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oT ,{ou. a-p PerIIi Torr.toea or I4ncrr.nl'r no orrllqecKll Mareprlanv v
rexHororvfi "AKaa. tiopaaE ManuEoBcru" (I'OMT) - BAH

Ha MaTepr4aJrriTe no KoH(ypc 3a 3aeMaEe IIa aKa,{eMr.rqEaTa ar6xtloc1
,,npo$ecop" no npollecuonaluo EarrpaBneHr,re 4.2,,Xr-ruravecr<a nayr<u"

cfie[ua,rluocr ,,Or€llr<oxliMm", o6rBeu 3a Hyxalrre sa I4OMT- BAH n ,{B
6poit Ns 1 9 / 04.10.2022r.

KaEAI-laar: a-p ,uasse,ra Eor,qasoBa Kapauranoea, aoq. B I4Hcrrrr] r IIo

olrr-IqecKfi Marepliar[ r.I T€xuororwt "AKaa. IZopaau Maalraoocrll" - BAH.

1. O6uo npeAcraBqse Aa floryqeHqre MaTepua,'r[

C1,c aaroBeA Ne P,q-I5-716 or 01.12.2022 r. Ha Arrpe(ropa sa I4OMT cT v orpe[ereHa 3a

rrren lra Ha) rtoro )r(ypr rra Kon(ypc 3a 3aeMarJe Ea a(a,{eMuquara ,{n6xaocr ,,npo4)ecop" B

I4OMT * o6lacr flpapo,(Hr Ha).Kri, MareMarEKa u rH0opMar'Il<a, npollecllona"rno ranpaerente
4.2, XI-IMu.rec(u Hayxq, HayqHa cfieu[arHocr ,,aDll3fiKoxrrMrrr, obrmen sa uyxaure na I4nctutl.t
no ortrtiqecnr Marepuafli y rexHororqfi "Araa. IZopaan Ma,'rrnoecrr" (I4OMT) - 6AH.

,4oxyMegrr| 3a yqacrle B Hefo e noaar ear-Ilr earrHcrBes KaHAu.{ar -,q-p Aasuena
Eor,qafloBa KapauaHoBa, aou. B I4OMT. flpeacraBenu or nau,luaarKara ca Bolrqku aoKyMer.n[ x

Marepuaru, u3r-icxBauu or qn. 26(4) Ha llpaBr-rlrur{r(a 3a flpulroxetluero fla 3PACPE s I4OMT. Te

yAocroBeptBar, qe A-p feopf[eBa orroBapt Ha ycJIoBI-Itra 3a 3aeMaHero Ha aKa.qeMl,tttHara

araxnocr "AoIIenr" yroMeEarn B qir. 25(1) Ha cru{r [paBnnHriK:

o llo r.1: tr4va nprjgo6r,Ta o6pa3oBarerHa 14 HayqHa crelen ,,AoKrop" (Ar.uuroMa

30334/06.04.2006r., npr.clreHa or BAK);
o flo r.2: 3aeva g.nlxuocrra ,{ouenr B Jla6oparoplrt "EJleKrpoHHa MllKpoclconqt" l<6M

Hayvro-rexrnvecru orle.r na I4OMT (VaocroBepegue 3a rpy.uoB c'rat( );.
o flo r.3: 3a y.racrr-re B KoHKypca e npeacraBrrna 6 paBr.rocrofiHt Ha MororpaolqeH 'rpya

ny6mrxauuu o cue[ru.,lstrpar r Ha.fl$m v:aasllt, (olrro rle rloBTaptr rlpe,ucraBeunae 3a

npv,qo6uBane na o6pa3oBarerr{ara n trayqra crenerl ,,aoKTop";
o IIo r.4: Ilpe.ucraanaa e 13 apyrn op[rrsarHa nayqnolccJreaoBarencxu rpy,looe (12

ny6nurauuu u 1 rlarerrr Np:112999/ ot 27.11,2022r., rBAa.4eH or flarenruoro
Be.4oMcrBo Ila PE);

o flo r,5: Crc cl6pauure or Ee-s 898 (llpuaoNeune 1) roqci lpeBrrurasa r[rr tMarnure

EaqrrotrEulqu ri3lrc(B,rrrr{r no .Ur. 26, an. 2 r 3 ua 3PACPE fi npaB],Itlll,rqlrre Ea EAH u
ZOMT ra neroeoro npL[oxeErie Mrir{rrMzrJrr'rnre rr3rrcKBaEI-Ir);

o flo r. 6. HtMa aasllu 3a aoKa?aqo ro 3aRosoycraEoBesrirr pea rljlaruarcrBo B IIayqE Te

rpy,{oBe.

2. Kparror 6uorpailuqnu AasHH Ha KaHA[aara

Aaunera EoraauoBa ltapauauona e po,ueHa Ha 04.10.1968r.. Cpealoro clr o6pa3oBasxe e

nonyrrra B 9- Qpeucxa e3ri(oBa rrlMna3rlr ,,AlQouc gro Jlavaprzu (1987r.). 3allprullaa e

@u:avecr<ua $aryrrer ua Co$uficrrx 1'wlBepcrl, er ,,CB. KnI ,{enr Oxpracrlt npe3 1994r.. [pe3
1996r. e:aworeua:a pe.qoBerr .{o(Topam o l-{ernpa,rna la6oparoprr to Soronpoqecz ,,Ara,u.

frop,{an Mamnoocru" GnO) EAH, Kb,qero ycrerrrxo 3aruliraBa ,{Eceprau[onel{ Tpy,( I{a reMa

I



,,(Dzsaroxzvn,uu cBoiicrBa rra BaxlyMrio ornoxer j rbrrrqz c,roeBe or cpe6bpes cynQ{.q:
erltraKc[alreu pacre)I( q [oB6pxEocru{ enel<Tpaqn I cBotcrBa" rtpe: 2006r. I4ua easoroAutusa
cfleqltanlraqllr B tr4uTepAnc{EnJrrdapurd uenTbp 3a saqouay(r EaMapcutrut (2006r. - 2007r.).
Or 2001r Ao cera pa6ol-r n Jla6oparoprl no ereKTporfia Ma(pocronza na LIOMT (6anu I]JI@)
rl:bpBonaq,uEo xaTo Qra3n(, a cnel [p[cbxAanero ii ra oHC goKTop-KaTo fJ]. acficTerlT, AorIeIrT
Il HeirJ p6(oBoArrTerr rro HacTorUeM. YcuopeAuo c ToBa AorI. KapafianoBa e 3aeMaJra

aJr6xnocr[re: flpeAcraBrmer B nporpaMurzr (oMrrer r{a PfI Xoplrloa.r 2020 (r<on$urypaqna
Hanorexuonond.r, ABaHrapAEti Marepualrrz, Brorexrolonrr.r, ABanrapano [po!.r3Bo1crBo n
npepa6oreaue) K6M MOH (2014r, - 2020r.); qneE (2019r. -2021r.) u 3auecrtuK rrpeAceraren
(2021r. -2021r.) Ea flocroqsnara Hayqno-e(cneprqa KoMtlct{r Do Xr,rMr{qecn.r rrayKu KcM (DosA

Hayvuu lnclegnannr ua MOH.

3. O6!Ia xaparsepucTnKa Ha Eayqnara AeilHocr tla KaHIuAara

HayqHara AeftEocT Ea AoII. I(apauagoBa e e o6nacrra na nonyvaearrElo Ha r6H(I, croeBe
qpe3 oTnaraHe oT napoBa ipa:a, nolyralaue Ha BJlaKHa no MeToaa Ea ,,ereKTpocnrEHr.rEf,,,
n3cJre.[BaHe na crp].I(Typara sa Marep,I,lnllTe c noMolqra lla Merolr{Te sa TpaHcM[oroHsara
ejre(rpor{r{a Ms(pocKonra (TEM) r-r EnexrponHara ls$paruag (SAED).

,4orr. KapauaHoBa uMa BneqarlrrBaura [ayqga flpoayKqr-u, un po(o lorryJrtpr,r3[paHa Ha

ronel\4r Oopyiaj r.i cfipa3ega B IlpecflDlqu cnl{caHl-It. Jfuqqo e npeAcTaBIlJIa 5 ,[oKnaAa na
Me)I(AyHapoAHr r.r 6 Ha HaU[oEanru $oplrum n rir,ra y]acrv r B oqe 26 yctuu u 67 n nocrepnn
Ao(naAa. O6uur1'6poi Ha ny6ruKarlwlre rl e 126 c h- index 13, no (oliro ca or6ersganr-r 590
Ee3aBIlCnMfi UHTaTa, (aTO I I I OT CTaTnrTe ]-I 5]8 OT UUTaTtTe Ca CreI KOg(ypCa 3a IOqeHT npe3

201lf. (Web of knowledge). Tl e roxa3au yqeH cbc 3aBtaeH aB.rop{rer, TBpceH 3a cbBMecrr{a

Ael:uocr or MHofo ll3raeHu B cBouTe o6racrll yqeHu u HayqH{ opraHlBa[uu (trLrcTuTyT Ilo
[oJuMepu, I,IOHX, I,Iucruryr uo xara,rur, lI@'lT, I,Incruryr rto Enetrpour.r(a i, yu{Bepc[rerx

,,rpoQ. AceH 3narapoB"- Eypmc, yXT-nnoBAqB u Ap.). Bu"'ra e plKoBoArlrer rIa 2 rpoerua 3a

opranu3rrpaue Ha Kouq)eperqnu I-r I yqacrDara B pa3pa6oraauero Ha 12 Harluosanuu qpoeKTa c
OHI4 (10 npuxnrouunv v 2 Lel\crRat\u) Ha 2 or Kolrro e 6rlna roopgmarop sa I4OMT. BgeJra

yqacTue5Mer{AyHapoAHr{npoeKraIroB3a[MHrr{o6neu(EBR)-3cEenfr4ru2cEcToHcKaTa
AKAAEMI"I EA }IAYKI-ITE,

4, Ilpenogarare,tcKaAeiiHocr

[oq. Kapaurauona nogz r<ypc lerqru (30 .r.) rz ynpaxuenfir (15 u.) 3a lol{ropaHTu Ha reMa

,,Ene(TpouHara MlrKpc(oqtlr t-r enempounara anQpaxuaa o uopr[oloruvnua a Qa:oB alnalru3 Ha

Ma'repuanlre" KbM Ilenrr,pa :a o6yveue na EAH. Ell,ra e pll{oBoAltTer tra apr:lMa A!r[roManrt-1:
eALrH or Cy ,,CB. Kauvear Oxpa4cxr-r" r,l asaNta or XTMV. Errra e P6(oBo.quren Ha 6pou3oBrre
MeAarricrr.r or Ha{noHanHrd or6op or y.reHuull yiracrB,Ll B I-BL1 Mex(.qyHapo,{eE Typn}rp Ita
MrraAnre ecrecTBor{3rrwarett,29,04.2013 - 06.05.2013, fp. EcKr.ruexup, T}?qrr. OT 2008 Ao
2022 v, e tpegcegaren e rla opfaulcaqrrour.rrir KoMETer Ha qaqlouaneu Sopyu :a goxropaur:u r.r

MnaAIt yqeun: IIporeTeH ceMrruap Ha ,{oKTopatnTrlTe r MiIaAuTe yqeqn or BAH
"l4nrepaacqunaauapua mrr,rz.r ", xofiro nrra 15 v34a:,jxr.

5. O6ua xapa(TeplrcrnKa rra rpyaoBere Ha KanglrAara

3a yvacrue B (oHK)?ca AorI. Kaparuauona e npeAcraBLtna 18 uay.lur.r ny6lar<aryra, 13 or
(ouro c Ql;4 c Q2; 1 n Q3 raaprrzna u egrarl rareqr. flpeacrallrna e 84 (arara ua 13 rrrouuana

6. Ocuoenu uayqEu npllHocri



Karo rlrro yqacrliero Ira aol1. KapauzLBoBa B flpeacr,lBearrre B Koil()4)oa Marepnatrru ce
cEcToIz B IJIa[fiIpaEeTO I4 ItpoBettaaHelo IIa TpaHcMuc[oEIIo-MIlKpocKoIIcK{Te :,3cIIexBald;t4, Ira
pa3JI{qEI{Te ro cBorra npupoAa, crpyKTypa n cBoficrBa Marepqantr u cgcreMrr, (€rI(To 1., B

au€ull{3rrp,luero Ha AaEEare 3a rrl<Hara Mopibonofxr, Mrr(pocrpyr<r}?a lz iba3oB c6craB.

Ily6,Ir|I(aquII, eKBuBareHrq[ na xa6[,.r[TarlnoHeH TpyA

B ra:r rp;'na or 6 ny6rrrKarl!fi (Al-,{6),4 B ctucasur c (Baprnn Ql u 2 c e2, rcn€3Jrr_t or
IIeqaT B noCrelrill1]e 2 rolunr AOrIe}n KapaDrarona pa3rnexAa nprdrararreTo rla TEM B

r8cJre.qBareTo Ha Mr4r(pocTpyroypaTa r, 4)a3oBrr cBcTaB rra riHoBaTsBHrz (aTllJrnTriqt l MaTepuaj[4
c npr.rJror(enue B [polr3Bo.{crBoro na qncr BoAopo,{ (Al), crrETe3 ras, Qeuol (A4),
EeyTparrc[paqero Ha IeTJItrBri opfar jq{rr cbearrr.reHr.rt (4'6) u pa_:,raranero Ha +opManaex4a
(A5) r.r uerauoa (A3).

Haffirre noIxoAll B pa3pa6orBaHero Ha rard.rBa goBL Marepll,lrrl ca cBlp3,rEE c
HaMa"'rrBaEe Ea pa3MeprrTe Ha a(T[BgaTa Qa3a, BoAeuIo Ao IIoHr.rr(aBaHe rla I(o,'lI qecrBoro

I-I3IOI3Ba!H KaTaIq3aTOp, r-r 3aMrHa rra qacT oT c(6no-cTp)tsau[tTe amuBrrlr KoMIIoHerrTr c [o-
eBTuHt ranrBa, uMarq[ Kotr()?eu.rna arorBrrocr n ceJreKTtBr.]ocr. l,[3cneABaEero c TEM sa
Falropa3MepH[ MaTeprrajrfi e ocooeEo nolxolrtuo nopa,q]l aToM]raTa pa3,[eJrrrTeJlHa c[oco6FocT
Ha ctBpeMentrire artaparrl q B63Moxnocr.ra 3a orrpeAertue e .qn$parquoren pexrlMl,r Ba
tla.:oour crctan a paul{llTe Ha eAEa oTAeJ]Ha rraHoqacrr-rqa.

Cnopea $opvara u rHlla rra aKTHBHara Oa3a, pa3rrenqa]Mre e ur6par.rure ny6luraqru
KaTarrtaroprz Morar ycjroBEo Aa ce pa3Aemr B 2 rpyrur: MeTanHs - A1, ,A4 I,I ,45 ].r oKcr.tAHr, _
42, A3 I A6

flr,pnara rpyna Mera-IHLI (ar€rl-Barop[ B(tloqBa: ,,3ramev" - clabpxaq qacrl-Iqu or
(y6rquo 3raTo oTjIo)I(eHLI B6pxy 3 BuAa lloffo)I(Klt oT Mexa}Irqqo-xfiMl-Iqgo cllHTe3flpaHa cMec
or Co3Oa-CeO2, uecr,4:rpxaqa u clAlpr(arua Ao6aB(a or (a,tufi luln B- alylruuueo oxclr4 (A5);
,,ueOerr" - npe4ctaetn Batu Hafiorracrfiul-t MeA HaHeceHI-I B6pxy floAror(I<fi or ql-Icr r rorupau c y
qepuen groxcr.rgl1-alyMrrHrreB oKcIjA llonyqeHfi qpe3 r,rMnpe.H[paHe (lM) r-ral rpll
Mexa{oxliM[rrHo cMecBaEe (MM) Ha ABere (oMtrolreHTu (A1\ u ,,uauopazuep u r@maru3amopu
om Ni, Ru u Pt" (cauocrorre.trno rrJrr.r B l(oM6[Haurzr or ABa Mera,!a) orroxeHrr B6pxy noAroxKa
or 3eonurfA4).

Ocnonuute uay'rnu npuqocri B Ta3r,l rpyna [3creABasr.t! Morar ra 6l4ar pcsr,rlupzrNrl raxa:

. C ere(TpoEsa grSpar<qu e ,uoKa3arro t{arr]lqfie Ha HecrexrroMerpfiqEa (ba3a Ea

[eprreB{r oKc A Ce1lO20 o,r Qlyopnror aI,II Bbpxy Hecr,,{6pxaqaaa u cblbpxaqa
Io6aB(a or (anvft [oArox(a or Co3Oa-CeO2. Ta3ri Oa3a, rroAo6Ho r{a CeO2, tMa
(acnopoAsa Baraqum.r B6pxy Korrro ce orrarar 3rarn[Te Earo.racrrrqu. Brpxy
[oaroxKaTa c])A:r,pxaqa AorrbJlrrr,rTerEo 0-Alzo: 3raTrr[Te HaHo{acTuulr
nperMyllecrBeHo ce orrarar B:bpxy aryMrl[^eB t oKcr:u li B 6llE3ocr Ao autyMt sraeBa,
oKcr-txrrApoKcrzA, 6,'raroAapeH[e Ea x4qpoKcnrHrrre rpyun, Kor,To cryxar Karo JrnratHAt{

3a 3aKperrBarreTo I-IM A5.
. ycraEoBeEa e pa3nriKa BrB llasotrz_r crcraena u crpy(Typara sa MeAeH Karalrv3arop,

rcfion3Bas B peaKrl:rrTa Ha oTMecTBar{e BoIa-ra3 qpu npo[3BoacTBoTo Ea qrcl Bo,{opo4
B 3aIBIICUMOCT OT MeTOA6T Ea nonyrlaBaEe Ea noAJ-roxKa oT aoTvpa}r c ln?aa (eprreB

IrroKclily'ar)'i\4rrr reB oKcu.[. Y-Aonr-rHra e Irorloxurerefi rlpr.t floA]'roxKa IlorylreHa qpe3

MexanoxriMlr.ruo cMecBare (MM) r.r He6Jraro[prirreE flpn [oaJronGa noryrreHa qpe3

avnperxupane (IM).) ,{oxa-:ano e, ve npu MM elpxy nogaoxrara or Al2O3 npucbcrBar



e,{soBpeMer .ro or.4enrq qa3tr Ea CeO2u y2O3. Ilpr,r IM qepaenara Oa3a rloKpllBa Al2Oj
r,t QopMl-rpa cror(Ha MEofoKoMrroEe$TEa Sa:a, Komo, ofpaurtvaBatKlt
Ba[MOAetrCTBr.reTO UeNly cuo a ceo2, noHqxaBa I{aTaJI],ITI?llIIIa axflBuocr Ha IM
(araru3aropa 41.

. C TEM ca Bu3yanrtapanr4 oxaparTgpu3[pa i (aro rl4n ,,6era,,. 'racrarl[Te Ea 3eo,,ttrra
rBnoJr3BoH 3a socrrreJr Ha Basopa3Mepuv karalrrcaroprl o.r Ni, Ru a pt B peanra, 3a
xrAporeMero(clrlrrrpaue r Aear'rKulrrrpate Ha nporu-rlrQeHon. ycrauoBelto e, qe

llacTlrrlriTe Ha a(T[BHaTa $a_:a ce pasnoaarar [o [oBbpxEocTTa Ha 3eo]!l.rTa (aTo c
noMoqlTa Ha ereKTpoHEa Allopal(u,Ir e ,4oKa3ztHo E uraqaero Ha ol<cgAu sa Ni g Ru A4.

BTopara rpyna Karajrrcaroplt pa3Drer(Aa oKcItAHI, MEoroKoMrroEerlTlrrz cucreM[ c no
rlsKor(o pa3rfiqEr.r 0a3LI, EalleceHu B6pxy pa3rrqllll flopt o3rrr IloclrTe]Dt: cuec or Co_Mn
or(c{nn Br,pxy rroanonq(a oT MaKpo-MqonopEo3eE crrJrriwreB arroKctrl (MMs) 42, cMecemt Mn-
Ce orcrar, crureupaHu IIzpeI<TIlo B6pxy ir,resonoprosea auopSeH cnr{UrzeB ,Uro(cr (SBA-15)
,46, (ar{ro u cuec Co-Zn ilepura, or_noxenr Bcpxy MoltiorunpaHa B6rJrepolr{a nrEa A3. npl]
Ttx c noMorq, a sa TEM e Il3BJIeqeEa tr{ropvaqrza 3a crpyroypa,ra Ha noljroxkfiTe, al)a3oBr,
o:bcra! Ea a{TuBrr[Te KoMTIoHeEM r_I pa3[peAeJreHl_Iero xM no roBbpxHocrra, (orro e o6Bbp3aHa
c KaTaJrrTItlrHaTa a(TITBEOCT B peakql4riTe rra: lSJltro oKt cjr€r {e ua co It n_hexane a A2,
oTcTpaHrBaIIe Ha JT9TJII-IBSTe OpraHrrqHn c6eAr{Herrnt B oTpa6oTeEuTe alToMo6rrJIHH fa3oBe B A6
u peaKul,lrTa Ua pa3naraHe Ha MeTasOr AO H2 B A3.

I{aro Hat-3uaqlrMli Eay:ruu rrplluocr-r B ra3r-r rpyna uorar qa 6r4ar rz o6poew:

. 3a tlbpBr-I nbr Karo Hocrrrer Ha (arajur3arop 3a oKllc]lsreJrfllr peaxquu (n vacrnocr
oKlrcrleHfie Ha co I:t n-xeKcau) e [3IIo,rBBaH MaKpo-M$o[op9cT cr]urqrreB arro(cqa
(MMS) Mo.q[Ouqfipan orAeJ'rr]o rrra eAHoBpeMeHHo c Ko6alrroBa r-r MauftuloBr-r oKcr.ul.l.
Hafi-Bltco(a (aramrtrqua arT{Btrocr IrpnreNaaa MMS npo6ara voaur[uqupaua caMo c
I<o6a,tToB oKcI-I!, a safi-nl-Icr<a - ra:u vo4zSlluupaHa caMo c MaHr,lIloB oKcI_IA. C TEM e
ycTaHoBego, qe BSpxy [oBlpxHocTTa r.r B llopltTe Ea r{ocfiTejl noryqeH IIpu oTIeJIHO
MoAq(bl,IqupaHe ce Ha6JrrcAaBaT arr'IoMeparrr oT cloTBerr.ruTe oKor.rAr.r, a np{
eaHoBpeMegEo Moalilbnq{paHe - r.r cMecerl:I o(cLIAIt, oT.[OXeqU npeallMi{o B M$onoplzTe
Ha MMS. nocneAuoro ao(a3Ba, qe KalcyJlrrparrero tra nopure csc cMeceru Co_Mn
OI(CIiAI' C OTTOBOPHO 3.l IIO.BIiCKATA KATAJII,ITIITIHA AXTT'BIIOCT EA EJIqOBDEMCHHO

MoAr.rlpl,ruupaHE r (aranttarop A2.
r C TEM u EDS e Ao(a3ano, ,le Mn-Ce o(cr-rAr-r ca paBHoMepHo .{uclepr[pasu rcl(ro rlo

rroBbpxitocrra, TaKa n ueplesAllrytrpuo r.t Har&)K{o B Itoplrre rra SBA_15 socl_tre,,rr. C
Oypne rpancQopuaqrzt e ycTaHoBeso I1pl7cr,cTBlle ua Qa:a or MnO2 [pI,I Mo,rHu
cGoTHo[renrrt Mn:Ce, 2:1 rz 1:2, r<oero ,4oKa3Ba rran{q{e tta Mn4* :EaquTeruo
rroBr.r[laBatqo al(TtrBuocrra tta KmaJlt3aropa B pearuItsrra rra oKlrcreuue qa flponart A6.

. Hai-Br.co(a crerreu rra KosBepcrrrr rra Meranor (EaA 90% uprr 670 _ 690oC) ce nocrura c
(arajrr4arop or wrcr Ko6artos Qepur naueceu B6pxy [oArroxKn or r].br-ncpoarra rulta
crzure3upauu c 40 L.r c 60 r.% SypSypoa A.3.

Ily6,rrKa(ru l|3Br,H xa6KnnraqEoHHusTpya

tr4386H xa6qJmraqroqnurr rpy,{ ca npeAcraBenu 12 ny6rruxuluu (8 ca c KBaprHn el, 3 c e2
rz I c Q3) E 1 uareET pa3rnexlaqu [prrJro)rcHriero Ha TpaEcMricaonHa ere(morlHa



Mrj(pocKorrr.ut qpu ri3cne,uBaneTo Ita rpa4eHoBu 14 T6rrKocnoirrrz MaTepria"ln B 1 _86 (TeMa 2), r4 Ha
MeTarlHE r, (oMrro3uTHa EaHosacT{q[, non)4reHu ql]e3 J'la3eplla a6nar\-sq B pa3l.11tl6lv Cpeav B7_
812 (Teua3).

TeMa 2 TpaHc.,ttucuoqqat eneqmpoL\a MuKpockonal Ha zpabe^osu a mhHKocnoufla
namepuulu

fpa@entr: clc yunra"rr -rre cl-l lbr'3r]qrlll cBoficrBa - syreBa Illl]pnna rra 3a6paHeHara 3oEa u
nurca IIa a6cop6qrx, ce aMrrTa 3a e.qI-III oT MaTept@rnTe Ha 66A9!IeTo s o6lacTra ria
eJre(Tpor .r(aTa 14 orrToeJreKTpoHr{KaTa.

Tpr.r or crarr-r{Te ca [ocBereHu r]a orJlafaEero ll lt3crleABaEero Ira knacEqecKfi TIHK'I
croeBe or ABycnoen ryaOeE (Bl), M'KpoKprrcranr{u B6rJrepoArilr $riavr (B2) l, Ao.r[paH c
Bbrr'repoI TararroB otccua (B5). CJroeBere ca nonyqeH[ rro MeToAa Ea xrrMrz*ro orraraHg or
napona @ara (Bl), la:epHa a6naqlrr(B2) u MarHerpolrso pa3lpaueaue (B5) orpxy noglroNru or
Me.aHo oonro(Bl), SiO2/Si (B2) u crrrno (85). Ocraua,rure rpu - 83, 84 u 86, ce orrracrr 3a
cycfleHArrparu.r B TeqHocr rpaoeEoBl, r, rpaQeEolloAo6Hli J,rrocII],I, rroJlyqeHu qpe3 r.tMnyralla
ra3epEa a6raqr.rr Ha rpaorrroBa Mrrrllella c Nd:YAG Jra3ep [pt octroBEara (1064 nu), rropara
(532 HM) r, qerBlprara xapMor.u.rna (266 EM) ,{t.nxt tra Ea Bbruara.

E€cnopHo [pl-rHocure B Ta3r, rpyna Marepvuut ca MHoro, Ho Karo ooHoBtru Morar Aa
6s,qar noco'jesr.t creaHnre:

. AoI(a3aFa e B!3Morctocrra 3a orJlaraEe r{a ABycJIoeH rpaSex no MeroAa Ha xl,lMrqflo
ouarare or napora $a3a r e ofipeaereH 6t6Jr6T Ha 3aB6pTaHe rra paBHxHrTe B (oliTo e

oraoxeu (B1).
. ycrauoBeuo e, .re (llnMETe [ony.reuu vpes aa:epua a6raq].rr Ha rpa$rlr rlMar cMecesa

MopQoJrorur. Ao I HM rpaSeuonure gacrlrq{ ca opueflTrlpauu yonopeA}ro Ha
IIOBSpXEOCTTa Ha IOAJIOI(aTa, AO HtKOIrr(O HaHOMqrpa I' IlepneHlgr<ylapno, a cne4 20 _
30 HM OopMr-rpar arperarq or rloruxpucraren rpaQr.rr (B2).

. C TEM ca oxaparcrepr€npaut-t vopr[onoruara r-r Qaeooua cbcraB Ea cnoeBe or Buco(o
aor[pau c almepog Tio2, qoryqeE r qpe3 eAEoBpeMeHEo MarHerpoEqo pa3npauBaHe
or .qBe M[rtre]trl. ycrarroDeno e Harrigfie rra 2 rpucraant Qa:t ua TiO2 (auariu n pyrnn)
I, eAEa cMeceEa clc cr,cTaB: Ti:CzoOl4. @asogatr clcraB lla cJroeBere He ce lpoMelr,
npn orrprBaEe (B5).

. MeroAaT Ha ra3epra a6naulla or rparltroBa MurreEa B TerrEocr e receH 3a r,r3IIoJI3BaHe.

e(fer<rraeu 3a nonyraBaHe Ha cra6lranlr cycflerrtrr-r or rpa{reu { rpa$eHo[oao6Hr_r
MaTeprrllJM n uprnoNarrl :a $yu&Ir4oHaurrr3[paEe na rpaQeuonr.r uoor,pxnocru (B3, 84,
B6).

Teua 3: Tpaucmucuo na eJteKmpoL\( MaKpocKonufl Ha Mem(uutu u Korrno umHu
Htrvoqacmaqu, noryveHu qp$ no3epHa adnaqua a peznuwu cpeda

Merangare HalroqacrltI[, [posBtBar 3a6enexltrenElt eJIeKrpoErIi, ottTrtynu, Marnarlrl,t u
KaraJr{Tr.rrrrrlr cBoicrBa, Korro ru DpeBpbr[ar B o6em IIa 3acrureE Il Fe3arr]rxBaut
t3cJIeAOBareJIC(U lrrlTepec B rlocneaqljre roallr .r. Teg'I rexqE csoicrBa to3BoIltBar nplrraraHero
l,M B pa3.rrrrllHlt ycTpotcTBa rI MoAepnii TexHolofl7l4, itacT oT (or4To ca B o6nacTla lla
6zouelu[ancxoro ,Ex€EepcrBo, $apvaquara, clxparreurrero na erreprt,lr, cBgr,rrriurrr.rre
Texlro,lofllll !:l OIIa3BaHe Ha Ol(OIIlaTa Cpela.

B ro:n pa:aen ca BrJrroqerr.r crarrr.r pa3mexlaqv E3rroJr3Bllrrero sa TEM B a*rurn3a Ha



rlr]:Ipox I9ar MarepliaJlll rror)erer l c r.rMrryJrcEa na3epr{a a6nalllis na MerurLr (87, B10, Bl2),
r<or,l6r.ruaqau oT: MeTarn(Bl1) q KoM6aEaqI.Ilr or MeTrurE ,l o(cr4AEr4 cleAr,rneErr, (Bg, B9).
Marep[anare ca cnrrBr{paEr.r 86B Bar{y},r4 (B8, B9), ua nt:ay< (B1l) rirE B rent{a cpeAa IIa:
ABotIlo AecrsnupaHa Bo,{a (B 10, B 12) I,I eraEon (B l0).

Octtoonrlte upznocu e ra3a reMa Brouoluar:
. noKa3aEo e rrarlrltliqro Ea Ky6rqlla Ag EaEo.racrqrd{ B cycrer*tr, Iloryqella qpe3

r-rMrryncEa Jra3epHa a6naq[r c Nd:YAG Ea Ag Ml,mella [oTo[eHa B ABotHo AecTrurtpalla
BoIa. ycTalioBello e, qe pa3Mep6.r Ha qacTl,IUqae HrMaJIrBa c yBejrltqatsaHe r{a IlJIrdiIraTa
Ea BbnfiaTa Ha fia,{allaTa Jla3epua cBeTJtLga ll EapacTBa c noB{rtraBaHeTo IIa IIJ]BTHOCTTa
sa eEeprrrrra (87).

. Blr3yan[3t paEr-I Iz oxapaleeprtllpaur ca cpe66pg{ I_t 3rarr r ttauoqaora{u B Marpuqa Ea
Sio2.ycrauoBeuo e qe B Jra3epno-orfprrrrre KoMlo3\.rrl{ pa3Mepbr rra qacrrrqrire
3r{aquTejrEo HapacTBa rroa aeiic.rBlle l{a BseceHaTa oT JI6.ra eEepf[{, ao(aTo rrp'l
repMqqno or.prrrne roi ue ce upoverr (B8).

. ycnerllflo e cur{Te3rrpaH KoMrro3t r or ZnO c ionso aMnrrarlrpaHli AgNps, EaMnpaul
IIpuJ]oxe}IIre KaTo MaTeplian 3a 4oBbpxr_tocTHo_yo.rleHo paMa{oBo pa3cefiBaHe.
Pesylrarare or TEM [oKa3Dar, ire cpe6bpHrrre HagoqacrrrqE ca pa:npegeaeull a ZnO
MaTpr.Iqa [o HaquE, 3aBI.ICeq OT rrapaMglpllTe Ha la3epqoTo Jl6qeErre I_I3Iron3BaHo B
fipoqeA]lara 3a nocJreABaulo orrprBar{e Ha KoMlo3rira (89).

. ycranoBeHo e, qe llpt,t a6rat1llr Ha Marirurnlr Marepl{alrlt, B ttpficbcrBrre {a BlHtuHo
MafHI-tTHO [O]'I€, B fa3oBa UI[i TeqHa cpeaa B6pxy floA,,roxKa ce o6pa3y8aT yctopeAlll, Ha
clrrroBlrre lrr-tnrrl,r Ea noJrero Bepuru or Harroqacrlulr. Buoyaaa:upano e noJlyqaaaHero
Ha opqenrr-rpaHu qauoxl,Ilfl or Ni u NiO (B 1 0) r_r uarueDrr (B 1 i ), xarro a r.ra

HaHO(OMnO3nTIT OT qaCTI-IqHO IIOKpLIT C6C CQepUVUA Cpe6tpruz I{aHoqacTr_tur.r MaIHeITT
(Bl1). .qoxa3auo e, qe .qblDr{nxara rra o6pa3yBanr4Te B eraaolr Beprllj ca aeceroKpar}ro
llo-(tc{ oT IIoJIyqeHlITe Br,B BOAa, nOpaAU flo_cla6aTa e$exrtruocr Ha alr']TvB1vfl
npoqec, KaKTo L :te [oBrrraBalrero Ha c6Aap)I(aH[ero Ha Ag B lIaHoKoMrIo3tITa B,,tollaBa
cTeIIeHTa Ha OpAeHTaIIrrS Ha Ilruoxgqr{Te.

. ycraEoBeru ca flapaMerp[Te lra lbuua ltacrpoii(a na na3epHoro rbqeE{e 3a }laMajlqBal{e
sa cpefttlir pa3Mep Ha cpe6lpuare qacTriqu noA rpaHrrrlaTa or 10 lll,r c qea
od)rarMo,'ror{,ruoro ru npuaoxeuae. (B12, Cl)

7. ABTopcKu npuHoc B npeAcraBerr[Te B KoHKypca craru!:
Ilpegcranenue or (auAnAarKara pa6oru ca Kore(r{BHti rpyAoBe, nxlorrBarq[ no

HrKorKo alBTopa. He3aBncl-rMo or roBa, BeMaiKu npegnug, :a4la6o.reHo ooMric,leHure,
6e3ylpequo crpyKTyprrpaulr ri Ao6pe llopMyrrrpaHll qpuriocu, KaKTo Irt orr[qsrire Mu ],ruqur.t
BlleqarreHrur oT EeiEaTa pa6oTara, (aTeroprlqllo cMrrraM, qe 4oq. Kaparqauora rrMa ocHoBeH
Ilpl'rloc B rrjlalltpzEeTo Ila eKcrrepaMerfuTe, IrojrrraBaEeTo I' Tln(yButEeTo rra pe3ymaTllTe
cBbp3aE[ c TEM u SAED, r<axro rz o ooopuauero ua ny6nxaquzre B Ta3ri IlM qacr. flrn(ru\,r
KpmrqHr, 3a6erex(r r llpenop5(],r I(614 (aHA[Aar(ara.

3AKIIIOTIEHI/IE

loxyuenrrzre ri Marepr{aJrETe rrora,4eHu or aou. r-p AaHnena BoraaEoBa Kapalrallooa,
orroBaprr ga Bcult(tl rr3rlc(Baliarl na [paBunxr4Ka 3a lrptilroxenve rra 3al<otra 3a pa3Brrrl,Ie Ha
at<aAeMrrqullr clcran o Peny6.rrzra Eltrrapr (3pACpB), Kaxro n Ha llpaBr.t,turrrlrre 3a
npz,roxeune ra 3PACPE s EAH I,IOMT.



KauAr-uarrara B Koury?ca e arpeAcraBrua aocrarlqen 6pofi nay**l rpyaoae,
tIy6nt.I(yBaIlI, cjreA MaTep{aJMTe u3IIoJBBarJa 3a qplrAo6ttBaHe Ila ,lKa,{eMl4qHara AILX]rocT
,,,{oqeur". ,{ora:arencBeruirr Marepr-Iall orroBap_s Ha 898 ro.tr(r,r, Ko[To gaABgEaBar 1,5 tlbrll
MtrlruMaJrr[rre a3ac(Baur.rr 3a 3aeMaute rra aKareMtlrrrara A]-rr,xnocr ,,Ilpo$ecop., na BAH u 1,4
rrbr{ MrrrlltMatrqrrre I{3nc(Bagut rla tr4OMT.

B npeAcraBeEl4Te pe3ynrarli uMa AocrarSqHo rraf ll4 rlpl{Irocll, rapar{Tltpaulr ycneuHoro
i 66Aerqo pa3Br-rrrie B o6:racrra Ea Elerrponnma I-l TpaEcMtrc4oEEa MlrxpocxoflIl, ,r
Ererrponnara gaft par<qza.

Bcuqko roBa MIz AaBa ocEoBaBlze Aa AaM cBoma floJror('lTeJlEa ouelrKa t Aa IlpefloplqaM ga
Hayuroro xypa Aa lrsrorBn AoruraA-fipeAlroxenrze Ao Ha) fins cbB€T Ha I4OMT ra us6op na
Ioq. A-p Aar -rera EorAaEoBa l(apauaHoBa Ea aKaAeMr-rrrHara ArrbxEocT ,,flpooecop,, B o6.nacT 4.
flpapogura ua1'r<a, npo$ecuouanuo HarrpaBneg{e 4.2. XttMv.oeclu IrayKI,r, Hayqqa crequalraocr
..O!,rlr-r(oxatlq".

CoQa.r,

27 .01 .2023r. Peqeuteur:

(Aou. a-p PeHr.r ToMoBa)


