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TEXHO JIOIIIK}I OAKYJITET

I,I3BEIIITAJ O OUEHI{ AOKTOPCKE AI4CEPTAUI4JE

Hnre, r,rrue je,uuor poAllTe.lba, flpe3I'IMe:

Ocxap, JoxeQ, EePa

fiaryrra pofema, onrlrl4ua, APxaBa:

23.01.1 985. 3Pemanux, CP6Hja

Ha:r.re $axynTeTa, Ha3r.rB cryAr.ljcxor flporpaMa AI'UIJIOMCKIIX aKaAeMcKI'lx cryluja - MacTep 
'I

creqeHI,I CTpytIHI'I Ha3I'IB

Texuonourxra rlaxynrer y Honorv caly, cunrercxu non1lMepr{, {r'rnnoruupaull I'IHxer6ep

rexnoloruje

I o4uua ynilca Ha AoKropcKe cryauje u HII3HB cryAujqior nporpaMa AoKropcKHx cryauja

UIxorrcxaIonI,IHa2o0Tl2o0s.,Xeulrjcxo-'rexHoJIoIIIKerrayre,tr,Irrxe}sepcTBorraarepujarra

2.

UI{ O KOMI{CIIJ}II

flaryrl fl opraH rojra je I,IMeHoBao KoMI'IcI4Jy

06.04.2012.IoILtHe, HacraeHo-Hayuuo eehe Texno.nouxor $axy.irrera y Hoeorra Cagy

CaCraS xOlrracUje Ca Ha3HaKOM IlMeHa !I [pe3HMeHa CBaKOT qnaHa, 3BaILa, HASIaBA yxe HayqH

o6:rac.ru sa rcojy je lraa6pau y 3BaBe, AaryMa n:6opa y 3Barbe n Ha3I,IB ilaxyn'rera. ycragoBe y rcojoj

je u.nan xor.aNcr.lje 3anocJleH:

1. 4p Epanxa llunrah, BaHpeAHI{ npoSecop, Menrop

Yxa Hayvua o6lacr: I'I xNeruep creo ru arep r'rj a'ra,

Aaryr"r ua6opa y 3BaBe: 13.09.201 1. roAlne
Texrolourxr tfaxylre'r, Ynuuep:Nrer y Hoeou CaSy

2. ,ap Aparocras Cron:rxoeuh, peAoBHI'I npo$ecop, Ilpe4ce4nux xoul'tcraje

Yxa Hayuua o6lacr: CuHretcxa floJIHMepH,

,flaryu aa6opa y 3Bar+e: 17 .02.1999. I'oAr'IHe

Texuonourxu tlaxynrer, Yuueeprurer y Hoeornl Cagy

3. Ap Anercan4ap Mapnnxoeah, loueur,
Yxa nayvna o6nacr: Opraucxa xer''lnja,

,flaryu rar6opa y 3Ba]Le: 29.04.2010. ro,ullHe

Texnolourxo-MeranyplrIKl'I tlaxynreT, Ynunepsurer y Eeorpa'uy

4. gp Jelenaflanluueeuh, Ha)arHL capaAHlrx,

Yxa uayvua o6;racr: Huxerrepcreo naarepujana'

[aT yu ur6opa y 3Balse: 23 .02-2011 ' ro'urlse

Texnolourxr t[axynrer, Ynrleepsurer y Hoeou Cagy

O KAH,IIII.IIATY

4.



5. Ha:te t[axynrera, Ha3HB Marl4crapcKe re3e, Hayr{Ha o6lacr H AaryM o46pane:

6. HayuHa o6lacr rz: xoje je creqeHo aKaAeMcKo 3BaBe Marl,Icrpa HayKa:

ilr HACJTOBAOKTOPCKEAITCEPTAI{IIJE:
,{o6rajarre r4 KapaKTeplr3aqraja cycnexeuja uauovecr}I(a u rll4xoBltx KoMno3HTa

IV TIPEIJIEN NOKTOPCKE,III{CEPTAIII{JE:
fiortropq<a auceprauujaje uanucanajacHo ]r nperJleAHo H caApxu cle4eha norJIaBJEa:

I . Yeo.q (crp. I -2)
2. Teopujcxr teo (crp.3-18)
3. ExcnepuueurzulHl Aeo (crp. I9-35)
4. Pesymarn u tucxycuja (crp. 36-95)
5. 3ax-rsyrur (crp. 96-99)
6. Jlrreparypa (crp. 100-108)

Pa,u ca.upxu 108 crpaHa 44 rfopr.rara,63 cluxa, I I ra6e:ra n 154 lrreparypHa unTara. Iopea rora, y

4uceprauuju je 4ara Knyvua goxyuenraur.rjcxa un$opnaauraja ca H3BoAoM Ha cpncKoM u eHruIecKoM

jeHry, y cKnaAy ca eaxehilr, 3aKoHcKHM nponucllMa.

V BPENHOBAII,E TIOJEAI,IHI4X AENOBA AOKTOPCKE AIICEPT
Y npeou nornaBJr,y 4rEcepraur.rje, Yaogy, ucraxHyr je :uavaj ao6ujalLa HaHocrpyKrypHHx tlarepujatra

xe,rbeHlrx ceojcraaa y caBpeMeHHu rexuororujarrra. HarrarueHo je 1a je npojercroBa$e crpyKType

KepaMHqKHx H noJrxMepHHx HaHoKoMrro3HTa BeoMa auauajuo 3a Ha[peAaK cBeMHpcKe I,r eojne

rexuoloruje, tlaprrraxoloraje, ayrolro6urcKe, aBHo H eneKrpo nnayctpraje. MeAI4uuHe I,l Ko3MerI4Ke.

Paayuesan,e crpyrff),pr4pau,a xra6pra.uHnx narepuja"ra je ueonxoauo 3a npaB[naH rat6op epcre qecraue,

caBpeMeHe MeroAe flpr4flpeMe H KapaKrepu3auuje cycfieu:uje uaHouecruua, y UHJLy cnpeqaBa[sa

nojaue amouepauuje, xoja goeogu Ao noropuralta xpajtlux csojcraea HaHocrpylcrypnlrx naareplrjana.

HcraxHyro je Ia ,rcrrr4TriBarue yrrqaja noBprrrlHe ,r flpr.rcycrBa pa3rfiqu'Mx cuna asnrely HaHoqecr]Iua,

Kao fi MareMarr,rqKo npe.ueufan,e ycnoBa npoLI3BoAlLe, npeAcraBJLa KJLyqaH KopaK 3a paser'tjarse

MeroAa npojexroean a crpyr(rype KoMrro3HTa xeJreHr{x roIIJIorH}lx, MexaHI,ttIKI{x, peoJlolrrKllx H

orrfl{arxlrx cnojcraea. JeAaH oA uuJLeBa paga 6rlo je u npoyuaeaue ynauaja Merore c}'IHTe3e r'r ur6opa

HaHorryH,rJra Ha cTpyr(rypy, peonourKo H To[J]oTHo noHalrlaBe KoMno3I4Ta, 4o6ujenr'rx Ha ocHoBy

cTr4peHa, MeTHJrMeTaKpilnaTa A aKpnnaMuAa y npucycTBy pa3II4rlIrTIrx BpcTa 14 yAena qecTHua (ua!,

$ynepex, culraurajyu(IV)oxcra1, aryuuHujyu(III)oKcIa,u u rr.rrauujyrra(IV)orcu4). Harrarueso je aa je

noce6na naxlLa 61.r,'ra noceehexa parnujarry oAroBapajyher ruseruqxor MoAeJIa 3a onlIcIrBaILe ABe

pa31aqare peaxur.rje roKoM norraueprrauaje BIrHt JtHr,Ix MoHoMepa (pearurajy npBot' peAa rI

carraoy6p:arre), paa, rcnuruBarba yrrauaja Ae6rurzHe uefy$a:Hor croja norurvepa Ha qecrnul4 Ha

TeMnepaTypy npejlacKa y cTaKJracTo cTaBe noJILICTI{peHCKfiX H IIOJII4MeTUnMeTaKpI'InaTHIIX

HaHoKoMno3gra. I4craxHyro je Aa je uNrs 4uceprauraje 6uo tt npoyqaBame yrrluaja BeJIrrqHHe

yrJbeHrlrlHrrx qecrr1qa Qynepeua u ua!u, MoJlexyncKe Mace rroJluMepa u I'IHAeKca rlon]IAl'Iclep3Hocr]I

Ha BHcKo3Hocr rroJrrrcrupeHcKlrx KoMrro3ura Ao6ajenr.rx raJloxelLeM I,I3 pacrBopa. Iloce6na naxrua je

6ura noceeheHa onruMH3auuju nocrynr<a lo6:i1,JaE,a KepaMurrKnx npolt3Bo.ua Mero.noM nllBelLa reJra,

paAr4 qera je npaheHa rronuMepu3aullja cycneurnje a:ryrrluxujyr',r(Ill)oxcaaa y pacrBopy HeorpoBHI'Ix

MoHoMepa (r.ru*prruru4a ra N,N'-rraeruleu6ucarpr.rnarura4a) non,tohy l4H-cllry AHHaMuqxe peolonaje.

Ha noverlry BornaBJba Teopnjcrcu Aeo, ucraxHyr je :uauaj npfi[peMe cycneu:uje HaHoqecr]tua 3a

Ao6ujarse HaHocrpyxTypunx trarepr.ljErra, onHcaHe cy norerurcohe [pl,r A[rctreproBar6y HaHoqecr[ua E

.qura ay MeroAe 3Har{ajne aa tpr.r:uuxy nla xerraujcrcy npoMeHy rloBprxnHe nyHI'Ina y uuJby t{s6erasa*a

noja*e a.norepra:auuje y roKy npunpeMe nonuMepHrx I{ KepaMl{qKux HaHoKoMIro3I'rra. X11x1Vto le
Aa npr4cycrBo HaHoqecrnua npoy:poxyje Hacra1a*e cucreMa ca BeJIUKoM eHeprI'IJoM, ycJIeA BenI4Ke

cneqn$uvue noBptrruHe xojy re n)'Hl{na noce.Uyjy. ,[at je Aera$aH onuc y3poKa nojaae

u.rorapr.ruuje (van der Waals-oBltx cr4Jra, BoAoltHrtHI4x Be3a, KanflnapH[x cI'IJIa, a4copnuuje

".rra.ohu 
il [peAcaHTepoBarLe qecruua), HauralneHo je aa je fla)KJbI{BoM KoHTpoJIoM cula raanaely

qecrrlua. uorvhe flpunpeMllrll cycneuutje ca AncfleproBaHl M, cna6o r
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qecrr{uaMa. Y TeopujcroM AeJry na6paja ce nr.rreparypa y xojoj ce I43fIaBa npouec .uo6uja*a n
ucflr.rrr,rBa6,a ceojcraga noJrl{MepHr.rx HaHoKoMIIo3I,I'ra. fiar je onurtlpaH [prrxE]3 caBpeMeHux Mero.ra

cr.rHTe3e HaHocrpyr(rypHr.rx Marepr.rjala (r.ru-cr.rry nonl4Mepl43aurja. yueurarse Hauoqecrl,Iua y pacrBop

nonfiMepa 14 yMerrral+Je HaHoqecrr4ua y pacron nonnnrepa), xoje ouoryhyjy KoHTponucarse 4ucnepruje
HaHoi{ecrr.rua y rroJrr{MepHoj naarpnur.r. HarlaureHo je 4a cy no6o.rurasa ronJlorHa ceojcraa

HaHoKoMrro3ura (reuneparypa npenacKa y craKJracro crame) npoy3poKoBaHa [poMeHoM crpyltrype H

ALlHaMlKe caMe rroJu{MepHe Marp[IIe y flp]rcycrBy cHaxHI.Ix crana ra:uefy noBpulltHa qecruua-qecruua

u qecrsua-flonr1Mep. Hcraxayro je ,qa uenuvl,IHa u crle[I4$[IqHa [oBpIIIIrHa qecruue, BeJIuKa

naefy@atna noBprxuHa u cHaxHo uelygejc'rno u:ruefy AI,IcnepI-oBaHe r[a:e u nonuMepHe Marpuue

raruajy :uavajaH yrnuaj ua ceojcraa noJrHMepHI4x HaHoKoMno3ura. Taxofe, y flol'naBJry Teopnjcxa

Aeo, ongcaHa je xltnerraxa floiruMepu3aur.rje auurlurx MoHoMepa (crr'lpena I'I Merl.IJlMeraxpunara), u

r{craKHyr je tuauaj pasnrajarua KuHerrlqror MoAena 3a KBauTllTarlrnuo npaherre yruqaja npncycrBa

HaHoqecrlua Ha 11poMegy KrrHerr{qxr,rx napaMerapa (eneprraje axraeauuje r{ pe.ua pearur.tje).

Zcraxny.ro je 4a, naxo nocroje muore reopuje xoje o6jaursaeajy nojauy caruoy6p:ama trprnl4KoM

paAr.rKilnHe floJruMepu3auraje crupena, MerrlJlMeraKpulrara u Apyrrlx BI,IHI,IJIHI,Ix MoHoMepa, one joru

HHcy y aorrryHocrr,r excrrepaMeHTanuo norspfene. Taxofe, gar je nrzreparypHll flperneA aKTIrBHor

u3yqaBalba cHHTe3e u csojcrasa noracrfipeHcxux (PS) E flo]rl{MerlrtlMeraKplrnarHrax (PMMA)

HagoMrro3r4THax lrarepr.rjara, xoju ycne,q 4o6prlx onrl4trKr.Ix u 3aIIrrt{THHx ceojcraea Hara3e rtloryhy

rpEMeHy 3a naxoBarbe ra au6a,raxy. Hcrarcuyr je :nauaj yrraqaja nocrojarra naelyr[asuor cnoja

noJlr,rMepa, oA cBera HeKoJrlrxo HaHoMerapa oA noBprxuHe r{ecrulre, Ha IroHaIUatLe cucreMa ojavaurax ca

qecruuaMa cunuuujyira(IV)oxcu.ua. Ouucanu cy pa3JluqI,ITI4 HaquHI,I npl4npeMe I'I npunpeMe

rroJrr.rMerlrJrMeraKprrnara ca Ao6prrM MexaHI.IqKHM I,t ourr{qKl{M caojcreulra. HauaureHo je ga

crpy1Typa u noxperJLr.reocr uefySa:nor cloja PMMA/cunrauujp,r(IV)oxcI,IA HaHoKoMrIo3rlrHHx

nrarepujana )Tlrqy Ha ILHxoBa ceojcr-ea, H Ia ce MHore MeToAe, yxryvyjyhr'r a 4r'r$epeHUujalHo

crauupajyhy xaloprnrerpujy, npuruenyjy 3a npoyqaBalle npoMeHe roflJloruor KaIIauHTera flpn

npena3y y craKnacro crarue vr eHra,rnuje pe,raxcauraje npe noMeHyror [pena3a. Taxohe. y Teopujcro*t
ge..ry, je rcraKHyr r,r rHavaj go6ujana KepaMuqKlrx HaHocrpyl(ryprr,rx nra'repujauta u3 cycnexraja

MoHoMepa. [ar je Kparax onr.rc Merola ra go6lrjarse KepaMI,lr{KI,Ix o,IIJILIBaKa cJIoxeHLIx o6:ruxa na

ua4ycrpr.rjcroM HHBoy, r<oje ce cacroje o.u HeKoJIHKo KopaKa (cuHre:e npaxoBa, o6luxonatsa, cyuelba

lr c6HTepoBa6a). O6jautseHn cy nocrynuu ga o6ruxoeaH,e KepaMuqKux npol'I3BoAa (o6lraroeame

KepaMr,rq1trx rela je.uuoocHuM H H3ocrarcKuM npecoBalLeM, o6ruxoearbe nJlacrl4tlHrlx kepaMIrqKI'Ix

Maca u o6:ruxoearbe KepaMlrqKlrx reJra H3 cycneHauja). HarlaureHo je 4a 4o6r.rjane KepaMI{qKI'lx

npOr.r3BOAa EyTeM JruBeBa FeJIa npeACTaBJLa CartlO je4ny OI npltMeHa noJIUaKpITJIaMI'tAHI'lx

xl,IAporenoBa rAe ce Moxe I4cKopHcrHTH [o3HaBa]Le KI4Herr{Ke nonnMep}I3allraje axpularvu,^a Lt

aroiar"u 4o6r.rjeur.rx reJroBa. Krlseulxa [rH-cHTy nonllMepll3auaje roja noApa3yMeBa epertre rlnAyxunje

r.r BltcKoeJlacruvna ceojc'rea reJra, ce Moxe naKo oApeAHTI.I It AoBecrla y Be3y ca cacraBoM re]ra u

ycnoBr.rMa npoueca. Ilpaheme no:rnnrepn:arttje KepaMI4qKHx cycnen:lrja nouohy HH-cIrry AI4HaMIrqKe

peoloruje npeAcraB;ra BeoMa KoprcraH HaqLrH 3a noBe3rBal6e ceojcrea KepaM[qKor [poI'I3BoAa ca

cacraBoM reJla H ycJIoBHMa noJI14MepHrauuje.
y ErccuepuueHTaJrHoM AeJry noHoBJBeu je unft pa.ua. KaH.uI,Uar je onucao ocHoBHe KapaKTepl'Icrl{I(e

KoMrroHeHTr.{ xoje cy xoprurheue sa ao6ujan,e cycnentraja HaHoqecrlrqa r-l rbrrxoBl{x KoMrIo3I'ITa

(rraoHonaepa, r.lglurajaropa u y6p:ueaua, nonHMepa, AI4cnep3aHara L pil3rl'tqurl{x xanouec'ruqa).

4ar-"ro cy o6jarurueun fiocryflrtu npxflpeMe HaHocrpyKrypHr.lx naareprajara. HaseAeHI4 cy o[EcI4

4o6ujama HaHoKoMno3uTa nonHMepH3aUHjoM y MacH (nolutuepuraUllJa cTI'IpeHa y [p[cycTBy

pa3Jrgqure KoJrr.rqgHe q.uuurajyrvr(IV)oxcnAa, 14 nonHMepu3aqr,rja uerHnMeral<pl'IJlara y npucycrBy

pa3rEqHTHx BpcTa HaHOqecTHUa. 3aruu, npnKa3aH je npouec npHnpeMe

nolxc'rlrpeu/cHIraUNjyN,r(IV)oxcllg HaHoKoMIIo3I'ITa MeToAoM oTflapaBaILa pacTBapaqa' Taxo!e,

ExcnepuuenraJrHq Aeo caApxr,r H ofinc nocryflKa 4o6r,ljana nonrlctrpeu/yrJreHllqHrlx xu6pngHr'rx

nrarepzjala nplrMeHoM MeroAe 6psor ranoxe*a, Kao I'I HaTIHH .uo6r'rjarsa KepaMI{tIKHx npol'I3BoAa

*.rrpu*., cycneusvrje ary.rrlunujyu(Ill)oxcu4a y pacTBopy MoHoMepa. Y paay cy Aerar6go

o6jaulrene ropr.luhene MeroAe 3a rrcflr,rrl,IBarse cnojc'raaa ,uo6r,rjeHux cycnenrraja HaHoqecrHua I'I

*r*o*r, n6*rr6=rt4. Ytmlaj HaHoqeCTLIqa Ha KI'IHeTI'IKy paAIIKanHe flOnfiMepu3autlje SrHNlnnx

MoHoMepa je ucnnruean nollohy 4r.r$epeuur.rjanHo cxaHnpajyhe (DSC) MeroAe. 3a ucnur[aaBe

cTpyKrype , rop$onoruje nolucrupen/cr.rauUujyru(IV)orcug HaHoKoMno3I'Ira 4o6ujexux MeTo.UoM

HcnapaBa}La pu.r*upuru, xopnurheue cy uut[paqpeeua cuerrpocxonltja ca <Dyprajeoeou

rnor",h.r.rru,ruiorra GT-IR) u cxanupaiyha enexrpoHcKa MHKpocr(onda (SEM)' PaA



)Tlrqaja yAena xrr,qpor$o6nor crnr.rqrajyrra(IV)oxcu4a Ha rorrnorHy noc,ojauocr noJrucrr.rpeHcxrx
rvrarepujaaa, nplrMerleue cy [croBpeMeHa repMorpaounrerprjcxa r 4r.rr[epenqr,rjaruro crannpajyha
aHarrr,r3a (TG-DSC). Tarole, rplrMeHoM peonorrlxrx Mepema, ogpelen je yflarlaj BeJrrrrrr4He qecrvue

$y:repeua C6s u cy6rrraxpoucKe qecrr{qe valr na peoJlorxxa ceojcraa noJl}lcrrapeHcKr4x KoMno3r,rra

caHTerr.rcaHux raroxerreM [onr,rMepa r{3 pacrBopa. Beluxr.r 6poj excnepuMeHTanur.rx MeroAa roBopr,r o
ceeo6yxsaruoM npucryrry npojerroeana crpyKrype u csojcrana cycnen:uja HaHoqecruua u BuxoBl4x
KoMno3r{Tu}rx m arepraj ala.
Ilorran*e Pery.nraru u .qncxycuja ce cacroju Ir3 Tpx ueJIr,IHe. Y osoNr rrornaBJly AorsropcKe
grlcepraur.rje jacuo r.r [peureAHo cy npnKa3aHLI I,I AucxyroBanr,l n*roro6pojHl{ pe3ynrarll. Ilpnu 4eo
o6yxeara 4o6rajame HaHoxoMrro3r.rra HH-cr4ry [onr.IMeplr3arlujou euuraru]rx MoHoMepa y Epr.rcycrBy

HaHoqecrr.rqa. ,{era.nno je upuxarau flocryflax 4o6rajarra HoBor Kr.rHerr,rtrKor MoAeJra xojr.r onracyje
paArrKirnuy flonr{Mepr,r3aurjy crrlpena y Mactl. floAaqr.r o xonsep:njr,r crl,IpeHa, HeoIrxoAHI,I 3a

paerrrjame KlrHerrarrKor Mo,{ena, 4o6lrjenr,r cy nonrohy I,I3orepMHLIx DSC tepuorpaMa Ha pa3JIIrrqI,ITI,IM

TeMreparypaMa. ,{o6njeHu Mo.uen, xoja ueoua go6po onucyje eKc[epI4MeHTaInHe [oAarxe, o6yxnaruo
je peaxq{y npBor peAa r.r caMoy6p3arre Kao 4re peaxqrlje xoje ce oaenjajy roxoM rroJrlrMepx3arluje

Br,rHr,rJrHr,rx MoHoMepa. Kaxgugar je aa'nrna [puMeHoM napaMerpa r.r3Be.ueue KLIHerr.rtrKe je4uauuHe

yc[errrHo pa3Br,ro HoBy, 6p=y r noy3AaHy Mero,[y 3a ogpelraearse crpyl(rype
nolucrupen/o.rar.rur.ljyru(IV)or<cHg HaHoxoMrro3l.ITa, a rrpe cnera ge6*uHe rtrelyr[aruor cnoja
ronr{Mepa u rLeH yrrauaj Ha reMneparypy npenacxa y crax;lacro cra*e. Yoqrao je aa je cnoj
flon]rcrrrpeHA orpaHnqeHe norperJrraBocr]r, Ha noBplrrr.IHr.t qecrllue cm[qnjyr{(IV)orcu.qa penarl.IBHo

TaHaK, urro je npoy:poxoBarro 3aHeMapJbr,IBe npoMeHe y Bpe,IIHocrI,I TeMleparype [penacKa y
craKrracro crarle floJrr{crr.rpeHcxr{x EarroKoMrro3r,rra. Y qz-rry flpoBepe pa:rujene MeroAe, paAI,IxanHoM

nonr{Meplr3aqujou uernmraeraKpnnara y Macrl ogpelen ynrqaj Bpcre I{ BeJIr,IqIaHe Hauoqecrr.Iua

(canuur.rjyu(IV)oxu.rga, anynraHr.rjynr(Ill)orc4qa n rrranrrjyru(IV)orclr4a) na ge6rrrtry vefyrla:nor
cnoja nornauerr.rnMeraKpr4nara H TeM[eparypy flpenacxa y craKnacro crarLe. flopacr BeJIITqLIHe

qecrr,rua, a caMuM rr.rrr.r u 4e6rune rvrefyrla:nor cnoja, 4oueo je Ao Hopacra reMlleparype flpeJlacxa y
cTaKrracTo cTarLe [oJrr.rMeTrrJrMeTaKp,rJraTHr.rx xr,r6pnqur.rx nra'repujana. PaslraTparreu ymuaja
xn4po(pnnnocrr4 floBpru,rHe qecrffue yorreHo je Aa,3a pa3nlrKy o4 xu4por[o6unx, xHgpor[HJIHe qecr]Iue

yrr,rrry Ha npouec flonuMepr.r3auuje ruernrueT aKpllJrara. flpyru 4eo rrorrlaBJLa Pery.nrarn u 4llcrycuja
caApxu pe3ynrare 3a flonr4crtrpeHcKe HaHoKoMno3LITe 4o6rajene r{3 pacrBopa [onnMepa. Y ororu 4eny
cy [pBo npr,rKa3aHn peynrara 3a noJrlrcrnpen/craluurnjyna(IV)orcug HaHoKoM[o3LITe rrpulpeMJreHe

MeroAoM r,rcrapaBar*a ronyeHa Kao pacrBapaqa. Pa:ruarpau je ynaqaj yAeaa cunuunjyrr,r(IV)oxcr.r4a ua

crpyxTypy r.r ronJrorHa crojcraa KoMrro3nra. FT-IR u SEM aHarLrge cy trorBpAune paBHoMepHy

pacflo.[erry HaHorryHuna y nonucrr,rpeHcxoj rua, pr.ruu. Ilpvnreuor.a repMorpaBl4Merpraje, xauguga, je
yrBpAr.ro.qa Hajeehy rorrJrorr{y nocrojauocr nocegyje y3opaK ca 18o/oultr uanoqecrraqa. Ha ocHoBy

DSC pesylrara, 4o6r,rjena je je4uavr,rHa xranep6one xoja go6po onucyje 3aBncuocr reMreparype
flpenacKa y craKracro crarr,e [oJrHcrlrpeHa oA yAena cnnHllltjyMGv)or<cr4a. Taxole, Ilpm(a3aHl cy

pe3ynrarr,r r{crrrlTr.rBarsa yrnuaja BeJrfiqI,IHe yrJEeHLrqHLIx qecrrdlla ($ynepen C66 r.r vafa) Ha peonollrKa

ceojcrna pacrona flonr,IAlrcflep3ul{x rroJrncrllpeHcKl,rx KoM[o3rITa. Ha ocuoey peonolurl,lx IrtcIII,ITaBarba

ran4ra4ar je yovr.ro 4a je Ao,uaraK trecrr,rUa vafr.r ,qoeeo go noreharra BI,tcKo3HocrI'I pacrola y oAHocy

Ha qr.rcT flonrrcTr{peg KoA cBr,rx KoMno3I4Ta, 4ox yrr.rqaj AoAafl{a HaHoqecrrllla r}ylepena nuje 6r'Io ucru

KoA cBlrx KoMrro3l{Ta E 3aBaclro je o4 pacnoAene MoneKyJrcKLIx Maca rronnMepHe rvatpnue. Y
crryvajeounra ca HlrxrrM ca4pxajen nonr,rMepa HcrroA Kplrrl,rqHe BpeAHocrll MoJreKyJrcKe Mace [orpe6He

3a npernera6e rraHaua (7 u 5,7 Yo ulu), rlynepeH ur.rje yruqao Ha Brtct(o3Hocr pacrona, ra oua je 6rala

cJrlrqHa BpeAHocrr.r BrrcKo3Hocrr.r 3a r{ucr IroJIIacrI{peH. Tpehra 4eo noruIaBJLa Peryrrraru u 4ncrcycr'rja

caApxr.{ pe3ynTaTe r{crrnTr,rBarba xenupa}ba cycneuaraje arynrunr{p.t(Ill)orcu.qa y pacTBopy MoHoMepa

npr,rMeHoM AunirMxqKe peonorl.rje. Y osoM 4erry, nonrohy IrH-cI,ITy AI'IHaMI{qKe peolorr'rje, xangu4ar je
ycnerrrgo flpr.rKa3ao cncreMarcKy Kopena[Lljy KI{HerI,IKe xen[pal+,a (eperrlena r,rn4yxuraje ,r BpeMeHa

xeluparra) n cnojcrea rena (nro4yna ry6r.rraxa ?I eJracrl,tqHocrrr, KoMlJreKcHe BllcKo3nocru) ca

cacraBoM r,r reMfleparypoM roJrrrMepr,rsauuje cycnensraje arytrranrjyu(Ill)orcrAa y BoAeHoM pacrBopy

MoHoMepa Merar(pluraMr,rAa u N,N'-rvrerr.rneH6rcaxpl.InaMllAa. Haleno je Aa rcepavrvxe cycneurr'rje

noxa:yjy 3garHo rpahe npeue nn.uyxuuje y oAHocy Ha tllIcr pacrBop MoHoMepa s6or jaror
KararuTurrxor AeJroBaba noBprxr.{He qecrl,tqa anyrr.ruHr.rjyrrr(Ill)or<cu4a Ha pa3rpaABy Hnuqajaropa u

HacrajarLe clo6ogugx paA[Kana. Kararuru.Ixa arrunrocrje 3aB[rcH;ra oA Bpcre agcop6oranuxjona na

loBptrrnglr qecrr{qa r{ yoqeHo je aa je najjauu KartuIrtrI,IqKI{ yr}Iqal nocrurHyr nplaMeHoM IIITTparHax

iorranpr.rcvru}lxYI[cHep3arrry,,DolapixCE64,,.KaralnrrqrrayrEIIajqec]@



[onr{Mepu3arlr.rja 6yle He3aB[rcHa oA Konr.rrrllae y6p:r.rua.ra u ouoryhuo je xenapar+,e KepaMLrrIKI,rx

cycnensuja rcnoA co6ne reMreparype, 6e: ynorpe6e y6prurava. Taxole, ilpLIKa3aH je ymqaj ycnoBa

xenrrpana na xpajma cuojcrea go6rajenrlx xepaMI'ITIKI'Ix oAlrllBaKa H [poI'I3BoAa.

Y oxeupy floilraBJLa 3ar.rsyuulr KaHAr4,uar je pasnoxno r jacuo cyMtlpao pe3ynrare I{crptDI(I'IBaBa It

npaBr.rnHo Sopnrynucao 3axJbyqKe. JacHo je [peAcraBJbeH Hayrrufi AonpLIHoc .urceprauuje u3yqaBarLy r]t

pa3yMeBa6y npoueca npojex'rosarsa crpyKrype ra ceojcraea cycnenruja HaHoqecruua u rbuxoBHx

KOMI]O3}ITA.

IlorraeJ6e Jlu.reparypa caApx<ll 154 nureparypHa HaBoIa, rtrely xojrar*ra ce HaJIa3I4 ruauajan 6poj

qr,rrara norraj er AaryMa.

vI CII{CAK HAYIIHIIX II CTPYqHI4XPMOBA KOJII CY OEJABJbEHI{ IIJITI
TIPI{XBATEHI,I 3A OEJABJbIIBAILE HA OCHOB'!/ PE3YJITATA I'ICTPAXI'IBAILA Y
OKBI{PY PAAA HA AOKTOPCKOJ AI4CEPTAIII,IJI,I
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fine alumina", Multiphase polymers and polymer composites from nanoscale to macro
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Ha ocnony ,,r3HeceHr.rx reoplrjcx*rx nperIIocTaBKI,I rr eKc[epI{MeHTaJIHI{x pe3ynraTa, Ha KpaJy cy

caxero 4ara aaj:ravajuuja :, tnaxarLa v [orBpAe I.rcrpoKI,IBarLa wz o6tac'tw [oJrI'IMepHI'Ix Ir

KepaMr,rr{K}rx HaHocrpyKrypHrrx Mareprr1ara. OuuM I,IcrpaxLIBaIlItMa ocrBapeHn cy caegehu

pBynTaru:
- yoqeno je ga noluMepH3aullja crHpeHa caApxH l,tcre KapaKrepllcrllqHe raqKe Kao I'I

nonr4Mep;3arraja alxunue'raKpr4.nara: Eor{eraK cauoy6p:ana (M), uaxcrarualHo caiuoy6peame

(fI), rr,rarcurray, 6p.r*r. roJrr.rMepr,r3arlrje (C), ycnopelLe ca MI,IHLIMyM9M y raqxl{ @) ra xpaj*y

roneepsr.rjy (K).
- paser.rjenl" ,ory Kr.rgerr.lsKri no4el xoju onucyje pa.qlrKa:Irry nonl'rMepl'I3alrrajy c'rupeua y Macll.

Molen je ycrerrrHo o6je4r.rnuo pearuujy npBor peAa r peaxuujy cauoy6psarra.

Excneprauerrarrgr.r fioAaqu KoHBep3nje crl4peHa y 3aBrIcHocrI'I oA BpeMeHa cy reoua 4o6po

onllcanl4 lo6rai enou i eAHaaIrIHoM.



JaA*rrru :raxofe ouoryhaua [cnr,rrr.rBarLe yruuaja HaHoqecrI4IIa Ha Io,IHerI,IKy nonm*lepusaqr'rje

cTr.rpeHa r{ MeTlIJIMeTaKpI,InaTa. ,{o6rajenr napaMeTpl,I cy }IcKopl,Iruheulr y qltry pa:nujarsa

florrryHo HoBor flocrynKa 3a o4pelrararse crpylcrype Ao6ujenr.rx HaHoKoMlo3I'ITa, a flpe cBera

Ae66nse rraefy$a:nor cnoja nonlrnrepa ,r rreHor YrEIIaja Ha reMneparypy npenacxa y cral(nacro

cTaBe.
Ycnenruo cy npunpeMJEeH[ HaHoKoMuo3l.rrr,r nonucrl.IpeHa ca pa3nliqurl,IM yAeroM xraApoQo6nor

cr.rnuqrrjyN{(IV)orcr.r4a (l ,3 u 5 o/o ulu) pa.q}IrzutHoM ron}.rMepll3auujoru y uacu. flperxo4no
pasurajen KHHerr{qKr{ uo4el nomohy r{3orepMHe DSC ueroAe Ha paBnuqur}rrlr rerrrneparypama je

ycne[rHo npr,rMer6eg 3a onucr.rBar+,e flonnMeplr:aquje cuerue cruper/crruraajyru(IV)oxcu,q.

Yrapleno je 4a euepraje axruraqnje la peaxqrajy npBor peAa rn cauoy6psan e He 3aBilce oA yAena

cNnr,rqujyM(IV)oxcn4a n ,Uo6ujene BpeAHocTI4 I,l3Hoce E,1 : 43,0 rJ/ruon il Eoz - 58,5 rJ/rlron,

peAoM. 3ar6yreno je 4a xra4pot|o6nlr crarxuujynr(IV)oxcra4 nerua y'nrqaj Ha MexaHI{3aM

paAr{Ka1rHe rIonLIMepI43aIInje crrpena y MacI{, urro je xacnnje nompleno u y cnyuajy

MeTr.tJrMeTaKpHJIaTa. y UHJby ucnuTilBarua yruUaja HaHoqecTr4qa Ha ceojcrea

nonucrnpen/cranr.rqprjyNr(Iv)orcr,r4 xra6pr.rgnnx rua'reprajana, no4ehr ce :reopujona oprann:aqnje

MOHoMepa, KaHAr,rAar je pasur.ro 6psy, nory l,l floy3AaHy MeroAy sa o4pelunan e ge6.rruue

uelydasHor cloja nolr.ruepa Ha noBprxl.rHr{ qecrliqe, ru'ro je oA BeJII{Kor :uauaja 3a pa3yMeBaBe

crpyKType u crojcrna flonuMepHux HaHoKoMlo3l,tra. florr,rohy yc[eluHo pa:uujeue MeroAe

nponaleno je aa je cloj nolucrupeHa. orpaHnqeHe noKperJLIrtBocrI,I, Ha EoBplIrl'IHI'I qecrl'Iue

cllnuqujyu(IV)oxcr.l4a penaTLIBHo ranax (d : 1,4 nm), re caMHM TIIMe Hlrcy nu sa6elexeHe

npoMeHe y BpeAnocT}r TeM[epaType ilpeJlacKa y cTaKnacTo cTaBe floJII,ICTI'IpeHCKHX

HaHoKoMno3ura(TS:98,5 + I "C).
Mero,uou paAlrKanHe noJrr.rMeplr3aunja ue'rurueraKplrnara y MacI,I ycnerrrHo cy [pu[peMJEeHI'I

HaHoKoMno3r4Tlr ca I o/o r,la paBnHqI4TI{x xr.r4potfo6xnx r.r xra4po$unxrrx qecrl'Iqa

(cunr,rqrajpl(IV)orcraAa, alyrraunxjpr(Ill)oxclrga u turanrjyu(IV)orcra,qa). O4pefen je yruqaj

Bpcre rr Ar,rMeH3r,rje Harroqecrr{ua na Ae6rury uefy$aanor cnoja. Xragpo$rrrra [oBpIuI'IHa

qecrrrua je y6psana pacraA Nxrruuja'ropa x yrl,Iqana Ha noJll,IMepl43aunjy MoHoMepa Ha

no*p-r"r, -ro .1. AoBeno ,qo sehe Ae6J6r.IHe rvrelyrfasuor cnoja y oAHocy na xugporlo6ne
qecrlrue. YcneA cuameHe floKperJlr,rBocrl{ IIonLIMepHI,Ix JIaHaIIa no.II yrl'IuajeM [oBprIlI'IHe

qecTr.rqa, noeehalle Ae6$LIHe cnoja je y3poroB:rno nHHeapHIt pacT TeMfleparype npenacKa y

craKrracro crarLe. Y cnyrajy MirJrlrx qecrlrua (rvane Ae6rsmre cnoja) loru.ro je 4o cuarsersa

BpeAHocrr.r Ig y o4uocy Ha qucr noJrr.rMerr.rrMeraxplular. Zspavynaro je Aa ae6runa cnoja oA

1,4 nm He AoBoAr.l Ao npoMeHe reMneparype npenacKa y craxJlacro cralse'
ycneruso je npr.rnperurseHa cepnja noluc'rNpen/cunra(rjyN{(IV)orcI'r4 HaHoKoMIro3I'Ira MeroAoM

ucrapaBarLa ronyeHa Kao pacrBapaqa. FT-IR u SEM aHilII{3e cy rorBpAnne paBHoMepny

pacfloAeJry HaHorryHnna y flonr.rcrnpeucxoj uarpuqu. Ilpracyc'reo sehux arror,{epara y y3opIIHMa

ca 30 o/o nr/nr cranr,rurajyrr,r(IV)oxcuga yrl,IqaJro je Ha cr,lartelse roflirorne noctojanocrra

fion]rcTr.rpeHcrr.rx xn6pra4nrx rraarepujala. flpurraeuoM TepMorpaBuuerpraje, yrnpleno je .qa

uajrehy roflnorny nocrojanoc'r noce4yje y3opaK ca 18 oh u/u nanoqecruua. Ha ourony DSC

pe3ynraTa, npeAnoxenajeAHaqr{Ha xunep6ole ao6po onucyje 3aBHcHocr reM[epaType flpenacxa

y cTaKrracTo cTame TIoJII{cTI{peHa o,U yAena. cunuqnjyu(IV)oxcu4a. Pacr rpegnocrw Tg ca

flopacroM yAena rrynua je nocrunryr jar<una Mefy,qejcrBol,{ r'rrrlrely roJlllcrr'IpeHa 
.I'I

HaHOqecTHua. Ep:una npoMeHe reMfleparype [penacKa y crarsracTo cralLe IIOJII{cTI'rpeHa Je

.ruru;*nu rc 20 vo u/y cra-nnqr.rjyrra(IV)oxcraAa, u11o je y caglacHocrr ca TG-DTG u SEM

pe3yaraTHMa.
(DynepeH Coo n qecrla[e ualra cy r<opraurheHe y ulJby I4crII'ITLBaILa yrI4UaJa BeJII{qLHe qecrl{qa Ha

p*ro-*u ceojcrra pacrona flonnAl,rcnep3H[x noJII4crI,IpeHcKI,Ix KoMIIo3I4Ta' .flogaTax qecrl{ua

ualra je AoBeo Ao noseharua BI,lcKo3HoCTH pacTona y oAHocy Ha qI'IcT 1ronlIcTI'IpeH KOA cBl4x

*orrror6u. ymuaj AoAarKa HaHorrecflirla rlynepena nuje 6uo lIcrI'I KoA cBl'rx KoMrIo3ETa I'r

3aBr4c6g je og pacuogeJle Mone(yJIcKHx Maca nonl'IMepHe MaTpI{Ue. Kog noluuepa ca 8,5 Yo ulu
JraHarla MoneKync(e Mace IIcIISA KpI'IrI{qHe BpeAHocTI'I nolpe6ne 3a nperuIeTal6e, AoAaTaK

$yrepena w taflwje goreo Ao nopacra BlrcKo3HocrI,I. Y cnyuajenvvla ca HI'IXI'IM ca4pxajen'r

floJrr{Mepa ucnoA Kpr.rTr.rqHe BpeAHocrr.r MoJIeKyncKe Mace (7 u 5,7 o/o ulM'), r}ynepew nHje yruqao

Ha BT,TCKO3HOCT paCTO[a, 14 OHa je 6Ula Cnr'rqna BpeAHOCT]I B1ICKO3IIOCT1I 3a TIHCT 1OJILCTIIpSH'

(Dynepen Hxje AoBeo.qo cMaILeBa BI'IcKo3HocTI'I uonrcrupen/ua! rumpoxoM1ro3l4Ta' Bucxosnoc:r



caMo qab.

klu-cwty AlrnaMr{qKa peonoruja je ycneuuro npuMer+,eHa 3a clrcreMarcry xopenaqrajy KHHerI4xe

xenlrpiuLa (npelrena ungyrqlrje I,r BpeMeHa xenNpama) n ceojcrea rela (ruogyla ry6w,axa u
eJracrllrlHocrlr, KoMnfleKcge nr.rcrosnocrx) ca cacraBoM I,r reMnepar)ipoM cycuen:r.tje

arryrrruxr.rjyu(Ill)orcr.r4a y BoAeHoM pacrBopy MoHoMepa MeraKpl,InaMl,ira u
N,N'-ue'runeu6ucaxpunauuga. Haleno je ga repamlruxe cycneueuje noxasyjy :nauajno xpahe

BpeMe [rHAyKqEje y oAHocy Ha rrrrcr pacrBop MoHoMepa e6or jaxor KararIHTI{tIKor AeJIoBaBa
qecrr,rqa anyrtaunujyu(Ill)oxorga Ha pa3rpaA}sy uHuqrjaropa anroHr.rjym nepcyai[ara (APS) u
uacrajarre clo6o,qnux paAlrKana. KaralNTrqxa aKTxBHocr je saeuoara oA Bpcre a4cop6orauux
jona ua [oBprrHHH secruua. Karalurnsxu yruuaj qecruua y npucycrBy Al,tcnep3aHTa,,Dolapix
CE 64" je 4oeeo Ao rora Aa nonr4Meplrsauuja 6yAe ue:anucHa oA I(oJIrrtII,IHe y6p=ranaua u
ouoryhrlo je xeluparre KepaMLITIKLIx cycneu:uja racnoA co6ne reM[eparype, 6e: ynorpe6e

y6paraua.ra. Ipanuvna Bpe,qHocr rroBprllrHe qecrlua npn xojoj ce flocrr.rxe najreha I(araJII,ITLIqKa

p*.pug*u raruuujaropa je uauocula 12000 u2lrr.rrr,ron APS. Eneprraja axruuauuje xenuparba

cycnensNje alyrr,rnnnjyu(Ill)oxcu4a cra6nnfieonaHe ca ,,Dolapix CE 64 r.I I.IHI.IqlIpaHor APS-oru
je n:uoclura 58 xJ/rraol. Elacrrqnocr 4o6r.ljennx reJIoBa je :aeucrua oA yAena xepaMmror
npaxa. Mo,uyfi eracrarrnocrr,r KepaMr4rrxr.rx reaoea je Aocrl,Irao MaKcuManHy BpeAHocr npI.I yAeny

aayrur.ruujyrt,r(Ill)oxcuga ot 35 Yo e/e u HarIo je onao r.rsHaA 40 o/o r,la. IlpoueHa ycnoBa

nonr,rMepu3ar1r.rje nraje AoBeJra Ao npoMeHe y xoMoreHocrl{ rraKoBalf,a qecrlcua y oAnI,IBKy Kao Hra

y rycTr.rHaMa cHHTepoBaHlIx KepaMltqKl.rx [poH3BoAa.

VIII OIIEHA HATII4HA TIPI,IKA3A II TYMATIEILA PE3YJITATA I,ICTPAXI,IBAI6A
floxropcxa 4r.rcep'raquja Ocxapa Eepe, gunn. I,IHx. TexHoJlornje, no4 HacJIoBoM: ,,,{o6uja*e u
KapaxTepr43arluja cycnen:aja HaHoqecraua l,t ttlrxoBtlx KoMlo3ltra" npou:arula je a: eeonra

o6raunor.na6oparopujcxor rrcrpax(uBama. ,{o6r.rjeu}r pe3ynrarl,t cy jacuo u nperneAHo [pI{Ka3aHI,I

y ra6elanaa r.r 4r.rjarpanruMa r.r r)rMaqeHr4 Ha ocHoBy nlrrepaqipul,Ix noAaraKa r,r reoprjcxnx
rrocraB6u. Jacxo cy Ha3HaqeHa 4ocrururyha 4ucepr:auNje u:navaj pe3ynrara ocrBapeHl,Ix y oBoM

pa4y xojra cy oA Ll3y3erHor Ha) IHor LI flpaKTI'IrIHor :Havaja.

IX KOHAIIHA OUEHA AOK'TOPCKE AI{CEry4q4lE:
I [a ma je gr.rcepraquja HanLIcaHa y cKnaAy ca o6pasloxelbeM HaBeAernlr y upnjana 'renae

floxropcxa .araceprauuja noA HacJroBoM ...[o6rjarre u KapaKrepn3auuja cycneHsr.tja uauorecruua

Ir r6r{xoBr{x Kolrrno:rra", KaHAr,rlara Ocxapa Eepe, glml. HHx- TexuoJlorraje, je y norrD/Hocrll

Hanr{caHa y cxna,qy ca o6pasnoxelleM HaBeAeHuna y npujaeu rerue.

2. [a lu 4uceprauflja caApxlr cee 6urne eJIeMeHTe

.Il,orropcrca ptcep.rauraja caApxr4 cBe eJreMeHre xojra cy :uauajnra 3a oBaKBy Bpcry pa.ua.

IIo ueuy je AncepraIIHJa opltrllH?InaH Ao[pI'IHoc lrayqu

Pery.nrara AoKropcxe AI,IcepTaULIje Ocrapa Eepe, 4rann. HHx.' roA HacJIoBoM ,,[o6njarre r'r

KapaKTepH3auuja cycneu:uja uaHouecruua H [b14xoBt4x KoMno3taTa" :Hauajuo AonpHHoce

r43yqaBalry [I pa3yMeBamy nonLIMepHI,Ix Ir KepaMI'IqKHx HauocTpyl(rypnux naarepr-rjana'

Ilaxsa je 6uIIa noceeheHa caBpeMeHnM MeroAaMa cI{HTe3e, Kao H I,lcr}irHBEl}by ruqaja
HaHorryHlrna Ha crpyKTypy, peonolrKo E TolrJtorHo noHarlraEe xu6pu4nr'rx uarepujala,

4o6rajenr.rx Ha ocHoBy crtrpeHa, Mer[rJrMeraKpLIJIara I{ aKpLInaMI,I.qa y Epl'IcycrBy pa3nl{qI'ITI'Ix

Bpcra rr yAena qecruua (qab, tlynepen, cunlrunjyuflV)oxcuA, alyrvrnnujyrrl(Ill)orcIa.4,

rr.rranujpl(IV)oxcr.rg). Pa:ur.rjanenr [orn]'Ho noeor, je4uocraBHol- r no)B,uaHor KI'IHerIrII(or

MoAeJra xojra onr.rcyje ABa piBJrr.rqlrra cryflILa roxoM [oJ]LIMepH3auI,Ije BHIIT'IJIHI'Ix MoHoMepa

(peaxqujy rpBor peAa u cauoy6psarre), xan4u4a:r je o4pe4no .ue6rsuuy uelyrlarnor cnoja

lonr{Mepa Ha noBpIrI1IHH qecTl,Iqe, u'ro je oA II3y3eTHor :nauaja 3a pa3)rMeBalse cTpyKrype u

cnojcraa [oJrgMepHr,rx HauoKoM[o3r,rra (napo.ruro reMlleparype flpenacKa y craK;lacro cralLe

4o6rajeUUx nOnlrCTI{peHCI(I{x H I6JIHMeTI4flM9TaKpLUIaTHUX HaHo66uno:uta).

!,onpranoc oBe AoKTopcr(e Ailceprauraje npegcraeJba aerilJbHo HcnHTilBaFse yrrauaja HaqilHa

nplrnpeMe florr{MepHltx HaHoxoMIro3LITa Ha Mopabonorujy, flpoMeHy t}aanor npeJla3a, Kao I'I Ha

ronrot*ry nocrolanoc'r xu6pra,quux Marep

3.



KojeM ce nocrnxe uajsehe no6o,'uurame ron,'rorHe nocrojaHocrn [oJ.r]rcrr4peHoKtrx
HaHoKoMno3Hra. HcnuTan je yruUaj Berr4quHe rlecruqa Qy,repeHa C6s r.r cy6NaraxpoHeKe qecrr4ue

uafu na peonorxxa cBojcrBa no,.rr.rAr.rcnep3Hr4x nonrrcrupeHcKrlx KoMno3ura. [IpulaeuoM 14H-cr4Ty

peononuje, nocrrlrHyrri cy ruauajun pe3ynrarn y o6,,racrrz 140nur14Balba no,ruuepu:auraje
npr4,'ruKoM xenuparba cycneuruje HaHoqcuruua a,ryrrluHujyr'r(lll)oxcrlla y BoreHoM pacrBopy
MoHoMepa MeraKpnJraMr,rga u N,N'-uern,,reu6llcaxpu,'laMHra. rae .je yo,lena jaxa xara,ruruuxa
aKrHBHocr nyHuJra ua uacrajame c,'ro6oAu[lx paALIKara.

OoHM seauxor HayqHor AorrprlHoca y ryMarrelLy no,rfiMepu3aur.rje vor-rouepa. y KoMe oy

aucneproBaHe HaHoqecrr.rue. oBa AoKTopcr(a Aaceprauuja je eeona lHavajua :a o6lacr
rexuo,rorr.rje crpyKrypripaHhx HaHoMareprzjana 1xa:yjy hu Ha IbuxuBc 6pojHe npHN,reHc He caMU

Kao KracuqHnx KepaMhqKnx H rroJrHMepHHx KoMno3uTa :a ayrovo6lr,rcKy. ereKTpoHcKy n aBHo

HHAycrpujy, oeh r.r y Ko3Merr.Iux. Qapruarco,rorrejr.r H y MeauullHH 3a u3pary uunlauara, g6or

HeorpoBHocrH H oaroBapajyhe 6uonocrojauocrn u 6uorounaru6nruocrr npoyqaBaHHx
HAHOCl py r(rypH U X rura'repr.rja,ra.

4. Herocraqu grrcepraqrj e

florropcxa gucepraquja
lr iLHxoB yrHual Ha pe3ynrar r4cTpaxr4BaH,a

HeMa He,qocTaTaKa.

x IIPENJIOI-:
Ha or;uony yKynHe aHar.lu3e! ueHehu rp).',I yiroxeH y eKr:nepxMeHrarrHa Lrcrrpaxr4BaHra ri npHMeHy
'reopujcxux KoHuerara nor'IfiMepHux il KepaMUqKI4x HaHocrpyKrypHr.ix Marepujara, Korrlr.rcxja
gaje noaurnauy oueHy roKropcKe guceprauuje Ocxapa Eepe, lun.rr. HHx., rexHoJ'rorraje. YsrlAoN,r

y HayqHe paAoBe H3 o6nacrr4 nonr.rMepHux HaHoKoMrro3HTa r.r KepaMfivxux varepuja,ra.
o6janreHe y BpxyHcKr,rM r.r HcraKHyrHM rvelyuapoaHraM qaconHouMa, Kao r4 aeluxor 6poja
npe3eHToBaHI,Ix caonlxre*,a Ha HayTIHHM cKynoBl,tMa, Korrar.ru.rja ca 3aAoBoJ'L,crBoM npc.aJ'Iaxe

HacranHo-uayvHou eehy Texuo,roruxor Qaxy,rrera u Ceuary YHuaepsurera y Hoaou Caay ,la oe

AoKropcKa lucepraqraja noA Hac,.IoBoM ,floOujarle h Kapar(reph3auraja cycneu:luja HaHo.recrflua
14 16uxoB14x rovn<lgllra", KaHAuAara IHn,'r. r.rHx. rexHororuje Ou<apa Eepe npuxaa'ru. a

KaHru.qary oao6pH oa6paHa.

aP AParc 4r,rcu.le


