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l1cCJIe;n;OBa..Im:e BXO,I\HOrO rrpO~IJIíI nopu H,D;epHOR MeMópaHhI (EM) 

rrpnoépeJIo aKTYanDHocTD B CBRsn c paspaéOTKOll n rrpaKTR~ecrolM 

rrp:HMeH8Hn:eM Y~TpawnJIDTpaunoHHlfX M8MépaH c ,IJ;ImMeTpaMR rrop MeH8B 

rv50 HM [IJ. ~ ycrreillHoro nCrrOJIbSOBaHRR H1~ H8Céxc,IJ;RMC TO~Hoe 

SHaHne n:x CTpYKTYPHHX rrapaM8TpoB. O,IJ;HaRO, I\3R rrOKaS~BaeT orrUT, 

Me~y pesY~TaTaMll axeKTpOHHO-MHRpOCROllH~ecKKX H3MepeHRa ~eTpoB 

rrop B ,IJ;YIarraSOH8 15-;-50 HM R ,IJ;aHlillMn: rrpoTc~oi1 nopoxarpaa (raSO;IU'I

Ha1'm~eCImti n rn:;n;pO,IJ;n:HaMll~eCIU1ll MeTO,I\hI) HM8IOTCR CIWT8MaTlI~eCKl18f 
pacxo~eHHR [1,2]. 

YKaSaHHbIe paCXOlK.neHM MorYT éUTb oOYCJIcBJIelI~ aopcasooõpaaaoã 

WDPMOll BXO,IJ;HOrO OTB8pCTRR, KOTopoe rrpHBO,IJ;HT K saBurneHHoll OU8RRe 

,I\llaMeTpa KaHaJIa rrp:n rrpOCMOTp8 rroB8pxHOCTll MeMépaHu Ha 3JleKTpOHHOM 

MnRpocKcrre~ K TaKcMY ~e BUBO~ MO~HO rrpnllTH rrpn Rsy~eHnz TCHKHX 

cpesoa fIM c ncpaza MaJIHX ,1UlaMeTpOB (cu.pnc.La) .• 

'"
 
a	 6 

Pac, r.	 'SJIeKTpOHHhIe MIIItpo(IúTOrpaq):ruI cpe 33 n rrOBepXHOCTH II3T<J? 

H,IJ;epHoil M8MópaHU (a li é COOTBeTCTBeHHO). 
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CTpororo aH3JmTII'IeCROrO OrnWarU!51 3BOmOwrH BXO.n;HOrO rrpOepl-jJIH 

nopu, Y'IllTbIBaIOm8rO HaJHftII18 pa,n;naIJ;i10HHO-MO.n;l-lcÍJIIJUHpOB8HHoro Marepaa

JIa B ORpeCTHOCTH Tp8Ra 'IaCTIDW, .n:c CHX rrop He nozyxeao, 

B HaCTCHlJ.(8lt paCíCTG C,neJI3Ha rrCOOTKa rrOCTpoeHHH MaTeMa.'rH'IeCKOH 

MO.n:8JI1! TpaBJI8Hl!H OKOJIOTpeKcnoiiJ oCíJIacTl1' rrOJlliMepa.. Ha OCHOBe .n:aHHoft 

Mo.n:eJIH :H ar,mnpM'I8ClaIX <I)bprvryJI .nJm .J10I{aJIbHOÜ CKOpOCTH 'i~paBJIéHlm 

rrOCTpOOHI1 npoqmJIM rrop B .i1,1l;CpHbIX MeMCípaHax rI3 rrCJIM3TlIJI8HT8p8rpTaJIa

Ta (II3T<p) H rrOJII~RapCí OHa Ta (TIK). 

IIccTaHoBRa 3ana'I}I. Bbl60p rpaHM'IHblX YCJIOBlrll 

PaCCMOTplm HM8IOmneC51 8!<crrepI1M8HTaJIbHHe nansae o paHHeit C'l'aJUm 

TpaBJIelUIH 'l'P8IWB T.ffiK8JillX I10HOB B rrCJIHMepe .. 

B paoo rax [3,4J IIJCCJIe.n;OBaHa 3B.OJIIO:O;l-IH rpexon nOHOB c .CíOJIbillllM 

aTOMH1HJI HCMepcM B 'II8'l\h>. YC'l'LlHCBJIeHO, 'ITC .n:BllJKeHlle pacrsopa rpaaare

M, COCTB8TcTByromoe CROpCCTlI TpaBJI8HHH rpexa V , rrpoacxonar B
T 

Ul1JI:HH.IJ:Pe panaycon rv 1,5 HM• .IJ:aJIbHefuImíf pa,n;llaJThHuti: pOCT nop ynoancr

BOp:HTeJIbHO onacuaaerca CJIe,IJ;yIOmHM Bl:lpa]KeHHeM .n;JI.JI panaazsaoã CIWpOCT.l-~ 

rpasneHUH V't 
V~ =(V~ + V~) t~p (- a/L) , (1) 

rne V;:: V"J) (;j) (~)) - (DYH1uum, onacnnanaaa CíUCTPHH pOCT CIWpOCT.l-~ 
TpaBJI8HMH c nororomemrcí; .n:c30~i ;j) (~) B OCíJIaCTU pamrycoa 'l .s 8 ·HM, 

Q - RCHCTaHTa, 

xapaRTepH3yromaR 

IT3T~ B OCíOJIO'IR8 

HOM. OT 0011 Tp8Ra 

3aBnC5Ill\aR CT rrapaMeTpOB CíOMCíap.n:npYlOIl{eH. 'IaCTRnb[ H 

rrpOT~8HHOCTb OCíJIaCTM CillllBaHMR MaKpOMOJIeRYJI 

Tp8Ka; \(8 - CKOpOCTb TpaBJIeHnH CíeCKOH8'IHC y.n:aJIeH

OCíJIaCTIT MaT8pnaJIa. 

B pacore [5] npl1Be.n:eHH aaaJIOrH'IIille .n:aHIllie )l)LF.[ IIK. 3.n;ecb naaa .. ~ 

8MITHpH'IeCRaR qopMYJIa ~1R pa.n;HaJIbHOM. CKCpCCTH Tpa&~eHHR TpeKa, 

ROTOpaR ,TaK ae Rale 11 B [3,4J , Ha:Vl,I!;eHa aa OCHOB8 KOH.n;yRTOMeTpnlIeC

KMX :mcnepHMeHTCB c TOHKHMlI rrO.JlliMepHHMH .n;eTeRTOpaMn. 

O.n:HaKO B CTpYKType OCíJIaCTM pa,nHaUHOHHOrc rrOBpeJK.IJ:8HHH Me~ 

IT3'fw 11 IIK llMeeTCrr npITHW1rr:MaJlhHOe pa3JlJrtrne. ·Tp8R TmKeJIOH 'IaCTRIJ;hI 
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B ITK xapaKTepR3yeTCH, COrJIaCHO 15J, MOHOTCHHln~ crra~OM CKOpOCT:H 
. . . 

TpaBJIeHllR c pOC TOM panayca , HarrpOTIIB, B rr8T~ .TpeR UMee T óCíOJIOlIRY, 

B ROTOPOH CROpOCT:b TpaBJIeH~m rrpRHIIMaeT ;·.ll1Hl1M8JIbHOe 3H3'IeH:He, 

nOCJIe 'Iero BHOBb YBeJIU-qJ1BaeTCR c pa.n:I~GOM. 3TM oc06eHHocTM .n:BYX 

yKa3aHHllX rrCJlliMepOB .n:OJDKHl:J rrpliBecTH K pa3JIl-!'IHIO rrpo<PIrJIe,li BXO.n;HhlX 

oTBepcTRR rrpOTpaBneHHHX TpeKoB B IT3Tw E IIK. 

H80rlXO,IUlMO TaRXt8 OTM8Tl!Tb, 'ITO (PYH:RIJ;UH V'l. ,Ha.RneHHue 

B -[3-5], OTHOCH'TCR K pa.n:naJIbHOH CKOpOCT:M TpaBJI8H:MH, ycpe,1J;H8HHo:Ü 

rro Bcell ~!He Tp8Ka, B TO Bp8wm KaR ~~ Hac BaJKHO 3HaTb nOBe.n:eHue 

V'l. B rrpnrrCBepXHOCTHOM CJIoe nomnaepa. I-j3DecTHO, 'ITO B PMe cnyxa

eB CBOllCTBa rrOJIHMepa. B TOHKHX rrpIInOBepXHOCTHHX CJIOHX OTmi'IaIOTCH OT 

oCí~e~lliHX~ TaR, B [6] oCíHap~eHo, 'ITO-B 8MOp0HOM H80p:MeHTUpOBaHHcM 

rr3T~ :MMeeTCR rrprrrroBepXHOCTHl:JM CJIOH TOJillUiHOH - 40 ffi~, B KOTOpOM 

ITJIOTHOCT:b cYIJ.(ecTBeHHo HIDKe, 'Iet~ B oCí~er,18 MaTep:naJIa. D.n:HaKo .IJ;JI.H 

l1CCJIe.n;y8t~ B HaCTORm8H paCíoTe oCí~eRToB - ~OcHo-opReHTHpoB8HHHx 

aMoPWHo-KpHCTa~'Iecrocr ITJI8HOR -~\a38HHHil aqq~~T H8U3BeCTeH. 

PaCíOTatfir HeCRCJIbKMX nCCJIe.n:oBaT8JIeH [7,8J rrcRa38Ho, 'ITO TOHKllll 

npnncnepxaocraaã CJIOH cCícrameH aTCMa!lU! yrvrepona aa C'i8T Toro, 'ITO 

RHCJIOpo.n;co.n;ep]KaIl{:M8 rpynna IIM8IOT rrp8m.JYTI~eCTBeHHyro opaexraumo BrJIYCíb 

rrO~Mepa. 3TOT a~I~RT, rrO-BH.n:I1MOr~J, rrpOHBJIH8TCH Ha rJIYCíIIHax, paB

HHX I-2 pa3MepaM MO~OMepHoro 3DeHa II3T~, Ir T8RXte H8 Cíy.n:eT rrpII~l1

MaTbCR Ha~m BO BH:MMaHlle. 

.1J;I.ff rrpOC'fOTI1 MI:l TaRiK8 nOJIará8M, 'ITO 3apmKeIUIaJI 1ffiCTlH.J;a BXO,IJ;HT 

B rrOJIRMep, HeCR paBHOB8CHI:lfi )J,JIJI .n:aHHoíi CKOpOCTlI 3apH,IJ;, a pannaza

Roe pacrrpe.n:8neHHe rrOrJIOIl{8HHCH 3HeprHH B Tp8Ke ~(~) He M8HH8TCH 

rro rJIyCíHRe. B CHJIY BI:lilleU3JI0~8HHOro B .n:aJIbH8Mill1fX paC'IeT8X Cíy.n:eM 

HCrrOJTh30BaTb nOJIy<IeHHI:le B [3-51 Wymn.uIR V'l.. ~"t) Cíe3 KaRHX-JllICío 

ROpp8ItIJ;H11. 

HaKOHe~, He0c5xo.n;HMo paCCMpTpeTb Bcrrpoc o q~pMe rrOBepXHOCTH 

OROJIOTpeROBoll OCíJIBCTIT rrOJIRMepa B Ha'IaJrbHbIll MOMeHT TpaBJIeHIDI. 

TIpn B3aRMo.n:eii:CTBHH T~eJIOrO HOHa c TB8p.n;~1 T8JIOM Mo~eT rrpOHCXO.n;HT:b 
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paCII1LJIeHHe aTOMOB BemeCTBà c nOBepXHOCTU. AHaJBi3 BKCnepillVleHTaJI:bHHX
 

~aHHHX [9] nOKa3HBàeT, ~TO KOB~n~eHT pac~eHHfl HaH60~ee ~C~BH


Te~eH K CTPYKType BemeCTBa M, B ~acTHocTR, pe3Ko 3aBHCHT OT pacrrpe


~e~eHHE IIO pa3MepaM 3epeH BemeCTBa B nOBepxHocTHIDC CJIOHX MaTepHMoB.
 

BHcoKHe 3Ha~eHM KOBep:I)1Jr~MeHTa pacrnoreana (no Ia 4 aroeoa/xoa) Ha6


JlIO~aIOTCE ,rr.JI.JI MaTepMa~oB c BeC:bMa Ma.mlMM pasaopaaa sepea (.v 5 HM) [Ia}
 
3TO CB.ff3aHO c 3aTPY~HeHReM ~CCHnalJ;nH aaeprza M3 MIiKpo06'!leMOB,
 

xepes KOTopHe rrpOXO,lJ;I1T 3apmKeHHaJI xacrmra, Ilpa YBeJm~eHlU11 paaaepon
 

aepea KOB~eHT pacnuneaaa rranaar na HeCKOJIbKO rrOpR,IUtOB. Paccza


TpPIBaeMll.9 HaMR nOJII1MepH HNleIOT MOHOJnITHYIO CTpywrypy , li nOBToMy"
 

HeT oCHoBaHHR nO~araT:b, ~TO KOB<fxllPIIJ;3eHT pacrrwreHnH B HaIlleM c.nyqae
 

6y~eT 3HaqPJ:Te~eH. 

~ npoBepKH 3Toro rrpe~no~ogeHH.ff 6~a Hcane~OBaHa rrOBepXHOCT:b 

IT3TÇ.)-IIJIeHIai, OÓJIY~eHHaR 60JIbIImM qwoeHCOM HOHOB Xe (IV I MBB/HyK7I OH) • 

PeJIbeq> OTTeH.ffJICH HanwreHHeM C~OH cepecpa non M8JlllM (IV 100 
) yrJIOM 

R nOBepXHOCTH IIJIeHKH. TIpOCMOTp Ha cKaHHpymmeM a~eKTpOHHOM MHRpO

CRone JSM -840 He BRffBnJI KaKPIX-~ÓO cnena~ecI~ HepoBHocTe~, 

KOTopHe MOmHO ówro ÓH HHTepnpeTHpOBaT:b KaK RpaTepH, 06pa30BaBillHe

CH B MeCTax BXo~a HOHOB B nOJmMep. 

ITpHBe~eHHHe ~aHHHe n03BO~T OCTaHOBBT:bCR Ha. BHóope IIJIOCKOM 

rpaH~ rroBepxHocTH 0KOJIOTpeKOBoH OÓJIaCTH rro~epa. 

MaTeMaTlll"'tle0KêSi MOJIeJI:b TpaBJIe Hl'IR 

ITYCT:b CKOpOCT:b Tpa~eHR.ff ~ÓOR TO~ nOBepxHocTH H8.npaBHe-

Ha no HopMa~ R HeM, a Tpexn pacrrO~OgeHH ~OCTaTO~O ~aJIeKO ~yr 

OT ~yra, TaK, ~TO RX "~IDlHJ1[eM" .JWyr aa .zu:>yra MOlUíO npeaeõpexr.. 

llOJIl1l:MepHaH IIJIeHKa rrpe~CTaBJIReT COÓOH O~OpO~ R30TporrHHH MaTepHarr. 

~eM 3aBHCHMOCT:b ~REeHPI.ff nOBepXHOCTH Tpa~eHnH rropH OTBpeMeHR. 

,IJ)m yztoõcrna paCCMOTpPIM .'!'peR _TIDIteJIOrO HORa, rrepneH.IUIKYJ!JiPHlüt 

qOCKOCTR nOBepXHOCTJ1[ IIJIeHKH R pacnoaozaarraã B~OJIb OCR Z . Tor

~a B UWIPIHJijlH'tleCKoi1: CRCTeMe KOOp,ItRHaT nOBepXHOCT:b TpeKa .MOJtHO 

a8MT!l CJIe.n;yu:qJlIM oopaaoa : 

t-t = t ( V? ; t ) , Z :: l ( V1 ; t). (2) 

rAe \(L ~rrncHBa~TcE BHpageHHeM (I)~ 
C1J:HT3n' Vrz. rJI3,lJ;Iwtt Herrpep1IBHctl <D~nmIlJIeü BC ncen ~Marra30He 

paccnarpnaaeuax pannycos , MOJltHC npe~OJICiKnTb, ~rro pemeune (2) 

cyu~eCTByeT H OHO e~nHC'l'BeHHO. 3aWI1Kcvrpye;'!J B (2) rrepeMeHHYlü ~; Xo ,, 

TCr,I(a rrCJIlJ"IHM napaacrpa-recxce sanaane JIHHMl1 ~lí'I\eHHH TO~I\.ll rro

aepxaocra, npII~eM, o~eBll~HO, ~TO B Ha:qaJI:bHlIM r·/[OMeHT BpeMeHll (t:to) 

3Ta ro-nca llMeeT KOOp,1J;HHaThI' Z =0 li 'lo:::L (\00 ; to t. (3~8C:b. MO)l~
HO paccM8TpMBaT:b JIHHHID ~H~eHllH TO'tffill rroB8pxHCCTll 'RaR H8RlIM aH~cr 

Jll:1HHH TORa). 

;I,1m rr0.JIY~eHUE aHaJmTJI~eCKOro BbIp8]/{eÜHE ~MHIIH W3IDlteHIDI IIPO:H3

BO~:bHOll T01JKB nOBepXHOCTM Tpa~eHllH rrpOBeAeM HeKOTopHe reOMeTpM~ec

Klle rrOCTpceHME (pac .ê}, TIo onpe~e~eHMIO KpHBM3Ha onpe~eJJJIeTCE KaK 

K= dBfJS , 
r~e cI #-~ - ~qxDepeHu;aaJIbHO MaJI1Üi OTpe30K Kplmoí1:; d(J - yrOJI 

Mexr,JJ;y Moa TeJI:bHI:lMH B rosxax, OrpaHl!'tumaIOmM,x d S(CM.pzc , 2 ). 

z	 Pac.z . I'eoxe rpaxecnoe 110CTpOeHRe JII1Hl111 

ABM~eHMH rrpCH3BO~:bHcí1: TO'ilW rroBepxHoçTll 

'l'p8BJIeHkIH rrc.mIl.mpa. 

ITYCT:b 't. coo'rae'rcrnye r MOMeHTY BpeMeHH -t -= t ,8 ~ f,01 "l ' 

MOMeHTY -I:. z: t, + dt , rorna.paccaarpasaa eAl'l'HH'tffiHH ytIaCTOK aopaana 

K ~HMH ~HmeHUH TO~ K8R ~aCTOR rrOBepXHOCTM TpaBneHMH, Ha~eM 

yrOJI d () , na KOTOplIK 3TOT ~aCTOK nOBepHeTCH xepea BpeMH dI::. 

*3roAeTIDJI, xro BeJilflmHa V't B (2) npencraanae r CÓ60R JIOKa.lI:bHylO 

CKOpOCT:b Tpa~eHHII ira paccroaaan 'Z OT ~eHTpa TpeKa, xoropaa 
MMeeT rrpon3BOJI:bHOe Hanp~eHlle H rr03TOMY Bece'!' HHOH CMUCJI no 

cpasae HIDO c V't B (I). 
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OtIeBH.n;HO, tITO ~ fJ~ 01 e=AJI/AB, rne A.n~c,n- FB. IIOCROJIbRY O.n;HaRO MJI CJI~aJI V~ 7 V?o CJIe,iJ;yeT I1SMeHHTb rrpe.n;eJII:J: aarerpnpo-

C}L= V"t clt , a FB= Yr.tJ"l. clf , TO MOJKHO aanacars .veo M=Vz. dt -' BaHMH, a HMeHHO: 

V?.-tJ"t. dt, I1~1lli, rrOCJIe paSJIOiKeHllH B pH,JJ; -rro c1z , .PJJ.=[~'-(Ytz.+V~d~+ ...~ 
di ~ V;' cl~ df. Terrepb Ha}l.~eM AB. Ms pac.z AB=C F'=C.rrJ~ CF,n, 

rne C,n:= V't dt= [1 +(r i)2] 9,í"0/ ~ • oTCIO.n;a 
, IT'de = ~ J~
V' J 

,B TO }!te BpeMl1 npz MaJIOCTll IIpI'lpamemm cI 'C MOJKHO orrpe.n;eJIMTb C1 S 
Ra'K [ 1. + (z ~ )2. lO'!' dG • Tor.n;a " 

K Z/~ 
.- ~ ~ • (3) 
- 'Vi [1 + (1 ~Y'T~) 

-e .zwyrOH CTOpOlIbI , RpUBHSHY I<PHBOM~,IJ;JI.fI KaCBTeJI:bHOH B TO'tlRe (~~ -lo), 

OIUlChIBaeMOH ypanaemren rnna (l-lo) = :z ~ -( '2 -'(o) , MOJKHO onpenc

JIJITb CJIe.JJ.YlO1IlllM oopaaou : 

Jl~
K = d! 

(4;) 

[{ -+- (? ~)2 J',í" 
IIpllpaBHHB (3) II (4), rrOJ.IY'ilIM sapazeaae 

cll' 7'·~1 
't - _.....:~~2.'---7----:------:::-:= 

[1 + ("l~)2] "S~c - »: [:1 +(2~r JI'.r ] 

ROTopoe rrOCJIe HHTerpllpOBaHMH rrpeoÓpasyeTcH R BH~ 

l~ rc/Yt2 ] , (5)z: O,S 

ll-l/V~2 , 
r.n;e C1 - ROHCT8HTa HHTerpMpOBaHHH. 

B Ha~anDHHll MOMeHT B~eMeHn ~pOHT TpaBJIeHlm ~~eTCH rreprreH

,JJ;nRYJIRpHO HCXO.n;HOll rrOBepXHOCTH, TO eCTh BHrrOJIHReTCH YCJIOBTIe 

l~ (-I:.. =-1. o) 4 ~ • 'I'orna na (5) HaxO,IUIM, xro C1 = tv;~ri, HJm 

"l ' _[- v?'2. ] ~S" (6)
~ - _-v-::~-:~=----v---::-~2' • 

Bupaaenne (6) JIerRO xIHTerpI'rpyeTcR ,1J,JU! scex ~ , npa ROTOpHX 

V'Zo -», 
, TO ecrs ~ 'lo ] 0.S

L. V? ~~ 
(7)». ::1 _ _J Vl~ V.' 

(8}'20~J
Z~ = f 'f~ Jl . 
_~ V'?- - ~~ 
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IIOCROJIbKY CROpOCTb -Ytz aanaaa B JIIOóoii TO'tlRe rpaexropaa, 

TO, O'tleBn.n;HO,. 'tITO BpeMíl nepeaemeana TOtIRll US ~ B ê. t c/2 MOJItHO 38,.i nacaes KaK dt :: dS/Vi. . ITO,n;CT.a:BJIRH CIO.n;a BblpaiKeHHe,1J,lliI d,..~ JI8rRO 

nOJIYlmTlt HHTerpaJIbHOe ypaBHeHHe BlI.n;a 

I 
'2j 1 Vz.o d? (V . V) (9)

T = 2 _ \ r 21 o,s z, 7 '}.v: [, r 
~ ~ V?o V2. 

AHaJIOrH'tlHO ~ V?. > V~o : 
Lo 

-(10)i í ~ V2 .ol (
::: _ Y?'o Tv?-'t --v~;J 0,5' 
~ , 

3aBHCHMOOTM (9) H cn» AaIOT ypaDHeHH8 T1dII8 t -= t (~, (o) ,a 

rrOOKOJIbKy 'nO~Terp8HltH08 BHpaJKeHHe Bcer.n;a rrO~OiKM~eJIbHO, TO eOTb 

tPYHKIJ,IDI I::. =i ("2.'20) HBJilleTC.fI MOHOTOHHO B03p2CT8IOmeií, TO AOJDltHa 

cymeC'I'BOBaTb ooparaaa eli 33BMCMMOCTb- L::- '( (t., ?o) . 
Mcxo,!tJI MS aToro,(?) II (8} MOJKHO rreperrMcaTb B BH.n;e 

"2 (f,'CO) 

1 ("l-:? (t-,(o) ~ LC')-::J[ V; dê _o, crn
V'lo- V'2. 

~o 

H '20 

7 (rc ~ re u?o) .to) -= J Vz~ J'( (I2) 
I) .~ .. '2.) o s
 

~ (f,(ofYtz - V1 0 '
 
~À. 

Tor,IJ;a OROH~aTeJIbHO ~ ,IJ;BRmeHHíl rroBepxHocTll TpaBJIeHHH

." MOEHO sarrHcaTb 

Z='l (rzfJ,J.) ,Az.= ~ (-l, to). (13) 

,?" 

() ·7 
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CpaBIDIBaR (I3} c (:~) TI napaM8TpIP18CIWr,,'i sa.rr.amm :vI paCCMaTpH-

BM 'Le KaK napaae rp, aHê3JlCI'lPIHbIíi ·V"? o ,nO.rryqI1M napaue rpa

'tleCKOO aananno I1CIWr.loi\: lICBepXHCCTII TpaBJI8HUH. 

IIOCTpoemI8 nnOcfulJill lIOpU 

IIo.rm3THJI8HTOp8C;)TaJIaT. 118p8~Uí8M RITOCTp08HIDO BXO,IJ,HOrO rrpo<lJv.wm 

nopu Ha'Ô:~lICBe 'tlJICJI8IUillX paC'tl8TOB. 

BII,I!; cQYI!KWIH VI)' (n(~ )) Ó1IJI BSHT }IS paõo ThI [4] 

V" c:: Vr' 11- ~F (-J)('1.)/Z) o)] M, . (14) 
, 

r,n8 V	 z: Vr -V& ; lJo - xapaxrepnuâ ,II,JUI ,I(aHHOit cnCT8MhI "rrOJili'M8pT 

sapJm8HHaH 'Y:aCTI'Il\a"K03t1J:)HIJ,H8HT; M - ITOKaS8'I!8JIb CT8rr8Hl1 (nononpae.r

CH 3MITl'Ipl1l18CKI1l',,'I nYT8!\'{). 

Ko~qxpnl\lIeliThI Q ,1)0 n r.k ÓllJIH Orrpe.n;8JI8HH MS P8SYJIbTa'TOB KOH,IJyK

TOMeTpIPIeCKHX ::HWrr8pl1M8HTOB C o,zumO'tIHhIl'AIf Tp8KaM'H nOHOB I29Xe
 

C saeprneH 0,96 hjsB/HyI\JIOH : a =8, S HM; ;j)o =3,4 Mrp; M=4. Pa,IU1.


ansnoe pacnpsneneuue lIorJ10111eHHoit..rr.oshI paccxa ThIBaJIOCb , corJ1aCHO [4],
 
lIO rrp1I6JUDKeHHO~i gppl.ryJI8 

CKOpOC'I'b TpaBJIeHl1H 113TQ 

a ,n..'lii CKOpOCTIl TpaJiJIeHUJI 

Vr ::: ~ V ' rne ri- =103 
B 

2) (L) ~, A/'Ln., r,I4e A=IS,O fvIT'p, a n=2,I. 
BH8' rpena OWIa npanara paBHOM V8 =15 HM/'tl, 

Cep,1U.l;eBlnrn Tp8Ka 6wm BhI6paIm ,I(Ba 3Ha'tl8HIDI: 

II ri =104• 

~ rroCTpo8HRH ~HKH ~nx8HRff TO~ lIoBepxHocTH TpaBJIeHBH 

HeOÓXO,D;HNO .sa,naTbCH BeJIR'tlHHoft ~t~" TO eCTh CKOpOCThD, 

HarrpaBJI8HHOM B Ha'tlanbHhIH MOM8HT Bp8MeHll to B.nO~ OCR Tpexa (TO~ 

l =0 n L:::? o ). IIpn 3TOM CJ18,nyeT HM8Tb B Bll,Ily, qTO aa rpaIDiIJ;8 

cep,IJ;I.I;eBEHhI rpeza ( ?::: lo) HaÓJIIO,naeTCR CKa'Y:OK CKOpOCTli TpaBJI8HIDI 

OT Vr no V'l.. .. O.n;HaIW l2YHRlJ,1!JI Vz B COOTn8TCTBun c (I) (nocne 

no,nCTaHOBKH BhIpaJK8müi (14) II (:L5)) m.~e'eT nse TO'Y:IW 3KCTP8MY1!Ia 

MaRCIIMYM npn '2.. ~ 2 HNi 11 MJmm.ryM npn '2 ~ 6 HM. IIo3ToMY B Ka'tl8CTB8 

V"l.; li,.eJIeCQO~pa3Ho BhICípaTb pa.n;:aaJThHYID' CKOpOCTb 'l';aB.i'Iemm B TO'tlK8 

T[::: 2 HM ( Vr-z o'7 ~\f~ BO BC8M )J;ilanaSOHe ~ ), IlOJIaI'aR. npa 3 TOM, 

'tlTO B rrpo~eCC8 Tpa~eHMH rrOB8pXHCCTb rrop~ Ha~IHaeT )J;BR*8HII8 B 

IlJIOCKOCTI1 Z ==0. 

,ll.Jm 0ThICKaHIDI SaBlICl1MOCTM 'L -=. ~ { tI (,,), CJIe;n:y8T BOC

rrOJib30BaTbCH BHpaJKeHIfeM (9) ( ~o"7 V~ ). O,nH3KO.rr.Jm OIIl1CamlR rpan

.."l8HIDI rrcB8pXHOCTl1 II3'I'~ ( ~ o";> 2 HI\'Ü CJle,ny8T BQCIIOJTh30Ba TbCH' K8lC (9), 

'1'31\ R (10). IIoJry'tIeHHhI8 KpllBhI8 ,JJ,JI.H II3Tçtl HM npencranaeua na pac..ô. 

I 
( 

',0«	 ':ti\}( r! I.6 

I,' 

0,8 

:1 ~ \ \ \ I 
0,_ 

PRc.3.	 SaBl1ClIMOCTkI ~ = l( (t: I I( o) ,lJ,JIH II8T~ H IlK fIM. 

KpHBHe 1,2 II 3 cooTBeTcTByIDT rmT~ )IM .lVIH 06= 103 
( '(0=2 HM), d..- =104 (~o =2 HM) Ir d.- =103 ( '(o > 2 IDvI) 

COOTB8TCTB8HHO. KpliBHe 4 cOOTBeTCTBYIoT TIK ill'v1 )J;JIR 1(0 =1 

R 8 HM. I1yHKTMpHaR JIliHIDI YKashIBa8T Ha OCíJIaCTb B 1I3T1J? HM, 

B xoropoa v~";> v;.o .nmr JIIOOoro ~ > 6 HM. lllrpax

rryHKTHpuaR JIHHRH oÓosHalIaeT rpaHMUY oCí~acTM Tp3~8HnJI 

IIK illw1. ('C~ 9,7 HM), onacaaacayio BIlpaJK8HM8M (IS). 

3aTeM Ha OCHOB8 (11) II (12) B (13) MC~HO HaMTR SaBHCRMOCTb Z ~ ~ 

( ~ 0J t ), xapaxrepaaymtyn ,I4Bue:iRe e,1UIHM'tlHOrO yxacnca HOpMaJm 

K rroB8pxHOCTH rpaaneaaa, IIo AaHHolt Me'I'O)J;ill<8 6wm npoaencau nocrpoe-. 

l
I 
I 

HKff BXo,nHoro rrpo~Jm rropH B paanH'tIHH8 MOM8HTli BpeMeHH TPBJI8HRff ~ • 

Ha pRC. 4 (a, 6) H306paJlt8HH BXO,I(HhIe rrpoWMJrn rrops B I18TtJ;l HM ,D;JIR 

J..- =103 
H 104 COOTBeTCTB8HHO. . 

,IIo.!lHKap6oHaT. Bpaoore [5] OWIa npennozeaa CJIe,n;ymrqa.fI 3MImpH'tl8C

...11' 
KaH qoPMYJIa ~ pa,D;HanbHOH CKOpOCTR Tpa~8HRff: 

v; =?Fo e~f r-E(~)/J<T 1 (16) 

i	 98 
.1, 
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PvIC.4. IIp0@-uH1 nops 1I3T'J:> .1;;I B l'mSJI1-I'lI-IhIe il'lOMeHThI Bpervi8HH ']:paBJleHlIJI 

T : 8 - ~ =103 (1,2,3,4 - '(' = Ot 3; I; 2 II 3 'l); Õ - ri.. =104 

(1,2,3 - r = O,I; I n 2 'l). TOHRlli'illi JUlHIIRI..m ncc-rpoena 

SaBUCnMOC'rJI t ~ 2 ('lo I 1::) , BhIXO)J)3li\}!8 113 ro-ncr c ICOOp,I1;H

H8'l'8MlI l =0 II 'L :: '( o. 

1',L(e ~ =72,.1014 
HM/'l, a
 

E('i» = rr ~~ )-o) -v [ 1-(~~,",,1"] ~ ~ :J i~u. (17)

1 I J 

E (~) ::: E(o-n) ) L » 9, f teu . 

TIO.n;CT8BJLiIJI (17) B (Iô) 11 rrpmrnM8R BO BIDUiJ8Jme, 'lTO npa T<lKOM HO,L(-" 

xcne , B OT.Jill'lUe OT II3T<IJ, H8 rpairane cep.n;:o;emnrn rpexa 38pmK8HHOÜ 

:qaC'l'IlI.J;H HeT cxa-nca CI\.CpOCTH TpaBJ18HIDI, a M8KCHr-.Ia.JILH8n CIWpOCTb
 

~ (tz-= O) =4,116' 103 HM/'l, OKOH'laT8JThHO MO:KHO aanacarr.
 

V; ~ 1f., &1P{"1, %1 [:1 -(; ?)" ] - 3' ), ~" . (18) 
J 
\~ 

llOJIOJilliM ~ o =1 HM, Tor,L(8 11S (9) nOJIY'lMM KpllBhT8, rrpe,L(CT8BJI8HHbl8	 '(
I 

na pac , 3 (4 - ,IT,JIFI ~ o =1 Hr!L li ~ o =8 HM). AH8JIOrHl:ffiO TOIYrY, KaK .r 
"aTO OhTJIO C,L(8JIaHO )J,.7Iff. ll3TÇD HM, OhTJIH BWIOJIHelill nOCTp08HHí! rrpoepIDIR
 

nops wm paanaxaax 1: B I1K HM (pac , 5) •
 

10 

Z .11M, \ t i i 
Pnc.5., TIPOWRnH nopH ill{ m~ B p8SJlH'lHH8 

16 MOM8HTH BpeMeHH TpaBJIeHHH (1,2,3 -1: = 

H = 0,1; 0,2 H i 'l}. TOHKHMH ~HHlIRMlI 

nocrpoeau S8Bl1:CHMOCTR l. =2 (Zo.J1.) ,Il.JIH 
12 

0 = I II 8 EM.
0 

10 

8 "i,II" 

SaKJIKl'l8illJ8. 110c'rpo8HH3R rvIaTeM8'l'H'l8CI{8.íI f,:O,n8JIb ymm8pCaJIbH8 B 

TOl'i1 CWJlCJI8 t 'lTO OHa nplI1'O)1;H8 ,1J)lH .modoü (1oPMb! saBHCkIMOC '1'11 1'z (~) 

II rr08TOMY MOii\8'l' ÓHTb pacnpoc'rpaneua xa rpexn 'l'.FDr-eJIHX SapJDiWHHHX 

'laCTHI~ B moÓOlií rro.miM8pe. 

CywllirnpYH peSY~bT8Tb! paC'l8TOB ~ ROHI~8THliX OÓ~8KTOB, cn8~eT 

OTM8'l'IITb CJI8.IQ11OIll8e. Ha Ha'la~bHOii CT8,II,IHl Tp8BjI81ü'.'I mn<I>-i:I8MOpaHIi 

WOJl\'IHpY8.TCH BOpOHIwoópa3HH~1 rrpo(plJ'.J1b, IW'l'0PIÚi npn ,n;aJlbHe~l.w.8.i1 8BOJilO

il,HH nC'l83a8T. 11 CMGHHE,1TC.íI IW~bu;ecdp83HLlM aacryncn, OItpYJitaIOllllH:l BXO)1;

HH8 OTB8pCTIIJI nopa, Ilpn Onp8~8JIGHHhlX YCJICBLlHX 8'I'l1 KOJI1>:O;80oópaSHIi8 

BhICTyIIb! Y)1;a8TCH HaÓ..iTIO)1;aTb 8Itcn8pHMeH'l'2.JILllC (ex. pHC. Ig). lluaa Kap

'l'.HIm HaÓJIIO,IJ;3e'1'Cíi B CJlYli88 III\, rne H8 nceu lla'lajlbHO~i CTa,nIHl rpaane

HlIJI COXpaH5Ie'rCR BOpOHKOoOp83Ha.íI (J;úPM8 ncp, Taxan S8KüHOM8pHOC'l'b, 

O'leml,IJ;HO, pacnpccrpauae'rca aa sce rrOJ1JíMepll, B IWTCpWC 'rp8KH TIDIt8

~hIX Sap.HJi\8HHbIX 'laC'l'H:O; H8 l1MelOT SOH c npemJ'jl48CTB8HHhIM ClilllBaIli18M 

r.:laKpOiWJI8KY~. 

l1p:a ,IJ;OCTaTO'lHO ,IJ).IlIT8JIbHOM TpàBJI8HHH, K01')1;a XUMl1'leCKHii 

arear y)1;aM8'I' B8Cb pa,rI;:EaIJ;1IOHHO-Mo.n;mplI:O;lIpOBamIbIH ki8Te-plIaJI TI 
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ORpeCTHOC'l'1I 'l'peR8, 00PMa BXO,IJ;HCrO OTBepC'llIH COO'l'Be'l'C'l'BYe'l'
 

rrpOCTOUY nepecenenmo IIJIOCIW.vl rrOBepXHOCT1'l c JJ.HJII1H)ijnI'1:eCKO~]:
 

r~ea nOpJ:i (npn d... >;? I).
 

OdHapYJKeHH1le s(lijeKT1I aeocxonnao Y"lil1TbIBa TL npa IICCJIe.n;OBamnr 

".11.nepHIIX" nop cYÓMImpOHHhIX paaeepon H., B '1:a.cTHOCTH, npn onpene

JIeHllH napanerpon anopnux YJIbTpa~~HJ.lliTpaIJ;}IOHHl:lX MeMépaH. 
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AneKcaHAPOB O.E. ~ 

H3Y 4eHHe 3BonlOlIHH 
AAepHo~ MeM6paH~ 

p]-87-597AP. 
By.oAHoro npCX\JHnR nopu 

Ha OCHOBe s~6opa nnocKoH rpaHHlIbl nOBepxHocTH oKono~peKoBo~ o6nacTH nonH
Mepa AAepHO~ MeM6paH~ H npeAnono~eHHA 06 OAHOpOAHOCTH CTpYKTYP~ MaTepHana 
BAonb TpeKa 3apA~eHHo~ 4aCTHlI~ noc~poeHa MaTeMaTH4eCKaA MOAenb ABH~eHHA 

$pOHTa TpaBneHHA AfiR 3apaHee 3aAaHHO~ $YHKlIHH paAHanbHoH CXOPOCTH TpaBneHHA 
AecTPYKTHpoBaHHoro MaTepHaJla - Vr • AnA nonaaepuux MeM6paH c pa3nH4H~M BHAOM 
$YHK4HH Vr - nonH3THneHTepe$TanaTHO~ H nonHKap60HaTHo~, nocTpoeH~ npO$HnH 
nop~ B pa3nH4H~e MOMeHT~ BpeMeHH TpaBneHHA. 3neKTpoHHO-MHKpocKonH4ecKH~ aHa
nH3 noxa aan Ka4eCTBeHHoe cooTBeTCTBVle nonyve-mux npO$Hne~ reOMeTpHH BXOAHblX 
y4acTKoB nop. 

Pa60Ta B~nonHeHa B fla60paTopHVI AAepH~X peaKlIH~ OHAH. 

Ilpenpairr Oõsenaneancrc HHCTHTYTB anepuurx accnenouanaà. )ly6UB 1987 

nepeBoA A.B.nawKeBH4 

Aleksandrov O.E. et aI. 
Study of the Evolutlon of the 
of Pores In Nuclear Membrane 

Entrance Profile 
p]-8]-59] 

The mathematlcal model for describlng of the movement of the etchlng 
surface for a given functlon of the radIal etchíng rate of destroyed mate
rial I V is constructed under the assumption that the boundary surface ofr , 
the track reglon of the poJymer is plane. and the material has uniform struc
ture along the charged partlcle track. The pore profiles in polymeric mem
branes wlth dlfferent forms of the function V (polyethylene terephthalater 
and polycarbonate membranes) are drawn for varlous etching times. The analy
sis made using an electron microscope has shown the quaLltatlve correspon
dence of the calculated profiles to the geometry of the entrance sectlons 
of pores. 

The lnvestigatlon has been performed at th~ Laboratory of Nuclear 
Reactlons, JINR. 

Preprint of the Jolnt Institute for Nuclear Research. Dubna 1~87 


