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BBenenue

JMokcuay uepus B HaHOKPHUCTAUIHYECKOM COCTOSHHH
npucyud ocobble GYHKUMOHaNIbHBIE CBOMCTBA, YTO O0Y-
CJIOBJICHO B TMEPBYIO OYEPEb HE UMEIOILEH aHANIOroB 3aBH-
CHUMOCTBIO KHCJIOPOJHOH HECTEXHMOMETPHH JAHHOIO COEIH-
HEHHA OT pa3Mepa 4acTHL. IToT IPPEKT, HapsAAY C XOPOLIO
U3BECTHLIMU 3P deKTaMU U3MEHEHHA MArHHTHBIX H ONTHYE-
CKUX CBOMCTB NpH YMEHbLICHHWH pa3MepoB yactun [1, 2],
OTHOCHTCS K OAHUM M3 Hauboyee SPKUX NpOABJICHUH pas-
MEepHOro ¢akropa.

B HacTosueM 0030pe NpoaHaIN3UPOBaHE! PAKTUYECKH
3HAYHMbl€ METOABI MOJIYYEHHS HAHOMOPOIIKOB AHOKCHAA
LEpHs € KOHTPOJIMPYEMOH MHKpOMOpQoJorHe, paccMoT-
pPEHBl OCHOBHbIE pa3MepHble 3P (eEKTh!, XxapakTepHblE M4
HAHOKPUCTAUINYECKOrO AUOKCHAA LIEPHUS, a TAKXKE OMHCAHDI
HEKOTOpbIE NEPCHEeKTUBHbIE 001aCTH NPHUMEHEHHA AaHHOTO
Marepuana, BKIO4as OHOMeauUMHCKHE H JHeprocbepe-
ralolide TEXHOJIOTHH.

OcHoBHbIE METOABI MOJYUYCHHUSHA
HAHOKPHCTAANHYECKOro AHOKCHAA HepUsda

K HacrosueMy BpeMeHH pa3paboTaH LEJbIH psg MeTo-

JIOB MOJY4eHHsA AMOKCHAA UEpPHs B MHKPO- M HaHOpa3zMep-
HOM COCTOSHHH M3 TBEPAOH, *XUAKOH M ra3oBoH ¢a3. Tpa-
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JUUHOHHO s cuHTe3a CeO,_, UCIONb3YIOT TBEpAOGa3Hble
pEaKUHH, B YaCTHOCTH, TEPMONU3 CONCH Lepus NPU BBLICO-
KMX TeMIepaTypax [3] M peakuuM MeXaHOXMMHYECKOro
CHHTE34, B TOM 4HCIIE U [IpU KOMHATHOH TeMIeparype (CM.,
HanpuMep, [4,5]). K rasodasHeiM MeromaM OTHOCATCS
HCMapCHUE METAUIMYECKOTr0 Lepus B BaKyyMe C noche-
AyroweHd KOHACHCALMEH YacTHI MeTajlla B XOJIOAHOH 30HE
u oxucnenueM Hx a0 CeO,, [6] u razodasHeli TepMonus
JIETKOJNIETYYUX OPraHUYECKHX COCAMHEHHH uepus (XuMmuye-
CKOE OcaxcIeHHe M3 razoBoi ¢asnl) [7]. HanGonemee pac-
NpOCTPaHEHHE MONYYHIH KHAKO(A3ZHBIE METOJBl CHHTE3a
JMOKCH/Ia LepUs B BOIHBIX H HEBOJHBIX CPENax, B NEPBYIO
ouepeah HEMOCPEACTBEHHOE OCAXAECHHE THAPATHPOBAHHOIO
JIMOKCHAa LiepHua u3 pactBopoB conell uepus(Ill) u (IV) npu
JOOABJIEHUH PACTBOPOB CHJIbHBIX OCHOBAaHUil (CM., HallpH-
Mep, [8]), cHHTe3 B MUKPOIMYJbLCUAX H OOpaTHBIX MHLEN-
nax, obpasyemuix [TAB (Hampumep, AMOKTHACYNBHOCYKIH-
HAaTOM Harpm [9] win oneunnamuuom [10]). K atoi xe
IpYIIIE OTHOCAT METOABI CHHTE3a U3 PacIIABOB.

PasMepsl nonyuaeMeix HaHoudacTHL CeQO, OORI4HO
BapbUpyloT OT 1—2 g0 50 uM. OcoOblii MpakTHYeCKHH
HHTEPEC MNPEACTaBASIOT METOAbI, MO3BONAIOUINE CHHTE3H-
poBaTh INUOKCHA LEpPUS C Pa3MEPOM UACTHIL MeHee 5—
10 HM, NOCKOJBKY HMEHHO MNPH TAaKOH AHCIEPCHOCTH B
3HAYUTENLHON CTENEHH HAYWHAKOT NPOABIATLCA XaPAKTEp-
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Hble IS AMOKCHAa Lepusa pasmepHeie d¢dextnl. Cnenyer
OTMETHUTh, YTO GONBUIMHCTBO YKA3AHHEBIX BBILIE METOAOB HE
obecrneuynuBaeT BO3IMOXHOCTb NONYYEHHA HAHOYACTHI 3a-
JAaHHOTrO pa3Mepa JHGO TpeOyHT HCHONIB30BAHHA AOPOro-
CTOSIIUX PEAreHTOB H 00OPYAOBAHHUS.

Hixe paccMOTpeHBl METOAHKH CHHTE3a HaHOKPHCTall-
JMYECKOTO JHOKCHIA LEpHs, a TaKXe TBEPAbIX PACTBOPOB U
KOMITO3HTOB Ha £T0 OCHOBE C KOHTPOJNHPYEMbIMU pa3Mepa-
MU 1 $opMoO#t yacTHL.

Honyuenue nanokpucmaniuuecko20 OUOKCUOA 4epus
Memoodamu 20M02EHHO20 0CAIHCOEHUA

B cBs31 ¢ TeM, YTO NPOM3BEACHHS PACTBOPHMOCTH [H[-
POKCOCOEIMHEHHH LIEpHA M AHOKCHIA LEPUS KpailHe Malibl,
HX OCXICHHE M3 PacTBOPOB COJICH LEpUsA NpH AEHCTBUU

OCHOBaHHI [NPOUCXOAMAT IPH 3HAYHTEIBHOM l'leCCbILI.ICHHH.

pacteopa. Ilo panwmemm [11, 12], peakums oGpasosaHHs
JUOKCHAA LepUs, PABHO KaK H LEJI0r0 pAjia OKCHAOB APYTHX
METa/UIOB, MPOTEKaeT M0 MEXaHU3My aBTOKATalu3a, T.e. C
CaMOYCKOPEHHEM, YTO 3a4acTyK) NPAKTHYECKH HCKIIOYaeT
BO3MOXHOCTb HAIIPAaBJIEHHOIO BapbUPOBaHHA MHKPOMOP-
¢onorun TBepAoda3HBIX MPOAYKTOB CHHTE3a. Y IauHOM
aNIbTEPHATHROH MPEACTABIACTCA HCIONB30BAHUE PEATEHTOB,
CIIOCOGHBIX MEJUIEHHO THAPONH30BAaThCA C 0Opa3oBaHHEM
[TMAPOKCH-HOHOB, YTO [O3BOJIACT KOHTPOJIUPOBATH CTEMEHD
HEPECHIEHHA PACcTBOpa H H30€XaTb BO3HUKHOBEHUSA JIO-
KaJIbHBIX I'DJHEHTOB KOHLIEHTPALIHIA.

Cunmes CeO,_, 6 npucymemeuu
2eKcamemuleHmempamuna

ITpouecc o6pazoBaHUs OKCHIOB METALIOB (B TOM YHCJIE
JUOKCHJA LEpHA) MpH B3aUMOMCHCTBHH TeKCaMETHIIEHTE-
TpaMHHa C pacTBOpaMH CONCH METa/UIOB MOXET BKJIIOYaTh
HECKOJIBKO cTajuii. Tak, cOracHO NoJy4eHHLIM HAMH JaH-
HBIM, B KA4ECTBE NPOMEXYTOYHBIX MPOAYKTOB PH CUHTE3E
CeO;,_« 13 BoaHBIX pacTBOpoB coneil uepusa(Ill) u rexcame-
THJICHTETPAMHHA MOTYT BBICTYNATh HEPACTBOPHMDIE THAPO-
KCOCOCIMHEHHS LEpHA, B YAaCTHOCTH, TMAPOKCOKapGOHAT
uepua(IID) [13].

Peakuusa ruaponnsa cojei LepHs B MPUCYTCTBHH IeKca-
METHJICHTETPAMHHA [I0JIOXKEHA B OCHOBY LIEJIOT0 PAAA METO-
JUK CHHTE3a HAHOKPHCTAJUIMYECKOTO [HOKCHIA LepHs
[14—16]. Ilokazamo [15,16], uyTo pasMep HaHO4YacTHL
CeO;_, 33BUCHT OT NPOAOUKHTENLHOCTH PEaKLHH, IPHYEM
3aBUCHMOCTb HMeEET [IPaKTHYECKH JIMHEHHBIA XapakTep.
Junamuka pocra yactuy CeO, . onpeaensierca U ApYrUMHU
¢dakTopamMu, B TOM YHCIE TEMNEPATYPOii NPOBEICHUS PeaK-
UMM H MOJIbHBIM COOTHOILCHHEM HMCXOMHBIX pPEAreHTOB
[13,17]. BaprupoBanue YCIOBHH CHHTE3a II03BOJISET B
IIHPOKHX NpeAaenax U3MEHATb pasMmeps! (0T 10 1o 50 uM) u
¢dopMy HaHouacTHL AHOKcHia uepusa [18]. B uwactHOCTH,
YMEHBLIEHHE MOJILHOTO H30BITKA IeKCaMeTHICHTETpaMuHa
no ortHowenuro k Ce(NO;); npuBoAMT K 00pa3oBaHHIO
4ype3BbIYaifHO TOHKHX (<1 HM) B3aHMHO OPHEHTHPOBAaHHLIX
wiactuHok CeQO,_ (puc. 1).

MeTo/1 I'OMOIr€HHOTO OC2)XIACHHS B IPHCYTCTBUH IeKca-
METWIEHTETPAMHUHA MOXET ObITb HCHONB30BaH He TOJBKO
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Puc. 1. HaHOn/IacTHHKH AMOKCHIA2 UEpPHN, MOAyHeHHbIe M3
BoaHbIX pacTBopoB Ce(NO;)yrekcameruiienrerpaMHH (MoJib-
Hoe coornomrenue 1:3) [18]

UL NONYYEHHSA HAHOKPHCTALIHYECKOTO AHOKCHIA LEpHs,
HO H TBEpHABIX pacTBOpoB Ha ero ocHose [19—21]. Tak,
HanpuMep, ObUT CHHTE3UPOBAH MHOKCHA LEpHS, AOMHpPO-
BaHHBIA Npa3cONHMOM, H3 BOJAHBIX PACTBOPOB HHUTpaTa
uepua(Ill) n xnopupa npaseoquMa B MPHUCYTCTBUH TeKCaMe-
TunenTerpaMuia nopu 100 °C [19]. [TonyyeHHble HaHOYA-
CTHIBEI MMEKT H30TpONHy ¢opmy. C yBenHYEeHHEM KOH-
LUEHTpAaUMH HCXOJHOro pacTBopa HuTpatra uepua(IIl) or
0,005 no 0,02 M cpenHuii pasmep yacTul Bo3pacraer oT 8,1
1o 14,9 um.

ITo ananoru4HoOH MeToauKe ObUI CHHTE3UPOBAH AHOKCHI
uepHs, JONHPOBAHHBINA raJOJHHHEM U caMapueM [21]. Ye-
TAHOBJIEHO, YTO MosbHOE cooTHoweHHe Ce/Gd u Ce/Sm B
NpOAYKTaX CHHTE3a COOTBETCTBYET COOTHOIUEHHIO KaTHO-
HOB B UCXOAHBIX pacTBopax. Jlomuposanue CeO; noHaMH
PEAKO3EMENBHEIX METAJLIOB NPUBOAHT K MOJy4YeHHIo Gosee
BBICOKOJUCIIEPCHBIX MPOAYKTOB.

[Tpennoxena Takxe - MOmUPUUHUPOBaHHAA METOAHKA
MHOTOCTaJHHHOTO CHHTE32 HAHOKPUCTAJLIMYECKHX OKCHJI-
HBIX [OPOWIKOB, BKIIOYAKOILAA OCAKACHHE HAHOYACTHLL
OKCHJIOB METAJUIOB B MPHUCYTCTBHU ['€KCAMETHJIEHTETPAMHU-
Ha, IPONHTKY OKCHIHBIX MOPOLIKOB KOJUIOMIAHBIMHU PacTBO-
paMud LHKIOTPUMETUICHTPUHUTPAMHHA M TEPMHYECKYIO
00paboTKy IONY4YECHHBIX HAHOKOMIIO3UTOB B YCJIOBHAX,
00€eCNeyUBAIOLINX B3PBIBHOE PA3JIOKEHHE LMKIOTPHMETH-
JeHTpUHUTPaMuHa [22,23]. COBOKYNHOCTh I3THX CTaiui
NPUBOJMT K POPMHPOBAHUIO MPAKTHYECKH HEArDETHPOBAH-
HBIX HAHOYACTHL. DTOT MOAXOA NPEICTABIACTCA MEPCIeK-
THBHBIM I NOJIYYEHHA HAHOKEPAaMHUKH Ha ocHoBe CeO,_,.

Cunmes CeO,_, 6 npucymemeuy MoyesuHst

CorniacHo JaHHBIM pabotel [24], comu nepua(Ill) npu
HArpEBaHUH B MPUCYTCTBHH MOYEBHHB! THAPOJH3YIOTCHA C
00pa3’oBaHHEM BEPETCHOOOPA3HBIX WM CTEPXKHEBHAHBIX
4aCTHL KPHCTAUIHYECKOro OKcokapOoHata  wuepua(Ill)
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Ce,0(C0O;5)2Hy0, nubo renenofobHBIX OCAAKOB TOTO XKe
cocrasa. B xopolieM COOTBETCTBUM C Pe3yJIbTaTaMH pado-
Thl [24] HaxopaTca AaHHble [14]: eNMHCTBEHHBIM MpPOIYK-
ToM ruaponusa Ce(NOs); B NpPUCYTCTBHH MOUEBHHBI MpH
85 °C, B oTnMYME OT peakUHH C y4aCTHEM [EKCaMeTHICH-
Terpamuna, asigerca Ce;0(CO3)yH,0. Bmecte ¢ teM B
pabore [25] ObUIO NOKa3aHO, YTO THAPONU3 COJIEH Lie-
pus(Ill) ‘B npuCyTCTBHH MOYEBHHBI B TFHAPOTEPMATBHBIX
ycnouax (120—180 °C) moxker npuBOAMTE K 0Gpa3oba-
HHIO JBYX KpUCTaJUIM4eCKuX- pa3 — OpTOPOMOHYECKOro
OoKkcokapGoHaTa M TeKCaroHaJlbHOro THApPOKcokapGoHaTa
uepusa(Ill) Ce(OH)CO;, npu 3ToM cOCTaB MPOAYKTOB CHUH-
Te3a ONpeneIieTcs KaK IPUPOAOH MCXOIHOH conu uepus,
TaKk M KOHLEHTpalueH MOYEBMHBI H TEMIIEPaTypoil ruapo-
TepMasibHOit o6paboTiu. IIpH MOCIeAYIOWEH TepMUUeCKOii
o6paborke (300—900 °C) npoayxToB cuHTe3a HOpPMHpPYET-
€ HAHOKPUCTAIUTHYECKUA AMOKCHA UEPHA C KOHTPONHpYe-
MBIMH pa3MepaMH MacTuu B penenax 6—40 HM.

Hcnonb3oBaHHe B KauecTBE HNPEKYPCOPOB DPacTBOPOB
cynsara uepusa(IV) 1 MouyeBHHBI IIO3BOJSET B aHAIOTHY-
HbIX YCJIOBHAX CHHTE3HPOBATh HENOCPEACTBEHHO HAHOKPH-
CTaJUIHUECKHI AHOKCHA uepus [26]. ITo MHeHHIO aBTOpOB,
pa3idydg B COCTaBE IPOAYKTOB CHHTE3a OOYCIIOBIEHBI
Gonbluel CKIOHHOCTHIO HoHa Ce** Kk ruaponusy no cpasHe-
Huto ¢ Ce’*. aMeHenHe TeMnepaTyphl CHHTE3a M COAEpIKa-
HUSL MOUYEBMHBI B PEAKIMOHHBIX CMECHX NMO3BOJIAET HaMNpas-
JIeHHO BapbupoBarh pa3mep uvactull CeO,, B mpeaenax
10—20 uM. OTmeuaercs, 4To pa3Mepbl YacTHL, MOTy4YeH-
HBIX METO/JOM TOMOTEHHOIO OCaXJAEHHS, B HECKOJIbKO pa3
HPEBOCXOJAT pa3Mephl YaCTHL, NOJYYEHHBIX OCaXKAEHHEM
BOJAHBIM aMMHAKOM C MOCIeAylomeH THAPOTEePMAIbHOM
00paboTKOIl 0OCaAKOB B aHAJIOTMYHBIX YCI0BUAX. [Tono0HbIH
pe3yibTaT, BEPOATHO, CBA3aH C MeEHbLIeH 3QdexkTHBHON
KOHLCHTpALMEH OCAIUTENl U COOTBETCTBEHHO C NPEHMY-
IIECTBEHHBIM [IPOTEKAHHEM IIPOLIECCOB pPOCTa YacTHL H
MEHbIIMM BKJIaJOM HpPOLECCOB 3apOAbIcoOpa3oBaHu.
AHATOTHYHBIM 00pa3oM YBEJIHMYCHHE KOHLEHTPALMU ModYe-
uHbl oT 0,2 1o 0,8 M npuBoAMT K ABYKPAaTHOMY YMEHbLLE-
HUIO Pa3MepPOB HWHAMBHIYaIbHBIX KpUCTALIMTOB CeO,., U
OJHOBPEMEHHOMY JABYKDAaTHOMY YBEJIMYECHHIO pPa3MepoB
00Opa30BaHHBIX UMM arperaros [27].

J19 JOTIONHUTENBHOrO KOHTPO/A Haa GopMoii u pazme-
pamu vactHL ruapoxcocoeaunennit uepua(Ill) u auoxcuna
uepHs, Moy4aeMbIX CMAPOIM3OM B NPUCYTCTBHM MOYEBH-
HBl, B paae paboT ObUIM MCMOJb3OBAaHbI Pa3zHOOOpa3HbIe
TeMIuiaThl (CTpYKTypooOpa3syiomye peareHThl). B uacTtHO-
cTH, aBTOpH! [28] BBOAHIM B PEAKLIMOHHBIC CMECH TOJIHATH-
JIeHrIMKoNH (MonekyspHas Macca 1000 u 20000), a Takxe
OpoMK LETHITPUMETHIAMMOHKA. BapsupoBaHUe MPUPO/IBI
TEMIUIATOB M03BOAET MEHATL dopMy dacTHy Ce(OH)CO;
OT 3JUTMIICOBHUIHON A0 OKTa’3ApHUEcKOH, KpecTooOpa3Hoii 1
T.A. YCTaHOBIEHO, YTO NMOCHEAYIOUHIA BBICOKOTEMIEpATYp-
HBIH OTXHUF NPUBOAMT K oOpazoBanHio wacthn CeO, ,,
tdopma xoropeix Hacnenyer ¢opmy dactuy Ce(OH)COs;. B
paGore [29] npu ruapotepManbHON 00paboTke peakLHOH-
HBIX CMeECeH, COJepXallMX HHUTpaT LEpHA, MOYEBHHY H
OpOoMHI LETHUITPUMETHIIAMMOHHSA, H NOCIEAYIOIEM OTXHIE
TBepAoGa3HblX NPoAyKToB cuHTe3a npH 500 °C 6blnu mo-
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JrydeHbl ToHKME I1acTHHKM CeO,, poMOuueckoit GpopMerl.
IIpennoxeHa Takke METOJAMKA IOJIy4€HHS HAHONPOBOJOB
CeO» ¢ HCIOB30BAHUEM B KAYECTBE TEMILUIaTa [IOPUCTOrO
aHOJAUPOBAHHOTO OKcHJa amoMUHuA [30].

MeToa rOMOr€HHOTO OCaX[CHHA B HNPUCYTCTBHH Mo4e-
BHHB! YCIEIUHO NMPUMEHAETCA M1 CHHTE3a TBEPABIX pac-
TBOPOB M KoMmIo3utoB Ha ocHoBe CeQ,.,. Asropsl [31]
YCTaHOBHJIM, YTO THApOTEpMasibHas 00pafoTka pacTBOPOB
HUTpaTa uepui-aMMouua(lV), HUTpaTa LMPKOHUIA H MOYe-
BuHBI npu 140 °C ¢ nocneaywwM OTKHIOM TBepaodas-
HBIX npoaykroB mpu 500—900 °C npusoaut k o6pa3zoBa-
HHUIO TOMOTEHHBbIX TBepAblX pacTBopoB Ce. ,ZryO,. Takue
TBEpABIE PacCTBOPBHI MOTYT (OPMHPOBATHCH U HEMOCPEACT-
BECHHO B XOO€ THAPOTEPMaIbHOH O0OpabOTKH HCXOIHBIX
pEareHToB.

B pabore [32] nponeMOHCTpHpOBaHA BO3MOXKHOCTh
[OJIy4€HUA HAHOKPUCTAILIMYECKOTO AUOKCHAA Lepus, AO0-
IMPOBAaHHOrO camapueM, INyTeM Harpesanus no 100 °C
pacTBopoB cynbdara uepua(IV), Hutpara caMmapus U MoUe-
BHHBI. Y CTaHOBIIEHO, UTO 00pa30BaHHe TBEPAbIX PaCTBOPOB
B YKa3aHHBIX YCJIOBHMSX OCYIUECTB/IAETCH B HECKOJBKO CTa-
JHH, BKIIIOYas COOCAXJECHHE THAPOKCHAOB LiEpUsA U caMmapus
¢ $OpMHpOBaHHEM MEPBHYHBIX YACTHLI, CYLIECTBEHHO 000-
TalEHHbIX LEpHEeM H 0OEIHEHHBIX CaMapHeM OTHOCHTENbHO
CTEXHOMETPHYECKOTO COCTaBa, a TAlOKe OCAXAEHHE OCTa-
TOYHBIX KOJNMYECTB caMapus B BMAC THAPOKCHAA Ha IO-
BEPXHOCTH IEPBUYHbIX YacTHL U Juddy3u0 HOHOB cama-
pHs BriryOb NepBUYHBIX YacTul. ABTOpH! [33] npemnoxunm
HCIIOJIb30BaTh METOJ I'OMOTE€HHOTO OCAXACHHA /Ul [ONy-
yeHuss HaHOKoMII03uTOB CeOy/Cu0 — BbicOKO3(DDEKTHB-
HBIX KaTAIM3aTOPOB A0XKHMIa MOHOOKcHAa yriepoaa. OTMe-
YaeTCs, YTO JAHHBIH METOJ MOXET ObITh HCIIONB30BAH H A/
CHHTE3a [JpPYruX HaHOKOMIIO3HTOB Ha OCHOBE JHOKCHIA
uepus.

OcHogHble 3aKOHOMEPHOCINU POCINA HAHOYACIINY
ouoxcuda yepus 6 2u0PoOMePMAIbHLIX YCI08UAX

[uppotepmansHas obpabotka — oauH M3 Haubonee
pacnpoCTPaHEHHbIX METOAOB MNOJy4EHHA MHKDO- H HaHO-
AUCNEPCHBIX (YHKUHOHAIBHBIX OKCHIHBIX MAaTEPHAIOB C
KOHTponupyemoit MukpoMmopdonorueii. B obwem ciaydae
(HOpPMHPOBaHHE OKCHAOB METALIOB B TMAPOTEPMallbHBIX
YCHIOBHAX NpeacrapiseT coboil MHOrocTaauiiHsIi npouecc.
OrMeTuM, YTO MeXaHH3M, KHHETHKAa W TeMIEpaTypHbIE
HHTEPBAJIbl, COOTBETCTBYIOLIME INPOTEKAHHMIO OTAENBHBIX
CTaaMH, HAJEXKHO YCTAHOBICHBI JHMLIbL A1 E€AMHHYHBIX
CHCTEM.

Hinke npencrasneHs! pe3ysbTaThl HCCIENOBAHUA BIIHA-
HUSA YCJIOBHH [POBEACHHA THAPOTEPMAIbLHOH 00paboTKH Ha
thOpMHpOBaHKE U POCT HAHOUACTHL AHOKCHIA LepHS.

Cunmes HAHOKPUCMANTUYECKO20 OUOKCUOA YepUsa 8
YCRO8USAX «O0BbIYHOU» 2UOpomepMansHot obpabomku

B nmnepBoii paore no M3y4EHHIO THAPOTEPMAIBLHOTO
METoJa MONYYEHHUS BHICOKOJHCIEPCHBIX IOPOLIKOB JHOK-
CHJa LepHA B KAauyecTBE NPEKypcopa MCHONB30BATIM THApa-
TupoBaHHBIH auokcun uepus CeO,nH,0, ocaxaeHHbIH
BOJHBIM aMMHAKoM M3 HuTpata uepua(1ll). Cuapotepmans-
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Hyto o6pabotky CeO,nH,O npoBoauay NpH TeMnepaTypax
500, 600 u 700 °C B OMCTH/UIHPOBAHHOH BOJE, a TAKKE B
pactBopax KF, LiCl, LiBr, K;CO;, LiNO;, Li,SO, u NaOH.
CornacHo NOJNY4YEHHBIM [aHHBIM, IOBBLILIEHUE TEMIIEPATY-
PBI U NPOAOJDKUTENBHOCTH 00pabOTKH, a TaKKEe BBEACHHE B
PEaKLMOHHYIO CPENly MHHEPATH3ATOPOB B LEIOM CIOCOGCT-
BYIOT YBEIHYEHHIO Pa3MEPOB YacCTHL AUOKCHIA uepHsa. B
3aBHCUMOCTH OT YCJIOBHH IIpOBEJECHHA CHHTE3a pa3Mep
yacTuy CeO,_ yaaBanoch BapbupoBaTh oT 30 no 100 HM U
6onee.

B pabortax [35,36] BnepBmie ObINO CHCTEMATH4ECKH
HCCIIEJOBAHO BIMAHME TeMIepaTyphl (B uxtepBane 120—
200 °C) u npogmomxuTenbHOCTH (5—40 4) ruaporepmMais-
HOM 00paboTKH Ha pa3Mep HAHOYACTHII JHOKCHIA Lepus. B
Ka4ecTBE HCXOJHBIX PEareHTOB MCNONL30BAIM CYCIEH3HH
rugpatHpoBaHHoro CeQj.,, NOMydYEHHbIE OCAMIAECHHEM M3
pactBopoB HHtpara uepusa(lll), cynstpara uepusa(IV) wu
cyabdara aMmMoHua-uepua(1V) BoaHeiM ammuakom. IIpose-
JEHHE TUApOTEpManbHOi 0O0pabOTKH CyCHeH3Hi ¢ HUTpart-
HOH mpeabIcTOpHed NpH TemnepaTypax no 180 °C mokasa-
J10, 4YTO TEMIIEpPATYpHbIE YCIOBUA HE BIHAIOT Ha pa3Mep
kpucramutoB CeO, (OH ocraeTcs Ha ypoBHe ~2 HM). B
CIIyyae HCMOJIb30BaHMA B KAaueCTBE HMCXOJHOrO peareHra
cynbdarta uepua(IV) Habmonmaercs 3aBHCHMOCTL pa3MepoB
qactuy (2,5—8,5 M) oT napameTpoB oOpaboTku (mponon-
XHTENBHOCTB, TEMIEPATypa) U OT KOHLUEHTPAUMH CYCIIeH3UH.

Kak cnenyet u3 pesynbtatoB [37], KuHeTHKA pocTa 4ac-
tay CeO,, B THAPOTEpMAlbHBIX YCNOBHAX Opu 150—
300 °C nopumHserca napabonuuyeckoMy 3akoHy. Ilo MHe-
HUIO aBTOpOB [37], 3TO CBHAETENLCTBYET O TOM, YTO POCT
YaCTHL, OCYIUIECTBIACTCA MO MEXaHU3MY OCTBalbIOBa CO-
3peBaHUA (paCTBOPEHHE-—KPHCTALIM3aAIMA). AHalH3 pe-
3y/NbTAaTOB, MOTYYEHHBIX MPH CHAPOTEPMalIbHON 00paboTKe
CYCHEeH3WH AHOKCHAA LEpHSA, OCAXKACHHBIX H3 pPacTBOpPOB
CeCl; u Ce(NO»); [37], mokasan, 4yTo AHHaMHKa pOCTa Yac-
i, CeO,, ¢ XJIOPHAHOH M HHUTPATHOH NpeNbICTOPUAMH
CYLleCTBEHHO pa3nuyaercs. Pasmep yactuy CeO,.,, cuHTeE-
3upoBaHHbiX K3 Ce(NOs)3;, namenserca ot 9 no 20 uM, TO-
raa kak pasMmep uactuy CeOp,, CHHTE3HPOBaHHBIX W3
CeCl;, ocraercs mnOpakTHYeCKH HeH3MeHHBIM (13,5—
15,5 um). IIpu4HHBI TAaKOTO pa3nu4HsA B paGoTe He YKa3aHbI.
Cnenyer 3aMeTHTb, YTO 3TH peE3yJbTaThl MPOTHBOPEYAT
HCTIONB3YEMOM HCCNEOBATE/AMH MOJENIH PacTBOPEHHA—
KPHUCTAUIM3ALHH, TOCKOJIbKY AHHAMHMKA POCTa HAHOYACTHIY
B 3TOM cjiy4yae JOJDKHA ONpeNeNAThCHA TOJNBKO HX pa3Mepa-
MH, HO HE NPEbICTOPHER.

B pa6ote [38], rae nccnenoBany BIUsHHE KHCIOTHOCTH
cpeapl Ha auMHamuKy pocta dacthHi CeQO,., B ruapotep-
MaNbHBIX YCIOBHAX (MPOAOJDKHTENBHOCTE mporecca 18—
240 4, temnepatypa 20—245 °C) 6bUIO YCTAHOBIIEHO, YTO B
HEeHTpaJIbHOM M CnabolEeNIOYHON Cpefax pa3Mephbl YacTHL|
JOUOKCHIA LepHs YBEIHYHBAIOTCA ¢ OTHOCHTEILHO HEBBICO-
KO CKOpOCTbIO, TOIZla KaK B KHCJIOH cpeie Habmonaercs
OBICTPBI POCT KPHUCTALIMTOB. OTMEYAETCA, UTO CHHXKEHHE
pH cpeapl mo3BosAeT CYLIECTBEHHO YMEHBLIHTH arperupo-
BaHHOCTb HanouacTHu CeQ, .. IlpuBenenusie B [38] mau-
HBIE B LI€JIOM XOPOLIO COMJIACYIOTCS € pe3yabTaTaMu paboTel

[39], cornmacHO KOTOpBIM TIHApOTepMallbHas oOpaboTKa
CYCIEH3HH IHAPAaTHPOBAHHOIO AHOKCUAA uepus npu 250 °C
B Teu€HHE 6—24 Y He MPUBOIHUT K 3HAYUMOMY POCTY HAHO-
yactul CeO,, (5—6 uM). BBUIO YCTaHOBNEHO, YTO B NpO-
Hecce TMAPOTEPMaNIbHOH 00paboTKH NPOMCXOMUT YBEJIHYe-
Hue napametpa pemeTkd CeO, , (0QHAKO NMPUYHHBI JAHHO-
ro ABJICHUA B paboTe He paccMaTpHBaioTcs). HampoTtus, mo
AaHHeIM [40], napametp sueliku CeO, B Xone THAPOTEp-
MaJbHOTO CHHT€3a OCTAeTCA HEU3MEHHBIM M HE 3aBHCHUT HH
OT TEMIIEPATYphl, HU OT NMpPOAODKHTEIBHOCTH 0OpabOTKH.
Astoper [40] oTMeuaroT Takke TOT (akKT, 4TO B ClIyvae
CHHTE3a B OTKDBHITBIX fueHkax (C OOpaTHBIM XOJIOAMJILHU-
KoM) obpasyrotcsa 6ojiee KPYNHOKPHUCTALIHYECKHE H MEHEE
CTEXHOMETPHYHBIE 110 KUCJIOpOAY 00pasLbl [10 CPABHEHHIO C
NPOAYKTAMH CHHTE3a, I10JIy4aeMbIMH B aBTOKIIABE.

Cunmes HaHOKpUCMANTUYECK020 OUOKCUOA Yepus
8 YCNOBUAX 2UOPOMEPMATLHO-MUKPOBONIHOBOU
obpabomku

MeToa cuHTe3a HEOPraHHYECKUX MATEPHAIOB IPH MHK-
POBOJHOBOM BO3JCHCTBHM MOJIy4aeT Bce Gojbliee pacnpo-
cTpaHeHue Onarojaps pafy YHHKQIbHBIX OCOOEHHOCTEH
MHKPOBOJIHOBOI'O CHHTE3a, BKJIIOYast BBICOKYIO CKOPOCTb M
OJHOPOIHOCTb Harpera, a TAKOKe BCIEICTBHE CYLIECTBOBA-
HHUA HETEPMHUECKUX 3(D(EKTOB, B OCHOBE KOTOPBIX JICKHUT
MHOTOKpaTHOe yBelnueHHe 3 PeKkTHBHbIX kK0d(duumeHTOB
auddysnn HoHos [41, 42]. B psae cnyyaes MHKPOBOJIHOBOE
BO3IEHCTBHE Ha PEaKLHOHHYIO CHCTEMY COYETAIOT C APYrH-
MH QuU3HYECKUMH (AKTOpaMH BO3ACHUCTBHS, HANPUMEp C
na3epHbIM 06mydeHHeM. K 4ucny mono6HbIX KOMGHHHpPO-
BaHHLIX METOJOB CHHTE3a OTHOCHTCA M THAPOTEpPMallbHO-
MHKpOBOJIHOBas 06paboTka.

Hmeromnecs B HacToAwEee BpeMs CBEACHHA 06 0cobeH-
HOCTAX MNOJIy4EHHS HAHOKPHUCTAJUIMYECKOIO NHOKCHAA Lie-
pHs B Takux ycnoBusix ¢parmeHtapHel. B nepBoit ony6nu-
KOBaHHOH pa0oTe o0 TIHAPOTEPMaIbHO-MHKPOBOJIHOBOM
cuutese CeO,, (2005r.) [43] B KauecTBe HCXOAHBIX pea-
TEHTOB MCIIONB30BaM HUTPAT aMMOHHA-uepua(IV) u rua-
POKCHJI HATPHS, KOTOPbIE BBIAEPKUBANH B GHITOBOH MHKpPO-
BOJIHOBOH Neun B Teuenue 20 MuH. (J{aHHbIE O pa3Mepax H
APYTHX OTIHYHTENbHBIX OCOGCHHOCTAX CHHTE3MPOBAHHBIX
HAHOYaCTHL B paboTe He MPHBEIEHBL.)

B paborte [44] neralibHO HCCNENOBAIM BIUAHHE YCIOBHH
THAPOTEPMalIbHO-MHKPOBOJIHOBOTO BO3ACHCTBUA (KOHLICH-
Tpauma HcxoaHelx peareHToB [Ce] = 0,1-2,5 M, [NaOH] =
[-10 M, nponomxutenbHoCTe 06paboTku 5—240 MUH) Ha
MHKPOMOP(]OJIOTHIO HAHONOPOLIKOB JHOKCHIA LepHs, CHH-
TE3HPOBAHHBIX W3 AHAIOTMYHBIX MpeKypcopoB. IlokasaHo,
4TO [pPH BAPbUPOBAHHU I[IAPAMETPOB CHHTE3a pazMep uac-
THLL M yleJbHas IJIOLab MOBEPXHOCTH MNPOAYKTOB H3Me-
ustorcesa ot 4,0 go 5,8 um M ot 143 no 207 ler, COOTBETCT-
BeHHO. K CoxalleHHIO, CONOCTAaBIEHHE XAPaKTEPHUCTHK IO-
Jy4YeHHBIX OOpa3sLOB C XapaKTEPUCTHKAMH aHAIOTHYHBIX
00pasLIOB, CHHTE3UPOBAHHEIX OGBIYHBIM THAPOTEPMANBHBIM
METOAOM, NpoBeAeHO He Obuto. OTCyTCTBHE MOAOOHOM
HHOOPMALIMH HE MO3BOJAECT C YBEPEHHOCTBIO CYAUTh O Ha-
JIMYHMH WIH OTCYTCTBHH crieuuHIecKuX IP(EKTOB, CBA3AH-
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HBIX C JIefCTBHEM MHKDOBOJIHOBOTO M3JyY€HHsS Ha PEaKiH-
OHHBIE CMECH.

B paGote [45] ruaporepMabHO-MUKPOBONHOBOH CHHTE3
CeO,« npoBoaMnu npH (UKCHPOBAHHOH TeMINepaType
(160 °C), Bapbupys ocamurenn (NaOH, poaublii amMMuak,
MOUEBHHA, 3TUIEHAHAMHUH, POpMaMUA), KOTOpkle J00aBILIH
nepen obpaboTkoi k pacTBopaM coneil uepus. Bo Bcex ciy-
4yasX €AHHCTBEHHBIM MPOAYKIOM CHHTe3a ObU1 AHOKCHI
uepus ¢ pa:'m_ep0M~ yacTyl oT 2,6 1o 8,6 um. Hcnons3zoBanue
MEUIEHHO  TUJPOJIM3YIOIMXCA  pPEarcHTOB  (MOYEBHHA,
STWICHAHaMHUH, (OpMaMHI) MPHBOAMT K (HOPMHPOBAHHIO
Gonee kpynubix yactul CeO, .. JlononsuTensHoe BIHAHHE
Ha MHKPOMOP(OJIOTHIO OKa3bIBAaeT KOHLEHTpaLUsA PEareHTOB.
B yacTHOCTH, YMEHBUIEHHE KOHUEHTpALMH OCaAMTeNs
crnocobeTByeT GopMHUpOBaHHIO Goniee KpynHbix yacTHL. Ipu
YBE/IMUYEHUH TNPOJIOJDKHMTENILHOCTH CHHTE3a TakKe obpa-
3yl0Tcs  Gonee KPYNHOKpHUCTa/UTMuecKHe npoAykisl Ilo
JIAaHHbIM paGoThl [45] HCNOJABL30BaHHE MHKPOBOJIHOBOTO
HarpeBa B HECKOJBKO Pa3 COKpAILAeT IPOAOKUTENLHOCTD
CHHTE32, OJHAKO OTCYTCTBHE MH(OPMaLK O METOAUKE IpO-
BE/IEHUA KOHTPOJIbHBIX IKCIIEPHUMEHTOB HE NO3BOJIET CYAUTh
0 NPaBOMEPHOCTH N0J0OHOTO BBIBO/IA.

CornacHo noily4eHHbIM HaMHd pesynstaTam [18] pasme-
ps1 yactuy CeO,,, GOpMHpYIOIIHXCA NpH THAPOTEPMAb-
HOH M rHApOTEpMallbHO-MHKPOBOJIHOBOH 0GpaboTKax cBe-
KEOCKAECHHBIX HEHTPanbHbIX CYCHEH3HH rHApPaTHPOBaHHO-
ro JMOKCHA2 LIEpHA, HE 3aBHCAT OT TeMIEpaTyphl H Mpo-
JOJDKHTENLHOCTH CHHTE3a, YTO CBHJETEILCTBYET O Masoi
PacTBOPHMOCTH JTOTO COEAHHEHMA B TMIAPOTEPMAIbHBIX
cpenax. Haubonee y3koe pacnpesesieHHe 4acTHLl 110 pasMe-
pam HaGmopaercs Juis 00pas’lOB, CHUHTE3UPYEMBIX T'MAPO-
TEPMajbHO-MHKPOBOJIHOBEIM METOIOM IIPH OTHOCHTENILHO
BhicOKHX Temneparypax (180—210 °C). Cneayer oTMe-
THTh, 4T0 Ha”onopouku CeQ,_,, noayyaemele B ITHX yCno-
BHAX, UMEIOT CYLIECTBEHHO MEHBIINE pasMephl HacTHLl U
COOTBETCTBEHHO OOMNBUIYI0 YAENbHYI0 HOBEPXHOCTh II0
CpaBHEHHIO) ¢ 00paslamMM, CHHTE3UPYEMBIMH B AHANOTHY-
HBIX YCJIOBHAX C NIPUMEHEHHEM OOBIYHOMN TMAPOTEPMANLHOH
obpaGoTku. Pasnnuua B MHKpoMOpQonoruH NpOAYKTOB
cHHTe3a 00YCIOB/IEHbI TEM, YTO MUKPOBOJIHOBOE H3JIyHEHHE
obecrieynBaeT paBHOMEPHBIH MOABO/ TENIOBOH 3HEPTHH KO
BCEMy O0BheMy PEaKLIHOHHOM Cpefibl W CYILECTBEHHO Goilee
BLICOKYI (~ B 15 pa3) ckopocts HarpeBa. TakuM o0Opazom,
MOXHO KOHCTaTHPOBATb, YTO HCIOIb30BAHHE MHKPOBOJIHO-
BOrO BO3JICHCTBMA SABIACTCA JOCTATOMHO 3((PEKTUBHBIM
€1ocoboM JOMOIHUTENBHOIO KOHTPOIA MUKPOMOPQOIOruy
nopomkoB CeO,.y.

T'uopomepmansrulil cunmes 0OHOMEPHbLX
HAaHOCMPyKmyp OUOKCUOa yepus

®opMHUpOBaHHE aHU3OTPOIMHBIX HAHOYACTHL, B YaCTHO-
CTH IpPH CHHTE3E METOJaMH «MATKOI» XUMHH, CBOHCTBEHHO
BCIIECTBAM, XapaKTEPU3YIOMMMCI aHH30TpONUEN KpHCTal-
Juyeckoi cTpykTypsl, Hanpumep ZnO u CdSe. Hanporus,
JUIS BELIECTB, HMMEIOLIMX BBICOKOCHMMETPHUYHYIO (B TOM
yHcne KyOHYeCKyI0) KPHCTaUIHUECKYIO CTPYKTYPY, CHHTES
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ojfHoMepHbIX (1D) HaHOCTPYKTYp OOBIYHO NPOBOJAT C MC-
nons3oBaneM [IAB mu6o B mopucTeix TBepaodasHbIx
marpuuax [46]. Tem He MeHee B IIOCIEAHHE OBl Obln
MPEAIOXEH DA METOJMK THAPO- H CONLBOTEPMANbHOTO
HOJyYeHHs HAHOCTEPKHEH JHOKCHIA LiepHs KaK B NMPHUCYT-
CTBHHM CTPYKTYpOOOpasylLIHX peareHToB, Tak H B HX OT-
cyrcrBue. OOIMM 18 BCEX METOAMK SABIAETCA TO, 4YTO
cuHTe3 OJHOMEpHBIX CTpyKTYp CeO,, NMpOBOAMTCA B Lie-
JOYHBIX M CHIBLHOLIETIOYHBIX cpejgax. MOXHO Npearnono-
XHTb, YTO 3TO YCJIOBHE ABIAECTCA KPUTHUECKHUM Ui 0Opaso-
BaHHUs HAHOCTEPXKHEH IHOKCHAA LEPHS.

Mexanusm pocta 1D Hanoctpyktyp CeO;« B ruapo- u
COJIbBOTEPMAJIbHBIX YCIIOBUAX [OCTOBEPHO HE YCTAHOBJICH.
CylIecTBYIOT TPH OCHOBHBIE MoAend (opMHpOBaHHA Ha-
HOCTEpXXHEH JMOKCHAA LIepHS:

1) TONMOTAaKTHYECKOE HACICNOBaHHE CTPYKTYPhl TBEPJO-
(a3HBIX NpeKypcopoB;

2) pocT yYaCTHLL MO MEXaHH3MY paCTBOPEHHA—
KPHUCTaJUTH3aLHH (OCTBaIbOBO CO3PEBAHHE);

3) OPHEHTHPOBAHHOE TNPHCOEAMHEHHE H30TPOIHBIX KpH-
CTUINTOB C 00pPa30BAHHEM aHU3OTPOMHBIX HAHOCTPYKTYP.

B pabotax [47—50] npeanoxken OpuriHaJbHbIA ABYX-
cTanuiiHblii MeTon cuHTe3a HaHocrepxkHed CeO, ¢ KOH-
TPONHPYEMbIM Pa3MEpOM YACTHL, BKIIOYANOMIHKH CTaAHIO
ocax/eHus npH BriOpanuol Temmnepatype (70 u 90 °C) ¢
nocaeayiouiel BbIACPXKKOH NOTY4EHHOH CYCIIEH3HH IIpH
HU3KHX TeMmneparypaxX. Ocajlok, BbIACIAIOLMACA B NEPBbIE
MHMHYTBl TNOC/I€ CMEUIMBAHHA DPACTBOPOB, NPEICTABJIACT
co0Oi cMech KpHCTaJUIMYECKHX (pa3 AMOKCHAA Liepua H
ruapokcuaa uepua(Ill); gacTHuel npeMMyIECTBEHHO HMe-
10T ¢opMy crepxkHer, xapakrepHyto s Ce(OH);. Ilpu
CTapeHHH peakLHoHHONH cMecu mpu 0 °C audpakuHOHHEIE
MakcuMyMBbl, Xapakreptble i1 Ce(OH);, ncue3aror HIb IpU
YBENHYCHHH NPOJODKHTEALHOCTH cuHTe3a no 20 4. ITo nan-
HBIM TPOCBEYHBAOLICH JMEKTPOHHOH MHKPOCKOMHH, (hopMu-
pyrotecs npu 3toM dactuimbl CeO,  Taroke UMET dopmy
crepkdeid aHamerpoM 8—10HM U mmnon Gonee 200 HM M
COCTOAT W3 MHOXecCTBa Oonee menxux wactuu. ITo MHeHHio
astopoB, HaHocTtepxkHH CeO, , HacnenyroT GopMy MCXOIOHBIX
HaHoctepxHeit Ce(OH); no TonotakTHyeckoMy MEXaHHU3MY.

l'uniore3a 0 GopMHPOBaHHH OJJHOMEPHLIX HAHOCTPYKTYD
CeO,. BCIEACTBHE HAC/IENOBAHUA CTPYKTYPh! IPEKYPCOPOB
HaXOJHUT NOATBEPXKICHHE B pabote [51], B koTOpoH nosmy-
yanu HaHocTepxHu Ce(OH); (nmamerp 15—25 HM, AnHHa B
HECKOJBKO COTGH HM) INpH TMApOTepMaibHOH obpaboTke
CYyClieH3UH, (POPMHUPYIOLIHXCA TNpPH CMEIUIMBAHHH BOJHBIX
pactBopoB Cey(SO4); u NaOH. Ilpu BeiaepxuBanun 00pas-
OB Ha BO3AyXe (HKCHPOBAIM IOCTENEHHOE OKHCICHHE
Ce(OH); ¢ obpasopanuem CeQ,_,, rpU 3TOM NMPOAYKT CO-
xpausin ¢opMy HaHoctepxHeH. [pennoxena Takke OpUrH-
HallbHas METOAMKa mony4yeHus HaHoTpyOok CeO, ,, ocHO-
BaHHas Ha 00paboTKE YaCTHYHO OKHUCJICHHBIX HAHOCTEDX-
Heit Ce(OH); nepokcuaom Bofopoa [51].

CornacHo pe3ynkTaTaM 3Kcnepmaemo§ (47—52] wua-
CIIEIOBAHHE MHKPOCTPYKTYDPBI MOXET ObITh OJHHM H3 KO-
YEBBIX (XOTSA, BEPOATHO, HE EINHHCTBEHHbIM) (HaKTOpOB,
omnpeaensiomux dopmy Hanouactur CeO,_,.
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CyuectBeHHO  MeHee  0DOCHOBaHHOM
MpeACTAaBIAETCS rurnore3a o6 oOpazoBaHUH
onHoMepHbIX HaHOCTPYKTYp CeO, , HCKIIO-
YUTENLHO BcleacTBUe pocta wactuy CeO,
M0 MEXaHW3MY pPacTBOPEHHS—KPUCTA/IN3a-
tuM. Tak, aBTOphl [53] cuuraloT, 4TO HOPMH-
pPOBaHWE pa3NMYHLIX N0 GopMe H pazMepamM
4aCTHIL (HaHOCTep)KHeH NpH  YMEpEeHHBIX
TeMIeparypax H M30TPOMHBIX YACTHI MpH
GoJsiee BBLICOKHX TeMIepaTypax) MOJHOCTBIO
OINpeJeNseTC] 3aBHCHMOCTHK) PacCTBOPHMO-
cti CeO,« OT TEMNEpaTypsl: B TOM Clyyae,
eClId TeMIepaTypa CHHTE3a OTHOCHTEILHO
HEBENUKA, KOHUEHTpaUWs PacTBOPEHHOrO
JIMOKCHaa liepHst OyaeT Majia M pOCT 4acTHI]
Oyner MpOMCXOAMTH TOJBKO BAOJL OMNpee-
JIEHHBIX KpHCTa/LIorpadHYecKHX Hanpasile-
Huil. CoriiacHo Jpyro TOYKE 3PEHHs
[54, 55], onpenensomyo poas B hopMupO-
BaHMM aHu3oTpomHblx uyactHy CeO,;, no
MEXaHH3MY PacTBOPEHHA—KDPHCTALIH3ALHH
HIPAIOT aHHOHbI, copOupyroLIHecs Ha MOBEPXHOCTH HAHO-
YaCTHI[ U TpPENATCTBYIOMHE POCTY BAONL ONpPEAENEHHbIX
KpucTannorpadguyecKux HanpaBaeHH.

Eie onuMH BO3MOXHBIH MexaHu3M 00pa3oBaHHsA OAHO-
MEPHBIX HAHOCTPYKTYP AMOKCH/A LiepUsA OCHOBaH Ha fBJIE-
HHH OpPHEHTHPOBAHHOTO MNPHCOEIWHEHHS KPUCTAJUIUTOB
[56—58]. CyTb 3TOr0 AIBNEHMA 3aKII0YACTCA B TOM, YTO MpPH
CTOJIKHOBEHHH H CIMNaHUM HAHOYACTHI[ B XXKHAKOH cpene
OHHM MOTYT pa3BOpa4YMBaTLCA TAKMM OOpa3oM, 4TO HX I'PaHH
¢ OJMHAKOBBIMH KpUCTALIOTpapuyecKHMH HHAEKCaMU
OKa3bIBAKOTCA PACIOJIOKEHHBIMH NapalIeNbHO APYT APYTY,
HOCJIE YEro NPOUCXOUT KOrepEHTHOE CpalllMBaHHE HaHO4a-
CTHIl ¢ 00pa3oBaHHEM MOHOKPHCTALUIMYECKHX YaCTHIl MM
MOJMKPUCTAILIOB, PA3/IENICHHBIX IBOHHUKOBBLIMU IPaHHLIAMH
WIH JpYTHMH [JIaHApHBIMH AedeKTaMH.

B paGorte [59] ObIIO yCTaHOBNEHO, YTO KOJUIOHAHBIE
4aCTHLI JHOKCHAA ULEPHA, MONydeHHble HpH 0oOpaboTke
cMecH pacTBopoB HUTpata nepra(Ill) 1 ankunamMuHoB (1160
THAPOKCH/IA KaJlus) B 3TaHOJE B IHAPOTEPMAIbHBIX ycnoau-
ax (180 °C, 24 4), npu cAUNAHUU CHO-
COOHbI B3aHMHO OPHEHTHPOBATLCA MO
OTHOLIEHHIO APYT K JApyry ¢ oOpa3osa-
HHEM uenodeyHelx arperato. Ilpu
BBEJICHUH B PEaKLHMOHHYIO CMEChH IIOJIH-
BHHWINHPPOIMACHA OpHEHTHPOBaH-
HOCTh 4aCTHI[ 3aMETHO BO3pacCTaeT, U
OTHCJbHBIE YaCTHLBI CPaCcTAOTCA B
MOHOKPHCTAJLTHYECKHE HAHOMPOBOJIOKH.

IlepBble  3KCIIEPUMEHTANBHLIC pe-
3yALTATH!, NOATBEPIAAIONHE MEXAHHIM
OPHEHTHPOBAHHOIO TNPHCOCAHHEHHA B
OTCYTCTBHE CTPYKTYpOOOPasyomMx
pearentoB [60], moka3anu, 4YTO npH
rupoTepManbHoii  06paboTke CycrieH-
34, MONYYalOIUXCA NPH CMEIHUBAHHH
BoaHbeIX pactBopoB Ce(NOs); u NaOH,

211)

Puc. 2. Mpennonaraeman cxema HOPpMHPOBAHHS HAHOCTepKHel JHOKCHAA 1e-
PHS N0 MeXaHH3MY OPHEHTHPOBAHHOrO MPHCOEIHHEHHS H30TPOIMBIX KPHCTAI-
JIHTOB H NOCJIEAYIOLEero 0CTBAILA0Ba co3peBanus [60]

HAarpeThIX 10 KHIEHHs, (OPMUPYIOTCA MOHOKPHCTALIHYECKHE
HaHOCTEPXXHH JHMOKCMIA LIEPHA, KOTOpbIE PAcTyT BAOJb Ha-
npasnenuit [211] u [110]. Cepus MOMONHUTENBHBIX IKCIIEPH-
MEHTOB TI03BOJIMUIA YCTAHOBHTB, YTO [IPOMEACYTOUHON cTaauei
00pa30BaHUA HAHOCTEpXHEH ABIACTCA OpPHEHTHPOBAHHOE
cpaiuBaHue H30TponHeix HaHoudacTHi CeO,.. Cdopmupo-
BaBLIMECS arperaTbl HeNPaBWILHOH GOPMBI [PH NOCIeAYIOLIEH
THAPOTEPMAILHONH 00paboTKe MOABEPraroTCs PEKPUCTALIH3A-
1vu. BeposTHas cxeMa npotiecca nokasaHa Ha puc. 2.
MakcumansHoe cofiepaHue HaHOCTEpKHEH JocTHraer-
CA1 NPH OTHOCUTENHHO HEBBICOKHX TeMIepaTypax (1o
120 °C) u manoit npoao/KUTENsHOCTH cuHTe3a [18]. Obpa-
30BaHHIO HAHOCTEPXKHEH CIIOCOOCTBYET TaKXE€ YBENHYEHHE
KOHLIEHTPalMd LIEJIOYH B pEaKUMOHHOH cpene (puc.3).
CoBOKYNHOCTb TOJIy4E€HHBIX HaMH PE3yJbTATOB JAET OCHO-
BaHHE YTBepxIath, 4T0 Hanocrepxuu CeO, , sBnsOTCH
COCTaBHBIMH H 00pa3yloTCs N0 CMELIAHHOMY MeXaHH3MY,
BKJIIOYAKOIIEMY CTaAMH PacTBOPEHHA—KPHCTAIIM3ALMH H
OpHEHTHPOBaHHOTO npucoeanHenua yactuy CeO,,.

Puc. 3. Mukpodotorpagpun nauocrepxueii CeQO, ,, mojyqenHsIx MeTOJOM CHAPO-
TepManbHONH 06paboTKH B LIeTOUHBIX cpenax [18]
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KHCJIOPO}]Haﬁ HeCTeXHOMETPHA
HAHOJAHCIIEPCHOT0 NHOKCHAA UepHA

[Tapamerpbl 2JJIEMEHTapHBIX A4YE€EK MHOIHX BCILECTB
(Hanpumep, 3onota [61]) ¢ mepexoaOM B HAHOKPHUCTAJLIMYE-
CKOE COCTOSIHHE yMeHbLiaTca. BMecte ¢ TEM Ui HEKOTO-
pbIX OKCHAHBIX coenuHenuid (Bxmoyas CeO,,) aTa TeHAeH-
LU MEHSETCS Ha [POTHBOINONOXHYIO: NApaMeTp 3JEeMeH-
TApHOH AYEHKH C YMEHbIUEHHEM pPa3MEpOB YacCTHI| YBEIH-
yuBaercs. Takas 3aBUCUMOCTb Gblia BNEPBbIE BBIABICHA B
pabore [62] mia yactuy CeO,.,, cTabUIH3MPOBAaHHBIX aHU-
onHpiMu ITAB [63]. OtMeuaercs, 4yTo HaOJMIOAaEMOE YBEIH-
4yeHue pasMepa ayeiiku ot 0,545 no 0,556 HM ¢ yMmeHblie-
HUeM pa3mepoB uyactuy ot 6,7 no 2,1 HM BBI3BAHO 4acCTUY-
HBIM Y7aJIeHHEM aTOMOB KHCJIOpOJa B MOBEPXHOCTHOM CJIOE
4aCTHLl U3 COOTBETCTBYIOLIMX KPHCTAUIOrpaduyecKux Imo-
3UIMA ¢ 00pa3oBaHUEM KHCIOPOJAHLIX BAKAHCHH, 4TO CO-
IPOBOXKJAETCA ONHOBPEMEHHBIM CHHXKEHHEM 3¢ dexTHBHOH
cTeneHn okucneHus uepud. CornacHo pelynbTataM Moje-
JMpOBaHus, kKpuTHUecKHii pasmep yactull CeO,., IPH KOTOPOM
IO/DKeH Hab/moaThes noJHsLi nepexox Ce™ — Ce™, cocras-
nser 1,5 HMm.

Db dexT yBenuueHns napaMmerpa A4edKH C YMEHBLICHH-
em pasmepos dactul CeO,, moarBepxpaercd B pabortax
[19, 64, 65]. UccnenoBanud, BBINOJAHEHHBIE B pabote [64]
METOIOM CIHEKTPOCKOIIMM I[OTEPh IHEPTHH JJIEKTPOHOB,
HO3BOJIMJIM BBIABUTB, YTO [OBEPXHOCTh HAHOYACTHL Gosee
HECTEXHOMETPHYHA 110 KHCJOPOAY IO CPaBHEHHIO ¢ 00be-
MOM, IIpH 3TOM ee cocTaB npubmmxaercs K Ce,O;. Tonmu-
Ha HECTEXHOMETPHYHOIO MOBEPXHOCTHOIO CJ0S PE3KO BO3-
pacTaeT ¢ ymeHbuUIeHHeM pa3Mepa yacTHL. CornacHo AaH-
HeIM [64], 3 dexTHBHAA CTENEHb OKUCICHHSA LEpUA paBHA
+3 yxe 1y1a 4acTHL AUAaMeTPOM 3 HM, 4TO BJBOE NPEBOCXO-
IUT 3HA4YEHHE, npuBoauMoe B [62] (1,5 um).

ConocrarieHHe pe3yJbTaTOB H3MEPEHHS [apaMeTpa
kpucTajumyeckoi pemerkd CeQ,, ANa HaHOYACTHI[ pas3-
JMYHOTO pa3Mepa BBIABIAET HECOOTBETCTBHE MEXIYy HaH-
HBIMM, NTOMY4YEHHbIMK pa3HbiMU uccnefopaTensMu. Cornac-
HO [66, 67], UpHYMHA TaKHX pa3JIH4YMi MOxeT ObiTh 00Y-
cnoBleHa pa3niuHoi dopmoit Hanoyactvl CeO, : 3aBHCH-
MOCTH ¢ OONbLIHM HAKJOHOM HAOMIO#atoTcs [ YacTHL,
NPaKTHYECKH HE HMEIOIMX OrpaHku [62, 64], Torama Kak
Gonee mosoras 3aBHCHMOCTEL XapaKTepHa JJIA 4aCTHLl OKTa-
anpuyeckoil dopmer [19]. OnHako H3-32 OrpaHHYEHHOrO
Kpyra HccnefoBaHHbIX 06pasuoB CeO, , TOBOPHUTH O JEHCT-
BHTENBLHEIX NPUYHHAX pa3/IMuMii B 3Ha4eHUAX IapaMeTpa
pewerky pis HaHodacTuy CeO,., oKa He MPUXOAUTCS,

3aBHCHMOCTB KHCIIOPOAHOH HECTEXHOMETPHH OT paiMe-
pa 4acTHL HAHOKPHUCTaUIMYECKOre AMOKCHAA LEpUA Noa-
TBEPXKAAETCA AaHHBIMH CIEKTPOCKONHH KOMOMHALIMOHHOIO
paccesHus. Aptopsl pabot [68—73] oTMmeuatoT, uTO pama-
HOBCKag Mopa npu 464 oM™, cootBercTRyIoman cuMMer-
puunbiM konebanuam Ce—O8, HCKIOYUTENBHO 4YBCTBH-
TeNbHa K H3MEHEHUIO KHUCIOpPOoAHOil crexuoMerpuu CeO,
00OVCIIOBNEHHOMY pa3MepHbIMH 3¢¢ekTaMH. YMEHBIIEHHE
pasmepoB yacTtH CeO,, NPHBOAMT K CHCTEMATHYECKHM
U3MEHEHUAM B CHOEKTpPaX KOMOUHAUMOHHOTO paccesHus,
IpPH 3TOM CIOBHMI PAMaHOBCKOI'O NMHUKA B 0OJIACTH MEHBLIHX
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JHepruiil o6ycOBiEH YBENWYEHHEM MapaMeTpa KpHCTaJLIH-
4eCKOH SYeHKH AUOKCUAA LIepHA, a YIUMPEHHUE IHKa OIpe-
JeNI€TCs HETOMOTEHHBIMH HAaNPAXKEHHAMH PELUETKH.

AHanu3 KUCNOPOAHON HECTEXMOMETPHM HAHOYACTHLL
CeQ,.x pa3snu4HOro pasMepa, NPOBEJECHHBIH METOMOM PEHT-
reHOBCKO# (DOTOI/NEKTPOHHOM CrekTpockonuu [74], Ha-
[JSAHO NOATBEPXKIAET YBENHYEHHE OTHOCHTENBHOIO CO-
JepKaHus Ce® ¢ yMeHbluennem pasmepoB dactun CeOs.,.
BMmecte ¢ TeM HeoOXOAMMO YYUTHIBaTh, YTO NPHU ONpeese-
Huu conepxanns Ce’ B MHUKPO- M HaHOKDHCTALTHYECKHX
obpasuax CeO, 3TOT METOI AaeT 3aBbIIICHHBIE PE3YNIbTA-
Thl JaXKe NPH MUHHMAIBHOH NPOJOKUTENLHOCTH aHAJIM3a
[75], a conepxanue Ce™ B uccnenyembix obpasuax MoxeT
3aBHCETh HE TOJNBKO OT pa3Mepa YacTHLl, HO ¥ OT YCJIOBHH
Hx mosydeHus [76, 77].

Hamenenune kucnopogHoit HecrexuoMmerpun CeOs
HENOoCPEACTBEHHO CKa3bIBAETCA Ha MIEKTPOHHBIX CBOHCTBAX
JUOKCHAA uepus, NpHoOperaromero Onarojaps 3ToMYy
CBONCTBA LIMPOKO3OHHOIO mOJAYNpoBoaHuka. B paGorax
[78—80] npu uccnemoBaHHH KOJUIOMAHBIX pacTBOPOB Ha-
HOYACTHL JUOKCHAA LEpHi ObUIO YCTAHOBJEHO, YTO C
yMeHbIICHHEM Pa3MEpOB YacTHLl HabmoaaeTca 3aKoHOMep-
HOe YBENUYEHHE IIHPHHBI 3aNpELICHHOH 30HBI Kak Al
HenpsMoro, TaKk M UL NpsaMoro nepexonos. ABTOphI [15]
OTMEYAIOT, 4TO AaHHble Y®D-BUAMMOH CHEKTPOCKONHH MO-
HO HCIIONB30BaTh AJA KOHTPOJA HaA NPOLECCaMH pocTa
yactHL CeQ,,, HENMOCPEACTBEHHO B XOJ€ CHHTE3a M3 pac-
TBOpOB coneii uepus. B paborax [13, 17, 81] Owino npone-
MOHCTPHPOBaHO, YTO AAHHLIH METOA JCHCTBHTEIBHO IIO-
3BosAeT AP PEeKTHBHO HCCle0BaTh AMHAMUKY POCTa YacTHL
CeO,.x NpH CHHTE3e METOAaMH OBICTPOrO0 H IOMOIEHHOTO
ruaponu3a. Bmecte ¢ TemM HeoOXOAMMO YYHTBIBATB, 4TO
UIMpHHA 3ampelieHHOH 30HBl HaHodacTH CeO,, MoxeT
onpeleaTbcs He TOJNBKO HX Pa3MEpoM, HO M YCIOBHAMH
TIOJIy4€HHA, AONONHHTENBHO CKA3bIBAIOLIMMUCA Ha KHCIIO-
POAHOI HECTEXHOMETPHH AHOKCHAa uepus [82].

IepcnexTuBHbIE 061aCTH NMPHMeHeHHS
HAHOKPHCTAJIIHYECKOr0 AHOKCHAA LepHs

Qunempor Y uznyuenun

BONbIHHCTBO COBpeMEHHbIX QHIBLTPOB Y@ H3mydyeHus
B Ka4eCTBE aKTHBHOIO KOMIIOHEHT2 COJEPXHT IHOKCHI
TUTAHA WJIH OKCHA LMHKAa, 00Jajarolue crocoOHOCTBIO
3 (EKTHBHO THUCCHIIUPOBATH IHEPTHIO YD u3mydeHus Oe3
00pa3oBaHKsd CHHIJIETHOrO KHUCIOPOAA U APYTHX PEaKLHOH-
HOCIIOCOOHBIX YyacTull {83]. BMecTe ¢ TeM MHOTOYHCICHHBIE
HCCIIEI0BAHUSA CBUIETENLCTBYIOT O TOM, YTO HAHOJHCHEPC- .
HbIe IIOPOILKH 3THX COEAMHEHHI 00IaJal0T HCKIIIOYUTENBHO
BBICOKOH (OTOKaTaMUTHYECKOH akTUBHOCThIO [84, 85].
Bonee Toro, B 9KcIepHMEHTAX in Vitro u in vivo 6bUI0 yCTa-
HOBJIeHO [83, 86], 4To AMOKCcHa TUTaHA HOTOKATANMUTHYECKH
pa3pylliaeT He TOJAbKO OpraHH4YeCKHe KOMIIOHEHTBI COJIHIIE-
3alLMTHBIX KpeMoB, HO U Monekyisl JJHK. B cBoro oyepens
B pabote [87] GbL10 MOKa3aHO, YTO AUOKCH/ TUTAHA ABJIAET-
csl (QOTOLMTOTOKCHYHLIM BEWIECTBOM [0 OTHOIICHUIO K
¢ubpobnactam koxu. B cBasu ¢ 3TuM 3¢ deKTHBHOCTH
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cymectBylomux YO ¢unsTpoB BBI3bIBaeT 00OCHOBaHHBIE
comuenus [83].

B pa6otax [88—90] npemnoxeHo UCNoONL30BaTh B Kaye-
CTB€ OCHOBHOIO KOMIOHEHTa Y@ (QHIBTPOB HAHOKpUCTAN-
JIuYyeckue MaTepuansl Ha 0aze auokcupa uepus. B kayecrse
MPEeUMYLLECTB JaHHBIX MAaTEPHANIOB OTMEYEHb! CTIOCOGHOCTE
atdexTHBHO nomowars YO H3nydyeHHE, NPO3pavHOCTb B
BHAUMOH OONACTH CIEKTPa, 2 TaKXKE JKEJITO-KOpUYHEBas
okpacka, onu3kas k usety koxu. [lockonsky CeQ,_, o6na-
JlaeT 3aMETHOH KaTAJIUTHYECKOH aKTUBHOCTBIO B pPeaKLHAX
OKHCJICHHS OPraHH4YeCKHX COeMAUHEHHI, YTO MOXET MpPensiT-
CTBOBaTb €r0 NMPHUMEHEHHIO B COJIHIIE3ALIUTHBIX COCTaBaXx,
PEKOMEHJIOBAHO MCIOJIB30BaTh HE WHAWBHAYANBHBIH JHOK-
CHJ 1iepHs, a TBEpAbiC PACTBOPHI Ha €r0 OCHOBE, BKIIOYAs
CexZn0Oy, u CeCa0,,. IlonobHoe pomuposanue
NPaKTHYECKH HE CKa3blBAETCH HA ONTHYECKHUX XapaKTEpH-
CTHKax MaTepuana, OJHaKO NPHBOAUT K CYLIECTBEHHOMY
CHHXKEHHIO KaTAIUTHYECKOH aKTHBHOCTH (4TO ObLIO mpoge-
MOHCTPHPOB2HO Ha NpHMepPe peaKlHH OKHUCIICHHUS KacTOpo-
BOro Macna).

CpaBHHTENBHOE HCCIIENOBAHHE KATAIMTHYECKOH aKTHB-
HOCTH 00pa3’uOB HAHOKPUCTALIMYECKOTO AHOKCHAA LEpHs,
ponuposannoro Mg?, Ca*, Sr**, Ba®™, zZn®Y¥, La*,
Nd**, Sm*, Eu** u Tb*, B peakuun oxucieHus KacTOpOBo-
ro macjia, a Takxe (POTOKATAIUTHYECKOH aAKTHBHOCTH B
peakuuu pasnoxenus ¢eHona [91] nokazano, uro Haubosnee
3HAYHMTE/ILHOC CHIXXEHHE KAaTaIHTHYECKOH M (OTOKATaNIH-
THYECKOH aKTUBHOCTH HaOJIOAaeTcs NpH JONUPOBAHHU
CeO,., KanpLUeM M UHHKOM, IPH 3TOM CYILECTBEHHO
YMEHBINAETCH CPEAHHI pazMep 4acTHL AUOKCHAA LEpHs
(Bru1OTH 80 2—4 HM).

JIOTIONIHUTENBHOrO CHHXEHHA KATAIMTHYECKOH aKTHB-
HocTtd HaHovacTHl Cei_M,0;, MOXHO AOCTHYbL 3a CYET
HaHECEHHs HA UX MOBEPXHOCTDb CJI0S aMOPGHOro KpemHese-
Ma [IPH THAPOIIM3€ CHIMKATa HAaTpUA MJIH TETPadTOKCHCHIIA-
Ha [92—95]. 3TH paHHBIE OBUIM NONOJIHMTENBHO NOATBED-
KJAEHbl NPH CPABHUTENBHOM H3YYEHHMH MHTEHCUBHOCTH
XEMHJIFOMHHECIICHIIHYM HAaHOKOMIIO3HTOB Ha ocHoBe CeO,_,
npu Y@ obnyyeuunn [92, 95].

Takum o6pa3zomM, HAaHOMaTepHaNbl HA OCHOBE AMOKCHAA
LISpUs MOTYT PacCMaTPUBATLCA B KAYECTBE OCHOBBI Heopra-
Hudecknx ¢uiasTpoB Y@ H3nyueHus HoBoro nokoneHud. Ho
OKOHYATE/bHbIE BHIBOABI O MPUMEHHUMOCTH JTHX MaTepHa-
JIOB MOTYT OBITH ClI€/TaHBl TOJIBKO MOC/IE TILATE/ILHOIO aHa-
JM3a UX OHOCOBMECTHMOCTH.

Buomeouyunckue obnacmu npusmenenus OuoKkcuoa yepus

IMpuMeHeHHe cOEAMHEHMI LiepHUsA B COCTaBE JIEKapCT-
BEHHBIX NpPENapaToOB HMEET OOATYI0 HCTOPHIO — HepBbIe
ony0uKoBaHHbIe paboThl B 3TOH 00JacTH AaTHpoBaHbl 50-
mu rogamu XIX Beka. B nopasnstomeM GONBIIHHCTBE CITy-
YaeB B KaueCTBE aKTHBHOTO KOMIIOHEHTA BLICTYNAIOT BOJO-
pactBopumble conu uepua(Ill), a Tarke HEKOTOpBlE HEpac-
TBOPHMbIE COEJMHEHMS, HADHMEp cTeapaT H OKcanaT le-
pHs, B TOM HHCIE B HOpME KOJUIOUAHBIX PacTBOpOB [96].

Mexanusm BosgeiicTBua coenuHenuit nepua(Ill) Ha
opranu3M He BHOJHe siceH. B pabGore [96] otmeuaeTcs, uto

Guonoryyeckas akTHBHOCTh COJiel LEpHS B OTAEIbHBIX
ciay4yasX MOxeT ObITh 00ycioBiieHa OJNM30CTHIO HOHHBIX
pauycos Ce™* u Ca?*, B CBA3H C YeM HOHBI LEDPHA CIIOCOG-
Hbl YaCTHYHO 3aMellaTh MOHb! KAIbLHA B LIENOM psife Ouo-
Mosiekyn. [lonoOHoe MOBeAEHHE MOKET, B YACTHOCTH, 00Db-
ACHATH AHTHKOATYJIMpPYIOLIEE ACHCTBHE COEAHMHEHHH LEpHUs
H JpyrHx jaHTaHouAoB. [IoMHMO 3TOro, XOpoIO H3BECTHO
npuMeHenne conei uepua(lll) B xayecTBe MpOTHBOPBOT-
HbIX, OAKTEPHOCTATHYECKHX H GaKkTePHLMAHBIX, HMMYHO-
MOAYJIMPYIOIIHMX U POTHBOOIYXOJEBbIX Npenaparos [96].

Cucrematnueckue cBefeHHs O OUONOrMYECKOH aKTHB-
HOCTH HAHOJHUCIIEPCHOIO AHOKCHIA LEPUs Ha HACTOALIMI
MOMEHT OTCYTCTBYIOT. TeM HE MEHee €AMHHYHBIC ITyOJIHKa-
LIMH CBHIETENCTBYIOT O Ype3BbIYaliHO BHICOKOH mepcrek-
THUBHOCTH OHOMeanuuHCKUX npunoxennii CeO, . -

HccnenoBano HEHpONpPOTEKTOPHOE AEHCTBHE HAaHOIMC-
nepcuoro CeO,, [97, 98]. B sxcnepuMeHTax N0 H3y4EHHIO
3amuTHOTO 3dhexta CeO, , NPH OKUCIUTEIBHOM CTpeECce K
HelipoHam JuHun HT22 noGasnsnu cycneH3Ho HaHOMACTHL
CeO,_« B pocTOBOH cpele, Mocye Yero KIETKH NOABEPraiu
JEUCTBHIO I'TyTaMUHOBOH KHCNOTHI, BBI3bIBAIOILEH rubesb
KJIETOK [0 MeXaHH3MYy OKcHTo3a. Oka3anock, YTO MPHCYT-
crBHe HaHoyacTHL CeQO, , B 3HAYUTEILHOH CTENEHH mpe-
JOTBpAlLAeT rubenb KIETOK, NPH 3TOM KOJHYECTBO BBDKUB-
LIMX KICTOK 3aBUCHUT OT coaepkanusa CeO,_, HO HE 3aBHUCHT OT
pazMmepa HaHOYacTHI. UTO KacaeTcs MEXaHH3Ma 3alMTHOro
JEHCTBUSA, TO COrJIacHO JaHHbIM [97], HaHouacTHiml CeO,
CIOCOOHB! HEMOCPEACTBEHHO CBA3bIBATH PEAKIHOHHOCIIOCO0-
Hbl€ KHCIIOPOJCOAEPIKAINE COSAMHEHHUs, YTO, IO MHEHHIO
aBTOPOB, OOYCIOBIEHO KHCIOPOJHOH HECTEXHOMETpHEH Ha-
HOKPHCTJLIMYECKOr0 AHOKCH A LIepHA.

B paGote [98] u3yuanu BIHSAHHE HAHOYACTHL] AUOKCHAA
tepus (3—5 HM) Ha BBDKHMBAEMOCTb HEHPOHOB CIHMHHOIO
MO3ra KpbIChl. YCTaHOBJIEHO, yTO BBeAeHHE CeQ, , BBI3kI-
BacT 3HAYHTENIbHOE YMEHbIIEHHE CKOPOCTH OTMHpPaHHA
KJIETOK B MOMYJIALMAX BCIAEACTBHE SPKO BBIPaXKEHHOH cIo-
cobnocti CeO,_, cBA3BIBATH CBOGOAHBIE padukaisl. Ilpen-
0/1araeTcs, YTO HCIOoJb30BaHUE AUOKCH/A LEPHS B COYETa-
HHH C JPYTHMH AHTHOKCHIAHTaMH MOXKET CMSArYUThH I0-
CJIACTBHA TPaBM CIIHHHOI'O MO3Ta.

[loATBEp)KACHHE AHTHOKCUAAHTHON aKTHBHOCTH HaHO-
KPHCTAJUIMYECKOTO [JHOKCHAA Lepud ObIIO MOJMyueHO B
pabote [99]. [Ipu npoBefeHUH in Vitro U in vivo UCCIENOBa-
HHUH yCTaHOBJIeHO, 4TO BBeAeHHe CeO,_, B ceTyaTKy riasa
KphiC B CYIIECTBEHHOH CTeneHM MpeJoTBpallaeT rudens
(OTOPELIENTOPHEIX KIETOK OPH MOCIEAYIOLIEM BO3AEHCT-
BHHM MOILHOTO CBETOBOro u3jyueHus. 1o maHHbIM 371€KTpPO-
peTHHOrpadud GYHKIHH CETYATKH TaKkXkKE COXPaHAIOTCA
MpaKkTHYECKH NONHOCThIO. B ciyuae BBenenus CeO, , B
CTEKJIOBHAHOE TeJI0 mocie O0yueHHs BBDKHBAEMOCTb (¢o-
TOPELENTOPHBIX KJIETOK Takke Bo3pacTaeTr. [1o MHeHHIO
aBTOpoB, HaHouacTHLbl CeO,, HENmOCpPeACTBEHHO- CBA3bI-
BAOT PEAKLMOHHOCMOCOOHBIE KHCIOPOACOAEpKAUIUE CO-
€[IMHEHHS, YTO OTKPHIBAET HEPCIEKTUBBI HX HCHOJBL30BAHUA
[UIS IPEAOTBPALLECHHS H JICUEHHA TaKuX 3ab0sieBaHui, Kak
6osiesnu AnbureiiMepa, IlapknHcoHa 1 XaHTHHITOHA. |
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Hanouactiusl CeO;_, 3HaYMTENHHO MOBBIIAIOT XKH3HE-
CnocoOHOCTh KJIETOK FOJOBHOTO MO3ra, BKIKOYas aCTPOLH-
Thl, HEHPOHBI, MHKPOTJIHATbHBIE KIIETKH H OJMIOACHAPOLH-
ol [100]. KynbTyphl yka3saHHBIX KJIETOK B IPUCYTCTBHH
HAHOJHCIIEPCHOTO AHOKCHAA LIEPHS COXPAHAIOT CBOL MOp-
donornyeckue U GHOXUMHUYECKHE XapAKTEPHCTHKH B Tede-
Hue G—8 MecsleB, Toraa Kak MpoA0/DKHTENbHOCTD JKH3HH
AHATOrUYHBIX KYILTYP B OOBIYHBIX YC/IOBUAX HE TPEBbIlla-
er 26—30 cyTok. CrefyeT OTMETHTb, YTO HCIIOJb30BAHUE
MHKPOKPHCTAJUIMYECKOr0 AMOKCHAA LCPHA, a TAKKE HAHO-
KPUCTAJUIMYECKUX MOPOLIKOB OKCHAOB APYTHX METAJLIOB
(Bxmouas Pr, La, Ti, Ru) He no3posnser pobutses nogodHo-
ro a¢gdexra.

Oco0blii npakTHYeCKHit WHTEpeC MpPEACTaB/ACT NpHMe-
HeHue CeQO, , B kayecTBe MPOQHIAKTHYECKOrO CPEACTBA
MpU PaAHOTEPANMH PAKOBEIX 3a0oneBaHul (B NPUCYTCTBUM
JUOKCHAA LEpHA KOJHYECTBO MOruOILIMX 3J0POBBIX KJETOK
ymeHbiaercs Ha 40-~70%). Beeneuue Hanouyactul CeQ,_,
MOXET CIHOCOOCTBOBaTh YBEAMYEHUIO CPOKA JKH3HH He
TOJIBKO MHKpPO-, HO U Makpoopranu3Mos {100]. B 4acTtHo-
CTH, TAKHM crOCOO0M yAaIoCh NOOUTHCA YBEJIHYEHHA Cpell-
HEH M MaKCUMAIBLHOM MpPOAOJUKMTENLHOCTH XHU3HH ApO30-
¢un. Haunslii 3ddext Tarke CBA3aH C aHTUOKCHAAHTHBIM
JIefiCTBHEM HAHOYaCTHUL JMOKCH/IA LiepH. ‘

ITpoBencHHBIC HaMH HCCIIEAOBaHMA BO3ACHCTBHA Ha-
HOKPHCTaJUIMYECKOTO  JQHOKCHZa LUepHs Ha Oaxrepuu
Escherichia coli renno-unxenepuoro wramma TG1, unren-
CHBHOCTb OHOJIFOMHHECLUEHLIHH KOTOPOTO KOppeJHpYeT ¢
(hepMEHTATUBHON aKTHBHOCTBIO OaxkTepHH, NOKasald, 4YTo
BIUIOTb A0 MakcumansHOM XoHuenrtparuu (20000 Mr/m)
CeO,_ B BOAHOM CYCIIEH3UH OH He 00J1aflaeT TOKCUYHOCTHIO
[0 OTHOLIEHMIO K TeCT-KyJbType. BnepBble ObUIO YCTAaHOB-
JIEHO, YTO NPH yMEHbIIEeHHH pasmepa uactul, CeO, . 6uo-
aKTUBHOCTh NOPOIIKOB CYIIECTBEHHO BospactaeT [101].
Ha6monaemoe BimsHue pasMepHoro ¢akropa Ha Ouoak-
TUBHOCTh HaHonopouikoB CeO,., MoxeT ObITh 00BACHEHO
yBeIMYCHUEM OOBEMHONW M MOBEPXHOCTHOH HECTEXHOMET-
pun HaHoyacTHL CeO, ¢ YMEHBIIEHHEM HX pa3MepoB.

dnexmpoxpomuste yempoiicmea

ITocnennee necaTuneTne 03HaAMEHOBAJIOCH 3HAYUTENb-
HBIM [IPOTPECCOM B CO3JAHHM JJIEKTPOXPOMHBIX MOKPBITHI
U YCTPOMCTB Ha UX OcHoBe. IIpuHuun neiictBus HOROOHBIX
YCTPOHCTB OCHOBAH Ha TOM, YTO HpPH NPOTEKaHHH 4ePE3 HUX
3NEKTPUYECKOIO TOKA NMPOUCXOAUT AU PY3Hs NOTOKHUTENb-
HBIX HOHOB (06bI4HO Li*) H3 IpOTHBOMIEKTPOIA B 3JIEKTPO-
XpOMHBIH CJIOH, B pe3yapTaTe 4Yero CTeneHb MpOo3pavyHOCTU
HOKpBITHA MenseTcs. IIpakTHueckoe BHEApEHHE 3JIEKTpO-
XPOMHBIX TIOKPBITUH CAEPKUBACTCA MOCPEACTBEHHLIMU
JKCIUTYaTallMOHHBIMH XapaKTEPHCTHKAaMH IPOTUBO3NIEKTPO-
Z0B. JleicTBHTENLHO, €CM MpolieMy co3fanus 3B HEKTHBHBIX
IEKTPOXPOMHBIX MATEPHAIOB B LEJIOM MOXHO CYHTaTb pe-
IICHHON (B KauecTBe HauOONEe MEPCHEKTHBHOTO MaTepuana
paccMaTpHBaeTCs TPHOKCHA BOJbdpaMa), To npobneMa paspa-
GOTKM MaTepHaOB NPOTHBOMIEKTPOAOB Jaleka A0 3aBeplle-
HuA. B gacTHOCTH, MCIIONIB3YyEMBIE B COCTABE [IPOTHBONIEKTPO-
OB  OKCMObl UIMKeNs M KoOWIbTa MNpU  HHTEpKas-
LMK/ ACHHTEPKAIILNY JIHTUS CAMH MEHSIOT OKpAacKy.
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B kauyecTBe moTeHuHANbHOrO MaTepHala s NPOTHBO-
anekTpoAoB Ol nmpemioxed auokcua uepus [102]. K oc-
HOBHbIM npeumyiectBaM CeO; . MOXHO OTHECTH 0OpaTH-
MOCTh [MPOLECCOB HMHTEPKATALUMW/ACHHTEpKAIALMK Li*,
HEH3MEHHOCTh ONTHYECKHX XapaKTEPHCTHK MaTepHana IpH
SKCIUTYyaTallMH, OTCYTCTBHE HOINIOWIEHHs B BHAMMO# obac-
TH CIIEKTPA, CIOCOOHOCTD OIOKHPOBaTh Y P u3nydeHue (310
CBOWCTBO BIAETCA OCOOEHHO B)KHBIM IPH MCTOJIL3OBAHHHU
3JIEKTPOXPOMHBIX MOJHMEPOB) M, HAKOHELl, HEBBICOKYIO
croumocth. Henocrarok CeO,_, kak MaTepuala [uis MPOTU-
BOJJIEKTPOJOB CBA3aH C TEM, YTO CKOPOCTh HHTEPKAJIALMH
MOHOB JIUTHA B JMOKCH LICPHs OTHOCHUTEIIBHO HEBBICOKA.

Jna pemwenus 371oil npobneMsl GbUIO MPEATIONEHO HC-
N0JIb30BaTh HAHOKOMIO3ULMOHHBIE MAaTepHalbl Ha OCHOBE
auokcuaoB uepus W turana (1:1) [102], kotopsle obecne-
yusaT 10-kpaTHoe yBenuuenue dddexTuBHOrO KOIGPU-
uMeHTa A dY3UH IMTHA U COOTBETCTBYIOLIEE YMEHBIIEHHE
BPEMEHH OTKJIMKA 3JIEKTPOXPOMHOIO [MOKPBITHA.

H3ayuyeHne GyHKUMOHANBHBIX XAPaKTEPUCTHK TOHKHX
mwieHok (CeO;),—(Ti0,)|_x, CHUHTE3UPOBAHHBIX 30JIb-refb
METOJOM H TpPEJCTaBIAIOIUX co00H aMopdHyl0 MaTpuuy
TiO, ¢ BkItoueHUAMH HaHOKpUcTauHdyeckoro CeO;  (1—
5 uM) [103, 104] moka3zaio, yto 3 dexTuBHBIN K03 HLH-
eHT nud@y3un uOHOB Li° 3aKOHOMEpPHO BO3pacTaer oOT
1,510 cm¥c pna uucroro CeO,, no 1-107"% em¥c
(Ce0y)9,25—(Ti0,)0,75, OAHAKO IUICHKH C MajbIM COIEpXKa-
HHEM LiepHd UMEIOT YPE3MEPHO HU3KYIO €MKOCTH IO OTHO-
HIEHUI0 K MoHaM nutus. B pabore [105] B xagecTse npe-
KypcopoB A nonydenus mieHok (CeO,),—(Ti0,), « Oblin
ucnons3oBaHbl xnopuf wepus (1) u Ti(OC3Hy),. o nan-
HbIM DPEHTT€HO(])A30BOr0 aHaiM3a KPUCTALIHYECKHH THOK-
CHJl LiepHs B IieHKax oOpa3yercs JIMillb NMPU BHICOKOM CO-
aepyxaHuu uepus (> 66%), npu 3TOM pa3Mepsl KpUCTaJUIH-
ToB CeOy« cocTaBnaoT A0 14 HM. HecMoTps Ha goctaTod-
HO IpyOO03EpHUCTYIO CTPYKTYPY IUICHOK, ONpee/IeHHbIE [
HHUX 3HAYEHHA [JIOTHOCTH TOKA NPUMEPHO HAa OJIMH NOPSICK
NpPEBBLINAIOT yka3aHHble B [104], 4TO CBHUAETENBCTBYET O
CYIIECTBEHHOH 3aBHCHMOCTH (DYHKLIMOHAJIbHBIX CBOHCTB
IUIEHOK OT COCTaBa NPEKYPCOPOB H YCJIOBHIl NpPOBEHEHHsA
cuHTe3a. OUTHMAIBHBIMH 3JIEKTPOXHUMHUYECKUMH H ONTHYE-
CKUMU XapaKTepucTHKaMu o0nazaroT IuieHkd ¢ 50%-HbM
COAEPIKAHMEM LiepHs.

CyliecTBEHHO JIyylliee KayecTBO Komno3utoB CeO,—
TiO; no cpaBHEHUIO C UHAUBUIYAIbHBIM HAHOKPUCTAIUIH-
4YECKMM AMOKCHAOM LIEPUS BBbI3BAIO 3aKOHOMEPHBIH MHTE-
pec K CO3MaHHIO U APYTUX KOMIIO3HLHMOHHBIX MaTEpHaIOB
Ha ocHoBe CeO,_,. B pabote [106] ObUT CHHTE3UPOBAH KOM-
no3ut CeO,—Sn0, (17% SnO;), KOTOpPLIH XapaKTepU3yeT-
€Sl BHICOKOH €MKOCTBIO MO OTHOIUCHHIO K HOHAM JIMTUA U
MaJIbIM BpeMEHEM OTiIMKa. OHaKo, Mo AaHHEIM [ 107], npu
MHTEPKAJIALMH JIMTHA JOMOKCHA OJIOB2 MOXET YacTHYHO
BOCCTaHaBJHBaThLCA ¢ oOpasoBanueM SnO u Sn, YTO cTaBUT
NOJ COMHEHHE BO3ZMOXHOCTb HCHOJIB30BaHHA KOMIIO3UTOB
CeO,—Sn0O, B KauecTBe NPOTHBOAJIEKTPOLOB B 3JIEKTPO-
XPOMHBIX YCTPOHCTBAaXx.

B pa6otax [108, 109] 6buti uccneqoBaHb MUKPOCTPYK-
Typa, ONTHYECKHE H NIEKTPOXUMUYECKHE CBOMCTBA IUICHOK
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Ce0,—Si0,. YcraHOBIEHO, 4TO MO MEpe YBEIMYEHUA CO-
nepxanus SiO; or 0 no 35% pasmep 4dacTHLl AHOKCHJA
LepHs yMeHbIIaeTcd OT 7 A0 3 HM, a IUIOTHOCTh 3apaia
YBEJIMYMBAETCA W OOCTHraeT Makcumyma Ipd 35%-HOM
copepxanud Si. ITo maHHBIM LMKIHYECKOH BOJIbTAMIIEPO-
METPHH, HPOECChl MHTEPKAALUM/ AEUHTEPKAIALHMH JIMTHS
B ToHKue mieHkH Ce0,—SiO, noaHocTeI0 06paTUMBl AaXe
nociie 2000. UHKIOB, OJHAKO €MKOCTb [0 OTHOIIEHHIO K
auTHIO cHIDkaeTcs Ha 40%.

[IpennoxeHO HCHONB30BaTh B KAuECTBE MaTepHala
NpPOTHBONEKTPOAOB TBepable pacTBopel  CeO,—ZrO,
[110-—112]. 3nauenus 3GQeKTUBHBIX KOIDPHIUEHTOB
duddy3nu nutHa B TBepAbix pacTBopax CeO,—ZrO, aoc-
turaror 110712 CMZ/C, YTO COIMOCTAaBHMO C BeJHYHUHAMH,
nonyyeHHsiMid B [104] mng nanokomnosutoB CeO,-TiO;.
OYHKUHOHAIBbHBIC XAPAKTCPUCTHKH MOJYYEHHBIX MaTEpHa-
JIOB MOJIHOCTBIO OTBEYAKT TPeGOBAHHMAM, MPEABbABIIEMBIM
K IPOTHBOJIEKTPOAAM B IIEKTPOXPOMHBIX yCTPOMCTBAX.

Conneunsle bamapeu

JHokcHa Lepus HaXOJUT NMPHMEHEHUE B COCTAaBE AHTH-
OTpaXAKOLIMX TMOKPBITHH I KPEMHHEBBIX COJHEYHBIX
Garapeit [113], uTo B mepByr0 ouepenb 00YCIOBIEHO BHICO-
KHM 3HAYE€HHEM [10Ka3aTeNs MPEeOMIICHHS 3TOTO MaTepHaia.
ITo panneM [114], moxa3atens MPEJOMIIEHUS TOHKUX IUIEHOK
CeO,_, nocturaer 2,4—2,56, Toraa kak s o6beMHOro MaTe-
puana oH cocramnger 2,23—2733. Kpome Toro, mapamerp
suelKU AMOKCHAA LiEpUs OYeHb OJIM3O0K K MapaMeTpy pEIICTKH
KpeMHHs, Onarofaps YeMy BO3MOXHO IOJIYYEHHE 3MHTAKCH-
IBHBIX IUIEHOK BBICOKOTO Kayectsa [ 115].

B cBA3H ¢ T€M, 4TO AHOKCUJ LIEPHA HE ABJSCTCH KIACCH-
YECKHUM IOJIyPOBOJHHUKOM, OH OOBIYHO HE paccMaTpHBACT-
ca B KayecTBe GoToakTuBHOro Marepuana. OZHaKoO pesyJb-
tathl [116] cBUAeTENECTBYIOT 00 OOpPaTHOM: ME3OMOPUCTHIE
IUIEHKH [JHOKCHIA LUEpHA, COCTOALHE H3 KDPHUCTaJUIHTOB
JHaMETPOM 5 HM, MOTYT HCIOJB30BaTHCA B Kayectse pabo-
Yero KOMITOHEHTa COJIHCYHBIX OaTapeil. B yacTHOCTH, AaH-
Hble MaTe€pUaibl, B OTJIMYHE OT KPYMHOAHCIEPCHOTO JHOK-
CcHlia uepHs, XapaKTePH3YHOTCA 3HAYHTEIbHBIM BPEMEHEM
XHU3HH (HOTOMHIAYLHPOBAHHBIX HOCHTENEH 3apsana, IMpeBoc-
XOJAAIIMM 3HAYEHUE NS HAHOKPUCTAJUIMYECKOTO JUOKCHAA
tutana (Degussa P-25). JlonupoBanue CeO,_, LUPKOHHEM H
JIAHTAHOM IIO3BOJISET BAPHHPOBATh IIHPHHY 3anpelleHHON
30HBl [116], YTO OTKpBHIBAET BO3MOXHOCTb CO3JaHMsA COJI-
He4HbIX Oarapei, YyBCTBUTENBHBIX K H3JIy4€HHIO B BHIHM-
MO 06;1acTH criekTpa Ge3 HCMOoNb30BaHUuA POTOCEHCHOMIH-
3aTOPOB.

B paGore [117] Gbu pa3paGoradbl ruGpUAHbIE MOAH-
MEepHBIE COJIHEYHbIE BaTapeu ¢ UCNONIb30BaHHEM B KaUECTBE
ocHoBb! HaHoaucnepcHbix CeQ, , H CeO,—Ti0,; u momu|[2-
METOKCH-5(2-3THIreKCHIIOKCH)- 1 ,4-peHuneHBHHUIEeHA].

PesynsTaThl NOATBEpAMIM NPHHUHMIIHAILHYIO BO3MOX-
HOCTb NPHMEHCHUSA AHOKCHAA LepHA B COJHEYHBIX Garape-
AX, OJHAKO CHJIA TOKa, BRIpabaThIBa€MOro TakUMH GaTapes-
My, OKazanacs B 2—3 pa3a MeHbLIC CUIIBl TOKA, TeHepupye-
Mmoro 6atapeeil Ha OCHOBE AHOKCHAA THTaHa. K JocTOMHCT-
BaM Oarapeii Ha ocuoe CeQO,, cineayer orHecru OGoiee
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CTabUNIBbHBIE XapaKTEPUCTHKH, CPOK UX ciiyxObl B ~3 pasa
[PEBOCXOAMUT CPOK Ciiyx0Obl GaTapeil Ha ocHose TiO,.

3akjar04eHue

HanokpHcTamnyeckHid JUOKCHA LIEPUA — YHHKAJIBHBIH
nonudyHKIHOHATIBHBIH MaTepHall, IHPOKUA CHEKTp NpH-
MEHEHHH KOTOPOro CBA3aH C KOMILIEKCOM O0COOBIX PU3UKO-
XUMHYECKHX CBOWCTB, BKJIIOYAs SPKO BBIPAXKCHHYIO 3aBH-
CHUMOCTh TaKMX BaXKHBIX IApaMETPOB, KaK KHCJIOPOAHAas
HECTEXHOMETPHA, ONTHYECKHE H IEKTPOPHUIHYECKHE CBOM-
cTBa, OoT pasmepHoro ¢akropa. Ilocaeansas ocoGeHHOCTH
JUOKCHAA LepHs AesacT 0co00 aKTyalbHOH NMpobneMy pas-
paboTku BRICOKOIPGEKTUBHBIX H MACIITAOUPYEMBIX TEXHO-
JOruil moydeHus HaHoaucnepcHulx nopomkoB CeOpy ¢
3alaHHOH MHKpoMoposiorueli ¥ KOHTPOJIHPYEMBIM pac-
npefesieHdeM YacTHLL [10 pa3MepaM, NPHIOAHBIX B KAYECTBE
OpEKYPCOPOB Ul cO3JaHusA (YHKIHOHAIbLHBIX HaHOMaTe-
PHAJIOB H HAHOKOMIIO3HTOB.

He meHee Bakna mpoGieMa wucclieoBaHHA (QH3HKO-
XUMHUYECKHX CBOHCTB HaHOKpHcTauiMueckoro CeO,, u
aTTeCTalMH HAHOMATEPHAIOB Ha €ro OCHOBE. 3/€Ch, HECO-
MHEHHO, KIIOYEBYHO PO OyayT UIpaTh METOJbl, OCHOBaH-
Hble Ha HCIOJB30BAHUH COBPEMEHHBIX HCTOYHHKOB HEH-
TPOHHOTO M CHHXPOTPOHHOI'0 H3iydyeHus. Hakxoneu, ocoGo-
ro BHHUMaHHA 3aClIy)KHBaeT 3ajlauya pa3paboTKH H KIHHHYE-
CKMX HCIBITAHHH OHOJOTHYECKH AKTHUBHBIX MpENApAaTOB,
COAEPKALUMX HAHOYACTULIBI AUOKCHUA UEPHS.

O6nactd NpUMEHEHHH HAHOKPHCTALIHYECKOTO JAHOKCH-
[ia UepUs OTHIOJb HE OpAaHHYHBACTCS NPHUBEJEHHBIMH NPH-
MepaMHu. JIHOKCHA LepHs BXOAHT B COCTaB MHOTOYHCIICH-
HBIX KaTajJH3aTOpOB, 3ALIHTHBIX AHTHKOPPO3HWOHHBIX IIO-
KPBITHH [JI1 METAUIOB M CIUIABOB, MOJIHMPYIOLIUX CMECEH U
abpa3uBoB (B TOM 4HCIIE Ul XHMHKO-MEXaHHYECKOH 00pa-
GOTKM MOBEPXHOCTH KPCMHHEBBIX IUIACTHH B MHUKpPO- H
HaHOJJIEKTPOHHUKE), CEHCOPOB M GHoceHCOopoB U Ap. Paspa-
6oTKa U yny4meHHe GYHKIHOHAIBHBIX XapaKTEPHCTHK 3THX
M ApYTHX HaHoMaTepuaiaoB Ha ocHoBe CeO,, TpebyroT
MEHKAUCUMIUIMHAPHOTO MOAXO0/1a H YYacTHs CIELUATHCTOB B
obnactn XxHMHH, OUIMKM, MaTEpHANIOBEJEHHA, OHOJIOTHH,
M€ THLIHHBI.

* % *k »

O630p mnoaroroBiaeH npu GUHAHCOBOH MMOINEPXKKE
PODU (mpoexr 08-03-00471), nporpamMber OXHM PAH
«Pa3paboTKa Hay4YHBIX OCHOB HOBBIX XHMHUYECKUX TEXHOJIO-
Tdil ¢ NOJMyYEHHEM ONBITHBIX NAPTHH BELLECTB H MaTEpHa-
q0B» U nporpaMmbl [Ipesuauyma PAH «Pa3paborka MeTo-
[OB MONYYCHHA XMUMHUCSCKMX BELIECTB U CO3JaHHE HOBBIX
MaTepHalOB».
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