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BeeoeHue 
B pa.ne pa6or, ony6JIHKOBaHHLIX B rrocJte.UHHe ro.nLI [l-8],c u.enblo MO.llH<fmKa~ 

K8~HH TIOBepXHOCTHbJX CBOi:fcTB HCcne,D;OB8HO B03JI.eficTBHe IIJia3MeHHOrO pa3p5l,ll8 

H8 TpeKOBLie MeM6paHbl (TM), IIOJiyqaeMble o6nyqeHHeM IIOJJHMepHbiX rTJieHOK 

nyqKOM BhiCOI<03HepreTH1.fHbiX HOHOB H TIOCJIC.U}'IOIU.HM TJ'3BJTeHHeM rpeKOB 3THX 

qacnru .no nony'-lemu CKB03HLJX nap [9]. B xo.ne HccnenoeaHHfi 6Lrno ycraHOBJieHo, 

'-ITO OCHOBH&JMH rrpOUCCCaMH, npoTeKSfOlllHMH npH o6pa60TKe MeM6paH B ITJla.JMe 

HCITOJIHMepH3YlOI.IJ.H:XCR (HeopraHH'-IeCKHX) ra"JOB, .RBmUOTC" r330p33pHJJ.HOe TJJ88JIC

HHC nomtMepnoH: MBTJ'HUhi H ee rHJipoq,mnnaumL TaK, aaropbi pa6oTLT { 1] HalllnH, 
1-ITO o6pa60TK3 TIOJIH3THJ1€HTepe~nUiaTHbJX (D:JT$) TpeKOBbiX MeM6paH B TJlCIO~ 

lllCM p33plt.ll,C B03D;YX8 MOWCT 6t.ITb HCITOJib3088H8 B KatJeCTBe 6e3peareHTHOf0 

MeTo.n;a TPasneHHH nop. HaMH B pa6orax [2-4] noKa.JaHo, '-ITO BOJJieikTBHe nna3MLI 

B'l-p33pzy,a B B031lyxe Ha TM HJ D3T<I> If nonHnponHneHa (nD) npHBO/IHT K 

o6pa3083HHJO 3CHMMeTpH'IHhJX tpeKOBbiX MeM6paH - ¢opMa rrop MeM6paH, o6pa
JyeMbiX B npou.ecce ra:mpa3pSI.n.noro rpanneHH.R H3Memlcrcx. B pa6orc (5] Mhl 

npe.nnpHHJIJIH 6onee ~eT3JILHOe :HCCJle)lOB3HHe npou,ecca tpasnemi:.R n3Tq-, TM B 

TIJUl3Me HCTIOJTHMepHl)'JOlllHXC-" ra:mn. B K3tfCCTBe TIJia3M006p:l3)10ll\Cf0 raJa 6biJ13 

HCTIOJib30B3H3 CMeCb a30T3 C KHCJIOpO)lOM B pa3l1HtfHOM COOTHOllleHHJ.-1. 

Dpou,ecc rnn,po<tmJIH33UHH nosepxHOCTH Th1 npw B03.D.eikrnHH raJOBMX pa1pJ(

.UOB, co.nep)K3ll\HX Kncrropo.n, KaK DOK333HO n pa5orax [l, 6], cs~naH c o6paJona

HHeM tlJyHKUHOHaJTLHI:.IX, B tf3CTHOCTH Kap6oKCHJTbHblX rpynn, no.RBJTeHHe KOTOphiX 

BLI3B3HO OKHCJTCHHCM KOHUeBbiX rpynn B MCCT3X p33pL183 XHMH'-ICCKHX CB.IIJeH 8 

peJyn&Tare BOJ,neHctBHSl 3KTHBHbiX •mcnm nJ1a3Mhi. BOJ.aeHcTsne nna1Mhl HenonH

MepH3YJOUlHXCJI r330B, KpOMe Toro, BLJ3LIBaeT tt3Meuemre xapaKTepa penber.pa no

sepxHOCTH MeM6pan [2, 5]. Ha nepnoHa'-tanLHO rna.llKOii nonHMepHoil nosepxHOCTH 
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OOHBJUilOTCJ( MHOfOtfHCJieHHbie Kp3TCpb1 - OKHCJieHHO-.IJ:eCrpyKTHpOB3HHLie ofinac

TH, 803HHKHOBeHHe KOTOpbiX OfiDHCIDieTCX TeM, qTQ OKHCJieHHe B aMOpQlHLIX H 

KpHCTaJinHtieCKHX o6nacTXX H.IJ:eT C pa3JUlqHLIMH CKOpOCTHMH [1 0)- llosepXHOCTL 

MeM6pau npH 3TOM crauooHTCX rnepoxosaToH. Pa3BHT~e 3p03HH noaepxuocTH 

MeM6p3H H HX rH.ll,pOQ>HJIH3aii,HJI o6ycnOBnHI~a.IOT IIOBhiiDeHHe CM3llHBaeMOCTH 

TM - senHtJHH3 KpaeBoro yrna cMatiRBaHIDI cylll,eCTBeHHO yMeHLwaeTc.SI, q'[Q s ps.ll,e 

cnyqaeB 3H3qi{TeJ1LHO yny'-HII3eT 3KCIInyataiJ.HOHHble xapaKTepHCTHKH MeM6paH. 

PeJyJibTaToM o6pa6otKH MeM6paH B ruiaJMe opraHWiecKHX coe.n;Hueuuii 11BJHI

eTCJI OC3)K)leHH.e H3 HX flOBepXHOCTH TOHKOH IIOJIHMepHO:H nneHKH [6-8], IIpHqeM B 

33BHCHMOCTH OT IIpO)lOJDKH.TeilbHOCTH 3KCII03HU:HH B IIJI33Me B03MO)KHO IIOJl~eHHe 

rpeKOBhiX MeM6paH ,ZJ,JUI MHKpo<PHnLtpau,HH, yn&TJ}aQlHJih1p3ll.HH n. o6paTHoro oc

Moca. B nocne.nHeM cJJy•-me ua noBepxHoCTH TM OCruK.lJ.3lOT TOHKHH nonynpouH

uaeMbi:H cnoii, KoropbiH rronuocrblo rrepeKpbisaeT rrophi. Bo3MO)KHOCTh perynHpo

aaumi TOJliUHHbl JTOJIHMepH3aii,HOHHOfO (ceneKTHBHOro) CJIOJI H ll!HpOKHH BLI60p 

opnaHHqecKHX coe)lHHeHHii ~ H3roTOsneHHA MeM6pau no~o6uoro THna ,ll.enaeT 

oco6eHHO nepcneKTHBHbiM .11:aHHL1H Mero.u. Hosble csoHCTsa rrosep:xuocTH o6pa-

3)'lOIIUfXCJI npH 3TOM KOMII03HTHbiX M3TepH3I10B B 3H3"tJ:HTeJILHOii Mepe 33BHCXT OT 

THII3 HCI10Jlb3yeMoro XHMHqCCKOfO COe,IJ;HHeHHJI. flpH,D;aHHC ceJieKTHBHOM)' CJIOIO 

IIOJlO)KHTCJlbHOfO HJIH OTplfU,RTeJihHOfO 3apH,ll,3 38 cqeT BBe,IJ;eHIDI QlyHKIJ,HOHaJlbHbiX 

rpynn XBn51eTC:H )lOIIOJIHHTCJibHbiM £llaKTOpOM, TI03BOIDIIOIUHM perymrpOB3Th xapax

TepHCTHKH MeM6paH (Jl]. llpHBe.UeHHbJe rrpHMepLI HCCJ1C)l,OB3HIDI B03)l,eiiCTBIDI 

fa30BbiX pa3p:H,li.OB H3 1peKOBble MeM6pam.I, T3KHM o6pa30M, llOK33biB310T, 'tJ:TO Me

TO.ll IIJla3MOXHMHl{ecKoi1 MO,li,H$HKaiJ,HH MQ)KeT 6biTb C ycrreXOM llpHMeHeH ,l(JUI H3-

MeHeHIDI HX CBOi:iCTB. 

B .n;aHuoH pa6ore npHse.neHbl pe3ynLT3TLI Hccne,li.OBaHIDI CTPYKTYPhl H csoHcrn 

rpeKOBbiX MeM6paH, o6pa3)'10lll,HXC51 npH XHMHqeCKOM rpaBJICHHH 06JIY'tleHHI:dX Bbi

COK03HCpreTHtfHbiMH T.SI)KCJibiMH HOHaMH ll3Tcl>-rrneHOK, IIO.D;BepruyrhlX IUia3MOXH

MWieCKOil o6pa6oTKe. Hccrre)losaHIDI no.n;o6Horo po.na, HeCOMHeHHo, HMCIOT 6onb

woe 3H3l{eHHe KaK C TO'tJKH 3peHH51 BLUIBJieHH.SI MexaHH3Ma ,Ue:iiCTBH:H IDI33MLI Ha TIO

JIHMepHblC M3TepH3Jlbi, T3K H YCT3HOBJ1CHIDI JaKOHOMepHOCTeii npouecca $opMHp0-

B3HIDI TpeKOBLIX MeM6paH. 

MemoouKa 3KcnepuMeHma 
B 3KcnepHMeHTax HCIIOJib30BaJIH nsyxocuoopHeHTHpDBaHHble nonHnHrreure

pecjnanarnwe nrreHKH MapKH K3 (fOCT 24234-80) TOniUHHOil I 0 MKM, o6rryqeHHble 

ycKopeHHhlMH Ha nHKliOTJ'OHe Y-300 (Jla6opaTOpHJ! uepHLIX peaK!lllil HM. 

r.H. <!lnepoBa, 0M..ffi1) HOH3MH KCCHOHa C 3Heprue:H -1 M38/H)'KJIOH )lO IIJIOTHOCTH 
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. Ycnmm~ o6JIY'ICHi-HI npHBC.UCHhi s [ 12). Jl-nSJ noRbmremuJ vn6Hpa

TC:1hHOCTH Tp3!::1,1<!HlUI Jl3TCHTHblX 1pCKOB, onpe.JCJISICMOfi OTHOUlCHIIC:\f npO;:lO;lhHOH 

11 pa.uH~lbHOH cKopocre:H 1'paB.lemHI., JIJlCHKH o6ny1.f<L1H yJihTpaQHmclCTOBhiM esc

roM, JIOC.le 4Cl 0 o6pa6anmarm B f!Jla1MC H IIOJlBCprarm XHMH4CCKOMY 1p3BJICHHlO. 

06pa6oTKY B n.1a3Me npoROIUillH Ha TI.'la3MOXliMlfY:ecKOH ycTaHOBKc (MATH -

PoccHiicKHH. rocy.llapcrseHHhni rexHo;JorW-!ecKHH ymtsepcHTeT HM. K.3. l.l;HO,lKOBC

Koro), OCYllJ.CCTB.:l5HOUJ.eH B4-pa3p5Ill Ha 43CTOTC 13.56 :tvifu. npouecc upoBOJ.HilH B 

..!..1.HHa:-.m4ecKOM peMHMe. flepe.J. no.ua4eii napon llJia1Moo6pa3)"IDWero ra1a KaMep: 

rrpen:napl-!TCJlbHO BaKyyMHpOBil.JlH !lO OCT3T0'4HOfO 1l3BJICHI-HI IO-.:: na. 06pa3Uhl JI.'lC

HOK p33MCp3MH 1 Ox 1 Q CM, '33KpCJI,1CHHhlC H3 JI.lOCKOM .lJ.Cp)K3TC.1C, p33MClUaJIH B Ba

KJ0'MHOif KaMepe yCTaHOBKH B 1one 1-'1eiicTBHSJ nJJ33Mhl. Bo1}J.eHcTBHIO nnmMhT no.D:

BcpranH o,;my cropouy ruieHOK. B Kaqecrse nJJaJMoo6pa3ytowero raJa acnoiib30Ba

.1H aJOT H C\feCh <l1~"Ha C UI1KilOfeKC3HOM B COOTHOIIlemm 3: J. flapaMeTpbl p33pS1}1,3 H 

.1.1HTe.lbHOCTb HOEICHCTBYHI nJiaJMhi 83phHpOB3JIH. MCT011HK3 o6pa60TKJ1 l-1 CXeMa 

flJ!3'!MOXHMHCJeCKOi.J ycTaHOBKH no,llp06HO 0JIHC3Hbl B pa60TC (3 J-
TpaBJICHlle o6pa1uos nponomunf B KOHJlYKTOMerpHl.fecKoH SJqeHKe no MeTOli,HKe 

J l). B K3'-leCTBC Tp3BHTC.l.\f HCllOJih30BaJIH BOL{Hbi:fi p3CTBOp fH.ll.POKCH,.'l,3 H3Tp~·lJl t.: 

KOHUCH1'p3UHeJ:i J.Q .\10Tlh/.'l. 3na'lelll1e 3lfllfleKTHBHOrO JIH3MClp3 nop pacc~I.HTblHaJI.H 

1n sem1qHHhl 3-'IeKTponpoBo.rr.n:Mocrn, H3MepeHHoi:f Henocpe.n,crReHHO n nponecce 

TpaB.TfeHHX. CKopOCTb TpaBJICHI-1X B,llOJih lpCKa 11 pll,ll.HaJlbHYto CKOpOCTb rpaBJieHH.H 

Onpe,.'l,eJI.SIJTll H3 rpa$HKa 33BHCHMOCTH 3$<PeKTHBHOfO ,lJ.H3MeTpa nop OT BpeMeHM 

Tpan.neHHSI. OcpBylO paCClJHTbiBaJlH K3K OTHOWCHHe llOJIOBHHbl TOJifll.HHhl JIJICHKH K 

HH.LlYKUHOHHOM)" nepHO.IlY 'TpaBJICHHH, COOTBeTCTBYIDiqeMy HYJICBOMY 3HattCHlHO 3¢

cPeKTHBHOJ'O jlJ13MCTpa. 8TOpOft napaMCTp HBJHlCTC.H ITpOI-f3BO)lHOH OT :lf}l¢eKTHBHOro 

_::maMeTpa no BpCMCHH. Y13MCHCHMC TOJIU.UiHbl MeM6paH pen-ICTpi-ipOBaJIH C TI0\10-

WbKJ omm"terpa HKB-3. MHKpocKonwieCKHe Hccne;xosaHMH nosepxHOC1H npor

paBJieHHbiX o6pa3U.OB npOBO,UlfJlH H3 CKaHHPYIDI.lleM 3JICKTpOHHOM MHKpOCKOliC 

./5?vf-840 (JEQL ), rrepen npOCMOTPOM Ha o6pa3Ubl B BaKyyMe Hamw•nH TOHKHH 

CJlOtf 10JIOT3. 

PeJyJihT3Thi H3Mepem~:H o6pa6arbiBaJIH, liCIIOJib3Yjl MeTO.ilhi MaTcMaTH'-ICCKoH 

-:T3THCTHKH; ,.'l,OBCpHTCnhHhlft lfHTepsan COOTBCTCTBYCT 3Haqem-HO Ha)lC)KHOCTI1 0.95 

[14]. 

Pe3ynbmambt u ux o6cy}l(iJeHue 
Ha pHc. I noK33aHbi 33BHCHMOCTH 3$~eKTHBHoro ,o.HaMerpa nop OT BpeMeHH 

rpasneHHH .Un5I 03TcJ>-nJICHOK, o6.rry1.fCHHhiX HOHaMH KCeHOHa H nonseprHyThiX 803-
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PRe. 1. 3aBHCHMOCTb 3~~KTHBHoro ,li,HaMerpa rrop crr BpeMeHH rpa:eneHIDI npH 60°C B so.n

HOM pRCTBope fHJl.pOKCHJl.R HaipH51 C 'KOHIJ;eHTpauHeif 3.0 MOJib/JI Jl.IDI HCXO,IUIOit 0611)"1eHHOii 

HOHaMH KCeHOHR TI3T~-IIJieHKH (1) H IIO,llBeprHyrolt o6pa6oTKe B IIJia3Me aJOTa B 'felleHHe 

1 MHH (2), 3 MHH (J) H 5 MHH (4); napaMOipbl pa3pli,Ila: P=~ 10.5!Ia, W ~ 300 BT (a) H 

p=~ 10.5Ila, W~450BT(6) 

TA&JIIIUA L 
fuMeHCHHe CKOpOCTH 1paBlleHIDI lpeKOB HOHOB KceHOHa B II3T<I>-n.rreHKSX, o6pa6o

TaHHblX 8 IIJHI3Me 330Ta, npH TJ)aBJieHHH B BO)l.HOM pacTBOpe rn.zqlOKCH,ll3 BaTJ)IDI C XOH

L(eHipllUIIefi 3.0 MOJihin; TeMIIepaT)'!la IpaBJiei!Hll 60°C 

IlapaMeTpbl pa3pll.ll.a BpeMll BpeMJI: CKB03- C~~::opocTL TpaBJieHIDI -rpeKOB 

.n:asneHHe MOIIlHOCTb o6pa6<mrn aoro -rpaBne- npo.n:onbHBJI Pa.IlHa.JThHWI VtfVr 

noa, pa3pli,Ila, s nntnMe, HHR TpeKOB, v,, v, 
fla BT MHH MHH MKMIMHH HMIMHH 

1.0 5.00 ± 0.25 12.00 ± 0.50 415 

10.5 300 1 1.0 5.00 ± 0.25 12.00 ± 0.50 415 

10.5 300 3 1.5 3.30 ± 0.20 10.65± 0.45 310 

10.5 300 5 2.5 2.00 ± 0.20 7.00 ± 0.30 285 

10.5 450 1 4.0 1.25±0.15 8.40 ±0.40 150 

10.5 450 3 5.5 0.90±0.10 6.65 ± 0.35 135 

10.5 450 5 9.0 0.55 ± 0.05 5.90 ± 0.30 95 
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..::...:~Cl"BHJO IL13J!\1bl a30la rrr~' !fQ!JlHOCTH pa3p.S!;ra V/ = 300 B-:- (a) [1 w = 450 Br (6). 

J::<EtleHJ!e ra-1a s BaK:·'}.-\H:IO::i KaMepe B o6mtx cny~Ia.>Ix coctaB.l:llclO 10.5 Tia. ,LI,oJ.SI 

:nmmemHI lla p11L}HK3X :!pY.!BC.JCEa llO)l06Ha.H 33BHCH!'-10CTh ,J..15! KOH1p0.1bHOfO. He 

o6:;a6otaHiiOI'O s n:Ja.3!\1e, ')6pG3Ua. Mo:nmo BHJJ;etb, Y:To, B 33BHCHMOCTH or MOlll

Hot-u-i pa3p51:.:ra H .JJU.fTeJlhHOCTH o6pa6otKH B n.la.J\fe, B o6pa·max :1.-reHOK Ha6.'lto.'la

tDH.:>l Te HJ1H HHhie H3MeHC:llY!9. TpaBH\-fOCIH KaK 11CX0,1iJOti IJO.'lHMt'pHofi. :Vlatp~lllbl, 

Tal\ <I TpeKQB THiK~;JblX. 'iaC fl1U. flTHCTpHpye!'.tbJC J.13MeHCHH>l B o6pa3llaX no:mMepa 

ITpH MOllJ.HOCfH pa3p>!.U3 )()0 [)1 DpOHCXO,IJ}l.T ITpH o6pa60TKe ITJJeHOK B nna1Me B 

re'--!eHHe 3 :-.1HH. EoJiee KopotKOe speM51: B03;IeH:ctBH51: n.la3Mbl He BhnbJBaer H1Mene

fJHfi B tpaBHMOCTH TpeKOB. AHarnn )KCnepHMeHTaJJbHbiX lJ.ai!HbiX rr03BO.lHeT c.Je

::2rL CJICJJ.ytolliHH p51:,n JaK.llOY:eHH:H. B01pacraHHe HHJl.)'KHHOHHoro nepHo.ua yKa3hi

.:,;_;,: r Ha CHHIKC'HHC CKO)JOCTH TpaFUJeHHH Tqom, TpeKa. Vb COOTHOillCHIHl HaKJ!OHa 

-,O• ~lYKTOMeTpl-PteCKHX KpHBL.lX IHL1HO, '-ITO paJJ.HLL'lbHaR CKOpOCTb tpaBJleHH.H Tpe

Kt;8 :IpH o6pa6orKe a nmn.\1e -:-:IKIKC yMcHbWacTC.H. ripH ysemFieHHH .:X11HTenhHOCTH 

c)6;:'>a60TKH B riJ'Id.:H•fe r;p,mtxO;JJ1T Y:vtCHhlllCHHC K3K cpe,llHelf CKOpOCTH tpaBJJeinHJ 

3~0.% TpeKa (Ta6.rJ. } ), TdK H pa.!1,HaJlbHO:H COCTaBJI51:IOlll,eH_. 

do3,1IeikTBHe IIJta3MbJ B4-pa3p~.n.a Ha D3T¢HLleHKM, KpOMe roro, BhUbiBaCT 

CHH/KCl!He CKOpOC'U-i TpaBJJeHIUI. IlO.THMepHO:ii MaTpHI.l,hl. KaK IlOK33blB3lOT JKCilepH

MeHTaJlhHble ,'.laHHble, TOJIWHHa MCM6paHbi, TIO.l)T"lfeHHOf:I XHMI1'lC\:Kl1M TpaB.TJeHHCM 

nneHKH, o6JJy 1tCHHOil ROHaMH KCeHOHa H o6pa6otaHFJOif B Il.Tla3Me, Bbiiiie 8 CpaBHe

'!!!H C KOHTpOJlbHhJM, He 06pa60TaHHbiM B nJia1MC, 06pa3UOM. flOL(06Hhi:ii 3¢'¢eKT 

.\10/KCT 6biTb o6MICHCH Cllll1BaJUieM TIOJIMMepHoH MaTpHUbl npH o6pa60TKe n nmn

\1C . .YbseCTHO, HaripHMep, qTO H01JJ.ei1:ctnHe 0Jla3Mbl HLJ-prop.:srZia Ha n3TcD 3a C'iet 

CWHBaiDmero 3¢¢eKTa npHBOjU1T K I!OTepe ero paCTBOpHMOCTH [ 15 j 11 llOBbJTIIeHHIO 

MCX<.-tHHT.feCKOli I1pO'-lHOCTlf l_\6j. :1,'JCKrpOHHO-MHKp0CKOI1Ht.JeCKOe HCCJle)lOBaHHe 

npmpaBJleHHhiX o6pa3I.J.OB (pHc. 2a, 6) noKa'3blBaer: l!HaMeTp nop Ha no;:rseprHytoH 

B01.:I:eHctnm-o n1133Mbl cropoHe n.leHKH MeHr.me nwa:v~erpa nop Ha o6paTnoH, He 

o6pa60T3HHOI1 H 1Ll33MC, CTOpOHC H KOFITpO-'IbHOI'O o6pa3Ua (nocne,li!He .JBU COB

na.J;alOT). )To o3Haqaet, ~no yMeHhmemte CKopocnt rpas.1emt.H tpeKOB, o6yc.10B

neaaoe CliJHBaHHC!\-1 IlOBepXHOCTHOro C.'lOX IlO,lHMepa, npOHCXO.UHT ili1lllb Ha CTO

poHe rrneHKH, no;lseprayroH o6pa6orKe B n.la3Me, B pe1y.Lhrare 'Iero rrophi Me\16-

paH npHo6pcTaiOt KOHycoo6pa1HytO cpopMy. YMeHhWeHHe I136Hpare.lhHOCTH tpas

:JCHWI TpeKOB V/ V1 (eM. ra6.1. l) rrpH o6pa6otKe DJieHOK B OJiaJMe taKnce yKa-

3hiBaeT Ha ¢opMHposaHHe nop KOHYCHoH ¢op."dbl. lh.'~JeHeHHe n tpaBHMOCTH tpeKon 

H nO:IHMCpHOfi :.AaTpHULl r:p11 B031IeilctB:HH fl."laJMeHHOfO pa3p.HII3 Ha 06JlyLJ:eHHhie 
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HOHaMH fl')T<l>-rrJleHKH, TaKHM o6pa30M, np:HBO,llHT K B03HHKHOBCHHlO aOJMMetpHH 

n CTPYKtype o6pa.JyiOWHXCR npn XHMR4ecKoM tpannemm tpeKoBblX MeM6paH. 

flpH noBbJWemm MOlllHOCTH pa3pB,aa ,ao 450 Br H3:-.feHeHHR n rpaBHMOCTH rpe

KOB B o6.1y~ICHHblX HOH3~fH n3TC!>-JUeHKaX Ha6JHO.U3lOTCB npH 6o.nee KOpOTKHX 

BpCMeHaX o6pa6oTKH B flJia3Mf H Bblpa:tKCHbl B 60.1ee 3Ha•mreJlbHOil CTCITCHH -

CKOpOCTb tpaKiemHI Bll.OJib 1peKOB pe3KO ITOHHIK3CTC51 (pHC. J6). Pa.ZlHaJlbH3ll COC

T3B.l.HlOlU3.H CKOpOCTH tpaBJleHH.H tpCKOB (ta6.1. 1) H CKOpOCTh tpaB.TlCHH.H ITOJIHMepa 

B 1TOM CJiyY:ae T3K)Ke 3Ha4HTeJ1bHO HHiKC. 1.{10 npHBO,llHT K ¢'opt.mpoBaHHlO nop C 

a 6 

6 l 

PHC. 2. 3JteKTpOHHbte \i11Kpo¢otor-pa¢1H1 nosepxHOCT\1 o6Jl)''ICHHoH HOHaMH KCt:HoHa 

TI3T¢-11.1CHKH. o6pa60TaHHOfi B OJ1aJMC aJOTa H Tel.J:CIIHC 5 MUH 11 npOTp3B.:Jt:HHO"i1 [3 BOJHO~! 

paCTHOpe rHllpOKO·Uia Hatpm!. C KOHUeHTp3UHCii 3.0 MO:lbi.l npH 60°( H Te"LJCHHe 20 ~IHH: 

a, 6 - .1HUCBM 11 oiJpaTHilll. COOTBCTCTBCHHO, CTOpOHbl 06pa:3Ua. o6pa6F! aH!!OfO B n:Ja".\Me llp11 

J:aRleHHH raJa 10.5 Tia 11 '.iOW.HOCTH pa3pHJa 300 Bt: 

B.<:- ."1HUCBilll H o6paTH<U!. COOTBeTCTHeHHO. CTOpoHbl o6pa1ua. 06pa60T3HH0r-0 B 11.la3MC npH 

.l3B.lCHHH raJa 10.5 na 11 MOUIHOCHI pa3p.II;::J.3 450 BT 
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MeHbJIIHM BXO.UHbiM )J.HaMerpoM. Mo)KHO BHlleTh (puc. 2B) .uHaMeTp nop ...,.teM6paHbJ, 

llOJl)'lieHHOii XHMHt:IeCKliM Tp38JleHHeM 06.'1ylfeHHOf1 HOI-JaMH KCeHOHa Il=-~T$-nJleH

KH, o6pa6oT3HHOii: B n_ila3Me npii MOLUHOCTH p33p51J{3. 450 BT, Ha 25% HIDKC .IU1a

Mel'pa nop MeM6paHhi, rronyqeHHoH rpasnemteM B aHa.1orHt:IHbiX ycJIOBHSJX n,leHKH, 

o6pa6oTaHHOll B nmuMc npH MOlUHOCTH pa:!pH.aa 300 BT. 3To CBH;teTe.lhCTByeT o 

TOM, '-ITO C pOCTOM .....,_OlllHOCTH pa3p.llll3 TO!lllJ.HH3 !\to..QH¢HIU1pOB3HHOfO CJ1051 yse.lH

qHBaeTOI. To ecTb rny6HHa npOHHKHOBemHI aKTHBHhiX lfaCTHQ mla'3\fbi {MJIM pa.Jm
Ka.JibHhlX rrpO.LJ.)'KTOB B33HMO.UefiCTBWI 93CTiUl, C MaKpOMOJ1eKy;raMH TIO.lHMepa) TipH 

ITOBbiiiiemm MOIUHOCTH pa3pS11l3 B03p3CTaeT. llpH 6o.1ee ITpO.JOJDKHTCJJbHOft o6pa-

6oTKe B II.iiaJMe IIOJUJMepHaij llJieHKa, ITO-BH.UHMOM)', MO.IJ.H<tmUHpyeTCX Ha BCIO rny-

6UH)', s pe3ynhTaTe qero rpaBH:MoCTb "IpeKoB nomnKaerc.s~ H na cTopoHe rmeHKI1, He 

IIO,UBeprHyToii B03)l,eiicTBHfO IIna3Mhl. KaK IIOKa3hiBaiOT 3KCIIepHMeHTaJlhHbie )laH

Hhie (pHC. 3), I1p11 o6pafiOTKe fi3T<fl-TIJieHKH B IIJTa3Me 8 Te'l!eHHC 15 MHH JlHaMeTp 

nop IIOCJie XHMHqecKoro TpaBneHllJI Ha He o6pa6oTaHHOfi 8 IIJia3Me CTOpoue MeM6-

paHbi HeCKOJibKO MeHhWe )l.l1aMeLpa IIOp KOHYpOJlbHOrO o6pa3Ua. 

a 

• 

8 

6 

PHc. 3. 3neKTpoHHhie MHKpo4toTorpa¢nH 

nosepXHOCTH o6nyq:euuof:t uouaMH Kceuoua 

IT3Tq,-nneuKH, o6pa60TaHuoH B rm83Me 
a:JOTa B TetieuHe 15 MHH nptr .r:taBneHHH raJa 

10.5 Tia H MOilUfOCTH pa3pa,aa 450 BT H 
np01paiJJieHHOii B BOJlHOM paCTBOpe 

rn~poKCH,1l8 HaTpHX C KOHUeHTpauHeii 

3.0 Mom.!n npH 60°C n reqeuue 15 MHH: 
a, 6 - JIHIJ;eBaJI H o6paTHWI, COOTBeTCT

neHHO, CTOpoHbi o6p<nua; 
8 - IIOBepXHOCTb KOHTp0,1hHOfO, He o6pa-

60TaHHOfO n nnaJMe, o6p<nua 

) 

) 

Ha pHc. 4 noK3.3aHa 3aBnCHMOCTh 3¢¢eKTHBiwro .rmaMerpa nop OT npeMe:m 

Tp3BJleHJ.1}l ,U.:-.i.» fl3T<l>-n.1eHOK. o6.1y1.1eHHblX HOH3MH ~CeHL•Ha H OO,Il8epruyThi.X BC3· 

,leikTBHKl O.la1!\1hl nteCH aJOTa C UHKJlOieKCaHOM (B COOTHOUiemUI 3:1) llpll LIOB

;II;!HllH ra1a B naKyyMHOH KaMepc 13.5 fla H MOU1Hlh.TH p33pH;::ra \\/ = 450 Br. ,II.'Ul 
~'paBHCHH}l H3 pHcyHKe IIpHBelleHa nO,il•J6HaJi 3aJU1(.HMOCTh llJU! KOH1pO:lbHOf0, H<': 

o6pa60T3HHOCO B IIJla3Me, o6pa11~a. ~"fOihHO BH:1eTh, lfTO B 38BliCllMOCTH OT ,Umne-:Jb

HOCTH o6pa0C:TKH B 0,133.\iC B :HOM C:I)''-13~ T8lOKC H36JllOll310TCR H3MeHeHH.51 B Tpa

BlLI\.10CTH TpCKOB, H. 3Tll H3MeHeHH.sl 60J1Ge Bblp3)KCHbl no cpaBHeHH.lO C H3MeHeJWiJ

~1H, 06Hapy1KHB3e!>.H,J\H.f npH B03JJ:efiCTBliH IIJia3Mhl a30T3. 3TO B nepRyiD OGepen,h 

o6ycJIOBJieHO TeM, '-ITO Ha IIOBepXHOCTH JIOmtMepa IIpH o6pa6oTKe B II.'Ia3Me, B 

COCTaB KOTOpofi BXO,[l,RT opraHHlfeCKH.e COe,IJ,H.HeHIDI (B .ll3HHOM c.rryqae LUH010feKCaH) 

l17J, OC3.)KLJ:3CTC.51 TOHKWI, XHMHt:IeCKH )'CTOit4HB3SI, aJJMa'lOIIO.r:t:06HM IIJieHKa (Allfl), 

npen.s~TcTBYJOUlaSJ .n.ocTYII)' rpaBHTeml. TpasneuH.e rpeKon s 3TOM c.rryqae rrpoHcxo

.UHT C O,UHOfi CTOpmlhl II0.1Jli'3THJieHTepeqnanaTHOll IIJICHKH (He IIO.!l:Bepnryrofi 803-

,UefiCTBHlO nml3Mhi), s pe3yJihTaTe 1.1ero speMR CKB03Horo IIPOTIJa.BJIHBaHIUI rpeKOB 

pe3KO B03pacTaeT. 113MeH.silOUJ;Hfkg HaKJTOH KpHBhiX 2-5 ITO OTHOWeHHIO K KOHT

pOJlbHOMY o6pa:m,y yKa'lbiBaeT Ha TO, 'GTO cpe.ll:IDI.sl pa,o:HaJibHrui CKOpoCTb YpaBJlCHH$1 

rpeKOB raKJKe yMem,waeTc.si. Pacct:IHTaHHhie JHat:Iemu cKopocreH rpaBJieHHR TJJCKOB 

IIpH TCMIIepazype 60°C 8 BO,llHOM paCTBOpe rn.n,poKCH,lla H31piDI C KOHI.J;eHYpaiJ,Heii 

3.0 MOJfb/JI ,ami rl3T<l>-miCHOK, o6JI)'tiCHHhiX HOHaMH KCeHOHa H o6pa6oTaHHhJX B 

IIJiaJMe CMeCH aJOTa H UHKJIOreKCaHa, np:HBe.r:t:eHhi B Ta6JIHUe 2. MO)KHO BH.li,CT:b: t:IeM 

Bblllie BpeM.sl 06pa60TKH 8 TIJlaJMe, TeM HmKe KaK TipO):(OJihHrul, TaK H pa,D;HaJihHaJI 

CKOpOCTb 1'paBJieHHH. 3To CBH.UCTCJibCTByeT 0 TOM, liTO B03,UeifcTBHe IIJI83Mhl B4-
pa3p.si,na B IIOJIHMepH3)'lOIUeMC.SJ: ra3e Ha IIOJIHMep, BH,ll,HMO, TaJOKe Bhl3biB3eT MQ

,n:H<fJHK3l)JUO ero nosepXHOCTHoro cnox. ITpH nOBblilleHHH reMnepaT)'phl cKopocrb 

-rpaBJieHIDI TpeKOB B03pOCTaeT (pHC. 5). 3'fo 1103BOiiJ!eT COKpOTHTb BpeMll -rpaBJieHIDI 

npH rrpoH3BO.D.CTBe MeM6paH ,llaHHoro THna. Tax, AJlll norryqeHIDI MeM6p3Hbi c Jq,
cpeKTHBHb!M IUH!MeTpOM 0 .I MKM -rpaBJieHHe rrpH TeMrrepa'fYPe 80°C )IOCTaTO'll!O 

npOBOiii!TL B re'!eHI!e I 0 MHH. 

XHMWiecKHe csoHcTBa ocruK,!:I;eHHOH ATIII 3aBucn OT Bhl6opa opraH~ecKoro 

COe)II!HeHIIJI H rrapaMeTpOB pa3pll)la B 11Jla3Me (18). B TOM CD)"!Oe, eCDH IIOJJHMepHa!l 

IIJICHKa .nocraTO"tJ:HO ycroWmoa B pacrnope w:enoqH H He pa3pywaeTcJI B npouecce 

1p8BJICHIUI, ofipa.JyeTCSJ KOMTI03HTHaJI rpeKOBrui MeM6paHa C TOHKHM TIJIOTHhlM 

IIOJIYIIpOHHI.J;aCMhlM CJlOeM Ha llOBepXHOCTH, COCTOJIW:HM H3 IIOJIHMepa OCIDK,llCHHOfO 

s IIJiaJMe. PID.n,enHTeJihHhle cso:H:crsa no.LJ.06Hofi MeM6paur.I orrpe.ll,emnorc:~~ xapai-..le-
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Pnc. 4. 3aBH<.:IJ~WCih ·)ciJ¢t:KTlHJHoro .JHH_\1elpa uop or RpeMeHH rptm.'JeliH>I B BO,lHO:O.! pao..:T

K''P'' rH,tpOI\ClL\c't J;~tlpt15l C l\CH:Jt'H'l1)<Jll~!ef\ 3.0 .\10olh/.TJ npn 60°C il:Ul HCX0.JHOJi p(i;I)Yt!HHOI\ 

H0HaMH Kcenoua 1T3T<il-tueHKH ( l) I! no,u£Jeprny-roit o6pa6oTKl' H Ju;-nMe otecH aJora c 
!IHK.IloreKCaJIOT\-1 B COOTHOllfeHIHf 3: l B TeqeJme 1 \U1H (2), 5 :"oiHH (3), \0 \1HH ( 4) H 15 l\!HH \ 5); 
napa\1CTpb! pa"3p>l.'w: P.a• -'- 13.5 Ila. VI-'= 450 BT. 
Puc. 5. 3aBHCHMOCTh ·_;$1PeKTMBJIOiO JHaMeTpa nop oT HpeMeHH Tpan:~emur npn 60°C ( 1 ), 
70°( (2) H 80°C (3) R B(),'"{HOM paCTBOpC rHJWOKU1)\a HaTflml C KOI!UeH'fP3UHei1 3.0 ~10%/.1 ,'"{,l.ll 

i1CXD,tHOti: o6ny<teJIIIOi! HOH31\111 KCeHOH3 fl')T¢-TIJ1el!KH (1-J) H !!Oli,HeprH)'TOi! o6pa60TKC B 

H.lii3MC C:-JCCII a.JOTa '.: qHK;;oreKC3110:0..1 B COOTHOlllt!Htll1 3: l B Te"!e!!lle 5 MIIH ( J '-J'); lla

p<li\ICTpbl pa·3p5L1J.: P,- ,= D.5 na. Vv' = 450 Rr 

TAii.:ll'ti'A 2. 

Vb~tCHCHHe CKOpCJCTH TpaB.'lCHH.:;{ 1peKOB HOHOB KCeHOJia B fJ::;)TcD-rmeHKaX, o6pa6o
TaHHblX B ILJU1Mt: C\-leCl-J a10Ta C UHK.'lOfCKCUHOM (napaMCYpbl pa3p.ll,'la: P:rn = )3.5 fla. 

\V -"- 450 BT). npn Tfl8BJKIH1!1 E BO,J.H0\1 paCTBOpe fHllpOKCH,:.Ia HaTpHl'! C KOIIUCHTpaUI-1-

:.:J:-i ).0 MO.lhi_--r: TC\1I1CpaTypa lp3Blt!HJUI 60°C 

13peMH oopaDO'fK!-i Bpcw1 CKB03Hl-'W C'KOQOCTb T£<1H;JeHI-UI TpeKO_~----

H fL'la.1Me. rpak:!eHH!:! TpeKllB. I lpO;{l)_lbH3..1l, pa,\1-!<LihHa.>i. 

:>.UlH \lt"H ~tKM \-H-!H ll:'\-1.!\ll!H 

K,IHTpO.lLI!Liii 

o6pa"3e1l 1.0 5.00 :l: 0.2::: 12.00 -t o.so 
3.5 1.40±0.15 2.00 ± 0.20 

5 15.0 0.35 = 0.05. 0.65±0.15 

10 23.0 0.20 ± 0 05 0.3:5 ± 0.05 

1 s 30.0 0.15±0.05 0.15=0.0' 
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rncTHK3\1H Arm [ l9J. H1MeHeHne speMeHH o6pa60TKH B TlJia3\1e H COCTasa 11JI33MO

o6pa3yFOlUero ra3a no1BO.n}leT sapbHposan KaK TOJillJJmy ocaJKZieHHOro CJIOH, TaK H 

ce.leKTHBHhie cBoikTsa KOMD03HTHr.rx Me\16paH nono6Horo nma. Bo3MO)f(HOcTr. Ha

HeCeHJUl fl:lCHOK Mar'!Ofi TO.tlllH-iHbl ~1-'lSI TlOJiyl..feHI-UI DOJlyTip0HHU3CMOro CllOSI .'IC.laeT 

OC06CHHO nepcneKTHBHbiM ,.1aHHhlfi MCTOZI (no cpaBHCHH!O C MCTO.UOM nila3MeHHOfO 

OC3iKD:CHHSI nomiMepHoH nneHKH Ha nopHCTYIO TlO)IJIOiKKY [7]) npH C03!l3HHH KOM

n03HTHbTX r<nopa3,UCmiTCJlbHhlX MeM6paH, nmr KOTOpbiX TOJlll{HHa CC.1CKTHBHOrO 

C.10.51 He LlOJlJt<Ha npeBbilllaTb 0.1 MKM. )l.rnneJibHOe TpaBJICHHe npH TIOBbllllCHHOii 

TCMnepaType f13Td>-TIJlCHOK C OC3)f(.JCHH61M CJlOCM 3.!1M330TIOli06HOfi IL'lCHKH. O.UH3-

a 6 

6 l 

PHc. 6. );re:trrpOHHhle MHKpo¢oTOJ1la¢HI1 nosepxnocTH o6.ly'-leHHOH nt"~HaMH Ko..:eHoHa 

fl)T$-nneHKH, o6pa60T3HHOil B nmnMe C\feCH a30Ta C UIHOJOreKCaHO\f B C00THOWeHI111 3:\ 
np11 .n.a.sneHI1H ra3a 13.5 ITa 11 MOlllHOCTH pa3p5i.J.a 450 BT B Te'--leHHe 15 MHH H npmpaH

neHHOA: 8 BO,UHOM paCTBOpe rH.ilpOKCI1,1a HUiplHI C KOHUeHTp3UHeil 3.0 MO.lbi:J llpH 80°(' B 

Te'-!emte 7 MI1H (a, 6- ,'111UeBall 11 06paTHall, CDOTBeTCTBeHHO, CTOpOHb! o6pcnua) 11 8 MHH (6, 

? - :mueBast: 11 o6paTHWI, COOTBeTCTBeHHO, CTOpOllhl o6pa3Ua) 
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KO, rrpHBO)l,HT K ero pa.JpyweHHfO. B 3TOM cnyqae o6pa.Jyl0Tc~ acHMMeTpHl.fHbie rpe

KOBhle MeM6paHbi C 4,lopMoH rrop B BH)J.e ycel.feHHOfO KOHyca, )l,HaMeTp nop KOTOphlX 

OIIpe,UeJIHeTC11 K3K ,[lJIHTeJibHOCThlO B03)leit.CTBHSI ITJia3Mbl, T3K H ycnOBHSIMH XHMH

qeCKOrO rpa:sneHHH. 3To cne.Z~:yeT yt.IHTMBarb npH Bht6ope pe)KHMOB rpaBJTemur. 

Ha pnc. 6 rrperrctasneHbi MHKpo<Pororpa$HH nosepxHocreH .liBYX o6pa3UOB 

MeM6paH, IIOJIYt.IeHHbiX XHMlflleCKHM 1'p3BJieHHeM B BO.UHOM paCTBOpe rH.IJ.pOKCH,Ua 

HarpH~ C KOHUeHTJ)3UHeit 3.0 MOJih/Jl rrpH 80°C TI3T<f>-rrneHOK, o6nyT.feHHhlX HO

HaMH KCeHOHa 11 06pa60T3HHbiX 8 ITJ1a3Me CMeCH 330T3 C IJ;lU(JIOreKC3HOM B teY.emie 

15 MHH npH nasneHHH raJa B BaK)'YMHOH K3Mepe 13.5 Tia H MOIUHOCTH pa3pSI11.3 

450 BT. B nepaoM aapHrurre (BpeM• TPaBneHH• 7 MHH) paopyweHH• anMaoono!lo6-

HoH nneHKH Ha rrosepxaocm MeM6paHbl He npmnoumo. B 3TOM cnyqae o6p33yerc.H 

KOMII03HTHasi MeM6paHa C OCaJK)].eHHbiM H3 O,li,HOH H3 ee CTOpOH IIOJlHMepHblM IIQ

nynpOHHI.J;3eMbiM CJIOeM TOJIWHHOii OKOJIO 0.1 MKM (a, 6). IJpH yoeJIHT.feHHH speMeHH 

TPaBJieHHR .uo 8 MHH npoHCXO.O:llT p33pyweHHe AIIII. B 3TOM cny<-tae o6p33yercH 

acHMMtrrpHqHru~ rpeKOBaJI MeM6paHa (e, 2) c rropaMH s cpopMe yceqeHHoro KoHyca. 

,[(HaMelp rrop Ha O)J.HOH H3 cropoH MeM6paHbl (no,IJ;seprHyroii so3,n:eikTBHIO rrnaJ

Mhl) paaeH 0.25 MKM, HO Jlpyroil B!IBOe Bb!We- 0.50 MKM. 

3aKJIIO'IeHue 

CyMMHpyH nonyqeHHhle pe3yJihTaThi, MO)KHO JaKmO'liHTb cne.n.yJOIIJ.ee: 

• B03.1leHcTBne ITJI33Mhi HenonHMepH3YJOlll.erocJI raJa Ha o6nyqeHHbie TRIKeJibiMH HO

HaMH f13T<I>-IIJieHKH Bbi3hJB3eT CHH)I{eHHe rpaBHMOCTH YpCKOB H HCXO)J.HOH IIOJIH

MepHoif M3tpHUhl; 

• CKOpOCTb tpaBJieHHH rpeKOB (KaK npO,liOJibHWI, TaK H pa,IJ;H3JlbHasi) H CKOpOCTl> 

tpaBJieHHjl IIOJIHMepa 33BHC9T OT rrapaMeTpOB pa3pSl)l3 IIJia3Mbl - IIpH ITOBbJWeHHH 

napaMeTpOB pa3pH,JJ;a CKOpOCTb IpaB.lleHHR yMeHbruaeTCB; 

• H3MeHeHHe 8 'IpaBHMOCTH tpeKOB H IIOJIHMepHOif MalpHUbl IIpH B03.UCii:CTBHH ITJI33-

Mbl Heii011HMepH3YJOW.CrDCJl fa38 llpHBO,li,HT K B03HHKHOBeHHlO 3CHMMetpHH B 

CTpyKT)'pe o6pa3YJOlll,HXC.51 npH XJIMJ£qeCKOM tpaBJieHHH tpeKOBLIX MeMfipaH; 

• B031IeikTBHe IIJI33Mhi ITOJIHMepH3)'lOUJ,CrOCSl raJa H3 o6~eHH~Ie UI'IKeJiblMH HOH3-

MH TI3T<f>-IIJICHKH T3K)Ke Bbl3blBaeT CHH)KeHHC 1paBHMOCTH 1peKOB, q'fQ, rJiaBHLIM 

o6pa3oM, o6ycJIOBJ'IeHO o6pa3oBa.HHeM Ha rro.n:seprHyroH o6pa6orKe o rrnaJMe no

sepxHOCTH TOHKOif JIOJIHMepHOi1, XHMH'IeCKH yctOfil.{HBOii:, aJIM330IIO.O:o6HOif TIJieHM 

KH, npeiUlTCTB)'lOili.Cii: JJ;OC"I)'IIY 1pa.BHTeJ1JI B -rpeKH; 

• XHMH'lleCKOe rpaB.'lCHHe o6nyqeHHhiX TSI)KeJiblMH HOH3MH TI3T<I>-IIJICHOK C OC8)1(-

12 

]eHHbi\11 uJoe."1 A[ Ul !lpHB0,'1HT K o6pa3oBaHmo KO!'.tn03HTHbJX nmTynpommaeMblX 

\fe\t6paH. CO.:;JeK111BHble CBOi:i.C fB3 KOTOpblX onpe.Je.'UIIOTC51 xapaKTepi1CTHK3~Hl 

Aim: 

• 3apb11jXJB3HI1C BpeMeHH o6paG01Ki1 B n.la1Me opraHHl.leCKHX COe.JHHeHHH H COCl3-

R3 n.l31\too6p~'!yJoruero ra:3a nmB0.151eT H3:\1eH51Tb T0.1IU11HY ocan...::teHHoro no;m

'.h'pHor\1 CIIO.SI H Ce.TJeKTHBHLJe CROfiCTBa o6p33Y101UHXCH K0.\-11JOJI1THb!X MC:O.l6paH. 

B _JaHHoH pa6oTe Mbi pacntoTpe.lH .1Hlllb ·34>4JcKTbJ B03.Jei1cTI:HUI JljjaJ:v~bJ Bl!

pa.1pJt.ta Ha o6ny'ieHHL1e BbiCOKOJEepreTHY.HbiMH nnKeJTbiMH HOHaMH H3Tc.P-n.leH

to:J.1. 06HapynomaeMble npH XHMI1'!C;:'KOM tpan.leHI-f.H, H3 OCHOBe KOTOpblX He.cib'3}! 

...:.~.liED 0 KOHKpeTHbiX XHMWICCKl1:\ \1eX31Hf1MaX II.l33MeHHOl"O :\101UI4HIUHpOBaHH.I! 

f1hi0paHHOrO !lJHI HCC.Le,JOB3HHi1 ll0.1!1Mepa. Jlml BbHICHCHH51 JT.HX BOIIpOCOI3 l!eo6.xo

!H\10 liCI10.1b30BaTb MeTO)lbl, plTI1CTpHp)'lOTUHe npOMeJKy W'fHb!C i1 KOIJeGHh!e npo

.Ll)'KTbl xu:-.m•IecKHX pcaKuuiL npmrcxo;un.unx np11 o6pa6oTKe B n.Ja3Me. TeM He :.te

Hee, o6HapyiKeHHbie 3¢$eKTbi yK33bJBatoT BOJMO)KllblH nyTh cm.:raHH51 aCMM!>.teTpw!

:ihiX J.1 KOMrl03HTHblX TpCKOBb!X MeM6pall }l-JSI H3HOQ:mJJbTp3UH11, o6paTHOfO OCMOC<l 

H ra3opa1.Je.'leHH5£ H MoryT 6hrrb npenMeroM na.lbHei1llli1X 6onee no.1po6Hbrx HCC.le

_·ronaHHi-i c uenhiO onTHMI133UHH napaMnpoB rJJJa3MeHHoro pa.1p51}J:a amr perymtpo

BaHHH CBOikTB H3rOT3BJJI.1B3CMhiX MCMGpaH. 
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11 Kpaseu JIJ1., " Jlp. P!8-99-!08 

Bou.eficTBHe llila3MLI BbrcoKo•JacToTnoro pa3p~na Ha o6H)'lleHithle H;.t<eJihiMH I HOHa.\'IH noJHDTHJleHTepc¢TanaTHhie JUieHKH 

· Hccne,10BaHbi 3¢¢cKn.r B01nei1CTBWI R4~nnaJMeHHmu pa3p.lLla Ha cKopocn. XHMH'-Ie-
1 CKOro rpaR!IeHml rpeKOB HOHOB KCeHOHa (3HepnHI- lJvhB/HyKJIOH) B flOJJH3THJTeHTepeqrra-

naTHbiX tfl3T<l>) nnenKax. 113)"--eHo R.'lllilHHe yc.TJOBHH o6pa60TKH B rmaJMC na cTpyx.rypy u 
CBt1ftcTBa o6paJyJOw:nxc51 npH rpaa."Temm tpeKOBb!X MeM6paH. YcranoBJleHo, '-ITO EOJLieH
crsue n.TJa'lMhJ neuo.'lHMepHJ)'IOwcrocSI raJa na o6n)"--eHHbJe T5l)Ke.JlhiM"H HOHa\t.H 
fl3T<l>-Ir!CHKlf BhiJh!BaeT CHH)KeJU.te tpaBHMOCTH KaK tpeKOB, TaK H HCXOLlHOH flOJIHMepnofi 
'-ialp11Uhl. CKopocn. nux npoueccos JasncJn or napa\1erpos pa1p51D.a (naB.'leHmt raJa B sa
K)')'MHoH KaMepe, MOJ.UHOCTH pa3p~.aa). fioKa3aJIO, 'ITO HJMCHCHHC B TpaBHMOCTH TpeKOB H 
IIOJIHMCpHofi MaTpHUhl, o6yc.'lOB.neHHoe CWHBaHHeM flOBepXHOCTHOJ"O CJJOJI nOmtMepa, npH
BOlllfT K BO'lHHKHOBCHHfO 3CHMMeTpHH B Clp)"Kt)'pe TpCKOBblX MeM6paH. YCTaHOB..'leHO, '-ITO 
BOJLJefiCTBHe f1Jia3Mhl JlO,"THMep113)'10Weroc5l raJa Ha 06JI)"'1CHHblC TJI)KeJJbiMH HOHa\fH 
fi3T<!>-n.rJeHKH TaKJKe Bbl1hJBaet CHHJKeHHe tpaBHMOCTH tpeKOB, 'ITO Ofi)'C.'lOB!IeHO o6pa30-
8aHHCM Ha rlO..lBeprnyroi1 o6pa6one B IVJa3!1-fC JIOBepxHOCHI F)HKOH flOJJHMepHoi-f, XH~HfLie
CKH ycTOif'-fHBOfi, artMa30f10.il06Hofi (Aflfl) rtJJeHKH. XHMH'IeCKOC TpaBJieHHC o6JI)"--ellllhiX 
HOHaMH I 13T<I>-rmettoK c oca)(<.J.eHHhlM cnoeM Ann npHBO.!IIIT K o6pa1oBaHmo KOMHOJJu-
HhJX Honynpommae'-fhiX MeM6pan. · 

Pa6oTa BhiiJUJIHCHa B Jla6opa-ropHH JUlCpllbiX peaKlUH{ HM. r.H.<I>neposa 01UIJ1. 

npenpHHT 06be.III1HeHH'?fO liHCTlnyra SlllCpHbiX tlCCJleDOBamtif. lly6Ha, 1999 

I 
Kravets L.l., et a!. PI H-99-108 
Efft:!ct of High-Frequency Plasma Discharge on Poly{ ethylene) Terephthalate 
Films Exposed to Heavy Ions 

An effect of plasma RF-dischargc on the chemical etching rate of xenon ions' tracks 
(energy- 1 MeV/nudcon) in poly(ethylcne) terephthalate {PETP) films has bee:-t studied. In
ve~tigated was al.-.o an inOucnce of the plasma treatment conditions on the structure and the 
propertie-; of the track memhranes produced in the course of etching. It has been figured out 
that the effect of the non-polymerizing gases plasma on thl! PETP f1lms exposed to heavy 
ions causes a decrease in the etching effect of both the tracks and the source polymeric ma
trix. The rate of these processes depends upon the discharge parameters (gas pressure in the 
varuum chamber. discharge power). It is shO\I.'n that the changes m the track etching and the 
polymeric matrix caused by coupling the polymer's surface layer lead to arising an asymme
try in the track membrane's structure. It has been found that the non-polymerizing gas plas
ma effect on the PETP TM films exposed to heavy ions also causes decreasing the track 
etching effect. This results from the formation of a thin polymeric chemically stable dia-

. mond-likc film (DLF) on the surface exposed to plasma. The chemical etching of the PETP 
! films exposed to ions with the deposited DLF layer leads to formation of composite se-

mi-penetrable membranes. 
'I' The inve,.igation has been performed at Ihe Flerov Laboratory of Nuclear 
1 
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