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PeqeHieHr,q-p AparoMrp MnaAeHoB Taqe8, npooecop B l4OX - 5AH

1. Kpark 6qorpaOrleHr/ AaHH 3a t{aHA[Aara
EArHcTaeH saHArlAar a KoHxypca e A-pAaHrena SorAaHosa KapauraHosa, AoqeHT B 14Hcr,iryr

no onlh'recHrl Marepua^r1 u TexHororrlx Iy'OMT- 6AH. Tr e 3aarpulrrna aucue o6pa3oBaHue BbB

Or,13fi'reckur Oa(ynrer Ha CoOu icl(11 yH u Bepchrer,, Cs, XrrMeHT OrpuAcHri", cbc cneql,larHocrOr,i3riRa
14 cneqxarh3aqrr no MeTeoporofrn rl neAa@fuKa npe3 1994 roAuHa. O6pa3oaaTerraTa'1 HayqHa

creneH,,AoKTop" noryqaBa npe3 2005 foArHa s LleHTpanHa na6oparopur no Ooronpoqecu,,AkaA,
liop4ar Maaraxoocxn", Sbrrapc$ aKaAeMrn Ha Haylrrlre, haro 3aqlrasa AxcepraqqoHeH rpya ria
teMa,,(Dr,{3Hkox4Mr1'.rHr.r c8orcGa Ha BaxyyMHo orroxeHfi TrHrari cnoeae or cpe6tpeH cyno'lA:
enrraKcta/reH pafiex t,4 noBbpxHocrHU e,,rexrprqHI csorcEa". Ot 1995 roAh8a A-p l.(apauaHosa
pa6ortr s l,4HcruryT no onruqeck'i Marepuaru u rexBororhr l,lOMT- EAH (no-paHo LleHTparHa
.na6oparopun no Ooronpoqech ,,AxaA. lropAaH fvlarrHoscxr,l",) RaTo 3aeMa nocneAoBarenHo

M\tK.{ocr|,re ,,Oksur1" , ,,f,1a BeH a€r4 creBT" |,l ,,AoqeHT", Ot 2010 roAh Ha rr prxosoA, , a 6oparopl4rTa
flo eIeKTpoHHa MI(pocxonht Ha hBqtun"aa.

Aoqeffi HapauaHoBa uMa q HaygHo-opraHx3aqrloHeH on,tr. MexAy 2014 !a 2O2O roAu{a e
flpeAcraBxre,n a flporpaMHxr KoM[tet Ha Pn Xoprl3oHT 2020 klM lM!,tHt4crepdBo Ha Haykara !1

o6pa3oBaHhero, a oT 2019 toAxHa HacaM e q,neH Ha nocrorHHara HayqHo-eRcneplHa koMr4cuf, no
XrM,4qec(t Hayxrl firM OoHA,,Hay,tH14 h3creAsaHl,lt",

2 OlleH(a Ha npeAcraBeHrlr'e MaTeo|,1anl

AoqeHT KapauaHoBa e npeAcras,rra nrreH xoMnne|{f AoKyMefil4 3a ygacrhe s KoHXypca B

cboraercrBrle c u3!icKBaH|,ltra Ha npaaxnririKa 3a nphraraHe Ha 3aRoHa 3a pa3arrrero Ha

aKaAeMr'rHr,1, cbcraa B Peny6rrixa 66raapir t4 flpa6rrnrxa 3a ycrroBrrra ,r peAa 3a npfiAo6r/saHe ha
HayqHr creneHh r 3aeMaHe Ha axaAeMuqHI Mbxriocfl,l s ly'OlVlT - 6AH. AokyMeHTtTe ca oOopMeHH

npeqri3Ho M npeAocraBrr Heo6xoAr,4Mata xHOopMaqrr 3a oqeHKa Ha Haytt|o-r43creAoBarercxara

AeftHoct Ha AoqeHT (apauaHoBa,

l{aHAyAarKara yqacrBa s HoHxypca c 18 6por ny6nrikaq!'r, oi Kor4To 6 ca nupaaHeH, Ha

xa6,rnqraq[oHeH TpyA (rpyna noxa3areru ,,B",noxa3alett ,,4") h 12 flo rpyna noka3atenx ,,T",
noKa3aTe.n ,,7". flpaah anertatreHxe, 'te achqKh npeAcraaeHu cTaTru c g3K,to.teHre Ha eAHa ca

ny6nrxy8aHh cneA 2019 foAuHa. Cralt rre npeAcraBeHu xaro ekahBareHr Ha xa6ururaquoHeH TpyA
ca reMaTu'tHo ca6p3aHu noA 3a fra aheTo ,,Tpa HcM }lcrloH Ha e,nekTpo8Ha Mrlt(pocxonhr Ha MaTepr4anu

c xararhqH, npuroxeHhg" r,4 ce orHacrr Ao oxapaKrepr3MpaHe ocHoBHo Ha ryaoeHonoAo6Hu

Or nbpB,lre 6 ny6ruKar\ut 4ca s HayqHn cnxcaHxr c paHr Q1, a 2 - c e2. OT Broprre 12
ny6ntlKaqrr6caBcnucaHrgcpaHrQl,2cQ2reAHacQ3.noco.leHereArjHnareHT.TaKanorpyna
noxa3aTer, "8" (aHArlAaTxaTa cb6ypa 140 To.tKu or IOO h3y.c{Baqh, a no myna ,,T" - 305 np|a 220
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,r3r,lc(BaHu oT 3axoHa 3a pa3Burrero Ha aRaAeMnrHrlg cbcTaB B P6 (3PACP6) l,l npashrHrka 3a

ND"OXEHXETO MV B Iy'OIVIT-6AH,

. 3a yqacrxe B KoH Kypca ca n peAcra seH, 84 qrrara Ha ny6, r Ka qu,4 c yq ac e Ha kaHArAarkara,

r{oero ir Hoc, 158 roqRu no noKa3aren14,,r4" npl4 l,l3r4cKBaHu 120. Llxrarure ca Ha craru14 cyqacrre Ha

HalrauaarKara He flo-crap,r or 2012 foarrHa karo orHoso npeo6raAaaar crarfi ny6nrkyaaH[ cneA

2019 ronlaHa.

. AaH[ena XapauaHoBa e yqacraa,na B 12 HaquoHanHu 11 5 MexAyHapoAH!4 HayqHrl r,r,nr,i

o6pa3o8areneHu npoeKTa, Suna e plRoaoAr,lren Ha ABa flaqroHar!ru fipoekr3. To3, akrrlB r,1 Hocr4

ooqb 260 ro,rKr s Ipyna,,E".

i noro3h HaquHA-pAaHuena SorAaHoBa KapaLlaHoBa Ha6rpa o6u.lo 923ToqHu npu M3l,4cHsaHu

640 c (oero 3Ha'threrHo HaAxatp.nr Mt4HuMa/lHr.ife v3ucKBaHuA 3a 3aeMaHe Ha axaAeMtqHara

AnbxHocr ,,npooecop/" onpeaereHu s 3axoHa 3a pa3srrnero ,ra aHaAeMnqHre cbcraa a P5 ,l
flpaalrHqKa 3a ycroal4rra r peAa 3a np,rAo6uBaHe Ha HayqHr creneHl4 ri 3aeMaHe Ha axaAeMuqHrl

-am,xHocrh a I,10MT-6AH.

Hai-clapara or scr,i,l$,l npeAfiaseHu crarrlr, BKnro' 4TenHo karo qrirrpaHti, e ny6nBqBaHa

npe3 2012 foAr4Ha, ABe ro,quH,r creA npqAo6r,4saHero Ha aRaAeMtqtata A/lut(toct "AoqeHt" r/ 7 creA
nory'laaaHero Ha oHc "AoRrop", cneAosarerHo, ny6rrkaquure h qll.rarure Ha (aHArAar€ra,

aKnloqeHu a Hacrorr4r,rr l(oHr{ypc, He ca M3non36a H 11 ol Her Htlo npln np,lAo6MSaHe Ha oHc ",Aofiop",
HiTo np'l nprlcb4AaHero tr Ha axaAeM!4qriala A.nbnHocr 

rrAoqeHT'r,

3j.O6ua xapaxrepqcrrHa Ha HayqHo-!.r3creAoBarerc(ara/ Hay!Ho-fpr,ro)r(Hara t1

neaarorrqecsara AeiHocr Ha karar.qaTa

Hay,rHo -l43c.,reAoBarercxara aeiHocr Ha Aoq. a-p KapauaHoBa or 2010 roa,lHa e

(oHqeHrpupaHa oxoro rpaHcMr,rcr,4oHHara enexrpoHHa MuRpocxonnt (TEM) q cobp3aHara c Het

ereKlpoHHa AqOpa(qh9 (SAED), Karo yHtBepcaneH MeroA B Marepna/ro38aHuero, TEM ce 3non3aa

3a oxapaKlep,r3r4paHe Ha HaHocTpy(rypa Ha LllnpoK xpl,f HoB{ MaTepraru. ToEa e u cny,aatT c

x3c,neAsaHlrra Ha Aoq, KapaLUaHoBa - te o6xsaqar HaHeceH,l sbpxy noA,|o)('(a MerarHr
(ararr3arop[, oxc'rA|4 Bbpxy nopbo3H|,l noAroxx{, rpaoeHoor4 x tbHtocnoiH14 Marep|-lar , MetalHn

x koMno3tril, HaHoqacrrqr, B pa3/ltqH, cpeA!4. Hay'{Hara,qeiHocr Ha kaHArAalara ce cbcror4 3

noAroros(ara Ha pa3r!r'{Hr,r no srA xaparrep tr csoicrBa o6pa3q[ 3a t3cneAgaHero xM c TEM,

nraHrpaHe ri npoBexaaHe Ha ekcneprlMeHTa, xaRTo r aHa/ l3 Ha pe3yrTaThTe 3a opyRrypaTa

Mppoonorrita I Oa3oBht r4M cbcraa.

' ' o6qrnr 6poi crarri, c yqacflrero |la xa8Ar4AarKara 3 6a3ala AaHHtl Ckonyc RtM MoMeHla e

120, xaro 104 or rsx ca ny6rM(ysaHk cneA 2072 roAAHa, oqeatlAHo pbcrr'T Ha ny6n{xaq{oHHara

AeiHocr Ha Aoq. A-p KapalraHo8a e no,nox,4TerHo noBrhrH ot ycneulHoro ptkoaoAclso Ha

,a6oparopkqra no erefipoHHa Mnxpocxotrr4t t(l)M I,4OMT-EAH c Roerc e Haro8apeHa npe3 2010

roA,Ha, l-lhrarrre 6e3 caMoqurartl Ha scx'rkr4 cbaBTopx, otHoSo B 6a3ara AaHHt ckonyc, Ha Bc!4,tl<rt

crATr! c yqacrxero Ha Aoq-A-p KapauaHosa e 540, a XrpuJ xHAeKca e 11.

ll pe noAa aarercKara Aei Hocr Ha Aoq. A-p Ka pa Ll]a Hoaa Bvt r0'l Ba (ypc /l exq rl 3a Aoxropa H l
|<}M UeHTt,pa 3a o6yqeHre Ha EAH cbc aarraBr4e ,,EnexrpoHHara MlakpcHonh9 rl ere(TpoHHara

.quopakqfis B Mopoonoah.rHvr v 0a3oB aHarlt{3 Ha Marepla,nhre". IipoAtrx{[TerHocrra e 30'laca

nePi\ktn k 75 qaca ynpaxGeHrir, Tt e 6trna oqe ! plHosoAkre, Ha eAHa A,4nroMHa pa6ora 3a

nira4o6ueaue xa 6axaaaahpcKa creneH I cbptRoaoAxrer HaABeA,4nnoMHI pa6orh 3a np!4Ao6r1BaHe

Ha o6pa3oBarerHa creneH ,,Ma fr{crt p".
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4. OcHoBHr,l rray,rH14 L Hay'.tHo-nph,toxHl nptaHocl,1

OcHoBHtre Hay,tl!4 npuHocu Ha pa6orrrre, npeAcraBeHu (aro eRBHBaneHTna xa6r,uuraquoaen r{yA
Kacatr rccneAsaHero Ha M[Kpocrpyxrypara u Oa3oBl4i clcraB Ha uHoaaruBHr,r xaran ru'iHr,i

MaTepqa,|h,

C TEM e u3cneAaaH KracrqecKu 3rareH xararrBarop Blpxy noAqoxKa cbAt,pxaqa qepueBu o{crrA!4,
ycraHoBeH e pa3Meprr,3-4 HM Ha 3rarHrre HaHoqacrriqu, xaxro r/ TexHur aorarr4rer rt,rvr Cerbj.

Aoka3aHo cr,qecrsyBaHero Ha fiecrexuoMerprl'rHa Oasa Ceuoro, t{orro e MexAUHeH npo4y*l rlp,
peay(qrtra Ha ceorAo ce2o3, sorTo crr4o l4Ma oTHoueHue xt M o6pasysarero ra:narxure racruha,
ycraHoBeHo e, ,re Ao6aBrHero Ha Harui B ooAroxkara He npoMeHr Oa3oeun il cucraa,3a npte ntle
aoKa3aHo, qe KoraTo B noanoxKaTa cbqecEyBar a.nyMtlH eB ol(ct4a t,l anyMlrHteB oxchxrApoKcitA,
3rarHrye HaHo'racrrqta ce 06pa3ysar Ha noBbpxHocrra Ha nbparlr u e renocpegcraera 6rueocrl4o
Bropxr. qeraopHara cucreMa Co3O4, CeOt,a V-AlrO3+ Y-AIOOH e npeAnoxeHa 3a nrpsq nbr 4p!
oxhcreHrero Ha OopManAexuAAo BtrrepoAeH AroHcl,4A u BoAa,

cMec oT ceo, x v-Alro3 e u3nor3BaHa u (aTo noa/loxKa 3a MeAeH (alall3aTop, xaTo B Hrson cnyqax

Y-AlrO3 ce Aorhpa c l4Tpx;. C TEM e ycraHoBeHa pa3/lrxaTa BIB Oa3osr,{Te cbcTasx r" nogrot*,
nonyqeHh no pa3rr4qeB Haq,rH, c (oero ce o69cHraa u pa3rtuqioro xararhrrl.tHo noBeAeH{e iHa
cboYaeTHllTe kaTar!llhqHu cycrcMh.

Apyr h3cneAoaH c TEM HaHo(ararx3arop e crcreMa or Meranr: Ni, Ru r/ Pt, no eA,{HraeHo ,1nI B

KoM6rHaqrA or ABa Merarar Ni-Pt u Ru-Pt, fiaHeceHh slpxy nopbo3xa no4roxxa or 6era :eonl4r.
ycraHoaefio e, qe ,t3nor3BaHtte 3eorr4TH[ qacrr4ql hMat erlncoBt AHa Qopma, sa parrrxa lor
panopryBaHara B nrrepaTypara coep qHa OopMa.3eon!4Ta e oxapafiepu3rpag Karo rl,ln,,6eral c
TerpafoharHa peujerxa, MeralHure '.tacr,lqr ca oxapafiepl3r,4paHr B pex!4M Ha MrKpocxona 

L3a
aucoxo pa3peL!eHre/ ibi xaro ycra BoBe Hure pa3Mepu orHoso ca noA 5 HM. CeneKTpoHHa ArOpaK4ut
ca orrprll4 r,, okcrA, Ha Ni q Ru, Abraaq,l ce Ha no-forrMoro (ornqecrBo or re3r1 Merarri B

KaTa/rh3aTopa, MeTa.rr cbAlpxaquTe qacThqr ce pa3no,naraT no noBr,pxHocrTa Ha 3eorrTa,

Cep{r or l<arart3aTopx, B xohro a}iTuaHhre 0a3,, ca oxcl4Ar Ha Co, Mn x rexHrl cMecr, ca taH
Ha MaKpo-Mgonopbo3eH c'l.nriqtea AhoKo4A. C TEM ca ycraHoseHq Aerainu 3a crpyxrypala
noAroxxaTa/ 9a3o3ua cbcraB Ha a( 4BHlTe RoMnoneHn4 l, pa3npeAeneHxeTo rM no
Ha noA,rroxxaTa. flpb eAHoBpeMeHHo rpl,4cr,cTBhe Ha ABaTa MeGna B cboTHoueHle 1:1 r4r[ 2:
e,net(TponHara AMopakq!4r 14 Br,4co(oTo paAenrHe ca orkpr,4Tl4 cTa6rnHrl cMeceH,4 oxd,tAh ot a,l
Mn,Co3.,Oa, OnpeAeneHo e noroxeHreto Ha MerarHhre HaHoqaci4qu Blpxy M$onope
ctrfu qu eB Axoxcr,lA, ycra HoaeHxre pa3Mep, ca oTHoBoMexAy2 r/ 5 HM, karo s c.ny,.tar Ha,tucrKo
€e Ha6.noAasa x x^cTepnpaHe. BaxeH pe3yniat e 3ary6aTa Ha KaTarhT,tqHa aKTrBHocr
Haaru3a8e Ha qacToTqacruqlre s ruesonoplrre aa noAroxRata.

l43creABaBu ca, cMeceHr MaHmH-qepresx oHchAr,i Brpxy Me3onopbo3eH aMopOeH crrrqxps
AtloxctA. ycraHoseHo e, '.te npoqeAypara no nonygaBaHe Ha oxchAurc AupeKHo sr,pxy olrrqueslrt
AhoNcrA He u3MeHr crpykrypara My, CTEM ,{ EDs e floxa3aHo, ,te MaHraHa la qep{r ca pasHoMepl]o

AucneprypaHr no noBbpxnocrra !, B nop,rre Ha M€onopecvr crlr r,t qu es AhoKcrA, 6e3 Aa 3anyuJBar
nocneAHlare. Tbi Karo oKcyAHure .tacrrqx ca npeKa/leHo MarR'l, To 3aAosonurenHa AxopaxqrloHka
(aprMHa He ce noryqaaa Hrro c peHTfeHoBa AriopaKqrr H'iro c enexrpoHHa ArlopaKquA {SAED), 0o
ra3u npx,rtiHa 3a o6pa3qrTe c Aae pa3/lr,4qHl,,' MorHri choTHoueHUr Ha MeTa,|fie Mnice,2t1, u li2 ia
ycraHoarBaHe Ha Oa3ara I\4nO, e ,3nor3aaHa Oyp,ae rpaBcoopMaqlas Ha h3o6paxeHhr cHe.ut6
pexrM Ha BrcoRa pa3peuraaaqa cnoco6Hocr, Taxa ce AoKa3Ba Harrqrero Ha MaHmH or \terBbpla
BareHTHofi t{oiTo [rpae chqecrBeHa port 3a (ararrrtqHara cnoco6Hocr,

I
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14331,p1!eHo e rl oxapaHrepx3upaHe Ha Kararu3arop c aKruBHa RoMnoHeHTa orcMeceHt, coxznlrFe2o4

OeprlTr,i, fiaHeceHh Brpxy MoAr4or,lqMpaHa BrrrepoAHa nnHa, C TEM e ycraHoBeHa curHo pa3Brra

noabpxHocr Ha BbrnepoAHara noAnoxHa, Koero n npaBu roAHa 3a ynoTpe6a a karanyruqHa c!4cTeMa.

AkTrldHara 0a3a ce chcrol4 or coepxqHr qacrrqrl c pa3Mep 5-10 HM, Karo ca orxpr,tl,4 r,t K,r.fiepla c

pa3Mep HaA20 HM. Per!{crp,{paHl, ca 3Haq reneH 6po; da3, cyqacruero HaCo,ZnuFe.

O6o6qeHo, nprHocure Ha kaHArAal{ara npeAcraBHr, {aro xa6hrklaql4oHeH rpyA npeAcraBnnsar

oxapaKrepM3r4pase c TEM x eneKrpofiHa auopaKqug Ha (aTarun4qHM crcreMu/ 3a KohTo ca

xapatfepHv,r3HnroqlTe.nHo Ma.nk, KoluqecTBal, pa3Mep, Ha aSTuBHaTa (oMnoHeHTar RorTo e

AhcneprtpaHa Bbpxy Hocrren c ronrMa pa3ftHaYa noarpxHocr. onpeaenrHeTo Ha pa3Mepa,

pa3noroxeHrero!j oa3oarrlclcTaB Ha akTrraHaTa koMnoHeHTa, kakro rl Mopoonor,|nTa Ha Hocr,rTent

ca oT ,43Kn|oqrlTeIHa aaxHocT 3a KaTaruTtlltHl,iTe cBoicTaa Ha c,cTeMaIa, Te3u oaHTopu onpeaertT
(aKTO SaXHOCTTa Ha HanpaBeHUYe np|,tHOCri, lal(a U HeO6XOAI,iMOCTTa OI !,13nOI3Aafie Ha HanpeAHartl

ekcnepriMeHTarH!4 npa(TuKl,t, xohTo xaHAuAaTraaTa tafi o a/laaee.

HayqHrre fi Hay,rHo-npr.no)r{Hh nprHoc!4 Ha pa6orhre ,3BrH xa6urrraqroHHrr rpyA Ha Aoq. A-p
KapailaHosa ca pa3Aenenu reMa 4qHo B ABe 06/recr!1: /,TpaHcMhcroHHa erekrpoHHa Mrkpockonut
x.i rpaQexoera I fhH(ocroiHtl Marepuart" u,,TpaHcMr,rcr,ror'rHa eneHTpoHHa MtxpocKonrir Ha

MerarHfi h t{oMno3lrH, HaHoqacruql,l, nory'tegt4 gpe3 ra3epHa a6naqrit B pa3ruqHu cpeAt", Raro

o6eAhHnsaqa orHoso e rpaHcMr,ichoHHara e/reRTpoHHa MUt(poc,tonm,

Ha6n|oAeH{rra c TEM ca 
'ta 

cr or ycM r,4rra sa noryqaBaHe Ha rpaoeH h fpaoeHofloAo6H,i Blr,nepoAHt

crroeBe c noreHqrarHo nplroxeHue 3 MtKpoenefiTpoHr4xara h onroe.neKTponrHara, cn 3atelo Ha

pa3Meprre Ao aroMeH Monocnoi npeAonpeAe,nn rpaHcMr,rcl,loHHara ere(rpoHHa MMNpocxon!r kato

HeoTMeH[M hHcrpyMeHl 3a onpeAerrHe Ha Bpr3KaTa Mexay ycnoBr4r Ha noryqaBaHe h noryqeH

pe3y,,tlat, Tyx e 'l ocHoaHrrr npuHoc Ha xaHArAarxara. l4screAoafiure MeroAu Ha flory'raaaHe Ha

rpaoeH u naOeHonoAo6Hh Oa3r ca xuMheHo ornaraHe or napoBa Oa3a (cVD)na3epHara a6naqhr Ha

pa3rr4qH,t rpaO[toat MruieHr c orrramHe arpxy riaKorKo 6t4Aa noAnotRKx u BoAa ri Ar,4peKTHo

o6rbrrBaHe Ha rpaO,rr-cbArp)Raqa cycfleH3r'l cra3ep.

forrMoro pa3Hoo6pa3!4e or MeroA|, r napaMerp, np!4 nory']aBaHe npeaonpeAenr rorrMoro
pa3Hoo6pa3Ue or abrrepoAHr.{ Oa3h 3a o)(apaxrepu3r4pa8e, a HaHopa3Mep[Te h pa3nug'9ut Bt4A

HOCUter, nopjoxka krv aycne8su', npeanorarcT MaKcxMyM yaurve u lHaHuA npu nraHxpaHeTo {
,3alpuraaHero Ha ekcnepfiMeHTa, CnopeA ydatoBeHoro c TEM, or,/ta€Hero or naposa Oa3a abpxy

MeAHo Oofiro npeAram nocroiHo o6pa3yBaHe ra rpa0eHoBl4 paaHrHr,i/ (aro e Aoka3aHo

norytlaBaHero Ha Asycroe8 rpaoeH Ha no-roreM,| nnoqM no ycbatpuieHcraaH 8a,]r1ll, r{peg

eneKrpoHHa AvOpakq,rr e noka3aHo '{e Ha6rrcAagaHur tpa4eH e AByMoet{, karo e onpeAeneHo h

3aBtpnHe Ha BTopaTa paBHxHa cnpnMo nrpsaTa. no 3aBbpTaHeTo e onpeAeneH x MoMeHfa Ha

nony'{aBaHe Ha rpera fpaoeHosa pasHhHa,

np, HaHacaHero Ha BrfnepoA Br,pxy cl4nluueBa noAno*(ka nocpeAcrsoM.na3epHa a6naqur He ce

o6pa3yoar no,qpeAeHu fpa(DeHoBl,l paBHl4Hu. nphHocbrryH e npocneAisaHero Ha HaqarHrre craAuh

Ha o6pa3yBaBe Ha HaHoRpl4crareH rpao,4roo6pa3eH croi. npocne,qeHo e r3MeHeHre Ha

kprrcranorpaOd{ara opueHTaqur Ha pac1tul4Te \racmq|,l.

ycraHoseHo e cbulo, ,re np,4 na3epHa a6raqrn Ha rpao,4ToBa M,4rueHa Br,s BoAa ce 06pa3yBar t aBHo

ryaorroo6pa3Hr Oa3[ r AMopaKqvrra or t136paHa o6racr pa3(phBa AuopaKq[oHHa KaprlHa,

TynuqHa 3a MoHor(pr4craneH rpaol4l, noaMtHara Ha rpdor4ioEaTa Mtiuela c fpaQlToaa cycneH3ut,

BaphpaHeTo Ha ycroB,4gla Ha o6rtqsaHe, BKrtoq!4le,nto o6,ntqBaHe Ha Teqa14 noToK oT €ycneH3l4gTa

BoAr4 Ao noryqaBarie Ha MHoxecrso rpaoeHoooAo6ru 0a3,t, ,3Me)r.(Ay Kohro peAyqhpaH rpaoeHoB

okcr4A, AeoekreH rpaOeH, fpaoeHoB oKcrA, fpao'1loErl MhkpoqacrMqr, aMopOeH Bb epoA tl
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oynepeH C60, Te3u 0a3u €a ycraHoBeH, r pa3rpaHrqeHu nocpeAcraoM TEM u eneKrpoHHa

A,4{Dpa(qt, B h36paHa o6racT, Ha6noAaBaHx ca TbHXrl u €paaHrlTelHo npGpaqH[ s]'rrepoAH!,i

/locnu c Mr4r(poMelph'lHhh pa3Mepr4, HaHopa3MepB!,l o6pa3ysaHur c OopMa Hano,qo6rBaqa
,yKoaxqa !1 aMopor3'1paH HaHopasMepeH B], epoA, Hai-'lecro Ha6nloaasaHl4Te oopM14 ca

Bbf.nepoAH Te /lrocnt4,

BTopara reMan4Ka B pa6orure npeAfiaseHu ,3Br!H xa6!4n!rEq!4oHHur rpyA kacarr
oxapaKlepr3r4paHeTo Ha HaHoqacT rll,t noryqaBaHri c r4MnylcHaTa nasepHa a6raqq, npri lxrpoxo
aapupaHe HaKTo Ha ycnoB,4rra Ha o6rbqsaHe Ta(a 14 ta o6r!'l6aHl49 MaTepuan l,, cpeaaTa B RogTo ce
o6pa3yBar qacrrqxre. HaquHl,T Ha nory'.rasaHe npeAnorara Marx!4 Koruqecraa Marepual, qecro

HeAOCTaTtqeH 3a peHrreHoBa Ahopa{\uA, (oero noAqepTaBa 3Ha'.teHueTo Ha eleKrpoHHaTa

AhopaKqur np TEM Ha6nrcAeHr4r. npnsocrTe Ha Aoq. A-p KapauaHosa ca a ereKrpoHrio-
MTRpOCROnCI{OTO OXapaKTeph3l,4paHe Ha nO.rlyqaAaHUTe nO IO3l,t fia'll4H HaHoqacTlltlrr KOeTO e

Heo6xoAMMa cTr,nxa npu onTrMr43aqur Ha npoqeca Ha noryqaBaHe.

OTntqHo peue8a 3aAaga or xore(Tqa c yqacrreyo fla Aoq. A-p KapauaHoBa e nonyqaaaHero Ha

cpe6rpHn HaHoqacr[qr,4 cbc 3aAaAeHo pa3npeAeneH[e no pa3Mep s oco6eHo qMcTa cpeAa 3b

nphroxeH,le 3 ooTalMonorurTa. np, Ta3|,l 3aAaqa e npunaraHa ciarucrhqecxa o6pa6oTXa ria TEM

h3o6pa)ReHUf,Ta 3a Aa ce onpeAenrr pa3npeAeneH,trra Ha cpe6bpHuTe qacrrqr no pa3Mep, Taxa ca
ycTaHoaeHl 3aBl4chMocrtl Ha Ko.nhqecTSoTo !l pa3Mepa Ha qacTrltlt4Te oT ab/lxl/HaTa Ha SbnHaTa ta
.na3epa 14 uHTeH3hTeTa Ha rbgeH{eTo, ct qecTBeH p$yrTar e, qe no lqaHeTo Ha ra3epHaTa
paAMaq!1r c 6nrl3xhTe no Arrr{r4ta Ha Bb/lHaTa Ha noa}pxHocTHhn nra3MoHeH pe3oHaHc Ha cpe6poTo
aoArl Ao cTonraase ,r ar,uga{e utu crenaaHe Ha Hario'.tacrrlqhre ,4 ooopMgHe Ha Arrfu sepr4ru, c
noMoqTa Ha TEM ,3creABaHUrTa e pa3pa6oTeH AsycTeneHeH MeToA 3a noryttaaa8e Ba cpe6lpHt
HaHOqacTUr.lh c pa3Mep noA 10 HM, nph koiTo c na3epHo o6rlriBaHe Ha MnueHa ce noryqaaaT no-
eap,r qacTnqrl, souTo B nocreAcnre ca pa3apo6f,aaHh nocpeAcTBoM BTopo o6r!q3aHe ccbrxHHa Ha

BbnHaB 6rt3xa Ao Ta3u Ha nna3MoHH[r pe3oHaHc, f]peqr3e8 TEM aHanu3, np[ApyxeB oT

claTl,|cr,lqecxa o6pa6o a Ha h3o6paxeHltta e r3nor38aH Ha acrKa cThnxa oT nphrcTorHeTo ia
HaHoqacl,lL{,4Te 3a A3 Ce srAr Ce ka( npoMergT pa3Mepa !a qacr,lqrTe x pa3npeaereHheTo hM no
pa3Mep q Aa ce HacTporT napaMetpuTe Ha , a3ep BoTo ,nrqeH 4e npt Bce|(|4 cneABaul excneprMeHT, B

pe3ynTaT/ cbcc6qecTaeeHMt npxHoc Ha e/lexTpoHHaTa Mr4xpoctonrr |,l Ha xaHAxAaIXaTa, vcneulHo ca

nonyqeH,r cpe6!pHr.4 HaHoqacnnqx c pa3Mep noA 10 HM a h3K,Ioqr4TerHo qxcTa cpeAa, OT To3r,
pe3yrTal npox3ru3a h ycneuHo 3au{lTeH HaqhoHareH naTeHT.

C TEM 6xBar oxapaxrepr3!1paH'1 3narHu I cpe66pHln HaHo,racrl4qu B Tsl,pAa Marpuqa SiO, ,rl, Zno.
tlacTrlr.{'1Te aSiou ca nonyqelr,1\rpe3 cboTramHe npu hMnyrcHa ra3epHa a6naqxr, a ozno '.tpe3 ioH,la
uMnraHTaqha.3a MoAuOlaqfipaHe Ha qacauqrTe ca np,4rafaHrl na3epHo o6,nbqBaHe urri o6r,4'{aiHo

oTfpgBaHe. onpeAereri'l ca pa3MeprTe Ha TaKa nonyqaBaHrTe qacT|,iql4 oT noprAbxa Ha HrKorHo HM

ao Bt{onr{o AeceTkn nM, xouro cneA TpeThpaHe o6ixHoBeHo HapacrBar. l(aro nriTepecer pe3yrrar
6xx or6enr3an ycraHoBraalero c erextpoxla AfiOpaxqhr Ha Meracra6,MHa {Da3a Ha cpe6po,c
xexcaroHa/rHa peuerRa ycnopeAHo c pasHoaecHara Ky6u,rHa B ZnO c xMnnaHT,4paHo cpe6po, OUe
noBeq e ,n a3ep8oro rperh pa He np{Ar,rxriHa Ha BrnHara 355 HM aoAr{ Ao x3,te3BaHe Ha paBHoseaHara

Ky6x,rHa peueTKa Ha cpe6poTo,

i4pyf HayqeH npriHoc Ha kaHAr,4Aaftara e oxapaxreph3r,4paHero Ha Hyxe,noB4 u xere3Hl,l a

xoM6uHaqrg cbc cpe6po safirlqh no,|ygeH,l a TeqHocT r,4/rx sbpxy noAnox(a c ra3epHa a6naql4s,
BXrro9rre,nHo c npfinoxeHo MafHhrHo nore. OrHoBo € onpeAerena Mopooror,4r, pa3Mep B o6racrra
Ha HaHoMerp,4 l, AecerK[ HaHoMerprl. O6oco6eH], ca rpu pa3MepH!4 noprA](a Ha qafixqxre, Hai
roreM!4tT oT RoMro e a MuKpoHH[e o6xsaT, h ca cs]p3aHh c Tpy pa3nrqHu npoAyKra oT ra3epHaTa
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aEnaqvn, MafHhTHoTo norte vMa BAhAHhe caMo Bbpxy qacruq{Te c ronsM pa3Mep, xoyTo uMaT

OipoMarHtrHn cBoicr8a,

CtqecrBeH nprHoc e Ha 6, loAa BaH urr pacrex Ha HukeroBa qacuqa c pa3Mep noA 10 HM B (aMepara

Hd ereKrpoHHxr MrlKpocKon noA sb3AeicrBuero Ha erekrpor{Hr1r 16'.1, Toaa ce cqrra 3a

Agka3aTenoao 3a HaruqlreTo Ha Hrixeroatl aToM, a Te'tHocTTa, korro ca ocTaHanu Sbpxy

e{raepoAaara lrervr6para np, nprrorarHero Ha Mrrpocxoncxara npo6a.

5. 3HaqrMocr Ha no,rvqeFrrre pe3yrrarv v ,hre.] apvrac Ha xaBAIAara-
CtapeMeHHrre reHAeHqu,{ s o6racrra Ha Marepua,lo3HaHreTo o6xaau.laT c,'to*{Hu Ol43u(oxr,4MM,lH11

npoqecn cBbp3aHh c noryqaaaHeTo l,l t43noI3aaHeTo Ha MaTepua/ly c onpeaeneHa HaHocTpyRTypa

BoAeqa Ao 6nafonpurrriu ere(Tpr,r'rHr,4 (ararurutrHr.i u^h onrk\Hr4 caoicrsa. flopaAq rc6a
KoreKruaHara AeiHocr Ha cne q!, an ric c no3HaH|,lr a pa3rrqHu o6nacrrl ca Heo6xoArMocl HanoxeHa

or npa(Tut(ara, B Ta3ti Kapruxa rpaHcMticl,toHHara erexrpoHHa MrkpocRonut 3aeMa eAHo ot
qeHTparHrre Mecra, 3creAsaHhre orAoq, A-p KapauraHoBa crcreMl4 u norytteHhTe peynrar[ MMar

cbqecraeH npuHocao6nacrra Ha xara/lu3a u ycraHoataaHero Ha MeloAyt{t !a nonyqasaHe Ha rpaoeH
'paaroo6palrn no ctcraB HaHoqacrhqM npI npe!rMyqecrseHo non36aHe Ha na3epHa a6raqur.

llbrxaear,,r 4oq, A-p KapauaHosa or noBeqe or 10 roAuHt (ato orAaAeH, npeqrr3eH I orfoaopeH
Hay,reB pa6orH,4x, He ctM rMa, qecrra npBxoAa pa6or c Her, Ho or3rlarre Ha 6r{3xr,r xo,,rer! c &or,rro

Tr rMa o6qr pa6oru ca u3k loqrrerHo no3MThaHh, fipMHocr4Te Ha Aoq. KapaurarioBa ca Ao6pe
ontcaHt ! pa3rpaHxqeH4 5 agTopckala cnpas(a. HrMaM cbMHeHue 6 HeiHrr rsgefi np Hoc KbM

no.nyqeHhre HayqH, pe3yrTaTu

6:3aKn|o.reHfte
[ipeAcraseH'lle or t{aHArAara ny6ruHaq!4x ca no reMara Ha koHHypca h npeAoaBnrBar oprlruHarH,l
HayqH!4 pa3pa6or(,4 c npuHoc B o6nacTTa Na npunoxHaTa O!43r,4xoxr,4Mr,4r r,1 no-cneqharHo B kaTanl,l3a

t,l no.nyqaaaHeTo Ha HaBoMaTept4arrl c noTeHqqa,nHl4 npuioxeHht 3 enekTpoHl,lKaTa tl
oflToerexTpoHt4xaTa.

Xapa$epa 11 pe3yrtata or HayqHara AeiHocr Ha AoqeHTA-pAaxhena 6oaAaHosa KapauraHoBa, kaKTo

4 npeAclaBeHtle HayqHl, nphHocu r,r oopManHx xphTeprlI noKpraaT acr!r(r, r,r3rlcxaaHrr 3a 3aeMaHe

Ha a(aAeMtqHaTa ArbaHocT ,,npooecop" onpeAereHI cbc 3axoHa 3a pa3B!4TueTo Ha akaAeMtqH4t

cbcraB s P5 q npa6xrr'rhlla 3a ycnoB,rrTa h peaa 3a flpuao6xBaHe Ha Hay'rHh cTeneHll r,4 3aeMalre Ha

axaAeMhqH, A/rrxHocfl,r B 14oMT-EAH,

BtB apb3Ka c noco,reHoro no-rope, npeAnaraM Aoq. A-p AaHrena SorAaHoBa KaparuaHoBa Aa 6rAe
r36paria 3a "npooecop" no npoOecfioHa,/tHo HanpaB,neHrle 4,2 X/.Mk'tec(u HayK[/ HaygHa

cneqhanHocr,,Ox3l4xoxrrMr4g// 3a HyxrAr4Te Ha l4Hcrrryra no onrrlltecr(h Marephar'l l,l TexHorofr44

"Axaa. ti. lvla,xHoscxri" - 6AH,

30iHyapr 2023 r. PeqeH3eHT:

/ npoo. A-p A.Ta,res /
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