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BBE~EHI1E 

TpeKonLie MeM6pam.r (TM), naroTanJlllnaeM1.re nyTeM 06.rry11emm IIOJlllMep

HLIX mreHOK IIY1IKOM BLICOI{O3HepreTH1IHLIX HOHOB H IIOCJie,n;yrome:ii q>H3HRO~XH

MH1IeCROH o6pa6oTROH [1, 2], 6Jiaro,n;apJI neJioMy pJI,n;y cno:ficTn nuro,n;no oT

Jlll'laIOTCJI OT q>HJILTpyromnx MaTepnaJIOB ,n;pyrnx THIIOB. rJiaBHOe H3 HHX -
. . 

o,n;nopo,n;nocTL nop no paaMepaM (nopLI npe,n;cTanJIJIIOT co6ofl: npoHnaunaromne 

MeM6paHy HaCI{BO3I, nll:JlllH,ll;pH'leCRHe RaHaJILI). 9TO onpe,n;eJIJieT OCHOBHOe npe

HMymecrno TpeROBLIX MeM6paH, HX BLICORYIO ceJieRTHBHOCTL paa,n;eJieHHJI. HecMO

TPH Ha 6oJILIIme npenMymecTBa TM o6Jia,n;aroT n HeRoTopLIMII He,n;ocTaTRaMII. 

TaR, OTHOCIITeJILHO HH3RaJI IIOpIICTOCTI, (,n;o 10%) n pJI.n;e CJIY1Iaen He o6ecne-

1IHBaeT Heo6xo,n;IIMOH npOII3BO.n;IITeJILHOCTII nponeccon. IIonLITRII IIOBLIIlleHHJI 

IIOpIICTOCTII TM. aa c1IeT yneJlll1IeHHJI IIJIOTHOC~II nop npIIBO,n;JIT I{ CHIDRemrIO ce

JieRTIIBHOCTII, Tai{ Ra!{ ll 3TOM CJIY'lae yneJlll1IIIBaeTCJI nepoJITHOCTI, HaJIO.liWHIDI 

nop. B CBJI3H C 3TIIM paapa60TRa MeTO,n;on, IIOJIY'leHIDI BLICOR03q>q>eRTIIBHLIX Tpe

ROBLIX MeM6paH, o6Jia,n;aromnx IIOBLilIIeHHOH y,n;eJILHOH IIpOII3BO,n;IITeJILHOCTLIO, 

JIBJIJieTCJI neCLMa aKTyaJILHOH aa,n;a11c:ii. 



)' 

Cym;ecTBYIOT pa3JIH1IHHe IIYTH peweHIDI 3T0H npo6JieMLI. O.zum H3 HHX co

CT0HT B H3MeneHHn reoMeTPllll nop B nponecce n3roT0BJieHIDI - co3.ZJ;aHne acnM-
' 

MeTpnqm,IX TpeI<0BLIX MeM6paH. Ilpn crrennaJILHLIX ycJI0BIDIX TpaBJieHIDI (I<oH-

nenTpanHJI TpaBn~eJIH pa3JIHqHa C pa3HLIX CT0p0H IIJieHI<H) M0.lKH0 II0JIYqaTI, 

TM c nopaMn B Bn.ZJ;e yceqeHHoro 1<onyca [3). IlpH.ZJ;aHHe nopaM MeM6paH 1<0-

nycoo6pa3HOH q>OpMH IIpllB0.ZJ;HT I{ II0BLIWeHHIO IIp0H3B0.ZJ;HTeJILH0CTll nponecca 

<pllJILTpannn 3a cqeT pocTa ofrLeMHOH II0pHCT0CTll. O.ZJ;HaI<o H3r0T0BJienne II0-

.ZJ;06HI,IX MeM6paH CJI0.lKH0 ll CBJI3aH0 C pJI.ZJ;0M Tpy.ZJ;H0CTeH B TeXH0JiornqecI<0M 

Oq>OpMJieHHll. 

C ncnoJIL3oBanneM cnennaJILHLIX npneMoB o6JiyqeHIDI M0.lKH0 m>eyqaTL TM 

c T0HI<HM <pHJILTpyrom;nM cJioeM [4). <I>opMnpoBaHne <pHJILTpyrom;ero CJI0JI npn 

3T0M npoHCX0.ZJ;HT 0.ZJ;H0BpeMeHH0 C ~03,ZJ;aHneM I<OJIO,ZJ;neoo6pa3HLIX yrey6JieHHH. 

8qi<peI<TllBHOCTI, MeM6pirn B 3T0M ceyqae II0BLIWaeTCJI 3a cqeT yMeHI,WeHHJI T0JI

I.IJ;HHLI <pllJILTpyrom;ero CJI0JI. 

,lu>yroe, 6oJiee nepcnei<THBHoe na Haw B3rJIH.ZJ;, nanpaBJieHHe 3aI<JIIOqaeTcJI B 

MO.ZJ;Hq>HI<annn CTPYI<TYPLI TpeI<0BLIX ·MeM6pan. I1faBeCTHo, qTO npn o6pa6oTI<e 

II0JIHMepoB, B qacTH0CTll II0JIH3THJieHTepeqiTaJiaTa (I18T<I>), B IIJia3Me HeII0JIH

Mepmyrom;nxcJI ra30B IIp0HCX0.ZJ;HT TpaBJienne IIOBepXH0CTH [5, 6), conp0B0)KJ{a

IOm;eecJI y6HJILIO MaCCLI ll BLI,ZJ;eJieHHeM ra3006pa3HLIX IIp0.ZJ;YI<T0B. B [7) II0I<a-

3ano, qTO 06pa60T1<a TM H3 II8T<I> B TJierom;eM pa3pJI.ZJ;e B03.ZJ;YXa M0.lKeT 6LITL 

HCII0JIL30Bana B 1<aqecTBe 6e3peareHTnoro MeTo.ZJ;a TpaBJieHIDI nop. Ilpn nc110JIL

:ioBaHHLIX napaMeTpax pa3pJI.ZJ;a aBTopi.I Ha6Jiro.ZJ;aJIH, qTo TpaBJienne nponcxo

.ZJ;HT paBHoMepHo no Been .ZJ;JIHHe nop, npn 3T0M nnJIHH.ZJ;pnqec1<a11, qiopMa nop 
' ' 

coxpaHJieTCJI. YBeJIHqeHHe .ZJ;HaMeTpa 11op II0BLIWaeT IIp0H3B0.ZJ;HTeJILH0CTI, 11pH 

<pHJILTpannn, HO CHH.lKaeT ceJieI<THBH0CTL pa3,ZJ;eJieHHJI. 

~eJIL HaCT0Jim;ero llCCJie,ZJ;oBaHIDI - C II0M0I.IJ;I,IO MeTo,ZJ;a ra3opa3pJI.ZJ;H0ro Tpa

BJieHIDI MO.ZJ;llq>HnnpoBaTI, nopOByIO crpyI<TYPY TpeI<0BLIX MeM6paH TaI<HM o6-

pa3oM, qTo6LI 3T0 'H3MeHenne He BH3HBaJio yxy,n:weHIDI ceJieI<THBHLIX CBoiicTB 

MeM6pan. Pewenne 3Toro B·o11poca 3aI<JIIOqaeTcJI B BLI6ope pe.lKHMa TpanJie.: 

HIDI. ,ll;annaJI pa6oTa H II0CBJII.IJ;eHa ycTaHO~JieHHIO 11apaMeTp0B IIJia3MeHHoro 

pa3pJI.ZJ;a, npn I<0T0pLIX nponecc ra3opa3pJI.ZJ;Horo TpaBJieHIDI · npnno,znrJI 6LI I< o6-

pa3onaHHro TpeI<0BHX MeM6paH C 0IITHMaJILHOH crpyi{Typoii; 
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METO,ll;I1RA 8RCIIEPI1MEHTA 

O6'.beI<TOM .ZJ;JIH nccJie.ZJ;onaHHH cJiy.lKHJIH I18T<I> TM TOJIID;HHOil: 10 MI<M c .ZJ;H

aMeTpoM 11op 0.2 MI<M (11JIOTHOCTh 11op 2-108 cM-2), 110JiyqeHHLie 06JiyqeHHeM 

II0JIII3THJieHTepeq:>TaJiaTHLIX IIJieH0I< ycI<opeHHLIMll ll0HaMH KpHIIT0Ha ( 3HeprIDI 

3 M3B/HyI<JioH) n: <pH3HI<o-xm,rnqecKO"; 06pa60T1<oil: 110 MeT0.ZJ;HI<e [2). O6eyqe

HHe 11pone.ZJ;eHo na nn:I<JI0Tpone Y -400 Jla6opaTOpHH · 11.n;epnLIX peaKnnil: 

UM. r.H.<l>Jiepona, OI1.HI1. I13Mepenue I1R-crreKTpon o6pa3non MeM6pan [8) 

II0Ka3aJio, 'ITO CTe11en1, KpncTaJIJill'IH0CTH II0JIHMepa C00TneTCTByeT 40% .. 06pa-

60TKY B IIJia3Me llp0B0.ZJ;HJIH na ycTaH0BI<e, ocym;eCTB
0

JIHIOm;eil: Bq-MarneTpOHHLili 

pa3pJI.n; na qacToTe 13.56 Mrn. O6pa3n;LI 1reM6pan paJMepaMH 10 x 10 CM rro

MemaJiu Ha IIJIOCKHH 3JieI<Tp0.ZJ;-II0.ZJ;JI0)I{I{0.ZJ;ep.lKaTeJih. BoJ,ZJ;eil:CTBHIO IIJia3MhI 110.ZJ;

nepraJIH o_n;ny cTopony MeM6pan. B 1<aqecTBe 11Jia3Moo6pa3y10mero ra3a n:c110Jih-

3onaJiu B03.ZJ;YX. IlapaMeTpLI pa3pJI.ZJ;a (_n;anJICHHe B03.ZJ;yxa, M0I.IJ;H0CTh pa3pJI.n;a) H 

.ZJ;JIHTeJihH0CTh B03.ZJ;eil:CTBIDI nap1,nponaJIU. MeTO.ZJ;HI<a o6pa60TI<H ll cxeMa IIJia3-

M0XHMH'IeCKOli ycTaH0IJI<H rro.n;po6Ho 0IIHCaHhI n pa6oTe [9). 
XapaI<TepHCTHKH MeM6paH, 06pa3y10m:n:xcJI B 11pon:ecce ra3opa3pJI_n;noro Tpa

nJieHHJI, 011pe.n;eJIHJill llpH II0Momn: pJI.ZJ;a B3aHM0.ZJ;0II0JIHJIIOm;n:x MeT0.ZJ;HI<. 113-

MCHeHHe T0Jim;llHLI MeM6paH perHCTpn:ponaJIH c II0M0I.IJ;I,IO 0IITHMeTpa I1RB-3. 

ra3011poHHn;aeMocTh MeM6paH (110To1< no3,ZJ;yxa, 11powe.n;wHii qepe3 MeM6paHy) 

H3MepJIJIU 11pH 11eperra_n;e _n;anJieHHJI 0.1 ,aT, H3 neJIH'IHHLI 1<0Topoil: paccqnTLIBaJIU 

3<p<peI<TIIBHLIH .ZJ;HaMeTp 11op [10]. Pac11pe.n;eJienHe nop no pa3MepaM II cpe_n;nHil: 

pa3Mep 11op on;eHn:naJIU Ha rrpn:6ope Coulter Porometer II (Coulter Electro

nics Ltd). CTpyI<TYPY o6pa3non I18T<I> TM HCCJie.n;onaJIH Ha c1<aHHpy10meM 

MHI<poc1<011e JSM-840 (JEOL). MexaHH'Iec1<y10 11potIHOCTL MeM6paH orrpe_n;e

JIHJIH 110 11epe11a,ZJ;y _n;anJieHHJI, llpH I<0T0p0M o6pa3en, IIOMem;eHHLIH B _n;ep.lKaTeJih 

c I<pyrJILIM 0TBepcTHeM IIJioma_n;1,10 1 cM2, pa3pywaeTCJI. IlpoHHnaeMOCTh .ZJ;JIJI 

no_n;LI H3MepJIJIH 11pn: 11eperra_n;e _n;anJiemm 0. 7 aT Ha o6pa3nax 11Jiom;a.ZJ;LIO 254 MM2 

(Hc110JIL3onaJIU 11pe.ZJ;napHTeJILHo oqnm;eHHYIO <pIIJILTpanHeil: qepe3 TM c .ZJ;HaMe

TpoM 11op 0.1 MKM .ZJ;llCTHJIJIHponaHHYIO BO.ZJ;Y). 

Pe3yJihTaTLI H3MepeHHli o6pa6aTLIBaJIH, HCII0JIL3JJI MeT0.ZJ;LI MaTeMaTH'IeCI<Oli 

cTaTHCTHI<H, _n;onepn:TeJILHLili IIHTepnaJI C00TBeTCTnyeT 3Ha'IeHHIO Ha.n;e.lKH0CTH 

0.95 [11]. 
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PE3YJihTAThI M MX OBCYlli.ll:EHME 

O6pa3IJ;I.I I13T<I> TM o6pa6aTLIBaJIH n mrn3Me Bq-pa3pH.n:a npn: pa3JIH'IHO:ii: 

MOIU;IIOCTH paapH.n;a n: .n:anJieHHH nJiaaM006pa3y101uero raaa (noa.nyxa) n Teqe

Hlle 10 MHH. Ilo OROH'laHHH o6pa60TRH HCCJie,nonaJIH H3MeHeHHH OCHOBHUX xa

paRTepHCTHK MeM6paH (TOJIIUHHu, ,nn:aMeTpa nop, MexaHn:qec1<0:ii: npo'IHOCTH). 

Ilpo.n;oJDID1TeJILHOCTL B03,neil:CTBHH IlJia3MU nu6paHa TaRo:ii:, 'IT06U H3MeHeHHH 

onpe,neJIHeMUX xapaRTepHCTHR MeM6paH CTaHODHJIHCL H3MepHMUMH. IloJiy'leH

HUe pe3yJILTaTU CBe,Zl;eHU B Ta6JIHIJ;y. O6o6meHHUe .n;aHHUe HJIJIIOCTpn:pyroTCH 

pn:cyHRaMH 1, 2. MomHo nn:,neTL, 'ITO .n;JIH ncex o6pa6oTaHHUX B nJia3Me noa.nyxa 

o6pa3IJ;OB Ha6Jiro.n;aeTCH JMeHLIIIeHHe HX TOJIIUHHU, yneJIH'leHHe 3q>q>eRTHBHoro 

.n;n:aMeTpa nop, yMeHLWeHHe MeXaHH'leCRO:ii: npo'IHOCTH. 

YMem,weHn:e TOJIIUHHU I13T<I> TM B npoIJ;ecce n:x o6pa6oTRH B nJiaaMe no3-

.nyxa CBH,Zl;eTeJILCTDyeT O TOM, 'ITO npoHCXO,Zl;HT TpanJieHHe nonepXHOCTHoro CJIOH 

MeM6paH. CRopOCTL TpaBJieHHH, RaR MO}I{HO BH.n;eTL, 3aBHCHT OT BeJIH'IHHhl na

paMeTpOB pa3pH.n;a. Boa.n;e:ii:CTBHe IlJia3Mll BU3LIBaeT, RpoMe Toro, 3Ha'IHTeJILHhle · 

MOpq>oJiorn:qecRn:e H3MeHeHHH non~pXHOCTH. Ha nepBoHa'!aJILHO rJia.n;Ro:ii: noJIH

MepHo:ii: nonepxHOCTH IlOHBJIHIOTCH MHOrO'IHCJieHHhle RpaTephl - ORHCJIHTeJILHO

.n:ecTpyRTHpOBaHHhle o6JiaCTH. IlonepXHOCTL MeM6paH CTaHOBHTCH wepoxonaTO:ii: 

(pn:c.3, 6). PaaMepH RpaTepoB npn: napLn:ponaHHH ycJIOBHH o6pa6oTRH n: ,Zl;JIH

TeJILHOCTH B03,ne:ii:CTBHH pa3pH.n:a H3MeHHIOTCH. Pa3BHTHe 3p03HH nonepXHOCTH 

o6'LHCHHeTCH TeM, 'ITO Ol{HCJieHHe n aMopq>HhlX n: RpHCTaJIJIH'leCRHX o6JiaCTHX no

JIHMepa H,neT.c pa3JIH'IHhlMH CROpOCTHMH [12]. Ilpn: HH3RHX 3Ha'leHlIHX napaMe

TpOB pa3pH.n;a (pn:c.1, JIHHHH 2) cymecTBeHHLIX H3MeHeHlI:ii: B TOJIIUHHe MeM6paH 

He Ha6Jiro,naeTCH. He3Ha'!HTeJILHaH IlOTepH MaCCH o6pa3IJ;OD DO npeMH o6pa60TRH 

B pa3pH,ne H H3MeHHIOIUHHCH peJILeq> nonepXHOCTH MeM6paH yRaaunaeT Ha TO, 

'ITO TpaBJieHHe B 3TOM CJIY'lae npoHCXO,Zl;HT npeHMymecrneHHO B aMopq>HUX 06-

JiaCTHX, npH'leM CROpOCTL npoIJ;ecca Rpa:ii:He HH3Ra. 

Yne;mqeHHe 3q>q>eRTHBHoro .n;n:aMeTpa nop (D,q,) MeM6paH, no.n;neprnyTux 

o6pa6oTRe B IlJia3Me Boa.nyxa, CDH,Zl;eTeJILCTByeT O TOM, 'ITO npH -B03,ne:ii:CTBHH 

nJia3MU npon:cxo.n;n:T TpanJieHHe n: nonepxHOCTH nop. CRopocTL TpanJieHHH no

nepxHOCTH nop TaR}I{e 3aBHCHT OT BeJIH'IHHhl napaMeTpOB pa3pH.n;a (pn:c.2, JIH

HHH 1, 2). YneJIH'leHile 3q>q>eRTHBHOrO .n;n:aMeTpa nop yRa3LIBaeT Ha H3MeHCHlIC 
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pa3Mepa nop. B [7], RaR ymc 6uJio OTMC'ICHo, Ha:ii:.n;eHo, 'ITO o6pa6oTRa I13T<I> 

TM B TJieromcM pa3pn.n:e no3.nyxa He npHBO.LUIT R H31IeHeHHIO q>opMLI nop. B 

CBJI3H C 3THM npe.n;cTaDJIHeTCJI Da)l{HUM DUJICHHTL: npoHCXO.LUIT JIH H3l\leHeHlle 

q>OpMU nop TpCI<ODUX MeM6paH npH noa.n:e:ii:CTDHH DhlCORO'laCTOTHOro pa3pn.n:a. 

, .ll:JIH pewenHJI 3Toro nonpoca 6LIJIO npone.n:eno HJMepeHHC cpe.n:Hero .n;HaMeTpa 

nop na nopmrnpe (Coulter poromcter), .n:aromcro nnq>optmIJ;HIO o .n;HaMeTpe B 

HaH60Jiee Y3R01{ ce'leHHU RaHaJIOD nop. 

3a11eTHllI, 'ITO pa3mJtme 3Ha'leHH:ii: 3<l><l>CRTHDHoro H cpc.n:Hero (Dcp) .n:n:a

MeTpon nop .D:JIH HCXO.D:HOro o6paau:a Il03DOJIHCT C'IHTaTL, 'ITO RaHaJILI MCl\I6paH 

IIMeIOT neROTopyro ROHYCHOCTL (HCCI{OJILI{O cymunaIOTCJI K ccpc.n:nHe). Ilo.n:o6HOH 

KOHJCHOCTII He na6JIIO.D:aCTCJI y MCM6paH, IlOJIY'ICHHhlX XIIMII'ICCKHl\I TpanJieHUC!-1 

TpeKOD HOHOD KCeHOHa. IlpH'IIIHO:ii: 3TOro nn:7111eTCH 6oJieC HII3KaJI II36HpaTCJIL

HOCTL TpaDJICHHJI TpCKOD HOHOD KpHIITOHa, KOTopue II11CIOT l\ICHLIIIHC y.n:eJILHhle 

IIOTepu 3HeJ>rHII II IIOJIHMcpe ITO cpaDHCHHIO C HOHaMU KCCHOHa . .ll:JIH l\lel\16paH 

No 2-5 ( CM. Ta6JI.) cpe.n;HHH .n:HaMeTp rrop OCTaCTCJI rrpaKTII'ICCKU na HCXO.D:HOl\l 

ypoIIHe, TO eCTI, .n:naMeTphl II HaHMeHbWHX ce'!eHHJIX KaHaJIOII rrop 3TIIX MCM6paH 

ne II3MeHJIIOTCJI. 3To II03IIOJIJICT JaKJIIO'IHTb, 'ITO TpaDJICHIIC IIOilepXHOCTHoro 

CJIOJI nop II 3THX 1IeM6paHax IlJ;OIICXO.D:HT HC no IICCll .D:JIIIHC KaHaJIOII. qaCTI, 

KaHaJia nop II 3TOM cJiyqac uMecT ucxo.n:nLie pa3Mcp u <l>OPMY, qacTb, KaK no

Ka3hlilaIOT .n:aHHhle 3JICKTpOHHO-MIIKpocROIIH'ICCKOro II3Y'ICHIIJI CKOJIOII 1ICM6paH, 

rrpc.n:cTaIIJIJICT co6ofi yce'ICHHhlH Konye c OCHOilaHHel\I na CTOJ)OHC, IIO.D:IICprHyToii 

o6pa60TKC II IIJiaJMe. YIICJIH'ICHUe .n;aIIJICHIIJI IIJia3MOo6paayromcro raaa H MOIU

HOCTI,I pa3pJI,na Ilhl3hlDaCT TpaDJICHIIC IIOIICJ)XHOCTH D.D;OJII, IIC~ro KaHaJia rrop, 'ITO 

rrpuI10.n;uT K JIICJIH'ICHIIIO cpc.n:Hcro .n:n:aMCTJHl rrop (1w116paHhl No 7-9). He co

I1rra.n:eHHe D,q, u Dcp II 3TOM cJiyqac yKaJLIIlaCT Ha <l>op1rnpoI1aHuc rrop <l>0p11rn 

yccqeHHoro KoHyca. ·TaKHM 06paao11, o6pa6oTKa II3T<I> TM II IIJiaJMc nq

pa3pJI,na II II03.ZJ:YXC Ilhl3hlilaeT II3MCHCHIIC q>0pMLI ux rrop (I103HIIKHOIICHUIO acuM

MCTpuu), TO CCTb IIpIIIIO,UUT I{ 110.D:Uq>HK<IU:UU CTpJKTypLI TJ)CK0IIUX MCl\I6pan. 

Ha pn:c.4 rrpe.n:craI1Jiena cxer-m CTPYKTYPhl ucxo.n;Hofi TM (a) u 110.n:mirn

u:upoI1aHHhlX B IIJia3MC IIOJ.nyxa MCM6paH (6-:-r). Hau6oJibllIHll HHTCpcc IIpP.n:

CTaDJIJIIOT MCM6paHU, y K0TOJH.IX TpaDJICHIIIO no.n:neprJiacb TOJII,l{O qacTI, KaHa

JIOD rrop (11c116panhl 6, n). B JH'JYJibTaTe raaopaJpJI.n:Horo TpanJieHHJI n cJioe 
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TaIUix MeM6paH cpop:i.rn:pyroTcJI KoHycoo6pa3HLie yrJiy6Jicmrn, ynemJt-rnnaromue 

061,eMHYIO nopHCTOCTI, (cM. Ta6JI.). 3TO OTpamaercJI Ha none,n;eHHH MCM6paH B 

npon;ecce q>HJILTpan;uu. KaK IlOKa3LIDaJOT 3KCnepn:MeHTaJILHLIC ,n;aHHLie, ripon::i

BO~ICJILHOCTL no no,n;e acnMMeTpnqHLIX MeM6pa!{ DLIIIIe n cpanHeHHH c ncxo,n;Ho:ii: 

MCM6paHO:il: (pnc.2, JIHHHH 3, 4). He3aTpoHyTLI:ii: D npon;ecce TpaBJICHHJI CJIO:ii: 

(cpnJILTpyromn:ii:), cTpyKTypa KOToporo ocTaJiac1, 6e3 H3MeHeHHH, 6y,n;eT onpe

.n;eJIHTL ceJieKTHBHLie cno:ii:crna MeM6paH. CoxpaHeHn:e ncxo,n;Horo pa3Mepa nop 

.n;aHHOro CJIOJI He Bhl30DCT CHH)I{CHHH CCJICKTHDHOCTH pa3,D;CJICHHJI. 

ConocTanJieHne 3HaqeHH:ii: 3cpcpeKTHDHoro (ncxo,n;Horo o6pa3n;a) u cpe,n;Hero 

.n;naMeTpOB nop MeM6paH, MO.n;Hq>HD;HponaHHLIX B nJia3Me, n03BOJIHCT npn:6JIH3H

TCJILH~ OD;CHHTL rey6nHy CJIOJI, Ha KOTOpOM npOH30IIIJIO TpaDJICHHe. TaK, ,D;JIH 

MeM6paHLI No 6 MLI HMeeM D3 <1> = Dcp• 3TO 03HaqaeT, qTQ ,n;naMeTp nop n ce

pe.n;nHe CJIOJI yneJIHqHJICJI, TO ecTL TpaBJieHHC D nopax npOH30IIIJIO Ha rJiy6n:He, 

npeBLIIIIarome:ii: noJIOBHHY nx .n;JIHHLI . .[{JIH MeM6paH No 2-5 HMeeM Dcp < D3 <1> • 

QqenH.n;HO, qTQ TpaBJieHHe D nopax 3THX MeM6paH npOH30IIIJIO Ha rJiy6n:He, He 

npeBLIIIIarome:ii: noJIOBHHY nx .n;JIHHLI. l13MeHHJI napaMeTpLI pa3pH,n;a, MOlliHO pe

ryJIHponaTL KaK pa3Mep KOHycoo6pa3HO:ii: qacTH nop, TaK H TOJIIUHHY ceJieKTH

BHOro CJIOJI. 3To ,n;aeT B03MO)I{HOCTL noeyqaTL 60JILIIIOH accopTHMCHT TpCKODLIX 

MCM6paH c IIIHpOIUIM cneKTpOM xapaKTepHCTHK. 

YneJIHqeHHe 3cpq>eKTHBHOro ,n;naMeTpa nop MeM6paH, npHBO,D;H K noBLIIIIe

HHIO 061,eMHO:ii: nopHCTOCTH, Bhl3LIDaeT CHHJReHHe HX MCXaHn:qecKo:ii: npoqHoCTH 

(puc.l, JIHHHH 3, 4). 3KcnepnMeHTaJILHLie 3HaqeHHJI pa3py11Iaromero ,n;anJieHHH 

,D;JIH MeM6paH, MO.n;Hq>HD;HponaHHLIX D nJia3MC, HCCKOJILKO HH)I{C 3HaqeHHH, onpe

.n;eJieHHLIX H3 3anncHMOCTH P pa3p OT nopncTOCTH .n;JIH II3T<I> TM. Ilo,n;o6HLI:ii: 

3cpcpeKT 061,JicHHeTCJI, no-DH,D;HMOMY, HaJIHqneM nonepXHOCTHOro HapyrueHHOro 

CJIOJI (co,n;epmamero MaKpOMOJICKYJILI C HH3KHM MOJieKyJIHpHLIM necoM), o6pa3y

romerocJI B npon;ecce nJia3MeHHO:ii: o6pa6oTKH. .[{aHHLI:ii: nLino,n; corJiacyeTcJI c 

pe3yJILTaTaMH anTopon [7]' no on;eHKC KOTOpLIX rJiy6nHa no,n;o6Horo CJIOJI COCTa

DJIHeT npnMepHo 10-30 HM. BoJiee cymecTDeHHoe pa3JIHqHe D MeXaHn:qecKO:ii: 

npoqHQCTH MeM6paH, o6pa6oTaHHLIX npn 60JILIIIHX 3RaqeHHJIX napaMeTpOB pa3-

pH.n;a, B cpanHeHHH C Heo6pa6oTaHHLIMH B nJia3MC o6pa3D;aMH (pnc.5) CBH,D;e

TCJILCTBYCT 06, 06pa3onaHHH Hapyrue11Horo CJIOJI 60JILI1Ie:il: rey6nm,r. IloTepJI B 
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npoqHQCTH y TaKHX MeM6paH cymecrneHHa, 3TO CJie,n;yeT yqn:TLIBaTL npn BLI-

6ope onTHMaJILHLIX ycJIODHH npone,n;eHHH nJia3MeHHOH o6pa6oTJW:. 

Bonpoc BLI6opa pe)I{HMOB TpanJieHHH II3T<I> TM n nJia3Me Bq-pa3pJI.n;a B03-

,n;yxa, TaIUIM o6pa30M, HMCCT ,mie CTOpOHLI. Ilpem,n;e ncero OH CBJI3aH C ycTaHO

BJieHHeM napaMeTpOB pa3pJI.n;a, npn KOTOpLIX H3MeHeHHJI B CTpyKType MeM6paH 

npoHCXO,D;HJIH 6LI B onpe,n;eJICHHOM CJioe 1: npHBO,D;HJIH 6LI K 3aMeTHOMY nonLIIIIe

HHIO HX y.n;eJILHOH npOH3BO,D;HTCJILHOCTH. C ,n;pyro:ii: CTOpOHLI, OH CBJI3aH C BLI60-

poM napaMeTpOB pa3pJI.n;a, npu KOTOpLIX B npon;ecce TpaBJICHHJI He npon:cXO,D;HJIO 

6LI 3Haqn:TeJILHOro CHHlliCHHJI MeXaHnqecKo:il: npoqHQCTH MeM6paH. Ilpu BLI6ope 

OIITHMaJILHLIX pemHMOD TpanJieHHJI, npn:DO,D;HIUHX K o6pa30DaHHIO MeM6paH C 

q>HJILTPYIOIUHM CJIOeM, noTepH n MexaHn:qecKOll npoqHQCTH II3T<I> TM COCTa

BJIHeT ncero 10-15%, y.n;eJILHM npoH3BO,n;nTeJILHOCTL me no no3,n;yxy n: no,n;e yne

JIHqn:naCTCJI D cpe,tiHeM B 2 pa3a. 9TO no3BOJIHeT BeCTH npon;eCCLI pa3,n;eJieHHJI H 

oqn:cTKH C BLICOKO:ii: CKOpOCTLIO H ceJieKTHBHOCTLIO. 

3AKJIIOqEHl1E 

Ilpone.n;eHHLie HCCJie.n;onaHHJI noKa3LIBalOT: 

- npu no3,n;e:ii:cTBHH nJia3MLI Bq-pa3pJI.n;a n no3,n;yxe Ha II9T<I> TM nponc

xo,n;n:T TpaBJieHHe KaK BHellIHe:ii: nonepXHOCTH MeM6paH, Tai{ n rronepXHOCTH nop, 

pa3Mep H cpopMa nop MeM6paH npu 3TOM H3MCHHIOTCJij H3MeHHCTCJI H xapaKTep 

peJILecpa rronepXHOCTH MCM6paHj 

;_ rrpn:MeHeHHe MeTo,n;a ra3opa3pJI.n;HOro TpanJieHHJI no3BOJIHeT HarrpaBJICHHO 

H3MeHHTL CTPYKTYPY TpcKoBLIX M~M6paH; 

- D 3aBHCHMOCTH OT BLI6opa napaMeTpOB pa3pJI,D;a TpaBJieHHe MO)I{HO rrpo

H3BO,D;HTL JIH6o B qacTH KaHaJia, JIH6o no Jice:ii: ,D;JIHHe KaHaJIOB rrop; H B TOM, H 

B ,n;pyroM ceyqae o6pa3ylOTCJI aCHMMCTpn:qHI,Ie MeM6paHLI, o6Jia.n;aromue IIOBLI

llleHHO:ii: IIOpHCTOCTblO H y.n;eJibHO:ii: rrpOH3DO,D;HTeJILHOCTLIOj 

- ucrroJIL30BaHn:e ,n;JIH MO.n;Hq>HKan;mI cTpyKTYPLI II9T<I> TM pe)I{HMOB Tpa

BJieHHJI, rrpHBO,D;HIUHX K o6pa30BaHHIO MeM6paH C q>HJILTPYJOIUHM CJIOeM, II03BO

JIHeT IlOBLICHTb 3cpcpeKTHBHOCTb rrpon;eccon q>HJILTpan;nn, He CHH)I{aJI rrpH 3TOM 

HX CeJieKTHBHOCTH. 
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110~ r 10.0 ➔ 2.5 
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P11c.l. 3aBHCHMOCTI, TOJIIUHHfil (L) II pa3pylliaIOm;ero ,n:aBJieHHH (Ppa,p) II9TcI> 

TM C ,n:HaMeTpOM rrop 0.2 MKM OT BeJIIPillHI,I MOIIJ;HOCTH pa3pH.n:a Il BO3.n:yxe rrpn 

. P.0 ,=8·10-2 Topp (1 H 3) II P.03=10-3 Topp (2 H 4); BpeMH BO3,n:e:ll:CTBIIH 

IIJia3MI,I 10 MIIH 
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Pn:c.2. 3aBHCIIMOCTI, 3cpcpeKTIInHoro .zurnMeTpa rrop (D,<J>) II no.n:orrpomrn;aeMo

cTII (G) II9TcI> TM c ,n:1IaMeTpoM rrop 0.2 MKM oT neJIII'IHHfil MOIIJ;HOCTII pa3pH.n:a 

B BO3.n:yxe rrplI P.0 ,=;=8·10-2 Topp (1 H 3) II P.0 ,=10-3 Topp (2 II 4); npeMJI 

B03,n:e:ll:CTBIIH IIJia3MI,I 10 MIIH 
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6 

P11c.3. MIIKpocpoTOrpaq>IIII nonepxHocre:ll: 1Icxo,n:Ho:ll: (a) II9TcI> TM 

(Dnop=0.2 MKM) II o6pa60TaHHOH B IIJia3Me IJO3.n:yxa Il TeqeHIIe 10 MHH npH 

P.03=10-3 Topp II W=lO0 BT (6) 
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)lMHTpHeB C.H. II ,np'. _ , _ 
Mo.nmpnKaum1 'cTpyKT)'pbi TpeKOBblX MeM6paH 

, C nOMOll{blO MeTb.na ra3opa3p51,nHoro TpaBJie1i1151 

18-95-533 

. . . . . i • - . 
TTpone.ne110 uccne.nonairne cnoiicTn nomrnnine11TepecprnnaT11b1x TpeKOBblX MeM-

6pa11. (TT3T<l> TM), no.nneprnyTblX B03,neiiCTBIIIO nna3Mbl BY-pa3p51,na B B03,nyx·e. 
H3)"-l'euo BJ111mme ycnom1ii 06pa60TKJ1, n nna3Me_ ,fa oc11on11bie xapaKTep11cT11K11 
MeM6pirn .. Yc-raHoBJieuo, tJrn· eo3,neiicrn11e nna3MbI nm.nyxa 1-1a TT3T<l> TM np1rno,n11T 
K. 

0

TpaBJie1m10 non~px11ocrnoro cno51· MeM6pan. Pa3Mep_ 11 cpop~m · nop 1 ~ieM6pau 
,np11 3TOM l13Mell~IOTC51.' TT0KaJa110,' lJTO C IIOM_Oll{b!O MeTO.na fa30pa3pMHOi-o Tpan-. 
ne~J.i51 '~t0)K1;0 nanpaBJie1mo -ll3MeH51Th CTPYKTYPY ·. TpeKOBbJX Me~16pau. B 3an11c11.: 

• I MOCTit OT Bbl6opa napaMeTJ)OB pa3p51,na Tpanne1me MO)KHO np0113BO,nitTb ~1160 B lJaCTII 
Ka11ana, Jil!60 no BCeii WlllHe KaHanOB nop;' l1 B rni1,: II B ,npyroM Cn)"-lae 06pa3y{o;C~ 
acitMMeTplllJHble. MeM6paHbl, 06na.naKim11e IIOBbIWeHHOH' rrnpI!C;OCThlO' l1 y;ienbH~ii 
np0113BO,nHTeJibllOCTblO; '3TO : n03BOn51eT ,IIOBblCIITb 3cpq:>eKTHBHOCTh npoueccon 
cp11nhTpau1-n1.. ' 

t ' • "' '' ' ' .I'~ • 

Pa6oi-a nimonue,;a B_ fla6oparnp11u s.nepllbl~ peaKUIIH HM: r.H.<l>nepmia OH5IH. 
1 

Ope~p1111-i- Ofu.eJ11111e1111oro m1cmryra ~;~p;1h;x .11cCJ1e;oBa1111iL .!ly611a; 1995 
,,, . ' ' ., 

I ' TTepeno.n UBTOpOB ' ' 
' Dmitriev S.N. et al.· 

Modificati~n of Track,Membrahe; Str~ctu~e 
by Ga~ Discha~ge EtchingMeth~d . 

· ' 18-95-533 . 

•'', •, ', .' - ,! ' ' . ,', '., .. '·•. ·.··•·,;. ' ' 

An investigation tif the properties of polyethyleneterephthaldt~ track membranes 
, (PET TM) treated· with the plasma RF-disch~ge in air has 'been ·performed. 
, •' The effect. of condition. treatment in plasma onto basic characteristics has been 

.st~died. It was ~anged that the effect ofair plasm~'on the PET TM results ·10 etching 
membranes surface layer.'"The membranes pore size and form .in this case change. 
, It is shown that ilis possible to change the structure of track me,mbranes directly 
by. the gas discharge etching method. In dependence on the choice of parameters 
discharge· it is ·possible to make 'etching either in the channel part o~ throughout 
the length of the channels of pores. In the both cases asymmetric membranes 
are formed which possess higher porosity and flow rate. That allows to raise 
effectiveness of filtration processes. 

. The investigation has been performed at, the Flerov Laboratory of Nuciear 
Reactions, JINK ·,: . ' 

. - , ,, '~r~print'of th~ Joinrlnstitute for Nuclear R~search. Dubna; 1995 
: ' ', ,,, . 




