201891032 Al

(19)

(12)

(43)

(22)

naTeHTHoOe
Be4OMCTBO

EBpa3unckoe

@1 201891032 3 Al

OIMMCAHUE M30BPETEHUS K EBPABUNCKOMU 3ASIBKE

[ara ny6nukaumm 3aseku

2018.09.28

[ata noga4un 3asiBku

2016.09.29

(51) Int. Cl. F25J 3/02 (2006.01)

(54) BO3BPAT ®JIEI'MbI B KOJIOHHAX VIS AEMETAHUPOBAHUSI

(31)
(32)
(33)
(86)
(87)
(71)

(72)

(74)

1560528

2015.11.03

FR

PCT/FR2016/052489

WO 2017/077203 2017.05.11

3asBuTens:

JBEP JIUKHU, COCBETE
AHOHHUM IYP JIBETIO/I 9
JIBEKCIIJIOATACEH 9 IMPOCEJE
KOPXK KJIOJ (FR)

M3obpertatens:

Teppsben Iloub, Bukrop Mapu-Ilackais,
I'panapoc Jlronosuk, Mypuno Muuiesb,
Hemonbsen Beprpana (FR)

MpeacraBuTens:
Xapun A.B., Koros U.0., Bype H.H.,
Croiiko I.B. (RU)

(57) Crioco6 pazzieneHnst KOMITOHEHTOB TIOICKAITIEH
00paboTKe cMecH ra3oB, COepiKalIeil MeTaH, a30T |
[0 MEHbILIEH MEpe OAMH YINIEBOAOPOJ, COAEPKALIMMA
10 MEHBIIIEH Mepe ABa aToMa yIiIepo/a, il CMeCh Ta-
KHX YITIEBOAOPOIOB, BKIFOYAIOIINI CIEAYIONIHE CTa-
UM a) BBEJCHHE TOIIeKamIel oopaboTke cMecH ra-
30B B NEPBYIO PEKTH(UKANHUOHHYIO KOJIOHHY C TO-
JIy4eHHEM B KyOe KOJIOHHBI EPBOTO JKHJKOTO IMOTO-
Ka, 00OTaIllEHHOTO YIJIEBOAOPOAOM, COAEPKAIIUM IO
MEHBUIEN Mepe 1Ba aToMa yIVIepoJa, U B BEpXHEH ya-
CTH KOJIOHHBI IIEPBOTO 00OTaIEHHOTO METAaHOM MOTO-
Ka Ta3oB; b) BBeICHHE YKa3aHHOTO IEPBOTO >KHIKO-
TO MOTOKa, 00OTAIEHHOTO YIJIEBOOPOIOM, COMEpIKa-
MM 110 MEHBIIEH Mepe /Ba atomMa yIriaepona, Moiy-
YEHHOTO Ha CTaIuH a), BO BTOPYIO PEKTH(UKAIMOH-
HYIO KOJIOHHY C TOJyYCHHEM B BEPXHEH YacTH IaH-
HOHN KOJIOHHBI BTOPOTO MOTOKA I'a30B C BBICOKHM CO-
JIep>KaHUEM MeTaHa U B KyOe TaHHOH KOJIOHHBI BTOPO-
TO KHJKOTO TIOTOKA, COAECPIKAIIETO 0 MEHBIIIEH Mepe
60 Mo11.% yTIIeBOIOPOIOB, COMSPIKAIIIX 0 MEHBIIISH
Mepe ABa aToMa yIepo/ia, H3Ha4YaJIbHO MTPUCYTCTBYIO-
IIMX B IOMJIeKaIIel 00paboTKe cMecH; XapaKTepH3y-
IOIINICS TEM, YTO YaCTh BTOPOTO TOTOKA Ta30B C BBICO-
KM COJICp’KaHHEM METaHa, MOJyYeHHOTO Ha CTaJuH
b), Ha BEIXO/IE M3 BEPXHEH YacTH BTOPON peKTh(uka-
IIMOHHOW KOJIOHHBI CKUMAIOT 1 3aT€M KOHIECHCHPYIOT
JUIs1 BBEIEHUSI OHON YacTH B BEPXHIOIO YaCTh IEPBOI
peKTH(GHUKAITHOHHON KOJOHHHEI H pyroi gact (18c)
B BEPXHIOIO YaCTh BTOPON PeKTH(OUKAITMOHHON KOJIOH-
HBI 7151 0OecrieueHns Bo3Bpara (IerMbl B yKa3aHHBIX
PEKTH(HUKAMOHHBIX KOJOHHAX.
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Bo3Bpar ¢pnermbl B KONOHHaX AnAa gemMeTaHMpoBaHUs

Hactoawee wn3obpereHme oOTHOCUTCA K cnocoby  pasgeneHuvs
KOMMOHEHTOB CMECK rasoB, CoaepXallel MeTaH, as3oT U YrneBoAopOAbl,
tonee TsSXKeENble, YEM METAH.

CnepoBartenbHO, HacTosilee n3obpeTeHne NpuMeHaeTca K crocobam
[,ea30TUPOBaHNS NPUPOAHOTO rasa ¢ U3BneYeHmemM renmsa unmn 6es Hero.

MpupoaHbIn ras BocTpeboBaH ANA NMPUMEHEHUA B KadecTBe TOMNMBA,
npegHasHa4YeHHOro K  WUCMonb3oBaHWio Ans  oborpeBa  3gaHvn, Ans
obecneyeHns Tenna ANS  MNPOMbIWEHHBIX  CMOCOBOB  MOMyYeHus
SMNEeKTPOSHEPrMn, ANs MPUMEHEHUS B KayeCTBE CbipbS ANSA  PasnuyHbIX
CUHTETMYECKMX CNOCOBOB NOony4eHUs onedrHOB, NOSIMMEPOB U T. M.

MpupoaHbIN ra3 HaxXoAUTCA BO MHOMMX MECTOPOXKAEHNAX, YAANEHHbIX OT
nonb3oBatenen npupogHoro rasa. [NpupoaHbii rad obblMHO COCTOUT U3
metaHa (Cq), ataHa (C2) m 6Gonee TaXKenbiX COEAUHEHWA, TakuX Kak
yrneBoAoOpPOAbl, CoAepKalyme no MeHbLUEN Mepe TpW aToma yriepoaa, Takme
kak nponaH, BytaH u 1. 4. (Cs3+). Yacto moxeT ObITb BbIFOAHO OTAENATb
coeanHeHns C, n Cz+ OT NpUpOoAHOro rasa, 4tTobbl NpoaaBaTtb UX B KAYECTBe
oTAeNbHbIX NOBOYHBLIX MPOAYKTOB.

OTO 0OBACHSAETCH TEM, UTO MX LEHHOCTb OBbIYHO BbILLE, YEM Y CaMOro
MNPUPOAHOrO rasa, NMoCKOMbKY MX MOXHO MPUMEHSATb HEMOCPEACTBEHHO 4NN
XUMUYECKNX CMOCOBOB (Hanpumep, W3roTOBMEHME IJTUMEHa M3 3TaHa), B
kauyecTtBe Tonnme (C3/C4 ABNSETCA TPaAULMOHHBIM TOMMMBOM, U3BECTHBIM Kak
CYT (LPG)) nnm gna mHormx apyrnx obnactem NnpuMeHeHUs.

JpyrMM KOMMOHEHTOM, 4acTO MNPUCYTCTBYIOLMM B MNPUPOAHOM rase,
aBnseTca asoT. [NpucyTCcTBME a3oTa B MPUPOAHOM rase MOXET BbI3biBaTb
3atpyaHeHus B cobnogeHum TpeboBaHuM K NPMPOAHOMY rasy (kak npasuno,
Tpebyemoro 3HauYeHns MUHMMaNbHOWM HM3WeEW TennoTbl cropaHus). Euwe
Bonee npaBunbHbIM ABNSETCA yAaneHWe yrneBofoponoB, bonee Tsxenbix,
yem meTaH (Cz n Cz+), NOCKONbKY OHWM MMET Bonee BbICOKOE 3Ha4YeHue
HU3LLEN TEMMOTbI CrOpaHus, YemM METaH, NO3TOMY MPU UX YAANEHUN 3HAYEHNE
HMU3LLEN TENNOTbl CropaHns, Takum oBpa3om, CHUXKAETCS, U 3aTEM €ro MOXET

ObITb HEODXO0AMMO yBENMNYMBATL NyTEM OTAENEHNA a30Ta.
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CnepoBartenbHO, npunarannucb onpeaeneHHble yeunua Ana cOo3faHus
CPEACTB ANA yAaneHus asoTa, NPUCYTCTBYHOLLEro B NPUPOLHOM rase.

JkcnnyaTupyemMble  3anexu  nNpUPOAHOro rasa cojepxar Bce
yBENnMUYMBaroLLMECa KONMMYecTBa asoTa. IJTO, B 4aCTHOCTWU, OBbACHAETCA
BbIpaboOTKON W yBENMUYEHMEM AeduumTa MECTOPOXAEHUW, [OCTaTOYHO
foratbix, 4TOObl NEpen BbIBEAEHMEM rasa Ha pbIHOK He TpeboBanach
obpaboTka ans oboraileHms.

OTU WUCTOYHMKM MPUPOAHOrO rasa 4acTtO TakKe COoaepxar renun.
MocnegHnn MOXHO BBOAMUTL B KOMMepYyeckoe noTpebneHve nytem
npoBeAeHUs MNpPeaBapUTENbHOMO  KOHLUEHTPUPOBaHUS nepes  KOHEeYHOW
0BpaboTKOMN N CHRMKEHNEM.

HeTpaguumoHHble pecypcbl, Takme Kak CrnaHueBble rasbl, Takke UMeroT
Ty Xe npobnemy: 4ytobbl caenatb UX peanu3yeMbiMU Ha PbIHKE, MOXET
oKkasaTbCsl HeODXOAMMbIM YyBEMUYEHME 3HaYEeHUs WX TENnoTbl CropaHus
nyTem oBpaboTkK, 3aknoyaroLencs B 4ea3oTUMPOBaHNK rasa.

Hanbonee wmpoko wncnonb3yembiM crnocobom pasgeneHms asota um
yrneBogoponoB, 0Oonee TsXKenblX, YEM MeTaH, SABMNAETCS 'KPUOoreHHoe
pasgenenune”. Cnoco® KpMOreHHoro otaeneHus asota, bonee KOHKPETHO,
cnocob ¢ MCNoMb30BaHMEM ABOMHOW KOJMOHHbLI, ONMCaH B 3asBKE Ha NaTeHT
US-A-4778498.

Ha ycraHoBkax Ana p[easoTupoBaHuMs MNPUPOAHOro rasa o0bblYHO
ocyllecTBnaloT obpaboTky rasoB, MNOCTyNaroWMX HEMNOCPEACTBEHHO U3
CKB&XMH MpPU BbICOKOM aasneHun. ocne paeasotupoBaHus obpaboTaHHbIN
ras gormkeH ObITb BO3BpalLEH B CETb, YacCTO NOA AaBneHweMm, Bnvskum K
LaBMNeHMIo Ha BXOeE.

Mpn okcnnyaTaumm 3anexen npupoOAHOro rasa MOXeT ObITb
NpeaycMOTPEHO MHOXECTBO cTaaun. CpaBHUTENBHO OBLLENPUHATON CTagmnen
nocrne Cywku W yaaneHus npuMecen SBnSeTCS OTAENEHUE XULAKOCTEW,
CBA3aHHbIX C NPUPoAHbIM rasom (NGL).

Y 3TOoM cTagum MoXeT BbiTb MHOXECTBO MPEUMYLLECTB, HO 4YacTO OHMU
3aKn4arTCa BO BBOAE B KOMMEPYECKOE WCMOMb30BaHWE PasfnyHbIX
"TskenbIX' yrneBoAOPOAHbIX MPOAYKTOB, COAEPXKALLMX MO MEHBLUEWN Mepe ABa
aToma yrnepoaa (coeanHernn Co, Cz 1 T. 4.), KOTOopble 0BbIYHO NPOAATCA

3HaYUTENBHO AOPOXKE, YEM MPOAYKT NMPUPOLHOro rasa.
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Ecnv npupoaHbIn ras cogepkmuT asoT, CyLEeCTBYET PUCK CHOBA NONYyYnUTb
NPUPOAHBIA a3 CO CIINWKOM HU3KUM 3Ha4YeHWeM TennoTbl CropaHud
BCMNEACTBME MONYYEHHOIO HU3KOrO copepxaHus coegmHeHnn Co, Csz mn 1. 4.
MoaTomMy 0ObIMHO CyllecTBYyeT HEOBXOAMMOCTb 3aTeM OTAenATb as3oT OT
3TOro rasa, Ytobbl cgenaTb ero NPUrogHbIM A9 NPOAAKMW.

OBwenpuHatoe peweHne coctout B Bopbbe C aBymMa npobnemamu
He3aBMCUMO.

Ha nepBon ycrtaHoBke ocyuwectenawT oTtaeneHe NGL (ganee
obosHavaeTca kak ycrtaHoBka NGL), Torga kak Ha BTOpPOW YCTaHOBKe
OCYLLIECTBNAOT OTAENEHME a3oTa OT NPUPOAHOro rasa (ganee obosHavyaeTcs
kak NRU). lNpenmyLlecTBOM 3TOro pelleHnsa ABnAeTCs 3KCnryatauuoHHas
rMOKOCTb.

Hanpumep, ecnn yctaHoBka NRU BknoyaeT UMK OXNaxpeHwus,
CBSA3aHHbLIE C 3TMM YCTPONCTBA MMEIT OrpaHUYEHHY0 HagexXHOCTb, 1 cOon B
paboTe komnpeccopa uukna npveeget kK otknoveHnto NRU, HO He npuBeaeT
npu 3ToM K oTkntoueHno NGL.

K coxaneHuto, 3TO OTKNHOYEHME HE CMOXET ObiTb ANUTENbHbBIM,
nockoneky Toraa Oyaer HeobxoauMMO Cxuratb NPOAYKUMIO (BCneactene ee
4YPE3MEPHO HMU3KOrO 3HAYEHWSA TEMMOThI CropaHus).

Kpome Toro, faHHas cxema orpaHumyeHa B OTHOLLEHUMN 3P EKTUBHOCTMN,
MOCKONbKY BeChb ras ssnaetca [pn obpaboTke B yCcTaHOBKE ANS OTAENEHUS
NGL 3sHauutenbHyto 4acte (obbldHO 6Gonee 10%) nogaBaemoro rasa
KOHAEHCUPYIOT. BO BpemMsa AaHHOro KOHAEHCUMPOBaHUSA METaH KOHAEHCUPYHOT
¢ Bonee TxenbiMK yrnesogopoaamm (coegmHermnamm Co+ n/vnm Cs+).

3arem 06bl4HO HEOBXOAMMO NMPUMEHEHME KOMOHHbLI MNOL Ha3BaHWEM
"'nemeTaHm3aTop" AnA NOBTOPHOrO BbiNapmMBaHUsa MeTaHa, U YToObl METaH HEe
Bbin notepsaH B npogykrtax Co+ n/mvnm Cz+. ECnn npucyTCTBYET a3oT, OH, C
APYron  CTOPOHbl, OyAeT KOHAEHCMPOBAH B OYEeHb HE3HAYUTENbHOM
KONN4YEeCTBE N NMPEUMYLLIECTBEHHO CHOBa MepenaeT B rasoobpasHyto daay,
KOTOPYHO NOA4ar0T B KOJTIOHHY ANSA AeMETaHNPOBaHWS.

Takum 00pasom, aBTOpbl HacTosAwero wusobperteHns paspabotanu
peLleHne, KOTOPOE NO3BOMSET PELUUTb YKasaHHble Bbile npobnemel, n npu
3TOM OMNTUMUBUPYET 3artpaTbl SHEPTUW, TaKME KaK, Hanpumep, CBA3AHHbIE C

NoTpebneHNeM 3NEKTPOIHEPIMM MPU OCYLLECTBINEHNN faHHbIX CnocoboB.
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OBbekToM HacTofAlero n3obpeTeHna aBnseTcs cnocodb pasgeneHus
KOMMOHEHTOB nognexawen obpaboTke CMecu rasoB, COAepXKallen MeTaH,
a3oT MU NO MEHbLUEW MEPE OAMH YrNeBOAOPOA, COAEpXaWMM MO MEHbLUEN
Mepe ABa atoma yrrnepoaa, Unm CMecb TakuxX yrneBoAOpPOAOB, BKIHOYAOLLMMA
crnegyrouwve ctaguu:

a) BBeaeHve noanexawen obpaboTke Cmecn rasoB B MEPBYHO
PEKTUDUKALNOHHYHO KOMOHHY C MOflydeHMeM B Kybe KOMOHHbl MNepBOro
XMAKoro noTtoka, oboraleHHOro yrneBogopoaoM, Coaep)aliM rno MeHbLUEN
Mepe pABa aroMa yrnepoga, U B BEpXHEW YacTU KOJOHHbl MNEepBOro
oboralleHHOro MeTaHOM NoTOKa rasos,

b) BBegeHMe yKasaHHOro nepBOro >XMAKOro MnoToka, oboralleHHOro
yrneBoAOpOAOM, coaepxalMM no MeHbLUeW Mepe ABa aroma yrnepoga,
MNONYYEHHOro Ha CcTagun a), BO BTOPYH PEKTUDUKALMOHHYHO KOMOHHY C
NOMnyYeHNEM B BEPXHEW 4YacTU LaHHOW KOMOHHbI BTOPOro MoTOKa rasoB C
BbICOKMM COAepXaHnem metaHa u B Kybe faHHOW KONMOHHbI BTOPOro XWAKOro
noToKa, cogepxawero no MeHblwen mepe 85 mon. % yrneeBoL0pOA0s,
CoAepXawmx no MeEeHbLUEW Mepe pABa artoma yrnepoga, usHadanbHO
NPUCYTCTBYIOLLMX B nognexawien obpabotke cmecy;

XapakTEPUIYIOLWMACA TEM, YTO 4acTb BTOPOro MNOTOKa rasoB C BbICOKUM
COAEPKAHMEM MeTaHa, MONyYeHHOro Ha ctagum b), Ha BbIXO4E U3 BEPXHEN
4acT BTOPOM  PEKTUPUKALMOHHON KOMOHHbI  CKMMaKT [0  3Ha4YeHus
AaBneHus, npesblwarowero Ha 10ap 3HadeHve p[aBneHUss BO BTOPOW
PEKTUUKALNOHHOM KONOHHE, U 3aTEM KOHAEHCUPYIOT AN BBEAEHUS OLHOM
4YacTM B BEPXHIOK 4acTb NEPBON PEKTUMUKALMOHHOW KOJOHHbI WU APYrom
4acTW B BEPXHIOK YacTb BTOPON PEKTUMDUKALMOHHOM KOJOHHbI AN
obecneveHna Bo3sparta ornerMbl B yKasaHHbIX PEKTUPUKALNOHHBIX KONOHHaX.

bonee KkOHKpPETHO OOBLEKT HaCTOAWEro W30OpeTEHMA OTHOCUTCA K
cnegyroLemy.

- Cnocob, onpeaeneHHbIA BbILLE, KOTOPbIA XapakTepmusyeTcs TEM, YTO
MOHWKAT AaBneHWe 4YacTu BTOPOro MOTOKa rasoB B TypOuHe [0 3HaYeHUd
AaBNEHUs, KOTOPOEe MO MeHbLeWn mepe Ha 1 0ap HWKe, 4YemM 3HaudeHue

LaBMneHns B peKTUMUKALMOHHOM KOMOHHE.
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- Cnocob, onpeaeneHHbIN BbilE, KOTOPbIA XapakTepmuayeTca TEM, UTO
CoAepXaHve asoTa B ykazaHHOM BTOPOM MOTOKE ras3oB MO MEHbLUEN Mepe B
1,5 pa3sa MeHbLUE, YeM cofepXaHne asoTa B NepBOM MNOTOKE rasos.

- Cnocob, onpepeneHHbi BbilWwe, AOMONHUTENBHO BKIOYAKLWMA
CTaguio C). BBEAEHME yKaszaHHOro nepsBoro oboralleHHOro MeTaHoM MOoToKa
rasoB, MOMy4YeHHOro Ha CTaauwn a), B YCTaHOBKY ANA Aeas3oTupoBaHUa And
OTAEeneHns asoTa OT OCTalNbHbIX KOMMOHEHTOB JAaHHOrO NOTOKa rasos.

- Cnocob, onpeaeneHHbIN BbilLEe, KOTOPbIA XapakTepmusyeTcs TeEM, YTO
BTOPOW MOTOK rasoB, MOMyYeHHbIN Ha cTtagum b), He obpabartbiBaoT B
yCTaHOBKe AN4 Aea30TUpOoBaHNS.

- Cnocob, onpeaeneHHbIN BbilLe, KOTOPbIA XapakTepmusyeTcs TeEM, UTO
oT S5mon. % o 30 mon. % mMeTaHa, KOTOpbIM M3HaYanbHO MPUCYTCTBYET B
noanexawen obpaboTke CMecu rasoB, BXOAUT B COCTaB MEPBOro XMAKOro
noToka, oboralleHHOro yrneBO4OPOAOM, COAEPXKAaLMM MO MEHbLUen Mmepe
ABa aroma yrnepoga, nofly4eHHoro Ha craguu a).

- Cnocob, onpeaeneHHbIn BbIlE, KOTOPbIA XapakTepmusyeTcs TEM, UTO
ot 10 mon. % po 20 mon. % meTaHa, KOTOPbIM M3Ha4YanbHO NMPUCYTCTBYET B
noanexaiwen obpaboTke CMecu rasoB, BXOAUT B COCTaB MEPBOrO XXUAKOro
noToka, oborawjeHHOro yrrneBoAopoAoM, COoAepKalyM MO MEHbLUEN Mepe
ABa atoma yrnepopga, nofly4eHHoro Ha crtagum a).

- Cnocob, onpeaeneHHbIn BbILLE, KOTOPbIA XapakTepmusyeTcs TEM, UTO
nepes crtagven a) OH BKIHOYaeT creayowme Ctagum:

- N0 MEHbLUEM Mepe YacTuyHas  KOHAEeHcauusi  yKasaHHOM
noanexaiyen obpaboTke cMecu rasoB C NonyYeHMEM ABYXdasHOW CMECH;

- HarHeTaHue napoBoW asbl yKasaHHOM AByx(dasHOM CMecU B
YKa3aHHyH MepByr PEKTUDMUKALMOHHYHO KONOHHY;

- HarHeTaHue >XMAKOW asbl ykasaHHOM [AByx(dasHOW CMecn B
YKa3aHHyH BTOPYH PEKTUMDUKALIMOHHYHO KONTOHHY.

- Cnocob, onpeaeneHHbIA BbILLE, KOTOPbIA XapakTepmusyeTcs TEM, YTO
NMOTOK rasoB, KOTOPbLIN U3BMEKAKT N3 NEPBON PEKTUDUKALMOHHOWN KONOHHbI Ha
cTagun a), CoaepXuT He Bonee NMonoBWHBI OT KONMMYECTBa YrneBO4OPOAOB,
cogepxawmx 6Oonee gByx artoMOB yrnepoga, MPUCYTCTBYHOLMX B

nogaBaemMoM rase.
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- Cnocob, onpeaeneHHbIN BbilE, KOTOPbIA XapakTepmuayeTca TEM, UTO
XWOKOCTb, KOTOPYH W3BMEKaKT M3 YKaszaHHOW MNepBOM pekTUdUKaLMOHHAs
KONMOHHbI Ha cTagun a), COoaepXUT no meHbwen wmepe 90 mon. %
YyrneBOAOPOAOB, CoaepXallmnx No MeHbLLEW Mepe ABa artoma yrrnepoaa, v npu
3TOM OH NPEANOYTUTENBHO COAEPXKUT MO MeHbLUEN mepe 95%.

- Cnocob, onpeaeneHHbIN Bbile, KOTOPbIA XapakTepmusyeTcs TEM, YTO
ykasaHHasa nognexawas obpaboTtke cmech rasoB copgepxut 70 mon. %
MeTaHa, No MeHblen mepe 4 mon. % asota u 2 mon. % yrneBoLopoAos,
coAepxaLumx no MeHbLUen Mepe ABa atoma yrnepoga.

- Cnocob, onpeaeneHHbIN BbilLe, KOTOPbIA XapakTepmusyeTcs TeM, UTO
BO Bpems cragum b) Xuakuym noToK, OBOoralleHHbIn  yrneBogopOLOM,
coaepxawmMm no MeHbllen Mepe gBa artoMa yrnepoga, MonyYeHHbIW Ha
cTagmn a), BBOAAT B yKasaHHYHO BTOPYH PEKTUDUKALMOHHYHO KOSMOHHY Ha
TEOPETUYECKYHO CTYMEHb HWXKE BEPXHEeW 4acTU [aHHOW yKasaHHOW BTOPOW
KONOHHbI.

- Cnocob, onpeaeneHHbIn BbIlE, KOTOPbIA XapakTepmusyeTcs TEM, UTO
yKasaHHbIW NOTOK rasoB, MOMNyYeHHbIM Ha cragum  b),  msBnekarot
HEeNOCPEACTBEHHO N3 yKa3aHHOW BTOPOMN PEKTUDUKALMOHHOWN KOMOHHbLI MPw
AaeneHum Bbiwe 20 6ap abc., 1 npu 3ToM OH coaepXunT 95 mon. % meTtaHa.

Takum obpasom, cnocod, KoTopbIM npeacTaBnseTr cobon obbekT
HacToALWEro m3obpeTeHns, AenaeT BO3MOXHbIM TO MPEMMYLLECTBO, 4TO
TOMBKO ras, KOTOPbIM NOAAI0T B KONOHHY AN METAHUPOBAaHNA, COAEPKUT a3oT
B 3HAYNTENBHOM KONMYECTBE.

OTO BbI3BAHO TEM, YTO MNPEASIOKEHHOE pPELUEHWE MO CPaBHEHUIO CO
cnocobamp, M3BECTHBIMU U3 YPOBHA TEXHUKW, 3aKMHOYaeTCa B pasgeneHum
CTaHAapPTHO WCMONb3yEMOW KOMOHHbI ANS AEMETaHUPOBaHWA Ha ABe, Mnpu
3TOM B OAHOW (APYrMMM CroBamu, B MEPBOU PEKTUDUKALNOHHOW KONOHHE)
nony4aroT NPOAYKT NPUPOAHOro rasa C HU3KUM cogepkaHmem Co+ 1 BbICOKUM
coAepxaHMeMm asota, W B Apyron (ApyrMMm cnosamu, BO BTOPOU
PEKTUDUKALNOHHOM KOMOHHE) COAEPXKUTCH MNPOAYKT NPUPOLHOrO rasa c
HW3KNUM cogepxaHnem Co+ 1 4easoTUPOBaHHBIN.

Cnoco6 no Hactoswemy um3obpeTeHnto obecneymBaeT BO3MOXHOCTb
BblAEMNEHNS HEOUMLLEHHOMO rasa C BbICOKMM cogepxaHmem Co+ n asota

(06blMHO MO MeHblen Mepe 1% Co+ 1 No MeHblwen mepe 2% asota). B
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COOTBETCTBUM C KOHKPETHbIM BapuMaHTOM OCYLLECTBIEHMS crnocob B
COOTBETCTBUM C HaCTOALMM M30BpeTeHnemM OObIMHO BKIHOYAET crnegyrome
cTaguv.

e [lpenBaputensHas obpaboTka nognexawiero obpabotke
HeouneHHOro rasa (Hanpumep, otgenenve Bogbl, CO,, meTaHona wu
TSXKENbIX YrNEBOAOPOAOB).

e OxnaxaeHne HEOWYMLLEHHOro rasa A0 NepBoOW TemnepaTtypbl HWXe
okpyxarwen cpegbl (06blMHO oT -30°C pgo -70°C) € BO3MOXHOCTbIO
NOMNy4YeHNs OXNax4eHHOro AByxdasHoro NoToka.

e PasgeneHve oxnaxneHHoro AByxdasHOro NoToka Ha NepBbIv ras u
NepBYH XNAKOCTb.

e [loHWKeHWe AaBneHus No MEHbLUEN Mepe 4acTu NepBOU XKMUAKOCTH
AN €€ HarHEeTaHWSA B HWKHIOK KONOHHY ANS AeMETaHMPOBaHWS, Has3BaHHYHO
Bbille BTOPON PEKTU(MPUKALMOHHON KONOHHOW. B kadecTtBe anbTepHaTuBbl,
MOTOK rasoB, COAEpXalnh MeHbLUe a30Ta, YeM WUCXOAHbIA Moanexailum
obpaboTke NOTOK rasoB, OTBOAAT HA YPOBHE HWXE BEPXHEW 4acTu NepBoOu
KOMOHHbI AN AEMETaHNPOBAHUSA AN HAarHETaHUS B HWDKHIOK KOMOHHY 4SS
AEeMETaHNPOBaHNSA, HA3BaHHYHO BbiLLE BTOPON PEKTUMDUKALMOHHON KONOHHOMN.

e [loHWKeHWe AaBneHust Mo MEeHbLUEN Mepe 4acTu rasa B TypOuHe n
ero BBEAEHME MOCMe MOHWKEHUA AaBneHns B KyO BEpPXHEW KOMOHHbI AnS
AEeMETaHNPOBaHNSA, HA3BaHHOW BbILLE NEPBON PEKTUHOUKALNOHHON KOJTOHHOMW.

e KoHaeHcuMpoBaHME MO MeHbLUEM Mepe 4YacTu rasa C  €ro
NPUMEHEHNEM B KadyecTBe 0oOpaTHOro MOTOKa B BEPXHEW KOMOHHE Ans
LEMETaHNPOBaHNS.

e BBefeHue XngkoCTu U3 BEPXHEN KONMOHHbI ANSA AeMETaHMPOBaHWSA B
HWXKHIOK KONMOHHY ANS AEMETaHMPOBaHMUS Ha MO MEHbLUEN Mepe OAHy
TEOPETUYECKYHIO CTYMEHb HKE BEPXHEW YaCTM KONOHHbI.

e [lonyyeHne B BEPXHEM 4YaCTU  BEPXHEW  KOMOHHbI  ANS
LEMETAHNPOBaHNSA Tras3a C HU3KMM cogepxaHmem Co+ U BbICOKMM
cogepxaHmem asota (bonee BbICOKMM, YEM B HEQUULLEHHOM rase).

e [lonyyeHne B BEPXHEW 4YaCTU  HWKHEM  KOMOHHbI  AnNS
AEMETaHNPOBaHNSA rasa C HU3KMM cogepxanmeM Co+ 1 HU3KUM COAEpKaHNEM
asoTa (06bI4HO copepKaLlero no MeHbLUEN Mepe B ABa pasa MeHbLUe as3oTa

MO CPaBHEHUIO C ra3oM B BEPXHEWN YaCTU BEPXHEN KOMOHHbI U HKE YETBEPTU
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COAEpPKaHus asoTa Mo CPaBHEHWIO C COAEPXKaHMEM a3oTa B BEPXHEW 4acTu
"BepXHEN" KOMOHHbI).

910 Takke obecneymBaeT BO3MOXHOCTb 3HAYUTENMBHOMO YMNPOLLEHUS
06paboTKn NNCTOBOrO MeTanna KonMoHH ANS AeMEeTaHUPOBaHUA, CTaH4apTHO
NPUMEHSAEMbIX B CNocobax, M3BECTHbIX U3 YPOBHSA TEXHUKW.

3OTO BbI3BAHO TEM, YTO 0ObIYHO BEPXHSAS YaCTb KOMOHHbI ropasao wupe,
4YeM KyO KOMOHHbI, YTO HaknablBaeT MexaHU4YecKne OrpaHuyeHuUs W, Takum
obpasom, MNpMBOAUT K AOMNOMHUTENbHLIM 3aTpatam. PasgeneHve KOMOHH
obecneynBaeT BO3MOXHOCTb YCTPAHEHUS aHHOIO OrpaHUYEeHNS.

Ana  uvcToweHns  BepxXHeM  4acTU  HWKHEeW  KOMOHHbI  AnS
AemMeTaHnpoBaHMa obecnedmBaroT  AOMNONHUTENbHBIM  BO3BpaT  riermbl.
HaHHbeIn BO3BpaT nermMbl AOMKEH MPU BO3MOXHOCTU XapakTepu3oBaTbCs
OYeHb HU3KMM copepxaHveM asota. Bo3aMOXHO Heckoneko cnocobos
obecneyeHnsa gaHHOro Boseparta nermoi.

e [lpumeHeHve cneumanbHOro KOHAEeHcaropa, Hanpumep, C XUOKAM
METaHOM NpwW AaeBneHun, Bonee HU3KOM, YEM B BEPXHEW 4acTWU KOSOHHBbI.
HaHHbIV XXMAKMA MeTaH MOXHO NoNyYaTb NOCPEACTBOM YacTM NpoLecca HMKe
no notoky (NRU).

e [IpyMeHeHMe MOBTOPHO CXaToro W MOBTOPHO KOHAEHCUPOBAHHOMO
rasa m3 HWKHEN KONMOHHbI A4NS AEMETaHMPOBaHMS.

N306peTeHne Byaet onncaHo Bonee nogpobHO CO CCbINKOW Ha dourypy,
NNIOCTPUPYIOLLYIO Crocob no HacTosAWEeMY N300PETEHMIO.

Ha dourype notok 1 npupogHoro rasa, npowleuero npegsapuTenbHyHo
06paboTky (0BbIMHO MOABEPrHYTOr0 OTAENEHUIO YacTU MO MEHLLUEN Mepe
OQHOr0 M3 cneayrowmx KOMMNOHEHTOB: Bogbl, CO,, MeTaHona, coeauHeHun
Cepbl, OMEHb TAXEnNbIX YrNeBOAOPOAOB, APYTMMU CnoBamn, nmerowmx donee
LECTN UM CEMM aTOMOB yrrnepoga (Hanpumep, Takux Kak coegmHerns Cgt)),
cogepxawlero no mMeHowen mepe 30 mon. % MeTaHa, MO MEHbLUEW Mepe
0,1 mon. % yrneBoAOpPOAOB TSKeNnee MeTaHa (ApyrMMyM  CrioBamu,
cCoAepXalmx no MeHblen Mepe ABa atomMa yrnepoga) U OT Mo MEHbLUEN
mepe 4 mon. % po 50wmon. % wnm paxe 80wmon. % asota BBOAAT B
cucteMy 2 ¢ obecneyeHMeM BO3MOXHOCTM MO MEHBLUEN MEPE YacCTUYHOM

KOHAEHCaLUMN ykasaHHOro notoka 1.
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HaeneHne panHoro notoka 1 cocraBnsetr ot 20 6ap abec. (Bap
abcontotHoro paenenHnsa) po 100 6ap abc. (kak npaswno, or 30 pgo
7006ap abc.), wn Temnepatypa saBnaeTtca Onu3kom K TeEMnepaTtype
oKpyXxarowien cpeabl, Hanpumep, ot 0°C go 60°C.

Cuctema 2 npeacraesnseT cobon, Hanpumep, TennoodbmeHHMK. Cmech 3,
BbIXOASALAs U3 3TOM CUCTEMBI 2, HAXOAUTCA B ABYXAA3HOM (ras v XXMUAKOCTb)
cocToaHnKn. [laHHyro cMech 3 BBOAAT B cenapatop 4 das.

Pabouee gaenenne coctaenset ot 20 go 100 6ap abc., kak npaBuno, oT
30 go 70 6ap abc. TemnepaTypa fgaHHoro cenaparopa cocrasnset ot -100°C
no 0°C, kak npasuno, ot -80°C go -20°C.

Mo meHbwen mepe B YacTn 8' razoobpasHon ¢asbl 8, NonyyYeHHON U3
cenaparopa 4, MNOHWKaKT JAaBfeHne C nomowpo TypoOuHbl 9. T1OTOK,
nony4aembin N3 TypOuHbl 9, BBOAAT B NEPBYHO PEKTUDMUKALMOHHYH KONOHHY 7
Ha cTyneHb 10, pacnonoXeHHYH B HXKHEN YacTu YKa3aHHOW KOMOHHbI 7.

B xunakon dase 5, nony4yeHHON 13 cenapatopa 4, NOHWKarKT AaBneHne
C NoMoLLbIO kKnanaHa 6 n 3atem npu gasnenum ot 10 6ap abce. go 40 6ap abce.
n Temneparype, Hanpumep, ot -110°C go -30°C, HarHeTarT ee B yKasaHHyto
KONMOHHY 7 ANA AEMETaHMPOBaHWs, fanee Takke HasBaHHyl0 BTOPOM
PEKTUMDUKALMOHHOM KONMOHHOM 2Knakyro dasy 5 BBOAAT HaA TEOPETUYECKYHO
ctyneHb 10" HWKE BEPXHEN YaCTU YKa3aHHOW KOMOHHbI 7'

YKnakuii NoTok 12 yrneBoAopoaoB TSHKENEee MeTaHa U3BMNEKaoT B CaMOM
HWKHEN YacTn 16 (B kybe) KONOHHbI 7',

Pebonnep 11 pasmeLwiaror Ha ypoBHE, KOTopbin obecneymBaeT
BO3MOXHOCTb MOBTOPHOMO KMMSYEHNA KyBOBOW XUAKOCTU U3 KOMOHHbI 7' Ang
NMOBTOPHOrO HarpeBa 4acTW XMOKOCTU M3 yKa3aHHOWM KOMOHHbI C LENbHo
perynMpoBaHmMsa MakCUManbHOro npegena MeTaHa, Coaepallerocsa B
noToke 12 TsSKenbIX yrineson0pon0s.

Mo meHbwen mepe 50 mon. % (kak npaBuno, MO MEHbLUEN Mepe
85 mon. %) TsKenbIX YrneBoAOPOAOB, MPUCYTCTBYHOLMX B MOANEXaLLEN
obpaboTke cmMecum 1 rasoB, W3BMNEKalOTCAd B AaHHOM  NOToke 12.
MpeanouTuTenbHO M3BnNeKaeTca No MeHbLlen mepe 90%.

[MpeanouTnTensHO XUAKMA MNOTOK 12 yrmeBoaOpPOAOB HE COAEPXKUT

donee 1 mon. % mMeTaHa.



2015P00224WO
10

[ns NOBTOPHOrO HarpeBa HWKHEN 4aCTU KOJOHHbI 7' (HWKHAA YacTb =
HWKe BBOAA >XMAKOCTW, BbIXOAAWEW wu3 cenapatopa4) MoxeT OblTb
ycTaHoBneH TennoodbmeHHWK 13. B pgaHHein  TennooOMmeHHWK noparoT
nogasaembln notok 1 rasos. [JaHHOe NOBTOPHOE HarpeBaHue yryywaet
paBHOBECME MeXAy MNOMCKOM  MakCUManbHOro BbIXO4a W YUCTOTbI

BbIXOAALEro MnoTOKa W3 BTOPON PEKTUPMKALMOHHOW KOMOHHbLI 7' "Ans
AemMeTaHnpoBaHus".

B BepxHen yactm 14 nepBon pPeKTUPUKALNOHHOW KONMOHHBLI 7 (BEPXHSS
YacTb = CaMbll BEPXHUA BbIXOL KOMOHHbI) W3BnekarT oboralleHHbIN
METaHOM noTOoK 15 rasoB, Kak npasuno, cogepxawmnm meHee 0,5 mon. %
yrneBOAOPOAOB, cojepxallmx bonee AByxX aTOMOB yrrepoga (copepalymm
He Bonee NONOBMHBI OT KONMWYECTBA TSKEMbIX YrNeBo4OPOA0B, coaepaLlmx
Bonee 2 aTtomoB yrrnepoga, MPUCYTCTBYHOLWMX B MNO4aBaeMoOM rase).
TemnepaTtypa notoka 15 rasos coctaBnseT meHee -80°C.

B kybe 38 nepBon pekTUUKALMOHHON KOMOHHBLI 7 U3BMEKAOT KUAKUN
noToK 39 ANA BBEAEHNSA B YKa3aHHYH0 BTOPYHO PEKTUDUKALMOHHYHO KOFOHHY 7'
Ha cTtyneHb 10", N0 CyTKU, HA TOM Xe YpPOBHE, 4TO M CTyneHb 10', Ha KOTOpPYHO
BBOASAT XUAKYHO hasy 5, nonyyeHHyro 13 cenapatopa 4 gas.

[aHHbIN XXMAKMA NOTOK 39, NOMyYEHHbLIA N3 NEPBON PEKTUDUKALNOHHON
KONMOHHbI 7, obegHeH no asoTry (0b6blMHO copepXkut MeHee 10%,
NpeanouTUTENBHO MeHee 5%), Tak e, Kak xuakas dasa 5, nonyvyeHHas na
cenapaTtopa 4. lNog raszom, obeagHEeHHbIM NO a3oTy, NoApasyMeBaeTCa MoTOK
rasoB C CcoAepXaHWem asoTa HWKe TMONMOBWHbl COAEpXaHWsa asoTa B
n3Ha4anbHOM nognexailem obpaboTke NoToke 1 rasoB M NPeanoYTUTENBHO
HWKEe 4YeTBEepPTU [aHHOro coaepxaHus. B pesynbtate, BO BTOPYyHO
PEKTUDUKALMOHHYHO KOSTOHHY 7' BBOAST OYE€Hb Marnoe KONM4ecTBO asoTa.

CnepoBarenbHO, NOTOK rasoB, KOTOpPbIA OyayT v3Bnekatb U3 AaHHOM
BTOPOU PEKTUDUKALMOHHON KOMOHHbI, HE HYXXHO ByAeT BBOAUTL B YCTAHOBKY
NRU, 4TO 3HaumMTenbHO YMEHbLUUT Harpysky Ha gaHHyro yctaHoBky NRU, B
koTopon Oyayt obpabaTbiBate MOTOK 15 rasoB, MNOMY4YEHHLIM U3 MEPBOU
PEKTUPNKALMOHHOW KOMOHHBI 7.

O6bI4HO 0T 10% Ao 20% MeTaHa, KOTOPbIN U3HaYaneHO NPUCYTCTBYET B

nognexawyem obpaboTke NnoToke 1 rasoB, CHOBa NEPENLET B AaAHHbIN XNOKNN
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NOTOK 39, KOTOPbLIM BBOAST BO BTOPYH PEKTUMUKALMOHHYK KOMOHHY 7', W,
Takum oBpasom, ero He Hy>xHO ByaeT BBoauTb B ycTaHoBky NRU.

Mog KONOHHOM ans AeMeTaHNPOBaHUSA nogpasymeBaeTcs
PeKTUUKALUNMOHHAA KOMOHHA, NpefHasHayeHHaa Ang  nonyyYeHus  no
MEHbLUEN Mepe ABYX NMOTOKOB pPasHOM KOMMO3ULMK, UCXOAA U3 No4aBaeMoro
noTtoka, nognexawero obpaboTke B COOTBETCTBMM CO crnocobom no
HacTosLEMY N30OpETEHNIO.

Mo MeHbLIen Mepe aBa NOoToKa NPEeACTaBnaoT cobon cnegyrowee: ogmH
N3 HWX, rasoobpasHbli, B BEPXHEW YaCTU KOSMOHHbI, OOEAHEHHbIN MO
yrnesogopofam, cogepxawMm rno MeHblUen Mepe ABa aroma yrnepoga,
ApYrMMK  CnoBamu,  cogepxawum  MeHee  MNOSioBUHbl  "Tskenbix"
yrneBoAopOAOB, NPUCYTCTBYIOLWMX B NogaBaeMom rase (3taH, nponaH, dyTtaH
n T.4.), N apyron B Kybe KOMOHHbI, B Xuakon copme, 0BefHEHHbIN MO
METaHy, KOTOpbIM MPUCYTCTBYET B MNOAaBaeMOM nognexailem obpaboTke
NoTOKe.

B Tabnuue Hwke npuBeaeHbl MOMSPHbIE KOHLUEHTpauMM pasnimyHbIX
KOMMOHEHTOB MOTOKOB Ha pasnuuyHbIX CTaguax cnocoba, n3obpakeHHOro Ha
durype.

Takum obpasomMm, MOXHO BMAETb, 4TO NOTOK 39 npeacraBnaeT cobown
XNOKOCTb, COAEPXKAaLLY0 B OCHOBHOM METaH W, B MEHbLUEN CTEMNEHW, 3TaH U

nponaH, 1 NPakTU4eCKn He COAEPXKUT asoTa.

° 1 39 15 12 15'

MeTaH 88,6% 93,5% 93,9% 1,4% 97,4%
OTaH 4.8% 5 7% 0,4% 69,9% 0.4%
MponaH 1,3% 0.2% 0,0% 19.7% 0,0%
MN306yTaH 0,2% 0,0% 0,0% 2.8% 0,0%
H-ByTaH 0,3% 0,0% 0,0% 4.5% 0,0%
M3oneHTaH 0,1% 0,0% 0,0% 1,0% 0,0%
H-TleHTaH 0,0% 0,0% 0,0% 0,6% 0,0%
Fenuii 0,1% 0,0% 0,2% 0,0% 0,1%
A3oT 4,5% 0,6% 5,5% 0,0% 21%
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Mop ycTaHOBKOW ANA AeMeTaHMpOBaHWA noapasymeBaeTcs nrobas
CUCTeMa, BKMYawLWaa Mno MeHbLen Mepe OfHy PeKTUPUKALMOHHYIO
KONOHHY ANnsa oboraweHns METaHOM rasa u3 BepxXHen 4actn n obegHeHns no
MeTaHy KyOOBOM XXNOKOCTW.

Motok 15 rasoB um3BRNeKkawT B BEPxXHEM 4YacTm 14' BTOPOW
pPeKTUUKaALNOHHOM KONOHHbI 7' npn Temneparype ot -80°C go -120°C v npu
AasneHum Beiwe 10 6ap abc. (0bbiuHO oT 15 6ap abe. o 30 6ap abc.). YacTb
AaHHOro notoka 15' rasoB BBOAAT B TennooOMEeHHMK 17 Ans NOBTOPHOrO
HarpeBaHna [0 Temnepatypbl oT -50°C pgo -110°C, 3atrem BBOASAT B
TypOuHy 43 nepen obveauHeHuem oborawjeHHoro metaHom notoka 30 Ha
BbIXO4E M3 YCTaHOBKM A ANA Aea30TUPOBaHUS W NOSyYaroT Mo 3aBepLueHUn
npouecca B BuAae npupogHoro rasa. [laBneHve p[aHHOro nosyyYeHHOro
NPUPOAHOro rasa cocraenseT, Hanpumep, oT 15 6ap abc. go 30 6ap abce. (go
MOBTOPHOrO CXaTtud), W TemnepaTypa cocTtaBnseT Bbiwe 0°C nocne
MOBTOPHOrO HarpeBaHWs B TENNOOOMEHHMKE 2.

MoxHO KoHAeHcupoBaTb OBoralleHHbIN METAHOM ra3 nog AaBlieHNEM
ANA yNyYLEHNsa ero XxapakTepUCTUK.

[aHHOEe KOHAEHCUMPOBaHME MPOBOAAT C NMOMOLLBK TennoodMeHHuka 17,
B KOTOPbIN nogaroT 4Yactb 8" noToka 8 rasos, NONy4eHHOro na cenaparopa 4
da3, n yactb 44 notoka 15' rasoB, W3BMEYEHHOrO K3 BEPxXHEW 4vactu 14
BTOPOW PEKTUMDUNKALMOHHOM KOMNMOHHBI 7.

Mepen BBegeHMeM B TEMNOOOMEHHWK 17 [aHHbIA NOTOK 44 ras3oB
CKMMAOT C MOMOLLBIKO KOMMpeccopa 46, NpeanoyTUTENbHO Komnpeccopa ¢
oxnaxaeHwem, ApyrMMun CcrioBamu, KOMMpeccopa, Temneparypa KOTOpOro
coctaBnser MeHee 0°C. WMMeHHO STOT o©XaTtblh MOTOK 45 noparT B
TennoobmMeHHuk 17. MoLHOCTL KoMnpeccopa 46 MOXET MPEUMYLLECTBEHHO
cospaBatbCca TypOuHom 43, 4to obecneymBaeT BO3MOXHOCTb OMTUMU3aLMM
cKarums.

HaeneHne notoka 44 yBenuuMBaETCA Ha HeCKonbko Gap abc. Tonbko
Ana obecneyeHnsa BO3MOXHOCTU NMOBTOPHOIO KOHAEHCMPOBaHWA NOTOKa 45 B
npoTneoTOoKe. B notoke wnm notokax 18 (18a u 18b), koTOpbLIM(KOTOPLIE)
oxnaxganu B TennoobmeHHuKke 17, MOHWXKaKT faBneHue, Hanpumep, C

NOMOLLbIO MO MEHbLLUEN Mepe oaHoro knanaHa 19 (19a, 19b), n 3atem BBOAAT
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B BEPXHI 4YacTb (BEepxHsas 4acTb = Bbiwe nogauym 10, BbIXOAALEN U3
TYpOUHBLI 9) KONMOHHbI 7.

ObecneuvBaroT BO3BpaT nerMbl BO BTOPOM PEKTUPUKALMOHHOM
KOJNOHHE 7' TaK Xe, Kak M BO3BpaT (rierMbl B NEpBON PeEKTUPUKALMOHHOM
KONOHHE 7, MyTEM BBEAEHUSA B €€ BEPXHIO 4acTb 41 MO MEHbLUEN Mepe
opgHOro notoka 18c, KOTOpbIA  Oxnaxganu B  TennooObMeHHuke 17 1
YMEeHbLUanu ero AasrieHve, Hanpumep, C MOMOLLBbK MO MeHbLUeW Mepe
opHoro knanaHa 19c.

HanHble cTagum  obecneveHuss Bo3Bpata QrerMbl  SBNAKOTCA
HeobXxoaMMbIMM ANSA NOAa4YN B ABE KOMOHHbI 7 U 7' XONOAHOW XUAKOCTU C
HW3KNUM cogepxaHnem Co+.

MpumeHeHne vactn 44 oboraweHHOro MeTaHOM M He copaepXaliero
asora noTtoka 15' rasoB no3sonseT nsbexarb HeOOXOAMMOCTN PELMPKYNALNN
BbIXOAALLMX MOTOKOB C LiENbIO MOBbILLEHWS Bbixoga npoaykTos Co+,

OboraieHHbIN MeTaHOM MOTOK 15 rasoB, MOMyYeHHbIN W3 BEPXHEW
4actTn 14  pPeKkTUPUKALUMOHHOM  KOMOHHbI 7,  YaCTUYHO  KOHAEHCUPYIOT,
Hanpumep, C nomowbio TennoobmeHHnka 21. Ha Bbixoge U3 3TOro
TennoobmeHHuka 21 obpasyetca aByxdasHbln  (ra3KUAKOCTb) MOTOK 22
(copepxawymm ot 20 o 80 mon. % rasa).

Temnepatypy gaHHoro notoka 15 nopaepxmaroT Hwke -80°C (Mnm
faxe Hwxke -100°C), n ykasaHHbIM NOTOK 15 nocTynaeT HenocpeacTBEHHO B
TeNNoobMeHHKK 21 ¢ nonyyYyeHnem noToka 22.

3arem noTok 22 HanpaBnsroT B cUCTEMY A ANS 4ea30TUPOBaHMS.

B cucrteme A gna peasotupoBaHua AByxdasHbil MOTOK 22 nocne
HeobA3aTeNbHOro NOHWXKEHWUS AaBneHns B KnanaHe unm typbuHe 23 BBOAAT B
cenapartop 25 gas.

Kugkyro  dasy 29, nonyyeHHyrd K3 cenapatopa 25 das, nocne
HeobA3aTeNbHOro MOHWXKEHUA AaBMEHNA NMOBTOPHO HarpeBatoT C MOMOLLBHO
TENNooOMeHHNKOB 27, 3aTeM 21 N HaKOHeL, 2 Ans BO3BpaTa B BbIXOAALNN
notok 30 rasa C BbICOKMM COAEPKaHMEM METaHa, Noy4aemMoro Ha BbIXo4e 13
npouecca. Beixogawwmm notok 30 cogepxmnt meHee 5 mon. % asoTa.

Ma3o0bpasHyto dasy 26, nonyyvyeHHyro Kn3 cenaparopa 25, 4acTtu4yHO

KOHOAEHCUPYIOT B TEMNNOOOMEHHMKE 27 U 3aTEM MOHWXKAIOT €€ AaBleHVe Ha
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BbIXO4E W3 YKa3aHHOro TennoobmeHHWKa 27 C noMOowbio TypOuHbl Uim
KnanaHa 28, nocne 4Yero BBOAAT B PEKTUDUKALMOHHYH KOSTOHHY 31.

PektndpukauymorHas konoHHa 31 npepcraBnseTr cobOOM KOMOHHY Ans
OTFOHKM a30Ta, Ha3Ha4YeHVEM KOTOPOW HABMSETCS OTAeNeHne asota oT
oBoraLleHHON METaHOM XMAKOCTU Ha BbIXOAE, TaKKe HasbIBAEMYH KONTOHHOM
Ana peasotupoaHus. OboralleHHas MeTaHOM XUAKOCTb COAEPXKUT MeHee
5 mon. % asota. B gaHHOM cryyqae paccmaTpuBaeTCs pekTudurkalmoHHas
KONoHHa, obbepunHeHHas ¢ pebounepom 32, HO 6e3 CBA3AHHOWM CUCTEMbI
KOHAEeHcaunn.

[MoTOk 33 C BLICOKMM COAEPXKAHMEM MeTaHa B XMAKOW opme
naenekarot B Kybe KkonoHHbl 31 npu Temnepatype Hwke -100°C,
npegnoytuTensHo Hwke -110°C. [JaHHbi NOTOK 33 COAEPXKUT MeHee
5 mon. % asota, npegnodtutenbHO MeHee 4%. 3atem Xuakui noTok 33
CMELLMBAIOT C Xuakon dhason 29, nony4yeHHOW K3 cenaparopa 25 ¢as, u
nepenaroT TEM Xe NyTem K BbiIxogawmm notokam 30, 30"

MonyyatoT NOTOK 36 rasoB C BbICOKMM COAepaHuem asota npu
Temneparype Hmwke -110°C B BepxHen 4yactm 35 KOMOHHbI 31. YKasaHHbIN
NOTOK 36 C BbLICOKMM COAEPXKAHMEM as0Ta COAEPXKMUT MO MEHbLUEW Mepe
20 mon. % asoTa.

[MoToKk 36 C BbLICOKMM COAEpXKaHMEM asoTa MOBTOPHO HarpeBakT C
NOMOLLLIO MOCNeaoBaTeflbHO PAaCMoONIOKEHHbIX TennoodmeHHukos 27, 21,
3ateM 2. OTO Takke MOXeT OblTb OAMH W TOT Xe& TEennooOMEHHUK, B
COOTBETCTBUN C KOHKPETHbIM BapWaHTOM OCYLLECTBMEHUS HACTOSLLEro
n3obpeTtenHns. bonee Toro, B COOTBETCTBUM C APYTMM KOHKPETHBIM BapUaHTOM
OCYLLIECTBMNEHMNS HACTOSALLErO N30BpeTeHnsa MOXHO UCMonb3oBaTth Bonee Tpex
TENNOOOMEHHNKOB.

JTO 3areM npuBOAUT K MONyYeHUo noTtoka 37, npu Temnepatype,
OnmM3kon K Temnepatype OKpyXarowen cpefbl (kak npasuno, Bbiwe -10°C n
Hwke 50°C), HanpaBnsemMoro B AOMOMHUTENBHYKO cucTemy B ans yaanerHua
asora.

HasHadeHnem cuctembl B ana peasotMpoBaHWA SBNAETCA MOnyyYeHue
NoTOKa rasoB C elle Honee BbICOKMM COAEPKAHMEM a30Ta, YeM B notoke 37.
HanHas cuctema B MOXeT, Hanpumep, BKNHOYaTb MO MEHbLUEN Mepe OAWVH

cenapaTtop W OAHy KOMOHHY ANsi Aea30TUpoBaHus.
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Ecnn TpeboBaHna Kk as3oTy Ha BbiIxoge W3 cuctembl B gBnsarotca
ctpornmm (06b1MHO <100 ppm), MOXET OkasaTbes Heobxoanmbim gobasneHne
KOMMpeccopa Uuukna, Hanpumep, KOMnpeccopa asota unvM MeTaHa, B
cucteMy B gna obecnedeHns BosBpata HeobxoguMmoW 4vactn rnermbl C
NONyYEeHMEM YNCTOTbI a30Ta B BEPXHEN YaCTWU KOMOHHbI ANS Aea30TUpoBaHUA
cuctemsl B.

Ha paHHou durype usobpaxeHa koHkpeTHas ycraHoBka NRU, Ho
cnocob, KOTOpbIM  ABNSETCA OOBLEKTOM  HacCToAWeEro  mnsobpereHus,
npumeHsaeTca kK nrobomy Tuny yctaHoBkM NRU Huxe no NOTOKY OTHOCUTENBHO
yctaHoBku "NGL".

Ewe Gonee npennoytutenbHO, Cnocodb, KOTOpbIA ABNSETCA 0ObEeKTOM
HacToALero n3obpeteHns, obecneynBaeT BO3MOXHOCTb CHWXKEHWA 3aTpar B
OTHOLLUEHMM, Hanpumep, NoTpebneHnsa 3neKTPO3HEPrMn. ITO BbI3BAHO TEM,
YTO TOSBbKO YacTb METaHa, KOTOPbIA COAEPXUTCA B nognexailem obpaboTke
rase, nepegator B ycraHoBky NRU, B To Bpema kak gpyras 4yacTtb, KoTopasd
HaxoguTcs B KyDe NepBon peKTUUKALMOHHON KONMOHHBI B XXUAKOW hopMe, He
coaepxut asota, Tak 4to ycrtaHoBka NRU Hwke no noToky OTHOCUTENBHO
yctaHoBkM NGL ropasno MeHbLUE 3arpyeHa.

OTO COOTBETCTBYET CHWXKEHMIO 3aTpaT Ha NnoTpebneHne SnekTpo3HepPrm
nopsaka 10% - 30%.

MpenmyLiecTBeHHO, cnocod, KOTopbIA npeacTtaBnaeT cobon oObekT
HaCToALLEro n3obpeTeHNs, NO3BONSET B OTHOLLEHMM YCTPOWCTBA, B KOTOPOM
oH Oyger npumeHaTbCa ans  obpaboTky, wum3bexarb  NOHWKEHHOM
NPOM3BOAMTENBHOCTM 3a CYET PELMPKYIMPYEMOro noToka, MOCTynaroLero
N3BHE, 4YTO Heobxogmmo B OOblYHbIX Cnocobax, WM3BECTHbIX W3 YPOBHSA
TEXHUKN: MPUMEHSIOT TOMbKO BbIXOAAWMM MNOTOK nognexawen obpaboTke
cmecn 1 rasoB. OTO MOXET COOTBETCTBOBATb CHWXKEHUIO pacxoja rasa,
0ObIYHO MpUMEHSEMOro Aansa Bo3Bpata GnerMbl B PEKTUPUKALMNOHHBIX

konoHHax, nopsgka 10%.
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®OPMYINA N3OBPETEHUA

1. Cnoco® pasgeneHns KOMMOHEHTOB noanexaien obpaboTke
cmecu (1) rasoB, cogepxallen MeTaH, asOoT W MO MEHbLUEN Mepe OpuH
YyrneBOAOPOL4, KOTOPbIN COAEPXKUT NO MEHbLUEN Mepe ABa artoma yrnepoga,
WU CMECh TakMX YrneBoAOPOAOB, BKITHOYAOLWMA Criegyowme CTagum:

a) BBeaeHve nognexawen obpaboTke cmecu (1) rasoB B MNEPBYHO
PEKTUPUKALMOHHYIO KOMOHHY (7) ¢ nonydeHnem B Kybe (38) KONOHHbI (7)
NepBoro xuakoro notoka (39), oborawleHHOro yrnesogopoaoM, CogepKaLlmm
Nno MEHbLLEW Mepe ABa atoma yrrnepoga, U B BepxXHen YacTtu (14) KONOoHHbI (7)
nepBoro oboraweHHOro MmetTaHomM notoka (15) rasos;

b) BBegeHWe ykasaHHOro NepBoro XmMakoro rnortoka (39), oboraweHHoro

yrneBofopOAOM, COAEpXalmMm MO MeHbLUeW Mepe ABa artomMa yrnepoaa,
NOMy4YEHHOr0 Ha cTaguu a), BO BTOPYH PEKTUPUKALMOHHYIO KOMOHHY (7') C
nonyyeHMem B BepxHenM 4acTtu (14') paHHOM  KOMOHHbI (7')  BTOPOro
notoka (15') rasoB C BbICOKMM copgepkaHMeM metaHa u B kybe (16) paHHOM
KONOHHbI (7') BTOPOro Xmnakoro notoka (12), cogepxawiero no MeHbLen mepe
85 mon. % yrneeBoAoOpOAOB, COAEPXAWMX MO MEHbLUEM Mepe aBa artoma
yrnepoga, W3HavanbHO nMPUCYTCTBYHOWMX B noanexawen obpaboTke
cmecu (1);
OTNMYaOLLMNCA TEM, YTO 4YacTb (44) BTOpPOro notoka (15') rasoB C BbICOKMM
COAEPKAHMEM MeTaHa, MOSTyYeHHOro Ha cragum b), Ha BbIXO4E U3 BEPXHEN
yacTtu (14') BTOPOU PEKTUPUKALNOHHOM KOMOHHBI (7') CKUMAaKT A0 3HAYEHUS
AaBneHus, NpeBbILLAOLLEro No MeHbLUEN Mepe Ha 1 B6ap 3HavyeHVe faBneHns
B YyKa3aHHOW BTOPOM  PEKTUMDUKALUMOHHOM  KOMOHHe (7'), wn 3aTem
KOHOAEHCUPYIOT ANS BBEAEHMS OAHOW 4YacTm (18a) B BEPXHIO 4YacTb (42)
NepBON PEKTUUKALMOHHOMN KONOHHbI (7) n apyron 4actu (18¢c) B BEPXHIOH
yacTb (41) BTOPOM PEKTUPUKALUMOHHON KOMOHHLI (7') ana obecnevenHus
Bo3BpaTa (priermMbl B yKasaHHbIX peKTUPUKALMOHHBIX KONOHHaX (7 v 7').

2. Cnocob no npeabliaywemMy MyHKTY, OTINYaOWMNUCA TEM, YTO
NOHWXAKT AaBfeHME 4acTu BTOporo notoka (15') rasos B TypOuHe Ao
3Ha4YeHUs OaBIEHUS, KOTOPOE MO MeHblen mepe Ha 1 06ap Huxe, yem

3Ha4YeHWEe faBNeHNs B yKasdaHHOM BTOPOU PEKTUMMKALNOHHOW KONOHHE (7).
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3. Cnocob no nobomy 13 npeablayLmMx NyHKTOB, OTIINYAOLWMNCS TEM,
4YTO CoAEpXaHne asoTa B yKasaHHOM BTOPOM noToke (15') rasoB No MeHbLUEN
Mepe B 1,5 pasa MeHblUe, YeM cofepxaHue asota B nepBOM noToke (15)
rasos..

4. Cnocob no nwobomy K3 nNpeablaywmx MyHKTOB, AOMONHUTENBHO
BKMIOYaKOLWNA CTaauIo C). BBEAEHME YKa3aHHOro nepBoro oboralleHHOro
MeTaHOM noToka (15) rasos, NONy4YEeHHOro Ha CTaguun a), B yCTaHOBKY (A) Ans
fAeas3oTMpoBaHNA ANs OTAENeHUs a3oTa OT OCTallbHbIX KOMMNOHEHTOB AaHHOMO
noTtoka (15) rasos.

5. Cnocob no npeblayLemMy nyHKTY, OTNNYaoLWMNCA TEM, YTO BTOPOU
notok (15') rasoB, nOnyYeHHbIn Ha cTagum b), He obpabaTtbiBaloT B
ycTaHoBke (A) Ans AeasoTUpOoBaHUS.

6. Cnocob no npeabigywemy MyHKTY, OTNNYAIOWMIACHA TeMm, YTO OT
5mon. % po 30mon. % MeTaHa, KOTOPbIM W3Ha4YanbHO MPUCYTCTBYET B
noanexawien obpaboTtke cmecum (1) rasos, BXOANT B COCTaB NEPBOro XNAKoro
notoka (39), oboraweHHOro yrrnesogopoaoM, CoAepXawmumM Mo MEHbLUEN
Mepe ABa aToma yriepoga, nofy4YeHHoro Ha ctagum a).

7. Cnoco6 no nobomy 13 npeablayLmMx NyHKTOB, OTNINYAOLWMNCS TEM,
yto OT 10 mon. % Ao 20 mon. % meTaHa, KOTOPbIA 3Ha4YanbHO NPUCYTCTBYET
B nognexauwen obpabotke cmecu (1) raso.s, BXOAUT B COCTaB MEPBOro
Xunagkoro notoka (39), oboralleHHOro yrneeogopoAoM, COAepXawuym no
MEHbLLEN Mepe ABa aTtomMa yrnepoaa, nofly4eHHoOro Ha ctagum a).

8. Cnocob no nobomy 13 npeablayLmMx NyHKTOB, OTNINYAOLWMNCS TEM,
4YTO Nepea CTaanen a) OH BKIOYAET cneayowme ctagum:

- N0 MEHbLUEM Mepe 4acTuyHas  KOHAEeHcauusi  yKasaHHOM
nognexawen obpabotke cmecu (1) rasoB C MOnNyyYeHUEM ABYX(a3HOW
cmecu (3);

- HarHeTaHue napoBoun hasbl (8) ykasaHHOW aByxdasHou cmecn (3) B
yKasaHHyH NepByr PeKTUPUKALMOHHYHO KONOHHY (7);

- HarHeTaHue xugkou dasbl (5) ykaszaHHoM aByxdasHom cmecn (3) B
yKasaHHyH BTOPYH PeKTUPUKALMOHHYH KONOHHY (7).

9. Cnocob no nobomy 13 npeablayLmMx NyHKTOB, OTNNYAOLWMNCS TEM,
4YTO MOTOK (15) rasoB, KOTOPbLIA WU3BMNEKAOT M3 NEPBON PEKTUPUKALMOHHOM

KONOHHbI (7) Ha cTaguu a), CoaepXuT He Bonee nomnoBMHbI OT KONMYECTBa
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yrneBOAOPOAOB,  copgepxawumx  ©Oonee  AByx  aTtoMOB  yrnepoga,
NPUCYTCTBYIOLWWX B NogasaemMom rase (1).

10. Cnocob no nbomy 13 NpeablayLwmx NyHKTOB, OTNNYAOLWMINCA TEM,
YTO  XMAKOCTb (39), KOTOPYH  M3BMEKAKT U3  YyKasaHHOW  NepBOu
PEKTUPUKALMOHHOW KONOHHbLI (7) Ha cTagun a), COAEPXKMUT MO MEHbLUEN Mepe
90 mon. % yrneBOAOPOAOB, COAEPXAWMX MO MEHbLIEW Mepe nBa aroma
yrnepoga, n npeanoyvTUTENbHO COAEPXKUT NO MeHbLUEN Mepe 95%.

11. Cnocob no nbomy 13 NpeablgyLwmx NyHKTOB, OTNINYAOLWMNCA TEM,
4YTO YyKasaHHaa noanexawasa obpaboTke cmechb (1) rasoB COAEPXKUT
70 mon. % wmeTaHa, nNO MeHbwwen Mmepe 4wmon. % asota n 2mon. %
yrneBoAOpOAOB, CodepXallunx No MeHbLLEW Mepe ABa aTtoma yrnepoja.

12. Cnocob no nbomMy 13 npeablgyLwmx NyHKTOB, OTNINYAOLWMNCA TEM,
4YTO BO Bpems ctagum b) xunakmn notok (39), oboralleHHbIN yrneBogopoaoM,
cogepxallMMm Mo MeHblleW Mepe ABa artoMa yrnepoga, MoryyYeHHbIn Ha
cTaguum a), BBOAAT B yKa3aHHYH BTOPYHO PEKTUMUKALMOHHYH KOMOHHY (7') Ha
TeopeTnyeckyro ctyneHb (10") Hwke BepxHen dactu (14') fAaHHOWM BTOPOW
KOJOHHbI (7).

13. Cnocob no nbomMy 13 NpeablayLmx NyHKTOB, OTNNYAOLWLMIACA TEM,
YTO yKasaHHbIM MNOTOK (15') rasoB, MONy4YeHHbIN Ha cTagun b), masnekaroT
HEeNOCPEACTBEHHO W3 yKa3aHHOWM BTOPOW PEKTUPUKALMOHHOW KOMOHHLI (7')
npn paeneHun Bbiwe 20 6ap abc., n npu 3ToM OH cogepxut 95 mon. %

MeTaHa.
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