201891903 Al

(19) EBpa3unckoe @) 201891903 13 Al
naTeHTHoOe
Be4gOMCTBO
(12) OIIMCAHME U30OBPETEHMUS K EBPASUNCKOMHN 3ASIBKE
(43) Aara ny6nukauum sasiskm (51) Int. Cl. CO01B 3/38 (2006.01)
2019.01.31 C10G 70/04 (2006.01)
C10G 70/02 (2006.01)
(22) [ata nonaum 3aaBku
2017.03.06
(54) CIIOCOb MU YCTPOMCTBO JJIS TIOJIYYEHUS CMEIIAHHOI'O ITOJABAEMOI'O
MMOTOKA JJis1 YCTAHOBKMU JJISI TAPOBOI'O PUOOPMUHTA
(31) 16400005.1 (57) Hacrosiee n300peTeHre OTHOCHTCS K CIIOCO0Y |
(32) 2016.03.16 YCTPONCTBY IS TIOJYUCHHUS CMEIIIAHHOTO TOIaBaeMO-
(33) EP TO TIOTOKA JJISl yCTAHOBKH JJISI TTAPOBOTO PU(BOPMHHTA
(86) PCT/EP2017/025037 W3 TIEPBOTO TMOIABAEMOT0 MTOTOKA, COIEPIKAIIETO Me-
(87) WO 2017/157531 2017.09.21 TaH, ¥ BTOPOTO TMOJABacMOTO TIOTOKA, COAEPIKAIIETO
(71) 3assurens: BBICIIIME YTIICBOIOPOIbI, ONeHUHBI M quoiaeuHsl. B
J'9P JIUKBUJ]I COCBETE AHOHUM COOTBETCTBUH C HACTOAIINM H300peTeHHEM HEo0Xo-
ITYP JI'ITIOA U JEKCIIJIOTACHOH IUMOE THAPUPOBAHNE MOHO- U TUONIC(HUHOB U THIIPO-
JE IMMPOCHUJ KOPK KJIO/J (FR) necynb(hypH3aHi0 OPraHUnIeCKUX COSTUHCHUH CepHI,
(72) Wsobperatens: COMIEPIKAIIUXCS B ITOIABAEMOM ITOTOKE, TIPOBOJIAT CTY-
Orr Hépr, Jemann Maus, Hugunr TIEHYATO TP TEXHOJIOTHIECKUX TTapaMeTpax, OTHMH-
CeBactsn, 3nraiit Kpucruan (DE) 3MPOBAHHBIX JJIsI KaKI0TO ciy4das. Kpome Toro, Tem-
meparypa Ha BXOJIE B COOTBETCTBYIOUIYIO PEaKI[MOH-
(74) nNpeacrasutens: HYIO 30HY PEeTYIHPYeTCS TAKHM 00pa3oM, 9TO IIPEIoT-

Beceannknii M.B., Becenunkasa U.A.,
KysenkoBa H.B., Kakcuc P.A., Besioycos
10.B., Kyaukos A.B., Ky3uenosa E.B.,
Kysnenosa T.B., Coxosos P.A. (RU)

BpAIaeTCs HEPETPEB CHIPhsI, KOTOPBI OBl B ITPOTHB-
HOM CIIyJae IPUBOAMI K HEXXEJIATEIbHBIM OTIO0KCHHU-
SIM Harapa, 3aKylOpHUBaHUIO U YyCKOPEHHOW JeaKTHBa-
IIUH TIPUMEHSIEMBIX KaTaJIH3aTOpPOB.

Y

IV  €0616810¢



10

15

20

25

30

2015P00383 1

Cnoco6 n ycTponCcTBO ANsl NOsflyYeHUsi CMELaHHOro NoaaBaemMoro NoToka ans

YCTaHOBKU AJ1si NapoBOro pucpopMuHra

O6nacTb TeXHUKU, K KOTOPOW OTHOCUTCA U30bpeTeHune

HacTtoswee wm3obpeteHne OTHOCMTCA K  CMocoBy MOnyyYeHust  CMEeLLaHHOro
nogaBaemMoro noToka Ans yCTaHOBKWU ANS NapoBOro pudOpMUHra, KOTopasi COAEPXKUT
NO MeHbLUEN Mepe OAHY CTyneHb pudopmMuHra. CMellaHHbIM nogaBaemMbi MOTOK
npeaycMarpmBaeT NePBbIN NMOAaBaEMbIN MOTOK, COAEPXKALMW MeTaH, U BTOPOW
nogaBaeMblvi MOTOK, COAEPXaLLMM BbICLUNE YINEBOAOPOAbI, ONedUHbI U AnoneduHbl,
npyu STOM TMEpBbIN  W/MNKM  BTOPOM MOAaBaeMbie TMOTOKM TaKkke copepxar
opraHuyeckme coefmHeHnsa cepbl. B kauyectBe nepBoro nogaBaeMoro NoToka MOXHO
NPUMEHATbL NPUPOAHBIN ra3, a B ka4eCTBe BTOPOro NogaBaemMoro nNoToka, Hanpumep,
oTpaboTaHHbIM a3, nonyyYeHHbIn npu nepepabotke HedpTn. BTOpon nogaBaembiv

MOTOK TaKKe MOXET COAEPKaTb METaH, BOAOPOA, a TakkKe MeTanmbl U XNopuabl.

Kpome TOro, Hacrosllee MW30OpPETEHME TakKe OTHOCUTCA K YCTPOWUCTBY [AnS

OCYLLIECTBMEHNsI Takoro criocoba.

YpoBeHb TEXHUKU

Yrnesogopoabl C NMOMOLLBIO Mapa MOCPEACTBOM Karanmsa MOXHO npeBpawaTtb B
CUMHTEe3-ras, T.e. B cmecu Bogopopa (Hz) m moHookempa yrnepoga (CO). Kak
obbacHaeTca B Ullmann’s Encyclopedia of Industrial Chemistry, Sixth Edition, 1998,
3NEKTPOHHOE wu3gaHue, knodeBoe crnoeo 'lMonyyeHne rasa", [gaHHbIA  Tak
HasblBaEMbI NapoBOM PUPOPMUHT npeacrtaenser cobon Hambonee 4acTto
NPUMEHSIEMBIN  CNOCOD MONyYeHNs CUHTE3-ra3a, KOTOPbIA BMOCNEACTBMM MOXHO
npeBpaLlatb B Bonee LeHHbIE OCHOBHbIE XMMUYECKME BELLLECTBA, TAKMUE KaK METAHON

nnn ammMmmack.

Maposon pnOPMUHI NPUPOAHOrO rasa NPOXOAUT C CUbHBIM MOrMOLEHVEM Tenna.
Takum oBpasom, ero NpoBoAAT B Ne4Yn Ans pudOpMUHra, B KOTOPOM napannensHo
pPacnonOXeHbl MHOrOYMCNEHHbIE TPyObl ycTponcTBa pudopMuHra, cogepxaiyme
KaTanns3atop, B KOTOPbIX MPOUCXOAUT peakums napoBoro pudopmuHra. TpyObl
yctpouctea pudopmuHra B OOnbLIMHCTBE CrydaeB 0BoOrpeBatoTCss C MOMOLLBHO

rOpenoK, yCTaHOBMEHHbIX HA BEPXHEW CTOPOHE, UMM Ha HWKHEW CTOPOHEe, UM Ha
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BOOKOBbIX CTEHKax BO BHYTPEHHEM MPOCTPaAHCTBE NeyYn Ansa pudopMuHra U
HenocpeacTBEHHO oborpeBaromMx MNPOCTPaHCTBO Mexay Tpybamu ycTponctea

prUdPOpPMUHra.

Mocne npeaBapuUTENbHOrO HarpeBaHWsi C  MOMOLBID  TEMIOOOMEHHUKOB WK
HarpeBaTtenen ¢ oborpeBOM CMEChb YrNeBOAOPOAOB M napa nocTynaet B TPyObl
yCTpoMCTBa pPUPOPMUHra MOCNEe KOHEYHOrOo HarpeBaHUs W Tam, C MOMOLLBH
kaTanusaropa Ans pudOpMUHra, npeBpawjaeTcsa C MNoflyYeHMeM MOHOOKCHaa
yrnepoga u Bogopogja. CocrtaB rasoobpasHoro npoaykta —onpeaenseTcd
paBHOBECMEM peakumn; Takum obpasoM, MNOMMMO MOHOOKCMAa yrrepoga W
BOAOpoAa, rasoobpasHbii MNPOAYKT TakkKe COAEPXUT  AWMOKCWUL — yrnepoaa,

HenpeBpaLleHHbIM MeTaH 1 nap.

Ans ontumusayum sHeprum n/vnum B Criydae CbipbS C BbICLUMMW YrNeBOLOPOAaMM
MOXHO MPUMEHATbL TaK Ha3blBaemoe MNpeaBapuUTEnbHOE YCTPOUCTBO pUdOpMUHra
nocne npeaBapuUTENbHOrO HarpeBaTensa Ans NpeaBapUTENbHOMO KPEKUHra ChIpbS.
3arteM cbipbe, NpeaBapUTENbHO MOABEPrHYTOE KPEKMHry, B AOMOSTHUTENbHOM
HarpeBaTene HarpesarT A0 HeobxoauMMOoM TemnepaTtypbl Ha BXOAe B rfaBHOE
YCTPOMUCTBO  puUOpMMHra, Hanpumep, YCTPOMCTBO MNapOBOro  pUGOPMUHra.
TpagUuMoHHbIN NpeaBapuUTENbHbIN PUDPOPMUHT MOXHO OMpPeaennTb Kak cnocob
NapoBOro pudOPMUHra MNpu OrpaHUYEHHbIX TemnepaTypax (3HauuTenbHO HWXe
700°C). OH obecneumBaeT rasoobpasHbii NPOMEXYTOYHBIA MPOAYKT, OCHOBHbIMMU
COCTaBNALWMMM KOTOPOro ABNSAOTCH MeTaH M nap. [NpomMexyTouHbIA NPOAYKT He
COAEPXUT BbICLUMX YrNEBOLOPOAOB WM COLEPXKUT WX §NuWwb B HebonbLimx
konuyectBax. OOBIMHO AaHHbLIM  MPOMEXYTOYHbIM  MPOAYKT  AOMOMHUTENBHO
obpabaTbiBaloT B YCTPOMUCTBE MapOBOro PUPOPMUHIa, Ha3biIBAEMOM TMaBHbLIM

YCTPOMUCTBOM P OpMUHra.

Kak obbsacHaeTtca B Ullmann’s Encyclopedia of Industrial Chemistry, loc. cit., B
napoBoM pUMPOPMUHre OBBIMHO MPUMEHSIKOT KaTanu3aTopbl HA OCHOBE HMKensa. OHu
ABNANOTCA YYBCTBUTENMbHBIMU K KaTtanusaTtopHbIM S4aM, TakMM Kak cepa, MbIWbSK,
MeAb, BaHaguW, CBMHEL, W XMOop wWnu ranoreHbl B uenom. B vactHocTw, cepa
3HAUUTENBbHO CHWKaET aKTMBHOCTb KaTanu3atopa W MOXET MpUCyTCTBOBaTb

npakTn4eCkn BO BCEM CbIpbe, NOAXoAdALLlEM B Ka4eCTBe NCXOAHOro mMmartepuana ans
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napoBoro pudgopmuHra. bonee paHHue cmuctembl gecynbdypusaumm pabotann Ha
OCHOBE MPOMUTaHHOrO akTMBMPOBAHHOIO YrNa B KayectBe agcopbeHta v npwu
TEMNepaType OKpyXawwen cpeabl. Tem He MeHee, 3(PdEKTUBHOCTb [aHHOro
cnocoba agcopbumm BapbMpyeTCS B 3aBUCMMOCTU OT KOHKPETHbLIX COEANHEHUI CEPbI
B nogaBaeMOM MOTOKe rasa. BcrnepgctBue 3sTtoro B HacToswee BpeMms
NPEeANOYTUTENBHBIMU ABNAOTCA CUCTEMbI AECyNbdypusaumn, B KOTOPbIX yaaneHue
COeAMHEHUW Cepbl OCYLLIECTBNAKOT 3@ CYET OKCUAAa UMHKa B KadecTBe copbeHTa npu
3HavYeHMax Temnepartypbl, coctasnsawowmx ot 350 go 400°C. [aHHble cuUCTEMbI
Aecynbdypusaymm, OCHOBaHHblIE Ha WCMOMb30BaHWM OKCuAa UMHKE, SABMNSHOTCA
OCODEHHO HagexHbiMM B  OTHOWeHun abcopbumm cepoBogopoga W, C
OrpaHN4YeHNAMU, COeaMHEHNN Cepbl, TaknX Kak kapboHuncyneduna n mepkantaHbsl. C
APYron CTOPOHbI, ANA yAaneHUa LMKIUYECKMX OpraHUYecKnx COeauHEeHWW cepbl,
Takmx Kak, Hanpumep, TuodeHbl, 0bbl4HO TpebyeTcs rmapupoBaHMe Ha kobanbT-
MONMBAEHOBLIX UMW HUKENb-MONUMOAEHOBLIX Katanu3atopax B NPUCYTCTBUM
BOAOPOAA MM BOAOPOACOAEPXKALLEro rasa npu 3HadeHuax Temnepatypbl, 0ObI4HO
coctaensatowmx ot 350 go 380°C. Takke npmBeaeHa CCbinka Ha Aecynbypusaumto
C rmgpvpoBanHmem unun rngpogecynsdypmsaumio (HDS). Lnknuueckmne coegmHeHus
cepbl TMAPUPYHOT C NONYYEHMEM CEPOBOAOPOAA, KOTOPLIM 3aTeM CBA3bIBAKOT HUDKE MO
MOTOKY Ha HEMOABWKHOM CIoe oKkcuaa UMHKa. B TO e Bpems, Takoe rugpupoBaHmne
MOXHO MPUMEHATb ANS MTMAPUPOBAHNA HEHACbILLEHHbIX YrNeBOLOPOAOB, HaNpUMep,
oneduHoOB nnn auonedunHoOB, B nogaBsaemMom rase. [MoCcKonbKy AnanasoH 3Ha4YeHUM
Temnepartypbl ANA AaHHOrO rmapupoBaHuss OBObIMHO  orpaHmyeH  250-400°C,
COAEPXKaHME HEHaCbIWEHHbIX COeAVWHEHUWA B MOAaBaemMOM rase [OMMKHO ObITb

orpaHmn4yeHo, NoCKOonbKy X rngpupoBaHmne npoxognTt ¢ CUIbHbIM BblAENEHNEM Tenna.

B cnyyae naposoro pudopMuHra npuMeHeHne MeTaHCoAepXKallero npupoLHOro
rasa B KauecCTBe Cblpbsl UMM TaK Ha3bIBAEMOro MCXOAHOro0 marepuana siBnsieTcs
npeobnagarolmnm; HO, B 3aBUCUMOCTM OT MECTHOW AOCTYMHOCTU, TaKKe MPUMEHSIHOT
Apyrne yrneeoaoponbl, TakMe Kak NUIPOUH, CKWKEHHbBIN ra3 UNnn rasbl, Nony4YeHHbIe
npy nepepabotke HedpTn. Hanpumep, B onmcaHum nateHta CLUA US 3477832
N3noXxeH cnoco® nonyyYeHNs CuHTe3-rasa nyTemM KaTanuTUYeCcKoro MapoBOro
pudopMmnHra nurponHa m nogobHblx yrnesogopoaos. [logpasymesaeTtcs, 4TO B
KOHTEKCTE AaHHOW 3a8BKM NUTPOUH NPEeACcTaBnsaeT cobon yrneBogopoabl CO CPEAHUM

YrnepoaHbIM YACIIOM, COCTaBMSIOLLMM CEMb, KOTOpble MpefycMaTpuBatoT NpsiMbie U
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pasBeTBlIEHHbIE YrNEeBOAOPOAbl, OMNPeAeneHHOEe KOMMYECTBO apoOMaTUYECKUX W
oneduUHOBLIX YrNeBoAOPOAOB U pasnuyHble NMPUMECK, HanpuUMep, KOMMOHEHTbI Ha
OCHOBe cepbl. [ns nepeHoca AaHHOM XWAKOW CMECUM BELLUECTB MNpU YCrOBUAX
OKpyXatoLlen cpeabl B MNojaBaeMbld MNOTOK AN NapoBOro pudopMuHra ee
BbINapuBaroT M HarpesaroT, Npu STOM B MaeanbHOM cryvae TemnepaTtypa AOfmKHa
HaxoauTbCA B gmanasoHe ot 260 go 316°C, HO HM B KOEM Cryyae He [OSmKHa
npesblwaTtb 343°C, nockonbKy Torga Obl MPOMCXOAUNO PasfnoXeHWe KOMMOHEHTOB,
cogepxawmxca B WUCXO4HOM maTepuane, C obpasoBaHMeM HexenaTenbHbIX
OTNOXEHNWN CaXM B YCTaHOBKE ANA MapoBOro pudopMuMHra U B KOMMOHEHTax

YCTAaHOBKUM BbliLLI€ MO NOTOKY.

B wmexpgyHapogHon 3asske Ha nateHT WO 2011/016981 A2 packpbIT cnocob
Nony4YeHNs CMELLaHHOro noA4aBaemMoro noTtoka [ANA YCTaHOBKM ANS MapoBOro
PUGOPMUHra, B KOTOPOM rasbl, NofyyYeHHble npu nepepaboTtke HedTH, Hanpumep,
oTpaboTaHHbIN ras, nonyyeHHsIn Npy FCC, nnn otpaboTanHbIn ras, nonyyYeHHbIA Npu
KOKCOBaHWK, BbICTYNAarKT B KAYECTBE OCHOBbI, K ra3am KOTOPOW NPUMELLMBAOT MOTOK
npupogHoro rasa. [lomumo onedumHoB, obBa BuAa rasoB, MOMYYEHHbIX MPK
nepepabotke HedTU, Takke coaepxar auoneduHbl, Takme kak 1,3-bytaguneH.
Cuutaetcs, 4TO copepxaHue OneuHOB W COAEpPXaHMe B TakuMx MOToKax
OpraHn4ecKkmx COeaANHEHUM cepbl obycnaenueaeT HeobXxoaMMOCTb
npeaBaputensHon o06paboTkm Ans  NpeaoTBpalleHust  OTMOXKEHMS Caxu Ha
KaTtanusatope Ans pudOpMUHra UnM OTPaBMEHUS KaTanu3aTtopa COeANHEHUSMU
Cepbl, 4YTO B MPOTUBHOM Cly4ae MOXET MpPUBOAUTbL K JeakTMBauMM Takoro

Katanmsaropa.

Takke B onucaHum nareHta US 7037485 B1 nanoxeHo obpasoBaHne CMeLlaHHOro
MCXOQHOrO Martepwana pAans napoBoro  pudopMUHra, COAEPXKaLlero MnoToK
NPMPOAHOrO rasa W MOTOK rasa, MOony4YeHHOro npu nepepaboTtke HedpTW. [lBa
nofaBaembIx MOTOKa M3HA4YanbHO OOBLEAMHAIOT M CMELUMBAIOT U 3aTEM HarpeBaroT
nyTEM OMNOCPEAOBaHHOrO TENNOOOMEHA C ropsAYMM NMOTOKOM MPOAYKTa U3 YCTaHOBKM
ana koHsBepcun CO HwKe MO MNOTOKY OTHOCUTENBHO YCTaHOBKM ANS MNapOBOro
pudopMuHra. 3atem HarpeTblii CMELLaHHbIA MOTOK obpabarbiBaloT B peakTope,
KOTOPbIA COAEPXKUT KaTanmaarop, KOTOPbIN NPOSBNAET aKTUBHOCTb B OTHOLLEHUM Kak

rMAapPUPOBaHMS onedUHOB U COEAMHEHMI CEpPbI, TaK M YaCcTUYHOro aBTOTEPMAasibHOro
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pudpopmmHra (ATR). B peaktop BBOAAT Mnap, KOTOPbIA MPUMEHSAIOT B KayecTse
perynatopa Temnepartypbl, 1 Heoba3aTEeNbHO KUCNOPOoA, Koraa peakTop NOANEXUT
aKcnnyatauum B pexmme dactudHoro ATR, B KOTOPOM yXe OCyLleCTBreH
npeaBapuTeEnbHbIA - PUPOPMUHT  BbICLUMX  YINIEBOAOPOAOB A0 MeTaHa W
COCTaBnNAWMNX CUHTE3-rasa. HegocTtaTtkoMm e saBnAeTca Nornctuka, Heobxogmmas
ans obecneveHns napa n kucnopoga. MsbeitouHoe fobaBneHre napa Takke MOXeT
CUMBbHO CHU3UTb TEMNepaTypy B peakTope W, TakuMm obpasoM, HeraTuBHO BNUATL Ha
npeaBapuTenbHbIi pudopMUHr. Kpome Toro, Takke yxyAllaeTcsa OTAEeNeHue cepsbl

HWXe Mo NOTOKY.

B US 7037485 B1 pononHUTenbHO oOnNucaHbl fABa BapuaHta OCyLEeCTBMEeHUA
cnocoba, B KOTOPOM MOTOK MPUPOAHOrO rasa WM MOTOK rasa, MolyYeHHOro npu
nepepabotke HedTW, NpeaBapuTenbHO 0OpabaTtbiBaroT MOMHOCTLIO pasgenbHO Y
o6begmHAT NUWb nepes BeeaeHnem B Bnok naposoro pudopmuHra. To, 4To BCe
yCTpoucTBa npeaBapuTENbHON obpaboTku AOIDKHbI, COOTBETCTBEHHO,

NPUCYyTCTBOBAaTbL B ABOVNHOM Konn4yecTtee, ABNAETCA O0nNbLUMM HEQOCTATKOM.

OnucaHue nsobpereHus

Taknm 06pasom, Lenb HaAcToAWEro N3obpeTeHNs 3akno4aeTcsa B ykaszaHum cnocoba
N YCTPOMUCTBA AN NONyYEeHUs CMELLaHHOro NoOAaBaeMoro noToka Ans yCTaHOBKN 4SS
NapoBOro puOpMMHra, NULLEHHBIX OMUCaHHBLIX HEAOCTAaTKOB MPEALUECTBYOLLErO

YPOBHS TEXHUKM.

HaHHas yenb gocturaeTcs ¢ NOMOLLbHO cnocoba € npusHakamm B COOTBETCTBUM C
NyHKTOM 1 popMyrnbl M300pPETEHNS M C MOMOLLBI YCTPOMCTBA C MNpU3HaKaMm B
COOTBETCTBUN C NyHKTOM 10 cpopmynbl n3obpeteHns. [JOnOnHUTENbHbIE acneKTbl
HacToALLEro n3obpeTeHns npeacTaBneHbl B COOTBETCTBYHOLMX 3aBUCUMbIX MyHKTax

hopMynbl n30BpeTEHNS.

Cnoco® no HacToaLeMy M300PETEHUID

Cnocob nonyyeHnsa cMellaHHOro NogaBaeMoro NoToKa ANs YCTaHOBKU ANA NapOBOro
PUGOPMUHTa, COAEPKALLEN MO MEHBLLEN MEpPEe OAHY CTyNeHb pUPOpPMUHra, Npudem
NOTOK npegycMaTpuBaeT MEPBbIM NOAABaEMbIM MOTOK, COAepXaluMh METaH, WU

BTOPOM NOAaBaeMbIA MOTOK, COAEPXKALUMW BbICLUME YrNEBOAOPOAbI, ONneduHbl W
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avoneduHel, rae nepsbii U/MNM BTOPOW MoJaBaeMble MOTOKM TakkKe coaepxar
coeaMHEHNs cepbl, U rae cnocob npegycmMarpuBaeT Criegyowme CTagum:

(a) obecneveHre NepBOro No4aBaeMoro noToka 1 BTOPOro nogaBaemoro noToka,

(b) HarpeBaHMe nepBOro nMogaBaeMoro nmMoToKka B MNEepPBOM HarpeBaTesflbHOM
YCTPOWUCTBE,

(c) obbeanHeHne M cMelmBaHMe NO MEHbLUEW Mepe 4acTu NepBOro nogaBaemoro
NnoTOKa CO BTOPbIM NMojaBaeMbiM NOTOKOM, BBELEHWE LaHHOW CMECU B NMepBYH 30HY
rmapupoBaHus, obecnevyeHne MnO MEHbLUEW Mepe 4YacTUYHOro npeBpaleHus
AnoneduHOB B MEPBON 30HE TMAPUPOBAHUSA MPU YCMOBUSX ANS MMAPUPOBaHUA
AnoneduHOB, BbIrpy3ka MOTOKa MPOAYKTa, MOMYYEHHOr0 Mpu  rMapupoBaHUm
AnonedunHOB, N3 NepBOU 30HbI TMAPUPOBaHUS,

(d) BBEAEHME NOTOKA NPOAYKTA, MOSYyYEeHHOro Npu rmapupoBaHnn AnoneduHoB, BO
BTOPYHO 30HY ruapupoBaHus, obecrnedeHne no MeHbLIe Mepe YacTUYHOro
npeBpaweHns oneduHOB BO BTOPOW 30HE TUMAPUPOBaHUA MNpU YCnoBUSX ANS
rmapupoBaHMsa  oneguHOB, BbIrpy3ka MOTOKa NPOAYKTa, MOMyYEeHHOro npwu
rmapupoBaHMmM oneduHOB, N3 BTOPOW 30HbI M4 pUPOBaHnS,

() BBEAEHME NOTOKa MPOAYKTa, MOSYyYEHHOro NpW rMApPUPOBaHMM ONeduHOB, B
TPETLIO 30HY rMAPUPOBaHMS, obecnedYeHme no MEHbLIEN Mepe YaCTUYHOro
npeBpaLleHnsa COEANHEHNIA Cepbl B TPETLEN 30HE TMAPUPOBAHNA NMPU YCINOBUSX 4NN
rmapogecynbypmsadum  (HDS) B gecynbdypusoBaHHbIE  YrNeBOAOPOAbl W
CEpOBOAOPOSA, Bbirpy3ka NoToka npoaykTa, nonyvyeHHoro npn HDS, 13 TpeTtben 30HbI
rmapupoBaHuns,

(f) BBeaeHne notoka npoaykTa, nony4vyeHHoro npu HDS, B N0 MeHbLUEN Mepe OfHY
30HY apcopbumn, 3anofHEHHY afcopbeHTOM, CENEKTVMBHbIM B OTHOLUEHUMU
cepoBoAoOpoAa, MO MEHbLUEN MEpEe 4YacTUYHOE OTAENEeHWe cepoBogopoda MyTem
apcopbumn Ha agcopbeHTe, BbIrpy3ka NoOToKa NPOAYKTa, NONy4YeHHOro B agcopbepe,
oBeaHEHHOro No cepoBoOAOPOAY, U3 30HbI agcopdbumn,

(g) BBegeHWe nMoToKa MpoAyKTa, nonyyYyeHHoro B agcopbepe, B BUAE CMELLAHHOIO

NoAaBaeMoro noToka Ha No MeHbLLEN Mepe OfHY CTyrneHb pUdOpMUHra.

YCTPOUCTBO N0 HAcTodLLemMy u3aodbpeTeHunto

YCTpOWCTBO ANS NOMyYeHUs CMELLaHHOro NogaBaemoro nNoToka Ans YCTaHOBKU ANd
napoBoro pudOpMUHra, coaepxawenm no MeHbLWEWn Mepe ofHy CTyneHb

pUdOPMUHra, Mpu4eM MOTOK nNpefycmaTpuBaeT MepBbid MoJaBaeMbld  MOTOK,
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cogepxawumm MeTaH, M BTOPOM NOAaBaeMbli MNOTOK, COAEPXALUMW BbICLLUME
yrneBoaopoabl, oneduHsl N AnoneduHel, rae nepsbii U/KnM BTOPOM NOAaBaEMbIe
MOTOKM Takke coAepxaT COeAVHEHWs Ccepbl, W rAe YCTPOWUCTBO COAEPXUT
cnepyroLwme KOMMOHEHTLI, KOTOPbIE MexXay cobon coobLLEHbI MO TEKYYEN Cpese:

(a) cpeactBo ang obecnevyeHuss MepBOro nojaBaemMoro noTtoka WM BTOPOro
nogaBaemoro noToka,

(b) mepBoe HarpeBaTenbHOE YCTPOWMCTBO AN HarpeBaHWs NEpPBOro nojaBaemoro
NoTOKa,

(c) cpeacTBO Ang 0ObEeAMHEHUS U CMELLUMBaHUA MO MEHbLUEN Mepe 4acTu NepBoro
nogaBaemMoro noTtoka CO BTOPbIM MOAaBaeMblM  MOTOKOM, MEpPBYHD  30HY
rmapupoBaHus, CpeacTtBO ANA  BBEAEHWS [aHHOW CMecu B MEepBYH0  30HY
rMapUpoBaHWs, CPeAcTBO [ANS BbIrPy3KM MOTOKa MPOAYKTa, MOMyYEeHHOro npu
rMApUPOBaHUM ANONedmHOB, 13 NEPBON 30HbI MMAPUPOBaHUS,

(d) BTOpPYHO 30HY TMAPUPOBaHUS, CPEACTBO ANA BBEAEHUA MNOTOKA MPOAYKTA,
NOMNy4YeHHOro npu rMapupoBaHUM ANONedUHOB, BO BTOPYH 30HY TMAPUPOBaHWUS,
CPEeACTBO [ANS BbIFPY3KM MOTOKA NPOAYKTa, MOMYYEHHOrO MpU  FMAPUPOBaHUM
oneduHOB, 13 BTOPOWN 30HbI MTMAPUPOBaHMS,

(e) TpeTbto 30HY rngpuposaHua (HDS), cpeactso ans BBeAeHWA NOTOKa NPOAYKTA,
NOMyYEHHOro MNpU rMAPUPOBaHUM ONEegUHOB, B TPETbID 30HY TMAPUPOBaHUS,
CPEACTBO ANS BbIrPY3KM NOTOKA NpoaykTa, nonyydeHHoro npy HDS, 13 TpeTben 30HbI
rmapupoBaHuns,

(f) 3oHy apcopbuuu, 3anonHEeHHy aacopOEeHTOM, CENneKTUMBHbIM B OTHOLUEHWW
CcepoBOAOPOAa, CPEACTBO ANS BBEAEHMS NOTOKA NPOoAYyKTa, nonyveHHoro npu HDS, B
MO MeHbLUEW Mepe OfHY 30HY aacopbuun, CPeacTBO AN BbIrPY3KM NOTOKA NPOAYKTA,
nony4YeHHoro B agcopbepe, obegHEHHOrO NO CEPOBOAOPOAY, N3 30HbI agcopbumm,

(g) N0 MEHbLUEN MEPE OAHY CTyrneHb PUPOPMUHIra, CPEACTBO AN BBEAEHUS MOTOKA
NPOAYKTa, Nony4YeHHoro B agcopbepe, B BUAE CMELLAHHOro NogaBaemMoro noToka Ha

MO MEeHbLLEN Mepe OfHY CTyneHb pUdOpPMUHra.

MoppasymeBaeTcs, YTO COOBLUEHME MO TEKYYen Cpeae MEeXAy ABYMs ydacTkamu
yCTPOUCTBa MO HacTtosuwemy u3obpeTeHno npeacraesnsetr cobou nwbon Bug
COEANHEHNS, KOTOpbIM obecneunmBaeT NpPOTEKAHUE TEKYYEWM Cpenbl, Hanpumep,
NOTOKa rasa, U3 O4HOro B ApPYror 13 AaHHbIX ABYX Y4aCTKOB, HE3ABMCMMO OT KaKux-

nmbo y4qacTKoOB UM KOMIMOHEHTOB MexXAy HUMMW.
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MogpasymeBaeTcs, 4TO BbICLUME YIrNEBOAOPOAbI B  KOHTEKCTE HaCTOSILLEro
n3obpeteHns npeacraBnaloT cobour BCe yrnerogopoabl ¢ bonee yem 0gHMM aToMOM

C B cocTtaBe MOnekynebl.

Ycnosusi kKOHBEPCUKN, HEOBXoAUMbIE ANS KOHBEPCUMW AMONEPUHOB B MEPBON 30HE
rMApPUPOBaHUS, ANS KOHBEPCUW ONedUHOB BO BTOPOM 30HE FMAPWPOBaHUS W ANS
KOHBEPCUM COEAMHEHUA Cepbl B TPETbEeM 30HE T[MAPUPOBaHUS, W3BECTHbI
cneumanncTty B AaHHOM obnacty TEXHVKU U3 MPEALIECTBYIOLEro YPOBHS TEXHWUKM,
HanpMMep, 13 AOKYMEHTOB, OMMCaHHbIX Bbiwe. Heobxoaumblie agantaumm AaHHbIX
YCINOBUA K COOTBETCTBYIOLUMM TEXHUYECKUM TpeboBaHuam OyayT cpenaHbl Ha

OCHOBE OObIYHbIX SKCNepnMEeHTOB.

B cooTBeTCTBMM C HACTOALWMM M30BpEeTEHMEM HEODXOAMMOE TMAPUPOBaHNE MOHO- W
AVONedrHOB W rMapoaecynbdypusaumio  OpraHMYeckux COEAUHEHWUA  Cepbl,
COZlEPXKALLMXCS B NOJABAEMOM MOTOKE, NMPOBOAST CTYNEHYATO NMPU TEXHOMOrMYECKNX
napameTpax, onTUMU3MPOBAaHHbIX ANS Kaxkgoro criydas. Kpome Toro, Temneparypa
Ha BXOAE B COOTBETCTBYHOLLYH PEaKLMOHHYI 30HY PEerynmpyeTcs Takum obpasom,
YTO WCKITHOYAETCA NEPErpeB Cblpbs, KOTOPbIA Obl B MPOTUBHOM CriyYae npuBOAMN K
HeXenartenbHbIM OTNOXEHUAM Harapa, 3aKynopuBaHMUIO N YCKOPEHHOW AeaKTuBaLMn
NPUMEHSIEMbIX KaTann3aTopos.

MockonbKy CyLLECTBYHOT KaTanm3aTopbl, KOTOpble obecrneuynBaroT rmapupoBaHue
oNneunHOB 1 rMAPOAECYNbMYPU3ALNIO OPraHNYECKUX COELUHEHUI Cepbl MPU Taknx
Xe WM nofoOHbIX TEXHOMOrMYeckux napamMeTpax, noapasyMeBaeTcs, 4YTo B
COOTBETCTBUM C HaCTOALLUMM U30DOpeTeHMeM B Crnydae MpPUMEHEHUS TaKux

KaTanM3aTopoB BTOPasi U TPETbS 30HbI MAPUPOBaAHNS COBMELLIEHDI.

BTopon nopaBaembii MOTOK TakkKe MOXET COAepXaTb METaH, BOAOPOL, a Takke
MeTanmnbl U XNOpuabl. JTO 4YacTO SBMSETCS BEPHbIM, €CNN B KayeCTBE BTOPOro
nogaBaemMoro NoToka NPUMEHSIHOT OTpaboTaHHbIW ras, NnofyYeHHbIN Npyu nepepaboTke

HedTW.

Mpn ocywecTBneHnn crnocoba B COOTBETCTBUM C HaCTOSLMM U300peTeHveM K

OfiHOMY uWnM oboum nojaBaemMbIM MOTOKaMm [00aBnA0T BOAOPOA, €CNU TONBKO
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LA0CTaTo4HOE KONMMYECTBO BOAOPOAA YXKE HE MPUCYTCTBYET B O4HOM M3 NojaBaeMbiX
notokoB. C 3TOW Lenbo NPOBOAAT U3MEPEHNE COAEPXKaHWUS Bogopoaa nytem otbopa
npo® M aHanusa nojaBaemblXx MOTOKOB, BO3MOXHO, B pearlbHOM BPEMEHU; Mpw
HeobxoaANMOCTK NOTPEBHOCTL B BOAOPOAE B COOTBETCTBUM CO CTEXMOMETPUEN ANS
CTagun rmapupoBaHns yAOBNETBOPAETCA 3a CHET PELMPKYNALNN PELIMPKYMPYEMOTO
noTOKa BOAOPOAA M3 MOTOKa MNPOAYKTa Ha OCHOBE BOAOPOAA, MOSyYEHHOrO B
yCTaHOBKE [ANA MapoBoro pudgopmuHra. Takum obOpasom, B YCTPOWUCTBE MO
HacTosAWeMy M300peTeHNIO AOMKHbI ObITb NPEefyCMOTPEHbl COOTBETCTBYHOLLME
N3MEpPUTENBbHbIE TOYKM UMM TOYKM OTOOpa Npob, a Takke obpaTtHbiM TpybonpoBosa
ANS  peuupkynagum  Bogopoda W3  NPOAYKTa, MOMyYEHHOro Mpu  MapoBOM

pPUAPOPMUHTE.

MpepnoututenbHble acnekTbl N306peTeHUs

B npeanouytutensHom acnekte crnocoba noO  HacToswemy  n3obpeTeHuto
obbegMHEeHNE U CMEeLUMBaHWe Mo MEHbLUeM Mepe 4acTu MepBOoro nojaBaemMoro
noTOKa CO BTOPbIM NogaBaeMbiM NOTOKOM MPOBOAAT TakMMm 06pasoMm, YTO Ha BXOAeE B
NnepByt0  30HY  TMAPUPOBaAHUSA  CMECb  XapakTepusyeTcsi  TemnepaTtypown,
coctapnsowen meHee 300°C, npegnodtutenbHo MeHee 250°C, Hamnbonee
npeanoytutensHo meHee 230°C. B Takom cnyvae 6esonacHo obecneymBaeTcs
npeaoTBpaLleHmne HexenaTenbHbIX peakUmii KpeKMHra n nonnmepmsanmm oneguHoB,
coaepxXalimMxcsa B CMeCWU, B 4aCTHOCTW, AuoneduHoB. B aTux HexenaTenbHbIX
peakumax obpasyeTca Harap, KOTOpbIA OcCaxaaeTcs BHyTPM TpyObonpoBOAOB WU
YCTPOUCTB N BNOKUPYET MX MEXaHU4eckum obpasom, Takum obpasom, Bo3pacTaeT
noTeps AaBneHUs U HapyluaeTcsa 3dEKTMBHOCTb TENNOOOMeEHa Tenn00bMEHHNKOB.
OcaxpeHne Harapa Ha NpUMEHseMble HEMOABWKHbIE CIOW KatanusaTopa Unn B HUX
NPUBOAUT K UX AeakTuBaumn. [ns yaaneHns OTNOXEHUA Harapa Hy»XXHO MpeKkpaTuTb
paboTy yCTaHOBKM A5 MAPOBOro pUdOPMUHIa, YTO NMPUBOAUT K Mepuogam nNpocTos v

npon3BoACTBEHHbBIM MOTEPAM.

[JononHUTENBHLIM - NPEANOYTUTENBHBIM  acnekT cnocoba no  HacTosweMmy
N300PETEHMIO XapaKTEPUIYETCA TEM, YTO:

- MOCNE HarpeBaHns B NEPBOM HarpeBaTeNbHOM YCTPOWCTBE MEPBLIN NOAaBaEMbIN
NOTOK Pa3fensaroT Ha MEPBbIA YaCTUYHbLIA MOTOK ANA TUAPUPOBAHUA U BTOPOW

YaCTUYHBIN MOTOK ANS rmapumnpoBaHng,
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- MNepBblA YaCTU4YHbIM MOTOK ANS TMAPUPOBAHUS BBOAAT B OxNlaxparoulee
YCTPOWUCTBO,

- OXNaXAEHHbIA MNEPBbIA YAaCTUYHBIA MOTOK ANS FMAPUPOBAHUS BbIFPYXalT U3
oxnaxpgaroLero yCTponcTaa,

- OXNI&XAEHHbIN MNEPBbLIA YaCTUYHLIM MOTOK ANA rMAPUPOBaHUS OObeguHAT U
CMELLMBAOT CO BTOPbIM NO4aBaeMbIM MOTOKOM,

- NONYYEHHY0 TakuMm 00pas3oM CMECh BBOAST B NMEPBYHO 30HY MApPUPOBaHMS.

To, YTO BTOPOM NMOAaBaeMbIV MOTOK, KOTOPbIA COAEPXKUT OneduHbl U anoneduHsbl,
[06aBNAT K OXNaX4EHHOMY MNEPBOMY YaCTUYHOMY MOTOKY ANS TMAPUPOBaHUS W,
Takum obpasom, BBOAAT B Cnocod® B OTHOCUTENBHO XONOAHOM TOYKE, SBMSETCA
fonbwmMm npenmyllectBoM. [aHHas Mepa Takke 3HauMTenbHO cnocobcTByeT
NPEAOTBPALLEHNIO HEXENATENbHbIX PEaKLUMIA KPEKMHIa 1 Nonumepusagnmn onemHoB
n guoneduHOB, copgepxawmxca B cmecn. OTAENbHbIM NPEMMYLLECTBOM SBNSETCA
TO, YTO BTOPOM NOAaBaEMbIA MOTOK, KOTOPbIA COAEPXKUT OneduHbl U AUONeduHbI,
fonblwe He BCTynaeT B KOHTakT C MOBEPXHOCTAMW Ans  TennoobmeHa B
TennoobMeHHMKax nepen KOHBEPCUEN AMONEUHOB B NEPBON 30HE MMAPUPOBaHUS.
MockomnbKy BCNeAcTBME OrpaHMYeHnin TennooOMeHa ykasaHHble MOBEPXHOCTU ANS
TennoobmeHa Bcerga A[omkHbl ObiTb ©Gonee ropsuamK, 4Y4em  Heobxopumas
TeMnepartypa NoToka TEeKyYer cpefbl Ha BbIXOAE M3 TEMNNOOOMEHHMKA, Ha TaKkux
MOBEPXHOCTSAX TENNooOMeHa MPOUCXOAUT YCUINEHHOE Pa3noXeHMe HeHAacbIWEHHbIX

yrnesoAopoA0B C 0Opa3oBaHMeM Harapa.

B paspaboTke npueeaeHHOro Bbile acnekrta cnocoba no HacTosAwemMy N3oBpeTEHMIO
NOTOK MPOAYKTa, MOSyYEHHOro MpU FMAPUPOBaHUM ANONEPUHOB, OOLEANHAT Y
CMELUMBAIOT CO BTOPbIM YaCTMYHBIM MOTOKOM ANSA TMAPUPOBaHUSA U MOSYYEHHYHO
Takmm 00pa3om CMeChb BBOAAT BO BTOPYHO 30HY rmgpupoBaHus. B Takom cnydyae Bce
onedurHbl AOCTaBNSAKTCA Ha TMAPUPOBaHME BO BTOPOM 30HE TUAPUPOBAHMS.
YuutbiBad, 4TO AuoneduHbl BO BTOPOM MNOAaBaeMOM [MOTOKe cHayana
NpeaBapuTENbHO MMAPUPOBAaN B NEPBON 30HE TMAPUPOBaHUSA, YCIOBUS peakLumn BO
BTOPOW 30HE MMApPUPOBaHMS MOXHO OMTUMMU3NPOBATbL B OTHOLLEHUW TMAPUPOBaHUSA
MOHOONE®pUHOB. KpomMe TOro, CHWXaeTCs BblIAENEHWE Tenna BO BTOPOM 30HE

rMApPUPOBaHMS.
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B pononHutensHOM paspaboTke ABYX MPUBEAEHHBLIX BbIE acnektoB crnocoba no
HacTosALWEMY WN30OPETEHMIO B KayeCTBE OXIaKAaroLero yCTPOUCTBA MPUMEHSIOT
BO3AYyX0OXNaguTenb WNM TEMMOOOMEHHMK, MPWU 3TOM B CryYyae MpUMEHEHUS
TennoobmeHHmKa oxnaxgeHue NPeanoYTUTENBHO npoBOAAT nyTem
OMNOCpenoBaHHOro TennoobmMmeHa ¢ No MEHbLLEN Mepe YacTbi NEPBOro NogaBaeMoro
noTtoka nepeg nepBbiM HarpeBaTenbHbiM ycTpoucTBoM. OBa oxnaxgaromx
ycTponcTea obecneuymBaroT JOCTATOMHOE OXNaXAEHME MEPBOro YacTUYHOro MOTOKa
ANS rmapupoBanHns nepes aobaBneHvemMm BTOPOro nogaBaemoro notoka. B cnydae
NPUMEHEHNS TennooBbMeHHWKa SHTanbnMA MNEepBOro  4acTUYHOro MoToka Ans
rMAPVPOBaHUA TakkKe MWCMOMNb3yeTCa AN HarpeBaHWs APyroro rnoTtoka TeKyyewn

cpenbl, NpeanoyYTUTEsIbHO X0No4HOro NepBoro nogasaemMoro noToka.

B npmBeaeHHbIX BbiWe acnektax cnocoba no HacToswemy nsodbpeteHnto 0cobeHHO
nNpeanoYTUTENbHO, €CnM Oxnaxaarowwas CrnocobHOCTb OxNnaxAarollero yCTpoucTea
WvnNn  KONMWYECTBEHHOE  COOTHOLUEHWE MepBOro  4acTUYHOro notoka  Ans
rmapupoBaHnUs U BTOPOro YacCTUYHOro MOTOKa ANS rMAPUPOBaHUSA BbiOpaHbl Takum
obpasomM, 4TO Ha BXOAE B MEPBYH 30HY MMAPUPOBAHUS CMECH XapakTepuayeTcs
Temnepartypoun, coctaensawowen meHee 300°C, npepnodtutensHO MeHee 250°C,
Hanbonee npeanodytuTensHo MeHee 230°C. CoOTBETCTBEHHO, Heobxoaumas
Temnepatypa Ha BXOAE CMEeCM B NEPBYIO 30HY TMAPUPOBaHUS MOXET ObiTb
ycTaHoBneHa nunbo nocpeacTBOM PErynMpoBaHUa OXnaxparowen crnocobHocTr
OXnaXaaroLero ycTpomcTea, nunbo, B KauyecTBe anbTepHaTMBbl, MNOCPEACTBOM
BapbMpOBaHMSA KOJNMMYECTBEHHOTO COOTHOLLEHMSI MEPBOro YacTUYHOrO MOTOKa Ans
TMOPUPOBaHMA W BTOPOrO  YacTUYHOTO MOTOKa ANA  TMAPUPOBaHUSA  MyTeEM
COOTBETCTBEHHOIO PErynuMpoBaHUsa KONMM4YecTBa W MOTOKa. Takke BO3MOXHA
koMBuHauma oboux mep. ITO NPUBOAUT K AOMOMHUTENBHOMY YMCIY CTENEHen
cBoboabl U YBENNYEHHOWN TMOKOCTM NPU YyCTaHOBKE HEODXOAMMOW Temneparypbl Ha

BXOAE B NEPBY 30HY rMAPUPOBaHMS.

B otoensHoM acnekte cnocoba no HacTosweMy U30BPETEHNIO BTOPOW NOLaBaeMbIN
MOTOK BBOASIT B 30HY aacopbumm, KoTopas 3anofiHeHa agcopOeHTOM, CENEKTUBHBLIM B
OTHOLLIEHMM METansoB, nepes ero o6beaMHEHNEM U CMELLUMBAHMEM C MO MEHbLLEN
Mepe 4acTblo MEepBOro nojaesaemoro notoka. lMogaBaemble MOTOKM Ha OCHOBE

HedTH, Takne kak oTpaboTaHHbIE rasbl, MONyYeHHbIe Npu nepepaboTke HeTU, MOryT
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cofepxaTb 3HaYMTENbHbIE KONMMYECTBa METasIOB, KOTOPblE MOTyT AENCTBOBaTL Kak
KaTanuM3aTopHble S4bl Ha CTyneHsix cnocoba Hwke Mo MOTOKY W, Takum obpasom,

CHavana AormkHbl BbITb yaaneHbl.

B pononHuTenbsHOM acnekte cnocoba no HacToswemy U300peTeHuo nepBoe
HarpeBaTenbHOE YCTPOWCTBO BbIMNOSIHEHO B BUAE TEMnOOOMEHHWKA, r4e nepBbIN
nogaBaeMbli NMOTOK HarpeBaroT NMyTeM OMOCPEAOBaHHOIO TEnnoobmMeHa C ropsymm
MOTOKOM HEOYMLLEHHOrO MNPOAYKTa Ha OCHOBE CUHTE3-rasa M3 YCTaHOBKM Ans
NapoBOro pudPOpMUHra, C TropsYMM MOTOKOM AbIMOBOrO rasa u3 neds Aans
PUPOPMUHIA UM C TOPSYMM MOTOKOM ra3oobpasHOro NpoaykTa M3 yCTaHOBKM ANS
koHBepcun CO (npeobpasosaHna CO) HWXe MO MOTOKY OTHOCUTENBHO YCTaHOBKM
ANS  napoBoro pudopmuHra. BcneactBue paHHOM Mepbl  TennocogepXaHve
yKasaHHbIX TEXHOMOrMYEeCKMX MOTOKOB WCMOMb3yHOT [ANA HarpeBaHus MnepBoro
nogaBaemoro noToka u, Takum obpasom, NOBbILLAETCA S3HEProaPEKTUBHOCTL BCErO

cnocoba.

B paspabotke cnocoba no HacTtosiemy M3oOpeETEHUHO yCTaHOBKa ANS MapoOBOro
pUPoOpMMHra COAEPXKUT CTyMNeHb npeaBapuTensHoOro pudopmuHra (yCTponcTBo
NpeABapUTENbLHOrO pUPOPMUHIa), Ha KOTOPOM BbICLUME YINEBOLOPOALI MO MEHbLUEN
MEpe 4YacTMYHO MnpeBpaLlarTca B METaH Npu yCrnoBuAX ANA npeaBapuUTENbHOro
puopmuHra. OTAENBHBIM NPENUMYLLECTBOM SABMASETCH TO, YTO AaHHYHO pa3paboTky
o0beanHAT CcO cnocoboM no  HacTosweMy W30DpeTEHUO Ans  NonyYeHus
CMeLLaHHOro nogaBaemMoro noToka, NOCKONbKY MOHO- 1 AnoneduHbl, CoaepKalmecs
B CMELUaHHOM MnojaBaemMOM MOTOKE, TMAPUPYHOT A0 COOTBETCTBYHOLLUMX ankaHoB,
KOTOpbIE 3aTEM MOXHO CneuymanbHO npeaBapuTenbHO npeBpawaTe B MeTaH Ha
CTYNEHW  MpeaBapuTenbHOro  pudopMuHra nepes  nojaderd  CMeLlaHHOro

NoAaBaeMoro rnoToka Ha riaBHyo CTyneHb pUgOpMUHra.

B oToenbHOM acnekte yCTpoucTBa MO  HaCcToAweMy U30OPETEHMO  OHO
LOMONMHUTENBHO COAEPXUT CPEACTBO, KOTOpoe obecneuvvBaeT OCyLLECTBIEHNE
06beaMHEHNA U CMELLUMBaHUSA MO MEHbLUEM MEpE 4acTu MepBoro MNoAaBaemMoro
noTOKa CO BTOPbLIM MOAaBaeMbIM MOTOKOM TakMM 00pa3oMm, YTO Ha BXOAE B MEPBYHO
30HY MMAPMPOBaHMSA CMECH XapaKTEPU3YETCa TEMMNEPaTYPON, COCTaBNALLEN MEHEE

300°C, npegnouytntensHo meHee 250°C, Hanbonee npegnouTutensHo meHee 230°C.
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B uactHOCTW, Takoe CpenCTBO COAEPXKMUT YCTPOMCTBA M3MEPEHUs TeMnepaTtypbl U
perynvpoBaHus Ttemnepatypbl. B Takom cnyyae 6esonacHo obecneumBaeTtcs
NpeaoTBpaLleHme HeXenaTenbHbIX PeakUmii KPEKMHra n nonnmepmsanmm onegmHoB,
copepXalmMxca B CMeCW, B 4acTHOCTW, AuoneduHoB. B aTux HexenaTenbHbIX
peakumax obpasyetca Harap, KOTOpbIA OCaxAaeTca BHYyTpM TpyOonpoBOAOB WU
YCTPOUCTB N DNOKUPYET MX MEXaHU4Yeckum obpasom, Takum obpasom, Bo3pacTaeT
noTepsa AaBneHus M HapyluaeTcsa 3PPEKTMBHOCTb TeNNoobmeHa TennoobMEeHHNKOB.
OcaxaeHne Harapa Ha NnpUMeHsemMble HEMOABWKHbIE CIOW KaTanu3aTopa Unn B HUX
NPUBOAUT K UX AeakTmBaumn. ns yaaneHnsa OTNOXEHUA Harapa Hy»XHO MpekpaTuTb
paboTy yCTaHOBKM ANsi NAPOBOro pUudOPMUHra, YTO NPUBOAUT K Nepuogam npocTos v

npon3BoACTBEHHbBIM MOTEPAM.

[oNONHUTENBHBIN  NPEANOYTUTENbHBLIM  acnekT YCTPOMCTBaA MO HacTosLWEMY
N300pPETEHMIO XapaKkTepU3yeTCa TEM, YTO YCTPOMUCTBO AOMOMHUTENBHO COAEPKNT:

- pasgenutenbHoe YCTPOWCTBO ANS pasfeneHvs nepBoro nogaBaemMoro notoka
nocne HarpeBaHus B NEPBOM HarpeBaTenbHOM YCTPOUCTBE Ha MEPBbIN YaCTUYHbLIN
NOTOK ANS TMAPUPOBAHNSA U BTOPOW YaCTUYHbIM NOTOK AN MMAPUpOoBaHuS,

- oOxnaxgaroLlee yCTpOMUCTBO U CPEeACTBO ANS BBEAEHUSA NEPBOro YacTUYHOro NnoToka
ANS TMAPUPOBaHNS B OXNaxaatoLlee YCTPOMCTRO,

- CPeacTBO [ANs BbIrPY3KM OXNaXLEHHOro MEepBOro YacTUMYHOrO MnoToka Ans
rMAPUPOBaHUA N3 OXNaX4aroLwero yCTpoUCTBea,

- CpeacTBo ans obbeaMHEeHNs N CMELUMBaHUS OXNaXAEHHOro NepBOro 4acTUYHOro
noToKa ANs rMAPUPOBaHNS CO BTOPbLIM NoAaBaeMbIM NMOTOKOM,

- CpPeacTBO ANS BBELEHMS MOSNyYEHHOW Takmm OOpas3oM CMeCcu B MEPBYHO 30HY

rMAPUPOBaHMS.

To, yto Bnarogaps gaHHOM KOHGUrypaumm yCTpomucTBa BTOPOW NMogaBaEMbIA MOTOK,
KOTOPbIA COLEPXKUT OneduHbl U auoneduHbl, [o0OaBNAETCS K OXNaXKLEHHOMY
NepBOMYy YacTUYHOMY MOTOKY ANSA MMAPUPOBaHUS U, TakuM oBpasom, BBOAUTCH B
cnoco® B OTHOCUTENBHO XONOAHOWM TOYKE, ABNAETCS OONbLIMM MPEUMYLLECTBOM.
HaHHasa mepa Takke 3HauMTENBbHO CNOCOBCTBYET NPELOTBPALLEHNIO HEXENATENbHBLIX
peakunn KpeKMHra n nonmmepusaumm oneduHoOB U AMONedUHOB, COAEPKALLMUXCA B
cmecn. OTaenbHbBIM NPEMMYLLECTBOM ABNAETCA TO, YTO BTOPOW NOAaBaeMbIN NOTOK,

KOTOPbIA COAEPXKUT oneduHbl U anoneduHbl, Oonblue He BCTynaeT B KOHTaKT C
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NOBEPXHOCTAMM Ansa  TennoobmeHa B TennoobMeHHMKax nepes KOHBEPCUEN
AMONedUHOB B NEPBON 30HE rmapupoBaHus. MockonbKy BCRNEACTBUE OrpaHUYeHui
TennoobmeHa ykasaHHble MOBEPXHOCTM AN TennoobmeHa Bcerga AOIMKHbI ObiTh
Bonee ropauMmn, 4em Heobxogumasa TemnepaTtypa noTOKa TEeKyyYyeu cpenbl Ha
BbIXOAE M3 TennooOMEHHMKa, Ha Takmx MOBEPXHOCTSX TennoobmeHa npoucxoauT

YCUINEHHOE pasfiokeHNe HeHaCbILLEeHHbIX YrNeBOo4OPOAO0B C 0bpa3oBaHMeEM Harapa.

B paspaboTke npuMBEeAEHHOW BbIWE KOHUrypaumm yCTPOUCTBaA MO HaCTOALEMY
N300pETEHMIO YCTPONCTBO AOMOSHUTENBHO COAEPXKUT CPEACTBO ANs 06begnHEHNS U
CMELLUMBaHNSA NOTOKa MPOAYKTa, MOMYyYEHHOro Npuv rmapupoBaHuM AMoneduHOB, CO
BTOPbIM 4aCTWUYHLIM MOTOKOM ANS MMAPUPOBaHUS U ANS BBEAEHUS MONYyYeHHOW
CMECKM BO BTOPYyH 30HY rmapuposaHus. B Takom cnyydae Bce OneduHbl
LOCTaBNATCA Ha rMapupoBaHME BO BTOPOM 30HE MMAPUPOBaHUA. YuuTbiBas, YTO
anoneuHel BO BTOPOM MNOJaBaeMOM [MOTOKE CcHayana npeaBaputenbHO
rmapupoBann B MNEPBOA 30HE TMAPWPOBAaHMS, YCMOBUS peakumm BO BTOPOW 30HE
MMOpVpPOBaHMs  MOXHO  ONTUMM3NPOBATb B OTHOLUEHUN  TMAPUPOBAHUS
MoHoonedunHoB. Kpome TOoro, CHWXaeTCs BblAeneHue Tenna BO BTOPOW 30He

rMAPUPOBaHMS.

B pononHutenbHom paspaboTke ABYX MNPUBEAEHHbIX Bbille KOHUrypauum
YCTPOWCTBA MO HaCTosILLEMY M30OPETEHNIO B KQYECTBE OXNaXAatoLero yCcTpomcTea
NPUMEHSAIOTCA BO34YX00XNaauTeNb WM TEennoOOMEHHMK, MpWM 3TOM B Cry4ae
NPUMEHEHNS TEMNMOOBMEHHMKa OXNaXAEeHWEe MPELNOYTUTENBHO MPOBOAUTCSA MyTEM
OMNOCpPenoBaHHOro TennoobMeHa ¢ No MEHbLLEN Mepe YacTbio NEPBOro NogaBaeMoro
notoka nepep nepBbiM HarpeBaTenbHbiM  ycTpoucTBoM. OBa  oxnaxgaromx
yCcTporcTea obecneymBaloT JOCTAaTOMHOE OXNaXKAEHME MEPBOro YacTUYHOrO MOTOKa
AN TMApUpoBaHMs nepes aobaBneHnemM BTOPOro nogaeaemoro notoka. B cnydae
NPUMEHEHNS TEMNOOBMEHHWKa SHTanbnMsA MNEPBOrO  4acTUYHOrO MOToKa Ans
rMAPVPOBaHUA TakkKe WCMNONb3yeTCca AN HarpeBaHust APYyroro rnoTtoka TeKyyewn

cpenbl, NpeanoyvYTUTesibHO XO0No4HOro nNepBoro nogasaemMoro rnoToka.

B npvBeaeHHbIX Bbllle KOHMUrypaumsix YCTPOUCTBa MO HACTOSLEMY WU300pEeTEeHUto
0CODEHHO NPeanoYTUTENBHO, €CnM OXnaxparowas CrnocobOHOCTb OXMaxaaroLero

YyCTPOUCTBa MOXET ObITb YyCTaHOBNEHa W/WNM  KONMYECTBEHHOE COOTHOLLEHME
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NepPBOro 4YacTUYHOro MOTOKa ANA MMAPUPOBAHMS M BTOPOro YaCTUYHOrO MOTOKa AN
rapupoBaHMss MOXET ObiTb BbIBpPaHO, C MOMOLLBD MO MEHbLUEW MEPE OAHOro
yCTPOWCTBa ANS PErynMpoBaHMs NOTOKa, TakuM oBpasom, YTO Ha BXOAE B MEPBYH
30HY MAPUPOBaHNA CMECH XapaKTEPU3YETCA TEMMEPaTypon, COCTaBNALLEN MEHee
300°C, npeanoututensHo MmeHee 250°C, Hanbonee npegnovtTutensHO meHee 230°C.
CooTBeTCTBEHHO, HeOOxoaMmasi TemnepaTypa CMEeCUM Ha BXOAE B MEPBYH 30HY
rMAPVPOBaHMA MOXeET ObITb ycTaHoBneHa nmMbo noCpencTBOM  perynvpoBaHus
oxnaxparowen crnocobHOCTU oOxnaxparolwero ycTtpoucTtea, nmbo, B KayecTBe
anbTepHaTMBbl, MOCPEACTBOM BapbMPOBaHUA KOMMYECTBEHHOrO COOTHOLLEHMS
NepBOro 4YacTUYHOro MOTOKa ANS rMAPUPOBaHMUS M BTOPOro YaCTUYHOrO MOTOKa ANs
rMAPUPOBaHUA MyTeM COOTBETCTBEHHOIrO pPerynMpoBaHuUs KONMMyecTBa W MoToKa.
Takke BO3MOXHa KOMOWHauuMs obowx Mep. OTO NPUBOAUT K [OMOSHUTENbHOMY
yncny creneHen csoboabl U YBENMMYEHHOW MMBKOCTU MpU yCTaHOBKE HEODXOANMOW

TEMMNepaTypbl HA BXOAE B NEPBYHO 30HY MMAPUPOBaHMS.

B oTaenbHOM kOHMUrypaumm yCTpomucTBa No HacTosLWEMY N30BPETEHMIO YCTPONCTBO
LOMONMHUTENBHO  COAEPXWUT  30HYy  agcopbumn,  3anonHEeHHy  aacopbeHTOM,
CEneKTUBHbIM B OTHOLLEHUM METAassoB, M KOTOpas pacriofioXeHa Bblle Mo MoTOoKy
OTHOCUTENBHO OAHOrO UMM HECKONbKMX CPEACTB AN 0O0beANHEHUS U CMELLUNBaHUS
BTOPOro nofasaemMoro notoka C Mo MeHbLUEN Mepe YacTbio MEPBOro NnogaBaemoro
noTtoka. lopaBaemMble MOTOKM Ha OCHOBE HEeTWU, Takme Kak oTpaboTaHHble rasbl,
nonyYeHHble Npu nepepaboTke HeTU, MOTYT CofepXaTb 3HAYUTENbHbIE KONMYECTBA
MEeTannoB, KOTOpble MOryT AEWCTBOBaTb KaK KaTanmMaaTopHble sAbl Ha CTymneHsx

cnocoba Hke No NOTOKY U, TakuM 0bpasom, cHavana 4omkHbl ObITh yaaneHsb.

B AononHMTENBHOM acnekTe yCcTpoMUCTBa MO HacTosWeMy W3oBpeTeHuo nepsBoe
HarpeBaTenbHOE YCTPONCTBO BbINOMHEHO B BUAE TEMNOODMEHHMKa U NOAXOAUT ANA
OCYLLECTBMNEHNS OMOCPEeLOBaHHOrO TennoobmMeHa Mexay nepBbiM NojaBaeMbIM
MOTOKOM M FOPSHMM MOTOKOM HEOYMLLEHHOrO MPOAYKTa Ha OCHOBE CUHTE3-rasa w3
YyCTaHOBKW ANS NapoBOro pUOPMUHra, ropaymMM NMoTOKOM AbIMOBOrO rasa m3 neuu
ANA pUdPOPMUHTa UM ropaYMM NOTOKOM ra3oobpasHoro NPoayKTa n3 yCTaHOBKW ANA
koHBepcun CO (npeobpasosaHna CO) HWKe MO NOTOKY OTHOCUTENBHO YCTaHOBKM
Ans napoBoro pudopmuHra. Benegcreme gaHHOM KOHUrypauum TennocogepaHme

YKa3aHHbIX TEXHONONM4YeCKnxX TMnOTOKOB WCNONbL3YyETCA ANA HarpeBaHWd nepBoro
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MoAaBaemMoro NoToka W, Takum 0bpasom, NoBbILLAETCS 3HEProadPEKTUBHOCTL BCETO

criocoba.

B paspaboTke yCcTponctBa No HacTosWEMY M30DPETEHMIO YCTAHOBKA AN NapoBOro
pPUPOPMMHra COLEPKUT CTYMNEHb NpeaBapuUTENbBHOrO pudopMuHra (yCTpoOnCTBO
NpeABapuUTENbHOrO pUGPOPMUHIa), Ha KOTOPOU BbICLUME YrNEBOAOPOAbI MO MEHbLUEN
Mepe 4acTUYHO NPEeBpaLlaroTCs B MEeTaH MNpWU YCroBusaX ANA NpeaBapUTEnbHOro
pudopmuHra. OTaenbHbIM NPENMYLLLECTBOM SBNAETCA TO, YTO AaHHYH pa3paboTky
00bLEegMHAIOT C YCTPOMCTBOM MO HAaCTOALWEMY MU30OPETEHUO ANS  MNONyYeHus
CMEeLLaHHOro nogaBaemoro noToka, MOCKOMbKY MOHO- U AnoneduHbl, cogepxalimecs
B CMELlaHHOM nojaBaeMoOM MOTOKE, MMAPUPYHOT OO COOTBETCTBYHOLLMX arkaHos,
KOTOpble 3aTeM MOXHO crneuMansHO NpeABapuUTenbHO MpeBpallatb B MeTaH Ha
CTYyNeHn npeaBapuTenbHOro  pudopmuHra nepen  nNogader  CMELlaHHOoro

NogaBaeMoro NoToKa Ha rMaBHyH CTyneHb pUOpPMUHra.

UnniocTpaTMBHbIE BapuaHTbl OCYLWECTBIIEHUS U YACTIEHHbIE NPUMeEpbI

[ononHUTENbHbIE NMPU3HAKM, NPEUMYLLECTBA N BO3MOXHbIE MYTU OCYLLECTBMEHUS
HacTosaWwero mn3obpeTeHns Takke MOryT ObiTb B3SATbl M3 CNEAyroWEero onvcaHus
WUNNIOCTPaTUBHBLIX BapUaHTOB OCYLLECTBMEHUA WU YUCIEHHbLIX NPUMEPOB, a Takke
rpacdounyeckmx wmartepuanoB. Bce onucaHHbie W/mMnM  NPOUNMIOCTPUPOBAHHbLIE
npusHakn obpasytoT CywHOCTb Kn30bpeTeHnsa camm no cebe unm B nobon
KOMOMHaUMM HEe3aBUCUMO OT WX BKMAOYEHUS B opmMyny m3obpeTeHns unm

O6paTHbIX CCbIITOK Ha HUX.

Ha rpagomnyecknx martepuanax:

Ha dour. 1 nokasaH cnocob nonyyYeHns nogaBaeMoro noToka NPUPOAHOro rasa u ero
NOCnefyLEN KOHBEPCUN B YCTAHOBKE ANA MapoBOro pudopmuHra B

COOTBETCTBUM C NPELLLECTBYIOLLMM YPOBHEM TEXHUKM,

Ha dur. 2 nokasaHO CxemaTuyecKkoe npeacTaBneHne cnocoba Mo HacToswemMy
N300peETEHNIO N YCTPOUCTBA MO HACTOSAWEMY WU30OPETEHMIO B

COOTBETCTBMK C NEPBbIM aCneKkToMm,
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Ha dwur. 3 nokasaHO CxemaTuyecKkoe npeacTaBneHne cnocoba Mo HacTosAwemMy
N300peETEHNIO N YCTPOUCTBA MO HACTOSAWEMY WU30OPETEHMIO B

COOTBETCTBMK CO BTOPbIM aCrekToM.

Ha dwr. 1 cnoco® nonyyeHns nogaBaemMoro noTtoka MPUPOAHOro rasa u ero
nocrneayrLwen KOHBEPCUM B BOAOPOACOAEPXKAWMM rasoodbpasHblii  NPOAYKT B
yCTaHOBKE [ANA MOTOKOBOrO pUOPMMHra B COOTBETCTBUM C MNpeaLecTBYHOLUM
YPOBHEM TEXHUKN CXEMATUYECKM NOKa3aH B BUAE TEXHONOrm4yeckon 6nok-cxemsl (Life
Cycle Assessment of Hydrogen Production via Natural Gas Steam Reforming, Spath,
P. L., Mann, M. K., National Renewable Energy Laboratory Technical Report,
NREL/TP-570-27637, doepane 2001 r., gurypa 1, ctpaHmya 4).

MNopaBaemMbin NOTOK, CoAepKalMn yrneBoLOpOAbl, Hanpumep, npupoaHei ras (NG),
HanpaBnaT Ha CTyneHb ruapupoBaHusa (rvap.). B Hem npoBoOAsT ruapupoBaHue
HEeHacCbIWEeHHbIX  YrneBoAOpOAOB, Harnpumep, MOHO- U AuoneduHos, Ao
COOTBETCTBYIOLUMX  ankaHoB, a Takke rugpogecynedypusaumo  (HDS)
cepocofepXallmx OpraHMYeckux COEAMHEHUW, HanpuMmep, MepKanTaHoB, A0
OpraHNYeCKMX COEANHEHUA C MOHWKEHHbIM COAEPKAHMEM Cepbl U CepoBoAopoaa
(H2S). MocnegHnn agcopbupyetcsa nnn abcopbupyetca Ha okemae unHka (ZnO) Ha
CTyneHn copbunm HMXKe No NOTOKY WU, TakuMm oBpasom, COCTaBNALME Ha OCHOBE
cepbl yaansawTcs M3 UCXOLHOro mMarepvana ansa ycTpouctesa AnNa puddOpMuUHra.
3arteM nUCxXofHbIM MaTtepuan ANa YCTpoMUCTBa ANs pudopMUHra BBOAAT Ha CTyMNeHb
naposoro pugopmuHra (R) n Ha Hen xe npespawiarot ¢ napom (V), KOTopbIn BBOAAT
nofobHeiM 0OpasoM, C MNOMYyYEHMEM  HEOYULLEHHOTO CUHTEe3-rasa. J3atem
HEOUYMLLEHHBIN CUHTE3-Ta3 3arpyXaroT Ha cTyneHb koHBepcum CO (npeobpasoBaHus),
Ha KoTopon MoHookcma yrnepoga (CO), KOTOPbIM COAEPKUTCH B HEOYULLEHHOM
CUHTEe3-rase, npespaLaroT B AONONHUTENbHbLIM BOLOPOL C NOMOLLLIO Napa, KOTOPbIW
AONOMNHUTENBHO NojaroT (He n3obpaxkeH). 3aTem MOTOK NPOAYKTA, MOYHYEHHOro Ha
ctyneHn koHBepcun CO, HanpaenawoT B YCTAHOBKY ANS aacopbumm C nepenagom
fasneHus (PSA), Ha KOTOpOW ero pasgensatoT Ha NOTOK YMCTOro NPOAYKTa Ha OCHOBE
BOAOPOAA M NOTOK ocTtaToyHoro rasa (F). [1oTok oCTaTtoyHOro rasa elle coaepXmT
rOprOYME KOMMOHEHTBI, U €r0 PELMPKYNIMPYIOT B YCTPOUCTBO ANS pUPOPMUHTa, rae OH
BbINOMHAET (PYHKUMIO HarpeBaHna neyn ana pudopMuHra BMECTe C NPUPOAHbBIM

ra3om, KOTOprI;I AOMONMHUTENBHO noAarT. YacTb NOTOKa 4YUCTOro npogykra Ha
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OCHOBE BOAOPOAA PELMPKYIIMPYHOT Ha CTyneHb rMAPUMPOBaHUS B KayecTBe

rMAPVPYHOLLEro CpeacTBa.

Ha dwur. 2 cxematnyeckm nokasaHbl crnoco® no HacTosweMy W30DpEeTEHMO U
YCTPOUCTBO MO HaCTOALWEMY W30DpEeTeHM0 B COOTBETCTBUMM C MEPBbIM aCreKTOM.
Mocpepcteom Tpydonposoga 10 nepBbin NofaBaembiv NMOTOK, B AAHHOM Cryvae
npupogHbIv ras, nponyckaroT B TennoodmeHHuk 30. MNocpeacteom Tpybonposoga 20
BTOPOW NofgaBaeMbiv NOTOK, B AAHHOM Cryyae oTpaboTaHHbIW ras, nosnyYeHHbIN npu
nepepabotke HedTH, NogarT B agcopbep 21, KOTOPLIM 3anofnHEeH ancopOeHTOM,
CEeNeKTUBHbIM B OTHOLUEHWW METanmnoB, Hanpumep, akTUBUPOBaHHbIM Yriem,
NPOMUTaHHbIM CEepon, W, Takmm oOpasoM, MPOBOAAT AeMeTannm3auuo BTOPOro
nogasaemMoro nortoka. Apacopbep AOMNOMHUTENBHO COAEPXUT apcopdbeHT Ans

OCaXAeHWs XNopUA0B.

Mocpencteom TpybonpoBoga 22 BTOPOWN NoAaBaeMbli MOTOK, OOEAHEHHbINM MO
MeTannam, HanpaensrT B KOHAEHCATOP 23, KOHAEHCUMPYIOT B HEM WM NOCPELCTBOM
Tpybonposoaa 24 06bLeAuHSAT U CMELUMBAKOT C MEPBbIM MOAaBaEMbIM MOTOKOM B
Tpybonposoae 10. TlonyyeHHbIn B pesynbTarte CMELLaHHbI MNojaBaeMbiv MOTOK
HarpesatoT B TennoobmeHHmke 30 nyTeM onocpenoBaHHOro TennoobmeHa C ropsumm
NOTOKOM rasoobpasHoro npoaykrta u3 ycTtaHoBkM Ans  koHeepcun  CO
(npeobpasoBaHms CO) HWKe MO NOTOKY OT YCTaHOBKWM AN MapoBOro pugopmMmnHra,

KOTOpbIN nocpeacTeom Tpybonposoga 32 HanpaenatoT B TennoodmeHHmk 30.

[na orpaHnyeHnsa pocTta TemnepaTypbl NPy HarpeBaHUMM CMELLAHHOrO NoLaBaeMoro
notoka B  TennoobmeHHuke 30, OH  OCHalleH  MEPENnyCKHONW  NMHUEN,
Tpybonposoaom 34 1 perynmpyrowmm knanaHom 35, pacnonoXeHHbiM B kaHane 34
Tpybonposoga. COOTBETCTBEHHO, MOXHO Y4YMTbIBaTb BblAENeHWe Tenna npu
rMapUPOBaHMM  HEHAaCbIWEHHbIX YINEBOAOPOAOB W TeMnepatypy Ha BbIXO4e,
Hanpumep, M3 BTOPOW 30HbI MMAPUPOBAHMA, MOXHO MNoAAepXuBaTb NMOCTOSAHHOW. B
anbTepPHaATMBHOM KOHdUrypaumm kaHan 34 TpybonpoBoga W perynmpyrowmm
knanaH 35, pacnonoXeHHbI B HEM, TakkKe MOryT OTCYTCTBOBaTb, W BMECTO 3TOro
oxnaxgarollee yCTpoUCTBO MOXET ObITb MHTErpMpoBaHO B kaHan 31 Tpybonposoga
(He wm30bpaxeH). B [ONONHUTENLHOWM anbTEPHATUBHOM KOHGUrypaumm BMECTO

MepenyckHOM NHMM B cocTase Tpybonposoaa 34, C MOMOLLBK KOTOPOro 4acTb
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ropsyero noTtoka rasoobpasHoro npoaykrta K3 ycTaHoBkM Ana kKoHesepcum CO
HanpaBnakT B 006xog4 TennoodmeHHuka 30, MoxeT ObITb nNpUcoeanHeHa
nepenyckHasi NiMHUSA, C NOMOLLBKO KOTOPOW YacTb XONOLHOro NMepBoro nojaBaceMoro
NoOTOKa, B [aHHOM Criyyae nMpupOAHOro rasa, HanpaeBnsioT B 00xog
TennoobmeHHunka 30 (He usobpaxeHa). Takke BO3MOXHbI KOMOMHAUMM  [aHHbIX

KOHpurypaumn.

MocpeactBom Tpybonposoga 31 HarpeTbid, CMELUaHHbIA MogaBaeMbIA  MOTOK
BbIrpyKaroT 13 tennoodbmeHHmka 30 n nocpeacteom Tpybonposoga 40 3arpyxatoT B
peakTop 41 Ana rmapupoBaHna anoneduHoOB (Nepeas 30Ha rmMapPUPOBaHUS), KOTOPbIN
OCHalLleH HenoABWKHbIM CrioemM TBEepAoro Karanusaropa Ang rMApUpoBaHWA B
dopme rpaHyn, KOTOpbIM MPOABNAET aKTUBHOCTb U SBNAETCA CEenekTUBHbIM B
OTHOLLUEHUW TUAPUPOBAHUA ONeduHOB, B YaCTHOCTU AMONEPUHOB, WU NPU 3TOM
ABNAETCA YCTOMYMBBIM K OTPaBMEHUIO OPraHN4YeCKUMU COEAUHEHUAMU Cepbl.
CooTBETCTBYIOLLME KaTaANM3aTopPbl MMEIOTCA B HAaNWYMM Ha pbIHKE. YCMNOBUA peakumnm
B peaktope Ansa rmapupoBaHus AMONedUHOB, B 4aCTHOCTW, TuN W BbiOpaHHas
Temnepatypa Ha Bxoge, BblbpaHbl Takum obpasom, 4TO, npexae BCero, BCe
anoneduHbl, cogepxawpmecs B CMELLaHHOM MO4aBaeMOM [MOTOKEe, HO Takke U
MEHbBLUYI YacTb COAEepXaLMXC MOHOOMNEMUHOB rMAPUPYIOT 4O COOTBETCTBYHOLLMX
MOHOONEMUHOB UMW ankaHoB, M MNpU 3TOM agmabatuyeckmn pocT TemnepaTtypsbl
orpaHuyeH. [MocpeactBom Tpybonposoga 42 nOTOK NPOAYKTA, MOMYYEHHOro npu
rmapupoBaHMM  AMoneduHOB, BbIFPYXKAT U3  peaktopa Ana  MApUpPOBaHUSA

AnoneguHoB.

Tpybonposog 43, KOTOpbIn OTBETBNSAETCA OT Tpybonpoeoga 40, «knanaH 44,
pacnonoXeHHbIN B kKaHane 43 Tpybonposoga, U AOMNONHUTENbHbIE HE N30BpaXKEHHbIE
3anopHble YCTPOMUCTBA M BCMOMOraTesbHble TpybonpoBoAbl B OCHOBHOM BbINOMHSAKOT
DYHKUMIO NPUCOEANHEHUS MEPENYCKHOM nmvHUM B 00xon peaktopa 41  ans
rmapupoBaHMa  guvoneduHOB, ecnnu B JanbHeuWwem HyXHO Oyaer npoBecTu
obcnyxmBaHne npu HenpepbiBHOM paboTe, Hanpumep, 3ameHy Coaepallerocs
Kkatanusartopa Ana rugpuposanunsa. [NNpu obbiMHOM pabote knanaH 44 ocTaeTcs

3aKPbITbIM.
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MoTok npoaykTa, NOAYyYEeHHOro Mpu rmapupoBaHun auoneduHoB, 0BefHEHHbIM MO
avonedunHam, KOTOPbIWM BbIrpyXaroT U3 peakTopa ANS MApUPOBaHna ANonednHOB
nocpeacteomMm TpybonpoBoga 42, 3arpyxalT B peakTtop 51 aona rnapupoBaHus
(BTOpPas 3oHa rmapupoBaHus) nocpeacteom Tpydonposoga 50. B gaHHOM npumepe
OH OCHAaLLEH BEPXHUM U HWKHUM HEMNOABWXHBIMW CNoaMW Katanusartopa. BepxHun
HenoABWXKHbIWM CNOW KaTtanuaaTopa, KOTopbi obpasyeT BTOPYH 30HY rMApUpOoBaHUS,
COAEPXKUT CrOM TBEPAOro KartanusaTopa Ang rmapupoBaHus B ¢opMe rpaHyn,
KOTOPbIN NPOABNSET aKTUBHOCTb W HABMNSETCA CENeKTUBHbIM B OTHOLUEHWUN
rmapupoBaHUs oneduHoOB, U MNpU 3TOM SBNAETCA YCTOMYMBBIM K OTPaBEHUIO
OpraHn4YeckMmn coefuHeHnammn cepbl. C ApYyrov CTOPOHbI, HWXKHWUIA HEMOABMXKHbBIN
CNoW KaTanmsatopa, KOTopbI 0BpasyeT TPETbI0 30HY rMapupoBaHna, obecneymBact,
npexge BCero, Aecynbdypusaumio C rugpuposaHneM (ruapogecynbdypusaumio,
HDS) copepxalmxca OpraHM4eckmx KOMMOHEHTOB Ha OCHOBE Cepbl. Takue
KaTannaaropbl N3BECTHbI camun No cebe 1 SBNATCH KOMMEPYECKM AOCTYMHLIMUY, OHW
4acTO OCHOBaHbl Ha aKTMBHbLIX KOMMOHEHTax, MNPEACTaBnAoWMX COBON HUKENb-

monunbaeH (NiMo) nnun kobanstT-monubaeH (CoMo).

MocpenctBom TpybonpoBoga 52 noOTOK npoaykta, nonydeHHoro npwu  HDS,
BbIrPY>atoT M3 peakTopa Ans runapuposanHus oneduHoB. K 3TOMy MOMEHTY OH
NPEMMYLLECTBEHHO COLEPXKUT TOMbKO TMAPUPOBAHHbIE, @ 3HA4YMT HacCbIWEHHbIE,
yrneeogopoabl U cepoeogopon. [ocpeactsom Tpybonposoga 60 AgaHHbIA NOTOK
Marepuana BeBOAAT B NMepBbln agcopbep 61, KOTOPLIM B AAHHOM NMPUMEPE COAEPXKUT
ABEe 30Hbl agcopbunn, BbIMOMHEHHbIE B BMAE HEMOABWKHbLIX CNOEB. BepxHss 30Ha
agcopbumm ocHalleHa crnoem TBepAoro agcopbeHTa Ha OCHOBE OKCuAa antoMUHUS,
KOTOPbIN NPOSBNSET aKTUBHOCTb B OTHOLLIEHMM agcopbumm xnopuaoB. HKHAS 30Ha
agcopbumm cogepXKmuT CrnomM TBEPAOro copbeHTa Ha OCHOBE OKCuaa UMHKA,
npegHasHa4YeHHoro 4nsa yaaneHus ceposogopoga. Oba copbeHta n3BeCTHbl camu no

cebe n aBnaroTcs KOMMepYeCKN AOCTYMNMHbIMNA.

MocpeactBom Tpybonposoga 62 nepBbii MNOTOK  MNPOAYKTA, MOSMYYEHHOrO0 B
ancopbepe, obegHEHHBIN NO CEPOBOAOPOAY M XNOpUAaMm, BbIrPyXaroT M3 NEPBOro
apncopbepa 61 n nocpeacrtesom Tpybonposoga 70 BBOAAT BO BTOpPOM apcopbep 71,
KOTOPbIA CKOHCTPYMPOBaAH M 3arOfiHEH TaK Xe, Kak 1 nepsbin agcopbep 61. Ecnu

nepBbin N BTOPOMU apcopbepbl COEAMHEHbI MOCNeaoBaTenLHO, BTOpou agcopbep
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BbINOSHAET PYHKLMIO AOMOSNHUTENBHOM 06paboTKmM NOTOKa NPOAYKTa, NOMYYEHHOrO B
nepBoMm apcopbepe, B pesynbTare 4ero nomyyaroT BTOPOM MOTOK MPOAYKTa,
Nnony4YeHHOro B Nnepeom agcopbepe, 4ONONHUTENBHO 0BEe4HEHHBIN NO CEPOBOAOPOAY
N Xnopuaam, KOTOPbIA BbIrPYXawwT M3 BTOPOro aacopbepa 71 nocpencTtsoM

Tpybonpoeoga 72.

Tpybonposog 63, KOTOpbIn OTBETBNSETCA OT Tpybonposoga 60, knanaH 64,
pacnonoXeHHbIN B KaHane 63 Tpybonposoga, v AOMNONHUTENbHbIE HE M30DPaXKeHHbIE
3anopHble YCTPOMCTBa W BCoOMoraTesnbHble TpybonpoBoAbl, HANPUMEP, BbINMOMHSKOT
PYHKUMIO MPUCOeaMHEHNA NEepenyCckHOM nHUKM B 0Bxon nepsoro apcopbepa 61,
eCcnn B JarnbHEULWeEM HyXHO OyaeT npoBecTu OOCnyXuBaHME MNPU HEMPEPbIBHOM

paboTe, HanpuMmep, 3aMeHy cogepallimxcsa CopOeHTOoB.

Mocpencteom TpybonpoBoga 72 CMELLaHHbIM NogaBaeMbl MOTOK, KOTOPLIW K 3TOMY
MOMEHTY MOMHOCTLIO MpoLen npeaBapuTensHyto 00paboTKy, BbIrpyXaT U3
cnocoba unn K3 ycTpoucTea. Tenepb €ro MOXHO MnogaBaTb B YCTAHOBKY ASS
napoBoro pudopmuHra. [lockonbky BCNEACTBME CBOEro0 MPOUCXOXAEHUS W
npeaBapuTensHon o6paboTknm nogaBaeMbl MOTOK K 3TOMY MOMEHTY COAEPXUT
3HaUMTENbHOE KONMWMYECTBO BbICLUMX YrNEBOAOPOAOB, PEKOMEHAYETCS M3HA4YanbHO
nogeepratb €ro npeaBapuTensHoMy pudgOpMUHTY, NpU  KOTOPOM  BbICLUME
YrneBoAOPOAbl PaCLLENnnAOTCA Ha MeTaH W/WUNn yxe 4acTUYHO MNpeBpaLLaroTcs B

cocraBndarowme CMHTE3-rasa.

Ha cxematuueckom npencraBneHum cnocoba no HacToswemy W3obpeTeHuo mnm
YyCTPOMCTBA MO HaCToSALEMY M30DOpETEHMIO B COOTBETCTBMM CO BTOPbIM aCreKTOM,
nokasaHHbIM Ha ¢ur. 3, OAMHaKoBblE HOMEpa MO3WLUMK, MO CyTW, COOTBETCTBYHOT
ctagnam cnocoba M KOMMOHEHTaM YCTPOUCTBA, YKE OMUCaHHbIM B OOBACHEHWM
nepBoro acnekta Hacrodawero wusobpeteHus, ¢wur. 1.  CooTeeTCcTBYyHOWME
TEXHONOrMYECKNE NapaMeTpbl, TEXHONOMMYECKME CTaaMM, KOMMOHEHTbI YCTPONCTBA U
BCNOMOraTesbHble 0ObEKTBI TaKKe ABMSAIOTCA TakKUMW Xe, eCnv janee He yKasaHo

MHOe.

B oTtnnume oT nepBoOro acnekrta, NepBbiA NOAaBaEMbIM MOTOK (MPUPOAHLIA ras) B

AaHHOM criyyae He 0ObeauHSIIOT CO BTOPbIM MOAaBaeMbIM NOTOKOM (OTpaboTaHHbIM
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rasomM, MOfyYeHHbLIM Mpu  nepepabotke HedPTM) nepes HarpeBaHMEM B
TennoobmeHHnke 30, a HarpeBawT B TEMNOOOMEHHMKE  OTAENbHO. 3JTO
obecneunBacT NPENMYLLECTBO B TOM, YTO 3HAYUTENBHO CHUXKAETCS PUCK OCaXKLEHMS
Harapa B TennoobmeHHuke 30, MOCKOMbKY  KOHLUEHTpauuMs  HeHaCbILWEHHbIX
COEANHEHMM B MOTOKE TEKY4YEM Cpenbl, KOTOpbIN HanpaesnawT B Tpybonposog 10,
3HaAUMTENBHO MEHbLLE, 3a4acTyto faxe paBHa Hym. Takum obpasom, nepenyckHas
nvHKMA, umaywas B obxon TennoobmeHHuka 30, kOTOpas npepHasHadeHa Ans

CHWXEHWNS pOoCTa TemMnepaTtypbl NPU HarpeBaHUM, MOXET OTCYTCTBOBATb.

HarpeTein nepBbin  nopgaBaembii  MOTOK  BbIXOAUT K3 TennoobmeHHuka 30
nocpeactsom Tpybonposoaa 31 1 pasgenaeTcs Ha nepBbid U BTOPOU YacCTUYHbIE
NOTOKW ANS MMAPUPOBaHMS, KOTOPbIE HanpaBnaAoT ganbwe no Tpybonposogam 45 n
43. KnanaH 44 B gaHHOM crny4ae BbINOSIHEH B KA4YeCTBE PeryrmpyroLero knanaHa u
BMECTEe C AOMOSHUTENbHBIMKY, YacCTUYHO HE WM30DpPaXEHHbIMU PErynMPYOLLMMN
YCTPOUCTBaMM BbINOMHAET (OYHKUMIO YNpaBnieHUs MacCoBbIMM MOTOKaMW  ABYX
YaCTUYHbIX NOTOKOB Ans rugpupoBanmsa. [Mocpeactsom  Tpybonposoga 45 u
KnanaHa 46, pacnonoXeHHOro B kaHane 45 tTpybonpoBoga, NepBbir YacTUYHbIM nap
ANS TMAPUPOBaHUS BBOAAT B OXNaxaarollee YCTPOMUCTBO 47, KOTOpoe B AaHHOM
npumMepe BbINONMHEHO B BuAe Bo3ayxooxnagutens. OXNaXaeHHbIn  NepPBbIN
YaCTUYHbIM NOTOK ANSA MMAPUPOBAHUS BbIrPYXKaKT U3 OXNaxaarolero ycrtponcrea 47
nocpeactsom Tpybonposoaa 40 n 3ateM 00bLEeAMHSIOT U CMELUMBAKOT CO BTOPbIM
nofasaeMbiM MOTOKOM, KOTOpPbIM MOAaroT MNOCPeAcTBOM Tpybonposoga 24 nocne
TOro, Kak ero cHadana AemeTannuanpoBann U KOHAEHCUPOBanM ONMUCaHHbIM Bbille

Crocobom.

To, 4TO BTOPOM MOAaBaEMbIV MOTOK, KOTOPbIA COAEPXKUT oneduHbl U anoneduHsbl,
A06aBNAT K OXNaX4EHHOMY NEPBOMY YaCTUYHOMY MOTOKY ANS MMAPUPOBaHUS W,
Takum obpasom, BBOAAT B CNOocob® B OTHOCUTENBHO XOMNOAHOW TOYKE, ABNAETCHA
fonbLwmm NPENMYLLECTBOM. BcneactBne  COOTBETCTBYHOLWLEN — YCTAHOBKU
oxnaxgarowen crnoCobHOCTU Oxnaxgarowlero yCTpoucTea WU/MNM KONMYECTBEHHOIO
COOTHOLLEHMS NMEPBOro YacTUYHOro NOTOoKa ANS rTMAPUPOBaAHNA M BTOPOro YaCTUYHOIO
noToka ANna rmapupoBaHma obecrnedmBaeTcs TO, YTO Ha Bxode B peaktop 41 ans
rmapupoBaHna gmoneduHoB (NepBas 30Ha rmapupoBaHna) CMECh XapakTepusyeTca

Temnepartypou, coctasnsawowen meHee 300°C, npepnodtutensHO MeHee 250°C,
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Hanbonee npepnoytutensHo MeHee 230°C. [aHHaa wMepa  3HAYUMTENBHO
CnocobCTBYEeT  NPefoTBPaLLUEHUMIO  HeXenaTenbHbIX — peakuun  KpekuHra U
nonumepusauun oneguHOB 1 anoneduHoB, cogepxawmxca B cMmecn. OTaenbHbIM
NPEMMYLLECTBOM SBNAETCA TO, YTO Nepej KOHBEpPCUEen ANoneduHOB B NEpBON 30HE
rMaopuUpoBaHMs BTOPOWM nogaBaeMbli MNOTOK OOnblue HE BCTYNaeT B KOHTaKT C
NOBEPXHOCTAMW  Ans  TennoobmeHa B  TennoobMeHHuKax, Hanpumep, B
TennoobmeHHunke 30.  lMockonbKy  BCNEACTBME  OrpaHWYyeHun  TennoobmeHa
yKa3aHHble NOBEpXHOCTW Ansg TennoobmeHa Bcerga AomkHbl BbiTe Bonee ropaummm,
4yeM Heobxoaumas Temnepatypa noToka TeKyyYyenm cpedbl Ha Bbixoge U3
TENNOOOMEHHMKa, Ha Takmx MOBEPXHOCTAX TennoobMeHa MPOUCXOANT YCUNEHHOe

pasnoXeHne HeHaChILEHHbIX YrNeBO40POAOR C 06pa3oBaHMeM Harapa.

Mocpencteom Tpybonposoga 40 cmecb, 06pasoBaHHY M3 OXNaXAEHHOro nepBoro
4YaCTMYHOro NoTOKa ANA TMAPUPOBaHNA U BTOPOro MOAaBaeMoro rnoToka, 3arpyxaroT
B peaktop 41 Ana rmapupoBaHus AMONeduHOB B Ka4vecTBe NepBOro peakropa ANs
rMapupoBaHns, YTo, C Y4ETOM €ro XapakTepUCTUK U pexxmma paboTbl, COOTBETCTBYET
OMNMCaHHOMY Bbille MNEepBOMYy acnekTy Hactoswero unsobpeteHnsa. C MOMOLLLHO
COOTBETCTBYHOLLEN  aganTayuu, HanpuMmep,  Ooxnaxaawwen  CnocobHOCTU
OXIaXAatoLLero yCTpoOMCTBa TeMNepaTypy Ha BXOLE B peakTop ANS MMApUPOBaHMUS

LI,I/IOJ'IeCpI/IHOB yCTaHaBnmMBaroT Ha onTtumMaribHoOe 3Ha4YeHne.

MocpeactBom TpybonpoBoaa 42 u knanaHa 48, pacnonoXeHHOro B kaHane 42
TpybonpoBoaa, NOTOK MPOAYKTa, MOSYYEHHOrO MNpU MMAPUPOBAHUN ANONEPUHOB,
obegHeHHbIN NO AuoneduHaMm, BbIrPYXarT W3 peakTopa AnS mMapupoBaHUS
AnoneunHOB 1 00bLEAVHAOT CO BTOPbIM YaCTUYHbIM MOTOKOM ANS MMMAPUPOBaHUS,
KOTOpbIN MnogaroT nocpeacTsom Tpybonpoeoga 43. [MonyyeHHyo Takum obpasom
CMECb HanpaeBnAT B peakTtop 51 ana ruapupoBaHus oneduHOB (BTOopas 30Ha
rmapuvpoBaHms) nocpeactesom Tpydonposoga 50. HaunHas ¢ Homepa 50 nosvyuu,

BTOPOW acneKkT COOTBETCTBYET NEPBOMY aCrekTy HacTOSILLEro N3o0peTeHns.

YuycneHdble npuMepsl

B cnepyrowmx 4mMcneHHbIX npumMepax cnocob AencTBMSA HacToAWEro nsobpereHus
NPOUNIKOCTPUPOBAH CO CCbIIKOW Ha pes3ynbTaTbl PacyeToB, MONYYEHHbIX MPW

MoaenmpoBaHnNN. B naHHoM cny4vyae He y4YnTbiBarTCA OpraHn4yeCkme KOMIMOHEeHTbI Ha
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OCHOBE Cepbl, MOCKONbKY ANS MOMyYeHHbIX NPodUnen TemMnepaTtypbl peLuatoLm

SBNSIETCS rMapUpoOBaHMe MOHO- U AMONEUHOB.

Oba npumepa OCHOBaHbl Ha NMPUPOAHOM rase B KayeCTBE MNepBOro nojaBaemoro
noToKa 1 Ha oTpaboTaHHOM rase, Nony4YeHHOM npu nepepaboTke HedPTH, B Ka4eCcTBe
BTOpOro nogasaemoro rnortoka. Coctasbl NEPBOrO U BTOPOro nogaBaeMbiX NMOTOKOB
nokasaHbl B KONoHkax ans tpybonposoga 10 n tpybonposoga 24 B Tabnuue noOTOKOB
mMaTepuana, ykasaHHoM Hwke. Bce gononHuTenbHble nokasaHnsa B Tabnvue noToKoB
mMaTepuana npuMeHUMbl TONMbKO K npumepy 2. CopepxaHve Bogopoda B
oTpaboTaHHOM rase, nNony4yeHHOM MNpu nepepaboTke HedPTN, ABNAETCS AOCTATOUHbIM
ANS CTagun rMapuvpoBaHNA B COOTBETCTBMM C HACTOSLMM M30OpETEeHMEM, TaK YTO
pPeLMpPKyNaumMsa BOAOPOAA M3 NOTOKa NPOAYKTa Ha OCHOBE BOAOPOAA, NMOSyHYEHHOTO B

yCTaHOBKe AN NapoBOro pUgOPMUHra, MOXXET OTCYTCTBOBATL.

Mpumep 1
B cooTBeTcTBMM C NEpBbIM acnekTOM HacTosWwero n3obpeTeHns NpupoaHbIv ras B

KayecTBe MNepBOro nogaBaemMoro noToka HanpaensawT B TennoodbmeHHuk 30
nocpeactesom  Tpybonposoga 10 npu  kKomHatHoOW  Temnepatype  (25°C).
OTpaboTaHHbIM ras, nonyYeHHbIn npu nepepaboTke HedTU, B Ka4deCTBE BTOPOro
nogaBaemMoro noToka W3HavanbHO AEMeTannuanpyroT B aacopbepe 21 n 3atem
KOHAEHCUPYIOT B KOHAEHcaTope 23, NOCne Yero OH XapakTepuayeTcs TeMnepaTypom,
coctasnstowen 81°C. MNocpencteom Tpybonposoga 24 BTOPOM NOAaBaEMbIN NOTOK
0B6begmHAT C NepBbIM NogaBaeMbiM NMoTokoM. B TennoobmenHmke 30 cmeluaHHbIe
nogaBaeMble MNOTOKM HarpeBarT Tak, 4YTO TemnepaTtypa B Tpybonposoae 40
coctaBnseT 260°C nepen BXoAOM B peaktop 41 Ans ruapupoBaHnsa LMoNneduHOB.
Bcnepcreue TOro, 4to rugpupoBaHme aMonedmUHOB M YacTu oneduHOB NPOXO4UT C
BblAENeHMeM Tenna, Temnepartypa B Tpybonposoae 50 nepen BXOAOM Ha BTOPYHO
CTyneHb rmapupoBaHus (peaktop 51, rugpuposaHue onedpuHos + HDS) coctaBnseT
npnbnuantensHo 290°C. Bcneactane TOro, 4to nNpwu rmapupoBaHumM oneduHOB Y
COEAMHEHUW Cepbl SHTanNbMMA peakuMm CHOBa BbICBODOXAAETCHA, Temnepatypa Ha
BbIXxO4e 13 peaktopa 51 coctasnsaet npmbnuantensHo 360°C (Tpybonposog 52). Mpwu
Temnepartype, KOTopas HEMHOrO HWXKE AaHHOro 3Ha4eHWs, MOTOK rasa NocTynaeT B
ancopbep 61 nocpencreom Tpybonposoga 60, npu 3Tom B agcopbepe cepoBogopos,

KOTOpPbIA 0OpasyeTcs Npu rMaAPoLECY NbdypM3aLnm, CBS3bIBAETCS C OKCUAOM LMHKA.
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B acnekte HacToswero n3obpeTeHus, nokasaHHOM B npumepe 1, npenmyLiecTBOM
ABMSETCA TO, YTO Ha BXOoAe B peakTop 41 Ans rmapupoBaHus anoneduHoB U B
peakTop 51 ana rmgpuposaHua oneduHos unn HDS Temnepartypa, cocraBnsrowas
300°C, He npesblwaeTca. ObecneynBaeTca OesonacHoe nogaepKaHue BepxXHEW
rpanHubl, coctaenaoen 343°C, kak onpegeneHo B US 3477832, n, Takum obpasom,
NPefoTBpaLWlaeTCa OCaXAEeHWe Harapa Ha Karanusatopax Ang rMapuvpoBaHua ©

ancopbeHTe.

Mpumep 2
CocTaB 1 CBOWCTBa BaXHbIX MOTOKOB Marepuana B COBOKYNMHOCTM C NOCMEAYOLLMUM

0BbbACHEHMEM BTOPOro npumepa npuBeAeHbl B YKasaHHOW Tabnuue noTOKOB

marepuana.

B cooTBeTCTBMM CO BTOPbIM aCMeKTOM HacToALEro n3obpeTeHns NpupoaHbIv ras B
Ka4yecTBe MNepBOro nogaBaemMoro noToka HanpaensawT B TennoodbmeHHuk 30
nocpeactesom Tpybonposoga 10 npu  KomHaTtHOM  Temnepatype (25°C). B
TennoobmeHHuke 30 NOTOK MNPUPOAHOro rasa HarpesarwT 6e3 npumelLvBaHUS
BTOPOro nojaBaemMoro noTtoka Takum obpa3om, 4TO Temnepatypa rasa B
Tpybonposoae 31 nepen passeTBneHMeM Ha Tpybonposoabl 43 n 45 cocraensier
368°C. lMepBbI YaCTMYHbBIM MOTOK ANSA TMAPUPOBaHUS, OTBETBIEHHbBIA MOCPELCTBOM
Tpybonposoga 45, BBOAAT B OXNnaxparollee YCTPOUCTBO 47, OXNaparoT B HEM WU
nocpeactsom Tpybonposoga 40 06beaMHSAT CO BTOPbIM MNOAABAEMbIM MOTOKOM,
KOTOpPbIN BBOAAT NOCPeacTBoM Tpybonpoeoaa 24, M KOTOPbIA XapakTepuayeTcs
Temnepartypou, coctasnswowen 81°C. 3arem nonyyYeHHas CMeCb MNOJAEeTCs B
peakTtop 41 ona rmapupoBaHUs AMONedUHOB MpU TEMNepaType, COCTaBNALLEN
222°C, wn BbINYCKAeTCA M3 YKa3aHHOro peaktopa no Tpybonposogy 42 npu
Temnepatype, cocraesnsowen 229°C. lNocne obbeauHeHWa U CMELUMBaHWA CO
BTOPbIM 4YacCTWUYHbIM MOTOKOM ANs ruapuposaHus (Tpybonposog 43) nony4veHHas
Takum oBpa3omM CMEChb MogaeTcs B peaktop 51 gnsa rmapupoBaHus oneduHOB Unn
HDS npu Temnepatype, coctasnstiowen 313°C, n BbinyckaeTcs W3 Hero no

Tpybonposoay 52 npu Temnepatype, coctasnaroLen 354°C.
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Tabnuuya noToKOB MarepMana, NpUMep 2, BTOPOH ACMEKT HACTOALLErD HaobpeTeHus

N¢ TpyBonposoga 10 24 H 40 42 50 52
HasHavenue NepBLIA NOAARAE- | BTOPOM NOfABAS- | HATPETHIA NepELA | McxoaHuiA Mate- | MpoaykT - nepaas | Mcxoakbii Mate- | MponykT - BTOpaR

MbiA NOTOK [MPK- | MblF NOTOK (OTpa- | NO/ABAEMLIA NO- | PWan - NEpBan 30- | 30HA TMAPMPOBA- | puUan - BTOPaA 30~ | 30HA TMAPUPCBa-

pOAHLIA raa) BOTAHHLIA Fa3, NO- | TOK (NPMPOAHLIA | HA TMAPHPORAHUA | HUA Ha MAPHPORAHKA | HUR

NyHEHHLIA NpY Ne- | ras) {rwop. Amoned- | (magp. Awonedn- | (rwap. oneduyon | (MAp. oneduHes
pepaboTke HedTH) HoB) HOB) + HDS) +HDS)

MonsapHed pacxos
{kMONB/.} 1219 428 1518 808 805 1945 1910
Maceosri pacxos
{krfs.) 27610 7605 27610 14508 14508 39216 39216
Temnepatypa (°C) 25 81 368 222 228 313 354
MenspHan pona
(%)
H 0,00 21,20 0,02 11,24 10,81 4,53 267
Co 0,00 1,30 0,00 0,69 0,62 0,26 0,13
Co, 1,07 0,10 1,07 0,56 0,56 0,86 0,87
H,0 0,00 0,00 0,00 0,00 0,07 0,03 0,16
N; 2,00 3.0 2,00 2,79 2,80 2,33 237
0, 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Ar 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Meran 89,20 49,25 88,18 68,02 68,20 80,53 8212
Jran 3,39 12,40 5,35 10,67 16,83 7,62 8.78
Jren 0,00 4,80 0,00 2,54 242 1,00 0,00
I 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Mponax 1,52 1,60 1,52 1,56 1,57 1,54 197
Mponex 0,00 1.80 0,00 095 0,96 0,40 0,00
H-ByTaH 0,32 0,40 0,32 0,36 0,36 0,34 0,34
WaoByTaH 0,26 0,00 0,26 0,12 0,12 0,20 0,33
ByTeH 0,00 0,50 0,00 0,26 0,28 0,12 0,00
ByTaaureH 0,00 0,05 0,00 0,03 0,00 0,00 0,00
H-TleHTaH 0,08 0,10 0,08 0,09 0,08 0,08 0,09
WaonenTau 0,08 0,00 0,08 0,04 0,04 0,06 0,06
H-[eKCaH 0,12 0,00 0,12 0,06 0,06 0,09 0,10




2015P00383 27

B uenom, acnekt HacToswero m3obpeTeHnsi, OOBACHEHHbIN B npUMepe 2,
MMEeeT Te Xe MNPeMMyLLecTBa, 4TO M OOBACHEHHBIA B COBOKYMHOCTU C
npumepom 1. [JONOMHUTENBHOE MPEMMYLLLECTBO COCTOUT B TOM, YTO BTOPOW
nogaBaeMbl MOTOK, KOTOPbIM COAEPXUT Oe3yCnoBHO HambonbLUy 4acTb
onemHoOB 1 AMONEdUHOB, BBOAST B CNOCOD B OTHOCUTENBHO XONOLHOM
TOYKE W, B YaCTHOCTW, He HarpeBatoT B TennoobmeHHuke 30 BmecTe C
nepBbIM NojaBaembiM MOTOKOM. Bcnepcreme COOTBETCTBYHOLLEN YCTaHOBKM
oxnaxpgaroLlen CnocCoBHOCTH oxnaxparowero - yCTpoucTea n/vnm
KOMMYECTBEHHOrO  COOTHOLUEHWS MEPBOr0  4acTUYHOrO  MOToKa  Ans
rMApVUpoOBaHWs M BTOPOrO  YaCTUYHOrO MOTOKa ANA  rMApUpPOBaHMUS
obecneunBaeTcs TO, 4YTO Ha BXxOAe B peaktop 41 Ana rmapupoBaHus
AnonedmMHOB CMECb  XapakTepusyeTcs  HeobXoaumMonm  TemnepaTtypown,

coctaBnaowen meHee 230°C.

MpombliwneHHass NPUMEHUMMOCTb

B HacTosilem un300peTeHMM NpeaycMoTpeHbl crnoco® M yCTPOMCTBO ANs
NONyYeHUs CMELLaHHOro NnogaBaemMoro notoka Ans yCTaHOBKU ANS NapoBOro
pUopMUHra. B kayecTBe nogaBaeMbiX MOTOKOB MOXHO MPUMEHSATb MOTOKM
Ha OCHOBE MPUPOAHOro rasa W BbICLUMX YrNEBOLOPOAOB, KOTOpbIE coaepxaT
3HaYUTENBHOE KONMMYECTBO HEHAaCbILLEHHbIX YrNeBOAOPOLOB U OpraHNYecKmx
coefuHeHWn  cepbl.  Bcnepacteume  cTymeHuyaTtoro  rmapuvpoBaHus B
COOTBETCTBUM C HACTOSALLMM N30OPETEHMEM U ONTUMMU3UPOBAHHOIO NPOUNIS
TemnepaTypbl NPeAoTBPaLLaeTCs MeperpeB Cbipbsl, KOTOPbIA MPUBOAUT K
TEPMUYECKOMY KPEKUHIY, B YaCTHOCTW, COAEpXalnXCs HeHacbILEeHHbIX
YrNeBOAOPOAOB, K HEXeNaTenbHOMY OCaXAeHWIO Harapa 1, Takum obpasom, K
3aKyrnopuBaHWIO YCTPOMCTBA M CUCTEM HWXKE MO MOTOKY U K YCKOPEHHOM
AeakTmBaLmm NPUMEHSIEMbIX KaTanM3aToposB. Takum obpasom,
yBENMYMBAETCS MONE3HOCTb YCTAHOBKU W, CNefoBaTenbHO, 3KOHOMUYeCKas

LenecoobpasHOCTb YCTaHOBKWN AN NApOBOro pUdOPMUHIa HXKE MO MOTOKY.

MNMepeyeHb HOMEPOB NO3NLUNA

10 Tpybonposog
20 Tpybonposog
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(nepBas

30Ha

21 apcopbep (gemetannusayms)
22 Tpybonposog

23 KOHAEeHCcaTop

24 Tpybonposog

30 TENNOOOMEHHMK

31 Tpybonposog

32 Tpybonposog

33 Tpybonposog

34 Tpybonposog

35 KnanaH

40 Tpybonposog

41 peaktop ANS  rMapupoBaHWa  guoneduHOB
rmapvpoBaHns)

42 Tpybonposog

43 Tpybonposog

44 KnanaH
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dopmyna nsobpereHus

1. Cnocob nony4eHns CMeLlaHHOro nogaBaemoro NoToka ANS yCTaHOBKU
ANA NapoBoro pudopMuHra, cogepxallen no MeHbLwen Mmepe OfHYy CTyneHb
pUOpPMUHra, NpUYeM NOTOK NpedycMaTpuBaeT NepBbIi No4aBaeMbld MNOTOK,
coaepxalimm MeTaH, 1 BTOPOW MNojaBaeMbli MOTOK, COAEPXKALUMW BbICLLUME
yrneeoaopoabl, oneduHsl W anoneduHbl, rae nepsbii W/WNM  BTOPOMU
nojaBaemMble MOTOKU TaKkKe CoAepXar COeAWHEHUs cepbl, U rae cnocodb
npeaycmaTpuBaeT cneayrowme ctagum:

(a) obecneyeHre nepBOro MNoOAaBaeMoOro MoOToKa W BTOPOro MNOAaBaeMoro
noTokKa,

(b) HarpeBaHwe nepBOro nogasaemMoro MoToka B MepBOM HarpeBarerbHOM
yCTPOUCTBE,

(c) obvegumHeHMe 1 CMewmBaHME MO MEHbLIEN Mepe 4YacTu NepBoro
nogaBsaemoro notoka CO BTOPbIM NMogaBaeMbiM MOTOKOM, BBEAEHME LaHHOW
CMECK B MNEPBYI 30HY rMapupoBaHus, obecnevyeHue no MeEHbLUEN Mepe
4YaCTUYHOro NpeBpaLeHna ANONedUHOB B NEPBOM 30HE MAPUPOBaHUS Npu
YyCrnoBusX ANS rmMapupoBaHus AWONedUHOB, BbIrpy3ka MNOTOKa MNPOAYKTA,
MONYYEHHOr0 Mpu  TMAPUPOBaHUM  ANONEPUHOB, U3 MNEPBON  30HbI
rmapupoBaHmus,

(d) BBegeHwe nOTOKA MPOAYKTA, MOSMYYEHHOrO0 nMNpU  rMAPUPOBaHUN
AnonedunHOB, BO BTOPYK 30HY MMapUpoBaHus, obecneveHne no MeHbLUEW
Mepe 4aCTUYHOro MnpeBpaLleHna onerHOB BO BTOPOW 30HE MMApPUPOBaHUSA
npyv yCcnoBuAxX ANS rMApUPOBaHUA OnedUHOB, BbIrpy3ka MOTOKa MPOAYKTa,
NONYYEHHOro NPy rMaPUPOBaHNN ONEeMUHOB, U3 BTOPOU 30HbI TMAPUPOBaHUS,
(e) BBEAEHME NOTOKA NpoAyKTa, Nony4vyeHHOro Npu rmgpupoBaHimn oneuHoOB,
B TPETLIO 30HY rMApUPOBaHnA, obecrnedeHne No MeHbLUEN MEPE YacTUYHOrO
npeBpaLeHnNa COeAMHEHUW Cepbl B TPETbEW 30HE TUAPUPOBAHUA MNpuU
ycrnoBmax Ans rugpopecynbdypusaummn (HDS) B pecynbdypunsoBaHHbie
YyrneBOAOpPOAbl M CEPOBOAOPOA, BbIrpy3Ka MOTOKa MPOAYKTA, MNOMYyYEHHOro
npy HDS, 13 TpeTben 30HbI A pUpoBaHns,

(f) BBEaeHWe notoka npoaykTa, nonydeHHoro npu HDS, B N0 MeHbLUEN mepe
oAHy 30Hy agcopbuuu, 3anonHeHHyr aacopOeHTOM, CenekTUBHbIM B

OTHOWEHNN cepoBoaopoaa, no MEHbLLEN Mepe 4actun4yHoe oTaeneHune
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cepoBogopoda nyteMm apcopbumm Ha apcopbeHTe, BbIrpy3ka MoOTOKa
NpoAyKTa, nonyyYeHHoro B apcopbepe, ob6efHEHHOrO MO CepoBOAOPOAY, M3
30HbI agcopbumn,

(g) BBEAeHME NOTOKa NpoAayKTa, MonyYeHHoro B apcopbepe, B BUAE
CMELLaHHOro MOAaBaEMOro MnoToka Ha MO MEHbLUEN Mepe OAHYy CTyMneHb

pUdPOpPMUHra.

2. Cnocob no n.1, oTnMyarwmmcs Tem, 4YTO ODObeauHeHne U
CMELLUMBaHME MO MEHbLUEM Mepe 4acTM MEPBOro MogaBaemoro MnoToka Co
BTOPbIM NOAaBaeMbiM MOTOKOM MPOBOAAT Takmm 0Bpas3om, 4TO Ha BXOAE B
NepBytd 30HY T[MAPUPOBAHUS CMECb XapakTepuayeTcss TemnepaTypow,
coctaBnswowen meHee 300°C, npegnoututensHo meHee 250°C, Hambonee

npeanoytTuTensHoO meHee 230°C.

3. Cnoco6 no n. 1 unm n. 2, OTNNYAaOLWLMICA TEM, YTO:

- nocne HarpesaHus B MNEPBOM HarpeBaTeNbHOM YCTPOWCTBE NEpPBbIN
noAaBaeMbli  MOTOK pPasfenstoT Ha MNepBbid  YaCTUYHBIA - MOTOK  ANS
rMAPUPOBaHNS U BTOPOM YacCTUYHbBIA NOTOK ANS MAPUPOBaHUs,

- NEepBbIN YaCTUYHbLIA MOTOK ANSA TMAPUPOBaHMS BBOAST B OXnaxaaroLlee
YCTPOWCTBO,

- OXNaXAeHHbIN NepBbI YaCTUYHbIA NOTOK ANS MMAPUPOBAHUS BbIFPYXKaroT U3
oxnaxkgaroLlero yCTponcTBea,

- OXNaXAEHHBIA NEPBbLIA YAaCTUYHbBIN MOTOK AN TMAPUPOBaHNA OOBbEANHAIOT U
CMELLMBAIOT CO BTOPbIM NO4aBaeMbIM NMOTOKOM,

- MONyYEHHY0 TakuM 06pa3om CMeChb BBOASAT B NEPBYHO 30HY M pUPOBaHUS.

4. Cnoco® no n. 3, oTnMyarwmnca Tem, 4YTO MOTOK MNPOAYKTa,
NOMYYEHHOrO NP TMAPUPOBaHUN ANONEPUHOB, OOBEAMHSAIOT N CMELLUMBAIOT
CO BTOPbIM 4aCTUYHLIM MOTOKOM ANS TMAPUPOBAHUSA N MONYYEHHYH TakuUM

06pa3om CMech BBOASIT BO BTOPYHO 30HY MMAPUPOBaHMS.

5. Cnocob no n. 3 wnu n. 4, OTNMYaWMNCA TEM, 4YTO B Ka4yecTBe
OoXnaxaarLlero  yCTpoMCTBa  MPUMEHSIIOT  BO34yX0OXNaauTenb  UNn

TennoobMeHHVK, npu STOM B Cllyyae MPUMEHEHUS TennoobMeHHMKa
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oxnaxapeHwue npeanovYTnuTENbHO npoBOAAT nyTem onocpenoBaHHOro
TennoobmMeHa C No MEHbLUEN Mepe 4acCTblo NepBOro nogaBaceMoro noToKa

nepes NepBbIM HarpeBaTenbHbIM YCTPONCTBOM.

6. Cnoco6 no niobomy M3 npeablaylyx MyHKTOB, OTNINYAKOLWMUCA TeM,
4yTO Oxnaxpawuwas CcrnoCobHOCTb OXNaxparlwero ycTpoucTea w/wunum
KONMMYECTBEHHOE  COOTHOLIEHME MEepBOro  4YacTUYHOro  MOToKa  Ans
rMApPVPOBaHNS U BTOPOrO YaCTUYHOrO MOTOKa ANSA rMApUpOBaHuSA BbiGpaHbl
Takmm obpasoMm, 4YTO Ha BXOAe B MEPBYHO 30HY TMAPUPOBAHUS CMECH
XapakTepusyetca  TemnepaTypown, coctaBnawowen  meHee  300°C,

npegnoyTuTensHO MeHee 250°C, Hambonee npegnoyvtuTensHO meHee 230°C.

7. Cnocob no nobomy M3 NpeabiayLmx MyHKTOB, OTIMYAOLWMNCA TEM,
4yTO nepen OObEAMHEHMEM WU CMELUMBAHWEM C MO MEHbLUEN MEpPEe YacTbio
NepBOro nojaBaeMoro MnoToka BTOPOW MOgaBaeMbill MOTOK BBOAAT B 30HY
agcopbumn, KoTopas 3anonHeHa aacopOEeHTOM, CEeNEKTUBHBIM B OTHOLLEHUN

MeTannos.

8. Cnoco6 no nobomy M3 npeablayyx nyHKTOB, OTNNYAOLMIACA TEM,
4YTO MepBOe  HarpeeBaTeNlbHOe  YCTPOMCTBO  BLIMNOHEHO B BUAE
TENNOOOMEHHKMKA, NPX 3TOM MEPBbLINM NOAABAEMbIA NOTOK HArpeBatoT NyTEM
OnocpenoBaHHOro TennoobmMeHa C  ropsYMM  MOTOKOM  HEOYULLEHHOrO
NPOAYKTa Ha OCHOBE CUHTE3-rasa U3 yCTaHOBKWN AN NapoBOro pudopmMuHra, ¢
rOpsiYMM MOTOKOM AbIMOBOrO rasa 13 neyn ans pudopMuHra Unm ¢ ropsyumm
MOTOKOM rasoobpasHOro npoaykrta mu3 ycTtaHoBkM Aana  koweepcunm CO
(npeobpasoBaHma CO) HwKe no MNOTOKY OTHOCUTENbHO YCTaHOBKM A4

NOTOKOBOro pUdPOpMMUHra.

9. Cnoco® no nobomy M3 npeabiayLyx MyHKTOB, OTNINYAKOLWMACA TEM,
4YTO yCTaHOBKa [ANA NapoBOro  pudoOpMMHra COLEPXKUT  CTYMEHb
npeaBapuUTENbLHOrO pPUOPMUHra (yCTpOMCTBO npeaBapUTENbLHOro
pPUPOPMUHra), Ha KOTOPOW BbICLUME YrNEBOAOPOAbI MO MEHbLUENW Mepe
4YaCTMYHO MpeBpaLlalTCsd B MeTaH MNpy YCNoBuSX ANS NPeABapUTENbHOroO

pUPOPMUHra.
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10. YcTpomcTBO ANA MOMyYeHWs CMELLaHHOro MnogaBaemMoro noTtoka Ans
YyCTaHOBKM ANS MNapoOBOro puUMOPMUHIra, copepXallen No MeHbLuen mepe
OfHY CTyneHb puUQOpPMUHra, MNpUY4eM MOTOK npeaycMaTpuBaeT MnepBbIn
nogaBaemMbln MNOTOK, COAEPXaLMW METaH, M BTOPON MNOAABaEMbIA MOTOK,
coAepXallmin BbICLUME YrNeBOA0POAbl, OneduHbl U AnoneduHbl, rae nepsbIn
n/mnn BTOpOM nojaBaeMble NOTOKMN TaKKe cogepxaT COeaMHEHUS Cepbl, U rae
YCTPOUCTBO COAEPXKUT CRneayrolme KOMMOHEHTbI, KOTOpble Mexay coboun
COOBLLEHbI NO TEKYYEN cpeae:

(a) cpeactBo Ana obecneveHUs NepBOro nogaBaemMoro noToka UM BTOPOro
nogaBaemoro noToka,

(b) nepBoe HarpeBaTenbHOE YCTPOMUCTBO ANA HarpeBaHWs MnepBoro
nogaBaemoro noToka,

(c) cpenctBo Ana obbeguHEHUS U CMELUMBaHWUS MO MEHbLUEW Mepe 4acTu
nepBoro nojaBaemMoro noToka CO BTOPbIM MOAaBaeMbIM MOTOKOM, MEPBYHO
30HY rMapUPOBaHUS, CPEACTBO ANS BBEAEHUS AaHHOM CMECU B MEPBYHO 30HY
rmapupoBaHns, CPeACTBO ANS BbIFPY3KM NOTOKA NPOAYKTa, NMONyYEeHHOro npu
rmapupoBaHnm 4UoneduHOB, N3 NEPBON 30HbI M4 PUPOBaHUS,

(d) BTOPYHO 30HY rMapupoOBaHus, CPeaCcTBO ANSA BBEAEHUA MOTOKa NPOAYKTa,
NONYYEHHOro MNpu  rMApUPOBaHMM  AMONedUHOB, BO BTOPYHD  30HY
rmapupoBaHns, CPeACTBO ANS BbIFPY3KM NOTOKA NPOAYKTa, NMOMYyYEeHHOro npu
rmapupoBaHnm oneduHOB, N3 BTOPOW 30HbI MM pUPOBaHUS,

(e) TpeTbto 30HY rmugpupoBaHua (HDS), cpenctBo ana BBefeHUA MOTOKa
NpoAyKTa, MOMNYYEHHOro MNpu rMAPUPOBaHUN ONEeMUHOB, B TPETBHK 30HY
rmapupoBaHns, CPeacTBO ANS BbIFPY3KM NOTOKa NPOAYKTa, NMOMYYEeHHOro npu
HDS, n3 TpeTben 30HbI IMapUpPOBaHnS,

(f) 3oHy agcopbunn, 3anonHeHHyr aacopbeHTOM, CENEKTMBHbIM B
OTHOLLEHMW CEepoOBOAOPOLA, CPEACTBO ANA BBEAEHMS MOTOKa NPOAYKTa,
nonyyeHHoro npy HDS, B N0 MeHblen Mepe oOfHy 30Hy agcopbumw,
CPEACTBO [ANA BbIPY3KM MOTOKA MNPOAYKTa, MNOnydYeHHoro B apcopbepe,
oBeHEeHHOro No cepoBoAopOaY, U3 30HbI agcopdbumn,

(g) NO MeHbLLEN MEpe OAHY CTYNEHb PUPOPMUHIra, CPEACTBO ANA BBEAEHUS
noToka MpoAyKTa, MOony4YeHHoOro B apacopbepe, B BUAE CMELLAHHOrO

MOA4aBaeMOoro NnoToka Ha No MeHbLUEN Mepe OAHY CTyneHb pUpOpMUHra.
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11.  YcrpouctBo no n. 10, oTnuyawoweecs Tem, UYTO YCTPOUCTBO
LOMOSNTHUTENBHO COLEPXKUT CpPeacTBo, KOTOpOe obecneunBaeT
ocyliecteneHne obbeauMHEHNS N CMELLUMBAHMS MO MEHbLUEN Mepe 4acTu
MepBOro NoAaBaeMoro rnoTtoka CO BTOPbIM MOAABaEMbIM MOTOKOM TakKuMm
obpasoMm, 4YTO Ha BXOAE B MEPBYH 30HYy T[MAPUPOBAHUSA CMeEChb
XapakTepusyetcsa  TemnepaTtypown, coctaBnaowen  meHee  300°C,

npegnoyTuTensHO MeHee 250°C, Hambonee npegnoyvtuTensHoO meHee 230°C.

12.  Yctpoucteo no n. 10 vnm n. 11, oTnuyaroLeecs Tem, YTO yCTPOUCTBO
AOMONMHUTENBHO COAEPXMUT:

- pasgenuTtensHoe YCTPOWCTBO ANS pasfenieHvs nepBoro nogaBaemMoro
noToKa MoCne HarpeBaHWss B MNEPBOM HarpeBaTenbHOM YCTPOWCTBE Ha
NepBbIN YaCTMYHbBIA MOTOK AN FMAPUPOBAHUSA WU BTOPOM YaCTMYHbBIA MOTOK
ANS TMAPUPOBaHNS,

- oOXnaxparoLee yCTponcTBO M CPEACTBO ANA BBEAEHUSA NEPBOro YaCTUYHOro
noToKa ANns r’MApPUPOBaHNS B OXNaxaaroLLee yCTPONCTBO,

- CPeACTBO ANSA BbINPY3KM OXNaXKAEHHOro MepBoro YacTUYHOro NnoToka Ans
rMAPVPOBaHMS N3 OXNax4atoLWwero yCTponCTBa,

- cpeactBo Ansa obbeguHEeHUss U CMELUMBaHUS OXNaXAEHHOro MNepBoro
4YaCTMYHOrO NOTOKa ANA MTMAPUPOBaHNSA CO BTOPLIM NOAaBaEMbIM MOTOKOM,

- CPELCTBO 4S5 BBEAEHMS NONYYEHHOMN Takum 0Bpa3oM CMECHK B NEPBYHD 30HY

rMAPUPOBaHMS.

13.  YcrpouctBO no n. 12, oTnuyaroweecs Tem, 4YTO YCTPOUCTBO
LOMONMHUTENBHO COAEPXKUT CPEeACTBO AN OObEeAMHEHMS U CMELUMBaHUSA
NoTOKa NPOAYKTa, MOMYyYEHHOro Npu rMapUpOBaHnn AMoNedUHOB, CO BTOPLIM
YaCTMYHBIM MOTOKOM 4S5 TMAPUPOBaHUA U AN BBEAEHUS MOMYYEHHOM CMECH

BO BTOPYO 30HY FMAPUPOBaHUS.

14.  Ycrpoucteo no n. 12 unu n. 13, oTnmMyaroLeecs TeM, YTO B Ka4yecTse
oxnaxgarLwlero  yCTpouctsa MNPUMEHSETCS  BO34yxXOooxXnagutens  Unm
TENNOOOMEHHMK, MNPV 3TOM B ClyyYae MpUMEHEHNA TennooOMeHHMKa

oxnaxgeHme npeanoyvTuTesibHO npoBOAUTCA NyTeEM  onocpeaoBaHHOro
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TennoobmeHa C N0 MEHbLUEN Mepe 4acCTblo NepBOro nogaBaceMoro nOoToKa

nepes nepBbIM HarpeBaTenbHbIM YCTPONCTBOM.

15.  YctpouctBo no nobomy M3 npeabiaylimMx MyHKTOB, OTNMYaroLieecs
TEM, YTO Oxnaxparwas crnoCOOHOCTb OXNaKAaroLero yCTpoucTBa MOXET
OblTb  yCTaHOBNeHa W/WNM  KONWUYECTBEHHOE  COOTHOLUEHWE  MepBOro
4YacTUYHOro MOTOKa ANA MMMAPUPOBAHUA M BTOPOro 4YacTUYHOrO MOToKa Angd
rmapvpoBaHma  MoXeT ObiTb BblIOpaHO C MNOMOLLKD YCTpoucTBa AnNS
perynupoBaHmMa MNoToKa, TakMMm obBpasoMm, 4YTO Ha BXOAEe B MEPBYH 30HY
rapupoBaHUsa CMECb XapakTepusyeTCca TemnepaTypoun, COCTaBnsAroLLen
meHee 300°C, npegnoytuTensHO MeHee 250°C, Hambonee npeanoyYTUTENBHO
meHee 230°C.

16.  YctpouctBo no nobomy m3 npenbigyLimx MyHKTOB, OTNnvarolieecs
TEM, YTO YCTPOMCTBO AOMOMHUTENBHO COAEPXKUT 30HY agcopbumu, KoTopas
3anonHeHa afcopbeHTOM, CEeneKkTMBHBIM B OTHOLLEHUM METanmnoB, U KoTopas
pacnonoXeHa BbIWe MO MOTOKY OTHOCUTENbHO OAHOMO WM HECKOMNbKMX
cpencte Ans ob6beanHEHMs U CMEeLUMBaHUS BTOPOro nogaBaemMoro noToka ¢

NO MEHbLLEN Mepe 4acCTbio NepBOro nogasaemMoro rnoToka.

17.  YcrtponuctBo no nobomy M3 npeabiaylymMx MNyHKTOB, OTMYaroLieecs
TEM, 4TO TnMEepBOE HarpeBaTenbHOE YCTPOMCTBO BbIMNOIHEHO B  BUAE
TEenNOOOMEHHMKa W NOAXOAUT ANS  OCYLECTBMEHUS OMNoCpenoBaHHOro
TennoobMmeHa mexay nepBbiM MoAgaBaeMbiM MOTOKOM U FOPAYMM MOTOKOM
HEeOUYMLLEHHOrO NPOAYKTa Ha OCHOBE CUMHTE3-rasa 13 yCTaHOBKM ANS NapoBOro
PUPOPMUHTa, FOPSHYMM MOTOKOM AbIMOBOrO rasa u3 neun ana puopMuHra
U rOPAYMM MOTOKOM razoobpasHoro NpoAaykTa u3 yCTaHOBKM ANS KOHBEPCUM
CO (npeobpaszoaHna CO) HWKe NO NMOTOKY OTHOCUTENBHO YCTaHOBKW A4

napoBOro pudPopMUHra.

18.  YcrpouctBo no nobomy m3 npeabiaylymMx MNyHKTOB, OTNMYaroLieecs
TEM, 4YTO YyCTaHOBKa [ANA nNapoBOro pudopMUHra COAEPXUT CTyMNEHb
npeaBapuTENbHOMO pruopMmnHra (ycTponcTso npeaBapuUTENBHOMO

PUOPMUHIa), Ha KOTOPOM BbICLUME YrNEeBOAOPOAbI MO MeHbLUEN Mepe
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4acTUYHO MpeBpaLLatoTCss B MeTaH Mpu YCroBuSX ANS NpeaBapUTeribHOro

pUPOPMUHra.
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