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fi~6a~ MeM6paHa B npo4ecce pa60Tbl B3a~MOAe~CTByeT C m~AKO~ 
$a30~, 4TO npo~Bn~eTC~ B ee Ha6yxaH~~. noKa He YCTaHOBneHO 
onpeAeneHHOrO CDOTHOWeH~~ MemAY CTeneHb~ Ha6yxaH~~, C OAHO~ 
CTOpOH~, CKOPOCTb~ MacconepeHOCa C ceneKT~BHOCTb~- C APYrO~. 
TeM He MeHee MOH<HO YTBepmAaTb, 4TO Ha6yxaH~e MeM6paHbl B npo-
4eCCe MacconepeHoca ~rpaeT cy~ecTBeHHY~ ROnb. 

CTeneHb Ha6yxaH~~ onpeAen~eTc~ B nepsy~ o4epeAb nP~POAO~ 
np~B~BaeMoro MOHOMepa ~ CPOACTBOM COCTaBn~~~X m~AKY~ ¢a3y 
KOMnOHeHTOB K non~Mepy-nOAnOmKe ~ np~B~TbiM 4en~M. TaK KaK B 
6onbW~HCTBe cny4aes e npo4ecce MeM6paHHoro pa3AeneH~~ ~Me~T 
Aeno C BOAH~M~ paCTBOpaM~, TO paCCMOTP~M BHa4ane np04ecc Ha6y­
XaH~~ np~B~TO~ MeM6paH~ B BOAe. 

np~·B~BKa AK* Ha r~AP0¢06Hy~ noAnOmKy /n3T¢* I np~BOA~T K po­
CTy snaronorno~eH~~ np~B~T~M non~MepoM. CTeneHb Ha6yxaH~~ Bo3-
pacTaeT C ysen~4eH~eM COAepmaH~~ nAK 11 •21 • np~ AOCT~meH~~ CTe­
neH~ np~B~BK~ 10•15% Kp~sa~ Ha6yxaH~~ B~XOA~T Ha nnaTo. KpoMe 
3Toro C pOCTOM CTeneH~ np~B~BKH HaTp~eBO~ con~ nAK Ha6n~Aa~T 

ysen~4eH~e CKOpOCT~ AOCT~meH~~ paBHOBeCHOrO 3Ha4eH~~ Ha6yxa­
H~~/S/. 3To npo~cxoA~T B peaynbTaTe nonHo~ A~cco4~a4~~ con~ 
non~K~CnOTbl' 4ero He Ha6n~AaeTC~ B cny4ae H-$opMbl. np~ 3TOM' 
cornacHo 141 , cTeneHb Ha6yxaH~~ An~ AaHHO~ cTeneH~ np~B~BK~ 
~3MeH~eTC~ m1He~HO CO CTeneHb~ He~Tpan~3a4~~ non~K~CnOTbl. 

Bn~~H~e pacnpeAeneH~~ np~B~T~x 4ene~ Ha cop64~0HH~e cso~cT­

Ba np~BHTOro non~Mepa ~ccneAOBanOCb B/5/ . roTOBHn~ ABa o6pa34a 
np~BHToro n3T$. B OAHOM ~3 H~X np~B~TO~ non~Mep pa3Me~anc~ B 
o6oeMe, a B APyroM - Ha nosepxHOCT~ n3T$. CTeneHb Ha6yxaH~~ 
B cny4ae o6oeMHoro pacnpeAeneHH~ 6blna 3Ha4~TenbHO H~me, 4eM 
npH paaMe~eH~~ np~B~Toro non~Mepa Ha nosepxHoCT~ noAnomK~. 

0TMeT~M, 4TO aHanor~4Ha~ 3aB~C~MOCTb CTeneH~ Ha6yxaH~~ OT 
pacnpeAeneH~~ non~Mepa ocTaBanacb ~ B TOM cny4ae, KOrAa Ha6y­
xaHHe paCC4HTbiBan~ Ha OCHOBe MaCCbl TOfibKO np~B~TbiX 4ene~. 

npH cpaBHeH~~ roMoreHHoro H A~$$Y3~0HHO-KOHTpon~pyeMoro 
pacnpeAeneHH~ np~B~Toro nonHMepa OTMe4aeTc~ 161 , 4TO B nepBOM 
cny4ae nneHK~ rpeTepnesa~T MHH~ManbH~e ~3MeHeHH~ npH B03Ae~cT­
BHH Ha H~X paCTBOPHTene~, Bbl3b1Ba~~~X Ha6yxaHHe nOAfiOmKH ~n~ 

npHBHToro nonw-1eP.a. Ha6yxaHHe npHBHTbiX o6pa340B, nony4eHHbiX 

* AK - aKpHncBafl KHCnoTa, IT3T$ - rronH3THneHTepe$TfraT. 
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B ycnoBHRX AH$$Y3HOHHOrO KOHTponR, 3aBHCHT OT $H3~4eCKOrO 
COCTORHHR npHBHTO~ CHCTeMbl. PaCTBOPHTenH, Bbl3biBaiOWHe Ha6yxa­
HHe nonHMepa, HaXOAR~erOCR B CTeKnoo6pa3HOM COCTO~HHH, H3Me­
HRIOT era CTPYKTYPY 3a C4eT HepaBHOMepHoro Ha6yxaH~R MHKpQ$a3, 
o6ora~eHHbiX B pa3HO~ CTeneHH HCXOAHbiM H npHBHTbiM nonHMepaMH, 
4TO, B CBOIO 04epeAb, npHBOAHT K pa3pb1BY MaKpOMOneHyn H o6pa-
30BaHHIO MHKPOTpe~HH B npHBHTOM MaTepHane. 3TO ane~eT 3a C060~ 
yaenH4eHHe naponpOHH4aeMOCTH H CHHmeHHe npo4HOCTH npHBHTbiX 
nneHoK. Bo3Ae~cTBHe me pacTBOPHTene~ Ha noAnomKy ~ npHBHTble 
4enH, HaXOAR~HeCR B BbiCOK03naCTH4HOM COCTORHHH, HE Conpoaom­
AaeTCR H3MeHeHHeM CTPYKTYPbl H cao~cTa MaTepHana. 

Ha YAnHHeHHe npHBHTbiX nneHoK eo apeMR Ha6yxaHHP TaKme anHR­
eT pacnpeAeneHHe npHBHToro nonHMepa 161 • 8 oTnH4He oT npHBHToro 
n3T$, 4eM BbiWe OAHOPOAHOCTb pacnpeAeneHHR npHBHTbl)c 4ene~ no 
o6beMy noAnomKH, TeM ner4e H 6biCTpee npoTeKaeT npc,4ecc Ha6y­
xaHHR B pacTBOPHTene. KpoMe 3TOro, C POCTOM rpaAHEHTa KOH4eH­
Tpa4HH npHBHToro nonHMepa no Ton~HHe nneHKH yaenH~HaaeTcR paa­
pywaiO~ee Ae~CTBHe areHTa Ha6yxaHHR Ha CTPYKTYPY nJieHKH. n3-np­
nAH*, HMeiO~H~ o6beMHoe pacnpeAeneHHe npHBHToro nOJIHMepa, nocne 
Ha6yxaHHR npaKTH4eCKH He H3MeHReT CTPYKTypy. EcnH me Ha6yxa­
HHIO nOABepraeTCR npHBHTO~ o6pa3e4, npHrOTOBneHHbl~ o6ny4eHHeM 
npH BbiCOKO~ MO~HOCTH A03bl /a npHBHBKY BKnl04aeTCR 10nbKO npHno­
aepXHOCTHbl~ cno~ nneHKH/, CTPYKTypa era Heo6paTHMC• H3MeHReTCR. 
06 3TOM CBHAeTenbCTByeT pe3KOe yaenH4eHHe CKOPOCT~ Ha6yxaHHR 
npH noaTopHoM norpymeHHH Toro me o6pa34a a AM$A. 

8 3TO~ CBR3H B HaCTOR~e~ pa6oTe npHMeHRnH MeTO,C,HKY npHBHB04-
HO~ nonHMepH3a4HH, npHBOAR~YIO K nony4eHHIO npHBHTOrO nonHMepa, 
HMeiO~ero AOCTaT04HO paaHoMepHoe pacnpeAeneHHe no 1on~HHe noA­
nomKH. 

npHBHBKa rHAPO$HnbHbiX nonHMepoB npHBOAHT K Cy~(:CTBeHHOMY 
pocTy YAenbHO~ npoH3BOAHTenbHOCTH MeM6paHbl. 3To H"teeT MecTo 
Ha MeM6paHaX n106oro THna H B·AOBOnbHO WHPOKOM AHar~30He AHaMeT­
POB nop. 3~eKT pacTa YAenbHo~ npoH3BOAHTenbHOCTH nony4HnH Ha 
aCHMMeTpH4HbiX MeM6paHaX, H3rOTOBneHHbiX H3 COnOnHMepa CTHpona 
c H30npeHoM, MOAH$H~HpoaaHHoro o6pa6oTKO~ a pacTaope N-xnop­
cynb$OHHnH304HaHaTa 71 • B 181 acHMMeTpH4HYIO ynbTpa$~tnbTpa4HOHHYIO 
MeM6paHy H3 nBA$* MOAH<l>H4HPOBanH paAHa4HOHHO~ npHE;HBKO~ Bn*. 
Ha npHrOTOBneHHO~ TaKHM o6pa30M MeM6paHe c COAepmaHHeM nsn 5% 
nony4HnH 4-6-KpaTHbl~ poeT YAenbHO~ npoH3BOAHTenbHC~TH no BOAe 
no cpaBHeHHIO C HCXOAHO~. 

* II3-np-I1AH - noJIW.JTHJieH c npHBHTbiM nonHaKpHJioHHTPHJIOM, IIB)J;<I> 
- noJIHBHHHJIHAeH~TOPHA,'BII- BHHHJinHppoJIHAOH, IT2BII- nonH-2-
BHHHJinHPHAHH. 
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AHanorH4~~e pe3ynbTaT~ 6~nH nony4eH~ TaK*e Ha flAepH~x MeM-
6paHax. n:H!>-MeM6paHa C AHaMeTpOM nop 50+ 60 HM B pe3ynbTaTe 
npHBHBKH 11t n2Bn 3Ha4HTenbHO yeenH4Hna CBO~ YAenbHY~ npOH3-
BOAHTenbHOCTb no cpaaHeHH~ C HeMOAH~H4HPOBaHHO~ MeM6paHO~ C 
TeMH *e nap:IMeTpaMH/1/ • 

3KCnEPHM:HTAnbHA~ 4ACTb 

~AepHble ~oteM6paH~ /~M/ nony4anH Ha O~HOBe ABYXOCHOOpHeHTH­
poaaHHO~ n3r~-nneHKH TOn~HHO~ 10 MKM. PaAHa4HOHHy~ npHBHB04-
Hy~ nonHMep~3a4H~ /Pnn/ npOBOAHnH ABYMfl MeTOAaMH: 
- MeTOAOM npeABapHTenbHOro o6ny4eHHfl Ha B03Ayxe - nepeKHCH~~ 

MeTOA /nM/; 
- MeTOAOM npeABapHTenbHOrO o6ny4eHHfl B BaKyyMe - MeTOA nocT-
3~eKTa /~n3/. • 

B nM nocne o6ny4eHHfl o6pa340B Ha y -ycTaHOBKe ( 137 Cs) peaK-
4H~ npHBHBK~ npOBOAHnH nH6o B BaKyyMe, nH60 B aTMOC~epe apro­
Ha. CTeneHb npHBHBKH Qn onpeAenflnH no ~opMyne 

m -II 

__!l_~ 100%' Qn = 
mo 

rAe m0 H mn - Macca HCXOAHO~ H npHBHTO~ ~M COOTBeTCTBeHHO. 
Anfl npHBHBKH Hcnonb3oaanH cee*eneperHaHH~e noA aaKYYMOM 
MOHOMepbl. 

Ha6yX~HHe MeM6paH H nneHOK H3Y4anH MeTOAOM B3BeWHBaHHfl Ha 
aecax nocne OT*HMa H36~TKa *HAKOCTH Me*AY nHCTaMH ~nbTPOBanb­
HO~ 6yMarH. norpeWHOCTb B3BeWHBaHHfl 6~na He 6onee 0,05 Mr, 
a OTHOCHTenbHafl norpewHOCTb He npee~wana 1%. BpeMeHHo~ AHa­
na3oH Me*AY YAaneHHeM H36biTKa *HAKOCTH c noeepxHoCTH Ha6yx­
wero o6pa34a H B3BeWHBaHHeM HnH H3MepeHHeM ra3onpOHH4aeMOCTH 
cocTaanfln He 6onee 30 c. 

MHKpOCKOnH4eCKOe HCCneAOBaHHe MeM6paH ocy~eCTBnflnOCb Ha 
3neKTpOHHOM pacTpOBOM MHKPOCKone JSM-840, CHa6*eHHOM npHCTaB­
KO~ Anfl peHTreHOBCKOrO MHKpoaHanH3a. fa3onpOHH4aeMOCTb MeM6pa­
H~ onpeAenflnH C nOMO~b~ nonnaBKOB~X poTaMeTpOB, a BOAOnpOHH-
4aeMOCTb - Ha CTaHAapTHO~ fl4e~Ke C AHaMeTpOM o6pa34a 47 H 
62 MM c Hcnonb30BaHHeM cee*eneperHaHHo~ BOAb1 191 • Ton~HHY MeM-
6paH H3MepflnH Ha TOn~HHOMepe C 4eHo~ AeneHHfl 0,1 MKM, 

KaaTepH~3a4H~ MeM6paH c npHBHT~M nonH-2-MeTHn-SaHHHnnHpH­
AHHOM npOBCAHnH B 5% paCTBope HOAHCTOrO MeTHna B 3TaHone npH 
35°C B Te4€HHe 448 4aCOB. 06pa34~ OTM~BanH OT H36~TKa CH 3J 
3TaHOnOM n1=H KOMHaTHO~ TeMnepaType AO noCTOflHHO~ MaCCbl. 
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XapaKTep~cT~Ka o6pa34oa, ~cnonb3yeM~x a pa6oTe, np~BeAeHa 
a Ta6n. 1. 

Taosmu;a 
IIapaMeTpbi MeMopaH H nrreHaK, npHMeHHeMbiX AJlH npHBH­
BaqHaft naJIHMepH3ai.J;HH 

Ooa3Haqe­
HHe 

AHaMeTp 
nap, MKM 

IIapHcTaCTb, CpegHee pac- Tarr~Ha, 

% CTaHHHe Me~- MKM 
AY u;eHTPaMH 
nap, MKM 

0,1-¢' 0,095 8 0,7 10,1±0,2 

0,2-<P 0,22 8 0,6 9,7± 0,4 

0,5-¢ 0,45 9 I, 4 9,1±0,3 

1-<P 0,93 8 5, I 8,6±0,2 

n-10 I 0 ± I 

PE3YJlbTATbl H 05CYJKAEHHE 

B Ta6n. 2 np~BeAeHbl 3Ha4eH~fl YAenbHoi::1 npo~3BOAI1TenbHOCT~ 

no aoAe HM c np~a~TbiM~ non~MepaM~ pa3n~4Hai::1 np~po,~~: non~cT~-· 

ponoM /nC/, non~-2-MeT~n-5-a~H~nn~P~A~HoM /nMBn/ 4 non~a~H~n­

n~ppon~AOHOM ;nsn;. Anfl 6onee rny6oKo~ r~APO<IJ~n~334~~ np~a~­
T~x C nMBn flAePH~X MeM6paH B~H~nn~P~A~HOB~e 3BeHbfl KBaTepH~-
30Ban~ ~oA~CTbiM MeT~noM. CTeneHb KBaTepH~3a4~~, onpeAeneHHafl 
no KOH4eHTpa4~~ ~OAa C nOMO~b~ peHTreHOBCKOro M~KpOaHan~3a, 
COCTaBmlna 0, 7.;. 0, 9 OT TeopeT~4eCKOi:1. 

H3 Ta6n. 2 cneAyeT, 4TO c naBbiWeH~eM r~APO<IJ~nbHOCT~ np~e~­

Toro non~Mepa np~ nOCTOflHHOi:i ~ AOCTaT04HO BbiCOKOi::1 CTeneH~ 
np~a~BK~ CH~~aeTcfl YAenbHafl npo~3BOA~TenbHOCTb nc BOAe /o6pa3-
4~ 4 ~ 5/. np~ H~3K~X CTeneHflX np~B~BK~ Taro ~e ron~Mepa 
/nMBn/ Ha6n~AaeTCfl o61!laTHafl 3aB~C~MOCTb - HeKOTO~Oe B03pacTa­
H~e G np~a~TbiX MeM6paH no cpaaHeH~~ c ~CXOAHbiM~ .'o6pa34bl 7 ,8, 
9/. 0AHaKo G cy~ecTaeHHO cH~~aeTcfl np~ np~e~aKe TaKoro r~Apo­
<IJ06Horo non~Mepa, KaK nC, np~ n~6~X CTeneHflX np~~~BK~/IO/. 

4T06bl BblflCH~Tb np~4~Hy TaKara noBeAeH~fl r~APOO~n~30BaHHbiX 
MeM6paH.~ccneAoean~ ~x Ha6yxaH~e a BOAe /p~c.1/. PaaHoaecHafl 
CTeneHb Ha6yxaH~fl (QH ).Jl&BH. AOCT~raeTCfl 3a HeCKOni>KO M~HYT. 
3TO Hbf~HO ~MeTb B B~AY np~ ~CCneAOBaH~~ BOAOnpOHI14aeMOCT~ 
MeM6paH. nocKonbKY An~TenbHOCTb onbiTa no onpeAeneH~~ YAenbHO~ 
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Taomn~a 2 
Y,D;eJibHaH npOH3BO,ll;HTeJibHOCTb llO BO,D;e Q HCXO,ll;HbiX H npH­

BHTbiX 5JM 

HoMep 
oopa3~a 

MeMopaHa 
Gxi04 

M3 /M 2• C • aTM 

2 

3 

4 

5 

6 

7 

8 

9 

o, 1-<I> 

0,2-<I> 

0,2-<I>-np-ITC(12%) • 

0,2-<I>-np-ITMBIT(13,7%) 

0,2-<I>-np-ITMBIT-CH3 I(I3,5%) 

O,I-<I>-np-ITC(6,1%) 

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

0, I-<I>-np-ID1BIT-CH3 I (5 ,5%) 

0,1-<I>-np-ITBIT(4%) 

0,8± 0,2 

22± 5 

5 ± 2 

20 

2,3 

0,26± 0,08 

I , 2 

I , 3 

I, 3 

npOJ-~3BO,qJ-~TeJlhHOCH1 npeBbiWaeT epeMf! ,qOCTJ-~lKeHI-Ifl ((H )PIBH , TO MeM-

6paHa BO Bpettfl TeCT~-!pOBaHJ-~fl HaXO,qi-ITCfl B COCTOfiHJ-11-1 paBHOBeCHfl 

c npoxo,qf!114ei1 4epe3 nopbl lKHAKOCTbiO /areHTOM Ha6yxaHHR/. 

BbiCOKYIO CHOPOCTb Ha6yxaHHR B Bo,qe H CnHpTe Ha61110,qa11H TaKlKe 

np~-1 HCCJle,qOBCIHHI-1 nOJlHTeTpa$TOP3THJleHOBOi:i MeM6paHbl C npHBHTbiM 

nomt-4-BHHHilrlHp~-!,qHHOM /ll/ . 3TO 06bRCHJ'IeTCfl pa3pbiXJleHHeM CTpyK­

Typbl npHBHTOJ"O nOJlJ-~Mepa, 4TO HMeeT MeCTO ,qalt<e B TOM CJly4ae. 

eCJlH npHBHBKCI Be,qeTCR Ha JlHWeHHYIO nop JlaBCaHOBYIO no,qJlOlKKy
1121 • 

Ha pJ-~c.1 npHee,qeHbl KPHBble Ha6yxaHHfl o6pa3~0B MeM6paH c Bbi­

COKJ-~M co,qeplK<tHHeM nPHBJ-~Toro nonHMepa. nonbiTKa nony4HTb aHano­

rH4Hble KPHBUe Ha MeM6paHaX CO CTeneHbiO npHBHBKH Qn = 5 7 15% 

oKa3anacb 6eaycnewHoi1, TaK KaK cop6HpoeaHHaR MeM6paHoi1 lKH,qKoCTb 

6biCTpO HCnapHJlaCb nOCJle H3BJle4eHHfl H3 BO,qbl, no 3TOi1 npH4HHe 

HCCJle,qoBaJlH Ha6yxaHJ-~e B TOJlYOJle R,qepHbiX MeM6paH C npHBHTbiM nC. 

3Ta npHBHTafl CI-ICTeMa xapaKTepH3yeTCfl, C OoC\HOi:i CTOpOHbl, 6onee 

HH3KOi1 CKOPO<:TbiO Ha6yxaHHR /npH ]0°C (QH )paaH. oC\OCTHraeTCfl 3a 

0,5 71 4/, a C ,qpyroi:i CTOPOHbl, OHa npOflBJlfleT 60JlbWYIO YCTOi14J-~­

BOCTb B Ha6y;<weM COCTOflHI-IH, 

Ha pHc. 2 rlpHee,qeHbl KPJ-~Bble J-~cnapeHHfl areHTa Ha6yxaHHfl npH 

Bbl,qeplt<Ke MeMfipaH nocne "'x J-~3BJle4eH"'fl H3 lKJ,IoC\KOCTH. IT pH cpaeHe­

HJ,JH 06pa3~0B C npJ,JBJ,JTbiM ITMBIT 1-1 ITC cne,qyeT OTMeTHTb, 4TO B cny-

4ae npJ-~BHBKH ITC Ha61110,qaiOTCfl 6onee BbiCOKHe 3Ha4eHJ-~fl (QH)paaH. 
J,J 6onee HH3Kilfl CKOPOCTb HCnapeHJ-~fl areHTa Ha6yxaHHfl H3 06beMa 
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o /\-1 o -np-nNBn ( 28%) 
o 0,1-4'-np-nN Bn( 26,5 %) 

N 3 

" :I: 
0'2 

~-o------<>--

300 600 
tH, C 

PHc.2. H3MeHeHHe OTHOCHTenbHo­
I'O coAepJKaHHH areHTa Haoyxa­
HHH B IIpHBHTbiX o6pa3u;ax HAep­
HOH MeM6paHbi 0, 1-<ll H rrneHKH 
n-10 rrocne HaoyxaHHH B BOAe 
rrpH KOMHaTHOH TeMrrepaType -
He3aWTpHXOBaHHble CHMBOnbl, 
rrocne HaoyxaHHH B Tonyone 
ITPH 70° C - 3aWTpHXOBaHHble 
CHMBOnbi. 

30 a A-10-np-nc 

~ 
o O,HP-np-n c 

0 
~ 

:z: 20 
.0 
a 
Q. 

:z 10 0 

0 
0 10 20 30 

On • 0/o 

PHc I. KpHBwe Ha6yxaHHH B BoAe 
HAepHOH MeMopaHbl 0, 1-¢ H rrneHKH 
n-10, COAepJKa~x IIPHBHTOH TIMBll. 
TeMrrepaTypa HaoyxaHHH KOMHaT­
HaH. 

3 

0 

;;-.,._2 
;s: 

d 

o /\-1 O-np-nMBn(28"/ol 
o o.1-Cf:l-np-nMsn(26,5%1 
• 0.1-Cf:lnp-nc (29.3 %1 6 

20 
t(')/1\UH 

4 
~ 0 

PHc.3. KpHBwe p.lBHOBecHoro Ha-
6yxaHHH B TOnyo.le HAepHbiX MeM­
opaH 0, 1-¢ H na.3CaHOBOH rrneHKH 
n-10 c rrpHBHTb~ nc. TeMrrepaTy­
pa HaoyxaHHH 70'C. 

MeM6paHbl. C y4eTOM 'b03pacTaHI1R paBHOBeCH0!1 CTe11eH11 Ha6yxaH11R 
c yaenl14eH11eM coAepmaH11R np11a11Toro noni1Mepa /~1c.J/ 6~no 04e­
HeHo 113MeHeHI1e Ton~qi1Hbl np11a11Tol1 MeM6paHbl 11 pa3r-tepa nop np11 Ha-
6yxaHI111 a Tonyone /Ta6n. 3/. H3MeHeH11e Ton~q11Hbl r-teM6paHbl a pe-
3ynbTaTe Ha6yxaHI1R npi1MepHo Ha OA11H AeCRTI14H~I1 nopRAOK npeabl­
waeT yMeHbWeHI1e A11aMeTpa nop I A11aMeTp nop pacc•~11T~Ban11 Ha ocHo­
ee AaHHbiX no ra3onpoH114aeMOCT11 no aaoTy np11a11~>l1 11 Ha6yxwel1 
MeM6paH/. ' 
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Ta6nH~a 3 
HsMeHeHHe Ton~HHhl, rasonpoHH~aeMOCTH no asoTy H AHa­
MeTpa nop HAepHhlX MeM6paH 1~-np-ITC nocne AOCT~eHHH 
paBHOBecHoro Ha6yxaHHH B Tonyone ' 

ITpHBHTaH 
MeM6paHa 

1-11>-np-ITC (19%) 

1--4>-np-ITC(IS%) 

l-tl>-np-ITC(I7,7%) 

1~-np-ITC(IS,B%) 

u .. 
Un 

1 

0,5 

M = fH- en, UH M = dn-dH, 

MKM lJ--
n MKM 

0,5± 0,3 0,91 0,03 

0,4±0,1 ~ 0' 93 0,02 

0,4± 0,3 0,97 0,01 

0,4± 0,2 0,96 0,01 

PHc.4. HsMeHeHHe oTHOCHTenh­
HOH rasonpoHH~aeMoCTH no aso­
TY B pesynhTaTe Ha6yxaHHH B 
Tonyone MeM6paH 0,1-11>, coAep­
~a~x npHBHTOH rrc. TeMnepaTy­
pa Ha6yxaHHH 70°C. 

n:n<l>' npHMeH.AeMbl~ Ailfl nony-
4eHH.A ~M, npeACTaen.AeT co6o~ 
ABYXOCHOOPHeHTHPOBaHHy~ nileH­
KY. no 3TO~ npi-141-!He npOAOilb­
Hble paaMepbl o6paa1..10B MeM6paH 

0~~---~--~--~~ 
0 2 8 6 

B pe3yilbTaTe npHBHBKH H3MeH.A­
~TC.A He3Ha4HTeilbHO, a TOil~HHa 

cy~eCTBeHHO eoapacTaeT. AHano­
rH4Hafl KapTHHa Ha6n~Aanacb 

4 
On ,olo 

npH npHBHBKe Ha OpHeHTHpOBaH­
Hble n3T<!>-nilet- Kl-1 APYrHX MOHOMV'OB 113/ , a TaK>Ke npH npi1BI1BKe Ha 
APYrHe nneHoLH~e MaTepHan~ 11 

• 

HaMeHeHHe AHaMeTpa nop, KaK cneAyeT 1-13 Ta6n.3, HeeenHKO 
/1+ 3%/ Ail.A FAePH~X MeM6paH 1-<1>, COAep>Ka~HX npHBHTO~ nc. 0AHa­
KO npH nepexc~e K MeM6paHe 0,1-<1> C AHaMeTpOM OTBepCTI-1~ 0,1 MKM 
3TO 3Ha4eHHe npl-1 YCilOBI-11-1 paBeHCTBa CTeneHI-1 Ha6yxaH11fl MeM6paH 
1-<1>-np-nC 1-1 (,1-<1>-np-nC yeeni-141-!BaeTC.A Ha nop.AAOK. nocKOilbKY 
H3BeCTHO, 4TCI Ha6yxwee COCTO.AHI-!e MeM6paH~ 0,1-<1>-np-nC COXpa­
H.AeTC.A OTHOC~ITeilbHO AOilrO 11 a6COil~THOe 3Ha4eHHe paBHOBeCHO~ 
CTeneHH Ha6y>~HI1.A BeilHKO /pi1C.2/, 6~110 1-!CCileAOBaHO 113MeHeHHe 
r aaonpOHHI..Iae,..IOCTI-1 Ha6yXWI1X npHBHT~X MeM6paH, COAep>Ka~HX pa3-
Ili-14HOe KOilH4eCTBO nC /pi1C.4/, 
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HCXOAHaR naecaHOBaR MeM6paHa, KaK cneAyeT ~3 p~c.3, Ha6y­
xaeT e Tonyone AO (Q H) paaH. = 5%, OAHaKo pa3Mepbl nop np~ 3TOM 
He ~3MeHR~TCR /oTHOC~TenbHaR ra3onpoH~4aeMocTb U"/Un = 1 -
p~c.4/. no Mepe pacTa cTeneH~ np~e~BK~ non~cT~pona ra3onpoH~-
4aeMOCTb CH~~aeTCR, np~4eM Ha~6onee pe3KO np~ AOCT~~eH~~ 3Ha-
4eH~R Qn = 4 .;. 5%. TaK~M o6pa3oM, np~e~Tol:i nom-1Mep oKa3biBaeT 
cy~ecTeeHHoe en~RH~e Ha Ha6yxaH~e MaTep~ana MeM6paH~ a aKT~e-

- HoH *~AKOCT~ /Tonyone/. CneAOBaTenbHO, cnomHy~ aaBHCHMOCTb 
YAenbHol:i npo~3BOA~TenbHOCT~ no BOAe /Ta6n.2/ RAepH~x MeM6paH 
C np~B~TbiM nMBn MO~HO 06bRCH~Tb Ha OCHOBe KOHKypeH4~~ ABYX 

~ np04eCCOB: pOCTa r~APO$~flbHOCT~ CTeHOK nop MeM6paH~, C OAHOI:i 
cTopoHbl, ~ yMeHbWeH~R A~aMeTpa nop e pe3ynbTaTe Ha6yxaH~R 
MeM6paH~ - C Apyrol:i. nepe~l:i np04ecc np~BOA~T K pOCTY BOAOnpo­
H~4aeMOCT~, BTOpOI:i - K ee CH~~eH~~. 

OnT~ManbH~I:i Bbl6op non~Mepa, np~e~eaeMoro Ha MeM6paHy, ycno­
e~l:i np~e~eo4HOI:i non~Mep~3a4~~ ~ Kon~4ecTea np~e~Toro non~Mepa 

MO~eT np~BeCT~ K POCTY YAeflbHOI:i npo~3BOA~TeflbHOCT~ MeM6paH 
no $~flbTpyeMOI:i ~~AKOCT~. 

B 3aKn~4eH~e aeTop~ e~pa~a~T rny6oKy~ 6naroAapHOCTb aKaAe­
M~KY f.H.$nepoey 3a nOCTORHH~I:i ~HTepec K pa6oTe ~ nflOAOTBOpHoe 
06CY~AeH~e pe3yflbTaTOB. 
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MHTap~K H.H., KyaHe4os B.H., WTaHbKO H.H. 
Bo,qonpoHH4aeMoCTb MOA11!llH4HPOBaHHbiX RAePHbiX MeM6pal-t 

18-88-537 

noKa3aHO, "'TO npOHH4aeMOCTb nollH3THJleHTepe!llT•tnaTHOH R,qepHOH MeM6paHbl 
3aBHCHT OT npHPOAbl MaTep11a11a, nOKPbiBa~~ero CTeHKH nop, noBbiWeHHe cpo,qCTBa 
Me*AY 3TI1M MaTepHaJlOM H !llHilbTPYeMOH *HAKOCTb~ /BOAOH/ np11BQAI1T CHa"'ana 
K POCTY y,qellbHOH npOH3BOAHTeJlbHOCTH 0 a 3aTeM K ee CHH*e'HHIO, Onpe,qeneHbl KpH­
Bble Ha6yxaHHR B pa3JlH"'HbiX paCTBOpHTeJlRX MeM6paH C HaHeCeHHbiMH nOilHCTHPOilOM 
/nC/ H nonH-2-MeTHJl-5-sHHHilnHpH,qHHOM /nMBn/, Ha6y;<aHHe MeM6paHbl C nMBn B BO­
,qe npH KOMHaTHOH TeMnepaType AOCTHraeT paBHOBeCHR 1.1epe3 HeCKOJlbKO MHHyT, 
Ha npHMepe Ha6yxaHHA B TOilYOJle A,qepHOH MeM6paHbl C HaHeCeHHbiM nC noKa3aH0

0 

"'TO raaonpOHH4aeMOCTb 0 a CJle,qoBaTeJlbHO, H AHaMeTp nop TaKHX MeM6paH, yMeHb­
wa~TCA C POCTOM co,qep*aHHA nC npH OAHOBpeMeHHOM YllellH"'eHHH ee TOilUIHHbl, 

Pa6oTa BblnonHeHa a Ila6opaTopHH R,qepHbiX peaK411H OHRH. 

llpenpHHT 06'be,llHHeHHOI'O HHCTHTYTB MepHbiX HCcneAQBBHHH. ,lly6Ha 1988 

nepeso,q aBTOPOB 

Zhltarluk N. 1., Kuznetsov V.I., Shtanko N.l. 
Waterpermeab Ill ty of Mod If I cated Nuc I ear Membrane,; 

18-88-537 

It Is shown that permeability of poly(ethylene terephthalate) nuclear 
membrane depends on the nature of mater I a 1 whIch •:overs pore wa 11 s. The af­
finity Increase between the material and filtrated 1 lquld (water) leads 
firstly to growth of the specific permeability bu: then to Its decrease. 
The swelling curves of the membranes with grafted polystyrene (PS) and poly­
(methylvinylpyridine) (PMVP) have been obtained. The membrane with grafted 
PMVP swells In water to equilibrium value at room temperature dur,lng seve­
ral minutes. On example of swel 1 ing of the membra1es with grafted PS In to­
luene Is revealed that gas permeability and hence pore diameter of the mem­
branes is decreased with growth PS content at slmJltaneous Increase of Its 
thickness. 

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