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MeTOIIOM peHTI‘eHOBCKOﬁ pe(pJIeKTOMeTpI/II/I HucciegoBaHoO CTpoeHHe IepeXogHOr'o CJI0OA Ha IrpaHulle BO3-
,uyx/paCTBop HaHoO4YaCTUl] KpeMHe3eMa B BOoJe C yCTaHOBJIEHHBIM II0 MajlOyT/JI0BOMY pacCeAHUIO pacrnpeneie-
HHUEeM 4YacTull I10 pasMepaM. BoccTranoBieHHBIM HpO(pl/IJIb IIOIAPU3YEeMOCTH BellleCTBa II0 l"JIyﬁI/IHe YHKa3blBaeT Ha
Hamuuyye CTPYKTYPhI U3 HECKOJIbBKHUX CJI0OEB HaAaHO4YaCTUI, TOJIIMHA KOTOpOﬁ 6ojee yeM B ABa pasa IpeBbINIaeT

Ty, UTO ONKCaHa paHee.

Apcopbuua Ha rpaHuie TUApo30Ib/BO3LyX MoOIeKyl 1,2- nucTeaponiI-sn-rivLepo-

3-pochoxonnua (DSPC) compoBoaaeTca KOHJeHcaluell Ha Hell aHMOHHBIX HAaHOUYacTHI KpeMHesema. IITo
fIBJIEHNEe MOHO KaueCTBEHHO 00bACHUTH 06pa3oBaHMEM I0J0KUTEILHOr0 IOBEPXHOCTHOTO MOTeHIIMala 3a c4eT
IPOHMKHOBEHUA M HAaKOILIeHHA KaTuoHoB Na® B dochomunuanoit mem6pane.

Kpemuesons (pactBop mHanouactun SiO»2 B Boge, co-
nepskameil HeGonbmoe koaudectBo NaOH) oGpasyer c
BO3JYXOM CHIBbHO MOJNAPU30BAHHYIO [paHUIy paszena
[1]. I'pagueHT NOBEPXHOCTHOrO MOTEHLMANA B STOM CHC-
TeMe BO3HHKaeT Grarofaps pasHulle B NOTeHIUAIaxX CHUI
“3eKTpUYecKOro uzobpameHnua” OaA KaTuoHoB Nat u
Hecymux Gonbumoi oTpunaTenbHbiit 3apag (~ 103 anex-
TpPoHOB) HaHoyacTul (MakponoHoB). HM3-3a storo mioc-
KOCTh HauMeHbIIero cOnuKeHA aHUOHHBIX YacTHII C 10-
BEPXHOCTBIO cocTaBifeT ~ 10HM, B To BpemA Kak Ka-
THUOHBI aKKYMYJIUDPYIOTCA HENOCPEACTBEHHO Ha I'pPaHU-
ne pasfgena. PaHnee coofuianock, YTO yHUKalbHbBIE I'pa-
HUYHBIE YCJIOBUA MO3BOJNAIOT HOPMUPOBAThH Ha IOBEpX-
HOCTH THAPO30IA MaKPOCKONUYECKU IUIOCKHUE JIUIHUA-
Hble MeMOpaHbI [2] B 3Toii mybnukanuu mMbl coobinaem
0 pe3ylbTaTaX HCCIeJOBaHUA paclpeleleHUA HaHOYac-
TUIl B IIKPOKOM IIEPEXOJHOM CIIO€ Ha I'PaHUIE C IUMIUI-
Hoii MeMOpaHo#ii MoneRyl 1,2-nucTeapoui-sn-riaunepo-3-
tdocthoxonnna (DSPC, cm. puc.1). U3 Hamux maHHBIX

~2 nm ~1.5 nm
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IMuc.1. MonexynapHad cTpykTypa 1,2-gucTeapomni-sn-
raunepo-3-docdoxonrHa

ClleoyeT, 4TO afcopOuuA Ha rPaHuLe MUIPO30ib/BO3LYX
Monekyn ¢ochoXonrHa CONPOBOMAaeTCA KOHAeHcanuei
Ha Heil HAHOYACTUI] KPeMHe3eMa.
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Pnenku DSPC npuroraBnuBanuck 1 U3ydalucb BO
¢ToponnacToBoii Tapeike guaMmeTpoM ~ 100 MM B cooT-
BeTcTBUU ¢ MeToxukoil [1]. C momombio mmpuna em-
kocteio 10Mra (Hamilton) Ha moBepxHOCTH KHAKON
IOMJIOKKYU BbICauBanuch 2-3 Kamiu (06wuM 06beM-
oM ~ 10Mrn) pactBopa dochomunuga B xiopodopme
(~3-10"3monb/n). Ppu aTOoM KonmuecTBa BemecTBa
IOCTaTOYHO IiA (popMupoBaHHA He Oollee 2 MOHOCIOEB
aunupa. Poanoskoil ciyKuiam cTaHAZapTHbIE PACTBOPHI
Ludox SM-30 (30% SiO2 u 0.2% Na no macce) u Ludox
TM-50 (50% SiO2 u 0.3% Na mo macce) mpousBOACT-
Ba Grace Davidson [3]. Pacrekanne kamiu mo moBepx-
HOCTH CONPOBOKJANOCH MaJeHNEeM MOBEPXHOCTHOrO Ha-
TAMEHUA Y TPaHUNbl BO3LyX/rupposons ¢ ~ 74MP /m
o ~50MP /M, uTo perucTpupoBanock MeTonoMm Buib-
relbMHU C TIOMOIIBIO aTUYWKA TIOBEPXHOCTHOTO aBleHUA
(NIMA PS-2). 3arem ofpaser NpuBOLUICA B PaBHOBe-
cue IIpu KOMHAaTHOW TeMIlepaType B FepMeTUYHON Adeii-
Ke B TeueHue ~ 124.

Hus oGneryeHua UHTEPIPETAUU JaHHBIX paccefiHuA
U BbIAACHEHUA BIMAHUA Ha CTPOEHUE NMEpPEeXOAHOr0 CIOf
HOJIUAKUCIEPCHOCTH B paclpelelNeHuy 4acTul] o pa3Me-
paM MbI IpeJBapUTEILHO NPOBENU HKCCIEJOBaHHE pac-
TBOPOB KpeMHe3eMa MeTO0JOM MaloyTi0BOTO paccefAHUus
[4]. Ppu srom oGbemHBIi 06pasen TUIpO30IA TOTO-
BWICA B CTEKJIAHHOM KaNWlIfApe, a U3MEPEeHUA IPOBO-
OUIACh C MCIOIb30BaHUEM PEHTTEHOBCKOr'0 AuUbpaKToO-
merpa AMYP-K [5]. Pa puc.2 npencraBieHsl norydeH-
Hble paclpejeleHus IiaA yacTul B pacTBopax SM-30 u
TM-50.

PesynbTaThl moKasbIBalOT, YTO XapaKTEPHBIH gua-
MeTp yactun d gna SM-30 coctaBusetr ~ 10 HM, npuyemM
B 3TOM pacTBOpPe B Majloif KOHIEHTpalluy NPUCYTCTBYIOT



626 B. E. Acaguuros, B. B. Boikos, 0. O. BonkoB u ap.

0.04

0.02

F (arb. units)

d (nm)

[Muc. 2. Ilacnpemenenne F dyacTui mno AuamMeTpy B pac-
TBopax KpemHesdema SM-30 (cnnommsas aumaua) u TM-50
(mTpuxoBad IMHMA) [0 AAHHBIM MalOyTIOBOI0 PacCemHUS

u yactunsl 6onbmero pasmepa d ~ 20 am. Pacnpepene-
Hue yacTull B pacTBope TM-50 xapakTepusyeTca y3KUM
OUKOM 1pu d ~ 27 HM.

Bce »KcnmepuMeHTBI IO DEHTIEHOBCKOH pediekTo-
MeTpuu ObLIM HPOBEJEHBI C HCIOIb30BaHMEM MHOIO-
(GYHKIMOHATBHOTO PEHTTEHOBCKOro AudpakToMerpa C
IOABIIKHOM cucreMoil TpyOka—gerekrop [6]. Wamepe-
HUA NPOBOJWJINCH Ha JJIUHE BOIHBI A ~ 1544 (A A ~
10~%) npu yraoBom paspemenun ~ 1074 pan.

Pa puc. 3 u 4 norasaHa 3aBUCUMOCTb Ko3pduiueHTa
orpaskeHus R oT rpaHunsl pasjena BO3LyX/THAPO30Ib
Kak QyHRUuA yriaa ckonbienud 6. OcuunnAauuu Kosd-
¢unuenta orpamenua npu § > 0.18° cBA3aHBI ¢ Heoq-
HOPOZHBIM paclnpeleeHueM 4acTHUI [0 [N1yGuHe II0BepX-
HOCTHOI'O IIEPEXOJHOTr0 CJIOA.

W3 monyuyeHHBIX B DKCIEPUMEHTE YTIOBBIX 3aBUCHU-
MocTeil Koadduunentos orpaxenun R (puc.3 u 4) 6bI-
7M1 BOCCTAHOBIEHBI MPO(UIN MOIAPU3YEMOCTH BelecTBa
0 = Re(1 — €) (rme € — KoMIIeKcHasA AudNeKTpUYecKas
MPOHKMIAEMOCTh) [0 METOLY, PeAToMxeHHOMY B [7]. ua
BCEX CHCTEM OHM HMEIOT CXOUH, XOTA U JOCTATOYHO
cloHbIN xapakrtep (cM. puc.b). OueBuAHO, YTO Bapu-
anuu B npoduie MonApU3yeMOCTH CBA3AHBI C MPOCTpPaH-
CTBEHHBIMM HEOJHOPOZHOCTAMM B pacnpeneneHun S5i0a,
a X MPOTHAMEHHOCTh €CTECTBEHHO CBA3aThb C Pa3MeEPOM
yacTHull KpeMHe3eMa.

B cnyuae uucToil MOBepXHOCTU TUAPO30IA Haubomnee
BbIPa;KeHHO!I 0COOEHHOCTBbIO ABJIAETCA IJIOTHBINA CIOH
nHanouactun SiO,, pacmonoskeHHbI HA ynaneHuu 15HM
(SM-30) u 25 um (TM-50) oT rpaHunbl ¢ BO3LyXoM (cM.
puc.5), uto cormacyercsa c¢ paboroii [1]. PaGmonaert-

R

Inc.3. HKoadodunuent
nyx/rugposoas  SM-30:
BEPXHOCTb;

OTpasieHuda
OKPYMHOCTU — 4YHUCTaAd I0-
TPpEeYrolbHHKMU — IIOBEPXHOCTb C [LJIE€HKOH1

rpaHuibl BO3-

annupa. CIUIOMHbIE IMHUKM — Pe3yIbTaT MOJEINPOBaHUA
o merony [7]

R

IIuc.4. Kosdpdunuent
ayx/rugposonrs  TM-50:
BEPXHOCTb;

OTpasieHuda
OKPYMHOCTH — 4YHCTaAd IIO0-

rpaHunbl BO3-

TPEYTONbHUKM — IOBEPXHOCTH C ILIEHKOH
aunupa. CIUIOIIHBIE IMHUM — Pe3ylbTaT MOJeINpPOBaHUA
no Metoxy [7]

cA TaKe ciabo BbIpaieHHbI BTOPOHM clOM HaHoO4Yac-
tun Ha ypaneHuu 30HM (SM-30) u 55um (TM-50) ot
HoBepXHOCTH. BoccTaHOBIEHHBIN NPOGUIL CBUIETEINb-
cTByeT 0 Ooiee MPOTHMEHHOH, 4eM oueHeHo B [1], 06-
JacTU pacciloeHus KpeMHesous (Gonee 4ueM B IBa pasa).
Po-Bunumomy, Gonee TOuHOe ompefeleHNe CTPYKTYPhI
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MMuc. 5. BoccraHoBneHHble NPOGUIN HEeHACTBUTEILHON Yac-
TH KOMILIEKCHOM AMAIEKTPUYECKOM IPOHUIIAEMOCTH MOIIe-
PeK rpaHMIbl I'MApPO30i1b/Bo3ayX (Bmoab ocu z). (a) —
T'upposoas SM-30. (b) — ruaposoas TM-50. IItpuxossie
AMHUY — YUCTafA IpaHuLa Iuapo3oib/Bo3nyx. CraomHsie
auHUM — rpaHuua c agcop6uposanusiM cioem DSPC. lna
9HCTOl BOABI 8y &2 0.75 - 107°

IIEPEXOTHOr0 CJIOA CBA3aHO C Te€M, YTO MOHOXPOMaTHY-
HOCTH U3TYYeHNA B HALIMX DKCIEPUMEHTax Ha MOPANOK-
IBa BbIlIE, YeM B BKcrmepuMeHTe [1].

O6pasoBaHue nepBOro MIOTHOrO CI0A HAaHOYACTHI Ha
rpaHule BO34YX/THIP030ib SKBUBANEHTHO MNOABIEHUIO
JIOMONHUTEILHOU I'DaHULBI pa3jella, Ha KOTOPOil Takmke
HabnronaeTcA pa3nuyue B HOTEHIMAIAX CHII JIEeKTpHUYec-
KOro U300paKeHUA 1A KaTUOHOB U aHWOHHBIX YaCTHUII,
Haxo#AmuxcA B o6beme 3o01A. PTo u mpuBoguT K dop-
MHPOBaHHUIO BTOPOT'O CJIOA HAHOYACTUI] B IiyOuHE 3011.

Moneryast DSPC ruppaTtupyioTca B BOOHOU cpefe,
(hopMUpYA CUIBLHO MOIAPU30BAHHYO TUIPODUILHYIO MO-

Mucema B ARIT® Tom 94 Bem. 7-8 2011

BEPXHOCTH [8], HanM4YMe KOTOPOil BbI3BIBAET PE3KOE U3-
MeHeHUe B pacnpefeinenun yactul SiO, B mepexogHoM
cioe. Makcumanbuasa KoHueHTpauusa vactun Si0, ana
ruapo3sona SM-30 pocturaeTca B clloe, HEIOCPEACTBEH-
HO [PUMBIKAIOUIEM K IUNUIHON MeMOpaHe (IOIApU3ye-
MocTb MeMOpaHbI ~ 0y [2]), ¥ IPEBOCXOIUT 06BEMHYIO
B (Omax — 0w)/ (0 — 0) ~ 2 paza, rae d, ~ 0.75-107° u
dp ~ 1.154,, — monApu3yeMocTy BOJbI M TMAPO30IHA COOT-
BeTcTBeHHO. MaKkcuManbHOe 3HaUeHUEe NONAPU3YyEMOCTHU
B NIEPEXOIHOM CJI0€ Omax ~ 0.95-1075 (cm. puc.5). B
ciyuae rugpo3oisa TM-50 mer Tak#e HabmogaeM yBeln-
YyeHHe MOBEPXHOCTHOM IIOTHOCTH YacTHI KpeMHe3zeMma
nnameTpoM 10 HM, KOTOpBIe, MO-BUAMMOMY, ABIAIOTCA
HPUMECHBIMH.

TakuMm o6pa3oM, MOKHO yTBep:kJAaTb, UTO Ha rpa-
Hune ¢ ¢ochHOoININIHON CTEHKOM NPOUCXOOUT KOHIEH-
canuA 4yacTull KkpeMHe3eMa. Ppu 3ToM moBepXHOCTHas
KOHIIeHTpalKA HAHOYACTHIl, XapaKTepu3yeMas OTHOIIe-
HUeM (Omax — Ow)/(Omin — Ow), TO€ Omin — HOIAPU3YE-
MOCTb Ha YHCTOI MOBEPXHOCTH T'MIPO30Jf, BO3pacTaeT
B JecATKU U Gonee pa3. PToT mpomecc momseH compo-
BOKIAThCA IepepacupeleieHUeM MOJNOKUTEIbHOI0 3a-
pana KaTuoHoB Na™ B MOBEpXHOCTHOM 3JIE€KTPUYECKOM
nBoitHoM ciioe. Panee Peproer ¢ coaBTopamMu o6cy-
nanu cHocoOHOCTb MOHOB HAaTpHUA HPOHMKATh B docdo-
IUnuaHble MeMOpaHbl 1 TakuM 00pa3oM CO3ZaBaTh II0-
JOXUTENbHBII OBEPXHOCTHBIN noteHnuan [9, 10], koto-
PBIif, OUEBUIHO, BHI3bIBAET KOHEHCAIMIO OTPULATENbHO
3apfKEeHHBIX HAHOYACTHUL (arperupoBaHue ux ¢ Memopa-
Hoit). Ppu sTOM 00BbEM 30118 CIy}KUT pe3epByapoM A
Nat.

Urak, B paboTe MeTOOM PEHTIeHOBCKOIl pedieKTo-
MeTpHUU U3YUEeHO CTPOeHUe NMePEXOIHOr0 CIOA Ha I'PaHU-
Ile BOJHOr0 pacTBopa HaHOYAacTHI KpeMHezema. Boccra-
HOBJIEHHBI} NpPO(QuUIb [OeliCTBUTENbHOIl 4YacTU [UIJIEK-
TPUUECKOIl MPOHUIAEMOCTH N0 TiIyOWHEe NpefmonaraeT
Haluyye CIOMHOM CTPYKTYDPhI M3 HECKOIBKHUX CJIOEB
HAHOYACTHI, TOIIIMHA KOTOPOil Kak MHUHUMYM B JABa
pa3a Ooiblle, YyeM OLEHEHO B MpepIAymux paboTax.
W3 mamux pmaHHBIX clefyeT, UYTO NpU agcopbuuu Ha
rpaHuie CUAPO30Ib/BO3LYyX MoneRyn 1,2-nucreapomi-
sn-raunepo-3-bochoxonrHa NPOUCXOAUT 3HAYUTENbHOE
YBeIUYeHUe MOBEPXHOCTHOM KOHIEHTpAalUN aHUOHHBIX
HaHOYACTHI] KpeMHe3eMa, T.e. WX KOHAeHcanua. Pto
fIBIEHNE MOKHO KaueCTBeHHO 00bACHUTHL 00pa3oBaHUEM
HOJNOKUTENBHOI0 MOBEPXHOCTHOIO MOTEHIMana 3a CYeT
NPOHMKHOBEHUA UM HAKOILIeHUA KaTuoHoB NaT B docdo-
aunugHoi MeMOpaHe.
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