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I. BBelIeHRe 

·~epHHe MeMÓpaHH, KaK R3BecTHo, rro~aIDT ÓOMÓaplIkpoBKoft TOHKHX 
rro~epHHX nneHOK (B OCHOBHOM - rrO~ST~eHTepe~T~/THUX (IT3Tw)) T~~e

~ HOHaMM c rroc~elIYID~efi XHMH~ecKoft oÓpaÓoTKoH I . OcoÓeHHocTLID 
lIaHHllX lllML'rpau;HoHHHX MaTepRa,JIOB .ffBJI.HeTCR ~pMa rrop, ÓJrn3KaR ~ IJ;I1JrnH
~~ecKoH, OlIHOpOlIHOCTh CTpYXTypH H BeCpMa M~a~ lIHCrrepCHíI paSMepOB 
rrop. 

CrreKTp HCrrO~30BaHRíI ~epHHX MeMOpaH lIOBO~HO illMpOK. C HX rrOMOmLID 
y~aeTcR peillHTL ue~ PRlI rrpOÓ~eM B Hayxe, TeXHRKe R TeXHO~OrHR. Eo~

me~ ~aCTLID R1IepHHe MeMOpaHH ITpHMeHRIDT ~.pa31Ie~eHllR cycrreH3llH, ~
KKX H ra30BHX CMeCe~, TORKOR O~CTKE BOlIH R B031Iyxa R T.rr., TO eOTL 
B OCHOBHOM B TeX OÓ~aCT.fQC, rne MeMÓpaHlWe SJleMeHTH rronsepranrca uar
p~eHRID rreperralIaMH lIa~eHH~. 

H3BeCTHO, ~TO B031Ie~CTBne Ha MeMOpaHy HeKOTOpOR C~ (lIanneHMR) 
rrpHBOlIRT K B03HHKHOBeHnID B rrO~HMepHOll MaTpuue BHYTpeHHHX HarrpR~eHRfi. 

ITOCKO~LKy RlIepHaR MeMOpaHa - rrOpllCTOe Te~O, TO Hallp~eHHR B Hefi pac
rrp81Ie~CH HepaBHOMapHO. ;SÓ~ll3ll rrop ÓYlIeT Ra6~lIaTLCR KOH
ueHTpaUID'I BHYTpeHHIDe HàrrpffiiteHH~ /2 , KOTOpaR Mo~eT IIOCJIyJlUlTL rrp~llHoH 
HecTaO~HoH paOoTH MeMÓpaHHHX s~eMeHTOB. PaÓoT, rrOCBRmeHH~ llcc~elIO

BaH~ rrOBelIeHliH RAepHHX rro~epHHX MeMópaH B HarpymeHHoM COCTORHllR, 
rrpaRTH'IeCKR HeT. 

B rrpe~araeMoM llcc~elIOBaHHR rrpe1IllpllHíITa IIOIIHTKa B KaKo.a-To Mepe 
rrpORCHRTL rrpoueccH, llMeIDmne MeCTO rrpll Harp~eHMn R1IepHOH IT3Tw MeMÓpa
HH pa3HocTLID lIanneanli. 3a OCHOBY OepeTcR MeTOlI r/301IllH~eCKOrO 

KOHTpO~ reOMeTpHM rrop MeMOpaH CeTqaTOrO TRITa./3 • 

2: AedoPMayyoHHHe CBoHcTBa ~acT~HoKpMcT~~ecKoro IT3Tw 

nna R3rOTo~eHHR íIlIepHHX'll3T~ MeMÓpaH OÓH~O HCrrO~3YIDT ~aCTH'I

HOKpHc~a~ecKYID (cTerreHD KpllcTa~ocTH~50%) lIBYXOcHoopHeHTHpo
BaHHyIl MeHKY TOJIIItllHO.a 10 MKM. 

Me~aHHqeCKHe CBOHCTBa ~acTll~o~pllcTanxH~ecKllX (KpncTa~ecRHX) 

rro~epoB OO~HO XapaKTepll3yroT KPllBofi Harrp~eHHe-lIe~pMaURff. T~

HHft BHlI TaKo~ 3aBllCnMOCTH rrpelIcTaB~eH Ha pHC. I. CxeMaT~eCKE H300pa
lIteHHaR xpasaa B STOM c~ae OKa3HBaeTCR rrpaKTll~eCKH raxoâ xe , KaK R 
COOTBeTcTBynmaR KpHBaR 1I~ cTeKnoo6pa3HHX rrOJrnMepOB. OlIHaKO ~ 

KpRCT~eCKOrO rro~epa rrepeXOlI C yrrpyrofi lIe~p~ (OA) Há Te~e
HHe (AO) OT~aeTCR Oo~ee pe3KHM rreperllÓOM, ~eM B cITyqae BHHYIK1IeHHOH 
S~CT~HOCTH (CTeKnOOÓpa3HOe COCTOíIHRe). ~aCT~HOKpnCTa~~eCKHR 

alJ~':lih~'~W~·~·-:~;··-;Y~ \' 
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PRC. I. ,UeWOPMa~oHHaa Kpill38JI
 

~
 
KpRcTaAAR~ecKoro rroxaMepa, rrpR 
KOMHaTHOH TeMITepaTYPe. 

/5 

~ 

o lfepOP/"1dlJi/.JI ê 

rro~ep Ha yqacTKe OA ~ewopMHpyeTCH KaK e~Hoe ue~oe B OCHOBHOM 3a 
cxe'r aMOPWHl:lX oÓ~acTeH. Korna uanpaseaae ~OCTIU'aeT BeJlli'tillHH 6t 
(HarrpIDKeHRe BH~eHHoH 8~aCTR'tlHOCTR), B oÓpa3ne Ha~HaroTca rrpoueccH, 
R~He c oÓpa30BaHHeM O~Horo RJllf HeCKO~KHX yqacTRoB c ~ rrorrepe~

HHMH Ce'tleUE.llMH (rro~eTCJI rnefiKa oópa3ua) /4/. ,UeWOPMaUnR rrOJllfMepa Ha 

yqacTKe AE Mo~eT ~ocTRraTD COTeH rrpoueHTOB, rrORa Bca MaCca rrOJllfMepa 
He' rrepe~eT B rneMKy (TO'tIKa E). OTpe30K EB cooTBeTcTByeT YBe~eHHID 

~e40PMa~ oÓpa3ua B~OTD ~o ero pa3pyrneHR.ll. 
C~e~eT 3aMeTRTD, 'tlTO yqacTKH OA H EB (pnc.I) rrO~OCTDID OÓpaTHMH, 

COOTBeTCTBymmHe ~e~pMaUHH RC'tle3aIDT cpa3Y ~e rrocrre CHJITR.ll HarpY3KH. 
,UeqJopMaWiR, B03JllfK8IDlJlHe aa yqacTKe AE, rtocne CHJITl1.fI HarpYSKH YMeHD
manrca He3Ha'lliTeJIDUO, OHR acxeaanr rrO~HOCTDIO JImIlll npa narpeaaaaa 
rrOXRMepa ~O TeMITepaTYPH, rrpeBHIIlarome~ TeMITepaTypy CTeltnOBaHR.ll. 

KOHKpeTHHH BR~ KpID30ií Õ=f(t) ,IT,JIJI rrOJmMepHOrO MaTepUMa MeMÓpaHH 
orrpe~e~eTca ue~ p~OM qJaKTOpOB: qJR3R~eCltmM COCTO.llHReM OÓpa3ua, ero 
CTpYKTypHHMH OCOÓeHHOCTRME, Mo~eKY~HHM BeCOM, ycnOBRaMR ,ar~y'xeHR.ll, 

reO~eTplftIeCIGlMR pa3MepaMR, 'l'eMITepaorypoií ~e~pMaJ:UiIH n T•.n. 4, I. BJm

aHHeM 8TRj ~KTOPOB MO~HO oÓ~aCHRTD R ÓO~Drnoií pa3Ópoc RMeIDmHXca B XI1

TepaType 6 MeXaHH'tleCKHX xapaKTepRcTHK IT3T~ nneHOK: 
npenan rrpO~HOCTR - ()P = 140+210 MIIa, 
MO,D;yJTh yrrpyrOCTR - E= 3500+,\500 MIIa, 
OTHocRTe~~H6e y~HeuRe rrpn pa3pHBe - 40+120%, 

rrpO'tlHOCTD npa rrpO~aBJlHBaHRR rro MIoJIJIeuy (,IJ,JIfi IIJleHKR TOJIlIlRHOíi 25 MKM) 

-()M = 5,5+8,0 MIIa. 
MeXaHR~eCKHe CBoHcTBa rrOJIRMepHHX MaTepnaJIOB OÓH'tlHO orrpe~eJl.llIDT Ha 

pa3phIBHHX MaIIlRHax pa3~Hl:a: KOHCTpyR:UIDt. Tomme IIJleHIGl ~aCTO l'lCIIHTH
BaDT R8K Ma O~oocHoe, TaK 1'1 Ha ~yxocHoe paCTJIEeHKe. ~yxocHoe pac
'l'smeHHe OÓlAHO peaJIH3ymT rro cxeae , llpl'lBe.n:eHHoit sa pac ,2• 

TIo~ ~eiícTBneM pa3HocTR ~aBJleH1'lií 6P KpyrJIHi llJIocRnií oópa3en TOH
Ko~~nneHKH oÓpa3yeT C~pR'tleCKYID rroBepxHocTD, B KOTOpoií BoâHKK8DT Ka
CaTeJIDHHe 11 HOpMaJIDHHe aanp.IDKeHRJI. HarrpIDKeRR.ffMR, HOpMaJIDHHMR It nosepx

2 

;.. 

PRC. 2. CxeMa pac~eTa HarrpIDKeHRa 
R ~ewopMaunR rrpR ~YXOCHOM pac
TIDKeHRR. I - MCXO~Hoe rro~o~eHRe 

rr~eHKR; 2 - pacTaUYTaH llJIeHKa.
" ! 

HOCTR C<PePH, MOlKHO npeaeõpexs , rrOCKOJIDKY TOJIIqHHa llJIeHKH L ropasno 
MeHDme p~~ca cwephl Rs- ,UJIa KacaTe~DHIlX HarrpIDKeIDtit MOlKHO aanacars 
Bhlpam:eHMe / 

~PlR~+ rtl, o, = (1)4HL 
r~e H - BeJIHqHHa rrporRÓa llJIeHKH, Ro - pa~c RCXO~Horo oÓpa3ua. 

,UeWOPMa~ llJIeHKR rrpM ~YXOCHOM paCT~eHHR ueJIecOOÓpasHo rrpe~

CTaBRTD OTHomeHReM rrpnpameHM.ll llJIOm~ rroBepxHocTR oÓpasna 6 S K 
rrJIOma~ RCXO~Horo oÓpa3ua S,M, rrOJIDsyacD cxeMoH Ha pRC. 2, HeTpY~Ho 
rrOKa3aTD, ~TO 

t =ôS
S 

.100 =(ti
Ro 

\2.100 . (2) 

ITYCTD ~YXOCHOMY paCTIDKeH1'lID rro~eprHYT oÓpaseu ~epHoií MeMÓpaHH. 
C'llHTaeM, ~TO nopa FIMeIDT crporo n;wmH,JWl:PIecKYIO qJoPMY, a paCCTO.llHRe 
MellUl:Y HRMH 3Ha'lliTeJIDHO ÓOJIDme panzyca nop, Torna, CJle;rrya /7/, aanpa
m:eH1'l.ll, BOSHHKaIOmne BÓJlHSR rrop, ~Om:HO BhlpasRTD B B~e 

c5: =(; (1 - Rn 
2 

) 
2

~1=6o(,+R2) 6zz=6o , (3)rr O r 2 r 

rne 6rr,,~y,G;z - p~aJIDHHe, KaCaTeJIDHHe R ocesae uanpaxeaaa 
(B UHJlliH,Iij>lftIeCKOH CRCTeMe KOOp,IUmaT c OCDID Z B~O~D OCR nopal ; 

Rn - pa.DJIYC nops, r - panaansaaa KOOp,IlIDIaTa; 6
0 

~ aanpaxeaae B 
IIJIeHIte B~aJIH OT rrop, B~CJlJIeMOe rro ~PMYJIe (1). 

Ms (3) CJle.nyeT, ~TO B JIOKaJrbHoil ÓJlRSOCTR OT nops r'Z (1+3)R n 

KaCaTeJIDHHe Harrp.IDKeHIDI Ô'f'" rrpeBHIDaIDT 6 • CJIe~OBaTeJIDHO, B03Mom:Ha0 
CRTy8.UWI, sorna aanpaaeaae Õo Óy~e T MeHDme 6 t ,a B OKO~OIIOpOBIlX 
OÓJIaCTílX Õ'f 'I ' OKa,gyTca nopamea HJlH npesxcar Õ t (npa r~ Rn 

3 
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()v~=2éÍc). B 3TOM c~ae ~eWOPMaqHH B OaMOM rrO~MepHOM MaTepHa~e 
MeMÓpaHH Óy~T HeSHa~lITe~bHHMll (B OCHOBHOM cOÓ~~aeTCR SaKOR fyKa), 
p8~C ~e TIOp rrO~~T SaM8TH08 TIpllpam8HHe Bcne~oTBlIe SHa~Te~bHHX 

~eWOPMa.nni1 OKpYJKaIOllIID:: rrOphI oÓJIacTefi. 
OrrHCaHHHH MeXaHllSM He llCKnID~aeTCR TIplI 3KCllJ~aTa~ ~epHHX M8MÓ

paH B Harp~eHHOM COCTOHHflH II TpeóyeT 8KCrrepHMeHTa~EHOrO HS~eHRff. 

3. 3KcrrepHMeHTaAbHaR TeXHllKa II MeT0TInKa rrpOBeneHRa lI3MepeanH 

MSJ1leHHe ~e<I>opMarnm rrop, npoacxonamax B anepssx MeMÓpaHax, Rarpy
~eHHHX pasHocTbID ~a~eHnfi, npOBO~HJIOCb raso~H~eCKHM MeTO~OM Ha 
YCTaHoBKe, TIplIHWfTIlIaJIbUaH oxeMa KOTOpoií lISOÓpaJKeHa Ha pHc.3. 

ma
 r /)-15 - l/JlG
co 
IT:) 

500 
I
I

'r LI'4 

2 f ,	 
12 

~8r 
PHO. 3.	 IIpHHWiIll'IaAbHaR OX8Ma 3KCrrepHM8HT8JIIJHoí! 

YCTaHoBKH . 

3KCnepHMeH'raAbHaR YCTaHoBKa COOTOHT lIS cne.n:yIDIIUDC OCHOBHHX ~acTelt: 
_ cacreaa aanycsa rasos (óaJIJIOH c ~OTl:lM raSOM I, MaHoMeTp 2 H BeH-
THJIb-HaTeKa,TeJil> 3);
 
_ Cl/IOT8Ma HSMepeHM pacxo~a (óa.ill.IacHID:t BeHTllJil> 4 eMKOCTHOro ;n;t1ll$peH
UHa~Horo MHKpOMaHOMeTpa 5 c BhIXO~OM Ha LC-reHepaTop 6 H naWPOBOH
 
~acToToMep 7, rropillHeBofi pacxo~oMep 8 c KOMMYTHPYIO~ BeHT~);
 
_ paóo~aR KaMepa c ~bTpo~ep~aTe~eM (KaMepa HanycKa rasa 9, sarJ~

Ka 10 WKnbTpO~epEaTe~ c ~epHoR MeMópaHoR 11, ~e~ 12, KaMepa
 
HHSKoro ~a~eHHR 13, BeHTHJIb 14 H MaHOMeTpH (BaKYYMM8Tpu) 15, 16 c
 
KOMMYTHpyromHMH BeHTHJIJIMl1) ;
 
_ BaKYYMHaR czcreaa (WOPBa.:rtyyMHI:rit aacoc 17, C08,ltaHeHmrn: c óaJIJIoHoMl8,
 

4 

." 

~COpÓnHOHHHM HaCOCOM 19 li lIsMepHTe~eM BaKYYMa 20). Bce ys~ YCTaHoB
KH (KpoMe B8KyyMHOH xacra): paccxaraas aa aanozaeaae raSOM ~O nanne
HHR 4 MIIa. 

Paóo-qaH KaMepa KOHÇTPYKTHBHO BHllO~HeHa B B~e ~yx oó~eMoB 9 li 
13, saKpenneHHHX Ha cpe~8M ~aHUe 12, o ~Tpo~ep~aTe~eM 11, B KO
TOpOM Me~ ~YMH ma:aóaMH c COOCHHMH oTBepCTllHMll BaKYYMHo-nnoTHo 

11' SaKpeIIJIeHa aaepaaa MeMópaHa. raSO;zJ;llHaMH~eCKaR nponznaeaocrs ~epHHX 

MeMópaH lISMepaHaCb M8TO~OM CTauROHapHOrO nOTOKa ~e~IItHM oópaSOM. 
Ilocne KpaTKOBpeMeHHoH OTKa'tilW <I>oPBaKYYMffi:lM HaCOCOM 17 paõoxaa xaaepa, 
a T~e CHCTeMa HSMepeHRff pacxo~a BaKYYMHPoBa~cb ~o ~aBlleHHR 

....10-2 IIa ~COpÓIJ;HOHHHM HaCOCOM 19. Ilocne OTKa'tilGI .lillCTID1 ras 11S óaJIJIo
Ha I BeHTRneM-HaTeKaTe~eM 3 nnaBHO HanyCKaJICH B oóe rrO~OCTH paóo-qeH 
KaMepH H CHCTeMy HSMepeHKH pacxo~a ~O ~aMeHHR P2, KOTopoe perHCTpH
pOBaJIOCb oópaSUOBHM MaHOMeTpOM (BaKYYMMeTpoM) 16 c norpeillHocTbID 
-1,5%. SaTeM SaKpHBarrHCb sar~ ~HJIbTpO~ep~aT8JIH 10 H ÓaHnaOHHH 
KpaH 14, coe~R oó~eMH 9 H 13. IIoc~e~llIHM HanycKoM oó~eM paóo
-qe:a KaMepH 9 H CHCTeMa HSMepe~ pacxo~a sanO~Cb raSOM ~O ~aMe

HRH P1' KOTopoe ~CRpOBanOCb MaHOMeTpOM (BaKYYMMeTpoM) 15 c norpem
HOCTbID, ae rrpeBHIIl8DlItett "'1;5%. II8peKpHBa~cH oaãnacaaã BeHTMb 4 eMKOCT
soro ,IUi@lepeHIJ;HaJThHOrO MHKpoM8HoMeTp'a 5 -qYBcTBHTe.n::DHOCTbIO '"4, 10-3rratn 
(rrpHHnKll paóoTH no~oóHo Hs~oxeH B 78/ ) II perHCTpHpOBaJIaCb Hy~eBaR 
-qaOTOTa rêHepaTopa c ee TeMITepaTYPHHM YXO~OM. 

Ilpa OTKpHTHH sarJIYIIlIGi @mborpO,ItepxaTeJIlI 10, xepea MeMÓpaHY, non 
,IteítCTBHeM paaaocra ~a~eHd LiP=PI-P2 , opraaaayarca nOTOK rasa. Beza
'tlHHa oó~eMB. KaMepH 13 osaa BHÓpaHa ,n;OCTaTO~HO óo~mo:a (-1500 CM3) , 
n03ToMy HSMeHeHHeM ~~eHRH aa BpeMH HSMepeium pacxona rasa ("'50 + 
100 c) MOJtHO ÓWIO rrpeHeÓpeTh. .!laBJIeHHe B oó~eMe 9 nO,IUJ;epDBaJIOCb aa 
nOCTOHHHOM ypoBHe nepeMemeHHeM nopillHH pacxo~oMepa no ynpaBHHDmeMY 
éHI'H8JlY reHepaTopa MHKpoMaHOMeTpa 5 c norpeillHOCTbl> He xyEe 0,5%. 
Be~ pacxo,n;a rasa -qepes H,D;epBYD MeMópauy B 3TOM ~ae orrpe~eJIlI

-~ 

J:I:H KaK 

o=Jf .:D 2 ..ti..	 (4)
4 tJ 

r,Ite Li l - nepeMemeHHe nopmaa paCXO~OM8pa sa BpeMH !1 t; :D - ,IUiaM8Tp 
nopIIlHSi. 
~ HHTepnpeTanHH OrrHTHHX ~aHHHX óo~ee Y~OÓHO orrepHpOBaTb BeJ:I:H

'1UmaMH npaaeneasoro pacxona O· H OTHOCHTe.n::DHOrO npHBe,IteHHOrO pacxo
.na rasa W • O· onpenanaea ~e,'I]yDIU!M oopaaoa: 

o' = O-P1 ( 5) 

!1P 

5 
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a OTHOClITe~nHHH npHBe~eHHHH pacxo~ W B B~e	 rrpeHeÓpe% li TaIlliM oópaSOM CllRTaTn MeMópaHY ycnOBHO HeHarPY2KeHHoil. 
Cl:'ICTeMaTiPIeCRaH omaoxa B onpeneneaaa Q' ae npensmana .... 2%. 

w =.[." . (t1)'OS , (6) 
OXe MXt .. . 

rne O R o-Xe - rrplIBe~eHHIffi pacxon acnoasayeaoro rasa li IlpHBe~eHHJ:ri.i 'li 
CBOÓO~HOMO~eKYJIRPHH.ti pacxo~ Xe; MH M - Mo~eKYJIRPHRe Beca lICnOJilr ~Xe 

1"syeMoro rasa R KceHOHa. 
B orrarax nOJIy'IaJili SaBRC1fMOCTli Q- li W OT napaze-rpa paspeaea

,~,

HOCTlI b , c~saHHoro c ~crrOM KHy~ceHa COOTHomeHHeM 

5 =W .~. =&.1- , (7) 
2 J\ 2 Kn 

r~e Rl , . - 8~KTRBHaa p~c nop gnepHoH MeMÓpaHH, À - cpe~HRH 
~H~ CBOÓO~Horo npoóera Mo~eKY~ rasa. 

lI.eq,opMaIUiOHHHe l:'ISMeHeHW;l, IlpOl:'lCXO,I(.llIUHe B .R;IJ;epHofi MeMópaHe IIpH 
ee HarpYiKeIIH:R ~~eIDIeM p.. , M01tHO OÓHapynITL, ecrrH conOCTaBliTn 
8KCnepHMeHTaJInHHe SaBl1CHMOCTH 0"'= f (lg8) (:wm W=f (l9b) ) 
~o B nocrre HarpYiKeHRff. 

HarpYIKeHHe MeMÓpaHR oCYll\eCTBJI.HJIOCn co CKOpOCTnID .... 104 IIa/ c aanyc
KOM rasa "'lepes BeHTl:'IJTh-HaTeKaTeJID 3 B OÓ'1>eM paóolleH KaMepH 9 npJa 
OTKpHTOH sarJIY1IlKe 10 H nepexparoa caânacsoa BeH~e 14. lI.aBJIeHHe B 

100+10-1 TIa.OÓ'1>eMe 13 npR ~TOM Bcer~a ÓURO nop~ B HarpY2KeHHoM 
COCTOHHHR oópase~ ~ep1tHBaJICH B TelleHHe 5 MHHYT. B pacTHHYTOH llneH
xe IIOMe CHHTJaH HarpYSKR, RaK Hs;secTHo, npoacxonar nponecca penaxca
IJ;1m .BHYTpemmx HarrpmJtemm.. KaK noaasaaa OIIHTH, CROpOCTn penascanaa 
cTaHo~HTcH HeSHa1lHTeJIDHOH ~e llepes 1+1,5 llaca c MOMeHTa pasrpysKH 
oopaana. II03TOMy nocne CH.R:THH nepenana ~~eHHJI oopaans B~ep1tRBaJIHCn 

B BaKyyMe B TelleHHe 2-x llaCOB. 

4. 8RCIIepHMeHTaJIDHHe neaygpTam n KX oóÇYlieHRe 

Hccne~oBaHBH ÓarrR IIpoBe~eHH Ha Tpex oópa3:O;ax gnepHHX MeMópaH ns 
TI8T~ lIJIeHIGI, reoMeTpHllecKHe xapaxrepacraza KOTOpl:lX nplme~eHH B TaÓJIH
IJ;e I. ~ )1

Ha pnc.4 Ilpe~CTaBJIeHU 3KClIepHMeHTaJIl,HRe saBHCHMOCTR O =f( 19S), ,1 
HSMepeHHRe nocne nocne~oBaTeJIDHOrO HarpyxeHHH oópasIJ;a I ~aaneHHHMn 

0,04; 0,24; 0,32; 0,4 li 0,44 MITa. Bce H3Mepemm rrpOBO,llWm npli KOMHaT J
HOR TeMIIepaorype (296 K). B KalleCTBe paóo"'lero rasa Ówr BHópaH aproH 
'ilICTOTOí1: 110 rracnopry He xylKe 99,99%. OIIHTHble ~aHHHe pacxona rasa 

~	 
noJrytIaJIH npz pasnocrn ~aBJIeHIDt B aarepaaae OT 4 no 40 KIIa. IIpR aTOM 
~eq,opMaIJ;HOHHHMH rrpOIJ;eCC8Ml:'I B rroJmMepaoil MaTpl:'lIJ;e M8Mópmm MOJKHO ÓWlO 

TaóJIHIJ;a I 
McxO~HHe XapaKTepHCTmaI .ff,I{epHl:lX MeMópaH 

~ .llHaMe~ IIOp IIJrOTHOCTn IIOp TO.7IIluma IlJIOIna.IU> o,asna
oópaSIJ;a 2R, HM n , CM-2 [llneHKH

,MKM S, C 

I I3,O±o,6 (3,O±o,5)108 10 0,I96±o,003 
2 37,S±I,6 (I ,OI±O, 15)107 10 0,9.5±0,03 
3 11S±6 (I ,01±0, 14)107 10 0,95±G,D3 

n 

(10: 
c~ 

-e o e e e e-S 

{8 () () o ()-4'e 

-8 r 
(J-,3o o o o 

• .-2
o o o o o O-f 

-1,5 -/ t9tf 
Pac, 4. 3aBHcRMocTn Of=f(lg6)UPn pasJmllHHX 
~aBn8HHRX HarpYiK8HRH PH: 1-0,04 MIIa; . 
2 - 0,24 MIIa; 3 - 0,32 rMm; 4 - 0,4 MIIa; 
5 - 0,44 MIIa . 
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Ha p11c.4 acs 3aBlICHMOCTH Q\"=f(lgS) FIMelOT xapaxTepHIDt Blm R~ce
HOBCRoro nnaTO, ~TO CB~eTe~cTByeT o cB060~OMO~eKY~HoM peXRMe Te
~eHM rasa (Kn» I). Ilp11 'nOBmneHIDi .n;aBlIewm HarpYJKeHRa P Ha6JllOMeTCJI 
saMeTHllH pOCT sHa~eIm.i1 Q'" • Eonee .!!pRO 9TO npencrannaao 

H 
aa pac, 5. 

WI li 
8 r-

PRC. 5. SaE11CHMOCTb vv OT .n;a~eHRff 
HarpY7KeHIDI Pn . 

" ~ 
BeJllflmHa vv =Q /OoXapaKTepHsyeT OTHomeHHe IIPHBeAeHHoro RHy.n;ceHoBcRQ
1'0 pacxoAa ra3a O· , H3MepeHHoro nocne HarpyxeHHa MeMopaHH COOTBeT
CTBYlDIItHM .n;aMeHHeM PH, R pacxo.n;y O~ , cooTBaTCTB~eMy .IJ;aBJIemm 
PIrÜ,04 MIJa. OTJIH1D:le W OT e~HIDJ;H CTaROBHTC.fl 3aMeTHllM npz npesa
memnr B~JllftmHIl a IIPlI PH=O , 44 MIIa nocrzraer .... I000%. BPH-0,25 MIla, 
COOTBeTCTBHR c rraCnOpTHHMH .n;aHHHMH MaKClIManDRaJI OTROCHTe~RaH .n;eWOp
Ma.qwr Il3T\I1 IIJI8IOOf .n;OJDKHa COCTaBJIlITD OKOJIO 7-10% npa PfFÜ, 44 MITa. 
BnsYanbHHM HaOJllO.n;eHHeM nporHoa ~epHoK MeM6paBH B ~Tpo.n;epEaTeJIe 

npa yrrOMHHYTOM .n;aBJIeHHH OWIO YCTaHOBJIeHO, lITO OTHOCnTe~HaH .n;eWOpMa.
naa IIJIOIlla,n;H as npeasaaar 15%. Pacxers IIOKa3HBBX>T, ~TO YBeJIJ:rqeHHe 
npozomrax ce1IeIDrlí rrop aa 10% MOlKeT npasecra JIIDIl1> R 15%-MY pOCTy 

• JfIo 

Be.JIKtnllij:l pacxona. B omzrax ae HaOJIlD.n:aeTcH YBeJIlflIeHHe O sa IIOpJI.:n;OK 

~ 

O_~O
 
(l,fS (7,J fi.,Hllct 

Be~HH. 3TO, nO-BR.IJ;RM0MY, CBH3aHO c BOSHlIKHOBeHHeM SHa~Te~bHHX 

( .... 100-200%) .n:eiI><>p~ nOJmMepa B 06.rraCTRX, npaaeraomax aenocpencr
BeHHO R rropaM. llpHqHHa HaOJIlD.n;aeMoro HMeHHH MOiKeT OUTb CBffsaHa c 
.n;OCTIDlteIliJeM (JllIOO rrpeBmneHlIeM) KaCaTeJIDHHMH HarrpHIKeIiIDINill D,,'I B ORO~O
IIOpOBOM npOCTpaHCTBe 6t . 'IT0611 y6e.IJ;l:1TbC.f.I B 3TOM, O~eHHM HarrpmiteHIDI, 

(~ B03H1!KalOlIf,Çie B oõpasna Jf1 I rrpz "KpnTlftIeCROM" .n;aBJIeHIUI HarpYiK8HI1JIJ PH .... O,25 MIla (pnc.5). 11cKJ1lOlJ8.ff rrporao H 11S BI:lPaiKeID1JI (I) c nOMorrrbIO 

í/ 
I~ 

.t 

r 
~} 
hr

saROHa ryxa ~ paBHoMepHo paCTJIgyToH nnaCTlIHH 

tiS =6 2(1-}f} .... li2 
(8)S o E ,.. R~ 

li nonaraa, lJTO H2/ R2« I, Herrpy.n;Ho nOJIy1lliTb CBH3b HanpHIKemm B 
nneHKe c M~eHHeM Harp~eHRa

• 1 
<5 -[E p} RJ] Y3 

(9)0-32(1-,f1}"L2 . 

llpnImMaJI R09cM>Ir.qReHT Ilyaccoaa J! =0,25, PH = o,25 MIra, RolL =250, 
E = 4000 MIIa, no~ 6""=2 6 ::: 180 MIIa, lJTO .n;eítcTBHTeJIDHO rro
nanaar B OOJIaCTb 3H~lJeIDlli HanpIDlt~HRH Õt 1I3T<I>, rrp1I6JmsnTe~Ho paB
HHX npe.n;eJIY npo~ocTH. 

'IT0611 rrpoBep11Tb,He CBH3aHO JllI HaOJllO.n:aeMoe YBe~eHHe cBooo.n;iIo
MOJIeKyJIJIpHoro pacxoza rasa c BOSHmtHOBeHHeM KaKJl!X-.JIll60 TpemliH, HeIlJIOT
RocTei B IIJIeHKe rrpn ee paCTIDlteHIDI, owro npoBe.n;eHo Henocpe.n;cTBeHHoe 
H3MepeHHe p~COB nop MeMOpaH 2 li 3 .n:o li rroc~e HX aarpYiKeHRH ~YMH 

HeSaBnCHMHMB MeTO.n;aMa. 
Ha pac , 6 n 7 rrpHBe.n;eHhl. saBRCHMOCTli THIIa W =f ( lg8) , 110JIY

lJeHHhle raSO~RaMHlJeCKJiIM.MeTo.n;OM, TOllKH I cooTBeTcTByroT HeaarPYiKeHHhlM 
oopaanaa (paõoxae paaaocra .n:a~eHlilH ae npesianana 0,04 MIla). 113 9TIDC 
RpHBHX H3 ycnOBRff HaJiIJIY1Illiero COBrra.n;eHBH 9RCrrepHMeHTanDHHX SH8lJeHlIR 
(TOlJKJiI I) c 8MITJiIP~ecROR SaBHCHMOCTbID, rro~eHHoR Ha oopasn;ax MeMO
paH c HSBeCTHllME 3HalJeHHaMB n li R~,., 6llJIH onpe.n;eJIeHH HalJ8JIbHHe 
3@leRTlffiHhle ra30~'8MIftIeCIWe panaycs 110p (MeTO.IJ;HKa aaanorasaa n3JIO
lKeHHOH B paÓoTe 3). 

3RCnepHMeHT~Hhle KpHBHe VI=f (lg5) (TO'tffiR 2, 3 ~ 4 na pRC.6) 
nocrpoeHhl ~ oopas~ 2, IIpe.llBapnTe~HO HarpyxeHHoro ~eHlIHMlI 

COOTBeTCTBeHHO 0,24; 0,32; 0,4 MITa. AHMorR~o ~ oopa3n;a 3 (TO~ 
2 aa plIc.7) IloJIYlIeHa SaBl1CHMOCTb W =f (lg 5) .n:~ PH=O ,44 MIIa 
(rrpn aTOM OTHOCRTe~H8JI Ae~p~ n3T~ ~eHKH E COCTaBRna 
.... 25+30%). Ilapaae rp 5 BO ncex CJIYlJaJIX paCC'lIRTl:lBaJICH rro HCXO.n;HHM 
cpe,I(ImM ,128.W'CaM nop MeMOpaH' B HeHaI'pyxeHHOM COCTOHIDm. IlpH TaKOM 
BHoope . b Ha pnc.6 H 7 HBHO Ha6~8lOTCJI CMemeHRa (BJIeBO no OCR 
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rrop MeTO~OM 8JIeKTpOHHOH MKKpOCRorrHH. lloBepxHocTHHe pa3MepH rrop OneHH

I 
~{J {J

0-/ rf I0-1.11()-2 r j-J1 

,~ 
I<t -2 . 

8-3 
I I ! 
I I

()-4 

I;f~11.3 1.3 

~1/
I

ti 'fI ~ 
f.f I.{,/'I/ //fÍ j

~"d/ /
,/ 

~ 

-1 o ~tf . -1 o e;7t 
PRC. 6. SaEnCHMOCTb OTHOCHTeRDHOrO PHC. 7. SaBHCHMOCTb OTHOCHTeJID . ~ 

npHBe~eHHoro pacxo~a aproH3 W OT Horo IIpHBe~eHHoro ~acxo~a I 

19b oopaana Jf2 npa ~aBJIeHIDIX aarpy KceHOHa W OT l9b ocpaana 
EeHHH PH: I ,- OMITa; 2 - 0,24 MITa; ]é 3 lIPII' ~aBJIeHIDIX HarpYJKeImR: 
3 - 0,32 MITa; 4 - 0,4 MITa; A - 8M I - OMITa; 2 - 0,44 MITa;PH:
~H'lecKélJI 3aBHCHMOCTb (( =0,99); A - 8MllHpH'leCKaff 3aBHCHMOCTbl- K08~HUReHT aKKOMO~auHH TaH (f =1)
 
reHIJ,HaJJl>HOrO IrMIIyRDca ra30B1lX
 
MOJIeK;yJI .
 

aocnacc) 3aBHCHMOCTe~ W=f(lg 8) HarpYJKeHIrnX oopaanos OTHOCHTeJIDHO
 
HeHarpyxeHHHX. 3TO CB~eTeJIDCTByeT oó YBeJIKqeHHa IIpOXO~HHX ce~eHKa'
 
nop ~epHHX MeMópaH. KOJIH~eCTBeHHO H3MeHeHRH pa3MepOB rrop MüXHO
 
OTIpe~eJIHTb no~óopOM cpe~ero pa~ca R~F. (a CJIe~OBaT8~Ho,H n8pe


~~ r. 

ClIeTOM napaaarpa 8 ) 1I3 YCJIOBIDl HaWIyqIllero COBna,D;8ImH KpHBHX 2,3 
I' 

H 4 c 8MImpRtIeCKOH 3aBHCmJlOCTbil A. llO;rytIeHHHe .nBHHHe no H3MeHemm I 

p8,1UiyCOB nop oõpasnos TIpH HX Harpyxemm CBe,IteHH B Taó.mmy 2. Omzõza 

ra30,ItIDIaMHlIeCKOro onpenaneaaa panayca nopas npenamana 5%. HaPJi,IlY .1 
c ra30,ItHHaMH1JeCKHM CJIeEeHHeM 3a pacmnpeHHeM rrop MeMópaa B rrponecce 
HX 

~ 

HarpYJKeHIDI ÓWIa nponenoaa onensa H3MeHeHIDI BXO,ItHl:lX ce~eH.lrtt 

BaJIHCb c nOMOIIU>ro cxaazpymaero 8JIeKTpOHHoro MMRpocRona JSM-840 HhOH
CROt! lÍlRPMH JEOL . 

Cp8BHeHMe ~aHHHX ra30~H~eCRoro H 8JIeKTpOHHO-MHI~OCKOrrH'leCRO
ro KOHTpO~ (Taó~a 2) nOK8SHB8eT HX HellJIOXOe COrJIaCHe (oTJIH~e 

.... 10%). l1CRJIIO~eHHe cocraaaaar oopasen N! 2 B HeHarPYJKeHHoM COCTORHID1. 
B ~aHHOM cJIyqae ra30~HHaMH1JeCKHH,p~c rrop MeHbme aJIeRTpOnHO-MHKpO
CROITH~eCROro B .... 1,5 pa3a. TaRoe p8a~1JMe BH3BaHO CRopee Bcero BOPOH
Rooópa3HocTbro BXO~HHX OTBepCTMH nop. OTHomeHHe ra30B1lX nOTOROB ~epe3 

MeMÓpaHy'~O MrrOCJIe HarpYEeHRff T~e MOEeT ~aTb HHWOPM8~ OÓ H3MeHe
Hlm pa..IUIYca IIOp. 

Taó~a 2 

~HHe ra30~HaMHlJeCKOrO H 3JIeRTpOHHO-MMRpOCROnH'leCKOrO KOHTpOJIR 
rrop Harp;y1teHHHX MeMópaH 

./f!
oópa3u;a 

)J.aBJIeHHe
HarpY]!eHHR
PH, MIIa 

Cpe~HMH 8@leKTHBllHR panayc rrop: Ram.' HM 

ra30,ItHHaMH~eCKMH 3JIeKTPOHHo-MKKpOCKOnBlJeCRMM 

o I8,9±o,8 27±3 

2 
0,24 
0,32 

33,5±I,5 
46,5±2,I 

0,4 63,0±2,6 6atI7 

3 O 
0,44 

59±3 
II9±6 

63ÍI3 
I25ÍI5 

<liOPMYJI8 KHY~CeHa .rtJIJI npaseneaaoro pacxona rasa Q. lJepe3 N 
K8.HaJIOB R,ItepHo:tt MeMÓpaHll 3811HCHBaeTCR CJI8.IJYID1IlHM oópa30M: 

R3 (10)Q' =~ ·2f Vt N
L 

(snscs Vt - cpsnaas TeIIJIOB8.fI CROpOCTb ra30BHX MOJIeKYJI). 
ECJIH B rrponecce HarpyxeHBH B MeMópaHe He B03HHKaDT HOBHe nopH 

( N-( OnSt ), a Jm1Ilb pacmapanrca HMeromnecR, TO xopeas KY6:íflIeC:ram 
H3 OTHomeHIDI npaseneaaoro pacxona rasa nOCJIe HaI'pyxeHIDI ( Q'" ) R 
rrpHBe~eHHOMY pacxony, H3MepSHHOMy ~O narpyseaaa ( Q~ ), ~OJDKeH ÓI:lTb 
paaea oraomeaan cpenaero panayca nop aarpyseaaoro oõpasna R3tp. K 

H8HarpyxeHHOMy( R'p.lo. )J.e:ttCTBRTeJIDHO, KaK BlUOIO R3 TaÓJIHr(l:l 3, onaraoe 
OTHOmeHHe R;,<p.l( R~.)o ' onpsnezeaaoe c HCnOJID30BaIDIeM lÍlOPMyJIll (Ia), 
c TOqijOCTbID .no 2% cOBn~eT c a~OrH1JHO~ Be~Ho:tt, no~eHHo:tt H3 
HenOCpe~CTBeRHOrO onpe~eJIeHR.R: Rlf. ra30~H~eCKHM cnocoóoM. STO H 
rrO~TBep~8eT ~T, ~TO OCHOBROft npR~HO:tt pe3Roro YBeJIH~eHHR CBOÓO~HO

10 
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Mo~eKY~pHoro llpHBe~eHHOrO paC~O~8 ~eTCH YBe~eHHe p~~ÇOB rrop, 
a H~ B03HHRHoªeH~e HOBR4! 

T~O~a 3 

3KcrrepHMeHT~HHe pe~Y~TpTR H3MeHeHijH cpe~ero panayC8 rrop
 
Harp~eHH~ ~ep~ MeMOpaH
 

.M .llaMeHW~ O'"	 . R·s~.7(Rq<I>·.~ 
oOpa3U8	 HaI'PYIKelilm --

P, MIIa O" na (10) r830,1WHaMlftle clQlli,
o . MeTOn 

0,24 ~~~4i±õ,iÕ ..~ i·,75i':!;ü ,023--" - ~i ,-iif(J, II 
2	 0,32 14,71io,20 2,451±0,023 2,4s±o~16
 

0,4 36,3ÍO,3 9,31±0,03 3,33±o,22
 

3	 0,44 8,49±0,20 2,041±o,021 2,02±o,10 

5.	 SaIt.1,W'tleW!e 

B rrpOBe~eHHaX SKcij~pijMeHT~HHX Rc~e~oBaHRffX oOHap~eHa CRnbH~ 

3aB11CRMOCTb ra30Boro ~Hy~ceHOBCKOl'O ijOTOK8 OT ycnOBHH HarpyxeHRH ~ep
HHX MeMOpaa ijeperr~aMH ~aBHeHKn. ITOKa3aHO, ~TO aTO CBH38ijO c YB~e
HHeM rrpOXO~HHX ce'tle~ rrop MeMÓpaH B HarpyxeHHOM COÇTOHHHR, KOTopoe 
oOYCJIOBJIeHO KOaneHTparwei1: HarrpJIllteHIDt BOJm3H nop, llpHBO,D;fIllle.tt K aaasa
Te~HHM ( .... 100%) ~eepopMaI.J;IDIM OROJIOrrOpOBHX OOJIaCTeit nozaaepaoã MaTpH
nH. Be~a rr0JIY'tleHHoro aW<I>eRT8 3aBRCRT KaR OT MeXaHH~eCKHX CBOHCTB 
MeMOpaH1{, TaR 11 OT ycnOBHH HarpYJKeHIDI II reoMeTpIDI nop, 

ABTOpU 6JIaro~apHij aR~eNnUty f.H.~JIepoBY 3a rro~epEKy 11 llHTepec 
K paoore , a TaIate O.JI.OPeJIOBRV aa ozaaaaarn rrOMOuth. 
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CypryqeB B.B. H AP. 18-87-624 
HccneAoBaHHe Ae~OpMaQHoH~WX npOQeCCOB 
B Harpy~eHHo~ HgepHoH MeM6paHe 

06Hapy~eHa CHnbHaH 3aBHCHMOCTb KHYAceHoBcKoro ra30Boro 
n0TOKa OT ycnoBHH Harpy~eHHH HgepHblx nOnH3THneHTepe~Ta
naTHh~ MeM6paH nepen~aMH gaBneHHH. IToKa3aHo, qTO 3TO CBH-í 
gaHO c YBenHqeHHeM npoxogHbIX CeqeHHH nop MeM6paH B Harpy
~eHHOM COCTOHHHH, KOTopoe o6ycnoBneHO KOHQeHTpaUHeH HanpH
~eHHH B6nHgH nop, npHBogH~eft K gHaqHTenbHWM /-100%/ge~op
MaQHHM OKononopOBbIX 06naCTeH. 

Pa60Ta	 BwnonHeHa B na60paTopHH HgepHwx peaKQHH OHHH. 

Ilpenpmrr Ü61>enIDieHHOrO JlHCTHTYTa anepastx JlCCJIenOBlUiJlH. L(y6Ha 1987 

UepeBog O.C.BHHorpagoBoH 

Surguchev V.V. et al. 18-87-624 
Investigation of Deformation Processes 
in a Loaded Nuclear Membrane 

The dependence of the Knudsen gas' flow on conditions 
of loading polyethylene terephtalate nuclear membranes of 
differential pressure is discovered.lt is shown that this 
is connected with increasing the membrane pore flow sec
tions under load and is due to concentration of stresses 
near pores. That leads to a considerable (about 100%) de
formation of the polymer domains around the pores. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1987 


