
-------

Cllfi,1111 
IfililAllllllrl 

I.CTITJTI 
IAeplWI 

ICCIIIIII.I. 
AJfil1 

0355 18-87-637 

B.B.OBQMHHMKOB. B.A.Ce~e3HeB*. B.H.Ky3He~oB, 

B.H.KpaBeu. A.B.AKMHbWMH* 

M3MEHEHHE PA3MEPOB nop 
HAEPHYX nOBH3THnEHTEPE.TABATHYX MEMBPAH 
B BYCOK03BACTH~ECKOM COCTOHHHH 

*YpanbCKHM nonHTeXHH4eCKHM HHCTHTYT HM. C.H.KHpoaa. 
CaepA110BCK 

1 




4 • 
,;. ...1

~,t r ~ 

~o\.~~, 
1\ 

111 

,.,4 

~t: , ~JJ 

~ i;' ~'I,l' ~Io' 
l" 

,f' 

.f 
ftOJ . " ',.~ 

" 
~~y~ 

';" .~~ 

~ f l. BBE,lJ,EH~E 
f, ,I" 

nOcneAHee AeCRT~neT~e xapaKTepHO W~pOK~M pacnpOCTpaHeH~eM 
I" 

flAepHblX nonuaranearepetpranaraux /n3T$/ MeM6paH / 1/. Pacuiapaer ca 
cóepa npl-1MeHeH~f1 3T~X YH~Kanbt-lbIX et>~nbTpa4~OHHbIX MaTep~anOBI" 

B HapoAHOM X03R~CTBe. TaK, KpOMe CTaBW~X yme TpaA~~~OHH~M~ 
" 06naCTe~ np~MeHeH~R/V, cneAyeT OTMeT~Tb pa3B~BaeM~e B nocneA

Hee BpeMR - TeXHonor~~ nonY4eH~R oc060 4~CTbIX 6~onpenapa
"t, ~ tt 

~;I: TOB 1~3~ 3KpaHHO-BaKYYMHY~ TennOBY~ ~30nR4~~ Kp~9reHH~X C~
1>0' ~ 

J 
CTeM/4/, KOHTpOnb KOH4eHTpau.~~ r aaoaux CMeCe~ /5-7,. ~ MHoroe 
.Apyroe /8-10/.

't~' .\1 

" B03MQ.)Kt:J0CTb YAOBneTBOp~Tb Tpe6oBaH~RM, .npeAbRBnfleMblM B Ha
I CTORlllee BpeMR K CTeneH~ 04~CTK~, KOH4eHTp~pOBaH~R ~ pa3Aene
{ 

H~R, onpeAenReTCR TaK~M~ 3KcnnyaTau.~OHHWM~ xapaKTep~CT~KaM~
.',.c:. nOn~MepH~X MeM6paH, ~aK np04HOCTb nOn~MepHO~ MaTp~u.~ ~ nOCTORH

~. CTBO pa3MepOB nop.
I .., 

TaK, AnR CnlOARHblX MeM6p~H/ 11-13/ Ha~60nee Ba>KHoi1 RBnReTCR 

np06neMa MeXaH~4ecKoi1 np04~OCT~ /XpynKoCT~/, KOTOpaR MO>KeT 
'l I ~' 

'~'l,. I 
6blTb peureua B paMKaX o rneris aux npaKT~4eCK~X 3aAa4 /14. 15/. ,llnR 

I , MeHee xpynK~x n3Tet> MeM6paH OAHOi1 ~3 rnaBH~X np06neM RBnReTCR~- o." Ui .~ 
...,::.".. 'j np06neMa HeCTa6~nbHOCT~ pa3MepOS nop, np~4~Hoi1 KOTOPO~ cny

;"f, ,\ t 
>K~T BR3KOe Te4eH~e nOn~Mepa nOA Aei1cTB~eM nannaCOBCK~X HanpR
>KeH~i1. 3T~ HanpR>KeH~R CTaHOBRTCR OC06eHHO Ben~K~ AnR paA~YCOB 

nop MeHee -20 HM /60nbwe 2 Mna/. Ha npaKT~Ke 3TO MO>KeT npo
"l RB~TbCR B CYllleCTseHHOM ~3MeHeH~~ pa3MepOB nop RAepHoi1 MeM6pa.J 

.'ii H~ np~ KpaTKOBpeMeHHOM B03Aei1cTB~~ nOB~weHH~X TeMnepaTYP, 

r 
'~ 

.1 

I
 

Hanp~Mep, B np04ecce TepM~4eCKoro Han~neH~R MeTann~4eCK~X
 

nneaox npa ~3-rOTOBneH~~ cnOIl1CTo-saKYYMHoi1 ~30JlRU.~~ /7/, np~ CTe

p~n~3au.~~ MeM6paH aSTOKnaB~pOBaH~eM B MeA~u.~He ~ n~~eBO~ npo

M~wneHHOCT~ /KOrAa TeMnepaTypa TepM006pa60TK~ CB~we 1000 e/ l-' ~ T. n , ~ ecna np~ 3TOM r eanepe r yoa B03Aei1cT.B~R Ha MeM6paHY 

tl 
npeB~WaeT TeMnepa~ypy CTeKnOBaH~R nOn~Mepa, TO nOn~Mep nepe

" 
XOA~T B TaK Ha3~BaeMOe B~COK03naCT~4eCKOe COCTORH~e, XapaKTe

I,'l p~3Y~llleeCR Han~4~eM Kone6aTenbH~X AB~>KeH~i1 /KpYT~nbH~e KOne~ 
• J 6aH~R/ 3BeHbeB nOn~MepHoi1 u.en~. nOA Aei1cTB~eM ~HeWH~X c~n ,. }
\,t~' jl't /Hanp~Mep, nannaCOaCKOrO AaBneH~R/ nOn~MepHaR MaTpMu.a RAepHO~ 

i MeM6paH~ B TaKOM COCTORH~~ MO>KeT 3Ha4~TenbHO Aeet>OpM~pOBaTbCR. 
, ~ ~l HaCTOfllllaR pa60Ta nOCBRllleHa ~CCneAOBaH~IO ~3MeHeH~R pa3MepOB 

~ nop RAepH~X n3Tet> MeM6paH B B~COK03naCT~4eCKOM COCTORH~~ no" ~.~,....-.,....'---:"'------------.............- . J ,.~
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2. METO~HKA npOBE~EHH~ 
H 3KcnEP~MEHTAnbHbIE 

~3MEPEH~~ 
PE3ynbTATbl 

Bc? rePHb,e n3T<1> MeM6paHbl 6blnllt IItS
pa soa 1 C paSMepaMIIt nop B AlltanaSOHe 

f'OT
OT 

OBneHbl 
- 9 AO 

CTaHAap
170 HM 

TH
lIt 

blM 06
cpen

He~ nOpIltCTOCTb~ He 60nee 1%, 4TO nOSBOnlltnO B ~enOM nopw C411t
TaTb 0~IItH04HWMIIt /AocTaT04Ho YAaneHHWMIIt APyr OT APyra/. nonllt
MepHo~ MaTpllt~e~ cny~lItna 4aCTIlt4HOKpIltCTannIlt4eCKa~ /cTeneHb 
KpIltCTannIlt4HOCTIIt~50%/ ABYXOcHoopllteHTlltpoBaHHá~ n3T<t> nneHKa 
TOJ1~IItHO~ 10 MKM /rOCT 24234-80/, cpeAH1~ nJ1oTHocTb~~1,4 r/cM 

2 

lIt CpeAHIltM MoneKyn~pHblM BeCOM - 31000 7 18 . 
~nfi YA06cTBa KOHTponH paaaepos nop oõpaauu HAepHblX MeM6paH 

~IItKClltpOBanllt KneeM 6<1>-6 Ha MeTann1lt4eCKY~ nOAnO~KY $lItnbTpoAep~a

Ten~, IItMe~~ero Kanllt6pOBaHHoe OTBepCTllte AlltaMeTpOM 
/3,00 + 0,05/ MM. $IItKClltpOBaHllte 06paS~OB 06eCne411tnO npOBeAeHllte 
OT~lItra-1It raSOAlltHaMllt4eCKOrO KOHTpOn~ nop 6es KaKIltX-nIlt60 AOnon
HIltTenbHblX MaHlltnyn~~IIt~ C nOnlltMepHblMIIt MeM6paHaMIIt. 

PaAlltyc nop MeM6paH onpeAeR,H'oI,.-- ---., 
n~nllt Ha YCTaHOBKe raSOAIltHaMIIt

...-...-.. •• • I 4eCKOrO KOHTpOJ'~ C OWl-16KO~ 
1,5-2% /17/, B «a-re cr ee KOHTPQnb
Hora rasa l-1CnOnbSOBanllt renllt~ 

/nacnopTHO~ 4l-1CTOTO~ He xyme 
99,99%/, He 06pasY~~IIt~ saMeT
HOM nOBepXHOCTHO~ AIIt<t><t>YSIItIIt 
BnnOTb AO pasMepoB nop B He
CKonbKO HM/18/, PaBHoMepHocTb 
ycaAKIIt Bcex nop 06pas~a AO 

PHc.l. 3aBHCHMOCTb paAHyca rrop 
OT BpeMeHH OT~Hra IT3T$ H~epHOH 

MeMÔpaHbJ npn 11o?c. V - R = 
= 4,5 ±. 0,4 'HM, n == (5,0 + 
+ O 8) 1O9 CM- 2 • ~ . A - -R = , " 
~10,0 ± I,S H 14,5 ± 1,2 HM, 
n = (4, O ± 0,.5) 10 8 CM-2 ; • - R = 

= 24 ± 4 HM, n = (3 , O±O, 3 ) 1()8 eM 2 

O,.-R=3O ± 5 HM H 45, O ± 2 , 8 HM, 
fi =( 2 , OO ± 0, 18) 1O7 CM - 2 ; 

O , • - R =60 ± 5 HM H 71 ± 6 HM,' 
n=(2,0±O,3)106 cM- 2 . IIpRMble 

1, 2 H 3 - arrrrpOKCHMa~HR ypaB

• 

o 10 12 t, ~ HeHHeM /14/. 

~. i Â PHc.2. 3aBHCHMOCTb pa~Hyca rrop~I . ~ 
OT BpeMeHH OT~ra IT3T$ H~epHOH

6rfT~ MeMôpaHW rrpH T300e. o - R 
o (j. ó-I 

6, 7 ± 1 ,2 HM, n = ( 3, O + 
+ 0',3) 10 8 CM-2. Ilpaxsre 1-:- 2 

50 li" 3 rrorrys eaei armpoxcnxauaeü 
ypaBHeHHeM /]4/ Ha OCHOBe K03~

$aU;HeHTa BH3KOCTH ry, HaH~eHHoro.-----..... . . .' 
113 /26/. 

R..H'" I 

cO-

I 

~ ---e 
JO 

40 

JO 

t,' 

PHc.3. 3aBHcHMoCTb pa~Hyca rrop 

OT BpeMeHH OT~Hra II3T$ H~epHoH ~ ro,i 
MeMÔpaHblI1pH 150° e. ,-R = , 

19 ± I HM-, n = ( 4, O +1 + 0,5) 10 8 CM-2.
l 

l 
~ 

I1 4. t, .. 

paSMepOB ~eHee -5 HM KOHTpOJ1l1tpOBanllt no nO~BneHIIt~ nOBepXHOCT
Horo Te4eHl-1f1- KceHOHa B COOTBeTCTBI-111t C /181. 

Bucokoanacr aue cuoa COCTO~Ht.1e n3T<\r MeM6paH noc tar-anocs npllt 
r enneoa.rypax , npeBbIWa~~IItX ycnoBHbli1 Alltana SOH TeMnepa TYPbl CTeK .. 
noaaaua ABYXOCHOOpl-1eHTl-1pOBaHHO~ nare nneHl:<l-1 /1 00-115°C/ /19, m/. 
Oõpaauu BbIAe~~IItBanllt npllt saAaHHo~ rexneparype B BaKYYM-cywl1n Ke 
Tlltna 8PT-200 npllt OTKa4Ke AO AaBneHIltR $10 na. nocne Ka~Aoro 

ceaHca OT~~ra B BaKYYM-cYWlltnKY HanYCKanllt aprOH /4TO npenRT
CTBOBano aKTIltBHoMY BosAe~CTBIIt~ Ha MaTeplltan MeM6paHw KIltCnOpOAa 
BOSAyxa/, nOHIIt~an~ TeMnepaTYPY l-1 IItSBneKanllt o6pas~w Hapymy 
AnH KOHTpon~. 

3KCneplltMeHTanbHwe pesynbTaTw raSOAlltHaMllt4eCKOro KOHTponH 
pa~t1epoB nop B SaBIltCIltMOCTIIt OT BPe"\eH~ OT~lItra np enc'raeneau 
Ha plltc.1-5 /110, 130, 150, 180 lIt 200 C cooTBeTcTBeHHo/. 

2 3 . 



A. IIlA• 1 PHc.4. 3aBHCHMOCTb paAHyca nop 
OT BpeMeHH OT~ra rr3T~ 

MeMôpaHw npH 180°C. ~ 

80 ± 8 IlM, n = ( 1 ,00 
+ O, 15 ) 1O7 CM-2 . 

so 

4Cl 

zo 

Z 4 t t .• 

Pac v S . 3aBHCHMOCTb parnryc a nop 
OT BpeMeHH OT~ra rr3T~ HAepHO~ 

:·1eMÔpaHbI npn 200 ° C. 

t, ~o 

--er=== -~ '""'7' -~ 
I I ' , I 

HAepHoH 
- R 
+ 

B c~ny Han~4~~ A~Cnepc~~ pa3MepOB ~ 4~cna nop 06pa340 B ~Aep
H~X MeM6paH Ha4anbH~e paA~Yc~ MOrYT oTn~4aTbc~ OT ~X CpeAH~~ 

3Ha4eH~~ B npeAenax 10%. 
~3 aHan~3a 3Kcnep~MeHTanbH~X AaHH~x MO~~O B~Aen~Tb ABe xa

paKTepH~e 06nacT~ ~3MeHeH~~ pa3MepOB nop. nepBa~, OT4eTn~BO 

Ha6n~Aa~~a~cR oc06eHHo An~ paA~YCOB nop MeHee -15 HM Ha p~C. 1 
~ 2, - xapaKTep~3yeTc~ AOCTaT04HO KOpOTK~M BpeMeHeM penaKca4~~ 

/MeH~e 4 4/, BTOpa~, npO~Bn~~~a~c~ np~ BCeX TeMnepaTypax 
/AO 200°C/, OTBe4aeT An~TenbHOMY ~3MeHeH~~ paA~yca nop /BpeM~ 
penaKca~~~ >10 4/. np~ 3TOM KOn~4eCTBeHHO nepBY~ O~naCTb ~3Me

4 

1

'l 

...
 

HeH~R pa3MepOB nop MO~HO OQeH~Tb n~Wb npM 110 0 e Ip~c.l/, TOrAa 
KaK 'np~ õoriee 'BbICOK~X TeMnepaTypax Ha6n~AaeTC~ TOnbKO Ha4anb
Hbli1 C-Ka40K paA~yca, 4TO COOTBeTcTByeT ..apeMeH~ penakcauua .t1e
Hee 1-2 4. Ha puc . 1- 5 .B 60JlbW~1iCTBe cnyuaea pa3Mepbl nop YMeHb
wa~T~~, 4TO xapaKTepHO ~~neH~~ TepM~4eCKoro 3ane4~BaH~~ nop 
B TBepAOM Tene nOA Ae~cTBV1eM nannaCOBCK~X Hanp~~eH~I:1. QAHaKo 
An~ 60nbW~X Ha4anbHblX -paA~YCOB nop npa r eaneparypax 180 ~ 

200 0 e /p~c. 4, 5/ Ha6moAaeTc~ aaae ruoe YBefl~4eH~e paaaepoa nop , 
KOTopqe, nO-B~A~MOMY, CB~3aHO c np04eccaM~ nepeHoca MaCCbl K 3a
pOAblwaM Kp~CTann~4eCKO~ <l>a3bl np~ pOCTe c r enena Kp~CTann~4HOCT~ 

noruosepa • 
An~ npOBepK~ npeAnonaraeMol:1 np~4~Hbl YBen~4eH~~ pa3MepOB 

nop, CBR3aHHO~ c $a30B~M nepeXOAOM ~3 aMOp$HOrÓ COCT~~H~~ 

noruiaepa B Kp~CTann~4-eCKOe, 6blJ10 npoaeneuo ~ccneAO~aHk1e~3Me
~eHJ.1~ c rene-u- Kp~CTann~4HOCT~ n3Tet> MeM6paHbl BO BpeMeH~ np~ 

pa3n~qH~X OTm~ra.TeMnepaTypax 

3. ~3MEHEH~E CTEnEH~ KP~CTAnn~YHQCT~ n3Tet> MEM6PAH 
F1Pl-1 OT}f{Y1rE 

nOCKonbKY ~CXOAHa~ nonlllMepHa~ nneHKa npeACTaBn~eT c0601:1 
4aCT~4HO Kirillc::raim~4ecK~1:1 nOIl~MepHbl~ MaTep~aIl, TO np~ o rsorr-e 
B03MO~Hbl npoue ccu BTOp~4HO~ Kp~CTaIlIl~3a~\lt-1i1 14' COBepWeHCTBOBa
H~~ Kp~CTaIlnO~. ~ TO ~ APyróe npO~B~IlOCb AnR n3T$ B np04eCCe 
~30TepM~4eCKOrO o r soir a B BblCOK03IlaCTlli4eCKOM COCTO~H~t.1. np~ 3TOM 
OCHOBHO~ 3$$eKT 3aKIl~4anC~ B cy~ecTBeHHOM YMeHbWeH~~ nOKa3a
TeIl~ ABpaM~ /c 3-4 AO 1/ nOCIle Toro, KaK OCHOBHaR AOIl~ nont.1
Mepa õuna aaxpac r annaaoaaaa /21/. B 3TOM CIlY4ae TepM~H II~TOP~4
HaR Kp~CTanIl~.3a4\;1~1I 4aCTO Ii1cnoIlb3yeTc~ AIl~ xapaKTep~CT\;1K\;1 

Bcex 3~eKTOB YBeIlVi4eHvtfl CTeneH~ KpI-1CTaIln~4HOCT~ nocne Toro, 
l<aK nepB~4Ha~ Kpli'l-cTann~3a4~~ 3aKati~~BaeTC~. 

An~ 04eH04HblX paC4eTOB B ypaBHeH~~ AapaMJ.1 
BaTb BeCOBY~ CTeneHb Kp~CTaIlIlM4HOCT~ V 6e3

k 
p 

MHo~~TeIl~ V ~ _k_ Ú)k ,rAe P ~ P - nIlOTHOC Tb
k kp 

nonlllMepa \11 ílOJ1HMepa B AaHHOM COCTO~H~~; Ú)-k 

MO~HO ~cnonb30

nonpaB04Horo 

.. 
KpI-1CTaIlIl~4eCKoro 

06beMH-a~ c reneus 
KP~CTaIln~4HOCT~/22/. B 3TOM CIlY4ae ow~6Ka, BHOC~Ma~ B nOKa3a
TeIlb c reneua, xonefine r ca OT O, 15 AV 25 /23/. C Y4eTOM o roroü , 

ypaBHeHHe ABpaMk1 MO~HO 3an~caTb B ij~Ae
 

vk = Vo + (1 - Yo ) [1 - ezp (K t n ) ] , /1/
 

5 



PHc·.6. Becoaaa c-r enens KPHCTan:v. 
nHqHOCTH II3T<I> HAepHOH MeMGpaHbl 

B 3aBHCHMOCTH OT BpeMeHH OT~Hra. 

O ,	 e , 'i, • - 130, 150, 160 H 
0,8 

180·C COOTBeTCTBeHHO. KpHBWe 

I·, z, 3 H 4. norrysrensr TIO yp an-: 
HeHHW ABpaMH/I/ Ha OcHOBe gaH

0,6 HblX Ta6J1. I co cpe,r:(HHM 3HaqeHHeM 

n = 1,61±0,17. 

0,4 
rAe V - Ha4anbHafl BeCOBaR CTeo 
neHb Kp~CTann~4HOCT~; n xapaKTe~ 

p~~yeT T~n ~ reOMeTp~~ pOCTa 
C.:Z Kp~CTannOB; K COOTBeTcTByeT 

CKOpOCTH pOCTa Kp~CTann~4HOCT~. 

3T~M BypameHHeM MomHO HenocpeA-
I,U I ,', I CTBeHHO Bocnonb30BaTbCR AnR
 
, o 2 4 6 8 e. li u
 

o~eHK~ BTOp~4HO~ KpHCTann~sa~~~ 

B n3T$ RAepHO~ MeM6paHe. AnR 
3Toro Tpe6yeTcR 3Kcnep~MeHTanbHWM nYTeM onpeAen~Tb napaMeTpbl 
ypaBHeH~R ABpaM~ K ~ n. C 3TO~ ~enb~ 6wna Bw6paHa RAepHaR 
MeM6paHa c paSMepOM nop -50 HM IcepeA~Ha A~anaSOHa nop ~ccne

AyeMwx MeMfipaH/. Ee BeCOBaR.CTeneHb Kp~CTann~4HOCT~ onpeAe
nRnaCb KaK OTHoweH~e Beca Kp~CTann~4eCKO~ ~as~ K ~CXOAHOMY 

Becy 06pas~a. AMOP$HY~ $asy ICOOTBeTCTBeHHO c 4aCTb~ Kp~CTan

n~4eCKo~1 YAanRn~ aKT~~HWM paCTBop~TeneM CMec~ $eHOna ~ A~

xnop3TaHa B COOTHoweH~H 40:60 06beMHWX % B Te4eH~e 30 M~H. 

np~ TeMnepaType 85°C Ipem~Mw 06pa60TK~ nOA6~pan~cb onWTHWM 
nYTeM/. OTm~r npOBoA~n~ np~ 130, 150, 160 ~ 180°C B BaKYYM
cyunrruce np~ AaBneH~~:S l Il Tla . nonY4eHHble onsrr aae AaHHble saB~

C~MOCT~ CTeneH~ Kp~CTann~4HOCT~ vk 01' BpeMeH~ OTm~ra t np~

BeAeH~ Ha p~c.6. 3Mn~p~4ecK~e K03$$~Q~eHT~ ypaBHeH~R ABpaM~ 

111 K ~ n onpenenann MeTOAOM. Ha~MeHbW~X KBaApaTOB IMHKI I-1S 
BblpameH~R" B~Aa 

1:- V 
19[ -ln k] = 19K + nlgt. 121 

1 - V o 

nonY4eHHble SHa4eH~R caeneuu B Ta6n. 1 . 
KaK B~AHO ~s Ta6n~~bl, KoHCTaHTa CKOPOCT~ Kp~CTann~sa~~~ K 

paCTeT c· YBen~4eHHeM TeMnepaTYP~ OTm~ra, a nOKasaTenb cTeneH~, 

Aame c Y4eTOM OW~6K~, BHOC~MO~ BecoBo~ CTeneHb~ Kp~CTann~4


HOCT~ vI/ 
23/ , ,OCTaeTCR np~6n~s~Tenb,Ho nOC!ÓRHHbIM 1n =
 

= 1,61± 0,17/.
 

1'a6nHu;a 

K03cP<PHIJ;HeHTbl ypaBHeHHH ABpaMH 

T,OG 130 150 160 180 

K,q-n 0,0321·~o-,0021 O,03-S..!.O,OOS 0,115+0,022 0,63..!.0:,14

n t,ól~a,06 1,8S~0,09 1,41..!.o-,12 1,6~(}~3 

3AeCb cnenye r oTMernTb, 4TO KOHCT3HTa CKQPOCT~ KpjIJCTann~sa

L.t~M" pe3-KO YBeJ]~4~BaeTCfJ / - B 6 oaa/ np~ ~'SMeHeH~1tf T'eMRepaTypbl 
'oTmHra OT 160 AQ 1'S-00 C. H"MeHHo npa 18Qo bB uaun-x onurax pa
.Ç\li1YC nop MeM5paH c ran SHa4~T'enbHO YBen~4HB'aTbCR /CM.. pMC. 4/0

TaK~M oõpaaoa, npoaeneuaue onsrru no onpeneneauo CTeneHH 
L<pVlCTannI14HOCT~ nOATBepxtAalOT npennonoxeuae o TOM, 41'0 ripa 
T80°C peSKO aospac raer nepeuoc MaCCbl nom1Mepa- K aaponsuuaa 
Kp~CTaJ1n~3aLtY111tI KOTOPbl11- MomeT npeauca r a nO-TOK Ma:eCbl, caasaa
Hbllit c SaJ1e"4~BaH~eM nop. AnR fionee T04HOr-0 onHcafU1fi 3TlltX ASYX 
KOHKYP~P-Y~llt~X npoueccos He06xOAli1MO- paCCMOTpeTb ~x npoc reãunre 
MOAeIlI1. 

4.	 CKOPOCTb 3AnE4l-1BAHJ!1R nop
 
~6~ AE~CTB~EM flAnnACOBCKl-1X HAQp~mEHl-1~
 

AnR onpeAeneH~B CKOp-OCTIIt sane4~BaH~R nop nOA Ae~CTBli1eM 
nannacoecxor-o AaBneH~R He06xOAltfM0 npe>KAe scero H-al1:.T~ none 
KanpR)J(eH~~ 11 Ae~op.Ma~~~ B OK0I10nOpOBOM npOCTpaHCT"Be MeM6paHbl. 
Y4V\.TbIBafl, 4TO Ton14~Ha nneux« ~ cpenaee paccr oaaae MemAY 
nOpaMI1 MHoro 60nbwe pa3MepOB nop, MomHO om~~aTb, 4TO none 
HanpRmeHII1~ 01<0110 nopsr 6YAeT Mano OTn~l1aTbCfL QT pacnpenene-uor 
HanpRmeH~~ B TonCToc-reHHOIIJ Tpy6e €5ecKoHe4Ho~ An~l:fbt c BHYTpeH
HYrM paAl?IycoM R 1 ~ BHewH~M R 2, l:faXOARLl.lev.eR non Aek1CTBllfeM nanna
COBCKoro AaBneH~f1 P = - 2a 1 R.1 I a - K03<l>cP~~l-1eHT nOBepXHOCTHoro 
HaTR}\{eH~R/, HanpaBneHHoro no paA~YCY TPy6br K ~eHTPY. l-1HTepe"" 
cyouree nac none HanpRmeH~t1 õuno Ha~AeHO B'/24/ V\. Anfl cny-ias 
R2 »R 1 B ~~n~HAP~4eCKO~ C~CTeMe Koop,Q~HaT MomeT 6WTb san~
caHq B B~Ae 

2 
PR2 (_1__ 1 2 1 1 Ra 

rr 1 R2 -2-)' a;,.,,,,,=PR
1 

( - + - ) , a =2P_l. 131 
'1-''1-' R2 r 2 zz R 22 r 2	 2 
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B c~ny KOHe4HO~ BH3KOCT~ nOn~Mepa, nOA Ae~CTB~eM AaHHblX HanpH-' 
meH~~, B HeM B03H~KaeT onpeAen~HHaH CKOpOCTb Ae~opMa~~~, KOM
nOHeHT~ TeH30pa KOTOPO~ ARR ~30TponHoro Tena CBR3aH~ c KOMno
HeHTaM~ TeH30pa HanpHmeH~~ ~3BeCTH~M COOTHoweH~eM 

. 1· 
a	 :;: /4/ik 211 [Uik - 3 ôik Uff r. 
rAe Uik(ci ff ' ) - KOMnOHeHT~ TeH30pa CKOPOCT~ Ae~opMa~~~; 11 
K03~~~~eHT A~HaM~4eCKO~ 8H3KOCT~. 

B ~~n~HAP~4eCKO~ C~CTeMe KQOPA~HaT /4/ MomHO ~epen~caTb 
cneAY~~~M o6pa30M: 

a 
rr 

. 
211 [ Urr -

l'
3" (Urr 

. . 
+ U# + Uzz ') ], 

aePeb :::: 
. 1·· 

211 (U#- 3" (Urr + Uet4 . 
+ Uz z) ], /5/ 

. l' . . 
a

Zz 
:::: 211 [Uzz - 3(U rr + U# + Uzz ) ]. 

U rr 

H~, /4/ 

_d_- CUr ). 
dI 

~ /5/ MOmHO Ha~T~ 

R
2 
1 

r 2 
P 

211 
/6/ 

~n~, O~OH4aTenbHO, nocne ~HTerp~pOBaH~R /6/, nonY4~M, 4TO 
np~ T = R t ~ R 2 --. 0Cl 

RIp -211 ~.	 /7/ 

nOACTaBnHH B /7/ B~pameH~e AnH nannaCOBCKoro AaBneH~H, 3an~weM 

ypaBHeH~e, on~C~Ba~~ee CKOpOCTb 3ane4~BaH~H nop HAepHO~ MeM6
paH~ 

a
R	 /8/

11 

PeweH~e /8/ cosnaAaeT C peweH~eM rerY3~Ha AnH 3ane4~BaH~R OA~

H04HO~ nop~ B Kp~CTann~4eCKOM Tene/ 25/. OAHaKO peanbH~~ non~

MepHbl~ MâTep~an'B B~COK03naCT~4eCKOM COCTORH~~ xapaKTep~3yeTcR 

penaKoa~~oHH~M MexaH~3MOM Ae$OpMa~~~, 4TO o6ycnoeneHO BpeMe~
HO~ 3aB~C~MOCTb~ K03~~~~eHTa BR3KOCT~ 11 =11(t) B /8/. n03TOMY 
AnR AanbHe~wero on~caH~R 3ane4~BaH~R nop Heo6xOA~MO o6paT~TbCR 

K MOAenbHOMY npeACTaBneH~~ MexaH~3Ma Ae~pMa~~~ e non~Mepe. 

5.	 PEnAKCAUHOHH~R MEXAHH3M ~3MEHEHH~ PA3ME~OB nop 
B nonHMEPHOR MEM6PAHE 

J 

MaKpOCKon~4eCKY~ penaKca~~~ HanpRmeH~R B aMop$H~X non~Me
pax 06~4HO on~C~Ba~T Ha OCHOBe Teop~~ BR3KoynpyroCT~/OO/. 
npOcTe~we~ MOAenb~ BR3KoynpY1o~ penaKca~~~ RBnReTCR MOAenb 
MaKcBenna, COCTOR~aR 1-13 nocnenoearene ao coeA~HeHHblX AeMn~epa 
/BR3Koro 3neMeHTa/, xapax repaayourer-oca HeKOTopblM 3Ha4eHlI1eM 
BR3KOCT~ 110 , ~ npym~Hbl /ynpyroro 3neMeHTa/ C 04eHb Bbl,COK~M 

MOAyneM meCTKOCT~Ol' sooõure He npORBnRIO~eMCR B 06b14Hb1X ycno
B~RX ~3MepeH~~/~/. OAHaxo B peanbH~X non~MepH~X MaTep~anax, 
oco6eHHO HaXOAR~~XCR B S~COK03naCT~4eCKOM COCTORH~~, Ha6n~

AaeTCR 60nee cnomHaR KapT~Ha penaKca~~~HanpRmeH~~, KOTopaR 
MomeT 6~Tb annpOKC~M~pOBaHa n~wb 6eCKOHe4H~M Ha6opOM napan
nene ao ,~ nocnenoaarens ao coeA~HeHHblX AeMn~epOB ~ npym~H /MO
Aenb An~peR/. B 3TOM cnY4ae C~R3b Me*AY HanpRmeH~eM ~ Ae~op

Ma~~e~ /AnR nonaaepaoro CTepmHR! MomHO -Bblpa3~Tb ypaBHeH~eM/OOI 

y 1 .n 1 G i 
- + I. - [1- exp(--t)] +  /9/a 0 0 i = 1 Oi 11 i 11 o 

rAe Y - OTHOc~TenbHoe YAn~HeH~e non~MepHoro cTep~HR; 11i/Oi = 
= Ti - BpeMR penaxcauaa /3ana3AbIBaH~R/. 1'13 /9/ A~~epeH~~po
~aH~eM no BpeMeH~ nerKO Ha~T~ CKOpOCTb DTHoc~TenbHo~'Ae~op
Ma~~~ np~ 3aAaHHo~ Ben~4~He HanpR~eH~R 

y n 1 ai 1!.	 - .exp(--t) + -- /10/a i = 1 11i 11 i 11'0 

CpaBH~BaR 3TO B~pameH~e C /4/, MomHO nOKa3aTb, 4TO npaBaR 
4aCTb /10/ npeACTaBnReT co6o~ o6paTHY~ 3~~eKT~BHY~ BR3KOCTb: 

J
Y 1 

/11/
a 11 ( t ) 

Bocnonb30BaBw~Cb B~pameH~eM /8/, ~3 /10/ ~ /11/ MomHO nony
~~Tb ypaB'HeH~e 

n . 1 t
R = - .s:  a I. - exp( - - ,). /12/110 i = 1 11 i Ti 
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np~4~Hoi1 nO~BneH~~ TaK~X BHYTpeHH~X nepeHanp~>KeH~~ MorYT cnynOcne ~~Terp~pOBaH~~ /12/ nonY4~M 
>K~Tb TeXHonor~4eCK~e ycnoB~~ $OpMl-1pOBaH~~ non~MepHblX nneHOK, 

n. ~, B 4aCTHOCT~, OAHOOCHaR ~n~ ABYXOCHa~ op~eHTâLt~~ MaKpOMone
R( t) .== 'Ro. - ..!!:- t - a I -L [1- exp ( - _t_ n. Kyn. Ho nocKonbKY non~Mep /n3T$/ BHOBb HaXOA~TC~ B B~COKO1131

TIo i = 1 G i Ti	 3naCT~4eCKOM COCTO~H~~, 3T~ BHYTpeHH~e Hanp~>KeH~~ Ha4~HaIOT 

penaKc~pOBaTb. Oco6eHHO 3TO 3aMeTHO B Haw~X 3Kcnep~MeHTax 

np~ OTHOC~TenbHo HeB~COK~X TeMnepaTypax /p~c.1-3/ An~ nop0603Ha4HM Ben~~~HY l/G~ 4epeS J i InoAaTn~BOCTb MaTep~ana! 
C paA~YCOM õonee 15 HM /nannacoBcK~e Hanp~>KeH~~ Manbl/. B 3TOM 

~. paCCMGTpi>iM pa3nl-'tl.lHble npenens aae cnyuaa . 
cnyuae OKa3bIBaeTC~, 4TO Ma xpoaonexyrta n3T$, BpeM~ penaxcauuaEcrur t « T. ~ ~3 1111 

1 KOTOpblX npa 06b14Hoi1 r exneparype COCTaBn~eT AeCRTK~ ne r , B 
n BbICOK03naCT~4eCKOM COCTO~H~~ penaxcapyor ·8 Te4eH~e HeMHo.r~xI
 

R (t) R- - a t I 
1 

l~ ~ M~HYT. 3TO np~BoA~T K He6onbwoMY /2-5%/ POCTY paA~yca nop
o	 1141 
i = 1 Tfi	 MeM6páH~, KOTOp~R B Te4eH~e OCTanbHoro BpeMeH~ on~Ta OCTaeTC~· 

npaKT~4eCK~ 6e3 ~3MeHeH~R. COBceM no ~HOMY MexaH~3MY npo~cxo

A~T pOCT np~ 60nee B~COK~X TeMnepaTypax, KorAa cy~ecTBeHHYIO
.ltn~ t » r ,

1 ponb ~rpalOT npoL.teCC~ Kp~CTann~3aLt~~· 

n 
a

R (t) R - -t - a k J. o	 /l-5/
TIo- i==1 

1 7.	 OUEHKA 3<lXt>EKTOB nEPEHOCA MACCbr 
npl1 KPI1CTAnnI13AU!~11 n3T$ MEM6PAHbl 

B nocnenaea cnyvae nOnY4aeTCf1 yp-aBHeH~e npRMoi1-, or cekaiouieã Ha
 
B~COK03naCT~4eCKa~ Kp~CTann~3aLt~~ nOJ1~MepHOro MaTep~ana


OCItt- Op-Al'tHaT Q-Tpe301< 
~AepHoi1 MeM6paHbl, oco6eHHO np~ 60nbW~X paA~ycax nop, MO>KeT 

n np~BQA~Tb K 3aMeTHOMY YBen~4eH~1O pa3MepOB nop. non~TaeMC~ 

R' Ro. - a 2-.J i OLteM~Tb 3TOT 3$$eKT.1161 
i = 1 PacCMOTp~M ~AepHYIO MeM6paHY co cpeAH~M paA~YCOM nop R o 

~1 nnOTHOCTblO nop n /CM-2/, TorAa n- 1 6YAeT nnouianejo , npuxo
AR~ei1c~ Ha OAHY nopy. npeAnOnO>K~M, 4TO B npOLtecce ~30TepM~M ~MelO~e~ TaHreHC yrna HaKDOHa
 
4eCKoro OT>K~ra np~ Kp~CTann~3aLt~~ non~Mepa~ YMeHbweH~e 06b

eMa 06pa3L.ta 6YAeT npo~cxoA~Tb 3a c4eT YBen~4eH~R o6beMa nop.tg ® == ~.	 11 7/

TIo.	 Torna oraoca rens aoe ~3MeHeH~e oÕbeMa ripa Kp~cTann~3aLt~~ 6YAeT 
paBHo OTHoc~TenbHoMY ~3MeHeH~1O nno~aA~'. 3aH~Toi1 nopaM~ MeM6

3aBI-'tC~MbCTb /l-3/ COO-TBéTcTByeT ~3MeHeH~1O /3ane4l-1BaH~IO/ pa sae
paua , T. e.pOB nop HAepHblx MeMõpaH TenbKO nOA Aei1cTB~eM nannacoacxoro 

AaBne-H~.fI. O,qHaKo An~ AOCTaT04HO 60nbW~X pa3Mepos nop IlanJTa V t - V o 2 2 --.- = 1Tn(R -R ) '	 /18/CQBCKOe AaBneH-~e CTaHOB~TC~ He3'Ha4IttTenbHbIM', ~ B axcnepuaea-	 o 
o 

r ax Ha41<1HalOT npORBJ1~TbC~ APyr~e MexaH~3Mbl Ae$opMaLt~~ rronaxepa . 
C APyroi1 CTOpOHbl, nOnO)l{~M, 4TO ~3MeHeH~e o6~eMa o6pa~Lta 6YAeT 
COOTBeTCTBOBaTb ~3MeHeH~1O ero nnOTHOCT~, T.e. 

6. BbICOK03nACTI14ECKA~ PEnAKCAlll1~ v -vt o Pt - PoBHYTPEHHI1X ITEPEHArrp~*EH~~ /19/
V o Po 

rron~MepHblM	 nneHKaM ~ 3a4aCTYlO HaXOAR~~MCR- npu 06bl4HblX ycno
rAe P = Pk (uo + P (1 - (uo ) - ~CXOAHaH nnOTHOCTb oõpasua ;B~~X\6 cTeKnoo6pa3HoM COCTORH~~, np~cy~~ BHYTpeHH~e nepeHanp~ o a 
P = Pk~t + Pa(l == (Ut) - nnOTHOCTb oõpaaua B MOMeHT .BpeMeH~ t;>KeH~~, xo ropue , OAHal<O, ue MorYT penaxcapoaars' ~3-3a BbICOKOi1 t
 
(Uo '(Ut - o6beMHa~ creneus Kp~CTannW-lHOCT~ B Ha4anbHbli1 MOMeHT
B~3KOCT~ ~ Manoi1 nOAB~>KHOCT~ 11 3àMOpO>Ke HHbIXI I MaKpoMoneKyn. 
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;.. 

BpeMeHH H B MOMeHT BpeMeHI-1 t; Pk,P a - R~OTHOCTI-1 KpHCTannl-14e 8. CPABHEHHE C 3KcnEPMMEHTAnbHWMH aAHHWMH
CKO~ H aMOp$HO~ $a~. TorAa H3 /18/ 1-1 /19/ nerKO nonY4HTb 

. ypaBHeHl-1e 
PaCCMOTpl-1M nepBOHa4anb~O Tonbko Te 3KCnepl-1MeHTanbH~e AaH

2 2 H~e /R a < 15 HM/, KOTop~e RBHO xapaKTepl-13Y~T ~ane4l-1BaHl-1e nop
1Tn(R - R ) (CU -CU ) Pk-Pa 

o t a /20/ QOA Ae~CTBl-1eM nannaCOBCKoro AaBneH~R, T.e. OnI-1C~Ba~TCR B~paPa 
meHl-1eM 113/. 

Ha pl-1c.1 AnR Man~x nop 1-1 npl-1 Man~x BpeMeHax t MomHO B~Ae~nR Manoro 1-13MeHeHI-1R R
 
n~Tb nI-1He~H~e Y4aCTKI-1, OnI-1C~BaeM~e ypaBHeHl-1eM /14/, B KOTO

p~x MHoml-1Tenb a~TJ~l MomHO 3aMeHI-1Tb Ha MHOml-1Tenb c 3$~eKTI-1BP-P2 i 17T n (R - R ) R = (cu - ú) ) ~ /21/a ata. Pa . 
H~M K03$$I-1Ul-1eHTOM BR3KOCTI-1 nOnl-1Mepa aTJ-1. 06pa~OTKa MHK Ha

t 
4anbH~X T04eK no /14/ n03BOnl-1na nOCTpOHTb Ha pl-1c.1 COOTBeTBhlpameHHe /21/ MomHO nepenHcaTb B COOTBeTCTBI-1H C ypaBHeHHeM
 
CTBY~~l-1e npRM~e /1, 2 1-1 3/. npl-1 60nee B~COKI-1X TeMnepaTypax
ABpaMI-1 
o rxur-a Ha4anbHbl~ Y4aCTOK B R( t) CTaHO~I-1TCR npéJKní4eCKI-1 He

p -p pa3nI-14I-1M~M, nO-~I-1AI-1MOMY, a CBR31-1 c 04eHb Cl-1nbHO~ SaBI-1CI-1MOCTb~ 
27T n Ra (R - R ) (1 - coa ) [1 - eJqJ ( - K t n )] _:k__ aa /22/ 3$$eKTI-1BHOrO K03$$HUl-1eHTa BR3KOCTI-1 OT TeMnepaT~p~. 

Pa ae~CTBI-1TenbHO, AnR nOnl-1MepOB B6nl-13H TeMnepaTYP~ CTeKnOBa
HHR, 3$$eKTI-1BH~~ K03$$I-1Ul-1eHT BR3KOCTH MomHO B~paSI-1Tb cfteAY~OAHaKO peanbHO HMe~T MeCTO ABa MexaHH3Ma 1-13MeHeHHR pa3Me
u\eiJ1 3Mnl-1pi14ecKo~ $opMyno~ 128!:POB nop, T.e. C Y4eTOM /13/, AnH 1-13MeHeHHR paAl-1yca nop, OKOH

4aTenbHO MomHO 3anHcaTb
 40 ( T - Te ) 
In TJ - In Ti· /26/e1 51, 6 + (T' - Te ) 

--(l-cu )[1 ' PR t -- Ra 2 "n Ro o - exp ( - K t n) I k - Pa ~t + 
Po TJo rAe Te 1-1 TJ e - T~MnepaTypa CTeKnOBaHI-1R H COOTBeTCTBY~~I-1~ e~ 

/23/ K03$$I-1Ul-1eHT BR3KOCTI-1 nOnl-1Mepa.n 
t B r aõn , 2 npencraaneau 3Ha4eHI-1R K03$$I-1Ul-1eHTOB a TJ- 1, nony

+ a l J i l exp( - -) - 1] . 
4eHH~e 1-13 3KCnepl-1MeHTa AnR 110°C /pl-1c.l/. Ecnl-1 npl-1HRTb KO~$i = 1 Ti
 
$l-1UHeHT nOBepXHOCTHoro HaTPmeHl-1R AnR n3T$ ...... 43 Al-1H/ CM IZU, .
 

TO H3 3KCnepl-1MeHTanbH~x AaHH~X MOmHO OueHI-1Tb Benl-14l-1HY BR3

3AeCb nep soe cnaraeaoe xapak'repa aye r nepeuoc MaC-c.bl nO..nHMepa KbCTl-1 Ti /CM.Ta6n.2/.EcnH Tenepb Y4eCTb, 4TO AnR TeMnepaTYP~
 
npl-1 ero KpHCTannH3aUHH, KorAa B~nonHR~TCR ycnoBHR /18/ H /19/. CTeKnOBaHI-1R nOnl-1MepOB 06~4HO npl-1HHMa~T TJ - 10 15 nya3 I~~,
e
 
B Ae~CTBI-1TenbHOcTI-1 119/ cneayer aaru-car s cneAY~U\I-1M o6pa30M: TO Ha OCHOBe /26/, l-1CnOnb3YR 3KCnepl-1MeHTanbH~e AaHH~e AnR
 

OTml-1ra n3T$ npH 110°C, MomHO oueHHTb TeMnepaTYPY CTeKnOBaHl-1Rrc :»; »,»: 
À --- (rAe À < I), nOnl-1Mepa Te /Ta6n.2/. nonY4eHHoe 3Ha4eHl-1e XOPOwo cornacyeTcR/24/Pa Va C AaHH~Ml-1 pa60T IW,m/. Ecnl-1 Tenepb Hcnonb30BaTb $opMyny /26/ 

AnR Man~x nop H npl-1 130°C, TO Ha OCHOBe paHee nOnY4eHH~X 
4TO nOSBonReT Y4I-1T~BaTb npH Kpl-1CTannl-13a~1-11-1 TaKme npouecc K03$$HUl-1eHTOB, MOmHO r axxe onpenennr s Benl-14l-1Hbl a TJ..- 1 l-1 TJ
 
pOCTa /nORBneHHR/ BHYTpeHHHX nop B norraaepe . B 3;'O~ C-BR3H /23/ /CM.Ta5n.2/.
 
ue.necooõpa auo aanucars 'B He-CKonbKO I-1HOM BI-1Ae Ha pHc.2 /130°C/, Ha OCHOBe nOnY4eHH~x aTJ-1, nb /14/ no

crpoeuu n('RMble 1, 2 H 3, OnI-1CbIBa~~l-1e 116blcTpOAe~cTBYIOU\YIOJI pe
naKCaUl-1~· 3Ha4HTenbHoe paCXOmAeHl-1e C 3KCnepl-1MeHTOM nOKa3~BaeT,s , - R A [ 1 - exp( - K t n )] - -~ t + a l [ eJqJ ( - _t_ ) - I 1 , /25/o TJ i Ti nO-BHAl-1MOMY, nnoxy~ pa50Tocnoco6HoCTb B~pameHl-1R /26/ AnRo 
J16blcTpoAelltcTBy~~e~'1 BR 3KOCTI-1. Cnenoaarens HO, onsrr aue AaHHble 
AnR T = 130 ~ 150

0
C / r ~ 15 HM/ AonmHbl Onl-1CbIBaTbCR ypaauerAe A - nOAroH04H~~ napaMeTp. 

Hl-1eM /13/, a npl-1 t ~ 2 4 6YAYT COOTBeTCTBOBaTb t » r. , T. e. 
1 
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Ta6JlMll,a 2 
3HaqeHHfl K03<P<PMll,MeHTOB, nonvxeaasrx M3 /26/, rtpn pas-: 
JlMt.IH5IX TeMnepaTyp-ax OT:iKHra 

T ,oC arr-~ HM/q TI ,. rrya s Te ,0 C 

110* ( 4,2-± I ,JHO 12 -102°,AI ± 0, J6 

43± 16 (4,01±0,-ü6 ~IO 10130 

* nonvxexu MHK no TpeM nepBbIM TO"tfKaM 

om1CbIBa-TbCR m1He~Hot:1 3aB~I1MOCTblO /lS/. Xapakrepaue npRMb~e, 

nonyveuuae 06pa60TKOH- oeayns.raroa axcnepaae-rra MHK no /15/, 
npencr aaneaa TaK>Ke Ha- pac . 1- 5. (}AHàKO AllR nop c paAl.1ycaMl.1 
õonee - 15- HM Ha6.nIOAaeTcR .penaxcauua BHYTpeHHl.1X nepeuenpaxa
H~~, npORBll?ID~aRCR B He60JlbWOM Ha4aJ1bHOM l.13MeHeHl.1~ pa3MepOB 
nop c nOCJTeAYlOllllo1M BblXOAOM Ha nnaro . 

PaCCMQTpl.1M reneps 3KCnepl.1MeH-T3JlbHble AaHHble, xo ropue OTO'
6pamalO-T. 3aMeTHblt:1 pOCT nop BClleACTBl.1e npoue.ccos BTOPk14H0t:1 
Kpl.1CTalllll.13a~~11 B nOnl.1Mepe. aeHCTBl.1TellbHO, ~3 TaGn.l clleAyeT, 
4"[0- npl1 HWoc CKOpOCTb Kpl.1CTalllll.13a~l.111 3Ha4l.1TellbHO yaelll.14l.1Ba
e r cs . 06pa6oTKa AaHHblX pOCTa nop , npenc r aanexaerx ~a puc . 4 l.1 5, 
AJIR- paAl.1YCOB CBblWé 70 HM, no ypaBHeHl.11O /25/, n03BOlll.1J1a OLteHl.1Tb 
nOAroH04Hbll1 napaMeTp A c yqeTOM nGllY4eHHblx paaee K l.1 n /clle
AyeT OTMeTI1Tó, 4TO B 3TIí1X cny-iaax noclleA.H'l.1111 4lleH B /25/ OKa
aanca AOCTaT04HO MallO~ Belll.14l.1H0Il1/. B r aõn . 3 npenc r aaneuu no
llY4eHHble- .3Ha.4eHl.1R. 

Ta5JlMll,a 3 

3HaqeHHR napaMeTpa A 

R,HM r ,> C	 180 0 e 200°C 

744-4	 9 

85.2: 3	 10 27 

OAHaKO npRMoe B~4HClleHl.1e A l.13 /25/, npl.1 cpeAHell1 nllOTHOCTl.1 
nop -10 7 CM- 2 aae r Selll.14l.1HY - 10 3 HM. HMelOll.\YIOCft paauauy B A 
MO>KHO CE;R3aTb c TeM, 4TO B npOLteCce KpVl<:Talllll.13al:tl.1l.1 ROlll.1Mepa 
TOllbKO 4aCTb oõll.\ero Vl3MeHeHl.1R 06beMa 6YAeT CKOMneHCVlpOBaHa 
YBell1014eHl.1eM 06beMa nop. B 3TOM CllY4ae B03MO>KHO 06pa30BaHl.1e 
BHYTpeH.HIo1X nYCTOT B n3T$ nne-nce , YMeHbWeHl.1e ee To.nlllHHbr, 
a 3Ha4HT, H3MeHeHl.1e pa3MepoB nop He 6YAeT CTOllb 3Ha4HTellbH~M, 

KaK 
B~e 

AllR 

3TO onpenenaer ca i Bblpa>KeHl.1eM 
Ha OCHOBe nonY4eHH~X 3Ha4eHl.1111 
6PllbWHX pa3MepOB nop .. 

/19/. 
A npe

AnnpOKCHMl.1PYlOlllHe 
ACTaBlleHW Ha pl.1c

Kpl.1
.4 l.1 5 

14 

". 

ClleAyeT 3aMeTHTb, 4TO npl.1 180 H 200°c 06lla~Tb Aell1CTBI1R 
llanllaCOBCKoro AaBlleHI1R npOCTl.1paeTCR AO ·paAl.1yca nop -70 HM, 
4TO, nO-Bl.1Al.1MOMY, CBR3aHO c B93paCTaH~eM nOAaTllI1BOCTl.1 npl1 
nOBbIWeHl.1l.1 rexnepa rypa . It1MelOllll.1eCR B AaHHOM criyvae KOlll.14eCT
BeHH~e paCXO>KAeHl.1R MorYT 6~Tb CBR3aH~ c pa3lll.14I1RMl.1 B nllOT
HOCTI1 nop. nOclleAHee 06CTORTellbCTBO onpeAellReT CTeneHb " 0 Al.1
H04HOCTl.1 1 1 nop , 

9.	 3AKnlO4EHHE 

,'( 
l TaKl.1M 06pa30M, 3KCnepl.1MeHTallbHO YCTaHOBlleHO, 4TO pa3Mepbl 

nop RAepH~X n3T$ MeM6paH B npOLtecce B03Aell1CTBI1R nOB~weHH~X 

1000C/TeMnepaTYP /cB~we MorYT Ka~ YMeHbwaTbCR, TaK l.1 paCTI1. 
npl.1 3TOM AllR OTHOCI1TellbHO He50llbWI1X TeMnepaTYP /npOLteCcbl 
Kpl.1CTallllI13aLtl.111 He CTOllb l.1HTeHCI1BH~/ Ha6lllOAaeTcR pellaKCaLtI1R 
BHYTpeHHl.1X nepeHanpR>KeHHII1. POCT nop npl.1 TeMnepaTypax OT>Kl.1ra 
180 l.1 200°C CBR3aH c 60llbWl.1Ml.1 CKOpOCTRMl.1 BTOPl14H0ll1 Kpl.1CTall
lll.13a~l1l.1 B nOlll1Mepe. . 

nOllY4eH~ TeOpeTI14eCKI1e $OPMYll~, OnI1C~Ba~~l.1e KI1HeTI1KY 113Me
HeHl.1R paAl.1yca nop BO BpeMeHl.1 B nOlll1MepHOM RAepHoM MeM6paHe, 
HaXOARlllell1CR B BblCOK03llaCTl.14eCKOM COCTORHl.111 nOlll1Mepa l.1 ygOB
lleTBOpl.1TellbHO COBnaAalOllll.1e c 3KCnepl.1MeHTallbH~Ml.1 AaHH~Ml.1 AllR 
RAepH~X n3T~ MeM6paH B l.1CClleAOBaHHOM AI1ana30He napaMeTpOB. 
OAHaKo HeKOTop~e KOlll.14eCTBeHH~e paCXO>KAeHl.1R 3KCnepl1MeHTa 
c nocTpOeHHOIl1 TeOpeTI14eCK0ll1 MOAellblO MorYT 6~Tb B~3BaH~ KpOMe 
Bcero np04ero TaK>Ke l.1 l.1CXOAHOIl1 KOHYCHOCTb~ KaHallOB MeM6paH~. 

3TOT Bonpoc 3aCllY>Kl.1BaeT OTAellbHoro paCCMOTpeHl.1R. 

ABTOPbl aapaxaor I1CKpeHHlO1O npuaua reru.aocr s r. H.tf>JTepoBY 
3a nOAAep>KKY l.1 nocToRHH~~ l.1HTepeC K pa6oTe, ~.ffi.AnelllO 
3a PRA ~eHHWX SaMe4aHl.1I11. 
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PYKOnHcb nOCTynHna B H3AaTenbCKHH OTAen 
13 aBrYCTa 1987 rOAa 

.., 


Oa~HHHHKoa B.B. H AP. 18-81-637 
MaMeHeHHe paaMepoa nap ftAePH~X qonM3THneHTepe$TanaTH~x 
MeM6paH 8 BWCOK03naCTH~ecKOM "COCTOAHHH 

3KCnePHMeHTanbHO YCTaHOaneHO. ~TO pa3Mep~ nap ftAepHWX nonH3TMneHTepe
tTanaTHWX MeMfipaH a npoqecce BoaAeAcT8HA noawweHHWx TeMnepaTyp /C8WDe 1000e/ 
MOrYT H3MeHftTbCA KaK B CTopoHY YBenH~eHHft. TaK H B CTapOHY YMeHb.eHMft. 
RpH 3TOM AnA OTHOCMTenbHO He60nbWMX TeMnepaTyp /npoqecc KPMCTannM3aqHH He 
CTonb HHTeHCHBeH/ Ha6noABeTCft penaKcaqHft BHYTpeHHHX nepeHanpAWeHHA. POCT 
nop npH TeMnepaTypaX OT*Hra 180 H 2000e caRaaH C 60nbWMMH CKOPOCTftMM aTO
PH~HoA KpHCTannHaa~HH a AOnHMepe. non~eH~ TeOpeTH~eCKHe ~PMynw. onH~8a~
~e KHHeTMKY M3MeHeHMA pBAHYca nap ao BpeMeHH 8 nOnHMepHo~ AAePHoA ~M5paHe. 
HaxOA~eAcA a awcoKo3nacTH~ecKOM cOCTORHMM. H YAoaneTBOpMTenbHO cornac~e
Cft C 3KCnepHMeHTa~bHWMM AaHHwMH AnA AAepHwx nOnH3TMneHTep"TanaTHWX MeM5p~ 
• HcCneAOaaHHOM AMaoaaOHe napaMeTpoa. 

Pa60Ta BWnonH~a a na60paYOpMH AAePHWX peaKqMH OM~M. 

Coo&u_ ~_qHH~.lW!pHbI~ HOOJlElJlOBIHIIA • .Ily6Ha 1987 

nepeaoA O.C.BHHorpaAoaOA 

Ovchlnnlkov V.V. et al. 18-87-637 
A Change In Pore Size of Nuclear Polyethylene 
Terephthalate f1embranes In High-Viscoelasticity State 

It has been found experimentally that pore size of nuclear polyethylene 
terephthalate membranes after annealing at temperatures above IGOoe would 
Increase or decrease. for small temperatures (about 11G-OOOC) the Internal 
stress relief Is observed. The Increase In pore size of membranes at 180 
and 2000e temperatures connected with a high speed of secondary crystalliza
tion Is measured. Equations for kinetics change in pore size of any nuclear 
polymer membrane tn hlgh~vlscoel.st'clty state are deduced, Experimental 
values of change In pore size of polyp.thylene terephthalate membranes agree 
satlsfactorlly with theoretical formulae. 

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