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. BBEAEHUE

Tenpenuuun B pa3BUTHH TNPOM3BOACTBA TOILIMBHO-
3HEpPreTHYeCKUX pecypcoB HeNoCpPeJACTBEHHO CBA3aHDI € Pa3BUTU-
€M BCETO MHMPOBOIO XO3sMCTBAa M COOTBETCTBEHHO € POCTOM YHC-
JEHHOCTH HaceJieHUsl U [JyUIeBOro INoTpe6JieHUs KOHEYHBIX TOMH-
JIMBHO-oHepreruyecknx pecypcoB (TOP). Umucriennoctb Hacene-
HUSI B HacTosillee BpeMs AocTUrja 6 MapA. denoBek, a Kk 2030 roxy
oHa cocTaBUT 8,25 MipA. yeloBek. B To xke BpeMsi AyueBoe Io-
Tpe6ienrie KoHeyHbix TOP Oyzaer mnocTosHHO HapacTaTh ITIPakTH-
4YeCKH BO BCEX permoHax MHUpa 3a McKJaiodeHneM CeBepHoil AMe-
puxu, Boctounoi#t u CemepHoll Asuu. B pesyabTate cyMMapHoe
norpebyenne KOHeUHOH aHepruM B Mupe 3a Gibkailliue TPpUALATH
JeT Bo3pacrer nout# B 1,5 pasa.

B cBolo oyepenb yAOBJETBOpPEHHE NOTPEOHOCTEH B OTAEJHLHBIX
Bunax TOP onpenesnsiercss UX KOHKYPEHTOCIIOCOOHOCTBIO MO OTHO-
HmieHUIO APYT K Apyry. IIpu 3ToM KOHKYDPEHTOCIOCOGHOCTD TOTO UK
HHOTO pecypca Ha MMPOBOM DPbIHKe 3aBHCHT OT lieH, KOTopble B
CBOIO OYepe/lb CKJIAJbIBAIOTCS IOJ BJIAMSHUEM 3aTPaT, CBA3AHHBIX C
UX fo6blueit, nepepaGOTKON, TPAMCIIOPTOM, TEXHOJIOTMYECKUMH U
SKOJIOTUYECKUMHM KadecTBaMHM UX MCNIOJb30BAHUA.

3anacbl TOIJIMBHO-3HEPreTHUYECKMX pecypcoB ofecrieyar Io-
TPEGHOCTH 4YeNioBeyecTBa B HUX H Ha cjefyiolulee ctosierne. Opnxa-
KO Ha ofecreuyeHHe 3THX INOTpeGHOCTell HaKJIaAbIBAIOTCS OIpeje-
JIEHHble OTPAHMYEHHUS] 3KOJIOTHYECKOTO M 3KOHOMHUYECKOrO XapakTe-
pa. OTo mpexzAe BCEro JNOCTAaTOYHO >KECTKME OTPaHWyYeHUs To
aMuccrn CO, B Mupe Ha ypoBHe 1990 r., a Takyke BO3HUKIUHE B
nocjie[Hue Tofbl TPYAHOCTH C IJIAHMPOBAHWEM MCIIOJb30BaHUS
SIIEPHOI 3HEPTreTHKU. Y KecTOUeHHe JKOJIOTMYeCKHX TpeboBaHMil
AOPUBOJUT K TOMY, 4TO HauboJsiee KOHKYDEHTOCIIOCOGHBIM M3 BCEX
BUZOB NepBUYHBIX TOP siBisieTcs NMpUpOAHbIH Ta3. ITO CBSI3aHO C
TeM, yto smuccus CO, Npu CKUTAHWU Ta3a HUXKe, UeM TNPU CXKH-
TaHUM MasyTa M YIJIs: CXUraHue rasa B pacyere Ha 1 kBru
NIEPBUYHON 2HepruM colpoBoxaaercs aMmuccueii CO, B pasMepe
0,2-0,22 xr, masyra coorBerctBeHHO — 0,26—0,28 KI, KaMeHHOIo
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yras — 0,33 kr, 6yporo yras — 0,4 xr. Ilpu atoMm cieayeT yuuThl-
BaTh, 4YTO TIPH MCIOJb30BAHUM MPUPOJHOTO T'a3a Ha KPYMHBIX 3Je-
KTPOCTAHLMAX ¢ Ta3oBbiMu Typ6unamu KIIJI npesbiuraer 50 %,
a OTOMHUTEJNbHbIe KOTJbI HOBoro nokojeHuss nmeior KIIJ] cBbiure
90 %, HTO COOTBETCTBEHHO CHMXKaeT MOTpebjeHre TEepPBHUHOrO
TOIJIMBA M yaeabHyl0 aMmuccuio CO, Ha eJUWHULY KOHEUHOH 3Hep-
ruu. Eciau 3a nocaegnue 20 yser MupoBoe ToTpebjieHHe 2HEePruu
yBeuuuBajioch Ha 38 %, To IpHpoAHOro raza — Ha 65 %, B TO
BpeMsi Kak HepTH ~ Ha 12 % u yriis — Ha 28 %. 3a 3T0 BpeMms
JIOJIT TIPUPOAHOTO raza B OGajlaHCce MNEPBHYHBIX SHEPropecypcoB
Bo3pociaa ¢ 17 go 21 %, noist Heptu cHusuaach ¢ 49 go 40 %, a
yras ¢ 30 mo 27 %.

TakuMm o6pa3oM, poJib ra3a, Kak HauboJsee 5KOJOTHUECKH UHCTO-
ro BuJa TOILIMBa, 3aMeTHO BO3pactaeT M, MO NPOTHO3aM 3KCIep-
TOB, ero AoJisi B aHeprobasatce Mupa K cepeanie XXI Beka moxker
coctasuth 28-30 %.

Poccust obnafaer caMbIMH KPYITHBIMH TNPOMbINIJIEHHBIMU 3ama-
caMn npupogxoro raza (okoso 40 % OT MUpOBBIX) M 3aHMMaeT
JUAVpylollee IOJOXeHHe B MHUpe IO ero Jo6blue W 3KCHOPTY.
OueHka pa3MepoB IPOTHO3HBIX pecypcoB Ta3a B Boctounoil Cu-
6upu u [lanpHem Bocroxe, Ha menbdax ceBepPHBIX M BOCTOUHBIX
Mope#i okaspiBaer, uto Poccus eliie gosroe BpeMsi 6yAeT JuIepoM
B Ta30BOH OTpaciy MHpa.

B nocnenHue pecATUseTHst HaGMIOAaeTCs TeHIeHHMS K IOCTO-
SIHHOMY TIOBBILIEHUIO B OOIIEM YHCJIe MECTOPOXK/IEHUI NPUPOAHOro
rasa [OJM Ta30KOHJEHCATHBIX MECTOPOX/JEHMH CO CJOXHBIM KOM-
TIOHEHTHBIM COCTABOM, B COCTaB ILJIACTOBOIO ra3a KOTOPBIX BXOAST
He TOJIbKO XU/KHE YrjeBofopoiabl (MeHTaHbl ¥ BBILEKUIALE), HO
W CEpPOBOJOPOA U CepocojepXkallfie coeAVHEHMS, TeJuil U Apyrue
KOMITOHEHTHI.

[lo Tex TIOp MOKa IIPUPOAHBIM Ta3 MOGBIBANCS TOJLKO M3 Taso-
BbIX MecTopoxJeHuil (cogepkaHue B HeM MeTaHa COCTaBJISIET
95 % u Gojiee) OCHOBHBIM TEXHOJOTMYECKUM IPOLECCOM, MPUMEHS-
eMbIM B TIpollecce JOGbIMH M TPAHCIOPTUPOBKM ra3za mnorpebure-
JaM, 6plr npomnecce ocyiiky. [lepexon x qo6blue raza U3 TI'a30KOH-
JeHCaTHbIX MeCTOPOXKIeHWH NoTpe6oBajJ NPUMEHEHUS! AOCTATOYHO
IIHPOKOTO CIIeKTPa TEXHOJOTWi, [pHU3BaHHBIX peulaTb HOBBIE 3a-
Ja4M KaK IIpU NO/ATOTOBKe Ta3a U KOH/eHcaTa K TPaHCNOPTy, TaK U
IpH OpTaHHu3aluH TJIy6oKoil nepepaboOTKH IPUPOAHOTO rasa.

Ilpu aroMm ocymka rasa ocraercs Haubosiee pacrpoCTpaHeHHOH
TeXHoJoruel, Heo6X0AUMOH NMpaKTHYECKH Ha JIOO0M MeCcTOpOXje-
HUM ra3a ¥ TasolnepepabaTblBaroliieM 3aBofe. BTopoil no pacmnpo-
CTP2HEHHOCTH B IIPOMDICJIOBBIX M 3aBOACKMX YCJIOBUSX SBJSIETCS
TEXHOJIOTHSI H3BJEeYeHUs U3 IJIAacCTOBOTO ra3a KOHIeHCaTa, T.e.
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KUAKUX yraeBogoponoB (meHTraHa u GoJiee BBICOKOKHIISIIUX) —
HU3KOTEMIIepaTypHas cenapauus. KpanuduuupoBaHHasd MNOATOTOB-
Ka K TPAHCIIOPTY Ta30BOTO KOH/JEHCaTa HEBO3MOXHA (e3 NpumeHe-
HUS TEXHOJOTHE cTabUaM3allMM KOHJIEHCATa C HCII0Jb30BaHHEM
[IPOIIECCOB pextudukauuu. Pexktudukauus aBisgercs OCHOBHBIM
TIpOLECCOM NPH Ta3oppakLMOHMPOBAHUU B IPOM3BOJACTBE MHIWBU-
JiyaJIbHbIX Ta30BBIX KOMIIOHEHTOB.

Ha tepputopur Poccum 3HauuTeabHast [0JSI Ta30KOHJeHcAT-
HBIX MECTOPOXIEHMI! COAEepIKUT B COCTaBe IJIACTOBBIX Ta30B CEpPO-
BO/IOPO/L N CEpPOOpraHuYecKUue CoeJUHEeHHUs, 6e3 OUUCTKM OT KOTO-
pbIX I'a3 He MOXeT ObIThb IOJaH B CHCTEMy MAarkCTPaJbHBIX Ta30-
IIpOBOAOB U TOTpebuTesaM. OpraHusalus JoOblvM Tasa Ha OpeH-
6yprckoM, a 3aTeM Ha ACTpaXaHCKOM MeCTOPOXKIEHUSX, ToTpelo-
Bajia MCIIOJAb30BAHUS TEXHOMOTUIM MO OUMCTKE Trasa OT CEpPOBOAOPO-
Ja, TIPOM3BOJCTBY Ta30BOIl cepbl M JOOYUCTKE XBOCTOBBIX TIa30B
[IPOM3BOJCTBA Cepbl, a TaKXkKe OYHCTKe ra3a M KOHAeHcaTta OT ce-
poopraHiuecKUX coefMHeHHH. B mocieanue roapl MOSBUJIOCH
MHOXKECTBO HOBBIX TEXHOJOTHYECKUX TIPOHECCOB TepepaboTKu
NpUPOJHbIX Ta3oB, B TOM YMCJE OYHUCTKA raza (PU3NYeCKUMH ab-
cOp6eHTaMY, OKUCJIUTENbHBIMA M MUKPOGHUOJIOTHUECKUMH MeToja-
MM, TEPMHYECKasl U NJIa3MOXUMMUUYECKasl TUCCOLMALMSA CEPOBOIOPO-
Jia, MeMOpaHHbIe TPOLIECChl Ta30pasfeeHust U T./.

BosHukHoBeHue rasomnepepaborku B 6bBuieM CCCP, kak camo-
CTOATeJbHOH II0J0TpPacu, MOKHO OTHeCTH K KoHUy 60-x — Haua-
Ay 70-Xx rofioB, KOr[a BBOAWJIMCH B 3KCIAyaTalinio My6apekckut
I3 (Y36exkucran) u Openbyprcxkuit T3 (Poccus). B nacros-
utee BpeMsi B PoccuM B cocTaBe rasonepepabaTtbiBatouiedl Mmojot-
pacin OAQO “Tlasmpom” kpome Openbyprckoro I'Tl3 gmeiictByror
Open6yprckuii resueBbli 3aBoJ, ActpaxaHckuit [T13, CocHorop-
ckuit I'Tl3, Ypenroiickoe YmnpaBieHue NOATOTOBKM KOH/EHCATa K
TpaHcrnoptry, Cypryrckuil 3aBoi cTabuIu3anuu KoHjencara. [lep-
CIEKTVBBI [JajbHeHINero pa3BUTUA Tra3omepepaboTku B Poccuu
CBsI3aHbl ¢ HO6bIUel YTIeBOJOPOAHOTO ChIpbsl Ha Ta30KOHAEHCATHDBIX
mectopoxaenusx HagpiM-ITyp-Tasosckoro paitona TiomeHckoit 06-
JIACTH, OCBOEHHEM MeCTOpOX/eHHH nosayocTtpoBa SMan, Bocrounoil
Cubvpu, dxytum, [anbhero Boctoka, paifiona Ipuxacnusi, Tuma-
Ho-Iledopckoit HedTerazoHocHolt mposuuimu. IIpopa6aTbiBaeMble B
HacToslllee BpeMs MPOEKTbI MOCTABOK MPUPOJIHOTO rasa B CTpaHbl
Asnarcko-THXO00KEAHCKOro pervoHa H JAPYTUM MOTPEGUTEIAM TI0
TpYGONpPOROiaM M MOPCKHM IyTEM B COXKIJKEHHOM COCTOSHUH I10-
TPeOYIOT MpHMEeHEHUS IUPOKOH raMMbl TE€XHOJOTHYECKMX TPOollec-
COB IepepabOTKHM KaK Ha BHOBb coopyxxaembrx 113, tak u Hero-
CPeNCTBeHHO Ha mpoMbiciax. [loaToMy Uenbio HacTOSIUEro crpa-
BOYHMKA SIBJSIETCS M3JIOKEHHE MOCJEeJHUX B3IJISIZIOB HA TEXHOJO-
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THi0 1epepaboOTKM TIPMPOAHOTO Ta3a M Ta3oBOTO KOHAEHcarta, co-
BPEMEHHDbIX METOJ0B pacyeTa TEeXHOJIOTMYECKMX IIPOLecCcOB M MX
MoJe/IMpOBaHHe, TEXHOJNOTHIO M MeToAbl OXPaHbl OKpYyXKalolieit
cpenpl NIpH nepepaboTKe Ta30BOTO CBIPbS, a TAKXKe MePCIeKTHBbI
pasBuUTHA Ta3onepepabaTbiBawlieil MOAOTPACH.

ABTODCKMII KOJINEKTHB BbIpa’kaeT TIy6OKYI0 MPU3HATEIbHOCTb
3a MHULMATUBY, NPOSBJEHHYI0 B INOCTAHOBKE 3aJauyd II0 Halluca-
HHI0O KHWIM, HblHe IIOKOWHOMY, HauyaJbHHUKY Ynpasiaenus OAO
“I'asnpoM”, AOKTOPY TeXHMUYECKUX Hayk Bramumupy Po6eptoBuuy
I'pynBanbay, a Takxe HeJJaBHO yille/lieMy M3 >U3HM [eHepasbHo-
My aupektopy OOO “BHUMUIA3" , nokropy TeXHHUECKUX HayK
Banepuro Baagumuposuuy PemusoBy, yaenssuieMy 6o0Jbilloe BHU-
MaHHe BONpocaM TJIy6oKoH IepepaGOTKH YIiIeBOJOPOAHOIO ChIpbs
W TNPOU3BOACTBY Ta30oXMMHUeckod mnpoiykimu B cucteme OAO
“lasnpoM”, Kak 0JHOMY M3 IepCHEeKTUBHbIX HalpaBJieHUH Tra3oBoi
TIPOMBIIIJIEHHOCTH, ¥ TPUHSIBUIEMY HeNOCPeACTBEHHOE y4acTHe B
OpraHM3allMy¥ CO3[aHUs 3TOH KHUTHU.



Hanuume B rase u3GbpiTouHOM BJAru BbI3bIBAET pAf Ce-
pbe3HBbIX NpobJieM NMpPH TPAHCIOPTHPOBaHMH ra3za IIpu o6paborke
¥ TPaHCHOPTHPOBAHMM Ta3a 32 cUeT CHIDKEHMS TeMIlepaTypbl B
CUCTEME TMPOUCXOJUT KOHAEHCALMsSI BOJSIHBIX IapOB M CJe/i0Ba-
TeJIbHO 06pa3oBaHue B Heil BogHoro koupaeHcara [lociemHuit ¢
KOMIIOHEeHTaMu [IPUPO/HOTO rasa obpasyer ruapatsl. [vaparsi, oOT-
Jlarasicb B rasollpOBOJaX, YMeHbUIAOT WX CedeHHe, a MHOrJa IIpHU-
BOJSIT K aBapWHHBIM ocCTaHOBKaM. Kpome Toro, Haiuuue BOJbI B
CHCTEME YCHJMBAET KOPPO3MIO 00OPYNOBaHHUS, OCOOEHHO MpH Co-
JepXXaHNHM B ChIPbEBOM Ta3e KHUCJBbIX KOMIIOHEHTOB. B c¢Bs3u ¢ M3-
JIO)KEHHBIMH TIPUPOJHble M HedTsiHble Ta3bl Hepej Mojavyeil B Ma-
TUCTPAJbHblE Ta30MPOBOABI U B LIHKJE MepepaGoTKU IOABEPraloTCs
ocymike O61nHe BOIIPOCH, CBS3aHHbIE C OCYILIKOH raza U BJMSHHEM
HEKaUeCTBEHHOH TOArOTOBKM ra3a Ha MOKAa3aTed Tra3oTPaHclopT-
HBIX CUCTeM omucaHwbl B paborax [7, 11, 12, 16, 20, 22, 23, 24, 28,
30, 32, 34, 35, 37, 41]

Bri6op croco6a oCyLUIKM ra3a 3aBUCHT OT cocTaBa cbIpbsi Jlas
OCYLIKH TOUUX Ta30B IPHUMEHSIOTCS abcopOioHHble W aACOpOLH-
OHHbIE Tipouecchl IIpu wanuuuy B rase KoHAeHcara mepepaboTKa
ra3a OCYUIECTBJISIETCSI ¢ IIPUMEHEHHEM HU3KOTeMIIepaTypPHBIX MpPO-
Heccos. IIpu 3ToM Ha cTaguu OXJaXXAEHUS Ta3a NPOMCXOAUT KOH-
JeHcallsi BOASIHbIX NapoB 32 CYET CHWIKEHWsI PaBHOBECHOM BJaro-
€MKOCTH Trasa.

IIpotHBOTOUHBIE a6COPOLUMOHHbIE MPOLECCHI, B IEPBYIO OYepEnD,
[PUMEHSIOT AJIS1 OCYIIKM TOLIMX ra3oB, T.€, ra3oB, He COAEPKAMUX
TsDKeJIble  YIJIEBOJOPO/b! Bblllle MOPOTOBOM KOHLEHTpalMH. 3ech
1oz Bbipa)keHHeM “NOpPoroBasi” MOAPAIyMeBAETCA Ta KOHUEHTPALUS
YTJIeBOJIOPO/IOB, KOTODpasi He CJIYXHT HPENATCTBUEM ]I HODMajb-
HOW TPaHCIOPTUPOBKH rasa.

IIpoTuBoToYHbIE a6COPOLUMOHHDBIE TIPOLECCHl MPUMEHSAIOT TaKKe
AJIL OCYIIKM KHCJBIX Ta30B, ra3oB IIOCJE YCTAaHOBOK OYMCTKH Tra3sa
OT KHCJbIX KOMIOHEHTOB € NpHMeHEeHHeM BOJHLIX PAcTBOPOB pa3-
HbIX peareHTOB, IIPM IIOJTOTOBKE Ia30B K HHU3KOTEMIIEPATYPHOM
nepepa6oTke U T.A.



[IpsMotouHble a6cOpOLMOHHBIE TPOLIECCHI MCIOJIb3YIOTCH B OC-
HOBHOM Ha He(TSAHBIX MecTOpOXKAeHHMsX. OcyliKa ra3a NpOU3BO-
OUTCsl B FOPU30HTaJbHBIX abcopbepax. Ha mecropoxaennsix Poc-
cun (TioMeHckast o6nactb, ToMckHedTs, Bamnedrtsp, darnedts u
T./.) IpUMEHEHHEe HAIIH YCTAaHOBKH OCYIIKH MPOM3BOACTBa GbB-
weid T'IP. IpousBoauTesibHOCTb TaKUX YCTAHOBOK He6oJbliasl M
coctasjister or 0,5 g0 2,5 maH. M’/cyr. Hekortopwie xapaxTepuc-
TUKU ¥ 067acTh TIPUMeHEHUS] TMpPSIMOTOYHBIX TPOHECCOB OCYUIKH
rasa npusezeHnsl B pabore [10].

Ancop6UUOHHDIE TIPOIlECChl TPUMEHSAIOT KakK [/ TNOATOTOBKH
“rourux” Ta30B K TPAaHCIIOPTUPOBAHUIO, TaK U [ TJY6OKoil oCyll-
KM rasa, T.e. Tlepejl rojpaveil raza Ha HHU3KOTeMIEPaTYPHYIO Mepe-
paboTKy rasa, HalpuMep, Ha YCTAaHOBKax II0JydeHMs reius. IJTH
npouecchl HAULIM TakxXe LIMPOKOe IpUMeHeHMe TIIPU  OCYlUIKe
CKM)KEHHDIX Ta30B, HCIOJb3YeMbIX B KaueCTBE MOTOPHOIO TOIJIMBA
WM XJlaJlareHTa.

IlpoexTHpoBaHHe YCTaHOBOK OCYIIKHM Tra3a BKJIIOYaeT B cebs:
orpeie/ieHne Heo6XOAUMOH TOYKM POCHI Ta3a 10 BoJe, NpPHUHSTHE
KOHIIEHTPALIMU MCXOAHOTO ¥ OTPabOTaHHOTO PAaCTBOPOB OCYLIMTE-
Jisi, BbI6OD o6opynoBaHMsi AN OJIOKOB OCYHIKM H pereHepaunuu
UT.A.

2.1. XUOAKUE OCYLLUUTENUN
: N UX CBOUCTBA .

s u3BlevYeHUs] BJArd M3 INPUPOJHOTO Ta3za MOXKHO
IPUMEHSTh Pa3IMUHbIE OCYIUIUTENH, KOTOpble AOJKHBI UMETh!

a) BBICOKYIO MOTJIOTHTEJNbHYIO CIIOCOGHOCTb B IIMPOKOM HHTEp-
BaJie KOHLEHTpaluil, 1aBJeHusl U TeMieparyp;

6) HM3KHME [JaBJIEHHS HACBIEHHbIX MapoB, 4TOGbI MOTEpH, CBS-
3aHHble C UX UcTapeHHeM, ObUIM He3HauMTEJbHBIMH;

B) TEMIIEPaTypy KHIEHHUs, OTJHYANIYIOCH OT TeMIlepaTypbi
KUIIEHUSI BOABI HACTOJIbKO, YTO OTAEJEHHe IMOrJOUEHHON BOABI OT
OCYIIMTEJSI MOrJIO 6bl OCYLIECTBJISATbCS MPOCTHIMH METOJaMH;

) IUIOTHOCTb, OTJMYAIOUIYIOCS OT IJIOTHOCTH YIJIEBOAOPOIHOTO
KOHJeHCaTa JJ1s1 o6ecrieyeHus] YeTKOro pasJeseHusi NPOCTbIMU CIIO-
cobamu;

A) HM3KYIO BSI3KOCTb B YCJOBMAX 3KCIyaTalldd, OGeclieuuBa-
IOIIYI0 XOPOUIMIT KOHTAaKT ¢ ra3oM B abcopbepe, TenaI006MeHHHKAX
U APYroM MaccoOOMeHHOM 06OpY/I0BaHUY;

e) BbICOKYIO CEJEKTHBHOCTb B OTHOLIEHWM KOMIIOHEHTOB rasa,
T.€. HU3KYI0 B3aUMODPaCTBOPUMOCTb ¢ HUMM,

) HefiTpaibHble CBOHCTBa, T.e. He BCTYNaTb B XMMHUYECKHe
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peakLyu C MHTMOUTODaMH, NPHMEHSEMBIMH B IIpoLecce J06bluM
rasa,

3) MaJIyl0 KOPDO3UOHHYIO aKTHBHOCTD;

M) HHU3KYI0O BCIIEHMBAEMOCTb B YCJOBHSX KOHTAKTa € Ta30BOM
CMecCbIo;

K) BBICOKYIO YCTOHYMBOCTb NPOTUB OKHCJEHUS M TEPMUUECKOTO
pas3JIoKeHHs.

Hannune BTOPOro KOMIIOHEHTa B OCyluuTese, KOTAa cMech IoTo-
BAT HEIOCPENCTBEHHO Ha razoo6padarbiBaiollieM o6bekTe, Tpebyer
JIOTIOJIHUTE/IBHBIX €MKOCTeil U HacOCOB [Js1 eTOo XpaHeHHsl U 3aKay-
k. Eciv u3-3a Heo6XOOUMOCTHM M3MEHEHUS KaueCTBeHHBbIX II0Ka-
3aresielt (TeMIepaTypbl 3aCTbiBaHHsI, BSI3KOCTH U T.A.) NPUMEHSIOT
JIBYXKOMJIOHEHTHbII OCyHIMTe/]b, TO BTOPOM KOMIOHEHT J0JKeH
OTBEYaTb TEM JKe TPeGOBAHUAM, 4YTO U Bce ocymurenu. Kena-
TeJIbHO, YTOGB! pa3HULla MeXAy TeMIepaTypoill KHUIeHHsl KOMIIO-
HeHTOB abcop6eHTa ¥ BOJABI ObLIa KaK MOXHO 6GoJiblie.

Ha ycraHOBKaX KOMILJIEKCHOW IIOATOTOBKH Ia3a HEKOTOpast 4acTb
oCylLINTeNd TONAjaeT B BOJOEMbl M Ha IOYBY, MO3TOMY OH JOJIKEH
ObITb HESIAOBUTHIM M CHOCOOHDBIM K TIOJIHOMY OGMOJIOTHYECKOMY pas-
pyuienuo. Kpome Toro, oCcymuTeJu MAOJKHBI ObITb AelIeBbIMH U
HETOKCUYHBIMMU.

ITUM Tpe6OBAaHUSAM B TOH MM MHOH CTelleHHW OTBEYAIOT IJIMKO-
g — smadenraukonb (31), muatuaenrauxoas (12D, TPHUITU-
senravkoab (TIAT), npomusaenrmukoasp (IIT), cmecu raukosed c
ux adupaMu U T.A.

Hekortopbie npousBoiHble [W- W TPUSTHJIEHTJMKOJNSA U 1M06OU-
Hble BelIeCTBa, TMOJyYaeMble NPH HMX TIPOM3BOJCTBe (ITUJIKAp-
6MTOJIb, TETPAdTUJIEHTIUKOIb), XOTSI U 06JaJaloT BbICOKOH IMIpo-
CKOIMYHOCTBIO, MPaKTUYECKH He NPUMEHSIOT [JIS1 OCYLIKU MPUPOI-
HOTO ra3a, YTO OOBSICHSETCS TPYAHOCTSMM, CBSI3aHHBIMU C pereHe-
patiMell UX HACBIUIEHHBIX PACTBOPOB W HU3KOH U36UPATENBHOCTHIO
B OTHOLIEHHWM KOMIIOHEHTOB NPUPOJHOTO rasa.

Ha npaktuke B cxeMax ycTaHOBOK aGCOpPOLMOHHOM OCYIIKM rasa
B KauecTBe OCYyHIMTeJell NPUMEHSIOTCS BBICOKOKOHIIEHTPHUPOBAH-
Hple pactBopbl J3Ta u TOrla.

Bonnbie pacTBopb! ApyTMX T/MKojell, a B 4acTHOCTH 3THJEH-
TJIIMKOJST M TPOMMJIEHTJIMKOJSI, HAallJM HpHMeHeHHe B KauyecTBe
HHTH6UTOpa TUAPaToo6pa3oBaHusl.

I'vkonn SBASIOTCA ABYXAaTOMHBIMM CITUPTAaMU JKUPHOIO DPsiia U
C BOJOH cMeNIMBAlOTCS BO BCeX OTHolleHUsX. WX BoaHble pacTBo-
Pbl He BbI3bIBAIOT KOPPO3UI0 060PYAOBaHUS. ITO OBCTOSITENBCTBO,
10 CPaBHEHUIO € APYTHMHU abcopOeHTaMM, AaeT UM JIONOJHWUTE/b-
HOe NpeuMyllecTBO, Tak KaK MO3BOJsSeT W3rOTOBUTH 060pyIOBaHUE
M3 JlenIeBbIX MapoOK CTaJu.
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BaxHoe cBoOiicTBO T/IMKOJeii — CIMOCOGHOCTD IOHMXAThb TeMIle-
paTypy 3aMep3aHMsi BOJHBIX PACTBOPOB, YTO [aeT BO3MOXKHOCTb
HCTI0JIb30BaTh BOJAHbIE PaCTBOPBI TIJIMKOJEH KaK aHTHUTMIAPaTHBIN
HHTUGUTOD NIPM MHHYCOBBIX TeMIlepaTypax KoOHTakTa. YUeM Huxe
JIVIOJIbHBIA MOMEHT TJIMKOJS, TeM GOJIbile ero CIocoO6HOCTb K ac-
COUMAIMHU, TOHWXKEHUIO TeMIepaTypbl 3aMepP3aHHsl PacTBOpA.

OcHoBHble CBOHCTBA IJIMKOJIeH NpuBeneHbl B Taba. 2.1-2.10 u
Ha puc. 2.1-2.20, no manusiM [6, 11, 12, 26, 28, 30, 31, 32, 34}].

ITo nanHpIM Tabs. 2.2 MOXHO OTMETUTb cJiefylolllee — He TIpH-
BOAUTCSl pacliMdpoBKa COCTaBa OPTaHMYECKUX IIpuMecell, cozxep-
xamuxcs B ravkosasax (8 [I3Te — 1,3 n TOle — 1,9 %). Itu npu-
MecH SIBJISIOTCS MOGOUHBIMM NMPOAYKTaMH MX rnpousBoAcTBa. Ilpen-
CTaBJIsIeT UHTepec UX (HUNKO-XUMHUEeCKHe CBOICTBa ¢ TeM, YTOOBI
OLIEHUTb UX TEPMUYECKYI0 CTaOWJIbHOCTD W BJHMSIHUE Ha HaJlex-
HOCTb DKCILTyaTaiuy 6JIoKa pereHepallui.

Yxa3blBasl Ha OTCYTCTBHE pacuIMdPOBKH OPraHHYeCKUX IpHMe-
ceil, ofpaiiaeM BHUMaHHe Ha TO, YTOGBI TIPU 3aKyIKe FJIHKOJeH
3akasuuk noTpe6oBan oT [locraBuinka cocTaB aTUX mpumecei.

Tabauya 2.1
OcHoBHble (pu3HKO-XHMHYeckHe cBoiicta wictsix [I3Ta n TOTa
ITokazaTean asr Tar
Xumuueckas ¢opMy.a C,H4(OH),|C.H,,(OH),
OTHOCHTEIbHAA MOJIEKYISIPHAs Macca 106,12 150,17
ILaotrocTs 1pn 20 °C, 1/cM® 1,1184 1,1254
Baskoctb npu 20 °C, MIla-.c 35,7 47,8
Tennoemkocts mpu 20 °C, x/Ix /kr-K 2,09 2,2
Tennota napoo6pasopanus (npu nasaennu 0,1 MIlIa), 629 416
/K /xr
Temnepatypa, °C:
Havaja pa3soxeHHus 1644 206,7
BOCTIIAMEHEHMST Ha BO3AYyXe 150,5 173,9
BenbimKH (B OTKPBITOM THIIE) 143,3 165,5
3aMep3aHHs -9,0 -7,6
TloBepxnocTHoe HaTskenue, 1073 M 48,5 45,2
KoadduunerT pedpakunn (npesomuenus) npu 20 °C 1,4472 1,4559
TeMmnepatypa xumenus, °C:
npu 101,3 xIla 2448 278,3
npH 6,66 xlla 164 198
npu 1,33 x[la 128 162
CxphiTas TenjoTa mapoo6GpasosaHusa mpn 101,3 klla, 628,1 367,0
kDK /kr
Tensniora pacTBOpeHHs BOAH B Iamkoaax npu 90 °C, 134,9 210,0
k/x/Kkr
Koadduunenr obbvemnoro pacmupenus B unreppaae| 0,00064 0,00069
0-50 °C
Kpurmueckad reMmneparypa, °C 410 440
Kpuriyeckoe aaBienne, MIla 5,1 3,72
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Tabauua 2.2

Ocuosuble nokazdtém A9Ta u T3Ta, npousBoauMbIX Ha npenpusaTHax PO

. - HuaTien-
[JHKOJIb 1O TpHATIIEHTINKOID
v TOCT 1013677 no TY 6-01-5-88
IoxasaTesp , (TY)
H: Ma}\)“ Maé)xa Mapka A | Mapka B
1 BuemHufi BHA Becusetnas 1| becusetHas wwanm  xen-
KeJToBaTas ToBaTas# KIAKOCTp 6e3
npo3pavuHas MEXaHHYECKNX  MpliMe-
JKHAKOCTD ceit
2 TIlaotnocts mpu 20 °C, r/cm’ 1,116—-1,117 1,123-1,124 | He nHike
1,121
3. Maccoas goas  opraumvecknx| 0,4 1,8 2
npumeceit, %, He 6ouee,
B T.4 MOHO3TILIEHIJIIIKOJS 0,15 1,0 0,1 0,8
4. MaccoBas 107 OCHOBHOTO Beuwte-! 99,5 98,0 98 90
ctBa, %, HE MeHee
5 MaccoBas Aoas Boibl, %, He 60-{ 0,05 0,2 0,1 0,3
aee
6. MaccoBasg goas kucior B nepe-| 0,005 0,01 0,002 -
cueTe Ha YKCYCHYIO KHCJoTy, %, He
6oJtee
7. Uncno oMbLIeHUsI, MT THAPOOKIICH 0,1 0,3 - -
kams (KOH) Ha 1 r npoaykra, He
6oee
Tabruya 2.3
CoorHouenus koagpHIMeHToB Tenonepe a IJMKoJdel H BOIBI
Harpes nan oxaaxzaenne | Harpes ian
TAMKoMH KHIKOCTH oxaaxaenne | KoHaencauusi| Kunenne
napos napos XKUAKOCTH
R>2100 R<2100
2T 0,49 0,12 0,60 0,28 0,30
a3ar 0,50 0,11 0,60 0,17 0,30
Tar 0,49 0,09 0,60 0,15 0,30
ITpumeuanue. Ilpennpuatnamn ra3oBoil IPOMBINIIEHHOCTH PEKOMEHIYeTCA
npuoopectr IST mepssiii copt 1 TIOI Mapku A. Bo3MokHO Takxke HCIIOJb30-
BaHue [[9Ta BTOpPOrO COpTA.

Tabruya 2.4
PactBopumocTs npupozHore ra3a B BoAHbIX pacTopax [ADTa [29]
p}g(c)'}rislf)e;;uﬁ;lq: p, MIla Pactsopamocts rasa (m* /M%)
% Mac. ’ npu Temmeparype, °C
T 20 30 40 50 60
100 2,0 1,84 1,60 1,40 1,19 1,00

4,0 3,68 3,20 2,80 2,30 2,00
6,0 5,44 4,77 4,10 3,50 3,0
8,0 7,0 6,40 5,44 4,62 3,94
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Hpodorxenue maér 2.4

KoHuenTtpauis PacTso .
p 2 piMocts rasa (M’ M)
pachS()p;']%[Sl"a, p. Mila npu Temmnepatype, °C

10,0 8,50 7,90 6,80 5,75 5,00

95 2,0 1,70 1,50 1,30 1,06 0,94

4,0 3,44 3,12 2,52 2,12 1,86

6,0 4,80 4,40 3,76 3,20 2,82

8,0 6,40 5,90 5,00 4,31 3,75

10,0 7,90 7,30 6,31 5,40 4,69

85 2,0 1,28 1,20 1,00 0,88 0,80

4,0 2,64 2,40 2,00 1,75 1,62

6,0 3,70 3,50 3,00 2,70 2,45

8;0 5,00 4,60 4,06 3,56 3,12

10,0 6,20 5,70 5,06 4,44 4,00

75 2,0 1,04 0,96 0,81 0,80 0,74

4,0 2,00 1,82 1,65 1,58 1,44

6,0 2,90 2,75 2,50 2,25 2,19

8,00 3,90 3,65 3,31 3,07 2,94

10,0 4,80 4,60 4,12 3,75 3,20

70 2,0 0,80 0,72 0,75 0,69 0,65

4,0 1,60 1,62 1,38 1,35 1,19

6,0 2,40 2,25 2,12 2,00 1,90

8,0 3,20 3,00 2,82 2,70 2,55

| 10,0 4,00 3,75 3,60 3,40 3,12

Tabnnua 2.5

MakcuMaibHO AOMyCTHMbI€ KOHLIEHTPpalHH . JIMKQJIell B CTOUHBIX BOJaxX

MK —

6og

oTpebHocTs B Kiicaopoe, Mr kuc-| Makcnmaibas
JOpoIa Ha 1 MI IUHIKO.IS KOHLEHTPALIA, | Bo3MOXKHOCTb
Mr/.1 6110.TOTITYEC KO-
Fanxoan BIIK, ro paspyule-
XHK | BIIK, | BIK, | X0k | MK, | MK, HIA
%
ar 1,50 0,54 1,26 84,0 1 1000 | IMomzaercs
pacnagy
ar 1,27 0,06 0,18 13,8 200 200 Mpaxrimeckn
He paspyua-
;i
T3ar 1,6 0,5 - 31,2 10,0 - HpakTirteckn
HEe ToAJaeTca
pacnaay
nr 1000 | IIpaxTmyeckn
) . He MOJ3aeTcs
s £ A EEXS pacmaiy

BITK; - 6uoxiMiueckas 11oTpe6HOCTb B KICJOPOJE 32 S CYT,

BIIK, ~ no.anas norpeSnocts B kucaopoge (mpiumepro 3a 20 cyT);

XIIK — xuMideckas MoTpe6HOCTb B KHCJIODPOJE;

MK, — MakcuMa/IbHAS KOHUEHTpawisi, KoTOpas He HapyllaeT GHOXHMITYeC-
Klie IIPOHECCH! 3a J1I060e BpeMs;
MAaKCIMabHAS KOHLEHTPALIIs BelllecTBa, HE BJANAIOWAA Ha pabory Ou-
OJIOTHYECKIIX OYIICTHHIX COOPYKeHIml.
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Tabauya 2.6
IIJIK r/mkoJiel B BogoeMax

T ko Konnenrpanus, Mr/na
HIIK,,, 01K, MK, IAK
ar 450 1 1 1
aar 2050 1 1 1
Tar 1000 10 200 no BIIK
r 1000 10 200 no BIIK
MIIK,,, — noporoBad KOHUEHTPaLUMA BelIeCTBA B BOJAOEME, ONpejensdeMas
opranommlmecxn,
MIK,,, — To xe, onpedefdeMas MO BANAHHIO HA CAHNTAPHBIl pPEXUM Bofo-
eMa;
IOIK, — 10 ke, ompeAessieMas IO TOKCOJOTHUECKNM XapaKTepliCTHKaM;
NJIK - npenesbHO-JOMYCTHMasi KOHHEHTPAINS BELIECTBa B BOJOEME.
| I
Tabauua 2.7

3aBHCHMOCTDb TEMIIEPATyPbl 3aMep3ans (T,) Boaubix pactsopos [I2Ta
OT €ro MaccOBOH KOHIeHTpalu!

Ior, % T, °C [T, % T, °C asr, % T, °C
2 -0,3 60 —41,4 80 (-43)
10 -1,9 62 -44.9 82 (-41)
20 =51 64 (-48,3) 84 -39
30 -9,9 66 (-51,5) 86 =37
40 -16,9 68 (=55,5) 838 -34
50 —-26,6 70 (-58) 90 -30
52 -29,3 72 (-62) 92 ~25,5
4 -32,3 74 - 9% -21,3
56 =-35,4 76 - 96 -17,0
58 -38,4 78 - 98 -12,7

'Uipsl B cko6KaX HOAYYEHB! 3KCTPANOJALMEH KPHBBIX

Tabauya 2.8

3aBHCHMOCTD TeMmepaTypbl 3aMep3aHs BO/IHBIX PAacTBOPOB TOTa
OT €ro MacCOBOH KOHIEHTpalMH'

T3T, % T, °C T3aT, % T, °C T3T, % T, °C
2 -0,2 40 ~13,7 80 ~42
6 -0,8 44 -16,9 82 ~40
10 -1,6 48 -20,9 84 -37,4
14 -2,4 S0 -23,6 86 -34,5
18 -3,4 >4 (-29,5) 88 -31,2
20 -4,0 38 (—36) 90 ~27,5
24 -5,2 60 (-40) 92 -23,5
28 ~-6,8 70 (-48) 94 -19,1
30 -7,7 74 —46 96 -14,5
34 -9,9 76 ~45 98 -9,0
38 -12,3 78 —-43,5 - -

'Indpr B cko6kaX MOIyUeHBI SKCTPANOJsAUHell KPHBHX
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Tabauya 2.9
Tlokazare/m noxapHoli onacHoCcTH Tmkode

o Obaactp caMo-
Temneparypa, °C BOCILIA- Temnepartypusie
[nmukonn MeHeHMd, % | mpeAesibl BocmJjiaMe-
Tnc Tuoc Tcaunoc 06. HeHnud, °C
ar 115 118 380 3,8-6,4 118 124
[3ar 135 143 A4S 0,62-0,8 143 170
Tar 158 170 371 0,90-9,2 - -
ar 107 164 421 2,6-12,6 - -
' T, — temmepatypa Bemoiwkn, °C; T, — TeMnepatypa BOCTJAAMEHEHHS,
°C; Topepoe — TEMIAEPATYPA CAMOBOCHJIAMEHEHHS,
ie
Tabauua 2.10
Toxcuieckue cpolicTba r/mKoseit
JAX 5, mnpn HonyctuMas Tl poAo X HTe.Ib- UL 5o IpH KOXKA
ko  |BBEACHEH Yepes)Jo3a NpK BBEACY yocry membira- HOM armMKauIyn
; pot (xpwich), | nuu yepes pot Hmil, cyT (xpoanki),
MJ/ KT KPBICHI, I'/ KT ! MJa/Kr
ar 7,4 0,28 30,0 20,0
J3r 28,3 0,18 30,0 11,9
T3r 28,3 0,33 30,0 20,0
I 34,6 ! - 20,0

JII"s; — KoaMMecTBO IJINKOJSA B MJI Ha 1 KT KHBOH Macchl, NpHHATOE uepes
POT, KOTOPOE HPHBOAHT K rabemr 50 % SKHBOTHBIX B mpeaenax ao 14 cyr.
» — KOXKHO-pe30pOTHBHASA 1032 TJIIKOJISA NPH KOHTAKTe € JKHAKOCTBIO B
TeueHne 24 u.

Hornomenue TIAKOJIEM BOIbl SBJSIETCS 3K30TEPMUYECKHUM IIPO-
I[ECCOM, TO €CTb COIIPOBOXXJAETCS C BbIAEJIEHUEM Tellia.

Koadduuuents! rtenjonepeadyy rJIUKOJEH CHHXKAOTCA € poOcC-
TOM UX MonekyaspHod maccel (cM. Ta6n. 2.3). C noBbllieHHEM
TeMIlepaTypbl NOBBIUIAETCS! JaBJeHMEe HACBIUIEHHBIX MapoB Hax
pactBopoM (cM. puc. 2.1 u 2.2) U CHHXKaeTCs TeNJoTa UCIAPEeHHs
TOTla, I3Ta u 2la (cM. puc. 2.3).

JKCcriepUMeHTaJIbHble 3HAUYEHUSI PaCTBOPUMOCTH TIPHPO/HOIO
rasa B BOAHBIX pactBopax /[IOT'a npuenedsl B tabn. 2.4. C yse-
JNYeHNeM KOHUEHTPAllUH BOJbl pacTBOPHMOCTb IPMPOAHOTO Trasa
B BogHbIX pactBopax [AJla cHuxaercs.

PactBopuMocts raza B TITe wa 25-30 % Boinie, uem B [J3Te.
CaepnoBarenbro 19T obecmieunBaer 60siee BbICOKUH K03 UIMEHT
M36MparesbHOCTH B CHCTEMe Boja — yriaeBojopoibl. M3-3a Mambix
3HaUeHU pacTBOPUMOCTH Ta30B B pPacTBOpax TIJHMKOJeH MOXKHO
yKa3aTh, 4TO 3TOT (baKT MPU OCYWIKe OeCCEPHUCTHIX Ta30B MpPaK-
TUYECKU He BJMSET Ha ToKasatenu padoTbl YCTAHOBKH.
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Puc. 2.3. 3asucnmocTp Temjorsl ucnapenus ITa (7), A3Ta (2) u TITa (3) or

TeMepaTypsl . 4

Uccnenyemplit Tas umesa cJefylomuid MosbHbiii coctas, (%)
CH, - 95,42, C,H, —2,26; C;H; — 0,99, n-C/H,, — 0,61, CH,, —
0,21, C,H,, — 0,08, CO, — 0,42

PacropuMocTh  apoMaTHYeCKHMX YIJIEBOJAOPOAOB B TJIMKOJIAX
yBeJINUMBaeTcsl 110 Mepe pocTa MX MoJeKyJspHoil Maccnl Harpu-
Mep, pactBopuMocTb 6eH3ona B e u J[9le cocraBiasier coorser-
cTBeHHo 5,7 1 31,3 %, a TpU- M TETPOITUJIEHIJIMKOJIM TOJHOCTHIO
CMEIIUBAIOTCS ¢ 6eH30J10M

Bonsbie pactBopst 3Ta no cpaBHeHuio ¢ pactBopamu [139fa u
TOla umeror GoJjiee HU3KYIO TeMIepaTypy 3aMep3aHus, GOJbLIYIO
CTENeHb MpeJoTBpallieHusl IMAPaToo6pa3oBaHUsl IIPH OJMHAKOBBIX
KOHLUEHTPAlUSIX, MEHbIIYI0 BSA3KOCTb IIPU pabouuX TeMIlepaTypax
OCyHIKM u 60Jiee HU3KYIO PacTBODHMMOCTb B YIJeBOZAOPOJHOM KOH-
JeHcaTe, yTO CHUIKAET UX IOTEPU 32 CYET PACTBOPUMOCTH B KOH-
ZeHcaTe

3T umeer sxosornyeckoe npeuMyinectso Hag JOTom u TOTlom.
TP  TONafaHM¥ B BOJOEMBI OH IIOABEPraeTcsl MOJHOMY OHOJOTH-
‘2166;<0My pasnoxenuto B orawuuu oT JI3Ta m TATa (em  Tabn

S

2 19



0,625 14
0,580 13+ -
¥
et
0,536 1 12}

§
4 1
+
f

o & ,
% 04914 © 1} A
3 _E: 20 l Kpusas movex
= 04461 =10t Kpusan Wuyx
£ ,§ mouex 30
s 04021 2 9t 3amepsa- 5 >
£ = HUR 40 TN
9 =
2 03574 = s} ‘ :
3 2 50 o
1%
R 0313{ § 7} :
S
3 3
S 02681 S 6} / "o
&
02234 § s} 90
& *{ 700 % JOT ~

01799 4 T S a—— T

0,1344 3 I

0,089 - 2 2 L 2 .

-100 0 100 200 300 400
Temnepamypa,F
‘ -73,3 -17,8 37,8 93,3 148,9 2044
Temnepamypa,”C

Puc. 2.4. 3aBHcHMOCTS TEILIONPOBOAHOCTH BOAHBIX pactBopos [IJla or Temmepa-
TyphI.

* — 3KCTpanoJHPOBAHHbIE TOYKH 3aMep3aHMs

CyuecTBeHHbBIM HefocTaTkoM Jla sBisieTcss BbICOKOE HaBJieHue
HacbllleHHbIX TapoB. Hanpumep, mpu Ttemneparype 20 °C stor
nokasaresp Aaa 99%-ro pacteopa DTa B 2,5 u 7 pasa Bbllle, yeM
ynpyroctb napos TATa u J13Ta coorsercrenno. Ilo atoll npuum-
He IJI He mnoayuyun nOpHUMEHeHME IIPH MIPOTUBOTOYHOH OCYHIKe
rasa, Tak Kak €ro fotrepy ¢ rasoM ObLIM Obl B HECKOJbKO pa3s
6oublie.

Pacreopst 3l'a Moryr GbiTh yCHeliHO NMpUMeEHEHBI B KadyecTse
uHruburopa Ha ycraHopkax HTC.
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Puc. 2.5. 3aBucuMocTb TeIIONPOBOHOCTH BoHbIX pacTopoB TOTa or Temmepa-
TYpHL.

* - 3KCTpanOJHPOBAHHBIC TOYKH 3aMecp3aHHA

OnHuM M3 BaXKHBIX CBOMCTB TIUKOJEH SBASETCS CHIMKEHHE HX
TeMIepaTypsl 3aMep3aHusi DU PacTBOPEHUH B HUX Bojbl. Buaro-
Japsi aTOMy CBOWCTBY IJIMKOJM HaXo[4T IpHMeHeHUe MpY IMpHUro-
TOBJIEHMM Pa3jMYHbIX TeNJOHOCUTeJeH. IDTO KayecTBO TJIMKOJied
UMeeT BakKHOe 3HaueHMe W [ TPaHCNOPTHPOBKM rasza. [leno B
TOM, YTO ra3 Ha BbIXoJe U3 abcop6GepoB 0653aTEIBHO CONEPXKHT
TJIMKOJIb B mapoBoi (ase, ¥, Kak paBWIo, B KarnejibHoM Bune. llpn
CHUXXEHHH TeMIepaTypbl ra3a B ra3olpOBOJaxX TJIMKOJU IOTJIOINa-
10T NOTIOHNUTENbHYI0 BJary U3 IapoBoil (pa3bi, 4TO CHMXKAET ero
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Puc. 2.6. 3asuciMocts yaesbHol TeluloeMxocTs BoAHBIX pactsopoB [3Ta or tem-
neparypst

KOHLIEHTpalUIo B XUAKOH (paze ITo NPUBOAMT K CHIKEHHIO TeM-
HepaTypbl 3aMep3aHusi KUAKOH (asbl, uTO HpenoTBpaliaer o6pa-
30BaHyie TBepjoit dasbl B ra3olpoBOJax

TeMnepaTypnl 3aMep3anus Boaubix pactsopoB [[D2Ta u TOTla
JaHol B Tabsn 27 u 2 8

Boanble pactBoppl TOI'a UMeOT MpeuMyulecTBa IO CPABHEHHIO
22
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Puc. 2.7. 3aBucuMocts yAeJbHOH TEIVIOEMKOCTH BOAHBIX pacTBopoB TATa or Tem-
neparypst

¢ pactBopamu /[[DTa u Dla. ¥ TpUsTUIEHTNIUKOJS JaBJieHUE Ha-
CbIlleHHBIX N1apoB MeHbiue, uyeM y /I3Ta, ciefosatesnbHo, MOTepu
TOTla 3a cuer yHoca ¢ OCYIIEHHBIM Tra30M M NpU pereHepanuu 6y-
Ayt meHbplie. TOT npu BbIcOKOH cTeneHU OCYWIKU AaeT 6ojiee 3Ha-
YHTEJbHOE TIOHMXKEHMe TeMIepaTtypbl TOUKM pockl, ueM [ OT.
Kpome rtoro TOT wuMeer G6osee BBICOKYI0 TeMmIlepaTypy Hauaja
pasnoxkenus (206 °C), uem guaTunenraukoab (164 °C).
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Puc. 2.8. 3asucuHMOcTs BA3KOCTH BOAHBIX pacTsopo /19Ta or Temnepatypst
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Puc. 2.10. 3asucmMocTs yaesmHOro Beca BOAHBIX pactBopoB /[I3la or TeM-
nepaTypst PO

# *x
A5 oCcyIIKM rasa MOXXHO NPHUMEHATb TAKXKe M30MEpbl TpPONH-
aeurjukoss: 1,2 — nponunenravkonp CH;CHOH-CH,OH wu
1,3-nponunenrankonp CH,OH-CH,-CH,OH. M3 nux Hau6o/bIHH
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Puc. 2.11. 3aBucUMOCTb yAeJbHOTO Beca BOAHBIX pacTBopoB TITa or Tem-
neparypsl

MHTepec mpeacrasasier 1,2 npomuienraukonp (IIT)  IIT umeer
OYeHb HU3KYI0 TeMIlepaTypy 3amepsaHusi — MuHyc 60 °C, 4yto gaer
BO3MOXKHOCTb HCII0/Ib30BaTh ero B ycaoBusix Kpaithero CeBepa
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Puc. 2.13. ®asoBan auarpamma pacteopos TOTa npu gasaemu 100 MM pr. cT.
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Puc 2 14 azosas auarpamma pactsopos TITa npu gasaennu 300 MM pr cr

BosmoxHo Takxke npumenenve III' B cMecH ¢ [APYrdMH TJHKO-
JISIMU

Ynpyrocts napoB IIT npu 06bIYHBIX TeMIepaTypaxX BbILIE, YeM
y 9Ta, /19Ta u Tola CnenoBatenbHo, norepu IIla ¢ obpabatbi-
BaeMbIM Tra3oM IIPHU OAMHAKOBBIX YCJOBUSAX OyayT 6oJjblie, YeM oc-
TanbHbIX raukosedl Ilomaya B abcopbep MepeoxJaXkJeHHOro pac-
TBopa IITa no3Bonuno 6bl CHU3UTD €r0 MOTEPH C OCYIIEHHBLIM
razom

Bsskocrbs BoAHBIX pacTBOPOB IJIMKOJIEH pacTeT ¢ yBeJHYeHHeM
KOHIIEHTpaLlMH pacTBOPOB M JaBJIeHUs, YMEHbIIAETCS C TOBBILIe-
HueM Temnepatypbl [Ipu Bsiakoctu Bbiie 100 cIl cHuxaercss MH-
TEHCHBHOCTb INpolLiecca MaccooOMeHa MeXJYy BOJAAHBIMH TapaMd M
PacTBopami, B pe3yJbTaTe Yero He [OCTHTAeTCsi PaBHOBECHS MeX-
oy dasamu

Ans cHUXeHUS BASKOCTH PacTBOPOB TJIMKOJEH K HUM MOXKHO
A06aB/IATH OpraHWyecKHe PacTBOPDHTENM, KOTOpDble He JOJIKHbI
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Puc. 2.15. Mazopan auarpamma pactsopos TITa np gasaennu 600 mm pr. cT.

CnocQ6CTBOBaTh 06Pa30BAHUIO NMeHbl. PacTBOPUTENH AOKHBI ObITh
THAPOCKONMYHBIMUA U UMeTh 6oJiee HU3KYIO BSI3KOCTb, Ye€M TJIMKOJIH.
PactBopuTessiMu MOryT CAyXUTb O€H30/0Bbifl, (PeHUIITHUIIOBDIE,
apoMaTH4eckle M UMKJINYecKHe OJHOATOMHble CIMPTHI, TOMOJIOTH
IIMKJIOTEKCAHA; TeTePOLMKINYECKHEe OJHOATOMHbBIE CIIUPTHI — [OMO-
JIOTH TeTparuApodypdypoJioBOro CIMPTa; BOAOPACTBODHUMbIE MOHO-
3(UpbI NOJUTHAPOCITAPTOB U T.4. B kavecTBe pa3baBUTENS] MOXKET
HCTIO/Nb30BATHCA TAKKE METAHOJL.

CrefyeT OTMETHTDb, YTO NMepeYUCIeHHBIE DEAareHTbl HE OTBEYAIOT
MHOTMM TpeOGOBaHHSM, NMpPeabsiB/IsieMbIM K ocyummTeasiM. Hekoropbie
U3 HUX Oojlee JMeTyud, YTO NPHBOAUT K TOBBIIEHHBIM MOTEPIM
peareHToB, HEKOTOpble 1JIOXO pereHepupyloTcs v T.4. Hoatomy ux
NpHMeHeHHe Ha TpakTHKe HOCHT eAMHHYHbI XxapakTep. /lo6GaBue-
HUEe K JAMSTHJIEHTAMKOJIO HU3KOMOJEKYJSADHDBIX T/AMKOJe#, Takux
kax OI u IIT, cHukaeT BSI3KOCTb W TeMIlEpaTypy 3acTbIBaHHUS €ro
pacrBopoB. CorsiacHo mpaHHbIM [31], pacTBop, cocrosimmii U3z 50 %
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Puc. 2.16. ®aszoas auarpamma pactopoB TOla npu gasiaenum 760 MM pT. cT.

Ila u 50 % [AOTa, nmpu rtemneparype —5 °C uMeeT BS3KOCTb
100 cIl. Temnepatypa 3acTbiBaHHs Takoro pactBopa pasHa —38 °C.
C taxuM aGcopGeHTOM MPOLECC OCYIUKH MOXHO BECTU NPH HU3KHUX
TeMIIEpaTypax KOHTaKTa, YTo, B CBOIO Oouepelb, NO3BOJUT CHHU3UTb
YHOC TJIHKOJIeH ¢ OCyLIEHHBIM I'a3oM M IOBBICUTb 3((eKTUBHOCTb
UCIIOJIb30BAHUS X0JI0[a OKpYysKalollledl cpenbl.

AyTookucieHde riamkosed. [MKOMM CIOCOGHBI K ayTOOKHMCIIE-
HUIO, T.€. K CaMONPOH3BOJbHOMY OKHCJIEHHIO KHCJOPOAOM BO3JyXa
NIp¥  HeBbICOKMX TemneparypaX. Cambiii CTOMKHMH K OKHCJEHHIO
atuneHrmmkonb. A3 m TAT u3-3a Hamuuuss 3¢pUPHBIX TPYII
6oJIbliTe CKJIOHHBI K OKHCJIEHHIO.

IIpouecc okucienus yckopsieTcsi B NIPUCYTCTBUM BEIIECTB, CIO-
COGHBIX TeHepupOBaTb DPaJMKajbl, ¥ 3aMelJsercd INpH A06aBKe
anTHokucaureneit. KoHeunblili mpoaykr ayrookucienus [[3Ta —
MypaBbMHas KHUCJIOTa M ¢opMasibierun. Kpome rtoro, o6pasyrorcs
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Puc. 2.17. azosas pnarpamma pactsopos JAITa npu xaBrensm 100 MM pr. cT.

BOJA, 3TU/IEHTANKOJb, TJIMKOJEBbI aJbJerui, IJIMOKCAJib ¥ JAMOK-
caJlaH.

B HeiiTpanbHON W llesouHOM cpefax, a Takxe mpu pH < 1,5
CKOPOCTb ayTOOKMcJeHnsi HusKas. Ilpu pH = 2,5+4,5 ckopoctb
ayTOOKHUCJIeHUs1 Bo3pacTaeT B 15—20 pas

s cHMXKeHMST ayTOOKHCJIEHUS] MOXHO HCIOJb30BAaTh XHMHUYeC-
KM€ peareHTbl, HalipuMmep, TnpH [o0aBleHWU B pPACTBOP THADOXH-
HoHa 0,1 % OT Macchl IJIMKOJSA €0 AyTOOKHUCJAeHHe HPaKTHYeCKU
npekpauaercs.

XpaHeHHe ¥ TpaHCnopTHpoBKa Tumkosell Cnenmdpuueckue
(bu3nYecKe cBOHCTBA TJMKoJe#H (TMrPOCKONMYHOCTb, OTHOCHUTEIb-
HO BBICOKasl BSI3KOCTb) M CTMOCOGHOCTb MX K ayTOOKHCJIEHHIO Tpe-
6yoT coOa107€HNsT ONpelleleHHbIX YCJIOBHII TIPM XpaHeHMH H
TPaHCHNOPTHPOBaHUH [JUTEJbHO XPaHUTb TJIMKOJHM CJIeAyeT MpH
BO3MOXHO 6ojlee HM3KOH TeMmepaType Bo M36exaHue MX OKHUCIe-
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Puc. 2.18. DazoBas muarpamma pacrsopos [[9Ta npu aasaenru 300 mm pr. cT.

uug. AT, [I9T u TIAT pexoMenayercsd XpaHWTb NPU TeMIeparype
He Huyke —4 °C, a TeTpasTWJIEHTJIMKO/b, IMPOMUJIEHIJIMKOAb U -
TIPONIMJIEHIJIMKOb — He Huxke +2 °C., Cpoku XpaHeHUsl, COTJAacHO
JEACTBYIOIMM CTAaHZAPTaM W TEXHUUECKUM YCJIOBUSM, AJS TJIUKO-
Jef, He VMEIOHIUX NOGABOK AHTUOKHUCJMTENEH, YCTaHOBJEHBI B
3aBUCUMOCTH OT copTa uiau Mapku, aas Ila 5—12 mec, [I9Ta 3—
6 mec u TOTa — 6 mec.

Emkocty anst XxpaHeHus rimkoJielf JOJDKHBI MMETb TeIlJIOM30JIsi-
UUI0 ¥ YyCTPOHCTBO AJst oforpeBa, Tak KakK TJIMKOJIW IIPH HHM3KHX
TeMrepaTypax o6iafaioT GoJbiioil BA3KOCTHIO, YTO 3aTPYAHSET HX
nepexkaynBaHKe. IJTH €MKOCTH MOTYT ObITb M3rOTOBJIEHBI M3 OObIY-
HO# cranu. Ilpy 2TOM cTeHbl eMKOCTeH JOJOKHBI GbITH TTOKPBITHI
JlaKOM Ha 0oCHOBe (PEHONBHBIX UM BUHWJIBHBIX CMOJI.

Ilpy AMTENBHOM XPaHEHHH TJIMKOJIEH eMKOCTH PEKOMEHAYETcsl
M3roTaB/uBaTh U3 HepxKaBewolled craau uau ajmwomunus. Tpybo-

3—2364 33
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Puc. 2.19. dazosas Avarpamma pacteopoB [3Ta npu Aasrenun 600 mm pr. cr.

TIPDOBO/IbI, apMaTypy ¥ HacOchi I/si TlepeKauyMBaHUs TJAMKOJEeH Bbl-
MIOJIHSIIOT M3 JIETUPOBAHHOM CTalM WM QJIOMHHHMS M €r0 CILIABOB.

I'mvkosyn — moXxapo- U B3pbIBOOIacHble BellecTBa. [loka3arenu
MX TIOXapHOH ONacHOCTH IIpUBEJeHbl B Tabd. 2.9.

dusuonornueckne AeHcTBus. [IMKOMM OTHOCATCA K Beuiect-
BaM C OTHOCHMTEJIbHO HHM3KOH ToKcuuHOCTBIO BeileactBue HesHa-
YUTEJbHOH JIeTy4ecTH TJUKOJEH IpU HEAJUTeJIbHOM MNpe6blBaHHU
4esoBeKa B cpele, HACHIIIEHHOH ITapaMyd BOZHBIX PaCTBOPOB IJIM-
KoJIell, oTpaBjleHUs OpraHu3Ma He mupoucxoauT CeoMcTBa TIMKO-
Jel maHet B 1a6a 2 10.

JdnvurenbHoe mNpebbiBaHue B cpene, HachleHHON NapaMy aTu-
JIEHIIKOJIsA, BbLISbIBAET pa3fpaskeHHe T17a3, BepPXHUX [AbIXaTelb-
HBIX IMyTed, NOBbILIEHHYIO COHJIMBOCTDb, KPaTKOBPEMEHHbIH HApPKO3

C poctoM MOJEKYJISAPHONM MacChl TJIMKONell HX BpeiHOE BO3-
JeliCTBMe Ha OpraHM3M 4eJIOBEKa CHIkaercs. CMeprespHasl 103a
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Puc. 2.20. ®asoBas auarpamma pacteopoB [IOTa npu gasrenum 760 mm pT. cT.

STUJIEHIJIUKOJISl TIpH IpHeMe ero BHYTpb cocTaBJseT okoyo 1,4 1
Ha KaXJblif KUJOTPaMM MacChl Ue/IOBEKA.

Ilpeanonaraercs, 4YTo B OpraHU3Me 3THJIEHTJHMKOb IIOJBEPraer-
€ OKMCJIEHHIO MO CJe[yloLled cxeMe:

STHUJIEHTJIMKOJIb — TJMKOJIEBBIM ajbJeru/l — TJIHUKOJEBass KHCJIO-
Ta — TJIMOKcaJieBasl KMCJI0Ta — LjaBejeBasi KMCJ0Ta — TJIMOKCAJb.

Tokcuueckoe aeificTBue AUITHIEHIJIMKOAA cjabee, YeM 3THJIEH-
rimkonst. OmHAKO TPU NIpHeMe BO BHYTPb OH TOXKe IIpeACTaBJseT
60Jpiy10 onacHOCTh. CMepTelbHas 03a IS YeioBeKa COCTaBJISeT
15~100 M.

Tpu- u TeTPasTHIEHTIUKOIM MeHee TOKCHYHBI, YeM AMATHJIEH-
TJIMKOJIb, 4TO OObBSACHSAETCS BeCbMa HU3KOH JIeTY4YeCTbIO 3TUX Be-
uecTs.

3=

»
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[IponusenraMkosib, B OTAUYME OT ITUJIEHTNUKOJS, TpaKTUdec-
KM He TOKCHYeH, He ONaceH HpH BABIXaHMU IMAapoOB W CJIy4YaliHOM
fipueMe BHYTDb.

DKCIEPHMEHTAIbHDIMY JaHHBIMH ONpeJeNienbl caelylolifue Tpe-
JeJIbHO LOIYyCTHMble KOHIEHTpallMH TJMKOJeHd B Bo3ayxe pabouei
30HBI: AN THAeHrAMKoas — 0,1 Mr/M°, A4S AUSTUIEHTIUKOAS —
0,2 mr /M.

[lns Tpu- M TeTpasTUJIEHIJIMKOJielt, a TakXe MU TpPONUJIeH-
raukoseit [1/IK He onpexgenieHbl, Tak KaK CUMTAETCSl, YTO YCTAHOB-
JieHne HOpM [JI1 HUX He 06s3aTesIbHO B CBSI3H ¢ MX MaJoil JeTy-
4eCTbI0 M HM3KOH TOKCHYHOCTbHIO.

vt 2.2. CPABHUTEJIbHASl XAPAKTEPUCTUKA '
FNUKOJIEN, UCNOJIb3YEMbIX B KAYECTBE
OCYLUHNTENSA

s P

B Hacrosiniee BpeMs A71s1 OCYIIKM DPUPOJHBIX Fa3oB Ha
MecTOopoX/JaeHnAx Poccun B  OCHOBHOM TIpHMEHsSIETCS  pPacTBOP
AOTa. [lpuMmerenne TOTa HOCUT eMHMYHBIH XapaKTep, XOTS M3-
BECTHO, uTo 3a py6exom TOT Hamen 6osee UIMpOKOe NpHMeHe-
HHe, 6sarofiapss HU3KUM IOTEPsIM €r0 Ha YCTAaHOBKaX OCYILIKH rasa
¥ APYTMM TEXHOJIOTHYECKNM TIPEMMYLIECTBaM.

B Hacrosdiee BpeMss B Poccun MMeeTcss BO3MOXKHOCTb IPOM3BO-
OUTb [OJS HYXKA Ta30BOH IPOMBILIJIEHHOCTH TPHITHJIEHIJIMKOJb.
CiezioBaTeslbHO CHUMaeTcsl orpaHuueHue B npuMeHennn TOTa us-
3a ero AedHUIUTHOCTH.

OCHOBHBIMHM TIOK23aT€JISIMA, XapaKTepU3YIOUIMMHU TJHKOJM KAK
OCYIUUTE/b, SIBJASIOTCSI JeTIpeccHusl TOYKM POCBbl ra3a IO BJjare, ro-
TEPH C OCYHIEHHBIM Ta30M, pPereHepUpyeMOCTh HaCBIEHHOro pac-
TBOpa U T.X.

Huxe npuBoautcsi cpaBHHTesIbHasl OlleHKa Iokasateseil []3Ta
n TOTa, Heo6xoaMMbIX TPU BbiGOpe oCymMTeNst AN YCTAHOBOK
ocymkH raza [20].

[enpeccus no touxe pocel. B ta6n. 2.11 npuBeneHbl naHHblE,
XapaKTepusylolie TAyOMHY OCYIIKH ra3a BOJHBIMH DPacTBOpaMu
[A3Ta u TOla, nonaydyeHHble ¢ UCHOJb30BaHMEM KDHUBBIX “TOUKa
pPOCBI — DacTBODPbI IJIMKOJIA — TeMIlepaTypa KOHTaKTa”, NpHBeieH-
HBIX Ha puc. 2.21 u 2.22.

CpaBHuBas AanHble u3 Tabsa. 2.11 B KoHTekcTe ¢ TpebyeMoii
ry6uHON OCYIIKM rasa AJs1 CeBEDHBIX Tas3olpOBOJOB, MOXHO YKa-
3aTh, 4TO NPY INOHIKEHHBIX TeMIIepaTypax KOHTakTa 06a TJIMKOJISA
MOTYT ObITh MCIIOJIb30BAHBI MPAKTHYECKN € OZMHAKOBOM TEXHOJO-
rudeckoit addekTuBHOCTBIO. YUTO KacaeTcss BBICOKMX TeMIlepaTtyp
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Tabruua 2.11
PaBHoBecHast TOUKa POCHI Fa3a IO BJare mpH ero ocyuku pactsopamu /[I9Ta u TOla

TeMmnepatypa 98,0 99,0 99,5

KoHTakTa, °C [ar Tar Iar Tar Jar Tar
5 -24,0 -31,5 ~-31,7 -38,0 -36,0 —44,0
10 -20,6 -271 -28,5 -35,3 -34,5 —41.7
20 -14,4 -20,0 -21,7 —-28,4 -27.8 -35,0
30 —-6,2 -13,3 -15,2 ~22,5 -217 -27,8
35 ~2,4 -8,0 -11,5 -18,5 -18,8 =251
40 +0,7 =-5,0 -9,2 ~-15,8 -15,8 -23,0

KOHTAKTa ¥ BBICOKUX KOHI[eHTpauuil pacTBOpOB, TO NPEUMYIIECTBO
T3Ta oueBuzHO. Oco6eHHO BaXKHOE 3HauyeHHE ITO INPEUMYILIECTBO
uMeeT B JIETHHE Mecslbl, KOT[Aa He yAaercsl OXJiaXK[aTb a3 HuXKe
temneparypbi 25—30 °C.

B Ta6a. 2.11 npuBeneHbl TeopeTHyeckde AaHHble. B ycioBusax
YKII npakTUyecky HUKOTAa He AOCTMTAaeTCs PaBHOBECHAS OCYUIKa
raza. CrenopaTenbHO noTpebyeTcs pacTBop OoJiee BbICOKOH KOH-
IeHTPAIMH, T0JyYeHHe KOTOPOro GoJiee 3aTPYyAHUTENBHO.

B Tex cayvasix, KorJa He BO3MOXKHO OXJA/IMTD Ta3 HMWKE TeM-
nepatypbl 25—30 °C, oueHb TPYAHO ZOCTUYb OCYLIKU rasa /10 TOUKH
pocbl —10 °C m Hmke ¢ ucHoJb3oBaHMeM pacTBopoB [OTa. K
upumepy, npu gasnenuu 4,0 Mlla u temneparype xonrtakra 30 °C
IUIST OCYUIKH Tra3a o Touku pockl —16 °C (3KBUBaJIeHT TOUYKe DPOCHI
—10 °C npu napjenun 7,35 MIla, nHeo6xoaumoit mo OCT 51.40-83)
TpeGyercss pactBop [A3Ta konuentpauuu 99,2 % mac. (¢ yuetrom
pealbHBIX YCJIOBHE mpolecca He Mernee 99,5 % wmac.). B Buay
psina npuunH (M3HOC 06OpYHOBaHMA, OTCYTCTBUE 3(D(PEKTUBHOU
CHCTEMbl OUUCTKU PAcTBOPa [JIMKOJS OT MHTPEIUeHTOB, HeloCTa-
TOYHasl CTeNeHb BaKyyMMUPOBaHHMs U T.J.) B YCJOBHSIX ITPOHU3BO/I-
CTBa Takasl cTeleHb pereHepaliMyl pacTBopa IIPaKTUYeCKH TPYAHO
nocruxkuMa. B To ke BpeMsl st OCYWIKU Tasa A0 TaKOU TIyGUHDBI
A0CTaTOYHO MCII0Jb30BaTh pacTBop TOTa konuentpaumn 98,4 %
(c yueTom peasibHbIX yc/ioBHil Tpolecca He MeHee 98,6 % Macc.),
4TO JIerko AOCTHXKUMO. TpeGyeMblil ypOBEHb OCTATOYHOTO AABIEHUS
B cucreMe cocTaBUT He HMXke 400 MM prT.cT.

Ilorepn raukone#t. BaxubiM npeumymiectsoM TOTa ssjsercs
HU3KOe JlaBJleHVe ero HAaCBhIIleHHbIX [1apoB, KOTopoe o6ecrieyuBaer
Metnbline notepu TOl'a ¢ ocyuieHHbIM razom B mapoBoii ¢asze. Ilo
3Tolf cTaTbe CHMXeHHe moTepb TOTa Moxer cocTaButh 0,2—
1,5 /1000 »’ B untepBate Temnepatryp 10-20 °C, Haubonee xa-
PaKTepHbIX JUISI YCTAHOBOK OCYUIKYM ra30B CEBEPHDBIX MeCTOPOXK/e-
HUA. Jra nudpa GoJee CylecTBEHHa IPU TeEMIEPaTypax KOHTaK-
Ta 30 °C u Bblllle ¥ MOXeT cOocTaBUTb 3—4 r/1000 M°. PasHoBec-
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Puc. 2.23. HoMorpamma anst onpenenesis pasuoBecHsix noreps [A3Ta ¢ ocymen-
HbIM Fa30M

Hble TOTEPH TIJIMKOJeH MOryT ONpefeisTbCA C IOMOIUBID HOMO-
rpamMM, TpUBeJileHHbIX Ha puc. 2.23, 2.24.

CrenyeT OTMETHTD, YTO OCHOBHBIE NOTEPH TJANKOJIS TIPHXOASTCS
Ha JI0JI0 KaleJbHOTO VHOCAa peareHTa ¢ OCYHIEHHBIM ra3oM. JTor
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Puc. 2.24. Homorpamma ans onpenenenns pasnomecHbix noteps TOTa ¢ ocymen-
HBIM rasom

NiokasarejJb MOXET OIpeJessTbcs TOJbKO Ha OCHOBAaHHM OIIbITA
NPOMBILIIEHHOH 3KCIIyaTalud abCcOpOLIMONHDBIX YCTAHOBOK OCYII-
KM rasa.

Kak 6bino yke yxasaHo, B OTpacju OTCYTCTBYET TIPOMbILILIEH-
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Hbli1 OoNbIT Mcnonb3oBaHus TOla ana ocymiku rasa. B autepartype
[12] omucan ombiT npumeHenuss T3Ta Ha NoAYNPOMBILIIEHHOR
yCTaHOBKe INPOM3BOAMUTe/bHOCTbIO 3,8-4,0 ThIC. M’ /4. UcnbiTaHus
MPOU3BOAMINUCD HA OJHOH M3 yCTaHOBOK CTaBpOMOJbCKOrO Kpas.
JKCIepUMeHThl Beuch TNpU gaBaeHuu 4,7-5,3 Mlla, temnepatype
KOHTakTa 26—34 °C.

Cymmapuble notepu TOTa cocTaBagiu e 6osee 5 r,/1000 .
Jrta nudpa B 3—4 pasa MeHblle, YeM Ha JYYIIHX [POMbBIIIJIEHHBIX
YCTaHOBKAX OCYWIKM rasa pactsopom [JITa.

Bo Bropoi#l nososude 1996 r. Ha MecTopoxiaennu Tapxo-Caie
YCTAaHOBKM OCYIIKH rasa 6bL1d rnepesezennl oT [[DIa Ha TII. 3To
MO3BOJINJIO CHU3UTH IIOTEPH TJIMKOJS B 2 pasa.

Perenepanusi HacblleHHbIX pacTBOpoB. TOI uMeer GoJiee BbI-
COKyI0 TeMIlepaTypy Havaja pasjoxenus (206 °C), uem [JIOT
(164 °C). Baaromapst aToMy (aKTOPy BO3MOXKHA DereHepailusi pac-
tBopa TDTa 6e3 npuMeHeHusl BaKyyma O KOHIleHTpauuu 98,1 %
Macc. B to xe Bpemsa gnst [[DTa atoT moKasaresnb IPH pereHepa-
1y 6e3 BaKyyMMHpOBaHHUSI cucTeMbl cocraBjsier 96,7 % mac. Ta-
KUMH DacTBOPaMH TJIUKoJiell mpu TeMieparype koHTakTa 25 °C, B
YCAOBUSIX PABHOBECHSI, Ta3 MOXHO OCYUIMTb A0 TOYKH pochl —18 u
—1 °C pacrBopamu TOl'a u /IDTa cooTrBercTtBenHo. IlpaxThyecku
TOYKa POCHI Ta3a 6yAeT 3HauuTeJbHO Bblue. OTcioga clefyeT, uTo
B ciydae He 3()QdeKTUBHOCTH paboThl CHCTEMbl BaKyyMMHPOBaHUSA
HpH ocylke ra3a pacrBopoM /[I9I'a HeBo3MOXHO OyAeT IMOJIYUYUTDb
KOHAMIMOHHBIH ra3. B 1o e Bpems npu ocymke rasa TOTom oco-
6bIX r1po6JjieM He BO3HMKHET.

BosMmoxkHocth HarpeBa TOIla [0 6Gosiee BBICOKMX TeMIiepaTyp
uMeeT ellle OJHO TPEUMYIIECTBO, CBSI3AHHOE C BbLACJIEHUEM pac-
TBOPEHHBIX YIJEBOAOPOJAOB M3 pacTBopa. [leso B ToM, 4To B rasax
CeBEpPHBbIX MECTOPOXAEHHH Co/epXXaTcs KOHAeHCaTbl, MMelNue
GoJsiee BBICOKME TeMIEpaTypbl KWIEHWs!, HEXeJW TeMIlepaTypa pe-
reHepaunuu riauxoJeil. Iockonbky pactsop /l9Ta Hedbsst mogorpe-
Batb Bbille 164 °C, yacTb KoOHZEHCAaTa OCTaHeTcs] B HACHILIEHHOM
pacTBope, uTo GyJeT YXYALIATH €r0 MOrJOTHTENbHYIO CIIOCOGHOCTD.
B cayyae ucnosnbsosanust TOTl'a, BBUAY GoJlee BBICOKOI TeMIepa-
TYpbl pereHepallMyl, OCTAaTOYHOE KOJUYeCTBO KOHJAeHcaTa B pere-
HEPUPOBAHHOM pacTBOpe OyZeT MEHbIIUM.

Hanunume xoHAeHcaTa B pereHEPHMPOBAHHOM pacTBOPE CHMXKaeT
€0 OCYLIAIOUYyIo CNIOCOGHOCTH, YCHJIMBAET BCMeHWBaHHe TJIMKONA,
YTO MOXKEeT IPHUBECTU K TOBBINIEHHBIM €ro MOTEPSIM.

TeMmneparypa B ucnapurese 6j0Ka pereHepanuy B cjydae HC-
nospzoBanust [19Ta w TOla mnoamepxuBaercss paBHoH 160
190 °C coorBercTBeHHO (IPH OAMHAKOBOM OCTATOYHOM JaBJIECHUH
200 MM pr. ct.). Hpu perenepaunu [ITa pasHuua Mexay Temiie-
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Tabruua 2.12

3aBHCHMOCTb TEMITEPATYPBI KITIeHH IJHKoJell oT faBieHMs

2, P, auxoan

MM PT CT asar Tor MM DT CT [ar Tar
1 91,8 114,0 60 174,0 201,5
5 120,0 144,0 100 187,5 214,6
10 133,8 158,1 200 207,0 235,0
20 148,0 174,0 400 226,5 256,6
40 164,3 191,3 760 2448 287,3

paTypoli pasioxenus M pabodeli TeMnepaTypoil CHCTeMbl COCTaB-
aser He 6osee 4 °C Tlpu perenepanuu T3la aToT mNokasatesb
paBen 16 °C. CunenosatesbHO, pexxuM pereHepanuu [IOTa 6ouee
ys3BUM M0 4YacTH pa3joxkeHus pearenra. Ortcioga cienyer,
yro norepu [3Ta or TepMmueckoro pasioxxeHust 6yAyT Goublie,
yev TOla (npy HapyuieHHMH TeXHOJIOTMYECKOTO peXKHMa yCTa-
HOBKH).

[ns rmy6okoil pereHepauuu pactBopoB [I3Ta u TOTa 1peby-
ercsl CO3JaTb B CHCTeMe BaKyyM, YPOBEHb KOTOPOTO MOXET OIlpe-
JeJIAThCS TI0 JaHHbIM Taba 2.12

[na pocTikeHust TeMneparypbl kunenusi /[OTa, He npeBbluia-
loiell TeMmepaTypbl passoxeHus (164 °C), Heo6XoauMMO B CUCTe-
Me co3/laTb BakyyM Ha ypoBHe 40 MM pr. cTt. B TO e BpeMs npu
3TOM BakyyMe TeMmIlepatypa kumeHHss TOl'a cocraBasier 191 °C,
4TO Ha 15 TpafycoB HHUXe TeMIEPATYPbl €T0 Pa3JIOXKEHM.

2 ﬂf

2.3. YCTAHOBKU ABCOPELiMUOHHOM
+ OCYLUKU TASA MECTOPOXAOEHUMA
KPAWHEIO CEBEPA

YCTAHOBKA OCVYUIKU FASA
YPEHFOMCKOr0 MECTOPOXAEHUA

Haub6osee kpynHble YCTaHOBKH aGCOPOLIMOHHON OCYLIKH
rasa 3KCILIyaTUDYIOTCSI Ha MeCTOPOXIeHHsAXx Measexbe, Y peHroi
n AM6ypr. PasnuuHbie BOMpOCHI, CBS3aHHBIE C JKCILTyaTanuel
39THX YCTAHOBOK oIllMcaHbl B paborax [14, 19, 21, 23, 24, 29,
35, 44].

IIpusHnunuanbHble TEXHOJOTHYECKHE CXEMbl YCTaHOBOK OCYIIKH
rasa YpeHoiickoro U MenBexbero MeCTOPOXIEHHHA OJH3KH, HX
OT/IMYMe KacaeTcst ammaparypHoro odopmienus. Ha atux ycra-
HOBKaX B 6JIOKaxX pereHepallii TEIJIOHOCHUTENIEM CJIYKUT BOASHOM
nap.
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YcTaHoBKM ab6copOLUMOHHON! OCYHIKH rasa Y PeHroHcKoro MecTo-
POX/EHMST COCTOAT U3 JBYX GJIOKOB: OCYLIKH M pereHepalud Ha-
CBILIEHHOTO PacTBOPa IVIMKOJIS.

DByoku ocymku rasa BxjoualoT B cebss aGcopbepbl U cenaparto-
pbl. B psne cayuaeB a6copbepbl BKJIOUAIOT B ce6s1 cenapalulOHHble
ceKIHM, uTo obecTieunBaeT KoMmmnakTHocTh Y KIIT .

byioku perenepanuy BKJIOUaloT B cebsg aerasatop, aecopbep,
pedIIOKCHYIO €MKOCTb, CHCTEMY BaKyyMMMPOBAHHS U T A.

[IpuHiMnuanbHasg TEXHOJOrHYeCKasd CXeMa YCTAHOBKU OCYIIKH
rasa YDPeHroHckoro MecTOPOXACHUST Ha Havano IJKCIJIvaTaluuH
npuBeeHa Ha puc. 2.25. (Dra cxeMa B HacTosiiee BpeMsl JIOTOJ-
HeHa J[OKMMHBIMM KOMIIPECCOPHBIMH CTAHLHSMU, PACIlON0XEHHbDI-
MU [I0 ¥ TIOCJIe YCTAaHOBOK OCYIIKH ra3sa).

[ToaroToBka K TPaHCMOPTY ra3a CeHOMaHCKUX 3ajexell Ha Mec-
TOPOXK/AEHUH TNPOU3BOAUTCA Ha 15 yCTaHOBKAX KOMILJIEKCHOH IoA-
TOTOBKH Ta3a.

B HacToslee BpeMsl Ha BceX YCTaHOBKAX OCYIIKH JlaBjieHHe Ta-
32 3HAUMTEJbHO HMXKe, YeM B HA4aJbHBIH IepPUo/l 3KCTLIyaTauuu
MECTODOXKACHUS, KOIJa JaBJjieHUe Tasa Nepejl BXOJHBIM KOJNJIEKTO-
poM YKIIT cocraBasiio 6onee 75 krc,/cM’. B aTor mepuona ocyurka
rasa IpoOM3BOANIACD TIPH JaBJjeHuu 75 Kre,/cm’.

o atoit npnuune Ha YKIII' BBeseHbl B 3KCILIyaTauuio MAo-
SKMMHbIe KOMIIpecCOpHble cTaHUuy. Ilpu sToM cTymeHH cxaTtus
rasa pasMelieHB A0 U TOCJEe YCTAHOBOK AGCOPOLMOHHON OCYUIKA
rasa.

Ocywennsiii cas

Cuipoeeoii
2as

> o301 H

i H-310
. y

Puc. 2.25. IlpunuymsaniHas TeXHOJOTHIECKasA CXEMA YCTAHOBKM OCYIIKH ra3a Ypen-
TOHCKOrO MeCTOPOXKACHHR

'
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Ha nepsbix 4-x (VKIIT-1...4) ycTaHOBJieHbl KOJIOHHBI C KOJ-
nauxkosbiMu Tapenxkamu ([T 252, auamerp 1,6 m). K Momenty yc-
TAHOBKM 3TM aNmapaTbhi MMeJH [POU3BOJMTEIBHOCTb 3 MJIH. M®/ CYT
(o npoexty). B panbHeimeM mocsie MOXepHU3ALMM TEXHOJOTHYe-
ckoro o6OpYNOBaHMS, 3aKJIOUaiollelicd B YCTAaHOBKE B BepXHel
yacTH a6copbepa (UABTP-NIATPOHOB, €AMHHUYHAsl MOIIHOCTb 6blja
yBesueHa [0 5 MJH. M°/cyT rasa. OMbIT 5KCILIYaTalHH MAHHBIX
annapatoB Ha uetbipex Y KIII' cenHoMaHckoil 3ajlexu Mokasasl Ha-
AexHyI0 U addexTuBHy0 UX padory (motepu [I3Ta ¢ ocyueHHbIM
ra3oM Menbute, yeM Ha ocrtaabHbiXx YKIIT, ocHallleHHbIX MHOro-
dyHKUMOHANBHBIMU abcopbepamn). To sxe KacaeTcsi MeXpeBU3H-
OHHOTO CPOKa 3KCILIyaTal[Mu.

Ha YKIII-5 # nociegyiomuyx YCcTaHOBJEHbl MHOroyHKIMO-
Ha/ibHble abcopbepbl pa3auiHoll MoaudUKalMU, B TOM UHCJe:

Ha YKIIT-5...10 (TTI 365) mpoekTHOH MPOU3BOAUTEIHHOCTDIO
5 maH. M* /¢y,

Ha YKIIT 1AC, 11...13 u 15 (T'Tl 502) npouU3BOAUTENIBHOCTHIO
10 man. M*/cyr.

MHoroyHKUMOHAIbHBIM ~ ammapaT  TUIIOBOM  KOHCTPYKLHH
I'T1-365 mpenacTasisieT co60i KOJOHHY BbIcOTOH 16 M M AuameTrpoM
1,2 M, xoTOpasi (GPYHKLUHUOHANBHO pa3jeieHa Ha TPU CeKUMU: cela-
pauuu, Maccoo6MeHa M (PHILTPAIMU U YJABJIMBAHUS [JIMKOJISI.
Ilepas Mo xXoxy rasza cekuMs cemapaiyy COCTOMT U3 cemlapalH-
OHHOHN TapeJyK{, OCHALIeHHOH 86 NpSIMOTOMHBLIMU LEHTPOOEKHbIMU
sneMentaMu auamerpoM 60 mm (tuma ITIP-202). Maccoo6Mennast
cexuus cocrout (B NMPOEKTHOM BapHaHTe) M3 MATH KOHTAKTHBIX
CTyIeHel, KaX/Jasl U3 KOTOPbHIX BKJIOUaeT B cebs CUTHATYIO KOH-
TaKTHYIO TapesJKy M CeNapalloHHYIO ¢ IIPSIMOTOUHBIMHU cellapalu-
OHHbIMM 3jieMeHTaMM. CuHTyaras Tapejka ¢ OTBEPCTUSIMU [JuaMeT-
poM 6 MM pa6oTaer B peXXuMe yHOCa, a cellapalliOHHasi Tapeska
npefHa3HaueHa AJs1 YJaBJUBaHUSA YHOCHMOTO C CHUTHATOR Tapesku
TJIMKOJISL U BO3BpAaTa ero ajs obecliedeHUs] BHYTPeHHel LUPKYJs-
uuK abcopbenrta. BepxHss cekuMs anmapara CAYXHUT IS OUUCTKU
OCYUIEHHOr0 Ta3a 0T MeJKOJUCIIePCHBIX Karlejb TJIUKOJIS U COCTOUT
U3 534 GuabTP-MATPOHOB ¢ HAMOTKOH U3 (DUIBTPYIOLIEr0 MaTepHa-
Ja (HeTKaHoe JIaBCaHOBOE TEXHMYECKOE I0JIOTHO), apMHUPOBAaHHOTO
€ 06enx CTOPOH 2—3 CJOSAMHM MeETAJIMYecKOH pPYKaBHOH CeTKU.
CiMB y/i0BJIEHHOrO B CeKIMHM (GUIbTPAUUM TJIMKOJS OCYLIECTBJIS-
€TCs TI0 HapYXKHOI TepeTOYHOH Tpybe Ha IOJYTJIYXYylOo Tapeiky B
MaccoO6MEeHHYIO CEKIMIO.

[IpyruM BaXKHDBIM Y3JIOM YCTAaHOBOK OCYIIKM rasa siBJseTCsl GJIOK
pereHepalyy HacbIUIEHHOTO pacTBOpa, KOTOpPBbIH BKJIOUYaeT B cebs
lecopbep ¢ cUCTeMOl OpOUIEHHs, peKyIepaTHBHBIH Terioo6MeH-
HUK, ucTap¥Tesb, HacOoChl U T.J.
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Tabauya 2.13

Pesyabrathi o6paboTki dakTiyecknx nokalatenell ycranoBky aGcopGumontol
ocyukn raza YKIIT-4 [23]

[TokazaTtens Homepa samepos
1 2 3 4 5 6

Copgepxanne H,O B pactBope
JI9Ta, % mac.:

PADT 1,79 | 1,47 { 1,65 165 § 183 | 1,83
HIA2T 6,28 | 5,76 | 6,28 | 6,59 | 7,09 | 5,64
Pacxoa rasa, Teic. M° /4 1263 | 1262 | 1219 | 1305 | 1305 | 1305
TMonaua PAAT, xr /1000 »* 3,89 | 3,80 | 407 | 3,76 | 3,78 { 3,86
CTtenenb HACHILIEHHSI PACTBOPa 568 | 558 | 539 | 582 | 5,79 | 5,92
N19Ta, %
Pagnosecuas Touxa pocsl, °C -19 =22 1 -20,51 -20,5{ —18 -18

Hapsny ¢ yka3aHHBIMHM B COCTaB YCTAHOBOK OCYILIKH Ta3a BXOZISIT
U BCIIOMOraTeJIbHble aNmapatbl: pa3AejuTesNd, OTCTOHHMKH, G6y-
¢repHbIE EMKOCTH U T.[.

13 ombiTa 3KCIIyaTallMd YCTAHOBOK a6COPOIMOHHOM OCYIUKH
rasa YpeHrolcKoro MecTOpOX/JeHHusl 3HauMTe]bHbIH MHTepec INpen-
CTaBJseT BO3MOYKHOCTb JOCTUXKEHUs 6ojiee BLICOKOH CTelleHH Ha-
cpilieHusi pactsopa [IDTa Bnaroif, yeM 3TO perjiaMeHTHpyeTcs IO
“Hopmam TexHonorudeckoro npoekrupoanusa” OHTIL 1-86.

CorjacHo 3THM HODMaM CTeleHb HachbileHusl pactBopa /I3Ta
perjaMeHTUpyeTcss He Bbillle 2,5 %. 371ech M Jajiee CTelleHb Ha-
CBII[EHUs PacTBOPa YKa3blBaeT HA DPA3HOCTb MAacCOBBIX KOHLIEHT-
paluil TJIMKOJS B PereHepUpPOBAHHOM UM HaCBIL[EHHOM pacTBOpax.

U3BecTHO, UYTO CTelleHb HacblleHUsT pacTBOpa OIpenessieT
VAeJbHbIN pacXxol UUPKYJAUPYeMOTo B cucTeMe abcopbeHTa, MoOHI-
HOCTHM HacocoB, pa3Mepbl eMKOCTel M KOMMYHMKalMil TJHKOJS,
o6beMbl Ta30B BbIBeTPUBaHUA U T.7. KKpoMme TOro, 3T0T noKasarteb
BJIUSIET TaKXKe HAa PAcXoJ 3Hepruu B OJIOKe pereHepauuil.

B03MOXHOCTD JOCTHXKeHUS 6o0Jjiee BBICOKOI CTeleHM Hachblille-
HUs abcop6eHTa IPOHJLTIOCTPUPOBAHBl (DAaKTHYECKUMH IOKAa3aTeNls-
mu pa6otsl YKIIT-4 Ypenroiickoro mectopoxaerus (taba. 2.13).

Ha ocHoBe mMosiy4eHHBIX AaHHBIX MOXKHO CAeJIaTb OJHO3HAYHBIN
BBIBOJ O TOM, UYTO Ha YCTaHOBKaX OCYWIKM Ta3a MOXHO [JOCTUYb
6oJiee BBICOKYIO CTelleHb pa36aBjeHHst abcopbeHTa, 4YeM 3TO Ipe-
nycMorpeHo 1Mo HopMmaM  TeXHOJIOTMYeCKOro INpOEKTHPOBAHUS
OHTII 1-86. Baarogaps aTOMy MOXHO JOCTUYb MEHbIIETO YAEJIbHO-
TO pacxoja IMpKyJupyfomero aGcopfeHra M CHIDKEHMS pacxona
3JIEKTPO3HEPIUM Ha paboTy HACcOCOB YW Ha pereHepalnMio Hachi-
IIEHHOTO pacTBopa. B uesoM, ycTaHaBiMBas CTeNeHb HACHINIEHUS
pactBopa [IOI'a Bo B3aMMOYBsI3K€ C OCHOBHBIMH IlapaMeTpaMHu
npoliecca Ha CTaUM IIPOEKTHPOBaHUSI, MOXKHO [OCTUYb CHHXKEHHe
3arpar Ha 06paboTKy rasa.
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« YCTAHOBKA OCYLLUKHM FTA3A
SIMBYPICKOIro MECTOPOXAEHUA

. YcTaHOBKH OCYIIKH Ta30B SIMOYprckoro MecTOpOX/IeHHUsI
OT YPEHTOMCKNX YCTAaHOBOK OTJHYAIOTCSI KOMITAaKTHOCTbIO, KOTOpasi
JOCTUTHyTa Grarofapsi MpUMEHMI0 HOBOTO 060pYAOBaHHS 60JblIoH
eIMHUYHOIl MOIIHOCTDIO.

YKIIT # rosoBHO#t y4acTOK MarucTpaibHOTO ra3onposoja Am-
6ypr — 3amaj pacrosioXXeHbl B 30HE MHOTOJETHMX Mep3JblX Io-
poA. B cBsi3n ¢ 3TUM C lieblo MCKJIOUEHHs pacTelljleHHs TpyHTa
NIpPeAyCMOTPEHO OXJaxKaeHHe raza o temmeparypsl 0 — (—1) °C
nepex nopaveit B8 MI.

IloaroToBka ra3oB CEHOMAHCKUX 3ajleXXeil K TPAHCIOPTY BeeT-
ca Ha cemu YKIIT, umeromuxXx MIEHTUYHYIO TeXHOJOFMYeEC-
kyio cxeMmy. YKIIT yKoMIUIEKTOBaHBI OTeuyeCTBEHHBIM 06ODY/0Ba-
HUEM.

B cocraB kaxao#h YKIIT sxoast 9 (8 pa6ounx, oAHa peseps-
Hasi) OJHOTMIHBIX TEXHOJOTMYECKHX HHUTOK TO OCylIKe raza ¢
NPOEKTHON TpousBoAuTebHOCTbIO 10 MuH. M*/cyT Kaxzas.

IIpynuunuanpHas TeXHOJOTHYECKAs] CXeMa YCTAaHOBKH OCYLIKH
SIM6yprckoro MecTopoXkJeHusi rasa npuBesieHa Ha puc. 2.26. (Jra

Ocywennsiii 2a3 Hapw >
8aKyym-nacocy
‘ P-2 ,
]
PISI | H-7
v y
Pegpmoxcnas muoxocmb;
Al
H-4
HABT
Cupoii 2a3 E13 < -1
> [T
H-10 '
to—

Puc. 2.26. Tlpmupamanshas TexHonormieckasn cxema YKIIT fImGyprckoro mecro-
POXaeHns
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cxeMa B HacTosillee BpeMs [JOMOJHEHa [0KMMHBIMH KOMIIpecC-
. COPHBIMH arperatamu, YCTAaHOBJEHHbIMU TIepel OIOKOM OCYIIKH
rasa).

C uenbio UCKIIOUEHUS pacTerJieHHs] TPYHTOB BJIOJIb TPacchl Ta-
301IPOBOZIOB IIPEAYCMOTPEHO OXJakJeHHe ra3a [0 TeMIlepaTrypbl
MuHyc 1 °C mepes nojaueit ero Ha TPaHCHOPTUPORKY.

Ha Bcex YKIII cenapanus m ocyurka rasa TNpOU3BOAWTCS B
MHOTOQYHKIMOHATbHBIX  anmapatax {(M®A), paspaboTaHHbBIX
JAO “lIKBH”. M®A Bkmoyaior B cebs 3 CeKUMU: BXOJAHYIO ce-
DapallMoHHEYI0, MAacCcOOGMeHHYI0 U GUIbTPYIOIUYIO.

Ha YKIIT-1; 2 u 5 cmontupoBansl M®MA Ttuna I'll 502. Bxoa-
Has cellapallUOHHas CeKUus aTUX abcop6epoB COCTOUT M3 TAHTEH-
HMaJbHOH IIeperopoJKd ¢ ceTyaTrbiM OTGOHHHMKOM M  Tapesok
¢ UeHTPOOGEXKHBIMUM  cemapauuoHubiMu  anementamu [P 333
(115 mrr.).

MaccoobMeHHasi ceKUusl BKJIOYaeT YeTblpe ceTyaTble KOHTaKT-
Hble TapelKHd, MeXXAy KOTOPbIMH YCTAHOBJIEHB! TapeJKH ¢ UeHTPo-
GexHBIMU CellapanoHHbIMy saeMentamu TP 202 (o 204 sje-
MeHTa Ha Kakao#). CenapallHOHHbIE TapeNKW CHabKeHbl LEeHTPO-
6exxupiMu aiemertamu TTIP 353 (105 wrt.). MaccoobMeHHas cek-
UMl OT BXOJHOH celapallMOHHOM CeKIMM OT/JejeHa IIoJYrJayxoi
TapesKou.

DuapTpywomas cekuMst COCTOUT U3  Tapenksdl ¢ (QUAbTp-
narpoHamd (120 WT.) U TapejaKd ¢ LEHTPOOGEXKHBIMU CerapaluoH-
HpiMK saemenTaMu TTIP 353 (92 mwir.).

Ha YKIIT-3; 4; 6 u 7 ucnoanayiorcst MDA tuna [Tl 778.

Oxnaxkaenne raza. [l oxJjiaXAeHUs] OCYIIEHHOTO Ta3a B CO-
craB kaxaoi YKIIT Bkutodenpl 24 anmapara BO3AYIUHOTO OXJIAX-
Jenuss u 9 Gnounsix Typ6ometanepHsix arperatoB (BT/IA), xa-
PAKTEPUCTUKA KOTOPBIX TipuBeZieHa B 1abs. 2.14.

B 3umuuit nepron HeobxoauMasi TeMieparypa rasa AOCTHTaeTcs
3a c4eT ucnosbzoBanuss ABO. B jserHuit nepuos ajsi oxJjaxjeHue
raza ucroib3yorcs ABO u TypboaeTaHIepHble arperatbl Mapku
bTAA-10/13-YXJI4 no cxeMe: KOJJIEKTOP OCYUIEHHOTO Ta3za —

Tabruya 2.14
OcHosupie Texumueckve AanHbie BT/IA

Hoxasarean 3HauyeHHe
[ pOH3BOAUTENBHOCTD MO TA3y, MAH.M®/CYT 10
Ilepenaa Temmepatypnl Ha Typ6ogeranaepe, °C 30
IlpenenbHOe pabovee RapjeHHe ra3a Ha BXOAe B TypOHHY, aTa 130
JlaBrenne rasa Ha BxoZe B KoMupeccop T/IA, ata 82,4
CTeneHp HOBBILIEHHS AABJIEHUS Ta3a B KOMIIpeccope 1,31
CreneHb MOHHKEHHA JaBJIeHHs Iasa B TypOuHe 1,63
Yacrora BpallleHHs poTopa, 06,/MHH 9000
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xommpeccop TJHA — ABO — rtyp6una T[AA — xosjaekTop ocy-
[IeHHOTO ra3a.

Perenepauust I9Ta. Ilo npoexry pereHepauus /J3Ta Ha Bcex
yCTaHOBKAaX, 3a MCKJIOUeHHeM YKHI-2, nmpoussogutcs ¢ MpuMe-
HeHHeM OTHEBBbIX Nojorpepateseil. OTIUYUTENbHON OCOOEHHOCTbIO
necopbepoB GiokoB perenepauuu stux YKIT (xpome YKIIT-2)
ABJAETCS HaMMYMe B UX KYGOBOH UYACTH DEKYIEPATUBHOIO TETIO-
obmernHuka “P/AST-H/A2I™.

Tlonorpes raukons Ha YKIII-1; 3; 4; 6 u 7 ocyuiecTBisercst B
Tpy6yaThixX nedax. [Ipou3BOAUTEIBHOCTD YCTAaHOBOK pereHepanuu
¢ TpyGuaroil meublo coctaBiser 60 M’/ 4.

Ilo mpoekTy meuyd 6bLIM ABYXNOTOYHBIMM. K HacrosieMy Bpe-
meHu 110 pekomeHaanusamM BHWWrasa n TAO “IIKBH” neun nepe-
BeleHbl B OAHONOTOUHYIO cxeMy. KpoMe Toro Ha Hexotopbix YKIIT
npy PeKOHCTPYKIMHU GJIOKOB pereHepalliy IJIMKOJISL MCIIOJb30BaHb
oT/leibHble 3JIeMeHThl croco6a pereHepanuu [28].

Qunctka [I9Ta. Ouucrka pactBopa /[3Ta or MexaHUYeCKHUX
npuMeceil IPOU3BOAUTCS B 6JIOKE THAPOLMKJIOHOB-PUIbTPOB. Ouu-
CTKa TMPOWCXOIUT 3a CUeT OTAeJeHUsI MeXaHWYeCKHX INpHMeceil B
LeHTPOOEIKHOM TOJIe ¢ rocjeayiolleit ¢uubTpanned TJIUMKOJIS Ye-
pe3 cioit dunbrpylomeit Hacaaxku. Ounniennntit HADT nmocrynaer
B €MKOCTb c6opa M JaJjiee HAacOCOM TIOJAeTCs Ha pereHepaluio.
MexnpuMecu HaKalJauBaloTcs B OyHKepe B HIDKHeH wuacTu anma-
para, c6pachIBalOTCsi B €MKOCTb c60pa ¥ jJajiee MOCTYNawT Ha To-
PH3OHTAJIbHYI0 (bakesbHylo ycTaHOBKY (TDY).

YCTAHOBKA OCYLUKU FTA3A
o SARONIAPHOIrO MECTOPOXIEHUA

. IIpaktuka skcrryatauru Y KIIT mnokasbiBaeT, 4TO BO
BXOJHBIX CelapaTopaX He MPOUCXOAUT IOJHOTO OTAeJeHUS Ka-
HeJbHOH XKMIKOCTH OT ra3al YacTb JKMIKOCTH € ra3oM TOCTyHaer B
a6copbep, T/ie TOrJIOLWAETCS PACTBOPOM TJIMKOJs, MCIIOJIb3YEMbIM B
KayecTBe abcopbeHTa /ISl M3BJeYeHMs] I[IapOB BOAbI M3 rasa.
Benencrsue artoro mpomcxoauT Hakomsenue B pactBope J19Ta
MUHEpPaJbHbIX COJIEH UM MeXaHWYeCKUX IpUMeCcei.

Hanuue cosiell B UMPKyJMPYIOUEM PACTBOPE TJIMKOJSL OKa3bl-
BaeT psA HeraTUBHBIX BJMSHUH Ha paboTy YCTAaHOBOK OCYLIKH
raza. B uacTHocTH, mpH pereHepalMy HACBIIIEHHOrO pPacCTBOpa
TIDOUCXOAMT OTJIOKEHWe cojiel M MeXaHW4ecKWX IpUMeceil
(YacThi TIMHBI, MECKA M OKAJMHBI, CMOJUCTBIX IPOAYKTOB ¥ T.A.)
Ha 110BepxXHOCTSIX 060pYZOBaHUS M TPYO Telnoo6MeHHHKOB. B pe-
3yJbTaTe COBOKYIIHOTO BO3[eCTBUS YKa3aHHBIX (DaKTOPOB IOBBI-
laeTcss MHTEHCHBHOCTb KODPPO3WH, YXYALIAeTcsl TeILIooGMeH, YBe-
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Ocywennsiii
a3

T-1

H-4

Puc. 2.27. IlpunmymuajibHasn TeXHOJIOTHIECKAS CXEMA YCTAHOBKH OCYLIKH Ta3a MecCTo-
poxaenns 3anoJsipHoe

JMUMBAIOTCSL 3HEPro3aTpaTbl, UMeeT MeCTO TpeX/eBpeMeHHbI! Bbl-
XO[ W3 CTPOs anmnapaToB #3-3a [IpPOrapa Teroliepefamiiux o-
BEPXHOCTEeH U T.A.

1 cBeleHMst K MMHUMYMY [TONaJaHUs] MUHEPAJbHBIX cOJieil B
pPacTBOp TJHKOJS TPEAJOXKEHO INPOU3BECTH [POMBIBKY rasa BO
BXOJHOM cenapaTope pedJIIOKCHOH >XHUAKOCTbI0 6JjloKa pereHepa-
unu [A3Ta [2].

Takoe pellleHte peajN30BaHO B IIPOEKTE YCTAHOBOK OCYIlIKM Ta-
3a 3anoJsipHOTO MECTOPOXIEHUs, TPUHIUNUAAbHAS TEeXHOJIOTHYe-
ckasl cxeMa KOTOPOH IIpuBeAeHa Ha pHC. 2.27. ¥YCTaHOBKY YCJOBHO
MOXXHO pa3/leidTh Ha HECKOJbKO GJIOKOB.

Baok ocymxu raza. CbIpbeBoll ra3 npoxoAuT BXOAHOH cemapa-
top C-1, riie U3 Hero OTAENSIETCA KaneJbHas >KUAKOCTb U MeXaHu-
4Yeckve TipuMecu. OTcenapripoBadHbiil ra3 JJjist OCYLIKM TIOCTyIaeT
B abcopbep A-1.

B orsmune oT OOLIENIPUHATBIX CXeM BXoAHOH cenaparop C-1
BBINOJIHEH ¢ Maccoo6MeHHbIMU ycTpoiictBamu. [IpemycMarpuBaercs
nofiaya B TPOTHUBOTOK K rady pedJIOKCHOH JXHUAKOCTH U3 G6joKa
pereHepany rIMKOAsS. ITO 06eCNeuuT MPOMBIBKY Ta3a OT MEXaHu-
YecKUX TpuMecell M TLIACTOBOM KamnejbHOM BOAbI, cojepiKaliei
MUHepaJbHble coJu. B ciydae yHoca KaneapHOH >XUAKOCTH C Ta-
30M, KOHUEHTpaluusi B Hell coJsell OyneT 3HAYMTENbHO MEHbIire,
Tak Kak NpoM30ieT pasbapieHye MNJacTOBOH BO/bI BOLOW, MOJY-
YEeHHON NMyTeM IUCTHIIAUMUA B 6JI0KEe pereHepaluu.
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JKuaxocrs ¢ Husa cenaparopa C-1 noctynaer B c6ophuk Tp-1,
OTTylla CMecb IIOCTynaer B pasaeautenb P-1. M3 aroro pasapesn-
Tejisl BOJHOMETaHOJIbHAsA CMecb Mojaercsi B GJOK pereHepauuu Me-
TaHoJIa.

Baok pereHepanuu riaukoJisi. HacblliileHHbI pacTBOp TIJIMKOJIS,
OTBOJAMMBIH ¢ HU3a abcopbepa, [JpoccesHPYeTcsl W IOCTyraeT B
nerazatop [I-1. IlpeaycMoTpeHa BO3MOXHOCTb pa3fiejleHUs Ha-
CBHIIEHHOTO pacTBopa TJIUKOJA Ha Bbixole u3 /I-1 Ha aBa mnoroka.
OmuH  1oTok (MeHbIMH 110 KOJMYeCTBy) B KayecTBe OPOLIEHUs!
MOJKeT TI0/IaBaTbCsl Ha BEPXHIOW Tapesky koJsoHubl P/I-1. Bropoi
MOTOK TIPOXOJUT PeKyMepaTHUBHBINA Termjoo6MeHHUK T-1 u mnopaercs
B CPEJHIOI YaCTb PeKTU(PUKALMOHHOI KOJOHHDI Ha pereHepalluio.

C Bepxa KOJIOHHBI cMechb ITapOB BOJbI U MeTaHoJa MOCTyNaeT B
BO3AYUIHBIA xon0AuIbHUK BX-1, oxyaxzasich KOHAEHCUPYETCsl 1 B
JKUJKOM BHZe cTekaeT B pediokcHylo emkocTb P-2. M3  emkoctu
P-2 dactp xuakKocTH HacocoM H-2 mogaercsi Ha opolleHMe Ha
BEPXHIOIO TapeJKy KOJIOHHBbI. [[pyras dacTh TeM ke HacocoM Iofia-
ercst B 6ycdepHyio emkoctb E-7. [lanee kuakoctb U3 eMmxoctu E-7
HacocoM H-4 nopaercs B mpoTuBOTOK rasy B cenaparop C-1.

Emxoctb P-2 neperopozakoil pa3peseHa Ha JBe 4aCTM, B OJHOH
M3 KOTODBIX HaKallJIUBAaeTCsl YIJIEBOAOPOAHasi >XKUIKOCTb, BblieJsie-
Masl 13 HacblUIEHHOTO pacTBopa. YTIJAeBoJopo/Has (asa U3 eMKOC-
TH BDBIBOAUTCS OT/I€IbHOW JIMHUEH.

[Ipenycmotpeda nogaua pediiokcHol xuakocty (uiad ee yac-
™) U3 eMkoctH P-2 B c6opuuk Tp-1 u ee pmajibHeiilias o6pa6oTka
¢ *xwujaxoi (a3oil BxoJHOro cemnaparopa.

PerenepuposanHbiit pactsop [I3Ia us c6opuuka BPI Hacocom
H-7 4epe3 pekyneparusHblii Temsoo6meHunk T-1 mogaercst B 6y-
depHyio emkoctb E-1. 3ateM raukoab HacocoM H-1 mopaercss Ha
opouieHie B abcopbepbi A-1.

Baok BakyymMMupoBauusi. BakyyM B cucTeMe CO3/aeTcsl cJely-
oM ob6pasoM. Ilapnl ¢ Bepxa pedaIOKCHOR >XMIKOCTH MOCTYMa-
10T B BakyyM-Hacoc H-6. B kayecTBe 3aTBOPHOH >XHAKOCTH B Hacoc
nofaerca o6opoTHas Boda. BoaHoraszoBasi cMech TocJsie Hacoca Mo-
CTynaeT B BakyyMHbli cenaparop BC-1, rae pasaensiercst Ha ¢pasbl.
IlapoBasi ¢asa ¢ Bepxa cemapatopa oTBoauTCA Ha (akesb. Kua-
Kasi ¢paza — ruApO3aTBOPHAs XXHAKOCTb C HU3a CellapaTropa IMOCTY-
naer B 6ydepuyio emrocts E-3. OrTyaa Boja 3a6MpaeTcs HacocoM

-3 U 4epe3 ammapar BO3AyLIHOTO oxJakieHuss BX-2 nomaercst Ha
BakyyM-Hacoc H-6 B kayecTBe 3aTBOPHOIl >XHM/IKOCTH.

lloTepr BOABI B KOHType LMpPKYJSLMM BOCIOJHSIOTCS IyTeM
Tlofaun HOBoOW MopuMM BoAbl U3 OGOPOTHOH cUcTeMbl B 6ydepHYyIo
€MKocTp E-3.
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., . 2.4, OCYLUKA KMUCJIbIX TA30B

a Ve b .

IKeryaTauust cucreM joGpiud, cbopa U o6paboTKM
CEPHUCTBIX Ia30B UMeeT clielupuieckie 0co6EHHOCTH, CBsI3aHHbIE
¢ Ha/IM4YMeM B ra3e CepOBOAOPO/a, [BYOKHCH YTIJepofa, MepKariTa-
HOB Y T.JI., KOTOpbIe BJIHMSIOT Ha TEMIEPATYpy THAPaToo6pa30oBaHUs
M BJIaroCoZepXKaHUs Ta3a, CKOPOCTb KOPPO3UM O6GODYAOBAHMS M
Tpy6, BBIGOD MaTepuasa AJis UX U3TQTOBJIEHMS U T.A.

BansHne KMCABIX KOMIOHEHTOB Ha mNoOKa3aTejid Tra3oBbIX
cMecel.

IIpakTHyecku Bce TNOKasaTeJd NPUPOAHBIX Ta30B UMEIOT CBOM-
cTBa aaauTuBHOCTH. ClleoBaTesbHO, COJEP)KaHue B rase JOG0ro
KOMIIOHEHTa BJUSIET Ha ero TepMOJUHAMHYECKHe IapaMeTphl.

W3 xucabix KOMIIOHEHTOB ra3za Ha ero TepMOJHMHaMUYecKHe Tia-
paMeTpnl 3aMeTHOE BJIMSIHUE OKAa3bIBAIOT CEPOBOJOPO[, U [ABYOKUCH
yrjiepofa, TaK KaK KOHLIEHTpauusi OCTAJbHBbIX KOMIIOHEHTOB
(cepooKKCch yriepona, Cepoyriepoi, MepKanTaHbl U T.4.) He3HayH-
TeJIbHA. DTH KOMIIOHEHTbI He BJIMSIIOT HA TeMIeparypy TuApaToot-
pa3oBaHHus, BJarocofepkaHue, Koa(pGUIHEHT CXKUMaeMOCTH, KOp-
PO3MOHHYIO aKTHBHOCTb Ta3a, B TO K€ BpeMsl OHM OKa3bIBAIOT CY-
I{eCTBEHHOE BJIMSIHME HAa KadeCTBO MHTHOUTOPOB rHAparoo6paso-
BaHHs, aGCOPGEHTOB U HA MPOLECC UX PeTreHepaluu.

C yBejudeHHeM COJEPXaHUSI CEPOBOAOPOJA U IBYOKMCH yrie-
pofia TOBbIIIaeTcs TeMmliepaTypa THApaTooGpa3oBaHMs Ta3a ¥ No-
HUXKaeTcs ero KoapUUHUEHT CXKUMaeMOCTH.

B npucytcTBUM YIJeBOAOPOLOB TOKCHYHOCTH CEPOBOZOPOAA H
MepKallTaHOB 3HAYMTENBbHO ycuauBaercs. [IpeznesbHo A0mycTHMBblE
KOHIIEHTPallkM 3TUX Tra30B B aTMocdepe BO3AyXa COCTABJSIOT
0,008 mr/n. Ilpu npoekTUPOBAHUM U OOYCTPOICTBE CEPOBOLOPOL-
COIepXKalMX MECTOPOXKJAEHUN NPOBOASAT CllelMabHble MepOoNpus-
THS, MCKJIOYAIONVe aBapuilHble BBIOPOCHI Ta3a B aTMochepy.

YBennuenne conepxanuss H,S u CO, B rasze cyuecTBeHHO N0-
BBIIIIaeT €r0 PaBHOBECHYIO BJIar0e€MKOCTb.

Hamrure ceposBofopojia B razax yBeJUYHBAaeT HX PacCTBODH-
MOCTb B BOJle U peareHTaxX, NpUMeHseMbIX B IIPOLECCAX IPOMBIC-
JIOBOU M 3aBOACKON 06paGoTKu rasa, Tak Kak pacTsopumocts H,S B
3TUX peareHTax Bbillle [0 CPAaBHEHHWIO C PACTBOPMMOCTDBIO YIJIEBO-
JIOPOJIOB.

Ilpeaynpeskaenue ruapatoobpasoBaHusa. Ilpu skcnayaTanuu
CEPOBOIOPOCOEpPKAIIUX MeCTOPOXKAEeHHI 6Goppba ¢ ruaparoobpa-
30BaHMEM He COCTaBJIgeT AOMOJHUTEJNbHOH TNpo6JeMbl, TaKk Kak Ha
3a60i1 CKBAXMH B HACOCHO-KOMIIDECCOpHBIE TPY6bI U BO BCe IIPO-
MBICHOBbie KOMMYHHKAIMM [TOCTOSSHHO BBOAST WHTHOHTOpP KOpPpO-
314, KOTOPBI XOpOIIO DPACTBOPSIETCS B WHTHOUTOpaX THAPaTOO6-
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pasoBanus (MeraHoJsie, IMKOJAX). [105TOMY TOAAIOT KOMILIEKCHbIH
UHTUOUTOP TuApaToobpasoBanus u kopposun (KUTUK).

Tak, Ha OpeHOYPrcKOM Tra30KOHAEHCAaTHOM MeCTOPOXIEHHU B
Hessix 60pbObl ¢ KOPPO3Keil ¥ NMpeAoTBpallleHdusi TUpaToo6pa3oBa-
nua npumedsaior KUTUK, npeacrasasiounit coboit cMech MeTaHO-
ja ¢ uHruéuTopoM Kopposun (BUCKO-904, CEPBO-398, U-1-A) B
cooTHouieHHH 20 r unruburopa Ha 1 1 MeraHoJa.

HpakTruKyeTcsl IpUMeHeHNe MHIMOUTOPOB HAa OCHOBE TJIMKOJeEll.

Hekotopble MHTHUGUTOPLI NIPU KOHTAKTE € MOTJOTHTENSMH KHC-
JAbIX KOMIOHEHTOB, INPUMEHSEMbIX Ha YCTAHOBKAX CEPOOYHCTKH
BBI3BIBAlOT BcrieHUBaHue. [Ipu Bbl6Ope WHTMOUTOPOB HEOOXOIMMO
y4ecTb 3T0 OO6CTOSTEJIbCTBO.

Bopbba ¢ xoppo3sueii. [Ipu no6biue cepHUCTBIX Ta3oB GoJibiiioe
3HaveHNe TPUAAETCS BOMPOCAM CHWXEHWsI CKOPOCTH KOPPO3WH B
cucTeme.

OcHOBHble KOMIIOHEHTBI, BbI3bIBalOIME KOpPpo3ui0 Tpy6 U obo-
PYAOBaHUsA, — CePOBOAOPO 1 JBYOKHUCH YTJIEepPoAa.

CojepxaHue MepKallTaHOB B rase ropa3llo HW)Xe, 4YeM CepoBO-
J0POJia U YIJAEKMCJAOTbI, M XOTSl B HEKOTODO# CTEeNeHU OHHU MOTYT
6bITb TOABEPTHYTHl THAPOIU3Y ¢ 06pa3oBaHHEM CEPOBOJOPOIA
(npn ycnoBusIX IHEJOYHOH cpefbl), (hakTUYecKH B KOPPO3IUOHHBIX
nporeccax yd4acTUsl He NPUHMMAIOT.

OrmpesieneHHy10 POJIb B Ipollecce KOPPO3WH HUTPAOT Takxke op-
raHUYecKHe KHCJIOTbl JKUPHOTO psa, COJepKauuecs B TSXKEJbIX
¢dpakiuax koumeHcatoB U HedTeit. OTMeueHbl CieLylol[e BHIIbI
KOPPO3UH 060pY/I0BaHHUS:

XUMHUYecKasi, BbI3BaHHAsI arpecCHBHBIMM KOMMOHEHTaMH B raso-
o6pa3snoil popme;

3JIeKTpOMeXaHHJecKasl, BbI3BaHHasi JeliCTBHEeM KOH/EHCAaTOB Ha-
CbILIEHHDBIX arpecCUBHbIMH KOMITOHEHTAaMU;

KODPO3HOHHOE DacTpeckUBaHMe cTaJself, BbI3bIBaeMOe Hacblllle-
HHEM BOJOPOZAA CTPYKTYPbl METaJa.

MexaHM3M KOPPO3MM HOCUT CMELIAHHBIA XapakTep, T.e. XHMH-
YECKM U dJIeKTpoxXuMuyeckuii. IlpuynHa XMMUYecKoid KOppo3uu —
XUMKYecKasl peakllMsl MeXAy KeJe3oM M KHUCJIOTaMHU. IJIEKTPOXH-
MHUYecKasl KOPpPO3Wsl BO3HHMKaeT IIPH TIPOXOXKAEHHM TOKa MEXIY
OTAEJBbHBIMUA yYaCTKaMH TIOBEPXHOCTH MeTajija.

lIpoaykuusi KOPPO3HOHHOTO IIpoLlecca — aTOMbl M MOJIEKYJIbI BO-
Aopoza ¥ ABYXBaJIEHTHbIE MOHBI JKeJjie3a, KOTOpble BCTYHNAIOT B pe-
aKUMI0 ¢ HOHaMM THApocyabdHIa M cyjabduia, OHU 06pasyioT
BTOpUYHbIe TPOAYKTHI KOPPO3UM — CyJbdHAb XKeje3a, 006Jajai0-
lMe CBOWCTBOM CaMOBOCIJIAMEHEHHUSI Ha BO3/JyXe IpH OObIYHBIX
TeMIeparypax, 4To 0cO6EHHO OMAacHO [/ NPOBEJEHHS PEMOHTHBIX
PaboT npu BCKPHITMH alllaparoB.
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WHTeHCHBHOCTD TIpoliecca KOPPO3UM 3aBUCUT: OT KUCJOTHOCTH
cpeast pH, TeMmepaTypsl, gaBjieHMs, HAJHUHS B CUcTeMe BO/DI B
XKuakoi ¢ase.

C noBblIUEHUEM [aBJeHUS CKOPOCTb 3JIEKTPOXUMUUECKOH Kop-
PO3UM YBEJMUMBAETCSl, TaK KaK TOBbILIAeTcs pPacTBOPUMOCTD ar-
PECCUBHBIX KOMIIOHEHTOB B JKHAKON (ase-sjekTpoaute (Hanpu-
Mep, B BOJe) M, CJIe[OBATE/IbHO, YBEJAUMBAECTCS UX COMEp)KaHHe B
euHUIle oObeMa, AEHCTBYIOUIETO Ha €JUMHULY IIOBEPXHOCTH Me-
TaJa.

[Ipu noBblleHUY TeMITepaTypp! CHUXaeTcss pactBopumocts H,S
n CO, B xuaxoit dase, a cJe0BATENbHO, U CKOPOCTb KOPPO3UH, a
TaKXe YCKODSeICsl CKOPOCTb XUMHUECKUX W 3JIEKTPOXMMHUYECKUX
peakUui M MHTEHCHMBHOCTb KODPO3UHM, OCOGEHHO HPHU TePMUUECKHUX
npoueccax.

CKOpOCTb CepOBOJIOPOAHON KOPPO3UM 3ABHUCUT TaKXKe OT IPOU-
HOCTH, XUMMUECKOTO COCTaBa, MMKPOCTPYKTYpPHI, cnocoba ob6pabor-
KM M T.A. IDUMEHSIeMDBIX CTaJjeil.

Bce yruepoaucrble 1 HU3KOJEIMPOBAaHHDbIE CTAJU TOABEPTaIOTCS
BO BJIAXHBIX CEPOBOJODOJACOAEPIKAIMX CpPeJlaX paCTPeCKUBAHUIO
10Jl HalpsDKEHWeM HUXKe Mpejena Tekyuectu. /[lomycTumasi Benu-
YMHA 3TUX HANPSDKEHMH 3aBUCUT OT XMMMUECKOTO €OCTaBa, Tep-
Muueckolt 0o6paboTKU ¥ CTPYKTYPbl MeTajlNa, OCTATOUHBIX Haps-
JKeHUH T1iocite ropsidel WM XoJoaHoit  aedopMaiuu M IPYrux
daxrtopop. [lig npeloTBpalleHUs PaCTPECKUBAHUS NpeAyCMaTpH-
BalOT clielUajbHble MEPOIPUSTHS, TakHe KaK H3TOTOBJIeHHe Tpy6
U 060pyIOBaHUS U3 CIIeUMaJbHO BBLIOPAHHBIX cTajel, CTOMKUX K
pPacTpecKUBaHUIO OT HABOJOPAXKHUBAHUS, OrpaHHUeHUe HaIlpsixKe-
HUE B MeTallle yBeJWUeHUeM TOJLIMHBI CTEHOK, NMpUMEHeHUe WH-
ruOGUTOPOB KOpPpo3MH, ocylika rasa nHa YKIII ¢ uenpio ymenbie-
HUSI BO3ZeHCTBUA arpecCUBHOTO ra3a Ha BHYTPEHHME CTeHKH Ta30-
TIPOBOJIOB, TpPaHCIOPTUpYIOWUX rasz fo F1I3.

Texnonoruueckas cxema B cucreMe “ckBakuua — YKIIT-TTI3”
OpeH6YPrckoro ra3oXUMMUECKOT0 KOMIIEKCA TIO3BOJISIET BBILENUTD
J(B€ 30HbBI KODPO3UOHHOU aKTMBHOCTY rasa:

a) 30Ha BBICOKOH KOPPO3MOHHOI aKTHBHOCTU CPEZbl, K KOTOPOil
OTHOCATCS TEXHOJIOTHYeckoe o6OpPYyNoBaHHe CKBAXKUH, HLIeii(poBble
rasolpoBO/bl, CellapalMOHHOe TeXHOJIOTHUYeckoe o60pyA0OBaHHE H
Mex6iounple KommyHukaunu (kpome 3amephoro myskra YKIIT),
paGoraioliie B cpejfe BJIAXHOTO ra3a € COAEPXKAHUEM CepOoBO-
JOpoJAa;

6) 30Ha HM3KOH KOPPO3MOHHON aKTMBHOCTH, K Hell OTHOCSATCA
TexXHoJIoTHYeckoe o6opyZoBaHHE M apMaTypa 3aMepHOro IYHKTa
YKIIT, raszoxkoHaeHcatonpoBos! ot YKIIT no I'TI3.

HopmaTtuBHBIMU JOKYMEHTAMU YCTAHOBJIEHbl [JONYCTUMbBIE CKOPO-
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ctd obmeit xopposuu: 0,25 MM/rof — [/ HacOCHO-KOMIIpec-
cOpHbIX TPy6 M uLneHdoBbIX Trasonposojos; 0,2 MM,/roa — ans
TeXHOJIOTHYECKHUX  alnmnapaTtoB M MeXOGJOUYHBIX KOMMYHHUKAlUH
(rapantuu ¢upMbl-noctasumuka); 0,1 MM,/ Tog — IS Ta30IIPOBOJIOB,
TPaHCIIOPTUPYIOIMX OCYUIEHHBIH CepOBOAOPOACOAePKALLMI ra3.

MartepuaibHoe ogopMyeHHe TpyOOIIpOBOAOB M TEXHOJOTMYeC-
kxoro OOOPYAOBaHMSI [JI1 30H YMepeHHOW M ONacHOH KOppO3UH
[IpYHKMAeTCSt B OCHOBHOM OJMHAKOBbIM. JTO “CIIOKOHHbBIE” YTJepo-
auctbie cTagu Mapku Cranb 20 ¢ [OMOJHUTENbHBIM KOHTpOJIEM
KauecTBa Npu uarorosjeHuu. [l 30H onacHoil Koppo3uu o06s3a-
TesibHa TepMHuuyeckas o6paboTka Tpy6 Ha 3aBOJaX-M3TOTOBUTENAX U
cBapHBIX UIBOB MpPM MoHTaxke. KpoMe Toro, mpu pacueTe TOJHIMHBI
cTeHOK Tpy6 M anmapartoB AJsl 3Toil 30HBI NIPUHUMAETCS YBEJH-
yeHHas TOJIIHHA CTEHOK [JISI CHUKEHMSI BHYTPEHHUX HaImpsixe-
HHUH.

B uMCKJIIOUMTENbHBIX chydasix [Js Haubojee KOPPO3HOHHO-
onacHpix cpej (doHTaHHaA apMaTypa) JOMYyCKaeTcst MpUMeHeHne
HepiKaBelollleH cTaJu.

O6ulyio KOppO3UI0 MOXHO CHU3UTb [0 AOTNYCTHMBIX IIpefiesloB
(0,2-0,1 MM /TOZ) ¢ TIOMOLIbI) MHFUGMTODHOH 3alllMThl, KAueCcTBO
KOTOpPO# 3aBUCHT OT psiga ¢akropo. OauH U3 OCHOBHBIX — BO3-
MOXHOCTb NpuUMeHeHUs 3(Q@eKTHUBHbIX METOJ0B HAaHECeHUS] WHTH-
6UTOPHOM TIJIEHKH.

IS¢ deKTUBHOCTb AHTUKOPPO3MOHHOI 3al[UTBI OINpPEAeJsIOT [0
dbopmye

¢ #
A =M ygg o, [ - LR, " .1)

H b

tae IT, — morepu Macchl HEMHIMOMpoBaHHoro o6pasua, mr; I1, —
NOTEPM MacChl MHTMOMPOBAHHOTO 006pa3iia, MT,

A DexTUBHOCTD MHIMOUTOPHON 3alUThI, onpeaessieMas no ¢op-
myne (2.1), oueHuBaercs cjeayomuM o6pasom: 90 % M Bbie —
orauyHasg; 75-89 % — xopowas; 50-74 % — ciaabas; Hwke 50 % —
HeyI0BJIETBOPUTEIbHAS.

A6cop6unoHHas ocyumka razos. Ha ycraHOBKaX OCYUIKM KHC-
JIBIX Ta30B B KadecTBe abcopleHTa HCIOJb3YIOTCS BOJHbBIE PAaCcTBO-
Pbl TiIMKOJEH, KOTOpble MHEPTHBI MO OTHOINEHWID K YIJIEBOAOPO[-
HBIM M KHCJIBIM KOMIIOHEHTaM ra3a ¥ He BCTYNAlT ¢ HUMU B XU-
MHUYECKHE peakiuH.

ComnocraBnenre NaHHBIX O pacTBOPUMOCTH YTJIEBOAOPOJOB H
C€POBoOOpOAa B TJIMKOJSIX MOKAa3blBaeT, YTO IJIMKOJb XOPOIIO pac-
TBopsier H,S. CuepoBaresibHO, Ha YCTaHOBKaX OCYIIKM KHCJIBIX
Ta30B 06beM HHU3KOHATIOPHBIX Tra3oB 6yaer GoJjibliie, 4eM Ha OGbIY-
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HbIX a0CcopOLMOHHBIX ycTaHOBKax Pactopumocts H,S u CO, B
TJMKOJISIX MOXKeT onpefesitbesl o puc 2 28—2 31

B pesyjibTare KOHTaKTa CepoOBOJOPOAA U [IBYOKHCH YIJlepoaa ¢
IJIMKOJieM TIOCJeJHMH ¢ TeyeHMeM BPEMEHW CTAHOBUTCS KUCJABIM H
YCUJIMBAeT Koppo3uio obopynosanusi 1 Tpy6 Haubosee uHTeHcUB-
Hasd KOPPO3US NMPOUCXOIUT B BEHTUJIAX ¥ M3rn6ax TpPyGOIpPOBOAOE
Bosauxmas kopposusi MOXXeT HOCHUTb XapakTep KOPPO3HOHHOro
U3HOCA, $3BEHHOH KOPpPO3UM WM KODPO3UOHHOTO PacTpecKu-
BaHMS TIIOA BJAMSAHUEM BofopoAa JlaHHble © BJMSHUM  KHC-
JIbIX KOMIIOHEHTOB Ha KOPDO3HOHHYIO AKTHBHOCTb IIPUBE/eHbI B
1aba 2 15

BeneHuBanue IJIMKOJSA NPH 06paboTKe BbICOKOCEPHHCTOIO Tra3a
BeTpeuaeTcsl vallle, yeM I[pU o6paboTke HeUTpaibHOTO rasza ITo
00ODBSACHSIETCS PACTBOPEHUEM B TJIMKOJEe KUCJ/BIX Ta30B, 3acOpeHHeM
€ro TPOAYKTaMU KODPPO3MU, WHTHOUTOPOM KOPPO3WH U PacTBOpH-
TejieM Cepbl, 32KayMBaeMbiM B CKBakKMHY DBcnennBanue rJiMKoJs
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ocOBEHHO YCUJIMBAeTcs TP IOBBILIEHHBIX TeMIepaTypax W Bblje-
jeHud M3 HeTro pPacTBOPEHHBbIX ra3oB. llpeaBapuTesbHOE pasrasu-
poBaHMe [JIMKOJS IPH BbIBETPUBAHUH CHOCOGCTBYET CHHUXKEHUIO
ero BCTIEHMBAEMOCTH B OJioke pereHepaium.

[IpuMenenue aHTUBCIIEHUBATeNeld He IPUBOIAMT K 3HAUUTEJb-
HOMY CHMJKEHHUIO BCIIEHMBAEeMOCTH TJIMKoJeH B 6JIOKe pereHepa-
UM, TOCKOJDbKY 3TH BellecTBa ObiCTPO TepSIOT CBOM CBOMCTBa
npy BBICOKUX TeMMepaTypax.

HauayymnuM MeTo[0M CHVWKEHUS BCIIEHUBAEMOCTH CUYHTAETCs
O4YMCTKA FJIMKOJIEH OT 3arpsisHuTesiedl Iepeli UX HOCTYIJIEHUEM B
60Kk peresepaluu. PuapTpalyeil IJIMKOJEBBIX PACTBOPOB MOXKHO
ouMIIaTb UX OT 3arps3uuteseil. B kadecTBe duAbTpylouiero ale-
MEHTa MOXHO TIPUMEHSITb aKTUBUPOBAaHHBINH yronab. HacblieHHbIIH
yTOJIb PEKOMEH/IyeTCsl pereHeprupoBarb ¢ MOMOIIBIO BOJSIHOTO napa.

L1t KOHTPOJIA KauecTBa TJAMKOJS TpebyeTcsl peryJisipHoe orpe-
aesedne pH cpeant. WMHorna nis 60pbObl ¢ OKUCJIEHUEM FJIHKOJIEH
peKoMeH/lyeTcsl B pacTBop JoOaB/ISATL CHelHaJbHble PeareHTbl.
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Puc. 2.30. PacrBopumocts H,S B /I3Te B 3aBHCHMOCTH OT €ro napuHajibHOrO JaB-
nenns (npu 16 °C)

IIpM OpOEKTHPOBAHUK YCTAHOBOK [JJISi OCYLIKM BBICOKOCEPHHUC-
THIX COeAMHEHHI HeoOGXOMMMO NPEAYCMOTPETh TakKe BO3MOXKHOCTDH
YCTAHOBJIEHNS €MKOCTU [UIsi OT/eJieRus NIPOAYKTOB KOPDO3UH.

CileyeT OTMeTHTb, YTO Ha HAJEXKHYI0 3KCILIyaTallMIo YCTaHo-
BOK OCYIIKM BbICOKOCEPHMCTLIX Ta30B BJjusieT BbiGop MaTepuasa
JUIst TeX dYacTell YCTaHOBKM, KOTOpbie HENOCPeJACTBEHHO KOHTAaKTH-
PYIOT ¢ BBICOKOCEPHUCTBIM ra3oM. C yBeJMYeHUEM IIPOYHOCTH CTa-
JIell UX 4yBCTBUTEJBHOCTb K BOJOPOZHOM KOPPO3UM pacTerT.

Ilotoxu rasa, UMeiolIWe CKOPOCTb cBbiie 20 M,/C, MOTYT Bbl-
3BaTb 2DO3MUI0 MaTepuaJa KoMMyHuUKauuid. ITocko/bKy 3posusg B
HECKOJIDKO pa3 yBeJMYHBaeT KOPPO3UIO, HEOOXOJMMO, 4TOOBI CKO-
pOCTb He IIpeBbllIajJa YKa3aHHbl mpejed.

YcraHoBKM OCYIIKM Tra3a JOJDKHBI OTKJIOYATbCS Kaskaple 12—
18 Mec A1 peMOHTa, OUMCTKU U KOHTDOJISL B MEPBYI0 ovepelb TeX
Y3JI0B, KOTOpbIE KOHTaKTHPYIOT C CEPOBOAOPOIACOAEPKALUMM Ta30M.
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Puc. 2.31. Pacropumocts H,S B TOTe B 3aBHCHMOCTH OT €ro NaplMaIbHOIO IaB-
JeHnn

Tpebyemas rny6uHa OCyWIKM KHCJABIX Ta30B 3aBUCHT OT HX
laibHeiiiedt nepepabotkn [lpu go6blve cIaGOKMCABIX Ta3oB UX
Heo6X0ANMO OCYUIMTh A0 TOYKH POChI B COOTBETCTBMM C Tpe6oBa-
Husamu orpacyeBoro ctanpapra OCT 51 40-83, Tak Kak M3 TakuX
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Ta6muya 2 15 77 e e R R

-k
KopposHoHnas akTHBHOCTb I/IHKOJIeH, COlepKalliX KOMIIOHEHTI - e
(cTajb yraepomvcTas, NPOAOJIKUTEILHOCT onbiTa 40 cyT)
PH CopaepxaHile KHCJIbIX KOM-
Caunonu TNOHEHTOB, MI/ 1 Koppoaus,
B Hauaje B KOHIte B Haviajae B KOHUE MKM / TOA
OTIBITA onbiTa onBITA onBITA
Jiicy 8,00 6,00 0,5 1,0 OTcyTeTBYyET
2T 8,00 7,20 0,5 1,0 | To xe
Jicly 8,00 5,50 0,5 1,0 7 13,2
Jar 8,00 5,50 0,5 1,0 11,2
Tor 4,70 5,50 0,5 1,0 17,0
Tar 4,70 4,80 0,5 3,5 40,6

ra3oB He M3BJIEKAIOT CEPHUCTble COEAMHEHMS M HOJA0T K ToTpe-
6utensiM

ManocepHucTbie, CEpPHUCTbIE U BBICOKOCEPHMCTDIE Tasbl MPU
TPAHCIIOPTUPOBKE OT IPOMBICJAOB A0 Ta3onepepabarbIiBAalONIMX 3a-
BOJOB B IIPUCYTCTBUM BOZbl BBI3BIBAIOT HHTEHCHBHYIO KOPPO3HIO
Tpy6. lloatomy mepen mopaveidl B HPOAYKTONPOBOAbI TaKHe [a3bi
HeoOXO0AUMO OCYIIUTD.

I'ny6okas ocylika TakMX rasoB Ha IIPOMbIcJe HellejiecoobpasHa,
TaK KaKk Ha YCTaHOBKaxX OYMCTKM Tra3a OT KHCJbIX KOMIIOHEHTOB
[POMCXOAUT MX IOBTOPHOE YBJIa)KHEHUE.

OnpIT 3KCIJyaTalud CEePOBOAOPOACOAEPKAIMNX MECTOPOKIECHHH
[OKa3blBaeT, YTO CHHIKEHME BJIArocofiepkanus rasa go 60 % ero
PaBHOBECHOTO 3HAYEHHS PE3KO YMEHDINAET CKOPOCTb KOPPO3UU
Tpy6 U obecreunBaeT HaJeXHYI PaboOTy IPOJAYKTONIPOBOLA OT MpoO-
MBICJIa 0 TazonepepabaThIBalONIero 3aBOjA.

[Ipu ompenesteHUM cTeNeHHW OCYHIKM Ta3a Ha NPOMBICAAX Heo6-
XOMMMO yUecTb BO3MOXXKHOE CHWXXeHUe TEMIIEPAaTyphl rasa BO BpeMs
€r0 TPAaHCHOPTUPOBAHUS € TeM, YTOObl UCKJIIOYUTD KOHAEHCALUIO
napoB BOAbl B Ta3olpoBOjJie, TAK KaK HaJW4Yue BOAbI B JKUAKOM
aze yBenIuuMBaeT CKOPOCTb KOPPO3HUH.

BosMbluMHCTBO YCTAHOBOK, BBEJEHHBIX B 3KCIUIyaTallMio [0 ce-
peavnnl 70-X TOJ0OB, He OTBEYAOT TPeGOBAHUAM IO 3ALINTE OKpY-
amouleil cpeabl. PacTBopeHHble B UHTHOUTOpAX TMAPaToo6pa3oBa-
HHUSI U KOHJIEHCaTe CepOBOAOPO, MepKalTaHbl M ApYyTie CepHHUCTbIe
coeflMHeHUs] NpH MX 06paboTKe YacTO BBIAEIAIOTCS B BU/IE HH3KO-
HAMOpHBIX Ta3oB U cxuraiorcs. Hapsay ¢ motepsMu CepHUCTBIX
coe/lMHeHnil 3To IPUBOAUT TAKXKe K 3arpsi3HEHUI0 OKpYyXaiolueil
cpeapl. VHorna Ha MeCTOPOXKIEHMSX KHCJBIX ra3oB OTCYTCTBYET
ras, He coZep)KallMii cepHHcTble coequHenus. Iloatomy Gosbuioe
3HayeHHe MpUAAeTCS pa3paldoTKe TEXHOJOTHUECKUX CXeM, WCKJIo-
YAIOUX BBIOPOC KUCJBIX Ta3oB B OKPYKalOUIyI0 cpeny u obecre-
YHBAOIIUX TMOJIyYeHHe OecCepHUCTOTO TOIJIHBHOTO rasa.
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N3 umcia pa3paboTaHHbIX B IOCJAEJHHE TO[bl CXeM OCYIUKH
KHMCJADBIX Fa30B MOYKHO yKasaTb CXeMbl € BblJeJIeHHeM CepoBDA0poa
Y13 HACBIIEHHOTO PACTBOpa TIJMKOJS TNPH BBICOKUX [JaBJAEHUSIX H
yTHUJIM3aLUMK KHMCJIbIX Ta30B C HCIIOJb30BaHMEeM 3HEPIMH pacTBOpa
ravkoad [3, 331.

Bapuanm 1. Otayska cepoBojopona u3 pactBopa /[I3Ta mnpu
BbICOKHX aaBjeHusix (puc. 2.32). CepoBomopoicoiepaiuuil ras
NOCTyMnaeT B cenapalMoHHylo 4dactb abcopbepa K-1, rae or Hero
OTAeNsIeTCst KaleJbHasl KHAKOCTb. B abcop6epe ras ocyuiaercst ¢
BBICOKOKOHI[EHTPHPOBAHHBIM PACTBOPOM TJIMKOJISI.

YacTb cpipbeBoro rasa nojaercst B abcopbep K-2 1 ouucTku
OT CepoBOJOPO/A, Tlle B KavyecTBe MOTJOTHUTENs] UCHOJb3yeTcsl pac-
tBop [OTa. OuniieHHbIt 0T cepoBoAOPOJa Ta3, COAep:KaUIUi
0,13 % H,S, nocrymaer B orHeBod HCIIapuTenb, Tie MOAOTPEBACTCS
o Temneparypbl 140 °C 3a cuer Tenna HADla u paspensieTcss Ha
ABa noroka. OIMH IOTOK MOCJEe JAPOCCeJUPOBAHUS A0 JAaBJieHus

/i
PN 17
K-1 K-2
At
VI
H-1

Puc. 2.32. IIpmapmuaisHasi cxeMa yCTaHOBKH OCYIIKH CEPHHCTOTO 1a3a C NOJYdeHH~
€M OYMIIEHHOTO Ta3a HA COGCTBEHHbIE HYXKIbI:

K-1 - a6copbep; K-2 ~ abcopbep ounctku rasa ot H,S; K-3 - oraysounaa xoiaoH-
Ha; K-4 — ornapHas kojonna; K-5, K-6 — mecop6epnr; E-1 — eMkocTh opoleHus;
E-2 - 6ydeprnas emxocts; T-1 ~ pekynepaTusHblii Temnoo6MeHmnx; T-2 — mogo-
IpeBatenb; X-1 - xonommabuuk; H-1, H-2, H-3 — Hacocsl. | — cbipbeBoil ras;
IT - ocymenmsiit ras; 11/ — ounmennniii or H,S; IV - perenepupoBanublii pac-
EIBSp ABTa; V — ounmenssii or H,S pacteop [A3Ta; VI — HacblmeHHBIH pacTBOp

Ia
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0,3 MIla ucnonbayeTcsi B KayecTBe TOILIMBAZ B OTHEBOM MUcHapure-
Jie ¥ OTAYBOYHOTO ra3a B OTMapHON KoJioHHe. [Ipyroi morok Hpu-
MEHA€TCs B KauecTBe OTAYBOYHOrO rasa B KOJIOHHe obeccepUBaHMsl
Hacolendoro [32Ta K-3.

HacobienHsiit Baaroit rimkoab (97,2 %) ¢ comepskaHUeM cepo-
BozopoAa Ao 33,4 T/ mojaercs HacocoM u3 abcopbepa B TelIo-
06MeHHUK, BCTPOeHHDBI B 6J0K pereHepauuy, Te OH NMOAOTDEBAET-
cs TOTOKOM pereHepupoBanHoro /[(3Ta po Temmepatyper  120—
140 °C, nocne yero HampaBJ/seTcsl A7 OYUCTKH OT CEPOBOAOPOJAA B
konouny K-3. B K-3 npu maBienuun, 6oabiuem Ha 0,1 MIla, yem B
abcopbepe, U3 pacTBOpa OTIyBaercs CepoBOJOPO[, IOCJe yero or-
JAYBOUHBIII a3, cofepxallnit 6osblroe kojuuectso H,S, Hanpasis-
ercsi B abcopbep, OTKyZa BMeCTe C OCHOBHBIM TIOTOKOM ITIOCTYyNaeT B
Ta3olpoBOJ.

Hacpimennnit /191, coaepskammii H,S mociae ounctkn B K-3,
HampaBJsieTcsl B OJ10K Jeras3anmu npu gaBaeHuu 0,4 Mlla. 3artem
[JIMKOJb TIPOXOAMUT JOOYMCTKY OT CepoBOAOPOJa B KoJioHHe K-4
npu temnepatrype 115 °C orayBouHbiM raszoMm. [locsie moouMcTKM
conepxanve H,S B rimkose cocraBasier 0,0434 r/n. Jlnsa Bbma-
PUBAHNS M3 Hero BOAbI TJIMKOJb HocTymaeT B jAecopbep K-5. Uz
K-5 noctynaer B orHeBod vcmapurenb, a 3areM B OTHNAPHYIO KO-
goHHy K-6, rae ramkosb pereHepupyeTcsl U HOCTyIaeT B e€MKOCTb
E-2, a orryga oTkauuBaeTcsl HAcOCOM B KOJIOHHY o6eccepuBaHUs
rasa, TZie HacbllIaeTcsi CePOBOAOPOAOM. 3aTeM 3TOT pPacTBOD BHOBb
MocTymaeT Ha opolienne B abcopbep.

[1s1 IMpKyJISIIMY AecOp6MPOBAHHOTO Ta3a M TOJadM OpOLIeHUs
B KOJIOHHY pereHepanyuy B CXeMy BKJIOYEH G6JI0K BOJOKOJADBUEBOro
KOMIIpeccopa.

Bapuanm 2. PeuupKyJsiiusg KUCJABIX Ta30B € HCIOJb30BaHUEM
pacTBopa IJHKoJS. B 3ToM BapuaHTe KHC/ble ras3bl, BbllejeHHbie
IIpY BbIBETPUBAHUM U pereHepaluyd IJIMKOJS, NOTJIOLIAOTCS pac-
TBOPOM T[JIMKOJIS M BO3BpalllatoTCsl MOBTOPHO B abcopbep (puc.
2.33).

O6e cxeMbl 6a3npyloTcss B OCHOBHOM Ha TWUNOBOM 0GOPYAOBa-
HUY, TIpUMeHseMoM [Jig 0o6paboTky OeccepHUCTbIX raszoB. Ho nHa-
JW4Y¥e cepoBOLOpOAa B Taze 00YCJIOBIMBAET HCIMOJb30BaHHE HOBBIX
anmnaparoB. BkiioueHne B cxeMbl Tpoliecca OTAYBKM CE€pPOBOLOPOJA,
KOMIIPECCUM M PEUUPKYJISLUN KUCIBIX Ta30B OKasblBaeT BJANWSHHUE
Ha UX 3HepreTHUecKue NOKa3aTeH.

KoMOunupoBaHHas cXeMa OCYUIKH CEPDHMCTOTO ra3a U KoM-
AeHcata. TexHojoruueckast cxema (puc. 2.34) ucnosb3oBaHa Ha
NIpOMBICTe /111 OCYUIKM Ta3a U OYHCTKH KOHJEHCaTa OT OCHOBHOIO
KOJIMYeCcTBa CePOBOAOPOJA.

[ng ucnapenusi XHUAKUX YIJEBOAOPOAOB U IIPeNOTBpALIeHUs
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Puc. 2.33. IIpmmipmmiamHas cXeMa YCTaHOBKHM OCYDIKM CEPHHCTOIO rasa ¢ peuHp-
KyJsiieli ra3oB gerasaiuu:

A-1 — a6copbep; K-1 — pmecopGep, B-{—sriBerpusarenp; [AK — 1oxuMuofi xoM-
npeccop; X-1, X-2 — xoxoamapHnkn; T-1 — pekynepaTHBHBIH TemJI006MEHHHK;
W-1 — ucnapureab [ — coipbeBoil ras; I — ocywennbiit ras; I/] ~ pereHeprpo-
BaHHBIT pacTBOp raukoas, IV — ra3 seiBerpuBadms; V — kucamii ras; VI -
obeccepeHHbIfi pacTBOp IIMKOIS

rHApaToo6pa3oBaHusl nepel rofadeid B aGcopbep ra3 HarpeBaercs
7o 29 °C.

A6copbep pabotaer noa gaBaenuneM 4,6 MIla. Ha Bbixoze M3
abcopbepa ToYKa pochl Tasa 1o Bofe coctasisger munyc 7 °C. Ilo-
laya Takoro rasa OT INPOMbBICAA [0 3aBOJa MCKJIOYAET HHTEHCHB-
HYI0 KOPpO3UIO Tra3onpoBofa. [{/ oCyWIKH rasa UCIOJb3YIOT pac-
tBop Jl9Ta. Ilepen nmecop6uueli HacbiuteHHBIH pactBop [{OTa mo-
CTymaeT B KOJOHHY K-2, rie ouMInaercst or IMOIJIONEHHBIX CEPHHUC-
THIX COEJUWHEHHH ¢ INpHMeHeHHeM OeCCepHHUCTOTO ra3a, HarperToro
Ao 105 °C npu aasnaenuu 4,67 Mlla.

Conepxxanue ceposofopoga B JI9Te [0 OYMCTKM cocTaBJsier
480 r/n. CreneHb U3BIEHYEHHA CEPHUCTBIX COEAMHEHUH W3 IJIH-
KoJs B kosioHHe K-2 cocraBiasier 99 %.

Pacxop oraysouHoro rasa cocraBasier 11 328 m®/ CyT.

Konnencar, BbiBoauMbIi M3 cemapaTopa, MOCTYNaeT B KOJIOHHY
K-3. [lna sbiieeHds U3 KoH/EHCATa CepPOBOZOPONA B HHU3 KOJIOH-
HBI NTofiaeTcs Topsiauil OTAYBOYHBIN ra3 B Koauvecrse 1,3 M° /.

IIpu ounctke comepxkaHue CePHUCTHIX COEAMHEHHH B KOHAEH-
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Puc. 2.34. lpmnpmuammeas cxeMa 06paGoOTKH KOH/JEHCATCOMEPKAILETO CEPHHCTOro
rasa:

I — coipbeBoit ra3, II — peredepupoBaHubifi pactsop runkoss; [1I, IV, V - or-
ayBHoii ras, VI - wactmuHo ofeccepennsiii konaeucat, VII — ob6eccepeHHsiii
HA3T Ha perenepamwio, VIII — cepunctetit H/IT, IX — cepuucraii rasoswtii
KOHAeHcaT BeiBetpuBaHusi, X — poga, K-1, K-2, K-3 — zecopbepn

cate cHiwkaercs ¢ 20 g0 3 %. OJHOBpeMEHHO IMPOMCXOAUT TaKiKe
OCYIIKa KOHJeHcaTa, 4To obJjerdaer ero JajJbHeNIIUNA TpaHCIOPT U
nepepaboTKy.

B xonownax K-2 u K-3 3Hauenue paBjieHusi BbI6GMpPAIOT He-
CKOJIbKO Bbillle, 4eM B abcopbepe K-1. ITo obecneunBaeT moaady
0TpaboTaHHBIX MMOTOKOB OTAYBOYHOTO Ta3a B abcopbep 6e3 oMol
kKoMmripeccopa. IIpu atoM GoJjiee BJIRXKHBIH IIOTOK OTAYBOYHOTO Tas3a
NMoJIaloT B ceMapallioHHylo cekiuio abcopbepa. Ilotepu [I3Ta Ha
yCTaHOBKe cocTaBasii 32 r,/ 1000 m>,

2.5. BblbOP PEXWUMA PABOTDI
YCTAHOBOK OCYLUKW FA3A

JKCIIyaTalOHHble TI0KAa3aTell YCTaHOBOK abCcopOILMOH-

HOHM OCYIIKH T'a3a 3aBUCST OT MEPBUYHBIX U BTOPHUYHBIX (haKTODPOB.

[lepBuunble akTOpbl — AaBJjeHHe, TeMIEpaTypa, COCTaB ChIpb-

eBoro rasa Ha Bxoje B YKIIT ¥ KoHUeHTpauust ocyuiuTenas B pe-

reHepHpPOBaHHOM pacTBope. JTH (axToOpbl OMNpeAessioT BJIaroco-
JlepKaHue rasa 10 4 mocje abcopbepa. ¢ -
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BropuuHble ¢hakTOpbl YCTAaHOBOK OCYLIKM ra3a — CTeleHb Ha-
coilieHusl  abcopbeHTa, IPGeEKTUBHOCTD paboTbl 060PYIOBaHHUSA,
HaJM4Me B rase 3arpsi3HsOMX npuMeceil (mbLIM, MeXaHHYECKHX
npuMeceif, MUHepaabHbIX cojeft M T 1.).

Huxe, Ha ocHoBe nmybaukauuit [2, 8, 9, 14, 15, 19, 21, 22, 23,
27] npuBOASTCS BJMSIHME OCHOBHBIX (PAKTOPOB Ha paboTy yCTaHO-
BOK OCYIUKU Tasa.

Bausinne namjenMs. /laBjeHHe rpolecca SBJISETCS OCHOBHBIM
($aKTOpOM, ONpee/AIINM MeTall0eMKOCTb abcopbepa, yeJbHbIN
pacXojl oCyIIUTessl, ToJaBaeMoro B abcop6ep, pacxoj SHEPTMM Ha
paboTy LMPKYJIAIMOHHOTO Hacoca M T.A.

Kax mpaBuno, ycTaHOBKM aGCOpPOLMOHHOM OCYIIKH Ta3a Hpoek-
TUPYIOTCS Ha pabouee aAasieHue 7,4 MIla. Co BpemeHeM H3-3a
CHUDKEHUS JaBJjieHus rasa nepen Y KIIT Bosnukaer Heo6xoauMOCTb
poga JIKC ¢ T1eM, uTo6nl obecreunTb HOPMAJIbHBII THApaBJHUeC-
kuil pexkuM B anmaparax Y KIIT u maructpanbHOM rasomnpoBoge.

B 3TUX ycJIOBHSIX BOIPOC O BJAUAHWUM [aBJeHUS Ha IIpoLiecc
OCYIUKM ra3a npeBpalllaeTcs B BOINPOC O B3aUMOYBsi3Ke IoKa3are-
geit paborel JKC u ycraHoBok ocymku. IIpu atom GoJiblioe 3Ha-
YeHHE MMeeT BbIGOp MeCcTOPACIIOJIONKEHHST HOXXUMHOII KOMIIpeccop-
Ho#t ctaHuuu [IKC OTHOCHTENbHO TEXHOJOTHYECKUX YCTAHOBOK: [0
Uy nocye HUX. He3aBucuMo oT cocTaBoB 06pabaTbiBaeMbIX Ta30B
(ra3pl ceHOMaHCKHMX MM I'a30KOHJEHCATHBIX 3ajiexked) 3TO OKasbl-
BaeT Cepbe3HOe B/MSIHME Ha KalUTaJOBJOXEHUS B 06ycTpOHCTBe
MeCTOPOXJeHUH, 3KCILIyaTallHOHHbIe 3aTpaThl Ha o6paboTKy rasa,
NoKa3aTesIM KayecTBa rasa u T.4.

IIpu npoextuposanuu [JKC, Hapsany ¢ obecnieueHueM PONycK-
HO# crocobHoctt YKIIT, yuuThiBalOTCS TakKe BJMSHHUE AABJIEHUS
Ha TOYKY pocbl rasa Mo BoJe, TOKasaTean 6JI0Ka pereHepaluu, a
TaKXXe KOJOIMYECKHe TOKa3aTelu YCTaHOBKH,

B ofuem Buze BavsiHWe NaBjeHHsl Ha MOKasaTeJM YCTaHOBKM
a6COPOLIMIOHHOM OCYLIKHM T'a3a MOXKET XapaKTepu30BaTbCsl AaHHBIMH
Tabn. 2.16.

[loka3aTen moydyeHbl Npy CleAyOUINX HCXOMHBIX [AaHHBIX:

pacxof rasa 417 teic. M®/u (10 maH. M°/cyT);

KoHUeHTpauust [IJTa B pereHepupoBaHHOM M HACBILIEHHbIM
pacrBopax 99 u 96,3 % Mac. COOTBETCTBEHHO; ’

TeMIleparypa KoHTakTa 26 °C; ) !

TOYKH pOChbI ocyuleHHoro rasa Munyc 20 °C. o )

Co cHuxeHnem JaBJjeHMs yBelTUuMBaeTcs paBHOBECHAs BJIAro-
€MKOCTb raza. Beugy aroro yBesuumBaeTcss M KOJIMYECTBO BJIAry,
U3BJIeyeHHOH U3 ra3a B abcopbepe.

Cornacio mpuBefleHHbIM [AHHBIM BefleHHe IIPOIlecca OCYUIKH
TIPH BBICOKUX [aBJE€HMSIX, NPH MPOYMX PABHBIX VCIOBUSX, obecrie-

5— 2364 65



Tabauya 2.16 /i
Bimsive AanieHusi Ha [OK23aTe)H YCTAHOBKM OCYIKH rasa v

okasatemt' JNasnenue, krc/cm?
75 65 S5 45 35
G, 6991 7740 8760 10233 12547
G, 7215 7984 9031 10545 12923
D, 0,68 0,74 0,85 1,04 1,31
% 36,32 35,30 32,40 31,02 28,26
d 379 419 474 554 679
0. 169 187 211 246 302
o 590 654 740 864 1060
V) 3,22 3,60 411 4,83 5,96
N 17,2 16,5 15,8 15,3 15,5

' G, ~ kommectso pactsopa [I3Ta, nogasaemoro B abcopbep, Kr/4; G, —
KOJIYECTBO HachiuleHHoro pactBopa [{3Ta, xr/w; D, — paBHOBecHBle THOTEpPH
TJIKOJIA B 6JI0Ke OCYHIKH Ta3a, Kr/4; Vp ~ KOJIMMEeCTBO rasa Jerazaumn, M°/u;
Q - TenjoBas Harpyska OJoka pereHepallui, THIC. KKaJ/4; Q. — TelJoBas Ha-
Tpy3Ka XOJOMIIbHIKA, THIC. KKaX,/4; Q, — TENJOBas Harpy3ka peKynepaTHB-
HOTO TEeHJOOGMEHHIIKA, THIC. KKai,/ 4 VL — KOJHYECTBO ra3a, OTBOAHMOTO H3

pedmokcHol KiAKocTi, M /4; N — MOIUHOCTD Hacoca AJsl MOJAdIl PEreHepil-
posannoro pacteopa [A3Ta B aGcopbep, kBT.

YyMBaeT CHHXKEHHEe 3aTpaT Ha o6paboTKy rasa, Tak KaK yMeHbla-
IOTCS 3aTpaTbl 3HePTMM Ha pereHepaltio HACBILIEHHOro pacTBOpa
¥ NoJayy pacTBopa IJuKojs B abcopbep.

Ilpu oaMHAKOBBIX 3HAUEHMAX KOHIEHTpAlMU FJIMKOJISI B pere-
HEePUPOBAHHOM M HACBIIEHHOM pacTBOpPaX YAeJbHBIH pacxof
A3Ta HaxomguTcs MpPakTUYECKH B JIMHEHHOM 3aBUCHUMOCTH OT KO-
JIMYecTBa BJard, U3BjedeHHoH M3 raza. OIHOBPEMEHHO C POCTOM
yaejbHOro pacxoja /[I3Ta BospacTaloT Tak)Ke TEIJIOBble Harpy3Ku
VCTIApHTENs. U BO3/YIIHOTO XOJIOAWJbHMKA, pacyeTHas (morpe6-
Has) MOLHOCTM Hacoca AJS TePEeKauykKd pereHepupoBaHHOTO pac-
TBopa TJuko/sA. To xe kacaercs 06beMOB ra30B HH3KOIO [aBJIEHHUA,
OTBOAMMBIX M3 BbIBETPHUBaTeJsl M PedJIIOKCHON €MKOCTH.

Co chmxeHneM [JaBJIeHHUs Ipollecca Tpebyercss Gosee riybokas
OCyIlIKa Ta3a ¢ TeM, YToObl (aKTH4ecKas TOUKAa POChl rasa COOTBeT-
CTBOBaJla TOYKE POCBHl ra3a NpY 3aJaHHOM JaBieHun (naBjieHMH
raza Ha Bxofie B MI). 3aBucuMoCTb Mexay TpeGyeMoi Iy6uHOM
OCYUIKH rasa M JaBJjleHMeM TMipollecca IipuBeleHa Ha puc. 2.35
(kpaiiHHe TOYKM KPHMBBIX Ha pUcyHKe cooTBercTByIoT OCToBCKUM
nokasaressM). CorsacHo KpMBBIM pHC. 2.35 — 4eM HuKe [aBJe-
HHe, TeM GoJibllle ero BJMSIHUE HA Pa3HOCTb TOYEK POCHI rasa.

Ilpn coxpaHeHuH o6beMa OObIYM Ta3a €O CHMKEHHEM [aBJe-
HHUs NpOlLlecca TOBBIIAETCS JHUHeHHasi CKOpOCTb rasa B anmaparax,
YTO OKasblBaeT OTpMlUaTeabHoe BIugHWe Ha pabory YKIII. B ua-
CTHOCTH, YBEJWYMBAETCS KaneJbHbI YHOC XUAKOCTH W3 BXOJHBIX
cenaparopoB. Kak npaBusio KalejbHasl XHUAKOCTb COAEPXKUT MH-
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Puc. 2.35. 3aBucHMOCTb MeX- -22

Ay Tpebyemoit  rxyGumoii
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HepajibHble COJM ¥ MexXaHHYecKHe INpuMecH. IJTU BellecTBa IO-
TJIOLAOTCA PACTBOPOM IJIMKOJSA M, HaKalJIUBasCh B HEM, CHUXKAIOT
HaJIe)XHOCTb 3KCIJIyaTallMyd ycTaHoBokK. Ecim ydyecTb, 4uro 0 Ha-
CTOSAIIETO BpeMEHM OTCYTCTBYET TIPOMBIIJIEHHOE IIpUMeHEeHUe
Ipolecca OYUCTKU TJHKOJeHl OT pDacTBOPEHHBIX cojel, To pasMe-
menne JIKC mepen ycraHOBKOH OCymIKH NpHo6peTaeT JOIOJHU-
TeJibHoe MPEeUMYLIECTBO.

Crenyer ormetuTb, uro pacnosnoxenne [IKC nepen ycraHoBka-
MU a6cOpOLIMOHHON OCYLIKM I'a3a IMO3BOJSET IMOAEPXKUBaTh B a6-
cop6epax MOCTOSIHHOE [aBJieHHE M BECTH IPOLECC OCYLIKM rasa B
ONTUMAJbHOM THIAPABJIMYECKOM pexuMe B abcopbepe (mo vactu
CKOPOCTH Trasza) M HU3KHX YIENIbHBIX DacXofaX OCYILIUTeJs
(oco6enno B 3umumit mepuon).

Onnako pasmemenue IKC nepen ycranoBkamu a6cop6LMOHHON
OCYLIKM rasa MMeeT M pgJ] HETaTUBHbIX BJHSHUM Ha IOKa3aTeslu
YKIT. W3 nux MOXHO OTMETMTb CJieAyIOuIMe:

B JIeTHMe MecsALbl TOBbILIAeTCS TeMIlepaTypa KOHTakTa IIpo-
Hecca ocymky, Tak Kak IPaKTH4eCKH HEBO3MOXHO C IpHUMeHe-
HieM ABO rasz oxJnaxaars [0 TeMIepatypbl CbIpbeBOro rasa
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(tremneparypa rasa mepeg YKIIT), BBuay storo norpefyercst uc-
noJib30BaHue 6ojiee KOHLEHTPUPOBAHHOTO PacTBopa TJIUKOJSA s
NOJIYYeHHUs] 33/laHHOH TOUKM pOCHI rasa, 3TOT Te3UC POUJIICT-
pupoBaH rpacduxamu puc 2 36,

TPU BBICOKUX TeMIlepaTypax KOHTaKTa yBEJIMUMBAIOTCS [1OTepH
[1DTa kak B napoBoil (pase, Tak U B KaneJbHOM BH/e,

npu paboTe BXOJHBIX CelapaTopoB ¢ HU3KOH 3dPexTUBHOC
TbIO, BMECTE C KaleJbHOH >XHAKOCTbIO Ha KOMIIPeCCOPHbIE arpera-
Thl NOMAfalOT MeXaHU4YeCKHe [IpUMecd W MHHepaibHble COJU, OT-
Jlarasicb Ha JIONACTSX, OHM COKPAU[AlOT MEXPEMOHTHBbIM UMKJ ar-
peraros,

npu pasMelteHuu Bcex cryneHeir JJKC nepea YRIID ¢ xaxjaoi
YCTAHOBKY Ta3 6yZeT OTBOAUTLCS NPU AaBJEHUH MarucTpajibHOro
razonpoBoaa, Ha kaxzaod YKIIT Tpeb6yiorcs cooTBeTCTBYOUME
KanuTaJbHble BJIOXKEHUS /151 obecredenuss paboTbl CUCTEMBl U pe-
sepeupoBanns momHocTeit [AKC, Bo usbexanwe storo, B psifie
cAydaeB, IIpUHUMAETCS] CxXeMa, KOrJa 4YacTb MOIIHOCTEH Ha J0Ka
THe rasza ycraHaBjuBaeTcsi nepea kaxaod YKIID, a gpyrag gactp
pasMmellaercs LeHTpaiu3oBaHHO Inepeny MI, ocylleHHble IIOTOKM
raza co Bcex YKIII monpaiorcs Ha egunylo rIowazky, rie cMech
HoXUMaeTcss Ao TpeOyeMoro aBJeHUS ¥ IOJaeTcss B MarucTpasib-
Hble Ta30IIPOBOAbI, AJS CBeJeHUs, TaKoe PellleHue peajM30BaHO Ha
MegBexbeM MecTOPOXAEHUU
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Crenyer oTMeTHTb, YTO pa3MellleHHe CTyIleHei ckaTus rasa o
U T0CJe YCTAHOBOK OCYLIKY, IIPU COXPAHEHUM NPOEKTHBIX 3Haue-
HUil ZOOBIUM ra3a WJM €€ He3HAYHUTEJDbHOM COKpallleHUH, Notpeby-
eT PeKOHCTPYKUnU abcopbepoB (AU BBOX HOBBIX TEXHOJOTHUEC-
KNX HUTOK) C TeM, 4To6bl 06eCIeYuTh MX HOPMAaJbHBIA THApaBJiud-
yecKUA PeXUM.

B 1esioM npoektupoBanue [IKC nomkHo 6bIThb OCYLIECTBJEHO C
y4eTOM BCEX Tepeduc/ieHHbIX QaKTOpOB.

BoiGop Temnepatypbl. Temneparypa mpollecca OCYLIKM ra3a —
OAMH U3 OCHOBHBIX (AKTOPOB, OINpeNeNsIUX TeXHUKO-3KOHO-
MHMYecKUe [oKasaTesay I[polecca abCOPOLMOHHOM OCyIIKM Tasa.
YeMm HUXKe TeMIlepaTypa rasa, MpH [IPOUMX PaBHbIX YCAOBUAX, TeM
MeHbllle ero paBHOBecHasl BJaroeMkocTb. CJlefloBaTesIbHO, IJsl U3-
BlledeHUs1 BJard U3 rasa Tpefyercs MEHbUIWI VAedbHBIH pacxof
LMpKyJupylowero a6cop6eHta IJTo, B CBOIO ouYepelb, OKAa3bIBaeT
CYIIECTBEHHOE BIIMSIHME HAa METalI0- U 3HeProeMKOoCTb 6J0Ka pe-
reHepaly YCTaHOBOK OCYIIKHM raza. OJHAaKO AOMyCTHMas TeMIepa-
TYypa KOHTAKTa OrPaHHYMBAETCS BA3KOCTDBIO PACTBOpA.

Kaxk 6blio yke yKa3aHO Bblllle HauboJbllasl AETPeccus Mo TOUKe
POCHI TOJNy4yaeTcs TpPU OCYLIKe ra3a PAcTBOPOM BSI3KOCTbIO He G6o-
gee 100 cIl. Ilpu mnoBblIeHHHM BSI3KOCTM pacTBOpa BbIlIe 3TUX
3HAUEHUH CHUIKaeTCcsl UHTEHCHBHOCTb Mpollecca MaccoobMeHa
MEXIY Ta30M U OCYHHUTesaeM, 3aTPYIHSETCS! [TOCTMXKEHHEe MeXIy
HUMH DaBHOBecwe. C ydeToM 3TOro NOJIOXEHHS MojyueHa rpadu-
Yeckasd 3aBHUCUMOCTb MeXIy TeMIepaTypoil KOHTaKTa M ONTUMAJb-
HOil KoHUeHTpanueil pacrBopa /[I9Ta u TATa (puc. 2.37).
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IIpu BbiGope TeMIepaTypbl KOHTAKTA M KOHLEHTPALUH pPacTBO-
pa HeOOXOAUMO YUeCTb, YTO 3a CUeT MOrJoLeHHS BOAbI U METAaHOJA
M3 rasoBoii (ha3bl MPOUCXOAMT CHUXKEHHE BSI3KOCTH pacTBopa. He-
00X0A1MMO MMeTb B BHUJY, UTO YeM Bblllle TeMIepaTypa rasa, TeM
6onbuie pacxox ocyunrtens. Ilpu atom u3-3a 60JbHIOTO KOJMHYECT-
Ba BJIATH, U3BJIeUeHHOW U3 rasa B abcopbepe, pe3Ko yBeInuuBaeT-
¢S pacxo/ 3Hepruu B 6sioxke pereHepauuu. [losToMy npu mnosbiuie-
HUM TeMIIepaTypbl rasa Ha BXojle B abcopbep Bbimie 40 °C peko-
MEH/yeTCsl Ta3 OXJaxaarb. JTO 0COOEHHO BaXXHO, KOIZla OCYLIKY
rasa BeAyT IIPU HU3KHUX JaBJIEHUAX.

Temnepatypa abcopbeHTa Ha BXOZe B KOJIOHHY He [0JDKHA
TPeBbILIATh TeMIleparypy rasa 6osbline yeM Ha 6—8 °C, Tak Kak 3To
OPUBOJAMT K YBEJIMUCHUIO ero norepb. Korjga TeMieparypa TJMKOJS
HUJKe TeMIlepaTypbl rasa, MPOUCXOAMT OXJaX/eHHe raza ¥ KOH-
JeHCalust YacTH TsHKeJbIX YIJIeBOJIOPOAOB, YTO, B CBOIO ouepellb,
MOJKeT MPUBECTH K BCIIEHMBaHMI0 abcopOeHTa M, KaK CJeACTBHE, K
3aXJIe6bIBAHUIO TapesioK, yBeIWUeHHIO Ilepenajia JaBJeHUsI B KO-
souHe. Eciy ke ocyllaeMbld ra3 nMeeT HM3KYIO TeMIleparypy, TO
MOKHO YCTAHOBUTb TeIIOOGMEHHHUK Ia3d — TJMKOJb JJs OXJaxnae-
HHSI PereHepUpPOBAHHOTO PACTBOPA IVIMKOJS CbIPbEBBIM Ta30oM.

B orsivuve oT gaBjeHMsS 3aBUCUMOCTb MEXIY TeMIlepaTypoil ra-
32 U €ro BJAarocoJeprkaHueM TNpsMasi: 4eM HIDKe TeMIlepatypa, TeM
MéeHbllIe paBHOBeCHast BJaroeMKocTb rasa. Ilo aToli npuuyuHe BauS-
HUEe TeMIlepaTypbl Ha ITIOKa3aTeJil YCTaHOBOK OCYIIKH rasa aHaJo-
TUYHO BJIMSIHUIO JaBJIEHUS], TOJbKO B OGPaTHOIl 3aBHCHMOCTH.

JlaHHble, XapaKTepu3ylollde BJUSIHUE TEeMIEpPAaTypPbl Ha TOYKY
pocbl rasa, NnpuBefensl B Taba. 2.17. ITH NoKasarTeJH MOJIy4YeHbl
npu aaBaeHuu 7,5 MIla. OcranbHble ToKa3zaTeau Te Xe, 4YTO U
NPy MojiydeHun AaHHbIX Tabna. 2.16. CorjiacHO 3THM JaHHBIM, 4YeM

Tabruya 2.17
Bmusie TemnepaTypsl Ha nokasaTe/il YCTAHOBKH OCYIHIKH Ta3a

IToxasartenn' Temneparypa, °C
30 26 22 18 14

G, 8753 6991 6678 4408 3486
G, 9032 7215 5758 4552 3600
D, 0,95 0,67 0,39 0,23 0,18
1% 43,7 36,3 30,1 25,1 21,1
g 474 379 303 240 190
0, 211 169 135 107 85
O, 739 590 471 372 294
V. 3,89 3,22 2,67 2,12 1,64
N 21,6 17,2 13,8 10,9 8,6
Ge 249 200 160 128 102
' G, — xoam4ecTBO pedTIOKCHON XHMAKOCTH, Kr/4; V — yCJIOBHas NpPOH3BO-

ANTeIbHOCTh ycTahoBKM. OcTajbHbie 0603HaveHHs cM. Taba. 2.16.
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HIDKe TeMIlepaTypa Tpoiecca, TeM HWXe pacueTHasl KOHUEHTpa-
LMs TAMKOJISI, MCHOIb3YeMOro ISl MOJyueHHs 3aJaHHOH TOYKH po-
el rasa (cm. puc. 2.36). OT 3HaueHUs TeMIlepaTypbl 3aBUCST
TaK)K€ PaBHOBECHbBIE MOTEPH IJIMKOJIEH ¢ OCYLIEHHBIM Ta3oM.

Co cHI)KEHMEM TeMIlepaTypbl YMeHbIIAeTCst KOJWYeCTBO BJIarH,
u3BJeKaeMoll U3 rasa nmpu ero ocyuike. COOTBETCTBEHHO CHHYKaeT-
¢ M VAEJbHUH pacXo[l pacTBopa OCYIUMTeJs, MojaBaeMoro B ab-
copbep. IDTO B CBOIO odYepelb MNPUBOAUT K yMeHblLIeHUIO oOliero
obbeMa pacTBOpeHHOro rasa B pactBope riaukoas. Ilocnennee
yJyullaeT SKOJOTMYECKYH XapaKTepUCTHKy o00bekTa, TaK Kak
yMEHbUIAIOTCA O6GBEMBI ra3oB, OTBOAMMBIX M3 BbIBETPUBaTels, H
pedTIOKCHOH eMKoCTH.

Co CHM)KEHUEM TeMIepaTypbl YMEHBIIAIOTCsl U INOTepU TJINKOJSE
c ocylieHHbIM rasoM (cM. taba. 2.11).

B Ta6sa. 2.17 npuBe/ieHbl JaHHbIEe TOJIBKO O PaBHOBECHDBIX IIOTe-
psax. Ciaenyer oTMeTUTb, YTO CHU3SITCSI IOTEPU TJIMKOJSA TakXe 3a
cYeT KameJbHOro YyHoca. lIpearochlikoil 3TOMy CJIyXHUT BO3MOX-
HocTb G6oJiee BDICOKOI CTeNeHM KOaryJsiud MeJKOAUCIEePCHBIX
KareJb [JIMKOJI CO CHIDKEHUEM TeMIlepaTypbl B cuUcTeMe U 006Jer-
YeHHsl YCJIOBUSI UX OT[eJleHHs OT rasa.

CHUXeHYMe TeMMepaTypbl KOHTAKTa MPHBOAUT TaKXe K yMeHb-
IIeHUIO 3aTpaT TelJa Ha paboTy O6JloKa pereHepalyM, TaK Kak
yMeHblLIaeTCs KOJIMUECTBO BOJbI, M3BJeKaeMOH M3 rasa. B ueiom
BIMSHUE CHIDKEHUS TEMIEPATyPbl KOHTaKTa OJNM3KO K BIMSHHUIO
NOBBIIIEHNs [IaBJeHMS] Ha TOKasaTesld YCTAaHOBKHM OCYHIKH ra3a M
06beM LIUPKYJUPYIOINET0 B CUCTEME OCYLIMUTEJs.

BeiGop kauecrBa u koauuectsa abcopGenra. [lokasarenu npo-
Hecca OCYyWIKHM rasa B 3HAaYUTEJbHOH CTeNeHM 3aBUCAT TakXe OT
KayecTBEHHbIX Moka3sateseil (comepxkanue B a6copGeHTe OCHOBHO-
ro BeL{eCTBa, BSABKOCTM pacTBOpPa, TUTPOCKONMYHOCTA M T.A.) M
yaAenbHOTO pacxoja ocyumuTtesns. KadyecTBeHHble NoKazaTequ — oOC-
HOBHbIe (paKTOpBI, Olipeze/sIoUHe TOUKY POCBI Ta3a Ha BBIXOAE U3
abcopbepa.

IIpu ocynike razos o TOYKM pocbl MUHYC 25 °C B 60JIbUIMHCTBE
CIyyaeB TIDUMEHSIIOT ab6CcOpOLUOHHbIE TPOLECChl € MCMOJIb30BaHU-
€M BOJHbIX PACTBOPOB IJHKOJIel C MacCOBbIM cojep>kaHHeM B HeM
ocymutens 99-99,5 %. KoaudecTBo pacTBopa, IMOAaBaeMoro B a6-
copbep, OTpenesiSioT MCXOAS M3 TePMOAWHAMHYECKMX IapaMeTPOB
npouecca (maBsienye, TeMmeparypa). IIpu 3TOM KOHIIEHTpAIHIO
HcxogHoro (pereHepUpOBaHHOrO) pacTBOpa TJIHMKOJS BbIGHUDPAIOT
UCXOJa M3 YCJOBUS PaBHOBeCHS] MeXJy YIPYroCTbiO IIapOB BOJbI
HaJ pacTBOpoM TJIMKOJIS M YIIPYTOCTbIO TAapoB BOJbl B NMPUPOIHOM
rase mMpu 3aJaHHOH TeMIlepaType KOHTaKTa.

llpn BbIGOpE KOHLEHTpAlUMHM OTPaGOTAaHHOIO PacTBOPa OCYIIM-

5!



Tesst HeoOxoAnMo, uTo6bl HAa BXoZe Tasza B aGcopbep JaBjeHHe Ma-
POB BOjibl HAZ PAcTBOPOM, BBIBOJMMBIM M3 amnaparta, OblIo He HH-
’ke, UeM JaBJIeHHe IMapoB BOJbl B rade, MOCTYIaOlleM Ha OCYLIKY
Ecnu pykoBOACTBOBATbLCSI 3TUM I110JI0XKeHHEM, TO Ha BbBIXOJle U3
KOJIOHHBI COJlepKaHue BOJABI B HACBIIIEHHOM PacTBOpPe MOXKHO O6bLIO
6bl noaaepkuBaTh 6osee 10 % OpHako Ha NpakTHKe pa3baB/ieHue
PACTBOpa TJIMKOJS AOMYCKAaeTcsi BCETro JUIIb HA HECKOJIbKO Tpo-
LIEHTOB

O6ocHoBaHue BbI6OpA CTelleHM HacblleHUSI PacTBOPOB IJIMKOJIS
paccMotpero B pa6Gore [30] OtMerum, 4TO cTeleHb HaCHIIECHUS
OCYIIUTEIs — OAMH M3 OCHOBHBIX [OKasaTesjeil YCTaHOBOK OCYLIKH
raza OT 3HayeHUs 3TOTO MoKaszaTesNs] HENOCPEACTBEHHO 3aBUCST
KOJIMUECTRO UMPKYJUPYIOIIEro B CHCTEMe pacTBOpa, pacxo/bl
SHepruM Ha pabory HAcoCoB, OXJaXK[eHUe U HarpeB pPacTBOPA,
UUPKYJIUPYIOUIEr0 B cUCTEMe JITOT MOKa3aTesib BJMUSET TakKKe Ha
pasMepbl KOMMYHMKAUWH M, cJAeJ0BaTeNbHO, HA WX METAJ10€eM-
KOCTb

- %

. 2.6. TEXHOJIOTMYECKUM PACHET NPOLLECCA
cov » w ABCOPBLIMOHHOW OCYLUKU FA3A

ra® o
s «m, # Texnonormueckuil pacuer a6copOUHOHHOTO Ipoliecca
OCYIIKM Ta3a BKJIOYaeT COCTaBjeHMe MaTepHalbHOro GajaHca ab-
copbepa, olpeje/ieHne YUCJIa €ro TeopeTWYeCKHMX CTyleHeil, BbI-
60D OCYHIMTEJNsI ¥ TOUKM POChI TOBAapHOIO Tasa U T [

Ilepen pacueroM mokasaresell 6G/i0Ka OCYHIKM Ta3a OIpefeNsioT
crioco6 pereHepaluy HacblllleHHOro abcopbeHTa U BbIOHpalT Ma-
paMeTpbi 6JI0Ka pereHepanun

Ilpu cocraBieHuM MaTepHaJbHOIO GajlaHca abcopbepa paccuu-
TBHIBAIOT TOYKY POCHI OCYLIEHHOTO Ta3a, a TaKKe KOJHMYECTBO M CO-
CTaB PEreHepUpPOBAHHOTO M HACBHILEHHOTO pPacTBOPOB abcopleHTa,
TIPUMEHSIeMOTO [I7sI 13BJeUeHHs] U3 Ta3a BJaru

Touxy pochl rada ycTaHaBJMBalOT MUCXOAs U3 Tpe6OBaHUI OT-
paciesoro crangapra OCT 51 40-83 uam ppyrux Ttpe6GoBaHuii,
YCTaHOBJIEHHBIX COOTBeTCTBYlomMu TOO

Ilpu pacueTe TeMmmepaTypy rasa M OCYLIMTENSI IO BbICOTE KO-
JIOHHBI MPUHUMAIOT TOCTOSIHHOW EcC/aM TeMmepaTtyphl rasa ¥ ocy-
uIMTeNIs TIPU BXOoJe B KOJIOHHY pa3Hble, TO DEKOMEHAyercs Cped-
HIOK TeMIIepaTypy Ipoliecca OIPeAe]sTb ¢ y4YeTOM TeIIoBoro 6a-
JnaHca abcopbepa ITocKOJbKY Macca OCYLIAEMOro ras3a TNpeBbilllaeT
B JIECSITKM pa3 Maccy KOHTaKTUPyeMOTo ¢ HHUM abcopbeHTa, cpen-
HIOIO TeMIlepaTypy Mpoliecca, Kak IPaBUIO, NMPUHUMAIOT pPaBHOH
TeMIlepaType rasa
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OnHMM U3 OCHOBHBIX 3JIEMEHTOB pacueTa IIpollecca OCYIIKH ra-
3a SIBJIAETCS OMpeJe/ieHHe BJIArocofiepXKaHMs rasa Ha BXoje B a6-
copbep u Bbixofe M3 Hero. [l NPOEKTHbIX PacyeTOB BJaroco-
Jep)KaHue rasa MOXHO ONpeJeNuTb ypaBHeHuem Dykauexa ¢ mo-
MpaBKoOil Ha Ha/JMyMe KanejbHoi Biaru B rase [40].

BnarocomepkaHue rasa Ha BXoAe B ab6copbep onpenensercs 10
ypaBHEHHIO:

b, = (% + B)+ Ab,, ' (2.2)

rae b, — Blarocojiep>kaHue rasa Ha BXoge B abcopbep, kr,/ 1000 M
po — JABJeHMeE rasa, Krc,/ cM?;, A u B — koadduumenTsl, xapakre-
pU3yIolilie PaBHOBECHOE BJIATOCOJEPKaHMe peasibHoro rasa (rabi.
2.18); Ab,— HannuMe KaIlejbHOM BJarMm B rase Ha Bxofe B a6cop-
6ep, xr,/ 1000 m>.

Tabruua 2.18
3uauenve xoapdmmentos A u B aaa ypasHenns (2.2)

t, °C A B t, °C A B
~40 0,1451 0,00347 s 2,9900 0,03035
-39 0,1616 0,00375 -5 312350 0.03208
-38 0,1780 0,00402 -4 3,4800 0,03380
-37 0,1985 0,00434 -3 3,7550 0,03575
-36 0,2189 0,00465 -2 4,0300 0,03770
-35 0,2430 0,00502 -1 43500 003975
-34 0,2670 000538 0 46700 0,04180
-33 0,2953 0,00581 1 5,0350 0,04410
-32 0,3235 000623 2 5,4000 0,04640
-31 0,3573 0,00667 3 5,8125 0,04895
-30 0,3910 0,00710 4 6.2250 0,05150
-29 0,4313 0,00758 5 6.6875 0,05430
-8 0,4715 0.00806 6 7.1500 0,05710
-27 0.5188 0,00864 7 7.6750 0,06005
-26 0,5660 0,00921 8 82000 0,06300
-25 0,6218 0.00982 9 8.7950 0,06630
-24 0.6775 001043 10 9,3900 0,06960
-23 0.7433 0,01106 14 12,3900 0,08550
-22 0,8090 0,01168 15 13,1650 0,08925
-21 0,8845 0,01254 16 13,9400 0.09300
-20 0,9600 001340 17 14,8450 0,09750
-19 1,0520 0,01425 18 15,7500 0,10200
-18 1.1440 0,01510 19 16,8100 0,1070
-17 1,2470 0,01630 20 17,87 0,1120
-16 13500 0,01750 21 19,01 0,1174
-15 1:4700 0,01839 2 20,1500 0,1227
-14 1,5900 0,01927 3 21,475 0,1285
-13 117290 0.02041 24 22,800 0,1343
-12 1,8680 0,02155 25 24,15 0,1403
-1 2,0280 0,02223 26 25,5000 0,14630
-10 2,1880 0,02290 27 27,1000 015290
-9 2:3690 0,02500 28 28,7000 0,15950
-8 25500 0,02710 29 30,5000 0,16675
-7 2.7700 0,02873 30 32,3000 0,17400
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ITpodorxenue maba. 2.18 .

t, °C A B t, °C A B

3 34,2000 0,18175 68 219,0000 0,74100
32 36,1000 0,18950 69 228,7500 0,76700
33 38,3000 0,19825 . 70 238,5000 0,79300
34 40,5000 0,20700 ! 249,2500 0,81700
35 42,8500 0,21550 72 260,0000 0,84100
36 45,2000 0,22400 73 271,5000 0,87150
37 48,0000 0,23325 74 283,0000 0,90200
38 50,8000 0,24250 75 294,5000 0,93350
39 53,5250 0,25275 76 306,0000 0,96500
40 56,2500 0,26300 77 320,5000 0,99400
41 59,4750 0,27400 78 335,0000 1,02300
42 62,7000 0,28500 79 349,0000 1,05300
43 65,9750 0,29750 80 363,0000 1,08300
44 69,2500 0,31000 81 378,5000 1,11550
45 72,9750 0,32250 82 394,0000 1,14800
46 76,7000 0,33500 83 410,5000 1,17650
47 80,9500 0,34900 84 427,00 1,2050
48 85,2000 0,36300 85 445,0000 1,23000
49 89,6000 0,37700 86 462,0000 1,25000
50 94,0000 0,39100 87 481,5000 1,27000
St 98,7500 0,40650 88 501,0000 1,29000
52 103,5000 0,42200 89 519,2500 1,30850
33 108,7500 0,43800 0 537,5000 1,32700
54 114,0000 0,45400 N 560,0000 1,34600
35 120,0000 0,47050 92 582,5000 1,36500
56 126,0000 0,48700 93 603,2500 1,38500
57 132,0000 0,50400 94 624,0000 1,40500
58 138,0000 0,52100 95 648,0000 1,4250
59 145,0000 0,54150 9% 672,0000 1,4450
60 152,0000 0,56200 97 698,5000 1,4660
61 159,2500 0,58050 98 725,0000 1,4870
62 166,5000 0,59900 99 750,5000 1,5100
63 174,9000 0,62200 100 776,0000 1,5300
64 183,3000 0,64500 110 1093,00 2,6200
65 191,9000 0,66800 120 1520,00 3,4100
66 200,5000 0,69100 130 2080,00 4,3900
67 209,7500 0,71600

Kak BuaHo u3 aaHHbIX Taba. 2.18 u ypaBHenns (2.3), paBHO-
BECHOE BJIaTOCOZlepXKaHKe Ta3a, B OCHOBHOM, 3aBHCUT OT [IaBJIEHHS
u temreparypbl. Hapsay ¢ aTuM Ha 3TOT nokasaTelb OKaablBaeT
BJIHSAHME TaK)Xe IJIOTHOCTh Tlasa M MHHepajHM3alMsd IJacTOBOH
BOZbI, C KOTOPOH ra3 HaxoAuTca B KoHTakTe. C yueroM 3Toro (ax-
THYEeCKOe BJarocofiep kKaHMe ra3a MOXKET ONpelesisiTbesi N0 ypaBHe-
HHUIO

b0=[(%+ 5)]-1<,.1<2-K3+Ab0, ? o @23)

rae K, — monpaBOYHBIM KO2(pDHUMEHT, YUUTLIBAKOIIMI BJIMSHHE
HU3KUX TEMIepaTyp Ha paBHOBeCHOE BJlarocofiep>kaHue Tasa
(puc. 2.38); K, — nomnpaBouHblil K03 ULMEHT, YUUTHIBAIOLIM
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0, Z40 -30 -20 -10 0

Temnepamypa,°C f

Puc. 2.38. 3aBucumocts K, oT TeMnepatyps! cHCTeMbl

MUHEpaIU3allii BOIbI, KOHTaKTUpyeMo# ¢ rasoM (puc. 2.39); K, ~
MONPaBOUHbIH  k02(h(ULIMEHT, VYUTBIBAIOIIHIA IJIOTHOCTb Tasa
(puc. 2 40).

Hcxonst u3 tpebyeMoll TOYKM POCHI OCYLIEHHOTO rasa W TeMIle-
paTypbl KOHTaKTa Mo puc. 2.21 uju puc. 2.22 onpenensiioT MCXOA-
HYI0 KOHLIEHTPALMIO PacTBOpa OoCyIUTe st (C HEKOTOPHIM 3aracom).

MartepuasbHblii  6ajaHc a6copbepa TO BJjare OIMCHIBAETCS
ypaBHeHUeM

W:bl _bz, (2 4)

rae W — KoJuuecTBO W3BJIeYeHHOH U3 rasa Bosbl, kr/ 1000 M% b, n
b, — Biarocozep>kaH1e UCXOJHOTO M OCYLUIEHHOTO T'a30B COOTBETCT-
BeHHO, KT,/ 1000 M’

KosnuuectBo perenepupoBaHHOTO pacTBOpa, HEOOXOANMOTO IS
OCYUIKM rasa A0 TpeOyeMol TOYKH DOCBI, ONpeesiioT MO0 ypaBHe-

HU10 [ . [ HEN . L0

Gzﬂz_’ ' ‘ " n ' (2.5)

X=X, o
rie G — pacxon pereHepupoBaHHOro a6copbenrta, kr/ 1000 Mm% X,
¥ X, - MaccoBasl [0JI1 OCYWINTeNs B MCXOMHOM M HaCBIIIEHHOM
PacTBOpax COOTBETCTBEHHO.

Ilpu pacyerax MOXHO TaK)ke NPUHHUMATb Y/IeNbHbI pacxon
abcopGeHTa, 3aTeM ONpENEJUTb MAacCOBYIO  JOJIO OCYLIMTEeNIS B
HaChIl{eHHOM pacTBOpe 10 YPaBHEHHIO

75



L0
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0 10 20 30 40 06 08 1,0 1,2 14 16 »p
Cooeporcanue conenr, % mac. Omnocumenbvras NJ1ONHOCMb
Puc. 2.39. 3asucumocts K, or mumepa- Puc. 2.40. 3aBucmmocts K, or orHocH-
JU3aIHH BObI TeJbHON IUIOTHOCTH ra3a
v 4
vy b . o
- ¥ pr s,
X2=G(1 X1)+W. P (2.6)
G-w T 5 ar de wnm L 16T o3

O6uil pacXoA pereHepHpOBaHHOTO PAcTBOpA ONpeAeasoT IO
¢opmye e
Goﬁu:, = GQI R N (27)

raie G, — pacxon a6copbeHTa, Xr/4,  — pacxon rasa,
ThIC. M® /4.

PaBHOBecHOe BJarocozep)kaHue rasa Ha BXofie B a6cop6ep M Ha
BBIXO/Je U3 HEr0 B 3aBUCHMOCTH OT TEMIIepaTypbl Y JaBJeHUS Oll-
penensoT no ypaBHenuto (2.2).

OnbIT 9KCMJyaTalldd yYCTaHOBOK OCYIIKH TIOKA3bIBaeT, 4YTO
NPAKTHYECKH TOYKa POCHI OCYIIEHHOTO ra3a BCErJa Ha HECKOJIbKO
TpajlycoB Bblllle, YeM TeopeTHuecKasi, olpejeliseMass MO rpadpuxam
(cMm. puc. 2.23 u 2.24).

Ko/IMuecTBO HachIlIEHHOro pacTBopa Ha Bbixofle M3 abGcop6Gepa
PaCCUMTHIBAIOT 110 YPaBHEHHUIO

G,=G+ W+ Q,G, (2.8)

rae G, — KOIM4YecTBO HachilleHHoro abcopbenta, kr/ 1000 % Q, —
KOJTM4YecTBO TIOTJIOIIEeHHbIX KOMIOHEHTOB raza (6e3 Biarm), Kr,/Kr
OCYIIMTEIS.

IIpu ompenesieHN# MOJISIPHOTO COAEP>XKaHUsI BOAb! B HAaCHIIEH-
HOM pacTBOpe OCYUIMTEJS 3HAaueHHeM ¢,, Kak NpaBuyo, npeHebpe-
raoT.

Maccy Bar ¥ OCylINTesAs] B HMCXOZHOM pacTBope 0603HAUMM
yepe3 ¢, U g, COOTBETCTBEHHO. Toraa noayuum

qds = G(1_X1);

(2.9)
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g, = GX,. : (2.10)

et .

Orcrofa yucjo MoJjeil BoAbl n, W OCYIIMTENS 7, B HCXOJHOM

pacTBOpe OYNYT paBHisi. < . . 7+ . . i S,
: - (AR TR ST AL O VLR
= G(118X,) : X 1 (211)
23 B » LIF N # -
. B RS
= Q1)
M, .

rae 18 — MojekynsipHast Macca BoAbl; M, — MoJleKyJisipHas Macca
OCYLINTeJIsI, BXOZASIIETO B COCTAB €[0 PacTBOpa.

CrenoBaTesbHO, KOJIMYECTBO KCXOJHOIO DPAaCTBOPa OCYUIUTENS
L, (8 xMosb /1000 M*) MoXKeT onpeaenaTbcs Kak CyMMa 7n, M 7,

_ G[M,(1-X,)+18X,]

L, o . (2.13)

C nomoupio ypaBHenuit (2.11)—(2.13) MoxHo ompegeauTs Mo-
JnspHoe comepkanue Boabl (X,) u ocymumtens (X,) B MCXomHOM
pacTBOpe, 1OlaBaeMOM B a6copbep:

o, My(1-X,) L N ' mooe MO ey

X, = M-Xp) e (2.14)
B L1 M0<1—X1)+18X1 S g, “ *\?;’r“‘jﬁf P .

X =Zo____ 18Xy . 2.15
L1 M0(1-X1)+18X1 ( )

o

OmnpegesM 4YKMCJIO MoJied M MOJSIDHOE COJAEpXKaHME BOAbI U
OCyuIMTeNis B HacblllleHHOM pacTBope. UucJo MoJjeil norJolleHHoi
U3 rasa Boxabl 6ymer paBio W ,/18. CrenoBaTenpbHO, YHCIO MoJieil
BO/Jbl B HACBIIIEHHOM DacTBOpE 71, MOXET ONpPee/sATbCsS KaK CyMMa
n, + W /18 u cocraBur
PR VU SR B b 6y

7IB=G(1_X1)+W- R N U, ey 1YY (216)
18 .
a0 FITRN I
Uucno Mosiell HacbllleHROro pacrBopa L, cocTdBMT ..
Y,
1-X)+W]- o
L,=1L, + W _ M°[( D+ ]JBGxi . B M QA7)
18 18M,

3Has unucao Moseit BOAbl U OCYUINTEJA B HAChIILEHHOM pPacTBO-
P€, MOXHO oOmpeaesinTh X MOJSIPHYIO KOHLEHTpaluio Ha BbIxXo/e

a6copGenta u3 abcopbepa: wir
) Tx * X

X Ny MO[G(1—X1)+W] . i P P T
Ly M,[GU-X)+W]+18GX,’ . TTowIny T

(2.18)
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ny _ 18GX,
Ly M,[G(-X)+W]+18GX, "

X, = (2.19)

Yucno Moseii Boabl B ra3ze Ha BXojJe B abcopbep Y, u Ha BbIXO-
Jle U3 Hero Y, pacCUUTBIBAOT 10 yPaBHEHHSIM

y, = b - 24056 . (2.20)
1811,  18-1000- 293
Yz - b2 - 24,05b2T , » (221)
1811, 18-1000- 293 .
rae I, — Ko/IMYecTBO OCyllIaeMoro rasa, KMoJb /1000 M3,
293 -1000
, == (2.22)

24,05T

Onpenesienne YucJa TEOPETHYECKHX CTyIeHell KoHTakTa B a6-
copbepe. [l JOCTHXKEHUS PaBHOBECHS MeXy ra3oM M a6copOeH-
TOM Heo6XOAMM COOTBETCTBYIONUIMII KOHTaKT MeXAy HUMH. ITOT
KOHTAKT OCYLIECTBJ/ISIETCSI C MCNOJb30BaHHEM KaK TapesioK, Tak H
Hacajok. Yuc/I0 cTyneHell KOHTaKTa MOXKeT OIpedessaTbcs rpadu-
yeckuM MertogoM Mak — Ke6a u aHanmtudeckum MeromoM Kpem-
cepa [12].

Ipaduyecknii Meron. Pacyetnass cxema 3Toro Meroja Tmpel-
craBjeHa Ha pHuc. 2.41. Touku A U B COOTBETCTBYIOT BXOJYy I'a3a M
abcopbenta B abcopbep. JIMHUSA, coequHSIONIast 3TH [JBE TOYKH,
XapaKTepH3yeT M3MeHeHUe KOHIIeHTpaluu BOJABI B Ta30BOH M KHU[-
KOH a3ax M OIMUCBHIBAETCA ypaBHEHHEM

n(y,-v,)=L(X,-X,. (2.23)

Jlunust AB Ha3biBaeTcsi pa6oueil (omepaTHBHON) JWHMEHR W TO-
Ka3blBaeT PaBEHCTBO MeX]Y KOJMYECTBOM BOMIbI, BbIAEIEHHOH u3
rasa, ¥ KOJM4eCTBOM BO/Ibl, MOIJIOLIEHHO!N pacTBOPOM OCYIIUTES.

Tlo cymecrsy ¢opmyna (2.23) sBisiercss ypaBHEHHWEM MaTepu-
aJbHOrO GasnaHca abcopbepa OTHOCHTEIBHO BJaru.

Touku A u B umelor cieaywomue koopauHathl: A(X,, Y,);
B(X,, Y,).

INocne onpeneneHust koopauHaT Touek A U B B cucreme Ko~
opauHar X-Y mpoBozsr pabouyio JuHuio AB. 3xech X — KOHUeH-
Tpalus BoAbl B XUAKOH ¢a3e, MoJb,/MoJb;, Y — TO XXe B Ta3oBoi
¢ase, MO,/ MOJIb.

Bropoit aran omnpegeneHus] uucCiIa TeOpeTHUYECKHX CTyIeHei
KOHTaKTa — NOCTPOEHHE KPHBOIl DaBHOBECHS, KOTOpas XapaKTepH-
3yeT B3aUMOCBSI3b MEXIY MOJSIDHBIM colepXKaHUEM BOIbI B pac-
TBOpE OCYILIUTEJIS1 U PAaBHOBECHDIM MOJISIDHBIM COZEP:KaHHeM BOJis-
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Puc. 2.41. Pacyernan cxeMa onepejeseHus [SSEE R I
yHcaa Tapeaok B abcopGepe: Py

I — coippeBoil 1a3; ] — ocymeHHbI ras;
111 - PT, IV - MT

B

B(X,,Y,)

HbIX 11apoB B raszoBoii ¢raze. Kpu- ~ m
Byl0 DAaBHOBECMS CTPOST TaKUM ’ bl LBHY
obpa3soM: ) T Am

a) ONpelessioT MOJSPHOE CO- : i
Jep)kaHde BOAbI B pacTBopax Mo - -
ypasHenuio (2.23); ; o

6) HaxXoAAT NaplHajJbHOe JaB- : i
JeHMe BOJSHBIX TapoB HAX pac- et
TBOPaMM COOTBETCTBYIOUIHX KOH-  A(Xg, V) e
HeHTpauuil TpH 3a/laHHON TeMIie- 1—"_"" RTINS
paType KOHTaKTa; P

B) HaXO[AT paBHOBECHOE CO- ]
Jlep>kaHie BOJSIHBIX IIapoB B Trase R
JeieHWeM TaplUajbHbIX JaBJeHUi o
BOJSTHBIX TIapOB Ha oblee [gaBJe- 1w
HUe Tipolecca.

Ilo mony4yeHHBIM [aHHBIM CTPOSIT KpUBYIO pasHoBecusi. Ilpu
3TOM Ha ocu X OTKJaJAblBaeTCs MOJISIDHOE coJepXaHue BOAbI B
ocywmuTese, a N0 ocM Y — paBHOBECHOE MOJISIDHOE coOJepiKaHue
BOJIHBIX MapoB B rade. 3areM TIOCTPOEHHEM JIOMaHON JIMHUM MeX-
Iy paboueil JuHHMEH W KDWUBOH paBHOBecUSI OMNpeAeJISIOT YHCJIO
TEOPETHYECKUX CTyNeHeH KOHTaKTa.

3Hasl K.1I.J. IPUHSTON TapesKy, BLIUUCISIOT YUCJIO NpakTuyec-
KMX Tapejiok n, o gopMyse

n, =L, . D (2.24)
n

TAe n, — YHUCJIO TeOpeTUYeCKUX CTyIeHell KOHTakTa; m — K.ILI
Tapesku, AOJU eAUHULBL.

Hpu ucrnonb3oBaHuK HAcagOYHBIX a6COPOEPOB [ OCYIIKH rasa
BBICOTY cJIoSl HacaAkd H BBIYKCISIOT IO (opMyJie

H=hn, (2.25)

rae h,, — BbICOTa Hacalk¥, 3KBMBaJeHTHas BBICOTE OAHOIl Teope-
TUYECKON TapeJsKH.

[Ipumep pacuera mno onpeaeseHHI0 YHUCJIA TEOPETHYECKUX CTY-
NeHell koHTakTa MpuBeZieH B paborax [12, 28].
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2.7. TENNOBOW BAJIAHC BJIOKA
PEFEHEPALMU HACBILLEHHOIO PACTﬁﬁPA
rnukons

Kax 6bin0 yke ykasaHo B cucTeMe c6opa M TIOATOTOBKH
ra3a, B psfie cIyyaeB HCIOJIL3VIOTCS JABa WHTUOMTOpa METaHOT W
AVISTUNIEHITUKOAD B ¢BSI3M ¢ 3TuM Gosblioe IIpakTHUeckoe 3Haue-
HUEe KMeeT COCTAaBJeHHe MaTePUANbHOTO U TeIJI0BOro 6alaHCoB
BPT, rae cbippeM CJIYKHT PacTBOP, COCTOSIIME K3 BO/AbI, METAHO-
aa u [A9Ta Huxe npuBoastcs pacueTHble YpaBHeHHsI AJISI COCTaB-
JleHusl MarepuajibHOro M TersoBoro 6anancos BPT Ha ocHoBe [13]
IlpunnunuaibHasi pacderHast cxeMa O6J0Ka pereHepauuu ab-
cop6enTa (HacbileHHOro pactBopa [[3Ta) maHa Ha puc 2 42
MartepuaJibupiit 6asanc BPI onpeznensiercst cienyomuMu ypas-
HEHUSIMU

k‘.\ 4

& =G, a, ) 5 (2 26)

=G, q, ' (227)

Gm= Gu oy, ' ; R ‘* (2 28)

G, =% % (2 29)
O pr i1 £ e

g}la = Gp(1—a£); ¢ ! '!‘ (2 30)

gl =g,-8., (2 31)

rae G, — KOJM4eCTBO HachilieHHoro pacrsopa (HP), kr/u, G, —
KOJIMYECTBO pereHepupoBaHHoro pacteopa (PP), xr/u, a,, ar,
o, — MaccoBasl JI0Jisl BOJbI, TJIMKOJIS M METaHOJa B MCXOIJHOM pac-
TBOPE, &,, &,, &, — KOJMUYECTBO BOABI, TJUKONS U Meranosa B HP,

Kr/4, gl — Kosmuectso Boabl B PP, kr/u, g!' — xonudectso Bbi-

nensieMoit u3 HP Boapl, kr/u, oc‘r — MAccoBas JoJs rivkKoas 8 PP

CorntacHo cxeMe B 6ioke pereHepaunu abcopbenta (BPA)
TIOZIBO/L TeTJIa OCYIIECTBJSIETCS B HU3 KOJIOHHBI — JJISi TIOAOTPEBa
CMeCH, M B XOJOAWIbHMK — JJIsI OXJaXKAEHMS] U KOHAEHCalMM Ia-
POB, OTBOJMMBIX C BepXa KOJOHHbI

IIpu cocraBiaenuu TemjaoBoro GajaHca 6J0Ka pereHepanuy riu-
KOJIfl TI0 CJIOXKHBUIEHCS MPaKTUKe MPUHUMAJNOCh, YTO HACBILIEHHBIIH
pactBop (HP) mociie pekyrepaTMBHOrO TeIJIOOOMEHHUKA B [€COp-
6ep nocrynaer B oHOoGa3HOM COCTOSIHUM, T € B JXHUAKOM BH[E

IIpy wucnosbzoBaHMHM B KadecTBe abcopbeHTa pa36aBJeHHbIX
pPacTBOpoOB M MNPHU COJAepXaHMU B HACLIIIEHHOM pACTBOpE Me-
TaHOJa Takoe JOMylIeHHe NPUBOAUT K HETOYHOCTAM IIpM Ofnpeje-
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Puc 2.42. Pacuetnan cxema 6J0ka pereHepallMi HACBIIEHHOTO PACTBOPaA TJIMKOJIA

JIEHUU TeILIOBOro 6ajaHca peKynepaTHBHOIO Tellsloo6MenHnKa T-1
(cm puc 2 42) CregoBatesibHO, pacueT TEMJIOBoro 6ajgaHca 6/10Ka
pereHepauuy TJIMKOJSA J0JUKeH ObIThb NPOM3BEeH € y4YeTOM BO3-
MOXHOCTH HCIIApEHUSI KOMIIOHEHTOB HACBIIEHHOTO pacTBOpa, NpHU
MPOXOKAEHUN €T0 uepe3 peKylepaTUBHbINA Tersioo6MeHHUK T-1
Pacder storo ammaparta uepes NpsIMOil NOTOK HeCKOJbKO 3aTpyll-
HUTeJEeH, B CBSI3U € HeOOXOAMMOCTBIO OIlpe/ieJieHHs] pPaBHOBECHDBIX
COCTaBOB 06pa30BaBHIUXCS (a3 ITO CBSI3AHO C Te€M, YTO HEUIBECT-
HbIMM ABJISIIOTCS TEMIEepaTypa HacbIIleHHOIO pacTBOpa Ha BBIXOJe
u3 T-1 u fons napoBoit ¢aspl B HeM B 3TUX cayyasx IMPHUIILIOCH
ObI IIPOM3BECTH PACYET METOJOM TIOC/IEOBATENbHBIX MPHOIMKEHHH

PesyspTarel Hamux mpopalGoTOK MO 3TOMY BOIPOCY ONMyOJIHMKO-
Banbl B pabore [7]

CymMapnas TemJsioBast Harpyska ucmapurens aecopbepa V-1 u
PeKynepaTUBHOIO TemjoobMenHuKka T-1 MoXeT onpenensiTbcsl HO
YpaBHeHUIO

%=0Q,+ O, (232)

rie Q, — TemsoBas Harpyska jgecopbepa, k/Ik /4: Q. — TernjoBas
Harpyska rtemoo6MeHHuKa T-1

Obuast TeroBast Harpyska 6J0Ka pereHepaluy OIpejeseTcs
[0 ypaBHeHHIO

6 — 2364 81



O:=(0,+0,+ 0P K, o (2.33)

rae Q, — pacxo[ Tellla Ha HarpeB CbIpbsl OT TeMIlepaTyphl ¢, 1o
Temneparypsl f,, Xk /4; Q, — pacxon Temsa Ha HCIIapeHWe BO-
bl U MeTaHoJa, BbigessieMpix U3 HP, k[x /4; Q5 — pacxoa Tenna
Ha HarpeB M ucnapeHuss djermsr, K/[x/4; K, — xoadduruunenr,
YUYUTHIBAIOIIKH MMOTEPU TeILIa B OKpyxkaiolyto cpeay (mpuHUMaer-
€S 110 TMPAKTHYECKUM [TAHHBIM).

3HaueHue Q,, Q, ¥ Q,; onpejensercs Io ypaBHEHUSIM

Ql = Qn -C (tu - t1)’ (234)
Q.= &1 -8t & &y (2.35)
Q;=[,~ty) @ -C,+g,-C)+ (g -8, 8 &)1 K, (2.36)

B ypashennsax (2.32) — (2.36): C — rtemsonocutenr HP npwm
temneparype (¢, +1£,) /2, kIx/(kr - °C); G, u G, — Tennota uc-
TapeHus BoJbl U MeTaHoJa cooTBercTBeHHO, K/x/xr; C, u C, —
TENJ0eMKOCTb BOJbI U METaHoJ]a, cooTBeTcTBeHHO, Kk /kr - °C;
t, — temnepatypa HP Ha Bxogme B T-1, °C; £, — TeMmeparypa HHU3a
necopbepa, °C; t, — TeMmeparypa AUCTAJIATA Ha BbIXoAe U3 Je-
copbepa, °C; t, — Temnepatypa ¢JerMsl Ha Bxoje B Aecopbep, °C.

Ilocne onpenenenus Qp; BBIYHCJAAETCS TeIJIOBasl Harpys3ka pe-
KyllepaTUBHOTO Temoo6MeHHUKa T-1. PacueTnl BBINOJHAIOTCS OT-
HOCHTEIbHO PeTeHEePUPOBAHHOMY PacTBOPY:

Q.=6Gg-(t, - t3) - K, (2.37)
rae t, — temneparypa PP Ha Bxozme B T-1, °C (xak npasujo t, =
= t); t; — Temnepatypa PP na Bbixoge u3 T-1, °C.

Hocne onpenenenns Qy ¥ Q, BHIYMCASETCS KOJMUECTBO TeTLIa,
Heo6xoauMoe s obecriedeHus: paboThl Aecopbepa,

Q=0 O (2.38)

Honson Tensa B Aecopbep MOXeT OCYUIECTBJASTLCSA 4epe3d OrHe-
Bble MMOJOTPeBaTe/I KOTeJbHOro THNa, TpyfuaThle Teud WM [apo-
Bble Ucrmaputeau. Crioco6 moaBoga Temjaa B KaXKIOM KOHKPETHOM
cJyyae pemiaeTcd OTAENbHO, € YYeTOM KOHKDETHBIX YCJOBHif IIpo-
H3BOJICTBA.

TensoBo#i 6ananc xosoauabHuka X-1. DToT anmapar cJayKUT
A9 OXJIK/IeHHsS ¥ KOHJEHCauuM NIapoB, BHIBOJVMBIX € BepXa fe-
COPOLMOHHON KOJIOHHBL. DTOT AINapar NPaKTHYecKH Ha BCeX YC-
TaHOBKaxX pa6oTaeT B peXHMe IOJHOM KOHAEHCAlVH JUCTUJLIATA.
TennoBast Harpyska XoJoAu/bHUKa X-1 OmpedessieTcsi ypaBHeHHEM

Qx = (Qo+ QK) " Km (239)

rae J, — pacxoi Temta Ha OXJaXJeHHe noroka k/x,/4; Q, —
pacxo]l TenJa Ha KOHAEHCAUHUIo ToToka, k/Dx /4. .



i

Qo [(1 + CD) ° (tn - td)) ) (grlsl " GB + g\l " C\|)]Kn; “R (240)

Ql( [(1+®) ° (gll;l 'gs c €y + 8y e\l)]Kny (241)

rae @ — ¢JierMoBoOe 4HCJIO; €, U €, — CTeleHb KOH/EHCAIlMH COOT-
BETCTBEHHO BOJADBI U METAHOJA.

IIpn paGote Mo cXeMe ¢ MaplHaJbHbIM KOHJEHCATOPOM 3Haue-
HUe e, ¥ €, OKa3blBaeT CYLIeCTBEHHOE BJIWsHME Ha 3HaueHHe Q,.

IIpu pabote mo o6bIyHOIl cxeMe e, = e, = 1. B atoM cayyae He-
o6X0qUMO OmpeeuTh 06beM rasa, BBIAEASEMOTO M3 DpacTBOpa B
gecopbepe. DTOT TOTOK CONEPXKUT METaHOJ U BOAY, KOJMYECTBO
KOTOPBIX OIpefesisieTcsl Mo OOLIENPUHSITBIM CIIOCO6aM.

IIpyu mosHOM KOHAEHCAUMM AWUCTHIATA (), OHpeJessieTcsl 10
ypaBHEHHUIO

I

3 v

0, =1 +D) (g g, +8, 8K, » " (2.42)

. 2.8. OMUCTKA PACTBOPOB lMNMUKOJIEA
OT PA3JINYHbIX MPUMECEHN

AxtyajipHOCTh NpoGiemsl. Bo BXOAHBIX cemapaTopax
YKIIT He npouCXOAUT TIOJHOrO OTAEJEHUS] KalleJbHOW >XUAKOCTH
OT rasa: 4acTb >KMJKOCTH C ra3oM nocrymnaer B abcopbep, rae Io-
TJIONAETCSE PACTBOPOM IJIMKOJISI, UCIOJIb3yeMbIM B KadyecTBe abcop-
6enta [JUisi M3BJIeUEHHMS] NApPOB BOAbI U3 rasza. BcueacrBue 3TOrO
NPOMCXOJNT HaKollJleHHe B pacTBope [|DI'a MMHepaJbHBIX coJei
U MexXaHMuecKMX rnpumeceil. OJHOBpeMEHHO B pacTBOpE TJIMKOJSA
HaKaIlIMBAIOTCSI TaKKe MPOAYKTbI, o6pa3ylouiyecst [IpU ero LUPKY-
JALMY B CUCTeMe, TaK Ha3blBaeMble BTOpUYHbIE NMPOAYKTbl. K Hum
MOXKHO OTHECTH TIPOAYKTbl KOPpO3UM 060pYJOBaHUS YCTaHOBOK
OCYHIKM M pa3JioXkeHMs M OCMOJIeHHs! caMux TIiukojed. Hamvuue
NOoC/IeHUX B CHCTEMe CBSI3aHO IJIaBHBIM 06pa3oM ¢ IeperpeBoM
pacTBopa TJIUKOJIS.

IIpn ocymike rasa pacTBOPOM TJIMKOJIS MOTJIOIIAETCSl TaKke He-
KOTOpOe KOJIMYeCTBO TSKEJbIX YIJeBOAOPOJAOB, MMEIOIIMXCS B ra3e.
HacTb aTMX yI/1eBoJOPOAOB M3 PAcTBOPa BbIAEISETCS NDU €ro pe-
TeHepauyy, a 4acTb YIJVIEBOAOPO/OB C TeMIlepaTypoil KHIICHHS Bbl-
Ule TeMnepaTypbl B CHCTEMe He BbLAEJISETCS M3 TJIMKOJIS.

Hanuuue npumeceii B UMpKyIMpYIOIEM PACTBOPE TJIMKOJISI OKa-
3bIBaeT s HeraTVBHDIX BJUSIHUN Ha paboTy YCTAaHOBOK OCYIIKH
rasa. B yacTHOCTH, MpH  pereHepalii¥ HACBIIIEHHOTO PacTBODA
IpoUCXOAUT OT/IOXKEHWe cojlel M MexXaHWYeCKMX IIpHUMecei
(wactuy TJIMHDI, T1€CKa W OKAJHMHbI, CMOJMCTHIX IIPOAYKTOB M T.X.)

*
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Ha TOBePXHOCTSIX 060pYAOBaHMS U TPY6 TeIL1000MEHHUKOB. B pe-
3yJIbTATE COBOKYITHOTO BO03/eiiCTBUsl VKA3aHHBIX (PAKTOPOB IIOBbI-
11aeTcsl MHTEHCHBHOCTb KOPPO3WM, VXYALIAeTCS Ternaoo6MeH, VBe-
JIMUMBAIOTCS] SHEPTO3aTPATLI, HMeeT MeCTO TMpeXAeBpeMeHHbIH Bbl-
X0/l U3 CTPOSI ANNaparoB M3-3a Tporapa Tellonepe/alolinX To-
BepxHocTe U T.A.

[IpakTHKa 3KCILIyaTalMH YCTaHOBOK KOMILIEKCHOH [MOATOTOBKU
rasa MoKa3bIBaeT, UTO HajJWuMe coJiell U MeXaHHuecKUX JIpHMecel
B TJIMKOJIe CIIOCOOGCTBYET Takxke 3po3uu obopviaoBaHus. V3BecTHel
cjydyad aBapMiHOH OCTAHOBKH Meuel MojorpeBa IJAMKoJIeH Mo 3Toi
NIpUIKHe.

MexaHnueckyte TIpUMecy ¥ TIPOJAVKTIbBI KOPPO3UM, TONafast B ab-
copbepnl, 3a6UBAIOT €T0 KOHTAKTHBIE BJIEMEHTbl, B Pe3yJ/bTaTe uero
HPOUCXOJUT yXyalleHHe MaccooOMeHa MexAy dasaMy, CHIXKaeTcs
apdexTHBHOCTD HpolteccoB. OLHOBPEMEHHO YBEIMYMBAETCS Iepe-
1aj /aBje€HUSI HA YCTAHOBKe.

3abuUBaHHE MeXAaHHUECKHMH TIPUMECSMH CeueHHs KOHTaKTHDIX
YCTPOICTB TIPUBOAUT K YBEANUEHUIO CKOPOCTH Tasa, UTO, B CBOIWO
ouepenb, CIOCOGCTBYET MEHOOOPA3OBAHUIO U YHOCY TJIUKOJAS B BUAE
Kanesib. K takMM ke MOC/IeACTBUSAM MNPUBOANT 3arpsi3HeHHe cera-
PalMOHHBIX 2JeMeHTOB abcopbepa.

Haxortenne npuMeceil B TJIMKOJISIX CHMXKAeT TaKXe UX IIOTJIO-
TUTEJIbHYIO CTIOCOOHOCTD.

IIpuBesienHble (PaKThl TOKA3BIBAIOT Ha aKTVaJbHOCTH pa3pabor-
KM ¥ BHEJPEHUS TPOLEcCcOoB OYMCTKH PAcTBOPOB TiMKoJell oT pas-
JUYHBIX TIpUMecei.

Cocrosinue paspabotok. Hecmorpss Ha MHOroumcaeHHble HC-
cnegoBanus [17, 33, 36] B obaacTy OUUCTKM PacTBOPOB TJIHKOJeEN
OT coJielf, MpakTHUecK HW OJHA NPOMBIUIJIEHHAS] VCTAHOBKA He
6bLia 1MOCTpoeHa M ocBoeHa. OtaesbHble INOMNBITKH 110 OUYHCTKE
pacTBOPOB TJIMKOJEH Ha TOJYIPOMBIILIEHHBIX YCTAaHOBKAX Ha Mec-
Topoxzennsx Typkmennu (MOHOOOMEHHDBIH cnoco6) u YKpaumbi
(Bbimapka pactBopa), Ha Ypenrofickom KM (BbicanuBanue ¢
auetroHoM), SIM6yprckom (¢ GOKOBBIM OTBOJAOM IIpDU TeMIlepaTypax
190 °C) He 6blaM A0BEACHBI [0 JOFHUYECKOTO 3aBepPIICHHS.

Ha ocHoBe ananusa JuUTepaTypHBIX MCTOYHHKOB HaMH OIlpeje-
JIeHBI CJIeAyIonMe OCHOBHble MPWYMHBI He BHeIPeHUsS B TPOMbIl-
JIEHHOCTU PaspabaTblBaeMbIX TPOLECCOB:

a) O NPUUMHE OJHOBPEMEHHOTO PacTBOPEHHS MHOIMX coJield B
rauKosie (XJIOPUbl HATPHS, KAJblLMs, MarHus, KapGoHAThl KaJblus
M HaTpHUsl U T.[) MPOLECChl OYHCTKM PAcTBOpa € HMCIOJIb30BaHHEM
MOHOO6MEHHBIX U XUMHUUECKHX PeareHToB 110 CBOed TeXHOoJoruuec-
KOH cxeMe 6oJlee CJIOKHBI, YeM CaM MpoLecc pereHepaluH Hacbi-
[IEHHOTO pacTBOPA TJIHKOJS OT BOJBI;
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6) CyLIeCTBYIOLIME METO/bl XO3SHCTBOBAHMS HE CTUMYJIUPOBAIU
(4 He CTUMYJWpYIOT) CHWKeHMe MOTepb T[JIMKOAS U3-32 €r0 OTHO-
CUTEJbHO HU3KOU 0JM B ce6eCTOMMOCTH [06bIuM Ta3a;

B) OTCYTCTBUE TUIIOBOrO MajorabapuTHoro  o6opyIoBaHUS
[IJ1s yCTAaHOBOK OUMCTKH PacTBOPa [JIMKOJSA OT Pa3jMuHbBIX TpUMe-
ceil;

r) He UAeHTU(PUUMPOBAHBI CTATbU TIOTEPb TJIMKOJIS HAa IPOMBI-
HUICHHBIX YCTAHOBKAX; /10 CHX HeT MOAPOOHBIX HCCJIefOBaHUI 10
ornpeeseHuIo COCTABHbIX vacTedl O6LUX IOTEepb TIJIMKOJS Ha yc-
TaHOBKaX OCYIIKM Ta3a; OTMeTUM, UTO U3 OOLIMX TOTepb B KOJMYe-
crBe 15-20 r/1000 M’ paBHOBecHBIMM aABAgil0oTCA He Gosee 10—
20 %; ocraJibHble TOTEPH TJIMKOJS NMPUXOMSTCS HA CUeT yHOCa C
rasoM B BHJe Kalielb, TePMHUYECKOTO pa3JIO’KeHUs, OCMOJIEeHMs,
OKMCJIEHUS], YTeUeK U T.[1.

Jlas Bcex YIOMSIHYTBIX IIPOLECCOB B KauecrBe o6lIero Hemo-
cTaTKa MOXHO yKa3aTb 6oJ/bplivie TPYAHOCTH B JOCTHDKEHMH HCHa-
peHUsl pacTBopa.

CuieflyeT OTMETUTD, YTO IPEAYyCMOTPEHHAs MPOEKTaMM IIPOMBIII-
JIEHHBIX YCTAHOBOK OUKCTKA DPACTBOPOB TJIHMKOJEH OT MexaHuyec-
KUX IpuMecell ¢uIbTpauMedl TPaKkTUUeCKM He JaeT KeJaeMbIX
Pe3yabTaToB. JTO CBSI3aHO C OBICTPBIM 3arpsasHeHHeM (UIBTPOB.
Ux pereHepauys cBsisaHa ¢ GOJBIIMMHU TPYA03aTpaTaMu.

HaM 1peacTaB/sieTcsi WHTEPECHBIM TEXHOJIOTUsI pereHepalun
HACBIN[EHHbIX PACTBOPOB aMUHOB YCTAHOBOK IepepaGoTKH CepHHC-
ThIX Tra3oB. OO6s3aTesbHbIM 3JEMEHTOM TEXHOJOTMYECKHX CXeM
3TMX YCTAHOBOK SIBJsIETCSI HalWuMe B HUX 6yioka GUIbTpaluu
pacTBOpa s BbIZEJIEHHS] U3 HETO TNPOAYKTOB KOPPO3UH U pa3o-
s)keHust. [lpu atoM, yuuThiBasi pas3nuuusi CBOMCTB mpumeced B pac-
TBOPE, NMpPOU3BOAATCS (DUIbTPALUsT PacTBOPAa B HECKOJBKO CTyIle-
Helt. Ha Ham B3risig Heo6XoauMo A06UTbCSI aHAJOTMYHOTO MOAXOoAa
U B OTHouIeHMH O6JIOKOB pereHepallM HACBIUIEHHOTO pacTBODa
TJIMKOJISE YCTAaHOBOK a6COPOLIMOHHON OCYIIKH Ta3a.

C yuerom ananusa pa6oT APYrUX uccJenoBaTeseil HaMu pas-
paboTanbl HOBble COCOGbI OUMCTKM PACTBOPA TJHKOJIS OT Pa3Jny-
HBIX TpuMeceil, OT/JAMYAIOIMXCS BbICOKOH 3¢ eKTUBHOCTBIO U
akoaornyHocTbio [18].

[IpuHuMnMaIbHAst TEXHOJOTMYECKasl CXeMa IIpolecca OYMCTKU
PacTtBopa [[JTa ¢ ucrosb30BaHMEM BaKYYMHOTO celapaTopa U Bbl-
HOCHoro ucnapure/is NpuBefeHa Ha puc. 2.43.

3arpsizHeHHbIH pacTBOp IIMKOJs M3 eMKocTu E-1 Hacocom H-1a
"epe3 pekynepaTuUBHLIH xosoaubHMk X-1 Tojaercss B BaKyyMHBIH
cenapatop BA-1, B xoTopoM noadep>kHBaercs BakyyM no 100 mm
PT.cT. u remneparypa 165—-170 °C. IlogBon Temna B cenaparop
OCyllecTBAsIeTCA TMyTeM LMPKYJSIIMK 4acTUYHO BBIMAPEHHOTO pac-

85



Heckonoencupo-
BH-1 sasuuueca napot

AN Y Y
P ©onh
\ {
o
Munepanu-
308anHHbLI )
Adr
E-1 3 Hemunepanuzosannsiti
——
pacmsop 12 a
H-1a ) H-3
Hglg N’ Cycnensun conei

Puc. 2.43. IlpympumaibHast TeXHOJOTHYECKas CXeMa YCTAHOBKHM OMHCTKH PacTBOpa
[JIMKOJIA OT PA3JIMYHBIX NpuMecelt

TBOpa 1o cxeMme annapar BA-1 — Hacoc H-2 — BbIHOCHO# Temioo6-
MeHHuk (ucrapuresn) V-1 — annapar BA-1.

Otyoxenue coJed Ha TmoBepxHocTH Tpy6 wucmapurens U-1
IpefoTBpallaercs I[OAJeP/KAHUEM B HHUX CKOPOCTeHl JABMIKEHUS
TIOTOKA, ONpeJeJisieMblX 1o pa3paborasnoil HaMu Meroxpuke. Conn
M3 HMXKHeH CceKIMM BBIIAPHOTO arapara HepenycKaioTcsd B IpO-
MEXYTOUHYIO eMKocTb E-5 U oTTyza, 10 Mepe HAaKOILIEHHUS, OTBO-
narcst B c6opuuk-orcroifinuk E-2. Ilocne orcros W oxjaskueHus
COJIECOZIep:KallleTO pacTBopa B eMKocTH E-2 mpoucxogut pasgere-
HU€e KPUCTAJJIHYeCKOH M XUAKON (a3.

Hapb1 Boapl M TIMKOJSA, BBIXOASIIIME ¢ Bepxa BA-1, oxnaxna-
1oTcs B XxojoaumiabHukax X-1 u ABO-1, xonzeHcupylorcst, U obpa-
30BABIHASICS JKUAKOCTD cTeKaeT B cOophuk E-3.

CMechb, Hakal/IHBaeMasi B eMKOCTU E-3, sBJsieTcs LeJeBbIM TpPO-
AYKTOM YCTAaHOBKHU M NPAKTHUYeCKH HE COAEDKHUT CoJlelt U MeXaHu-
YeckuxX npumeceit. OuUMITeHHBI OT conell ¥ MeXaHWUECKUX MpH-
Mmeceil pacrBop [IDI'a no 6apoMerpuueckoit Tpybe u3 eMmkoctu E-3
cTekaeT B eMkocTb E-4 u orryza Hacocom H-3 orBoautca B 670K
pereHepaiuy IJIHKOJIST YCTAHOBKM OCYUIKM ra3a.

BakyyMm B cucrteme cosfaercsi ¢ noMoublo Hacoca BH-1. [lns
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cO3/1aHUS SKUAKOCTHOTO KoJiblla B BakyyM-Hacoce BH-1 ucnonbsy-
eTca UacThb 06€CCOJIEeHHOro pacTBOpa TJIMKOJs, oT6upaeMasl ¢ Bbl-
kuaa Hacoca H-3.

[a30KMAKOCTHASI cMech Tocjie BakyyM-Hacoca BH-1 nocrymaer
p cenaparop C-1, rae otjessieTcd OT HECKOHJACHCHPOBABLIMXCSH
napo /[lanee pactsop [19Ta cTekaeT B IPUEMHYIO €MKOCTD E-4.

OTMeTHM pg/l NPEUMYLIECTB UCMOJIb30BaHus pacTBopa 3Ia B
KauecTBe 3aTBOPHOH >KMAKOCTU B Hacoce BH-1.

W3BecTHO, uYTO AaBJeHMe HacbllleHHBIX mnapoB JI9Ta Ha jaBa
MOpsi/IKa MeHblLIe, 4eM TOT ke TNoKa3aTelib JUIS BO/AbI, TPaAULHOHHO
MCTIOJNb3YeMON B KauecTBe 3aTBOPHON >XMJKOCTH B BaKyyMHbIX Ha-
cocaX YCTaHOBOK pereHepamuy riukoss. Ilo artoit npuuune co-
37a10TCs TIPAKTHYeCKH HeafbHble YCJIOBUS IS TMOACOCA NApOB €
pepxa eMkoctd E-2 u, cienoBaTesbHO, AN CO34aHUST TJIy6OKOro
BakyyMa. Kpome Toro, BBHAY LMPKYJALMM DacTBopa TJIMKOJS B
KauecTBe 3aTBOPHOH JKUAKOCTH B CHCTEM€ MO 3aMKHYTOMY LHKJIY
pe3Ko cokpaliaercst o6beM IIPOMCTOKOB C YCTaHOBKHM. JTo obecie-

UMBaeT 3KOJOrMUEcKoe IIPEeUMYILIecTBO Hpoiecca
" YuuTblBas OTCYTCTBHE OIIbITa MUCIIOJb30BaHUSI B KauyecTBe 3a-
TBOPHOI >xuakocTH pacTtBopa [IDIa, B Bakyym-Hacoce Heo6X0qMMO
NPelyCMOTPETb BO3MOXKHOCTb HCIIOJIb30BAaHUSI BO/bl M3 CYLIECTBY-
Ioljelt cucreMbl 060POTHOH BOJbI.

[fo npuBeneHHO# cxeMe MOXKHO paboTaTb KakK € TPHUHYAUTEJb-
HOW LUpKyJisiiiell pacTBopa IpH HUCNoJb3oBaHUM Hacoca H-2, tak
M ¢ ecTeCTBEHHON UMpKyJsiuveil. Pabota ¢ ecTecTBEHHOH LMPKY-
JdlIMel NpoucXoJUT ¢ 6GaiilacupoBaHMeM KOHTypa Hacoca H-2. 3a
CueT Pe3KOTo CHUXKEHHSI CKOPOCTH pacTBOpa B pacliupswolieiicd
YacTH eMKocTH E-D5 kpynHble KpUCTa/UIbl OCaXJAIOTCS U3 pacTBoOpa
¥ BMeCTe ¢ yMapeHHbIM PacTBOPOM BBIBOISITCS M3 amnrapara, a 6o-
Jiee MeJIKUue KPUCTaJbl YHOCSITCS MOTOKOM PacTBOpa B IPEIOINYIo
KaMepy, [0 Mepe ABUXKEHMSI OHM VKDYIHSIIOTCS, ¥ 3aTeM TaKXKe
ocaxpawTcs B cojeorenureie E-5.

PekoMeHayercsi npefycMOTpeTb BO3MOXKHOCTb MOJaYM HArpeToro
rasa B BbllapHOi amnnapar. [ns 3T0r0 B CXeMy YCTaHOBKHU BKJIIO-
YJaercsl noJorpeBaresib rasa.

Heo6xoquMo mpefycMoTpeTb BO3MOXKHOCTh TIPOMBIBKH BCeX afl-
NIapaToB yCTAaHOBKY OOOPOTHOM BOJION.

BoiBouMble M3 oOTCTOMHMKa KpUCTaLibl coneil OyayT cojep-
*atb 10 20 % Bec. MarouHoro pacTBopa [I3Ta. [las cHUXKeHHS
Horepp JI9Ta aTH KPHUCTaAibl MOXHO IOABEPTHYTh (PUJIbTPALIUU
W UeHTpUYrUpOBaHUIO C BO3BPATOM OTXKATOTO pacTBOpa B CHUC-
TEMy 111 TOBTOPHOH BBIHIapKH.



A 2.9. ACOPELLIMOHHDBIE CNMNOCOBbI OCYLUKHU
b nPUPOLHDLIX TA30B

eroe BbIEOP ALICOPEEHTA
it
! J1st ocywku Tasa B IIPOMBIIJIEHHBIX  YCTAHOBKAX

60JbllIe BCETo IIPUMEHSIIOTCA CUJIMKATENU U MOJEKYJSIDHble CUTa

OcHoBHbIE TIpeUMYyIIecTBA CUJUKareseil: HH3Kas TeMileparypa,
TpebyeMas ans pererepaimu (1o 200 °C) u, kak ciaeactsue, bojee
HU3KHe 3HeprosaTpaTbl, YeM IIpH pereHepaliuy JApPYTUX NpPOMbILI-
JIEHHbIX MVHEPaJIbHBIX cOPOEHTOB (OKMCh AJNIOMMHMS, 1[€0JIUTHI),
HU3KasE ce6ecTOMMOCTb TIpM KPYMNHOTOHHAKHOM IIPOMBILLIEHHOM
TIpOM3BOJCTEE.

st ocymikv ra3za Ha I[POMDBIIJIEHHBIX YCTAHOBKaxX Haubosiee
3G dEKTUBHO TIpUMEHEHWe MeJKOHMOPUCTOrO CUJIMKAresiss MapKu
KCM. On obnagaer Hanbomaplieil aAcopOUMOHHON €MKOCTBIO TIO
CPaBHEHWIO C [PyTUMU MapKaMy cujiiKaressi, faeT 6ojee HU3KYIO
CTeneHb OCYIUKU, UMeeT 6oJjiee BBICOKYIO MEXaHWUECKYI0 MPOUYHOCTD
KaKk OT MCTUPaHMs, TaKk ¥ oT pasgaBiuBaHusa. OpHako ciaefgyet
VYUTBIBATh, YTO MEJKOMOPUCTBIH CUJIMKATeIb GhICTPO U3MesbyuaeT-
¢St IPM HaJIM4YMM B ra3de KarejbHoil Bjard. Ilostomy o6bltuHO mnpe-
JAYCMATPUBAOT 3al[UTY CJI0S MEJKOIOPHCTOTO CUJIMKaress CJIOeM
MHEePTHOrO K KallelbHOH BJare ajfcopOeHTa.

Anicop6UpOBaHHDBIE YIIE€BOAOPOAbI, HAUMHasi ¢ OYTaHOB, JIETKO
COpOUPYIOTCS CUJIMKareJeM, HO HMX YacTUYHO BBbITeCHsET BOJA.
Jlerkue yrieBogopozasl (10 6yTaHOB) NOJHOCTBIO BbIAENSIOTCS NPU
pereHepanyy CUJIMKareJs M He BJIMSIIOT Ha AJCOPOHUOHHYIO CIIO-
COGHOCTh CUJIMKaressd B Tocjefyloumux ukaax. [lecopbuus Bjaru
U3 cuJMKarejs 3akanuuBaercss K 150—160 °C, HO npHCyTCTBHE TSI-
XeJIbIX YIeBOAOpPOJOB TpebyeT 6GoJsiee BBICOKOH TeMmIepaTypbl Ha-
rpeBa cyos copbenta. Tspxenble yrieposgoponnl Cs ¥ Bolie 6osiee
MIPOYHO YAEPKHUBAIOTCS CHJAMKarejaeM M NMpH pereHepaud yaalsl-
I0TCS1 He MOJHOCTbIo. llpu 3TOM Heo6XO0AMMO MMETb B BHAY, UYTO
HarpeB cuyukarens Bbie 220 °C BemerT K JeCTPYKTHBHBIM HU3Me-
HEHUSIM TIOBEPXHOCTH CUJMKAreJsl, YTO CHUKAET €ro aJcopOIHOoH-
HYI0 eMKOCTb, a Harpes Bbiille 250 °C BezieT K pesKoMy IaZileHHIO
AKTUBHOCTH CHJIMKAreJs.

Hemnonnasi necopOiust TsKeNbIX YIJIEBOJOPOAOB, TOCTEIIEHHOE
u3MesibueHUe TPaHyJ CUAMKareias W Jpyrue He6GiaronpusitHbie
¢axTOpp! NPUBOAAT K MOCTOSTHHOMY CHIDKEHWIO 2aAcOpOLMOHHON
aKTHBHOCTU copbeHTa. B HavanbHBIN Tnepuop 3arpys3kym cuaukare-
Jsi on Oyler ¥MeTb BBICOKYIO akTuBHOCTh 15-20 % Bec. B atoT
nepuoj afcopéepbl MOXKHO IKCILIyaTHPOBath B 6ojiee NIUTEHHOM
LUKJe, eCANX CTaBUTCS 3a/aya U3BJICHEHUS! TOABKO BOAbl M3 rasa,
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Apd 3TOM TIOrJIoliaeMasi BoJa TMOCTENIeHHO BbITeCHseT U3 CJI0S ApY-
rue copOUpOBaHHbIE KOMITOHEHTDI, HATIPUMED, METAHOJ U YIJIEBOJ0-
poabi, obserdas ycaoBus Mocjefyiomneil pereHepaliy CHIAKares.

B mpolecce skcnayaTtaluy aKTHUBHOCTb copGeHTa HOHMKAeTCs
M K KOHLY 2KCILIyaTallMOHHOI'O CPOKa €€ MOXHO TNpPHHSITb, PaBHOH
7 % Mac. (1o NpakTHYecKUM JaHHBIM).

Heob6xoiuMo OTMETUTb, YTO Ha AMHAMMUECKYI0 aAKTUBHOCTb CH-
JIMKareJs CUJbHO BJIMUSIET CKOPOCTb TIOTOKA ra3a: MpPH TOBBIIIEHUHN
CKOPOCTH rasa /[HMHaMH4YecKasl aKTHMBHOCTb coplGeHTa rmajaer. B
9KCIIJIYaTALlMOHHBIX YCJOBUSIX, KOTJa BO3MOJKHO INpPEBBbILIEHHE HO-
MMHAJbHOW TPOM3BOAUTENBHOCTU TIO a3y, 3TO CBOMCTBO CUJIMKA-
rejis OTpULATENbHO CKa3blBaeTcsl Ha rJybuHe ocyuiku. Kpome
TOTO, TP OCYLIKE CHJIMKarejeM IPOUCXOAMT TIOCTOSHHOE YBeEJIU-
4YeHWe COJEpPKaHWS BJAard B OCYIIEHHOM ra3e B TeUueHHe LHKJA
azicop6LIMM M TeM CaMbIM He YJaeTcsl MOJYUHUTb CTaOGUJIbHYIO TIIy-
O6UHY OCYLIKH MOTOKa Ta3a.

Illupokoe npuMeHeHHe B KauecTBe aACOPOEHTOB HAIUIM 1[EOJH-
Tbl TIPUPO/IHbIE M CHHTETHYecKHe, o6Jafalonive MOJIEKYJISPHOCUTO-
BbIMU CBOHCTBaMU.

CuHTeTHueckue LEeOoJUTbI — caMbiii Aoporoi azncop6ent. OHU
o6ecreynBaloT OueHb HU3KYIO TOUYKY POCHI IIPH BBICOKOH aacopOIiu-
OHHOM CIOCOGHOCTHM, NMPOYHEBI IIPU KOHTAKTe C KallesbHOI BJIaroi.
© JKCIIyaTallMOHHBIEe pacXolbl NMPH WX HCNOJb30BaHUM HauboJee
HH3KHE.

OueHb BaXXHbIM TIOKa3aTejeM, KOTOPBLIA BJUSET Ha aacopOLu-
OHHYIO CTIOCOGHOCTD 6OJIbIIUHCTBA aJCOPGEHTOB, SBJISIETCS OTHOCH-
TeJbHOE HacblllleHUe ocyllaeMoro rasa. Yem Bbllle BJIaXXHOCTb ra-
3a, TeM Bbllle IMOTJIOTHUTENbHas CHocOo6HOCTb aacopbentoB. Ho 1ue-
OJIUT COCTaBJISIET MCKJIOYEHHE U INPAKTHYECKU HMeEEeT MOCTOSHHYIO
aJIcOPOUMOHHYIO CTOCOGHOCTb IPU JI060i OTHOCHTEJNbHOH BJIaXK-
HOCTH Ta3a.

B oriuune or cunmkaresieil 1€oJMTBI MMEIOT BBICOKYIO aKTHB-
HOCTb IIPH HHU3KUX NaplMaibHbIX AaBJeHUSX MapoB BOIbl, CJIEAO-
BaTeJbHO 3TU aJCOPOEHThI MOIYT NMPUMEHSITbCS [IJIst OCYLIKU ra3oB
C HU3KMM COJep>KaHHeM BO[bi, TIPU ITOM MOKA3bIBasi BBICOKYIO akK-
TUBHOCTb. Kpome TOro MoJeky/ispHble CUTa COXPaHSIIOT BBICOKYIO
aKTMBHOCTb B IIMPOKOM MHTepBaJie TeMIleparyp. DJjarogapsi aTomy
MOXHO YMEHbIIUTb MNPOAOJIKUTENBHOCTD BPEMEHH OXJaX/eHHs
axcopbenra.

Ckopoctb agcop6Luu Ha 11€0JUTaX BEJUKa, YTO O6YCJIOBIHBAET
Manylo pauHY pabodell 30HbI €10 CcOpOeHTa, MO3TOMY I1€OJIUTHI
Crlocobubl paGotaTh npu GoJiee BBICOKMX CKopocTsx rasa (mo
0,3 M/c) 6e3 3aMeTHOrO M3MeHeHMsI ANHAMUYECKOH AKTUBHOCTH H
KavyecrBa 06paboTKy rasa.
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Ecau Hapsiy ¢ OCyHIKOW rasa cTaBUTCS 33hava o6 M3BJEYeHUH
M3 Hero Tsxeapix yriaesogoponos (Cs,), MOXKHO PEKOMEHIOBaTb
ueonut NaX. 9107 agcopbeHT 06MaJaeT BBICOKOH aKTHUBHOCTBIO 110
BOJEe U VYIJIEBOAOPOJAM, MpPUYeM B TedeHHe IMKJIa aAcopOLHu
obecreunBaeT cTaOGUJIbHYIO TIy6uHy ocyllkd. Lleosur NaX ycroii-
4YMBO paboTaeT NpPH HM3MEHEHUSX HCXOAHOH BJIAXHOCTH M CKOPO-
CTH NOTOKA ra3a, YTO HEeMAJOBAXKHO B NPOMBILULIEHHBIX YCJIOBUSIX,
KOT7la BO3MOXKHbl KOJIe6aHUSI [IPOU3BOAUTENbHOCTH YCTAaHOBKHM I10
rasy.

Ileomur NaX uHepTeH K [elCTBHIO KarelbHOH BJArd B HCXOJ-
HOM rase W TIpH pereHepallMyu ero B IIpollecce HarpeBa, Hcrape-
HMS BJIard W ee KOH/ieHcalii TIpY KOHTaKTe ¢ XoJiofHbiM (ele He
HATPETBIM) CJIOSMHA COPOEHTA.

HMeoaur NaX 6ojee ycTOUUMB K BO3JEHCTBUIO HU3KUX TeMIle-
paryp, ueM cuwiukaresb. OMNBIT 3KCIIYAaTaUUU aAcopOeHToB B ce-
BepHbIX yeaoBusix (Meccosixa, Measexkbe), a TakxKe Hay4yHble HC-
cJIeJOBaHUSI ITIOKA3bIBAIOT, YTO MPH MHOTOKPATHBIX BO3JAEHCTBUAX
HU3KUX TeMIepaTyp CUJIMKareab pPacTPECKUBAETCs; OOBOJAHEHHDII
cuiMKareb paspyluaercs xHa 15-20 %, a pereHepupoBaHHbIH — Ha
5—7 %; LeOJMT XKe B 3TUX VCJIOBUSIX BU3Ya/JbHO He HU3MEHSETCS U
He CHMKaeT CBOMX CBOHCTB (eMKOCTH, NMPOYHOCTH M T.X.).

Ifeonutr NaX Tpebyer 6oJiee BLICOKOH TeMIlepaTypbl pereHepa-
uuu. llpu arom mpoucxoaut 6osee raybokast ecopbUus TsKeJbIX
YTAEBOAOPOAOB, HO cJieflyeT OTMETUTDb, YTO Harpes cJjiost Bbite 320-—
350 °C MokeT BbI3BATh 3aKOKCOBBIBaHUE TIOP LEOJUTa M NpUBeECTU
K CHUXEHUI0 ero akTHBHOCTH. CyMMapHYI aKTHBHOCTh UeoJuTa
NaX ro Bojte u ApyruM KOMIIOHEHTaM K KOHIY 3KCILIYaTallUOHHOTO
fiepHOJa MOXKHO MPHHSATD, paBHOR 9 % Mac.

BoIcokasi MexaHuyecKkast NPOYHOCTb afcopbeHTa NaX MO3BOJHUT
KOJIOHHbBI JKCILIyaTHpOBaTh IPHM MHUHUMAJLHOM Iiepelajie [JaBje-
Husl, 6JIU3KUM K €r0 PacUeTHOMY 3HAUYEHHUIO.

OcHoBHbIe TIOKa3aTe i afacopbenta NaX cienyoline:

Kaxkyutasics mIoTHocTs, Kr/M> ..., ... 1080—1160
HachlnHas NJIOTHOCTh, KI/M®.......... 680740
. Mopuctocts, %....vvoonnn.. 40
TenioemxocTh, Kkan/kr-°C ............. 22
AKTHBHOCTD TIO BOJE, Y% '
R 180} S OSSR 32 -
mpi 100 °C.....ooiiii 16

s

Cpok cay»x6pl MOXKHO IpUHUMaTh 2,5—3 roza.

Mounexyaspuble cuta NaX usroraBiauBaioTcss MimymMbaeBcKuM d
CanaBarckuM He(TeXUMUIECKUMU 3aBOJAMH.

Ilpu npuusiTun B kauecTBe azcopbeHra Leoanta NaX TeMrie-
patypa peredepaunn (Harpes agcopbenra) cocraBut 320 °C. Bia-
rofapsi aToMy, B OyaylleM, TpH HeoOXOAUMOCTH MHepeXo] Ha JApy-
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rue aacop6eHTbl He 10TpeGyeT DEKOHCTPYKIIMIO CUCTEM pereHepa-
UHH.

Ecan ctaButcsl 3ajada TOJIbKO IO OCYUIKe ra3a, TO LieJiecool-
pasHo npuMeHenue neoauta NaA. OcHoBHble IIOKa3aTeld aacop-
6eHra UeosuTa NaA O6au3KuM K 3HaUeHHSM, NPUBELEHHBIM Bbillle
nisa teoanta NaX. OcHoBHoe oTanyde Ueoauta NaA or NaX B
TOM, YTO OH TOIJIAlIaeT KOMIIOHEHTbl IPOMBILIJIEHHBIX T'a30B, KpH-
THYECKUI pa3Mep MOJNEKYJ KOTOpbIX He npebitzaer (,4 M, T.e. He
copbUpyeT TPONaH ¥ OpraHHuecKue COoeJUHEeHHs ¢ YHCJIOM aTroMOoB
yriepoza 6oJjee 3.

B 3aBMCHMOCTM OT y/[eIbHOTO KOJHYeCTBA HM3BJEKAeMbIX KOMIO-
HEHTOB, TJIYOHHBl OCYUIKM ra3a, XapaKTepUCTHKU NPUMEHSEeMOro
0o60pyIOBaHVsl U CBOMCTBa aJCOPGEHTOB Ha ITIPaKTHKe MOTYT pea-
JIM30BATBCSL CXeMbl 3-X W 2-X afcop6epHbIX YCTAHOBOK OCYMIKH
rasa.

Camble KpynHble MpPOMBIHIIEHHbIE VCTAaHOBKH aJCOPO6LUHOHHOH
OCYLIKM 'a3a [OCTPOEHbl U 3KCILIYAaTUPYIOTCS Ha MeCTOPOX/IeHUH
Meagexxbe. Beero noctpoennt 5 YKIIT. Kaxpas TexHoiorndeckas
HMTKA 3TUX YCTAHOBOK BKJIIOuaeT B cebs ABYX aJcop6epoB.

HomuHanbHast npousBoAuTesibHOCTh Kaxaoidl YKHI cocraBiaser
8 mupa. M® B rox uu 24 man. M* /cyr. Kaxpas YKIIT cocrout us
4-X TEXHOJOTUYECKUX HHUTOK IIPOIYCKHOH CHOCOGHOCTBIO OIHOMH
HATKM 2 MJpA. M° B rog miaum 6 MJH. M°/cyT TNpU JAaBlIeHUH
7,7 MllIa.

[IpuHUunnaibHas C€XeMa TEXHOJIOTMYecKod HHMTKH IpHBeeHa
Ha puc. 2.44.

Ilepen noctynjienuem B afcop6epbl M3 CbIPbeBOrc ra3a B cemna-
patope C-1 oThensioTcs MeXaHHYeCKHe I[pUMecH M KalleJbHas
xuakocTb. Ilocse cemapatopa ra3 cBepxy BHHM3 IIPOXOAUT uepes3
oIMH #3 aacopGepoB. OCyUIeHHbIH ra3 OTBOAMTCSI B KOJJIEKTOD
cyxoro rasa. Bropoil agcopbep B 5TO BpeMs HAXOAMTCS Ha CTaiuu
peredepaiuu (HarpeB, OXJIaK/IEHHE WM OXHAAHHE) .

I'as pereHepaiuit oT6UpaeTCs U3 TIOTOKA OCYIIEHHOTO rasa u
komnpeccopoM /IK noaaerca B meup moporpesa [I-1 u ¢ Temmepa-
Typoit 180-200 °C mopaercs CHU3Y BBepX 4epe3 aacopbep, B KO-
TOPOM IIPOM3BOAUTCS J1eCOPOLUS BOABI U TSKEJBIX YIJIEBOJOPOLAOB.
Ortpa6otaHHbiil ra3 pereHepalny OXJaXXIAeTCA B BO3LYLUIHOM XO-
JoaunbHuke BX u noctymnaer B cenaparop C-2, rie U3 rasa otae-
JISIIOTCSI CKOHJIEHCUPOBaBILMecs: yriesofopoabl v Boga. Ilocae C-2
ra3 BosBpaillaeTcsl Bo BXoAHO# cenapatop C-1 U NOBTOPHO HPOXO-
AUT BeCb LUKJI.

B ta6n. 2.19 npuBeseHbl NPOEKTHbIE MOKa3aTeqM afcoPOLHOH-
HOM ycraHoBkM ocylkM rasa. Ilo TIpOEKTY TmpefycMaTphBafach
KOMOUHHpOBaHHasA 3arpyska aJcopGeHTa: 3alUTHBIH €0 — Kpym-
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Puc. 2.44. lpmnpomamsHad TEXHOJAOTMYECKAA CXeMa aAcopOUMOMHON yCTaHOBKM
OCYHIKM Fa3a MecToposxaenns Mezasexbe:

I — Baaxwubiit ra3, II — ocywewnnsiii ras, I/ — orpaboranHsiii ras pereHepauum,
A-1, A-2 - axcopbepst, [I-1 — meus, C-1, C-2 - cenapartopni, BX — BosgyumHbit
xomopuipnnk, K — poxumuoii xomupeccop (rasoayska)

HOIIOPUCTBIN CUJIMKareJb THNa B, a ocHOBHO! ocywaonmuil cioi —
MeJIKOTIODUCTBIN CUJIMKareab Tufla A

Ilepea 3auIUTHBIM CJIOEM YCTaHABJIWUBAETCH CJOH MYJUIMTA, KO-
TOpbIf MpezcTaBisieT co6oil TBepable YacTHIbl, 6iu3kue no dopme
K cepe nuamerpoM 7—40 mm HasnaueHune cjos — obecneueHue
PaBHOMEPHOIO paclpesesieHHs rasa Mo Ce4eHUIo alapara

Tabruua 2 19
ITpoexTHBIE NOKa3aTe M aACOPOLHOHHON yCTaHOBKM MeABEXbEro MeCTOPOXKACHHS

HokasaTenn Craguu npouecca’
Ancopbuus Jecopbunsa | Oxnaxiaesue
Pacxopn rasa 250 8,1 8,1
JlaBrenne, aTa 77 78,5 78,5
Temmnepatypa, °C 14-16 180-210 Jo 50
JlauTe IbHOCTD LMKJIA, 4 12°-35 8'-20 4'~6
CkopocTb rasa B ajgcopbepe, M/c 0,15
.. B xonue cpoka akcmtyatauum cunukarens (depes 2 roga)
Hanpapienne moToka cBepXy BHH3
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PacuerHblit cpok cjyxG6bl 3arpy3ku afcop6eHTa NpH paboTe B
[POEKTHBIX Mapamerpax — 2 roga. [MHaMu4eckas aKTUBHOCTb a-
copbeHTa Mo BOJe K KOHLY cpoka cHikaercs ¢ 20 go 6,8 %.

Ilpy Haauuyuu U36BITOUHOTO [aBJIEHWS CbIPbEBOIO Ta3a pereHe-
pallii0 MOXHO BECTM C MCIIOJb30BaHHEM HeocylieHHoro rasa. B
3TOM cJiiyyae meped cemapatopoM C-1 dHacTb rasa OTBOAMICS B
redb, re T'peercsi, MocJje 4ero noxaercst B aacopbeppl. Otpabo-
taHHbIfl Ta3 mocie C-2 MOXKHO BO3BpamlaTh B IOTOK CbIPbEBOrO
rasa.

T'a3z MecropoxaeHnsi MezaBexxbe CONEPXKMT HEKOTOpOe KOJUue-
cTBO Tsxenbix yriesogoponos (Cs,). Ilocneanvie B uykie aacop6-
UM TIOTJIOINAIOTCSl aJCOPOEHTOM M CHIDKAIOT ero JAMHaMudec-
Ky10 aKTMBHOCTb 1O BoZie 3a C4eT OTPaGOTKM 4YacTH ITOBEPXHOCTHU
copbeHTa.

IlepBoHauabHO B cJIoe copGeHTa cOPOUPYIOTCS KakK BOAA, TaK U
yTJAeBOAOPOAbl. 3areM YraeBOAOPOAbI BbITECHSIOTCS BOAOH M cop-
6UpYIOTCST B HOCJEQYIOIINX CJ0SX aAcopOeHTa, T.e. NPOUCXOAUT
BBITECHHTEJbHASI [ecopOLiMsi, KOTOpasi M BbI3biBaeT B JAajibHefiieM
IIPOCKOK YacTH YIJIEBOJOPO/JOB € OCYyHIeHHbIM rasoM. OjHako HaM-
6oJiee TsDKeJIble YTIEBOAOPOABI, OCOOGEHHO apoMarvyeckue, BOOH
He BbiTecHsiioTcsi. CilelyeT OTMETHTb, YTO YacCTb TSIXKEJNbIX YIJIEBO-
JODOJIOB U3 CHUJIMKaress He Aecop6upyercs INpHU TeMIleparype pe-
reHepauuu 210—-230 °C. Buzay atoro ¢akTa uMeeT MecTO CHHXe-
HHMEe aKTHBHOCTH CHJIMKAres.

BaxHoil xapaKTepuCTHKOH aZcopOeHTOB SBJISETCS TakXkKe WX
MexaHWyecKas NPoYHOCTb. BBuay paspymieHus agcopbeHTra mpouc-
XOJUT H3MEHeHUe ero TpaHyJIOMETpUYecKOro cocTaBa. B uTtore
CHIXXAETCsl aKTUBHOCTb COpPOEHTa, YBEJWYHUBAIOTCH THAPaBIHYEC-
Kie morepu B cucreMe. Hapsny ¢ 3TuM, HeoOXOAMMO OTMETHTb
TakXXe TelJIONOTEPH Ha YCTAaHOBKE, MeHbllMe eAMHHYHbIe MOLIHOC-
TH ajicopbepoB (10 cpaBHeHHIO ¢ abcopbepamu), AedUUUTHOCTD
COp6EHTOB C BBICOKOH aKTHBHOCTBIO U T. 1.

B xauecTBe NMpOEKTHBIX HEJOCTATKOB YCTAaHOBKH MOXKHO YKa3aTb
Ha cjefyIoLIKe:

a) OTCYTCTBHE B CX€M€ YCTAaHOBKH DEKyNepaTHBHOTO Tenn006~
MEHHUKA CBEXHH ra3 pereHepanuu — oTpaGOTaHHbIH ra3 perexe-
PauuH; u3-3a 3TOr0 UMEET MECTO MOBBbILIEHHBIH PAacXOX TOIJIMBHO-
To rasa Ha pabory neyel;

6) orcyrcrBre 3bdekTHBHON (UABTPAlMM Ta3za Nocje ancop6-
uny;

B) TeMrepaTypa pereHepaluH¥ HeNOCTaTOuHa MJs AecOPOLMU
TSKeNblXx (pakuuil KOHIeHcaTa; 10 3TOM TpUUMHE CHHXaeTcs
AMHaMUyecKasi akTUBHOCTb aJicOpPOEeHTa, 4TO OTPHIIATeIbHO BJUSET
Ha NoKazaTeau YCTaHOBKH;
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r) He NpeAyCMOTpeHa IOJHas pereHepauusi oTPaGOTaHHOTO aj-
copb6eHTa.

Hapsany ¢ atuM Heo6X0IUMO OTMETUTb, YTO JO HACTOSIIETO Bpe-
MEeHM He CHCTeMaTU3HMPOBaHbl JaHHble 06 M3MeHeHUM NoTepb HaB-
JIeHUsI ra3a Ha yCTaHOBKe IO BPEMEHM 3KCILIyaTallud aqcopOeHTa,
O TPaHyJOMETPUYECKOM COCTaBe INbLIM aACcOpPOEHTa, YHOCHMOIO ¢
ra3oM M ee KOJMYeCTBe, COCTaBe U KOJMUeCTBe KOHJEeHCcaTa U3BJe-
KaeMoro B ajicop6epe U BblheasieMoro B cernaparope C-2 U T.1.

B kauectBe aAcop6eHTa MO NMPOEKTY NPUMEHSICA MEJKOIOPUC-
Thiit cusukaresib ¢dupmMbl BASF (OPT). XapakTepucTHKa CHIMKA-
reass BASF npusenena B Ta6a. 2.20. IlocKOJbKY IpaHyJibl MEJKO-
IIOPUCTOTO CUJIMKAresl TPecKalTcsi ¥ M3MeNbualoTcsi TIPH COMpH-
KOCHOBEHMH € KalleJbHOH BJaroif, 1o B azcopbep B KauecTBe IIpe-
JIOXPaHATEJBHOTO CJ0SA 3aChbiaeTcsl BJArocTOMKMil agcopOeHT —
KPYIIHONOPUCTBIH CUAMKareab Mapky B u ciaofl Mysnnuta Ha BXOJE
rasa B amiapar.

B ancop6ep nuvamerpom 2,6 M M BbicoToit 6,3 M 3acbhimaeTcs
MEJIKOTIODUCTBIN CHJMKareib Mapku A B kosmuectBe 11 450 T,
BbiCOTa CJost paBHa 3,05 M, KDYIHOTIODUCTBIH CUJIMKarejib MapKu
B - 800 xr, Boicota cnos 0,35 M ¥ MyJUIMT B Kojudectee 350 xr
npu Boicote cixos 0,15 M, KoTOpBIH NpeAcTaBiseT co6Goit TBepAble
qacTulbl, 6au3kue no dopme k chepe guamerpoMm 7—40 MM,

Hasnauenue cnosi — obecrnedeHue PABHOMEPHOTO paclpefiene-
HUS rasza MO ceyeHuto anmapata. O6uast 3aceilika azcopbepa [0
15 000 xr. PacuerHbnlif cpoK cayx6bl 3arpy3ku ajcopbeHTa TpH
paboTe B IPOEKTHBIX IapaMeTpax 2 roia.

Kak BbIsicCHWJIOCH B TIIpollecce BSKCIJIyaTallud, CBeXWH CHJIH-
Karejb UMeeT AMHAMHYECKYI0 aKTHBHOCTb 1o Boge a0 21 %, a B
KOHIle CpoKa 3Kcmiayatauud xo 5—11 % mac. mo pasupim YKIIT.
[limtenbrocTd ha3bl agcopbuum Kosebaercst or 12 4 go 3-S5 cyr

Tabruya 2.20
Xapakrepuctuka cuwmpikarest dpupmsr BASF

| Moxkasatean Mapxa A Mapxka B
O6vem mop, cM®/T 0,4 0,8
VY aenvHas NOBepXHOCTh, M2 /KT 710 (3-3,5) 10
Y aenbHag Temnoemkocts, k/Ix / (xkr-K) 1047 1047
Tenaonposoguocts, Bt/ {(M-K) 0,2 0,2
IlrotHOCTD, KF/M°: .
HACHIHASA [ 700-750 440-470
KaXyLmadacs 1200 800
AeficTBUTEIbHAA FFTET R PR 2200 2200
3epHHUCTOCTb, MM 3-6 (95 %)
Hotepn, % B ToM unCITE: o £
ot Harpesa npu 200 °C Lo 1,0 1,0
ot obxura npxr 300 °C 5-6 4,0
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(npy MaJibIX pacxojlaX ra3a M TeMIlepaTypax). Bpemst pereHepa-
unu aacopbenrta xojebyaercs or 8§ po 16 u. OxnakaeHHe aacop-
6epa 3aKaHYMBaeTCst 3a 3—4 4.

B nauase mukaa agcop6unu 50—75 % BpeMeHH OCylIKa ocylie-
CTBJISIETCST 10 OCTATOYHOro cojepkauusi Biaaru 3—15 ppm, uto co-
OTBETCTBYeT BJarocofiepxanuwo raza 0,004—0,01 r/m’, u npu nas-
neHuu 5,5 MIla.

Touka pocbl rasa no Boge gocturaercst Munyc 43—-35 °C. B kom-
e MKJIa MHOrZa TOYKa pPochl Bo3pactaeT go MHHYC O °C, Ho 6a-
rogapsl pabore azacop6epoB Ha PA3JIMUYHBIX 3TAllaX LMKJA2 OCYUIKH
na YKIIT obecrieunBaetcs ycroituMBasi riay6uHa OCYIUKH CMeCH
rasoB /10 TOUKU pocbl Munyc 20 °C.

B mpormecce akcnnyaraiuuu cuaMKareasi NpPOUCXOAUT €ro pac-
TpeCcKUBaHMe, PaCUbLINBaHue, MCTHpaHUe, YTO BeleT K yBeJude-
HMIO Tepenaja AaBjeHus B ancopbepax. K koHuy cpoka pa6oToi
agcopbenTa nepenaj AaBJeHUusi Bo3pacTaeT 1o 6—8 Kr/cm’ npoTHs
npoekTHO# 1Mbpn 1,68 kr/cm’. CpeaHuil 9KBMBaJEHTHBIH aua-
MeTp 3epeH CUJIMKarejs CHUXAETCS B KOHIle Iepuoja 3KCILIyaTta-
nuu ¢ 3,2-3,8 mm (mepBoHavaabHO) 20 1 MM.

Ha npaxTtuke uMeer MecTo Takxke BbIHOC dacTHl ajcopbeHTa ¢
rasoBbiMi Notokamu. Ilonagas Ha Jjonatku kKoMIpeccopa, IBLIb CO
BpeMeHeM BBIBOAMT ero us pabouero cocrosinusi. [lo atol npudnHe
uMeeT MeCTO pereHepauusi ajcopbeHTa Npu 6ojlee HU3KUX JaBJe-
Hugx (¢ MCIOJIb30BaHWEM OCyLIEHHOro rasa). ['as perenepaluu
nocjie cernapaiiu B C-2 BO3BpamaeTcsi B MOTOK OCYLIEHHOTO rasa,
JJEL 4ero Heo6X0MMQa TIOIEPKUBATh COOTBETCTBYIONIME AaBJIEHHS
NoTOKOB. BBUAY 3TOrO TOYKA POCHI TOBAPHOrO rasa Mo BOAE M yIJe-
BOJOPOAAM HECKOJBKO MOBBIIIAIOTCS.

OG6cyieoBaHMsT MOKA3aJd, 4YTO CpeQHMIE CPOK CJIyXKOBI aacop-
6enra Ha pasauunbix YKIIT pasueiit 1 oTauuaercs WHOTA2 B
2 pasa. Pasnnunst B cpoxax paBoThl OGBSICHSIIOTCS Da3iniHON Ha-
TPY3SKOH U COCTOSHMEeM TexHoJoTuH. CpegHuil cpoK cAyXObl cOp-
6eHTa MOXHO IIPHUHSTH PaBHbIM 2,5 pasa. KoJHYecTBO OCYUIEHHOTO
rasa 3a BpeMs IJKCILIyaTauMu cocrasiseT 3,0-3,5 mapa. m® Ha
oauH azncopbep.

Pacuernas aunamuueckast akTUBHOCTb copberta ot 7 go 14,3 %
no Boge. Ilo ucreueHun 2,5 neT ancopOeHT MNeperpyskaercs; HpH
OTCYTCTBMM HUMIIOPTHOIO CUJIMKATeJst OH 3aMEHsieTCsl OTeuecTBEeH-
HbIM cunukareseM mMapku KCM.

Kak 6biio yxke ykasaHo, ras MecTOPOX/IeHHS MeaBexbe C€O-
AEPKUT HEKOTOpPOEe KOJMYECTBO TsKeabiXx yraesomopoaos (Cs,).
llocnepune B mmKie aZicOpOLMM  TIOTJIONIAIOTCS  aJicOPGEeHTOM H
CHIDKAIOT ero AMHAMWYeCKYI0 aKTHBHOCTb IO BOJ€e 32 CUeT OTpa-
60TKH yacTu moBepXHOCTH cOpGeHTa.
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Onnitel, poseaentbie B.I1. JlakeeBbiM, nokasasu, UTo Hajluuue
KOHZleHCaTa B Tas3e CHMIKaeT BJIaroeMKocTb aacopbenta B 1,32 pa-
3a. Touka pocbt uMcToro Merana Ha 18-20 °C Huxe, 4yeM npu
OCylLiKe Ta3a, COJAepKaliero TspKesble yrjieBojopoabi. B ombiTax B
KavyecTBe ajcopbeHTa UCMOJIb30Baics cujukareab KCM.

HepBonauyasbHO B cJioe copGeHTa COpPOMPYIOTCS KakK BOAA, Me-
TaHOJ, Tak U yriesofopoani. [Ipn AnuTenpHoM HUKJeE ajgcopOuuu
[0 TIPOCKOKA BJArd MeTaHOJ BBITECHSETCS] MOJeKYJaMH BO/bl MOYTH
MOJIHOCTbIO B OCYUIEHHBIH Ta3 M YaCTHUHO BBITECHSIOTCS TSDKeJible
YIJeBOAOPOADBI, KOTOPbie COPOUPYIOTCS B NOCJHEAYIOUIUX ¢JOSX af-
cop6eHTa, T.e. NIPOUCXOJUT BbITECHHUTEJbHast AecopOuHUs, KoTopas
M BbI3bIBAeT B JajbHeHLIEM IMPOCKOK YacTH YIJIEBOJOPOJIOB C OCY-
meHHpIM rasoMm. [lostomy B koHue (ha3bl OCYHIKM TOUKa POCH! 1O
YTJEBOAOPOAaM BbIllle, YeM TOYKa POCHI TIO BOJe.

CozpepxaHue TSDKeJNpIX YIJIEBOAOPOJOB B Tase, NpOIIe/leM 4ye-
pe3 aacop6epbl, usMensercss o1 0,03 (B Hauane uMKAa cop6uUUH)
mo 0,14 cM® /M’ (B koHue umkaa). OaHako HamboJee TskeJble YI-
JIEBOLNOPOADI, OCOGEHHO apoMaTUYecKHe, BOJOH He BbITECHSIOTCA.
CrenyeT OTMETHTb, YTO UaCTh TSAKEJIBIX YIJEBOAOPOJOB W3 CUAA-
Kareiss He Jecop6UpyerTcsl NMpH TeMllepaType pereHepauuu 210—
230 °C. Bsuzy storo ¢akra MMeeT MeCTO CHMKEHHe aKTHBHOCTH
CUTUKArensl.

Taxkum 06pasoM, uToObl BbIAEUTb M3 Ta3a B NpoLecCe OCYMIKU
Kakue-Ju60 KOMIIOHEHTBI, HAanpUMep, MeTaHOJ WJM YIJIeBOAOPO/Ibl,
HeoOX0AMMO paboTaTh Ha YKOPOUEHHBIX WHMKJIaX B dasze azcopb-
LU,

VicnprTanus rokasaJd, 4To eMKocTb cuaukarens no C,~C,, co-
[I0CTaBUMA C €MKOCTBIO 10 Bofle, 2 HauhHas ¢ Cy; M BbILIe — PE3KO
najaer.

B ycnoBUsIX pereHepalluM CHJIMKATeIs] U3-33 HU3KUX TeMIlepa-
1yp (10 220 °C) TsXesas 4acTh KOHAEHCATA YaCTHYHO OCTAETCS B
nopax cop6eHTa. JTO CHHXKaeT IOIJIOTHTEJNbHYI0 CIOCOGHOCTD CH-
JuKareas Ha 8—12 %.

B tabn. 2.21 npuBefeHbl aHaMu3bl KOHAEHCATA W3  BXOIHOrO
cenaparopa U cemaparopa rasa pereHepaluu. AHaju3 TOKa3blBa-
€T, 4YTo IIpH CYLIecTBYIOIIMX MapaMeTpax Iipoiiecca He obecrieyu-
BaeTcsl TJIyOoKasl pereHepauusi CUJIMKareJss, Haubojee TsKesble
yriesogopozs! (bpakuus 303-340 °C) ocrarorcsl Ha aJcop6eHTe.

AHanu3Npysl JaHHble MHOTOLMKJIOBOH paboTbl CHJIUKareaeBoi
OCYIIKM Tasa Ha MeCTOpOKAeHUH Measesxbe, OpPUEHTHPYACh HA
Xy/IiMe YCAOBHUSI 3KCINyaTallid, MOXKHO IPUHATb HauboJee OINTH-
MaJbHBIA peXxxuM mpoiecca: ¢asa ocyliku — 12 4, pereHepauuu —
8 4, OXJaKAEHUS — 4 Y, CPOK CAYKObl cuauvKarenss 2,5 ToAa; aj-
cOpOILHOHHAs CIIOCOOGHOCTh CHMKaAres, paBHas 7 % mac.
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Tabauya 2.21

Tem‘[epa'rypa HavaJjla KHII€HHA B 3aBHCHMOCTH OT NPOLleHTa BbIKHIIAaHKA, °C

IIpoueHT Bxoanoii Cenapatop [TpouenTt Bxoanoii Cenapatop
BBIKHTIAHUA | cemapartop | Ta3a pere- || pyixknnanng | cenmapartop | Tasa pere-
HepaulHn Hepauim

HK 206 203 70 278 245

10 233 214 80 288 252

20 243 222 90 305 260

30 251 227 95 320 272

40 255 231 KK 340 303

50 263 235 Brixog 98,5 99,1

60 270 240 IlaoTHOCTD 0,8805 0,8744

B HacTtosiiee BpeMs Ilepell YCTAHOBKAMHU OCYIIKU TIPOM3BOIUTCS
KoMipuMupoBaHue rasa. OcyueHHblit ra3 co Bcex Y KIII nogaercs
Ha TOJIOBHYIO KOMIIPECCOPHYIO CTaHUMI (COCTOMT M3 4-X 11€XO0B),
rae AoKHMaeTcsl [0 AaBjleHuss 65—76 ata ¥ TMojaeTcss B MarucT-
pasibHbIH Ta30NpOBOA.

Ha Bcex aacopOIMOHHBIX yCTAHOBKAX 006ECTeUMBAETCsS OCYLIKA
rasza o Tpe6oBanuil Otpacaesoro crangapra OCT 51.40-83.

o Mepe cHM>XeHMs! [aBJeHUs ra3a B HACToslliee BpeMs U B
nepcleKTHBe Ha Ta3oz00bIBaiolleM KoMiliekce MezBexbe obecrie-
YuBaeTcs M0 BO3MOXHOCTY NoAgepskaHue Ao6bruu raza. CHmxeHHe
JaBJieHUS TPUBOJAUT K 3HAUUTETBHOMY W3MEHEHWIO APYruX mapa-
MeTPOB YCTaHOBKM:

yBEJIMUEHUI0 CYMMapHON Harpysku 1o Bjare (Bblllle TPOEKTHOR
10 OTAeJIbHBIM ycTaHoBKaM o 2000 r.);

YBEJMYEHUIO JIMHEWHBIX CKOpOCTel rasa ¥ TeMIlepaTyp Ha
OCYIIIKE;

3HAuUMTEJIbHOMY YBEJUUEHUIO JHHeHHDbIX CKODOCTeil B cXeMe
pereHepaliii 1 000PYJOBaHUM pereHepanuy;

HEBO3MOXXHOCTH ofecIieueHus] LUPKYJ/IALUMN Ta3a pereHepaluu
IO cyliecTBYIOllel cXeMe; B HacToslllee BpeMsi OoTOOD rasa pereHe-
panuu ocymectsiisiercs Ha Bhixofe u3 YKIIT u c6bpacpiBaercs Ha
Bxoxa JIKC;

13-3a HEOOXOAMMOCTH TOALEPKMBATh U JaKe HECKOJbKO yBEJH-
YMBaTbh pacxojl rasa pereHepallMy IIPH CHMXKEHUU [aBJeHUS IIPO-
HCXOAWT 3HA4MUTeJbHBI pOCT NepenajoB [aBJeHUs] B CXeMe; B
AanbHelinieM HEOOXOOUMO CJeJaTb PEKOHCTPYKLUIO CXeMbl C 0T6O-
poM coiporo raza g0 JAKC u c6pocom ero mo ocyuiku (¢ Kommpec-
copamn).

B uesoM npu skcniyarauuu aacop6UHOHHBIX YCTAHOBOK HMEIOT
MeCTo cjienyrolire pobaeMbl:

YBeMYeHue Iiepenafa [aBJeHUs 110 Mepe “cTapeHus” ajcop-
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6eHTa; NyTeM MepHOAUYECKON BBICHIITKY aJcopOeHTa U €T0 OYHCTKH
OT MEJIKMX YACTULl MOXKHO YCTPAHMTb 3TOT HeJOCTATOK;

TPYJAHOCTU B YIIpaBJEeHUY TpPOLIECCOM, 0CO6eHHO IpU Iepexole
€ OIHOTO LMKJIa Ha JApPYroW;

ofpa3oBaHde MbLIX B CHUCTeMe HM3-3a pa3pyllleHusl aacopOeHTa;
nocJiefiee TMPOMCXOAUT TakXKe BBUAY HHU3KOH 3(ddEKTUBHOCTH
BXO/HOTO cerapaTopa: B afcopbep IomnazaeT KanegbHas XHAKOCTb;
Hapszy € 3THM, HeoOXOJMMO OTMETHTb TakXke TeIJIONOTEpH Ha
VCTAaHOBKe, MeHbllWe eAMHHUYHble MOLIHOCTH ajicopbepoB (N0 cpas-
HeHUI0 ¢ abcopbepaMu ), GoJbliMe He TPOM3BOAUTENbHbIE 3aTpPaThl
Ha PeUUPKYJSILUIO OTPAbOTAaHHOrO Tasa pereHepanvd U T...
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NEPEPABOTKA NMPUPOAOHOIO lrA3A .
N KOHAEHCATA

i

*
Py L2
3 P

3.1. MOAENTUPOBAHME NPOLIECCOB
NEPEPABOTKU A3SA N KOHAEHCATA o

* 3.1.1. DA3OBbIE PABHOBECUA
B MHONOKOMMOHEHTHbBIX CMECHAX, COOEPXALLNX
KOMMOHEHTbI NPUPOAHOIO FA3A, BOAY,
. L METAHON, NNMUKOIN

IIpn pacuerax mnpoueccoB mnepepaboTKy MPUPOTHOTO
raza HauboJsiee BRKHOM W TpyAHOU 3ajzauell siBaseTcsl pacueT ¢a
30BOr0 PaBHOBeCUs XUAKOCTb — nap Ilpu oToM Tpebyetcs onpe
Jen1b coctaB a3 M UX KoJsiHdecTBo B cMecsix, colepkamiux
BO/Ly, METaHOJI, TJUKOJH, BO3MOXHO BbIAeJeHMe BTOPOH >KMAKON
(pazbl
3
% PaBHOBecHue XuagkKocTtb — nap
A

3anuiieM ypaBHeHUS] MaTepuasibHoro OaJjiaHca A8 OI-
HOTO MOJISI CMeCH M KaXK/I0OT0 KOMIIOHEHTa

V+IL=1, 31
Vy, + Lx‘ =2z, (3 2)
Yy = 5a=e =1, (33)
= 1t 1 1

rae V — MoJsibHast flonisi ra3oBoil ¢aspl, L — MoJbHas A0JsS SKMAKOH
da3pl, y, — monbHas [ONS ¢ KOMIOHEHTA B rasoBoil ¢ase, x, —
MOJIbHAsA JoJ1s1 1 KOMIIOHEHTa B JKUAKOH (ase, z, — MoJibHasg [0JA 1
KOMIIOHeHTa B cMecH

Pacnipenenenne komioHenToB Mexay ¢asamyu Hanbojee 4HacTo
BbIDaXaloT yepe3 KOHCTAHTDHI (ha30BOr0 PaBHOBECHS

K, =y,/x, (3 4)
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Kom6unupys npuBefeHHble YpaBHEHHs, MOXXHO MOJYUHUTb

- 2, (3.5)
V+(U-V)/K,

Y.

Pewas sTH ypaBHEHUS MeTOJOM [OCJeAOBaTeJbHbIX NpHOIN-
XKeHuil, MoJyvalT coCTaBbl (a3 U [0JH NapoBoi M XHUAKOH (a3 B
CMeCH.

Urobpt n3bexkaTp JUUIHUX —BBIYMCJIEHUR chaeayeT cHadana y6e-
IUTbCSl, YTO CMeCh TPH JAAHHBIX VCJOBUSIX HaXOJUTCS B ABYX(as-
HOM cOCTOsiHUM JIJIsi 3TOro pexoMeHAyeTcsl IpeABapHTe/IbHO Bbl-
UHCIHTD caefylolive QYHKINH:

S,=% 2K ; n (3.6)

S,=Y z/K. 3.7

Ecau S, u S, 6oablie eAMHHLDbI, TO CMeCb HaXOAWTCSl B ABYX-
dbasHoM cocTofAHMM, ecju S, MeHblie eAUHMLbI, TO OAHA >XXUAKAS
dasa, ecaum S, MeHblle eAMHULBI, TO OJHa rasoBast ¢dasa. Touka
pocbl cooTBeTcTBYeT S, = 1, TOUuKa Havaja KulteHuss — S, = 1.

KoHcTaHTbl (asoBoro paBHOBecHsI 3aBUCAT OT TeMIIEpaTyphbl,
AaBjeHuss M coctaBa a3. CoBpeMeHHble MeTOAbI pacyeTa KOH-
cTaHT (a3’oBOrO PaBHOBECHUS OCHOBAHbI HA CTPOTHX TEePMOAMHAMM-
YeCKUX COOTHOIUEHUSX M YPaBHEHHSIX COCTOSTHHUSI.

YcnoBusaMu (a3oBOro paBHOBECHUs SABJSIOTCSE PaBEHCTBO TeMIle-
paTyp, JaBJeHWH M XUMHUYEeCKHX I[OTEHLHAJOB BCeX KOMIIOHEHTOB
B kakao# u3 ¢da3. [l mpakTuuecKMX pacueToB O6oJiee yAOGHOH
siBjsiercsl (DYHKLUST — JeTyuecTb f, 3KBUBaJE€HTHas XHUMUYECKOMY
NMoTeHL ATy,

fl=f. (3.8)

PasnesuM seTyuecTH i KOMIOHEHTa B MapoBOH M XKUAKOH (a-
3aX Ha JaBJeHVe W MOJIBHYIO [I0J110 KOMIIOHEHTa:

i
i . 5 o
0 =L , (3.9)
1
[ e Rt S WP IIULNE U T PY SPS M I P R
(Pll = [1 , },f; Oy B ag b At 0,0 (310)
Py, iy * EPRPIFE S Tt L PR N

¥

i { .
rae @, 4 ¢, — KO>(PPHULUEHTbl JEeTyuecTH i KOMIOHEHTa B 1apo-
Boli M xHAKOH azax.

13 ypaphenuit (3.8)—(3.10) mo/yunM ypaBHeHHsI PaBHOBECHS
KOMITOHEHTOB CMEeCH:
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I v ) P M < P
oy, =@lxy oot T el (3.11)
¥ S TN N e ayna 3
! P i T 5
1, Ky i .
Kl :L:_(.p_"_. B . 5 (3 12)
‘1 (P
3

KoadpduuneHt sneryyecTd i KOMIOHEHTA B CMeCH MOXXeT ObITb
onpefiesieH MO CleAyoleMy TepMOIUHAMWYeCKOMY ypPaBHEHHUIO:

RTIno, =J (a—pj —-Ii/—T dV -RTInz, * ™ (313)
T4V n

1 an, 14 (94 W
rie n, — KOJHYECTBO MoJjell i KOMIIOHEHTa B cMecH; z — Koadodu-
LHMEHT CKUMaeMOCTH CMeCH

Jlas BbruncaeHus: Koa(dUIUEHTOB JIeTYYecTH [0 YpPaBHEHUIO
(3.13) HCTONb3YIOT ypaBHEHUSI COCTOSIHUA, KOTOpbIE CBSI3BIBAIOT
Mexxay cob6oi [aBieHue, TeMIepaTypy, o6beM M COCTaB CMeCH.

B cnyuasx, korga xunkast ¢a3a He MokeT ObITb ONMMCAHA YpaB-
HeHMeM cOCTOsIHUSA, ypaBHetne (3.10) 3amUCBIBAIOT B CJEAYIOUIEM
BUJIE:

ff =y, (3.14)

e s .
rae fl — JIETYHYeCTb YMUCTOM XKHUAKOCTH IIpH AJaHHOM TeMIleparype

M CTaHIapTHOM [aBJIeHUM; 7Y, — K03((MUIMEHT aKTHBHOCTH.
B srom ciyuae Bmecto ypasaenu#t (3.11) u (3.12) noaydaem

0, y.p = [21,1,; (3.15)
. " 3
[<]
,=ﬁ=f'vy'- x it (3.16)
Ty ¢, P

Jletyuectb YUCTOH KMAKOCTH B CTAHAAPTHOM COCTOSTHHH MOJXKET
ObITb BBIUMC/EHA O KOPPEJALUMSAM, OCHOBAHHBIM Ha TNpPHUHIUIIE
COOTBETCTBEHHDBIX COCTOSIHUI, WJIM TIO YPaBHEHUSIM COCTOSHWS.

Hns BoluncaeHNns K03 DUUMEHTOB AKTUBHOCTH TPUMEHSIIOTCS
SMIMpHYECKHe HJIHM TOJAyIMIMPHUYECKHE YPaBHEHHUS, YOOBJIETBOPS-
lolue ypaBHeHUIo ['u66ca — [rorema:

Yxrdlny, =0. (3.17)
1=t

K rtakum ypaBHeHMSM OTHOCATCS ypaBHeHHMss Mapry.uca, Ban-
{Isziapa, Cxerrapaa — Xamepa, Boossi, Busscona, NRTL, UNIFAC
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[l1s yrieBooopoLoB M APYTHX KOMIIOHEHTOB, COAEPXKalUXCHd B
NPHPOAHOM Ta3e, Haubosee 3(pdekTHBHO NpHMeHeHHe ypaBHeHHH
COCTOsIHUS 1Sl pacyeTa Koa(pduLMeHToB Jeryyectn ¢, (B ypaBHe-
nusax (3.11), (3.12)) B naposoit u xuakoi ¢asax.

IIpumeHeHre OAHOrO ypaBHeHMs [Jsi ONHUCAHUS MapOBOH U
XKUAKOH (a3 Mo3BOJSeT PACCYUTHIBATH MAPOKHAKOCTHOE DaBHOBe-
cue BILIOTb /10 JABJIEHHMH, GIHM3KUX K KPUTHUECKHM.

: da3oBoe paBHoBecue
nap — XWAKOCTb — XMAKOCTb

1

IIpupoanble rasbl 06bIYHO COAEPKAT BOAY U KpOMeE TOro
MOTYT COZep:KaTb METAHOJ U TJIMKOJH, KOTOpble [06aBJsIIOTCS B
npouecce A0GbIYH M TOJITOTOBKHM Taza. JTH >KUAKOCTH WJIM HUX CMe-
CH ¥MMeIT OrPaHMYEHHYIO PacTBOPHUMOCTb B JKMIAKHUX YTJIEBOAOPO-
[ax ¥ MO3TOMY MOXKeT CYLIeCTBOBATb BTOpas Xuakas ¢dasa, KoOTo-
pywo B obuieM 6y/ieM Ha3blBaTh BOAHOI, HO B KOHKDPETHOM cJydae B
3aBUCUMOCTH OT COCTaBa — BOJHOM, METAHOJbHOH WM TJHKOJe-
BOi.
[na tpexcdasHoro paBHOBecHs1 ypasHeHue (3.11) umeer cie-
AYIOIUHI BUA:
4
0.9 =9,%=0"%", (3.18)

w . o w
ra€ x, — MOJbHaA [0JI4 ¢ KOMIIOHEHTa B BOAHOH (1)336; ¢, — KO-

appuumeHT seTydecTn i KOMIOHeHTAa B BOAHOMH (ase.
YpaBHeHUs MaTepuasibHOTo GajaHca OYAyT UMEThb BHUA

V+L+W-=1; (3.19)
Vy, + Lx, + Wx)' = Z,, . (320

rae W — MosibHast nossl BogHO#U basbl.
K ypaBhenuw (3.13) no6asisietcs elre OAHO™ ~

DENERT " (3.21)

Pacnpeﬂeneﬂne KOMIIOHEHTOB MEXAY (baaaMn MOXKET ObITh Bbl-
Pa’ke€Ho 4epe3 CIeAyIolne KOHCTAaHThI (ba30BOFO PaBHOBECHUA!

K=, . (3.22)
X

KV =Yy L : ; . (3.23)



KM == ‘ (3.24)

A

Kom6unupys ypasHenue (3.20) ¢ swobpiMu AByMS U3 Tpex
(3.22), (3.23), (3.24), Moryr ObITb TOJyYEHBI BBIPAKEHUS s
pacueTa cocTaBoB (as3:

V4

—_ z .
X, = vi ¥ W (3.25)
VK, +L+WK, /K,
wo_ 2, .
X = LW VW W ’ (3.26)
VK, " + LK, /K, +W

zl
Yy, = = —. (3.27)
v+ LK+ WK,

Boipaxenust (3.25), (3.26), (3.27) mosyveHsl IpH HCTIOJIb3OBA-
Huyu ypasHeHu# (3.22), (3.23), HO MOXHO Tak)e HCII0Jb30BaTD
ypaBHeHue (3.24). DTo 3aBHUCHT OT TOTO, KaKHe KOHCTaHTBl DABHO-
Becus ompezesienbl. [lJis omnpejejiedusi cOCTaBoB Bcex (a3 M X
KOJIMYECTB AOCTATOYHO MMETb jiBa JI0OBIX Habopa KOHCTaHT ¢aso-
BOFO DaBHOBECHS.

B ypasuenusix (3.25), (3.26), (3.27), ucnosb3ysi ypaBHeHue
(3.19), MOXHO MCKJIIO4UTb OAHY U3 BeauunH V, L wiu W.

Pemienue NpUBEAEHHLIX YPaBHEHUHN ¢ 1ie/bl0 ONpeJeNeHUst Co-
ctaBoB (a3 U HMX YHCJa IPOU3BOAMTCS METOAOM TOCJIEN0BATE/b-
HBIX TPUOIMKEHWI.

Jlpyroit croco6 pacuera Tpexda3HOrO paBHOBECHSI 3aKJIOYaeT-
cs B IOCJefoBaTe/lbHOM pacueTe JByX¢asHoro pasHoBecusi. Ha-
IpUMeP, CHAUaa PACCYMTHIBAETCS paBHOBECHE IAp — YIJEBOMO-
POIHas XKUAKOCTb, 3aTeM IIap — BOAHAS KMAKOCTb, IOC/]E Yero BCe
noBTOpsieTcst. Pacuer NMpoo/Kaercs A0 TeX Mop, MoKa He YCTaHo-
BATCSI NOCTOSIHHble BeuuuHbl V, L, W u coctaBbl ¢as. IT1oT cro-
€06 MoKasaJj JA0BOJBHO GBICTPYIO M HALEXKHYIO CXOJUMOCTD. '

U3 ypapnennii (3.18), (3.22), (3.23), (3.24) MOXHO TOJIYYUTH

K''=¢! /0" ; (3.28)
K=o r0t; , S G2
K™Y =¢Y /o! (3.30)

Hns pacyera ko>DPULMEHTOB JeTYYECTH HCTIOAb3YIOTCS ypas-
HeHUs coctosiHusi. Haubosbliee nmpuMeHeHue 15 pacdeTa ¢paso-
BbIX paBHOBecu# B CMecSIX YIJIEBOJIOPOJOB MOJIyYHMJIW YyDaBHEHHA
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Benenukra — Be66a — Py6una (BBP) [7], Crapaunra — XaHa
{11], Coasa [14], Ilenra — Po6uncona {17].

B HacTosiiliee BpeMsi MPEUMMYIUIECTBC OTAAeTCS IBYM IOCJEIHUM,
TAK KaK OHM 3HAUYMTEJbHO TIpolile, 6oJjiee YHHUBEDPCAJbHBI, Jerye
noafaTesl MOAMMPUKALKUN A1 BKJIOYEHHS HeYrJeBOAOPOIHbIX Be-
IlecTB ¥ pacdera Tpex(da3HOTO paBHOBECHUS

Bce ykasaHHble ypaBHEHHSI U UX TIpUMeHeHMe [JIsi pacyeTa Ko-
3(p(HULMEHTOB JIETyYyecTH M [APYTMX CBOICTB AOCTAaTOYHO IOJHO
onucaxs! B [6, 19]

[anee 6yner paccMoTpeHo ypaBHeHHe cocTosinusa Ilaten — Tes
[18, 33], kotopoe sABasieTca 0606INAOUIMM O OTHOLICHUIO K ypaB-
Henusim CoaBa u Ilenra — Po6uHcoHa B 32 CcueT JONOJHHUTENLHOrO
napamMerpa TMO3BoOJisieT 60Jlee TOYHO MNpe/IcKa3blBaTh MJIOTHOCTb
TSDKEJIBIX YIJIEBOJOPOAOB U MOJISSPHBIX KOMIIOHEHTOB

RT a

p= - ; (331)
v-b vlw+b)+c(v-5b) s,
a=Q(RT, /p) -, . o (332)
b= Qb(RTM, /P..p)§ R I P A < 27 S (3 33)
SN { 3
c=Q(RT, /p); "' " SRR N : ) (3 34)
a=(1+F(1-T/T)F ' (335)

Uucnosble xkoadduuuentol ,, Q,, Q. onpeneisiorcss u3 cie-
AYIOIIMX YCJIOBUM JJISI KDUTUYECKOH TOUKHU:

oP A S L APIEt AFL TIN5 ¢ n
(; =0; S R, (3.36)
T)\p s s - gy, 11,4 % . Iy 2
P , fEy * : v f 4y
a2P AR 14 EE s v H LYEEN |
ol B 0; iy v vl Wi Yo 3 1 (3.37)
H

/ L3}
'II\p K \:«i~ I AN AL, {H oy %

£

pl\p VKp =C
R T, ¢

Kp

(3.38)

B pesynbrare mnoJjiydaeMm
Q =1-3C; (3.39)
Q, =30 +3(1-200Q, + Q) +1-3C,, . (3.40)

rae {2, — HaMMeHbIIHH TOJIOXKUTENbHBIH KopPeHb Kyigmie’ckoro ypas-
HEeHUsI '
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Q- (2-30)Q) +3; -1 =0. (3.41)

Us ypasHerus (3.38) cienyer, uto mapamerp (. COOTBETCTBYET
k03 MULMEHTY CKUMAEMOCTH B KpuTHYeckoit Touke (z,,). OnHako
B maHHOM cjyuae (. ABASeTCS UMIMPUUYECKUM NapaMeTpOM, OTJIHY-
HBIM OT MCTHHHOTO Z,, BelleCTBa.

B ypaBHenuun CoaBa BennuuHa (. JJIS BCeX BeNIeCTB TPUHSTA
pasHoii 0,3333, a B ypaBHennn Ilenra — Pob6uncona (= 0,3074.
Ecmu B ypashenust (3.39), (3.40), (3.41) noacrasutp {, = 0,3333,
10 napamerp ¢ Gyner paBeH HyJwo, u ypasHenue (3.31) npuBo-
aurcs K ypasHenuto CoaBa, ecsn C, = 0,3074, To ¢ = b u ypaBHe-
rue (3.31) npuBoautcs k ypashenuio Ilenra — Po6uncoHa.

B ypaBhenuu Ilaten — Tes Besuuunbl (. 1/ pa3HBbIX BELIECTB
pasHble UM OINPeJeJsIOTCS COBMECTHO € BeAMYMHaMU Hapamerpa F
[0 SKCIEPVMEHTAJIbHBIM 3HAYEHHSM IJIOTHOCTH W J[aBJIEHHs Ha-
CBIIIEHHOTO Mapa YUCTbIX BEIeCTB.

Jlisi HeTIONISIpHBIX BElIECTB 3T THapaMeTpbl MoryT ObiThb pac-
CUMTAHBI M3 CJENYIOIUX YpaBHEHMI:

F = 0,452413 + 1,309820 — 0,295937w?; (3.42)
¢, = 0,329032 ~ 0,076799» — 0,0211947w?, (3.43)

rae o — (GakTop aleHTPUYHOCTH.

[lns cMmeceit napaMerpnl ypaBHeHUs Ilaten — Tes BbIYMCIASIOT-
¢Sl 110 TeM >Ke HIpaBuJiaM, 4To U ypaBHeHMH Coasa u Ilenra — Po-
6UHCOHA:

n n

a=Y Yxxa,, i CEREST o e Y (3.44)
1=1 =1 LA S [E005 T RN S AP
n e v T G4t dEHET ¢ L
b=Ybx; . o wanpnn > (3.45)
=1 ! e 7 PR B i
7 it H T fc FooYeg
c= ZC,x,§ [ RN S TR S (3.46)
1=1 [ *:" HEe bt
a,=0-k ) (a-a). Lo ke sl (3.47)
3nech x, — coctaB J1060i (as3pl B MOJbHBIX JOMAX; k, , — KO-

3 bunneHT GMHAPHOTO B3aMMOJIEHUCTBHSI, KOTOPbIH onpejensercs
M3 9KCIIEPUMEHTAbHBIX AHHBIX 110 PABHOBECHIO XMAKOCTb — Iap
B GHHAPHBIX CMECHX.

ITocie noacraHoBku ypashenus (3.31) B ypasHenne (3.13) mo-
Jy4eHo cJjefyiollee ypaBHeHHe s pacyera KoadPHIHEHTOB Je-
Ty4ecTH B NapoBOM M XUAKMX (aszax:
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n
Xtt'a

= _B__ _ B)— 1=t " Q+d alb, + c)
¢, = =% -In(z-B) = 111(Q—d)+2RT(Q2-dZ)+

+—L(b(b+3c)+c(3b+c))- Iy L 204 1. (3.48)
8RTd’ O-d of_g?
_RV.

2= (3.49)
- bP .

B = RT’ . (3.50)
- BP. ‘

B = = (3.51)

0=V+ 9—%; (3.52)

d = bt el (3.53)

B pa6orax [18, 33] npuBenenn! suauenusi napamerpos {, u F,
a Takxke Koa(h@duuueHTOB OUHaApHOrO B3auMoAelcTsua Kk, , s
60J1bLIOTO KOJIMUECTBA YIJIEBOJIOPOZOB M HEKOTOPBIX JPYTHX Be-
niectB. ONBIT UcTIOIb30BaHUA ypaBHenus [laten — Tes mokasas, 4To
O TOUHOCTU pacueTa (Hpa3oBbIX PABHOBECHI B CMECSIX YIJIEBOAOPO-
JI0B OHO paBHOLleHHO ypaBHeHM10 Ilewra — Pofuscona, Ho npeBoc-
XOJUT TIOC/Ie/IHee 110 TOUHOCTH pacdera MJIOTHOCTH JKUAKOM (asbl.

Hanee 6yaer paccMOTPEH HaUI ONBIT UCIIONb30BAaHUS YpaBHEHUs
ITaten — Tes ajst pacyera ¢a3oBbIX paBHOBECHI B CMeCsiX, colep-
>KallMX BOJY, METaHOJ, TJINKOJIH, CepHHUCTbIe coefHenus [35, 36].

Haubonee xapaxrtepHble TpexdasHble CHUCTeMBl Hap — XUI-
KOCTb — JKHJIKOCTb TIOJIYHAOTCsS B CMECSX VIJIEBOJOPOJIOB C BOJOIL.
Pacuer a3oBbiX paBHOBecwil B 5THMX cMecsix uMeeT GoJibiioe
MpaKTHYECKOe 3HaUeHHe B TEXHOJIOTHMHM [o6bluyl U IepepaGoTKu
raza ¥ HedTH, OCOOEHHO COAepXalIWX XODOHIO PacTBOpUMbBbiE B
BOJle KOMMNOHEHTBI (CepHUCTBIE, ABYOKHUCH YIJEpOAa).

[lns oXpaHb! OKpyKaiollell cpelpl Ba)XXKHO 3HATh Kakoe Kojaudec-
TBO BeleCTB PacTBOPEHO B c6pAChIBaeMbIX MPOMBIILIEHHBIX BOJAX.

[Ipoueaypa onpefiesicHUst 3HAUEHUU TIApaMeTpPOB ypaBHEHUd
6bL1a caepyolei:

no ypasuetusiM (3.39), (3.40) u (3.41) ¢ nomourbio sKcuepu-
MEHTAJIbHbIX JaHHBIX 110 AaBJIEHHIO HACbIIEHHOro Iapa BoJbl U ee
NJOTHOCTH NP Pa3HblX TeMmIlepaTypaX Haxo[AujaHch 3Hauenus (.,
Q,, Q, QurF;

ollpeJesiiich 3HaueHUs KoaddHUUMeHTOB O6MHAPHOTO B3auMO-
neiictBusl k,, BOAbl C APYIMMM BEUIECTBAMM II0 COCTaBY >KMIKOH
¢a3pl GUHAPHBIX CHUCTEM U3 CJIeAYIOUIero yCJOBHUSL:
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Sg_x‘ +£2——x2 1. . (3.54)

(Pi (PZ !

VcpenHeHHble 3HaYeHUS K03 UIMEHTOB GHHAPHOO B3aMMO-
JeHCTBUSI, [UISI CepUM IKCTIeDUMEHTaJIbHBIX JaHHDbIX, OIlpejes-
JHCb MMHMMHU3aluuell cpefHeT0 OTKJIOHEHHSI PacueTHbIX AaBJEeHUN
HayuaJa KUMEHHUS] CMeCH OT 3KCIepPUMEHTAIbHBIX!

D

rjie m — UYUCJIO BKCTIEPUMEHTAJbHBIX TOYeK.

[Ipy TpexdasHoM paBHOBeCMM 3HaueHus k, , B GMHapHBIX Ia-
pax ¢ BOJOH OIpezessi/IMCh OTAeNbHO MO KaxJoH sxuaxoi dase,
npu 3ToM B ypaBHenue (3.54) NOACTABJSJIMCH COOTBETCTBEHHO
cocTaBbl U K03 UIMEHTDI JIeTy4eCTH KOHKDETHOM KUAKON (ha3bi.

UccnenoBanus mokasaad, 4YTo 3HayeHHs! K03(MUIMEHTOB O61-
HapHOro B3aMMojedcTBua Boja — yruesopopon (a3or, ABYOKHUCh
yrjeposa, CepoBOfIOpPO/l), BBIYMCJEHHBIE II0 YIJEBOAOPOAHON U
BoJHOI (pasaM, 3HAYUTENbHO OTJMYawTcs. A yrieBojopoaHON
¢da3bl 3HaUEHUA kK, , BoAa — YIJIEBOJOPOJ MaJ0 4YyBCTBUTEJbHBI K
W3MEHEHUIO TeMIepaTypbl U Jjsd GOJbIIMHCTBAa YTJEBOJOPO/OB Ha-
xoagaresi B npeaenax 0,5+0,05.

[ng BogHoR da3pl 3HaueHMs] 3TOTO Ko3(pdULMeHTa UMeIOT sB-
HYI0 3aBUCUMOCTb OT TemIlepatypbl. ['pacduk Ha puc. 3.1 memoHcr-
pUpyeT 3Ty 3aBHCHUMOCTb 151 psiia OMHapHBIX Hap.

Pk pac pk IKC
Pl sxc

(3.55)

0 40 80 120 160 T.°C .

Puc. 3.1. 3aBncumocts oF TeMIepaTypsl k03(dHIMEHTOB GHHADHOrO BIaHMOeHCT-
BHSl Pa3/IYHbIX BelleCTB ¢ BOAOH
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[To yxasaHHpIM TpuuuHaM K03 (UIMEHTH B3aUMOAeHCTBUS 6H-
HapHBIX Tap ¢ BOJOH /st YIJIEBOAOPOMHOM (hasbl ONpelessiauch
KaK YCpe[HeHHble BEeJMUMHBI IS BCer0 WHTEpBaja HapaMeTPOB C
ucnosib3oBaHueM ypaBHenus (3.55), a 44151 BoaHo# (asbl A Kax-
NI0¥ OTAENbHON TOYKM M 3aT€M MX 3HAUEHUS anlpOKCHMHPOBAJIMCD
JUHEHHON 3aBUCUMOCTBIO OT TeMIlepaTyphbi.

CpaBHeHMe De3yJbTaToB pacyeTa COCTaBOB COCYUIECTBYIOUIMX
dha3 ¢ 3KCNEPUMEHTANbHBIMA JIAaHHBIMYU JUIS GOJIBIIOTO uyucaa Ou-
HapHBIX CHCTEM M HECKOJbKHX MHOTOKOMIIOHEHTHDBIX II0Ka3a/0 J0-
CTATOYHO XOPOUIYIO [/ WHXKEHEPHBIX PACYeTOB CXOJUMOCTD.

B rtabnuuax 3.1-3.4 npuBeleHpl sKclepuMeHTalbhble (5Kc.)
[38, 39, 42] u pacuernbie (pac.) nanHble 10 (ha30BOMY paBHOBe-
CHIO B TPeX OMHAPHBIX CMECSIX U YeThbIPEXKOMITOHEHTHON cMeCcH.

Tabauya 3.1
PasnoBecue kHAKOCTb — Tap JJs CHCTeMbl MeTaH — Boaa [38]
ConepkaHile MeTaHa CopneprkaHlle BOABI B Ta30-
Jlapnenne, | Temmepa- |B BoaHoli dase, % MOabH. Boll tbase, % Mo.IbH.

MIla Typa, K IKC. Pac. DKc. Pac.
2,53 293,15 0,060 0,061 0,110 0,106
10,134 293,15 0,195 0,194 - -
2,53 313,15 0,048 0,048 0,320 0,328
10,134 313,15 0,157 0,158 0,107 0,106
2,53 333,15 0,039 0,040 0,86 0,87
10,134 333,15 0,137 0,138 0,27 0,27
2,53 373,15 0,035 0,034 4,20 4,30
10,134 373,15 0,124 0,125 1,30 1,28
4,903 423,15 0,080 0,082 10,5 10,7
14,709 423,15 0,233 0,235 4,50 4,20
4,903 473,15 0,096 0,095 35,5 34,5
14,709 473,15 0,354 0,340 13,7 13,2
4,903 573,15 0,121 0,116 90,5 90,9
14,709 573,15 0,603 0,545 67,8 68,3

Tabruya 3.2
PasuoBecne XHAKOCT> — Nap AJIA CHCTeMbI CepoBOACpoA — BoAa [38]

Conepsxcante ceposof0po- ConepXaHne BOIBI B Ta3o-
ﬂalgﬁ};ﬂe: T@’;geplg‘ Aa B BOM};%I:”? ase, MO Boit ¢ase, Moa. 1010
JKC. Pac. IKC. Pac.
1,010 310,95 0,01223 0,01325 0,0076 0,00754
2,089 310,95 0,03312 0,02975 0,0040 0,00422
1,010 344,25 0,00764 0,00743 0,0366 0,03620
5,070 344,25 0,03820 0,03870 0,0132 0,01190
2,030 377,55 0,01144 0,01117 0,0746 0,06850
5,070 377,55 0,02775 0,02855 0,0365 0,03630
2,030 410,95 0,00924 0,00863 0,1840 0,18700
5,070 410,95 0,02310 0,02400 0,0880 0,09100
2,030 444,15 0,00602 0,00577 0,4140 0,42600
5,070 444,15 0,01947 0,02017 0,1885 0,20250
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Tabauya 3.3

PaBHoBecHe >XHAKOCTb — Map A8 CHCTeMBI ponaH — BoJa [39]

CoaepsxaHile BOIb

Cogepikatile BoABl B XKILIKO{t

CoaepxaHite HpoIaHa

Hasaenne, Temnepartypa, B rasoBoii cazse, YI1eBOZOPOAHOI hase, MO.I. B BoHoOIl ase,
Mila K MO J0.11 Jo. MOJ. 0.1
) 34 Pac. JKC. Pac. JKC. Pac.

0,567 278,87 0,00140 0,00164 0,000105 0,000114 0,000366 0,0003436
1,007 299,42 0,00335 0,00333 0,000364 0,000363 0,000219 0,0002379
1,696 322,04 0,00625 0,00647 0,001090 0,001120 0,000195 0,000185
2,682 344,25 0,01002 0,01060 0,002910 0,003070 0,000212 0,000222
3,710 360,93 0,01280 0,01330 0,005580 0,006630 0,000250 0,000239
4,150 366,48 0,01237 0,01337" 0,007230 0,008720 0,000264 0,000273
4,392 369,65 0,00998 0,01052 0,009980 0,010450 0,000272 0,000282

* Pacuer BbinosaneH npu aasiaeHnn 4,11 Mlla.

Tabauya 3.4

PaBHoBecHe )XMAKOCTb — Map AJSA CHCTEMbl MeTaH — JBYOKHCH YIJIepoAa — cepoBoaopod — Boaa [42]

-

- o
-

Temnepa- JlaB.teHire, CoctaB rasosoit ¢asbl, % MO.IbH. Coctas xiaxoii ¢asel (BoaHoii), % MO.IbH.
Typa, K MIla CH, Co, H,S H,0 CH, co, H,S H,0
310,95 4,82 30,40 59,45 9,98 0,191 0,0276 0,930 0,503 98,54

30,54 59,31 9,94 0,215 0,0326 0,972 0,490 98,51

7,60 30,31 59,70 9,82 0,171 0,0466 1,210 0,540 98,16

30,56 59,32 9,93 0,184 0,0527 1,340 0,640 97,96

12,93 30,29 59,67 9,85 0,187 0,0796 1,510 0,595 97,81

30,56 59,30 9,93 0,211 0,0892 1,630 0,693 97,58

380,35 8,36 29,07 59,19 9,67 2,250 0,0379 0,698 0,342 98,94
29,29 58,53 9,73 2,440 0,0386 0,728 0,363 98,87

12,93 29,29 59,20 9,63 1,960 0,0578 0,959 0,447 98,54

29,43 58,77 9,77 2,030 0,0601 1,010 0,480 98,45

Hpu,\leuauue. B r[epBoﬁ CTPOKE IPIIBEICHBI 3KCNEePIIMEHTA.IbHBIE JaHHbIE, BO BTOpOIuI = pacueTHbIE.




[ns u3bexanus o6pa3oBaHUs TMAPATOB B IIpoueccax A0ObIUM U
[O/rOTOBKU Ta3a YacToO B HUX BIPBICKMBAIOT MeTaHoJ. B aTom
cjyuyae Tpebyercs olpee/UTh paclpefe/ieHHe MeTaHOJa MO TpeM
¢aszaM: ra3oBoH, YIJIeBOAOPOAHOH, BOJOMETAaHOJbHOU. MertaHo,
cojepxallyiics B OTCEeNapUpPOBAHHbIX Ta30BOH M XUAKOH YrjeBo-
nopoaHod ¢asax cuuraeTrcsl noTepsiHHbIM. Ecau  ykasaunble zaBe
¢aspl 1ocTynamT Ha JaibHeillylo HepepaboTKy, TO HeoOXOIUMO
3HaTh, KaK METAHOJ PaCIpPeNeNUTCss MeX/LY MPOAYKTaMHU.

AHa/M3 3KCIIepHMEHTAJbHBIX /[aHHbIX Mo (a3oBOMy paBHOBe-
cHI0 B 6MHapHBIX CHCTeMaxX MeTaHoJa ¢ YIJIeBOAOpPOJaMHU ITIoKasa,
4TO CMeCH MeTaHoJIa ¢ YIJIeBOJOpPOJAaMU OT TpONaHa [0 H-JeKaHa
SIBJISTIOTCST a3€0TPOTIHBIMM pacTBopaMH. B kavecTBe mnpuMepa Ha
puc. 3.2 npuBefeHa ¢asoBasd IUarpaMMa /Il CHCTeMbl METaHOJA —
H-leHTaH. V3 pucyHKa cienyer, uToO pasfejeHMe cMeceil yrjeBo-
JOPOJOB C METAHOJOM NPOCTOH peKTUdUKalLMedl OCYyLlecTBUTb He-
BO3MOXHO.

Pasgenenrie MOXHO OCYIHECTBUTb C TIOMOIbIO abCOpPOLUM HJAU
3KCTPaKIMU BEIeCTBOM, KOTOPOE XOPOLIO PacTBOPsieT METAHOJ, HO
[LTOXO PacTBOPSET YI€BOJAOPOAbI, HallpUMep, BOMOH, TIUKOJISIMHU.

Koadduurentsl 6nHapHOro B3aMMOZEHCTBUS METaHONA C Yrie-

L0
0,9
0,8}
0,7 }
0,6+
0,5t
0,4}
0,3}
0,2
0,1
0 L A X :

10 1,2 14 16 L8 20 22 24 26 28 3,0
p, MIla

Puc. 3.2, PapnoBecHass KpHBas map — SKHAKOCTb /U1 CMECH H-TIEHTaH — MeTaHOJ
npH Temneparype 422,6 K:

NyHKTHPHAA JMHHA — JKCIepHMEHTAlbHble JaHHble [48); crommas JjuHAS —
pacdeTHble JaHHBIE

H-nenman, MoabHbie odos

T

T
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1 1l L 1
i 0 0,2 0,4 0,6 0,8 1,0
; H-neHmaHn 6 cuoKoii gpase, movuble 00U

0,01

Puc. 3.3. 3a{lnclmocn; ko3¢puuenta GUHapHOTO B3aMMOAEHCTBHA OT COCTABA A~
xolt dpazsl amg C€MecH H-TICHTaH — MEeTaHOJ

i
BOJIOPO/IaMU UMEIOT SIBHYIO 3aBMCUMOCTb OT COCTaBa, YTO HJIJIIOCT-
pupyer rpaduk Ha puc. 3.3.

Koaddpuuuenrol 6uHapHOTO B3aHMOZEHCTBUSI METaHOJA C YIJe-
BOZOPOJaMH M IPYTUMH BelllecTBaMM OblIM IpeAcTaBjieHbl B BHJe
(yHKIMM OT TeMIlepaTypbl M COCTaBa >KHUAKOH ¢basbl, 4TO IO3BO-
JUJIO € Y/AOBJETBODUTENbHOH TOYHOCTHIO DPacCUUTbIBATh (hasoBoe
paBHOBecue B TaKMX cMecsx. [IpuMep pe3yabraTtoB pacuera cMmecH
MeTaHOJ — H-TIeHTaH TpeACTaBieH Ha puc. 3.2 B CPaBHEHHH C
9KCIIePMMEHTAJIbHBIMU JaHHbIMU [48].

Hna pacyera ¢a3oBbIX paBHOBecHil B CMecsX, COJepXKallux
MEpKanTaHbl, CepOOKMCH YIJIepoAa, cepoyriepoh, Obli# onpelde-
JieHbl 3HAYeHHs] IIapaMeTPOB 3THX BeUleCTB, IIpeJCTaBJEHHbiEe B
Taba. 3.5.

Tabauua 3.5
3HaueHMs KPUTHIECKMX NapameTpoB M koaddinmenTos B ypasnennax (3.32—3.35)
Komnonenr Pup T, Q, Q, Q, F

Cepookucs  yrie-| 6,180 | 378,0 | 0,44822 0,08040 0,05470 | 0,560600
poaa
Cepoyraepon 7,900 | 552,0 | 0,42987 0,08590 0,00640 | 0,631269
Memnmepxanraﬂ 7,235 | 470,0 | 0,44556 0,08118 0,04780 | 0,648000
ITH/IMepKANTaH 5,492 | 499,0 | 0,44811 0,08043 0,05440 | 0,696000
x-niponuamepkan- | 4,620 | 535,6 | 0,45300 0,07901 0,06700 | 0,740000
Tau
H-6yTuamepxanran | 3,960 | 568,0 | 0,45724 0,07780 0,07780 | 0,790000
H-amMuamepkantan | 3,500 | 598,0 | 0,46097 0,07674 0,08725 | 0,830600
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Puc. 3.4. PaBHoBecHas XpuBasd Hap — XXHAKOCTb A1 CMECH INPOIDUIMEPKANTaH —
rexcaH npu AasieHun 0,1013 Mlla

Bce cMecu cepHHCTBIX coelMHEHUH € YI/I€BOAOPOAAMH SIBSIOT-
cd HeuJeanbHbIMU H B GOJIBUIMHCTBE CJyHaeB HMeEIOT a3e0TpOINHbie
TOYkH B kauecTBe MJIlOCTpallMd Ha puc 3 4 NpUBeleHa DaBHO-
BeCHasl KpUBasi Map — JKMAKOCTD [JJISI CMeCH NPOIMUJAMepKalTaH —
rekcan npu gasieruu 0,1013 MIa (1 atm)

Ucnonb3yss ony6auKoBaHHbIe 3KCTIePHMEHTa/IbHble JaHHbIE [0
(a3oBbIM paBHOBecUSIM B OMHApHBIX CMecCsX OblIH ONpee/ieHbl
KO(DUILMeHTDl OMHAPHOTO B3aMMOAEHCTBUS, IIpeACTaBjleHHbie B
Taba 36

15 cucteMbl cepoOKHCh yriepopa — mnpornadH koaddbuuueHt
6HAPHOTO B3aMMOMAEHCTBUS MpeACTaB/AeH JMHeHHOU dyHKuued or
TEeMIIEPATYPbI

k,, =-0,073+0,000315-T : (3 56)
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Tabauua 3.6 , ;
KoaddmenTs! GiHapHOTro B3auMoAeHCTBHA

Kommo- [Cepookuch| Cepo- [Metuamep- ITiaMep- | H-MPOMILI-| H-6YTILI-

HEHTbl | YIJIepoAa | YrJIepoa KaOTaH KalnTaH |MepKanTaH MepKanTaH
MerTaH 0,024 - 0,0200 0,0190 - -
JraH - - 0,0610 - - -
Iponan ypaBHEHIIE - 0,0670 0,0350 - -
(3.56) ’
u-6yTaH - - - - - -
#-6yTaH - - 0,0670 - - -
u-TMEeHTaH - -0,0232 - 0,0400 - -
H-TIEHTaH - —-0,0300 - 0,0410 - -
Tekcan - —-0,0413 0,0300 - 0,0260 -
lentan - - - 0,0264" - -
OkTaH - - - 0,0496" 0,0922 -
Homuan - - - 0,0519° 0,1030° -
Jlekan ~ —0,0800 -0,0100 0,0373" 0,0927 0,2420°
VHaekaH - - - - - 0,2124"
JonexaH - - - — — -
Tpuaekan - -0,1000 - - - -
Terpaae- - - - - - 0,1736"
KaH
IlenTage- - ~0,1220 - - - -
KaH
T'excagexan - —-0,1400 - -0,0146" - -
Benszon - 0,0277 0,0060 - - -
CepoBolo- - -0,1800 - - - -
poa
MetaHsox - Y paBHeHne Y paBHeH1le] - - -
(3.57) (3.58)

Bona - - 0,0741 —-0,1061 -0,11353 —-0,1337

" Mcrosp3oBaiuch JNTEpaTYpHble AaHHBIE IO KOHCTaHTaM [eHpir.

[ns 6uHapHbIX cMeceil cepoyriepofa M MeTHJAMEPKalTaHa C
MeTaHoJIOM HaGJIo/lajlach SABHAsA 3aBUCUMOCTb K, , OT COCTaBa CMe-
cu. lns atux cMeceil Gbliid HOJAyYeHb! CJeLyOLUIHe YPaBHEHUS:

CEPOYIJIepo]l — MeTaHOJI

k,, =~0,1797 + 0,00085 - T + 0,4867 - X — 1,516 - X* +
+1,825. X% -0,6735 - X*: (3.57)

31
MeTUJMepKalTaH — MeTaHOJI

k., ==0,1625 +0,073X +0,0353X* + 0,00075T. . .. (3.58)

®a3zoBble paBHOBECHUA B CMecHX C rnuKonamMmum

s ocymkm npupogHoro rasa Haubosiee 4HacTo UC-
[I0Ib3yloTca ramkonau. bblia mpepnpuusita nomnbiTka pacuera ¢a-
30BbIX paBHOBECHH B CMeCSIX IJIMKOJIeH ¢ yTJEeBOAOPOJIaMU U [JpY-
TUMM KOMITOHEHTaMHM, COMEPKAIIUMHUCS B MPUPOJAHBIX rasax, c Io-
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Mombio ypaBHeHus IHartea — Tes, uTo No3BoAKRAO 6bl MOJENNPOBATDH
Ha DBM mnpotutecchl ocyimiky raza M peresepaium riaukoas [35).

Ly«

AunaTuneHrnukonn W

s pacuera napamerpa F 6blia BbIBeieHa CAeRYIOLIAs
3aBUCHMOCTD OT NPUBEJEHHON TeMIIEPATYPbI:

F =203 -1,69(0,745 ~ T/T,)) npu T, T,, < 0,745; (3.59)
F=2,03 npuT/T,, > 0,745.

Ilo ony6ankoBaHHbIM JaHHbIM Obljid Onpenenenbl Koahduinen-
Tbl GUHAPHOTO B3aUMOAEHCTBUA. B psize ciayvuaeB OblIM MOJTYUEHbI
3aBUCUMOCTH R, , OT TeMmmepaTypbl U cogepxanus [J19Ta B xua-
KOCTH.

B rabsmne 3.7 npuBe/ieHbl SKCIEpUMeEHTaJbHble U pacyeTHbIe
JaHHble 1O PACTBOPMMOCTY YIJEBOAOPOAOB, IBYOKHCH YTrjiepoia u
ceporoBoposia B [[Ole. U3 rtabmuumt BUAHO, uto mnapadyuHOBble
YIJIEBOJOPOAbI €1a60 PacTBOPSIOTCS B AMITHJIEHTJIMKOJe. Bblcokas
pPacTBOPUMOCTb HAGNIONAETCS [/ apOMaTHYeCKHX YIJIeBOLODPOAOB
U cepoBOAOpOJA.

B ratumue 3.8 npusenens! aHHble TI0 PAacTBOPUMOCTH YTJIEBO-
IOPOAOB B BoJHOM pactBope [3Ta.

B ta6nuue 3.9 npuBeneHbl 3HaueHUs] TeMIePaTyp TOUYeK pPOCh
rasa 1o BoJe [AJsI pa3JUUHbIX KoHUeHTpauuil [3[a u teMmmepatyp
KOHTaKTa M COOTBETCTBYIOLIMe 3HAaUeHUS COAep>XaHUs BOAbI B Tase
(sKcnepvMeHTaNbible ¥ pacdeTHbie). Kak BMAHO M3 Tabiuupbl,
pacyeTHble 3HAUEHUSs] COAEPXKAHUS BOAbI B rase, HaxojsueMmcs B
KOHTaKTe ¢ BOAHBIM pactBopoM /IDIa, Xopoumo corjacyworcs ¢
3KCIepUMEHTaJbHbIMH.

Tabruya 3.7
PacTBopuMOCTh KOMIIOHEHTOB NIPHPOHOrO a3a B AMBTIVICHIJMKOE

Pacteopumocts 8 13T,
Kommonenr Temnepa- | [aBiexue, MOJ1. A0
Typa, K MIIa Oxcnepument|  Pacuer
Mertana (49] 298,15 3 0,00968 0,01082
298,15 5 0,01685 0,01706
298,15 8 0,0254 0,0251
Bt e 313,15 3 0,00917 0,00959
313,15 5 0,015 0,0133
313,15 8 0,0237 0,0229
Merana [50] 293,15 6 0,0217 0,0205
313,15 6 0,0165 0,0186
333,15 6 0,0121 0,0174
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Ipodonxenue mabr 37

PactBopumocts B [13Te,

KomnoseHT Temnepa- | [aBienue, MOJ AoJii
Typa, K MIla DKcHepu- Pacuer
MEHT

T'enrana [52] 284,15 0,102 0,0057 0,0060
326,15 0,102 0,0083 0,0079

Bensona [52] 298,15 0,102 0,39 0,40
313,15 0,102 0,417 0,391

Jliokcnga yriaepoda [52] 269,26 0,5066 0,0240 0,0231
269,26 2,0265 0,090 0,088

297,04 0,5066 0,0126 0,013

297,04 2,0265 0,05 0,049
338,7 0,5066 0,0075 0,00718

338,7 2,0265 0,0265 0,0274

Ceposogopon [52] 310,93 0,1013 0,0265 0,0262
310,93 2,0265 0,428 0,438

338,7 0,1013 0,0165 0,0167

338,7 2,0265 0,286 0,286

366,48 1,013 0,1135 0,109

366,48 3,04 0,302 0,295

422,04 1,013 0,06365 0,0636

422,04 4,053 0,2378 0,2317

Tabauua 3.8

PacTBOpHMOCTD YTZIEBOAOPOZOB B BOJHOM PACTBOPE [AMITHJIEHIMKOISA

Yucnurens — skcnepument [49], [52], 3Hamenatenb — pacuer

Pacteopsiembrii| Temnepa- | /laBiennue, CocTaB XHAKOCTH, MOJ _J0JH
KOMIOHEHT Typa, K MIla Komnoneurt Aar Boaa
Texcan 394,26 0,5426 0.0102 0.6670 0.3228
0,0102 0,6691 0,3207
Tentan 394,26 0,3220 0.0071 0.6689 0,3240
0,0076 0,6694 0,3230
Oxran 394,26 0,2254 0.,0050 0.6704 0,3246
0,0050 0,6706 0,3244
Benson 394,26 0,5012 0,2658 0,4934 0.2407
0,2740 0,4930 0,2330
MeTan 298,15 3,0 0.0080 0.8360 0,1560
0,0090 0,8350 0,1560
298,15 5,0 0.0133 0.8307 0.1560
0,0144 0,8296 0,1560
' 298,15 8,0 0.0200 0,8240 0.1560
0,0210 0,8230 0,1560
323,15 3,0 0.0073 0,8367 0.1560
0,0081 0,8359 0,1560
323,15 5,0 0.0120 0.8320 0,1560
0,0130 0,8310 0,1560
323,15 8,0 0.0188 0.8252 0.1560
0,0194 0,8246 0,1560

——

8*
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Tabruua 3.9 .

TeMnepaTypsl TOUKH POChl ra3a A pa3iHuHOM
KOHLIEHTDPAI[MK BOJHBIX PACTBOPOB AMITHNEHEJIHKOJIA

Cogepxanne | Temnepatypa | Temmeparypa | COAEPXKAHIE BOAB B Tase npﬁ
[3Ta B pac- KOHTAKTA, TOUKII POCHI p = 5,89 Mlla, % mosbn
TBOpE, % Bec. K rasa, K [52] [54] Pacuer
99,5 283,15 237,65 0,00110 0,0010
299,15 248,15 0,00268 0,0025
310,15 255,15 0,00453 0,0043
98 283,15 252,15 0,00360 0,0033
299,15 263,65 0,00820 0,0082
. 310,15 272,15 0,01500 0,0145
95 283,15 259,15 0,00610 0,0058
299,15 273,15 0,01600 0,0150
310,15 281,15 0,02670 0,0273
90 283,15 265,65 0,00960 0,0096
299,15 280,15 0,02500 0,0250
310,15 291,15 0,04070 0,0456

TpPUITUNEHTr NNKONb

Tpustnnenrauxkonb (T3T) uMeerT psAa TPeUMyLIeCTB

nepes AUITHJIEHTTHKOJIEM:

BBICOKasi TepMMUecKasi ycroiumsoctb (TeMmeparypa pasjioxe-
nus 206 °C);

BO3MOYKHOCTb NIPOROAUTL pereHepauuio 10 6oJiee BHICOKUX KOH-
UEHTPAIMH, YTO MO3BOJISET JOCTUTHYTh 6oJiee ryGOKYI0 OCYLIKY;

MeHblIasl JeTy4ecTb M, CJeJ0BATeNIbHO, MEHbIINE MOTEPH.

YucnoBble KoadpuuueHThl Q,, Q,, Q. u F onpeaeisiuch Aas
T3Ta 1o 3KCrIepUMEeHTANTBHBIM 3HAYEHUSIM JABJIEHUSI HACBILIEHHOTO
rMmapa M IJIOTHOCTH. DBBLIM MoJydeHbl CJeAyioUIMe 3HaUeHUS s
nepBbix Tpex: 0,47208; 0,07364; 0,115. /ins noBblllleHHs TOYHOCTH
pacyera JaBJieHWs HacbillleHHoro napa koadduivent F  6bin
fipefcTaB/eH B BuAe QYHKUUHM OT NpUBENEHHOM TeMIlepaTyphl:

F=2,05-1,48 (0,776 = T /T,,) npunT/T,, <0,776;  (3.60)
F=205 nmpn T/T,, > 0,776.

B rabauue 3.10 npuBeneHs! 3HaveHusa maoTHocth TOTa npu
Da3JMyHbIX TeMIepaTypax. MakcuMaJbHOE OTKJIOHEHME pacyer-
HBIX 3Ha4YeHMH OT IKCIEPUMEHTANDHBIX He NpeBbliiaer 3 %.

Jlns ompejeneHust k,, 6blIM HMCMONb3OBAHbI IKCIIEPUMEHTA/Ib-
Hble JIaHHbIe 10 PABHOBECHIO XHIKOCTh — Nap B OMHApHBIX CHCTe-
Mmax TOTla ¢ Bofoit U yriaeBoJoOpOAaMH.

Haunbosee oTBeTCTBEHHBIM ¢ TOYKHM 3pEHHSI pacuyeTa Ipolecca
OCYIIKM Ta3a sipisiercs R,, ans cucrembl TOI — Boga, nostomy st
€ro ONpefieJeHUs] HCIOJb30BaHbl JAHHblE 10 PABHOBECHIO KUA-
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Tabauya 3.10
ILioTHOCTH TPHITHIEHT/MKOAA pK Aasiaennw 0,1 MIla

Temnepatypa, Maotocts, Kkr/M?
[55] Pacuer
293,5 1125,400 1105,878
298,15 1119,000 1104,163
373,15 1064,000 1074,192
413,15 1033,000 1053,938
453,15 1002,000 1029,416

KOCTb — I1ap He ToJibko B cMecu TOla ¢ Boaoll, Ho u B cmecu Me-
tan (mpupoaubiil raz) — TAI — Boxa. IlocienHue npencraBieHbl B
psane pabot [56, 57, 62] B Buae rpadpuueckux 3aBUCHMOCTEN TeM-
repatypbl TOUKH POCBHI rasa oT KoHueHTpauuu TOla u temmeparty-
pbl KOHTaKTa.

B nosyyeHHbIX HaMM KoppensuMax k,, ans cuctembl TOI — Bo-
Ja GObli mpezcraBjed B BuZe GyHKuMU 0T KoHueHtparuu TOYa. B
Tabmune 3.11 mpuBeAeHbl pe3yJbTaTbl pacueTa TeMIlepaTypbl TouY-
KM POCHI Ta3a MPU Pa3jMyHbIX KoHUeHTpauusix TOla m AByx Tem-
neparypax KOHTaKTa B CPaBHEHHH C JaHHBIMH U3 YKa3aHHBIX pa-
Hee paboT. PaccuerHble 3HaueHUs] 6JIU3KM K TPHUBEJEHHbIM B pabo-
tax [57, 62], Tak kak Ha HUX OCHOBe pa3pabaTbIBajUCh KOppeJs-
uuu. JlanHble, TipuBeleHHble B pa6ore [56], MMelT HekoTopble
OTJIMUMSL U B TOXKE BpPeMsI HEU3BECTEH MCTOYHMK UX MOJyYeHus.

[List yrieBogoposioB napachyuHOBOTO psiga Oblia MojydyeHa 3aBU-

Tabruya 3.11

TemmepaTtyps! TOUKH POCHI ra3a MPH Pa3yHOM xomxex-n{amm
BOJHBIX PACTBOPOB 'I%I‘, TeMmepaTypa konrtakta 299,8 K/327,6 K
Conepxanne] Temnepa- Temneparypa Toukn poch, K
Tar's Typa KOH-
acTBOpe
p% Mag. ' raxta, K [56] [57] [62] Pacuer
99,97 299,8 218,9 217,6 2143 215,7
327,6 233,7 231,5 229,3 229,8
99,95 299,8 2241 219,5 219,3 220,3
327,6 239,8 234,2 234,5 234,7
99,9 299,8 230,9 225,9 225,9 226,2
327,6 248,3 239,8 242,6 2414
99,8 299,8 237,3 230,4 230,9 233,9
327,6 255,4 245,3 249,8 249,8
99,5 299,8 247,2 241,2 244,3 244,8
327,6 266,6 257,3 263,7 262,1
99,0 299,8 255,0 249,8 253,2 2337
327,6 276,5 266,5 274,3 272,2
98,0 299,8 263,7 238,4 262,3 263,0
327,6 285,9 278,7 285,1 283,0
95,0 299,8 2754 274,8 2748 276,7
L 327.,6 300,9 296,7 299,8 298,7
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Puc. 3.5. 3apucumocts R, maa cmeceit napadusoBbix yrieBogopogos ¢ TOTom or
MOJIEKYJBIPHOTO Beca yrieBoaoposa M,

CHMOCTb K, OT MOJIEKYJIAPHOTO Beca YIJIeBOJOpO/a, IIPeACTaBJIeH-

Hag Ha puc. 3.5.

B tabsune 3.12 npuBeneHn! skcliepuMeHTajibHble ¥ pacyeTHble
3HauYeHus pacTBopHMOcTH yraesBogopozos, CO, u H,S B TOTe.

Heo6xonuMo 3HaTb He TOJIBKO PaCcTBOPMMOCTH YTJIEBOJAOPOIOB B
Tole, Ho nm pacrBopumocts TOla B yrieBomoponHoil ¢ase, Tak
Kak nocJejHee xapakrepusyer mnoTepu T3Ta. B rta6bsuue 3.13
TIpUBeJeHbl JKCIePUMeEHTa bHbie M pacuyeTHble 3HaueHUs pPacTBO-
pumoctu T3T'a B remntate.

Tabruya 3.12

PacrBopumocts yriaepogopoaos, CO, u H,S B TOl'e

KomioneHTt Temnepa- | [laBienue, X, Moap /Mo
Typa, K MIla JKCHEPpHMEHT Pacger
Mertan [63] 298,15 0,1135 0,00064 0,00062
298,15 4,820 0,02028 0,02310
298,15 9,2400 0,03921 0,03909
323,15 0,1107 0,00062 0,00059
, 323,15 4,5200 0,02198 0,02185
. 323,15 10,190 0,04302 0,04334
273,15 0, 1129 0,00063 0,00061
373,15 5,1000 0,02557 0,02557
373,15 10,340 0,04807 0,04778
Iran [63] 298,15 0,3050 0,00773 0,00757
298,15 4,2600 0,08037 0,07514
298,15 10,910 0,09565 0,08314
323,15 0,3970 0,00838 0,00813
323,15 6,4900 0,08660 0,08468
323,15 9,8500 0,09348 0,09336
373,15 0,1120 0,00183 0,00183
373,15 3,9500 0,05236 0,05520
373,15 8,9800 0,09747 0,09890
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[ podorxenue mabz 3 12

X, Moab,/MoJb

Kommnonent Temnepa JlaBaenue,
Typa, K Mlla aKCnepH Pacuet
MEHT
[ponan [63] 298,15 0,0570 0,00348 0,00332
298 15 2,2300 0,05748 0,05370
298,15 6,3500 0,05902 0,05545
323,15 0,0191 0,00086 0,00084
323,15 3,7300 0,07140 0,06861
323,15 6,4500 0,07281 0,07059
373,15 0,0245 0,00069 0,00073
373,15 2,2400 0,05578 0,05886
373,15 6,4500 0,09929 0,10037
Tentan {64] 298,15 0,1000 0,01910 0,01915
312,05 0,1000 0,02720 0,02452
324,75 0,1000 0,03730 0,03045
H,S [63] 298,15 0,00373 0,00308 0,00282
298,15 0,96900 0,47010 0,47230
298,15 1,95800 0,94260 0,96438
323,15 0,00657 0,00283 0,00281
323,15 1,94900 0,51220 0,53355
¢ 323,15 3,45200 0,93030 0,96640
373,15 0,01100 0,00206 0,00198
373,15 3,47000 0,42270 0,42365
o 373,15 6,40000 0,68420 0,67349
CO, [63] 298,15 0,46700 0,04084 0,03855
298,15 4,87000 0,35110 0,34848
298,15 10,4200 0,45310 0,45573
323,15 0,10500 0,00651 0,00605
323,15 5,71000 0,26110 0,27329
323,15 10,7200 0,39060 0,40392
- s 373,15 0,46400 0,01573 0,01556
373,15 4,93000 0,14710 0,14805
. 373,15 10,9200 0,27490 0,28047
CO, {65] v 297,040 2,51600 0,20500 0,19851
297,040 5,27400 0,39500 0,37901
322,040 2,51600 0,14400 0,13629
322,040 5,27400 0,29200 0,26013
CO, B T3I-H,0 (3,5 % 297,04 2,516 0,153 0,157
Mac ) [65] 297,04 5,274 0,306 0,302
322,04 2,516 0,095 0,108
322,04 5,274 0,201 0,208
CO, B TOT-H,0 (7,0 % 297,04 2,516 0,112 0,127
Mac ) [65] 297,04 5,274 0,233 0,229
322,04 2,516 0,08 0,108
322,04 5,274 0,174 0,169
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Tabruua 3.13 ‘ ¥
PactBopHMOCTD TPHITHJIEHTJIMKOA B renrane [66]

Temnepa- Pacreopumocts, % Mac Temmnepa- Pactsopumocts, % Mac
typa, K | Sknepument|  Pacuer Typa, K OxcnepumenT, Pacuer
321,15 0,06 0,075 389,15 1,10 1,12
330,15 0,08 0,115 402,15 1,66 1,67
366,15 0,65 0,510 409,15 2,07 2,05

Tabauua 3.14
IkcTpakuusa 6eH30/1a TPUITUIEHIMKOAEM (COCTaB B % Mac.)

Pactsop VYraesopopoanasa dasa K’

YeromuT | CH,,| GH, |PACTO CH | CH, | DT CoH,, | CoH,

T3 + 5 % Boxwl, 1.9 2.2 959 | 900 | 85 15 | 424 | 3.86

p=1MIla, T= 2,0 2,2 95,8 | 90,3 8,5 1,2 45,2 | 3,86
= 394,65 K

' 18 | 63 A9 | 732 1 242 2.6 | 40.7 | 3.84

2,2 6,9 90,9 74,1 23,9 2,0 33,7 | 3,46

22 | 116 | 862 | 2.0 | 41.8 3.2 25 3.6

2,7 13,4 83,9 | 55,9 | 40,7 3,4 20,7 | 3,04

TOr +9 % soper, | 1.9 | 105 | 87.6 | 354 | 404 42 | 202 | 3.8

p=1MIla, T= 2,5 12,3 85,2 | 56,4 | 39,4 4,2 22,6 | 3,20
= 418,15 K

17 | 21 | 262 | 806 | 19 2.2 | 227 | 316

1,9 2,0 96,1 90,0 8,1 1,9 47,4 | 4,05

" Koncranrta PaBHOBECHA YIJIEBOAOPOJAHAS KHUAKOCTb — PacTBOpD

Hpumenanue. B uuc/uTene npuBedeHbl 3KCIepHMeHTa/ bHble JaHHbie [66], B
3HAMeHaTesle — pe3yJbTaThl pacdera

B 1abauue 3.14 npusefeHbl dKCNepUMEHTaJbHbie HaHHbIE ¥ pe-
3yJipTaThl pacdeTa ()a30oBOrO PAaBHOBECHS XXUAKOCTb — KMIKOCTb B
cucteMe rentad — Genson — TOT — Boga.

Kak BugHo M3 rtabsuubl 3.14, pactBopuMocTh GeHsona B TOTle
Ha TOPS/IOK Bblllie, YeM TrenTaHa. JTO MO3BOJIET OPraHU30BaTh
Mpolecc 3KCTPaKLMKU apoMaTHuyeckMX yriaeBojopogoB TOlom wus
CMecHU yrJeBOoJOPOOB.

; o : .

ooy 3.1.2. PACHET TEPMOOAUHAMUYECKUX 5.
Pooung o Y TENJIO®U3IUYECKUX CBOUCTB CMECEN

5

PacuyeT 3HTanbnNnun u sHTpONUM

3 I

i-- - Ilpn Mone/MpOBaHHH TEXHOIOTHUECKUX MPOLECCOB Ite-
pep%&,rm MPUPOJHOro raza kpoMme pacdera ¢a3oBbIX paBHOBECHH
TpeGYeTcs paccUWThIBATh SHTANBIIMI0 M SHTPOIHIO I1apOBOH H
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auakodl ¢as IAtu TepMmoauHamuueckue (GyHKUUK TpebyloTcs NS
oTpe/leJIeHNs] TEeMJIOBbIX HAarpy3oK Ha amnmaparbl, PasHOCTH TeMIle-
paTyp MeX/y IOTOKaMM, pacieTa IIPOLECCOB pPaCIIMPEHHUs], CKa-
THSA, CMelleHusl, peKTudUKauuu

Jlns pacueTa SHTAJBIMKA U JHTPOIIMM O6BIYHO HCITIOJIb3YIOT T€
’Ke YPaBHEHMSI COCTOSIHMSI, YTO U TIPH pacyere (a3oBbIX paBHOBe-
CHif, [JIS YEro HCNOJb3YIOT CJEAYIOIME TepMOJAMHAMUYECKHE Bbl-
pakeHUsL:

1
HPT=H$+pV—RT—jp—T(:—;—] -dV; (361)
° 1%

[SACAE R

1
Syr =S+ J(g—i)-dV, (3.62)

rae qu — OHTAJbIIMA B H/A€aJbHOM Tra30BOM COCTOAHHWM IIpU 3a-

nanHoil  Temnepatype (OT HaBJeHMst He 3aBHCHT); Ss o ; — JHT-

ponus B H/I€aJbHOM Ta30BOM COCTOSSHMM TNpPU [JaBJIeHUH, PaBHOM
HyJI0, U 3a/laHHON TeMIeparype

[Mocne noacraHoBku ypapHeHusi Ilaten — Tes B ypaBHeHMs
(3 61) u (3.62) GbLIM TI0JMYUEHBI CJAeYIOLIe YPaBHEHHUS:

HPT=H°,+RT(2—1)—(Ti’--a)i1n9—‘-‘i; s (3.63)
aT 24 O+d

0
S, =S80, —Rln(Z_B

]-9_0._1 Q-d. FMwrT g6l
ar 24 Q+d . ,

RPN

\/7 05 HIEEES R e STV AL
= — 2 x.x.a F((X. T ) L A I AT N (365)

LA Rt Y A} xpJ
==t AT T T
0 - s Y
s cMmecu rasoB H'; BbIUMC/IsieTcsl MO cnenybﬁfeﬂy ypaBHe-
S
HUIO!

HY =S H% N ‘

=1

(3.66)

&

rme N, — cocraB ¢asbl, IJ1s KOTOPOI BefeTcs pacueT 3HTaJIbIIHH.
0

OHTponus S, ; B MAEANBHOM Ta30BOM COCTOSIHMU NDU JaBJICHHH,

paBHoM 1, u 3agaHHOH TeMIlepaType [AJIsi CMeCH BBIUMCISIETCS IO

bopmy.e

S p= zsp,,, N, - Ry N,InN,. (3.67)
1=1

e
o
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Tabauua 3.15

CpasHenye pe3y/bTaTOB PACUeTa TEILIOEMKOCTH TPHATH/IEHIJIHKOIA
IIpH PasHBIX TEMIEPATYPaX ¢ JUTePATYPHbIMH AaHHbIMH [35]

Y e bHas TEMI0EMKOCTD, _ | Yaeapnas temnioeMkocTb,
T;w;r;?plg kJlx/ (kr K) Tg;gfep}:(x kJlx /(kr K)
OxcnepumedT| Pacuer IxcnepuMent| Pacuer
293,15 2,165 2,184 433,15 2,772 2,750
333,15 2,324 2,330 493,15 2,801 2,815
373,15 2,483 2,490 533,15 2,835 2,820
413,15 2,642 2,630

B ypasHenun (3.64) naBienue p spasiercs: 6e3pasMepHoil Be-
JIMYMHOM, TaK KakK IMOAPasyMeBaeTcs, 4TO OHa AejuTcs Ha p = 1.

[/ BbIYMCJEHUS] DHTAJBIMUM M SHTPOIMM YHMCTHIX BEUIECTB B
UIeaJbHOM Ta30BOM COCTOSTHMH OGBIYHO MCIIOJIB3YIOTCA YpaBHEHUS
B BHJle [IOJIMHOMOB Pa3/IMYHON CTeleHM, KakK, HanmpuMep, B paGoTe
[68].

IIpuBeneHHble ypaBHEHHMsI C JIOCTaTOYHOM [Ji1 MH)KEHEPHBIX
PacyeToB TOYHOCTHIO MO3BOJSIOT PACCYMTHIBATD SHTAJBIIMIO M DH-
TPONUIO CMecedl YIIeBOAOPOMIOB U Psiia APYIUX BEUIeCTs.

B03MOXHOCTb PacnpoCTpaHeHUs] THX KOPPEsiHi Ha Takue
BEIECTBA, KAaK TJIMKOJIM JEMOHCTpupyercs B Tabna. 3.15, rue cpas-
HUBAIOTCS SKCTIePUMEHTalbHble M pacyeTHble Temsoemkoctn (C, =
= oH /0dT) T3Ta.

PacuyeT BS3KOCTU U TENnnonpoBOAHOCTU

—Fa

PaccMoTpuM MeTO[ pacueTa BSSKOCTH Y TEIJIONPOBOA-
HOCTU MHOTOKOMIIOHEHTHDBIX CMeceill, TIpe[ToXeHHbI B paborax
[45, 46]. OcHoBHas uaess MeToa JOCTAaTOYHO HPOCTA M 3aKJIH0YaeT-
csl B IIPEANOJIOKEHMH, YTO KOHQUIypallMOHHble CBOMCTBa OZHO-
(pa3Ho#t MHOIOKOMITOHEHTHOH CMeCH COBNAJAlOT C AaHaJOTMYHBIMHU
CBOJCTBaMU Hekoero runorerndyeckoro uucroro ¢uwouga. CaoiicTBa
TIOC/Ie/IHETO, WCIIOJIb3yss NPUHLMII COOTBETCTBEHHBIX COCTOSIHMIA,
BBIMUCJSAIOTCS Uepe3 CBOMCTBA U3BecTHOro GJOUAA, TPUHATOTO B
KayecTBe 6asoBoro. Takoif MeTo XOpOIO TeopeTHyecKd 060CHOBaH
JUISl KOMIIOHEHTOB, MOJIEKYJIbI KOTOPBIX COCTOST M3 OJHOPOAHBIX
atomMoB. OIHaKO IIPaKTHYeCKOe MC0Jb30BaHMe METOAA AAJI0 XOpOo-
uiMe pe3ysabTaThi U [JJA cMeced KOMIIOHEHTOB € [10JMATOMHBIMU
MOJIEKYJaMHU. B COOTBETCTBUM ¢ NpejJlaTaeMblM MeTOJOM BSI3KOCTb
CMECH T, ¥ THUIOTETHHECKOTO UMcTOro GJiloMAa 1, PaBHbL: M, =
=1, Ha ocHoOBe NpUHUMIA COOTBETCTBEHHBIX COCTOSHMIA

M, = Nolpo, To) - Frs (3.68)
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n

05
n < ¢ ¢
_ (Mr] ) 2,30 "l;,zoj; i ’ , (3.69)

MO
To=T/f.0 AR car 1 (3.70)
»
Po=P "I o o (3.71)
Po=p heo/f 0o (3.72)

I/ie Ty — BSI3KOCTb 6a30BOTO KOMIIOHEeHTa; T, p, p — COOTBETCTBEH~
HO TeMIlepaTypa, IUIOTHOCTh U JaBJenve cmecd; Ty, P, po — TeM-
nepaTypa, ITJIOTHOCTb W [JaBjeHue O6a30BOro KOMIIOHeHTa; M,
M, — MOJISIpDHbIE MAaCChl THIIOTETHYECKOr0 U 6a30BOr0 KOMIIOHEHTOB.

B cooTBeTCTBUM C paclIMpPeHHLIM IPUHIIMIIOM COOTBETCTBEHHBIX
COCTOSIHMHI /st AByX uucTbiXx ¢uougoB 7 u 0 [51, 60] dynkuum
F, o4 h, , onpene/siorcsa BbIPaXKeHUAMH:

fz, 0= (Tnf / E)r) . ez, 05 (3.73)

b, =@ /0, . (3.74)

TZle ¢ — BEPXHUN HHIEKC, XapaKTepU3YIOUUH KPUTUUYECKOE COCTO-
sHWe; U — MOJIbHbIH 06beM; 6, , U Y, ( — TaK Ha3blBaeMble MIeHI-
taxTOpDBI, BBIYMCASAIEMbIE TTO (popMyIaM

0, , =+, -wy)ag +b -InT +(¢ +d /T )v, -0,5));(3.75)

t

o=+ (0, - w)ag + (U + b + ’ Lo

+o(V+d)-InTH)- 25/ 2 . (3.76)

T} = min(2, max(t, 0,5)); ., 3.77)
5 %

v, = min(2, max(v,, 0,5)), (3.78)

Ile t,, v, — NpuBeleHHble napaMeTpbl; Koadduuunents: B (3.75) —
a; = 0,090569, b, = —0,862762, ¢, = 0,316636, d, = —0,465684;
koapunuentsr B (3.76) — a, = 0,394901, b, = —1,023545, ¢, =
=-0,932813, d, = — 0,754639.

Ans cmeceit dyHkunu f, o, I, o BBIYHCJSIOTCS Yepe3 (QyHKUMU
f, o» By, COCTABJIAIONINX KOMIIOHEHTOB CMECH:

x,0 — h Ozzx f;_[,() ) hu,O; [ (379)
he o = ZZx,x, b 05 o (3.80)
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M?:[sz:'xj'lej,z'fu‘,g'M:/ QJ .f‘_'lo.thB . (381)
1)

B aTuUX BbIpakeHMSAX KOMOMHAUMOHHBIE HpPaBHJIA 33/Al0TCS
dopMytamMu

foo=Cfo-f, 0 1=K, (3.82)
L R L
M, =2MM,/(M, +M)), ALt (3.84)

rae K, n I, — napamMeTpbl 6MHapHOTO B3aMMOJEHCTBUS, 3HAUEHUSs
KOTOPBIX GJIM3KH K HYJIO.

PacueTHble BbIpakKeHUS [JIs TEILIONPOBOTHOCTH CMeCH A
HUMEIOT CJefyIonil BUA:

mix

vt
\

}\'uux = )‘;)(pOI T()) ° ‘FA + )":1/\1:4 (p’ T)7 ‘ (385)
M 12 ! i '
K = (-;I_?] : fr‘ 02 : h\—,zo % r (3.86)
-2 s
M (ST A B e
o
Ko, 1) = T X x,- 7, 2, T; Lo 388
1 !
A0, T) =200, T)- 170, T) /O, T+ 1/ 0, T (3.89)
A0, T) = 1,32(CXT) - gR) MUY/ M,, (3.90)

rae C°, m’ — TEmJI0eMKOCTb M BS3KOCTb KOMIIOHEHTA B HICaIbHOM
ra30BOM COCTOSIHMH,

B xavecTBe 6a30BOTO KOMIIOHEHTA TIPWHST MeETaH, IOCKOJbKY
ZJIs MeTaHa KMEIOTCsSl HajeXKHble dKCIepUMeHTajibHble JaHHbie 110
BSI3KOCTH W TETJIOHPOBOAHOCTY B LIMPOKOM JAMAlla3oHe TEMIIEPaTyp
Y fAasnenwil. [ns pacueTa U 3KCTPANOJSLMM YKa3aHHBIX CBOMCTB
MéeTaHa B 0671acTb HU3KMX TeMIlepaTyp MCMOJb30BaHbl Pe3yabTaThl
pabor {40, 53, 68]. B koHeuHoM HTOre pacueT BSA3KOCTH MeTaHa
OIlpesesIsieTcs CJAelyIOIUMH BbIPAKEHUSIMHU:

Nolpy, Ty) = nf)')(Tﬁ + "]E)Z)(To)‘ Py + Anglpy, Ty) - Xns (3.9D
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9
ni)l) = glc" : 7:)("“4) 3; " REE AT N ., (392)
2 = b, + bk, ~ In(T, / b)Y . (393)
o = expla +a, /T - (explay + a, / T pp' %
xexp(p, /Py’ - Vpoas+a, /Ty +a, /T)—1); (3.94)
5 ( 1 2
x, =] A-15" L[—MJU) % I (3.95)
Lo oT 2(() PR
Bt v
=Y xz. (3.96)

< O

3HaveHus KoahOULIHEHTOB a,, b,, ¢, IpuBejeHbl B Tab6a. 3.16.
Tenao1poBOAHOCTb MeTaHa olpejiesieTcs BoipaxeHusmu (3.97)—

(3.101):
MopoTy) = (g - (T) + XP(T) - py + Ahfpy T - %35 (3.97)
5. , ’
AI(T) = 1_41\_405 (TY; (3.98)
2T = b+ bk, — In(T, / b)Y  F (3.99)
Ahy(py, T,) = expla, + a, / Ty) - (exp(a; + a; / T *)-p') x
xexp((p, / p5 ~Dpe°(as +a, /Ty + a, / T{)) = 1); (3.100)
3 L\ 3 2 ,
XK={(1—T/][, 0(___""0] )fl]} . (3.101)
o L)z
3HaueHust K03(PHUIMEHTOB g, U b, AaHbI B‘;'a%n.&' 3.17. i

Tabruua 3.16

3navenus xoapdrmenron a,, b, c,

[ Yy
<

’

a,

e!

C,

DO UV CWN = =

-1,0239160427E + 1
1,7422822961E + 2
1,7460545674F + 1
—2,8476328289E + 3
1,3368502192E — 1
1,4207239767E + 2
5,0020669720E + 3

1,6969859271F + 0
-1,3337234608E - 1

1,4
1,68E + 2

T4

[

2,907741307E + 6
~3,312874033E + 6
1,608101838E + 6
~4,331904871E + 5
7,062481330F + 4
~7,116620750E + 3
4,325174400E + 2
~1,445911210F + 1
2,037119479E - 1
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Tabruya 3 17
3uauenns koapummenTos a, u b,

1 a, b.

1 =7 1977082270 E + O =0 252762920 E + 0
2 8,5678222640 E + 1 0,334328590 £ + 0
3 1 2471834689 E + 1 3 112

4 —9 8462522975 E + 2 01680 E + 3

5 3 5946850007 E — 1 -

6 6 9798412538 E + 1 -

7 —8 7288332851 E + 2 -

Yr0681 3aBEPpUINTL H3JIOXKeHNe METOAWKH, HMHXe NIPUuBOAUTCH
YpaBHEHUE COCTOAHUA METaHa

Py = ia,,(ﬁ,)p(; + goa,,(n)pé”‘” exp(=0,0096 p7), (3102)
a, = RT, 4
a,=NT+N,T" 2+ N,+N,/T+N,/T?

a; =N, +N;+ Ng/T + N,T?, + ° A *
4, =NT + Ny +Ny,/T, SRRV

as = Ny, y

a, = N, T + N,5/T? % YO0y o
a; = Ny T,

ag = N;T + Ny /T, g ” ' i

ay = N, T?, S ‘ s
ayo = NyI? + Ny, /T,

ayy = NygT? + Ny / T, A . {

a;; = NpT? + Ny /T,
a3 = Ny T? + Ny /T,
ayy = NogT? + No /T, 3
a5 = NyT? + Ny /T°+ N3, /T

U fuibe

Koadduuuenrnr N,—N3, npuBesaenbl B Tabn 3 18

Tabmubt 3 19, 3 20 conepxar cpaBHeHHe 3KCIEPHUMEHTaJbHBIX
W DACUETHBIX JAHHBIX IO BS3KOCTH NpPH aTMocepHOM JaBJjeHUH
COOTBETCTBEHHO pSiZia YMCTBIX KOMIIOHEHTOB M cMeceit [70, 71, 72]
AHaJloruyHbie [aHHbIEe IO TEMJIOPOBOJHOCTH TpHUBENEHbl B TabJ
321177]
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Tabruua 3.18

Buavenus koapduuuenroB N;

1 N, 1 N,

| —1,184347314485 E - 2 17 1,071143181503 E - 5
2 7,540377272657 E - 1 18 -9,290851745353 E - 3
3 -1,225769717554 E+1 19 1,610140169312 E — 4
4 6,260681393432 E+2 20 3,469830970789 E+4
5 -3,490654409121 E+4 21 —1,370878559048 E+6
6 5,301046385532 E — 4 22 1,790105676252 E+2
7 -2,875764479978 E ~ 1 23 1,615880743238 E+6
8 5,011947936427 E+1 24 6,265306650288 E - 1
9 -2,821562800903 E+4 25 1,820173769533 E+1
10 ~2,064957753744 E+5 26 1,449888505811 E - 3
11 1,285951844828 E — 2 27 -3,159999123798 E+1
12 -1,106266656726 E+0 28 -5,290335668451 E - 6
13 3,060813353408 E - 4 25 1,694350244152 E - 3
14 -3,174982181302 E - 3 30 8,612049038886 E - 9
15 5,191608004779 E+0 3 -2,598235689063 E — 6
16 —-3,074944210271 E - 4 32 3,153374374912 E - 5

Tabruua 3.19

Bsaaxocts npu amocd)epnom AABJCHHH WICTHIX KOMIIOHCHTOB

Komnonenter | Temmeparypa, K Baskocts, cll
IJKCHEpPHMEHT Pacuer
C,4 233 0,204 0,182
nC, 213 0,403 0,397
273 0,207 0,196
nCq 303 0,220 0,210
C, 213 0,888 0,993
303 . 0,278 v 0,292
326 0,227 . 0,235
; 203 ° 0,418 ' 0,460
346 0,246 . 0,255
Cq 253 0,970 1,010
293 0,546 0,573
- 323" 0,392 . 0,408
C, . 323 0,495 0,513
Cio 253 1,930 + 1,830
Ch . 300 1:360 1,320
' 373 0,510 , 0,530
Cis 303 3,813 4,179
313 3,060 3,370
333 2,060 2,300
Cpo 313 3,588 4,043
423 0,719 0,763
Cyo . 313 4,072 4414
373 1,403 1,489
473 0,505 0,482
CH,S 243 0,396 0,446
e 278 0,285 0,308
C,H,S 263 0,405 0435
308 0,264 0,279
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I podorxnenue mabn 3 19

Komnonentsr | Temnepatypa, K Basxocts, cll

IJKCNEePUMEHT Pacuer
nC,H,S 263 0,568 0,621 .
313 0334 0,363

nCiH, S 263 0,749 0,765
373 0,230 0,256

nC.H,,S 263 0,980 1,000
373 0,310 0,310

C,H,OH 250 1,207 1,145
275 0,779 0,772
293 0,581 0,605

313 0,447 0,475

H,0 295 1,007 1,180

Tabruya 3 20

Baskocts cMeceit npu atMocdepHoM JaBieHyn

PR

CocraB cMecH

MoJsbHasg 10.1g
KOMIIOHEHTOB

Temnepatypa,
K

Bsaskocts, cll

DKCNEepUMeHT

Pacuer

> o~

-

> N

S a2 xe

® o

ca® FERT a2 T

A Q0N O0OAN OO0 OO0 O0NN OO0 OO
@ S

Denson
C\b
Ce

beusoa
C]S

0,645
0,355

0,565
0,183
0,252

0,487
0,200
0,163
0,150

0,278
0,225
0,191
0,158
0,148

0,5624
0,2258
0,2118

0,8554
0,0796
0,0650

0,3575
0,1243
0,5182

0,1849
0,2836
0,5315

0,1724
0,7202
0,1074

+

293

293

293

293

298

298

298

298

298

2,071

0,866

0,573

0,917

0,949

0,463

1,563

1,497

0,448

2,060

0,856

0,587

0,922

0,946

0,471

1,578

1,562

0,611
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Tabruua 3 21 .
TeIIONPOBOAHOCTb MUCTHIX KOMIIOHEHTOB NPH atMoChepHOM JaBieHHH

KOMHOHCHTM TY K TeIlJIOHI)OBOIIHO(‘Tb

JKCTEePUMEHT Pacuer

nC, 213 0,143 0,152

273 0,114 . 0,118

nC, 220 0,146 10,150

293 0,114 “ 0115

303 0111 . 0,111

C, 293 0,122 0,118

303 0,118 t 0,114

250 0,139 o 0,136

C, 293 0,126 Yo,121

333 0,113 _ 0,108

C, 293 ” 0,129 "% ' 0,124

313 0,123 0118

350 0,112 = v 0,106

C, 293 0,131 - | 0,126
350 0,115 00,109 n

Cio 293 ! 0,130 0,130

314 0,128 | 0,122

C,, 300 0,135 * 0,131

400 0,113 0,104

Benson 293 0,148 - 0,150

323 0,138 0,137

389 0,114 0,112

B Tabamue 3 22 npeacraBiieHbl AaHHbIe I10 TeNJONPOBOJHOCTU
CMeCH TrenTaH — OKTaH IIPY Pa3/MYHbIX JaBJeHusix cMecy [78]

PaccMoTpenHbIi MeTOJ, He HPUTOAeH /s pacuyeTa TPaHCHOPT-
HBIX CBOHMCTB TJIMKOJEH, a Takke TelJONPOBOAHOCTH BOJbl, MeTa-
HOJIa U UX CMecH

BsiskocTh BopHoOro pactBopa [3Ta B auanasoHe TeMmepaTyp OT
0 10 160 °C ¢ comepxanueM Boabl oT 0 g0 20 % Mac anpoKCUMH-
pyercs co cpefHell OTHOCHTENbHOH TOYHOCTBIO ~10 % caenymolmm
BbIpaXkeHueM

i

P

n[) = exp(xll )l(_7738742 + 2893 . 717/ 1:{ ¥ 334 .
/AT = 29,23564))) - Fy 0, (3 103)
rmue oy

F|120 = exp(xnzo -(~3,46784 + 489 -8285 /(T —151,9335))) (3 104)

Tabruya 3 22
TennonposoHocTs cMecH rentan-oxtan (25 % Mac. C, + 75 % mac. C;) Br/ (M K)

TennonpoBoHOCTb, KMEPHMEHT/ pacueT,
Hasnenune, MIla NIpH TeMIlepaType
280 K 340 K
0,1 0,132,/0,128 0,113/0,108
S 0,134,/0,131 0,116,/0,111
10 0,136,/0,133 0,118,/0,114
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AHaJloTMUYHOe BbIpa)keHue /111 BSI3KOCTM BOJAHOTO pacTBopa
TOT'a umeer BUA

M = explx, ,(~2,78442 + 832,565/ (T-168,1547)) )- Fy, (3 105)

TensonpooaHocTh BoAHbIX pactBopoB [[ola u TOl'a mano 3a-
BUCUT oT Temmepatypbl IlostoMy B 6OJbIIMHCTBE CJy4yaeB [IJs
arpOKCUMAllMM  TEIJIONPOBOJHOCTH 3TUX PACTBOPOB JOIYCTHMO
Mcrno/b3oBath BbipakeHus (3.106), (3.107), yuuTbiBaiouine 3aBHU-
CHMOCTb TETLJIOTIPOBOJIHOCTH TOJBKO OT BECOBOW J0JM TIMKOJSA X:

Moy = 1,174016 — 1,746907 - x + 0,781286 - x%; (3.106)
My = 0,477758 — 0,245359 - x — 0,039318 - x°. (3.107)

IorpemHocT  3TUX ypaBHeHWH He MNpPEBbILaeT S %, Korga x
Jexutr B npeaenax ot 0,7 go 1,0, 4yTo NMpaKTHUYeCKH IOJHOCTHIO
nepekpbiBaeT AMAaTa30H KOHLEHTPaliMd BOJHDLIX PacTBOPOB IJIMKO-
Jiell, HCNoJb3yeMblX B HPOMDBICAOBOIH U 3aBOJACKOH INpakTuke o6pa-
60TKM NPUPOJHOTO ra3a.

TensonpoBoAHOCTb BOJOMETAHOJBHOIO PacTBOPa alpOKCHMHPY-
€Tcsl BbIpaXXeHUeM:

A= (x,,, - (8,442-107 - T(T - 1000) +

+0,37757)"" + xyy - K )7 ’ (3.108)

t

Mo = 4,061 (T~ 273,15) 10 - 1,8723 (T - 273,15)° 10 +
+0,0028268 (T — 273,15) + 0,5581, , (3.109)

TAC X, ety xHZ() — COOTBETCTBEHHO MacCCOBbl€¢ KOHUEHTpAallUM METaHO-

Jla ¥ BOJBI.
Tabauupt (3.23-3.25) WJIOCTPUPYIOT NPAKTHYECKYIO [IPHEM-
JIEMOCTb TIpUBeeHHBIX Bbipaxkenudt [73, 74, 75, 76, 79, 80].

Tabauua 3.23
Bazxoctb Boaubix pacteopos [3Ta u TOTa
Temnepartypa, J9T, % Tar, %
°C 100 80 100 92,5
S - - 119,8/119,7 -
10 - 27,7/26,2 85,9,/86,1 -
20 35,7/36,0° 18,6 /17,6 48,2/48,2 -
30 24,8/24,1 11,9/12,2 29,5/29,3 22,4/22,5
40 16,6 /16,6 8,0/8,7 19,3/19,1 -
50 11,3/11,7 5,7/6,4 - 11,2/10,4
60 8,4/8,5 4,2/4,7 9,6/9,6 -
70 6,3/6,3 3,6/33 - 6,0/5,8

130



Tpodonxenue maén. 3.23

Temnepatypa, Aar, % Tor, %
°C 100 80 100 92,5
80 4,8/4,7 2,7/2,8 55/5,5 -
90 3,7/3,6 2,2/2,2 - 3,5/3,6
100 - 1,7/1,8 3,5/3,6 2,8/3,0
110 2,2/2,2 - - 2,4/2,5
120 1,8/1,8 - 2,5/2,5 2,0/2,1
130 1,5/1,4 - - -
140 1,15/1,16 - 1,8/1,8 1,4/1,3
150 - 0,8/0,7 1,4/1, -
160 1,1/0,80 - - -
* DKCHEPHMEHT / pacyer.
Tabruya 3.24
Tenaonposoanocts [I9Ta u TAla
A, 81/ (MK) A, 81/ (M:K)
Ypap, Mac. | JKcmepu- . X1o;, Mac. JKcnepu-
ot Mmenrt, 40 °C Pacuer o menT, 40 °C Pacuer
1,00 0,205 0,208 1,00 0,196 0,193
0,96 0,220 0,217 0,97 0,202 0,202
0,90 0,235 0,235 0,93 0,214 0,217
0,80 0,266 0,278 0,85 0,236 0,241
0,70 0,320 0,334 0,68 0,284 0,294
Tabruua 3.25 R
CpapHeHHe 3KCNEPHMEHTAIBHBIX H BAMHCIEHHBIX 3HAYCHHH A sy e
BOJHBIX PACTBOPOB MeTaHOJa [6]
Konnerpanus Temnepatypa, °C
BOJBI, % MOJ. 0 20 40 60
0 0,209° 0,202 0,195
0,210 0,203 0,196 0,190
20 0232 . 0,227 0,223 0.216
0,239 0,234 0,230 0,225
40 0,267 0,266 0.265 0,264
0,278 0,278 0,277 0,274
50 0.292 ° 4 0,296 0,208
0,304 0,307 0,308 0,307
60 0,324 0.330 0.334 0.340
0,334 0,343 0,347 0,348
80 0.414 0.430 0,443 0,459
0,419 0,442 0,456 0,466
90 0.479 0,502 0.523 0.544
0,480 0,513 0,537 0,552
100 0.565 ! 0,599 0,628 0,652
0,558 0,607 0,644 0,669

B uucautene — SKCMEPHNMEHT, B 3HaME€HATEJI€ — pacuer.

9*
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MoBepxXHOCTHOE HaTAXEeHue e

PaccMoTpuM MeTon pacueTa IIOBEPXHOCTHOIO Harsixke-
Hus cMecu Ha 6aze Meroga Bpoka — DBepma — Munnepa [27]. B
3TOM CJIy4ae MOBEPXHOCTHOE HATsX€HHe UYUCTOTO KOMIIOHEeHTa Ofl-
penessiercss popMyIaMu:

&
§

. !
o=p: T '.0-(1-1T)" % ; . (3.110)
rie ; \" k5 g /

Pe= 2% Pos ‘ \ AN GREED)
T.=Yx-T,; B e (3.112)
Q0=3%x-0; (3.113)
0, = 0,1207(1 + T, ln(pc,)/(1 - T—bD -0,281; T (3.114)

(3 TCI
T,=T/T, (3.115)

rae p., — KPUTHUeCKoe JaBJjleHHe i-ro KOMIIOHeHTa; 1., — KpuTuyec-
Kas TeMIlepaTypa i-To KOMNOHeHTa; 1, — HOpMaJjIbHasi TeMIlepaTypa
KHIIeHHS i-TO KOMIIOHEHTa.

Ta6auna 3.26 unnocrpupyer npHUMeHHMMOCTh MeToda IJIS pac-
YeTa N0BEePXHOCTHOTO HATSKEHUS] YUCTBIX YIJIEeBOAODPOAOB.

Tabauya 3.26
HopepxHocTHOE HaTAXXEHHe WCTHIX KOMIIOHeHTOB, H /M

KomnonenTsi Temneparypa, °C
-60 —-40 =20 0 +20 +30 Y40
C3 0.018" | 0.018
0,015 0,015
ncA 0.022 0015 | 0.013
0,022 0,015 | 0,013
nCS 0,021 { 0.015
0,021 0,015
c6 0.018 | 0017 | 0.016
p 0,018 0,017 0,016
Cc7 ¥ 0.025 {
0,024 0,020
C8 0,025
0,026 0,022
C10 0.028 0.024 0.022
0,027 0,023 0,022
c12 0.025
0,024
C18 0,027
0,024
" B umciTese — 3KCIEPHMEHT, B 3HAMEHaTeJle — pacdeT e
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TloBepXHOCTHOE HaTsKeHWe BozAbl, MeraHoja, J3Ta, TOla n
AX BOJIHBIX PAaCcTBOPOB allPOKCUMHUDPYETCS BbIpaKEHUSIMHU:

6... = 0,0226 - 0,00008 (T — 293,0); (3.116)
oo = 0,0732 ~ 0,000143 (T — 288,0); (3.117)
G = 0,04521 — 0,000088 (T ~293,0); - ‘ (3 118)
o, = 0,0474 - 0,000088 (T — 293,0); ... . = (3.119)
o=1/(2x/0), et (3.120)

rae o uaMepsietcs B H/M, T -8 K. ™

3.1.3. PACYHET PEKTUDUKALIUN «
MHOTOKOMNOHEHTHbIX CMECEN

PaccMoTpuM  airopuTM  pacuera peKTH(DHKAUHOHHOM
KOJIOHHbl B IIPEAINOJIOXKEHHH, YTO IOTOKM, MNOKUAAoliye JI00Y0
TapeJsKy, HaxoJsATCsl B TePMOJAMHAMHUYECKOM paBHOBecuH. Pacuer-
Has cXeMa TapeJKM NpeacTaBieHa Ha puc. 3.6. B coorBercTBUHM C
aTolt cxemoil ¢ n1060if TapeJKu MOTYT OTOMpaTbCcsl B KauecTBe 6o-
KOBBIX NOTOHOB 4acTb Napa aub0 ;KUIKOCTH M Ha JIOOYIO Tapeiky
MOXKET MoJaBaTbcsi CblpbeBoil morok. llonHblil Habop ypaBHeHMIT,
OTIHCHIBAIOIMX TIpollece peKTH(hUKALUHN, BKJIIOYAET:

a) ypaBHeHMe MaTepuasbHOTO 6aJjaHca

v+ =v, (A-WD+ (A=W +f; r (3.121)
L [ T

v, =V; , . Lo (3.122)
=t o Y AN s AFSERY M)

p

Xl =L; ‘ (3.123)

6) ypaBHenue (a3oBOro paBHOBECHS )
v,/V,=K,-1,/L; (3.124)
B) ypaBHeHUe TemjoBoro GaiaHca .

V)H/ + L/h/ = V/+!(1 - VV/‘;i) H L/-1(1 - ‘le—l) b+

VICH 4 I 0 + 0, v (3.125)

mei=12,....p; j=12,..n V,L, [ — Bepxnue WHIEKCHI,
XapakTepusymllye nap, KUAKOCTb U ChIPbe. .
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Puc. 3.6. PacueTHas cxeMa KOJIOHHBI

Tloacrasssa paserctBa (3.124) B ypasHenus (3.121), Mbl Mo-
XeM ToCJie/lHAe TiepenucaTb B MaTpUuHOil ¢opMe

A(x) ° Y(l) = F(,), (3126)

rae Y, — BeKTOp-cToj6ell M3 KOHLIEHTpalMil i-T0 KOMIIOHEeHTa B
mape Ha TapejKaX KOJOHHbI, F(,, — BeKTOP-CTOJ6EL] M3 MOJbHBIX
KOJIMYECTB i-TC KOMIIOHEHTa B CBIPbeBBIX NOTOKaX; A, — TpuAua-
roHajlbHasg MaTpHIa, 3JeMEHTbl KOTOPOH OIpeAEJSAIOTCS Bblpaike-
HUSAMU:

all = ‘/i + I1 / K”;

a, = -V1-W,); G : ,
a.,=-L_(1- "V,I_Q /K, 0 L -

4=V, + L /K S (3.127)
4., = —V,+1(1 - VV/‘H); A

aﬂ—l,ll = _l‘n—( * (1 - W,E')/K" "_'; o1 .iz TS N .



an, 0= ‘/n + Lﬂ /Km'
PemeHust cucTeM auHeHHbIX ypaBHeHW# (3.126) mnosBoisioT
BbIYMCIUTD GYHKUMM S

»

i
13

»
5, = > y, — 1, * (3.128)

raej =1, ... n.
Jlns 3amanHorO Tpoduis NOTOKOB V, 6ylieM pemiatb CHUCTeMY
ypaBHeHUH

3,=0; j=1,...n (3.129)

OTHOCUTEJIbHO TEMHEPATYP Ha Tape€JjKaxX KOJIOHHBI. BOCHOJIb3y€‘MCSI
METOAOM Hb}OTOHa, B COOTBETCTBUM C KOTODbIM IIpeACTaBHUM 3Ty
CUCTEMY B CJIeAYIOILEM BUIE!

_ n a&
5,(T)+ >, —L AT, =0; (3.130)
k=1 aTk
rie j = 1,2 ... n, Bextop T — npocduip Temmeparyp. Herpyamo

BUJETb, YTO 3HAUEHWS YACTHBIX NPOU3BOAHBIX ——T-’~ BBIYUCASIOTCS
k

Ha Gasze ypaBHenuit (3.126). [Ipu 3TOM BBIpaXKEHUsI NMPOU3BOAHBIX
KOHCTaHT (ha30BOrO paBHOBeCHs] 1O TeMIlepaTypaM 3aBHCAT OT
KOHKPETHOTO BHJA YPAaBHEHHs! COCTOSIHHMSI, UCIIOJb3YEMOTro /s pac-
yeTa (Ha30BOr0 paBHOBECUS.

JuHeiinas cucreMa ypashenuit (3.130) m03BOJIsieT BBIYHCIHTD
npobuab TeMreparyp Aas cieaywoumeil (g + 1) urepanun:

T 2 T9 L \AT, (3.131)

rae A — AeMIpuUPYOIUNA MHOXUTENb, 3HaueHUE KOTOPOTO JIEXKUT
Mexxay 0 u 1.

B wussoxenno#t mocienoBatesbHOCTH  ypaBHeHusa  (3.126)—
(3 131) pematotcs m0 Tex Nop, KOTAA BHIMOJHUTCA YCJIOBUE

m]ax|81| <€, (3.132)

T/le € — 3a/laHHas CTeIeHb TOYHOCTH.

W3 BbIMIEN3/105K€HHOTO HEIOCPEACTBEHHO CJeAyeT, YTO BBIYMC-
JIEHHble TeMIlepaTypbl 06ecleuyrnBalOT BBLINOJHEHWE yDaBHEHWH Ma-
TepuaiabHoro 6asaHca U (pasoBOTO PaBHOBECHUs.

Ha crenyiomem stame koppekTvpyloTcsi 3HaueHUS NPOQUIIS
noroko V. [lns sroro (BHeUIHero) MTEPATHBHOTO IMKJa MCIIOJb-
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Tabruya 3.27

Kommnonenttt | Coctas, % Ycaosus mpouecca
MOJIb.
MeraH 11,161 Hasaenne 23,1 ata
JTtaH 13,740 Pacxon coippst 1000 kMos1B /4
IIponan 15,987 Pacxoa xoJaoasoro opowenns 320 kMob /4
n-Bytan 16,426 Temnepatypa coipba 63 °C !
n-Iledtan 9,308 Temuneparypa xomoanoro opowenns 11,8 °C
Dp. Cq, 33,378 Yiucno Teoperndeckux rapesiok 15

3y10TCS ypaBHeHMs! TerioBoro 6ajiaHca (3.129). Ha 6ase meroga
MPOCTBIX HUTEpPAlUi HMeeM

‘/j(m+1) - (V(m)(1 _ VV )HI+1 + L(_,'ﬁ(1 _ “/Jl_i) . hj_t +

1+ J+t

* B

[SE RN S N T

T 3.133)

Ty

f ! ! / (m)
+V/-H +L -y +Q —-L" -h)/H,

rae m — TeKYyWMil HOMep WTepallid BO BHELIHEM HMTEPaTHBHOM
LUKJIe.

Hosbiit npoduib NOTOKOB I103BOJISIET BEPHYTbCA K HayaJbHOMY
STally ajropurMa. B Takoii mocjieqoBaTe/bHOCTH pacieT IMpPOAoJ-
JKaeTcsl 10 TeX Top, TNoKa ypaBHeHHS TersoBoro OajaHca O6yayt
BBITIOJIHATbCS ¢ Tpe6yeMOH CTeNeHbIO TOYHOCTH.

PaccMoTpeHHBBIN  aNrOpUTM AOMYycKaeT o6o6UleHHe Ha cJy4dait
pacyera peKTUUKAUMM ¢ ABYMSI XKUAKMMU dasaMH: YIJIEBOAODOA-
HOi U BoAHOHW. Takasi 3ajlaya BO3HMKAET, B YaCTHOCTH, IpU pacue-
Te TIpoliecca CTabMJIM3alMu HecTabUIbHOrO KOHJeHcaTa, IMOCTyIa-
IOIETO C IIPOMBICJIOBBIX YCTAHOBOK M COJIEpXKAllleTO MEeTaHOJbHYIO
Boly. B pesysibrate B OT[eNbHBIX 30HaX KOJIOHHbl MOTYT peasii3o-
BBIBaTbCSl yCJOBUS 0Opa3oBaHUs ABYX XUAkUX ¢a3. Baxkno ymerb
MpPeACKA3bIBAaTh PACIOIOXKeHHe 3THX 30H, YTOOBI MocpencTBOM 60-
KOBBIX OTOOpPOB OCYIHECTBJISATH Haubojiee TOJHBIA BBIBOA BObI.
KpoMe T1oro, pacuer xosioHHbI 6e3 yueTa BOJbl MOXKET IPUBECTH K
3HAYUTEIbHBIM OWMGKAM B OHEHKe TeMIepaTypHOro Npoduias u
Harpy3KU Ha neyb. B kauecTBe WJLIIOCTPAllUM DacCMOTPUM pacueT
mpollecca Ae3TaHW3alUK HeCcTa6WJIbHOTO KOHAEHCara Ha Y peHroii-
CKOM Ta30KOHJEHCATHOM MeCcTOpOXKAeHHM. VcxonmHble AaHHble MJsT
pacueTa npuBefeHbl B Taba. 3.27.

Pacuerbl Ha pa3/iMyHOe coJep)KaHHe BOABI B HeCTaOUJIbHOM
konziencare (0; 0,5; 1 ¥ 2 % MoJIb.) BBISIBUIM CYUIECTBEHHOE BJIU-
sIHYME COJleP>KaHus BoJbl Ha TeMIlepaTypy B Ky6e Je3TaHH3aTopa U
Harpy3Ky Ha Meyb:

ConepaHnue BOAB B Cbipbe, % MoJb 0 0,5 1,0 2,0
Temnepatypa Ky6a, °C.........c.cooiiiiiinnennt. 156 151 146 137
Harpyaka Ha neusb, MaH. KJDK/9.............o 22,0 20,5 19,5 17,8
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3.1.4. MOOEJIUPYIOLWLUE NPOIrPAMMBI v

Paspa6oTka cOBpeMeHHBIX TEXHOJOTHYECKUX MpOIeCCOB
riepepPabOTKU NPHUPOAHOTO YTJIEBOJOPOAHOLO ChIPbs W ONTMMAJbHAA
SKCILJyaTalusi JedCTBYIOIMX IPOM3BOJACTB HEBO3MOXKHa 6e3 INpHU-
MeHeHHSI MOJIeJIMPYIOLIUX MPOrpaMM, MMEIOIMX BBICOKYIO TOYHOCTb
ONMCAHUSI TapaMeTPOB TeXHOJOIMUYECKUX IIPOLECcCOB U MO3BOJSIO-
mux O6e3 3HAUMTEJbHBIX MarepUasJbHBIX M BpeMeHHBbIX 3aTpar
NPOU3BOAMUTL HUCCIeNOBaHMA 3THX IHpolleccoB. Taxkue MonesbHbie
MCCIeIOBaHMST MMEIOT OTPOMHOE 3HaueHHe He TOJbKO [JIS TpoeK-
TUPOBAaHMS, HO AJS1 (YHKUMOHMPOBAHUS CYUIECTBYIOUIMX TPOU3-
BOJCTB, Tak KakK II03BOJISIET y4ecTb BJIMsiHME BHEIWHHX (aKToOpoOB
(M3MeHeHHMe coOCTaBa CbIpbsl, U3MeHeHHe TpeGOBaHMH K KOHEUHbIM
1 MPOMEXYTOUHBIM NIPOAYKTaM M T.[.) Ha MOKa3aTeJu JeWCTBYIO-
LMX TPOM3BOJCTB. B HacTosllee BpeMsi MHXeHEPaM-TEXHOJOTaM
JOCTYTIHO GOJbLIOE YHCJIO NPOTPAMMHBIX CPEJCTB MO/IeMPOBAaHUS
KMMHKO-TEXHOJIOTUYECKUX TIPOLIECCOB. IDTHU CPecTBA B OCHOBHOM
paspabotannl ¢upmamu CHIA n Kanaapor. o onenxam “Chempu-
ters”, pBIHOK NMPOrpaMMHBIX CPEACTB [IJIst MOJEJHPOBaHUS XHUMHKO-
TEXHOJIOTHYECKHMX IIPOLECCOB M WHXXEHEPHDbIX pacueToB, BKJIIOYAs
NporpaMMbl [/ TPDEHUPOBKH TMepcoHajla M CpeIcTBa aBTOMAaTH3a-
UM TPOM3BOJICTB, COCTaBJAsIeT B HacTosiluee BpeMsi 487 MJuH. 0.,
a B 2001 r. mocTUrHeT MJIpA. A0J. PBIHOK COGCTBEHHO IPOTpaMM
MO/leJIMPOBaHMST XMMUKO-TEXHOJIOTHYeCKNX 1pouneccoB B 1996 1.
coctaBasin 150 MJH. A071. ¥ B TekyiieM roxy Boipoc Ha 10,9 %. B
HacTosiliee BpeMsl OJHO pafouee MeCTO MHXKeHepa-TeXHoJora uiu
paspa6oTuyrka, 00OPYAOBaHHOE CIICLMAJbHbBIMH CPEACTBAMU MOJe-
JmpoBaHusi, ob6xoautrca B CHIA B cpeasem B 20 000 Thic. moi. B
rof.
B naHHOM pasfesie paccMaTpUBAIOTCSI OCHOBHBIE TPUHIMIIBI MO-
NeMpPOBaHUS, 3aJ0KeHHbIe B 3TH CHUCTEMBbl U MX OCHOBHbIE Xapak-
TEPUCTUKH, I[03BOJIIONIME OLEHUTb NPUIOAHOCTb PA3JUUYHBIX HH-
CTPYMEHTOB [JISI PellleHHsl IIMPOKOrO Kpyra 3a/ad, BCTAlOLIUX Ile-
pell MHXeHepHbIM II€PCOHAAOM Ta3oBoil M He(pTAHON IIPOMbILLIEH-
HOCTH.

B ocHoBy Bcex cpeacTB MOJeNVPOBaHUS 3aJ0XKeHbl oObliue
TMPUHUUIbLI DAcYeTOB MaTepUasbHO-TEINJIOBBIX 6GajJiaHCOB XUMHYEC-
KHX Tpou3BoACTB (T.e. TPOU3BOACTB, CBA3AHHBIX C M3MEHEHHEM
arperaTHOr0 COCTOSIHMSI, KOMIIOHEHTHOIO M XMMHUYECKOTO COCTaBa
MaTepUasbHBIX M0TOKOB). Kak mpaBuso, Jo6oe NMPOM3BOACTBO CO-
crout M3 craanit (a/1eMEHTOB), Ha KaX[IOH U3 KOTOPBIX IIPOM3BO-
IUTCs olpejejieHHOE BO3AEHCTBHE Ha MaTepHasibHbie TIOTOKU W
npeBpaienue sHepruu. llocieqoBaresibHOCTh craguit OOBIYHO OITH-
CBIBAETCS C IOMOLIbIO TEXHOJOTHYECKOR CXeMbl, KaXAbIH 3JeMeHT
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KOTOPO# COOTBETCTBYET OIlpeNeIEeHHOMY TEXHOJOTHUECKOMY TIIpO-
ueccy (MM rpynme coBMeCTHO mMpoTekamomux Ipouecco). Coenu-
HEHHUsS] MEX/Y 3JieMEeHTaMH TeXHOJIOTUYECKOH CXeMbl COOTBETCTBY-
0T MaTepUajbHbIM M 3HEPreTHueckKUM TMOTOKaM, NPOTEKAINUM B
cucteMe. B 1iesoM MozelMpoBaHHe TeXHOJOTMYECKOH CXeMbl OCHO-
BaHO Ha NpUMeHeHUM OOLIUX TNPUHUHUMOB TEPMOAMHAMHKU K OT-
JeTbHBIM 3JIEMEHTaM CXeMbl U K CHUCTEME B LIEJIOM.

Jliobasi cucteMa MOJeMPOBaHUS BKJIOYaeT Habop CJedyIoNnX
OCHOBHDBIX TIOICHCTEM, O6ECTIEUHBAIOIINX pellleHHe 3aJaud MoJesy-
POBaHHs XMMUKO-TEXHOJOTHYECKHX TPOLECCOB:

Ha60p TepMOAVHAMHYECKUX [[aHHBIX MO YHUCTBIM KOMIIOHEHTaM
(6asa MaHHBIX) W CPEACTBa, IMO3BOJSIIOLIME BbIGMpaTb OINpPee]eH-
Hble KOMIIOHEHTbI [Jil OIMCAHMS KavyeCTBEHHOro cocTaBa pabounx
CMecCeid;

CpeJiCTBa NpelNCTaBJIEHUSI CBOUCTB IIPHPOAHBIX VIJEBOILOPOIHBIX
cMecell, I'IaBHDIM 06pa3oM — Hedreill U ra30KOHAEHCATOB, B BHE,
IpUeMJIeMOM IS OIMCAHUSl KaueCTBEHHOTO COCTaBa pabouux cMme-
ceil, MO MAHHBIM Ja6GOPATOPHOTO AHAIM3A;

pasIMyHble MeTObl pacyeTa TePMOAUHAMMUYECKUX CBOIICTB, Ta-
KMX Kak Koadduuuenta (a3oBoro paBHOBeCHs, HTAJbITUM, IHT-
ponyM, NJIOTHOCTH, PAacTBOPUMOCTM Ta30B M TBEP/AbIX BelLeCTB B
KUIKOCTSIX M (PYTUTHBHOCTY TapoB;

Habop MofeJell IS pacueTa OT/AEJbHBIX 3JeMEHTOB TEXHOJO-
TUYECKUX CXEM — TIPOIIECCOB;

cpeAcrBa A5l (pOPMUPOBAHMS TEXHOJOTMYECKHX CXeM U3 OT-
JIeJIbHBIX 3JIEMEHTOB;

Cpe/icTBa AJIS pacueTa TEXHOJIOTHYECKMX CX€eM, COCTOSIIUX U3
6oJblloro uMcJa 3JEMEHTOB, ONpeJeJeHHbIM O6pa3oM COeIHMHEH-
HBIX MeXIy c060ii.

TepMmoavHaMU4YeCcKue faHHble
NO YUCTbIM KOMMNOHEHTaM

ITH JaHHble HeOOXOAUMBI /1T pacueTa TepMOMHAMUYe-

CKMX CBOHCTB, TakMX Kak Koap¢uuuenta ¢da3oBoro paBHOBecHS,
SHTAJIbIINH, SHTPOIMM, IJIOTHOCTH, PACTBOPHUMOCTH Ta30B U TBeEp-
JIbIX BEHIECTB B JKMIKOCTSIX M (QYTUTHUBHOCTH napoB. OHH BKJIO-
YaIoT:

KPUTUYECKHe NapaMeTpbl U (HaKTOp aAlleHTPUYHOCTH;

MOJIEKYJISIDHAsI Macca;

MJIOTHOCTb B TOUKe KUIEHUS WIN IIPU CTAaHAAPTHBIX YCJOBHSIX;

TeMIlepaTypa KUIeHHUs] npy aTMochepHOM AaBJIeHUH;

KOHCTaHTBI [Js1 pacyeTa WAeaJbHO-Ta30BOIl  TETJIOEMKOCTH
WUJIY M/leaIbHO-Ta30BOH BHTANbIINMU, dHepruu Iub6ca, Tenaor obpa-
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Menu Name C1

Print Name Methane

Component Number 1
Component Type BC

UNIFAC : <<< no structure available >>>

Formula : CH4

Std HYSIM

111.63 Kelvin
Liquid Density 299.39 Kg/m3
Molecular Weight 16.04

Boiling Point

Critical Temp. 190.70 Kelvin

Critical Press. 46.41 Bar
Critical Volume 0.0990 M3/kgmol
Acentric Factor 0.0115
Acentric Wark 0.0074

Charact. Volume 0.0994 M3/kgmol
Dipole Moment 0.0 Debye

Vapour Pressure [press(Kpa), temp (K)]
ANTA  3.1350E+01 ANTD -3.2613E+00
ANTB -1.3075E+03  ANTE 2.9418E-05
ANTC 0.0000E+00 ANTF  2.0000E+00
TMIN 81.00 Ke TMAX 190.40 Ke
Viscosity Theta A ~0.0020
Viscosity Theta B 0.0255

Ideal Enthalpy Coefficients

(KJ/kg at 0 K, ideal gas)
Hideal = ~-1.29800E+01
+ 2.36459E+00 T
+ -2.13247E-03 * T+2
+ 5.66180E-06 * T~3
+ -3.72476E-09 T 4
+ 8.60896E-13 * T5
Entropy Coeff 1.00000E+00
Cavett Parameter 0.2937

Ideal Gas Gibbs Free Energy

Gibbs = -7.5261E+04
+ 7.5925E+01 * T
+ 1.8699E~02 * T+2

]
t

Heat of Form ~-7.4900E+04 KJ/kgmol|
Heat of Comb -8.0270E+05 KJ/kgmol)

Radius of Gyration

1.12 Ang

’

Puc. 3.7. [laHHble N0 TepMOAUHAMM-

YECKHM CBOHCTBaM YHCTOTO KOMIIO-

Henra 8 HYSIM
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30BAHUSI U CTOPAHUSI, BS3KOCTH, TMOBEPXHOCTHOrO HATSKEHWS, H
T.II.

Hanpumep, B cucreme Mmopeauposanuss “HYSIM” panuble 1o
TEePMOAMHAMUAUECKUM CBOMCTBAM YMCTOr0 KoMIoHeHTa (B JaHHOM
cllyuae — MeTaHa) BBINVISJAT Tak, Kak v3o6paskeHo Ha puc 3.7.

OG6bluyHO MOJENUPYIONIME CUCTEMbl MMEWT BCTPOEHHBble 6a3bl
[AHHBIX CBOMCTB UUCTBIX KOMIIOHEHTOB. UMC/I0 YMCTBIX KOMIIOHEH-
TOB 06bI'HO npeBbllaer 1000, uTo /laeT BO3MOXKHOCTb HCIT0JIb30-
BaTb IpOrpaMMy IpPaKTHUeCKH 15 JoObiX cayuaeB. Ha mnpakTuke
Mpy pellleHHH 3aJad, XapakTepHbIX [JIs Ta30Bod W HedTsHO
MPOMBILILIEHHOCTH, UCIIOJIb3YI0TCs He Gosee S0 KOMITOHEHTOB.

CpeacrtBa npeacraBnieHUs U aHanu3a CBOMCTB
HedTelh n ra3zoBblX KOHOEHCATOB

OTU cpeacTBa HeoOXOAUMbBI, UTOGBI Ha OCHOBE JaHHBIX
Ja6opaTOPHBIX HCCAeOBAHUM CBOUCTB HedTell, Ta30KOHIEHCATOB
U HeTeNpoAYyKTOB TMOJYUUTb HeoOXOAUMble AaHHBIE [JIs aJleKBarT-
HOT'O Tpe/JCTaBJeHus] 3TUX cMeceli B Mozenupylomedl cucreme. Ilo-
TOKM YIJI€BOIOPOJOB MOTYT GbITh ornpegejaeHbl (3afiahbl) C IIOMO-
bI0 J1aGOpPATOPHBIX JaHHBIX pa3roHKU. OG6BIYHO 3TH JaHHBIE CO-
CTOSAIT M3 co6cTBeHHO JaHHbIX pasronkd (MTK, ASTM D86,
ASTM D1160 uau ASTM D2887), naHHBIX MO YAEJbHOMY BeCy
(cpentuit yaenbHbI Bec W, BO3MOXKHO, KpUBasi YAeJbHOTO Beca) |,
MOXKeT ObITb, JaHHBIX 110 MOJIEKYJIIPDHOMY BeCy, COAeD>XaHUIO Jier-
KHX KOMIIOHEHTOB, a TaKXKe JaHHBIX II0 CHelHaJbHbIM TOBAPHBIM
CBOMCTBAM, TaKUM Kak TeMIlepaTypa 3acTblBaHWsI U CO/lepXXaHue
cepbl. JTa MHOOPMAIUMSA UCIONb3yeTcs /A reHepauuu Habopa
JWUCKPETHBIX IICEBJOKOMIIOHEHTOB, KOTODble TIOTOM IIPUMEHSIOTCS
JUIS [IpeJCTaBieHUs] COCTaBa KaX/oro IMOTOKa, XapaKTepu3yeMoro
KpPHBOW Pa3TOHKH.

© o MeTtoab! pacuera
TepMoguHaMM4YEeCKUX CBOMCTB .

O6bIYHO MOJENUPYIONIasi CUCTEMA BKJIIOYAET Pa3jIUYHbIE
METOJbl pacueTa TepMOAWHAMHYECKUX CBOHCTB, TaKMX Kak Ko3g-
dunmenTa (HasoBOro paBHOBECHS, SHTANBIINH, IHTPONHH, ILJIOTHO-
CTH, PAcTBOPMMOCTH ra30B W TBEPABIX BELIECTB B JXUAKOCTSIX U
(pyrutuBHOCTH MapoB. /laHHble MeTOAbl BKJ/IOYAlOT B Ce6s:
0606LIeHHbIE KOPPEJSILUY, TaKHe Kak Meroj pacuera koaddu-
uueHToB (azoBoro paBHoBecusi Yao — Cugepa u Meron pacyeTa
TJIOTHOCTH Xuaxkoctn API;
VpaBHEHHS] COCTOSIHUS, TaKue Kak Meroj pacueta CoaBa —
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Penymxa — KBoHra nis xosdduunenta ¢dasoBoro paBHOBecus,
3HTaJbIMI, 3HTPOMHIA W MJIOTHOCTEH;

MeToAbl K03(h(PHLMEHTOB aKTUBHOCTH >XHUAKOCTH, TaKHe Kak Me-
ton NRTL (Non-Random Two-Liquid — HecaydaiiHoe ABY>XHIKO-
cTHOE) M1l pacueTa Koa(duinenta (pazoBoro paBHOBECHS,;

MeToAbl (PYTMTUBHOCTH NapoB, TakWe Kak MeTon XaHgeHa -—
O’KoHHena 47151 JUMepPU3YIOUINXCSl BELIECTB;

crelUajJbHble MeTOMbl pacueTa CBOHCTB creludUUecKUX cHCTeM
KOMIIOHEHTOB, TaKHX KaK CIMPTbI, aMHHbl, IJIMKOJIH W CHCTEMbI
KMCJIOH BOZDI.

DonbUIMHCTBO M3 3TUX METONOB MOJPOGHO OMKUCAHBI B MOHOTpa-
¢duu [58]. Hanbosee yacto A5t MOAeNIMPOBaHUS MPOLECCOB 06pa-
60TKH TIPHPOAHOTO Ta3za M HedTH HCIOJAb3YIOTCSI YpaBHEHUS CO-
crosiHusa Ilednra — Po6uncoHa [56] m Coasa — Pemnmxa — Ksoura
[61] 1 ux Mopuduxauuu. Bonpochl mpuUMeHeHUS 3TUX YpaBHEHHI
COCTOSIHUSI MPH MOAENUPOBAHHH TEPMOAMHAMMYECKHX CBOHCTB ra-
30KOHIEHCATHBIX (PNIOUJOB OUeHb NMOAPOGHO ONUCAHBI B MOHOIPa-
dun [8]. DT MeTOABI MO3BOJSIOT peHIMTh GOJIBILIYI0 YacTb TEXHO-
JIOTUYECKUX 11po6JieM, BO3HUKAOUIUX TIPH MOJENHUPOBAHUMM 333y
rasonepepaboTKH. -

CpeacteBa MmoaenmpoBaHnus NPoLEeccoB

Kak mpaBusio, oT cocTtaBa CpeAcTB MOJEIMPOBAHHS OT-
JeJbHBIX TIPOLECCOB 3aBUCAT (PYHKIMOHAJbHbBIE BO3MOXKHOCTH BCei
Mozteupyloleit cucteMbl. Kak NMpaBWjio, Bce MOAEJUDPYIOLIME CHUC-
TeMbl BKJIIOYAIOT CPECTBA I MOJAEJUPOBAHUSA CJefyioiero Habo-
pa TIpOLeCcCOoB:

cemapalus ra3a ¥ XUAKOCTH (2-X HecMElUMBAIOUIUXCH KUIKO-
creit);

OJIHOKPaTHOE MCIapeH’e U KOHAEHCALMS;

ApOCceSHpPOBaHUE;

aznabaTUyecKoe CXKatve W PacUIMpPeHHE B KOMIIPECCOpax M Jle-
TaHzepax; ‘

TeIJI006MeH BYX NOTOKOB;

Harpes WM OXJak[eHue IOTOKa; :

BeTBJIEHHE U CMEIIeHUEe TI0TOKOB;

Hpouecchl peKTHOUKAUUK € BO3MOXKHOCTHIO NOJAYM M oT6opa
60KOBBIX MaTepHaJbHBIX U TEILIOBBIX TOTOKOB, OCYIIECTBJIeMble B
a6cop6epax, KOHAEHCAMOHHBIX (YKpeIISOUKX) KOJOHHAX, OTrap-
HbIX (MCuepnbIBAIOLIMX) KOJIOHHAX, AMCTU/ISLUMOHHBIX KOJOHHAX.

Bce nporpammbl 103BOJISIOT MOAEIMPOBATh CJIOXKHbIE JAUCTHJI-
JISIUMOHHbIE CHCTEMBI CO CTDHUIIIIMHTaMH, GOKOBBIMM OpPOILEHHSIMH,
HojorpesaTeissMi M T.JI., T.e. PellaTh Hanbosiee CJOXHbBIE 3ajayuu
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nepBUYHOM MNepepaborky HedTH. BospliMHCTBO 3ajay AMCTHILIA-
UMM [IPUMEHUTEJNbHO K TIpolleccaM MNepepaGOTKU MPHPOAHOTO rasa
U KOHJEHCaTa, UMeLIMMCS Ha [eHCTBYIOLMX NPOU3BOACTBAX, €
MOMOLIBI0 paccMaTPUBaeMbIX MaKeTOB PELIAIOTCS YCHElIHO M C Bbl-
COKOH CKODPOCTDIO.

Takoro na6opa MpoUECCOB JOCTATOYHO [JiSl MOJIEJIMPOBAHUS OC-
HOBHOI'O KpyTa 3ajla¥ rasonepepaotku. CHcTeMbl MOJeNHPOBaHUSA
MOTYT COAepXKaTh TaKXe CPeACTBa /LISl MOJeJMpPOBaHuUs MpOLlecCoB,
paclIupPSIIONINX cdhepy UX HCIOAb30BaHUA HA XUMUYECKVIO U Hed-
TEXVMUYECKYI0 NPOMDIILIEHHOCTD!

Ten/I006MEeH B MHOTOIMOTOYHbBIX TEIJI00OMEHHUKAX

XMMHUYECKHE TIpollecchl B peaktopax (B TOM uMcC/Ie CTEXMOMET-
pUUecKUil, ¢ MUHUMU3anuelt sHepruu ['u66ca, paBHOBECHBIH, TOJ-
HOTO BBITECHEHUS] U CMelleHus);

pouecchl B 3KCTPAKTOPAX JKUIKOCTb — KUAKOCTD;

npoleccol ¢ TBepAoi (azoit (KpUCTalIM3aTOPBI, LEHTPUGYTH,
GUABTPDL, CYWWIKU U T.K.).

YacTo B MOZEJUPYIOHIUX CUCTEMaX HMETCS CpeacTsBa s Ha-
MMCAHUSL HECJOXHBIX MNpOTpaMM Mg Mojelieil NOoNb30BATENSIMU,
IIpu aroM ucnonb3yeTcsd AOCTATOYHO MPOCTOH MaKpPOS3bIK.

noc7poe|-me TexXHONnornyecKkux cxem
U3 OTAEJILbHbLIX 3JIEMEeHTOB

ITo crioco6y nmocTpoeHust TEXHOMOTUYECKUX CXEeM U3 OT-
ZeJbHBIX 2JIEMEHTOB MOJEIHpYIOHe IMpOrpaMMbpl MOXHO Dpasje-
AATb HA CUCTEMbI C BU3YaAlbHBIM WHTepdeilcoM UM cucTeMbl ¢ Tab-
JUYHbIM KozupoBaHueM. [leppple 1o3Bossiior GOPMHPOBATL CXEMBI
HETIOCPe/ICTBEHHO Ha 3KpaHe KOMObIOTepa, BHIOMpPast aNeMEHTHl U3
CHHCKa U COeIUHsSs UX B onpefeneHHom mnopsake (puc. 3.8). Ta6-
JAUUHOe KOAUPOBAaHUE NpEefAyCMATpPUBaET [OCAeAOBATENbHBIN BHIGOD
3J1eMEHTOB M Ha3HayeHHe BXOJHBIM M BBIXOJHBIM IIOTOKaM a/ipecoB
13 O6LIEro CIUCKA IIOTOKOB MofenupyeMoil cxembi. EcrecTBenHo,
nepBHli crioco6 Haubosiee yaobeH. M B nepBoM, ¥ BO BTOPOM CJY-
yae uHTepdelic noab3oBaTens BO BCeX TNakeraX nospossieT pabo-
TaTb ¢ rpacdoM IOTOKOB M arperaTtoB MOCPeACTBOM O6palleHHs |
PeJaKTHPOBaHMS cIeliMajbHON Tabnulml, cojepkauief 3aJaHHbie
NoJib3oBaTesneM ajdaBUTHO-HH(POBble HIEHTH(HUKATOPBI IIOTOKOB
u uX xapakrepuctuku (puc. 3.9).

PacyeT TexHONOrM4eckKnx cxem

Jobas 3apaua Moje/MpoBaHMS! 9KBUBaJeHTHa G6OJbLIOH
cucTeMe HeJMHeHHbIX OJHOBPEMEHHO pellaeMblX ypaBHeHui. JTa
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cicreMa BKJIOYAeT pacdeT BCeX HEOOXOAMMBIX TepMOAMHAMHUYeC-
KUX CBOWMCTB /15 BCEX INOTOKOB, PAacXolOB U COCTABOB € HpHUMeHe-
HueM BBIODaHHBIX MoOJeJell pacueTa CBOHCTB M IpoleccoB. B
pUHLMIE, BO3MOXHO DellieHHe BCeX 3TUX YPaBHEHWH OIHOBpe-
MeHHO, HO B MOJEIMPYIOIUX CHCTeMaX OObIYHO HCTOJIb3yeTcs IApY-
roil MOAXOM: KaXK/Ibiii 3JIEMEHT CXeMbl pellaeTcsi ¢ [pUMeHeHHeM
navi6osiee 3PEeKTUBHBIX AJTOPUTMOB, Pa3paGOTAHHBIX AJS KaXKI0-
ro cayyas. IIpu pacuere cuCTeMBl B3aUMOCBSI3aHHBIX allaparoB
[I0CJEe/IOBATEIbHOCTD PACUYeTa 3JIEMEHTOB OIpPEesieTCs] aBTOMAaTH-
yeckd (MM MOXeT ObITb 3ajlaHa MoJib3oBaTesieM). Ilpu Haauuun
PELMKJIOB CO3/laeTCsl UTePallMOHHAsA CXeMa, B KOTODOH DelMKJIOBble
MOTOKH DaspblBAIOTCS U cO3/aeTcs TMOCJAeOBATENbHOCTb CXOAS-
IIUXCH OLIEHOYHbIX 3HA4YeHWH. DTH 3HAUEHHUS TMOJIYYAITCS 3aMe-
[[eHWEM BEJVUUH, DACCUMTAHHBIX IIPH I[IPeAbIAYIIEM IIpocyeTe
cxembl (Meton Ilpocroro 3aMelleHus) WM IyTeM NPHUMeHEHHUS
crenuaJbHbIX METOLOB YCKODEHHs! pacyeTa peliukyioB — Berurreii-
na (Wegstein) u Bpoiizena (Broyden).

AvwHaMmuyeckoe mopnennposaHue

B03MOXKHOCTD IIPOBOJUTb pACYETBI B JHHAMHYECKOM
pexxuMe IO3BOJISIET ropasfo JAydlle TOHSTh CYLIHOCTb MOJejHpye-
MbIX fpoueccoB. MOKHO co6paTh U UCIBITATD CXEMY pery/HpoBa-
HMSI, UCCJIENOBATh IIYCKOBble PEXHMBI, MOJYUYUTH TNPEACTABIECHAE O
peajbHO paboTalolleM Ipollecce U NOBeJeHHM oGbeKra B HelTaT-
HBIX CHUTyallUsIX, O BJIMSIHUM M3MeHeHUs pabourXx IapaMerpoB Ha
Ka4yeCTBO MPOAYKTOB.

KoHcTpyKkuus annapatos

MHorue MozeaupymoLie NporpaMMbl MO3BOJAIOT IIOCJIE
BBIMOJHEHUS CTaZAWU pacyeTa TEXHOJOTMYECKON CXeMbl MJH OT-
AeJbHOTO amnrapaTa BbIIOJHATh pacyerbl TUADABJIUYECKUX U OC-
HOBHBIX KOHCTPYKTHBHBIX XapaKTEPUCTHK cCelapalloHHOro 060py-
NOBaHUsI, eMKOCTeH, TeIIoOOMEHHON armnapatypbl, TapeibuaTblXx H
HacaJloYHbIX peKTH(MOUKAUMOHHBIX KOJOHH, a TaKye BbINOJIHSATD
OlIEHKY CTOMMOCTH H3TOTOBJIEHHS KaX[OTO amlmapara. JT0 OuYeHb
BaXKHO [IJ1S1 BBINIOJHEHUS CTa/MU KaK JUIS TPOEKTHBIX paboT, Tak U
IPeANpPOEKTHBIX HCCAENOBAHUN, TaK KaK MO3BOJISET ONTHMH3UPO-
BaTb KallUTaJOEMKOCTh Pa3pabaTbiBaeMOH TEXHOJIOTHY.

Cuctembl MOgENUPOBAHUSA

B Hacrosuiee BpeMsl JUAMpYIOLIME TIO3MIMM Ha AMEpH-
KaHCKoM pbiHKe (a AMEpPUKAHCKHi PHIHOK MPOrPaMMHBIX I1POAYKTOB
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HauGoJjiee Pa3BUT) 3aHUMAIOT NPOAYKTHI TpeX Komnauuik — Simula-
tion Sciences (SimSci), Aspen Technologies u Hyprotech.

Hysys n Hysim. IIpoxgykrsr kaHaackoit komrnaHuu Hyprotech
Ltd. Hysim siBasiercst mpoaykrom st miaargopmsr PC,/DOS. os-
BOJISIET BBITOJHSATb CTaTUYeCKOEe MOJEJHPOBaHME TIPaKTUYECKU
BCEX OCHOBHBIX MPOLIECCOB rasornepepaGoTky, HedTenepepaboTku
u Hedprexumun. OcoO6blil akUeHT caejaH Ha pa6oTy ¢ YpaBHeHUEM
cocrosiHust 1lenra — PobuHcona. Hlporpamma mMeeT paciuupeHHbIN
Habop Moaudukalmit ypaBHeHus cocTosiHust Ilenra — Pob6uncona,
BKJIIOUYAIOIUX paboTy ¢ HECUMMETPUYHBIMU KoabdulveHTaMH 6u-
HAapHOTO B3aUMOJIEHCTBUSL W PA3JMUHbIMU TIPABUJIAMH CMEUIEHUS,
Mogudukanuy 1si paboTel ¢ BoAoOM, TIHKOJSIMHA U aMuHaMu. Ilaker
nMeeT OpPUTHMHAJbHLINA, BecbMa COBEpLIEHHbIH aJTOPUTM pacueTa
PEKTHGHUKALMOHHBIX KOJIOHH, MPaKTHYECKH He MMEEeT OrPAHUYEHHH
B OTHOWIEHMM Habopa 3aZlaBaeMblX CHenM(pUKALUMNA M CJIOKHOCTH
koJioHHbI. [Iporpamma umeer TaGMUUHBI BBOA /QHHBLIX, 110 KOTOPO-
My 3aTeM cTpoutca u3obpaxeHue cxembl B ¢opmare AUTOCAD.
Honoanurtensubiii naker Hyprop nossosser addextuBno o06paba-
THIBATb IKCHEPUMEHTATbHbIE [AaHHbIE IO CBOMCTBAaM YMCTBIX KOM-
TIOHEHTOB ¥ 3aTeM MCIOJIb30BaTh ITOJYUYEHHblE KOPPEJSIIMM B pac-
yerax. B 1996 r. dupma npexacrasuia Hosyio nporpammy — Hysys,
pa3paboTaHHYI0 CHEIMa bHO Ui 32 DaspsaHbIX  I1aThopM
PC/Windows. B nacTosiiliee BpeMsi BBIILZIa BTOpas BEpPCUA TIpO-
rpammbl. [IporpamMma, Hapsily ¢ BO3MOKHOCTBIO CTAaTHUYECKOTO Moe-
JIMPOBaHUSI TEXHOJOTHUECKUX CXeM, II03BOJISIET B TOH e cpene
MPOU3BOAUTD [UHAMUUECKOE MOJENHMPOBAaHHE OTHENbHBIX Mpolec-
COB ¥ Bcell TEXHONOTHUECKON LENOYKH, a Takke pa3pabarblBaTb U
OTJaXMBaTb CXeMbl PeTYJMpOBaHWs TipoueccoB. VMeeTcsi Bo3MoOx-
HOCTb BBIMOJIHSTD pacueTbl OCHOBHBIX KOHCTPYKTHMBHBIX XapakTe-
PHCTHK celapalliOHHOTO 060py/OBaHUS, eMKOCTEH, Ter1006MeHHOH
anmnaparypbl, TapenbyaTblX U HACAJOYHBIX PEKTH(PUKALHOHHBIX
KOJIOHH ¥ OLEHKY CTOMMOCTH obopyaoBanmsi. IIporpamma umeer
pa3BuTbiil Trpadudecknit MHTepdeiic, NOALepXKUBaeT TEXHOJOTHIO
OLE-2 1 xopoumo MHTerpupoBaHa ¢ OQHUCHBIMM TIPHUAOKEHHSIMH
Microsoft. Iloapobnyo nHGpOpMalUIO IO 3TUM MIPOAYKTaM MOXHO
noayunTb no Internet Ha caliTe KoMmaHuM TO  agpecy:
http: / /www . hyprotech.com.

Aspen Plus u Speed UP. Tpoayxrsi ameprkaHCKOW KOMIaHuH
Aspen Technologies Inc. 9ti cucremsl 1mmpoxo usBecthbl B CIIIA,
B TOM YHUCJe CPEAH CTYIEHTOB XUMHKO-TEXHOJOTMUECKHUX CIIelu-
ajbHOCTe#i. IJTH makerbl paspaboranbl aiasi Unix-rmuatrdopm DEC-
alpha u Solaris. dBasisicb TakuM 06pa3oM, BBICOKOIIPOHU3BOAUTEb-
HbIMM TIPMJIOJKEHUSIMM /Ui PabOuMX CTaHIM, TPOAYKTHI MaJsiOH3-
BecTHbl B Poccuu. Aspen Plus — cucrema st cTaTHYecKOro Mo-
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[€JMPOBAHUA TIPOLECCOB, OCHOBaHHBIX Ha XHMHMYECKOM M (ha30BOM
[ipeBpallleH!n; 1Meer UIMPOKHII HA6op ajTrOpUTMOB, KOTOPbIH MoO-
¢TOSIHHO pacliupsieTcst, 6Jarofapsi ToMy, uto Aspen Plus siBasiercs
cHCTEMOI € OTKpBITBIMU cTaHjapTaMu. CucTeMa vMeeT pa3BUTBIN
rpacuuecknit uHTepdeiic. ViMeeTcss BO3MOXHOCTD BBIUOJIHATH Pac-
yeTbl OCHOBHDIX KOHCTPYKTHBHBIX XapaKTepPUCTHUK M OLIEHKY CTOM-
moctu obopyrosanust. Speed UP — cucremMa AuHaMuyeckoro Mope-
JMPOBAHUS TEXHOJOTUUECKHX IIPOLIeCCOB, COBMECTHMas Ha ypOBHe
gaHHbIX ¢ maatdopmoil Aspen Plus. O6e nmporpammsl makera cefi-
yac oObequHeHbl B HOBelilieM MHTeIrpUpoBaHHOM Nakere Dyna
Plus. Bonee nogpo6Hylo MHPOPMauvio O MPOAYKTAX MOXHO IOJY-
yuTh Ha caitax mo agpecam: http://www.che.com wu http://
www.eos.ncsu.edu /software /software index aspen.htmi.

Pro II u ProVision. DTH mMpoKo Hu3BecTHbIe MpOrpPaMMHbIe
MPOAYKTbl pa3paboTaHbl aMepuxaHckoi ¢upmoit Simulation Sci-
ences, Inc. Cucrema Pro II 6pl1a nmepBoHavyaJbHO TMepeHeceHa Ha
maargopmy DOS/PC ¢ MaiindpeiiMoB. B sroit peanusauuu oHa
He WMeJa YAOGHOIO TI0JIb30BaTeJbckoro MHTtepdeiica. B 1995 r.
¢upma aHOHCHpOBaja HOBbIH rpaduueckuil MHTepdelic ans 32
paspsaanbix mnargpopm PC/Windows ¢ noazepxkkoit OLE-2 u
BblnycTtuaa naker ProVision. OaHoBpeMeHHO paspabarbiBajach
peamuzaimma ¥ s Unix-atgopm (AIX n Solaris). Ilpakruvec-
k¥, B Pro Il /ProVision 3anoxeHbl BO3MOXXHOCTH MOZETMPOBAHUSA
MOYTH BCeX XUMUUECKUX U HedTeXMMUYECKMX Npou3BoAcTB. Tak-
XKe HMMEIOTCsl WIHMPOKMe BO3MOXKHOCTH A7 pPaboThl € pacTBOpaMu
3JIeKTpoauTOB. lMeeTcsl BO3MOXKHOCTb NPOBEACHUSI THAPABIHUEC-
KMX pacueToB celapalluOHHOro O6GOPYAOBaHMS, PEaKTOpPOB, Haca-
JOYHBIX M TapenabuaTblX pPeKTH(HUKAIUOHHBIX KoOJOHH. Dupma
UMeeT B CBOEM apceHaje TakXKe NMakeT MUHAMUYECKOTo MOJeHpo-
BaHMs — Protiss, KOTOpbIil ceiiyac TakXe [AOCTyleH 4Yepe3 HHTep-
¢elic ProVision. Kpome storo, dupma mpensaraer nakeT MoJeJd-
POBaHUs THAPABAUKKU HE(DTEra3oBbIX MECTOPOXKIEHHI, cUCTeM c6o-
pa u TpaHcnopra HedTu M rasa — Pipeface. ®@upma umeer eume
paa mpoaykros, B ToM uucie ROM (Rigorous Online Modeling),
CHCTeMbl aHaJM3a JAHHBIX I10 MECTOPOXIeHUsiM HedTH u ra3a. B
koomnepauun ¢ Shell Development Co. paspaboran oHJIaifHOBbIM
cumynsitop Romeo. Boisee moapobHyio MHPOpPMaAUMo O NMPOAYKTaX
MOXHO TIOJNyYMTh HA caliTe KoOMMaHud mo agpecy: http://
WWw.simsci.com.

KpoMme npoaykTos “nepBoro siesioHa” Ha pPbIHKE MPOrPaMMHBIX
CPEACTB AJIS1 MHXEHEePHOTO MOJETHPOBAHUS INPUCYTCTBYIOT TIpO-
AYKTBbI, NpeJOCTaBJASIONIME [10JIb30BATENI0 3HAYMTEJbHO MeHblle
BO3MOXKHOCTe#, HO JOCTaTOuHO, YTOOB! pellaThb OCHOBHOI Kpyr 3a-
Za4 yHXXeHepa-TeXHoJIora.
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CHEMCAD 1. Tlporpammusiit maker CHEMCAD pa3spa6oran
¢upmoit ChemStations, Inc. Ilaker BkJIOUaeT cpeacTBa CTaTHyec-
KOTO MOJIeIMPOBAHMSI OCHOBHBIX IIPOIIECCOB, OCHOBaHHbIX Ha (a-
30BbIX M XHMMHYECKMX T[IpeBpalleHusX, a TakXke CpeACTBa  AJd
pacyeTa TeOMETPUYECKHUX pa3MepoB M KOHCTPYKTHBHDIX Xapakre-
PMCTHK OCHOBHBIX allapaToB, W OLIEHKH CTOMMOCTH OGOpYIOBaHuS.
[IporpaMma paspaborana i tatdopmpt DOS/PC, umeer rpa-
¢uueckuit uHTepdeiic. B wuacrosimee BpeMs paspabaTbiBaerca
Windows-Bepcust nporpammbl. [logpo6Hyo HHbOpMaUuo MO MPO-
rpaMMe MOKHO TIOJIVIMTb Ha calite mno ajpecy: http://www,
chemcad.com

PROSYM. Ilpoaykr komnanuu Bryan Research & Engineering,
Inc (puc. 3.10). IlakeT BKJOUaeT CPeACTBA CTATHUYECKOTO MOJEJH-
pPOBaHMsA OCHOBHBIX TipoileccoB TadomepepaboTku (BKJOUYAs IJu-
KOJIEBYIO OCYWIKY, aMUHOBYIO OUMCTKY, (BpakuuoHUpoBaHue), Hed-
tenepepaborku  (arMocdepHo-BakyyMHas TieperoHka). Hmerorcs
cpelcTBa  AJS pacyera TeOMeTpUUeCKUX pa3MepoB U KOHCTDYK-
TUBHBIX - XapaKTepHUCTHK armaparoB. IIporpamma paspaborana s
maatdopmei DOS /PC, uMeer yno6ublit rpacdudeckui uHTepdeiic.
Ilogpo6uylo uHGpOpMaUWI0 MO IpoOrpaMMe MOXXHO IOJYUUTb Ha
calite no azpecy: http://www.bre.com.

Cpean Pocculickux nporpamMm cjienyer OTMETHTb [iBe pa3pabor-
xu;: KOM®DOPT u GIBBS.

KOM®DOPT. Ora cucteMa MOAEJUPOBAHUSA TPeACTaB/IsgeT CO-
60i1 MHCTPYMEHTAAbHOE CPEICTBO AJS BBINOJHEHHS TOBEPOYHBIX U
TIPOEKTHBIX pPAacyeToB MaTepHaJbHO-TEIJIOBbIX 6aJaHCOB pa3Jfuu-
HbIX XuMuueckux mpoussogacte. KOM®DOPT cocTouT M3 ymnpas-
Jsifolled IporpaMMbl U MOJyJeH pacueTa annapaToB. YIIpaBJsio-
iasi NpOrpaMMa ¢ KOHKPETHbIM HabopOM TEXHOJOTHYECKHX MOy-
e o6pasyeT NpeIMeTHO-OPHEHTHPOBAHHYI0 MOAEANPYOIYIO NpPOo-
rpaMMy, MO3BOJSIOUIYIO BBIMIOJNHATE pacyeTbl [ KOHKPETHOTO
KJacca XHMHKO-TexHosiornueckux cxeM (XTC). Iporpamma nmeer
cpeicTBa [ pacyeTa BCeX OCHOBHBIX IIPOIECCOB (PPaKIMOHHUPO-
BaHUS JJs TasonepepaboTku. VHTepdeilic npexncraBiasier co6oi
cucTeMy ¢ TabJIUYHBIM KOAMpOBaHMeM JAaHHbIX. IlporpamMma paspa-
6otana ans naargopmol DOS /PC. C nporpaMmoil MOXXHO O3HaKO-
Mutbesa Bo BHUWIA3e.

GIBBS. 3Jror Mopmeaupyioomiuil nakeT paspaboTan Qupmoit
“TonaneprobusHec” B 1992 r. IlakeT BKJIOUaeT CPEACTBA IJIsI MO-
NeIVpPOBaHUSL TIPOLECCOB IIPOMBICIOBOH TMOATOTOBKM ITPUPOAHBIX
ra3oB, BKJO4as OObIUHble YCTAaHOBKM HHU3KOTeMIlepaTypHOH cena-
paluuy M HU3KOTeMIlepaTypHble Ae€TaH/JepHble 3aBO/Jbl € UYaCTUUHbIM
WU TOJAHBIM (PAaKUMOHUPOBAHHEM >XHIKHUX YIJIEeBOJOPOMNOB, MpPO-
1jeccbl 06paboOTKM rasa ¢ BIIPHICKOM, c60pOM U pereHepanyeil uH-
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TU6UTOPOB THAPATOO6PA30BAHUS, IIPOMBICIOBOH W 3aBOJCKON moj-
TOTOBKM U IepepabOTKM Ta3oKOHIeHcaTa W HedTH, BKIOuUas Je-
3TaHW3alMIo, cTabWan3aivio ¥ (paKINOHUWPOBAHUE MO TOMJMBHO-
My BapHaHTy, TasodpakiuouupoBanue. Ilporpamma mmeer cpencr-
Ba JJIs1 CHHTe3a HedTsIHOM cMecd IO JaHHBIM JaGOpaTOPHBIX aHa-
JIM30B, DacyeTa TOBApPHBIX CBOMCTB (pakuuii MOTOPHLIX TOILIUB,
ycJIOBUH 06pa3oBaHMsl M HHTrUGMPOBAHMS I'a30BbIX THMAPaTOB, pac-
yerta au¢depeHIHaNbHOi KOHIEHCAUUH ILJIACTOBLIX CMecel, pac-
YeTa ycjaoBHMil o6pasoBanust TBepjoi ¢dasnl CO, U Apyrue YTUAUTHI
MHKeHepHoro mnpuMeHenusi. IIporpamma paspaborana /Jjis mnJat-
dopmsr DOS /PC, umeer yno6usiii ncesnorpaduieckuii untepdeiic.

OG6bIuHO CTaausi NpoekTUpoBaHus (T.e. M3roToBJieHHsS paGoOuUnX
4epreskeil) BBIMOJHSIETCS € TOMOLIBI0 CHENUAJN3UPOBAHHOTO TIPO-
rpammuoro o6ecnieuennss (CAD,/CAM npusoxenuit). OnHako cra-
UM TIpOEKTHPOBaHUS MpEALIeCTBYeT WCCAe/iIoBaHUE IIPOEKTa, Ha
KOTOPOIi BBIMOJIHSIIOTCS] OTAeNbHble 06IIKe CTAAUN NPOEKTHPOBAHUS
(11aHupoBaHMe pa3MelileHusi 00bEeKTa, CHa6XKeHWe JHepruei, Tell-
JIOM, BOAOW U T.1.), OIlEHKAa CTOMMOCTH OT/EJbHBIX CTaAnii u Ipo-
eKTa B I[eJIOM M COCTaBJieHHe CMeTbl NpOoeKTa, pa3paboTKa ceTeBo-
ro rpa¢uka BbINIOJHEHUS] IIPOeKTa, aHalu3 QuHaHcoBol 3ddex-
TUBHOCTH TIpoekTa. XOTS MCCIefOBaHUe NpOeKTa He OTHOCUTCS K
3afadaM MOJEeIMPOBAHMSL XHUMHKO-TEXHOJOTUYECKHUX IIPOLECCOB,
CYLIECTBYeT cIieliiajbHoe INpOrpaMMHOe ofecledeHHe, I03BOJISIO-
lee BRITIONHATD Takve UCCIEeIOBAHUS U MCMONb3YIolee B KauecTBe
UCXOAHBIX [aHHDIe, [TOJy4YeHHble ¢ TOMOIIbIO IepeyHCJIeHHbIX BbI-
IIe MPOrPaMMHBIX MpOAYKTOB. K Takum mnporpamMMaM OTHOCHTCS
ICARUS PROCESS EVALUATOR (IPE), ucrnonpsywoumuii B Ka-
yecTBe MCXOJHBIX [aHHble, moJydeHHble ¢ nomoubio HYSYM, As-
pen Plus, ProVision u CHEMCAD IIl. Ilporpamma no3BoJjiser
BbIOparhb HauGojiee TIPUODLIIBHBIA TMPOEKT W3 PAa3JUUYHbIX BapUaH-
TOB, 4YTO6bI 06ecrne4YuTb HAJeXHBIH BO3BpaT HHBECTULHH IocCJe
OCYIeCTBIEHHS TIpoeKTa. [lJsi 3TOTO BBIIOJIHSIETCS ITOJIHbIH aHAIU3
CTOMMOCTHU TpOeKTa Ha OCHOBE MAHHBIX O CTOUMOCTAX 060pY/I0Ba-
HUS, TPy/Aa, TPAHCIIOPTHPOBKY, Pa3JUYHBIX THUIIOB YCTAHOBOK, 37a-
uui, coopyxeuut u t.4. (ana ycaosuii CHIA, Beavko6puranuu u
dnonun). Ilpu stoM MoxeT GbIThb BbIIOJHEH MOAPOGHBIA pacuerT
pasMepoB o6opynoBanus 1o cranpapram ASME, API, ANSI,
TEMA, NEMA, BS5500, JIS. Ha ocHoBe o6muX XapaKTepUCTHK
TPOEKTA M CMETHBIX PACYeToB MOXKeT GbiTh pa3paGoTaH ceTeBOH
rpadpyk Tpou3BOACTBA pabOT, U MAasee — BLINOJHEH NOAPOGHBIH
(pUHAHCOBBIH aHaIU3.

CoBpeMeHHbBle CPECTBa MOJESUPOBAHHUS, KOTOpble MOryT ObITb
WCTIOJIb30BaHb! [/l pa3paboTKU, aHalu3a M TNPOEKTUDOBaHUS HO-
BBIX MIPOM3BOJICTB, W /UIA aHaiu3a paboThl CyLIECTBYIOIMX, BecbMa
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MHOT000pa3Hbl. OHHU TIO3BOJISIIOT aBTOMATU3UPOBATD IIPAKTHYECKU
Bce CTaU¥ WHXEHEPHOTO TpyAa M CBECTM K MMHUMYMY 3aTpaThl
pa6ouero BPEMeHH, TPY/AOBBIX PECYpPCOB M [EHEXHDIX CPELCTB.
[Ipu 9TOM MOCTaBJEeHHAs 3a/laya PEUIaeTCs ONTUMAJbHO, € YYETOM
HaKOILJIEHHOTO onbiTa ¥ AaHHbIX. CoBeplLIeHHO OYeBM/HO, YTO KOH-
KypEHTHOE Da3BUTHE TEXHHKM WM TEXHOJIOTHMM HEBO3MOXHO O6e3
LIMPOKOMACHITA6HOTO UCHOJIb30BaHUsl TaKMX CPeICTB MOJIe/MpOoBa-
HMS KaK B IMPOEKTHBIX ¥ HCCJIeA0BATeNbCKMX OPraHU3alUsAX, Tak U
Ha MPOU3BOJCTBeE.

HYSIM, HYSYS - rtoproesie mapku Hyprotech Ltd.

Pro II, ProVision, PipeFace, Protiss — Toprosble Mapku
Simulation Sciences, Inc.

Aspen Plus, Speed UP, Dyna Plus — rtoproBble Mapku As-
penTechnologies, Inc.

CHEMCAD - toprosas mapka ChemStations, Inc.

PROSYS —1oproBast Mmapka Bryan Research & Engineering, Inc.

GIBBS — toprosas mapka OOO “Tonasneprotusuec”.

e‘ 3.2. TPEBOBAHUA K OCYLUKE .
N OYUCTKE FA3A NEPEA NOJAYEN EIO
2 HA HU3KOTEMNEPATYPHOE PA3AENIEHUE

YcaoBUsT HU3KOTEMIepaTypHOU mHepepaboTkHU ra3a, a
TakXe TPe6OBAHWS K KauecTBY IIOJIY4AeMbIX IPOAYKTOB TpeOyIoT
OYMCTKM Ta3a OT JAUOKCHIA VYIJepola, CepoBOLOPOJAa M OCYIIKU
rasa.

OuncTKy rasa OT KHCJIBIX KOMIIOHEHTOB IIPOM3BOASAT JiGo ab-
copbumeit amunamu (mpu Bblcokod KoHueHtpauuu H,S m CO,),
Jm6o afcopbiieil Ha TBEPABIX IMOIJIOTUTENSAX.

Hau6osee uacro ouncrky ot H,S npoussBogar amuHaMu [0 ocra-
ToyHoro cogepxanus 0,001 %, Tpu 9TOM OGBIYHO HPOU3BOIUTCS
ournctka U or CO, mo 0,02 %. Takast cTeneHb OYUCTKU BIIOJHE
yaosierBopsieT tpebyeMoil as J0ObIX TNPOLeccoB mepepaboTKH
rasa.

I GeccepHuctbix ra3oB HeobxoaumocTh oyuctku ot CO, 3a-
BUCUT OT ero coiep>XaHUsl B CbIpbeBOM ra3e, TeXHOJIOTUU M Iapa-
MeTpoB mpoliecca.

CkazaHHoe Bblle OTHOCHTCS TaKXe M K TpeGyeMoO#l CTeleHH
OCYLIKH.

Hns u3bexkanus o6pa3oBaHUs TMAPATOB HEOGXOAMMO OCYINATh
Ta3 1o TOUKM pochbl, COOTBETCTBYIONIE MWHUMAaJbHOH TeMiepatype
npouecca. OpHako, ecid MUHMMAaJibHAsl TeMIleparypa Ipolecca
HiDKe Munyc 70 °C, 10, KaK II0Kasaj OIbIT 3KCIJAyaTalud KpHo-
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FeHHbIX YCTaHOBOK, /[OCTATOYHO OCYUIMTb Ta3 A0 TeMIepaTypbl
Toukn pocwt —65 °C + =75 °C (aasnenue ocyuraemoro rasza 2 Mlla
M Bbilie). YKa3aHHOH TeMiepaType TOUKH POCHI COOTBETCTBYET
OCTaTOUYHOE CoJep)KaHUe BOAbl B rade MeHee 1 ppm M IpU 3TOM
06bIMHO obeclieunBaeTcsl HelpepbiBHAasg paboTa yCTAHOBOK B Teve-
Hue 8000 u, nocJsie uero poBoAAT OTOTPeB M NPOLYBKY YCTaHOBOK.

B kauecTBe nprMepa OCYIIKM Ta3a IJIMKOJSMYU IIPUBOASTCS Tpa-
¢puueckue 3aBUCUMOCTH TeMIlepaTypbl TOUKM POCHI rasa Mo BOJAe OT
koHueHTpauun TATa, uncna Teoperudeckux Ttapesok B abcopbepe
u koJuuectBa opouedus (puc. 3.11). I'padpuku 6biy 110CTPOEHBI
Mo pe3ynbTaTaM pacyeToB, BBIMOJHEHHBIX METOJ0M, YKAa3aHHbIM B
pasgene 3.1.1.

Temneparypa rasza npunumasach pasHoit 303 K, opomenus -
308 K, gannenue B abcopbepe — 6 Mlla. 'a3 nacoliten Bogoit.

W3 rpadukoB BuaHO, uTo 1pu KoHueHTpauuu TOTa 99,9 % mac.
BO3MOXHO JIOCTUTHYTb TeMIepaTypbl TOYKM pocbhi rasa 229 K
(monusutb Ha 74 K). [lns nosnyueHus, HalpuUMep, TeMIEpaTypbl
Touku pocbl 230 K npu 6 TeopeTHuecKHX Tapejkax Tpebyercs
KpaTHOCTh opolenust 15 kr TOla Ha 1 Kr Bozbl, a 1IpH 4 TeopeTu-
yeckuxX Tapenakax — 25. Illpu 2 TeoperMuecKMX TapejiKax Takas
TeMIeparypa TOUKM poOcbl MOKeT ObITh [OJyYeHa IpH KpaTHOCTH
OpOLIeHUs] Ha TMopsAoK Bblme. Jls DOCTH)KEHHSI TeMIepaTypbl
TOUKH pochl rasa Hike 229 K 1pebyercst 6osiee BbICOKasl KOHIIEHT-
pauusi TOTa. Ipu xouuenrpauuun TITa 99 % MakcuMaabHO [0
CTIDKMMasl TeMIlepaTypa TOYKH pocbl rasza 256 K, a npu KOHLEHT-
pauuu TOTa 99,97 % Mac. BO3MOXXHO [JOCTHIHYTb TOYKY POCHI rasa
nopsiaka 216 K (=57 °C). TlostoMy, Korma Tpe6yeTcst oCyuika rasa
TeMIIepaTypbl A0 TOYKM pocbl MUHYC 70 °C OObMHO TPUMEHSIOT
OCYWIKY TBEPABbIMU TIOTJIOTHUTEJNSIMH, M3 KOTOPBIX Haubojee sddex-
TUBHBIMU SIBJISIIOTCS] LIEOJIUTHI.

B 10 ke BpeMs B 3apy6exkHOH JMTepaType HOSBUJIUCD Cooblie-
HUSI 0 BO3MOXHOCTH OCYUIKH ra3a IJIMKOJSIMU 10 TeMIlepaTypbl To-
yeKk pochl munyc 70 °C u Hmwke. Tax B pabore [30] yrBepxmaercs,
yro Ha ycra"oske CemuHoa ¢upmsl Amerada Hess pocruranach
KOHIEeHTpalusi rJMKoas 99,99+99,999 % Mac., 4TO MO3BOJUJIO [AO-
CTMTaTbh TeMIlepaTypbl TOUKH POCHI ocylraeMoro rasza or —73 °C jo
—-95 °C. OrtmMmeyaercsi, 4TO JaHHbI IpoLecc MOXeT ObITh KOHKY-
peHTHOcIoco6eH ¢ OCYHIKOH Ha I1€0JUTaX, IIPH 3TOM BUYETBEpO
CHMKAIOTCSl 3aTpaThl 3HEPTUU M B/BOE KallMTAJIOBJIOXKEHUS,

AJbTepHATMBHBIM clioco60M NpefoTBpaliehnsi o6pa3oBaHuUs TH-
[PaToB SBJIsieTCSl BIPBICK MeTaHola B moTok raza. OO6biuHO 3TO
UCTIONB3YeTCss B YCTAHOBKAX IOJATOTOBKY raza K TPAHCIOPTY, TAE
MUHMMaJbHas TeMieparypa He Hibke Munyc 30 °C. 3a py6exxoM
HUMEIOTCs] YCTAaHOBKM HHU3KOTeMIIepaTypHOTO pa3lelieHus rasa,
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Puc. 3.11. 3aBucHMOCTL TeMIIEPAaTYDhl TOUKH POCHI Ta3a IO BOJE OT KOHIEHTDPALHM
TOTa (a ~ 99,9 % Mac., 6 — 99 9% Mac.) THCIa TEOPETHYECKHX TAPEJOK H KOJIIe-
CTBa opoulenns (Ha 1 KT BOABI B CHIPheBOM ra3e)

paboralolige ¢ BIPHICKOM METaHOJa, OAHaKo B 99 ciayuagx u3 100
TpUMeHsieTcs aAcOpOLHMOHHAs ocyuika uau (B MeHbleil CTeneHn)
abcop6uus TpUSTUJIEHIIMKOJIEeM IIpuMeHeHMe MeTaHoJa HpPUBO-
OMT K 3arpsi3HEHUI0 MM IPOAYKTOB rasopasjeneHuss [Ipu mocTaBke
CKUXEHHBIX Ta30B HA JKCIOPT colepKaHue MeTaHoJa He J0JDKHO
npespiats 0,005 % Mac cornacio TOCTy 21443-75 (uam Ne 5
oT 1995 1)
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HeTr n0ocTOBepHBIX [aHHBIX O BJMSHHMH BO/JOMETAHOJIBHOTO pac-
TBOpa HA HaJeXXHOCTb paboTbl TypboJeraHaepoB. 3apybeXxkHbie
¢upmbl, npoussoasimive TypboAeTaHepbl, PEKOMEHAYIOT HOAAYy Ha
HUX OCYUICHHOTO ras3a.

Kak yke oTMeuasoch, HeO6XOAUMOCTb OUHUCTKH ChIPbeBOTO T'a3a
or CO, onpenessieTcss TEXHOJOTHYECKUM IIPOLECCOM U €ro Iapame-
TpaMU. B mpoiecce oxJaxJeHUs TNPUPOJHOTO Tra3a, CojepiKallero
CQO,, nocaefHuit KOHAEHCUPYETCS COBMECTHO € PYIMMH YIJIeBOAO-
poaamu 4 pactBopsercsi B Hux. OgHaxo mist CO, cyuiecTByeT Ipe-
JesbHasl PacTBOPUMOCTb B JKMJKUX YIJIEBOJOPOJAAX, Bbllle KOTOPO
OH pacTBOPUTbCS HE MOKeT, NMO3ITOMY TpH JajlbHeHuleM oXJaxje-
Hum Jmmnuilt CO, o6pasyer TBepayio ¢asy. Ilpenesbnas pacrBo-
pumoctb CQ, B XKUIKUX YTJEBOAOPOAAX 3aBHUCUT OT TEMIEPATYphI,
MpyueM ¢ IOHWXXeHHEeM TeMIlepaTypbl OHa yMeHbiuaercsi. B pas-
HBIX YTJIeBOJOPOJax OHA HECKOJIbKO OTJM4YaeTcsl, B CMeCH OHA He-
MHOTO Bblllle, YeM B MHAWBU/yaJbHbIX yIJeBoJopojax. Ha puc. 3.12
TipuBesicHbl Tpaduyeckue 3aBUCUMOCTM PaCTBOPHUMOCTU TBep/OTro
CO, B Xuaxux yrieBoaopoAax oT TeMneparypbl [37, 47]. llpu
JaHHO# TeMnepaType koHUeHTpanusi CO, B xuikoii ¢ase Bo Bcex
TOUYKAX TEXHOJIOTMYECKO# cXeMbl MOKHA ObITb He BbIllle YKa3aH-
Ho#l Ha Tpaduke, B NPOTUBHOM cJydae BO3MOXKHO BbITNIaJieHME
TBepAoil ¢da3bl B anmaparax M apMarype.

Hau6orpmass BepossTHOCTb Bbimafgenus TBepgoro CO, Moxer
MMeTb MeCTO Ha BepXHHUX TapeJKaX JeMeTaHH3aTopa, NIPU Jpocce-
JINPOBAaHUHU >KUJIKOCTH U PacUIMPEHUU Tra3a B HeTaHIepe.

IIpy oxaaxaesuM NPUPOAHOIO Ta3a BO3MOXKHO BbiNajeHue
tBeporo CQO, HemocpeJACTBEHHO M3 rasa. JT0 XapaKTepHO IS
6eHOrO MPUPOJHOTO ra3a, COCTOSIEr0O B OCHOBHOM U3 MeraHa. Ha
puc. 3.13 npuBeJeHbl U30TEPMbI (ha30BOr0 paBHOBECHS ras — TBep-
pbiit CO, asisi cucteMbl MeTan — auokcua yriaeponaa {43]. Touku nHa
3THX KPHBLIX IMOKA3bIBAIOT, KAKOe MaKcuUMajbHoe cojep:xanue CO,
MOXKeT COJepXKaTbCsi B rase IpH JaHHbIX TeMIlepaType M JaBJe-
HUH.

IlpuBenennble TpadUKH TO3BOJSAIOT OLHEHUTb BO3MOXXHOCTb BbI-
HaJleHust TBepJof YriAeKUCAOTHI B Y3JaX U anmaparax TeXHOJOry-
YeCKHX CXeM M BBIODATb MapaMeTpbl MpoLecca ISt MCKIIOYeHUS
TAaKoH BO3MOXXHOoCTU. Hampumep, urobbr otaeants CQO, OT MeTaHa B
peKTU(PHUKALIMOHHON KOJIOHHE Heo6XOAUMO BbIOpaTh IapaMeTpbl
mpoliecca Bbillle KpuBO# 1 Ha puc. 3.13.

{Ipu u3BJeueHUW U3 MPUPOJHOrO rasa staHa cojepikaHue IU-
OKcHaa yriepoga oboiuHo gomyckaercs 0,1+1 % B cbipoM rase B
3aBHCHMOCTH OT CJEQVIOUINX (PAKTOPOB:

1. Yem Bpllle crelieHb H3BJI€YEHMs] 3TaHa, TeM OoJiee HU3KHE
TEMIIEPATyPbl B BEPXHeH CeKUMM JeMeTaHu3aTopa M JPYTUX y3jaax
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Puc. 3.12. 3aBucHMOCTs PacTBOPHMOCTH TBEPAOTO MOKCHAA YIJAEPOAA B SKHAKHX
yraesoxopoaax ot Temneparypsi [37, 47, 43]:
1 — B XujuKoM MeTaHe, 2 — B KMAKOM 3TaHe, 3 — B )KUAKOM NpONaHe

TEeXHOJOTHYECKOA CXEeMbl M, CJleJOBaTeJbHO, 60JjblIasi BEPOSITHOCTD
obpasosanus TBepRoil CO,

2. YeM HuKe AaBJieHue TpoOlLlecca pasfiesieHus, TeM HuXe OyAyT
TeMIlepaTypbl B aNmapaTaX NpH OJMHAKOBOH riy6uHe M3BJIEYEHHUS
JTaHa.

3. Yem Bbiule comepkaHue B raze yrieBoAopoaoB C,pyc, TEM
Bbllie TemIlepaTypa M Bbilie pacTBopuMocTb CO, B XHAKOCTH.
Hau6onpmas BepostHocTs Bbimazenuss TBepaoit daset CO, npu
Paszenenun GegHoro rasa

Ha mocsennemM ¢akrope ocHoBbIBaeTcst OCHOBHOM croco6, Tpe-
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Puc. 3.13. aszoBas anarpaMMa CHCTeMBl MeTaH — AMOKCHA YIIepola:
1 — TpoiiHBle ToukN; 2 — H30TepMbl ras — TBepAasd ¢asa

JOTBpAlAONME 06pa3oBaHMe TBEPAOro OMOKCHAA yriepoda. K
OPOIIEHUIO JAeMEeTaHU3aTOpa HOGaBJSAI0T YriaeBOAOPOAbl Ciipye MU
Ciipnic, IpuueM, ueM Goubite CO, nocTynaer B KOJOHHY € IMOTOKa-
MH, TeM 6oJibliie TpebyeTcss 1o6aBKa yrjeBoAOpoAOB. B mpeznenbHOM
cllydae BeDXHsSISI CeKLUsl KOJIOHHBI IIpeBpaliaeTcsi B a6GCopOIMOH-
HYIO.

B mpouecce BbiiefeHHS M3 ra3a TeJus TeMIEpatypsl 3HauM-
TeJbHO 6oJiee HU3KME, YEM B TIpPOliecce BbIJENEHHSI 3TaHa, M Ta3 B
OCHOBHOH CTMH TIpollecca TIOYTH HE COJAEPHHUT YIrJIeBOAOPOAOB
Cyippie- 1l0aTOMy Tpe6opanus no coiepxkanuto CO, 3necb 6Gouee
xectkune. O6uiuHo Tpebyercs ouncrka rasa go 0,02 % CO,, uro,
KaK TOKa3aJ ONbIT, o3BoJiseT pa6orarb 6e3 3a6UBKU annapaToB U
apMatypbl TBepapiM CO,.

IIpy Heo6XOAMMOCTH OYMCTKM CLIpbeBOTO Ta3a, COJAepXKallero
CO, meHee 1 %, ee OGBIMHO MPOU3BOAST COBMECTHO C OCYMIKOH Ha
HeoauTax.

KpoMe ounctku rasa or CO, aMuHaMM WIM aJCOPOLHOHHDBIM
CTIOCO60M TIPUMEHSIIOT OYMCTKY peKTuduKaiueil TpH  BbICOKOM
JaBjeHud 4+4,3 Mlla.



3.3. CNOCOBbbl PASAENEHUA .
APUPOAHOIO rA3A U UCNONb3YEMbBIE
XOJN1I0AUNDBbHDIE LUK bI )

OCHOBHBIMU cTIoco6aMU U3BJeUeHHUSI 3TaHa U Gojee TH-
JKEJIBIX YTJIEBOJODOJOB M3 MPUPOJHOrO Tada SBASIOTCSA abcopOuu-
OHHDBIM W HU3KOTeMIlepaTypHO! KOH/JeHCaluH.

B abcop6iinoHHOM MeToZe B KauecTBe aGCcOPOEHTA KCIIOJb3YIOT
06BIYHO CTAGUIbHDIN KOHAEHCAT WM pa3juyHbie (Ppakiiidd YrjaeBo-
JOPOAOB. DTOT cllocob Moyuus paHee 60./blIoe PaclpocTpaHeHue,
HO 3areM ObLJT BbITeCHeH Croco60M HU3KOTEMIEepaTypHOI KOH[eH-
callii, KOTODPbIM XapakTepusyercsi 60Jiee BBICOKOH CTeNeHbIO W3-
BJIEUEHUS] YIJIEBOJOPO/JAOB M MEHbIIUMU IKCIIYaTalMOHHBIMH U Ka-
NUTANbHBIME 3aTpatamu. Ilo ganHbiM ¢upMbr “Muny6bucn Xasu
Unpactpus” Bce T'TI3, nocrpoennnvie B CIIA ¢ 1973 r., paboTaior
Ha TypbojeTaHAepaX, psA YCTAHOBOK HU3KOTeMIepaTypHoil a6-
copbunu (HTA) pekoHCTpYMpOBaH Ha JeTaHAepHbIE.

1 oXMaxIeHUs] TIPUPORHOrO ra3a NPUMEHSIOT — XOJOAUJbHbIE
I[MKJbl, OCHOBaHHble Ha MCIOJb30BaHUH JIKOYJIb-TOMCOHOBCKOTO
addekTa ApocCeTUPOBAHUSI Tra3a, U303HTPOMUHHOTO pAaCIIMpeHUs
rasa, ucrapeHms xxuakocteid [31].

IIpyHLMD OX/XKAEHMST — OTBOA TemJa OT Kakoro-imbo tesa Ha
TeMIIepaTyDHOM YDOBHe HIDKe TeMIepaTypbl OKpYyXKawllell cpeabl
¥ 1epefada ero B OKpyxKalollywo cpeny. IIpu 3ToM, cOrJlacHO BTO-
POMy Havaly TePMOAMHaMUKH, TpebyeTcsl 3aTpaTuTb paboTy, KOTO-
pag aas uukjaa 6yaeT paBHa:

L=0Q,-0, (3.134)

rae L — pabora, 3aTpauuBaeMasl Ha CKaTHe rasa B aguabGaTHOM
npoltecce (OTCYTCTBYeT TemJoo6MeH ¢ OKpysKakoueil cpexoi);
Q{ — OTBOA TeINIa OT CUCTEMbI HA BepXHEM TEMIIEPATYPHOM YpOBHE
(8 OKPY’KaloUyio cpeay); Q, — MoABOI Telljla Ha HIKHEM TeMIle-
PaTypHOM YpOBHe — XOJI0AOMPOU3BOAUTEILHOCTD IHKJA.

W3 ypashenus (3.134) creayer, 4To KOJMUYECTBO TeEIJa, OTBO-
AMMOe Ha BBICOKOM TeMIIEpaTypHOM YpPOBHE, PaBHO CyMMe XOJOJ0-
NPOM3BOAUTENBHOCTH U 3aTpadeHHOU padoThl.

KoaddpunueHT nosiesnoro aeiicTeus XoJa04UIbHOIO LUKJA

n=9Q,/L. (3.135)



3.3.1. XONnoAUNbHbLIE LNK/Nbl, OCHOBAHHbIE
HA UCNONb30OBAHNUK BXKOYJIb-TOMCOHOBCKOTO
SDDEKTA APOCCENUPOBAHNA 'A3A

JIpoccenpoBanue — 3T0 Npolecc CHWXKeHUs! HaBJeHHs
rasa MJM XUIKOCTH IPU IPOXOXIEHHU 4Yepe3 CYXXEeHHOe OTBep-
crie (BEHTHJIb, KJalaH) M OTCYTCTBHHM TEMJIOOOMEHa ¢ OKpYy»XKaio-
uteit cpepoit. Ilpoiiecc xapakTepuayercsi TOCTOSHCTBOM 3HTaJib-
nmuu: H, = H,. [IpoccesiupoBanue peajbHOTO raza CONPOBOXKIAETCA
noHmxeHneM (IS HEKOTOPbIX Ta30B IIOBBILIEHHEM) TeMIlepaTy-
pbl TOTOKa. JTOT 3¢¢QeKT Mmoayuus Ha3zBaHHe IKOYJIb-TOMCOHOB-
CKOTO.

TIpocTeifiinii BapuaHT TeXHOJOTUUYECKOH CXeMbI XOJIOAUILHOTO
IIUKJa C JPOCCEJUPOBaHMeM ra3a, HCHoJb3yloumit ator addexr,
npuBeseH Ha puc. 3.14. [lng AaHHOTO LMKJAZ XOJOAOIPOU3BOIHU-
TeJbHOCTb PaBHA:

O,=H,-H;=H,— H,, (3.136)

rne H, — H; — 3HTabIM#M IOTOKOB, (J, — OTBOA TemJja OT Kakoro-
au6o Tena; Q, — nepejaya Telja MOCPEJACTBOM BOJSHOTO WJIKM BO3-
OYITHOTO TeIJIO0OMEHHOTr0 alllapaTa B OKPYXKAHIYIO Cpeay.

W3 ypasHenus (3.136) ciepyer, 9YTO XOJOJAOTIPOU3BOJUTEb-
HOCTb IMKJIa 3aBHCHUT TOJIPKO OT Pa3HOCTH 3HTAJbNUHA NpsMoro u
OGPaTHOTO TIOTOKOB ra3a Ha TelJioM KOHIle TelIooOMeHHUKA.

Hau6osee uacro adpderr [Ixoyas — TomcoHa ucnosbsyercs,
KOT/la B KadecTBE XOJOAWJIbHOTO areHTa BBICTYIIZET HENOCPeACT-
BeHHO Ta3 (HamnpuMep, NMPUPOAHBIA), MOABEPTAOINMHACA CKHIKEHUIO
uan pasjeneHuio. Ilpu 3TOoM, B ciyyae pasfefieHUs rasa ILHKJ
Pa30MKHYTBHI, IpPU CKUKEHUM Ta3a LUK MOXeT ObiTb M 3aMKHY-
TbIM ¥ pa3oMKHYTbIM. IIpuMep Takoro uukJa NpuUBeJeH Ha pHC.
3.15. B nporecce ApocceNMPOBAaHMSL Ta3a IOHMXKAETCSl TeMIepaTy-
pa M mosiBjisiercsi kuikas asa, koTopas, B cJaydae OXJAKIEHUS
MPUPOAHOTO Ta3a, oboralieHa BbICOKOKUIISAIINMH KOMIOHEHTaMH.

2,
N—— ki
, 4T 0, 15 ’

Puc. 3.14. CxeMa X050AWILHOIO HHKJIA C OAHOKPATHBIM APOCCEHPOBAHAEM
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Puc. 3.15. Cxema ucnom3aosammn 3dpdekra xoyan — Tomcona nmpu pazneneman
(CXWKeHUH) TIPHPO/HOTO rasa ’

X000 POU3BOAUTENLHOCTD LMKJA Ha puc. 3.15 paBHa: )
Q, = H{~ Hy, (3.137)

rie H; — sHTanbmusl rasa, MO KOJHYECTBY M COCTAaBY COOTBETCTBY-
[olllero TOYKe 3, a 10 TeMneparype M JaBJeHUI0 — To4Ke 7.

3.3.2. APOCCEJIbHbIE XONOAWbHBIE LIUKJIbI,
OCHOBAHHbIE HA UCNTAPEHUU XXUOKOCTU

[IpuHuMn oxJiaJeHUs OCHOBaH Ha pa3Huile TeMHepa-
TYpPbl KUIEHUS] BelllecTBA TPH Pa3HBIX HABJEHUSX.

OTBOA TelJa OT KOHIAEHCHPYEMOro XJaJoareHTa IPOU3BOAUTCS
TIPU BbICOKOM JaBJeHMM Ha BBICOKOM TeMIIEpATypPHOM YPOBHe, a
TOJIBOJL — MPHU €ro UCIAPEHHM MMOJ HU3KMM JaBJIEHHEM.

IIpuHIUNIHANbHAST TEXHOJIOTHYECKass CXeMa OJHOCTyNeHYaToOR
XOJIOITUJIbBHOM YCTAHOBKH, HCIOJb3YIONIEH HCTapeHue XOJIOAUJbHO-
ro aredTa, npusejeHa Ha puc. 3.16. CxaTblii XJaioareHT KOHJEH-
CUpYeTCs] B BOASHOM HJIM BO3AYIIHOM TelIOOOMEHHMKe M IOCTYIa-
€T B eMKOCTb, IIEPEOXJIKAAETCSI B 3MeeBUKe YacTblo CZpPOCCesu-
POBaHHOTO XJIal0areHTa, 3aTeM /[pOCCENMPYETCsi U IMOCTyIaeT B
UCTIApUTeNb, TIlle TPOU3BOAMTCS OXJaXKAEeHHe KaKoro-iubo Be-
HiecTBa.

Xo0J010PON3BOAUTENBHOCTD TAKOTO LIMKJa, TaK Xe Kak ¥ Ipe-
ABIAYIIMX, OINpeJesIsTeTCs Pa3HOCTBIO IHTAJBNUN IMOTOKOB B TOYKaX
T u 3. Yacto 5Tu UMKJbI MMEIOT [BE€ WM TPH CTYMEHM OXJaxk.e-
HUSA U CHKaTHA.

[ukjbl, ocHOBaHHBIE Ha WCMIApPeHMH MXMKOCTH, YacTO MCIIOJb-
3YIOTCA 1S NpeNBapUTENbHOTO OXJKAEHUS B UHKAAX, MUCIOJb-
syomunx abdexr Axkoyas — TomMcoHa uau M303HTpONMAHOE pac-
W¥penue.

Jlnst monyyenyus HU3KMX TeMIepaTyp MOKeT ObITb MCIIOJIb30BaH
KaCKagHbi# X0/0QMAbHBIR LHUKJ, KOTODbI COCTOHT M3 HECKOJbKHX
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Puc. 3.16. Cxema ozHocTynenyaToll X010 IbHONH YCTAHOBKH, OCHOBaHHOM HA HMChape-
HMM XO/UIHOTO areHTa ¥

ks

IUKJIOB, M300pa’keHHbIX Ha puc. 3.16, ¢ pa3HbIMH BellecTBaMH B
KayecTBe XJa/l0areHToB. B nepBoM LMKJe XJaJoareHTOM OObIYHO
ABJSIETCS TIPOTiaH wJM ammuak. Bo Bropom — atuien (sTan), Ko-
TOPbINt KOHAEGHCHUPYETCS B MPOMAHOBOM HCHaputese. IJTWIEH, McC-
napsisics npu 173 K, xoHzaeHcHupyeT B TpeTbeM LMKJE MeTaH, M Tak
naJjee.

Kackaanble xojoauabHble LUUKJbl SABISIOTCSI /10BOJIbHO 3ddek-
TUBHBbIMM € TOUKH 3DEHHs 3aTpaT dHEpTHM, OfIHAKO OHU TpebYIOT
6OJIBILOrO KOJWYecTBa OGODPYHOBAHHS U BBICOKUX KAMTAJIbHBIX H
3KCIIYATAlMOHHBIX 3aTpar.

3.3.3. UMKJibl, OCHOBAHHbIE HA UCIOJIb30OBAHUM
U3O3HTPOMNUAHOIO PACLULUPEHKA FA3A

U3zosntponuiiHoe (aguabaTHoe) pacluMpeHHe rasa sB-
JisieTcsi IPOLlecCOM € OTBOAOM PaboTbl Ha CTOPOHY NPHU OTCYTCTBHUH
Terioo6MeHa. BUM3KUE K H303HTPONMUIHOMY IMIpOLECC OCYILEeCTB-
Jasiercst B Aerangepax. OTKJOHeHHe OT M303HTPONMIHOro IMpolecca
XapaKTepHU3yeTcs TaK HasbIBaeMbIM agvabaTHYeCKUM K.T0.J.:

AH

= AH, (3.38)
nd}l AHa“ ’

rae AH, — n3MeHeHHe 3HTaJbNUU B AEHCTBHUTEJBLHOM IIpollecce B
Aetangepe; AH,, — u3MeHeHMe BJHTaJbNIUM B M303HTPONUITHOM
npoiecce.

B cospemennbix Typ6oaeranzepax m,, socruraer 0,85+0,87.

OavH 43 BapHaHTOB TEXHOJIOTHMYECKOH CXeMBl C JeTaH/JIepoM
npuBeneH Ha puc. 3.17. B nanHo#i cxeme pa6orta, rnoJjydaemasi IpH
pacuIMpeHMH Taza B TypbojeraHiepe, nepelaercs TypOOKOMIIpeC-
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Puc. 3.17. CxeMa X0Ji0oMumbHOrO LMKIa ¢ TypGOAeTaHIepoM ot

g

4
)

copy, Haxo/suleMycsl Ha OfHOM Bajay ¢ TypGogeranzaepoM (typ6o-
JeTaH/epHbIN arperar), CKUMAaIOHEMY a3 HU3KOTrO JaBJIEHHUS.
X0JI0/I0TIPOU3BO/IUTEIDHOCTD TAKOTO LUKJIA paBHa

Q'_) = H]/ - Hi + AHr,U ' (3 139)

rae AH,, — pasHOCTb 3HTaJbNHH IIOTOKa HAa BXOJAE M BBIXOJE TYp-
6oaeTanepa.

U3 ypashenus (3.139) cjaefyeT, 4YTO XOJIOACHPOU3BOAUTENDb-
HOCTb JIeTAaH/JEPHOro LMKJa BbIllle, YeM Y ApOCcesbHOro Ha AH, .

KpomMme Toro, 3arpatbi pa6oThl B [AeTaHIepHOM LHUKJe HIDKE Ha
BeJIMUMHY, BbIpabaThiBaeMyI0 Typ6OJeTaHAEePOM.,

st npeABapUTENbHOrO OXJaXK[eHUs] Fa3a B LUKJIAX € Jpocce-
JMpOBaHUEM WJH C [JeTaHJepaMu YacTO WUCIIOJIb3YIOTCS UMKJBL ¢
UCHapeHneM >KUAKOCTH (Yallle BCero NPOIIaHOBbIE).

3aTpaTbl 3HEPTMHM B XOJOAMJBHBIX I1MKJAX, MCIOJb3YIOLIUX
sddexr [xoyast — ToMcoHa WM W303HTPONMNHOE paclIMpeHue
nepepabarbiBaeMOro rasa, 3HaYMTEIbHO 3aBUCST OT AaBJEHUS Cbl-
PbEBOro rasa M AaBjieHus oTGeH3nHeHHOTo (TOBapHOTO) rasa.

B psine ciyuyaes mamieHue ChIpbeBOTO Ta3a AOCTATOYHO BBICOKOE
Y ero He tpebyercst C)KMMaTb Ilepefl rogaded Ha repepaGoTKy, HO
TOBapHbIK ra3 TpeGyercs AOKUMATh AJIA TOAAYM B MArUCTpasabHBLH
razonpogsog. B atoM ciayuae saTpaumBaeMast pa6ora 6YAeT 3aBHUCETD
OT nepenaja JAaBJeHWI B JOXHUMHOM KOMIIpeccope, a OTBOA TelJia
B okpyxatomywo cpeny (Q;) O6yaeT MPOU3BOAUTBCA B KOHLEBOM
(moc e KOMIIPECCOPa) XOJIOAUIbHUKE.

B cayvasx, xoraa umeercss cBo6omHbIH nepenaj [aBJeHUH MexX-
AY CbIpbeBbIM U TOBapHBIM TazoM (He Tpebyercsa HoxkaThe NOC/IeI-
HEro, Tak xak OH WCHOJIB3YeTCs B GJM3JIeXKalleM PErdoHe), NpH-
MEHenve Typ6ogeTaHIepHBIX ¥ APOCCEJNbHbIX LUKJIOB HanboJee
sbdexTusHo.
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3.3.4. XON0AUNBbHBIA LLKKN
* HA MHOFOKOMMOHEHTHOM XonoannbHOM ArEHTE
B nocnennne 15-20 geT s CKUXeHUS [PUPOJAHOro
rasa HOJYUWJI NPUMCHEHHC XOJOAMJLHBIA LMKJ Ha MHOIOKOMIIQ-
HEHTHOM XOJOJAMJILHOM areHre.

[Mpuauun oXJIaXKAeHMST TAKOM >Xe, Kak TNpPH UCTAPCeHUM HHAM-
BH/[yQJIDHBIX BEIECTB, OTAMUME B TePeMeHHON TeMIleparype Kuile-
HUA

X0J010TIPOU3BOAUTENABHOCTD AAHHOTO LUHUKJAQ ONpPeAesseTcs 110
ypasHennto (3 136).

3arparbl 3HEPTUM B XOJIOJAUJBHBIX LIMKJIAX Ha CMEIAHIOM Xo-
JIOMJLHOM areHte NMPUMEPHO TAaKWe JKe, KaK U B KACKAAHOM XOJio-
JIMJIbHOM HMKJe, HO OH OTJHYaeTCs OT MOCJefHero NpOoCTOoToH,
3HAUUTE/IBHO MEHDUIMM KOJWUecTBOM o6opyzaoBaiust (ogMH KoM-
Opeccop) M COOTBETCTBEHHO MEHDBUIMMH KaHUTAILHBIMH BJIOXKEHH-
SIMH.,

XoJIOMIbHDBIH areHT npecTaBisier co6oil cMecb YrJeBOA0POAOB
u aszorta. OraenpHble PpaklMU cMecH, HUcrapsiouleiicss Ha pasjiny-
HDIX TeMIIepaTypPHHIX YPOBHSX, MO3BOJSIOT NOJAYUATH XONOA B IUU-
POKOM [MANa3oHe TeMIlepatyp.

XoJloAMJIbHBIA LUK Ha CMecH UMeeT MHOTO MOAXH(UKauuii.
Haub6osnee npocteiM B annapaTypHOM 0(MOPMJIEHHH SIBJISIETCS] LIUKJI
C OJHOCTYIIEHYAThIM JApoccequpoBaHueM xJjagoarenta (Prico),
npeacTaBjeHHbId Ha puc. 3.18 [41].

XO0JIOMUJIbHBIA areHT IOCJe CKATHS B KOMIIPECCOpPE OXJaXK/Aa-
ercsd ¥ YacTMYHO KOHJEHCHPYETCsi B BOASIHOM WJU BO3AYLWIHOM XO-
JIOAWJIBHUKE Y 3aTeM IOCTymnaer B cernapartop. /[lajee xjnagoareHT
OXJIAXKACTCS, KOHACHCUPYETCS U NepeoxJaxk/aeTcsl OJHOBPEMEHHO
C TIPUPOAHBLIM T2a30M B OCHOBHOM TeIIooOMeHHUKE. COXKM)KEHHbIH
XJIaJl0areHT ApOocCeSUpyeTcs [0 HHM3KOIO JaBJieHUs U I1ocje Hcla-

1
. 0,
2 X 3 . —
Py ¢
. 0,
v
| >

Puc. 3.18. CxeMa X0J0AH/ILHOTO IMKJIa Ha MHOTOKOMIIOHEHTHOM XOJIOANIBHOM areHTe ¢

OJHOKPATHBIM ApocceupoBatiyeM (Prico)
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petisi B OCHOBHOM TerI00OMEHHUKe TOCTYIIaeT Ha COKaThHe B KOM-
peccop.

MHOroCTyNeHuaTbll LUK/ Ha CMeIIaHHOM areHTe MOXeT HMeTb
jBe, TpU M GoJjiee CTyleHed [poccesiMpoBaHUs XJajoareHta. Xo-
JIO/IMJIBHBIA areHT MocJe BOJSHOIO OXJaXKAeHHs TOCTylaeT B ce-
napatop, /e NPOou3BOJAMTCS pasfesieHHe ra3oo0pa3sHoON M KMAKOH
¢pakunii  xnagoarenta. JKnikas ¢pakuud nepeoxaaxiaercs B
Ternao00MEeHHUKe, IPOCCEIUPYETCS [0 HU3KOro AAaBJIEHUsS W, HCIla-
pAsich, OT/JaeT CBOH XOJIOA B 3TOM XXe Terjoo6MeHHuke. Ilaposast
(paza M3 cenapatopa OXJaX[aeTcsi U YaCTUYHO KOHIEHCUPYeTCs B
TOM e TeljooOMeHHHWKe W TMOCTyNaeT Ha pas/iejieHue BO BTOPOIl
cenaparop. [lanee npolecc noropsiercs Ha 6oJiee HU3KUX TeMmIle-
paTypHBIX ypOBHAX. Bbipa6aTbiBaeMblit B OTAE/bHBIX CTYTEHAX
X0JIOJl MOXeT OblTb MCIIOJb30BAaH OJHMM IOTpebuTesieM, IPOXOAd-
MM TIOCJIeIOBATENBbHO BCE TEMJNOOGMEHHHWKHN, WM pPa3jindHbIMU
noTpebuTeIsIMU.

X001MNAbHBIA LMKJI Ha CMeCU MOXXeT UMeTb /Ba U 6oJiee ypOB-
HS JTABJIEHUST MCIIApeHUs XJal0areHTa.

Ivpoko Hcnob3yeTcsl XOJOMMIbHBIA IIMKJ Ha CMecH ¢ Tpel-
BAPHUTEJIbHBIM OXJaK[IeHHeM. DTOT LUK MMeeT HeKOTopoe TMpe-
MMYIIEeCTBO B SHEPreTHYeCKUX 3aTpaTax Mepel OINMMCAHHBIMH Bbille
[MKJIaMH.

Xo/0auIbHbIE LMKJIBI Ha CMeCH YTJIeBOAOPOAOB HauboJiee >(h-
(DeKTUBHBI B cay4asx, Korga Tpe6yercsi IMoJydaTb XOJIOA B HIHPO-
KOM [Malla3oHe TeMIepaTyp, HampuMmep, IpH CXKWKEHUH IIPHUPOL-
HOTO Ta3a, OHaKO B CJAyuasix, Korja TpebyeTcsi X0J104 B Y3KOM [H-
almasoHe TeMIlepaTyp, HalpuMep B TeXHOJIOTUYECKUX CXeMaX W3-
BJIEYEHHS STaHa, 3TH UHUKJbl MO 3(P(PeKTUBHOCTH YaCTO YCTYMAOT
KacKa/HbIM XOJO[MJBHBIM IIUKJIaM TponaH — aTujeH (stan) u ze-
TaHJEPHbIM XOJOAUNbHBIM LTUKJIAM.

Pacuetnbie uccne0BaHusl pa3NMYHBIX TEXHOJOTMYECKUX CXeM B
YCTAaHOBKaX pasfesieHusl U COKIDKEHUS TIPUPOLHOTO Tasa € MCMOAb-
30BaHMEM XOJIOAWJbHBIX 1MKJIOB Ha CMeCH TIO3BOJIUJU [IOJYYHTD
HEKOTOpble o6o6IIalolie 3aBUCUMOCTH TI0 YAEeNbHBIM 3aTpaTaMm
SHeprum u KIIJ[ ucnosb3yemMblx HUKJIOB [S].

Ha puc. 3.19 npuseneHa 3aBUCMMOCTb y/€/JbHbIX 3HEpro3aTpaT
B YCTaHOBKax pas/eseHMs] U CXKIDKEHUsS! IIPHPOJHOro raza ¢ IpH-
MEHEHNEM I[MKJIa Ha CMECH OT KOHEYHOH TeMIIEpaTypbl OXJaxjie-
HUsi raza T,. 3aBMCMMOCTb CTIPaBe/lIMBa ¢ TOUHOCTbIO A0 10 % nns
IpHpoaHoro rasa, cogepxkantero ot 80 xo 100 % MeraHa, npu nAas-
JICHUSX raza 4,5-5,5 MIla.

Kpusas, npusesensas ma rpadwmke, oTpakaer pocT 3aTpaT
SHEPIUM Ha mosiyueHUe eAMHUIBl X0JOJa C MOHMKEHHEM KOHEYHOH
TeMnlepaTypsl oxJiaxaeMoro raza. I'padyk MOXeT 6bITb HCIOJIb30-

11*
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Puc. 3.19. 3aBucHMOCTh YACHLHBIX SHEPrO3aTPaT OT KOHEYHOH TeMIlepaTypsl OX-
Jaxzenns rasa T,

BaH [UJISI OLIEHKM 3aTpaT 3HEPruHM B YCTAHOBKAX M3BJIEYEHHUSA W3
NPHUPOJHOTO Ta3a TeJiusl, 3TaHa, MpoMaHa M 6osee TSDKENbIX Yriie-
BOZOPOIOB, a Takke M B YCTAHOBKaX CXWXeHUs raza. Hemocpen-
CTBEHHO MO TpaduKy MOXKHO OINpeleNuThb 3aTpaTbl HHePTUU Ha
OXJIaXK/leH’e IIPUPOJAHOro Tasa IPU YCIOBUH, YTO ra3 oXJaXkAaercs
CMeCbI0 OT HauaJbHON TeMmepatypbl 30—35 °C.

Y menbHble 2Hepro3aTparbhl He MOIYT CAYXXHTb MEPOH TepMoIu-
HaMHYeCKOro cOBeplUIeHCTBa IukJIa. Jasi Gojee MOJHON xapakre-
PHUCTHKHM COBepIIEHCTBa IIPOTEKAHMsI pPeaJbHbIX IIPOLECCOB HUC-
N0JIb3YeTCsl IKCePreTHYeCKUil MeTO M, B YaCTHOCTH, 3KcepreTude-
ckuit KIIJ]

Okcepretuueckuil KIIJI XoJ0AMIBHBIX YCTaHOBOK IMIpeACTaBJIA-
eT co6oif OTHOLIEHME B3KCEPruy, OTBOAMMON OT OXJaX/JaeMOro
06beKTa, K TOABEeIeHHON 2JIeKTPUYECKON MM MeXaHWuecKoH sHep-
THU:

My = o, (3 140)
L}l

rae L, — MUHMMadbHas pa6oTa OXJAXKIEHUS HIM CHIKEHHA
IIPUPOJHOTO Taza B obpaTumoM mpollecce (akceprus); L, — nefict-
BUTeJbHasl paboTa OXJaXKJAEHHS WM CXKIDKEHMS ra3a B peajbHOM
npolecce.

MunnmanbHasg pa6oTa omnpezessiercsl 1o clelyiolleMy ypaBHe-
HUIO:
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Puc. 3.20. 3unavenne sxcepretrueckoro KIIJl ycranoBok pasieseHus M CRHeHHsI ¢

XOJOAWIBHBIMH IHKJIAMH Ha CMECH YIJIEBOLZOPOAOB U a30Ta N

me = TOAS - Q’ hut 4 (3141)

fust s

rae T, — TemInepaTypa oOkpyxkawlied cpeabl; AS — HW3MeHeHue 3H-
TPONHMU OXJAXKAAeMOro o6bekTa; @ — KOJUYECTBO Terlja, OTBOAH-
MOT0 0T OXJIAXKJIAeMOro 06beKTa.

Ha rpaduke puc. 3.20 HaHeceHbl 3HAYeHHUS] IKCEPreTUYECKOTO
KII/l, nony4enHble Mpu pacdeTe pasiv4YHbIX YCTAHOBOK OXJIax[ie-
HUSI M COXKIDKEHHSI IPUPOJHOTO ras3a ¢ XOJOAUJbHBIME LUKJIaMU Ha
CMeIIaHHOM XOJIOAMJIbHOM areHTe.

IlIpu nocrpoenuu xpuBoit Ha puc. 3.20 temneparypa T, 1npu-
HMMajach paBHOH TeMIilepaType XJagoareHTa HOCJ€e OXJaXKIeHHs
€r0 B BOJASIHOM MJIM BO3AYIUHOM XOJIOAMJIbHMKE.

Honyyennnle 3HaueHHst skcepreTudeckux KIIJ| orpaxalor mo-
BOJIbHO BBICOKHME TepMOAMHAMMYECKHE MOKa3aTeSd pPaCcCMOTPEHHbIX
YCTaHOBOK € XOJOAWJbHBIMU LHUKJaMM Ha MHOIOKOMIIOHEHTHBIX
cMecsiX.

Bpan au cymectByer Kakas-1u60 3aKOHOMEPHOCTb B M3MEHEHHH
T OT TeMIepaTypbl OXJaX/eHUs, KoTopass HalJjiloJaeTcs Ha rpadpu-
ke puc. 3.20. To-BuauMoMy, NIpH pacueTe TEXHOJNOTHUECKUX CXeM
OTZe/IbHbIX YCTAaHOBOK, NapaMeTpbl Hpollecca M COCTaB XJafoareH-
Ta 6bLIM NMOAOODPaHbI ¢ GoJsbileil WM MeHbined 3¢ QPeKTUBHOCTDIO.
3HaueHus 1), IpuBeJeHHbIe Ha rpaduke, MOTyT ObITb MCIOJNb30Ba-
HbI [ OBICTPON OLIEHKH 3aTpaT 3HEPIUH Ha OXJaXKJeHWe WJH
CKUKeHHe NMPUPOAHOro rasa. /s atoro Tpe6yeTcst TOBKO BBIMUC-
JIUTh HTAJDIIMIO M 3HTPONMIO Tasa NMPU HAaYaJbHBIX U KOHEYHBIX
NapaMeTpax OXAaX/aeMoro rasa. 3ateM mno ypasHenuwo (3.141)
BbIYHC/IUTD MUHUMaIbHYIO paboTy W, NMpPUHSB M paBHbiM 0,35+0,4,
BbIYMC/IUTD AelicTBUTEIbHYIO PaboTy.

Ipaduk, npencrasiaeHHbiii Ha puc. 3.20, B orinure oT rpaduka
Ha puc. 3.19, cnpaBenuB [Js JI06bIX HAavaJbHBIX TeMIIEPaTyp
OXJla)1aeMoro rasa. :
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3.4. YCTAHOBKU U3BJIEHEHMA NPOMAHA
U BbICLUNX YINEBOAOPOAOB :

Ha puc. 3.21 npusegeHa TeXHOJOrHUecKas cxeMma TOJy-
YeHU$ CXKMXKEHHBIX Ta30B, B KOTOpoil ucnoJbsyercsa addexT [lxo-
yJist — ToMcoHa.

[lyisi mpefoTBpallieHyst o6pa3oBaHKMsl IMAPATOB B TOTOK rasa Ie-
pel ero oxJaxk/JeHueM BHpbickuBaercss 80%-Hbiit MeraHos. Tas,
Mpoiils BXOJAHOH cenaparop, NOCTYIaeT B peKyllepaTHBHBbIN Teln-
Jn006MeHHUK T1, B KOTOPOM OXJjakaaercst 0OpaTHbIM IIOTOKOM Tasa.
[ajee ra3 jgpoccesupyeTcst 1o AaBjeHUsi, HEOOXOAUMOTO JJIs1 TpaH-
CrIopTa Tasa MoTpebUTeN0 M, OXJAJMBIIMCH, TOCTyNaeT B TpeX-
dasnblil cenaparop Cut g orneneHus BoimaBiieff skuaxocty. I'as
U3 celapaTopa, OTAAaB CBOH X0JOA B PEKYyMepaTUBHOM TeIIo06-
MeHHHKe, [OoCTynaeT MoTpe6uTe 0. DBbinaBmuid BOAHO-METaHO/Ib-
HbIil PacTBOP [APOCCENNDPYETCSl W TOCTYINaeT B OTNAPHYIO KOJOHHY
Km1. Ilappt meranona us Km1 KOHAEHCHDYIOTCS U TOCTYIAIOT B
c60pHYyI0 eMKOCTb. M3 eMKOCTH MeTaHOJ TOAAeTCS] HACOCOM B CHC-
TeMy pacrpefejeHuss MeTaHoja To ycraHoBke. Bopmasmas B Cul
VIJIEBOLOPOHAS XKUIKOCTb MOCTYIIAET HA OpOlIeHHe [e3TaHH3aTo-
pa Ki. B K1 npoucxoaur oraenenue ¢paxuuu C,, oT MeTaH-
ataHoBolt ¢pakuuu. IlocsenHss cMmeumnBaercss ¢ OCHOBHBIM IOTO-
KOM ra3a U3 HU3KOTeMIlepaTypHoro cenapatopa. ®pakuus C;,. no-
CTyHaeT B CPeAHIOI uacTb KojoHHBI K2, B KoTOpoil pasmensiercs
Ha nponaH-6yTatoByo ¢pakuuio 1 LIOJJAY (Man  crabuiabHbI
KOHJIEHCaT).

Konaencauuto napos, Boixogasiux u3 K2, a takke oxyaxieHue
MOJIy4YEHHOTO HMXXHEro IIPOAYKTA, OCYLECTBJAIOT OTCellapUpOBaH-
HBbIM Ta30M.

Ilo nanHO#l TexHoJNOrMdeckoir cxeme Gupmoit TDE 6buim
MOCTPOEHbl YCTAaHOBKM B T. SKyTcke TIPOU3BOAUTENbHOCTDIO
315 man. M°/roa mnepepaGaTbiBaeMoro rasa. B JaHHOM ciydae
UMeJic CBOGOJHDIN Tiepemnajl AaBJEeHHH MeXJy [IOCTYMalolM Ha
nepepa6otky rasom (3,5 MIla) u ToBapHbIM ra3oM, NOJaBaeMbIM Ha
T3IL u B ropox (1,2 Mlla). Ha 3ToM nepemaje JaBjieHuil U 6bLl
peasin3oBaH Tpouecc. B pesyibrare mnocje ApoCCeSMPOBaHUS Obl-
Ja JOCTUTHyTa TeMmiieparypa muHyc 63 °C, npu 3ToM H3BJeUeHUe
13 rasa ¢pakuun Cs, coctaBasno okojo 40 % (mponana — 25 %).

[laHHasi TeXHOJOTHUS OTJIWYaeTcs MPOCTOTOH W TNpaKTHUYeCKH He
uMeeT 3atpar asHeprud. llpu yBesuuenuu mnepenasa AaBiIeHUR
MeXly TIOCTYNMAIOUMM Ha YCTaHOBKY Ta30M M BBIXOIAIIMM OyIeT
COOTBETCTBEHHO yBeIMUUBATbCS U koapduuueHT ussuedeHust Co,.

HepocratkamMu aTo# YCTAaHOBKHM SIBJSIIOTCS 3arps3HeHue MPOAYK-
TOB METAHOJIOM ¥ TPYAHOCTH C YTUJIM3allMell MeTaHOJbHOH BOJBI.

166



Outiugennviii 2as

X

T2

b

El

> I'as na
cobcmecn-

HBIC HYHCOB

Corcrvicen-
HbIL 2a3

DY
(cmabuabnviii

Memano 1 r KOHOCHCAM)

Puc. 3.21. Cxema nouyueHHs C3KIJKEHHBIX ra30B ¢ BOPBICKOM MeTaHOJa

Bosnee rny6okoe ussneuenue ¢paxuuu C,, MO3BOJAET TEXHOJO-
raueckas cxema, NpeacTaBjeHHass Ha puc. 3.22. B oriuume ot
MpeabIAyIIeNd cXeMbl 3[ech NMpUMeHeHa TBepiasl oCylIKa rasa, 4uro
JlaeT BO3MOXKHOCTb I0JYYaTb OCYUIeHHbl€ IPOAYKTBI, He CcojepKa-
e MeTaHoJ. Kcnogb3oBaHue AeTaH[ep-KOMIIPECCOPDHOIO arperara
(TIA) npu npounx paBHbIX ycaoBUsAX (T.€. OJMHAKOBBIX BXOAHBIX
M BBIXOAHBIX TapaMeTpax rasa) IMO03BOJISIeT NPOBOAUTH IIPOILECC
cemapauuu npu 6ojlee HU3KMX TeMIleparypaxX M JaBJeHUSIX, UTO
6JaronpusaTHO CKasbiBaeTcA Ha mpoliecce pasgeneHus. T/JA taxxke
MO3BOJISIET MAKCHMAJbHO COXPAaHHUTh BXOJHOe AaBijeHue rasa. Hc-
TIOJIb30BaHKMe XOJI0Ja OTCENapUpOBAaHHHOTO Tasa B Jedaermarope
Aesranusaropa Kt nosBosisieT yMeHbUIMTb yHOC nponaHa. Cbipbe-
Bo# ra3 mocrymaer B Tpexdasubiii cemapatop C1. Otcenapupo-
BAaHHbIH Tra3 mojaercs B OJOK OCYIIKM, Tle OCyLIaeTcs A0 TOUKH
pocel Munyc 70 °C Cyxoll ra3 rojaercsi Ha OXJaX/JeHue [AByMsi
noTokamu: B Terioo6meHHuk T1, T2, T3, u 3atem B cemapatop C2.
Pacuiupennniit 8 geranzepe ras nogaercs B cemaparop C3. MKun-
KOCTb W3 cemaparopa [pOCceNupyercs, HarpeBaeTcs B Tensnoo6-
MeHHuKe T3 M mojaeTcss B KauecTBe NMTaHUA B CPEAHIOD 4acTb
Zearanusaropa K1. I'as us cemapatopa C3 mocTymaer B KauecTBe
XJafoarenta B gedierMarop /[AesTaHU3aTopa M 3aT€M B TeIJO00-
MeHHyK T1. Ky6oBast >kMAKOCTb U3 A€3TAHU3ATODA [POCCeNUPYyeTCs
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1 NOJaeTca B KadecTBe NUTaHUSA B KoJIOHHY K2. YrieBomopoaHas
sKUAKOCTh U3 TpexdasHoro cenmaparopa C1 apoccesupyercst u Io-
gaercsl B pasfesutens P1. T'as u yrieBogopozmHasi >KMAKOCTb U3
pasflenTe s T0A0TCA B JedTaHu3aTop. Boixoasaummit W3 nestanu-
3aropa Ta3 TocJe peKynepalMy XOJo4a [0XKHMAEeTCsl KOMIIpecco-
poM Typ6ozeTaHepHoro arperata, o6beJUHsETCA C OCHOBHBIM II0-
TOKOM, BBIXOJIIMM M3 Terioo6MeHHMKa T1, u mocrymaer motpe-
6uTeIo.

JlaHHasi TeXHOJIOTHYeCKasl CXeMa MOXeT paboTaThb B IIMPOKOM
Jyvana3oHe JaBjeHui rasza. Koap@uuueHT u3BJIeueHUs IpomaHa
3aBMICUT OT Tepellajla AaBJIeHUWIT Ha AeTaHzepe.

CxeMa 6blja pacCuMTaHa Ha CJeAYHOIUe NapaMeTpbl:

JaBJleHHe CbIpbeBOTrO Tra3a, IOCTYNAOLIEro ¢ IpOMbIcia, O6bLIO
10,8 Mlla;

[aBjeHue ToBapHoro raza — 4,2 Mlla;

cofiepxaHre TpomaHa B rase 6buio 1,67 % MojbH., 6YTAaHOB —
0,7 % MOJIbH.

TTapametpb! mpotlecca 6blJIM MOAOOPAHBI TaKUM 06pa3oM, YTOGBI
HCKJIOYUTh HEeOOXOAUMOCTb B HOXKATHM BBIXOAAIIUX € YCTAaHOBKH
noTokoB rasa. [as pacuupsinics B perangepe ¢ 10,5 Mlla pno
4,3 Mlla. a3, BoIXOasuMit cBepxy AeataHusatopa K1 npu nasie-
Hun 2,5 MIla, cxxrmaicsi xoMnpeccopoM Typ6oJeTaHAepHOTO arpe-
rata 1o 4,2 Mlla.

Kosddunuent nspnevenus npomnaHa npu pabore yCTaHOBKM Ha
IDaHHBIX Napamerpax cocrasser 83 %.

[l1s ocylku rasa MCIO/Ib30BATHUCH LeoanThl NaA.

Koadpduunenr ussnevenus: nponatda 95 % W Bblllie MOXET ObiTh
NojlydeH TIIpy IlepepaGoTKe rasa MO TEXHOJOTHYECKOH cxeMe,
npejacraBieHHOR Ha puc. 3.23. [laHHasi TexXHoJoOTMYecKasl cxeMa
paspabaTpiBajlacb € y4YeTOM BO3MOXKHOCTH PabOTbl YCTAHOBKM B
ABYX PEXUMaX:

C M3BJIeUeHUeM YIaeBogopoaoB Cs,;

C U3BJIeUeHHEM YIeBoaopoloB C,,.

BapuaHT ¢ u3BJeveHWeM 3TaHa MOKa3aH Ha cXeMe IYHKTUPHBI-
MU JIMHUSIMH, Jlajee OH 6yAeT PacCMOTPEH OTHAeJbHO.

B ycraHoBky mocTymaer oCylIeHHBI# NPUPOJHBIA Tra3 NpU [aB-
seHun 5,6 MIla u remmeparype 30 °C. Ta3z pasaensercs Ha 1Ba
TOTOKA: OAMH OXJIaXKAaeTcsi B TelsiooOMeHHMKe TS razoM, BBIXO7S-
UM cBepXy kosoHHbI K2, apyroit — B Temyoo6menHuke T1 Mmera-
HoBOH pakumeit u3 kosonubl K1. Oxnaxpennniii B T1 ras pge-
JIUTCSL Ha JBa TOTOKA: OJWH TIOCTyHaeT B TerjoobMeHHUK T3, apy-
roit — B T2. Jlorokn oX/ask[eHHOTO rasa u3 TelnoodMeHHUKOB T2,
T3 u TS obveaunsiorcs B OfMH, KOTOPBIi MOCTYNaeT Ha OXJax-
lenvie B TensoobMmeHHuk T4. B cemaparop C1 nocrymaer noTok
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rasa, OXJaXJeHHbII a0 Temmeparypbl Munyc 45 °C. Tas, BbIxoas-
muit u3 cenaparopa C1, genuTcs Ha ABa noroka. OcHoBHasl 4acTb
raza paclipsercss B typGogeranziepe go 2 Mlla, obbesunsgerca c
ApocceMPOBaHHOM uAKOCTbI0 U3 C1 ¥ o6luil NOTOK IOJAETCS B
Ky6OBYIO 4aCTb KOJIOHHDI K1. Hpyrag 4acTb rasa oOXJaxIaeTcs B
rerioo6MeHHnke T6, apoccenupyercsa no 2 MIla u nopaerca B
koJoHHy K1 B xadecrse opolIeHHS.

Kononna K1 paccunmtaHa Ha 4 TeopeTuveckue Tapeiku. sKun-
kocTh U3 Ky6a K1 momaercs B KauectBe xJafoareHra B JedJerma-
top T7 ¥ 3aTeM B Tensjoo6MeHHUK T2, mMocje uero 1ojaerca B Ka-
yecTBe NMUTaHUS NOJ celibMywo (TeOpeTUYecKyl) TapesKy KOJOHHBI
K2. KosonHna K2 paccuutana Ha 18 Teoperudeckux Tapeok. I3
Ky6a xoJjonHbl K2 orBogutcs ¢paxuus Cs;,, KoTopas nojaercd Ha
¢dpaknuonrposanue B kojJoHHbl K3 u K5. IIpoaykroM Kononnnt K3
SIBJIStETCS TIPOIaH aBTOMOOMJBbHBIA. M3 KonoHHbl K5 cBepxy BbIBO-
murest CIIBT, cuuzy — ¢pakuus Cs.

B kunarunapHuxku T8, T12, T15 nomaercs yrieBogopojHbli Tell-
JIOHOCUTEJIb.

Boixoasiuii M3 xoJyionHsl K2 ras pekynepupyer cBod XoJojA B
termtoo6MenHnke TS5, rmofaercst B 670K NMOATOTOBKU rasa [Js pere-
Hepalul Y OXJXKJeHUs aAcop6epoB M 3aTeM HampaBJseTcs Ha
I'PC uau MecTHble HYXX/IBI.

T'a3, oTBoguMbIli cBepXy KoJIOHHBI K1, HampaBisieTcst Ha peKy-
nepanuio xojoja B TerioobMenuuku 16, T4, T3, T1, zarem mo-
CTymaeT Ha Bcac KOMIIpeccopa TypOoJeTaHIepHOro arperata M I1o-
cjle OXJIaXJeHHs] B amnmnaparax BO3/YLIHOTO OXJaXJeHHs IoCTyIa-
€T B KOMIIDECCOPHBII LeX, rie ACKHUMAaeTcs IO JaBJIeHUS Marucr-
paJbHOTO TrasonpoBoza. YacTh 3Toro rasa iocjie Bbixojga u3 T1
MoxeT H06aBIAThCS K rady, IOCTynawolleMy B 6JOK MOArOTOBKU.

Broicokoe u3BeyeHne mNpomaHa HLOCTHUTAETCS] 33 CUYET IPOMBIBKH
rasa B xoJoHHe K1 CKHXXEHHbIM NPUPOAHLIM Ta3oM W OpraHu3a-
1M1 opolleHns1 B KojioHHe K2 ¢ moMoibio BcTpoeHHOTO fAedJierMa-
Topa T7, XJagoareHToM B KOTOPOM SIBJSIeTCS XUIKOCTb M3 Kyba
KoJionnsl K1.

[laHHas TeXHOJOTUYECKAs CXEMa PACCUUTHIBANAcCh [Jis YCJIOBUIL
CocHoropckoro T'T13.

[aBnenue coipbeBoro raza 6oiio 3,5 MIla, or6eH3uHEHHBIR
(TOBaprlﬁ) ra3 noJaeTcsi B ra3olipoBoj Toj Aasienuem 3,5 MIla.
CripbeBoii ras cxumancs komnpeccopom ¢ 3,5 MIla go 5,8 MIla u
npoxoama B 6i0k ocymkn (neosuthl Mapku NaA) u ¢ AaBJieHHeM
5,6 MIla nopasancs B 6A0K rasopasjeienud. ToBapHbiil ras jo-
KuMaica go 3,5 MIla.

Bosbiitoe 3navenne MMeeT BbIOOD ONTHMAJbHOIO Iepenaaa AaB-
JieHuit B TypGogeransiepe. UeM HiKe [aBJIeHHe Ha BbIXOJEe U3 Jle-
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ne u3 typboneransepa okosno 2 Mlla. C pocToM [aBjieHHSI De3KO
YBEJIMUMBAIOTCS 3aTPAThl JHEPrMM HA €AMHUIYY MPOAYKLMH, ITIPH
6oJlee HU3KOM JaBJieHUH pe3ko HafaeT koa(p¢puLMeHT H3BJedeHus
npofada TMpU TMPaKTHYECKM O/IMHAKOBBIX Y/E/bHbIX 3aTpaTax

3HEPTUH.

B ta6imuax 3.28 u 3.29 npuBeseHbl MarepuasbHblil 6ajsaHc U

Tabauua 3.28

MarepuambHbiii GaslaHC yCTAHOBKH ra3opa3jeienns ¢ Bbiaenennem Cy,

peBoji| MeTanoBag| Meranosas | Ilponan K

[Tokasateb Cbu;az o ¢dpaxuus | dpakuug B{ aBTOMO- CIIBT ®p. asfm;l
Ha 'PC | rasonposog | 6uabHbIH

aBnenue, 5,6 1,7 3,5 1,7 1,0 1,0
MIla
Temmepary- | 303,0 297,0 303,0 318,0 3178 318,0
pa, K
Cocras,
MOJIb / MOJIb:

N, 0,026350 | 0,003111 | 0,030251 0,000000 | 0,000000 | 0,000000
C,H, 0,856370 | 0,564585 | 0,930031 0,000000 | 0,000000 | 0,000000

C,H; 0,074780 | 0,425452 | 0,037301 0,033044 | 0,000741 | 0,000000
CO 0,001390 | 0,003870 | 0,001171 0,000000 | 0,000000 | 0,000000
C.,I—f 0,028400 | 0,002082 | 0,001222 | 0,874265 | 0,512684 | 0,000049
i-C4f—{,o 0,003810 | 0,000000 | 0,000014 | 0,045860 | 0,160919 | 0,002362

n-C,H,, | 0,006550 | 0,000000 | 0,000005 | 0,045690 | 0,312721 | 0,029209
i-C;le 0,001050 | 0,000000 | 0,000000 | 0,000864 | 0,010916 | 0,387198
n-C;H,, | 0,000860 | 0,000000 | 0,000000 | 0,000274 | 0,002016 | 0,378046

1 0,000400 | 0,000000 | 0,000000 | 0,000002 | 0,000002 | 0,184666
C,Hy 0,000040 | 0,000000 | 0,000000 | 0,000000 | 0,000000 0,018470

WUroro 1,000000 | 1,000000 | 1,000000 | 1,000000 { 1,000000| 1,000000
V, M /u 312500 30730 269147
G, 1/1 11,98 11,74 2,1 J
Tabruya 3.29
Pacxoaubie nokasaTequ yCTAHOBKH ra3opasfiesieHus ¢ BoiaesenneM C,,
TNokasareau 3HaueHHd
}?om«mecmo nepepabaThiBaeMOTO Ia3a, MJPA. M /Ton/M> /4 2,500 /312500
Hpoayxre::
MeTaHOBasA (paKknus B MarHCTPAJIbHBINA ra3onpoBo/, st 2,153 /269150
p=3,5 MIla, mapa. M>/ron/M /4
MetaHoBast ¢ppakuusa Ha [PC nin co6cTBeHHbBIE HYXKABI, 0,246 /30750
p =1,5MIla, mapa. M /rox,/m /4 "
nponan aBroMo6uabnbiit  (IIA), THIC.T/TOA/T/4 S 95,84 /11,98
cMecp mponaHa U G6yrana texumaeckux (CIIBT), 93,92/11,74
THIC,T/TON,/ T/4 o
¢dpaxuna C;, thic.T/T0a/T/1 16,8/2,1
Kosadduunent nsprevenna npomana, % . 95
OTPeGHOCTH B TemaoBoit sHeprin  (yrieBOMOPOAHBI TENIOHO- 8100
cHTeab), kBt
Morpe6asemas moumocts, kBT:
Ha cxartne cbipbeBoro rasa ¢ 3,5 Mlla go 5,8 Mlla 5964
Ha cxxaTne MertaHopoit ¢ppakumu ¢ 2,32 MIla mo 3,5 MIla 4290
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NoKa3aTesId YCTaHOBKM Ha MPOM3BOIMTENBHOCTb 2,5 MJpPA. M’/TO..
Koa(puuueHT u3BaedeHHs NporaHa coctaBua 93 %.

B narexre [23] npeasioskeHa TexHOJOTHUecKasl cxeMa H3BJjeue-
HUS MpollaHa M 6ojiee TsDKeNblX YIJEBOAOPOJAOB U3 IIPUPOTHOrO
rasa ¢ KacKaJHbIM XOJIOAWJbHBIM HUKJIOM Ha YMCTBIX YIJIEBOLOPO-
Jax npomad — stuien (oraH). CxeMa mpuBeleHa Ha puc. 3.26.

a3 mocTynmaeT Ha ycraHoBky npu AaBaeHuwt 4 Mlla u temne-
parype 32 °C, oxsaxjaercsi B TenjoobMenHuke T1 go munyc
40 °C ¥ mapoXxuAKocTHas cMech nocrymaeT B cenapatop Cl1. Tas
U3 cerapartopa IromaeTcsl B NpoTHBOTOUHBIN KoHAehcaTop IIK, rae
KOHJEHCHPYIOINASACS XWIKOCTh CTEKaeT BHM3, KOHTaKTHpysl C MOX-
HuMmamonmmcs napom Kuzkocrb BosBpamaercss B cenapaTtop Cl
las, BbIxoasuuit CBepXy IIDOTMBOTOYHOTO KOHJAEHCATOpa, HMeeT
TeMieparypy okoslo — 73 °C u comepXUT MaJo NpolaHa u 6oJee
TSKEJBbIX  YIJeBOJOPOAOB  ODTOT Tra3 HarpeBaeTcs B HHXKHEH
(renyioft) ceKuuy MPOTMBOTOUHOTO KOHAEHCATOpa W B TEIJIOOOMEH-
Huke T1.

JKunkocts us cenmaparopa C1 mopaeTcst HacocoM 4Yepe3 TelLo-
o6MenHuk T1 B ornapHyw KosnonHny K1, ormapenHnlii ras mnpu
TeMaeparype okojdo 35 °C mogaercss B JMHMIO CBIPbEBOIO rasa.
BbiBoguMass U3 KOJIOHHB! (ppakiuysl >KUAKHX YIJIEBOJAOPOLOB MMeeT
TeMIieparypy okoso 95 °C.
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Puc. 3.26. Texuonoruueckas cxema Bbigenenns C,, ¢ KaCKaJHbIM XOJIOMUIbHEIM HHK-
noM (npdfan — 3TiLneH)
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JIOTIOTHUTEIbHBIM XJIa[0areHToM B TensoobmeHHuke T1 sBisa-
eTcs KUIALWMI TnporaH. XJaZoareHTOM B BepXHeH CEKLUUH IPOTH-
BoTOUHOrO KOHZeHcatopa IIK sBasercs kumsiuvit stujen. [aa
3THX UeJiel MCIIoIb30BaJCAd KacKaJHbI XOJOAMJIBHBIA HHMKJ, CO-
CTOSILIMI M3 [BYX 3aMKHYTBIX KOHTYDOB: NPONAaHOBOrO U 3TUJIEHO-
Boro. B mocienHeM KOHType KOHJAEHCALUS 3THJAEHA MPOU3BOIUTCS
MPOTIAHOM.

PacueT cxeMbl BbIIO/IHEH Ha cJjiey oMl coctas rasa (% MoOJbH.):
90,3 — MeTaH; 6,4 — aTaH; 3,3 — NpoNaH ILIIOC BBLICLIME YIJIEBOJO-
poapl. /laBnenue Ha Bxode B ycrahoBky — 4 Mlla. Bbixoasiuuit
OTOEH3VHEHHBI Ta3 [oXUMaycs OO0 [aBJeHHUS ChIPbEBOTO rasa.
IIponykToM siBisiIach (GpaKLUsl YrieBOJOPOJAOB, cofepxamas 15 %
staHa U 85 % Cs.. Koadpduuuent ussneuenus Cs;, COCTaBIAN
94 %.

ABTOpBI YTBEP)KAAOT, YTO 3aTPaTbl DHEPrUM MO JAHHOH TeXHO-
JIoTHYecKoi cxeme Ha 60 % MeHbllle, YeM I10 JIeTaHAepPHOH.

Cremyer OTMETHUTDb, 4TO [JIS1 TOJHOM JesTaHu3anuu paxkyuu
C,;, Heo6xXonnMa ellle oJHa KOJOHHA M, CJIeJOBaTeJbHO, BO3PACTyT
3aTpaThl 3HEpPruu.

Dbl BBITIOJIHEH pacyeT TeXHOJOTHYECKON CXeMbl, TMOA0GHOM
onucanHo# soimte (cM. puc. 3.26), Ha cocraB rasa M lapaMmeTpbl
Ha BXOJe U BBIXOJle U3 YCTAHOBKH, coOTBeTcTByloniue CocHorop-
ckomy ITI3, i cpaBHeHusa ¢ [eTaHiepHo# cxemoil (cM. pwuc.
3.23). TexHosoTMYecKas cxeMa mpuBeldeHa Ha puc. 3.27. Ilpunum-
NMajibHOe OTJAMYMe 3TOH CXeMbl OT CXeMbl ¢ KacKaJAHbIM XOJIOJWJIb-
HbIM LIMKJIOM Ha pUC. 3.26 B JONOJHHUTEJIbHOW [edTaHM3aLUU XJIa-
JoareHTa B kojioHHe K2. Csepxy KoJsioHHbI K2 oTBOAMTCsSI aTaHoBas
¢pakuus, KoTopas HCIOIb3yeTcs AJs INONoJHEeHUs NoTepb 3TaHa B
KaCKaJHOM XOJIOAWJIBHOM lIMKJe IponaH — aTaH. lIpu gaabHeliieMm
pasgenenuu ¢pakuun C;, MokeT ObIThb TOJy4YeH BTOPOH XJIafo-
are’tT — ¢pakuus nponasosasi. Vcnmosnb3oBaHue HUKJa MPOIaH —
3THJIeH morpe6oBasio 6bl JONOJHUTENbHBLIX 3aTpaT Ha NIPUBO3 U
XpaHeHHe 3THJeHa.

B ucnosnbszyeMoM X0M0AUIBHOM LIMKJE 3TaH CXXUMaeTcs B JIBYX-
cryneHuatoM komnpeccope ot 0,175 MIla mo 2,2 Mlla, oxaaxnga-
€TCs IIPONIaHOM, KHUISIIMM Ha u3orepMax —35 °C u —36 °C. Kuakuit
3TaH fApoccenupyercs no 0,63 MIla u nomaercs B pasfenuTesib-
Hyl0o eMKocTb. ['a3 M3 eMKOCTH NOJaeTcs BO BTODYIO CTYIEHb KOM-
npeccopa. JKugkocts gpoccenupyerca npo 0,175 Mlla u orpaer
CBOH Xo0J0A B HcnapuTteie-KoHIeHcaTope TS, mocie uyero mocryna-
€T B NepByI0 CTyIeHb Kommpeccopa. [IponmaHoBbIH XOJI0A HCIIOJIb-
3yetcst Takxke B Temoo6merHuke T3 (usorepMa kumenust —5 °C).
ChipbeBoii ra3 moctynman ¢ gaieHneM 3,5 MIla u mocie ocyuku
npu 3,3 Mlla nonaBancs B Tensoo6MeHHMK T1. Or6eH3uHeHHBIH
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Puc. 3.27. Texnosornueckasi cxeMa yCTaHOBKH BpljeseHnst C,, ¢ KacKaJHbIM XOJOAH/IbHBIM LHKIOM (IIPONaH — 3TaH):
I — mpupoaHeril ra3 u3 6J10ka MOATOTOBKII ra3a, [/ — aTaHoBas (pakuMsa — XJaJOareHT XOJOJAMJbHOro uuiaa, /1l — ¢paxunsa C,,,
IV — MetaHoBast dbpakiuist B ra3sonpoBog



ra3 Boixoaua u3 T1 mpu 3,05 MIla u moxumancs no 3,5 Mlla.
KoadduuneHT u3BJIeueHus nponaHa Obia nosydeH 93,1 %, dpax-
wu Cye — 95,4 %.

B pesysibTaTe yaenbHble 3aTpaTbl 3HEPrUM Ha eAMHUIYY IIpo-
aykuuy (dpakuus C,.) mosyunauch Ha 9 %  MeHblle, ueM TIo
cxeme Ha puc. 3.23. Ilpu Takoii He6GoJbLIOH pa3HHUlie B 3aTpaTax
SHEPrMH PEeLUAIoUIMMH I1P1 Bbl6Ope TEXHOJIOTHYeCKOH cXeMbl OyXyT
CTOMMOCTb OGOPYIOBaHMS M TeXHoJoruueckue tpebosanusi. Ha-
npuMep, IpHU pa3paboTKe TEXHOJOTHUeCKOH CXeMbl YCTaHOBKHM Iie-
pepaborku rasa aas CocHoropckoro I'lI3 crasniach 3agavya Bo3-
MOKHOCTH paoThl B ABYX pexumax: ¢ uspiedenueM C,, umn C,..
Ilocieatee jierde oCyLIeCTBUTH 110 CXeMe € J€TaHIePHDbIM IHKJIOM.

3.5. NYBOKAS NEPEPABOTKA FA3A
C USBJIEHEHUEM 3TAHA 3
1N ,‘1. ¥

B nocsieqHee BpeMsi /sl M3BJEUYEHUS 3TaHa IIpeNouTe-
HHE OTAAeTCSl TEXHOJOTMUYeCKHM CXeMaM C JeTaHJEepHbIM X0JIo-
JUJBHBIM IIMKJOM. PaHbllle CUMTANIOCh, YTO [JE€TaHAEPDHI BbBIFOJHO
HCTIOJNb30BaTh B TOM CJiyyae, e€cJd CbIpbeBOU ra3 MMeeT BbICOKOe
JlaBJieHUe, OJTHAKO JlaJibHelilllee COBepPIIEHCTBOBaHUWE [ETAHIEPOB U
TEXHOJIOTHUECKUX CXeM TMoKasalo 3(PpeKTHBHOCTD MX TIPUMEHEHUS
¥ TIPM HU3KOM [AaBJIEHWH CbIPbEBOTO ra3a. B 3ToM ciyuyae chbIpbe-
BoH ra3 goxxumaercs 10 4—7 Mlla. Yacto texHoOJOIHYeCKHEe CXeMbl
¢ JeTaHAepoM AJiSl IPeBapUTENbHOTO OXJaXJeHHus rasa BKJIOUAIOT
[IPOMIAHOBBIE XOJIOJUJbHbIE LMWKJIBl, a WHOTAA W IMKJIbI Ha CMecH
YTJIEBOJIOPOJIOB.

Ha puc. 3.28 mpuBeaeHa TeXHOJIOTHUECKasl CXeMa M3BJ€UeHHs]
3TaHa U BBICIIMX VIJIEBOJOPOJOB U3 NMpUpoJHoro raza. IIyHKTHpOM
MoKa3aHa O6GBSI3Ka alllaparoB IpH paboTe YCTAaHOBKU B peXUMeE
usBjedyeHus C,;, B COOTBETCTBUM €O cXeMolt Ha puc. 3.23. B pe-
JKUMe U3BJIeYeHHUS dTaHa paobasisercs terioobmennuk T10, B ko-
TOPOM XJIAJIOATEHTOM SIBJISIETCSI TIPOMAH, KUISIUIUHA TIpY TeMnepary-
pe Munyc 36 °C, npoMexytouHble KUNATHIAbHUKKM T9 u T11 u ko-
JoHHa K4 — pesraHusatop ¢ AedJierMaTopoM, OXJaX/JaeMbIM IpO-
naHoM ¢ u3oTepMol kurenuss Munyc 5 °C. B T9 xonzeHcupyercs
sTanoBas ¢dpaxuus, B T11 oxjaaxzaaercss NpupojHblil raz. Anmapa-
™ T9 u T11 mno3BOJAIOT CYIIECTBEHHO YMEHDLIIMTb 3aTpaThl
SHEpruu.

Moctynarommit Ha yCTaHOBKY OCYIIEHHbIH ra3 pasielsercs Ha
TPH IIOTOKA: TMepBbI MOTOK MoJaercs B Tertoo6MeHHHK T1, BTO-
poit — B TS, tperuit — B kunatuabHuk (xosnouus: K2) T8. Tloto-
KM rasa, Boixogsuie U3 T1 u T8, o6beaunsitoTcss B 0JUH, KOTOPDIit
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Puc. 3.28. Texnonornueckas cxeMa yCTaHOBKHU ra3opasjiesieHus ¢ BbifeIeHHEM 3TaHa:
I — mpuponnslii ras, /1 — mponaH aBToMoGIuIbHBI, V — MeTaHoBas ¢pakuuss B rasonposod, VI — meTaHoBasi ¢pakuus B 610K

NMOArOTOBKI rasa, VII — srasoBast ¢pakuist



oxnaaxaaerca B T3. Tlocne temmoo6Mennnka T3 ras paszensiercs
Ha /Ba MOTOKA, OJUH M3 KOTOPBIX OXJAXAaeTcs B TelJoOOMeHHHKe
T10 mpomaHOM, KUIISIIUUM Tpu TeMmeparype Munyc 36 °C, apy-
roit — B TeriooOMeHHMKe T2 XUIKMMM YriieBOAOPOAAMHU, OTAeJeH-
HBIMH B cenaparope C2.

ITorok rasa, BIXOASIIME U3 TemtooOMenuuka T10, pasnensercs
Ha ABa. IlepBbiil oxjaxjaercst B Terjioo6MeHHUKe T4, BTopoil — B
poMexXyTouHoM kunsituibHuKe (kosonnbl K2) T11. IoToku rasa,
oxJlaxKJieHHbie B TelioobMenHukax T2, T4, TS5, T11, ob6peannsmor-
cs1 B OJIUH, KOTOPbI 1ojlaercs B cenaparop Cl.

l'a3, BbIxoasiuuii u3 cenaparopa C1, nenuTcs Ha JBa MOTOKa.
OcHoBHas 4acTb rasa pacluupsiercsi B Typ6oeraniepe fo 2 Mlla
u noaaercs B Ky6oByw udacTb KoJsioHHbl K1. [pyras uacTb rasa
oxJiaxkAaeTcsl B TersloobMeHHuKe T6, apoccenupyercst go 2 Mlla u
nojfaercss B konoHHy K1 B kayectBe opolueHus.

JKunkocrs u3 cenaparopa C1 apoccennpyercst o 2 Mlla u no-
JaeTcst B eMKocTb gerazamiu C2. Tas u3 emxoctu C2 pobasisiercs
K MapOXUIKOCTHON cMecH, moaaBaeMol B Ky6 kosoHHbl K1. Kua-
KoCcTb U3 eMKocTH (2 HarpeBaercst B Teljloo6MeHHUKe T2 U Tmo-
JaeTcsi B KayecTBe IMTaHuss B KojoHHy K2 mon ceapmyio
(Teopernyeckyto) Ttapesky. Kuakoctb us Kyb6a kosorHbl K1 rmo-
JaeTcsl B KauecTBe OPOLIeHNs B KoJoHHY K2.

B xunstuapnnk T11 xuakocts mopmaerca ¢ wiectoit (Teopern-
yeckol) Tapenku, B T9 — ¢ mectHaauaroii m B T8 — ¢ cemMHan-
uatoil (Bcero 18 TeopeTHMYeCKMX TapesoK, BKJIOYas KUOSTHJIbHHK
T8).

N3 ky6a xononuol K2 orBomurcsi ¢paxuus C,,, KoTopass Haco-
com non naiaeHueM 3 MIlla nogaercss B xononny K4. Tas us ge-
sTaHu3aropa K4 mojaercs Ha oxJiak/ieHHe M KOHAEHCAllMIo B Tell-
Jnoobmenuuku T9 u T13. O6pasoBaBuiasicss KUAKOCTb OTAEISIETCS B
cenmapatope C4 u nojaercsd Ha opouleHne B K4, ras — ato npo-
Oykr kojoHHbl K4 — sraHoBasi ¢pakums. Cuusy K4 orBoautcs
¢dpaxuust C,,, KoTopas TepepabarTbiBaeTcsa 110 TOH Xe cXeMe M B
TeX Xe amnnaparaX, YTo ¥ B BapuaHTe paGOTbl YCTaHOBKU 6e3 H3-
BJIeYeHHS 3TAHOBOU (PpaKUuH.

Texnonornueckast cxema Ha puc. 3.28 paccuMTbiBalachb Ha TOT
€ cocTaB M IIapaMeTpbl CbIPbEBOrO rasa, YTO M TEXHOJIOIMYecKas
cxeMa Ha puc. 3.23 (npumenutenbHo k CocHoropckomy [1I13).
CoipbeBoii ras Takxe moxumajics ¢ 3,5 MIla o 5,8 MIla, a Boixo-
Jsimuii oT6eH3uHenHbli ras no 3,5 Mlla.

Ha puc. 3.29 npuBeneHa 3aBucMMOCTb Ko3(duiMeHTa H3BIe-
YEHHS 3TaHa OT JaBJieHMs rasa Inocje Typoogeranaepa (mepemnana
RaBienuit B Typboneranzepe). M3 rpaduka ciemyer, 4ro INpHU
CHW)KeHMU faBjleHMs1 B OuamnazoHe Huxe 2 Mlla xoadduiuent
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Puc. 3.30. 3aBHCHMOCTD yReJBHOTO pPacXoja IJEKTPOIHEPTHM OT JaBieHHA rasa
nocne rypboaeranpepa N

H3BJIEYEHNsl 3TaHa pacTeT HE3HAUMTEJbHO, B TO K€ BpeMs, Kak
BUAHO M3 Tpaduka Ha puc 3 30, yBesuuuBaloTCs 3aTpaTbl 3Hep-
YK Ha eAUHUUY npoaykuu OnTuMalbHoe JaBJleHWE ra3a Ha Bbl-
xole M3 Typ6ojeTaH[epa [Js [aHHOH cXeMbl HAaXOAUTCSl Te-TO
Mmexnay 2-2,1 Mlla

B ra6imuax 3 30 u 3 31 npuBegeHnl MarepHasbHbI 6GajaHC yc-
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. Meranosast Metanosas DranoBas Ipoman aBTo
[MToraszare 1p CoipbeBoli ras (bpa,l%léﬂ HA ggﬁﬁgg;‘oﬁ bpaxiiz MOBI TbHEL CIIBT Dpaxuns Cg
[Masaenue, Mlla 5,60 1,70 3,50 2,80 1,70 1,0 1,0
Temneparypa, K 3030 297,0 303,0 278,6 318,0 318,0 318,0
CocTas
MO b,/ MO b
B 0,026350 0 004815 0,033416 0,000000 0,000000 0,000000 0,000000
C/H, 0,856370 0,966511 0,960605 0,022887 0,000000 0,000000 0,000000
C,H, 0 074780 0,026545 0,005287 0,958258 0,023190 0,000427 0,000000
cO 0,001390 0,001427 0,000559 0,011303 0,000001 0,000000 0,000000
CBI—ZIK 0,028400 0,000682 0,000129 0 007550 0,889837 0,490482 0,000038
1 C.H,, 0,003810 0,000011 0,000002 0,000001 0,044895 0,165489 0,001947
n C,H,, 0,006550 0,000008 0,000002 0,000000 0,041315 0,327689 0,024473
1 CH,, 0,001050 0 000000 0,000000 0,000000 0,000585 _0,013390 0,382408
n-C;H,, 0,000860 0 000000 0,000000 0,000000 0,000175 0,002521 0,383634
C(,Hsl ' 0,000400 0,000000 0,000000 0,000000 0,000001 0,000002 0,188635
C,H,, 0,000040 0 000000 0,000000 0,000000 0,000000 0,000000 0,018866
Uroro 1,000000 1 000000 1 000000 1,000000 1,000000 1,000000 1,000000
V, m*/u 312500 36719 241122 - - - -
G, 1/4 - - - 27,31 12,69 11,43 2,07
- " W ? PN E ;-I 3
. - -~ Cl - ez T = :‘
- e R - 4y “ Ta T gL

5

I3




Ta6wmuna 3.31
Pacxoanble 10ka3aTe/ M yCTAHOBKH Ta3opas/ienienus ¢ BblieneHueM C,,

-
[Tokazatem 3HaveHus
Koumuectso nepepaGaroiBaeMoro rasa, Mapa M’/roa/m’/u 25 / 312500
Ipoayxrni
METaHOBAS (bPAKUIs, B MATHCTPAIbHBII TA30NPOBO/, 1,929 / 241122
p=3,5MIa, mapa M’ /ron/m*/u
meTanoBad ¢pakulia Ha [PC 1w co6cTBeHHBIE HYXK/IBI, 0,294 / 36719
p=1,5Mlla, teic 1/T0a/1,/4
ataHoBas paxung, p = 2,8 Mlla, teic 1/roa/1/4 218,48 / 27,31
nponaH aBroMo6mabhplit  (IIA), Thic T/roa/T/4 101,52 / 12,69
cMech nponaHa u 6ytana Texumyeckux (CIBT), 91,44 / 11,43
THIC T/TON/ T/d
dpakuua C,, teic 1T/TOR/ T/ 4 - 16,56 / 2,07
Koaduunenrsr nspaevenus, % 3 i
3TaHa P 90,4
npomnaHa e 99,4
[Torpe6uocTe B Tenaosoil sueprin . v T,
l(_f’I‘JICBOLIO])OI[HbII"I TellJIOHOCHTeAb), KBT = 12586
oTpe6HOCTy B NPORAHOBOM X0j07e, KBT: Yo
Ha msoTepme ~ 5 °C; - 2935
Ha nsotepme - 36 °C 2569
IMorpebasiemas mounocTp, KBT
HA C)KaTie ChIpbeBOTo rasa ¢ 3,5 MIla a0 5,8 MIla; 5964
Ha cxarne MeTaHoBoli ¢dpakmun ¢ 2,32 MIla go 3,5 Mlla 4354
HA CXKATIE NponaHa 2843

TAHOBKY W TIOKa3aTeJW YCTAHOBKHM IIPU [ABJEHUM rasa Ha BbIXofe
U3 typboaeraniepa 2 Mlla.

Ins ycraHOBKM, pa6oTaiomiell TOJBKO B peXUMe H3BJIeYeHHS
Cy, MOXKHO UCTIONB30BaTh 6ojiee NMPOCTYI0 TEXHOJOTUYECKYI0 cXe-
My, B koropoit kosouusl K1 u K2 ofbemunensl B oaMH anmapar
(puc. 3.31, kononna K2) u uckimoden gerasarop C2.

ITo cxeme Ha puc. 3.31 MoXHO D06UTbesl GoJiee BBICOKOTO HM3-
BJIUEHHSA 3TaHa, yeM To cxeMe Ha puc. 3.28, HO IIpH 5TOM BO3pa-
cTaloT 3arpatel sHepruu. Tak, mpu yBeawdyeHMH KoadduumenTta
U3BJleUeHUs 3TaHa Ha 3 % 3aTparbl HEPTHMH Ha eIMHULY HPOAYK-
uMu Bospocad Ha 6,5 %. JlaHHas TexHoJoruyeckass cxeMa HO3BO-
jder pabotath ¥ B pexxuMe usBiedenust Ppaxipm Csi, HO M3BJe-
yeHue mnponaHa 6yzer Hivke (Ha 6-10 %). Bbixoasumuii cBepxy
KOJIOHHBI ra3 1MeeT HeJOCTaTOuYHO HM3KYlo TeMIlepaTypy, 4To6bl
CKOH/JIEHCUPOBaTh a3 BBICOKOro [aBJjieHusi B Ternaoobmennuxe T6,
CJIeNIOBaTEIbHO OTCYTCTBYET OpolueHue B BepXHell (paciuupenHoi)
uacTy KoJoHHbl K2 (rpeBpaliaetcsi ¢pakTHYeCKH B celaparop).

MakcuMalIbHOro H3BJIEYEHHsI dTaHa BIIOTh 10 99 % MOXHO [0-
CTHTHYTb B KOJOHHe ¢ gecdserMaropoM. Ot cnocoba oXJIaxJAeHHS
rasa B fedrermMarope 3HayMTEIbHO 3aBMCST 3aTParbl 3HEPTUU.
Hanpumep, ras, Bbixoas cBepxy paeMeraHusatopa (kosonna K2,
cM. puc. 3.31), pacwMpsIoT BO BTOpOM [eTaHAepe, CelapHpyloT,
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Puc. 3.31. TexHosornyeckas cxeMa yCTaHOBKH ra3opa3/ie/IeHHs ¢ BbIAEJEHHEM 3TaHa:
I — nmpupoausiil ra3 n3 6.;10ka noAroToBKI rasa, I/ — mpomaH asroMo6m1bHbiif; V ~ MertanoBas cdpakuns B rasonposod, VI — me-
TaHOBas (ppakiiia B 610K NMOAroTOBKH rasa, VII — atanoBas ¢pakuus



JKHUAKOCTb IOJAI0T Ha BepXHIOI TapesdKy [eMEeTaHH3aTopa, a Xo-
JIOJHDBIM T'a3 HU3KOTO [ABAEHUS MOJAIOT B TETUIOOOMEHHUMK IS OX-
JaXk[IeHHs1 BbIXOJSLIErO M3 KoJoHHbI rasa (mepen Typ6ozeraHie-
poM). JTOT BapuaHT siBasercs 3HQeKTUBHBIM TONbKO B Clydae,
KoTZa He Tpebyercst A0KMMATH BBIXOASINHI U3 YCTaHOBKH Ta3. B
MPOTHUBHOM CJy4ae 3HAUUTebHO BO3PACTaloT 3aTpaThl 3HEPTMH Ha
eqMHULY TIPOAYKLHHU.

B narente CIIA Ne 4.889.545 [25] nmpuBeneHO HECKOJbKO Ba-
PUAHTOB CXeM OpraHU3alMH OpOleHUs AeMeTaHu3aTopa. Lpu us
HUX 6yAyT paccMoTpenbl HHUke. CpaBHEHHME 3THX CXeM [POBeleHO
co cxeMoil Ha puc. 3.32. IlepBas 4yacTb 3TOH cXeMbl, BKJoYasi [e-
MeTaHM3aTop, NPUHLHIHNAILHO TaKas JXe Kak Ha puc. 3.31.

Haubosee adpdexTuBHDbII BapUaHT CXeMbl C XOJOAHBIM KOM-
npeccopoM npuBefeH Ha puc. 3.33. B sToM BapuaHTe 4acTb BBIXO-
Jsiliero Y3 JeMeTaHM3aTopa Tra3a mnoJaercss B Komrpeccop K2,
oxJIaXK/1aeTcst B TeltooOMenHuKe 16, apoccesupyercst W NOJaeTcst
Ha BEPXHIOW Tapelky AeMeTanu3atopa. /lo6aBka 3Toro peuukia
C XOJIOJHBIM KOMIIPECCOPOM, Kak OTMedaioT aBTOPbl MATeHTa, I03-
BOJIMJIA TIOBBICUTH KoadduiveHT H3BIeueHHss sTaHa ¢ 90 % 1o
99,3 % Upu yBeaMUEHMM 3aTpaT SHEPruM Bcero Ha 1 %.

BTopoli BapuaHT opraHusaluyd OpoOILeHHs, M306pa’KeHHBbI Ha
puc. 3.34, ¢ TakuM Xe PeUUKJIOM, HO C KOMIIPECCOPOM Ha TerJjioM
raze. B peuwmksn po6aBsieHbl peKkynepaTuBHBINA Ter1oobMeHHUK T7 u
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Puc. 3.32. Texuonormueckas cxema YCTaHOBKH ra3opaszeleHus ¢ Bbiiejemdem C,,
(6a30BbIi BapuanT):
I — npupoauwiit ras; II - ¢pakuug C,,, /1] — ToBapHHI ra3 B ra3olpoBoX
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Puc 3.33 TexHomormueckas cXeMa yCTaHOBKM rasopasjeJieHusi ¢ BbiaejeHneM C,,
[25] ¢ peuukroM Ha X0JI0HOM KOMIpeccope:
I — npupoaumtii raz I — dparung C, , [I] — ToBapHBIl 1a3 B ra30IPOBOJ
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Puc 3 34. Texnosoruueckasi cxeMa ycTaHOBKHM ra3opasaenieHws ¢ Bbuaexennem C,,
€ PEKIHKJIOM Ha TeILTOM KOMIIpeccope

I — mpupoausit ras, I — dpanuns C,,, 111 ~ TOBAPHDI ra3 B ra3onpoBo.x
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Puc. 3.35. Texnonormyeckas cxeMa yCTaHOBKM ra3opasiesieHusi ¢ Bblaesexem C,,
¢ AByMA TypGoJeTaHAePHBIMH arperataMu:
I — npupoauniit ras; I1 — dpaxuus C,,; 111 — TosapHsIii ras B ra3onpoBoj

anmnapaT BO3AYLIHOTO OXJakKAeHUs. B aroM BapuaHTe u3BJedYeHHE
aTaHa TaKoe Xe, KaKk M B NPEAbLAYILEM, a 3aTPaThl SHEPruM Ha 4 %
BbIlre, YeM B 6azosoM (cM. puc. 3.32).

B tperbem BapuaHTe (puc. 3.35) HeT AOMOJHUTEILHOIG KOM-
npeccopa, HO A006aBjeH elle OAWMH TypO6odeTaHAEPHDbIA arperar.
YacTb TOBapHOro rasa OXJaXX[AeTcsl B PeKyHNepaTHBHOM TeIJoo6-
MeHHUKe TS, pacliupsiercss B JONOJHUTEJbHOM Typboeranfepe U
NoJaeTcss B KauecTBe BePXHETO OpOolleHMsl. 3aTpaThl HEPruM B
nocjegHeM BapuaHTe (nIpu Koa(pbUUHEHTe M3BJIEUEHUS JTaHa
99 %) Ha 33 % Bblllie, 4eM B 6a30BOM BapHvaHTe H, CJEJ0BaTeJbHO,
BHeCeHHble M3MeHeHHs] B CXeMy 9KOHOMHYECKH He OIpaB/aHbI.

B Ta6aune 3.32 npuBemeHbl pe3yJbTaThl BLITIOJHEHHBLIX BO

Tabauya 3.32
PesyabraTsl pacueta cxembl Ha puc. 3.32 u 3.33
Toka3aTtean Cxema, Cxema ¢ peumk-
puc. 3.32 Jaom, puc. 3.33
KosnuecTBo nepepabaThlBaeMoro rasa, KMoJb,/ 4 12450 12450

Koaddunuent usmieuenns stana, % 96,8

90,2
KosmyectBo ¢pakuwmu C,,, T/9/THIC. T/TOR 30,4,/243,4 32,1,/256,8
Pacxoa anextposuepruu, xBr:

A0XaTHe ToBapHOro rasa go 7,2 Mlla 10788,4 10788,4
Ha KOMIIPECCOD pENHKJIAa - 194,4
Uroro, kBt 10788,4 10982,8
Y nenabublil pacxon asmektposHeprin (Ha 1 1 0,044 0,043

dpakuun C,,)
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BHUUTA3e pacueToB TexHojsornueckoi cxemnr (eM. puc. 3.33) ¢
yyeToM MOTePb X0JO0/a B OKPYXKaIOUylo Cpely M NOTepb AaBjieHys
B ammapaTaXx u cxembl (cM. puc. 3.32). PacyeT BBINIOJHSJICS Ha
COCTaB M TapaMeTpbl CbIPbEBOIO ra3a TakKue e, Kak B TaTeHTe.
Cocras rasa (% MojbH.): Metad — 93,24, stan — 4,23, nponan —
1,32, Cy. — 1,21. /laBnenne coippeBoro rasa — 7,2 Mlla, remmnepa-
typa — 49 °C. ToBapHblil ra3 poxumaercsa a0 7,2 Mlla.

Kak cnenyer u3 tabn. 3.32, koadduiieHT H3BJIEUEHUS 3TaHA
Mo CXeMe C XOJOJHBIM KOMIIPECCOPOM pPeuMKAa OblT JOCTHUIHYT
okoJio 97 % (Huke, yeM B mareHTe). 3aTpaThl 3HepTHH Ha €IWHH-
ny npoaykiuu (C,.) gaxke 4yTb HiKe, 4eM 110 6a30BOji cxeMe.

Kak yxe orMeuasoch, NPUCYTCTBHE B NPUPOJHOM Taze AMOKCH-
Jla yrjepojia MoxXeT NPUBOAUTL K 06pPA30BaHUIO TBePAOH VIJIeKUC-
JIOThl Ha BEPXHUX Tapejkax JeMeTaHusatopa. Kpome rtoro, cmechb
JUMOKCUZ YIJIepoJa — 3TaH HMeeT Aa3e0TPOIHYI0 TOUKY W TOITOMY
He MOXeT ObITb pasjie/ieHa TIPOcToH pekTUdHUKalLHeH.

[lo6aBKa XHUAKOCTH M3 cemapaTopa B IMOTOK, NOCTYNAOIUM Ha
opolieHre KoJoHHDBI (KaK NMOKa3aHo NMYyHKTHPOM Ha puc. 3.31) mos-
BOJIsieT UCK/IIOUMTb o6pa3oBaHUe TBepAoil (asbl MpU CojAepXKaHUU
no 1 % nauokenga yriepoja B MCXOZHOM rase. IIpu 6oJiee BbICOKOM
cOJepXXKaHMM AWOKCUJA YIJIepOAa B Tase MoOXKeT ObITb IpUMeHeHa
TexHoJsorus “Paitan — XosMmc”, KoTOpas MO3BOJSET IIYTEM pPeELUpP-
KyJSILUY SKUIKOH yrieBogopofHo# ¢pakiun usbexarb o6pasoBa-
HMe TBePJOH YIJIIEKMCJIOTBl U Pa3pyLIMTb a3eOTPONHYI0 CMech -
OKCHJ{ VIJIepoa — 3TaH, UTO /aeT BO3MOXKHOCTb Pa3/ieJiMTb CMeCh
Ha dpakuuu ¢ TpebyembiM coctaBoM. JKHMAKY0 (dpakuuio yrieso-
J0pPOZIOB TIOAAIOT Ha BEPXHIOK Tapenky JAeMmeTaHusatopa. upky-
Jaupyoias Qpakuusi Moxer 6biTb OYTaHOBOH HJM coiepxkarb 6o-
Jiee TspKesble yriesofoponpl. Ilonyuaercs ona B mpoliecce dpax-
UMOHMPOBAHUS BBIXOJSIEN M3 neaTanusaropa ¢pakuuu Cs,.

Dupma “Cemutosie” Texac npuMeHua TexHosoruio “Pailan —
Xoamc” [60] mist u3BIeueHMs] M3 rasa AMOKCHA yrjepoaa M 3a-
KaYKM ero B IJacT /s BbITecHeHHMS! HepTH. OJHOBPEMEHHO H3-
BJleKa/uch 3TaH W GoJiee TsiXejble yrierogopoabl. CopepikaHue
JUOKCHAa yraepojia B Tade usMeHsijioch ot 21 % mo 77 %. Texwo-
JloTuveckasl cxeMa NpusefieHa Ha puc. 3.36.

OcyuieHHBIN Ta3 Moj faBjeHHeM oKojo 28 Kr/cm’ mojaercss B
NepBYIO KOJIOHHY, T/Jle OTJAEeJSIOTCS B KyOOBblil IIDOAYKT 3TaH U 6o-
Jlee TsDKeJsble YTJIeBOJOPOAbI M HAIIPABJSIOTCS B UYETBEPTYIO KO-
JIOHHY. BbIxozgimuil cBepXy IepBOil KOJOHHBI Ta3 CXKUMAaeTcs KOM-
IIPECCOPOM 10 [aBJieHHs Bbllle 38 Kr/cM?, oXJlaXK[AaeTcsl U TIojaeT-
€ BO BTODYIO KOJOHHY. Bo BTopoil KosoHHe B KyOOBBII IIPOIYKT
OTACJIACTCS XKMAKMH JMOKCU/ YIAepoJa U HaNpaBiaseTCs] HAa 3akau-
Ky B nyact. [a3, BbIXOASILIMI CBepXy BTOPOH KOJIOHHDI, COAEPIKUT
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Puc. 3.36. Texnosormueckasi cXxeMa yCTaHOBKH Da3/ieleHWs rasa ¢ BBICOKHM coep-
JKauMeM JMOKCHAA YTJiepoAa

okoso 30 % AMOKCHZa yIJIepoja ¥ MeTaH. 3TOT ra3 FOCTyNaeT B
AemeranusaTop K3, rae ¢ nomoubio HUpKyaupylouled dpakuuy M3
rasa oT/[eJsieTcsl AMOKCH yrJjepoaa. BepxHUM NpoayKToM KOJOHHBI
K3 saBisiercst MeTaH ¢ OCTaTOYHBIM COAepXKaHHWeM [JAHOKCHAA YTJe-
pona (menee 2 %). Ky6oBas >XMAKOCTb 4YeTBEPTOil KOJOHHBI CO-
nepxut opaximio C,,. YacTh 3TOrO mpoAyKTa HanpasJsiercsl B
LMK /Ui IOfa4Y B NIEPBYI0 U TPeTblo KoJOHHBL. B fedraermaro-
pax MepBbIX TPeX KOJOHH B KayecTBe XJIAJ0areHTa WCIOJAb3yeTcs
NpoMuJIeH, B yerBepToil — Boga (Bo3ayx).

B rabmuue 3.33 mpHBemeHb! C€OCTaB Cbipbs M K03 bHUIH-
eHTbl M3BJeUeHUs IpPOAYKTOB NpU paboTe YCTAaHOBKM B OKTSIOpe
1985 1.

Tabauua 3.33

KoMnoseHTsl

CoipbeBoit Ta3, % MOJbH

Koaddpnunent uspiede-
HHS, % MOJIbH

[noxcug yraepoia 38,9 - 98,26
CepoBogopon S0% 3,3 e 100,00
Mertan . by 36,9 : 99,96
JTaH,p 21,3 97,89
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3.6. NOJIYMEHUE TENUA - .

Fenuil — UHepPTHBIA TIa3 ¢ YHUKAJbHBIMH CBOMCTBaMM.
[InoTHOCTb TeJiusi IO OTHOUIEHHIO K BO3ayXy cocTasser (,138.
Tennit TOYTH HE PAacTBOPUM B JKHJAKOCTSIX W MeHblle, yeM Jw6oil
APYroil ra3, CKJIOHeH K afcopOuuy; xopolio AW yHAUPYET uepes
TBepAble Teja M jobble y3kue mweau. I'ennii — xopounit nposoa-
HHMK TEIJIOTbI, TEeTJIONPOBOJHOCTb €r0 B 6 pa3 BbIlle, YeM Y BO3IY-
xa, HO HECKOJIbKO HWKe, YeM y Bogopo/a. Ilo 3/eKTponpoBOAHOCTH
reJMi0 HeT paBHBIX cpeiu rasoB. OH cjabo AuaMarHuTeH, ¢ HU3-
KOM CKOPOCTBIO MOHW3ALWHU, SIBJSIETCS CAMbIM IIPOUHBIM ATOMHBIM U
MOJIEKYJISIPDHBIM BelliecTBOM. ['esMil HMeeT caMyl0 HU3KYIO TeMmepa-
1ypy cxmwkenust (0,71 — 4,16 K) u kputHueckyio TeMuepaTypy
(5,2 K). IloBepXHOCTHOE HATSIXKEHME >KUAKOFO Iejlis B JAECSTKU M
COTHM pa3 MeHbllle, YeM y ADYIHX CXWXKEeHHbIX rasoB. Hioke tem-
neparypbl 2,2 K npoucxoauTt ckaukoo6pazHoe U3MeHeHUe CBOMCTB
SKMJIKOTO TesHsl, IpU 3TOM OH CTAHOBUTCS CBEPXTEKYUMM K o6Jana-
eT CBepPXTerJolpoBOJHOCTHIO.

IipumMenenue resusi B IIPOMbBILLIJIEHHOCTH W HayKe MHOrooGpasHO
[9, 2]. Tenuit ucCIIOJNb3yETCSI BO MHOTMX OTPACASIX MalllMHOCTpOe-
HUSL U MeTaLIyprud. KpymHbIMH NOTPeOUTENSIMH SBJSIOTCS pakKe-
TO- U CaMOJIeTOCTPOEHHEe, aTOMHAasi, MOPCKas U KOCMUYecKasl TeX-
HUKa. B armocdepe resiss npousBoasT CBapKy, HaIJIaBKy U pe3KY
Hep)KaBeolleil cTaju, ajlIOMHHUS, MarHusi, BoJbdpaMa, Meau, ce-
pe6épa, cBUHIA, GepuUianeBON ¥ KpeMHUCTOM O6ponsbl. [eauit wuc-
TOJIb3yeTCsi MPU U3BJIEYEHUU K3 PYA U U3rOTOBJEHUM W3NENUH U3
TUTaHa, LUMPKOHHS, HUOGHS, TaHTaja, TepMaHUs, KPeMHHMsI M MX
citaBoB. OH IPUMEHSIETCSI B paKeTax M YIpaBJisgeMblX CHapsaax B
KauecTBe JABUraTeJIbHOW CUJIbl AJs ToJaydu TOIJIMBAa B KaMepy Cro-
paHus.

Tesuii vcnosb3yercss B KayeCTBe BBICOKOTEMIIEPATYPHOrO TeEIl-
JIOHOCHUTENSI B Si[ePHBIX peaKTopaX, IPU HCHBITAaHWH CBapHbIX
IIBOB Ha ra30NpOHMULIAEMOCTb, OIpeeJeHHM T'epMEeTHYHOCTH armna-
patoB, paboTawuX NOJ /aBjleHHeM W BakyyMoM. OH NpUMeHseTcs
NIpH CO3faHUM MCKYCCTBEHHBIX aTMocdep IpU MOABOAHBIX M Ke-
COHHbIX pa6oTax, B aBMallud, MeAuuuHe. BecbMa MepcreKTHUBEH
Teuit ISl [IpUMeHeHNs] B MCKYCCTBEHHOH aTtMochepe KOCMHUYeCKHUX
KopabJiell BCIe[CTBHE YCTOMYMBOCTH K Pa3AMYHBIM PaJralliOHHbIM
H3JIy4eHUsIM M BbICOKOU TelJOINPOBOAHOCTH, OJarofapsi KOTOpou
TeMnepatypa KoMGOpTHOH 30HBI yBeaHWuUBaercs a0 24,5—27,5 °C.

AtMocdepa renuss — npeBocxofHasi Cpefa AN KOHCEPBHPOBa-
HHMA IMIIEBBIX NMPOAYKTOB, 6e30mMacHOi CYHIKM M XpaHeHHsS] B3DPbIB-
HaThiX BelmecTB. l'esiMeM 3amoJiHSIIOT MeTeOpOJIOTHYEcKHe, pa3Be-
AblBaTeNbHble, peKJaMHble M JAeTCKHe MLIapbl, HabjlogaTesbHble
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aspocTarhl M Aupwxkabau. [Ang ycnoBUA TPAHCIOPTUPOBKU KpyTi-
HOTOHHAXXHBIX TPY30B, OCOOEHHO B TPYAHOAOCTYIHbIe paioHbI,
npuMeHeHUe AUPIDKabJiell 5KOHOMUUECKH BBITOJHO.

Kpome Ttoro, reauit ucrionbayercst B Xpomartorpacguu, J1asepHoi
TeXHUKe, TeOJIOTUH U T.[I.

Ocoboe MecTo 3aHUMaeT NCTOAb30BAHUE JKUAKOTO TeJlUsl B CBS-
31 ¢ PaZVKaTbHBIM U3MeHEHHEeM CBOMCTB BEUIECTB [IpPW CBEPXHU3-
KUX TemIeparypax. Heo6XoaMMOCTbI0 HCTIOb30BAHUSI TeJHsl Kak
HU3KOTeMIIEPaTYPHOTO XJaJoareHra TIpU pPa3BUTHM  HCCJe0Ba-
TeJIbCKUX PaboT B 00JaCTAX IIPUKIAAHON CBEPXINPOBOANMOCTH Obl-
J0 06YCJIOBJIEHO pe3KOe paciiMpeHHe IIPOU3BOJICTBA Tefust U dop-
MUPOBaHMe MOHIHO} resiyieBO# TIPOMBIICHHOCTH.

K HacTosiieMy BpeMeHM B MUpe [QOCTUTHYTBHI TIOUCTHHe (haHTa-
CTHYeCKHE Pe3yabTAaTbl BO MHOIMX HAIIPaBJEHHSIX DPAa3BUTHS Teju-
€B0i1 mpomblileHHOCTH. C HOMOLIbI0 HUAKOFO Tejiusl pellaroTcs
BOIPOCHl CO3[AHMS MEepPCTEeKTUBHBIX YCTAaHOBOK W MallUH JiIs
BbIDAOOTKN 3JIEKTPO3HEPTUM. TOKOMAKOB, KPUOTYpOOTEeHEpaTopoB,
MT /I-renepatopoB. CunTaeTcs, UYTO B NEPCIEKTHBE MOIIHOCTH 10-
JIOGHBIX TEHEepPaTOPOB MoOXkeT NocTUTHYTH 5000 MBrT.

lesuit yyacTByeT B CO3ZaHMM YHUKAJBHBIX 3JIEKTPOABHUraTeseit
€O CBEPXIPOBOASIIUUMH OOMOTKAaMM /I TUXOXO/HOTO BbBICOKOHA-
TPY>XE€HHOTO TPUBOJA, HAIpUMepP, TPOKATHBIX CTAHOB, MOPCKUX
cynoB, jefokonoB. [lono6uble ABWraTesu WMEOT MOUIHOCTb OKOJIO
20 MBr.

C yuacTueM rejausi IIPOUCXOJUT HAKOILIEHHe W KOHCepBaLus
3/IeKTPO3HEPIuY, a TakxKe Iepenaua ee Ha 6OJIbIIMEe DACCTOSHUS C
MIOMOIIbI0 CBEPXTIPOBOISIIIUX Kabesieil.

YHUKaIbHO 3HAUeHUEe Trejiust UM CBePXIIPOBOASIIIMX MarHUTOB B
YCKODHTENAX, CHHXPOo(hasoTpoHaX M KoJjlaiiepax.

CBepXIpPOBOJHUKY HCIIOJNb3YIOTCS B DPAaIUOTeXHUKe JIsl cOo3[a-
HUSl TIpUEMHBIX YCTPONCTB BBICOKOW YYBCTBUTENbHOCTH, B BBIYHC-
JIUTEIbHON TeXHUKe — JJIs1 CO3AAHMSI KOMITAKTHBIX KPHOTPOHOB, B
XUMUM — JJISt CO3JaHHUS1 HOBBIX TEXHOJIOTMUYECKUX TIPOLECcCOB U Ma-
TepHUaoB ¢ 0COOBIMM CBOMCTBAMU.

BosblMe KoJUYECTBA KUAKOTO Tefns Heo6XOAMMBI B KPYNHBIX
UMUTATOpaxX KocMuueckux ycJjosuil. B IloamockoBbe mnocrpoena
camas KpynHasi B EBpore KpHOTeHHO-BaKyyMHasl KaMepa BMECTHMO-
croi0 10000 mM°. B Hell 6bLT MCTBITAH B HATYypajibHYI0 BeJMIHHY
KocMuYeckuil Kopabib “Bypan”. IloBepXHOCTb TreneBOro KOHAEH-
CallIOHHOTO KpYOHacoca cocTaBiser 400 m?.

He6onpiine xojmyecTBa XUAKOTO TeAust HeOOXONMMDBI CeroaHs
11 o6ecrieyeHUs1 paboThl HOBBIX YHHKAJbHBIX NMPHOOPOB U WHCT-
PYMEHTOB: MarHHUTHBIX ToMOrpad)oB, 06ecrnevyUBAONINX TOHYAHUIYIO
JUArHOCTUKY >MBBIX OPraHOB YeJOBEKAa; CBEPXIIPOBOJSINMX KBaH-
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TOBBIX HHTEP(dEepOMeTpoB, o6ecreynBaNMX H3MEPEHHe 3JKCTpe-
MaJIbHO MasbIX BEJMUMH, HANpUMep, CHJbl Toka Ao 107 A, Hamps-
sxennit g0 107 B, marnautHbix motteit po 107" Ta; GosomerpoB —
BbICOKOUYBCTBUTEJIbHBIX HPUOODOB /1151 U3MeDeHUs] U3JIYUeHUH.

HakoHel[, caMble HU3KHE TeMIIepATYpPbl B CTAllUOHAPDHOM PeXU-
me, gocturaiomue 1 K, peanusyiorcss ¢ mnomouipio pedpukeparo-
pos pactsopetns He’ B He'.

Teauii [OCTAaTOYHO WIMPOKO paclpocTpaHern B npupoje. OH
O[IMH M3 OCHOBHBIX 3JIEMEHTOB KOCMOCA, COJEepPXHTCS B arMmocdep-
HOM BO3/yXe, MOPCKOW BOJle ¥ OTHeJbHbIX MHUHepajax. [ipombmil-
JIEHHBIMH MCTOYHHKAMU TOJIYYEHHS] Teusl SIBJSIOTCS TPUPOLHBIHA
U TMOMYTHHI He(TSHON rasbl.

IIpoltecc 1nPOU3BOACTBA rejusl MPOBOJUTCS B [Be CTaAuM: TOJY-
yeHMe TeJIMeBOr0 KOHUeHTpaTa, coaepxaiuero 80—95 % 06. renusi u
ourcTKa ero or npuMmeceit (aszora, KHUCJI0pOZa, BOJAOPOAa, aproHa,
HEOoHa).

NonyyeHue rennesoro KOHLEHTpaTa

IlonyuyeHue renueBoro KoOHIIEHTpaTa OCYLIECTBJSAETCS
r1aBHbiM 0o0pa3oM crioco6oM GpPaKkiUOHUPOBAHHON KOHIeHCAaluH
COMYTCTBYIOWUX TeJINI0 KOMIIOHEHTOB NPU FJIYOOKOM OXJIAXK/EHUH.
CxibkeHde rasa IIPOM3BOJAUTCA B alllapaTax IPsIMOTOYHOH U Ipo-
TUBOTOYHOW KOHZeHcauuyu. B mnpollecce KoHAeHCauuu ra3a HpOUC-
XOIUT PacTBOpPEHHUe rejiMsl B XUIKUX YIJIEBOLOPOAAX, IIPUUYEM 4YeM
Bblilie JaBJieHUe Npoliecca, TeM OoJiblie ero pacrBopsiercs. Iloato-
My [JI yMeHbleHUs MoTepb rejus OJHOBPEMEHHO C KOHJAeHcaluuen
YIJIEeBOAOPOLOB TpebyeTcss TPOU3BOAUTHL OTMApKy Teauss BO BCeX
CTYIeHsIX OTHesleHHsI XKUAKHX yTrJieBojopofoB. IIpu BbicokoM aaB-
JIBHUM TIOCJie amnmapaToB NPSIMOTOYHON KOHJEHCAlUu OT/lesleHue
rejiusi OT CKOHEHCUPOBAaHHOH! CMeCH YTJIEBOJOPO/JOB NMPOU3BOAAT B
OTNapHbIX KOJOHHaX; TpH HU3KoM aasienun (1-2 MIla) MoxHO
OTPaHUYUTbCS TIpocTodl cemapanueii. [Ipw ucnonp3oBaHUM NPOTH-
BOTOYHBIX KOH/JEHCATODOB OTAeJleHUe Tejusl NPOMCXOAUT Henpe-
PBIBHO B Ipollecce KOHTaKTa ABUXAYIIMXCS [IOTOKOB U ITI0ITOMY He
Tpebyercst NONOJHHUTEJbHOU OTHIapKH €ro B KOJIOHHE.

N3-3a HU3KMX cKopocTell rasa B NMPOTHBOTOYHBIX KOHAEHCATO-
pPax HX MpUMEHEHHE [ YCTaHOBOK O0AbLIOH MOMIHOCTH OT'DaHH-
YeHO, TaK KaK 3HAYUTeJbHO YBEIMUMBAIOTCS rabapuThl alnapaTos.
B ycraHoBkax 60.blIoil MPOM3BOMAUTENBHOCTH Ha 1-X CTYIEHSIX
oboramieHusi rasa rejueM TPUMEHSIOT anmnaparTbl MPSMOTOYHOM
KoHpeHcaumu. Ha KoHeyHbIX CTyNeHSAX pasjefieHus, IAe PacXxoj
rasa CHM)KaeTCs B HECKOJIbKO [eCSITKOB pa3, NPUMEHSeTCs IIPOTH-
BOTOYHasl KOHJEeHCallus.

191



Ha puc. 3.37 npuBemeHa UpUHUMIMAJbHAA cXeMa IIpolecca
HU3KOTeMIEPATYPHOU KOH/JEHCAlWM a3a ¢ HU3KUM colepiaHHeM
rejiust  CxeMma BKJIIOUAeT HpeiABapUTe/bHOe OXJaX/IeHWe rasa f,
/1B€ CTyNEeHUW TIPSIMOTOUHON KOHJEHCALMU C OTIapkoil requs 2, 3, 4,
5 W ABe CTyNeHnud TpPOTUBOTOUHON KoHaeHcauuu G, 7. B nepsoii
CTYNEHU NPOUCXOAUT oborauieHue rasa reauem B 10 pas, Bo BTO-
poit crynenu — B 100 pa3. Ilocsne mnepBoro rnpoTHMBOTOUHOIO KOH-
fieHcatopa G B rase COLEpPXXUTCS MNPaKTUUeCKU reuit u asor. Bo
BTOPOM NIPOTUBOTOYHOM KOHJAEHCATOpe 7 [IPOUCXOAMT IMOUTH MOJ-
Has KoHJeHcalus asora. OcTaTouyHas KOHLEHTPalMsi a3ora 3aBu-
CHT OT TeMIepaTypbl W [ABJEHWSI Bbixojsiiilero rejws. Ipu fasie-
Huu 3 Mlla cHwxkenue Ttemmepartypsl oT Muhyc 180 °C po munyc
200 °C 1nosBoJisieT MOHU3UTL COJEPKAHWE a30Ta B Ta3000pasHOM
resun ¢ 20 o 3 %. YBennueHue JaBieHust oT 3 jgo 14 MIla npu
TeMnepatype MuHyc 180 °C nosBosisseT yMeHbIIMTH CoJepXKaHue
asora 40 6 %. B To >xe BpeMs: BiMsIHMe JMaBJeHUs Ha coAepyKaHue
a30Ta B Tazoo0pa3HOM Tejiiy yMeHbHIAeTCst €O CHMXKEHUeM TeMile-
paTypbl.

B ornaphpix KoJOHHAX TPOM3BOAMTCS OTIAPKA JETrKOJeTyuUHux
KOMITOHEHTOB U TJIaBHbIM 00pa3oM Teiusl U3 >KUAKOCTH, CKOHJEH-
CUpOBaBILElcS B INPAMOTOUHBIX KoHZeHcaTopax. CTerneHb OTIAapKu
TeJVs TIpH JaHHbIX yc/IoBUsiX (TeMiepatype, JaBjeHuH, COCTaBe)
33aBUCUT OT KOJUUECTBA OTIapUBaeMOro rasa M 4ducjia Tapelok B
KoJioHHe. CTeneHp o6oralieHMsi ra3a rejueM oIlpefeJsieTcsl KOJH-
JecTBOM CYMMapHOTO Napa Ha BBIXOJE M3 OTNapHOW KOJIOHHBI, CO-
CTOSIIIETO M3 OTHAPEHHOTO rasza W rasa, IMOCTYAloLero ¢ IOTOKOM
NIMTaHUS KOJIOHHBI.

IIpu pacuere oTHApHBIX KOJOHH HeoOXOAMMO ONpPe/eSUTb Oll-
TUMAaJIbHbIe COOTHOINEHUS MEXAY KOJMYECTBOM OTMapeHHOro rasa,
MOTEPSIMU TeJNUsl € SKUAKOCTbIO M pa3MepoM KOJIOHHBbI. 3aBUCH-
MOCTb MEX/y 3THMHU BeJHYMHAMH [AAl0T ypaBHEHHs, IOJyYyeHHbie
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Puc. 3.37." llpmuiiimamuasn cxema mpollecca HMIKOTEMNEPaTypHOH KOHIEHCAINH
ra3a ¢ HHIKHM COAepIKaHeM Te s
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13 M0TAPEJIOUHOr0 pacuera OTMApHOW KOJIOHHBI IIPH YCJOBHHM II0O-
CTOSIHHOM TeMIepaTypbl >KMIKOCTM TO BBICOTe KoJOHHbI. B oTnap-
HbIX KOJIOHHAaX, IpefHa3HauyeHHbIX [Jisl OTHApKU Tejus, TeMIepa-
Typa JKHAKOCTH TIO BbICOTE KOJIOHHDBI MEHSeTCs B IpefleJiaX oT 2 J0
5 °C, 4TO MO03BOJisseT NpeHe6peub 3TUM HU3MEHEHHEeM U BECTH pac-
yeT N0 Cpe[Hell TemMnepaTtype KOJIOHHDI.

B pesyJ/ibTare pacueTHbIX Hcc/efoBaHUi [4] mosydeHbl xoJnue-
CTBEHHbIE COOTHOLIEHHSI MEXJY YMCJOM TEOPETHYEeCKUX TapeJioK,
KOJIMUECTBOM OTIIAPEHHOT0 ra3a ¥ IOTepsIMM TeJHUst € SKMIKOCTDIO,
BbIXO/SIIEH 13 Ky6a OTIIapHON KOJIOHHBI.

[To pesyabraTaM pacyeToB INOCTpPOEHa HOMOTpaMMa, TpUBeJeH-
Hasg Ha puc. 3.38. Kpusble Ha puc. 3.38, @ xapakTepu3yloT 3aBu-
CHUMOCTb UHCJI2 TeopeTHYeCKHX TapeJ/OK KOJIOHHbl OT KOJIMYecTBa
OTIIAPEHHOTO Ta3a NpH IMOoTepsiX rejuss ¢ KyOoBOH >KMAKOCTDBIO,
pasubix 1 %. [usi onpefesieHHs udcia TEOPETHUYECKHX Tapesok
Opu ApPYIMX 3HAUEHMSX II0Tepb MCIMOJAb3YIOTCS KpHBble, IpHBe-
JeHHble Ha puc. 3.38, 6.

M3 HOMorpaMMbl cleflyeT, 4TO NP OJHUX U TeX K€ KOJHYeCcT-
BaX OTHApeHHOro ra3a YHCJIO TapejoK B 3HAUUTeJbHON CTeleHU
3aBUCUT OT KOHCTaHTbl paBHOBecusi rejusi. lloaToMmy cyuiecrseH-
HbIM SIBJIIETCSI BOIMPOC BblOopa ZaBjleHus B KoJjioHHe. IloHM>keHHe
JaBJeHUs! B KOJIOHHE W TeMIlepaTypbl TNOCTynampllel B KOJOHHY
XUAKOCTU IIPUBOANT K 3HAUMTEIbHOMY YBEJWUEHHUI0 KOHCTAHTbI
paBHOBecHUsi TeJMSl U, CJ1eJOBaTeJbHO, K YMeHbLIEHMI0 Ta6apuToB
KOJIOHHbI. OJIHaKO CHW’KeHHe [aBJIeHHWs NPUBOAUT K BO3PacTaHUIO
9HEPTeTHUeCKUX 3aTpaTl ycTaHoBKH. C yBejuueHHeM KOJIMUECTBa
OTIIapeHHOr0 Ta3a yMeHbIIaeTcsi BbICOTA KOJIOHHbI, HO 3TO NPHUBO-
OUT K yBeJWYEeHHI0 TabapUTOB MOCAeAYIOLIUX annapartoB U pacxo-
Ja HM3KOTeMNepaTypHOTO X0J0Aa B IIPOTMBOTOYHBIX KOHJAEHCaTO-
pax. Homorpamma 1mo3BosisieT HaXOJAWTb ONTHUMaJbHble COOTHOILIE-
HUSI MeXAy KOJW4YecTBOM OTIIAPEHHOro rasa, MOTepsIMH Tejud U
ra6apuTaMi KOJIOHHbI, a TaK)Ke MPOBOAUTb aHalM3 DPEXHMOB pa6o-
Tbl OTIIApHBIX KOJIOHH.

B peaysbrare anasn3a pa6oTbl MPSIMOTOYHBIX KOHIEHCATOPOB H
OTNIApHBIX KOJOHH MOTYT ObITb PEKOMEH/OBaHBbl CJelyIOoLINe OINTHU-
MaJibHble YCJI0BMS BeJeHMsl INpollecca: B OTIAPHYIO KOJIOHHY Moja-
€TCA HacblllleHHasl >KU/JKOCTb; AaBJeHHe B OTIAPDHOH KOJIOHHe He
AomkHo npesbiltath 4 MIla (npu 6osiee BBICOKOM HaBJieHHMH Pe3KO
BO3pacTaer paCTBOPMMOCTb TSl B XKMIAKMX YIJ€BOAOPOAAX); KO-
JIM4eCTBO oTnapeHHoro rasza 10—12 %.

B ycraHoBkax Bbijie/ieHusl Teus U3 TIPUPOJHOTO rasa Croco6om
HHU3KOTeMnepaTypHOil KOHAEHCALMK NOTPe6HOCTb B X0JIoAe OObIYHO
HOKDbIBaeTcst 3a cueT [JpoccenMpoBaHHs rasa. OCHOBHas 4acTb
KHAKOCTM M3 mnepBoif OTMapHOHM KOJOHHBl [POCCENUPYETCS [0
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JaBJIeHHs, KOTOPO€ OIpe/essieTcs] U3 TeIuloBoro GaslaHca YCTaHOB-
ki ¥ obecnedenns TpeOyeMOH Pa3HOCTH TeMIlepaTyp MeXAy Ips-
MbIM U OOPaTHBIM NIOTOKaMU. JTa 4acTbh 0OPaTHOro NOTOKa MCIOJb-
3yercs [JIsi OXJIaXJAEHNA M KOH/IEHCALMU ra3a B II€PBOM IPSMOTOY-
Hom konaetcatope 2 (cM. puc. 3.37). Ky6oBast )KMAKOCTb U3 BTO-
poil OTMapHOi! KOJIOHHDBI Apocceupyercst o Gosiee HHU3KOIo AaBJie-
HUsL 4151 obecliedeHUs KOHJEHCAllMM Ta3a BO BTOPOM HPSIMOTOYHOM
koHzeHcaTope 4. B KauecTBe JOTIOJHUTENbHOIO UCTOYHHMKA XOJI0Ja
[l IPEIBADMTE]bHOTO OXJAaX/eHHs Traza MOrYT MHCIIO0Jb30BaThCH
NpoIaHOBBI MM aMMMayHBIA XoJoAuJbHbIe UMKJbL. B KauecTBe
xJlaZloaTeHTa B NIepBOM IPOTUBOTOYHOM KOHZEHCAaTope 6 MCIIOJb3Y-
eTcsd MeTaHoBas (pakuus, CAPOCCENUPOBaHHAasl A0 HU3KOTrO JaBJie-
HUsl, BO BTOPOM NPOTHBOTOYHOM KOHJeHcaTope 7 — JXHUAKMIL a3oT,
KUNAUMA npy TeMiieparype mMuHyc 194 — muHyc 203 °C u noJyuva-
eMblil B 2a30THOM XOJIO[M/IBHOM LIMKJIE.

TexHoONorn4eckme cxembi YyCTaHOBOK
nony4yeHusa reJimeBoro KoHueHTparta

PR 3

IIpynuunuaibHag cxXeMa IOJyYeHUS] TeJHEBOrO KOH-
HeHTpaTa Ha 3aBolle B Keilece npusegena Ha puc. 3.39 [9]. 3asox
COCTOMUT U3 TPeX TeXHOJOTHYEeCKHX JUHUN TPOU3BOAUTENBHOCTHIO
o 6,5-10°M® rasza B cytky. OUHMINEHHBIH ¥ OCYLIEHHBbI! TPUPOIHDIHA
ra3, coAepxanuuil 2 % reausi, noa AapiaenueM 3,2 MIla mocTymnaer
B TeMJI0OOOMeHHHK f, Tae oxJaxzaaercs 10 MuHyc 50 °C, nocie uero
BBOAUTCA B cenapaTop 2. CKOHIEHCHPOBABIINECS TsiXKeJble YIeBO-
JOPOABI BBIBOASTCS U3 HM)XXKHEH 4YacTh cellapatopa 2 ¥ TNpHCOeNH-
HAIOTCA K 06paTHOMY MOTOKY I'a3a, BbIXOASILIEMY M3 YCTAHOBKH II0-
cjle M3BJIeYeHUS Tesusl. Y JajleHUe TSDKeNbIX YTJIeBOAOpPOAOB HeoO-
XOI¥MO BO M36e)kaHye BbIMEP3aHUS HUX MPHM JajbHeHIneM OXJa-
JAeHUM ra3a M BO3MOXKHBIX 3a6MBOK ammapaToB. TemmeparypHbiit
YDOB€Hb, Ha KOTODOM IIPDOU3BOJAUTCS OTZAeJeHHe YIIeBOAOPOIOB B
CelapaTope, 3aBUCHT OT COCTaBa M JaBjieHHUS rasa.
la3 u3 cemaparopa 2 npu gasnenuu 2,8 MIla oxJaaxmaercs o
TeMIepaTypbl Munyc 157 °C, npu sToM KoHAeHcupyercs 94 % rasa.
Cwmecb rasa u kompgencata apocceaupyercs no 1,6 MIla. Tas, or-
ACJAOIMICS OT KOHAEHcaTa B cemapaTope 3, COMEPXKUT OKOJIO
35 % remms, 54 % asora u 11 % yraesomoponoB. W3 cemaparopa
3 ras noctynaer B NPOTMBOTOYHBIH KOHIEHCATOP 4, OXJIAaAaeMbli
KUAKMM a30TOM, TAe KOHIEHCUPYIOTCSI YIJIeBOIOPOAbI U YAaCTHYHO
a3or. Koupgencar u3 cenaparopa 3 u aedaerMatopa 4 HampaBis-
€TCS B TenJ0OOMEHHHK 1, TOe OXJiaXK[aeT MPUPOJHBIN ra3 ¥ MNox
AaBiennem 1,35 MIla BbIBOAUTCS M3 ycTaHOBKH. VI3 BepxHedl wac-
™M Zedrermatopa 4 BbIBOAMTCS TeNMeBbIH KOHLEHTPAT, cojepsKa-
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Puc 3 39 Cxema ycraHOBKH NOJy4eHHs ChIporo resms xa 3asoze B Keitece

umit okomo 79 % reaust, 20,8 % asora, 0,1 % Bomopoda M MeHee
0,1 % yrieBoZOpOIOB, KOTODBIA Npu TeMmeparype munyc 185 °C
MOCTYNAET B TEMJOOOMEHHUK /, I'Zle HATPEBAETCSI M 10 AaBJIEeHUEM
0,4—1,2 MIlIa BbIBOAUTCSA Y3 YCTAHOBKHU AJS JajbHeHIed OUMCTKU
JKuaxuit asor, Hcrosb3yeMmblil /1 OXJIaxJAeHUs ra3a B HedsierMa-
TOpe M KOMIIEHCAllMM TOTEePb X0J0Ja B YCTAHOBKE, IIOJYUAIOT B
3aMKHYTOM LIMKJIe

Ha puc 3 40 npuBeneHa NpPUHLMNHAIBHAS TEXHOJOTHYECKAS
CX€eMa reJIMeBoro NpousBoacTBa B JIubepase (iurar Kansac, CIIIA)
W3Bjeuenne tequs okosno 95 % Conep’kaHue Tejiusi B HCXOAHOM
rase cocraBisieT 0,4 %

OuMiLeHHBIE M OCYUIEHHBIH ra3 TmoJaeTcs Ha YCTaHOBKY 0[]
naeaenneM 4,3 Mlla, oxnaxjaaercs oO6paTHBIMH TOTOKaMM rasa H
IPoMaHoM [0 TeMIeparypbl MUHYC 46 °C u mocTynaer B cemaparop
1, The oTHesseTCA CMech TSXKeJbIX yrieBofopofoB W3 cenapartopa
1 HeckoHzaeHcHupoBaBluitcs rasz (93 % Mac MOCTYMHBILETO Ha e
pepaGoTKy MPUPOLHOTO Tra3a) pacIpeleNseTcss MeXIy TeIioob-
MeHHMKaMU 2 U 3 B TensooOMeHHuKe 2 ra3 oXJjaXjaercs Tefue-
BbIM KOHLEHTPAaTOM, & B TEIJIOOOMEHHMKE 3 — MTOTOKOM OCTAaTOYHOIO
raza Ilocye cMeuieHUs! ra3 MOCTYMaeT B METAHOBBIH XOJIOAMJbHUK
4, rae oxjaaxjaetcss Ao MuHyc 102 °C M mnpu 2TOM YaCTHUHO KOH-
JeHCHpyercsl, a 3aTeM I[IOCTyNaeT B OTIAPHYIO KOJOHHY 5, 3arol-
HeHHywo konbuamu [lanna DBeixoasmuil ¥3 KOJOHHBI Ta3 o6oraueH
reaveMm 10 3 %
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Puc. 3.40. Tlpynmymuamsuas cxema 3aBoaa B JluGepare

Ilpu pasaennu 4 Mlla ras oxJjaxjgaerca B peKyHepaTHBHOM
TeJIOOOMEHHUKe 6, a 3aTeM B METAaHOBOM TelJIO00OMeHHUKe 7, Tae
TeMIlepaTypa Tasa cHiKaercs 40 MuHyc 120 °C, nocsie yero yepes
ApocceibHbIA BEHTUIb MOCTYIAeT B AUCTUIISIHOHHYIO KOJIOHHY &
€ CUTYATBIMKM TapeJkaMd. KoHIeHcaTop KOJIOHHbBI OXJaXJaeTcs
a30TOM, KUIIAUMM Ipu MuHyc 173 °C. BepxHuii NpPOAYKT KOJIOHHBI
3 — TeJMeBbI KOHUEHTpAT, cojepxaumuit 65 % reamsi, KOTOPBI
HaTpeBaeTCs B PEKYMEPAaTUBHBIX TEMJOOOMEHHUKAX, & 3aTeM CXH-
Maercs Jo fasaenust 12,5 Mlla u nocrynaer B renueBbii Tpy6o-
NpoBo/i B HM)KHEM TNIPOAYKTe KOJOHHBI & COAEPKHUTCH OKOJIO
0,001 % remms. HuxHuMil MPOAYKT KOJOHH 8 M 5 HPOXOAHT peKy-
liepaTiBHble TeIIOOOMEHHUKH, AOXKHMAIOTCS B KOMIpECCopax M
BO3BpalyaTCcs B MaruCTpajbHbIi Ta3onpoBod; 9 u 10 — xomiipec-
€Opa MeTaHOBOIO ¥ a30THOTO XOJOIMJIbHBIX IIMKJIOB.

Ha puc 3.41 wuso6paxeHa NpuMHIMNMaNbHAs CXeMa YCTAHOBKH
HU3KOro JaB/ieHMst ¢ MHOTOKDATHbIM ApOCCETMpPOBAaHMEM rasa, 4TO
I03BOJIsIeT yMeHbIIUTh NoTepu resius. Croco6 peanu3oBaH Ha 3a-
Boge CeBepHOM KOMIAHMM IIPUPOJHOrO rasa B wTaTe Texac
(CIIA), nepepaGarbiBatomem 13,4-10° m® B CYTKHM TPHUPOJHOIO ra-
3a, comepxautero 0,45 % reaus [26 1.

B rennoo6mennuk 1 NPUPOAHBIN ra3 NocTynaer MocJie Bblese-
HUSL TSDKeNbIX  YIJIEBOAOPOJOB M OCYWIKM JI0 TeMIepaTypbl TOYKH
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Puc. 3.41. llpminnmia/pHas cXeMa YCTAaHOBKH € MHOTOKPaTHBIM JPOCCETHPOBAHHEM

pocbl Munyc 51 °C. B remnoobmennuke 1 coxmxkaercs 86 % Mo
MOCTYNAIOUeTo Ta3a; 00pa30oBaBIIMMicS KOHAEHCAT OTAeNsIercs B
TIEpBO# CTYyNEeHM CEMMCEKLMOHHOM KOJIOHHBI 2, rie [aBjieHue co-
craBasger 3,7 Mlla, a TeMmneparypa Munyc 102 °C. M3 nepBoii
CTYIeHH KOHJEHCAT JpOCCEJUpYyercss BO BTOPY, OTAEIUBLIWICS
37lecb KOHJEHCAT JPOCCEJUPYETCsl B TPETbIO CTyMeHb W T.h. [as-
JieHue B CTyINeHsX usMensercs ot 3,7 no 2,99 Mlla, a temnepaty-
pa or muHyc 102 go munyc 106 °C. W3 nocaenHeil cTyrneHd KOH-
JleHcatr HanpaBJisieTcsl B TelJIOOOMeHHUKM [, rzae ucliapsieTcsl, Ha-
rpeBaeTcs, AOXHUMAaeTcs KoMIpeccopoM o nasjienus 3,7 Mlla n
BO3BPAIllaeTCsl B TA30BYID MarucTpajib. IJTOT TIOTOK COCTaBJsieT
0K0JI0 78 % MoJI. Bcero o6beMa rasa, HOCTYIAIOIIEr0 Ha YCTAHOBKY.
KoHpeHcaT, KOTOpbIH BBIBOAUTCS U3 TOCAeqHeld CeKUUU KOJIOHHBI
2, comepxkut okojio 0,017 % reama. I'as, oraeneHHblii B mnepBoit
CceKUWH M 06pasylouuiics IIpu JpOoCCeNNPOBAHUN KOHIeHcaTa B
MOCTEAYIOUMK CTYIEHAX, [I0C/Ie CMeluBaHus cogepxutr 2,11 %
rejusi. bJjarogapsi MHOrOCTYNEHYAaTOMY APOCCENUPOBAHHIO B KO-
JIOHHe 2 TMOTepU TeIusi ¢ KOHAEHCATOM YMeHbIlalTcs Ha 32 % 1o
CPaBHEHUIO ¢ OJHOCTYIIEHYaTbIM APOCCETUPOBAHMEM.

{a3 u3 KOJIOHHBI 2 MOCTyNaeT B TENJIOOOMEHHWK 3, Tie OXJax-
faercs 1o TeMreparypbl muHyc 144 °C u npu znaBnennu 2,88 Mlla
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focTylaeT B IEPBYI0 CTyHeHb TPeXCeKLUHMOHHOH KoJoHHb! 4. Kon-
[ieHcar OTAe/]seTcs B IepBOH CTyNeHW M Apocceupyercs BO BTO-
pyio CTyleHb, a 3areM B TpeTbio. /[laBienue B TpeTbeil cTyneHu
1,24 MIla, a Temnepatypa munyc 147 °C.

KoHzeHncaT M3 TpeTbell CTYNEHM HampasJisieTcsi B TeNJI006MeH-
ik 3 M 1, a 3aTeM J[0XHMMaeTCs KOMIIPEeCCOpPOM [0 [aBJeHHs
3,7 MIla u Bo3Bpaiaercss B Marucrpa’ib. CojepxkaHue Trejusi B
xouzencate 0,012 %. TazoBast cMech, 06pa30BaBLIasiCA B PE3YJIbTa-
Te JPOCCEJMPOBaHMUSI KOHJeHcaTa BO BTOPOH M TpeTbell CTymeHsX
KOJIOHHBI 4, HarpeBaeTcsl B TeNJIOOOMEHHUKE 5, CXKHMAETCs KOM-
npeccopoM Ao HdaBjenust 3 Mlla, BHOBb oxJslaxcaaeTcst U CMelllNBa-
eTcsi € TasoBOH cMechblo, MAyLIeH U3 NepBOH CeKUUM KOJOHHBI 4.
Hocie cMeuenust ra3 cogepxkur 20,08 % reaus, 56,12 % asota,
23,8 % Merana M cJexbl 3TaHa W HporaHa. Biarogapst Tpexcry-
MEHYaTOMY [pPOCCENHPOBAHUI0 KOHAEHCATa B KOJIOHHe 4 TOTepu
rejivsi ¢ HUM yMeHbHIAIOTCS Ha 17 % 110 CPaBHEHHMIO C OJHOCTYIEH-
YyaThlM JpoccejHpoBaHueM. B rTemnsoo6MeHHMKe 6 ra3 yKasaHHOTO
COCTaBa OXJIAXAETCH U KOHIEHCUDPYETCsl KOHIEHCATOM, OT/eJeH-
HbIM B c6GopHuke 7. HeckonzmeHcupoBaBlIMiics Ta3 COAEPIKUT
83,0 % reams, 0,14 % Bomopona, 16,44 % asora u 0,42 % MeraHa.
[envieBblit KOHLIEHTpAT YKa3aHHOTO COCTaBa MOCJE DeKylepaLuu
X0J10/1a BBIBOAUTCS] C YCTAHOBKH.

Ha puc. 3.42 npuseieHa TeXHOJIOTHYECKAs] CXeMa YCTAHOBKH
JJIs1 N3BJIeUEeHMs] TeJUsI U3 MPUPOJHOTO Tasza Ha 3aBoge B Ilosblie
[1]. TIpoexTHad MOWHOCTD 3aBOAa MO MOCTYNAIOIIEMY a3y COCTaB-
astet 3,5 maH. M°/cyT. CoctaB nepepabaTbiBaeMOro rasa CJefylo-
umit (% moabH.): He — 0,4; H, — 0,01; N, — 42,75; CH, — 56,01;
CH; — 0,44; C;Hg — 0,02; C,H,, — 0,01; C5, — 0,06; CO, — 0,3;
cepauctoix coeauHenuit — 0,0006. HeouuineHsblit npupoaHbiil ras
NIOCTyIMaeT Ha YCTaHOBKY ¢ JaBjeHueM 5,5 MIla u mpu Temmepa-
Type 278-288 K.

llpenBaputesbHOE pa3zesieHye MPUPOLHOTO Ta3a OCYIIECTBJIS-
ercss B Tpu cragun. llepBas cragust BkawdYaeT B ce6s MOHO3TAHO-
JaMuHoBylo ouucTky or CO, u H,S. Ilpuponnbiit ras mopgaercs B
abcopbep 1, opomaemblii pacTBopoM M3IA, KoTopblit abcop6upyeT
OCHOBHOE€ KOJMYECTBO JAMOKCUJA YTJIEpoJa U CepoBOAOPOI, COAEp-
Xamuxca B UCXoAHOM rasze. OCTAaTOYHBIA JUOKCHJ Yrjepoia U ce-
PoBOZOpOA yAajAOT Ha BTOPOH CTafMM OYUCTKH ajcopbliueit Ha
CHHTeTHYecKUX IleoJuTaXx B aicopbepax 2. OQHOBpeMeHHO B afl-
cop6epax 2 u3 MPUPOAHOTO Tasa IOTJIOUIaeTCst BJara. TpeTbsl cTa-
U5 OKOHuaTeNbHAsl OUMCTKA MPHPOJHOTO ra3a OT npuMecedl, nme-
WOIMKUX BBICOKYIO TEMIIEPATYPY 3aTBep/AeBaHUs M KPUCTAINU3ALUH
B ajicopbepe 3, 3amoJHEHHOM aKTHBHPOBAaHHBIM yrjeM, TAE aj-
CopGupyiotcs Tsaxesble yriaesomopodbl. [lamee Ta3 mocTymaer B
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KPHOTeHHBI 6JIOK, I/le OXJaX/JaeTcsl B TUIACTHHYATO-PeGPUCTHIX
rernoo6MeHHukax 4 o 160 K o6paTHbIMM TOTOKamMU MeTaHa WU
a30Ta, a 3aTeM Jpoccenupyercs A0 Aasienus 2,6 Mlla, u mByx-
(pazHadg CMeCb NOCTYMaeT B KyGOBYIO 4acTb HMKHeH KOJIOHHBI 20,
annapaTa, COBMEIAIOLIEro Be KOJOHHBI — BBICOKOTO (HIDKHSISI KO-
JIOHHA) ¥ HU3KOro (BepXHSIA KOJIOHHA) JlaBJIeHUS.

B HuxHell KOJIOHHE NPOUCXOUT TIpeBapUTe]bHOE pasfesieHue
cmecu CH;—N, 1 mepBasi ctazusi oboraiienusi reqaus. Ilponecc pek-
THUKALMH B HHXKHeH KOJIOHHe NPUBOAMT K 06pa3oBaHUIO B BepX-
Hell yacTy TPYGHOTO TIPOCTPAHCTBa KOHAEHCATOpa-UCIIapuTeIs apa,
COCTOSILIETO0 B OCHOBHOM M3 TeJMsl U a30Ta C MOJSPHOH JoJeil re-
s npubausutenabHo 10 %. [lanpHelllee oXJslakJeHHe 3TON CMe-
cu ¢ oborameHueM a0 88 % rejauss ¥ ¢ KOHAeHcalllell 3HAYUTENb-
HOM dYacTH a30Ta MPOUCXOAUT B KoHJeHcatope 6. CKOHIEHCHpPOBaH-
HBbI a30T ¢ HE3HAUUTENbHDIM KOJHYECTBOM PACTBOPEHHOTO TeJfiusi
BO3BpAlllaeTCsi B KOJIOHHY 20, 4TO TI03BOJIIeT YMEHbLIMTh NOTepU
reJus npu pasfeieHud. MertanoBast ¢pakuusl U3 kyba HuxHell Ko-
JIOHHBI TTOCJIe IPOXOXK/IECHUS Yepe3 MepeoXJaiuTenb 22 poccenpy-
€TCs ¥ TIOAAeTCs /ISl OKOHUATeJJbHOrO pasfie/leHUsl B BePXHIOI Ko-
JoOHHY 5. KuJkuii a3oT, OTBOAMMBIA M3 BepxHell 4YacTM HUXKHel
KOJIOHHDI, paclpejeisieTcss Ha TpY ToToka. OCHOBHOH IOTOK JIpoc-
ceJIMpyeTCsl HAa BEPXHIOID TapeJiKy KOJIOHHbI HU3KOTO [AaBjeHHS ),
ofecrieynBasl YKPEILISAIOUIYI0 4acTb 3TOH KOJIOHHBI Heo6XO[VUMBbIM
KOJU4ecTBOM (hjIeTMbl, BTOPOil MOTOK HAIpPaBJISIETCSI B KOHIEHCATOP
6 nist oxjaxaeHusi cMecu N, — He M KoHJeHcauwu U3 3T0H cMecu
a30Ta, ¥ TpeTuil MOTOK TOCTyHaeT B COOPHUK KUAKOro asora /9.

IIpomyKiMOHHDBIN MeTaH, OTBOAMMBIA B JKMAKOM BUE U3 MeEX-
TPYOHOrO TPOCTPAHCTBA KOH/AEHCATOPA-UCIAPUTENsl, C IOMOLIBIO
JKUAKOCTHOro Hacoca 27 MojaeTcsl B IepeoXJajuTesb 22, a 3aTeM B
TENJOoO6MeHHUK 4, Tie UcnapsieTcss ¥ NoorpeBaeTcs [0 TeMIlepary-
pbl, 6JM3KOlM K TeMIlepaType oKpy:katouleil cpenbl. CocTaB MpoxyK-
LUMOHHOTO MeTaHa U ADPYIMX IIPOAYKTOB paslesieHHs, BbIBOAUMBIX

Tabruya 3.34
Marepuamubit 6anaHe YCTAHOBKH M3BJICUEHHSA re s

[okasaTtens Cripbesoii ras| [[POAYKIMOHHBIIT Asor Tetmit
MeTaH
Hasaenne, Mlla 5,35-5,7 2,2 0,103 0,117
OCTaB, MOJ. JA0JH:

re;Tuit 0,0040 - 0,0009 1,0000
a3zor 0,4275 0,0400 0,9895 =
MeTaH 0,5602 0,9509 0,0096 -
3Tau 0,0053 0,0091 - -
AMokcna yriepoaa 0,0030 - - =

Wroro 1,0000 1,0000 1,0000 1,0000
Pacxoz, teic. M/ cyT 3483 2045 1405 12
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W3 YyCTAHOBKY, NpuBeAeH B Tabs. 3.34. I'eqneBbll KOHLIEHTpPAT, BbI-
XOJAMWIMI M3 KOHAeHCAaTopa 6, NoJaeTcsl Ha OUHCTKY OT INpuMeced.

Aas sxcnsyatupyempix B cTpaHax CHI mectopoxaenwit npu-
POHOrO ra3za XapaKTepHO HU3KOe colep:KaHue rejus.

[IpynuunuasbHast TeXHOJIOTHUECKas cXeMa IIpollecca oAHOBpe-
MEHHOro M3BJjiedeHHUs Te/usl, 3TaHa U WHpOoKoH (pakuuu yrieBojo-
poaoB u3 6egHoro rennerocHoro raza Openbyprekoro KM [9] npu-
BelleHa Ha puc. 3.43. Bosee nmoapobuas cxeMa paHa B pabore [28].

B ycTaHOBKY HU3KOTeMITepaTYpPHOIO Ta3opasjiesleHust NMoCTymaer
NpUPOAHDIH Ta3, ounilennbiil o1 H,S, CO, u ocymennbiit nox nas-
aeniem 5 MIla. CxeMa BKJ/IOYaeT /Be CTYNEHM IIPAMOTOYHON KOH-
JEHCALMU ¢ OTMApKOH pacTBOPEHHOrO TejiMsl B OTMapPHBIX KOJIOH-
HaX, 3aMOJHEHHbIX HacaJAkod u3 kojew [lanng u asyx cryneneil
MPOTUBOTOYHOM KOH/JEHCAUMU. DTAaH U UIMPOKas (PpaKUUsi YIJeBo-
JIOPOJIOB U3BJIEKAIOTCS M3 O6paTHOTO NMOTOKa rasa IocJje u3BJeue-
HUSI W3 HeTro Tejusl. YCTaHOBKA MoXKeT paboTaTb KaKk B pekuMe
TIOJIYUeHNS TOJbKO Telusi, Tak 1 B peXyMe OIHOBPEMEHHOro II0JY-
yeHUs resivisi, staHa u LIIADJIY.

OcHOBHOE KOJIMUECTBO X0j0/Ia, obecneunBalolllee U3BJEUEHUE
reJiusi, MOJIy4aioT IPH APOCCEJUPOBAHMU 6oJblIell YacTH o6paTHO-
ro noroka rasa do 3,8-3,6 MlIla, 20 % ~ mo 1,8-1,6 MlIla, 1,5 %
obpaTHOro moroka apocceaupyercst o gapaeHus 0,3 Mlla.

[Ipu oaHOBpeMeHHOM W3BJeYeHMM renausi, ataHa u LIDJIY g0
TIOJTHUTEIbHBIA XOJ0A NMOAYHaloT AeTaHAMpPOBaHHEM o6paTHOro HOo-
ToKa raza ¢ 3,8-3,6 MIla no 1,8—-1,6 MIla. B 3aToM cayuae Bechb
o6paTHBlif NMOTOK BBHIXOAMT € YCTAaHOBKU nof AasjeHuem 1,5 MIla,
JIO’KMMaeTCsl B KOMIIpeccopax [0 MCXOAHOTO JaBJIeHUS U IOCTYyIaeT
B ra3onpoBoj ISl TPAHCIOPTHPOBAHHSL.

TexHonornuecKkasi cxeMa BKJIOUaeT MpPOINAHOBbIE XOJO/M/JIbHbIE
ycraHoBKH. IIpomaHoM, KUNAIMM I[P u30TepMe MuHyc 36 °C,
IIPOU3BOAST TpEeABapUTe/NbHOE OXJaXk/JeHue rasa. llpomaHoMm, Ku-
nmAuMM py MEHYC S °C, KOHJeHCHpYIOT ¢JjerMy B medJerMartope
JledTaHu3aTopa.

A30THBIH XOJIONUJIbHBIN LUKJI 00eClieqyuBaeT XOJIOAOM BTODPYIO
CTYNEHDb TPOTUBOTOUYHOH KOHJEHCALIMU, a TaKXe YCTaHOBKY OYHCT-
KH TeJiMeBOro KOHIIEHTpaTa OT IpUMecei.

B BuTbIX MHOrOMOTOUHBIX TeroobMeHnukax T1 u T2 npupon-
HblHi Ta3 npu JaBieHud 4,5 MIla oxnaxpaaercss, KOHaeHCUpyeTcsl U
nepeoxjaxnaerca. Ilocae apocceanpoBanuss no 4 Mlla npu Tem-
nepatype MuHyc 93 °C B cOCTOSsHUM HAacCBILEHHOH >XUIKOCTH TIOTOK
flo/laeTcs Ha BepX ornapHoit kosoHHbl K1. B ky6 xosonus! K1 noaso-
JUTCS TeIJIoTa AJs OTHapKM pacTBopeHHoro renus. B kauectse
TEILJIOHOCUTENSI HCII0Jb3yeTCsl TOTOK OXJIAXJaeMOro IIPHPOAHOro
rasa. KonnuectBo rasa, ornapenHoro B koJoHHe K1, cocramiser
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10 % oT moctynarontero nortoka. ColepskaHue rejusi B XKHIKOCTH,
BBIXOZslEl N3 Ky6a KoJIoHHBI, cocTaBiser < 0,001 %. Temiepaty-
pa Bepxa M Hu3a koJsoHHbl MuHyC 93 °C u Munyc 91 °C cootBert-
cTBeHHO. B kosnonne K1 mpoucxoaut aecaTUKpaTHOe oborallleHHe
rejiteM BBIXOJSILIEr0 CBepXy KOJIOHHDI rasa.

OcCHOBHOE KOJIMYeCTBO 3TaHa, COAEPXKallerocsi B rase, KOHLEHT-
pupyercs B Ky6oBoii >xuakocTH KosoHHb! K1, xoropasi moctynaer
Ha pa3jejieHue B y3esa AeaTaHusaluu. YacTb KyO6OBOIl >KHIKOCTH
apocceaupyerca go 3,8 MlIla, npoxoxur terioobMeHHUK T2 u rmo-
crynaeT B cenaparop C1. Konaencar, BblejieHHbBIH B cenapaTope
C1, noporpesaercst B Terioo6MenHuke T1 K mogaeTcs B AeMeTaHu-
satop K3 mpu rtemmeparype Munyc 40 °C B KauecTBe MHTaHUS.
[pyras 4yacTb Ky6oBOii >XMIKOCTH KOJIOHHBI K1 gpoccenupyetcst no
3,8 MIla u nonaerca B aemeTaHusatop K3 B KavecTBe OpollleHHs
nipu temnepatype —93 °C.

ITap u3 xoJionHnt K1 oxsakjaeTcs ¥ KOHIEHCHPYETCS B IIPSIMO-
TOYHOM Tennoo6MeHHUKe T3, a 3areM mMoAaeTcst NpPU AaBJEHUH
3,9 MIla u temneparype muHyc 108 °C B oTmapayio kosnoHay K2.
B kauecTBe TemsioHOocHTenst B Kyb6e kojonHbl K2 uHcnoJib3yercs
npupoaHbiit ra3. Ortnapka B kojJoHHe K2 cocraBister okoso 10 %
oT nocrynamouiero noroka. Cojepxanue reausi B Ky60BOH >XHUAKOC-
T KosoHHB K2 cocraBaser <0,001 %. KoHueHTpauusi resivs, BbI-
XOAsIIero U3 BepxHell yactu kosioHH K2, B 100 pa3 Bbimre ero
KOHLIEHTpalluu B HCXoJHOM rase. TemmnepaTypa Bepxa KoJioHHbl K2
munyc 107 °C; remmeparypa ky6a munyc 103 °C. Ky6oBas xua-
KocTb kKosoHHBI K2, copepxxainas okoso 15 % asora, 85 % MeTaHa
U He3HauUTeJbHOE KOJUYecTBO 6ojiee TSDKeNbIX YIJIEBOLOPOAOB,
apocceaupyercs fo 18 Mlla u mocTynaer B KadecTBe XJiaJioareHTa
B npsiMoTouHblit KoHJeHncatop T3. Ilap, BbIXoAsmMi H3 KOJIOHHBI
K2 u comepxanmii 5,5 % renusi, ApocceqUpyeTcsl [0 JaBieHUA
1,8 MIla u noctynaer AJs JAajbHeluiero o6oralieHus B KOJOHHY
K3. KosonHa K3, cocToMT M3 NPOTHBOTOYHOrO KOHAEHCATOpa, Ha-
cafouHofl U ky6oBoil uyactu. IIpOTHBOTOUHBIM KOHAEHCATOD HMMeeT
ZBe CTylleHH. B mepBoil cTymeHu XJafioareHToM $SBJsieTCS Ky6oBast
Xuaxoctsb KoJoHHb K3, copepxamias okono 30 % asora u 70 %
MeTaHa, capoccearpoBaHHas 1o 0,3 MIla. Bo BTopoil crymeHun
IIPOTUBOTOYHOIO KOHJEHCATOpa XJaJ0areHTOM SIBJSETCS >KUAKHN
a3o0T, KUMAIMUH Npu Temnepatype MuHyc 194 °C. VM3 BepxHeil uac-
TH KOJOHHbI K3 BbIXOAWT renueBblli KOHLEHTpaT, coJepXaiiuil
85-90 % renusi, KOTOpbIi HaNpaBJIsIeTCs 3aTeM Ha OYHUCTKY OT
npuMecei.

B kosonny K4 Ha neMeraHMsaluio mocTymaer IIOTOK, COCTaB-
agmolui oxojo 30 % or MCXOAHOTO KoJM4YecTBa rasa. /lasieHue B
kosonse 3,6 MIla. CooTHollleHHe MOTOKOB, MOAABaeMbIX B KauyecTBe
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opoutenusi v mutanusi, 1:1. V3Biedenne sTaHa ¢ HIKHUM TIPONYK-
toM cocTaBiser okoso 85 %. TensoHOCHTENAMH B KHUIISITUJIbHUKE
kosionnb! K4 saBasioTca BoAsiHOR Map M 1UIMpokasi ppaklus yrieBo-
[I0pPOIOB, OTBOAMMas U3 Ky6a nestanusatopa KS.

MertaHoBasi Gpaklysi, BbIXOASLIAsl U3 BepxHeH dYacTH [eMeTa-
nusatopa K4, o6benunsieTca ¢ rnapoM, BBIXOJSAIIMM M3 celaparopa
C1 u noctynaer B geranfep [, rae pacmupsiercss no 1,8 Mlla. C
remneparypoii Munyc 103 °C nortok noctrymaer B KauecTBe XJaJo-
areHra B KoHJeHcaTop T2, a 3ateM B Tenyoo6MeHHUK T1.

JleMeTaHusMpoBaHHas B KoJIoOHHe K4 cMecb yrieBofopojioB TO-
cTymaeT 3aTeM B JesTanusarop K5, paborawooiuiuii npu AaBjeHHd 3
MIla. [lesranusarop ocHaiieH AedierMaropoM M KUIMSATHIbHHAKOM.
TernsoHOCHTENb B KHUIISTUJIbHHUKE —~ BOAsIHON map. CBepXy KOJIOH-
HbI OTOHpaeTcs 3TaHoBas (pakUus ¢ coAepxkaHueM 95 % sTaHa, a
CHU3y — LIMpoKass (pakuusl YIIeBOAOPOIOB, coJepiKalljas OKOJIO
60 % mpornaHa.

Ha puc. 3.44 npeacraBiieHa TeXHOJIOTMYECKasl CXeMa M3BJeue-
HUSL U3 TIDUPOAHOTO ra3a Teiusi ¢ OJHOBPEMEHHLIM BbIJEJEHUEM
dpakuuu C,, u asora [32}].

IIpenBapuTe/JbHO OUMIIEHHbIH NPUPOAHBIA Tra3 CoKUMaeTcsl B
KoMIipeccope ! ¢ NpUBOJOM OT Typ6oaetanmgepa no 5 MIla u ox-
naxgaercs ao 230 K o6paTHbIMH [1OTOKaM#M Tasa M IPOMAHOM.
KoupeHcupymoliuecss yrieBogopoAbl OTAeNSIIOTCSA B cenapartope 3,
MOJIOTPEBAIOTCS M TIOAAIOTCST B METAHOBYIO KOJIOHHY 2, paboTtaio-
myto nox gasiaenuem 0,9 Mlla. I'a3, yxoxsmuii u3 cemaparopa 3,
rocJie OXJIKIeHUs U KOHAEHCAlUM ToAaeTcsl B KOJIOHHY oborarie-
HUs a3oTa 5, pa6orawinylo mnoa aasjenueM 3,1 MIla. XKuaxwuii
MPOAYKT C HU3a 3TOH KOJOHHBI ITOJIA€TCSI HACOCOM IOJ AaBJieHUEM
4 MIlla B Ten006MeHHYIK, T/i€ YAaCTUYHO MCMApseTcss M IOCTyHaeT
B cemapaTop 6, YCTaHOBJIEHHbI!l Ha BcacblBaloillell JMHUM Typ6one-
Tangepa. sKujgkue NPOAYKTbI M3 cenaparopa 6 Iocje ToAorpesa
MOCTYNAal0OT B METAHOBYIO KOJIOHHY [Jisl BblAeJeHUsl U3 HUX ¢pak-
uuy C,,. IHapnl U3 cenapartopa pacuiupsilorcsi B Typ6ojieTavjepe U
NOCTYNalwT B MeTaHOBYIO KoJioHHY. Ilpm aToM obpasylomasics npu
PacClIMpeHuy Trasa >KUIKOCTb CJAYXKUT OpollleHMeM KOJIOHHbI. lIpo-
AYKT ¢ HU3a MeTaHoBOM KojoHHb! (¢ppakuus C,,) yXomut ¢ ycTa-
HOBKM Iipu paasJiennu 0,9 Mlla. IlpoaykT ¢ Bepxa MeTaHOBOH KO-
JIOHHbI HarpeBaeTCs U OTBOAWUTCA € VYCTAHOBKM TNpH JaBJIEHUU
0,8 MIla, kak TOBapHbBIX ras.

Tas u3 kosioHHBI o6oraieHus azoTa 5 OXJaXAAOT W MOAAOT B
KOJIOHHY Bbicokoro aasienus 9 (2,7 MITa). C Bepxa aTo# KOJIOHHBI
YXOMUT ra3, o6OTalleHHBbIA TeMeM, ¥ >KUAKUH a30T ¢ PacTBOPEH-

HBIM B HEM Te/MeM, KOTOpble MOCTYNAlT B TeJIHEBYI0 KOJOHHY 7
(2,7 MIIa).
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Puc. 3.44. TexHonsormueckas cxeMa yCTaHOBKH H3BJI€YeHHS U3 IPHPOLHOTO ra3a resmst
¢ oZHOBPEMEHHBIM BhijieteHHeM ppaxipu C,, 1 azoTa:

] - ownmennslil ras (coipbe); [I — mponanosslil x.aazoarent; 1] — TomtmsHbii
ras; IV - coipoil remuit; V - asor; VI — toBapueiit ra3; VII — dpakmua C,,

ITpOAYKT ¢ HM32 KOJIOHHbI BBICOKOTO JaBJIeHHS MOCTyIaeT B KO-
noHHY Hu3Koro paasieHust 8 (0,2 MIla). B aroit KoJOHHe BbIOeIs-
eTcs YMCTBIN Ta3006pasHblil a30T M XKHUJKas CMeChb a30Ta M MeTaHa.
[IpoZyKT ¢ HU3a KOJIOHHBI CxxuMaercs mo 0,9 MIla u nocne ucna-
peHUsi BBIBOAWTCH C YCTaHOBKM B KayeCTBe TOIIMBHOTO Tasza. [lis
opollleHNs] KOJOHHb! 060TrallleHHsl a30Ta HCIOb3YeTcsa CHCTeMa OT-
KpbITOH LIMPKYJISALUM TOBapHOTO rasa 4.

B tabsmue 3.35 npuBeleH MaTEepHUaJbHbIH 6ajaHC OIMCaHHOMN
YCTAHOBK! H3BJIeYeHUs Tesus.

B pa6ore {13] mpenjoxkeHa TexHojorudeckass cxema H3Biede-
HUA TeJUS M3 rasa BpaTcKoro ra3oKOHAEHCATHOTO MECTOPOXIEHMS.

Biuskoe pacrnojioxkenue norpeburteseil rasa or Bparckoro ra-
30KOHZIEHCATHOTO MECTOPOXKJEHHS U BbICOKAasl €ro IeJMeHOCHOCTD
[103BOJIAIOT OPraHW30BaTh SKOHOMUYHYIO TepepaloTKy rasa M IIpH
He6oIbIIMX o6beMax Ao6blum (mopsiaka 440 man. M°/rop) moay-
4aThb exerofHo 6osiee 1 MiH. M® ToBapHOTO Ta3a, A0 3 TbIC. T CXKH-
JKEHHBIX ra3oB, 16,4 Thic. T 6eH3uHoBo# (paxkuuu 35 Thic. T IU-
3€JIbHOrO TOIJIMBA M 2,3 THIC. T KOTEJIbHOIO TOTLJIMBA.

[lnacrosblit ras cogepxur (% mo obvemy): 0,27 reaus; 0,12 Bo-
gopoza; 0,24 auokcuza yriepoja; 6osee 86 Merana; 1,7 npona"a u
6yTaHa; 2,4 KOHJeHcaTa, a TakXKe 3TaH H a30T.

Ha puc. 3.45 npeacraBiieHa TEXHOJOTUYECKAss CXeMa YCTAaHOBKU
BbIIEJIEHUSI TeJUEBOr0 KOHIEHTPAaTa C a30THBIM  XOJIOAUJIbHBIM
uukJjoM. IlocnepoBaTenbHOe OXJaXKJeHUE, CKMXXEHUE Tasa U pek-
TU(UKALMOHHOE €ro pasfieleHde B YCTAaHOBKE IPOM3BOAATCS 3a
CYeT peKylepallM¥ XOJIOa CAPOCCEJHPOBAHHBIX CXXUXKEHHBIX
paxuwmii.

Tabauya 3.35
MMokasatenp Chipbe- | Ppak- T0§3P' TOI{’""“ TFemmit Asor
F soif ras | uust C,, | Hblil ra3 | Hpii ras
Hasuenne, Mlla 44 0,9 0,8 0,8 2,7 0,1
Temnepatypa, K 311 262 306 306 306 306
CocTtas, Mox. mo:
reamit 0,0050 - 0,0001 - 0,5694 | 0,0017
asor 0,1020 - 0,0299 0,2348 | 0,4299 | 0,9955
MeTaH ‘ 0,7302 0,0070 0,9652 0,7651 0,0007 0,0028
3TaH 0,0694 | 0,4121 0,0047 0,0001 - -
OpoNax 0,0516 0,3207 0,0001 - - -
Cy 0,0418 | 0,2602 - - - -
Wroro 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000
Pacxon, kmoab /1 2988 480,1 2019,4 299,1 25,4 164
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Puc. 3.45. Texnonormieckas cxema YCTaHOBKH BhJleJIEHUS [e/IMEBOTO KOHUEHTPATa:
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OcyuleHHbIH Ta3 Iocje oxJaxAeHMs B Terioobmennuke T1 no
233 K, BblJeJIeHHST U3 Hero TSHKeJbIX YIJIEBOJAOPOJOB U MeTaHoJa B
cenapatope C1, oxyaxaenus no 188 K v wacTH4YHON KOHJeHCALMH
B Teiutoo6MeHHuKe T2 ¥ xunmaruabHuKe M1 rmocTynaer B KOJOHHY
K1. Bo n36exaHne BbIaJeHUs TBEPAOro AUOKCUAA YIJIepoja B
HU3KOTEMIIEpaTypHbIX allllapaTax INpHUMeHeHa OTMbIBOYHAsl PeKTU-
¢HKalMOHHasA KOJIOHHA, rae 98 % aMokcHMzaa yriepoia INepexoJMT B
o6paTHBI NMOTOK COXKMXKEHHOIO rasa.

O6oralieHHblil reqveM ras U3 kojoHHbl K1 cxkuxaercs B Ten-
noo6Mennuke T3 u nopaercss B konoHny K2. CxxukeHHbIH ras us
ky6a xojonH K1 u K2, cocrapastomuii 6osiee 97 % nepepabartbiBa-
eMOTO CbIpbSl ¥ He coJepyKallluil resiust, Apoccejupyercsl 1o AaBie-
uust 1,9 Mlla u nocine pekynepauudyd XoJi0Ja IIPY KCNapeHUU U
HarpeBe B Temoo6MenHukax T3, T2, T1 moctynaer B KauecTBe
TOBApHOTO ra3a Ha G6eCKOMIIpeCCOpPHOe TPaHCIOPTHpPOBaHWE K TIO-
tpeburenio (B r. Bparck).

I'az u3 BepxHeit yactu kosonubl K2, comepxkauwmnii no 24 % re-
JUS U BOJOpOJA, NoJaeTcsl B KOJIOHHY K3, rje U3 Hero KOHIEHCH-
pPYeTCsl MeTaH ¥ YacThb a30Ta 3a CYeT XOJI0fla CAPOCCEJNpPOBAHHOM
o 0,25 Mlla ky6oBoit XUAKOCTH M KHISALIETO XXUAKOro asoTa. B
a30THOM XOJIOJWUJIbHOM I[MKJIE HCHOJb3YIOTCS CXXHoKeHHble dpak-
LM Ta3a, CAPOCCEJMPOBAHHBIE [0 HHU3KOTO [IaBJIEHUs, KOTOpbIe
rocJie NOJOrpeBa MAYT Ha TOILJIMBHBIE HYXKJbI 3aBOJA.

W3 Bepxueit uyactu kosoHHb! K3 npu gaBaenuun 2,9 Mlla u
Temneparype 87 K BbIXoAUT rejueBbill KOHUEHTpAT, COJAepXKaliui
okoso 60 % remust, 26 % Bomopoda U 14 % a3zoTa, KOTODbII mogaer-
‘Cd Ha JaJbHEHIIYI0 OYMCTKY OT BOAOPOAR, a30Ta W APYTUX MHKDO-
npuMecei.

PacuetHasi cTenmeHb HM3BJIeYEeHMS] e OT CKBAXKHHBI 10 GJI0KA
€ro OYHUCTKH cocTaBjsieT 99 %. Pacxo/ 3JeKTPO3HEPTHH [0 OCHOB-
HOMY TIPOU3BOJACTBY rasorepepabarbiBaionlero komiekca (6e3
VCTaHOBKM CXMKeHUs! resmusi) — oxono 1250 xBr. KosmuecTso
TOIIMBHOTO Ta3a, pacXOAyeMoro Ha COOCTBEHHbIe HYXMIbI, -
3,6 man. M3 /ron.

Ha puc. 3.46 npexcraBjieHa TeXHOJOTHYECKAsT CXEMa YCTAHOBKU
pasfiesieHUs] TNPUPOJHOrO ra3a ¢ H3BJEeYEeHMEM TeJjlusl, 3dTaHa ¢
¢bpakuuu C,, [3]. /lanHas cxema paspa6artbiBajsach ais rasa Ka-
BBITKMHCKOI'0 ra30XUMHYECKOTO MECTOPOXKIAeHHUSI. Y CTaHOBKa MOXKET
TaKe paboTarb ¢ U3BJEYEHHEM TOJBKO YTJIEBOLOPO/OB.

Boinenenne ¢pakuuu C,, NMpoU3BOAMTCA B ABYX KOJOHHaX: a6-
copbepe K1 u nemeranusarope K2. Bropasi (GyHKUMsI KOJOHHBI
K1 - oumcrka rasa, mocrymaiomero B 6J0K BblAeNeHWsS Tequs,
ot CO,,.

B ycraHoBky rmnogaercs ras, npomeAuUdi NPEABAPUTENbHYIO
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Puc. 3.46. Texnonormieckas cxema Bbiie/ieHHa reus, 3Taka H Qpakuuu C,,, M3 IPUPOAMOTO Ta3a:
~ ocymrenHstii 11 oummennstii or CO, ra3, V - To-

I — coipveBoii ra3, I1 — ras Ha ounuctky u cywky, /111 — ocymenHnsbit ras, |
BapHblil ras, VI — Meranosas ¢pakuus Huskoro gastenus (p = 0,3 MIla), VII —'ras ma peremepaunto agcopGepos, VIII - ras

pereHepauuy, [X - sranosad dpakuus, X — remmeprii konuewrpar, X/ — ¢paxua C,,,, XII ~ meranopas ¢paxuiia HI3KOTO

T15]

XI

npassenus (p = 0,12 Mila)



[OATOTOBKY Ha HpOMbIcje, ¢ AaBjeHueM 6,5 MIla. Cocras rasa, %
(moJbH.): 0,26 reams; 0,04 Boaoponma; 1,59 asora; 0,16 auokcuaa
yraepoaa; 91,82 merana; 4,57 srana; 1,05 mponana; 0,4 6yTaHa;
0,12 Cs..

Ta3 oxuaxgaercss no remneparypol 10—15 °C u nogaercst B afi-
cop6epbl, 3arojiHeHHble lleoJuToM. Bech ras ocyuaercs fo temite-
paTypbl Touk pocbi (e Bbime MuHyc 60 °C) u uactp rasa (B
JaHHOM caydae 25 %) ouumaercst ot CO,.

OcCHOBHO!I NMOTOK ra3a OXJIaX/JaeTcd IPONaHOM B peKyllepaTuB-
HbIX TeIJIOOOMEHHHUKAaX [0 TeMIlepaTypbl Iopsiaka MuHyc S0°C u
nogaercs B cenapatop C1. OTcenapupoBaHHBIM ra3 pacliupsaercs
B Typ6oxerangepe T/l no maBsenus 2 Mlla u nopaercs B abcop-
6ep K1. Ha Bepxziolo Tapeaxy ab6copbepa Noaaercsl CXIDKEHHbli
ras, ounuiennniii o1 CO, Ha HeosnnTax. Boixogasumuit u3 abcopbepa
ras mojaercs (A BblAEJEHUS Teausi) B TPSMOTOYHblE KOH/EHCa-
Topbl U otnapHble KoyioHHbE K4 1 K5. U3 cemapatopa C4 BbIxoauT
ra3 ¢ coflepsKaHueM Tejus okoJio 60 %.

[lemeranuzanusi B KosioHHe K2 mnpou3BoguTcs 1pu JlaBJeHUHU
1,8 MIla. [las 6oee acdhdekTUBHOrO UCIOJAb30BAHUS X0J04a I10TO-
KOB KoJioHHa K2 ocHallteHa /ByMsI NPSIMOTOYHBIMU KHTSTUJIbHUKAMU
T20 m T10. B nepBoM oxJa)X/JaeTcsi NPUPOAHBIH ra3, BO BTOPOM
KoHZeHcupyeTcst aTaH. CHU3Y KOJOHHBI oTBoguTcst (pakuus C,,,
KOTOpPasi HacocoM IofiaeTcsi B AedTaHusarop K3, paboramoiuit npu
naBnenun 3 Mlla. Takoe papsieHne Tpe6OBaOCh AJISl OpPraHU3allUU
TPaHCIIOpPTa 3TaHOBON (paKUWH, KOTOPas OTBOJUTCS CBEPXY KO-
aonHbl K3, cuusy orBoautcs dpakuus Cs,.

Kugkocts U3 KoJgoHHbI K4 Hcnapsercst W HarpeBaeTcs B peKy-
NepaTHBHBIX TETJIOOOMEHHUKAX W 10°KMMAETCsT KOMIIPECCOPOM Typ-
6onerangepHoro arperata go 1,4 MIla. [a3, nocrynawmuit 13 xo-
JoHHbl K2, HarpeBaercss B peKynepaTUBHbIX TeILIOOOMEHHHKaxX H
UCTIONIb3YeTCs IS pereHepaly azcop6epoB GJ0Ka OCYHIKH U OYU-
CTKH rasa, II0CJI€ Yero CMeIIMBaeTcsl ¢ yKa3aHHbBIM BbILIE HOTOKOM.
CyMMapHblii MOTOK — ToBapHbIil ras mpu Jasienuu 1,4 MIla Ha-
Npasjsgercs: MoTpebUTeNio.

Kuakocrs u3 kononust K5 gpoccenupyerca go 0,4 MIla u uc-
napsietcsi B KoHAeHcarope T. OTOT IIOTOK rasa BBbIXOJUT U3 yCTa-
HOBKM npu paBiennd 0,3 MIla B KoaudectBe 3,8 % OT CBIPbEBOTO
raza. OH MoXxeT GbITb MCIOJIb30BAaH /51 COOCTBEHHBIX HYKI WJIU
R06aBISTbCS K TOBAPHOMY rasy I0CJIe [0XKaTHS.

Pacuernniii koagpuumeHT u3BJIE€UeHUS sTaHa cocraBasger 90—
92 %, npomnana — 99 %, remis — 99 %.

st npesBapuTebHOTO OXJAXIEHHUsl ra3a M KOHAEHCAUMH 3Ta-
Ha B fediermatope KoJoHHb! K3 ucnonb3yercss mpomaHoBast X0Jio-
AWJbHasl ycTaHOBKA C M30TePMON KUIleHMst npormaHa mMuhyc > °C.
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Wcnosb3oBalHBIA B JJaHHONH TEeXHOJIOTMUECKOH cxeMe KOMOWHU-
POBaHHBIH crioco6 ouncTku raza or CO, no3posua 6oJiee yeM B
2 pasa COKpaTUThb HUCJAO a/icopbepoB 110 CPABHEHHIO € BapUaHTOM
OUMCTKH BCEro rasa aAcop6ivei Ha LeoJUTaX.

Dby nmpoBefieHbl pacueTHble WCCJAeJORAHWUS 3aBUCUMOCTU CTe-
neHd ouucTku raza or CO, B abcopbunonHoil koJionhe K1 oT co-
nepikanust CO, B ¢bIpbeBOM rase, opolieHus (fo/d rasa, ouuuieH-
Horo o1 CO, Ha 1e0JMTAaX) M UUCJA TEOPETHUECKUX Tapesnok. Ha
puc. 3.47 npuBeJeHDb! MOJyUeHHble 3aBUCHMOCTH TPHU MSITH Teope-
TUUeCKHX Tapeakax B abcopbepe. PacueTn! TOKazaau, UTO €CJAU B
rase, BbIXozsuieM M3 abcopbepa, comepxanue CO, He 6yner mpe-
Boitath 0,02 %, To npu panbHeimeM ero paszgejennu (o jgaHHOR
cxeMe) TBepias ¢asa He obpasyercsa. M3 pucyHka ciepyer, 4To
npu nepepa6otke rada ykasaHHoro coctaBa {(MossipHas nons CO,
0,16%) noctatouHo ounctutb oT CO, 22-25 % cbIpbEBOro rasa.

Conepxkanne CO, B raze MoXeT ObiTb yMEHbLIEHO yBeJHUEHUEM
uncsa Tapeiok B abcopbepe. Tak yBenuuenne ux ¢ MsITH [0 BOCb-
My CHMXKaeT cofepxanue CO, B raze B 2 pa3sa.
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Puc. 3.47. 3asucuMocTs crenenu oumcrku rasa or CO, B aGcoplepe oT komfecTsa
opowenus (Jo/m ountennoro o1 CO, rasa) npu pasmuuoM cogepxamm CO, B uc-
XOIHOM raze:

1-01%;, 2-02%, 3-03%, 4-05% 5-10%
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ITomaua Ha opolileHWe ounnieHHOH oT CQO, KUAKOCTH NO3BOJSET
n3bexxaTb obpasoBaHust TBepJoil (aspr B kosonHe K1 Haubosee
BeposiTHO Bbimnajnenne Teepaoil daspi CO, B BepxHell cekuuu Je-
smeranuszaropa K2 Douid paccMoTpeHbl [Ba BapHaHTa JKHIAKOCTD
u3 koJoHHbI K1 mopaercsd Ha BepXHIOW TapesKy KOJOHHBI K2,
xosoHHa K2 uMeer gedJermMarop, a XUAKOCTb W3 KoJoHHBI K1
rofaercss Ha TPETBIO TEOPETUUECKYI0 TapesKy

Ha puc 3 48 HaHeceHD! pacueTHble 3HaueHus1 cogepxkanust CO,

a
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165 | 1 1 1 i 1
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CO,, % mon.

Puc. 3.48. Kpupble uavenemns xouuentpaunu CO, u TeMnepaTryp Ha Taperkax [e-
MeTaHM3aTOpa NpH pazmiuHoM colepxxanun CO, B HCXO/HOM rase:

a = geMetaHusarop 6e3 aedrerMartopa, 6 — HeMeTaHuUzaTop ¢ Aedrermaropom, | —
Upee bHast pactBopimMocts CO, B XIIAKOM MeTane, 2, 3, 4 — cogepkanne CO, B
lcxogdom raze 2 - 0,2 %, 3 - 6,3 %, 4-=0,5%, 1T~ 4T~ wucao Tapesok

243



T, K
200

195

190 +

]

185

T

180

175 1

170 |

165 L L
0 10 12 14

\i&f CO,, % mon.

Puc. 3 48. Ipoaomxenne

B JKMKOCTH Ha 4YeTbIpeX BEPXHUX Tapejkax peMeraHusaropa K2
npyu pastom coxepsxanu CO, B cbippeBoM rasze Kpusas 7 xapak-
Tepusyer cojepxxaHue CO, B KUIKOM MeTaHe, DaBHOBECHOE C
tBepaviM CO, npu Janvoil Temnepartype. LIITpuxosble JMHWM HU-
’)Ke KpHUBOH | HaHeceHbl YCJOBHO, IO HUM MOXKHO TOJIBKO CYAMTD,
KaKoBa CTeleHb BeposiTHocTH obpasoBanus 1BepAoro CO, M B Ka-
KOM cJlyyae TBepJo# ¢a3br 6yzer 6ojipliie UJAH MeHbIe

N3 puc 3 48 ciaepyer, 4to NMpH HAMMYMM JedJerMaTopa TOJb-
Ko npu MoJjsipHoit gose CO, no 0,2 % rapaHTupyercsi pabora Ko-
JIOHHbI 6e3 BbIMajieHUs: TBepaoit ¢aspl Ha Tapesnkax HauGosee
BeposATHO o6pazoBaHWe TBepAoll ¢aspl Ha NepBOM M BTOPOH Ta-
peJkax
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Jlast xosioHHBL 6e3 nmedyiermatopa Habawoaaercs HECKOJDbKO HADY-
ras KaptiHa. HauboJsbuiasi BeposiTHOCTb BblmajeHus TBepgoro CO,
Ha TpeTbell TapesKe, UTO CBA3aHO C PE3KUM yBeJMYE€HUWEM KOHLEH-
gpaun CO, Npu He6oJbLIOM yBeJMYEHMH TeMIepaTypbl. B 06-
nacTb obpasoBanusi tBepaoro CO, He TOMAJAOT TOJbKO KpUBblE 2
1 3, COOTBETCTBYIOLIMe MoJsApHOMY coiepxanuio CO, B UCXOIHOM
raze 10 0,3 %.

Ot1MeTuM, YTO 3aBUCUMOCTM Ha pHUC. 3.48 COOTBETCTBYIOT KOH-
KPETHDbIM YCJIOBUSAM paborbl kKosioHHb! K2: nasnenue 1,8 Mlla, ko-
abulLMeHT u3BNedeHus sTaHa 92 % (B BapuaHTe ¢ JedermMaro-
pom) u 90 % (B Bapuante Ge3 pmedermaropa). Hampumep, npu
koaddulienTe HU3BJeUdeHNsl sTaHa 83 % TBepias ¢dasa He BbINa-
gaeT Ha tapenkax o copepxaHus CO, B CbipbeBOM rase MOpsAKa
0,5 %.

3.7. OYUCTKA FrENUS OT NPUMECEN

Bblienennbiii B mpollecce HU3KOTeMIepaTypHoro ¢pak-
LIMOHHPOBAHUS TeJIeBbifi KOHUEHTpaT OObIYHO COHEPKHUT CJeNyIo-
mue npyuMecy: aszot (5—15 % 06.), BOAOPOI, KUCJOPOJ, aproH, He-
OH, AMOKCH] YTJEepoaa, a TakXe cJeabl yrieBogoponoB. Comepka-
HHE BOJOPOAA MOXKET MEHSITbCA OT [JecCSThIX NoJied TpOLEHTa [0
HECKOJIbKUX TPOIEHTOB.

Ouuncrky renust oT BoJOPOAa O6GbIMHO IPOBOJASAT OKUCJEHUEM BO-
JIOpO/la € TIOMOLIBIO aKTUBHOM okucH Meau (79 % oxwcu meam, 1 %
okHcu xejesa, ¥ 20 % KaoayvHa) WM HENOCPEACTBEHHO KHCJIOPO-
JOM Ha IJAaTAHOBOM MWJIM HajlagueBoM Karaausatope [9, 10].
Ilponecc okucaeHust BOAOPOAa AaKTHBHOU OKHMCHIO Melu SBJSETCS
nepuoaudeckyM. YcrtanoBka (60K) COCTOMT W3 HECKOJBKHX Jid-
HUlf, BKJIIOUAIOUIMX peKynepaTHUBHbIE TENJ00OMEHHHMKH, obecrieuu-
BaoLIMe TOAOTPEB Ia3za Mepell peakTopaMH M OXJaKAeHHe TocJie
HUX, ToZlorpeBaTesi [Js HarpeBa rasa [0 TeMIlepaTypbl Hayasia
peaxuuu (400—450 °C) u peakTopsl ¢ aKTUBHOM OKHCbio Mead. Pe-
aKIUsl OKUCJEHUs MJeT ¢ BblAeJieHHeM TelJa, NPOLYKTaMH OKHC-
JleHus SBJISIIOTCST BOJa, a B CJydae NMPUCYTCTBUSI B rase yIJeBOAO-
POROB u aMokcuaa yriepoma. Temneparypa rasa, mpoureguiero pe-
aKTOp, moBbllIaeTcs npuMepHo Ha 40 TpajycoB Ha Kax/blii MpoO-
HEHT OKHCJIeHHOTO BOAOPOJA.

[lo oxoHwyaHMHM Npollecca OYMCTKH OCYLIECTBJISIETCS pereHepa-
UK — OKUCJIeHHe BOCCTaHOBJEHHOH KOHTAKTHOHM Macchi IyTeM IIo-
Aauu B peakrtop asora ¢ 2-3 % 06. kucjopoza. [Ipouecc oxucne-
HUS Menu (¢ BbIAENEHHEM TelJa) IPOBOAUTCA NMPUMEPHO IIPH TOM
K€ TeMIepaType, UTO U BOCCTAaHOBJEHHE.
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JlOCTOMHCTBOM 3TOr0 METOAA OYUCTKH Tesusi OT BOJAOPOAA SIBJISI-
€Tcsl TO, YTO CTelleHb OUMCTKM He 3aBUCHT OT KoJieGaHUN KOHIeH-
TpalluM BOJOpOJa B CbIpbe, HELOCTaTKOM — IePUOAMYHOCTb IpO-
ecca. IlepyoandHOCTh yBeMMUUBAET KOJUYECTBO OOOPYAOBAHMSA,
YCJIOXKHSET 3KCIJIyaTauulo, yBejuuuBaer 1iotepu resus. Henpo-
cTaTKaMH TaKxe SIBJISIOTCS HU3Kasl MeXaHWuyecKas NMPOYHOCTb Ka-
TaJ13aTopa, 4To 0O6YCJIOBIUBAET €r0 YacTyio 3aMeHy.

B Hacrosimiee BpeMsi HauGoJblliee IIPUMEHEHHE MOJYUUJI METOX
OKHCJIeHMsI BOJOPO/JA Ha Ma/jla/ldeBOM WJIM TJIATHHOBOM KaTaju3a-
Ttope [16, 15]. DToT cnocob obecnieunBaeT BBICOKYIO CTENEHb OUM-
CTKM Teaust OT BOJOPOAR, HeNpephIBHOCTb INIpollecca, BBICOKYIO
CKOpPOCTb peakuuU, TpebyeT obecrieyeHHs] CTEXHOMETPUUYECKOro
COOTHOUIEHUS! MeX/y BOJOPOAOM U TOAABAEMBIM B [OTOK Ta3a KHUC-
jgopoaoM. IlpoxyxToM okucseHus siBasieTcss BoAsHoU map. Yacto
BMeCTO KHCJOPOZAa B MOTOK raza MOJaeTcs BO3AYX, KOJUYECTBO KO-
TOPOro peryJaupyercsi aBToMaTuuecku. Ilocsie OYUCTKH resiusi OT
BOZODOJA €ro OXJaXKJAloT, CeNapUpyoT OT BOAbI M 3aTeM OCYlla-
1oT. OcylKy OObIMHO TIPOBOASAT 2copOiell Ha LEOJMTaX.

OKOHYATEIBHYI0O OUMCTKY rejiusi OT MpuMecedl INPOBOAAT aj-
copbuuell Ha aKTUBUpPOBaHHOM yrie. IIpu sToM BO3MOXHBI pas-
JIMYHble BapUaHTbl TEXHOJOTHUH W IapaMeTpbl mpoulecca. Ha ore-
4YecTBEHHDbIX 3aBOAaX aJCOPOLMOHHYIO OUHUCTKY TeJHsl IPOBOAST
TIpY BbICOKUX JaBieHusix 6—18 Mlla, npu »TOM mNpeaBapUTETbHO
NPOU3BOASAT KOHJEHCAMI0 Y3 Hero asora HpH TeMIeparypax
73—-80 K. [Ins oxJakAeHUsT MCIIOJb3YIOT XKUAKUI aszor. Hanpumep,
Ha OpeHOYDPICKOM TeNeBOM 3aBOAE MOCJe OCYUIKM Ta3a [Ipu JAas-
aenun 1,5 Mlla, on cxxumaercsa go 17,5 Mlla, npoxoautr BTopudy-
HYIO OCYLIKY M TOJaeTcss B HU3KOTeMIlepaTyphblil 6sok. T'enuit ox-
JIAXAETCST B PEKYNEepaTUBHBIX TEMJIOOOMEHHHKaX M ABYX KOHHAEH-
caropax, B IepBOM M3 KOTODBIX JXHJIKHUM a30TOM, KHUISIIUM TI01
HeOOMbIIMM W3ObITOMHBIM  AaBjieHueM (TeMIlepaTypa  KUMEHWsE
80 K), Bo BTOpOM — a30TOM, KMIISIIMM II0A BakyyMoM (TeM-
neparypa kunenusi 70 K). IIpu 3T0M KoHAgeHcHpyeTcsl a30T U 3a-
TeM oTfensieTcsl OT raza. OcCTaTrouHOe Cojlep:KaHWe a3oTa B reauu
okono 1 %. OkoHuaTenbHasi OYMCTKa TeNHMss OT a30Ta M JAPYTHX
rpuMeceil MPOM3BOAMTCA B ajcopbepax, 3aloJHEHHBIX aKTUBHDO-
BaHHbIM yriem mapku CKT-6. Oxnaxaenue azcop6epoB HPOU3BO-
JUTCS )KMIOKUM a30TOM, KUMALWMM 1pu Temnepatrype 80 K. Perene-
pauusi yrisi IpOM3BOAMTCS TOPSYMM TIOTOKOM TreJiieBOT0 KOHLIeHT-
pata. Ilpu 3atoM B pyb6auiky aacop6epoB noaaercsl ropsiuuii aszor
(npesBapuTeibHO C/MBaeTcA KUAKMI asor). Tenmit mocae azxcop-
6epoB TOROTPeBAETCA B PEKYIEPATUBHBIX TEMA0OOMEHHMKAX U
nojaeTcsi B lieX Haro/dHeHUs GajioHoB. /[laBjeHHe 1poilecca
17,5 MIla 6blno BbiGpaHO A/ 3arnoJHeHHs] 6aLIOHOB. TeXHUKO-
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KOHOMMYECKYE pacyeTbl MoKasanu, uro 6osiee adp@PeKTUBHO IPO-
po/uTh Tpoliecc nipu 6 MIla, a 3aTeM 3anoJHATb GaJIJTOHBI KOM-
IIPECCOPOM.

Ecau ToBapHON NpoAykuued sIBJsSeTCH XUAKUU revid, TO OUM-
CTKa Tejdsi NPOU3BOJAUTCS 6e3 IOBBIIEHUS AaBJI€HHs, XOTH IpH
5TOM 3HAYKMTE/bHO TOBbILIAETCS] HAarpy3ka Ha afcopOepsl, Tak Kak B
rase, IOCTYNaWLeM B afcopbephi, colepsKaHHWe a30Ta MOXKET CO-
cTaBasaTh 2,5-3,5 % 06.

PaccMOTPUM HECKOJIbKO CXEM OYMCTKM TeJIHS.

o cxeme (cM. puc. 3.42) cbipod remit, BBIXONSIIMI M3 KOH-
peHcaropa 6, xpoMe a3oTa COLEP)KHT B KauecTBe HPUMECH BOJIO-
poa. IloaToMy mocnenyouye cTau¥ OYMCTKM TeJIMst 3aKJIOYAI0TCA
B yaajeHnu u3 cMecu N, — H, — He Bogopona u asora. [1a yaa-
JIeHUsI BOAOPOAA ChIPOH resnii noxorpeBaloT B TelJOOOMeHHHKe 7,
3areM K HeMy J06aBJSI0OT HeKOTOpoe KOJMUYecTBO BO3/yXa M CMechb
nojorpeBaroT B amnapaTtax 9 u 17 go 420 K, nanee nanpasisis ee
B peaktop /0. B peakrope, rae npouecc HaeT B IPUCYTCTBUM ILIa-
THHOBOTO KaTaju3aTopa, BOJOPOA BbIAEJSIIOT, CBSI3bIBasi €ro ¢ KUC-
nopojoM Bo3ayxa. IIpu NpoxXoKJeHUH CbIPOTO TeslHsl yepe3d peak-
TOp MOJISIPHAS [10JIs1 BOAOPOJA B HEM yMeHbIIaercss oT 2 % [0 3Ha-
yenusi MeHee 0,0002 %. Tlepea oxkoHUYATENbHOW OUMCTKON CHIpOro
reJusi OT a3oTa TeJMi ouullaeTcs OT KailelbHO# BJlard BO BJaro-
oraenurenae 17, CKOHAEHCUpPOBaBllelicd IOcCAe OXJAXKICHUS B all-
naparax 9 M 12, a 3ateM B a6copbepe &, 3aMOJIHEHHOM LEOJHTOM,
yaansiercst octatoudoe koauwuectBo H,O u CO,. Cnenyiwouias cra-
Ml OUMCTKHU, Ha KOTOpOil MPOUCXOAUT yAasleHHe OCHOBHOIO KOJH-
4ecTBA a30Ta, MPOU3BOAUTCA B anmaparax 8 u 16. B nepBoM u3
HUX OCYUIECTBJISIETCSI KOHJeHcallusl a30Ta, COAep Kallerocs B Cbl-
POM TeJiuM, 32 CHeT OXJIAX/EHHS >KHAKUM a30TOM, KUIMSUIMM TpU
JaBJIeHUM HUXe aTMoc(epHoro. Bo BTOopoM — oTnejleHHe CKOHJEH-
cupoBaHHOro asota. IIpu 3ToM MoJsipHas foJs a3oTa B cMecH N, —
He cuuxaercst qo 1,5 %. Ilaps! azora M3 KoHieHcaTtopa 18 mocJje
NPOXOXAEHUST Yepe3 MOAOTpeBaTeNb /3 OTKAUMBAIOTCS BaKyyM-
HacocoM 74. IlonHoe yaajeHve TNpuMmeceil 3aBepllaeTcs B HH3KO-
TeMnepatypHoM afcop6epe 15. IlosyueHHbi#t uncThIi Temuit 3aTeM
NoJaeTcsl Ha YCTAHOBKY CXKMIXKEHMS TeslHs.

B pa6ote [10] omucaHa TexHomorHYecKass CXeMa YCTaHOBKU
OUMCTKM TeJIMeBOr0 KOHIleHTpaTa TI0J BbICOKMM /aBJIeHMEM Ha
Open6yprckoM reimeBoM 3aBoje.

B ycranoBky ToHkot ouncTk# resuesbiit konuenTpat (puc. 3.49)
noctynaer npu Temnepatrype 83 K u gaBmenun 1,5-1,8 Mlla. B
PEKynepaTMBHOM TellJIOOOMeHHUKe | TeJHeBblil KOHLIEHTpaT Harpe-
Baercs o temmneparypbl 293—-303 K 4 noctynaer B 60K OYMCTKH
OT BoJgopo/a.
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B/oK OYMCTKH OT BOAOPOJa COCTOMT M3 HeCKOJbKMX (Hampu-
Mep, TpeX) INONepeMeHHO paGoTaloMuX JHHHA, BKJIOYAOWHUX B
cebs1 peKylnepaTUBHble TEIJIOOOMEHHUKH 2, ofecleuuBaiolliye TOA0-
rpeB rasa Iepej peakTOpaMM ¥ OXJaXX/eHHe IOCJe HHUX; MOAorpe-
pare/ ¥ 3, HarpeBaiollie ra3 [0 TEMIepaTypbl Hauaja peaklnu
(673-723 K), u peakropbl 4 ¢ aKTHBHO# OKHCbio Meau (B HacTos-
Hiee BpeMsi peaKTopbl ¢ aKTHBHOHM OKHMCbIO MeJW 3aMeHeHbl Ha pe-
aKTOpbl IPSIMOTO OKUCJEHUS B MPUCYTCTBHU AJIOMOILJIATHHOBOTO
kaTainzaropa). Ilocjie OYHCTKM OT BOAOPOAa Ia3 OXJAXAAeTCs B
BO/ISTHOM XOJIOIUJIBHUKE 5, celapUpyeTcsi OT BOAbI B CeMaparope,
ocyuiaercsl B agcopbepax 7, 3allOJHEHHBIX 1I€0OJMTaMH, AOXKHUMaeT-
ca MeMGpauHbiMM koMmmpeccopamu & no 17,5 Mlla, npoxoaut
GUIbTP U OTAeNuTeJb Macja M Joocyllaercss B ajcopbepax BbICO-
xoro maBiaeuuss 9. Jlaniee renmeBbiii KOHLEHTpAT OXJIAXIAETCS B
peEKYNepaTHBHOM TeIJIOOOMEHHHKe { U TMOCTyNaeT B KOH/EHCATOPbI
azota 70 u 11. OKOHYATEJbHYIO OYMCTKY OT IIpUMecell OCYyllecTB-
ASI0T B afcopbepaX, 3alOJIHEHHBIX AaKTUBUPOBAHHBIM yrjeM. B
agcop6epax 12 (mpu temmeparype 83 K) mpousBognTCs OYHCTKA
requs oT IpUMeceil asora U BOAOPOAa, B alcopbepax 714 — oT Heo-
Ha. XJlajloareHToM B afcopbepax sBJseTcsl XUAKUN asor, 13, 15
WM TocTynaeT B GaJLIOHBI 16.

Ha puc. 3.50 mpuBesieHa TEXHOJOTHYECKAs] CXE€Ma OYMCTKU Te-
JINEBOTO KOHL[EHTpaTa, KOTOpblil 6yJeT BHIAENSATHCS HA YCTAaHOBKE
Bparckoro TTI3 (cm. puc. 3.45) [12]. ITOT KOHIEHTPAT OTJIMYAET-
Cs1 BLICOKMM cofiepykaHueM Bojiopoda — 26,7 %, colepxKaHue B HeM
azota — 13,8 %.

Ha ycraHoBky nocrynaer 249 m?/u reiveBoro KOHLEHTpara
npu pasienun 2,9 Mlla u temneparype 87 K, koTopbiii mocJje
noporpesa B Tensioo6MenHuke 1 1o 290 K nopawoT B y3esa o4MCTKU
OT BoziopoJla. B peakTope 7 0OCYIUECTBJISIOT OKHCJeHHWE BOJIOPOAA
KHMCJIODOAOM BO3AyXa Ha aJIOMOILIAaTHHOBOM KartaiusaTtope All-64.
M3-3a oyeHb BBICOKOTO COEPKaHHS BOAOPOMA B TeJIMEBOM KOHIEH-
TpaTe NpUMeHeHa cXeMa ¢ 9-KpaTHOW HUDPKYJsIUell OuYUIeHHOTO
NoTOKa B peakTop (C NOMOILbIO TasodyBKH 2), YTO IO3BOJISIET CHHU-
3MTDb collep>KaH¥e BOAOPOJ2 B TOTOKE Mepell peakTopoM 1o 2,5-3 %
H IPOBOJAUTH OAHOCTYIEHYATYIO OUUCTKY.

Pas6aBiennbiit resueBblii KOHUEHTPAT Iepef DPEaKTOPOM CMe-
UIMBaOT ¢ Bo3AyxXoM M TmogorpeBatoT Ao 370—-390 K B pekynepa-
TMBHOM Temsnoo6MeHHHKe 3. Pacxoll Bo3ayxa, LMPKYJUPYIOIIETO
TeJIMEBOTO KOHLEHTpaTa M IOJOrpPeB PEaKlLMOHHOW CMeCH peryJiu-
PYETCsl aBTOMATUYeCKH, YTOObI Ha BBIXOJ€ M3 PEaKTOpa OCTAaTOYHOE
coliep:kaHue BOJIOPOAA U KHMCJIOpOJa B TeJHeBOM KOHIIEHTpaTe He
npesbimano coorperctBeHHo 0,003 u 0,2 %, a Temmeparypa ero
9K30TepMHUYecKOro pasorpesa He mpesbuuana 700 K.
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Topsiunii Te/iMeBbIH KOHLEHTpAT M3 peakTopa OTAaeT 4acTb CBO-
ero TemJja B TeILToOOMeHHMKaX 3, 5, 6 (mogorpeBasi peaklMOHHYIO
cMechb M a30T [UIsl pereHepauuu ocyuurened 7/ ¥ yroJpHbIX af-
copbepoB 15) u oxaaxnaercst Bomoit 1o 350 K B konzaeHcarope 8.
Ilocie oTaeeHUs BOAHOTO KOHAEHCATa B Bjarooraenutese 9 60Jb-
1Iyl0 YacTh TIeJUEBOr0 KOHLEHTPaTa BO3BPAllalOT B DPEaKTop, a
pacXo/HyI0 €ro 4acTb OCyMaloT Ha leoiuTax B aacopbepax [1.
OcyleHHbIlI KOHIEHTpaT oxJaxaanT A0 103 K B pekynepaTuBHbIX
terioo6MeHHuKax 7, 12, 16 u o 74 K B xoHaeHcatope 13 3a cuer
HCIIOJIb30BaHUS XoJIofa capocceaupoBaHubIx ao 0,04 MIla notokos
SKU/IKOTO a30Ta, CKOHAEHCUPOBAHHOTO U3 TeJMEeBOr0 KOHUEHTpATa
¥ TI0aBaeMOr0 M3 a30THOTO XOJIOAMJIBHOrO IuKJa. (OcTraBlrMecs B
reJuu TIPUMeCH a30Ta, KUCJOPOAa M BOAOpoAa yaausioT (o ocra-
tounoro cogepxanusa 0,001—0,005 %) B yroibubix agcopbepax 15
npu temneparypax 79-90 K. B TexHosormueckyio cxeMy BKJIOYe-
HbI TaKXe cJjefyloliye alnapaTbl: MOAOrpeBaTeslb Tasa B IEPHOJ
3allycKa yCTaHOBKH 4, BaKkyyM-Hacocbl 10, 17, oTAEIUTENb >XUIKOTO
azota 14.

Yuctbll reauit U3 ajacop6epoB Iocje HarpeBa B TeNJOOOMEHHU-
ke 16 po 280 K npu gpasiaenuu 2,7 MIla monaloT B YCTaHOBKY
cxwxkennst (rae uMeercss agcopGep ISl OYMCTKM OT HeoHa) H
TPaHCIIOPTHBIE €MKOCTH XHUIKOTO TeJvsl.

B ycraHoBKke OUMCTKH st TonydeHusi 146 M /4 uucroro renus
pacxosi 3JeKTpoaHepruu cocrapjser 51 kBT, xuakxoro asora u3
X0JI0MIbHOTO 1MKa — 170 Kr /4, razoo6pasHoro asota — 220 M°/y,
Bo3ayxa — 183 M® /4, unpkyqupyer 1,7 T,/4 060pOTHOI BoOAbI, pac-
xonayercsi 450 kr/roa ueosntoB, 710 Kr/Tox akTUBUPOBAHHOTO
yrad, 100 kr/rox ajioMOIIATHHOBOTO KaTaJM3aTopa.

Tabruya 3.36

Jmarvuveckan axrurocts yras CKT-6@ no a3oty, Bogopoay M HEOHY
(T =77 K, nasnenme 17,5 MIla) npu agcop6uum nx cMecH U3 reJms

Kommnonenr KoHueTpauus mnpuMecu JlunamMudeckas aKTHBHOCTD,
cMecH B OYMILAEMOM TeJuH, % 06 cMP/T
AszoTt 1,15 320
1,27 340
1,49 365
1,56 370
Bonopon 0,0094 1,90
0,0124 2,19
0,0260 5,04
0,0727 ! 10,60
Heon 0,008 0,22
0,010 0,30
0,016 ‘ 0.42
0,019 - 0,50 t
0,024 0,63
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B rabsuue 3.36 npHBeneHbl 3KCMepUMEHTANbHble 3HAYEHUS M-
Hamuueckoil aktuBHocTH yris CKT-6A npu temneparype 77 K u
napiaenuu 17,5 MIla no asory, Bonopoay u HeoHy [10, 21, 22, 20].
ITU JaHHble MOTYT GLIThb HCTOJb30BAaHbl TPU ONpelieleHHH Heol-
XOJUMOTO KOJIUUYecTBa alcopbOeHTa.

Hanb6onpurylo TpyAHOCTD BbI3bIBaeT OUKUCTKA OT HeoHa. VI3 Tab-
JULbI CJefyeT, UTO aKTUBHOCTb YTIJs II0 HEOHY Ha NOPSINOK HUXe,
yeM [0 BOJAOPOAY. IJTO TIPUBOJAMT K 3HAUMTEJDLHOMY VBeJHUYEHUIO
KoJMuecTBa ajcopbenta (ancopbepon).

B natenre Ne 3616602 [24] pekoMmeHayeTcsi MPOBOAUTDL aacopb-
IIAOHHYI0 OYMCTKY TeJMs OT TpuMecell TIpU TeMmIeparype HHXe
TeMIlepaTypbl 3aMep3aHus TaHHOW mpumeck (B 4uMcroM Buze). ITo
WJIOCTPUPYETCs Ha IpUMepe aAcopOLUH HEOHA M3 CMeCH C TeJu-
eM. B tabmuue 3.37 npuBelieHbl JaHHble AMHAMUYECKOH aKTHMBHOC-
TH YIJIS1 O HEOHY NpH pasJUYHBIX TeMneparypax. HauanpHoe co-
Jep)kaHue HeoHa B cMecu ¢ resveM 0,0028 % 06. M3 tabauiint ciie-
JIyeT, uTo IIpU TeMIlepaTypax HUXKe TeMIepaTypbl 3aMep3aHus He-
oHa (24,66 K) ancop6umoHHasi cliocOGHOCTb YIJISL 1O HEOHY BO3pa-
craeT Ha nopsigok. IlosToMy A/sT MonyyeHUs reinsl BBICOKOM UYHCTO-
Thl YaCTO TIPOBOASIT OKOHUATEJbHYIO €ro OYHCTKY afcoplliueil npu
temneparypax 15-20 K. Eciu nponyxrtoM siBasiercsi ra3oo6pasHbiid
reJuii, TO AJSA OXJaXJeHUs N0 YKAa3aHHDIX BbIllle TeMIepaTyp HC-
MOJb3YIOT XOJIOAUJIbHblE TeJueBble YCTaHOBKH. Eciu mnpoaykrom
SIBJISIETCST XKUAKWI Tequif, To OKOHYATeJbHas OYMCTKA OT NpuMecei
NpOU3BOAUTCA B ajficopbepe, YCTAHOBJIEHHOM B YCTaHOBKe CXKMXKe-
Hus requsi. HampuMep, Takasi YCTAHOBKA Mpejjaraercss B pa6oTe
[34] nna mosydyeHns >kUAKOTO resivs U3 rasa Bparckoro 'KM.

s ouncTKU Tesnst OT asora MOXeT ObITh TaK)Ke MCIIOJb30BaH
MeToJ] KOPOTKOLUKJOBOH alcopbLMM IIPU TeMIlepaType OKPYKaio-

Tabruya 3.37

JnHamudeckas agcopOuMOHHas clOCOGHOCTD YIS 10 HEOHY.
Havamsnoe coaepxanne Heona B resum 0,1128 %

Homep |Temueparypa Hdasaenue | Ancopbumonsasa | Axcop6uHOHHAs
OIIbITa K | abcoMioTHOE, |  CHOCOGHOCTD, CTIOCOGHOCTD,
MIla r HeoHa/T yIis |cm® Heona /T yris

1 38,7 1,035 0,014 15,5

2 33,5 0,304 0,042 46,5

3 33,15 0,414 0,059 65

4 33,15 0,621 0,084 93

5 33,15 0,828 0,063 70

6 33,15 1,035 0,055 61 B

7 33,15 1,035 0,053 9 ¢

8 33,15 1,035 0,067 74

9 33,15 1,035 0,051 56

10 22,05 1,035 0,330 366

11 10,95 1,035 0,598 664
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et cpenpl. Takoit MeTox ouMcTKM omMcad B paborax [9, 29]. B
5THX PaboTax Mpollecc OYMCTKU IIPOM3BOAMTCS MPH JaBJjleHUU
2-3 MIla B Tpex morepeMeHHo paboTawoux aacopbepax. Pere-
Hepallisl HacbIIIEHHOro a/Ccop6eHTa NPOU3BOLUTCA COPOCOM [aBJe-
nusi. B pa6ote [9] mocne c6bpoca aaBiieHHst NMPOH3BOAMJIACD IIPO-
MBIBKa ajcopfepa uMCTbIM resueM. B kadectBe ajcopbeHTa uC-
0J1b30BAJICST aKTUBHPOBaHHbIl yroab CKT-6.

Jlns yrnpaBiieHHst TPOLEeCCOM KCIOJNb30BaiCS MHKPONpOLeccop-
Hblil 6JI0K, OCYIIECTBJISIIOIIKIT LIMKJIHUECKOe OTKPbITHE W 3aKpbiTHe
KJIalaHOB C Pa3JIMuHbIM BpeMeHeM LMKJA.

Pa6ounit nuksa [29] coctostn M3 caeaymomux craguil: nepemyck
rasa ¥ Habop faBjeHMs B azacopbepe; aacopOuus; Nepenyck rasa B
oTpereHepUpOBaHHbIi ancopbep; c6poc naienusi (pereHepaiusi).
O6uiee Bpemsi uMkiaa cocrasiisiio 150-210 c. Coaepkanue npume-
ceit (a3ota, kucaopona) 6uu1o or 7 g0 20 % 06. Uucrora moJydae-
MOTO TeJus cocTassia 99,9-99,98 %.

B pa6ore [9] octatouHoe conepikaHue a3oTa B TeJUU COCTaB-
asno 0,004—0,02 % 06. B artoit ke pab6ore OTMeYaercs, YTO KOPOT-
KOLUMKJIOBasl amcopOuust 3KOHoMMUecku OGosiee ad¢ekTUBHA IO
CpPaBHEHHIO C HU3KOTeMIepaTypHOil ajacopbuueil.

Jlist nosyueHust yuctoro reauss tpebyercss ero JOOYHCTKa ak-
copbureil Mpu HU3KUX TeMItepaTypax. CyliecTBEHHbIM HeJOCTaT-
KOM MeTO0/Ia OYMCTKH reJiisi KOPOTKOLMKJIOBOH agcop6uvell SIBISIOT-
sl TIOBBILIIEHHbIE TIOTEPH resiist ¢ cOpocHbIMM rasamu. Tak B pa6o-
te [29] usBiedenue reausi coctaBasiio 75-85 %. OmHaxko nortepu
rejqusi MOryT GbITb 3HAUUTENbHO YMeHbLUEHbI, €CJH COPOCHble Ta3bl
CXKIDKATh KOMIIPECCOPOM W BO3BpailllaTh B OJIOK INOJYYeHUS Tejiye-
BOr0 KOHLEHTpaTa.

N

3.8. NOJIYYEHUE UHAUBUAYAJIbHbDBIX
KOMNOHEHTOB NPUPOARHOIO rA3A ’
U3 rA30BOro KOHOEHCATA

DpaKLUMOHMPOBaHHE Ta30BOr0 KOH/EHcaTa 06ecrieunBa-
eT NPOM3BOACTBO UHAMBUAYANbHBIX CTAHAAPTHBIX MPOAYKTOB, KO-
TOpble MOTYT GbiTb HCMOJAb30BAaHbl KaK Cbipbe s MOJYYeHHS OC-
HOBHBIX IIPOMEXXYTOYHbIX KOMIOHEHTOB ODTaHH4ecKoro CHHTe3a —
dTH/IeHa, TIponuJeHa, 6yTaaueHa, M3OlpeHa M T.A. DTaH, TpPOTaH,
6yTaHbI Tak>ke MOTYT 6biThb HCIOJb30BaHbl B KauecTBe ChIPbsi IPO-
M3BOJCTBa MOBEPXOCTHO-akTUBHBIX BemecTB (IIAB), cunTeTnuec-
KUX MOIOLIMX CPEACTB, PacTBOpUTeNeil, 6elKOBO-BUTAMMHHBIX KOH-
uentparos (BBK), BbICOKOOKTaHOBBIX KOMIIOHEHTOB (Hampumep -
MTB3) u 1.1 TonyueHne mNepeulCAeHHBIX WHAMBHAYATbHBIX
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COKMIKEHHDBIX Ta30B M3 JKMIKOTO YIJIEBOJOPOAHOIO CbIPbsi IIPOU3BO-
AMTCS Ha rasodpakuuoHupylomux ycraHoskax (IdY). Tpaguuu-
OHHO, ra3o()paKUHOHUPYIOLIME YCTAHOBKU BXOISIT B COCTaB HedTe-
nepepabaTpiBaloIMX MPOU3BOACTB. COOTBETCTBEHHO, K HHUM IPH-
ypoueHbl KakK MOUIHOCTM MO BbIIYCKY WHAMBUAYAAbHBIX COKHXKEH-
HBIX T430B, TaK W NPOLYKTOB XUMMYECKOTO CHHTE3a Ha MX OCHOBE.

Basiopoe BPOH3BOACTBO CXKHKEHHbIX ra3o H pedunokcos na HII3 Poccrn B 1993 r.

BaioBoe MPOUBBOACTBO, BCETO, TBIC. Tevererrereeanenseanueneeronenaeeancnecas 2263,5
B Ttom umncie:

TIpOTAHOBAA (DPAKIIIIS «..vutt ettt ettt et ee e e e s, 110,0
H3o6yranoBast dppakuns............... 182,9
Dpakuis HopMadbHOro 6yTaHa ...... 614,9
[Iponan-nponiieHosas ¢pakuus. ... 126,0
Byran-6yTHaeHOBasg GpPaKIMsg................. 418,6
Ylponan-6yTanoBas ¢dpaxuns a1a 6biTa 4148
Ilpoulie CKMMKEHHBIE TA3BL.........cvvvnnnn... 396,3
Pe@UIIOKCBE .. ... eeeeeeiit ittt e e et 761,9

WNHauBuyabHble KOMIIOHEHTbI CXM)KEHHBIX Ta30B MOIYT GbITb
HOJIyyeHbl TakKe M3 Ta30BOro KoHjJeHcaTa IIpH ero nepepaboTke.
VX noJsyyeHHe MOXKeT IIPOM3BOAWTbCSA HA YCTAaHOBKaX, aHaJOIW4-
upix TOY HII3. Ha ¢pakuvoHupoBaHue MOKeT IOJaBaTbCsl Kak
AeMeTaHN3WPOBAaHHbIH, TaKk M [1€3TaHU3UPOBAHHBIA KOH/JEHcaT.
IlepBoe Gosiee MpeANOYTHUTEIHHO, IOCKOJDbKY MOXET ObITb TOJy4e-
HO [OIIOJHHMTEJIbHOE ChIpbe MJSI XMMHYeCKoro cuHresa. PaccMoT-
PUM CTaHJAPTHOe TeXHHUYeCKoe pellleHHe IO (PPaKLHUOHMPOBAHUIO
KOH/IeHCaTa, MO3BOJsIIolLee IONYYUTD CAeYIOIIHHA IHPOKUH CIIeKTp
TOBApHON NPOAYKIIMU KaK CBIpbS /sl MPOLIECCOB NMPOJN3al

@paknus stanosast no TY 38.101489.

(pakuusa nponaHoBast no TY 38.101490.

®pakius u3obyranosas no TY 38.101492.
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(Dpakuusa HopMaibHOTo 6yTana 1o TY 38.101497.

CoipbeM A7l YCTAHOBKH CJYXKHMT A€METAHM3MPOBAHHBIA Ta30BbIif
KOHJEHCaT, coZepXallMii ABYOKWCb YIJepoja. YCTaHOBKa Ta3o-
(PaKUMOHMPOBaHHSA [EMeTaHM3MpOBaHHOro KoHAencara (DY) =
3TOM CJIyyae [JOJDKHA COCTOSTb U3 OTHE/bHBIX OJIOKOB, KKIbIMH U3
KOTOPBIX HeceT ompeleseHHYI (GyHKLIMOHAJIbHYI0 Harpysky.

B0k HH3KOTeMNepaTypHOH peKTH(HKANMH BKJI0OYaeT 060py-
JIOBaHMe [UIST OXJIKJEHUS U YacTUUHON KOHJEHCAIlMM NPHDOJHOTO
rasa U BhijleleHusi U3 Hero sTaHoso#l dpaxkuuu u dpaxuuu Cs,,.

BJIOK OYHMCTKH OT [BYOKHCH YIJepoJa IpeJHa3HadeR s MO-
Jy4eHUs] TOBapHOH 3TaHOBOI (ppaKuu#, cOOTBeTCTBYIOEH Tpebo-
BanusaM TY 38-101489~79 no cozepaHHUIO ABYOKHCH YIJlepoja.

Biok razoQpakuHOHHPOBaHHS IIpelHA3HAYEH [JIs1 pasAelieHus
¢paxnun C,,, Ha TOBapHbBIE NPOAYKTbl. DJIOK-CX€Ma YCTAaHOBKH
npuBeieHa Ha puc. 3.51.

[IpuAuunuanbHasi TEXHOJOTHYECKAs] CXeMa YCTAHOBKHM HHU3KO-
TeMIepaTypHOi! peKTuHKauuy M (HPaKUUOHUPOBAHUS [EeMeTaHH-
3UPOBAHHOTO KOHZAeHcaTa IpeAcTaBieHa Ha puc. 3.52.

Bnok HuakoremMnepaTypHoii pekTuduxkauum

JeMeTaHM3MPOBaHHDBIH KOHAEHCAT M3 BXOJHOTO cemlapa-
Topa C-1 HacocoM H-5 momaercs Ha NUTaHUE B CPeJHIOI0 4acTh
ataHoBoM kosoHHbI K-1 (cM. pue. 3.52). Pabouee naBjeHUE B 3Ta-
HoBoO# koJioHHe — 2,5-3,0 MIla u nmoxnepxuBaercss oT60poM Bepx-
Hero npoaykra xojoHHbl. [lap ¢ BepxHe#l Tapeskud KOJOHHBI HO-
cTymaeT B TpyGHOe IIpOCTpPaHCTBO JAedJiermatopa T-1, ycTaHOoB-
JleHHOTO Ha peduiokcHol emKoctn E-1. XsamarenToM B JedJerma-
Tope T-1 siBAsiercss mpomaH ¢ TeMrneparypoll kunenust MuHyc 10 -
MuHyc 5 K, nonaBaemblit u3 NpPOIaHOBOMH XOJOAUJIbHOH YCTaHOBKH
(IIXY). Heobxonmmblii pacxox >xuaxoro nponana us [IXY moa-
JlepXKUBAETCsl KJIalaHoM, YCTAHOBJIEHHBIM Ha BXoZe B eMKocTb E-1.
YpoBeHb KuAKOCTH B pedJitokcHoil emxoctd E-1 peryaupyercs
COOTBETCTBYloIelt Tojaveil xojoaa B aeduermatop T-1. Konaen-
car u3 eMkoctd E-1 Hacocom H-1 nmopaercs B kosonny K-1 B kaue-
cTBe (pJierMbl.

Ot60p ¢erMpl oCyLIeCTBASIETCS IO 33aHHOMY DacXoAy € Kop-
pexuueil TO TeMIepaType OTBOAMMOIO U3 KOJOHHBI Tapa, 4TO
ofecneurBaeT 33JaHHYIO YHUCTOTY MpPOAYKTa. BepxHuit mpoaykt
3TaHOBOH KoJoHHbI K-1 orBoamTcst M3 gedermaropa T-1 B BHAE
napa M HalpaB/sieTcss B 6GJ0K OUMCTKM OT JBYOKHCH yriepoga ¢
LeJbI0 TOJYYeHUs] KOHAMIMOHHOTO TNPOAYKTa — 3TAaHOBOH (pak-
muM. TensjioHocWTeneM B KUIISTWJIbHVKE 3TaHOBOM  KOJIOHHBI,
BCTPOEHHOM B Ky KOJIOHHBI, SIBJISIETCS HACBILIEHHBIH BOASHOMN IMap
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¢ pasaerveM 0,7 Mlla. Ilogaya napa B KHUISATHUJIBHUK DPeryJupyeT-
cs 10 3alaHUI0 JaTudKa TeMIepaTypbl Ha KOHTPOJbHOU Tapenke
kosoHHbl K-1 COOTBeTCTBYIOUIMM OTBOAOM KOHMEHCaTa BOJSHOIO
mapa 43 c6opHMKa. Peryisatop YpoBHA KoHJeHcaTa B eMKOCTH
obecnieurBaeT GJIOKHPOBKY 110 MUHHUMAaJbHOMY YDOBHIO, 4TO IHpe-
[OTBpallaeT MPOCKOK Mapa ¢ KonAeHcatoM. /[lanee mapoBoil KoH-
geHcar oObeIUHsIETCS] ¢ KOHJEHCATOM TaKoro e JaBjeHHs, Mojay-
yeHHBIM TOCJIe UCIMOJb30BAHMSI Mapa B APYTUX O6J0KaX YCTAHOBKU
u rnocye oxJaxaeHuss B ABO go 60—70 °C BoiBoaguTCcsi B 3aBOJCKOM
koJekTop. Ky6oBbii npoaykr kojonubl K-1 — dpakuus C,,, uc-
O0Jb3YETCSl B KauecTBe CbIpbsl ISl MOJYUeHHUs LeJIoTO psiia Ipo-
JyKTOB M HanpaBiseTca B 610K TrasodpakuuoHupoBanus. J[ias
obecreyeHUsi ycTOHUMBOH paboThl KOJIOHH 6j10Ka ra3ogpakiuoHu-
poBaHuA ToOJAepKUBaeTcs IOCTOAHHBHYI pacxon ¢dpakunsa C,,, Ha
BXo/le B 6JIOK COOTBETCTBYIOIIMM OTKPBITHMEM KJallaHa, yepe3 KOTo-
pblil BBIBOAMTCA Ky6oBasi XHMAKOCTb KosoHHbl K-1. B manHoM ciy-
yae YpOBeHb >KM/JKOCTH B Ky6e KOJIOHHBI He MOAJEPKUBAETCS, a
TOJIbKO MPH JOCTHXEHHM MUHMMAaJbHO- WJIM MaKCUMAJbHO OIYC-
TUMOTO 3HaueHUs] YPOBHS BHOCHTCS KOppeKUMsi Ha oT6op Ky6GoBOro
MPOAYKTa.
B4 s 5
e Bnok razodpakLMoHNPOBaKUA
i .
Biok cocTOMT M3 Tpex KOJOHH, NIPUHIMI YIpPaBJeHUA

KOTOpbIMM HJeHTHYeH. JlaBjeHHe B KOJIOHHaX TMOAAEepPXKUBAETCs
peryaaTopaMu, yCTaHOBJIEHHbIMKM HENOCPEACTBEHHO Ha INJIEMOBBIX
Tpy6ax Ha ydyacTkax Mexnay kosoHHamu K-2, K-3 u K-4 u Bosayw-
HbIMH koHAeHcatopamu X-2, X-3 u X-4 cooTBeTcTBeHHO. [laBieHHe
B pedokcHbix emkocTsax E-2, E-3 u E-4 na 0,1-0,2 MIla Huxe,
YeM B COOTBETCTBYIOIIMX KOJIOHHAX M MOJAJEPXKHUBAeTCsS KJIalaHaMu,
YCTaHOBJIEHHBIMH Ha JMHUSX c6poca HEKOHAEHCHPYIOLIETocst ra3sa
M3 MapoBoH 30HbI. TeMneparypa Bepxa KOJOHH MOAZEP>KUBAETCS
perysaTopaMu, yCTaHOBJIEeHHble Ha TPyOompoBojax nojauu ¢bJiermbl
B KoJionHbl. TeMmmneparypa ¢JierMbl MOXeT KOPpPeKTHPOBaTbCS BO3-
ReficTBHEM Ha paboTy anmapaToB BO3AYIIHOTO OXJaKAEHWS MyTeM
W3MEHEHUs1 4McJa BKJIOYEHHBIX BEHTUJ/ISITOPOB MJIM 4YacTOTbl Bpa-
leHMs aBuraresiel BEHTUJISITOPOB. TelJIOHOCHTeNieM BO BCTPOEH-
HBIX B Ky6bl KOJIOHH KMITSITUJIbHHKAX SIBJISIETCS HACBIUIEHHBIH BOAS-
HOW map, mogaBaeMblii 10 3aAHHOMY PacXoly ¢ KOppeKuHeil 110
TeMnepartype ky6a. Kiamanbl pery/jsftopoB pacxofa Hapa YCTaHOB-
JIEHBI Ha TPy6onpoBOLAX OTBOJA KOHJAEHCATa M3 COOTBETCTBYIOUIMX
C6ODHMKOB, YTO O6eCledHBaeT MSITKOE PeryJIHpOBaHIe PEXHMA.

Opakiua Cs,,, NocTynawomas B 610k U3 Kyba KoJOHHB K-1,
NofaeTcs B nponaHoByio KojioHHy K-2, pa6oTamolyio NoA JaBJieHH-

15* 227



eM 1,3 MIla. Tlap, orBoAMMBIli ¢ BepXa KOJIOHHBI, OXJIAXK/JIAETCS U
MOJTHOCTbIO KOH/eHcUpyeTcsi B fAedJermatope X-2 M CcTeKaer B
pedaokcHylo eMkocThb E-2, oTky#a oTkauuBaeTcsi HacocoM H-2 u
pacnipenessiercss Ha (JyieTMy K BBIBOJMMDBIAE M3 YCTAHOBKU TIpo-
OYKT — mpomaHoByio ¢pakuuio. OT60p NPOAYKTa BeAeTCHA KJala-
HOM, IMOJJIePKUBAOIIUM 3a/laHHbI YPOBEHb XXH/JKOCTH B €MKOCTH
E-2. Ilepen BbIBOZOM 13 YCTAaHOBKHM B XPaHUJMILE IIPOIAHOBas
¢pakuus oxaaxaaercss no temneparypbl 303 K B Bo3zyliHOM Xo-
goanibHuke X-5. KyG6oBbIit IDOAYKT KOJOHHBI JAPOCCEIUPYETCSI [0
nasynenus 0,5 Mlla knanaHoM, TOAAEPXKUBAIOLIUM 3aJaHHBIH ypo-
BEHb B KyOe KOJIOHHBI, U TIOCTyMaeT B KauecTBe TNUTaHUS B KOJIOH-
ny K-3.

Temneparypa B Ky6e kosohHbl K-3 moazepkuBaercsi perynsiTo-
POM, KOPPEKTHDYIOIIMM 33JaHHBIH pacxoj mMapa B KUIIATUJIbHHUK
crabunusartopa. Ky6oBblit npoaykt kosionHbl K-3 — cTabuiabHbIk
razoBblil KOHIEHCAT OTOMPAaeTCsl KJAMaHOM, IO/IeP KUBAIONMIM 3a-
JAHHBIA ypoBeHb B Ky6e KOJIOHHBI, H HOCJE OXJa)KJeHUS B XOJO-
nunbHuke X-6 no teMmepatrypbl 30—40 °C BbIBOAUTCSI U3 YCTAaHOBKHU
B xpaHuauiie. Ilap ¢ BepxHell TapeJKHU KOJIOHHBI MOCJe OXJIax-
JeHus] U KoHAeHcaunmu B Jedsermarope X-3 nocrynaer B ped-
JIIOKCHYIO eMKOCTb, OTKY/a 4acTb *KUAKocTH Hacocom H-3 mopaercs
Ha BepXHIOI0 TapeJKy B KaudecTBe erMbl. 3aJaHHBIH YpOBEHb
KUAKOCTH B €MKOCTH IIOJJepKUBAETCS KJAlaHOM, OTGHpPAIOUUM
>KUJKOCTh Ha NHUTaHUe K306yTaHOBOH KoJyioHHBI K-4.

Ilpouecc pasnenenns 6yTaHoBOH (pakiiu BefeTcs B KOJIOHHE
K-4 mox pnaBnenumem 0,4 Mlla. OrBogumbliit 13 Ky6a KOJIOHHDBI
H-6yTaH HocJjie OXJaXJeHU B XoJoAuabHuke X-7 10 TeMIepaTypbl
30—40 °C BbIBOAMTCA M3 yCTaHOBKHU B xpaHusuiie. Ilap ¢ BepxHei
TapeJKU KOJOHHBI OT6MpaeTcsl U Nocje KoHAeHcaluu Aediermaro-
pe X-4 noctynaer B pedsioKkcHYlo eMkocTb E-4, oTkyna HacocoM
H-4 orkauuBaercs M pacrmpeaenserca Ha ¢duerMy U NPOAYKT —
M300yTaHOBYI0 QDAKUHIO, BbIBOAUMYIO U3 YCTAHOBKM B XPaHUJIMIIE
yepe3 KJaraH, NOAJEP>KUBAIOLIMH 3aJaHHbI YpOBeHb XXUAKOCTH B
emkocTH E-4.

B cayyae moabeMa naBiieHUMSI B pedJIIOKCHBIX €MKOCTSIX HEKOH-
JeHcupyloluecs raspl orBoasarcs u3 emkocred E-2, E-3 uiu E-4 B
ToruBHYI0 (MM (akelbHYIO) CHCTEMY 3aBoja.

KounpaeHcar BoasiHoro napa, oréupaeMblit U3 C60PHUKOB NapoBO-
ro KOHJAeHcaTa OObeUWHSETCS ¢ KOHAEHCATOM, IOCTYMAIOIUM U3
6oka HTP u ouncTku, M nogaercs Ha OXJakKAeHHe [0 TeMIepa-
typbl 60—70 °C B BO3AYLIHDBI XOJOAUILHHK, TIOCJIE YETO BHIBOAUTCSH
U3 YCTAHOBKHU B 3aBOJICKOH KOJLIEKTOP.

Iipu pabore 6ioxka I'DY B pexume crabuiamsanuu Qpakuus
C;,,, oT6upaeMas u3 ky6a xonoHubl K-3 6soka HTP, apoccenupy-
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ercd KJanaHoM o AasjeHus 1,6 Mlla u mocrynaer B kojoHy K-3
B KauecTBe ITMTaHuS.

[lap ¢ BepxHell TapeJKM KOJOHHbI OTOGMpaeTCs KJAIaHOM, IOA-
JlepKUBAIOIIMM  3a/laHHOE J1aBJieHHe Tpollecca pPeKTUPHUKAUUM B
KOJIOHHE, OXJIAK/aeTcsl U IIOJHOCTbIO KOHZEHCHPYeTcs B BO3XyNI-
goM Jedaermarope X-3 u cobupaercd B pedJIIOKCHON €MKOCTH
E-3. JlaBnieHyle B eMKOCTH MOJAEDPXUBAETCS KJAMAHOM, 4Yepe3 Ko-
Topblil B Clyyae TIOBbIUIEHUS [aBJIEHHS B €MKOCTH HEKOHJEHCHDY-
jolMecsl Tasbl COPACHIBAIOTCS B KOJUIEKTOp ToruBHoro (wim da-
KeJbHOTO rasa).

JKunkocts U3 emxoct E-3 oT6upaercs HacocoM M HampaBJsieT-
cs YacTHYHO Ha (JlerMy, ocTalbHasl TNoOJaeTcsi Ha OXJaX[eHUe B
ABO no remneparypol 303 K. Ilocse oxsaxaeHus >XHAKOCTb I0-
crynaer B ToBapHblii nmapk CIIBT. TenioHocurenem Bo BCTpoeH-
HbIH Ky6 KOJIOHHDI SIBJISIeTCS HACbILIEHHDbIHA Map BbICOKOIO JaBJIeHUsI
(1,3 MIla). Moaaya mapa OCYILECTBASIETCS [0 3aJlaHHOMY DacXOAy
¢ KOppeKuuedl Mo TeMmmeparype Ky6a. 3aTeM KOHJIEHCAT OXJaxja-
ercsa B ABO (X-6) ¥ BbIBOAMTCS B 3aBOACKON KOJIJIEKTOP.

TemriepaTypa NpPOAYKUMH Ha BbIXOZe M3 yCTaHOBKM — He 6oJiee
40 °C.

BNOK O4YUCTKM OT ABYOKUCU yrinepoaa

OraHoBas ¢pakuus, NocTynamuas u3 6J0Ka HU3KOTEM-
rnepaTypHoil pexktuduxkanuu noj AasjeHdem 3,0 MIla, HanpaBas-
eTcs Ha OUUCTKY OT [BYOKHUCH yIJIepoJa B YCTAaHOBKY aMHHOBOH
ouncTku. Ilocne morsomenuss CO, pacTBOPOM MOHO3TaHOJAMHHA
OYHMHICHHBIN ra3 BBIBOAWTCSA € Bepxa abcopbepa U TIocje OTAefe-
HHUS YHECEHHBIX Kamesb PacTBOPa BbIBOAMTCSI U3 YCTAaHOBKHU.

AkoHoMUueckas uenecoodbpasHOCTb
BHeapeHus raszodpakuMoHMpoBaHus

Kax 6bL10 yke ykasano, Haanuue 'Y B cocrase HII3
U X COCTaB CBS3aHbl C IIPOM3BO/JCTBOM KOHKDETHBIX XUMUYECKUX
npoaykTos. IToaToMy, BHelpeHHE YCTAHOBOK ra30¢hpaKlMOHUPOBa-
HYSl Ha HpefnpUsiTHAX, NepepabaTbiBalOIIMX ra3oBblil KOHAEHCAT,
He sBJsieTcss OJHO3HAYHO DKOHOMUYECKH BBITOAHBIM C TOUKU 3PEHUsE
HeNoCcpe/CTBEHHOH peajM3aliyl TNPOAYKTOB (hPaKIMOHUPOBAHMS.
910 06ycaoBneHo ofleit CTPYKTYpOH LleH Ha CXKMKEHHbIe IIPOIyK-
Tbl nepepaGoTku nmpupogHoro rasza (tabn. 3.38). YuurbiBasi 3Hauu-
TeJbHbIE KaMMTAJbHBIE, SKCIJIYaTALlMOHHBIE U TPAHCIIOPTHbIE H3-
AEPXKKH, MOKeT OKa3aTbCsi, UTO BBIMYCK U peaju3allus HHIUBHIY-
AJIbHBIX CKMXKEHHBIX Ta30B SIBJSETCS MeHee peHTaOeMbHbIM, YeM
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Tabauua 3.38 o .
Cpennne MupoBbie ieHbI Ha Hayajo 1996 r.

ITpoayxkr $ /gal S/t
ITaH 0,13 95
Iponan 0,30 140
Hsobyran 0,42 160
ByTan 0,37 150
Ilentan+ 0,43 165

npocTast crabuin3allds KOHAEHCATa W peanusalusi cbipbsd (kon-
nercara, LIMDJIY u nponan-6yraHoBoil ¢pakunu)

B cnyvyae wHTerpalluu ¢ TPOU3BOACTBAMH XUMUYECKOTO CUHTe3a
(nosmaThieHa, TOJUNpPONWJIeHa, O6yTajueHa, BbICOKOOKTAHOBbIX
KOMIIOHEHTOB ¥ [p.), BHe/peH}e YCTAaHOBOK ra3od)pakiiMOHMpPOBa-
HUs1 MOXeT ObITb 3KOHOMHYecKM ollpaBAaHo M peHTabesnbHo. OnHa-
KO, B K&X/0M KOHKDETHOM cJayuae, ob6ocHOBaHHWe Triybokoro ¢pak-
LIMOHNPOBAHMUsI KOHJEHCATa C 1eJbI0 IOJYUeHUS WHIAUBUIYasb-
HbIX TIPOAYKTOB, Tpe6yeT TIATEJIbHOTO TEXHHKO-3KOHOMHYECKOTO
aHa/IM3a
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NEPEPABOTKA
CEPOBOOOPOACOAEPXALLUX
.. NPUPOAHDbIX FA30B

N ¥ ¢

4.1. PUSUKO-XUMUYECKUE CBOMACTBA
) CEPHUCTbIX NPUMECEN NPUPOOHOIO rA3A

-

B nacrosiiee BpeMsi 106blua cepOBOJOPOACOAEPKALIETO
IIPUPOJHOIO Ta3a COCTaBJsAeT CYLIECTBEHHYIO 4YacTb BCero obbeMma
noTpebsieMoro rasa. Ilpu atom conmepxxanue ceposojopoia H,S B
rasax xoJebJjercs B LIMPOKUX Hpefefiax OT HECKOJbKUX J0Jell 1o
HECKOJIbKUX JecSITKOB IpoueHToB. Takoif ra3 mepea mnojaueit Io-
Tpe6UTe/II0 MMO/JBEPralnT OYMCTKe BBUAY SIZOBHUTOCTH CEPOBOAOPOZA
M €ro KOpPpO3HOHHOH aKTUBHOCTH. OH SABJSIETCS TaKXe SAIAOM A
KaTaJu3aTOPOB, IPUMEHSIEeMbIX B Pa3JIMYHBIX XUMHYECKHUX TIpollec-
cax mepepaboTKH rasa.

XapakTep BO3AEHCTBHSI CepOBOJOPOJA HA 4YeJOBeKa 3aBUCUT OT
KOHIEeHTpaluuu ¥ skcrmosuiuu (tabm. 4.1).

B cBa3u ¢ A10BUTOCTBIO CEPOBOOPOA OTPAHUUMBAETCHA €ro COo-
JepXaHUe B rade, [ojaBaeMoM MOTPEOGUTENIO, B BO3JyXe HaceJleH-
HpiX MecT (Tabsi. 4.2), a TakXe yCTaHaBJMBAKOTCA HOPMAaTMBBI Ha
ero cojiep>xaHue B Bo3ayxe paGouet 3oubl (Tabi. 4.3).

CepoBoIOPOA — KHCJOTa, BBI3bIBalOUIasi XUMUYECKYI0 M 3JIEKT-
poxumudeckyo (B NMPUCYTCTBUHM BOJbI) KOPPO3WI0 MeTasaoB. Ilpu
ONpeAesEHHDIX YCJIOBUSIX NpOTeKaeT CyJb(pUAHOe pacTpecKuBaHUe
MeTta1oB. BMecTe ¢ TeM €epoBOAODPO SIBJISI€TCS! ChIpbeM sl Tpo-
M3BO/JCTBA TaK Ha3blBaeMoil “rasoBoil” cepnl.

KpoMe cepoBosioposia B raze MOTyT MpPHUCYTCTBOBaTb U JpYTUe
CEDHMCTble KOMITOHEHTbI (MepKanTaHbi, CEPOOKHCh YIJIepoja, ce-
POyriepon), Kotopble SABJASIOTCS NMPUYMHOI KOpposuu o6opynoBa-
HUs, oTpaBjieHMsi KaTaau3atopoB (B mpoliecce cuHTe3a). Ilpu
CropaHuy OHM 06pa3yioT AUOKCHJ CEpPBI.

ConepxaHue CEPHUCTBIX COEJMHEHMI B OYMIIEHHOM Tra3e HOp-
Mupyercs.

Du3NKO-XUMUYECKHE CBOMCTBA CEPHMCTBIX COEJUHEHMH Trasa, a
Takxe QUOKCHAA cepbl, TPeACTaBaeHbl B Tab.1. 4.4.
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Tabruya 4.1

Boaneiictaue H,S Ha yenopexa [113]

Dusnonornveckiii acpdext

—

pe3

3—-5 mun

MuHuMaabHO OIYTHMHI 3amax
YeTxuit samax
IloporoBoe npeaeapHoe 3HaudeHiie. MaKCIMaJbHAS KOHIEH-
TpauHsi, KOTOPOH MOKeT MOABEPraTbCsi Ue/IOBEK B TeyeHue

8 u 6Ge3 BpeAHBIX MOC/eICTBILI
Kawesp pasgpakene r;1a3 n rop.a, noreps oGOHAHIS ye-

ITpn 15-MuHYTHOM BO3AEHCTBHMII OCTaHAB.IBaeTCH AbIXaHUe
MrHoBeHHO TepseTcs CO3HaHHE, CMepPTb

Ob6vemnas noas H,S
B Bo3ayxe, % 10*
0,13

1 L4
10
- 100
500
1000
Tabauya 4.2

HopMaTHBbI KayecTBa BO3/lyXa
HaceqeHHsix Mect H,S u SO, [12]

Tabauya 4.3

Coaepxanye BPeAHbIX BEUIECTB B BO3AYXe
pa6oueit sous, mr/m° [12}]

Ak HaK
Crpana H,S, SO,,
mr/ M’ mr,/ M}
Poccus 0,008 0,05
Kanaga 0,005 0,3
Urtanug 0,004 0,25
Hugepman- | 0,0025 0,25
Jir33
CHIA - 0,38
'TIAK ~ npeaenbno-aomycTH-
Masi KOHIEHTPaLMsA, CPeXHecyTOY-
Hasl.
Tabruya 4.4

Srua-| Oxen-
CrpaHa H,S| SO, | Mep- am
30Ta
KanTaH (703
Poccus 10" | 10 1 2
CHIA 14 5 1 6
Fepmannsa 15 S5 1 9
Beanxobpnraq{ 14 5 1 6
HUS
Huaepaauaer | 15 | 13 1 9
" B emecu ¢ yraesogopomamu C; —
Cs — 3 mr/u’

DU3NKO-XUMHYECKHe CBOHCTBA OCHOBHBIX CEPHHCTBIX TipuMeceil NPUPOIHOTO Ta3a
M auokcHza cepsi [80]

IToxasaren H,S COs CS, CH,SH | C,H;SH S0,
Mouseky aspHas 34,08 60,07 76,13 48,1 62,13 64,06
Macca
Temneparypa, °C:

IJaaBJeHUs -85,6 -138,9 -112 -123 —147,9 -75,5

KHIOEeHHsA -60,4 -50,3 46,2 6 35 -10

KpHTHYECKas 100 102 279 197 226 157,8
[JlaBrenne xputu-| 8,82 5,8 7,8 7,14 5,42 7,78
yeckoe, MIla
O6vem xputyec-| 98,5 140 170 145 207 122
ku#i, cM® /Mosb
Kputnaeckuit 0,284 0,26 0,293 0,268 0,274 0,268
xoadbdunuent
CKAMAEMOCTH
Tenyota Mapoo6- 18,66 - 62,73 24,56 26,77 24,91
pa3soBaHHA TIpH
HODMAJIBHON TeM-
nepaType Kure-
uus, k/x,/mMomnp
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[Ipodonxenue maba. 4.4

IMoka3aTean H,S COS CS, CH,SH | C,H;SH SO,
| Lloxasd
YnupyrocTs na-
pos, Ha~
A 16,104 143,686 | 159,844 | 161,909 16,077 167,680
B 1768,69 530,22 2690,85 | 2338,38 | 2497,23 | 2302,35
C -26,06 -13,15 -31,62 34,44 —41,77 -35,97

WUaeaabHas ra-
3oBasg TENJIOEM-

KOCTDb,

Tk /(moap-K)"*
A 7,629 5,629 6,555 3,169 3,564 6,713
B 3,431 E-4| 1,907 E-2| 1,941 E-21} 3,479 E-2| 5,615 E-2|-0,879 E-
C 5,809 E-6|—1,676 E-§—1,831 E-5 2,041 E-5-3,239E-§ 4,17 E-6
D -2,81 E-9) 5,86 E-9| 6,384 E-9| 4,956 E-9| 7,552 E-9|-2,544 E-9

* KoaddumuenTtol ypaBHeHIa AHTyaHa JJIS AaBieHus napos, (x =133,3 p)/
/Inp=A-B/(T+ C%.

** KoapumireHTh! ypagHenusa ugeanbHoli  rasosoil Temsoemkoctn, (C b =
L;4'187 C,,)): C,(,) = A+ BT + CT*+ DT’, rae T — a6co/oTHas TeMIeparypa.

) 4.1.1. PUSUKO-XUMUYECKUE CBOMUCTBA
1 CEPOBOAOPOAA

CepoBoaopox — ra3, IJIOTHOCTb KOTOPOTro MHpPH HOP-

MaJbHBIX ycJ0BUAX paBHa 1,5392 Kr/M°, oTHOCHTeJbHAas IJIOT-
HocTb Xuakoro H,S (110 Bome) d;” = 0,94.

Du3nKo-XMMHYECKHEe CBOMCTBA MpeacTaB/ieHbl B Taba. 4.5—-4.19.

PaBHoBecHoe naBiexue mapa H,S (MM pT. cT.) B MHTepBalje
TemniepaTyp 108—-178 K moxer 6bITb pacCUMTAHO NO YPaBHEHHIO
lg p = 21,86635 — 1—18TO—’0 - 0,196476 T + 0,0006636 T2
B uHTepBase 128—142 K mo ypaBHeHHIO f§
lg p = 7,5058 — 123, e

i

B uHrepBaJe 142 — 187,5 K no ypaBHeHuio ' -
lg p=7,2246 — ‘_1_77?_4 +0,0031632 T —0,91716 - 105 T2 gt

PasHosecnoe AaBJieHUe napa HaJ XHIKHM CE€pOBOAOPOIOM IPH HUIKHMX TeMIlepaTypax

¢

Temuepatypa, K ..ooooovvniiniiiis i, 190 200 210 220 :
JaBAEHHE, MM PT. CT. ©oivvivnerenereienininannnns 201,6 376,6 653,6 1062,0
Tabruya 4.5 ;
Pasnosecnoe aasnenue napa Haj TBepAbM ceposogopoaom [93]

Temnepa- JlaBaenne, Temnepa- | [laBiaenue, Temnepa- | [laBieHue,
Typa, K MM pT. CT. Typa, K MM pT. CT. Typa, K | MM pT. cT.
110 0,059 140 1,26 170 38,8
120 0,097 150 4,60 180 93,7
130 0,313 160 14,30 185 140,0
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Tabruua 4.6

HapieHne Hacsimennoro napa H,S npn Temneparypax soime 0 °C [93)

Temnepa- | /laBaenue, Temnepa- | /laBaeuwne, Temnepa- | [das.aenne,
Typa, °C at™ Typa, °C at™ Typa, °C aT™M
0 10,8 30 23,6 60 44,5
10 14,1 40 29,7 80 64,0
20 18,5 50 36,5 100 88,7
Tabruya 4.7

CaoiictBa Hacbunennoro napa H,S [93]

Yaenbusiii 06beM

TeMﬂepaTypa] JHTANBIINSA

Temnepa- P, aTM HCMapeHus, napa,
Typa, °C KHAKOCTH, napa, KKaJ1,/ KT KKaJ,/Kr
n/Kr M} /Kr
-60,4 1,0 1,095 0,518 130,8 130,8
—45,6 1,9 1,11 0,275 128,8 135,0
-34,4 3,1 1,18 0,175 125,5 136,4
-23,3 4,7 1,158 0,116 122,0 138,0
-12,2 6,8 1,18 0,0807 117,5 139,0
-1,1 9,7 1,11 0,059 113,0 140,0
+10,0 13,3 1,249 0,043 108,5 140,3
+21,1 18,0 1,295 0,0323 103,9 140,7
+32,2 23,7 1,340 0,0247 98,2 140,8
+43,3 30,6 1,390 0,0190 91,8 140,8
Tabauua 4.8
Temwtoemkocts cepoBoaoposa [93]
C,, C,
I,K xan/ (Mob-rpan)” LIRS kan/ (MOAb-TPax)

298,16 8,14 700 9,47

400 8,48 800 9,81

500 8,81 = 1000 10,47

600 9,14

"C,=7,15+0,00332T.

Tabruua 4.9

3
i

OuTanenus’ neperpeToro ceposofoposa [93]

Temnepa- Duranenus (B KKkan/Kr), IpH JaBICHHH, aTM.

Typa, °C 1 10 p.] 30 40
26,67 152,0 147,5 - - -
48,89 157,0 153,0 148,7 - -
71,11 161,2 159,0 14,9 - -
93,33 167,8 1635,0 160,8 157,5 153,7
115,56 173,3 170,6 167,0 164,0 160,6
137,78 179,0 176,7 173,0 170,3 163,7
160,00 184,5 182,4 179,2 177,0 173,6
182,22 190,1 188,3 185,3 183,0 181,0
204,44 195,8 194,0 191,6 190,1 187,0




5

[Ipodonxenue maba. 4.9

Temmepa- Outanenua (B KKaa,/KT), NpH AaBJEHHH, aTM
typa, °C 1 10 20 30 40
248,89 207,5 206,0 204,0 202,0 200,0
293,33 219,3 218,0 216,2 214,8 213,5
337,78 231,2 230,0 229,0 227,5 226,6
382,22 243,0 242,6 241,3 240,3 239,5
426,67 255,0 255,0 254,2 253,7 252,2
471,10 267,8 267,7 266,2 266,2 266,0
* DHTagbIOMA KUAKOCTH NMpPM TeMNeparype KHHeHHs 1l 1 aTM NpHMHATAa pas-
HOll HyJIO.

Tabauya 4.10
Koa¢¢muneHT cxxumaeMocTH ceposogopoja [93]

T.°C KoadduienT npu aasreHnu, arM

1,033] 2,4 | 3,51 | 5,62 | 7,03 {10,545| 14,06| 21,09 | 28,12| 35,15 | 42,18
37,78 10,99270,9852|0,9752/0,9603| 0,9503 0,9248| 0,8985 0,8403| 0,0487,0,0607,0,0726
71,40 10,9949 0,98950,9826 0,9720(0,96501 0,9971|0,929(] 0,8912(0,8505 0,80410,7518

104,44]0,99620,992310,98720,9794|0,974210,9612{0,94801 0,921010,8931} 0,8636 0,8324!
137,78(0,99720,9942|0,9904) 0,9846}0,9807,0,9710; 00,9612 0,9415{0,92130,9005/0,8790!

Tabruya 4.11
KoHcranra Tepvimeckoit auccounamn H,S npu pazsmmoii revneparype [93}]
Temnepa- lg K Crenens auc-|| Temmepa- 1g K Crenenn amc-
Typa, K conHalHH Typa, K COLMALTHH
298,1 —12,680 4,44.10°° 800 -3,290 8,07-107°
400 —-8,920 1,43-10°° 1000 —2,147 0,0474
600 -3,190 4,37-10™* 1200 -1,362 0,129
Tabauya 4.12

Momnas rewtora AH u croGoanas sueprus AF o6pasopanns H,S
B HaeasmHoM coctosud u3 H, u S, (ra3) [93]

Temmepary- -AH, -AF, Temnepary- -AH, -AF,
pa, K KKaJ,/MOJib | KKaJ,/ MOJb pa, K KKaJ/MOJIb | KKajl,/MOAb
298,16 20,24 17,47 700 21,13 13,25

400 20,50 16,48 800 21,27 12,11
300 20,74 15,44 900 21,38 10,97
600 20,95 14,36 1000 21,45 9,80

B unrepsane temneparyp 187,5-207,5 K paBHOBecHoe aaBje-
Hue (B MM pT. CT.) PacCUMTBIBAIOT MO YpaBHEHHIO

g p=5,57509 - 1_°3T_1_1 +0,0118677 T — 3,043 - 107° T2
B unrepsane or —90 g0 —50 °C
lgp=7,823—19Té§, .



Tabruya 4.13
Tepmomuararieckue cBofictsa razoo6pasuoro H,S [93]

MobHas TENI0€MKOCTD, JHTpONHS,
Temnepa- a1/ (Moip-rpan) IDHTATBIIHS, KKa1,/
Typa, °C Hcrnanan Cpeamsiss — | ka1/moab (Moab-rpan)
C, C, 0-1)C,
0 8,07 6,08 8,07 0 0
100 8,34 6,35 8,20 820 2,51
200 8,70 6,71 8,36 1672 4,53
300 9,12 7,13 8,54 2562 6,23
400 9,55 7,56 8,74 3496 7,73
500 9,97 7,98 8,94 4470 9,09
600 10,37 8,38 9,15 5490 10,33
800 11,08 9,09 9,55 7640 12,54
1000 11,65 9,66 9,91 9910 14,48

Tabauya 4.14
PacrBopuMocTh cepoBogopoaa B Boge [93]

Temnepa- Pactsopumocts H,S Temnepa- Pacteopnmocts H,S
1ypa, °C lem®/em® H,0O| /100 r H,O|| Typa, °C [eM®/em® H,O| r /100 r H,0
0 4,670 0,7066 40 1,660 0,2361
S 3,977 0,6001 45 1,516 0,2110
10 3,399 0,5112 50 1,392 0,1883
15 2,945 0,4411 60 1,190 0,1480
20 2,582 0,3846 70 1,022 0,1101
25 2,282 0,3375 80 0,917 0,0765
30 2,037 0,2983 90 0,84 0,041
35 1,831 0,2661 100 0,81 0,040

ITapunonaibHoe JaBJjeHHe rasza 760 Mm pr. cT. 34ech 1 Jaslee o6beM rasa
TpUBEJEH K HOpMabHEIM yciaoBiaMm (760 MM pr. cr. n 0 °C).

Tabauua 4.15
PaBHoBecHbiit cocras ¢a3z [93] (cucrema H,S~H,0)

OrTHomeHlle PaBHOBECHBIX
Temnepa- Konuentpama H,S, KOHHEHTpauIi
Typa, °C Pascr ATM MO.L. 01 ra3;XHIKOCTh
B rase B SKHIKOCTII H,S H,0
37,78 7,03 0,9894 0,0082 120,6 0,0107
10,56 0,9925 0,0123 80,69 0,0076
14,06 0,9940 0,0165 60,24 0,0061
17,58 0,9949 0,0207 48,06 0,0052
21,09 0,9954 0,0250 39,82 0,0047
27,42 0,9960 0,0333 26,62 .
7111 7,03 0,9493 0,0050 189,90 0,00510
10,85 0,9643 0,0076 126,88 0,0360
14,06 0,9726 0,0102 95,35 0,0277
17,58 0,9771 0,0128 76,34 0,0232
21,09 0,9801 0,0154 63,64 0,0202
28,12 0,9837 0,0206 47,75 0,0166
35,15 0,9856 0,0258 38,20 0,0150
42,18 0,9865 0,0310 31,82 0,0139
49,22 0,9868 0,0364 27,11 0,0136




ITpodonxenue maba. 4.15

OTHOUEHIIE PABHOBECHBIX
, Temnepa- Ko““ﬁ’;ﬂpafgfnms’ KOHIeHTpauit
typa, °C Page » AT™ : ras: KHaKocTb
B rase B SKHIKOCTII H,S H,O
104,44 14,06 0,9046 0,0077 117,47 0,0961
28,12 0,9477 0,0156 60,75 0,0531
42,18 0,9597 0,0230 41,73 0,0412
56,25 0,9647 0,0301 32,05 0,0364
70,31 0,9664 0,0371 25,97 0,0349
137,78 14,05 0,7375 0,0057 129,40 0,2640
28,12 0,8589 0,0127 67,63 0,1429
42,18 0,8984 0,0191 47,04 0,1036
56,25 0,9155 0,0250 36,63 0,0867
70,31 0,9248 0,0308 30,03 0,0776
* Tpexdasublii paBHoBecHbii (aBe xuakne asp I ras)
Tabauua 4.16
PactBOpHMOCTh cepoBojopoaa B Boze [93]
Temmepa- P“;g::f"' Temnepa- Pa;’gfé(;;;n- Temmepa- Pa;'gz?rl;"’
e, °C ol joo L0l P 7O | 100+ H,0|] PP 7C | /100 ¢ HEO
126 0,057 175 0,139 300 0,190
141 0,067 202 0,160 350 0,189
150 0,088 233 0,177 400 0,171
158 0,117 273 0,175 440 0,098
Tabruua 4.17

/ 3

¥
;o

Koadppuunenr pacnpenenenns K* ceposogopoaa Mexay sKuKHMHU
yraeBojopoaamu 1 Bogoi [93]

TeMnepatypa Koadpuunent pacnpegenennsa K
°C A Ta30/MHA A1 KepOCHHA
15 5,65 3,70
25 6,30 3,20
35 7,0 3,20
s * K - comepxanue H,S B yriesogopoaax /conepxanne H,S B Boge.

Tabauya 4.18

PacrBopumocts cepoBogopoaa B MeTanoge (cv’/T) [93]

PaBHoBecHOe 1aBJe- PacrBopuMocTtp npH Temnepartype, °C

Hue H,S mm pr. cT. 0 -25,6 -50,0 -78,5
50 2,4 5,7 16,8 76,4
100 4,8 11,2 32,8 155,0
150 7,2 16,5 48,0 249,2
200 9,7 21,8 65,6 -
300 3 14,8 33,0 99,6 -
400 , 20,0 45,8 135,2 -
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Tabauya 4.19 :
PacTBopHMOCTH CEPOBOAOPO/A B alleTOHe

PaBHOBecHOe JaBJeHiie Temuepatypa, °C
H,S, MM p1. cT. —45 -30 -10
200 87 44 20
400 179 82 38
600 i 281 15 33
760 375 . 139 66
" O6vem H,S/o6bem auerona. [lo ganrpiM C.®. Ulaxosoit n }O.I1. 3y6uenxo.

Tenyora ucnapenuss — AH cepoBoZopoja IpH TeMIieparype
kunenusi 1 1 aT™M paBHa 4524 Kaj,/MoJb.

Tenusorta niasnenust H,S B Tpolinoii Touke 620 Kan,/ Monb.

CootHowenue C,/C, nna H,S npu pasiuyHbIX TeMieparypax
cienyioniee:

TeMnepaTypa, °C...cooviiiiiiiiiiiiieciiie s 10 25 50 75
1,322 1,32t 1,313 1,30t

TepMqucxax AUcCcolMaluAa CcepoBOLOPOLa MPOUCXOAUT II0 pe-
aKIu:

H,S = H, + %sz.

Koncranra AUCCOLMallMH - il oo b
— 1 P11, Ps, Co
lg K =lg—21—, .
p“zs qye f s S, o ;’\ . 4

TA€ Pu,, Ps, M Pu,s — PABHOBECHBIE [[aBJICHUS! BOAOPO/A, MapoB Ce-
pPbl U CepoBOAOPOAA.

; Bsaskocts cepoBoaoposa mpH 1 at™
Temneparypa, °C ...........o.e.... 0 20 100
Baskocts, MIT..................c..l. 117 124 159
Temnepatypa camoBocIIaMeHeHUSI cepoBOAOPORa pasHa 290 °C.
Ilpenennt B3pbiBaemoctu cMeceit H,S ¢ BosmyxoM — or 4,3 mo
45,5 %. TemnotBopHasi CrMOCOGHOCTD CEPOBOJOPOAA COCTABJISIET
6070 kkan,/M>.
Tensiota pacTBopeHust cepoBogopoda B Boge 4500 kas,/MoJb.
KoHcrantel anektpudeckod aucconmanumu H,S B BoxHOM pac-
TBope npu 18 °C:

K, =9,110% K,=1,210"

PacrBopuMoctb S cepoBoiopofa B Meranosne (B cM’/T) npu
obleM JABJIEHHH p MOXKHO BBIYUCJIUTH 1O YPABHEHHIO
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S__: 692—2 P o s o * *

1,90 -p' .
rjie po — AaBJIeHHe Tapa KUAKOTO CEPUBOAQPOMA . - =, o
973, 5 e s S
1g po = 7,453 - ———T’— . y >l ":( :*\} Co :)
ITorpeurHocTh u3MepeHust 3 %. I .

Tennora pactBopenuss H,S B auerone — 5200 kaj,/Mob.

Jlnst cenextuBHOro u3Bjaedenus H,S u3 rasos, coaepxammx
CO,, criocoboM HHU3KOTeMIlepaTypHOU abcopOLuM MOXKeT MpHMe-
HATHCSA TAaKXKe TOJYOJI.

KoadduimenT ceneKxTUBHOCTH
C = ﬁ"i o

’

SCOZ * T

rae Sys U Sco, ~ pactBopumocts H,S n CO,.

Hpu Munyc 45 °C ko3(pPpULHEHT CEJEeKTHBHOCTH METaHOJa CO-
craBjsieT nmpumepHo 6, toayosa 14,2. C noHHXKeHMEM TeMIlepary-
pbl K02(p(PHINEHT CEeNeKTUBHOCTH YBEJHMYMBAETCS.

PacTtBopuMoOCTb cepoBojopojia B ToJIyoJe B HHTepBaJle TeMIie-
patyp oT 0 go MuHyc 60 °C MOXHO BBIYHCJIUTDH 110 YpaBHEHHIO

lgS=lgp+ 1_0T2_°-5,21,

x
b

rae S ~ pacTBOPUMOCTb, cM>/T; p — NaBJeHHe, MM pT. CT.

4.1.2. PUBNKO-XUMUYECKUE CBOVNCTBA
CEPOYINEPOA, CEPOOKUCHU VYIJIEPOOA, TUODEHA

dusuko-xuMuveckue cpoiictea CS,, COS, C,H,S npu-
BeJieHbl B Tabimuax 4.20—4.26.

Duanko-xuMiueckHe cBotictBa cepoyraepoaa CS,

MOMEKYAAPHBIH BEC.. .. c.enieerneniiaetits vetneneeie et eetn e eeaenaneanes 76,14
Kpurnyeckue KOHCTaHTEI:
TEMIEPATYPA, %C oottt e 273,05
BABJIEHME, ATM o..uceenneteanneneeeruanssonnnreannnasessnanssesannereveenaenunes 72,87
Temnepartypa, °C:
KANEHHA (TIPH 1 ATM) «.oivitt i e 46,25
18 E1:3 030 3 € S U 111,9
OTHOCHTebHAA MIOTHOCTb XHAKOTO Cepoyraepofa dYy:
npu O °C ... 1,2927
mpu 15 °C.. ... 1,27055
IPH 29 PC. .. oo e 1,2632
1403 O T PR 1,25585
HPH 30 PC Lottt e e 1,24817
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IMokasare1p NpeJaIOMJIEHHS XHAKOTO cepoyriepoaa nb

npu 15 °C 1,63189

mpu 20 °C 1,62803
Tennora ncnapenns npu ¢ KaJj1/ MOJb 7200
Tensota o6pa3oBannst H3 npocThiX BemecTs, npH 25 °C, Kaja,/Mouab 3440
Tensiora cropasus, Kax,/Moab 265 800
Tennoemxocts sxuakoro CS, npn 25 °C, kaa/(r rpag) 0,2387
Baskocts cepoyriepoaa 1 10°, ¢Il

x)uakoro npu 0 °C 4,36

npu 15 °C 3.8

npu 20 °C 3,63

rasoo6passoro npn 0 °C 8.9

npu 150 °C 14,3
IIoBepXHOCTHOE HaTsXKeHIE AHH/cM?

opu 15 °C 33,07

npu 20 °C 32,25

npu 30 °C 30,79
Temneparypa, °C

BCIBULKH 25

CaMOBOCIIAMEHEHHS 105-156
Tabruua 4 20
[laBjieHHe HachmIeHHOTO mapa cepoyriaepoza [93)

Temnepa- | Jasnenue, Temnepa- | [lassgenue, Temuepa- | dashaenue
Typa, °C | MM pT cT Typa, °C MM pT CT Typa, °C Paces ATM
=70 1,6 -10 78,8 50 1,31
—60 3,5 0 127,3 60 1,54
=50 71 10 198,0 70 2,05
~40 14,0 920 297,5 80 2,69
=30 26,2 30 432,7 100 4,42

=20 46,5 40 616,7
k4
Tabruya 4 21
TepmoauHaMirieckHe cBolicTBa Nnapa cepoyriepoaa
MoabHas TENnI0eMKOCTb, SuTponus
Temnepa- kaz1/ (moap rpaz) IHTaAbNHSA KK/
Typa, °C HCTHHHas CpefHss Ka1,/Mons | (Moab rpas)
C, C, C,,(O -t
0 10,63 8,64 10,63 0 0
100 11,62 9,63 11,15 1115 3,45
200 12,35 10,36 11,58 2316 6,31
300 12,87 10,88 11,92 3576 8,73
400 13,27 11,28 12,21 4884 10,82
500 13,57 11,58 12,45 6225 12,69
600 13,80 11,81 12,66 7596 14,35
800 14,11 12,12 12,99 10390 17,22
1000 14,82 12,33 13,23 13230 19,66
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Tabruua 4.22

PacTBOpHMOCTB cepoyTJeposa B Boze [93]

LYY aeew v g, §F 0
;

e

P I

EEUE AR A

YaTe

Temneparypa, °C | PactBopumocts, 1/.1 Termeparypa,’ °C | PacTBOpPHIMOCTD, ré‘n
0 2,04 ) w25 1,69 .
5 1,99 {\: ’ 30 - 1,35
10 1,94 &35 1,37
15 1,87 540 . 1,11
20 1,79 45 3 0,70
Tabruuya 4.23
JlaBJieHHe HAchIUIEHHOTO Napa cepoOKUCH yriepoaa [93]
Temmnepa- JlaBeHne, Temnepa- | /lasaeHue, Temnepa- | [lasieHue,
Typa, °C MM PT. CT. Typa, °C MM PT. CT Typa, °C aTM
-133 1 -75 210 -6 5
-166 7,5 -66 345 17 10
-106 19 -58 515 45 20
-91 68 =52 690
—86 100 -50,2 760
Tabauua 4.24
TepmommaMuuecke CBOHCTBa Mapa cepookHcH yriepoaa [93]
Mo.ibHag TEINJI0eMKOCTD, Sutpoms
Temnepa- kaa1/ (mons-rpan) SDHTANBTNSA, KKaJ1,/ ’
Typa, °C HCTHHHAA cpeanss KaJ1,/Mob | (Mosb-Tpaz)
C, C, C ,,(0 -t)
0 9,62 7,63 9,62 0 0
100 10,70 8,71 10,18 1018 3,17
200 11,49 9,50 10,65 2130 5,80
300 12,06 10,07 11,03 3309 8,06
400 12,53 10,54 11,35 4540 10,05
500 12,87 10,88 11,62 5810 11,81
600 13,17 11,18 11,85 7110 13639
800 13,62 11,63 12,24 9792 16,14
1000 13,93 11,94 12,55 12550 18,51
Tabruya 4.25
Jarnienne Haconennoro napa tHodena
Temmepa- | /laBaenne, Temnepa- | /lasuaeHnue, Temnepa- | [laBaenue,
Typa, °C MM PT. CT. Typa, °C | MM pT CT. Typa, °C | MM pT. cT.
-80,96 0,007 -12,96 9,5 35 125,50
=75,96 0,015 0 21,39 40 155,47
—-60,16 0,140 15 48,68 50 232,98
—40,96 0,80 20 62,60 60 339,27
=-35,16 1,98 2 79,68 70 314,75
~-23,16 5,15 30 100,45
16 — 2364 241



Tabauya 4.26

Mounste Ternotsl A H u cBo6oaHas sneprus AFY o6pasoamus tuodena
B UReambHOM coctossuny u3 H,S n CS, (ra3) [93]

Temnepa- AH, AF®, Temnepa- AH, AF°,
Typa, K | KKkan,/Moab | KKaja,/MoOIb typa, K | KKas1/MOAb | KKaJ,/MOJIb
273,16 12,28 19,86 700 10,07 33,24
300 12,06 20,62 800 9,87 36,56
400 11,31 23,53 900 9,76 38,90
500 10,77 26,72 1000 9,74 43,26
600 10,36 29,95
PacTBOpUMOCTb BoAbl B cepoyriepode (B Bec. %): id « =
mpn 10 °C........ . .... 0,0086 -
upn 25 °C.ooie ol 0,0142 :
PacTBOpUMOCTDb XXUJKOTO CEPOYIJIEPOaa B MeTaHOoJe (s BeC. %):
mpu 13 °C........... ... 46,58 . v
npit 24,8 °C....... .. 52,55  uy ®
npu 40,6 °C............... 80,5 e

Peaxyuu, 6 xomopux npunumaem yuacmue cepoyaiepoo,
U KOHCMAHMYL PABHOBECUSL IMUX PeaKyull

npu PasIUUHBIX MEMNEPAMYPax

C + Sz(raB) : CSZ (1‘33); K — pC52 :

1
g Ps, L
MY SN
CS, + H,0 (ras) 2 COS + H,S; K,,=ZcosPis .
Pcs,PH,0 . .
Pco,p; v
co ;.
CS, + 2H,0 (ras) = CO, + 2H,0; K,;=——"H2; 1 "»
PH,0PCS, ‘ ’
i
3,2 iy
Pco, Py ol
CS, + SO, = CO, +3/25,; K, =—2% i r
Pso,Pcs, e | i
2 RS
Pcu, P '
CS, +4H, = 2H,S + CH,;  K,5=—"12
pcs,Py,
3aBUCHMOCTD KOHCTaHT PaBHOBECHA OT TEMIIEpATYpbl
Temneparypa, °C................ 200 300 400 500 600
KoHcraHTh PaBHOBECHA:
Koo 71,5 38,1 24,8 18,4 15,5
P 36-10° 69-10? 22,2107 955 490
Kogooooiiriini, 55,810  29,7.10° 35,510 80,2-10° 23,0-10°
Kogoevionvenins i, - 19,510° 83,210 38,0-10* -
Koo 2,18.10'"  7,08.10" 3,72.10® 6,46.10° -



DusnKo-XuMHuecKHe cBolicTBa cepookucu yrieposa COS KR AT
- v
¥

MoaeKyIAPHBI BECI.. ..o oo 60,07
KpnTnyeckie KOHCTAHTHI: AXEREICEN
P
reMmepatypa, ®C.. ... 105 o
AABJAEHIE, ATM. .. .ititetiiiiaeiiieen e aaiaaens 38 < {7
Temnepatypa, °C:
kumerist (IPIL 1 apM). ... -50,3
IR T N: T ()20 G U -138,0
[LrotHocTb Tazoobpasnoii COS npll HOPMAJbHBIX YCJI0- A
puax, kr/mM ... S T 2,721
ILrorrHocTh kiakoilt COS npu —87 °C, r/m ..., 1,25
Ten1oTa, KKaJ,/MOJb!
memapeHnst mpn 1 atM ... o 4,423+0,004 . S
06pa30BAHLA H3 NPOCTBHIX BELIECTB —AHQW ........... 34,07
obpasoBaniad 3 CO..........oo 22,84

(kanopumerpuueckas)
TemtoemkocTb xiAkoili COS npn 220 K,
KL/ (MOTIBTDAMAY 1ot e et e 22,67 (cnexTpockonu-
yeckas) 17,07

Tenstoemkoct COS B unreppaje 298—-1000 K omnpegessoor o
yPaBHEHHUIO

C,= 6,554 + 13,880 - 1077 - 88,18 - 107 T%+ 1,964 - 107 T°.

IIpenenbl B3pbIBaeMOCTH CMeceil CEPOOKMCH YIJIEPoJa C BO3AY-
xom 11,9-28,5 % COS.

JlaB/ieHue HacbIIIEHHOro Mapa B WHTepBaJjie TeMmnepatyp 162—
224 K MOXHO paccuuTarh IO ypaBHEHMIO

Ig p = -EETY_Z@LO +10,15309 — 0,0147784 T + 0,000018838 T2,
rage p — AasJje€Hnue, MM pT. CT.

Pacteopumocts COS B Bosie pu AaBaenuu 760 MM pr. cT., (cM®/cm’)

Temneparypa, °C......... 0 S 10 15 20 25 30
PactBopumocCT®............ 1,333 1,056 0,836 0,677 0,561 0,468 0,403

Pactsopumocts mipu 22 °C (B cm®/em?):

B 3THJIOBOM CHHUPTE........covvverennnnn. 8
B TOMYOME. ..ottt 15
PactBOopuMOCTb CepookucH yriepoia B MeTaHOjJe B WHTepBaJe
Temneparyp oT 0 go —78,5 °C npu MajoM NapuuaJbHOM JaBJeHHH
COS Bbruncisiercs 10 ypaBHEHUIO

i

lg S=1gp+ 3B -4,74,

1+

rie S — pacTBOPMMOCTb, CM°/T; p — AaBJeHHE, MM PT. CT. :

oSt

16* 2%3



Ypaeuenua peaxyuii, 6 xomopvix npuxumaem yuacmue
CepPOOKUCL Yenepoda, u KOHCMAHMb. PAGHOBECUS IMUX PeaAKYUl
npuU pPAa3IUHbIX MEMNepamypax

CO+ 1S, (ra3) = COS; K, =-fos R

2 PcoyPs, .
2C0S = CO, + CSy K, =202, L
- 2 2> p2 = 2 ’ ) o
Pcos oy .

hE e 4l

COS + H,0 = CO,+ H,S; K= 208P00 v

PcosPi o s RTRENTI A
. .
COS + H,S = CS,+ H,0; K, =280
Pco,Pu s , .
3aBHCHMOCTb KOHCTaHT PaBHOBECHS OT TeMIlepaTyphi ]
Temmnepatypa, °C........... 200 300 400 500 600
Koucraursl pasHoBecus:
Koo, 2110 ° 31.10° 1,56-10° 1,72.10° 31,4
Kopooiioiiiiiiiiiiii 4,3410% 6,2410° 7,210% 882102 9,58-107
Koo, 1,55-10°  0,43-10°  0,16-10° 00,8410 47
R 2810 ° 14,510 > 4510° 10,510% 20,4101
) (Dusuko-xumMuueckue ceolictsa THopena C,H,S
MOTEKYAPHBI BEC ... ..ovviieiiiiiiiiiiii i 84,14 %,
Kputudeckne KOHCTaHTbI: :
TeMIepaTypa, “C....oiiiiiiiii i 317
§::3:3,053 07 (¥ v« O 48
Temnepatypa, °C: ’
30103507 ST 84,16
TUIABJIEHHS « ..ottt vt et st aeae e -38,2 -
Il1oTHOCTH JKHAKOTO THO(EHa, T/ MI:
IPH O OC . i e 1,0884
mpi 11,8 °CL o 1,07387 ¢ -
IpH 15 °C Lo 1,0705
o aPH 20 PC o 1,0644 . -
o TP 25 PC 1,05883 55
TlokasaTe/ib NpeJOMIEHHs 7h:
IPH 20 °C oo 1,5287 ¢
mpu 25 °C .. 1,5256
BsskocTpb xuaxoro tnodena, n-10%, cn:
P 20 OC L. 6,62
k TPH 25 OC L e 6,21 o
B IPH 30 °C Lo 584

HaBnenue napa tHodeHa (B MM pPT. CT.) B HHTepBaJe Tejéne-
patyp 0—120 °C MoxeT 6bITb BBIYHCJIEHO 110 YPaBHEHHIO o

_ _  1246,038 b
lg p = 6,95926 221,354+t

Tennora ucnapenus C,H,S npwu ¢, paBHa 7522 xan/ Mons: ¥
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Jst pacyera TEIUIOT MCIMapeHHUs! CAYXKHUT ypPaBHEHHE:
AH,., = 9543 + 2,740 T — 0,02349 T".

TerJI0eMKOCTb Tapoo6pPasHOro TYIO(bEHa [B kan/(mMoab-rpan)]
pacCUMTBIBAIOT 1O (opMy.ie

C,=7,017 +0,10045 T — 6,325-107 72, ol §
4.1.3. ®UINKO-XUMHNUHECKUE °‘°“““i‘
MEPKANTAHOB

IlpucyrcrByrouine B cepOBoaopoacoaepxcamux rasax H
KOHJleHCcaTaX MepKalTaHbl B OCHOBHOM OTHOCSITCSI K TH1y aJIKaHTH-
osoB. CBolicTBa UX NpuBedeHbl B Taba. 4.27—4.30.

[laBieHue Mapa MeTHAMepkanTtaHa [93] B 3aBHCHMOCTH OT TeMmepaTypbl

Temnepatypa, °C................ 90,7 753 —67,5 -58,8 —49,2 -43,1-34,8
JlaBeHHE, MM PT. CT.. o1 5 10 20 40 60 100
Temneparypa, °C... . ... ...... -51,28 -23,87 -9,47 -0,03 5,98

JlapneHne MM pT. CT.... ...... 41,13 201,46 399,30 599,40 760,64

/lapeHHe HaChIIEHHOTO NMapa 3THiMepKanTaHa [93]

Temnepatypa, °C...... 0,405 5,236 10,111 15,017 19,954 24,933 29,944
[laBjieHHe MM PT. CT.. 187,57 233,72 289,13 355,22 433,56 525,86 633,99
Temnepatypa, °C....... 40,092 45,221 50,390 55,604 60,838 66,115

Jarnenne MM p1. cr... 906,06 1074,6 1268,0 1489,1 1740,8 2026,0

B unrepBazne temneparyp 0—66 °C naBjieHHe HachIL{EHHOTO Ia-
pa (B MM PT. CT.) PacCUMTHIBAIOT 110 YPaBHEHHIO

_ _ 1084, 531
lg p=6,95206 ~ st

)
Temota WcniapeHus sTuiaMepkanTtana (B Kaj,/ MOJb):

npu 25 °C . 652612 .
mpu 35 °C ..ol il 6401+2

.

B unrepsane 7-35 °C Temsora ucnapeHus pac@qwrbmae'rcs; no
YPaBHEHUIO

AH,., =815 + 1,369 T — 0,02288 T*.

S

Mosmusie Tennots: A H u cBoGomnas aneprus AF o6pasoBanus sTHIMEpKaNTaHa
B HAeaibHOM razoBoM cocrosmn u3 H,, C (rpadur) u S, (ra3) [93]

Temneparypa, K 273,16 300 400 500 600 700 800 900 1000
AH, xkan/moms 23,16 26,47 27,52 28,39 29,09 29,63 30,03 30,29 30,47
AF, xkan/mon» 12,00 10,60 5,14 0,56 6,14 12,37 18,39 24,48 30,55
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Tabauya 4.27

Du3uKo-xUMHYECKHE CBOHCTBa MepKanTaHoB (aJKaHTHOJI0B) [3]

3J1emen'ra))ﬂbn‘i COCTaB,
0,
(]

20

Bemiectso Dopmyra M BeC. 920 nf MRD | T., | Taw | Pln
YraepogHoro |IJMOHpH- I H S (3kc.)| °C °C [ MM pT.
cKeJera ueckast CT.
MeTtanTnoa C-S-H CHA4S | 48,109 24,97 | 8,38 | 66,65 |0,8665 - - |-123,02] 5,95 760
3TaHTHON C-C-SH C2H6S | 62,136 38,66 | 9,73 | 51,61 [0,83914)1,43105| 19,24 |-147,90] 35,00 | 760
ITponmauTtio.-1 C-C-C-SH | C3HS8S | 76,163 | 47,31 | 10,59 | 42,10 | 0,8411| 1,4380] 23,77 |-113,06] 67,6 760
Iponaurtno-2 C-C-(SH)-C | C3H8 | 76,163| 47,61 | 10,59 | 42,10 | 0,81431|1,42554| 23,94 | -30,54| 52,56 | 760
Byranrtnoa-1 C~C~C-C-SH| C4H10S | 90,190 | 53,27 | 11,18 | 35,55 |0,84161|1,44298| 28,40 |-115,67] 98,46 | 760
2-MeTiur-nponad-| C-C-C-SH | C4H10S| 90,190 53,27 | 11,18 | 35,55 | 0,8339| 1,4387 | 28,32 - 88,72 | 760
THOA-1
C
ByTanTHOI-2 ?H C4H10S | 90,190 | 53,27 | 11,18 | 35,55 |0,829471,43663] 28,46 | —140,2| 84,98
Cc-C-C-C
2~MeT12Ul-IIpOl'IaH- {SH C4H10S | 90,190 53,27 | 11,18 | 35,55 |0,80020] 1,42320] 28,71 | 1,11 | 64,22 | 760
THOJ-
C—?~C
C




v

Ilpodonxenue mabnr. 4.27

SJsieMeHTapHbIll co- PTom?
(DOPMyJIZI s 20 20 Kun
BemecTBo M cTaB, % Bec 94 "D IMRD| T, | Tews | ™™
Yraeponsoro OMnupn- C H s (akc.) | © ° PT. CT.
CKeJleTa qecKas
Meutanrtnoa-{ C-C-C-C-C-SH | CS5H12S | 104,217 | 57,62 | 11,61 | 30,77 |0,842091,44692) 33,06 |-75,70{126,64| 760
2-MeTiLI- C-C-C~-C-SH C5H12S | 104,217 | 57,62 | 11,61 | 30,77 | 0,842 |1,4445] 32,90 - 118,2 | 760
6yTaHTIO.1-1 |
C
3-meTiL1- C-C-C-C-SH CS5H12S | 104,217 | 57,62 | 11,61 | 30,77 |0,8350] 1,4415| 33,00 - 118 760
6yTanTHO.I-1 |
C
Ienrantion-2 SlH CS5H12S | 104,217 | 57,62 | 11,61 | 30,77 |0,83268 1,4412| 33,06 |—-112,8} 112,9 | 760
C-C-C-C-C
2-MeTILI- Cc-C-C-C C5H12S | 104,217 57,62 | 11,61 | 30,77 | 0,812 [1,4379]| 33,68 - 99,0 | 760
6yTanTiioa-2 /N
HS C
3-MeTi- c-C-C-C C5H12S | 104,217 57,62 | 11,61 | 30,77 | 0,8409| 1,4446] 32,96 - - -
6yTaHTIION-2
C SH
ITenranrtnona-3 C-C-C-C-C CS5H12S | 104,217 { 57,62 | 11,61 | 30,77 | 0,8410| 1,4447| 32,59 |~110,8} 105 760
SH
FekcanTio.-1 C-C-C-C-C~-C-SH| C6H14S | 118,244 60,95 | 11,93 | 27,12 | 0,8424| 1,4496| 37,69 | —80,0 | 151,5 | 760
60-70| 10

"Tloa aaBJjeHneM.




Tabauua 4.28
Tennoemxocts C,, aKaHTHOJIOB APH NOCTOSHHOM JABJIEHHH

BemecTso Tennoemxocts (B kai/(rpan-Moan)) npu teMmneparype, K

273,16 | 298,16 300 400 500 600 700 800 900 1000
MeTtaHTion 11,54 12,01 12,05 14,04 15,91 17,57 19,03 | 20,32 | 21,46 | 22,48
ITaHTHOA 16,46 17,37 17,44 21,08 | 24,36 | 27,21 29,68 | 31,83 | 33,71 35,38
Hponanruoa-1 s 21,39 | 22,65 { 22,75 27,86 | 32,56 { 36,72 40,37 | 43,60 | 46,47 49,01
Bytantoa-1 e 26,63 | 28,24 | 28,37 34,95 | 41,07 | 46,54 51,37 | 55,68 | 59,24 | 62,95
IlentanTHOI-1 - 31,78 | 33,75 | 33,91 41,93 | 49,36 | 55,92 61,69 | 66,78 | 71,33 | 75,32
TexcanTioa-1 36,89 | 39,21 39,40 48,87 | 57,60 | 65,26 71,9 | 77,84 | 83,07 | 87,65
T'entanTHoa-1 42,00 44,68 44,90 55,81 65,85 74,60 82,24 88,91 94,82 99,98
OxTtaurnon-1 S 47 .11 50,15 | 50,40 62,75 | 74,10 | 83,94 92,52 | 99,98 | 106,57 | 112,31
HonanTHo-1 52,22 | 55,62 | 55,90 69,69 | 82,35 | 93,28 | 102,80 | 11,05 | 118,32 | 124,64
Jlexantuo-1 57,33 | 61,09 | 61,40 76,63 | 90,60 | 102,62 | 113,08 | 122,12 | 130,07 | 136,97
Yupexautuoa-1 . 62,44 | 66,56 | 66,90 83,57 | 98,85 | 111,96 | 123,36 | 133,19 | 141,82 | 149,30
Honexantiion-1 67,55 72,03 72,40 90,51 107,10 | 121,30 | 133,64 | 144,26 | 153,57 | 161,63
Tpugekantioa-1  ° 72,66 | 77,50 | 77,90 97,45 | 115,35 | 130,64 | 143,93 | 155,33 | 165,32 | 173,96
TerpagexanTion-1 77,77 | 82,97 | 83,40 | 104,39 | 123,60 | 139,98 | 154,20 | 166,40 | 177,07 | 186,29
TTentagekantion-1 82,88 | 88,44 | 88,90 | 111,33 | 131,85 | 149,32 | 164,48 | 177,47 | 188,82 | 198,62
FexcagekanTio.-1 87,99 93,91 94,40 118,27 | 140,10 | 158,66 | 174,76 | 188,54 | 200,57 | 210,95
Tenragekanton-1 93,10 | 99,38 | 99,90 | 125,21 | 148,35 | 168,00 | 185,04 | 199,61 | 212,32 | 223,28
OxTtagekanTaona-1 98,21 104,85 | 105,40 | 132,15 | 156,60 | 177,34 | 195,32 | 21,68 | 224,07 | 235,61
Honazexaurunos-1 103,32 | 110,31 { 110,90 | 139,09 | 164,85 | 186,68 | 205,60 | 221,65 | 235,82 | 247,94
Diikosanrtno.-1 108,43 | 115,77 | 116,40 | 146,03 | 173,10 { 196,02 | 215,88 { 232,82 { 247,57 { 260,27




Tabauua 4.29

I
1Y

PacTBOpHMOCTb THOJIOB B BoZe M meaoun npu 20—30 °C, r/a [131]

Bewectro PactBopumocts, /1
B BOJE B 1 N NaOH
MerauTion 23,3 Bricokas
DTAaHTHOJ 6,76 To xe
.+ 1lpomanTnon-1 1,96 ”
i Byrantnoa-1 0,57 "
TTentantnon-1 0,164 328,0
Texcantnon-1 0,047 94,0
Tenrantosa-1 0,0138 27,6
OxTtanTnoa-1 0,0040 8,0
MounanTtuona-1 0,00115 2,3
Tabruya 4.30
A3e0TpOIBI THOJICB € yrleBojopoiamu [151]
Tuonn Yraesoaopoas Azeotpon
Haumeno- T owr BemecTso T T Coaepxanne
BaHile ° ° ° RSH, % mac.
MeTaHTUOJI 660 n3o-ByTan -11,70 | -13,0 14,9
DTaHTHOA 35,04 u3so-Ilentran 27,90 25,72 20,0
H-Ilenran 36,15 30,46 51,0
2-Mertnn-2-bByran 37,20 33,0 60,0
HuxaoneHTan 49,35 34,95 89,0
Heorexcan 49,70 34,41 83,0
Ilpomanron-1| 67,82 n3o-l'excan 60,40 | 59,20 23,9
H-Texcan 68,75 | 64,35 53,6
Memuanukaonentan| 71,85 66,45 64,2
Iuxorekcan 80,85 67,77 97,2
Hponantnon-2{ 67,82 nso-TI'ekcan 60,40 59,20 23,9
H-Texkcan 68,75 64,35 52,6
MeTuaunukiaonedran| 71,85 66,45 64,2
Iukmorekcan 80,85 67,77 97,6
ByTtanrtnon-1 98,58 |2,3-uMernanentan| 89,90 89,50 ‘15,1
uso-Tentan 90,10 89,74 15,4
H-Tenran 98,40 95,45 49,4
4.2. OMUCTKA NPUPONHOIO rA3A

STAHONTAMUHAMMU

B Hacrosunee Bpemsi fo6blua CepOBOLOPOACOAEPIKALIETO
npupoaHoro rasa B crpanax CHT cocrasisier okosio 10 % ot Bcero
o6bema norpebasieMoro rasa. Takoil ra3 mepen mojadeidl B Maruct-
PaJbHBIN Ta30MpOBOA JOJUKEH ObITh OUMIIEH OT CEPHUCTBIX COeu-
HEHMI B UeJSAX 3alUMTHI TPYOONPOBOJOB M OGODYAOBAHHS OT KOP-
po3uu, oxpaHbl HacesJeHHMsI OT TOKCHYECKOTO BO3AEHCTBHSA, IIpelo-
XPaHeHus OT OTpaBJieHH$s MHOTMX IIPOMBIIJIEHHBIX KaTajlu3aro-
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POB, a TakXe B CBSI3U ¢ TPe6OBaHUAMHU OXPaHbl OKPYXXAIOLIEH Cpe-
b, BMmecte ¢ Tem mojiyyaeMblil mpM OUMCTKe Tra3a CepOBOAODOA
nepepabarb/BaeTcss B Cepy, 4YTO yMeHblIaeT 3aTpaTbl Ha OUUCTKY
rasa 4 flaeT LieHHOe CbIpbe JJisl HapOJHOTro XO03sIHCTBA.

Kpome cepoBogoposia B raze MoryT MPUCYTCTBOBATb U APYyrue
cepHUCTble coeAinHenusi (MepKanTaHbl, CEPOOKHUCH YIrIepoaa, Cepo-
YTJIEpO/l), KOTOpPble SBJSIIOTCS TPUIUHON KOPPO3HHM 000pYI0BaHHS
M oTpaBJieHHst KaTaiuzaTopoB (B npoueccax cuHre3a). Ilpu cro-
PaHUU OHU 06pa3yIOT JTUOKCH CEPDI.

[voxcup yriepona sBiasieTcst 6aljacToM M yBeJWuMBaeT 3aTpa-
Tl Ha TpPaHCTIOPTHPOBKY rasa. B psige ciayuaeB Hasuume CO, B
rase 3aTpy[Hser gajbHeiilyio ero nepepaboTkKy (BbljeseHue 3Ta-
Ha, TeJdsl U JApyrHe IpolLecchl, CBs3aHHble ¢ TJYOOKHM OXJaxie-
HUeM Tras3a).

B nacrosiniee BpeMst AJsi OUMCTKM Tasa TIPUMEHSIIOTCS DPasjinu-
Hble Mpolecchl, KOTOPble YCJAOBHO MOXKHO Pa36HThb Ha cJeldyloline
PYTIIbL:

XeMOCOPOLUMOHHBIE [POLECChl, OCHOBAaHHbIE HAa XUMUUECKOM
B3aumoeiictBud H,S u CO, ¢ aktuBHOIl uacTbio abcopbeHTa;

npouecchbl (uU3MUeckoil abcopbuuu, B KOTOPBIX U3BJIEUEHUE
KUCJIbIX KOMIIOHEHTOB TNPOMCXOJUT 32 C4YeT WX pPaCTBOPUMOCTH B
OPraHUYECKUX TMOTJOTHUTEJSIX;

KOMOMHMPOBaHHbIE TPOLECcchl, HMCHOIb3YIOIMHe OJHOBPEMEHHO
XUMHUYecKHe U (usnveckue NMOTJAOTUTEH;

OKHMCJIUTeJIbHbIE TIPOLlecchl, OCHOBaHHbIE HA HeoO6paTHMOM IIpe-
BpalleHUH HOTJIOLIEHHOIO CEPOBO/IOPO/IA B CEPY;

aJcopOUMOHHbIe IIPOLeCChbl, OCHOBAaHHDbIe HA M3BJEUYEHUU  KOM-

[IOHEHTOB Tra3a TBEDAbIMM IIOTJIOTUTENSMH —  afcopOeHTamu
(MosteKynsipHblE CMTa, IIPUPOJHBIE [EOJHMTbI, AKTUBUPOBAHHbIE
YIaIM ¥ [Ip.).

Bméﬁp npolecca OYMCTKH rasa OT CEePHUCTBbIX COefHHEeHWl or-
peznessieTcsl 3KOHOMUKON U 3aBUCHT OT MHOTUX (baKTOPOB, OCHOB-
HBIM{ W3 KOTOPBIX SBJISIIOTCA COCTaB U NapaMeTPbl CHIPbEBOTO Ta-
3a, TpebyeMas cTelleHb OYHCTKM U 06JIacThb MCIIONb30BaHUSA TOBap-
HOTrO Tasza, HaJUyWe U TapaMeTpPbl 3HEPrOpPecypcoB, OTXOABI IIpPO-
WU3BOACTBA ¥ [IP.

AHaJM3 MUDOBOH NPAKTUKH, HAaKOILIEHHBIH B 06JACTH OYUCTKH
rasoB, TOKa3blBaeT, YTO OCHOBHBIMM MpOLleCCAaMU, MPHMEHSeMbIMU
U1t 06paGoTky GOJIBIIMX [IOTOKOB ra3a, ABJASIOTCS a6CopOHUOHHDIE
C UCIMOJIb30BaHUEM XMMHUYEeCKHX U (DU3MUeCKUX abCcOPOEHTOB M UX
koM6uHauuu. OkMcauTeNbHble W afcopOUMOHHDbIE TMpollecchl OpH-
MEHSIOT, Kak IIpaBWJO, [AJIS OYUCTKM HeOOJIbUIMX I0TOKOB rasa,
Ju60 11 TOHKOH OYMCTKH rasa.

K a6cop6enTaM, MCTIONIb3YyEMbIM B NPOMBIHLJIEHHOCTH, TIPEbsB-
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JII0TCH  cJleflylolliie TpeGoBaHUS: Helde(dWLUTHOCTb, BbICOKas IO-
[JIOTATEJIbHAS CTIOCOOHOCTb, HU3Kas YMPYrocTb MApoB, XUMHUECKas
¥ TepMHUecKas CTabMJbHOCTb B YCIOBMSIX SKCILIyaTaUMH, HHU3Kas
BSI3KOCTDb, HM3Kasl TellJIOEMKOCTb M TelJoTa B3auMojeictBusi ¢ H,S
n CO,, HEKOPPO3HOHHOCTb, HETOKCUUHOCTb, CEJEeKTUBHOCTb (npu
ceJIeKTUBHOU abcopbumu).

TlorfnoTUTe/IbHAsT CHOCOGHOCTD M BSI3KOCTh OIIpefessiioT 3aTpa-
Thl 2JEKTPOIHEPTHM Ha LMPKyJslnio abcopbeHTa. UeMm cTabuib-
Hee aGcopGeHT W UeM HUKe YIPYrocTb €ro MapoB, TeM MeHbiie
noTepu abcopbeHTa. KopposnoHHbIe CBOHCTBa OnpefensiioT Tpebo-
BaHMs K MaTepHajbHOMY ogopMyeHNI0 0o60pYI0BaHNS YCTaHOBOK
OUMCTKY rasa.

W3 xeMOCOpPOEHTOB NPUMEHSIIOT €IKHWil HAaTpuid W KaJui, yrie-
KHCJIbIe COJI M[EJTOYHLIX MeTa/a0B (KapOGOHATbI HATPUS U KaJius)
¥ HauboJiee UIMPOKO — aJKaHOJaMUHBI. Vcrnosnb3oBaHue XuUMHUec-
KHMX PacTBOpUTesell OCHOBAHO Ha XUMMUECKON peakuud MexiIy
AKTMBHON YacTbl0 XeMocopGeHTa U KHUCJAbIMKH KoMmoHeHTamMu. O6-
pasyionifecs COJK TIPU HarpeBaHuu pasiaaraoTcsi. MakcuMasnbhas
NOrJIOTUTENbHAST CIOCOGHOCTh BOJHBIX PAacTBOPOB XUMHYECKMX ab-
cOp6EHTOB OrpaHUYeHa CTeXuoMeTpueH.

OCHOBHBIM TIPEMMYLIECTBOM XeMOCOPOLUMOHHBIX TIPOIECCOB, U B
YACTHOCTU TIPOLIECCOB C JCIIOJIb30BaHMEM BO/JHBIX PacTBOPOB all-
KaHOJIAMHMHOB, SIBJSIETCS] BbICOKAsl W HaJeXkHasl CTeleHb OYMCTKU
rasa He3aBUCHMO OT NAapUUaJbHOTO [JaBJeHUS! KUCJIBIX KOMIIOHEH-
TOB, a TaK)Xe HH3Kas abcopOuusi VreBoJOPOAHBIX KOMIIOHEHTOB
CHIDbEBOrO Ta3a, 4UTO TapaHTHpPyeT BBICOKOE KaueCTBO TOBapHOH
cepbl, I0JydaeMoOl U3 KUCJBIX ra3oB, BblJe/sieMbIX IIPU DereHepa-
uun a6copbeHTa.

B ¢usnyeckux mnpoueccax u3BJeYeHMEe KUCJIBIX KOMIIOHEHTOB
U3 Tra3a IPOUCXOAUT 3a cueT (PU3UIECKOTO pacTBOPEHUS HX B
npumensieMoM abcopbenrte. 13 ¢dusuueckux abCopOEHTOB IIPOMDI-
uLJeHHOe TpUMeHeHHe [JI OYMCTKM Ta3oB HallIM Takve, Kak Me-
TaHoJ, N-MeTUANUPPOJAUIOH, AUAJKUJIOBble 3(UPbI NOJUITUJIEH-
TJIMKOJIS, TIPONIUJIeHKapOoHaT U JIp.

IIpu dusuueckoit abcopbuun HeoOXOAUMOE KOJIMYECTBO abcop-
6eHTa TNpPaKTUYECKH HEe 3aBUCHT OT MPOLEHTHOTO COJEpPIKaHUS
npuMeceit B ucxonHoM rade (no sakony I'enpu). B To xe Bpems
Nnpu XMMHUYecKOH abcopOLUUM KOJUYECTBO TOTJIOTUTENSI TIPOIOpLU-
OHAJIbHO COJIePKAHUIO TIpuMecell. YKasaHHble 3aKOHOMEPHOCTH MU
Onpefie/A0T TPUHUUIIMAIbHOE pasjuiie MeXIy XUMMUeckoil H
busuueckoit abcopbumeii (puc. 4.1).

[IpenmyutectBo pusuuecknx abcopGEHTOB — CMOCOGHOCTb yaa-
JATh M3 rasa ogHospeMenHo ¢ H,S u CO, cepoopranudeckue co-
€nnHenus — Mepkantadbol, COS, CS, u ap. Huskas TennoeMKocTb
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Puc. 4.1. XapaxTepHble 3aBu-
CHMOCTH TIOTIOTHTENBHOR cno-
3 co6HocTH pa3/muHblXx aGcop-
P GEeHTOB OT MapUMaJbHOTO [aB-
2 jemmn npuMeceift B HCXOMHOM
rage:

! 1 ! — xummgeckufl a6copbent,
2 — ¢dusnko-xumuueckuii a6-
5 copbenT, 3 — dusudeckmii a6-

p copbeHT

—_—
>
P
L3
=

Hozaomumevnan cnocobruocms

v

Hapyuanvnoe dasrenue

(pusnyeckux IOrJIOTUTENEH B coYeTaHUM ¢ Gojlee HU3KOU Terio-
TOH abcop6luu KUCTBIX KOMIIOHEHTOB COKPAIlAalOT 3HepreTHYecKue
3arpaTbl Ha MPOIECC OYMCTKU MO CPABHEHHIO € OOBIYHBIMH XUMHU-
YeCKUMM PACTBOPUTEJISIMU

Dusuyeckue abcopOEHTHl IO CPaBHEHUI0 € XeMOCOpOEeHTaMu
UMEIOT CPOJCTBO C YIJIEBOJODOJHBIMH KOMIIOHEHTaMH ra3a M XOpo-
mo pactBopsoT ux (oco6GeHHO BbicIIMe W apoMaTuueckue). Pac-
TBOpeHHble B abcop6eHTe YIJIeBOAOPOABI TONAZal0T B KUCJIbIE 1a3bl,
BbI/leJileMble NPH pereHepannu abcopbeHTa, W BMeCTe C HMMM Ha
YCTaHOBKY MOJIYYEHUs Cepbi, BbI3bIBasg NpeXJeBpeMeHHYIo [e3aK-
THBALMIO KaTaJM3aTopa M IIOHWXKASA KAadyeCcTBO IOJIYYaeMOH Cephl.
IloaToMy Ha mpakTuKe (u3MYecKUe a6COPOEHTHI UCHONb3YIOT JU60
JJTSL OUMCTKU “TOIMX” Ta3oB, Jub0 MocJe NpeaBapUTENbHOIO Yyia-
JIEHUst M3 Ta3a yrjieBofopoaos Ci,,..

B cBa3u ¢ TeM, uto XeMocopOeHTbl 0OpPa3yOT C KHCJBIMUA KOM-
HOHEHTAaMH XHMHWYecKue COeIMHEHUs, MaplLHaJbHOE JaBjieHHe HX
HaJ pereHepUpPOBAHHBIM DPAcTBOPOM 3HAUYMTEJIbHO HUXKe, 4YeM TIpU
¢dbusuyeckoit abcopbuun. IostoMy mpu HCNOAb30BaHUM (U3HUEC-
KUX pACTBOpHTeJeldl TpyAHee OOCTHYb TOHKOI OUYUCTKH rasa, 4ro
TpebyeT YCAOKHEHHS TEeXHOJOTMUECKOH CXeMbl YCTaHOBKHM Cepo-
oudcTkM (IBYX-, TPEXCTyMeH4aTas pereHepalusi HaCbILIEHHOTO
abcopbenTa, yBenuueHWe YUCHA Tapelok B abcopbepe, [OTIOMHHU-
TeJIbHAS JOOUHMCTKA XMMHYECKUM a6COPGEHTOM U Ip.).

Jnsi cMelaHHbIX abcop6eHToB (KOMOHMHAIMsA XeMocop6eHTa |
(PM3MYECKOTO PacTBOPUTENsi) CBOHCTBEHHBI NPOMEXYTOUHbIE 3Ha-
YeHMs] PACTBOPUMOCTH KHCJBIX KOMIIOHeHTOB. OHU 006/afaioT Ipe-
UMYIeCTBaMH ¥ HEAOCTATKaMU KakK (QU3MYECKUX, TaKk M XUMHUYec-
KUX a6COpPGEHTOB.
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B tabn 4.31 npuBeleH TiepevueHb OCHOBHBIX IPOLECCOB, MPH-
MeHdgeMbIX JUIS OUUCTKM Pa3IHUHbIX [a30B 3a py6exoM, H YHCJIO
JelICTBYIOIMX YCTAHOBOK Mo cocTosnuio Ha 01.01.1997 r.

Beaylilee MeCT0 B MUPOBOH IIpaKTMKe B 0GJACTH OUMCTKU 1IpH-
POJIHOTO Ta3a OT KHCJbIX KOMIIOHEHTOB 3aHMMAlOT aMMHOBDIE I1PO-
geccel. OHH TNPUMEHSOTCH JUJIS OUYMCTKM TIPUPOAHOIO rasa yxe
HECKONBKO AECSTUAETHH, HO [0 HACTOSLIEr0 BPEMeHH OCTAIOTCS
ocHOBHbIMU — nipuMepHo 70 % oT obllero wicja yCcTaHOBOK.

Haubosiee M3BECTHBIMH 3TAaHOJAMUHAMHU, HMCIIOJb3YEMbIMU B
npoueccax ounctky rasza or H,S u CO,, ABjsdoTCcsS: MOHO3TaHOMA-
mu (MDA), mustanonamun (JIDA), tpuartaHosamun (TIA),
qgurmuxobamud (JITA), nunsonponanonamun (JAWIIA), metuagn-
staHosaMuH (MJ[DA).

Tabuua 4.31 .

OCHOBHBIE NPOLECCH! OUUCTKH NPHPO/IHOTO Ia3a, CHHTE3 — ra3a HeTe3aBOJCKUX
rasos (1m0 cocrosmmo Ha 1997 r.)

Iponecc T A6copbeHt L‘lucno yCTaHOK

1. Ilpouecces ¢ xuMuueckuMu aGcopGeHTaMu

AMIIHOBble, B TOM HiIcjA€e: | AJAKaHOJAaMUMH + BoJa Boaee 1000
AMHH-TapA Huotanonamun (MOHO3TAHOTAMHH) 375
+ Bofa
aann ’ Juusonpounanoamus (MeTHs- 370
YT AU3TAHOJAMUH) + BOAQ
3KOHOMHH o JuraukoasaMud + BOJa 30
Bendian B Kap6onar kanusa+ Bofa+ foGaBKH 600
Gencdung
Karakap6 PactBop mnoramatuHIru6HTOP KOp- 100
PO3UH+KATAIH3ATOD
2. Ilpoueccen: ¢ pusmueckumu a6copbenramu
PexTnson XOMOAHBIN METAHOJ 70
Ilypuson N-MeTUANHPPOJIUIOH 5
Dmoop [Iponunenxap6oHaT 12
Cenexcon JumeTtunoBeiit aup noMsTHIEH- 50
[JHKOJIS
Cenacons-MIIE Nuanknnopsii sbHD NMOJMITHIEH- 4
TUIHKOJIS

3. poueccsl ¢ GuU3MKO-XUMHYECKIMU H CMENIAHHBIMH abcopGenTaMu

Cyapbunon Nunsonponanosamu (mi Me- 180
THI-AHTAHONAMUH) + Ccyabdo-
E nan + BojAa
OnTuson ) AmuH + ¢usnueckuit pacTBOpH- 6
¢ Tesb + BOAa
Daexcopb ; [IpocTpancTBeHno 3aTpyAHEHHBINH 30

. amud + (Pusmueckuit pacTBOpH-
Teab) + BOXa

Bropuunbiit i TpeTHuHBIH

. aMuH + (pU3MUECKHH pacTBODH-
Tesb + BOJa

o

Ykapcoa
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W3 ykazaHHbIX aMMHOB HanboJblilee TIPAKTHUYECKOe IIpUMeHeHWe
MOJIyUMJIHd MOHO- U AudTaHoNaMuH. [Ipumenenre /DA ocobeHHo
Lesecoo6pasHo B TeX cJyyasX, KOTAa B UCXOJHOM rase Hapaay c
H,S u CO, coxepxurcss COS u CS,, xoTopble BCTynawoT B Heobpa-
TUMy10 peakuuio ¢ MOA, Bbi3biBasg €ro 3HauMTesibHbie IOTEPH.
IIDA ¢ ykasaHHBIMM TIpuMecsIMH 06pa3yeT JIETKOAUCCOLUMHpYeMble
Ha CTaguu JecopbuyM coefuHeHusi. OuyHMCTKa rasa pacTBOpPaMu
TDA He nonyuusa LIMPOKOTO PACIOCTPAHEHHS M3-3a €ro HU3KHUX
NOTJIOTUTEJNDbHON CIIOCOGHOCTH M CTAaGMIbHOCTU. [[J1s1 CeJIeKTUBHO-
ro ussjeuenus H,S B npucyrctBun CO, WIMPOKO HCIOJAb3yeTCs
TPETUYHBIH aMUH-METMJIIU3TAHOJAMUH. B 3aBUCHMOCTH OT KOH-
KPETHBIX YCJOBHH MPUMEHSIOTCS TaKXe CMeCH 3TaHOJAMUHOB.

[Ipouecchl aMHHOBON CEPOOYUCTKM Ta30B pacTBopamMu [(3A,
MJ/ISA u ux cMecssMH HNpUMeHeHbl Ha KPYNHEHIIMX B OTeYecTBeH-
Hoit ra3zoBoil orpacau Openbyprckom U Acrtpaxadckom [ITI3. Ilo-
3TOMy 3TMM abcopbeHTaM B JaJbHelilneM ynesseTcsl TOBbILIEHHOE
BHMMaHHUe.

{ 1
4

s 4.2.1. PUIUKO-XUMHUHECKUE CBOHACTBA
: 3STAHOJIAMUHOB U UX BOAHBbIX PACTBOPOB

AskaHosaMuHbl (aMHUHOCTIMPTBI, OKCHAMHHBI) MOXKHO
paccMaTpuBaTh Kak NPOM3BO/JHbIE aMMHaKa, B KOTOPOM OJUH HJH
HECKOJbKO aTOMOB BOJOpOJa 3aMelleHbl Ha CIMPTOBOH paavKal
WIM CIIMPTOBOH M YIJieBOAOPOAHDIH:

R,
N\
NH; - N — R,
/
aMMHaK R2 aJKaHoJTaMHUH

rae R, — cniuproBoit paankan, nanpumep C,H,OH; R,, R; — nubo
CIUPTOBOH, 160 YrieBOAOPOAHbIH pajuKay, au6o H'.

Ilo crelleHH 3aMellleHHSI LEHTPAJbHOTO aToMa a30Ta aJKWJb-
HbIMH paJMKaJaMy aMUHBbI JeJSTCs Ha IlepBUYHbBIE, BTOPUYHBIE M
TpeTHYHbIE,

-4

Hepeuunvie amunvl

Pl

N— CH, — CH, — OH MoHosranonamus (M3A);

by . - .

g T



H
\N —CH,—CH,—0—CH,—CH,—OH [urmukoapamur (ATA).
/ .

N
. 4 [

H RS 2& ;‘m Iy ’ b N A3
Bmopuunvle amumvt ( T
oH._CHz—CHz—~‘I\J—CH2—CH2 —OH- Hudranomguin (DAY,
EOETLT M Tu
H - vs

OH—-CH—-CH,—N—-CH, —CH—OH [uu3onponasejaMuH
| | (JIUTIA).
CH, CH,

Tpemuunovie amumnvt
OH—-CH,—CH,—N—CH—CH,—OH Tpusranonamus (TIA);

l
CH,CH,OH

OH—CH,—CH,—-N—CH,—CH,—0OH Meruaauatason aMuH
| (MIA).
CH,

AMUHDBl cofepXaT 10 KpalHed Mepe OJHYy THIPOKCUJIbHYIO
rpynny (— OH) ¥ oaHy aMHHOTPYMILY >N—. HpucyrctBue ruzapo-

KCUJIbHOH TpYNIBI CHUKAeT [aBJieHue HACBHILIEHHbIX [apoB U IO~
BbIlIaeT PacTBOPMMOCTb aMHMHa B BOZAe, a aMUHOTpyNna npuaaer
BOJIHBIM PacTBOPaM ILIEJOYHOCTb, HeOOXOAUMYIO AJsI B3aUMojeicT-
Bus ¢ H,S u CO,, koTopble B BOZHOH Cpeae AUCCOLUUPYIOT C 06-
pa3oBaHieM CJIa6bIX KHUCJIOT

JTaHOJaMUHbBl — 3TO OeCliBeTHble, BSI3KMe, TUTPOCKOIIMYECcKHe
XHUIKOCTH, CMENIMBAIOLIUecs] ¢ BOAOM U HU3MUMM CHUPTaMM BO
BCeX OTHOUIEHUSAX, OHM TMOYTH HEepPacTBODUMB B HEMOSAPHBIX
PacTBOpHUTEJISX.

Dusuko-xumuueckue CcBOHMCTBa  6e3BOAHBIX  3TAaHOJAMUHOB
npuBeaeHnl B Taba. 4.32.

XeMocop6eHTDb! IPUMEHAIOT, KaK TPaBUIO, B BUJle BOAHBIX pac-
TBOpoB. KOHIEHTpauusi aMHHa B DACTBOPE MOXET H3MEHAThCS B
UWIMPDOKUX TIpefesaX, ee BbIGHPAIOT Ha OCHOBAHMHU OIBITA PAbGOThI M
0 coo6paskeHusiM 6opbObl ¢ Kopposueir (cMm. najnee). MaccoBas
KOHILIEHTpaIs aJKaHOJaMUHOB B Boje cocrabiaser 10-60 %.

Uncrtble aMMHbI — BSI3KHM€ >KMAKOCTH C BBICOKOH TeMIlepatypoi
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Tabauya 4.32

Du3nKo-XUMUYEeCKHe CBONCTBAa aTKaHOJAMHHOB (MacCOBOE COAEPXKaHHe OCHOBHOIO
BenlecTBa He Meree 99 %)

TToxaszatean M3A JATA JI2A JUTIA TDA MDA
Mo.teky aprag Mac- 61,1 105,1 105,1 133,2 149,2 119,2
ca
I1:10THOCTD, T/ CcM’ 1,015 1,085 1,011 0,992 1,119 1,030
(npu T, °C) (20) (20) (25) (40) (25) 20)
Temneparypa (npu
aTMOC(EpPHOM AaB.Ie-
aun), °C

KINeHNIs 170,3 221 268,4 248,7 338,8 23t

3aCTHIBAHHH 10,3 -9,5 27,5 32,4 20,4 -21,0
Nasaenne napos 860 3 4,7 4,0 0,1 27
npu 60 °C, Ila
JInnamiyeckast BA3- 18,9 26 352 870 590 101
kxoctb, x10° [Mac (25) (25) (30) (30) (25) (20)
(ripu T, °C)

YaeasHas Ten1oeM- 2,72 3,4 2,47 2,51 2,34 1,71
koctp, x/Ix /(xr°C) | (30) (80) (30) (30) (30) (30)
(npu T, °C)
Tentora peaknunm,
k/X /Kr
¢ H,S 1511 1566 1147 1218 930 1047
c CO, 1909 1976 1511 1628 1465 1340

Ilpumevanue  YaeapHas temloeMkocts Boasl npn 30 °C  paBHa
4,18 x[Ix / (kr-°C)

3aMepsanusa (3a uckawuenveM JATA u MIDA). OgHako BojHble
pacTBOpbl 3TAHOJIAMUHOB MeHee BSI3KMe M 3aMep3aloT IIpU HHU3KHX
temnepatypax (Hmxe Munyc 10 °C), 4To AesaeT BO3MOXHBIM HX
TIpUMeHeHHe B NPOMDIILJIEHHOCTH.

‘OcHoBHble (DU3UKO-XMMHUYECKHE CBONCTBA BOJHBIX pPacCTBOPOB
npuBesieHbl Ha puc 4.2—4.16.

pH
14
12
s
10
A

Puc. 4.2. Hamepenne pH 21 pac-
TBOPOB AMMHOB IIPH HelTpam3alyy

1 1

1

1
02 04 66 08 L0 7-"M3A 2- [I19A; 3 - MDA,
Monspnoe omnowenue xucasiit zas/amun 4 - TDA
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Puc. 4.3. KpuBnie rtemmepatyp §
3aMep3alsl BOMHBIX PAacTBOPOB o -9 | R
AMMHOB: ] - \
7 - MOA, 2~ MII9A; 3- 19A  § -70 |
S -50 |
]
. L\g : -30
N, Bl
RN 8 4+
} 4“' & 10
% §+30 L
S 0 20 4() 100
, Maccosasn ()wm tmuna, /o
»‘\:‘«
=
=
Y
2,
S 1071
3 8t
P oof
3 u
I 4+
N
2
10"
8
L . 6
¥ R T Ty
(A 1
2
Puc. 4.4. Kpussie jansenns napos avu-
:28 (cozlepmmme OCHOBHOTO BellleCTBa 10° RN T S R N N
()
Menee 99 9): 60 100 140 180 220

1 - M3A, 9—M DA, WIA, 4 -
IoA 527 [3A, 3- 1

17— 2364

Temnepamypa, °C
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Puc. 4.5. 3aBucHMOCTh JaB/leHHsi MapoB BOAHBIX pactBopos [JAJA or remneparypsi
NpH pa3anyHolt MaccoBoit gose DA, %:
1-0, 2-40, 3-60



130

~
N
=3

Temnepamypa xunenus, °C

110
§
100 X
3 m%‘
- - 4.
90 —1_ L 1 1
0 20 40 60 80 100

Maccosan doan amuna, %

Puc. 4.6. I'paduk TemnepaTyphl KuNeHHs BOAMBIX PACTBOPOB AMMHOB HPH AABJCHUH
101,333 xIla:
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Puc. 4.8. 3aBincHMOCTp BA3KOCTH |1 BOAHOTO pacTBopa /IJA or Temmepatypsi In p =
= (0,067666C — 6,820867) /(1 — 0,004395C) — (£ (0,014066 + 0,000105C)/
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Puc. 4.12. 3aBHCHMOCTD BSISBKOCTH BOJHBIX PacTBOPOB MIIQQ OT TeMHepaTypbl IpH
paamHoii MaccoBok goae M/IDA, %: !
1-100, 2 - 80, 3~ 60, 4—-40,5-20

JKCcIepUMeHTaNbHble JaHHbIe MO 3aBUCUMMOCTH ILIOTHOCTH BS3-
KOCTM ¥ TeNJOeMKOCTH BOJHBIX pacTBopoB JIDA u MJIDA 0606-
1IeHbI cJeayomnuMy ypaBHeHusaMu [123, 116, 53].

nuiotHocTh (B kr/M°)

p=a, —al*+ Clay — aT™) - C"% I v e 4D
¥ 4 ¥
IR W
Baskoctb (B Ila-c) ‘
u — expaic—dz _T(a4+a;C); (4 2)

1-—(13C 1"'06(:
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Puc. 4.14. 3asucimocts TemionpoosmocH pacteopos M/I9A or maccogoll Ao
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Temnepamypa, °C
Puc. 4.15. 3aBHCHMOCTb NOBEPXHOCTHOIO HATHKEHNS pacmopon A3A (I) m» MIDA

(IT) ot Temnepatypsl u Maccosoii gou [I9A n MDA, %
1-25 2-30, 3-75, 4-35, 5-50,6~75

%

yaenbHasa Tertoemroctb (B [/ (r-°C))
C,=a, + a;T — a,C + q,CT, 4.3)

rae T — temneparypa, °C; C — KOHUleHTpaLMs aMUHa, % Mac.; 4, —
K03 PULIMEHTDI; m, — II0Ka3aTed CTENEHHU.,

3naveHust 4, U m, NpeAcTasjenbl B Tabn. 4.33.

I1noTHOCTD, BSI3KOCTb M TEIJIOEMKOCTb BOAHBIX PacTBOPOB CMe-
cu MDA u [IDA ¢ ommbkoil He Gosee 15 % MOryT GbITb paccuu-
TaHbl 110 3aKOHY QIJIUTHBHOCTH HMPONOPLUUOHAJBHO MOJSIPHON HOJH
KaXxJ0ro aMuHa B cMecH (cM. puc. 4.16)

3aBUCHMOCTDb AaB/leHUs MapoB BOAbl Hajl PacTBOPAMH aAMHHOB C
JlOCTaTOYHOH TOYHOCTbIO ONMChiBaeTcs 3akoHoM Payuis [58]:

Puo = Ao - Pos

rae — Xy, — MOJbHas [ONs BOAbI B PAcTBOPE, p, — [aBjeHHe Ha-

CbIIEHHBbIX N1apOB YHCTOM BOJDI.
B npepesax TOYHOCTM W3MepeHMS HajJWuMe KUCABIX ra30B B
PacTBOpEe MaJo CKA3bIBAETCS Ha BEJTHUMHE Py o.
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Puc. 4.16. 3aBucumocts BazKocTH (@), TenoeMkocTH (6) H ILIOTHOCTH (6) BOXHBIX
pactBopoB M/IJA+/IDA oT Temueparypsi:

0, ® — ona 19A B cMemaHHOM a6eopbente (0 — 30 % Mac., ® — 50 % mac ); 1 -
oflias KOHUeHTpamus aMMHa B pacteope 20 % Mac.; 2 — 30 % mMac.; 3 — 40 % mac.

HaBnenue mapoB DA u MJIDA B 3aBUCUMOCTH OT TeMIlepa-
TYPbI onpezessieTcsl ypaBHEHUsIMH (MM pT. CT.):
st MIIDA

In p = 17,229 — 4344226, 4.9
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Tenaoemxkocms, Axl(r °C)
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37+
3,6 F
3 5 | 1 1 i
bd
40 50 60 70 80
Temnepamypa, °C
Puc. 4.16. Ilponomkenue
Tabruya 4.33
3Hauenus a, u m, B ypaBHenmsx (4.1)—(4.3)
Dnzu-
:;gglc‘; a, a10® | a;10° | a,10° | a,10* | a510° m, m,
Ba
I9A
p 998 4,03 3400 2,5 1,45 1,19
in 0,0677 | 6821 4,4 141 1,05 4,97
C, 4,176 0,46 | 18,4 0,54
M/3A
P 987,75 | 4,05 3900 31 1,67 1,257
p 0,0545 | 6400 1,8 115 1,9 4,3
C, 4,103 1,05 155 1,26
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’ # Y 4]
rne T =+¢+ 273, t °C Py f g

4.2.2. MEXAHU3M NMOrNOLWEHUSA H,_S, CO,

U APYITMX CEPHUCTbLIX KOMMOHEHTOB f

BOAHbIMU PACTBOPAMN AMUHOB

{

Mexanusm noraomenus H,S u CO, BogHbIMKH pacTBo-
PaMu aMMHOB  paccMoTpeH B paborax [121, 40, 103, 99] Auka-
HOJIaMHHDBI, 6yIyyH HIETOYAMH, JIETKO BCTYNAIOT B DPEAKLHUIO C KHC-
JbiMu razamu H,S (CO,), obpasys BomopacTBopuMble coiu Ilpu
9TOM NIPOTEKAT CAEAYIOUIHE Peakllhn
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H,S + [Amun] 2 [Amua H}Y + HS™ (MrHoBeHHO),

CO, + 2 [Avun] 2 [Amun-H]" + [AMun-COO]™ (6sictpo);
CO,+ H,0 = H,CO, (meanenno),

H,CO, = H* + HCO, (6bicTpO), "

- El

HCO; = H™ + CO;, (6bicTpO),

s
[Amun] + H* 2 [AmMun-H]* (6b1cTpo) 5

*

Bce amunbl pearupyior ¢ H,S omunakoBbiM o6pasoM ¢ o6paso-
BaHMeM TuApoCynbdHIa HJIM CcyabPUIa aMHHa, MpUUYeM peaKkuus
KJaccuduuupyeTcss Kak MruoBeHHasi llepBUuHble ¥ BTOpUUHblE
aMuHbl MoOryT pearupoBatb ¢ CO, ¢ o6pa3oBaHueM Kap6amaTa
(conu samenienHol Kap6aMuHOBOHM kucjoTni — amuH-COO™ HY),
KoTopas TpakTyeTcsl Kak OblcTpasl peakliust BToporo nopsiaxka Kpo-
Me Toro, ¢ CO, ofpasylorcss kap6oHaThl U GUKapOGOHATHI AMHHOB,
HO 06pa3oBaHUI0 MX TNIpeAlllecTBYeT MeJJIeHHasl peakLHusl pacTBO-
penus CO, B Boje ¢ o6pa3oBaHueM yrosibHOH kucjgorsl H,CO4
Cuytaercsi, 4TO MpU YMepPEHHBIX CTeMeHSIX KapOOHU3AUMH aMUHA
(zo 0,5 monbp CO,,/MOJb aMMHA) TIPEUMYIIECTBEHHO MpPOTEKAET
peakiust o6pasoBaHusi Kap6amata Kap6amaTbl amMUHOB — HecToi-
KHe coe/luHeHMSI U B cJabolIe/IOUHOH cpeie OHM MeJJIeHHO Da3Ja-
rajorcsi ¢ obpasoBaHueM GukapboHata (Ha TpHMepe BTOPHYHOIO
aMuHa) s

R,NCOORNH, + H,0 = R,NH + R,NH,HCO;,,

rae R - HOCH,CH,

Y TperuyHOro ajKaHoJaMWHA HeT HOJBWXHoro aroMa H' B
aMMHOBOI rpylile, TO3TOMY CTAaHOBUTCS HEBO3MOXHBIM IpOTEKa-
HUe npsiMoit ¥ 6picTpoil peakuuu ¢ CO, no xapbaMaTHOMY THILY,
a B3aMMOJeHCTBHE OCYLIECTBJSIETCSI yepe3 NpeABAPUTENbHYIO H
MeJJIeHHYIO CTaJuio o6pa3oBaHUsl M AMCCOLMAIMM YTOJBHOH KHC-
JIOTBI

CO2 + Hzo : HzCO’;, K
H,CO, = H* + HCO,,
[AMun] + H* + HCO,; 2 [Amun-H]" - HCO,

KoHeuHbIMH TIPOJAYKTaMH peaKIMN SBJAAIOTCS OUKapOOHAT X
kap6ornar Takum o6pasoM, pasHHIla B CKOPOCTSIX Peakuui Tpe-
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uunbix aMunoB ¢ H,S (MrHoseHHas peakuns) u CO, (MensenHas
peakuus) TOPa3No 3HauWTeNbHEE, 4eM /IS TIePBHYHBIX U BTOPUY-
HBIX aMMHOB OJTO TIO3BOJISIET UCTOJIb30BaTh Ha IPaKTUKE TPETHY
Hble aMUHbl sl celeKTUBHoro u3BjaeueHus H,S 13 cmeceir ero c
CO,

B COOTBETCTBUH C NPHUBEAEHHBIMH XMMHYECKHMH PEaKLHUAMH
H,S u CO, ¢ aMuHaMM KOHLEHTpAlMsi aKTHBHOro (CBOGOAHOro)
aMMHa B PACTBOpPE MOXKET GbiTb pacCyMTaHa 1O yPaBHEHHIO

C)K = C)KO (1 - a{] - naB)x (4 6)

rae C, — KOHLEHTpalusi CBOGOJHOro aMuHa, Mojb/Ja, C, — uc-
o

Xo/HasA KOHILEHTpallud aMHHa, MOJIb/JI, a,, O — HacbllleHHE

amuHa, cootBerctBeHHo, H,S (A) u CO, (B), Moab,/Moab, n —
crexvoMeTpuueckuit koadduurent (A NEepBUYHBIX U BTOPHY-
HbIX aMHHOB 72 = 2, Il TPETHUYHBIX n = 1)

JurepatypHble gannble [58, 121, 103, 166] o 3aBMCUMOCTH KOH-
cTaHTbl cKopocTu B3aumogeiictBust CO, ¢ 3TaHOJAMUHAMU OT TeM-
nepaTypbl 06061UeHbl B BH/e CAeAYIOUINX ypaBHEHHH

ana MOA

iy

g ry = 11,070 — 2140 /T, ( e d (47)
H
g [I9A ~ ny 14 s
lg ry = 10,046 — 2050 /T, ' § j} (4 8)
s MIIDA ' ‘F vy
i ¥ i
lg rp = 8,932 — 2426 /T, .49

rae rp usmepsiercs B 1,/ (Moab ¢) v

PeakinoHHast CriocOGHOCTb aJKAHOJIAMHHOB M3MEHSETCS B DAY
HepBUYHbIE > BTOPMYHbIE > TPETHUHbIE M KODPEJHPYETCH € HX
1eJI0YHOCTBIO

Iuoxcun yriaepona ob6pasyeT ¢ ajJKaHOJaMHUHAMK pPa3jHyHbIe
no6ouHble MPOAYKTHl MexaHu3M HX O6Da30BaHUS U3YUeH He IOJ-
HocTbio YacTh M3 HHX Ha CTaJuU pereHepaluu aGcopbeHTa pas-
pyLiaeTcsi ¥ CHOBa BblessieT aJKaHOJAMHUH, Apyras 4acrb — He
pereHepupyercsi, Bbi3biBasi Iotepu amMuHa Haubosbliee xosnyect-
BO HepereHepUpYeMbIX COeIUHEHWIl XapakTepHO [IJs1 NEepBHYHBIX
AIKaHOJaMHHOB

MepxkanTanbl, 6yaydd KMCIOTaMH, O6GPaTHMO pearupyor ¢ aj-
KaHoJaMHHaMM ¢ 06pa30BaHueM BOJOPACTBOPHUMBIX MEPKaNTHIOB

[AMuu] + RSH ~ [Amun H}* RS,
rae R — yraesomopoanbiii paguxan (CH;, C,H;, C;H; nta)
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Yka3aHHOH peaxkuuH TpeJliecTBYeT PACTBOPEHHE MepKaNTaHOB
B ab6copOeHTe U AUCCOLMALUsl Ha UOHBL: - . ,

“20 N *

RSH = RS + H". SR

KHc/I0THOCTD MepKalTaHOB 3HauWTenbHo Hivke, dem H,S u
CO,, BcleACTBHE Uero MOCJeJHHE BBITECHSAIOT MepKaNTaHbl M3 HX
coe/lMHeHMII ¢ aMMHaMU. MepKanTHUAbl — HeCcTOHKHe CcOoelMHEHUs,
JIETKO paspylllaloliyecs: P HarpeBaHMH.

Cepookuch yriepoAa B BOAHBIX PACTBOPAX aMUHOB THADPOJIU3Y-
ercd

COS + H,0 2 CO,+ H,S.

O6pasosasunecss H,S u CO, pearupyror ¢ amunamu. OpaHako,
BBH/JY TOIO, YTO B UCXOJHOM rase koHueHTpauus COS mno cpas-
Hennio ¢ H,S u CO, HeBenuka, NnpsMas peakius HUKorjga He Jo-
XOOUT [0 KoHUa, Jlumutupyiolas cragusl mnpollecca — pPacTBOpe-
He COS B ab6copbente. CepoOKUCH YIepoaa MOXKET HEeImOCPe/CT-
BEHHO BCTYHATbh B peakii#¥ ¢ MepBUYHbIMKM M BTOPDUYHBIMM aMMHa-
MU € o6pasoBanHeM THoKap6aMaToB (aHajgoruuno CQO,). COS cro-
cob6Ha BCTynaTb TakXKe B ApYTHe Deakluy ¢ aMUHAMH, MEXaHU3M
KOTODbIX M3yueH He [0 koHIa. [IpH aToM ¢ nepBUYHBIMU aMHHAMH
06pasyioTcs HepereHepupyeMble MPOAYKTbI; BTOPHYHBIE W TPETHY-
Hble aMuHbI pearupyioT ¢ COS o6parumo.

AHanoruyHbiM 0o6pa3oM pearupyer ¢ ajkaHOJaMUHaMH M Cepo-
yraepon. ITo6ounble NPOAYKTHl OH O6pa3yeT W € IMEPBUUYHBIMU H C
BTOPUYHBIMU amMuHamH. CyabUIpl U AUcYyAbOUABL ¢ aJKaHOJAMH-
HaMH He B3aHMOJEUCTBYIOT.

L 7RI
4.2.3. PACTBOPMMOCTbD H.S U CO,
. B BOZHbIX PACTBOPAX 3TAHOJIAMMHOB

[

MHorouuc/iedsble [JaHHble Mo pacTBopuMocth H,S u
CO, B Boamplx pacropax DA [58, 40, 146, 142, 143] o6obiireHnt
B BHJe HOMorpamM [124], KoTtopbie TipuBegeHnr Ha puc. 4.17 u 4.18.
Homorpammpr paspaboranbl gas ofpefiesieEUMs PaBHOBECHOro [aB-
JIEHHS] KUCJIBIX KOMIIOHeHTOB Haj cucremoit H,S — CO, — /IDA B
HIMPOKOM JAMalna3OHe U3MEHEHMS CTelleHW HacbIlleHUS aMyHa,
TeMIeparypbl ¥ KOHLEHTpalUuM aMuHa B pacTBope. OOHaKo MX
MOXHO MCIOJIb30BaTh TakXe [Js pelleHusl obpaTHoH 3amauu —
OTIpeZie/IUTh €MKOCTh pPacTBOPA, MCXOAS W3 MMapLUaJbHBIX [JaBJje-
uuii H,S u CO, B HcxoaHoM rase. /[y INOBBILMIEHHUST TOYHOCTHU
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Puc.  4.17. PasnosecHoe mapumamuoe gamnemme H,S man  cucremoli

DA - H,S — COy( p:hs = 7,10° p:lzs, Ma):

0
Py ~ PaBHOBECHOE MaplMaiabHoe Aasienne H,S, pg s~ JHauenue, moayuennoe

U3 HOMOrpaMMbl, ¢ — TeMmepaTypa pactBopa, C - Maccosas noas [A3A, R, R, -
BCToMorartenpHble ocH, uMepb Ha KpuBbIX — KoHueHTpauus CO, B pacTBope,
MoJib,/ Mop J3A
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Puc. 4.18. PapHoBecHoe mnapumaibHoe Jgamnemme CO, wuax  cucremolt
0
O2A — H,S — COy( Pco, ™ 7 108 pgoz, Ta):

— paBHOBecHoe mapuua;ibHoe JaBieHne CO,, — 3HaueHHe, NOJIYyYeH-

I 0
Pco, Pco,
HOe M3 HOMOIpaMMbl, t — TeMNleparypa pactBopa, C — Maccosaa goas [DA, R,,
R, — BcmomoratebHble OCH, IHGPH Ha KPHBBIX — KoHmeHTpauns H,S B pactso-
pe, Moab/Mo1s [I3A
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Konyenmpayua H ;S ¢ pacmeope, mosn/mois 1A

Puc. 4.19. Kpussle nonpasounsx koaduiuentos f, u f, min yrouseHns paBHoBec-
HOro mapiaysHoro aasxenus H,S Hax cucremoit IA — H,S — CO, no dopmyaam,
NpUBE AEHHBIM B TEKCTe:

NGBl Ha KPHBHIX — KOHIUEHTPAIHUS CO, B pactsope, Mosib/MOIb DA

3Hayenuii (oco6eHHO MpPU CTeMeHW HACBIEHUS aMWHA KUCJIbIMU
Tazamu > 0,5 MoJib,/MOJIb) JlaHbl KpuBble Koppessuuu (puc. 4.19,
4.20), nosBoJstiolMe HaiiTH TONPaBOYHbIE KO3(DHIIHEHTDI.
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HOTO NapiHabHoro Aasienus CO, Hag cucremolt I3A — H,S ~ CO, no dpopmynam,
NPHBEJAEHHBIM B TEKCTE:

mudpe Ha KpuBHX — KonueHTpauus CO, B pacTBOpe, MOJb/MOb J[OA



[TopsiLIOK I0JIb30BaHUSI HOMOTPaMMaMH:

cOelMHUTDb 3a[aHHYI0 TeMIepaTypy M KOHLEHTpallMlo aMMHa U
[10Jy4UTb TOUKY Ha ocH Ry

[IPOBECTH TOPH3OHTAJbHYIO INpPSMYIO Yepe3 TOYKY, COOTBETCT-
BYIOLLY IO 3a/laHHON cTeneHu HacblteHus amuna H,S u CO,, u mo-
JIy4uTb TOUYKY Ha OCH R,;

cOoeUHUTh TOUKU Ha ocsix R, u R, W omnpeaejuTb IepPBOHA-
yajibHOE 3HaueHWe paBHoBecHbIXx faBjeHHH H,S u CO,;

nHaiiTu monpabounble kos3dduurentsr aas H,S u CO, Ha coot-
BETCTBYIOIUX KOPPENSUMOHHBIX KDHUBBIX,

onpeAe]UTb YTOUYHEHHble 3HAYEHUs] PaBHOBECHBIX  JlaBJje-
auit H,S u CO, Hang pacTBOpoM aMuHa MO CJEAYIOIIMM BbIpaxke-
HUSM!
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p p —
A€ Py.s» P, ~ YTOUHEHHOE paBHOBECHOE JaBJleHHe H,S u CO,,

Ila; pf,zs, pSOZ — MOJIy4eHHOe W3 HOMOTPaMMbl PaBHOBECHOe JaB-
aeune aasa H,S u CO,, Ha; ¢, —TeMneparypa pactBopa, °C; C, —
KOHI[eHTpallusl aMyuHa, % Mac; f, U [, — nompaBoutble Koabduuu-
€HTHI.

Hanuune B rase Broporo kommonenta (H,S wm CO,) cuuxaer
pacTBOPUMOCTb Ipyroro (COOTBETCTBEHHO YBEJMYHMBAETCSl PaBHO-
BECHOE [aBJIeHHE KOMIIOHEHTa HaJl PACTBOPOM).

B nmreparype OTCYTCTBYIOT aHAJIOTMYHbIE HOMOTPAaMMbl HJIH
aHaJIMTHUYECKUe 3aBUCHUMOCTH [Js1 OHpe/leJleHUss PaBHOBECHOTO
JaBJeHUs] KUCJBIX KOMIIOHEHTOB Hanx cucremoir MJIADA-H,S—
CO.,.

VMelomuecss aHHble 110 PAaBHOBECHMIO B JBOHHBIX CHCTEMax
MI3A-H,S 1 MII9A-CO, [129], npuseseHnble Ha puc. 4.21—
4.25, HOCAT OLIEHOUHDBIH XapakTep, T.K. NPHUCYTCTBHE TpPETHEro
KOMIIOHeHTa 3HAYMTEJbHO IIOBbIIIaeT DABHOBECHOE JaBJieHHE B
CucTeMe, YTO cjlefyeT U3 JaHHbIX, nonaydeHHbix B HIIO F'MIX, no
PaBHOBecuio B TpoitHbIX cucreMax (puc. 4.26, 4.27).

B pa6orax (53, 54] usyuena coBMecTHasi pactBopumoctb H,S u
CO, B BomHBIX pactBopax M/IJA u Ha 6a3e 3KCHIEepPUMEHTANbHBIX
AanHbrx (Tabn. 4.34) paspaboraHa MaTeMaTH4ecKas MOJ€/b PaBHO-
Becust B cucreme MJIDA-H,S—CO,, B 0OCHOBY KOTOPOil MOJIOXEHO
TIpesicTaBIeHre O €IMHOM MeXaHHW3Me PaBHOBECHS KHMCJBIX KOMIIO-
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Hapuyuansuoe oasrenue H,S, klla
I~y . I~y ~y
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Bt 10'3, Lo vl L1 111t
> 0,01 0,1 1 ¢
Konyenmpanyua H, S, moan/moiib K

Puc. 4.21. PasHoBecnan pactBopuMocth H,S B pactBope MJIDA, Momapuoli xon-
HeHTpauMei 1 MoJmb /21 npH pa3muHoli TeMnepartype, °C:
1 - 120, 2- 100, 3-70,4- 50,5 - 23

HeHToB. llpm aroM paccMmaTpuBajics Kak aJIUTHBHBIN XapakTep
o6Genx ¢opM paBHOBecUsl, TaK U HepeKpecTHble 3((EKTbl, BKJIO-
yag 3pdexT KOHKYPEHTHOCTH, T.€. B3aUMHOTO BBITECHEHHUS KHCJBIX
KOMIIQHEHTOB.

B Mopenu ucnosb3oBaHa cHcTeMa YypaBHEHHWI, BIIOJHEe TOYHO
OINKCBLIBAIOLIAS PABHOBECHEe ra3 — XUAKOCTb KakK B 06JacTH HU3KUX
HacbIllleHNH, KOTa TOTJIOIIeHHble KOMIIOHEHTbI HAaXOASTCH IIPaKTH-
YeCcKH TOJIHOCTbIO B XUMMYECKH CBSI3aHHOM COCTOSIHMM, TaK U B
0671acTH CpPEeAHUX HacblllleHWHA, Korga Gusuyeckasi pacTBOPHMOCTDb
U xeMocopOIysi KOMIIOHEHTOB COM3MEPUMBI; U B OGJIACTH BBICOKHX
HacblUIeHUH, Korza A07sl ¢pu3M4eCKH DACTBOPHMBIX KOMITOHEHTOB
siBAsieTcsl peobafatoniei

B Mozmemu yuTeHBb! Takke NepeKpecTHble CJy4aW, KOTAa OAMH
KOMIIOHEHT PacTBOPeH B OCHOBHOM XMMMYECKH, a JPYro# — ¢pusu-
YeCKH. 2 2
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Puc. 4.22. PaBsHoBecHaa pac-
reopumocts H,S B pactsope
M/I9A MoaspHOll KOHHEHTpa-
mueit 2 MOMb /1 TIpH pamraHolt
remnepaTtype, °C

{ - 100; 2 - 40

~ ~ —
L= S S
~ w N
T VT 1 Iy 1 T
£

~
S

LERARARLL
&

Sy
B

LBRARLLLI |

IHapyuanouoe dasnenue H, S, xIla
[
<

AP P % LN

107
10-3 Lot aaal Lol
0,01 0,1 1

Konyenmpayus H, S, mosib/moJib

CoBMmectHast pactBopumoctsb H,S (ung. 1) u CO, (uHa. 2) B
BoaHbIX pacTBopax MJIDA onucbiBaercsi cucteMoil anre6panyec-
KHUX ypaBHEHUH.

a(a, + a,) + B,(a, + 0,) — B, = 0; I (4.12)

3

(e, + a,) + B,(a, + a,) = B, =0, (4.13)
TAe o, O, — CTelneHb HachllleHusT (XMMHYECKOro CBS3bIBaHUA)
aMHHAa KUCJABIMH KOMIIOHEHTaMH, MOJib,/MoOJb aMuHa;, B, B, — KoH-
CTaHTbl, KOTOpble PacCUUTBIBAIOTCS 110 3aKOHY JAeHCTBYIOIIUX Macc
A1 peakuuit B3aumogeiicteuga H,S u CQO, ¢ ankaHoJaMUHOM,
lipeanoJsarast, 4TO KOHIEHTpalusl KOMIIOHeHTa B JXKUAKOH ¢a3se
IIponopiuoHaibHa NMapLUUAJbHOMY JaBJEeHHIO:

A

[Cl=Hp, ‘ U
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Hapyuansuoe oasnenue H, S, xIla
Py,
<

"
S
S

1073

LLRALLLL] LML T 11T T TTTIHH T TTIY LBLLELLLLS

w N~

N

Lol b1 el

Liadsen

0,01
Kouyenmpayua H, S, mojin/monn

Tabauya 4 34

Cosmectras pacrsopumocta H,S n CO, B 30 9% Mac. BOAHBIMH pacTBOpaMM
M/IDA npu 20 °C

0,1

Fd

1

Puc. 4 23. PaproBecHas pac-
tBopuMocTs H,S B pacreope
MDA MonspHoit KOHIleHTpa-
el 4, 28 mMom /71 mpu paz-
Ju4HOll Temmeparype, °C:
1-120 2- 100, 3 - 70 4 -
40 5-25

PR e Y L

HapunansHoe paB-

senne, Mila

Cozepxanne B pactBope, MOb /1

. . H,S CcO
H,S co, HS (pacu) CO, (pact) (oxen ) | (oxen)
sy | xuMnu | puswa | XuMpy obmee obwee
pacTBoOp | CBA3AH |pacTBOp | CBA3aH
0,064 0,036 0,05 0,78 0,015 0,44 0,86 0,45
0,340 0,060 0,09 1,20 0,110 0,50 1,32 0,60
0,810 0,190 0,57 1,17 0,040 0,45 1,70 0,49
0,260 0,290 0,12 0,80 0,037 1,92 0,85 2,10
0,100 0,480 0,12 0,32 0,160 0,79 0,42 1,06
0,012 0,190 0,05 0,25 0,150 1,06 0,35 1,12
0,320 2,270 0,41 0,68 0,530 2,10 1,19 2,50
0,070 0,980 0,16 0,37 0,300 1,70 0,49 2,00
0,090 1,640 0,12 0,28 0,620 2,00 0,37 2,75
0,280 3,100 0,57 0,49 0,720 2,10 1,17 2,85
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Puc. 4.24. PapHoBecHasn pac-

meopumocts CO, B pactsope

MJ/IDA MoiApHOH KOHIeHTpa-

nmelt 2 MoJb /1 O pasmrHoit
aType, :

e S 100, 3 — 70; 4 -

50, 5= 25 -

oy
S
w

T~
S
w

T TTTTT

Iy
S

T TTTII]

~
S
=

T TTHIN|

Hapyuansnoe oasaenue CO,, xlla
o]
<

~
S
5

10'3 1 g a2l Lot 1!

0,01 0,1

1

.+  Konyenmpayus CO, , mosib/mMoib

3HaueHue 3G deKTUBHBIX K03G(PUIUEHTOB aKTUBHOCTH, Heob-
XOAMMBIX [Js onpeneneHuss B, u B,, 6bliy HaiijieHbl MyTeM o6pa-
60TKH IKCIIEPUMEHTANbHBIX PABHOBECHBIX JaHHBIX B 3aBHCHMOCTH

OT MOHHOM CHMJIbI PacTBOpa M TEMIIEPATYPHI.
Honnas (¢pusnyeckas ¥ XHUMHUYECKas) pacTBOPHMOCTD
CO, pasna
s e pye
X1=H1p1 + mo,; ‘ ’ Veovrv RN
2. sRU (SRR ‘ PO
X,= H, P, + ma,, ' QNN N S T

AT ) e

[N 8 (4

Tle m — MoJsipHasi KOHIIEHTpallsl aMUHa.

H,S n

(4.14)
(4.15)

WUcnonbaysa npeanonaraolnyo MateMaTHYeCKylo Mofejb, paspa-
6otana nporpamMma Aasi IBM. IocnrenoBaTesibHOCTh pacuera cHC-

TeMbl ypaBHeHI/Iﬁ 3aBUCHUT OT IIOCTAaHOBKH 3ajiadH.

Hau6onee TunuunbiMu CJAy4YasAsMHU ABJISIOTCS CJAeAYIollHe: 10 U3-

BeCTHbIM NnapuydaJbHbIM [1aBJE€HUAM 060MX KOMIIOHEHTOB

Tpeby-
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104 Puc. 4.25. PaBHoBecHas pac-

E tBopuMocTs CO, B pacrtBope
3 MIJA MonsapHOK KoHIeHTpa-
P muelt 4,28 Mo /1 IpH paziniy-
»70%L Holt Temnepatype, °C:
E 1 -120,2- 100, 3 - 70, 4 -
= 50, 5-25
N -
= >
“10°E
o =
© F
O L
¥ 1
% 10 =
< =
< T
3107k
-
§ C
X107
) E
S 3
107 s
E i
E 4
ar
10 Lt ranand L il
0,01 0,1 1

Konyenmpayus CO ,, mons/Moin

€TCsl HaliTH ToJIHble pAacTBOPHUMOCTH B pacTBOpPe aMUHA, WJIA IO
32/JaHHBIM KOHILEHTPALMSIM KOMIIOHEHTOB B DAacCTBOpE OIpeJeJHUTh
UX paBHOBeCHbIE NaplHaJbHble AaBJIEHUS.

Meton pelnenusi o6eMx 3afay UTEepPallMOHHBIN, YTO CBSI3aHO C
HeJIHHEHHO!N B3aMMOCBSI3bI0 MEX[y NepeMeHHbIMU. Bo Bcex ciyda-
AX BCe CBOAWTCA K pelieHHIo ypasHenuit (4.4)—(4.5) orHocuTe/b-
Ho napnl nepemennbix (P, P, man X,, X,). O6paboTka sKcnepu-
MEHTANbHBIX [IAaHHBIX, HCHOAb3YSA pa3pabOTaHHYI0 MaTeMaTHdec-
Kyio Mozeap (cM. Ta6si. 4.34), Hokas3aja YHOBJIETBODHUTENbHOE CO-
OTBETCTBHE PACYETHBIX U OMBITHBIX HAHHBIX.

Kax 6pi0 y:xe ormedeno, MDA npuMeHsieTcss B OCHOBHOM AJist
cejleKTHBHOM ounctkn oT H,S B mpucyrersuu CO,. Oanako, korja
Tpebyercsi ogHoBpeMeHHoe u3BjeueHue H,S u CO,, Heo6xoauMmo
HUBEJHUPOBaTh (PAKTOP CEJeKTUBHOCTH. [LJIs1 3TOTO ObLIO Npeiso-
KeHO NPHMMEHSATb BOAHble pacTBopbl MDA u [DA. [lo6askoi
ADA x pacrtBopy M/IDA B pa3nuyHbIX COOTHOIIEHUSX MOXHO
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Puc 427 Pasnoecnas pactBopumocts CO, B cucreme CO, — H,S — M/IDA
MoJnpHol konnentpauueit 4,28 Moan /1 npu Temmeparype 50 °C-
dpr 1a KpuBbIX — KoHHeHTpanus H,S B pacrBope, Mo1b/Moap MDA




peryJiupoBaTh cTereHb u3BjeyeHus: CO, OpH MPaKkTHUYECKH ToJ-
HoM yaanenun H,S.

Wccnegopane MRAMBUAYAJABHON ¥ COBMECTHOH pacTBOPUMOCTH
H,S n CO, B Bogsbix pacTtBopax cMecu MJISA u [AIJA [33, 118,
139] nokazam, uro pactBopumoctdy H,S m CO, B cmellannbix
HOTJIOTUTENSX MOXHO paccuuTaTb ([MOTpemiHocTh He TpeBbIlIaer
20 %, 4TO npHeMJeMO AJA MH)KEHeDHBIX pAaCcyeToB), KaK CyMMy
pPacTBOPUMOCTEH B MHAMBHUAYaJbHBIX aMMHaX Tol ke KoHLeHTpa-
UMK TIPU [OCTOAHHOM NApLMANDHOM JaBJeHWH KOMHOHEHTA:

a(\l = (X'lNi + (X'ZNgr (416)

e

rae N,, N, — MoJibHble I0JH aMUHOB B CMECH.

4.2.4. PACTBOPUMOCTD YINMEBOAOPOAOB v,
! B BOAHbIX PACTBOPAX 3TAHOJJAMUHOB

3aBUCUMOCTb DPACTBOPYMOCTH METaHa M 3TaHa B BOI-

HbIX pacTBopax /[IOA u MO3A npu 65,6 °C npuBeseHa Ha
puc 4 28 [143]. PactBopuMoOCTb YIJIeBOJOPOJOB BO3pacTaeT ¢ yBe-
JMUeHNeM KOHLEHTPAUWM aMHHAa B pacTBOpe, [PHYEM DpaCTBOPH-
MocTs C,H, 3aBucuT 0T KOHueHTpauuu cujibHee, dyeMm aas CH,.

pucyrersre H,S u CO, B pactBope B kosmuectse 0,25 Moub/
MOJb TIOHIKAET PACTBOPUMOCTL MeTaHa upumepHo Ha 10-20 %.
[IpucyrcrBrue 3TaHa MaJio BAMSAET HA PACTBOPUMOCTb METaHA; B TO
ske Bpemsa CH, Ha 10-15 % nomkaer pactsopumoctb C,Hy.

3aBUCUMOCTb pACTBOPUMOCTH MeTaHa B pacTBope aMMHa OT
TeMilepaTypnl uMeer MuHuMyM (puc. 4.29). [na 40 % mac. BOOHO-
ro pacteopa /DA 2TOT MHHUMYM B 3aBUCHMOCTH OT MapLHAJIBHOrO
napieHus CH,; Haxoputcsi B npeaenax 70-90 °C.

ITpuBenenHble gaHHDIE NOKa3pIBalOT, 4to pactBopumocth CHy u
C,H, B Bomnbix pactBopax JADA (B mpegesnax paGouymx KOHIEHT-
paluit) Npu MapuuajbHBIX [aBJEHUSIX MX B Taze, UMEIOUMX Mec-
TO B GOJIbHIMHCTBE HPakTHYECKMX cJydaeB, 6JM3Ka K PacTBOPUMO-
cte X B Boge IlosToMy B mHXKeHepHBIX pacyerax aMUHOBBLIX yC-
TaHOBOK MOTrYT OblThb MCMOJb30BaHbl JaHHble O DACTBOPHUMOCTH VI-
JIEBOJIOPO/IOB B BOJE.

Ha puc. 4.30 npuBeseHa 3aBMCUMOCTb KOHCTadThl (a3oBOro
paBHOBecHS [JIsi BOAHBIX PAacTBOPOB Ta3oB 0T TeMIlepaTyphl [78]

KoncranTol ¢a3oBoro pasHoBecus Anas (hM3MUEeCKH pacTBOPH-
MbIX YIJIeBOJIOPOJHBIX KOMIIOHEHTOB raza MOryT ObiThb paccYuTaHbl
MO CleAYIOLNM YDaBHEHUSIM:

lg How,= 470 = 52025 | (4.17)
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Hapyuansnoe oagnenue, MIla
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Konuenmpayus 6 stcudroii ghaze, Monn/10 5r pacTBopa

GPSH% 04(‘:28‘ PactBopuMocTs MeraHa (@) u aTaHa (6) B pacTRopax MIA u /IJA npu
12 H,0,2~5% J19A, 3 - 25 % [IDA; 4 - 40 % [I9A; 5 - 15 % MDA, 6 -
40 % MDA

lg Heyy, =525 - - f°2°73; o o (4.18)
Y 44 ’F‘!

]» H~ = - 340 M - W%

8., 4,80 T 273 oo (4.19)
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Puc. 4.29. PactBopumocts,
< meTana B 40 % pacteope
~ [DA ot TeMnepaTtypni:

_g_ mudpsl  Ha  HHHAX -
™ InapuiiraibHOE AaB IeHlle
S s CH, (atm) 1 - 36, 2 ~
X 8 S0, 3 - 63
S E
53
® 3
5
Seo
5=
= m"
30
g. ’é 4 ™~ T %
£& g
§ 1 - R o B
(5
| [ ] )
40 60 80 100 120 -140 . .
! Temnepamypa, °C
\
lg Hy = 4,74 — 340 * (4.20)

t+273°

rae H, MIla; ¢, °C.

IIpuBesenHble BbipaXXeHUsI AaNNPOKCUMUPYIOT SKCIIEPUMEHTaJIb-
Hble JaHHble MU cucTeMbl ras — Boaa [70, 93, 94]. IlpucytcTBue
3TaHOJAMHHA B pacTBope 10 15 % Mac. He CKa3bIBAaeTCs CYILIeCT-
BEHHO Ha M3MEHEHHM pacTBOPUMOCTH rasa. llpu OoJjiee BbICOKOH
KOHLIEHTpallud aMvHa B pacTBope [144] .

lg H,=1g, H,— 0,07 J/2; (4.21)
J=C, (o, +ap)), o
rae J — HOHHad cuJa pPacCTBODA,; C)K - KOHIICHTP&LIHH aMHHa,

MOJb/ N1, O, Oy — CTeneHb Hachiilenusi ammua H,S (4) u CO,
(B), MoJb /MOJD.

PacrBopumocTp yriesonoponoB B MDA wuccieqoBaHa B pabore
{53]. TlonyueHHble 3KcTlepUMeEHTalbHBlE JlaHHbIE TIPHBENEHb Ha
puc. 4.31.

PacTBOpHMOCTD YIJIEBOAOPOAOB B BOAHBIX pacTBopax MJIDA
(S, Mosb. fos1.) yBenMvMBaeTCs NPOMOPUMOHAJIBHO NaplMaJbHOMY
maBnenuio komroHenta (p, klla ) § = Kp. Wckiodenue cocras-
JigeT MetaH npu p > 5 Mlla.

284



Puc. 4.30. 3aBUCHMOCTD KOH- M
cTaiTh (pa30BOTO DABHOBECHS
BOJHBIX PacTBOPOB Tra3oB +on
-

A 3 /
oT TeMIepaTypbl 10 E
1
S % i -
. ™ L‘\ ) KR -
» = % » ¢ -
5 . A N \
, a ‘\\’\ K\ N -
% v, B8
RN
i % o
™
N

~
S
w

T T T TTT]

H L

10*

Sofede

o

by 101 1 1 1 1 ] 1 i
‘ 30 40 50 60 70 80 90 100

Temnepamypa, °C

B atoM ciiyuae 6Gosnee TOUHYIO KODPENALMIO ONBITHBIX JaHHBIX
Jaet ypaBHeHue KpuueBckoro — MibuHckoil. KoHcraHTBl pacTBO-
pumMocty K, onpepelleHHbie M3 JKCIMEPUMEHTANbHBIX U30TEpM,
npuBegennl B Ta6s. 4.35. Ha ocHoBaHuu 3aBUCUMOCTH K OT TeM-
neparypst (K = K, exp(—AH /RT)) paccuuTanbl TemJOTbl pac-
TBOpEHUA, UCNOJIb3ys! KOTOpbie IMPOH3BOAUTCS TeMIepATypHAs UH-
TEPIOJIALUS KOHCTAHT PACTBOPUMOCTH.

[lonyuennsie TepMoaMHaAMHYECKHE JaHHbBIE O3BOJSIOT CAEAaTh
Psil mpakTHYecKUX BbIBOAOB. Bo-TEpPBBIX, PacTBOPUMOCTb YIJIEBO-
d0ponioB B BoAgHBIX pacTBopax MJIDA HuXe, ueM B pacTBopax
M3A u J5A NP OJWHAKOBBIX KOHLEHTpalUsX. IJTO SBJSAETCH
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1 i 1 S TRUUED SN VR U SRS U NN U SN S N
0 0,5 1,0 L5 0 0,1 0,2
MDA, em3fem? MDA, em3/em?

Puc. 4.31. HaotepMbl pacTBOPHMOCTH B BoJ€e H B BOJAHBIX pacTBopax M/IJA:

a — meiada; 1, 2 - H,O, 3 — 50 % mac MDA, 4, 5, 6 — 33 % mac MJ3A, 1 ~
20°C, 2-40°C; 3-20°C, 4-20°C, 5~ 40 °C, 6 — 60 °C, 6 — npomama; | —
H,0, 2, 3, 4-33 % MIB3A, 1 —-20°C; 2-20°C, 3~ 40°C, 4-60°C

Tab wua 4.35

Koucranrsl pacTBOPHMOCTH H TEILTOTBI PACTBOPEHHS KOMIIOHEHTOB NIPHPOLHOIO rasa
B pagiuuHbIX abcopbGenTax (B mepBoit crpoke npusoaurca K, xIla/moa. nom,
8O Bropott AH, x/lx/Mo/m)

-

KoMiionenTst 50 % pp Terparaum Pacteop A’ Pacteop B’
MDA
CH?2 16000 330 5800 1600
5,7 6,2 5,8 6
C2H6 3720 76,2 1200 380
7,5 8,1 7,7 7,9
C3HS8 1040 . 214 320 110
9,4 Co03, 9.6 9,38
aC4H10 350 7,2 110 40
14,2 LE 14,5 14,9
nC6H14 87 1,8 25 8,1
20,4 22,5 21 21,3
CG6H6 1,65 16,0 5,6
: - L, 246 22,8 + 23,6
H2S - 422", ” ~
iy o 18,8 _ _
o2 . 3 - -
oy 11,4 = =
COS _ 17,5 310 68,7
. T 23.8 21,7 223
CH3SH Ay _ 2,5 31,9 10,6
283 30,0 39.1
C2H5SH 50 S8 24,0 6,2
24,5 33,0 33,7 34,0

" Pacreop A" — 35 % mon MJI3A+ 35 % Mo 5hupno THATILIEHTIIKO 1A +
+ 30 % mo1 H,O0 Pacteop B ~ 45 % mor. MADA + 45 % mo1 adupnoan-
srictenrmkoas + 10 % mox H,O

286



[IpeuMy1LECTBOM M/IDA, 6aaronapsi KOTOPOMY CHUXAIOTCS MOTEpPH
npOAYKLMOHHOTO Tasa. PacTBOpUMOCTb YTJIEBOZOPOJAOB B PacTBO-
pax MJIDA BozpactaeT ¢ yBejauueHMeM KoHleHTpauun MDA

(Cppionr 7 mac.). Jra 3aBucuMOcTb Ast 25 °C ¢ KoabduuneHToM

xoppe/isiun R > 0,9 onucbiBaeT ypaBHeHue:

K/ Ky= 10,983 = 0,01267 Cyyon, (4.22)
AN

rne K, — koHcTanTa [eHpu /s BOABI. )

KoOHCTaHTbl PacTBOPUMOCTH TlapadMHOBBIX YFJIEBOJOPOIOB B
50%-HoM Mac. pactBope MDA npu 25 °C  MOFYT 6krb paccuuta-
el (R > 0,9) no ypasHeHHIo "

In K = 4,605 + 11,184 exp (-0,15572), (4.23)

re n — YMCJO aTOMOB YIJIEPO/A B MOJIEKYJIe YIJIEBOLOPO/IA.

B roMonoruieckoM psily nmapacduHOB, HauWHasl ¢ IpoIiaHa, OT-
HOUIEHWE TENJIOThl PACTBOPEHMSI K TeIIOTe KOHAEHCAIMH IMpuMep-
HO TIOCTOSIHHO.

4.2.5. PACTBOPUMOCTb MEPKANTAHOB
B BOAHbIX PACTBOPAX STAHOJIAMMUHOB |
PacTBOpHMMOCTb MHAMBHUAYQJDbHBIX MepKalTaHOB B pac-
TBOpAaX aMUHOB 3KclepuUMeHTaabHO onpeneseHa H.WU. Iloanerae-
BpIM. OCHOBHBlE pe3y.IbTaTbl TIpHUBeJeHbl Ha puc. 4.32, 4.33 u
1a61. 4.36. PacTBODUMOCTD METUJ-, 3THJ- W K3ONPONUIMEpPKAITa-
Ha B DacTBOpax aMMHOB IIPHM COJEPXKAaHMHM MX B HCXOAHOM rase B
npenenax or 0,5 g0 15 r/m’ (B mepecuyeTe Ha MepKalTaHOBYIO

20
«
. S 16
=)
)
N
g
£ s
3
:
4
Puc. 4.32. Kpusbie xoHCTaHTBI Q !
ll)'eﬂpﬂ Meplcaamauon B BOJHBIX
acTBOpax /[JA npu TeMnepa-
Type 20 °C: i ' ' ‘
/=~ CH,SH, 2 - C,H,SH, 3 - 0 1020 30 40 50
tCH,SH Maccogasn doasn JIA, %



o pagg e »*  Puc. 4.33. 3aBucivMocts pac-

tBopumoctt C,H;SH ot kon-

LHeHTpalHH I_l..g)A B pacrBope

N npu Temneparype 20 °C (co-

200 LA nepxanne RSH B raze -
51/mM)

250

150 i

o WATUH & T
e gt (Er'ui Hl 9 i w3 i ih
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Tabruua 4.36

PasnoBecnas pactsopumocts C,H;SH B BoaHbIX pacTBOpax ajJxaHOJaMHHOB
(t = 20 °C, coaepxanue B raze — 5 r/m’)

MaccoBast 1oast Coaepxanne RSH B pactBope, Mr/.a
amiHa, % M3A DA TOA
20 288,1 123 80,4
30 291 180 85,8
40 2024 92,9
95 230

cepy) NoquuHsercss 3akoHy [eHpu; Ipu4yeM YKa3aHHble MepKarTa-
HBl pacnojioXeHbl B ciaefyloiem nopsigike: CH,SH > C,H.SH >
> u30-C;H,;SH, a ankanonamuubl — M3OA—JIDA-TIA. Takoit mno-
PI0K 06YCJ0BJEH KUCJIOTHO-OCHOBHBIM MeXaHHM3MOM B3aUMOJEHCT-
BUSI MepKallTaHOB C OPraHH4ecKHMH IiejouaMH-aMyuHaMu. PacTBopH-
MOCTb MepKallTaHOB PacTeT ¢ yBeJHWYeHMeM KOHIEHTpalluM aMuHa
B pacTBOpe.

KoHcTanTtsl pacTBopuMocTH MepKantaHoB B M/[DA npuBeneHbl
B Ta6sa. 4 35. Msorepmbl pactBopumoctu C,H;SH B BomHbIX pac-
TBopax M/IDA naubi Ha puc. 4.34.

Ha pacTBopuMOCTb MepKamTaHOB B ajJKaHOJaMHHaX 3HauyUTelb-
Hoe BJAMsIHMe oKasbiBaeT Haauuue CO, B pacTBOope. PaBHOBecHast
pactBopumoctb C,H;SH B amunax npu Hamuuuu CO, B pacTtBOpe
B KosiuectBe 2 r/ 1 (riiy6okasi pereHepauusi) cHUXaetcs B 2,5~
4 pasza. C yBequuenueM cogepxxkaHuss CO, B pacTBope pacTBOpH-
moctb C,HsSH npubmnkaercss Kk pacTBOPUMOCTH €ro B Boje, NpH
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Puc. 4.34. Hsorepmbr pac- P> MM pr.cCT ..
TBOPHMOCTH C, HSI\S’IH B BOA-
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Cooepacanue C,HsSH ¢ pacmeope, mobln

5TOM XapaKTep M3MeHEHHS DPACTBOPUMOCTH COUIBETCTBYeT H3Me-
genuto pH pacTtBOpa.

TaxkuM o06pa3oM, Ha ITIPOMBIIIJIEHHBIX YCTaHOBKaX aMHHOBOIA
ounctku rasa or H,S u CO, He npeacTaB/sieT BO3MOXHBIM OJHO-
BpeMeHHO IOJHOCTbIO OUMCTUTH Ta3 OT MepKalTaHoB. AHalu3 pa-
60TbI YCTAaHOBOK CepOooYHCTKU Taza Ha Openbyprckom 113 moka-
3bIBaeT, YTO NPHM OUYUCTKe rasa 25 % JIIA cTeneHb u3BJIeUeHUS
MepKanTaHOB TPU yieabHOM opoleHun 1-1,5 1 abcopbenTa Ha
1 »’ rasa He npesbimaer 10 % NpH COREPKAaHMH MX B MCXOAHOM
raze nmpumepHo 500 mr,/ m°,

4.2.6. PACTBOPUMOCTb CEPOOKUCH YINIEPOOA
B BOAHBIX PACTBOPAX 3TAHONNAMUHOB

IIpouecc morjomenusi cepookucu yraepopa (COS)
aMMHaMHU oOIIpefieNisieTcsl Kak (pU3uYecKoH pacTBOPHUMOCTbIO, TaK K
XMMHYecKUM B3aumozelcTBueM pactBopeHHo#t COS ¢ aMuHaMu.

Ha puc. 4.35 npuBegeHa 3aBucuMoctb pacTBopumocTd COS B
BOJe OT TeMIIEPATypbl; € TOBDBILIEHWEM TeMIlepaTypbl OHa YMEHb-
liaercs.

Xemocop6uusi COS BoanbIM pactBopoM DA conpoBoxkiaercs
06pa3oBaHKHeM THOKapOaMMHOBOW KHCJIOTbI, KOTOpasi AUCCOLUUPYET
B pacTBope M B3amMmopeiicTByeT ¢ J[DA ¢ obpa3oBaHHeM THOKap-
6amata amuna. Tuokap6amar B BoJHOH cpefe THAPONU3YETCH, B
pesysbTare wero o6pasyerca H,S u CO,, xoTopble JIerKo CBA3bIBa-
oTes ¢ IDA. O6mas kuHetuka B3aumogeiicrsuss COS ¢ ADA on-

berensiercss MepsleHHOW peakuued o6pa3oBaHMS THOKapOaMUHOBO
KHCIOTHI.

19— 2364 289
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. Typbl npH AaBiaenun 101,333 klla

-
>

Pacmeopumocms COS, em*lem >
S
wn

1 1 1

1
0 20 40 60 80 100
Temnepamypa, °C

B ta6n 4 37 npuBeaeHbl 3HAUEHUS KOHCTAHTbI CKOPOCTH peak-
MK O6pa3oBaHHUSl THOKapOAMUHOBONW KHUCJOTbl MpPH Pa3UYHBIX
TeMilepaTypaX W 3HadyeHUS] KOHCTAHT (Pa3oBOTO PABHOBECUS MNDPH
¢usudeckoit pacrBopumocty COS B BomHOM pactBope [3A, akc-
nepuMeHTaibHO omnpeneneHHble K M Makapossim u C I Madtio-
tuhbIM [100]

KoncranTa ckopoctd 06pa3oBaHUsl THOKAP6aMHUHOBOM KHCJIOTHI
BO3pacTaeT ¢ yBeJuueHueM TeMmnepatypbl Ho ogHoBpemeHHO pac-
TeT KOHCTaHTa (a30BOTO paBHOBecUs! (B CBsA3M C MajeHueM (pu3M-
ueckoil pactBopumoct COS B amuHe) Takum 06pa3oM, B yCJIOBH-
SIX OJAHOBPEMEHHOTO IIPOTEKAHUS XUMHUecKoil peakumu U ¢usuye-
CKOH pacTBOPUMOCTH KOJUYeCTBO M3BJedewHoi COS u3 rasa om-
penessieTcsl CKOPOCTbIO TIOCTYILJIEHHS ee B PacTBOP B pe3yJibTaTe
Maccoo6MeHa ¢ Ta3oBoil (a3oi

Tabauya 4 37
OcHoBHbIE KOHCTaHTBI, OlIpee/smolue kaHeTHKy noraomenns COS pacrsopom [IDA

Koncranta ¢asosoro
Temneparypa, °C pasHoBecust, kIla/Moub pi{:)xnuc;ﬁmaﬂ ?8}235; ]g)
Haa goas 10° ¢ ’
40 414 47
50 560 75
60 754 117,5
70 1082 190
80 1658 302




[Ipu co3nanuu B a6copbepe aMMHOBO¥ OUYMCTKM ra3a 30HDBI [HI-
poJu3a COS, cocrosameil 13 6—10 NpaKTHYecKMX TapejoK, IIpH
remnepatype 60—80 °C MOXHO u3BJieub M3 Tra3a 3HAYHUTEJbHYIO
(o 80 %) 4HacTb CEPOOKHCH YTIEPOJIa.

4.2.7. PACTBOPUMOCTb CEPOBOOPO/IA,
AVOKCWAA YINEPOZA, CEPOOKUCU YIJIEPOAA,
MEPKAMNTAHOB U YINEPOAOB

B BOAHO-HEBO/HbLIX PACTBOPAX AJIKAHOJIAMUHOB ':*

751 KOMILTIEKCHOM OUMCTKM INPUPOJAHBIX ¥ HedTSHbIX
ra3oB OT CEPOBOJOPOJA, JAHOKCUAA YTJEpoAa U CepOOPTaHUYECKHUX
coeIUHEHUN TIPUMEHSIIOTCS TPOllecChbl, B KOTOPBIX HCIHOJb3YIOT
BOXHO-HEBOJHbIE TIOTJIOTHTENM, BKJIOUaloNine ajkaHoJaMutbl (/s
xemocopburn H,S u CO,) u pa3jiMuHble OpraHMYecKUe PacTBOPH-
reqn (ans ¢usnveckoit a6eopbumun COS, RSH u xp.). OcHosHble
Tpe60BaHHSl K OPraHMYeCKHM DacTBODHTEISIM B KOMIO3UIMSIX C
aJKaHOJAMHHAMH: TEPMOXMMHUECKas! YCTONUMBOCTb, HM3Kast YIpy-
rocTb IIapPOB, COXPaHeHHe TOMOreHHOCTH BO BCEM AMara3oHe CTelie-
Hel HacCbllleHWs, BbICOKAsl IOIJIOTUTeJbHasd CNOCOOHOCTb U H30U-
pareIbHOCTh 10 OTHOIIEHWIO K CEPHUCTBIM COEAWHEHUSM 110 CpaB-
HeHuio ¢ yriesogopoaaMu u CO, (1pu HeO06XOAUMOCTH).

CorsacHo npuHSITOR Mojenu pacTtBopumoctu [33, 54] onru-
MaJIbHBIMU a6COPOLMOHHBIMU CBORCTBAMHM TIO OTHOLIEHHIO K Cep-
HHUCTBIM COeJMHEHHSM 00Ja7aloT c1aboaccOUMHPOBaHHbIE PAaCTBO-
pHMTel OCHOBHOTO WJIM HEHTPaJbHOTO XapaKTepa ¢ BBICOKOH mu-
3JIEKTPUUECKOH MocTossHHON (Bbime 23) M