VIIK 620.22.001.5(477)
BBK 30.3
H25

CXaTo U3JI0XEHbI Pe3yJIbTaThl UCCIEI0OBAHUI U Pa3paboTOK, BbIMOJHEHHbIX MHCTUTYTamMu HAH Ykpa-
WHBI B pamMKkax [ocynapcTBeHHOIA 11e1eBOif HayYHO-TEXHUYECKOI TTporpaMMbl « HaHoTexHomoruu u Ha-
Homatepuaibl» (2010—2014). 115 paznenoB MmoHOTrpaduu CrpynIUPOBaHbI B IIECTh TEMATUYECKUX IJ1aB:
$u3rKa HAHOCTPYKTYP, TEXHOJOTUY MOTYITPOBOAHUKOBBIX HAHOCTPYKTYP, IMarHOCTUKA HAHOCTPYKTYD,
HaHOMaTepuasbl, HAHOOMOTEXHOJIOTMY U HaHOXUMUSL. [TokazaHo, 4To NMpu AajbHEN e rocy1apcTBeH-
HOW MOIIepkKe U CO3MaHUN GJIArONPUSITHOTO MHHOBAIIMOHHOTO KJIMMaTta YKpanHa MOXET OpTaHU30-
BaTh COOCTBEHHBIE KOHKYPEHTHOCTIOCOOHBIE HAHOTEXHOJIOTUIECKIE TIPOM3BOICTBA.

Pe,[[aKlIPlOHHaH KoJli1erus
A.T. HAYMOBEL] (taBHBII penakTop),
akan. HAH Yxpaunbt

B.H. YBAPOB (3aMm. rmaBHoro penakropa),
yi.-kop. HAH Ykpaunbt

U.A. MAJIBYEBCKUW (3aM. [1aBHOTO pefakTopa),
KaHJI. TeXH. HayK

A.E. BEJISIEB, un.-xop. HAH Ykpaunbt

M.A. BAJTAX, ui.-kop. HAH Ykpaunsl

JI.b. IPOBOT, n-p 6uoi. HayK

C.B. KOMUCAPEHKO, akan. HAH YkpauHbl
T.E. KOHCTAHTHUHOBA, n-p ¢u3s.-Mat. Hayk

3JIEKT])OHHBH71 AHAJIOT MEYATHOI0 U31aHUA:

B.A. KOYEJIAII, wn.-xop. HAH Ykpaunst
C.41. KYYMMU, un.-kop. HAH Ykpanssr
, akan. HAH Ykpaunsl
B.b. MOJIOAKWH, un.-kop. HAH YkpauHbl
B.M. ITOPOUINH, n-p ¢pu3s.-Mar. HayK

B.JI. TOXOJEHKO, akan. HAH Yxpaunst
A.B. PATVYJIA, un.-kop. HAH Ykpaunst

B.B. CKOPOXO/, akan. HAH YkpauHbl

C.A. BECITAJIOB (cexpeTtapb peIKOJIJIETUN),
KaH[I. TeXH. HayK

Hanopa3smepHble cicTeMbl 1 HAHOMATEPUABL: ccaenoBanus B Ykpaune / Penkon.: A.I. HaymoBelr (T1aB.
pen.) ; HAH Yxpaunnsl. — K. : Akagemnepuonuka, 2014. — 768 c., 4 c. uin. — ISBN 978-966-360-260-8

ISBN 978-966-360-261-5

© HAH Yxpaunsi, 2014
© Axanemmniepuonuka, opopmiienue, 2014



HOBHE

NOHITPOBOASIIVE
HAHOMATEPVIAABI

HA OCHOBE OKCHAOB
ITEPEXOAHBIX METAAAOB
ANT CEHCOPHBIX

V1 DHEPTOTTPEOBPABYIOIIIX
CUCTEM

C.B. Boakos, A.I'. beaoyc, I' 4. Koabacos,

T.A. Mupnas, O.U. Bvionos, E.U. Boadvipes,
H.A. Pyceukuii, 10.C. Kpacnos, M.O. Jlanunos,
I.T. Apemuyk, B.M. Acayna, C./l. Kobursuckas

IIpoGaembl B COBpEMEHHOI 3HEPreTHMKE M OITO3-
JIEKTPOHMKE TTOOYKIAIOT K CO3MaHUIO HOBBIX UCTOY -
HUKOB DHEPTUU U KOMITIOHEHTOB OTNITOAJIEKTPOHHBIX
cucteM. B yactHocTu, Li-MOHHBIE aKKyMYJISITOPHI
MPUMEHSIIOTCS B MEPEABUXKHBIX JEKTPOCTAHLIMSIX,
TMOPUIHBIX 2JIEKTPUUYECKUX TPAHCMOPTHBIX Cpel-
CTBax M BO30OHOBJSIEMbIX HaKOMUTEJSIX 3HEPTUU
[1]. ITpakTHUYeckoe MX UCIIOJIb30BaHUE 3aTPYAHEHO
TE€M, 4YTO TOJABISIONIEe KOJIWYECTBO JUTHUMIIPO-
BOJSIIUX TBEPABIX 2JIEKTPOJIUTOB XapaKTepU3YyeT-
Csl OTHOCHUTEJIbHO HU3KMMM 3HAYEHUSMU WOHHOM
npoBogumoct (10°—107 Cm-cm™') [2]. B 1o Xe
BpeMsl M3BECTHBI cHCTeMbl La, /HLihﬂl /HxTiOy
Li, La, 3 /3_2x(Nb, Ta),O, (rae [1 — BakaHCHs), KO-
TOpbIe MMEIOT BBICOKYIO MPOBOAMMOCTD MO MOHAM
Li (103—=103 Cm-cMm™!) [3]. HaHOKOMITO3UTBEI Ha
OCHOBe TpacdeHa, OKCUIOB METAJUIOB M TIOJIYIIPO-
BOJHMKOBBIX XaJbKOT€HUIHBIX COCOIWHEHWI THUIIA
A"B' (CdSe) o61amaroT BBICOKUMU (HOTO-, DJIEK-
TPOKATAIUTUYECKUMU U HETMHEHHO-ONTUYECKUMU
CBOICTBaMU, a IOTOMY SIBJISIFOTCSI IEPCIIEKTUBHBIMU
MaTepuajiiaMu (pOTOaHOIOB U KaTOA0B B (hOTOBJIEK-
TPOXUMUYECKUX sTUeKax ISl TOJydeHUsT "COJTHEY -
HoTro" Bogopoaa [4—6] 1 KOMITOHEHTOB OTITUYECKOM
00paboTtku nHdopmauuu [7].

i ymydimeHus XapaKTepUCTUK TBEPIObIX BJIEK-
TPOJIUTOB HEOOXOAMMO HCIIOJIb30BaTh HAaHOPa3Mep-
HbIe YaCTUIIbI, YTO MOXKET CIOCOOCTBOBATb POCTY
CKOPOCTHU JBWKEHHUSI UOHOB 3a CUYET YMEHbIICHMS
JIMHBI Aud@y3un B HAaHOMETPOBOM MaciuTtabe [§].
[lepcrieKTUBHBIMU METOIAMU TIOJIYYeHUS] HaHOpPa3-
MEpHBIX HAHOYACTHUI[ SIBISIOTCS 30JIb-T€lTb METOM
U TeMIJIaTHO-KOHTPOJUPYEMBI CHHTE3 B JKUIKUX
KpuCTaJIax.

PaszBuBaeTcs Takke 3MEKTPOXUMUYECKUN CIIOCO0,
OCHOBHOE MPEUMYIIIECTBO KOTOPOTO — BO3MOXKHOCTh
(opMUpoOBaHUSI HAHOMMOPOILIKOB OKCUIOB U THIPOK-
CHUJIIOB C 3a/IaHHOI ITUCIIEPCHOCTBIO 3a CUeT PeryJiu-
pOBaHUS TTapaMeTPOB BJEKTPOJIM3a U COCTaBa 3JIeK-
TPOJINTA, a TAK>KE MOJyYeHUsI TIJIEHOK HAa OCHOBE 3THX
COCIMHEHMI 1 YIIPaBIeHUS X (PU3NKO-XUMUICCKH-
MU CBOMCTBaMU (MOHHOI IPOBOAMMOCTDIO, 3JEKTPO-
KaTAIUTUYECKON aKTUBHOCTBIO, TTOIBMXKHOCTBIO HO-
cuTeliei 3apsiga, ONTUYECKUM TOMIOIIEHUEM U He-
JINHEHOM pedpakuueit).
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I''TABA 6. HAHOXUMMUA

HemoctaTkoM NUTUMNIPOBOASIINX TUTAHATOB U
HMO0ATOB JIaHTaHa SBJISCTCS WX HECTaOMIBHOCTH
MPY KOHTAKTE ¢ METAUTMYCCKUM JIMTUEM, KOTOPBINA
HCIIOJIb3YeTCSl B KaUeCTBE aHOJa, M3-3a BOCCTAHOB-
JIeHUsI TUTaHa U HUoOus. M3BecTHO, YTO CTaOUJIb-
HBIMM B KOHTaKT€ C META/UIMYECKUM JINTUEM SIBJISI-
[OTCSl JIMTUATIPOBOASIIE aMOp(GHbBIE TOHKNE TIJICH-
ku pochop-okcuautpuaa mmtus (LiPON), omHako
OHM WMMEIOT HEBBICOKYIO HMOHHYIO IIPOBOAMMOCTH
(~10° Cm-cm7') [9]. [TosTOMY BaXKHBIM SIBJISICTCSI
CO3IaHUe MHOTOCIOMHBIX CTPYKTYP Ha OCHOBE BBICO-
KOIIPOBOISIIEI0 TUTaHATA JaHTAaHA-JIMTUS, TOKPBI-
TOro ToHkKoi reHkoi LiPON.

Llenbio maHHOI pabOTHI OBIIO MpOBeAeHNE PyHOA-
MEHTAJIbHBIX UCCJIETOBAHWI ITPOLIECCOB XMMUYECKO-
IO U BJIEKTPOXMMMYECKOTO CMHTE3a HOBBIX MOHIIPO-
BOJSIINX HAHOMATEPUAJIOB Ha OCHOBE OKCHUIOB IIe-
PEXOIHBIX METAJIJIOB, U3yUyeHUE UX (PU3UKO-XUMUYE-
CKMX M ONTUYECKUX CBOMCTB, a TAKXKE BO3MOXKHOCTHU
HCIIOJIb30BaHUS UX B CEHCOPHBIX, ONTO3JIEKTPOHHBIX
U SHEPTONPEOOPa3yIOLINX CUCTEMAaX.

HUccaenoBanune
MPHUPO/IbI MPOBOAUMOCTH
JUTHHNIPOBOSIIMX MATEPUAIOB

Ha ocHoBe HaHoYacTull, CMHTE3WPOBAHHBIX 30JIb-
reab MeTonoM [10], Obl1a moy4eHa BBICOKOILIOTHAS
KepaMuKa, KOTopasi UCMOJIb30BaJlach /i U3YYEHMsI
MPUPOJIbI TPOBOAUMOCTHU, YTO HEOOXOAMMO JIJIS1 JaJTb-
HEMIIero NpakTU4ecKoro NCroyib30BaHUs, B YaCTHO-
CTU, KaK MeMOpaHbl 1J1s1 (POTOINEKTPOXUMUYECKOTO
aJIeMEeHTa BblAeJieHus Bogoponaa [4]. Panee Obuio
MoKa3aHo, YTO MEeXaHU3M JIMTUEBOI MPOBOAUMOCTHU
B La . Li [ . TiO; onuceiBaeTCst MEPKOJISILMOH-
Hoit mozenbio [11]. B cucremax (La, /3_XLi3x_yNay)><
xL, /HXNbZOG u (La, /HLiMyNay)[ . /HXTazoﬁ rnokasa-
HO, 4TO KpYITHbIe MOHBI Na® He yJyacTBYIOT B MOH-
HOM TpaHcnopte. MoHHasi MPOBOJAMMOCTb OIpee-
JISIETCSI TOJIBKO IBUKeHueM HMoHoB Li*. Kak BuaHO
U3 puc. 1, xapakTep 3aBUCMMOCTU JIUTUEBOI MPOBO-
IMMOCTH OT KOHLEHTpalUu HATpUsl B 3TUX CUCTe-
Max pasnuyeH [3]. B cucreme Lio'5_yNalyLaO'5uNb206
¢ yBenmmuyeHueM y Li"-mpoBogMMOCTh IPOXOOUT 4Ye-
pe3 MakCUMYM BCJIEICTBUE JIBYX KOHKYPUPYIOLIHUX
(akTOpoB — yBeJIMYEHUsI OO0beMa 3JIeMEHTapHOM
SYEUKU, TPUBOJSIIETO K POCTY MOOUJIBHOCTU MOHOB
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Li*, u ymMeHbIIIeHUSI MX KOHLIEHTpAauu. A B cUCTeMe
Llo'snyayLao'SjTaZO6 C PpOCTOM y IIPOBOIMMOCTD
YMEHBIIAETCS, YTO OOYCIOBJIEHO TOTEPSIMU JIUTHS
TpY BBICOKOTEMIIEpaTypPHOM CUHTE3€ 1 3aMellleHUEM
noHoB Li" monamu Na* [12, 13].

MHorocJoiinbie CTPYKTYpPbI
Ha OCHOBE JIMTHINPOBOJALIMX MATEPHATIOB

s nmojydyeHus: KOMIO3UIIMOHHOTO TBEPAOTO 3JIeK-
TPOJIUTA, KOTOPBIN ObLIT Obl CTAOMIBHBIM B KOHTAKTe
C METALTNIECKUM JIUTHEM (aHOJOM) U XapaKTepr30-
BaJICSI OTHOCHUTEbHO BBICOKOH MPOBOAMMOCTBIO TTO
noHam Li* nmpu KoMHaTHOI TeMImeparype, Oblia Mo-
JlydeHa MHOTOCJIOIHAsl CTPYKTypa Ha OCHOBE TUTaHa-
Ta JIaHTAHA-JUTUSI, TTOKPHITOrO TOHKOM 3alllUTHOM
ieHkoit ¢ochop-okcunurpuna gutus (LiPON).
MzrorosneHa yctanoBka BU mMarHeTpoHHOTO Haribl-
JIEHWSI, C TIOMOIIBIO KOTOPOI OIpeneeHbl OMNTH-
MaJIbHBIE ITapaMeTpbl HaHeceHMs1 IieHOK LiPON,
TIPY KOTOPBIX TTOJTyYaIOTCS OTHOPOIHBIE, 03 TPeIInH
1 OCTPOBKOB, aMOPGhHbBIE TOHKUE TUIEHKH, YCTONUM-
Bble Ha Bo3ayxe [14].

[To pesynbraramM MMIEAAHCHON CHEKTPOCKOMUU
MOCTpOeHa TeMIlepaTypHasi 3aBUCUMOCTb MPOBOIU-
moctu tieHku LiPON (puc. 2).

YT0OBI BRIICHUTD, 3amuinaeTt au nmiaeHka LiPON
MaTtepuaJl Ha OCHOBe Je(eKTHOTO IIepOBCKUTA
La, /HLihTiOs (LLTO) oT XuMH4Y€CKOro B3auMoieii-
CTBMSI C METAJJIMYECKUM JINTUEM, ObUTM UCCIeno-
BaHbI 2JEKTPOGhU3NUYECKUE CBONCTBA NBYX CUCTEM:
1) Li/LLTO/Li, roe x ob6pa3ily ¢ BBICOKOI MPOBO-
JUMOCTBIO IO MoHaM Li* ¢ AByX CTOPOH MpuKJIaabl-
BaJIU DJIEKTPOJIbI U3 METAIMUYEeCKOro autus u 2) Li/
LiPON/LLTO/LiPON/Li, rne Ha Takoil Xe BbICO-
KOTIPOBOIAIINI 00pa3ell ¢ JABYX CTOPOH CHayaja
HaHocuiau ToHKY mieHky LiPON, a mocie mpu-
KJTaIbIBAJIM 3JEKTPOABI TAKUM 00Pa30M, UTO MEXIY
MeTajinyeckumM Li u odpasuom LLTO nHaxomuiach
samuTHas mieHka LiPON. PesynabraThl uccienoBa-
HUs NpuBeseHbl Ha puc. 3. B cucreme Li/LLTO/Li
HabmomaeTcs B3aumopeiicrsue utus ¢ LLTO, uto
COMPOBOXKAAETCS 3HAUUTEbHBIM POCTOM 3JIEKTPOH-
HOM TTIPOBOAMMOCTH. DTO MPUBOAUT K 3HAYUTEITbHO-
My NaJeHUIo0 conpoTuBieHus cucteMsl Li/LLTO/Li
(puc. 3, kpuag [). DIeKTpuIeCcKoe CONPOTUBICHUE
cuctembl Li/LiPON/LLTO/LiPON/Li B TeueHue
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IOJITOTO BPeMEHM He M3MEHseTcs (puc. 3, KpuBas
2). IlonyyeHHBIe pe3yabTaThl yKa3bIBalOT HAa TO, YTO
mieHka LiPON 3amuinaer JUTUEBBIA IPOBOIHUK
LLTO oTr XxuMH4YecKOoro B3auMOJEHCTBUS C MeTal-
JIMYecKuM Jutuem [15].

DJIeKTPOXUMHYECKHIi CHHTE3

M CBOICTBA HAHOKOMIIO3UTOB

Ha OCHOBE OKCHJHbBIX COeIMHEHU
Cr, Co, Mn

Oxkcuanbie coeguHenust Cr, Co, Mn 1 X KOMITO3M-
Tl Cr—Co u Mn—Co cuHTe3upOBaHbl U3 BOJHBIX
(bTopconep)alMX JIEKTPOIUTOB Ha ocHoBe MnSO,,
CrO, n CoSO, [16]. Pazmepbl KpUCTALIUTOB COCTaB-
Jisut 6—10 HM. OO1LLast MPOBOAUMOCTL OKCHUIOB ObLIa
(2—8)-10° Cm* cm™!, B TO BpeMsI Kak JIJIsT HAHOKOM-
MO3UTOB HECKOJIbKO Bhime (1-2)-10° Cm-cm!, a
JI0JIsT HOHHOM TIPOBOAMMOCTHU cocTaBisuia 18—22 %.
ITo cpaBHEHMIO ¢ OTAEABHBIMM KOMIIOHEHTAMM, IS
HaHOKOMIIO3MTOB XapaKTepPHO IMOBBIIIEHNE UX KaTa-
JIUTUYECKOM aKTUBHOCTH TTPY Pa3IOXEHUH ITePOKCH -
J1a BOJOPOJa 1 JEKTPUIECKON EMKOCTU B JIMTUEBBIX
nctouyHukax Toka (230—240 MA- 4/r). OHU nepcreK-
THUBHBI KaK KaTOXHbIC MaTeprajIbl B XUMUIECKUX MC-
TOYHUKAX TOKa BCJEACTBUE 3HAYUTEIBHOTO YMEHbB-
LIEHUST KOJIMYECTBA TEXHOJIOTMIECKMX OTepalivii pu
YX TojydyeHuru. HaHOKOMIO3UT Ha OCHOBE OKCHU-
HBIX COeIMHEHNI XpoMa 1 KobabTa UMEET BEICOKOE
3HauUeHNe KO3 UILIMEHTA MOIJIOIIEHUSI COJTHEYHOM
pamuaumu A = 0,98 %, 1o cpaBHEHUIO ¢ 3apy0Oex-
HbIMK aHaoramu, Takumu kak THERMOSOL (A =
= 0,94 %) n CROMOGEN (A = 0,95 %), uto naér
BO3MOXHOCTB UCITOJTb30BaTh 3TOT KOMITO3UTHBIM Ma-
TepHUal KaK CeJIEKTUBHOE TMOKPBITHE TSI COTHEUHBIX
KOJIJIEKTOPOB.

TeMl'lJ'laTHO-KOHTpOJII/IpyeMbIﬁ CHHTE3

U CBOMCTBA ONTHYECKUX HAHOKOMIIO3UTOB
HA OCHOB€ MOHHBIX XKUJKHX KPUCTALJIOB

C MOJIYNNPOBOAHMKOBBIMHA KBAHTOBBIMH
TOYKaMH

HMoHHbIe Xuakue KpHCTaJljibl Ha OCHOBC aJIKaHOAaTOB
KaaMusl OBIJIM MCIIOJb30BaHbl HAMU B KauyeCcTBE Ma-
TPpULLbI AJId CO3AaHUA OIITUYECKHUX KOMITO3UTOB C Ha-
HOYaCTHLaMU IMOJIYIIPOBOAHHNKOBBIX XaJIbKOTCHNI0B
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obpasia
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Puc. 3. 3aBUCUMOCTb COTTPOTUBIICHUST 3ePEH 00Pa3LIOB BpeMe-
Hu: 1 — Li/LLTO/Liu 2 — Li/LiPON/LLTO/LiPON/Li
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kaaMusi. CUHTE3 HAHOUYACTUIL CEJEHMUIA WIU CYJb-
¢uga KagMus OCYILIECTBICH B KUIKOM KpPUCTasIe
Ha OCHOBE KallpoHaTa KaJMUsI ITyTeM BBIICPXKKU pe-
akumonHo cmecu (Cd(C,H ,COO),+Chal(NH,),)
B MHEPTHO# aTMocdepe MpU pa3IuvyHbIX TeMIepa-
typax (100—250 °C) B gmama3oHe CYIIECTBOBaHUS
Me3odasbl B TeueHre pasHoro BpemeHu (o1 10 MuH
JI0 2 9) C MOCIIEAYIOIINM OXJIAKICHUEM XUIKO-KPUC-
TAJIJIMYECKOTO paciliaBa 10 KOMHATHOM TeMIlepaTy-
pbl. B pesynbraTe mosydanu KeixaeMblid IO COCTaBY
NpOo3payHblii CTEKJIOBUIHBLI HAHOKOMIIO3UT, CO-
nepxamuii HaHodyactuubl CdS unu CdSe [17—19].
Metonom [IOM ycTraHOBIEHO, YTO HAHOYACTUIIBI
XaJIbKOTEHUJIOB KaJMUsI UMeIT pasmep 1—3 HM u
paBHOMEPHO pacrpene/ieHbl M0 00beMy MaTPUIIbI.
ITokazaHo, 4TO UX pa3Mep 3aBUCHUT OT TeEMIIEPATypPhl
Me30(da3bl ¥ MPAKTUICCKU HE 3aBUCHUT OT BPEMEHU
peaxkuuu.

HccienoBaHbl HEJIMHEHO-ONTUYECKHE CBOMCTBA
HAHOKOMIIO3UTOB ¢ KBaHTOBbIMU Toukamu CdSe c
pasmepami 1; 1,8 12,6 HM MeTOIOM Z-CKaHUPOBAHMSI
B HEMPEPHIBHOM U UMMYJIbCHBIX PeXXMMaX HaKayKu.
YcTaHOBIGHO, YTO HEJIMHEHMHBIM OTKJIMK O0pa3loB
BBI3BaH MPUCYTCTBUEM MOJIYITPOBOIHUKOBBIX HAHO-
yactul. HennHeiHOE MOTJIOIIEHWE OCIa0ISIeTCS IIPU
yMEeHbIIIeHUU pa3Mepa HaHodyactull CdSe, ripu 3ToM
HauOoJIbIlIasi UHTEHCUBHOCTD TIOIJIOIICHUS HaOJI0-
JaeTcsl Jj1s1 HAHOKOMITO3UTa ¢ KBAHTOBBIMU TOYKAMU
¢ paamepom 1 HM. Bonblline 3HaUeHUsT MHAEKCA He-
nmHelHoM pedpakumu (10~4—10-3 cMm?/BT) KoMmo3u-
TOB MO CPAaBHEHMIO C OPMEHTALIMOHHOUN HEeJIMHEHO-
CTBIO HEMATMYECKUX XUIKUX KPUCTALIOB MOXKHO
OOBSICHUTh JIOKAJIbHBIM TEIUIOBBIM TIEPEXOJOM W3
CTeKJIa B CMEKTHYECKYIO0 Me30(dasy KalpoHoaTa Kaj-
MUSI IPUA BO30OYKICHUU JIa3€POM.

Hanoctpykrypa,
3JIEKTPOXPOMHbIE U FA30XPOMHbIE
CBOICTBA MJIEHOK OKCH/I0OB HUKEJIs,
MoJ0eHa u Bosibpama

Okcull HUKeNsT SIBJISIETCS DJEKTPOXPOMHBIM MaTe-
pUaJioM, KOTOpbIiA 0OpaTUMO OKpalllMBaeTCsl B KO-
PUYHEBBIA 1IBET IIpU aHOOHOM mojsipu3auuu. B
BJIEKTPOXPOMHBIX MHAMKATOPAX €ro 1ejecoodpa3zHo
KCIT0JIb30BAaTh BMECTE C KATOJAHBIM 3JIEKTPOXPOMHbBIM
MaTepualioM, TaKMM KakK OKCUJ BoJib(dpama UIu MO-
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mmbneHa. Ilpouecchl okpalmmBaHUs U O0ECLIBEYMBA-
HUS OKCHMJIa HMKEISl MPOXOMIT 3a CUeT O0paTHUMOI
WHTEPKAJSILUUU MTPOTOHOB WM THUAPOKCUA-UOHOB C
o0pa3oBaHUEM OKMCICHHOU (hOpMBI OKCUAA HUKEIS
NiOOH, okpalieHHOI1 B TeMHO-KOPWYHEBBII LIBET U
Ni(OH), — BoccTaHOBIEHHO! TPO3paYHON (HOPMBI.
OcaxieHue TJIEHOK OKCHUIa HUKEJsl MPOBOAWUIU U3
pacTtBOpoB HUTpaTa HUKeIs [20] ¢ mpuMeHEeHNEM Me-
TOMa JABYXJIY4€BOU Jla3epHOU MHTEep(hepoOMeTpUn st
KOHTPOJIsI TOJIIMHBI IJICHOK U ITOKa3aTeJIsI [IPeJIoMIIe-
HUS CBETa /1 B IIpoliecce ux pocTta [21]. DieKTpoXumMu-
YeCKOe OCaXIeHME JIEKTPOXPOMHBIX IIJIEHOK OKCHIA
MOJIMOIeHa MPOBOAMIN M3 BOJHOTO 3JICKTPOJIUTA Ha
OCHOBe MoinO1aTa aMMOHMs. KOMITO3UTHBIE TUIEHKU
MoO,—WO, mojyyanu METOIOM KaTOIHOTO OCaxIie-
HUS 13 2JIEKTPOJIATA HA OCHOBE MOJIMOIaTa aMMOHUST
u Boib(ppamara Hatpusl. HalineHo, 4TO ycpeaHeHHOe
3HAUCHME TMOoKa3aTelsl IIpeJOMJICHUSI IJisl IUIEHOK
oKcHIa HUKens n = 1,5, KoTopoe HaMHOI'O MEHbIIIE
BeJUYUHBI # = 2,37 sl KPUCTAJUIMUECKOTO OKCUIa
HUKeNsl. DTO CBSI3aHO C TeM, YTO KaTOAHO OCaXIEH-
Hble OKCUIHO-HUKEJIEBbIC TIJICHKU UMEIOT TTOPUCTYIO
CTPYKTYpPY U cOlepKaT XMMUYECKH CBSI3aHHYIO BO.Y.
OTHU IUIEHKHU COCTOST M3 HAHOKJIACTEPOB pa3MepaMu
70—90 um u, no panusiM MK cekTpockomnuu, OTHO-
carcs K o-Ni(OH),. KuHerrka npoieccoB okparim-
BaHMSI U OOECLIBEUMBAHUS 3JEKTPOXPOMHBIX IIEHOK
TUAPOKCUIA HUKEJSI OIpeaessieTcsl 3HaueHUueM (-
(bekruBHOrO Koo duimenta muddysuu (D, ¢>) HOCHU-
Teselt 3apsga (IPOTOHOB M 3JIGKTPOHOB B TUICHKE),
KOTOPOE MOXKET 3aBUCETh OT BJIEKTPUUECKOTO MOJIS B
rieHke. [Tokasano, 4ro sHaueHust D, ¢ YBEJIMUMBAIOT-
Cs C POCTOM TOTEHIIMala OKpalllMBaHUsl TUIEHKW OT
2,2- 10 oo 3,1 - 10712 cm?/c.

DEeKTPOXPOMHBIM 3(PPeKTOM B KaTOAHON o0Jia-
CTM MOTEHIMAJIOB 00JaNaloT IJICHKM TaKUX OKCH-
noB, kKak W u Mo. Kak 0Obl710 moka3zaHo paHee [21],
CIIeKTp noryouieHus mieHkrn WO, CcylecTBeHHO 3a-
BUCHUT OT €€ HAHOCTPYKTYPbI M HAXOAUTCS B OJIMKHEN
UK obGmactu cBera. [lneHka MOO3 TIOTJIOIIAET CBET,
HauyrHasg ¢ 400 HM, TOATOMY KOMIIO3UTHAS ILJIEHKA
MoO,—WO, niposiBJisiiia XOpOILO BbIPaXKEHHBII 3JI€K-
TPOXPOMHBIN 3PDEKT B BUAMMON 00JIaCTU CIEKTpa
(puc. 4). INonydyeHHbIe Pe3yJNbTaThl CBUACTEIbCTBY-
0T 00 3(dOEKTUBHOCTA MCITOJIb30BaHUS IUIEHOK
MoO,—WO, u Ni(OH), KaKk KaToxHOro ¥ aHOIHOIO
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MaTepuagoB B 3JEKTPOXPOMHBIX ycTpoiicTBax. Mc-
CJIEZIOBAHUE Ta30XPOMHBIX CBOMCTB IIEHOK M0oO, u
KOMITO3UTHBIX TJIEHOK M0O,—WO, mokasanu, 4ro
rocJjie HAaHECeHUs Ha UX MOBEPXHOCTbh TOHKOT'O MOJTy-
Mpo3pavyHoro cjos KaranuzatopoB (Pt unu Pd) oHu,
Kak ¥ ek WO, TIo1 IefiCTBUEM MOJIEKYJISIPHOTO
BOJIOPOJiIa MHTEHCUBHO OKpAIlIMBAIOTCS, YTO jeJiaeT
BO3MOXHBIM MX TIPUMEHEHNE B ONTUIECKUX CEHCO-
pax Bogopoza. ITnenku NiOOH takke ob6nanatoT ra-
30XPOMHBIM 3(h(eKTOM MO BIUSIHUEM OKCHIA YIJIe-
pona, KOTOpbIli, KaK BOCCTAaHOBUTEIb, O0OECIIBEUM-
BAET IJIEHKY cornacHo peakuuu 2NiOOH + H,O +
+ CO = 2Ni(OH), + CO,.

Ha 0a3ze 3Tux IeHOK pa3paboTaH ONTUYECKUI
MYJIBTUCEHCOP JUISl OMpelne/ieHUsT OCHOBHBIX KOM-
noHeHT cunres-raza (H, u CO). ucraHunonHas
CcXeMa perucTpaluy MoKa3aHWi ceHcopa C MCIONb-
30BaHHMEM OITOBOJIOKHA TTOJTHOCTBIO YIOBIETBOPSIET
YCJIOBUSIM B3pbIBOOe3oIacHocTu. IlpenenbHass 4yB-
CTBUTEIBLHOCTh CEHCOPA B Ta30BOI CMECH C BO3IYyXOM
cocrapnsana 0,1 % H,u 0,5 % CO.

ITonyyenne "conneyHoro" Boaopoaa
B ()OTO3/1EKTPOXMMHYECKOI sTYeiike
¢ Li-npoBoasimeii meMOpaHoii

Hnsa nostydeHUs "CONHEYHOro" BOIOPOIA MepCIieK-
TUBHOM SIBJISIETCST (DOTOIEKTPOXUMUYECKas SUYeiika
C pa3neJeHHBIMM aHOIHBIM M KaTOMHBIM MPOCTPaH-
cTBaMU [5], B KOTOPOH MCIOJIb3YIOTCS DJIEKTPOJIU-
Thl ¢ pa3HbIMU 3HaYeHUsMU pH mis obecriedeHmst
3¢ GEKTUBHBIX U CTaOUJBbHBIX XapaKTepUCTUK (o-
ToaHoJa M Karoja. Li-mpoBojsiinasi MemMOpaHa McC-
MOJTb30BaHa IS pa3leeHrs] aHOTHOTO M KaTOIHO-
TO TPOCTPAHCTB, B COCTaB KOTOPHIX BBEICHBI MOHBI
mutus [4]. DoToaHoA TaKOW SUYEHKM COCTOST W3
KOMITO3UTHOM TIJIEHKH Ha OCHOBE OKCHUI-TUTAHOBBIX
HaHOTPYOOK, BOCCTAHOBJIEHHOI'0 OKcHuaa rpadeHa u
CdSe (puc. 5, a). BocctaHoBIeHHBI oKCu rpadeHa
MoJIydyaay U3 YIJepoJHbIX HAHOTPYOOK XMMUYECKUM
meTtonoMm [5]. [TokazaHo, 4TO IMOJIydeHHBII MaTepHal
conepxai 8—10 rpaceHOBbBIX CI0EB.

Ha takoM (poToaHome HaOMIOOATIOCHh CYIIECTBEH-
HOe yBennYeHHe (POTOKATATMTHUECKON aKTMBHOCTHU
U YMEHbILIEHUE TIJIOTHOCTH [IEHTPOB PEKOMOMHALIUHT
B NOJIMCYJIbGUIHON CUCTEME, KOTOPAst UCTIOIb3YeTCs
B TaKUX sTYeiiKax. XapaKTepUCTUKU KOMITIO3UTHOTO
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Puc. 4. 3aBUCUMOCTb TOKA OKpalllMBaHUs — 00ECLIBEYMBAHUST
mwieHKu MoO,—WO, 1 BeIUYMHBL €€ CBETONPOIYCKAHMs Ha
625 HM OT ITOTeHLIKAJIa

e~
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0

Puc. 5. Dnextpomsl (OTOINEKTPOXMMHUIECKON STUSHKM TSI
MOJTy4eHUs "COTHEUHOTro" BOIOPOAa: @ — KOMIIO3UTHAS TUIEH-
Ka Ha OCHOBE OKCHUI-TUTAHOBBIX HAHOTPYOOK, BOCCTaHOB-
JieHHoro okcuaa rpadena u CdSe (cineBa HampaBo); 6 — Xa-
PaKTepUCTUKU 2J1eKTponoB: I — CdSe, MonubuIIMpoBaHHbBII
rpaceHoM; 2 — Pt-rutactTuHka; 3 — MHOTOCJIOMHbIE YIJIepOjI-
HBIe HAHOTPYOKU ¢ Pt; 4 — komnosur rpaden-MnO,; 5 — P,
HaHeceHHas Ha Ni ceTky

(doToaHoma TTpU MOIITHOCTH ocBemeHust 16 MBt/cm?
(puc. 5, 6, kpuBasi /) CBUAETEILCTBYIOT O €0 BbICO-
Koit adekTuBHOCTU. B KauecTBe KaTOAHOro Mate-
pHraja TakKe MCIToIb30Bajcs rpadeH, MOTUMUIIIPO-
BaHHBIIf HAHOYACTUIIAMU TMOKCHIa MapraHiia. Cpas-
HEeHME XapaKTePUCTUK PA3HBIX MAaTepUAJIOB, UCITOTb-
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30BaHHBIX B KayecTBE KaTola [Jis BblAEICHMUS
Bogopoaa (puc. 5, 6), CBUACTENbCTBYET, YTO (POTOI-
JIEKTpOXMMUUECKHE sTueiiku ¢ Li-ripoBoagiieii MeM-
OpaHoii pu BbiAeIeHUN Bogopoaa Ha CosHIe uMe-
0T HauOoJiee ONTUMAJIbHbIE XapaKTePUCTUKU [JIsI
napbl aHOJ — KaToj1, KOTophie coaepxar rpacdeH. Ta-
KM 00pa3oM, CO3laH KOMITO3WIIMOHHBIA TBEPIbIA
3JIEKTPOJIUT, BKJIIOUAIOLIUH B ce0sl MaTepual ¢ BbICO-
KOM ITpOBOAMMOCTEIO 110 noHaM tutus (103Cwm - cm™')
LLTO, nokpsithiit mieHkoi LiPON, koTopasi He B3a-
WMOJIEUCTBYET C METANIMYECKUM JIUTUEM, XapaKTe-
pHU3YETCS OTHOCUTEIBHO BBICOKOW JTUTUEBO MPOBO-
muMocTbhio (1073 CM - cM™!) U cTaOMIIBHOCTBIO B KOH-
TaKTe C METAJUIMYECKUM JTUTHEM.

[TosryueHHBIE pe3yabTaThl yKa3bIBaIOT Ha TIEPCIIeK-
TUBHOCTb Pa3pabOTKU BbICOKOI(MHEKTUBHBIX MHOTO-
CJIOMHBIX TBEPAbIX BJIEKTPOIUTOB UISI TBEPAOTEIIb-
HBIX IUTUEBBIX aKKYMYJISITOPOB.

IToka3zaHo, YTO KOMITIO3UTHl HA OCHOBE aJKaHOA-
TOB KaJMUSl SIBJISIIOTCS aKTUBHBIMUA ONITUYECKUMU CPe-
JaMU JIJI cUcTeM 00paboTKY MH(MOPMALIMKU U3-3a Obl-
cTporo caMoaedoKycupoBaHUs U HETMHEHHOTO MO-
TJIOLLIEHUSI.

Oxcnmunie coequHenus Cr, Co, Mn 1 nx HaHO-
kom1to3utbl Cr—Co 1 Mn—Co MOryT ObITh MCIIOJIb-
30BaHbl BXUMWYECKMX UCTOUHUKAX TOKA U B KAYECTBE
CEJIEKTUBHBIX MOKPBITUH U1 COTHEUHBIX KOJIJIEKTO-
poB; mieHKu okcuaoB Mo, W, Ni 1 HaHOKOMITO31-
TOB Ha OCHOBE BOCCTaHOBJIEHHOI'O OKcuaa rpadeHa
9 GEeKTUBHBI KaK MaTepuajbl B 3JEKTPOXPOMHBIX
YCTPOMCTBAX, OMTUYECKOM MYJIBTUCEHCOPE KOMIIO-
HEHTOB CUHTe3-Taza U B (DOTORJEKTPOXMMUUYECKUX
cucTeMax IS MoJlydeHUs BO0po/a.
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