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O6wmas xapaKTepHCTHKA paboTh

AxrtyanbHoctb _Tembl.  CoBpeMeHHoe — pasButHe  MemGpaHHOTO
rasopasieNeHss CBS3aHO C pa3paGOTKOM MeMOpaHHEIX annapaToB HOBOIO
NOKOJIEHHsl, B YacTHOCTH, MeMOpaHHBIX koHTakTopoB (MK). Onnum u3
BeIyLUIMX HAydHO-HCCIENOBATENIbCKAX IEHTPOB, AKTHBHO 38HHMAIOIHXCA
pa3paGoTKoif HOBBIX KOHCTPYKIMH MeMOpaHHBIX KOHTakTOpoB B Poccum,
sBsercs MHXC um. AB. TomuneBa PAH. Mem6paHHBI#f KOHTakTop - 3TO
pasfeNMTEeNbHBIA  ammapaT, B  KOTOPOM  pealu3yeTcs  CeJeKTHBHIH
MaccOMepeHOC KOMIIOHEHTOB MEXIY MABHXKYyIIeHCs Ta30BOH CMechlo H
KHAKOCTBIO-a0COpOEHTOM, pa3feneHHBIMH MeMmbpaHo#. [iBwyuwied cHoH
npouecca B MK sBisieTcs rpaideHT XMMMYECKOTo MOTEHLIMaNa Mo pasHble
cTOpOHEI MeMOpaHsl. [IpHHIMI JelCTBUSA OCHOBAH Ha COYETaHWH MeMbpaHHOro
A abCOpOLUMOHHOTO pasfieNnuTeNbHbIX MPOLECCOB, YTO MO3BOJSET HOCTUIATh
BBICOKOI CeNleKTHBHOCTH IIpoLiecca pa3fieNIeHus.

Bo3moxHBl 1Be NpHHUMNHankHble pabodne cxembl MK. IlepBas cxema
COCTOMT H3 OJHOTO HIH psiia MeMOpaHHBIX MojyJieH, BEITIONHAIOLIMX (PYHKLIHIO
abcopbepa (puc. 1.a). B naHHOM cxeMe OCyINECTBIS€TCA NMPOTOYHas MOZaya
abcopbenra uepes MK: xuAKMH HOCHTENh @OTJIOmaeT copbupyeMsilit
KOMITOHEHT A, CEeJeKTHBHO NPOHHKAOMMH Yepe3 MeMOpaHy, U ynansercs 6e3
pereHepanuy. CxemMa 5KOHOMHYECKH BBITOAHA JUIS U3OMPATENBHOTO BBLICIEHHA
M3 ra3oBOH CMeCH TOJIBKO OAHOIO IPOAYKTa Br.
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C TOuKM 3peHMI  TEXHMKO-IKOHOMHYECKMX  IOKasaTened  Aans
HeTpepBIBHOTO pasfieNleHus ra30Bo# CMECH C ONHOBPEMEHHBIM OTHOCTaAMHHEIM
nony4yeHueM ABYX YHCTHIX IPOAYKTOB HaubGonee onpasaano npumenenre MK ¢
PELMPKYTISLMOHHOA CXEMOH, HMMEIOINEero 3aMKHYTBHIH JKHIKOCTHHIH KOHTYP,
obecneunsatonmii pereHepaunto abcopbenta (puc. 1.6). Ilpurunn neiicTeus
OCHOBaH Ha Ce/IEeKTUBHOM cOpOLMM JXUIKOCTHIO KOMIIOHEHTA B IIEPBOM MOJyJe
(MeMGpanHOM abcopbepe) M mnocienywouleil ee pereHepalud#d BO BTOPOM
(MeM6panHOM JecopOepe). JiBiKyme criaolf mpoiiecca AecopOuUMY ABIAETCS
TpajJMEeHT NapUHalbHOTO JAaBICHMA rasza, peajH3yeMblH METOJaMH BaKyyMHOH
OTKa4YKH WM COYBKH HHEPTHBIM razoM-HocuteneM. IIpH 3TOM 9HCTBIH NPOXYKT
Br nonmyyaior Ha BhIxoe MeMmOpauHoro abcopbepa, a Ar — Ha BbIXOIE
MemOpaHHoro jpecopbepa. [ng noBbiieHus 3¢GEeKTUBHOCTH Ipoliecca
pereHepaniH BO3MOXeEH HarpeB JKUIKOCTH B Aecopbepe.

MeM6paHHbIe KOHTaKTOpBI 00J1aAI0T PAIOM OCOOEHHOCTEH O CPaBHEHHIO
C KJIaCCHYECKWMH aJCOpPOLMOHHBIMM Tra30pa3fieNIMTENbHBIMI  YCTAHOBKAMH.
ITono6Ho abCcOPOLMOHHBIM KOJIOHHAM MM afcopbepaM C IBIDKYIIMMCS CIOEM
copbenta, MK obecreuuBaloT HellpeprIBHOCTE MpoLiecca MacCoOOMeHa MeXIy
cpenamMy. XapaxtepHbiM npenmymectBoM MK ¢ penmpkynsiidoHHOH cxeMoil
SBIIAETCA ONHOBpPEMEHHOE TNONyYeHWe NBYX NPOAYKTOB pasjieNeHHs ra3oBoi
CMECH IIpH HEU3MEHHOM KonuuecTBe abcopbenta. OHu HafeXHBI, paboTaloT B
IIMPOKOM HOMana3oHe M3MEHEHHUd KOHILEHTpauui, pacXoloB, NaBIEHMH,
obnanaror Manof ymensHOH Maccoil. MK c peHUpKYISLHOHHONW CXEMOH,
paboTaromiMii B M30TEpMH4YECKOM pexxuMe, 00JazaeT OTHOCHTENBHO HHU3KUM
nmoTpebieHUeM SHEPruM, Tak Kak He TpeOyeT cxkaTHs rasoBoi cMecH U Harpesa
abcopbenTa, uto nenaer MK B HEKOTOPBIX Clyyasx KOHKYpPEHTOCTIOCOOHBIM C
TPaAUUMOHHBIMH pa3jenuTesbHeIMM annapatamu. MK ucmonesyiorcs npu
HACBILUIEHHH ITMTHEBBIX HANUTKOB YTJIEKHCIOTOH, O30HALMM CTOYHBIX BOJ,
YOaneHWH YTIEKHCJIOrO rasa M KHCIOpOAa H3 NOTOKOB MNHUTaHMA s
IMEKTPOXMMHUYECKHX CHCTEM, OCYIIKE BO3/yXa M JIp.

MK npepcraBnsieTcs NepCHeKTUBHBIM HallpaBleHHEM B TEXHOJOTHIECKHX
mpoleccax pasfeNieHus OMHapHBIX ra3oBBEIX cMecel, B ToM dHciae cMecH CO,-
N;. Heob6xomuMmoctbs nonmyueHus yuctelx N, u CO, obycnosnena pactymum
CIpOCOM Ha 3TH Ta3bl B He()TErazoBOM KOMILIEKCE, Ha NPEANPUATUAX XUMHUH,
MeIUUMHBI, METAJUTYPrUH, MTHLLIEBOH IPOMBIIUIEHHOCTH H Ap.

Llenp pabotel. Teoperuuyeckoe U IKCIEPUMEHTAIBHOE HCCIENOBaHHE
npolLecca MaccooOMeHa B cHcTeMe «ra3-MeMOpaHa-)KHAKOCTBY NPH pa3feneHu
cmecu CO,-N, u omnpepeneHHe KpHTepuUaibHOM 3aBHCHUMOCTH I pacuera
ko3 druuenTa Macconepenayn B MK.

g mocTikeHVs NaHHOH uenau:

1. IlpoBenen awHanus CyLWECTBYIOIUMX KOHCTPYKLHMH MeMOpaHHBIX
ra3’opasje/IMTeNsHBIX MOAYIeH U ux mpHMeHHMocTH B cxeMax MK.

2. BrimosnneHo TeopeTHyecKoe MCClieOBaHME Mpolecca Macconepenadu B
MK 1o HM3y4YeHHIO BIMSHHS pacxoJoB abcopOeHTa, ra3soBOH CMECH, MJIOLIAAH
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MeMOpaHBl H OpraHH3alHH NOTOKOB Ha 3((EKTHBHOCTb pa3fieliCHHA CMECH
CO,-N; B pasnmu4HbIx cxemax MK.

3. Cosnan sxcnepuMerTanbHbIH cTeH MK ¢ peurpkynsamHOHHON cxeMoi
4 NpOBENEHO 3KCIEPHMEHTANTBHOE HMCClENOBaHHE Tpolecca MaccoofmeHa B
MOJYNAX Pa3nH4HOH KOHCTPYKLHH.

4. TlpennoxxeHa MeTOAHKA MPOEKTHPOBOYHOIO H MOBEPOYHOTO PacyeToB
MK ¢ mnockuMH MeMOpaHaMH C YHeTOM pe3y/lbTaTOB TEOpPETHYECKOro H
IKCIIEPUMEHTAILHOTO HCCEA0BaHHUA [IPOLECCa pa3AcieHHA.

Hayynas HOBH3Ha.

- ITony4yeHs! HOBBIE€ PE3YNbTaThl KCHEPHMEHTATHHOIO H TEOPETHYECKOro
uccnenoBanu#i npouecca pasaeneHus cMecH CO,-N; ¢ Bricokoit (5+40 06.%)
xonueHTtpanueit CO, B paznuusbix cxeMax MK ¢ HEMOPUCTHIMU NOJTMMEPHBIMH
meMOpanamu: [IBTMC (nonuBHHWITPUMETHIICHNAH) U «JlecTocHi™y,

- [IpeqyoxkeHa  KpuTepHalbHas  3aBUCMMOCTh  JUIS  OMNpeHeNeHus
ko3 PuLmenta MaccooTnauu B miockopamsom MK npu abcopbuuu CO, Bono#
B npouecce pasaenenus cmecu CO,-N,.

Ipaktuyeckas 3Ha4UMOCTh PAOOTEL.

- CoznaHa sKcIepHMeEHTalbHast MeMOpaHHas KOHTaKTOpHas YCTaHOBKa
(MK ¢ pemypkymsauMOHHOM cxemoi) mna paspenenus CO,-comepixanmx
rasoBbIX CMeceii, HCCIleJOBaHE! ee XapaKTEPUCTHKH.

- Onpenened nuana3oH paboTel MeMOPaHHBIX KOHTAKTOPOB C Pa3iM4YHBIMM
cxemamH, ofecneynBaromuii  HauGONBLIYI0  CEJEKTHBHOCTh  Mpoliecca
paszaenenus cMecu CO>-Ns.

- Ilpennoxena meromuka pacuera MK ans paspenenus CO,-conepxaiux
ra3oBbIX CMeceil.

AnpoGauus pa6otel. OCHOBHBIE MO0XKEHHS PabOTH JOKIAABIBANNCE H
obcyxpmanuce: Ha HaydHoM ceccun MU®K (Mockea, 2004); MexIyHapogHOM
cumnosuyMe «Ars Separatoria» (3noteii ITotok, IMonsmia, 2003, 2004);
BCEpOCCHICKON HayyHo# koH(pepeHuMn «Memb6pans» (Knasema, Poccus,
2004), mexcryHapoasoM cuMmnosnyme «ObpaszoBanue yepes Hayky» (MI'TY um.
H.D. baymana, Mocksa, 2005); Ha mMexmyHaponHo# koHbepeHUuMH «Permeay
(ITonanuua 3npo#, IMonewa, 2005); HayuHsix cemMuHapax B THXC um. A.B.
Tomuuena PAH B Teuenue 2002-2005 rr.

Iy6nukauuy. Ilo  pesynbraram — OpOBEJEHHBIX  HCCIEeNOBAHHU
ony6IMKOBaHO JIBE CTATHH B HAYUHBIX KypHANaX, a TAalOKe TE3UCH JOKJIANO0B Ha
HaY4YHBIX KOH(EepeHIHIX.

CrpykTypa u o0beM pguccepranuu. PaGora COCTOMT W3 BBeIeHHs, Tpex
IIaB, 3aKJIIOYEHHUs, cnucka auTepatyphl (102 HaumeHoBaHwuif). JIucceprauus
H3noxeHa Ha 125 cTpaHHMIAX MAIIHHOMKCHOIO TeKCTa, ConepXuT 18 Tabnui U
45 pUCYHKOB.




Copepxanne pa6oTni

Bo BBeeHHM NOAYEPKUBAETCA aKTYATBHOCTH NPobIeMbl, GOpMyIHpYIOTCS
UeNmb U 3aJa4yd MCCNEAOBaHMH, HayyHas HOBM3Ha U NpaKTHYECKas IEHHOCTh
JlaHHO# paboTHi.

B nepBo#i riaBe BBIIOJNHEH aHaIW3 myOiaMKauuH, Ife paccCMOTpeH
npuHuun feiicteus MK ¢ pasnuunsiMu pabounmu cxemami. ITpoBenen ananus
TpeOoBaHuii, NpPENBABIAEMbIX K COBDEMEHHBIM KOHTaKTODHBIM alapataM,
MeMbpanaM U ab6copbentam. ChopMyaupoBaHbl NPEUMYILECTBA M HEJOCTATKH
UccneayeMoro cnocoba pasfeneHus ¥ KOHCTPYKIHMH IPUMEHSIEMBIX MOLyJtei o
CPaBHEHHIO C CYLIECTBYIOIMMH ra3opas/enuTenbHbIMHU anmnapatamu. [TokasaHa
MepCeKTUBHOCTh HCnoib30BaHug MK ¢ pelupKynsSLHOHHON CXeMOH i
paszmenieHHs OHHapHBIX ra30BbIX CMeceil C OAHOBPEMEHHBIM MONyYEeHUEM ABYX
[IPOAYKTOB BBICOKOH YHCTOTBI.

PaccMoTpeHs! pasnuyHbie crocoObl MaTeMaTHIeCKOro ONMCAHUs Tpolecca
MaccornepeHoca B MEMOpaHHBIX ammapaTaX. AHaIH3 METONOB MOJAETMPOBAHHS
Maccomepenayd B CHCTeMe «ra3 — Mem6paHa — OSKHIKOCTB» BBIABHII
0COOEHHOCTH  NPOTEKAIOIUMX IPOLECCOB M  3a7ad  MaTeMaTWIeCKOro
MOZIeJIMPOBaHMs JaHHbIX cucTeM. IloxazaHo, 4YTO Ha MpPaKTHKe pacyeT
npoLieccoB MaccooOMeHa B MeMOpaHHBIX allriapaTtaxX MOXET MPOM3BOJUTECS
NpUMEHEHHEM TEOPHH MONOOHA M KPUTEPHATIBHBIX 3aBUCUMOCTEH, TOTy4eHHbBIX |
IKCMEPUMECHTAJIBHBIM ITYTEM. Ha ocuoBanuu ananusa JUTEPATYPHBIX OaHHBIX
65111 CHOPMYNHPOBaHbI 334a4H UCCITEXOBAHHMA.

Bropas rnaea TmocBfllleHa BOIPOCaM Teope'mqecxoro ucce0BaHms
npouecca macconepeHoca B MK ¢ pa3siHYHBIMH CXeMaMH Ha [pUMepe
pasnenenus cMecu CO,-N, ¢ muanasonoM konuenrtpauuu CO, B cmecu 5+40
06.%. Hcnosnp3oBaHa TpoiiHas aHaTOrMA INPOLECCOB TI'HIPOAUHAMHYECKOIO
CONPOTHBJEHHA, TemnooOMeHa M MaccooOMeHa, IIO3BONAIOLIAA NPUMEHHTH
MaTeMaTH4ecKuit annapar, paspaboTaHHbIi npu HCCIIel0OBaHUHI
Teri00OMeHHBIX allapaToB, K npolueccy Macconepenaun B MK.

PacueTHas cxema 31€MeHTa NpOTOYHOM YacTH IUtockopamHoro MK, kak
cHCTeMa «ra3-MeMOpaHa-XHIKOCThY, IpUBeJieHa Ha pHC. 2,

Puc. 2. PacueTnas cxema anemerdta MK



re by - BHICOTa XUAKOCTHOTO KaHana MemGpaHHoro Mony:s; by - BbicoTa
rasosoro xanana; / - QuMHa Kasana; H - IUMpMHa KaHana;, o, - TONIIMHA
CENEeKTHBHOTO CJIOS MeMOpaHBl; Cire - KOHLEHTpalus i-ro KOMITOHEHTa B
rasoBO# CMECH Ha BXOJE B MOIYITb; Cir ews - KOHUCHTpALNSA B Ta30BOA CMECH Ha
BBIXOZIE; C;jce: - PABHOBECHAS KOHILEHTDAIMS B XHIKOCTH Ha BXOIE; Cikenr *
paBHOBECHasi KOHLEHTpalus B XMAKOCTH Ha Bmixofe; G - pacxon rasoBoi
cMecH; Gy - PaCXOJ XKHMAKOCTH;

Ipw pacdeTax NMPHHATH CIEAYIOIIHE OCHOBHbIE JOITYIHEHHS:

- CTAUMOHAPHBIH IipolLiecc MaccorepeHoca depe3 MeMOpaHy COCTOHMT H3
CIIEYIOIMX CTafui: afcopbuyH KOMIIOHEHTa ra30BOi CMecH Ha TTOBEpXHOCTH
MeM6Opansbl, uddy3UH KOMIIOHEHTa Yepe3 MaTepual MeMOpaHhl, necopbuns B
XKHIKOCTh, PaCTBOPEeHHE U AUDPY3HS B KHIKOCTH;

- POHUIIaeMOCTh MeMOpaHbl [0 U3BIIEKAEMOMY KOMINOHEHTY HE SBIAETCH
JTMMHTHPYIOIIMM [TapaMeTpoM fpouecca MacconepeHoca B MK;

- KOMIIOHEHTHI [a30Bo# cMecH TUG(YHIUPYIOT B XHUAKOCTH HE3aBHCHMO
OpYr OT Apyra ¥ He B3aUMOJEUCTBYIOT;

- nu¢dy3us KOMIOHEHTOB B MeMOpaHe NPOMCXOIOMT NO 3akoHy (Duka c
MOCTOSAHHBEIME KO3 dunruenTamMu auddysuu; copOUus KOMIIOHeHTa MeMOpaHoik
MaTpHIeH oaYHHAETCS 3aKoHy [eHpH;

- U3MEHEHMEe pacxOfa >KMIKOCTH BCNEACTBHE pacTBOpeHus B He#
KOMIIOHEHTA ra3oBOii CMeCH IpeHeGPeXUMO Malo.

ITockonbKy KOHCTpYKUWA M Halpasiesus norokoB B MK 6mmsku K
TeIUIOOOMEHHOMY ammapary, Uil OLEHKM BhIXOOHOH koHuentpauun CO, B
ra3oBoii CMeCH HCIOJR30BANTOCh pellieHHe I HaXOXIEHHSA KOHEYHbIX
TeMIepaTyp HOCHTENEN U paclpeleneHus TEMIIEPATYp MO JUIMHE KaHaua BIONb
TTOBEPXHOCTH . TEIJIOOOMEHHUKA, IpenyoxeHHoe B paborax X. Xaysena, M.
SIxoba u nmp. CoracHO ypaBHEHHMIO Macconepenaud B anemeHTe MK yepes
MOBEPXHOCTh MeMOpaHb! dF, B €IWHMLY BpEeMeHH NepefaeTci Cleaylollee
KOJIMYECTBO i-T'0 BellecTBa:

diy = p,dF Ac, = B.dF, (c,, —(;,‘A}K) )

rae F, - mromans MeM6pansl; f; - ko3bduuMeHT Macconepenauu i-ro
KOMIIOHEHTa B CHCTeMe «ra3-MeMOpaHa-»uaKocTb». [locie HHTerpHpoBaHUSA
ypaBHeHHns (1) no nnuHe W paAma npeoOpa3oBaHUiM MONYYEHO Clexylollee
COOTHOLUEHUE MJIs ONpEENeHUs] KOHUEHTpAUWM i-r0 KOMITOHEHTa [a30BOM
cMecH Ha BeIXofie MeMOpanHoro abcopbepa NpH MPOTHBOTOKE:

N e

ci.r,colx = Ci.r.er - (cl.[',o,\' —-C ”)K""‘) 1 1) (2)

G}k'
WzMeHeHHe KOHUEHTpaUMM KOMIIOHEHTa B JKHAKOCTM B MeMOpaHHOM
abcopbepe onpenensercs Mo 3aBUCUMOCTH (3):



C.r HKewx =C;p o — (cl,f“w - C.:,;f\' er) r

.
YpasHenue (2) mosy4eHO JUIA HEH3MEHHBIX pacXoloB ra3oBod cMecu H
KUAKOCTH. B ciyuae 3HaumrensHoro usMeHeHus BenwuuHnl G B mpolecce
pa3/ie/ieHus o JUTHHE KaHaJla HCIONb3YeTCA METO, KOHEYHBIX pa3sHOCTEH.
Benuuuna ko3dduuueHTa Macconepenayd i-ro KOMITOHEHTa CHCTEMBI
«ra3-MeMOpaHa-XHIKOCTE» ONpelNeNieTcs He TONBKO MeMOpaHOd, HO H
COTPOTHBIICHUAMH ['A30BOTO H XKMAKOCTHOTO KAHAIOB:
RN AN )
ﬂ i ﬂl./ P K ﬂ 1. K 5 ( )

rae f; — xo3QdHIMEHT Maccolepeaudl CHCTEMBI «ras-Mem6paHa-
KHOKOCTEY, fi — KO3D(HUIHEHT MACCOOTHayH ra3oBOrO KaHana; fx —
KO3(HUMEHT MacCOOTHAYH KHAKOCTHOrO KaHama; P;, — Kko3hQUUHEeHT
NPOHUUAEMOCTH MeMOpaHbl; K, — KOHCTaHTa (a30BOrO paBHOBECHA i-I'O
KOMIIOHEHTa Ui MeMOpaHs! (koHCcTaHuTa ['eHpH).

Ha ocHOBaHMH YHCIEHHOrO aHaIK3a OKa3aHO, YTO IPH PasfeieHuu CMECH
CO,-N; B MK ¢ BBHICOKONMPOHHIAEMBIMH TOJUMEPHBIMH  MeMOpaHaMu
COTIPOTHBIIEHHS Maccolepejaye MeMOpaHbl M Ta30BOIO CJOS NpeHeOpexuMo
Majbl II0 CPaBHEHMIO C CONMpPOTHMBIEHHEM B XXHUAKOcTH. Torma ofbuumi
KO3 dHLHEHT Maccomepenayd JIMMHUTHPYETCd OrpPaHM4YEHHOM CKOPOCTBIO
auddysun CO, B abcopbenre u B~P;x. Kosbdbuument maccootnaun B;x
CYIIECTBEHHO 3aBHCHT OT CKOPOCTH TeYeHHA wx H Koddduimenta muddysuu
D, ), 4T0 JaeT BO3MOXKHOCTH JuIs ero ysenndeHus. KoahouuneHT MaccooTaaun
B JKMIKOCTH MOXeT ObiTh ompefeneH ¢ moMowmpio Kpurtepus lllepsyaa,
XapaKTepH3yIoIlLero Macconepenayy B oAHOGa3HOM [IOTOKE:

d
Sh= 'B”‘ % = CRe"Sc* (5)
iK
Re= w)](d;, _ ZQJ)KbXH i Pei .4 5
rae Ve  valbg+H) Kputepuii Peiinonsica; dj, — TUApaBIAYECcKHUil
v

=Y o
nuamerp; S¢ = D . - kputepudt IlMuata; vy - KHMHeMaTHYeckas BASKOCTE

1,
sunxocty; C — unucneHHsIH K03bdUUUEHT, a, b - HoKasaTenu cTeneHy.
Ipu wuccnenoBaHHM mpollecca pasjeneHus B MK BBeneHEl ciieiyrouiue
6e3pa3sMepHble apaMeTphl ¥ BeTHYHHBL:

x -
et 0 < X <1 - 6e3pasmepHas NPOONEHAS KOOPAMHATE;



- </ - GespasmepHas KOHIIEHTpAlMs B TA30BOH CMECH;

Cin = L—7 0<¢ 4 <1 - 6espasmepnas koHueHTpauus B abcopOente;
1l ex” T

rae P, — naBnienue ra3opoii ¢asml; K; - koHcTaHTa I'eHpH i-ro KOMIIOHEHTa B
WHAKOCTH.

w b
€ x = ;;) 0< Pey - mudodysmonHmit kputepuit Ilexne B

XHUOKOCTH, xapajcrepusy!omuﬁ OTHOIIECHHE KOHBEKTUBHOI'O [MOTOKA KOMITOHCHTa
BJIOJIb KaHana K Au(Qy3MOHHOMY MTOTOKY ITONepeK KaHana.
. Ca 2.7 8bix

s e Ccoa,r enix
- Crrrm ¢axrop paznenenns MK nas emecu CO,-Nj,
Cco2,rex

Teoperuueckoe pacnpefelleHHe OTHOCHTeNbHOH xouuentpaumun CO, B
rasoBoil cMecd [0 JUIMHe KaHana IUiockopamHoro MK mpH NpoOTHBOTOKe
npuBejeHo Ha puc. 3. B pacuere ucnons30BaHb! pe3yNbTaThl IKCIIEPUMEHTa Ha
nnockopamaom MK. IMokasano, 4ro mpu pacxomax rasoBoi cMecH (Rer<4)
creneds otbopa CO, U3 NOTOKA MpUGMMKaeTcs K MaKCHMalTbHOMY 3HAa4YEHHIO,
NpH KOTOPOM NPOHCXONHMT IpakTHyecku nonHoe ussnedenue CO, U3 rasosoit
cmecu. Pabounit pexxum MK, npu xoropom 3anelcTBOBaHa BCs ILIOLLAIb
MeMOpaHBbl, COOTBETCTBYeT Rer=3,7.
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Puc. 3. Pacripenenenne Puc. 4. Pacnpeiesnenne
oTHocuTensHOMU koHueHTpauuu CO, oTHocuTensHOM koHUeHTpaunk CO,
B ra3oBOi CMECH MO JUITHHE KaHala B XUIKOCTH IO JUIMHE KaHana
wiockopamuaoro MK IJI0CKOPaMHOro MK

(Gr20=100 1/4, Fprprasc=0,1 M)



Ha puc. 4 npencrasneHo pacnpejeseHHe OTHOCUTENBHON KOHLEHTPALWH
CO;, B XHMIKOCTH NO [UIMHE KaHAla B NJOCKOpPaMHOM MeMOpaHHOM ammnapare.
PaBHOBecHas KOHLUEHTpAlMd B XHIKOCTH ¢ MapuLHalbHOM JabieHueM CO, B
cMecH pco;=0,4 atMm. coctaBnser ccopx=0,067 Monw/n. IlokasaHo, yto
abcopbeHT 6bIcTpo HackimaeTcs CO, BO BXOIHBIX CEUEHMIX alliapara, a janee
KOHUEHTpaLUA N0 AJHHE KaHa/la U3MeHseTcs ciabo.

MakcuManbHoe H3B/IeYeHHEe KOMIIOHEHTa U3 ra3’oBOM CMeCH IOCTHXXHMMO
TIPH MaKCHMaJIbHOH CTENEHH HACBHIILECHHSA JXHUAKOCTH, IO3TOMY IIPH BBICOKOH
CENEKTUBHOCTH PacTBOPUMOCTEH KOMIIOHEHTOB ra3oBOW CMECH B )KHAKOCTH
uenecoobpasHo BbIOMpaTh PEXHMBbI, B KOTOPBIX INEPEHOC COPOUPOBAHHOIQ
KOMIIOHEHTa K BBIXOAY MOZYJS NPOXOAMT NPaKTHYECKH IONHOCTHIO. [lanHoe
ycnoBue HeoGxomuMo npu opraHuzauud MK ¢ pelupKyniLuMOHHOH CXeMOH,
MOCKOJIbKY TOBBIIIEHHE CTENEeHH HachilleHHs abcopbeHTa B MeMOpaHHOM
abcopbepe M yiyuyllleHHe €ro pereHepauud B gecopbepe INOBBILIAET
3@ deKTHBHOCT, npouecca pasgeneHus. Ha npaxktike orpaHudeHHas
MIPOHHIIAEMOCTh MeMOpaHBI M orpaHuyeHHas [IU((Qy3Usd KOMIIOHEHTA B
KUAKOCTH TPUBOASAT K HEPaBHOMEPHOMY HACBIIIEHHIO XHIAKOCTH IO IJIHHE
KaHajla M, KaK C/IeICTBUE, HEIIONHOMY €€ HACHIIEHHIO Ha BBIXOAE W3 MOIYJA.
3ameueHo, uto npu Pex<0,01 pocturaercs NpakTUYECKH NOJHOE HACBHILIEHUE
KUOKOCTU: C, x=1. CyluecTByeT HECKONbKO IyTell yMeHbIueHus Pey NOpu

NOCTOSHHOM Temreparype, HalmpuMep, YMEHBIIEHHE pPAacXOfa >XKUAKOCTH H
yMEHBIUEHHE BBICOTHl JKUAKOCTHOrO Kanana. Ha pwc. 5. mnpejcrasnena
3aBHCHMOCTDb OTHOCHTENBHOH KoHueHTpauuu CO, B ra3oBoit cMeCH Ha BBIXOJE
MK ot koHueHTpanuu CO, B XHUAKOCTH IPU Pa3IHYHBIX Pex.

Ceoar Ceoox
13T I Z 1
. ex=5,885(1003)/s, s | :
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Puc. 5. 3aBucuMocTs orHOocHTeNbHOM  PHc. 6. Pacnpenenenye oTHOCHTENBHOM

xorueHTpauuu CO; B ra3oBoii cMecH xonueHtpauyu CO; B XXKHIOKOCTH
Ha Beixoze MK ot koHuentpauuu CO, [0 IJIHHE KaHana MeMOpaHHOro
B abGcopbenTe Iecopbepa npu npomsoronce
(G ./\“I()O "/Li r/”;r\/ ~=0,1 ™M’ ) (G)K—IOO H./"I, FﬂBTMC“'O 1M )



I'paduxm nNOCTPOEHH NPH MOCTOSHHBIX Pey W Pa3sIHUHBIX pacxoaax
ra3opoii cmecu. M3 puc. 5 cnexgyer, YTO B NPOTHBOTOYHOM MOAYJIE PEATH3yeTCH
PeXMM, B KOTODOM IIpH OTHOCHTENIPHO BHICOKOW CTENEHH HaChILIEHHA
WHAKOCTH IPOMCXOIMT TNpPaKTHYECKM IIOJIHa# OYMCTKa Ta30BOH CMecH.
PexxumoM pabotsl mMemOpauHoro abcopbepa B MK c  peuupKynsuuoHHOM
cxeMo#t sBnatercs obnacTe MaKCHMalbHOTO HACHIUIEHHS JKMAKOCTH IIpH
TIPOTUBOTOKE.

OnHMM U3 BO3MOXCHBIX CNOCOGOB JecOpOUMM KOMIIOHEHTa M3 XHIKOCTH
SBNAETCS CIOyBKA HMHEPTHHIM rasoM-HocureneM. Ha puc. 6 mnpencrasnexo
pacnipeienenye konuentpauuu CO, B kaHane mem6pannoro gecopbepa B MK ¢
PELMpPKYIALMOHHON CXeMOM MpH pasIHYHBIX pacxofiax ras3a-HOCHTENA.
IToka3zaHo, 4YTO CyLIECTBEHHOE H3MEHEHHe CTEINIeHH OYHCTKH IKXHIKOCTH
MIPOUCXOIMT B Y3KOM JMaNa30He HM3MEHEHHA PacXOfOB CJYBOYHOIO rasa.
PacCUMTaHO, YTO JJIAi TONHOM pEreHEpalldH BOK C Coozwer=5 MOIB/M B
zecopbepe ¢ romamsio Fpre =0,1 M Tpebyerca pacxon Bosmyxa Grz=135
M.

ITokazaHo, d4ro  uenbld CHMXeHus  cebectommocty MK ¢
PELUpKYIALIHOHHON cxemoff 1 MemOpaHHoro abcopbepa u gmecopbGepa
1enecoobpasHo NPUMEHATh MOLYIH OIWHAKOBOM KOHCTPYKLHH C paBHOIM
mwromansio MemOpanel. MccnenoBanus Tokasand, 4YTO NpPH  OQWHAKOBBIX
ab6copOLUMOHHOM H [IeCOPOLIMOHHOM MOAYJIAX I Kaxaoro pacxoia cMecH CO,p-
N, cymiecTByeT pacXoJ >XHIAKOCTH, IPU KOTOPOM HOCTMIAeTCs MaKCHMMallbHOe
u3pnevyeHue CO, H BbigeneHus N, DTO OOBACHAETCH TEM, YTO NpPH Maibix
pacxonax XHMAKOCTH Rexy<5 mocturaercs ee MakcuManisHoe HachimeHne CO, B
abcopbepe M monHas pereHepauus B necopbepe. HaiieHo, YTO mpH MaibIX
pacxogax cmecH CO,-N, BO3MOXHO HOOMTBCA MpPAKTHYECKH IIOIHOrO
m3pneyeHus CO,. B pesyiasrare TpOBENEHHBIX PACYETOB  IIOKa3aHa
BO3MOXHOCTb MOJYYEHUS BBICOKOrO (hakTopa pasneneHHs OaHHOH cMecd B MK
C PeUUpPKYJISIMOHHON CXEMOW B M30TEPMUYECKOM pexxuMe (ay,*>40), KoTopsIi
He MOXET OBITh peaJIM30BaH B CTAHOJAPTHBIX ra3opasiaeINTEeNIbHBIX MeM6paHHbIX
anmaparax 6e3 ITOBBILICHHS JaBlIeHHS ra30Boit cMecH uiu Harpesa aGcopOenra.

Tperbsi riaBa MOCBAIEHAa OKCIEPUMEHTALHOMY — HCCIEIOBAHMIO
IlapaMeTpoB npolecca Maccoobmena B MK u noaTBepIOEeHHIO a1eKBaTHOCTH
l'Ipe)lJIO)KCHHOi;I MaTeMaTHYeCKOH MoaeJu. B rnase NPUBEOEHO: OINMNCaHue
SKCNEPUMEHTaNbHOTO CTEHAA, METOJHKA NPOBENEHUS IKCIEPUMEHTA, OLEHKa
MOrPEIIHOCTH  M3MEepeHHH, pe3ynbTaThl 3KCIEPUMEHTOB M HMX aHalu3.
[TposeneHo akcmepHMEHTANBHOE WCCIENOBaHHE IpolLiecca pasfeneHHs CMecH
CO2-N; B MK d4eThipex pa3iuuHBIX KOHCTPYKLMHA: AUCKOBOrO, PyJOHHOrO H
ABYX IJIOCKOpaMHBIX. HCCJIGJI[OB&HBI THAPABINYECKHE  XapaKTCPHUCTUKH
MoxyneH, (akTop pasjgeneHus annaparos, OlEHEHa BO3MOXHOCTh MX
npuMenenns B MK ¢ penMpKynsnHoHHOH cxeMoH. BainonHeHa mnposepka
OCHOBHBIX JOIMyLIeHHH U anroputMa pacyeta MK.



OyHKIMOHANBHO 3KCTIEpUMEHTANbHBIH CTeHA mpencTasnser coboit MK c
PELMPKYISHHOHHOA CXeMO# H BO3MOXHOCTBIO MOMKIIOYEHHS MeMOpaHHBIX
MOZyJiel pa3iu4yHOM KOHCTPYKIMH C LEIbl0 M3y4eHHs HX pas[elHTENbHbIX
xapakTepucTHK. CTeH[ COCTOMT M3 TPEX OCHOBHBIX 6/I0KOB: 6/10Ka NOATOTOBKH
ra3oBoi cMecH, MéeMOPaHHOTIO KOHTAKTOPHOro 610Ka ¥ M3MEPHTENBHOH 4acTH.

[NpuHUMNHaNbHAA CXeMa 3KCIIEpUMEHTAILHOrO CTeHJa NpencTaBleHa Ha
puc. 7. Bnok NOATOTOBKM Tra30BOM CMeCH MpeaHasHadeH A CO3NaHHUA,
noaAepxanus ¥ nofadu crabwibHoro cocrasa cMecn CO,-N; B HecnenyeMylo
MeMOpaHHYI0 cucteMy ¢ pacxosamu 1o 300 n/4. MeMOpaHHbI# KOHTaKTOPHBIH
650K pealn30BaH MO PEUMPKYJIALHOHHOH cxeMe. OOs3aTebHOMY KOHTPOIIO
NOZNEXKAT AaBleHHe, pacxoll, TeMIepaTypa H COCTaB ra30BOM CMECH, @ TakxKe
pacxon M Temrnepartypa xuakoro abcopbeHra.
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BKm — xomrnipeccop BO3RYIIHEIH; H — HACOC XHUIKOCTHOIM; Al — a30THBIH
rexeparop; Pml...Pm4 — poramerpst; BJ1, B/]2 — nemndeps! BOOSHEIE;

@ — ¢uIbTp BO3IYyLIHBIH; @B — dunbTp BoagHOM; K — KpaH TPEXXOIOBOif;
MI...M6 — maHoMeTpBI rasosble; M1 1...MI14 — MaHOMETDBI )XHIKOCTHbIE;
Apl...[JpS — npoccenbHble BeHTUNH; B1...B7 — BEeHTHIIH 3allOpHBIE;
@01, PO2 — punsrphi- ocymmreny; [IK(CO;) — naravku xoHuextpaunu CO,

Puc. 7. TIpyHUMnMansHas cXeMa SKCTIepHMEHTANBbHOTO CTEH A

OOwuit BUA HCCTEXyeMOro AUCKOBOro Momyis Tuma «MocT», B KOTOPOM
HCTIONB3yIOTCA MeMOpaHbl Ha 6a3e MOpUCTOH HUKENEBOH MOIJIOKKH, TOKPBITOH
crnoeM nonumepa IIJIMC (nonuauMeTHIICHIOKCaH), TOKasaH Ha puc. 8. JlaHHbIH
noumep o61afaeT BRICOKHMH TapaMeTpaMH Tra30NpOHMIIAeMOCTH H XOPOLIUMMH
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IIEHKO06Pa3yIoIMMH CBOMCTBAMHA (QcofIOOMMz*q*am., QNz=9n/M2*q*aTM.,
acoanz=11).

JluckoBeii MeMmOpaHHEIH MOXyNh mNpenHasHayeH
s 06paboTKH XHAKOCTEH M NMPHMEHAETCS B MEIHLIHHE
IUtd HacelieHusa kposH O, M ynmaneuus u3 Hee CO,.
HecmoTps Ha Manmyio BHCOTY kaHana (b,/=50 Mxm)
razoBas (pasa MOIyNs HE OKasbiBaeT CYIIECTBEHHOIO
COMpOTHUBJIEHHA MaccooOMeHy. McnuiTaHHs NOKasai,
9TO NpPOHHUAEMOCTh MeMOpaHEI He OrpaHHM4YMBaeT
Puc. 8. JIucKoBE# MaccoobMeH mpu pasgenenun cmecun CO»-N;, a
MeMGpaHbii Moyns OCHOBHOE COTIPOTHBJIEHHE Macconepenaye

onpenensercsa nporeccoM audpdysuu CO; B KHAKOCTH,
YTO MOATBEPAMIIO CLCNaHHbIE paHee JOMYLIEHNUs TIPH TEOPETHHECKUX pacyeTax.
3aBHCHMOCTh OTHOCHTENbHOH KoHUeHTpauun CO, B rasoBoit cMecH OT
pacxona >xuaxocTH mis nuckosoro MK npencraenena Ha puc. 9. Hcnsitanus
TTOKa3aJi, YTO IIpU pacxojax abcopbenta Reyx<700 abcomoTHas KOHUEHTpaUUs
CO, B razomoii cMecu Ha BeIXoge MK MeHsieTcs He3HAUUTENBHO H
3¢ dexTUBHOrO pasneneHus B Monyne He npoucxonut. Ha puc. 10 nokasana
3aBUCMMOCTh (hakTopa pasneneHus auckoBoro MK or pacxoma abcopbenra.
IoxasaHo, 4TO ¢akTop pasmeneHus MOIYNs C1Nabo 3aBUCHT OT pacxofa
abcopbenra. HaiineHo, 9ro Moxyns He MoxeT ObITh pEKOMEHIOBAH K
ucnosp3oBanuio B MK ¢ perupKynsiLiMoHHOM cxeMoid, Tak Kak He obecneuuBaeT
Tpebyemoro akropa paszmenenus npu Rey<100.
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o — 3xCnepumenm — - pacuem ) ® = aKCnepumenm — = pacvem
Puc. 9. 3aBUCHUMOCTh OTHOCHTENBHOM Puc. 10. 3aBucumocTs akxropa
xoHueHTpanuu CO, B ra3oBoii cMecH Ha pas3zneseHus OT pacxoaa
BBIXOZ€ OT pacxopa abcopbeHTa abcopbenTa B AuckosoM MK
B auckosom MK (ccorra=T 06.%, Fiymc=2,9 Mz)

(ccorre=T 06.%, Frma=2,9 M%)
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B nmuckOBOM Mo.nyle peanH3yeTcs TNepeKPECTHHI DEXHUM TEYeHHS:
TpaeKTOpHs TeYeHUS ra3a BHYTPH OMCKOB OM3Ka K OKDY)XHLIM JIHHHAM, B TO
BpeMs KaK MOTOKH JKHAKOCTH HalpaBiIeHbl PajHalbHO, YTO TpeOyeT BBeXeHHS
NIONPaBOK, AHANOrMYHEIX MPH PacyeTe NePEeKPeCTHOTOYHBIX TEINIOOOMEHHHKOB.
OxcrnepuMeHTaNbHOe 3HaYEHHE YHeJNbHOH NPOU3BONUTENBHOCTH MOKYJNsS HpH
Ceorr =06 1 G/Gx=1,2 cocraBnser gco;;=0,93 Wa*Mm, YcraHoBieHo, 9TO
npy  MajblX  KOHUEHTpaUMsAX YOalieMoro M3 CMECH  KOMIIOHEHTa
mareMaTHyecKas MoJeNb afleKBaTHa M MOxXeT ObITh HCIONB30BAHA MIS pacyeTa
H npoekTHpoBanus auckosbix MK npu BBedeHUHM B pacuerHbie (OpPMYIIBI
ko3bpduureHTa MaccooTnadd fix M3 KPHTEpPHANTbHOH  3aBMCHMOCTH,
TIOJTyY€HHO} B 3KCTIepHMEHTe:

Sh=0,08R"*Sc"” , (©6)

Bropo#i THMN HCHBITHIBABIUMXCA MEMOpaHHBIX MOIYNEH - pPYJTOHHBIH
MOJYJ1b, BHEIUHUH BHJ KOTOpPOTro Moka3aH Ha puc. 11. Moayns xoMmiexTyercs
Henopucrolf MemOpaHoi «Jlecrocun™» Ha ocuoBe IIJIMC. [lanHri
rasopasJeluTeNbHEIA MOAYAb NIPUMEHSETCs C LEeNbio O0OralieHds BO3LyXa
KUCJIOPOAOM H IONy4YeHHS TEXHHYECKOTo a3ora
H3 BO34yXa. :')KCHepPIMCHTaJILHO YCTaHOBJICHO,
9T0 MpH AHAJIOTHYHBIX MNOKa3aTe/sIX CTENeHH
OYMCTKM M OTHOIUIGHHM pAacxXONOB Trasa H
KUAKOCTH  YHAeNbHas IIPOU3BOAMTENHHOCTD

Puc. 11. Pynounsiit mrockopamHoro MK npu paBJleJICHHPI CMECH

MeMOpaHHBIA MOIYJIb CO,-N; COCTaBNSET groz p=2,2 Wa*M-.
3aBUCHMOCTb OTHOCHTENBHO# KoHUeHTpauuu CO, B rasoBoil cMecH Ha
Beixofe MK OT pacxofa MIKOCTH I PYJOHHOTO MOXYJA NpeACTaBleHa Ha
puc. 12.

’ " T
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Puc. 12. 3aBiucuMocTh OTHOCUTENBHOM Puc. 13. 3aBucuMocTh daxropa
koHUeHTpauuH CO, B ra3oBoit CMecH Ha paszmeneHus ot pacxona abcopbeHTa
BeIXoze pynonHoro MK ot pacxoza B pynoaHoM MK

abcopbenra
(C(() 2. 6x™ 32 00 /0 Flpcmocuv 1 1 M )
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3aBHCHMOCTD (aKTopa pasiesieHHs OT Pacxoa XHAKOCTH B pynonHoM MK
npefcTaBNeHa Ha puc. 13. Anmapar HMeeT OpraHH3allHIO IIOTOKOB, GNIH3KYIO K
NpOTHBOTOYHOM, 4TO NpHHMMaNoce B pacuerax. Ha#neHo, dTo
SKCIEPUMEHTAIbHBIE TOYKH HAXONATCA B COOTBETCTBHM C TEOPETHYCCKHMH
KPUBBLIMH TTPH MCIIOJIb30BAHHH KPHTEPHANbHOH 3aBHCHMOCTH (6). YCTaHOBNEHO,
YTO BCJEACTBHE OTHOCHTENBHO OONBIIOH BHICOTHI XKHAKOCTHHIX KaHAIOB
MOIynb He MOXeT GBITh Mcnonb3oBaH B MK ¢ peLHpKYIslHOHHOH CXEMOH,
XOTA MOXeET 3()(HEKTUBHO NPUMEHATBECA ANA Pa3ficiieHHs ra3oBbIX CMECEH NpH
Gr/Gx>100.

Ilo pesynbTaTaM aHanu3a UCHBITAHUH OHCKOBOIO M DYJNOHHONO MoAyieH
ms MK 6l pa3paGoTaH M M3rOTOBJIEH MeMOpaHHBIH MOIYNb HOBOH
KOHCTPYKUMH — TJIOCKOpaMHBIA. BHEMIHMA BHI IUIOCKOPaMHOIO anmapara ¢
aCCUMETPUYHOH HEeIopUCTON NOJIMMEpHOHR MeMOpaHoH [MBTMC
(Q(-02=1600H/M2*'-l*aTM., Q,vz'-'12OJI/M2*‘i*aTM., acony=13) nokasaH Ha puc. 14,

Ha6op TUIOCKHUX IPAMOYIOJIbHbIX
meMOpaHHBIX ~ JneMeHTOB  cobHpaercs B
«KacceTy» M 3aKpeliseTcs MexXIy [HByMs
traHUEeBbIME METAJUTHYECKUMH AEpXATeIIMH, Ha
KOTOPBIX CMOHTMPOBaHbI BXOAHbIE H BBIXOJHbIE
ra3oBble 74 WUIOKOCTHBIE KOJIJIEKTOPBI

= H3roToBNeHs! W HCIBITAHBI JBa IIOCKOPAMHBIX
Puc. 14. Tnockopamusiin =~ MK ¢ miomansio MeMOpaHs! Frsruc=027v" u
MemGpambii Mozyms  Frariuc=0,12M" (bx=100miav, br=100mxm).

Jdns HOBBIX MeMOpaHHBIX MoIyned ¢  IUIOCKOH  reoMeTpuei
9KCIIEPHMEHTANIHO TONyYeHa CIeIyroluas KpHTepHanbHas 3aBUCHMMOCTb IUIA
onpezeneHus KoahhuunueHTa Macconepeadu:

0,33
Sh=1,19Re" ”Sc”'”[%) N

Beipaxkenus (6) u (7) mo crpykrype aHamoruuHsl (5) M OTIHHAIOTCA
YHCIHEHHBIM KO3h()HUUMUEHTOM, IMOKa3aTeNsIMH CTelNeHM M  CHUMIUIEKCOM
TeOMETpPHUYECKOro monobus. JlanHas KpurepuaibHas 3aBUCHMOCTDH I103BOJISET
paccuMTHIBaTh KO3GQHULHUEHT MaccoOTHAaYM B KaHame miockopamHoro MK c
JIaMHHApHBIM T€UEHHEM XHIKOCTH. YpaBHeHHE (7) NPUMEHHMO IS NMOTOKOB
XKHAKOCTH ¢ Rex<500 u pacxonoB ra3oBsix cMeceit B quanasode 0<Gr<50 n/a
(Rer<50). Ha ocHoBaHWM pe3yJbTaTOB IKCIIEDUMEHTOB I[I0KA3aHO, YTO
NOJIy4YeHHbIE 3aBMCHMOCTH M3MEHEeHHs KOHLEHTpaLKH oT pacxoza abcopbeHTa
6nu3Kky K pacyeTHbIM. PasHuIAa MeX[y pacYeTHBIMH M IKCHEPHMEHTANLHO
NIOJNy4eHHBIMH XapaKTePHCTHKaMH He npesbliiaeT 10%, YTO TrOBOPHUT O
BO3MOXHOCTH HCIIONB30BaHUS YypaBHeHHit (6) u (7) mna pacuera H
[IPOEKTHPOBAHUA MEMOPaHHbIX pa3/e/IUTe bHbIX AlapaTos.



3aBucumocTH OTHOCHTeNbHOM KoHUeHTpauud CO, B rasoBoif cMecH Ha
Beixofie W3 MK ot pacxona abcop6eHTa B MPOTHBOTOYHBIX MIOCKOKAMEPHBIX
MOOYNSX C Ppa3siN4YHOM NIOWAABI0 MeMOpaHbl NpeAcTaBieHsl Ha pHc. 15.
KoHCcTpykuus MOXysis TIO3BOJIAET pEeald30BaTh BHICOKYIO CTENEHb pa3feNieHus
rasoBoif CMecCH, XapakTepHylO Ui pexXuMa NpOTHBOTOKa. IlokaszaHo, 4TO
yBeJIHYeHHe TUIOLIAIH TOBEPXHOCTH MeMOpaHEl B MOLYJIe IIO3BOJISeT HOCTHTaTh
Gonee BbicokOH cTenenu mu3pneyeHus CO, M3 CMecCH, YTO IONTBEPXAAeTCs
3KCHEPUMEHTAIBHO.

Rer = 1(241/4)
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Puc. 15. 3aBucuMocTs oTHOCHTENIBHOM KoHIeHTpauuu CO, B ra3oBoil cMecH Ha
Bbixoze miockopamuoro MK ot pacxona abcopbenta (ccozra=43 00.%)

TMoxa3ano, 9To0 ¢ yBenuyeHueM pacxona abcopbenra creneHb orGopa CO,
W3 ra3oBOH CMECH BO3pACTaEeT, YTO MOBBIIAET YHCTOTY MPOLyKTa. VicnbITaHHBIE
MK 3¢ dexTHBHBI U1 razopasfesieHus CMeceil IIpd OTHOLIEHHH PacXoloB rasa
¥ XuaKocTH Gu/Gr=10+20. YiensHas NpOU3BOAHTENLHOCTH ILIOCKOPAMHOTO
MOy [Ip¥ [POTHBOTOKE, ONpeleleHHas B SKCIEPUMEHTE IPH Cep,r = 0,6 1
Gp/Gy=1,2, cocraBnser qco, n=10,3 a*me.

3aBucHMOCTh  QakTOpa pasfeneHus OT pacxoja abcopbeHTa B
mnockopamuoro MK ¢ Fgrc=0,27 M npeacTabneda Ha puc. 16. Haiineno, uro
obecrnievnBaeMbli IIPH JaHHBIX pacxomax abcopOeHTa H ra3oBoii cMecH (akTop
paszeneHus pa3paboTaHHOH alnapaTa AENaeT ero YCIeHo NpuMeHuMBIM B MK
C PEUMPKYIALMOHHOA CXeMoH, Korga Ha BhIxome MeMmOpaHHoro aGcopGepa
nony4aioT N; ¢ BEICOKOH CTENEHBIO O4UCTKY, a Ha BbIxo4e U3 Aecopbepa — CO,.
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Puc. 17. 3aBucumocTs axTopa paszeneHus or pacxofia abcopbeHTa B
rnockopamaoM MK (Ccoz.re=43 06.%, Fisuc=0,27 M%)

TTpennoxeHHas no Terio- MaccoOOMEHHOW aHAOrHM pacyeTHas Mofelb
TI03BOJIACT BHIMONHATH pacdeT MK mist aByX 3amau:

1. TIpoexTupoBOYHEIH pacyeT, KOrAa 3alaHbl pacXol, COCTaB paspenseMolt
ra3oBoii CMecH M KOHEYHOro MpoiaykTa W TpeOyeTcs NONY4MTb pa3Mephi
anmapara. [lo 3anmaHHBIM KOHLIEHTPaUMAM H pacxohaM Tra3soBOW CMecH H
XHUIKOCTH  ONpEHEeNsioT  KONMYeCTBO  copOHpyeMOoro  KOMIIOHEHTa.
PaccuntsiBaroTcs  K03G(ULUHMEHT Maccomepenayy, IUIOWaxs MeMOpaHl H
rabapHTsI anmapara.

2. IToBepouHbIi pacdeT, kKOraa 3afaHbl raGapHThI annapaTa, THII MeMOpaHE!
¥ Tpebyercs onpefenwTh, obecrieuwBaeT NM NaHHLIA anmapar HONy4YeHWe
npoAyKTa TpeOyeMoil KOHLEHTpalK NPH 3aJaHHBIX pacxojax ra3oBoif cMecH ¥
abcopbenra. Ilo 3amaHHBIM CKOPOCTAM H IUIOMIaAM MeMOpaHbl ONpenensioT
K09 HHULHUEHTHl MacCCOOTHNAYH Cpell ¥ KOHLIEHTPAllMH KOMIIOHEHTOB Ha BBIXOHE
MK. VYcraHaBnuBaeTcs COOTBETCTBHE anmapata IOCTaBIE€HHOH 3amave
pasaeneHus.

PCS)’J'IB'I-'QTH H BbIBOAbI

1. B pe3ynbraTe TEOpPETHYECKOrO M IKCIEPUMEHTANLHOMO UCCIEAOBAHUSA
ycTaHoBNEeHO, uTO ans pasmeneHus CO,-copepaidx rasoBbIX cMeceil ¢
ucnons3oBaHueM (Qusndeckux abcopOeHTOB B CUCTeMe «ras-MemOpaHa-
KHUIOKOCTE» OTpaHWYEHHAs MNPOHULAEMOCTh HemopucTod MeMmOpaHBl He
OKa3bIBaeT ~CYMIECTBEHHOTO BAMSHUA Ha MaccooOMeH. JIMMUTHpPYIOLIAM
takropom mpouecca pasaeneHuss B MK sBnsercs oOrpaHuyeHHas CKOPOCTh
mudoysuu CO, B abcopbenre.

2. ina  meMmOpaHHBIX  KOHTaxTopoB ¢  IUIOCKOH  reoMerpueit
IKCHEPUMEHTAILHO TMONyd4eHbl HOBRIE KpHUTEpHANbHBIE 3aBHCHMOCTH U
ompegencHus  koadduumenta  MaccootmauM npu  abcopbumu. s
IIOCKOPaMHOTo MeMOpaHHOro Monyns npu Rey<500:
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0,33
Sh=1,1 9Re°‘”Sc°’”{( %} .
N

3. 3asncumocts kputepus Lllepsyna ot uucen Peiinonbaca 1 HIMunra qns
PYTOHHOTO H IHMCKOBOrO MeMOpaHHBIX MOmynmed NpH Rex<500 umMeer BHI:
Sh=0,08Re**"Sc™. ‘

4, C uensio cHmwxeHus crouMoctd MK ¢ pemupKynsauvoHHOH cxeMoH
000CHOBaHA BO3MOXKHOCTH HMCIONIB30BaHHSA PaBHOM ILIOWafH MeMOpaHbl IIpH
OIVHAKOBOW KOHCTPYKLMH MemOpanHoro abcopbepa u mecopbepa. Hampumep,
s pasgenenus 100 w/u cMecu COxrN; ¢ ccorra=40 06.% 1o ccozren=0,1
00.% B miockopamuoM MK tpebyercs Frpric =2 %% npu Rey=10.

5. Tlo pnaHHBIM O3KCIlEpUMEHTa NpefJO)keHa HHXEHEepHas MeTOIHKa
pacdeTa rasopasJenHTeNbHOro MeMOpaHHOro annapara C  IUIOCKHMH
MeMOpaHaMH, NO3BOJAIOLIAA BBINONHATE IPOCKTHPOBOYHBIH H IIOBEPOYHBIH
pacuer MK 1ng paspenenus 6unapaeix CO,-comepxammux rasoBbIX cmecel
PasIH4yHOrO Ha3HAYEHHUA.
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