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JmepHLie MeM6paHLI (.f.lM) Ha OCHOBe nonn::mrneHTepe$TaJiaTa (ll3T<l>) 
BLinyCKaiOTCH B UIHpOKOM ~HaOa30He ~aMeTpoB OOp (20 -:- 10000 HM) H 
HaxO~HT npHMeHeHHe B pa3nHliHbiX OTpacnHX Hapo~oro X03HHCTBa 111 . 
B pa~e pa6oT noKa3aHa B03MO:>KHOCTL ynyttmeHHH 3KcnnyaT~HOHHLix na
paMeTpoB DOnHMepHbiX MeM6paH B pe3ynLTaTe MO~H$HUHpOBaHHH HX 

noaepxHOCTHLIX caoucTB 12•3 1 . OT~enLHLie pa6oTLI, nocaameHHLie Mo~n
$nunpoaaHmo caoucra HM, ~aroT ocHOBaHHe nonaraTL, tiTo 3To o~HH H3 

Han6onee nepcneKTHBHLIX MeTo~oa, HanpaaneHHLIX Ha nonyqeHne MeM6paH 
C HOBbiMH CBOHCTBaMH /4,5,/. 

B Kaqecrae cnoco6a MO~H$HUHpOBaHHH CBOHCTB ll3T<l> 6Lm Bbi6paH 
npouecc p~H~HOHHO-XHMHqecKOH OpHBHBOqHOH nonHMepH3aQHH (Pllll) . 
OcHOBaHHeM ~na TaKoro BLI6opa aanmoTcH BbiCOKaH p~HaQHOHHaH CTOH
KOCTL ll3T<I>·..()·/, COXpaHeHHe HnH He3HaqnTenLHOe H3MeHeHHe Ba:>KHbiX 
3KcnnyaT~HOHHbiX xapaKTepHCTHK - MeXaHHqeCKOH npOliHOCTH, TennOCTOH
KOCTH - B pe3ynLTaTe o6nyqeHHH H OpHBHBKH /7 I. llnOTHaH CTpyKTypa 
ll3T<l>, He3HaqHTenLHOe Ha6yXaHHe B 6onLillHHCTBe OpraHnqeCKHX paCTBO
pHTeneu, HH3KaH CKOpoCTL ~H$$y3HH HHHUHaTOpOB ~enaroT MaJIOnepcneK
THBHblMH pa3nHliHLie MeTO~bl ero XHMnqecKoro MO~H$HQHpoBaHHH. 

Ht:t.:.~le.u.uHaHHe· npouecca Fiifi Ha Hivi npe~cTaanaeT He TOnLKO npaKTH
qecKnu, HO H HayqHbiH HHTepec. llocne~HHH .COCTOHT B H3MeHeHHH KHHeTH
qeCKHX napaMeTpoa npouecca npn nepexo~e oT o6LiqHLIX nonnMepHLIX nne
HOK K MHKponopHCTOH CHCTeMe . .f.lM B 3TOM OTHOilleHHH QeHHbl TeM, liTO 
npe~craanaroT co6ou nonnMepeyro nneHKY c MaccnaoM nunHH~pnqecKnx 
nop H3BeCTHOH DnOTHOCTH H pa3Mepa. B OTnnqne OT MeM6paH, nonyqaeMbiX 
$opMHpoBaHHeM H3 pacTaopa, $opMa nopoaoro npoCTpaHcTBa HM no3BO
naeT cpaBHHTenLHo nerKo onpe~enHTL xapaKTep annHHHH pa3nHliHLIX napa
MeTpoB (DnOTHOCTL H ~HaMeTp nop, Cpe~Hee paCCTOHHHe Me)f(,ll;y nopaMH, 
TonmHHa nneHKH) Ha npoTeKaHHe npouecca Pnn. Hannqne nop n He6onLUioe 
paCCTOHHHe Me)f(,ll;y HHMH npe,llOCTaBnmoT yHHKaJILHYIO B03MO:>KHOCTb H36e
:lKaTL BnHHHHH Ha npHBHBOliHYIO nonHMepH3~HJO cnoeBOH, CTpyKTypHOH 
Heo~HOpo~HOCTH - CBOHCTBa, xapaKJ'e~HOrO ~~~ nneHOliHbiX MaTepnanoB 
He3aBHCHMO OT COOC06a HX nonyqeHHH S . 

3KCllEPMMEHT AJihHA.H qACTb . . 

HM nonyqann Ha ocHoae ~ayxOCHoopHeHTHpoBaHHOH ll3T<l>-nneHKH 
TonmHHon 10 MKM. Pnn npoao~nnn ~ayMH MeTo~aMH: 
- MeTO~OM npeMapHTenLHOrO o6nyqeHHH Ha B03~yxe - nepeKHCHbiH Me

TO~ (llM); 
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- MeTO.IJ.OM npe.n.aapuTeJibHOrO 06Jiy1JeHHH B BaKyyMe - MeTO.IJ. nOCT·3<l><l>eK
Ta (MII3). 

B liM nocne o6nyqeHuH o6pa3UOB Ha y-ycTaHOBKe ( 137 Cs) peaKumo 
npUBHBKU npoao.n.HJiu nu6o B aaKyyMe, nu6o B aTMoc<t>epe aproHa. CTeneHL 
npuBHBKU Qn onpe.n.enHJiu no <t>opMyne 

mn- mo 
Q = n ---100%, 

mo 

r.n.e m0 U m n - MaCCa UCXO.IJ.HOH U npUBUTOH HM COOTBeTCTBeHHO. ,[I,JIH npu
BHBKH UCnOJib30BaJIU CBe)KeneperHaHHbie no.n. BaKyyMOM MOHOMepbi. 

MuKpocKonuqecKoe uccne.n.oaaHue MeM6paH ocyi.QeCTBJIHJiocL Ha 
:meKTpOHHOM paCTpOBOM MUKpOCKOne JSM-840, CHa6)KeHHOM npUCTaBKOH 
.D.JIH peHTreHOBCKOrO MUKpOaHaJIU3a. ra3onpOHUUaeMOCTb MeM6paH onpe.n.e
JIHJIU C nOMOI.QbiO nonJiaBKOBbiX paTaMeTpoB, a BO.IJ.OnpoHuuaeMOCTb - Ha 
CTaH.IJ.apTHOH HlJe:iiKe C .U.UaMeTpOM o6pa3ua 4 7 U 62 MM C UCnOJib30BaHUeM 
CBe)KeneperHaHHOH BO.IJ.bl91 . TOJII.QHHY MeM6paH U3MepHJIU Ha TOJII.QHHO
Mepe C UeHOH .U.eJieHUH 0,1 MKM. 

KBaTepHu3aumo MeM6paH c npuBUTbiM nonu-2-MeTHJI-5-BHHHJinUpH.IJ.u
HOM npOBO.IJ.HJIU B 5%-HOM paCTBope UO.U.UCTOrO MeTHJia B 3TaHOJie npu 
35 ° C B Te'leHue 4-8 11acoa. 06pa3Ubi OTMbiBaJIU aT u36biTKa CH3I 3TaHOJIOM 
.IJ.O nOCTOHHHOH MaCChi. 

XapaKTepucTUKa o6pa3UOB, ucnoJIL3yeMbiX. B pa6oTe, npuae.n.eHa B 
Ta6n. 1. 

06o3Ha1JeHue 

0,1-$ 
0,2-$ 
0,5-$ 

1-$ 
Jl-10 

IIapaMeTpbi MeM6paH u nneHOK, 
npuMeHHeMbiX .D.JIH npUBHBOlJHOH nOJIUMepu3auuu 

Ta6JZUl(a 1 

,lluaMeTp nap, IIopucTOCTL, Cpe.D.Hee pac- ToJII.QHHa, 
MKM % CTOHHUe Me)K.IJ.y MKM 

ueHTpaMu nap, 

0,095 
0,22 
0,45 
0,93 

8 
8 
9 
8 

MKM 

0,7 
0,6 
1,4 
5,1 

10,1 ± 0,2 
9,7 ± 0,4 
9,1 ± 0,3 
8,6 ± 0,2 
10 ± 1 

PE3YJihTATbl 11 OECY)I(,llEHI1E 

Ha puc.1 npuae.n.eHbi KpUBbie HaKonneHHH cTupona Ha HM u naacaHoaoii 
nJieHKe, CJiy)KaJ.QeH OCHOBOH .IJ.JIH npOU3BO.U.CTBa MeM6paH. lJpUBUBKa Ha nneH
KY UMeJia UeJibiO nOJIYlJUTb CpaBHUTeJibHbie pe3yJILTaThi, KOTOpbie 6bl OTpa)KaJIU 
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Puc. 1. Kpuebte HaKOT!IIeHWi noJZu
crupoJZa (1-5) u noJZu-2-MeTUJZ-5-eu
HUJZnupuduHa (6-7) Ha li3T<P-TIIIeHKe 
u JIM: 1-2 - liM, 3-7- MII3, 1,3,6-
0,1-4J, 4, 7 - 1-4J, 2,5 - ll-10. TeMne
parypa npol(ecca 70 ° C, do3a npedea
pure.nbH020 o6.1ly'leHWI 50 KFp (MII3) 
u 180 KFp (liM). 
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U3MeHeHUe KHHeTUlJeCKUX napaMeTpaB npouecca B pe3yJILTaTe C03.IJ.aHHH 
nopUCTOH CTpyKTypbi. 

,[I,JIH MII3 xapaKTepHbi BbiCOKHe HallaJILHbie cKopocTu npuauaoliHo:ii 
nonuMepu3auuu. Ha HallaJILHOM yqacTKe KpUBbiX HaKonneHHH nonuMepu3a
UHH npu 70 ° C HOCHT B3pbiBHOH XapaKTep1 U ee CKOpOCTb onpe.n.eJIHeTCH, 
nO-BH.IJ.UMOMy, KHHeTUKOH cop6UHU MOHOMepa MaTepHaJIOM nO.U.JIO)KKU. 

CKopocTL HaKonneHHH nonucTupona (IIC) B nepeKUCHOM MeTo.n.e 
3Ha1JUTeJibHO HU)Ke. 3a UCKJ1101JeHUeM HalJaJibHOrO yqacTKa YBeJIUlJeHUe CTe
neHU npUBHBKU CO BpeMeHeM OnUCbiBaeTCH JIHHeHHOH 3aBUCUMOCTbiO. IJpu
lleM JIHHeHHOCTb co6JIIO.U.aeTCH BO BCeM .IJ.Hana30He UCCJie.U.OBaHHOH BpeMeH
HOH lllKaJibl BnJIOTb .U.O 40 llaCOB (OOJiblllUe BpeMeHa peaKUUU Ha puc. 1 He 
noKa3aHbi'). 

0TMeTUM TaK)Ke, liTO o6a MeTo.n.a npHBUBKU .U.aJOT yaenulJeHue cKopocTu 
HaKonneHHH npuaHToro IIC B PMY U,l-cv " .i.-Iii <-- ii-lO. :t·mubt yUt::.u.n•~>'-'n 

B YHUBepCaJibHOCTU 3TOrO HBJieHUH, HapH.D.y CO CTUpDJIOM npUBUBaJIU TaK)Ke 
2-MeTHJI-5-BHHHJinUpH.IJ.HH (MBIJ) - puc. 1, KpUBbie 6,7. 11 B 3TOM CJiyllae 
npUBUBKa Ha MeM6paHy C OOJiee BbiCOKUM .IJ.UaMeTpOM nap npu npuMepHO 
noCTOHHHOH nopUCTOCTU npoTeKaeT 6biCTpee. 

B pe3yJILTaTe npuauBolJHOH nonuMepU3auHU nepeKUCHbiM MeTo.n.oM 
nepaoHat~anLHo nnocKaH noaepXHocTL HM npuo6peTaeT 6yrpucTblli xapaK
Tep (puc. 2a,6). BLICOTa 6yropKOB yaenut~uaaeTcH no Mepe B03pacTaHHH 
paccTOHHHH Me)K.IJ.y coce.u.HuMu nopaMu. Hau6onee HHTeHCHBHo, no-BH.D.U· 
MOMY, npUBHTOH nOJIUMep o6pa3yeTCH B npOMe*YTKax Me)K.IJ.y nopaMU, 
a no Mepe npu6JIU)KeHHH K yCTbiO nOpbl CKOpDCTb nOJIUMepH3auHU CHU)Ka
eTCH. ToJII.QHHa MeM6paHbi B pe3yJILTaTe npuauBKU IIC yaeJIHtiHBaeTcH c 
8,6 .U.O 13,6 MKM (npu Qn = 37,7%), a 3JieKTpOHHO·MUKpDCKOnHtlecKUH 
.U.UaMeTp nap yMeHLIJlaeTCH npu.3TOM TOJibKO Ha 0,3 MKM. 

Bo3paCTaHUe CKOpOCTU npUBUBOlJHOH IIOJIUMepu3auuu no Mepe y.n.ane
HHH OT YCTbH nap CBH3aHO C npOHBJieHUeM reJib·3<l><l>eKTa, \ITO y)Ke Ha6J110-
.U.aJIOCb paHee npu npUBUBKe Ha noJIUMepHbie nJieHKH pa3JIUtiHOH TOJII.QU· 
Hbi /10 • 11/ . IIo Mepe pocra paccroHHHH Me)K.IJ.y nopaMu u a pe3yJILTaTe pac
xo.n.oaaHHH CTUpOJia B npouecce nOJIUMepU3aUHU KOHUeHTpaUHH MOHOMepa 
B Cpe.IJ.HeH llacTU Me)KnOpOBOrO npOCTpaHCTBa CHU)KaeTCH, \ITO npHBO.IJ.UT 
K yBeJIUlJeHIOO BH3KOCTU, CHH)KeHmo CKOpDCTU o6pbiBa npUBHTbiX uene:ii 
U, CJie.U.OBaTeJibHO, K B03paCTaHlOO 3<l><t>eKTHBHOH KOHUeHTpaUHU paCTyi.QHX 
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B r 
Puc. 2. MuKporjJorozpafjjWI noeepxnocru JIM 1-f/J (a) u JfOepHblX MeM6paJI c npueurbiM 

llC, nolly'leHHblX HQ OCH08e 1-f/J C npUMeHeHUeM pa311U'IHblX MeT0008 npU8U8KU: flM, 

Qn =37,7% TeMneparypa npo14ecca Tn =70°C (6}; Mll3, Qn=38,8% Tn=70 ° C 
'(e); Mll3, Qn =45,2% ~ =55° C (z). 

nonHMepHbiX pa.AHKanos. B ~auHoM cnyqae, no-s~HMOMY, 3<J>cpeKT oT no
BbiWeHIDI B.fi3KOCTH npeo6n8,AaeT Ha.A B03MO)I(Hb1M yMeHbWeHHeM CKOpo
CTH poCTa ~enH B pe3ynLT8Te CHIDKeHH.fl KOH~eHTp~H MOHOMepa B o6'b
eMe nOMO:>KKH. TaKa.fl KapTHHa Ha6mo~aeTC.fl B npo~ecce npHBHBKH nM, 
K8K }')ICe 6biDO CK83aHO, DpH HH3KHX CKOpOCT.IIX npHBHBOIJHOH nonHMepH-
38~HH (pHC. 26) . 

B Mll3 npH BbiCoKou HatJanLHon cKopocTH npHBHBO'IHou nonHMepH-
3~H renL-3cpcpeKT C pOCTOM TOnmHHbl npO.IIBn.fleTC.fl B MeHLWeH CTeneHH, 
nocKOnLKY peaK~IDI npoTeKaeT, nO-B~HMOMy, B ~Hcpcpy3HOHHOH o6naCTH, 
T.e. B ycnOBH.IIX, KOr~a CKOpOCTL npHBHBKH KOHTpOnHpyeTC.fl ~Hcpcpy3HeH 
MOHOMepa. ll03TOMY npH npOHHKHOBeHHH B no~nO:>KKY nepBbiX :>Ke nop~HH 
MOHOMepa OH nonHMepH3yeTC.fl y:>Ke B OKpeCTHOCTH yCTL.fl nOpbi, npHBO~.fl 
K pOCTY TOnmHHbl MeM6paHbl. llo Mepe HC'IepnaHIDI npHnOBepXHOCTHbiX 
p~Kanos cppoHT npHBHBKH npo~BHraeTC.II ace rny6:>Ke B Me:>Knopoaoe 
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npocTpaucrso, H peaK~.fl npoTeKaeT s HOBbiX, pauee He sosnetJeHHbiX a npo
~ecc, 3neMeHTapHbiX CnO.IIX nOMO:>KKH. llpH TaKOM XO~e peaK~HH HMeeT 
MecTo npHMepHo pasHoMepHoe pacnpe~eneHHe npHBHToro nonHMepa no 
sceMy o6'beMy Me:>Knoposoro npocTpaucma, H nosepxnoCTL npHBHTou 
MeM6paHbl COXpaH.IIeTC.II OTHOCHTenLHO DnOCKOH (pHC. 2B). 

Ha pHc. 2r npHse~eHa MHKpocpoTorpacpiDI npHBHTou .RM, nonytJeHHou 
a pe3ynLTaTe npHBHBKH npH 55 ° C. B 3TOM cnytJae CKopocTb ~Hcpcpy3HH 
MOHOMepa B 06'beM nopHCTOH nOMO:>KKH CHH:>KaeTC.II no CpaBHeHHIO C npH
BHBKOH npH 70 ° C (3HepriDI aKTHBmHH ~Hcpcpy3HH CTHpona B o6'beM ll3T<l> 
pasHa (110 ± 20) K,lJ;:>K/MonL). PeaK~IDI eme 6onLwe cMemaeTC.II B ~Hcpcpy-
3HOHHyro o6nacTL, H B pe3ynLTaTe noaepxuocTL MeM6paubi coxpau.11eT nnoc
Kyro cpopMy . 

.RaneHHe o~Horop6oro pacnpe~eneHIDI npHBHToro nonHMepa, Ha6mo~ae
Moe HaMH npH npHBHBKe CTHpona Ha .RM, OTMetJanOCL TaK:>Ke B HeKOTOpbiX 
pa6oTax npH H3ytJeHHH pacnpe~eneHIDI npHBHToro nonHMepa no TonmHHe 
TOHKon nonHMepHou nneHKH 1 121. AHanorHIJHbiM pacnpe~eneHHeM OnHCbi
BanacL npHBHBKa aKpHnOBOH KHCnOTbl Ha ll3T<l>-nneHKe TonmHHOH 6 MKM 
npH Qn .:::;8% /4,13/. 

B npo~ecce npHBHBo~JHou nonHMepH3~HH CTHpona H3MeH.fleTC.II ~HaMeTp 
nop, a cne~oBaTenLHo, H napaMeTpbi, xapaKTepH3YJOmHe cKopocTL Macco
nepeHoca B3mou M.fl npHBHBKH .RM. Ha pHc. 3 npHBe~eHbi KpHBbie 'H3Me
HeHH.fl OTHOCHTenLHOH ra3onpOHH~aeMOCTH npHBHTbiX MeM6pau B 3aBH
CHMOCTH OT CTeneHH npHBHBKH H ~HaMeTpa nop HCXO~HOH MeM6paHbi, XO~ 
I<OTOpbiX nOKa3bffiaeT, 'ITO ~HaMeTp nop H3MeH.fleTC.fl TeM CHnLHee, IJeM MeHL
we pa3Mep OTBepCTHH HCXO~HOH, B3.11TOH ~n.fl npHBHBKH, MeM6paHbl. 0THO
CHTenLHa.fl ra3onpOHH~aeMOCTb Ha Ha'lanLHOH CT8,AHH H3MeH.fleTC.II He3Ha
'IHTenLHO, a 3aTeM npH ~ocTH:>KeHHH onpe~eneHHoro 3HatJeHH.fl cTeneHH npH
BHBKH pe3KO yMeHLWaeTC.II. llpH 3TOM ~HaMeTp nop Ha noBepXHOCTH MeM6-
paHbl npH ee npOCMOTpe B 3neKTpoHHOM MHKpOCKOne npaKTHIJeCKH He 
H3MeH.fleTc.fl. To ecTL 3aKynopHBauHe ~HnHH~pH'IeCKHX OTBepcTHH npoHcxo
~HT Ha HeKoTopou rny6HHe oT noaepxuocTH nneHKH. 3To RBneHHe Hano
MHHaeT KOHTpa~mo nop .RM Ha 
OCHOBe ll3T<l> C ~HaMeTpOM nop 
::;; 15 HM npH HX BbiCYWHBaHHH 
Ha B03~xe 1 141 . . 

B CB.fi3H c HanHtJHeM npo~ec- o 
:::::> ca 'laCTH'IHoro 3aKynopHBaHH.II nop , 

cne~yeT OTMeTHTL,( 'ITO o6a MeTO- ~ 

~a npHBHBOIJHOH nonHMepH3~HH 

(llM H Mn3) B CHny paBHOMep
HOrO pacnpe~eneHH.fl HH~HHpyro-

Puc. 3. H3MeHeHue OTHOCUTellbHOU i!Q30· 

npoHUijaeMOCTU npU8UTbiX JIM B 3QBU· 

CUMOCTU OT CTeneHU npU8U8KII flC 

0 0.1 - ¢ 0 0,5- ¢ 
() 0,2-ctJ A 1- cp 

0 
0~--------,~0~------720~--~ 
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lllHX QeHTpoB no 06DeMy nO,lUIO:>KKH npHBO,WlT K npeHMyll.leCTBeHHOH nOJIH

MepH3aQHH MOHOMepa B 06'beMe nO,lUIO:>KKH, a He Ha ee noaepXHOCTH. 

llpu 3TOM pacnpe,ll;eneHue npuanToro nonuMepa no o61>eMy a o6meM cny

qae 3aBHCHT He TOJibKO OT CKOpOCTH ,li;Hlf>lf>y3HH MOHOMepa, HO H OT ,li;03hl 

npe,li;BapHTeJibHOrO 06JiyqeHHR:, a TaK:>Ke OT YCTOHqHBOCTH pa,li;HKaJIOB, B yc

JIOBHR:X npoae,ll;eHHR: peaKQHH npususo~oli nonnMepH3aQHH/151 • Bo3Mo:>K

HOCTL nonyqeHHR: o6'beMHoro pacnpe,ll;eJieHHR: npHBHThiX Qeneli aanR:JiacL 

O,li;HHM H3 KpHTepHeB npH BLI6ope cnoco6a MO,li;Hlf>HQHpOBaHHR: .HM (npe,ll;

aapHTeJibHOe o6nyqeHHe) , nOCKOJibKy, KaK O)I(H,ll;aJIOCb, OH npHBe,ll;eT K 

He3HaqHTeJibHOMY 3apaCTaHHIO nop. 

0THOCHTeJibHaR TOJIII.lHHa npHBHTOH MeM6paHbl B03pacTaeT JIHHeHHo 

C YBeJIHqeHHeM CTeneHH npHBHBKH flC (pHC. 4). flpH 3TOM a6COJIIOTHOe 

H3MeHeHHe TOJIII.lHHhl MeM6paHbl, KaK y:>Ke OTMeqaJIOCb, 3HaqHTeJibHO Bhlllle 

a6conroTHoro yMeHLllleHHR ,li;HaMeTpa nop, paccqnTaHHOro no lf>opMyne 

KHy,ll;ceHa Ha ocHoae ,ll;aHHhiX no H3MeHeHmo ra3onpoHHQaeMOCTH (puc. 5). 

KaK CJieAyeT H3 pHC. 4, CKOpOCTb H3MeHeHHR: OTHOCHTeJibHOH TOJIII.lHHhl 

pacTeT a pRAY 0,1-<1> < 1-<1> < JI-10. Taxaa 3aBHCHMOCTh CBHAeTenLcTsyeT 

0 TOM, qTo no Mepe yMeHbllleHHR AHaMeTpa nop H pa3BHTHR: DJIOII.la,li;H nosepx

HOCTH MeM6paHbl B03pacraeT CB060AHhiH 06'beM nOJIHMepa, KOTOpbiH B XOAe 

npHBHBOqHOH nOJIHMepH3aQHI1 MO:>KeT 3aiiOJIHRTbCR: npHBHThiM nOJIHMepOM 

npH He3HaqHTeJibHOM H3MeHeHHH reoMeTpHqeCKHX pa3MepoB nOAJIO:>KKH. 

PoeT cso6oAHoro o6'beMa noJIHMepa npu nonyqeHHH .HM MO:>KeT npoucxo

AHTL H3·3a OTJIHqHR: CKOpOCTeH TpaBJieHHR: B paCTBOpe ll.leJIOqH aMoplf>HhiX 

H KpHCTaJIJIHqecKHX o6JiaCTeH fl3T<I>. 3To npHBO,li;HT K pa3BHTIDO MHKpo

w<OjJvAvoil1vL1n uutse!J.II.HUI..:Ht UUJ-1, 'fTO HaOJIIOAaJIH paHee C nOMOlQbiO 3JieKT
pOHHOrO MHKpOCKOna I lSI. 

ll3T<I>, npHMeHReMbiH AJIR nonyqeHHR: .HM, npe,li;CTaBJIReT co6oli ABYX

OCHOOpHeHTHpOBaHHyiO nJieHKy, n03TOMy npOAOJibHhie pa3Mepbl o6pa3QOB 

MeM6paH B pe3yJibTaTe npHBHBKH H3MeHRIOTCR He3HaqnTeJibHO, a TOJIII.lHHa 

90 l 0 J\-10 
A 1· 4> 
0 0,1·4> 

~ 60 

::::-
' c 
- 30 

/ 

llr 40 60 
(lnl%1 

Puc. 4. Jf3MeHeHUe OTHOCUTe!lbHOU TO/IlqU· 
Hbl l'llleHKU u ROepHblX MeM6paH c pocroM 
creneHu npueueKu llC. 
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I: 
X 
I: 
u 

:I: 
X 
:1: 

0,5 I 

c 

ov 10 
0 5 10 15 

a 1%1 n 

Puc. 5. Jf3MeHeHue oua.Merpa nop u pocr 
TO.IIIJ4UHbl MeM6paHbl 0,]..(/J npu npUBUB· 
Ke crupona. 

\ 

cymecraeHHO ao3pacTaeT. AHanorHqHaa KapTHHa Ha6JIIO,ll;anacL ~H npuaua

xe Ha OpHeHTHpOBaHHbie fl3T<I>-DJieHKH ,ll;pyrHX MOHOMepoa I 1 , a TaK:>Ke 

npu npHBHBKe Ha Apyrue DJieHOqHhie MaTepnanhi 117/ • 

flOCKOJibKy BhiTR:HYTbie B ,li;BYX B3aHMHO nepneHAHKynapHbiX Hanpaa

JieHHR:X nOJIHMepHhie QeDH nO,lUIO:>KKH He MOryT cymecmeHHO yaeJIHqHBaTb 

CBOIO ,lUIHHY H, CJie,li;OBaTeJibHO, npoAOJibHhie pa3Mepb1 DJieHKH, TO e,li;HHCT

BeHHhiM reoMeTpuqecKHM pa3MepoM, cnoco6HhiM ysenuquaaTLca npu pa3Me

meHHH B o6'beMe npHBHTOro nOJIHMepa, RBJIR:eTCR TOJIII.lHHa DJieHKH. B 3TOH 

CBR:3H HHTepeCHO OTMeTHTb, qTO corJiaCHO /13/ npH npHBHBKe aKpHJIOBOH 

KHCJIOThl Ha fl3T<I> npHBHThie 30Hbl npHHHMaiOT <t>opMy qeqeBHqHOrO 3epHa, 

paCnOJIO:>KeHHOrO napanneJibHO nosepXHOCTH DJieHKH. 

I 
f. 

flpOHHQaeMOCTb :>KHAKOCTH qepe3 MeM6paHy 3aBHCHT He TOJibKO OT 

,li;HaMeTpa nop (npH nOCTORHHOM HX KOJIHqecTBe) H TOJIII.lHHhl, HO H OT 

npHpO,ll;hl MaTepuana, H3 KOTOpOrO OHa H3rOTOBJieHa. PoeT rHApO!PHJibHOCTH 

MeM6paHbl MO:>KeT npHBOAHTb K yaeJinqeHHIO ee yAeJibHOH npOH3BOAHTeJib

HOCTH no BOAe /2/. 0,!1;HaKO, C ApyroH CTOpOHhi, nOBhillleHHe cpOACTBa Me)l(,ll;y 

MaTepHaJIOM MeM6paHbl H BOAOH npHBOAHT K ee Ha6yxaHHIO, qTO CKa3hiBaeT

CR Ha AHaMeTpe nop H TOJIII.lHHe nopHCTOH neperopo,li;KH. TaKHM o6pa30M, 

AJIR OQeHKH B03M0)1(HOrO 3HaqeHHR: BOAOnpoHHQaeMOCTH •TOH HJIH HHOH 

MeM6paHbl Heo6XOAHMO npHHHMaTb BO BHHMaHHe o6a 3TH !PaKTOpa. 

B Ta6n. 2 npuae,ll;eHhi 3HaqeHHR yAeJILHOH npoH3BOAHTeJILHOCTH no 

BO,ll;e .HM C npHBHThiMH nOJIHMepaMH pa3JIHqHOH npHpOAhl: nOJIHCTHpOJIOM 

(flC), noJIH-2-MeTHJI-5-BHHHJinHpHAHHOM (flMBfl) H nOJIHBHHHJIDHppoJIH

AOHOM (llBll) . .llnR 6onee rny6oKOH rHApo!PHJIH3aQHH npHBHThiX C llMBll 

RAepHbiX MeMOpaH BHHHJinHpHAHHOBhle 3BeHbR KBaTepHH30BaJIH HOAHCTbiM 

MeTHJIOM. CTeneHb KBaTepHH3aQHH, onpeAeJieHHaR no KOHQeHTpaQHH HO,ll;a 

HoMep 

o6pa3Qa 

YAeJILHaR npoH3BOAHTeJILHOCTL no BOAe G 
HCXOAHhiX H npHBHThiX .HM 

Ta611U14a 2 

Gx10 4 
MeM6paua M 3/M 2x c x aTM 

1\ 1 : . 2 
I i 3 
I' 

) . 4 

0,1-<1> 

0,2-<1> 

0,2-<1>- np-llC (12%) 

0,2-<1>- np -llMBll ( 13%) 

0,2-<1>- np-llMBll-CH 3 1 (13,5%) 

0,1-<1>- np-nc (6,1%) 

0,1-<1>- np-llMBll (7,2%) 

0,1-<1>- np -llMBll-CH 3 I (5,5%) 

0,1-<1>- np -llBll ( 4%) 

0,8 ±0,2 

22± 5 

5 ± 2 
20 

2,3 ' 5 
6 
7 
8 
9 

0,26 ± 0,08 

1,2 

1,3 

1,3 
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Puc. 6. PeHTUH06CKUu cneKTp 
UOOa, 66eOeHHOZO nyTeM K6aTep
HU3aijUU UOOUCTbiM MeTUIIOM 
IIBMII 6 npu6UTYTO JIM 0,1-f1J
np-IIMBII ( 14,4%). 

~ 
.1. C nOMOI.QbiO peHTreHOBCKOrO 

MHKpOaHaJIH3a (pHC. 6) , CO· 
cTaamma 0,7 7 0,9 oT Teo-

L!'d peTHt~ecKon. 

· 11:3 Ta6n. 2 cne.o.yeT, 'ITO 

f HOCTH npHBIITOrO nOJJHMepa 
I ~ c nOBhiUJenHeM rH.D.poqiHnb-

~
I npH nOCTO~HOH H ,ll,OCTaTO'I· 

HO BhiCOKOH CTeneHH npH-
1 BHBKH CHH:>KaeTCH y.o.enbHaH I npoH3eonHTem.HocT• no BO· 

,ll,e (o6pa3Uhl 4 H 5). IJpH 
HH3KHX CTeneHHX npHBHBKH 

I I I I I I I I I I I I I I I I I I I I I I I I I TOrO :>Ke nOJJHMepa (IJMBIJ) 

2.3 
MEM A: PMVP-I 15KV 

7. 5 ua6nro.o.aeTCH o6paTHaH 3a-
E (K:JB) B~CHMOCTb -neKoTopoeao3-

pacTauHe G npHBHThiX MeM-
6pau no cpaaueuHIO c HC
XO.D.HhiMH ( o6pa3Uhl 7, 8, 

9). O.n.naKo G cym;ecTaeuuo CHH:>KaeTCH npH npHBHBKe TaKoro rH.D.po<t>o6-
uoro nOJJHMepa, KaK IJC, npH J1106hiX CTeneHHX npHBHBKH 118/ • 

Mo:>KHo c.o.enaTb BhiBO.D., 'ITO npH HH3KOM co.o.ep:>KaHHH rH.D.po<t>Hnhuoro 
nonHMepa (IIMBII, IIMBII-CH3 I , IIBII), Kor.o.a ua6yxauHe MeM6panhi 
a ao.o.e H, cne.o.oaaTenbuo, yMenbrneuHe .o.HaMeTpa nop He3Hat~HTenbuo, HMeeT 
MecTo neKoTopoe B03pacTauHe G . IlpH noBhiUJeHHH co.o.ep:>KauHH rH,ll,po
<l>HnbHoro npHBHToro nonHMepa y.n.enhHaH npoH3BO.D.HTenhuocTb no ao.n.e 
CHH:>KaeTCH. 

B 3aKnrot~enHe aaTophi Bhipa:>KaroT rny6oeyro 6naro.o.apuocTb aKa.o.eMHKY 
r .H.cl>nepoay 3a no.o..n.ep:>KKY H nOCTOHHHhiH HHTepec K pa6oTe. 
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)I(HTap!OK H.H., Ky3He~oa B.H., IIJTaHLKO H.H. 
Pa,a.H~HOHHoe MOAH<lJH~HpOBilHHe R,ll.epHLIX MeM6paH 
H8 OCHOBe UOJIH3THJieHTepe¢TaJJ8T8 

18-88-548 

HcCJJe.o.oaaH npo~ecc pa,a.H~HOHHO-XHMHQeCKOH npHBHBOQHOH 
UOJJHMepH3~HH (Pnn) CTHpOJJ8 H ,ll.pyrHX MOHOMepOB Ha R,ll.epHbiX MeM6paHax. 

noKa311HO, QTO MOHOMepLl HMeiOT pa3JJHQHYIO CKOpOCTL UOJJHMepH3a~H Ha R,ll.epHbiX 

MeM6paHax C pa3JJHQHblM AHaMeTpOM nop npH npHMepHO UOCTORHHOH nopHCTOCTH ( 4 -;. 
710%). :3JJeKTpOHHbJe MHKp0¢0TOrpa¢1tH npHBHTLIX R,ll.epHLIX MeM6paH CBH,ll.eTeJJLCT· 

BYIOT 0 npeHMy~eCTBeHHOH JJOKaJJH3~H npHBHTOro UOJJHMepa B npoMe»<yTKax Me)l(,ll.y 
nopaMH. B npo~ecce Pnn yaenHQHBaeTCR TOJJ~HHa MeM6pauLJ H HecKoJJLKO CHHlKaeTCR 

.o.HaMeTp nop. Pa3Me~eHue npHBHToro nonuMepa a o6'beMe H Ha cTeHKax nop MeM6paHLJ 

BJIHReT Ha ee ra30· H BO)I.OUpOHH~aeMOCTL, UpHqeM UOCJie)I.HRR 3aBHCHT TaKlKe OT npHpo· 

,li.LI UpHBHTOrO UOJJHMepa. 

Pa6oTa BLmonHeHa a Jla6opaTOpHH RAepHbJX peaKUHH OHHH. 

Coo6~eHHe 06'bellHHeHHOro HHCTHTyTa R,ll.epHbiX HCCJJe,li.OBaHHH. )ly6Ha 1988 

nepeBOA aBTOpoB 

Zhitariuk N.I., Kuznetsov V.I., Shtanko N.I. 18-88-548 
Radiation-Induced Modification of Nuclear Membranes 

on the Basis of Poly (Ethylene Terephthalate) 
The jradiation-lnduced graft polymerization .(.RGP ) of styrene 

and other monomers onto nuclear membranes has been investi-

gated. It is shown that monomers have different polymerization rates onto nuclear memb

ranes with different pore diameters but approximately constant porosity (4-10%). From 

the electron microphotographs of grafted nuclear membranes it follows that grafted chains 

l!icalize mostly onto wtervals between pores. In the process of RGP the membrane thick

ness increases but the pore diameter somewhat decreases. Inhibition of monomer grafting 

by oxygen indicates a radical mechanism of the RGP process. Localization of graft poly

mer in volume and on the pore walls of membrane influences its gas and water permea

bility, the latter depending on the nature of grafted polymer. 

The investigation has been performed at the Laboratory of Nuclear Reactions, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1988 
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Bbl MOJKeTe nOJI}"'HTb no noqTe nepe<IHCJieHHble HH>Ke I<HHrH, ecJIH OHH He 6biJIH 38-
Ka3aHbl pauee. 
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