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aspabomara Memodosioausi UMMOGUIU3aUUU HaHoYacmuy, okcuda YUHKa 8 MonucmuposibHbIe MUKPOCGEPBI, BKITIOYarowast
cuHme3 cmabunu3uposaHHbIX HaHoyacmuy okcuda UuHka u rnpoeedeHue MoUMEPU3ayUU cmupona 8 ycriosusix,
M0380MAUWUX OCywecmensims  hopMuposaHue ad2e3UOHHbIX KOHMAakKmoe HaHoYacmuy, 8 MOouCMmuUpPOsIbHOU

Mampuue.

A methodology for immobilization of zinc oxide nanoparticles in polystyrene microspheres was developed. It includes the
synthesis of stabilized zinc oxide nanoparticles and polymerization of styrene under conditions that enable carrying out the
formation of adhesive contacts of nanoparticles in the polystyrene matrix.

Knroqesble crioga: HaHoYacmuubl okcuda YuHKa, noucmuposibHble MUKpocgepsl, 2emepogha3Has nonumepu3ayusi.
Key words: zinc oxide nanopatrticles, polystyrene microspheres, heterophase polymerization.

Brenenne

OmHAM W3 TIPHOPUTETHBIX HAIPaBICHUN B XUMUHU
U TEXHOJOTHH TIOJIMMEPHBIX MAaTEpPHajOB SBISETCA
CO3/1aHNE KOMITO3UTOB HA OCHOBE MOJMMEPOB M HEOP-
TaHWYECKUX dYacThll. [Ipm 3ToM mpecnemyroTcs pas-
JIMYHBIE IIETIH: TTOTyYeHHe aHTHCENTHIECKHX TIpernapa-
TOB, TOKOIIPOBOJAIINX M CBETOOTPAXKAIOUINX IUICHOK,
(dhoTomarepuasios u ap.

TpanuunonHsle crnocoObl MoguQUKALMK TONHU-
MEpHBIX MaTepHajoB HEOPraHMYCCKUMH HAHOYACTH-
LIaMH MMEIOT Psijl CYIIECTBEHHBIX HEJIOCTaTKOB, 00yC-
JIOBJIEHHBIX CIIOKHOCTBIO OOECIIeUeHHsI arperaTuBHON
YCTOHYMBOCTM YACTHIl, HEXEJATCIbHBIM YBEIHYe-
HHEM BSI3KOCTH CMecei MPH BBICOKMX KOHIICHTPALIUIX
¥ OTCYTCTBHEM PAaBHOMEPHOTO pacIpeesIeHus HaloJ-
Hutens. OMHOBPEMEHHO BO3HHMKAIOT MPOOJIEMBI COB-
MEIICHUSI MOJMMEPOB C Pa3IHNYHBIMH HAIIOJHUTE-
JSIMH, 00ECTIEYHBAIONIETO MOJYyYSHHE MAaTepUaloB C
PaBHOMEPHO paclpeJielieHHBIMU B 00beMe TOJIuMep-
HOM Matpuipl HaHo4yacTuuamu. OIHMM U3 Tepc-
NEKTUBHBIX TEXHOJIOTHYECKHX CIIOCOOOB MOJYyUYEHHUS
TaKUX KOMITO3UIIMOHHBIX MATCPUAIIOB SBIISICTCS TIOJIH-
MepH3anrs B BBICOKOIWCIICPCHBIX IMYIBCUAX, ITUC-
mepcHass (aza KOTOPBIX COJCPKHUT HAHOYACTHUIIBI
METaJJIOB M OKCHJIOB.

Henp Hacrosmieidl pabOTBI — MOyYEHHE IIOJH-
CTHPOJIBHBIX MUKPOCHEp, COAEpKAMNUX HAHOYACTHUIIHI
OKCHJa IIMHKAa Ha IOBEPXHOCTH, METOJOM TeTepo-
¢da3Hoil monumepusaiuu. Takue KOMIIO3UTBI MOTYT
HalTH IPUMEHEHNE B KaTalln3e, B IPAKTHKE CO3TaHMUS
ra30BbIX CEHCOPOB, ONTHYECKH NPO3PAYHBIX CBETO-
¢unbTpoB, YDO—(GUIBTPOB, KHUIKOKPUCTATHYCCKIX
9KpaHoB [1], mojydYeHUs MaTepHaiOB C aHTHOAKTe-
pHAIEHBIMU CBOMCTBAMHU ISl TTOCTCIYFOIIETO UX HUC-
MTOJIL30BaHMS B OMOMETUIIMHCKOM TeXHOIOTHH [2].

JKCcnepuMeHTAIbHAN YaCTh

B kadecTBe MCXOJHBIX PEArcHTOB HCIIOJIb30BAIIH:
JIUTHIIpAT arerarta uHKa, > 98.0%, Acros; rTuapoKcua
kamms, mapka «xd», ['OCT 24363-80 (1 wusm.),
kommanus «MC/ly»; nponanon—2, TY 6-09—07-1718—

91, OO0 «Xummeny; onenHoBas kuciaora, TOCT TY
9145-002-51043152-2005, OOO «TLl BeiMmen»;
rekcas, TY 6-09-3375-78, OO0 «Peaxumy; cTupodn,
Aldrich, 99%, (ouumanu ot crabuinzaropa 5%-HbIM
BoaHBIM pactBopoM NaOH, mpombIBagu BOJOW J0
HEUTPAJIBbHOM pEeaKkLMM, CYLIMJIM HaJ IPOKAJIECHHBIM
XJIOPUCTBIM KaJIbIIUEM W JBaXbl TICPECTOHAIIM B
BaKyyMe, HCIIOJIb30BAIA (PPAKIUIO, KHUILIIYI MOpU
41°C (2.1 kITa), d =0.906 r/cm’, n** =1.5450); Boxa,
OumucTHIIAT;, HeTWIoBbIH cmupt, Aldrich, 99%;
monermincyinbdar Harpus (JACH), >98.0%, Sigma;
nepcyibdar kamus (11K), 99.9% Sigma Aldrich.

HaHOLIaCTI/II_l])l OKCHJla HHWHKa moJiydajiu Tuapo-
JU3HBIM METOJIOM — peakiMell JWrhapara anerara
IIUHKA W THIPOKCHU/IA KK TI0 PEaKIUH:

Zn(CH;C0OO0),2H,0 + 2KOH —
— Zn0O| + 2CH;COOK + 3H,0,
COTJIaCHO METOJIUKE, ONMMCAaHHOM B [3].

Penenitypa mosryueHuss HAHOYACTHII OKCHA IIITHKA
MPECTaBIsAeT COOOM Clemyrolee COYeTaHHE HCXOA-
HBIX KOMIIOHEHTOB M HX COOTHOIICHHH: JWTHIPAT
areraTa MHKAa — 2 Mac. 4aCTH, THIPOKCHI Kamus — |
Mac. 4acTh, u30Tponanoi — 175 mac. yactei.

PacTBOp ruapokcuaa Kamusi B H30MPONAHOJIE TOTO-
BWJIM B IUIOCKOJIOHHOM K0J10€, CHa0KEHHOW 00paTHBIM
BOJISIHBIM XOJIOAMJIBHUKOM, TIPH WHTCHCHBHOM IIE€pe-
MemuBaHuu. Yepe3 30 MUH nepeMerrBaHus pacTBO-
pa mpu temneparype 60°C x HeMmy I00aBIsAIM He-
OOJBITUMIE TTOPUUSAMH TAK)KE MPU MOCTOSTHHOM TIepe-
MEIIMBAaHUH PAaCTBOP TUTHIpATa aleTrara MUHKa B TOM
ke pactBoputene. O0pa3yromyrocs CyCIeH3HI0 Tepe-
MemmmBaim 2 4 npu 60°C, mocie yero neHTpudyrupo-
Banu B Teuerue 10 mun (3000 06/mun). CynepHarant
CIMBAJM, @ OCAaJOK IPOMBIBAIM CMECHIO TI'€KCaHa C
M30MPOIIAHOJIOM B COOTHOIICHHH PACTBOPHUTEIIL/OKCHU]T
LUHKA, PaBHOM 2:1, oneparuio NpoBOAUIH S pa3s.

K OTMBITBIM HaHOYAaCTHLIaM OKCHJla IIMHKa IlO6aB-
nsu 10 MuT pacTBOpa OJICHHOBOW KHCJIOTHI B CTHPOJIC,
MOJIBEPTalld CMECh YIBTPa3BYKOBOMY BO3JICHCTBHUIO
(ucronp30BaIM yIIBTPa3ByKOBYIO ycTaHoBKy Ultrasonic
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Processor ¢upmer Cole-Parmer Instruments, CIIA).
XapakTepUCTUKH  yJIbTPa3ByKOBOIO  BO3AEUCTBHUSA:
aMIUIMTYJa YIbTPa3ByKOBOH 00paboTku 25% 0T Mak-
cuManbHO Bo3MoxHOH (70 kI'1r), obmee Bpems: oOpa-
6otkn 30 c, mmmTensHOCTH MMITyasca 10 c, Bpems
MEXy UMITyIbCcaMu 2 C.

I'erepodasznyro MOJIUMEPU3ALHIO cTUpoJa
OCYILECTBJISIM B CTEKISIHHOM peaktope HWS-
Labortechnik o6semom 100 M, CcHaOXEHHOM

TEIUIOOOMEHHOW PYOAalIKoW, SIKOPHOH MEMIalKod u3
[I2T® c meurarenem I19-8310 (Okpoc, Poccus).
[lepBoHauanbHO TOTOBWIM BOAHYH (a3zy: Boay
HarpeBanu 10 70°C m pactBopsiu B Heid p JICH nu
HETWIOBBIN criupT, AobaBsum uHunuarop [1K, 3arem
NPWINBAJIM CTUPOJBHYIO JUCIIEPCUIO, COJAEpPKALIYIO
HaHOYaCTULbI OKCHAA IUHKa W IMPUMEHAIU YJbTpa-
3BYKOBYIO 00pa0OTKy HpHW CIEIyIOUHX IMapamMerpax:
ammmutyga — 20%, obmee Bpems oOpabotkum 12.5
MUH, [UIHTEIBHOCTh uMIysbca 10c, BpeMs MEXIy
uMmnynbcaMu 2c¢. Jlis mopmepxaHWs HEOOXOIUMOU
TEMIepaTyphl TOJMMEpPU3allMi depe3 TeII000MeH-
HyI0 pyOamky peakTopa ¢ TIOMOIIBIO YIBTpa-
tepmoctata DC 30 (HAAKE, TI'epmanusi) mpoxa-
YUBAJIN BOJY, TEMIIEPATypy KOTOPOH MOIAEP KUBAIH
Ha ypoBHe 70+0.5°C. B peaktop 3arpyxaimu
IMPUTOTOBJICHHYIO OITMCAHHBIM BBIIIEC CHOCO6OM BBICO-
KOJIUCTIEPCHYIO OMYJIBCHIO, BKIIIOYAIN IepeMerI-
Banue (280 00/MMH) W OTMe4yanu BpeMsl Hauaja
nonmMepuzanui. [Iponecc Benu B TedeHue S .

DJIEeKTPOHHO-MHKPOCKOITNYECKHE HaOIr0IeHNS
MIPOBOMIIM C UCIIOJIb30BAHHEM 3JIEKTPOHHOTO TIPOCBE-
yuBaromero Mukpockorma LEO 912 ¢upmer Karl Zeiss
(Iepmanms) mo cranmapTHOW Metommke. OOpasisl
TUCTIEPCHI TS UCCIIEAOBAHMM pa30aBisuid 10 caaboid
OTIaJIeCLICHITHH.

O1eHKy pacrupeneneHus YacTul] IOJIMMEPHOH cyc-
NEeH3MU 10 pa3MepaM MpoBOAMIM Ha (HOTOHHOM
aHanuzarope uwactun Zetasizer NanoZS  ¢upmbl
«Malvern»  (BemukoOputanus), ¢  JUana3oHOM
m3Mepenuit gactuy ot 0.6 mo 6000 BM. Pabouwmit
uHTEpBaN Temmeparyp — or 2 go 120°C, yrox
JIETEKTUPOBAHUSL PAcCEIHHOTo cBeTa 173°, CTOUHUK
CBeTa — TeJHii-HEOHOBEIH JTa3ep ¢ UTMHOW BOJHBI 633
HM, MOLIHOCTh MCTOYHMKA cBeTa 5 MBT. M3Mmepenue
MPOBOIMIIA B ABTOMAaTHYECKOM pEXHMME II0 CTaHIap-
THOW METOAMKE, PEKOMEHIOBAaHHOMN MPOU3BOIUTEIIEM.
Wnentudukauno CTPyKTYpbl, COCTaBa U pa3MepoB
HETUAPOPOOM3MPOBAHHBIX U THAPOGHOOU3UPOBAHHBIX
HaHOYaCTHIL /n0O B WHAWBUAYaJIbHOM COCTOSSHMU U Ha
MOBEPXHOCTH IOJMMEPHBIX MHKpOC(Ep OCYIIECTB-
JSUTM  METOJIOM TOPOLIKOBOH AM(PaKTOMETPHU Ha
pentreHoBckoM audpakromerpe D/MAX-2500V/PC ¢
Bpamatommmes  anogoM ultraX 18 ¢upmer Rigaku
Corporation (Smonus). O6pa3upl rOTOBWIN W aHAJH-
3UpOBaNM, coridacHo tpeboBanmsaM [4], mudpax-
TOTPaMMBI HACHTH(PHUINPOBAIN IO METOAUKE [5].

Cyxo#l OCTaTOK CYCHEH3MH HAaXOOWIH TpaBu-
METPUYECKHM METOJOM, IS 4Yero B3BEIIMBAIH UHC-
Ty10 (aphopoByIO HalIeUKy Ha AaHATUTHIECKUX BECaX.
B wameuky Opanu HaBecKy OKoyio | T CycneH3uM U
elle pa3 B3BEUIMBAIM Ha AaHAIUTHYECKUX Becax.
Omnpenensuin  TOYHYHO MacCy HaBECKH CYCIEH3HH.
Jamee wdwamieuky TIOMEIIadd B  HWH(pPaKpPacHBIH

UCIIapUTENb, TIE BBINAPHBAIACH JKHIKOCTb. 3aTeM
Yamieyky ¢ TBEPJBIM OCTATKOM OXJKAalId M CHOBa
B3BELIMBAIN. BBIYMCIISIIN MacCcoOBYIO JOJIO TBEPIOTO
BemecTBa (Ccyxoil ocratok), dy, B % MaccoBbIX B
pacyére Ha B35ATOE KOJMYECTBO CYCIEH3MH MO
crenyromei popmyie:

dw= g =My 100%,
my, —mu,

rae mu, mu, my, — Macca YalleuyKd ¢ CYCIIEH3HEl,
I0CJIe BHITAPUBAHKS U YHCTOM, COOTBETCTBEHHO.

Wzyuenne  (OTONIOMHUHECHEHTHBIX  CBOMCTB
HAHOYACTHUI] OKCHJIA IIMHKA IPOBOIWIN C IIOMOILBIO
mpubopa VerteX kommannu Nanometrics (CILIA).
YCTpOHCTBO MPENCTaBIseT cOO0H KOMIAKTHYIO CHC-
TeMy, NPEeJHA3HAUYCHHYIO Ul U3MEpeHus KapT (oro-
moMuHeceHIu. OHO TO3BOJISIET MPOBOAUTH BBICO-
KOCKOPOCTHBIE U3MEPEHHS B JMANa30He [UINH BOJIH OT
200 mo 2040 M. OOpasen IUCIEPCHH HaHOYACTHI
OKCHJIa IMHKA B CTUpOJIe 00bEMOM 20 MKII Karaiu Ha
raakyo GaAs MOJUI0KKY U BBICYIIHMBAIM HA BO3AyXe
IIpU  KOMHATHOW Temmeparype. Jlanee mnpoBoannm
NU3MEpEeHHs Ha MNpHOOpe M0 METOAUKE, PEKOMEH-
JIOBaHHOM mpousBoauteneM. [yt BO30OyXIeHHs JIro-
MHUHECIIEHIINM HAHOYACTHIl HCIIOJIB30BAJICS Ja3ep Ha
OCHOBE QJIFOMO-HTTPHEBOrO I'paHaTa, padOTAIOLIEro B
HMIYJIBCHOM peXXHUME (IUTHHA BOJHBI 266 HM, CpEIHSS
MOIIIHOCTH 2 MBT).

Pe3yabTaThl U HX 00Cy:KIEeHHE

Ha puc. la mpuBenena rucrorpamma pacnpese-
JIeHUsI 1O pa3MepaM 4YacTHI OKCHAAa IMHKa B
u3oImpomnaxoyiie. BuaHo, 4To pazMepsl 4acTull Haxo-
narcsa B uHtepBasie 1500-1800 M, T. €. oHM arpe-

TUPOBAHBI.
&0

AnpdapauumansHei obven
]

10 4

1200 - 2400

CPEAMini AIHaMe T, Hid

W
= e

a

401100 nm

Puc. 1. 'mcrorpaMmsl pacnpeeneHus HAaHOYaCTHIl OKCHIA
IHKA B 430TPONAHOJIE, TOTyIYeHHBIE METOI0M (OTOHHO-
KOPPEISILIMOHHOM CIIEKTPOCKOINH (@) ¥ IPOCBEUHBAIOLIEHT
9NIEKTPOHHOI MUKpOcKomH (06cuér Mukpodororpadpum) (0).
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OnHako  JaHHBIE TPAHCMHUCCHOHHOW  MHKpPO-
CKOITMH, IPEACTaBICHHBIE Ha puC.10, CBHIETENBCT-
BYIOT O TOM, YTO pa3Mephl YacTHI] OKCHJAa IMHKa
HaxOJATCS B Tipeaenax ot 6 1o 11 am.

Jucnepcuss HAaHOYACTHI[ OKCHIA IMHKA, TAKUM
00pa3oM, MpOSBISIET arperaTuBHYI0 U CEIUMEHTa-
LMOHHYIO HEYCTOMYMBOCTh. Ilon ycTOMYMBOCTBIO Ta-
KUX CHCTEM MNPHUHATO MOHMMAaTh CIHOCOOHOCTH Ci1a0o
U3MEHSTh KOHICHTPAIMIO JUCIEPCHOM (a3bl U pas-
Mepbl YacTHIl (IUCIEPCHOCTH) B TEYEHHE OIpele-
JICHHOT'O TIPOMEKYTKa BPEMEHH.

Tak Kak 9acTHIBl OKCHIAa IMHKAa MMEIOT THUAPO-
(GUIBHYIO TIOBEPXHOCTb, TO IS NIEPEeBOJa CYCIIEH3UU
YaCcTHIl OKCHJA LMHKA M3 HM30IPONAHOJIA B THIPO-
($oOHYI0 cpelly — CTHPOJI, TIOBEPXHOCTh YaCTHI IO0J-
*Ha ObITh THApOGhOOH3upoBaHa. M3 sreparypsl H3BeCT-
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HO [5, 6], 4TO B OOJBIIMHCTBE CIy4aeB JUIs IMOJY-
4eHHs CTaOMJIBHBIX AWUCIIEPCHH HEOPraHWYECKHX Ha-
HOYACTHIl B YIJICBOAOPOJIHBIX CpelaX HCIOJIb3YyIOT
KUPHBIC KUCIIOTBI M UX COJiM, u Haubosee 3ddek-
THBHBIM CTa6I/lHI/l3aT0pOM SABJIACTCA OJICMHOBAsA KHC-
JOTa, KOTOpas CII0OCOOHa XHUMHYECKH ancopoupo-
BaThCsl HA MMOBEPXHOCTH HaHodacTull. [loaTomy manee
K HAHOYACTHI[AM OKCHJIA IIMHKA Mbl qo0aBisuti 10 M
pacTBopa OJICHHOBOM KHCJIOTBI B CTHUpPOJE U BO3-
JeCTBOBAIIM HAa CHCTEMY YJIBTPa3ByKOM.

PenTrenodazoBerii aHanm3 mokasai, 4To OUQpak-
TOrpaMMbl  HeruJpodoOu3npoBaHHbIX (puc. 2a) u
ruapodoOn3npoBaHHbIX (pHc. 20) HAHOYACTHI[ COOT-
BETCTBYIOT (Da3ze OKCHIAa IIMHKA C TeKCAaroHAIbLHOM
CTPYKTYpPOH BIOpLIUTA.
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Puc. 2 IudpaxrorpaMmbl JUCHEPCHiA: @ — HErHAPOPOOU3UPOBAHHBIX HAHOYACTHI OKCHA IIMHKA,
0 — ruapooOHU3NPOBAHHBIX HAHOYACTUI] OKCH/IA LINHKA.

B  pacuérax  pa3mepoB  HaHOYACTHI[ IO
JU(ppaKTOrpaMMaM KCIOJIb30BATH METOJ MOCTPOCHHUS
BubsiMcona-Xoiia, OCHOBaHHBIH Ha COOTHOIICHUH:

ﬁ~cos€=}VTK+4-g~sin0 s

rae B - ¢usnveckoe YHIHpeHHE IUPPAKITUOHHOTO
MakCMMyMa; A — JUIMHA BOJIHBI HKCIOJIb3yeMOTO
msnyuenust (CuKa,), pasnas 1.5405 A; D — pasmep
obmactu xkorepentHoro paccesaus (OKP); K — daxrop

(hopmsl (00br4HO paBen 0.9); 6 — bperroBckuii yrou; €
— BEJIMYMHA MUKPOUCKLKEHUN KPUCTAIUIMYECKOH
pPEETKN WM HaNpspDKEHHs 2-TO0 pojia, BBI3BAHHBIC
nedeKkraMy CTPYKTYpBbL, IUCIOKALMSIMHU U T.1.

Nmes skcriepuMeHTalbHBIH HaOOp map 3HaueHUH
(hM3NUECKOTO YIIMPEHUS U YTIIIOBBIX KOOPIMHAT (-
PaKIMOHHBIX MakcUMyMoB (f3;, 26;), MOXKHO METOIOM
HAaNMEHBIINX KBagpaToB HautH AK/D m 4g, xak
KOX(PHUIHUEHTH TUHEHHOW ammmpOKCUMAINH, U3 KOTO-
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peIx omnpenensitorcs pazmep OKP u BenmnmunHa MHKpPO-
HCKaXKeHUN KpucTauinuecko pemérku. Ilorpemi-
HOCTH HCKOMBIX 3HAYCHHIH BBIUHCIIIOT U3 pa3dpoca
OKCTICPUMCHTAJIbHBIX NJAaHHBIX OTHOCHUTCIILHO aIllpoOK-
CUMUPYIOIIEH NPSIMOH.

Yka3zaHHBIM METOJIOM HaXOJIWJIM pa3sMep YacCTHIl
OKCH/Ia IIMHKA B UCXOJJHOM COCTOSIHHH M TIOCJIE THPO-
(obuzanum, s yero Ha audpakTorpamMmax (puc. 2)
M3MEPSUTH YTIIOBBIE KOOPAWHATHI (20;) ¥ TONyIIHPHHBL
(B) mudppakunoHHEIX MakcUMyMOB. C IIeTbIO ompese-
JeHuss (U3NYECKOro YIIMPEHHs M3 IKCIEePUMEHTAIIb-
HBIX 3HAQUCHUH IOJIYIIMPUHBI BBIYUTAIH MHCTPYMEH-
TAIBHYIO (YHKIHUIO, HCIONb3ys Gopmyny [ =B-b
(b<<B). HHcTpyMeHTaNbHOE YIINpPEHHE B 3aBUCH-
MOCTH OT yIIa AU(QPaKIUK ONpPENeIsUI B CIELHAIb-
HOM AW(PAKIMOHHOM SKCIEPHUMEHTE IPH ITOMOILIH
stanoHa — mopomka LaBg. Ha puc. 3 mpuBemeHs
YIJIOBBIE 3aBUCHMOCTH IONYLIMPUHBI I oOpas3ua B
HCXOJHOM COCTOSHHM M mociie rumpododusanuu. Ha
puc.3  TpeACTaBIECHBI pe3yibTaTbl MU3MEPEHUH JuIs
stasiona (puc. 3a) u rpaduk anmPOKCUMHUPYIOIICH
¢ynkun (puc. 36). Ha puc. 3B u 3r nmaHsl nmocrpoe-
Hust Bunpsmcona-Xomna s oOpasua HaHOYaCTHIL
OKCHJIa ITMHKA B HCXOJHOM COCTOSIHUM ¥ TIOCIIE TUPO-
(dobuzarun. HakiaoH anmpoKCHMHUPYIOMUX MPSIMBIX
paziamdeH. OTO CBSA3aHO C Pa3IHMYHOW BEIMYHHON

y = 2E-06x? - SE-05x + 0.0241| » LagBs-

0.035 FEOMETDIMECKOE

HLIJHDQHHE‘
0.03 -/F.
"} u Znd -

0.0:5 pr HHTEFpANBHOE
§ 0.02 YLLIHDEH e
o

0.Ms & Znd -

0.01 HanecKoe
e
y = 2E-07x7 - JE-05x + 0.0020 YiLpei
0.005 —_— i —
0 - . |
0 50 100 150
2 theta
a
y = 0,0064x + 0,0197
R#=10.9991
0.024

00235

[:-]
2 o023
80.0225
E
£ 0022
F-1
0.0215
0.021

0.2 0.3 0.4 0.5 06 0.7

sin theta

B

MHUKPOUCKaXXEHUN KpucTtauimyeckol pemérku. [lo
9TUM TIpadUKaM MOTyUeHbI 3HAYECHHS BETMYNH MHKPO-
nckaxxenuut, papueie 0.16% u 0.11%, pazmeps! kpuc-
TaJJIUTOB, PaBHbIE 7 HM U 15 HM IO NPU3MEHHBIM U
MUpaMUAAIBHBIM IUIOCKOCTSM Ui 0Opas3lioB HaHO-
YaCTHIl OKCHJAa LMHKA B MCXOJHOM COCTOSHHUH U
nocie ruipoodu3aIy, COOTBETCTBEHHO.

CelMMEHTAlMOHHYIO yCTOWYHMBOCTH JAWCIIEPCUH
HAHOYACTHUI] OKCH/A IIMHKA B CTUPOJIE U3ydadH METO-
oM teHTpudyrupoanus npu 3000 o6/MuH B Teue-
HUe 2 MuH. 7 ompeneNeHds MHHAMAIBHOW KOH-
LEHTPAINX OJENHOBOM KHUCIOTH (% Mac. Ha eAUHUILY
Macchl HAHOYACTHI), MPU KOTOPOH Amcmepcus
HaHo4acTul] ZnO sABIsSeTCS YCTOHYMBOM, Moirydanu
JUCIIEPCUH TIPH Pa3IMYHOM KOHLEHTPAlMU OJIEUHO-
BOi KUCIOTHI. VX 1IeHTpU]yYrupoBaIn ¢ HEIbI0 OT/Ie-
JICHUS arperaTtoB W3 HaHOYACTHIl U OINpPEAEISIIM KOH-
LEHTPAMI0O HAHOYACTHIl OKCHAAa IMHKA B CyIep-
HaraHTe. Hamu monydYeHbl TpW IUCIIEPCHM HAHO-
YaCTHIl OKCHAA LUHKA B CTHPOJE C KOHLEHTpAaIHeH
6.6, 122 n 13.3% mac. B pacuére Ha MOHOMEp.
JanbHeilliee yBeIMUEeHUE COAEPKAHUS OKCHUIA LIMHKA
B JUCIEPCUH HE MPHUBEJO K POCTY €r0 KOHIEHTPALUU
B CylepHaTaHTe. Pe3ynbTaThl HCClEeIOBaHUM Npen-
CTaBJIeHBI Ha puC. 4.

y = 1E-06x% - 2E-05x + 0.0126 * LaBe -
0.0z FEOMETPHYBCHOE
o.018 ~ YLIHpEHWE
0.016 =
0.014 o B 700 ruapod.-
| o2 o HHTEPANBHOS
a8 om YLUMPEHWE
0.008
g:g: y = 2E-07%%- 3E-05x + 0,002 liﬁm i
0.002 - yumpeHne
i} -
0 50 100 150
2 theta
0
y = 0,0044x + 0,0092
R*=0,9988
oo1z2
0.012
= o.o118 f’/‘
E o.o11e f’
@ 0.0114
3 o012 I/[
E 0,011
0.0108
0.0108
0.0104
.00z - -
02 0.3 04 05 08 0.7
sintheta

T

Puc. 3. YriioBast 3aBUCHMOCTD MOJNYIIMPHHBI AUPPAKIIMOHHBIX MAKCUMYMOB J1J1s1 Topotika LaBg, 1 HCXOHOTO OKCHIIA IIMHKA
(a) u rugpodhobu3npoBaHHOrO OKcHAa UKHKa (0); rpaduku nmoctpoenus: BunbsiMcona-Xoiuia Ui ICXOAHOTO OKCHA LINHKA
(B) 1 rHAPOPOOU3UPOBAHHOTO OKCHA LIMHKA (T).
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Puc. 4. 3aBUCHMOCTD KOHIICHTPALIMK HAHOYACTHI] OKCHIA
[MHKA B CYIIEPHATAHTE OT KOHIIEHTPAIIMU OJIEMHOBOM KHC-
JIOTBI: KOHIICHTpAIHs OKCHIa ITHHKA 6.6% Mac. (1), 12.2%

Mmac. (2), 13.3% mac. (3) B pacuére Ha MOHOMEP.

Ha ocHOBaHMH peCTaBICHHBIX IPaQUKOB MOKHO
3aKJIIOYUTh, YTO MHHUMAIIbHAS KOHLEHTPALUS OJEH-
HOBOHM KHUCIJIOTBI, IPU KOTOPOM ITOCTUraeTcsi MakKCH-
MajlbHas CEAMMEHTALlMOHHAs CTaOWIBHOCTh AUCIIEp-
CHH ¢ KOHIeHTpammel 6.6, 12.2, 13.3% wmac., cocras-
aser 0.7, 1.3, 1.5% wmac. B pacuere Ha MOHOMEp,
COOTBETCTBEHHO.

Wzmenenne ruapoduibHO-ruapodoOHOro cooT-
HOLIEHUsI TIOBEPXHOCTH HAaHOYACTHUI] OKCHJA IIMHKa B
pe3yibrare UX MOAU(HUKAIWN OJEWHOBOW KHCIOTOH
SIPKO TTPOJIEMOHCTPUPOBAJIO U3MEHEHHE paclpesiernie-
HUS HAaHOYACTHI] MEXIY KOHTAKTHPYIOLIMMH BOIHOM
1 yriaesomopomHoil ¢azamu. Hermmpodobusupo-
BaHHBIC YaCTULIBI OKCHJA LIMHKA ITOMECTHJIHM B BOAY,
CBepXy HacIoOWiIM MaciisiHyio (a3y (rekcah), mepe-
MELIMBAJIM CHCTEMY Ha MarHUTHOW MeIlayike, Mocie
OCTAaHOBKH IIepEeMEIMBAHUS OKa3ajoch, YTO HAHO-
YacTHILbl OKCHIA IIMHKa OCTAJIMCh B BOJXHOM (hase.
Takyro ke mnpouenypy npojenanun c¢ ruapodo-
OM3MPOBaHHBIMHM YaCTHLAMHM OKCHAA IMHKA. B 3TOM
cllyyae BCE YacTHIBI MEpeluId B MacisHylo dazy —
rekcad. CTeneHp SKCTPaKIMW HAHOYACTHI] OKCHAA
LIMHKa M3 BOAHOW (pa3bl B TeKCaH ONpENesuld IO
CYXHM OCTaTKaM B BepXHeH (TeKCaH) 1 HIKHEH (Boaa)
¢paxmmax. B coydae HeruapodoOn3upoBaHHBIX HAHO-
YacTHI CyXoi octatok coctaBui 0.4% mac. B BepxHeH
¢paxunn (rexcane) u 2.4% mac. B HIDKHEH (pakiun
(Bome). B cnyuae ke ruapodoOU3MpPOBaHHBIX HAHO-
4acTHUI[ CyX0il 0CTaTok cocTaBuia 3.6% Mmac. B BepxHel
¢pakiuu (rekcane) u 0% Mac. B HKHEH (pakiuu
(Bome). CriemoBarenbHO, MpoLIECC TUAPOQPOOU3AIUH
TIOBEPXHOCTH HAHOYACTUI] OKCHZAA LIMHKA OJICMHOBOH
KHUCJIOTOH BBITIOJHEH MaKCHMaJIbHO 3((heKTHBHO.

MeTo0OM JAMHAMHUYECKOTO CBETOPACCESIHUS yCTa-
HOBIICHO, YTO CpeHHMU nuamerp HaHodactul] ZnO B
CTHpOJIE cocTaBisieT 6+11 HM, 4TO CBHAETENBCTBYET
00 arperaTMBHON yCTOWYMBOCTH HAHOYACTHIl B THI-
podoOHOI cpene MOHOMEpPa W COXPAHEHHHM WX WHIHW-
BHIYaJbHOTO pa3Mepa ¢ TEUeHHEM BpeMeHH (puc. 5).

I'etepodasHyro moaMMepH3alyio CTUPONA B IPH-
CYTCTBUH JUCIIEPCUHM OKCHJa LIMHKA B CTHPOJIC WHH-
LUHUPOBAIM TiepcyibaroM Kamus. [ns npunaHus
ruapodoOM3UPOBaHHBIM  HAHOYACTUIIAM  OKCHa
LIMHKA TTOBEPXHOCTHO-aKTUBHBIX CBOWCTB, HEOOXOH-
MBIX ISl UX Y49acTHs B (DOPMHPOBaHHUHU MeK(pa3HbIX
a/IcOPOIIMOHHBIX CJIOEB Ha MOBEPXHOCTH IOJMMEPHO-
MoHOoMepHBIX dacTul (IIMY), 06pa30BaHHBIX U3 MHK-

Becmuuxk MUTXT, 2011, m. 6, N¢ 5

pokamnens MOHOMepa, HO0ABISUIM LETWIOBBIA CIHPT
(IC) n mometmncynbdar Harpus (JJCH). Beiopannsiit
Habop ITAB obecneunBaer oOpa3oBaHHE MPOYHOTO
MeX(pa3HOTO CI0sl, CIIOCOOHOTO 00ECHeYHUTh YCTOW-
YUBOCTH MOJMMEPH3YIOUIAMCS YaCTHI[AM M HMMOOH-
JM30BaTh HAHOYACTHIBl OKCHIA LHHKA B MOBEPX-
HOCTHOM CJIO€.
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40T - 1 8 e e e e -
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Puc. 5. FI/ICTOFpaMMa pacrnpeaciCHus HaHOYaCTHIl OKCHIa
LIMHKA 110 pa3MepaM B CTUPOJIC.
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Puc. 6. MukpogoTrorpad i HaHOYACTHUI] OKCH/IA ITHHKA
B CTHpOJIE (), MOJIMMEPHBIX MUKpOChEp ¢ UMMOOUIN30BaH-
HBIMH HaHOYaCTHLIAMU OKCHA LIWHKA (B) U THCTOrPAMMBI
pacrpeneneHusi HAHOYACTHUI] OKCH/IA LIHKA [0 pa3Mepam —

B cTupone (0), pactpenencHuss MMMOOMIN30BaHHBIX
B MOJIIMEPHBIE MUKpOCc(hepbl HAHOYACTHII OKCHIA IIUHKA (T).

AHanu3 TOJy4eHHBIX JaHHBIX 110 TPaHCMUC-
CHOHHOW MHKPOCKOIIUM TOKa3aJl, YTO HAHOYACTHUIIBI
MMMOOWIIM3UPOBaHbl B IIOJIMMEPHBIE MHKPOCHEPHI
(puc. 6). CpaBHEHHE TUCTOTPAaMM paclpeeeHus 110
pa3Mepam UCXOTHBIX HAHOYACTHUI] B CTHPOJIE (puc. 60)
Y HaHOYACTHL], IMMOOWITU3HPOBAHHBIX B IIOJIMMEPHbIC
MHUKpochepsl (puc. 6r) yKa3slBaeT Ha TO, YTO pa3Mep
HAaHOYACTHUIl OKCHAA IMHKA NPHU (PUKCALMU B IIOJH-
MEPHBIX MUKpOC(epax HECKOJIbKO YBEIMYUBAETCS, HO
CPaBHHUTEJIFHO Y3KO€ paclpefesieHne IO pa3Mepam
COXpaHseTcs.
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Pacnonoxenue HaHOYACTHUIl MNPEUMYILECTBEHHO Takum o00pa3om, B pe3yibTaTe HCCICIOBAHUMN
Ha TIOBEPXHOCTH IIOJIMMEPHBIX MHKpochep (Maju-  CHHTE3MPOBAHBI CYCIIEH3MU MOJMUCTUPOJIBHBIX YACTHII,
HOOOpa3Hast CTPyKTypa) MOATBEPKIEHO METOJIOM CKa-  KOTOpble  COJEepXXaT B IOBEPXHOCTHOM  CJIO€
HUpYIOIIEH MUKpocKonuu (puc. 7). HAaHOYACTHUIIBI ~ OKCHAA IIMHKA. OTO  yJalochk
OCYIIECTBUTH, NNPpHUJaB HaHOYACTHIAaM OKCHJa IIMHKa
[IOBEPXHOCTHO-AKTUBHBIE CBOICTBA.

0.650
[Vok)
5
S 05%
@
o
a
E 0412
E 0.288
3
3
= 0.164
L=
0.040
100nm 2841
E
Puc. 7. Mukpodotorpadpuu SEM nomydeHHBIX 0524 *
KOMITO3HIITMOHHBIX MI/IKPOC(bep Ha OCHOBEC IIOJIMCTHUPOJIA [Vok]
1 HAaHOYaCTHIl OKCHJIAa IIMHKA. 5 0428
H
L3
Ha puc. 8 mpexcrapieHsl CHEKTpbl (OTONOMH- & 0328
HCCLICHIIMH, 3ape€TUCTPUPOBAHHBIC C IIOMOIIBIO E
npuGopa VerteX dupmsr Nanometrics, ruapohobusn- &£ 0230
-
POBAHHBIX HAHOYACTHIL] OKCHIAA HHWHKa U I/IMM06I/IJ'II/I- -1
]
30BAHHBIX HA [IOBEPXHOCTH MOMMMEpPHBIX Mukpochep: § 413 ) ;
WHTCHCUBHOCTh  (DOTOIFOMHUHECIICHIINA ~ COCTaBHJIA : ;
0.033 1 M ] L I I I H
0.524 B npu anuue BosnHbl 408.6 uM u 0.660 B npu 284.1 3107 337.3 3638 390.4 417.0
JinuHe BoJiHBL 381.4 HM, COOTBETCTBEHHO. BbLiBieH- Lra soni, i
HBI (akT TakkKe MOATBEP)KIACT WMMOOMIIH3AINIO 6
HAaHOYACTHUI] OKCH/AA ITMHKA B TOBEPXHOCTHOM CJIO€
HOIMMEPHBIX MHUKpOc(ep ¢ coxpaHeHHeM HX (oTo- PH%’ 8. CeKTpb! poTOMIOMHHECIEHIIHH
THAPOPOOU3HPOBAHHBIX HAHOYACTUIL] OKCHaa TMHKA
JIOMHHECIIEHTHBIX XapaKTEePUCTHK. Apod o P . sla i
B cTHpoIie 6%Macc. (a) ¥ MOJMMEPHBIX MUKpOchep
C HaHOYaCTHIaMH OKCHUa ITMHKA Ha IMOBEPXHOCTHU (6)
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