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oQuqaar'Hofo onrloHeHTa Ha rr{cceprarlvrc lpuna'oB a [MLr"rpv, Augpeenrava

<dleporcoreprr,ra'ar r,r nepoKcore,rnyparbr aMMoHr4r: cz'Te3, crpoeHrze 14 rrpr4MeHeHrie

Ans noryqeHlI{ HarloMarepl4aJroB)), qpeAcTaBJreHHyro Ha cor4cKaH}re yvenoft creleHrt
KaHAUAara xuMtI qecKrlx HayK no c[erlr4an6Hocrt4 02.00.01 - HeopraHl,rqe c:Kafl x].IMr4fl.

Hacroxrqax Ar4cceprarl'oHuax pa6ora cBfr3a*a c sax'oft npo6levofi coznaHufl

HoBbIX (pyHKIII4oH€LIIbHbIX MareplraJroB c yJryqfireHHbrrrau cnoficrsar4u r.r r,rMeer ueJrbro

pa:pa6orry Mero,qoB cr.rnTe3a HeopfaHrrrrecKr.rx [epoKcr4Aqbrx coe.ur,rHeH uit reo.rllattus

reJrnypa I4CTIOJIb3OBAHITC uo4o6urrx coe4znenzi rJrfr noJrvqeHr.rt

HaHoMarepI4aJIoB, B ToM qI'IcJIe BblcoKoeo{er<rznnrrx Marepr4uuroB AJrr aHoAoB tu-tuit-
a uarpzft-r.roHHbrx aKKyMynrropoB. lleporczAurre pacrBopbr coe4r. renrzft HeKoropbrx

p-gJreMeHroB 14-16 rpynn llepuo4u'recrofi cucrenarr [peAcraBJrrrorc, Bec6Ma

nepcneKTr4BHbrMz [peKypcopaMu rj.tfl. [oryireHr4{ TOHKT4X nJreHoK u
ynBTpaAI4 cllepcHblx Marepa€uoB Ha LIX ocHoBe Anq. p[ra Marepl,r€rJroB, [pr,rMeHseM6rx B

rlacrHocrl'I B SJIeKTpoxIl MI{qecKI4 x t4crotlHl4Kax roxa. Buecre c 3TI,IM HeoptagvrlecKl{e

IEPOKCOKOMIIJICKCbI TEPMAHTIfr VI "TENryPA OqEHB MAIO I,I3YiIEHrr. TO.NrrO COBCEM

HeAaBHO 6rr:ru nolyveHbr nepBbre Kpr,rcrafir[irecKr4e nepoKcorepMaHarbr, TorAa KaK

AIS TCNIYPA CBCAEHI4' O UOgO6UrrX COEAI4HEHI4'X IIOJIHOCTBIO OTCYTCTBOB€UIU. BCE

3TO OlpeAenrer B6rcoKyro aKTya.,rbHocrr npe4crannenHoft 4ZCCepraqaonnofi
pa6oru.

B csoefi pa6ore aBTop nocraB,rn Lr pe.urrrJr cepbe3'bre Hayir'bre 3ak''v,
cBr3aHHhre c pa:pa60:rxo[ uero40r cr,rHTe3a HOBBTX Coe.4znenraii, flpeKypcopHbrx

ct4 cTeM KOHeqHbIX 9JreKTpOXI,IMI,rqeCKux MaTepI{aJroB BEICOKI,IMII

QyuxqaoranrHbrMl,r [apaMerpair,rv. llpu Bbr[oJrHeHr4I,r rrccJreAoBaHI4r fpuruanos n. A.
fiprrMeH.sn coBpeMeHHEre noAxoABr I{ MeTOAOJTO 4TO, UClOnByeMyro B

Heopranavecxoft xvrMvrrL B COBOKynHOCTIZ C p-rrAoM B3arrMo,qofloJrH_f,rourux

IrHcrpyMeHTaJIBHEIx MeroAoB Llccre4oBaBprs, BKrloqarcqfix peHTreHoBcKyIo

gzSpar<qr.no [oporrlKoB I,r MoHoKpI,IcraJrJroB, gJreMeHrHrIf xul\,rr.t.IecKraft a]F'aJru3,



peHTreHocneKTpanrHbrfi MrrKpoaH€rJrrz3, KP !r peHTreHo$oroenexrponrryro

crleKTpocKoll4ro, r4epuufi vafirltfiIbri pe3oHaHc I4 sneKTpoxr4Mr4rrecKrie r,r3MepeHrrrr.

Bce sro no3BoJrr4Jro aBTopy rry6oro rl3yqr4 Tb npoqeccbr, rrporzcxo,4qrlr4 e B

rrepoKcriAcoAepxaqEx pacTBopax, B[,r,4eJrLrTb B LTHALTBLTAyaJIbHOM Br4Ae lr rreTKO

t4 AeHTI{Qr4 rIr4poBarE HOBbIE XIIMTqECKI{E coeAr4 HeHr,rr,

HaHOKOMnO3rrqrroHHBre MaTepr4 aJrbr r,r [poneMoHcTpr4poBaTB

npr,rMeHeHl{e B KaqecTBe aHoAoB 3JreKTpoxr.rMrrqecK}tx aKKyMyffTopots.

luccepraqux rr3JroxeHa Ha 123 crpaHuqax, BKJrroqaer

nlrreparypnbrft o6sop, oKcleprrMeHTiurbrryro qacrr, o6cyx4enrze

BblBo,qbr v crrr4coK Jrr{Teparypbr; coAepxr{T 8 ra6luq, 47 pucynxon u 139

nl{TepaTypHbrx ccLrJroK.

Bo nee4enzu o6ocnosaHa aKryiurbHocrr pa6our, cqpoplrynuporaHbr rleJrr,r tI

3a4aT{v, BErAeJreHa HoBrz3Ha v [paKTrqecKajr 3HaqI4MocTL, [pr,rBeAeHbr rroJroxeHrrr,

BbrHOCt4Mhre Ha 3arrlzTy.

B nr,rreparypHoM o63ope orrricaHo cocrornr{e uccle4onanvfi ro

nepoKcoKoMlneKcaM fepMaHr4rr r4 Tennypa, BKJrroqarr KoMIIIeKchr c opraHuqecKr4Mu

JrrraHAaMv r4 gJleMegToopraHlrqecKr.re coeAkrHeHlzr. Ha ocnosaHzra o6sopa c.q.erag

o6ocHosannrrft auno4 o lra,.roft r43yqeHHocrl.I eroft o6:racrv, oco6euHo Kacaroueftcfi

I4CXOAHbTX HeopraHr{qecKr4x BeqecTB 14 npeKypcopHbrx cI4cTeM, [epcleKTrrBHhrx AJr,f,

floiryrreHr,ur ToHKr4x nJreHoK v HaHoKoMrro3l,rq[oHHbrx MaTepr,raJIoB Ha ocHoBe

coe,uuHenzft nu6oannrrx xr,rMllqecKllx gJreMeHToB.

B ercnepnrtesra,rtuoi qacrr4 noApo6uo orrl4caH cnnTe3 HoBbrx coeAn ueuui,t,

flpoMexyroqubD( r4 KoHeqHbx lpyurquouamHhrx Marepr4aJron. llpuae4eHbr cBe.4eHr4lr

o (przszro-xzMualecKr4x MeroAax riccJleAoBaHvt o6pasqon, a rarcKe AeraJrbHo

npeAcraBJreHbr pe3yn6Tar6r peuTreHocrpyKTypHoro aleurtr3a HoBrrx coeAr{Heur4fi. B

p€BAeJIe <O6cyxgeHre pe3yJrbraroB> IIocJIenoBareJIbHo r.I cl4creMarrrtrHo olr4caHbl

ycJroBrrf cr{HTe3a coe4rznenuft, r4x r{AenTr,r(btr Karllrr, Kpr{crturJrrr qecKar crpyKTypa Lr

rIonyqvTb

ux ycnerrrHoe

cKaHvpyrcqylo u flpocBeqr4Baronlyro 3JreKTpOHnyrc MI,IKDOCKOIII,IU.

BBe.qeHrre,

pe3yJrbTaToB,

TepMI,IqecKr4 e cnoficrra, o6cyxAeHbr oco6ennocru flotryr]eHr.rr u 0yHKr{[ogarbH6re



xapaKTepIl CTIIKr,I KOMIO3I4III4OHHbX MaTeprlaJroB, B TOM qr4oJre aHoIHbrx MaTeprraJroB.

B par4e:re <Brreolu>> npe.qcraBJreHbr o6rqze peeynrrar'r ri BbrBoAbr no pa6ore.

Pa6ora l4Meer cyIqecrBeHHEIe gJTeMeHTBI HoBrr3nbr. Bnepnrre cr,rHTe3rlpoBaHbr

Kpl4CT€Urnr4qecKr4e flepoKcofepMaHar r.r flepoKcoreJrnyparbr aMMoHr4r, onpeAeneHbr r{x

Kpr,rcrarrr4qecKr,{e crpyKTyp6r Iz r,r3yqeHbr repMr,rqecKr4 e csoftcrna. oco6o c:reryer

orMerurB llosrrft cloco6 nolyuenrax arr,ropsuoro ALtoKcvua repMaHr.rr c oqeH[,

srrcoKofr pacrBopr4Mocrbro B BoAe, 60ree qerr Ha rroprAoK rrpeBLrrxanqeft paHee

AOCTZrHyrbre BeJrr{qr4Hbr. Bnepaue noKa3aHa Bo3MOXHOCTb COBMeCTHOTO

KOJII4 qCCTBEHHOTO OCAXAEHI,I' IIEPOKCOKOMNJIEKCOB TCJIJIYPA, OJIOBA V CYPbMbI B BVAC

TOHKT4X aMopQHbrx rrneHoK Ha oKcrrAe rpa$eHa. Bnepnrre nonyqeHbr

KoMno3r{rtraoHHbre Marepnanbr Ha ocHoBe BoccraHoBJreHHOrO OKCr4Aa rpa$eua c

fioBepxHocrbro, norprr:rofr BbrcoKoAr4 crrepcHlrMr{ .IACTLIIJaML1 AkroKclz.{oB repMaHr,r.s a

rennypa, 3neMeHrapHbIX fepMaHl4t v renrypa' renJIypI{AoB oloBa v cyprnGr. llpu
3ToM HeKoropble I43 rIonyqeHHbIX Mareplraros 6rrrl,r BnepBbre r4crlbrraHrr B KaqecrBe

aHoAHr,rx Marepr4aJroB 4tts turufr.- u natpufi-uouHBrx aKKyMyJrrropoB.

Pesymrarrr pa6orrr rlMeror 6ortrIrroe HayqHoe u [paKT[qecKoe 3uaqeHr{e.

Hosrre cBeAeHr4r no BorHo-[epoKcI4AHrrM pacrBopaM r.r ycnoBr.rrM o6pasonauzx

Kpl4 cr€rnJrv qecKr,rx nepoKcoKoM[JreKcoB Mofyr 6rrrr rroJre3HEI npv rt3yle1rrr4

IIEPOKCI4AHbIX KOMIIJIEKCOB APYTI4X XI,IMUqECKI,IX sTEMCHTOB. HOSTTE METO.4EI

$oplrzponauur roHKrrx avopSnrrx [JreHoK c rrocJreAyrorqefi ux rpaHc$opvaqzeft n

BbICOKO.U14 CIIepCHEIe rlacTr.rrlbr 
QyHKrIl,IoHa.nBHbrx coenuneulrft Morvr 6rrrr

trcloJrb3oBaHbr AiI{ nonyireHrrfi KoMno3r4rlrzoHHbrx $ynrqrzoua:mHbrx Marepr.r:utoB, B

ToM qr4clre glx ttuluit- u uatpuit-uouubrx aKryMyJrrropoB.

Bltecre c reM, K pa6ore uMerorcr 3aMeqaHr4r, 6oruuzncrno Koropblx Hocrr

AlicKyccr{ouurrft r,r.nz perol,rengarelrnrrfi xaparTep.

1. o6sop nI4Teparypbl cocpeAoroqeH B ocHoBHoM Ha KprrcraJrJrr4 rrecKr,rx coerr4HeHr{rx

repMarru{ kr relrlrypa, coAepxalpx [epoKcI,IAHBre $panr,renrrr, v n 6oJlBl]rzncrse

cBoeM opraHr{qecKrre nzraHAbr. Errno 6rr qerecoo6paeHrrir,r paccMorperE

HeopraHnqecKI4e [epoKcIiAEI 6nuaxl4x no csoficrsaN{ p-3JreMeHToB, qro6lr nposecrz

6oree uy6orraft cpanulrrenrnrrfi aua,tus, B ToM qI,IcJre Kpv cruuurvqecrrlrx crpyKTlp.



Tar rax B At4cceprarlvv ."3yqaro'rc. MeroABr $opnrzponanns .,re'oK, s o6sope 6rrro
6rr raxxe [oJre3HhrM paccMorperr nogo6nrre Meroabr.

2. B er<cuepzuenransnoft qacrr,r B orr,rca*ulr MeroAa czHTe3a MoHoKpr.rcr€rnJroB He

lpI4BeAeHBr pa3Mepbr [oryiraeMr,x MoHoKprzcTaJrJroB.

3' B pa6ore coo6ulaercx o6 onpegeneH ur4 coc-raBa [epoKctrAHBrx z HeKorop'rx
Apyil4x coe,4v nenzfi fepMaHrzr t4 TeJrJrypa c ucloJrb3oBaHr.r eM MeroAa
pe'Tre'ocneKTpa'nbHoro g'eproArcrrepc[oHH.r. Mr4KpOaHaJrr43a. oguaxo, )\rfl psta
o6pa:qoa [oMr4Mo repMaHn r vI]n rennypa, ocraJrbqbre aroMhr orHocsrc, K rerKr4M
xl'IMrrqecKr4 M sJreMeHraM (asor, r<zclopoA, yFrepoA, $rop), rcvuocrb 14 3MepeHv.,

KoHIIeHTpaIIITI4 Koropblx orIeHE Ht43Ka, rz o6uqno raKrre sJreMeHTbr He aHaJra3r,rpvrorc.{

AaHHbrM MeTO.UOM.

4' crp. 45, Talnuqt'r 3 u 4. <<!tmuu cssgei4 u yrnEr [epo*cofepMaHara...)). Ha^geaHrie

npeAcraBJrrercr HeyAarrHrrM - ryuure 6rrno

paccTo_sHt4t I4 BaJIeHTHEIe yuIEI

IrepoKcorepMaHaTa...)).

5. Ha npueeAeuHrrx

lpocBeqr4BaroqeM 3neKTpoHHOM MlrKpocKole,

lrrzrpoQororpa$vrx (pzc.

AeKrapr4pyeMEre HaHoqacrurlu. lttn 60,ree .rerroft r.rgen:rrasrraqv z cregonano 6u
rlpt4Becrr'r uzo6paxeuun c 60ffiuulr yBerrzqeHr.reM rr c yKa3aHrreM, rarofi sparir.reur na

$ororpaQzrz flpe.qcraBnrer ua6nro4aeuyro iracrr.rqy.

BucxasanHrre 3aMotanxfr He curlxalor o6rqefi gHcoxoft orIeHKIz pa6orn,
[peAcraBnrrorqefi co60fi 3aKOHqeHHoe HayqHoe [ccJreAoBaHr{e. C4enaunue BbrBoABr

noJrHocrBro HayqHo o60cnoeaHH 14 [peAcraBJrrror co60fi o606rqenue r[IareJr6Ho
BEIIIOIHEHHbIX SKCNEPI4MCHTOB c rnanuQzqupoBaHubrM rrpvMeuenlreM

I'IHCTpyMeHraJrbHbrx MeroAoB rr ccreAoBaHr.rr. pesynr:raGr pa60Tbr npe4cranneurr n 6
crar'rx B perle'3npyeM'rx pocclrircr<ux u sapy6exurrx HayqHbo. xypHuurax,
peKoMeHAoBaHHbrx BAK. Pa6ora IIpoIIIna anpo6aqzro Ha Bcepoccl{rcKr4x u
Mex.qyuapoAHbrx xou$epenqlux (11 re3rcoB 4ox.na4or). Ony6nrzrcoraunrre
Marepr'aJrhr co'qepxar oc'oBHbre HayqHEre pe3yJrbrarBr Avrcceprarruv. Anropesepar

6u uanucalt, HarIpI,IMep,

B Kpzcrarnuqecxoft

((MexaToMHbIe

crpyKrype

28r u 31e), nony.regH6rx B

He IIoH_f,THO, KaK BEIffItA_gT

ALICCepTaIIITI4 AOCTaroqHo IIonHo orpaxaer ee co,qepxanze. Moxso KoHcrarr4DoBar6.



rrro Ar4cceprarlr4oHHas pa60Ta rlpeAcraBJlter co60fi 3aKoHqeHHyIo HayqHo-

KBaJrr{(br{Karlr4 oHHyro pa6ory, B Koropofi pemeHa 3a4al{a cuHTe3a HoBbIx nepoKcIlAHBIX

KOMnIeKCOB IepMaHItf, II TeJllrypa 1I I{cnOJIb3oBaHI'It nO,qOOHbx nepOKCLIAHETx cI4cTeM

Anr floryqeHvr (pyHKqrroHaJrbHEIx MaTepI4aJIOB.
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