
OT3bIB
o0uquanbHoro orrnoHeHra Ha ArrcceprarllroHHyro pa6ory

laHuloea HzKolas AleKcaHApoBr.rqa
<llporourpoBoAslrlue Marepr,ranu BaCeo .g-*Zr*Dyo.zOr-o: rpaHcrroprHbre csoficrea u

TIpHMeHeHI{e B TBepAOOKCI{AHbIX 3neKTponr,r3epax), npeAcraBJreHHyro Ha cor4cKaHve
yuenoft creneHll KaHAIzAaraxvrMuLrecKI,IX HayK no cneqrranbHoc1;u |.4.6. Snerrpox1rMr4fl..

Axrya.rrbHocrb ur6paHnofi reutrl.
Bo4opo4nar 3Heprerl4Ka npeAcraBJrser co6ofi oAHo u3 Han6onee [epcneKrr,rBHbx

HanpaBnenufi, B o6lacru goso6HoBJlteMblx I{cror{HI{KoB gHeprLrr,r, croco6noe pe[rl{Tb pflg
KlrorleBbx npo6leu coBpeMeHHoro MHpa. I4cnomsoBaHlae BoAopoAa B KarrecrBe rrracroro vr
yHl{BepcaJlbHoro SHeproHocurenq Mo)Ker cylqecrBeHHo cHr43lrrb yrnepoAurrfi cJreA, yMeHbrrrr{Tb
3aBI/tclIMOCTb OT I4CKOIIa9MbIX BI,IAOB TOIIJII,IBa u O6ecneqllTb cla6utrcHoe cHa6xenze sueprzefi.
B yclou{tx rno6alruoro I{3MeH eHLrfl, KrILIMara nepexoA K oKoJIorHrrecKLI qlrcrblM I{crorrHI{KaM
3Heprl{u craHoBl{Tct ocobesHo aKTyanbHbIM. Tnep4ooKcllAHbre 3neKTponr,r3epbr Ha ocHoBe
IIpoToHnpoBOAtIIIIIX SJI9KTpOII{TOB LIrpaIoT BDKHyIo ponb B pa3BLITI{LI BOAOpO4HOfi gHepreTI,rKLr,

no3BoJltr eSSer<TI{BHo npeo6pasoBblBarb orleKTpl{qecKyro gHeprr{ro B xr.rMr{rrecKyro, npov3BoAt
BoAopoA c ertcoxofi s$SexruBHocrblo. Kffo.IeBbIM KoMIIoHeHToM TaKr{x gneKTponr{3epoB
qBrsroTcq SneKTpoJILITHbIe QyuxquoHuulbHble MaTepLIzIJIbI, cpeALr KoTopbrx BbrAeJrrroTct
coeAI'IHeHI'Is Ha OCHOBe BaCeOl, AorII4poBaHHbre pa3nurrHbrMr{ SJreMeHT aMv\ TaKr{Mr,r KaK
qupxouufi u urtpuit. 3ru Marepl,Ianbr o6raAaror strcoxofi uporouHofi rrpoBoAr.rMocrbro,
TepMl'Iqecxofi cra6ulrHocrblo u xunauqecxofi coBMecrrdMocrblo, oAHaKo oHr4 TaKXe LrMeror
HeAocrarKl4, BKnloqat cKJIoHHocrb K xutuuqecxofi AerpaAarII4I{ B orrpeAeneHHblx ycnoBr{{x
sKcrlnyararJvrkr. OcHoeHofi npo6neuofi ocraercfl ueo6xoArrMocrb Aalrsefiuefi o[T[Mr{3 arJ1rvr
cocraBa Marepl{afloB Ant IIoBbIIIreHvrfl, Lrx AorlroBerrHocrra ra e$QerrkrBHocrvt. fiuccepraqr.roHHa-rr
pa6ora ,{auulona H.A. HanpaBneHa Ha cr4creMHoe r.r3freHr.re SynriquoHanbHbrx cnoficrn
nporoHnpoBoA;llllrx MaTepLIanoB BaCeg.s-*Zr*Dys2O:-a u onpeAeneHr.re repcneKTuB r{X
npHMeHeHI{s B TBepAooKcLIAHbrx 3neKrponll3epax. llponeAeHr{e no4o6Hrrx KoMrrrreKcHbrx
Hccne.qosa]F.uit BKJIIoqaer B ce6s, anankt Koppentqnfi uexAy cocraBoM, TepMoMexaHr.rqecKr{Mr.r
xapaKTepLIcrI,IKaMLI u rpaHcnoprHbrMr{ csoftcreal4u Marepr.raJloB, a raKnte llx
sneKTpoxllMl{qecKyro arrecralluro B TBepAooKcHAHbrx c6oprcax. Taxuu o6pasona, TeMarLrKa
.ql{ccepraUl,IoHHofi pa6orbl tBrqercr aKryamsofi KaK c $y"AareHranbHofi, rar u c nplrKlaAgofi
roqKH 3peHLIt. llo4rnep)KAeHl{eM aKTyanbHocrr{ pa6oru .f,BJrrercs ee rroAAepxxa P@OLI, PHO
I{ rpaHrovr flpanzreJrbcrBa Poccuficroft Oe4epaquu.

O6ocuoBaHHocrb nrr6opa MeroAoB rrccJreAoBaHlrq. CoornercrBue
SKCIIepUMeHTaJIbHbIX MeTOAI{K COBpeMeHHOMy COCTOsHtrrO SKCrrep[MeHTaJrbHbIx
B03Molr(socreft.

I4ccneAoBaHI,Ie BbIIIorrHeHo Ha orreHb BbrcoKoM oKclepuMeHTiurbHoM ypoBHe c
rIpI4MeHeHI4eM coBpeMeHHoro vr HaAexHoro o6opy4oBaHkrfl., rrro o6ecne.rzro aAeKBarHoe
peIIreHI{e rocraBJIeHHbIX gal.a.r^. !.ls [onyqeHl4.rr oAHo$asnrx gneKTpoJrr{THbrx Marepr{anoB r4

I{oHHo-gneKTpoHHoro rIpoBoAHr4Ka rrcrroJrb3oBaJrr4cb rlnTpar-HurparHufi v KepaMrdrrecrufi
MeroAbI cIdHTe3a coorBercrBeHHo. (DagosHfi cocraB 14 KpucranJrr4rrecKa;r crpyKTypa
onpeAenfl;rneb rlpu troMolrllr peHrreHoscrofi 4uQparcquu. Ans vsyqeHnfl rr,ropQolorur{
KepaMLIrIecKI4x o6pasqoe I,IcrloJlb3oBarracb cKaHr.rpyrouair oneKTpoHHafl Mr.rKpocK orrvs, B

xou6uuaquu co cleuuanu3l,IpoBaHHbrM [porpaMMHbrM o6ecneqeHr{eM, rro3BoJrflrolqlrM
npoBecrl{ oIIeHKy cpeAHero pa3Mepa 3epeH KepaMr,rKr.r. PasHolaepHocrb pacnpeAeJreHr{s
SJIeMeHTOB nO rIOBepxHOCTr4 KOHTpOnLrpOBanacb npr{ noMoIrIr{ peHTfeHoc[eKTp€LrrbHofo
MLIKpoaH aJrtr3a. Oupe4eleHl{e repMr.rqecKr.rx xoeSSnq[eHToB nanefinoro pacrrrnpeHlrt
sneKTpoJII{THbx pr gneKTpoAHbx MarepnanoB rrpn floMorrllt BbrcoKoreM[eparypHofi
peHTreHoscxofi 4uQparcquu u AllnaroMerpr,rqecKr.rx nsuepeuufi rro3BoJrr{Jro [onfrurb
ocHoBotlonaralolrlyrc unQopnrarlrdro o Mr.rKpo- pr MaKpocrpyKTypHbrx r{3MeHeHr{rx u cAenarb



BbIBoA o repMoMexaHuqecKofi coBMecrr{Mocrr{ Marepr{anoB. TpaHcnoprHbre csoficrna
Marepl4anoB I,IccreAoBanl,Icb Ha rrepeMeHHoM r,r nocTosHHoM ToKe B rlrr4poKoM TeMfrepaTypHoM
Auarlut3oHe B arrraocSepax c pa3rurruofi xonrleHTparluefi lapoB BoAbr. B pa6ore rpeAcraBneHo
Aer€rnbHoe olncaHlle LI3foroBrrelj.y.s, rqeeK rrapoBoAqHofo sneKTponr43epa er coz-rcoHBepTepa c
ucnorlb3oBaHl4eM, orpa6oraHHoro r{ xopouo 3apeKoMeHAoBaBrrrero ce6s, MeroAa coeldecrHofi
rIpoKarKLI. BolrraulepoMerPVfl, 3neKTpoxrdMlrqecKa.f, r.rMneAaH c:nas, cneKTpocKorrlrfl vr

ocUl{nnorpaQur I{crIoJIb3oBa^III,Icb p.Irfl gneKTpoxuMu.recrcofi arrecrarluu eALrHHrrHbrx sqeeK
flapoBoAflHofo 3neKrponz 3epa 14 coz-KoHBeprepa. Taxuvr o6pa:ona, nrr6op MeroAoB
lrccneAoBaHHs, flBrlf,erct o6ocnoeaHHbrM, a kr crroJrb3yeMbre MeroAr{Kr.r coorBercrByror
coBpeMeHHbIM SKCrIepUMeHT€lJrbHbrM craHAapraM Lr BO3Mo)KHOCTqM.

locronepHocrb [oryrleHHblx AaHHbrx u o6rercTlrBHocrb orleHKr.r norpemuocrefi.
I4auepenur Qusuxo-xLIMHrrecKr{x xapaKTepr{crlrK MareplriuroB rrpoBoAr,rJrprcb Ha

coBpeMeHHoM o6opy4oBaHvrv, Ll3roroBJIeHHoM BeAyrrlr.rMr,r Mr,rpoBbrMr{ [por{3BoAr{TeJrflMr{
HayrrHbIX upu6opoB, rrro o6ecne.rl4Jlo BbrcoKyro AocroBepHocrb AaHHbrx. SrcneplrMeHTaJrbHbre
n pacqerHble xapaKTepl4cruKr4 rrpeAcraBJreHbr c aAeKBarHofi roqHocrbro. llput r{HTepnperarlupr
pe3ynbraroB Ar,rccepraHT orrr{paerc{ sa o6ulelpr.rHrrbre HayrrHbre KoHrlenqlrr{ n npeAcraBJreHr.rs.
BaNuo orMerurb, rITo Bce [onyqeHuble pe3ynbrarbr B Ar.rcceprallr{oHHoM 14 ccneAo Banvrvr

AerilnbHo alr'urugr4pyrorc.fi, npr.rBoArrcr o6r.flcHeHras ilpaKTr.rqecKr{ Bcex o6napyxeHHbrx
3aKoHoMepuocrefi H oco6esHoctefi, B ToM rrr.rcre rryreM conocraBJreHr{s c nlrreparypHbrMr{
AaHHbIMH. B cnyqae orcyrcrBllt oAHo3Ha.rHofi r{HTepnperarlrrr{ ilonfreHHbrx AaHHbx,
paccMarpl{Baercfl uuapoxufi creKTp rurrore3. Taxuna o6pasorra, Mo)KHo c yBepeHHocrbro
yrBepxAarb, rrro nonyrreHHbre n pa6ore AaHHbre sBJrsrorcfl AocroBepHbrMr4.

Hay.rHaq HoBu3Ha pe3yJrbraroB.

luccepraquoHHiul pa6ora crpol,ITcfl Ha rrepBoHarraJrbHoM rtortyrreHm v nocneAyroueM
rlccneAoBaHr4vr Marepl4a-IroB cocraBa BaCee.s-*Zr*Dys.zO:-o (x _ 0.2, 0.3, 0.4, 0.5 kr 0.6).
Bnepnue 6ulH u3yrleHbl ux QynxuproHa-rrbHbre csoficrea, a raKxe BburBJreHbr 3aKoHoMepHocrt4
I,I3MeHeHI,Ifl SIEsIExo-xI,IMLIqecKLtx kr oneKTpoxr{MHr{ecKr{x xapaKTeplrcrr.rK tlpu I{3MeHeHI{H
KoHIIeHrpaIJVvr qLIpKoHI{a. Bnepssre o6Hapy)KeHo, qro Ce-o6orarrleHHbre Marepr{alrr o6laAaror
MeHbIrIefi 4rrpounofi npoBoAllMocrblo u 6omurefi cuoco6socrrro K rrrApararJtru rro cpaBHeHr{ro
c Zr-o6oraIrIeHHbIMI,I MarepI{anaMLI. Arrecraqus xurr,rE.recxofi cra6utrcHocrr,r Marepr4anoB B

ra3oBbIX cMecqx, coAep)KaIII[x napbr BoAbI Lr yrneKr{clrrfi rB, rro3BoJlr,rna orIeHI,ITb
nepcrIeKTI,IBbI rrplrMeHeHlls. TBepAbrx pacTBopoB B Kar{ecTBe npoToHnpoBoA.rrqefo

QyHrquoHanbHoro MarepLIa^IIa rnfl TBepAooKcr{AHbrx oneKTpoxlrMLrrrecKr{x rqeeK. Baxnrna
HayrrHbIM AocrI{xeHI,IeM crano BbrrBJreHHe 3aKoHoMepHocrr{ BrrvrflHkrfl, pa3nur{Hblx Qarropon,
TaKI{X KaK TeMIIepaTypA, HanpnKeHLIe v nApIlkIULlIbHbIe AaBIIeHLIt BOA.UHOTO llapa H yrneKI,ICJIOrO
ra3a) na pa6ory rBepAooKclrAHbrx srreKTponr.r3epoB r,r coz-KonBeprepos. 3ru 3aKoHoMepHocrpr
oTKpbIBaIOT HOBbIe BO3MO)KHOCTr.r Ans OnT:/^MlkrgArJkrlZI pa6Otbr SneKTpOnr.r3epOB r.r lloBbrrrreH]/Ifl. r4x
s$$exruBHocrl{ B oneKTpoxrrMr{rrecKr'rx rpoueccax. Baxuo orMerr{Tb, rrro prA pe3ynbraroB,
nonyrIeHHbIX rIpH rrpoBeAeHHH pa6oru, ony6lzxoBaH B Me)KAyHapoAHbrx )KypHarrax c
BbIcoKI{MLI HayKoMerpuqecKuMvr rroKasarerr.f,Mr4. Hanpnuep, pa6ora no COz-
crI4MynnupoBaHHoMy npoqeccy reHepauzu BoAopoAa B nporoHuofi KepaMr.rqecrofi
oneKrporIEsHofi sqeftxu ouy6nuroBaHa s Journal of Materials Chemistry A. IIo ne$opualruofi
rlaccuQuKalluu (na ocuoBe r.rMrraKr-Saxropa) Aannas pa6ora flBrrflercfl, selyIr1efi B cnoefi
o6lacru kr o6rraAaer 3HarrureJrbHbrM BJrrurf,Hr{eM Ha pa3Br{Tr.re HayKrr. Taxuu o6pasovr,
pe3ynbrarbr Ar{ccepraquonnofi pa6oru rBJrsrorcr Ba)KHbrM rrraroM B pa3Bvrrvrv rexHolorrEfi
TBepAooKcHAHbIX gJreKTponr{3epoB, a raKxe BHocrr necourrfi BKnaA s o6racrb r{ccJreAonanufi
TB epAbrx SneKTp o Jrr{To B I{ SneKTp oxr{Mr{rrecKr{x IIpo qec co B.



O6ocuoBaHHocrb rrprrHflTbrx QurnuecKrrx, MareMarr{rrecKrrx, SKcrIeprIMeHTaJrbHbIx
ruorerefi.

ZcnonrsyeMbre B Ar.rcceprarlr{oHHofi pa6ore SnsuqecKr,Ie I{ eKc[epLIMeHraJIbHbIe MoAenI{

rrr{poKo pacnpocTpaHeHbr B r.rccneAoBa]F^r4flx QrasrExo-xuMr.rqecKux csoficrs cMeIIIaHHbIX

npoBoAHrrKoB Ha ocHoBe oKcr{AoB lr qBrsrorcfl AocraroqHo o6ocHoeaHHbIMI{. IrlHreprrperallut
SKorrepuMeHTulrrbHbrx AaHHbx rro gJleKTponpoBoAHocTr,r BeAeTcfl c IIpLIBnerIeHueM ycTogBIIII4xcs.

rrpeAcrasreHr,rfi o MexaHlr3Max [epeHoca v 4eSer<roo6paronaHnfl, B rrporoHrlpoBoAtlrlLtx
oxcuAax. B qacrHocrr{, npeAcraereHHrrfi ananklc xapaKTepa r{3MeHeHr{t [o[tpLI3aIILIoHHoro
corrporr,rBreHr{q co2-xonBeprepa Ha ocHoBe pacqera paBHoBecHbrx IlapquaflbHblx 4anneuufi
f€t3oBbrx KoMrroHeHToB B KaToAHoM rrpocrpaHcrBe, rro3BoJrr{Jr ycTaHoBLITb BJIpISH[e

KoHrleHTparJvrv napoB BoAbr B KaroAHoM npocrpaHcrBe Ha KoJrr{qecrBo nporoHHbx Hocutelefi
3apfl,ra B oneKTpoJrr4Te. lpyrHna rroKa3areJrbHbrM npnMepoM npI,IMeHeHLI.f, Susu.recrux vr

3Kcrrepr4MeHTaJrbHbrx ruoAelefi sBrflercfl. orleHKa rrpor.r3BoAr{TenbHocrll LI3roroBJIeHHbrx

eALIHLIrrHbx rqeeK, ocHoBannafl, Ha 3aKoHe @apa4er.

Crenenr o6ocnoeaHHocrtr n AocroBepHocrrr KaxcAoro HayrrHoro rloJrolrele,trs,
BbrBoAoB H 3aKJuoqenufi coucnareJrfl, cQopvryJlrlpoBaHHblx B Arlcceprauuu.

Brrcoras crerreHb o6ocHosaHHocrr4 HayrrHbrx trono]KeHuit s Al{cceprar\vv ocHoBaHa Ha

TIIIaTeJIbHOM SKCIIepI4MeHTaJIbHOM AHanv3e, BbITIOJIHeHHOM C [pLIMeHeHLIeM COBpeMeHHOTO LI

HaAe)KHoro o6opyAoBaHr{fl. SxcnepnMeHrulrrbHbre AaHHbre, AononHfls Apyr Apyra, rluareJlbHo
I.'IHreprpernpylorcfl. c yrleroM cylUecrByroqrx reoperllqecKux KoHIIelUIEfi, uto [oATBep]KAaeT

AocroBepHocrb rronfreHHbfx pe3ynbraroB. Kporvre roro, cprcreMarurrecKoe colocraBJleHlde
BbrqBreHHbrx reHAeHrluit s lr3MeHeHlr^u cgoitcrB LrccreAyeMbrx MarepI,IaJIoB c aHaJIofIdrrHbIMLI

AaHHbrMu r4s nr4Teparypbr r.rrpaer KnroqeByro ponb. 3ror analruruqecxufi noAXoA He roJIbKo

yCTpaHseT CoMHeHIdfl, B IpaBI{IIbHOCTI{ CAeJIaHHbIX BbIBOAOB, HO I4 [OAqepKLIBaeT 3HaTILIMOCTb

uccneAoBaHr4fl,.

3na.rnuocrb AJrfl HayKH rr rrpaKTuKrr BbrBoAoB H peKoMeHAauufi AIlccepraHTa.
KouueKcHoe r,rccJreAoBaHr{e, npoBeAeHHoe cor{cKareJIeM, orKpblBaer IlrupoKue

nepcneKruBbr Ans pa3Burvfl. o6racru rBepAooKcLIAHbIX gneKrponl{3epoB u COz-xoHBeprepoB.

Bo-nepnux, 6ulo ycraHoBJreHo, rrro r,r3MeHeHI{e KoHIIeHTpa\vr4 UI{pKoHI{fl B Marepl{aflax
cyulecrBeHHo BJrr{fler Ha lrx KptrcTannr4rrecKylo crpyKrypy, MuKpocTpyKTypy, xI{MI{rIecKyIo

cra6ulrHocrb vr [apaMerpbr gneKTpo[epeHoca. Haupurraep, yBenl{rleHue KoHIIeHTpaWv
rIHpKoHr4q ynyquaer ycrofi.rueocrb Marepr.ranoB K yrneKl4cnoMy rffiy, qro oco6eHHo BaxtHo AJI.U

rrpoMbrrrrJreHHbrx npoqeccoB, HarrpaBJreHHbrx Ha BoccraHoBJIeHI{e COz. Bo-nropblx, pa3pa6oma

kr recrr.rpoBanr{e grreKTponr{3epa Ha ocHoBe coBMecrI{MbIX QyHrIIuoH€uIbHbIX Marepl{arloB

no3Borrrer noBbrcr{Tb eQQexruBHocrb pai}noxeHllfl BoAbI Ha BoAopoA I4 KLIcJIopoA. flpurvrepovl

Mo)Ker cny)Klrrb r4cnoJrb3oBaHrde rlporoHrlpoBoAslrlero oneKTpo lrvrra BaCeo.sZro.sDyo.zOs-0,

roroprrfi o6ecne.{r{Baer BbrcoKyro rpor{3BoAr4renbHocrb 14 cra6ulrHocrb rlplt pa6ore B

ycnoBr{sx BbrcoKoro [aprlr{anbHoro AaBneHlr.u BoAqHoro rlapa. Tarue ycrpoficrBa He roJIbKo

yMeHbrrraror sHepronorpe6leHvre, Ho vr cnoco6crByror oHLIltteHLITo nu6pocoe [apHI{KoBbx

ril3oB, r{To flBJrffercs aKTyanbHofi saA aqefi. B KoHTeKcre 6opn6u c I{3MeHeHIreM KJII{Mara. Kponae

Toro, r{ccneAo Ba:nufl BrrvrflHr4fl. pa3nr,rrrHbx rrapaMerpoB Ha pa6ory ycrpoficrn Ilo3Bonslor

orrrr{Mrr3r,rpoBarb lrx QynrcquoHr{poBaHr.re. Hanpnuep, yBerkIrIeHLIe [apquanbHoro EaBIreHkrfl'

yfneKr.rcJrofo fa3a B KaToAHoM npocTpaHcrBe coz-xonBepTepa cuoco6cTByeT ynyqlueHl'Irc

3neKTpolepeHoca u noBbrrrreHr{ro sQQerrHBHocrrrr ycrpoficrna. 3ro Ba)KHo An.a rIoBbIIIreHI{s

rrpord3BoAr,rrenbHocrlr n cralutbHocrlr B pa3n[qHblx ycnoBl{flx gKcnrlyutarJvrv. HaxoHeII, oIIeHKa

(fapa4eescKofi sSSexrrnBHocrr{ eAr{Hr,rrrHbrx flrreeK noATBepx{Aaer LIX rIoreHIII{an I'nA

eSQexruBHoro rrpr.rMeHeHr4r. B npaKrr4rrecKllx ycnoBllsx. Tar, Qapa4eeBcK€ul s$QexuEBHocrb,

Aocrr,rrHyrafl, B r,rccneAo BaHvrkr, cocraBJlter Ao 82.30 , rrro yKa3blBaer Ha BbIcoKyIo

essercruBHocrb 14 Hr{3Kr,re norepr.r gHeprr{r,r. 3ru llccneAoBalaufl. Ba]KHbI !.nfl pasBvrrkrfl'

TexHono ruit, ocHoBaHHbrx Ha BoAopo4nofi gHeprerrdKe, 14 cuoco6crByror rlepexoAy r 6olee



ycroftr{uBblM vr oKorrorr.rqecKr.r rrr4crbrM r.rcroqHr,rKaM gHepfllu. Taruu o6pasona, rIoJIyrIeHHhIe
pe3ynbrarbl I,IMeIor cyrqecrBeHHoe 3Har{eHl,re p.nfl, HayrrHoro coo6qecrBa r{ npaKTI,IKI,I pI Moryr
6rnr ucrorlb3oBaHbr n paspa6orKe HoBbx oHeprerr.rqecKr{x cr{creM r{ TexHolorrafi.

Ha.un.rne BHyrpeHHero eAHHcrBa: coorBercrBlre rroJryrreHHbrx pe3yJrbraroB
[ocraBJreHHbrM rIeJrflM ]r 3aAaqaM, coAep]r(aHrre anropeQepara ocHoBHbrM rrAeflM n
BbIBOAaM AnCCepTarIUn, COAeplr(aHHe AnCCepTA\vV COAep)KaHlrro n KaqecTBy
ony6.rrnrcoBaHHbrx pa6or, TeMbr Ancceprarllrn - 3aflBJrennofi HayrrHofi cneqnaJrbHocrrr.

[ucceprarluoHHa.rr pa6ora [auurona H.A. xapaKTepu3yercr rrerKo Bbrcrpoeuuofi
BHyrpeHnefi crpyxrypoft u rocJreAoBarenbHocrbro r,r3no)KeHus. ilIecrb rJraB pa6oru norlrrrecKll
cBfl3aHbr MelKAy co6ofi u [ocneAoBarerrbHo pacKpbrBaror r,rccneAyeMyro reMy, ToqHo
cooTBeTcTByq nepBoHarranbHo 3anJIaHr.rpoBaHHbrM 3TarraM r{cclleAoBa]'j^LIfl.. Bce [onyrreHHble
pe3ynbTaTbr rrolrHocTbro cooTBercTByroT rrocTaBrreHHbrM rlensM vr 3aAarIaM prccneAoBalJvrfl.

BrteoArI kr 3aKJrroqenvrfl, rrpeAcraBJreHHbre B AracceprarJtrv\ ocHoBaHbr Ha rrqarenbHo
[pOBeAeHHbIX 3KCnepI{MeHTaX V aH?JTIdTI{TIOCKIUIX paCqeTax, r{TO [OATBepXAaeT I{X

AocroBepHocrb vr HayqHyro o6ocHosaHHocrb. AnropeSepar BepHo orporaer coAeplraHrae

Ar.rccepra]qJ/^n, nepeAaBUr ocHoBHbre uIleu n BbrBoAbr r,rcclreAoBa:Hvfl.. Pa6ora cTporo
coorBercrByer sa.ssreHHofi uayuuofi c[equaJbHocrr{ 1.4.6. Sner<rpoxvrv^vrfl, rrro

noATBepxAaercr KaqecrBoM lr coAep)KaHHeM ony6rt'txoBaHHbrx pe3ynbraroB. Taxuna o6pasovr,

AllcceprarJnfl, AeMoHcrpr{pyer sucoKufi ypoBeHb BHyrpeHHero eAr{HcrBa vr coorBercrBvrfl.
gatsreHHofi nayuHofi o6racru, o6ecleqr.rBa.s qenocrHocrb vr HayrrHyro rleHHocrb
IIpeACTaBJreHHbrX pe3yrrbTaToB.

[ocronHcrBa ll HeAocrarKu n oQopvrJreHrru Arrcceprarlurr rr aBTopeQepara.
floAroroBJreHH€ur Ar{cceprarlr4s. 14 anrope$epar orJrr{rrarorcs BbrcoKLrM KarrecrBoM

oQopnrneHr{s u .rerxofi crpyKTypofi. Baxso orMerr{Tb HurJrlurr{ue scuoit rorllrrecxofi csssll MexAy
pa3AenaMr{ u nocneAoBarenbHoe r43rroxeHr.re Marepr.rana. Anrop rpaMorHo I{c[onrcyer
pa3nlrrrHrre Qopnrarbr npeAcraBnenur nnQopMarlr{r4, TaKrre rax rpaQkrnv1 ra6rytqrt n Qopnaynu,
rrro o6rerqaer BocrrpvrflTne Marepr.rana. 9ro cuoco6crnyer nyqrueMy noHlrMaHr.rro ocHoBHhrx

xouuenqufi vr pe3ynbraroB pa6orrr. Terccrosoe o$oprraneHrle coorBercrByer rpe6onaHl{tM
aKaAeMr4rrecKoro crr4rrfl,. Tarcuu o6pasovr, o$opMJreHr{e Alrcceprar\krvr Lr anropeQepara
3acnyxuBaer ssrcorofi orleHKr,r.

Boupocbr rr 3aMeqaHuq:
1) B nr{reparypHoM o6sope He xBaraer unQoprur ar1la:a o6 aKry€rnbHocrll

3neKTpoXpIMLIqecKoro Ilpoqecca reHepaIII4I4 BoAopOAa, COIIpt}KeHHoro C BOCCTaHOBJIeHLIeM

yfneKlrcnofo ra3a, B co2-xonBepTepax; 3aKnroqeHr,re Ar{ccepTauuonnofi pa6orrr I'IMeno 6rr
6olee BbrcoKyro crerreHb nonHoueHHocrr{, B cnyqae HaJru,uvrfl. orrucaul{ fl, Blrurfllr^r4fl 4onvrpoBaul{t
Ar{cnpo3l,IeM Ha KepaMI,rqecKr,re, TepMoMexaHr{qecKl,Ie u grIeKTpoxLIMHqecKHe cgoficrea
rlporo HIIpo B oAtIurIX M arepl{aJl o B co craBa B aC es. s- *Zr *Dy s.z O:-0.

2) B pa6ore, npu crrHre3e rrporoHrrpoBoAflrrlrx oKcIaAoB BaCe6.s-*Zt*Dys.zOg+
LrcrroJrb3oBaHa crreKaroqas Ao6anra CuO. Karosrr Bo3MoxHbIe cIIeHapuu xl4MuqecKoro

B3arrMoAeficreu.fl c CuO: o6pasonaHvre rBepAbrx pacrBopoB c KoMnoHeHTaMI{ ocHoBHoro

Marepuana vrpr cerperarlr{fl MeAbcoAepxaurx Qas Ha rpaHlrrlax sepen? Karoe BJII{IHVe Mo}Ker

oKa3arb cneKaroruas. Io6aBKa Ha xvMr{ro geQexroB, BKJrroqag Korl4rlecrBo I4 TLITIrI TolIeqHbIX
ge$exron (xuclopoAHbre BaKalekrr4, rrporoHbr, rE r.A.), a raKxe Ha rpaHc[oprHble csoficrna
uareprEara?

3) Crp. 60, pucyHoK 3.7 . Cocran x:0.6 srr6usaercs vs o6osHa.ressofi TeHAeHIILILI

yMeHbrxeHnfl o6reusoft nponoAlrMocrr.r c pocroM KoHrIeHTpaII[u qI{pKoHI{s. B qacrHocrl{, ero
ypoBeHb o6reusofi nponoArrMocrr4 r.r coorBercrByloua;l gHeprkrfl, aKTvrBall:a:a 6mgxlt x o6parqy



x:0.4. C .rela cB.rr3aHo .rIaHHoe orKrroHeuue?

4) lloueMy B KarrecrBe oJreKTponr{ra Anfl napoBoA.rrHoro oJreKrponl{3epa 6uno orAaHo
rpeAroqreHlle cocraBy BaCeo.sZro.:Dyo.zOlo, rorAa KaK BaCes.62ro.zDyo.zO:-a raKlKe

o6raAarouuft xr.rMr{rrecxofi cra6nmuocrbro n H2O, AeMoHcrpr{pyer Haunyqul{e rpaHc[oprHble
ceoficrsa cpeAr,r r4ccneAoBaHHbrx rBepAbrx pacrnopon?

5) Paccur.rraHHbrfi reoperr{qecKr{ Aocrr.rxruufi noroK BoAopoAa pacrer c yBenl{rreHueM

pcoz B KaroAHoM rrpocrpaHcrBe coz-KonBeprepa. Kax 3ro Koppenupyer c yMeHbIrreHI,IeM

paBHoBecsofi KoHrleHrpar\ur4 napoB BoAbr B 4vrailasoHe pCOz or 0.5 ao 0.9? Kaxoe BJIUIHLIe

oKa3brBaeT paBHoBecHoe [aprlr4anbHoe AaBneHr,re BoAopoAa Ha flonflpl{3alll{oHHoe
coIIporr.rBJreHr.re c oz -KoHneprepa?

3anmoqeHue
lauuue 3aMerraHr.r.f, He yManflror rleHHocrr{ r.rccneAoBanufl. vr He cHllxilror o6qefi

srrcoKofi oueHKr.r pa6oru. flpe4craBJreHH€ur Ar.rcceprawrfl, dlpororupoBoAslrlve MarepI{aJIbI

BaCes 3-*Zr*Dys.zO:-o: rpaHcnoprHbre csoficrsa kr rplrMeHeHlre B TBepAooKcLIAHbrx

oneKTponr{3epax)) [peAcraBJrrer co6oft 3aKoHqeHHoe v Hayr{Ho r<nanuQuqllpoBaHHoe

uccneAoBaHr{e, orBeqaroqee rpe6onaHr{rM BAK u coorBercrByrouee KpI,ITepI,ItM pas4ena II
<floloxentrs. o ropsAKe nplrcy)KAeHr,rfl yqeHbrx crenesefi> (flocranoBrleHlle llpanureJlbcrBa
PoccrEficxofi @etepaurdr{ or 24 ceurr6ps 2013 r. J\b 842 s Aeficrnyroqefi peAaKIII{u). Pa6ora
rrpr4BHocr.rT HoBbre syH4avreHTaJrbHbre pe3yJrbTaTbr n o6racTb 3IIeKTponI,ITHbx MaTepuanoB I{

rrpeAcraBrr.rrer co6ofi sHaquvmrfi BKnaA B pa3Btrrkre gneKTpoxr4Mvru rBepAbIX 3neKTpoJII{ToB.

HayuHo o6ocnoeaHHbre rexnonorr{rrecKr{e perxeHr{fl tro reHepaIII{I4 BoAopoAa B

TBepAooKcr,rAHbx 3neKTponr,r3epax, [peAcraBrreHHbre B Ar{ccepralluu, o6tagaror 3HaTILITeJIbHIIM

rroreHrlraaJroM rnfl [poMbrrxneHHoro npr4MeHeHr{fl vr cnoco6uu cblrparb KnlorleByro ponb B

peanu3arJvrvr crparerr.rr4 TexHonorr{rrecKoro pasBvrrvfl, Poccuficr<ofi (De4epaqun. Anrop
Ar4cceprapvr, Hurcolafi AlexcaHApoBuu [aHuron, HecoMHeHHo, 3acnyxllBaer rlpucyirAenufl,
y.renofi crerreHu KaHAr{Aara xlrMurrecKlrx HayK no ctreqldaJlbHocru 7.4.6. 9lercrpoxl4Ml,It.

OQnqnalsnufi o[rroHeHT: Mepxylon Oner BnaAzna[poBrrrr, KaHApIAar xIltMLIrIecKux

HayK no cneqrrzrJrbHocrlr 02.00.21. <Xuuus rBepAoro reJla), craplxufi uayunrtft corpyAHI{K,

3aBeAyroulufi Jla6oparopnu ceJreKrrrBHo npoHlluaenaofi KepaMI,IKLI v I{HXI{HI{pI,IHra

OegepanbHoro rocyAapcrBeHHoro 6rcAxerHoro yqpe)KAeHLIfl HayKI4 l4:r'cturyra xIIMLILI

TBepAoro reJra Ypalrcxoro orAereHr{q Poccuficxofi arcaAeMI{I{ HayK.

( 0J)) vt4.O,t-t+ 2024 r.
4/,,

/7 ,/ , Mepxyros o.B.
// L (,-

lloAuncr O.B. MepxynoBa 3aBepfl

Vqeuufi ceKperapr I4XTT VpO P

KonraxrHaq unQopvraqrlfl :

flurtuna O.A.

flo.rrosrrft a4pec 620990, t. Exatepnn6y
Tene$on: +7 (343) 37 4-52-19
e-mail : merkulov@ihim.uran.ru

'epnorvrafi 
c:rtafl, L. 91, I,IXTT YpO PAH.
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