
OT3bIB
o Q ra rluanbHoro orr rroHeHr a Ha 1ncceprarluoHuyro pa6ory

Mofi cur Marccupra Oreroeuua <KpncraJrJrrrqecKar, AoMeHHa, crpyKTypbr H

cefHerosJleKTpl4qecxue ceoficrBa TBepAbrx pacrBopoB Ha ocHoBe nuo6aroe
Harpvfl, Kailvfl c vynrrHQeppouxoM SeppHrola Br4cMyra)),

rrpeAcraBneHHyrc Ha cor4cKaHue yqeHofi creuenu
KaHAr,rAara Su:uxo-MareMarr.rqe cKux HayK

ro c[equaJlbHocrlz 1.3.8 Ou:Hxa KoHAeHcLrpoBaHHoro cocro{Ht4,

flraccepraIII4oHHa, pa6or:a Moficrr M.O. [ocBrrrleHa KoMrrJreKcHoMy

uccneAoBaHl,Irc Kpl4crulnnuuecrofi, 4orueunofi crpyKryp u SyurqraoHzurbHbrx

ceoficrs MHoroKoMroHeHTHbIx rnepqrrx pacrBopoB Ha ocHoBe nuo6aroB

uleror{Hbtx MeTaJIJIoB 14 vrynmuQeppor4r(a Qeppr,rra Br4cMyra. Bu6op o6rerra

I{ccneAoBarrfl o6yclonren arcrya"usnofi upo6.neruofi norlcKa 14 co3AaHr4rr

SKororI{r{ecKZ 6esonacHHx 6eccsuHrloBbrx cerHero- kt nbe3ogneKTpr{qecKr.rx

Marepl{anoB, clroco6sux 3aMeHLITb rpaAur{uoHHbre cBr,rHerlcoAepxarque aH€urorH,

raKl4e KaK rxupoKo pacrpocrpauduuar crrcreMa UTC. Oco6rrft unrepec

lpeAcTaBJlrer coBMerrleHr4e B oAHoM MaTepvane cefHeTo3JreKTpr4qecKnx 14

MaTHHTHbIx cnoficte, rITo orKpblBaer nepc[eKTrrBbr Anfl co3AaHpI.rI

uynrruQyHKIIHoH€uIbHbIx ycrpoficrn. Pa6ora [oJrHocrbro coorBercrByer

c[eIIHuLIIbHocrrI 1.3.8 <<@prgprra KoHAeHcrrpoBaHHoro cocrorHr,rr)), [ocKonbKy

HarlpaBneHa Ha ycraHoBneHr4e QyH4arvreHTilrrbHbrx KoppenrqtroHHbrx ceqsefi

(cocraB - arpyKTypa - cnoficrBa> B cJroxHhrx oKcr4AHbrx cr{creMax, f,BJrrroquxc,

Krtac cr4r{e c KuMpr o6rerrauu Sra:uxu KoHAeHcHpoBaHHoro co crof, HLrr.

{ocronepHocrb [onyqeHHbrx B Ar,rcceprarlun HayarHhrx pe3ynbraroB u

BbIBoAoB He BbI3bIBaer coruuesufi 14 o6ecue.reHa KoMnJreKcHbrM noAxoAoM K

I4ccneAoBaHl4f, M. Aarop I4ctIoJIb3oB€ur coBpeMeHHbre H aAeKBarHbre nocraBJreHHbrM

3aAaqaM MeroAbI: peHrreHocrpyKrypusrfi analr43, cKaHr.rpyrcu{yrc snerrpoHHyro

MprKpocKofrr4K), 3 He p foAr.r c nep cuouHu fi arIarfi43,, AV3neKTpr4qecKyro

clreKTpocKorrHro B rxr4poKr.lx qacToTHoM k\ TeMrrepaTypHoM Ar4arra3oHax,

naecc6ayepoBcKyrc crleKTpocKorluro r4 MeroAbr H3MepeHr.r{ rrbe3ogneKTpr4qecKux

xapaKTepl4crl4K. Eolrurofi o6reu gKcnepl4MeHTilrrbHbrx AaHHbrx, roryr{eHHbrx Ha



cepr4rx o6pa:qon c BapbtrpoBaHr4eM cocraBa v repMoAl4Hauuqecxofr

npeAbrcropr{r4, r{x cratverkrrrecKa.fl o6pa6orxa, a raKxe coruIacoBaHHocrb

pe3yJrbTaToB, tIonyr{eHHblx pa3nuqHblMl4 He3aBHCI4MbIMt4 MeTO.4aMI4,

[oATBepxAarcT r4x o6ocHosaHHocrb. Ka.recrseHuufi aloarrtr3 penaKcalluoHHblx

npoqeccoB c rrpr4MeHeHr4eM naoAerefi fanpurxa-Heraruu v,{racca4o-Xvrra

TaKXe yKpe[uer yBepeHHocrb B AocToBepHocTI4 I4HTep[peTaltr4kr

3KCrrepH MeHTaJIbHbrx IaHH brx.

fiparru.recKaq 3Haqr{Mocrr pa6orbr 3aKJlloqaercfl. B HerIocpeAcrBeHHoM

npr4MeHeHr4H ycraHoBneHHbrx 3aKoHoMepnocrefi Anfl pa:pa6orxn HoBbIx

SynxqraoHaJrbHbrx MarepuanoB. Ha ocHoBe npoae4dnnrtx uccJleAoBale^uir

pa:pa6oraHbr cocraerr 6eccnuuqoaofi cerHeroKepaMI,IKI,I, Ha Koropble [oryqeHbl

[areHTbr. llonyueuHble Mareplranbr [epcrIeKTHBHbr AJII HcnoJlb3oBaHla.f, B KaqecrBe

rrbe3orrpeo6paaonareteit, AarqI,IKoB, 3JreMeHToB ycrpoficrn r.auflTu v apyrofi

elexrpouuofi TexHr,rKH, pa6orarorqefi B ruupoKkrx Alzana3oHax reMreparyp Lr

BHerrrHrax nolefi, qro coorBercrByer crparerr.rqecKoMy HarIpaBneHI,Irc

HMrropro3aMe[IeHnq r4 [epexoAa Ha <<seneHble)) TexHoJlorun.

B Ar4ccepraurru rronyqeH pf,A HoBbrx HayrrHbrx pe3yJrbraroB, Koropble

BbtHocflTcq Ha 3arrlury. K Hl,tM cneAyer orHecrra BbIf,BJIeHI,Ie JIoKaJIbHbIx o6lacrefi

roMoreHHocrrr H paccnoe:ar4flB cr4creMe (1-x)(Nao,sKo,r)NbOrxBiFeO:. Bneprrte

ycraHoBnena .{6rxaq Koppenfl rlr4f, MexAy. Ar{cnepc uefi ilustteKTpl4qecKl4x cIIeKrpoB

14 HeoAHopoAHocrbro 3JreMeHTHoro cocraBa rn6pArrx pacrBopon. .{nr cocraBoB c

BbrcoKr4M coAepxaHr,reM Seppura Br4cMyra B o1tactu BblcoKt4x reMreparyp

o6napyxermr Lr AeranbHo oxapaKTepu3oBaHbr ABa penaKcaIII4oHHbIx rpoqecca

HeAe6aeecKoro "ryrra, v onpeAeneHa vx sHeprl4, aKTVBaIIuu. MeroAalau

uecc6ayepoacrofi cneKTpocKorruH rroKasaHo noAaBneHue rpocrpaHcrseHHofi

cuunosofi IIHKIoI,IArI B ruep4rtx pacrBopax, r{To cBr3aHo c coBMecrHbIM

rerepoBaneHTHbrM 3aMeqeHHeM B Karr4oAHbrx uo4peurerKax. Tarxe

rrpoaHan143r4poBaHbr AoMeHHbre cTpyKTypbr v penaKcarII4I,I MexaHHqecKI4x

uanpxxeuuft B

HeH30CTpyKTypHbrMH

rerepo$a3Hbrx cerHerosJreKTpnrrecKHx cr.rcreMax c

KOMIIOHCHTAMH.



Crpyxrypa AIdCCeprAlryr4 JIO|I,II{HA IroJrHocTbrc oTpaxaeT

nocneAoBareJrbHocrb perxeHprfl trocraBJreHHbrx 3aAar{. flucceparllutt cocrolrr [r3

BBeAeHrrq, trflTLr rJraB, 3aKrloqeHuq, cIIHcKa ql,rrupyenrofi nuTeparypbl u3 269

r4croqHr4KoB Ir rrpunoxeuytff. Pa6ora rr3JroxeHa na 185 crpaHl4llax, coAepxwr 74

pr4cyHKa u 2l ra6tuyy.

Bo BBeAeHr,rLr o6ocHoertBaerc.f,

cSopuyrulpoBaHbr rlenu v 3a4av,v, IIoKa3aHa

3HaqLIMocTb IIonyqeHHbIx pe3yJIbTaToB,

BbrHocr4Mbre Ha 3aIIILITy.

aKTyzurbHocTb

HaYrIHaf, HOBLI3Ha I'1

prccneAoBaHI,Is.,

npaKTuqecKas

fIOJIOXEHI{9,

B neprofi rJraBe rrpeAcraBneH o6runpnufi v rny6oxrafi aHaJiltTt4Ltecxufi

o6sop coBpeMeHHoro cocroflHu-rr uccneAoBalrruit B o6racru OeccsIaHIIoBbIx

cerHero3JreKTpr4KoB v vyrrrzSeppor{KoB, xoroprrfi AeMoHcrpl4pyer cno6oAsoe

BnaAeHre aBTOpOM npe4uerHofi o6racruo. flpune4enu BAXHbIC

elexrpoS[3uqecKue xapaKTepr{crr4Kr4 ^tvranara 6aput - cerHero3neKTpl4Ka, I{ ero

rvro4n$uraquir; upro6ara Harpprfl KaJtvfl. vr ero rvro4uQIaxaryuit, a raKlae

rlryrrna Qeppor4KoB Ha o cHoBe S epprara BI4cMyra.

Bropaa rJraBa coAepxr4T no4po6noe olucaHue o6rerroB I,IccJIel.oBalakrfl.,

MeTOAI4K r4X Cr4HTe3a V KOMIIJIeKCHOTO I4CCneAOBaI{Ids.,

BOCrrpoH3BOAr.rMOCTb pe3ynbraToB. Aarop

qTo [o3BonqeT oueHI,ITb

pa6omr I4CTIOJIb3OBAII

peHrreHorpa$uvecxue HccneAoBannfl. MeroAoM uoporuxonofi 4H$paxquu.

Mr.rr<pocrpyKTypa KepaMHr{ecKHx o6pasqoe r43yr{eHa c roMotubto pacrpoBoro

cKaHHpyroulefo 3neKTpoHHOrO MT4KpOCKOII4. Cerueficreo IIETCJIb

Ar4sneKTpr4qecKoro rr4crepe3r4ca (P-E nernra) nonyr{eHo nocpeAcrBoM rIoAaqI,I

cr,rHycoHAaJrbHofo cr4fHaJra sneKTpr4rrecKoro II0JL Ha I43MepI,ITeJIbHOM CTeHAe

STEP (cxer'aa Cofiepa-Tayepa). I4ccle4onanvrfl. AraoneKrpr4qecKux creKrpoB

rrpoBoAr.rnvcb Ha Herronrpr43oBaHHbrx o6pa:qax B Ar4arra3oHe reMrleparyp or 10 .qo

330 K c noMorrlbro nperlr43rdoHHoro aHaJrr,r3aropa HMneAaHca Wayne Kerr 6500 B.

Snexrpo$r43r4qecKr4e napaMerpbr rronf,plr3oBaHHux o6paarloB B Ar4a[a3oHe

cSopmynupoBaHbl

reMrreparyp or 10 Ao 330 K r43Mepf,nr4cb c noMorrlbro rperlr43uoHHbrx LCR



r43Mepr4renefi Agilent 49804

Mecc6ayepoBcKr4e creKTpbr r43MepeHbr c

Ilprane4en anropr,rrM Merpa

MeTOAOM pe3OHaHCa-aHTI4pe3OHaHCa.

noMorrrbro crreKrpoMerpa MS 1 1 04Em.

lnfl aHarrv3a cocyuecrByrollll4x

nocBruleHa aHail43y KplrcT€urnr4rrecKoI4 cTpyKTypbI,

cerHero3JreKrpuqecxux $a: r4 t4x AoMeHHbrx crpyKryp.

Tperrn rJraBa

nocrpoeHraro @asoBbrx AHarpaMM v vccile1oBaHr.rro MlrKpocrpyKTypbl rnepArrx

pacrBopoB. flanurre peHTreHoSasoaoro anarrv3a rsa3ra6uHapHoFo pa3pe3a

fro3BoJrrrJrpr aBTopy nocTpor,rrb efocucreMbl ( 1 -x)Nao sKo sNbO: xBiFeO:

$asonyro Ar4arpaMMy, ycraHoBlrrb o6racrs o6paeonaHr{s oAHopoAHbIX TBepAbIx

pacrBopoe. IloxasaHo, rrro s6rrasu rpaftHux KoMrroHeHroB crpyKTypbl TP xarc no

3JreMeHTHoMy cocraBy, TaK ra uo sepeHHoMy nan4ura$ry nau6onee oAHopoAHbI.

rlern6praq ruraBa coAepxr4r o6ruupnufi ercnepuMeHT€LrrbHufi rvrarepuaJr rro

Ar,r3neKTpr4r{ecKllM, penaKcarlr{oHHbrM u MarHr,rrHbrM cnoficreaN4. VcraHosreHa

Koppen{ur4, MexAy Ar,rc[epcuefi, Ar4oneKTpr,rqecKr4x cneKrpoB r4 oAHopoAHocrbrc)

3rreMeHrHoro cocraBa rn€p4srx pacrBopoB cr4creMbl (1-x)(Nao.sKo s)NbO: -
xBiFeOl. O6napyxeHo, tlro B yKa3aHHux tnepAblx pacrBopax c x : 0.85...0.95 e

r.rHrepBane reMreparyp or 560 K lo 720 K $opnanpyrcrcq ABa penaKcaIIHoHHbIx

npoqecca He4e6aercKoro runa.

[sras uraBa aHanr,r3r4pyer AoMeHHy]o crpyKrypy v npoqeccbl

nepeKnloqetr4fl 14 cerHero3neKTpuqecKue csoficrsa rn€pArx pacrBopoB cltcreMbl

( l-x-y)NaNbO: - xKNbO: - yCdNbzOo.

Co4epxaHrze rJraB B3ar4MocBq3aHo v [oArruHeHo o6urefi qenra pa6oru.

B 3aKJrroqeHrrr cSopuynrapoBaHbr ocHoBHbre pe3ynbrarbl vr BbIBoAbI,

ilonyqeHHrre a pa6ore.

Hapr4y c HecoMHeHHbrMr4 Aocror.rHcrBaMn, n pa6ore MoxHo Bbr.qenl4Tb pflA

3aMerraHufi, xoroprre, oAHaKo, He yMarrqrcr e€ o6rqefi rleHHocrr4:

1. llnrepnperarluq peJrarccarllroHHbrx rpoqeccos. @usuqecKr4e

MexaHI43Mbr BbrsBJreHHbrx penaKcal{}IoHHblx flpoqeccoB, xoTt 14

raHrepnpernpoBaHbr, MorJur 6u 6rrm pacKpbrrbr 6oree uy6oxo, c [pvBnerreHueM

AorroJrHuTeJrbHbrx AaHHbrx o 4eQexrHofi crpyKType u [poBoAuMocrr,r.



2. [IpegcraBJreHHe flbe3osJrercTpuqecrcHx xapaxTep[crrlK.,{auuue

no nbe3o3neKTpuqecKlrM csoficrsaM npeAcraBJreHbr He An, Bcex cocraBoB 14 MouIlI

611 6rrrr AorronHeHbr Anq 6onee norsofi KaprI4HbI.

3. CooruoueHrre reopulr tr 3Kc[eprrMeHTa B aHaJrlr3e Aoueunofi

crpyKrypsr. Teoperr4r{ecKr4e pacudrrr Marpr,rq Alacropcrfi a ruase 5 ruornu 6rt

6rrrs ycuneHbr Ltx conocraBneHr4eM c npf,MbIMI,I DKclepI{MeHTauIbHbIMH

ua6lroAentflMkt Aoiraeusofi crpyKTypbr, HanpLrMep, MeroAaMV [pocBer{Hraroulefi

gne KTpoHHofi uuxpocKorrl4I,I.

4. Ilpo6;renaa Bbrcorcofi arercrpor poBoAHocrlr. OrN{e.Iaercx upo6lerr,ra

errcoxofi 3neKTpo[poBoAHocrv .uacrw o6pa:qon, He IIo3BoJrI,IBIrIafl rlpoBecrl4 Hx

ronqpu3aur4ro; rlelecoo6pa3Ho 6ruo 6rr o6cyar4Tb rroreHlruaJlbHble nyrl,I petueHl{f,

erofi npo6neuu (naupunaep, nerlrpoBaHr4e, ruo4u$rararJr4flyclornfi cranre:a).

5. Kaqecrno rrJrJrrocrparuBHbrx MareplraJroB. 9acrr Hnnrccrparl,IBHblx

Mareprzanon (SasoBbre AuarpaMMbr, cnerrpu) HMeror Hu3Koe pa3pelrreHlle, r{To

3arpyAHqer r4x Bocrrpr4flTlre rrpu rrreHr,ru pa6oru. Anrop SaxrrauecKl4 H3yr{aer

6ranapnuil pa3pe3 cHCreMbI (l-x)(NaosKo.s)NbO: - xBiFeO:, a rIpIaBo.{Hr

rpexKoMrroHeHTHyrc Ar4alpaMMy, Koropafl MeHee rau$oprraaruBHa B AaHHoM cJlyqae.

6. Cru.nucruqecK[e oco6ennocru: BcrpeqarcTcf, AJII,IHHrIe cJIoxHbIe

npeAnoxe:enfl, 3arpyAHqrcrque Boclpr4srne; B HeKoropblx Mecrax ua6lloAaerc.f,

noBropeHlre oAHHx 14 rex xe Qopuyrl{poBoK (cur. crp. 47).

7. @opurarupoBaHrre v rexHrrqecrrre HerorrHocr[: B ra6luuax

BcTpeqarorcfl HeBbrpoBHeHHbre crol6qu v pa3pblBbl crpoK; B xLIMurIecKHx

Sopvrynax HMercTCq onerrarKl4.

Yxa:annrre 3aMeqaHr,l[ He cHr,rxaror o6Iuefi nucorofi oIIeHKI4

Ar4ccepraqvouuoft pa6orrr, ee HayqHofi sHaquNrocrn u He BIrurflIor Ha e€ ocuosHHe

pe3ynbTaTbr H BbrBoAbr.

3arc.nrcqeuue o coorBercrBl{Ir Ar{ccepraurrH ycTaHoBJreHHbrM

KprrTeprrfM

Ocuonnrre Haf{Hbre ttoJloxennfl, u BbrBoAbr o6ocHosaHbl, AocroBepHhl I{

r4Meror [paKTuqecKyro r4 HayqHy[o 3Haqr4Mocrb. B ny6nuxa\vflx c Aocraro.Inofi



rronHorofi orpaxeHbr ocHoBHbre pe3ynbraTbr AHccepTarluoHHofi

Anrope S ep ar Koppe KrH o orp axaer coAepxaHu e Ar{ c c ep r arJurtr.

pa6oru.

flraccepraqur <Kpucrannr4qecKaq, AoMeHHaq crpyKTypbl 14

cefHero3neKTpr4r{ecKze cBoficrBa rBepAbrx pacrBopoB Ha ocHoBe nuo6aros

Hutpvfl,, Kar:afl c Mynbrr4$eppozxou SeppraroM BrrcMyra) ,Brqerc, 3aBeplxeHHofi

HayrrHo-Knanu$uxaquouuofi pa6orofi, Koropaq BbrrroJrHeHa Ha BbrcoKoM HayqHoM

ypoBHe H coorBercrByer rpe6onaur4rM, rrpeAycMorpeHHbrM ryHKraMu 2.1 - 2.4,

npeAbrBneHHbrM K Lt4aceprarlr4f,M Ha corzcKaHr4e yuenofi crerleHz KaHAVAara

Qra:raxo-rraareMarr4rrecKr4x HayK 4eficrnyroulero <<floroxeHuq o [pl4cyxAeHlatr

yqeHbrx creneuefi B OfAOy BO <IOxuufi Se4epanrnrrfi yHr4Bepcr.rrer),

yrBepxAeHHoro flpura:ou J\b 66-C.A or 29.03.2025>>, a ee aBrop - Mofica

Marcuu Orerosu.r - 3acnyxuuaer flpncyxAeH]rf, eMy HcKorraofi yueHofi creneHn

KaHAHAara Quszro-naareMaruqecKprx HayK rro cleqLraJrbHocrrr 1.3.8 @usura

KOHAeHCT4pOBaHHO|O CO CTOfl Hrrfl .

( 6 >) oxu6pr 2025 r.

CoruaceH ua o6 a6orry Mor{x nepcoHanbHbrx AaHHbrx

VIcaee Bra4ucrar Au4peenuv

AoKTop Srasraxo-uareMar[rrecK]rx HayK

(0 1 .04.07 - Susur<a KoHAeHcr4poBaHHoro cocroaHnx),

npoSeccop,

Oe4epan rHoe ro cyAapcrBeHHoe 6roAxerHo e o6pasonareJrbHoe yqpexAeHlre

Bbr crrrero o6pa:onanur <Ky6aHcxzft ro cyAapcrnenurrfi yHuBepcurer)),

npo $e ccop xaSeapbr reoperraqe cxofr Sas w rua r4 KoMrrbrorepHbrx rexnororprfi
e-mail: vlisaev@rambler.ru, rere$ola *7 (918) 132-33-79

flo.{rosrrfi a4pec: 350040, r. KpacnoAap, yn. CranpouoJrbcKafl, l. 149

lloAnucr npo$. Vlcaesa B.A sanep*o :

VqeHufi ceKperapb coBera yHuBepcr4rera (DfBOy BO <<Ky6ancrufi
rocylapcreeHHrrfi yHr4Bepcvrer)
KaHA!rAaT

SnronornqecKr4x HayK,

AOrIeHr
Ter. 8 (861) 219-95-31
Email : acad-secr@kubsu.ru

M. KacrqHoBa


