
EAH -tloN4q

PEUEH3I4.'
868 Bp63fta C npOBetKAaHe ria KOHKypC 3a 3aeMaue Ea Z!(aAeMUlrHa ,qlIl)KHOC',l

npo4ecop no flpo4ecnoEanso HatpaBJres[e 4.2. XrrMnqecKu Ea],ru{, IIayqEa
cneuuanuocr,,(brcrrroxlrMrlr(',o6rBetBo6aeeun,{B,6p.79or04.10.2022r.sa

Ep(Ar,r're Ha 14 OMT, EAH c KaEAv,{ar

aorl, a-p AaHrena Kapauanora or I4OMT, EAH.

PeuerceEr: npoQ. a-p ForraH PaHi-eroB, I,IOX, EAH

MIll(poc(ofl Ilt g eneKTposHa MnreoAlropar(ulir.

B ronr<ypca la laevaHe Ha ai(aaeM{qsa ,qmxuocr npo$ecop rlo salpaBrer {e 4.2. Xwua,teciu
EayKr, o6rBerr 3a EyxArire Ha I,IOMT, EAH s AB,6p. 79/04.10.2022 r. yqacrBa (aro eAuHcrBefi
xau,uraar aou. ,u-p AaEriena KapauarroBa. flpe,{craeesl4re r4arepualll,l 3a yqacrhe B (oH(ypca ba

II6jrHr.r, MHoro ao6pe crpyrrypupar[, IlpurJleArro c!6palln r.r aeraiiJrtro onllcaE c llpt{no)KeE

.qoKa3arejrcrBeH Mareprran ],I B c6orBercrB[e c [3r.rcKBaHurra Ea llpaB!-urtlnKa na tr{OMT aa
lpr{roxeHue Ha 3PACPE a AaBar Ba3Mo)KHocr 3a oqeH(a Ha kaHArr.4ara, yrracrBau B (os(}?ca.

I. 06un no,lorrennr u rcparrr 6uorparlnrruu aasurr 3a KaHA[Aara.

,4aHr-rena I(apauaEoBa 3aB6prrBa cpe,tno o6pa:ooauue IIpe3 1987 r. B npecrr.rxHara ,[eBera
rlpencra *rrooa r[Mrra3rr D Cotbuq, c.ne.4 (oero IIpe3 1994 r. 3aB6purBa Bucue o6pa3oBaHlte

Karo Marucrbp no (rusarca Ea tD{3xqecK{ Qaryrrer rTv CoSxftcrr yurnepczrer ,,Ca. I(1.
Oxpr4o<lr". 3ano.rBa pa6ora B UeuTpanHara ,'ra6oparoprr no $oronpoqecu rlv Burapci<h
ara.[eMur Ha HaykrrTe (r'IacTortq I4ucTfiTyT rlo onTr.{qec(q MaTeprranr x TexHororuu ,,A{iU.
fiopaan Marnaoncrcu", BAH) n Jla6oparopura [o erreKrporrna MuKpoc(oflat tz npe3 2005,'r,
3axI{TaBa al-{cep'raqloHeH TpyA Ha reMa ,,tDll3r(oxllMqqHl,r cBoicTBa Ha BaKyyMHo oTnor(d\i{
T6H(r,I CJrOeBe OT CpeorpeE CyJ'I(lgA: eflfiTal(Cl,IaneH pacTer( I{ noBlpxr.rocTHl, enenprqiirl
cBoficrBa". llocaegolarenno 3aeMa Arr6)rcrocrrrre ifusar, rnaneu acllcreHT, AoUeHT B

IJJIAOOfl/IIOMT, raro or 2010 r, e p6KoBoaurerr Ha rra6oparoplttra rlo ererrponHa
Mr-il(pocr(or[Ir Ha I4OMT, xr4ero ce nponer(Aar r.r3cJreABaHr.It Ha cTpyKTypaTa, Mop$o!\orutTa u

4a3oBut crcraB Ha HaHoMareprr"'rr, ocHoBHo c troMol(Ta Ha rpaqcMlrcuoEHa eleKrpoEua

s". r, .. b../-. - - r 1y'.//..:l;(41'

AaH[ena Kapar[aHoBa e qreH Ha nocrorHHa HayqHo-e(cnep'Na koMncrrr IIo xrjMllqecrui [ayt,
r<rNr rlloqa ,,Hay,rur.r rr3creABagvr'", a or 2O2l e r, 3aMecrsrr(-rpeaceaar€Jr Ha IIFIEK 0o
xuMllqecKn uagr. Ilpe,lcrarnren e n flporpavnur r<oMr.rrer Ha paM(oBa'ra nporpaMa Xoptt3oirr
2020, (!M rouQurypauur ,,Hanorexuoaonu, aBaHraparru Mareprajrri, b[orexEonotull,
aBarrrapaso npor3BoacrBo fi aBaurap.{Ho rrpepa6orBaue". , 

ii .

I tpe3 2007 roAr-rEa llasrera KapauraqoBa cneqnarri3r.rpa 3a eIEa aoArrEa (c.nea noJryqaaaHero Ha

ao(Topc(a crerlell B I4OMT) B I4HTepAncql,InnI,IIIapeII qeErbp 3a rr,rrroHayKa Ha Mapcrnxt
(CINaM), r<'oaero pa6ou n rpynara sa Xas-Xar Meroa r-r fluep Mronep. Pa6orara li a ra:rl
apyna !i noryrreHara Koaaulbur<auu-a ca or Ir3Ktloirlrrerrio 3Harlel te 3a rlocreABauaaa i pa6oia
Karo p6(oBoarrreJi fia na6oparopr-rqra flo eJre(Tpouua Mrr(pocr<on{s sa I,IOMT. B ro:n neproa
,{auuena l(apauauona ycBorBa eArrn Mr{oro rpyAeE Meroa rra eneKrporrHara MrjKpoc(onllt, a
lrMerrHo oTpaxaTeJrHaTa erre(Tpor ra MI'I{poc(oIIur, Mero,u KoftTo rlo3BoJUIBa B peanHo BpelEg

Ha6mo,qesEero Ea ArrrraMsKara Ha MorroaroMHu crbrrara Ha BIrIIlIHaurIrIl KptrgTangir
rloBrpx[ocrn. He Ea uocneaHo Mrcro rro 3uaqegue e n npu4o6rnara (Ban[OriKaurrr fEo

cnequanuara npo6onoaroroB(a, fleo6xoarMa 3a yclerrnoro na6moaeuue ua uecra6unnocru iio
oper,.re na pacreN r/ur[ rBnaper re Ha (plcr.mnn rroBlpxsocrn Si(l 1 1) N Si(100). .i,



Sa6zaurauuonen rpy,4, crrrc6r( na uy6mlr<aquz, crrltct( rra {arrrpaulrr u perleH3ru, crrrrc6t<
yiracTrjr B Meraa)trrapoaHri n HaullosarHr-r npoemll, cDpaB(a 3a oprlrrHanHrj Ha] rrI,I nprrHoc[,
Pe3oMera r, (orru Ha Ey6nu(aqr rre q rp. flpercraBeErrre MarepLranrl 3a )qacrrde B Korr(ypca ca
rr6rriu, ao6pe
noKa3aTetcTBeH

I-I, lrpllrJreAllo cR6paEu u AerafirEo oflucaHlI c nptrJroxeE
Tep[ar. B (ourypca Aorr. I(apauranoea yqacrBa c fiecr rty6nr-r(aqllrr

paBEoc.roiiIII,I ( J Ha XaOIiJIIITaU[OEeI{ TpyA, It3JIe3nII OT neltaT B nOCJTeAH!ITe ABe
ioauaa, r<aro
Ite3t crarTrir'

u or rrx ca B cflucaurrr c rcnaprrur Ql ri aBe B clucarrrr c r<eaprraa Q2. B

aruKpoc tr Qa3oBltt clcraB Ira ItHoBaruBHL t<arallllrtilrHl/t Mareptam:r. B ronr,.mrexue
TpyA ca llpe,{cTaBeHr.l 12 ny6ruKarlJdj,, Il I nateHT, rBjre3Jrr! oT rreqaT

sa (au4r{Aara e cB6p3aua c npznaratero Ha TEM B rccJreABauero Ha

'lrpeAavno r nept\om 2019 - 2022 r. Ilaresrbr e 3arBeE npe3 20 1 9 r. u noryql,I oAo6peHr.re or
flarenrsoro BeAoMcrBo sa 21,11,2022 r. 3a6enexra: B tpe.{cratetru or (anArraara roKyMerrr
pnpanr<a sa vnsiva,rst u3r.rc(Barr[r flpEJroxeHlre 3-5, ro.rr<are no rpy[a f se ca 280, a 305

{zrnycuaru 25 rotrz (Ql) rrpl-r [pecMrrauero Ha o6urr 6pot rovra sa rpyna f).

III. O6ura xaparcicprrcrfiI(a Ha HayqHo-u3cJreAoBareJtcKara r| HayqHo- npnJroxrrara

fl 
eii[ocr tla KaHAirAara.

!i.
I,lsnocrHara Hay.rHa AeiiHocr Ha AorI..{-p l(apauauona e cB6p3aHa c npoBe)r(qaHero r.ra HayqHu

r3crelBanur c efleKrpoHHa MH(pocKonut I,l no-cnelltajrr{o c TpaHcMrroroHHa.ra ejreKrpoHl{a

trirxpocronur (TEM). B rconr<ypca aoq. I{aparuauora ylacrna c urecr ny6luraqfiu paBHocroirr}.r
(e(BUBareHTBa) Ea xa6hnrrauuoHeH TpyA I-I B Aoll:bjrHeHrre c [peJ(craBeHr, 12 y6n Ka]{y. r] |
Fareur. Bneqarnrpau e u o6qur 6pofi ua ny6rflKaunrrre lra I<alrAugara cleg 2012 roguna, raro
I paMKI.Ire Ha,qecer toArlgr (!a 2022 r,) rofi aocrrra ao o6u.lo ll1 ny6auxaqr.rr. ,{ou.
$apaurauona e flrpBr{ aBrop B aBe or Bcrzqxu re3ra 11 1 fly6nr-rKaurau, (aro u .qBere ca or 2012
ro.4uHa, BeAHara rpa6oa ga ce uafipaBlt yToqHeI .rero, qe poJItTa Ha AorI. KapauraHoBa (aro
q,aBTop BbB flperbTaBer'rrrre crarrru e u3KJuoqureJ'rHo Ba)(Ha - ToBa e po]'rrra i D uaH[paEero u
rlpoBe)I(aaHeTo Ha TpaEcMncroHlro-MrzKpocKoflcKrTe rBcneaBaHrrr Ha pa3nr.rrrHtTe rro cBorTa

l-tpllp.oaa, cTpyKTypa u cBoicTBa MaTepr.rajrl r, clrcTeMu, oflucaHlr B npeacTaBeHttTe ny6rrKaulrli,

saKro r B auan€4 Ha AaHEr.rTe 3a TrxHaTa Mop$ororzr, Mlfl(pocTpyKTypa u $ason cr,crao. flpa
grrpeuennure u3cleaBaH[t, oco6eEo Te3ri B o6nacTTa i{a crrqTe3 r, oxapalKTepu3t{paHe Ea rroBx
'Sarepnaru ce paSoTI4 B roIIeMr tlo 6pofi ua yvenr KoreKTrjBl.t, Karo lloirrr.t B{Hafl:r ce

I,3rl6rnrBar ri B3anMHocBrp3aM e(cflep{MeHTlt oT pa3nuqH[ rpynt,. Ma(ap I-I Ia He e B ponrra
tra eoaeur/nlpsu li3creAoBareJr B crarrr{Te, 3a MeE ponrra t-r [pr.ruoca ua Aoq. I(apaxJanoBa ca
6e3c[op! rto ornoIrreuue Ha KaqecrBoro ua rroryqeurrre pqyJ'rrarlr.
Ty( e Mrcroro aa ce c[pa ri Ha orlre eArr[ acIIe(T Ha Aeiriocrra Ha (aHAnAara, a l-lMetlHo
fleaafotuqec(aTa rI opraErr3au[oHEaTa aefirrocT. ,{ou. (apaurauona Boan (ypc JreKrlriu 3a

aorcropaHTr KrM UefiTrpa 3a o6yqeule Ea 6AH, 30 qaca re(uur,t Ea reMa ,,EreKTponr{ara
MuKpocKorluq I-I ereKTpoHsara AuQpaKuur B MopQonoflrgHur a (ba3oB ar]aJrrr3 Ha MareplrarEre"
Ir cloTBeTHO 15 '{?Ca yllparcleHr.rt. Orpoveu e npunoca Ea aou. KapauaHoBa 3a rlpoBexlarreTo
ua ceuuaaprzre ,,I4utepAltc1ltru{HapHa xr.rMrrr" 3a.{o(TopaETu u MraAu y.IeHr-r ([poBexlarqu ce
gxeroArro or 2008 r. nacau - nerHaAecET r]3AaHIlr) Karo [peAceAaren Ha oprasu3aql1oHrrfit
(oMrrer n flraBeu larrrulrrarop n oprasrtarop. T*u ceuuuapu [peAcraBrrBar nnarQopua u ro
,Bese Ao6pe [o3EaTa rmarQopva cpe4 gorropaETr.rre It MnaAuTe ) {eHI-I, IIa (orro Te rrpeAcraBrr
ycrno cBorl Hayvrrrz pa3pa6or(r, a cruo ralt<a c,tyrrlar 14 o6yqurerurr nerulrru or yrB:bpAeun

]qeEr,r.
'B AonGnEeEEe rproBa Ea ce or6enersr, qe Aoq. KapauaHoBa e ocrroBerr opraHrnaTop Ea
11



Clegea xparra cnparra 3a ocrroBuure nplrrrocu Ha {arr,qraara B npegnoNentrre rpyaoBe. Kuetb
nprAocure ca BbB 8p1,3l<a " onp"o"T1:^1-Y,o_!9"1:i1111 

1 lpa3oBtn c6craB ra MerarEnf,e
EarroqacTurllr, Ka(To u cTpy(Typa.aa Aa r€norBBarraTa flo,{JtoxKa.

Met({)alapoAEoTo eceHHo }nrr.Jlx(e [o (pricrarorpaQEs u ener(Tpol{I{a Ar-ropazu us.,207'1 q Ha

o6yrure:rr.rara urKoJra IIo enel(IpoHHa Mr|KpocKonr{r lt He]iHr,rTe nptrnoxellir.{ ,iB
Marepl-Iaro3uarrrrero, 2019. [auuerc KapauaroBa e A6]rroro.4rlmeu cer(perap r{a Br,nrapcro.io

Ka(To 6elne crloM€Haro, u{JlocrEara EayqHa AeiEocr Ha AorI. A-p KapauaEoBa e cB6p3,!na c
npoBexaaueT o Ha EayllllIl a3cJIeaBaIIut c ejlempoEga Mtl(pocKo[u{ u Ilo-cflelllrajlllo l c
TpaHcMltclrolrrrara ereKTpoEEa Ma(pocKoflur (TEM). ToBa o[peAeJrr u cpaBsarerrHo r[lIpo(Ut
TeMaTlqeH crre(T6p rro KoiTo MoraT aa 6baaT olpeaeneE[ IIayqHI]Te Ii rrayqEo-flpr-rlloxEr,rTe
flpuEocrr Ea (arrArrAaTa. 

;.,

Oc[oBnara qacr or rrp!,[rocr.rre e cB6p3aHa c TEM rccre.{Bauero na iuurpoc, plxrypara"ii
Qa:ooun cr,craa Ha rnoBarrrBau r{ararrrllqgl! MarepI-IaJIt-l, ct,sAa,{euu u rlpruoxrentl g pa3,'ru. rii
peaKukx or npou3BoAcrsoro Ha qrrcr Boaopol oinra3 r, (beHon. ao reyrpararrparero iii
reriluBu opraHuqHu c6e,[nHettur rr pa3raraHero na dopuaaaexta t-t MeraHoJl. Cluecrseuu ca
npuEocl,ne B ISnoI3Ba[eTo ara TEM IIo oTHo[reEr.re Ea rDadeHoBr.r u T6EKbcnoiiH[ MaTepua,ru,
KaKTO H Ha MeTaiHH t{ KOMnOjtiTHI,i HaHOqaCT UU. flOtyqefit qpe3 na3epHa a6nauHr B pa3nqgHr-t

r<prcranorpa$cxo .qpyxecTBo, a oT 2021 r. e x [peAceAaTen Ea ApyxecTBoTo.

IV, Ocuornu nayunl r,t rrayqno-rrpnJtorrtrrlr npriHocri.

cpeau.
llo orHor[eHr.re Ha lrEoBar[Bnqre xarararl|rlH! Marep&ajru pa6orara aa aciu.

Kapauauona e cBap3aua c Mr.r(pockorrc([ Ea6nroaen r Ea a(T[BHr{Te] $a:a r pexru ua
pa:ge,turelna cnoco6lrocr r{a aroMno uano (HRTEM), xarro u c 4zrlparqzonrrrre pexnMu itir
T.Eap. cereKT[BHa .{[4)pa(qrrr oT Man(a nnoru (SAED), roa'ro 4aBa B63Mo]r(Hocr 3a olpeAenrde
Ha Mtr(pocrpy(Typara u <!a.:ow.rn crcran B paMKllre,qopu Ha or,qeJrlt!{ uanbvacraqr. I4ruennq:n
Te3fi ixBa cne[ribfiqHu pexr,rMa Ha rra6rroAeEre Mo)r(e Aa cu npor[rru ohura u yMeHnerd Ja
pa6o'ra c TEM, (aKro lz ycera I<6M r-r36op ua fiMesHo Baxsara .]acr or o6pibe[a, rorro ue :iatb
Heo6xofl-rMara uH{bopMaurjr - Br3[paM rro-cneuuaJrHo lBo6par(eHuera lr .u{Opa(qizr.rre BijB
crarlru Al (Onr. 4 u 5), ,{2 (rlur. 3 u 4), .A3 (t[ur, 5), A5 (4 ur. 4). Beanara oure ryr rpq6sa jid
ce oT6eJIe)I(u crreAsoTo: MaKap BlB Bct{qKr r.r3creABaHrrr Aa ce r,r3nojr3Ba eAuH oT Hai-Ao6pute
clBpeMeuqlr MoAerri rpalrcMr-rcr{or{ev ereKTposeH Mr-rKpoc(on (JEM 2100), rom ue ouauana,.re
Bcttt(u pe3yrrarlr ce nonyqaBar aBToMarI,IqHo, Halrporr.rB, rrMernro vooeuirza $arrop e rolt;,
3apaAu KotTo Moxe Aa ce ,,rtporBr-r" Hai-Ao6poro or AaAer{ anapar - B drryvaa paslelarelilh
cnoco6Hocr B cy6nauoMerpxgHara cxarrra. llo oruorueHrze ua SAED guQpaltqrrra creaBa aa r|de

or6ereno, qe ll{eHTr.rlbuqupaueTo Ha Oa3u/creAr-ruen[r He e npocra 3aAa.ia, a ce ocnoeara id
TeNt<a L TpyaoeMKa [porleaypa rlo Muoro npeqrtlto rEMepBaEe ua pa:crornur orpl!
4r.r Qparqaoaaara raprriua r{ flocreaBaula npeurcHa pa6ora c r.rrap COD (Orystallography Olsh
Database) OairoBe. ,?
Cnope.u (ropvara rr rIlra Ha a(T{BHara Qa:a, ranro !.r B 3aBr.rcrrMocr. or rirIa Ha no4roxr<a]cp,
rr3yqaBaArre or rou. Kaparna[oBa l(aranrr3aropr{ Morar ycnoBHo [a ce pa3lqerrr B ABe rpynd-
(r) HaHeceHL MeraJrH[ (araurrr3aropr, r (ii) Meranu[ or(cfiarl Blpxy uipro:nt no4loxxi.l.
flpu naneceuure Mera.,rHn Karaulr.Baropu axrrrBsma 1pa:a e ueraa noa tlopvara ia
HaHopa3MepHu qacrrrrlr, kodTo ca ibuEo AacnepMpaE[ Bbpxy [oBlpxEoofra Ea IloI(noxl{aia.

Mexanox!,IMuqrlo cMecBalre Ira aBere KoM[olrenfli. Ilptluoclzre ua ere(moduo-M[Kpoc(o[c(oro
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ca cBdp3arr[ c ycTatsoBrBaseTo Ea pa3JlIrKI,ITe BbB aba3oBlrr c6cTaB E cTpyoypaTa rra
), Iloryqelll1l IIo aBaTa MEro.{a, c KoeTo ce o6rcHrBa Il pzBnnqsoTo IlM rroBelesr{e B

aTa ppa(Ilur. IloKa3ano e, qe Mexalloxr-tMr.rqlloTo cMecBaEe clroMara 3a c6-
yBaqero rfa:nre CeO2 L1 Y2O3 s BoAr Ao [o-Ao6pa (arajrrrrltqsa ar{Tr4BHocr B

IIA 
'IMDE|HEDAIIE.

ppaonenne c

B oa6orara .A2 (pa3r Ha (arar!,Baropr.{Te ca o(cuAr,r sa Co, Mn lr rexHr cMecrr B

pa3tl,qEll c6oTHo noanox(ara e Ma(po/Me3onop6o3eH crnrq[er g[orcli4 (MMS), (aro
TecrBarru rlpr{ oKucjre[r.re Ea CO l,I n-hexane. Ilonf]eEa e un([opvaqr{a :a

iba3oBrrt c6craB Ha a(Tl-rBH'lTe KoMrroEer.rrr.r Il pa3fipeAeJreqrero rrM
rlo noBbpxllocTTa Ha [o.rljroxKaTa 3a cloTrrorlreHlle Ha MeraIrrTe 1:1[ 2:l B rloma Ea (o6ar.ra.
Vcrasonesa e Ea coocTBeHIrTe !I cMeceEltTe o(c!,IIL Ha MeTaJIIjTe, I,3CteIBaIiO e u

ba3npeaenesrrero Ha METaJrrr{Te oa3n B6pxy [opr,o3rraTa roanorGa. floxa:ano e, ,re

cr B peaqqrne fia I16rHo o(,rc,!eE&e IIa CO 
'I 

n-hexane e Eait-eucoxa sa
arop I, Haii-cna6a ra ro3r caMo c MaHraF.

E Te (oMrroHeET!.r Ea (arajru3aropr.rre ca Ko6aar-L{zur< Qepura, a

B rccnearaneto e rruTepecuo .4a ce or6enenq, Boaeurara poJrr Ha 'rpancMr.rcr-roHrrara

eJre(TpoHHaTa art !.r Mn(pocKonrrr r.r aorbrBaHeTo ir c pe:y.nrarare or Mboc6ayepoBaTa
E e $a3oBr.rr clcraB r.ra (aralrrr3aropa - xeMarat, varuetm u ry6uuuacrre(Tpoc(omrr.

FrnrsejrHr.r Ha Ko6arTa u Ut,lH(a. KaTarr6aTopr,T e u3crelBarr B pearq{r sa pa3,lraraHe Ha

aBaseTo Ha T. Hap. crrHfa3 (FI2), Ilorasauo e, qe Hafi-Br.rco(a cTeleu Ha

- Haa 900% ce Ilocrlrranpfi 670 - 690'C c qucr ro6arroe d epar, xaxro u
HIICKO CI,A6 >Kanre Ha Zr (Cozn=8tz) B cMeceul,tt Qepuren varepuan, K'bAero o6aqe

SaT,urn3aToprde
cTpyroypaTa na

I,ITII9HATA

IO.{nOXKaTa e rropEo3rra Mo,q}rlpxq[paEa Bbrnepoarra [rEa, B6pxy Koero qpe3 Mo(po
lrMnperiupane ca p{IrTe3upaEn oepr-rTnETe EaFroqacTliqrr oT coJr[ Ha rprrre Merana (Co, Zn, Fe).

BHOCT HaMaI{Ba IIOpa,Ill-I O't,AenrEe na IO-MaIKO aKl[BHU KaTarrTrqrrr

p ny6iraxaqru A4] e [peAcraBeuo r]t3cJIeABaHe Ha HaHeceHI-I MeraJrHr.I (aralrrr3aropl{, B Kouro 3a

ixruoua Qa:a ca ulnor3Banu BaHopa3MepHr-I Meranui Ni, Ru l-r Pt, no eArrntl,ruo u B KoM6uuaur-tt
pr aaa verana: NifPt u Ru-Pt. orpxy nop6o3ua llo,{Jrox(a or aeonur. B crpyrrypuo orHouren e

3eojrrTa e (aTo 3aoJurT Tun ,,6eTa", c TeTparo[ajrHa KprcTaIHa pe[IeTKa,
VcranoseHr ca

noBrpxsocTTa
IrTe ga MeTzuIHI,ITe qacTlt[u Il MecTaTa l,IM Ea ,,pa3llol]o)Kefifie_ - IIo

3eojrriTErrTe afperaTa. KaTar' rTl-lrrHuTe MaTeprianlr ca rprrroxeHu B

3a noryiraBaEe IIa QeHor.

A5 e 3rareu (aran[3arop, uo noA <lopvara Ea rJaHoqacrfiuri, 3a r(or.rro

no(a3Ba pa3Mepu oT noprilr,Ka Ha 3 - 4 Hv rj Harrrqre Ha (y6rr9Ho 3Jraao. 3a
BaHu Tpr.r cBcTaBa: a) (oM6tEaqrt oT Co3O4 ra CeO2, 6) cr,ulara cuec c

(nocreAr{ rr cueq o|y-AlzOr u y-AlOOH). 3a noaaoxra a) - c ereKTporiEa garlpar<qaa e

fioKa3aEo HttJlltluldTo Ha HecTex{oMeTpI-IrIHa Qasa na qeprieBut oxcr]a; celto2o,3a Kot,o ce

Irpeanorafa, qe ge o6pa3yBa KaTo Mex,qurrHa cTsnKa rrp[ peAyKurrrTa na CeO2+C92Q3.
ycraEoBeEo e ua.rftvuero Ha 3rarHu qaHoqacrr.rqr.r rzMer{Eo Br,pxy ra3fi (ba3a. 3a rloArox(a B) -
BarK{r, aarGri ca flbfiyqeEr, 3a B3arNo.{eficTBlrero Ea a( rBrraTa !ba3a z nogloxxara. ,{oxa:auo e

oTIafaEETO Ha 3IaTriE rralroqacTr{ru (aKTo B:bpxy ajryMfiHneBurr oKclza, rc,aeTo Te ce 3anaBrT Ha

noBrpxHocTTa, 6{arogapenne Ha xnapoKcl.rJrHr4 rpyrlr4, lar(a Ir B rre[ocpe.{cTBeEa 6nr:ocr c

,at\yMttrweBvt oKcl{xnlpoKctra, KoeTo e ycTarroBelro 3a II:bpB[ n:bT B EayqrlaTa n[TepaTypa.

;.?Iscre4nanrare xarfia3mopn ca flpnJroxesr{ B peaKuut 3a [6JIHoro o(!:rcJrenue Ha ibopMa:raexr.ia

, 
j.!o elr.nepo4eu nafKc4q lr Bo,qa.

B ny6nrr<aqua 46 ce ra3cneaBar cMecellli MaHrall-qeplieB}r (Mn-Ce) o(cLtar'I, cl,}ne3up.llllt
alrpe(Tno B6pxy eonopr,o:eu aMop(bes crnrrqueB ,IrroKc!.r,{ - To3t KaTarJlLITtqeE MaTeprran, e

lJaaarurrrqrara
flrrlT4r (ooanT(

B pa6ora A.3



HacoqeH Kf,M 3aM:bpcItTeJIL IIa B63AyXa r,t [O-CneqrraJrHo .rreTJuBri opfattl4{Ha creauH€Hlli,
flormp,4eua e xencatonaffrara no,qpeA6a ua Me3oroplre, r(lKro u Oa(Ta, qe ra3r arpFrypa te
3a[a3Ba, (aKTo c]'teA orJraraHero rra aKTrBrrara aba3a npri BqcoKa reMfleparypa, T,!I{a u ojreA
y{acTLIeTo Ha r{aTaJrrsaTopa B pea(IllirTa, 3a (orTo e rrpeanoxeE. ,{euoucrpupano. e
pa3[pe,qeretsqro Ea amuBrrrrre r(oM[oneuTd B6pxy Hocrrerr tz $a:oen-r crcran na uarepaana
npa ll3rrojBBaHri pa3rr4lInu csoTtrorreErrr Ha rrpe(}?coprrTe Ha aBaTa MeTaura.

flo orroueuue ua rparfeuoelre I rr,uxocloiHll Marepxafl-i. npxHocr,rre Ha KaHr nara.ca
cBrp3alrlr c (lpo6o)no,4roroBKara rra llpo6rrre, TEM qa6nroAerMero c tlpl,InaraHe Ea

ctoTBeTHUTe pexnMu U TeXr nKtr, av,lrrra ri [HTepnpeTrrparieTo Ha rronr{ellllre aarlHit.

I4:c,rereauo e ourarare ga aByc,'roen rpaQen nrpxy veano rlo.nuo (aro norrroxKa no Meroaa Ha

xnMr{q}ro orraraEe or lapEa (ha3a. l{gnoagsaH[ ca naMnEapeE r-IJIr ry?6ynenreH [oro( ild
ra3oBeTe. flpelocraBeE[ ca eAHo3rraqHu Ao(a3aTeIrcTBa 3a ycfleugoTo oraarane ua 4nyclotiil
rpa{reB.

l43cJre,(BaHr-r ca B'Lr.rrepoAHra 11,rr('l crroeBe, nonytreHr.t llo MeroAa rra Jra3epsara a6naqlrr -
orraraue Ea Brrnepoaur,r croeBe qpe:l a6nhpaHe Ha MrKpo)(pxclaneH rpaQ{T B6pxy pa3naq6x

rro.{Jrox(Ii. CT'c TEM ca r-r3cre,(BaE[ qernprr or cJroeBeTe, BqryKu oTJror(e{{ atpxy oKci-{nhpAH

Si, r<aro ca u:noauan 6txa aRa pa3nvqtu peroMa rla a6Jraqu{ - c eal{a { clula rl,'Dr(uHa ua
Br,rHara or 355 HM, Ho c pa3rlrirsa rcriepaq{q - HenpexbcHaTa I-,I llMnyncHa. B Te3].r lr3cneABaHr.tt

cJIeABa Aa ce or6erexu rexKaTa flpo6ono.qroroBKa, oco6eHb nopaAr-r Eeo6xoArrMocrra. .O:r

OTcTpaHtBaHe Ha nOAIOxKaTa. !1.

'i'l:
llpolegeuu ca eJIe(TpoHHo Mr,r(pocKo[c(!{ urc.negeanur xa rpa(tl-IToBa Muurena, floaroxeua ria
IrMnyncl{a JIa3epHa a6r'raqrrr 868 BoAa. B pe3ynTaT oT o6,rbqBaHeTo c 1064 HM, B cycneH3lrTa ce

o6pa3yBar '{acTr-rIII-r B rojrrM Auarla3oH oT pa3Mepl] - or Hr(o,!Ko HaHoMerpa Ao AeceTkU
MrrKpor r.

C qel nolylanane B cycnefi3uure Ha qacrqun o'r Bce rro-MalrKo Ha 6pofi rpaQuronu paBHuHIli

Aopri e&rocroe! rpaq)€H, ocBeH HacrpoiKara Ha napaMe'rprrre Ha na3epHoTo r!qeE{e,,!B
EanpaBeq oolrllrpeH er(c[ep[Merr c r.t3noJl3Ba$e Ha pa3tuqHl' no (aqecTBo u Br]A n3xoA]tu
rpaQuronr vareplraau.

Z:c.neaoaua e vopr[ororuara r (ba3oBt-rr cbcraB Ha rroJryirem, T6rrI<t, c:roeBe or rurauoB orcg,u
(no MeroAa Ha MarrierpolrHo pa3[pa[rBase), 4orupau c roJrrMo (ofllqecrBo B6uepog (.qo 3 a;r.
o/o). Perrcapupaua e Mop(bolrorurra sa cJroeBere, rroKa3Baura rrituiqua 3a no r(p[caa:ran
o6pa3qr.r 3lpuricra crpymypa. Ilpulorreuara ene(Tposua .4u$par<qr-rr t,r penqM Ea Buco6o
pa3AenrHe ycTaHoBrBaT 

'ja]lvsue 
Ha 3 KpIicTalII { Qa:u ua TiO2: ajdaTa3 tt prry\4n, KonTo ca c

TeTparoH&rFa cTpyKTypa u opTopoM6r-rqeH 6py(ItT. 
ili

IIo ortoxreune Ha Mqr,lrulrre I{ KoMIro3LTHIl Hanoqacr[qv, [on] jeurr qpe3 uMrlytcna na3epha

alnattrtt, ca t3creABaun r!!(rBa or e,qrqfiquu Merajut, ,{o rexur,r KoM6rruautz8, a c6u1o drB
(oM6lrHarluu c o(crIAHL cleAltlleHr:rr. llo oruorueuue ua cpe.UI,ITe, B KoIiTo ce E3B6p[IBa c[HTeiZl

rrMa ro?rrrMo pa3Hoo6paBre - or ABofiso .{ecr{n[paEa BoAa ir eraEojr Ao B,l(ryM Llnr B63Ayx.

llolyveua e qeuua rznQoprraaqlra :a uopQoJror{rra Ha HaHoqacr&rlnre rIps pa3rllrlur:r nnlTuocfi
Ha eHepr tTa Ea a6'ia\st 3a pa3JrrzqHu AEJlxriEri Ea BbJrEaTa IIa Jra3epa. CpaBHeHa e
r,,roptlonorlrara xa vacTli[IiTe, T.sxllaTa oopMa r roneMr.rEa - cpe4ea pa:nrep z pa:npeae.nexlre ia
qacTl4qrrTe {Io pa3Mep, Io6ItBa IlM, a crtllo r4 iba3oBrrr riM clcraB. flo(a3arra e B63MorGocrra.33



a3rIoJBBaHe Ira eaEa t,InI, apyra atJtxl{Ila Ira BbJIHaTa Ha Jla3epgoTo JI6qeEIte, B 3aaltctrMocT oT

ibar4 aa npruoNenue sa fionyqellr4Te Earroqacrrir[r. BIIeqar"reII e rrpaBrr ri3creABairrura [o
'f,'hltt€a " t ocoex"a.qo Bl3aeicaBl{e c nzBeprrrr trMuyJlcr,r tra opeAHur pa3Mep !i pil3lpeaenexrrero

lia cpe6lpnu (nauo)vacrlrur rro pa3Mep BBB Boaert Kono[a, c qen fiprrneun€ B o(bTarMororrirra
iaro qacr or upe[apar 3a rpetrpaue Ea Barpeoqs[ an$er<quu. Caur*r.rpanrzar r<oroag e

6uoclBMecr[M Ir qrlcr or xlrM]lqec(I4 3zMgpctBarll't, t-IMa pa3Meplr Ha qacrlrlltre B [HTepBaJra ao

]0 nu (u:uolsnaa e aey$a3os npoqec), 3a ,{a [peMr.rsaBa Blq)eoqrrlrre 6apvepz u npoaraea

2ioka3aHo aETn6aKTepriajrrro AeicrBr.re. PeyJrrarnre ca 3aurrireE{ Ir c rrareET.

V. OTpaxeH[e Ha saywr[Te ny6JrrrKauri[ Ha KaHruaara B bbJrrapcKara I| qyr(Aecrparrnara

Jrrrrep.arypa.

. l,fo npe4craeenure :a ) racrrie B Korr('?ca crarltfi ca noryqeuv 84 r\rfiara, a o6rqo 3a neptlo.{a

2911-2022 r-, rlurarr-rre Bapxy pa6o'ru c yqacrr-rero Ha (aE.qu,{ara ca 51 8. Bcaqro rona norasna
iiir-riroqarerno .ro6pa ,,BriauMocr" na Eayqur-rre rty6nvKar\riu, Kaxro r, lbakra, qe (aurtlrara

la6orn B MEoro IIepecne(TIlBHn o6racr{ rc[oJBBafiKu ycne]xEo Meroaa Ila rpaEcMqcr.roHEara
enekTpoHHa Mr,rKpocKonrrr r ereK]poHHa,q ibpal(uut.

YJ. Kpururun berexl(n rI flpeflopr'Krr Kr,M Hayq[[Tc rpyaoae rra Karralaara.

karo u"oo rr MaM (prrriqnn 6eJIexrll. I4snoarral{ cnyqar 3a rlpetopl(a r<6M KauAlirara u tlo
nplrErlr-rn K6M BcIlqI{r, KoItTo ce 3aslrMaBar B [o.,rero Ea M[(pocKonxqra (oco6eHo
gnel{TpollHara) - Bce llo-ycflelnfloro pa3Br.rrue Ha MeToaa It HaBJIIBaHETo Ha Bce no-HoBu

iexuilru (rrr. Marrrlrgso o6yyenue, EeBpoHHrl Mperq-I, Ta aopl{ Ir [.I3xycrBeH I-lHTe]'Ier<r) r,r3l,rc(Bar

,;irbnperroraro (ce6e)ycaarpuencroaue t,t rIpll{o6tlBane / o6ues sa 3HaHIit Ha rro6arrHo

,.93eTOB(O trItBO.

IyII. JIs.rHu B[eqarneHnn r|a peuerBeHTa 3a KatlAuaara.

lloq. Kapaurauooa e 6sc[opeH clleql-IaJrqcr B npoBexaaHero Ha HayqHu Ir3cJIe.{BaHrrt c

TparHcMncrosl'Ia ejre(TpoHHa Mlr(pocl(onrr. clueopeneurro c roBa np{TexaBa Ir 3aocTpeHo
gayqEo [o6o[r.rTcTBo, (oeTo e eaHa or Eeo6xoaaMliTe rpea[ocTaBKlz 3a ycne[IHa HaygHa

!a6ora. ,[ou. KaparuaHoBa npr.rrexaBa tl Mor(e 6H eguo or uai-ueo6xoglrMlrre (aqecrBa 3a

ycnellletl Ml](pocKonncr - Jrrrlcara Ea rlpttnptEocr, yMeEtero 3a [ocreaoBarerEa u o6M[creHa,
iienesaao.rena ,qetEocr, c!'reraHa c Heo6xoAlrMara Ao3a rbpllesae.

3AK,'IIOqEIII4E

flpegcraeeuure or KaEAraara MmepuarJrn IIo KoHKypca rloKa3Bar, qe aoq. a-p AaHuena
Kapaurauooa orroBapr Ha fi3zc(Bastrrra 3a 3aeMaEe Ha aKaAeMrtllrara .unGxHocr ,,npoQecop"
clrtlacqo 3PACPB lt cnequQuvuure :a I4OMT, BAH Ir3IrcKBaE t.

863 ocEoBa Ea Bcnql{o .[o rv(. ,uaBaM cBoero KareroDri.rHo lloroxurerHo craHoBlrue r y6e-[eHo

BIIEJIA

KaDaEaHoBa a(a,[eM qHara ,lnbrfiocr ..IIDodecoD" Ilo llpoibeclroHa"'IHo Ha[DaBneHIre 4.2.

.XrrMr-I.{ecRn EayKr-r. HavqHa clleufianHocr..drl3uKoxnMnt".

:;I$d 30/01n023 Pe[eE3eqr:

IIpo@. a-p EoraaH Pa$enoB


