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I [oAArIU O KOMr,rCr4Jr4

l. ,{aryu u opraH xoju je r4MeHoBao rouucnjy
05.03.2010. roAI4He, Hacranuo-nayrno eehe Texnolouror Qaxynrera y Honoru Cagy

2. Cacras xorraucnje ca HzBHaKoM I,IMeHa Ir [pe3r,IMeHa cBaKof rrJraHa, 3Barba, Ha3tIBa yxe Ha] rHe o6racru sa
xojyje uaa6pau y 3BaBe, AaryMa ras6opa y 3BaIbe v Ha3uB $arynrera, ycraHoBe y xojoj je vlau rour.rcuje
3ATIOCJIEH:

I . 4p Pa,4ruuna PaArqesuh, BaHpeAHu npo0ecop-flpeAceAHtrK Kouucuje,
Yxa uayrua o6lacr: Cunrercxu rroJrr,rMeprr,

Aaryrur r,r:6opa y 3Balbe: 24.07 .2009. roAr4He

Texnorouru iparynrer, Hosu CaA

2. 4p Japoclana BygraHcxlr-CulreuAnh, peAosHr npoSecop-lreurop,
Yxa nayrHa o6lacr: Cunrercxn [oJruMeprr,

Aaryu us6opa y 3BaBe: 1 1.10.2007. roAr4He

Texnoloruxu rparylrer, Hosu CaA

3. ap ,{parocras Crorubxourh, pe4oauu npoQecop,
YNa uayrHa o6,racr: Cusrercxu noJrr,rMepr,r,

Aaryu us6opa y 3Barbe: 17 .02.1999. roAr.rHe

Texuolourxu $axylrer, Hosn CaA

4. ap Katalin Mdszaros Szdcsdnyi, peAoBHlr npoQecop,
Vxa nayuua o6nacr: Asalurrqxa xeuHja,

Aaryr"r us6opa y 3BarLe: 26.03.2004. roAr.rne

flpupo.qHo-uareMarr4rrKn rparylrer, Howr CaA

5. 4p MraneHa MapHHoruh-l{rHuonuh, Br4rxr,r HayqHu capaAHlK
YNa xaylHa o6racr: floruuepulr HaHo-KoM[o3r,rr]r,

Aaryr,r ur6opa y 3BarLe: 20.06.2007 . roArrHe
I4rrcrwryr 3a HyKneapHe nayxe ,,Burua", Beorpa,4

II TIOAAUI4 O KAHAI4AATY

l. Hue, nueje4HorpoAureJba, npe3uMe:
Jeleua, Muhau, Iaeruqesuh

2. ,{aryu polema, o[rrrrrrHa, perry6nraxa:

09.10.1982., Eeorpa4, Cancxu BeHa[, Peny6rulxa Cp6uja
3. ,{aryu o46paHe, Mecro rr Ha3r,rB Marlrcrapcxe re3e: -
4. Hayrna o6lacr u: xole je cre.reuo aKaAeMcKo 3Babe Marr{crpa HayKa:

III HACJIOB AOKTOPCKE AIICE PTA[I4J E :
..CTPYKTYPI,{PABE IIOJII4YPETAHCKI4X MATEPI4JAJIA |IPI,IMEHOM PA3NI4qVTVX
TIPEKYPCOPA MPEXA".
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IV IIPEIJIEA AOKTOPCKE NI4CEPTAIIIIJE :

,(orropcxa gltcepraquja ja nanucaHa jacuo u fiperureAHo r.r caApxr c.ne4eha [ouraBJba:
1. YsoA wr\urbpaqa (crp. 1-2)
2. Teopzjcxu Aeo (crp. 3-37)
3. ExcnepuveHriurHlr 4eo (crp. 38-52)
4. Pe:ylraru v [vcrycwia (crp. 53-143)
5. 3arrryrqra (crp. 144-la8)
6. Jlureparypa (crp. 149-158)
7. fipwozu (crp. I59-I 77)

PaA ca4pxlt 777 crpawa ,A4 Qopuara , 774 ctwxa, 25 raleta u 17 7 ntreparypHa rrlrrara. flope4 rora, y resu je
Aara Kryuna AoKyMeHraqr.rjcxa uu$opuaquja ca r43BoAoM Ha cprcxoM r.r eHrnecKoM je:uxy, y cKnaAy ca
saxehul,r 3aKoHcKrrM flponuclrMa, xao u Ca4pxaj r.r Cnucax cJl4na vra6ela.

V BPEAHOBA}LE TIOJEAI4HI{XAEJIOBAAOKTOPCKEAI'TCEPTAIIIIJE:

Y npnou [oruIaBJby Aucepraqltje, Ynoqy Ir urrJr,y paAa, HaBoAr4 ce uupoK orrcer [pr.rMeHe rronnyperaHa
saxnaDyjyhu uoryhuocrn JIaKot rlocrl4:arra crojcraBa y 3aBrrcHocrr4 oA xeJr,a Ia 3axreBa MoAepHe rexnonoruje,
npI'IMeHoM o4rorapajyhr.rx npeKypcopa Mpexa. floce6uo ce HarJrarrraBa suauaj vo4ra$uxaqr.rj. norryp"rur.*r*
Mpexa AoAaBaIbeM naoqrajauypar(xexcaxLt4po-1,3,5-rpua:ut-2,4,6-rpwou) upcrenoBa Kao qBopoBa rrapexe, xoje
s6or la4ouoranajyhe ro[JlorHe cra6r.uruocru rz 4o6pux ceojcrana npr{ryrxerba, Mory Aa flocnyxe rao uarepujanu
:a cnequjalHe HaMeHe, 3a [pI{MeHy y ycnoBlrMa Br,rcoKe reMrreparype, r4 3a 3arrrrr,ny o4 6yxe u au6pau1rje.
Harraruasa ce suavaj cerMenTlrpaHlrx repMo[nacrr.rqHr,rx neojavaurax u ojauaulrx flonlryperaHc6p1x eJracroMepa,g6or je4uncrneuor xeuujcxor cacraBa, 4o6pux MexaHr,rqK[x ceojcrana, 6uorolrnaru6urHocru u
6uopa:rpa4ru,IBocrl,I y IxI4poKoM orlcery reMrreparypa ra 4eQopuaqr.rje, xoju s6or rora Mory Aa cnyxe Kao
TIoJII'IMepHI{ uarepujaln:a cneqnjarne HaMeHe, a rbrxoBa snavajHa npzueua je y o6lac11r MeAr,rqprHe.
Kao jelan oA III'IJbeBa paAa, HaBoAlI ce cIIHre3a nolu(yperau-nroqrajanyparuux) nrpexa, [prrMeHoM Kariur]rrr{qKe
Ul4KJlorplrMepusarluje reJlexeJlrrrlHI4x gulr:oqujaHara Kao npeKypcopa, Kao lt ucrlrrrrBa6e yru(aja yaena
eJlacrrrtlHo aKTI'IBHI,IX n sucehl4x naHaua Ha eJlacrr,rqHocr, rorrJroruy cra6unnocr u cuojcrBa flptrrylueH,a
norn(yperaH-ueorlrajauypaurrx) elacronrepa. ,{pyrr.r uuJb je 6no ao6r.rjame cerMeHrr.rpaHr4x non[yperaHcKr.rx
rraarepnjana uouohy je4uocrenenor flocryrrKa t,t [ocrynxa trpetronlrMepr,r:aqr,rje, rrpHMeHoM .rolu*ap6oraruux
AI{oJIa Kao flpeKypcopa Mpexe. HaeoALl ce il vcrrulTneame yrnqaja nocryrrKa cr4Hre3e, oAHoca pea6rltroHrrx
KoMnoHeHTI4 u uop$onoruje na ro[JlorHa a AI4HaM[qKo-MexaHr,rqKa caojcrna repMoflnacrr4qH[x eJracroMepa.
Taxofe, ucraxnyrje snavaj npoyvaaana xeuujcre crpyxrype Ao6ujeuux eJracroMepa, yr[rlaja rBpALrx cerMegara
Ha cnojcrna rIoBpIIrI,IHe, Kao u creleHa Kpl,IcraJrHocru cerMeHTrrpaHr4x non[yperaHcKlrx lrarepujala, 4o6r.rjeaux y
o6luxy $nnrnra L flroqe. Kao rlrr paAa HarnauaBa ce rr crrHTe3a non[yperaHcxux xr,r6prz4ur1x rr,rarepujana,
AoAaBaBeM 1o/o u/u HaHoqecrlIua opraHcKI,I uo4rz$uxonaHl4x MoHTMopr,rnoHlrra u 6enrosura, v vtcly1-tvBar1e
yruqaja ojauarana enacroMepa tlecrlluaMa uII4Ha ca crojenu'rona crpyKrypoM Ha rolnorrry cra6ulsocr u sa
Al{HaM}rqKo-MexaHr,rrrKo rroHarrrarbe HaHoKoMrro3r,rra. Tarcofe, xao je4au oA ru4JbeBa paga je HeBeAeHo
I{crpaxl,IBalbe yc[eluuocrlI Al,Ic[eproBarba HaHoqecrlrra optaHcKlr uogu$r.rroaaH]rx urr4Ha y nonr.rMepgy
Marplruy, Kao I{ tbl,IxoBof yrraqaja ua nosehaH,e creleHa Kpr,rcriurHocr}r cetMeHTupaH}Ix flon[peraHcKr,rx
xr6pu4nr.rx rraarepr,rj ala.

Y flomanrsy Teopujcxu Aeo orrcaH je pa:noj ouure$ynxquoHzurHlrx yrrapeNanajyhlrx rpeKypcopa xoju je
AoBeo Ao HarlperKa y rexuonornjw go6uja*a HoBrIx Bpcra enacroMepHux rr.rarepujara.lrlcwrqe ce suavaj yrrqa.la
IbI'IxoBe crpyKrlpe Ha apxllreKrypy Mpexe r rono:rorrzjy qBopoBa Mpexe, xao u troryhHocrrr [peABv$awa
uacrajama n uecrajama cneqraQruuux uurepaxqrzja, Koje ycronranajy rloHalrarr,e uarepr.rja;ra npu pa3n]rqprroM
4ejcrny noJba y ycnoBlrMa [pIrMeHe. Y 6pojHoj nr4reparypu ce HaBoAr.r rrloryhuocr nprrMeHe MoAenHrrx
uolt't(yperau-n:oqujanyparnrx) upexa ca KoHTpon[caHr4M yAenoM srrcehrx naHarra y rpafearanapcrBy, Kao
enacroMeplt ca go6pou ro[JIorHoM cra6luuoruhy, r{ Kao oAnlrirHu nrarepr.rja-rtla 3a rrpr.{[yuerbe oa 6yre r,t
nu6paqr'rje. Y osoN{ Aeny AoKropcxe Al,rcepraquje ucraxnyr je snavaj xHAycrp[jcKr4x r.rcrpaxlrBu*u *oja 

"yAoBena go pasnoja [on[yperaHcKl,rx eJlacroMepa [p[MeHoM HoBrrx Bpcra flon[Kap6ouarnrx A],/iona, ca 3HarHo
no6oruauuu MexaHl,tttKLIM, aHTI,rxItApoJIu3arluoHlrM r.r aHTuoKcHAaultoHrrM coojcrnnrr,ra y nopef eny ca
KIIaCFIHI'IM flon[yperaHl,Ilta Ao6ujeuuM Ha ocHoBy lonrrecrpa r,rnr4 flonrrerpa Kao noJ]tronHe KoMrroHenre. y
flpo) {aBaHLrM paAoBI4Ma, 3a cI{HTe3y rlon}IyperaHa ra cneqr.rjanHe HaMeHe ropuurheuu cy nonnxap6oHarHpr A}ronl,I
go6ujeuu KorlonllMepll3auIajolr 1,6-xercasAttola, 1,5-nenraHAlroJra u 1,4-6yraugllola, xojz ce ognuxyjy ruHoro
neholl cas[rrnnoruhy y nopelemy ca yo6uvajeuuru uoluxap6oHarHrrM ArroJrr.rMa. HanegeHu cy nr,rreparypHr4
rIoAaIII4 o snavajy wctrvrwBar+,a oAHoca crpyloype rz cnojcrara repMonnacrrrqHnx [on[ypera%a, a Hapoq[To
yrraqaja crpyxrype I{ MoJIcKe Mace ALIoJIHe KoMrroHeHre (norurap6onarHor Ar.roJra) xao npexypcopa Mpexe Ha
rrrop{onorrjy cerMeHrllpaHllx rloJlr4yperaHcxux ruarepu-jala, Kao r.r o4Hoca MeKrlx r,r rBpar4x cerMeHara Ha 15p1xoBv
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Torrnor"y cra6r4nHocr r{ ArrHaMr{qro-MexaHuqKa cBojcrBa.caApxl.{ qerl,Ip[ qenl{He. Tarofe, loce6ua naxrra je

rrocBeheHa o6pagu nr4TeparypHrrx HaBoAa o Iraoryhuocu flo6oJb[rarba $n:uurux, MexaHwtKltx u 6apr'rjepnux

cnojcrana, TorrJrorHe cra6runocru H ornopHocrlr Ha 3alliublrBocr non!ryperaHcl'lx eJlacroMepa, AoAaBaBeM

HaHoqecr[rra rJluHa ca clojenurou crpyxrypoM y BeoMa MaJItrM yAenI,IMa (rc 5olo u/u). Y nonuje BpeMe, y

rr.rreparypt{ ce HaBoAn cBe Beha [prrMeHa cneqrtlu.rurx Bpcra lonryperaHcKlrx ruarepujala 4o6r'{enrax

ilpuMeHoM uonnxap6onaruor Ar4ona Kao npeKypcopa Mpexe l.l oja.{aHl{x HaHoqecrl4qaMa opraHcKl{

nao41rt[r,rxonaHprx MoHTMopr,rnoHlrra u 6eurosnra, xojra tlrraajy no6orsuraua MexaHI{qKa, enexTpltr{Ha I'I orITI'IqKa

cnojciaa. Xra6pra.[H1r ruarepraja-nu cy 6utru reMa MHorI4x plcrpaxuBa]r,a, allLt Ao caAa, rraano je rlo3Har yuaqaj

HeopraHc1rrx trecrlrqa ca cnojeurroM crpyxTypoM Ha AI,rHaMlrqKo-MexaHI4qKo [oHauaH,e Ir roIIJIorHa cBojcrBa

floJrrryperaHcKux HaHoroMrro3r,rra. Oso fiorras,Be caApxlr qerllpu Aela. Y apBoM Aeny cy AeraJbHo orllcaHe

,eoprje Hacrajalsa nonrrMepHr{x Mpexa lr Har{}iHr4 u MexaH[3Mrl 4o6r.rjarra nonryperaHcxl'tx uareprajiula, Ha

oarory uoryhgx peaxunja usrvrely rr3ourrjaHarHe lr zuIKoxoJIHe KoMtloHeHre. Y gpyron AeJly' IrcraKHyr je:uauaj

crpyKr)?uparba MoAenHlrx nolu(yperan-n:oqr{anyparurx) enacroMepa [pxMeHoM reJIexeJII{tIHtrx

Ma6poMone1yna Kao rpexypcopa Mpexa. O6jarurcen je suavaj npaBIrJIHor n:6opa Kariulll3aropa 3a rlpoqec

ur.r6JrorpprMepr.r3arluje reJrexeJrr4r{Hrrx flpeKypcopa, Kao I,I caM MexaHtr3arra pearuuje go6ujawa a:ouujanypatHux

11pcreHoBa Kao trBopoBa Mpexe. Taxofe, npura:au je u yruqaj ercehux JIaHaIIa, Kao HerIpaBI,lJIHocrI4 y crpyxrypll,

Ha KoHaqHa cnojcroa noru(yperan-u:ounjauyparnux) Mpexa. y rpehertr Aeny je HaBeaeH :Hauaj

rronr4Kap6oHarHr,rx Arrona Kao npeKypcopa 3a 4o6r,rjame cerMeHTI4paHlrx repMorlnacrllr{Ht4x nonflyperaHa.

OnucaHa je rraoprpoloruja ceruenrupaHrrx [onuyperaHa LI HarJIaIxeH je yrr.ruaj rBpAI.{x cerMeHara Kao qBopoBa

Qrasruror yMpexe6a Ha cBojcrBa repMonJracrllqHl,Ix eJlacron,tepa. 9ernpru Aeo je nocneheu ojavanarry

cerMeHTrrpaHr.{x Marep[jana AoAarKoM HaHoqecrl,rua opraHcKlr lttoAlrtfr.rxoraHlrx MoHTMopl'InoHI{Ta u 6enrouura.

I,lcraxny:ra cy cnojcrna rJrr{Ha ca clojenurou crpyxrypoM t{ nocrylaK Ib}lxoBe opraHcKe rvro4u0Ilxauuje, y ul{Jby

no6orrua6a npoueca Ar,rcfleptoBa]ba rryHl,Ina y roxy 4o6Iljarra HaHoKoMno3I'Ira. flpuxasaHa je ra noAeJIa

xu6pu,4uux uarepnjana, y 3aBr,rcHocrr.r oA HaquHa ytpaArbe HaHor{ecrl,lua y nonuMepHy MarpI'IUy'

Y rpeheru [ograBJby, xoju uocl.r na:Hs ExcnepLIMeHTaJrHIr Aeo, AarI,I cy opraHlr3auuja excnepuueHTilJlHor

pa/iavcBrr HeonxoAHu [oAaupr o rroJra3Hr,rM KoMIIoHeHTaMa 3a cIrHTe3y nonuyperaHcxux rraarepujala. .{era-ruo cy

o6jaurmeuu pipnr{qlrrlr nocrynqrr 4o6rajan,a flon]ryperaHcKl,tx eJlacroMepa. OnucaHI,I cy nocrynaK KarzuIUTI4qKe

ur.rx1rorpr.rMepusaquje reJrexeJrrrrrHrlx 4nusouujaHara, 3a 4o6Lrjame non[yperaHcKIrx Mpexa ca roIIJIorHo

cra6r.ilHgM usoqujanyparHrrM [pcreHoBI,IMa Kao qBopoB]iMa, Kao n je.[HocreneHa cLIHTe3a H rlocryrlax

npenonlrMepnaauuje :a ao6ujatre HeojaqaHrrx ra ojavanux cet'MeHTllpaHltx repMoflnacrlrtlH[x [onllyperaHc(I'Ix
uarepujana Taxofe, na6pojane rr orrr4caHe cy pil3JIIrqI.Ire MeroAe xoje cy npuMemeHe 3a Kaparrepl{:aufljy

ron[yperaHcxrx uarepujala 4o6ujennx npuMeHoM pa3nlrtllrrlIx [peKypcopa Mpexa.

Ton.norua AerpaAarluja noln(yperaucKr{x Mpexa crpyKryplrpaHl4x [pI,IMeHoM reJlexeJllrqHrrx MaKpoMoneKyJIa Kao

lpe6ypgopa Mpexe u cerMeHTlrpaHrrx flOnrrypeTaHcxl,Ix eJlacroMepa, Ao6ujenr,rx IIpHMeHoM nOnI'IKap6oHaTHor

Aroru, upahena je uer,r:oreprracKr,rM HcrrrrrllBaH,r{Ma, KOpI4CTehLI lICTOBpeMeHy TepMolpaBl,IMerprajcry u MaceHy

aHaJrr.r3y (TG-MS), Kao lr rrcroBpeMeuy repMorpaBI,IMerplrjcxy MeroAy lt Ar$epenqrajanno cxenupajyhy

ranopuuerpujy (TG-DSC). Bucxoelacruuna ceojcrBa fl cBojcrBa rprryuelra ronryperaHa crpyKrypl,lpaHl'Ix

[pr,rMeHoM pa3nr{lrrrrr{x [pexypcopa cy vrctrrrrvBaHa rouohy AITHaM[rIKo-MexaHI4qKe aHuIJII'l3e (DMA). Toruotso
[oHarrra6e cerMeHT[paHrx uarepujala, cnHTerllcaunx jeAHocrerleHl,lM [ocrynKoM cHHTe3e, je lpoyuanaHo

MoAyJroBaHoM 4r.rQepeuurdanno crenupajyhorra raropuuerpujorr,t (MDSC). Teuneparypa rpenacKa y craKnacro

crabe r{ TepMorrnacrr{qHa cBojcrBa Heojauanr.rx lz ojauaHHx repMollnacrlrtlHl,Ix nonl'lyperaua, 4o6ujeunx

rocryrr1oM rperonrrMepr43aullje, o.upelenn cy rpl{MeHorlr 4uQepenqujalno cxeuupajyhe xa,ropuueryraje (DSC)'

Xeur.rjcra crpyKrypa 4o6ujenux nonrryperaHa lr xn6plr4rurx naarepujana npoyqaBaHa je xopucrehu Oypujeony

rpurrc,rrcrory nu$paupaeHy creKrpocKonujy (FTIR). Yruqaj ylena rBpAI{x cerMeHara ua uopQolorr'rjy u

cnojcrea noBprrr[He cetMeHT]rpaHrrx flonr4yperaHa, IlcnurrlBan je nouohy uuxpocxonr'rje aroMcKI'Ix cuna (AFM).

C.renes KprrcrzrnHocrpr y3opaxa u AlrcneproBame HaHoqecru[a y nonuyperaHcrnu rr,tarepujiullrMa cy o4peleHu

rrprrMeHoM MeroAe pacl4nalr,a X-:paxa rroA IxI'lpoKI'lM yrnoM (WAXS).

11o1'1anre Pesylrarn u gucrcycnja ce cacroju lI3 ABe IIenxHe. Y upnou AeJly, oruIcana je crpyxrypa

4o6njeHux nonra(yperau-u:oqrajanyparulrx) upeNa. Taxofe, AeriubHo cy [pIrKa3aHIr pe3ynrararu I'Icrrl4rl'lBarra

ToIIJIoTHe cra6uJlHocrl4 I,I AI,tHaMI,IrIKo-MexaHI{rIKIrx caojcrana nonlfyperaHcxtrx eJlacroMepa ca BLIcehI'IM JIaHuI4Ma

r,r cra6r4nHr.rM lz:oqujauypar(xexcaxu4po-1,3,5-rplraauu-2,4,6-rpuon) npcreuoBl4Ma Kao qBopoBI'{Ma rrapeNe. Y

ApyroM Aely, o6jaumeHa je crpyxrypa ao6rjerux HeojaqaHl4x u ojauaurx cerMeHrIrpaHl{x non[yperaHcHKlrx

uareprajana. fierarHo cy nplrxa3aHr{ pe3ynrarr4 I4cnI4TBaIba roIIJIorHe cra6uluocrn I,l AI{HaM}IrIKo-MexaHIrqKor

rroHalrarba CerMeHTr,rpaHr4x non[ypeTaHA c!1iHTerrlcaHl{x piBnIIqI4rLtM flocrynllIrMa. ,{aru Cy rIOAalIu nO6r'rjenu

MexaH[qKrrM llc[rrrrrBarbeM non[yperaHa 4o6ujenrax nouohy jeAHocreneuor flocryflKa I'I [ocrynxa

nperroJrr.rMepr.r3aUuje. Onucane cy rraopSoloruja t xeuujcra crpyKrypa crpyKrypl'lpaHl'Ix repMonJIacrI{qHI'Ix

non[yperaHcKr,rx eJracroMepa r{ HaHoxoM[o3r,rra. O6jaurnen je yrraqaj TBpAttx cerMeHara Ha cBojcrBa rIoBpIxI'IHe

r{ Ha cre[eH KprrcruurHocrr{ cerMeHTrrpaHrrx nontryperaHa. Tarofe, yrnpleH je ra uavuu Al4c[eproBa]ba

HaHoqecr[ua 6eHroHura pr MoHTMopruronr.r'l'a y noluxap6oHarHoM AI'toJIy, y rory 4o6r{arra xlt6pralnux

MATCDlII€IJIA,



V nerorra floruraBJby, xoje nocu HacJroB 3axrsyvax, KaHArrAar pa3noxHo r.r jacno cyMr,rpa pe3ynrare lrcrpaxr,rBalba
pr [paBr{nHo $oplaynraue 3aKJb)^{Ke.

llorrtasJbe Jlnreparypa caApxr{ 171 nrareparypHa HaBoAa, ruely rojurraa ce HilJrzr3r4:ua.rajaH 6poj uurara uouujer
AaryMa.

Y nocleAneu [ornaBJby rroA HiBrrBoM flpurosu, xoju ce cacrojlr oa Iuecr ueJII,IHa, Aaru cy 4r.rjarpauu u ra6ere
4o6ujenu Ha ocHoBy pe3ynrara nojeguur.rx MeroAa KapaKrepl43auuje nonr.ryperaHcxlrx uarepnjala, xojr cy
suavajnu 3a ryMarrame lr o6pa4y rroAaraxa, r4 rpeAcraBJbajy aonyuy noFJIaBJba Pesymarrl u gr.rcxycuja.

VI CIII'ICAK HAYTIHI{X
OBJABJbIIBAIbE HA

I,IJII4 TIPUXBAhEHI{ 3A
OKBI4PY PAAA HA

I,I CTPYTIHI,IX PAAOBA KOJII CY OEJABJbEHI'I
OCHOBY PE3YJITATA I4CTPA)I{'IBAIbA Y

Mzz - PaA y llcraKHyrou ue[yuapoAHoM qacontlcy
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VII3AKJbYTI O,ITHOCHO PE3YJITATI4 TICTPAXI'TBAIbA

Ha ocnony r,r3HeceHr{x reopujcrrx flpernocraBKrr rr eKcnepuMeHT€rJrHrrx rroAaraKa, na xpajy, caxero, cy Larv
uajsuauajnr,rja 3arraxarta l,t norBpAe lrcrpaxlrBarra us o6racr[r crpyKTypuparba rronr{MepH}rx Marepnjua
np[MeHoM pa3n[qr.rrr.ix flpeKypcopa Mpexa. OsrrNr r.rcn[rnBau,uMa ocrBapeHr4 cy cne4ehu pe3ynrarrr:

YcrauosJbeHa je xopenaur.lja u:uefy crpyKrypHnx [apaMerapa MoAeJrHr,rx nolu(yperan-u:oqr.rjanyparHr.rx)
Mpexa u rrlrxoBor rorlJlorHor uoHalualra, :6or rvroryhnocrr{ rrprrMeHe rron[yperaHcKtrx Marepujata ua
Br4COKrrM TeM[eparypaMa. I,Icnurnganetr roruoTHe cra6nlnocru, ycTaHoBJbeno je Aa pa3nararbe
norr(yperan-r.raoqrajaHyparnnx) upeNa 3aBvctt oA AyxIrHe \vorra v oA Bpcre aruoc$epe xojoj je Mpexa
II3JIoxeHa. Mexaunsau roIIJIorHe 4erpa4aur,lje nolra(yperau-r.r:oqr.rjauypanrux) elacrouepa tuauajno
3aBr,rcH oA yAena MoHooJrHe KoMnoHeHTe. Y oaHocy Ha eKcTpaxoBaHe [onuypeTaHcKe Mpexe, TorrJroTHa

cra6uluocr HeeKcrpaxoBaHux y3opaKa je uama ycneA nplrcycrBa cerMeHara coJra, rojr,r yrr.r.ry Ha npoqec
oMexrrJaBar+,a cr{Hrerr.rcaHlrx no,ru(yperaH-r.r:ouujauyparHr.rx) enacroMepa. VcraHosJbeHo je aa [opacroM
yAena sucehux naHaua peA peaxur.rje piBnaralLa u:oqlrjaHyparuux rpcreHoBa Kao qBopoBa

crpyKrypupanrlx eKcrpaxoBaHr{x u HeeKcrpaxoBanr.rx rolu(yperau-usouujanyparuux) Mpexa pacre. Col y
HeeKcrpaxoBaHr.rM y3opuuua uonr.r(yperan-[soqujanyparnrx) Mpexa je npoy:poxoBao Hr.rxe BpeAHocrx
o.{roeapajyh[x Kr,rHerr{rrKrrx napaMerapa.

Tepuorpaeuuerpujcxorr,r aHirJrr.r3oM je yrnpleno Aa cy cerMeHrr.rpaHrr ueojauauu r,r ojavauu ronnyperaHcxr.r
eJracroMepn, cr,rHTerrrcaHt,r je4uocreneHnrr,t [ocry[KoM [pI,IMeHoM no-urlrap6ona:rurx .rt[ona Kao

[peKypcopa, y arrr,roc{epn a3ora cra6l{nHu Ao 300 oC, urto je neoua suavajuo 3a IbI4xoBy rr,roryhy [pIrMeHy
Ha BrrcoKrlM TeM[eparypaMa. ycraHoBJbeHo je Aa HatII.tH cr.{HTe3e He yrr{qe Ha npouec .uerpaaaqrje
cerMeHrr{paHr.rx ilonrryperara v ga peaxqraje pa3nararsa reKy r{croBpeMeHo. Mexasnsau aerpa4aquje
3aBlrc[ oA BpcTe nonraxap60uarHor .4rroJra, oAHocHo oA noHaB,.bajyhux jegfiHrqa y crpyKrypu rbuxoBor
JraHUa. Mefyrr.rrr,{, oAcycrBo flpoAyxuBar{a naHrla He yrlHe :navajno Ha rorrnorHy cra6nlruocr uclr4TlrBaHr,rx
uareprajana. YrnpleHo je aa aoaarax HaHoqecrr4ua ca clojeanrona crpyKrypoM erarue cra6rlusyje
rraop$onorrajy nonryperaHcxro< xr.r6puAaux rtlarepujara go6lljeHr{x nocrynKoM rrperonrrMepn:aquje, y
oAHocy na uopSonorrjy naHoroMrlo3ura cr4HTerrcaHrrx je4Hoc'reneur.rM rrocryflKoM, ycneA npr4cycrBa
pacrBapaqa rerpaxu4poQypa*a.

Ha ocHoBy Ar{HaMurrxo-MexaH[qxlrx anarvlsa, ycraHoBJbeHo je la crrHTerncaHe uoru(yperan-
usoqr.rjarryparne) upeNe ca [oBehaHr4M yAenoM nucehnx JIaHarIa, :6or go6pnx cnojcrana [pl,trytuena, Mory

Aa locnyxe xao uarepuja,ur sa cnequjanHe HaMeHe, Hapoquro 3a 3aurr{ry o4 6yxe r.r nn6paqnje. 3a upexe
ca nosehaHuM yAenr.rMa urcehux JIaHaua, yroplena je xopenauuja lr:rraefy oAHoca yAena enacrruHo
aKTrrBHlrx JraHaua Mpexe u sucehflx naHaua [I reMfleparypHor otrcera npuryuerta. VcreA cMa]Le]ba
rycTr4He yMpexeba, nopacToM Mo,.rcKe Mace Ailona, cHI4xaBa ce TeMfieparypa flpenacKa y cTaKnacTo cTaBe
nonu(ype'ran-ra:our.rjanyparne) upexe. Ko.q upeNa ca BeJIUKI4M ca4pxajerr,r MoHooJrHe KoMfloHeHre

Ar,rerr,rJreHrnr4KoJrMoHoMerr{nerpa DEGME, r4e je yaeo stacehfix JlaHarla y Maclr eJracrr4rrHo aKTr4BHr,rx

naHaua Mpexe r.r3pa3r4ro Blrcox, (cropo 900%), rocrraruryr je nnaro yMecro MaKcr.rMyMa flpr4ryrxema.
ce iasJba iep ce ua naHue Koix Br.rce Ha ocHoBHoM naHuy Moxe
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ancop6yje KaAa ce IEJIaxe crloJblbeM noJby.

llorraohy ArrHaMrrqKo-MexaHuqKe anar.il3e, oapelena je reuneparypa npenacKa y craxnacro cralbe
crpyKrypr.rpanux ueojauaHr{x u oja.raHrax cerMeHr}rpaHl4x [on[yperaHa. Yrrpleno je Aa AoAarar
HaHoqecruua opraHcxr4 noglr$lrxoranux rJrr,rHa yr[qe Ha cMarLeH,e croco6nocrlr np[ryuerba
[on[yperaHcxux uareprajana, 4o6r,rjeuux npuMeHou nolnxap6oHarHor ALIoJIa o3Hare T565 l, r<ojn y
crpyxrypr.r JraHua ca,{pxn ncru 6poj ueuraucKrrx n xexcaHcxrrx rpyna. YcraHoBJbeHo je aa ojauaname

eJracroMepa, crpyKryprlpaHor Ha ocHoBy noruxap6onarHor npexypcopa Mpexe o3HaKe T4671, ca

puBnrrqr.rrrrM 6pojeu 6yraucxl.lx u xeKcaHcKr.rx nouanrajyhux jeAuuurla y crpyrrypl{ JIaHLIa, uelta suavajuor
yruqaj a na cnoj crna nprryuerra ron uyperaHcrux x u6pla4nux rvrarepr'rj ala.

Ilorraohy MDSC aHiurr,Be yrnpleHa je reruneparypa npenacKa y craKnacro craE,e MeKrD( cerMeHara

TepMoflnacr[rrH[x lonrryperaHcKr{x enacroMepa 4o6lrjenux npuMeHoM nollrrap6oHaruux AI,Iona.

Ycranonreno je na yAeo rBpAr4x cerMeHara u pa3nl4re y crpyxTypt4 ,'taHua noJlIrxap6ouarur.rx AI,Iona Kao

rrpexypcopa Mpexa He yrr{qy Ha BpeAHocr reMrleparype flpenacra y craxnacro cralLe. En4orepnrnu eQerar
y reM[eparypHoM o[cery oa 35-60 oC noruqe oA penaxcauuje rraexl.rx cerMeHara, o.{HocHo, oMeKIIraBarLa

JraHaua [onr.rKap6oHarur,rx Ar4oJra. flocrojame rpr4 eHAorepMa Ha BIIcoKI,IM reMfleparypaMa, y oncery oa 90

ao 160 oC cy uoneraua ca [pouecoM TorrJberba rBpA]rx cerMeHara H lloqerxa Hecrajama BoAoH[trHI,Ix Be3a

Kao r{BopoBa $usuuxor yMpexaBama. Yrepleuo je Aa AoAaraK HaHor{ecrlrlla He yr}rqe Ha flpoMerry

TeMrreparype [peJracKa y cTaKnacTo cTaE,e MeKl.rx cefMeHaTa, anu yTlrqe Ha IIoMepaBe TeMlepaType

TorrJberba rBpAr4x cerMeHara xoje je [poy3poKoBaHo cMatreH,eu ypefeuocu,r KpucriurHr{x o6nacru. Ha

ocHoBy DSC KprrBrrx xlalema cerMeHrlrpaHr.rx nonryperaHcKnx uarepraja-na, norepfeua cy
TepMomacrr.rvua cnojcrna cr,rHTerrlcaHllx cerMeHrI,IpaHI{x non[yperaHa, IrITo je aeoua sHavajuo s6or
rrloryhnocru EtrxoBe [oHoBHe [pepaAe r] npr.rMeHe. Ycranos,BeHo je 4a ce floqerax Hacrajarua qBopoBa

r[r.raravxor yMpexaBarba flonrlyperaHcKl4x eJlacroMepa ao6lrjenl4x [pI,IMeHou nonr.rxap6oHarHllx AI,IoJIa

janra ua reMrreparypu oA oKo 100 oC, a npena3 rr3 ryMonlrKor y crarnacro cralle y reMneparypHoM oncery
ot 25 ao -40 oC.

Vmpleuo je aa Hauuu crrHre3e cerMeHT[paHxx flonuyperaHcxl,rx enacroMepa (e4Hocreneur4 nocryflaK u

nocryflaK npenonlrMeprrsaquje) rrMa BeJrr,tKr,r yrr,rqaj Ha MexaHI,rrIKa cnojcrea 4o6njeHIax rraarepujana. Yruuaj
yAeJra rBpArrx cetMeHara r4 AoAarKa HaHoqecrl{ua opraHcKlr naoAutlr.lxonaHl,Ix TJILIHa ca crojenurotnr

cTpyKTypoM Ha MexaHr{rrKo noHalra}Le nonrypeTaHcKl,Ix eJlacToMepa u xu6pu4ur.tx urarepujala raxole
3alncr4 oA Bpcre noluxap6onarHl4x AI,Iona xopnurheulrx Kao npeKypcopt{ Mpexe.

HcularIasarbeN{ cnojcrana rroBprxnHe flowryperaHcKI,rx uarepnjana crpyr{rypapaHr4x [pr,rMeHoM

nonurap6ouarHr,rx AuoJra norraohy uurpocxonraje aroMcKlrx cwna. yrnpleno je .qa enacroMepe ca MarbI,IM

yAeJroM TBpArrx cerMeHara oarraxyje BeoMa urarKa [oBpIIII,IHa, ,AoK y3opqu ca aeh[]'l yAenoM TBp.rIux

o6nacrr.r rarraaj y uehy xpanaBocr I4crtIlrI4BaHe noBpurl,tHe.

Ipluraenou MeroAe pacejana X-:paxa noA uI{poKIaM yrnoM, ycraHoBJbeHo je aa cy cBt4 LtcnwrLrBatvt

cerMeHrr{paHlr TepMonnacTr,rqHrr nonrrypeTaHr,r ca MaJII,IM yAenoM TBpAI,rx CerMeHaTa arr,rop$uu ua co6Hoj

reMrreparypu. Taxole, pe3ynra3r{ yrasyjy Ha yMerarLe cnojena rnrHa y nonl4yperaHcxy Marpl{uy y roKy

4o6raj ama xr.r6plaguux non uyp eraHc x ux rr,rarepuj ala.

VIII HA HAqI,IHA TIPT4KA3A 14 TYMAqEIbA PE3YJITATA I4CTPAXI,IBAI},A

,{orropcra .qracepraquja JeleHe llannrqesuh Ar.rnJr. 14Hx. rexuororuje, lroA HacJIoBon "Crpyxrypupalle
non[yperaHcxr,rx nrarepajana apuMeHoM pa3n[qI,ITI{x fipeKypcopa upeNa", [pol{3alxna je us aeonaa o6uuHor
na6oparopr{cKor r4crpaxuBalt,a. Excnep[MeHrirnHo ao6njenu pe3ynrarl,r I{crpaxl{Balta cy aKryenrut, jacHo u
lperneAHo rrprrra3aHlr y ra6eralra u aujarpavuMa lr [paBI,InHo ryMaqeHx Ha ocHoBy nl4TeparypH]rx noAaraKa I,I

reopnjcxrx cno:naja. Ha ocHony rr3HeceHl4x reopnjcxr,tx nper[ocraBKl,I n eKcnepnMeHTanHI,Ix pe3ynrara,

AoKropcKa 4lrceprauuja [peAcraBJr,a AparoueHl4 Ao[pI.IHoc ao6ujany lonuyperacKnx uareplrjana u pasnojy

locry[aKa Hacrajarba rronlrMepHxx Mpexa ca pa3JI[qIrrIrM BpcraMa r{BopoBa Mpexa. VxasaH je *ravaj [pI,IMeHe

reopnjcrnx KoHqenara 3a crpyKryprrpame nonflyperaHcrux uarepujana xe:beHlrx cnojcrana. Ilornplena je
Hayr{Ha xlrrore3a Aa nosehaHu yAeo nucehrx JIaHaua yrl,Fre Ha nojany nnaroa na aujarpauy 3aBI,IcHocrI{

MexaHr{rrKor ry6uma oA reMfleparype, rj. Aa cy Hacrzlnu rrtarepnjanu no4o6uu 3a 3alxrl4ry oa ou6pauuja u 6yxe.

flpuueuou [onr{Kap6oHarHe KoMrroHeure Ao6rajeuu cy cerMeHrI{paHI4 nonuyperaHcx}r eJlacroMepu ro4 xojrx
yAeo MeKr4x r.r rBpAr{x cerMeHara yrr{rre Ha ruopQonornjy, pas4najane Sa:a n Ha creneH KplIcrrulHocru. YcreA

cuequQuvne npcre Hacrilrr{x qBopoBa Mpexa, cI,IHTerI,IcaHI4 rlonlryperaHcKl{ rraarepujanu nlrajy no6pa

AlrHaM[rr6o-MexaHrrrrKa cnojcrna ].r r43y3erHy rofinorHy cra6urHocr. Y paaVje parrujena nrero4onoruja 4o6rjarsa
HaHo6oMrro3r,rrnux uarepuja,,ra. VcraHosrsen je yruuaj AoAarKa HaHorlecrl,Iqa opraHcKlr nao4n$rrroraHllx rJIIrHa

ca cnojeB[ToM crpyKTypolr (uouruopuJroHr{ra u 6esroulrra) Ha ronlorHy cra6lrnnocr Ir AI,IHaMI,rqKo-MexaHuqKa

cnojcroa rloJrlryperaHcrr.rx xn6pn4uux rrlarepujana.
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x KOHAqHA OTIEHA AOKTOPCKE {trCEpTAIlr,rJE :

,{oxropcxa 4uceprarluja [oA HacJloBorr,r "Crpyxrypuparre non[yperaHcxux rraa'repujana nplrMeHoM pa3rrzt{Hrr.rx
flpeKypcopa Mpexar6 KaHAI,IAara AI,IIIJI. I4Hx. Jerene flaerll,{esuh je y noruynocrrr Hanr{caHa y cKnaAy ca
o6pa3noxelbeM HaBeAeHLIrvr y npajanlr reMe I4 caApxx cBe eJreMeHre xojv cy anavajuu 3a oBaKBy upcry pa4a. l,{rzrs
HcrpaxHBalba xojn o6yxnara cr{Hre3y LI KapaKrepl,Isaunjy cnojcrana [on[yperaHcrrrx uareprajana Ao6r.rjeHrx
rIpI4MeHoM rerexer[r{Hrlx [uusoqujaHara v noluxap6ouarHr,rx AtroJra je nocruruyr, npe4nulenu excnep}rMeHru
cy peanr.r3oBaHlr, I,I pe3ynrarr,r [paBr,rnHo flporyMarresu. oculr 3HaqajHor HayqHof Aolpr.rHoca y ryMar{e}6y 14

pa3yMeBaBy Hacrajarra [onI4MepHLIx Mpexa, pa(\ vMa Ir npaKTrrrrHu sua.raj s6or uoryhuocrr4 rrpr,rMeHe
no,ru(yperau-u:oqujanyparHux) enacronaepa y r.rHAycrpajr.r uarr,reurraja r.r o6yhe, y ayronro6ulcxoj ranaycrpprju, a
Hapoqllro y rpalenznapcrBy Kao nareprajann 3a 3arrrrrrry o4 6yxe n nn6paquja. llpunreHonr arHQarcrux
no,wrxap6onarHl{x AI4oJrIa 4o6r,rjenu cy flonlryperauu uarepujuu, r,r3y3erHrrx MexaHr4qKnx caojcraaa, y uhpoKoM
oflcery reMfleparypa u 4e$oprraaquje. flourro cy 6r.rorounaru6utrutu u 6no4erpa4a6utau, oBr{ eracroMepg Mory
Aa cnyxe lr xao ltarepujanrl y MeAllquuu. Ha ocHoBy [I3HeceHI,Ix reopnjcrux rper[ocraBKu [r eKcnepr,rMeHraJrHr,tx
rroAaraKa, pe3ynrarn oBe AoKropcKe 4lrcepraquje npeAcrarrajy AparoueHu AolpLrHoc crpyKrypxparry
flon[yperaHc Kr.rx Mpexa u 4o6raj arry lrarepr.rj ana :a c nequj a,rue HaM eHe.

x rrPE[Jror:

Ha ocuouy cneo6yxuarne aHuulu3e, uenehrz BeJrr,rxr4 rpyA ynoxeH y eKcrrepr.rMeHTiurHa rrcrpaxr4BarLa u [pr.rMeHy
reopercKr.rx KoHr{elara KoA crpyKrypr{parra ua.repnjala, Kouucuja 4aje no3urr{BHy oqeHy aoxropcKe
aracepraqlrje AI{ru. rrHx. Jenese flasr[qesuh. YsuAoN.{ y HayqHe paAoBe tas o6racru ronrryperaHcKr,rx
uarepujala, ny6luroraue y rtrelynapoaHaM uacorlrcrlMa r4 qacoluclrMa oA Harlr4oH€urHor suauaja, Kao H BeruKor
6poja npeseuroBaHl,rx caoflIlrre]La na 4onaahuu u rraelyuapo4HlrM cKyrroBurr,ra, Korr,rlrcuja ca 3aAoBoJbcrBoM
[peAllaxe Hacranno-nay.ruou nehy Texsorourxor Saxynrera rE Cenary Yunneprurera y Honorvr Caay aa ce
AoKropcKa Aucepraquja tloA HacJIoBou "Crpyxryplipatbe nonl4yperaHcxr4x rrlarepujala npHMeHoM pa3rur]HrHx
lpeKypcopa utpexa" KaHAI{.{ara AI,IIIJI. I,rHx. Jelene flaerr,r.reeuh npxxBaTu, a KaHA}.rAaTy olo6pr.r oA6paua.

IIOT|IHCH I{JIAHOBA KOMI4CI4JE

Ap PaA Kour.rcuje
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