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B6eoeuue 

O.n;HHM HJ HaH6oJiee nepcneKTHBHhIX TexHonornqecKHX npoueccoB pa3,n;enemrn 

CJI0)f(HbIX CMeCeH ~RJUleTCH MeM6paHHM qmmTpaUHH [!]. Cpe,n;H HCIT0Jlh3yeMbIX B 

HHX MaTepHMOB Ba)f(HOe MeCTO 3aHHMalOT TpeK0Bbie MeM6pa11bl (TM), nonyqae

Mble o6ny'leH\leM IT0JIHMepHblX nneHOK ITY'IK0M BbICOK03HepreTH'lllbIX TH)f(eJll,IX 

HOHOB H nocne.n;y10mHM XHMH'leCKHM TpaBJieHHeM TpeKOB 3THX <1acn1u ,n;o noJiy

'leHHH CKB03HblX nop [2, 3] . . Enaro,n;apg pg,n;y CBOHCTB, npe)f(,n;e Bcero Ma:rroi,i TOJl

r.um1e H BblCOKOH O,ll;H0po,n;uocTH nop, TM HMeJ0T He3Ha'lHTeJihll0e conpOTHBJie111:1e 

TetieHHJO qJHJibTpyeMoH cpe,n;b1, BblC0KYIO ceneKTHBH0CTb paJ,n;eJieHHH, HH3KYIO au

cop6UHJO pacrnopeHHblX Ber.uecrn H nerK0CTb perenepaUHH. Bee 3TII CBOHCT!la Bhl

ro,n;HO OTJJH'laJOT TM OT ,n;pymx qJIIJibTPYIOlllHX MaTepHMOB H o6ycnoBJIIIBalOT HX 

WHpOKOe HpHMeHelrne e' Me,ll;HUHHe, 6HOTeXHOJIOIBH, MHKp03JieKTp011HKe H pg,n;e . 

,n;pyrnx o6JJaCTett TCXHHKH [3]. 

no Mepe CTaHOBJieHHH TexnonornH H3r0TOBJieHHH TpeKOBblX MeM6paH B ITOC

ne.n;HHe ro,n;h1 nony'lHno paJBHTHe H0Boe HanpaBJietrne - Mo.n;11cp11Kaum1 noeepx

HOCTH MeM6paH, IT0,ll; KOTOpOH llOHIIMaJOT ueneHanpaMem1oe H3MCIICllHe C0CTaBa 

H CTpyKTYPbl noeepx11ocnmro CJIOH MeM6paH, npHBO,ll;H[llee K ynyqrue11mo HX 

ceoiicrn [4] . Cy1.uecrnyJOT paJJIH'lHbie MeTO.n;bt MOAHqJHKaum1 ciloiicrn 11on11Mep-
• ' . 

llb!X MaTepuanoe 11a OCHOBe qJH3H'leCKHX H XHMH'leCKHX B03,n;eiicrnttii [5] . Ha11-

60JibWIIMH npeHMyr.uecTBaMH ITO cpae1~el1HIO C ,n;pymMH 06J1a,uaeT IIJlaJM0XIIMll

qecKHH MeTO,ll; l6], OCHOBllblM ll0CTOHIICTBOM ~OTOporo llBJllleTCH B03M0)f(HOCTh HC

IIOJlb30BaHHH )]JIH MO,ll;HqJHKau1111· WHp0KOro pH,n;a XHMH'leCKHX coe,n;1111em1i,i (KaK 
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opraHH'leCKHX, TaK H HeopraHH'leCKHX). THIT XHMH'leCKHX peaKUHH, npoHCXO,ll;H

lUHX npH 3TOM B ITJlaJMeHHOM pa3pH,ll;e, H o6ycnorurneaIOI.UHX MO,ll;HqJHKaUHIO no

eepXHOCTH nonHMepoe rmIBHbIM o6paJoM onpe,n;eruieTcH cocrnsoM ITJiaJMoo6paJyJO

wero ra3a. TipH BBe.n;eHHH B ITJlaJMy MOHOMepoB opraHH'leCKHX coe.n;HHeHHH npo

HCX0,ll;HT HX ITOJIHMepmauHH H oc~eHHe IlOJIHMepHOH ITJieHKH Ha IlO.lJ)IO)KKY [7]. 

HOBble CBOHCTBa ITOBepXHOCTH o6paJylOI.UHXCH npH 3TOM KOMil03HTHblX MaTepHa

JIOB B 3Ha'lHTeJibHOH Mepe 3aBHCHT OT TH!Ia XHMH'leCKOro coe.n;HHeHHH, HCIIOJlbJYe

MOro B Katiecrne ITJiaJMoo6paJyJOruero raJa. HaHeceHHe TOHKoro rron11MepHoro 

CJIOH s ITJiaJMe Ha IIOBepXHOCTb MeM6paH rrpe,n;cTaruraeT OCOOb!H HHTepec s ueruix 

rrony'leHHH MHKpOqJHJibTpaUHOHHblX MeM6paH c Bh!COKHMH IIOKaJaTeruIMH xapaK

TepHCTHK. 

HaMH 11ccne,n;osaH rrpouecc MOAHqJHKauHH rrosepxHOCTH rroJIH3THJieHTepec)JTa

n aTHbIX TpeKOBhix MeM6patt (TT3T<l> TM) B ITJiaJMe aJIJIHJIOBOro crrHpTa. 

MemoouKa 3Kcnepu.Meuma 

B 3KcrrepHMeHTax Hcrron1,3osanH TT3T<l> TM c ,n;HaMeTpoM nop 0,4 MKM (ITJIOT

HOCTh nop 5.6. 107 CM-2) , rrony'leHHbie o6ny'leHHeM TT3T<l>- ITJieHOK ycKopeHHhIMH 

Ha UHKJioTpoHe Y-400 (na6oparnpHH g,n;epHhIX peaKUHH HM. f .H. <l>neposa, 

O1-UIH) HOHaMH KpHmoHa c 3Heprneu ~3 M3B/HyKJioH H rrocne,n;y10r.ueu cpmHKo

XHMH'lecKoif o6pa60TKOH !IO MeTO,ll;HKe [3]. Oc~eHHe aJIJIHJIOBOro CIIHpTa Ha 

IIOBepXHOCTb MeM6paH ocyr.ueCTR11HJIH s ITJlaJMOXHMH'leCKOH ycTaHOBKe c HCilOJib-

30BaHHeM Bq-pa3pH,ll;a rrepeMeHHOro TOKa 'laCTOTOH 13,56 Mfu. O6pa3Uhl MeM6-

patt paJMepaMH lOx 10 CM, JaKpeITJieHHhie Ha paMKe, paJMeruanH B BaKYYMHOH Ka

Mepe ycTaH0BKH B 30He ,n;eHCTBHH ITJlaJMbl. 803,n;eHCTBHIO ITJlaJMbI no,n;sepraJIH o,n;

HY CTOpOHY MeM6paH. TTapaMeTpbl pa3pH,ll;a (,n;aBJieHHe ITJlaJM006paJy10mero raJa, 

MOIUH0CTb pa3pMa) BapbHpOBaJIH. MeTO,ll;HKa o6pa60TKH H cxeMa ITJlaJMOXHMH'leC

KOH ycTaHOBKH rro,n;po6HO OIIHCaHbl s pa6oTe [8]. 

XapaKTepHCTHKH HCXO,ll;HOH H MO,ll;HqJHUHpOBaHHhIX s ITJlaJMe MeM6paH orrpe,n;e-
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IDIJUI npu noMomu PMa B3;lUMO)lOnOJilliIIOIUUX MeTOAUK. lhMeHeHUe TOJIIUUHhl 

MeM6pa~ perncrpupoBaJIU C nOMOIUhlO 3JieKTpOHHOro U3MepnTeIDI TOJIIUUHhl "Te3a 

MoiJyJZb" (ABCTPIDI), TO'IHOCTh U3MepeHUll ±0.1 MKM. fa3onpoHnuaeMOCTh MeM6-

paH. (nOTOK BOJAyxa, .npowe)lwnii 11epe3 MeM6paHy) UJMepIDin npu nepenane AaB

JieHIDI 0,01 Mila, U3 BeJIU'IUHhl KOTOpoii no COOTBeTCTBYIDmeii nporpaMMe [9] . . - . 

pacc11nTLIBanu ::,cpcpeKTUBHLiii AUaMeTp nop .. Pacnpe)lerreHne _nop no paJMepaM u 

cpeAHUii pa3Mep nop oueHnBann Ha npu6ope Coulter Porometer II (Coulter Elec

tronics. Ltd)~ B Ka'leCTBe CMa'IUBaIQIUeii )KUJ:lKOCTU npnMeHIDIU "PorofiI''. KpaeBOll 

y_ron CMa'IUBaHIDI BOAOR onpeAeJIIDIU I'OHUOMeTpn11eCKUM MeTO):\OM (10], ,WlSI UJMe

peHnii ucnOJIL3OBaJIU, CBe)KenepernaHHYIO ):\UCTUJIJIUpOBaHHYIO BOAY. .IlnaMeTp nop 

Ha noBepXHOCTU MeM6paH onpe)leJIIDIU C nOMOillhlO CKaHnpy10mero MUKpOCKOna 

JSM-840 (JEOL), nepeA npocMorpoM o6paJULI HanLmIDin B_ BaKyyMe_ TOHKUM cno

eM 3OJIOTa. ,Ivrn UCCJie):\OBaHIDI crpyKTYPhl nop ~erranu CKOJILI MeM6p,aH, AJI}I 11ero 

MeM6paHhl npe,nBapUTeJILHO OXJia)KJ:laJIU AO TeMnepaTyphI )KUJ:lKOI'O aJOTa. llpoHn

uaeMOCTL .wrn BO.I(HhIX paCTBopoB UJMepIDin Ha · cTrumapmoii cpUJihTpaunoHHoii 

YCTaHOBKe <l>M0-2 npu nepenane ,naBJieHIDI 0.045 Mila Ha o6paJuax .nJioma,n1,10 

254 MM
2
. HcnOJILJOBaJiu npe,nBapnTerrLHO O11umeHHL1e cpUJihTpauueii 11epe3 ll3T<l> 

TM c .nnaMeTpoM nop 0.1 MKM BO,nHLie pacTBopLI CQJI}IHOii KUCJIOTLI u rn.npoxcu.na 

Harpu}I paJJIU'IHoii KOHUeHTpauuu. 

PeJyJILTaThl .U3MepeHUll o6pa6aTLIBaJIU, ucnoJIL3Y}I MeTO.I(LJ MaTeMaTU'leCKOll 

CTaTUCTUKU (11], AOBepnTeJILHLIR UHTepBan COOTBeTcTByeT 3Ha'leHUIO Ha,ne)KOCTU 

0.95. 

Pe3J,J1,b11lambt 

06pa6oTicy o6pa3UOB ll3T<l> TM B nJiaJMe aJIJIUJIOBoro cnuprn npOBO,nUJIH npu 

p_aJJIU'IHhJX 3Ha'leHU}IX MOIIIHOCTU pa3p}l):(a U ,naBJieHIDI raJa B Te'leHUe 20 MUH. 

,Ivrn yny11weHID1 a,nreJUU OCa)KJ:laeMOro nOJIUMepHoro CJIO}I nOJIUaJIJIUJIOBOro cnup

Ta noBepXHOCTh MeM6paH npe,nBapUTeJihHO no,nBeprarm B03,neiicTBUIO IlJiaJMLI KUC-
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nopo.na. llo OKOH'laHnn o6pa6oTKU uccne.noBann uJMeHeHIDI cne,ny10mux xapaKTe

pncTnK MeM6paH: TOJIIIIUllhl, ):\UaMeTpa nop, CMa'IUBaeMOCTU, BO)lOnpOHHU,aeMOCTU. 

PeJyJILTaTbl .U3MepeHUll napaMerpOB MeM6paH CBe.I(eHLI B Ta6JIUU)' l, n(~ Ka)KAOe 

npnBeAeHHoe 3KcnepnMeHTaJILHO HaiiAeHHoe 3Ha11eHne npeACTaBJI}leT co6oii pe

JYJihTaT ycpe)lueHU}I no xpaiiHeii Mepe rpex UJMepeHuii. 

lf3 npuBe,neHHhIX B Ta6nuue 1 AaHHLIX O'leBUAHO CJieAyeT :- KailaJibJ nop uc

XOL{HOR MeM6paHhl UMelOT HeKOTopy10 KOHYCHOCTh, ua 'ITO YKaJLIBaeT paJJIU'IUe 

JHa11eHnii '::,cpcpeKmBHoro (D3<i,) u cpeAHero (DMFP) AnaMeTpoB nop: 3aifemM, 'ITO 

nO)l06Hoii KOHYCHOCTU ue Ha6JI10,naeTC}I y MeM6paH, nony11eiIHLIX XUMU'leCKUM 

TpaBJieHUeM TpeKOB UOHOB KCeHoHa, nophl KOTOpoii npe,nCTaBJI}IIOT co6oii UUJIUH

.npu11eCKUe ~aHaJihl. llpU'IUHOll 3TOI'O }IBJI}leTC}I 6onee HU3KruJ m6upaT_eJILHOCTL 

TpaBJieHIDI TpeKOB UOIIOB KpnnTOHa, KOTOpbie UMelOT MeHLlllUe YA~LHLif noTepu 

3Heprnu B noJIUMepe no cpaBHeHUIO C-UOHaMU KCeHOHa. 

PeJyJihTaThl 3JieKTpOHHO-MUKpocxonu11ecKOI'O uccne,nOBaHIDi UCXO.I(HO(O o6pa3-

ua noKaJhJ~alOT, 'ITO nophl MeM6paHhl UMelOT CUMMeTpU'IHYIO (HeCKOJILKO CY)KU

Ba10my10c}I~ K cepeAUHe) !pOpMy. llpu 3TOM ,nuaMeTp nop Ha noBepXHOCTU MeM6-

paHhl (D3M) pa.BeH 0.450 MKM, AnaMerp )Ke nop B cepe.nirne CJIO}I MeM6pliH,: onpe

,neJI}leMLiii 'c noMOIULIO nopoMepa, COCTaBJI}leT 0.365 MKM. llpu ~6pa6oTKe .I(aHHOll 

MeM6paHLI B IlJiaJMe KUCJIOPOAa B npouecce ra3Opa3pMHOro TpaBJieHIDI [12] npo

UCXOL{UT yMeHhllleHne TOJIIUUHLI MeM6paHLJ " YBeJIU'leHne 3cp<peKTUBHOro ,nuaMeT

pa nop (Ta6n. 1, MeM6paHa No 2). CrpyKTypa MeM6paHLI, KaK noKaJllHo B pa6OTe 

(13], npu 3TOM U3MeH}leTC}I - nopbl npuo6peTaIDT aCUMMeTpU'IHYIO <popMy. llpu 

BhI6paHHhIX napaMeTpax, pa3pMa TpaBJieHue npOUCXO):\UT JIUlllh B 11aCTU KaHaJia 

nop ( cpeAHUii ,nuaMeTp nop 06pa3y10meiic}I MeM6paHLI MeHLllle ,nuaMeTpa nop Ha 

noBepXHOCTU, UCXOAHOR MeM6paHLI), 'laCTh KaHaJia nop npu 3TOM OCTaeTC}I He3aT

poHyTOll Ii npouecce TpaBJieHIDI. Cpa.BHeHne cpeAHUX ,nuaMeTpoB nop .wrn ucxo.n

Hoii " MOL{U!pUUUpOBaHHOll B IlJiaJMe KUCJiopo,iJ.a MeM6paH nOJBOJI}leT npu6JIU3U

TeJILHO oueHUTL my6nHy CJIO}I, Ha KOTOpOM npOU3OIIIJIO TpaBJieHne. TaK, YBeJIU-
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'Ie1me DMFP JI.JUI o6pa60TaHHOro B 11JlaJMe o6paJua YKaJbIBaeT Ha TO, 'ITO TpaBJie

HHe B 3TOM cnyqae npOHJOlllJJO Ha rny6HHe, npeBhllllaJOIUeH nonoBHHY JJ)IHHbl Ka

Hana nop. 

B peJynhTaTe ra3Opa3pS!.llHOro TpaBJieHHSI TaKHM o6pa30M B cnoe MeM6paHbl 

cpopMHpyJOTCSI KOHycoo6pa3Hbie yrny6neHHSI, yBenH'IHBaJOIUHe o6oeMHYIO nopHC

TOCTb [13]. YBenH'IeHHe nopHCTOCTH MeM6paH Bbl3bIBaeT ITOBhIIUeHHe HX y.nenbHOH 

npoHJBO.llHTenbHOCTH - HatJanbHaSI CKOpOCTb cpttnbTpauHH, KaK IlOKaJbIBaIOT 3KC

nepHMeHTanbHbie .naHHbie, aCHMMeTpH'IHOH MeM6paHhl B .llBa pa3a Bblllle B cpaB

HeHHH c 11cxo.n11oii (cM. Ta6n. 1). HeJaTpcmyThtH B npouecce TpaBJieHHSI cnoii, 

CTpyKTypa KOTOporo OCTaeTCSI 6e3 HJMeHeHHH, 6y.neT onpe.nensiTb ceneKTHBHbie 

cBoiicrna MeM6pa11. Coxpa11e1111e 11cxo.n11oro paJMepa nop .na1111oro cnosi 11e BbIJO

BeT CHlI::KelmSI ceneKTHBHOCTH paJ.neneHHSI, 'ITO onpe.nensieT npeuMymecrna HC

ITOJibJOBaHHSI MeM6pa11 no.no6Horo THila. 

YBenH'IeHue Ko11ue1npau1111 IlOBepXHOCTJlbIX Kap60KCHnbllblX rpynn, O.ll!IaKO, 

06paJy10m11xcsi nptt o6pa6oTKe B 11J1aJMe 11enon11MepHJYIOIUHXCll raJoB [ 14], np11-

BOJJ:HT K IIOBbIIllelUIIO 11JIOTJIOCTH OTpuuaTenbHOro 3apsi,n:a IIOBepXHOCTH nop [ 15]. 

3To oTpa::KaeTcsi 11a 11OBe.ne111111 MeM6pa11b1 B npouecce cp11nbTpaum1 - Bo,uonpo-

1111uaeMocTb MeM6paHbl, KaK MO::KHO BH.D:eTb (puc. la, KpHBaSI 2), 6h1cTpo yMeHb

maeTCSI. JJ.nsi KMH'IeCTBeIrnoro OITHCaHHSI HJMeHeHHSI BO,n:onpmmuaeMOCTH MeM6-

paH B npouecce cpttnbTpauuu np11Me11sintt ypaB1-1eIme 

-k-t 
G, = Goo + (G0 - Goo) · e 

r.n:e napaMeTpbt G0 H G00 npe~craruIsi10T co6oii HatJanbltoe H an11poKCHM11poBa11-

Hoe 311aqe1me BO,n:onpmmuaeMocTH, k - KOHcTaHTa cKopocT11 npouecca cpmibTpa

UHH. 311aqe1111si napaMeTpOB, pacc'IHTaHHbte nyTeM o6pa6oTKH 3Kcnepm1eIrram,

HbIX ,n:aHHbIX, npe,n:CTaBJiellbl B Ta6n. 2. 

PeJynhTaTl,I npoBe.n:eHHblX pactJeTOB CBH,UeTenbCTBYIOT O TOM, 'ITO HCllOnhJye

MaSI MaTeMaTH'IeCKaSI MO.D:enb )I.OCTaTO'IHO TO'IHO OllHChlBaeT npouecc qJllJlbTpaum1 
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Puc. 1. 11JMeHemie BOJJ:OITpOHUUaeMOCTll (a) u o6neMa <pHJibTparn (6) MOJJ:U<pU
uupoBaHHblX B ITJlaJMe MeM6paH (HyMepaum1 KpUBblX COOTBeTCTByeT HyMepauuu 
MeM6paH B ia6JI. I) B npouecce <pHJibTpauuu .nrrcrHJIJiupoBa,rnoil: BOJJ:bl 

8 

1 
;1 

r,l 

'J 

BOJJ:bI qepe3 I13T<I> TM. KaK CJie.nyeT HJ 3KcnepuMeHTaJll,HbIX ,n:~HbIX, KOHCTaHTa 

cKopocru <pHJibrpauuII, a TaICKe npe.nenLuoe Juaqeuue Bo.nonpouI1uaeMoCTu JaB_II-
~ ' ~ , . 

CHT OT noBepxuocrublx CBoil:CTB MeM6pau. Il0Bb1weuue ITJIOTHdCTu orpuuaTeJibHO-

ro Japg,na (Me6paua No 2) Bbl3bIBaeT yMeHbweuue k H yBenll'Ieuue B cooT~eTCT

BHe C 3THM pa3HOCTII MeJK.ny ua'IaJibHblM U npe,neJibHbIM 3Ha'IeHHH1'_m BO,nonpouu

uaeMOCTU (L1G). 3TO npIIBOJJ:HT K CHmKeHHIO CKOpOCTll pOCTa ofaeMa !pHJibrpaTa 

(puc. 16, KpHBM 2), 'ITO yxy.nwaeT 3KCITJiyaTaQIIOHHbie xapaKTepIICTHKll MeM6-

paHbI. 

Ta6JIH~a 2. PaCC'IUTaHHbie JHa'IeHHH KOHCTaHT CKOpOCTH npouecca <pHJibTPaQHII 
u BO,nonpoHuuaeMOCTII MOJJ:Il!pUUilpOBaHHbIX'B IlJlaJMe MeM6pau 

MeM6paHa No 

2 

3 

4 

5 

6 

k, 
MHH-l. 

0.085±0.015 

0.040±0.004 

0.063±0.014 

0.063±0.015 

0.071±0.012 

0.067±0.013 

· Go,. G,,., 
MmMHH·CM

2 
MmMHH·CM

2 

5.4±0.2 3.1±0.2 

11.4±0.2 1.2±0.l 

10.8±0.2 7.8±0.2 

5.2±0.2 3.8±0.2 

2.8±0.l 1.6±0.1 

1.5±0.1 0.4±0.1 

IlpuMe'Iauile; HyMepauHH MeM6pau auanornqua rn6JI. 1. 

LIG=Go-G,,., 
MmMIIH·CM

2 

2.3 

10.2 

3.0 

1.4 

1.2 

1.1 

Ilpu noCJie,nyrorueil: o6pa6oTKe acuMMeTpuquoil: MeM6paubI B IlJlaJMe aJUIHJIO

Boro cnnpTa Ha6mo.naeTCH yBenll'IeHne TOJIIUHHbI MeM6pau (Ta6JI. I! No 3-6), 'ITO 

CBHJJ:eTeJibCTByeT 06 o6paJoBauli:II ua ee noBepxuocru noJIIIMepuoro· CJIOH noJiuan

JIHJIOBoro cnnpTa (IIAC). YMeuhweuI1e 3<p<peKTIIBHOro (Ds<t>) .II cpe.nuero (DMFP) 

,nuaMeTpOB JJ:aHHbIX MeM6pau YKaJbIBaeT Ha o6paJOBaHHe IlOJIUMepiioro CJIOH II ua 

CTeHKax nop. l1cCJ1e,n:0BauI1e CKOJIOB o6paJUOB MeM6pau IlOKaJaJIO, 'ITO cpopMa 

nop MeM6pau npu o6pa6oTKe B IlJlaJMe aJIJIHJioBoro cnupra ocraeTCH acIIM

MeTpil'IHOii. pcaJK.neHHbiil: CJioil: IIAC MO.D:Il<pIIUilpyer noBepxuoCTHbie CBOil:CTBa 

II3T<I> TM - BeJIU'IUHa KpaeBoro yrna CMa'IUBaH (0) IIJMeHHeTCH. 3TII UJMeHeHHH 
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Puc. 2. 3aBUClfMOCTb BonoIIp0HUUaeM0CTlf Monn<tinunpoBaHHbIX B IIJHl3Me aJIJIHJI0-
B0I'O cIInprn II3T<l> TM OT Be.rrnqnHbI kpaeBoro yrna cMaqnBaHllil 
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Puc. 3. 1-faMeHeHHe B0noIIp0HHUaeM0CTlf MOnn<tinunpoBaHHOH B IIJHl3Me armHJI0B0-
ro CIIHPTa MeM6paHbl (IIapaMeTpbI pa3p5I,1:la: pra3 = 1.3 Ila n W = 300 BT) B IIp0-
uecce $HJibTpal(Hlf pacTB0p0B c pH, paBHbIMlf 1.1 (]), 3.5 (2), 8.4 (3), 9.2 (4), 
11.1 (5) . . 
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cymecTBeffHO JliBHCJIT · OT IIapaMeTpOB pa3pllna. Ylie.rrni1emie naWieHllil IIJiaJM0-

o6paJyIOmero raJa If MOll(H0CTH pliJpsm~ IIpH~onifr i riolitiUie'inno 0, qTQ MO-KCT 

6b!Tb CBJIJaHO C yMeHbUieHHeM •inCJia IIOBepXHOCHlbIX' rnnpOKCIDibHbIX rpyIIII. 

ITocnenHee, IIO-B~lfMOMY, 061,JICH~eTCJI m1ccotinau~eii OH-rpynr:i Ha aTOMI,I B 

IlllaJMe npn Bh!COKHX ri~paMeTpax pa3p~~a (nj~3a B03pacraromero quCJia CTOJIKHO

Be~titt) J 06pa30JiamieM B p~3)'~bTan: 3TOro nmp6ipo6HOH ~Mil3oni:>no6HOH IDieH

Klf [8); 

l\1~nn$HKaUifll IIOB~pXHOCTHblX CBOHCTB acHM~eTpH~HhlX MeM6pau ~pmionnT K 

HJ.MeHeHHIO nx nmponttHaMttqecKux' xapaKT~J)HCTHK. Kaic rioicilJ1,rnaIDT 3Kcnepn~ 

MeHTaribHbie naim~1e, Bon611pom1uaeMOCTb MeM6paH, o6p~6brn'.HHblX B IIJiaJMe 

aJIJIHJioBoro criuprn, JaBHCHT. OT Be.rruquHbI KpaeBoro yrna cMaquBaHHll (pn~. 2) -

noBbIIll~Hue 0· B1>1Ji.1saeT yMeHblllemie ttaqarr1,ttott cKopocru $IDibTpaunn. Kottc

TaHTbI CKOIJ0CTH npouecca $HJibTpaunu nni/ MeM6paH, MonuctiuuupoBaHH~IX B 

IIJiaJMe aimHJioBoro cnuprn, 6on1,II1e no cpaBHeun10 c MeM6pattoii, o6pa6ornHHOH 
I . 

B IIJiaJMe KHCJiopona; u nputtnMaioT JHaqeHHjJ, con9~aBHMb1e co JHaqeHHeM k Mll 
,- .$\. -

ncxonttoro o6pa3Ua (~M. Ta6JI. 2). PaiJiimie Me)KJ:ty HaqarrbHhIM n IIpeneJihHbIM 

JHaqeHlliIMH BononpmrnuaeM0CTH Mll MeM6paH nono6Horo THIIa yMeHblllaeTCJI, 

onmuw Hlf3Koe' 3Haqettne Go Mll MeM6paH, xapaKTepHJYIOll(HXCJI Bb!C0KHM JHa

qeHHeM KpaeBorb yrna CMaquBaHHJI, o6yCJIOWIHBaeT HeJHaqnTeJibH0e IIOBblllleHHe 

061.eMa $IDibTpll'ra (pHc. 16, KpHBble 4~6). 

Hau6oJiblllHH HHTepec npencraRJilleT MeM6paHa No 3, y KOTopoii noBepXH0CTb 

0CTaeTCJI rnnpo$HJibHOH. Haq~I,HOe JHaqeHHe BonoIIp0HHUaeM0CTlf Mll Hee, noc

THrnyToe raJopa3pllnHblM TpaWieHHeM, coxpaHJleTCJI, H HJMeHeHHe ee BO BpeMeHH 

nocHT Menee peJKHii xapaKTep (puc. la, KpHBaJI 3) no cpaBHeHHIO c MeM6paHoii 

No 2. 3To CBHneTeJibCTByeT 06 o6paJoBaHHH 6onee ·3neKTpoHeHTparibHOH II0Bepx

H0CTH. T. e. ocIDI<i:(eHHbIH IIOJIHMepHblH CJI0H II0JIHaJIJIHJI0B0I'O cniiprn, conep:llrn

ll(HH MeHee II0JillpHble OH-rpynn1,1, cymecTBeHH0 yMeHblllaeT IIJIOTH0CTb II0Bepx

H0CTH0ro 3apJ1na. HeJnaqHTeJibHOe IIaneHHe BononponuuaeMOCTH BO epeMeHH B 
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3TOM cny•rne, nO-BH.!lHMOMY, 061,llcm1eTCll TeM, '!TO ocIDKJJ:eHtte TIAC nptt BhI6paH

HbIX napaMeTpax pa3pll.1la npottcxo.uttT He no Bceu MHHe KaHana nop (MFP-.utta-
• t • - . •• . 

MeTp npaKTH'leCKH He ll3MeHlleTCll), T. e. B '!aCTH KaHaJia nop coxpaHlleTCll no

BbillleHHal! KOHUeHTpauttll COOH-rpynn. 6onee no.upo6Hoe ttcCJie.uoeaHtte I1l.!lPO

i:(HHaMtt'leCKHX xapaKTepHCTHK .uaHHOH MeM6paHbl noKa3aJIO, '!TO ee nIJOHHUae

MOCTb B 3~a'IHTeJibHOH ~TeneHH 3aBHCHT OT pH qJHJibTpyeMOfO pacrnopa, '!TO 

TaK)Ke MO)KeT 6h1Tb' CBll3aHO C HaJIH'!HeM noeepXHOCTHblX Kap60KCHJI~Hb!X rpynn. 

Tiptt ll3MeHeHHH pH MeHlleTCll CTeneHb HOHI13aUHH Kap60KCHJibHblX, rpynn B 
' . . ' -. 

B0.!lHOM pacrnope H, , cne.uoeaTeJibHO, BeJIH'IHHa 3apll.1la noeepXHOCTH MeM6paHbl 

[,16). 3TO HaXO.!lHT OTpa)KeHHe Ha ,noee.ueHHH MeM6paHbl e npouecce q>HJibTpaUHH. 

TaK, HanpttMep, e KHCJIOH cpe.ue .uttc,couttaUHll COOH-rpynn no.uaBJilleTcll, H MeM6-

patta nepeXO.!lHT B HeHTpaJibHYIO cpopMy. 11, KaK CJie.!lCTBHe 3TOro, npottttuaeMOCTb 

MeM6paHbl coxpaH~eTCll H~ Bb!C~KOM ypoette (piic_ 3, 'KpIIBbie"i. '2). Tiptt nOBbillle-

) 
. 10 
~ 
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§- 4 

~ 
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e- 2 
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co 

0 

.. 
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pH 

8 10 12 

Puc. 4. 3aettcttMOCTh npe.uenMIOro Jtta'!eHHH eo.uonpoHI1UaeMocTI1 oT pH pacreopa 
.!lJlll IICXO.!lHOH MeM6paHbl (J) H aCIIMMeTpil'IHOH MeM6paHbl, MO.!lil(pHUHPOBaHHOH e 

nna1Me aJIJIHJIOBOro cnttpTa npII Pra,=1.3 na II W=300 BT (2) 
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. 
HHII pH nponcXO.!lHT .!lIICcounaunll COOH-rpynn (II TeM 6oJiblllal!, 11eM Bbillle<pH 

pacTBOpa). B pe3yJihTaTe 11ero Ha noeepXHOCTH MeM6paHbl 06pa1yeTCll OTPIIUaTeJib

HblH 3apll.1l. HaJIIl'llle noeepXHOCTHOro 3apll.ua o6yCJIOBJIIIBaeT CHH)KeHile KaK Ha

'laJibHOH cKopocTII q>HJibTpauI1n G0 , TaK n npe.UeJibHOH ee BeJIIl'IHHbI Gx (pI1c. 3, 

KpIIBhie 3-5). TipI111eM_ npe.uenbttoe 3Ha11e1me eo.uonpoHI1UaeMocTI1 JIHHeiitto yMe

HhlllaeTcll npII . nOBbllllellllll pH, aHaJIOllI.'IHal! 3aBIICIIMOCTb Ha6JII0.1laeTCH II Will 

IICXO.!lHOH MeM6paHbl (pnc. 4). O.UHaKO 6naro.uapll yeeJIIl'leHHOH nopHCTOCTH II 

MO.!lil(pIIUIIPOBal!HOH noeepXHOCTII MeM6paHa, o6pa6oTaHHal! B ITJia3Me, IIMeeT 

6oJiblllllH pecypc pa60Tbl npn qJHJibTpauHn B llIIlpOKOM .unanaJOHe pH (o6JiaCTb 

pH, r.ue MO.!lllq>HunpoeaHHal! MeM6pa11a I1MeeT npeI1Myrn.ecrno, JallITpilxoeatta). 

3aKJ11011enue 

Tipoee.ueHHbie IICCJie.!lOBaHllll HarJill.!lHO ITOKa3bIBaIOT npeI1Myrn.ecTBa IICITOJib30-

BaHilll 06pa60TKI1 TI3T<I> TM e nJiaJMe aJIJIHJioeoro cnHpTa, npe.uycMaTpnearow.eii 

npe.ueapnTeJibHYIO aKTHBaUHIO IIX noeepxHOCTII B ITJiaJMe KIICJ!Opo.ua. B npouecce 

KOTopoii npOIICXO.!lllT . o6pa30BaHHe aCIIMMeTpil'IHOH MeM6paHbl C ITOBbillleHIIOH 

nopHCTOCTblO. OcIDl(JJ:eHHe TOHKOro ITOJIHMepHoro CJIOll ITOJillaJIJIHJIOBOfO cnHpTa 

Ha ee noeepXHOCTh npIIBO.!lIIT K COJ.!laHIIIO KOMIT03IITHOH acm,!MeTpil'IHOii MeM6-

paHhl, 06na.ua10w.eu (B cpaBHeHIIII' C IICXO.!lHOH MeM6paHOH) ITOBbIWe1,rnoii npoll3-

B0.1lIITeJihH0CThlO no BO.Ile B llIIlpOKOM .UHaIJaJOHe pH. l1cnom~;OBaHI1e MeM6paH 

no.uo6Horo TIIIJa IJOJB0JIIIT JHa'IIITeJihHO IJOBhICIITh 3cpcpeKTHBHOCTh npoueccoe 

qJHJibTpaunu. O611apy)KeHHhie 3cpcpeKThl MOryT 6hITh npe.uMeTOM .!laJlhllCHilJHX 60-

Jiee no.upo6HbIX IICCJie.uoeaHHH C ueJihIO OIJTIIMHJaunn napaMeTp0B pa3pll.ua B 

ITJiaJMe aJIJIIIJI0B0ro cnnpTa Will IJ0JIY'leHHll rn.upocplmhHhlX MeM6pa11 C MIIIIHMaJih

HOH ITJI0THOCThIO noeepXH0CTHOro 3apll.1la. 

Aemopbl 611awoap11m JhtuHy H.B. 1a 0KaJaHHy10 noM0U/b e 11poeeile111111 111.~,e

peHuu Ha nopoMepe u Ope11oeuiw OJI. e npoeeoeHuu pa6om Ha :JJ1eKmpo11Hcw 

MUKJJ0CKone. 
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1

nonmri:wne1nepeqnanarnb1x 
ipeKOBblX MeM6paHdl nna:i1:1e aJiiIHJIOBoro·cnHpTa . . , . 

•' i I 

TTpoBe)leHO HCCJie)lOBaHHe CBOHCTB flO!]H31,:liJieHTepecpTanaTHblX TpeKOBblX MeM
:6paH (TI3TcJJ TM), nonseprnyi:hIX B03ileiie:rnmo· nnaJMbI BY-pa3p.sina B annw~osm.1 

' , ; •' ' \ < ·'' ' • • • • \. ' • 

. cnttpTe C npenBapHTeJibHOH aKTHBai.ttteii HX ·n~:mepxHOCTlf B .nJia3Me KHCJIOpona. 
I ·. ' , • · , , . 1 • 

. l13yqeHO BJIH.s!HHe ycii~B_HH o6pa6o.TKH B -nJia3Me· Ha OCHOBHb_le' xapaKTepHCTlfK,H 
MeM6paH: pa3Mepbl H cpopMy nop, CMaq11saeMOCTb, BO)lonpOHHUaeMOCTb.yci-aitoB
JieHo, qTo B0Jnewcrntte;nnaJMe11i10ro pa3p.sina np1rnOJlHT K ~10n11cp_11Kaum1 CTPYKTYPbI . 
H nosepxHOCTHblX CBOiicTB TI3TcJJ •TM. TioKa3aH

1

0,. qrn npH b6pa6oTKe B IlJia3Me I 
KHCJiopona B npouecce: ra30pa3p.s!JlHOro Tpairnemrn' npOHCXOJlHT o6pa30Baf-!Ht! acm1~ .. 

· MerpttqHoii TpeK,oBoii MeM6paH1,1 c ricJBblllleHuoi; n6p11c'rocTh10. Oca)K:Ueirne TOHKoro · 
·11_0JIHMepHom CJIOll flOJJHaJIJlllJIOBOro cn~pTa Ha ee noeepXHOCTI, np1rnori11t K C03)la
HHIO KOMfl03.IITHOH\,teM6paHbl, 06Jia,na101lleH BblCO.KOH ITpOll3B0JlHTeJibHOCTblO 'no B0-
Jl(\ B lllH!)OKO~f n11ana30He pH: I1cnOJib30Ba1rne 1MeM6paH non~6Ho·ro, rnfla Il03~0JIH; 

• \' - ' e, • , • ' '• •• -, ' , " ' '• ', •, ,' • ' 

3HaquTeJibHO flOBblCHTb acpcpeKTHBHOCTb npoueccon pa3,nene1rn.si.~ 
Pa6orn BblflOJIHeHa B J1a6opaTop1111 anepllblX peaKUHii IIM: t.H.cJJnepoBa 0115111. 
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