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Oﬂe(l)I/IHOB I/I/I/IJ'H/I JUCHOB. CHOCO6LI MOryT BKJIOYATh B ce69{ TepMI/I‘IeCKI/Iﬁ KPEKUHT
YIJIEBOAOPOACOACPIKAIIIETO CHIPhSI C 00Pa30BaHMEM BBIXOIIIIETO IIOTOKA KPEKMPOBAHHBIX YIIIEBOAOPOIOB,
COACPpIKAIICTO CMECh OJ'IC(l)I/IHOB U Hapaq)I/IHOB; M KaTaJIUTHYECKUHN KPCKHUHI' BBIXOIAIICTO ITOTOKA
KPEKUPOBAHHBIX YITICBOAOPOIAOB C 06pa3OBaHI/IeM KaTaJIUTUYCCKHU KPCKUPOBAHHOI'O BBIXOAAIICTO IMOTOKA,
COZIEPIKaIIIero AOMOIHUTEIbHBIC O1e(hrHbI U/vin AueHbl. CHCTEMbI MOTYT BKIIIOYATh B CE0sI PEaKIIHOHHYIO
30HY U1 TCPMHUYCCKOIO KPCKHUHIA YITICBOAOPOACOACPIKAIICTO ChIPpbA C O6pa3OBaHI/I€M BBIXOOAIIICTO
IMOTOKa KPEKMPOBAHHLIX YITIEBOAOPOAOB, COACPIKAINX CMECH Oﬂe(l)I/IHOB u Hapa(l)I/IHOB; " pCaKIIUOHHYIO
30HY KaTaAJIMTHUYCCKOTO KPECKHUHIa JJId KaTaJIUTHICCKOTO KPEKHUHI'a BBIXOAAMICTO IMOTOKAa KPEKMPOBAHHBIX
Y1IIeBOAOPOAOB C O6pa30BaHI/IeM BBIXOIAICTO IMOTOKA KATATTUTHYCCKU KPCKUPOBAHHBIX YITICBOAOPOAOB,
COACPpKALICTO AOTIOTHUTCIIBbHBIC Oﬂeq)I/IHbI I/I/I/I.TII/I JUCHBI.
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OIIUCAHUE U30BPETEHUA
2420-560932EA/026
OFBEJIUHEHHBIN TEPMUYECKUN U KATATUTHYECKUN KPEKHHT JJIs1
HOJYYEHUA OJIEONHOB

YPOBEHb TEXHUKU

[0001] ITeun mapoBOro KpeKkHHra, Kak MpaBmiIo, pabOTAIOT ¢ BBICOKOIH KOHBEpCUEH st
MOJIyYeHHUs] B OCHOBHOM 3THJICHA U MPOMNIJIEHA B KaYeCTBE LIEJEBbIX MPOAYKTOB. TepMudeckuii
KPEKUHT SIBJISIETCSI HECEJIEKTUBHBIM TPOIIECCOM, KOTOPBINA 3aBHUCHUT OT MapLUAIbHOTO aBJICHHS
yIJIEBONOPOIOB, BpeMeHH MpeObIBaHUS U TemrepaTypbl [Ipolece KaTaJuTHYeCKOro KpeKuHra
SIBJISIETCSL CEJIEKTUBHBIM TporieccoM. OIHAKO KATaJUTHUECKH KPEKUHT HE MOXKET 00eCrequThb
BBICOKHI BBIXOJ1 STUJICHA.

CYIIHOCTB U30BPETEHUA

[0002] B ogHOM acmekTe, OMUChIBAEMbIE€ 37€Ch BAPUAHTHI OCYIIECTBICHUSI OTHOCSITCS K
cniocoby monyueHus: onepuHOB W/win queHoB. Criocod MOXKET BKJIFOYATh B CeOs: TepMHYECKUN
KPEKUHT  YIJIEBOJOPOACOMEPKAIIEr0  ChIpbsi €  OOpa3OBaHMEM  BBIXOJSIIETO  MOTOKA
KPEKUPOBAHHBIX YTJIEBOJOPONOB, COAepKamero cMmechb ojiepuHoB u napaduHoB. KoHBepcus
yTJIEBOIOPOAOB B YIJIEBOAOPOICONAEPIKAIIEM ChIpbe HAXONMUTCS B QUANa3oHe OT mpumepHo 20
MoJ1.% 10 50 Mon.%. Criocod Tak:ke BKIFOUAET KaTAIUTUYECKHH KPEKHHT BBIXOSLIETO MOTOKA
KPEKUPOBAHHBIX  YIJIEBOJOPONOB C  OOpa3oBaHMEM  KATAJIUTHYECKH  KPEKHUPOBAHHOTO
BBIXO/ISIIIIETO TTOTOKA, COAEPIKAIIErO AOMOJHUTEIbHBIC OJIE(pUHBI W/ WA TUSHBL

[0003] B npyrom acnekTe, ONMUCHIBAEMBIE 371€Ch BAPUAHTBI OCYILIECTBIEHUS] OTHOCATCS K
cucreMe JUIsi TonydeHuss onepuHOB w/mimm  aueHoB. CucreMa MOXKET BKJIIOUAaTh B
ceOst:peaKLIMOHHYI0 30HY Ui TePMHYECKOr0 KPEeKWHIa YIJIEBOAOPOACOMAEPIKAIIEero ChIPbS C
00pa3oBaHMEM BBIXOMASIIErO IMOTOKA KPEKHMPOBAHHBIX YIJIEBOIOPONOB, COAEPIKALINX CMECh
onepuHOB ¥ mapadUHOB, U, PEAKIHOHHYK 30HY KATAJUTUYECKOrO KpPEKHUHIa st
KAaTaJUTUYECKOTO KPEKHWHIra BBIXOIAIIET0 TOTOKA KPEKUPOBAHHBIX  YIJIEBOIOPOAOB C
o0pa3oBaHMEM BBIXOMSIIErO IMOTOKA KATAJIUTUYECKH KPEKUPOBAHHBIX  YIJIEBOAOPOIOB,
COZEPIKALIETO JOTOJHUTEbHbIE Oe()UHBI W/ WU TUEHBL.

[0004] B ogHOM acmekTe, OMUChIBAEMbIE 371€Ch BAPUAHTBI OCYIIECTBIIEHUS OTHOCSITCS K
criocoby monydenust onepuHoB w/miu aueHoB. Crnoco®d MOKeT BKIFOYaThbHArpeBaHHE
YTJIEBOIOPOIHOTO ChIPbs, COMEPIKAIIEro OJUH WM OoJiee YrIeBOAOPONOB, B KOHBEKIIMOHHOU
30HE peakTopa NHpoiM3a ¢ O0pa3OBaHMEM HArpeTod YriIeBOIOPOAHON cmecu. Harperas
YTJIEBOIOPOAHAS] CMECh MOKET OBITh CMEIIaHa ¢ BOASHBIM MapoM ¢ 00pa3oBaHUEM CMEIIAHHOTO
ChIPbsl, UMEIOLIEr0 OTHOLIEHHE BOJSHOrO mapa K yriesogopoay B auanazone ot 0,04 no 0,2.
CMmemmaHHOE ChIpbe MOXKET OBITh HATPETO B KOHBEKLIMOHHOW 30HE peakTopa MUPONIH3a, U 3aTEM
CMEIIAHHOE ChIPhE MOKET OBITh MOABEPTHYTO PEAKINH B PAJUAHTHON 30HE PEaKTopa MHPOJIN3a
C KOHBEpPCHEH YacTH YTJEBOJOPONOB ISl TMOJYYEHUS BBIXOISINErO IMMOTOKAa KPEKHUPOBAHHBIX
yTJIEBONOPOAOB, conepskaiiero cmech oneduroB u napaduaos. Ilocne 3TOro BeCh BbIXOASIIUN
MOTOK KPEKUPOBAHHBIX  YIJEBOAOPONOB MOXKET ObITh TONAaH B PEAKIHOHHYIO 30HY

KaTaJIUTUYICCKOI O KpPpEKHHTIa 1A KaTaJIUTUYICCKOI'O KpE€KUHIa BBIXOOAIICTO IIOTOKAa



KPEKUPOBAHHBIX YTJIEBOIOPONOB C OOpa30BaHMEM BBIXOISIIETO TOTOKA KATAJIUTHYECKH
KPEKHUPOBAHHBIX YIJIEBOJOPONIOB, COAEPIKAIIEro OMOJHUTENbHbIE OJe(PUHbI /WM HUEHBI.
OOpasyromuiicss B pe3ysibTaTe BbIXOASIIUNA IMOTOK  KAaTAJIMUTHYECKH  KPEKHMPOBAHHBIX
YTJIEBOIOPOAOB MOXKET OBbITh pa3/esieH AJisl MOJIyUYeHUs: OTHON uian Oonee ppakumii, BBIOPAHHBIX
u3 (pakuuu Bomopona, ¢ppakumu merana, ¢ppakuuu C2, ¢pakuuu sTuieHa, Qpakuuu 3TaHa,
¢pakuuu C3, ¢pakumu nponwieHa, ¢ppakiuu nponana, ¢ppaxiuu C4, ¢pakumuu OyraaueHa,
¢pakuun OyreHa, Gppakiuu Oytana u Gppakuun, conepxamens C5+.

[0005] /Ipyrue acriekThl U MpeuMyLIecTBa OyayT SCHBI U3 CIEAYIOIIErO HIKE OMUCAHUS
U mpuiaraeMoi popmyJibl H300peTEHMs.

KPATKOE OTTMCAHUE YEPTEXENU

[0006] Ha ¢ur.] npencrapneHa ymnpolimeHHAs CXeMa TEXHOJOTHYEeCKOro TMpoIecca,
WUIIOCTPUPYIOIIAsi OObEAMHEHHYI) CHCTEMY IHPOJIN3a-KATAJIUTHYECKOTO KPEKHWHIa ISt
NoJydeHus: OieUHOB W3 YIJIEBOAOPOIHBIX CMeCeli B COOTBETCTBUH C OIMUCAHHBIMH 37€Ch
BapHUAHTAMHU OCYIIECTBIICHHSL.

[0007] Ha ¢ur.2 npencrapieHa ymOpoINEeHHAs CXe€Ma TEXHOJOTHYEeCKOro MpoIecca,
WUIIOCTPUPYIOINAsi OOBEAMHEHHYIO CHCTEMY IHPOJIN3a-KaTAJIUTHYECKOTO KPEKHWHIa IS
NoJTydeHus1 OieUHOB W3 YIJIEBOAOPOIHBIX CMeCeli B COOTBETCTBUH C OIMUCAHHBIMU 31€Ch
BapUAHTAMHU OCYIIECTBIICHHSL.

IMOJAPOBHOE OITMCAHUE

[0008] OmnuceiBaemble 371€Ch BapUaHTbl OCYLIECTBJIEHUS OTHOCATCS B LEJIOM K
O0BETUHEHHBIM CIIOocO0aM MUPOJIM3a W KAaTAIUTHYECKOTO KPEKMHIa YTIJIeBOAOPOIOB HIIH
YIJI€BOAOPOAHBIX CMECEH Ui MmosyueHust o1eruHOB. B uacTHOCTH, OMMCaHHBIE 3716Ch BAPHUAHTBI
OCYLIECTBJICHHs TPENJIaraloT Crocod, BKIIOYAOMMA B Ce0sl OrpaHUYEHHYI) TEPMHYECKYIO
KOHBEPCHIO YIJII€BOAOPOAHOIO ChIPbS C MOCIEAYIOINM KaTAIUTHYECKUM KPEKUHIOM.

[0009] M3ObiTouHast KOHBepCHS W KOKCOOOpa3OBaHHE  SIBJSIFOTCS  OOBIYHBIMHU
NPENSATCTBUSAMHM ISl MCIIOJIb30BAHUSI KaK TEPMHUYECKOrO, TaK W KATAJIUTUYECKOrO KPEKHHTa.
OnucaHHble 3€Ch BAaPUAHTBI OCYINECTBJIEHUS MPEOAOJEBAIOT 3TH MPEMSATCTBUS, MPUBOISI K
YJIYUYIIEHHOH CEJIEKTHBHOCTHU, OOJIee BHICOKUM BBIXOZAaM U 00Jiee HU3KOMY SHEpronoTpeOIeHuro
B CHCTEMe, KOTOpas Takke uMeeT Oojiee HU3KHE KAalHUTaJIbHbIE 3aTpaThl, Y€M OTHENbHbIE
cucteMbl. PeakTop TEpMHUYECKOTO KPEKHUHTa B MPUBEIEHHBIX 37€Ch BAPUAHTAX OCYIIECTBIICHUS
SIBJISIETCS.  YIIPOILIEHHBIM MO CPABHEHHWIO C TPATUIIMOHHBIM PEAKTOPOM MApPOBOrO KPEKUHTa,
paboTaer mpu APYyrUx TeMIIepaTypax U NaBJICHUH U UMEeT APyrue CBOWCTBA TEIUIONEepeayH,
YTO TPHUBOIUT K HUCKIFOYCHHUIO/CBENCHHIO K MHUHUMYMY BpPEIHOTO KOKCOOOpa3OBaHUS MpPH
3HAUUTEJBHO OOJiee HU3KUX KANWTAJbHBIX 3aTparax. BBIXOASIIUNA IMOTOK W3 pPeakTopa
TEPMHUUYECKOTO KPEKWHTa SIBJISIETCS] JIYYIIMM ChIPbeM JJisl KATAJIUTHYECKOTO KPEKHHTa, 4YeM
OOBIYHOE CBIPBE, TOCKOJBKY €ro COCTaB OblT W3MEHeH s Oojiee OBICTPOH peakmuH C
MEHBIINMH 3HepPro3arparamMu W 00jiee BBICOKMMH BBIXOIAMHU LEJEBBIX MPOAYKTOB. DTO TAKXKe
MO3BOJINT PEAKTOPy KATAJIUTUYECKOTO KpEeKWHra mnepepadaTeiBaTh OOJbINe ChIPbs |
NPOM3BOMUTH OOJbINE MPOAYKTA Ui AAHHOTO pasMmepa peakTopHOH cucremsl. CoderaHue

p€aKkTOpa TEPMUUICCKOIO KPECKHUHIAa U PCAKTOpA KATAJIUTUYUCCKOrO KpPpEKHMHIra B COOTBETCTBUU C



NPEACTABICHHBIMUA 371€Ch BAPHAHTAMH OCYIIECTBJICHHS MOXET TaKXKe HCIOJIb30BATHCS IS
nepepabOTKU PA3JIMYHOTO YIIIEBOJOPOAHOIO CBIPhs, BKJIIOYAs ChIpbe, kKoTopoe Tsokenee C2-C5
napapuHOB, KaK Harpumep, Hadra.

[0010] PeakTop TepMHUYECKOTO HEKATAIUTHUUECKOTO MUPOJIN3a MOXKET HUCIIOIb30BATHCS B
COOTBETCTBUHM C NPUBEACHHBIMU 3/1€Chb BapUAHTAMM OCYIIECTBJICHUS Ul TNPENBAPUTEIbHOM
00paboOTKM YIJEBOAOPOIHOTO ChIPbSi MyTeM TEPMHUECKOW mepepaboTKH YIIeBOAOPOIHOIO
CBIPbsI TIPH OTHOCHTEJIBHO HM3KOW KOHBEPCHM MJISl TIOJNIYUEHUS ChIPbs, KOTOpOe B OObLIeH
CTENEHU KOHBEPTUPYETCS B KATAIUTHYECKOM PEaKTOpe MPU MEHbLINX 3Hepro3arparax. Cocras
CBIPbsI IUTSl PEAKTOPA KaTAJIUTUYECKOrO KPEKUHIa TAK)KE U3MEHSIETCS TAKUM 00pa3oM, UTO ChIphbe
Oyner naBaTh OoJiee BHICOKHE COAEPIKAHUS 1IEJIEBBIX MPOAYKTOB.

[0011] B peakTope muposamnsa yriieBOAOPOIHOE ChIPbE MPENBAPUTEILHO HArPEBAETCS B
KOHBEKIIIOHHOH CEKI[H, CMEIINBAETCS C pa30aBsIOIUM BOISHBIM IMApOM U 3aTeM
HANpaBJIIETCs] B PAAMAHTHYKO CeKUuuro. Hu3Kas KECTKOCTb KpPEKHWHTa COXPAaHSETCS B
NUPOJIM3HOM Harpemarejie. JTO MPUBEAET K TEPMHUYECKOMY KPEKHHTY YIJIEBOAOPOAOB IO
NPEUMYIIECTBEHHO MEPBUUHBIX (O0NpIINX) OJe(UHOB U HEKOTOPBIX JIETKHX OJIE(UHOB, TAKHUX
KaK 3THJIEH U TPOTIHJIEH.

[0012] BcnenctBue HU3KOH KECTKOCTH KPEKMHTa BTOPUYHBIA KPEKHHI CHIDKEH [0
MUHHMMAJBHOTO YPOBHS. BBIXOASIMNI MOTOK M3 PEaKMOHHOW 30HBI TEPMHUYECKOTO KPEKHMHIA
3aT€M HANpaBIIETCs B PEAKLHOHHYIO 30HY VYCTAHOBKM KaTaJIUTHYECKOTO KPEKHHra st
KaTaJIMTHYECKOTO KPEKHHIa YIJIEBOIOPOIOB B BBIXOASIIEM MOTOKE A0 JIETKUX ONe(PHHOB. JTa
CXe€Ma peaKkLUWH YIy4lIaeT MPOU3BOACTBO NPOMUJIEHA U CHUXKAET CONEP’KaHHEe KOMIIOHEHTOB
TOIUIMBHOTO ra3a M Masyra. OHa Takke CHHXKAeT 3HEPronorpedlieHHe U MOXKET NMPUBECTH K
0osiee BBICOKOMY COOTHOLIEHMIO IPOIHJIEHA/3TUJIEHA B BBIXOJSAIIEM IIOTOKE, Ye€M YHCTBIN
TEPMUYECKMH KpeKHUHT. B ommcaHHBIX 3/1eCh BapuaHTax OCYLIECTBJIEHHs, Korjma s
KaTaJIUTUYECKOTO KPEKHWHIa HCIIONb3YeTCs YIUIOTHEHHBIH CJI0i BMecTo JudT-peakTopa
KpPEeKUHra, MpoAykKThl He comepkar NOy W/HIH KUCIOpOna, H, CJIENOBATENbHO, HM3BJICYCHUE
NPOAYKTA YIPOLIAETCS.

[0013] B omucaHHBIX 3[€Ch BapHAHTAX OCYINECTBICHHS MOKET UCIOJIb30BAThCS JH0O0E
ChIpbE, B TOM HYHCJIE cojepxaiiee OyieUHBI, TPU 3TOM ChIpbe MOXKeT BKJO4aTh C5+
yraesofopoasl. MHBIMH CJIOBaMH, ChIpb€ B JAHHOM CIIy4ae MOKET BKJIOUATh YIJIEBOAOPOIBI
¢pakuuu HadTh, a TakXke Apyroe Oojiee TIKEIOE YIIIEBOAOPONHOE ChIpbe. B HEKOTOPBIX
BAPHUAHTAX OCYIIECTBJICHUS TAKXKE MOXET HCIIOJIb30BAThCA HEOTOEH3WHEHHAs ChIpasi He(Th MIIH
ApyTue YrIIeBOAOPONHbIe (Ppakuuy, comepkaiie BbICOKOKHITALIe yrieonoponsl. CO,, Ny u
BOISHOW TMap WM JIOOBIE JApPYrHe HMHEPTHbIE Ta3bl MOTYT HCIOJB30BATHCS B Ka4deCTBE
pa3baBuTenss AN CHIKEHHMS NApLUUAIBHOTO MAABJICHHS W TIOBBIMEHHS CEJEKTUBHOCTH TIO
OTHOILIEHHIO K OJie(HAM B peakTopax MHUPOJIHM3a M KaTAJUTUYECKOTO AETHIPHpPOBaHus. bomee
JIETKO€ YTJIEBOAOPOAHOE ChIpbe, B TOM unciie conepxkainee C2, C3 u C4 yrneBogoponabl, TakKe
MOJKET UCTOJIb30BATHCS B COOTBETCTBUH C MIPUBEIEHHBIMHU 3/1€Ch BAPHAHTAMH OCYINECTBIICHUS.

[0014] Peaktop TepMHUECKOr0 HEKATATUTUYECKOTO TMHUPOJM3a B COOTBETCTBUH C

OMMCAHHBIMHU 3€Ch BAPHUAHTAMH OCYLICCTBJICHUS MOMKET OBITh ONMCAaH KakK HpeﬂBapHTeHbeIﬁ



peakTop Ui KOHAWIIMOHHPOBAHHUS CBHIPbS B PEAKTOP KATAJIUTHYECKOro KpekuHra. Peakius
TEPMHUYECKOTO KPEKHHIa MOXKET OCYLIECTBJISTHCS, HAIPUMED, NPHU TeMIiepatype, Oonbliel, uem
TpeOyeTcst Al TUIMMYHOTO MPEIBAPUTENLHOTO HArpeBa ChIpbs JJIsI PeaKTOpa KaTaJIUTHUECKOTO
KPEKUHra, 4ToOBbl JOCTHYb >KENaeMOH KOHBEPCHUH TEPMHUECKOro KpekuHra. B kauecTse
AJIbTEPHATUBBI, PEAKLUS TEPMUYECKOrO KPEKMHra MOXKET TIpPOTeKaTb B TEYEeHHe OoJee
JUINTENIBHOTO  BPEMEHM, YeM TUIIMYHO JJi [PeNBapUTEIbHOIO HArpeBa B  PEAKTOp
KaTaJIUTHYECKOTO KPEKWHIa i JAOCTIDKEHMs >kenaeMol KoHBepcuu. MHbBIMU clioBamu,
00BeTMHEHHBIE MTPOLIECCHI U MMPEUMYLIECTBA, ONMUCAHHBIE B TAHHOM JOKYMEHTE, He JOCTHTAFOTCSI
3a CYET MPOLIECCOB KATATUTHYECKOTO NErHMIPUPOBAHUS IMPEIIIECTBYIOLIETO YPOBHS TEXHUKH
IMyTeM MPOCTOTO BKIIFOYEHHs TMPEABAPUTEIBHOrO IMONOTPEBATENsT JJsl MONOTPEBa ChIPbS IO
JKEJIAeMbIX TEMIIEPATYp KaTAIUTHYECKOTO NETHIPUPOBAHUS, TNIe TUIHMYHBIN MpeaBapUTEIbHBINA
HarpeB NMPUBOAUT K MPAKTUUECKU HYJIEBOH WM MUHUMaIBHOH (<1%) KOHBEPCHH.

[0015] B 3aBucumocTu OT COCTaBa ChIpbsl Ha CTaJUU TEPMUYECKOTO KPEKHMHIa MOKET
UCTIONB30BAThCSl TOAXONAIAast HHU3Kas KoHBepcus. Kak mnpaBuiio, KOHBEPCHsSI HAa CTaguH
TEPMHUYECKOTO KPEKHHIa MOKET OBITh BIIBOE MEHbBINE, YeM B TUIIMYHOM peakTope muponusa. B
3aBHCHMOCTH OT COCTaBa ChIPbsl PEAKTOPAa TEPMUYECKOTO KPEKHHTa IesieBasi KOHBEpCus Oyner
menee 50%, nampumep, menee 40%, menee 35% wunu menee 30%, wnmn menee 25%, u B
HEKOTOPBIX BAPHAHTAX OCYINECTBJIEHUS MOXKET ObITh B JMAINA30HE OT HIDKHEro npenena B 20%
unn 25%, umn 30% no BepxHero mpenena B 30% wunu 35%, wiu 40%, wnu 45%, wiu 50%.
COOTBETCTBEHHO, B HEKOTOPBIX BapUAHTAX OCYLIECTBIEHMs IMOAXOASIAs KOHBEPCHS MOKET
cocraBiiath 20-25%, 25-30%, 30-35%, 35-40%, 40-45%, 45-50% wu coueraHus 3TOTO,
BKJIFOYAIOILIME BCE 3HAYEHMs MEXAy IEepPEUNCIeHHbIMU. YKa3aHHblE 3/1€Chb KOHBEPCUH
NPUBOJATCS. HA OCHOBE MOJISIPHOI'O COZIEPKAHUs, €ClI He YKa3aHo uHoe. JlJist CelppeBOi Ha(ThI,
HarpuMep, KOHBEPCHUs Ha CTaIUU TEPMUUYECKOrO KPEKHHIa MOXKET COCTABIAThH 0KoJo 30%.

[0016] Takum oOpa3om, Chlpbe B PEaKTOP KATAIUTHYECKOTO KPEKHHIA MPEeIBapUTEIBHO
nepepaboTaHO M KOHBEPTHPOBAHO MPU IPYIUX YCIOBHIX TEMIIEPATYpPbI/AABIEHHs, a TAKXKe TPU
OPYTUX COOTHOIIEHHSX BOMSIHOW mMap/Macio (MJIM COOTHOLIEHHUSX pa30aBUTENb/MAcCiO), YeM B
TPAOULMIOHHBIX I€4aX IapOBOrO KpeKuHra. Takoe codeTaHwe MPHUBOAMT K CHUKEHHUIO
KaITUTAJIOBJIOKEHUH ¥ TO3BOJISIET OOBEAMHEHHOW pPeakTOpHOH cucteme paborarh mpu Oonee
BBICOKOW CEJIEKTMBHOCTH C IOJIy4Y€HHEM OOJIBIIEr0 KOJHYECTBA BCEX OJIEPUHOBBIX MPOAYKTOB
(atunen/nponmien/0yrenbr/Oytaguen/CS oneduHsr).

[0017] Kak oTmedanocek BbIIE, MPAKTHYECKH JIFOOOE YIIIEBOJOPOIHOE CHIPbE MOJKHO
UCTIONB30BATh JJISl TONYYEHHs] STHJIEHA U MPONHJIEHA B COOTBETCTBHH C OINMMCAHHBIMH 3]1€Ch
BapUAHTAMU OCYIIECTBJICHHUS, BKIIOYas, O€3 OrpaHMYeHHs], HEOTOCH3MHEHHYIO ChIpy0 He(Thb
WIN HEOTOEH3WHEHHYI0 CBHIPYI0 He(pTh B COUETAHMM C Ta30WJIeM WM APYTUMH IOTOKaMH
yraesonoponos. s Oonee Tsokenoro cbipbsi, ueM C3, MokeT ObITh MONy4eHO OoJiee BBICOKOE
otHoweHune nponwieH/3tuieH (P:E), yeM mpu OZHOM TOJNBKO TEPMUYECKOM KPEeKHHIre. XOT
o0mui TNPUHLMII OCTAETCS TaKUM K€, BbIOpaHHbIE pabo4yMe YCJIOBUS MOIYT OBIThH
MOIU(PHUIMPOBAHBI JIJIs1 PA3JINYHBIX BHIOB ChIpbs. B Tex BapmaHTax OCYINECTBIEHUS, ITI€ ChIpbe

NpeacTaBisieT Cco0OW  HEOTOGH3MHEHHYIO ChIpyl0 He(Th WIM YIJIEBOJOPOIHYI) CMECh



HEOTOCH3MHEHHON ChIpOM He(PTH U Ta30iid WIM APYroro YIJIEBOAOPOIHOTO IOTOKA,
UCTIONIb30BAHUE PACIIOJIOKEHHON BBIIIE IO TMOTOKY MEPErOHHOW KOJIOHHBI ChIpOH HedTu He
SBJIIETCS] HEOOX OIUMBIM.

[0018] Ha ¢ur.1 mpencraBieHa yrmpolieHHasi TEXHOJOTHYEeCKasi cxemMa OOBbeIUHEHHOMN
CUCTEMbl MUPOJM3a U KATAJUTUYECKOTO KPEKHUHra B COOTBETCTBHUM C ONHMCAHHBIMU 37€Ch
BapUaHTaMHU ocyliecTBiIeHus . [IuponusHblil HarpeBatenb 1, TakOi Kak OorHeBast TpyOdaTast reus,
MOJKET UCIOJB30BaThCs AJII TEPMUUECKOrO KPEKHUHIa YIJIEBOAOPOAOB 10 3TUJIEHA, MPONUIIEHA,
OyTeHOB ¥ Jpyrux oJepuHOBBIX coenuHeHuil. IluponusHbiii HarpeBarenb | umeer
KOHBEKLIMOHHYIO CEKIUIO WJIM 30HY 2 U CEeKLMI0 KPEeKUHra WM PaJuaHTHYI 30HY 3 Harpesa.
IMuponusHblil HarpeBaTenab | COOEPKUT OHY WU OoJiee TEXHOJOTHUECKUX TpyO 4 (paiuaHTHBIX
3MEEBUKOB), C TMOMOIIBID KOTOPBIX YaCTh YIJIEBOIOPOIOB, MOJAABAEMbIX MO TpyOomposoxy 20
NOJauu  YIJIEBOAOPOAOB, TIOABEPIaeTcsl TEPMUYECKOMY KPEeKHHry ¢  oOpa3oBaHHEM
ra3oo0pasHbIX MPOAYKTOB MPH MOABEACHHHM Terula. PamuaHTHOE M KOHBEKLIMOHHOE TEIUIO
o0ecrieunBaeTCsl 3a CUET CropaHMs TEIUIOHOCHTENs, BBEJEHHOTO B CEKIHMIO 3 KPEKHHIa
MUPOJU3HOTO Harpesaress | uepe3 BXOAbI 8 17151 TEMIOHOCUTENS], TaKHe KaK TOPHOBBIE TOPEJKHY,
MOJIOBbIE€ FOPEJIKU U CTEHOUHBIE FOPENKH, U BBIXOASIIEro Yepes Bbimyck 10.

[0019] YraeBomoponuoe cbipbe 20, KOTOPOE MOKET OBITh OTHENBHBIM yTJIEBOIOPOAOM
WA CMECBIO YIIIeBOIOPONOB, TakuxX Kak C2-C6 yrieBogopobl, u/min Oojiee TSKEIbIM ChIPhEeM,
TakUM Kak HadTa, Cplpas He(Tb WJIU YIJIEBOAOPOAHAs CMECh, COAeprKamasl ChIpyio He(dTb,
MOYKET BBOAUTBHCS B HArPEBATENbHBIN 3MEEBUK 24, paCIONOKEHHBIN B KOHBEKLIMOHHOW CEKLIUU 2
MUPOJIM3HOrO Harpesarenss 1. B HarpesarenbHOM 3MeeBUKE 24 yrieBOAOPOMHOE ChIPbE MOXKET
OBITH HArpeTo W/WUJM NMPEBPAILEHO B Map MyTeM KOHBEKTHBHOI'O TEINIOOOMEHA C BBIXOASIIUMHU
ra3amu.

[0020] B 3aBucuMoCTH OT AMAna3oHa KUIEHUS YIJIEBOJOPOIHOTO ChIpbsi 00pas3yroieecs
HarpeToe yrieBOIOPOAHOE ChIpbe 25 MOXeT ObITb YaCTHMYHO WM IOJHOCTBIO HCIAPEHO.
ITonHOCTRIO HCTIApEHHOE ChIpbE MOXKET 3aTeM IMOAaBaThCs Ul MeperpeBa W KpekuHra. Jlms
CBIPbsI, UCTIAPHUBILETOCS TOJBKO YAaCTUYHO, HATPETOE YIJIEBOJOPOIAHOE ChIpbe 25 MOKET OBITh
NPOMYIIEHO Yepe3 OAMH MM Oojiee MCIapuTeIbHbIX OapabGaHOB 27 IJisi OTAEICHUS HarpeThIX
yIIeBOAOPOAHBIX mMmapoB 26 ot kuuakoctei 50. McmapurenwHbeiii Oapaban (Gapabaner) 27
noTpedyeTcst TOJMBKO ISl CMECEH, BKIIIOYAIIUX OoJiee TSKeJble YIIeBOAOPOIbL, U MOXKET HE
UCTIONIB30BAThCSI B MPOLIECCAX KPEKHHra OoJiee JIETKOrO ChIPbsl, TAKOTO Kak HadTa U ra3oulib.
Kunkoctm 50  moryr  mepepabarbIBaTbCS  OTHENBHO,  HAmpuMep, BO  BTOPOM
HarpeBaTeIbHOM/UCTIAPUTENIbHOM 3MEEBUKE U BO BTOPOM PAIMaHTHOM 3MEEBUKE IS MTOJTyIEHUS
TOTIOJTHUTEIIBHBIX OJNIEPUHOB WJIM MOTYT IepepadaThIBaThCs MOCPEACTBOM JPYTHX IMPOLECCOB
THIPOKOHBEPCHH IS TIOTYyYEHUs O0Jiee LIEHHBIX KOHEUHBIX MPOAYKTOB.

[0021] [Tpu HeoOXoaMMOCTH, HAarpeThie napsl 20 yrIeBOAOPOIHOTO CBHIPBS 3aT€M MOTYT
OBITH CMEIIaHBl C BOISHBIM MApOM WM MHEPTHBIM COEIUHEHHEM, TAKMM KaK a30T, JTUOKCH
yrjepoaa WiH JoOble APyrde HeOopraHuveckue ra3bpl. Pa30aBissromuii BOIASHOW Tap WU
MHEPTHOE COEAMHEHNE MOXKET MOJaBaThes B criocod mo Tpydornposony 28. Ha pasHbIX yuacTkax

criocoba  WiIH JOMNOJHUTCIIbHBIX npoueccoB B YCTaHOBKE MOXKET  HCIIOJIb30BaTbCA



HU3KOTEMIIEPaTyPHBIM UM HACBIIEHHBIN BOASHON Map, TOrAa Kak Ha JPYrMX y4acTKaX MOXKET
UCIIOJIB30BATbCA  BBICOKOTEMIIEPATYypHBIM  MEperpeTelii  BOAsIHOM mnap. BopsHon map,
UCTIONB3YEMBIH B CIIOCOO€ MIIH B IPYTUX MECTaX YCTAHOBKU, MOKET OBITh HArpeT UJIH Ieperper
C MOMOILIBIO HarpesaresbHOro 3meeBuka 80, 82, pacrosoKeHHOrO B KOHBEKLMOHHOW 30HE 2
MUPOJIM3HOrO HarpesaTess 1.

[0022] Harperas yrieBomopoaHas CMeCh B MOTOKe 29 3aTeM MOKeT OBbITh MOJaHa B
HarpeBaTeNbHbI 3MeeBUK 30, KOTOPBIH MOXKET OBITh Pacroyio’KeH Ha Oojiee HU3KOM YPOBHE B
MUPOJIU3HOM HAarpeBartesie, W, CJIeIOBaTEIbHO, B YCIOBHUAX 0OJee BBICOKOH TeMIIEpaTyphl, YeM
HarpeBaTeNibHbIN 3MeeBUK 24. OOpasyroiiascss B pe3yJibTaTe Meperperas CMeCh MOXKET 3aTeM
NOJIaBaThCs IO TpyOornpoBoay 32 kK ogHOMY Wi OOJiee 3MEEBUKOB KPeKUHTa (HE OTMEYEHbI) B
OnHOW wiu 0ojiee TEXHOJOTHMYECKHMX TPyO 4, pachojiOKEHHbIX B pAJWAHTHOH 30HE 3

NUPOJIM3HOTO Harpesarens 1, paloTaloUMX MpU TEMIEpaType YaCTUYHOH KOHBEPCHUH,

>
MOCPEACTBOM  TEPMUYECKOTO  KpEeKHMHIra  MapoB  yIieBoAoponoB.  KpekupoBaHHBINM
yTIEBOAOPOAHBIN MPOAYKT MOXKET 3aTEM OTBOIAUTHCS MO TpyOomposoay 34.

[0023] 3arem KpexkupOBaHHBIH YIJIEBOJOPOAHBINH MPOAYKT MOKET IOJaBaThCs 10
Tpybonposogam 34, 36 B peakunoHHYIO 30HY 40 KatanuTH4eckoro kpekunra. HeobOsi3atenpHo,
IOTIONHUTENIBHBIE  YINIEBONOPOAbl 38 MoryT ObITb OOBEIWHEHBI C KPEKHPOBAHHBIM
YIJIEBOAOPOAHBIM NPOAYKTOM 34 1l KOHBEPCHUM B PEAKLMOHHOW 30HE 40 KaTaJIUTHYECKOrO
KpekuHra. JlomoJHUTeNnbHblE YINIEBOAOPOAbI 38 MOIyT BKJIIOUATh, HalNpuMep, 4YacTb
yIJI€BOAOPOAHOrO ChIpbsi 20 B HEKOTOPBIX BapUaHTaX OCYLIECTBJIEHUS, a TakXke Jpyrue
yII€BOAOPOAHbIE (pakuMM B APYIHX BapUaHTaX OCYLIECTBIEHHWs. B 3aBucumMocTé OT
TEMIepaTypbl Ha BBIXOAE W3 OAHOrO MM Oojiee 3MEEBHMKOB B OAHOH miu Oonee
TEXHOJIOTUYECKUX TPyO 4, MOMOJNHHUTENbHBIE YIIEBOXOPOABI 38 MOrYT HCIIOIB30BATHCS IS
OXJIAKIEHUs], HO HE 3aKAJIKU KPEKUPOBAHHOI'O BBIXOJSIIErO MOTOKA A0 JKEIaeMON TeMIepaTypbl
Ha BXOAE B PEAKLMOHHYIO 30HY KaTaJIUTUYECKOrO KPEKHHra. B kauecTBe ajbTepHATUBBI WU
NOMOJIHUTEbHO, 3aKAJOYHO-UCMIAPUTENbHBIM anmapar 35 MOXKET HCHOJIb30BaTbCs IS
MOHWXEHUS] TEMIIepaTypbl KPEKHMPOBAHHOIO YIVIEBOAOPOAHOrO MpoAykTa 34 10 KernaemMou
TEeMIIepaTypbl HA BXO/€ PEAKLMOHHOW 30HBI KaTaJUTHUECKOro kpekuHra. Ecnu ucnomnb3yrorces
KaK MPSIMOM, TaK M KOCBEHHBII TEIIOOOMEH, OHH MOTYT OBITh pa3MeIeHbl B JIIOOOM MOpSIIKE.

[0024] VYrneeomopomel B TpyOompoBojge 36 pgamee MOTyT OBbITh HAaNpaBJIeHbl B
peaKkIHOHHYIO 30HY 40 KaTATUTHYECKOTO KPEKUHTa, KOTOPasi MOKET BKJIFOUATh B CeOsl OMUH HITH
Oonee peakTopoB 61 KaTAIUTUYECKOTO KPEKHHra, padOTaroIUX TMOCIEAOBATEbHO HIIH
napajuleJibHO, Kak MOKa3aHO Ha uepTeke. Kaknblil U3 peakTOpOB KaTAJIUTHUYECKOrO KPEKUHIa
MOJKET COAepKaTh OAUH WM Oojee clioeB 63, COmepiKaIllMX KaTalh3arop KPEeKWHra. 3arem
BBIXOSIINH MOTOK KATAJUTUYECKH KPEKUPOBAHHBIX YIIIEBOAOPOIOB MOXKET OBITh M3BJICUEH M3
peakTopa (peaktopoB) 61 mo TpybompoBoay (TpybompoBomaMm) 65 U HampaBiieH IO
TpyOomnpoBoay 67 B 30HY MOJYYEHHUS U pa3[eleHus] NPOAYKTOB (He Moka3zaHa). XOTS 3TO U HE
MOKA3aHO, PEeaKUMOHHAs 30HA 40 KaTaIUTUYECKOrO KPEKMHIa MOXKET TaK)Ke BKIJIIOYATh B CeOs
nojaroIue TpyOOrpoBOAbI M PETYIUPYIOINE KJIalmaHbl Ul MMOIa4d BOASHOIO Iapa M BO3JyXa

AJisT A€KOKCOBAHUA, 3aKaJIOYHYKO CUCTEMY MJIsI 3aKAJKKW KAaTAJIUTUYCCKU KPEKUPOBAHHOI'O



BBIXOJSINErO IMOTOKa 65, a Takke TpyOOmpOBOABI Ui HM3BJICUEHMS BBIXOZSINETO IOTOKA
IEKOKCOBAaHMSI M3 PEaKTOpa, NPOXONAIINe Yepe3 [EeKOKCOBAHWE W/HMIM pereHeparuio
KaTaJIu3aropa.

[0025] Peakmmonnass 30Ha 40 KaTaJUTHYECKOrO KPEKMHra MOXKET BKIOYATh B CeOs
pPEaKTOpbl C HEMOABIKHBIM CJIO€M, pEAKTOPbl C YIJIOTHEHHBIM CJIOEM, CYCII€H3UOHHBIE
PEaKTOpPBI, PEAKTOPHI C ICEBIOOKIKEHHBIM CJIOEM, WIIN JIFO0O0H IPYTroi THUI peakTopa KPeKHHIa.
Kak mpowmmocTpupoBaHo, peakunoHHast 30Ha 40 MOXeT BKJIOUaTh B ceOs TPU peakTopa ¢
HETIOABIDKHBIM ~ CJIOEM, KOTOpble MOTyT padoTaTh B INAXMAaTHOM mopsiake. Ilockonbky
KaTaJIM3aTOP MOXKET ObICTPO JI€3aKTUBUPOBATHCS, MOXKET MOTPEOOBATHCS HECKOJIBKO PEAKTOPOB
C YIJIOTHEHHBIM cjioeM. [10CKOJIbKY JKeCTKOCTh YCIOBUN B YCTAHOBKE TEPMUUYECKOTO KPEKUHTa
SIBJIIETCSI HU3KOH, PEaKTOPbl C TEPMO3MEEBHKAMH MOTYT padOTaTh MECSALAMH, MPEXKAe 4eM
notpedyercsi oyucTka (mekokcoBanue). M3-3a ne3akTHBAIMM KaTallM3aTopa paclpenesieHue
NPOAYKTOB TaKXe OyIeT MEHSAThCS CO BpeMeHeM. UToObl CBECTH K MUHHUMyMYy KoyieOaHUs B
COCTaBe MPONYKTA, YIUIOTHEHHBIE CJIOM OyayT padoTaTh B IIAXMATHOM MOpsiAKe (BO BPEMEHN)
MeXly HayaJloM KpeKHHIa U HauaJjioM AeKkokcoBaHus. Hampumep, MOXHO JOMYCTUTb CUCTEMY U3
4 peakToOpOB, B KOTOPOW TPH PeaKTOpa MCIONB3YIOTCS B JIFOOOW MaHHBIA MOMEHT BPEMEHH IS
kpekuHra. OnWH peakTop HaXOAWTCS B LHKIE AekokcoBaHus. IlepBeiii peaktop Oyner
HAXOIUTBCS B TOYTH YHCTHIX YCJIOBUSX (KAaTalM3aTOpP C HAdajJbHON aKTHBHOCTBIO), BTOPOM
peaxkTop - npu 33% aKTUBHOCTH, U TpeTUll peakTop npu 67% LuKIa aKTUBHOCTH. YeTBepThlii
peaxkTop, KOTOPBIM AOCTUT AOMYCTHMOIO IMpeAeNa aKTUBHOCTU KaTalu3aTopa, BBIBOAUTCS U3
SKCIUTyaTalluy U HAXOJUTCS B CTQAMU pereHepanuu. Takum oOpazom, korna 4-i peakTop CTaHeT
YUCTBIM, OH 3alIMET MECTO 1-0ro peaktopa, a 1-blii peakTop 3aiMeT MECTO 2-I'0 PEaKTopa, U 2-oi
peaktop OymeT urpatb poJjib MPEKHEro 3-ero peakropa, W MPexHHH 3-uil peakTop Oyaer
NOJIBEPraThCsl JEKOKCOBAHMIO. JTOT LMKJ MOBTOpsieTcs. Korma mukia He CHUHXpPOHU3UPOBAH,
MOTYT NOTPe0OBaTBhCS OIMOJHUTENbHbIE 3alacHbIe PEakTOphbl. AHAJIOTMYHAsi KOH(pUrypauus
MOXET MCMOJB30BAThCS C MPOUUIFOCTPUPOBAHHON 3-PEAKTOPHON CHUCTEMOM, B KOTOPOW OAWH
peakTop TMOABEpraercsi AEKOKCOBAaHUIO, a ABa aApyrux Haxomarcs mpu 0% u 50% nukia
AKTUBHOCTH, COOTBETCTBEHHO. [[pyrue nukindeckne KOHPHUryparyu MOTYT UCTIONIb30BAThCS IS
PEAKIMOHHBIX 30H, UMEIOIUX OOJIbIIee WIH MEHbLIEE KOJTHYECTBO PEAKTOPOB.

[0026] B HekoTOpbIX BapuaHTax OCYLIECTBICHHs kumkas ¢paxuus S0 wim ee 4acTb
MOXKET HCIOJb30BaTbCA B KaydecTBE JOINOJHUTEIBHOIO YIJIEBOJOPOAHOIO Chipbs 38.
[ToBpIeHHast Temneparypa XuAKoi ¢pakuuu 50 MOKET UCHOIB30BATHCS IS 3P PEKTUBHOTO
OXJIAXKJEHUs, HE 3aKajKy, BBIXOJALIEro IMOTOKA M3 YCTAHOBKM TEPMHUYECKOrO KpPEKHUHTIa,
o0ecrieunBasi NPU 3TOM AOMOJHHUTEIBbHYIO OOIIyI0 KOHBEpPCHIO ChIpbsi 20 B Oojee jerkue
YIJIEBOJAOPOABL.

[0027] Ha ¢ur.2 mpencraBieHa yHpoLIeHHAs TEXHOJOTHYECKas cxema OObeIMHEHHOMN
CUCTEMbl NUPOJM3a U KaTaJUTUYECKOTO KPEKHWHra B COOTBETCTBUM C OINHUCAHHBIMU 3/€Ch
BapUAaHTAMU OCYIIECTBJICHHUS, I7l€é OIMHAKOBBIE HOMEpa NO3HMLUN 0003HAYAIOT OJUHAKOBBIE

gactu. Iluponmssbiii HarpeBarenb 1, Takoil kak oOrHeBas TpyOuaras Tmedb, MOXET
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HUCIIOJIB30BATHCA AJIA TEPMUYCCKOIO KPEKHUHTAa YTIJIEBOAOPOAOB A0 3TUJICHA, IIPOIIHJICHA, 6YTeHOB



U apyrux onedpuHOBBIX coexuHeHUH. [IuponmsHblil HarpeBaTenb 1 HWMeeT KOHBEKLIMOHHYIO
CEeKLMI0 WIM 30HYy 2 MU CEKLMIO KPEKMHIa WM pPaguaHTHYIO 30HY 3 Harpesa. IluponusHblii
HarpesaTesb | CONEpKUT OHY WM OOJIee TEXHOJOTHUECKUX TPyO 4 (paiuaHTHBIX 3MEEBUKOB), C
MOMOIIBI0 KOTOPBIX YaCThb VIJIEBOAOPOAOB, IOAAaBaeMbIX IO TpyOomposoay 20 momayu
yIJIEBOOPOAOB, TOABEPraeTcss TEPMHUUECKOMY KpPEKHHIYy ¢ 00pa3oBaHHEM Tra3000pa3HbIX
NPOAYKTOB IPH IMOJBEACHUH Teruia. PagraHTHOE U KOHBEKLIMOHHOE TEIUIO O00ecreunBaeTcs 3a
CUET CrOpaHUs TEIJIOHOCUTENS], BBEJEHHOIO B CEKLIUIO 3 KPEKUHIa MUPOJIU3HOrO Harpesarens |
yepe3 BXOAbl 8 AJi TEMJIOHOCUTENS, TaKWE KaK TOPHOBbIE TI'OPEJIKH, MOJAOBbIE TOPENIKH WU
CTEHOYHBIE TOPEJIKH, U BBIXOASIIEro uepes3 Boinyck 10.

[0028] YraeBomoponHoe cbipbe 20, KOTOPOE MOKET OBITh OTHENBHBIM YTJIEBOIOPOIOM
WIM CMECbIO YIjeBofoponoB, Takux kak C2-C6 yrneBogoponbl, MOXET BBOAUTHCA B
HarpeBaTeNbHbI 3MEEBUK 24, pPACIOJIOKEHHBII B KOHBEKLIMOHHON CEKLUUHU 2 MUPOJU3HOIO
HarpeBatens 1. B HarpeBarenbHOM 3MeeBHKE 24 YIIIEBOIOPOIHOE ChIPhE MOKET OBITh Harpero
W/WJTH TIPEBPALIECHO B Map MyTeM KOHBEKTHBHOT'O TEIIOOOMEHA C BBIXOZIALIIMH Ia3aMH.

[0029] B 3aBucuMocTH OT quana3oHa KUIIEHHs! YIJIEBOIOPOIHOTO ChIPbsl 0Opa3yromeecs
HArpeToe YTrIeBOAOPOAHOE ChIpbe 25 MOXKET OBITh YaCTMYHO WJIM TOJIHOCTBEO HCIAPEHO.
IIonHOCTBEO MCHAPEHHOE ChIPbE MOXKET 3aTeM IOAABaTbCsl IJIsl Ieperpesa U KpekuHra. Jlns
CBIPbsI, UCTIAPHMBILETOCS] TOJBKO YACTUYHO, HATPETOE YIJIIEBOAOPOAHOE CHIPhE 25 MOXKET OBITH
NPOMYINEHO Yepe3 OAWH MM 0ojiee MCIapHUTeIbHbIX OapabGaHOB 27 1 OTAENEHUS HarpeThIX
yIJIE€BOAOPOAHBIX MapoB 26 oT >kuakocTedl 50. AHAJIOrMYHO ONMCAHHOMY BbILIE BapHaHTY
OCYILIECTBIIEHHsI B oTHOWeHNH ¢ur.l, ucnapurensusiii Oapadan (Oapabanbr) 27 motpedyroTcs
TOJIBKO JUJIs1 CMECeH, BKIIFOYAIOIIUX O0JIee TsDKETIble YITIEBOAOPOIbI, 1 MOXKET HE HCIIOIb30BATHCS
B Ipoleccax KpekuHra Oojee serkoro cwipbs. JKupkoctum 50 moryt nepepabaTbIBaThCs
OTAEJBbHO, HANpPUMEpP, BO BTOPOM HArpeBaTeIbHOM/MCHAPUTEIBHOM 3MEEBHKE U BO BTOPOM
pagMaHTHOM 3MEEBHUKE JUI [OJNYYeHHUs JONOJHUTEIbHbIX  OJe(QUHOB MM  MOTYT
nepepadaThIBaThCSl MOCPENCTBOM APYTUX MPOLIECCOB TMAPOKOHBEPCUH ISl MOJyYeHus OoJee
LIEHHBIX KOHEUYHBIX NTPOAYKTOB.

[0030] [Tpu HeoOXoaMMOCTH, HArpeThie mapbl 26 YriIeBOAOPOAHOTO ChIPhS 3aT€M MOTYT
OBITh CMEIIaHBbl C BOISHBIM MapOM WM MHEPTHBIM COCIUHEHHEM, TAKUM KakK a30T, JHOKCHUJ
yriepoaa win JoOble ApPyrue HeOopraHuYeckue rasbl. Pa30aBisoimuii BOIASHOW Tap WU
MHEPTHOE COEAMHEHNE MOXKET MOJaBaThes B criocod mo tpyodomnposoay 28. Ha pa3HbIx ydacTkax
cnocoba WJIM  JOMOJNHHUTEIBHBIX IPOLECCOB B  YCTAHOBKE MOXKET  HCIIOJIb30BATHCS
HU3KOTEMNEPATYPHBIA WM HACBILEHHBINA BOASTHOW Map, TOrAAa KaK HA JPYIHUX Y4aCTKax MOXKET
UCIIONIb30BAaTbCA  BBICOKOTEMIIEPATYPHBIM  MEeperpeTelid  BOAsiHOM mnap. Boxsnol map,
UCTIONB3YEMBIH B CIIOCOO€ MITH B IPYTHX MECTaX YCTAHOBKH, MOJKET OBITh HArPET WJIH Meperper
C MOMOLIBIO HarpesaresbHOro 3MeeBuka 80, 82, pacnojoKE€HHOro B KOHBEKLMOHHOW 30HE 2
MUPOJIM3HOrO HarpesaTens 1.

[0031] Harperass yrieBomopomHasi cMeChb B IMOTOKe 29 3aTeM MOKEeT ObITh MoJaHa B
HarpeBaTeNbHbI 3MeeBUK 30, KOTOPBIH MOXET OBITh PACHOJIOKEH Ha Oojiee HU3KOM YpPOBHE B

IUPOJIM3HOM HarpesaTesie, M, CIeI0BaTeIbHO, B YCIOBUAX OOJee BBICOKOH TeMIepaTyphl, YeM



HarpeBaTeNbHbI 3MeeBUK 24. OOpasyromasicsi B pe3yJibTaTe Meperperas cCMeChb MOXET 3aTeM
nozaBaThecs o Tpyoomnposoay 32 k OgHOMY WM OoJiee 3MEeeBUKOB KPEKHMHIa B OTHOM UiH Oojee
TEXHOJIOTHYECKUX TPYO 4, pacroyioKeHHbIX B PAJUAHTHON 30HE 3 MUPOJIM3HOrO Harpesatens 1,
paboTaromux Mpu TeMIepaType YaCTUYHON KOHBEPCUH, MOCPEACTBOM TEPMUUYECKOTO KPEKHUHTa
napoB yrieBoaopoaoB. KpekupoBaHHbIN yIiieBOJOPOAHBIN MPOAYKT MOXKET 3aT€M OTBOAMUTHCS
no Tpybonposony 34.

[0032] 3arem kpekupOBaHHBIA YIJIEBOAOPOAHBIN NPOAYKT MOXET IOAABAaThCA 10
Tpybonposonam 34, 36 B peakUHOHHYIO 30HY 70 KaTtaquTuyeckoro kpekunra. HeobsizarenbHo,
JOTIOJIHUTENIbHBIE  YINIEBONOpPOAbl 38 MoryT ObITh OOBENMHEHBI € KPEKUPOBAHHBIM
YIJIEBOJOPOAHBIM MPOAYKTOM 34 i1 KOHBEPCUM B PEAKLUMOHHONW 30He 70 KaTaJIUTUYECKOIO
KpekuHra. B 3aBUCUMOCTH OT TeMIiepaTypbl Ha BBIXOJE M3 OJHOIO WIH OoJjiee 3MEEBHKOB B
ONHOW WM OoJiee TEXHOJOTWYECKHX TPyO 4, IOMONHUTENbHBIE YIJIEBONOPONbI 38 MOTryT
HCIIOJIB30BAThCS ISl OXJIAXKAECHUs, HO HE 3aKaJKH KPEKMPOBAHHOIO BBIXOJSIIETO MOTOKA 10
JKelaeMoll TeMmrepaTypbl Ha BXOA€ B PEAaKLHOHHYIO 30HY KaTaJIUTHYeCKOro KpekuHra. B
HEKOTOPBIX BapHaHTaX OCYLIECTBJIEHUs JONOJHUTENbHbIE YIJIEBOAOPOJAbI MOTYT BKIOYATh
4acTb YIIIEBOAOPOAHOTO chipbs 20. B xauecTBe anbTepHATHUBbBI WIN JONOJIHUTEIBHO, 3aKaJI04YHO-
UCHIApUTENbHBIN  anmmapaT 35 MOXKET MHCIONb30BaThCs ISl IOHIDKEHUS TeMIepaTyphl
KPEKUPOBAHHOIO YIJIEBOAOPOAHOIO MNPOAYKTa 34 10 JKeJaeMOll BXOJHOM TeMIlepaTypbl
TpybonpoBoaa 36 i peaKLIMOHHOM 30HbI KATAIUTHYECKOTO KpeKuHra. Ecinm nenonb3yroTes Kak
NPSIMOM, TaK U KOCBEHHBIH TEIIOOOMEH, OHH MOTYT OBITh pa3MeIeHbl B JIIOOOM MOPSIZIKE.

[0033] [anee yraeBomopoxsl B TpyOompoBoge 36 MOryT ObITh HampaBjIeHbl B
pPEaKIMOHHYI0O 30HY 70 KaTaJIUTUYECKOrO KpPEKHMHIa, KOTOpas MOXKET BKIIOYaTh B CeOs
peakTopHyro  cucremy  (uronn-karaaurumdeckoro  kpekunra  (@KK).  Tepmuuecku
KPEKMPOBAHHBIN BBIXOASIINN NOTOK B TPyOOIIpoBoae 36 MHKEKTHPYETCS Yepe3 OfUH MK OoJjiee
WHXKEKTOPOB 72 CBbIpbs, pPACHOJOKEHHbIX BOJIM3M HIDKHEW dactu Jjudr-peakropa 73.
ITonaBaemoe B JUQT-pEaKTOpP CHIPbE KOHTAKTUPYET C TOPSAYUM PEreHEePHPOBAHHBIM
KaTaJM3aTOPOM, BBOIUMBIM 4epe3 J-oOpasubiii n3rud 71. Karanuzarop, Hanpumep, MOKeT ObITh
KaTaJu3aToOpOM Ha OCHOBE LI€ONHTa Y-THMA, KOTOPBIH MOKET HCHOJb30BAThCS OTAEIBHO WU
COBMECTHO C IPYTUMHU KaTan3aTOpaMu, TaKUMH Kak ZSM-5 unu ZSM-11.

[0034] Temno, HeoOxomumoe IJIsi TOAAEPKAHUS WCHAPEHUsS IIOJaBa€MOIO ChIPbS,
ucnapsiroiee Jo00e TONMOJHUTENBHOE YIJIEBOJOPOIHOE ChIphE, BBOAUMOE B NUQT-peakTop 73
(He TMOKa3aHO), WK U TIOANEPKaHMs WIIM TOBBIIEHUS TEMIIEPATYPbl CHIPbS IO KEJIaeMO
TeMIepaTypbl peakTopa, Hampumep, B auanazoHe ot 500°C nmo mpumepno 700°C, u nmns
SHAOTEPMHUYECKOH TEIUIOTHl  (TEIJIOTBI  PEeakmuh), MOXKET O00eCneduBaTbCs TOpSIYUM
pereHeprpoBaHHbIM KaTajln3aTOPOM, MOCTYMNAOIINM U3 pereseparopa 77, a Takxke peakTopoM 1
nuponusa. JlaBnenne B mudT-peakrope 73, Kak MPaBUIIO, HAXOAUTCS B AMANA30HE OT MPUMEPHO
1 6ap u36. no mpumepHo 5 Gap u30. (0,1-0,5 MITa).

[0035] Ilocne Toro, kKak OCHOBHAas 4YacTb pEAKLUMM KaTaJIUTUYECKOIO KpPEKUHIra
3aBeplleHa, CMeCh NPOAYKTOB, MAapOB HEKOHBEPTHUPOBAHHOTO ChIPpb M OTPabOTAHHOTO

KaTaJiM3aTopa NOCTYyNnacT B ABYXCTYINICHYATYIO UKJIIOHHYKO CUCTEMY, IIOMCIICHHYIO B 3allIUTHYHO
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o0onouky 78 LMKIOHOB. [IByXCTyneH4arass HUKJIOHHAs CUCTEMAa BKJIOYAET B Ce€0sl MEPBUYHBINA
nuKJIoH 84 nns  ortnmeneHust oTpabOTaHHOrO Karaimusaropa OT mapoB. OTpaboTaHHBIHM
KaTajJn3aTop BbITpyKaercs B aecopOep 89 yepes morpykHyr TpyOy 85 mepBUYHOrO MUKIIOHA.
ToHkue yacTUIBl KaTaau3aToOpa, YHECEHHbIE C OTAEJICHHbIMH MapaMy U3 NEPBUYHOIO LUKJIOHA
84, ormensiorcss B LukiIoHe 86 Bropod cTynmeHH. COOpaHHBIM KaTaau3aTOp BBITPY)KAETCsS B
necopbep 89 uepes morpykuyro TpyOy 87. Ilapbr u3 uukioHa 86 BTOpPO#l CTYHNEHH OTBOISATCS
4yepe3 BBIMYCKHOE OTBEPCTHE BTOPUYHOIO LMKJIOHA, COEAMHEHHOE ¢ IUIEHyM-Kamepou 91, u
3aTeM HAmNpaBJSIIOTCS K TJIABHOW PEKTU(PHUKAIIMOHHOW KOJIOHHE/Ta30BOW yCTaHOBKE (HE
Nokas3aHa) mo TpyOompoBoay 93 mapoB peakTopa Ui MOJNYyYEHHUs MPOAYKTOB, B TOM YHCIE
xenaembix ojiepuHoB. IIpu HEOOXOAUMOCTH Taphl MPOAYKTA IOMOJHUTENBHO OXJIAKIAKOTCS C
MOMOIIBED BBeNeHUs: Jierkoro peuukynoBoro razoiyss (LCO) wimm BOASIHOrO mapa uepes
pacnpenenuTeNbHbIN TPyOOonpoBoa 92 B Ka4eCTBe 3aKAJIOYHBIX CPEN.

[0036] OtpabGoTanHblil KaTamu3aTOp, M3BJIEKAEMBIH Yepe3 MOTPYKHbIE TPYOOIPOBOJIBI
85, 87, moasepraercst necopOuuu B 1eCOpOLMOHHOM cioe 89 It yiajJeHHus MyCTOTHBIX MapoB
(mapoB yrJIeBOIOPOIOB, YIEPKHBAEMBIX MEXKAY YacCTHLAMH KaTajH3aropa) C IOMOLIBIO
KOHTAKTHPOBAHUSI B IIPOTUBOTOKE C BOASIHBIM ITAPOM, BBOJUMBIM B IOHHYIO 4acThb aecopbepa 89
yepe3 pacnpenenurens 100  BomsHoro mapa. OtpaboTaHHBIA — KaTaiu3aTop — Janee
TPAHCIIOPTHPYETCsl B pereHeparop 77 uepe3 crosk 103 mnsa orpaboTaHHOrO KaTtamu3aTropa U
noabeMHblii  TpyOomposox 105, Benrtunb-zagBmkka 107  oTpaboTaHHOrO KaTajau3aropa,
Haxomsimuiics Ha crosike 103 s oTpaOOTaHHOrO KAaTaJM3aTopa, HCIOJNB3YeTCsl IS
peryJiupoBaHusl TIOTOKa Kartanusaropa u3 necopbepa 89 B pereneparop 77. HeOosbimast gacThb
BO3/yXa JJIsI TOPEHUsT MOKET BBOAMUTHCS uepe3 pacrpenenutenb 104, yToObl criocoOCTBOBATH
PaBHOMEPHOW TPAHCHIOPTUPOBKE OTPAOOTAHHOTO KaTAIU3aTOPA.

[0037] 3akokcoBaHHBI WM OTPaOOTAHHBIM KATAIM3aTOP pPa3TPyKaeTCs uepes
pacnpenenutens 106 oTpaboTaHHOrO KaTajau3aTropa B LEHTP IUIOTHOTrO ciiosi 124 pereHeparopa.
Boznyx nns ropeHust BBOOUTCA ¢ MOMOLIBIO pacrnipenenuTens 108 Bo3ayxa, pacrojoKeHHOrO B
HIDKHEN YacTu cnost 124 pereneparopa. Kokc, ocakaeHHBIN Ha KaTalu3aTope, Cropaer aajiee B
pereHepaTope 77 MOCPEACTBOM peakLUu ¢ BO3AYyXOM I ropeHusi. Pereneparop 77, Hanpumep,
MOJKeT padoTaTh MPH TeMIeparype B Auanaszone ot npumepHo 640°C no npumepno 750°C u npu
JaBJIeHUH B nuamnasoHe ot npumepHo 1 6ap u36. (0,1 MIla) no npumepno S 6ap u36. (0,5 MITa).
KaramusaropHasi mbuib, YHOCHMAasi BMeCTE C JBIMOBBIM Tra3oM, cobOupaercs B mukjone 109
NEepBON CTYNEHU U LUKJIOHE 121 BTOPOH CTyNeHH U pasrpykaercs B KAaTAJIU3aTOPHBIN CIIOU
pereHepaTropa 4Yepe3 COOTBETCTBYIOLIME TMOrpykHble otBoabnl 120, 122, JIpIMOBOW ras,
BBIXOJSAINUN W3 BBITYCKHOIO OTBEpPCTUsl LUKIOHA 121 BTOpOH CTyneHu, HampaBiseTcss B
TpyOonposon 140 s IBIMOBOTO ra3a 4epes IUIeHyM-Kamepy 23 pereHeparopa Jisl yTHIA3aiN
OTXOJSIIIEro TEIUIA HIDKE 110 TIOTOKY W/WUJIH MOJYYEeHUsT SHEPTUH.

[0038] IlepBass uacTb pEreHEPUPOBAHHOTO KAaTAIU3aTOpPa MOXKET OTBOAUTHCS TIO
oTBOgHOMY TpyOompoBony 125 B OyHkep mis perenepupoBaHHOro karammsatopa (BPK),
KOTOPBI HAXOAWUTCS B COOOLICHHH MO TOTOKY C pereHepatopoM 77 u crosikom 127 ns

pereHeprpOBaHHOIO Karalu3aTtopa. YpoBeHb cjos katanmuzaropa B BbPK-Oynkepe Mosker
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K0JIe0aThCsl BMECTE C YPOBHEM CJIOsl B pereHeparope 77. PerenepupoBaHHbBIN KaTaIH3aTop 3aTEM
Tpancnoptupyercsit u3 bPK-Oynkepa B mmdr-peakrop 73 wuwepes crosak 127 mua
pereHepupOBaHHOTO KAaTaJN3aTopa, KOTOPBIH HAXOAUTCS B COOOIEHHH IO IMOTOKY ¢ J-00pa3HbpIM
marnbom 71. Ilorok karanusaropa wu3 pereHeparopa 77 B nudT-peaktop 73 MOXKET
PEeryJupoBaTbCs  BEHTUJEM-3aJBIKKOM 128,  pacmonoxkeHHbIM Ha crosike 127  nos
pereHepupoBaHHOro karajmu3aropa. OTeBepcTue BeHTIIIA-3a1BIOKKM 128  MeHsiercst s
peryJupoBaHusl MOTOKA KaTaau3aTopa IJsl MOAAEP KaHUs KENaeMOU NMpeneabHON TeMIepaTyphl
B u(T-peaktope 73.

[0039] B nomonHeHue k BOASHOMY Mapy IJIsl IOAbEMa MPEeAyCMOTPEHa TaKKe MHIKEKIUS
IIOTOKOB ChIpbsi, Takux kak C4 oneduHbl M HadTa WM aHAJIOTMYHBIC BHEUIHHE IMOTOKH, B
KayecTBE TOABEMHBIX cpen B J-oOpasueni wm3rum® 71 wuepe3 rasopacmpenenurens 130,
pacronokeHHblii B Y-00pa3HOW 4YacTH, 4YTO TMO3BOJIIET OCYINECTBJISATh PABHOMEPHYIO
TPAHCTIIOPTHPOBKY pPEreHepUpPOBAHHOIO Kartaju3atopa u3 J-oOpasHoro m3rmba 71 B mudr-
peaktop 73. J-oOpasublii m3rud 71 Takike MOXKET BBICTYNAThb B KAUECTBE PEAKTOPA C IJIOTHBIM
cinoeM sl KpekuHra notokoB C, oneduHOB M HadTHI B JieTKHe OJeQUHBI B YCIOBHSIX,
ONaronmpusTHBIX JJIS1 TAKUX peakuui, kak Harpumep, WHSV ot 0,5 mo 50 q, Temmeparypa ot
640°C no 750°C u Bpemst npedbiBarus ot 1 ¢ 1o 10 ¢, mampumep, 1-9 ¢ wmu 3-8 ¢. [{uamerp mm
pa3mep J-obpaznoro usruda 71 MokeT ObITh ONTUMHU3HUPOBAH TSI JOCTHXKESHHSI STUX YCIIOBUH.

[0040] Perenepatop 77 moxer paboTaTh B OOBIYHOM PEXUME TYPOYJIEHTHOTO MOTOKA, C
MOBEPXHOCTHOH CKOPOCTBIO ra3za B auamnasoHe or 0,5 m/c mo 1,2 m/c mpu IUIOTHOCTH CJOSI B
nuamnasone ot 400 kr/m° 10 600 kr/m°. TIpi HEOGXOXMMOCTH, JOGABOUHBIH KATATH3aTOP MOKET
BBOJIUTBCSI 1O ONHOMY WM Oonee TpyOompoBomam 142, KaranuszaTopel, HCIONb3yeMble B
peaKTope KaTaJIUTHYECKOrO KPEKHHIa, MOTYT OBITh OZHHUM KaTaJH3aTOPOM WM KOMOWHALUeH
neosnuta Y-tuna/karaauzatopa @PKK u ZSM-5, wnn apyruMu aHaIOrMYHBIMU KaTaJIU3aTOPaAMHU,
TakuMu kak onucansble B US 5043522 u US 5846402.

[0041] B HekoTOpbIX BapuaHTaX OCYLIECTBICHHs >KuaKas ¢pakums 50 WM ee 4YacTb
MOJET TOAaBaTbCsl B JUQPT-peakTop 73 depe3 (POPCYHKY ST MHKEKIHMH TSDKEIbIX
yrieBonoponoB (He mokazaHa). TakuMm oOpasom, Ooyiee TsKEIbIe YIJIEBOAOPOIAbI MOTYT
NOJBEPraThCsl KATAJIUTHYECKOMY KPEKHHTY B JIN(PT-peakTope, oOpa3ysi HOMOJHUTENbHBIC JIETKHE
YIIEBOAOPOABI M YBEJIMYHUBAs OOIIYI0 KOHBEPCHUIO YIIIEBOAOPOIHOTO ChIphs 20.

[0042] Kak ommcaHO BBIIE, BapUaHTBl OCYIIECTBICHHS HACTOSALIETO H300pETEHUs
OOBEIUHSIOT TMHUPOJIU3 C KATAJUTUYECKUM KpPEeKHHroM. OCYINECTBJICHHE PEaKIHH MHPOJIH3a
NEePBOHAYAIBHO C HEOOIBIINM KOJIUYECTBOM BOISIHOTO TMapa WM 0e3 BOASHOIO Mapa, ¢ HU3KOM
KOHBepCHeH, 00eCneunBaeT YIyULIEHHOE ChIPbe Ui YCTAHOBKH KAaTAJIUTHYECKOTO KPEKHHTIA.
Bo3MOkHBI pasznuuHbIe CrOCOOBI MOJAYM BBIXOMSIINX IIOTOKOB TEPMHYECKOTO KPEKHMHIa B
YCTaHOBKY KaTaJIUTHYECKOrO KPEKHHIra, TaKHhe KaK MPOMJUIIOCTPUPOBAHHBIE BBIIIE CO CCBIIKOM
Ha ¢ur.1 u ¢ur.2.

[0043] B xauectBe npyroro npumepa, HadTa MOXKeT ObITb BBIOpaHA B KauecTBe
yIJIeBOOpoaa, nepepadbaTbiBa€MOro C MOMOINBI0 cucTeMbl Ha (ur.l u ¢ur.2, xorss Moxer

UCTIONIBb30BAThCs IFOOOH yriaeBoaopo.
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[0044] Hadra nmpenBapuTelbHO HArpeBAETCsl B 3MEEBHKAX MPEABAPUTEIHHOTO MTOIOTPEBA
CBIPbsI KOHBEKLIMOHHOM CEKLIMHU. 3aTeM OHa CMeInBaeTcs ¢ pa3dapisromuM napom. Konndectso
mapa MOXeT OBITh OT HyJi IO MaKCHMAJbHOIO 3HAUEHUs, UYTO OrPAHUYHMBAETCS] CBOMCTBAMHU
KaTajau3aTopa KaTaJUTHYECKOTO KpeKUHra. B HEKOTOpBIX BapUaHTax OCYLIECTBJICHUS
UCIIONIb3yeMOe OTHOLIEHHE BOASHOIO Mapa K Maciy (Macc./Macc.) MOXKeT ObITh B IMAma3oHe OT
npumepno 0,05 nmo mnpumepHo 0,2, Paszbamisromuii map Moxer OBITh NEpPerpeTbiM B
KOHBEKIIMOHHON cekimu win Her. OOblMHO HadTa Mocie CMEMIMBAHUS C Pa30aBISIOLIIM
BOJSIHBIM TAPOM TOJHOCTBIO Hcnapsiercs. Korna ncnonb3yroTesi O4eHb TSDKENIOE ChIPhbe, TaKoe
KaK CbIpas He(pTb, HEUCIAPUBIIECECS ChIPbE MOMKET HE HANpaBJIATbCA HAa JaybHeiInee
UCTIapeHHE/TIeperpeB, HO MOXET OTBOOUTBHCS M3 KOHBEKUHMOHHOW CEeKIMU. TOJBKO
UCIIAPUBIIUICS YIIIEBOAOPOI+BOASHON Map AOMOJHUTEIbHO MEPEerpeBatoTCsl B KOHBEKL[MOHHOM
CEKLIUU 1 3aTeM HaIIpaBJISIIOTCS B PaANAHTHBII 3MEEBUK.

[0045] PanuanTHas cekipsi paboTaeT Mpu OTHOCHTEIBHO HU3KOM KECTKOCTH. ITOCKONBKY
KECTKOCTh TEPMHUYECKOTO KPEKHWHTa HHU3Kas, MOXKHO HCIIOJIb30BaTh JIFOOYIO KOHCTPYKIIHIO
pPamuaHTHOTO 3MeeBHKAa. DAKTHYECKH, MOXKET OBbITh IMPEANOYTHTENbHBIM HHU3KOCENEKTHBHBIN
3meeBuk Ttuna SRT-1, mockonaeky OH Hemopor U OyAeT HMMETh BBICOKYK YAEIbHYIO
NPOU3BOMUTENBHOCTh. OOHAKO MOXKHO HCIOJNB30BaTh JIIOOOW  paJMaHTHBIA — 3MEEBHK.
Temmepatypa Ha BbIXOZI€ U3 3MeeBUKa OyaeT HU3KoH, o0braHO Hike 800°C, 1 KOHBEPCHUS ChIPbSI
OyZmer coCTaBiATh MEHee MOJOBHHBI OT TUITMYHBIX 3HAYEHHUH KOHBEPCHH, BCTPEYAIOIIHMXCS B
CJIy4asix UCIOJB30BAHUS OJUHOYHON YCTAHOBKU TEPMHUUYECKOI0 KPEKUHTA.

[0046] MakcumanbHas TeMrepaTypa Ha BbIXO/I€ 3MEEBUKA IJIsl CTAUU MTUPOJIN3a TOJKHA
NOJAEPKUBATECS. OTHOCUTENIbHO HU3KON. TemnepaTyprl Ha BBIXOAE U3 PaJAMAaHTHBIX 3MEEBUKOB
(COT) moryt cocrasnsath, HanpuMep, MeHee 800°C. B HEKOTOPBIX BapHaHTaX OCYILECTBIICHMUS,
COT moxer HaxoauThcs B AuanaszoHe ot npuMepHo 550°C no npumepHo 800°C, Hampumep, OT
npumepHo 650°C no npumepHo 750°C unu ot npumepHo 725°C no npumepno 775°C.

[0047] Korma ucnosb3yroTcsi Oojiee BBICOKHME TEMIepaTypbl Ha BBIXOIE W3 3MEEBHUKA,
MOJKET BBOJUTHCS 0OJiee XOJOAHOE ChIpbe JUIs OXJIAKIACHUS BBIXOSIIEro MOTOKA MUPOSIU3a JI0
JKeJIaeMol TemmepaTypbl Iepen KaTaluTHUYeCKUM KpeKWHroM. OueHb BBICOKHE TeMIepaTyphl
MOTYT TMOBJUATh Ha paboune XapaKTEPUCTHKH KaTaJIM3aTopa KAaTAIUTHUYECKOro KpekuHra. B
3aBUCUMOCTH OT HCIOJIb3YEMOrO KaTaju3aTopa TeMmIepaTypa CbIpbsl AN KaTaJUTHYECKOIo
KPEKUHra JOJDKHA OBbITh BBIOpAaHA COOTBETCTBYIOIIUM oOpa3om. JlaHHasi Temmeparypa, B
COYETAaHUH C PEreHEPHPOBAHHBIM KATAJIH3aTOPOM, IMOAABAEMBbIM B JIU(T-PEAKTOP WM PEAKTOP
KAaTAJIUTHYECKOTO KPEKWHIa, JOJDKHA OBITh JOCTATOYHOW Uil OCYINECTBJICHHUS] PEaKIUH
KaTaJUTUYECKOTO KPEKHHIa.

[0048] IlockonbKy KaTamu3aTop KPEKWHTa, KakK IPAaBHJIO, HE MOXET IOABEPraThCs
BO3CHCTBUIO BBICOKMX TEMIIEPATyp, TEMIEPaTypy Ha BBIXOAE M3 3MEEeBHKAa HEOOXOIMMO
KOHTPOJHMPOBaTh M peryiaupoBatb. Eciam s>koHOMHuUecKHe cooOpaxkeHus TpedyroT Oonee
BBICOKMX TeMIIepaTyp, MOXHO HCIOJb30BaTb MPOMEXKYTOUHBINH 3aKaJOUYHO-UCHAPUTENIbHBIN
anmapar WIM TPsSMOW TeIJIOOOMEeH Ui OXJIAXKIEHHs BBIXOIALIEr0 IIOTOKa 3MEEBHKa [0

TpebyemMoro ypoBHs. B OCTaibHBIX Cllydasix BBIXOISIIMIA MOTOK M3 YCTAHOBKH TEPMHYECKOTO
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KpeKuHra (MJIM YCTAaHOBKH IHPOJIM3a) MOXKET OBITh HANPABJIEH B YCTAHOBKY KATAJIUTHYECKOTO
KpekuHra 0e3 JonosHUTeNnbHOH nepepaborku. IIpoayKkTel, BBIXOAAIINE U3 PEAKTOpa MHPOJIH3A,
HE pa3NessIIoTCs Ha KOMIIOHEHTHI 0 KAaTaJUTUYECKOrO JerMApupoBaHus (B OTIHYHME OT
paszneneHus Ha JBe WM OoJiee 4acTH OJMHAKOBOTO COCTaBa, HANpHUMEp, 4epe3 TPOHHMK I
NOAa4YM B MapajuieNibHble peakTopsl). [l obnerdeHus: moToOKOB MEXIy CTaauell TepMUYECKOro
KPEKUHIa M CTaJuell KaTaIUTUYeCKOrO KPEKHUHIa CTaius TEePMHUYECKOrO KPEKHMHIa MOXKET
IPOBOANTBCS TIPU OOJIEe BHICOKOM JABJICHHUH, Y€M CTaIus KATAINTHYECKOTO KPEKHHIA.

[0049] B npunmmmie, MOXET HCIMONB30BATHCA YCTAHOBKA KATAJUTHYECKOTO KPEKHHTA
mo60ro Tuna. B mpOMBIIUIEHHOCTH IIHUPOKO UCTIOIB3YETCSl YCTAHOBKA (PIIFOUI-KATATUTHYECKOTO
kpekunra (@KK). Ona mpencraBisier coOoii  nu(T-peakTop KpekuHra. TakkKe MOMKET
paccMaTpuBaTbCsl YCTAHOBKA KPEKMHIa C IICEBAOOXKIKEHHBIM CloeM. Takike MOXKHO
UCTIONB30BaTh PEAKTOp C YIUIOTHEHHBIM ciioeM. KaramuzaTop ae3akTHBHPYETCsl OBICTPO H,
CJIEIOBATENIbHO, €r0 HEOOXOIMMO HENpPEepBIBHO WM Neproxndecku pereHepupoBarh. B @KK
UCIIONIB3YETCsl HEeNpepblBHAsl pereHepauus. B peakTopax ¢ HENOABMXKHBIM CIIOEM MOKET
UCIIONIb30BAThCs MEPUOANYECKass pereHepauus. B gaHHOM mpuMmepe NOSICHSAETCS CHCTEMa
KaTAJIMTHYECKOTO peakTopa, padoTaroias ¢ HENOABWKHbIM cioeM. OnHAakKo OHa He
OTPaHUYMBAETCS HEMOABI)KHBIM CJIOEM, U MOXKET HCIONb30BaThCS PEAaKTop JH0O0ro THIA.
ITockonmpKy KaTanmu3aTtop OBICTPO JAE3aKTHBHPYETCs, TpPeOyeTcsi HECKOJbKO pEeakTOpPOB C
YIUIOTHEHHBIM CJ10€M. IIOCKONBKY KE€CTKOCTh YCJIOBUM B YCTAHOBKE TEPMHUYECKOIO KPEKHHIa
ABIIIETCS HMU3KOW, OHa OyneT paboTtarh MecALaMH, Npexae 4YeM MoTpedyercs OuYHCTKa
(mexokcoBanue). M3-3a ne3akTHBAIIMM KaTaju3aTopa paclpeneieHne MPOAYKTOB Takke Oyaer
MEHATBCS CO BpeMeHeM. UToObl CBECTH K MHUHUMYyMY KoJle0aHHs B COCTaBe€ IPOAYKTA,
YIJIOTHEHHBIE CJIOM MOTYT paboTaTh B INAXMATHOM IOpsAKe (BO BPEMEHH) MEXIY HAdajioM
KPEKMHIa W HadajoOM JeKOKcoBaHusA. Hampumep, MOXXHO NpPEACTaBUTb CHUCTEMYy uH3 4-X
PEaKTOpPOB, B KOTOPOH 3 peakTopa UCIOJB3YIOTCS [JIs1 KPEKUHIa, 4 ONUH PEaKTOp MOABEPraeTcs
nexokcoBaHHi0. [IepBriii peakTop OyaeT HAXOOUTHCS B MOYTH YUCTHIX YCIOBUSX (KaTaIU3aTop C
HAYaJIbHOM aKTHBHOCTBIO), BTOPOW PEAKTOpP - MpH NpuUMepHO 33% aKTHUBHOCTH, U TPETUH
peakTtop mpu mpuMepHO 67% LMKIa aKTUBHOCTH. UETBEPTHIM PEaKkTOp, KOTOPBIA AOCTHraeT
JOMYCTUMOIO Ipenesa aKTUBHOCTH KaTaJln3aTopa, BIBOJUTCS U3 SKCILTyaTallMi U HAXOOUTCS B
cranuu perenepanuu. Takum obpasom, korna 4-ii peakTop CTaHEeT YUCTBhIM, OH 3aiiMeT MecTo 1-
Oro peaxkTopa, W l-blii peakTop 3alMeT MECTO MPEXHEro 2-r0 PeakTopa, U MNPexHuinl 2-ou
peakTop OymeT Wrpath pojib MPEKHErO 3-€ro peakTopa, a MpekHUH 3-uil peakTop Oyner
MOJIBEPraThCsl JAEKOKCOBAHMIO. DTOT LMKJI MoBTOpsercs. Korma LMK He CHUHXPOHU3UPOBAH,
MOTYT MOTPeOOBATHCS AOTIOJIHUTENbHBIE 3aITACHBIE PEAKTOPHL.

[0050] Korna ucnons3yercs ®KK unu nceBnooKMKeHHBINA CIION, HUKIMYECKUN PEKUM
orcyrctByer. B cmocobe @PKK Becp karanmnmzaTop HampaBisIEOT B pereHepaTrop M
peuupkyaupyroT. IIpu wucnonb30BaHMM peakTOpa C ICEBAOOKWKEHHBIM CJIOEM 4YacTb
KaTajJn3aTopa OTBOAST U PEreHEPUPYIOT, H HAMPABJISIFOT OOPATHO B TICEBIOOKIKEHHBIN CJIOH. B
peaKkTope C YIUIOTHEHHBIM CJIOeM, OOBIMHBIM IICEBIOOXKIDKEHHBIM ciioeM min B peakrope PKK

TUNa 00BEMHAsI CKOPOCTh U LIUPKYJISALUSA KaTaJu3aTopa, a TaKXKe APYrhe KIIoueBble IapaMeTphbl
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MOTYT OBITP ONTHMU3UPOBAHBI JJIsI KPEKHMHIa BBIXOASALINX ITOTOKOB IMHPOJIN3A, CONEPIKAIINX
onedunbl. Korna ucrnonb3yercs peakTop ¢ HEMOABIKHBIM CJIOEM, OH MOXET ObITh IOMEIIEH B
OTHEBOH HarpeBaTenb W/WIM MOKeT paborath aanabatudecku. Temnora peakiuu Oyner
IUKTOBAaTh HAMJYYLIMH pEXKUM pPabOTBl U KOHCTPYKLHMIO. YacTo OrHeBas cpena sBISETCS
NPENNOYTUTENIbHOM, TOCKOJbKY OHa Oonee kommakTHa. [locie KaTaliuTHYeCKOro peakTopa
BBIXOZSLINE TIOTOKH MOTYT OBITh 3aKaJIEHbI U MPOXYKTbI H3BJICUEHBI.

[0051] CymecTByeT MHOXECTBO KOMMEpPYECKH JOCTYIHBIX KaTaJlU3aTOPOB I
KATaJIUTHYECKOTO0 KpeKuHra. MOKeT HMCIONIb30BaThes 000 moaxonsmui karamusatop. Kak
npaBwio, HeosuT Y ¢ pobaBkamMu WM 0e3 HUX HUCIONB3YEeTCs Ui TSDKENIOro Chipbs. ZSM-5
ucronb3yercs st HapThl B Oojiee HU3KOMOJIEKYJISIPHOTO YTJIEBOIOPONHOTO ChIpbs. bolee
BBICOKAsl WM ONTHUMalibHas KOHLEHTpalus Karanuzaropa ZSM-5 B KaTaquUTHUECKOH CMecH
SIBJIIETCS TIPENMOYTHTEIBHON ISl HOCTIKEHHsI JkeyaeMoro cooTHoumenuss P/E B BeIXomsimux
norokax. ZSM-5 cenekTHUBHO KOHBepTUpyeT Bbicime ojedunsl B Hu3mue oiedunsl (CsHg u
C4Hg). OnHako MOXKHO HCIIONB30BATh JIFOOOH KaTajau3aTop, MPUTOAHBINA Ui KaTaJTUTUYECKOTO
KPEKUHTa.

[0052] Tunuuneni npumep npuseneH B Tadimue 1 s kpekuHra HadTel. BhIXOR «3a
OJIMH MPOXOJ» ONpeeNseTcs KaK BbIXO/, [ToJydaeMblil Ha BBIXOJI€ U3 peakTopa. Bbxoa LieHHbIX
XHUMHUYECKHX TPOAYKTOB pacCUMUTBhIBaeTCA IOcje TruapupoBaHus aneruneHa u MAPD wu
peuupkynsauuu HacelmeHHbIXx C2, C3 u C4 B yCTaHOBKY TEpMHUYECKOTO KpEKHMHIra 0 MOJIHOM
BbIPAOOTKH. DTO TpEACTaBisieT COOOW MOTEHIHMANl Ui MPOU3BOJICTBA LIEHHBIX XUMHUYECKUX
nponykToB. LleHHBIE XMMHUYECKHE MPOAYKThI COCTOSAT W3 OSTWJIEHA, NPOMWICHa, OyTagueHa,
OyTeHa, OeH3oua, Tonyosa u C8 apoMaTu4ecKux COeTUHEHUH.

Tabnuua 1: PacueTHoe pacnpeneneHue npoayKToOB 1Jisi OObeAMHEHHOTO KPeKHHra Ha()Thl

XapakTepucTUKU
CBIPbsI
VY nenvHast 0,693
IJIOTHOCTh
Touka Hauana 34°C
KUTICHUS
Touka KuneHus 82,5°C
50%
Touka kOHLA 161°C
KUIIEHUs
Conepsxanne 74,4% wmacc.
napapuHOB
Conepsxanne 17,1% wmacc.
HaTeHOB
Conepsxanne 8,5% macc.
apOMaTHUYECKUX
COEIMHEHU I
CpaBHeHue Tonbko Tonbko Tepmuueckuii+kaTaTuTHUECKUI
MIPOLIECCOB TEPMUYECKUI TEPMUYECKHUI
KectkocTh Maxkcumym Maxkcumym Tepmuuecku OUeHb HU3Kas
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oneHOB NPONIJIeHA
Bexon 3a oguH
npoxon, % Macc.

H,+CH,4 15.3 12,95 11,9
C,H4 29,95 26,2 23,0
C,Hg 3,25 3.5 6.0
CsHg 16,25 17,0 26,0
CsHg 0,3 0,35 3.9

C4 10,0 12,3 9,75
C5-C8 19,0 23,4 16,05
C9+ u npyrue 5,95 4,3 3,4
C2H4+C3H6 46,2 43,2 49,0
OTtHoleHue 0,54 0,65 1,13
MIPOMUIEHA K
STUJIEHY,
Macc./mMacc.
% BTK B C5-C8 67 47 64
Boxos 1ieHHBIX 72,8 70,1 75,0
XUMHUYECKHAX
IPOAYKTOB

[0053] Korma nHadTa momsepraercsi OJHOMY TOJBKO TEPMHYECKOMY KPEKUHTY IS
pe’kuMa MakCUMyMa oJie(pTHOB, TeMIepaTypa Ha BBIXO/IE€ U3 3MEEBUKa COCTaBIseT 0Koo 840°C,
B TO BpeMs Kak Uil peXUMa MaKkCUMyMa IIpONWJeHa OHa cocTasaseT okono 820°C.
TemmnepaTtypa Ha BBIXOAE U3 3MEEBHUKA 3aBHCUT OT KOHCTPYKUuH. [lIs1 Tepmuueckoro u
KaTaJIUTHYECKOTO KPEKMHIa B COOTBETCTBUH C ONMCAHHBIMU 371€Ch BapHAHTaAMH OCYLIECTBIICHUS
TeMIepaTypa Ha BbIxoze M3 3MeeBuka Oymer Hmwke 800°C, m B HEKOTOPBIX BapHAHTAX
ocyliecTBieHHss MokeT ObiTh Hipke 750°C mnmst TepMmuyeckoro peakropa. TemmepaTypa Ha
BBIXOZI€ U3 PEAKTOpa KaTAIUTHYECKOro KpekuHra oobraHo Oyner Hike 700°C.

[0054] XoTs1 B maHHOM TpUMeEpe HCIOb30BaHA Ha(Ta, MOMKET HCIOJIB30BAThCS JIFOOOH
yraesogopoa. Korna nepepabarsiBaercst cbipasi He()Th, IPEABAPUTEIbHBIN HATPEB CHIPbS MOXKET
UCTAPSITh TOJIBKO YIJIEBOJOPOIBI AWana3oHa KumeHust Hadrel. Tsokenble (HEMCHApUBIIHECS)
yIIEBOAOPOABI MOTYT OBbITh HAINpaBlieHbl HA HedTenepepadaThIBAIOLINI 3aBOJ ISl NaIbHEHIIEeH
nepepabotku (Hampumep, Ha DPKK wnm ycraHoBKYy BucOpekwHra, W T.1.). B kadecTse
AJIbTEPHATHBBI, OHM MOTYT OBITh HAINpPAaBICHbI B YCTAHOBKY J/JII OTAENEHHS MUPOJIU3HOTO
KUIKOrO ToruinBa. Tspkenass HepTh MOKET OBITh OTHENeHa OT JIETKOW He(TH, U OIHA TOJBKO
aerkasi HeTb MOKET ObITh OTIEIBHO MOABEPTHYTA KPEKUHTY B OTACIBHONW PEaKTOPHON CUCTEME
(TepMHUECKOH, a 3aTeM KaTajluTudeckoi). Mnm ke Tspkenas HepTh MOXKET OBITh MOABEPrHYTA
KPEKUHI'Y B OJHOHM TOJIbKO YCTAaHOBKE KAaTAJIMTUYECKOTO KPEKHHra. B HEKOTOpBIX BapHaHTax
OCYIIECTBIIEHHs Ooyiee TSKeNble KOMIOHEHTBl MOTYT OBITh MOAAHBI B JU(QT-PEAKTOP HIKE T10
NOTOKY OT BXoma 72 1y KpekuHra Oosee TSDKENBIX VYIIeBOAOPOAOB IpH 0Oojiee HU3KOM
KECTKOCTH.

[0055] Bce xommnonentsl OensuHoBoro psma (C5-400°F (204°C) ¢ uacTHYHBIM

THPUPOBaHUEM HIH Oe3 Hero (ry1aBHbIM 00pa3oM one(UHbI U OY€Hb MaJIo TUOJIe(PHHOB) MOTYT
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UCTIONIb30BAThCSl B KA4eCTBE ChIPbsl B HACTOSINEM M300peTeHMH. B HEKOTOphIX BapuaHTax
OCYIIECTBJICHUs] MaTepuaj OCH3WHOBOrO psifa MOXKET ObITh HampaBjeH Ha SkcTpakmuio bTK
(oxcTpakumst OeH30J1a-TONMyoNa-KCHIoia) U paduHAT MOKeT ObITh HANPAaBICH B CHCTEMY
HarpeBatTesss KPeKHHra, KOTOpash MOXKET BKJIIOYATb TEPMHUYECKHH KPEKHUHI € MOCIEAYIOLIUM
KaTaJJUTUYECKUM KPEKUHIOM B COOTBETCTBHH C T[PHUBENCHHBIMH 3/1€Cb BapHaHTAMU
OCYILLECTBJICHMUSI.

[0056] TpeOyemsiii HarpeB MoxeT ObITb KOMOMHHUPOBAH C OTHEBBIMHM HarpeBaTEJsIMU,
UCTIOJIB3YEMBIMU ISl TEPMUYECKOrO KpeKHHra. TepMUYecKHi U KaTaIUTUYECKUN KPEKUHT
MOTYT MPOUCXOIUTh B OJTHOM M TOM K€ OTHEBOM HAarpeBaTeie MM B Pa3IMYHbIX HArPEBATEIsIX.
Karanutudeckuii KpEKHHI MOXKET MPOXOAUTH aanadaTuyecku O0e3 OTHEBOrO HarpeBaTelis, YTo
MOJKET 3aBHCETh OT ChIpbs M THIA KaTanu3atopa. Kak TepMUYecKul, Tak M KaTaJIUTHYECKHI
pPEaKTOpbl MOTYT OBITh MOJBEPTHYTHI IEKOKCOBAHHIO WJIM PETeHEPAllMH KaTaJIu3aTopa METOAOM
JIEKOKCOBaHMsI C TOMOIIBKO BOASIHOTO Tapa/Bo3ayxa. TOJBKO MPOAYKT KaTATUTUYECKOTO
KPEeKUHra WIeT Ha W3BJICUEHUE TPONYKTA. BBIXOASINMN TIMOTOK JEKOKCOBAHHS MOXKET
BBIITyCKAaTbCsl HapyKy. IIOCKOJBKY pereHeparusi KaTajau3aropa OCYIIECTBISIETCS C MOMOLIBIO
NPOIIECCOB C HETOABIDKHBIM CJIOEM, B MpoxaykTax orcyrctByer NOX mimm kucnopon. Iloatomy
CEeKILMsI U3BJICUEHUsI SIBJISIETCs] MpocTol. Ecmum HeoOXoauMo CHM3UTH TeMIIEpaTypy Ha BXOAE B
KaTAJIUTHYECKUI PEAKTOP, - JIs1 CHIDKEHHS TEMIIEPAaTyPhl MOJKHO UCTIOJIB30BATh CBEXKEE ChIPBE.

[0057] Beixonsaumuii NOTOK YTriaeBOJOPOAOB U3 PEAKTOPOB KAaTAJIUTHYECKOIO KPEKHHIa
MOJKET OBITh TMOABEPrHYT HAMIEKAIIEMYy pa3AeNieHHI0O M W3BJICUYEHUIO OJe(UHOB M JUEHOB.
Hanpumep, omHa wmnu 0Oosee NMEperoHHbIX KOJOHH MOTYT HCIOJBb30BATHCS IS Pa3leeHus
BBIXOJISIIIErO MIOTOKA PEAKTOPa KATAIUTHUECKOr0 KPEKHMHIa Ha JBe Ui Ooisiee (Ppakiuy, TaKue
Kak ¢paxius Bopopona, ppakumst merana, ¢ppakuus C2, ¢pakuus sTuneHa, (pakuus dTaHa,
¢dpakums C3, ¢pakuus npornmieHa, ¢paxuus npomnaHa, (paxuus C4, ¢paxuus OyraaueHa,
¢pakuus OyreHa, ¢pakius OyraHa w/mmm ¢pakuus, copepxkamas CS5+. IIpu HeoOxopumocTH,
yacTh win Bes ¢pakuus (ppakaun), copepkamue CS5+, MOryT ObITh PEeLMPKYJIHUPOBAHBI IS
JaJIbHEHIIEro KPEKUHTa C MOJTyUYeHHEM JOTOJHUTENbHBIX IIEJIEBBIX MPOAYKTOB.

[0058] Kak omnucaHo BblIllle, IPUBENEHHBIE 31€Ch BAPHUAHTHI OCYIIECTBJICHHS] OObETUHSIIOT
TEPMHUYECKUI U KATAIUTUYECKUN KPEKUHT. TepMHUYECKUN KPEKUHT SIBJIIETCS HECEJIEKTUBHBIM
NPOIIECCOM, KOTOPBIM 3aBUCHT OT MapLMAIBHOTO JABJICHHS YIJEBOAOPOIOB, BPEMEHHU
npeObIBaHMS U TeMIiepaTypbl. Katamuruyeckue mpoueccsl sSBISIOTCS CEJICKTHBHBIMH, OTHAKO He
MOTYT JaTh BBICOKHH BBIXOA OSTHJIEHA, HO MOIYT JaBaTh BBICOKHI BBIXOJ MPOIUJICHA.
OrnucaHHbe 371€Ch BAPUAHTHI OCYLIECTBJICHHUS OOBENMHSIOT TEPMUYECKHI W KAaTATUTHYECK Uil
KPEKUHT HOBBIM 00Pa30M C MOJYYEHHEM BBICOKOTO BbIXOJA KaK STHIJICHA, TaK M MPOITHJIEHA.

[0059] Xors onmcanme w300peTeHUs BKIIOYAET OrPAHUYEHHOE YHCIO BapHAHTOB
OCYIIECTBIIEHHS, CIELUAINCTAM B JaHHOW OOJACTH, WCHOJB3YIOLUINM MPEUMYLIECTBA JTaHHOTO
n300peTeHus;, OyeT sICHO, YTO MOTYT ObITh pa3paboTaHbl U APYrHe BapUAHTHI OCYIIECTBICHUS,
KOTOpbIE HE BBIXOIAT 3a Mpenesbl o0beMa Hactosimero nzoopereHus. COOTBETCTBEHHO, 00BEM

n300peTeHNs! OJDKEH OrPaHIUYUBATBCS TOJBKO MpuiiaraeMoii popmynoi n3odpereHus.
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POPMVYJIA U30BPETEHHUA

1. Cnioco0 nony4yeHust oJieUHOB W/HITH TUEHOB, BKJIIOYAIOIIUN B CeOst:

TEPMHUYECKHI KPEKUHT YIJIE€BOIOPOACOAEPIKALIErO ChIpbsi ¢ 00Pa30BaHHEM BBIXOISIIETO
NOTOKa KPEKMPOBAHHBIX YIJIEBOJOPOIOB, COMAEPIKAIEro cMech oneUHOB M MapaduHOB, MPH
5TOM KOHBEPCHS YIIIEBOJOPOJOB B YIIEBOAOPOACOAEPIKAIIEM ChIPbE COCTABISET OT MPUMEPHO
20% no 50%;

KaTaJUTUYECKUH KPEKMHI BBIXOASIIErO0 IIOTOKA KPEKHUPOBAHHBIX YIJIEBOAOPOIOB C
0o0pa3oBaHHWEM  KaTAJUTHYECKH KPEKHPOBAHHOTO  BBIXOISINEr0  IOTOKA, COMEPIKAIIero
JOTIOJIHUTEJIbHBIE OJIEUHBI U/UJTH TUEHBL.

2. Crniocob mo m.1, B KOTOPOM BBIXOZSIIIHI MMOTOK KPEKUPOBAHHBIX YIJIEBOIOPOAOB HE
pazzmensieTcs 10 CTaANU KaTATUTHUECKOTO KPEKUHTa.

3. Cnocol mo 1.1, JOMONHUTENPHO BKJIIOYAROIINN OXJIAKICHHE BBIXOASALIETO MOTOKA
KPEKHPOBAHHBIX YIJIEBOJOPOAOB MyTEM HEMOCPEICTBEHHOIO HJTH KOCBEHHOT'O TEMI0O00OMEHa.

4. Crnocod mo m.1, B KOTOPOM TEPMHUECKHII KPEKHHI OCYIIECTBISIETCS B PEaKTOpe
NUPOJIM3a, MPU 3TOM BBIXONSIIMI MOTOK KPEKMPOBAHHBIX YIJIEBOJOPOAOB, W3BJCYCHHBINH U3
peakTopa NUpPOIM3a, MUMeeT TeMIepaTypy B AuamnasoHe oT npumepHo 550°C mo mpumepHO
800°C.

5. Cnoco0 mo m.4, MOMOJHUTENPHO BKJIIOYAOIINN OXJIAKICHHE BBIXOASALIETO MOTOKA
KPEKUPOBAaHHBIX YIJIEBOAOPOJAOB 1O TemIepaTyppl B auamnazoHe oT npumepHo 550°C rno
npumepro 750°C mepex KaTaJUTUUECKHUM KPEKMHIOM BBIXOASILIErO TMOTOKA KPEKHPOBAHHBIX
yTJIEBOAOPOAOB.

6. Cnoco® mo m.1, JOMONHUTENHHO BKJFOYAIOLINK pasfesieHHe BBIXOSAIIEro IMOTOKa
KPEKMPOBAHHBIX YIJIEBOIOPOZAOB Ha OAHY MM Oosnee Qpaxiuii, BbIOPaHHBIX U3 (PpPaKLHH
Bonopona, ¢pakuuu meraHa, ¢ppakuun C2, ¢ppakuuu 3tuiaeHa, Gppakuun stana, ppaxuuu C3,
¢pakuun nponmieHa, ppakuuu nponaxa, Gppakuun C4, ppakunu OyragueHa, Gppakuun OyTeHa,
bpakuuu Oyrana u ¢ppakuuu, conepxkaiein C5+.

7. Crmoco6 mo 1.1, OOMOJHUTENHHO BKJIIOYAKOLIMN CMELIMBaHHE BOISHOIO Tapa,
OUOKCUAA yIiiepoja W/WIM a30Ta C YIJIEBOJOPOACOAEPIKALIMM ChIpbeM C 00pa3oBaHUEM
pa30aBIEHHO CHIPBEBON CMECH.

8. Cmocob mo m.7, B KOTOpOoM pa30aBjieHHAasi ChIPbeBas CMECh HMEET OTHOIIEHUE
BOJISIHOT'O Tapa K yIrJIeBOAOPOAY B AuanaszoHe ot npumepHo 0,05 no 0,2 nmo macce.

9. Cucrema 1yt mostyueHust 01e()UHOB W/WIJIN TUEHOB, COAEP KaLIas:

PEAKIMOHHYIO 30HY ISl TEPMHUYECKOTO KPEKHHra YIJIEBOIOPOICOAEPIKAIIETO ChIPbs C
00pa3oBaHUEM BBIXOISILIEr0 IMOTOKA KPEKHPOBAHHBIX YIJEBONOPOIOB, COAEPIKAIIUX CMECh
oneuHOB U napaduHOB;

PEaKLHOHHYI0O 30HY KaTaJMTHYECKOrO KPEKHWHTa [Uisl KaTaJUTUYeCKOrOo KPeKHHIa
BBIXOZALIETO MOTOKA KPEKUPOBAHHBIX YIJIEBOJOPOIOB ¢ 0Opa30BaHMEM BBIXOISINErO MOTOKA
KaTAJIMTUYECKH KPEKHPOBAHHBIX YTJIEBOJOPOIOB, COAEPIKALIEr0 JOMOJHUTEIbHbIE OJe(pUHbI

W/WIN IUEHBL.
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10. Cucrema mo 1.9, HOMOJHUTEIBHO COAEpIKAINas MONAOILINK TpyOONmpoBOA s
TPAHCIIOPTHPOBKH BBIXOALIETO MOTOKA KPEKUPOBAHHBIX YIJIEBOAOPOAOB B PEAKIHOHHYIO 30HY
KaTaJIMTHYECKOTO KpeKHHra 0e3 pas/ieieHus] Ha KOMITOHEHTHI.

11. Cucrema mo 1.9, OOMOJIHUTENBHO COAEpKaIlas MNONAIOLINN TPyOONpPOBOX IS
CMELINBAHUS YTIEBOAOPOAHOTO ChIPbsl C BBIXOSIIUM ITOTOKOM KPEKHPOBAHHBIX YIJIEBOIOPOIOB
11 YMEHbIIEHHs TEMIIEPATyPbl BBIXOASIIETO MOTOKA KPEKMPOBAHHBIX YIIIEBOJOPOIOB.

12. Cucrema mo m9, B KOTOpOHl peakLMOHHAs 30HAa Uil TEPMUYECKOTO KPEKHUHIa
BKJIIOYAET B ce0s1 peakTop MUPOJIU3a.

13. Cucrema mo m.9, B KOTOpPOHM peakLUMOHHas 30HA KaTaJUTUYECKOTO KpEeKHHTa
BKJIIOYAET B ce0st muT-peakTop.

14. Cucrema mo m.9, B KOTOpPOH peakLMOHHas 30HA KaTaJUTUYECKOTO KPEKHHIa
COIEpPKHUT J1Ba WJM OOJiee HEMOABIIKHBIX CJIOS, MApAIENIbHO paboTaroIMUX B IIAXMATHOM
HIOPSIZIKE.

15. Cucrema mo 1.9, HOMOJHUTEIBHO COAEpIKAINAsS TONAOIINK TpyOONMpOBOA s
CMEIINBAHUS YIJIEBOJOPOIACOAEPIKALIEr0 ChIPbs C OJHUM MJIM Oojiee M3 BOASHOTO Tapa,
JMOKCHJIA YIJIepoJia WK a30Ta.

16. Cniocob monyueHust onepuHOB /WA TUEHOB, BKIIFOYAKOIIHNH B CeOs:

HarpeBaHue YIJIEBOIOPOIHOTO ChIPbsS, COIEPIKAINEro OUH WK Ooliee YriIeBOIOPOIIOB, B
KOHBEKLIMOHHOW 30HE peakTopa Mupoin3a ¢ 00pa3oBaHHEM HArpeTol yriieBOAOPOIHON CMECH,

CMELIMBAHUE HArpeToOd YyrieBOAOPOAHON CMECH C BOASIHBIM IMMapoM C OOpa3oBaHHEM
CMEILIAHHOTO CBIPbsl, UMEIOLIEr0 OTHOLIEHHE BOASHOIO Iapa K YyIJeBOJOPOAY B AMANAa30HE OT
0,04 10 0,2;

HarpeBaHue CMEIIaHHOTO ChIPbsl B KOHBEKIIMOHHON 30HE PeakTopa MUPOJIH3a;

PEAKLMI0 CMEIIAHHOIO ChIPbsl B PAJUAHTHONW 30HE peakTopa MHPOJH3a C KOHBepCcHel
YacTU YIJIEBOAOPOAOB C IOJIyYEHHEM BBIXOZSILIErO MOTOKA KPEKUPOBAHHBIX YIJIEBOIAOPOAOB,
CoZIepIKaLIero CMeCh 0yie()MHOB U TTapaduHOB;

NoJady BCEro BBIXOISINEro MOTOKA KPEKUPOBAHHBIX YIJIEBOJOPOIOB B PEAKIIMOHHYIO
30HY KATAJIUTHYECKOTO KPEKUHra [UIsi KAaTaJIUTHYECKOTO KPEKWHra BBIXOJSINEro IOTOKA
KPEKUPOBAHHBIX  YIJIEBOJOPOIAOB ¢ OOpa30BaHMEM BBIXOJSINErO IOTOKA KaTAJTUTHYECKH
KPEKHUPOBAHHBIX YIJIEBOAOPOIOB, COAEPIKAIIErO AOMOTHUTEIbHBIE OJIe(DUHBI 1/VITH TUCHBI,

paszeneHne BBIXOMIALIErO MOTOKA KATAJIUTHUECKH KPEKHPOBAHHBIX YIJIEBOJOPOIOB IS
MOJTy4eHUsT OHOHN miu Ooniee pakumii, BBIOpaHHBIX U3 (ppakumu Bogopoxaa, ppakuuu MeTaHa,
dpaxkunu C2, ppakuun stunena, Gpakuun 3taHa, ppakuuu C3, ppakiuun nponuineHa, Gppakuum
npomnaHa, ¢ppakuuun C4, ppakumm Oyranuena, ppakumu OyreHa, ¢ppakiuuu OyraHa U Qpakiuy,
conepxateit C5+.

17. Cnocob6 mo m.16, B KOTOPOM peakIMOHHAas 30HA KaTAJIUTUYECKOTO KPEKHWHTa
BKJIFOYAeT B ce0st TuT-peakTop.

18. Crocob mo m.17, momonMHUTENPHO BKIIIOHAKOIUI B ceds momady ¢gpakuuu HaQTH B

TUQT-peaKTop.
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19. Cnocob6 mo m.16, B KOTOPOM peakIMOHHAasi 30Ha KaTAJIUTUYECKOTO KPEKHHIa
COINEp>KUT IBa WM Oojiee HEMOIBIIKHBIX CJIOS, TAapajuleIbHO pPalOTaAOIIUX B MIAXMATHOM
TIOPSIIKE.

20. Cnocob mo 1m.16, DOMOJHHUTENBHO BKJIKOYAKOIINN OXJIaXKIEHNE BBIXOISINErO MOTOKA
KPEKHUPOBAHHBIX YIIIEBOAOPOIOB MyTEM HEMTOCPEICTBEHHOI'O HITH KOCBEHHOTO TEIJIO00OMEHa.

ITo noBepenHocTH
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