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TEXHOJIOTMUECKUN Tra3, colep Kalluii, 1o MEHbIIEH Mepe, 3TaH, STUJIEH U COEIMHEHMS C TeMIepaTypoi
KHIIEHUS] MEHbILIE, YEM TEMIIEPATypa KUIEHHS 3TaHa U 3TUJICHA, U B KOTOPOM, UCIONB3Ys O MEHBIIEH
Mepe YacTH TEXHOJOTHYECKOTO ras3a, (POpMHpPYIOT BXOJHOM IIOTOK Cemapaluyd W IOABEPraroT €ro
HU3KOTEMIIepaTypHoil cemapaiuu (6), Ipu KOTOPOl BXOJHOW TMOTOK Cemapaluu OXJaXIalT U NpU
KOTOPOH OT BXOTHOTO ITOTOKA CEMapaliy OTACIIIFOT OJWH WK O0Jiee KOHACHCATOB, IPUYeM KOHICHCAT(bl)
MTOABEPTalOT HU3KOTEMITCPAaTypHOH PEKTU(QHKAIMK C TIOJy4YEeHHEM Ia3000pa3HON MepBOM (paknuu u
JKUJKOM BTOPOH (pakimu, Iie razooOpas3Has nepBas (Qpakiys COACPXKHUT, MO MEHbIIeH Mepe, 3TaH
1 3THIEH npu Oojee HU3KOM COMEPKAaHUH, YEM BO BXOJHOM IIOTOKE CEHapanuy, W COSIUHEHHS C
Oonee HU3KOM TeMIlepaTypoil KHMIICHHWS, YeM 3TaH W J3TWIICH, IPH Ooiee BBHICOKOM CONIEPKAHUH, YeM
BO BXOJHOM IIOTOKE cemapaiuu. [IpeaycMoTpeHo, 4To HepByro (pakiuio IOABEpraroT, N0 MEHBIIEH
Mepe, dactudHO ancopoumu (7) ¢ mepemamoM JaBiICHHS, IMMOCPEACTBOM HYEro ITONYYaroT TPETHIO
(pakIuro, coepsKalryio MPeAnoYTUTEIBHO WK HCKIFOYUTEILHO ATUIICH U ATaH, ¥ YeTBEPTYIO (Ppakuuio,
COZICPIKAIIYI0 IPEANOYTUTEIPHO WM HCKIIOYUTEIBHO METaH M MOHOOKcHn yriepoma. [Ipemmerom
M300pEeTeHNs TaKkKe SABISIETCA COOTBETCTBYIOMmas yctaHoBka (100).
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Crnoco0 u ycTaHOBKA MOJy4€HUs STUIIEHA

H300peTeHne OTHOCUTCS K CIOcO0Y TONyYEeHHsI STUIEHA U COOTBETCTBYIOIIEH YCTAHOBKE

B COOTBETCTBUU C OIrpaHUIUTECIIbHBIMU YaCTAMN HE3aBUCUMDbIX ITyYHKTOB (1)OpMy.]'IbI I/1306peTeHI/I$[.

YpoBeHb TEXHUKHU

B nenom okucnurensuoe nerunpuposanue (OJI)) mapaduHoB, comepkammx OT ABYX A0
4eThIpeX aTOMOB yriepoaa, xopouio ussectHo. [Ipu OJIl" ykazaHHble mapaduHbl pearupyroT C
KHCJIOPOZIOM C MOJYYE€HUEM, CPeIH MPOoYero, oNe()HOB C OAMHAKOBBIM YIJIEPOAHBIM YHCIOM U
BOJIbI.

OJI' moxer ObITb OoNiee MNPEANOYTHTENBHBIM MO CPAaBHEHUIO C TPATHLIUOHHBIMH
criocobamMu MONy4eHus: OJe(UHOB, TAKUMH KaK MapoOBOW KPEKMHI WM KaTaJHUTHYECKOe
neruapupoBanue. Hampumep, He CyIIECTBYeT HHMKAKOrO OTPAaHMYEHHUS TEPMOIMHAMHYECKOTO
paBHOBECHsI BBUAY SK30TEPMUYHOCTH mpoxonsmux peakiuit. OJIIT MOXKHO OCYIIEeCTBHTBH MpH
CPaBHHTENIbHO HU3KUX TeMIlepaTypax peakuuu. PereHepariys UCIONb3yEeMbIX KaTajJH3aTOPOB B
NpUHLMINE HE SBIAETCS HEOOXOAMMOMW, TOCKOJbKY MPUCYTCTBHE KHCIOPOAA TO3BOJISIET
OCYLIECTBJISITh pereHepauuto in situ. HakoHel, MO CpPaBHEHHIO C MApOBBIM KPEKUHIOM
o0pa3syeTcst MeHblIee KOJTMYECTBO OECIONe3HbIX MOOOYHBIX MPOAYKTOB, TAKUX KaK KOKC.

Jns nosydenus: 6osee noapodHoit nadopmaruu, kacaromerics OJII, MokHO 00OpaTUTLCS
K COOTBETCTBYIOLIEH TEXHUYECKOW nureparype, Hampumep, Ivars, F. and Lopez Nieto, J. M.,
Light Alkanes Oxidation: Targets Reached and Current Challenges, in: Duprez, D. and Cavani,
F. (ed.), Handbook of Advanced Methods and Processes in Oxidation Catalysis: From
Laboratory to Industry, London 2014: Imperial College Press, pages 767 to 834, umm Gértner,
C.A. et al., Oxidative Dehydrogenation of Ethane: Common Principles and Mechanistic Aspects,
ChemCatChem, vol. 5, no. 11, 2013, pages 3196 to 3217.

B uactHOCTH, manee B HACTOSIIEM NOKYMEHTe H3o0pereHne ommcaHo ¢ yuerom O
sTaHa (tak HaspiBaemoe O/II-3). OnHAKO, MOMHUMO OKHMCIUTEIBHOTO NETUAPUPOBAHMS 3TAHA, B
NPUHLKIE TaKXKe MOXKET ObITh OCYIIECTBIEHO HEOKHCIUTENbHOE AETMIAPUPOBAHUE STaHA C
noJiyueHueM sTuiieHa. Hacrosimee n3o0pereHne Takke MOAXOAUT AJIsl TAKOTO criocoda.

[ToMuMO MEepBUYHBIX MPOAYKTOB - STHUJIEHA U BOABI - IPU OOJiee BHICOKMX KOHBEPCHUSIX B
O, B wactHoctu B OJ/II-D, B KauecTBe MOOOYHBIX MPOAYKTOB OOpa3yrOTCs 3HAYUTEIbHbIE
KOJINYE€CTBA MOHOOKCHZAA YIJIEpoia M VYIJIEKUCIOro Tas3a, a TakkKe, BO3MOXKHO, YKCYCHOM
KUCJIOTBI. B 3aBUCHMOCTH OT YCJIOBUM pEaKLMU OCTATOUHBIA KHUCJIOPOA MOXKET TaKkKe

MIPUCYTCTBOBATh B COOTBETCTBYIOLIEM TEXHOJIOMMYECKOM Trase, T.€. B Ta30BOM CMECH, OTBOJAUMOU
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U3 peakropa. MeTaH aHaJOrMYHO MOKET OBITh MOJy4YeH B KauecTBE NMOOOYHOrO MPOAYKTa HIIU
y2K€ IPUCYTCTBOBATb HA BXOJE B PEAKTOP U IPOXOAUThb 4Y€pe3 PEeaKkTop, MO CYLIECTBY, HE
MOABEPrasCh BO3ACUCTBUIO, B KAa4€CTBE KOMIIOHEHTA, MPOSIBISAIOIIETO HHEPTHOE IOBENEHUE.
IlepeuncneHHble KOMIIOHEHTHI HEOOXOAMMO YIOAJUTh M3 TEXHOJOTMYEeCKOro rasa Ha
NOCJIEAYIOLIUX CTAAMSX Cenapalyu.

Kpome Toro, kak nosiCHA€TCS HUXKE B JAHHOM JOKYMEHTE, B YACTHOCTU M3-3a HU3KOTO
comepkaHus B TexHosormdeckoM raze OJI-O merana, ecnu oH BooOIIe NMPUCYTCTBYET, TPYIHO
HCIIONIB30BAaTh W3BECTHBIE CIIOCOOBI Cemapali W yCTPOICTBA Cemapalyy, UCIONb3yeMble JUIs
pasfeneHusl TEXHOJIOTMYECKUX TIa30B M3 MAapOBOr0 KPEKHMHra, HANpUMeEp, COOTBETCTBYIOLIMX
TexXHoJorndeckux rasoB or OJI[-D, 0e3 mpuemieMbIx NOTepb MPOAYKTAa W peareHTa. B
YaCTHOCTH, 3TO OTHOCUTCS, K CTaUU CEMapally, Ha KOTOPOW 3TaH U 3THJIEH U KOMIIOHEHTHI C
Oojiee BBICOKOW TEMIIEpPAaTypOH KHIIEHHUS, €CIM OHH MPHCYTCTBYIOT B TEXHOJOTHYECKOM Trase,
YIAJSIIOT W3 KOMIIOHEHTOB C OoJyiee HU3KOH TeMIepaTypol KUIEHus. B mpuHIune, 3Ta cTagus
COOTBETCTBYET TaK HA3bIBAEMOM AEMETAHU3ALMHU IPU CeNapalld TEeXHOJOTHMYECKOro rasa W3
MapOBOr0 KPEKHUHIa.

ITpoGnema, pemaemas B HaCTOSIIEM W300PETEHUH, 3aKIIFOUAETCS] B COBEPLIEHCTBOBAHUU
COOTBETCTBYIOLIMX CIIOCOOOB M YCTAHOBOK M PELIEHUH YKA3aHHBIX NMPOOJIEM COOTBETCTBYOIIEH

cernapaluy, B YaCTHOCTH JJIsl TeEXHOJIoruueckoro raza uz O1-0.

Onucanue n3oOpereHus

[lpyHMMasT BO BHHMAaHHUE CJIOXKHMBINYIOCS CHTYalMIO, B HACTOSIIEM H300pEeTeHUN
MPEIJIOKEHbI CIOCO0 TOJYYEHHUsS] 3THJIEHA, B YACTHOCTH IMyTE€M OIMHUCAHHOTO OKHCIIUTEbHOTO
OETUIPUPOBAHMS, B YACTHOCTM OTaHA, W COOTBETCTBYIOIIAs yCTaHOBKA, OOJamaroinue
MPU3HAKAMU HE3aBUCHMBIX MYHKTOB (pOpMyJibl H300peTeHus. B KaskaoM ciiydae, BOILIOLICHHSI
MPeCTaBIeHbI 3aBUCUMBIMU MTyHKTaMK (POPMYJTbI H300pETEHUS U TOCIEIYIOIIUM OMTHCAHUEM.

IToroku martepuana, ra3oBble CMECH U T.JI. MOTYT CONEPKaThb B KOHTEKCTE HACTOSIIETO
CIIOBOYIIOTPEONIEHUST «MPEUMYIIECTBEHHO» OIWH MK 0Oojiee KOMIIOHEHTOB, NPUYEM 3TO
BBIpAKEHHE MOXKET MPENCTaBisiTh coOOW comepskaHue mo MeHblner mepe 90%, 95%, 99%,
99,5%, 99,9% wunu 99,99% Ha MONSIPHOMN, MacCOBOUM Ui 0OBbEMHOU OCHOBe. Eciu peds umer o
MHOXECTBE KOMIIOHEHTOB, TO BBIPAKECHHE «IPEUMYIIECTBEHHO» OTHOCHUTCS K CyMME BCeX
KOMITOHEHTOB. Ecii peub uaet, Hanpumep, 0 KKUCIOPOAE», KMETAHE)» WU «ITUJIEHEY, TO MOTYT
paccMaTpPUBATHCS YUCTBIN ra3 WIH CMECh, OOTaTYI0 3TUMH COOTBETCTBYIOIIUMU KOMIIOHEHTAMHU.

IToToku BemecTs, ra3oBble CMECH U T.JI. MOTYT TakXke ObITh B KOHTEKCTE HACTOSILIEro

CJIOBOYIIOTPEOJIeHNsT «OOOTAIIEHHBIMIY WM «OOENHEHHBIMIU» OJHUM WM HECKOJbKUMHU



KOMIIOHEHTaMH, NMPUYEM 3THU TEPMHUHBI OCHOBaHbl HAa COAEPKAHUU B UCXOAHOW cMmecu. OHu
«o0orarieHs», KOTIa OHM UMEIOT Colep kaHne He MeHee 4eM B 1,5 pasa, 2 pasa, 5 pas, 10 pas,
100 pa3 mnu 1000 pa3 u «obeqHeHbI», KOTAa OHU UMEIOT cofieprkaHue He Oonee ueM B 0,75 pasa,
0,5 pasa, 0,1 pasa, 0,01 paza um 0,001 pasza comep:kaHusi OTHOTO WK OOJiee KOMIIOHEHTOB B
OTHOLIEHUU UCXOAHON CMECH.

TepMuHBI «ypOBHU AaBJIECHUS» U «YPOBEHb TEMIIEPATYPbD» HUCIOIB3YIOT Aajiee 34eCh IS
OTIpesieNIeHus XapaKTepa JaBJIeHUH U TeMIepaTyp, IPUYeM OHU MpeIHA3HAYEHbI 1JIs1 BBIPAKESHMUS
TOTO, YTO JABJICHUS] U TEMIIEPATYPbl He 00s3aTENbHO OJIKHBI MPUCYTCTBOBATh B BUAE TOYHBIX
3HAYEHWH NaBJICHUs/TeMreparypbl. Hanmpumep, ypoBeHb AABICHHS MM TEMIIEPATYPbl MOXKET
HaxoauThes B nipeaenax + 1%, 5%, 10% unu 20% ot cpenHero 3HaueHus. MHOKECTBO YPOBHEH
JaBIEHUs] ¥ TEMIIEPAaTypbl MOXKET TMpPEACTaBIsATh COOOH  HemepeceKaroluecs: —HIn
NepeKphIBAOIINECs] TUana3oHbl. Hampumep, OIMH M TOT K€ YPOBEHb NABJICHUS/TEMIIEPATyPhI
MOJKET OBITh COXPaHEH Jake TOT/AA, KOTJa JaBJeHHE U TeMIlepaTypa CHIDKAINCH U3-3a MOTEPh
IPU Nepefade WM OXJIAXKIEHUs. Y POBHHU AaBIIEHNs, YKa3aHHbIE B JaHHOM JoKyMeHTe B MIla (B
Oapax), mpeacTaBisiFOT coO0H abCOMOTHBIE TaBJICHUSI.

«PexkTnukannoHHas KOJOHHA» B KOHTEKCTE€ HACTOSINErO  CJIOBOYIOTPEONEHHS
NpeACTaBsieT COOOH yCTPOHCTBO cemapanuy, NpeAHa3HadYeHHOe Ui [0 MEHbIIeH Mepe
YaCTUYHOTO pa3fesieHns: Ha (PpaKIUu CMECH BEIIECTB, TOIaBaeMOM B Ta3000pa3HOMN MM KHUIKOU
¢dopme unu B BuAe ABYX(a3HOH cCMecH, CoAepkallell XUAKUE M ra3o00pa3Hble KOMIIOHEHTHI,
BO3MOJKHO, JJaJK€ B CBEPXKPUTHYECKOM COCTOSIHMH, IyT€M PEKTU(UKALMH, T. €. I MOJNyIeHUS]
COOTBETCTBEHHO YMCTBIX BELECTB WM [0 MEHbILIEH Mepe CMecel BEIEeCTB Pa3jIMdHOrO COCTaBa
U3 CMECH BeLIeCTB. PeKTU(UKALMOHHBIE KOJIOHHbI OOBIYHO CKOHCTPYHPOBAaHbI B BHJE
WIMHAPUYECKUX METAJUIMYECKHX KOHTEHHEpPOB, CHAOKEHHBIX BHYTPEHHHMH 3JIEMEHTAMHU,
HarpuMep pasaeUTEIbHbIMA TapeiKaMyd WM YHOPSAOYEHHBIMH WJIH HEYIOPSIOYEeHHBIMH
HacagkamMu. PekTu(UKalMOHHAs KOJIOHHA COIEPIKHUT IOHHBIA HCHAPUTENb. JTO YCTPOHUCTBO
COIEPKHUT TEIUIOOOMEHHHUK, KOTOPBIH HArpeBarOT, M OH NPENHA3HAYEH JUIs HarpeBa >KUIKOH
¢dpakumy, HaKaJIMBaeMOW B HU)KHEH 4YacTU PEKTU(UKALMOHHOW KOJIOHHBI, TaK)K€ M3BECTHOM
Kak JoHHas kuakocTh. C TMOMOINBIO JOHHOTO HCHApUTENs YacTb JOHHOIO MPOAYKTa
HETIPEPbIBHO HCHAPSIOT M PELUPKYJUPYIOT B Ta3000pa3sHOM BHAE B PEKTHPHKAIMOHHYIO
KOJIOHHY.

Hacrosimee wn3o0pereHue OTHOCHUTCS K CHoco0aM cemapauud U COOTBETCTBYIOIIUM
yCTpPOICTBaM cenapaiiy, aHaJOTUYHbIM NPUMEHUTENBHO K OCHOBOIOJIATAIOIIEN HUjee, HO He K
peanu3anyy B COOTBETCTBUHU C M300peTeHHneM, CriocodaM cenaparyy 1 yCTpOHCTBaM Cenapariyy,

U3BCCTHBIM JIsI APYTUX TEXHOJOMYECKUX Ira30B, HAIPpUMEDP OT MApOBOTO KPEKHHIA. Takue
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Croco0Bl cemapali U YCTPOMCTBa cemapaluy ONHcaHbl, Hanmpumep, B cratbe «Ethylene» B
Ullmann's Encyclopedia of Industrial Chemistry, Online Edition, 15 April 2007, DOI
10.1002/14356007.a10_045.pub2. OcHOBHOH cTajuell B Takux crocodax cemapanuyu 4acTo
ABJIIETCS TaK Ha3bIBAEMasl I€METAHU3ALMs, TP KOTOPOI U3 TEXHOJOTHYECKOTO I'a3a, BO3MOKHO
IOCJIe YAAJIEeHUS JONOJHHUTEIbHBIX KOMIIOHEHTOB, METaH M COeAMHEeHHs ¢ Ooyee HU3KOM
TEMIEepPaTypOil KUMEHHUs, YeM METaH, YIAISIOT U3 KOMIIOHEHTOB ¢ 00Jiee BBICOKOW TeMITepaTypoi
kuneHus. J{ns  jmeranu3anuM  M3BECTHBIX CIOCOOOB JIEMETAaHW3AlMM JaHa CChUIKAa Ha

LUTHPYEMYIO CIIELUATU3UPOBAHHYIO TUTEPATYPY.

[MpeumymiectTa n300peTeHus

Kak yxe ynoMuHanoch B Hayaje, TUIIUYHBIA TEXHOJOTMYECKUH ras, MOJy4YeHHBIH NpU
OJI'-3D, comepXUT HE TOJBKO MEPBUYHBIE NPOAYKTHL, TaKHE KakK JTHJIEH (M, BO3MOJXKHO,
YKCYCHYIO KHCIIOTY), HO TaK»e€, B YaCTHOCTH, HEKOHBEPTUPOBAHHBII 3TaH, MOHOOKCH]] YIJIEpOna
U TMOKCHJ YIJIEPOAa, a TaKKe, BO3MOXKHO, KUCIOPOI U MeTaH. TeXHOJIOrm4ecKni ra3 oObIMHO
TaK)Ke CONEP’KUT BOAY M, BO3MOXKHO, HEOOJbIIHE KOJMYECTBA WHEPTHBIX Ta30B, NMPHYEM IIOJ
«UHEPTHBIMU Tra3aMu» OOBIYHO CJEAyeT IOHMMAaTh TIa3bl, KOTOPBIE PEarupyrT TOJBKO B
HeOOJIBIINX TPOTNOPLUX, eciu BooOume pearupyror, B OJIl, a He TONBKO KiIaccHUecKue
MHEpTHBIE ra3bl, TaKMe Kak a30T WK OnaroponHele rassl. Meran Taxke nposisiser B OO B
OCHOBHOM MHEPTHOE NOBEJICHUE.

To xe camoe aHAJOrMYHBIM OOPa30M OTHOCHTCSI K TEXHOJIOTMUECKHM Ia3aM U3 APYIHX
criocoOOB MOJyUeHHsl STHIIEHA, HamnpuMep (HEOKHUCIUTEIBHOr0) ACTHAPUPOBAHUS 3TaHA, NPH
5TOM Jajiee B JAaHHOM JIOKYMEHTE, KaK YK€ HEOJHOKPATHO YIIOMHUHAJIOCH, JIJIsl IPOCTOTHI 1aeTCs
ccbutka Ha O/I[-3. B xone cenapauuu, pacioI0KEeHHOH HHUKE MO MOTOKY, HEOOXOIUMO yIAIUTh
yKa3aHHbIe MOOOYHBIE MPOAYKTHI U3 TpeOyeMOoro MepBHYHOrO MpOAyKTa (MPOAYKTOB) H
HEKOHBEPTUPOBAHHOI'O 3TaHA U MHEPTHBIX ra3oB.

Cenapanuio OOBIMHO OCYIIECTBIJISIIOT, KaK 3TO TakKe IIOKa3aHO CO CChUIKAMHU Ha
npunaraeMbiii Our.1, mocne OxXyaxAeHUs U KOHACHCALMM TEXHOJOIMYECKOrO rasa, yJAajeHus
OUOKCHIA YIJIEPONa, CXKATUA U CYLIKU. TeXHOJOrM4eckWil ras, BCE €lle COAEp KalUi Mocie
yKa3aHHbIX CTaJull B OCHOBHOM 3THJIEH, HEKOHBEPTHPOBAHHBIN 3TaH, KUCJIOPOA, MOHOOKCH]
yriepona, BO3MOXKHO METaH M OTHOCHTEIBHO HEOOJbINNE KOJIWYECTBA APYTHMX KOMIIOHEHTOB,
MOJIBEPTal0T HU3KOTEMIIEPATYPHOMY Pa3feIeHUI0, B X0 KOTOPOro, HalpuMep, OCYIIECTBIISIFOT
CTYNEHYATYI0 KOHICHCAIMIO TEXHOJIOrn4deckoro raza. Ocrasumecs ra3oBble PpakLuy B KAKIAOM
ciyyae TOAAIOT Ha CIEAYIOIYI0 CTaauio KoHaeHcauuu. KoHnmeHcaThl OOBIMHO IOJBEPraroT

HU3KOTEMIIEpAaTypPHOH pPEKTU(UKALMN C TOJy4YeHHEM Ta3oBOH (pakiuu U SKUAKOH (pakiuu.



lazoByro (ppakumo OT HH3KOTEMIEPATYypPHOU peKTH(PUKAINU OOBIMHO OOBENHHSIIOT C ra30BOU
dpakuueli, ocTaBIIeWCs MOCJAe TMOCHEAHEH CTaaud KOHACHCALUH, C TMOJy4eHHEeM
JOTIONIHUTEIbHOMN ra30Boi (pakiiy, TaKk Ha3bIBAEMON TOIUIMBHOW ra3oBod (ppakiiui/XBOCTOBON
ra3oBOM (DpakLUM, W HAMpPABIAIOT HAa TEPMUYECKYIO pekyneparmio. JKuakywo ¢pakuuio ot
HHU3KOTEMITepaTyPHOH PEeKTU(PHKALIMH MOABEPTAIOT JAJbHEHIINM CTaJUsIM CeTlapaLiii.

XBOCTOBast ra3oBast (PpakLusi, €CIIM TAKOBAsS UMEETCs, JOJDKHA COEPKaTh MO MEHbIIeH
Mepe mpeodIamaryr0 YacTh KHCIOPOAa, MOHOOKCHIA yIJIepoAa U METaHa, COACPIKALINXCS B
TEXHOJIOTUYECKOM ra3e, MoJaBaeéMOM Ha HU3KOTEMIEpaTypHYIO cenapauuto. HampoTus, sTuieH
Y 3TaH JOJUKHBI OBITh MEPEBEACHBI [0 MEHbINEH Mepe MPEUMYIIECTBEHHO B XKHUIKYIO0 (DPaKIUFO
HU3KOTEMIIEPATYPHOH pPEeKTH(PUKALUN BMECT€ C COCOUHEHUSMH C BBICOKOW TeMmepaTypoi
KHUIEHHsI, €CIM OHHM TNPHUCYTCTBYIOT B TEXHOJIOTHUECKOM ra3e W He ObUIM MpeaBapHUTEIbHO
ynanenbl. Ilo cymecTtBy, mNOTepd TNPOAYKTa MAOJDKHBI OBITh TPENOTBPAIUEHBI IyTEM
NepeMeIeHHs] COOTBETCTBYIOINX COSTUHEHUH B XBOCTOBYIO Ta30BYIO (DPAKIHIO.

OnHako 3¢ ¢eKTUBHOCTD pa3feNieHus TMpPH  KIACCUYECKOH HHU3KOTEMIIepaTypHOU
pekTHdUKaINN, KaK €€ NMPUMEHSIOT, HampuMmep, s JeMETAaHU3alH B CHoco0ax MapoBOro
KPEKUHTa, CYyIECTBEHHO 3aBUCUT OT COZIEP’KAaHUS METaHA B TEXHOJIIOTHYECKOM rase, oJaBaeMoM
Ha HU3KOTEMIIEPATYPHYIO pPEKTU(UKALNIO, BCJICACTBHE OOpa30oBaHUsS KUAKOW (hyierMsl,
o0Opa3oBaHHOH MO cyliecTBy U3 MetaHa. Eciu copeprkaHue MeTaHa upe3MepHO Majio, To (aerma
HE MOJXKET OBITh MOJIyYeHa B JOCTATOYHOM KOJHMYECTBE, €CIH BOOOIE MOXKET ObITh MOJydeHa.
Takum oOpa3oM, uype3MepHO HHM3KHE KOJMYECTBA METaHA NPHBOAAT K UYPE3MEPHO BBICOKHM
HOTepPsIM OSTHJIEHA W HEKOHBEPTUPOBAHHOIO S5TaHa B XBOCTOBOH Ta30BOH (Qpakuuu u,
CJIEIOBATENIbHO, K 9KOHOMHYECKHM HEIOCTATKAM T10 CPABHEHHIO C APYTHMH CIIOCOOaAMHU.

IpennoskeHHOEe M300peTeHUE pelaeT 3TH NPodJeMbl B CIOCOOE MOJNyUEHHUs] STUIIEHA, B
KOTOPOM TpH AECTHAPHUPOBAHUU 3TaHA IMOJYYArOT TEXHOJOTMYECKWH ra3, COAEp KaLfi 110
MEHbIIEH Mepe 3TaH, STHJIEH H COCOUHEHUS, NMEIOLIHe 0oJiee HU3KYIO TEeMIIEPaTypy KHUITCHUS,
4eM 3TaH W OTHIEH, U B KOTOPOM, IPH HCIONb30BAHUM 10 MEHbIIEH Mepe dYacTu
TEXHOJIOTUYECKOTO ra3a, (OPMHUPYIOT BXOJHOW TOTOK Cemapalidl W TOABEPrarT €ro
HU3KOTEMITEPATYPHOH Cenapaliy, I71e BXOIHOW MOTOK Cenapaniyl OXJIXAAIOT U I7le OAWH WA
OoJiee KOHOEHCATOB OTHENAIOT OT BXOAHOTO MOTOKa cermapaunu. [1o MeHbIel Mepe KOHAEHCAT
(KOHZeHCaThl) WINM B BOIUIOIIEHHSIX TAKXKE OCTATOK, OCTABINHUICS B ra3oodpasHoi ¢gopme mpu
TakOM KOHAEHCALUM, [0 MEHbIIEH Mepe YaCTUYHO IOABEPrarT HU3KOTEMIEPATypPHOU
pekTH(dUKALNU C TOJy4YeHHEM Ta3000pa3HOl mepBoil ppakumu M KUAKOH BTOPOH (paxiuy,
npudeM razoodpasHas nepsas (QppakLus CONEPKUT MO MEHbILIEH Mepe 3TaH W 3TUJIEH B Oosee

HU3KOH AOJIE COACp:KaHUsA, Y€EM BO BXOAHOM IIOTOKE CCllapaluv, U COCAUHCHUS, HNMCIOIIUEC
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OoJiee HU3KYIO TEMIIEPAaTypy KUIEHUs, YeM 3TaH M STHJIEH, B Oosiee BBICOKOH 10JIe COmepIKaHus,
9YeM BO BXOJJHOM IIOTOKE CEeTaparyy.

Xots razoobpasHast mepBasi (paxiys COAEPKUT MO MEHbLIEH Mepe 3TaH U 3TUJIEH B
MEHBLIEM KOJIMUYECTBEHHOM COAEP KaHHH, YeM BO BXOZHOM IOTOKE Cemapaliy, B ra3000pa3Hoi
nepBoll (pakuMu BCe e€INe MNPHUCYTCTBYIOT OONbIIME WM MEHBbIINE WX KOJMYECTBA B
3aBHUCUMOCTH OT BoOIUIOmeHus:. Takum o00pa3oM, B HM300peTEeHHMH MPEOyCMOTPEHO, HYTO
razoo0pasHyr0 MepByK (PPaKLMI 1O MEHbIIEH Mepe HaCTHYHO IOABEPTarT ancopOuuu ¢
nepenagoM JaBJICHUs, TOCPEACTBOM KOTOPOH MONYHYAIOT TPEThI (PAKIHIO, CONEPIKAILYIO
NPEUMYIIECTBEHHO HJIH UCKJIFOUUTENIbHO 3TaH U STWJICH, U YETBEPTYIO (PPAKLIUIO, CONEPIKAILYIO
NPEUMYIIECTBEHHO MJIM UCKIIFOYUTENIbHO COSIUHEHMS, UMEIoIIne Oojiee HU3KYI0 TEMIIEPaTypy
KHIEHMsI, YeM 3TaH M STWIEH. biaronaps mpuMeHeHno ancopOUuu ¢ mepernagoM NaBJIeHUs 3TaH
U 3THJIEH MOTYT OBITh W3BJICUEHBI U MOBTOPHO MOJAHBI B MPOLECC MPOCTBIM U 3P PEKTHBHBIM
croco0oM. DTO TNPUBOOUT K TMOBBIIEHUIO 0Omed 3(¢eKkTuBHOCTH crnocoda, MOCKOJIbKY
U3BJICUEHHBIE STAH U 3TUJIEH MOTYT OBbITh U3BJIEU€Hbl MATEPHAIBHO, HO HE TEPMHUECKH.

Taknum o00pa3oMm, OCHOBHAas HAesl HACTOSIIEr0 H300PETEHUs] COCTOMT B COYETAHUH
HU3KOTEMIIEpAaTYypPHOH cemapanuu ¢ ajacopOuuel ¢ mepemagoM aaBieHWs. Moryt ObITh
NPEAYCMOTPEHbl pPA3JIMYHbIE BOIUIOLIEHHS, B KOTOPBIX B KaXAOM CJydae OCYLIECTBISIFOT
OXJIAX/IEHHE BXOAHOIO IIOTOKA Cemapaluy IMpU HU3KOTEMIEPATypHOH cemapanmuu 10
OIPEAESICHHOTO TEMIIEPaTypPHOro YPOBHS C Te€M, YTOObI OTAEIHUTh OAHH MU 00Jiee KOHIEHCATOB.
OTU KOH/EGHCATHI WK, KaK YKa3aHO B HEKOTOPBIX BOIUIOIIEHHSIX, TAKXKe OCTaTOK, OCTABIIUNCS B
razoo0pasHoii ¢opme, TO MeHbLIEH Mepe YaCTUYHO TMOABEPralT HHU3KOTEMIIEPaTypPHOI
pekTudukauuu. BoromeHus: HacTOAEero U300peTeHUs] Pa3MyYarOTCs, B YaCTHOCTH, HO HE
TOJIbKO, B OTHOLICHWH TEMIIEPATYPHBIX YPOBHEH, NO KOTOPBIX OCYLIECTBISIFOT OXJIAXKIECHUE
BXOZHOIO TOTOKA Cemapaluy s LeNieil pasaeneHus KOHAeHcaTa (KOHAEHCATOB), a TaKXKe B
OTHOLIEHHH  BOIpPOCA, OCYLIECTBISIIOT  JIM  BBENEHHE  Tra3000pa3HOr0  OCTaTka B
HU3KOTEMIIEPATYPHYIO peKTU(UKALUIO WK HeT. bojee moapobHast mHpopmaiust 06 ONMUCaHHBIX
BOIUIOLICHUSAX W HAJbHEHINUX BOIUIOLICHUSX IPEACTABICHA HIDKE B JAHHOM JOKYMEHTE.
AncopOuust ¢ mepenagoM AaBIEHUs SIBISIETCS YAaCTbIO ONHMCAHHBIX BOIUIOIIEHUH B KaKIOM
KOHKPETHOM Clly4ae.

TexHonornvyecknii ras, oOpabaTbiBaeMblii B KOHTEKCTE HACTOSIIErO H300pETeHHs, B
NPUHIHIE MOXET COAEepPXKaTh HEMOCPENCTBEHHO HAa BBIXOAE M3 HCIOJIB3YEMOIO peakTopa
(peakropoB), Hampumep, 10 40 mon.% staHa, oT 5 no 40 mon.% stunena, or 0 go 10 mon.%
yKCycHON kuciaotel, oT 0 no 3 mon.% auokcuna yriaepona, or O no 5 mon.% MOHOOKCHIA

yriepona, ot 5 1o 70 mon.% Boasl, ot 0 10 5 Mon.% kucnopoaa, ot 0 1o 5 mon.% merana u ot 0
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10 50 mon.% azota. B nenom apyrue KOMIOHEHTbI MOTYT NPUCYTCTBOBATh MPHU COAEPKAHUU OT
0 no 3 mon.%. B 4acTHOCTH, YKCYCHYIO KHCJIOTY, BOAY WU JUOKCHJ yIJIepoja YIOAJSIOT Mepen
CTaqusIMM, TPENJIOKEHHBIMU B COOTBETCTBUH C M300peTeHHEM, TaK YTO BXOAHOH IOTOK
cermapalyy, HCIOAb3YeMblii IMPUMEHUTEIbHO K HACTOSIIEMY HM300pPETEeHHIO, COAEPIKUT
MPEUMYIIEeCTBEHHO WJIM UCKITIOUUTENIbHO APYrye YKa3aHHbIE KOMIIOHEHTHI.

[TprMeHeHe CPaBHUTENIBHO HU3KUX TEMIEPAaTyp B MPHUHLUIE MO3BOJISET CYILIECTBEHHO
CHM3HUTb COJEp’KaHHE STaHa M OSTWIEHA B Tra3000pa3HON nepBOi (pakuuM, MOCKOJNBKY B
KOHJE€HCAT (KOHIEHCATHI) MEPEXOIUT OOJIbIIE 3TaHA U STHJICHA.

Takum 00pa3oM, NpPU HCIONB30BAHUH CPABHHUTEIBHO HHU3KHUX TEMIIEpATyp B IMEPBOM
BOIUIOIEHUN TakKKe BO3MOXKHO O0OpadaThiBaTh TOJBKO KOHJEHCAT (KOHIEHCAThl) B XOIe
HU3KOTEMIIEPATyPHOH peKTU(UKALNY, TOCKOJIbKY HEKOHIEHCHPOBAHHAS A0S BXOIHOTO IMOTOKA
cerapannuy COAEPXKHUT JUIIb HeOONbIINe KOJIWYECTBA 3TaHA M STWIEHA. B 3TOM ciydae TOIbKO
nepBasi (pakums, oOpa3oBaHHass W3 KOHAEHCATOB C IOMOILIBI HH3KOTEMIEPATyPHOM
pekTuduKanuy, MokeT ObITh oOpaboTaHa myTeM aicopOLMM ¢ MepenanoM AaBjieHUs. Takum
o0pa3oM, KOJMYECTBO ras3a, NoIekamero oOpadoTke myTeM ancopOuuu ¢ mepenagom
TaBIIEHHs], CPABHUTEIBHO HEBEJIHUKO MO CPABHEHHUIO C JPYTMMH BOIUIOIEHHsMH. B HacTHOCTH,
J€TaJIu OMUCAHbI CO CChIIKON Ha npuyaraemblid dur. 2.

Ecnmu e, HampoTwB, BO BTOPOM BOIUIOIIEHHWH HU3KOTEMIIEpAaTypHasl cenapanus
BKJIFOYAET IPOBEICHUE OXJAXKIEHUs B TOM K€ JHUara3oHe JaBJE€HUH, 4YTO U B IEPBOM
BOIUIOIEHUH, HO NPU 3aMeTHO OoJjiee BBICOKOM YPOBHE TEMIEpaTypbl, TO KOHIAEHCHPYETCS
MEHbIIE 3TaHA W OSTWIEHA, TaK 4YTO B JAaHHOM Clly4ae TaKKe TMPEANOUTUTENIbHO, YTO
HEKOHICHCUPOBAHHBIE YaCTH BXOJHOTO TMOTOKA CEMapalyy MOJBEPral0T HU3KOTEMIIEPaTypPHOH
pekTr(dHKaLNKU, KaK 3TO MMOKAa3aHO, B YACTHOCTH, CO ccbuikaMu Ha @ur.3. ConepskaHue 3TaHa U
STWJIEHa B MEpBOH (pakuuu OOBIYHO TAKXKE B JAHHOM CJIy4ae BBIIIE U COOTBETCTBEHHO B
3HAYUTENBbHON CTENEeHH CHIDKAETCS MpH MOCHenyromeil aacopOuun ¢ mepenagoM MaBJICHHSL.
Takum oOpaszom, ancopOiusi ¢ mepenanoM JIaBjeHHs IMO3BOJsieT oOpabaThiBaTh OoJblnee
KOJINYECTBO Ira3a [0 CPABHEHHUIO C HCTIOIb30BAHNEM 00Jiee HU3KUX TEMITEPATYP.

B TperpeM BapmaHTE OCYIIECTBJICHHUS, KaK IMOKAa3aHO, B YaCTHOCTH, CO CCBUIKAMHU Ha
@ur.4, HU3KOTEMIEpaTypHAasl Cemapanus MPEeaNOYTHTEIbHO BKIIOYAET OXJIAKICHHE BXOTHOTO
NOTOKA Cenapalyl Ha ONHOW WM Oojiee CTanusAX OXJAKICHHS B TOM JK€ TEMIEPaTypHOM
IMarasoHe, 4TO U B IEPBOM BapHaHTE OCYLIECTBJIEHHUS, HO IpU OoJiee HU3KOM naBieHuH. YacTb
BXOZHOI'O TMOTOKA CENapalyy, OTAEJICHHYIO0 B BUJE KOHAEHCATa MOCie CTaauil OXJIaKICHUs, 110

MEHbIIeH MEPE YaCTUYHO MNOABEPTar0OT ACKOMIIPCCCHU U TMOAAOT Ha HUSKOTEMIICPATYPHYHO



pextudpukaumo. Kunkas Qpakuus, OTHENeHHAs OXJaKIEHHeM, CIyxXuT ¢QuerMol mpu
HHU3KOTEMIIEPaTyPHOH peKTU(UKALIIH.

B xaxnom cnydae, T.e. B Tpex MNpPEACTABICHHBIX BOIUIOLIEHUSAX, TEXHOJOTHYECKUI
ra3/BXOJHOM MOTOK Cemapali MOXeT ObIThb TOABEPTHYT CXKATHUIO MEpea HU3KOTEMIIepaTypPHOU
ceraparyel, IpuueM TPeThIO (PPAKLUIO, COAEPIKALIYIO MPEUMYIIECTBEHHO WIH UCKIIOUYUTEIBHO
STaH M STUJIEH, IO MEHbIIEH Mepe YaCTUYHO OOBEIUHSIIOT C TEXHOJOTHUYECKUM ra30M/ BXOIHBIM
MIOTOKOM CemNapalii U OHH MOTYT ObITh MOJABEPTHYTHI CXKATHUIO BMECTE C TEXHOJOTHUYECKUM
ra3oM/BXOAHBIM TOTOKOM cemapauud. Jlamee monpoOHO ONHMCAaHbI YPOBHU JIABJICHUS,
IOCTUTAEMbIe MPH C)KATUU B PA3JIMYHBIX BOILUIOMICHUSX. TakuM 00pa3om, 3TaH M 3THJIEH MOTYT
OBITh BHOBb IMOJaHbl HA HU3KOTEMIIEPATYPHYIO CEMapalyio U, TAKUM 00pa3oM, B YaCTHOCTH, B
KUJIKOH BTOPOH (pakIyu, MOCIIe OMHUCAHHOW HU3KOTEMITEPaTypHOH PEKTH(PHUKAIIMYA MOTYT OBITh
NOJaHbl Ha JAJbHEHIIYIO HHU3KOTEMIIEPATYPHYIO PEKTH(PUKAIMIO Uil pas3fesieHusl STaHa M
STWIIEHA, T. €. B TaK Ha3bIBAeMbIH pa3genurenb. [IoaydeHHbIH TaKMM 00pa3oM 3THIEH MOXKET
OBITH BBITPY)KEH B KA4eCTBE MPOAYKTA, B TO BPEMs KaK 5TaH, HAMPOTHB, PELUPKYJIHPYIOT B
PUMEHSIEMBII peakTop (peakTopsl).

B npuHnumne B 3THX TpexX BOIUIOIIEHUSX TaKK€ BO3MOMKHO OCYIIECTBUTH TEILUIOBOE
UHTETPUPOBAHUE TaKUM 00pa3oM, 4TOOBI BXOAHOW MOTOK Cemapaniyl B HU3KOTEMIIEPaTypPHOMH
cernapauuy ObUT O MEHbIIEH Mepe YaCTUYHO OXJIAKIEH IyTeM Iepeaaydy Teria ra3oo0pa3sHoi
nepBoil gpakuuu W/mnM kuAKoH BTOpol (pakumu. Taxum o0pa3oMm, MOXKHO OIHOBPEMEHHO
JOBECTH, HampuMep, ra3oo0pasHyl MEepBYIO (Ppakuuio 10 TEeMIepaTypshl, MOAXOASLICH s
ancopOLHH ¢ epenagoM JaBiIeHus. J{eTaan 3Toro Takke ONuCaHbl HUXKE.

Kak ykaszaHo BbIllle, B MIEPBOM BOIUIOIIEHUH HACTOALIETO M300pETEeHHsT BXOIHOW MOTOK
cermapalnyy OXJIAKAAIT O CPAaBHUTEIbHO HU3KHX TEMIIEPATYpHBIX YPOBHEH, Hampumep A0
ypoBHe# Temneparyp ot -20°C mo -100°C, B wactHocTu OT -60°C mo -100°C, mampumep, oT
-80°C pgo -100°C, mpu HHM3KOTeMIepaTypHON cemapanuu [Uisl cemapaluu KOHAeHcaTa
(xongencatoB).  JIlpyrumu  ciIoBaMH,  KOHACHCAThl  TOABEPralOT  Cemapauud  MpHU
COOTBETCTBYIOLIIEM ypoBHE Temreparypbl. COOTBETCTBYIOIIME YPOBHH TEMIIEPATYPhl MOTYT
OBITH TOCTUTHYTBI, HAIPUMeEp, NPU HCIONb30BaHUH xyanareHTa C2, B 4YaCTHOCTH 3TWJICHA, B
M3BECTHOM XOJIONWIBHOM KOHType. COOTBETCTBYIOIIME HU3KHE TEMIIEPaTypbl MOTYT OBITh
TaK)K€ JIOCTUTHYTHI MyTEM JIEKOMIIPECCHH ra3000pa3HOi mepBod (pakuuy, MOJYYEHHOH IMPH
HU3KOTeMIlepaTypHOH pekTudukannu. TakuMm myTeM MOryT ObITh JOCTHUTHYTHI eme Oosee
HHU3KHE TEMIIEPaTyphl, MyCTh Ja)X€ C HCIOJb30BAHUEM COOTBETCTBEHHO CIIOKHBIX MamuH. B
KOHTEKCTE H300peTeHHss NpPUMEHEHHe ancopOLuu C TepemnagoM JAaBleHHs B NPUHIINIE

MO3BOJISIET U30€KATh 3THX CJIIOKHBIX MeEP.
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B onHOM BOIUIOIIEHNH HACTOSINETO NU300PETEHUs, B YACTHOCTH B paHee MPEICTaBICHHOM
IIEpPBOM BOIUIOIIEHNUH, NPU HCIOJb30BAHUU TAKMX HU3KUX TEMIIEPATyp HU3KOTEeMIepaTypHas
pekTudUKanys MOXeT ObIThb BBINOJHEHA C HCIOJNB30BAHUEM JKUAKOH (PJIerMbl, KOTOPYIO
NOJIYy4Yar0oT MyTeM KOHJAEHCALMM YacTH ra3000pa3HOW IepBOi (pakiuy, B IAHHOM Cliy4ae
comepkameii meraH. Takum oOpazoM, comep’kaHue 3TaHA U STHIIEHA B ra3000pa3HOil mepBoi
(bpakuuu MOKET ObITh CHUKEHO.

B pesysnbrate apcopOuum ¢ mepemagoM NaBJICHHS MOXKET ObITh W3BJIEUEH STWIICH, U
MOKHO OOOHTHCH 0e3 meraHaepoB (pacimuputeseii), KOTOpble B IPOTUBHOM cliydae ObutH Obl
YCTAHOBJIEHBI JJIs1 TIOJIYUEHUS ITMKOBOT'O OXJIAKICHHS U3 ra3000pa3HOl nepBoi (ppakiuu, 4TOObI
TaK)K€ MMETh BO3MOXKHOCTb M3BJIEKATh OKOHYATEJIbHBIE OCTATKH 3TaHa | dTHIIeHa. | a3000pa3Has
nepBasi ppakLUs B 3TOM ClIydae TAaKKe MOXKET OBITh HCIIOJIb30BaHA ISl TETUIOBOH MHTETPALH, &
MIOTOK OCTaTOYHOTO ra3a 0e3 3THIIeHa, T.€. YeTBepTast Ppakisi, coaeprraiasi IpeuMyIIeCTBEHHO
WJIA UCKJTFOUUTENIbHO COSIUHEHNUs1, UMeroInue Oosiee HU3KYI0 TEMIIEPATyPy KHUIIEHUs, YeM 3TaH U
STUJIEH, TTONyYeHHBIE B PE3YyJIbTaTe aIcCOPOLNHU C TIepenagoM AaBIEHHsI, MOJKET OBbITh, HAITPHMED,
HalpaBjieHa Ha TEPMHUYECKYIO PEKYIepalfio MM UCIOJIb30BaHa MHBIM oOpasoM. Kak ykazano
BbILIIE, H3-32 HEOONBIIMX KOJHYECTB 3TaHa W OSTUJIEHA B Ta3000pa3HON mnepBod Qpakuuu
ancopOuus ¢ mepenagoM JaBJIeHUs] B IPUHIIUIIE MOKET OBbITh B ’TOM BOIUIOLIEHUH CYIIECTBEHHO
MEHBIIIE, YeM B BOIUIOLICHUH, B KOTOPOM HCIIONB3YIOT O0Jiee BHICOKHE YPOBHHU TEMITEPATYPHI.

Ecnu npu HU3KOTEMINepaTypHOH cenapanuy sl OTAENEeHUsT KOHJeHcaTa (KOHAEHCATOB)
UCTIONB3YIOT OOJiee BHICOKUE TEMITEPATYPHbIE YPOBHHU, TO OHH MPEATIOYTHTEIBHO COCTABIISIIOT OT
He MeHee -20°C pmo -40°C, B wactHoctH oT -30°C mo -40°C, manpumep ot -35°C mo -40°C.
Taxum 00pa3oM, KOHAEHCATHI OTAENSIOT PU TEMIIEpaTypax He HUKE YKa3aHHBIX 3HAYSHUN. DTO
HE MCKJIF0YaeT BO3MOXKHOCTH TOTO, YTO CAMU KOHAEHCATHI MOTYT BIIOCJIEACTBHH OBITH TOIAHbBI
Ha JaJbHEHIIWe CTaguM OXJAKACHMS, KaK 3TO HMEEeT MECTO, HanpuMmep, BO BTOPOM
BOIUIOLICHUH, MPEACTABIEHHOM Ha Pur.3. DTH TemrepaTypHble YPOBHH TaKXe MOTYT OBITh
IOCTUTHYTHI IyTE€M HCTONb30BaHus xjanarenra C3, To eCTh, B YaCTHOCTH, MponuieHa. Beuny
3aMeTHO 0OoJiee BBICOKHMX TEMIepaTyp, 4YeM YyKa3aHO Bblle, TPeOOBaHMS K ammaparype u
MarepuaiaM CHIDKaroTcesl. OHAKO KOJMYECTBA 3TAaHA U 3TUIIEHA, KOTOPBIE 3aT€M MOTYT OBITh
nepeBeieHbl B ra3oo0pasHyl TNepByr0 (¢pakmuio B Oosee 3HAYUTENBHBIX KOJMYECTBAX,
BO3MOYKHO, HEOOXOIMMO YAAIUTh IyTEM COOTBETCTBEHHO OOJbIIel amcopOLuH C mepenagom
naneHusi. COOTBETCTBYIOIIME TNpEUMyLIecTBa Oojiee HHU3KMX MJIM 0Oojiee  BBICOKHX
TEMIEPATYPHbIX YPOBHEW JOJUKHBI OBITh OLEHEHbI B COOTBETCTBUU C HMEIOLIUMHCS

00CTOSATENbCTBAMY, HATIPUMEDP HAJIMYHEM XOJoAmiIbHOoro Koutypa (C2 unu C3).
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IIpu wucnonb3oBaHUM OOJie€ BBICOKMX TEMIIEPATYPHBIX YPOBHEW M pa3fesieHHs
KOHJIEHCATOB, KaK OMHCAHO BBILIE, BXOAHOW IOTOK CErapanuyu MOXET ObITh CXKAaT A0 YPOBHS
nasnenust ot 2,5 no 3,5 MIla (ot 25 no 35 6ap), Hanpumep, npudausutensHo 3 MIIa (30 Gap),
nepes OXJIAKAEHHEM BO BTOPOM BapHaHTE OCYIUECTBIICHMS HACTOSINEro M3o0pereHHs. 3aremM
HHU3KOTEMITepaTypHasi peKTU(HKALUS MOXKET OBbITh BBINOJHEHAa INpH AaBieHud oT 1,5 1o
2,5 MIla (ot 15 nmo 25 6ap), Hanpumep, npudmmsutensHo 1,9 MIla (19 6ap), mpu KOTOPOM TaKkKe
OCYIIECTBIISIIOT ~ HU3KOTeMIepaTypHyr  pektudukamuro.  KonmeHcat  (KOHAEHCATHI),
NOJBEPTHYTHIT HU3KOTEMIEPATYPHOU peKTH(PHUKAUMU, WU ero (MX) 4YacTh, MOJIBEPTHYTYIO
HU3KOTEMIIEPATYPHOH PEeKTU(UKALINH, 3aTE€M MOABEPTAIOT AEKOMIIPECCHH O YPOBHS JaBJICHUS
HU3KOTEMIIEpAaTypHOH  pekThdukauuu  mepen  mojadyed  Ha  HU3KOTEMIIEPATYPHYIO
peKTH(HUKALINFO.

IIpn wucnonb3oBaHUM OoOJiee BBICOKMX TEMIIEPATYPHBIX YPOBHEHW ISl pa3fesieHHs
KOHJIEHCATOB, KAaK OMHMCAHO BBIIIE, BXOAHOW MOTOK CEMapaluu MOXET OBITh CXKAaT A0 YPOBHS
nasneHust ot 2 no 2,5 MIla (ot 20 no 25 6ap), mHanpumep, npudbausurensHo 2,2 MIla (22 6ap),
nepen  OXJIAXAEHHEM B  TPETbeM BOIUIOLIEHMM HACTOSIIero uszobpereHus.  3arem
HU3KOTEMIIEPATYPHYIO PEKTU(HUKALUIO MOKHO MPOBOAUTH NpH AasieHuu ot 0,9 no 1,6 MIla (ot
9 no 16 Gap), B wactHoctu mpubnmsurensHo 1,3 MIla (13 Gap). Konnencar (koHmeHcatsr),
NOJBEPrHYTHII HU3KOTEMIIEPATYpPHOH peKTU(UKALWK, WIM €ro 4acTb, IOIBEPTHYTYIO
HU3KOTEMIIEpAaTypPHOH peKTU(HUKALMH, B JAHHOM Cllydae TAK)Ke IOABEPTaoT JAEKOMIPECCHU A0
YPOBHS  HaBJIeHHWS  HU3KOTEMIEPATypHOH  pexTuduKamuu  mepex  mojaded  Ha
HHU3KOTEMITEPATYPHYIO pekTHuKaimo. Takium o0pa3om, MOKHO MOJYYHUTh ABYX(a3HYI CMECh,
KOTOPYIO Pa3lessiioT Ha ra3oByro (asy u xkuakyrwo ¢asy. ['azosas dasza u skuakasi pasa MOryT
OBITh KaXK/1asl IO MEHBIIEH Mepe YaCTHYHO MOJAaHbl B HU3KOTEMIIEPATYPHYIO PEKTUPHUKALHIO U,
HampuMep, BBEIEHbl B PEKTH(UKALMOHHYIO KOJIOHHY Ha pa3HbIX BbIcOTax. [lexommpeccus
MOJKET MPHUBECTH K JOTIOJIHUTEIHOMY OXJIAXKICHUIO.

ITpn MCTONB30BAaHUM YKA3aHHBIX CPABHUTENIHO OoOJiee BBICOKMX AABJICHHHA BO3MOXKHA
aZieKBaTHasi HHU3KOTEMIIEpaTypHast peKTU(QUKALUS TPU CPABHUTENBHO OoJjieeé BBICOKHX
TeMIepaTypax, 1 Mo3TOMy KOHIAEHCAT (KOHIEHCAThl) TpeOyeT OXJIaXKIEHH!s] B MEHBLICH CTENCHH.
U, ©HaoOOpoT, NpH UCMIONb30BAHUHM YKAa3aHHBIX CPABHUTEIbHO OoJjiee HHU3KUX HaBIICHHH
TpeOyercst Oornee HHM3Kasi TeMIeparypa, HO 3aAeHCTBOBAHHBIC YaCTH YCTAHOBKU MOTYT OBITh
M3TOTOBJIEHBI 00JIe€ 5KOHOMUYHBIM CIIOCOOOM H3-32 HEOOXOIUMOCTH MEHBIIETO COMPOTUBIICHUS
nasneHn0. COOTBETCTBEHHO, B ONPEAETCHHBIX BAaPUAHTAX MOXKET OKa3aThCsl BBITOIHBIM OIHO

WUJIU IPYTrO€ U3 BOIJIOLIEHUN.
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B dacTtHOCTH, BO BTOPOM M TPEThEM BOIUIOMIEHUSAX, B KOTOPBIX HCIIOJNB3YIOT
CPaBHUTENBHO OoJiee BBICOKHME TEMIIEPATYPHbIE YPOBHH, OCTATOK BXOJHOIO IOTOKA CETapaluy,
OCTAIOIIUNCSA B Ta3000pa3HOil ¢opMe NpHU KOHAEHCALMM, MM €ro 4acTb MOTYT ObIThb, Kak
YKa3aHO BbIIIE, IOAAHBI HA HU3KOTEMITEPATYPHYIO PEKTU(DUKALINIO.

HezaBucumo oT HCHOJIB3yeMOro ypOBHsI JIaBJI€HUs BXOJHON IOTOK Cemapaluyl MOXXET
OBITh OXJIAXKJIEH MyTeM TMepenavyd TeIula K SKMIKOH BTOpOH (ppakuuu BO BTOPOM U TPEThEM
BOIUIOLICHUSIX HACTOsALIero u3oOpereHusi. Takum o0pa3oM, OXJIaXIE€HHE BXOIHOTO IOTOKA
cermapanuy BKIKOYAET, B YACTHOCTH, Mepeaady Teria K BTOpor Gppakuuu.

OxnaxkneHue BXOOHOIO TIOTOKA Cemapaldd 10 YKa3aHHOro Ooyiee  BBICOKOTO
TEMIEPATYPHOTO YPOBHS IS pa3esieHHsI KOHACHCATOB MOKET TAKJKe BKJIFOUATh HCIIOJIb30BAHHE
NOAXOMALINX XJIAAAreHTOB. B wacTHOCTH, moxxomsimum siBisiercss xmagareHT C3, Takod Kak
MIPOMWJIEH, KOTOPBIN MO3BOJIAET JOCTHYb TeMIepaTypHoro yposHs oT -20°C go -40°C.

Kak yka3aHo, KOHAEHCaTbl B ONMCAHHBIX 37€Ch BOIUIOIIEHUSX MOTYT OBITh
JOTIOJIHUTENIPHO OXJIAXKIEHBI, B YACTHOCTH Iepen Jaekommnpeccued. B 3aBucumoctu oT
ONUCAHHBIX BBIIIE YPOBHEH MaBIEHUs MOTYT OBITb HCIIONB30BaHbl PA3JHYHBIE YPOBHU
Temneparypbl. Takum o0pa3oM, B cCiydae YKa3aHHOTO OoJjiee BBICOKOTO YPOBHSI JaBJICHHUS
BXOAHOTO TOTOKA Cemapanyd U PeKTH(UKALUU B COOTBETCTBHH CO BTOPBIM BOIUIOLIEHHUEM
KOHAEeHCAT (KOHAEHCaThl) WM ero (ux) 4acTh, IOJABEPTHYTass HU3KOTEMIIEPATypPHOMH
pekTuduKanuy, MOryT ObITh JOMOJHUTENBHO OXJAKAEHBI 10 Temmeparypel ot -30°C no -50°C
HmyTeM IepeHoca Teruia K nepBoi ¢paxkumu. Hanmpotus, B ciiydae yka3aHHBIX Ooyiee HHU3KHX
YPOBHEi1 1aBJieHHsI B COOTBETCTBHHU C TPETHUM BOIUIOIIEHNEM KOHAEHCAT (KOHIEHCATHI) HIIH €r0
(VX) YacTh, MOABEPTHYTAsI HU3KOTEMIIEPATYPHOU PEKTU(HUKALIMHM, MOTYT OBbITh JOMOJHUTEIBHO
oxJaxeHsl 10 Temneparypbl ot -90°C no -100°C nyTem nepenauu Teria K nepBoi ppakuuu u
XJIaJJareHTy.

[IpennoyruTenbHO Ta3000pa3HYI0 MEPBYI0 (PPAKLUIO HCHOJB3YIOT I OXJIAKACHHUS
KOHJIeHCaTa (KOHIEHCATOB) WM COOTBETCTBYIOIUX €ro (MX) YacTel TakKe C MCIOJIb30BAHUEM
JOTIONTHUTENPHOTO XJIQAAreHTa, B YaCTHOCTH XJyanareHta C2, Takoro Kak 3THJIEH, OCOOEHHO
KOraa HeoOXOIMMO JOCTHYb YKAa3aHHBIX HHU3KUX Temrepartyp. I'asoobpas3Hast mepBas (pakius
MOXeT OBITb, B YAaCTHOCTH, MOJBEPrHyTa IEKOMIPECCHH TIepel €€ HCIOJIb30BAHUEM IS
OXJIKIEHUs] KOHAeHcaTa (KOHASHCATOB) WIIM €0 YacTel U MOoaHa Ha afiCOPOIHI0 ¢ Mepenaiom
TaBJIEHHS TTOCIIE €€ MCIIOJIb30BAHUS [Tl OXJIAXKICHUS.

H3o00perenne Takke pacrpoCTpaHsIeTcs Ha YCTAHOBKY ISl TIOJYYEHHUs STHIIEHA, KOTOpast
npeaHa3HadeHa Uil NPUMEHEHHUS AETHIPUPOBAHUS 3TaHa C MOJYYEHHEM TEXHOJOIMYeCKOro

rasa, CoOACpkKalero mno MEHbIIeH MEpPE 5TaH, 3TUJIEH U COCAUHCHUA, UMCIOLINC Oonee HU3KYIO
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TEMIepaTypy KHUIEHWs, YeM 3TaH W OSTHIIEH, W HCIIOJNb30BaHMS MO MEHbIIEH Mepe 4acTH
TEXHOJIOTUYECKOro rasza i (OpMHUPOBAHMS BXOJHOI'O IOTOKA CeMapalyyd U OCYLIECTBIEHUS
HU3KOTEMIIEpAaTypPHOH cermapaluy yKa3aHHOIO BXOJHOIO IIOTOKA, B KOTOPOH oOecreueHbl
CpeACTBa, NMPEAHA3HAYEHHbIE Ul OXJAKAECHUS BXOJHOrO INOTOKA CeMapalyy, Ui OT[eIeHUs
OOHOrO MM Oojee KOHIEHCATOB OT BXOJHOIO IIOTOKA Cemapald W IO MEHbLIeH Mepe
YaCTUYHOTO OCYLIECTBIICHHSI HH3KOTEMIIEPATyPHOIl peKTU(UKALMK KOHIeHcaTa (KOHIEHCATOB)
C ToNy4YeHueM ra3000pa3HOW TmepBOl (pakuMu ¥ JKUAKOW BTOPOW (pakuuu, rae
HHU3KOTEeMIIepaTypHast pekTuduKauus npeaHasHadeHa aisi popMHpPOBaHUsS Ta3000pa3HOil nepBoi
(dpakuuu TakuM 00pa3oM, YTO OHA COAEPIKUT MO MEHBIIECH Mepe 3TaH U STHJIEH B 00Jee HU3KOM
KOJINYECTBEHHOM COJIEPKaHUH (ZI0JIe), YeM BO BXOJHOM IIOTOKE CENapalyd, U COSTUHEHHS,
uMerIue 0ojee HHU3KYI0 TEMIIEpaTypy KHUIEHUs, 4eM 3TaH M STWIEH, B Ooliee BBICOKOM
KOJINYECTBEHHOM COZIEP KaHUH, YEM BO BXOJJHOM IIOTOKE CENaparim.

B coorBercTBUM ¢ m300peTeHHEM NPEAYCMOTPEHBbI CPEACTBA, NPEIHA3HAYEHHBbIC IO
MEHbIIEH Mepe Al YaCTHYHOTO OCYLIECTBJIEHHs aacopOIMM C TepenajgoM IaBJICHHs
razoo0pasHoil mepBoH (pakuMKM U TOCPEACTBOM 3TOro (OPMHPOBAHUS TpPeThel (paxumy,
cofiep Kaliedl MPeuMyINeCTBEHHO WIIM HCKIIFOYUTENbHO 3TaH U STWJIEH, U YE€TBEPTOH (pakuuy,
coziepsKallell MPEeUMYIEeCTBEHHO MM UCKIIOUUTENBbHO COSAUHEHUs, UMEIolue 0ojiee HU3KYIO
TEMIepaTypy KUIMEHUs, YeM STaH U 3TUJIEH.

Uro xacaercss NMPU3HAKOB M IPEUMYINECTB COOTBETCTBYIOLIEH YCTAHOBKHU, CIIEIyeT
o0OpaTUTBCS K NPHUBEAECHHBIM BBIIE OOBSICHEHMSM, KACAFOIIUMCS MPU3HAKOB M MPEUMYLIECTB
naHHOrO criocoba. B yacTHOCTH, Takasi yCTAHOBKA BBINOJIHEHA Ul OCYILIECTBJICHUs criocoda B
COOTBETCTBHM C KOHKPETHBIMH BOIUIOIIEHHSMHU, OINHMCAHHBIMH BBIIIE, K  BKJIOYAET
COOTBETCTBYIOLIHE JIJIsl 3TOTO CPEACTBA. B 3TOM CBs3M Takke cienyeT oOpaTUThCs K YKa3aHHBIM

BBIIIEC MPHU3HAKaM.

Kpartkoe onucanue yeprexen

Janee m3obperenne onucano Ooiee KOHKPETHO CO CChIIKAMU Ha MPHUJIAraeMble YePTEeXH,
Ha KOTOPBIX CPEIH MPOYETo MPOMJLIIOCTPHUPOBAHBI BOTUIOIEHHS HACTOSIIEr0 H300PETEHHS.

Ha @ur.] noka3aHa yCTaHOBKa IOJYyYEHHUS OJEe(PUHOB B COOTBETCTBHH C OIHHUM
BOILIOLIIEHUEM H300pETeHHUS.

Ha ®ur.2 nokaszana HU3KOTEMIEepaTypHas cenapauus 1Jisl UCIOJIb30BaHNs B YCTAHOBKE B
COOTBETCTBHUH C OJHUM BOIUIOLIEHUEM H300pETEHHUS.

Ha ®wur.3 nokazana HU3KOTEMIIEpaTypHas cenapaunus 1Jsl UCIOIb30BaHKs B YCTAHOBKE B

COOTBECTCTBUHU C OAHHUM BOINIOIICHHUEM I/1306peTeHI/I$I.
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Ha ®ur.4 nokazana HU3KOTEMIIEpaTypHas cenapauus 1Jisl UCIOJIb30BaHNs B YCTAHOBKE B

COOTBECTCTBUHU C OAHHUM BOILIOIICHHUEM I/1306peTeHI/I$I.

ITonpoOHoe onmcaHue uepTexeit

Ha nocnenyrommx deprexax, (QYHKIMOHAIBHO WM CTPYKTYPHO OSKBHBAJIEHTHBIC
3JeMEHTBhl O0O3HAYAIOT OAMHAKOBBIMH CCBUIOYHBIMU OOO3HAYEHHSIMH W JJISI TPOCTOTHI HE
yTOYHSIOT MOBTOpHO. Korma nanee 3mech OMUCAHbl YCTAHOBKM M KOMITOHEHTBI YCTAHOBKH,
OTHOCALINECS K HHUM TOSICHEHHUSI TAaKK€ COOTBETCTBEHHO MPUMEHHMBI K TEXHOJOTHYECKUM
CTaIUsIM, OCYIIECTBIISIEMBIM C IIOMOIIBIO 3TUX KOMIIOHEHTOB YCTAHOBKH, H HAO0OPOT.

Ha @ur.] mnoka3aHa yCTaHOBKa TNOJYyYEHHUs OJe(PUHOB B COOTBETCTBUU C OJIHUM
BOIUIOLICHHEM H300pETeHUs] B BHIE 3HAYUTENBHO YIPOLIEHHOHM CXEMbl YCTaHOBKH, B
coBOKymHOCTH oOo3HaueHHOH 100. HecmoTpst Ha TO, uro Hike ommcaHa ycraHoBka 100 mis
OAI srana (O/I-2), HacTosiee M300pETeHNE TAKKE MOIXOIUT, KaK YK€ YIOMUHAJIOCH, IS
NPUMEHEHHS] TPH HEOKUCIUTENBbHOM AeruapupoBaHUr 3TaHa. COOTBETCTBEHHO, B JaHHOM
cilydae MPUMEHHUMO MOCIIEAYIOIIee OMICAHUE.

B ycranoke 100 oOoraiueHHbIH 3TaHOM CBEXHI BXOAHOH MOTOK a, KOTOPBI MOXET
comepkaTh HEOONBIIOE KOJMYECTBO METaHa, CMEUIMBAIOT C OOOraleHHbBIM 3TaHOM
PELUPKYJIMPYEMbIM MaTepHAIbHBIM IIOTOKOM b U MOAAIOT B OAMH WUJIM HECKOJBKO PEaKTOpPOB 1
OJI'-3. B peaxtop (peakTopbl) JOMOJHUTENBHO MOAAIOT pa30aBUTENb C (HampuMmep, map, a3oT
WM AUOKCHUJI yTJiepoaa) u Kuciaopox d.

OcHosHas peaxiust O/l'-D umeer cienyromuii BUL;

C2H6 + 1% 02 - C2H4 + Hzo (l)

[ToOouHbIe peakyH, KOTOpble BO3HUKAIOT, TJIABHBIM O0Opa3oM NPEACTaBISIFOT COOOH
peakiuy 00pa3oBaHUsE MOHOOKCHIA YTJIepOa, TUOKCHIA YIIIepOoa, a TAK)KE YKCYCHON KUCIIOTBI.

I"a30Byr0 CMeCh, OTBOIUMYIO U3 peakTopa (peakTopoB) | B BUIE MaTepHAIBLHOIO IMOTOKA
€, Ha3bIBAEMOI'0 B JAHHOM JTOKYMEHTE «TEXHOJOTHUYECKUM Ta30M», MOABEPrat0T OXJIAKIEHHIO 2,
a BOIY YIOASIIOT B BUAe MarepuanbHOro moroka f. JI0Oyr NPUCYTCTBYIOIIYIO YKCYCHYIO
KHUCJIOTY TakXe YAAJISIOT M3 TEXHOJOTHMYECKOrO ra3a M OTBOAST BMECTE€ C MaTepHaJbHBIM
notokoM f. 3aremM MaTepuanbHbINA MOTOK f MOkeT OBITH MONBEPTHYT NaibHelmed oOpadoTke ¢
MOJIy4€HHEM YKCYCHOM KHCIIOTHI (HE TIOKa3aHO).

OXna’kAeHHBIH TEXHOJOTHYECKHH ra3 B (popMe MaTepHajbHOIrO MOTOKA g TOABEPTaroT
CKAaTUIO 3 U CXKUMAIOT, KaK MPABUIO, B MHOTOCTYIIEHYaTOM KOMIIpeccope. Mexny CTymeHsIMU
KOMIIpECCOpa TEXHOJIOTWYECKUH Ta3 OTBOIAT B BUIE MAaTEPHAIbHOrO MOTOKa h mist ynaneHus

AMOKCHIA YIJIepoJa B BUAE MAaTepUAIbHOTO IMOTOKa K. DTO MOXeT OBbITh OCYIIECTBIEHO,
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HanpuMep, C MOMOLIBI0 OTMBIBKM aMHHAMH, KAJUITHONW OTMBIBKM WJIM ILEJIOYHONW OTMBIBKHU B
Onoke 4 ypaneHWss AMOKCHAA yriaepona. Takke NPUMEHHUMBbI APYrHE CIIOCOOBI, Takue Kak
MeMOpaHHbIe CIOCOOBI WM KOMOHMHALMS Ppa3jiU4YHBIX CrocoOoB. TexHomormueckuil ras,
OCBOOOXKIEHHBIH OT AUOKCHAA YIIIepoAa, NOAAT 0OpaTHO Ha CXKaTHE 3 B BUAE MAaTEPHAIBHOTO
noroka 1.

CoxaTblil TEXHOJOTHUECKUH ra3 MOAa0T Ha CYLIKY 5 B BHJIE MaT€PHAIBHOTO MOTOKA M, U
COOTBETCTBEHHO BBICYIICHHBIH TEXHOJOTMYECKUN Ta3 IMOAAOT HAa HU3KOTEMIEPATYPHYIO
cenmapauur 6 B BUAE MaTepUAlIbHOrO MOTOKAa n. Jletanu HU3KOTEMIIEpaTypHOH cenapauuu 6
MPOWJIIFOCTPUPOBAHBI B BUJI€ IPUMEPHBIX BOIUIOWEHNH HA Pur.2, 3 n 4.

IMpu HU3KOTEMMEpPATYpPHOU cemapauuu 6 TEXHOJOTMYECKUN Ta3/ MOJNYYEeHHBIH M3 HEro
BXOIAHOH MOTOK CeMapaluyd OXJKIAIT IOCPENCTBOM OJHOrO Wi Oojiee TeMIepaTypHbIX
YPOBHEH, U OTHENSIOT OT TEXHOJOIMYECKOrO ra3a OAWH MM Oojiee KOHACHCATOB, NMPUYEM
KOHZIeHCaT (KOHIEHCAThl) MO MEHBbIIEeH Mepe YacTUYHO IOABEPTalT HHU3KOTEMIEpaTypHOI
pekTHdUKAIUK U TONYyYeHUs] ra3000pa3HoON («repBoi») ¢pakuuu U KUAKOH («BTOPOH»)
¢dpakuuu, mpudeM razooOpasHas epsasi Ppakiusi COOSPKUT IO MEHbIIEH Mepe 3TaH U STUJICH B
MEHBIIEM COAEP>KAHUH, YEM BO BXOJHOM IMOTOKE CEeNapalnyy, U 10 MEHbIIEH Mepe COeNUHEHMUS,
uMeroue 0onee HU3KYI0 TeMIIEpaTypy KHUIIEHHUs, YeM 5TaH U 3THJIEH, B OOJbILIEM COepIKaHUH,
YeM BO BXOJHOM IIOTOKE cemapauuu. Takum oOpa3oM, TEXHOJOTMYECKHH ra3 IOABEPraroT
CTYIIEHYATOMY OXJXAEHHIO, M OOpa3yrOIUMICS KOHAEHCAT IMOJAIT B PEKTU(UKALIMOHHYIO
KOJIOHHY.

B BepxHel 4acTu peKTH()UKALMOHHOW KOJOHHBI YKa3aHHYIO Ta3000pa3HYI0 MEPBYIO
(dpakuuoo OTBOOAT B BHIE MaTepHaJbHOrO moroka 0. [ns ¢gopMmupoBaHUS MaTepHATBHOTO
MOTOKA O TaKXK€ MOXKHO HCIOJIb30BaTh YaCThb TEXHOJOTMYECKOrO Tra3a, OCTAIIIErocsl B
ra3oo0pa3Hoi (hopMe MpH YKA3aHHOM CTYIEHYaTOM OXJIakaeHuH. M3-3a yKa3aHHBIX HEOOIbIIUX
KOJINYECTB METaHa, HCIHOJb3yeMOro B KadecTBe (hJIerMbl MNpPU HHU3KOTEMIIEPATYPHOH
peKTH(HKALNN, 3TOT MaTePUAIBHBIA MOTOK O BCE €Ile COAEPKUT 3HAYMTEIHHOE KOJHMUECTBO
5TaHa U 3TUJICHA.

JIns CHIKEHUsSl TOTepb NPOAYKTa (3THJIeHAa) U peareHTa (3TaHa) B ycraHoBke 100,
nokaszaHHOW Ha @ur.l, mpemnoxkeHa aacopOuus 7 ¢ TepenagoM AaBICHUS ISl U3BJICUSHUS
STWIeHa (M TakXke »3TaHa). B [MaHHOM JOKyMeHTe S5TaH W 3TUJIEH ancopOupyrT U3
MaTEepPHAIBPHOrO IMOTOKA O TMOAXOMIIIUM aACOPOEHTOM. DTaH U JTHIEH MNPEeNNOYTHUTEIbHO
ancopOMpPYIOT, B OTIMYHUE OT JIETKHX I'a30B a30Ta U aproHa, KOTOPhIE, B YACTHOCTH, IOCTYMAIOT B
ycraHoBky 100 B kadecTBe mpumeceil B kuciopone d, a Takke B OTJIMYHE OT KHUCIOPOJA,

MOHOOKCHAA yrjiepoaa, ME€TaHa U APYIrux JICTKUX ra3doB, TAKHUX KaK BOOOPOA.
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OTaH W 3TUJIEH CHOBAa BBIBOAAT INpH Ooyiee HU3KOM MAaBICHUU B BHIE («TPETbeii»)
bpakumu, copepkaliel NMPEeUMYLIECTBEHHO 3TaH M STHJIEH, U MOTYT OBITb OTBEAEHBI B BHIE
MaTepHaJbHOTrO NOTOKA p. B "acTHOCTH, MaTepHaibHBIN OTOK P MOXKET OBITh PELUPKYJIUPOBAH
Ha cxkarue 3. MarepuaipHbI MOTOK O, OCBOOOXIEHHBIH OT 3THJEHA M JTaHA M Tenepb
o0o3HaueHHbIH (, T.e. («4erTBepTas») (pakuys, comepkamas MPEHMYLIECTBEHHO WM
UCKJTFOUUTENIbHO KOMIIOHEHTBI, UMEIoIue Oosiee HU3KYIO TeMIepaTypy KHIIEHHs, 4eM 3TaH U
STWJIEH, BCE €Ile HAXOOUTCS TOJ BBICOKUM JaBJIEHHEM W MOXKET OBITb HCIIOJNB30BaH MJIS
NOJIY4EeHUS] MEXaHUYECKOH palOThl M TEIJIOBOW SHEPTUU WUJIM B Ka4eCTBE OTBOAMMOIO MOTOKA
Ui IPYyTUX TPUMEHEHUH. MaTepuaibHbIi MOTOK O MOXKET TaKKe OBITh HCIONb30BaH IS
peKymneparm XoJoa nepea aacoponuei.

OcHOBHast ~ wjaes  HACTOALIEr0  M300pEeTEeHHs  3aKJII0YaeTcsi B COYETAHHHU
HU3KOTEMITEpaTypPHOH cenapanuu 6 ¢ aacopbumei 7 ¢ nepenanom aasieHus. B nanHom ciyuae
MOTYT OBITh NMPENYCMOTPEHBI Pa3IMYHbIE BOIUIOIIEHHS. B OHOM BOIUIOIIEHNH, TOKA3aHHOM Ha
®ur.2, OCyLIECTBJIAIOT OXJAXAEHHE TEXHOJOTMYECKOro Trasa A0 IMpeNelbHO HU3KOIro
TEMIIEPaTypPHOTO YPOBHS, TaK YTO CHIXKAIOT COJEP’KAHWE 3TaHa M OTUJIEHA B MaTepUalbHOM
IIOTOKE O, KOTOPBIA BITOCIEICTBUH TOABEPIalOT aacopOIyM ¢ mepenanoM aasieHus. B npyrux
BOIUIOLIEHUSAX, IPEACTABICHHBIX HA PUr.3 U 4, OCYIIECTBIAIT OXJIAXKIECHUE TEXHOJIOTHYECKOrO
rasa 10 3aMeTHO OoJiee BBICOKOTO TEMIEPAaTypPHOTO YPOBHs, TaK 4YTO COIEp)KaHHE 3TaHa U
STHJIEHA CHIKAIOT B COOTBETCTBYIOLIEH CTEMEHH TOJNBKO B XOAE aACOpOLUH C Mepernagom
JABJICHHUS.

OcraBiuasicss B HU3KOTEMITEpaTypHOH cenaparuy 6 )Kuakast Bropast (ppakiust MOXKeT ObITb
BbIBE/ICHA U3 HU3KOTEMIIEPaTypHOH cenapauuu 6 B BUAE MaTePUAIbHOTO MOTOKA I. DTa KUK
BTOpasi (Hpakiusi CONEPKUT MPEHMYLIECTBEHHO WJIM WCKIIOYMTENIbHO 3THJIEH U 3TaH. B
NPUBEIEHHOM IpUMepe MaTepuasbHbI MOTOK I' MOJAIOT B pa3ieluTeNb 8, KOTOPBIH TaKxke
BKJIFOYAET HH3KOTEMIEPATYPHYIO PEeKTH(PHUKAIMIO. OTUICHOBBIH MPOAYKT, COIEp KaIui
MPEUMYIIECTBEHHO UM HUCKIIOYUTENbHO STUJIEH, MOJY4aroT B pasjenureie 8 U U3BJIEKAIOT B
BUJIE MaTE€PHANILHOTO MOTOKA s. Ppakiuius, cofepsralias NPeuMyLIECTBEHHO WM UCKIFOYUTENBHO
9TaH, TaKXe MOJyuYeHHas B pasfenuTene 8, MOKeT ObITh BO3BpALIEHA B PEAKTOpP (PEaKTOphI) B
BUJIE MAaTEPHAIBHOTO TIOTOKA b.

Ecnmu cymectByer Tsbkenas (pakiusi yriIeBOAOPOAOB, coneplkamasi TP Wil Oosee
aTOMOB YIJIEPOZa, TO YKa3aHHas (PPaKiyst MOXKeT ObITh yAajeHa BBIIE FIIM HUKE 110 MTOTOKY OT
HU3KOTEMIEPATypHOU cemapauud 6. B 3aBUCHUMOCTH OT KOJMYECTBA, OTH TsDKEJNbIE

YII€BOAOPOABI TAKXKE MOTYT OBITh YAAJIEHbl U3 MaTEPUATIBHOIO IIOTOKA b.
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Ha ®wur. 2 noka3zana HU3KOTEMIIepaTypHasl cenapauust Al IPUMEHEHHs] B YCTAHOBKE IS
NOJIy4eHUs1 ONe(UHOB, KOTOpas MOXKET OBbITb HCIOJb30BaHA, HANPUMEP, B KauecTBe
HU3KOTEMIepaTypHOil cenapauuu 6 B ycranoBke 100, mpencraBinenHoii Ha @ur.l. Takas
HU3KOTEMIIEpAaTypHasl cemapanusi, KOTOpas COOTBETCTBYET paHee OINUCAHHOMY II€pPBOMY
BOIUIOILEHUIO, BKJIFOYAET CTYNEHYATOE OXJaXaeHue. MarepuanbHble MOTOKU N, O U I, yXKe
npeacraBieHHble Ha Pur.1, Takke MOKa3aHbl 34€Ch, YTOOBI MPOUJUTIOCTPUPOBATH UHTETPALIUIO
HU3KOTEMIIEPaTyPHOU cemnapaiuy, NpeacTaBlieHHON Ha Pur.2, B COOTBETCTBYIOIIYIO YCTAHOBKY
100. H3o0paskeHre COOTBETCTBYIOIIMX JJIEMEHTOB HE COOTBETCTBYET HHU TMOJIOKEHHIO, HHU
Maciraoy.

TexHomornyeckuii ra3 MOOJAIOT HA HU3KOTEMIIEPATYPHYK) CEMapalvid B  BUIE
MaTE€pPUANIbHOIO MOTOKA N. TeXHONOrMYecKud ra3 MOCJIeNOBATEIbHO IPONYCKAIOT 4Yepes
TeruiooOMeHHuKH 201-204 1 OXJTaKOar0T B HUX A0 Bce Ooiee HU3KUX TEMITEPAaTyPHBIX YPOBHEH.
Hdnsa storo TtermooOMenHukn 201-204 Moryt ObITh OXJKAEHBI IMOTOKAMH STWiIEHA (HE
nokasanbl). Takke MPUTOAHBIM UI OXJAKACHUS M TAaK)Ke HE MOKA3aHHBIM OTHAEIBHO SIBJISETCS
MaTepHaJbHBIN ITOTOK O, T.€. ra3000pa3Has nepasi ppakuys, HEOIHOKPATHO OMMCAHHAS BBILIE.

Buuz mo moroky or TemnmooOmeHHHKOB 201-204 TexHOMormdeckuil ras/nByx(dasHyro
CMECh, MOJIyYCHHYIO B KaXIOM Cllydae OXJakKIeHHeM B TerioooMenHnkax 201-204, B kaxmom
ciaydae nepememaroT B cenapartopsl 205-208, rae B KaKIOM Cllydae KOHIACHCAT OTAECISAIOT OT
TEXHOJIOrn4eckoro rasza. KongeHcarel BBOAAT B peKTU()UKALMOHHYIO KOJOHHY 209 Ha BBICOTE,
COOTBETCTBYIOILIEN MX COCTaBy BellecTBa. MeHbllass [0ds TEXHOJOTMYECKOro rasa u3s
MaTepUabHOTO TIOTOKA N TAK)KE MOXKET ObITh BBEI€HA HEMOCPEACTBEHHO B PEKTU(DUKAILIMOHHYIO
KoJIoHHY 209 (31€Ch HE TIOKA3aHO).

Hwxauii ucnaputens 210 pekTuUKaMOHHONW KOJOHHBI 209 HarpeBaroT, Hampumep, ¢
MOMOILBIO NPONAaHa, BEPXHUI KoHAeHcaTop 211 oxjaxnmaroT, HarmpuMmep, ¢ MOMOIUBIO 3TUJIEHA
HU3KOro pasyieHus. PexktudukanmonHas xojoHHa 209 paboraer TakuM 00pa3oM, dYTO
NPEUMYIIECTBEHHO KOMITOHEHTBI, UMEIoIIHe 0oJiee HU3KYIO TEMIEepaTypy KUIEHHUs, YeM 3TaH U
STUJIEH, TIOABEPTAIOT OOOTAIEHHUIO B €€ BEpXHEH 4acTH, a 60yiee BBICOKOKHUISIIAE COSAMHEHUS -
B HIDKHe#. Takum oOpa3om, 4acTh MaTepUAIbLHOTO MOTOKA O, HA3bIBAEMOTO 37eCh Ol, MOXKeT
OBITh M3BJICYCHA U3 BEPXHEH YaCTH PEKTU(PHUKAIIMOHHON KOJOHHBI 209, a MaTepHasbHbII MMOTOK T
MOXeT OBITh U3BJICYEH W3 HIDKHEH YacTH peKTU(PHUKAIMOHHONH KOJOHHBI 7. Jloms
TEXHOJIOTHYECKOT0 Ta3a, OCTAIINErocsi B ra3000pa3Hoi ¢popme B cenaparope 208, moka3aHHas B
JAaHHOM JOKYMEHTE B BHJI€ MAaTEPHAIBHOIO MOTOKA 02, TAK)KE MOXKET ObITh MCIOJIB30BAaHA MPHU

(bopMHUpPOBaHUN MaTEPHATIBHOTO IIOTOKA O.
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TemmepaTypa TEXHOJOTHYECKOrO Tra3a/HIKE IO TMOTOKYy TerioodmenHuka 201
COCTaBJIsA€T, Hampumep, npubmmsurenbHo -30°C, Ttemmepatypa HHXKE IO  IIOTOKY
teruiooOMeHHuka 202, Hampumep, npuOmusurenbHo -50°C, TemnepaTrypa HIDKE IO HMOTOKY
teriooOMenHuka 203, Hampumep, nmpubmusurenbHo -75°C M Temmepatypa HHMXKE IO HOTOKY
teruiooOMenHuka 204, Hanpumep, npudamuTesnsHo -99°C. Huxuuit ncnapurens 210 paboraer
Ha YPOBHE TEMIIEPATypbl, Hampumep, npudausutenbHo -17°C, BepxHuit koHneHcarop 211 Ha
YPOBHE TeMIIepaTypbl, Hanpumep, npudau3uTeasHo -97°C.

CoOTBETCTBEHHO HU3KUX  TeMIeparyp NOCTUTAIOT  TpHU UCTIOJIb30BaHUU
COOTBETCTBYIOLIETO OXJIAUTENsI, HAPUMEP C MIOMOLIBIO XJIafareHTa 3TuieHa. Takum odpaszom,
JOJIsl STHJIEHA B Ta3000pa3HOl mepBoi (pakiuu, T.€. B MaTEPHATLHOM MOTOKE O, MOJKET OBITh
CYLIECTBEHHO CHIDKeHa. Mcmonmp3oBanue ancopbumn 7 ¢ mepenajgoM NaBJICHUS ISl yIAJICHUs
STUJIEHa, TeM HE MEHee, MOXKET OBITb SHEPreTUYeCKH W HSKOHOMHYECKH BBITOAHBIM B
3aBHCHMOCTH OT COCTaBa TEXHOJIOTHYECKOTO ra3a/ MaTepUaIbHOTO MTOTOKA N.

B nanHOM cnydae B xozme ancopOLuu ¢ nepenayoM AaBIeHHs H3BJICKAIOT 3TaH U 3TUJICH,
U JUISI TPOM3BOJACTBA INMHUKOBOTO OXJIAXKIAEHHS W3 MAaTE€pPHajJbHOrO IOTOKA O MOTYT OBITh
UCKJIFOUEHBl JI€TaHAEpbl, KOTOpPblE B IPOTHBHOM ciydyae ObUIM Obl BBEAEHBI TaMm, TAe 3TO
HeoOxomumo. MarepuanbHbli TOTOK O MOXKET OBITb MO-TIPEKHEMY HCIOJb30BAaH IS
MHTErpaliy TeIUIa, a CBOOOAHBII OT 3THUJIEHA OCTATOYHBIN ra30Bblil MOTOK  (cM. Pur. 1) MokeT
OBITh U3BJIEUEH, KaK U B IpeablayIeM ciaydae. Kpome Toro, ancopOuus ¢ nepemnagoM JaBiIeHUs
MOXKET OBITh CYIIECTBEHHO MEHBINEH, 4eM MPU OTCYTCTBHH OXJIAKAECHUSI 10 COOTBETCTBYIOIINX
HU3KHUX TEMIIEpaTypPHBIX YPOBHEH.

Ha ®ur. 3 nokasana HU3KOTEMIEpaTypHas cenapauus Uil NPUMEHEHUs B YCTAHOBKE
NOJIyYeHUsT  OJIe(MHOB, KOTOpasi TAK)K€ MOXKET OBbITh MCIOJB30BaHA, HANPUMED, B KAa4eCTBE
HU3KOTEMIEPATypHOU cenapauuu 6 Ha yctaHoBke 100, mpencraBieHHonn Ha @ur.l. Takas
HU3KOTEMIIEpaTypHAasi Cemapauus, KOoTopas paboTaeT C yKa3aHHBIMH paHee Ooyiee BBICOKMMH
TEMIEPATYPHbIMH YPOBHSMH, BKJIFOUAET MHOTOCTYNEHUATOE OXJIAXKIEHHE IO 3aMETHO Oolee
BBICOKOTO TEMIIEpaTypHOIO0 YpOBHsS, 4eM Ioka3aHo Ha Pur.2. 3pech TakXke I1OKa3aHbI
MaTepHabHble MOTOKH N, O U I, MpeAcTaBieHHble Ha Pur.l, 4ToObl MPOMIUTIOCTPHPOBATH
MHTETPalUi0  HU3KOTEMIIEPAaTyYpHOW  cemapainuu,  MNpeAcTaBjJeHHOM Ha  Pur.3, B
COOTBeTCTBYIOIYO ycTaHOBKY 100. Takske 37ech IOMOJTHHUTEIBHO TOKAa3aHBI ancopOIust C
nepenaaoM JaBjeHusl 7 U MaTepUANIbHbBIE IOTOKU P U (.

Texnonornyeckuii ra3 BBOOAT HAa HU3KOTEMIIEPATYPHYIO CENapalur IMpU YPOBHE
TeMIepaTypbl, Hampumep, npudbausurenpHo -9°C M mpu ypOBHE [aBJEHUs, HAIPHUMeED,

npubnusutensHo 3 MIla (30 Oap) u nmpomnyckaroT dyepes nepsbiil TennooOMeHHUK 301, koTophIit
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MOJKET OBITh OXJIAKAEH C MOMOINBI0 MAaTEPUAJBHOTO MOTOKA I, T.€. JKHIKOH BTOPOH (ppakiuu.
ITocne oxnaxxpeHus: B nepBoM TeruiooOMeHHuKe 301 TeXHOJOrM4Yeckuil ra3 3aTeM OXJIAKAAIOT
710 YPOBHS TEMIIEPATYyphl, HAIIpuUMep, NpuodausuTenabHo -35°C Bo BropoM TeriooOMeHHuke 306.
IMony4eHHsIit TakuM 00pa3oM AByX(a3HbIN MOTOK BBOAST B eMKOCTh 302 cenaparuu. B emxoctu
302 cemapauuy IMOJNYYaKOT SKUAKYIO (pakmuioo U rasoodpasHyro (paxmmro. [azoobpasnyro
(dpakumoo MOABEPrarOT IEKOMIPECCHMU U BBOISIT B PEKTUPUKALMOHHYIO KOJOHHY 305.
JlexoMripeccuro BO BTOpOM eMkocTu 304 cenmapauuu OCYIIECTBISAIOT OT YPOBHsI AaBJIEHUS,
Hanpumep, npubmusurensHo 3 MIIa (30 Gap), [0 YpOBHA [aBJEHHUS, HaNpUMep,
npubnusutensHo 1,9 MIla (19 06ap), mpu KOTOpOM Takke paboTaer peKkTH(HUKALHOHHAS
kojonHa 305. Temnoobmennuk 306 moxeT padoTarh, Hampumep, € MPOMHIJIEHOM HHU3KOTO
JIaBJIEHUs] UM COOTBETCTBYIOIINM xJjagarentom C3.

Kunkyro ¢pakumo oTBOAAT M3 mepBod eMkocTH 302 cemapanuu W OXJAKAAOT B
TpeTbeM TeruiooOMeHHuKke 303 10 ypOBHS TeMIepaTyphl, Hapumep, npuonusuTensHo -38°C, u
MOABEPTrarT AEKOMIIPECCUU BO BTOPYI0 €MKOCTh 304 cemapauuu A0 YPOBHs AABJIEHUs, NPU
KOTOpoM paboTaer pekTu(uKauoHHast KojoHHA. IIpu 3TOM mony4aroT >KMAKY (pakuuio u
ra3o00pa3Hyr0 (pakKIHio, KOTOPbIe BBOAAT B PEKTU(HUKALIMOHHYIO KOJOHHY. JKunkyro ¢paxiuro
UCTIONB3YIOT B KauecTBe (yierMbl, BBOAMMONW B pPEKTU(UKALMOHHYIO KOJOHHY 305.
lazoo0pasnyro  ¢Qpakmouro w3 nepBodl  emkocTd 302 cemapanuu  TakXKe BBOIST B
PEKTH(UKALMOHHYIO KOJIOHHY.

Pextuduranmonnyo kosoHHy 305 mnpuBOAST B JAeHCTBHE C IOMOIIBIO JIOHHOTO
UCMApUTENs, KOTOPbIH MOXeT padoTaTh, HampuMep, C TPOIJIEHOM HU3KOTO JIaBJICHHS.
MartepuanbHbIl IOTOK I' MOXKET OBITh OTBEICH U3 PEKTU(PUKAIIMOHHON KOJOHHBI 305 mpu ypoBHE
TemnepaTypbl, Hampumep, npuOmusurenbHo -21°C. M3 BepxHedl 4YacTH peKTU(UKALUOHHOU
KOJIOHHbI 305 MaTepualibHBIII TOTOK O BBIBOAST MPU YPOBHE TEMIIEPATYpPbl, HAMPUMED,
npubmmsuTenbHo -45°C, nmajee MOABEPrarOT IEKOMIIPECCHHM M TMPOMYCKAIOT uepe3 BTOPOH
TeriooOMeHHuK 303.

MarepuanpHblii MOTOK O, T.€. Ta3000pa3HYI0 BTOPYHO (PakLHIO, 3aTeM BBOISAT B
ancopbumro 7 ¢ mepernanoM aaeneHus. s monyudeHus moApoOHBIX CBENEeHH 00 3TOM U
nanpHeimei 00padoTke MaTepUaIbHBIX IOTOKOB P U ( JaHA CChIJIKA Ha MOsICHeHHs K Pur. 1.

Ha ®wur. 4 nokaszana HU3KOTEMIIEpaTypHas cenapauus Ajsi UCIOJb30BAHNUS B YCTaHOBKE
IO TIPOU3BOJICTBY OJIE(PUHOB, KOTOPAsk TAKKE MOKET ObITh UCIIOJIb30BAHA, HAIIPUMED, B KAUECTBE
HU3KOTeMNepaTypHoi cemapauuu 6 B ycranoBke 100, npencraBnenHonn Ha Pur.l. Takas
HU3KOTEMIIEpaTypHasi Cemapainusi MpeacTaBiseT CcoOol  BapuaHT HHU3KOTEMIEpaTypHOH

cemapanuy, MNpeACcTaBJIeHHOW Ha Pur.3, KOTOPbIA CYIIECTBEHHO OTJINYAETCsl ¢ TOYKU 3PEHUs
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NpUMEHSIEMbIX NaBieHuil U temneparyp. COOTBETCTBEHHO, YKa3aHHbBIE 3JIEMEHTbI 0003HAUAOT
OJIMHAKOBBIMU CCBIJIOYHBIMH O003HAUEHHUSAMHU.

B nanHOM cnyuae B temooOMeHHHMKax 301 u 306 Takke NMPOUCXOAMUT OXJIAKAECHUE HO
YKa3aHHBIX CPAaBHUTEJIBHO BBICOKMX TEMIIEpPaTypHbIX ypoBHeH. OnHaKo BXOJHOW IIOTOK
cemapauuy U1 HU3KOTEMIIEpaTypHOM cemapaluu IOJAKT, HanpuMmep, IpHU JaBICHUH
npubnusutensHo 2,2 MIla (22 Gap), ¥ HU3KOTEMIIEPATYPHYIO PEKTU(PUKALUIO BBIMOIHSIOT,
Hanpumep, npu nasjaeHun npudausutenbHo 1,3 MIla (13 Gap). B maHHOM ciy4ae >KUAKYIO
(bpakumoo, OTBENEHHYIO U3 MepBOM eMkocTH 302 cemapamnuu, OXJKTAIT A0 TEMIIEPaTypBhl,
Harpumep, npubmusutensHo -97°C B TperbeM TeruiooOMeHHHMKEe 303 ¢ MOMOIIBIO
JONOJIHUTEIbHOTO UCIONBb30BaHUS MOAXOASILIEr0 XJIaJareHTa B BHJE MAaTE€PUAIbHOIO MOTOKA.
Taxum 00pa3om, MaTepHaIbHBINA TOTOK I' MOXKET OBITh OTBEACH U3 PEKTH(HHUKALMOHHON KOJIOHHBI
305 mpu ypoBHe TemmepaTypsl, Hampumep, npudbmusutenpHo -35°C. U3 BepxHeill wactu
peKTH(HHUKALNOHHON KOJOHHBI 305 MaTepHalbHBIN MMOTOK O BBIBOAAT MPH YPOBHE TEMIIEPATYPHI,
Harpumep, npudbausurenbHo -97°C, 3aTeM MOIABEPraroT IEKOMIIPECCUU U IMPOMYCKAIOT Yepes3

BTOpOI1 Teroodmennnk 303,



DOOPMVIJIA NU30BPETEHHA

1. Cioco® monyueHust 3TUJIEHA, B KOTOPOM, C NPUMEHEHUEM JAErHIPUPOBAHUS 3TaHA,
NOJIy4at0T TEXHOJOTUYECKUH ra3, CoAep kalluii o MeHbIel Mepe 3TaH, STHUJIEH U COSIUHEHUS C
TEMIepaTypoil KUIEHUs] MEHble, YeM TeMIlepaTypa KHUIIEHUs 3TaHa M 3TUJIEHA, B KOTOPOM,
UCTIONB3Ysl TIO MEHbINEH Mepe 4YacTb TEXHOJOTMYEeCKOro ras3a, (pOopMHPYIOT BXOJHOW MOTOK
cermapalyyd W TMOJBEPraroT €ro HHU3KOTeMIepaTypHOU cemaparmu (6), MpH KOTOPOH BXOIHOH
NOTOK CeNaparyy OXJIAXKIAIT U MPH KOTOPOH OT BXOAHOIO MOTOKA Cenapaiy OTACISIFOT OIUH
win Ooyiee KOHIEHCATOB, W TMPH 3TOM IO MEHbIIEH Mepe 4acTb KOHAeHcaTa (KOHAEHCATOB)
NOJBEPratlOT HHU3KOTEMIIEPATYPHOH peKTH(PHUKALIMU C MOJYyYeHHEM Tra3000pa3HOi NepBOil
¢bpakumu W SKUAKOH BTOpol (pakium, rme razooOpasHas mepBas (Ppakuus COAEPIKUT IO
MEHBLIEH Mepe 3TaH W 3TWIEH NpHU OoJiee HU3KOM COAEpIKAHWH, YeM BO BXOIHOM ITOTOKE
cermapaunuy, U COeAMHEHHUs ¢ Oojiee HU3KOW TEMIepaTypoill KUINEHMs, YeM STaH U STHIICH, NpHU
Oojiee BBICOKOM CONEP’KAHUH, Y€M BO BXOIHOM IIOTOKE Celapanuy, OTIMYAOIIHMNACA TE€M, YTO
NepBy0 (PpakLUI0 MO MEHbIIEH Mepe HYacTHYHO moxasepraroT ancopbumu (7) ¢ mepemnagom
AaBJIEHUs], TTOCPEICTBOM HEro IMOJMYYalT TPEThbIO (PPaKiMIO, COAEPIKAIIYIO MPEATNOYTHTENIBHO
WIA UCKJIFOUUTENBHO 3TUJIEH U 3TaH, U YETBEPTYIO (PaKIHIO, CONEPIKAINYIO MPENOUTHTEIbHO

HUJIN UCKITFOYUTEJIbHO METAH U MOHOOKCU I yTIJjIepoaa.

2.Cnoco6 mo groOoMy W3 NPEALIeCTBYIOIIMX IMYHKTOB, B KOTOPOM IpHU
HU3KOTEeMIIEpaTypHOH cemapauuu (6) ans pasfeneHus KOHAeHcaTa (KOHIEHCATOB), BXOIHOM

MOTOK Cenapalyy OXJKAAlT 10 ypoBHs Temmepartyp ot -40°C no -100°C.

3. Cnoco® 1o m.2, B KOTOPOM HH3KOTEMIIEPATYPHYIO PEKTH(PHUKAIIUIO OCYIIECTBIISIOT C
NPUMEHEHHUEM KUIKOH (PJIerMbl, KOTOPYIO MONYYAIOT MOCPEICTBOM KOHACHCAIMH YacTH MEPBOH

bpaxmm.

4. Criocob mo 1.1, B KOTOPOM NPU HU3KOTEMIIEpaTypHOH cenaparuu (6) Ui pa3aeseHust
KOHJIeHCcaTa (KOHAEHCATOB), BXOIHOM MMOTOK CEeNapanuy OXJIaKAA0T A0 YPOBHS TEMIIEPATYp OT -

20°C no -40°C.

5. Cnoco0 o 1.4, B KOTOPOM BXOAHOH MOTOK CeNapaiiy nepes OXJIaXIeHUEM C)KUMAIOT
1o ypoBHs maBieHust ot 2,5 mo 3,5MIla (or 25 mo 35 06ap), m HHU3KOTEMIEPATYPHYIO

PEeKTH(UKALNIO OCYLIECTBISIOT NPU YpoBHE AasieHus ot 1,5 no 2,5 MIla (ot 15 no 25 6ap).



6. Croco0 no 1.4, B KOTOPOM BXOAHOI MOTOK Cenapaliy mepes OXJIaXAeHUEM CKUMAIOT
no ypoBHs pasineHust ot 2,0 mo 2,5Mlla (or 20 mo 25 06ap), U HHU3KOTEMIEPATYPHYIO

peKTU(UKALNIO OCYINECTBISIFOT pU ypoBHe nasienus ot 0,9 no 1,6 MIla (ot 9 no 16 Oap).

7. Criocob mo mobdomy u3 mi.4-6, B KOTOPOM OXJIaXKIEeHHe BXOJHOTO MOTOKA Cerapaiuu

BKJIFOYAET IMEPEHOC TeIIa KO BTOPOH (HpaKIMH.

8. Cmoco® mo m.7, B KOTOPOM OXJIAKAEHHE BXOAHOTO IMOTOKA CEMapalyyl BKIFOYAET

NEPEHOC TCIUIA K XJIaAArcHTy.

9. Cnocob mo 1.5, B KOTOPOM KOHIEHCAT (KOHIEHCAThI) MJIM WX YacCTh, MOABEPTHYTYIO
HU3KOTEMITEPATYPHOH PeKTH(UKALNH, TOMOJIHUTENBHO OXJIAXKIAOT 10 YPOBHS TEMIepaTyp OT -

30°C nmo -30°C myrem mepeHoca Teria K IepBoi (ppakiuu.

10. Cioco6 mo 1.6, B KOTOPOM KOHJEHCAT (KOHAEHCAThI) MM MX YacCTh, MMOJBEPTHYTYIO
HU3KOTEMIIEPATYPHOH  peKTUHUKAIMM,  OXJAXKOAIT OO  YPOBHSA  TeMIeparyp  OT

-40°C no -100°C nytem mepeHoca Teria K nNepBoii Gpakiuy 1 XJIaJareHry.

11. Cnoco6 mo 1.9 unu 10, B KOTOPOM TEPBYIO (PAKIHIO MOABEPTAIOT AEKOMITPECCHH
nepe MepeHoCcoOM K Hel Teria OT KOHAeHcaTa (KOHAEHCATOB) WJIM MX YacTH, TOIABEPrHYTOH

HU3KOTEMIIEPATYPHOH PEKTU(DUKALIMH.

12. Cnioco6 no m.11, B KOTOPOM TOCHIE MepeHoca Teria NepByr (PpaKkLH0 MOAAT Ha

ancopOuuto (7) ¢ mepenaoM AaBJIEHUS.

13. Croco6 mo mobomy u3 mm.4-12, B KOTOPOM JOJIKO BXOAHOTO TOTOKA CeMapallvy,
KOTOpast OCTaeTcs ra3000pa3Hoil B xone 00pa3oBaHUsl KOHIEHCATOB, TAKXKE IO MEHbIIEH Mepe

YaCTHYHO MONAI0T HA HU3KOTEMIEPATYPHYIO PEKTU(HKAIIHIO.

14. Ycranoska (100) muis monmy4deHust STHIIEHA, KOTOpast IpeJHa3HaueHa Il TPUMEHEHHSI
NErUAPUPOBAHUSl 3TaHA C IOJYYEHHEM TEXHOJIOTMYECKOrO rasa, COAEpP Kallero MO MEHbILIEH
Mepe 5TaH, 3TWJIEH U COCIAMHEHHUs C TEMIEepPaTypoOl KWUIIEHHs MEHbLIEe, 4e€M TeMIlepaTypa

KHIICHUA 5TaHAa U STUJICHA, U IIPUMCHCHUA 110 MEHbIIIeH MEPE HaCTHU TEXHOJIOrMYCCKOro ra3a €



NOJIy4eHHEM BXOJHOTO IIOTOKAa CEemapalyddl M IOABEPraHus YKa3aHHOIO BXOJIHOTO IIOTOKA
HU3KOTEMIIEpaTypHOI cemapamuu (6), U B KOTOPOHl obecredeHbl CpencTBa, NMpeaHa3HAYCHHbIE
IUI OXJIQXKIEHHUsI BXOJJHOI'O NOTOKA Cenapaliy, OTAEIeHUs OJHOro Min Oojiee KOHAEHCATOB OT
BXOAHOTO IIOTOKa CemapalMd U IO MeHbIlel Mepe YacTUYHOrO OCYIIECTBIICHUS
HHU3KOTEMITepaTypHO! pekTH(UKAMKU KOHAEeHcaTa (KOHIEHCATOB) C MOJy4YeHUEeM ra3o00pasHoH
nepBoil (pakuMu W KUAKOW BTOpOH (pakuuu, TAe HU3KOTeMIepaTypHas peKTh(UKaLus
NpeaHa3HAYeHa JJIsl MOJyYeHHs MepBOH (ALK, TaK YTO OHA CONEPKUT MO MEHbLIEH Mepe
5TaH M 3TUJICH MPU MEHBLIEM COAEPIKAHUHU, YeM BO BXOIHOM IOTOKE CEMapaliy, U COeTHHEHHSI
C MEHbIIEH TeMIIepaTypol KHUIIEHUs, Y€M 3TaH M STHJIEH, MPU OOJbIIEM COAEpPKAHUHU, Y€M BO
BXOZHOM TIOTOKE Cemapalyy, OTJIMYAIINAscs TeM, 4YTO B HeW oOecrnedeHbl CpPEeAcTBa,
NpeIHA3HAYeHHbIE ISl 10 MEHBIIeH Mepe HYaCTUYHOrO OCyIecTBieHus ancopbouuu (7) ¢
nepenagoM JaBJICHUS MepBOH (PaKLIUU U MOJNYUYEHHs], TIOCPEACTBOM 3TOTO, TPeThel (pakuuy,
cofep Kalie MPEeaNOYTUTENIbHO WM UCKIIIOUUTENBbHO 3TUJIEH M 3TaH, U YETBEPTON (paKiuy,
cofep Kaliedl MPEANOUTUTENbHO WM HMCKIFOUUTENIbHO COEAMHEHHUS C TEMIIEPaTypOd KHITEHHUS

MEHBIIIEH, YeM 3TaH U STUJICH.

15. Ycranoska (100) mo .14, koropas npeaHa3HavyeHa JUIsd OCYLIECTBIEHHs Criocoda 1o

arobomy u3 . 1-13.
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