
CTAHQBI{IItrE

Bbpxy ,qncepTaql4oHeH TpyA 3a nonyqaBaHe Ha oopa3oBaTeflHaTa n HayqHa
creneH "4oKTop" no: o6nacr Ha Br4clue o6pa3oBaHue
MareMaruKa n nHSopuarnKa, npo$ecuoHaflHo
XuuuqecKil HayKlr, HayqHara cneqnanHocr HeopraHuqHa xtaMilfl

Aerop xa AucepraunoHHr,rs rpv.q: Ennqa H[ronoea KonexqoBa -
peAoBeH AoKTopaHT KbM Kareflpa ,,O6r4a xtAMtAA" npra ArpapeH yHl4Bepcnrer, rp.
l-lnoe4ne

Teua na ,qrcepraunoxnuR rpv4: "HaneceHu Meman- orcudnu u orcuduu
Kamanu3amopu na CO u nemflueu opeaHu.tHtt cueduneHus"

PeueHsenr: gor4. A-p Cronnra l-eoprneea XpncrocxoBa ny ,,f1ancnh
4. flpnpo4nr HayKil, MareMaruKa u uu$opnaarnKa

npo$ecnoHaflHo HanpaBneHue 4.2. Xyrruuqecrn HayKil, HayqHara cnellfianHocr
OnguxoxnMilfl, onpe4eneHa 3a qrreH Ha HayqHoro xypt4 c't c 3anoeeg Ne PE 16 -
493104.2016 or Perropa Ha AY.

1. ArryanHocr na npo6neMa.

llpegcraeeHner Mr4 3a craHoBr,rqe A[cepraqnoHeH TpyA e or o6nacrra Ha
eKonorilqHuf, RaTanlA3 - HoBo HanpaBfleHne Ha xeTeporeHHilF KaTaflil3 n pa3rflexna
aKTyaneH npo6neu - CnHree Ha BncoKoe$exrnanil oKcr4AHr4 KaranhruqHt4 ct4creMn 3a
obeaepe4gaHe Ha ra3oBlir eMncllit'z., cb.qbpxaun CO n nernwBn opraHuqHn cbeAuHeHhf,
(nOC) or npon3Bo4crBoro ua SoprvranuH c n3nofl3BaHero Ha xenn3o - ruonr,r6geHoBt4
KaTanil3aTop14.

ArcryanHocrra Ha AilcepraquoHHara reMa Moxe ,qa ce 3aqnril cbc cne.qHnre
apryMeHril:

- OrnagnilTe ra3oBe or $opMaflnHoBoro npoil3BogcrBo cbgbpxar 1,0 - 1,4o/o
CO; 0,3 - 0,5 o6.% AuMernnoB erep (EME) 14 B no-Hr4cKrl KoHqeHrpaqhn Ha MeraHon t,r
Sopuangexurq;

-CO u IIOC ca cunHo roKcr4qHr4 u onacHu 3aMbpcnTe.nil Ha Bb3.qyxa. Te HaHacsr
cepuo3Hyr nopaxeHhf, He caMo Ha qoBeKa, Ho il Ha pacTeHnf,Ta;

- 3HaqnreflHoro HapacrBaHe Ha n3ucKBaHhf,Ta npe3 nocne4Hnre ro4uHr4 KbM
Xl4Ml4qeCKrTe npOu3BoAcTBa, CBI'p3aHil C Ona3BaHe Ha OKOnHaTa Cperqa .n npileMaHeTO
Ha eBponeilcrnre HopMr4 B Hauero eKonorrL{Ho 3aKoHogarencrBo, nocraBt4xa 3a4aqa
npn $opruanilHoBoro npou3BorqcrBo 3a nbnHo o6esepe44aHe Ha CO n flOC e ra3oBure
eMucvil;

- KaranurlrqHrFT Mero.q e eghH or naft-HagexHt4Te, nafi-uroHoMt4r.tHilTe u
nepcfleKTilBHt4 MeroAr4 sa o6esepex4aHe Ha roKct4rtHnre cbe4nneHnn e Ol-, rofiro
no3BonfiBa npil noflxoflrr{r,r KaTanlrT'rqH,r cHGTeMtl| Ra ce nocTurHe npyr cpaBHureflHo
"MeKl4" ycnoBuff e$errueHa n cefleKTnBHa KoHBepcuf, Ha CO yr JIOC go 6eaape4Hu
npoAyrfil4 Ha nbrHo oKucneHue.

4. l-lpr,rpo4Hur HayKu,
HanpaBneHre 4.2.



- Passilrilero Ha HucroreMneparypHoro KaranilruqHo oKt4cfleHue Ha CO ra IIOC
e aKTyaflen npo6neu. fioraeano e, Lre no- Ht4cKr4re paoorHu reMneparyp]4 ce Abflxar Ha
HaMaflflBaHero Ha aKrnBvrpau{aTa eHepflAfl Ha KaraflilTl4r{HaTa oKncnilTeflHa peaKlll4fl,
Koero ce Abnxu Ha npupogara Ha Karaflu3aropa. Ero 3alqo Karanu3aropbr e B l{eHTbpa
Ha AucepraqHoHHr4F rpyE.

2. [en, 3alqaq]t, x]tnore3yt ]t MeroAu Ha h3cflegBaHe.

lenra Ha .qucepraLlvATa, yflaqHo no3r4qr4oHupaHa BerqHara cnefl BueegeHuero, e
paspa6orBaHe Ha ancoroeSeKTLrBHr4 Karanil3aropl4 Ha 6asara Ha HaHoKoMno3nrH,l
oKcn,qHu Marepilanu 3a o6esepe4,4aHe Ha CO, fqilMerfinoB erep v MeraHon,
cr"qbpxaulu ce B ra3oBilTe-eM'i'cuu or $opuafluHoBoTo npou3BoAcTBo.

Hayvno- tt3cfle4oBareflcKure 3a.qaqn noKa3Bar, qe Ancepran;lu+Ta npegcraBflnBa
MHoroqeneeo u3cneABaHe, BKJlK)LtBat4O:

* CnHteg Ha HgKonKo rpynt4 oKcil.qHu ct4creMil Karo:
. MoHooKctAAHtn ct4creMil - CuO" r MnO2;
' cMeceHu oKcu,qHn chcreMu or an4a CuO - MnO2, HaHeceHr Bbpxy y-Al2O3,

osHaqeHu raro Cu - Mn/ y-AlzOg;
' uo,qrSnqnpaHu Ha HaHeceHure oKcvr4Hlr cr4creMn c MeranHu oKcylgn (La2Os n

CrzOg). f'lonyveHnre HoBt4 Kara.nr4Tr4lrHr4 cr4creMh ca o3HaqeHu cborBerHo Karo Cu -
Mn - Lal y-Al2O3 r,r Cu - Mn - Cr/ y-Al2O3.

' uoAr$nLlnpaHh Ha Cu - Mn/ y-AlzOs c bnaropoAHil Meranra Ag yr Au, o3HaqeHn
xaro Aul Cu - Mn/ y-Al2O3 vt AglCu - Mn/ y-AlzOs.

- 3a cuHre3npaHero Ha nocoqeHnre Karaflurr4qHu cr4creMr ca npnnoxeHn lulrpoKo
r3nofl3BaHilTe KOHBeHqlOHanHlr MeTO,qil KaTo: MeTOfq Ha MOKpO [MnperHrpaHe, KoeTo
ocvlrypeBa paBHoMepHo HaHacf,He Ha aKrilBHara Sqsa Bbpxy Hocnrerfi (y-Al2O3) c
nocneABaqo HaKaJ'tnBaHe B ilHTepBana or 300 - 500"C H MeroAa Ha ornaraHe qpe3
yraf,BaHe npr Au/ Cu - Mn/ y-Al2O3 n AglCu - Mn/ y-AlzOs ;

- VgavHo e rs6pan 3a Hocnren y-AlzOs . Toil e Hafi-.{ecro H3nor3BaH 3a Hocuren
npu cl4HTe3 Ha HaHeceHlr KaranurnqHta cr4creMn, nopagr BilcoKara My cneqh$nvHa
noBbpxHocr ( go 300 m2g-1);

- flogvepraBaM, qe AoKTopaHTKara e n3Bbpr.urfla orpoMHa no o6eu cuHTe3Ha
gefrHocr, KoffTo t4314cKBa npeqn3Hocr npu cna3BaHe Ha roqHo onpegeneHo ct orHolueHue
MexAy orgel'tHl4Te KoMnoHeHTu B aKTilBHara $asa, KoHTponHpaHo c noMolqra Ha ICP -
cneKTpoMerpuF'.

* B ugnunHeHue Ha r3cne4oBarencKilTe 3a4aqil e npoBe4eno $raaraKoxt4Mt4r{Ho
oxapaKTepn3ilpaHe Ha cuHTe3upaHilTe KararilTt4r{Hn ct4creMw c nah-cbBpeMeHHrTe n
AocrbnHl4 y Hac MeroAh Karo: peurreHo$asoe aHafi[3, TepM[qeH aHanns,
TpaHcMl4Cl4OHHa $OrOenerrpoHHa cneKTpoMerpnf, (TEM), onpe.qeflf,He Ha
reKcrypanHnre xapaKrepncruKu c noMor4ra Ha agcop6qnoHHa anaparypa NOVA -1200.

Komeumap:
-nocoqeHure MeroAl4 ca KoMnereHTHo ns6panu h npunoxeHil npu

$nsuroxrMuqHoro oxapaKreph3ilpaHe Ha cuHTe3upaHilTe KaraflnrnqHn cucreMn. He
cqvfraM, qe re3u r3cnerqBaHur ca caMoqenHu. Karanu3aropnTe, il3nor3BaHn KaKTo 3a



r4HAyCTphanHo npon3BoAcTBo, TaKa tA 3a eKororhqeH Karanil3 e Heo6xoAr4Mo Aa
npilTexaBar cbBKynHocr or npegBapurerrHo nporpaMilpaHil cBoftcrBa o6eunr,
noB'bpxHocrHt4, xr4Mr4qHil, $uan.inn, MexaHnqHr u uopQofiorhqHil, KaKTo n repMuqHa
cra6nnuocr. flopagu rasu npuquHa 3a oxapaKTepil3vrpaHero Ha Karalril3arophre B
Ancepraqvnra ca npunoxeHn ronflM 6pofr pasnoo6pa3Hu Merogl4, Koero oqeHRBaM
Bl4coKo. Oxaparrepil3r4paHero Ha Karann3aropure e MHoro BaxeH eran or npoqeca Ha
paepa6orBaHe Ha HoBl,r Karaflil3arop14, TFXHoro npon3BoAcrBo, guctpu6yqna v
npaKTuqecKo npilfl oxeHhe.

*Egna or n3cfleAoBarencKnre 3agaqil B Eucepraqilf,Ta e Aa ce n3cne4Ba
KaTannTilqHara aKTuBHocr Ha onpeAeneHil npencTaBurefln or BcflKa rpyna Ha
cilHTe3ilpaHilTe oKc],lAHil KaTafl|ATUqHtA CnCTeMn B peaKqnnTa KaTaflUTl4tlHO OKt4CJIeHile
or.qeflHo na CO, IME n MeraHofl, TaKa il Ha cMec or re3n ra3oBe. l4scne.qeaHugra ca
npoBe.qeHil Ha cfloxHa noro'.{Ha anaparypa, cBbp3aHa c ra3-xpoMarorpa$, xofiro
aHann3ilpa cbcraBa Ha ra3oBere Ha BXofl 14 r43xog or Karafln3aropHr4r cnoil.

Konn.{eceeHo Karaflun4qHara aKTnBHocr e oqeHfiBaHo no Kpl4Br4Te, il3pa3tBaqu
TeMnepaTypHaTa 3aBucr,rMocT Ha cTeneHTa Ha KoHBepcvF' Ha ra3oBeTe (o), uspaaeHa B
npoqeHTLr. l4ocnegeaHo e Bfluf,Hilero Ha Qarropnre: aroMHo cborHor.reHne Ha
KoMnoHeHThre B aKThBHara $aaa Ha KaraflrruqHilTe cncreMil; npoqeHTHoro
cbgbpxaHile Ha aKTnBHara $aaa, cnpf,Mo o6ulara Maca Ha Karann3aropa, KaKTo 14
reMneparypara Ha repMyrlrHara o6pa6orra B reMneparypHr4e r4HrepBan 300 - 500"C.

3. flpe4craBflHe Ha nonyqeHnre pe3yflraryr.
Pesynrarnre or orpoMHara no o6eu eKcnepuMeHTanHa pa6ora ca npegcraBeHn

na 119 $rrypr, a 17 ra6nnqu v 4 cxeun. ilonyvenure pe3ynrarn 6ypnr uHrepec, KaKTo
B npilnoxHo, TaKa il B TeopeTilqHo oTHol.leHue.

Bn,qHo e, Lre ,qoKTopaHTKara Moxe Ra uHTepnpernpa onurHhre pe3yrrraru il Aa
Sopuynnpa h3Bogr4 or rnx.

4. O6cuxgaHe Ha pe3ynrarnre ta n3non3BaHa nureparypa.
MHoro go6po BneLrarreHre npaBu flureparypHr,rf,T o6aop. OcHoeHara qacr or 160

r43Tor{HuKa ca ny6nuryBaHil npe3 nocneAHnre roAuHr4, Koero noKa3Ba, qe AoRTopaHTKara
cfle.qr Hafi-Hoenre I aKryaflHn r43crre4BaHnf, e o6nacrra Ha xereporeHHilf, Kararn3 n B
Lf acrHocr Ha eKoflorwtHn*. Bchr{rh nilTeparypHr4 r43ToqHVqv ca qurtapaHu no efluH 14 cbul
Haqr4H, Karo ce nocoqBa u 3arflaBnero Ha crarnhre. Toea Mu AaBa ocHoBaHhe Aa
cquraM, qe AoKTopaHTKara e nofl3Bafla qnrhpaHnre crarnr4 Ha aHrnnilcrn e3r4K, Koero
o6scHgna nefinara reoperilqHa 14 e3nKoBa noAforoBKa, KaKTo u Aa il3non3Ba HayqHo-
u3cflegoBareflcKr4 norqxo.q npn nnaHupaHero Ha n3cfleABaHutTa B AncepraLlhnTa. B
TOBa Ce U3pa3flBa h MeTOAxqHl,l9T xapaKTep Ha npUHOCmTe.

5. flpnnoclr Ha EncepraqroHHl,ts rpy4.
Auannswpaitxn KpnrnqHo v o6exrileHo pe3ynrarnre or npoBeAeHilTe

u3cneABaHilF, oqeHflBaM npnHocrTe Ha rqncepTaqt oHHuf, TpyE KaTo HayqHo
nplrnoxHDr.

flonyveHr,r ca norBbpgr,rrerHlr $arru nph vrogu$uqupaHero KaKTo c
6naropo4Hil Meraflil Au u Ag, raKa il c flaHraH (La) u xpoM (Cr) Ha HaHeceHnre Cu -
Mn/ Y-AlzOs KaTanilTilr{H]4 CI4CTeMU. flpyr TOLTHO OnpeAeneHo CbOTHOUeHUe MeXAy
ocHoBHilTe KoMnoHeHTn Ha oKcnrqHara cncreMa uogu$uqhpaHero noBilr.rtaBa
KaraflilTr4lrHara aKTnBHocr. Teeu pe3ynraril norBbp)r(gaBar cxBar4aHero, qe npul



MoAilQilqupaHero Ha uH+uBvlAyaflHLr 14 cMeceHu oKcr4flHr4 cr4creMu ce o6pa3yBar HoBl,l
KaTanllTtltlHl,l Cl,lCTeM}| B pe3ynTaT Ha:

- o6pa3yBaHe Ha HoBh aKTnBHh qeHTpoBe;
- o6pa3yBaHe Ha HoBt4 xr4Mt4qecKil cbe4uHeHns, Kolrro npoMeHgT efleKTpoHHure

cBofrcrBa Ha noBbpxHocrra u B o6eMa Ha Kararh3aropa.
f'lpnHocure Ha AucepraqhfiTa Morar Aa ce orHacf,T 14 KbM "npunoxeHun Ha

Hay.lHhre nocrilxeHuf, B npaKTuKara". OcHoeaHre 3a roBa Mu rqaBa Sarra, qe B
pe3yJITaT Ha npoBeiqeHnre il3cfle.qBaHnF Moxe Aa ce cb3flaAe npoMl4uJneH KaTajrn3aTop
3a o6e3BpexAaHe Ha ra3oBt4Te cMecn or SopnranilHoBo npoil3Bo.qcrBo.

6. l-ly6nltryBaHn craruu lt t4ltrltpaHnf,.
Pesynrarnre or n3cflerqBaHw+'ta ca oSoprvreHra B ner crarvu, Karo qerhpn or rFX

ca ny6nuryBaHu B MexqyHapo,qHn cnucaHt4f, npez 2A14 u 2015 ro.q.
.[orropaHTKara 3aeAHo c HayLtHt4Te pbKoBoflvrenu ca yqacrBaHn c .qorna,qr,r e 11

rou$epeHqnn B crpaHara u uyx6uHa.
l-lpegcraeeHucr aerope$epar orpa3nBa

cbfllrpxaHneTo Ha,qucepraqtAoHHnB rpyA.
o6errugHo crpyKrypara u

3AIffI}OTXEHFtrH:
flucepraquoHHuf,T TpyA Ha Enraqa Hilxonoea KoneHqoea e aKTyaneH, uMa HayqHa

ctofiHocr, a no.nyqeHure pe3yflTar,4 ca c nepcneKTnBHa npaKTnqecKa 3HaLthMocr 3a
eKonorilqHuf, KaTanu3 v 3a ona3BaHe Ha oKoflHaTa cpeEa.

- [ucepraHTKara e ycBoilfla r npilnoxilfla pa3Hoo6pa3Hn Merogr4 3a cilHTe3 Ha
oKchrqHn Karann3aropr4 v rFXHoro ruoguSuqrpaHe c qefl noBill.laBaHe Ha
KATAfl ilT141{ HATA h M AKTYI BHOCT h CEfi EKTil BHOCT.

- 3anosHana ce e c HayqHnre ocHoBr4 v npufloxeHue Ha rorf,M 6pofi
eKcnepnMeHTanHn il TeoperilLrHh MeroAV 3a n3cne.qBaHe Ha cbcraBa, TeKcrypara u
tvtopSonoruf,Ta Ha KaraflilTl4qHnre cilcreMil, KaKTo v1 efleKTpoHHoro cbcrof,Hile Ha
TnXHaTa flOBTTpXHOCT TOBa, KOeTO Onperqenf, KaTanUTilqHaTa aKThBHOCT U
CEIIEKTUBHOCT.

- Vlsyuuna e nolxoAr4Te 3a n3cJreABaHe Ha KaraailTilqHara aKTnBHocr u
cefleKThBHocT 14 rh e u3nofl3Bafla Ha npaKTrKa npil il3nbflHeHue Ha u3cfleAoBaTercKHTe
3aAaqil.

Karo ruaM nperqBn4 aKryanHocrra, o6enaa yr Hr4Boro Ha paapa6orKara, HayqHo-
npuaoxHilTe u Merogl4r{Ht4 npnHocl4, osopunHero Ha AncepraqnoHHl4f, Tpyfl u
aerope$epar cqnraM, qe npeAcraBeHngr flncepraqroHeH TpyA orroBapf, Ha
t43t4cKBaHilFra Ha 3PACPE 14 l'lpaaunnura Ha ArpapHnf, yHttBepcilTer 3a HeroBoro
npnnoxeHhe, Koero Myl AaBa ocHoBaHile Aa ro oqeHe flOflOXHTEIIHO.

floseonceaM cil yOegeno Ea npegnoxa Ha qfleHoBere Ha Hayvnoro lrypu Aa
rflacyBa nonoxilTenHo n Aa npnct'A[ Ha Enuqa KoneHqoea o6paeoaarenHa n HayqHa
creneH "floKTop" no HayqHara cnelluaflHocr "Heopranr.{Ha xnM14F".

,4ara: 1.06.2016 r.
rp. nnoBrqilB
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