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MeTOA~Ka ~ np~6op AnR onpeAeneH~R ra3onpoH~~aeMOCT~ 
non~MepHbiX nneHOK B W~pOKOM A~ana30He TeMnepaTyp 
~ nepenaAOB AuBneH~H c np~MeHeH~eM HnA0-2A. 

Pa3pa6oTaHa MeTOA~Ka ~ C03AaHa 3Kcnep~MeHTanbHaR ycTa
HOBKa AnR onpeAeneH~R ra3onpoH~~aeMOCT~ non~MepHbiX nneHoK. 
MeTOA~Ka no3eonReT npo~3BOA~Tb ~3MepeH~R KaK np~ 6onbw~x, 
TaK ~ np~ Man~x nepenaAax AaeneH~H c ~cnonb3oeaH~eM OMera
TPOHHoro ~3Mep~TenR nap~~anbH~X AaBneH~H /HnA0-2A/. np~6op 

pacc4~TaH Ha ~3MepeH~e npoH~~aeMOCT~ e A~ana3oHe TeMnepaTyp 
OT 300 AO 77 K. 

Pa6oTa B~nonHeHa B na6opaTOP~~ B~COK~X 3Hepr~H OH~H. 

npenpHKT 06'b8LlHK8KKOrO HKCTHTyTa S!LlepKbiX HCCn8LlOB8KHl!, .Qy6K8 1979 

Golovanov L.V., Stefanov S.M., 
Cholakov V.D. 

13 - 12888 

Methods and Set-Up for the Determination of Gas 
Permeability of Polymer Films in a Wide Temperature 
and Pressure Drop Range Using a Partial Pressure 
Omegatron Meter 

Methods have been developed and an experimental set-up 
has been designed to determine the gas permeability of poly
mer films. The methods permit to measure both at high and 
smal 1 pressure drops using a partial pressure omegatron 
meter. The set-up is intended to measure the gas permeabi
lity within the 300 to 77 K temperature range. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 

Preprint of the Joint Institute fer Nuc!eor Research. Dubna 1979 
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nneHK~ ~3 non~MepOB W~pOKO ~CnOnb3Y~TCR KaK B HapOAHOM 
X03RHCTBe, TaK ~ np~ npoeeAeH~~ Hay4H~X ~ccneAOBaH~H. Hanp~

Mep, non~3T~neHTepe¢TanaT /naecaH/, 6naroAaPR ceo~M ~cKn~-
4~TenbH~M CBOHCTBaM np~ H~3K~X TeMnepaTypax - B~COKOH npo4-
HOCT~ ~ 3naCT~4HOCT~, CTan OAH~M ~3 OCHOBH~X non~MepH~X 
MaTep~anoe, ~cnonb3yeM~X np~ C03AaH~~ KOHCTPYKl\~H, pa60Ta~

~~X np~ Kp~oreHH~x TeMnepaTypax. B 4aCTHOCT~, AnR ~ccneAo~ 
eaH~R 3neMeHTapH~X 4aCT~~ B~COK~X 3Hepr~A ~cnonb3Y~TCR nae
caHOB~e Kp~oreHHble M~WeH~. TaKaR M~WeH b - 3TO TOHKOCTeHH~H 
COCYA, ~3rOTOBneHHWH ~3 naecaHOBOH nneHK~, 3anonHeHH~H om~

meHH~M ra30M ~ pa3Me~eHHwA BHYTP~ eaKyyMHoro Komyxa. BHyT
peHH~A COCYA ~ eaKyyMH~H KOmyx pa3AeneH~ ~30nR~~OHHWM ea
KyyMHWM npOCTpaHCTBOM. 

0AHOH ~3 npo6neM np~ C03AaH~~ Kp~oreHH~X M~WeHeH RBnReTCR 
nOAAepmaH~e B~COKOro BaKyyMa B ~30nR~~OHHOM npOCTpaHCTBe. 
YXYAWeH~e eaKyyMa, npo~cXOAR~ee ~3-3a npoH~~aeMOCT~ ra3a 
4epe3 TOHKOCTeHH~e o6on04K~ ~WeHeA,np~BOA~T K yeen~4eH~~ 
Tennonp~ToKa K Kp~oreHHOA m~AKOCT~. H3y4eH~e ra3onpoH~~aeMo
CT~ non~Mepoe np~ pa3n~4H~x TeMnepaTypax 6~no B~3eaHo, e 
4aCTHOCT~, He06XOA~MOCTb~ C03AaTb 3¢¢eKT~BHy~ C~CTeMy OTKa4-
K~ ~30nR~~OHHOrO npOCTpaHCTBa M~WeH~. 

npoH~KHoeeH~e ra3a 4epe3 non~MepH~e MaTep~an~ /MeM6paHy/ 
Kon~4ecTBeHHO on~c~eaeTCR ypaeHeH~RM~ ¢~Ka. Ko3¢¢~~~eHT 

A~¢¢y3HoA npoH~~eMOCT~ onpeAenReTCR nepe~M ypaeHeH~eM ¢~KJ 1 ~ 

P= .Q.. _x_ 
t S-~P' /1/ 

rAe Q /cM 3/ - Kon~4ecTeo ra3a, npoweAwero 4epe3 MeM6paHy, 
np~BeAeHHOrO K 0°C ~ 760 MM pT.CT., t /c/- BpeMR npOXOmAeH~R 
ra3a, S /cM 2/ - nno~aAb MeM6paH~, ~P /aTM/ - nepenaA AaeneH~A 
A~¢¢YHA~py~ero ra3a Ha MeM6paHe, X /eM/ - TOn~~Ha MeM6paH~. 

KaK B~AHO ~3 ypaeHeH~R /1/, onpeAeneH~e K03¢¢~~~eHTa A~¢
¢Y3HOA npOH~~aeMOCT~ CBOA~TCR K onpeAeneH~~ nOTOKa ra3a, 

npoXOAR~ero 4epe3 ~ccneAyeMy~ nneHKY,- ~ = qH.y: 

B n~TepaType on~caHo MHoro MeTOAOB, no3eonR~~x onpeAe
n~Tb een~4~Hy ra3oeoro noTOKa. Ha~6onee 4YBCTB~TenbH~M~ Re-
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n~~Te~ 1 1 1 eneAY~~~e MeTOA~= ra3oso~ xpoMaTorpa$~~. Maee
eneKTpoMeTp~4eeK~~. MaHOMeTp~4eeK~~. 

Y4~T~Ba~, 4TO KamA~~ ~3 MeTOAOB ~MeeT eBO~ npe~My~eeTBa 
~ HeAOeTaTK~, a TaKme TO, 4TO ra3onpOH~UaeMOeTb 8 W~POKOM 
A~ana30He TeMnepaTyp OT KOMHaTHO~ AD Kp~oreHHO~ MeH~eTe~ 

a 3Ha4~TenbH~x npeAenax, M~ soenonb3osan~eb KOM6~H~posaHH~M 

MeTOAOM An~ OnpeAeneH~~ ra30npOH~UaeMOeT~, 8 OeHOBe KOTOpo
ro nemaT : Maee-eneKTpOMeTp~4eeK~~ MeTOA ~ MeTOA ~3MepeH~~ 
nOTOKa no eonpOT~BneH~~ 3neMeHTa ~3BeeTHO~ npOBOA~MOeT~, 
W~pOKO ~enonb3yeM~~ 8 BaKyyMHO~ TeXH~Ke. 

CyTb Maee-eneKTPOMeTp~4ee Koro MeTOAa 3aKn~4aeTe~ a ene
AY~~eM. ra3, npoH~Ka~~~~ 4epe3 MeM6paHy , nonaAaeT a ~OHHY~ 
KaMepy Maee-eneKTpOMeTpa, KOTOpa~ OTKa4~BaeTe~ BaKyyMH~M 

HaeoeOM. np~ nOeTO~HHO~ eKopoeT~ npOH~KHOBeH~~ ra3a 4epe3 
MeM6paHy a e~eTeMe yeTaHasn~saeTe~ eTau~oHapH~~ pem~M. Onpe
AeneHHO~ Ben~4~He nOTOKa ra3a eOOTBeTeTByeT onpeAeneHHOe AaB
neH~e a ~OH~3aU~OHHO~ KaMepe, T.e. onpeAeneHHa~ sen~4~Ha 
~OHHOro TOKa. An~ onpeAeneH~~ no sen~4~He ~OHHoro TOKa no
TOKa ra3a 4epe3 MeM6paHy npOBOA~T Kan~6pOBKy e~eTeMbi.C 3TO~ 
uenb~ 4epe3 Kan~6poB04H~~ HaTeKaTenb noAaeTe~ ra3 np~ pa3-
n~4HO~ Ben~4~He nOTOKa ~ onpeAen~eTe~ 3aB~e~MOeTb ~OHHOrO 

TOKa OT sen~4~H~ noTOKa ra3a. 
3TOT MeTOA ~MeeT P~A HeAOeTaTKOB, KOTOpble Bn~~~T Ha T04-

HOeTb ~3MepeH~~: HeeTa6~nbHOeTb eKOpOeT~ OTKa4K~ Haeoea no 
speMeH~; Hes~e6Ka~ T04HOeTb onpeAeneH~~ sen~4~H~ noTOKa ra3a 
np~ Kan~6posKe; sn~~H~e sen~4~H~ ~ eoeTasa ra3a a KaMepe 
Maee-eneKTPOMeTpa Ha sen~4~HY ~OHHoro TOKa; norpewHoeTb np~ 

~3MepeH~~ Man~X TOKOB. K npe~My~eeTBaM MeTOAa eneAyeT OTHe
eT~ B03MOmHoeTb onpeAeneH~~ K03$$~u~eHTa ra3onpoH~uaeMOeT~ 
OAHOBpeMeHHO An~ HeeKOnbK~X ra30B. 

MeTOA ~3MepeH~~ noToKa ra3a no eonpoT~sneH~~ 3neMeHTa 
~3seeTHO~ npoBOA~MoeT~ 3aKn~4aeTe~ a eneAY~~eM. Me•AY nneH
Ko~ /3, p~e. 1/ ~ BaKyyMHO~ e~eTeMO~ HaXOA~Te~ 3neMeHT ~3-
seeTHO~ npOBOA~MOeT~ Uk - Kan~nn~pHa~ Tpy6Ka /5, p~e. 1/. 
ra3, A~$$YHA~PY~~~~ 4epe3 nneHKy, npOXOA~T ~ 4epe3 3TOT 
3neMeHT. Een~ ~3BeeTH~ ~asneH~~ AD ~ noene Kan~nn~pHo~ TpyC
K~, P 1 ~ p 2 • noTOK onpeAen~eTe~ ypasHeH~eM 

k e 3 , 
Q= U (p

1 
-p

2
) ( M . MM pT. eT. J. 121 e 

Ben~4~Ha noToKa ra3a np~ HOpManbH~x yenos~~x eoeTasn~eT 

k 
Q TT (p1 -p 2 ) 273 eM3 

q = - = --------.--- [-] . /3/ 
H.y. t 760 T e 

np~ !lp=po-p1;po- AaBneH~e AD MeM6paHbl, ~3 /1/ ~ /3/ An~ 
K03~$~u~eHTa npoH~uaeMoeT~ eneAyeT: 
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II GoK. cvcmeHe 

I s 

P~e. 1. CxeMa onpeAeneH~~ ra3osoro noToKa no 3neMeHTY ~3-
seeTHO~ npoBOA~MoeT~: 1 - 6annoH e ra3oM; 2 - KaMepa An~ 
noeTyna~~ero ra3a; 3 - non~MepHa~ nneHKa; 4 - KaMepa , es~-
3aHHa~ e e~eTeMO~ OTKa4K~; 5 - Kan~nn~pHa~ Tpy6Ka e nposo
A~MOCTb~ Uk ; 6 - BeHT~nb; 7 - MaHOMeTp; 8 - MaHOMeTp~4ee
K~e npeo6pa3osaTen~. 

P =[rf(p1-p2) .273 ] __ x __ [ eM3·eM ] / 4/ 
760 T S(~- p ) et# · e ·aTM · 

0 1 ' 
npoBOA~MOeTb Kan~nn~pHO~ Tpy6K~ TTk An~ MOneKyn~pHoro no

TOKa ra3a onpeAen~eTeR eneAY~~~M paseHeTBoM 121
: 

k 4 1T ~ d 3 ' T- eM 3 
u =--v-·- v-[-J. 151 

3 16 rr P M e 

rAe d /eM/ - A~aMeTp Tpy6K~, e /eM/ - An~Ha Tpy6K~, T / °K/ -
TeMnepaTypa ra3a, M /A.E.M./ - MoneKyn~.PHbl~ sec ra3a, R -

yH~BepeanbHa~ ra3oeaR noeToRHHaR. 
k 

noA6~pa~ npOBOA~MOeTb 3neMeHTa U TaK~M o6pa30M 1 4T06~ 
P

1
» p

2 
~ P0 >>p

1
• ypaeHeH~e /4/ 3an~weM e B~Ae: 

k 
[ U P1 273 X 

p = ---·--]-- . /6/ 
760 T S Po 

An~ Toro, 4T06bl 4aeT~4HO ~36emaTb HeADeTaTKOB on~eaHHbiX 
MeTOAOB ~ ~enOnb30BaT b ~X npe~My~eeTBa 1 6bln npeAnOmeH KOM6~
H~poeaHHbl~ MeTOA 1 KOTOpbl~ 3aKn~4aeTe~ B eneAyiOIIIeM. 

B exeMy napannenbHO Kan~nn~pHo~ Tpy6Ke /8, p~e. 2/ seeAe
Ha o6BOAHa~ n~H~R /6/ e eeHT~neM /5/. np~ onpeAeneH~~ npo
H~uaeMoeT~ npoBOA~Te~ ABa ~3MepeH~~ 
ra3a:nepeoe - H3MepeH~e noToKa q

00 

np~ OTKP~TOM BeHT~ne /5/ ~ BTOpOe -

noToKa A~$¢YHA~PY~~ero 
4epe3 06BOAHY~ rHH~~ 

~3MepeHHe noToKa qk 

~ 
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K laKYYH. CVC1'IM# 

P~c. 2. np~H~~n~anbHaR cxeMa onpeAeneH~R npoH~~eMocT~ c np~

MeHeH~eM HnA0-2A: 1 - 6annoH c rasoM; 2 - KaMepa AnR nocTy
na~~ero rasa; 3 - non~MepHaR nneHKa; 4 - KaMepa, CBRSaHHaR 
C C~CTeMOi:1 OTKa4K~; 5 - BaKYYMHbli:1 BeHT~nb; 6 - 06BOAHaR k 
n~H~R; 7 - BeHT~nb; 8 - Kan~nnRpHaR Tpy6Ka npOBOA~MOCTb~ U ; 
9- MaHOMeTp; 10- MaHOMeTp~4eCK~e npeo6paSOBaTen~; 11 -
Macc-cneKTPOMeTp HnA0-2A. 

4epeS Kan~nnRpHy~ Tpy6Ky np~ SaKp~TOM BeHT~ne /5/. npoao
A~MOCTb o6BOAHOi:1 n~H~~ HaMHoro 6onbwe npoBOA~MOCT~ Kan~n
nRpHoi:1 Tpy6K~. 

np~ CTa~~OHapHOM COCTORH~~ B nepBOM cny4ae AO ~ nocne 
Kan~nnRpHOi:1 Tpy6K~ ycTaHaBn~Ba~TCR AaBneH~R P ~ p', a BO BTO
pOM - p 1 ~ P{ . TorAa q00 ~ qk MO>KHO Bbrpas~Tb cneAY~~~M o6pasoM: 

o6 'S q =Po· /7/ 

qk = Uk (p1 -pl) = p'1SO • /8/ 

rAe So- 3<)l<)leKT~BHaR CKOPOCTb OTKa4K~ BaKyyMHOi:1 C~CTeMbl nocne 
Kan~nnRpHoi:1 Tpy6K~. 

3<)l<)leKT~BHY~ CKOPOCTb OTKa4K~ So MO>KHO C4~TaTb nOCTORHHOi:1, 
nOCKOnbKy xapaKTep~CT~Ka HaCOCa TaKOBa, 4TO CKOpOCTb OTKa4K~ 
OCTaeTCR nOCTORHHOi:1 B pa604eM A~anaSOHe AaBneH~i:1, a npOBOA~
MOCTb 3neMeHTOB BaKyyMHOi:1 C~CTeMbl He MeHReTCR. 

Hs /7/ ~ /8/ onpeAenReM q06 ~ no aHanor~~ c /3/ ~ /4/ AnR 
P nony4aeM: 

k 
U (p1- p '1 ) 273 p' X 

P =[ 7SO • --1-,- · --=> · 191 T p1 S(p 0-p, 

nocpeACTBOM PM0-4C ~ HnA0-2A per~cTp~py~TCR AaBneH~R p1 
~ Pt, KOTOp~e nponop~~OHanbH~ ~OHHbiM TOKaM I ~I l' T. K .p '= ki' 
~ p~ = ki;. C y4eTOM TOro, 4TOp 1>>p~, a~pa>KeH~e AnR onpeAe
neH~R aen~4~H~ npoH~~aeMOCT~ san~weM cneAY~~M o6pasoM: 
6 

• 

uk p 273 I ' x 
p = [ 1 • --l - . ---- . 

760 T I 't S (p0-p ) 
/10/ 

YpaaHeH~e /10/ AaeT BOSMO>KHOCTb ~ccneAOBaTb nneHK~ pas
n~4Hoi:1 Ton~~H~ B 6onbWOM A~anasoHe npoH~~aeMOCT~ ~ np~ pas
n~4H~x nepenaAax AaaneH~i:1. 

HccneAOBaH~e nneHOK c Manoi:1 rasoaoi:1 npoH~~aeMOCTb~ npo
BOA~TcR, KaK npaa~no, np~ 6onbw~x nepenaAax AaBneH~i:1, a 3TO 
np~BOA~T K TOMy, 4TO OTHOWeH~e AaBneH~i:1 p1 ~p ~ 6n~SKO K eA~
H~~e. B 3TOM cny4ae npoH~~aeMOCTb onpeAenReTCR no ypaaHeH~~ 
/6/, a AaBneH~e p1 ~sMepReTCR a6con~TH~M MaHOMeTpOM MaK
neoAa. HnA0-2A a TaKoM cny4ae cny>K~T AnR onpeAeneH~R cocTaaa 
rasoaoro noToKa. 

CxeMa 3Kcnep~MeHTanbHoi:1 ycTaHOBK~ AnR onpeAeneH~R K03<)l<)l~

~~eHTa rasonpoH~~aeMOCT~ no ypaaHeH~~ /10/ noKasaHa Ha p~c.3. 
3Kcnep~MeHTanbHaR ycTaHOBKa nosaonReT ~sMep~Tb rason~ 

H~~aeMOCTb B w~poKOM A~anasoHe TeMnepaTyp /300777°K/. H~sK~e 

4 

.3 

2. 

( 

P~c. 3. CxeMa 3Kcnep~MeHTanbHOi:1 ycTaHOBK~: 1 - MexaH~4eCK~i:1 
BaKyyMH~i:1 Hacoc; 2 - napOCTpyi:1H~i:1 B~COKOBaKyyMH~i:1 Hacoc; 
3 - asoTHaR noaywKa; 4 - aaKyyMH~i:1 saTsop; 5 - Macc-cneKT
poMeTp HnA0-2A; 6 - MaHoMeTp~4ecK~i:1 npeo6pasoaaTenb; 7 -
Kan~nnRpHaR Tpy6Ka; 8- BaKYYMH~i:1 BeHT~nb; 9,13- MaHOMeTp~; 
10,14 - aeHT~n~; 11 - 6annoH c rasoM; 12- MaHOMeTp MaK
neoAa; 15- SMeea~K AnR oxna>KAeH~R BOSAyxa; 16- KaMepa, CBR
saHHaR C BaKYYMHOi:1 OTKa4KOi:1; 17- non~MepHaR nneHKa; 18 - · 
SMeea~K AnR oxna>KAeH~R nneHK~; 19 - TepMonapa; 20 - KaMepa 
AnR nocTyna~~ero rasa; 21 - Kp~ocTaT; 22 - penepHaR TepMo
napa; 23- 3neKTPOHH~i:1 noTeH~~OMeTp. 
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ras 

He 1· 10-8 

/4,5-5,5/·10-9 

/2-3/ ·10- 10 

13-61· 10-ll 

HawH 3KcnepHMeHTanbH~e 
AaHH~e 

1,04·10-8 

4, 78 ·10-9 

3,1:10-10 

5,6·10- 11 

TeMnepaTyp~ Ha nneHKe /l7/ nony4a~TCH c noMo~b~ oxna~Aa~~eH 
CHCTeM~. C~aTbiH B03AYX, AasneHHe KOTOporo H3MepHeTCH MaHO
MeTpOM /13/, 4epes seHTHnb /14/ nocTynaeT s 3MeesHK /15/,no
rpy~eHHbiH B Ab~ap C ~HAKHM a30TOM,H nOTOM npOXOAHT 4epe3 
3MeeBHK /18/ H B~6pac~saeTCH 8 aTMOC$epy.TeMnepaTypa nneHKH 
3aMepHeTCH TepMonapOH /19/ H perHCTpHpyeTCH 3neKTPOHH~M noTeH
~HOMeTpOM /23/. B sasHCHMOCTH oT AasneHHH c~aToro B03Ayxa 
H speMeHH ero npoxo~AeHHH 4epes 3MeeBHK /18/ nneHKa oxna~
AaeTCH AO onpeAeneHHOH TeMnepaTyp~, KOTOpaH nOAAep~HBaeTCH 

nOCTOHHHOH 80 speMH H3MepeHHH, npH TaKOH CHCTeMe oxna~AeHHH 
MaKCHManbHaH pa3HOCTb TeMnepaTyp Me~AY ~eHTpOM H KpaeM nneH
KH He npes~waeT 1°K. 

2 ' 
Pa6o4aH nosepXHOCTb nneHKH COCTaBnHeT 80 CM ·HccneAyeM~H 

ras HanycKaeTcH s KaMepy /20/ 4epes seHTHnb /10/. AasneHHe 
KOHTponHpyeTcH MaHOMeTpOM /9/. YnnoTHeHHe nneHKH CAenaHo c 
nOMO~b~ ee CAaBnHBaHHH $naH~aMH KaMep /16/ H /20/ 131 . 3TOT 
cnoco6 ynnoTHeHHH o6ecne4HsaeT xopowy~ repMeTH4HOCTb H4eHKH 
KaK npH B~COKHX, TaK H npH HH3KHX TeMnepaTypax. 

Ko3$$H~HeHT~ rasonpoHH~aeMOCTH nonH3THneHTepe$TanaTa on
peAenHnHcb AnH He , H2 , 0 2 H N 2 • B Ta6nH~e npHBeAeH~ 
HeKOTOpble pesynbTaT~, nony4eHHble Ha AaHHOH YCTaHOBKe, H AnH 
cpasHeHHH - nHTepaTypH~e AaHH~e 1 11 • nony4eHH~e npH 20° C. 

AHanH3 H o6pa60TKa AaHH~X noKa3~Ba~T, 4TO OTHOCHTenbHaH 
OWH6Ka H3MepeHHH no AaHHOMY MeTOAY He npes~waeT +15%.T04HOCTb 
H3MepeHHH rnaBH~M o6pa30M 3aBHCHT OT T04HOCTH O~PeAeneHHH 
AasneHHH nepeA 3neMeHTOM H3secTHOH npoBOAHMOCTH. 
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