTHOLIEHHH

JOIIOJIHUTEJIbHO KOJIMYECTBA ME€TAaHOJIA ITOBBIILIICHA.

IMocpencTom TpyOomnpoBoaa 24 MPOMBIBOYHOE CPENCTBO, HATPYKEHHOE METAHOJIOM,
BBIITYCKAIOT U3 YCTPONCTBA AJIs1 MPOMBIBAHUS HHEPTU3UPYIOLIErO ra3a U NOCPeaCTBOM
TpyOompoBonoB 25 u 11 HampaBisIOT B paclIMpUTENbHBIA pesepsyap 12. Ecmu
CYLIECTBYIOT 3aMETHO pa3Hble 3HA4YEeHUs JaBJeHUss B TpyOomposomax 25 u 11,
MIPOMBIBOYHOE CPEIACTBO, HArPy>KEHHOE€ METAHOJIOM, TAaK)KE€ MOXKHO HAIPaBISTh B
pacCIIUPUTENbHBIA pe3epByap OTAENbHO OT Tpybomposoxa 11, w/umm MoxeT ObITh
ofecrieyeH pacCIIMPUTENBHBIN KJAlMaH Ha COeAWMHEHHWH Tpybomposoma 25 w

TpyOomposona 11.

Ha ¢ur. 2 cxemaruyecku u3oOpaskeHa MpoLeaypa Crnocoda COMNIaCHO HACTOSIIEMY

300pETEHNI0 U KOHCTPYKLUSI YCTPOHCTBA COMJIACHO HACTOSLIEMY H300PETEHHIO BO
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BTOpOoM acnekre. Croco® COrNIacHO HACTOALIEMY H300pPETEHHI0 U yCTPOHCTBO
COTJIACHO HACTOAIIEMY H300PETEHUIO0 COOTBETCTBYIOT AaCHEKTy, MOKa3aHHOMY Ha
¢ur. 1, nmo xommnoHeHta 25 ycraHoBku. OmHAKO B JaHHOM ciy4ae ao0aBiieH
TpyOomposoa 30, ¢ MOMOIIBIO KOTOPOrO MOTOK BOZBIL, HArPY>KEHHBIH METaHOJIOM,
KOTOPBIN BBIMYCKAOT W3 YCTPONCTBA IJIs1 NPOMBIBAHMS IMPOAYBOYHOIO rasa, IO
MEHbIIEH Mepe 4YaCTUYHO IMOAAIOT B YCTPONCTBO AJIsI MPOMBIBAHUS PACLIMPEHHOIO
rasa M HakKOHEL B pPAaCIIUPUTENbHBIA pesepByap. TakuMm oOpa3oMm, MOTOK BOJBI,
Harpy>keHHbIH METaHOJIOM, MOXHO MOJaBaTh HAa MOCIEAYIOIIYI0 00paboTKy BMeECTE C
APYTUMHU MOTOKAMM BOZBI, COAEPKAIUMH METAHOJ, TaK YTO HET HEOOXOAMMOCTH B
OTAENbHBIX YCTpOHCTBAX 1y 0OpabOTKM MOTOKA BOJBI, HAIPY>KEHHOT'O METaHOJIOM,
KOTOPBIN MOJIyYeH B YCTPOWUCTBE Uil MPOMBIBAHUS MPOAYBOUYHOro rasa. Kpome toro,
NOTOK BOIbl, HAIPY KEHHbII METAaHOJOM, MOXET 3aMEHATh [0 MEHbIIEH Mepe 4acTb

I[eMHHepaHHSOBaHHOﬁ BOJbI, HpHMeHHeMOﬁ B Ka4€CTBE NPOMbBIBOYHOT'O CPEACTBA.

Ha ¢ur. 3 cxemaruuecku m3obpaxkeHa NpoLeAypa crnocoda COTNACHO HACTOSIIEMY
M300pPETEeHNI0O M KOHCTPYKLHs YCTPOWMCTBA COIJIACHO HACTOSILIIEMY H300pPETEHHIO B
TpetbeM acnekre. Crnoco® COrlacHO HACTOALIEMY H300PETeHHI0O U YCTPOWCTBO
COTJIACHO HACTOAILIEMY H300PETEeHHI0 COOTBETCTBYIOT AaCHEKTy, MOKa3aHHOMY Ha
¢ur. 1, nmo xommnoHeHta 25 ycraHoBku. OmHAKO B JaHHOM ciy4ae a00aBiieH
TpyOompoBoa 31, ¢ MOMOIIBIO KOTOPOTO MOTOK BOZBIL, HArPY KEHHBIH METaHOJIOM,
KOTOPBIN BBIIYCKAIOT U3 YCTPOWCTBA AJIsI MPOMBIBAHUS MHEPTU3UPYIOLIETO rasa, Io
MEHbIIEH Mepe 4YaCTUYHO MOAANOT B YCTPOMCTBO AJIsI MPOMBIBAHUSl PACLIMPEHHOTO
rasa U HAKOHEL B PACIIUPUTENIbHBIA pesepByap. Takum oOpa3oMm, MOTOK BOJIBI,
Harpy>keHHbIH METaHOJIOM, MOXKHO TIOJIaBaTh HA MOCIEAYIOMY0 00paboTKy BMeCTe C
APYTUMH TOTOKAMH BOZBI, COAEPKAIMUMH METAHOJI, TaK 4YTO HET HEOOXOAMMOCTH B
OTHENBbHBIX YCTPOHCTBAX st 0OpabOTKM MOTOKA BOJBI, HATPYKEHHOT'O METaHOJIOM,
KOTOPBIN MOJIy4Y€H B YCTPONCTBE AJI MPOMBIBAHUS MHEpTU3Mpyromero rasa. Kpome
TOrO, NOTOK BOABI, HATPY>KEHHBI METAHOJIOM, MOXKET 3aMEHATh [0 MEHbIIEH Mepe
4acTh JEMUHEPAIM30BAHHON BOABL, INPUMEHSEMON B KadeCTBE IPOMBIBOYHOIO

CpeAacTBa.

Ha ¢wur. 4 cxemarndeckn nzobpaskeHa Mpoueaypa crocoda COTIACHO HACTOALIEMY
U300pETEHNI0 U KOHCTPYKIMS YCTPOMCTBA COTJIACHO HACTOSIIEMY H300PETEHHIO B

yeTBepTOoM acrekTe. Crnocod coracHO HAcTOsIIEeMy H300pPETEeHHIO U YCTPOMCTBO
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COIJIACHO HACTOSIIIEMY H300PETEHHIO0 COOTBETCTBYIOT ACHEKTy, MOKAa3aHHOMY Ha
¢ur. 1, no komnoneHrta 25 ycraHoBkd. OgHAKO B JaHHOM ciydae A00aBIIEHBI Kak
Tpybomposox 30, Tak u Tpydomposon 31, PyHKLIMSA KOTOPBIX MOKa3aHA B aCIEKTax,
MPOMJUTIOCTPUPOBAHHBIX Ha ¢ur. 2 u ¢ur. 3 u 0bcyxknanach BbIIE B CBI3U C HUMH.
BcenencTBue KOHCTPYKIMH, TOKa3aHHOM Ha ¢wur. 4, ocoOeHHO OONBIIYI0 YacTh
JI€MUHEPAJIN30BAHHONW BOJbI, NPUMEHSIEMOH B KadyeCTBE MPOMBIBOYHOIO CPENCTBA,
MO>KHO 3aMEHHUTh ITOTOKAMHU BOJIbI, HATPY>KEHHBIMH METAaHOJIOM, U3 YCTPOHCTBA JJIs
IPOMBIBAHMSI POAYBOYHOTO ra3a U yCTPOUCTBA ISl IPOMBIBAHUS MHEPTU3UPYIOLIETO

rasa.

YwuclieHHbIE TPUMEDDI

B cnenyrommx Tabnunax 4ucieHHbIe IPUMEpPbI IePEYHCICHbl B OTHOIIEHHH OYUCTKH
npoayBouHOro rasa (tabmuua 1), pacmmpenHoro rasa (tabmauua 2) u orpaboTaHHOTO
rasa B pesepByape (WHepTu3upyroumiero rasza) (tabmuma3) B COOTBETCTBUH C
HacrosmuM m3o0pereHneM. Kpome Toro, B Tabmumax 4 M 5 moka3aHa OYMCTKA
PaCIINPEHHOrO ras3a COIJIACHO KOHKPETHBIM aCIeKTaM HACTOSIIEro M300peTeHHs, B
KOTOPBIX YACTUYHO HArPY>KEHHYIO OTpabOTaHHYK0 BOLY K3 YCTPOWCTBA IS
MPOMBIBaHMSI TIPOAYBOYHOTO ra3a (tabmuua 4, Tpyoomnposoa 30) wiu U3 yCTPOMCTBA
IJiE  TPOMBIBAHMS  HMHEpTU3Mpyomero rasa (tabmuma S, TpyOompoox 31)
PELUPKYJIUPYIOT B YCTPOMCTBO AJIsI MPOMBIBAaHUS PACIIMPEHHOTO Ta3a U MPUMEHSIIOT B

HEM B KQUECTBE ITPOMBIBOYHOI'O CPpEACTBA.

Ta6auua 1. OuucTKa NPOAYBOYHOIO ra3a
IIponyBouHsbIii
IMponyBouHbIit HemuH. ras, OTtpabotanHast
ra3 BOJIA OUUIIIEHHBIH BOJA
MouJibHast 1oJist

CH30H 0,0057 0,0000 0,0000 0,0461
H20 0,0001 1,0000 0,0015 0,9515
CO2 0,0424 0,0000 0,0424 0,0013
CO 0,0643 0,0000 0,0646 0,0001
H2 0,7990 0,0000 0,8026 0,0009
AR 0,0000 0,0000 0,0000 0,0000
N2 0,0883 0,0000 0,0887 0,0001
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CH4 0,0002 0,0000 0,0002 0,0000
O06muii pacxon
MOTOKA,
KMOJTB/H. 12881 152,9 1282,1 158,9
O06muii pacxon
MOTOKA,
KI/4. 10223,7 27549 10010,3 29683
Temneparypa,
°C 40,0 422 43,9 44,7
[asnenue,
MlIla u30. 7,0 8,1 7,0 7,0

2

2
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Tabauua 2. QuncTKa pacHIMPEeHHOr0 ra3a
PacmmpenHsbIi
Pacmmpennsiii|  [IeMun. ras,
ras BOJA OYHIIICHHBIN
MogbHast 7o
CH30H 0,0579 0,0000 0,0000
H,0 0,0018 1,0000 0,0132
CO2 0,2285 0,0000 0,2392
CO 0,0397 0,0000 0,0417
H2 0,3607 0,0000 0,3789
AR 0,0379 0,0000 0,0398
N2 0,2676 0,0000 0,2812
CH4 0,0058 0,0000 0,0061
OO0uwmit pacxon
TOTOKa,
KMOJIb/Y. 1779 277.5 169,3
OO0uwmii pacxon
MOTOKa,
KI/4. 4072,5 5000,0 3769,8
Temneparypa,
°C 40,6 40,0 40,4
HaBnenue,
MITa u36. 0,5 0,5 0,5

Ta6auua 3. OuucTKa HHEPTU3HPYIOLIET0 ra3a

HNueprusupyromuii
WHepTusnpyroumii JemuH. ras, Otpaborannas
ras BOJIA OYHIIEHHBIN BOJA
MognbHas nons
CH30H 0,3338 0,0000 0,0043 0,2671
H,0 0,0000 1,0000 0,1425 0,7328
CO2 0,0000 0,0000 0,0000 0,0000
CO 0,0000 0,0000 0,0000 0,0000
H2 0,0000 0,0000 0,0000 0,0000
AR 0,0000 0,0000 0,0000 0,0000
N2 0,6662 0,0000 0,8532 0,0000
CH4 0,0000 0,0000 0,0000 0,0000
O06muii pacxon
MOTOKA,
KMOJIb/Y. 180,0 183,2 140,5 2226
O06muii pacxon
MOTOKA, 5284,5 3300,0 37392 48453
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KI/4.

Temneparypa,
°C

40,3

2

40,0

2

53,1

2

50,2

2

HaBnenue,
MIla u306.

0,0

0.4

0,0

0,5

Tabauua 4. QuucTKa pacIHPEHHOr0 ra3a ¢ NOMOLIbIO

TpyOonposoaa (30)
PacmmupenHslii
Pacmmpennsiii | Orpaborannas ras,
ras BOJIA OYMUIEHHbIN
MouibHas nosist
CH30H 0,0575 0,0461 0,0082
H,0 0,0012 0,9515 0,0202
CO2 0,2264 0,0013 0,2339
CO 0,0399 0,0001 0,0412
H2 0,3625 0,0009 0,3745
AR 0,0380 0,0000 0,0392
N2 0,2686 0,0001 0,2769
CH4 0,0058 0,0000 0,0060
OO0umii pacxon
MOTOKa,
KMOJIb/Y. 176,9 1589 171,7
OO0wmwuii pacxon
MOTOKa,
KI/4. 4036,8 29683 38194
Temneparypa,
°C 39,9 446 49.6
aBnenue,
MIla u30. 0,5 0,5 0,5

Ta6auna S. QuucTKa pacIHPEHHOr0 ra3a ¢ NOMOIIbIO

TpyOonposoaa (31)
PacmmpenHsIi
Pactmpennsiii | OtpaboranHas ras,
ras BOOa OYUIIEHHBIN
MonpHas nons
CH30H 0,0571 0,2671 0,0344
H,O 0,0012 0,7328 0,0165
CO2 0,2259 0,0000 0,2263
CO 0,0399 0,0000 0,0403
H2 0,3630 0,0000 0,3666
AR 0,0380 0,0000 0,0384
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N2 0,2690 0,0000 0,2716
CH4 0,0058 0,0000 0,0058
O06muii pacxon
MOTOKa,
KMOJIb/Y. 176,7 222.6 1749
O06muii pacxon
MOTOKa,
KI/4. 4027,1 4845,3 3929,7
Temneparypa,
°C 39,7 50,0 49,7
Hasnenue,
MIla u30. 0,5 0,5 0,5

2

IIpomMbImJIEeHHAS] IPHUMEHHMOCTD

C mnomomBI0 HACTOSMIEro H300peTeHus MpemiokeHo 3(dexTuBHOE HU3BJIEUEHHE
MeTaHOJIa U3 OTPAOOTAHHBIX Ta30B, HATPYKEHHBIX METAHOJIOM, B BUEe OOBEIMHEHHOM
ONOK-cXxeMbl TIOJy4YeHus: U 00paboTku MeraHoja. YacTu MeTaHosa, BbIIEIEHHbIE U3
OoTpabOTaHHBIX Tra30B, M3BJEKAIOT B IpeleNax y)ke CyLecTByIomed o0paboTku
HEOYMIIEHHOTO METAaHOJA TIIOCPEACTBOM IMEPEroHKH C TOJyY€HHEM YHCTOrO
METaHOJIa, TaK YTO HET HEOOXOIUMOCTH B OTHENBHBIX YCTPOMCTBAX JUIS U3BJICYECHUSI
METaHOJa W3 Harpy>kKeHHOW OTpa0OTaHHOW BOABI W3 razoouucturens. LleHHoe
BCIICCTBO, KOTOPBIM SABJIACTCA METAHOJI, U3BJICKAIOT, U BJIHUAHHUE HA OKPYIKAKOIIYHO
cpeny ymenbiaercsi. [locpeacTBOM KOHKPETHBIX aCMIEKTOB HACTOSLIETO H300pETeHUS

HOTpe6HOCTI:> B BOAC B Ka4YC€CTBC IMPOMBIBOYHOI'O CPEACTBA MOXKHO AOIOJIHUTCIIBHO

YMCHBUINUTD.
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Ilepeyenb HOMEPOB NMO3HMLHH

1 TpyOOompoBoOn

2 peaxkTop AJsl CUHTE3a METaHOoa

3 TpyOOompoBoOn

4 YCTPOUCTBO 1151 IPOMBIBAaHUS MPOAYBOYHOIO rasa
5 TpyOOompoBoOn

6 TpyOOompoBOX

7 TEIIO0OMEHHUK

8 TpyOOompoBox

9 TpyOompoBox

10 TpyOonpoBon

11 TpyOonpoBon

12 pacIIUPUTEIbHBIN pe3epByap

13 YCTPOMICTBO IJIs MPOMBIBaAHUS PACLIMPEHHOTO rasa
14 TpyOOIpOBOI

15 TpyOOnpOBOI

16 TpyOOnpOBOI

17 TpyOOIpOBOI

18 TpyOOIpOBOI

19 pesepByap

20 TpyOOnpOBOI

21 YCTPOMUCTBO sl IPOMBIBAHUSI HHEPTU3UPYIOLIErO raza
22 TpyOOnpoBOa

23 TpyOOnpOBOI

24 TpyOOnpoBOI

25 TpyOOnpoBOa

30 TpyOOnpoBOa

31 TpyOOnpoBOa
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dopmyJia nzodpereHus

I. Crioco® m3BJIE€UEHHs METAHOJA W3 TEXHOJOIMYECKHX OTPaOOTaHHBIX Tra3osB,
00pa30BaHHBIX MIPU CUHTE3€ METAHOJIA, BKJIFOYAIOIINHN CIIENYIOIINE CTaJluH crocoda:
(a) mpeBpalueHHMe NOTOKAa CHHTE3-Ta3a IPH YCIOBUSAX CHHTE3a METaHOJa B IIO
MEHbBIIEH Mepe OJHOM PEaKTOpe IJIsl CHUHTE3a METAaHOJIA, KOTOPBIM PaCIONOXEH B
KOHTYp€ CHHTe3-Ta3a JAJisl HePEBPAIIEHHOrO CHHTE3-Ta3a,

(b) BBIMyCK XUAKOTO MOTOKA HEOYHMINEHHOTO METAaHOJIa U3 KOHTypa CHHTE3-Ta3a |
BBITyCK IOTOKAa NPOAYBOYHOIO ra3a M3 KOHTypa CHHTE3-ra3a, NpH 3TOM IIOTOK
POy BOYHOT'O Ta3a Harpy»KeH rnapamu MeTaHoa,

(c) BBemeHue TMOTOKAa MPOAYBOYHOIO rasa B YCTPOWCTBO JMJii TNPOMBIBAHMSA
NPOAYBOYHOIO Tras3a, IpPHUBEAEHME B KOHTAKT IIOTOKa NPOJYBOYHOIO rasa B
YCTPOWCTBE AJIi NPOMBIBAHUS IPOAYBOYHOI'O ra3a C IOTOKOM BOJIbI B KauecTBe
IIPOMBIBOYHOI'O CPEICTBA, KOTOPBIN HAINPABISAIOT Yepe3 YCTPOHCTBO ISl MPOMbIBAHUS
IPOAYBOYHOIO ra3a B NPOTHBOTOKE IO OTHOLIEHHMIO K MOTOKY MNPOAYBOYHOIO rasa,
IIPY 3TOM IMOTOK BOABI aOCOpPOMPYeT MO MEHbIIeH Mepe YacTh METAaHOJA M3 MOTOKA
POy BOYHOTO rasa,

(d) BBIMyCK MOTOKA BOABI, HATPYKEHHOTO METAHOJIOM, M TIOTOKA MPOIYBOYHOI'O rasa,
00€THEHHOTO METAHOJIOM, M3 YCTPOMCTBA JJIsl MPOMBIBAHHUS POy BOYHOTI'O rasa,

(¢) BBemeHHME >KUIKOrO TNOTOKA HEOUYMIIEHHOTO METaHOJAa B PACIIUPHTENbHbINA
pe3epByap, B KOTOPOM TIOHIJKAOT JABJICHUE >KUIAKOTO TIOTOKA HEOYHIEHHOTO
METaHOJIa, TPH S5TOM TMOJYYAIOT TIOTOK PACIIUPEHHOrO Ta3a, Harpy KeHHbIH
METAHOJIOM, U TMIOTOK HEe HAXOJSIIIErOoCs O] 1aBJICHUEM HEOUHIIIEHHOTO METAHOIA,

(f) BBemeHme mMOTOKA pPACIIMPEHHOrO Ta3a B YCTPOWCTBO Ui TPOMBIBAHHUS
paCUIMPEHHOr0 Tasa, MPUBEACHHE B KOHTAKT IIOTOKA pPACIIMPEHHOrO ra3a B
YCTPOWCTBE JIsi MPOMBIBAHMS PACIIMPEHHOrO ra3a C IOTOKOM BOIBI B KAauecTBE
MPOMBIBOYHOTO CPEACTBA, KOTOPBIN HAMPABIISIOT YePe3 YCTPONCTBO ISl POMBIBAHHUS
PaCUIMPEHHOTO ra3a B MPOTHBOTOKE IO OTHOLICHHIO K MOTOKY PAaCIIUPEHHOIO rasa,
IPU 3TOM TOTOK BOZbI aOcopOUpyeT MO MEHbIeH Mepe 4acTb METaHOJa M3 IOTOKa
pacLIMPEHHOTO rasa,

(g) BBIMYyCK MOTOKA BOJIBI, HATPY KEHHOTO METAHOJIOM, H IOTOKA PACIIMPEHHOTO rasa,
00€THEHHOTO METAHOJIOM, U3 YCTPOMCTBA Uil MPOMBIBAHUS PACIIMPEHHOTO Ta3a, MpU
5TOM JOO0ABJSIOT TOTOK BOXBL, HATPYKEHHBIH METAHOJIOM, K TIOTOKYy He

HaxXogAmerocs noa JaBJICHHEM HCOUYUIICHHOTO METaHOJIa,



S1 0357 2

(h) BBeneHne moToka He HAXOAIIETOCS TOA NABJIEHHEM HEOUYHINEHHOrO METAHOJA B
pesepByap Uil XpaHEHHs, B KOTOPOM €r0o XpaHsST O €ro Hocienyroomeil o0padoTku
WIA TOCJEAYIOWEero IPHUMEHeHHsT B Crnocode, W MNpPU 3TOM €ro MOKPBIBAKOT
WHEPTH3UPYIOIIUM Ira30M, KOTOPBIH 32 CUET 3TOTO HATrPY KAETCs METAHOIIOM,

(1) BBIIyCK TMOTOKAa WHEPTU3UPYIOIIErO Ta3a, HArPY>KEHHOrO METAHOJIOM, U3
pesepByapa sl XpaHEHHss M €ro BBEACHHE B YCTPOWCTBO JJsI IPOMBIBAHHS
MHEPTU3UPYIOIIEro ra3a, MpUBEACHUE B KOHTAKT IOTOKA MHEPTH3HPYIOLIEro rasa B
YCTPOWCTBE JIs1 MPOMBIBAHHUS MHEPTU3UPYIOLIErO ra3a ¢ MOTOKOM BOJbI B KaueCTBE
IPOMBIBOYHOI'O CPEICTBA, KOTOPBIN HANPABISAIOT Yepe3 YCTPONCTBO ISl MPOMbIBAHUS
MHEPTU3UPYIOLIEro ra3a B POTUBOTOKE MO OTHOLIEHUIO K ITOTOKY MHEPTU3UPYIOLIETO
rasa, Inpu 3TOM IOTOK BOAbI abcopOUpyeT Mo MeHbIeH Mepe 4acTh METaHONa U3
IIOTOKA MHEPTU3HPYIOLIETO rasa,

(J) BBIMYCK TOTOKA BOJBI, HATPY’KEHHOTO METAHOJIOM, U MOTOKAa WHEPTU3UPYIOIIETO
rasza, 0OeTHEHHOTO METAHOJIOM, U3 YCTPOMCTBA ISl TPOMBIBAHUSI HHEPTU3UPYIOIIETO

rasa.

2. Cnoco®6 mo m. 1, OTIMYArOIMICS TeM, YTO MOTOK MPOAYBOYHOTO rasa,
00€THEHHOTO METAHOJIOM, KOTOPBIH MojiyueH Ha craauu (d), momaroT B yCTPOWUCTBO

AJIs1 U3BJICUCHUA BOOOPOAA.

3. Croco®6 mo m. 1, OTAMYArOIMHCS TeM, YTO TOTOK BOJIBL, HATPY KEHHBIH
METAHOJIOM, KOTOPBIH mosiyueH Ha ctanuu (d), mo MeHbIneil Mepe YaCTHYHO MOAAI0T B

pacILIMpPUTENBHBIN pe3epByap.

4. Croco®6 mo m. 1, OTAMYarOIMHCS TEeM, YTO TOTOK BOJBL, HATPY>KEHHBIH
METAaHOJIOM, KOTOpbI mosydyeH Ha craauu (d), mo MeHblIel Mepe YacTUYHO
NPUMEHSIOT B KAa4e€CTBE IMPOMBIBOYHOIO CPEICTBA B YCTPOHCTBE IJIsI MPOMBIBAHHS

pacIIMpPeHHOro rasa.

5. Crioco0 1o 1. 1, OTAMYArOIUNACS TeM, YTO TI0 MEHBILIEH Mepe YacTh IMOTOKA He
HAXOJSIIEroCs MO/ AABJICHUEM HEOUYHWINEHHOrO METAHOJIa, MOJYyYEeHHOrO Ha CTaauH
(e) criocoba, MOAAKOT B YCTPOUCTBO JJISl IEPETOHKH 0€3 MPOMEKY TOYHOTO XPaHEHUS B

pesepByape ISl XpaHeHHUsl.
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6. Crioco0 mo 1. 1, OTAMYarOIMICs TeM, YTO 1O MEHbIIEeH Mepe 4acTh IMOTOKa
pacUIMpPEeHHOro rasza, 0OeTHEHHOTO METAHOJIOM, KOTODPBIM MOJy4eH Ha cranuu (g),

BBOJST B pe3epByap AJi XpaHEHHs B KaUeCTBE MHEPTU3UPYIOLIETO rasa.

7. Criocob mo 1. 1, OTAMYarOIUNCs TeM, YTO MO MEHbIIEeH Mepe 4acTh IMOTOKa
BOJIbI, HArPy>KEHHOI'O METAHOJIOM, KOTOPBIA MOJy4YeH Ha CTanuu (j), MPUMEHSIOT B
Ka4ecTBe MPOMBIBOUHOIO CPEACTBA B YCTPOWMCTBE AJisl MIPOMBIBAHUS PACIIUPEHHOIO

rasa.

8. Crnocob mo m. 1, oTuyarouuiicss TeM, 4TO MO MEHbLIEH Mepe 4acTh MOTOKa
BOJBI, HArpyXeHHOrO METAaHOJIOM, KOTOpPBIH NOJy4deH Ha cTaauu (j), MONAIOT B

pacIINPUTEIbHBIN pe3epByap.

9. Crioco6 o ro6oMy U3 MPEAbIAY IHMX MY HKTOB, OTJIMYAKOLIUICS TEM, YTO €ro
NPUMEHSIFOT JJIsi U3BJIEYEHUS] METAHOJIa M3 TEXHOJIOTHYECKHX OTPaOOTaHHBIX Ta30B,
00pa30BaHHBIX B YCTAHOBKE /Il CHHTE3a METaHOJIA, B KOTOPOIl METAHOJ MOJNyYaroT

N3 CUHTE3-Tra3a, rnojiy4acmMoro us yriis.

10. YCTPOWUCTBO ISl M3BJICYEHUS] METAHOJIA M3 TEXHOJOTHYECKUX OTPabOTaHHBIX
razoB, 00pa30BaHHBIX MIPU CHHTE3€ METAHOJA, CONEpIKALIee CIENY O KOMIIOHEHTHI
U y3JIBL:

(a) peakTop IUIA CHHTE3a METAHOJA, KOTOPBIH PACHOJNOXEH B KOHTYpE CHHTE3-ras3a
11 HETIPEBPALIEHHOTO CUHTE3-Ta3a,

(b) TpyOompoBox nnsi BBINyCKa »KHAKOTO MOTOKA HEOYHMIIEHHOTO METAHOJa W3
KOHTypa CHHTE3-Ta3a W TPYyOOIpPOBOX MJIsi BBINIYCKA MOTOKA MPOAYBOYHOTO rasza U3
KOHTypa CHHTE3-ra3a, NP 3TOM IOTOK MPOAYBOUHOIO Tra3a HATPYyXKeH IMapamu
METaHOa,

(c) yCTpPOWCTBO 1uii TMPOMBIBAHHSI TPOAYBOYHOIO Tra3a, BBIIOJHEHHOE B BUE
NPOTHBOTOYHOTO TMPOMBIBOYHOIO ammapara, TPyOONpoBOA Uil BBEAECHUS IOTOKA
NPOAYBOYHOIO Ta3a B YCTPOMCTBO [JIsl TNPOMBIBAHMS IPOAYBOYHOIO Trasa,
TpyOOIIPOBOA Uil TMONAYHM TOTOKA BOABI B Ka4deCTBE INPOMBIBOYHOTO CPEACTBA,
TpyOOIIPOBOA IJIsl BBIMyCKa IOTOKA BOZBI, HArPy’>KEHHOTO METAHOJIOM, U
TpyOONpPOBO TSI BBINTYyCKA MOTOKA MPOAYBOYHOTO ra3a, 00€IHEHHOTO METAHOJIOM, U3

YCTPOUCTBA JI1 IPOMBIBAHUS TPOAYBOYHOIO rasa,
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(d) pacumpuTenbHBINA pe3epByap, B KOTOPOM TMOHIIKAOT JABJIEHUE KHUIKOTO MOTOKA
HEOYHIICHHOTO METaHOja, TPyOONpOBOA [UIsi BBEACHUS KUAKOIO  IMOTOKA
HEOUYHIICHHOTO METAaHOJia B PACIIUPHUTENbHBIA pe3epByap, YCTPOWCTBO IS
NPOMBIBAHMSI PACIIMPEHHOTO Ta3a, BBHINOJHEHHOE B BHAE MPOTUBOTOYHOIO
ra300YUCTUTENS, KOTOPOE COENMHEHO C  PaCIIUPUTENIbHBIM  pe3epBYapoM,
TPyOONpPOBOI UIsi BBEACHHsS] MOTOKA BOABI B KA4eCTBE MPOMBIBOYHOIO CPENCTBA B
YCTPONCTBO Uil MPOMBIBAHHS PACIIMPEHHOrO ras3a, TPyOONpOBOA Uil BBITyCKa
IIOTOKA HE HAXOMAALIETrocs MOA AaBJIEHHEM HEOUHMIIEHHOTO METaHOJA U TPyOOmpoBOa
IS BBIITY CKa IOTOKA PACIIMPEHHOTO ra3a, 00€IHEHHOI'O METAHOJIOM,

(e) pesepByap Il XpaHeHUs, TPyOONPOBOA IJisi BBEEHUS TIOTOKA HE HAXOISIIEroCs
NOA AaBJIEHHEM HEOUHINEHHOTO METaHOJA B pPe3epByap Ul XpaHeHusi, TpyOonpoBoa
I BBENEHHsS MHEPTU3UPYIOLIEro ra3a W TPyOOMpOBON Uil BBIMyCKa IOTOKA
MHEPTU3UPYIOIIEro rasa, Harpy>kKeHHOIO METaHOJIOM, U3 pe3epByapa Ui XpaHEHHs,
TpyOOIPOBO AJIs1 BBIITY CKa HEOYHMIIIEHHOTO METAHOJA,

(f) ycTpoiicTBO 1isi MPOMBIBAHUS MHEPTH3MPYIOLIETO ras3a, BBIMIOJHEHHOE B BUJE
NPOTUBOTOYHOTO  Ta300YHMCTUTENs, TPyOONpoBOX ANl  BBEACGHUS  IOTOKA
WHEePTH3UPYIOIIEro ra3a, Harpy KeHHOr'O METAHOJIOM, B YCTPOMCTBO JJIsl IPOMbIBAHMUS
WHEPTU3MPYIOIIEro rasa, TPyOONmpoOBON MJisi BBENEHHS IOTOKA BOIbI B KadeCTBE
MPOMBIBOYHOI'O CPENCTBA B YCTPOWCTBO ISl MPOMBIBAHUS MHEPTU3UPYIOIIETO rasa,
TpyOONPOBOA AJISi BBIMMyCKA TIOTOKA HMHEPTH3MPYIOLIEr0 ra3a, OOeIHEHHOTro
METAHOJIOM, U TPyOOMPOBO IJIsl BBIMYCKA MOTOKA BOJIbI, HATPY3KEHHOTO METAHOJIOM,

13 YCTPOWUCTBA [l IPOMBIBAHMSI HHEPTU3UPYIOILETO rasa.

11. VYerpoiicteo no n. 10, [ONONMHUTENBHO coOAepskalee YCTPOWCTBO IS
H3BJICUCHUA BOAOPOOA H pr6OHpOBOH AJI1 BBEACHUS IMOTOKA MPOAYBOYHOI'O rasa,

00€THEHHOTO METAHOJIOM, B YCTPOMCTBO ISl N3BJICUEHHS] BOAOPOAA.

12. YctpoiictBo mo m. 10, IOMOMHHUTENHHO Conepskamee TPyOOmpoBON s
MOJIa4YM MOTOKA BOJIbI, HATPYKEHHOIO METAaHOJIOM, KOTOPBIA moinydeH Ha craanu (d)

crioco0a, B pacUIMPUTENbHBIN pe3epByap.

13. YctpoiictBo mo m. 10, IOMOJHHUTENBHO cConepskamee TPyOOmpoBOn s

MOJIa4YM MOTOKA BOJIbI, HATPYKEHHOTO METAaHOJIOM, KOTOPBI moiny4eH Ha craanu (d)
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criocoba, B YCTPOWCTBO JJisi TPOMBIBAHHS PACIIMPEHHOTO Ta3a B KadeCTBE

MMPOMBIBOYHOTO CPpEACTBA.

14. Yerpoiicteo no n. 10, [ONONHUTENBHO COAEpsKalee YCTPOWCTBO IS
MEPEeroOHKU W TPyOOMPOBOA IJIsl TIOAAYM TOTOKA HE HAXOISIIETOCs TOA JaBJICHHEM
HEOYMIIIEHHOTO METAHOJIa, MOJy4YEeHHOro Ha cTanuu (e) crocoda, B yCTPONUCTBO JJIS

NEPErOHKH.

15. Ycrpoiicteo mo m. 10, IOMOJHHUTENBHO conepikamee TPyOOmpoBOn s
Mojayl 1O MEHbIIeH Mepe YacTU IOTOKA pPACIIMPEHHOrO ras3a, OOeTHEHHOIO
METaHOJIOM, KOTOPBIN MOJIyueH Ha cTaauu (g) crnocoba, B pe3epByap UIisi XpaHEHUS B

Ka4eCTBE MHEPTU3UPYIOILEro rasa.

16. YcrpotictBo mo 1. 10, IOMONHUTENBHO conaepskalnee TPyOOmpoBOm st
O/Ia4H TI0 MEHbLIeH Mepe YacTH MOTOKA BOJbI, HATPY KEHHOI'O METAHOJIOM, KOTOPBIi
noJyueH Ha cragud (j) crnocoda, B yCTPOHCTBO Uil IPOMBIBAHUS PACIIUPEHHOTO rasa

B Ka4€CTBE MPOMbBIBOYHOI'O CPEACTBA.

17. YctpoiictBo mo m. 10, IOMOJHUTENBHO CoOnmepskamiee TPyOOnpoBOa s
rnoaayvu 1o MeHbIIeH MEPE 4aCTH IMMOTOKA BOABI, HAIPYKEHHOTO METAHOJIOM, KOTOprfI

MoJIyueH Ha ctafui (j) criocoda, B paClIupUTENbHBIN pe3epByap.

18. YcrporictTBo mo Jr000OMy M3 MPEObIAyLIMX MyHKTOB B YCTAaHOBKE IS

MOJIYUYCHHUA METAHOJIA Iy TEM TMPEBPALLCHUA CUHTE3-Ta3a, MoJIly4acMOro U3 yriis.
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