
OT3bIB oQnqnaJrbHoro onroHeHTa o Arrcceprallnr

Ha concKaHne yueHofi crerleHlr xIIMI{qecKIrx HayK

A6ay"rrJraeBa Mupmr MupQa3I{Jrb oury

Ha reMy: <<Mo-coAeplnarrlue [epoBcKlrrbl B KaqecrBe sJreKTpoAHbIx

MarepuaJroB cuMMerprqHurx TOTS)

no c[eqnaJrbHocrflM 1,4.1- <<HeopraHlrqecKafl xllMlrfl>> u I .4.15 - <<Xnvruq

TBepAOTO TeJra)>

I4ccleAoBauufl, n o6lacrr4 TBepAooKcI{AHbIX ToTTJII4BHrIX oJIeMeHToB (TOT3)

aKTr,rBHo rrpoBo AflTcfl,Bo BceM Mr4pe ug-ea BblcoKofi HaAexHocrI.'I, e$QeruaBHocrl4 I4

rrpon3BoAr4TenbHocrr4 9Tr4x ycrpoficrB, a rarcKe Bo3MolKHocrH I{crIoJIb3oBaHI4s B

Hr4x rrrupoKoro pflra rorrJrr{B (no4opo4, crrHTe3-rffi, MeraH vr Ap.). Taxas,

coBoKyrrHocrb rrper{MyrrlecrB o6ycnaBJlrrBaror ror Qaxr, rITo B coBpeMeuuofi

HayqHoit tureparype TOT3 3aHr,rMaror BTopoe Mecro rlo uccJIeAoBaHIatM cpeApl

ocr€urbHbrx rklrroB TofrJrlrBHbrx SJreMeHTOB, ycTyrrat JII{rrrb TBepAonoJII{MepHbIM

aH€IJroraM. Kar H Anfi Apyrr,rx rLIrIoB ToTIJII4BHrIX gJIeMeHToB, ocHoBa TOTS

(nrevr6paHHo-oneKTpoAuufi 6nox) rpeAcraBJlfler co6ofi MHoroclofiuyro

KOHCTpyKTIHTO, KOTOpar COCTOpTT vr3 HecKonbKl4x MaTepH€uIoB, HaxoMIIIpIXCfl B

TecHoM KoHTaKTe Apyr c ApyroM v BbIrIoJIHf,roIqux olpeAeleuuufi pflA oco6ux

SyuKrlufi. (DopnrupoBaHr{e raKoro naevr6paHHo-eJleKTpoAHoro 6lora flBIrflercfl'

qpe3Bbr.rafiHo cJro)KHo fi ga1a'refi, nocKoJrbKy HaHeceHlde Ka)KAofo cJIof, (enexrpoAo,

eneKTpoJrr4Ta, 6yQepnoro cJrof,, nporr4Bo3JreKTpoAa) cotrpflxeHo c I{cloJIb3oBaHI4eM

vIH[r4BvI.{yanbHbIX BbICOKOTeMIIepaTypHbIX peXLIMOB, TILICIO KOTOpbIX MoXeT

Aocrgrarn 5 eAr{Hr4rI vrv Aa)Ke 6omure. OqesuAHo, t{To MHoroKparHble o6xnru

f,BJrf,rorcr 3arparHbrMr4 c gKoHoMuqecrofi ToqKu 3peHl{f,; KpoMe roro, rIpH sToM

MOfyT BO3Hr4Karb JrOKaJrbHbre MexaHr4rrecKr4e HanptxeHvrfl., npI4BOAsIrIVe K HI43KOMy

BbrxoAy roroeofi rpoAyKWrvr. lloerouy pa:pa6orKa raK Ha3bIBaeMbIX

clrMMerpgrrHbrx (utm KBa3r,r-crrMMerpl4trHblx) TOT3, n Koropblx o6a sneKTpoAa

(anog H KaroA) nunoJrHeHbr r43 oAHofo r4 Toro )Ke Marepv?ul3,, flBrflerct OAHI4M I43

BO3MO)KHbrX IIOAXOAOB, rr03BOJIf,rOIrIr4M COKparI'ITb rrl4cro rexHoJlofHqecKHX



orepaugfi. B erofi cBflsvr Hacroflrrlafl Ar4cceprallploHHafl, pa6ora HaxoAHTcs B

coBpeMeHHoM pycire r4ccneAosaHlrfi rro reMarl{Ke TOTS u o6laAaer srtcoxofi

aKTy€ubHocrbro l^nfl cneqrr€url{croB, pa6orarculux B o6lacrsx

BbrcoKoreMrreparypuofi 3neKTpoxr4Mr4r.r, HeopraHlaqecKofo Marepla€uloBeAeHnfl' kr

xklMvru TBepAOfO TeJIa.

I-{ens Araccep raqr,zrr4 3Bf{r{T KaK "rordcK oJIeKTpoAHbIX Marepl4€uloB CTOTS

Ha ocHoBe HoBbrx Mo- u Fe-coAepxaqprx oKcraAoB co crpyruypofi repoBcKrTa",

oAHaKO peaJrbHaf, rlenb HaMHO|O rIr{pe n 3aKIIOqAeTCfl, B BbISBJIeHIdId

$ynaavreHT€urbHbrx B3alrMocsssefi Me)KAy cocraBoM TaKI4x nepoBcKlIToB, ux

crpyKrypofi v ua6opovr qeneBbrx xapaKTepr4crr4K, Ba)KHbIX AIrfl rlpaKTl4qecKoro

npgMeHe6r4fl.. Crour orMerqTb, rrro grla B3al4MocBfl3u BbInoJIHeHbI He roJIbKo B

paMKax oAHoro Knacca (uanpuMep, Ha ocHoBe rpocroro rlepoBcrura), Ho

HecKoJrbKprx, BKrroqafl pa3nurrHbre Sasrr oAr4HapHofo u AeoirHoro [epoBcKI4Ta. 3ro

rro3BoJrrer cr4creMarr,r3r4poBarb [onyqeHHble AaHHbIe I{ BhI.sBI4Tb o6ulue reHAeHr\vrkr

Lr 3aKOHOMepHOCTT{, [paBoMepHbre Anfl rrrr4poKofo KJIaCCa npol'I3BoAHbIX

MaTepI{aJIoB. 
v

O6cyx [afl Haf{Hyro HoBra3Hy pa6orrr, Hy)KHo orMerl{Tb KoMrlJlercnrrir

rroAXoA, B paMKax KoTopofo cr4HTe3r{poBaHbr HoBbIe cJIo}KHbIe OKCI4AbI HecKoJIbKHX

KoHIIeHTpaIIHoHHbIX pnAoB: Lar-*Ca"Fe1-r(Mo,Mg)yO:+ (" : 0.5-0.8 , Y 
:0.4-0.5),

Lao.zCao.zFeo.o-*Co*Mgo.rzsMoo.zzsO:+ (x : 0.0, 0'05, u 0.10),

LaosCao.zFeo.s-*Co*Mgo.zsMoo.zsOr+ (x - 0.0, 0.05 ) vI 0. 10) Lr

Srz-*La*FeCoo,sMoosOe--o (x:0, 0.2,0.4). [trs Ka)KArIX v3 srrlx Sa: no4o6paHbl

r41[VBVrAy€rrrbHbre ycnoBr4r rroJrr{elF.nfl, nopolllKoBblx I4 KepaMur{ecKl4x MaTepI{aJroB'

flocJre qepo HccneAoBaHbr r{x SynrquoH€ulbHble xapaKTepllcrl{Krr' BKrroqa-fl

XI4MI4IIecKyIo ycrofi.rl4BocTb, xkIMHtIecKyIO COBMECTIIMOCTb C SJIEKTPOJII{THbIMH

Marepn aJrar/.i,/r, TepMr4rrecKoe [oBeAeHI4e, SneKTporlpoBoAHocrb vr

DneKTpoxr4Mr4rrecKyro aKTr,rBHocrb. flpuuena cBeAeHI4s rro 6olruruHcrBy 3TI4x

xapaKTepHcTlrK nonyrreHbr He TOJTbKO B OKI4CJII4TeJIbHbIX ycJIoBI{trX, HO VI

BoccraHoBldreJrbHblx, rrTo flBJrterct BaXHrIM Alrfl, Augafiua OLIMMOTpUTIHbIX

gneKTpoAoB. OrAelrHo xoqercr orMerr4Tb, rrro rracrb BIITIoJIHeHHbIX I{ccneAoB,alF]uir



HalpaBJIeHa Ha Bbr.rrBJIeHHe 3aprAoBoro cocroglH.li.fl, KarpIoHoB xeJle3a B

Hccne.{oBaHHbrx oKcr4Aax; gro He MeHee 3HarrlaMblfi HayrHblfi pesylbrar' rIocKoJIbKy

r4MeHHo peAoKc-aKTraBHocrb rrap Fe4*/Fe3* u Fe3*/Fe2* onpeAeJltrer

SneKTporpaHcrroprHbre xapaKTepvcruKvr MarepI4€UIOB B OKI4CJII4TeJIbHbIX Vr

BoccraHoBgTeJrbHbrx arvroc$epax coorBercrBeHHo. A 3HaqpIT' noHI'IMaHI4e

$anropoB, crroco6creyrcuux cABr{ry coorHorrreHl,It KoHII9HTpaIILII4 gTlax AeSemon

B Ty vrrvr r'Hyro cropoHy, BaxHo Anf, ueneHarpaBJleHnofi Hacrpoitxu

SyuxqnoH€urbHbrx xapaKreprrcrraK paccMarpl{BaeMblx $eppuron r4nv noAo6uux

cJr oxHooKcI4AHbIX coe gnueuuit.

BguocgMbre Ha 3arqvrry pe3ynbrarbr, ux o6cyxAeHl4e H I,IHTepnperaul4ff He

Bbl3blBaror cotuneuufi, TaK KaK gKcnepr.IMeHT€uIbHbIe AaHHbIe nonyrreHbl c

npr{MeHeHI4eM coBpeMeHHbrx u B3aI{MHo .{o[onHf,rcIrll{x Susraro-xt4Ml4trecKHx u

gJreKTpoxr4Mr4rrecKux MeroAoB aHanrvrga. Haupuvep, yBervrleHl{e I.nEa}[uKu

rracrnrrHoro BoccraHoBreHr4q r4oHoB )Kene3a c oAHoBpeueusofi 4ecop6qvefi

Kr4cnopoAa npu HarpeB a.rrr4u rroArBep)KAeHo AaHHrIMI{ ALIJIaroMerpIaI4 (puc. 29

Ar{cceprarlr4oHsofi pa6oru), reprr,rofpaBr4Merprrr4 (p"c. 30), oneKrponpoBoAHocrl4

rpu pa3rrrqHbrx naprlr4aJr""ui" AaBJreHr{f, KI4cJIopoAa (p"c. 34).rlotvtut'to 3Tofo,

Aocrr4rHyrbre pe3ynbrarbr He rrporr{Bopeqar o6ruprM TeoperllqecKl4M [pI'IHIInrraM'

rrro raKxe flBlrflercf, rrpra3HaKoM I,IX AocroBepHocrla. BHsoAu, cSopMyJrI4poBaHHbIe

B Ar,rccep ra\r4vr, rroJrHocrbto orurparorcfl HA l4Meroulli.ecfl AaHHbIe 14 pIX

r4HTepnpeTallurc; oHI4 o6ocsoBaHbl H KoppeKTHbI.

Marepn€urbr Ar4ccep rarlr4vr rpounr4 rullpoKyro eKcreprHylo oIIeHKy

coo6ulecrBa, qro orpaxaercfl B vrx llpeAcraBrelHvv B KarrecrBe ycrHbIX u

creHAoBbrx coo6qeHrrrx Ha HarrHbrx MepollpuflTvrflx pa3rI/FrHOrO ypoBHfl, a raK)Ke

r4x ouy6ruaKoBaHr.ru B Br4Ae crarefi B BeAyrrlux poccuitcrcux vr MexAyHapoAHbIX

xypHanax.

Anropesepar Ar,rccep raqtav COOTBercrByer cauofi AI{CCepraIILIoHnofi

pa6ore, orpaxafl ee KparKylo cyrb. Texcr orr{x pa6or Harr?rcaH rpaMorHblM

HayqHbIM fl3brKoM, xor fl,pr corepxr4T se6olruoe ql4cro HeroqHoctefi, Koropble' KaK

fi, crrr4Taro, He r,rMeer cMbrcJra BbrHocr4Tb Ha o6cyx4eHrre. Tena He MeHee, rlpkl



rpoqre H;'Ivr Ar4cceprarlr4oHHofi pa6oru u ee aBTopeQepara Bo3HTKJII4 cJIeAyIouI4e

BO[p oc br u 3 aM erlaHr4fl':

1. [ns [poBeA e]Hr4fl. Ar4naroMeTpr4r,r LI I43MepeHI4fl eneKTpOrIpoBoAHOCTH

rpe6yrcrcr KepaMr4trecKr4e o6pasqu sHcorofi rrJrorHocrH. oAuaro B

Ar,rccepraur4oHnofi pa6ore orcyrcrByror AaHHbre o pexr4Max cneKaHl{t KepaMrrKu u

ee MrrKpocrpyKTypHbrx xapaKT epuarvrKax (oruocureJlbHaf, rrJlorHocrb' o6uas

rropr4crocrb, pa3Mep :epen). To*rco Ha pr{c. 43 Ar4cceprall'IoHnofi pa6oru

rrpeAcraBJreHbr p3M-ueo6pax e:Hvrfl., KOTOpble, [O-Br4ALrMOMy' orHocflTcfl' K

cHHTe3r4poBaHHbrM BbrcoKorropr4crbrM rropouKaM. Karcosa 6rtla reMneprrypa

cneKaHr4fl KepaMr4Kr4 vr KaKoBa 6rua I4x rlJlorHocru? BaplzpoB€ulacb lrvr

orHocr4TeJrbHaf, [JrorHocrb o6pasqon B 3aBr4auMocrl4 or cocrasa? Eclu A&, To

KaKLIM o6pasovr?

2. [Is rroHr4MaHzrs, Tofo, MOryT lu 6urb r4cIroJIb3OBaHbI HCCJIeAOBaHHbIe

cJroxHooKcl,rAHbre Marepr4aJrbr B KarrecrBe cI4MMerpI{rrHbIX SJIeKTpOAOB'

ueo6xo 
^r4MA 

OrIeHKa gneKTpoxr4Mr{qecrofi aKTI{BHOCTTT TaKI4X SJIeKTpoAoB B

BoccraHoBr4TeJrbHbrx ycnoBr4sx. B Alrccep rar]nrvr AocraroqHo Aer€ulbso o6 cy)K.{eHo

rroBeAeHr4e 3JreKTpoAoB B orHorrreHvru peaKuI{U BOCCTaHOBJTeHLIfl KLICnOpoA&,

nverourefi Mecro B oKr,rcJrr4TeJrbHbrx o6racr tx (uttu e o6racrsx c orHocI4TeJIbHo

BbrcoKr,rMr{ 3HaqeH uflMkr rraprlr4aJrbHblx [asreHufa Kl{cnopoAo, pvc' 57-62)' Ho

pe3ynbraroB r4ccneA osaHuia B BoccraHoBr{TeJIbHbIX ycJloBl4flx (naupunaep, B

BoAopoAcoAepNarqnx) B Al4ccep TaIlu:I- He rpeAcTaBJIeHo' xoTfl o6 sToM

yrroMr4Haercfl B pa3Ae te 2.2.I0 .llpono4 vlrucb Jrr4 rloAo6ulte I4ccJIeAoBaHI4t H KaKI{e

pe3ynbrarbl rIpI4 sToM 6r^nu rtonyqesu?

3. Ha pvlc. 29 Ar4cceprarlr4oHsofi pa6orH rpeAcraBileHbl

Ar4JraroMerpprrrecKr4e Kpr4Bbre rrerbrpex o6pasrloB (L2C8F5,L3C7F6,L55C45F5 H

L5C5F6). llpra oroM rrpr4 rrepexoAe or Bo3AyIxHbIX ycnoBnfi r soccraHoBI4reJIbHbIM

(g%Hz B aproHe) trnfl rpex repBbrx cocraBoB ua6lrcAaercfl' 3aKoHoMepHoe

xgMprqecKoe pacrur4peHr{e B BblcoKoreMneparypnofi o6nacru B cr4Iry qacrl4rrHoro

BoccraHoBJreHr4r KarHoHoB xeJre3a u o6pazoBanufl, KIlcJIopoAHbIX BaKaHcuit', a A[rfl



qerBeprore - Hao6opor - xr4Mr4qecKoe c)Karr{e. c 'reNd Moxer 6urr cBfl3aH TaKoI4

pe3yJlbtar?

4. conocraBJreHr{e 3JreKTpoxr4Mr4qecrofi aKTLIBHOCTI4 pa3rHtrHblx

eneKrpoAoB (Hanpuvrep, pl4c. 40 vr 48) KoppeKrHo rp' 6,'usocru vrx

Mr4KpocrpyKrypHbrx xapaKreplrcrr4K vt KarrecrBa nrex$asnofi (uHrepSeficHofi)

o6lacru. Ho pa3r'rrHbre gJreKTpoAbr Moryr no-pa3HoMy rpl4[eKarbcfl' K

gJreKTpoJr'rry, rrro BbrreKaer Aalr(e r43 pa3rr4rrHblx sHaqeH'fi KTP' rloerouy

xoreJrocb [opeKoMe'AoBarb B A€ulbHefirueu [poBoAI'ITb oIIeHKy a4te3vru

3neKTpOAOB u Br43yulbHufi aTaJrvr3 rroleperrHbrx cJIOMOB CI4MMerpI4qHbIX flqeeK TeM

xe P3M-MeroAoM.

5. .{auuu e ra6tuu lI I n lI2 rpyAHo BoCnpuHI4Marb u aHNrI'I3I4poBarb B

cr4ny nx 6orbruoro Maccr'Ba. fpaouqecKafl Qopua sa se6o*urofi nu6opxe 6rua

6u xelarelnsoft.

6. Xorelocr 6u froH[Marb, rarofi cocraB r43 BCex I{CCneAoBaHHbIX

Ar4ccepraHT cqr4Taer uara6oree olrl{MaJIbHbIM Ha ocHoBe coBoKylrHocrl4 ero

S uS r.6o - XI{MIIrI e C KI4X I4 I n e KTp OXI{MI{q e CKI{X c s O fi Crs'

VragagHbre Bonpocbl u 3aMeqaHrrfl, He yM€urf,ror 3Harrl'Mocrl4

Ar4cceprarllroHHoro I,IccneAoBaHI4f, vr He BJII4flror Ha KoppeKTHocrb

cQopnrynr4poBaHHbrx BITBOAOB. flosrorvry cqHTaro, rrro Ar'rcceprallu'fl orBerraer

rpe6on aflvrfr.M, ycraHoBJreHHbrM MocxoBcKr4M rocyAapcrBeHHbrM yHl4BepcureroM

r,rMeHr4 M. B. JlorvroHocoBa r pa6oraM rroAo6soro poAa. co4epxaEve Al'Icceprar\krr4

coorBercrByer rracnopraM rro cileqr4€urbHocrflM 1.4.r - <<HeopraHllrrecKaf, *I{MI'I{))

n 1.4.15 - <<Xuunfl rBepAoro reJra)) (no xunu4rIecKI'IM HayKau), a raKxe Kpl4repr4fr}['

orrpeAeJreHHbrM rrrr. z.l-2.5 llorox e'vrfl, o rlpl.cyx 
'^e*."vr 

yreHbIX creuesefi B

MocroBcKoM rocyAapcrBeHHoM yHr4Bepcr4Tere laMeura M. B. JlouoHocoBa' a raK)Ke

o$opuneHa, corJracHo [pr4JroxeHraf,M J\b 5, 6 rloroxenrrfl o ALIcceprauI'IoHHoM

coBere MocroBcKoro rocyAapcrBeHHoro yHr4Bepcl4Tera I4M.HI4 M' B' rlotuosocoBa'

Taruu o6pasou, coI4CKareJIb A64ylnaen Mupsa Mupoasullb ofny

3acJryxr4Baer rrpr4cyx AeHHfleMy yreuofi crerleHv KaHlikrl.ara XLIMI4TIecKLIX HayK IIo



crreur4aJrbHocTflM I .4.I - <<HeopfaHl4tlecKaf, XI4MI4'))

TeJIa)).

u 1.4.15 - <<Xuuuf, rBepAoro

Osraqualrsufi orrloHeHr :

AoKTop xr,rMr4rrecK'rx HayK, 3aBeAyrorqufi rra6oparopuefi gJIeKTpoxI4MI{qecKI{x

ycrpofrcrn Ha rBepAooKcAnHbrx rrporoHHbrx oneKTpoJII4Tax @e4epalbHoro

focy,qapcTBeHHoro 6roAxeTHoro yr{pe)KA eHkIfl' HayKH <<VI."cruTyT

Bbr c o Kore M rrep aryp Ho fi er e xrpoxr4Mr{ r,r vp an sc Ko ro orAeJI e :rt:afl PAH)

MeAseAen finrr,r tpuit' Au4peeBI4tI 12.06.2023
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rejr. : *7 (343) 362-32-02, e-mail: dmitrymedv@mail.ru
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620066, r. ErarepHu6ypf, yI. ArcaAeMI4rIe QKAfl, 
^. 
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