Oopa3zan 1.

TEXHOJIOIIKO-METAJIYPIIKHA YHUBEP3UTET Y BEOI'PAJLY
DAKVYITET
35/389 BERE HAYYHHUX OBJACTHU TEXHUYKHNX HAYKA
(bpoj 3axTeBa) (Ha3uB Beha HayuHe 06/1acTH H KOMe ce 3axTeB ymyhyje)
10.01.2021.
(datym)
3AXTEB

3a 1aBalbe CarJJaCHOCTH Ha MPeaior TeMeE T0KTOPCKe zmcepTaunje

Momnumo na, cxonHo wiany 47. ct. 5. tau. 3. Craryra YHuBepsurera y beorpany (,,] macauk YHusepsurera“, 6poj
131/06), naTe cariaacHOCT Ha MPEJJIOT TeMe TOKTOPCKE JHcepTauje:

,.AMoOH/IMCaHe MpoTea3e M MePOKCHIa3e HA MUKPOHCKMM U CYyOMHMKPOHCKMM XHAPOreJ
YyecTHIIAMa AJITHHATA Kao OMOKATAJM3ATOPU 3a XUAPOJHM3Yy NpoTeHMHAa W 00e300jaBame

AHTPAXMHOHCKHX 00ja U3 OTHAAHMX BOAA"
(yH HA3UB MPEIOKEHE TEME TOKTOPCKE JTUCEPTALIH)E)

HAYUYHA OBJIACT: TEXHOJIOIIKO WHXEIKEPCTBO
TTOJIAITM O KAHJIUJIATY:

1. ime, ume jemHOT OJ poAUTEIha U MPE3UME KaHIUAATA!

MAPKO (Muuopan) JOHOBUR, AMIUIOMUPAHH HHKEHEP TEXHOJI0IHje

2. HasuB m cemumre (akynrera Ha KOME je CTEKao OCHOBHO 00pa3oBame._YHHBEpP3UTET Y
Beorpaay,TexHonomko-MeTaaypmku pakyarer.

3. l'opuna pumomupama: 2013.

4. Hasus u cenumite hakysireTa Ha KOME je CTeKao MacTep oOpasoBame: /
5. l'opuna aumuiomupama: /

CTyneHT je ynmucaH Ha IOKTOpPCKe akajfieMcKe cryauje mkoJcke 2013/2014. ronune.

Ha 3axTeB crynenra gekan je noneo Pememe O6poj 20/136-1 ox 23.10.2019. ronuHe 0 npoayxemy poka
3a 3aBpIIETaK CTyIdja MO HMCTEKa TPOCTPYKOT Opoja IMIKOJICKHX TOAWHA TMOTPEOHHMX 3a peaau3ainu]y
YIIMCAHOT CTYIMjCKOT Iporpama,ofHOCHO 10 Kpaja mkojicke 2021/2022. roaune.

OoOapemtaBamo Bac nma je HacraBHo-HayuHo Behe, Ha cemnuin ozapxanoj 24.12.2020. romune
Pa3MOTPIIIO TIPEITIOKEHY TeMY M 3aKJbYUHIIO Ja je TeMa IMoA00Ha 3a U3paay JOKTOPCKE TUCEPTAIH]E.

JEKAH ®AKVIITETA

[Ipod. op Ilerap YckokoBuh

ITpuror:
1. ITpensor TeMe TOKTOPCKE AMCEPTAIlHje ca 00pa3IoKeHeM
2. AKT HajuIe)KHOT Tena (akynreTa o mo00HOCTH TeMe 3a H3paay JOKTOPCKE AUCEpTAIlHje
3. [logauu o MeHTOPY.



Jlonarak y3 obpa3zair 1.

oAl O MEHTOPY

3a kauauaaTa Mapka (Musiopan) JonoBuha, Turul. HHX. TEXHOJIOTH]E

Nwme u npesume mentopa: bpanko byrapcku
3Bame: peaoBHU podecop TexHomomKko-MeTamTypuIkor Gpakynrera, ¥ HUBEP3UTET y
beorpany

Criucak pajsioBa Koju KBaTH(PHKY]y MEHTOpa 32 Bol)emhe JOKTOpCKE AUCepTalyje:

1. Mina Voli¢, Ivana Paji¢-Lijakovi¢, Verica Pordevi¢, Zorica Knezevi¢-Jugovic, Ilinka
Pec¢inar, Zora Stevanovi¢-Daji¢, Porde Veljovi¢, Miroslav Hadnadjev i1 Branko
Bugarski, Alginate/soy protein system for essential oil encapsulation with intestinal
delivery, CARBOHYDRATE POLYMERS, 200, 2018, pp. 15-24;
10.1016/j.carbpol.2018.07.033 (IF=6.044; 2018, ISSN: 144-8617)

2. Andrea Stefanovi¢, Jelena Jovanovi¢, Marina DojCinovi¢, Steva Levi¢, Viktor
Nedovi¢, Branko Bugarski i Zorica Knezevi¢-Jugovié, Effect of the Controlled High-
Intensity Ultrasound on Improving Functionality and Structural Changes of Egg White
Proteins, FOOD AND BIOPROCESS TECHNOLOGY, 10, 7, 2017, pp. 1224-1239;
10.1007/s11947-017-1884-5 (IF=2.998; 2017, ISSN: 1935-5130)

3. benmmuak-l{ButanoBuh A., CrojanoBuh P., Manojnosuh B., Komec /I., Jypanosuh
HMuuapuh U., Hegosuh B., byrapcku Bb.: Encapsulation of polyphenolic antioxidants
from medicinal plant extracts in alginate-chitosan system enhanced with ascorbic acid
by electrostatic extrusion, Food Research International 44, 4, 2011, 1094-1101.
(IF=3,535; 2013, ISSN: 0963-9969)

4. Ivana Paji¢-Lijakovi¢, Steva Levi¢, Miroslav Hadnadev, Zora Stevanovi¢-Dajié,
Radenko Radosevi¢, Viktor Nedovi¢ i Branko Bugarski, Structural changes of Ca-
alginate beads caused by immobilized yeast cell growth, BIOCHEMICAL
ENGINEERING JOURNAL, 103, 2015, pp. 32-38 (IF= 2.463; 2015, ISSN:1369-
703X)

5. Steva Levi¢, Verica Pordevi¢, Nevenka Raji¢, Milan Milivojevi¢, Branko Bugarski i
Viktor Nedovi¢, Entrapment of ethyl vanillin in calcium alginate and calcium
alginate/poly(vinyl alcohol) beads, CHEMICAL PAPERS-CHEMICKE ZVESTI, 67,
2, 2013, pp. 221-228 (IF=1.193; 2013, ISSN: 0366-6352)

Jaokpyxutu oarosapajvhy omumjy (A, b, B wumm IN):

A) V ciydajy MeHTOpCTBa AHMCEpTalje Ha JOKTOPCKUM CTyAMjamMa y TpyHaluju
TEXHUYKOTEXHOJIOUIKUX, MPUPOJHO-MATEMATUYKUX W MEIUIMHCKUX HayKa MEHTOp
Tpeba na uma HajMame Tpu pana ca SCI, SSCI, AHCI wim SCle nucre, kao u Math-
Net.Ru nucre.



b) V cnyuajy MeHTOpCTBa nucepTalyje Ha JOKTOPCKMM CTy[ujamMa y TpyNanuju
JIPYIITBEHO-XYMaHUCTHYKUX HayKa MEHTOp Tpeba Ja mMma HajMame TpH pajga ca
pelieBaHTHE IIMCTe HaydyHHx udacomuca (PermeBaHTHa nuCTa HaydyHUX dYacoluca
obyxsara SCI, SSCI, AHCI u SCle nucre, kao u ERIH nucry, nucty yacomnuca xoje je
MuHHCTapCTBO 332 HayKy KiIacHu(pUKOBaIO ka0 M24 u mopaTHy JUCTYy dacomuca Kojy
he, Ha mpemior yHuBep3uTeTa, JOHETH HalMoHalIHM caBeT 3a BUCOKO 0Opa3zoBame.
[ToceGHO ce BpenHyjy U MoHOrpaduje Koje MUHHCTapCTBO HayKe KiacupuKyje Kao
MIl11, M12, M13, M14, M41 u M51.)

B) V cnywajy u3page OOKTOpCKe nucepTalnuje NpemMa paHUujuM MpomucuMa 3a
KaHJHaTe KOjU Cy CTEKJIM aKaJeMCKM Ha3MB MarucTpa Hayka MEHTOp TpeOa 1a uma
net pagosa (pedepeHun) koje ra, mo orenu Beha HayuyHux obnactu, KBaIMpUKY]jy 3a
MEHTOpa OJTHOCHE AHUCEepTanuje.

I') V cnydajy ma y yxoj Hay4HO] 00OJlacTH Hema KBaTu(UKOBAHWUX HACTABHHKA,
MIPUIIOKUTH OUTYKY Beha mokTopckux cTynuja o IMEHOBamy peIoBHOT mpodecopa 3a
MEHTOpA.

JNEKAH ®AKVIITETA

Harym: 16.12.2020. M.IL

[Tpod. np IMetap YckokoBuh



Jlonarak y3 obpa3zair 1.

oAl O MEHTOPY

3a kauauaaTa Mapka (Musiopan) JonoBuha, Turul. HHX. TEXHOJIOTH]E

Nme n npesume mentopa: 3opuna Kuexesuh-Jyrosuh

3Bame:

penoBHu mpodecop TexHONOMKO-METaTypIIKOr (aKynrera, YHUBEP3UTET Y

beorpany

Criucak pajsioBa Koju KBaTH(PHKY]y MEHTOpa 32 Bol)emhe JOKTOpCKE AUCepTalyje:

Milasinovi¢, N., KneZevi¢-Jugovié, Z., Jakovljevic, 7., Filipovi¢, J., Kalagasidis
Krusi¢, M. Synthesis of n-amyl isobutyrate catalyzed by Candida rugosa lipase
immobilized into poly(N-isopropylacrylamide-co-itaconic acid) hydrogels (2012)
Chemical Engineering Journal, 181-182, 614-623. IF(2013) 4,058; ISSN: 1385-8947.

Jakoveti¢ Tanaskovi¢, S., Joki¢, B., Grbav¢i¢, S., Drvenica, I., Prlainovié¢, N.,
Lukovi¢, N., Knezevié-Jugovié, Z. Immobilization of Candida antarctica lipase B on
kaolin and its application in synthesis of lipophilic antioxidants (2017) Applied Clay
Science, 135, 103-111. 1F(2017) 3,641; ISSN: 0169-1317.

Radovanovi¢, M., Jugovi¢, B., Gvozdenovi¢, M., Joki¢, B., Grgur, B., Bugarski, B.,
Knezevi¢-Jugovié, Z. Immobilization of a-amylase via adsorption on magnetic
particles coated with polyaniline (2016) Starch/Staerke, 68 (5-6), 427-435. 1F(2017)
2,173; ISSN: 0038-9056.

éekuljica, N.Z., Prlainovié, N.Z., Jovanovi¢, J.R., Stefanovi¢, A.B., Djoki¢, V.R.,
Mijin, D.Z., KneZevié-Jugovié, Z.D. Immobilization of horseradish peroxidase onto
kaolin (2016) Bioprocess and Biosystems Engineering, 39 (3), 461-472. IF(2015)
1,901; ISSN: 1615-7591.

Sekuljica, N.Z., Jovanovié, J.R., Jakoveti¢ Tanaskovié, S.M., Ognjanovié, N.D.,
Gazikalovi¢, 1.V., KneZevi¢-Jugovié, Z.D., Mijin, D.Z. Immobilization of horseradish
peroxidase onto Purolite® A109 and its anthraquinone dye biodegradation and
detoxification potential (2020) Biotechnology Progress, 36(4), art. no. e2991.
IF(2019) 2,334; ISSN: 8756-7938

Jaokpyxutu oarosapajvhy omumjy (A, b, B wumm IN):

A) YV cnydajy MEHTOpCTBa JAMCEpTalfje Ha JAOKTOPCKUM CTyAWjamMa y Tpylanuju
TEXHUYKOTEXHOJIOIIKUX, MPUPOJHO-MATEMAaTUYKUX M MEIUIMHCKUX HayKa MEHTOpP
Tpeba na uma HajMame Tpu pana ca SCI, SSCI, AHCI wim SCle nucre, kao u Math-
Net.Ru nucre.



b) V cnyuajy MeHTOpCTBa nucepraidje Ha JOKTOPCKHUM CTyAWjamMa y Tpymaiuju
JIPYIITBEHO-XYMaHUCTHYKUX HayKa MEHTOp Tpeba Ja mMma HajMamke TpH paja ca
pelieBaHTHE IIMCTe HaydyHHx udacomuca (PermeBaHTHa nMCTa HaydyHUX dYacoluca
obyxsara SCI, SSCI, AHCI u SCle nucre, kao u ERIH nucry, nucty yacomnuca xoje je
MuHUCTapCTBO 32 HayKy Kiacu(pukoBaao kao M24 u AoAaTHY JIMCTY Yacomuca Kojy
he, Ha mpemIor yHuBep3uTeTa, MOHETH HalmoHaHM caBeT 3a BHCOKO 00pa3oBame.
[ToceGHO ce BpenHyjy U MoHOrpaduje Koje MUHHCTapCTBO HayKe KiacupuKyje Kao
M11, M12, M13, M14, M41 u M51.)

B) V cnywajy u3page OOKTOpCKe naucepTalnuje NpemMa paHUujuM MponucuMa 3a
KaHJH1aTe KOjU Cy CTEKJIM aKaJeMCKM Ha3MB MarucTpa Hayka MEHTOp TpeOa 1a uma
net pagosa (pedepeHun) koje ra, mo orenu Beha Hayuynux obnactu, KBaIMpUKY]y 3a
MEHTOpa OJJHOCHE AUCEpTaLyje.

I') V cnydajy ma y yxoj Hay4HO] 0OJacTH Hema KBaTu(UKOBAHWUX HACTaBHHKA,
MPUIIOKUTH OUTYKY Beha mokTopckux cTynuja o IMEHOBamy peIoBHOT mpodecopa 3a
MEHTOpA.

JEKAH ®AKVIITETA

Harym: 16.12.2020. M.IL

[Ipod. np [erap YckokoBuh



JII
Ha ocnoBy . 40. craB 3. 3akoHa 0 BUCOKOM oOpa3zoBamy, ui. 112. ctaB 3. Craryra YHuBep3uTeTa y
Beorpany, un. 88. cras 3. Craryra TM®-a u un. 31. u 32. [IpaBuiiHuka o JOKTOpCKUM cTyaujama TMd-a
Ha cenuunm HacraBHo-HayuHor Beha Texnomomko-meranypmikor dakynrera on 24.12.2020. roaumne,
JIOHETA je

ONIYKA
o npuxBarawy Pedepara Komucuje 3a orieHy mogoOHOCTH TeME M KaHIUAaTa
3a U3paay JOKTOPCKE AUCEPTAIIH]e

[Tpuxsata ce Pepepar Komucuje 3a orieHy mogoOHOCTH TeMe U KaHAMUIaTa U 000paBa u3paja JOKTOPCKE

nucepranuje Mapka JonoBuha, 6poj unnexca 4007/2013, nox nasusom: ,,iMoGuIncane mporease
H IepoKcHAa3e HAa MHUKPOHCKMM M CyOMHMKPOHCKMM XHJpOre]l 4YecTHIAaMa aJIrHHATa Kao
OMOKATAJM3ATOPH 32 XMAPOJIM3Y NMpPoTeHMHAa M 00e300jaBame AaHTPAXMHOHCKHMX 00ja U3 OTHAJXHHMX
BOJA".

Omnyky o JaBamy CarJIaCHOCTH Ha MPEAJor TeMe JIOKTOPCKE TucepTalrje JOHOCH YHHBEP3HTET Yy
beorpany.

3a mentope ce oxapehyjy np bpanko byrapcku, pemoBHu mnpodecop TexHOIOUIKO-METaTypIIKOT
daxynrera, YHuBepsutera y beorpany u np 3opuna KuexeBuh-Jyrosuh, pemoBHu mpodecop

TexHomomko-MeTamypmkor ¢akyiaTeTa, Y HuBep3urtera y beorpany.

Onnyky nocraButh: YHuUBep3utery y beorpamy, kanammary, meHtopuma, CmyxOu 3a HacTaBHO
CTYJIEHTCKE TI0CJIOBE U apxuBu Dakyinrera.

TEKAH

[Ipod. np Ierap YckokoBuh



YHUBEP3UTET Y BEOI'PALY
TexHoJ0MKO-MeTATYPIIKH PAKYJITET

HACTABHO-HAYYHOM BERhY

IMpeamer: [Momo6HOCT Teme u kanauaata Mapka (Musiopan) JonoBuha, 1umnii. HHK.
TeXHOJIOTHje 3a U3paly TOKTOPCKE ArcepTalje

Omnykom HacraBHo-HayuHor Beha TexHomoImko-MeTanypukor gakynrera 6p.35/311
on 05.11.2020. ronune, ©MeHOBaHU cMO 3a wiaHoBe Komucuje 3a oueHy mogo0HOCTH TeMe U
kanauaara Mapka (Munopan) JonoBuha, TMIUI. HHAK. TEXHOJIOTHje 32 U3Paay JOKTOPCKE
AMCcepTanyje U HaydHe 3aCHOBAHOCTH TEME 10T HA3HBOM:

,,AIMOOMW/IMCaHe MpoTea3e U NMEPOKCHAA3e HA MUKPOHCKMM U CYOMUKPOHCKUM XUAPOreJ
YecTHIIAMA AJITMHATA Ka0 OMOKATAJM3AaTOPH 32 XUAPOJIU3Y NPOTenHA U 00e300jaBame
AHTPAXMHOHCKHUX 00ja U3 OTHAAHUX BoAA“

Ha ocHoBy Marepujanma mpuioxkeHor y3 3axTeB KaHaupara, Komwmcwja mOmHOCH
cienehu

PE®DEPAT
1. Ilopamu o KAaHAMIATY

1.1. Buorpadcku monamnu

Mapko M. JonoBuh, aurmi. uHX. TexHoJorHje, poheH je 26.06.1986. rogune y 3ajeqapy.
Y bopy je 3aBpmmo rumHasujy ,,bopa CrankoBuh’. /lummomupao je Ha TexHoIOLIKO-
MeTanypiikoM Qaxyntety y beorpany, Ha katenpu 3a OpraHcky XeMHJCKY TE€XHOJOTH]Y U
NOJMMEPHO MHKEHepcTBO. JIumnomMcku pajn no HasuBy ,,Excrpakumja yriben (1V)-oxcumom
n3 Mmatnumaka (Melissa officinalis) - kuHeTHMka mpormeca ¥ MaTeMaTHYKO MOJCIOBame’’
onopanuo je 27.09.2013.
JIOKTOpCKE CTynuje - CTYOUJCKH TIporpaMm: XeMH]CKO HWHXXEHEPCTBO VIHCAo je Ha
TexHomnomxko-meranypmkom (akynrery, YHusep3uter y beorpany mkoncke 2013/2014
ronunae. Ha mokTopckum cTynujama ce 6aBu MMOOUIIMCAHUM €H3MMa M FlhUXOBUM YIIOTPEOOM
y UHAYCTPHjH, MEIUIMHH U KO3MeTHIHM. Mcnute npeasBuheHe IUIaHOM M TPOTpaMoM
JIOKTOPCKUX CTYyIH]ja MOJOXKHO j€ ca MPOCECYHUM OIleHOM 9,67 u onOpaHNO 3aBPIITHU UCIUT
10JT Ha3UBOM ,,VIMOOMIIM3a1Kja MPOTEOTUTUYKUX €H3UMa Ha pa3InuuTe Hocaye .

1.2. CreyeHO HAYYHO-UCTPAKUBAUKO UCKYCTBO




On 01.11.2013. 3amocnen je y llenTtpy 3a enexktpoxemujy, MHcTuTyTa 3a Xemwujy,
TEXHOJIOTH]Y U METalyprujy YHuBep3utTeTa y beorpany, kao UCTpakuBay NMPUIPABHUK, a O]
02.02.2015. xao ucTpakwBad capaJHUK. Y TMPOTEKIOM Iepuoay OWO je aHra)xoBaH Ha
nmpojekty MuHnucTtapcTBa mpocBeTe W Hayke Pemybmuke CpoOuje: TP-37001 ,,YTumaj
pynapckor otnaaa u3 PTh-a bop Ha 3araheme BoioToKa ca mpeyioroMm Mepa 1 MmocTymnaka 3a
CMameHke IITETHUX yTHIAja Ha JKUBOTHY cpeauny, mnepuox 2011-2019, uymju je
pykoBoamian 6uo Jp. Mune byrapus.

Cnucak npeaMeTa IOJOXCHUX Ha JOKTOPCKHUM CTVI[I/Ii amMa

IMpeamer ECIIb Onena
1. OnaGpana moriaBjba MATEMAaTUIKE aHAIIN3E 5 10
2. Ananoryje eHomeHa npeHoca 5 8
3. CnenyjanHa morjaBJba MpeHoca Mace 4 9
4. Bumm Kypc TepMOJMHAMUKE 5 10
5. buomaca kao u3BOp eHepruje 4 10
6. XeMHjcKa KHHETHKA 5 9
7. OnabpaHa moriaBjba XeMHje MPUPOJTHUX OPTAHCKUX jEeIHEHCHHA 4 10
8. Xemuja (pU3HONOMIKY AKTUBHUX jEIUHCHHA 5) 10
9. AHamm3a paxa U TPOjeKTOBamE BHUIICHA3ZHUX XEMHU]JCKUX

peakTopa > 10
10. Xereporena katanusa 4 10
11. Exrnecku je3uk / 10
12. buoxemujcka KHHETHUKA 5 10
13. 3aBpuiHu HCuUT 30 10
36up ECIIb noena — 81 IIpoceuna ouena 9,67

Coucak 00jaBJEEHUX HAVYHHUX PA0BA U CAOIIITEHA

M22 — Pan y mel)yHapoTHOM 4acOIHCY
1. M. Zuza, N. Milaginovié, M. Jonovi¢, J. Jovanovi¢, M. Kalagasidis Krusi¢, B.
Bugarski, Z. Knezevi¢-Jugovi¢, Design and characterization of alcalase—chitosan
conjugates as potential biocatalysts, Bioprocess and Biosystems Engineering, 40 (11),
2017, 1713 -1723, ISSN: 1615-7591 (Print); 1F(2017) 2,139; 59/137 Engineering,
Chemical.

M24 — Pan y waconucy mel)yHapoaHor 3Ha4aja Bepu(pUKOBaHOT TOCEOHOM OJTYKOM

1. Lj. Avramovi¢, M. Bugarin, Z. Stefanovi¢, L. Obradovi¢, M. Jonovié, R. Jonovi¢, R.
Markovi¢, Uticaj rudni¢kog otpada iz RTB Bor na okolne vodotokove, Zastita
materijala 54, 2013, UDC:628.16:622



M33 -

M34 -

R. Jonovi¢, Lj. Avramovi¢, M. Bugarin, R. Markovi¢, Z. Stefanovi¢, M. Jonovi¢,
Proces luzenja bakra iz rudarskog otpada sa otpadnim vodama, Zastita materijala 54,
2013, UDC:669.35:622.722.002.84

Lj. Avramovié, Z. Stefanovi¢, M. Bugarin R. Jonovi¢, R. Markovi¢ , V. Gredi¢, M.
Jonovié, J. Dordevi¢, Characterization of soil in the coastal area of the Bor River,
Zastita Materijala, Volume 57, 2016, 378 — 382, UDC:631.421/.425(497.11)

Caomnmreme ca Mel)yHapoJHOT CKyIa MITaMIIaHO y HEINHU

. L. Avramovi¢, R. Jonovi¢, M. Bugarin, R. Markovi¢, J. Stevanovi¢, M. Jonovi¢,

Leaching of flotatioan tailings 18" International Research/Expert Conference “Trends
in the Development of Machinery and Associated Technology” TMT 2014, Budapest,
Hungary, 2014, 10-12.

. R. Jonovi¢, Lj. Avramovi¢, M. Bugarin, Z. Stefanovi¢, M. Jonovi¢, The methods of

oxidation of sulphide form of copper from flotation tailings, 18" International
Research/Expert Conference “Trends in the Development of Machinery and
Associated Technology” TMT 2014, Budapest, Hungary, 2014, 10-12.

R. Jonovi¢, Z. Sefanovi¢, M. Jonovié, Lj. Avramovi¢, R. Kovacevi¢, J. Petrovic, J.
bordevi¢, The Influence of Polluted Environmental of the Bor Region on the Quality
of Plants, 47th international October Conference of Mining and Metallurgy, Bor Lake,
Bor, Serbia, 2015, 455-458.

Lj. Avramovi¢, R. Jonovi¢, M. Bugarin, J. Stevanovi¢, V. Gardi¢, R. Markovi¢, M.,
Jonovié, Phisico-Chemical Caracterization of Soil Contaminated by Mining Waste in
The Valley of The Bor River, The 47" International October Conference on Mining
and Metallurgy, Bor Lake, Bor, Serbia, 2015, 449-454.

M. Pantovi¢, Z. Stevi¢, M. Raj¢i¢-Vujasinovi¢, D. Anti¢, M. Kosevi¢, G. Sekularac,
M. Jonovi¢, Computer System for Electrochemical Investigations of Materials, The
47™ International October Conference on Mining and Metallurgy, Bor Lake, Bor,
Serbia, 2015, 523-528.

M. Jomovi¢, M. Zuza, V. DPordevic, M.  Milivojevi¢, B.
Bugarski, Z. Knezevi¢-Jugovi¢: ,,Hydrolysis of the egg white and soy
proteins by the alcalase-alginate-EE biocatalysts”, In: J. Markos, M.
Mihal (Ed.): Proceedings of the 46th International Conference of Slovak
Society of Chemical Engineering, Tatranské Matliare, Slovakia, 20-23. May
2019, Proceedings p.51-1-51-9. ISBN: 978-80-8208-011-0, EAN: 9788082080110

M. Zuza, N. Milaginovié, M. Jonovi¢, M. Kalagasidis
Krusi¢, Z. KneZevi¢-Jugovié, ,Immobilization of the alcalase onto
chitosan/TPP beads obtained by inverse emulsion technique”, u: J. Markos,
M. Mihal (Ed.): Proceedings of the 46th International Conference of Slovak
Society of Chemical Engineering, Tatranské Matliare, Slovakia, 20-23. May
2019, Proceedings p.52-1-51-7. ISBN: 978-80-8208-011-0, EAN: 9788082080110

Lj. Avramovi¢, R. Jonovi¢, V. Trifunovi¢, V. Gardi¢, S. Dimitrijevié¢, M. Jonovié, K.
Haga, ,,Treatment of flotation tailing using high pressure leaching and solvent
extraction process’’, The 51st International October Conference on Mining and
Metallurgy, October 16-19, 2019, Bor Lake, Bor, Serbia, p.175-178. ISBN 978-86-
6305-101-0

Caomniureme ca Mel)yHapoJHOT CKyTMa ITaMIaHo y U3BOY



1. M. Jonovié, M. Zuza, Z. KneZzevi¢-Jugovié, B. Bugarski, Optimization of Alcalase
Immobilization on the Alginate Beads Obtained by Electrostatic Extrusion, Biotech
2017 and 7th Czech-Swiss Symposium with Exhibition, Prague, June 13-17, 2017,
University of Chemistry and Technology, Prague, 2017, 179-180.

M94 — [laTeHT Ha HAllMOHATTHOM HUBOY

1. M. Milivojevi¢, M. ZuZa, V. Bordevi¢, M. Jonovi¢, N. Lukovi¢, B. Bugarski, Z.,
KnezZevi¢-Jugovi¢, ,,Dobijanje  nanoCestica  kalcijum-algnata  ultrasoni¢nim
rasprSivanjem kao nosaca za imobilizaciju enzima’’, patentna prijava P-2018/0459,
Glasnik intelektualne svojine, broj 8/2018, 31. Avgust 2018, Zavod za intelektualnu
svojinu, Beograd, Republika Srbija.

1.3. OueHa nogoOHOCTH KAHIUAATA 33 PAJL HA MIPEUI0KEHO] TEMU

Y cBoM JocamamimeM pany kaHaupar Mapko (Mwmmopan) JoHoBuh, AWMU WHXK.
TEXHOJIOTHje, TIOCTUTa0 J€ 3HaYajHe pe3yaTare W MOKa3ao BUCOK CTENEH CaMOCTATHOCTH W
CIOCOOHOCTH 32 TUMCKM HAYYHOMCTPAXUBAuKU paj. [10y105k1o je cBe HCIUTe Ha JOKTOPCKUM
CTyJMjaMa, Kao W 3aBPIIHM HCIIUT Be3aH 3a TeMy aucepramnuje. Kao xoayrop mo cama je
YYECTBOBAO y M3paJau U 00jaBJbUBaby jeTHOT MAaTEHTa HA HAI[MOHAIHOM HUBOY M94, jenHor
paga y kareropuju M22, Tpu pana y kareropuju M24, ocam caomnmrema ca mehyHapoaHe
KOH(epeHIMje ITaMmnaHux y unenuHd M33, u jemHor caommrema ca MehyHapoaHe
KOH(]epeHuje mraMianor y u3poay M34 . Ha ocnoBy m3noxkenor, Komucuja cmarpa na je
Mapko (Mwunopaa) JoHoBuh, AMIUI. WMHXK. TEXHOJOTHje, MCIIYHHO CBE YCJOBE 3a pajJ Ha
MIPEAJIOKEHO] TEMH IOKTOPCKE JUCEPTAIIH]€.

2. IlpeaMeTr U Wb HCTPAKUBAHA

2.1. [IpenMeT UCTpaKUBaEkHa

[IpeameT ucTpakuBama je UMOOWIM3aAlMja IBA MHAYCTPH]JCKA BaKHA €H3WMa U TO
npotease u3 Bacillus licheniformis (komeprujanan Ha3uB ankanasza) u MepoKCHIa3e U3 peHa
Y HBUXO0Ba MPUMEHA y XHJIPOJIM3H MPOTEHHA U yKiIamamy 3aral)yjyhux mMarepuja Kao mro cy
¢deHonM U cuHTEeTHYKE 00je M3 OoTnaaHuX BoAa. POKyC je Ha pa3BOjy TEXHHKA 3a JOOHjame
XUAPOTeIl YeCTUIla Ha 0a3W aJrMHaTa W aJrMHAT/MarHeTUTa Kao U TEXHUKA MMOOMIIH3AIlje
eH3uMa Koje Oum omoryhuie nobujame OMOKaTanm3aTopa ca yHamnpeheHUM KaTalIuTHYKUM
cBojcTBUMa. EH3MMCKa Xuaponn3a MPOTEHHA W OKCHUIO-PEAyKIMja aHTPAaXMHOHCKHX 0o0ja
KaTaJIM30BaHe ca €H3MMUMaA U3 Pa3INUUTUX Tpymna ofadpaHe Cy Kao JBe MOJEIN peakiyje 3a
HCIIUTUBAKE KaTATUTHYKHUX CBOjCTaBa MMOOMIIMCAHUX OMOKaTanu3aTopa 300T WHIYCTPH]CKE
BaXHOCTH U aKTYEJITHOCTH.

PazBojem wumoOmmucaHux eH3MMa oMmoryheHa je MNpHMeHa eH3uMa Uy OHHM
obyacTuMa Kaja je MpuMeHa CI000HOT €H3MMa OorpaHuYeHa 300T Majie CTAOMIIHOCTH YCIe
Jerpajanyje ayToKaTalin3oM, Kao KO ImpoTeas3a y ciy4ajy XuIApoju3e NPOTEeHHA, TN yCIe
WHXUOWIIMjE CYIICTPATOM Yy BUIIKY, Ka0 KOJ MEPOKCHIAa3a 3a pasrpajmy aHTPAXUHOHCKUX
00ja y MpUCYCTBY BOJOHUK-TIEpOKcHaa. MIMOOMIN3amjoM eH3uMa MOTy ¢€ TOOUTH CTaOUITHU
OMOKaTAIM3aTOPU KOJH CE€ MOTY W3/JBOJUTH M3 PEAKIIMOHE CMEIIE MO 3aBPIIETKY PEaKIlHje
¢bunTpannjoM UIM LEHTPU(YTrOBakHEM U KOPUCTHTH BUIIE MyTa y MIAPKHUM HIH Y TOKY
Jy’)KeT BPEMEHCKOT TIepHo/ia Y KOHTUHYATHUM TIpoliecuMa. JeaaH o HajBaXHUJUX (dakTopa
uMoOuIM3alje eH3uMa je u300p W IU3ajH Hocada 3a umMoOunm3anujy, jep Qusudke u



XeMHjCKe OCOOMHE HOcauya y BEJIMKOj Mepu ofpel)yjy akTUBHOCT MMOOWIMCAHOT €H3UMa.
Hocau tpeba na mma TakaB XeMH]CKH cacTaB Jia MOKa3yje BEIMKUA aQUHUTET MpeMa CH3UMY
TaKo Jla ce OH Be3yje Mo OJaruM yCIOBHMA, HJIM (PU3UYKOM aJICOPIIIM]OM HIIU XEMHjCKUM
KOBWJICHTHHM Be3MBamkeM, Koju Hehe poBecT 10 meroe jaeHarypamuje. JlaHac je
3axBajbyjyhu MpUMEHU CaBpEeMEHUX TEXHUKa MOryhe CHHTETHCAaTH, OKapaKTepHCaTH U BPIIO
MPENU3HO MOJU(PHUKOBATH YECTHIIE HOCa4a y IHWJbY J00HMjamkba Hocada TMOOO0JbIIaHUX
nepdopMaHcu 3a UMoOWIM3auMjy eH3uMma. McTo Tako, Ha OCHOBY IO3HaBama CTPYKTYpE
€H3MMa, caapkaja U TMOJIOXkKaja OJpeheHNX XEMHjCKHX Tpyla y MOJIEKYIy, NMPEKO KOJUX Ce
KEJTM OCTBApHUTH BE3MBAamE ca HOcaueM, Moryhe je MoBpUIMHY YecTHIAa UJbAaHO XEMH]jCKH
MoAuGUKOBATH J1a OM ce €H3UM Be3a0 MPEKO CEJIEKTOBAHMUX TPyIa U TUME TOOMO aKTUBHU]U
u ctabunHuju 6nokatanuzatop. OBoj o0xactu ce y cBety Beh HekonuKko aeneHuja nocsehyje
BEJIMKA MaKikha U 00jaBJbyje BEIMKK OpOj pajoBa, KOju ce 0aBe yTHIAjeM BPCTE W BETUYMHA
YyecTUIla HOocaya Ha HMMOOWIM3alM]y €H3MMa, Ha KaTaJUTHYKy AaKTHBHOCT, CTaOWJIHOCT
OMoKaTanM3aTopa, ajli U TyMayemhEeM THIA YCIIOCTaBJhEHUX MHTEpakija u3Mel)y eH3uMa u
HOCaya.

VY oBoj mucepramnuje ucnutahe ce moryhHoct kopuimhema aqTMHATHUX YECTHIA H
MarHeTHUX 4YecTula OOJOKEHUX aJrMHATOM Kao HOocaya 3a MMOOWIM3AlMjy ajKaia3e u
nepokcuaase u3 pena. Heoprancku Hocauu MOMyT OKCHIA FBOXKha MOTY MUMATH MPETHOCTH Y
nopehemy ca apyrum martepujanuma 300T BEJIHMKE TEPMHUYKE W MEXaHWYKE OTIOPHOCTH,
CMameHE MHUKpPOOHMOJIONIKE KOHTaMMHAIMje W MAarHeTHHUX CBOjCTaBa INTO j€, HAPOUUTO,
3Ha4YajHO KOJl UMOOWIIMCAHUX CH3MMa, TJIe Ce Ka0 OCHOBHA EHUXOBA MPETHOCT Y OJHOCY Ha
HATUBHE CH3WME WCTHYE OJIaKIIaHA celapanuja U3 peakluoHE CMeENIe W BHUIIEKpaTHa
npuMeHa. Mehytum, 30or mamor Opoja (QyHKIIMOHATHMX Tpyla Ha OBUM HEOPTaHCKUM
HOCauMMa HE MOXKE C€ BE€3aTH JOBOJbHA KOJWUYHMHA €H3MMa, HUTH HArPaJUTH MOBOJHHO
MHUKPOOKPYKEHE€ 3a €H3UM, ITo OW J0Beno A0 yHampehema HeroBUX KaTaTUTHYKUX
CBOjcTaBa. 3aro ce oOJlarambeM MAarHeTHHX 4YeCTHIA JOJATHOM MPEBIAKOM Off HEKOT
OpraHckor mojiuMepa ca Behum OpojeM (QYHKIIMOHATHUX Tpyla, Kao IITO je aJrdHarT,
MOTEHIIMjaJTHO MOXKe Be3aTu Beha KoMM4MHA eH3uMa U noctuhu uBpurhe Be3uBame. AJNruHaT
j€ TPUPOJHU TOJUMEP KOJU C€ HajBUINE KOPHCTH 3a MMOOMIM3AIlM]y €H3UMa 300T HEroBe
HETOKCUYHOCTH M OJIarux ycjoBa KOjU C€ KOPUCTE MPU MMOOWIM3ALUjHU, 1A je U3Y3eTHO
MOBOJBAH 3a O0JIaramke MarHeTHHX 4YecTuia jep obe3behyje moBOJbHU]Y MUKPOOKOIMHY H
Behu 6poj GyHKIIMOHAHUX TpyTa 3a Be3UBamke CH3MMa 01 CAMUX MarHEeTHUX YECTHUIIA.

VY ciydajy mpuMeHe XHIporea 4ecTHIla 32 MMOOWIM3ALM]y €H3UMa, M3Y3e€THO CY
BAXHE HHUXOBE AN(DY3MOHE KAPAKTEPHUCTHKE, KOj€ 3aBHCE OJ BEIMYMHE YECTHIA Kao MU
BEJIMYMHE M pacmojene mnopa. BennunmHa u cepuvHOCT aNrMHATHUX YECTUIAa 3aBUCE O]
cacTaBa aJlTMHATa, MPUMEHEHE TEXHUKE U YCJIOBa 32 BUXOBO Jo0ujame. BeoMa je BakHO 1a
ce 100Mjy yecTule, HE caMO ONTHUMAaJHUX MpedyHuka, Beh u ca yHH(POPMHOM pacroaesoM
BenimurHa. Yectrie HeyHH(OPMHHMX BEMMYMHA HUCY HOTOJAHE 3a MCIHTHBAaMma Kao HU 3a
NpakTU4YHY npuMeny. IlocToju BuIe moctymnaka 3a 100Mjame aarMHATHUX YecTUIa O] BPJIO
JETHOCTABHOT TIOCTYIKAa YKamaBama CMEIe ajruHaTa ¥ OWoKaTaiM3aTopa IO YTHUIlAjeM
caMo TPaBUTALMOHUX CHJIA, 11a JIO BPJIO CJIOKEHUX MOCTYIaKa KOJ KOJUX ce Kamu (GopMHpajy
10J] YTHIAjeM IOJaTHUX BHOpAIMOHMX, HEHTPU(QYraHUX MM ENEKTPOCTATUYKHUX CHIIA.
Benuky moryhHOCT npuMeHe 3a 100ujame YeCTUlla MajTuX MPeYHUKa YHU(OPMHUX BeIHMYUHA
y UHIYCTPHU]JCKUM pa3MepaMa MMa TeXHHKa J0oOWjama YeCTHIlA MO yTUIAjeM €ICKTPUIHOT
10Jba, KOja ce y JIMTepaTypH YeCTO Ha3MBa EIEKTPOCTAaTHYKA EKCTPYy3Hja U Koja ce 3aCHHBA
Ha TIPUMEHHU €JIEKTPOCTATUYKE CHJIE Ha CYCIICH3HW]y IMOJMMeEpa W OMoKaTanm3aTopa Koja ce
10jaBJbyje Ha BpXYy HWIJVIE y BUAY Kamy, NpU YeMy JOJIa3d 10 Ilerama Kalmd Ha BUIIEe
HaeJeKTPUCAHUX CUTHUX Karmsbuiia. OBa TEXHHKA je J0CTa IMpoydeHa 3a WMOOWIM3AIU]y
pa3nuuuTUX OMokaranuzaropa. MehyruMm, y oBoj aucepraiuju ucnurahe ce 1 HOBH MOCTYIAaK



3a no0ujame aJIrMHATHUX CYOMHKPOHCKHX YECTHIIAa KOjU C€ 3aCHMBA HAa KOMOMHOBAambY
YATPACOHUYHOT DPACHPIINBaha, CyIICHha TOIUIMM Ba3AyXOM W TelHWpama Yy KOJOHH ca
OKBAIlICHUM 3u10BUMa. Hanme, anrunatHe yectuiie he ce 1o0HjaTH METOOM YITPACOHUIHOT
pacnpivBama pacTBOpa ajlrMHAaTa MpU YeMy Ba3AyX KOjU HOCH pacIpIIeHE aepoCOHE
YecTHUIle MOJIMMEpa y 3aBUCHOCTH OJ TeMIleparype M He3acuheHocTH, y Mamoj uiau Behoj
MepH BpIIM HCIapaBamke BOJEC M3 BHUX M HAa Taj HAYMH UM CMamyje BEIMYHHY, a TaKo
N00MjeHe HAaHOYECTHIIE 3aTHUM I'elIUpajy Y KOJIOHU ca OKBAIIeHUM 3u10BUMa. OBako no0HjeHe
HaHOYECTHIIE UcnTuTahe ce Kao Hoca4yM 3a UMOOMIIM3AIIN]y aJIkaia3e U IEPOKCUIa3e U3 peHa u
BUXOBAa KaTaJMTHYKa CBOjCTBa he ce YNOpeIuTH ca HMOOMIIMCAaHUM CHCTEMHMa ca
gyecTrllaMa JOOMjeHUM eNIEKTPOCTATHIKOM EKCTPY3H]OM.

EH3uMcka XHaposM3a MPOTEHHA Pa3IMYUTOr TOpPEKJa TOMYT COjUHHX MPOTEHHA,
nporenHa OelaHiera, ma A0 OTMaJHUX MPOTEUHCKUX CHPOBUHA j& OJf U3Y3€THOT 3Hayaja jep
uMa HeorpaHmdeHe MoryhHOCTH yBehama BpEIHOCTH CIIOPEAHUX M OTIAIHHUX IPOHM3BOJA.
[TaprujaiHOM M KOHTPOJIMCAHOM €H3MMCKOM XHJIPOJIM30M NPOTEHMHA MOTY C€ OCIO00IUTH
OMOAKTUBHU JH-, TPU- W OJUTOIECNTUIN KOJU WMajy aHTHUOKCHIATHBHY, aHTUMHUKPOOHY H
AHTUTYMOPCKY aKTHBHOCT 300T' uera ce J00MjeHU XHUIPOJIM3aTH MOTY KOPUCTHTU Kao HOBU
OMOAKTUBHM CYIJIEMEHTH (GYHKIHMOHATHO] XpaHW. MHAycTpujcka ankajgHa MpoTeasa ce
HajBUIIE KOPUCTH Kao Karajiu3arop y OBHMM I[IpOIleCMMa jep HMa BeOMa IIMPOKY
crnenuUIHOCT TpeMa CYNCTpaThUMa, OJHOCHO, KaTalHM3yje pacKuIame BEIMKOT Opoja
NeNTUIHUX Be€3a YHyTap MOJIEKyJla MpOTeMHa M cTabuiHuja je y mopehemy ca apyrum
nporeazama. AxtuBHa je npu pH 6,5-8,5, Ha Temneparypu usmehy 45 u 60 °C, makcumasina
aKTUBHOCT TOCTHKE Ce Ha Temreparypu o1 oko 60 °C, mocie Koje akTHBHOCT HArjo omnaja.
Ankanmaza je eHJ0-TIpoTea3a CEPUHCKOT THMa J00WjeHa CcyOMep3HOM (epMEHTAI]OM
onpehenor coja Oakrepuje Bacillus licheniformis. I'maBna eH3uMcKa KOMIIOHEHTa je
cepuHcka mporeasa Subtilisin Carlsberg (amkamma mporeasa A), koja je jeaHa on
HajTeMEJbHUjE OKapaKTepHCcaHuX OakTepujcKUX mporeasa. Mehyrum, nocroje OpojHH
M3a30BM KOJ pa3Boja HMHIYCTPUJCKOT EH3UMCKOT TIpereca 3a XHUIPOJIU3y OTHaIHUX
NPOTEMHCKUX CHPOBHMHA, @ OHMU Cy YIJIABHOM TIOCJIEIHIIA Maje CTa0MJIHOCTH €H3uMa y
MIPUCYCTBY BEJIHMKOT Opoja MHXMOWTOpAa W HEMOTYNHOCTH HW30Jallije W MOHOBHE yHoTpede
eH3uMa. EH3uMM cy H3y3€THO OCETJbUBU Ha €KCTpEMHE yclioBe PH, TeMmneparype, NprcycTBO
XeMHuKaMja 300r 4era ce KOPHCTE CaMO JeJHOM Yy IMap>)KHOM TIPOIeCy M HE MOTY ce
PELMKIIMPATH, IITO 3HAYajHO OrpaHHyYaBa BUXOBY yrnoTpedy. OBa orpaHndema v npoodIemMu
MOTY c€ TpeBazuhy HUXOBOM MMOOMIIM3AIMjOM Ha pas3IMuuTe HOcadye 4YUME ce J00ujajy
CTa0WIIHUJU €H3MMH, CIIpeyaBa HUXOBAa MHAKTHBAILMja U CMamyje OCETJHMBOCT Ha JI€jCTBO
XEeMHUKaJija, T0ceOHO MHXUOUTOpA.

Melhytum, pa3Boj eduracHOT, CTAaOWUIHOT, JTOBOJFHO EKOHOMHUYHOT HMMOOHIMCAHOT
CHCTEMa Ca aJlkaJla30M KOju MMa BEIUKU KamanuTeT ontepehema U 3a/ipkaHy aKTHBHOCT, U
KOJH j€ TIOTO/IaH 3a ynoTpeOy y AYyropOYHOM KOHTHHYAJTHOM IIPOIIECY, JOII YBEK UMa MHOTO
HEpEIICHUX NMHUTamka. Y OKBUPY JUCEpTalllje IIAHUPAHO j€ TMPEeBa3UIaKemhe OBUX MpobdiiemMa
pa3BojeM HOBHUX MAarHETUT/aJTHHATHUX CYOMHUKPOHCKMX 4YeCTHIIa Kao HOBOT Hocaua
ajlakanaze, Kao M OJAroBapajyhe TexXHWKEe HMOOWIM3AIMje W TMpoleca 3a XHUAPOIU3Y
WHIYCTPUJCKUX TPOTEHHCKHX cyrcrpara. [loceOnnm Hamopu he ce ynoXuTH y pasBoj
HETOKCHUYHUX, MEXaHUYKH M TEPMHUUKH CTA0MIIHUX HOCA4a KOJU UMAjy JOBOJbHY MOBPIIMHY U
KOHIICHTpalnjy GYHKIIMOHATHUX Tpyma aa Ou ce W30eriu HoJaTHU KOpAIllM aKTHUBAlUje MPHU
KOBQJIEHTHO] MMOOWIM3aLMjU, U KOjU J03BOJbaBajy YHOTpeOy HETOKCHUYHHUX jeIUEbCHA 3a
yMpeKaBame €H3MMa, a Takohe Cy OTIMOpHHM Ha MHKpPOOHY KoHTamuHanujy. OOnarame
MarHeTHHUX YECTHIIA AITMHATOM ToBehaBa HUXOBY CTAOMIHOCT M CIpeyaBa arjioMepaiHjy,
anu 1 oMoryhaBa XeMHJCKO BE3MBame €H3MMa 3a (PyHKIIMOHAIHE (KapOOKCHIIHE) Tpyle Ha
noBpmuHU 4dectuna. [lopen Tora, mMpemIHOCT OBUX CHUCTEMA Cy OJAKIIaHE MaHUITyJaIuje



6HOKaTaJII/ISaTOpOM IMPUMCHOM CIIOJbAIIIbEI' MAHCTHOI' I1OJba IIOIMYT MCIIamka W JIAKIICT
W3/IBajarba U3 PEaKIMOHOT MeIrjyMa 06€3 MEXaHWYKOT CTpeca KOMe Ce U3JIaKy NMOOMITHCaH!
€H3MMH TOKOM IeHTpUuyrupama u GuiITpupama.

Jpyru eH3uMcKu cucteM Koju he OUTH UCIUTaH y OKBUPY JOKTOPCKE JUCEpTaIHje je
MEPOKCHUIa3a U3 peHa MMOOWIMCAaHAa HA MAarHETUT/AJITMHAT YeCTHUIlaMa U HhCHA TPUMEHA y
YKJIamkamky CHHTETCKUX 00ja U3 OTMAJHUX BOJA Pa3IMYUTUX rpaHa uHAycTpuje. Ilepokcuaaze
(EC 1.11.1.X) cy Benwka rpyma €H3MMa KOJH KOPHUCTE pa3IHYUTEe ICPOKCHIE Kao
SJIEKTPOHCKE aKIIENITOpe y KaTalu3u OpojHUX peakuuja okcupanuje. [lo canma je yrBpheno
npeko 30 pa3nuMuuTHX €H3WMa KOju TpHmaaajy oBoj rpynu. Kao moaen eH3uM m3abpaHa je
nepokcunaza u3 kopera pexa (EC 1.11.1.7) 3axBasbyjyhu cB0jOj crienu(pUYHOCTH, JAKOj
JOCTYITHOCTH ¥ Pa3BHjEHUM TOCTYIIMMA U30JI0Bamkha, MpeurinhaBama U Ipon3Boamke. Kopen
peHa caipXu BEJUKH Opoj H30€H3UMa, ajdi Haj3acTyIUbeHUJU W HajBehu 3Hauaj uma
n3zoer3uM 1. Tlepokcumasa U3 peHa je MOHOMEpPHU TIIMKONPOTEUH, CaapKU XeM Ko]akTop
KOjU TpeJCTaB/ba HEH aKTUBHHU LIEHTAp U JIBa aroMa KajllMjyma KOju Cy joj moTpeOHH 3a
akTUBHOCT. OKCH/Iyj€ BEJIUKH CIEKTap jeAumbema (PeHoIn, MHAO0, aMUHH, CyJI(oHAT U JIp.)
y MpPHUCYCTBY BOJOHHUK-TIEPOKCHJIA MJIHM HEKOT JApyror mnepokcuaa. OBaj €H3UM CaapKu
OCTaTKe aMUHOKHCEIMHA Y TUCTATHOM M MPOKCHUMATHOM PETHOHY KOjU CY OJ €CCHIIN]jaTHOT
3Ha4aja 3a KataduTUuky QyHKuujy. Ilepokcruaasa u3 peHa mokaszana ce Kao M3BaHpPEAAaH U
MIPUMEHJBUB OMOKATAIM3aTOp 3a YKJIamamke CHHTETHYKUX O00ja W, INTO j€ HajBaKHH]E,
Pa3NUYUTHX Kiaca CHHTETUYKUX 00ja, 3axBajbyjyhu CB0jOj JaKoj TOCTYIMHOCTH, HUCKO] LIEHU
U CIOCOOHOCTH Ja KaTalu3yje pa3rpaamy 3arauBaya Ha CEJIeKTUBAaH Ha4yWH, ca
MUHUMATHAM 00pa30BameM CHOPEIHUX MPOU3BOAA U 0e3 yrnoTpede TOKCHYHUX MaTepHjala.
[ToBehameM caaprkaja yribeHOXUAPATHUX KOMIIOHEHATa y MOJICKYIY, IEPOKCH/Ia3a MOCTaje
TEPMOCTA0MIIHUja, ajli jOIl YBEK HEIOBOJHHO Ja OM ocTana cTabWiIHA y YCIOBHMa BUCOKE
KOHIICHTpAIlMjeé TOKCHYHUX MaTepHja W BOJOHHUK-TIEPOKCHJA, INTO je TOTPEOHO 3a HEHY
PUMEHY y UHAYCTPHjCKUM YCIIOBHMA.

[{nsp oBe mucepranmje je na ce n00uje aKTUBaH OMOKATaM3aTOPCKH CHCTEM ca
noBehaHOM TEPMUYKOM M OINEPATUBHOM CTAOMIIHOCTH, ILITO je BEOMa OMTHO 3a MPAKTUYHY
MIPUMEHY, HapOYHUTO TPH Y3aCTOIMHOM HM3BOhEHY pasrpajme CUHTETCKUX 00ja y IIap)KHOM
peaKkTopy, WM MpU KOHTHHYAJTHOM HU3BOhemY peakiyje y MIpoTOYHUM peakTopuma. la Ou ce
00e30enniio JIako 3ayCTaBJhbamkb€ PEAKIMje W HW3/Bajalbeé HWMOOWIIMCAHOT €H3MMa U3
PEaKIMOHOT MeaWjyMa, OJ HapOYMTOr 3Hayaja Cy YEeCTUIE MAarHeTHHUX CBOjCTaBa Koje
omoryhaBajy oJlaKkIllaHy MaHHIYJaIjy OMOKaTaau3aTOpOM M HW3/Bajalbeé U3 PEAKIIMOHOT
cucTeMa JIejCTBOM CIIOJbALIEbel MAarHeTHOr TMoJjka. Mehytum, y TOKy mnpumeHe
OmokaTanu3aTopa Moke JohHW 10 HEXKEJbEHHX TYOMTaKka aKTUBHOCTH €H3MMa YCIIE]l CIIUpamha
€H3MMa ca Hocaya WM JIeHaTypaluje eH3uMa TOIUIOTOM HIIM TO0J] YTHIIajeéM MHKPOOKOJIHMHE
HOcava. ¥ TOM CMHUCITY MOTPEOHO je HCTIMTATH YTHUIIA] BEIMUYUHE YecTula, Mopdoioruje, 3eta
MOTEHIIH]jajla, MarHETHUX CBOjCTaBa, JIeOJbMHE aJlTMHATHE MPEBIIAKE, IITO CE MOXKE MEHATH Y
IIIUPOKOM pAacIiOHy MPOMEHOM TapameTapa U HauWHa CUHTE3€, Ha aKTUBHOCT M CTAaOMITHOCT
MMOOWIIMCaHe TEepOKCcHaa3e. Y OKBHPY paja IUIAHHPAHO je Ja ce yIopele KaTalIuTHYKa
CBOjCTBAa UMOOHMIIMCAHE MEPOKCHIa3¢ Ha MAarHCTHUT/aITHHATHUM YeCTHIIaMa JOOHjCHUM ITOJ
Pa3NUYUTUM YCIOBUMA U MPUMEHOM Pa3IMYUTUX TEXHUKAa UMOOHIIN3AIje U TO: afCOpIILHje,
XEMHjCKOT BE3WBamkba M yMETamka CH3MMa y XHIPOTeJ YeCTHIIC ca acleKTa NMPHUMEHE Yy
YKJIamkamky CHHTETHUKHX O0oja. Mcro Tako, ontumm3oBahe ce mporec o06e300jaBamba
AHTPAXUHOHCKUX 00ja MMOOMIMCAHOM IEPOKCHIa30M Ha MarHeTUT/aJTMHAT YeCTHI[aMa
IOOUjEeHHM €JICKTPOCTATHYKOM EKCTPY3HjOM U YITPACOHHYHHM pacrhpimBameM (ucmurahe
ce YTUIajJu BpPEMEHA WMOOWIM3alMje, OJHOCAa €H3MMa M Hocaya, KOHIIEHTpPAIHje
akTHUBUpajyher areHca Ha Macy BE3aHOI €H3MMa M CHEIU(PUYHY aKTHUBHOCT JOOH)EHOT
OuoKaTamu3aToOpPa).



2.2. Hayuysy 1iMjpeBU JOKTOPCKE JIHUCEPTALIN]E

[{nsp oBOT HICTpaXKKBama je 1a ce 100ujy epuKacHu OMOKaTaIN3aTOPH 3a XUIPOJIU3Y COJUHUX
MPOTEeHHA Kao W 3a MpedrinhaBamke OTMAIHUX BOAA W3 TEKCTHIIHE MHIYCTPHjE, ca acmeKkTa
aKTUBHOCTH OWOKaTaau3aTopa, TEpPMHUYKE M OINEpaTHBHE CTAaOMIHOCTH. Y CKJIAay ca
IIPEAMETOM JIMCepTaIi]e HAYYHH [IUJBEBU CY clienehu:

1)
2)

3)

4)

5)

6)

7)

8)

9)

yTBphUBame CTPYKTYPHUX, MOP(OJIOUIKMX U MArHETHUX CBOjCTaBAa MarHETUT/AITHHAT
YyecTulla JOOMjeHUX MPUMEHOM Pa3InYUTHUX TEXHUKA U Pa3IMYUTHUX YCIIOBa,

ONTHUMU3AIM]a YJIOBAa MMOOWIIM3AIMje allkaja3e ¥ TEpOKCHaa3e aACOpIIMjoM Ha
MarHeTHUM YeCTUI[aMa U MarHETHUM YeCTHIIaMa O0OJIOKEHUM aJITHHATOM;

yIBphUBame yTHUIlaja BETHMUMHE, MOP(OJIOTHje, XEMH]CKOI cacTaBa HOcaya Kao U
edeKTe MoJuMEepHe MPEeBJIaKe Ha KATATUTHYKE OCOOMHE M CTaOMITHOCT MMOOMIIHCAaHE
ayikasas3e v MepoKCHIase;

ONTUMH3AIMja YJIOBAa XEMHjCKE HUMOOHMIM3aIMje ajKajga3e M TIepoKcuaase Ha
MarHeTHUM YeCTUI[aMa ¥ MarHETHUM YecTHUIIaMa 00JI0KEHUM aJITHHATOM;

UCIHUTHBAKE KUHETHKE XHUJAPOJHM3€ COJUHHX NpoTenHa U nopeheme epukacHocTH
MMOOMIMCAaHNX CHCTEMa Ca aJIKaja3oM Ha OCHOBY JIOOMjEHUX BPEIHOCTU KHHETUIKUX
KOHCTaHTH;

ONTUMH3AIMja TPOIECHUX MapaMeTapa y TOKY XHUAPOJHM3€ MPOTEHHA MPUMEHOM
aJikaja3e MMOOWIIMCAHE O] ONTUMAITHUM YCJIOBHMA;

yTBphUBame MeXaHWU3Ma Of[BHjalba pEeaklHje XHIPOJW3e COJUHMX NPOTEHHAa Ha
OCHOBY JOOMjEHHX KHHETHYKUX pe3yiTara M XEMHJCKEe CTPYKType HacTallux
NMPOU3BO/Ia Kao W TMpOydYaBamke AHTHOKCHIATHBHOI IOTEHIMjaJIa XHIpOJIM3aTa
MpoTerHA T00MjeHUX ca Haje(UKACHIjOM HMOOUITMCAHOM aJIKaIa3oM;

WCIIUTUBAakE€ KWUHETUKE Jerpajalidje JBe aHTpaXWHOHCKe 0o0je u mopeheme
e(pUKaCHOCTH HMMOOWJIMCAaHMX CHCTeMa ca IEpPOKCHUIa30M Ha OCHOBY JOOMjEHHX
BPETHOCTH KUHETUYKUX KOHCTAHTH;

ONTUMU3AIIN]a MPOIECHUX MMapaMeTapa y peakiiju yKIamama aHTPaXMHOHCKUX 00ja
MPUMEHOM UMOOMITCaHEe TIEPOKCHIA3¢e U3 PEHa,

10) yrBphuBambe MexaHHW3Ma OJBHjama PEaKlMje Ha OCHOBY JOOMjEHMX KHHETUYKHX

pesynrata W XEMHjCKEe CTPYKType HACTaJMX HPOM3BOJa Kao W NpOydYaBame
TOKCHYHOCTH OTIAJHHUX BOJAA MPE M HAKOH €H3UMCKOI' TPETMaHa ca Haje(UKACHUjUM
MMOOWIINCAaHUM CHCTEMOM Ca MEePOKCUIA30M.
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3. IMosa3He xumorese

[Tona3zHe xuWmoTe3e Koje ce MOTy HM3IBOjUTH Kao OCHOBa 3a 3alOYHbAKE HAYJHO-
UCTPAXUBAYKOT pajia y OKBUPY OBE JIOKTOPCKE IucepTanuje cy cieache:

® VYIATPACOHMYHO pachpuIuBambe omoryhumhe noOujame CyOMHKPOHCKHX alTMHATHHUX
4ecTHIA YHH()OPMHHX BEIHYHHA;

e CBOjCTBAa AITMHATHUX YECTHIIA CAa MArHETUTOM Kao INTO Cy MeXaHHW4Yka 4Bpcroha,
mu(dy3uoHe KapaKTepUCTUKE U TOPO3HOCT, CTAOWMITHOCT y Pa3IudyuTUM mydepuma u
pacTBopuMa KucenuHa he Outu 3HaTHO 00JbE OJ1 AITMHATHUX YECTHUIA O€3 MarHeTHUTA,

® CH3MMCKOM XMJPOJIM30M C€ IMOCTHXKE KOHTpOJIa HaJl (PyHKUMOHATHOIINY MpOU3BO/IA,
Tako Ja ce Oupajy crnenupuuHd EH3UMHU U JAe()UHUILY pPEeaKIHOHH (PaKTOPH.
En3umckn xuaponu3aTté OHMOJIOMIKM HEAKTUBHUX NIPOTEMHA J00Hjajy CBE BHIIE
Naxme jep ce ocinobahajy OMOAKTUBHU MENTHIM KOjU CE€ MOTY KOPHUCTUTH Y
(GYHKIIMOHATTHO] XpaHW M JojanuMa ucxpand. [IpuMeHoOM ankanase y XHIPOJH3H
MPOTEHHA COje MOTY c€ Oco00AUTH OMOAKTHBHH MENTHIX W ToBehaTu HyTpUTHBHA
BPEIHOCT MPOTEHHA;

® OHWOKaTAIMTHYKAa CBOjCTBA ajlkaja3e Kao INTO Cy OTIIOPHOCT Ha ayTOKaTalu3y,
CTa0MJIHOCT y TNPHUCYCTBY KOHTaMHMHaHaTa M OINEpaTHBHA CTAOMIIHOCT, MOTY cCe
BHIIIECTPYKO TOOOJBIIATH MMOOMIM3AlMjOM €H3MMa Ha MarHeTHT/aJTMHAT YECTHUIIS
MPUMEHOM PA3IUIUTHX METO/IA;



® CH3MMH Kao KaTaJu3aTOpU yKJamama CHHTETHYKHX 00ja ce MOHAIIajy Kao PeIoKC —
aKTUBHHM MOJICKYJIM KOJU CTBapajy peakTHUBHE CI000AHE paJuKalie OATOBOPHE 3a HU3
KOMIUIEKCHUX peaKIlfja pacKuaama Be3e y Mojekymy 0oje. [IpumeHom mepokcumase
U3 peHa y oOe300jaBamy OTMATHUX BOJa MOXKE CE 3HAUAJHO CMABUTH HHHXOBA
TOKCHYHOCT;

e OWOKATAIMUTHYKA CBOJCTBA IEPOKCHIA3€ WMOOWIMCAHE HAa MAarHeTHUM 4YeCTHUIlaMa
MOI[I/I(bI/IKOBaHI/IM AJITHHATOM HOHYT AKTUBHOCTH, KHUHCTHUYKUX CBOjCTaBa nu
CTAaOMITHOCTH MOTY C€ MCHATH y IIUPOKOM OIICEry BPEIHOCTH KOHTPOJIHCAEEM
rapameTapa y TOKy 100Hjama YeCTHIA U Y TTIOCTYIKY UMOOUJIN3AIIH]e CH3UMA;

e u300pOM METOJE CHHTE3€¢ Kao M MOJellaBambeM BelIW4YnHe, Mopdonoruje, nedpuHe
IpeBJaKe ajlruHaTa M KOHTPOJIOM Mapamerapa CHUHTe3e Moryhe je 1oOuTH decTulle
onrorapajyhux MarHeTHHUX CBOjCTBa IITO OM OMOTryhujo oJakiiaHy cemnapamujy
OMoKaTamu3aTOpa U3 PEaKLMOHE CMEILE U TUME BUILECTPYKY MPUMEHY Y Y3aCTOITHUM
IAP>KHUM TPOLIECHMA.

JlerasbaH mperiieq IuTepatype NoTBphyje a cy mpuka3aHe Moja3He XUIoTe3€ U IUIAHUPAHO
UCTPaKUBaE y CKIIAAy ca MpaBLKMa UCTPaXUBaka y CABPEMEHO] HAyYHO] JIUTEPaTypH.

4. Hay4yHe MeTO/ie HCTPAKUBAHHA

JloOujame MarHeTHUX YECTHIIA, aJITMHATHUX YECTHUIA U MarHETUT/AJITMHAT 4YeCTUIA
npencTasiba npBy (azy ekciepumenTa. Maraetne Mmukpouectuiie (<100 pm) he ce xemujcku
CHUHTETH30BATH, JIOK he ce MarHeTUT/aJTruHaTHE Y€CTUIIC T00MjaTH TOMOhy €IeKTPOCTaTUUKE
eKCTPY3Hje TMOJA Pa3IUYUTUM YCIOBHUMa (MarHETUT/aJITMHAT OJHOC, TMPUMEHHEHU HAIOH,
MIPEYHUK HWIJIe, pacTojame u3Mely emektposna). 3a mobujamke alrMHATHUX CYOMHKPOHCKHUX
YeCcTHUIla, IOped EJIeKTPOCTaTHUKe EKCTpy3Hje, KopucTuhe ce Meroaa yITPaCOHUYHOT
pacrpimdBama. 3a Ty HaMeHy Kopuctuhe ce yarpasByunu reneparop (KCW-6TD,
220V/50Hz, Omron Profi Sonic) ca rpejauyem paau peryiucama TeMIeparype Basayxa (3a
noOujame CYIICHNX YecThIla) u 0e3 rpejada (3a modujame BlIakHUX dectuiia). CTakieHa 1meB
y KOjOj je CMENITeH rpejad, jeIHUM KpajeM je MOoBe3aHa ca KOMIIPECOpoM Koju omoryhaBa
CTpYjame TOIUIOT Ba3ayxa, a IPYry Kpaj ce pauBa Ha JBa Jejia. Jeman Aeo Tor Kpaja moBe3aH
je mupekTHO ca ypehajeM y uMjeM ce pe3epBoapy Halla3u pacTBOP HATPHjyM-aJrdHaTa MPEKo
TUTACTUYHOT I[peBa, a IPYTH Aeo Takole MPeKOo IUIACTUYHOT IjpeBa oMoryhaBa TpaHCHOPT
CYIIEHUX YeCTHIIa KOje Cy HOIIEHE CTPYjOM Ba3ayXa /10 KOJIOHE ca OKBAIICHUM 3UJOBHMA Ca
onroBapajyhum pactBopoMm Kamujym-xjopuaa. [IpormecHu yciaoBu 3a  jJoOHjame
HAHOYECTHIIA Kalll[MjyM-alrhHaTa cy cienehu: yina3Ha Temmeparypa Basayxa ox 20 mo
150 °C, mporok Basmyxa u3 kommpecopa ox 0,1 mo 10 dm®/min um mpoTOK KpO3
nepucrantnaky mymny ox 0,5 no 5 dm*/min. Uecrume HajGOJBHX KapaKTEPHUCTHKA
(mumen3uje, chepuvHOCT, pacrmojeiia BEeIWYHWHA, MarHeTHa CBOJCTBA) KopucTuhe ce 3a
MMOOMIIN3ALN]y €H3UMa.

OnTuMu3aiyja KoBaJeHTHE MMOOUIIN3AIIN]e SH3MMa ajikajla3e Ha aJITMHATHE YECTUIIC
M  MarHeTUT/aJTHMHATHE YeCTUIle JOOHjeHe  eNIEKTPOCTAaTUYKOM  EKCTPY3UjoM U
VITPAaCOHUYHHUM PacIpIINBamkEM TpeAcTaBiba Apyry ¢asy ekcrepuMeHata. Mcnurtusahe ce
yTHLj ycaoBa uMoOmim3anyje nomnyt Bpennoctu PH, monapurera TPUC nmydepa, konnuune
Jo7aTe ajikaia3e, HaYMHa XeMHUjCKe aKTUBAIH]je (DYHKIIMOHATHUX TPyIa YeCTUIA U KOJTHYHHE
XEMH]CKOT areHca 3a aKTHBAIlH]y, KA0 U CaMOT BpeMEHa KOHTAKTa €H3MMa ca aKTUBHPAHUM
YecTUI[aMa Ha aKTHBHOCT, Macy BE3aHOT €H3MMa W MPHHOC aKTHBHOCTH. KonnuwnHa Be3aHe
ankanaze Ouhe oxpehuBana craHmapaHUM MeToAama 3a ojapehuBambe HpoTeHHA M TO



yrinaBHoM bpendopnoBom meronom, nok he ce MpOTEONMTHYKAa AaKTMBHOCT OApehuBaTH
cneKTpoOTOMETPUjCKU TpahemeM XUAPOIN3e XPOMOTECHOT IeprBaTa Ka3enHa, a30Ka3eHHA.

Mopdonomke ocoOuMHEe MOOMjeHMX 4YecTHIa ca W 0e3 WMOOWIMCAHOT CH3UMa
aHanu3upahe ce TNpuMEeHOM CKeHupajyhe enekTpoHcke wmukpockonuje (CEM),
MHUKPOCKOIHMJOM aTOMCKHUX CHJIa M TPAaHCMHCHOHOM EJIEKTPOHCKOM MHKPOCKOIIH]jOM.
YT1Bpauhe ce BenuunHa 4ecTUIa Kao ¥ Mop(osorrja moBpIimHe MarHeTHUX YeCTHUIla ca U 6e3
anruHaTHe npesnake. Kako 6u ce 6osbe pasymena mpupojia MOTEHIM]aTHO yCIOCTAaBIBEHUX
Be3a m3Mely eH3umMa M Hocaya, 4YeCTHIle Hocadya W uMoOmim3ara Owhe KapakTepucaHe
®ypujeoBoM TpaHCPOPMALMOHOM HH(PAIPBEHOM CHEKTPOCKOIHjoM. MeTo10M TUHAMUYKOT
pacumama CBETJIOCTH ucmHTahe ce pacrojena BEeIWYMHE YeCcTHUIla WM 3eTa MOTEHIIH]jall.
Mepeme 3eTa MOTeHIMjajla MarHeTHUX YeCTHIIa ca U 0e3 alTMHaTHE MPEeBJIake MOXKE yKa3aTu
Ha TOTCHIIMjaJTHO CBOJCTBO Ja IMOJMMEPHA IMpeBJaka CTA0WIN3yjeé MarHeTHe YeCTHIIC.
MarneTHa CBOjCTBa YeCTHIIA U jaUlHA KOSPLUUTUBHOT TNoJba ucnutahe ce mpumenom SQUID
MarHeToMeTpHje (CymeprpoBOAHN KBAaHTHH MHTEpdepoMeTap). MarueTHa CBOjCTBa 4eCTHIA
he ce ymopenuTH Ha OCHOBY XHCTEPE3MCHUX KpPUBUX 32 MarHeTHe W MarHeTHT/ajiruHatr
yectuile Ha Temrneprypama on S K u 300 K.

AKTHBHOCT cJ1000/IHE ¥ UMOOMITMCAHE alIKalla3e MpaTuhe ce U y Peakiuju XuIpoan3e
COJUHUX TPOTEHHA Yy WHAYCTPHJCKH PEIIEBAHTHUM YCJIOBHMMA, OJHOCHO Y peKaropy ca
MHTECH3UBHUM MELIakbeM M y IMPUCYCTBY HeuncToha Ha OCHOBY Mepera yTPOLIKA KaJllH]jyM-
XHIPOKCUAA 32 OJpKaBamke KOHCTaHTHe PH BpemHOCTHM TOKOM Xuaposmse, m3e. PH crar
Metona. KuHeruka peakuuje ca HAaTUBHUM M UMOOMJIMCAHMM €H3MMOM he OMTH mcrnuTaHa
npahemeM Op3uHE peakifje XUIPOJIU3€ COJMHHX MPOTEHHA MPH Pa3IMIUTUM IMOYETHUM
KOHIIEHTpalldjamMa CYyIICTpaTa y MOYETHUM YCJIOBHMMA, JOK he KMHETHYKH HapaMeTpu OUTH
oapehenn Ha yoOuuajeH HaunmH npumeHoM JlajuBuBep-bypkose (Lineweaver-Burk) metone,
Xanec-Byndose (Hanes Woolf) merome m apyrux meroma nmHeapu3zauuje Muxaenuc-
MenteHoBe jenHaunne. Mcto Tako, mcnurtahe ce CTaOMIHOCT MMOOWIIMCAHE aliKayase,
MoryhHOCT ynorpe0e Kpo3 BHIIle IUKITyca U3BOlemha peakiifje XHUApPOoan3e COjHHUX MPOTenHa
y HIaP)KHOM PEaKTOpy ca MEXaHWYKHM MEIIamheM M TOTEHIIM]aTHO 3a/[p’KaBamhe aKTUBHOCTH
HAKOH o/ipel)eHOT BpeMeHa uyBamba.

JloOujern pe3yatatd Tpeda Ja MOMOTHY JajbeM Pa3Bojy MMOOMIIMCAHOT CHCTEMa ca
MEepOKCHIa30oM M3 peHa. YecTuie HajOOJBUX KapaKTepUCTHKa (AMMEH3HWje, chepruHOCTH,
pacrojienia BeIMYMHEe, MarHeTHa cBojcTBa) Ouhe kopuitheHe 3a UMOOMIM3AIN]y TIEPOKCHIa3e
u3 pena. Konmumna ancopOoBaHe mepokcuaase M HEHa aKTUBHOCT Ouhe onpehuBane
CHeKTpOo(hOTOMETPUJCKOM METOJIOM Ca IMUPOTATIOIOM Kao cyrcrpaToM. Mcnurtahe ce yruiaju
BpeMeHa UMOOMIIM3alMje, OAHOCa €H3MMa U HOocaya, KOHIEHTpalMje akTuBupajyher arenca
Ha Macy BE3aHOI €H3uMa M crnenuduyHy aKTHBHOCT J0OHMjeHOr OuoKaTaim3aTopa.
EdukacHocT umoOuincaHux mnepokcuaasa Ouhe ymopeheHe W Ha OCHOBY J100MjEeHHX
KMHETHYKHX [TapaMeTapa y peakiuju OKCHaaluje aBe antpaxuHoHcke 6oje Acid Violet 109 u
Acid Blue 225.

5. O4yexkMBaHHM HAYYHH JONPHHOC

Naxo cy nmoOmin3anyja eH3uMa Ha HAaHO/MHKPO MarHeTHUM YecTuiiama 00JI0KEHUM
Pa3IMYUTUM TIOJIMMEPHUM MaTepHjaliiMa, Kao M IpHpoja MHTEpakiuja udMmely eH3uma u
HOCaya TpeAMET aKTYyeJIHUX CaBpPEMEHHMX MWCTpaXHMBamka, BeEOMa M0 Cc€ 3Ha O
MMOOMIIM3ALUjH TPOTCONUTHYKIX SH3MMA M TIEPOKCH/a3a Ha OBUM Hocaunuma. [ 'eHepaiHo, y
aUTepaTypu je mocBeheHa BeoMa Majla TMaKka MMOOMIM3AIMjH IpOTeasa Ha YBPCTUM
HOCAuMMa, U TOpel BEJMKOT MHIYCTPHjCKOT 3HaYaja MpOTEOIUTHYKKX eH3uMa. [lopen Tora,
CH3UMCKH TPEeTMaHH OOOjeHUX OTHAJHUX BOJA MPUMEHOM HMOOMIIMCAHUX MEPOKCHIa3a
IpUBJIa4e CBE BHIIEC MAXHE M3 Pas3iora IITO Cy jeTHHHjH, €KOJIOUIKH HPUXBATBUBU U



ebukacHuju y mopehemy ca TpaAMIHOHAIHUM  (PU3UYKO-XEMHjCKUM  MeToJama
npeunimhaBakba. Ha oCHOBY Hamier yBuaa, Hema TojlaTaka O MMOOWIIM3AIM]U ajKajia3e u
MEePOKCH/Ia3€ Ha MAarHETHUM YecThIlaMa 00JI0)KEHUM aJTHHATOM Kao HU O HHXOBOj] IPUMEHHU
y peaknuju XUAPOIHM3€ TNPOTEHHCKUX CyIcTpara u 00e300jaBamky OTIAIHUX BOJA.
OdexknBaHU HAYYHH JOMPUHOCH MPEITIOKEHE TIOKTOPCKE JUCEpTaIHje CY:

® pa3Boj MeToze 3a J00Wjare aNTMHATHUX YECTHULA YITPa3ByYHHM pPaclpIIUBAbEM
KOj€ MOT'y Jla C€ KOPHUCTE Ka0 HOCAYHM 32 UMOOMIIH3AIN]y CH3UMA;

e onpehuBame ONTUMATHUX YCIOBA XEMHjCKE MMOOMIIM3AIIM]je aJIKajla3e Ha Pa3InUUTUM
XHIPOTeN YecTHIamMa TOOHjeHNM eJIEKTPOCTAaTHIKOM EKCTPY3UjOM U YITPACOHHYHHM
pacrpIIMBamkeM ca CTAaHOBHINTA Mace BE3aHOI €H3MMAa, aKTUBHOCTH M CTaOMIIHOCTU
OMOKaTaIN3aToPA;

e yTBphHUBame YyTHIAja BEIWYMHE, XEMHJCKOT cacTaBa W MOP(QOJIONIKUX CBOjCTaBa
YeCcTUI[a Ha aKTUBHOCT M CTAaOMJIHOCT MMOOWIHMCaHE ajKalla3e M yCIOCTaBJharhe
Kopenamuje u3Mel)y BeIWUMHE YeCTHIla, HaeleKTPUCama U MarHETHHX CBOjCTaBa U
CTAaOMIIHOCTH OMOKATaIN3aTopa;

e ONTUMH3AIMja MPOLECHUX IMapaMmerapa y peakluju XHIPOJIM3€ COJUHHX MpOTEHHA
KaTaJnu30BaHO] CIO0OJHOM aKaia30M M ajKaja3oM MMOOWIMCAHOM Ha omadpaHuM
QITUHATHAM YECTHUIIAMA;

e pa3Boj MeToAa 3a Jo0HMjarkbe MAarHeTHT/aJrMHaT 4YecTulla ca HMOOHIMCAaHOM
MIEPOKCUIA30M KOj€ c€ MOTY KOPUCTHUTH 3a 00€300jaBame aHTPaXMHOHCKUX 00ja,;

® HAy4yHU JOIPUHOC pa3yMeBamby MEXaHU3aMa U KHHETHKE CH3UMCKE XUIPOJIU3e
MHAYCTPH]CKUX MPOTEHHA y PA3IMUYUTHM CHUCTEMHUMa ca MMOOMIIMCAHOM ajJKalla30oM
Ha aJITMHATHUM M MarHETUT/aJITMHAT YECTULIAMA,

® Hay4yHHM JONPHHOC pa3yMeBamy MEXaHHW3aMa M KHHETHKE CH3MMCKE pasrpalmbe
AHTPAXWHOHCKUX 00ja y pa3INYUTUM CUCTEMHMA ca UMOOMIMCAaHOM MEPOKCHIA30M,
HApOUYUTO BpcTaMa U eeKTUMa HHXUOHIIH]E.

6. Ilnan ucTpazkuBama U CTPYKTYpa paja

6.1. [Inad ucTpaxuBama

[Tnan uctpaxkxuBama y OKBUpY JOKTOpPCKE aAucepraiuje oasujahe ce kpo3 cieaehe dasze:

o [lpernex Hay4HE TUTEPATYpE U CAKyIJbakhe PEIEBAHTHUX MOAATAKa,;

o JlepuHucame npeaMera u IiJba HCTPAKNUBADA;

o Jlpumpema aarMHATHUX YECTHUIIA CIEKTPOCTATUYKOM E€KCTPY3HjOM M yIATPACOHUIHUM
pachplINBaKBEM;

e JlpumpemMa MarHeTHT/aJTWHAT YECTUIA M HCIUTHBAKEC HUXOBUX MOP(HOJIOMIKHX U
MarHeTHUX CBOjCTaBa;

e llcnuTMBame yTHIIAja BEIMYMHE W XEMHJCKOT cacraBa dYecTHma (OJHOC
MarHeTHT/aJruHaT), Ha Macy M KaTaJIUTHYKa CBOjCTBA MMOOMIIMCAHE alKasase;

e OnTuMmuzamnuja mporeca uMOOMIM3aIMje alKajaze Ha oAadpaHUM XUIPOTel
4eCTHILIAMA;

e Xuaposu3a COjUHUX MPOTEHHA UMOOMIMCAHUM AITHHATHUM YECTHIIaMa U CII000IHOM
aJIKaaa3oM;

e OnTuMmuzamuja UMOOHUIM3AIH]e IEPOKCHIa3e HA MArHETUT/QITMHATHUM YeCTHUIIaMa;



e lcnuTHBame KHUHETHKE peakluje ca CIO00JHMM M UMOOMIMCAaHUM EH3MMHMa Yy
peaTHUM CUCTEMUMA Ca PEATHUM CYIICTPATHMA,;

e [Ipumena nmoOuMcane mepokcuaase 3a 00e300jaBamkbe aHTPAXMHOHCKUX 00ja.

6.2. CtpykTypa paja

VY oKkBHpY IOKTOPCKE qucepTaiyje Hanaszuhe ce cieneha mormassba:
. YBOJ

. Teopujcku aeo

. [onazHe Xumore3e U MUJHEBHU pajia UCTPAKUBAbHA

. ExcriepymenTanHu nocTtymnak

. Pesynraru uctpaxuBama u TUCKycHja

. 3aKJpydak

. IIpunosu

. JIuteparypa

. buorpacduja ayropa

OCoO~NO UL WDN P

7. 3akJby4ak W npeaor

Ha ocnoBy u3Hetnx nogaraka Komucuja cMaTpa /1a je Tema mpeuioskeHe TOKTOPCKe
nucepranyje kKauauaatra Mapka (Mwuopan) JonoBwha, awmiI. HWHX. TEXHOJOTH]E,
~2HAMo0WIncaHe nporease N MePOKCHAA3E HA MUKPOHCKHUM M CyOMHMKPOHCKHM XHAPOTeJI
YyecTHIIaMa AJITHHATA Ka0 0MOKATAJIU3ATOPHU 32 XHUAPOJM3Yy NMPOoTeHHA U 00e300jaBame
AHTPAXMHOHCKHUX 00ja M3 OTHAJHMX BOJA", Hay4yHO 3acCHOBaHa U mnpeanaxe HacraBHo-
HayqHoM Behy nma je mpuxBaTu. 3a MeHTOpe ce mpemnaxy npod. ap bpanko Bbyrapckw,
penoBHH npodecop TexHoIOMKO-MeTaypIIKOr aKynaTeTa, Y HuBep3uTera y beorpany u np
3opunia Kuexesuh-Jyrouh, penoBHu mnpodecop TexHOMOUIKO-METaTypHIKOT (hakyaTeTa
VYuusepsutera y beorpany. UctpaxuBama y OKBUPY OBE TOKTOPCKE AUCEPTAIUje pUNIaIajy
Hay4YHO] o0Omact TeXHOJOMKO WHXEHEPCTBO, YXKO] HAy4YHO] 007acTH  XEMH]jCKO
MH)XEHEPCTBO, 3a KOjy je MaThyaH TeXHOJOIIKO-METATYpUIKU (aKylITeT, YHUBEP3UTET y
beorpany.

VY Beorpany, 16.12.2020. YJIAHOBU KOMUCHUJE

np bpanko byrapcku, penosau mpodecop
YHusepsurera y beorpany,
TexHonomko-MeTanypuku paxkyiarer

np 3opuiia Kuexesuh-Jyrosuh, penosau
npodecop YHusepsutera y beorpany,
TexHOIOUIKO-MEeTaTypIIKH (HaKyJITeT

np bpanumup Jyrosuh, HayuyHU CaBETHUK,
Nuctutyt Texunukux Hayka CAHY




ap Bepunia Bophesuh, BuiM HaydyHU capagHUK
Yuusepsutera y beorpany,
TexHomomKO-MeTaTypIIKU (HaKyATET
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