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TEXHOJIOIIKI,I (DAKYJITET

Epoj ;r:: AIMA-.EPA3AII6

I,I3BE IIITAJ O O UEHI{ AOKTOP CKE AI{CEPTAUIIJE

I{naH Crujenonuh

I IIONAUII O KOMIICI{JI,I

t. ,flaryrr u opraH xo.itl-je urreuorao xorulcr{y

19.10.2012, Hacrarrro-uay.+ro sehe Texnoloruxor- $ax1'rrera Yuurep:tuera v Horom Calry'

2. Caclax xourrcl,rje ca HalHaKoIl rrNreHa u upe'lrrlrcna cBaxor qrarta, 3Barba. HauI{Ba Yxe HayrIHe o6lac-rtt m
xo-j1 .jc rlra6paH \' lBalr,c. Aar],rra r'rr6opa v 3Bar6e rr Ha3I'IB (larvlrera. \craHoBe 1 xojo-1 je'r,rax xorttlctrje

3anocJreH:

t Ap "lbyOrrua M. HIrxo.ullh, BaHpe.qHI'I rryo(rccop. rrperceaHl{K

Ha)'tHa o6;racr': HeoprllHcKe rcsno,rorujc rr rtarcprlja;rtl. 09, 10.2008.

Texno,roruxrl (raxynrer YnIrnep:lurera 1- Honorr Ca'r1v. Honu Ca,l

2. ,[p B.uagrantrp B. Cp,rrrrh, pe;loBHI'I r4roQecop. rleHrop

Hil\ ,rHA o6,racr: Heopl itHcKe rc.ruo,roru.jc ll rtarcptt jil.ttl. l9 10.2006,

Texnorrournrr tlraxl'mer Ynuneplltnera v HosorI Ca51', Honu Ca.l

3. [p foparr Crojarroruh. BaHpeAHIr lpo{tecop. u;raH

HavLIHa o6nacr: eJrexrpoHlrxa, 2 1. 10. 20 10. ro.qlrHe

Oaxl'rrcr rexHrrrlKl{\ uayxa Yutmepul{rera \I Hosou Car5", Hortl Czut

II TIONAUII O XAHNI{JTATY

L I4rte, ulre -jegror po,rlrre"fLa, rpe3l{}te:

IInan,,lEy6o, Crrrjcnoeuh

2. flarl,lt potlema, oltrrlruHa. ApxaBa:

05.02.19ti3., Hosrr Cag, Cp6tIja

3. Haurs rlraxl ,'rlera. Hn,trB crlJ.u.icnor nporpar\ra J.uu.to\tcKlt\ ilKll.teMcrut\ cn-ru.ia - Nl:lclep H

CTCTICHII CTPYIIHfl HA'}I,IB:

Texno,rollxrr $itr<y.rrer', cNrcl,t Heopr aHclic rexno.:rorlrje rr tralcl)ujzurra, ctpJ-rrHr.t IIil.3trI]:

lrr r r. Ior\rrpilllll I lHi,HCr 6el) rertto. lol tl.ic

I foLrrulr \ ttrrclt HA -]o]iropcxe cr'1 -rrrje r{ Hlrl.rB cn-rlrjcxor nporpa,\la aoNTopcKtt\ cn:rrja:

Yrllciro r'lo6lol)cre cr'1'grric 2007. r'o:trrne ul crylrrjcnoru rrpol-piuuy: Xenrujcro-rcxllo.[oilKe Hayr(c'

o6.rlicr: Ihrxemepcreo ualepuja-ua, Texno.lourxu Saxy.urcr', Vntrnep:ulcl y Honou Cagy

5. Hatnr (tary:rrera, Ha3IIB l\Iarlrcrapcxe l'e lc. HayIHa o5:racr Ir larylr og6paHe:

6. Hay.tra o6lacr Ir: xoje je crcYeHo aKaAeNtcKo 3Barbe ilItu'l'tcTpa HaYKa:

HACJIOB NOKTOPCKE,ITI{CEPTAIII{JE :III

,,[o6rrjiur,e .[arITall-ra,'rara ]a rrp Il]ueH]' y rop llBIrII]r hurrri alra"

tV TIPEIJIEA AOXTOPCXE AI{CEPTAIIIIJE:
H:rrccru KparaK carpxai ca Ha'lHaKoM 6poja clpana IlgrililB"rba. clIHKa, rtrern, rya$

loxropcxa gucepraqrrja caJ{pxr 8() crpaua. 58 c..urxa. 7 ra6e:ra, 8(r -urmeparvprur\ HaBoAzl r'I 7 nouas.na:

l. Yno.q ,cedn{Huue rr g4je ornlc ocHoBHrrx rrpo6,rerra xo-irrlra ce 6aru AoxTopc}ia.lucepraqr{a.

2. Teg;llljcrilr.teo ce Sasrr ocuosutr\r lrprrHurtfllrrrit nn noiulta cc ncHttBA rcxno,rortlia ropllBHIl\ he,ruja.

rbr{xoBlry ocoStrxarra 11 rroryfruocruua npulrcHe. Y sehelr o6Inry je axrleHar craBJbeH Ha rloArpvfly ropl{BHl{x

he,ru.ja ca qBpcrr.trr xepa\rrrrrxur{ ereKTpoJrltror\r. Ha xpair -je iar lr nperJleA Jfl'Ireparype y Be']I{ ca rlepoBcrii{THlrr{

jlilHt':lH-rajrarotr y cl\mcJry- tbcroBe IIpI.IrIeHe y ropl'IBHllrl fie.ul{.tlra ca qBpcTHrl eneKTpo.'II{TONI xoje 6Il pa,qI{JIe Ha



cpc-tlrlry l-errrrcpar\,'pa\ra (50()-60() "C). l-rlo .ie u 5u:ra ocHoBHa rc\lil trc'l-ptDril{Ba}La \ oKBIrp\' llotfl'opcxe

-iucepraurjc.
3, Excgeprrlrerlr'iL:rrrrr;llco cc 6aBr{ oSjaur*anamclt 1rc xoprrruhcHe }Ic'r'oilc clrHlc.le. Kao Ii rterola rioptiruhenux
'ta KapaKTepri3aUrl]],Ct{HTeTrrcitHu\ r\lllrepltlil]lll HA 5a'ltr;laurau-raJara. Tc ltplll(i'll'IBarbelr \cJIoBa rIOA KO.'tlrta c\

pabcHa \repeI6a.

J. Perlurarrr cJ-rrolle.bcHlr \ JBe Bcfle ueJnrHe. V rrpnorl -lcJl) cY trpltI(aiaHII pclylrral'Il go6rr-icuu

r(aparireprr tauujorr crlnrerucaHr.r\ lrpa\oBal Ir cl{HlcpoBaHc KeparrllKc Ha 5a3I'I JIaH'l'ilH-fll:Ia'rfl la o6e }lcro.le

ctrHrelc. Htr ripajl oBor lrpBor irc.llt. -lilr-il -jc rr xparxa lrlcKlcllia \ [ornc5 rIpIINleHJbIrBocrIr uI{TparHc coJI-reJI

cr{Hr-cic x ctrHt'cte } racHoj drau.r'ta lo6u.jamc Nepa\urtic cil cBo-icrBItilril.ioucrtrt fipoBo.tHor eJIeKrpo.]tu'r'il. y

Jp\ l-o\r Je,t\ trofJaB.ba. nprrKil:lilHrr c\ pc.i\,rTal II lrpouccl'tparba lIBpcTlI\ pacTBopa ilaH-raH-I'ajlil'l'il. Kao Ir

pc t].nllr u Fbu\oBc rlrr uriurroutt,ruc riltpilrircplr rtuttie rteloLo\t ll\trrc-tllHcHe cncxlpocriorrrr.ic.

,5. {rrcxr-crria cc 6an{pil Ha lloilpo6Hr.!lc}r o6.iiux}ierbl e.IcKt'pIirlHt{\ oco6uHa tlBpcrt{\ pacrBopa jlilHl-ilH-l'ajlara. a

6aeri cc r.t ]Tt{ua.le\r Bpcrc -Io-far-u\.loHir Ha.ioHcxl rrpoao-t.bttBocl- .taHraH-ra.rarHc I(cpai\ItrKc t{ rlotJ'flHoirrtN'

IrptirrcHe :o6r!cuux rra-lcpr{ajr;l v ropxBHIr}I lte.mlltrra cll .ioHcKlt llpoBo-lHtt\t e,Iex-lpojllllorl.

6. 3uri.r,r'.tulr rrpe.tcraB.ba-l)' ]'xparr(o HaOpo.iaHa HrljBilTliHltia Hit\ ttHA cil tHa16a npollcreKla Ir'l Ilcrpllil(lrBarbil

BC iitHlr\ ill oB\ -roHlopcxr .Illccprlturrjr .

" .lLlrcpirrlpil .rilic crHcaK tioptlrulicxtlr JlIlcpall pHll\ HaBoJa.

Yng;t caxero upe.tcl'aB.-ba riraBHe lrpo6.rc\rc He-Iocrartia rlrtcrc eHcprltlc II o--tclcrBa oJprKI{Bor paiBo-la'}a aII'I1e

pe[aBarbe cc lrpe]-ra)Ke reruo,rorlrjrr roprBHrr\ ltc,rlria. \'xparxo -1c ttpuxittauo KArio cc oBa JBa aKl'\'eJ'IHa

rrpoOjle\ra \ cBer\ \rot1 cn\ry rrraHo peruu-l'rl rtplr\re Ho\r t opIIBHrr\ hc.trtllt. il larc c\ lt HeI(c ullieluxnrrle
(apaKrcpr'rc'nlKe Ko.le il LtBa.iajY orc ] pcba.le o.l ocra.lll\ I cHcp:lropll cncprrr.je

Tcolllr.icxl -tco la-ic 6-tlrxrl rBrrl \ lrcroprr.jltr rr rrpuuulttt ptlla ropllBHttr fic.tlrllt. 0 -lttta.jc lt IsII\oBa rro-{cJla J

lror'-rcly epcrc r<opuruheHor c.lcIil po-rrrra. flplrliallH lc ir Npilr-ltli ltpcr.tcl rpcH\THor cralia ) ticrpa;xxBarbv

fopIiBHtr\hc-rrijal cBel1 .KaouOr-r1 hrir,raHoBlrpit ,BIIIcHII\ tcltA.bit iit ).tllritlbc\ oB\ rc\Ho.torrrlr.!era.rHo-je
olnrcaH Ha.l{H pa.ta.je-rue roprrsne hc-ru.ie rr \rerorc xo.ic cr'}ioplrclc la rtrr\oBo lroBc}IIBa}ic r rrr.trtthe-rti-icxc

\rO.lI\.jte. !a.-sC Cv rrolpo6Hrr.le O5pallCue TOpIIBHC Ite.rrrlC Clt LIBpCl ll\t L'.lCKrpO-lIITO\1. ttli\OBe IIpe-IHOC1-l'1. \laHC l'l

trpr.r\reHa. floce6au :lco -le lrocBefreH -rAHTaH-l'a-rar1 u FbcroBtt\t oco6uHa\ttl II ltptt\tcHlt \ Hrtcxorc\tltcpal')pHI'INt

loprrtsHlr\t hc.rrr.jttrra. Yxparxo.lc tar rr rrpcl.rc-r clrcrc\ril Kollt tiopltcrc KCpil\tltli\ Hfl 6tltlt .tAHTAH-l0.liltit. lt uttjc

ilcpd)oplraHce oNloryfiaBilll rlpx\rcH\ oBrr\ \ pcbil ja \ lo\raIttlHclBII\ra Ha xpitjr -ic lcr a.lno l{ I(oHuI{ lHo

ltpe.fcTaB.bcHo crarbc \ ric'lpaxlrBab\ -raH-raH-ra"ra1'{1. Kllo Ii npo6-le\lx II [rpellpc}ic xo-;tr or pllHltrlaBa.i\ l11l-bll

palBoi oBrr\ KepllrrrirrKt.r\ crrcrclra. floc-re:mrr Jco cc 6ltBtI rI pe.tATliBHo HoBo\t \teroJo\t crrre'le - rcltttictiolt
cr{H-lc io\l lr } rllcHe (ratc. rio.ja .loLu nrrjc -roBo.bHo -Io6po rtct-pil;+leHa. a 'ttl.jo\t 5lr ce I rror-pcSorr tHa'riliHo \lol ilo

IloSo.bixat'u KBa-'tltl'er -IoOt t jeHe . lilH t ilH -l ll.larHc l(cpa\tIIlic

Elicnepllrre 1'riLr11 ;Ieo oluc1-je u os.jaurbaBa rrplt\IcrbeHc utt'lpilrt{l co,t-re.t \tct oJ\ rl rcrrltjcxr cxHrc J\' \-

racHoj (l)a:xr. .Ilera,lHo c) .Iaru cBrr rrApalrerpu xoprtruhcutt 'toKo\t cIIHTe ia. IiAo t'l \ c.loBI'l Ka.rullHaulljll.

oSlr.rxosar6a tr Kpililier o{HTepoBaria -ro5r'1jenu: npa\oBa. Exctlepnrteura.tHll leo -lllie tt flpltNaJ ocHoBHIr\

\ret'o.laxopr.rutficurrx ta(apar(repulaurljr uareprrja.rana6aitt.taulau-t-a.lara. I(aoLurocvpcHTrcncxa.llrrlpanurlja
(XRD). [:ottrrer-"r1)iruc(l)oprrrrcaHa rrH()paupBcHa ctte]c pocKottrlla (FT-lR). rcp\tIltIKil aHall'I'la (DSCiTG Il

DTA/TG). clicHrrHl e-rcr('r'poHcxa rrrrupocxotu.la (SE\{). r.paHc\trrclloHa crc}irpoHcrill rtrlxpoctlotttlia (TEM) ca

cHep;crc5rr .lrrcrrcpuroHo\r crrelopocr(onu-jorr (EDS). HttcKo 'rc\rltcpallpHa a-rcoprrqr'q2 ator'a (BET), \{eperrc

e-rCK'l'plrrtHll\ OCO6uua BpuCHO-iC uOrrOhr \ICTO-IC ll\llle-IllHCHe CllCKlpOCKOllrtiC (]S)

Petl'.-rrarrr 06)\Ba-lilj) J.Be ueJlrHe (o.lc rrpoulrr.nr ic Ili lttl-rtl H0 oBo.l loril-opclioj Jrtccpl-aqltix. llpsrr:co cc

YrraBHo\l Sanrr crpr,xnpHo\r NapaxreprBaulryorr cIIHTcl-ttcaHlt\ IIpa\oBil. Kao ll Ka-IuIIHIrc:lHll\ l'l cl{H-l-epoBaHIr\

\'.loptu(a. \/rropclleua c] tBa HaqrrHil crrH'rc ic iritHTaH-r'it-laril II llicx\ loBilHe c] 15li\oBe c-:1I{1IHoc]'l'1. I(ao I'l

rrpe.fHoclrr rr \raHe cBr6c o.r Kopr.r[I1cHu\ ]rero.Ia. )'lnpl;cuo.je -ra.jc ra Jo5lliarbe Kepartttxe m lltot'pc6v Y

roprrBHlr\l he.rr.rji1lra Hcorr\o.tHo r(opr{c'r-rllI{ ur{TparH\ co-r-rc-t \rcro.{. ualio c\ Ilpa\oBII -ro5tricxu v r-acuo.j r}alu

CBO.Ixlr tiilpitliTcptrcTrfiia\ral \, lrpcl{HocTr.r \: rorircll! cllHTepa6l't-lHOCru. lpr|a UC-llIHa 05\\Barll pc:l\--ITaTe Kalio

cl.plK.t-\pHc. Talio u (l)\HriuuoHiurHe r(apaKTeplr3aurrlc cilHTctttcllHrt\ II cttHTcpoBaHti\ ltBpclt't\ p:lc1'Bopa ililHl'aH-

1.it.lirr ir cit cr pouurlli \to\r II \tal xc tlt.ir rtort. olHQCHo liofa.ll o\t ll Hlll(-lo\1.

.ll,rrcril-crrja H?tr-rallraBa (rr uxurroulr,rHit cBojcrBl no6H.ieHc l(cparll{t(c Ha 6a]Ir ilaH-raH-riljltl'lil. ca axucHro}I Ha

16r.r\08\ rrpr{}reH\ \ Hrrcl(orcyrrepalpHrirr roprlBHJ{\t he"rrrjarla. Taxolle. .lera.rsuo-ic orllcllH Irrrulti npcre rloilarll\

.joxa ua \tc\ilHrlnrr flpoBoJ.bl{Bocrrr crrHTcpoBilHe KcpllrtliKc I't vrtopeDeHIl c} ]o6l'ljeHu pel\Jl1'a1'lr ca rllrepa'ry'po}l

\ oBo-i o6jracl'I{.

Ha ocuosr \Bxja \ \pabcH) .ro1(r'opcx\, llr.rcepraurli). Nao tt -\ llpllJro)KcHrt Jllrcpal\'pHl'I IrperJIeI o BilttAtljYtllru

V BPEAHOBATbETIOJEAUHUX,IE"TIOBANOI{TOPCKENIICE



. KopugrheHe r\rerole cr{HTe.lc y rcvno-i u racuo-j (taru ouoryfianajy 4o6rr-ia*e nparoBa JtilHTaH-raJrara'rl{a

-le BeJrr{qrlHa rrccTrrr.(a HitKoH cr{H-re3e Ha }IilHol\rcrapcxoj cKiLrIIr. Kanqunarlujol{ cI{HTerI{cilHI'Ix

n"rorlrntoun Ao$u-ia-l\ ce ripucrii:rHrr rrpa\oBl.I pa'llI{aII'ITor (ra:nor cacraBa. [paxonu JraHTaH-rturara

lo6r.rjeuu qr.rrparHor{ co1r-reir r{ero,qorr HAKoH I(auuIIHaIIr'lje cacro-ie ce } rJIaBHorI or [epoBcKI{THor

LaGaOr, jIoK oHr{ cr{Hrerl.rcaHr.r y facHo-i (taarr nr HAKoH Kturll{ItHaqrrje He rroxarl'-i1' ttpIlc\ crBo ore t}a:e.

. SEM rrcrrrrrrrBama r{ pe3}'Jrrarn Hr'IcKoreMrlepar.\pge a.Ccoprqrrje arora c-Y rIoKagajll{.qa c}'rpaxoBlr

Io6I{jeHu ], Te.rHoj tparn uaxoH Tcpt\rr{.rr(of rpeTNraHa Beor{a arjloMeplrcaHlr y3 rlpl{cvcTBo TBp.TI{x

o.roiraprri. C lpyre crpaHc. KzurqrrHr.rcaHr.I rqra\oBl'I HacraJIIr cuHrc3oM y racHo-i (ta;tr u uaxon

Tepl\rrrr{Kof rperNraHa cy Heafjro}repr.rcaHr{. ca Ber'rrI(I'IrI }'AenO}I l\IIrKponopa I{ cpeAboN'I BeJrl{'II'lHoNI Ilopa

rrciro: l0 lun. CBo-j11]r c]'lleprropHr.rrr Kapaxrepucrrrxar\Ia, npa\oBI{ cIlHTerr'IcaHIr Y racHo-j (|la31'I

orror,vharaj-v Kpaflc 1pa-ia1re crrHrepoBarba lr cHuxaBarLc IritKcI{r\IaJtHc re}Iltepar}'pe clrHTepoBa}lil 3a=150

"C 1. o.rHocv Ha rrpa\oBe Ao6r.r"jeHe y re.rrro-j (ra';u. rrpu qeNry ce I{:arhe Ao6l{ja rycra KcpaMIrKa Noja-je tro

$a'ruonr cacraB]' r.{l{cr flepoBcKflrxu LaGaO:'

. Hujc uoryfie Al.rpeKTHo .uo6r.rru Kpr{crzl:rHl{. nepoBcl(I{THIr JlarrraH-rarar seruljcxolt cIrHTc3o}I l racHoj

Oa3u -ycfleA reprroAr.rHaMr.rarKu\ orpaHrrrerra. Yrrpleno je Aa .je 1' peaxqllonorl clrclcNry t[auopuaon*ta

peaxur{a Ao6r.riarLa nroHoKjrrrHl.rlrHor La,rGa:Oq. nptr qeNr-v KI'IHerIrKa peaKl{l'IoHor cI{creN{a .ToAarHo

ior"oon", (loprrupare car\ro eHeprercKrr IIoBo.EHIT-ie xexprrc'ranne (la'le JlaHTaH-raJrara. ,4oaalame

ralrr jr,rra 1. Btrrx1)' y peaKul.loHrr cr.rcrc-\t Hc \ TIITIc rxauajnu.ic Ha [poNreHy Klrr{erllKe HacraHKa

nprCr1,rrtn dran. airrr rroschaBa y.qeo Hacrarle HeKpI{craJ'IHe (ra:e 1- xol) ce -vrpa!1ie raxo i{oAarI'I Bl{rrax

Ga:o:,

r flosettarbe rerrlepa-r.]-pe ]' peaKTop]' nosehasa Kplicrarl{rrHocr rrpiL\a. a,ur c:rram1-jc }bcroB rlplrHoc. AoK

I'IcroBpeNIeHoHeNIeEaBpcry-Hacrajlllx(ia:a'Cnn>xcmelrreMneparYpecl{HTe3enatl(}0"C:o6I{ace
HeKprrcra1rag npil\ ca oAHocorr Ga:La nprl6,ru>ruro 1:1. 3anrr-Yveuo .ic Xt .{oAarxo Bpcrle II cxcprrria 1

.rols: (:LrqirHauuje 11 cr.rnreposalba orroryhara-jr, ao6pv gu(tysujr,.jona ralujlrra lltr?luraua, a rI{}Ie I{

HaclaHaK xe.rbeHe opropouSl'nrue tDa3e JraHTaH-raJlara

o yrspbcHo jc .qa jc on-t r{}rajrHa rc1{reparypa xsnqllnaquje CI ll nanonpaxosa 700 "C, a naxou o6,rlt}ioBarbil

t.r crrHrepoBarla lroryhe -ic .lo6uur rlcr), Keparllrn ut(a ce NtIIKpocrpJrir'\pa o.lnlrli).ic rarropenolt

rtopoluorutry setr Ha 1300 "C,

o l2prs1..1s11oJc Aa serrrrjcra crrHrela ) racHo-j {laru xc rp-vNa rrorvfixocr ra Ao6uiare rlBpcru\ pacrBopa

JraHraH-ranara Ko-iu 6r{ y)\,raJrr{ [prrNreH],' Jr ropr{BHlm trc.:rujarra. KaKo jSor orpaHl{qe}La pcaKIII{oHor

cr.rcreilra, TaKo rr ycjreA He,UocrarKa aAeKBa-I'HIr\ lrpcK);pcopa Ko-iu 6Ir ce Kopucrl{ill{ Jr cIlHTe3Ir.

y cxla;r1 ca rlocraB.rbegrl\r qr{.rbeu AoKTopcKe grrcepraqrrjc. xo-jIr je n:urarao go6I'rjarre JtaHTaH-raJIarHe KepaMI'IKe

ao ,.upriraprcrr.rKa\ta -ioucxu lpoBo.rHor eJ.rc1(Tpoill'na. urrrparHoll coJl-rert rlcroAol\I -je ctln-rertrcana cepn-ia

.rBpcrrr\ pacrBopa JraHTaH-riurara ca crponuu-j-vrrolr u rrametuj-v-nronr (LSGM) u xo6arrrou I{JII{ HItKJro}r (LSGMC

, iSCilnrf;. Ha ocuor,\ crpyKTJ,pHr{N aHanrr'rit Ao6ujenrrx rpaxoBa. xao u d5'nxqlroHiulHe xapaxreprlnqrrie

crrHTepoBaHe Keparlrlxe. AoHgrI{ c1' clcgehr,r 3aKJbyqqI'I:

o !o;1arax crponqr.rjvrnra u lrarnelujvlra rr E'I.I\oB J'JIalax \ crp]'Kryp,\ ilaHTarl-ril;tara yil{Uiuilr c} Ha noiaBY

HoBr.rx ceKyHAapHrrx Kpr.rcriljrHr.r\ ( ara v xa[qIrHI'IcaHr{nI flpa\oBir]\til tl no6o:rlrane ]br{\oBe

cr{HTepaorrJrHoarir. 3n Ao6x-ia}be rycre Keparnrxe 6rl:ro je Heo\oAHo cl{rrepoBarll y3opl(c na 1450 "C IIpII

oBl{Nt vc1roBr{rra Ao6ujeHa je xepalrrrxa vu.ja 1e rvcrl{Ha scha oA 95 76 reopu-iclie BpeAHocrI{ I'I 'l'o HaKoH

carro 2 ca'ra clrHTcpoBalbA. llpII rtel\fl je cra6urutcana rt1'5Ha nepoBcxl{rHa crpyK-ry-pa'

. Ha ocHoB\i eJleKTpr.rrrHu\ l\tcperba, 3aK.ibl,IrcHo.1C ra c-v ',lBpcTrt pacrBopr{ Jlarrrarr-raJlaTa ca crpouqr{1uorr

li rraruetujvlrorr Ao6rrjeHn r{r{-tparHoNr coJl-rc.r cltHle,o\t ultcrtr joucrul [poBoAHI'lqI{ I{ Aa ce itao raKBIl

Nror].- Koprrcrrlr.rr Kao e;rexrpo1rrrrr.r 'la ropuBHe heluic. Tarotte. v-r'BplleHo je ga -v ue,lo-j cepr'rjr ,qo6ujeHnx

-yroponu-rolualp' nporog..uuBosr r,r\r;l )'3opax xelll{cxor cacrilBit Lao.r.Sro.rsGao.sMgo.zOr-;, a xo-jtr je ultao

,rpo"o.uJrr"oar oa ().0 1()5 S.cm-'ua 6()0'C. Ha ocnory l{3paal}'Harrx enepruia axrtraaquje l\Ioxe ce

sax,Bvqrmu ra -ie oBaj cilcraB otnr{rralraH Kara -ie l nlrrarsy xoprtuhexa rteroJa cIIHTelc, -lep la,'ru

,o:zriax crponur,jylra He Aonpr.rHocrr r{ noBeha,*)' npoBoA.rblrBocrl'I Ha Aaroj Tel\Inepar) pII.

o loaarax uaJlnx r(o;rr{qllsa xoS.trra r.r HI.IIUIa He ITIIqe 3Ha'Ia-jHUjc Ha KapaxTepllcrl'Ixe I(aJIIII'IHl'lcaHIrx

rrpa\oBa, aJrr{ r\re}6a crp},('r}'pt- r.r (laruu cacraB cr{HrepoBaHc KepaNtlrKe . Tarobe, npunetre no je Aa AoAaraK

npcna3fiI{x ]uerajra HerloBorbHo }'TI'FIC Ha l[I{KpocrpvxrYpY cI{HTepoBaHe Kepa}IIrKc' jep reh Ir MaJIe

xoJlrrrrr{He HtrKJra I{ xo6arn'a rua'rajno cuaml'i1'- IseH\' r\crllH}'.



craBoBrrlra ri Ha\jlrHrrNr !,ocrrrrH-vfrr.r\'ra Be3aHI.INr :Ja [po6,Te]rarIrKY AoKTopcKe .lrrceprarlxie, Kolrr.rcrrja cr\rarpa Aa.ie
r(ilHxrrrar cl'pyqHo rr cBeo6y\Bal'Ho o.qroBopuo 3il\rcBlr\ta Koie jeAaH oBar(aB pzul Hocrr, Te Ha Bpno relre.rbaH u
jacas xaqrrH o6pailuo rrpo6,reue xojlrna ce 6aBr{ Irpe.r.-IoxcHa .roxTopc(a .quceprauuja. Kolmcrrja cMarpa Aa cy
rlr.r.fbeBrr r.rcTpalKrrBar6a ],oKBr{py flpe,uror(cHe aoKTopcKe alrcepraqllje rioirr lpouln,ra3e r.r3 rrpc,q,rloxeHor HacJroBa

pa.qa u npr.rKa3aHor npeANrera r{crpaiKrlBarba, 3a,IoBo.r}eHrr. Te Kao raKBr{ yKad\ Ha Ha\ r{H\ or4taB.laHocT }paDeHr.rx
I,ICTI,I'I'I,IBA16A,

vI CII{CAIT HAYqHI{X II CTPYIIHIIX PMOBA KOJI4 CY OEJABJbEHT4 TIJITI IPIIXBAMHT{ 3A
oEIABJT,TTBATLE HA OCHOBy PE3yJITATA ITCTPAXIIBAIbA v OI{BIIPy PAAA HA AOKTOPCKOJ
AIICEPTAIIIIJI{

Taxcallrsuo HaBecrr.r Ha3r.rBc paroBa, rile rr xaJa cv o5.iaB.DeHH. llpno narecru uitjlrarse-jelau pa: o6jaa.rreu umr
npnxsahen la o6-iaB.rbr{Babe -r- 

rracortucv ca ISI :urcre o.rHocHo ca Jrr{cre }rrrHrrcrapcrBa HaJ-UrexHor 'la HavKv- Ka.qa

cy y rrnrarby ApyrxrBeHo-x-vMaHr{c'rr{qxe HayKe r.rJrrr piuoBe xoju nrory 3aMeHr.rr[ oBaj ycnoB Ao 0l.iaHyapa 2012.
roArrHe. Y c,r1,u21r- paAoBa npr.rxnalteurrx 3a o6jaB.rluBalLe. Ti[caTr{BHo HaBecrr.r Ha3r.rBe paAoBa. fIe u KaIa he 6mu
o6iaB:beHrr r{ rrpuJro)rfiTr{ rrorBpA\' o ro]ue.
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K-sart,trer o6-jar,'relurx piuloBa, [o:]HaBarbe caBper{eHr{\ locrut-m,-tra -y o6Jracrr{ rexHo.lrolrr jc nonrrr rrarcprrl:Laa,

caMocTanHocT l' paA' r{ r{cIq'cTBo Y rlprrNreHI.I caBpel\IeHLI\ IrHcTpYrIeHTiuIHI.Ix MeToAa ToKo}r HayqHo
rrcrpax(HBaqxor paAa, eoxa:y-jr Ha}arHC lr crp).rHe KBaJI{'lcre KaHrr.rAara I4raua Crujcrrosfiha. Ha ocHoB]'rio-ir.r\
Kolrucuja cNrarpa Aa-ie xaHArrAar y rror'1r\iHocrrr 3a.foBo.rbrro xprrrepujynre Heolr\oAHe ra oe6parry npe.qJroxeHe

:{or(ropcKe grrceprauuje.

\.II 3AKJ6YqIIU ONHOCHO PE3YJITATII I{CTPAXI,IBAII,A

Y onoj goxropcxo.j luceprauuju c1' npouecuparur rrareplrja.nu na 6a3rr naHraH-raJlara y ul{Jb}' .qo6r.rizura Kcpar\II{Ke

orrrr.rMalrHe crp!'Kl'ype u rlta:nor cacraBa :a vlorpeSv l Hltcl(orerlreparypHllrl ropl{BHI.ITI helujarra. llpaxonu
JrarrraH-riurara cy cr{HTerrlcaHrr rlrrrparHo}{ coJ.r-reJr ,\rcroJor\I rr relrrrjcrorr crrHTe'}ou 1, racno.j $aru. Ha ocrioBv
ypalene crplK'l)pHe KapaKrepr{3auuje oraxo roOr{-ieHLI\ rpa\oBa, Kao I{ IiaJlurrHllcaHlrx llpaxoBa r.r cr.rHrepoBaHlrN

y 3opaxa. r{o Hcrrl cy' cre,qefur 3allrb)rr{qil :



Ha ocnor1' XRD pe:ymara Jix.rbvqeHo.je la xurur lrema cra6ulHocr rrojeArrHr{\ KprrcranHr.r\ crplKrypa
JraHTaH-ra,.larHe KepaNrr{Ke xoje :6or rora nocra-j1' rreracra6ruue u xoerlucrnpajy HarioH cr.rHreporama. Y
cxnaAl ca oBrrrr c)' r{ pe3}',,.rrarr{ r{NrneAaHcue cnexlpocronnje noju loxarl jl uo-jaal ro.rarr.ror nonyKpyra
Ha crexTpy ] o6Jracru cpeilrbrrx tlrpexnenquja, o.rHocHo rpaxrrqe rpua. Y roM lpaBrly, garo je n
ogrorapa-jytre exBr{BaJreHTHo xo:ro nojc -ie ueonro.qxo Kopr.rcrr.rrr.r rrpl.rJn.rxo[r aHa;rr{3e r.rNfire.qaHcHr{x

cneKTapa v:lopa(a ca HrrKJrorI.

3airtesor,r -je,1nor gena rrarucln-j1,rra HrrxJror\r. cuepr-rrja anruraqrrje 'ra npoaoleme cc cuaml je, a

rrpoBoAJlrrBocr.ro6r{-ieHe xepaNrr{Ke ce rrosetrasa. 3at.rs-r.{exo.ie ga ce 1'r.llqaj nurcnlt orJreAa lpe cBer-a y
ctrarbelb\' 5po.ja x,racrepa Bllrarrcr ca lraructrtjvltolt I{ }ill\oBolr c:ra5.uer+v. rrrro r.rrra 3a nocneArrq}'
rroilrrrrBHe erlrcxre Ha L) rr.joHcq IrpoBorJbrrBocr.

Mepcrrerr rq)oBoA.fbrrBocrrl yrapleuo je qa cc AoAarKolr xo6arrra vrJrztBHorr rorehara eJreKTpoHcKa

rrpoBoa.rllrBocr, oAHocHo xouqexrpaqrr.ja c,qo6o,rHr\ eJrer(TpoHa r{ [ry[.rt,r{Ha, rxro r.rMa Beolra Hcrarr{BHc
flocJreAr.rue Ha-joncry rrpoBoA-Er{Bocr Kcpar\rr{Ke. V{eo xo6anra oil 5 ar.9u6je rraKcrrMa;rHa Korr.rqr.rHa oBor
rrpe;ra3Hor rlrera.lra xoja ce lroxe ro.qarr{ LSGM xeparrlrurr, a Aa oHa 3aApxrr cra rrorpe6xa crojcrna ra
yrrorpe 5y t I'I'-SOFC. CsztKo Aa.rlc ttosehalle )'rera 5Ir Boilrr;ro rro-jarrr ererrpoHcxe rpoBojl.DrrBocrr{ r{ Ha

Blrtllt{rt rerrleparyparm n [paKTELrHo 6ir 6iltro oselroryItexo xoprilrhe}re raNBil\ lrarep[.ja,ra xao -loncxrr
lrpo Bol-(Hr.rx eJreKTponr.rTa.

Crpl,x1r'pua u tllyuruuouturHa Kaparirepl'taurrla rtarepujala na 6agu rarnau-ranara. rio.jrr c] rrcirr{TrrBaHr.r

y oao-j goxropc(oj .qr{cepriurujrr. noxa:a,re c\' rla -ie ql{rparHa coJr-re;r cr{Hre3a je(nuua rr jeguocra*ra
NleroAa xo-jou ce ilrory Ao6flTr{ .joncrul [poBoilHll eJlcxTpoJrrrrr.r 3a ylrorpe6y y Hr{cr(oreMneparypHr{Nr

ropr{BHl.rrr tre,rujalra. KoHrpo,ra crcxlrorterpttje xo.jl ollon'trasa osa rleroAit .rolBo.rbaBa qo6ujarre

cyneprlopHe JraHTau-r'a:rarHe Kepaulrlie .l{e ce oco6Irxe lIory AoAarHo no6o:uuarrr .qoAarKor,r MaJrr{x

r(oJrr.Frr.rHa npera3Hrrx Merajra. flpe cBera Hr'IK.JIil.

\.III OUEHA HAIIIIHA NPIIXA3A I4 TYMAqEIbA PE3YJITATA I{CTPAXI,IBAIbA

Pe';\,lrarn c\' [prn(aiaHr.r jacno n npcrJ're.nHo )' Br{a' rpaqx{qxux 3aBrrcHocrr{ lr ra6e:rapHux nor(arare. Tyl aqe me

pe3],.[Tara -jc cryilrio:no rr Ae'riubHo v: rropeDe]be ca o5-iaB.beHr.IM ca3Harll.Ir\ra ra uareplrjarrc rrcror r{ cJrr{r{Hor

xelmjcxor cacraBa. .{oxecenr,r c-y- r{ HoBr.r 3aK.rbl,qqu 6a lrpaulr Ha pe3yrrarurra Ao6[jeH[Nr ynorpeSolr p?l3lrr{u1'r.rx

MeTOna.

rx KOHAIIHA OIIEHA NOKTOPCKE NIICEPTAIII{JE :

l. [a :rrr je .qncepraurrja HanucaHa -\ cxlrajly ca o6patloxc]be]r HaBeAenrrlr y nprrjarn relre?
.]oxropcxa -rrrccptaurr ja.jc HflurrcaHa \ cKJr[Ln ca o6pa i.rolicr6e]\r HflBe.[eHrr]l 1 nprrjaslr renre.

,[a rn.r grrcepraqr!a cagpxu cBe 6I'IrHe eJlerleHre?

lucepraulrja caApxII cBe e;Ier\rcHrc xoje jegan oBaKaB pail rpeSa aa caApxr{.

flo uelrl, je guceprauuia opl{rl{Hit.rraH rorpl{Hoc navulr'l

Opnruualau AorrprrHoc Hayqrr oBe.roKTopcxe guccpraqr{c or.rrcilil cc I xope,'rarlu.jrr u r\ Nlayerb} pe3y.rrrara

r.rcrpilxr.rBarba r{3 .rorreHa cr{HTe:e. Kapaxrepl{'lautric r nprnteHe nrareprrja:ra ua 6arttl .jlaHTaH-rajlara.

Iloce6uo rpe6a HcrraorrH .10.je ro rrpBlr rrvr xoprrurlteu{r lr ucllrruBalHa ucroaa \eNuUcNe cuHre're \ racHo.i

dlalr :a go6rrjamc HaHonpa\oBa JrarraH-raJrara. Ipaxoelr lo6r.rjenu y racnoj tlarn cao-jun cylrepr.ropHr{M

cro.jcrsrrlra olron,hara-j1, oJraKruaHo rrpouecr.rpar6e I'I cr{HrepoBarbe Kepa}rr{ytrl{x rrrarepr.rja,ra Ha 6a3r,r

JaHTaH-rtutilf il. uro-je neonra'tnavajxo ) lrorJrel\ rlr{-\oBe Iuoryhe flplr]vleHe y ropt.IBHr.IM herrujaua. Yrou
cNrr{c,E', Bprro cry'llr{o3Ho c}-o6jarxrbeHr{ peaKqI{oHI{ r\rc\aHr{3rrrr r{ KrrHeruxa v rq)ororrHoNr racHolr
peaKTopy. a y cKJra/ry' cil rr.rrr, .Iarr{ c}' r{ orrrrfl\riljrHr.r naparrerpr{ 3a Ao6uja}Lc Jrilr{TaH-fajrarHux

HaHorqla\oBa r{ Kepar\rr{Ke. C .rpyre crpaHe, xoprrufiemert qr.[parHe cor-reJr cIrHTe3e .lo6rrjeHu cy u qBpcrr.r

pacrBopr{ JraHraH-raJrara ca clpoHqrrjr Morl u rtarne rrrjvuorr. Kao rr narepuja;rrr uo4rr(xixoraur.t

AoAaBarhelr Hr{KJla rr ro6alra. Yxaraxo je xa r--ruuaj Bpcle ro.Tarrr\ xarjona Ha Nr{Kpocrpvrcl'p\ rr 0a3H[
clclilB cr.rHTepoBaHe KepalnrKc. Kao r.r Ha npoBoAibriBocr oBaKBLI\ lrareplljana. ,{era,'uro c}' onI.IcaHr.I

rror-1lur nte\aHr.r3lrrr npoBoDerba xpo3 3pHo Ii rpaHlil-tv lpHa 3a -v3opxe palrl{tll{ror cacraBa, u3 qera cy

rr tBc-tcHu iar(Jb) (rurl o l rrrua jr spcre xnr jona Hfl .ioHcli] npoBo.rJhuBocr, a )'craHoBJbeHa .je Ir sera

eJrexrprr.rHrr\ oco6uHa u (taruor cac'raBa cI{HTepoBaHIrx y3opaKa. Ha ocsorY pejYJrrara crpyxTypHe
Kapar(Tcpr{}.lqnje cuxrerrrcaHr.rx r{ Kajrr{r{Hr{cilHIl\ npaxoBa. Kao x (|lvHxII{oHaJIHe r<apar<repuraqr{e

cr{HTepoBaHrrx y3opaKa. [oxa3aHo jc ra ce ur{Tpal'Ha coJr-reJr }reroAa ntoxe Koprrcrrrrr{ 3a Ao6HJar6e
.rBpcTrrx pacTBopa flaFraH-rarrara no-iu ulra-iv oco6]tHe.ioHcrur [poBoJHof eJIeKTpoJrI'ITa, a Irrro llr{a BeoMa



Belr.rKrr rrpaKTr.rqHr.r 3Harral v Te\Ho.Iofr!r{ r4lor{lBoJ}be Hr.rcKoTeMnepalpHrrx fopr.rBHlrx

Herocraurr guceprauuie r{ Fbrr\oB \ rrrqa.j Ha pe 3) irrar lrcrpax<urama?
HeLoc-rrurr oBc tucepraur.rje Hucr ] oqeHrr.

[OMI4CI4 qJIAHOB A KOMI,I CI4JE

p-
u
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hemr-ja.

Ha ocnory lK\nHe orleHe AucepraI{rrje. Konurcuja ca ",agoro.bc'rBoNr xoncrarlje Aa ie ,toriropcxa grcepraqrrja
KarrArrAara tr4nana Crujenosrrha y rrorrryHocrt't ocrBapllna rocraBJbeHe rlr.r-EeBe r.rcrpalrurBarr,a -t o6racrr{ ro$ujarba
rraleprrja.lra sa 6a:rr JraHTilH-ra.lrara xeJbeHe crpvK'ry-pe u 1'Harpetlexr.rx ocoSnna ga yrrorpe6y y roprrBHt.rM
helujalra. Ana:ruru.rxlr rlpr{clyn [po6rer{'. I.I3\r']erHo rlo3HaBarLe xtNo rcopr{crur\ rlocraBzul rar(o rr

eKcneprrNreHTai.rlHrr\ TexHr.rxa. rrprr\reHa rrHcrp\'IreHTiurHr{x }teroAa r{ Aera.rlaH -vB}rA y Apyra ca3Haria o6.jas.rena 1

nr{Teparvprr carro cv HeKe KapaxTepr{crrtxe oBor rr3}'3erHor parla. Pery;rlar:u ncrpa}xnBarua :ajy rHau:{aN
.llolprrHoc Ha)-aIHrIlr ca3Harbl{Nra o Be3Ir u:;uel;r' cuHTe'le, cacTaBa, cTp}'i(ry-'pe u ocoSuna uaTepnja,ra Ha 6a3ll
JrarrraH-ra;ra'r:t, floce6an AolpLIHoc oBe,ql{cepraqlrje.lc caaxaxo pa3}larparie HoBrrx NreroAa 3a crrr{re:lv
HaHorrpa\oBa t-rai{TaH-ralaTa. xao ul.ro je xellttjcra cr.rH'le'iut v racno-j (tarlr. xao tr roBe3rrBa}bc NrHof[x 'rcoplrjcxrrx
acnexara oBaKBor jeguor crrcrelra xo-je -1e la uI{Jb Irlra,ro ,11'6.ue par\,}reBa}se repMoAuHarrrrrxr.r\ rr Kr.rHerrfrKr.r\
.iaI(oHI{rocrlr xo-je yr4ran.na.jl peaxqtrjanra r racxo.j (rarrr. Ca ripaKrKrrHor craHoBr{rrrra. Ao6[jeHr.r pe3]',rrarn
rrpegctar.ritjv rr'rBaHpe.f,H)' rrardnpuy 3a Aarba ]caBprxaBarLa lr vuarpeleru,a rexHr{Ka cuHTe3e narrraH-raJrara },
racnoj. a Hapoql.rro \,TerIHoj (atIr. Ono je rroce6no trava-jno \ rtor-re4/ rrprrnreHe HoBr{x cit3Ha}ba, Hac'[a:rrr\ Kao
pc'.1\Jrrar oBc AoKTopcKc,quceprauu.jc. \'rexHo,ror-rriu lr3paAe roprrBHr{\ tterur-ja ca Kepanrrrqxl{rr erexrporrr.rrorr xoje
5rr paAu,re Ha HIrcKr{Nr Ir cpcarbl{}I rcr\lllepar\"paNra. Tpe6a HaI'JIacLt'rI{ Aa oBa Arrcepraqrrja txaua-iuo no6o.m[asa
pa3-vNreBarbe joncxe nporoa.rbrrBocrlr J'I?IHTaH-rararil u lurqaja AoAarrr\ xarjoua Ha ]re\aHrr3al\r rr Bpcry
rrpoBoA.rbr{BocTr{. rxro Aonpr{Hocrr ga..rerr pa;eojt rr 6oJrerr t(ll3aiHy uorux lrareprrjajra Ha 5a3t1 JlaHraH-rajrara 3il

rrplr\reH\ ) ropltBH nr\,t lte,rrr ianra.

Korrncrrja la oqeH]' AoKTopcKe gtrcepraqu.jc KaH.xl{.rara IZrarra Crrjcuosrrha ca 3aroBo,fbcrBorr rrpe.l1rpr{e
HacraeHo-HAr'.rirorr netrl, Texno,.rourxor tpzuil,,nrera Yuurep:llmera i' HoBolr Cag] aa flprr\Barx rro3r.rrr{Bau
I,Ilrcurraj rr orroryfur KaHAr.urary-' oAOpaHl,Aoxropc(c -llrcepraqrrje noA HacloBolr:

AOEITJAIbE JIAHTAII-rAJI ATA 3 A IIP IIMEIIy y f OPI,IBH IIM hEJIIIJAMA


