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METaH, yIJIeBOJOPOIbI, UMEIOIIHE 1BA aTOMA YITIEPO/a, ¥ YTIICBOIOPO/IbI, HMEIOIUE TPU HIIH O0JIee aTOMOB
yIIeposa, B KOTOPOM IIpH JIe3TaHW3aIMY 110 MEHbIIeH Mepe JacTh cMmecH (K) KoMITOHEHTOB HOIBEpraoT
MEepBOM YaCTUYHON KOHIEHCAIMHM IOCPEICTBOM OXJIQXKICHUS OT IEPBOIO YpPOBHS TEMIIEPaTyphl JIO
BTOPOTO YpPOBHSI TEMIIEPATyphl IPH INEPBOM YPOBHE MABJICHMS, YTOOBI IONYYUTH INEPBYIO Ta30BYIO
¢pakuro (G1) u nepsyto xuakyto ¢pakiuro (Cl), mo MeHbIIel Mepe 4acTh NepBOH ra3oBoi (hpakuuu
(G1) moxBepraioT BTOpOH YacTHYHOH KOHJAEHCAI[MM ITOCPEICTBOM OXJIAXKICHUS OT BTOPOTO YPOBHS
TEMIIEPaTyphl 10 TPETHETO YPOBHS TEMIIEPATyphI IIPH IIEPBOM YPOBHE AABJICHHS, YTOOBI TOIYYUTh BTOPYIO
razoByto ¢pakuio (G4) u Bropyo xuakyto ¢pakmuio (C2) n o MeHbIIeil Mepe 4acTh IEePBOH JKHUIKOH
¢pakuu (Cl) u mo MeHbIIei Mepe 4acTb BTopoit xxuakoi ¢pakunu (C2) nonsepraioT pekTudukanmy,
YTOOBI MOJYYHUTH TPETHIO ra30ByI0 (paxumio (G3) u Tperhio xuakyto ¢ppakuuio (C3+). IlepByro KuIKYTO
¢pakmmro (Cl) wim ee 4yacTh, MOJBEPracMyro PeKTU(QHKAIINN, U BTOPYIO XUIKYyI0 dpaknuto (C2) nim ee
YacTh, MOJIBEPTAEMYI0 PEKTH()UKAIINHI, PACILIUPSIOT 10 BTOPOTO YPOBHS AaBJIEHUS Niepel peKTH(uKanmei
U PEKTHU(UKAIMIO BBIMOIHIIOT MIPU BTOPOM YPOBHE [ABICHUS, NPHUYEM IEPBBIH YPOBEHb IABICHUS
cocraBisieT oT 2,5 mo 3,5 MIla (ot 25 mo 35 6ap), a BTOpoil ypOBEHB NaBIEHHUS cocTapisger or 1,4
1o 1,7 MIla (ot 14 no 17 6ap). Bepxuuit notok rasa, o0pa3oBaHHBIN MPU PEKTUPHUKAIMN, OXJIKAAIOT
0 TeMIiepatypsl oT -25 1o -35°C u 4acTHYHO KOHACHCHUPYIOT, IIPH S3TOM KOHICHCHPOBAHHYIO YacTh
BEPXHETr0 IT0TOKA I'a3a UCTIOJb3YIOT, YACTHYHO HIIH ITOJTHOCTHIO, B KadecTBE (IIETMbI TP PEKTU(DHUKALIH, a
HECKOH/ICHCHPOBAHHYIO YacTh BEPXHETO [TOTOKA I'a3a MOCTABIISIOT, YACTHYHO WIIM TIOJHOCTBIO, B KA4€CTBE
TpeThbeit ra3oBoil ppaximu (G3). M300pereHne Takke 00ecIieanBaeT COOTBETCTRYIONIYIO YCTaHOBKY (100,
200).

LP-C2R

IV 607760C0¢



PCT/EP2019/058722 F25J 3/02; C10G 70/04
Cnoco0 u ycTaHOBKA AJisl pa3aesieHus YIJ1eBoA0POIHOI cMecH

H300peTeHne OTHOCHUTCS K crtoco0y M YCTAHOBKE ISl pPa3felieHus] CMECH KOMITOHEHTOB

COTJIACHO OTPAaHMYMTENIbHON YacTH HE3aBUCUMBIX ITYHKTOB (hOPMYJIbI H300PETEHHUS.

YpoBeHb TEXHUKHN

CriocoObl U YCTPOUCTBA AJIsl MAPOBOI'0 KPEKUHIa YIJIEBOJOPOIOB U3BECTHBI U OIMHCAHbI,
Hanpumep, B ctatbe «Ethylene» B Ullmann's Encyclopedia of Industrial Chemistry, noctynHoii B
unHTepHere ¢ 15 ampens 2007, DOI 10.1002/14356007.a10_045.pub2.

[TocpencTBoM MapoBOro KPEKHHTra, HO TaKKe M C HCIOJIb30BAHUEM APYTUX CIIOCOOOB U
YCTPOICTB MOJNYYAIOT YIIIEBOAOPOIHbIE cMecu. X HeoOXOOUMO pas3nesTh, [0 MEHbLIEH Mepe
YACTHYHO, Ha OTJEJIbHbIE KOMIIOHEHTBI, MPUCYTCTBYIOLIME B KAXKAOM Cliydae. DTO MOKHO
BBIMIOJIHATh TOCPEACTBOM TIOCJIENOBATEIPHOCTH OMNepaluil pa3fieNieHls pPa3JHYHbIX BHIOB.
CooTBercTByIOIME  IOCNIEAOBATENPHOCTH  ONEpaldi  pas[eNieHus]  BKJIIOYAIOT,  IOCHe
NpEeBAPUTETHHOTO YIAIEHHS BOABI, TSKEIbIX KOMIIOHEHTOB U KHCIIBIX Ia30B, 1EMETaHH3aTOPHI,
NEe3TaHU3aTOPbl U JIeNpornaHu3aTopbl (cM., B ocobeHHocTH, pasgen 5.3.2.2 «Hydrocarbon
Fractionation Section» B cratee ykasansHoii Ullmann's Encyclopedia of Industrial Chemistry). B
STOH CBSI3U MOCJIEAOBATEIbHOCTD ONEPALMi 1eMeTaHU3ALUH, EITAHU3ALMH U IeTPONIaHU3aLUH
MOKHO U3MEHSTb.

Crioco® 1 yCTpOMCTBO ISl pa3AeieHns: COOTBETCTBYIOLIEH ra30Boi cMecH, rae o0pasyroT
nepBy0 (Ppakiivio, BKIFOYAOIIYIO MPEUMYIIECTBEHHO MJIM MCKJIIOYUTEIbHO METaH M BOIOPOL
(bpakuust C1 wmwmHYC), (pakuuioo, COIEPKAUYI0 MPEUMYIIECTBEHHO WM HUCKJIKYHTEIHHO
yIJIEBONOPOABI, MMerolue nsa aroma yriepoaa (¢ppakuus C2) u (ppakiuro, COmep Kallyro
NPEUMYIIECTBEHHO WJIM HCKIIOYUTEIbHO YIJIEBOLOPOIbI, MMEIOLIMe TPH Win Oojiee aTOMOB
yraepona (ppakuust C3 miroc), MpOUJUTIOCTPUPOBAHBI Ha (UT. 1 U MOSICHEHBI HUXKE CO CChLIKOM
Ha yKa3aHHBbIA uYepTe:k. B 3TOM cnydae, 3a [Oe3TAHM3aTOPOM CleqyeT NeMETaHH3aTop, MpU
UCIOJIb30BAHUH PEKTH(MUKALIMOHHBIX KOJIOHH Uil O0EUX TEXHOJIOTHYECKUX CTamuid. TepMHHBI
JeMEeTaHU3alusl U JeITaHU3ALMsl SIBJISIOTCS OOINENPUHSTHIMUA B JAHHOH OOJAaCTH TEXHHKH, U
CMELUATHCT 3HAKOM ¢ 000pYIOBaHHEM, UCTIONb3YEeMbIM JJIsl AeMETAHU3ALMN U 1e3TaHU3ALINH.

[TpeumyinecTBaMu 3TOro crnocoda WM 5TOW YCTAHOBKU SIBIISIFOTCS TMPOCTOH PEKHM
paboThl M BBICOKas 3HepreTuveckas >pQeKkTHBHOCTh. HampoTuB, HemocTaTKamu SIBISIFOTCS

CJIOKHOCTDb ACSTaHU3alMH C AOIIOJIHUTCIbHBIM C3 a6cop6ep0M H CJIOXKHOCTb ACMECTaHU3alluu C
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MPOMEKYTOUYHBIM XOJIOAUJIBHUKOM U BEPXHUM KOHACHCATOPOM, PACIIOJIOKCHHBIM HA KOJIOHHOMU
neMeranuszauuu. llocnenHul  OPUBOAWT K MOBBIMIEHHOM — CJIOXKHOCTH — KOHTPOJIBHO-
U3MEPUTENIBHOIO O0OpYZOBAaHUS M MOBBIIIEHHBIM pacxojaM Ha oOecredeHue Oe30MacHOCTH.
Cnocob, B koTopom ucnonb3yroT Takoit C3 abcopOep, Taxke n3secter u3z EP 0 683 146 Al.

Cornacuo ¢ur. 2, B US 5253479 A packpbIT cnocod, B KOTOPOM CMeCh ra3000pa3HbIX
KOMITOHEHTOB TOJIBEPTAIOT MepBOMY oxJjaxkaeHuto rpu 3,6 Mlla (36 Gap). [1epBoe oxnaxkneHue
ocymIecTBJSIFOT 10 Temneparypbl oT —30 mo —40°C. Tlocne mepBOro OXJjaXXACHHUs] MPOUCXOAUT
nepsasi ¢asa paszgeneHus B mepBoM cocyzae. ['a3oByro a3y M3 mepBOro cocyna MOABEPraroT
BTOPOMY OXJIAKIECHHIO, a UMeHHO, 10 —45°C. 3a yka3aHHBIM BTOPBIM OXJIAXKACHUEM CIIETyET
BTOpast (haza pasnmerneHuss BO BTOpoM cocyne. JKumkue (aspl U3 mepBOro U BTOPOrO COCYAOB
NOJAI0T B KOJIOHHY, padotaromtyto mpu 3,0 MIIa (30 Gap). B criocobe, packpsitom B EP 1215459
A2, UCTIONB3YIOT MO MEHbLIEH Mepe CpaBHUMBbIE 3HAUEHUs JaBJICHMUS.

IMosTomMy 3amauel, pemaemoi H300peTeHHEM, SIBJIAETCS ODOecledYeHune YIIy4IIeHHbBIX

CPEICTB pa3/ieIeHHs COOTBETCTBYIOIIMX I'a30BbIX CMeCei.

Kpatkoe onmcanmne n3odpereHus

Hcxonst u3 3TOro ypoBHSI TEXHHUKH, B U300PETEHUH MPEIJIOKEHBI CIIOCOO M yCTaHOBKA
IUISL pa3[eNieHus] CMECH KOMITOHEHTOB, HMEIOIHE COOTBETCTBYIOIINE MPU3HAKH, M3JIOKEHHBIE B
HE3aBUCHMBIX MyHKTaxX (opmyJsibl n3o0peTenus. [IpenmnouTHTe bHble BapHAHThI BOILIOIIECHUS
U3JI0KEHBI B 3aBUCUMBbIX MMYHKTAX U HIDKECIEAYIOIEeM OMUCAHHH.

Ilepen mnoOsICHEHWEM TPU3HAKOB U TMPEUMYINECTB H300pPETEHUS Pa3bsICHEHBI €ro
OCHOBHBIC IMOJIOKEHUA U UCIIOJIB3YEMbIC TCPMHUHBI.

N300peTeHne HCHONB3YIOT [JIsl Pas3IeieHHs CMECeH KOMIIOHEHTOB, COMAEPIKaIlnX
NPEUMYIIECTBEHHO WJIM MCKIFOYUTEIBHO BOJOPOI, METaH, YIJIEBOMOPOIbI, MMEIOIINE IBA aTOMa
yriepoaa (3TaH, STWUJIEH W, BO3MOXKHO, AllETHJIEH, €CJIM OH elle He ObLI MmpeoOpa3oBaH Mpu
NPEAIIECTBYIOIIEM THAPHPOBAHUU), M YIJIEBOJOPOIBI, MMEIOIINE TPH WIM OOJiee aTOMOB
yriaepona (npormaH, MPOIUJIeH, BO3MOKHO, METUJIAIIETHIIEH 1 O0Jiee TsDKENbIe YriieBOIOPOIbI, B
YaCTHOCTH, UMEIOIIUE YEThIPE, MATh, IECTh WK 0OJiee aTOMOB yIJIEpoaa).

B xoHTekcTe I/1306peTeHI/I$I COOTBETCTBYHOIUE CMECHU KOMIIOHCHTOB B OCHOBHOM
00pa3yrT C HCMONb30BaHHEM Crocoda MapoBOr0 KpekwHra. B Xome MapoBOrO KpeKHHTra
MOJIy4arOT TakK Ha3bIBA€MBIU CprOfI ra3 Wi KpEKUHI-Tas3, KOTOprﬁ TAKXKE BKIIOUACT
AOMOJIHUTECIIbHBIC KOMIIOHCHTDBI, IOMUMO YK€ YIIOMSHYTBIX KOMIIOHCHTOB. HX, B OCO6eHHOCTI/I,
BONy, KHCIIbIe Ta3bl, TaKhe KaK JUOKCUJA yriepona U CepoBOIOpOA, M OEH3MHOOOpasHble H

MaCJ'IOO6paBHbIe KOMITOHEHTBI MOKHO OTACJIATH BBILIEC IO ITIOTOKY OT cnoco6a, MIPEAJIOKEHHOTO B



COOTBETCTBUH C H300peTeHHeM, WM COOTBETCTBYIOIIEH YCTAaHOBKH. BbIIe MO MOTOKY OT
cnocoba, MPeyIoKeHHOTO B COOTBETCTBUH C M300PETEHUEM, HJIM COOTBETCTBYIOIIEH YCTAHOBKU
MO>KHO TaK)X€ BBINOJHATH JIPYrHe TEXHOJOIMYECKHUe CTauu, B OCOOEHHOCTH, THIPHPOBAHUE
alleTWIEHOB  (Ha3bIBa€MOE  «IEpBOHA4YalbHOE ruapupoBaHue»). Cmech KOMIIOHEHTOB,
oOpabarbiBaeMasi B KOHTEKCTE M300pETeHHs, HAXOAUTCS B CXKATOM COCTOSIHUM U OOBIYHO TMPU
TEMIIepaType OKPY KaAIOLIEH Cpebl.

B sroii obmactu 3HaHuil s Qpakiuii, KOTOpbie 0Opa3yrT M3 CMECeil KOMIIOHEHTOB,
OTMEYEHHBIX B COOTBETCTBYIOLIMX IMPOLIECCaX, CIEHUATUCThl HCIOIB3YIOT a00peBUATYPHI,
KOTOPbIE OMpPENENISFOT KOJUYECTBO aTOMOB YIJIEpOAa AJI YIJI€BOAOPOAOB, MPUCYTCTBYIOLINX
MPEUMYINEeCTBEHHO WJIM UCKJFOYHUTENbHO B KaxaoMm ciydae. Takum obpasom, «ppakuus Cl»
npencTaBisier cobol Gpakmuo, ComepsKaly MPeUMyIIeCTBEHHO WIH UCKIIYUTEIbHO METaH
(HO OOBIYHO, B HEKOTOPBIX CIIy4asix, TAKXKe U BOIOPOJ, U TOTJIA €€ TaK:Ke Ha3bIBAIOT «(Ppakmus
C1 munyc»). B cBoro ouepens, «ppakmus C2» npencrasisier coOoii Gpakuuio, comepskamyro
MPEUMYINEeCTBEHHO WM HCKIIOYHTEIBHO 3TaH, JTHeH wwim anetwieH. «®Ppakmust C3»
npencTaBisier coboil  (pakumo, comepiKalyr MPEUMYIIECTBEHHO MPOMAH, MPOIMUJIEH,
METHJIALETHICH W/ W TiponaaneH. To jke caMoe COOTBETCTBEHHO MPUMEHUMO K «dpakiuu C4»
U BeICIINM (ppakiusiM. MHOTOYHCIeHHbIe (PPaKLUU MOKHO TaKke OOBEIUHSTh B 3aBUCUMOCTU
oT npouecca w/wiu HazHadeHuss. Harpumep, «ppakumst C2 mIrocy COREepKUT MPEUMYIIIECTBEHHO
WA UCKITFOYUTENIbHO YTIEBOIOPOABI, IMEIOIINe ABa Wiu Oojiee aTroma yriepona, a «ppakmus C2
MHHYC» COIEPKUT MPEUMYIIECTBEHHO WM HMCKIHOYUTENBHO YIJIEBOJOPObL, HMMEKIINE OAUH
WU 7IBa yIJIiepoaa U, BO3MOKHO, BOJOPOI.

B wucnonb3yeMoit B 3TOM JOKyMEHTE TEPMHHOJIOTHH CMECH KOMIIOHEHTOB MOTYT OBbITh
Ooratel wiu OeqHbI OOHMM WM OOjiee KOMIIOHEHTAMH, e «OOorarblii» MOKET O3HA4YaTh
conepkaHue mo MeHbluer mepe 90%, 95%, 99%, 99,5%, 99,9%, 99,99% wumm 99,999%, a
«OemHBIN» MOXET O3HauaTh coneps:kanue He Oosee 10%, 5%, 1%, 0,1%, 0,01% wmm 0,001% B
MOJISIPHBIX, MAacCCOBBIX WJIM OOBEMHBIX MPOIEHTAaX. B UCHOMb3yeMOW B 3TOM JTOKYMEHTE
TEPMHUHOJIOTHH CMECH KOMIIOHEHTOB MOTYT TakK:Ke OBbITh 0OOTaIleHbl WK OOSTHEHBI OTHUM HITH
0ojiee KOMIIOHEHTaMH, TJI€ 3TH TEPMUHBI OTHOCSTCS K COOTBETCTBYIOIIEMY COAEPKAHHUIO B
Opyroil cMecu KOMIIOHEHTOB (MCXONHOH cMmecH), ©3 KOTOpPOW Oblia  TOJy4YeHa
oOoramneHHas/00eIHEHHasT  CMeCh  KOMIOHEHTOB.  (CMeCh ~ KOMIIOHEHTOB  SIBJISIETCSI
«oborameHHOI», korma oHa comepxkutr He menee 1,1; 1,5, 2; 5; 10; 100 wmm 1000 ot
COIEp KaHUsl COOTBETCTBYIOIIErO KOMITOHEHTA, MUCXOJsl M3 MCXOTHOW CMECH, a «OOETHEHHOI,
Korna ona copepxut He oonee 0,9; 0,5; 0,1; 0,01 wim 0,001 ot comep:kaHus COOTBETCTBYIOIIETO

KOMIIOHCHTA, UCXOOs U3 I/ICXO)IHOI\/'I cmecu. Eciu YKa3aHO, 4YTO CMECh KOMIIOHCHTOB COACPIKUT «B
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OCHOBHOMY» MJIM «II0 MEHbBIIEH Mepe MPEeUMYIIECTBEHHO» OUH WJIN 0ojieeé KOMIIOHEHTOB, 3TO
KOHKPETHO O3Ha4aeT, YTO CMeChb KOMIIOHEHTOB IO MeHbIIeil Mepe Oorata ogHUM wiu Oojee
KOMITOHEHTaMH B BBILIEYKA3aHHOM CMBICJIE I BKJIFOUAET UCKJIIOUUTENbHO 3TH OJIUH WU OoJee
KOMIIOHEHTOB.

CMech KOMIIOHEHTOB «IIOJIYHAalOT» MM «0Opa3yroT» W3 HMCXOIHOW CMeCcH, KOraa OHa
BKJIFOYAET MO MEHBIIEeH Mepe HEKOTOpble KOMIIOHEHTHI, IMPUCYTCTBYIOLINE B UCXOAHOW CMecU
WM TIOJIy4eHHbIe 13 Hee. CMech KOMIIOHEHTOB, MOTyYE€HHYIO M OOPa30BAHHYIO TAKUM MYTEM,
MOXKHO TIOJIyYUTh WM OOpa3oBaTh M3 HCXOIHOW CMECH TOCPEACTBOM OTACICHUS WU
OTBETBJICHUS] YACTHYHOIO IIOTOKAa OJHOTO WM 0ojiee KOMIIOHEHTOB, OOOTAINEHHBIX MM
O0eHEHHBIX B OTHOIICHUH OJHOTO WK 00Jee KOMIIOHEHTOB, XUMHUYECKOTO U (PH3HUYECKOTO
npeoOpa3oBaHMsl ONHOTO HIJIM 0OJjiee KOMIIOHEHTOB, HArpeBAHUs, OXJIAKICHHsS, MOBBILICHHS
JIaBJICHUS U T.IL

JUnist XapakTepUCTUKU JaBJICHUS] U TEMIIEPATYP B 3asBKE UCTIOIB3YIOT TEPMUHBI KYPOBEHb
TaBIIEHUS» U KYPOBEHb TEMIIEPATYPhI», KOTOPbIE MPEeIHA3HAUYEHBI AJIS1 TOTO, YTOOBI OTPA3UTh TOT
¢akT, 4TO COOTBETCTBYIOIIHE AABJICHUE M TEMIIEPATYpPhl B COOTBETCTBYIOLIEH YCTAaHOBKE HE
CJIEYET HCIIONIb30BaTh B KadeCTBE TOYHBIX 3HAUEHUI MABIEHUS WU TEMIIEPATYPhl, YTOOBI
OCYILIECTBUTh KOHLENUUIO u300pereHus. OQHAKO Takue NaBJICHHWE U TEMIEpPaTypbl OOBIYHO
U3MEHSIIOTCA B TMpeAesiax KOHKPETHbIX Auana3oHoB, Hampumep, + 1%, 5%, wumu 10%,
OTHOCHUTEJIHO CPEHEr0 3Ha4Y€HUs. 37€Chb BO3MOXKHO, YTO COOTBETCTBYIOLIUE YPOBHU JABJICHMUS
U YPOBHM TEMIIEPATYyphI JIeXKAT B HENEPEKPBIBAIOLIUXCS JUANA30HAX WM B MEPEKPbIBAIOLINXCS
Auamna3oHax. B 4acTHOCTH, ypOBHU JaBJI€HUs OXBAaTbIBAIOT, HANpHUMeEp, MaJeHUs IaBJICHHUS,
KOTOpbIe HeM30€XKHbBI WU SIBJITIOTCS] O3KUAAEMBbIMU, HATTPUMED, 3a cUeT 3P PEKTOB OXJIAKISHHSL.
DTO Takke CIpaBeNJIMBO JUIsl YPOBHEHM TeMIiepaTypbl. YPOBHHU AaBJICHUs, YKa3aHHbIE B 3TOM
nokymente B MIla (6ap), oTHOCATCS K aOCOTFOTHOMY JaBJICHUIO.

«TernnooOMEeHHUKY» CITY>KUT U HETIPsIMOHN Mepenayd Teruia MeXIy IO MEHbIIeH Mepe
IBYMS IOTOKAMH, HAINPaBJIIEMBbIMH, HAIIPUMeEp, B MIPOTUBOTOKE APYT K IPYTy, Harmpumep, Oomee
TeIUTbIA Ta3000pa3HbIil CIKATBIM MOTOK M OAWH WM Oojiee OMHOTO OoJiee XOJOIHBIX KUIKHX
NOTOKOB. Terio0OMeHHHK MOKeT ObIThb 00pa3OBaH U3 €AMHCTBEHHOH TEIIOOOMEHHOW CEeKIINU
WJIM MHOJKECTBA COCAMHEHHBIX MapajuIebHO WMWK MOCIEN0BATENbHO TETUIOOOMEHHBIX CEKIIHH,
HanpuMep, U3 OAHOro Win Oojiee OJIOKOB IUIACTUHYATHIX TETNIOOOMEHHUKOB. TermiooOMeHHUK
UMEET «IpOXOAbl», OOpa3OBaHHbIE B BUAE OTHEIBHBIX KAHAJIOB Ui TEKy4ded cpenmel ¢
TEII00OMEHHBIMU TTOBEPXHOCTSIMH.

B TepmuHONIOrHMH, HCHIOIB3yEMON B TAHHOM JOKYMEHTE, « peKTU()HUKALMOHHAS KOJOHHAY

npencTaBisier coOOH OJIOK pa3fenieHusi, YCTaHOBJICHHBIN AU 1O MEHBIIEeH Mepe YaCTUYHOIO



(bpakIMOHUPOBAHUS CMECH BEIIECTB (TeKyuel Cpelnbl), MPEeIOCTaBICHHON B ra3000pa3sHON WU
xuakoil ¢opme mnmm B opme nByxGa3zHOW CMecH, HUMEIINeH >KUAKHE H TIa3000pa3Hble
KOMITOHEHTBI, BO3MOXKHO AK€ B CBEPXKPUTHYECKOM COCTOSIHMH, T.€. JJISI MOJYYEHHs YUCTBIX
BEIECTB MWJIM CMecel BeleCTB, B KaXIOM CIydyae, H3 CMECH BELIECTB, KOTOpbIE
oborameHsl/o0eHeHbl WM OoraTbl/OemHBl B OTHOLIEHWM IO MEHBIIEH Mepe OIHOro
KOMIIOHEHTa IO CpPaBHEHUIO CO CMEChIO BEINEeCTB, B CMBbICJIE, YKAa3aHHOM BBIIIE.
PexTuduKaMOHHbIE KOJIOHHBI JOCTATOYHO H3BECTHBI B OOJACTH TEXHOJOTHMH pa3ieseHHUs..
PexTuduKalMOHHbIE KOJOHHBI OOBIMHO HMMEIT (QOPMY LMJIHHIPHYECKHX METaUTHYECKHUX
COCYZIOB, CHaOKEHHBIX BHYTPUKOPIYCHBIMU YCTPOWCTBAMH, HATIPUMEp, CUTUATBHIMU TapesKaMu
WIH YIOPSIOUEHHBIMUA WM HEYNOpSAOYEeHHbIMH HacaakamMu. OIHOW XapaKTepUCTHKON
PEeKTU(PHUKALMOHHON KOJIOHHBI SIBJISIETCSI TO, YTO B HMKHEH ee 00JacTH, TakKe Ha3bIBAEMOM
IHOM, OTHENSIOT KHUAKYI (pakiuo. DTy SKUAKYI (Dpakiuio, KOTOPYH B 3TOM JOKYMEHTE
Ha3bIBAIOT KYOOBOW JKHAKOCTBIO, HArpeBalOT B PEKTU(PHUKALMOHHON KOJOHHE MOCPEICTBOM
peboiinepa, Tak YTO 4YacTh KyOOBOW SKMAKOCTH HEMPEpHIBHO MCHAPSIETCS U MOAHUMAETCS B
razoo0pa3Hoii gopMe B peKTU(PHUKALMOHHOW KOJIOHHE. PeKTu(pUKalMOHHAs KOJOHHA TaKxkKe
cHa0’KeHa TaK Ha3bIBAEMbIM BEPXHHUM KOHAEHCATOPOM, B KOTOPBII MOJAIOT MO MEHbLICH Mepe
4acTh ra30BOH CMECH, KOTOPAasi HAKAIIUBAETCS B BEPXHEH YacTH pPeKTU(UKALIMOHHON KOJIOHHBI,
WJIH COOTBETCTBYIOIIMIT YUCTBIN a3, HA3bIBAEMbIH B 3TOM JJOKYMEHTE BEPXHHM a30M, YaCTHYHO
COKIDKAIOT €ro, 4yToObl MOJYyYUTh KOHIAEHCAT U NMPUMEHUTh B Ka4eCTBE BO3BPATHOIO IOTOKA
KUIKOCTH CBEPXY PeKTH(HUKALMOHHON KOJIOHHBL YacTh KOHAEHCATA, TOMyYEHHOTO U3 BEPXHEro
ra3a, MO’KHO MCIOJIb30BaTh HECKOJIBKO APYTHM Iy TEM.

«OTmapHasi KOJIOHHA» OTJIMYAETCS OT PEKTUPHUKALUOHHON KOJIOHHBI IO CYIIECTBY
OTCYTCTBHEM BEPXHETO KOHAEHCATOPA M T€M, YTO JISl pa3[esieHHs He MCIOJb3YIOT BO3BPATHBIIN
MIOTOK, 00pa30BaHHbIN BepXHUM razoM. OHAKO JJIsl KUIKOCTEH, KOTOPbIE AAKOT OMpPeAeIeHHbIN
BO3BPATHBIN MOTOK HMJIHM MOCPEACTBOM KOTOPBIX KHUIKas (Qpakiisi MPOXOIUT BHU3 B OTMAPHOM
KOJIOHHE B OOMEHe C Ta30Boi (pa3oii, MokeT ObITh obecreueHa nojgaya B OTIAPHYIO KOJOHHY Ha
pasznuuHbIX BbicoTax. OHAKO OTMapHasi KOJIOHHA, UCTIONIb3yeMasi B H300pETeHUH, MPEACTaBIISET
co0oii ycTpoiicTBO, paboTaromee 0e3 BHYTPEHHEr0 KOHIEHCAaTa BEPXHETO rasa.

B OTHOLIEHUN KOHCTPYKLMH U KOHKPETHOH KOH(PUTYpaLnu peKTUPHUKALUOHHBIX KOJOHH
U JIPYTUX Pa3IeIHUTENbHBIX KOJIOHH, CAETaHa CChIIKA Ha MOAXOoAsmue yueOHble nmocodbus (cm.,
Hanpumep,  Sattler, K: Thermische Trennverfahren: Grundlagen, Auslegung, Apparate
[ITpouecchl TEpMHUYECKOTO pa3/ieieH s OCHOBHbIE MPUHLIMIIBI, KOHCTPYKIMU M anmapatsi], 3rd

edition 2001, Weinheim; Wiley-VCH).
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[IpeumymecTna n300peTeHUs

B of0mem, B wu300peTeHHMH NPEIJIONKEH CIOCO0 pa3fesieHus] CMECH KOMIIOHEHTOB,
cozepkaliedl BOJOPOJ, METaH, YIJIEBOAOPOABI, HMEIINMe JBa aToMa yriepoja, M
yIJI€BOJOPOABL, UMEroIue Tpyu uin Oosee aToMoB yriaepoaa. Criocod BKIIOYAET Ne3TAHU3ALHIO
U JeMEeTaHW3aLMI0, NPH 3TOM JEeMETaHM3aLMs CJleAyeT 3a nesTaHusanueid. B cmocobe, kax
M3BECTHO B 3TOM OTHOILIEHWH, CHaJasa, MpH Je3TaHU3alUH, OTAEJSIOT 110 MeHblIeil Mepe 95%,
96%, 97%, 98% wumu 99% yriaeBOaOPOAOB, UMEIOIINX TPHU MK OOJiee aTOMOB yIjiepoaa OT IO
MEHbLIEH Mepe 4aCcTH CMECH KOMIIOHEHTOB WJIM T'a30BOI CMECH, a 3aTeM, MpH JeMETaHU3ALHH,
OTHENSI0T TOo MeHbiner mepe 95%, 96%, 97%, 98% wumm 99% wmerana u BOmopoma OT
ocraBierocsi ocrarka. UroOel m30exaTh HENOMOHMMAHHS, CIENyeT MOAYEPKHYTb, YTO IIOX
«OCTaBIIUMCS OCTATKOM» AEITAHM3ALWU MOHUMAKOT (PAKIHIO, COCTOSIIYIO MPEHMYIIECTBEHHO
WIM HMCKIFOYUTENBHO M3 YIJIEBOAOPONIOB C JABYMS aTOMaMHd YIJIEPOAa, METaHa U BOJOPOIA.
Hzobperenne, Takum 00pa3oM, OTHOCUTCS K CHOCO0y, TAe Ae3TaHU3aTOP HUCHOJIB3YIOT IEPBBIM,
WK K CIIOCO0y, HAUMHAIOLIEMYCsI ¢ IEITAHU3aTOPa, KaK B IPUHIINIE H3BECTHO B TEXHUKE.

B xoHTekcTe M300peTeHus Mo MeHbIIeH Mepe 4acTb CMECH KOMIIOHEHTOB IOIBEPTraroT
31eCh TEepPBOM YaCTMYHONH KOHAEHCAIMM IIOCPENCTBOM OXJIAKIACHHS OT MEepPBOTrO YpPOBHS
TEMIIepaTypbl OO0 BTOPOrO YPOBHS TEMIEpaTypbl IMpPH TEPBOM YPOBHE IaBJEHHUS, YTOOBI
NOJIyYUTh TEPBYIO Ta30BYI0 (QpPakivi0O W MEpBYH >Kuakywoo ¢paxamo. IlepByro rasosyro
(bpakuMIO U MEpBYIO XUAKYIO (QPaKLUI0 B 5TOM H300peTeHnn 00pa3yloT TOJNBKO MOCPEICTBOM
KOHJIEHCALIMOHHBIX CPEACTB B XOJ€ YAaCTHMYHONW KOHJAEHcalMU. «TOJbKO KOHAEHCALMOHHOE)
oOpazoBaHue 0Oojiee KOHKPETHO MOHUMAIOT KaK TO, YTO MPU OOpa3OBaHMM TEPBOM Tra30BOM
dpakuuu ¥ MepBOM KUAKOH (Dpakiuud He HCMOJIb3YIOT HUKAKUX BO3BPATHBIX IMOTOKOB, T.€.
HUKAKOW TMOTJIOIIAKOLIEH JKUAKOCTH JJIi HW3BJICUEHHs KOHKPETHBIX KOMIIOHEHTOB. Takum
oOpa3om, obIee KOJUYECTBO MEPBOM ra30Boi (hpakuuu, 0Opa30BaAHHON 32 KOHKPETHBIN MEPHO
BpEMEHH, M TIePBOH KUIKOW (Qpakiuu, OOpa3OBaHHOH 3a TOT K& TMEPHOA BPEMEHH,
COOTBETCTBYET, B KOHTEKCT€ HW300PETEeHHUs, KOJHYECTBY CMECH KOMIIOHEHTOB, KOTOPYIO
UCTIONIb3YIOT ISl 0Opa3oBaHUs NMEPBOM ra3oBol (pakuuy U mepBol KUAKOH ¢pakunu. Takum
o0pa3oM, B 3TOM AacCHeKTe Croco0 COrJIaCHO U300pPETeHHI0 OTJIMYaeTcs OT CrocoOoB
IE€STAaHU3aLUM COTJIACHO TMPENUIECTBYIOMEMY YPOBHIO TEXHUKH, rne Hcrnonb3yiT «C3
abcopOeprr». B C3 abcopbepe mogoOHBIM 0OpasoM 00pasyrOT MEPBYIO Ta3OBYH (PaKLUI0 U
NEPBYIO JKUAKYIO (PPAKIHIO, HO C IMO/1a4el BO3BPATHOIO MOTOKA, YTOOBI U3BJIEUb YIIJIEBOIOPOIEL,
UMEIOLINE TPU aTOMA YIJIEPO/ia, KOTOPBIE HE MOJIHOCTHIO KOHIEHCHUPOBAJIHCH U3 T'a30BOH (a3bl.

CMech KOMIIOHEHTOB, KOTOPYIK) TIOABEPINIM OXJAXKIAEHHUIO OT TEPBOrO  YPOBHS

TEMIIEpaTypbl 10 BTOPOrO YPOBHsI TEMIIEPATypPhl MPU MEPBOM YPOBHE NABJIEHUS, B OCHOBHOM
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BKJIFOUaeT OT 32 10 36 monbH.% Bomoponaa, oT S 10 8 MosbH.% MeTaHa, BIUIOTh A0 57 MObH.%
yIJI€BONOPOAOB, MMEIOLINX [Ba aTOMa yIJepoAa, U BILUIOTh 40 4 MOJbH.% YIJI€BOJOPOOB,
UMEIOIUX TpU Wi Oosee aToMoB yriepozaa. Takum odpaszom, nzo0pereHne 0COOEHHO MOAXOAUT
I TaKUX Ta30BbIX CMeECEH, KOTOpble MOCTYMAalOT M3 MPOLECCOB NapOBOrO KPEKUHIa
ra3000pa3Horo cbipbsi. ['a3000pa3HOe ChIpbe BKIIIOYAET MPEUMYIIECTBEHHO MIIH UCKIIIOYUTENBHO
STaH WM 5TaH W mpomad. [lepsas rasosas ¢pakiys, oOpa3oBaHHAs MPU MEPBOM YACTHUYHON
KOHJEHCAI[UW, B YaCTHOCTH BKJItoUaeT OT 43 no 47 monbH.% BOmopoma, ot 7 10 9 monbH.%
MeTaHa, oT 42 no 45 monbH.% yrieBogopoAOB, UMEIOIINX ABAa aToMa yriepona, u oT 0,5 mo
0,7 MosibH.% YTJIEBOIOPONOB, MMEIOINUX TpU Wi Oonee aromoB yriepona. Ilepsast skumkas
bpakusi, oOpa3oBaHHAs MPU MEPBOM YACTUYHON KOHIEHCAIMH, B YACTHOCTH BKJIFOYAeT OT 1 110
2 monbH.% Bopopona, oT 2 no 3 monbH.% MeraHa, oT 82 g0 85 MonbH.% yIrIIeBOAOPOIOB,
UMEIOINX J1Ba aToma yriepona, u oT 10 mo 13 monpH.% yrieBonopoaoB, UMEIOMINX TPH WJIH
Oomnee aromoB yriepopa. Jpyrumu cioBamu, mepBas rasoBas (ppakuus BCE €IIe COAEpPIKUT
3HAYUTEIBHOE KOJMYECTBO YTIJIEBOAOPOAOB, HUMEIOIIMX TPU MM Oojiee aTOMOB YIJIEpOna,
KOTOpBIE TMOJUIEKAT U3BJICUEHUIO. B KOHTEKCTe M300pETeHNsI 3TO OCYIIECTBISIFOT, KaK OMUCAHO
HUDKE.

B xoHTekcTe wu300peTeHHMs MO MeHbIIEH Mepe 4YacTb NepBOil ra3oBod (pakiuu
MOJBEPTat0T BTOPOIl YaCTHMYHOI KOHAEHCALUU MOCPENCTBOM OXJAXKAEHHsS] OT BTOPOIO YPOBHS
TEMIIEpaTypbl O TPETHErO0 YPOBHS TEMIIEpaTypbl NPH MEPBOM YPOBHE JABJIEHHS, YTOOBI
HOJYYUTh BTOPYIO Ta30BYI0 (PakUMI0 U BTOPYIO JKMAKYH (¢pakuuio. B cBsi3u co BTOpOit
YaCTUYHOW KOHIEHCALMEH, YIrJIeBOJOPOIbI, HMMEIOLIMe Tpu uiu Oojee aTOMOB yIJepona,
KOTOpbIE O 3TOr0 MPUCYTCTBOBAJIM B TEPBON ra30BOH (PpakLUH, OTAEISIOT IO BO3MOKHOTO
OCTaTOYHOTO copepkaHusi. Bropast razoBast ¢pakums, oOpa3oBaHHAsi NMPU BTOPOW YACTUYHOM
KOHJIEHCAI[MH, B YaCTHOCTH BKJIFOYAeT OT 59 mo 62 monbH.% Bomopoza, oT 9 no 11 monbH.%
MeTaHa, oT 29 1o 31 mMonbpH.% yrieBonopoaoB, UMEIOIINX ABa aTroMa yriepoaa, u ot 0,6 no 0,9
MOJIBH.% YTJIEBOAOPOAOB, HUMEKOINUX TPU WM Oojee aToMOB yriepoma. Bropas xunkas
dpakuusi, oOpa3oBaHHAsI MPU BTOPOH YaCTUYHOW KOHAEHCAIMU, B YACTHOCTU BKJIFOYAET OT 1,5
1o 2 monbH.% Bomopona, ot 3 10 4 monbH.% MertaHa, oT 89 1o 92 monbH.% yrieBOAOPOIOB,
HUMEIOIIUX /IBa aTOMA YIJIeposa, 1 oT 2 10 3 MoJbH. % yIIeBOJOPOAOB, HMEIOLINX TPU WU OoJee
aromoB yriepona. OOpazoBaHue BTOPOH ra3oBoi (pakuuu U BTOPOU KUIAKOH (Ppakiuy Takke
BBITIOJIHSIFOT TOJIBKO € MMOMOIIBIO KOHACHCAINH, T.€. 0e3 mpuMeHeHus1 abcopOepoB, KakK MOsICHEHO
BBIIIIE.

Omnepanyu B KOHTEKCTE M300pETEHHs! AOMOJHHUTENBHO BKJFOYAIOT TO, YTO IO MEHbIIEH

Mepe 4acThb NEepBOH XUAKONH (ppakuuy U Mo MeHbLIEH Mepe 4acTb BTOPOH >KUAKOH (ppakuuu
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MOJBEPTalOT PEKTUPHUKALIMH, YTOOBI MMONYYUTh TPETHIO Ta30BYI0 (PPAKIMIO U TPETHIO JKHIKYIO
¢bpakumro. s 3T0M pekTU(UKALUN BO3MOXHO HCIIONB30BaTh PEKTH(PHUKALIMOHHYIO KOJIOHHY, Ha
KOTOPYIO CCBUIAIOTCS B JAHHOM JOKYMEHTE Janiee, 1 B OCOOEHHOCTH TaK)K€ INPH ONUCAHUU
yepTekel, Kak Ha KOJOHHY Je3TaHu3aluuu. B f[aHHOM ciydae 3TH TEpMUHBI SIBJISIOTCS
CHHOHMMaMu. B HIDKHEI 4acTu COOTBETCTBYIOLIEH PEKTU(UKAIIMOHHONH KOJOHHBI B OCHOBHOM
OTAEJSIFOT YIJIEBOIOPO/IbI, MMEIOLIHNE TPH HJIM 0OJIee aTOMOB yriiepoja, TaK UYTO BEPXHHIH ra3 w3
pPEeKTH(HUKALMOHHON KOJIOHHBI, KOTOPYIO HCIOJNB3YIOT IUJIsi OOpa3oBaHUsl TPEThEil ra30BOii
(dpakumy, Mo CymecTBy He COAEP’KUT TAKUX KOMIIOHEHTOB.

B kxoHTekcTe W300peTeHHs BTOPYIO Ta30BYK (pakuuro (TOcie BTOPOW YaCTUYHOM
KOHJIEHCALIMH OT BTOPOrO JO TPETHEro YPOBHS TEMIIEPATyphl), a TAKKE TPETHIO Ta30BYIO
bpakuuro (u3 pextudukanmun) oOpasyrOT TaKUM 00pa3OM, YTO OHH BKITFOYAIOT Oojiee 95%, 96%,
97%, 98% wunm 99% Bomopoma, ME€TaHa W yrJIEBOAOPOAOB, UMEIOIINUX JBa aToma yriepona. C
APYTOi CTOPOHBI, TPETHIO KUAKYI0 (Ppakmuio o0pasyroT, B KOHTEKCTe U300peTEeHHs, TaK, YTO OHA
BKJIIOUaetT Oosee 95%, 96%, 97%, 98% wunm 99% yrieBogopoaoB, UMEIOIUX TpH Wi Oojee
aTOMOB yTJIepOaa.

IIpy WCHONB30BAHMU TPAAWULMOHHBIX CTAAMN JEITAHU3ALMU TakkKe 00pasyrT maBe
razoBble (ppakLny, HO 3[IECh UX OTBOMAT, KaK TaKXKe MPOMJUTIOCTPUPOBAHO B CBsi3U ¢ ¢ur. 1, u3
Bepxa C3 aOcopOepa m W3 Bepxa KOJOHHBI JeaTaHu3auuu. B koHrekcte m3obperenus C3
abcopbep He TpeOyercsi, U MOITOMY CIOCOO COrIACHO HM300PETEHHI0 MOXKHO MPOBOAUTH CO
3HAYUTEJHHO MEHBIIUMH CJIOKHOCTSMH. B koHTekcre uzoOperenuss C3 abcopOep 3ameHeH
MEepPBOM YaCTUYHON KOHJEHCAlel B COYETAaHUU CO BTOPON YaCTUYHOW KOHJEHCALMeH ra3oBOM
¢dpakumuy, oOpa3OBaHHON NPU OXJAXKIEHHH OT BTOPOrO YPOBHSI TEMIEPATypbl JO TPETHETO
YPOBHA TeMIepaTypbl TNpPU TEPBOM YPOBHE [aBJCHUS, TAe BTOPYIO JKHAKYIO (pakuuro,
00pa30BaHHYIO IOCPEACTBOM BTOPOM YAaCTMYHON KOHAEHcCAlMu (a2 HE TOTOK BEINEeCTBa,
oOpaszoBanHbiii B C3 abcopbepe, Kak NPOMJUTIOCTPUPOBAHO Ha ¢ur. 1), HampaBisSIOT B
PEeKTH(UKALMOHHYIO KOJIOHHY, TZI€ €€ Pa3lelsIioT C MOJNIyuYeHHEeM TPEeThel ra30BOi (pakuuu u
Tperbeil xunkoi pakuun. Criocod mo M300pETeHHI0 MOXKHO OCYLIECTBISITH 0€3 KaKhX-JIHOO
3HAYUTEIbHBIX W3MEHEHMH TEXHOJOTMYECKUX CTaaui HIDKE MO TIOTOKY OT Je3TaHH3aluH,
MOCKOJIbKY TETUIOOOMEHHUKH, OXJIAKAAIOIINE areHThl U T.JI., KOTOPbIE UCIIONB3YIOT I TIEPBOH
U BTOPOW YACTHYHOW KOHACHCALMH, YK€ MPUCYTCTBYIOT B COOTBETCTBYIOIIEM CIIOCOOE WM B
COOTBETCTBYIOIIEH YCTAHOBKE, U IIO3TOMY MX MOYXHO MPOJOJIKAThH HCIIONB30BATb.

CornacHo M300peTeHMIO, MEPBYIO JKUAKYIO (PPAKIMIO WIH €€ YacTh, IOABEPTraeMylo
pekTu(UKALUN, U BTOPYIO KUAKYIO (PPAKIMIO UM €€ YacTh, MOJIBEPraeMyr0 peKTH(HUKAINH,

nepen pekTudukayei pacupsiFOT OT MEPBOrO YPOBHS AaBJICHUS O BTOPOTO YPOBHSI IABJICHIS,
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U PEeKTH(UKALNIO OCYILIECTBISIIOT NMPU BTOPOM YPOBHE JAABIEHMs, NPUYEM IEPBBIH YPOBEHb
naBneHus cocrasisier oT 2,5 no 3,5 MlIla (ot 25 no 35 Gap), a BTopoil ypOBEHb IaBJICHUS
cocraBnsier ot 1,4 MIla no 1,7 MIla (or 14 mo 17 ©Oap). IloaTomMy B m300pereHHH Ipu
peKTU(HKALUN HCIOJIB3YIOT OTHOCHTENBHO HHU3KOE J[aBJIEHHE IO CPABHEHHIO CO CTaJUSIMU
KOHJICHCALIUH.

U3-3a Oosee HU3KOTO JABJICHUS], UCTIOIB3YEMOTrO NPU PEKTUPHUKALMU TS A€ TAHU3ALUN
B mpenenax oObeMa 3aIluThl HM300pETeHMs, MOIIHOCTb KOHAEHcCAaluu, Tpedyemas s
KOHJIEHCALIMU BEPXHEro IMOTOKA ra3a Topasno HIDKe, 4eM Npu 0ojiee BBICOKOM JIABJICHHU.
ITosToMy MOXHO paboTaTh C MPHUCOENWHEHHBIM CBEPXY KOHIEHCATOPOM B Ipenenax odObema
3amuThl u3o0perenusi. He tpeOyercs cocyna ans ¢uierMbl CHapy>KU KOJIOHHBI, HCIIOb3YEMOM
Uil peKTUUKANY, U Hacoca i obecriedenus GuerMol st pekrudukanmu. Kpome Toro, mpu
Ooyee HM3KOM IABJIEHHUH 3HAYUTEIBHO CHUKAETCS 3aCOPEHHE OTIOKEHHsAMH B COOpHUKE U B
Ooiinepe NCoNb3yeMOi KOJIOHHBI.

HzobpeTeHne  TakKe  NPEOOCTABISET  BO3MOXKHOCTH  obecmeumBarh  uiermy
pexTuduKanuu ¢ UCroip3oBanueM Toibko C3 oxnaxnenus. [losTomy, cornacHo n3oOpeTeHuro,
BEPXHHMH IOTOK ra3a, OOpa3OBaHHBIA B IPOLECCE OXJAKIEHHS, OXJAKOAIOT (TOJNBKO) 10
TeMnepatypbl OT —25 10 —35°C ¥ YacCTUYHO KOHAEHCUPYIOT, NPU 3TOM KOHAEHCHPOBAHHYIO
94acThb BEPXHEr0 IOTOKAa ra3a HCHOJBb3YIOT YaCTUYHO HWJIM IOJHOCTBIO B KauecTBe (hyierMsl
pekTuduKanuy, a HECKOHIEHCHPOBAHHYIO YacTb BEPXHEro IIOTOKA ra3a IpPeNOCTaBJISIOT,
YACTHYHO MJIM TIOJTHOCTBIO B KAYECTBE TPEThel ra3oBoi (hpakuum.

KoHIeHCHpOBaHHYIO 4YacTh BEPXHEro IOTOKA a3a NMPEeHMYIIECTBEHHO BO3BPALLAIOT B
PEeKTH(HUKALMOHHYIO KOJIOHHY, UCTIONB3YEMYIO Uil peKTU(UKaLK, 0e3 UCIONIb30BaHUs HAcOca
st (hJIerMbl WM BHEITHETO COCyAa ISt (PJIerMbl, U BEPXHHUI KOHASHCATOP MPEHMYIIECTBEHHO
pa3MelIeH CBEpXY KOJIOHHBL. JTO O3HA4YaeT, B YaCTHOCTH, UTO (hjierMy MONArOT B KOJOHHY B
(opmMe KOHACHCUPOBAHHOH (PPAKINH, WIIK COOTBETCTBYIOIINM 00pa3oM HCIIONb3YEMOH €€ YacTH,
0e3 UCTOIB30BAHUS KOMILJIEKTa TPYOOK, MPOXOASIINX HAPYKY KOJOHHBI

B cnocobe cormacHo W300peTEeHHIO MEpPBBI YPOBEHb NABJICHUS NPEATIOYTUTEIBHO
coctasinsieT ot 2,5 no 3,5 MIla abce. (ot 25 no 35 Oap abc.), Oonee nmpeanoYTHTENBHO OT 2,8 110
3,0 MIIa abc¢.(or 28 no 30 Gap abc.). Hampumep, npumepHo 2,9 MIla abe. (29 6ap abc.). B
KOHTEKCTE M300peTeHNsI BTOPOH YPOBEHb AABJICHHS MOXKET MPENMOYTHTEIBHO COCTABIATH OT 1,2
no 1,6 MIa a6c¢. (ot 12 go 16 6ap abce.), Hanpumep, npumepHo 1,4 MITa a6c. (14 6ap abe.).

B cmocobe cormacHO HM300pEeTEHUIO0 TEPBBI ypPOBEHb TEMIIEPATypPbl COCTABJISET
npennoututesibHO oT 0 1o 50°C, 6onee mpenmnourutenbao ot 10 1o 30°C, Hanpumep, MPUMEPHO

20°C, T.e. MO CyLIECTBY MPEACTaBIsIET COOON TeMmepaTypy OKpysKarouiei cpeasl. B koHTEkCTe
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n300peTeHNst BTOPOH YPOBEHb TEMIIEPATYPbl MOXKET COCTABJIATD MPENNOYTHTENBHO OT —30 10 —
40°C, Oomee mnpeamoututenpHo oT —33 go -37°C, wHampumep, mnpumepHo —35°C.
CooTBercTByrolee OXJaXIEHHE A0 BTOPOrO YPOBHS TEMIIEPATYPhl MOXKHO MPEANOYTUTENBHO
BBIMIOJIHATE C HUCHONB30BaHueM mnoaxomsmero C3 (mpommieH) OXJIaXTAroIero areHTa B
COOTBETCTBYIOIEM TeIuIoOOMeHHUKe. B KOHTekcTe n300peTeHnsi OXJaKAEHHE A0 BTOPOro
YPOBHS TEMIEPaTypbl MOXKHO BBITIOJHATh IOCPEICTBOM JOMOJHUTEIBHOTO HCIOIb30BAHUS
NIOTOKOB BEIIECTBA HJIU CMECEeH KOMIIOHEHTOB B CIOCOO€ MJIM B MPOLIECCAX HUXKE MO MOTOKY,
HANpUMep, CMECH KOMIIOHEHTOB, NPEUMYIIECTBEHHO WM WCKJIIOYHTEIBHO Ccoaep Kamen
BOIOpPOA U MeTaH, OOpa3oBaHHOW B cmocoOe (KoTopasi ommcaHa npajiee Kak (pakiwsi,
comepxkamiast Oomee 95% Bomopoma W MeTaHa U3 JOMOJNHUTENBHOTO Pa3[eIUTEIbHOTO
yCcTpoiicTBa), u (pakuuu, OOpa30BAaHHOW HA CTaAUMU pa3NeNeHUs] HHXKE IO MOTOKY
(pasmenutensHas kosnoHHa C2), comeprkaiiel NpenMyIIeCTBEHHO W UCKITFOYUTEIBHO STaH.

B koHTekcTe M300peTeHUsT TPEeTUH YpPOBEHb TEMIIEPATYPhl MOXKET COCTaBISTH
npeanoutuTensHo or —50 mo —60°C, Oonee mpeanodruTenbHO OT —52 1o —56°C, Hampumep,
npuMepHo —54°C. CooTBeTCTBYIOLIEE OXJAKIEHUE A0 TPETHEro YPOBHs TeMIlepaTypbl MOXKHO
NPEATNOYTUTENBHO BBIMIOJIHATh C UCIONb30BaHUEM noaxoznsamero C2 (3THiEH) OXJIaXKIAoIIero
areHTa «BBICOKOTO JaBIIEHHsS» B COOTBETCTBYIOLIEM TeriooOMeHHHKe. COOTBETCTBYIOIIUI
OXJIAKIAIOIINIA areHT MPeaIOUYTUTEIbHO HaxonuTesl Ha ypoBHe aasyieHus 0,8 no 0,9 Mlla abc.
(ot 8 o 9 Gap abc¢.). B koHTEKCTE N300peTeHNs OXJIAKACHUE 1O TPETHETO YPOBHSI TEMIIEPATYPbI
MOKHO TOZOOHBIM O0pa3oM BBINOJHATh C IOMOIIBIO JONOJHUTEIbHOTO HCHOJIb30BAHHS
IIOTOKOB BEIECTBA WJIM CMecell KOMIIOHEHTOB B CIIOCOOE MJIM B MPOLIECCAX HIDKE IO MOTOKY,
HampuMep, CMEeCH KOMIIOHEHTOB, OOpa3OBaHHOH B cmocobe, MPEeUMYLIECTBEHHO WM
UCKJIFOYUTENIPHO CONepiKameil BOIOpox M MeTaH, W (pakuuy, oOpa3OBaHHOW HA CTaauH
pasnerneHus: HIbKe 10 MOTOKY (paszenutenbHast kojoHHa C2), comepikainell mpeuMyInecTBEHHO
WIN MCKIIFOUYUTENBHO 3TaH. KpoMme Toro, 1 OXJaKAeHUs IO TPEThEro YPOBHS TEMIIEPATYypPhI
TaKXKe€ BO3MOKHO HCIOJB30BATh CMECh KOMIIOHEHTOB, KOTOPYIO OOpa3yroT B crocode U 3arem
HANpPaBJSIIOT HAa CTaJMI0 pAa3[EeeHUs HIDKE M0 IOTOKY (AeMETaHW3alMsl), BKIIOYAIOIIYIO
NPEUMYIIECTBEHHO WM HCKJIIOYUTEIBHO VIJIEBOAOPOABl, HMEIOINME IBa aToMa yriepoja.
OxnaxxgeHne A0 TPEThero YPOBHS TEMIEpaTypbl MPEANOYTUTENbHO TAK)KE BBINOJNHSIOT B
NPOTUBOTOKE K YK€ YIOMSIHYTOH >KUAKOH (pakiuu, oOpa3oBaHHON NpPU BTOPOH HYaCTUYHON
KOHJIEHCALINH.

B koHTekcTe M300peTeHHs! TPEThIO ra3oBYI0 (pakiuro oOpasyroT NMpH pPeKTH(UKALNH,
Onaronmaps onepanysM COrIaCHO U300PETeHHUIO, PEATIOUYTUTENBHO MTPU YPOBHE TEMITEPATYPhI OT

—25 no —35°C, Gonee mpeanoururenbHo oT —28 no —32°C, Hanpumep, npumepHo —30°C. Otu
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TEMIIepaTypbl MPEACTABISAIOT COOOH TeMIepaTypbl, UCIOIb3yEeMble JJIsT KOHJEHCALUN BEPXHErO
MOTOKA ra3a COOTBETCTBYIOLIEH KOJOHHbL Kak OTMEUeHO, 3TO MOXKHO HPEANOYTUTENBHO
BBINOJIHATh B CBSA3M KOHJEHCALMEHl BEPXHEro rasa ¢ nomolnpio noaxopsmero C3 (mpomnuieH)
OXJIUKAAIOLIErO areHTa. J[pyrumu cioBamMH, B KOHTEKCTE H300peTeHUs] PEeKTU(PUKALMOHHYIO
KOJIOHHY, KOTOPYIO OXJIAKAAKT C IOMOILBIO BEPXHEr0 KOHAEHCATOPa, KOTOPBIA SKCILTyaTUPYIOT
C TMPONUJICHOBBIM OXJIAKAAIOLINM areHTOM, MPENNOYTHTEIbHO UCTIONB3YIOT ISl PeKTH(HUKALINY.
B koHTekcTe u300peTeHUs TPEThI0 SKUAKYI0 (Qpakuuio o0pasylT B pPeKTU(PUKAIHOHHON
KOJIOHHE TIPEUMYIIECTBEHHO MPHU YPOBHE TEMIEPATyphl OT 65 10 75°C, Gonee mpeanouTUTENBHO
or 68 nmo 72°C, wanmpumep, mpumepHo 70°C. DTOro MOXKHO MPEANOYTUTEIHHO JOCTUYD,
HampuMep, MOCPENCTBOM HCIIONB30BAHUs pedoiiiepa, SKCILIyaTHPYEMOro € BOASIHBIM IapoM
HU3KOI'O 1aBJIEHUS.

B koHTeKkcTe M300peTeHHsT BTOPYIO Ta30BYI (PPaKLUIO U TPETHIO Ta30BYI0 (PPaKLHUIO,
KOTOpBIE YXKE M0 CYLIECTBY ObUTH OCBOOOKAEHBI OT YINIEBOAOPOIOB, UMEIOIINUX TPU MK Oolee
aTOMOB yTJIEpPO/a, HAa TEXHOJOTUYECKUX CTAJUSAX, OMMCAHHBIX BBILIE, NOJAIOT B AEMETAHU3aTOP,
PACIIONIOKEHHBIN HIDKE 1O MOTOKY. DTO MPEANOUYTHTENbHO 00pasyeT (ppakuuio, COmepIKaiyro
bomnee 95%, 96%, 97%, 98% wnu 99% Bomopoma u Merana, U (PpakLUIO, comepKaInyo Oojee
95%, 96%, 97%, 98% wunu 99% yrieBonOPOAOB, MUMEIOIIMX JBAa aTOMa yrjepoaa, U3 IO
MEHbIIEH Mepe YacTH BTOpPOW Tra3oBOH (pakiuu U U3 TpeTbeill ra3oBoll (Qpakuuu B
JOTIOJIHUTENIBHOM Pa3/eIUTENIbHOM YCTPOICTBE, & UMEHHO, B OTIAPHON KOJIOHHE. B KOHTEKkCTe
U300peTeHNsT Takoe pas[esieHHe BBIIONHAIT OCOOEHHO NPEHMYLIECTBEHHBIM 00pasoM,
MOCKOJIBKY, B YaCTHOCTH, 3[€Chb WCIOJB3YIOT Pa3[eIUTENbHOE YCTPONCTBO, B KOTOPOM HE
TpeOyeTcsi BBILICOMUCAHHON CJIOXKHONH KOHIEHCALIMU ra3a W3 Pa3AeHMTENIbHOTO YCTPOMCTBA.
Takum 00pa3oMm, pa3aeuTebHOE YCTPOUCTBO B (hOpMeE OTIMAPHOM KOJIOHHBI SKCILTYaTUPYIOT Oe3
BEPXHEro KOoHJeHcaTopa. [omojgHUTeNnbHOE pa3AeNuTeNbHOe YCTPONCTBO 3KCIUIYaTUPYIOT MpPU
BTOPOM YPOBHE JIaBJICHUS, 1 KOHKPETHOE HUCIIOJIB3yEMOE JaBJIEHUE TAKKE MOJKET ObITh HEMHOTO,
T.e. BIioth A0 0,1; 0,2; 0,3; 0,4 wnu 0,5 MIa (1, 2, 3, 4 wnu 5 Gap), HIDKE AaBJIEHUS], KOTOPOE
UCTIONIb3VIOT MPH PEKTU(PHUKANN, HA KOTOPYIO MOAAIOT NEPBYIO U BTOPYIO KUAKHUE (PPAKLIUH.

[Tonauy BTOpOI Ta30BOHW (pakUMK B AOMOJHHUTEIBHOE PA3NEIUTENbHOE YCTPOMCTBO
MO>KHO TPEANOYTUTENBbHO TaKXXe BBINOJHATH BBIIIE IO TOTOKY IOCPEICTBOM OIepalu
CTYNIEHYAaTOr0 OXJaXAeHUs. B OCOOEHHO MpEeanoOYTUTENbHOM BOIUIOLIEHUH H300PETEHHs IO
MEHbBIIeH Mepe 4YacTh BTOPOM Tra30BOW (pakuWM TMOABEPralOT 34eCh IOMOJHUTEIbHBIM
YaCTUYHBIM KOHAEHCALMSM ITOCPENCTBOM CTYIEHYATOrO OXJIAXKIEHHs 4epe3 OfWH miu Oonee
IIPOMEKYTOUHBIX YPOBHEHW TEMIEpaTypbl A0 YETBEPTOrO YPOBHs TEMIIEPATypbl MPU NEPBOM

YPOBHE MAABIEHHs C IOJIYYEHUEM MOMOJHHUTENbHbIX XUAKUX (pakumil. Kunkue ¢paxuuy,



12

o0pasyemble B K&KIOM CiIydae, MPEUMYIIECTBEHHO MOAAI0T B Pa3eIUTENIbHOE YCTPOHCTBO, T.€.
OTIAPHYIO KOJIOHHY, Ha Pa3JIMYHBIX BbICOTAX, B COOTBETCTBUM C OTHOCUTENIbHBIM COAEP KAHUEM
B HUX BOAOPOJA, ME€TaHa U yIJe€BOJOPOAOB, UMEIOLINX ABA aTOMA YIJIepoaa.

ITpenMy1IECTBEHHO, TOJIFO BTOPOi ra30BOi (PpakLnu, KOTOpasi OCTAeTCs B ra3000pa3HOM
¢dopMe npu 4YETBEPTOM YPOBHE TEMIIEPATYPbI, PACLIMPSIIOT OT MEPBOrO YPOBHS JABJIEHHS 10
BTOPOTO YPOBHSI JaBNIeHHs, 4YTOOBI OO0ECMEUHMTh XOJONWIBHYIO SHEPTHI0, M TMONAKT B
JOTIOJIHUTENBHOE pa3fenuTeabHoe yCTpoiicTBo. [lonauy npenmyIiecTBEHHO OCYIECTBISIFOT Haj
KQXKJIOM M3 JOTOJHUTENBHBIX JKUIKUX (DPaKIHif, KOTOPbIE MOJIYYAOT HPU JOMOJHUTEIBHBIX
YACTUYHBIX KOHICHCALMSIX, OTMEUEHHBIX BBILIE, TPH MHOKECTBE POMEKYTOUYHBIX TEMIEPATYP.

B xoHTekcTe U300peTeHHs] YETBEPTHII YPOBEHb TEMIIEPATYPBl MPEANOYTUTENBHO
cocraBnsier ot —140 no —150°C, Gonee mpemnoururensHo or —140 no —144°C, nHanpumep,
npuMepHo —142°C. 3Jrtoro ypoBHs TeMIepaTypbl MOXHO MpPEANOYTUTENIbHO JOCTHUYb
MOCPEACTBOM MOTOKA BEIECTBA, KOTOPBIM MOJy4aroT W3 BEPXHEro rasa u3 pasieiUTeNbHOro
ycrpoiictea. [IpenmymecTBeHHO, ¢pakuuy, coaepxkamue donee 95%, 96%, 97%, 98% wnu 99%
BOJOpPOJAa M MeETaHa, TakUM o00pa3oM OTOMPAIOT M3 JAONOJHUTENBHOTO Pa3eIHTEIbHOTO
YCTPOKHCTBA, PACLIUPSIOT OT BTOPOTO YPOBHS JABJIEHHS O TPETbEro YPOBHS HABIIEHHS], YTOOBI
o0ecreynTh XOJONUJIbHYIO SHEPrHi0, W UCIONB3YIOT I CTYNEHYaTOro OXJAXIEHHUS 0
YEeTBEPTOrO YPOBHs TeMmepaTypsl. [IpoMexyTOUHbIE YPOBHH TEMIIEPATYPHI MOTYT, BO-TIEPBBIX, B
OCHOBHOM cocTaBJsITh OT —70 1o —80°C, Oosee mpeanouTurenbHo ot —76 1o —78°C, Hanpumep,
npumepHo —77°C, a BO-BTOpBIX, 0T —95 10 —105°C, Gonee npennoutureabHo ot —96 no —100°C,
HanpuMmep, npumepHo —98°C. Dtux ypoBHe#l TemmepaTypbl MOXXHO JOCTHYb, HAIlpUMeEp, BO-
NePBBIX, ¢ UCTOb30BaHueM C2 (3THIICH) OXJIAXKIAIOIIEro areHTa «yMEPEHHOTO JaBJICHUSD TPU
yposHe nasnenust ot 0,3 no 0,4 MIla (ot 3 no 4 Oap), a BO-BTOPBIX, ¢ Hcroab3oBaHueM C2
(3THIIEH) OXJIAXKIAFOIIEro areHTa «HU3KOro AaBJIeHHs» npu ypoeHe namienus ot 0,11 mo 0,16
MIla (ot 1,1 mo 1,6 Gap). B COOTBETCTBEHHO HCIIONB3YEMbIX TEIUIOOOMEHHUKAX, TaKXKe
MPEINOYTUTENIbHO BO3MOXKHO HCIOJB30BaTh (Ppakuuro, comep:xamyo oonee 95%, 96%, 97%,
98% wumum 99% Bomopoma M MeTaHa W3 JIOMOJHHUTENBHOTO Pa3AENUTENbHOTO YCTPOUCTBA,
KOTOPYIO PacIlUPHIIU 0 TPETHErO YPOBHS AABJIEHUS U A0 3TOIO UCIOJIB30BAIH JJIs1 OXJIAXKAECHUS
710 4YETBEPTOrO YPOBHS AaBJICHUS.

Konuenuuro, onucaHHyo B JaHHOM JOKYMEHTE, MOXXHO HCIOJb30BaTh AJIS YIIPOLEHHUS
CJIOKHON Je€MEeTaHM3aluM U Je3TaHu3alud IPU U3BJIEYEHUM YIJIEBOAOPOIOB, MMEIOLIMX J1Ba
aTomMa yryieposaa, B OCOOEHHOCTH M3 KPEKHHI-Ta3a STHJIEHOBOH YCTaHOBKM, UMEIOINEH Takue
razoo0pasHble MMOaBaeMble IMOTOKHM KaK 3TaH W OTAH/IPONaH, U B YaCTHOCTH, AEITAHU3ALMIO

MOKHO BbIIONHATE 0e3 (3 abcopbepa, ¢ NPUKPEIUICHHBIM BEPXHUM KOHAEHCATOPOM.
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Pexrtudukanuro, TpeOyromyOCs AN Oe3TAaHU3ALUM, NPOBOAST IPU HU3KOM JaBIICHHH,
OTMEYEHHOM KakK BTOPOHl ypOBEHb AABJIEHHUS, TAK YTO PACXObl HA pa3/eIEHUE CHIKAIOTCSA
Obonee uwem Ha 60%. CrnenoBaTenbHO, MOTYT OBITh CKOHCTPYHPOBAHBI AEITAHU3ATOP WU
COOTBETCTBYIOINAS PEKTU(HUKALMOHHAST KOJOHHA TIopasfgo MeHbliero pasmepa. KyOosbie
JKUJKOCTU MOXHO BCKHUIISITUTh C MOMOIIBIO ITPOMBIBOYHON BOJbI MJIM BOASHOIO Mapa HU3KOTO
JaBJIeHUs. OJTO TMPUBOAMUT K TMPOCTOTE SKCIUTyaTallud, MEHee CIIOXKHOMY KOHTPOJIbHO-
U3MEPUTENILHOMY O0OPYAOBaHHIO, MOHMKEHHOMY OOpPa30BaHUIO OTIOXKEHUH M OoJiee HU3KHM
KamUTAJIBHBIM W OKCIUTyaTAllMOHHBIM  pacxonam. lIpumMeHeHne W300peTeHUs  TaKxke
o0ecreynBaeT BO3MOXKHOCTh HCIOJB30BAaTh MPOCTYID OTHAPHYK KOJOHHY, & HE CIOXKHYIO
KOJIOHHY J€METaHU3aLUUH. JTO TMOAOOHBIM 00pa3oM MPUBOIUT K MPOCTOH 3KCIUTyaTallud |
MEHEee CIIOKHOMY KOHTPOJIbHO-U3MEPUTENbHOMY O0OPYAOBaHUIO M OOjiee HM3KUM pacxoiaM Ha
obecrieueHne 0e3omacHOCTH. Pe3ynbraToM sIBISIIOTCS OoNlee HU3KHME KalUTaIbHBIE 3aTPaThl PU
MOCTOSIHHOM TOTPEOJIEHIH SHEPTHUU.

B ocobeHHO mpenmouTHUTENbHOH  KOH(pUTrypamuu Ccrnocoba Mo  HU300peTEeHUr0
pasfenuTeNbHOE YCTPOWCTBO, T.€. OTHAPHYK KOJIOHHY, O3KCIUIyaTUPYIOT C BHYTPEHHHUM
TEINIO0OMEHHUKOM, KOTOPBIH OXJIAXKIAIOT OXJIAXKIAIOLINM areHTOM YPOBHS TeMIepaTypel 0T—90
no —110°C. 3gech npennoYTHTENHHO BO3MOXKHO HCIOJB30BATh yk€ OTMe4deHHbIH C2 (3THIIeH)
OXJAKIAIOUINM  areHT «HHU3KOrO JaBJ€HUs». OTO MNPUBOAUT K  JIOMOJHUTENbHBIM
NperMyLIecTBaM, KOTOpble Oojieeé KOHKPETHO 3aKJIOYAIOTCS B TOM, YTO TPETHIO Ta30BYIO
dpakuuro u3 pekTuduKany, U AeITAHU3ALHH, CIeIyeT OXJIaKAaTh 10 0ojiee HU3KOTrO YPOBHS
TEMIIepaTypbl, & UMEHHO, TOJBKO JI0 TPETHErO YPOBHS TEMIIEPATyphl, TOTAA KaK B OTCYTCTBHE
COOTBETCTBYIOLIETO BHYTPEHHErO TEIUNIOOOMEHHHUKA CJIENyeT BBINOJHITH OOJiee MHTEHCUBHOE
oxJaxnaeHue. bomee TOro, BO3MOXHO OOOHTHCH 0€3 MNepeoXJaKIACHUsS KOHIEHCATA,
00pa30BaHHOTO M3 BTOPO ra3oBoi (ppakuuu.

UzobpeTeHne Takke paclpoCTPaHSETCs HAa YCTAHOBKY U  pa3felieHHs CMeCH
KOMIIOHEHTOB, Cofiep Kalliell BOAOPO, METaH, YIJIEBOAOPObl, UMEIOLINE ABA aTOMa yriepona, u
YII€BOAOPOABL, HUMEIOIIHNE TPU WK 0OJiee aTOMOB YIJIEPOAA, Ille YCTAHOBKA COAEPIKUT CPENICTBA
Je3TaHU3allUU U CPEACTBa JeMEeTaHU3al|Y, T1e CPEeICTBA JeMETaHU3aLUU Pa3MeLleHbl HUXKe IO
MOTOKY OT CPEACTB AedTaHu3aluu. Hackonbko HM3BECTHO O J€3TaHM3alMM U JeMEeTaHWU3allUH,
CpenCTBa AE3TaHU3ALUM YCTAHOBJIEHBI JJIsI OTHEJEHUSI BHadale 1Mo MeHblueil mepe 95%, 96%,
97%, 98% wnm 99% yraeBonopoAOB, HMEIOIIUX TPH WK O0Jiee aTOMOB YIJIepoa, O MEHbIIeH
Mepe OT YacTH ra30BOM CMECH, a CPEACTBA J€METaHNU3aLUN YCTAHOBJIEHBb! [JIl OTAENEHUs 3aTeM
o MeHblue Mmepe 95%, 96%, 97%, 98% unu 99% meTaHa U BOAOPOJa OT OCTABILErOCs OCTATKA.

VYcTaHOBKa CONEP>KUT CpPEACTBA, YCTAHOBJEHHBbIE Jii MPOBEAEHUS TMEpPBOM YaCTHUUHOMN
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KOH/ICHCALMN TI0 MEHbIIEH Mepe 4YacTH CMeCH KOMIIOHEHTOB MOCPEACTBOM OXJIAXAECHUS OT
NEPBOr0 YPOBHsI TEMIIEPATYPbI 1O BTOPOTO YPOBHs TEMIIEPATYPbI IPU NIEPBOM YPOBHE JIaBJICHMUS,
YTOOBI MOJNYYUTH MEPBYIO I'a30BYIO0 (PPAKLUIO U MEPBYIO KUAKYIO (PPAKLUIO, TPOBEIEHUs BTOPOIl
YaCTUYHOW KOHIEHCALMH IO MEHbLIeH Mepe YacTH IMEePBOH ra3oBOH (pakiuH MOCPEACTBOM
OXJIAKIEHHUs] OT BTOPOTO YPOBHsI TEMIIEPATYPBI 10 TPETHETO YPOBHS TEMIEPATyphl IIPU NEPBOM
YPOBHE JaBJIEHUs], YTOOBI TIOJYYHTh BTOPYIO Ia30BYI0 (PPAKLUIO U BTOPYIO KUIKYIO (PPAKLIUIO, U
NPOBENEHUs] PEKTU(UKALIUY 110 MEHBLICH Mepe YacTH MEePBOH KUIKOH (PpaKLUU U IO MEHbIIEH
Mepe YacCTH BTOPOH KUAKOW (PpaKiyy, YTOOBI MOJYYHTh TPETHIO Ta30BYI0 (PPAKLIUIO U TPETHIO
xuakyro  ¢pakouo.  CorynacHO  M300peTeHuro, Uil BTOPOM YAaCTUYHOH  KOHIEHCALUU
00ecreYnBaOT CPENCTBA, KOTOPbIE MPUCMOCOOJEHbI AJIST BBINOJHEHUS BTOPOH YaCTHYHOU
KOHJICHCAIIUU TaKUM 00pa3oM, 4TO BTOpasi ra3oBasi ppakuust copepxut domaee 95%, 96%, 97%,
98% wmu 99% Bomoponma, MeTaHa W YTIJIEBOAOPOAOB, MMEKIOIIMX JBa aroMa yriepoja. B
YaCTHOCTH, pPeKTH(UKALMsA YCTaHOBJIEHA Ui OOpa3oBaHMs TPETbeH ra3oBod (pakuuu C
COOTBETCTBYIOLMM COJIEP’)KAHHEM BOJOpPOAA, METaHa U YIJEBOJOPOAOB C JByMsl aTOMaMH
yrieponaa, u odpa3oBanusi TpeTheit xkunkoi ¢pakuuu (C3+), Tak 4ro oHa comepxut Homee 95%,
96%, 97%, 98% unu 99% yrneBogopoaOB, UMEIOLINX TPU aTOMa yIJIepoa.

CornmacHo wu300peTeHNI0, OOECIEeYMBAIOT CPEACTBA, KOTOPbIE BBINNOJHEHbI IS
paciupeHust epBOi XKUAKON (Hpakuy UIH €€ YaCcTH, TOABEpraeMoi peKTu(uKaIum, U BTOPOM
KUIKON (ppakiuy UM ee 4acTH, NMOABEPraeMoi peKTH(UKaLUU, OT MEePBOro YPOBHS AaBIICHUS
J0 BTOPOTrO YPOBHS HaBlieHHsl mepen pektudukaumeit. Takue cpencrBa MOTYT BKIJIIOYATh, B
YaCTHOCTH, PaCHIMpHUTENbHbIE KiamaHbl. Kpome Toro, coracHo m3o0pereHuro, 00ecreunBaroT
CPeACTBA, KOTOpBIE BBIMOJHEHBI JJIsi OCYLIECTBICHHs pPEKTH(PHUKALMU TpPU BTOPOM YpPOBHE
JaBJIEHUsI, IPUYEM NIEPBbI YPOBEHb AaBNIEHHsI cocTaisieT ot 2,5 no 3,5 MIla (ot 25 no 35 Gap),
a BTOpPOW ypoBeHb naBieHusi cocrasisier ot 1,4 no 1,7 MIla (ot 14 no 17 Gap). [TocnenHue
CpeACTBAa BKJIOYAIOT, B YAaCTHOCTH, KOJIOHHY, YCTaHOBJICHHYIO Uil pPEKTHQUKALUU U
BBITTOJIHEHHYIO JUJIsI pa0OTHI TP 3TOM JIaBJICHUU.

Taxke obOecneymBarOT CpPEACTBA, B YACTHOCTH, B (OpMe BEpXHEro KOHIECHCATOPA,
YCTAHOBJIEHHOTO CBEPXY KOJIOHHBI, MCTIOJB3YEMOH Uil PeKTH(HMKALNK, KOTOPBIE Pa3MELIeHbI
IUIl OXJIAXKIEHHsT BEPXHEro IOTOKa ra3a, OOpa3OBaHHOIO B TEYEHHE PEKTHU(PUKALNH, [0
TeMrepaTypbl OT —25 10 —35°C u s ero 4acTUYHOW KOHACHCALMM, W JJI HCIOJIb30BAHUS
KOHJIEHCUPOBAHHON ()paKIMM BEPXHEro MOTOKA ras3a, YaCTUYHO WJIM MOJHOCTBIO, B KaueCTBE
¢dnermbl mpu pexkTUPUKAMM, W U1 MOCTAaBKM HECKOHAEHCHPOBAHHON (ppakiuu BEpXHEro
IIOTOKA ra3a YaCTUYHO WIIM TOJIHOCTBIO B Ka4eCTBE TPeThel razoBoit ¢ppakuuu. B vactHocTy, 3TH

Cp€ACTBA BHINIOJHCHDbI 0e3 BHELIHUX COCYHOOB AJisd (I)J'Iel"MbI 1 HACOCOB, KaK ITOACHCHO BBILIC.
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CooTBeTcTBYOIAs YCTAaHOBKA, IPEUMYIIECTBEHHO CO3/JaHHAs AJIsl BBITOJIHEHUS CIIoco0a,
PACKPBITOTO BBILIE B PA3IMYHBIX KOHPUrypauusx, AaeT NPerMyIlecTBa, OTMEUEHHbIE BbIIIE, HA
KOTOpBIE SIBHBIM 00pa30M CelaHa CChLIKA.

H300peTeHne NOMOMHUTENBHO MOSCHEHO HUKE CO CChUIKOI Ha MPHIIOKEHHbBIE YEPTEXH,

KOTOpBIE WIUTFOCTPUPYIOT KOH(PUTIypaLii H300pETEeHUsL.
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Kpatkoe onucanue ueprexen

Ha ¢wur. 1 npencrasnena ycTaHOBKA AJIs Pa3[eNIeHUs] CMECH KOMIIOHEHTOB.

Ha ¢ur. 2 npenctaBieHa yCTaHOBKa Uil Pa3fefieHUs] CMECH KOMIIOHEHTOB B OJIHOM
BOIUIOIEHUU U300peTeHNUS.

Ha ¢ur. 3 npencraBnena ycTaHOBKa Uil pa3felieHHUs CMECH KOMIIOHEHTOB B OJIHOM
BOILJIOLIEHUH H300PETEHHUSI.

Ha ugeprexax KOMIOHEHTBI, COOTBETCTBYIOLIUE APYT APYTY, NIPUBEACHBI C UIEHTUYHBIMU
HOMEpaMHu HOSHHHﬁ. Z[JISI SICHOCTH HE MPEACTABJICHDI TOBTOPHBIC MOACHCHHA COOTBETCTBYIOIIHUX
KOMIIOHEHTOB. Bce 4MClieHHbIe 3HAYeHUs MAaBJICHUS W TEMIIEPATypPbl MPEACTABISIOT COOOMU
MPUBCACHHBIC B KAYECTBEC IMPUMEPA HpI/I6J'II/ISI/ITeJ'IbeIe 3HAYCHUA, KOTOPBIC MOT'YyT HAXOAUTHCA B

npeaciax quarna3oHoB, HOI[pO6HO OIMMCAHHBIX BBILIE.

ITonpoGHoe onucanne yeprexen

Ha ¢wur. 1 npencrasieHa He OTHOCSIIAsICS K U300PETEHUIO YCTAHOBKA ISl Pa3esIeHHsI
CMECH KOMIIOHEHTOB B BHJE YIPOIIEHHOHW TEXHOJOIMYECKOH CXeMbl, B 00IieM 0003HaueHHOH
99.

Cwmecp K kOMNoHEHTOB, Hanpumep, KPEeKUHr-ra3 U3 Mpolecca MapoBOro KPEeKHHra rmocie
CYIIKH, yJaJeHus Macia U OeH3WHA, YyNAJeHUs KUCJIBIX Ta30B, CXKAaTUs M TUAPUPOBAHUSA
KkpekuHr-rasa, npu 20°C u 3,0 MIIa (30 Oap), BHauane oxaaxaaoT 10 —35°C B TemI000MeHHHKe
El1 B mporusoroke ¢ ¢pakuueri H2/CH4 Bomopona u meraHa, staHoBoit ¢paxumeit C2REC,
NOJIABAEMOM PELIMKIIOM U3 pa3eauTeNbHOM KonoHHbI C2 (He nmoka3aHo), konaeHcatoMm C1 u3 C3
abcopbepa T1 u C3 oxnaxpmatomum arentoMm C3R, a 3areM momarT B HUXKHIOK 4YacTb C3
abcopbepa T1.

C3 abcopbep T1 mmeeT cOCTOSIYI0O M3 ABYX YacTed KOHCTPYKIHMIO M HMEET Kak
HIDKHIOKO 4acTh, TaK W BEPXHIOK 4acTb. JIBe HYacTH pasfesieHbl MOCPENCTBOM CO3IAroInei
KUIKOCTHOH Oapbep Tapenku. Bospparnblil moTok R1 momaroT B BEPXHIOK YacTh, YKa3aHHBIN
kouaencat C1 oreonst u3 HwxkHel yactu. [Tocne HarpeBanus B Terioodmennrke E1, koHneHcar
C1 nogparor B xononHy T2 nestanmzammu. [logoOHBIM 00pa3oM B KOJIOHHY AesTaHH3anmu 12
MOJAIOT JKUIKOCTh, KOTOpasi HAKATUIMBAETCS Ha CO3JArOLIeH >KUAKOCTHOU Oapbep Tapenke C3
abcopbepa T1. I'azoseiii motok G1 oTBOmAT M3 BepxHei yactu C3 abcopbepa T1.

I'azoBplii nmotok (G2 OTBOAAT U3 Bepxa KOJOHHbI T2 nesTaHU3alUy, OXJAXJAT B
teruoodmennuke E7, Hanpumep, nocpenctsoM C3 OXNaXkIarolIero areHra, M pasfessioT Ha
daser B cocyne D1. XKunkyro ¢asy, koropyro otaenstor B cocyne DI, TpaHCmOpTHPYIOT

nocpencTsoM Hacoca P1 u moparoT penukiom B (popMe yKa3aHHOTO BO3BpaTHOro moroka R1 B
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C3 abcopbep Tl u B ¢opme AOMONHHUTETHHOIO BO3BpPAaTHOro mnoroka R2 B komoHHy T2
nesTaHm3auuy. Ppaxipo, HECKOHAEHCUPOBaHHYI B cocyae D1, oTBomsaT B ¢opme rasoBoro
noroka G3. KyOoByr >KMOKOCTP M3 KOJIOHHBI T2 pAe3sTaHM3alMM YaCTUYHO HCMAPSIIOT B
TeriooOMeHHuKe E8, KOTOpBIN 5KCIUTyaTHPYIOT, HApUMep, C UCMOIb30BAHUEM BOASIHOTO Tapa
HIU3KOTO [IaBJIEHWs, M MOJAIOT PEUMKIOM B KosoHHY T2 nestanmszauuu. [lanee kyOoByro
JKHUJIKOCTh OTBOIAT B BHAE kuakoro mnortoka C3+, comeprkaiiero NpeuMyIIeCTBEHHO WU
HCKJIFOUUTEIBHO YIVIEBOJOPOBI, UMEIOIINE TPU aTOMA YIJIEPOaa.

lazosbie motoku G1 u G3, KOTOpBIE MO CYHIECTBY OCBOOONKIEHBI OT YIJIEBOIOPOIOB,
UMEIOIUX TPH aTOMa YIJIeposia, B 3TOM CIIOCOOE OXJIAXKIAIOT BO BTOPOM TeruiooomeHHuke E2 B
npotuBoToke ¢ (pakumeir H2/CH4 Bomopoma u MeraHa, »taHoBoi (pakuueii C2REC,
NOJJABAEMOM PEMKJIOM U3 pasfenutenbHol konoHHBI C2 (He mokaszaHo), ¢paxuuei C2,
HarmpasjsieMoil B paszenutenbHyro koynoHHy C2 u C2 oxmaxkparomum arentom HP-C2R
BbICOKOrO faBneHus. ['a3oBbiii moTok G1 4acTUYHO KOHAEHCHUPYIOT 3TUM IyTEM U MOJAIOT B
cocyn D2 mns pasmenenust da3. XKunkyro dasy, koTopyro otnensiroT B cocyne D2, momaroT B
¢dopme xuaxoro noroka C2 B konoHHy T3 nemeranmzanmu. Ppakuno, HECKOHACHCHPOBAHHYIO
B cocyne D2, orBoasT B BUne razoBoro noroka G4.

I"azoBbiit moTok G4 u OO0 yXKe YaCTHYHO KOHIEHCHUPOBAHHBIN ra3oBblii moTok G3
OXJIAXKJAIOT B TpeTheM TeruioooMenHuke E3 B mporuBotoke ¢ ¢paxuueir H2/CH4 Bomopona u
meraHa u C2 oxnaxpaomuMm areHToM MP-C2R ymepennoro nasnenus. I'azoseiii notox G4
YACTHYHO KOHIEHCHUPYIOT 3THM IyTeM U MojmaroT B cocyd D3 nust pasmenenus ¢as. XKumkyro
¢a3y, KOTOpyr OTAENSIOT B cocyne D3, mocie oObeauHEeHUs] ¢ KOHASHCUPOBAHHBIM T'a30BbIM
notokoM G3, momaroT B Buae xkuakoro noroka C3 B xomonny T3 pemeranusanmu. Ppaxuuio
razoBoro noroka G4, HECKOHIEHCHUPOBaHHYIO B cocyne D3, oTBoAST B BuAe razoBOro NnoToka
GS.

I"azoBblit moTOK G5 OXJAKAAOT B 4eTBEPTOM TeruiooOMernHuke E4 B mpotuBoToke ¢ C2
oxjaxparomuMm areHToM LP-C2R  Huskoro pasneHus. [l'asoBbili motok G5 wacTuyHO
KOHIEHCHPYIOT 3THM MyTeéM H MopmarT B cocyn D4 nmus pasgenenust das. XKupkyro ¢asy,
KOTOPYHO OTHENsIoT B cocyne D4, momatror B Buae skumkoro mnoroka C4 B kojonHy T3
nemetraHuzauuy. Ppaxiuro ra3oBoro noroka G5, HECKOHAEHCUPOBaHHYIO B cocyne D4, oTBoasT
B Buje rasosoro noroka Go6. I'asoseiii notok G6 pacumpstoT B fAetanzaepe Ex1 u moparoT B
KOJIOHHY T3 nemeTaHusanuu.

Kononna /I3 nemeranusanuu uMeeT KOHCTPYKLIUIO, COCTOSILIYIO U3 MHOKECTBA 4acTel, U
BKJIFOYAET HIDKHIOIO CEKIMIO, CPENHIOI CEKIMI0 M BepxHIoK cekuuio. Ppakuuro H2/CH4

BOAOPOJAa U METaHa OTBOIAT U3 BEpXa KOJOHHBI 13 neMeraHu3aluuy WK €€ BEPXHEH CEKIUH,
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pacupsitoT B getanaepe Ex2 u HanpasisitotT yepes termiooomennuku ES u E6 niis oxnaskneHust.
B Tennoobmennukax ES u E6 rasossie motokn G7 u G8 cOOTBETCTBEHHO OTBOAAT U3 BEpXHEH
oOnacTu HIOKHEH U cpefHel ceKuui KoJOoHHBI T3 memeraHu3aluy, MO MEHbIIE Mepe YaCTHYHO
KOHJZICHCUPYIOT U MOJAKT PELUKIIOM B BUJE BO3BPATHOIO IOTOKA B COOTBETCTBYIOLIUE CEKLIUU
kosoHHbl T3 nemeranmsanun. KyOoByro KMAKOCTh M3 KOJOHHBI T3 neMeTaHM3aLMH YaCTHYHO
uCrapsiroT B TeriooOMeHHuKe E9, koropwlii pabortaer, Hampumep, ¢ wHcnosb3oBaHueM C2
OXJIQXKJAIOLIEr0 areHTa BBICOKOIO [JAaBJIEHUs, M MOAAKT PELUKIOM B KOJOHHY T3
nemertaHmzauuu. Jlanee KyOOBYIO JKUAKOCTh OTBOIST B BUAE KUAKOTO motoka C2.

Kak orMedeHO Bpllle, B JAHHOM Clly4ae HEAOCTATKAMHU SBISIOTCS CJIOXHOCTb
nestanmsanmuu ¢ C3 abcopbGepom T1 W CIIOKHOCTD JAEMETAHM3ALMU C TMPOMEKYTOYHBIM
XOJIONUIBPHUKOM B (popme TeruiooOMennuka E6 u temnoodmennnkos ES u E6, pasmernieHHbIX
BbIIIE KOJOHHBI JAeMeraHuzalmu. IlocnenHee nNPUBOAUT K  TOBBILEHHOW  CJIOKHOCTH
KOHTPOJIbHO-U3MEPHUTEIBHOTO O0OPYIOBaHMsS M TOBBIIEHHBIM pacxoiaM Ha OOecreyueHHe
Oe30macHOCTH.

Ha ¢ur. 2 mpencraBneHa ycTaHOBKa IJIsl Pa3feleHUsT CMECH KOMIIOHEHTOB B OIHOM
BOIUIOIIEHUH u300peTeHnss B (OpMe YIPOLIEHHOW TEXHOJOTHYeCKOH CXeMbl, B OO0IIeM
obo3znauenHoit 100.

OxnaxxneHue B IepBoM TeriooOMeHHMKe El1 BBIMONHANM Tak, Kak ONUCAHO I
ycraHOBKH 99, mokaszanHoW Ha ¢ur. 1. OpHako, B AaHHOM cClydae, HUXE IO IMOTOKY OT
teroodmennuka E1 orcyrcrByer C3 abcopbep T1, Ho obecnieden Tonbko cocya D1, B koTopsiit
noparoT cMech K KOMIOHEHTOB, YaCTUYHO KOHAEHCHPOBAHHYIO B MEpBOM TeruiooOMeHHuke E1.
I"a30BbIi OTOK, Tak:ke 00O3HAUEHHBIH B 3TOM ciydae G, Beixomsiuii u3 cocyna D1, no stoii
IIPUYUHE MOXKET BCE €Ill€ BKJIKYATh OCTATOYHOE KOJMYECTBO YIJIEBOAOPOIOB, UMEKOIIUX TPHU
aroma yriepoaa. OmHaKO MOCie JOMOJHUTENBHOTO OXJIAXKIEHHS] BO BTOPOM TEIJIOOOMEHHUKE
E2, koTopoe BBINONHSAIOT B OCHOBHOM aHAJOTMYHO OXJIQXKJIEHHUIO, BBINOJHIEMOMY BO BTOPOM
teruoodMenHuke E2 ycranoBku 99 cormacHo ¢ur. 1, 3TH yriaeBogopoAbl OTAENSIIOT, U HX
MOYKHO M3BJIEUb B JKUAKOM IOTOKE, B JAHHOM clly4ae Takxke o0o3HaueHHOM C2. Kuakuii moTok
C2 nomoNHUTENBHO BKIIIOYAET MPEXAE BCEro YIrJEeBOJAOPOJbI, MMEIINNe 1Ba WM TPU aToma
yrieposa, a Takke HeOOoIbIoe KOIMYECTBO BOAOPOAA U METaHA.

ITostomy skuakuit motok C2 MoOmarOT PEeLUKIOM uYepe3 BTOpoi TeriooOMeHHWK E2 u
NOJAI0T 4Yepe3 KOJIOHHY AEe3TaHU3alMH, B JAHHOM cllydae Takke oOo3HaueHHy0 T2. BepxHuit
ras u3 KojoHHbl T2 nestanusanmu Ha ycraHoBke 100 cormacHo ¢ur. 2, B OTIHYNE OT KOJIOHHBI
T2 nesranmzaumu ycraHoBku 99 cormacHo ¢ur. 1, mogoOHEIM 00pa3oM OTBOIAT B (opme

razoporo noroka G2, oxnaxparoT nocpeactsoM (3 OXJIaXJAKOLIEro areHTa M YacTUYHO
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KOHJIEHCUPYIOT, HO 0Opa30BaHHBIN KOHAEHCAT MOAAIOT PELHMKJIOM TOJBKO B caMy KOJOHHY T2
nestanuzauuu, a He B C3 abcopOep. HeckonpencupopanHyro ¢pakiuro razoBoro moroka G2
otBOIAT B (opme mnortoka (G3 BemecTBa, KOTOPBIH Temepb IO CYLIECTBY HE CONEPKUT
yIII€BOJOPOAOB, UMEIOIMX TpU atoMa yriepona. [Torox G3 Bemecrsa BHavane oOpabaThIBArOT
IO CYLIECTBY TaK ke, Kak MoTok G3 BelecTBa Ha ycTaHOBKe 99 cornacHo ¢wur. 1.

B nanHOM ciydae raszoBblii moTok G4 u J1r000# yKe HaCTMYHO KOHIEHCHPOBAHHBIN
razoBblii MOTOK G3 TOXE OXJAXTAIOT B TPEeTbeM TeriooOMeHHuke E3 B mpOTHBOTOKE ¢
dbpaxuueii H2/CH4 Bomopona u metana u C2 oxjaxkmaromuM areitoMm MP-C2R ymepeHHOTro
nasieHus. B nanHOM ciyuae ra3oBblii oTok G4 TOXe 4aCTUYHO KOHJEHCUPYIOT U MOJAIOT B
cocyn D3 nmns pasnmenenus ¢as. XKunkyrwo ¢asy, KOTOPYHO OTHEISIOT B cocyae D3, oTBOISAT B
¢dopme xxuakoro noroka C3, a ¢ppakunro razosoro noroka G4, HECKOHICHCUPOBAHHYIO B COCYIe
D3, orBomsT B popme razosoro noroka GS.

B namHOM ciydae, ra3oBeiii motok G5 w skuakuil motok C3 (mepe)oxiaknarnT B
yeTBepTOM TeruiooOMeHHnke E4 B mpotuBoToke ¢ ¢ppakumeri H2/CH4 Bomopona u metana u C2
oxjaxparomuMm areHToM LP-C2R  Huskoro pasneHus. I'asoBbili motok G5 wacTuuHO
KOHJIEHCUPYIOT TaKUM IyTeM M TNojarT B cocyxa D4 nna pasmenenust ¢as. XKunkyro dasy,
KOTOpasi oTaensercs B cocyae D4, BOociaeACTBUU MONAOT B KadecTBe >KUAkoro noroka C4 B
OTHapHyr0 KoJoHHYy S1, kxak u xuakuii norok C3. @paxuuro razosoro noroka @I,
HECKOHJIEHCUPOBAHHYIO B cocyae D4, oTBoAsT B kauecTBe razoBoro noroka Go.

OnHako Tenepb rasoBblii motok (GO, B OTIMYME OT YCTAHOBKHU 99 coriacHo ¢ur. 1,
OXJIAXKJIAIOT B JOMOJHUTEIBHOM TermiooOMeHHuke E10, KOTOpbI OXJNaXkmaeTcs MOCpPenCTBOM
PaCIIMPEHHOr0 BEPXHEro rasda u3 ormapHoil kojouubl S1, T.e. ¢ppakuuu H2/CH4 Bomopona u
MeTaHa. ['a30Bbiii mOTOK (GO, KOTOPBIN YaCTUYHO KOHAEHCUPOBAH TAKUM IyTEM, Pa3fessatoT Ha
¢da3pr B pmomomHuTENpHOM cocyne DS. B nmaHHOM ciydyae ocraercss TONBKO rasosast (asa,
KOTOPYIO PAaCUIMPSIFOT B JI€TAHIEpe, 31eCh Takke obo3HaueHHOM Ex1, M mopmarT B OTHapHYIO
kononHy S1. Kupakyro ¢asy, koTopast oTAeNnsieTcs B AOMOJHUTEIbHOM cocyne DS, mogobHbIM
oOpazom noparoT B popme xKuIkoro noroka CS5 B oTmapHyr KOJOHHY S1.

OtnapHas xonoHHa S1 MMeeT OJHOKOMIIOHEHTHYH) KOHCTPYKLMIO M COAEPKUT TOJBKO
peboitnep. @pakuuro H2/CH4 Bogoponma u MeTtaHa OTBOASIT M3 Bepxa OTHAPHON KOJNOHHBI S1 B
neraHzaep, Takke obo3HadeHHbIN 3nech Ex2. TermooOmennnku ES u E6 ycranosku 99 cornacho
¢ur. 1 Tenepp 3ameHeHbl TeruooOMeHHukoM 10. ®@pakumo H2/CH4 Bomoponma m meraHa
HanpasisitoT depe3 terooomMennuku E10, E4, E3, E2 u E1. KyOoByro KUAKOCTE M3 OTIAPHOM

KOJIOHHBI S1 4acTUYHO HCMapstoT B TeruiooOMeHHuke E9, xoropelii padoraer, Hanmpumep, npu



20

ucnonp3oBaHny C2 OXJaX[aroLIero areHTa BbICOKOIO [ABJEHUS, U MOJNAIOT PELUKIOM B
otnapHyro koioHHy S1. Jlanee kyOOBYIO KHMIKOCTb OTBOAST B Ka4eCTBE >KUAKOro noroka C2.

Ha ¢wur. 3 npencraBneHa ycTraHOBKa Ui pa3fielieHUs CMECH KOMIIOHEHTOB B OIHOM
BOILIOLIEHUH H300peTeHuss B (opMe YIPOLICHHONH TEXHOJNOTHYECKOW CXeMbl, B 0OOIIeM
obo3HavyeHHOH 200.

YcranoBka 200, nokazanHas Ha ¢ur. 3, ornudaercst oT ycraHoBku 100, mOka3aHHOW Ha
¢ur.2, B YACTHOCTM TE€M, YTO NPUCYTCTBYET JOMOJHUTENbHBbIA TeruiooOMeHHuk El1,
BCTPOEHHBI B OTHAapHYI0 KoJoHY S1, koTopeii oxnaxpganoT C2 OXJaXTaroLIMM areHTOM
Hu3Koro aasneHus. TeruooOmennuk E11 obecnieuen mexxay Toukamu nojadu kKoHaencatos C4
u C5 u3 cocynos D4 u D10. IlocpencTsom 3Toro, BepXHUH ra3 U3 KOJOHHBI 12 ne3TaHU3alnH,
T.€. Ta30BbIi MOTOK (G3 TOCie OXJAKIEHUs BO BTOPOM TeriooOMeHHHKe E2, MOXKHO BBOAHTH
HETMOCPEICTBEHHO B OTMAPHYIO KOJOHHY S1, n koHAeHcat u3 cocyna D3, T.e. skunkuit motok C3,
He TpeOyeTcs mepeoxJiakaaTh B 4eTBEpTOM TeriooOMenHnke E4. B pesynbrare 3HaAUUTETHHO
cHmkaercss morpedienne C2 OXJAKAAOIIEr0 areHTa YMEPEHHOrO [aBJICHHUS W HHU3KOTO
JIaBJIEHHsI B TpeTheM TeruiooOMeHHuke E3 n yerBeprom termnooOmennnke E4, u cnenoBarensHo,

obmee nmorpedienne C2 OXJIaX)IaroIero areHra.



Cnoco0 u ycTaHOBKA AJisl pa3aesieHus YIJjieBoA0POIHOI cMecH

H300peTeHne OTHOCHUTCS K crtoco0y M YCTAHOBKE ISl Pa3fesieHUs] CMECH KOMITOHEHTOB

COTJIACHO OTPAHUYMTENIbHOM YaCTH HE3aBUCUMBIX TYHKTOB (hOPMYJIbI H300pETEHUS.

YpoBeHb TEXHUKHU

CriocoObl U YCTPOUCTBA AJIsl MAPOBOI'0 KPEKUHIa YIJIEBOJOPOIOB U3BECTHBI U OIMHCAHbI,
Hanpumep, B ctatbe «Ethylene» B Ullmann's Encyclopedia of Industrial Chemistry, noctymnHoii B
unHTepHere ¢ 15 ampens 2007, DOI 10.1002/14356007.a10_045.pub2.

[TocpencTBoM MapoBOro KPEeKHHra, HO TakKKe M C MCIIOJb30BAHHEM IPYTUX CIOCOOOB U
YCTPOMCTB MOJNYYAIOT YIIIEBOAOPOIHbIE cMecu. X HEoOXOIUMO pas3nesiTh, [0 MEHbLIEH Mepe
YaCTHYHO, Ha OTJENIbHbIE KOMIIOHEHTBI, MPUCYTCTBYIOLIME B KAKAOM Cliydae. DTO MOKHO
BBIMIOJIHATh TMOCPEACTBOM TOCJIEAOBATEIbHOCTH OMepaluii pa3feeHus] PasJHyHbIX BHIOB.
CooTBeTCTBYIOIME  TOCNIEAOBATENPHOCTH  ONEpalui  pas3leNieHus]  BKIIOYAIOT,  IOCHe
NpPEeBAPUTEIBHOTO YATIEHHs BOABI, TSKEIbIX KOMIIOHEHTOB U KHCIIBIX Ia30B, 1EMETaHH3aTOPHI,
NEe3TaHU3aTOPbl U JenpomnaHu3aTopbl (cM., B ocobeHHocTH, pasgen 5.3.2.2 «Hydrocarbon
Fractionation Section» B cratee ykasansnoii Ullmann's Encyclopedia of Industrial Chemistry). B
STOH CBSI3U MOCJIEAOBATEIbHOCTD ONEPALMi 1eMEeTaHU3ALUH, EITAHU3ALMH U IeTPONaHU3aLUH
MOYKHO U3MEHSTb.

Crioco® U yCTpOMCTBO TSt pa3AeieHHs: COOTBETCTBYIOLIEH ra30Boi cMecH, rae o0pasyroT
nepBy0 (Ppakiivio, BKIFOYAOINYIO MPEUMYIIECTBEHHO MJIM UCKJIIOYUTENIbHO METaH M BOIOPOL
(bpakuust C1 wmmHYyC), (pakuuioo, COXEPKALYI0 MPEUMYIIECTBEHHO WM HCKIYHUTEIHHO
yIJIEBONOPOABI, MMerolue nBa aroma yriepona (dpakuus C2) u (Gpakuuro, COAepKallyro
NPEUMYIIECTBEHHO WJIM HMCKJIIOUUTEIbHO YTJIEBOJOPOABL, MMEIOIINE TpU WK Oojiee aTOMOB
yraepona (ppakuust C3 mroc), mpOUJUTIOCTPUPOBAHBI Ha (UT. 1 U MOSICHEHBI HUXKE CO CChLIKOM
Ha YKa3aHHBbIA uYepTe:k. B 3TOM ciydae, 3a OE3TAHM3aTOPOM CIIENYeT AEeMETaHH3aTop, IMpU
UCTOJIb30BAHUH PEKTH(MUKALIMOHHBIX KOJIOHH IJisi 00EHX TEXHOJIOTHYECKUX CTamuid. TepMHHBI
JIeMeTaHU3alusl U JeITaHU3aLMsl SIBIISIOTCS OOINENPUHSTHIMUA B JAHHOH OOJAaCTH TEXHHKH, U
CMELUATMCT 3HAKOM ¢ 000pYZIOBaHHEM, UCTIONb3YEeMbIM JJIsl AEMETAHU3ALMH U eI TAHU3ALHH.

[TpeumyinecTBaMu 3TOro crnocoda WM STOW YCTAHOBKH SIBJSIFOTCS MPOCTOH PEKHM
paboThl M BBICOKAs 3HepreTudeckas >pQPeKkTHBHOCTh. HampoTuB, HemocTaTKamu SIBISIFOTCS

CJIOKHOCTDb ACSTaHU3alMH C AOIIOJIHUTCIbHBIM C3 a6cop6ep0M H CJIOXKHOCTb ACMECTaHU3alluu C

3AMEHAIOIIMNI JTUCT
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MPOMEKYTOUYHBIM XOJIOAUJIBHUKOM U BEPXHUM KOHACHCATOPOM, PACIIOJIOKCHHBIM HA KOJIOHHOM
neMeranuszauuu. llocnenHul  OPUBOAWT K MOBBIMIEHHOM — CJIOXKHOCTH — KOHTPOJIBHO-
U3MEPUTENIBHOIO O0OpYZOBAaHUS M MOBBIIIEHHBIM pacxojaM Ha oOecredeHue Oe30MacHOCTH.
Cnocob, B koTopom ucnonb3yroT Takoi C3 abcopbep, Taxke n3secter u3z EP 0 683 146 Al.

Cornacuo ¢ur. 2, B US 5253479 A packphIT crioco0, B KOTOPOM CMECh ra3000pa3HbIX
KOMITOHEHTOB TOJIBEPTAIOT MepBOMY oxJjaxkaeHuto rpu 3,6 Mlla (36 Gap). [1epBoe oxnaxkneHue
ocymIecTBJSIFOT 10 Temneparypbl oT —30 mo —40°C. Tlocne mepBOro OXJjaXXACHHUs] MPOUCXOAUT
nepsasi ¢asa paszgeneHus B mepBoM cocyzae. ['a3oByro a3y M3 mepBOro cocyna MOABEPraroT
BTOPOMY OXJIAKIECHHIO, a UMeHHO, 10 —45°C. 3a yka3aHHBIM BTOPBIM OXJIAXKACHUEM CIIETyET
BTOpast (haza pasnmeneHusi BO BTOpoM cocyne. Kuakue (asel U3 mepBOro U BTOPOrO COCYIOB
NOJAIOT B KOJIOHHY, padotaromtyto mpu 3,0 MITa (30 Gap). B criocobe, packpsitom B EP 1215459
A2, UCTIONB3YIOT MO MEHbLIEH Mepe CpaBHUMBbIE 3HAUEHUs JaBJICHMUS.

IMosTomMy 3amauel, pemaemoi H300peTeHHEM, SIBJIAETCS ODOecledYeHune YIIy4IIeHHbBIX

CPEICTB pa3/ieieHHs COOTBETCTBYIOIIMX Ia30BbIX CMeCei.

Kpatkoe onmcanmne n3odpereHus

Hcxonst u3 3TOro ypoBHSI TEXHHUKH, B U300PETEHUH MPEIJIOKEHBI CIIOCOO M yCTaHOBKA
IUISL pa3[eNieHus] CMECH KOMITOHEHTOB, HMEIOIHE COOTBETCTBYIOIINE MPU3HAKH, M3JIOKEHHBIE B
HE3aBUCHMBIX MyHKTax (opmyJsibl u3o0pereHus. [IpennouTuTenbHble BapHAHThI BOILIOILIECHUS
U3JI0KEHBI B 3aBUCUMbIX MYHKTAX U HIKECIEAYIOIEM OMUCAHHH.

Ilepen mnoOsICHEHWEM TPU3HAKOB U TMPEUMYINECTB H300pPETEHUS Pa3bsICHEHBI €ro
OCHOBHBIC IMOJIOKEHUA U UCIIOJIB3YEMbIC TCPMHUHBI.

N300peTeHne HCHONB3YIOT [JIsl Pa3lIeNieHds] CMECe KOMIIOHEHTOB, COMIEPIKaIluX
NPEUMYIIECTBEHHO MJIM MCKIFOYUTEIBHO BOJOPO, METaH, YIIEBOAOPOIbI, UMEIOIIUE IBA aTOMa
yriepoaa (3TaH, STWUJIEH W, BO3MOXKHO, AllETHJIEH, €CJIM OH elle He ObLI MmpeoOpa3oBaH Mpu
NPEAIIECTBYIOIIEM THAPHUPOBAHUU), M YIJIEBONOPONbI, HMMEIOLINE TPH Wid Oojee aTOMOB
yriaepona (npormaH, MPOIUJIeH, BO3MOKHO, METUJIAIIETHIIEH 1 O0Jjiee TsuKENble YrIIeBOIOPO/IbI, B
YaCTHOCTH, UMEIOIIUE YEThIPE, MATh, IeCTh WK 0OJiee aTOMOB yIJIepoaa).

B xoHTekcTe I/1306peTeHI/I$I COOTBETCTBYHOIUE CMECHU KOMIIOHCHTOB B OCHOBHOM
00pa3yrT C HCMONb30BaHHEM CMOCOOAa MapoBOro KpekuHra. B Xome mMapoBOTO KpeKHHTra
MOJIy4arOT TakK Ha3bIBAEMBII1 CprOfI ra3 Wi KpEKUHI-Tas3, KOTOprfI TAKXKE BKIIOUACT
AOMOJIHUTECIIbHBIC KOMIIOHCHTDBI, IOMUMO YK€ YIIOMSHYTBIX KOMIIOHCHTOB. HX, B OCO6eHHOCTI/I,

BONy, KHCIIbIe Ta3bl, TaKhe KaK JUOKCUJA yrjepona U CepoBONOPOA, U OEH3MHOOOpa3Hble H
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MacJI000pa3Hble KOMIIOHEHTBI MOXKHO OTIIEJISITh BBILIE 11O TOTOKY OT CIOCO0a, MPEIIOKEHHOTO B
COOTBETCTBUHM C H300peTeHHeM, WM COOTBETCTBYIOIIEH YCTaHOBKH. BpIe MO MOTOKY OT
cnocoba, MPeIoKeHHOTO B COOTBETCTBUU ¢ M300pPETEHUEM, I COOTBETCTBYIOLIEH YCTAHOBKH
MOYKHO TaK)K€ BBITIOJHSATb APYTrHe TEXHOJOTMYECKHe CTaAuU, B OCOOEHHOCTH, TMAPUPOBAHHE
alleTWICHOB  (Ha3bIBaeMOE  «IEepBOHA4YaNbHOE ruapupoBaHue»). Cmech KOMIIOHEHTOB,
oOpabaTbiBaeMasi B KOHTEKCTE M300pETEHUs, HAXOIUTCS B CXKATOM COCTOSIHUM U OOBIYHO TPH
TEMIIEpaType OKPY KAIOLIEHN CPebl.

B sroii obmactu 3HaHuil s Qpakiuii, KOTOpbie 00pa3ylOT M3 CMeCEel KOMIIOHEHTOB,
OTMEYEHHBIX B COOTBETCTBYIOLIMX IMPOLIECCaX, CIEHUATUCThl HCIOJIB3YIOT a00peBUaTYpHI,
KOTOPBbIE OMPENEIISIOT KOJUYECTBO aTOMOB YTJIEpOAa AJisl YIJI€BOIOPONOB, MPUCYTCTBYIOIINX
MIPEUMYIEeCTBEHHO WM UCKJFOYHUTENIbHO B KaxaoMm ciydae. Takum obpasom, «ppakuus Cl»
npenacTaBisier cobol Gpakmuo, ComepsKaly MPeUMyIIeCTBEHHO WIH UCKIIOYUTEIbHO METaH
(HO OOBIYHO, B HEKOTOPBIX CITy4asix, TAKXKE€ U BOJOPOJ, U TOTJA €€ TaKXKe HA3BIBAIOT «(paKius
C1 munyc»). B cBoro ouepens, «dpakmus C2» mpencrasisier codoi ppakumro, comepskayro
MPEUMYINEeCTBEHHO WM HCKIIOYHTEIBHO JTaH, JTHIeH wwim auetwieH. «®Ppakmus C3»
npencTaBisier coboil  ppakumo, comepiKalyr MPEUMYLIECTBEHHO IMPOMAH, IMPOIUJIEH,
METIJIALETUICH W/ I TiponagreH. To e caMoe COOTBETCTBEHHO MPUMEHUMO K «dpakuuu C4»
U BeICIINM (ppakmusiM. MHOro4HCIeHHbIe (PAKIIUU MOKHO TaKke OOBEANHSTH B 3aBUCUMOCTU
oT mnpouecca w/wiu HazHadeHuss. Harpumep, «ppakumst C2 mIrocy CORepKUT MPEUMYIIIECTBEHHO
WJIH UCKJTIOYHUTEIBHO YIJIEBOAOPOIbI, MMEIOLIHE ABa UK Oojiee aToMa yriepona, a «ppakuums C2
MHUHYC» COIEPKUT MPEUMYLIECTBEHHO WJIM HMCKIIIOUUTENBHO YIIeBONOPOAbI, UMEIOIIUE OIHH
WJIM JIBa YTJIEPOia U, BO3MOKHO, BOJOPO.

B ucrnonb3yeMoil B 3TOM JOKyMEHTEe TEPMHHOJIOTHH CMECH KOMIIOHEHTOB MOTYT OBbITh
Ooratel wnu OeqHbI OOHMM WM Oojiee KOMIIOHEHTAaMH, e «Oorarbiii» MOKET O3HA4aTh
conepkaHue mo Menbine mepe 90%, 95%, 99%, 99,5%, 99,9%, 99,99% wumu 99,999%, a
«OemHBIN» MOXET O3HauaTh coneps:kanue He 6osee 10%, 5%, 1%, 0,1%, 0,01% wmm 0,001% B
MOJISIPHBIX, MAaCCOBBIX HJIM OOBEMHBIX MPOIEHTAX. B HUCHOMb3yeMOW B 3TOM IOKYMEHTE
TEPMHUHOJIOTHH CMECH KOMIIOHEHTOB MOTYT Takke ObITh 00OTaleHbl WM 00eTHEHbI OJTHUM WJIH
0ojiee KOMIIOHEHTaMH, i€ 3TH TEPMHHBI OTHOCSTCS K COOTBETCTBYIOIIEMY COAEPKAHUIO B
Opyroil cMecu KOMIIOHEHTOB (MCXONHOH cMmecH), ©3 KOTOpPOW ObUia  TOJy4YeHa
oOoramneHHas/o0eNHeHHasT ~ CMeCb  KOMIOHEHTOB.  (CMech  KOMIIOHEHTOB  SIBJISIETCSI
«oborameHHOI», korma oHa comepxkutr He menee 1,1; 1,5 2; 5; 10; 100 wmm 1000 ot

COACPIKaHUA COOTBETCTBYHOLECIO KOMIIOHEHTA, UCXOAA U3 HCXOMHOM CMECH, a ((O66Z[H€HHOI>1»,
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Korna oHa copepxut He 6onee 0,9; 0,5; 0,1; 0,01 wim 0,001 ot comep:kaHusE COOTBETCTBYIOIIETO
KOMIIOHEHTA, UCXOJIs U3 UCXOIHOM cMecu. Eciii yka3zaHo, YTO cMeCh KOMIIOHEHTOB COAEPIKUT «B
OCHOBHOM» MJIH «TIO MEHbIIEH Mepe MPEeHMYIIECTBEHHOY» OJWH WU 0oJjiee KOMIIOHEHTOB, 3TO
KOHKPETHO O3HA4aeT, YTO CMeChb KOMIIOHEHTOB MO MeHbLIeil Mepe Oorata ogHUM wiu OoJjee
KOMIIOHEHTaMH B BBILIEYKA3aHHOM CMBICIIE WJIM BKJIFOYAET UCKJIFOUUTENBHO 3TH OJIUH WU OoJiee
KOMITOHEHTOB.

CMech KOMIIOHEHTOB «TOJYYarT» WM «00pasyrT» W3 HUCXOOHOW CMeCH, KOrja OHa
BKJIIOYAET MO MEHBIIEH Mepe HEKOTOPble KOMIIOHEHTBI, MPUCYTCTBYIOLIHE B UCXOTHOU CMeCU
WU MOJTy4YeHHble U3 Hee. CMeCh KOMIIOHEHTOB, MOJyYeHHYI0 MM O0OpPa30BaHHYIO TaAKHM IyTEM,
MOKHO TMOJyYUTh WK O00pa3oBaTh M3 HCXONHOH CMeCH TMOCPEACTBOM OTHEIEHUS WU
OTBETBJIEHUS] YAaCTUYHOTO TOTOKA ONHOTO WiH Oojieeé KOMIIOHEHTOB, OOOTAIleHHBIX WU
OOeTHEHHBIX B OTHOIIEHHWU OJHOTO WK OOJiee KOMIIOHEHTOB, XMMHYECKOTO WK (PU3UIECKOro
npeoOpa3oBaHusl OOHOrO WM Oojiee KOMIIOHEHTOB, HATPEBAHWS], OXJIAKICHUS, TMOBBIIICHUS
JaBJICHUS U T.1I.

JList XapaKTepUCTUKH JaBJICHUS H TEMIIEPATYP B 3asBKE UCTIOJIB3YIOT TEPMUHBI KYPOBEHb
JaBJICHUST» U «YPOBEHb TEMITEPATYPbl», KOTOPBIE MPEIHA3HAYEHBI ISl TOTO, YTOOBI OTPA3HUTh TOT
(dakT, 4TO COOTBETCTBYIOINME NABJIEHHE U TEMIIEPaTypbl B COOTBETCTBYIOIIEH YCTAHOBKE HE
ClIelyeT HCIONb30BaTh B KAueCTBE TOUHBIX 3HAYCHWUN JABJIEHUS W TEMIIEPaTypbl, HYTOObI
OCYLIECTBUTh KOHIENUUIO u300pereHusi. OOHAKO Takue NaBJICHUE U TEMIepPaTypbl OOBIYHO
U3MEHSIOTCA B TpeAeNaX KOHKPETHbIX Juamna3oHoB, Hampumep, * 1%, 5%, wm 10%,
OTHOCHUTEJIbHO CPEHEro 3HaueHHUs. 37eCh BO3MOYKHO, YTO COOTBETCTBYIOLINE YPOBHH JaBJICHHUS
U YPOBHU TEMIIEPATYPHI JIEXKAT B HEMEPEKPHIBAIOIIUXCS TUANA30HAX HJIM B MEPEKPHIBAOLIUX CSI
auarna3oHax. B 4acTHOCTH, YpOBHU HaBJIEHHsI OXBAaThIBAIOT, HAMPHUMED, TMaJeHUs IABJICHUSI,
KOTOpbIe HEM30EKHBI WU SIBJISIFOTCST OXKUIAEMBIMK, HATIPUMED, 3a cUeT 3P(HEKTOB OXJTAKICHHSI.
DTO Takke CIPaBENJIUBO IJIsl YPOBHEHW TeMIeparypbl. YPOBHU JABJICHUS, YKa3aHHbIE B 3TOM
nokymente B MIla (6ap), oTHOCATCS K aDCOTFOTHOMY JaBJICHUIO.

«TernooOMEeHHUK» CITY>KHUT U HEMPsIMOHM Iepenadd TeIula MEXAy MO MEHbLIEH Mmepe
IBYMsI TIOTOKAMH, HAIPABJIIEMbIMH, HATIPUMEP, B MMPOTUBOTOKE APYT K APYTYy, Hampumep, Oosee
TeIUTbIA Ta3000pa3HbIil CXKATBIM MOTOK M OAWH WM Oojiee OMHOTO OoJiee XOJOMHBIX KUIKHX
NMOTOKOB. Termioo0OMeHHHK MOKeT ObIThb 00pa3OBaH M3 €AMHCTBEHHON TEIUIOOOMEHHOW CEeKIUH
VI MHOKECTBA COEIMHEHHBIX MapajuIeIbHO W/WIN TOCIeNOBATEIbHO TeIIOOOMEHHBIX CEKIUH,

HanpuMep, U3 OAHOro Wiu Oojiee OJIOKOB IUIACTUHYATBHIX TETNIOOOMEHHUKOB. TernooOMeHHUK
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UMeeT «MPOXOAbI», OOpa3oBaHHbIE B BHUIE OTHENbHBIX KAaHAJIOB [UIs TEKydel Cpenbl ¢
TETJIOOOMEHHBIMH ITOBEPXHOCTSIMH.

B TepMUHONIOTMH, HCMOIb3YEMOH B JAHHOM JOKYMEHTE, «PeKTH(UKALIOHHAS KOJIOHHAY
npencTasisier coOoil ONOK pa3feseHus, yCTAaHOBJIEHHBIN Ul MO MeHbLIeH Mepe YaCTHYHOIO
(pakMOHNPOBAHMS CMECH BEIeCTB (TEeKy4el cpezbl), MPEeAOCTABIEHHOH B ra3000pa3HOil win
xuakoil ¢opme minm B (opme nByx(asHOW CMeCH, UMEIOINeH JKUAKHEe U Tra3000pa3Hble
KOMITOHEHTBI, BO3MOKHO Ja)Ke€ B CBEPXKPUTUYECKOM COCTOSIHUH, T.€. JJISI TIOJYYEHHs YUCTBIX
BELIECTB MJIM CMeCel BEeINeCTB, B KaKAOM Cjydae, W3 CMECH BELIeCTB, KOTOpbIC
oOorammensl/00enHeHbl WM OoraTtbl/OeHbI B OTHOIIEHHMH IO MeEHbINEH Mepe OIHOTro
KOMITIOHEHTa 10 CPaBHEHHMIO CO CMEChIO BEIIECTB, B CMbBICJIE, YKa3aHHOM BBILIE.
PexTuduKaMOHHbIE KOJIOHHBI JOCTATOYHO H3BECTHBI B OOJACTH TEXHOJOTMH pa3ieieHUs.
PexTuduKalMOHHbIE KOJOHHBI OOBIMHO HMMEIT (QOPMY LIMJIHHAPUYECKHX METaUTHYECKHUX
COCYZIOB, CHaOKEHHBIX BHYTPHUKOPIYCHBIMU YCTPOWCTBAMH, HATIPUMEp, CUTYATHIMU TapeKaMu
WIH YIOPSIOUEHHbIMUA WM HEYNOPSAOYEeHHBbIMH HacaakamMu. OJHOW XapaKTepUCTHKON
PEeKTU(PHUKALMOHHON KOJIOHHBI SIBJISETCS TO, YTO B HWJKHEH ee 00JacTH, Takke Ha3bIBAEMOW
IHOM, OTHENSIOT KHUAKYI (pakiuo. DTy SKUAKYI (Qpakiuio, KOTOPYH B 3TOM IOKYMEHTE
Ha3bIBAIOT KyOOBOW JKHAKOCTBIO, HArpeBalOT B PEKTU(PUKALMOHHON KOJOHHE MOCPEICTBOM
peboiinepa, Tak YTO 4YacTh KyOOBOW SKHMAKOCTH HEMpPEPHIBHO MCHAPSIETCS U MOAHUMAETCS B
razoobpa3Hoil gopMe B peKTU(PUKALIMOHHOW KOJIOHHE. PeKkTn(ukarmoHHas KOJOHHA TakKxke
cHa0’keHa TaK Ha3bIBAEMBbIM BEPXHUM KOHAEHCATOPOM, B KOTOPBIH MOJAIOT MO MEHbILIEH Mepe
YaCTh Ta30BOI CMECH, KOTOpasl HAKAIUIMBAETCSI B BEPXHEH 4acTH PeKTH(HUKALMOHHON KOJOHHBI,
WJIH COOTBETCTBYIOIIMI YHUCTBIN a3, HA3bIBAEMbIi B TOM JJOKYMEHTE BEPXHHM a30M, YaCTHIHO
COKIDKAIOT €ro, 4ToObl MOJYyYHTh KOHIAEHCAT W MPUMEHHTh B Ka4deCTBE BO3BPATHOTO MOTOKA
JKUIKOCTH CBEPXY PEKTH(HUKALMOHHON KOJIOHHBL YacTh KOHAEHCATA, MOJYyYeHHOIO 13 BEPXHETO
rasa, MOKHO HCIIOJIb30BaTh HECKOJIBKO APYTHM My TEM.

«OTnapHasi KOJIOHHA» OTJIMYAETCS OT PEKTU(PHUKALUOHHON KOJIOHHBI MO CYLIECTBY
OTCYTCTBHEM BEPXHErO KOHAEHCATOPA M TE€M, 4TO JISl pa3[esieHHs He MCIOJb3YIOT BO3BPATHBIN
MOTOK, 00pa30BaHHbIN BepXHUM ra3oM. OHAKO JJIsl KUIKOCTEH, KOTOPbIE AAKOT OMpeAeIeHHbIN
BO3BPATHBIN MOTOK MJIHM MOCPEACTBOM KOTOPBIX KHMIKas (Gpakiisi MPOXOJUT BHU3 B OTMAPHOM
KOJIOHHE B OOMEHe C Ta30Boi (pa3oii, MokeT ObITh obecreueHa nojgaya B OTIAPHYIO KOJOHHY Ha
paznuuHbIX BbicoTaX. OHAKO OTMapHasi KOJIOHHA, UCTIONIb3yeMasi B M300PETeHUH, MPEACTaBIISET

co0oii ycTpoiicTBo, paboTaromee 0e3 BHYTPEHHEr0 KOHASHCAaTa BEPXHETO rasa.
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B OTHOWIEHUN KOHCTPYKLMH U KOHKPETHOH KOH(PUTYpaLnu peKTU(PHUKALUOHHBIX KOJOHH
U JIPYTUX Pa3/eNUTENbHBIX KOJIOHH, CAENaHa CChUIKA Ha MOAXOnALINE yueOHble MmocoOus (CM.,
Hanpumep, Sattler, K: Thermische Trennverfahren: Grundlagen, Auslegung, Apparate
[[Tpouecchl TEpMHUYECKOTO pa3/ieeH s OCHOBHbIE NPUHLIUIBI, KOHCTPYKIMU M anmapatsl], 3rd

edition 2001, Weinheim; Wiley-VCH).

IMpeumymecTBa n300peTeHUs

B o0mem, B u300peTeHHMH TPENJIONKEH CIOCO0 pa3deNieHUus] CMECH KOMIIOHEHTOB,
conmep:kaliel BONOPOA, METaH, VIJIEeBOAOPOAbI, HMEIINNE JBa aroMa yrjiepoaa, W
YTJIEBOIOPO/bI, MMEIOIUE TPU WK Oosiee aTOMOB yriiepoga. Criocod BKITIOYAET E3TaHU3ALHIO
W JIeMETaHUW3aLHUIo, MPH 3TOM JeMETaHW3alus CleayeT 3a JedTaHu3anueit. B crmocobe, kak
W3BECTHO B 3TOM OTHOIIECHHH, CHaJasa, MPH Ae3TaHU3ALNH, OTACSISIFOT N0 MeHbluel mepe 95%,
96%, 97%, 98% wunmu 99% yriaeBOoJOPONOB, UMEIOIINX TPH WK OOJiee aTOMOB yriiepoaa OT IO
MEHbIIEH Mepe YaCTU CMECH KOMIIOHEHTOB HJIM ra30BOM CMECH, a 3aTe€M, MPU JIeMETaHHU3aLUY,
OTHENSAIT No MeHblnel mepe 95%, 96%, 97%, 98% wumm 99% wmerana u BogopoAa OT
ocraBierocsi ocrarka. UroObl m30exaTh HENONMOHMMAHHUS, CIEAYyeT MOMYEPKHYTb, YTO TIOJ
«OCTaBIIMMCSI OCTATKOM» IE3TAHU3ALMH IMOHUMAIOT (PPAKIIHI0, COCTOSIIYIO MPEUMYIIEeCTBEHHO
WM UCKJIIOYUTENBHO U3 YIJIEBOJOPOAOB C JIBYMsI aTOMaMM VYIJIEpOJa, ME€TaHAa U BOAOPOJA.
Uzobperenue, Takum 00pa3oM, OTHOCUTCS K CHOCO0Y, Te Ae3TaHH3aTOp MCIOJb3YIOT MEPBBIM,
WM K CIOCO0yY, HAYMHAIOLIEMYCsI C IEITAHU3AaTOPA, KaK B MPUHLIUIIE H3BECTHO B TEXHUKE.

B xoHTekcTe M300peTeHus: Mo MEHbLIeH Mepe YacTh CMECH KOMIIOHEHTOB IMOIBEPraroT
374eCh TEpPBOM YaCTUYHOW KOHIEHCALUHM TOCPEICTBOM OXJIAKIEHUS OT TMEPBOTO YPOBHS
TEMIIEPATYPbl O BTOPOrO YPOBHS TEMIIEpATypbl NpPHU TEPBOM YPOBHE MaBJIEHUs, 4YTOObI
MOJIYYUTh TEPBYH Ta30BYK) (PAKIUI0 W MEPBYIO KUAKYK (paknuo. I[lepByro rasosyro
(bpaKku0 U MEPBYIO KUAKYIO (QPaKIUI0 B 3TOM H300peTeHUH OOPa3yIOT TONBKO MOCPEICTBOM
KOHJICHCAIMOHHBIX CPEACTB B XOJ€ YaCTUYHOM KOHAeHcaluu. «TOoJpKO KOHAEHCAITMOHHOE)
oOpa3oBaHue OoJiee KOHKPETHO TMOHMMAKOT KaK TO, YTO HpU OOpa3OBaHUHU MEPBOUM Ta30BOM
bpakuuu W MepBOUN KUAKOW (PpakuMu HE HCMOJB3VIOT HUKAKMX BO3BPATHBIX IMOTOKOB, T.€.
HUKAKON TIOTJIOIIAOIIEH J>KUAKOCTH Ui HM3BJICYEHUS] KOHKPETHBIX KOMIIOHEHTOB. Takum
oOpa3om, obIee KOJUIEeCTBO MEePBOM ra30Bol (hpakumuu, 0Opa30BaHHON 32 KOHKPETHBIN MEPHON
BPEeMEHH, W TIePBOH KUIKOW (pakumu, OOpa3OBaHHOH 3a TOT K& TMEpPHOA BPEMEHH,
COOTBETCTBYET, B KOHTEKCTE H300pETeHHs], KOJUYECTBY CMECH KOMIIOHEHTOB, KOTOPYIO

UCTIONB3YIOT Il 00pa3oBaHUs NMEepBOi ra3oBoi (pakuuu U nepBod >kunkoi ¢pakuuu. Takum
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o0pa3oM, B OTOM acmeKTe Croco0 COrJIaCHO U300pPETeHHI0 OTJIMYaeTcss OT CHocoOoB
JE€3TaHU3allUU COTJIACHO TNPEIIECTBYIOIIEMY YPOBHIO TEXHUKM, I7e HCHoab3yroT «C3
abcopOeper»y. B C3 abcopOepe mogoOHBIM 00pasoM 00pasyrOT MEPBYIO Ta3oBYHO (PakLUI0 U
HEePBYIO JKUAKYIO (PAKIHIO, HO ¢ TIOa4Yell BO3BPATHOI'O MOTOKA, YTOOBI M3BJIEUb YIIIEBOAOPOIHI,
UMEIOIIHE TPH aTOMA YIJIEPOia, KOTOPbIE HE MOJHOCThIO KOHASHCUPOBAIHMCH U3 Ta30BOU (a3bl.

CMech KOMIIOHEHTOB, KOTOPYHO TOJABEPIJIM OXJAKACHHIO OT TIEepPBOrO YpPOBHS
TEMIIEpaTypbl 10 BTOPOTO YPOBHsS TEMIEPATypbl MPU MEPBOM YPOBHE NABJIEHUS, B OCHOBHOM
BKJIFO4aeT oT 32 10 36 monbH.% Bomopona, oT S 1o 8 MonbH.% MeTaHa, BIUIOTh 10 57 MoJbH. %
yIJIEBOAOPOAOB, UMEIOLINX [Ba aTOMa yrIiepoAa, U BIUIOTH 0 4 MoybH.% YTIJI€BOJOPOJOB,
UMEIOIINX TpH Wi Oojiee aToMOB yriepona. Takum oOpa3om, n3obpereHue 0COOEHHO MOIXOAUT
IJIs TaKUX Ta30BbIX CMECEH, KOTOpble MOCTYMalOT M3 IPOLIECCOB MApOBOr0 KPEKUHIa
ra3o00pasHoro ceipbsl. 'a3000pasHOE ChIPbE BKIIFOYAET MPEUMYIIECTBEHHO MIIH HCKIIFOYHTEIBHO
3TaH Wi 3TaH W npomad. [lepsas rasosas ¢pakius, oOpa3oBaHHAas NMPU MEPBOH YaCTHUIHON
KOHJIEHCAI[MH, B YaCTHOCTH BKJItouaeT OoT 43 a0 47 monbH.% BOmopoma, or 7 10 9 monbH.%
MeTaHa, oT 42 no 45 monbH.% yrieBogopOAOB, UMEIOIINX ABa aroMa yriepona, u ot 0,5 mo
0,7 MmopH.% YTJIEBOIOPONOB, MMEIOIMUX TpU WM Oonee aromoB yriepona. Ilepsas skumkas
¢bpaxuus, oOpa3oBaHHas MPH MMEPBON YACTUYHON KOHAEHCAINH, B YaCTHOCTHU BKJIFOYAeT OT 1 10
2 monbH.% BOmopoxa, oT 2 no 3 mMosbH.% MeraHa, or 82 no 85 MoibpH.% yriieBOIOPOIOB,
UMEIOLIMX [Ba atoma yriepona, u oT 10 mo 13 monbH.% yrneBogopoaOB, UMEKOLINX TPU WUJIH
Oonee atomoB yriepona. [lpyrumm cioBamu, mepBasi rasoBasi (pakuus BCe eIle COAEpPIKUT
3HAYUTEJBHOE KOJIMYECTBO YTIJEBOAOPOAOB, UMEKINUX TPH WK Oojiee aTOMOB YIJIEpOJa,
KOTOpbIE MOJUIeKAT U3BJICUCHUIO. B KOHTEKCTe M300pETeHUsT 3TO OCYLIECTBISIFOT, KaK OMUCAHO
HIUKE.

B xoHTekcTe wu300peTeHHs MO MeHbIIEH Mepe 4YacThb NepBOi ra3oBoi (pakiuu
MOJIBEPTal0T BTOPOIl YaCTHUYHOI KOHAEHCALUU MOCPENCTBOM OXJIAXAE€HUsS OT BTOPOTO YPOBHS
TEMIIEPATypbl O TPETHErO YPOBHS TEMIIEPATypbl MPU MEPBOM YPOBHE NABIEHUS, YTOOBI
NOJIYYUTh BTOPYIO Ta30BYI0 (PAaKLMIO M BTOPYIO JKUIOKYIO (pakuuio. B cBs3m co BTOpoi
YaCTUYHOW KOHJIEHCALMEH, YIJIeBOJOPOIAbl, MMEIOLINEe TpU Hiau Oojee aTOMOB VIJIepona,
KOTOpbIE O 3TOr0 MPUCYTCTBOBAJIM B IEPBOH ra30BOH (pakUUH, OTAEISIOT OO BO3MOKHOTO
OCTaTOYHOTO copepkaHusi. Bropast razoBast ¢pakuus, oOpa3oBaHHAsl MPU BTOPOH YaCTUYHOU
KOHJIEHCAI[MU, B YAaCTHOCTH BKJIOYAeT OT 59 mo 62 monbH.% Bomopona, oT 9 no 11 monbH.%
MeTaHa, oT 29 1o 31 mMonpH.% yrieBonopoa0B, UMEIOLINX ABA aTroMa yriepoaa, u ot 0,6 no 0,9

MOJIBbH.% YTJIE€BOAOPOAOB, HMEKIIUX TpU WiIu Oonee aroMoB yriaepoga. Bropas skumkas
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¢bpakuus, oOpa3oBaHHAsE MPU BTOPOH YaCTUYHON KOHAEHCALMU, B YaCTHOCTU BKJIIOYaeT OT 1,5
1o 2 monbH.% Bomopona, ot 3 1o 4 monbH.% MertaHa, oT 89 1o 92 monbH.% yrieBOAOPOIOB,
MMEIOLINX /1Ba aTOMA YIJIeposia, U oT 2 10 3 MOJbH. % yIiIeBOJOPOAOB, UMEIOLINX TPU WU Oolee
aromoB yriepona. OOpazoBaHue BTOPOW ra3oBOH (pakiiK U BTOPOH JKHIKOH (PPaKLUM TaKkKe
BBITIOJIHSIOT TOJIBKO € TIOMOIIBIO KOHAEH ALY, T.€. 0e3 NpruMeHeHns: a0copOepoB, Kak MOsICHEHO
BBILIIE.

Omnepanyu B KOHTEKCTE U300peTEeHHs] AOMOJHHUTENBHO BKIFOYAKOT TO, YTO MO MEHBINEH
Mepe 4YacThb MEepPBOH KUAKOH (Ppakuuy M MO MEHbIIEH Mepe YacThb BTOPOH KUAKOH (ppakuuu
NOJBEPTaOT PEKTU(PUKALIMH, YTOOBI MOJYUYUTh TPETHIO Ta30BYI0 (PPAKIUIO U TPETHIO JKUAKYIO
¢bpakumto. 1ist 3T0H peKTH(HHUKALUN BO3MOKHO HCIIOIB30BaTh PEKTH(HUKALMOHHYIO KOJIOHHY, Ha
KOTOPYIO CCBUIAIOTCS B JAHHOM JOKYMEHTE Jayiee, 1 B OCOOEHHOCTH TaK)K€ IMPH ONMUCAHHU
yepTekel, Kak Ha KOJOHHY Je3TaHu3aluuu. B JaHHOM ciydae 3TH TEPMHUHBI SIBJISIOTCS
CHHOHMMaMH. B HIDKHEH 4acTH COOTBETCTBYIOIIEH PEeKTH()UKALMOHHOW KOJOHHBI B OCHOBHOM
OTAEJSIFOT YIJIEBOIOPOIbL, MMEIOIINE TPH HIIM 0OJIee aTOMOB yTriIeposa, TaK UYTO BEPXHHH ra3 3
PEeKTU(UKALMOHHONW KOJIOHHBI, KOTOPYIO HCIOJNB3YIOT Ui OOpa3oBaHHUs TpPeTbed ra3oBoi
¢dpakumy, 1Mo CymecTBy He COAEPKUT TAKUX KOMIIOHEHTOB.

B xoHTekcTe wu300peTeHMs BTOPYIO Tra3oByk (pakuuio (mocie BTOPONW YaCTUYHOM
KOHJIEHCALIUU OT BTOPOrO A0 TPETHEro YPOBHS TEMIIEPATyphl), a TAKXKE TPETHIO Ta30BYIO
¢bpakumio (u3 pekTudUKanum) 00pa3yrT TaKUM 00pa3oM, YTO OHH BKIIOHAKOT Oonee 95%, 96%,
97%, 98% wunu 99% Bomopona, MeTaHa U yIJeBOIOPOAOB, UMEIOINX ABa aToma yriepoga. C
APYTOH CTOPOHBI, TPETHIO KUIKYIO (PpakLnio 00pa3yroT, B KOHTEKCTe H300pETEHHsI, TaK, YTO OHA
BKJItOUaeT Oosee 95%, 96%, 97%, 98% wumu 99% yrieBomoponOB, UMEIOIIUX TPU MU OoJiee
aTOMOB yIJIepoJa.

IIpy WCHONB30BAHWMU TPANULMOHHBIX CTAAMN JEITAHU3ALUU TakkKe OOpasyrT aBe
rasoBble (PpakLKK, HO 3[IECh UX OTBOISAT, KaK TAKXKe MPOMJUIIOCTPHPOBAHO B CBsi3U ¢ ¢ur. 1, u3
Bepxa C3 abcopbepa m 3 Bepxa KOJOHHBI nesTaHu3alu. B koHtekcte m3obperenus C3
abcopOep He Tpebyercsi, W MO3TOMY CHocod COTJIACHO H300PETEHHIO MOXKHO MPOBOIUTH CO
3HAYUTEIbHO MEHBIIUMH CJIOXKHOCTSIMU. B koHTekcTe m3oOperenusi C3 abcopbep 3ameHeH
NEepBOM YaCTUYHON KOHJEHCALUeH B COYETAaHUU CO BTOPOH YaCTUYHOW KOHJEHCALUEH ra3oBON
¢dpakumny, oOpa3OBaHHON NPHU OXJAXKIEHHH OT BTOPOrO YPOBHSI TEMIIEPATYpPhbl IO TPETHETO
YPOBHA TeMIepaTypbl NpPU NEPBOM YPOBHE [aBJIECHUs, I[€ BTOPYIO JKHAKYHO (pakuuio,
00pa30BaHHYIO IIOCPEACTBOM BTOPOH YAacCTUYHON KOHAEHCAlMM (a2 HE TIOTOK BEIIEeCTBa,

oOpaszoBanHbiii B C3 abcopbepe, kKak NPOMIUIIOCTPUPOBAHO Ha (ur. 1), HampaBisSIOT B
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PEKTU(UKALMOHHYIO KOJIOHHY, TZi€ €€ Pa3lelsiioT C MOJTyuYeHHeM TPEeThel ra3oBoil Gppakuuu u
Tperbeil sxunkoi Qpakuun. Criocod 1mo M300pETEeHHI0 MOXKHO OCYILIECTBISTH 0€3 Kakux-JIH0o
3HAYUTEIbHBIX W3MEHEHMH TEXHOJIOTHYECKUX CTaJuil HIDKE IO MOTOKY OT Je3TaHH3aluH,
HIOCKOJIbKY TETNIOOOMEHHUKH, OXJIAKAAOIINE areHThl U T.J., KOTOPbIE UCIIONB3YIOT IS TIePBOIt
Y BTOPOH YaCTHYHOHM KOHAEHCALMH, YK€ MPHCYTCTBYIOT B COOTBETCTBYIOIIEM CIOCOOE HIIM B
COOTBETCTBYIOLIEH YCTAHOBKE, U MIO3TOMY MX MOKHO MPOJOJIKATh HCIIOJIb30BATb.

CornacHO M300peTeHHI0, MEePBYIO KUAKYI (PaKIMIO WIH €€ YacThb, IMOIBEPraeMyIo
pekTH(UKALNN, WU BTOPYIO KHIKYIO (PPAKIMIO MM €€ YacTh, MOJIBEPraeMyr PeKTH(HUKAIHH,
nepen pekTuduKanueil pacIpsIrOT OT NEPBOTO YPOBHS JABJIEHUS 10 BTOPOTO YPOBHSI TaBJICHUS,
U PEeKTH(UKALUIO OCYLIECTBISIIOT NPU BTOPOM YPOBHE JABJCHHUS, NMPHUYEM MEPBBIA YPOBEHb
maByeHus cocrasisier oT 2,5 no 3,5 MlIla (ot 25 no 35 Gap), a BTOpoll ypOBEHb NaBJICHUS
coctansier ot 1,4 MIla no 1,7 MIla (ot 14 mo 17 ©Gap). IloaTomy B m300peTeHHH Ipu
peKTH(UKALNN HUCTONB3YIOT OTHOCHTEIBHO HHU3KOE AABJIEHHE IO CPABHEHUIO CO CTaJAMsSIMHU
KOHJIEHCALIUH.

N3-3a Oonee HU3KOTO NABJICHUS, UCIOIB3YEMOro NpU PeKTUPHUKALNN U A€ TAHU3ALUN
B Ipeaenax o0beMa 3alUThl H300pETEeHUs, MOLIHOCTb KOHAEHcaluu, Tpedyemas s
KOHJIEHCALIMM BEPXHEro IOTOKA ra3a ropaslo HIDKe, 4eM Ipu Oojee BBICOKOM JaBIEHUU.
ITosToMy MOXHO paboTaTh C NMPUCOEAWHEHHBIM CBEPXY KOHIEHCATOPOM B Ipenesiax o0bema
3amuthl n3o0perenus. He tpebyercst cocyna nis (iaerMel cHapy»ku KOJIOHHBI, UCIIONb3YEeMOH
AUl pekTUdUKaLUy, U Hacoca Ayt obecneuenus (uermsl anst pekrudukaunu. Kpome toro, npu
Oonee HU3KOM MABJICHUM 3HAYMTENBHO CHIDKAETCSl 3aCOPEHHE OTJIOKEHUSIMH B COOpPHHKE M B
Ooitnepe UCIoNb3yeMOi KOJIOHHBI.

UzobpeTeHne  Takke  OPEAOCTABISIET  BO3MOXKHOCTH  obecrieuuBaTh  (uiermy
pekTuduKaLuu ¢ UCTIONB30BaHNeM ToibKo C3 oxnaxkneHust. [TosToMy, cornacHo n300peTeHuro,
BEpXHHUII TOTOK rasza, OOpa3oBaHHBINI B IpOLECCe OXJIAXKICHMs, OXJAXKHAT (TONBKO) 10
TeMrepatypbl OoT —25 10 —35°C ¥ YacTUYHO KOHAEHCUPYIOT, NPU 3TOM KOHJEHCHPOBAHHYIO
9YacTh BEPXHEr0 NOTOKAa ra3a HCHOJB3YIOT YaCTUYHO WJIM TOJHOCTBIO B KauecTBe (hyierMsl
pekTu(dUKaIny, a HECKOHIEHCHPOBAHHYIO YacTb BEPXHEro IIOTOKA Tra3a MpPEAOCTaBISIOT,
YaCTUYHO WJIM MTOJTHOCTBIO B KAUECTBE TPEThell ra30Boi (ppakuuu.

KoHzneHCcupoBaHHYI0 4acTh BEPXHEro IOTOKA ra3a NMPEUMYIIECTBEHHO BO3BPAILAKOT B
PEeKTU(UKALMOHHYIO KOJIOHHY, UCTIONB3YEMYIO Ui peKTuuKauy, 6e3 NCIOIb30BaHU HAcoca
1uist (bJIerMbl W/WIIK BHEIIHETO COCyAa st (pyierMbl, 1 BEPXHUI KOHIEHCATOP MPEUMYIIEeCTBEHHO

pa3MelIeH CBepXy KOJIOHHBL. JTO O3HA4YaeT, B YaCTHOCTH, UTO (pjierMy MOJArOT B KOJOHHY B
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(dopme KOHAEHCUPOBAHHOM (PPaKINH, WM COOTBETCTBYIOIINM 00pa30M HCIIONb3YeMOH €€ 4acTH,
0e3 UCIOIB30BAHUS KOMILIEKTA TPYOOK, MPOXOASIINX HAPY)KY KOJOHHBI.

B cnocoGe corimacHo H300peTEHHIO MEpPBBII YPOBEHb [ABJIEHUS NPEANIOUTUTEIBHO
cocraisieT ot 2,5 no 3,5 MIla abc. (ot 25 o 35 Gap abc.), Oonee npennoyTuTeNHHO OT 2,8 10
3,0 MIla abc¢.(or 28 no 30 Gap abc¢.). Hanpumep, npumepHo 2,9 MIla abc. (29 Gap abc.). B
KOHTEKCTE M300peTeHHsI BTOPOU YPOBEHb JAABJICHHS MOKET MPENNOYTHTEIBHO COCTABISATh OT 1,2
1o 1,6 MIa a6¢. (ot 12 go 16 6ap abc.), Hampumep, npumepro 1,4 MITa ab¢. (14 6ap abdc.).

B cmocobe corimacHo M300peTEHUI0 TEpPBbIi YPOBEHb TEMIIEPATYPbI COCTABIISIET
npeanoututesibHo oT 0 1o 50°C, 6onee mpennourutenbHo ot 10 1o 30°C, Hanpumep, MPUMEPHO
20°C, T.e. MO CYyLIECTBY MPEACTABISIET COOON TeMIepaTypy OKpysKaromei cpeapl. B KOHTeKCTe
N300peTeHnst BTOPOH YPOBEHb TEMIIEPATYPBI MOXKET COCTABJISATD MPENNOYTHTEIBHO OT —30 10 —
40°C, Oomee mnpeamoututenbHo oT —33 mo -37°C, wnHampumep, mnpumepHo —35°C.
CooTBercTByrOIEee OXJAKICHHE A0 BTOPOrO YPOBHS TEMIIEPATYPBI MOXKHO MPEANOYTUTENBHO
BBIMIOJIHSATh C HCMONB30BaHWEM mnoaxonsmero C3 (MpomwieH) OXJaKOAroIero areHTa B
COOTBETCTBYIOILIIEM TEIUIOOOMEHHUKE. B KOHTekcTe H300peTeHHs] OXJaKAEHHE IO BTOPOTO
YPOBHA TEMIEpPATypbl MOXKHO BBINIOJHATH ITOCPENCTBOM JOTMOJIHUTEIBHOTO HCIOIB30BAHUS
IIOTOKOB BEIECTBA HJIM CMECE KOMIIOHEHTOB B CIIOCOO€ MJIM B MPOLIECCAX HUXKE IO IMOTOKY,
HampuMep, CMeCH KOMIIOHEHTOB, NPEUMYIIECTBEHHO WM HCKJIIOYUTENbHO CconepsKaieit
BOZAOPOA M MeTaH, oOpa3oBaHHOW B crocode (KOTopas omnmcaHa jpanee Kak (paxuus,
comepkamast Oonee 95% Bomopoma M MeTaHa U3 JOMOJHUTEIBHOTO Pa3IeNUTEIbHOIO
ycTpoiicTBa), W (pakuuy, OOpa3OBaHHOW HAa CTaAWM pas3feNieHHs HIKE MO TOTOKY
(paznenutenbHas kojoHHa C2), comeprkaliel NpenMyIeCTBEHHO WIN UCKITIOYUTEIBHO STaH.

B koHTekcTe M300peTeHUsT TpeTUd YpOBEHb TEMIIEPATYPhl MOXKET COCTaBIISTh
npeanodTuTesibHo ot —50 mo —60°C, Oonee mpeanoyrutesnbHO OT —52 1o —56°C, Hampumep,
npuMepHo —54°C. CooTBeTcTByIOLIEe OXJaXIEHHE O TPEThEero YPOBHs TeMIEepaTypbl MOXKHO
NPEANOYTUTENIFHO BBIMOJHITh C UCIONb30BaHUEM noaxoznsmero C2 (3THJIEH) OXJIaXkKIAroIero
areHTa «BBICOKOTO JaBJIEHHs» B COOTBETCTBYIOLIEM TeruiooOMeHHUKe. COOTBETCTBYIOLIHMHA
OXJIAKIAFOIINI areHT MPeINOYTUTEIbHO HAXOMUTCsl Ha ypoBHe aasyenus 0,8 no 0,9 MIla alc.
(ot 8 1o 9 Oap abc.). B koHTEKCTE N300pETEHNs OXJIAKICHUE 0 TPETHErO YPOBHS TEMITEPATYPHI
MOXXHO TONOOHBIM O0pa3oM BBINMOJNHATE C IOMOINBI JIOMOJHHUTENBHOTO HCIOIb30BAHUS
MIOTOKOB BEIECTBA HJIM CMECEH KOMIIOHEHTOB B CIIOCOO€ MIIM B MPOLIECCAX HUXKE MO TOTOKY,
HanpuMep, CMEeCH KOMIIOHEHTOB, OOpa30BaHHONH B crocobe, MPEeUMYLIECTBEHHO WIIH

UCKJIFOYUTENIbHO COZeprKameil BOIOpox M MeTaH, W (pakuuy, oOpa3oOBaHHOM Ha CTaguu
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paszeneHus HIbKe 1O MOTOKy (paszenutenbHast kojgoHHa C2), comepskainell mpeuMyInecTBEHHO
WIA UCKJIFOUYMUTENIbHO 3TaH. KpoMe TOro, nis oxjaxIeHus A0 TPEThEro ypOBHS TeMIlepaTypbl
TaKXKe BO3MOXKHO HCIOJb30BAaTh CMECh KOMIIOHEHTOB, KOTOPYIO 00pasyloT B crocole U 3aTremM
HANpaBJSIIOT HA CTAAMI0 pAa3feleHUs] HIDKE IO TOTOKY (IeMeTaHM3alusi), BKIJIIOYAOIIYIO
INPEUMYIIECTBEHHO WJIM HUCKIKYUTEIbHO YIJEBOAOPOABI, MMEIIIME [Ba aToMa yIJIepoza.
OxnaxkneHue 1O TPeThero YpOBHS TEMIIEPaTypbl MPEANOYTHTENIBbHO TakK)Ke BBINOJHSIOT B
NPOTUBOTOKE K YK€ YIOMSIHYTOH JKHIKOH (pakiuu, oOpa3OBaHHOW TMPHU BTOPOH YaCTUYHOM
KOH/ICHCALIUU.

B koHTekcTe M300peTeHHs] TPEThIO Ta30BYI0 (Ppakuuio 0Opa3yroT MpU PeKTU(DHUKALINH,
Onaronapst onepanysM COTIACHO M300PETEHHUIO, IPEATIOUYTUTENILHO MTPH YPOBHE TEMITEPATYPhI OT
—25 no —35°C, Gonee mpeanouyrurensHo OT —28 no —32°C, Hanpumep, npumepHo —30°C. Dtu
TEMIIepPaTyphl MPEICTABISIOT COOOH TeMIepaTypbl, UCIOIb3yEeMbIE Ui KOHIEHCALUN BEPXHETO
MOTOKA ra3a COOTBETCTBYIOLIEH KOJOHHbL Kak OTMEUeHO, 3TO MOXKHO MPEANOYTUTENBHO
BBITIOJIHSITh B CBSI3M KOHJEHCALMEH BEPXHEro rasa ¢ momoinpio noaxozsmero C3 (mpomnuieH)
OXJIAXKJAIOLIEr0 areHTa. J[pyruMu cioBaMH, B KOHTEKCT€ M300peTeHHs] PeKTH()HUKALNOHHYIO
KOJIOHHY, KOTOPYIO OXJI&KAAIOT C TIOMOILBIO BEPXHEr0 KOHAEHCATOPa, KOTOPBINA SKCILTyaTUPYIOT
C TIPONUJIEHOBBIM OXJIAKAAIOLINM areHTOM, MPENOYTUTENbHO UCTIONB3YIOT I PEKTU(UKALINY.
B koHTekcTe u300peTeHHs] TPEThI0 SKUAKYI0 (Ppakuuio O0O0pasylT B peKTU(PUKALIMOHHON
KOJIOHHE IIPEUMYIIECTBEHHO IIPU YPOBHE TeMIlepaTypel ot 65 1o 75°C, Gonee npennoYTUTENbHO
or 68 mo 72°C, nampumep, npumepHo 70°C. DTOro MOXKHO MPENNOUYTUTENBHO IOCTUYD,
HarpuMmep, MOCPEACTBOM HCIIONBb30BaHMs pedoiiyiepa, 3KCILIyaTHUPYeMOro C BOISHBIM IapOM
HU3KOT'O 1aBJICHUSI.

B koHTekcTe M300peTeHHss BTOPYIO Ta30BYI (PPakLUIO U TPETHIO Ta30BYI (PpPaKLHUIO,
KOTOpBIE YXKe MO CYLIECTBY ObUTH OCBOOOKAEHBI OT YIJIEBOAOPOIOB, UMEIOIIUX TPU MK OoJee
aTOMOB yTJIEpOAa, HAa TEXHOJOTHYECKUX CTAUSAX, ONMMCAHHBIX BbILIE, MOJAIOT B AEMETAHU3ATOP,
PACTIONIOKEHHBIN HU)KE TI0 MOTOKY. DTO MPEANOUYTHTENbHO oOpasyeT (Gpakuuio, COmeprKalnyro
bosee 95%, 96%, 97%, 98% wnu 99% Bomopona u MetaHa, u (QpaKLHIO, COAEpKAIIYIO Oojee
95%, 96%, 97%, 98% wunu 99% yrieBomOpOAOB, MUMEIOIINX ABAa aTOMa yrjepoaa, U3 IO
MEHbILIEH Mepe YacTH BTOPOHW Tra30BOH (pakiumu W W3 TpeTbeill ra3oBod (Qpakuuu B
JONOJIHUTEIBHOM Pa3JeIUTEIbHOM YCTPOWCTBE, & UMEHHO, B OTHAPHON KOJOHHE. B KOHTEkcTe
M300peTeHNsT TaKOoe pas[esieHHe BBINOJHIIOT OCOOEHHO TPENMYINEeCTBEHHBIM 00pasom,
MOCKOJIbKY, B YaCTHOCTH, 37I€Chb WCIIOJB3YIOT pa3/esUTeNIbHOE YCTPOWMCTBO, B KOTOPOM HE

TpeOyeTcsl BBILIEONHUCAHHOM CIIOXKHON KOHJEHCAlMM ra3a W3 pa3AeHMTEeNbHOTO YCTPOMCTBA.
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Taxum oOpa3om, pa3menuTebHOe YCTPOUCTBO B (POpME OTITAPHOM KOJIOHHBI SKCILTyaTUPYIOT Oe3
BEPXHEro KOHJAeHcaTopa. [[onogHUTeNbHOE Pa3AeIUuTeNbHOE YCTPOICTBO 3KCIUIYaTUPYIOT MpPH
BTOPOM YPOBHE JIaBJIEHUs, 1 KOHKPETHOE HUCIIOIb3yEeMOE JaBJIEHUE TAKXKE MOXKET ObITh HEMHOTO,
T.e. Bruoth a0 0,1; 0,2; 0,3; 0,4 wu 0,5 MIla (1, 2, 3, 4 wu 5 Gap), HIDKE IABJIEHUS, KOTOPOE
UCTIOJNIB3YIOT MPH PEKTU(PHKALINK, HA KOTOPYIO TOAAIOT MEPBYIO U BTOPYIO XKHUIAKUE (HPaKLIUK.

ITomauy BTOpO# ra3oBOM (pakiUuy B JOTOJHUTEIHLHOE pAa3NeUTENIbHOE YCTPOMCTBO
MOKHO TPEATIOYTUTENIbHO TAK)Ke BBIMOJHITH BBIMIE MO IOTOKY IOCPEACTBOM OMEpPaLUH
CTYNEHYAaTOr0 OXJKACHUs. B OCOOEHHO MPEeaNnOYTHTENbHOM BOIUIOLICHUH H300PETEHHs IO
MEHbILIEH Mepe YacThb BTOPOH Tra30BOH (pakuUuu TMOABEPTarOT 34eCh JONOJHHTEIbHBIM
YaCTUYHBIM KOHACHCAIMSIM IOCPEICTBOM CTYIEHYATOrOo OXJIAXKIEHHs 4epe3 ONWH miu Ooee
NPOMEXXYTOYHBIX YPOBHEH TEMIIEpPaTyphbl JO YETBEPTOrO YPOBHS TEMIIEPATYPhl MPHU IEPBOM
YPOBHE MAABJICHHs C TOJYYEHUEM MIOMOJHHUTENbHBIX JKUAKUX (pakumid. Kunkue ¢paxumy,
o0pasyemble B K&KIOM Cilydae, MPEUMYIIECTBEHHO MOAAIT B Pa3eIUTENIbHOE YCTPOHCTBO, T.€.
OTHApPHYIO KOJIOHHY, Ha PA3JIMYHBIX BbICOTAX, B COOTBETCTBHU C OTHOCUTENIbHBIM COZIEP’KAHHEM
B HUX BOAOPOJA, ME€TaHa U yIieBOJOPOAOB, UMEIOLINX ABA aTOMa YIJIepoja.

[IpenmymiecTBEHHO, JOJIFO BTOPO ra3oBOH (hpakLuu, KOTOPasi OCTAeTCs B ra3000pasHON
¢dopme mpu UeTBEPTOM YPOBHE TEMIIEPATYPhI, PACLIMPSIOT OT MEPBOTO YPOBHS AABIEHUS O
BTOPOTO YPOBHS JaBJIEHMs, 4YTOOBI OOECHEUUTh XOJONWIBHYIO SHEPrui0, M IMONAIT B
JOTIOJIHUTENBHOE pa3feNuTeabHOe YCTPoCTBO. [lonauy npenmyiiecTBeHHO OCYILECTBIISIFOT Haj
KOKIOH W3 JOMOJNHHUTENBHBIX JKUAKUX (pakuuii, KOTOpbIE MOJYyHYAIOT IMPU JOMOJHHUTEIBHBIX
YaCTUYHBIX KOHJIEHCAIMSIX, OTMEYEHHBIX BBIIIE, TPU MHOXKECTBE MTPOMEKYTOUHBIX TEMIIEPATYP.

B xoHTekcTe uU300peTeHHs] 4YeTBEPThI YpPOBEHb TEMIIEPATYPbl MPEANOYTUTENBHO
coctaBnsier ot —140 no —150°C, Gonee mpeanoururensHo or —140 no —144°C, nHanpumep,
npuMmepHo —142°C. Jrtoro ypoBHsS TeMIepaTypbl MOXHO TMPEANOYTUTEbHO JOCTHYb
MOCPEACTBOM IOTOKA BEINECTBA, KOTOPBIM MOJMy4ar0oT W3 BEPXHEro rasa H3 pasAelUTeNbHOro
ycrpoiictea. [IpeumymecTBeHHO, ¢pakiuu, coaepxkamue donee 95%, 96%, 97%, 98% wnu 99%
BOJOpPOJAa M MeETaHa, TakUM o00pa3oM OTOMPAIOT W3 JONOJHUTENBHOTO pPa3IeIHTEIbHOTO
YCTPOKHCTBA, PACLIUPSIOT OT BTOPOTO YPOBHS ABJICHHS IO TPETbEro YPOBHS HABIIEHHS], YTOOBI
o0ecreynTh XOJONUJIBHYIO SHEPrHi0, W UCIOJNB3YIOT Ui CTYNEHYaTOro OXJIAXKIEHHUS 0
YETBEPTOTO YPOBHs TeMmepaTypsl. [IpoMekyTOUHBIE YPOBHH TEMIIEPATYPHI MOTYT, BO-TIEPBBIX, B
OCHOBHOM cocTaByisATh 0T —70 1o —80°C, Gonee mpeanourutenbHo ot —76 no —78°C, Hanpumep,
npumepHo —77°C, a BO-BTOpBIX, OT —95 o —105°C, Gonee npenmnoururenbHo oT —96 10 —100°C,

HanpuMmep, npumepHo —98°C. Dtux ypoBHeHl TemmepaTypbl MOXKHO IOCTHYb, HAIpUMep, BO-
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NepBBIX, ¢ Ucnoib3oBaHueM C2 (3THIIEH) OXJIAXKIAIOINEro areHTa «yMEPEHHOTO JaBJICHUsD MpU
yposHe nasnenus ot 0,3 no 0,4 MIla (ot 3 no 4 Oap), a BO-BTOpBIX, ¢ HcHoab3oBaHueM C2
(3THNIEH) OXJIAXKIAIOIIEro areHTa «HU3KOro AaBJIeHHs» npu ypoBHe nasnenus ot 0,11 mo 0,16
MIla (ot 1,1 mo 1,6 Gap). B COOTBETCTBEHHO HCHOJB3YEMBIX TEIJIOOOMEHHHMKAX, TAKKE
NPEANOYTUTENILHO BO3MOXKHO MCIONB30BaTh (Ppakluio, copepxkainyro Oonee 95%, 96%, 97%,
98% wunmu 99% Bomopoma W MeTaHa U3 JIOIMOJIHUTEIBHOIO Pa3[eUTeIbHOr0 YCTPOMHCTBA,
KOTOPYIO PAaCIIUPUIIH IO TPETHETO YPOBHSI JABJICHHUS U IO 3TOTO MCIIOJIB30BAIN IS OXJIAKISHHS
710 YE€TBEPTOTO YPOBHS AABJICHHS.

KoHnenuuro, OMMcaHHyi0 B JAHHOM JOKYMEHTE, MOJKHO HCIOJIb30BATh ISl YIPOIIEHHS
CJIO)KHOW NIEMETAaHW3aLUN U JEeSTAaHW3AalHMU MPH H3BJICUEHUH YIJEBOAOPOIOB, MMEIOIIHNX IBA
aTomMa yryiepoaa, B OCOOEHHOCTH M3 KPEKHHI-Ta3a STHJIEHOBOH YCTAaHOBKH, WMEIOINEH Takue
razoo0pasHble MMOaBaEMble NMOTOKH KaK 3TaH W STaH/TPOMAH, U B YaCTHOCTH, AEITAHH3ALMIO
MOKHO BbIIONHATE 0e3 (3 abcopbepa, ¢ TPUKPEIUICHHBIM BEPXHHM KOHAEHCATOPOM.
Pextudukanuro, TpeOyromyrocs Ans Oe3TaHU3ALUM, NPOBOAST TPH HU3KOM JaBIICHHH,
OTMEUEHHOM KaK BTOPOH YpPOBEHb NABJEHHUs, TAK YTO PACXOAbl HA pa3feNieHHe CHUKAIOTCS
Obonee uwem Ha 60%. CrnemoBarenbHO, MOTYT OBITH CKOHCTPYHPOBAHBI AEITAHU3ATOP WU
COOTBETCTBYIOIIAst PEKTU(UKALMOHHAST KOJIOHHA TIOpa3lo MeHblero pasmepa. KyOosbie
KUJKOCTH MOYKHO BCKHUITITUTBH C MOMOIIBIO MTPOMBIBOUYHON BOZABI MM BOASIHOTO Napa HU3KOTO
JaBleHUs. OJTO MPUBOAUT K TIPOCTOTE OKCIUIyaTallMd, MEHee CJI0)KHOMY KOHTPOJIBHO-
U3MEPUTENIbHOMY O0OPYAOBAHUIO, TOHMKEHHOMY OOpa30BaHUIO OTJIOKEHUH M Ooyee HU3KUM
KalUTaJIbHBIM M OKCIUIyaTallMOHHBIM  pacxomaM. [IpuMeHeHne wu300peTeHHs Takxke
o0ecreynBaeT BO3MOXKHOCTh HCIOJB30BATh MPOCTYHD OTHAPHYK KOJIOHHY, & HE CIOXKHYIO
KOJIOHHY J€METaHU3aLUH. JTO MOAOOHBIM 00pa3oM MPUBOIUT K MPOCTOH SKCIUTyaTallud |
MEHee CJIOKHOMY KOHTPOJIbHO-U3MEPUTENILHOMY OOOPYAOBaHUIO M O0Jiee HU3KUM pacxojaM Ha
obecrieueHne Oe3omacHOCTH. PesynbraToM sIBIsIIOTCS O0Jiee HU3KHE KalUTAIbHBIE 3aTPaThl MPU
MOCTOSIHHOM TOTPEOJIEHIH SHEPTHUU.

B ocobeHHO mpenmouTHUTENBbHOH  KOH(pUTrypamuu Ccrnocoda Mo  HU300peTEeHUrO
pa3eNnuTeNbHOE YCTPOWCTBO, T.€. OTHAPHYK KOJOHHY, OSKCIUIYaTHPYIOT C BHYTPEHHHUM
TEII00OMEHHUKOM, KOTOPBIH OXJIAXKIAIOT OXJIAXKIAIOIINM areHTOM YPOBHS TeMItepaTypsl 0T—90
no —110°C. 3gech npennoYTHTENHHO BO3MOXKHO HCIOJIB30BATh YK€ OTMe4YeHHbIH C2 (3THIIeH)
OXJIAXKAIOLINHA ~ areHT «HU3KOrO  JaBJIGHUS». JTO MNPHUBOAUT K  JOIMOJHUTEIbHBIM
NPEeUMYIIeCTBaM, KOTOpble Oojiee KOHKPETHO 3aKJIIOYalOTCA B TOM, YTO TPETHIO Ta30BYIO

bpakumo U3 peKTUPHUKALNY, IS AEITAHU3ALNH, CIeNyeT OXJIaKAaTh 10 Ooyiee HU3KOrO YPOBHS
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TEMIIEPATypbl, & UMEHHO, TOJIBKO 10 TPETHEro YPOBHs TEMIIEPATypbl, TOTAA KAK B OTCYTCTBHE
COOTBETCTBYIOIIETO BHYTPEHHErO TEIUIOOOMEHHHUKA CIIeyeT BBINOJHATH OoJiee WHTEHCHBHOE
oxjaxjeHue. bomee TOro, BO3MOXKHO OOOHTHCH 0€3 MepeoXJaKAeHUs KOHJIEHCATa,
00pa30BaHHOTO U3 BTOPOH ra30BOH (PpakiiH.

H3o0pereHne Takke paclmpoOCTpaHSeTCss Ha YCTAHOBKY [UI pPasfeNieHus CMecH
KOMIIOHEHTOB, COZiep Kallell BOAOPO, METaH, YIJIEeBOAOPOIbl, UMEIOIINE ABAa aTOMa yriepona, u
YTI€BOAOPOABL, MMEIOIIHNE TPU WM 0OJiee aTOMOB YIJIEPOAA, Ille YCTAHOBKA COAEPIKUT CPENICTBA
JedTaHHU3allud U CPEeNCTBA JeMeTaHU3aLWH, e JeMeTaHu3alus ClenyeT 3a AedTaHu3alued U
CpenCTBa IeMeTaHU3aLMU pa3MeLleHbl HHUXe 10 MOTOKY OT CPeACTB AeaTaHu3anuu. Hackonbko
U3BECTHO O JAE3TaHU3allMU U JIeMeTaHW3alluH, CPEeACTBA NEe3TaHU3AllMM YCTAHOBJEHBI IS
OTHeNIeHUs] BHa4aje Mo MeHbimen mepe 95%, 96%, 97%, 98% wumm 99% yrimeBogopoaos,
UMEIOIUX TPU WK Ooyiee aTOMOB YIJIEpOAa, MO MEHbIIEH Mepe OT YacTH ra3oBOW CMeCH, a
CpencTBa JeMEeTaHU3AalMU YCTAHOBJIEHBI JUJII OTHEJIEHUS 3aTeM IO MeHbliell mepe 95%, 96%,
97%, 98% unu 99% wmeraHa u BOAOpOAA OT OCTABILEroCs OCTAaTKa. YCTaHOBKA COAEPKUT
NePBBI TEIUIOOOMEHHUK U MEPBBIN COCYJ], YCTAHOBJICHHbIE JIJIsl IPOBENEHHS IEPBOH YaCTUYHOM
KOH/ICHCALlUN 1O MEHbIIeH Mepe 4YacTH CMeCH KOMIIOHEHTOB MOCPEACTBOM OXJAXAECHUS OT
NEPBOr0 YPOBHsI TEMIIEPATYPbl 1O BTOPOTO YPOBHs TEMIIEPATYPhI IPU IEPBOM YPOBHE JIaBJICHMUS,
9qTOObl TOJNYYUTH IMEPBYI0 Ta30BYI0 (PaKkLUIO M MEPBYK KUAKYI (pakiuioo, BTOPOH
TEIJIOOOMEHHUK W BTOPOW COCYZ, YCTAHOBJIEHHBbIE JJIsi TPOBEACHUS BTOPOW YaCTHYHOM
KOHZCHCALIUH TI0 MEHBIIE Mepe YacTH MepBOil ra30BoOi GpakLiK MOCPEACTBOM OXJIAXKICHUS OT
BTOPOTO YPOBHs TEMIEPATypbl [0 TPETHEr0 YPOBHS TEMIEpaTypel NpPU INEPBOM YpPOBHE
JaBJIEHHsI, YTOOBI TOJYYUTh BTOPYIO Ta30BYIO (PAKIHMIO U BTOPYI JKUAKYIO (PAKIHIO, U
KOJIOHHY JE3TaHHM3AlMH, YCTAHOBJICHHYIO JJISi TPOBENEHHUs PeKTH(HUKALMU MO MEHbLIeH mepe
YaCcTH MEePBON KUIAKOHW (PPaKIMK U TIO MEHBLIEH Mepe 4aCTH BTOPOH JKUAKON (pakuuu, 4TOOBI
NOJIYYHUTh TPETHIO TA30BYIO (PPAKLUIO M TPETHIO KHUIAKYIO (pakipo. CoriacHO M300peTeHuto,
IJIE BTOPOH YAaCTUYHON KOHAEHCAIMH OOECIIeYHBAIOT BTOPOH TEINIOOOMEHHHK M BTOPOH
TEIUIOOOMEHHHUK, KOTOPBIE MPUCTIOCOOIEHBI AJIsl BBIITOJIHEHUST BTOPOH YaCTUYHON KOHIIEHCALIUU
TakUM 00pa3oM, 4TO BTOpast razosast Gppakuus conepxutr donee 95%, 96%, 97%, 98% umu 99%
BOJIOpPOZAA, MeTaHa WU YrJeBOJOPOAOB, MMEIOINMX JABa aroMa yriepoga. B wacTtHOCTH,
pexkTuduKanus yCcTaHOBJIEHA Al 00pa30BaHUs TPeTbel ra3oBoi (PakHK C COOTBETCTBYIOLINM
coziep KaHreM BOJOPOZA, METaHa U YIIIeBOAOPOAOB C ABYMS aTOMaMH yIiieposa, U 00pa3oBaHuUs
Tpetbeil sxunkoi ppakiun (C3+), Tak 9To OHA comepkuT donee 95%, 96%, 97%, 98% wnnu 99%

YTJIEBOZOPOAOB, UMEIOLINX TPU aTOMa YIJepoaa.
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CornacHo n300peTeHnIo, 00eCeunBaOT CPENCTBA B BUE PACIIMPUTENBHBIX KJIAIIAHOB,
KOTOpbIE BBIOJHEHbI AJIs1 PACHIMPEHUS TIEPBOH JKUAKON (DPAKLIK WU €€ YaCTH, MOABEPraeMoi
pekTudUKaLKU, ¥ BTOPOH KUAKON (paKLUU WIM €€ 4YacTH, MOJABEpraeMoil peKTU(UKALIUK, OT
NEepBOrO YPOBHsI IABJIEHUS JO BTOPOrO YPOBHS JaBiieHHs mepen pekrtuduxauueit. Taxue
CpeACTBAa MOT'YT BKJIIOYATh, B YaCTHOCTH, pacLIMpUTENbHbIE KianaHbel. Kpome Toro, coriacHo
u300peTeHn0, 00eCleYnBaIOT CPEACTBA, KOTOpbIE BBIMOJHEHBI JJISi  OCYINECTBJICHHUS
peKTU(UKALIMN TIPU BTOPOM YPOBHE NABJICHMUS], TPUYEM TNEPBbIH YPOBEHDb JAaBJIEHUS COCTABJISIET
ot 2,5 no 3,5 MIla (ot 25 no 35 Gap), a BTOpoil ypoBeHb naBjieHus cocTasisier oT 1,4 mo 1,7
MIla (or 14 no 17 Oap). Ilocnemnwe cpencTBa BKJIIOYAIOT, B YACTHOCTH, KOJIOHHY,
YCTAHOBJIEHHYIO JUUIsI pEKTU(UKALINN U BBITOJHEHHYIO I PA0OTHI MIPH 3TOM JABJICHUH.

Taxke oOecrneynBarOT CPENCTBA, BOIUIOIIEHHBIE B (POPME BEPXHETO KOHIEHCATOPA,
YCTAHOBJIEHHOTO CBEPXY KOJIOHHBI, MCIOJB3YEMOH U PEKTH(PHKALNN, KOTOPbIE pa3MeIleHbI
IUIl OXJIAXKIEHHMsI BEPXHEro IOTOKa ra3a, OOpa3OBaHHOIO B TEYEHHE PEKTHU(PUKALNH, 10
TemrepaTypbl OT —25 1o —35°C u s ero 4acTUYHOW KOHACHCALMM, W JJII HCIOJIb30BAHUS
KOHJIEHCUPOBAHHON ()pPaKIMM BEPXHETO MOTOKA ra3a, YaCTUYHO HWJIM TNOJHOCTBIO, B KaueCTBE
¢bnermbl mpu pekTUGUKALMKM, W Ui MOCTABKM HECKOHAEHCHPOBAHHON (Dpakiuu BepXHEro
IIOTOKA ra3a YaCTUYHO WIIM TOJIHOCTBIO B Ka4eCTBE TpeThel ra3oBoil ppakiun. B vactHocTy, aT!
CPEACTBA BBINOJHEHbI 0€3 BHEITHUX COCYIOB /ISl (hJIerMbl M HACOCOB, KaK IMOSICHEHO BBILIE.

CooTBeTCTBYIOLIAs yCTAHOBKA, IPEUMYIIECTBEHHO CO3AaHHas [JIs1 BBITIOIHEHUS Criocoda,
PACKPBITOTO BBILIE B PA3IMYHBbIX KOHPUIypaLUsX, NaeT MPEUMYIIECTBa, OTMEYCHHbIE BBILIE, HA
KOTOpBIE SIBHBIM 00Pa30M CIeNiaHa CChLIKA.

Hzo0peTeHne TOMOTHUTENBHO MOSCHEHO HIDKE CO CChUTKOM Ha MPUJIOKEHHBIE YEPTEXKH,

KOTOpbIE WILTFIOCTPUPYIOT KOHPUTYPALIIH U300pPETEHUSI.

Kpatkoe onucanue ueptexen

Ha ¢ur. 1 npencraBnena ycTaHOBKa AJIsI pa3/ieseHsI CMECH KOMIIOHEHTOB.

Ha ¢wur. 2 npencraBineHa yCTaHOBKA U Pa3lEleHHs CMECH KOMIIOHEHTOB B OIHOM
BOIUJIOLIIEHUH H300PETEHMSI.

Ha ¢wur. 3 mpencraBineHa ycTaHOBKAa Ui Pa3fEleHHs CMECH KOMIIOHEHTOB B OIHOM
BOILJIOLIEHUH H300PETEHHUSI.

Ha uepTekax KOMIIOHEHTBI, COOTBETCTBYIOLINE APYT APYTY, MPUBEACHBI C UICHTUYHBIMH
HOMepaMHy MO3MLMiA. [IJisi SICHOCTH He MPeCTaBIeHbl TOBTOPHBIE MOSICHEHHS COOTBETCTBYFOIIMX

KOMIIOHEHTOB. Bce duClieHHbIe 3HAYEHHs MAABJICHUS W TEMIIEPaTypbl MPEACTaBISIOT COOOMU

3AMEHAIOIIMNI JTUCT



16

MNPUBCACHHBIC B KAYCCTBC IMPUMEPaA HpI/I6J'II/ISI/ITeJ'IbHI:>Ie SHAYCHUs, KOTOPbIC MOT'YT HAXOAUTHCA B

npeaciax quara3oHoB, l'IO)IpO6HO OIMMCAHHBIX BBILIC.

[TonpoOHoe onrcaHme YepTexeit

Ha ¢ur. 1 npencraBnena He OTHOCSIIAsICA K M300PETEHHIO YCTAHOBKA AJISI Pa3feieHUs
CMeCH KOMIIOHEHTOB B BHE YIPOIIEHHOW TEXHOJIOTMYECKOH CXeMbl, B 00IeM 00O03HAYeHHOH
99.

Cwmech K KOMNOHEHTOB, HanpUMep, KPEKUHT-Tra3 U3 MpoLecca NapoBOro KPEeKUHra rnocie
CYIIKH, yJNaJeHus Macjia U OeH3WHa, yNAJCeHUs KHCIBbIX Tra3oB, CXKATUS W THAPUPOBAHHS
kpekunr-rasa, npu 20°C u 3,0 MIla (30 6ap), BHauasne oxnaxnaroT 10 —35°C B TerI00OMEeHHUKE
El1 B mporuBoroke ¢ ¢pakuueii H2/CH4 Bomopona u meraHa, stanoBoil (ppakumeit C2ZREC,
NOJJABAEMOM PELIMKIIOM U3 pa3leuTeNbHON KooHHb! C2 (He mokas3aHo), konaeHcatoMm C1 u3 C3
abcopbepa T1 u C3 oxnaxpmatomum areHToM C3R, a 3areM momarT B HUXKHIOK 4HacTh C3
abcopbepa T1.

C3 abcopbep T1 mmeer cocrosimyro W3 ABYX HacTell KOHCTPYKIMIO M HMEET Kak
HIDKHIOKO 4acThb, TaK U BEPXHIOK 4acTb. J[Be 4YacTu pasjesieHbl MOCPEACTBOM CO3JAroLIei
KUJIKOCTHOH Oapbep Tapenku. Bospparsblii motok R1 mogaroT B BEPXHIOK 4acThb, YKa3aHHBIN
xoHneHcat C1 orBomsT u3 HiwkHei yactu. [Tocne Harpesanus B TeruioooMenHuke El, konnencar
C1 nogparot B xosoHHy T2 nesranusaimu. [logoOHBIM 00pa3oM B KOJIOHHY AesTaHu3anuu T2
MOJAI0T KMIKOCTb, KOTOpasi HAKAIUIMBAETCS HA CO3JAOLIEH KUIKOCTHOU Oapwep Tapenke C3
abcopbepa T1. I'azosbiii motok G1 oTBoAsT U3 BepxHel yactu C3 abcopbepa T1.

lazoBeiii motok G2 OTBOAAT M3 Bepxa KOJOHHBI T2 nedTaHM3alUH, OXJIAKIAT B
teruoodmMenHuke E7, Hanpumep, nocpenctsoM C3 OXJTaIaroMIero areHra, M pasfeNsioT Ha
dasel B cocyne D1. XKunkyro ¢asy, KOTOpyw OTAeNnstoT B cocyne D1, TpaHCIOPTHPYIOT
nocpencTsoM Hacoca Pl u mogaroT permkiioMm B (opMe yKa3aHHOTO BO3BPAaTHOrO motoka R1 B
C3 abcopbep Tl u B ¢opme AOMONHHUTETHHOIO BO3BPATHOro mMoToka R2 B konoHHy T2
nesTaHm3auny. Ppakiyio, HECKOHAEHCHPOBAaHHYIO B cocyne D1, oTBomsaT B ¢opme razoBoro
noroka G3. KyOoByro SKMOKOCTh W3 KOJIOHHBI T2 pAe3TaHM3alMi YaCTUYHO WCMHAPSIOT B
teruooOMeHHuKe E8, KOTOPBI SKCIUTyaTUPYIOT, HAIPUMEp, C MCIOJIb30BAaHHEM BOJSHOTO Tapa
HU3KOTO MaBJICHHs, W TONAIOT PEHHKIOM B KOJOHHY T2 nestanusaumu. [lamee kyOoOByrO
JKUJKOCTh OTBOJAT B BHJE kuakoro mnoroka C3+, copeprkaliero MNpeUMyLIECTBEHHO WU

HUCKJTFOUUTEJIbHO YIJICBOAOPOAbI, UMCIOIIUEC TPHU aTOMA yrjepoaa.
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l'azoBeie motoku G1 u G3, KOTOpBIE MO CYIIECTBY OCBOOOXKAEHBI OT YIJIEBOJOPOMAOB,
UMEIOIUX TPHU aTOMa YIJIeposia, B 3TOM CIIOCOOE OXJIAXKIAIT BO BTOPOM TeruiooomeHnHuke E2 B
nporuBoToke ¢ ¢pakaueir H2/CH4 Bomopoma u Merana, staHoBoi ¢paxiuein C2REC,
NOAAaBAEMOI PELMKIOM U3 pasnenurenabHold kosnoHHel C2 (He mnokaszaHo), ¢pakuuen C2,
HampaBisieMoll B pasfenurenbHylo KoinoHHy C2 u C2 oxnaxparomum arentom HP-C2R
BBICOKOTO naBiieHus. ['a30Bbiii moTok G1 4acTUYHO KOHAEHCUPYIOT 3THUM IyTEM M IMOJAIT B
cocyn D2 mnsa pasmenenust dpa3. Kunkyro dasy, koTopyro oTnensitoT B cocyne D2, momaroT B
¢dopme sxuaxoro noroka C2 B kojoHHy T3 nemeranmzanmnu. Ppakuuio, HECKOHAEHCHPOBAHHYIO
B cocyae D2, orBonsaT B Buze razosoro noroka G4.

I"azoBbit moTok G4 1 JOOOH yXKe YaCTHYHO KOHIEHCHUPOBAHHBIM ra3oBblii moTok G3
OXJIAXKJIAIOT B TpeTheM TeruiooOMenHuke E3 B mporuBoToke ¢ ¢paxuueir H2/CH4 Bomopona u
MeraHa u C2 oxnaxparomum areHToM MP-C2R ymepenHoro nasnenus. I'azoBeiii nmotox G4
YaCTUYHO KOHJEHCHPYIOT 3TUM MyTeM U MoparT B cocya D3 nmus pasnmenenus das. XKumkyro
¢a3y, KOTOpyr OTHENSIIOT B cocyae D3, mocie oObenuHeHUs ¢ KOHACHCHUPOBAHHBIM Ta30BbIM
norokoM G3, nmonatoT B Buje kuakoro noroka C3 B xonoHHy T3 pemeranuzauuu. Ppaxuuro
razoBoro noroxka G4, HECKOHIEHCUPOBaHHYIO B cocyae D3, oTBoAsT B BuAe ra30BOro MOTOKA
GS.

I"a3oBbIit moTok G5 OXNakaaroT B 4eTBepTOM TeruiooOMeHHuke E4 B mporusoTtoke ¢ C2
oxnaxparomuMm areHToM LP-C2R  Huskoro pasneHus. I'a3oBbiii motok G5  wacTu4HO
KOHACHCHPYIOT 3TUM IyTeM W MOAalT B cocyn D4 nns pasmenenus das. Kunkyro dasy,
KOTOPYIO0 OTHensitoT B cocyae D4, momator B Buae skugkoro moroka C4 B kononHy T3
nemeranuzauuu. Ppaxuro ra3oBoro notoka G5, HECKOHAEHCUPOBaHHYIO B cocyne D4, oTBomsT
B Buze rasosoro noroka (6. I'azoseiii motok G6 pacumpsitoT B netanzaepe Ex1 u moparoT B
KOJIOHHY T3 nemeraHusalnu.

Kononna /I3 nemeranuszalnuu UMeeT KOHCTPYKLIUIO, COCTOSIIIYIO U3 MHOXKECTBA YacTel, 1
BKJIFOYAET HIDKHIOK CEKIMIO, CPENHIOK CEKIMI0 M BepxHIOK cekuuto. Ppakuuro H2/CH4
BOZOPOZa U METaHa OTBOAST M3 Bepxa KOJOHHBI T3 neMeTaHM3aluu WU €€ BEPXHEU CEKLHY,
paciupsiroT B aetanaepe Ex2 u HanpansioT yepes termioooMenauku ES u E6 nns oxnaskneHus.
B temoodmennukax ES u E6 razoseie motoku G7 u G8 COOTBETCTBEHHO OTBOIST U3 BEpPXHEH
o0nacTi HYKHEH M CpefHel ceKUMi KOJOHHBI T3 memMeTraHu3aluy, M0 MEHbLIE Mepe YaCTHYHO
KOHJEHCUPYIOT U MOJAIT PELUHUKIOM B BHJE BO3BPATHOIO IMOTOKA B COOTBETCTBYIOLIUE CEKLIUU
konoHHbl T3 nemeranmszanuu. KyOoByro kMIKOCTh M3 KOJNOHHBI T3 neMeTaHn3aluu 4acTHYHO

ucrapstoT B TeruooOMeHHuke EO, koropwli paboraer, Hampumep, ¢ wucronb3oBaHueM C2
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OXJIQXKJAIOLIEr0 AareHTa BBICOKOrO JAaBJICHMs, M MOAAT PELUUKIOM B KOJOHHY 13
neMmeraHmzauuu. Jlanee KyOOBYIO JKUAKOCTb OTBOIAT B BUJE JKUAKOro noroka C2.

Kak oTMedeHO Bbllle, B [JaHHOM Cly4dae HEJOCTaTKAMM SIBJISIOTCS CJIOXKHOCTb
nestanmsanmu ¢ C3 abcopbepom T1 u CIHOXKHOCTD JEMETAHU3ALMU C MPOMEKYTOUYHBIM
XOJIONWIBHUKOM B (hopme TerutooOMenHnka E6 n termooOmennukos ES u E6, pasmernenHbx
BbIIIE KOJIOHHBI JaeMeraHuszauuu. IlocnegHee NPUBOAUT K TMOBBIIIEHHONW CIOKHOCTU
KOHTPOJIbHO-M3MEPHUTEIBHOTO OOOPYIOBaHMsSI M TOBBIIEHHBIM pacxoiaM Ha oOecreueHue
0e30macHOCTH.

Ha ¢ur. 2 npencraBneHa ycTaHOBKA AJisi pa3fefieHHss CMECH KOMIIOHEHTOB B OIHOM
BOIUIOIIEHHNH W300peTeHnss B (hOpMe YIIPOIIEHHOW TEXHOJIOTHMYECKOW CXeMbl, B O0ImeM
obo3znauennoit 100.

OxnaxxneHne B MEPBOM TeIIoOOMeHHMKEe E1 BBIMONHSANM Tak, Kak ONUCAHO IS
yctaHOBKH 99, mokaszanHoW Ha ¢ur. 1. OpHako, B AaHHOM Ciydae, HWXKE IO MOTOKY OT
terooOmennuka E1 orcyrcTByer C3 abcopbep T1, Ho obecneueH Tonbko cocyn D1, B KOTOpbIi
nonarT cMech K KOMIOHEHTOB, YaCTUYHO KOHIEHCHPOBAHHYIO B NepBOM TeruiooOMenHuke El.
I"a30BbIi TOTOK, Takke 00O3HAUYEHHBIN B 3TOM ciydae G1, Beixomsimii u3 cocyna D1, no stoi
IIPUYMHE MOXET BCE €Ill€ BKJIIOYAThb OCTATOYHOE KOJMYECTBO YIJIEBOJOPOAOB, UMEKOILINX TPU
aroma yriepoaa. OnHaKO MOCi€E AOMOJIHUTENBHOTO OXJIAXKIEHHS BO BTOPOM TEIJIOOOMEHHUKE
E2, xoTopoe BBINOJNHAOT B OCHOBHOM AHAJOTMYHO OXJIAXAEHUIO, BBIIOJHSIEMOMY BO BTOPOM
teruiooOmenHuke E2 yctanoBku 99 cormacHo ¢ur. 1, 5Tu yrieBogoOpOAbl OTAENSIOT, M UX
MOKHO M3BJIEUb B XKHIKOM IIOTOKE, B JAHHOM Clly4ae Takke obo3HaueHHOM C2. XKunkuii motok
C2 nomoNHUTENBHO BKIIIOYAET MPEXA€ BCEro YIJIEBOAOPOIbI, MMEIINNE IBa WIM TPU aToMa
yrieposa, a Tak:ke HeOOJbIIoe KOTMYECTBO BOAOPOAA U METaHA.

[Tostomy skuakuii motok C2 MOmArOT PEeLUKIOM 4Yepe3 BTOpol TermiooOMeHHHK E2 u
NOJAI0T Yepe3 KOJIOHHY Ie3TaHU3allMH, B JAHHOM cliydae Takke oOo3HaueHHy0 T2. Bepxuuit
ras u3 KoJoHHbl T2 nestanusanmu Ha ycraHoBke 100 corymacHo ¢ur. 2, B OTIMYHE OT KOJIOHHBI
T2 nesranmszaumu yctaHoBku 99 cormacHo ¢ur. 1, momoOHBIM 00pazomM OTBOIAT B (opme
razosoro noroka G2, oxjaxparoT nocpenctBoM (3 OXJaXaAroLIero areHra M YacTHYHO
KOHJIEHCHPYIOT, HO 0Opa30BaHHBIM KOHAEHCAT MOAAIOT PEIHKJIOM TOJbKO B CaMy KOJOHHY T2
nestanuzauuu, a He B C3 abcopOep. HeckoHneHcupoBaHHYIO (pakiuio razoBoro noroka G2
otBomAT B (opme moroka (G3 BemecTBa, KOTOPBIA Temepb IO CYILIECTBY HE CONEPIKUT
yIJI€BOAOPOAOB, UMEOINX TpH atoMa yriepona. [Torok G3 BemecTsa BHavane oOpadaThIBAIOT

IO CYLIECTBY TaK ke, Kak moTok G3 BeecTsa Ha ycraHoBKe 99 cornacHo ¢wur. 1.
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B nanHOM ciydae razoBblii motok G4 um mo00# yke 4aCTMYHO KOHIEHCHPOBAHHBIN
razoBblii moTok G3 TOXE OXJNAXTAIOT B TpeTbeM TeriooOMeHHuke E3 B mpoTuBoTOKE C
¢dpaxuueit H2/CH4 Bogopona u merana u C2 oxnaxkparomuM areHtoMm MP-C2R ymepeHHOro
nasneHus. B nanHoM ciydae razoBblii moTok G4 TOXXe YaCTUYHO KOHIEHCUPYIOT U MOJAIOT B
cocyn D3 nns pasmenenus das. XKunkyro ¢asy, koTopyr oTaenstoT B cocyne D3, orBoxmsr B
dopme xuakoro noroka C3, a ¢ppakumro ra3oBoro noroka G4, HECKOHIEHCUPOBAHHYIO B COCYE
D3, orBomst B popme razosoro noroka G5.

B nmanHOM chiywae, ra3oBbii motok G5 uw skupkuii motok C3 (mepe)oxyakmarT B
yeTBepTOM TeriooOMeHHuke E4 B mpotuBoToke ¢ ¢ppakumeri H2/CH4 Bogopona u metana u C2
oxjaxparomuMm areHToM LP-C2R  Huskoro pasneHus. [l'asoBbiii motok G5 wacTuuHO
KOHJIEHCUPYIOT TaKUM TyTeM M TNoAarT B cocyx D4 mnsa pasmenenust ¢as. XKunkyro dasy,
KOTOpasi OTHaeNsieTcss B cocyae D4, BOocneAaCcTBUU MONAOT B KadecTBe KUAkoro noroka C4 B
OTHapHyro KojJoHHy S1, kak u xuakuil nortok C3. @paxuuro razosoro noroka @I,
HECKOHJIEHCUPOBAHHYIO B cocyie D4, oTBoAAT B KauecTBe razoBoro noroka Go.

Onnako Tenepp ra3oBblii motok GO, B oTiamuue OT ycTaHoBKH 99 cormacHo ¢ur. 1,
OXJIAXKIAIOT B JOTOJHUTEIBHOM TeruiooOMeHHNKe E10, KOTOpbIf OXya)naercs MOCpeacTBOM
PaCIIUPEHHOr0 BEPXHEro rasza u3 ornapHoil kojioHHsl S1, T.e. ¢pakunu H2/CH4 Bomoponma u
MeTaHa. I'a30Bbiii TOTOK (GO, KOTOPBIN YaCTUYHO KOHAEHCUPOBAH TAKUM IyTEM, Pa3fessiloT Ha
¢da3pl B pmomonmHuTenpHOM cocyzne DS. B nmanHOM cimywae ocraercs TONbKO rasosast ¢asa,
KOTOPYIO pacUIMpsIOT B AETaHAepe, 3/1ech Takke oOo3HaueHHOM EX1, u mopmaroT B oTmapHyro
xononny S1. Xupakyro ¢asy, koTopasi OTAENsIeTCs B AOMOJHUTEIbHOM cocyne DS, mogoOHbIM
oOpazom noparoT B popme KuIkoro noroka CS B oTnapHyro KOJOHHY S1.

OtnapHas xonoHHa S1 MMeeT OJHOKOMIIOHEHTHYK) KOHCTPYKLMIO M COAEPIKUT TOJBKO
peboiinep. @pakuuro H2/CH4 Bomoponma U MeTaHa OTBOAST M3 Bepxa OTHAPHON KOJIOHHBI S1 B
neraHzaep, Takxke obo3HaueHHbIN 3nech Ex2. TermooOmennnku ES u E6 ycranosku 99 cornacho
¢ur. 1 Tenepp 3ameHeHbl TerooOMeHHHKOM 10. ®pakumro H2/CH4 Bomoponma m meraHa
HanpasisiroT uepes teruooomMennuku E10, E4, E3, E2 u E1. KyOoByro JKUAKOCTE U3 OTIAPHOM
KOJIOHHBI S1 4acTUYHO HCMapsIOT B TeruiooOMeHHuKe E9, xotopwlii paboraer, Hanmpumep, npu
ucnonp3oBaHny C2 OXJaXJarollero areHTa BbICOKOIO JAaBJEHHs, U TMOJAIOT PELMKIOM B
otnapHyro KoioHHY S1. Jlanee kyOOBYIO KMIKOCTb OTBOAST B KA4eCTBE JKUAKOro motoka C2.

Ha ¢wur. 3 npencraBnena ycTaHOBKa Ui pa3felieHUs CMECH KOMIIOHEHTOB B OIHOM
BOIUJIOLIEHUH H300peTeHnss B (opMe YIPOLIEHHOH TEXHOJIOTHYECKOH CXeMbl, B OOIeM

obo3Hauennoi 200.

3AMEHAIOIIMNI JTUCT
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VYcranoska 200, nokazanHas Ha ¢ur. 3, ornuyaercs oT ycraHoBku 100, moka3aHHOW Ha
¢ur.2, B YACTHOCTM T€M, UTO NPUCYTCTBYET IOMOJHUTENbHBIH TeruooOMeHHuk El11,
BCTPOEHHBIM B OTHApHYIO KOJOHY S1, koTopbli oxnaxnarT C2 OXJaXZAroLIUM areHTOM
HI3Koro nasnenus. TermmooOmenHuk E11 obecneuen mexxay ToukaMu rnopadu koHzaeHcatos C4
u C5 u3 cocynos D4 u D10. IlocpencTBoM 3TOro, BepXHH ra3 u3 KOJIOHHBI T2 nesTaHU3aLu,
T.e. Ta30BbIi MOTOK (G3 TOCie OXJIAKIAEHUs BO BTOPOM TermiooOMeHHHKe E2, MOXHO BBOIWTH
HETMOCPECTBEHHO B OTMAPHYIO KOJOHHY S1, n koHmeHcat u3 cocyna D3, T.e. skunkuii motok C3,
He TpeOyercs mepeoxJiakaaTh B 4eTBEPTOM TeriooOMeHHuke E4. B pesynbrare 3HAUUTETHHO
cHmkaercss mnorpednenne C2 OXJAKAAIIET0 areHTa YMEPEeHHOrO [aBJICHHUST W HHU3KOTO
JaBJIEHHsI B TpeTheM TeruiooOMenHuke E3 u yerBeprom termoodmennnke E4, u cnenoBarensHo,

obmee nmotpednenne C2 OXJIaX)AA0IIEro areHTa.

3AMEHSAIOINMM JIUCT



DOOPMVIJIA NU30BPETEHHA

1. Cnocob pasnmenennss cmecu (K) KOMIOHEHTOB, cofepskalneidl BOIOpPOA, MeTaH,
yIJIEBOJOPOABI, UMEIOIIHE J1BA aTOMa YIJIepOna, M YIJIEBOAOPOIbI, MMEIOIUe TpU HiH Oolee
aTOMOB YIVIEPOZAA, BKJIIOYAIOINMN JI€3TAHU3ALMIO U JIEMETaHU3ALUI0, B KOTOPOM, IIpH
Je3TaHU3aLHH,

- mo MeHblIeill Mepe dacTh cMecu (K) KOMIIOHEHTOB MOABEPrarT MEPBOH YaACTHYHOU
KOHJIEHCALIUU MTOCPEICTBOM OXJIAXKIEHHUS OT TIEPBOrO YPOBHS TEMIEPATypbl 1O BTOPOTO YPOBHS
TEeMIepaTypbl IPU MIEPBOM YPOBHE JAABJIEHHS], YTOOBI TIOJIYUUTh TEPBYIO ra3oByio ¢pakmumto (G1)
U iepByIo kuakyo ¢paxmuro (C1),

- N0 MeHbIIeH Mepe 4acTh mepBod ra3osoit ¢pakuuu (G1) monmeepraroT BTOpPOH
YaCTUYHON KOHJEHCALWU ITOCPENCTBOM OXJIAXKIEHHs] OT BTOPOTO YPOBHS TEMIIEPATYPBI IO
TPETbEro YPOBHsI TEMIIEPATypbl NPU IMEPBOM YPOBHE AABIEHHs, YTOOBI MOJYYUTH BTOPYIO
razosyro ¢pakuuio (G4) u Bropyro xkuakyro ¢paknuio (C2), u

- IO MeHbInel Mepe YacTh nepBoi kuakoi ¢pakmuu (C1) m mo MeHbIuel Mepe 4acTb
BTOpOH xunkoi ¢pakiun (C1) moxsepraroT pekTudukanny, 9ToObI NOJYIUTh TPETHIO Ta30BYIO
dpaxumro (G3) u TpeThro xuakyro ¢ppaxuuro (C3+),

OTJIMYAIOLIUICS TEM, UYTO

- IEPBYIO YACTUYHYIO KOHJIEHCALIMIO BBINIOJHAIOT TaK, YTO BTOpas rasosas ppakuus (G2)
comepsxut Obonee 95% Bomopona, MeTaHa U YIIeBOAOPOIOB, MIMEIOIINX ABA aTOMA YIJIEpOAa,

- nepByro kuakyro ¢pakuuo (Cl) wim ee 4yacTb, MOABEPraeMyr pekTuQHKaLuu, U
BTOPYIO kuAKYI0 (pakiuio (C2) wim ee 4acThb, MOABEPTaEMYI0 PeKTU(UKALNH, PACLUIHPSIIOT OT
NEepBOTO YPOBHS [ABJIEHHUs 1O BTOPOrO VYPOBHS JaBJIEHUs] Tmiepen pektudukauuei, u
PEeKTH(HUKALNIO BHIMOJHSOT PU BTOPOM YPOBHE JAaBJICHUS, IPHUYEM TIEPBbIA YPOBEHDb AaBJICHHS
coctasiisieT ot 2,5 no 3,5 MIla (ot 25 no 35 6ap), a BTOpoii ypOBEHb JaBJICHHSI COCTABJISIET OT
1,4 no 1,7 MIla (ot 14 no 17 Gap), u

- BEPXHHUI NIOTOK ra3a, 00pa30oBaHHBIN MPH PEKTUPHUKALNHN, OXJIAKIAOT 10 TEMIIEPATyPbl
or 25 po -35°C u noCpeacTBOM 3TOr0 YacTUYHO KOHAEHCUPYIOT, IIpU 3TOM
KOHJIEHCHPOBAHHYIO YacTh BEPXHErO IMOTOKA ra3a HCIOJB3YIOT, YACTHYHO WJIHM TMOJHOCTBIO, B
KadecTBe (uierMbl Npu peKTH(PUKALNHN, a HECKOHAEHCUPOBAHHYIO YaCcTh BEPXHETO IMOTOKA ra3a
MOCTABJISAIOT, YACTHYHO WJIH TTOJTHOCTBIO, B KA4ECTBE TpeThell razoBoii ¢ppakunu (G3).

2. Cnocod mo m. 1, B KOTOpPOM pEKTH(PHUKAIMIO BBIMOJHIIOT C HCIOJb30BAHUEM

2

pexTrdukannoHHON KojaoHHb! (T2), mpu 3TOM KOHAEHCUPOBAHHYIO JTOJKO BEPXHErO MOTOKA rasa
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WIH €€ 4acTh MOAA0T OOPaTHO B PeKTH(PUKALMOHHYIO KOJIOHHY (T2) 6e3 ucrosib30BaHus Hacoca

1151 pIerMbl W/UIIH cocyia ISt (prierMbl, pacrosiOsKeHHOTO CHAPY KU KOJIOHHBL

3. Cnocob no . 1 wiu 1. 2, B KOTOPOM IEePBBIN YPOBEHb TEMIIEpaTyphl cocTasiisier oT O
no 50°C, Bropoil ypoBeHb Temmeparypbl coctaBiseT or —30 no —40°C, a Tperuil ypoBeHb

TeMIiepatypsl coctasisieT oT —50 go —60°C.

4. Cnocob mo moOoMy W3 MPENUIeCTBYIOIIUX MYHKTOB, B KOTOPOM TPETHIO JKUAKYIO

bpakumo 00pa3yrOT NpU peKTU(PUKALIIN TPU YPOBHE TeMIiepaTypsl ot 65 1o 75°C.

5. Cnoco® mo naro0oMy W3 TPEAIISCTBYIOIIMX MYyHKTOB, B KOTOPOM PEKTH()HUKAIIUIO
BBITIOJTHSIFOT ¢ HCIIOJIb30BAHUEM PeKTU(UKAIMOHHONW KOJNOHHBI (D2), KOTOpYH OXJIaXKIarT C
WCTIOJIb30BAHUEM BEPXHEr0 KOHIEHCATOPa, KOTOPBIH HKCILTYaTUPYIOT C MPOMAHOBBIM W/HITU

MPOMUJICHOBBIM OXJIAXKIAOILIUM ar¢HTOM.

6. Croco®d mo mo0oMy W3 MNPEALIeCTBYIOIIUX IYyHKTOB, B KOTOPOM (DpaKIHIio,
comepxkamyro Oonee 95% Bomopoma W MeraHa, U (pakuuio, coaepxamyr Oonee 95%
yIJI€BOAOPOAOB, UMEIOIUX J[BA aTOMA yIiiepoaa, oOpa3yroT U3 MO MEHbIIEH Mepe 4acTu BTOPOH
razoBoii ppakunu (G4) u Tperbeit razosoit ¢ppaxuun (G3) B JOMNOTHUTEIBHOM Pa3IeIUTEIbHOM

ycTpoiictee (S1).

7. Cnocob mo m. 6, B KOTOPOM JAOMOJHHUTEIBHOE pasfenuTesbHoe ycTpoiictBo (S1)

SKCIUTyaTUPYIOT MPU BTOPOM YPOBHE JAABJIEHUS.

8. Cmocod mo m. 6 wim m. 7, B KOTOPOM IO MEHbIIEH Mepe 4YacTb BTOPOH Ta30BOH
¢pakumu (G4) moxBEprarOT AONOJHHUTEIBHBIM YACTUYHBIM KOHACHCALUSIM TIOCPEACTBOM
CTYNEHYATOr0 OXJAKACHUS Uepe3 OJUH WK OoJiee MPOMEKYTOUHBIX YPOBHEH TEMITEPATypPhI 10
YeTBEPTOTO ypPOBHS TeMIepaTypbl IpU IEpPBOM YPOBHE JaBJIEHUA [N MOJy4YeHMUs

JOTIONHUTENBHBIX kuakux ¢ppakuuii (C3, C4, CS5).

9. Cnoco®d mo m. 8, B KOTOPOM MAONOJHHUTENbHbIE >KUIKHE (PPAKUUU TOAAT B

pazgenurenbHoe yCTpOoHCTBO (S1).



10. Cnoco6 no n. 8 wimm . 9, B kotopoMm noito (G9) Bropoii razosoit ¢pakuuu (G4),
KOTOpasi OCTaeTCsi B ra3000pa3Hoii (hopMe MPU 4eTBEPTOM YPOBHE TEMIIEPATYPHI, PACIIUPSIIOT OT
MEPBOrO YPOBHSI JABJIEHHS IO BTOPOTO YPOBHS NABJIEHHs, YTOOBI OOECHEUUTh XOJOIUIBHYIO

SHEPTUIO, U MOJAIOT B IOMOJHHUTENbHOE Pa3feuTelbHOe YCTpoHcTBO (S1).

11. Crnoco6 mo mrobomy u3 mm. 8-10, B KOTOPOM HETBEPTBIH YPOBEHb TEMIIEPATYPHI

cocrasJisteT oT —140 no —150°C.

12. Cnoco6 no mobdomy u3 mm. 8-11, B kotopom dpakiuro, comepxkainyo Oonee 95%
BOJOPOa W MeTaHa, OTOMPAIOT W3 JOMOJIHUTENIBHOIO pasfenuTesibHoro ycrpoiicrea (S1),
PaCIIUPSIFOT OT BTOPOTO YPOBHS JABJICHHUSI IO TPEThEro YPOBHS NABJIEHUs, YTOOBI 00eCeYnTh
XOJIOAUIIbHYIO SHEPTHIO, U MCIIONB3YIOT AJISl CTYMEHYATOTrO OXJIaXKIEHHS 0 YETBEPTOrO YPOBHS

TeMIIEPaTyphlL.

13. Cnoco6 mo mobomy m3 mm. 6-12, B KOTOpPOM paszznenuTenbHoe ycTporcTBo (S1)
SKCIUTYaTUPYIOT C BHYTPEHHHM TEIJIOOOMEHHHMKOM, KOTOPBI OXJQKOAIOT C MOMOIIBIO

OXJIAKIAIOLIEro areHTa Npu ypoBHe TemnepaTypsl oT —90 no —110°C.

14. Ycranoska (100, 200) nns pasgenenuss cmecu (K) koMnoHeHTOB, coxmep:kaiieit
BOJIOPOJI, METaH, YIJEeBOJOPObl, UMEIOLINE 1BA aTOMA YIJIEpOAa, U YIJIEBOAOPOJbI, UMEIOINe
Tpu wiu OoJiee aTOMOB yriiepona, riae ycranoska (100, 200) comep:kuT cpencTsa AedTaHU3ALUN
U CPENCTBA JEMETAaHU3ALNH, U CPENICTBA €I TAHNU3ALH YCTAHOBJICHBI JUIS

- TPOBENEHHs TMEePBOW YAaCTUYHON KOHIEHCAUMu Mo MeHbluer mepe dactu cmecu (K)
KOMITOHEHTOB MTOCPEICTBOM OXJIAKICHHS OT MEPBOr0 YPOBHS TEMIIEPATYPhI 10 BTOPOTO YPOBHS
TEMIepaTyphl PU TIEPBOM YPOBHE JAABJIEHHSI, YTOOBI TIOJIYUUTh TEPBYIO ra3oByio ¢pakumto (G1)
U epByIO kuakyo ¢paxmuro (C1),

- TIPOBEIEHUs] BTOPOM 4YaCTUYHOM KOHJEHCALMM IO MEHbLIEH Mepe 4YacTU IepBOU
razoBoil (pakuun (G1) mocpencTBOM OXJAXKAEHHS OT BTOPOTO YPOBHS TEMIEPATypbl IO
TPETbEro YPOBHSI TEMIIEPATypbl NPU MEPBOM YPOBHE AABIEHHs, YTOOBI MOJYYUTH BTOPYIO
razosyro ¢pakuuio (G4) u Bropyro xkuakyro ¢paknuio (C2), u

- IPOBENCHUS PEKTH(PHUKAIMU MO MEHbIIEeH Mepe 4acTu nepBoit skuakoi ¢ppakmu (C1) u
N0 MeHbIIeH Mepe YacTH BTOpoH xunakoi ¢paxuuu (C2), yToOBl MOJIYYUTh TPETHIO T'a30BYIO
dpaxumro (G3) u TpeThro xuakyro ¢ppaxuuro (C3+),

oTiIIMYaroImasACsa T€M, 4TO
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- o0ecrieueHbl CPEACTBA BTOPONH YACTHYHOW KOHAEHCALMH, KOTOPbIE YCTAHOBIIEHBI IS
BBITIOJIHEHHSI BTOPOM YAaCTUYHOM KOHAEHCAlUM TakK, 4To BrTopas rasomas (pakous (G2)
BKJIFOUaeT Oonee 95% BomOpoONa, METaHA U YIJIEBOIOPOOB, UMEIOINUX JIBA aTOMA YIJIEPOAa,

- obecnieyeHbl CpENCTBA, KOTOpPbIE pPa3MELICHbl Ul PACUIMPEHUs] NEePBOH JKHIKOH
¢dpakuum (C1) unm ee yacTy, noaBepraeMoi pekTuduKanuy, U BTOpoi xuakoi ¢paxkuuun (C2)
WU €€ YaCTH, TIOIBepraeMoi peKTH(UKaLNH, OT MEPBOrO YPOBHS AAaBJIEHUS 10 BTOPOTO YPOBHS
JaBJIEHUsI TIepe]] peKTU(UKALIEH, 1 BBITIOJHEHUS pEKTU(UKALIMH TP BTOPOM YPOBHE JTaBJICHUS,
NpUYeM MepBbIH YPOBEHD HaBJieHUs cocTasisier oT 2,5 no 3,5 MIla (ot 25 no 35 Gap), a Bropoii
ypOBeHb naByieHus coctasisier ot 1,4 no 1,7 MlIla (ot 14 no 17 6ap), u

- obecredyeHbl CpeAcTBa, KOTOPBIE MPHUCIIOCOOIEHBI Ul OXJIAXKIEHHsS] BEPXHETrO MOTOKA
rasa, oOpa3oBaHHOTO B TEYEHHE pEKTUPHUKAIMH, IO Temmeparypel or —25 no —-35°C wu
MOCPEICTBOM 3TOrO €ro YaCTUYHON KOHAEHCALMH, W I UCIIOJIb30BAHMS KOHIEHCHPOBAHHOM
YacTH BEPXHEro IMOTOKa Tra3a, YacTMYHO WM TOJHOCTBIO, B KadecTBe (ierMol mpu
peKkTH(UKALNK, U TOCTABKYM HECKOHIEHCUPOBAHHOMN YaCTH BEPXHETO MOTOKA ra3a, YaCTHYHO HITH

MIOJTHOCTBIO, B KaUeCTBe TpeThelt razoBoil ppakumu (G3).

15. VYcranoBka (100, 200) mo m. 14, comepxkamas CpencTsa, YCTAHOBJICHHbBIC IJIs

npoBeneHus crocoda no modomy u3 mm. 1-11.



DOOPMVIJIA N30BPETEHHA

U3MEHEHHAasl Ha MEXAYHAPOIHON CTaAuN

1. Cnocob pasnmenennss cmecu (K) KOMIOHEHTOB, comepskaineidl BOIOPOA, MeTaH,
yIJIEBOJOPOABI, UMEIOIINE J1BA aTOMa YIJIEpOsa, M YIJIEBOAOPOIbI, MMEIOIIUe TpU MM Oolee
aTOMOB yIJIepOAa, BKJIOUAIOLIMHA AEITAHU3ALUI0 M JeMETaHU3alMIo, CIEAYIOIIYI 3a
JedTaHU3alMel, B KOTOPOM,

- TpPU AESTAHM3ALMU MO MeHblIed Mmepe 4dactb cMecu (K) KOMIIOHEHTOB MOABEpraroT
NePBOI YaCTUYHOW KOHIEHCALMU TOCPEIACTBOM OXJIAKIACHHS OT NIEPBOTO YPOBHS TEMIIEPATYPBI
J0 BTOPOTO YPOBHSI TEMIIEPATYphl NMPU MEPBOM YPOBHE AABJIEHUs, YTOOBI MOJYYHUTbH IMEPBYIO
razosyro ¢pakuuio (G1) u nepyro skunkyro ¢ppaxuuio (C1),

- TpU JE3TaHM3AIMHM IO MEHbIIeH Mepe YacTh nepBod ra3osoil (pakumu (G1)
MOJBEPTrat0T BTOPOH HAaCTMYHOH KOHAEHCALIMH MOCPEACTBOM OXJIAKICHHS OT BTOPOTO YPOBHS
TEMIepaTypbl 10 TPETBEr0 YPOBHS TEMIIEPATypbl NPU TMEPBOM YPOBHE MHAaBJIEHUs, YTOOBI
MOJIYYUTh BTOPYIO ra3oByro ¢ppaknuio (G4) u Bropyro xuakyro ¢pakauro (C2),

- TIpW JESTAaHW3ALMU [0 MEHbIIeH Mepe 4dacTb mepBoi >kuakoit ¢pakiuu (C1) u mo
MeHbIIeH Mepe dacTb BTopod skuakod ¢paxmmuu (Cl) moasepraroT pekTUPHUKALMH, YTOOBI
HOJIyYUTh TPEThIO ra3oByto ¢pakumro (G3) u TpeTsio sxuakyro ¢ppaxmmo (C3+),

- BTOPYIO YaCTHUHYIO KOHJIEHCALIUIO BBIMOJHSAIOT TaK, YTO BTOpas razosas ¢paxuus (G2)
comepsxut Oonee 95% Bomopona, MeTaHa U YIIIeBOAOPOIOB, MMEIOIINX ABA aTOMA YIJIEPOAa,

- nepByro kuakyio ¢paxmuo (Cl) mnmm ee 4dacTh, MOABEPraeMyr peKTH(UKALMH, U
BTOPYIO kuAKyr0 (pakiuio (C2) uim ee 4acThb, MOABEPTaeMyI0 PeKTU(UKALNH, PACLIIUPSIIOT OT
NEepBOrO YPOBHS [aBJIEHHMsS 1O BTOPOrO VYPOBHS JHaBJIeHUs] Tmiepen pektuduxauuei, u
PEeKTH(HKALMIO BHIMOJHSOT IPU BTOPOM YPOBHE JIABJICHUS, TIPUYEM MEPBbIA YPOBEHb JaBJICHUS
coctasiisieT oT 2,5 no 3,5 MIla (ot 25 no 35 6ap), a BTOpoii ypOBEHb JaBJICHHS COCTABJISET OT
1,4 no 1,7 MIla (ot 14 no 17 6ap), u

- BEPXHHUI NOTOK ra3a, 00pa3oBaHHBIN MPH PEKTU(PHUKAINHN, OXJIAKIAOT 10 TEMIIEPATyPbl
or 25 po -35°C u nocpeacTBOM 3TOr0 YacTUYHO KOHAEHCUPYIOT, IIPU 3TOM
KOHJIEHCHPOBAHHYIO YacTh BEPXHErO IMOTOKA ra3a HCIOJB3YIOT, YACTHYHO WJIHM MOJHOCTBIO, B
KadecTBe (ierMbl Npu PeKTH(PUKALNHN, a HECKOHAEHCHUPOBAHHYIO YaCTh BEPXHETO MOTOKA ra3a
MOCTABJISIIOT, YACTUYHO WJIH TIOJTHOCTBIO, B KA4eCTBE TpeThel razoBoit ppakuun (G3),

OTJIMYAIOIIUICS TEM, UTO

PEKTU(UKALIUIO BBIMOJIHSIOT C UCIIOJIb30BaHUEM peKTH()HUKaMOHHOM KoJoHHBI (T2), mpu

OTOM KOHACHCHUPOBAHHYKO MOOJIKO BEPXHETO IIOTOKA Tas3a WKW €€ YaCTb INOAAKOT O6paTHO B

3AMEHSAIOIIMMI JIUCT
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pexkTrduKannoHHY0 KOJOoHHY (T2) Oe3 mcrnonb30BaHus Hacoca It (hJerMbl WM COCya s

(baermel, pacroNoKeHHOrO CHAPYKU KOJIOHHBI.

2. Cnocob paspmenenust cmecu (K) KOMIOHEHTOB, coiepskaiieil BOIOpPOA, MeETaH,
yIJIEBOIOPOBI, UMEIOIIHNE J1BA aTOMa VIJIEPOAA, M YIIIEBOAOPOIbI, MMEIOIUEe TPU MM Oosee
aTOMOB yIJIepOAa, BKJIOYAIOUINIM AEITAHU3ALMI0 M AEMETaHW3alMIo, CIEAYIOIYI 32
JedTaHU3alKel, B KOTOPOM,

- TpPU AESTAHM3ALMU MO MeHblueld Mepe 4dactb cMmecH (K) KOMITIOHEHTOB MOABEPraroT
NePBOI YaCTUYHOW KOHIEHCALMU TOCPEIACTBOM OXJIAKIACHHS OT NIEPBOTO YPOBHS TEMIIEPATYPBI
J0 BTOPOTO YPOBHSI TEMIIEPATYPhI MPU MEPBOM YPOBHE AABJIEHHS, YTOOBI MOJIYYUTH MEPBYIO
razosyro ¢pakuuio (G1) u nepyro sxunkyro ¢ppaxuuio (C1),

- TpU JE3TaHM3AIMHM 1O MEHbIIeH Mepe 4YacTh nepBod rasosoit (pakumu (G1)
MOJBEPTratOT BTOPOH HAaCTHMYHOW KOHAEHCALMH MOCPEICTBOM OXJIQXKIAEHHS OT BTOPOTO YPOBHS
TEMIepaTypbl 10 TPETBEr0 YPOBHS TEMIEPAaTypbl NPU MEPBOM YPOBHE MABJIEHUS, YTOOBI
MOJIYYUTh BTOPYIO ra3oByro ¢ppaknuio (G4) u Bropyro xuakyro ¢pakauro (C2),

- TIpW JAESTAaHU3ALMU [0 MEHbIIeH Mepe 4dacTb mnepBoil xkuakoh ¢pakmuu (Cl) u mo
MeHblIel Mepe dacTb BTOpod skuakod ¢pakuuu (Cl) moasepraroT peKkTUPHUKALMH, YTOOBI
HOJIyYUTh TPEThIO ra3oByto ¢pakumro (G3) u TpeTsio sxuakyro ¢ppaxmmo (C3+),

- BTOPYIO YaCTHUYHYIO KOHAEHCALUIO BBIMOJIHAIOT TaK, YTO BTOopas razosas ¢paxuus (G2)
comepsxut bonee 95% Bomopona, MeTaHa U yIieBOAOPOIOB, HMEIOIINX 1BA aTOMa YIJIEPOAa,

- mepByro kuakyr ¢paxmuo (Cl) mnmm ee 4dacTh, MoAaBepraeMyr peKTH(OUKALMH, U
BTOPYIO kuAKyr0 (pakiuio (C2) uim ee 4acThb, MOABEPTaeMyI0 PeKTU(UKALNH, PACLIIUPSIIOT OT
NEepBOrO YPOBHS [aBJIEHHMsS 1O BTOPOrO VYPOBHS JHaBJIeHUs] Tmiepen pektuduxauuei, u
PEeKTH(HKALMIO BHIMOJHSIOT MIPH BTOPOM YPOBHE JABJICHUS, MPUYEM NIEPBbIi YPOBEHb JaBJICHUS
coctasiisieT oT 2,5 no 3,5 MIla (ot 25 no 35 6ap), a BTOpoii ypOBEHb JaBJICHHS COCTABJISET OT
1,4 no 1,7 MIla (ot 14 no 17 6ap), u

- BEpXHHUH MOTOK ra3a, OOpa3OoBaHHBIA NPH PEKTU(PUKALUH, OXJIAKAAIOT TOJBKO IO
TeMriepatypbl oT —25 n0 —35°C ¥ mocpeAcTBOM 3TOr0 YaCTUYHO KOHJEHCHPYIOT, IPU 3TOM
KOHJIEHCHPOBAHHYIO YacTh BEPXHErO IMOTOKA ra3a HCIOJB3YIOT, YACTHYHO WJIHM MOJHOCTBIO, B
KadecTBe (uierMbl NpU PeKTH(PUKALNHN, a HECKOHAEHCHUPOBAHHYIO YaCcTh BEPXHErO IMOTOKA rasa

MOCTABJISIIOT, YACTUYHO WJIH TIOJTHOCTBIO, B Ka4eCTBE TpeThell razoBoit ppakuum (G3),

3. Cmocob mo m. 2, B KOTOPOM pPEKTU(HKAIMIO BBIMOJHSIIOT C HCIOJIb30BAaHUEM

pexTudukannoHHoH koJaoHHb! (T2), Mpu 5TOM KOHAEHCUPOBAHHYIO JOJI0 BEPXHETO IMOTOKA ras3a
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WK €€ 4acTh MOAA0T OOPAaTHO B PeKTU(PUKALNOHHYIO KOJOHHY (T2) 6e3 ucrnoib30BaHus HacoOca

1151 pIerMbl H/UITH cocyia sl (puierMbl, pacrosIOsKeHHOTO CHAPY KU KOJIOHHBL

4. Cnoco0 mo moOoMy U3 MPEnIecTBYIOUNX IyHKTOB, B KOTOPOM NEPBbIH YPOBEHb
temnepatypsl coctasisieT oT 0 1o 50°C, Bropoii ypoBeHb TeMnepaTypbl cocTasiseT ot —30 1o —

40°C, a TpeTuii ypoBeHb TeMIlepaTyperl cocTasisgeT oT —50 no —60°C.

5. Cnocob mo nro0oMy U3 MPEnUIeCTBYIOIUX MYHKTOB, B KOTOPOM TPETHIO JKUAKYIO

¢dpakumo 00pa3yrOT NpU peKTU(PUKALINH MTPU YPOBHE TeMIiepaTypbl ot 65 o 75°C.

6. Cnocob mo nmroOOMy M3 TPEOIIECTBYIOIINX MYHKTOB, B KOTOPOM PEKTHU(UKALIUIO
BBITIOJTHSIFOT ¢ HCIIOJIb30BAHUEM PEeKTU(UKAIMOHHONW KOJNOHHBI (D2), KOTOPYH OXJIaXKIarT C
UCTIOJIb30BAHUEM BEPXHEr0 KOHJIEHCATOpa, KOTOPBIH SKCILIYaTUPYIOT C TPOMAHOBBIM W/WJIH

MPOMUJIICHOBBIM OXJIAXKIAOILIUM ar¢HTOM.

7. Crnocobd mo mroOoMy M3 TNPEAIIECTBYIOIIMX IYHKTOB, B KOTOPOM (DpaKiHio,
comepkamyro Oonmee 95% Bomopoma W MeraHa, U (pakuuio, copepxamyr Oomee 95%
yIJIEBOOPOOB, UMEIOIIMX [1BA aTOMa YIJIepoa, 0Opa3yroT U3 MO MEeHbLIeH Mepe 4acTh BTOPOi
razoBoii ppakunu (G4) u Tperbeit razosoit ¢ppaxun (G3) B JONOTHUTEIFHOM Pa3IeIUTEIbHOM

yctpoiictse (S1).

8. Cnoco® mo m. 7, B KOTOPOM JOMNOJHUTEIBHOE pPa3[eNUTeNbHOe YCTPOHCTBO (S1)

SKCIUTyaTUPYIOT MPU BTOPOM YPOBHE JAABJICHUS.

9. Cnocob mo m. 7 uiam m. 8, B KOTOPOM IO MeHbIIEH Mepe 4YacTb BTOPOH Ta30BOi
¢pakumu (G4) moOxBEPrarOT AONOJHHUTEIBHBIM YAaCTUYHBIM KOHACHCALUSIM TIOCPEACTBOM
CTYNEHYATOr0 OXJAKACHUS Uepe3 OJUH WK OoJiee MPOMEKYTOUHBIX YPOBHEH TEMITEPaTypPhI 10
YEeTBEPTOrO YPOBHS TEMIIEPAaTyphl TPU TMEPBOM YPOBHE [aBJICHUS [UIA  TOJIYYEHHUS

JOTIOTHUTEIBHBIX skuakux (pakuuii (C3, C4, C5).

10. Crmoco® mo m. 9, B KOTOPOM JOIMOJHUTENbHbIE XHUAKHE (PAKIUH TOHAIT B

paszznenurenbHOe yCTporcTBO (S1).

11. Cnocob no n. 9 wim . 10, B xoropom goso (G9) Bropoii razosoit ¢ppakuuu (G4),

KOTOpasi OCTaeTcs B ra3000pa3Hoii (hopMe npu 4eTBEPTOM YPOBHE TEMIIEPATYPBI, PACIIUPSIIOT OT
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NIEPBOTO YPOBHS JABJIEHHUs O BTOPOTO YPOBHSI NABJEHUS, YTOOBI 0OECMEUUTH XOJOIWIBHYIO

SHEPTIUIO, U MOJAIOT B AOMOJHUTENBHOE Pa3AeIuTeNIbHOe yeTpoiicTBo (S1).

12. Cnoco6 mo mobomy u3 mm. 9-11, B KOTOPOM 4eTBEPTHIH YpPOBEHb TEMIIEPATYPHI

cocrasiisieT oT —140 no —150°C.

13. Cnocob no mobdomy u3 mm. 9-12, B xotopoMm dpakiuro, comepxainyo oconee 95%
BOJOPOAa W MeTaHa, OTOMPAIOT W3 JOMOJIHUTEIBHOIO pasienurebHoro ycrpoicrea (S1),
PaCIIUPSIFOT OT BTOPOTO YPOBHS JABJIEHUSI IO TPETbEro YPOBHsI NABJIEHUS, YTOOBI 00eCIeYnuTh
XOJIOAUIIbHYIO SHEPTHIO, U MCITONB3YIOT JJISl CTYIEHYATOTO OXJIaXKIEHHUS 0 YETBEPTOrO YPOBHS

TeMIIEPaTyPhL.

14. Cnocob mo mobomy u3 mm. 7-13, B KOTOpPOM paszzienuTenbHOe ycTpoicTBo (S1)
SKCIUTYaTUPYIOT C BHYTPEHHHM TEIJIOOOMEHHHUKOM, KOTOPBIA OXJIQUKOAIOT C TOMOIIBIO

OXJIAKJAIOLIEro areHTa Mpu ypoBHe TemnepaTypbl oT —90 no —110°C.

15. Vcranoska (100, 200) mnsa pasmenenuss cmecu (K) KOMIOHEHTOB, coneprKaiieit
BOJIOPOJI, METaH, YIJIE€BOJOPOIbl, UMEIOIINE 1BA aTOMA YIJIEPOAa, U YIJIEBOAOPOIbI, UMEIOIINE
TpU WU OoJiee aTOMOB yriiepona, rae ycraHoska (100, 200) comep:kut cpeacTsa Aed3TaHU3ALNU
U CpPENICTBA JIEMETAaHU3ALIH, Il IEMETaHN3aLus CIelyeT 3a iedTaHu3aluuei u rue

- CpencTBa Je3TaHH3aluH coiep:kaTr nepsblii TeruiooOmenHuk (E1) m mepBelii cocyn
(D1), xoTOopBIe YCTAHOBJIEHBI IJIsl MPOBEACHUS MEPBON YAaCTUYHON KOHAEHCALMU 1O MEHbIIEH
mepe uactu cmecu (K) KOMIOHEHTOB MOCPENCTBOM OXJIAXKACHUS OT TMEPBOTO YPOBHS
TEeMIepaTypbl 0 BTOPOrO YPOBHS TEMIEPAaTypbl MpH MEPBOM YPOBHE IABJCHUS, YTOOBI
NOJIy4YUTh NIepPBYIO ra3oByio ppakuuio (G1) u nepyro xkuakyro ¢ppaxmuro (C1);

- CpencTBa AeITaHU3ALUN CoaeprKaT BTopoil Tertooomennuk (E2) u Bropoii cocya (D2),
KOTOpbIE YCTAHOBJICHBI JUUIsI TIPOBEACHUSI BTOPOH YaCTUYHON KOHIEHCAIMU 10 MEHBIIEH Mepe
yactu miepBod razoBoil Qpakmuu (Gl) moOCpencTBOM OXJNaXAEHHS OT BTOPOTO YPOBHS
TEMIepaTypsl 70 TPETBEr0 YPOBHS TEMIIEPaTypbl NPH MEPBOM YPOBHE HAaBJIEHUS, YTOOBI
MOJTYYUTh BTOPYIO ra3oByro ¢paknuo (G4) u Bropyro xuakyro ¢pakauro (C2),

- CPEeICTBa IEITAHNU3ALNHN COAEPIKAT KOJOHHY AesTaHu3anuu (12), koTopasi yCTaHOBJIEHA
IUT TIPOBENEHHS PEKTU(UKALIMY 110 MEHbIIEH Mepe JacTu nepoii xunkoi ¢ppaxum (C1) u mo
MeHbLIeH Mepe 4acTu BTOpoH >kuakod ¢paxkmuu (C2), 4TOOBI MONYYUTH TPETHIO TaA30BYIO

dpaxumro (G3) u TpeTsro xuakyro ¢ppaxuuro (C3+),

3AMEHAIOIIHNM JTUCT
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- Bropoi#i TeruooOmeHHuK (E2) u BTopoit cocyn (D2), koTopsle obecnieueHpl B KauecTBe
CPEeNCTB BTOPOM YAaCTUYHOM KOHIEHCALMH, YCTAHOBJIEHBI AJI BBINOJHEHUs BTOPON YaCTUYHOU
KOHJICHCALIUU TaK, 4TO BTOpas razosas ¢paxuus (G2) Bkioyaer Oonee 95% Bomopona, MeTaHa u
yIJI€BOAOPOAOB, MIMEIOLINX JIBa aTOMA YIJIeposa, 1

- o0ecrieueHb! CPeNCcTBa B BUAE PACIIMPUTENbHBIX KJIANAHOB, KOTOPbIE Pa3MEILEHb! s
pacmupenus nepsoi xuakon ¢paximu (Cl) mam ee vactu, nmoasepraeMoil pekTudukanuu, u
BTOpON kunkoil ¢pakumu (C2) wnm ee 4YacTH, MoxBepraeMol peKTU(UKALUH, OT MEPBOTO
YPOBHSI JaBJ€HHs 1O BTOPOrO YPOBHS JaBJCHUS Mepen peKTHU(UKALUEH, W BBINIOJHEHHUS
peKkTH(HKALNUU TPH BTOPOM YPOBHE NABJICHUS, IPUYEM MEPBBI YPOBEHb JABJICHHS COCTABIISET
or 2,5 no 3,5 MIla (ot 25 no 35 Gap), a BTopoii ypoBeHb AaBlieHHs coctaBisier oT 1,4 mo 1,7
MlIla (ot 14 no 17 6ap),

OTJIMYAOIIASICS TEM, UTO

- obecrnieueHbl cpencTBa B BUAE BepxHero koHaeHcaropa (E7), ycTaHOBIEHHOro cBepxy
KOJIOHHBbI aesTanm3anmu (T2), KoTopble NMPUCTIOCOONEHBI AJIsl OXJIAKACHUS BEPXHETrO IMOTOKA
rasa, oOpa3oBaHHOTO B Te4YEeHHE pekTH(uKanuu, 10 TeMmmeparypsl oT —25 mo —35°C wu
MOCPEICTBOM 3TOrO €ro YaCTUYHON KOHAEHCALMH, W U MCIOJIb30BAHUS KOHIEHCHPOBAHHON
YacTH BEPXHEro IMOTOKa ras3a, YacTMYHO WM TIOJHOCTBIO, B KadecTBe (ierMbl mpu
peKkTH(UKALNY, U TOCTABKHU HECKOHIEHCUPOBAHHOMN YaCTHU BEPXHETO MOTOKA ra3a, YaCTUYHO MU

TIOJTHOCTBIO, B KauecTBe TpeThelt ra3oBoil ppakumu (G3).

3AMEHAIOIIHNM JTUCT
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