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YCTAHOBKA TEPMHUYECKOI'O OTHAPUBAHHS ¥ CIIOCOB
MMPON3BOICTBA KAPBAMHJIA

OBJIACTb TEXHUKHU
H300peTeHne OTHOCUTCS K MPOU3BOACTBY KapbaMuaa U, B 4aCTHOCTH, K
YCTAHOBKE U CIIOCO0Y MPOU3BOACTBA KapOaMuaa ¢ UCIIOIb30BAHUEM OTIIAPHBATEIIS
BBICOKOTO IaBJIEHHS TEPMUYECKOTO OTIIAPHOTO THIA (TAK)Ke M3BECTHOTO, KaK

CaMOOUHUIIAIOIIETOCS THIIA).

OCHOBHBIE CBEJIEHU A

N300peTeHne OTHOCUTCS K MPOU3BOACTBY kapbamuaa u3 ceipbeBbix NH3 u CO»
B PEAKLIMOHHOMN 30HE BBICOKOTO naByeHusi. [IoTok cuHTe3a U3 peakLiMOHHOMN 30HBI
comep kuT KapOamun, Boay, kapbamMaT aMMOHHMsI, aMMHaK (4aCTUYHO B ra30Boii (haze) u
uHepTHbIE ra3pl. [I0TOK cuHTe3a HEOOXOAMMO OYUCTHTD A0 MPOAYKTOBOTO KapbaMuaa ¢
UCTIONIb30BAHHEM YCTAHOBKH M crioco0a MPOU3BOACTBA KapOamusa.

WHepTHbIe Ta3bl 00pa3yroTcs u3 ceipbeBoro NHs u ceipreBoro CO2; HHEpTHBIE
rasel, Hanpumep, BkmouaroT Hy. CeippeBoit NH3 B HEKOTOPBIX BapuaHTax
OCYLIECTBIICHHS U300peTeHus coaep kuT Hekotopoe konnyectBo CHy. Ha MmHOrHX
CYIIECTBYIOIINX YCTAHOBKAX IO MPOU3BOACTBY KapOamuzaa k ceipbeBoMy CO»
N00aBJISIFOT MACCUBUPYIOIIMIA BO3YX, 3TOT BO3IYX TaK:K€ BXOIUT B COCTAB «MHEPTHBIX
razoBy». Kuciopon B macCHBUPYIOIIEM BO3YX€ UCIIONb3YETCS AJIsl TPEAOTBPALLICHHUS
KOppo3uu aetanel obopynoBanus Beicokoro nasienus (high pressure, HP) ycranoBok
O MPOU3BOJICTBY kKapbamua.

VYcTaHOBKH 1O IMPpOU3BOACTBY Kap6aMI/1)1a HJaCTO OTHOCATCA K TUITY «IIOJIHOT'O
BO3BpaTa B MPOU3BOJICTBO». B TakMX yCTaHOBKAaX MOTOK CHHTE3a Kapbamua u3
PEaKLIMOHHOHN 30HBI BBICOKOTO JAABJIEHHSI, KOTOPBIN CONEPKUT KapOaMua, BOIY, aMMHAK
U KapOaMaT aMMOHHS, PACHIUPSIETCS U TIOABEPTAETCSI PA3JIOKEHUIO KapOamara ¢
NOJIy4€HHEM OYUIIEHHOTO PacTBOpa KapOamuIa 1 ra3oBOro moToka, coaepskamero NHs
u CO». ['a30BbIl MOTOK MOJBEPraeTCsl KOHACHCALUU ¢ 00pa30BaHUEM PacTBOpPA
kapOamara, KOTOPBIH HACOCOM NepPEKaunBaETCst OOPATHO B PEAKIIHOHHYIO 30HY
BBICOKOT'O IaBJIEHUSI. DTOT BO3BPATHBINA PacTBOP KapOamara COIep KHUT BOAY, UTOOBI
n30exaTh 3aTBepAeBaHus KapOaMaTa aMMOHUs. [IOCKOIBKY BOZA SIBJISIETCS TOOOYHBIM
MPOAYKTOM peakuuu obpa3oBaHus kKapbaMua, TO BO3BPAT BOABI HEKENATENIeH, 1

KEIATCIBbHO CBECTU K MUHUMYMY COACPKAHUE BOABI B BO3BPATHOM IIOTOKE Kap6aMaTa.
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B nienom, xenaTenpHO CBECTH K MUHUMYMY YAEIbHBIA O0ObEM BOJbI, BBOJUMBIH B
peakMoHHYK0 30Hy HP 13 cekiuii HU3KOro U CPpeaHero NaBjIeHUs.

IIpoueccsl Trumna oTnapku kapOammia OCHOBAHBI HA CXeMe MOJTHOTO BO3BpATa B
NPOM3BOJCTBO U B HUX HUCTIOJIB3YETCs OTIIAPUBATENb BBICOKOTO aBieHus. JlaHHoe
u300peTeHne, B LeJIOM, OTHOCHTCS K CIIOCOOY MPOU3BONCTBA KapbaMua C
HCTIONIb30BAaHUEM IpoIiecca THIA OTHapKH. B mpouecce nponsBoacTea kapbamuza ¢
HCTIOJIb30BAHUEM IPOIIECcca TUIA OTIIAPKH MOTOK CHHTE3a M3 PEaKTOpa MOJBEpraeTcs,
110 MEHBLIEH Mepe YaCTHYHO, HAIIPUMEP, MOJHOCTHIO, OTHAPKE MO BBICOKUM
JIaBJIEHHEM B OTIIAPUBATEINE C PA3JIOKEHHEM kapOaMaTa aMMOHHS Ha ra30BbIi MOTOK,
conepxkammii NH3 u CO,. Otnapusarens padotaer, HanmpuMep, Mo CyIecTBY MPH TOM
K€ JJABJIEHUH, YTO U PEAKTOp. Y Ka3aHHbIN ra30BbIil MOTOK, BBIXOASILIUI 13
OTIHapUBaTeIs, KOHIEHCUPYETCsl B KOHIeHCcaTope kapbamara Beicokoro nasneHus (high
pressure carbamate condenser, HPCC). Otnapka noa BHICOKUM JIaBJICHUEM Ha
yCTaHOBKaxX IO MPOU3BOJCTBY KapOamuza, Kak MPaBHIIO, BKJIOYAET B ceOsl Harpes
pacTBOpa I CUHTe3a kapbamMuia 1 NpuBeIeHHe B KOHTAKT JKUAKOCTH C TF'a30BbIM
IPOTUBOTOYHBIM MTOTOKOM, IIPH 3TOM ra30BbIi IIOTOK UMeeT Oosiee HU3Koe
napruaibHoe fasieHne napos NHs w/nnu COa, uem KuaKoCTh, 4To 00ecreunBaeT
3¢ (HEeKTUBHOCTD OTIAPKU.

B criocobax ornapku kapbamuna ornapusarens HP u kapOamarHbrii
koHneHcatop HP, kak nmpaBuiio, mpeacTaBisitoT COOOH KOKYXOTPyOHBIE
TETUIOOOMEHHUKH C IMyYKOM TPYO, COCTOSIIIUM U3 ThICSY TPpyO. PeakTop BRICOKOTO
JaBJIEHUSI YaCTO MPENCTABIISAET COO0I BEPTHKAIBHYI EMKOCTD C TAPEITKAMH.
OtnapuBareb, Kak MPaBUJIO, MPEACTABIIAET COOOH KOXKYXOTPYOHBIH TETII00OMEHHUK
IUIEHOYHOT'O THIIA, B TPyOax KOTOPOro HAXOIUTCS pacTBOP KapOamuia, a OTIApHOM ra3
nogHumaetcs BBepx. KapbamaTHsiii koHaeHcaTop HP, kak nmpaBuiio, mpeacTaBiiseT
co0O0H KOKYXOTpYOHBIH TEINIOOOMEHHUK C TOPU30HTAIBHBIM UJIH BEPTUKAIBHBIM
ny4KoM TpyO, ¢ npsiMbiMu 1l U-00pa3HbIMU TPyOaMH | € OXJIQXKJAFOIIEH JKUAKOCTHIO
W TEXHOJIOTMYECKOH Cpeioi (TEXHOIOTHUECKUMHU JKUIKOCTSIMH) B TPyOax.

B ycranoskax ornapHoro tuna ¢ CO; ornapHoii ras sisisercs ceipbeM COz;
cootHoteHne N/C B peaktope coctapisieT okojio 3,0, a cootHomenue N/C B
OTOTHAHHOM pacTBOpe KapOamMua sIBJISIETCS] OTHOCUTENbHO HU3KUM. B ycTaHoBKax
otrnapaoro tuna ¢ COz peakrop HP, kak nmpaBuiio, UMeeT OTAENbHBIE BBIITY CKHbIE
OTBEPCTHS JIs1 HHEPTHBIX Ta30B, HANPaBJsieMbIX B ckpyoOep HP, u nnst pactBopa

CHHTe3a KapOamua, HarpasisieMoro B otnapusarens HP.
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JarHoe u3o0peTeHne OTHOCUTCS K Croco0y MPOM3BOACTBA Kapbamuia ¢
UCTIOJIb30BAHHEM IPOLIECCa TEPMUUECKOTO OTIIAPHOTO TUTIA (TAKXKE U3BECTHOTO, KaK
CaMOOUHIIAIOIIETOCS THITA).

B ycTaHOBKaxX TepMHUYECKOrO OTIIAPHOTO TUIIA peakTop kapbamuna paboraer
IPU OTHOCUTENIbHO BbICOKOM oTHOMmeHnH N/C, npessimatomem 3,0, B yCTaHOBKax
KOHCTPYKIIUU «CHAMITPOIKETTHY YacTo nipu cootHomenuu N/C 3,2-3,6, Hanpumep, 3,2
—3,4. Peaktop paboraer, Hanpumep, npu 150-160 Gap.

Takum oOpa3om, MOTOK CUHTe3a KapbaMua, MoAaBaeMblii B TEPMUIECKHI I
oTnapuBaTelib, OTHOCHTENbHO OoraT NH3, a oTapHoit ra3 obpasyercs 3a cuer
HarpeBaHusi (MM MOBTOPHOTO KUITTYEHUs) SKUAKOCTH B HUKHEH YaCTH TEPMUYECKOTO
ornapusatens HP ¢ oOpasoBanuem ra3oBoro noroka, oboramensoro NHs, KoTopsiit
npeObIBaeT B MPOTUBOTOYHOM KOHTAKTE C TIOCTYIMAKOILIMM IIOTOKOM CHHTe3a KapOamuaa,
4yTo oOecneunBaeT oTnapHoH 3¢ dext. Tepmudeckuii oTnapuBaTesb He MOIy4aeT
ceipbeBoit CO2 B kauecTBe raza OTHapku. B HEKOTOPBIX BapHaHTaX OCYILECTBIICHUS
M300pEeTeHNs B HIDKHIOK YaCTh TEPMUUYECKOTO OTIIAPUBATENSI, HEOOA3aTENbHO, MOJKET
MOCTYIAaTh HEKOTOPOE KOJMUYECTBO NMACCUBUPYIOIIErO BO3AyXa

OtnapeHHbIi pacTBOp KapOamuaa 13 TEPMHYECKOrO OTIAPUBATENST HMEET
OTHOCHTEJIbHO BBICOKOE cooTHoIIeHne N/C 1 mogaercsi B CEKIHI0 pereHeparium
cpenHero nasneHus (medium pressure, MP), BKJIFOYANOIIYO amnmapaT IJIsl Pa3JioKeHUsI
MP, konaencatop kapbamata MP u oTnenbHbIi KOHAEHCaTOp ammuaka MP. Annapar
st pasnoxennst MP Beigaer pacTBop kapOaMuzaa, KOTOPbIH HAMPABISIETCS] B CEKIIHIO
pererepaunu LP (low pressure), u ra3oBblii moTok, conepskamuil CO2 1 OTHOCUTENBHO
6onbiroe kommdecTBo NH3. IToTok raza noasepraercsi KOHASHCAILIUH B KOHIEHCATOPE
kapOamara MP ¢ nony4yerneM pacTBopa kapdamaTa U OCTaBIIErocs ra3000pasHOro
NH;3. OcraBmutics razoodpasusiii NH3 u3 konneHncaropa MP noneepraercs
KOHJICHCAllUU B KOHJeHcaTope ammuaka MP. KonaeHCHPOBaHHBIN pacTBOp aMMUaka 1
kapbamaTa 1o OTJEJIbHOCTH NepekaunBaeTcsi oopatHo u3 cekiuun MP B cexmuro HP, kak
NPaBUJIO, IBYMSI Pa3HBIMH ITOTOKAMH JKUAKOCTH C Pa3HOH TeMIepaTypoi U ¢
UCTIOJIb30BAHHEM Pa3HBIX HACOCOB.

ITpumepom criocoba MpOU3BOACTBA KapOaMuIa ¢ UCIOIb30BAHNUEM MPOLIECCa
TEPMUYECKOTO OTIAPHOTO THIA SIBJSIETCS CIIOCO0 MPOU3BOACTBA KapOamuia
«CHaAMIpOKeTTHY, mporwurrocTpupoBanHelid B Ullmann’s Encyclopaedia of Industrial
Chemistry, Chapter Urea, 2010, @ur. 25. B nporuntocTpUpOBaHHOM Ha 3TOM (uUType

cniocobe peakTop BeicOKOro napyeHus: (HP) umeeT oqHO BBIMYCKHOE OTBEPCTHE, U BECh
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NIOTOK CHHTe3a Kapbamuza U3 peakropa nogaercs: B ornapusarens HP, kotopsrit
OTHOCHTCS K TUITy TepMuueckoii otriapku. MHepTHbIe rasel npoxonat yepes HPCC, npu
3TOM KHCJIOPOJ, COAEPIKAIMICS B MHEPTHBIX Trasax, odbecneunsaer 3amury HPCC ot
KOPPO3UH, a MHEPTHBIE ra3bl OTAEISAOTCS OT KoHAeHcaTa HP B cemaparope kapOamara
HP u noparorcst B BUze ra30BOro NOTOKA B CEKLUIO perenepaunu MP, roe oHu
BBINTYCKAIOTCS U3 CKpyOOepa aMMuaka, pacroIOKEeHHOT0 IT0Cie KOHAEHCATOPa
ammuaka. Takum 00pa3oM, OTBOJUMBIE HHEPTHBIE I'a3bl HE COAEPIKAT OOIBIIOTO
konndecTBa NH3, HECMOTpsI Ha OTHOCUTENBHO BbICOKOe cooTHommeHne N/C B pacTBope
kapOamua B TEpMUIECKOM OTIapuBaTenie. B KOHCTPYKIMM «CHAMIIPOIKETTHY CEKIIUS
pereHepanuy CpeAHero AaBleHUs, Kak IpaBuio, pabotaeT npu nasieHuu 18 Gap.

CywectByeT noTpeOHOCTh B KPYITHOMACIITAOHBIX YCTAHOBKAX I10 MPOU3BOACTBY
kapOamua, B KOTOPBIX, IPEANOYTUTENBHO, OTIAPHAs KOJIOHHA BBICOKOT'O JIaBJICHUS U
KOHJIEHCATOP BBICOKOTO AABJIEHUSI OTHOCUTEIBHO MaJIbI 110 CPABHEHHUIO C
IPOU3BOAUTEIBHOCTHIO YCTAHOBKH. DTO MO3BOJUT U30€KaTh TAKMX HEAOCTATKOB
OTHapUBaTENsl M KOHACHCATOPA (KaK MPaBUJIO, KOXKYXOTPYOHBIX TEMJIOOOMEHHHUKOB),
KaK UX TSDKECTb, FPOMO3JIKOCTb U CJIO3KHOCTb UX TPAHCIIOPTHUPOBKU JUIsl COOPY KEHUS
YCTAHOBKH, HAIIpUMep, B CIIy4ae HOBOI'O CTPOUTENILCTBA YCTAHOBKH (KYCTaHOBKH C
HyJ151»). KpoMme Toro, umeercs »elaHie YBEJTUYUTh MOIIIHOCTD CYIIECTBYIOIIUX
KapOaMHIHBIX YCTAHOBOK TEPMHUYECKOTO OTIAPHOTO THMA (TO €CTh MPOBECTH
«MoaepHU3aIuoy) 6e3 HeodxonumocTH Moaudukaiuu ornapusaresisi HP u
KOHJIeHcaTopa wiu 0e3 nobasnenus ornapusarens HP win koHgencaropa.

B US 2004/0116743 A1 ynomsinyTo, uTo cranusi ornapku HP u cranus
koHneHcauuu HP B 3HAYMTENBHON CTENEHN OTBETCTBEHHBI 32 TOT (PAKT, YTO TOJIBKO B
OrPaHUYEHHON CTENEHH BO3MOKHO YBEJIHYUTh MPOU3BOAUTEIBHOCTD CYLIECTBYIOIIEH
YCTaHOBKH 0e3 MOonu(UKaIMU WK 3aMEHbI JOPOTOCTOSIIEr0 000PYAOBaHHS BBICOKOTO
nasinenus. B US *743 npennaraercs yBenndeHue NPOU3BOAUTEIBHOCTH YCTAHOBKHU
NOCPEACTBOM MOAU(DHUKAIIMY YCTAHOBKU TAKUM 00pa30M, 4TOOBI 4aCTh PacTBOPA
cuHTe3a kapbaMuia nmepenaBanach U3 30HbI CHHTE3a B 30HY 00pabOTKU CpeaHero
nasyieHust, padoraroiyro npu aasnerny 1-4 MIla; u 4ToObl apyrasi 4acTh OTIIPABISIACH
Ha ormapusaresib HP. B US *743 npouurocTpupoBaHa KOHCTPYKIUS OTHIApUBATENCH
HP tuna ¢ ncrnionezoBanrem CO2, HO YIIOMSIHYTO, YTO TaKXKe MOKHO UCTIOJb30BATh
TepMUuYeckoe oTnapuBanue. OTHAKO HE MPUBOIATCS MOAPOOHOCTH 3TOrO BapHAHTA
ocyuecTieHHus n3obpetenus, u Ha @ur. 2 u 4 nybnukanuu US *743 ucnons3yercs

otnapusatenb ¢ COz, a moTok uHepTHOro raza «RG» HanpasJsieTcst U3 BEpXHel yacTu



10

15

20

25

30

peakTopa B CkpyOOep. DTO HeKeNaTeNbHO B Cllyyae TEPMHUYECKOro oTnapuBatess HP
u3-3a OoJiee BBICOKOTO cooTHomeHus N/C.

Ocraetcsi MOTPeOHOCTb B YCOBEPIIIEHCTBOBAHHOM CIIOCO0E MPOU3BOACTBA
Kap6aMI/II[a " YCTAHOBKAX TCPMUUCCKOTO OTIIAPHOr'O TUIIA, HAIIPUMEP, UMCIOIINUX
OTHOCUTEJIbHO OOJIBILIYIO MTPOU3BOIUTEIBHOCTD U O0JIee HU3KHIT 00OPOT BOJBI, & TAKKE

B COOTBETCTBYHOIIUX crocobax MOICPHU3ALUHN.

CYIIHOCTD U30bPETEHMA

H300peTeHne OTHOCUTCS, B IEPBOM acCIekTe, K Croco0y MPpOU3BOICTBA
kapOammuza, OCyIIeCTBIsIEMOMY Ha yCTAaHOBKE IO MPOU3BOACTBY kapbaMuma
TEPMHUUECKOT0 OTIAPHOIO TUIA, COAEpIKAILEH CEKLIUI0 CUHTE3a BBICOKOTO AAaBJIECHUS
(HP) 1 mepByro 1 BTOPYIO CEKLIMU pereHepanuu cpensero nasienus (MP), mpuuem
cexuus cunresa HP copepxut peakunonnyo 3ony HP, ornapusaTtens TepMuueckoro
ornapHoro tuna HP u xonpencarop kapbamara HP, npu stom ornapusarens HP nmeer
BBIITYCKHOE OTBEPCTHE Il OTIAPEHHOTO pacTBOpa kapOamuaa, COeIMHEHHOE C ePBOH
cexuuel perenepauuu MP, 1 BbIIyCKHOE OTBEPCTHE AJIsA ra3a, COEANHEHHOE C
KOoHAeHcatopoM kapbamata HP, npu sTom cexuust cunresa HP nononuurensHo
COJZIEPIKUT cemapaTop. YKa3aHHbBIH CIIOCOO BKJIFOYAET: pa3iesieHue PEaKIIMOHHON CMeCH
U3 PEaKIIMOHHOM 30HbI MPU BBICOKOM JIaBJIEHHUH B YKa3aHHOM CeIapaTope Ha MepBbIii
NIOTOK, HanpuMep, OOraThlii AMMHUAKOM TEPBbII MMOTOK, ¥ BTOPOH MOTOK, MPHYEM KaK
NIePBBIi MOTOK, TAK U BTOPOH MOTOK COAEPIKAT XKUAKYIO a3y, conepskamyro Kkapoamun,
NIPH 5TOM TEPBBIi MOTOK (HAIPUMEp, MEPBbIH MOTOK, OOraThIii AMMHAKOM)
NPEANOYTUTENILHO UMeeT OoJiee HU3KYI0 MPaBUMETPUUECKYIO INIOTHOCTD, Y€M BTOPOH
TIOTOK, TIPU 3TOM MEPBBIH MOTOK (HampuMep, OoraTbiii aMMHAKOM MEPBBIHA MOTOK)
NPEATNOYTUTENILHO UMeeT OoJiee BBICOKYIO KOHIICHTPALIMIO AMMUAKa, Y€M BTOPOI
NOTOK; IOZIa4y MEePBOro MOTOKa (Hampumep, OOraToro aMMHUakOM MEPBOTO TIOTOKA), 110
MEHbLIEeH Mepe YaCTUYHO (HarnpuMep, MOJHOCTHIO), B OTIIAPHUBATEND; U TO1a4y BTOPOTO
MIOTOKA, N0 MEHBILEH Mepe YaCTHYHO (HAPUMEp, MOJHOCTHIO), BO BTOPYIO CEKLIHIO
pereHepanny CpeaHero AasieHus. [IpearnodTuTebHO, MepPBhIi OTOK UMeeT Ooiee
HHU3KYI0 I'PaBUMETPUUYECKYIO IJIOTHOCTb, Y€M BTOPOI MOTOK U MEPBbIi MOTOK
npeacTaBisieT coOol 6oraTelii aMMHUAKOM MEPBBIN MOTOK, UMEIOIIUIH 00Jiee BHICOKYIO
KOHLIEHTPALIMIO aMMHAKa, Y€M BTOPOH MOTOK; H/HITH MPENNOYTHTEIBHO BTOPOIl MOTOK
pacimpsieTcs OT BBICOKOTO JaBJIEHUs 10 CPEAHEr0 JaBJIeHMsI B yCTaHOBKE

annadaTUYeCKOro MIHOBEHHOTO HcapeHuss MP, BKIIFOUEHHOM BO BTOPYIO CEKIUIO
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pereHepauuu MP, B pe3ynbTare 4ero rnojy4aercs ra3oBblii IOTOK U MOJBEPrHYTHIH
MI'HOBEHHOMY HCTIAPEHUIO pacTBOp kapbamuma MP.

H3o00peTenHne Takke OTHOCUTCS K YCTAHOBKE IO MPOU3BOACTBY Kapbamuna,
NPEANOYTUTENBHO NOAXOALIEH AT 3asBJICHHOTO Crioco0a MpOoU3BOACTBA kKapbamusa,
OMUCAHHOTIO B IAHHOM JIOKYMEHTE, IPUYEeM YKa3aHHasl yCTAHOBKA COAEPIKUT CEKLHIO
CHHTE3a BBICOKOT'O JIaBJICHUS, COAEPIKAILYI0 PEAKLIHOHHYIO 30HY, TEPMUUECKUI
OTHapUBaTeNlb U KOHACHCATOP KapOamMaTta, Py 3TOM YCTAHOBKA TAKXKE CONEPIKUT
NEPBYIO CEKLIMIO pereHepali CPeIHero AaBIeHNs], UMEIOIIYIO BIIyCKHOE OTBEPCTHE,
COEAMHEHHOE C BBIMYCKHBIM OTBEPCTHEM JJIsI OTTIAPEHHOTO PacTBOpa KapOamua us
YKa3aHHOT'O TEPMUYECKOr0 OTIapUBATeNs], IPUYEM CEKLIMsI BBICOKOTO ABIEHUS
COJIEPKUT CemapaTop BbICOKOIO AABJIEHUs, BBINOJIHEHHBIN C BO3MOXHOCTBIO
paszaeneHus PeakLMOHHON CMECH BbICOKOTO 1aBJIEHUS U3 PEAKL[MOHHOM 30HbI HA
NEePBbIN IOTOK U BTOPOH MOTOK, IPUYEM KaK MePBbI NOTOK, TAK U BTOPOH MOTOK
comepIKat JKUAKYIO ¢asy, conepraiyro kapOdaMu 1 NMepBbIi IOTOK MPEANOYTUTETBHO
nuMeer Oosiee HU3KYIO rPaBUMETPUYECKYIO IUIOTHOCTD, YeM BTOPOH MOTOK; U ITPH 3TOM
cernapaTop BbICOKOIO AaBJICHUSI UMEET MEPBOE BBIITYCKHOE OTBEPCTHUE [JIs1 IEPBOTO
MOTOKA, COEAUHEHHOE C BIIyCKHBIM OTBEPCTHEM YKA3aHHOIO TEPMUYECKOTO
OTIIapUBATENIsl, U BTOPOE BBITYCKHOE OTBEPCTHE ISl BTOPOTO MOTOKA, COETUHEHHOE CO
BTOPOM CeKIMel pereHepaluy CpeIHero AaBJIeHuUs.

HzobpeTenne Takke OTHOCUTCS K CIOCO0y MO UKALIUY CYLIECTBYIOIIEH
KapOaMHUIHOW YCTAHOBKH TEPMHUYECKOTO OTIIAPHOTO THIIA, MPEANOYTHTEIBHO 10
3asBJICHHON YCTaHOBKH, ONTMCAHHON B JAHHOM JIOKYMEHTE, MIPUYEM CYLIECTBYIOIIas
YCTaHOBKA COEPIKUT CEKIHI0 CUHTE3a BBICOKOTO JJABJIEHMUS, COIEPIKALIYIO
PEAKLMOHHYIO 30HY, TEPMUYECKUH OTIApUBATENb M KOHIEHCATOp Kapbamara, mpuiyeM
yKa3aHHasl CyLEeCTBYIOIasi yCTAHOBKA TOTIOJTHUTENIBbHO COAEPIKUT MEPBYIO CEKIIHIO
pereHepaLuy CpeIHero AaBleHUs, HMEIOIIYIO BIIyCKHOE OTBEPCTHE, COEAMHEHHOE C
BBIITyCKHBIM OTBEPCTHEM JUIsI OTIIAPEHHOTO PacTBOpa KapbaMuaa U3 yKa3aHHOTO
TEPMUYECKOTO OTIapUBaTeNsl. YKa3aHHbIA CIIOCO0 BKJFOUAET: TOOABJICHUE CermapaTopa
BBICOKOTI'O 1aBJIEHHUS B CEKLIMIO CHUHTE3a BBICOKOT'O 1aBJIEHUS, BBIMIOJIHEHHOTO C
BO3MOKHOCTBIO pa3/ieJIeH!s] peaKLIHOHHON CMECH BBICOKOTO JaBJICHUS U3 peaKLIMOHHON
30HBI HA NEPBBII NOTOK U BTOPON MOTOK, MPUYEM KaK NEPBBIN MOTOK, TaK U BTOPOU
MIOTOK COZIEPIKAT JKUAKYIO a3y, comeprKaiyo kapdaMuz, mpudeM MepBbliil MOTOK
NPEATNOYTUTENBHO UMeeT OoJiee HU3KYI0 MPaBUMETPUUECKYIO INIOTHOCTD, Y€M BTOPOH

NIOTOK; 1 A00aBIIeHE BTOPOH CEKIINH pereHepaunu cpennero nasineaus (MP), nmpuuem
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CerapaTop BbICOKOI'O AAaBJICHHA UMECT MEPBOC BbIITYCKHOC OTBEPCTUE IJIA TIEPBOTO
MOTOKa, COCAMHCHHOEC C BITYCKHbIM OTBEPCTHUEM YKA3aHHOI'O TCPMHUYECCKOTO
OTHapUBATEIISA, U BTOPOEC BBIITYCKHOC OTBEPCTUEC AJIA BTOPOro NOTOKA, COCAUHEHHOEC C

YKa3aHHOM BTOPOU CEKLIMEN pereHepalyuy CPEAHETO NaBIEHUs.

KPATKOE OITUCAHUE YEPTEXXEU
Ha ®ur. 1 cxemaTudyecky NpOMJUIIOCTPUPOBAHA TUIOBAsI TEXHOJOTUYECKAsi CXEMa
n300peTeHus.
Ha ®ur. 2 cxemMaTu4eCcky NPOMJLIIOCTPUPOBAHA TUIOBAsI TEXHOJIOTUYECKAsi CXEMa
BTOPOH CEKIIMM PEereHepalii CPEAHEro NaBIeHNUs, HCIIOIb3yeMOH B H300pETeHNH.
Ha ®ur. 3 cxemarnuecku NpOUJIIFOCTPUPOBAH TUIIOBOU CEMAPaTOP BBICOKOTO
IaBJICHUS, UCTIONIb3YEeMBbIH B M300pETEHHH.
Ha ®ur. 4 cxemaTndecku NpOUJUIIOCTPUPOBAH TUIIOBOM CENapaTop BBICOKOTO
JABJICHUS, UCTIONIb3yEeMBIH B BAPUAHTAX OCYLIECTBICHUS N300pETeHNUS.
JIroOble BapuaHThI OCYIECTBICHUS M300peTeH s, IPOMILTIOCTPUPOBAHHBIE HA HUTypax,

SIBJIAKOTCS TOJIBKO IMpUMEPAMU U HE OrpaHUYIUBaOT I/I306pCTeHI/Ie.

ITOJIPOBHOE OITMCAHHUE

BapuaHTbI OCYIIECTBIICHUS] TAHHOTO H300PETEHHSI, B 1IEJIOM, OCHOBaHbI Ha
Pa3yMHOM MOAXOJE K pa3aesieHHIO TTOTOKA CHHTe3a KapOaMuaa U3 peakMOHHOW 30HbI B
cernapaTope BbICOKOTO AaBJICHUS HA TIEPBbBII MOTOK U BTOPOIi MOTOK, 00a ComepKaliie
KUIKYIO a3y u 00a comeprkaiire KapOaMus, MpuyeM MepBbIil MOTOK MPEINOYTUTETHHO
Oonee GoraT aMMHUAKOM, 4€M BTOPOH MOTOK.

B HeKOTOpBIX BapHaHTaX OCYIIECTBIICHUS] H300PETEHUs MEPBbIi MOTOK (IIronaa
C BBICOKHM COZIep’KaHHEM aMMHaKa U3 ceraparopa BbICOKOTO aBJIeHHUs] UMeeT Ooiee
BBICOKYIO KOHIIEHTPALMIO aMMHUaKa, 4YeM BTOPOIi MOTOK (IIOMAa U3 cemaparopa
BBICOKOTO JaBJICHUS, TPUYEM KOHLICHTpPALMSI aMMHAaKa OCHOBBIBAETCS KaK Ha rase, Tak u
Ha JKHAKOCTH BMeCTe JUis IBYX(pa3HbIX MOTOKOB (Irona.

B HeKOTOpBIX BapHaHTaX OCYIIECTBICHUS H300pETEHHsI BTOPOH MOTOK, IO
CPaBHEHHIO C MIEPBBIM [TOTOKOM, MOXKET UMETh OOJiee HU3KYIO, O0iee BHICOKYIO HITH
TaKyro ke KOHLeHTpauuo NHs.

[IpenmoyTurenbHO, CTAANIO MTHOBEHHOTO UcTIapeHus u/wiu usmepenue N/C

HUCIOJIB3YIOT AJIsk BTOPOTO MOTOKA.
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[IpenmoyTuTenbHO, YKa3aHHBIN CIIOCOO BKITFOYAET OMPEAeIeHUe COOTHOLIEHHS
N/C BToporo noroka. Onpenenenrie cootHommenus N/C BBITOTHO OTJIMYAETCs 0COO0OMH
NPOCTOTOH B MPEANOYTHTENbHBIX BApUAHTAX OCYLIECTBICHHs N300pETeHus, IIe BTOPOM
MIOTOK COCTOMT U3 JIera3upOBaHHOMN JKUAKOCTU. OYeHb MOJIE3HO B 3THX BAPHAHTAX
OCYILIECTBIICHUSI U300PETEHUs], YTO Aera3HPOBAHHbIH BTOPOIl MOTOK COCTOUT U3
JKUIKOCTH, a He U3 ABYX(a3HOro moroka (ronaa ras/>KuakocTh, U, COOTBETCTBEHHO,
cootHotieHne N/C MoxkeT ObITh yI0OHO H3MEPEHO.

B naubonee npeAnouTUTENTPHOM BapHaHTE OCYLIECTBIEHHUS H300pETeHUs
BTOPO# OTOK MOJBEPraeTcs aquadaTn4ecKOMy MIHOBEHHOMY HCTIAPEHHIO, a Tap,
00pa30BaBIIMICS TPU MTHOBEHHOM HCTIAPEHHUH, TIOAAETCS MPSIMO HJIH KOCBEHHO B
KOHJIEHCATOp aMMHUaka ¢ 00pa3oBaHUEM KOHJIEHCATa aMMHUaKa, KOTOPBIN BO3BPAILAETCsI
B cekimto cunTe3a HP. Takum o6pazom, 3¢h(heKTUBHO HOCTUTAETCS MO CYLIECTBY
Oe3BoziHAs PELIUPKYJISALHS AaMMHUAYHOTO KOHACHCATa M MIPU STOM JJOCTUTAeTCsl HU3KOe
cozieprKaHKue BOABI B BO3BPATHOM MOTOKE KapOamaTa U3 BTOPOH CEKLIUU pereHepaLum
MP.

ITpeanoururenbHO Nap, 0OpPa30BABLIMICS P MTHOBEHHOM HCIIAPEHUH,
MOAAETCs B MIEPBYIO CEKLUIO perenepaunu MP, B 4aCTHOCTH, MPSIMO MJIM KOCBEHHO B
KOHJIEHCATOp aMMHaKa MepBoii ceKuuu pereHepauui MP, 4To0bl KOHAEHCHPOBATH B
BUJI€ aMMHAYHOT'O KOHJIEHCATa, KOTOPBIH BO3BPAIIAETCS B CEKLIUI0 CUHTE3a C
UCTIONIb30BAHMEM Hacoca JUIsi aMMHuaka. Takum o0pa3oM, YCHeIHO UCTIOIb3YeTCsI
o0opynoBaHue nepBoi cekuu pereaepaunu MP.

IepBblii MOTOK, MPEANOYTUTEIBHO, COAEPKUT KaK Map, TaK U SKUAKOCTD U,
NPEANOYTUTENILHO, TPeACTaBIsIeT co00H nBYxX(dasubIil hyroua. BTopoi moTok,
NPEANOYTUTENIBHO, MO CYIIECTBY COCTOUT U3 KHUIAKOCTH. [IpennodYTuTensHo,
pasnerneHne BKII0YAeT Aera3aliio BTOPOro noToka. [lepseiii moTok (0O0mmii moToK,
BKJTFOUAIOIINH KaK Ta3, TaK U KUIKOCTh B CiTydae AByx(asHoro Grouaa) umeer donee
BBICOKYIO KOHIIEHTPALIMIO aMMHUaKa, 4eM BTOpPOi MOTOK. Takoe pasaeneHne MoKeT ObITh
BBITIOJIHEHO TP BHICOKOM JJaBJIEHHU Ha OCHOBE, HATIPUMEp, TPABUMETPHUYECKOTO
pasneseHus o IIOTHOCTH.

Boratelii aMMHaKoOM MEePBbIH MOTOK MPENNOYTHTEIBHO HMEET OoJiee HU3KYIO
IPaBUMETPHYECKYIO MJIOTHOCTb, 4€M BTOPOI MOTOK. ITO OTHOCHTCS K
IPaBUMETPHUYECKON TUIOTHOCTH BCETO MOTOKA (ra3a M KUIKOCTH BMECTE B CIIyuae

nByX(a3HbIX (QIFOUIHBIX TTOTOKOB), @ TAK)KE K TUIOTHOCTH HA CTaIUU Pa3feNeHHs W/UIH
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BHYTPH cenapaTopa. IInoTHOCTE MOTOKOB MOXKET YBEIUYUBATHCA W YMEHBLIATHCS
NOCJIE CTAZIUH Pa3JIEICHMA.

B npennournTenbHOM BapHaHTE OCYILIECTBICHHUS H300PETEHUs CenapaTop
COZEPKUT BOPOHKY C BBIITYCKHBIM OTBEPCTUEM JJIs1 KUAKOCTH BHU3 YEPE3 Y3KOE
OTBEPCTHE BOPOHKHU, MPEANOYTUTENBHO AJIs1 BTOPOTrO MOTOKA U AJIBTEPHATUBHO IS
nepBoro notoka. IlpeanoyturensHo, cenaparop COAEPKUT BOPOHKY, HMEIOIIY IO
HIKHIOIO YaCTh U BEPXHIOIO YaCTh, Y3KO€ OTBEPCTHE CHU3Y U LIUPOKOE OTBEPCTUE
CBEPXY, IIPU 3TOM Y3KO€ OTBEPCTHE COEIUHEHO C BBITYCKHBIM OTBEPCTUEM sl BTOPOTO
notoka cenaparopa. IIpeanodrurenbHo, miomanb NOBEPXHOCTH IIUPOKOTO OTBEPCTHUS
10 MEHbIIEN Mepe B 2 WM [0 MEHbLIEH Mepe B 4 pa3a NpeBbILIAET IUIOAAb
MOBEPXHOCTHU Y3KOrO OTBEPCTHUsI BOPOHKHU. B TaHHOM NIOKyMEHTE, BEPX U HU3 OTHOCATCS
k rpaButauuu. Kpome Toro, BOpoHKa NpeAnoOYTUTENBHO PACIIOIOKEHA B BEPXHEHN YacTu
BEPTHKAJIBHOTO KapOaMuaHoro peakropa. KapbaMunHelii peakTop MMeeT B HUXKHEH
YaCTH BIIyCKHOE OTBEPCTHE, MIPSIMO WJIM KOCBEHHO COEAMHEHHOE C BBIITY CKHBIM
OTBEpCTHEM KOHJeHcaTopa kapbamara HP nuist mpuema sKHIKOCTH U3 KOHIEHCAaTopa
kapbamara HP.

CTpykTypa BOPOHKH, HAIIPUMEP, KOHUYECKH CYKAeTCsl OT MIMPOKOTr0 OTBEPCTHUS
10 y3Koro orBepcTHs. [IpennouTuTensHo, B mpouecce paboTbl BOPOHKA TTOJHOCTBIO
NOrpy’KeHa B (pa3y peaKMOHHONW CMECH, COIePIKaLIYI0 KapOaMHUIHBINA PacTBOP.
PeakuinoHHas cMeCb OTHOCUTENBHO MEUIEHHO NMPOTEKAET BHU3 IO BOPOHKE U
NPEBpALIAETCS B IETa3UPOBAHHBIN KapOaMUIHBII PacTBOP, KOTOPBIN BBIBOAUTCS,
MPEANOYTUTENBHO, B BUJI€ BTOPOrO MOTOKA WK, AIbTEPHATUBHO, B BUJIE IIEPBOIO
notoka. [ITupokast BOpoHKa (y IIHPOKOTO OTBEPCTHSI) MPUBOIUT K HU3KOH HUCXOMSLIEH
CKOPOCTH KUAKOCTU BHYTPU BOPOHKH, YTO MO3BOJISAET XKUAKOCTHU 1€Ta3UPOBATHCA.
BrimyckHO€ 0TBEpCTHE BOPOHKH (Y3KO€ OTBEPCTHUE), HAIIPUMED, COEANHEHO CO CIIMBOM.

ITpeamoururenbHO, CIOCOO BKIIIOYAET JIETa3aliio BTOPOTO MOTOKA B CEemapaTope
HP. [TpeanoururensHO, ciocod BKIIIOYAET 1014y AETa3HPOBAHHOTO BTOPOTO ITIOTOKA
Ha BTOPYIO CEKLHI0 pereHepanun MP, nmpeAnoYTuTesHO OCpeaCcTBOM 00X0zaa
TEPMUYECKOTO OTIAPUBATENS], TAKUM 00pa3oM, YTOOBI Ha BTOPYIO CEKIHIO PEereHepalun
MP noctynan nera3upoBaHHbBIN HEOTIIAPEHHBIN PACTBOP CHHTE3a Kapbamuma.
IIpeanouTturensHO, criocod BKIIOYaeT onpeneneHne coorHoueHust N/C B
JEra3supOBAHHOM BTOPOM IMOTOKE.

B npyrom BapuanTe ocyuiecTBIeHHs H300pETEHUs], TIEPBbII MOTOK AETa3UpPYyOT

B cenaparope HP, u nerasupoBaHHbIi NEPBbIN NOTOK MOAAETCS B TEPMUYECKUI
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otrnapusatenb. [IpennouTHTENsHO, B 3TOM BapUAHTE OCYIIECTBICHHS H300pETeHUs
croco0 BKJrOUaeT onpeaeneHne cootHomennst N/C B IepBOM MOTOKE.

IIpennodrurenbHO, NEPBBIA U BTOPOU MOTOKU UMEIOT Pa3HBIA COCTAB YKe
HEMOCPEACTBEHHO nociie pasaeneHus. [IpennouTurenbHo, NepBolil U BTOPOU MOTOKH
UMEIOT Pa3HbIN COCTAB MPU BHICOKOM JABIIEHHUH, NIepen T000H cTainell paciuupeHus
IUTs1 CHYDKeHUs! AaBiieHust. [IpennodyrurensbHo, nepBblii U BTOPOU MOTOKU UMEIOT Pa3HBIN
COCTaB HA BBIXOAAX U3 CENapaTropa, U UMEIOT Ha BBIXOAAX U3 CenapaTropa TaKoe e
JaBlIeHHe, Kak pabouee AaBJIEHHE PeaKkTopa, WM KOTopoe MeHee ueM Ha 10 Oap Huxe,
4yeM yKka3aHHOe pabouee IaBlIeHHEe PeakTopa.

Taxue BapraHThI OCYIIECTBJICHUS JAHHOTO H300peTeHHs IPUHLUITHAIBHO
orctynatoT ot US 2004/0116743 A1, npudeM nepsasi 4aCTh pacTBOpa CHHTE3A,
HanpasJisieMasl B OTIIapUBaTelb, U BTOPasi 4acThb, HAINpassieMas B cekunio MP, umerot
OIIMHAKOBBIHN COCTaB (O CHUKEHHUSI TaBJieHus1 BTOpoi yactu ot HP no MP).

B npyrux, MeHee npeanouTUTEIbHBIX BAPHAHTAX OCYLIECTBICHHUS N300peTeHNUs,
NIepPBBIi U BTOPOH MOTOKU UMEIOT OMHAKOBBIH cocTas, kak B US 2004/0116743A1,
HarpuMep, eciii He UCTIONb3YyeTCs n3MepuTeIbHoe yeTporicTso N/C.

JIBa motoka co craguu pasaenenus HP, mo meHbluei Mmepe 4aCTUYHO,
HarpuMep, MOJHOCTHIO, MMOIBEPTAIOTCS pa3HO 00pabOTKe B COOTBETCTBHUH C
u300peTeHneM, B YaCTHOCTH, TIOTOKH, TIO MEHbIIEH Mepe YaCTUUHO, HAIIpUMep,
TIOJTHOCTBIO, TIOJJAFOTCSI Ha pasHble Oyoku. OOpaboTka IBYX MOTOKOB MOXKET OBITh
aJanTUPOBAHA K KOHKPETHOMY COCTaBY Ka’KAOTO MOTOKA.

IlepBblit TOTOK, MO MEHBILIEH MEpPEe YaCTUYHO, HAIIPUMED, MOJHOCTHIO,
Harpumep, 1o MeHbluel Mepe 90 % mac. KUIKOH (a3bl, HANPABJSIETCS B OTIAPUBATEIb
HP Tepmuueckoro ornaproro tuna. OtnapeHHsIH KapOaMUIHBINA pacTBOP U3
TEPMUYECKOrO OTHApUBATENs], 10 MEHbIIENH MEPE YaCTUYHO, HAIIPUMEP, NOJHOCTBIO,
HanpuMmep, 1o MeHbluel mepe 90 % mac., HanpaBJsAeTCs B IEPBYIO CEKLIUIO
perenepaunu MP.

Ilepsas cexuus perenepanuu MP npeanodTuTeNnsHO COAEPKUT annapar s
paznoxenust MP, konneHcaTop kapbamara MP u koHneHcaTop ammuaka MP, u
NPEATNOYTUTENFHO TaK)XKe KOJIOHHY pa3zienieHns kapdamara MP u mprueMHUK aMMHaka
MP. IlepBas cexuus perenepauny MP npennodTuTensHO UMEET OTAEIbHYIO CXeMy
COEIMHEHUI BO3BPATHOIO MOTOKA JJIsl NOTOKA KOHAEHCUPOBAHHOIO aMMHMAKa U IS
nepBOro kapOdaMaTHOTO PacTBOPA, JIsl BO3BPATa STHX MOTOKOB MO OTAEIBHOCTH B

cekuuro HP.
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B HEKOTOpPBIX BapHaHTax OCYLIECTBICHUS N300PETEHNUS TIEPBBI TOTOK MOXKET
OBITh pa3/eNieH Ha TIOATIOTOKY M OZIMH MK OOoJiee U3 3THX MOATIOTOKOB MOJAIOTCS, TI0
MEHbIIIeH Mepe YaCTUYHO, HAIIpUMep, MOJHOCTBIO, B TEPMUYECKUI OTIIapUBATENb.
Hanpumep, ecni nepBblii MOTOK NpeacTaBisieT coOoi nByxdasHelil Gurona, To mepBbIit
MOTOK, HaTIpUMeED, MOJIBEPraeTcs ra30KUAKOCTHON cenapaiuy, NpuieM MoTOoK
JKUJIKOCTH, HalpUMep, MOJAETCs B OTIIApUBaTelb, a IOTOK rasa, HalpuMep, oJaeTcs B
KOHJIEHCAaTOp KapOamara BBICOKOTO IaBJIeHHs. B TakoM BapuaHTe OCYIECTBIICHUS
M300peTEeHNs TOJIBKO YacTh MEPBOTo IMOTOKA MOAAETCS] B TEPMUYECKHH OTIIapUBATENb.

Kax nmpasuio, nepselil OTOK NOABEPraeTCs ra30’KUAKOCTHON Cenapaluu nocie
cragun pasnenenus HP 1 KUIKOCTh pacnpenensercs o BIyCKHbIM NaTpyokam
TpyOHOrO Nnyyka B TEpPMUYECKOM OTIIapUBaTese. JTa ra30skKUAKOCTHAs Cenaparus,
HanpuMep, OCYLIECTBIIAECTCSA B BEPXHEH KaMepe TEPMUYECKOrO OTIIapUBATENS.
I'a305xuaKOCTHAS cenapanys TAKKE MOXKET OCYIIECTBIISATECS B JONOJHUTENBHON
cernapaluOHHON €MKOCTH, PACMONIOKEHHON Mexay cenaparopom HP u otnapusarenem,
C rojiavei *KUIKOCTH B TEpMHUUECKUI OTnapuBarens, a raza B HPCC.

I'a3 OT ra3oxUOKOCTHOM Cenapanuy, COAep Kalui nHepTHeIe rasel 1 NHs,
npeanourutensHo Hanpasisercss B HPCC, nanpumep, cMelInBaeTcs ¢ ra3oBbIM
MIOTOKOM, BBIAEJISFOIIMMCS TIPH OTHAPHOW OYHCTKE B TPYOHOM MyYKe TEPMHUUYECKOTO
ornapusateiisi. TakuM 00pa3om, KUCIOPOA, COAEPIKALTUIICS B MHEPTHBIX ra3ax,
croco0OCTBYET MPEAOTBPAIIEHUIO KOPPO3UHK Kak B peaktope, Tak u B HPCC.

IIpennodrurenbHO, NEPBBINA MOTOK MOJHOCTHIO WM MO CYIIECTBY MOJHOCTBIO
(Hampumep, o MeHbLei Mepe 95 % mac. JKUAKOHN (pa3bl) HAMPABIAETCS B TEPMUIESCKHIA
OTIapUBaTellb.

Bropoii motok npeanoutuTensHO oOxonut otnapusarens HP u Hanpasnsercs,
M0 MEHbIIEHN Mepe YaCTUYHO, HallpUMepP, MOJIHOCTBIO, BO BTOPYIO CEKIIUIO pereHepaluu
MP, npennouTuTeNbHO BTOPOH MOTOK MOJIHOCTBIO HIIH IO CYIECTBY MOJTHOCTBIO
(Hampumep, 1o MeHbIIel Mepe 95 % Mac.) HanpaBISIETCsI BO BTOPYIO CEKLIUIO
perenepauun MP. B kauecTBe npeumyluecTsa, NPOU3BOAUTEIBHOCTD OTnapusaress HP
U KoHAeHcaTopa kapbamara HP moxer ObITh HEOOBIIONH MO CPABHEHHIO C
NPOU3BOJUTEIBHOCTBIO KapOAMUAHON YCTAHOBKH.

IIpennoururensbHO, BO BTOPYHO CEKLUIO perenepaunu MP noctynaer no
MeHbluen Mepe 95 % mac. wim no MeHbinei mepe 99 % mMac. BTOporo rnoToka,

o0ecreunBaeMoro CenapaTopoM BBICOKOTO AaBJIeHHsI. Bo BTOPYIO CEKIHIO pereHepanuu
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MP npeanodTUTeNbHO NOCTYAeT HEOTIAPEHHBIH KapOaMHUIHBIA PACTBOP U3 PEAKTOPa
HP B xauecTBe yKa3aHHOIO BTOPOrO MOTOKA.

IIpeanoururensHo, BO BTOPYIO cekumio pereHepauun MP noctynaer 5-50 %
Mac. kapbamunia, mpou3BeIeHHOro B cekiuu cunte3a HP, 6onee mpenmouturenbao 15-
30 % mac.

Bropas cekuus perenepaunu MP conep:kuT BTOPOH anmapar jisl pa3JIOKEHUs
MP, Bropoii koHAeHcaTop kapbamara MP 1, mpeanodruTenbHo, 6J0K aarnadaTuyecKoro
MrHOBEHHOTrO ucnapenuss MP. Bropas cekuus perenepaunu MP, npeanodTuTensHo,
paboTaeT He3aBUCUMO OT MepBOi ceKuu pereHeparmu MP. 3to nossonser
UCIIOJIb30BaTh ONTUMAJIbHBIE TEXHOJIOIMMUECKUE PEKUMBI B KaXKION CEKLIHUH.

B npennoururenbHbIi 610K annadbaTuueckoro MrHOBEHHOro ucrnapenus MP
MOCTYMAET MO MEHbLIEH Mepe 4acThb, MPEANOYTUTENBHO, BECh BTOPOH MOTOK,
NPEANOYTUTENBHO, JE€ra3supOBAaHHBIN BTOPOI MOTOK, U UMEETCsl IEPBOE BBIITyCKHOE
OTBEepCTHE JUIA Mapa, 00pa30BaBLIErOCs IPU MTHOBEHHOM HUCTIAPEHUH, 1 BTOPOE
BBIITYCKHOE OTBEPCTHE ISl IOABEPTHYTOrO MTHOBEHHOMY UCTIAPEHHUIO KapOaMHUIHOTO
pactBopa. biiok MruoBeHHOro ucnapenyst MP, mpeinouTuTeNnbHo, ABIAETCS
annadaTHYeCKUM B TOM CMBICTIE, YTO OH, MPEANOYTHTENILHO, HE HArPEBAETCSI AKTHBHO.
IIpenMy1ecTBO 3TOroO 3aKIOYAETCS B TOM, UYTO SHIOTEPMUYECKAsl PEAKLIUS Pa3JIOKEHUs
kapOamara mpoTeKaeT C TPYAOM HJIH TOJIbKO B OTPAHHMYEHHOH CTEMEHH, TAKHM 00pa3oM,
nap, oOpa3oBABIIUIICS MPU MTHOBEHHOM HCTIAPEHUH, UMEET OTHOCUTEILHO HU3KOE
conep:kanue COz. Kpome Toro, annabarnyeckoe MTrHOBEHHOE UCTIAPEHHE 00eCTIeYHBAET
HU3KO€ HCTHAapeHNe BOJbI U MPEUMYIIECTBEHHO HU3KOE COIEPKaHUE BOBI B Mape,
00pa3oBaBIIEMCs] IPU MTHOBEHHOM ucnapeHuH. [IpennouturensHo, nap,
00pa30BaBIIMIACS IPU MTHOBEHHOM HCTIAPEHHUH, COAEPIKUT IO MeHblIel mepe 90 %
mac. NH3 wiu no cymectBy unctoiii NH3z. CootHomenune N/C B kapbaMuIHOM
pPacTBOpPE YMEHBIIAETCS 3a CHET MTHOBEHHOI'O UCMIAPEHMs], KOTOPOE 1ae€T MEHbILE BOJBI,
BO3BpAlLIaeMoi B kapOdaMaT U3 BTOPOH cekuuu pereHepanuu MP, u yiaydimaer
KOHBepCHIO kapbamuzaa. biok agrabaTndeckoro MrHOBEHHOTO ucnapenust MP,
NPEANOYTUTENbHO, paboTaeT mpu OoJiee BBICOKOM JIABJICHUH, Y€M BTOPOH anmapaTt JJIst
paznoxenust MP, mpenmoutuTenbHO, o MeHbIneid Mepe Ha 1,0 Gap BbIlIe Uiy,
HarpuMep, 1o MEHbIIeH Mepe Ha 5 Oap BhIIIE WK, HATPUMED, IO MeHbIneil Mepe Ha 10
Oap BbILIE, KaK MPaBUIIO, MeHee YeM Ha 30 Oap BBILIE U, MPEATIOUTHTEIBHO, TAKXKE T10
MeHbLIel Mepe Ha 1,0 Oap uin mo MeHbInel Mepe Ha 2 6apa BbIIIe, YeM MepBast CeKLUs

pererepaunu MP. JlapieHne mogBepruyToro MrHOBEHHOMY HCIIAPEHUIO KapOaMHUIHOTO
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pacTBOpa, MPEANOYTUTEIBHO, COOTBETCTBEHHO CHIDKAETCS MEXKIY OJIOKOM
annabaTuieckoro MrHOBEHHOTro ucrnaperust MP 1 BTOpBIM anmapatoM [uist pas3iosKeHHsI
MP o menbineii mepe Ha 1,0 Gap, mo MeHbIIeH Mepe Ha S Oap WiTH, HaIpUMep, 1O
MeHbInei mepe Ha 10 Oap.

brok aqnabaTuueckoro MrHOBEHHOTO ucnapenuss MP, nmpeanodtuTensHo,
paboTaer npu gaBieHUH 10 MeHbInel Mepe 20 6ap (abCOoMOTHOM), HaIIPUMEp, IPU
naBjieHnH B auana3one ot 20 no 60 Gap (abcomoTHOM), Hanpumep, ot 25 no 40 Oap,
Hanpumep, oT 25 1o 35 Oap wim, Hanpumep, oT 30 no 40 Oap. JlaBieHue Ha cTaguu
annadaTUueCcKOro MrHOBEHHOTO ucnapeHuss MP MoxHO 3¢ eKTUBHO UCTIOIB30BATh J1JIs
peryaMpoBaHus COCTaBa BO3BPATHBIX MIOTOKOB KapOamara.

Kapbamuanslii pacTBOp Ha BbIXOAE U3 OJIOKa MIHOBEHHOTO HcnapeHus MP
Harpumep, comepxut 15-25 % mon. NH; (kak B cBOOOHOM BHIE, TaK U B BULE
kapbamara) u 5-15 % mon. CO» (kak B CBOOOAHOM BHUJE, TaK U B BUe kapbamara),
Harpumep, npu aasiaenuu 20-30 Gap.

B kauecTtBe mpumepa, kapOaMUAHBINA PACTBOP HA BBIXOAE U3 OJIOKA MTHOBEHHOT'O
ucnapennss MP npexncrasnsier coboi, Hanpumep, 23 % mon. NH3 (kak B cBoOOgHOM
BUJIE, TaK U B Bune kapbamara), 10 % mon. CO; (kak B CBOOOJHOM BUAE, TaK U B BUAE
kapbamara), 19 % mon. kapbamuna u 32 % moun. Boxbl, nipu 25 6ap u 133 °C.

[Tap, oOpa3oBaBLIMIACS IPU MTHOBEHHOM HUCTIAPEHHH, TIPEATIOYTUTENBHO,
MOABEPraeTcsl KOHASHCALNU C 00pa30BaHUEM JKHJIKOTO KOHIEHCATa, KOTOPBIH, KaKk
NpaBUJIO, BO3BpaIaeTcs B cekiuo HP, mpeanoutuTenbHO ¢ UCTIONb30BaHHEeM Hacoca. B
HEKOTOPBIX BAPHUAHTAX OCYIIECTBJICHUS H300PETEHHSI UCTIOIb3YETCsI CIIELMATbHbIN
KOHJIEHCATOp aMMHaka. B HanboJee mpeanovTUTEIbHOM BapHAHTE OCYIIECTBICHHUS
M300peTeHus nap OT aANadaTHYeCKOro MTHOBEHHOTO UCTIAPEHUS TOIAETCs B
KOHIIeHcaTop KapOamara MP nepBoii cekunu perenepaunu MP. DToT KOHIEHCATOP
kapOamara MP nmMeer ra300TBOJ, COETUHEHHBIH C TIOAa4Ye ra3a B KOHACHCATOP
aMMHaka nepBoii cekuuu pereneparuu MP. Takum oOpaszom, nzderrok NHs,

COIEp KALIMICS B TTapax OT ainadaTHYeCKOro MrHOBEHHOTO ucapeHus, 3pPpekTuBHO
KOHJIEHCHPYETCsl B KOHACHCATOPE aMMHaKa MepBoi cekunu perenepaunud MP B Buze
OTHOCHUTEJILHO YUCTOM xkuaAKoCcTH NH3. IIo mpuurHe MrHOBEHHOIO UCNapeHus, BTOPOU
MIOTOK C BBICOKMM cooTHourerneM N/C, HanmpuMep, B BApHAHTaX OCYIIECTBICHUS
u3zobpeTeHus ¢ peakTopoMm, padoraromum mpu cootHomenuu N/C B quanazone ot 3,0
10 3,4, Moxet ObITh 3()(HeKTHBHO OOBEAMHEH C BBICOKOKAYECTBEHHBIM BO3BPATHBIM

pacTBOpoM kapbamara u3 BTOpol cekiuu perenepanuu MP. Kpome Toro, B 3Tom
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crioco0e UCTOb3yeTCs MPEUMYIIECTBO NEPBOH cekunu pereHeparuun MP nocie
TepMIUecKoro ormapusareliss HP, mpucnocoOneHHo st 00paboTKH OTHapEeHHOTO
KapOaMHIIHOTO PacTBOPa C OTHOCHTEIBHO BBICOKUM cooTHomeHneM N/C u o
CyIIECTBY O€3BOJHOTO BO3BpPAaTa aMMHAaKa U3 KOHIEHCATOPA aMMHAKa B CEKIIHIO
cunre3a HP.

Taxum 00pa3oM, B IPeNNOYTUTEIHPHOM BapHAHTE OCYLIECTBICHUS H300pETeHUs
UCTIONB3yeTCs OJI0K annabaTHiueckoro MrHOBEHHOro ucnapenus MP, B KOTOpBIit
MOCTYTIAaeT YacTh [MOTOKA CHHTEe3a Kapbammua u3 peakropa (BTOpO MOTOK), a map,
00pa3yroImuiics Mpu MITHOBEHHOM HCTIAPEHUH, ITOaeTCsl B KOHAeHcaTop kapbamara MP
nepBoii cexiuu pereHeparu MP. B 5Tom BapuaHTe OCyINeCTBIEHUS H300pETeHMsI, HO
TaKXe U B IPYIMX BapUAHTaX OCYLIECTBJIECHUS H300pETEHHs], BTOPOH IOTOK, HAIIpUMep,
MOKET UMETb TaKyIo ke, Oosee BBICOKYIO Min 00Jiee HU3KYIO TPaBUMETPHYECKYIO
IUIOTHOCTb, Y€M y MEPBOTO MOTOKA, U BTOPOH MOTOK MOXET HMETh 00Jiee BBICOKYIO,
TaKYIO Jke WK Oosee HU3Kyro KoHeHTpaimo NHs, yeM y mepBoro noroka.

bnok agnabaTHyeckoro MrHOBEHHOTO ucnapeHust MP, mpennodTuTensHo,
paboTtaet npu Oosiee BHICOKOM JIaBJICHHUH, YeM MEePBbIH anmnapat A pasnoxkerus MP u
nepBbIil KOHIEHCaTop Kapbamara MP, mpeanodrutenbHO Mo MeHbIneii mepe Ha 1,0 6ap
BBILIIE, JIJIs1 O0eCTIeueHus ePeHOca MapoB.

B cnydae Mogudukaiuu CymecTByIIel kapOaMUIHON yCTaHOBKH
(PEKOHCTPYKIMH), KOHIEHCATOP KapOamara M KOHACHCATOp aMMHAaKa B CYIIECTBYIOIICH
nepBoi cekuu pereHeparuu MP, kak mpaBuiio, UMEIOT 3amac AJs MOoJy4YeHus napa ot
annabaTuieckoro MrHOBEHHOro ucrnapenus. JlaBieHne anqnadaTHuecKoro MrHOBEHHOTO
UCTIAPEHHUST MOKET OBITH HCIIOIB30BAHO JUISl PETYJIUPOBAHMS KOJIHMYECTBA Iasa,
MOJBEPTHYTOI0 MIHOBEHHOMY HCIIAPEHUIO.

Bropoii annapar nis pasnoxxeHuss MP nmeeT BIyCKHOE OTBEPCTHE IJIs
NPEANOYTUTENIBHO IOABEPTHYTOIO MTHOBEHHOMY HCIIAPEHUI0 KapOaMUIHOTO pacTBOpa
WITH JIJIs1 BTOPOTO MOTOKA (€CIIH MPEANOYTUTENbHOE ainabaTH4eckoe MITHOBEHHOE
UCTIAPEHNE HE UCTIOIB3YETCs), BBIITYCKHOE OTBEPCTHUE IS Mapa M BBIITYCKHOE OTBEPCTHE
Ui KapObaMuIHOTO pacTBopa. Bropoii ammapat mist pasioxenuss MP cogep:kur, kak
NPaBUJIO, TEIUIOOOMEHHUK, MPEATIOUTHTEIBHO COIEPIKUT KOKYXOTPYOHBII
TETUIOOOMEHHUK, U MPEINOYTHTEIBHO B HEM HCIIONB3YETCs Tap B KAUECTBE
TeruioHocurens. Bropoii annapar ans pasnoxenust MP copep:xur, Hanpumep,
BEPTUKAJBbHBIN MPSIMOTPYOHBIN KOKYXOTPYOHBIH TEIUIOOOMEHHHUK C PEKTUPUKATOPOM

cBepxy. PektudukaTop comepKuT Hacaaky, 00eCIeunBarOIIyI0 KOHTAKT MEXIY
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BXOJALIEH CTEKArOLEH MIIEHKON XKUIKOCTBIO U MOJHUMAOIIMMCS ra3oM. Beimyck rasa,
NPEeANOYTUTENBHO, HAXOIUTCS CBepXY. BriyckHOe oTBepcTHE AJs KUIKOCTH,
MPEIIOYTUTENBHO, HAXOIUTCS B BEpXHel yacTu pekrudukaropa. Bropoit anmapar nist
pasznoxkenust MP paGoraer, Hanpumep, pu AaByieHUH ot 15 o 25 Gap.

ITepBslit u BTOpOH anmapatsl 11 pasnokeHust MP moryT s dexruBHo padorath
IIPY pa3IMYHBIX AaBieHusx. Bropon annapar nis pasnoxxenus MP, nanpumep,
pabotaer npu GoJiee BLICOKOM JaBJICHUH, YeM NepPBbIH anmnapar i pasyioskeHust MP,
Harpumep, 1o MeHbluel Mepe Ha 1,0 Oap wu o MeHblel Mepe Ha 5,0 Oap BbILIe,
Harpumep, Ha 5-15 Oap Belle. ITO MOKET CIIOCOOCTBOBATH OTHOCUTENBHO BBICOKOM
TeMIIepaType KOHJIEHCAllud BO BTOPOM KOHieHcaTope kapbamara MP.

ITap u3 BTOpOroO annapara s pasnoxxenust MP nonaercss Bo BTOpou
KOHIeHcaTop Kapbamara MP, KOTOpbIi MMEeT BBIMYCK JJisl KapOaMaTHOTO PacTBOpa.
Bropoii konnencarop kapbamara MP MosxeT ObITh IPEAJIOKEH B BUIE OMHON Uin Ooee
enuHuL. Hanmpumep, OH npearaercs B BUIAE JBYX KOXKYXOTPYOHBIX
teruioooMenHuKoB. Bropoit MPCC (medium pressure carbamate condenser) conep:kur,
HarpuMep, MePBbI TEIIOOOMEHHHUK 11 KOCBEHHOTO TeTI000MeHa ¢ KapOaMUIHbIM
PacTBOPOM, KOTOPBIH HEOOXOIUMO HArpeTh, HAPUMED, AJIsl UCIIAPEHUS BOABI, U BTOPOH
TETIOOOMEHHUK ISl OXJIasKaaroiei Boasl. BTopoii anmapar mist passioxenus MP u
BTOPOH KOHIEHcaTop kapbamara MP nmpeanodTuTeibHO padOoTaroT MO CYIIeCTBY MPH
OITHOM U TOM ke faByieHuu. bonee BricOKas TemnepaTypa KOHIEHCALUU B TAKUX
BAPUAHTAX OCYLIECTBICHHS N300PETEHUS SIBJISIETCS JKEIAeMOM JIJIs TIEPBOTO
TETI000OMEHHHUKA.

PacTBop xapOamara npsiMo MM KOCBEHHO BO3BpAINaeTcst B CeKIuio cuHTe3a HP,
HanpuMmep, B HPCC yctaHOBKM TepMUUeCKOH OTNapKy, B YaCTHOCTH, B YaCTh
TexHoJiorudeckoi cpeasl Takoro HPCC, nanpumep, B TpyoHyro yacts HPCC
KOTJIOBOTO TUIA. DTOT BO3BpAT, KaK MPaBUJIO, BKIIIOUAET MepEeKadKy pacTBopa
kapOamara ¢ UCnoib30BaHHEM KapbamaTHoro Hacoca HP.

B ogHOM BapuaHTe OCyIeCTBIIEHUsT H300peTEeHNs pacTBOp Kapbamara,
00pa3oBaHHBIN BO BTOPOM KOHAeHcaTope kapbamara MP, mepexkaunBaeTcst B CEKLIUIO
HP ¢ ucnonp3oBanneM Hacoca kapbamarta It IEPBOI CEKLIUN PEreHEePaLIIH.
Hanpumep, pactBop kapbamaTa, 00pa30BaHHBIN BO BTOPOM KOHJIEHCATOpe KapOamara
MP, nopaercs B pa3aeauTeNbHYIO KOJIOHHY MP, a BBIITyCKHOE OTBEPCTHUE AJIsl paCTBOpPA
kapOamara pa3nenuTeNbHON KOJIOHHBI MP coenrHeHo (A1 MOTOKa JKUIKOCTH) MPSIMO

WITH KOCBEHHO C BIYCKHBIM OTBEpCTHEM KapbamaTHoro Hacoca HP mepBoit cexunn
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pererepanyy. DTOT WIUTOCTPATUBHBINA BAPUAHT OCYIIECTBIICHUS H300PETEHHS SBISIETCS
MeHee IPEATIOUTUTENbHBIM, IIOCKOJIBKY PacTBOp kKapOamara, oOpa3oBaHHbII BO BTOPOM
KOHIeHcaTope kapbamara MP, 3aTeM CTaHOBUTCSI HACHIIEH AMMHAKOM.

bonee npeanoutuTenbHO, pacTBOp kKapbamara, 00pa30BaHHBINA BO BTOPOM
KOHAeHcaTope kapbamara MP, nepekaunBaercs B cekumto cuaTe3a HP ¢
HCTIOJIb30BAHIEM CIEIIMAJIbHOTO HACOCA, KOTOPBIH OTAENEH OT HACOCa, UCIIOIb3yEeMOT0
IUIs Iepeiayy pacTBOpa kapOamara U3 mepBoro KoHaeHcaropa kapbamara MP B
ceximo cunte3a HP. IlpeanouturensHo, pacTBop kapbamaTa, 0Opa30BaHHBIN BO
BTOPOM KOHJIeHcaTope kapbamata MP, He mpoTekaeTr yepes3 pa3aeuTeNIbHYI0 KOJIOHHY
MP. D10 obecrieunBaeT TO NPEUMYILIECTBO, YTO PacTBOp kapOamara He norjomaer NHs
B YKa3aHHOMW pa3/eNNTEIbHOI KOJIOHHE, TAKUM 00pa3oM, 00beM NepeKaurBaeMoro
JOMNOJHUTEIBHBIM HACOCOM MOTOKA SIBJIIETCS OTHOCUTENILHO HeOombmiM. Takum
obpa3om, yacTb cbipreBoro NH3, mogaBaemMoro B nepByro cekuuio pereHepaunu MP,
KOTOpast epeKaunBaeTCsl AMMHAYHBIM HACOCOM, SIBJISIETCS OTHOCHTENBHO OOJIBIIOH, UTO
3¢} EKTUBHO YMEHBIIAET YACIbHOE KOJUYECTBO BOJIbI, BO3BpalaeMoii B cexiuio HP.

Bropas cexuus perenepaiun MP, npeqnodTuTenbHO, JOMOJHUTEIbHO UMEET
BIIYCKHOE OTBEPCTHE JUJIsl ChIpbeBOT0 ra3oBoro notoka CO», TakuM 00pa3oM, ChIpbEBOH
CO2 MP nogaercst mpsiMO WJIM KOCBEHHO BO BTOPOH KOHIeHcaTop kapbamara MP, rae
OH TIOJIBEPraeTcsl KOHASHCALUU C aMMHAKOM (ITOJIy4aeMbIM U3 BTOPOTO MOTOKA,
HarpuMep, U3 BTOPOTro anmapara s pasnoxkeHus MP) ¢ oOpazoBaHueM pactsopa
kapOamara.

[IpenmyiecTBeHHO, TaKUM 00pa3oM 4acThb ChipbeBOro CO2 MOKET MoIaBaThCs
NPU CPETHEM JIABJICHUH U MEPEKAYUBATHCS C TOCTHXKEHUEM BBICOKOTO IABJICHHS B BU/IE
pactBopa kapbamara. Takum oOpa3om, B cliydae pEKOHCTPYKIUH, CYIIECTBYFO LU
kommpeccop HP CO; (kak mpaBuio, MPUCYTCTBYIOIINI B CYIECTBYIOIIEH
KapOaMHUIIHOM ycTaHOBKE 11 mofayuu razoodpasnoro COz HP B cekumro cuHTE32
BBICOKOTO aBJieHHs1) He TpeOyeT Moaudukauuu. B ciydae cTpouTenbCcTBa YyCTAHOBKH C
HyJ1s1, Komnpeccop CO2 HP mosxeT ObiTh oTHOCHTENBbHO HebonbmmM. Komnpeccop CO;
HP, xak npasuio, TpeOyeT OONbLINX KaUTAJIbHBIX 3aTPAT 110 CPABHEHHUIO C
kapOamaTHbIM HacocoM U komrpeccopoMm COz MP. B HEKOTOpBIX BapuaHTax
OCYILIECTBIICHHs N300pPETeHNs YKa3aHHasl YCTaHOBKa conep:kut kommpeccop CO» MP
st cxkaTHst cbippeBoro CO2 10 cpeqHero MaBiIeHus], B YaCTHOCTH, 110 aBJICHHSI BBIIIE

pabodyero naBieHUsI BTOPOToO KOHAEeHcaTopa kapbamata MP. B HEKOTOpBIX BapuaHTax
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ocymecTeieHus n3oopeteHus ceipbeBoii CO2 MP mony4aroT U3 npoMexky TOYHOM
cTanuu MHOroctyneHdaroro kommpeccopa CO, HP.

Kax npasuno, CO; nocTyneH Ha npezene HU3KOro AaBieHus (Hanpumep, 1-

5 Gap abc.) U3 yCTaHOBKHU MO MPOU3BOJCTBY AMMHAKa (B YaCTHOCTH, M3 YCTAHOBKH IO
npou3BOACTBY cuHTe3-rasa). CripbeBoit CO2 MP, Hanpumep, cxxumarot 10 MP ¢
ucnosnb3oBaHneM kommnpeccopa CO; MP mim nocpencTBoM H3BJICYEHUS ChIPHEBOTO
COz ¢ mpomesxyTounoii ctaauu komrpeccopa CO2 HP. B HekoTopbIx BapraHTax
ocyIecTBiIeHus n300peTeHus, B CeipbeBoit CO2» MP He 100aBisoT macCuBUPYIOLIUH
kucaopon /i B ceipbeBoit CO; MP He no0aBisiroT Kuciopox st 6Jioka KOHBepTepa
BOJIOPOJIA. DTO MPENNOYTHTEIBHO 00€CIIeunBaeT HU3KOE COIeP KaHNE NHEPTHBIX ra3oB
BO BTOPOM KOHieHcaTope kapbamara MP, uro oco6eHHo 3¢ ekTuBHO B BapraHTax
OCyIIECTBIIEHUS, B KOTOPbIX BTopoit MPCC conep kuUT nepBblii TEIIOOOMEHHHK IS
HETPSIMOTO TEIJIO00MEeHa ¢ pacTBOPOM KapOaMuia, KOTOPbIiH HEOOXOAMMO HAarpeTh.

B nmpeanoutuTensHOM BapHaHTe OocyLiecTBiIeHHs n3o0perenus cbipreBoit CO;
MP nonaercs B ornapusatesib CO2 MP, BKIFOUEHHBIH BO BTOPYIO CEKLIUIO pereHepaluu
MP. B sTom ornapusarene MP, npeanodyrutebHo, kKapOaMHUIHBIH PACTBOP M3 ammapara
s paznoxeHust MP noxsepraercst ornapke (B IpOTUBOTOYHOM KOHTAKTE C TOTOKOM
raza CO;) ¢ nojy4eHueM napoBoro rMoToka 1 oTnapHoro pacrsopa MP. Otnapka B
ornapuBatenie CO» MP, npeanodTutenbHo, siBsieTcs anquadarudeckoit. OTnapuBaresb
CO» MP conep:kuT, HarpuMep, YIJIOTHEHHbBIN CJIOH, MPUCTIOCOOIEHHBIN ISt
MPOTUBOTOYHOT'O KOHTAKTA ra3a U )KUIKOCTH.

KapOamuaHblii pacTBOp Ha BBIXOJE KUAKOCTH U3 oTnapusaresisi CO» MP, kak
npaBuiIo, MeeT Oosiee HU3Koe cootHomeHue N/C, yem kapOaMuaHbIN pacTBOpP Ha
Bxoze xuakoctu u3 ornapusarenss CO2» MP. Takum oOpa3zom, kapOaMuIHBII pacTBOP
Ha BbIXoJie OoJiee mpuroaeH aJist 00paboTKU B MOCIEAYIONIEH cekiuu peredeparuu LP.

ITorok mapa u3 ornapusarensi CO, MP HanpaBnisieTcst BO BTOPOM KOHIEHCATOP
kapbamara MP.

ITonaya ceippeBoro CO2 MP Bo BTOpOI#i KOHIEHcaTop Kapbamara MP,
HeoOs13aTenpHo, uepes ornapusarens COz; MP, obecrieunBaeT TO MpeMMyIIeCTBO, YTO
pacTBop kapbamara, 0Opa30OBaHHBII BO BTOPOM KOHZAEHcaTope kapbamara MP, nmeer
OTHOCHUTEJIbHO Hu3Koe cooTHowmenne N/C u, cienoBaTenbHO, TPy (PUKCHPOBAHHOM
KOJINYECTBE KapbamaTa UMeeT MEHbIINH 00beM. MeHbInii 00beM 3P PeKTHBEH s

nepekadku pacTBopa kapbamara MP. Annabatndyeckoe MrHOBEHHOE HCTIAPEHUE MOXKET
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OBITH OTPETYJIMPOBAHO TAKHM 00pa30M, 4TOOBI UMETh OCTaTOUHOE KonndecTBO NH3 BO
BTOPOM KOHJIeHcaTope kapOamara MP.

ITepBsIit moTok nmeer, HanpuMep, cooTHotnenne N/C B quanasone 3,3-3,6 Ha
BBIXOJIE U3 PEAKTOPa U Ha BeIXOJe U3 cenapatopa HP.

KapOamuanblii pacTBOp Ha BBIXOJE U3 TEPMHUUIECKOTO oTnapusaressi HP
conepskuT, Hanpumep, 23-25 % mac. NH3 (kak B cCBOOOIHOM BUJIE, TaK U B BUJIE
kapOamara) u 6-7 % mac. COz (kax B cBOOOZHOM BHJIE, TaK U B BUJE kKapOamara).

PacTBop xapOamara u3 nepBoro koHaeHcaropa kapbamara MP nmeer
cootHottenue N/C, manpumep, ot 3 1o 4, uiu ot 3,50 no 4,50

B ninmrocTpaTHBHOM BapuaHTe OCYIIECTBIIEHHS U300pETeHUs )KUIKOCTD,
NOJTIy4€HHAas C HU3a Pa3eNINTENIbHON KOJIOHHBI, NIEpe/l CMEINBAHUEM C PACTBOPOM
kapOamara u3 BTOpoii cekunu perenepaunu MP conepskur 50-60 % mou., Hanpumep,
56 % mon. NH;3 (kak B cBOOOIHOM BHUJE, Tak U B Buae kapbamara), 10-20 % mou.,
Harpumep, 14 % mon. CO; (kak B cBOOOIHOM BUAE, TaK U B BUie kapbamara) u 25-35
% Mo, Hanpumep, 29 % mon. H>O. Bricokoe cootHommenue N/C nenaer
HEOOXOMMBIM BBICOKOE COZIEPKaHNE BOJIBL.

[IpennouTurenpHO, pacTBOp KapOamara U3 BTOPOro KOHIEHCcaTopa KapbamaTa
MP umeert cootHomenre N/C ot 2,10 no 2,50, Hanpumep, ot 2,20 o 2,40.

Hanpumep, pactBop kapbamara U3 BTOpOro KOHAeHcaTopa kapbamara MP
conepskut 50-60 % Mo, Hanpumep, 55 % mon. NH3 (kak B CBOOOIHOM BUJE, TaK U B
Buze kapbamara), 20-25, Hanpumep, 22 % mon. CO2 (kak B CBOOOAHOM BHIE, TAK U B
Buze kapbamara), u 20-25 % mon., Hanpumep, 23 % mon. H>O. YkazaHHbIii pacTBOp,
Harpumep, umeet nasyienue 17-18 ap.

[MpennoyrurensHO, pacTBOp Kapbamara u3 MepBoii cekuuu perenepaunu MP,
nocrynaromui B cekumto HP (T.e. Ha BeIxoae u3 kapbamarHoro Hacoca HP), umeer
conepskanue Bonbl 23-27 % Mac., a pacTBop kapOamMaTa U3 BTOPOU CEKLIMU pereHepaluu
MP, nocrynaromuii B cekuro HP, umeer conepskanue Boaer 18-22 % mac., Hanpumep,
20 % mac.

IIpennouTuTenpHO, pacTBOp KapOamara U3 MepBOro KOHAEHcaTopa kapbamara
MP, umeer conepskanue Boasl 23-27 % mac., Hanpumep, 25 % mac., a pacTBop
kapbamaTa U3 BTOPOro KOHJeHcaTopa kapbamata MP nmeet conepskanue Boabl 18-22
% wmac., Harmpumep, 20 % mac.

PactBop xapOamara u3 BTOporo konaeHcaropa kapbamara MP, Takum o0pazom,

UMEET JIy4lllee Ka4eCTBO C UCTIOJIb30BAHUEM Pa3pabOTKHU O TaHHOMY H300PETEHHIO, B
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YaCTHOCTH, IO MPUYUHE BBICOKOW CKOPOCTHU Pa3NieIeHUs] U/ MITH MPEIIOYTUTEBHOTO
annabaTuieckoro MrHOBEHHOro ucnaperust MP.

OunineHHbIi KapOaMHUIHBIH PACTBOP KaK M3 MEPBON CEKIMH pereHeparuu MP,
TaK U U3 BTOPOU cekuuu perenepauun MP HamnpasisieTcs: B cekuuro perenepauuu LP
KapOaMHUIIHOM yCTAaHOBKH, HAIIPUMep, B 1B OTIEJbHbIE CEKIUHU pereHeparuu LP nmu B
OIIHY U Ty ke ceknuto pereHepauuu LP. OxgHa wiu 6onee cekumii perenepaunu LP, kak
NPaBUIIO, CONEPIKAT anmapar uist pasnokeHus LP u konnencatop kapbamara LP.
PactBop kapbamara LP u3 konneHcaropa kapbamara LP nonmaercsi, Hanpumep, B
NepBBIH W/MM BTOpOI KoHAEeHcaTop kapbamata MP.

Ha ®ur. 1 cxeMaTnuecky NpOWIIIOCTPUPOBAHA TUIIOBAs CXEMa MPOLECCa 10
n300peTEeHNI0, KOTOpasi He OrpaHNYUBAET H300pETEHNE U HE OrPaHUYIUBAET POpMyITy
u3o0pereHus. B nocienyromem onMcaHny CCbUIOYHbIE TTO3ULUH, TTOKa3aHHbIE Ha
@ur. 1, UCMIONB3YIOTCS TONBKO I YA0OOCTBA U HUKOUM 00pa3oM He OrpaHUYUBAIOT
n3obperenue.

Crnocob mpoun3BoncTBa kapdamMuaa o u300PETEHUI0, KaK MPaBUIIO,
OCYLIECTBJISIFOT Ha YCTAHOBKE IO MPOU3BOACTBY kapbamuna (urea production plant,
UPP) Tumna TepMHYECKOM OTIApKH. Y CTAHOBKA CONEPIKUT CEKLIUIO CHHTE3a BBICOKOTO
nasnenust (HP) (high pressure synthesis, HPS) u nepByto 1 BTOPYIO CEKLIUIO
perenepanuu cpensero aasnenus (MP) (medium pressure recovery MPR1, MPR2). B
NIEPBYIO U BTOPYIO CeKLUU pereHepariu MP noctynaer kapOaMua-coaep Kamiil moTok
u3 cekunu cuaTe3a HP u monyvaercs: kapOamunHbiid pactBop MP, KOTOpBIi, Kak
NPaBUJIO, OTIOJIHUTENBPHO 00pabaTeiBaeTCs B CeKIMU perenepaunu LP ¢ monyueHnem
kapOamuHOTO pactBopa LP, KOTOpHIiA, HanpuMep, JOMOJHUTEIPHO KOHLEHTPUPYETCS B
UCTIAPUTEIBHON cekunu ¢ 00pa3oBaHueM kapbaMuaHoro pacruiaBa. KapbaMunHblit
pacIuIaB 4YacTo HAMPABISIETCS B CEKIMIO KOHEYHOH 00padoTku, rae Gpopmupyercs
TBEPIbIA KapOaMHUIHBIA MPOAYKT, HAPUMED, B TPAHYJISITOP WIIH IPAHYJSITHOHHYIO
Oamrnro. MicapurenbHast CEKIUS HCTIONB3YETCs IS YAAJIEHHST BOJBIL, 00Pa3yIOLIHIACS
BOJSTHOW Tap KOHIAEHCHPYETCs, a KOHASHCAT, KaK MPaBmIo, 00padaThiBaeTCs B CEKIUH
OUYHCTKHU CTOYHBIX BOJ (Waste water treatment, WWT), cocTosimeli u3 runposusepa u
necopdepa. Kak npasuio, WWT umeer OTHOCUTENIBHO BBICOKOE SHEPTONOTpeOIeHHE.

Bo3moxHO 1 Apyroe npuMeHeHne KapOaMHIHOTO pacIuiaBa u KapOaMHuIHOTO

pacTBopa.
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Ceknus cunresa HP conepskut peakimonnyro 308y HP (high pressure reaction,
HPR), ormapusatens HP Tepmuueckoro ornapsaoro tuna (high pressure stripper, HPSt)
u koHneHcarop kapdamara HP (high pressure carbamate condenser, HPCC).

Peakunonnas 3osa HP (HPR), Hanpumep, obecrnieueHa onHuM win Oojiee
kapOamunHbiMu peakropamu HP. Ecimn ncnone3yrores aa mnu 6onee kapOaMHUIHBIX
peakropos HP, To oHu, HanpuMep, pacnoI0KeHbI NapajuIeIbHO UITH MTOCIEN0BATEIBHO.
Opnun nnu Oonee peakropoB HP, kak mpasuiio, nmpeacTaBisitoT cOOOH BEPTUKAIbHbBIE
OapOoTa’kHBIE KOJIOHHBI C TapeakamMu. B naHHOM n3o0peTeHnu peakTop, HanpuMmep,
paboraer pu 180-200 °C, nanpumep, 185-195 °C, w/unu npu naBjaeHuu 1o MEeHbIIEH
mepe 140 Oap, Hanpumep, 140-160 Gap mnu 150-160 Hap. Peakrop paboraer,
Hanpumep, rpu cootHomenuu N/C B quamnazone ot 3,00 no 3,40, Hanpumep, B
nuanazone ot 3,1 go 3,2.

ITponecc npousBoacTBa kKapdaMuia, HaIpPUMep, BKIIOYAET TO1a4y KHCIOpoaa
(02) B nensax maccuBaimu B peakunonnyto 3oy HP (HPR), Hanpumep, B konu4ecTBe
no menbiieit Mepe 0,010 % 00. B mepecuere Ha cBexuii cripbeBoii CO», Harpumep,
MOCPEICTBOM BBEIEHHUS BO3yXa B KoimuecTBe o MeHbineii mepe 0,10 % 00. u, kak
npasmio, MeHee 1,0 % 00. mo oTHOmeHHIo K cBexkeMy coipbeBoMy COz.
[MaccuBHPYIOLIHI BO3AYX MU KHCIOPO, HATIPUMED, TMOAAETCS B BUAE YaCTH
ceipbeBoro COz. [TaccuBupyromuil BO3AyX HIIH KUCJIOPO, HAIPUMED, TOAAETCS
HETIOCPEACTBEHHO B KapOamuHblid peaktop HP.

Ornapusarens HP (HPSt) umeer BbIyCKHOE OTBEPCTHE TSI OTIIAPEHHOTO
kapOaMUIHOTO pacTBopa (2), COeMUHEHHOE C TIEPBOI CEKIMEH pereHepauu
MP (MPR1), u BeIITyCKHOE OTBepCTHE AJIs Ta3a (3), COSAMHEHHOE ¢ KOHIEHCATOPOM
kapbamara HP (HPCC). Ornapusarens HP (HPSt), kax mpaBuio, nmpencrasisier coOoi
BEPTUKAJBbHBIN KOXKYXOTPYOHBIN TEIIIOOOMEHHHK IJICHOYHOTO TUIIA C OTIMAPHBIM
pacTBOpoM kapOaMuzia B TpyOKax, ¢ BBITYCKOM JIJIsl Ta30BOH CMECH CBEPXY,
coennHeHHBIM ¢ kapbamaTHbIM KoHAeHcaTopoM HP (HPCC) u ¢ Bbimyckom auist
OTHapeHHOro kapbaMuaHOro pactsopa cansy. Ornapusarens HP, mpegnouyrurensHo,
BBINOJTHEH B BUE TEPMUYECKOTO OTHapuBaressi. TpyOKu oTmapuBarens He HMEIOT
OrpaHUYEHUH, HAPUMep, MPEICTABISIIOT COO0H OuMeTayeckue TpyObl HITH
conepskat, Hanpumep, Ti w/unu Zr, Wiy, HanpuMep, U3TOTOBJICHBI U3 TIOIXOASIIEH
Hep KaBEIOLIeH CTallu, HapUMep, U3 AYIUIEKCHON (peppUTHO-ayCTEHUTHOM
HEP>KaBEIOLIEH CTaIN, HAIPUMEp, AYIUIEKCHOM HEPKaBEIOLIEe CTall, KaK OMUCAHO B

WO 2017/014632.
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B cniocobe no n3o0peTeHnto TepMUYECKU OTIIapUBATEb padOTaeT, HAPUMED,
npu 200-210 °C, 3T TemMnepaTypsl YKa3bIBAOT TEMIIEPATYPY HA BBIXOE KapOaMUIHOTO
pacTBopa.

Konpnencarop kapbamara HP (HPCC) npeanoyturensHO npeacTapisieT codoi
KOXKYyXOTPYOHBIH TEIIIOOOMEHHUK, O0Jiee MPEAOUTUTENbHO TEIIIO0OMEHHHK C
ropu3oHTaIbHBIM yukoM U-o0paszuseix TpyO. Hanmpumep, HPCC BrinmonHeH ¢
BO3MOXKHOCTBIO pabOTHI C KHUIKOCTHIO B KAUECTBE HENPEPBIBHOM (assl B
TexHoJiornueckoi yactu. Konnencarop kapdamara HP mpeanodTuTeibHO KOTIOBOTO
TUIA C TOPU3OHTANIBHBIM MydkoM U-00pa3HbIX TpyO, HMeET BIIyCKHOE OTBEPCTHE AJIS
npuema rasa, nojyieskalero KOHAeHCaluy BHyTPU TPYO, U BIIyCKHOE OTBEPCTHE AJIS
npuemMa OXJIaKAA0LIEH KUIKOCTH B KOXKyxe. BO3MOXKHBI U IpyTrHe THITbI
kapbamaTtHOro KoHneHcaropa HP, Hanpumep, ¢ BepTukambHbIM y4koM U-o0pa3HbIx
TpyO MM ¢ TOPU3OHTAIBHBIM Iy4dkoM U-00pa3HbIX TPYO, C BITyCKHBIM OTBEPCTHEM JUIS
npuema rasa, nojyieskalero KOHAeHC AUt B KOXKyXe, U ¢ BIlyCKHBIM OTBEPCTUEM IS
npreMa OXJIaKAAOIIeH JKUIKOCTH B TPyOKax.

Ipennouturensro, B HPCC nononHUTENsHO NOCTyNaeT pacTBOp kapbamara
CPEIHETrO IaBJICHUsI U3 EPBOM CeKLUU pereHepauuu MP B TEXHOIOTMYECKYIO 4acTh,
Harpumep, B TpyOKH 1Jisi KOHIEHCATOPa KOTJIOBOTO THIIA.

B HEKOTOpPBIX BapHaHTaX OCYLIECTBICHHs U300PETEHUS TIOTOK
texHojiorudeckoro ¢parouna HP (4) uz HPCC conepsxut pactBop kapbamara u
WHEPTHBIE BELIECTBA U MMOJAETCs B cenaparop kapbamara (carbamate separator, CSp),
padoTaroLIHiA MPU BBICOKOM JABJICHHH U BBITOJHEHHBIH ¢ BO3MOXKHOCTBIO
ra30KUAKOCTHOH Cemapaliyy ¢ MoJlydeHUeM MOTOKa KUIKOCTH (5) u moToka rasa (6).
Kunkuit morok kapbamara (5) mogaercsi B peakTop, Kak MPaBHIIo, C HCIIOIb30BAHHEM
3KeKTOpa, paboraromero Ha ammuake (ejector, Ej). I'a3 (6) uz kapbamaTHOrO
cenapatopa (CSp) conep:kKUT UHEPTHBIE BEIECTBA U AMMUAK M ITOIAETCS,
NPEANOYTUTENIBHO, B TIEPBYIO CEKLIUIO perenepaunu MP, HanpuMep, B HUKHIOK 4acTb
anmaparta st pasnoskennst MP. Tlonada raza (6) B mepBYIO CEKIUIO pereHepaluu
MP (MPR1) ocobenno 3¢ ¢exTuBHa B BAPHAHTAX OCYLIECTBIEHHUS U300PETeHNUS, B
KOTOPBIX B OJI0K MrHOBeHHOTO HcnapeHust MP (medium pressure flash, MPF)
NOCTYIAET Aera3upOBaHHBIN KapOaMHUIHBIN PacTBOD.

B m300perennu cexuumsi cunte3a HP nonomHutensHo Briro4aeT cenaparop (high
pressure liquid separator, HPLS), B yacTHOCTH, cenapaTop BBICOKOTO aBJeHHUs, Oonee

KOHKPETHO, CEMapaTop >KUAKOCTH BBICOKOTo AasneHus. Cenaparop paboraer mpu
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BBICOKOM apneHny. CenapaTop mpeacTasiser coOoi, HanpuMep, CrielHaibHbINA OJIOK
WIN PacIoJIOXKEeH BHYTPH Kopryca peakropa. Ecnu nBa nmm Gosee peakropa
UCTIONIBb3YIOTCSI TTOCIIEIOBATENBHO, TO CEMapaTop, MPENNOYTHTEIBHO, Pa3MELIaloT B
CaMOM HIKHEM IO MOTOKY peakrope. Cenaparop, mpenjaraeMblii B BUIE CIIEUAIBHOTO
OJ10Ka, MPEANOYTUTENIFHO, PACTIONOXKEH nocie peakropa. Cemaparop,
NPEANOYTUTENBHO, PACTIONOXKEH B HIDKHEH 4acTH peakMOHHON 30HbI. B cemaparop,
NPEANOYTUTENBHO, IIOCTYIAeT PEAKLIMOHHASI CMECh, B KOTOPOH KOHBEPCHS
(obpaszoBanue kapbamua) yxe 3aBepiieHa o MeHble Mepe Ha 90 % 1o OTHOLICHHIO
K oO11elt KOHBepCHH, TocTHraeMoi B cekunu cunTe3a HP. Peakiimonnas cmech Ha
BXOJI€ B CEMapaTop COAEPIKUT, HarpuMep, 1o MeHbleit mepe 30 % mac. kapbamuna,
Hanpumep, 30 — 35 % mac. kapbamuna. [Ipeanoururenpao, utoObl NH3 w/wiu
ra3zo00pa3Hble KOMIIOHEHTHI HE YIAJSAINCh U3 PEAKLIMOHHON CMECH B PEAKLIMOHHOM
30HE nepen pasaeneHueM B cenaparope HP.

3asiBeHHBIHN CTOCOO MPOM3BOACTBA KapOaMuIa BKIIIOYAET paseieHue
peaxkIMoHHON cMecu u3 peakiuoHHOoH 30HbI (HPR) npu BeICOKOM naBieHun B
yka3anHOM cenapatope (HPLS) Ha nepBrIit moToK, HanpuMep, OOraTblii aMMHAKOM
nepsblii oTok (S1), u Bropoii notok (S2). Kak nepsbiii, Tak 1 BTOPOH IMOTOK COAEPIKaT
KUIOKYIO (pasy; aTa xkuakas ¢asa conep:kut kapdamuz. boraTelii aMMHAKOM MepBBI
notok (S1) npu paszaeneHun MpeanoYTUTEIbHO UMeeT Ooiee HU3KYIO
rpaBUMETPUYECKYIO TUIOTHOCTD, UeM BTOPOil noTok (S2). Pasnenenue moxer
OCHOBBIBAThCsI, HAIPUMED, HA TPABUMETPHIECKOM PA3IEIEHUH 110 MIIOTHOCTH. [1epBbIit
notok (S1) umeeTt, HanpuMep, OoJiee BHICOKYIO KOHLIEHTPALIUIO aMMHUAKA, YeM BTOPOI
notok (S2) B mepecyere Ha 001U 0ObeM ABYX MOTOKOB (BKJIFOYAsl ra3 U JKUIKOCTh B
ciy4dae AByx(as3HbIX MOTOKOB (hrona). B yacTHOCTH, BTOPOU MOTOK, HEOOS3aTETBHO,
IO CYLIECTBY HE COACPIKHT Tra3a, TAKMM 00pa3oM, ra3osast (paxiust ra3000pa3HbIX
KOMITOHEHTOB PEaKIIHOHHON CMECH OKa3bIBAETCS B IEPBOM ITOTOKE; 3TU Ia3000pa3HbIe
KOMIIOHEHTBI MOTYT ObITh O0oraThl aMMuakoM. COOTBETCTBEHHO, MepBbIi MOTOK (S1)
COZEP’KUT UHEPTHBIE BELIECTBA U, B YaCTHOCTH, MepBbIi MOTOK (S1) nmeet Oonee
BBICOKOE cozepkanue (% Mac.) HHEPTHbIX KOMIIOHEHTOB, 4YeM BTOPOH MOTOK (S2).
WHepTHBIE KOMITOHEHTHI KapObaMuHO# yctaHoBKH BKirouaroT Hz 1 O2. Hanpumep,
nepsbIil moTok (S1) umeer H6onee Beicokoe copeprkanue (% mac.) Hz u Oonee Beicokoe
conep:kanue Oz, ueM BTOpoil moTok (S2). IHepTHBIE KOMITOHEHTBI, BKIIOUEHHbBIE B

nepBbIil moTok (S1), mpoxonsat uepes ornapusarens HP (HPSt) u uepes korneHcarop
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kapbamara HP (HPCC), Takum oOpa3om, criocoOCTBYsI MaCCUBAIINH YKa3aHHBIX OJIOKOB
HP u npenorBpaimas Koppo3uio YKa3aHHbBIX OJIOKOB.

B ykazanHoM mporecce Ooratblii aMMuakoM TiepBbiid TOTOK (S1) momaercsi, mo
MEHBIIEN Mepe YaCTUYHO, HAIIPUMEp, MOJIHOCTBIO, B oTnapusartenb HP Tepmudeckoro
otnapHoro tuna. Bropoii norok (S2) nmomaercs, mo MeHblIeld Mepe YaCTU4IHO,
HarpHuMep, MOJHOCTBIO, BO BTOPYIO cekimio pereHeparuun MP (MPR2).

B nmpennoururenbHOM BapHaHTe OCYyLIeCTBIeHHUs n300perenus cenaparop HP
PAacIIoNOXKEeH B HUYKHEM KOHILIE PEAKLIMOHHON 30HBI. DTO 00eCnednBaeT To
NPEUMYIIECTBO, YTO KUAKHE (Pa3bl IEPBOro U BTOPOTO IMOTOKA UMEIOT IO CYIIECTBY
OJIMHAKOBBII COCTaB, B YACTHOCTH, MOTYT UMETH I10 CYLIECTBY OJMHAKOBBIM COCTaB B
cxeMe coeuHeHNH (TpyOax) 1JIst mepeaayu nepBoro NoToka, Mo MeHbIei Mepe
YaCTUYHO, B TEPMUUECKUI OTIApUBATENb U IJIs IEpeiadyl BTOPOTO MOTOKA BO BTOPYIO
cekumio perenepauuu MP.

ITpeamoduTureabHO, YKa3aHHBIM CIIOCOO BKIIFOYAET ONpEnesIeHne COOTHOIIEHHS
N/C BTOpOro noroka.

ITpeamouTurenbHO, YKa3aHHBIM CIIOCOO BKIIFOUAET ONpenesieHne COOTHOIIEHUS
N/C B nerazupoBaHHOM NOTOKe 3 cernaparopa HP.

Onpenenenne coorHomenusi N/C BBITOHO OTJIHYAETCst 0COOOH MPOCTOTOMH B
NPEANOYTUTENIbHBIX BAPHAHTAX OCYIIECTBJICHUSI U300PETEHNUS, TIe BTOPOM MOTOK
COCTOUT M3 JIera3upPOBAHHOMN KUAKOCTU. OUYeHb MOJIE3HO B 3TUX BapHAHTAX
OCYLIECTBIICHHS U300PETEeHHS, YTO AETa3UPOBAHHBIN BTOPOH MOTOK COCTOUT U3
JKUJKOCTH, & HE M3 MOTOKA ABYX()a3HOTro ra30sKUAKOCTHOTO (IIOHA, U,
COOTBETCTBEHHO, MOKET ObITh yI0OHO n3MepeHo cooTHommenue N/C. Takum oOpazom,
OY€Hb MPEANOYTUTEIBHO, TAKKE MOKET ObITh ornpezneneHo cootHomenue N/C B
KHUIKOH (hase, comeprkalieiicss B IepBOM MOTOKE, MOCKOJBKY OHO IO CYIIECTBY TaKOE
Ke, Kak n3MepeHHoe cootHomeHue N/C BO BTOPOM MOTOKE. DTO MOXKET OBITh
UCTIOJIb30BAHO IS JIYUYLIETO YIIPaBJIeHUs! pabOoTOH CeKIIMU CHHTE3a, HAIPUMED,
peakTopa U TEPMUYECKOTO OTIApUBATENs, a TAK)KE IEPBOH CeKIUU pereHepanun MP;
HarpuMep, B Mporecce 3anycka ycraHoBku. MHpopmanus o coornomennn N/C B
JKUIKOM (hase MmoJie3Ha, MOCKOJIbKY B peakTope peakius oOpa3oBaHus kapOamuaa
NPOTEKAET TOJIbKO B JKUAKOH (aze.

[IpenmoyTHTeNbHO, YCTAHOBKA CONEPIKUT U3MEPUTENIbHOE yeTpoiicTBo N/C
JIMHUY TIOIa4YH JeTa3UPOBAHHOTO TIOTOKA, PEATIOUTUTENBHO B JIMHUH MTOJA4H

JerasupoOBAHHOIO BTOPOro MOTOKA B CeKLMIO pereHepauuu MP. IIpeanoyturensHo
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HeOoIIbIIast 4aCTh Jera3upOBaHHOTO XKUAKOro nmotoka HP orbupaercs u momaercs Ha
u3MepuTenbHoe ycrpoiicteo N/C.

UsmepurensHble yerpoticTBa N/C HENpepbIBHOTO ASHCTBUS [JIsI TOTOKA,
BBIXOJISIIIETO M3 PEAKTOPa XKHUAKOro KapbamMuza, N3BECTHBI B TAHHON OOJIACTH TEXHUKHU
U UCTIOJNIB3YIOT, HAIPUMED, B3aMMOCBSI3b (KOPPEISILUIO) MEXY IJIOTHOCTHIO JKUAKOCTH
u cootHoueHneM N/C, Hanpumep, pH (PUKCUPOBAHHBIX TEMIIEPAType U JABICHUH.
Usmepurenbroe yerpolicTBo N/C OCHOBBIBAETCS, HAPUMED, HA U3MEPEHUH IIOTHOCTH
KUJKOCTH C MCIIOJIb30BAaHUEM, HAIIPUMeEp, U3MEPEHUs INIOTHOCTH Ha OCHOBE 3(dexTa
Kopuonuca, paqnon30TONHOro INIOTHOMEPA UITH, HATIPUMEp, TEXHOJIOTUH
BUOPHPYIOIIUX 3JIEMEHTOB ISl U3MEPEHHSI INIOTHOCTH XKUAKOCTH. Takke MOryT
NpUMeHsTbCs U apyrue crocoorl. MHpopmarust o coorHoenun N/C nepBoro noroka,
NOZIaBA€MOTO B TEPMUYECKHIi OTIAPUBATENb, OCOOEHHO MPUMEHUMA B CIIOCO0e 1o
u300peTeHuIo, B KOTOpOM paboTa MepBOi 1 BTOPOI CEKIUI pereHepariu, Hampumep,
NPEeANOYTUTENIbHOE ainabdaTHUeCKoe MIHOBEHHOE HCIIapeHne, 00ecreYrnBaeT
HOBBILIEHHYIO THOKOCTD /ISl ONITUMH3ALIMK BbIXOA KapOaMuya.

ITocpencrsom usmepenus coorHommenust N/C, nogauy NHs w/umu nogaay CO» B
CEeKILIMIO CUHTE3a MOXKHO PEryJHpPOBaTh AJIs MOJTY4EHUs] ONTHMAJIbHOIO BBIXOAA,
NPEANOYTUTENIBHO, TIOCPEACTBOM PETyJIMPOBAHHS CKOPOCTH BO3BPAaTHOTO noTtoka NHs.
[IpennoururenpHO, criocod BKIIIOYAET peryaupoBanue nogayr NHs w/wnmu nomaun CO»
B cekuuto cunre3a HP, B yacTHOCTH, CkOopocTH Bo3BpaTHOro notoka NHs, B
3aBHCUMOCTH OT H3MepeHHOro cootHouenus N/C.

Buenpenue usmepurenpbHoro ycrpoiictea N/C obecrnednBaeT CTaOUITbHYIO
paboTy yCTaHOBKH ¢ O0Jiee HU3KUM SHEPronoTpedIeHHeM U MEHBIINM BhIOPOCOM
aMMHaKa, OCOOEHHO TIOTOMY, YTO JIB€ CEKIMH perenepaunud MP, kak mpasuio,
NPOM3BOJIAT PACTBOPHI KapbamaTa ¢ pa3iudHbIM cooTHoeHuem N/C.

B nepsoii cekunu perenepaunu MP (MPR1), B nenom, nony4aroT
kapOamunHbii pactBop MP (7) conepskamuii, Harpumep, 55-65 % mac. kapbamuna,
Harpumep, 60-65 % mac. kapbamMuaa, BO3BpATHBIN MOTOK kKapbamaTa (8) 1 OTHebHBIHI
JKUJKUH BO3BPATHBIN MMOTOK aMMHaka (9), a Tak»Ke ra3oBblil TOTOK, COAEP KALIHHA
uHepTHbIe BemecTna (10).

[IpennouturensHo, nepsas cexuus perenepaunu MP (MPR1) conepsxut
nepBbIi anmapar s pasnoxkenust MP (MPD-1), nepBblit koHAeHCaTOp Kapbamara

MP (MPCC-1) u xonneHcarop ammuaka (ammonia condenser, AC), a Takxe,
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MPEIMOYTUTENBHO, Pa3aeuTeIbHYI0 KojloHHy MP (medium pressure separation
column, MPSC) u ammuaunsiii pecusep (ammonia receiver, AR).

Ha ®wur. 2 cxemaTu4eCKky NPOWJIIFOCTPUPOBAHA TUIOBAsI IEPBAsi CEKLIUS
pereaepaunu MP (MPR1). B nepssiii anmapart nist pasznoxerus MP (medium pressure
decomposer, MPD-1) noctymnaer paciupeHHbIN OTIapeHHbIH KapOaMUIHBIN
pacTBOp (2) ¥ UCTIONB3YETCS HArPEBaHUE TSI pa3JIOKEeHUs KapOamara, Conepskarnerocs
B OTHAapEHHOM KapOaMHIHOM pacTBoOpe, a Takke s ynanenus NHsz. Harpumep,
amrapar AJis pa3jIoKeHUs UMeeT BITyCKHOE OTBEPCTHE pacTBopa (2) CBepXy U
BBINTYCKHOE OTBepcTHe ras3a (18) cBepxy, HacaaKy U KOKYXOTPYOHYIO TETJIO0OMEHHYIO
4acTh, U BBITyCKHOE OTBEpCTHE pacTBopa (7) CHU3Y, U, HE0OA3aTEIbHO, BIIyCKHOE
otBepcThe (6), MPEeNOUTUTEIbHO CHU3Y, AJIs IPHeMa rasa u3 cenaparopa kapbamara
HP (CSp).

ITepssiit koHaeHcaTop kapbamata MP (MPCC-1) umeer ByCKHOE OTBEPCTHE
nust ipreMa rasa (18) uz anmapara s pasnoxenust MP (MPD-1) u BeinonHeH ¢
BO3MOXHOCTBIO 110 MeHbIlel Mepe yacTuaHoM konaeHcauu COz u NHs,
COZEPIKALIMXCS B YKA3aHHOM Tas3e, B pacTBOp KapOamaTa, Kak MpaBHIIO, ITOCTIe
HOJTyYeHHs TAK)KE HEKOTOPOTrO KOJIMYECTBA PacTBOpa kapbamaTa U3 CeKLIUN
pererepaunu LP. MoxeTt ObITh UCTIOB30BAHO OTHOCHTEIBHO BBICOKOE COAEPIKAHUE
BOJIbI B pacTBOpe kapbamata LP, uTo mo3Bosisier n3bekaTh KpUCTAIUTH3ALUN
konaencarta MP. PactBop kapbamara MP (8), 0Opa3oBaHHbIN B IEPBOM KOHIIEHCATOPE
kapbamata MP (MPCC-1), kak npaBuJio, MOAAETCs MPSIMO UJIM KOCBEHHO B CEKIUIO
cunTe3a HP B kauecTBe BO3BPaTHOrO pacTBOpa KapOamara ¢ UCIOIb30BAHHEM HACOCA.

B nepsebiii kongencatop kapbamata MP (MPCC-1) Haubonee npeanouTUTETbHO
TaKXKe MMOCTymaeT ra3obiid MOToK (11) oT aarabaTuyeckoro MrHOBEHHOTO UCTIAPEHHS.
Takum 06pa3oM, KOMIIOHEHTBI 3TOTO ra3oBOro notoka (11), koTopsie He
xkoHneHcupyroTess B MPCC-1, Hanpumep, n3dsrok NH3, npenmyIinecTBeHHO
OYMIIAIOTCS B pazaenureabHoi kojJoHHe (MPSC) u MOryT KOHIEHCHPOBATHCS B BUIE
OTHOCHTEINIbHO YHCTOTO KHIKOTO aMMHUaka B KoHaeHcaTope ammuaka (AC), Hanpumep,
koHaeHcaTtope ammuaka MP. Konnencar ammuaka (22) w3 KOHIEHCaTOpa
ammuaka (AC) (moutn) He conepxut kapdamara. Konnencar ammuaka (22),
COOTBETCTBEHHO, MOJKET HMETh HU3KOE coeprkanue Boasl. KoHnencat ammuaka (22),
NPEANOYTUTENBHO, PEACTABIAET COOOH MO CYINECTBY YHCThIH aMMHAK.

KoHnpeHcamnmst MOJKET OCYIIECTBISITHCS C HCIIOJIBb30BAHUEM OHOTO M Ooree

TEIIOOOMEHHBIX armnapaToB, a TAKXKE C UCMOJb30BAHUEM B KAUCCTBE OXJIAXKAAOLICTO



10

15

20

25

30

26

¢ronna, HanpuMep, OXJIAKIAOIIEH BOIBI /N KapOaMHUIHOTO PacTBOPA, KOTOPBIH
HeoOxonumo Harpetsb. [lepsriii korneHcaTop kapbamata MP (MPCC-1) npennaraercs,
HarpuMep, B Ka4eCTBe KOHAEHCATOpa/mpeaBapuTeNbHoro ucnapurenss MP s
KOCBEHHOT'O TEIUI00OMEHa C HarpeBaeMbIM pacTBOPOM KapOamuaa, HeoOs3aTeNbHO, ¢
JOTMOJHUTENBHBIM KOHAEHCAaTOpOoM MP HIKE MO MOTOKY ISl KOHACHCALMH T10
MEHbIIIeH Mepe 4aCTH HEeCKOHIEHCHPOBABIINXCS Ta30B U3 MEPBOTO KOHIEHCATOpa
kapbamara MP (MPCC-1). Konnencatop MP Hike no moToky paboTaer, Harnpumep, ¢
oxJjaxaaromeit Bogoi. Konnencarop/mpensapurenbHblii nenapurens MP npeacrasnser
co0oH, HarpuMep, KOXKyXOTpYOHBIH TEIIIOOOMEHHUK, B KOTOPOM a3 KOHIEHCHUPYETCS B
KOXKyXe, a pacTBOp kapOamupa HarpeBaetcs B TpyOax. HarpeBaemblii pacTBop
kapOamusa noxy4aroT, HalpuMep, U3 CeKIuK pereHepanuu LP ycraHOBKY 1 €
UCIIOJIb30BaHIEM CIIOCO0a.

IIpennourturensHo, koHaeHcat MP (19) nogaercst B KOJOHHY pa3ieseHus
ammuaka u kapbamara (MPSC) BMecTe ¢ HECKOHIEHCHPOBAHHBIM T'a30M, U
HECKOHIEHCUPOBAaHHBbIH a3, HalpUMep, OPOLIAETCS] OTHOCUTENIBHO XOJIOHBIM KUIKUM
cipbeBbIM NH3 B yka3aHHOH KOJIOHHE 1 TOro, 4To0B! yaanutb CO; u3 rasa.
Kononna (MPSC), Hanpumep, HCIIONB3YeTCsl B KAUeCTBE PEKTH(PUKAIIMOHHON KOJOHHBI.

B nmpennouTuTeIbHOM BapHaHTE OCYLIECTBICHHS H300PETeHUsT KOHIEHCAT
MP (19) nopaercsi B HUXKHIOIO YaCTh KOJIOHHBI M HATPEBAETCS, & ChIPbEBOM JKUAKHIA
NH3s nopaercst cBepxy KOJOHHBL [IpeAnouTHTENbHO, KOJIOHHA CONEPIKUT TapEeKH.
[IpennoyTHTeNbHO, JOMOTHUTEIBHO BOAHBIN MOTOK MOJAETCS YyTh HUKE BEpXa
KOJIOHHBI. [IpenMyIecTBeHHO, Ta30BbIi MOTOK (21) ¢ Bepxa pa3AeauTeIbHON KOJOHHBI
comep:kut ToJapko NH3 1 HHEepTHbIE BemecTBa. DTOT ra3oBblil MOTOK (21),
NPEANOYTUTENBHO, TofaeTcsi B kKoHaeHcatop ammuaka (AC). KyboBbiM mponykTom
KOJIOHHBI pa3zesieHus: ammuaka u kapdamara (MPSC) siBrsiercst pacTBOp kapbamara
MP (8), KOTOpBIil CONEPKUT OTHOCHTETBHO MHOTO NH3 1 BOJIBL

HeckoHneHcHpoBaHHBIN Ta30BbIi OTOK U3 NIEPBOTO KOHAEHCATOpa kKapbamara
MP (MPCC-1) npeano4TuTenbHO MOCie OUUCTKH 10 0oJiee YHCTOro ra3000pa3Horo
aMMHaka, mopaercsi B (nepsblil) koHneHcatop ammuaka (AC), KOTOPBIH MPENCTaBIsIeT
co00H TemI000MEHHHK, B KOTOPOM, MPEANOYTUTENBHO, UCIIOIb3YETCs OXJIAsKAAr0IIast
BOJIa B KauecTBe oxJaxkaaromero ¢pmonna. KorneHncatop aMMuaka npennoyTHTEIbHO
pabotaer mpu Temrieparype B quamna3one ot 20 no 50 °C.

KonpnencupoBaHnsblil ammuax (9) Bo3Bpamaercs B cekiuo cunte3a HP,

NPEANOYTUTENBHO, TIOCHIE OTAENIEHHSI HHEPTHBIX ra3000pa3HbIXx KOMMOHEHTOB (10) ot
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KUIKOCTH B aMMHa4HOM pecrBepe (AR) Kyzaa Takke MoCTymnaeT JKUAKUH ChIpbeBOH
NHs. XKunkuit ammuak u3 ammuauHoro pecusepa (AR) gactuuno (9) nepexaunBaercs B
cexuro HP u wactruno (23) ncnone3yercs B paznenurenbHoi konorae MP (MPSC).

I"a3oBb1it motok (10) momaercs, Hanpumep, B ckpyOOep (He mokasaH), rae
NPOUCXOAUT MPOMBIBKA BOIHBIM ITOTOKOM, HAIPHUMep, KOHIEHCATOM Iapa, U3 KOTOPOTo
KUIKOCTb, KaK MPABUJIO, BO3BpaIaeTcs B cekiuio cunteda HP, Hanpumep,
NOCPEICTBOM IOAAYH €€ B KOJIOHHY pa3feneHus ammuaka u kapbamara (MPSC).

Cexnust WWT conepskut, Hanpumep, ruaposusep u gecopoep. B vactHocTH, B
BapUAHTAX OCYLIECTBIEHUs N300pPETEHUS, B KOTOPBIX B YCTAHOBKY MTHOBEHHOTO
ucnaperuss MP noctynaer nerasupoBaHHbIN KapOaMUIHBIN PacTBOP, KOJHMUECTBO
MHEPTHBIX BEIIECTB B ra30BoM NoToke (10) MokeT OBITh OTHOCUTENBHO HU3KUM, U,
COOTBETCTBEHHO, SHepromnorpedienue cekunu WWT, npennouTuTeTbHO, MOKET OBbITh
OTHOCUTENIBHO HU3KHUM.

Bropas cexius perenepariuun MP (MPR2) conepsxut BTOpOii anmnapar ais
paznosxenust MP (MPD2) u Bropoii konnencarop kapbamara MP (MPCC2). Tunosas
BTOpas cexuus pereHepaunu MP npounnmtoctpuposana Ha Pur. 1.

ITpeanoururenpHO, CIOCOO BKIIIOYAET PACIIMPEHNE MIPEAIOYTUTEIBHO
Jera3upoOBaHHOTO BTOPOTo MOTOKA (S2) OT BBICOKOTO JABJICHUS 10 CPEIHETO TaBJICHUS
BO BTOPOU CeKLUU pereHepaid MP B npeanoyYTUTeNbHOM aquadaTuyecKoi CTaauu
mraoseHHoro ucnapenust MP (MPF), kak paccMaTpHBaioch, ¢ MOJyYEHUEM ra30BOTO
notoka (11) (mapa, oOpa3oBaBiierocst mpu MrHOBEHHOM UCTIAPEHUH) U MTOJIBEPTHYTOTO
MTHOBEHHOMY HCTapeHuro kapoamunHoro pactsopa MP (12). [IpennouturensHo,
MIHOBEHHOe ncnapeHue MP ocyiecTsisieTcst npy JaBJIE€HUN B [uanasone ot 25 1o 40
Oap. [IpennoururenbHO, BTOPOH anmapar s pasinoxeHuss MP paboraer nmpu HEMHOTO
OoJee HI3KOM JaBJIEHUH, YeM OJIOK MTHOBEHHOTO Hcnapenuss MP, Hanpumep, Ha 1 Oap
Hioke. [IpennoyTuTenbHO, yCTAHOBKA CONEPIKUT PACIIMPUTENbHBIN KJIaaH MEXKTy
650koM annadaTHYecKOro MrHOBEHHOTO UcnapeHuss MP 1 BTOpbIM anmapaToM auist
pasnoxenus MP.

[IpennoyTHTEIBHO, MOIBEPTHYTHIH MTHOBEHHOMY HCIIAPEHUIO KapOaMHUIHBIN
pactBop MP (12) moaBepraercsi pa3joKeHUI0 kapOamMaTta aMMOHHSI B YKa3aHHOM BBIIIE
anmaparte st pasnoskennss MP (MPD2) ¢ monydenrem o6paboTaHHOTO KapOaMHUIHOTO
pactBopa (13) u razosoro notoka (14). Bropoii anmapar mis paznoxenus MP (MPD2),
KaK MPaBUJIO, MPEICTABIIACT COOOH TEIUIOOOMEHHHUK ISl HETIPSIMOTO TEIIOO0OMEHA €

napom. I'a3oBeIii moTok (14) mogBepraercss KOHAEHCALIMY BO BTOPOM KOHZIEHCATOPE
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kapbamara MP (MPCC2) ¢ nonyuenuem rasosoro noroka (20) pactsopa

kapbamarta (15), koTopsiii Bo3Bpammaercs: B cekuuto HP (HPS). JIlroObie
HEeCKOHJICHCHUPOBaHHbIE ra3bl (20) MOT'YT MOJABATHCS, HAPHUMED, B KOHIEHCATOP
kapbamara LP, kotopsrit HaxonuTcst B cexiuu perereparuu LP. Ocoboe
NPEUMYLIECTBO 3aKJIOYAETCS B TOM, YTO HECKOHAEHCUPOBaHHbIE ra3pl (20) uMeroT
HHM3KO€ CONIePKAHNE UHEPTHBIX ra30B, TAKUM 00pa30M, UX MOXKHO KOHIEHCHPOBAThb U
OUMILIATh B CKpyOOepe B cexiuu pereHeparuu LP ¢ mony4yennem noroka kapbamara LP
C HU3KHUM COJIEP>KAaHUEM BOJIbI, KOTOPBIN MPSIMO MJIM KOCBEHHO BO3BPALIAETCS B CEKLIUIO
cunre3a HP. PactBop kapbamara (15) u3 Broporo konngeHcaropa kapbamara MP
(MPCC2) nepekaunBaercsi, Har(puMep, B KOHIeHcaTop kapOamara HP,
NPEANOYTUTENBHO, C UCTIOIB30BAHUEM CIIELIHANIBHOIO KapOaMaTHOro Hacoca,
Harpumep, eciiu MPCC-2 paGotaet npu 6onee BbicokoM nasiennn, ueM MPCC-1.

IIpennouTHTeabHO, YCTAHOBKA CONEPIKUT, B BU/IE€ OTAEJBHBIX HACOCOB, HACOC
HP nnst ammuaka, Hacoc 1uis kapOamara nepBoii ceKuuu pereneparun MP 1 Hacoc st
kapbamara BTOPO# cexiuu pereHepaunu MP 1ist nepexauky 5TUX TPeX MOTOKOB MO
oTaenbHOCTH B cekuuto HP. D10, B 4acTHOCTH, MO3BOJISIET IOTOKAM UMETh Pa3Hble
TEMIIepaTypbl U/ UM pa3HOe JaBjieHne B nuana3one MP, 4To npenMyimecTBeHHO
crocoOCTByeT OoJiee HU3KOMY COIEPKAHHIO BOJIbI B BO3BPATHOM MOTOKE (15).

B npyrux BO3MOKHBIX BapHaHTaX OCYIIECTBJICHUS H300PETEHHsT PACTBOP
kapOamara (15) obxonut paszaenurensHyro kononny MP (MPSC) u nopaercsi B Hacoc
kapOamara, HCIIOJIb3yeMblil B epBoii cekuuu perenepaunu (MPR1) mis nepexauku
pactBopa kapbamarta (8) B cekumro HP.

[IpennouturensHO, BTOpas cexkuus pereHeparmu MP (MPR2) nonoaauTenbHO
conepskut ornapusaresib CO» MP (medium pressure stripper, MPS).
[IpennodrureapbHO, B 3TOM OTHapuBaTene kapdaMmuaHbiii pacteop (13) u3 BTOporo
anmapara ais pasioxenns MP (MPD2) ornapuBaeTcsi/mpUBOAUTCS B KOHTAKT B
npoTUBOTOKE C ChIpbeBbIM CO2 MP B ykazannom ormapusarene CO; MP (MPS) ¢
TOJTyYEHUEM JIOTIOJTHUTENIbHO 00paboTaHHOTO KapbamuaHoro pacteopa (16) u ra3oBoro
notoka (17). I'azoBerii notok (17) monBepraeTcst KOHACHCALUH C MTOJYYEHHEM PacTBOPA
kapOamara B YKa3aHHOM BTOPOM KOHzeHcarope kapbamara MP (MPCC2). Takum
o0pasom, JocTuraercs xenaemoe Hu3koe cootHomenue N/C B pacTBope
kapbamara (15).

H3o0peTeHne Takke OTHOCUTCS K KapOaMHUTHOHN yCTaHOBKE (YCTaHOBKE IO

NPOM3BOICTBY KapOamuaa), KOTopas, MPeAnOUTHTENbHO, IIOAXOIUT ISt CIOCOOOB I10
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u3o0perenuro. I[Ipennourenus 1 mogpoOHOCTH YCTAHOBKH, OJIOKOB U COEIMHEHHH,
PAcCMOTPEHHBIX B JAaHHOM JIOKYMEHTE B KOMOMHAIIMH CO CITOCOOOM MPOU3BOICTBA
kapOammua, MPUMEHUMBI TAK)XKE K 3asBJICHHON YCTAHOBKE. YKa3aHHAs YCTAHOBKA
COJIEPKUT CEKLMIO0 CUHTE3a BBICOKOTO J1aBJIE€HUs], COAEPIKAIYI0 PEAKLINOHHYIO 30HY,
TEPMUYECKHI OTIIAPUBATENb U KOHAEHCATOP kapbamata. PeakinonHas 30Ha
npeacTaBisieT cOOOH, HarpuMep, OUH UK OoJiee PeakTOPOB, B YACTHOCTH, OJUH WUJIH
Oonee BEpTHKAIbHBIX PEAKTOPOB. BepTHkaabHbIE peakTopsl U ONyYeHHs kapObaMuia
BKJIFOYAIOT, HAIPUMEP, OJHO MK OoJiee BICKHBIX OTBEPCTHI B HU)KHEH 4YacTH U
BBIITYCKHBIX OTBEPCTUH JJIs TEPBOTO M BTOPOTO ITOTOKOB B BEPXHEH yacTu peakropa. B
cily4ae IBYX WM OoJiee peakTOpPOB OHHU, HAIIPUMED, PACIIONIOKEHbI MTOCJIEA0BATENBHO,
XOTSl UIX MOXKHO PACrOJIOXUTh U NMapajuIeIbHO. Y CTAHOBKA JTOTIOJIHUTENBHO COAEPIKUT
NEPBYIO CEKLIMIO pereHepali CPeIHEro AaBIeHNs], UMEIOLIYIO BIIyCKHOE OTBEPCTHE,
COEIMHEHHOE C BBIITYCKHBIM OTBEPCTUEM JISl OTIIAPEHHOTr0 KapOaMHUIHOTO pacTBOpa
YKa3aHHOT'O TepMHUECKOro ornapusaress. CekLus CHHTE3a BbICOKOTO 1aBJIeHUs
COZIEP>KUT CENapaTop BBICOKOTO AABJIEHHs], BBIMIOJIHEHHBIN C BO3MOKHOCTBIO
pasnesneHns PeakLiHOHHOW CMEeCH BBICOKOTO AABJIEHUS U3 PEAKLIMIOHHOMN 30HbI HA
TIepPBBIi MOTOK M BTOPO# NOTOK. Cenapatop, Kak MPaBUIIO, BHIMOJHEH TAKUM 00pa3oMm,
9YTOOBI KaK MePBbIi MOTOK, TAK U BTOPOH MOTOK COAEPIKaIU KUIKYIO (a3y,
coziepsKallyro kapoamun, mpuyueM nepsbiii moTok (S1), HeoOsi3aTeNbHO, UMeeT Oolee
HU3KYIO FPaBUMETPUYECKYIO INIOTHOCTD, YeM BTOpOii moTok (S2). Kpome Toro,
ceraparop BbICOKOTO AABJICHHS] MMEET MEPBOE BBITYCKHOE OTBEPCTHE AJISl IEPBOTO
NIOTOKA, COEAMHEHHOE C BITYCKHBIM OTBEPCTHEM YKa3aHHOTO TEPMUYECKOTO
OTHApPUBATENIS, © BTOPOE BBITYCKHOE OTBEPCTHUE IS BTOPOTO MOTOKA, COSTUHEHHOE CO
BTOPOM CEKIMel pereHepanuu cpenHero aasienus. [logpoOHOCTH mepBoii  BTOpOi
CEeKILIMI pereHepaly CPEAHEro NaBJICHHS TaKUe JKe, KaK OMICAHO B OTHOIICHHH
cnocoba. CenapaTop UMeeT, HanpuMep, BOPOHKOOOPA3HYIO KOHCTPYKIHIO C ITHPOKHM
OTBEPCTHEM B BEPXHEH 4aCTH BOPOHKH U Y3KHM OTBEPCTHEM B HWKHEW YaCTH, IPU
5TOM y3KO€ OTBEPCTHE COEIMHEHO C BBINYCKHBIM OTBEPCTHUEM JIJIsI BTOPOTO MOTOKA. B
KOHTEKCTE TAHHOTO M300pETeHHs TEPMUHBI «BEPXHUI» U KHIDKHHUI HCIIONB3YIOTCS B
COOTBETCTBUHU C ONpPEJIEIEHHEM OTHOCUTENLHO CUJibl TshkecTU. CenapaTtop pacrnosoKeH,
HarpuMep, B BEpXHEH 4aCTH BTOPOTO BEPTUKAIBHOTO PEAKTOPA, KOTOPBIHA PACIIONOXKEH
MOCJIEI0BATENBHO NOCTIE MIEPBOr0O BEPTUKAIBHOIO peakTopa. BTopoii peakTop umeer,

HamnpuMmep, BIIyCKHOE OTBEPCTUC, COCAMHCHHOEC C BBIITYCKHbIM OTBEPCTUEM JIA
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PEaKLIMOHHON CMECH NIEPBOr0 peakTopa. BTopoi peakTop uMeeT, HanpuMep, MEHbIINN
00BEM, UeM MEePBBIN PEAKTOP.

ITonpoGHOCTH AJIs IEPBO U BTOPOH CEKLIUH pEereHepaluy CPEIHEro NaBICHuUs,
OTMCaHHbIE B JAHHOM JJOKYMEHTE JJIsi criocoba Mpon3BOCTBA KapOamMuza, B paBHOM
CTETIeHH NMPUMEHUMBI K YCTAHOBKE MO H300PETEHUIO.

B npennournrenbHOM BapuaHTE OCYLIECTBICHHU H300peTeHus], kapbaMuaHas
YCTAHOBKA CONEPKUT M3MepHUTeNbHOe yeTpoicTBO N/C 11t H3MepeHus: COOTHOLIEHHUS
N/C B ¢pnroune, B 4aCTHOCTH, B JKUAKOCTH, B JJMHUU ITOAAYH BTOPOTO ITOTOKA M3
ceraparopa BbICOKOTO IaBJIEHHSI B CEKIIUIO PEreHEPALlUU CPEIHETO JaBJIeHus, Ooee
NPEANOYTUTENBHO, H3MepUTeNbHOE YCTpoiicTBO N/C HenpepbrIBHOTO AEHCTBUS.
NsmepurenbHoe yerpolictBo N/C, HanpuMep, BBIOPaHO U3 TPYIIIbI, COCTOSIIEN U3
yCTpPOICTBA 111 H3MEPEHUs IUNIOTHOCTH Ha ocHOBe 3 dexra Kopronuca,
PaaMOM30TOITHOTO IIIOTHOMEPA M TEXHOJIOTUH BUOPUPYIOIIUX SJIEMEHTOB IS
U3MEPEHMs! INIOTHOCTH JKUAKOCTU. Y CTAHOBKA, HAIIPUMEP, TAK)KE CONEPIKUT
pacxonomep AJis U3MEePEHUsl CKOPOCTH MOTOKA B IMHUM NOAAYU BTOPOTO MOTOKA.

B ciiyuae cTpouTenpcTBa yCTAaHOBKHU C HYJIsI, oTnapusarens HP mosker ObITh
OTHOCHTEJIbHO HeOOJIBIINM IO CPABHEHHIO C TIPOU3BOIUTEILHOCTBIO 3aBozia Oaromaps
BTOpPOU cekuu pereHepaunu MP.

HzobpeTeHne Takke OTHOCUTCS K Crioco0y peKoHCTpyKUuu. [IpeqnoyrurensHo,
€roco0 OTHOCHUTCS K Croco0y MOMU(pUKALIMH CYIIECTBYIOIIECH KapOaMUIHOM yCTaHOBKH
TEPMHUUECKOro oTrapHoro tuna. [IpeanoyrurensHo, peKOHCTPYKLMS UCTIONb3YETCs s
YBEJIMYCHUSI MOIIIHOCTH YCTAHOBKH, H, MIPEANOYTUTENBHO, YKa3aHHBIH CIIOCO0
BKJIFOYAET CTAAMIO YBEJIMYCHUSI 00bEMa PEaKTopa B CEKLIUU CUHTE3a BBICOKOTO
JaBJIEHUs], HATIPUMED, TIOCPEACTBOM NOOABJIEHUS TOTIOJIHUTENBHOTO PEAKTOPA.

Cy1ecTByOMmYy YCTAHOBKY MOAHU(DHIUPYIOT 10 3asiBIEHHOH YCTaHOBKH,
OMUCAHHOU B TAHHOM JOKYMEHTE YKa3aHHBIH CIIOCO0 BKITFOYAET CTAAMIO T00OABIIEHUS
cemmaparopa HP, kak onrcano, mpudaeM nocpeacTBoM 100aBIeHNUS BTOPOH CEKITUH
pererepaunu MP, kak ONHCaHO, B YaCTHOCTH, IIOCPEACTBOM TOOABICHHUS
NPEANOYTUTENBHOTO OJI0Ka aArnadaTHIeCKOro MTHOBEHHOTO UCTIAPEHUs], COEAMHEHHOTO
MOTOYHOHN TEXHOJOTUYECKON JIMHUEH C BBIMYCKHBIM OTBEPCTHEM ISl BTOPOTrO NOTOKA
nobasnenHoro cenaparopa HP, anmapara ans pasnoxenus MP, konneHcaropa
kapbamara MP u HeobsizaTenbHo, MP ornapusatens. Takke n006aBJIeHO BIYCKHOE

oteepctHe 111 nogauu CO2 MP, coeariHeHHOE cO BTOpOH cekuuei perenepaunu MP,
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st nopauu CO, MP nipsimo wiii KOCBEHHO B KOHZIEeHCaTop kapbamara MP,
NpeANnoUTUTENbHO uepe3 ornapusarens CO; MP.

Tunosoii cioco0d MoAepHU3AMH CXEMAaTHYHO MPOMJUTIOCTPUPOBaH Ha @wur. 1,
IPH 3TOM CIIOCO0 MOJIEPHU3AINH BKIIFOYAET AO0OABIEHHE MOJIEPKHYTHIX OJIOKOB K
cyuiectByromeii ycraHoBke (nobasnennbie 6ioku: HPLS, MPF, MPD2, MPCC2 u
MPS).

IIpennoyTHTeapHO, B IPOTOYHYIO JIMHHIO JJIsI BTOPOTO MOTOKA T00ABJIEHO
usmepurenbHoe ycrpoiicto N/C. M3ameputenbaoe yeTpoicTBo N/C MOXKET ObITh
WCTIOJIb30BAHO, HATIPUMED, ISl PEryJIUPOBaHMs pabOThI OOABICHHBIX CEKIIHH B
MOAN(UIMPOBAHHON YCTaHOBKE.

IIpennouTturenbHO, B crioco0e Takske 100aBIeHa JIMHUS ITOAaYH ra3a JJs
ra30BOro MOTOKA U3 YCTAHOBKH aAMa0aTHUECKOro MIHOBEHHOTO nenapenus MP B
HEePBYIO CEKLUIO pereHepaunu cpenHero nasieHus (MP), Gonee nmpeanoyTHTENbHO, B
nepBbIii KOHIeHcaTop kapbamara MP.

ITpeanouTHTe bHBIN CIOCOO MOEPHU3ALMHY BKIIIOYAET JOOAaBICHNE
JOTMOJHUTEIBHOTO (BTOPOr0) KapOaMHIHOTO peaKTopa MOCie CYIIEeCTBYIOIIEro MePBOro
KapOaMHIHOTO peakTopa C MOJy4YeHHEeM PEaKLIMOHHON CMECH U3 BEpXHEH 4acTu
nepBoro peakropa. [1o3ToMy peakTopbl pacronoKeHbl MOCIeA0BATEIBHO.
[IpennoyTuTeNbHO, CYLIECTBYIOIMUN MEPBBIA PEAKTOP UMEET TOJBKO OHO BBITYCKHOE
OTBEPCTHE, UCIIONIb3yeMOe KaK JJIsl Ta3a, Tak U AJIs JKUJIKOCTH, COEIMHEHHOE C
TepMHUUYECKUM OTnapuBaTesieM. CyIieCTBYIOIINI MePBbIi peakTop MPeacTaBsieT COOOH,
HarpuMep, BEPTUKAJIbHBIHA PEAKTOP, UMEIOIINN TOJIBKO OHO BBITYCKHOE OTBEPCTHE,
PacroIOKEeHHOE CBEPXY.

[IpennoyTHTENBHO, CEMapaTop BHICOKOTO JABJICHUs, TOOABICHHBIH KaK 3JIEMEHT
PEKOHCTPYKLUH, PACIIONIOKEH BHYTPH YKa3aHHOTO AOMOJIHUTENBHOTIO PEaKTOpa.
Bropoii / nonosHUTENbHBIH KapOAMUIHBIA PEAKTOP, MPEAIOUTUTEIBHO, CONEPIKUT
ceraparop HP B BepxHe#i uactu. Bropoii kapOaMHUIHBIN peakToOp, COOTBETCTBEHHO,
NPEANOYTUTENIEHO UMEET BBIITYCKHOE OTBEPCTHE ISl IIEPBOTO MOTOKA M OTAENIBHOE
BBIIIyCKHOE OTBEPCTHE AJIs BTOPOro NoToka. Mcnonp3oBaHue 1ByX MOCIEA0BATEIbHBIX
BEPTUKAJIbHBIX PEAKTOPOB MO3BOJISIET YBEIMUUTD BPpeMs IPEObIBAHUS U TIOBBICUTD
KOHBEpCHIO kapbamaTa B kapOamuz. BeImyckHOE OTBEpPCTHE IEPBOTO PEAKTOPA,
NPEATNIOYTUTENBHO, HAXOAUTCS CBEPXY M COSNMHEHO C BITyCKHBIM OTBEPCTHEM BTOPOTO

peaxTopa B HIXKHEH 4acTHU BTOporo peakropa. Ilepselil 1 BTOPO peakTopel,
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NPEANOYTUTENFHO, YCTAHABIMBAIOT HA YPOBHE 3eMJIM MK BOJM3H Hero. Hus Broporo
peaxTopa, NPeANnoUYTUTENbHO, PACIIONIOKEH HIDKE BepXa IEPBOro peakTopa.

IIpenMy1ecTBO 3aKIFOYAETCS B TOM, YTO MOZIEPHU3ALINSA HE TpeOyeT OOIMPHBIX
Monudukanmii cekunu cuaTe3a HP 1 mepBoit cekunn pereneparmu MP cymectByromei
YCTAHOBKH, MTPH 3TOM MOAM(PULINPOBAHHAS YCTAHOBKA MOXKET HMETh 3HAUUTENIbHO
YBEJIMUYEHHYIO POU3BOAUTEIBHOCTD.

YcTaHOBKa MO M300pETEHHIO U CIIOCO0 MPOU3BOACTBA KapOamuia 1o
M300pETEHUIO MOTYT OBIThH HCIIOJIb30BaHbI JIs1 YCTAHOBOK C HYJISA, & TAKXKe IS
MOJIEPHM3ALIH CYIIECTBYHOLINX YCTAHOBOK.

Ha ®ur. 3 cxemMatnuecky NpOWIIIOCTPUPOBAH IPUMEP BTOPOrO BEPTUKAJIBHOIO
peaktopa kapbamuaa (R-2), pacrosokeHHOro HUKe IO TIOTOKY, KOTOPBI 100aBieH
IPU PEKOHCTPYKILMH CYLIECTBYIOLIEH YCTAHOBKH TEPMUUECKON OTHapKu. B nenom, B
NPEANOYTUTENbHBIX BAPHAHTAX OCYIIECTBIEHHUS CIIOCO0a MOIEPHHU3ALNH T10
M300peTeHuI0, BTOPOI peakTop A00aBISIETCs] MEXIY BEPTHKAIBHBIM KapOaMUIHBIM
PEaKTOPOM CYILIECTBYIOIIEH YCTAHOBKA U TEPMUYECKUM OTIIAPUBATENEM U UMEET
BIIyCKHO€ OTBEPCTHE CHU3Y JJIs pEaKLMOHHON cMecH (24), mocTynaroueii U3 BEpXHEro
BBIITYCKHOT'O OTBEPCTHSI yCTAHOBKH IEepe MepBbIM peakTopoM. Bropoii peakTop umeer
BBINTYCKHOE OTBEPCTHE i1 epBoro notoka (S1) ceepxy. B mpeanodTuTenbHbIX
BapHaHTax crocoda MpOU3BOACTBA KapOamMuaa 1o u3o0peTeHuto, 100aBIeHHbBINA BTOPOM
PEaKTOp MOJHOCTHIO 3aMOJHEH, U B PEAKTOPe OTCYTCTBYET YPOBEHb JKUIKOCTH
(rpaHuna paszgena ra3->KuaKoCTh).

Peaktop comep:kuT cemapaTop, HMEIOLIHI BOPOHKOOOPa3HYIO KOHCTPYKLIHIO.
Cenaparop comep:xut BOpoHKY (F) ¢ HU30M 1 BepXOM, C y3KHM OTBEPCTHEM CHU3Y U
LIMPOKUM OTBepCcTHEM cBepXy. HinkHee oTBepCcTHE COEIUHEHO C BBITYCKHBIM
OTBEPCTHEM JUIsI BTOPOro NMOTOKA (S2), B YaCTHOCTH, CO CIIMBOM. BOpOHKa conep kur,
HamnpuMep, KOJIBbLO CBEPXY U yCEUEHHO-KOHUYEeCKU cermMeHT. Mcnonp3oBanue
IIMPOKOH BOPOHKHU 00ECIIeunBaeT HU3KYIO CKOPOCTD YKHIKOCTH, YTO CIIOCOOCTBYET
Jierasalyuy BTOPOro MOTOKa.

Ha ®wr. 4 cxeMaTH4HO NPOUJUTIOCTPUPOBAH MPUMEP CenapaTopa BHICOKOTO
nasnenust (HPLS) B peaktope xkapbamuna (R), Hanpumep, BBIMOJHEHHOTO B BUE
BopoHkH (F), nMeromeit HKHIOK0 4acTh U BEPXHIOK YacTb, C Y3KUM OTBEPCTHEM B
HUJKHEH 4aCTU U IIMPOKUM OTBEPCTHEM B BEpPXHeU 4acTu. HuxHee oTBepcTHEe BOPOHKU
COEMHEHO C BBITYCKHBIM OTBEPCTHEM AETa3UPOBAHHOIO KUAKOTO MOTOKA (26),

KOTOPBIH, IPEANOYTUTENBHO, IPEACTABISIET COOOH BTOPOH MOTOK (S2), mopaBaeMblii BO
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BTOPYIO CEKIMIO pereHepauuu MP, HO TakKe OH MOXKET MPeACTaBISITE COOOM MepBBIN
notok (S1), mogaBaemblii B TepMHYECKUN OoTrapuBaTesib. [loTOUHAS JTHHMS TSI
Jera3upOBaHHOIO TIOTOKA COAEPKUT U3MepuTenbHoe ycrpoiictso N/C (27) u
paciupuTeNnbHbIN KianaH (28) nis pacumpenus 1o MP. PeakTop Takke nMeer
BBIITyCKHOE OTBepcTHE (25) CBEPXY AJs ra30KMIAKOCTHOW CMECH, KOTOpas,
NPEANOYTUTENBHO, TOAETCS B KAUECTBE MEPBOT0 MOTOKA B TEPMUYECKUI
OTHapuBaTelb, HO aJbTEPHATUBHO MOJIA€TCsl B KAYECTBE BTOPOrO NOTOKA BO BTOPYIO

cekuuro pereepanuu MP.

B xonrekcTe nanHoro mzobperenust cootHomeHne N/C OTHOCHUTCSI, KaK 3TO
NPUHATO B TAHHOH 00aCTH AJIS KHUIKUX MOTOKOB, K MOJIIPHOMY cooTHommeHmo NH3 k
CO2, B 4aCTHOCTH, B PEaKLIMOHHOI 30HE, B MIEPECUETE HA TEOPETHUECKYIO UCXOIHYIO
cMech. J1i1st ra30BbIX MOTOKOB cooTHOMeHHe N/C yKa3bIBaeT Ha MOJISIPHOE
coornowmenne NH; k COx.

B koHTekcTe nanHoro uzobperenusi, Bricokoe nasienue (HP) cocrapmsier mo
menbLIeit Mepe 100 Gap, Hanpumep, ot 110 go 160 Gap, B yactHOCTH, 140-160 Gap;
cpennee nasnenue (MP) cocrasnsier, Hanpumep, ot 10 no 60 Gap, Hanpumep, 20-60
Oap, u Hm3koe nasnenue (LP) cocrasnsier, Hanpumep, ot 4 1o 10 6ap; 5Ty nuana3oHbl
AaBJICHUA NPCAHA3HAYCHBI JIA TEXHOJOTHYCCKUX PACTBOPOB U HE O65[33.T6JHJHO
OJIMHAKOBBI JUIsI TTapa U TeruioHocureneil. AGOpeBuaTypa «Oap» o3HauyaeT abCOMFOTHBIN
Oap. B KOHTEeKCTe JaHHOTO U300pETEHNs TaBJIEHHUE SIBJISIETCS AOCOFOTHBIM, €CJTH HE
yKa3aHO UHOE.

B 3akiroueHue, n300peTeHre OTHOCUTCS K YCTAHOBKE U CIOCO0Y MPOM3BOACTBA
KapbaMuia ¢ UCTIOJIb30BAHUEM TEPMHYECKOT0 OTIIAPUBATEIsI, B KOTOPOM PeaKLIMOHHAsI
CMECh pa3JesieTcs Ha JBe YaCTH, IIPH STOM MepBasi 4aCThb MOAAETCS, 0 MEHbLIEH Mepe
HaCTUYHO, HAIMPUMED MMOJTHOCTBIO, B TepMI/ILIeCKI/Iﬁ OTHapHuBaTeiib, a4 BTOpasd 4aCThb, 11O
MEHbIIEH Mepe YaCTUUHO, HAIIPUMEP, IMOJTHOCTBIO, OOXOIUT TEPMUUYECKHIA
OTIapHUBATENb 1 NIOAAETCS B CEKLIUIO pereHepaluy cpeaHero nasieHus. [lepsas u

BTOpas 4acCTu, HeO6$[3aTe.]'IbHO, HUMCIOT paSHbIﬁ COCTaB.



10

15

20

25

30

34

OOPMVIJIA U30BPETEHUA

1. Crnioco0 mpoun3BoacTBa kapbamuia, OCyIIEeCTBIISIEMbI HA YCTAHOBKE TIO
npou3BoacTBy kapbamuna (UPP) Tepmuueckoro oTmapHOro Tumna, mpuieM yKa3aHHast
YCTAHOBKA CONEPKUT CEKIMI0 CUHTEe3a Bbicokoro nasneHust (HP) (HPS) u nepsyto u
BTOPYIO CEKINIO pereHepanuu cpennero nasnenus (MP) (MPR1, MPR2),

npuyeM cekiusi cuate3a HP comepxur peakuuonnyro 300y HP (HPR), ornapuBarens
HP Tepmuueckoro ornaproro tumna (HPSt), konnencarop kapbamara HP (HPCC) u
cenapatop (HPLS), npuuem ornapusarens HP (HPSt) umeer BbinmyckHOE OTBEpCTHE
IS OTIIAPEHHOrO KapOaMHIHOTO PacTBOPA, COEUHEHHOE C TIEPBOH CeKIuen
pererepaunu MP (MPR1), u BbIIyCKHOE OTBEpCTHE IS ra3a, COSAUHEHHOE C
koHzaeHncaropom kapbamata HP (HPCC),

YKa3aHHBIN CIOCOO BKIIIOYAET:

- paszzaeneHue peakroHHOM cMecH (1) u3 peakuuonnoi 30He1 (HPR) nmpu
BBICOKOM JIaBJIeHUU B Yka3aHHOM cenapatope (HPLS) na nepsbiit motok (S1) u Bropoii
noTok (S2), mpudeM Kak MepBblil MOTOK, TAK U BTOPOI MOTOK COAEPKAT JKUAKYIO (azy,
comepKalyo KapoaMun;

- nojady nepsoro notoka (S1), mo MeHbInel Mepe YaCTUYHO, B OTIIAPUBATEb
HP (HPSt); u

- nojiady BTOPOro noroka (S2), mo MeHbLIeH Mepe YaCTUUHO, BO BTOPYIO CEKIIHIO
perenepauuu cpenHero aasienus (MPR2),

NpUYeM:

A) nepBbIil MoTOK (S1) umeer Oosiee HU3KYIO MPABUMETPUYECKYIO TUIOTHOCTD, UM
BTOPO# MOTOK (S2) U MepBbIii MOTOK MPENCTaBIsieT coO0I OOraThiii aMMHAKOM MEPBBINA
noTok (S1), uMmerornuii 6oJiee BHICOKYIO KOHIIEHTPAIHMIO aMMHAaKa, Y€M BTOPOM

notok (S2); w/umm

B) BTOPOH MOTOK (S2) pacmupsieTcsi OT BBICOKOTO IABJICHHS 10 CPEIHETO NaBICHHUS
B Onoke apnabarudyeckoro MraoseHHoro ucnapenust MP (MPF), Bxonsimem B cocTtas
BTOpOH cekmu perenepaunu MP (MPR2), B pe3yibrare uero noiydaercst ra30Bblii
notok (11) 1 mogBeprHyTHIi MTHOBEHHOMY MCTIAPEHHUIO KapOaMHIHBINA pacTBOP

MP (12).

2. Crnioco0 mpousBoacTBa kapbamua 1o 1. 1, UMeronuii mpusHak A.
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3. Crnioco0 mpou3BoAcTBa kKapbamuia 1o 1. 2, OTIUYAIIUNICS TEM, YTO YKa3aHHbBIH
CTHIOCO0 BKJIFOYAET:

- mera3aiuio Broporo noroka (S2) B cenaparope (HPLS);

- usmepenne cooTHomenus N/C B rera3upoBaHHOM BTOPOM MOTOKE; U

- NOa4y Jera3upOBAaHHOTO BTOPOTO MOTOKA BO BTOPYIO CEKLMIO PEereHepaLiiu

MP (MPR2) B 06xoxn ornapusarens HP (HPSt).

4. Crnioco0 mpoun3BoacTBa kapbamuia mo oMy u3 mi. 1-3, OTIMYAIOMIUNCS TeM,
4To nepsas cexkuus perenepaunu MP (MPR1) conepsxut nepsslii anmapar ass
paznoxxenust MP (MPD1), nepserii konneHcarop kapbamara MP (MPCC1),
pasmenuTeNnbHY0 KOJIOHHY cpenHero aasieHus (MPSC) u kornencatop ammuaka (AC),
NpUYEM OTNapEeHHbIH KapOaMUIHBIA PacTBOP (2) MOABEpPraeTcs: pa3iokKeHHIO B
yKa3aHHOM IIepBOM armapate st pasnoskenuss MP (MPD) ¢ nonyuenuem
kapOamugHoro pactsopa MP (7) u razoBoro notoka (18), nmpuuem razossiii motok (18)
HO/IBEPraeTcsi KOHEHCALMH B YKa3aHHOM ITePBOM KOHIeHcaTope kapbamara MP,
npudeM notok (19) u3 ykazaHHOTO nepBoro koHaeHcaropa kapbamara MP (MPCC1)
paznensieTcsi B yKa3aHHOM pa3euTeNnbHOI KonoHHe cpeaHero aasneHust (MPSC) ¢
NoJIy4eHueM pactBopa kapbamara MP (8) u aMmMuak-comepKaiiero raaoBoro

notoka (21), npudyeM aMMHaK-COZIeprKaluii ra30BbId MOTOK (21) mogsepraercs
KOHJIEHCALIUU B YKa3aHHOM KOHJieHcaTtope ammuaka (AC) ¢ monyuyeHrueM moTtoka

aMMHUA4HOTO KOHIeHcaTa (22).

5. Crnioco0 nmpou3BoacTBa kapbamua 1o 1. 4 U UMEIOIIHI Mpu3HaK B,
OTJIIMYAIOIIUHCS T€M, UTO ra3oBbIid NOTOK (11) momaeTcst B mepBbIil KOHASHCATOP

kapbamata MP (MPCC1).

6. Crnioco0b mpousBoacTBa kapbamuia o 1. 4 UM 5, OTIMYArOIIUICS TeM, YTO
BTOpas cekuus pereHepaunu MP (MPR2) conepskut BTOpO#i anmapat st pa3jioKeHHs
MP (MPD2) u Bropoii konneHcarop kapdamara MP (MPCC2), npudem,
HeoOsI3aTeNbHO, MOABEPTHYThI MTHOBEHHOMY UCTIAPEHHIO KapOaMHUIHBIN pacTBOP
MP (12) noaBepraetcst pa3joKEHUIO B YKa3aHHOM BTOPOM armmapaTe sl pa3sIosKeHUs
MP ¢ nonyuennem oopaboraHHOro KapoamuaHoro pactsopa (13) u razosoro

notoka (14), npudem razosblii noTok (14) moxBepraercst KOHACHCAIIMH B YKa3aHHOM

BTOPOM KOHJeHcaTope kapbamara MP ¢ monyueHuem pactsopa kapbamara (15),
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NpUYeM YKa3aHHBIN pacTBop kapOamara (15) Bo3BpaImaercsi B CEKLUIO CHHTE3

BbIcOkoro nasnenusi (HPS).

7. Crnioco0 mpoun3BoacTBa kapbamuia 1o 1. 6, OTIUYAIIIUNCS TEM, YTO BTOPast
cekuus pereHepaunu MP (MPR2) nononnutensHo cogepxut ornapusareis CO, MP
(MPS), npuuem kapbamunssiii pactBop (13) u3 Broporo anmapara aisi pasioKeHUs
MP (MPD2) BeimapuBaeTcsi ¢ ucronb3oBanueM coippeBoro CO; MP B ykazanHOM
ornapusaresnie CO; MP (MPS) ¢ nony4derrem qomnomHUTeIbHO 00paboTaHHOTO
kapbamugHOTro pactsopa (16) u razosoro noroka (17), mpuuem razosbiii moTok (17)
NOABEPraeTcsl KOHAEHCALMH C MOJy4eHUEM pacTBopa kapbaMara B yKa3aHHOM BTOPOM

koHzaeHcarope kapbamara MP (MPCC2).

8. YcTaHOBKa 1O MPOU3BOACTBY KapOamuaa, IpeanoYTUTENIbHO, MOAXOASINAs IS
cniocoba 1o modomy u3 nm. 1-7, mpuyeM ykazaHHasi yCTAHOBKA COEPIKUT CEKIUIO
cuHTe3a Bbicokoro aasnenus (HPS), coneprkainyto peakimonnyto 30ay (HPR),
tepmudeckuii ornapusatens (HPSt) u konpencarop kapbamara (HPCC), mpuuem
yKa3aHHasi yCTAHOBKA JIOTIOJIHUTENIbHO COAEPKUT IEPBYIO CEKLIUIO PereHepatuu
cpennero nasnenus (MPR1), nmeromyo BIyCKHOE OTBEPCTHE, COSTUHEHHOE C
BBIITYCKHBIM OTBEPCTHEM JIsl OTIIAPEHHOTO KapOaMHUIHOTO PacTBOpPa YKa3aHHOTO
TEPMUYECKOTO OTHApUBATEIS,

NPUYEM CEKILHsI BBICOKOTO JTABJICHUS COAEPIKHUT CEeMapaTop BbICOKOTO

nasyienust (HPLS), BBIMOSTHEHHBIH ¢ BO3MOXKHOCTBIO Pa3AeNIeHUs] PEaKLIMOHHON CMECH
BBICOKOTO AaByieHus (1) 3 peakMOHHON 30HBI Ha NepBbIi MOTOK (S1) 1 BTOpOH
noToK (S2), mpuyeM Kak MepBbIi MOTOK, TAK U BTOPO IMOTOK COAEPIKAT JKUAKYIO (asy,
cofeprKalIyo kapOoaMusl, ¥ MepBbIi MOTOK MPEANOYTUTEIBHO UMEET 0OJIee HU3KYIO
IPaBHUMETPHUYECKYIO TUIOTHOCTh, Y€M BTOPOH MOTOK; H

IPH 3TOM CENapaTop BBICOKOTO JABJICHUSI HIMEET MEePBOE BBITYCKHOE OTBEPCTHE IS
NIEPBOTO MOTOKA, COEIUHEHHOE C BITYCKHBIM OTBEPCTHEM YKA3aHHOTO TEPMUYECKOTO
OTIApPUBATENIS, © BTOPOE BBIITYCKHOE OTBEPCTHUE IS BTOPOTO MOTOKA, COSTUHEHHOE CO

BTOPOH ceKlmel perenepauuu cpenHero nasienus (MPR2).

9. YcTaHOBKA MO MPOU3BOACTBY KapOamuza 1o 1. 8, OTIMYA0IIAsCs TEM, YTO

YCTAHOBKA CONEPKUT M3MepHUTENbHOEe yCTpoicTBO N/C 11t H3MEpEeHUs! COOTHOLIEHHUS
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N/C B MOTOYHOM JMHUU JIJIs1 BTOPOTO MOTOKA M3 CEMapaTopa BHICOKOTO JABJICHHUS BO

BTOPYHO CECKLUIO pErcHEpali CPEAHETO NaBJICHUA.

10. YcTaHOBKa O IPOU3BOACTBY Kapbamuza 1o 1. 8 win 9, oTiIM4aromascs TeM,
YTO TIepBasi CeKusi perenepanuu cpeanero nasienns (MP) (MPR1) conepsxut nepBbiit
anmapart ans pasnoxerus MP (MPD1), nepsblit koHneHcatop kapbamara

MP (MPCC1), pa3znenurensHyto kojgoHHyY cpennero aasneHust (MPSC) u konneHcarop
ammuaka (AC);

NpUYeM YKa3aHHBIN NepBbli anmnapat 17151 pasnokenuss MP (MPD) BeimonHeH ¢
BO3MOKHOCTBEO TIOZIBEPTaHUs OTIIAPEHHOTO KapOaMHIHOTO pacTBopa (2) pasyioskeHUIo ¢
nojy4eHuem kapbamuanoro pacrsopa MP (7) u razosoro noroka (18),

IIPY 5TOM YKa3aHHBIN MepBblil KOHIeHcaTop kapOamaTa MP BbINOHEH C
BO3MOXKHOCTBIO ITOJIBEpPTraHus razoBoro noroka (18) konneHcanuy,

IIpU 3TOM yKa3aHHasl pa3zeuTebHas KoloHHa cpeanero aasiaeHus (MPSC)
BBITIOJIHEHA C BO3MOKHOCTBIO paszesieHust notoka (19) u3 ykazaHHOro rnepBoro
koHneHcaropa kapbamara MP (MPCC1) Ha pactBop kapbamara MP (8) u aMmmuax-
CoZep KaLIHii ra30BbIi MOTOK (21),

IPU 3TOM yKa3aHHbII koHAeHcaTop aMMmuaka (AC) BBINOJHEH ¢ BO3MOXKHOCTBIO
MOABEPTaHUsl AMMHAK-COZIEPIKAIIEro ra30Boro noroka (21) KoHaeHcanum ¢

MOJIyYEHUEM MMOTOKA AMMHAYHOTO KOHIeHcaTa (22).

11.  YcraHoBka mo mpou3BOACTBY kapbamuza mo Jrodomy u3 mm. 8-10,
OTJIMYAIOINASCS TeM, UTO BTOpasi cekuus perenepaunu MP (MPR2) conep:xur:

- 6nok agunadatnueckoro MraoBeHHOro ucnapenuss MP (MPF), BeinosHeHHBIIH €
BO3MOKHOCTBIO PACLUINPEHHUs] BTOPOTO MOTOKA OT BBICOKOT'O IaBJIEHUS 10 CPEIHEro
JaBJIEHHUs BO BTOPOH ceKUMU pereHepauuu MP ¢ nmonyueHneM, Takium o0paszom,
ra3oBoro noroka (11) u mogBeprayTOro MrHOBEHHOMY HUCTIAPEHUIO KapOaMUIHOTO
pacteopa MP (12);

- BTOpOH anmapar ains pasnoxerns MP (MPD2), BBITIOTHEHHBIH C BO3MOKHOCTBEO
NOABEPTaHUs TIOABEPTHYTOIO MTHOBEHHOMY MCTIAPEHUIO KapOaMHIHOTO pacTBOpa

MP (12) pasnosxkeHuro ¢ nojiy4eHrem obpadoranHoro kapdamuaHoro pacteopa (13) u

razoBoro noroka (14);
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- BTOpOH KoHAeHcaTop kapbamara MP (MPCC2), BEIOTHEHHBIH €
BO3MOXKHOCTBIO ITOJIBEPTaHUsI ra30Boro notoka (14) koHneHcanuu ¢ nony4eHneM
pactBopa kapbamara (15); u

- MOTOYHYIO JIMHUIO Ta3a Ui YKa3aHHOTO ra3osoro notoka (11) u3 ykasaHHoro
Onoka agnabarudeckoro MraoseHHoro ucnapenust MP (MPF) B yka3zaHHYIO MepBYIO
CEeKILMI0 pereHeparuu cpenHero aasnenust (MP) (MPR1), u

- npeanouTuTesnbHo, ornapusatesib CO2 MP (MPS) BBINOIHEH ¢ BO3MOXKHOCTBIO
noaBepranus kapdamunHoro pacrsopa (13) u3 Broporo amnmapara st pasjiosKeHUs
MP (MPD2) ornapuBaHuio ¢ UCnojb3oBanueM cbippeBoro CO2 MP ¢ nonyuenuem
JOMOJHUTENBHO 0O0paboTanHOro kapbamuaHoro pactsopa (16) u rasosoro noroka (17),
U IPOTOYHOE COEAMHEHHE I YKa3aHHOTO ra3oBoro notoka (17) ¢ BmyCKHbIM

OTBEpPCTHEM YKa3aHHOTO BTOPOro KOHAeHcaTopa kapbamara MP (MPCC2).

12, Cnocob MoauduKkaiuy CyImecTBYOIeil yCTAHOBKH 110 TPOU3BOACTBY
kapbaMuia TEPMUIECKOTO OTHAPHOTO TUIA, IPENIOYTUTENBHO IO YCTAHOBKH IO
moOomy u3 mm. 8-11, mpuyeM CyLIecTBYIOIIAsl YCTAHOBKA CONEPIKUT CEKLIUIO CHHTE3a
BBICOKOTO IaBJICHUs], COAEPKALIYIO PEAKLIMOHHYIO 30HY, TEPMUYECKUN OTIIapUBATENb U
KOHJIEHCATOp KapOamara, P 3TOM CYLIECTBYIOIIAsl YCTAHOBKA AOMOJHUTEIBHO
COJZIEP>KUT TIEPBYIO CEKLIUIO PereHepaliy CPEeIHEro AaBJIeHUs, UMEIOIIYIO BITyCKHOE
OTBEPCTHUE, COSTUHEHHOE C BBIITYCKHBIM OTBEPCTHEM JJIsl OTIAPEHHOTO KapOaMHIHOTO
pacTBOpa yKa3aHHOI'O TEPMUYECKOTO OTIapUBaTEIs,

YKa3aHHBIN CIIOCO0 BKITIOYAET:

- nobaBieHHe cenaparopa BBICOKOTO AABJICHHS B CEKI[UIO CHHTE3a BBICOKOTO
JIaBJICHUS], BBITIOJHEHHYIO C BO3MOXKHOCTBIO pa3/ieNIeHHs peaKLIMOHHON CMeCH
BBICOKOTO JIaBJIEHUS U3 PEAKLIMOHHOMN 30HbI Ha MEPBBI MOTOK U BTOPOMl MOTOK,
MPUYEM KaK MEPBBINA MOTOK, TAK U BTOPOU MOTOK COIEPIKAT JKUIKYIO a3y,
cozeprKalIyro kapdbaMuz, mpudeM nepBbli MOTOK (S1), MpeAnoYTUTENBHO,
uMeeT OoJiee HU3KYIO MPaBUMETPHUUECKYIO INIOTHOCTD, Ye€M BTOPOH MOTOK (S2);
u

- nobaBneHHe BTOPOH CEKLMH pereHepanuu cpeanero nasineaus (MP),

NpUYEM CenapaTop BbICOKOTO 1aBJIEHUS] UMEET NEPBOE BbITYCKHOE OTBEPCTHUE IS
MEPBOro MOTOKA, COEJUHEHHOE C BIIyCKHBIM OTBEPCTHEM YKA3aHHOIO TEPMUYECKOTO
OTIapuBaTelis, U BTOPOE BbITYCKHOE OTBEPCTHE JIJIsl BTOPOIrO MOTOKA, COEUHEHHOE C

YKa3aHHOHN BTOPOU CEKLIMEN pereHepaluu CPeIHEro AaBICHHUS.
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13. Criocob o 1. 12, oTnUYaroIuiCs TeM, YTO CerapaTop BbICOKOTO AABIICHHUS
COZEPKUT BOPOHKY, UMEOILIYI) HUMEIOLIYIO HIDKHIOK YacCTh U BEPXHIOIO YaCTh, Y3KO€
OTBEPCTHE CHU3Y U LIMPOKOE OTBEPCTUE CBEPXY, MPUYEM Y3KOE OTBEPCTHE COENUHEHO
CO BTOPBIM BBIITYCKHBIM OTBEPCTHUEM CEmapaTopa st BTOPOro NOTOKA, U IPU 3TOM
npeJyiaraeTcsi u3MepuTepHoe yeTpoicTBO N/C B TOTOYHOM JIMHUU JJIS BTOPOTO
MOTOKA U3 Cernaparopa BbICOKOIO JAaBJIEHUs] BO BTOPYHO CEKLUIO PEreHEepaLlui CPEAHETO

JaBJICHHA.

14. Crnoco0 no 1. 12 wtn 13, OTIMYarOIIUiiCs TeM, YTO YKa3aHHbIA CrIoco0
BKJIOUAET 100aBIeHHE K CYIIECTBYIOLIEH YCTAHOBKE CIEAYIOIINX OJIOKOB B KAYECTBE
3JIEMEHTOB BTOPOMW CEeKLMU pereHepauuu MP:

- Onoka aguabaTudeckoro MruoBeHHoro ucnapenusi MP (MPF), BbIOTHEHHOTO €
BO3MOXKHOCTBIO PACIIUPEHUs], IPEANOYTUTENIBHO, AETa3UPOBAHHOIO BTOPOrO NOTOKA OT
BBICOKOT'O IaBJICHUSI 10 CPEIHETO AABJICHUS BO BTOPOI cekumu pereHepaunu MP ¢
HOJTyYeHHEM, TAKHM 00pa3oM, ra3oBoro noroka (11) 1 nogBepraHyToro MrHOBEHHOMY
ucrapeHuro kapdamuaHoro pacrsopa MP (12);

- BTOpOTO ammnapara juist pasnosxkenuss MP (MPD2), BeimonHeHHOTO €
BO3MOXKHOCTBIO MOJIBEPTaHUs MOIBEPTHYTOrO MITHOBEHHOMY HCTIAPEHHIO
kapbamugHOro pactopa MP (12) paznoskeHuro ¢ noyjydeHueM o0padboTaHHOTO
kapOamunHoro pacteopa (13) u razosoro noroka (14);

- BTOpOro KoHneHcaropa kapbamata MP (MPCC2), BBIOIHEHHOTO €
BO3MOXKHOCTBIO MOJIBEPTaHMsI ra30BOro NoToka (14) KoHneHcauuu ¢ noy4eHneM
pactBopa kapbamara (15); u

- MOTOYHOM JIMHUM Ta3a JUIsl YKa3aHHOTO ra30Boro moroka (11) u3 ykazaHHoro
6noka agnabarndeckoro MraoBeHHoro ucnapenust MP (MPF) B yka3zaHHYIO MEpBYIO
CEeKILHI0 pereHeparuu cpenHero aasnenust (MP) (MPR1), u

- npeanouTuTesbHo, otnapusatenss CO2 MP (MPS), BBIOIHEHHOTO €
BO3MOXKHOCTBIO MOZIBEpTraHus kapbamuaHoro pacteopa (13) u3 Broporo amnmapara ass
paznoxenuss MP (MPD2) ormapuBaHuto ¢ ucnojib3oBanueM cbipbesoro CO; MP ¢
TOJTyYEHUEM JIOTIOJTHUTENIbHO 00paboTaHHOTO KapbamMuaHoro pacteopa (16) u ra3oBoro
notoka (17); 1 mpOTOYHOrO COEAMHEHUS ISl YKA3aHHOTO ra30Boro noroka (17) ¢

BIIYCKHBIM OTBEPCTHEM YKa3aHHOTO BTOPOTO KOH/eHcaTopa kapbamara MP (MPCC2).
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15. Cmocob no mrobomy u3 m. 12-14, TOMOTHUTETFHO BKITFOYAIONINN CTaIHAI0
yBeJNU4eHus: 00beMa peaKTopa B CEKIIHH CHUHTE3a BHICOKOTO JaBJIEHUS, HATPUMED,
HOCPECTBOM OOABIICHHUS IOTMOJHUTEIBHOTO PEAKTOPa, COAEPIKAIIEro cenaparop

BBICOKOI'O JaBJICHMA.
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(nnst nomaun Ha PerroHanbHOH (pase, MpU3HAHHAS MATEHTOCMIOCOOHOH EBpomnelickum

INIaTCHTHBIM BCI[OMCTBOM)

1. Crnioco0 mpoun3BoacTBa kapbamuia, OCyIIEeCTBIISIEMbI HA YCTAHOBKE TIO
npousBoacTBy kapbamuna (UPP) TepMudeckoro oTnapHOro Tumna, ykasaHHas
YyCTAHOBKA CONEPKUT CEKIMI0 cuHTe3a Bbicokoro nasneHust (HP) (HPS) u nepsyto u
BTOPYIO CEKINIO pereHepanuu cpenHero nasnenus (MP) (MPR1, MPR2),

npudeM cekuust cuate3a HP conepxxur peakunonnyro 3ouy HP (HPR), ornapuarens
HP Tepmuueckoro ornaproro tumna (HPSt), konnencarop kapbamara HP (HPCC) u
cenapatop (HPLS), npuuem ornapusarens (HPSt) umeer BbimyckHoe oTBepCcTHE AJIst
OTHAaPEHHOr0 KapOaMUIHOTO pacTBOPA, COEAMHEHHOE C MEPBOH CEKIMeH pereHepaLum
MP (MPR1), 1 BbIIyCKHOE OTBEPCTHE IS I'a3a, COENUHEHHOE C KOHEHCATOPOM
kapbamara HP (HPCC),

YKa3aHHBIN CIIOCOO BKIIIOYAET:

- paznenenue peaknoHHo cmecu (1) uz peakuronHoi 3oub1 (HPR) mpu
BBICOKOM JIaBJIeHHH B Yka3aHHOM cenapatope (HPLS) Ha nepsbiit motok (S1) u BTopoii
noTok (S2), mpuyeM Kak MepBbIil MOTOK, TAaK U BTOPOI MOTOK COAEPKAT XKUAKYIO (azy,
COZIEPIKAIIYIO KapOaMu;

- nojady nepsoro notoka (S1), mo MeHbInel Mepe YaCTUYHO, B OTIIAPUBATEb
HP (HPSt); u

- nojiady BTOPOro motoka (S2), mo MeHbILIeH Mepe YaCTUYHO, BO BTOPYIO CEKIIHIO
perenepauuu cpensero aasnenus (MPR2),

NpUYEM:

nepBbIi MOoTOK (S1) nmeet Oosee HU3KYIO MPABUMETPUIECKYIO TUNIOTHOCTD, U€M BTOPOM
noToK (S2) u mepBblIil MOTOK MPEACTABIISET COOO0M OOraThii aMMHUAKOM MEPBBIH

notok (S1), uMerowuii 6oJee BBICOKYIO KOHIIEHTPALMIO aMMHAaKa, YeM BTOPOH

notok (S2).

2. Crnioco0 mpou3sBoacTBa kapbamuia 1o 1. 1, OTIUYAIUNICS TEM, YTO YKa3aHHbBIN
croco0 BKITFOYAET:
- Jerasanuio BToporo notroka (S2) B cemaparope (HPLS);

- u3Mepenue cootHoureruss N/C B 1era3supoBaHHOM BTOPOM IOTOKE;
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- nogavy ACradupOBaHHOTO BTOPOr'O MOTOKA BO BTOPYHO CEKIMIO PETCHEpALIUU

MP (MPR2) B 06xoxn ormapusarens HP (HPSt).

3. Crnioco0 mpousBoacTBa kapbamua mo . 1 uian 2, OTIHYarOIIUICs TeM, YTO
nepsasi cekuus pereaepaun MP (MPR1) cogep xut nepBblif anmapar AaJist pa3iosKeHHs]
MP (MPD1), nepssiii konaercatop kapbamata MP (MPCC1), pazgenuTenpHyo
konoHny cpenHero nasnenus (MPSC) u konnencarop ammuaka (AC), mpuuem
OTNapeHHbIH KapOaMUIHBINA pacTBOP (2) MOABEPraeTCs Pa3IOKEHHUIO B YKa3aHHOM
nepBoM anmnapare s pasnosxkenust MP (MPD) ¢ nonydeHnem kap6aMuaHOTO pacTBOpa
MP (7) u razoBoro noroka (18), mpudem razosbiii motok (18) moxsepraercs
KOHJIEHCALIUU B YKa3aHHOM IIEpBOM KOH/IeHcaTope kapbamara MP, mpuuem norok (19)
U3 YKa3aHHOTO MePBOro koHaeHcaropa kapdamara MP (MPCC1) pasnensiercs B
yKa3aHHOH pas3enuTeNbHoN kojioHHe cpenHero aasneHus (MPSC) ¢ monyuenuem
pactBopa kapbamata MP (8) u aMmmuak-conepskaiiero ra3oBoro noroka (21), mpuyuem
aMMMaK-cojiep Kaluii ra3oBblii MOTOK (21) moasepraercss KOHAEHCALUU B YKa3aHHOM

KoHzaeHcarope ammuaka (AC) ¢ nonyueHneM oToka aMMHAYHOTO KOHeHcara (22).

4. Crnioco0 mpou3BoACTBa kKapOamMuia, OCYIIEeCTBIISIEMbIN HA YCTAHOBKE TIO
npoun3BoAcTBY kapbamuna (UPP) TepMudecKoro OTnapHOro TUNA, MPUYEM YKa3aHHAs
YCTAHOBKA CONEPIKUT CEKLMIO CUHTe3a Bbicokoro nasnenust (HP) (HPS) u nepsyto u
BTOPYIO CeKLMH pereHeparyu cpenHero aasnenus (MP) (MPR1, MPR2),

npuyeM cekiusi cuatesa HP conepxkut peakimonnyro 300y HP (HPR), otnapuBarens
HP Tepmuueckoro ornaproro tumna (HPSt), konnencarop kapbamara HP (HPCC) u
cemmaparop (HPLS), mpuuem ornapusarens HP (HPSt) umeer BeimyckHOE OTBEpCTHE
111 OTIIAPEHHOTO KapOaMHIHOTO PacTBOPA, COETUHEHHOE C TIEPBOM CEKITUEH
pereaepaunu MP (MPR1), 1 BbIIyCKHOE OTBEPCTHE TSI ra3a, COSTUHEHHOE C
koHaeHcatopoM kapbamata HP (HPCC),

yKa3aHHbBIN C1OCO0 BKITIOYAET:

- paznenenue peakunonHou cmecH (1) u3 peakurnonHoi 30ub1 (HPR) mpu
BBICOKOM JIaBJIEHUU B yka3zaHHOM cemnaparope (HPLS) na nepssiii motok (S1) u BTOpOI
noTok (S2), mpuueM Kak NepBbIi MOTOK, TAK U BTOPOI IMOTOK COAEPIKAaT JKUAKYIO (asy,
COZIEpIKaIIyI0 KapOamMu;

- nojady nepeoro notoka (S1), mo MeHbInel Mepe YaCTUYHO, B OTIIAPUBATENb

HP (HPSt); u
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- 1oziady BTOPOro noroka (S2), mo MeHbIIeH Mepe YaCTUYHO, BO BTOPYIO CEKIIHIO
perenepauuu cpenHero aasienus (MPR2),

npu 3TOM niepsast cexuust pereHepann MP (MPR1) conepsxut nepsblii anmapaT 1J1st
paznoxxenust MP (MPD1), nepserii korneHcarop kapbamara MP (MPCC1),
pa3menuTeNbHYI0 KOJOHHY cpenHero aasienus (MPSC) u kornencarop ammuaka (AC),
NpUYeM OTIIAPEHHBINH KapOaMHUIHBIN pacTBOp (2) MOABEPraeTCs pa3oKEeHUIO B
yKa3aHHOM TIepBOM armmapare st pasnoskenus MP (MPD) ¢ nonyuenuem
kapbamugHoro pactsopa MP (7) u raszosoro nmoroka (18), mpudem razosbiii motok (18)
NOABEPraeTcsl KOHASHCALMU B YKa3aHHOM IIEpBOM KOHZIeHcaTope kapbamara MP,
npudeM notok (19) u3 ykazanHoro nepsoro koHaeHcaropa kapbamara MP (MPCC1)
pasnensieTcsl B yKa3aHHOW pas3lenuTeNnbHOl konoHHe cpenHero aasneHust (MPSC) ¢
nosyueHueM pacteopa kapbamara MP (8) n ammuak-coepsKalero ra3oBoro

notoka (21), npuuemM aMMHaK-COep KA ra3oBbli MOTOK (21) moasepraercs
KOH/ICHCALIUU B YKa3aHHOM KoHAeHcaTtope ammuaka (AC) ¢ monydeHneM rnoToka
aMMHAYHOTO KOHZeHcaTa (22);

HpUYeM BTOPOH MOTOK (S2) pacuIupsieTcs: OT BBICOKOTO ABJICHHSI 10 CPETHETO
naByieHust B Oyioke aquadbaTuueckoro MraHoBeHHoro ucnapenuss MP (MPF), Bxopsiem B
cocTaB BTOpO#i cexuuu pereHeparin MP (MPR2), B pe3ynibTare 4ero nojy4aercs
ra3oBblii TOTOK (11) 1 mOABEPrHYTHIIi MTHOBEHHOMY HUCTIAPEHUIO KapOaMHUIHBIN
pacteop MP (12),

IpH 3TOM ra30Bblil MOTOK (11) moxaercst B mepBbIii KOHAEHCATOP KapbamaTa

MP (MPCC1).

5. Crnioco0 nmpousBoacTBa kapbamuia 1o 1. 4, OTIUYAIOIIUNACS TEM, YTO BTOpast
cekuust pereHepar MP (MPR2) conep kit BTOpoii anmapar AJist pa3iosKeHHsI

MP (MPD2) u Bropoii koHneHcarop kapdamara MP (MPCC2), mpudeM noaBeprHy ThIid
MI'HOBEHHOMY HCTIapeHuro kapbamuHblil pactBop MP (12) mogsepraercs: pa3iosKeHUIO
B YKa3aHHOM BTOPOM amnmnapare sl pasnoxkeHust MP ¢ monyuerneM oOpaboTaHHOTO
kapOamuHOTro pacteopa (13) u razoBoro noroka (14), mpuuem ra3zosslii moTok (14)
NOABEPTraeTCsl KOHASHCALMU B YKa3aHHOM BTOPOM KOHZAeHcaTope kapbamata MP ¢
NoJIy4eHHeM pactBopa kapbamara (15), mpudem yka3aHHbII pacTBop kapOamara (15)

BO3BPAINAETCS B CEKI[UIO CUHTe3a BbICOKOTO nasyieHus (HPS).
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6. Crnioco0 mpoun3BoacTBa kapbamuia 1o 1. S, OTIUYAIIIUNCS TEM, YTO BTOpast
cekuus pereHepauuu MP (MPR2) nononHutenbHo copepxut otnapusareis CO, MP
(MPS), npuuem kapbamunsbiii pactBop (13) u3 Broporo anmapara ajis pasioKeHUs
MP (MPD2) BeimapuBaeTcsi ¢ UCTonb3oBaHueM cbipreBoro CO; MP B ykazaHHOM
ornapusaresnie CO; MP (MPS) ¢ nony4deHneM qoMnoiHATEEHO 00paboTaHHOTO
kapOamuHOro pacteopa (16) u razosoro noroka (17), npuuem razosslii motok (17)
NOABEPraeTcsl KOHAEHCALUH C MOJyYeHUEM pacTBopa kapbaMara B yKa3aHHOM BTOPOM

koHaeHcarope kapbamara MP (MPCC2).

7. YcTaHOBKa 1O NPOU3BOACTBY kapbamuma, coeprKaasi CeKIMI0 CHHTE3a
Boicokoro aasnenusi (HPS), conepsxamnyro peakunonnyto 3ony (HPR), Tepmuueckuii
ornapusatens (HPSt) u konnencatop kapbamarta (HPCC), mpudem ykazaHHas
YCTAHOBKA JIOTIOJIHUTENIBHO COAEPIKUT MEPBYIO CEKIMIO pereHepauy CpeaHero
nasnenust (MPR1), uMmeronnyro BIyCKHOE OTBEPCTHE, COEAMHEHHOE C BBIMYCKHBIM
OTBEPCTHEM JUISl OTHAPEHHOrO KapOaMUAHOTO PacTBOPA YKa3aHHOTO TEPMHYECKOTO
OTHapuBaTels,

IPUYEM CEKLHs BBICOKOTO JIABJIEHUS COAEPIKUT CETapaTop BbICOKOTO

nasyienust (HPLS), BBIMOSTHEHHBIH ¢ BO3MOXKHOCTBIO Pa3lesIieHUs] PEaKLIMOHHON CMECH
BBICOKOTO AaByieHust (1) 13 peakIMOHHOW 30HBI Ha NepBbIid MOTOK (S1) U BTOpOH
noTok (S2), mpudeM Kak MepBbIi MOTOK, TAK U BTOPO MOTOK COAEPIKAT XKUAKYIO (azy,
cozeprKalIyro kapObaMus, ¥ MepBbIi MOTOK UMeeT Ooiee HU3KYI0 IPaBUMETPUIECKYIO
IUIOTHOCTD, Y€M BTOPOH MOTOK; U

IPH 3TOM CENapaTop BBICOKOT'O JABJICHHUSI UIMEET MEePBOE BBITYCKHOE OTBEPCTHE IS
NIEPBOTO MOTOKA, COEIUHEHHOE C BIYCKHBIM OTBEPCTHEM YKA3aHHOTO TEPMUYECKOTO
OTIApPUBATENIS, © BTOPOE BBIITYCKHOE OTBEPCTHUE IS BTOPOTO MOTOKA, COSTUHEHHOE CO
BTOPOH CekImel perenepaunu cpenHero nasienus (MPR2), mpu 3ToM ycTaHOBKA
comep kT u3MeputesbHoe yerpoiictBo N/C st usmepenus coornomenust N/C B
MOTOYHOH JINHUH Il BTOPOTO TIOTOKA U3 CEMapaTopa BEICOKOTO AABIIEHHS BO BTOPYIO

CEKLIMIO pereHepaluy CpeJHero 1aBIeHHs.

8. YcTaHOBKa MO MPOU3BOACTBY Kapbamuza, comeprramasi CeKIHI0 CHHTE3a
Bbicokoro nasnenusi (HPS), conepskamyro peakunonnyro 300y (HPR), Tepmuueckuii
ornapusatens (HPSt) u konnencarop kapbamara (HPCC), mpuuem ykazaHHast

YCTaHOBKA JOMOJHUTECIBHO COACPKUT MEPBYHO CCKIUIO PETCHEPALUU CPEAHETO
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nasienns (MPR1), uMeromyro BIyCKHOE OTBEPCTHE, COETMHEHHOE C BBITY CKHBIM
OTBEPCTHUEM JUIsI OTIIAPEHHOTO KapOaMUIHOTO PacTBOPA YKA3aHHOTO TEPMUIECKOTO
OTHapUBaTENs,

NPUYEM CEKLHs BBICOKOTO JIABJICHUS COAEPIKUT CETapaTop BICOKOTO

nasnenust (HPLS), BBIMOSTHEHHBIH ¢ BO3MOXKHOCTBIO Pa3/ieNieHNs] PEaKLIMOHHOW CMeCH
BBICOKOTO aapyieHus (1) 3 peakimOHHON 30HBI Ha NepBbIi MoToK (S1) u BTOpOH
noTok (S2), mpuueM Kak NepBbIi MOTOK, TaK U BTOPOI IMOTOK COAepIKaT XKUIKYIO (a3y,
cozeprKamyro kapoamun; u

IIPU 3TOM CENapaTop BBHICOKOT'O JIABJIEHUS UMEET MEePBOE BBITYCKHOE OTBEPCTHE IS
NIEPBOTO MOTOKA, COETMHEHHOE C BIyCKHBIM OTBEPCTHEM YKA3aHHOTO TEPMUYECKOTO
OTHApUBATENIs, U BTOPOE BBIITyCKHOE OTBEPCTHUE Il BTOPOrO MOTOKA, COEUHEHHOE CO
BTOPOI1 cekiue perenepaunu cpenHero aasienus (MPR2);

npuveM nepsasi cekius pereHepauuu cpearero aasnenust (MP) (MPR1) copepsxut
nepBbIii anmapar s pasnoxkenust MP (MPD1), nepBsiii koHaeHCaTOp KapOamara

MP (MPCC1), paznenurenbHyto KoJoHHY cpenHero aasienust (MPSC) u korneHcarop
ammuaka (AC);

npUYeM yKa3aHHBINA NepBbld anmapat 1 pasnokenus MP (MPD) BbinosnHeH ¢
BO3MOKHOCTBIO TIOJIBEPTaHUs OTIAPEHHOTO KapOaMHUIHOTO pacTBopa (2) pasioKeHHUIO ¢
nojy4eHueM kapbamuaHoro pacrsopa MP (7) u razoBoro noroka (18),

IIPU 5TOM yKa3aHHbBIN MepBbIi KOHAeHcaTop KapOamaTa MP BbINoyiHEH ¢
BO3MOXKHOCTBIO MOJIBEPTaHusi ra30Boro notoka (18) konneHcamnmy,

IIPH 5TOM yKa3aHHas pa3ieuTeIbHast KOJoHHA cpennero aasierus (MPSC)
BBINOJTHEHA ¢ BO3MOXKHOCTBIO pa3zenieHus notoka (19) u3 ykasaHHOTro mepBoro
koHneHcaropa kapbamara MP (MPCC1) Ha pactBop kapbamara MP (8) n aMmmuax-
COZep KALIHI ra30BbIi MOTOK (21),

IPU 3TOM yKa3aHHbIH KOoHAEeHCATOp aMMuaka (AC) BBITOJHEH ¢ BO3MOXKHOCTBIO
NOABEPTaHUsl AMMHAK-COZIEPIKAIEro ra30Boro nNotoka (21) KoHaeHcanum ¢
MOJTyYeHUEM MMOTOKA AMMHAYHOTO KOHIeHcaTa (22),

npu 3TOM BTOpas cekuus perenepaunu MP (MPR2) conepsxur:

- 6nok agunadaTnueckoro MraoBeHHOro ucnapenus MP (MPF), BeimonHeHHBIH €
BO3MOJKHOCTBIO PACIIUPEHHsI BTOPOTO IMOTOKA OT BBICOKOTO IABJICHHUS 10 CPETHETO
JaBJICHHUsI BO BTOPO cekumu pereHepaunu MP ¢ moixydeHneM, Takum odpasom,
razoBoro noroka (11) 1 mogBeprayTOro MrHOBEHHOMY HCTIAPEHUIO KapOaMHUIHOTO

pacteopa MP (12);
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- BTOpOH anmapar ans pasnoxerns MP (MPD2), BBIIOTHEHHBIH ¢ BO3MOKHOCTBEO
NOABEPTaHUs IOABEPTHYTOIO MTHOBEHHOMY MCTIAPEHUIO KapOaMHIHOTO pacTBOpa

MP (12) pa3noxeHuro ¢ noxydeHnemM oopadotaHHOro kapbamuaHoro pacteopa (13) u
ra3oBoro noroka (14);

- BTOpOH KOHAeHcaTop kapbamara MP (MPCC2), BEIOTHEHHBIH €
BO3MOXKHOCTBIO ITOJIBEPTaHMsI ra30Boro notoka (14) koHneHcanuu ¢ nony4eHneM
pactBopa kapbamara (15); u

NOTOYHYIO JINHUIO Ta3a JAJIsl YKa3aHHOTO ra3oBoro noroka (11) u3 ykazanHoro 6yoka
annabaTnueckoro MraHoBeHHoro ucrnapeHust MP (MPF) B yka3zaHHYIO TEPBYIO CEKITUIO

perenepaunu cpeanero aasnenus (MP) (MPR1).

9. VYcTaHOBKa 1O MPOU3BOACTBY KapOamuzaa no 1. 8, OTIMYAr0INasiCsi TEM, U4TO
BTOpas cexuus perenepauuu MP (MPR2) conepsxut:

- ornapusatenb CO2 MP (MPS), BbInoHEHHBIH C BO3MOXKHOCTBIO MTOJIBEPTaHMUs
kapOamunHoro pacteopa (13) u3 Broporo annapata s paznokenuss MP (MPD?2)
OTIAaPHUBAHUIO C HCIIONIB30BaHUEM chippeBoro COz; MP ¢ nosydeHneM ITOMOJTHUTENbHO
obpaboranHoro kapbamuaHoro pactsopa (16) u razosoro noroka (17), u mporouHoe
COeNMHEHHE ISl YKa3aHHOTO ra3oBoro notoka (17) ¢ ByCKHbIM OTBEPCTHEM

YKa3aHHOI'O BTOPOTo KOHIeHcaTopa kapbamarta MP (MPCC2).

10.  Cnocob monu(puKauy CyeCTBYIOIIEH YCTAHOBKH IO MTPOU3BOJICTBY
KapOamuIa TePMHYECKOTO OTIIAPHOTO TUIIA, TPH KOTOPOM CYIIECTBYIOIIAst yCTAHOBKA
COJIEP>KUT CEKLMIO CHHTE3a BBICOKOTO J1aBJIEHUs, COAEPIKAIIYIO PEaKIIHOHHYIO 30HY,
TEPMUYECKHIA OTIIAPUBATENIb M KOHACHCATOP KapOaMaTa, Py 3TOM CYINECTBYIOLIAs
YCTaHOBKA JOTIOJHUTENIBHO CONEPIKUT MEPBYIO CEKLUIO pereHepaLii CpEeAHEero
JIaBJICHUs, UMEIOIIYIO BIIyCKHOE OTBEPCTHE, COEANHEHHOE C BBIITYCKHBIM OTBEPCTHEM
IUIS1 OTIIAPEHHOTO KapOaMHIHOTO PacTBOPA YKA3aHHOTO TEPMUYECKOTO OTIIAPUBATEIIS,
yKa3aHHBIN CIIOCO0 BKIIIOYAET:

- nobaBieHHe cenmaparopa BBICOKOTO AABJICHHS B CEKI[UIO CHHTE3a BBICOKOTO
JIaBJIEHUS, BBITIOJHEHHYIO C BO3SMOXKHOCTBIO pa3/ieNieHHs] peaKLIMOHHOW CMeCH
BBICOKOTO JIaBJIEHUs U3 PEAKLIMOHHOM 30HbI Ha MEPBbI NOTOK U BTOPOMl MOTOK,
MPUYEM KaK MEPBBINA MOTOK, TAK U BTOPOU MOTOK COIEPIKAT JKUIKYIO a3y,
cozeprKalIyro kapdbamuz, mpudeM nepsblil MoTok (S1) nmeer OoJee HU3KYIO

IPaBHUMETPHUYECKYIO TUIOTHOCTh, YeM BTOPOH MOTOK (S2); U
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- nobaBieHUe BTOPOH CEKLIUHU pereHepaluu cpeaHero aasneHus (MP),
MpUYEM CeriapaTop BBICOKOI'O AABJICHUS NMECT IMEPBOEC BBIITYCKHOC OTBEPCTUE IJIA
NEPBOro nNoToka, COCAMHEHHOE C BITYCKHBIM OTBEPCTHUEM YKA3aHHOI'O TCPMUYICCKOTO
OTIApHBATEISA, U BTOPOE BBITYCKHOE OTBEPCTHE JIJIsI BTOPOT'O IMOTOKA, COETMHEHHOE C

YKa3aHHON BTOPOM CEKLMEN pereHepaLuy CpeIHEero JaBJICHHUS.

11. Crioco6 o 1. 10, oTnUYaroImuics: TeM, YTO CernapaTop BbICOKOTO AABJICHUS
COJZIEPKUT BOPOHKY, UMEIOLIYIO HUXKHIOKO YacTh U BEPXHIOKO YaCTh, Y3KO€ OTBEPCTUE
CHM3Y U LIMPOKOE OTBEPCTUE CBEPXY, IPUUEM y3KOE€ OTBEPCTHE COEIUHEHO CO BTOPBIM
BBIIyCKHBIM OTBEPCTHEM CENapaTopa AJisl BTOPOrO NOTOKA, U MPU 3TOM U3MEPUTETIbHOE
ycrpoiictso N/C npeznnaraeTcs B IOTOUHOMN JIMHUU [l BTOPOTO MOTOKA U3 CermapaTropa

BBICOKOI'O HaBJICHUA BO BTOPYHO CEKIUIO PETrCHEPALIUN CPEAHETO NaBJICHUA.

12. Cnoco0 mo 1. 10 wiu 11, ZONOTHUTENBHO BKIIFOYAKOIINI CTAIUIO YBETUUSHHS
o0bema peakTopa B CEKLIMU CHHTE3a BBICOKOTO JAABJICHUS], HAIPHIMeEP, IOCPEICTBOM
no0aBIIeHUs] JOMOJHUTENBHOTO PEaKTOPa, COAEPSKAIIEro CeNMapaTop BICOKOTO

JaBJICHUS.

13.  Cnocob mogupukamy CyImecTBYOLUEeH YCTAaHOBKH 110 IPOU3BOACTBY
KapOamuIa TEPMHUYECKOTO OTIIAPHOTO TUIIA, TPH KOTOPOM CYINECTBYIOIIAst yCTAHOBKA
COZIEP>KUT CEKLIMIO CUHTE3a BBICOKOT'O JIABJIEHUS, COAEP KALIYIO PEAKLUOHHYIO 30HY,
TEPMUYECKHI OTIIAPUBATENIb M KOHACHCATOP KapOaMaTa, Mpy 3TOM CYIIECTBYIOLIAs]
YCTAHOBKA JIOTIOJIHUTENIBHO COAEPKUT MEPBYIO CEKLMIO pereHepaluy CpeaHero
JaBJIEHUs, UMEIOIIYIO BIIyCKHOE OTBEPCTHE, COEJUHEHHOE C BBIITYCKHBIM OTBEPCTHEM
IJIs1 OTTIAPEHHOT0 KapOaMHUIHOTO PacTBOPA YKa3aHHOTO TEPMUYECKOTO OTIIAPUBATENIS,
yKa3aHHBIN CIIOCO0 BKITFOYAET:

- no0aBJIeHNE CerapaTopa BLICOKOTO JABJICHNS B CEKLIUIO CUHTE3a BBICOKOTO
JIaBJICHUS, BBITIOJHEHHYIO C BO3SMOXKHOCTBIO pa3/ieIeHHsl peaKLIHOHHONH CMECH BBICOKOIO
JABJICHUS U3 PEAKLIUOHHOM 30HBI HAa MEPBBIA MOTOK U BTOPOM MOTOK, PUYEM KaK
NEePBBI MOTOK, TAK U BTOPOH MOTOK COAEPKAT JKUAKYIO a3y, coneprkamyro KapOamuz;
u

- nobaByieHUE BTOPOH CEKIIUU pereHepalyu cpegHero aasueHus (MP),

NPUYEM CenapaTop BbICOKOTO J1aBJIEHUS] UMEET NEPBOE BbITYCKHOE OTBEPCTHUE JIJIS

NEPBOro nNOTOKa, COCAMHEHHOE C BIIYCKHBIM OTBEPCTUEM YKA3aHHOTO TCPMUICCKOT'O



10

15

20

25

OTIAPHBATEISA, U BTOPOE BBITYCKHOE OTBEPCTHE JIJIsI BTOPOT'O IMOTOKA, COEIMHEHHOE C
YKa3aHHOW BTOPOH CEeKIMEN pereHepalny CPEIHero NaBIeHUs, IIPU 3TOM yKa3aHHbBIN
cnoco0 BKIFOYaeT J0OABJIEHNE K CYIIECTBYIOLIEH yCTAHOBKE MPUBEIEHHBIX HUXKE
OJIOKOB B Ka4eCTBE 3JIEMEHTOB BTOPOH CEKLIUHU pereHeparun MP:

- 6noka agnabatuyeckoro MraoseHHoro ucrapenuss MP (MPF), BeinosaeHHOTO €
BO3MOXKHOCTBIO PACIIUPEHUs], MPEANOYTUTENBHO AeTa3UPOBAHHOIO BTOPOTO IMMOTOKA OT
BBICOKOTO IaBJIEHHS IO CPEAHETO AAaBJIEHUs BO BTOPOH cekuuu pereHeparuu MP ¢
NOJy4eHHEM, TAKUM 00pa3om, ra3oBoro rnoroka (11) u moxBeprayToro MrHOBEHHOMY
ucrapeHuro kapdbamuaHoro pactsopa MP (12);

- BTOPOTO ammapara st pasnoxkenuss MP (MPD2), BeimosiHeHHOTO ¢
BO3MOXKHOCTBIO ITOJIBEPTAaHUs [TOIBEPTHYTOrO MIHOBEHHOMY HCIIAPEHHIO
kapbamugHoro pactsopa MP (12) paznokeHHIo ¢ nojy4eHuemM oopaboTaHHOTO
kapOamunHoro pacteopa (13) u razosoro notoka (14);

- BTOpOro KoHaeHcaTtopa kapbamata MP (MPCC2), BBIOJHEHHOTO C
BO3MOXKHOCTBIO ITOJIBEPTaHus ra30Boro notoka (14) koHneHcauuu ¢ nony4eHneM
pactBopa kapbamara (15); u

- MOTOYHOM JIMHUM Ta3a JUJIsl YKa3aHHOTrO ra30oBoro noroka (11) u3 ykasaHHOro
Onoka agnabarudeckoro MraoBeHHoro ucnapenust MP (MPF) B yka3zaHHYIO MEpPBYIO
CeKIHI0 pereHeparuu cpenHero aasnenust (MP) (MPR1), u

- npeanouTuTeNbHo, otnapusatenss CO; MP (MPS), BBINOJIHEHHOTO €
BO3MOXKHOCTBIO MONIBEpTraHus kapbamuaHoro pacteopa (13) u3 Broporo amnmapara asis
paznoxenuss MP (MPD2) ornapuBaHuio ¢ UCnojib3oBaHueM cbipbeBoro CO; MP ¢
MOJTyYEHUEM JIOTIOJTHUTENIbHO 00paboTaHHOTO KapbamMuaHoro pactesopa (16) u ra3oBoro
notoka (17); 1 mpoTOYHOE COEAMHEHUE [T YKa3aHHOTO ra3oBoro noroka (17) ¢

BIIYCKHBIM OTBEPCTHEM YKa3aHHOTO BTOPOTO KOH/AeHcaTopa kapbamara MP (MPCC2).

14.  Cnocob mo . 13, JONOJHHUTEIBHO BKIIFOYAOIIHUN CTAIHIO YBEJINYCHUS 00beMa
peakTopa B CEKLIMU CHHTE3a BBICOKOTO AABJICHHS, HAIPUMED, IIOCPEACTBOM JOOABIICHUS

AOMOJIHUTECIBHOI'O p€aKkTOpa, COACPKAET0 CernapaTop BbICOKOI'O JaBJICHUS.
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