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oT3brB BEAyITIEfr OPrAHr,r3ArIr[I
(De4epanbHoro rocyAapcrBeHHoro 6roAxerHoro o6pasoBareJlbHoro

y.rpe)KA enufl, Bbrc[rero o6pasoBaletvlfl. "r{els6uHcrcuir rocyAapctseHHHfi

yHuBepclrrer" Ha AucceprarlutoHHyro pa6oty MeAeeAeBa lnaurpur An4peeBuqa

"BbrcoKoreMneparypHbre uporoHHbre oJIeKTpoJII{rbI Ha ocHoBe Ba(Ce,Zr)Ot co

crpyrrypofi nepoBcKr{Ta: crparerula cI{HTe3a, oTITLTMLBa\ufl, cnolZcrs v
oco6eHHocrr.r npraMeH eHLrfl" , [peAcraBireHHylo Ha col{cKaHlre yrenofi crelreHl{

AoKTop a xvruvrqecKr,rx HayK rro c rrequarlbHo crvl 02 . 0 0 . 0 5 - ereKTp oxr Mvlfl,

AnryaJrbHocrb

Tnep4ue gJreKrpoJrr{Tbr r{Meror yHr{KaJrbHbIe Qusnro-xlaMlrrlecKlle ceoftcrna

14) BCJreACTBr4e 9TOrO, UprpoKo IIpr{MeHtK)Tc.f, B KaqecTBe l{oHonpoBo4[rull{x

Marepr4aJroB, cnoco6Hhrx pa6oratr B ITILIpoKI{x reMleparypHblx LrHTepB€uIax. B

rrocJreAHee BpeMfl ra"bonruufi rrHTepec npeAcraBJlf,Ior rBepAbre gJIeKTpoJII{TbI c

rporoHnofi rpoBoAr.rMocrbro. ElaroAapfl M€uIeHbKoMy zoHHoMy pal.uycy vr

sHcorofi [oABrDKHocrr{ rporoHbr MoryT MI,IrpLIpoBarb no cl{creMe BoAopoAHbD(

cs.ssefi, ytracrByfl B [epeHoce sapfl,Aa v o6ecneqvBafl, BblcoKyro upoBoArrMocrb

Aaxe B cpeAHereMrreparypHoM r.rHrepB€ure (500-750 oC), Korop€u upeBbrlrlaer

lpoBoAr4Mocrb 6 olruzHcrBa Kr{cJrop oAHbIX TBepAbIX gJIeKTp oJILIToB.

Ourzru€urbHbre cnoficrsa [poroHrpoBoAflIrlkrx Marep[aJloB Aocrrlrarorcs

npu oupeAeJreHHoM coqera:nuu vrx Qusraro-xuMl{tlecK}Ix csoficre. OAuaro AIr5,

roJrfre ;g{Lrs, AocraroqHbrx xapaKTeprrcrt4K cpeAHereMreparypHbrx yctpofictn

seo6xoAt4Mo perreHr{e pflp;a 3aAarr: ycraHoBJIeHI{e KoppenflLluu MexAy cocraBoM,

I{3MeHeHrreM CTpyKTypHbIX, TepMOMeXaHI{IIeCKIftx u gneKTpOxI4MLItIeCKuX

xapaKTepucrr4K; cHr.DKeHr4e oMr4qecKr{x u noJIflpLI3aIII4OHHbIX COUpOTUF'neI. .uir Ao

MLtHIdM€uIbHoro ypoBHf,, a raK)I(e o6ecuerleHlde vIx cra6uttbHblx sHa'reHrrfi Bo

BpeMeHu.



I4cuolmoBaHr{e rporoHHbrx rrpoBoAHI{KoB B KaqecrBe MeM6pan no3Bor.ser

curr3lrrb pa6o"ryro reMneparypy rotIJIuBHoro eJIeMeHra. Oco6oe Mecro rpu

paspa6orKe rrporoHHbrx rBepAbrx gneKTpoJIrIToB 3aHLIMaK)T Marepu€ulhl co

crpyKTypofi Turra repoBcKlrra B cBr3r,r c rx BbrcoKofi nporouHofi rlpoBoAllMocrbro.

B erovr acrreKre Ar{cceprarlraoHH€ul pa6ora MeAneAeBa A.A. npeAcraBrf,er

KOMrrJreKcHoe r{ccneAoBaHr4e, [poBeAeHHOe B paMKax oAHofo Psla orcuAuofi

KoMno3vrrluvr BaCeO rBaZrOz, orpaxarcqee crparerl{rc cI{HTe3a'

orrrrrMu3arlurc QynxquoH€ilrrbHblx cnoficrs u rexHoJloruqecKyro

oJTeKTpOXLIMI{.IeCKOrO yCtpOfi CTBa.

paspa6orKy

llepeuucJreHHbre ocHoBHbre HaupaBJIeHIafl ALIccepraIIuoHHoI4 pa6oru

MeAseAeBa 4.A., HecoMHeHHo, flBJr.flrorcfl BaxHbIMZ, aKTyiuIbHbIMI{ vr Jlexar B

o6lacru rpuopurerHbrx HalpaBreHzfi pasBurus, Qusu.recrofi xvIM.vIu,

aJrbrepuarunnofi gHeprerrrKr{ vt, B IIeJroM, HafrHo-TexHoJlorl4qecKoro paSBurvrfl'

Pocczficrofi @e.qepauuu.

Ananu3 ocHoBHoro coAepln alr,Wfl

,{ucceprarlr{oH*afl, pa6om MeAseAeBa A.A. cocrol,IT LI3 BBeAeHR I, 7 rtan,

3aKrroq eHUfl I4 crlucKa nntefarypbl.
_t

Bo esereHr,ru orpalKeHbr aKTy€urbHocrb reMbl Al{cceprallploHuofi pa6oru,

yKa3aHbI IIeJIb U 3Allaql/r UCCJIOAOBaHI4fl, H&YYH.M HOBI'I3Ha' npaKTI'IqeCKas

3HaquMocTb I4 ocHOBHbIe nOJIOXeH'Vrfl,, BbIHOCUMbIe Ha 3aululy.

B nepsofi rrase paccMarpr{Barorcfl ocHoBHbre MeroAI4KI{ cLtHTe3a oKcI{AHbIx

[poBoAHuKoB, ux QynrquoH€rJrbHbre cnoficrna, KprrruecKllt o6cyx4atorcfl

IIMeIOuIuecfl. HQAQCTaTKI,I CyUeCTBytOqux [poTOHHbrX 9JI9KTpOJII{TOB' a TaKXe

upo6rreusr ux [pLrMeH e:nufl, B gJreKTpoxr{MrrrrrecKlax yctpoficrBax. Ha ocHoBe

[peAcraBJreHHoro o6sopa o6ocsoBbrBaercs eH6op Ha[paBJIeHufl, vrccneAoBaHufl' c

Jrorvqecxofi ueno.rxofi ocHoBHbIX 3al.aq.- Ha[paBJIeHHbIx Ha AocrLIx(eHI'Ie

c Q opr"ryJll{poBaunofi uenla .

Bo nropofi ruaee AeraJrbHo orrltcaHbr MeroAbI I{ IOAXOAbI, peaJlu3yeMble B

Ar.rcceprarlr4oHHofi pa6ore. Pacrpbrrbr ocHoBHbIe MeroAI{KLI cuHTe3a oKclrAHbrx

KoMno3 utruit Ha ocHoBe rleparo-rlrrpKoHaroB 6apun, npeAcraBJIeHbI cnoco6rt



Aorrr4poBan:afl, oKcrrAHbrx ctrcreM. lIpeAJIo)KeHbI noAxoAbl, BJlrrf,Ioulue Ha

SopnanpoBaHlre KepaMr{Kr{: MeroA upeccoBa:akrs, coBMecrsofi rrpoKarKn [JIeHoK.

O6ouroBaH nu6op oJreKrpoAoB - Sy"xIIIdoH€uIbHo BarKHoro KoMrIoHeHra pa6ouefi

rracru ycraHoBKI{ corJlacHo krx gJreKTpI{rIecKrIM cnofictBaM, TepMI{trecKI{M

xapaKT epucruKaM u xrdMrarrecrofi coBMecrr{Mocrr4 c Marepl4tulaMld nu6panHbrx

gJreKTpoJrrrroB. IlpeAcraBJreHbr u ouLIcaHbI Qusnxo-xplMrlqecKne vI

gJre KTpoxl4Mr{rre cKr{e MeroAbr ra ccJIeAoBaHLrfl Ia3freHHbrx o6rerton.

IrpeAcTaBJIeHbI IICCJIeAOBaHI{fl nO

orrrlrMutga\wr QyurquoH€rrrbHbrx xapaKTepr4crl4K, HaquHafl c BrvrflH'vIs,

Aorrr4poBaHnfl, Ha csoficrsa orHocLITeJIbHoro [pocroro oKcLIAa, BaCeOr, vr

3aKaHrr uBar- r4cloJrb3oBaHr{eM crp ar eruu co-AorrupoBaHur (uanpl.{Mep, I{TTPI'IOM [I

zmep6zena) 6olee cJroxHbrx oKcr4AoB, BaCeO 3-BaZrO3. IIpu sroM rpoBeAeH

no46op Hau6onee noAxo.qrqlax [peAcraBI,ITeJIefi uporoHHbrx eJIeKTpoJII'IToB \nfl

pa3rr.{qHbrx sJreKTpoxr{MlrrrecKlrx o6rercroB - TBepAooKcrIAHbIX ra3oBbIX ceHcopoB

VTU TOIIJILT BH TX gJI EMEHTOB.

B tuecrofi rrase npe4craBJreHbr p$ynbrarbl I{clbITaHvIfl. Tpex rLIrIoB

ra3oBbrx ceHcopoB u ,roai"rp)KAeHa AocroBepHocrb plx SyHxqraoHI'IpoB anufl,

nyreM 'conocraBJreHr{.rr eKcneprrMeHTanbHblx AaHHrIX c t.SpttuqecKHMLI

3 H aII e H vIflvrv- I4 IIo cJI eAylo trIE rO B blq BJI C HVg KOPP EJI f.iIIPI]II ME)KAY H LIMU .

Ce.[rMag rrasa nocBflrrleHa AeMoncrparlukr Bo3Mo)KHocrt4 ucnoJlb3oBaHplfl

rasyr6nHbrx Marepu€rJroB B KaqecrBe roHxocrofiHblx gJIeKTpoJII,IToB AIrfl Tpex flqeeK

TBepAOOKCTIAHbIX TOIIJII4BHbIX 9JIeMeHTOB, I{CnbITaHHbIX B paSJILItIHbIX ycJIOBI{tX.

Oco6oe BHr4MaHr,re B srofi rJraBe yAeJreHo Bo3MoxHocrI,I yrlpaBnflTb

gJreKTpoJrr4Tr/rqecKr{Mrr ceoficrBaM}r nporoHrlpoBoAslrlefi ueu6pauu 3a cqer

r43MeHe :rtufl, sHa.reHrafi JrerKo KoHTpoJIt4pyeMbIx Qarropon (teuueparypbl u

aKTLrBHocrI{ BoA.ttHbIx uapon).

Taruu o6pasoM, ArfrcceprarluoHH€ur pa6ora MeAeeAeBa A.A. rpeAcraBJlfler

co6ofi KoM[JreKcHoe 3aBeprueHHoe raccJreAoBaHl{e, BbICTpOeHHOe rorllqecKlll

BepHo, :FlaquHafl c o6ocsoBaHvfl, nu6opa o6texton, nocraHoBKl4 ueJIIrt'

Qop*yJrr{poBKr.r ocHoBHbrx 3aAarr u MeroAoB IltX AOCTI'I}K9HV[., a raK}Ke



AeMOHCTpaIIUU [paKTI4rIeCKOfO r{CIrOJrb3OBaH[r TOrrJrUBHbrX gJTeMeHTOB U

ceHcopos. BHBoAII AlacceprallploHuofi pa6orrr uocneAoBareJrbHbr u o6ocHoBaHbr.

Hay.rH afl v rrparcrlrqecKafl rleHHocrb.

B uzponofi nl4reparype He 6rrro yAeneHo AocraroqHoro BHrdMaHurr

o6ocHoBaHuro ert6opa [poroHrrpoBoA.f,rrlax gneKTpoJurroB B KaqecrBe Marepr,r€rJroB

TBepAooKcI,IAHbIX ToIrJrr{BHbrx gJreMeHToB, r{Merorcr QparvreHTapHbre AaHHbre o

xapaKTepucrvKax orAeJlbHbrx [poroHrrpoBoAf,rrlltx oKcr,rAoB. Ha gToM Qone

AI,ICCepTArIr4fl rIpeACTaBJrfleT r4CCJreAOBaHpre, B KOTOpOM HOBrsHa IIpI|ICyTCTByeT

rlpla peIrreHLIIA BCeX IOCTaBJIeHHITX n pa6oTe 3aAaq, :naLrr4nafl, oT cr.rHTe3a HoBbrx

Marepl{€uroB, ycraHoBJleHr4f, 3aKoHoMep ocrefi r43MeHenvrfl, Qusuro-xuMurrecKux

csoficrs orcuAHofi KoMuo3vrr\uu BaCeO rBaZtOt npr{ ee AorupoBailvru

pa3r[qHhIMI{ gJIeMeHTaM}I lI 3aKaHqvrBafl, paspa6orrofi gneKTpoxl{Mt4rrecKr,rx f,rreeK

c HoBbrMra TBepAbrMr,r sneKTpoJrrrTaMr{.

B pa6ore y6e4zreJlbHo rroKa3aHo, rrro rpprpoAa vr KoHrleHTpar\ufl, 3d-

9JIeMeHTOB CyUIeCTBeHHO BJrrrrrOT Ha r43MeHeHr{e CTpyKTypHbrx,

MTIKpOCTpyKTypHbIX I,I SJIeKTpOXUMT.TqeCKUX CeOfiCrn HOBbTX CJTOIKHbTX'OKCpTAOB,

noJrfreHHbrx Ha ocHose BaCeo.qiGdo.rM*Or. (M: Cu, Ni z Co,0 S'x < 0.1), a

vro4uSvIKar1ufl, I,I3BecrHbIX Marepu€trroB Ha ocHoBe BaCeo.s -*Zr*Yo.zOr+ +

I rrac.Yo MOn (0 S x < 0.8, M : Cu upu x < 0.5 u M : Co rpkr x ) 0.5) orcu4aMu

MeAIa u ro6amta u H3MeHeHue KoJrrr ecrBa rlr4pKoHr4q MeH;rror rrx Qasoerrfi

cocraB, xl,tMr4qecKyro ycrofiurrBocrb B pa3nr.rqHbrx arpeccuBHbrx arrraocQepax,

TepMOMeXaHI{rIe C KLIe I4 9n e KTpOTp aHcnOpTHhIe CBOIICTBa.

BHssreHbr oco6euHocrr{ Sasoo6pa3oBalavrs,

TepMoMexaHr.rrrecKlrx v 3neKTpoxIIMIrrIecKI{x cnoficrna npu

rroJrHoM 3aMerrlenuruvtpr4fl, sa Ln3* (Ln: Yb, Dy, Gd, Sm, Nd, La) B cJro)KHbrx

oKcI,IAax BaCeo,sZro.zYo.zOr+ * 0.5 tv,ae.Yo CuO, paepa6oraHbl rexHoJlorzqecKlle

npr.reMbr QopvrnpoBaHr.rf, gJreKTpoxr{MLtqecKr.rx flrreeK Ha ocHoBe ToHKocroftnux

(20-50 rrarcrvr) rporoH[poBoA.rruux oneKrpoJrr/rroB, rroJrfreHbl eqr4lauqHble .s.refiru

TOT3, ceHcopbr p.nfl, orpeAeJreHr4.f, KoHrleHrpa\uvr BoAopoAa u rapoB BoAhr B

KT3MEHEIIId'

qACTI{TIHOM I,''JTId

r€r3oBbrx arMocQepax, rrpoBeAeHbr rax gJreKTpoxuMr{rrecKl4e l4ccneAoBaHufl,.



rlpokt3BoAlareJlbHocrbro u flBlrflercfl, BaxHbrM gTanoM Arrfl, pe[reHr4r lrpo6JreM

KoMMepIIu€uII{3arrnu raKr4x ycrpoficrB. Cranres u arrecrauurc MarepuaJra HoBoro

cocTaBa BaCeo.sZrMDyo.zOl+, AeMoHcrpr4pyroqero 6onee BbrcoKyK)

[poBoAI{MOCTb 14 6Onee HLBKyTO SHeprHrO AKT:/.;BATI}iI]/- nO CpaBHeHr,rrc C

Tp aA I{rILr o HHbrna n Y-A o rurp o B aH HhrMLr u ep aro - qup Ko H araMrr.

IrlcnolrcoBaHl{e coBpeMeHHbrx MeroAoB u rroAXoAoB, peaJrra3oBaHHbrx

pa6ore) a raruKe cpaBHeHlre TeopeTr{ErecKlrx [peAcTaBlrelluu

gKCnepI{MeHT€LIIIffIbrX pe3yJrbTaTOB, aUpO6arP4fl UOJrrreHHbrx pe3yJrbTaToB

poccuitcKl,Ix u zapy6ex(Hbrx roHSepeHrlt4rrx ra ouy6nlrKoBaHHbrx e 39 crarrsx n 3

nareHTax P@ rloATBepxAaror AocroBepHocrb rronfreHHhrx AaHHbrx.

Pa6ora o6raAaer eArrHcrBoM, ee crpyKTypHbre qacru (rnanu) xopouo

B3aI4MOCBf,3aHbI Apyf C ApyrOM, BbrBOAbr CAeJraHbr Ha OCHOBe AOCTOBepHbTX

sKCrIepHMeHT€uIbHbIX AaHHbrX, KOTOpbre He rrpoTr4BopeqaT OCHOBHbTM HaTIHbIM

3aKoHoMepHocrsM. AnropeQepar coorBercrByer Ar.rcceprarluoHnofi pa6ore, eMKo

orpoKar ee cyrb. Terra He MeHee, rrMeercr pflA cneAyrounx 3aMerranufi u

BonpocoB:

1. B pa6ore yKa3brBaercf, Ha nepepacnpeAeJreHrre Kpyunbrx KarrroHoB

peAKo3eMeJrbHhrx gJreMeHToB rro noApenerKaM [epoBcruurofi

Oco6eHHo

IIoJrySJreMeHToB

npoToHHbrx

cneAyer orMerrrrb paspa6orKy rexHoJroruu

Tvrra "uop[crufi asory/moruufi gJreKTporur"

[poBoAHrrKoB, KOTOpat xapaKrepLr3yercf,

rroJrrreIJvrfl

Ha ocHoBe

srlcoxofi

B

vl

HA

crpyKrypbr vr o6pasoBaHkre Kr..rcJropoAHbrx BaKaHcuit. OlHaKo B KarlecrBe

roArBepxqeHr,r.rr MolKHo 6srlo 6rr upnBecrr{ AaHHbre noJrHorrpoQumHoro

peHTreHoBcKofo

Kpr.rcr€urnorpasuqecKux uosuqufi, crpyKTypHbrx napaMerpax u R-

Qarrope Koppe ilflrluu.

2. BseAeHue oKcr.rAoB MeAr{, Hr4KeJUr v xo6amra B I{cxoAHbIe o6parqu

yJrfruaer eQQexr cneKaHru 14 no3BoJrfler rroJrfrarb 6olee [norHyro

aHalru3a 3anoJIHeHufl4 ATOMAMI'I

KepaMlrxy. I4r Ar,rcceprarlvn He scHo, KaKr{e MexaHlr3Mbl pe€IJlla3yrcTcf, B



gToM cJrfrae r{ LrMerorcfl, Irv AaHHbre, KpoMe orHocl{TeJlbHofi ulorHocrlt

o6pasrloB, rroATBepxcAaroque vx yrrnorHeHlde.

3. Ilo.rerray AIrfl uccJreAoBaHr.rs xapaKrepl{crl,IK TOTO 6ul ucIroJIb3oBaH

MeTO.{ [pepbrBaEvrfl, ToKa BMecTo rur{poKo r{clloJlb3yeMofo Anfl SToro

M eT OA a I Jr e KTp OXIaMI{.I e C KO f O I{MIr e.{ a nCa?

4. [pn 6olrutefi y6e4rareJrbHocrr4 rpeAcr BJreHHbIx pe3ynbraroB

ueo6xoAr{Mo 6ulo 6u [poBecrr{ corocraBJleHl{e AaHHrIX o

[poBoAr.rMocTrlr (n rorvr qprcJre, zonuofi r.{ gJreKTponnofi) oAHofo I{ Toro }Ke

gJreKTpoJrrrra, r,r3MepeHHofi Ha o6reuuux o6pasqax (clarvrnrerpuqH€ul

sqefira) ra ronrocrofiHblx (rounnBH€ul r.refira).

3arcmoqqHue

,{racceprarlr{oHHafl, pa6ora MeAseAeBa A.A. "BblcoKoreMreparypHble

nporoHHbre eJreKrpoJrrrrbr Ha ocHoBe Ba(Ce, Zr)Oz co crpyrrypofi uepoBcKrlra:

crparerus craHTe3a, onrr{Mlrga\r4fl. csoficrs u oco6enHocrl{ [prrMeHenvrfl"

coAep)Krdr HoBbre QyHaaMeHT€urbHbre rd [paKTlrqecKue pe3yJlbrarbl, HaupaBJIeHHbIe

Ha pazpa6orKy eneKrpoxi{Nau.recKprx ycrpoficrn c rporoHHblMrr eJleKTpoJrnraMu

KaK cnoco6 pa3Burufl, BoAopoAnofi eHeprerl{Ku B saIuefi crpaHe. 3ta pa6ota

[oJrHocrbro coorBercrByer rpe6on aHvrflv- rIyHKTa 9 "floldx enufl, o rlopf,AKe

npucyx Aenufl, freHbrx creneH efr" , yrBeplKAeHHoro flolox(eHlfeM llpannreJlbcrBa

PO or 24 cesrt6pn2013 r. J\b 842 c r{3MeHeHvInMuor2l aupens,2016 r. Ns 335,d

caM aBrop 3acJrylrr{Baer npncyx AeHr4fl ucronaofi yreuofi crelreHla AoKropa

xr4MlrrrecKprx HayK ro cueqv €urbHo crvl 02 . 00. 0 5 - s4eKTpoxu Mvrfl,.

,{ucceprarllroHHafl. pa6ora MeAneAeBa I.A. 3acJlyuana Ha paculrpeHHoM

HafrHoM ceMr4Hape raQe4pbr aH€urr4rvlrecr<ofi u $uzuqecrofi xuMuu (uporoxon Nq

2 or 1 5.04. 2019 r.) xrEvu{qecKoro QaryJrrrera , u AaHurrfi orcblq o4o6pen.

BypvrucrpoB BlaAuur.rp AneKcaHApoBLIrr,

npoQeccop,AoKrop
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(De4eparrbHoe rocyAapcrBenHoe 6ro.qxerHoe o6pasoBareJlbHoe yqpexqeHl{e

Bbrcruero o6pasoBamrtrr. <<9ens6uucrHfi rocyAapctseHHrrfi yHilBepcIiITeD),

xrfrMr.[qecrnfi QaxynrTeT.

Iloqrosrrfi aApec: 454001, r. gens6uHcK, yJI. Epaues KaIurpl,IHbrx, 129,

xrirMurrecrufi Qarymrer (rconaH.Ng3 ll, 2 yr.ropn.)

Ter. 8(35 l)799-70-63, c. 89518102904

E-mai I : chem-facu lty@ c su. ru, burmi strov@ c su, ru
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