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Beorpan, Crymentcku tpr Op. 1

3AXTEB
3a 1aBam-€e carjacHOCTH Ha pedepat o ypaleHoj fokTOpcKoj nucepTanuju
Monumo aa, cxoaHo uinady 47. cr. 5. tauka 4. Craryra YuuBepsutery y beorpany (“I'macHux
VuuBepsutreta y beorpany” o6poj 162/11, npeuntthen texct, 167/12, 172/13 u 178/14), nare
carjiacHOCT Ha pedepar o ypal)eHOj TOKTOPCKO] AUCEepTaIMjy KaHIU1aTa.
Jparana (Panko) BapjakrapeBuh, macrep umxemep

KAHJIUJIAT: Aparana bapjakrapeBuh rpujaBuia je JOKTOPCKY TUCEPTAIH]Y MO HA3UBOM:
,,]IOBpIIMHCKA HAHOCTPYKTYPHAa Mogu(UKANMja M KapaKTepu3anuja MaTepujajia Ha 0a3u

TUTAHA 32 IPUMeHY Y MeAUIUHN "
W13 Hayune obnactu:_HHKemhepCcTBO MaTepHjajia

Vuusepsurer je mana 25.02.2019. romune, cBojum akrom 61206-774/2-19, mao cariacHOCT Ha
MIPEJIOT TeMe JOKTOPCKE MUCEPTAIHje KOoja je TIachia;

,» [IOBPIIMHCKA HAHOCTPYKTYPHA MoAu(UKALNja M KapaKTepu3aluja MaTepujajia Ha 0a3u
THUTAHA 32 IPUMEHY Y MeuIuHA

Komucuja 3a omeHy W  omOpaHy JIOKTOpCKe jaucepranuje  Kauaumaata___JIparane
BapjakrapeBuh o6pa3oBana je Ha cemnmin HactaBHo-Hayunor Beha onpikanoj 04.02.2021.
roaune Omrykom @akynrera oy op. 35/15, y cacraBy:

HWme u npe3ume 3Bame Hayuna o6JacT

1.lp Mapko Pakun Penosuu npodecop HNHikemepcTBO MaTepujaia

2.]Ip Besbko Boxuh Buimu Hay4YHU capagHuK XeMHja M XeMHjcKe TeXHOJIOTHje

3.Jp Jeaena Bajar Pexosnn npodecop Enexrpoxemuja

4.]1p UBana liBujosnh-Asnarnh Bumu HAy4YHH capaJHHK HNuxemepcTBO MaTepujaia

5. ip Hophe BesboBuh JoueHT HNnxemepcTBO HEOPraHCKNUX XeMHjCKHX NPOU3BO1a
6. Ip Bojan Meho JoueHT HNuxemepcTBO MaTepujaia

CryneHT je ynucaH Ha TOKTOopcke cryanje mkoicke 2013/2014. roqune.

Ha 3axTteB crymenrta, y ckinagy ca Craryrom YHuBep3utera y beorpamy m Cratryrom dakynrera,
nekaH je noneo Pememwe Op. 20/158 ox 28.09.2018. roauue o mpoaykemy poka 3a 3aBpILIETaK CTyIHja
JI0 WCTEKa TPOCTPYKOT Opoja IMIKOJICKUX TOMWHA MOTPECOHMX 3a peanm3alidjy YIHUCAHOT CTYIH]jCKOT
mporpamMa, OJHOCHO 10 Kpaja mkoicke 2020/2021. roaune.

HacraBHo-Hayuno Behe ®akynrera mnpuxsatuio je pedepar Komucwje 3a oleHy H 0a0paHy
JOKTOPCKE JUcepTalyje Ha CeAHUIH oIp>kaHoj naHa 22.04.2021. roaune.
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Ha ocnosy unana 101. Craryra Vuusepsutera y beorpapy (“Inacnux Ywuueepsumema y
Beozpaoy 6p. 201/2018"”) n unana 76. craB 1. u ctaB 4. Craryta TeXHOJIOMKO-METAIYPLIKOT
dakyntera y Beorpamy, kao W 3axTeBa CTyJEHTa 3a MPOAYXKEHE POKa 3a 3aBpLIETaK CTyAHja
Jlexan qOHOCH

PEINEBE

0 NpOAY ey PoKa 3a 3aBpLIeTAK CTyAHja

Crynenty JIPATAHU BAPJAKTAPEBUR, 6poj unmexca 4034/2012, ynucaHomM-0j y HpBY
rojMHy JOKTOPCKHMX aKaJeMCKHX cTyauja wmkoicke 2012/2013. roause mpoayxasa ce pok 3a
3aBpIIETaK CTY/Mja A0 MCTEKa TPOCTPYKOTr Opoja MIKOJICKUX TOJMHA MOTPeOHHX 32 peann3alujy
YIIMCAHOT CTY/AM]CKOT MporpaMa, OHOCHO 110 Kpaja mkoncke 2020/2021. roaune.

Iloyka o npasHoMm ieKy:

TIpoTHB OBOT pelIeba KMEHOBaHH-a MoJe noaHeTH skanby Casery @akynrera y poky oa 8 naHa
01 laHa npujema pelermba.

JocraBuTi:
- CryneHry;
- Cnyx0Ou 3a CTy/IEHTCKa [IUTakba;
- Onmroj cayx0Ou — apXuBH.
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Ha ocnoBy un. 40. craB 3. 3akoHa 0 BUCOKOM oOpa3zoBamy, wi. 112. craB 3. Cratyra YHuBep3urera y
beorpany, . 88. craB 3. Craryra TM®-a u un. 39. [IpaBunnuka o noKTOpckuM ctyaujama TM®, Ha
cennuin HacraBHo-HayuyHor Beha TexHonomko-meramypukor ¢akynarera ox 22.04.2021. roamne,
JIOHETA je
ONJTYKA
0 mpuxBaTamy PedepaTa o o1ieHU JOKTOPCKE AUCEpTaIje

IIpuxsara ce Pedepar Komucuje y cacraBy: ap Mapko Pakun, pemoBHu npodecop YuuBepsuteTa y beorpany,
TexHomomKO-MeTANYpIIKN GakyaTeT, ap Besbko Dokwh, BuImKM HaydHH capagHuK VIHOBAIMOHOT IICHTPA,
Texnonomko-metanypimku ¢dakynrer, ap Jeinena bajat, pemoBHu mpodecop YHuBepsutera y beorpany,
Texnonoiko-mMetanypiku ¢akynrer, ap Vsana l[BujoBuhi-Anaruhi, BUIIKM HaydHH CapaiHUK YHHUBEP3UTETa Yy
Beorpany, MucTuTyT 3a HykjieapHe Hayke ,,Bunua“, np Dophe Besporuh, mouent YHusepsutera y beorpany,
TexHonomKO-MeTamypwiku  Qaxynrer, Ap bojan Meho, mouent VYuuBepsutera y beorpamy, TexHomnomko-
METaTypIIKu (QakyiTeT., 0 Mperiiey W oleHH ypaljeHe NOKTOpcke mucepTaiuje moj Ha3uBoM: ,,IloBpuimHcka
HAHOCTPYKTYpHAa MoauduKanMja W KapakTepu3andja MaTepujajia Ha 0a3d TUTaHa 32 NPUMeEHY Yy
MeIUUMHHN KOjy je mogHena Jdparana BapjakrapeBuh, mactep mmkemep u ynyhyje ce Ha carmacHoct Behy
HAay4YHHUX 00JTacTH TEXHUYKHX Hayka YHUBep3urTera y beorpany.

Behe mayuynnx obmacTyi TEXHHYKHMX Hayka YHUBep3uTeTa y beorpamy mamo je carimacHOCT Ha Mpenjior Teme
JMOKTOpcke  gucepranmje Jlparane bapjakrapesuh, mon HazuBoMm , JloBpmMHCKA HAHOCTPYKTYpPHA
Moau(UKALUja U KapaKkTepu3alnuja MaTepujaja Ha 0a3u TUTAHA 32 NPUMeHY Y MeguuuHu“ OanykoMm 0poj:
61206-774/2-19 ox 25.02.2019. rogune.

Bepuduxanuja HayaHUX TOTpUHOCA:

1. Barjaktarevié¢ D., Djoki¢ V., Bajat J., Dimi¢ 1., Cvijovié-Alagi¢ 1., Rakin M., The influence of the surface
nanostructured modification on the corrosion resistance of the ultrafine-grained Ti-13Nb-13Zr alloy in artificial
saliva, Theoretical and Applied Fracture Mechanics 103 (2019) 102307.
https://doi.org/10.1016/j.tafmec.2019.102307. (IF2019 =3,021; ISSN:0167-8442).
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Corrosion Properties of Anodized Ultrafine-Grained Ti—-13Nb-13Zr Biomedical Alloy Obtained by High-Pressure
Torsion, Metals and Materials International, (2020) - in press. https://doi.org/10.1007/s12540-020-00837-z. (IF 19 =
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Kareropuja M24:
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biomedical applications: A review: Metallurgical and Materials Engineering, Vol. 22 No. 3, 2016, pp.129-143, ISSN
2217-8961, UDC: 669.295.018.8.

2. Barjaktarevi¢ D., Doki¢ V., Rakin M.: Nanotubular oxide layer formed on the Ti-based implants surfaces-
application and possible damages: A review: Metallurgical and Materials Engineering, VVol. 24 No. 4, 2018, pp.243-
259, ISSN 2217-8961, https://doi.org/10.30544/401.

3. Barjaktarevi¢ D., Rakin M., Poki¢ V.: Characterisation of the nanotubular oxide layer formed on the ultrafine-
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https://doi.org/10.30544/402.

Onnyky nocrasutu: Behy Hayunmnx oOnacTu TeXHUYKUX Hayka YHHBEp3uUTeTa, MeHTopuMa, Cinyx0u 3a HacTaBHO-
CTYIEHTCKE mociioBe, bubnuoTren 1 ApxuBH (akyiaTera.
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[Ipod. ap Ilerap YckokoBuh
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YHUBEP3UTET ¥ BEOI'PALlY
TexHoJ0MKO-MeTATYPIIKH (PaAKYJITET

HACTABHO-HAYYHOM BERY
IIpeamer: Pedepat o ypahenoj noktopckoj aucepranuju kanauaara parane P. bapjakrapesuh,
MacTep MHX. TEXH.
Omnykom Op. 35/15 og 04.02.2021. roguHe, MMEHOBaHU cMO 3a wiaHoBe Komucuje 3a mpermes,
oLleHy M oA0paHy IOKTOpcke auceprauuje kanaunara Jlparane P. bapjakrapeBuh, mactep uHX.
texH., nox HacnoBoM “TIOBPIIMHCKA HAHOCTPYKTYPHA MOJIU®UKALIMJA U

KAPAKTEPU3AIINJA MATEPUJAJIA HA BA3M THUTAHA 3A TPUMEHY V
MEJIALITHA*,

[Tocne mpernmenga nocraBibeHe Jluceprammje u apyrux mparehux marepujaga W pasroBopa ca
Kanaumarom, Komucuja je caunnuna cienehu

PEDPEPAT

1. YBOJ

1.1. XpoHonoruja ogoOpaBama U U3pajie AUcepTaluie

22.10.2018. - Kanmgunar [lparana P. bapjakrapeBmh, mactep WHX. T€XH., MPEIJIOKUTIA & TEMY
JIOKTOpCKE Aucepranyje 1moA  Ha3uBoM , JloBpIIMHCKAa HAHOCTPYKTypHAa MoOJUQHKaAIMja U
KapakTepu3alidja MaTepujaia Ha 0a3u TUTaHa 3a IPUMEHY Y MEIUITUHU .

01.11.2018. - Ha cemuuuu HacraBHo-HayyHor Beha TexHoOmKO-MeTaNypIIKor —Qakyirera
VYuusep3utera y beorpany monera je Ommyka Op. 35/399 o umenoBamy Kommcwuje 3a oreny
nonoOHocTH TeMe M Kanaunata [lparane P. bapjakrapeBuh, wmactep WHX. TeXH., 3a HU3pany
JOKTOPCKE  JUcepTandje moja  Ha3uBoM ,IloBpImIMHCKAa HAHOCTPYKTypHa Moaudukanuja u
KapakTepHu3alja MaTepyjaia Ha 0a3u TUTaHa 32 IPUMEHY Yy METUIIUHH .

31.01.2019. - Ha ceanunm HacraBHo-HayuHor Beha TexHosomko-meTanypmkor Qakynrera
VYuusepsutera y beorpany nonera je Omryka 6p. 35/31 o mpuxsaramy Pedepata Kommcuje
3a OLEHY MOJAOOHOCTM TeMe W KaHAWaaTta W ojoOpaBamy H3paJe ITOKTOPCKE AUCEPTaIH]|e
kangunata [Iparane P. BapjakrapeBuh, MacTep WMHX. TeXH., NOJ Ha3uBoM ,lloBpmmHCKa
HaHOCTPYKTypHa MoaudUKaIija U KapakTepu3alydja mMareprjajia Ha 0a3w THTaHa 3a MPUMEHY Yy
MEIULUHU, a 32 MEHTOpE OBE JOKTOPCKE AMCEpTaIje cy MMEHOBaHM Ap Mapko PakuH, penqoBHU
npodecop YHusepsuteta y beorpany, Texnonomko-mMeranypuikor gakynrera u 1p Besbko Hoxkuh,
BUIIM HAyYHU capaaHuk MHoBanmoHOT 1eHTpa TexHomomko-MeTanypikor (akynrera y beorpany.

25.02.2019. - Ha cexnumu Beha Hayunux o0nacTv TEXHHMYKUX Hayka YHHBep3uTera y beorpamy
nara je carmacHocT Op. 61206-774/2-19 JIJ] Ha mpemior Teme JOKTOPCKE TUCEpTalMje KaHauaaTa
Hparane P. bapjakrapeBuh, macTep WHX. T€XH., IOJl Ha3WBOM ,,IIOBpIIMHCKAa HAHOCTPYKTYpHA
MoudUKaIHja 1 KapakTepu3annja MaTeprjajia Ha 0a3u TUTaHa 3a IPUMEHY Y MEUIIMHU .

04.02.2021. — Ha cemnnunu HacraBHo-HayuHor Beha TexHonomko-metamypmkor — (akynrera
VYuuBepsutera y beorpaay monera je Omiyka Op. 35/15 o umeHoBawy Komucuje 3a oueny u
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onOpaHy JOKTOpCKe naucepTauuje, kanaumaara Jlparane P. BapjakrapeBuh, mactep MHXK. TexH.,
moa HazuBOM ,,JloBpIIMHCKAa HAHOCTPYKTYpHA MOAM(UKAIMja U KapaKkTepu3aluja MaTepHjaia Ha
0a3u THTaHa 3a NPUMEHY Y MEOUIMHU® y cacTaBy: np Mapko Pakun, penoBHu mpodecop
VYuupep3utera y beorpany, TexHonomko-metanypmku ¢akyareT; np Besbko DBokuh, Buimm
Hay4YHM capaiHuk, VlHoBanmoHu 1eHTap TexHoJomKo-MeTanypikor ¢akynrera y beorpany; np
Jenena bajat, penoBHum mpodecop YumBep3utera y beorpamy, TexHOIOMIKO-METATypIIKH
dakynter; np MBana L[BujoBuh-Anaruh, BummM HaydyHM capaJHHK YHuUBep3uTera y beorpany,
HNHuctutyT 3a HyKIeapHe Hayke ,,Bunua®, np Bophe BespoBuh, nonent YuuBep3utera y beorpany,
TexHonomko-meranypmku ¢axkyiarer u Ap bojan Meho, nouent VYuuBep3utera y beorpany,
TexHonomKko-MeTamypiku (axKymiaTer.

Kangunat [lparana P. bapjakrapeBuh, mMactep WMHX. TeXH., je ymnucana JIOKTOPCKE aKaJeMCKe
ctynuje Ha TexHoJomKo-MeTanypmkoMm ¢akyiaTeTy YHUBep3utera Yy beorpagy, cmep
HmxemepcTBo MaTepujana, mkosucke 2012/2013. roguse.

28.09.2018. - Pememem Op. 20/158 mpomykeH je pOK 3a 3aBpIIETAK JOKTOPCKUX CTyaHja
kannuaara [[parane P. bapjakrapeBuh, 10 UCTeka TPOCTPYKOT Opoja MIKOJICKUX TOAMHA, OJHOCHO
1o kpaja mkosicke 2020/2021 rogune.

1.2. HayuHa o6xacT gucepraiuje

HcTpaxxuBama y OKBUPY OBE JOKTOPCKE IUCEpTalje Mpuranajy HaydHoj obmactu TexHOIOIIKO
HMHXEHEPCTBO 32 KOjJy je TexHomnomko-MeTanypiku gpakynteT YHuBep3uTera y beorpany matuuna
ycTaHoBa. Yka HaydHa oOinact je MHkemepcTBO MarepHjaja. 3a MEHTOpPE OBE  JIOKTOPCKe
aucepTamyje ¢y uMeHoBaHH Ap Mapko PakuH, pemoBam mpodecop YrmBep3utTera y beorpany,
TexHonomko-meranypmkor ¢akynrera u 1p Besbko 'Dokuh, BHIIM HayuyHH capaJHUK
NuoBanmoHor neHTtpa TexHomomko-MeTanypiikor gakynrera y beorpany.

Mentop ap Mapko Pakun, penoBHum mnpodecop VYHuBepsutera y beorpany, Texnonomko-
MeTanypuIkor gakyiaTeTa je 10 cana u3 oonactu MmkemepceTBa maTepujaia myonukoBao npexo 100
panoBa y yaconucuma koju cy Ha CLIU nmuctu. PykoBonuno je uzpagom 9 on0pameHNX JOKTOPCKUX
aucepTanyja u 6uo wiaH komucuje 13 oa0pameHnX TOKTOPCKUX OHUCepTalldja, IITO TOBOPU O
KOMIIETEHTHOCTH MEHTOpa Ja PYKOBOIU H3paJ0M OBE JOKTOPCKE AHMCEpTaluje.

Mentop ap Bemko DBokuh, Bumm Hayunm capagHuk HWHoBammoHOr 1eHTpa TexHOoIouko-
MeTanypiikor ¢axynarera y beorpany je mo cama u3 00JacTH XeMHje M XEMHjCKE TEXHOJIOTH]je
nyonukoBao 47 pamoBa y daconucuma koju ¢y Ha CIHM nucty m OWo 4imaH KOMHUCHjE 2
on0pameHe JIOKTOPCKE IUcepTaldje, ITO TOBOPH O KOMIIETEHTHOCTH MEHTOpa Jla PYKOBOIU
U3paZoM OBe IOKTOPCKE JHcepTalyje.

1.3. buorpadcku mmomany 0 KaHIuIaTy

Hparana P. bapjakrapeBuh, mactep WHX. TexH., je pohena 03.06.1987. rogune y beorpany.
Texnomomxko—Meranypiiku pakynrer YHuBep3utera y beorpany je ynucana mxkoscke 2006/2007.
rOAMHE Ha CTYAMJCKOM Iporpamy XeMmHjcka TEXHOJOTHja; CTYAMJCKO mojapydje DapmareyTcko
WHKewepcTBO W aurmiomupana 2011. 3aBpmau pang Ha Temy ,llpopauyH neOGspMHE TUTUTKHX
TopuchepuuHUX aaHana npema crangapay EN 13445-3“) mox pykoBoacTBoM MeHTOpa mpod. Ip
Mapka Pakuna, oxbOpanuna je ca omeHoM 10. Macrep akajgeMmMcke CTyauje ymucanza je Ha
TexHomnomko-meranypmkom ¢axynrery YHusep3utera y beorpagy 2011. rogune Ha CTyAHjcKOM
nporpamy XeMHJCKO HWHXKEHEPCTBO. Mactep pan Ha TeMmy ,,JIMMEH3WOHHCAame W TMPOpavyyH
yBpcTOhe XOPU3OHTAIHOI MPOJA3HOT ayTOKJIaBa MpeMa MPOpPauyHCKO] TeMIEpaTypu M UCIIUTHOM
MIPUTHUCKY TIOJ PYKOBOACTBOM MeHTOpa npod. aAp Mapka Pakuna onbpanmia je ca onenom 10, y
jymy 2012. ronune.



JlokTtopcke cryauje Ha TexHOJOoUmKO-MeTanypiikoMm ¢akynTery YHuBep3utera y beorpamy je
ynucana mkoncke 2012/2013. rogune Ha cryaujckoMm mporpamy HHXeEmepcTBO MaTepujaa.
[Tonoxxkuna je cBe mporpamMoM mpenBuljeHe HCIUTE ca MpocedyHoM oreHoM 9,50 u oxbpanmiia
3aBpIIHA WCnUT Ha TeMy “Enekrpoxemmjcka koposmja turaHa u Jjerype Ti-13Nb-13Zr u
KOHIIEHTPATOpU HAIlOHA Ka0 KPUTUYHA MECTa 32 HAOHCKY Kopo3ujy*. Pememem Op. 20/158 on
28.09.2018. mpoxyxeH je pOK 3a 3aBplIeTaK JJOKTOPCKHX CTyauja KaHnuparta Jlparane P.
bapjakrapeBuh, 10 HcTeKka TPOCTPYKOT Opoja IIKOJICKHUX TOJUHA, OJHOCHO MO Kpaja IIKOJICKE
2020/2021 roouue.

Onnykom HactaBHo-HayuHor Beha TexHOIOMKO-MeTaIypuIKor (GaKyiaTeTa, Ha CEIHHUIM OJIP>KaHO]
23.06.2016. rogune, Jlparana P. bapjakrapeBuh je n3abpaHa y HCTpaKMBAUKO 3BabE MCTPaKHBAY
npurnpaBHuk. O oktoOpa 2016. ronuHe 3anocieHa je Ha TeXHOIOMKO-MeTaypIIKOM (aKyaTeTy y
UCTPAXWBAYKOM  3Bakby WCTPaXWBad MPHUIPABHUK W  aHTQXKOBaHA Ha  peaju3aluju
HAyYHOUCTPAKMBAYKOT TPOjeKTa (PMHAHCUPAHOT Of CTpaHe MUHHUCTapCTBa MPOCBETE, HAyKe U
TEXHOJIOIKOT pa3Boja Pemyb6nuke CpOuje moa Ha3uBoM ,,MUKPOMEXaHHUYKH KPUTEPH]YMHU
omrehema u noma“ (eBumeHumonu Opoj OH 174004). VYdyectBoBana je y peaiu3anuju
OunarepalHUX TMpojekara MmoJ Ha3uBoM “HoBe HWHTENWIeHTHE CWJIMKATHE W OPTaHOCHIIMKATHE
HAHOCTPYKTYpE 3a IUjarHOCTUKY M HCHOPYKY JIeKoBa“ (eBUACHLUMOHU Opoj mpojekra: 451-03-
01963/2017-09/05) u “TIporieHa HHTErPUTETa, HOCHBOCTH M CUTYPHOCTH pajia IaBHUX M OCIIaBHUX
IICBH Ha OCHOBY MCIIMTHBama ernpysera oonuka rnpcrena (Pipe-RING)”.

Jlparana P. BapjaktapeBuh je CBO] HayYHOMCTPOKHMBAYKH PajJ yCMEpHJIa Ha HEKOJHMKO OOJIAacTH:
IpUMEHa TIOCTYNKa YBHjamkba TIOJ BUCOKMM MPUTUCKOM Yy LWJbYy J00Wjaka CHUTHO3pHE
MUKPOCTPYKType METaTHUX OnomMarepujana, MpUMEHa W ONTHUMHU3AIH]a MPoIeca eICKTPOXEMHU]CKE
aHoAM3aIMje 3a J0OHjarbe HAHOCTPYKTYpPHE MOBPILKMHE KOJ METATHUX OMOMaTepHjana, UCITUTHBAKE
MEXaHWYKHX CBOjCTaBa, KOPO3HOHOT omrtehema u OMOKOMITATHOMITHOCTH OMoMaTepHjaia KOju ce
KOPHCTE 32 3aMEHY KOIITAaHUX TKHWBA y JbYACKOM OpPraHU3MYy, Kao M U3pajia HyMEpUUYKUX MOjesa
NPUMEHOM METOJIe KOHAYHHX eJIeMeHaTa y JHICHIIMPaHOM copTBepcKoM makeTy Abaqus.
Kangunar [lparana P. BapjakrapeBuh je 22.10.2018. romuHe mnpeanoxmuwia TeMmy IOKTOPCKE
aucepTanuje 1moj HasuBoM ,,JIoBpIIMHCKAa HAaHOCTPYKTYpHa MoaudUKaIMja U KapaKTepu3aiuja
MaTtepHjaia Ha 0a3uM THTaHa 3a MpuUMeHy y MenuiuHu . CrpoBeleHa HCTPAXHUBaWba Y OKBUPY
JIOKTOPCKE JAWCepTaluje, YHjy OCHOBY YHMHH pa3BHjakbeé M KapaKTepusalja CaBPEMEHUX
Oouomarepujaia M yHanpeheme HUXOBHUX CBOjCTaBa Kao W pa3BHjame Ipoleca Jo0Hjama U
MoauduKalje TMOoBpIIMHE OWoMarepujana, pe3yJaToBajo jeé © 00jaB/bUBaKEM pajoBa Yy
MehyHapogHMM M HAaIMOHAJHUM HAyYHHM 4YacomucuMa. Y TOKY CBOT  JIOCAJalliber
HayYHOHUCTPAKUBAYKOT pajia Kao ayTop WM KoayTop oOjaBuia je 7 paaoBa y dYacomucuma
MehyHapogHOr 3Hayaja M dYacomucuMa MelyHapomHor 3Hayaja BepH(PHUKOBAHUM IOCEOHOM
ommykoMm, 11 pamoBa caommTeHMX Ha CKYMmOBMMa MelyHapoJHOT W HAIMOHAIHOT 3Hadaja
MTaMOaHUX y UeJuHd wim y usBogy. Opnykom HacraBHo-Hayunor Beha TexHounomko-
MeTaTypuIkor gakynrera, Ha ceqaunu oapkanoj 30.05.2019. ronune, [parana P. bapjakrapesuh je
n3abpaHa y HCTPAXHBAUKO 3BAEhE UCTPAXKUBAY CapaIHUK.

2. OIIMC JNCEPTALUJE

2.1. Caapkaj nucepraruie

JlokTopcka nucepranuja kanaunata parane P. bapjakrapeBuh, Mactep HHX. TeXH., caapxu 226
ctpana (ox kojux je 206 HymepHcaHO) Yy OKBUPY KOjux ce Hama3u 10 moriasspa, ca ykymHo 138
ciuka, 41 taGenmom u 312 nutepaTypHuX HaBoaa. JlOKTOpcka nucepraiuja CaapKu: YBOJX
(mornassbe 1), Teopujcku aeo (moriassba ox 2 10 6), ExcriepuMeHTannu mocTymnak (rmoriaBibe 7),
Pesynratu u muckycuja (mornasibe 8), 3akibydak (mornasibe 9) u Jlureparypa (mornasiee 10).
Ha mouerky mucepramuje naTé Cy HW3BOAM Ha CPIICKOM U EHIVIECKOM je3uKy. [lo cBojoj



dbopMu u canpikajy, TOTHETH pajJ 3al0BOJbaBa CBE CTaHAapie YHHUBep3uTera y beorpamy 3a
JIOKTOPCKY TUCEpTaIH]y.

2.2. Kparak npukas ojelMHayYHuX OOorIaBjba

Y VBoay (mormaBme 1) cy oOpasmokeHHM TpeaMeT W I[HbEBH HCTPaKHWBama JOKTOPCKE
JucepTaiyje.

Y okBupy Teopujckor jema AOKTOPCKE nucepTalyje AaT je JUTEpaTypHH TMperyien oO0JacTH
MCTPAXMBamba M3JI0XKEH KPO3 MET MOorIaBJba (TMoriassba o1 2 10 6).

VY nornaspy 2, buomarepujanu, gaT je mperieq METATHUX OMoMaTepHjaia U mMaTepujaia Ha 0a3u
TUTaHA KOjU C€ NPUMEY]y Y MEIUIIMHM, ca JaCHO HaBEIEHHUM MpPEJHOCTHMAa M HEAOCTaluMa.
Takohe, mat je mocebaH OCBPT Ha 3axTeBE KOje OM MMIUTAHTHH METAJIHM MaTepujaiu Tpebdaso
Ja MCIIyHEe, Kao M Ha KapaKTepUCTUKE MaTepHjaia Ha 0a3u TuTaHa. Ha kpajy moriasiba npuKa3aHu
Cy NMpUMEpH MpHMEHEe MaTepHjasia Ha 0a3u TUTaHA y MEJAHUIINHU.

Y nornassby 3, Aar je JeTajbaH OMKMC pA3IMYUTHX  IOCTyNaka MHTEH3UBHOT  IIACTUYHOT
nedopmucama ( MI1/], eng. Severe plastic deformation) xoju ce kopucrte 3a mpeBolerme KpyImHO3pHE
y CHTHO3pHY CTPYKTYpY, @ CBe Yy IHJby JoOHjama aJeKBaTHUX MEXaHWYKUX, (PU3NUYKUX H
OMOJIOIIKAX KapaKTEePUCTHKA METATHUX Ouomarepujana. lIpuka3aHW Cy OCHOBHU TIPUHIIHITA
MOCTYyINKa yBUjama moj BucokuMm uputuckom, (VBII, eng. High Pressure Torsion), kao u
npeaHoctu y oxHocy Ha apyre MITJ mocrymke. Takohe, maT je merasbaH JUTEpaTypHU Tperiies
yrunaja UITJ] mocrynaka Ha MEKpOCTPYKTYpY MaTepHjajia Ha 6a3u TUTaHa, Kao U MperJie]] yTulaja
CUTHO3pHE CTPYKTYpPEe Ha MEXaHHMUKe, PU3NUKEe U OMOJIOIIKE KapaKTEPUCTUKE MaTepHjaia Ha 0aszu
TUTaHA.

VY nornaesey 4, non HazuBoM [loBpinHCKa HAaHOCTPYKTYpHa MoaudHUKaIMja MaTeprjaia Ha 6a3u
TUTaHA JaT je JeTajbaH OIMUC PAa3IMUYUTHX MOCTYyNaKka HAaHOCTPYKTYpPHE MOAM(UKAIUje MOBPIIUHE
(Mexanuuke, Guznyuke, OMOJIOIIKE, XEMU]CKE), KA0 U HUXOB YTHIA] HA MOP(}OJIOTH]y U CBOJCTBA
(dhopMHUpaHOT MOBPIIMHCKOT Clioja. Y MOCEOHMM TMOTIOTIaB/bUMA IOTJaB/ba 4, MaTe Cy OCHOBE
EJIEKTPOXEMHU]jCKE aHOIM3AIMje W HEHE NMPEJTHOCTH W HEAOCTAllM y OJHOCY Ha JPYyre METoJe
HAHOCTPYKTYpHE MoauduKanuje nospimuHe. Jlar je aerajbaH IMperie]] JUTepaType KOju OIHUCYje
dhopMupame HAaHOCTPYKTYPHOT OKCHJIHOT cJi0ja Ha TOBPIIMHU MaTepujajia Ha 0a3u TUTaHA, ca
MOCEOHUM OCBPTOM Ha MOTYNHOCTM MHAYCTPHjCKE NMPHUMEHE aHOAM30BAaHMX Marepujaja Ha Oasu
TuTaHa. Takohe, nar je U AeTajbaH JUTEPATYpPHU MpETJIie]l YyTUIlaja mapameTapa eIeKTPOXEMH]CKe
a"Hoau3anuje (TyCTHHE CTpYje, eNeKTPOJIUTA U JyKUHE Tpajarmba eJIeKTPOXEMHjCKEe aHOAM3allH]je) Ha
MOP(OJIOTH]y HAHOCTPYKTYpPHE TTOBPIIIHHE.

[Tornassbe 5 mpukazyje MOryhHOCT mpuMeHe MaTepHjayia Ha 0a3u THTaHA Ca HAHOCTPYKTYPHHM
OKCHJTHHM CIJI0jeM Ha TIOBPIIMHHW, Kao W JIMTEPAaTypHH TMpEryies yTHUIlaja HAHOCTPYKTYpHE
MOU(UKOBaHE MOBPIIMHE HA OCCOMHTErPaIjy, OMOKOMIIATHOMIHOCT, KOPO3HOHY MOCTOjaHOCT U
MOBPIIMHCKA (U3MYKAa M MEXaHWYKa CBOJCTBAa Marepujaja Ha 0a3u TuTaHa. Takohe, y moceOHOM
MOTIIOTIABJbY MOTJIaBJba 5 AAT je JIUTepaTypHU Mperyies 0 MoryhHoCTHUMa MHHILIMjAUje U pa3Boja
omrehema HAHOCTPYKTYPHOT OKCHJIHOT CJi0ja Ha TOBPIIMHUA MaTepHujaja Ha 0a3u TUTaHA TOKOM
¢bukcupama u excruioaranje. OBo IOriaBibe Jlaje jacaH YBUJA Yy 3Hauyaj HMCHOUTHBamba CBOjCTaBa
MaTepHjasia Ha 0a3u THTaHa ca HAHOCTPYKTYPHO MOJIU(UKOBAHOM ITOBPIIUHOM. Y TIOTJIaBIbY 6, TTOJT
Ha3uBoM JbyJICKM opraHu3aMm Kao KOpO3MOHa cpeiuHa 3a Ouomarepujane Ha 0a3u THTaHa, je JAar
OMHC TpoIeca KOPO3Hje, TUIIOBA KOPO3H]j€ U MMaCUBAIlM]je METATHUX UMILIaHATA.

VY ekcrepuMEHTATHOM JIely JOKTOpCKE aucepranyje (MorjaBjbe 7) ONMUCAHH Cy MaTepHjaad U
METOJIe TIpeMa peaociaeny ucTpakuBama. [1pBo je omucan kpymao3pau (eng. Coarse grained, CG)
Marepujasl Koju je JOOWjeH KOHBEHIIMOHAIHUM IOCTYIKOM m3pajae jerypa tutana, CG Ti-13Nb-
13Zr (CG TNZ). Hakon Tora, je ornricad Y BII mocTymak kojum cy 1001jeHH MaTeprjalii CUTHO3PHE
crpykrype, cutHo3puu (eng. Ultrafine grained, UFG) turan, UFG cpTi u cutHO3pHa Jlerypa
tutana, UFG Ti-13Nb-13Zr (UFG TNZ). Y HacTaBKy €KCIEPHMEHTAIHOI Jejia JTOKTOPCKE
aMcepTanyje je JgaT OmHC MHUKPOCTPYKTYPHHMX HCIUTHBama Koja cy ypaheHa y uLuiby



KapakTepHu3alfje HaBeJACHUX MaTepujasia, Kao U OMUC MCIUTHBakba MUKPOTBpJohe TyX MpeuHUKa
y30paka y nujby oapehuBama crerneHa XoMOreHOCTH MaTepujana HakoH npumene Y BII mocrymka.
Jlajbe je JaT OmUC TIOCTYNKa TOBPIIMHCKE HAHOCTPYKTYpHE MoOAH(HKaIMje, OTHOCHO
EIEKTPOXEMHUJCKE aHOaW3aIMje, TOope TIOMEHyTHX Marepujana. llpukasane cy wmerone
KapakTepHu3alfje MOBpIIMHE MpEe U TOCIe MOCTYNKa eNEeKTPOXEMHUjCKE aHOAM3alMje KOojuMa ce
onpehyjy xeMHujcku cactaB, Mopdosioruja, Tonorpaduja U xpanaBocT noppmmHe. Hakon tora cy
NpeJCTaB/beHa KOPO3MOHA HMCIUTHBAmba KOjUMa Cy TOJBPTHYTH HaBEIEHH MaTepujalid, a Koja
o0yxBaTajy €JIeKTPOXEMH]CKa MCIUTHBamkA. EIEKTpOXeMHjCKH TECTOBH Cy W3BEIEHU Y PacTBOPY
BelITauke IJbyBauke U y PunrepoBom pactBopy pH Bpeanoctu 5,5 u Ha Temneparypu on 37 °C y
Wby CHUMYyNHpama (QU3MOJIOMIKUX yCJoBa Y JbYJACKOM OpraHusmy. JlaT je omuc mpuMemeHUuX
TECTOBAa IIUTOTOKCUYHOCTH M UCIIUTHBama Mopdororuje henuja pubpobracra y uuspy oapehusama
OMOKOMIIaTUOMITHOCTH JIerypa THUTaHa. Y €eKCIIEPUMEHTATHOM IOCTYIKY OIKCaHa je MeToja
HaHOMHJICHTAIM]je, KOjoM Cy onpeleHa moBpIIMHCKA (U3NYKAa M MEXaHWYKa CBOjCTBA MaTepujaa.
Takohe, ommMcaHo je W WCIHUTHBAKE 3aTE3albeM TOKOM KOjer je TpUMEHmEeHa HW MeTojaa
CTEPEOMETPH)CKOT Mepema JaedopMaliija Ha MOBPIIMHU Y30pKa J0 KOHAYHOT JIOMa ernpysere. Y
MOCJIEHEM MOTIOIIIaBJbY MOIJIaBJba 7 OMHUCAaHa j€ HyMEepUYKa METO/a KOHAYHHUX elieMeHaTa, Koja
je y OBOj JOKTOpCKO] IucepTauuju KopuinheHa 3a mpeaBubame MOHallama MarepHjajia Ha 0a3u
TUTaHA Cca HAHOCTPYKTYPHHUM OKCHIHHM CJIOjeM Ha T[OBPIIMHU, HU3JI0KEHUX CIIOJhalIkhEeM
MEXaHHYKOM omnrepehemy.

Pesynrtatu cy nmpukazaHu U qUCKYTOBaHHU Y MOMIaBJby 8. Y MpBOM Jieny TorjiaBjba 8 AeHUHUCAH je
yrunaj YBII nocrynka Ha BeIMYMHY 3pHAa U MUKPOCTPYKTYpPY MCHHUTHBAaHUX MaTepujana. Takohe,
onpehen je yrumaj YBII moctynka Ha XOMOT€HOCT MHUKPOCTpYKType U MukpotBpaohy cpTi u Ti-
13NDb-13Zr nerype. [loka3ano je na YBII nocrymnak 10BOJH 0 YyCUTHAaBaka MUKPOCTPYKTYpE, IPU
yeMy ce BEeMYMHA 3pHa MaTepujajia Ha 0a3W TUTAaHA CMamyje OJf IIEHTpa Ka MBUIH y30pKa y
obnuky nucka. Takohe, mox yrunajem YBII nocrynka Ha et ooptaja u nputucky 4,1 GPa, nonasu
1o 6maror nmoBehama MUKpPOTBpAOhE YKja ce BpeIHOCT rmoBehaBa oJ1 IeHTpa MpeMa UBHUIM Y30PaKa,
TaKoO J1a C€ MOXeE 3aKJbyYUTH JIa j€ HAKOH OBOT IOCTYIKA MOCTHUTHYTA NPUXBATJbUBA XOMOTECHOCT
Marepujaia oapehena nu3sMepeHruM BpeTHOCTUMA MUKPOTBpIohe Tyk MpeYHUKA y30paKa.

Pesynratu cy mokaszanu Ja je MOBPIIMHCKA HAHOCTPYKTYpHA MoOAH(HKanuja (EIeKTpOXeMHjcKa
aHO/IM3allMja) JOBeJa JI0 CTBapama OKCHUIHOT CJioja Ha MOBPIIMHHM MaTepujajia Ha 0a3W TUTaHa,
YHMjU je XEMH]CKH CacTaB MPOICHTYATHO jeJHAK KOJUYMHU JIeTupajyhux eneMeHara y matepujany.
AHnanmuza mopdosoruje Moau(pUKOBaHE MOBPIIMHE MaTepHjasia Ha 0a3w TUTaHAa oMoryhmia je
oapehuBame ONTHMAIHMX IapaMeTrapa IOCTYIKa eJIeKTPOXEMHjCKe aHoau3anuje. Pezynratu cy
MOKa3alM Jia ca TPOJIY’KCHEM BpEMEHa EJICKTPOXEMHjCKE aHOIu3alMje, J0Ja3u 10 ToBehama
XOMOTEHOCTH HAHOTYOYJapHOT OKCHAHOT Cli0ja M TNpEeYHUKa HAHOTYyOa, OK ce AeOJpbHHA 3uia
HaHOTyOa cMmamyje. [lokazano je u mocrojame yrunaja ¥YBII moctynka Ha XOMOT€HOCT U Je0JbUHY
HAHOCTPYKTYPHOT OKCHIHOT cjJOja JOOMjeHOI NPHUMEHOM ENEKTPOXEMH)CKE aHOIU3alHje.
[ToBpmmHCKa HAHOCTPYKTypHa MoaudUKalHja je JoBeina g0 rpyde Tomorpadwuje MOBpIIUHE, a
caMHM TUM W 10 mnoBehama XpamaBoCTH MOBPIIMHE y OAHOCY Ha MCHUTHBAHE MaTepHjaje mpe
EJIEKTPOXEMHU]CKE aHOU3AIIH]€, IIITO TOMPUHOCH 00Jb0] axe3rju hennrja OKOJTHOT KOIITaHOT TKUBA
32 METAJHU UMIUIAHTHH MaTepHjall.

Y npyrom gneny mnoriaBjba 8 NpHKa3aHW Cy M JUCKYTOBAaHU pe3yiaTaTH JOOHjeHH HaKOH
UCIIUTHBaKka KOPO3WOHE TIOCTOJaHOCTH M OMOKOMIIATUOWIIHOCTH, TecTa 3aTe3ama W
HAaHOMHJICHTAIMje, Kao W TMpopadyyHa IMPUMEHOM METOJIe KOHAYHUX eleMeHara. Pesynraru
CJIEKTPOXEMHUJCKUX HCIUTHBakba Cy TOKa3add Ja HAaKOH IOBPIIMHCKE HAHOCTPYKTYpHE
MoauduUKaIje HMCIUTHBAHUX MarepHujajga Jojia3u 10 MoBehaBamka KOPO3HMOHE OTIOPHOCTH Y
pactBopy BemTauke rmibyBauke. UFG cpTi u anommzoBanum UFG cpTi ce omiukyjy CIMYHUM
KOpO3WOHUM TMoHamameM, MoK aHnoguzoBaHa CG TNZ u UFG TNZ nerypa mokasyjy 3Ha4ajHO
nosehame KOpO3MOHE CTAa0MIIHOCTH Y OJIHOCY Ha HeaHoAu30BaHe Martepujane. Ca apyre crpaHe, y
PunrepoBom pacTBOpy je IOIIJIO 0 Majga KOPO3WOHE CTAOMIIHOCTH KOJ CBUX MCIHUTHUBAHUX
MaTepHjajia y OJHOCY Ha KOPO3HMOHY CTaOWJIHOCT Yy BEINTAYKOj IUbyBaukH. Pe3ynTatu tecToBa
IIUTOTOKCUYHOCTH CY TIOKa3alld Jia JIETypa, U TIPe M HAKOH EJICKTPOXEMHU]JCKE aHOIu3aIlMje, HHje



[IMTOTOKCUYHA INTO yKa3yje Ha MoryhHocT meHe Oe30eqHe MpUMEHE y JbYJICKOM OpraHUu3MY.
Cpenma BpemHocT BujabmiHOCTH henmuja m Mopdosoruja henwja y KOHTAaKTy ca HUCIHUTHBAHOM
nerypom npe u HakoH YBII mocTymika, ka0 ¥ HAKOH €IEKTPOXEMH]CKe aHOau3allrje yKa3yjy Ja je
Ha OCHOBY OMOKOMITATUOMIIHOCTH JIETYpa aJileKBaTHA 3a IPUMEHY.

KapaxTepu3zanuja noBpumHe Kako MaTepujana JOOHjeHUX KOHBEHIIMOHAIHUM MOCTYIIIUMA U3pajle,
Tako U Marepujaja nooujeHux caBpemeHuM YBII mocTtymkoM, ¥ mpe W HAKOH €JIEKTPOXEMH]CKE
aHoau3anuje, ypaheHa HAHOMHJEHTALMJOM IIOKa3ajla je CMambeHmhe MOBPIIMHCKUX BpPEAHOCTH
MOJyJIa €TaCTUYHOCTH U TBpJIOhe KO MaTepujajia ca HAHOCTPYKTYPHUM OKCHIHUM CJI0jeM, KOje Cy
npUOIMKHE BPEJHOCTHMA KOIITAHOT TKHBA y JbYJACKOM opranusmy. Takolhe, neunucan je yTuuaj
VBII noctymka u eIeKTpoxXeMHrjCcKe aHOAU3alIM]je Ha 3aTe3He KapakTepucTtuke pazmarpane CG TNZ
u UFG TNZ nerype. Iloka3aHo je na MHTEH3MBHa IUlacTMyHa aedopmanuja mzazBana YBII
MTOCTYIKOM JOBOJIM JI0 3HA4ajHOT MoOoJbIama 3aTe3He uBpcTohe, kao M 70 moBehama Momysa
eIACTUYHOCTH M CMamema IuacTuuHocTd. Ca Jpyre cTpaHe, NOCTYNAK €JIEKTPOXEMMU]jCKe
aHoJM3allM]je JOBOJIM J0 CMamkEemha 3aTe3He YBpCTohe U HAallOHA TeUeHa, Kao U 0 CMamkemha MOIylia
enactuuyHoctd CG TNZ nerype, nok cy 3are3He kapakrepuctuke UFG TNZ nerype HakoH
EJIEKTPOXEMHUJCKE aHOAM3AIlMje HempoMemeHe. [IpumMeHoM HyMmMepuukux MpopadyHa ypaheHo je
UCTIUTHBamke 3aTe3HuX cBojcraBa Ti1-13Nb-13Zr nerype mnpe u mociie  eIeKTPOXEMH]jCKe
aHoJu3allkje, IPU 4YeMy j€ TOJbe€ EKBHBAJIEHTHOI BOH MHCECOBOI HallOHa HAa MHKpPO3aTE€3HUM
ernpyBeTamMa KoOJ JIeType M INpe U HAKOH eJIEKTPOXEMHjCKE aHOIM3alMje MOoKa3ajlo MoIpydje
BEJIMKUX BPEIHOCTH Y Mpeneiy BpaTta enpysere. Takole, 3akibydeHO je J1a Cy BUCOKE BPEIHOCTH
IUTACTUYHUX JAedopmMaiija KOHIGHTPHCAaHE Y Mpenaely BpaTa empyBeTe Koa o0a HCIHUTHBaHA
Marepujaia. YpaheH je W HyMEpUUYKH TMPOpPAdyH 3aTE3HHX CBOjCTaBa MPUMEHOM KOMIIJIETHOT
I'ypconosor mozena (eng. Complete Gurson Model, CGM), mukpoMexaHHuKor MO/eNa KOji y3uma
y 003up pa3Boj omrehewma y marepujany. 3aBUCHOCT CHJIE OJ CMamema JeOJbUHE IMOMPEYHOT
mpeceka empyBeTe HckopuiheHa je 3a oapehuBame (kamubOpaunujy) oaroBapajyhe  moueTHe
Bpeanoctu omrehema fp. Ha ocHOBY HyMepudyKor mpopadyHa 3aK/by4eHO je Ja Ha CHIIy TOKOM
MOCTYIKAa HAHOWHJICHTAIM]€ MOTY YTHIIATH PA3IMYUTH MOPQOIIOMIKA apaMeTpy HaHOCTPYKTYPHO
Moau(UKOBaHE TOBPIIMHE. YCTAaHOBJBEHO j€ Ja BehW NPEUYHMK HAHOTy0a 3a HCTE YCJIOBE
HAHOWH/JICHTAIIV]e OBOIM 10 MoBehama BpeaHOCTH cuie, moBehame pasmaka m3aMel)y HaHoTyOa
JIOBOJIM JI0 CMamkemha BPEAHOCTH cujie, JOK moBehame neOspbmHE 3mMaa HaHOTyOa JTOBOIM [0
noBehama cuiie TOKOM HaHOMH/ICHTAIH]e.

VY nornasspy 9 cy npuka3zaHu HajBaXHUJHU 3aKJbYUIIH, U3BEIEHN HA OCHOBY UCIIUTHBAbA U3JI0KEHUX
y MPETXOJHUM IOTJIaBJbUMA.

VY nornasspy 10 je HaBeneHa TuTepaTypa KopuirheHa TOKOM U3pajie TOKTOPCKE JUcCepTaIyje.

3. OLIEHA JMCEPTALINJE

3.1. CaBpeMeHOCT ¥ OPUTHHATIHOCT

JlokTopcka aucepranuja kanauaata Jparane P. bapjakrapeBuh 3a mpeameT uma caBpeMeHY TEMY
HCTPAXMBamka yTUIAja CATHO3PHE MUKPOCTPYKType nobujeHe YBII mocTynkoM u HaHOCTPYKTYpHE
MOBPIIMHCKE  MoaudwuKanyje wmarepujasia Ha 0a3M TUTaHA Ha  3aTe3Ha  CBOJCTBA,
OMOKOMITAaTUOMIIHOCT M TOHAIIAlke Y KOPO3MOHO] CPEeOUHM, Ka0 M Ha TOBPIIMHCKA (pu3nyka U
MEXaHW4YKa CBOjCTBA (MOIYJ €JIacTUYHOCTH, TBPAONY, OTHOPHOCT Tpema omTehewmy H JIOMY
HAHOCTPYKTYPHOT OKCHJTHOT CJI0ja).

Jeman oxn mpaBaia pa3Boja Marepujajga Ha 0a3u THTAaHA jeCT€ MPUMEHA PA3THMYUTHX CABPEMEHUX
MOCTYIaKa UHTEH3UBHOT IUIACTHYHOT Jle()OpMHCaba YHjU je OCHOBHH LIMJb JOOMjale CUTHO3PHUX
MeTamHuX Marepujaga. CHUTHO3PHM MeETajJHHM MaTepujadu Hajuemhe TMoKa3yjy moOoJsblaHa
MEXaHUYKa CBOjCTBA y OJJHOCY Ha METaJIHE MaTepHjaje J00HjeHe KOHBEHIMOHAIHUM MOCTYIIMMA
u3pane, JOK IUTakbe OWOKOMITATUOMIHOCTH M KOPO3MOHOTr omTehema ocTaje OTBOPEHO 3a
UCTpaXuBame. JeHa 01 METo/]a MHTEH3UBHOT IIJIACTUYHOT ehopMucama je 1 MeTo1a yBUjarba Mo
BHCOKHM TMIPUTUCKOM, KOja je IPUMEH-EHA Y 0BOj nucepTaiuju. Pa3Boj MeTaTHUX MaTepujaia, OCHM
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IITO TOJpazymMeBa MoAu(UKaLKje MUKPOCTPYKTYpE MPUMEHOM METOJla WHTEH3MBHOT IJIACTUYHOT
nedopmucama, YeCTO 3axXTeBa M MOJU(PHUKAINM]Y TOBPIIMHE paaud go00Wjarka HAHOCTPYKTYpHE
Mopomoruje.

Y mocienmo] CHEHHWJU  €JIEKTPOXEMH]CKE MeToje, Koje omoryhaBajy  IMOBPIIMHCKY
HAHOCTPYKTYPHY MOIU(UKAIN]y, CBE BHUILE Hala3e CBOjy MPUMEHY y NMPOU3BOJHH MMILJIaHATA, a
jeIlHa O/ OBHX METOJa j€ M CJIEKTPOXEMH]jCKa aHOIM3alja (aHOIHA OKCHIallhja) KOja Ha TIOBPITUHHI
METaJHOT MaTrepujana omoryhaBa no0Hjame HAHOCTPYKTYPHOT OKCHJIHOT CJIOja CAaCTaBJHEHOT OJI
HaHoTyOa. McnuTuBame KOpo3uoHOTr omrehema, OMOKOMITATHOMITHOCTH U MEXaHWYKHUX CBOjCTaBa
MaTtepujajia Ha 0a3M THUTaHA ca HAHOCTPYKTYPHOM MOAM(UKOBAHOM MOBPIIMHOM, Kao U
WCTIIUTHBAKkE TOBPIIMHCKUX (U3WYKUX W MEXaHWYKHX CBOjcTaBa (MOIyja €JacTUYHOCTH U
TBprohe) ocTaje jomr yBeK HEJOBOJFHO MCIHMTAHO, MOTOTOBO Kaja je ped O CUTHO3PHOM THUTAaHY H
CHUTHO3PHHUM JIETypaMa THTaHa.

OpurnHaiHocT AokTopcke nucepranuje parane P. bapjakrapesuh ornena ce u y nedpunucamy
ONTUMATHUX  TPOIECHHX  IapaMerapa  IOBPIIMHCKE  HAHOCTPYKTYpHE  MOIHM(HKAIIH]je
(enexTpoXeMHjCKe aHOAM3alMje) Kako OM ce Ha MOBPUIMHM MaTepujana (HOpMUPa0 XOMOTCHU
HaHOCTPYKTYPHU OKCHIHHM CJI0] ca HaHOTyOama m3Mel)y KojuxX He IMOCTOje KaHAIM WM Cy OHH
M3Y3€THO Manux nuMeHsuja. OBakBa MOBpUIMHA MaTepHjaia Ha 0a3u TUTaHa Tpeda Ja JAoBeae 10
CMamelka BPETHOCTH TBpAOhE M TMOBPIIMHCKOT MOJAYJIa €IaCTHYHOCTH W TPUOJIMKAaBamka
BpPEIHOCTUMA KOCTH]y Yy JbYJACKOM OpraHu3My, aad u 10 moBehama KOPO3MOHE OTIHOPHOCTH.
Takohe, 1uJb HAHOCTPYKTYpHE MoauduKamnuje je ¥ moBehame XpamaBOCTH MOBPIIMHCKOT CJioja
YUMe€ C€ MeHma KOHTAaKTHA TMOBPIIMHA METaIHOI Ouomarepujajga ImTo omoryhasa Oosby
OMOKOMIATHOMIIHOCT, KA0 M CTEIIEH OCCOMHTETpaIrje. Bemuku monpruHOC JOKTOPCKE AMCepTalnje
ce oriena y pa3Bojy M npuMmeHu xkomOuHanuje YBII mocTynka ¥ MOBpUIMHCKE HAHOCTPYKTYPHE
MoauduKaiyje, Kojuma ce ao0ujajy HOBM HMIUIAHTHH MaTepUjalid aJeKBATHUX OHOJIOIIKHUX,
GU3NYKNX M MEXaHMYKHUX CBOjCTaBa, LITO IpEJCTaBJ/ba KPyHNaH HamNpedaKk y pa3BOjy METaTHUX
Ouomarepujana. Ha OCHOBY OICE)KHOT Tperiiea IUTepaType MOKE ce 3aKJbYYuTH Ja ce
UCTPAXMBamba y OKBUPY OBE JOKTOPCKE JHCEpTallMje yKIamnajy y CBeTCKe TPEHIOBE M YKa3yjy Ha
3Ha4a] ¥ aKTyeJTHOCT MpOoydaBaHe MpoOIeMaTHKE.

3.2. OcBpT Ha pedepeHTHY U KOpUIThEHY JIUTEPATYPY

VY OKBUPY IOKTOPCKE AucCepTalrje MUTUpano je 312 nmurepaTypHUX HaBOJa, 011 KOjux Hajsehu Opoj
YMHE HAJHOBMJH paZOBU M3 MehyHapoJHMX dYacomuca ca TEMaTHMKOM 3HauyajHOM 3a U3pajy
IOKTOpCKe paucepranuje. HaBermena mnmrTeparypa caapKd — eKCIIEpUMEHTAlHE — pe3yiTare
UCTPAXMBaha, aHATU3Y U TUCKYCH]y TOOMjEHUX pe3yiTaTa U U3BEICHE 3aKJbyUKe, Kao U TEOpUjCKe
OCHOBE TPHMEHEHE METOJIe HaHOCTPYKTYypHE MOIM(UKaIMje MOBPIIMHE U METO/a HCIUTHBAMbA.
JlutreparypHu HaBOIM Cy OMOTyhmin 11a ce MpuKake CTambe Yy UCIUTHBAHO] 00JacTu u 100ap yBUA
y obmact mnpumeHe YBII moctynka u MOBpHIMHCKE HAHOCTPYKTYpHE MOJu(dHKaIMje KOJ
MaTepHjaia Ha 0a3u THTaHa. Ha oCHOBY aHanmm3e MCTpakuBama MPUKA3aHUX y CTPYUHO] U HAYYHO]
JUTEpaTypH, TMOCTAaBJbEHE Cy W IOJa3HE XMIOTE3e 3a HCTpaKHWBama Koja cy ypaheHa y o0BOj
JOKTOPCKOj AMcepTauuju. Y OKBHPY JIUTepaType Hanasze ce u pedepeHie kanauaara [parane P.
BapjakrapeBuh, mMactep WHX. TeX., MPOUCTEKIIC W3 OBE ITOKTOpcKe aucepranuje. [lpukazanu u
JMCKYTOBAaHU PE3YJITaTH y OKBUPY JOKTOPCKE UcCepTannje U 00jaBJbeHU PaJoBU KaHIUAATa, Kao U
JUTEpaTypHU HABOJAW KOJU CY KOPUIINEHH Yy TOKTOPCKO] AMCEPTANMjH, YKa3yjy Ha aJeKBAaTHO
MO3HaBambE MPEAMETHE 00JIaCTH UCTPAKUBAIbA.

3.3. Onuc ¥ aIeKBaTHOCT IIPUMEHLEHUX HAVYHUX METOAA

VY 0BOj IOKTOPCKO] AMCEPTAIMjH NPUMEHCHE Cy CaBpeMEHE HayyHEe METOJAE 3a KapaKTepu3alujy
HaHOCTPYKTYpHE IOBpIIMHE Marepujaja Ha 0a3u TWTaHa. 3a MOTpeOe HCIUTHBAKHA y OKBUPY
JOKTOpPCKE JucepTaluje cy KopuinheHe aBe Tpyne Marepujana Ha 6a3u tutana. [IpBy rpyny 4uHH



KPYITHO3PHU MaTepHjai J00WjeH KOHBEHIHMOHaTHMM Meronama: T11-13Nb-13Zr nerypa Turana
nosuje renepanuje Ti-13Nb-13Zr (CG Ti-13Nb-13Zr, CG TNZ). [pyry rpyiy 4YdHE CHTHO3DHU
MaTepujaiu JOOMjeHH TOCTYIKOM HWHTEH3MBHOI IUIACTHUYHOT JAe(opMucama yBHjaEM IMOJ
BHUCOKHM IPUTHCKOM: CHTHO3PHH KOMEpIHjaIHO 4MCT TUTaH U cuTHO3pHa Ti-13Nb-13Zr nmerypa
(UFG TNZ2).

[ToBpmmHCKa HAHOCTPYKTypHa Monudukanuja ypaheHa je Ha rope MOMEHYTHM MaTepHjainma
IPUMEHOM METO/Ie EJIEKTPOXEeMHUjCcKe aHoau3auuje. Kapakrepuzamuja CBUX HCHUTHBAHUX
Marepujajga, Kako OHUX JO0OWjeHHX KOHBEHIIMOHATHUM METOJ[aMa, TaKo W MaTepujajia JToOHjeHUX
capemennM YBII nocrynkom, ypalheHa je mpumMeHOM ckeHHpajyhe elIeKTpPOHCKE MHUKPOCKOINHje
(eng. Scanning Electron Microscopy, SEM), 10k je TpaHCMHCHOHA €JIEKTPOHCKAa MHKPOCKOITHja
(eng. Transmission Electron Microscopy, TEM) kopumihena 3a kapakTepu3alujy CHUTHO3PHE
crpykrype Ti-13Nb-13Zr nerype. Kapakrepusammja XeMHjcKOr cacTtaBa Jjerype ypalhena je
npuMeHOM peHareHcke QayopecuentHe ananmse (eng. X-ray fluorescence, XRF). XomoreHoct
Marepujaia HakoH YBII mocrymka u yrunaj) YBII moctynka Ha MHUKpOTBpaohy mporemeHa je
UCIIUTHBAkEM MUKpPOTBpaohe Ny NpedyHUKa y30paka MpPUMEHOM Meroje mo Bukepcy (eng.
Vickers). Kapakrepusaiiija Mopdoioruje HaHOCTPYKTYpHE MOBPIIKUHE J00HjeHE TOKOM Pa3IHdUTOr
BpeMEHa eJIEKTpOXeMHUjcke aHonu3anuje ypahena je mpumeHoMm SEM, nmok cy Tomorpaduja u
XpamaBoCT TOBPIIMHE MaTepHjaja Tpe M HAKOH EJIEKTPOXEMHjCKe aHoau3aiuje oxapeheHe
NPUMEHOM MHUKpPOCKOIHje aTOMCKUX cuia (eng. Atomic Force Microscopy, AFM). Takohe, ypahena
Jj€ XeMHjCKa KapakTepu3alyja I00HjeHe HaHOCTPYKTYpHE MOBPIIMHE HCIUTHBAHUX MaTepHjaja
PUMEHOM EHEPreTCKe Auciep3uoHe criekrpockonuje (eng. Energy Dispersive Spectroscopy, EDS).
Kapakrepu3anuja ncnmuTUBaHUX MaTepHujajia, Kako OHUX JOOWjeHUX KOHBEHIIMOHAIIHUM METOJaMa,
TakKO M MaTepujasia JOOMjEeHHX CaBPEMEHUM TIIOCTYIKOM YBHjama I10J BHUCOKHM IPHUTHUCKOM,
ypaljena je npuMeHoM penarencke audpakmauje (eng. X-ray diffraction, XRD).

OTnopHOCT MpeMa KOpO3uju MarepHjaja KpyImHO3pHE M CUTHO3PHE MHKPOCTPYKTYpE, Ka0 U OBHUX
Marepujaja HaKOH EJICKTPOXEMHUJCKE aHOIW3aIl]e, UCIIHUTaHa jeé MPUMEHOM IMOTEHIIMOIUMHAMHYKE
METoJe M CIEKTPOCKONHje enekTpoxemujcke ummenaniuje (eng. Electrochemical Impedance
Spectroscopy, EIS). HaBenenun marepujanu cy OMIIM U3JI0KEHU PAcTBOPY KOJH CHUMYJIHpPA yCIOBE y
JbYJICKOM OpraHu3My (BemTauka IJbyBauka W PunrepoB pactBop) pH Bpemnoctu 5,5 Ha
temmeparypu oa 37 °C. OneHa IMTOTOKCMYHOCTH MaTepHjajia Ha 0a3u THTaHA W BUjaOMITHOCTH
henmjcke kynrype ypahena je nmpumeHom arap audysuonor tecra (eng. Agar Diffusion Test, ADT) u
KOJIOPUMETPHUJCKOT TecTa ca TeTpazoiujym cosmma (eng. MTT test) kopumhemeM MUITjUX
¢ubpodnacta (L-929) u xymanux ¢ubpodmacra tmiyha (MRC-5) y TeuHoMm Meaujymy.
Mopdomnoruja u anxesuja henuja Ha TOBPIIMHY aHATU3UpaHa je mpuMeHoM SEM.

VcnutrBame MOBPIIMHCKOT MOAYJA eNacTUYHOCTH U TBpaohe mpe u HakoH YBII nocrymka, kao u
HaKOH CJIGKTPOXEMHJCKEe aHonau3aiuje, ypaheHo je TpuMeHOM HaHOWHACHTamuje (eng.
Nanoindentation test), nok je ananmza nedopmucama u omrehema HAHOCTPYKTYPHOT OKCHIHOT
CJI0ja HaKOH HaHOWHJIeHTalrje ypahena npumenom SEM.

VcnutruBame 3aTe3HUX CBOjCTaBa MeETaHUX OHoMaTepujaia ypal)eHO je HpPUMEHOM MHKPO
3are3nux emnpyseta (eng. Micro Tensile Sprecimen) mpaBoyraoHor mompe4Hor mnpeceka. TokoM
UCIHUTHBAka 3aTe3albeM NMPUMEHEHA jeé M MEeToJa CTePEOMETPUJCKOT Mepema aedopmaidja Ha
MOBPIIMHU Y30pKa JI0 KOHAYHOT JIOMa €MpyBeTe MPUMEHOM cucteMa Aramis ™, Koju mojpa3symeBa
CHMMame IMOMONy JBe Kamepe M o0pady pesynrata y onarorapajyheM co(TBEpCKOM MakeTy.
Tymaueme npeIoMHIX MOBPIIMHA MUKPO €TPYBETa HAKOH TeCTa 3aTe3ameM ypalheHo je TPUMEHOM
SEM.

Hymepuuka ananuza aedopMucama MaTepHjaia Ha 0a3w TUTaHA ca HAHOCTPYKTYPHUM OKCHIHUM
CII0jeM, U3JI0KEHUX HAHOMHJCHTAIUjH, je ypaleHa mpuMeHoM Metone KoHauHux enemeHara (MKE,
eng. Finite Element Method, FEM), oxHocHO mpuMeHOM ABOAMMEH3HOHaTHHX (2]]) Momena y
JHMLEHIUpaHoOM codTBepckoM makery Abaqus. 2] Monmenu cy NpUMEHEHH y aHAIWM3W YTHIAja
MOpP(}OJIOTHj€ HAHOCTPYKTYPHOT OKCHUJIHOT Cj0ja Ha OTIOPHOCT IpeMa JEjCTBY CIOJhaIlmbEr
MexaHu4Kor onrepehema. Y HyMepHUUKO] aHAM3U HCIIUTHBAKA CIPYBETa 3a 3aT€3amhe, IPUMEHOM
MKE ananu3upaHo je JIOKaTHO H3Pa)XeHO IUIACTHMYHO JedopMHCamke W pa3Boj JoMa y 00IacTh



1ojaBe BpaTa KoJ aHOAM30BaHe U HeaHonu3oBaHe KpymHo3pHe Ti-13Nb-13Zr nerype, a pasMoTpen
J€ W yTHIIa] TPaBOYTaOHOT MOIMPEYHOT MPEceKa Ha HEXOMOTEHOCT HAIOHCKOT CTama y nopehemy ca
WINHAPUYHOM T€OMETPH]OM ETIpYyBETE.

3.4. IIppuMEeHJLUBOCT OCTBAPEHUX PE3YIITATa

JacHo neduHMCame MoHaIIakba MaTeprjasia Ha 0a3u TUTAHA, IIPE CBEra CUTHO3PHE MUKPOCTPYKTYpPE
YyMja je TMOBPIIMHA HAHOCTPYKTYPHO MOAM(HKOBaHA, y YCIOBHMA JbYJICKOT OpraHuM3Ma HHjE Yy
JOBOJBHO] MEpH 3aCTyIUbCHO Yy JIUTepaTypd. JleTaJbHO TIO3HABame YTHIAja MOBPIIMHCKE
HAHOCTPYKTYpHE MoJu(uKanyje Ha OHOKOMIATHOMIHOCT, MEXaHWYka W (U3MYKa CBOjCTBA,
KOpPO3HWOHY CTAaOWJIHOCT W TMOBPIIMHCKA (U3MYKAa M MEXaHWYKa CBOjcTBa oMmoryhaBa mpenBuhame
MOHAIIakha OBUX MaTepujaia y KOHTAKTY Ca OKOJHHUM KOIITaHUM TKHBOM Y JbYACKOM OpPTraHU3MY.
Ha ocHOBYy AOCTYIHHX IUTEpaTyYpHHX IOJaTaka W3 OBE OOJIACTH, Ka0 W EKCIIePHUMEHTATHUX
UCIHUTHBamka U JOOUjeHUX pe3yiTara y OKBUPY OBE JOKTOPCKE JUcCepTallrje, OCTBAPEH je 3HavajaH
JOTIPUHOC y JajbeM pa3BOjy HOBUX MaTepujajia Ha 0a3d TUTaHA, MOOOJBITAHUX OHOJIOIIKHUX,
MOBPIIMHCKUAX (U3MUYKUX W MEXaHHMYKHUX CBOjCTaBa, Y3 IIOCTU3AmE aJeKBaTHE KOPO3HOHE
OTIIOPHOCTH 32 NMPUMEHY y MEIAHIINHHU.

3.5. OLIGHa JAOCTUTHYTHX CIIOCOOHOCTH KaHAUIATA 38 CAMOCTAIHHU HAay4YHH pas

Kangunat [parana P. bapjakrapeBuh, macrep HWHX. TEXH., jé TOKOM U3paJe TOKTOPCKE
AHCepTanyje HMCHOJbMIIA M3Y3€THY CaMOCTAIHOCT M CTPYYHOCT y OCMHILIBABAMKY, NPHUIPEMU H
peanu3aiyju eKcrepuMeHaTa M TEeXHHKa 3a KapaKTepHu3allljy MaTepujana, a TOKOM aHaju3e H
NpUKa3uBama pe3ysTara je IMoKa3zala CHCTEMAaTHYHOCT M KpeaTWBHOCT. Kanammar mocemyje cBe
KBAJIUTCTC KOjI/I Cy HCOIIXOOHU 3a CaMOCTAaJIHHU HAYYHU Pan.

4. OCTBAPEHU HAYYHHU JOIIPUHOC

4.1. ITpukas ocTBapeHNX HAYYHUX JOOPUHOCA

HcnutuBama MaTepujana Ha 0a3u THTaHa HakoH YBII mocrynmka W HaKkoH TOBpPLIMHCKE
HaHOCTPYKTYpHE MOAU(UKAIIH]E Tl Cy 3Ha4YajaH HAy4YHU JOTIPUHOC, KOJU Ce orjeaa y.

- pa3BUjeHUM HOBUM CHUTHO3PDHHM METAJHUM OHOMaTepujajiiMa ca eJIEeKTPOXEMH]CKH
MOJU(UKOBAHUM TTOBPIINHCKUM CJIOjEM;

- nedUHHCAHOM YTHIIA]y AYXKWHE Tpajara eICKTPOXEMU]CKE aHOU3aIlH]e Ha TUMEH31]je HaHOTYyOa
1 MOp(}0oJIOTHjy HAHOCTPYKTYPHOT OKCHJIHOT TIOBPILIMHCKOT CJI0ja;

- ycmnocraBjbeHOM yrHIAjy YBII mocrynka Ha MoOpdoIOTH]y HAHOCTPYKTYPHO MOIM(PUKOBAHE
[IOBPIIUHE;

- nedhUHHUCAHOM YTHIIA]y TTOBPIIMHCKE HAHOCTPYKTYPHE MOaU(HKaIije Ha KOPO3UOHY CTAOUITHOCT
UCIHUTHBAaHUX OMoMaTepujajia y CpeliH KOja CUMYJIUpPA YCIOBE Y JbYICKOM OpraHU3MYy;

- TIOCTHUTHYTO] 3HA4ajHO MamO0j BPEIHOCTH MOJYJa €JaCTUYHOCTH y TOBPIIMHCKOM CIIOjy
Oouomarepujama y mopehewy ca OuomarepujaioM Oe3 MOBPUIMHCKE HAHOCTPYKTYpHE
MoauuKaImje;

- yTBph)eHOM yTHIajy MOBPUIMHCKE HAHOCTPYKTYypHE MoAM(]HKalMje Ha 3arTe3Ha CBOjCTBA U
MexaHu3aM omTehema 1 JIoMa UCITUTUBAaHNX OMomarepujana;



- pa3BI/IjeHI/IM HYMCPpHUYKHUM MOJCIMMa NMPUMCHOM MCTOAC KOHAYHUX CIICMCHATa 3a onpele/IBaH)e
yTuiaja MopdoyIorHje HAHOCTPYKTYPHOT OKCHAHOT cjoja (medwHMCaHEe AUMEH3WjamMa |
pacmopenoM HaHOTy0a) Ha OTHOPHOCT IIPeMa CIOJhAIIELEM MEXaHUIKOM onTepehemy;

- pa3BHjEHUM MaTepHjaIrMa MmooosbIIaHe OMOKOMITATHOMITHOCTH Ca TTOCTUTHYTOM OJroBapajyhom
XparaBoCTH MOBPIIMHCKOT CJI0ja;

- onpehuBameM MOTyhHOCTH HWMILIAHTAIM]€ TOBPIIMHCKA HAHOCTPYKTYPHO MOAM(MUKOBAHUX
MaTepHjajia y JbYJICKM OpraHu3aM, Koja je JAo0MjeHa Ha OCHOBY TECTOBAa IUTOTOKCHUYHOCTH MU
BH3yaJIU3allije U UCTITHBaMka aixe3uje hemrja Ha MOBPIIMHH.

4.2. KpuTnyka aHajim3a pe3yaTara HCTPaKUBamba

UctpaxkuBama oOyxBaheHa OBOM JOKTOPCKOM JHCEPTallMjOM KOHITUIIUpPaHA Cy Ha OCHOBY
jacHO nMeUHUCAHUX IUJBEBA M MPETXOAHE JCTaJbHE aHAIM3E JUTepaType peleBaHTHE 3a 00JacT
UCTpaXKuBama. MeTojie mpUMemEeHe Y U3paJu TOKTOPCKE IUCEpTallje Y CKIaAy Cy ca CaBPEeMEHUM
MeTo/laMa W TOKa3yjy MYyITHANCHHUILIMHAPHUA TPUCTYN HCTpakuBamy. llperiemom HoBHje
JIOCTYITHE JTUTEpaType, Koja pa3MaTpa pa3Boj MaTepHjaia Ha 0a3u TUTaHA 3a IPUMEHY y MEAUIUHH,
MOXKE€ C€ YOUUTH Ja je JdaJbu MpaBall pa3Boja OBHX MaTepujajia y MOAU(UKALNUjU HUXOBE
MOBPIIMHE, TOCEOHO y KOMOWHAIMJU ca TMPETXOJHO JAOOHJEHOM CHUTHO3PHOM CTPYKTYPOM
npumernoM YBII nmoctynka. YnpaBo 300r Tora, TJIlaBHU HAYYHH ITUJBEBU JTIOKTOPCKE JHCEPTAIIH]e
YCMEpEHU Cy Ha IIOCTU3amEe aJleKBaTHUX IapamMeTapa MOBPIIMHCKE HAHOCTPYKTYpHE MoudUKaImje
(enmexTpoXeMHjCKe aHOIM3aIMje), KapakTepu3aldjy M NpUMEHy Marepujaja Ha 0a3ud TUTaHa
MOOOJBIIIAHE KOPO3HOHE CTAOMITHOCTH, OMOKOMITATMOMIHOCTH M MEXaHWYKHWX CBOJCTaBa, Kao M
MOBPIIUHCKUX (DU3MYKUX ¥ MEXaHMYKUX CBOjCTaBa (MOJyJia €NaCTUYHOCTH U TBpaohe). YBuaoM y
JOCTYITHY JIUTEPATYPy U pe3yaTaTe UCTpakHBama JO0OH]EHE y OBOj JOKTOPCKO] AUCEPTAIHM]H MOXKE
Ce YCTaHOBUTH Jia CYy pe3yJTaTH 3HAa4ajHU ca HAyYHOT acleKTa U Jajy jacaH JIOMPHUHOC MIPUMEHHU Ha

OBaj HAYMH MOIU(PUKOBAaHUX MaTepHjaia Ha 0a3u TUTaHA Y MEIUITUHU.

4.3. Bepudukanuja HayYHUX JOIPUHOCA

Kangumar Jlparana P. BapjaktapeBuh je pesynrare moOujeHe y TOKY H3paje OBE AMCEpPTAIH]e
NOTBpAMJIA 00jaB/bMBAKEM PAJOBa y dYacomucuma Mel)yHapoJHOT W HAIMOHAIHOT 3Havaja U
CaomIITaBamkeM pajoBa Ha Mel)yHapoaHHM CKYMOBHMA.

Pesynratu nocajamimer Hay4HO-UCTPAXXMBAYKOT pajia KaHAMATa y OBOj 00JacTH NpUKa3aHU
cy y 6 (mecrt) pagoBa 00jaB/beHHX Yy dacomnucuMa MelyHapoaHor 3Hauaja (o3Haka rpyne M20:
BpcTa pesyatata M21-1 pax; M22-1 pan; M23-1 pax; M24-3 paga), S (nmet) pamoBa 00jaB/bEHUX
y 300pHMIIMMa CKynoBa Mel)yHapoaHOr 3Hayaja IITaMIaHUX Y LEIUHU WM y U3BOAY (O3HaKa
rpyre M30: Bpcta pesynrata M33-2 panma; M34-3 pana), 2 (1Ba) paga o6jaBjbeHa y 4acOMUCHMA
HaIlMOHATHOT 3Havaja (o3Haka rpyme MOS0: Bpcra pesyarara MS1) u 3 (tpu) paga
o0jaBjbeHa y 300pHUIIMMA CKYIOBAa HAIIMOHAJTHOT 3HaYaja INTaMIlaHa y HW3BOAY (O3HaKa TpyIe
M60: Bpcra pesyarata M64).

Crnucak pagoBa KOjH CVY pe3VJTAaT HCTPAKHBALA V OKBHPY JOKTOPCKE AHCEPTAIlHje

PanoBu o0jaB/beHH Yy BpXYHCKHM Yaconucuma melhynapoanor 3nagaja (M21)

1. Barjaktarevi¢ D., Djoki¢ V., Bajat J., Dimi¢ I., Cvijovi¢-Alagi¢ ., Rakin M., The influence
of the surface nanostructured modification on the corrosion resistance of the ultrafine-
grained Ti-13Nb-13Zr alloy in artificial saliva, Theoretical and Applied Fracture
Mechanics 103 (2019) 102307. https://doi.org/10.1016/j.tafmec.2019.102307. (IF2019
=3,021; ISSN:0167-8442).
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PajioBu 00jaB/beHH Y MCTAKHYTHM Yaconucuma MelhyHapoasor 3uauaja (M22)

1. Barjaktarevi¢ D., Medjo B., Stefane P., Gubeljak N., Cvijovi¢-Alagi¢ I., Djokié¢ V., Rakin
M., Tensile and Corrosion Properties of Anodized Ultrafine-Grained Ti-13Nb-13Zr
Biomedical Alloy Obtained by High-Pressure Torsion, Metals and Materials International,
(2020) - in press. https://doi.org/10.1007/s12540-020-00837-z. (IF2019 = 1,99; ISSN:1598-
9623).

PanoBu oGjaBibenu y yaconucuma melynapoauor 3nagaja (M23)

1. Barjaktarevi¢ D., Dimi¢ 1., Cvijovi¢-Alagic¢ 1., Veljovi¢ B,, Rakin M.: Corrosion resistance
of high pressure torsion obtained commercially pure titanium in acidic solution: Technical
Gazette, Vol. 24 No. 6, 2017, pp.1689-1695. https://doi.org/10.17559/TV-20160303141534.
(IF 2017=0,686, ISSN 1330-3651)

PanoBu o0jaBibeHu y yaconucuma Mel)ynapoanor 3Havaja Bepu(puKoBaHHM MOCEOHUM
omtykama (M24)

1. Barjaktarevi¢ D., Cvijovi¢-Alagi¢ 1., Dimi¢ 1., Poki¢ V., Rakin M.: Anodization of Ti-
based materials for biomedical applications: A review: Metallurgical and Materials
Engineering, Vol. 22 No. 3, 2016, pp.129-143, ISSN 2217-8961, UDC: 669.295.018.8.

2. Barjaktarevi¢ D., Doki¢ V., Rakin M.: Nanotubular oxide layer formed on the Ti-based
implants surfaces-application and possible damages: A review: Metallurgical and Materials
Engineering, Vol. 24 No. 4, 2018, pp.243-259, ISSN  2217-8961,
https://doi.org/10.30544/401.

3. Barjaktarevi¢ D., Rakin M., Poki¢ V.: Characterisation of the nanotubular oxide layer
formed on the ultrafine-grained titanium: Metallurgical and Materials Engineering, Vol. 24
No. 4, 2018, pp.261-270, ISSN 2217-8961, https://doi.org/10.30544/402.

Caonmrema ca me)yHapoagHuX cKynoBa mramMmnada y uejuHu (M33)

1. Barjaktarevi¢ D., Dimi¢ 1., Cvijovi¢-Alagi¢ 1., Bajat J., Rakin M.: The electrochemical
impedance  spectroscopy study of ultrafine-grained titanium in artificial
saliva, Conference TEAM 2015, Belgrade, Serbia, 2015, Proceedings of TEAM 2015, pp.
336-339, ISBN 978-86-7083-877-2.

2. Barjaktarevi¢ D., Rakin M., Medo B., Poki¢ V.: Nanoindentation study of ultrafine-
grained titanium-based materials, TEAM 2018, Novi Sad, Serbia 2018, Proceedings of
TEAM 2018, pp. 117-122 ISBN 78-86-6022-098-3.

Caonmrema ca me)yHapoaHux ckynopa mramnana y uzsony (M34)

1. Barjaktarevi¢ D., Dimi¢ 1., Cvijovi¢-Alagi¢ 1., Poki¢ V., Bajat J., Rakin M.: Corrosion
behavior of nanotubular oxide layer formed on titanium and Ti-13Nb-13Zr alloy processed
by high pressure torsion, Nineteenth Annual Conference YUCOMAT 2017, Materials
Research Society of Srebia, Herceg Novi, Montenegro, Spetember 2017, Programme and
the book of abstract, pp. 101, ISBN 9788691911126.
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2.

Barjaktarevi¢ D., Dimi¢ 1., Cvijovi¢-Alagi¢ 1., Poki¢ V. and Rakin M.: Morphology of
Nanotubular Oxide Layer Formation on Titanium and Titanium Alloy Using
Electrochemical Anodization, ELMINA 2018, Belgrade, Serbia, August 2018, Book of
Abstracts pp.160-162, ISBN 978-86-7025-785-6.

Barjaktarevié¢ D., Veljovi¢ D., Dimi¢ L., Poki¢ V. and Rakin M.: The biocompatibility of
nanotubular oxide layer formed on the ultrafine-grained Ti-13Nb-13Zr alloy, Serbian
Ceramic Society Conference Advanced Ceramics and Application VII Belgrade, Serbia,
September 2018, Book of Abstracts pp.85, ISBN 978-86-915627-6-2.

PanoBu o0jaB/beHH y YaconmucuMa HAMOHAJHOT 3Ha4aja (MS51)

1.

Barjaktarevi¢ D., Bajat J., Cvijovi¢-Alagi¢ 1., Dimi¢ 1., Hohenwarter A., Poki¢ V. and
Rakin M.: The corrosion resistance in artificial saliva of titanium and Ti-13Nb-13Zr alloy
processed by high pressure torsion, Procedia Structural Integrity (European Conference on
Fracture 2018 - Loading and Environmental effects on Structural Integrity, Belgrade, Serbia,
2018) 13 (2018) 1834-1839, https://doi.org /10.1016/j.prostr.2018.12.332 (ISSN 2452-
3216)

Barjaktarevi¢ D., Medjo B., Gubeljak N., Cvijovi¢-Alagi¢ |., Stefane P., Djokié¢ V., Rakin
M., Experimental and numerical analysis of tensile properties of Ti-13Nb-13Zr alloy and
determination of influence of anodization process, Procedia Structural Integrity (1st Virtual
European Conference on Fracture — VECF1) 28 (2020) 2187-2194, https://doi.org
/10.1016/j.prostr.2020.11.047 (ISSN 2452-3216)

Caonurema ca CKyNnoBa HAMOHAJIHOT 3HaYaja mramMnada y ussoay (Meé64)

1.

2.

3.

Barjaktarevi¢ D., Dimi¢ I., Bajat J., Rakin M.: Koroziono ponasanje Cistog titana 1 Ti-
13Nb-13Zr legure u rastvoru vestacke pljuvacke, Third Conference of Young Chemists of
Serbia 2015, Belgrade, Serbia, Book of Abstracts, pp. 79, ISBN 978-86-7132-059-7.

Barjaktarevi¢ D., Dimi¢ 1., Poki¢ V., Rakin M.: Nanotubular oxide layer formation on Ti-
13Nb-13Zr alloy as a function of anodizing time, Forth conference of young chemists of
Serbia, Belgrade, November 2016, Book of Abstracts pp.90, ISBN 978-86-7132-059-7.

Barjaktarevi¢ D., Dimi¢ I, Cvijovi¢-Alagi¢ 1., boki¢ V., Bajat J.,, Rakin M.:
Electrochemical behavior of anodic Ti-13Nb-13Zr oxide nanotubes in simulated body fluid,
Fifth Conference of Young Chemists of Serbia Society, Belgrade, Serbia, September 2017,
Book of Abstracts pp. 101, ISBN 978-86-7132-059-7.

5. BAK/bYYAK U IIPEJUIOT

Ha ocHoBy cBera HaBeneHor Komucuja cMarpa 1a TOKTOpCKa AucepTainuja kanaunata [[parane P.
BbapjakrapeBuh, MacTep WHXK. TEXH., IO HACIOBOM ,,[[OBpIITMHCKA HAHOCTPYKTYpPHA MOAU(UKAIIH]a
U KapakTepu3alyja Marepujaia Ha 06a3u TUTaHa 3a IPUMEHY Y MEAMLMHU® TIPeACTaBba 3HaYajaH U
OpUTHHAJIaH HAYYHH JIONIPUHOC y JaTOj 00IacTH, IITO j€ ¥ MOTBpPhEeHO Kpo3 00jaBJbHBAKE pajoBa y
gaconucuma Mel)yHapo HOT M HAIlMOHATHOT 3Havaja. [IpeaMer u nuibeBH, KOjU Cy MOCTaBJbEHH, CY
JaCHO HaBEJIEHU U y MOTIYHOCTH OCcTBapeHu. Komucuja je MUIIJbema J1a j€ KaHAUIaT TOKOM U3pajie
JOKTOPCKE JHCEpTallije MOoKa3ao M3Yy3eTHY HAyYHO HMCTPAXHBAUKY CIOCOOHOCT y CBMM (pasama
u3pajie OBe JJOKTOPCKE TUCEPTAIIH]e.
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Nmajyhu y Buay KBajIWTET, OOMM M HAay4YHH IONPUHOC MOCTUTHYTUX M IMPHKA3aHUX pe3yirTaTa,
Komucuja mpennmaxe HacraBHo-HayuyHom  Behy — TexHosomko-metamypmkor — ¢akyiaTeTa
VYuuBepsutera y beorpany ma mpuxBatu oBaj Pedepar, mpyku Ha yBUA jaBHOCTH IIOJHETY
JOKTOPCKY aucepranujy kanaunpara Jparane P. bapjakrapeBuh, macTtep WHX. T€XH., Y 3aKOHOM
npensuheHoM poky, kao U ga Pedepar ymyrn Ha KoHauHO ycBajame Behy nayunux obGmactu
TEXHUYKNX HayKa YHuBep3nuTeTa y beorpaay n 1a HakoH 3aBpIIeTKa IpoLEaAype M030Be KaHANuAaTa
Ha yCMeHy oa0pany aucepTauuje npea Komucujom y uctoMm cacraBy.

VY Beorpany, 09.04.2021.
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VYuusepsuret y beorpany, TexHnonomko-mMeTanypiku pakynrer

np Bespko Bokuh, BuIm HayYHH capagHUK,
WuoBanmonu nienrap TexHoIomKo-MeTanypikor ¢akynrera y beorpany

np Jenena bajar, penoBHu npodecop,
VYuusepsutet y beorpany, TexHOIOMKO-MeTaTypIIKu GaKyaTeT

np Meana [{BujoBuh-Anaruh, Bumm Hay9HH capagHUK,
VYuusepsutet y beorpany, MHcTuTyT 32 HyKi1eapHe Hayke "Bunua"

np bophe BessoBuh, moreHt,
VYuusepsuret y beorpany, TexHnonomko-mMeTanypiiku pakynrer

ap bojan Meho, morieHr,
Yuusep3utet y beorpany, Texnonomko-MerTanypiuiku Gaxynrer
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