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Paccuorpeno BltvlfrHve cnoco6a floryr{en[t rN6puanrtx HaHoKoMrIo3I4ToB TI'Irta

rocTb_xo3'llHHaocHoBeo.[HoroI,l33neKTpoflpoBo.[qulfixnonl{MepoB_flojlva}{v[uHa_Ha

HX CTpOeHr,Ie, gneKTponpoBo.uHocTb Lt SIeKTpOXI,IMnqecKI{e xapaKTepl'�tcTl'�IKll' SteKTpoHHOe

cocToqHI,Ie U pe.{oKc-aKTI'IBHOCTb.

Klnqenne c.nona: rn6puAgbre HaH9KOMIIO3LIT6I TIIna rocTb-xo3rll{H' gJIeKTpO[poBolIt-

ul4e rroJl14 MepbI, noJIuaHI'IlIllH, cnoilcrhle oKcI'�I.(bI nepexo.[HbIX MeTIUIJIOB'
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HauocrpyxrypupoBaHHble MarepI4iIJIbI flBnflro"r cfl B

HacToqluee BpeMt rlpeAMeroM I'IHTeHCI'IBHbIX I'ICCJIeiIO -

nannfrB xuMrln u Surnxe rBepAoro relrar-4. Orrllla'qcr

or o6blqHblx MarepH:uloB pa3MepOM crpyKrypHblx eAn-

HIIU. I,rX COCTaBJIflIoIUIIX, HaHOMaTepI'�IaJIbI rlacTo flpoqB-

rqrcr cnoftcrBa, Koropble cItJIbHo orllrqalorcq or xapaK-

TeplrcTI,IK MaCCnBHbIX MaTepI4aJIOB' npl{qeM o6Hapyxl'�t -

BaeTct BO3MOXHOCTb UeneHanpaBneHHOrO I'�I3MeHeHI{t

grux cnoficrs, 9ro npeaorlpe.[enter MHofoo6eluaull4e

nepcrIeKTI,I BbI [paKTl4r{ec KIlx flpnJlo)KeHufr , B ToM'rl'Icre

B O.[HO3JIeKTpOHHbIX ycTpoft cTBax, MoneKynf, pHofr erex-

TpoHuKe, ceHcopax, colHeqHblx gJIeMeHTaX' TBepAOTeIb-

HbIX aKKyMynflTopax' TorrJtlIBHbIX 3JIeMeHTaX I'I ,qp'

CpeAn HoBbIX HaHocrpyKryplrpoBaHHblx MarepI'IaJIoB

rn6pu,uHlte MarepI,IaJIbI, o6le.[uHqloune opraHl'IqecKylo

I,I HeOpraHI,IqecKyIo KoMnoHeHTbI, 3aHI'lMaK)T, IIO - BIIIn-

uol.ry, oco6oe Mecro, o6yclonreunoe He roJIbKo I{crIoJIb-

3oBaHIleM npe[MyIIIecrB HaHoMarepnanoB Boo6ue' Ho rl

noreHuI,IaJIbHofi no:rraoxgocrbrc AocrI'txeHI'It cI'IHeprH3-

Nra cnoficrs opraHl,IqecKoti n ueopranu'recrofi KoMno-

HeHT Marepl{aross. 3ro orHocnrcfl KaK K KoHcrpyKuI'I-

oHHbrM Marepl,IiutaM6, TaKrt K MarepI'IaJIaM co cneunQl{-

qecKHMH SyHxuuoua,rbHblMll xapaKTepucruKaMll' ott-

peIlenflrolul,IMn rlx rIcrIoJIb3oBaHlIe n npnOopax u ycr-

poficrnax. Cpe.un opraHur{ecK[x MarepI'IzlJIoB 3JIeKrpo-

npoBo.[ttuue conplxeHHble nonl4Mepbl ( SIIII ) flpl{Bne -

Karor B Hacroquree epeur Hau6oJlbllee BHHMaHrre uc-

cJ'IeroBareneti. frasHag npnql'IHa 3aKJlloqaercfl B yHIr-

xalrHo I co BoKynHocru Quanxo - xllMI'IqecKrIX cBollcrB,

xoropotl o6laAaer 3Tor KJIacc opraHI{qecKI'IX Marepl{a-

noB lI Koropas npe.4onpeAeJlxer Bo3Mo)KHocrb paaHoo6-

pa3HbIX npuueneHufi Marepl4€uloB Ha ocHoBe 3neKTpo-

lpoBoAqluux coflpqxeHHblx TIOJII'IMepOB'

Oanofi n3 obnacreli, Bbl3blBarolunx nosHueHHltIZ

rlHTepec, flBIrflercfl. pa:pa6orxa MarepnanoB lllln SneKT-

po.rloB nI,ITI,Ienttx (lurntl-uoHHsIx) ncrot{HllKoB ToKa'

OHa ocnonaHa KaK Ha co6crneuHoti peaoKc-aKTI'IBHocrI'l

SneKTponpoBoAqru[x conptDKeHHbIX nonl'IMepoB' TaK H

Ha BO3MOXHOCTn peurnfi3aunu pasnoo6pa3Hblx CTpylffyp

noJr) {aeMblx rn6pnAHnx HaHoKoMno3I{ToB' Koropble Ae-

rrsrcs. Ha ̂ tIBa ocHoBHbIx rI'I[a. flepnufi 6a:npyercr na

BBC]IEHI,II,I HEOPTAHI'IqECKHX HAHOTIACTI'IU B MATPI'IIIY 3NCK-

TporrpoBo.u.fl rllero nonltM epa1 -9 . O6n'rHnr'r cnoco6ou

rrpHroroBneH vfl TAKuIX HaHOKOMnO3nTOB 'I BJIfl erc'l wl-

MHI{CCK�T' NOJII,IMCPI'I3AIIU'I COOTBETCTBYIoIIICTO MOHOMC-

pa Ha rloBepxHocTll .ql4cnepmpoBaHHbrx HeopraHr{lIecKI'IX

saHoqacrnuT'E lu6o Hao6opor - $opultpoBaHue reJls

oKcHAa B ilpHcyrcrBllfi nvcflepcvvl [peABapI'ITenbHo no-

nrreHHoro gneKTporlpoBoAquero TIoJII'IMepag. B naHo-

KOMnO3Hrax TaKoro THna 3JIeKTponpoBo.{tuIHe conps-

xeHHbIe noJluMepbl BblcrynaloT B ponvv cBt3yloilIero' u

grercponpoBoAsuletl Marpl'{ubl. Crpyrrypa HaHoKoMno-

3HroB .{pyroro rl{na @opuupyerc.s' KorAa sneKrponpo-

BO,('I rII[e coflptxeHHble [oJII'�IMepbI I'IHTepKaJII'�IpyIoT

BHyfpb u;ru Sopruupylorct BHyrpI'I MexcJloeBoro npo-

crpaHcrBa HeopraH[qecK-ux HaHoqacruu, o6pasyg coeilu-

HeHI{g rl4lra rocrb-xo3quHl0-23. flanHrurr AocrolrH-

crnou rn6pu,.uHblx HaHoKoMno3I'IToB' orHocguluxcs K

Ito6ouy H3 AByx o[ucaHHbIX TunoB' fiBrflerc'l cra6wtu-

3upyrcuee sogAeficrsue 3neKTpolpoBoAtluux conpt-

xeHHbIX TIOJII,IMep0B Ha glIeKTpoxuMI'�IqeCKOe Qyuxuzo-

HlrpoBaHr,re SJIeKTpoAoB, B KOTOpbIX UCnOJIb3yIOTC' oK-

crr,[bl nepexo.uHblx MeriuuloB u Koropble cnoco6gu ga-

KaruII,IBarb nHe.upqrcuuficn rrurufi 6er napyurenns \e-

JrocTHocrll KapKaca.

Hactoquas pa6ora nocBl[IeHa I'I3yreHI'IKt BIrnflHvlfl

cnoco6os rto ny.rrennl. rn6pruHrrx xaHoKoMlo3lrroB Tfina

rocrb-xo3ql'IH Ha rlpl{Mepe oAHOro u3 npe/IcTaBrarelefi

Snel(TporlpoBoAsruux conpf,xeHHblx rIOJII4MepoB - IIO-

Jwraavlfi4na( l) - Ha I'Ix crpoeHl'Ie' SJleKrponpoBoAHocrb

r,r 3JIeKTpoxI{MI'IqeCKI'le xapaKTepHcTLIKlI, 3JIeKTpoHHOe

cocroqHue n peaoKc-aKTI'IBHocrb. Hnrepec K rIoJrI'IaHH-

nuHy (1) KaK opraHl,lvecKoft KoMnoHeHre paccMarpl'IBa-

eMoro KJIacca rtl6pu,uuux HaHoKoMno3I'rroB o6ycnoBJIeH
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TeM, qro, c o.qHoli cropoHbl, ero ucrIoJIb3oBaHHe, KaK
H3BecrHo, npr4 Bo.rIr{T K Harlrf{uuu SyHxul.rona,'rbHbrM
xapaKTepr,rcruKaM rronrraeMblx HaHoMarepuaJloas, a c
Ipyrorl, - Bo3Mo)KHocrb rronf{eHur I n pa:noo6pa:nrrx

$oprtrax no3Bor.{er Lr3f{Lrrb $yn uaue Hra.nbHbre acne K-
TbI nprlroToBneHI,t.rr HaHoKoMrro3r,rToB pa3Jrr4qHbrMr,r cIIo-
co6alrn.

SxcnepuueHTarbuat rracrb

Iu6pn.unue HaHoKoMno3r.rrbr rr.rna rocrb-xo3qr.rH Ha oc-
HoBe norrlaHwruna 6ulx [orfreHbr no MeroaI{KaM, noapo6no
LI3JIoxeHHblM paHee l9-23.

C,H,N-asalu3 rrpoBo.ur4ni4 Ha nplr6ope oCarlo Erba>. On-
pe.[eneHHe coaepxaHr,rr nepexo.4Hr,rx MeTaJrJr oB B HaHoKoM[o-
3lrrax ocyuecrBrqru cneKTpoSorolrerpNvecKrr, cepbr - Mero-
.4oM cnJlaBreHr.rrr c Harpr,reM. Co.qepxaHlre nor'rr{MepoB B HaHo-
KOMIO3I{TaX OrIpeAetqJ'lU, paCTBOpq_S HeOpraHI,IqeCKyIO KOMIIO-

HeHTy B 2Vo-rtoM BoAHoM pacTBope NaOH. I,IK-cnexrpH o6-
pa3uoB (rabnerxra c KBr) no,ryreHhr Ha c[eKrpoMerpe <,Bruker
IFS 48>. Crpyrrypa o6pasqos 6rr,rIa I{cc,rle.tloBaHa npI4 noMoIIrI4
peHrrenoBcKofi lu$paxuuz noporrrKoB (.IIPOH 3M) c ncnonr-
aonannelt $urbrpoBaHHoro Cu- Kcr-r,rsnyrexur. Cnerrpu 9IIP
perl4crptpoBanr,r Ha cneKTpoMerpe <Varian E-9> c ficnotrgosa-
Hr.reM B KaqecrBe craH.(apra rnq onpenereHn.a g-Qaxropa u
urrpr{Hbr JrraHr4tr oOpasua, corepxaruero u:olropQxo :aMerueH-
Hbr€ r.roHbr Mn2+ n Kpr.rcrzuuuqecxoii peruerxe MgO. H:lrepe-
Nne yneruxoli gneKTponpoBo.{Hocrr.r ra6leruponannux o6pa:-
uoB HaHoKoMIIO3I{TOB OCyIUeCTBnqnI{ qeTbIpeX3OH.[OBbIM Me-
TO.IIOM C TOr{HOCTbIO 107o, npfiVeM. O}rI,I'reCXI,Ift XapaKTep KOH-
TaKTOB C 3neKTpOn pOBO.U'IUI4M nOIr.IMepH brM MaTepr{iUrOM .UO-
oTI,I FIUIC9 3ne KTpOXI,I M t IqeCKt{ M HaHeCe Hr4e M 3O,IOTa Ha OCTpI,tg
3oHtroB. flpn recruporaHr,rr,r HaHoKoM[o3r4ToB B Mo,ue,rltx JII{-
Tl,IeBbrx IlcToqHr,rKoB ToKa xpoHoIIoTeHquo,\.teTp}{qecKr,re r{3Me-
peHr,r-fl npoBoAr4lrr4 B nByxgnerrpolHofr aveiixe, co6pauHoft r
cyxou 6oxce n arrr.roc$epe aproHa, B rzulbBaHocrar[qecKoM pe-
xt,tMe B oOracru r,r3MeHeHur noreuunzua or 4.3.qo 2.0 B or-
HocxTerrbHo Li/Li+. Cuecr NsyraeMoro Marepr{ara, auerv-
nenorofi caxll H noaNrerpa$ropgrrineHa B coorHorlJenntr
80 : l5 : 5 uac.7o [peccoBaJrr.r Ha cerKe r{3 HepxaBerou eil cruru,
cywunv rloa BaKlyMoM npr 100'C r{ 3areM rrcnorb3oBiln.r B
KaqecrBe Karoaa coBMecrHo c Jrr{Tr{eBbrM aHo.tIoM. Pacrnop I M
LiClO4 B cMecr{ pacrBopr{reJrefi sru.nenxap6oHar-.[r.r3nrJr-
xap6onar (50 : 50 o6.Vo) npuuene;rr4 B KaqecrBe greKTpoJrn-

ra. Iloayvennbre 3apruI-pa3pr,uHbre Kp[Bbre r{crroJrb3oBzrJrr{ .uJrt
olnpe.{enexrrff yrenbHoft eMKocrr{ KaroAuoro Marepr{aJra u pac-
qera 3aBucuMocrr .unQ$epesunamnofi eMKocrr{ or rroren-
\vuta.

O6cyxgenne [onyqeHnbD( pe3ynbraroB

O6H.rHHrv{ cnoco6otr,t [on] {eHlrs HaHoKoMno3r,troB
Tr.rna rocTb-xo3rll{H flBJlleTcfl r,IHTepKangulaoHHat no-
nrrMepn3aunrr in situ (cnoco6 I)u. B pauxax groro norxo-
Aa coorBeTcTByrouue MoHoMepbr r{HrepKiurnpyror B}ryrpb
HeopraHr,rqecxoft uarpnubr, fAe oHlr [oJrl,rMepr,r3ypTcfl
rro,rl Bo3nerlcrBr,reM rn6o oxuclurenbHofi cnoco6Hocru
xo3suHa (naupuuep, oKcura BaHaJIut)t0-tt ,nu6o BHeru-
Hero oKr,IcJrr{Ten.rl (KaK B cJIfIae, Halpr,rMep, oKcHAa Mo-
trru6ilewa)25. AmrepHarunHbrM crroco6oM noJry{eH}rfl Ha-
HOKOMITO3T,TTOB Tr,r[a fOCTb-XO3fl r,rH fiB'IfleT C'l tlpflMafl

r.rHTepKanquns 9II rI BHyrpb HeopraHr,rqecxorl uarpuuu
(cnoco6 ll)r0,re'20-22 (cxer"ra I ).

Cleayer orMernrb, tlro BHeIpeHne SIIII npoucxo-
ar,lT J[rrub B ToM cnrrae, KorAa HeopraHuqecKl{Ii xo3rr{H
H:rxoAr{Tcfl r $opue HaHopa3MepHbrx qacrlrrl n ero Mex-
cJroeBoe npocTpaHcTBo pacuupeHo 3a cqeT [pHcyrcTBr,rrr
B Hr.rx rr{ApaTupoBaHHbx KaTHoHoB. flogror.ry Ans nory-
qeHr,r'I HaHoKoMfro3HToB HcnoJrb3yroTcr B ocHoBHoM BoA-
Hbre 3oJrr{ oKcI4,qoB, coAep)Kalu[e qacrflubl pa3MepoM IIo-
pflrKa l0 HMl0,19-23.

HnrepxarsqrroHHuut nonl{Mepu3a wt auwulna, uc -

[onb3yeMar Arr [onyqeHus HaHoKoMno3I{ToB THIIa
rocrb-xo3rrln cnoco6orrl I. ssrsetcq oKrrcnflTenbHofi tto
caoe[ npnpo.ue. B pesyrrrare MaKpoMoneKynbr SIIII He-
cyr nonoxr4Te.nrHufi 3aptl BHyrpn Marpuubl xo3.rrr{Ha,
qsrqrouerics cBoeo6pa3HbrM AonaHToM, KoMneHcr'rpyp-
ruHM 3aprA rroJr]yraHwrrrHa. floerolry s gror\,{ cnwae, a
raKxe npu peaJw::;arrvtw cloco6a II - np.auoft HHTepKa-
nswn nonr,rMepa B p-aonlrpoBaHHoM cocTosHuH - Ha-
pyrxaercq paclpeAeneHHe sapr.qoB B HaHoqacrHutrx oK-
cr{.[oB Mera]rJroB, Koropoe o6ecne.rr,rBaer ux cta6ult-
HOCTb B BOAHOM 3ore, rpuqeM O6pa3OBaHI,Ie HaHOKOM-
no3r{ToB Bn3yuurbHo Ha6rlo.qaerc.fl B Br,rge @oprrrnpona-
Hr{rr reJrfl. B cryvae l,tcnoJrb3oBaHns. cnocoda II releo6-
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pa3oBaHr,Ie HarII,I HaeTcrr npaKTI,IqecKr,I cpa3y rrocJle cMe -

tntrBaHwfl. BoaHoro 3otrr oKcr,lAa MeTaJrJra r4 pacTBo-

pa 9flII22. {nnxyrueri custoir npouecca, cKopee Bcero,

flBrfleTcfl 3aMeHa KaTI{OHOB, KOTOpbIe HaXOATTCq B MeX-

cJroeBoM rrpocrpaHcrBe oKcuAa, Ha Hecyuylo rIoJIoxI4-

relrHuli 3aprr.q ue[b nonvMepa2o-zz. B ctrytae ncrloJlb-

3OBaHr4-s CnOCO6a I nepea HaqaroM reneo6pa3oBa}j.uflHa-

6ln uaercs 3aMerHbrft r.{H4yKur,roHHbrrz ilep[oA, roropltit

npn BBeAeHrrpr aHlllJwIHa B Bo,IIHbIIi 3onb oKcHAa HecKoJIb-

KO MtIHHee, qeM IrpI4 BBe.[eHHH COJIU aHUIlUHa, T.e. 3a-
pf, xeHHo ro ( nporo uupoBaH Horo ) a]Il,vrnuHa. Hajrlusue

rrlulyKul,IoHHoro [epuo/Ia, rro-Br4rlIMoMy, o6ycnoBJleHo

r{HbIM MexaHI,I3MoM }rHTepKangunu opraHurrecKoli KoM -

rroHeHTbr. B neprou cnf{ae aHvtrryrr, BepoqrHo, BHeApl-

eTcq BHyTpb oKcr{Ia ulinr cHat''ara B BI{Ae He3apqxeHHoli

MOJreKyJrbr r{ npr,r 3ro M .[BH)ryuelz cnnofi I4 HrepKaJlquuu

flBrfleTcfl, HarrpnMep, cpo.ucTBo aHAIlvI{a K npoToHaM,
pac[onoxeHHbrM B MexcJroeBoM [pocrpaHcrBe, BaH-,uep-

BaanbcoBoe B3alrMo.[ercrBl/le aHl4Jrt4H-HeopraHI,IqecKLr[

oKcr,rl.[ v r.n.9,25, vrvr 3a cqer I4oHHoro o6MeHa nocre

npeABapr4TenbHoro npoToHHpoBaHuf B Bo.uHoM 3oJIe oK-

cn[a. B o6onx cJrlqiux, no-BLIlItIMoMy, AOnXeH Ha6llo-

AATbCfl. L*l4yKUr4OHHUIl nepUOA O6pasOnaHIAX HaHOKOM-

no3r,rTa, nocKonbKy .rlBlrxyu[e cunhl npouecca I{HTep-

K',Jl.flrlvllj B nepBOM Cnrlae cyuecrBeHHo ycrynalor IIoH-

HOMy O6MeHy, a BO BTOpOM Cnr{ae BO.IIHbIfi 3OJIb OKCI{Aa

MeriurJra r,rMeeT cra6oKr,rcnoe 3HaqeHI,Ie pH, vro 3aMeA-

nseT npoToHLrpoBaHI,Ie a}tnruHa nepeA ero HHTepKa-

nflrll/.efr.

fI otrrnepxne Hr.rena @opuupoBaHHt crpyKrypbl rl{na

rocTb-xo3.qurl. flB[g.eTcg. yBenl4qeHne BbIcoTbI Mexciloe-

BOrO [pOCTpaHCTBa HeopraH[.recxoll MarpI,IubI. o6a cuo-

co6a [ony.reH[q HaHoKoMno3I,IToB Tllna rocrb-xo3tl4H

npI,IBOAST K aHUUTOTUqHbIM pe3yJlbraraM: HanprrMeP, Mfl
V, Ot Ha6,rna aer cfl yBennqeHue MexcJloeBoro paccro.s -

Hr,r.s or xapaxrepnoli ,rlJrfl KceporeJlq BeJI?IqHHbI ll,6 no
14.0_�14.4 A, rar qro Bbrcora MexcJloeBoro rpocrpaH-

crBa, paBHa.q 5.2-5.6 A 1:aecr Wr.ITbIBaercs 3aMelrleHr{e

noJrr,rMepoM MoHocrrofi MoJreKyJr Bo.rlbr BbrcoToli 2.8 A),

cooTBercTByeT KoHoopMauuu MaKpoMoJreKyn noJrI{aHI,I-

rvna c Qeun-l*ruulr KoJIbuaMI,I, pac[onoxeHHblMx npe-

r4Myrue crBe H Ho rrep rre H.uId Kynff pHo clofl M xozsutta24 .

Cre.uyer, oAHaKo, orMerr{Tb, qro Bo3MoxHo LI apyroe
pacrroJroxeHr4e nonuMepa: (1) rurocxocrl $exu.nlHltx
Koreu norl{ aHIInvH.a npeI4MyIrIecrBeHHo napaJljlenbHa

cJrofiM xo3fvHa r,r BbrcoTa MexcJloeBoro ilpocTpaHcTBa

cocraBJrtrer 4.2 L20, (2) peatvzyercfl crrnpaJrbHaq KoH-

$opuauur uerrefi [pI,I Bblcore MexcJloeBoro [pocrpaH-

crsa 6.8 Azs'26.
Ha ocHoBaHr,ru [pr,rBe.ueHHbIX 3HaqeHlrft sHcotH

MexcroeBofo [pocTpaHcTBa B HaHoqacT]tuax oKcI,uIoB

MerturJroB MoxHo c.uenarb saxHlttl BbIBoA o crpoeHul,I

HaHOKOMrrO3rrTOB, rIOrr{aeMbIX np?I noMolun pa3JII,Iq-

Hbrx MeroAoa. fieftcrnnreJlbHo, 3HaqeHl{ff Bblcorbl no-

ps.axa 0.5 HM B cI) {ae npxuoil l,IHTepKtulruttll (cno-

co6 II) aaxe [onuaHvItvIH.a, Ao[I4poBaHHoro rerepo[o-

nr{KI,rcJroraMI,I Kerr}IHoBcxoro tuua22, o6beMHble aHI,Io -

Hbr Koropbrx r4Meror pa3Mep nopq.4Ka I uu, noAparyue-

BaroT orcyTcTBI,Ie BHeapeHUq AOraHTa BMecTe c uerIfMH

rronuMepa BHyrpb crpyKrypbl HeopfaHl,IeecKoro xo3f,I'I-

Ha. B cnyvae nonfleHl{s HaHoKoMno3KToB rlo cfloco-

6y II cpe.uHafl Entvtr^a LIereiI OfIfI Har'lHoro npeBblllraer

pa3Mep HeopraHr,rqecKrrx HaHoqacrl{ul9'20, floerouy no-

Jrr,rMepHble uenH Mol-yr HaxoAI,ITbcq KaK BHyTpI{ MeXCJIO-

eBoro npocrpaHcrBa neopraHu'iecKux qacrl{u, @opuN-
pyfl crpyKTypHo oIHopoAHyIo (B cneKrpax peHrreHoB-

crori 4u$paxuvr[ rrpucY't crnylor peQlexchl, Koropble co-

oTBercrByIoT ToJrbKo oAHoMy 3Har{eHI,Ip MexcJloeBoro

paccroanux) @asy, rax I,I BHe ee. B conoxynHocrl,I 3ro

rro3BoJl.rler rrpeAcTaBHTb cocraB HaHoKoMrIo3I,ITOB Ha OC-

HOBe nor[raHsrrvrKa, Aor[rpoBaHHoro xausopacynrQo-

Kr,rcJrorori (2), vt oxculoB BaHaAI,It uslt uottvr6ileHa (Ha

ocHoBe AaHHbrx sneMeHTHOrO aHtur[3a19'20) CleAyuquu

o6pa:ou:

(1.20.2s>o.6jVzO5 : 1s.3s.V2Os/$.20.4)032, ( l)

(1 .20 . r24) r06MoO3:  1s .33 .MoOy ' (1 .2s .1s)q .73 .  Q)

B npanux qacrtx @opr'lyn (l) m (2) B flBHoM BVIe

noKa3aHa qacrb [oruMepa, Koroptu HaxoAltTct B Mex-

cIoeBoM npocTpaHcTBe oKclIIoB nepexoAHblx MeTaJLIIOB

6es aHLroHos-Ao[aHToB, kr ocrurbHafl qacrb florllMepa,

HaxoAtrutrrct BHe HeopraHnqecKl{x HaHoqacrnu B ao-

nI,IpoBaHHOM COCTOTIHI,{U C COOTBeTCTByIOIUHMX aHlOHa-

MH-AOTIAHTAMH. BAXHO, IITO B HAHOKOMNO3HTE HA OCHO-

Be oKcr.rla Ba]F.a,'us cTeneHb ,uo[upoBaH[q gTofi qacTI'�I

noJrr{Mepa cyulecrBeHHo BbIIIIe, qeM B cJlrrae oKcl/([a

uorn6Aesa. flo Harueuy MHeHI,IIo, 3To o6srcHser KaK

BbrcoKoe aoconroTHoe 3HaqeHle SneKTponpoBoAHocru

HaHOKOMTTO3VTaHA OCHOBe OKCILUa BAIiAJj,-'| Ha ypoBHe

l0 Cttr.cl,r-I,20 tax u cyluecrBeHHo MeHbIIryp gneKTpo-

IIpOBOAHOCTb HaHOKOMnO3HTa Ha OCHOB€ OKCI/UIa UOlu6-

lena (6 .  l0 - l  cM.cM- l ) re .

Crenenl,[onI4poBaHI,Ix I nuyrpn HeopraH[qecKoll

MaTpr,rrlbr oKa3bIBaeT BJM}lIdg Ha gneKTporu,IMHqecKylo

aKTr,tBHocrb HaHoKoMno3uTa npv efo [cnoJIb3oBaHI'l]I B

KAqECTBC AIfl HBHOff KOMTIOHE HTbI KATO.IIA JII,IT}ICBOTO I,IC-

TOiTHI,IKa rOKa. B Cnrrae IlonrleHug HaHoKoMno3HToB

Trdfla rocrb*xo3luH rlo cnoco6y I uaxpouolerylu I Ha-

xo.rl.qrcq B .rIorrHpoBaHHoM cocrofl HI,M, a HeopfaHuqec-

Kaq Marpr4ua, Hecyu{as orpl,IuarenbHbll4 3apflL, Bblcry-

rraer B ponLr AonaHTa. B nolrry gToro 3aKirIoIIeHItfl cBI{-

AerenbcrBylor AaHHbIe OIIP n l4K-cnexrpocKolllln.

B cuexrpax 9fIP naHoxoMrIo3HToB npncyrcrByer roJlb-

Ko oALrH I,rHTeHcr,rBHbrfi cuurler c g-SarropoM, coor-

BercrByrollr4M cI,IrHuuIy napaMarHl,ITHltx lloHos V4+

nnu Mo5+. 3ru noHrr lroflBJlglorcg B oKcI{Aax elue Ha

cra.nuvr o6pa3oBaHuq soleft. B cly.rae oKcHAa Ball.aarrl

HX K0nnqecrBo nocJle I,IHTepKantuuoHHor [onI,IMepI{3a-

urrr,I Bo3pacTaeT: ecJII,I B CneKTpe KceporeJlt cI4rHiuI [pe,u-

craBJreH oKTeroM lII,lHUIi, ObyCnOBneHHbIX CBepXTOHKIIM

B3AI,IMOIIEIICTBI'IEM HECNAPEHHOTO SJICKTPOHA C '{TPA.

ur,r 5lV(1: 7 /2)usotrupoBaHHbrx HoHoB V4*, to B cneKr-

pe HaHoKoMno3[Ta rlpldcyrcrByer r{HTeHcI,IBHbIfi cnnr-

ner c g: 1.97, xoroputi, KaK noKa3aHo s pa6ora*7'2E,

uoxer 6rnn cne.qcrBl,reM pocra KoHuelrrpauuu hoHosV4+

stune 16Vo. Orcyrcrnue B c[eKrpe 9fIP sanoroMno3ura

cl,rrHzura aeJIoKiuII,I3oBaHHbIx opfaHl,IqecKnx KaTrroH-pa-

aI,IK:UrOB .{OI?IpOBaHHOTO nOJInaHI{nHHa, nO-BHII'IMOMy,

cBr3aHo c 6rrcrprtu aHrlr$eppouarHl,IrHblM o6MeHoM nx
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cnHHa co cnlrHaMH JIoK:lJIlI3oBaHHbIx napaMarHHTHbIx
ueHrpoB HeopraHnqecroli ruarpnurr2g. B HK-cnerrpax
HaHoKoMno3uroB, noJryr{eHHblx grnu cnoco6oM, rlpll-
cyrcrByer noJloca n o6racru 1 149 "t-1,20'24'25 xapaKrep-
Has, lr.fl, ane KTponpoBo.trs uero (AonnponaHHoro) cocro-
fl]Hhl'- flOI,:nAHNlrHa30.

B c.nytae HaHoKoMrro3ltroB Tnna rocrb-xo3guH, rlo-
JI) IeHHbIX CrIOCO6OM II, nOlUaXUnnH HaXOnUTCtr BHyt-
pH MexcnoeBoro npocrpaHcrBa, no-BHAI{MoMy, B cocro-
f, HHI{ OCHOBaHHTI 3MepUL[b.4VIHa, T . e. B .lIeAon]IpoBaHHoM

cocrofi HHr,r. AerlcrnurelbHo, B I,1 K- cne xrpax HaHoKoM-
nosurosl9-20 Ha6lnAaercfl cyluecrBeHHrtfi sKra[ noro-
crr s o6racu I I 60 crur- I , xapaxrepuofi Anq 3Toro cocro-
fl:r'vrfl. rroJrvluepa30. Kpoue roro, B cneKrpax SIIP HaHo-

KoMno3r{Ta Ha ocHoBe MoO3 He yAiulocb o6uapyxrrr
cltrHzul or BoccraHoBneHHblx I{oHoB Mo5+,19 a [rg :e'a-
HoKoMno3HToB Ha ocHoBe V2O5 o6HapyxeHbl JII,IIIIb cJIe-

Abr cBepxrouxoli crpyxryptr, o6ycloueHHoli uoHa-
Mu V4+. 20 Conoxynuocrb npI,IBe,lIe HHbIx .4aHHbIX rlo3Bo -

nfler npe.rlnoJloxl,ITb, qTo B pe3ynbTare LlHTepKutfluuvl
[poHcxoAHT rlepexo.tl froll.xa}rrlIrvrl{a I'I3 AOnI'rpOBaHHOfO
cocTocHr,rfl B BI,IAe COII{ 3Mep:rnbnv}la B He.uonupoBaH-
HOe COCTOgHile OCHOBaHHq SMepanbAI,IHa B COOTBeTCTBHI'I

co cxeuofi 2. BepoarHo, 3To cBr3aHo c oco6ofi npupo-

,(ofi uornaxvIJrvlHa, ounralouefi ero or 4pyrnx OlIfI:
paBHoBecue MexAy sneKrponpoBoAxlqnM (.uonnpoaan-

Huu) n HenpoBoA.gul.Ilr (.{eaonnpoBaHHblM) cocrorHn-
f{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{M[ nOJIUaHvIIIVHa gBIfeT Cf KHCJ'IOTHO-OCHOBHbIM nO

cnoefi npllpoae3l'32.
C ro.rxlr 3peHI,Ig .(ocrl4xeHl,Iq onruMaJlbHblx OyHK-

uuoHzurbHblx xapaKTeplrcrux ru6pznHrtx HaHoKoMno3LI-
ToB paccMarpr,rBaeMoro rnna (cu. .ualee) cyuecrBeHHblM
fB]IggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggggeT9f yCTaHOBneHI{e BO3MOXHOCTU BIttrfHUf Ha co-

crotHue .rlaHHoro KucllorHo-ocHoBHoro panuoreclrx. Ha
lnpllMepe oKcruIa Ba*:drvlflnoxaaaHo2l'23, vto raKoe un-
rIHI,Ie Moxer 6lrrr aocrurHyro 3a cqer npucyrcrBllfl B
MexcJroeBoM npocrpaHcrBe o^uHoBpeMeHHo c noJII'�IaHI'�l-
JIIIHOM MaKpOMOneKyn uoHfipoBoAqluero noJIHMepa no-
nr,r gTr,rne HoKc r4ra (3 )2 l, cnoco6Hrrx r ssauMoaelZcrBulo
c KaTI,toHaMvI, rr'ltl pe.lIoKc-aKTI,IBHOTO TIOJII{Mepa -

no nu(2, 5 - EuMepKanrorlloQe Ha) 23, xoropufi I43 -3a BbI-

coKoro cpoacrBa K nporoHaM npH BoccraHoBJIeHI'IH

MOXeT O6paeorunarb c TIOTIIaHI,IJII,IHOM CODIaCOBaHHO

QynxrluoHllpypuyro napy33.

Cre,uyer orMerurb, tlro npfi SoptrlnponaHl'Il'I HaHo-

KOMnO3r,rrOB, B KOTOpbIX OpfaHilqecKaq KoM[oHeHTa

npe.[cTaBJIeHa,4ByMq pa3HbIMH nO npupoae nonl{Mepa-

ul,t, na6lro.uarcTcx 3aKoHoMepHocru, aHarorurrHble oruI-

caHHbIM BbrrIIe B Cnr{ae HaHoKoMno3I,ITOB, COAepXa-

uII,IX ToJIbKo rIolInaHruII,IH. Tax, ll3 aaHHbIx IleMeHTHoro

a*aJrw3a rpexKoMnoHeHTHbIx HaHoKoMno3 mr on I g.2g'
.3s.s6.V2O5, ( l+3)-V2O5 u (1 '2sr)6.02 '3o.as 'V2O5,
( I' 2 +3)-V2O5, nonf{eHHblx coorBercrBeHHo cnoco6a-
uul ull,20 cJre.{yer, qro npu lrpaKrnqecKu oanHaKoBoM
co.uepxaHl,Iu IIoJII,I3TI,uIeH oKcvrna Bropoft HaHoKoM[o3I'lr

coAepxl{T cyruecrBeHHo 6onbllre [oJIuaHIlJIuHa, qeM nep-
sHri. 9To MoxHo o6btcHurbreM, rITo uaxpouolerylu I

He BXO.(ST TIOIHOCTbTO BHytpb MexcloeBoro npocTpaH-
crna V2O5 H lIaCTb IIOJII{Mepa oCTaeTCq BHe qaCTLtU OKCH-

ra, o6pa3yff, KaK orMetlzuocb HaMI,I BbIIIre, coorBercrBy-
rcuyrc Ha,qMoneKyntpHyro crpyl<rypy. flpu o6pa:onanun
TpexKoMnoHeHTHbIX HaHOKOMTIO3IITOB JrllIIIb He3Haqn-

TerbHaf; qacrb MaKpoMoneKyJI 3 sHxo.qur n: V2O5 (n sa-

reM ytrrurrercs B [poqecce oqncrKll uarepnala) lr I sHea-
pflercfi B Me)KCnOeBOe [pOCTpaHCTBO, B OCHOBHOM B AO-

rroJlHeHr,re x 3, Kportle roro, coaepxauue I s HaHoKoM-
rlo3Hre (|.Z+3)-V2O5 Il ero aHiulore l'?-V2osraKxe
noqrr,r o,ul4Haxonoz l, T.e. HuuIHqI,Ie noJII'IgTLilIeHoKcI4{a
BHyrpu v2o5 ne flpe[trcTByer I,IHTepKnnquHH B Hero 3a-
pqxeHHbrx MaKpoMoneKyn noJIHaHI{JI}rHa. 9ro cornacy-
erc{ c reM, rrro ABtDIryuefi cunofi nprlrofr uHTepKarJr-

uvrkr p-A'rrupoBaHHoro fionl,IMepa B ctloucrhlll oKcI{lI sB-

rflercx3aMeHa KarI,roHoB (nporoHon r clyvae V2Os), na-

XOA'IIqIXCS BHYTPI,I HEOPTAHI,IqECKEX HAHOIIACTIIU' HA

rroJro)KnreJrbHo 3apDKeHHyIO Uerlb nonl'IMepa20'24. B ro

Xe BpeMf, KOJIUqeCTBo IIOJIUaHfiJILIHa B HaHOKoMIIO3I'ITe

(1+3)-V2O5 HecKoJIbKo MeHbuIe' qeM B ero aH:ulore

l-V2O5, qTO n0,{pa3y!{eBaeT OIpaHI'ItII{BarcuIee BJIIIflIl}.{.e

HHTepKiUrrpoBaHHoro [oJII,iSTI'UIeHOKCI'�IIa B Cn]^{ae pea-

rrugalJvlr cnoco6a I.

OcHosHoIZ o6lacruo npvMeueuws. paccMarp[BaeMbx

ru6pnrHux HaHoKoMno3HToB TI,IfIa rocrb-xo3tl{H Mo-

ryr crarb ruITI{eBbIe I4croqHI,IKH rora, Paccuorpl{M Ha

IlpnMepe MaTepuZUIOB Ha OCHOBO V2O5 euxOCTHbIe Xa-

paKTepHcrHKI4 orIlIcaHHbIx HaHoKoMrlo3uroo' .I[auHrre

Hacroqxreri pa6oru cBuAereJlbcrBylor o roM, trro

HaHoKoM[o3I{TbI, noJlyrreHHble cnoco6ou I, rueror

Ha [opfl,t(oK 6onee BbIcoKI,Ie xapaKTepl4craK]r

(150-200 MA..r. r-l) no cpaBHeHI,trQ c HaHoKoMno3l'rra-

Mr,r, rroJrfreHHblMlt crloco6ou II (20 uA'v'1-r).

flo xarueuy MHeHI{Io, Moxer 6rrrr necrolbKo rrpn-

vuH, oOycloBJII,IBaIoulfi TaKoe coorHolueHue xapaKTe-

pHcrLrK paccMarpl{BaeMblx MarepHuIIIon. Cpeau HHx cJIe-

.uyer oTMerr,Irb, Io-BI,IJITIMOMy, npexAe Bcero ror $art,
qTo B HaHOKOMnO3IITaX Trlla rocTb-xo3ffHH, non) rae-

urrx cnoco6ou II, cyruecrBenHafl .(oJIs MaKpoMoneKyn

rroJrHaHlurr,IHa HllxO,UIITCfl B He.UOru{pOBaHHOM COCTOfl-

Huu, oco6enHo ra rlacrb nolulrepHoft KoMrroHeHTbI, Ko-

Topaq pacnoloxeHa BHyrpI,I MexcJloeBoro qpocTpaHcTBa

xo3rruHa, a oHo (ocnosaHne SMepiulrauna) He flBrl.ercs'

Cxenra 2
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3JTeKTpOXHMHTIeCKH aKTr,rBHbrM B anpOTOHHbrX gJreKTpO -

lnrax3'35. CreaonatelrHo, r,rHTepKiIJIHpoBaHHhIe MaK-
poMoneKynbl noJruaHHJrHHa Moryr cJIyxHTb JII,IIIb B Ka-
r{ecrBe <(onopbl> cJroeB HeopraHu.recxofi Marpuubl, npaK-
Tr4qecKr{ He AaBafl BKtralJ.a B ylenbHyro 3apsJlHyrc eMKocTb
Marepuiura. 9acrr norna Ht4JrvIHa, Haxo.{.fl rua.fl cr BHe He -

opraHlrqecKofi ruarpuutt, TaKxe He o6nalaer 6ornuoft
yaelrHoli eMKocrbro (ncleacrnne qacrnqHoro .IIeAorr[ -

poBaHr,rs (yparnenne (l)) u uenucoKoro, no cpaBHeHl,tn
c v2o5, 3HaqeHng yIenbHofi eMKocTr,r ,II'l)Ke noJrHocrblo
AorrrpoBaHHoro norHaHHnuua), rrro [pr,rBo.[ur K orre-
BTTIHOMy CHrI)(eHr4rO yIenbHbIX XapaKTepI,lCTI,IK MaTepI,I-
rura B ueJroM. C.neayer ynoMrlHyrb ror @arr, qro HaHo-
KoMno3I4TbI, noJrf{aeMbre cnoco6otr,r II, coAepxar cyrue-
cTBeHHOe KOIUqeCTBO paCTBOpUTeJI fl tO JIAI{UITI1IHa, I{C-

rroJlb3oBaHHoro npr{ cr,rHTe3e, qro TaKxe MoxeT Ae3aK-
THBHpOBaTb nOBepXHOCrb 3neKrpO.4OB.

B orrn.rne or 3Toro, B HaHoKoMno3urax, nonwae-

uux cnoco6ottt I, uorltaHl,utnH HaxoAl,rrc.f, TonbKo BHyr-
pH MexcJloeBoro [pocrp ancrBag,25'26 B AoIrlIpoBaHHoM
cocToflHr,rH, TaK qro lpouecc pa3pflJla HaHoKoMno3I,IToB

TaKOTO TI,Ina O[r4CbrBaeTC.s ypaBHeHI4eM

[l+lr.v2o5x- + (x +y)Li+ + (x +y)e- - l+
--'-"'--;' Li+r+.r'[l]r'VrOrtr+r)-. (3)

i. Boccrauonneune.

flosrouy nonr,rMep Mo)Ker naBarb BKJra,( B yaenbHylo 3a-
pflIHyro eMKocrb MaTepl,Itua.

CleAyer no.uqepKHyrb, qro BbrcoKafl HaqarbHaq
y.{erbHarr eMKocrb Kceporen.s V2O5 6rrcrpo yMeHbluaer-

cs.'trpv urrKJrr,rpoBaHr.rr.r (puc. l). Cra6umuocrb yaeJlb-

Hori eruxocru 3nercpoaKTuBHoro Marepr{;ua npn u}rK-

Jrr.{poBaHr,rH flBrflercfl oauortr Hs naxnelirtt}tx xapaKTepl,I-

crlrK 3JreKTpo.4Hoir Maccbr, [pr,rroroBneHHotl Ha ero oc-

xose.36 B arou orHorueHr{r{ HaHoKoMno3ur l-V2O5 cy-

ruecrBeHHo rrpeBocxonr,rr vHnrrBvJty altbHbr rl Kceporerb

Y2O5,37 .tro, no-BI,IAI,IMoMy, o6ycronneHo, c o.qHofi cro-
poHbr, BJrH.rrHr,Ie M yKpe nn e Hr{s clo ncroft crpyr(Typbl oK-

c una 6rarorapq [o,[nI4paHI,IIo cJIoeB xo3sI,IHa MaKpoMo -

reKynaMr,r focrfl, a c AFYrofi, - yMeHbIIreHI,IeM HeXeJla-

TeJrbHbrx flocrencrsulis n pesyrlrare 3aMeHbI rrutparl,I-

1-Gr+il{Fl+il)

1 .0

0.9

0.8

0.7

2 3 4 5 6 Hotrleppa3ptua

Pnc. 1. 3anr,rclrMocrb ynerbnoft euxoc'rn (C no oruoureHlrlo K
eMKocrrr rpr repBoM paspsre) xcepore,rr V2O5 ( 1) r natoxor,t-
rro3r{ra l-V2OsQ).

poBaHHhIx rrpoToHoB Ha nor'IoxlITeJlbHo 3apflxeHHhle

uelru [nonlraHvJtnna. BaxHo, .{ro6sr B npouecce pa3pfl-

Aa-3apqra B coorBercrBnll c ypaBHeHueu (3) B nontraHll-

nuHe ocyuecrBJlrlJltlcb pe.uoKc-nepexoAbl, He cBfl3aHHble

c norepefi rporoHoB (yparHeune (4)), r.e. B rpouecce

3Apfl]J.a noJIr,raHr,IJIpIHa He TIpOHCXO.{nIO OKI,ICneHI{g .I[O

cocrorrHut HLrrpaHI{nI,IHa ulwt \axe Ao nepHI,IrpaHHIrr.lHa
(ypanxeHr.re (5)).

Cra6mrnocrb ur,rKnr{pyeMocrr{ B [poqecce pa3ptJla-

3apr.{a ru6puAuux HaHoKoM[o3I{THbIx KaroAoB MoxHo

3HAIII,ITEIbHO YJI}qIIII,ITb, ECJII4 B HAHOKOMIO3HTIIX TI,TNA

rocrb-xo3rr{H Ha ocHoBe v2o5 B MexcnoeBoM npocrpaH-

cTBe o.uHoBpeMeHHo BMecTe c rIoJIHaHluII,IHoM npHcyr-

cTByror MaKpoMoJreKyJrbr r,roH[poBoAfl lrlero non[Mepa

noJrr{3Tr,rJreHoxcrna2l I4nn pe.IIoKc-aKT[BHoro [onilMepa

notm(2,5-auMepKarrrorlro0eHa) (4)23. AencrBlrreJlbHo,
HaHoKoMrro3ur ( l+3)-V2O5 .rilKe trpu HeonrI,IMI{3LIpo-

BaHHoM cocraBe o6laAaer nocJle rrflTll qlrlctlos:aptrHoft

eMKocrbro Ha ypoBHe 150 r ' .rA..r.r-1, yro n -1.2 paea

6o.nrure :apaaHofi eMKocru aHiurorlrqHoro HaHoKoMrIo-

rr,rra l-V2O5 r.r n -1.5 pasa 6onrrue eaprguoti eMKocrl,r

r,IcxoAHoro KceporeJlr Y2C�5,2l a eMKocrb HaHoKoMlo3rl-

ra (4+ l)-V2O5, paBHa.rr - 175 MA. v . r-l npu rurorHocrlr

rora 15 uA.r-1, [paKrrrr{ecKn He MeH.f,ercs Ha fiporq-

xeHr,rn .rlByx aecrrKos uuKron23. Cre.uyer raKxe orMe-

TI,ITb, qro pa3prl.u rpexKoM[oHeHTHbIx HaHoKoMno3HToB

+2ne
-2ne-

l-Gr+il+r+il)

{Gsil{>il6>l+il} 
-zne--4'+,

(4)

C(orn. e.u.)

{-G-+^,+'+^,} (5)
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Puc. 2. Pasprrnue
(r+3)-V2O5 (2); rp

t00 150 200 250
Parp.raHar ernrxocrs/vA. u. (r orulaa)-l

Kpr.rBbre HaHoKoMrro3r4ron l-V2O5 (1) u
- noreHul4ar oru. LilLi+.

rrporeKaer npu 6o,rnuux noreHur{aJrax (puc. 2),r.e. eror
Tr,rn HaHo Ko Mrro3HToB o6e c nequnaer 6oruuyro Be Jwr.tvt-
Hy ygerlHoli gHepruu, :anacaervroii B gneKTpoAe Ha ero
ocHoBe.

Taruu o6parou, Ha ocHoBe cJror{crbrx oKcr,r,uoB rlepe-
xo.qHbrx MeraJrJroB u noJII{aHvIrvHa Mo)ffi o rlony{urs rn6-
pI,I.{HbIe HaHOKOMnO3I,ITbI TI,Ina rOCTb- XO3qL{H, I{Me IO -

une pa3nuqHoe crpoeHr,re. flpn zcnorb3oBaHl,Il{ cfloco-
6a I uarpouoneKynbr rrorr,rMepa noKaJrr,r3oBaHbl ToJIbKo
BHyrpI,I MexcroeBofo rrpocrpaHcrBa xo3snHa, TorAa KaK
B pe3ynbrare perur,r3auur,r croco6a II uenu noJILIMepa
pacnoJror(eHbr KaK BHyrprr, TaK H BHe Heopranuvecxofr
Marpr,ruhr. B o6oux cnf{asx Marepr,ranbr o6naqalor oAHo-
po,uHori croucror? crpyxrypoli, o r{eM cBuAerenbcrByrcT
.rIaHHbre peHTreHoBcKoft auQpaxuuu.

Pagrn.rvs B crpoeHr4n HaHoKoMno3uron o6yclornn-
Baror orrlrqux n @nturo-xr{MuqecKr,rx xapaKTepr,rcrr,rKax.
flpu ncnorr3oBaHr.ru cnoco6a II uoxHo nolyrarr rn6-
ptlAHbre MaTeplr€urbr c BbrcoKr{M ypoBHeM 3nercpoflpo-
Bo.uHocrr,r. OHn Iuoryr naircu [pr{MeHeHr{e B 3neKTpoKa-
ruuze22 u, BepoflTHo, n o6lactu 3aurr{Tbl Mer€uIJIoB or
xopposuu39. fl epcne xrunbr r,rx Hc norb3oBaHnrr B Jrr.{rr.re -

Bbrx r,IcToqHr,rKax ToKa [oKa He petur{3oBaHbl, xoTq y)Ke
I,I3BecrHo, vro rlt6puaHble HaHoKoMrIo3HTbI, B Koropblx
HaHoqacTl,rqbr oKcr{.rloB pa3Jlr{q Hbrx nepexoAHbrx MeTiur -

IOB [OMerUeHbr B MaTpr,ruy 3neKTpolpoBo,[srunx conpf-
xeHHbIx uoJIHMepoB, Mofyr I,IMerb cra6mtHo BbIcoKI,Ie
eMKocrHbre xapaKTepKcr uxu1,8 .

VponeHs 3ne KTponpoBo.qHocrn HaHoKoMrro3lrroB
TI{fIa focrb-xo3tl4H, rlonf{aeMblx cnoco6olt I, HI,Ixe
3neKTpo[poBo.rlHocTra MaTepuaJroB, nplrroToBJIeHHbIX
cnoco6or*,r II, ogsaxo cyulecrBeHHo npeBblruaer xapaK-
Tepr{crHKr,r r.{H.rIHBr,I.uyzrnbHbrx o Kc HAoB nepexo.rlHbrx Me -

TzurJroB. B conorynuocrrr c gneKTpoxr{Mr{qecKoft axrun-
HOCTbIO KaK HeOpraHHr{eCKOrO XO3qlIHa, TaK U OpraHI,I-

qecKoro rocTq 3To npeaolpe.[enseT nepcneKTHBHocrb
Hcrro;Ib3oBaHufl TaKvx ru6pn.u,on B KaqecrBe aKTI{BHbIX
KOMIIOHEHT 3JIEKTPO.IIHbIX MACC B JTIITI4E BbIX I'ICTOIIHI{KAX

rora. lnasHoe flpeuMyrrecrBo onucaHHbrx HaHoKoMno-

3t{ToB cocrour B fIoBbuIreHHoIl, uo cpaBHeHI{Io c lI}l4LI-

BuAynnbHbrMH oKcn uaMH, cra6lurHocrn uHKrI4poBaHnq.
Buecre c reM Mo)KHo orMerI,ITb, rrro [paKTI{Ka I,IccJreAo-

sarluit n groft o6racrr4 troKa ocHoBaHa Ha r{crroJrb3oBaHl,In

o6uqgrrx MeroAoB co3AaHl{fl sneKTpoaHbIX Macc l0-21'23,

TaK qro rroJl] IaeMbIe SneKTpoxl,IMI,IqecKue xapaKrepnc-

TItKrr paccMarpr{BaeMbrx Marepl,liuloB, no HaIIreMy MHe-

Hllrc, BepoflTHo, eule He npublusnJll,Icb K MaKcI,IMaJIbHo

Aocrr,rxrrMbrM 3HaqeHntM. Ynpauenne uopSolornell

HaHOCTpyKTypr{poBaHHbrx Marepr{iuloB oIIpe.IIenteT nytb

ux [ar,:..;aeituero coBeprrreHcrBoBaHux4o. flpunteprt

TaKOTO [OIXOiIa K rIOnyr{eHI,Irc HeopraHHr{ecKux gJreK-

TpoAHbrx Marepr{iuroB yxe I{3BecrH br4l'42, Ero pea;Iusa-

uns s o6racru rn6pn{Hrrx HaHoKoMrIo3I,IToB, no-Bllrn-

MOMy, CTOCO6Ha O6eCne.{Url .{alrHetlluee [oBbuueHl,Ie

ux @yHruraouaJlbHblx xapaKrepucrl4K.
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