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r4rlr4€urbHofo orrnoHeHTa Ha Ar4cceprarll4ro qepurrruenofi Maprapuru
KoJIaeBHbI Ha reMy <<@lrgl,txo-xI4MHr{ecKl{e u Kar€url4Tl{qeclo4e csoficrsa

ox{Hbrx $ocSaron qLIpKoHI4{, Aorrr4poBaHHbrx r{oHaMr4 r<o6alrra n Hr4KeJrq, co
pofi NASICON>, npeAcraBneHHylo Ha cor4cKaHr4e yvenoii crerreHr4

HAI4AaT a XI{M I4qe c KI4 X HayK HO Cneql4 €UIbHOCTLI :

02.00.04 - @r4s.aqecKar xr4Mux (xuvruqecKrae nayrz)

T€UIPITHTIeCKLIe llpeBpaqel{vIfl OpraHHr{eCKHX BeII{eCTB pa3nHqHhIX KJIaccOB

B OCHOBe MHO|I4X npoMibrruneHHhrx npoqeccoB noJrr{eHr4r saxHer4rur4xJIC)KAT

rrpoAy oBi ne$rexuurau, a rarcKe ocHoBHoro u roHKoro opraHuqecKoro cHHTe3a.
Bnon IroH{TeH noerrureHHrrfr r4HTepec MupoBoro HayrrHoro c,co6uqecrna K

Ke [pI4HIII4IHaIIbHO HOBbTX H pa,{rrKaJrbHoMy yCOBepmeHcrBoBaHHro

cyIIIec Byr(f,llll4x rexnonorr,rfi rereporeHHoro KaTaJIrr3a. Ha STHX Miarr4cTpanbHbrx

HA eHI{.tIX HayrlHo-TexHllqecKoro nporpecca B conpeiuennofi xHNTHH perrraercfl

3aAa pa3paooTKH HoBbIX KaT€UrI{Tr{qeCKI4X KOMnO3r4THbrX MaTepr4€UrOB, trrO3BOJrrrOqUX

pe3Ko oBr,rcrrTb aKTHBHocTb H OeJIe)KTHBHOCTb peaKrlr4l4 nO IIeJTeBOMy rrpOAyKTy.

noJII4B€uIeHrHbrx 3JreMeHroB co crpyKrypofi NASICON o6laAaror

KcoM yHI4KuLrIbHbIX cnoficln, TaKLrx KaK BbrcoKafl vrololnafl npoBoAr4Mocrb,

]rporlHocTb, xl4Ml4qecKarr, paAHarluoHH.afl 14 TepMuqecKa{ oTaor4JlbHocTb,

HH3KH ) a. B ptAe cnyqaeB Aaxre orpurlaretrurrfi, xoeSSnqHeHT TepMr4qecKoro

pacIx HIttfl, HI{3Kafl TennonpoBo,{Hocrb. Enaro4apr yHuKulnbHrrtia csofrcrBaM, oHH

IIonyLl nI4 Ixl4poKoe rrpr4MeHeHr4e B pa3nr4rrHbrx o6nacrf,x Hayrr.r. IrIx ucnonb3yror B

Kaq ceHcopoB, ToIIJIpIBHbTx SJIeMeHTOB, SneKTpOnI43epOB BOIITHO|O frapA.,

Marep €LIIC)B I'Jrfl ITkITLIT{-r{OHHbrX aKr(yMynfl TOpOB H KaTaJII43aTOpOB.

:,rofi TolrKr4 3peHru, He Bbr3brBaer couuenufi aKmyqJtbHocmb pa6oru

9epH ueBofi M.H., uaqereHuofi Ha err6op cJroxHbrx QocQaron co crpyrrypofi

N e Kar{ecrBe KaraJru3aropoB, r,r3yr{eHrae rax $u:uro-xHMI4qecI(HX ceoficre u

ecrofi aKTHBHooTI{ vr ptcrroJrb3oBaHl4e ,{aHHbrx KoMIIo3HToIr B peaKIII,Iflx

qeHr4r crrr4proB. B Ka.{ecrBe MoAeJrrsofi peaKrII4I4 6rua ucrroJlb3oBal{a peaKlrl4q

ueHlrr uso6yrauora, Koropaq nporeKaer Iro AByM HanpaBneHI,I-trM:

r$fl, c o6pa:onaHneM u:o6yrena, vr AerHApI{poBaHI4e, c o6pa:onaHl4eM

HaJr,[. C qenbro noBbIIrIeFrH-rr aKTr4BHocrH H ceJIeKTHBHocrI.I l(araJln3aropoB

rrpH fl ercf, rrJI a3 MoxI4MI4rIecKafl o6p a6 orr<a rlo BepxH ocrl4 KoMrI o3HTo B.

Sc,pvrynnpoBaHHbre B Aucceprarlur{ rlenu H 3ailaqv HX BbIrIoJIrIeHHfl, BfIoJIHe

o6ocn BaFrbr r4 oa3l4pyloTct Ha BE,Ioope oobeKToB pa3nl4r{Horo cocTaBia, a TarcKe Ha

rrpHM HerrvLr coBpeMeHHbrx 3Kcrrep)HMeHT€r[bHbrx MeroAoB (penrreno$a::onrrfi a:r'aIr:a3,

PO , IIK- u Y(D-cneKrpocKorrufl, pacrpoBar oneKTpoHHo-HoHHaf, MaKpocKorrnfl v

B Auccepraur4u HccJreAoBaHbr cBoficrBa v $yHrqIroHaJlbHajr aKruBHocrb
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B Io r4 rrocne o6ry.reHzr BblcoKoqacrornofi rrJra3Mor{ apfoHa rr BoAopo4aHa
MoAenbHofi peaxqur4 pa3no)K eHLrfl cnrlpra.

nl4reparypHoM oO3ope [peAcraBJIeH aHanr43 coBpeMeHHbrx rrpeAcraBlesufi o
cBo HOBOfo KJracCa Marepr4ElnoB co crpyKrypoft NASICON, o MexaHH3Max

KOMTI

IIpLIM

peaK

oaHo

ft f)a3noxeHl'1.fl crll{proB. llpone4euHufi aHaJrpr3 rro3BoJrraJr csopnayru4poBarb
ble IIeJTH kr nyrr rlx perueHnfl B Aucceprarlr{oHuofi pa6ore.

I4oOJIee r{HTepeCHhIMr,r H 3HaquMbrMr4 pe3ynbTaTaMr4, noJIyrIeHHbrMr{ B

nuofi pa6ore M.H. r{epHrrurenofi snrsrorcr cneAyroulue:

Buepnrte rlrs I4ccneAoBaHkrfl Kararrr4TuqecKrzx [peBparqeuufi r,r:o6yranola
6r,rrun eu6paHu cJrox{Hbre KoMrro3r{THbre Marepu€urbr Ha ooHoBe qe:ufi-

Koropblx IIe3Hfr tlacrrzlrHo r4lrrr rloJlHocrbro

Hlrkr ro6amra. YcrauoBJreHHa{ B3ar,rMocB-fl3b

c Kp Hcrannorp aSuv e cKrrMr,r xap arKTepucrr4 KaMH

qupKoHHeaux-SocSaroB, B
3aMeIIIeH I4OHaMI4 HI4KeJIf,

Kar€LIIrITI4qecxofi aKTrrBHocrI4

H Kl4cnorHocrblo rroBepxHocru AsofiHbrx H rpofiurrx Cs-Zr-Soccparon (CZP) e
peaKIII4H AeruApararJur uzo6ytuttoBoro cnr4pra, flBJlf,ercfl Ba)KHbrM

QyudarueHmailbHbtrtn p%ynbraroM, ro3Bor-f,rotrluM nporHo3upoBarb ycnoBr4q

co3AaHI4t HoBbIX Marepu€urbr a ga4.aHHbrMH cnoficreaMkr vt $yrrrquonanrnofi
AKTI4BHOCTbIO.

Ycranorreuo, rrro nplr .{acruqHofi 3aMeHe uoHa qe3nr Ha HoH Mer€LrrJra

(xo6anrra/Hrarenx) B 2-3 pa3a yBenr4quBaerc.r cyMMapHa"fl KoHBepcHq

uso6yraHora. flora:ano, qro pa3nuque B Aerl4Aparlapyrouleii axrrasHocru

Anofinrrx 14 rpofiurx $ocQaron cB.rr3aHo c H3MeHeHHOM rlpupoAbr

I(ATAJI'dTKIIIECKI4 AKTI4BHbIX rIeHTpoB, B pe3yJlbTaTe u3MeHeHI,It Tr4ila

Kpr4crannuqecrofi peilrerKr4 (po\,r6oe4pr4rrecKafl + MoHoKlnnHar).

HecouseHHbrM npaKmwtecKu BaxHbIM

HonoJIb3oBaHI{e BV-n.uasurr Ar v Hr

aKrr,rBHocru 4nofi urrx $oc$aroB. BrrcoxoqacrorHafl o6pa6orxa. noBepxHocrli

KaT€LtILI3arOpOB fro3BoJrrer yBelr4r{UTb 3-3,5 pa3 KoHBepcI{Io cnupra 3a cr{er

H3MeHeHHr SHepfHkr QBfl3r4 MOneKynoop€BoBaHr{.f, peaKrlr{oHHbrx rIeHTpoB

crrHpTa c rroBepxHocTbro.

B

VT

allaJr?r3a xapaKTepa a.4cop0uHH

Soc$aron oKa3brBaer eosAeficrBue aproHoBofi BrI [JIa3MbI. Iloxa":ano, r{ro

rocne o6pa6orxu npoucxoAlrr [epecrpofiKa crpyKrypbl IIoBepxHocrI4

SocSara, ttoflBJrrrorcfl peaKunoHHbre rleHTpbr c HI43Koft TerlJlorofi aAcop6qnlt

pe3ynbraroM pa0o'rbr, sBJrsercfl

Anfl yBenur{eHl4-tr KaT€LIIITTI'I.IeCXOfr

flo pe3yJrbraraM

yoTaHoBneHo, r{ToHaLIOOJIbIxee BJIH.IHHe Ha COCTO-flHHe

Tecr-IvtoJleKyn COz

rroBepxHoc:ru Aeofi HrIx

u o6ulee KoJrr,rqecreo a4cop6r4poBaHHoro COz 3Har{I4TeJIbHo Bo3pacTaer.



HOBbIC

BbICK

Il[CJIOM, flonrleHHbre B rrpeAcraBneHHofi pa6ore 3KcneFrHMeHTUrirbHbre
pe3yn , KacarollHecs pa3pa6orKu HoBbrx Karilrr43aropoB rrpeBparrleHrzt

oil€I, co crpyKrypofi NASICON, croco6Hblx c BblcoKofi ceJreKrr{BHocrbro
npoBo I,ITI peaKIII{rc Aerl4Apurar\krkr r43o6yraHoJra, Moryr 6rrrr KBanr4$pltrr4poBaHbr KaK

Lr BalKHbIe. CoeorynHocrb HclroJrb3oBaHHbrx Susnxo-xl{Mr4qec)Kr,rx MeroAoB
AHAJI opecnequBaeT BbrcoKyro cTerreHb AocToBepHocTra noryrreHHbrx pe3yJrbTaToB.

OcHoe

BAK, 16 resucax Mex{AyHapoAHbrx r4 poccuficxnx ron0epenqufi. AnropeSepar 14
ny6rru aIJVTrd rr o JrH o cTbro oTp ax aroT c oA epxr aHH e I.I4c c epT auuu.

ble pe3ynbrarbl AucceprarluoHnoft pa6orrr ouy6ruxoBaHbr s 5 crarrflx neperrHt

eM He MeHee, no Ar,rccepraquoHHofi pa6ore r{epHuureeofi ld.H. cneAyer
Tb p{A saN{eqaHzfi:

He .{ocraroqHo rIoJrHo npeAcraBJreHo B pa6ore o6cyxgeuue BrrvrflHkrn

BblcoKorlacrornofi rIJIul3MbI na SopvrupoBaHl4e I{ ilprlpoAy aKTHr}Hbrx rIeHTpoB

AerHAparar\HH 14 Aen4ApkrpoBaHLrfl,. llpe4craBrrs,ercs, HHrepecHbrM yror{HeHue

lpHr{I4HbI 3HaqI4TeJIbHofo yBenuqeHl4-fl aKTI{BHocrrz r4MeHHo 4nofiHrrx

Soc$aroe. Tarxe cneAoB€Lrro 611 6onee no4po6Ho o6cy4r,rrr Saxr ((rroflBJreHr,rt

IIeHTpOB, XapaKTepr{3yroqr4xct froBbrrrreHHoH 3Hepfrrer4 cBfl3vl c MoneKyJraMpr

cur4pra)) rocJre B9-o6pa6oror.

Ha I43orepMax a4cop6qr.rra (p"c. 4.2 rr 4.5, crp.95, 97) cJreAoBiLJro 6u

Ar4arr€BoH AaBneHHr4 Bbrrrre Tex, npu KoTopbrx HacTyrraer

a4cop6quouHoro cJror.

He orMerleHbr HeKoTopbre 3HalIpIMbIe pe3yJrbrarTbl, Koropble

B TeKcre Ar4ccepraqraz. Tar, cJreAoBuulo 6rt ilpl4Becrl{ KoHKperHbIe

3HarreHr4fl BeJrrlqr4H KoHBepcr4u cwrpra Ao vr rocJle Br{-o6pa6oroK, IloKa3arb

KaK COCTaB OOpa3IIOB LI trpr4po.{A pIOIIA-AOrraHTa BlrkrfleT Ha aKTZBHOCTb H

ceJreKTr4BHOCTb KaTiLrrH3aTOpOB.

. Ha puc. 10 ra 4.2 n reKcre aerope$epara v AkrcaeprarJnp1 coorBercrBeHHo,

nepenyraHbr reMrreparypbr B no.4nl{csx K I43orepMaM a4copt6qTv COz. B

anrope$epare Ha prac.10-11 npzBeAeHbl AaHHbIe roJIbKo 4nx Co6,5Zrz(PO+)t,

xorq r43 noAnucrr K pr4cyHKy cneAyer, qro AoDKHbI 6uu npI4BeAeHbI AaHHhIe

H Anr,Nis.5Zr2(POa)3.

llepevHc.ileHHbre 3aMeqaHr4{ He cHHXa}or oIIeHKH orlue.IeHiHofr uayuHofr

Er 11 [paKTr.rqecrofi 3HarrllMocTrr, a TaK]Ke o6u{ero BblcoKol-o ypoBHq

paculrpr4Tb

HacbrrrleHHe

B BbrBoAax

rrpr4BeAeHbr

eprarlr4oHnofi pa6oTbr r{epuHrueBofi M.H.



ocHoBaHHpr paccMoTpeHr4.rr coAep aHr4fl. AHCCepTaTIHU, aBTOpeoepATA vr

BaHHbrx aBTopoM pa6oT cneAyeT Tb cneAyrorlee 3aKJrrorreHHe:

A
14

cceprarlr4oHu€ur pa6ora rlepHrrrue

rne cnoficrBa cJrolnHbrx

yqe

Mu

r{ H}rKerrr, co crpyxrypofi NASIC N>> cooreercrByer rpedonanptsw n. 9
HI,I' O IIpHCy)KAeHIdI,t yrleHbrx cTe eft (llocraHoBJreHrae fTpaaureJrbcrBa

r. J\b 842 <<O rop{.qKe npucyxqeHtrr

ureft arrecrauuossofi rouuccraefi

LI ft (De4eparlr4rr or 24 certrslpt,201
bIX creueuefi>>), [peAb.rrBnf,eMbrM B

ea o6pa:oBaHur H HayKLr P@ x Ar4cceprarluflM Ha cotrcKaHpre yreuofi

KaHAUAaTa XHMHr{eCKI{X HayK.

- rnaluSuraquonuoft pa6orofi,

i4 M.H. <<@rasuKo-xr4Mr{rrecKne 14

TIHpKOHH,I, AOrrr4pOBaHHbrx r4oHaMH

ccepTarlrrf, _f,BrreTcr 3aKoHqeHHoH

roropofi rroKa3aHa Bo3MoxHocrb
qeccoB AerkrApar ar\vu uso6yranola

A.A. PesraHa

4 /fr/%.

[4.f. BapuaBcKa.n
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ktfl. B KaqecTBe KaTa[r{3aTopoB

Aep)Karqrax Soc$aron qe3r4r H pKoHLrf, (CZP), ycraHoBneHa cB{3b

X XIIMLIIIECKI{M COCTaBOM LI KaTaJI I4qCCKOI{ AKTLIBHOCTbK) I4 IIOKA3AHA

aKTI{BarlHH KaTAnU3aTOpOB 3a er o6nyrelnvrs. B9-unasvrofi aproHa lr

Aucceprardulr rlepuruuena rapr4Ta HrnronaesHa 6eeycloeuo

BaeT IIpI4CylK.qeHr4s yqeHou cTerr H KAHAT4AATA Xr{Mr{qeCKHX HayK rro

Hocrn 02.00.04 - (Dusu.{ecKafl xr4M

snrrfi o[rroHeHT
nayrHufi corpyAHprr na6oparopuu
Hhrx u forounrrx ilpoqeccoB B
brx HaHoMaTepuaJrax

Susuuecxofi xuruuu H oneKTpoxr4
I4M. (Dpyuruua PAH,
Ao MI{qECKI,IX HAVK.
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