YHUBEP3UTET Y BEOI'PALY
MAIMWHCKHU ®AKYJITET
HACTABHO-HAYYHOM BERY

OBje

[Ipenmet: Pedepar o ypaheHoj noKkTOpCKOj 1McepTauju KAHAUAATA
Mp Mapjana ApcoBuha, IMNI.MHK.MalI.

Omnykom HacrtaBHo-HayuHor Behia Mammuckor dakynarera y beorpamy 6p. 403/2 ox
25.02.2016roauHe UIMEHOBAHU CMO 3a 4YJIAHOBE KOMHKCH]jE 3a OIICHY U OJI0paHy JOKTOPCKE
JucepTanuje kanauaaTa mp Mapjana ApcoBuha, IWTULMHK.MaII., TI0/1 HACJIOBOM:

» TEPMOJINHAMUWYKHU MPOLECHU OACTPAIBUBAIBA COJIN U3
MOPCKE BOJIE”

Ilocne npernena mocrasibeHe [ucepranyje, qpyrux mparehnx marepujajia U pasroBopa
ca Kannunarom, Komucuja je caunnuna cnenehn

PEDOEPAT

1. YBOJ

1.1.Xponosoruja ogoOpaBama 1 U3paje JUCEPTALIHA]E

Kamgumar  je  mpujaBmo  TeMy  JIOKTOpCKE  JMCEpTaldje  MOJ  HA3HWBOM.
» TEPMOJJUHAMMNYKU [TPOLECU OJJICTPAILUBABA COJIM N3 MOPCKE BOJE” u
3a MeHTopa mnpemioxuo npod. np. Mupko Komarmny. Ha ocHOBy mnpujaBe 3a m3pany
JOKTOpCKe aucepraije Mp Mapjana Apcosuha, aumui.mamnt.umk. 6poj 1345/1ox 04.07.2013.
roauHe u omiyke HactaBHo-Hay4Hor Belia (HHB) Mamunckor dakynrera YHUBEp3UTETa Y
Beorpany 6poj 1364/2 ox 03.07.2014.rogune wMmeHoBaHa je Kommcuja 3a MOJHOIICHE
M3BENITaja O IMPHUXBATaky TeME JOKTOPCKE AWCEepTaldje M HeHe HaydyHe 3aCHOBAHOCTH Y
cacraBy: Jp Mupko Komatuna, pen. mpod. (Mmerrop), M® Beorpan, ap Muomn Bamari pen.
po¢. M® beorpan u np Pagusoje Tonuh npod. y nensuju, M® beorpan.

Ha ocnoBy usBemraja Komucuje 6poj 1364/30x 24.10.2014roause, KOju je YCBOjeH Ha
HacraBHo-HayuHom Behy MammHckor ¢akynrera YHuBepsurera y beorpamy 30.10.2014.
noj 6pojem 1364/4 Behe HayuHux 061acTH TEXHHYKHX Hayka YHHBep3uTeTa y beorpamy Ha
cenuuy onpxkanoj 24.11.2014roaune noHeso omiyky Opoj 61206-5063/2-14ojom ce
Jlaje carjacHOCT Ha TIPeUIor TeMe JIOKTOpCKe aucepTanuje Mp Mapjana Apcosuha, murm.
WHX. Malll., 8 Ha OCHOBY 4Yera je [lekan MamuHckor dakynrera y beorpany noneo 3akipydak
25.11.2014.tiox 6pojem 3103/1 0 omobpaBamy pajga Ha MPESIMETHOj MUCEPTALMJU IO
MeHTOpcTBOM npod. ap Mupka Komarune.



Ha ocHoBy wu3Bemtaja mpod. mp Mupka Komatuue, menropa, 6p. 75/1 on 13.01.2016.
TOJMHE, Ja je JOKTOopaHx Mp Mapjan ApcoBuh 3aBpIINO JOKTOPCKY IHCEpTandjy IO
HasueoM ,, TEPMOJAMHAMMYKU [MTPOLUECHU OJCTPABUBABA COJIM U3 MOPCKE
BOJIE”, kao u mpeanora Kareape 3a tepmomexanuky 6p. 403/1ox 23.02.2016.roause,
HacraBHo-HayuHO Belie MammHckor dakynarera qoHeno je omtyky 6p. 403/2o04 25.02.2016.
TOJIMHE O UMEHOBaby KOMICH]E 32 OLEHY U 00paHy JIOKTOPCKE MUCEpTaIlfje y cacTaBy: JIp
Mupko Komaruna, pen. npod. (mentop), M® Beorpan, ap Musorn Bamari pea. mpod. MD
Beorpan, ap Liserko Lpuojeuh pen. npod. M® Beorpan, np Munan 'ojak Ban. mpod, MD
Beorpan u np Bykman bakuh nayunu caBetank, IHCTUTYT 3a HykiieapHe Hayke BuHua.

1.2.HayuHa obnacT guceprauuje

Jokropcka auceprammja , TEPMOAMHAMUYKU IIPOLIECU OJICTPAIBLUBABA
COJIN U3 MOPCKE BOJIE " mpumama o0nacTd TEXHUYKHX Hayka (MAIIHHCTBO) U Y¥KOj
Hay4yHo] obOmactn Tepmomexanuka. M3pamoMm IOKTOpCKe ucepTaiije pPyKOBOAHMO je
np Mwupko Komarnna, penoBHu mpodecop Ha Kartenpm 3a tepmomexannky MammmHCKOT
¢dakynrera YHuBep3ureta y beorpany.

1.3.Buorpadcku mojaim 0 KaHuaaTy

Mp Mapjan Apcosuh, IuIul. UHXK. MalIMHCTBA, poleH je y Apanbhenosiy, 26.jyna 1979.
rojuHe. OCHOBHY LIKOJY 3aBpIIHO je y Apanbenosity, ok je Cpeliby MalIMHCKO TEXHUYKY
KONy y ApanhenoBiy 3aBpmmo Kao Yy4eHHK reHepaunuje. Ha Mammuckn ¢akynrer
Yuusep3utera y beorpany yrmucao ce 1998.roaune, a aumtomupao 10.10.2003roaune Ha
ojcexy 3a [IponsBogHO ManMHCTBO. J{umioMcku paj je ypanuo us npeamera [IpojekroBame
TEXHOJIOMKUX Tporeca (MeHrop mpod. ap. bojan babuh) mon Hazusom ,IlpojexToBame u
aHaH3a TEXHOJOIIKOT Tpolleca MOACKIONa BaKyyM Ipece’ M HCTH OJ0pPaHHO ca OICHOM
10 (mecer).

[ocnenmomcke ctyauje Ha MammHackoM (akynTtery y beorpamy cmep IIpomsBomHo
MamuHCTBO je ymucao mkosicke 2003./2004roqune kao cruneHmucta Peny6iuke Cpbouje
MunucrapcrBa 3a Hayky m 3amTuTy KHBOTHE CpeiiMHEe M OMO aHTaKOBaH Ha JBa IPOjEeKTa
TEXHOJIOIIKOT pa3Boja (hMHaHCHMpPAaHUX O cTpaHe MwuHucTapcTBa 3a Hayky. Marucrapcky
Te3y 10J| Ha3UBOM , Pa3Boj u MpUMeHa AMjaMaHTCKUX ajlaTa y TEXHOJIOTHju 00paje MepMmepa
n rpanuta’ paleHy mox meHtopcTBoM mpod. ap Jbybompara Tamosuha, ombpanmo je
03.anpuna 2006.roauHe.

HaxoH u3pazme MarucTapckor paja, KaHAWAAT IpeycMepaBa CBOje yCaBpIIaBambe Ha
obnact pasBoja TexHonoruja npepane Boge. Ox 2007.roxuHe 3amociieH je y KOMIAHHjH
,Doo0san Hydro Technology”, Tampa, FlorigaCjenumennm Amepuukum J[pxxaBama Kao
Marucrap TeXHHYKHX HayKa Yy OZeJbelby 3a HCTPaKUBAaE U pa3BOj TEXHOJOTHja Ipepaje
Bozie. Y nepuony ox 2007.10 2008.roanHe y OKBUPY UCTPAXKUBAYKOT OZIeJbeHha KOMITAaHH]e
,Doosan Hydro Technology”anraxoBan je y CBOjCTBY HCTpaxuBada Ha 4 Hayd4HO-
UCTpaXMBayKa TMpojekTa y oOyacTu yHanpehema TeXHOJOTrHja JecallMHHU3aluje U
peBep3ubmiHe ocmo3e Boxae. Y mepuoxy ox 2008.-2009. rommHe OopaBu Ha
University of St. Petersburg, FloridaCjenumenum Amepuuxum [pxaBama, rae noxaha u
YCIIENIHO TMOJIAXKE CHELUjAIMCTHYKE KypceBe y 00JacTH TEXHOJIOTHja Ipepajne BoJa.
VY oxsupy wunrepHor Doosan Hydro TechnologyicrpaxuBaukor wHCTHTYTa mMoxaha
CHELHjaJIUCTHIKEe KypceBe HAIpPEeJHUX TEXHOJOTWja mpepane Bonma y nepuony 2008.-2010.
rojauHe. J/lanac pajy Kao MeHalep HMHXEHEPCKO Pa3BOjHOT OJiesbera KoMiaHuje ,Doosan
Hydro Technology'y Cjeaumenum Amepuukum JIpxaBama.




AyTop je ¥ KoayTop BHIIE HAYYHHX M CTPYYHHUX PajoBa, of Kojux je jenan Ha SCluuctu.
Koaytop je 23 TeXHHYKHX peliema. YUecTBOBao je Ha 3 MeljyHapoJHa HaydHa MpojeKTa y
obnacTy JecaTMHM3AIMOHUX TEXHOJIOTHja Tpepane Boje. Kao NpojeKTaHT, CTpydHH
capaJHUK M KOHCYJITaHT Y4ecTBOBao je y u3paau uuie oj 20 mehyHapoHiX WHKEHEPCKUX
npojekara y o0JjacTé TeXHOJOruja mpepajie MUTKe U MHAyCTpujcke Boxe. Ilocenyje 3Hame
€HIJIECKOT je3MKa Ha eKCIIEPTCKOM KOHBEP3allijCKOM HHUBOY.

2. OIIMC JMCEPTAIIMJE

2.1.Caap:xaj qucepranmje

Jokropcka nucepTanuja KaHaugata Mp Mapjana Apcosuha, IUIUT.MHXK.Mall., O[T
HasuBoM ,, TEPMOJIMHAMMWYKU TTPOLIECU OACTPABMBABA COJIA U3 MOPCKE
BOJIE” usnoxena je na 222 crpane (185 crpana 6e3 npunora), 128 cinuka u qujarpaMcKux
npukasza, 37 tabena n 122 kopuimrheHnx nuTepatypHUX u3Bopa. JIOKTOpCKYy IucepTanujy
nope] caapikaja, HOMEHKIIAType, CIIMCKa CITHKA, JIMTEpaType U mpuiora 4yiHe cienehux ocam
HOIJIaBJba!

VBon,

INocTtaBka npobieMa HCTpaXkKUBama U Mperie] JuTepaType

TeopujcKo HCTpaXKMBakE ASCATMHU3AIMOHIX MTPolieca PeBep3nOMITHE

ocMo3¢e BoJIe

4. Onrumuzanuja npoiieca peBep3uOUIHe 0CMO3€e BOJIE

5. TlocraBke eKCIIEPUMEHTAIHUX HCTPAKUBaKka MOJIeNIa poLeca
OJICTPamUBama COJIM U3 MOPCKE BOJE

6. Tlopeheme pesynTara TEOpUjCKUX MOJIENIA U pe3yJiTaTa eKClepruMeHara

7. Acrmekty uHTETpanyje 0OHOBJFUBOT M3BOPA COJIAPHE SHEpPruje ca
JIeCaTMHU3ALIOHIM CHCTEMOM PEBEP3UOMITHE OCMO3€ BOJIE

8. 3axspyuak

wn ke

2.2.KpaTak npukas 1ojeIMHavYHMX [10IIaBJba

VY mpBoM moOrIaBbY TEKCTa JIOKTOPCKE JMCEpTalldje JlaTe Cy OCHOBHE MH(opMaluje o
pany y JOKTOPCKO] AWCEPTalrjH, MPUMEHEHAM METO/IaMa, Pa3BHjeHOM MOJEITy Tpoleca 1
CIPOBE/ICHO] aHAIHM3H PE3yJiTaTa.

VY Apyrom mornaBiby Jar je NPUKa3 KapaKTepUCTHKA MpolLieca OJCTPamUBamkha COJIM U3
Mopcke Boje. Jlata je aHaim3a MOTPOIIE SNEKTPUYHE SHepruje y HpolecuMa JUPEKTHE U
peBep3ubmIHe ocMo3e Boje. [Toka3aHo je 1a eHepreTCKy TPOIIKOBH MMajy pUMapaH 3Hayaj
y YKYIHHM TpPOLIKOBMMA JCCAIMHHU3ALMje MOpPCKe Boje. IIpeicTaBibeHH Cy OCHOBHHU
MPUHIMNK jeaHO(A3HUX AeCalnHU3AIMOHUX Ipolieca peBep3nOmiHe ocMo3e Boze. Jar je
nperjie]] YTHLUAJHUX TIlapaMeTapa paJHUX peXnMa Ha CEHepreTcke 3axTeBe mpoleca
peBep3ubmIHe ocMo3e Boae. [IpukasaH je mperien crama UCTpaKHBamba Koja ce OJHOCe Ha
Mojienie mojcucTeMa 3a noBpahaj eHepruje BHCOKOI NPHUTHUCKA M3 KOHIIGHTPOBAaHE BOJIE.
Jedunucana cy mona3Ha TepMOIMHAMHUYKA OTpPaHMYCHa IMPOIeca PEBEP3UOMIIHE OCMO3e
Bole. Ha OCHOBY KpuTHUKOr Tperieaa juTeparype, AeHUHHUCAHUM CYy OCHOBHH LUJbEBU
JOKTOPCKE [HcepTaldje. 3a MpeAMET HCTPaKHBama y MAUCEPTALHjH, Kao HEIOBOJHHO




HUCTpaXeHa, wu3abpaHa je MeMOpaHCKa [ecalMHH3aIMja MOPCKE BOJE MPOLECOM
peBep3uOIITHE 0CMO3€ 3a KOjy CY CIIPOBEICHA TEOPHjCKa M EKCIIEPIMEHTAIHA NCTPAKNBAha.

VY 1peheM mnornaBby NpHKa3aH je MOJEN MOTPOIIE EJIEKTPUYHE EHEpruje CcHucTeMa
peBep3uOMIIHE OCMO3€ BOJIE Koju o0OyxBara mapamMeTpe KOHIEHTpamnuje pacTBOPEHHUX
Marepuja y MOPCKOj BOIM, TIPUMEHCHH TPAHCMEMOPAaHCKM MPHUTHCAK M IapaMeTpe
npomnycTibuBocTH MemOpane. [IpencraBibeHa je reoMerpuja jeaHodasHe KoH(UTypalmje
MeMOpaHCKOT cHucTeMa peBep3uOmiIHe ocMose Boje. PU3MYKUM MOAENOM JehHHHCAH je
mpobJjieM NpOMEHE KOHIEHTPALMje CONM y BOAM Yy AaKCHJaJIHOM IpaBIly MeMOpaHCKHX
MOJyNa HUIMHAPUYHOT O0JIMKa. Y MaTeMaTHYKOM MOJENY IOTPOIIE eJIEKTPUIHE SHEPIrHje
cucreMa peBep3uOMIHE OCMOCe BOJE, YBEJIEHE CYy OCHOBHE IIPETIOCTaBKE U
M0jeTHOCTaBJbEHa Koje omoryhaBajy pemmaBame jenHaunHa wopena. Jlepunucan je
TEPMOJMHAMUYKY I'PAaHUYHH YCJIOB IIpolieca peBep3nOUIHE 0CMO3€ BOJE. Y CIIOCTaBIbEHA je
Kopenanyja wu3Melly 3ampeMHHCKOT TPOTOKAa TpedyumheHe BOAE, TPAaHCMEMOpPaHCKOT
MIPUTHCKA U OCMOTCKOT nputrcka. [loceOHa maxkma nocseheHa je aHammsu ytumaja ypehaja
3a moBpahaj eHepruje BHCOKOT IMPUTHUCKA M3 KOHIIEHTPOBAHE BOJIC, HA CMAaHEHE YKYIHE
MOTPOIIKHE €JICKTPUYHE EHeprHje CHCTeMa peBep3nOmiIHe ocMo3e Boje. [lpukasan je yTumaj
napamerapa IpOIyCTJPUBOCTH MeMOpaHa, HauMHA YIpaBjbaka HMPOTOKOM KOHIICHTPOBAHE
BOJIE, IIaJja IPUTHCKA ycIle] Tpemwha Ay>K MEMOPaHCKOT MOAyJla Ha yKyIIHE TPOIIKOBE Ipoleca
peBep3uOHITHE 0OCMO3e.

YV 4eTBPTOM MOINIABJEY j€ MpHKa3aHa ONTHMH3ALHja MOTPOIIHE EISKTPUYHE eHepTHje U
3aXTEBaHUX MMOBPIIMHA MeMOpaHa JeCATMHU3AMOHNX CUCTEMa PEBep3UOMIIHE 0CMO3€e BOJIE.
[loceban ocCBpT je jmaT Ha NPUMEHHM CaBPEMEHUX BHUCOKOIPOIYCHUX MeMOpaHa Koje
omoryhaBajy nporiec JecaarHU3aIMje MOPCKe BOJE MPHU HUCKUM MPUTUCIMMA, MIPH YeMy ce
TpaHCMEMOpPAHCKH TPUTHUCAK MOPCKE BOJE NMPH TaKBO] MOCTABIM NMPHOIMKaBa OCMOTCKOM
MPUTUCKY (hOpMUpaHE KOHIICHTPOBaHE BOJE y 3aBPLIHOj JCOHUIM MEMOpaHCKOT MOjyJia.
JleduHncan je MOzeN MOTPOLIHE €IEKTPUYHE CHEPTHje CHCTEMa PEBEP3UOMIIHE 0CMO3€ BOJIE
3a pagHe pEeXUMe IPU TEPMOIMHAMHYKMM TPAaHHYHUM BPEIHOCTHMA MPU KOjUMa je
TPaHCMEMOpPAaHCKM IIPUTHCAK jeIHaK OCMOTCKOM IIPUTHCKY KOHLIEHTPOBaHE BOJE.
AHami3HpaHd Cy HMHBECTHLIHOHH TPOWIKOBM mH3pale MeMmOpaHa U3paKEHH MPEKO
SKBHBAJCHTHUX EHEPreTCKUX TPOIIKOBA 3a MpOLEC JecajHHH3alje MOPCKE BOJE
PeBEepP3UOMIIHOM OCMO30M, Ca IIMJBEM J1a C€ MPOLIEHN HHTEPBa CTENIEHa KOPUCHOCTH IIpoLeca
(omHOC MpoTOKa mpevninlieHe BOJIe U MPOTOKA MOPCKE BOJIE), Y OKBUPY Kojer he yHampeleme
CBOjCTaBa IPOMYCTJBMBOCTH MeMOpaHE WMaTH 3HayajaH yTHI@E] y CMamemy YKYIHHX
TPOILKOBA MPOU3BOIE NMpeuninheHe Boae. 3aKkjby4eHO je Aa ce MHBECTHLMOHH TPOIIKOBH
uzpaze meMmOpaHa cmamyjy ca mnoBehameM: IpOIYCTJLUBOCTH MeMOpaHe, KOJHYHHE
OJICTpamUBaKka PACTBOPEHHUX COJHM M OCMOTCKOI IPUTHUCKa Mopcke Boxe. IlokaszaHo je nma
3aXxTeBaHa IOBPIIMHA MeMOpaHa IUPEKTHO 3aBHUCH OJ BPEIHOCTH €(EeKTUBHOT NPUTHCKA
Ipolieca peBep3nduIHe 0cMOo3e.

Y [meToM TMOINIaBjby MPUKA3aHW Cy pe3YJTaTd CONCTBEHUX CKCIICPUMEHTATHUX
HCIHTUBAA Tpolieca jenHodasHe KoHpUrypaiuje peBep3uoniIHe ocMo3e Mopcke Boje. Jlar
j€ OmHC eKCIepHMEHTAaJHEe J1JabopaTopHjcKe MHCTANAlM]je, Y KOjoj Cy KOpHIINEHe TPU BPCTE
MeMOpaHCKUX MOJyJIa Pa3IMYMTUX CBOjCTaBA NPOIYCTJEUBUCTH H KOJIWYMHE OJCTPAUBAbA
conu u3 Bojie. EkcriepuMeHTaliHa MHCTaNIaMja je omoryhasana cuMylialyjy peajiHuX yclioBa
npolieca peBep3uOMIHE OCMO3€ MOPCKE BojJe. MeMOpaHCKH MOIYJIM HCHHTHBAaHH Cy TPU
Pa3IMYUTUAM paJHUM PEXKHUMEIMA Tpoleca PEBEep3UOMITHE OCMO3€e: MPUTHUCKY, TEMIIEPATypH,
KOHLICHTPALljU PACTBOPEHHX COJM y MOPCKO] BOIM U CTEleHy KOPHUCHOCTH IIpoLeca.

- { Deleted:




[Ipukazana je OJOK mIeMa eKCIIEPUMEHTAJIHE HMHCTAJAalMje Koja je caapikana (HITEpCKy
CTaHUIly 3a MpeATpeTMaH BOZE, IyMIIy BHCOKOT IPHTHUCKA, MEMOpaHCKe IOocyne IOJ
MIPUTHUCKOM, MepHE Yypehaje 3a ouHWTaBame MW apXUBHpame. BPEJHOCTH TOTPOIIHE
eJIEKTPUYHE €HEepruje WHCTaJalyje, BPEOHOCTH TPUTHCKA, IIPOTOKa, TEMIIEpaType,
KOHIIGHTpAIMje COJIM MOPCKE BOJIe M KOHIETpanuje coiu npeunnthene Boje. Vcrpakupamwa
Cy u3BeleHa KopumhemeM HOBOI CaBPEMEHOT TAaHKOI HAaHOKOMIIO3MTHOT MeMOpaHCKOT
MaTepHjajia, Kao M KOpuIINemeM KOMEpIHjaHO JOCTYITHUX MEMOpPAHCKHX MaTepHjaia.
Excnepumentuma cy ozapeheHe BpeIHOCTH IOTPOLIBLE EIEKTPUYHE CEHEepruje cucrema
peBep3uOMIIHEe 0CMO3€ BOZE M BPEIHOCTH 3alpeMUHCKOr nporoka npeuunmthene Boge. Ha
OCHOBY JIOOHM]EHMX €KCIIEPUMEHTATHUX pe3yiTaTa MOTPOIIkhE eJIeKTPHYHE eHEpPrije CHCTeMa
peBe3nOMIIHE OCMO3€ BOJIE M KOHIIGHTpalMje COJM Yy MpeyuinheHo] BOIM H3BPLICHO je
nopeheme eHeprercke M KBaJIMTaTUBHE €(UKACHOCTH MpoLeca peBep3uOMIIHE 0CMO3e
kopumhemeM CaBpeMEHMX HaHOKOMIO3WTHHX MEMOpaHCKHX MaTepHjaja ¥ Kopuirhemem
KOMEPIIHjaJTHO JIOCTYITHUX MeMOpaHa.

VY miecrtoM mornaesby y IMJbY BepuduKkaiuje Mojena, u3BplieHo je nopeheme pesynrara
COIICTBEHOI MOJella 3alpEeMHHCKOT IPOTOKa MpevrinlieHe Boae ca pes3ysiTaTuMa
CIPOBEACHOT EKCHEPHMEHTAIHOT HCTPaKUBaKka, Kao M ca MOJEIHMa JIpYyTruX ayTopa.
[Mpunukom mnopehema CONCTBEHMX EKCIEPUMEHTATHHMX pe3ylTaTta ca pe3yJTaTHMa
COIICTBEHOT MOJIeNIa, Kao M MPUINKOM nopelera CONCTBEHNX eKCIIePUMEHTATHUX pe3yiTaTa
ca pesyJTaTHMa MoJelia IpYTuX ayTopa kopumheHe ¢y MaTeMaTHYKO-CTAaTUCTHYKE U Tpado-
aHaJIUTUYKe MeToje. Y IpBOM Jeily aHanuse yrnopeheHu cy pe3yiaTaTH 3alpeMUHCKOT
npotoka mnpeunmheHe Boae NOOMjEHU EKCIIEPUMEHTOM, ca MojaluMma JoOujeHHM U3
TEOPHjCKUX Mojena. Y IPYroM Jielly aHajlM3e CTAaBJbCH je aKIEHAT Ha aHAJIU3y OJCTYIamba
pesynrata TEOPHjCKMX MOJeNa OJ pe3ysTata ekcnepuMeHata. Ha ocHoOBy mnopehema
npoduiia NMpoMEeHe MoJiesia 3alPEeMUHCKOT ITPOTOKa MpeuuinhieHe Bole MNpema 3a]aTroj
TEMIIEpaTypH, NPUTHUCKY, KOHLETPALWjH COJHM Y MOPCKOj BOIM U CTEHCHY KOPUCHOCTH
Ipoleca peBep3uOMIIHE OCMO3€ ca eKCIIepUMEHTAJIHUM pe3yiTaTiMa M3BpIICHa je
Bepu(duUKalja CONCTBEHOT TeOpHjcKOr Mojena. [locTurHyTo je 3amoBosbaBajyhe ciarame
BPEIHOCTH 3aIPEMHHCKOT TPOTOKa mpeyumheHe BoJe JOOMjEeHHX EKCIePUMEHTOM H
COIICTBEHHM TEOpHUjCcKHM MojenoM. OicTynama ¢y H3HOCHIIa MakcuMmaiHo 2%. YoueHa je
CIIMYHOCT y KapakTepy AOOHMjeHHX KPUBUX 3a MeMOpaHCKe MOJyJie Pa3IYMTHX CBOjCTaBa
MIPOMYCTJBMBOCTH M PAa3IMYUTHX CBOjCTaBa OJACTpamHBama coiu. M3BpmieHo je mopeheme
COIICTBEHHUX EKCIIEPUMEHTAIIHUX pe3yJITaTa ca MOJelUMa IPYTHX ayTopa Koja ce 0JJHOCE Ha
MeMOpaHCKe MOJYJIE CIMYHUX (PU3MYKO-XEMHJCKUX CBOjCTaBa MPOIYCTJEUBOCTH. AHAIU30M
KBaHTUTATUBHOI  Cllaraka pes3ysitata MoJeNna JAPYIHX ayropa ca  COINCTBEHHM
SKCIIEPUMEHTAJIHAM pe3yJITaTuMa, MOKa3aHo je Aa Cy MOJETIH APYTHX ayTopa OCTBapHIU
Beha ojcTynama OJ eKCHepUMEHTAIHUX pe3yirara yciieJ He oO0yxBaheHOCTH yTHIIajHUX
napameTapa Impoleca peBep3MOMIHE OCMO3€ TeMIepaType MOpCcKe BOJe M CTelleHa
OJICTPaKUBAKA COJIH.

VY cenMoM HOrnaB/by NMPHKa3aHW Cy HAYMHHU CIpe3ama (POTOHANIOHCKUX EHEPreTCKUX
cUCTeMa ca eKCIIePUMEHTATHOM WHCTAIAll0jOM CHCTEMa PEBEP3UOMITHE 0CMO3€ MOPCKE BOJIC.
CxolHO pe3yiTaTHMa aHalu3e, 3aK/bydeHO je Ja ONTUMaliHa KOH(Urypanuja caapiku
doronamoncky hemujy ca KOHBepTOpoM (MHBEpPTEpOM) M perymaropoMm. McrpaxuBameM je
nmoTBpheHo na Koj JecalMHU3AIMOHMX CHUCTEMa YHje Ce Halajame BPIIM jeJIHOCMEPHOM
cTpyjoM u3 (OTOHANOHCKMX IMaHeNa, jeJHOCTPYKO oapehuBame creneHa KOPUCHOCTH
mpoleca peBep3uOMIHE OCMO3€, Y BPEMEHCKOM IIepHOLy MaKCHUMaJHOT WHTEH3HUTETa



CyHueBoOr 3padema, HUje MOY3JIaHo, jep NMPOMEHE TeMIlepaType, KOHLEHTpaluje CONN Y
MOpPCKO] BOJY W mpoMmeHe HHTeH3uTera CyHUEeBOT 3paueka MMajy YTHIAj Ha OCTBapeHe
KananuteTe IPOU3BOAKE  INpeunmlieHe Bone. M3BpmieHO je  IUMEH3HMOHHCAHEE
(OTOHANIOHCKUX CONAapHUX TaHena 3a reorpadceky nokamujy Tamma, @nopunma, CA/.
3aKJby4yeHO je Oa paJHu PEKUMH CHCTeMa PEeBep3UOMIIHE OCMO3€ IIPU CTaJHOM IPHUTUCKY
MOpCKE BOJIE HE rapaHTyjy MoryhHOCT ocTBapHBama Ipolieca PeBEP3UOMIIHE O0CMO3€ IMpU
BehyM cTerneHnMa KOPMCHOCTH Mporeca. 3aKby4eHO je /1a Cy PaJHH PEeXHMHU CHCTeMa IpH
HHCKHMM CTEIIeHHMMa KOPHCHOCTH Ipolieca peBep3uOMIHE 0CMO3€ €KOHOMCKH HEUCILIaTHBH,
300r 3HauajHOr nosehama MOTPOIIE €JNeKTpUYHe eHepruje. JlomaTHe yuiTele eHepruje
MOCTIXKY Ce MHTETPalrjoM CHCTeMa 3a XeMHjcKo yumheme MeMOpaHa ca (pOTOHAIOHCKUM
CHUCTEMOM M KOpUIIlielheM BHCOKOIPOTOYHHX MEMOPaHCKHUX MOIyJIa.

VY 3awbyuky (0cMO mornaeibe) AaT je OCBPT HA pe3yiTaTe HCTPaKHBamba, KOjH CY
NIPUKa3aHd y JUCEepTallju, a KOju Cy ce OAHOCWIM Ha (opMHUpaHe MoJele H
eKCIepUMEHTAJIHE Pe3yiTaTe Ipoleca OJCTpamHUBamka COJMM M3 MOpCKe Boje. McrakHyT je
3Ha4aj OPUTMHAIHOI IpUCTyna y mnpahemy IpOMEHa EHEPreTCKHX 3axTeBa CHCTeMa Y
3aBUCHOCTH OJI TEPMOAMHAMHUYKUX BEJIMYMHA CTaka MOpCKe Boje. [IpencraBibeH je 3Hauaj
Pa3BHjEHOT TEOPHjCKOT MO/JIeJIa 3allPEMUHCKOT MTPOTOKA MpedyHnmheHe Boie Y 3aBUCHOCTH Off
oaroBapajyhux BpeIHOCTH TPaHCMEMOPAHCKOT IPUTHCKA, TEMIIEpaType, KOHIEHTpaluje
PacTBOPEHHX COJM Y MOPCKOj BOJH, CTEIIeHa KOPUCHOCTH MpoLieca PeBep3ndmIHe 0cMO3e U
MEMOpaHCKNX KapaKTepUCTHKA ITPOIYCT/BHUBOCTH, HA OCHOBY KOJUX ce Je(HHHILY HOTpeOHH
KalalUTeTH KOMIIOHEHAaTa CHCTeMa. AHAJIM30M OJHOCA MOTPOIIkE EJICKTPUYHE €HEepruje U
WHBECTUIOHMX TPOIIKOBa MeMOpaHa, 3ak/byueHO je na je Oyayhu pa3Boj memOpaHa ca
nosehanom npomyctibuBomNy Ol BEIMKOI 3HAadaja KOJA IIpolieca AeCAIMHHU3ANWje BOJAE
MambUX KOHLEeHTapiuja cosu. Ca apyre cTpaHe, HpU JeCaJMHHU3ALUjU BOJE BHUCOKE
KOHIIGHTpAIMj€ COJIM 3aKJbY4YCHO j€ J]a je MOTPOIlba eNEKTPUYHE eHepTUje Mpoleca MHOTO
Beha o]l MHBECTHIIMOHUX TpOLIKOBa MeMOpaHa. Ha kpajy oBOr IoriaBiba NMPEUIOKEHH CY
JlaJb¥ MIPABLU UCTPAXHBaka Y OBOj 00JacTH.

3. OHEHA JUCEPTALUJE

3.1.CaBpeMEHOCT ¥ OPUTMHAIHOCT

JoxTopcka nucepranyja TepMoauHAMHYKY NPOLECH OACTPAKUBAKA COIH H3 MOPCKe
BoJe, KaHmumata Mp MapjaHa ApcoBuha, NIWIULAHXK.Maml. TPeICTaBjba CaBPEMEH U
OpUTMHANIaH HAay4yHH paj. Y JOKTOPCKOj AMCEPTAlMjU je JaT Hperiie]l CTama UCTPAKUBAA
npobiieMa OJCTpamuBamha COJIM M3 MOPCKE BOje, KOpUIINEHHX CaBpeMEHHX MeMOpaHCKUX
MaTepHjajia U TEOpHjCKMX MOJela Mpoleca peBep3nOmIHE 0CMO3€ MOPCKE BOJe. AHAITHU30M
je yTBpheHo 1a je Hajlmoy3naHHju MeTOJ MoOoJblllarha €HepreTcke e(pUKACHOCTH CHCTeMa
kopuiheme BHCOKONPOTOYHUX MeMOpaHa ca paHUM pPEeXUMOM TpaHCMEMOpaHCKOT
IIPUTHCAKa KOjU Tpeba 1a Oy/ie jeTHaK OCMOTCKOM IPUTHCKY KOHIICHTPOBAHE BOJIE Ha M3JIa3y
u3 MeMOpaHCKOr Mopynia. Pa3BojeM CONCTBEHOr Mojelia 3alPEeMHHCKOT IPOTOKa
npeunnheHe Boje 00jeMHEHH CYy YTHLAJU TEPMOJUHAMUYKHX BEIMYMHA CTamba MOpPCKE
BOJIE y QHAIUTHYKOM H3pa3y, YUME je AT OPUTHHAIHU JONPUHOC TI0JbY UCTPaXKMBamba Koja
ce O/IHOCE Ha NpoOiieMe eHepreTcKe ONTHMH3AlMje W CHMYyJaluje Mpoleca peBep3nOniIHe
ocMo3e Mopcke Bojie. JloOujern pe3ynraTi uMajy 3Hauaj Kako 3a Jiajba HayqHa UCTPaKUBAha
TAaKO M 3a KOHKPETHY MPUMEHY Y HHXEHEPCKO] Mpakch. Teoprjcku MoJen 3alpeMUHCKOT
mpoToka npedninheHe BOJE IPEACTaB/ba 3HAYajaH pPE3yNTaT paja Ha OBOj JOKTOPCKO]



nucepTandju Koju he omoryhutn nassa MCTpaXKHBama Ha MOJbY XHOPHIHUX MEMOPaHCKHX
cucreMa. JlokTopcka aucepTaiyja rnoxasyje Jia KaHAuJaT moceiyje U3pa3uTy CIiocOOHOCT 3a
Hay4YHO-MCTPAXXMBAYKHU PaJl y IPEAMETHOj 001acTH, ajli U 00JacTUMa KOje UMajy JTOANPHUX
Tayaka ca OOHOBJEMBHAM U3BOPHMA €HEPTH]E.

3.2.0OcBpr Ha pedepeHTHY KopuitheHy JInTepaTypy

AHanmm3oM cricka JuTepaTtype Koja je KopuiiheHa TOKOM H3pajie TOKTOpCKe AuCepTalyje
MOJKE Ce 3aKJbYUHTH Jla je KaHIUIaT MMao Ha pacriojiaralby BeoMa OOMMHY JHUTEPaTypy Kojy
je TpOoydYHo W Ha OCHOBY KoOje je me(UHHCA0 IMJbEBE HCTPAKUBAKka caMe AWCEpTaIldje.
Benuku Opoj uTeparypHHX U3BOpa KOjU je 00jaBJbeH Y CKOPHjEM BPEMEHCKOM MEPUOIY
TOBOPH O aKTYEIHOCTH HCTPaXKHBakba Ha IMOJbY TpOLEca OACTPAbUBAEKA COJNIM M3 MOPCKE
Bose. Kangunar je xpo3 00jaBibuBame pe3yiraTa CBOT paja y MejyHapOoIHNM 4acOoMMCcHMa,
MMao MPUWINKE J1a YIIO3HA CTPYYHY U Hay4yHY JaBHOCT ca pe3yJITaTUMa CBOJUX HUCTPaKUBAmbA.

3.3.0mnuc ¥ aIeKBaTHOCT NPUMELEHUX HAYYHMX METOAA

Y IOKTOPCKOj JUcCepTalijy IPUMEHEHE Cy CaBpeMeHe HayYHOMCTPa)KUBAYKe METOE IIPU
TEOPUJCKOM W EKCIIEPUMEHTAJTHOM HCTPAXHBaWky Npoleca KOju ce OIBHjajy y
JIECATMHA3ALMOHNUM CHUCTEMHUMa MeMOpaHCKe peBep3MOMIIHE OCMO3€ MOpPCKE BOJIE.
[TpumemeHe cy MeTOAE aHaHM3€e, CUHTE3€ TEOPHJCKUX U €KCIIEPUMEHTATHUX METOAa KOjH ce
KOPHCTE y MOJENUpamy Mpoleca 0CTpambHBamka COINM U3 MOPCKE BOJIE.

3.4.IIpuMeHJBbUBOCT OCTBAPEHUX PE3YIITATA

Tpeba ucrahu na pe3ynraTu TOKTOPCKE AMCEpTalHje, IOpel BEIUKOT 3Hadaja y HaydHO-
HCTPAXXMBAYKOj 00JAacTH MMajy 3HAYajHy W IMIMPOKY MNPAaKTUYHY NPUMEHY Ipe cBera y
o0nacTi  MpOjeKTOBama EHEPreTCKH e(QUKAaCHMX WHIYCTPUJCKUX W PE3HICHIINjATHUX
JIECaTMHA3ALMOHUX CUCTEMa, Kao M y obsacTu Kopuimhema 0OHOBJBUBUX HM3BOpa €HEPTH]E.
I'maBHM pe3yiTaT OBe AuCEpTallMje je TEOPUjCKH MOJIEN 3alPEMUHCKOT MPOTOKa npeyunihene
BOJIE KOjU TpYyka MOTYhHOCT MopeHpama U cUMyJalldje Ipoleca peBep3uduIIHE 0CMO3e
MOpCKE BOJIe 32 pa3jIMyMTe pajHe peXHMe MpH yrnorpeOu MeMOpaHCKUX Marepujaja
Pa3IMUUTHX KapaKTepHCTHKa MPOIYCT/BUBOCTH W CTEIEHa OJACTpamHUBama coyd. Mogen
Toceyje OMIITOCT Koja oMoryhaBa ONTHMH3AIN]y pajHUX PEXHMa Ipoleca peBep3nOnIHe
ocMo3e BOJIE U 0Aa0HMp onTHMajiHe KoH(uUrypamuje MmeMOpaHCKuX cuctema. Ha ocHOBY
CIpPOBEACHE IapaMeTapcke aHajau3e U JO0OMjeHMX MOJeNa 3aBHCHOCTH IOTPOLIEkE
eJIEKTPUYHE EHEeprHje W CTeleHa KOPHCHOCTH Ipolieca peBe3nOmiIHe ocMmo3e Moryhe je
NpeABUACTH M ONTHMHU3MPATH CHEPreTCKEe 3aXTEBE JECATMHH3ALMOHOT CHCTeMa Ipema
3aXTE€BAaHOM 3alPEMHUHCKOM IPOTOKY Inpeunmhene Bome. CBH pe3ynTaTu y OKBHPY
npeAMEeTHe JUCepTalMje Cy BepU(PHKOBAHM KpPO3 COICTBCHa EKCIIEPUMEHTaHA
UCTpaXXMBama, ajli ¥ opehemeM ca pe3yiITaTuMa JOCTYITHHM Y JINTEPaTypH.

3.5.01€eHa JOCTUTHYTUX CIOCOOHOCTH KAHAMIATA 32 CAMOCTAIHN HAYYHU Paj

Kanauaar je TokoM m3pazie oBe JOKTOPCKE QUCEpTalldje MoKa3ao Jia je y Cramy Ja
CaMOCTalTHO pelraBa mpobiieMe W Ja YCIEIIHO BiiaJa CABPEMEHHM HAyYHHM CasHambHMa U
METO/[aMa, IITO MPEJICTaBJba OCHOBY 3a JaJbU HAYYHOUCTPAKHUBAYKH Pal.



4. OCTBAPEHU HAYYHMU JOIIPHUHOC

4.1.TIpuka3 0CTBApEHNX HAYYHUX JOMPUHOCA

[TonasHe ocHoBe 3a neduHUCAKmE caapkaja U IMJbeBA OBE JUCEpTalUje Cy OMiIu
pe3ynTaTH NPeTXOIHIX UCTPAKUBAba y 00JIaCTHMA Koje ce OaBe mpolecuMa OJICTPambUBabha
COJIM U3 MOPCKE BOJIE MEMOPAHCKOM PEBEP3UOMIIHOM OCMO30M.

OcTBapeHH Hay4yHH JONPHMHOCH HACTaJIM Kao pe3yiTaT HCTPaKUBama y OKBUDPY
MIpeIMETHE IOKTOPCKE AncepTanyje o0yxBarajy:

a) Teopujcku MOJET TOTPOIIkHE SHEPruje 3a MOJCIUpae Mpolleca AecaTrHU3aIHNje
MOpCKE BOJIE PEBEP3UOMITHOM OCMO30M.

0) Amamu3y yTHIaja mapaMerapa MoIeia y HpOIeCHMa IPHMEHE BHCOKOIPOTOYHHX
MeMOpaHCKUX MaTepujaa.

B) Teopujcku Mozen 3alpEeMHHCKOT IPOTOKa NpednifieHe BOJE 3a MOJICIUpAme
npolieca JecajlMHH3aldje MOPCKE BOJAE PEBEP3HOMIHOM OCMO30M. Tpeba Harjiacutu
OIIITOCT MOJENia Koja ce omiefa y NMPUMEHH MOJelia 3a CHMYJALHjy HU3a peKUMa pajaa
mpoleca  JecalMHM3alMje  BOAE  PEBEP3UOMIHOM  OCMO30M, KakO  HCIHMTHBAHUX
BHUCKOKOIIPOTOYHUX MEMOpPaHCKUX MaTepujajia Tako M JAPYrHX MeMOpaHCKUX Marepujaja
CIIMYHUX KapaKTEePUCTHKA.

r) UsBpumieHa Cy COIICTBEHA EKCIIEPUMCHTAIHA HCTPAKUBAKHA BHCOKOMPOTOYHHX
MeMOpaHCKUX Marepujana ¥ MeMOpaHCKMX Marepujajia ca BHUCOKHM  CTEIIEHOM
OJICTPamUBaRa COJIH KOj€ CY UCIIUTHBAHE Pa3IMYUTHM PAJHUM PEKUMHMA MOPCKE BOJIE.

n) UcrpaxeH je yTuilaj pagfHuX pekuMa MPUTHCKA, TeMIICPaType, KOHICHTPAIjE COIU
y MOPCKOj BOIM M CTeleHa KOPHUCHOCTH IIpolieca pPeBep3MOMIIHE OCMO3€ Ha BEIUYUHY
3alPEeMUHCKOT MpOTOoKa npeurinheHe Boje W creuuHUYHY MOTPOIIkbY EHEepruje Impoleca
peBep3uOITHE 0CMO3E.

h) Koucrpymcana je m  m3paljeHa COINCTBEHA EKCIEpHMEHTAHA HWHCTAAIMja 3a
UCIIUTHBAKE MpOIleca OJCTPAUBAKA CONM U3 MOpPCKE BOJe KopuInhielheM MeMOpaHCKUX
MaTepHjajia Pa3IMuYUTHX CBOjCTaBa M Pa3IMUUTHX PAaJHUX PEXHMMa Ipolieca peBep3nOnIHe
ocMo3e.

e) Ha ocHOBy crmpoBesieHe mapaMeTapcke aHanW3e M PasBHjEHHX Mojeia 3aBUCHOCTH
MOTPOILE EHEPTHje W CTEeTIeHa KOPHCHOCTH Tpolieca peBep3uOmiaHe ocMo3e Moryhe je
NMPEABUACTH W ONTUMHU3HUPATH CHEPIE€TCKE 3aXTCBC JACCAIMHU3AIMOHOI CHCTEMa IIpeMa
3aXTE€BAHOM 3alPEMHUHCKOM MPOTOKY MpeuuniieHe BoJe.

4.2.Kpurruka aHajn3a pe3yaTaTa HCTPaKUBAba

Ha ocHoOBY mperiiesia pesieBaHTHE JIMTepaType U carjiefaBarma MocTojehux HcTpakuBama
n3 o0JIaCTH JIOKTOPCKE JHCepTaluje, KOHCTAaTYjeMO lla Cy pe3ylTaTd NpPHKAa3aHH y Te3u
3HAYajHU KaKO Ca ACIeKTa TEOPHjCKHX HCTPaXKMBama, TAKO M Ca CTAHOBHUILUTA NPaKTUYHE
npumeHe. Ha ocHOBY yBHIa y 3a/aTe LIMJbEBE UCTPAXKMBaWba U pe3yiTaTe NPECTaBIbEHE Y
JIOKTOPCKO] JUCEPTAlMjH, MOXKEMO 3aKJbYYHTH Jia Cy NpPYKSHH OJrOBOPU Ha pEJICBaHTHA
MUTamka ¥ npeBasuheHu MpoOeMHu ca KOjuMa ce KaHIAMJIAT CyCPeo Y TOKY UCTPaKUBamba, Kao
U Ja je KaHAWAAT I0Ka3ao 3aBUJaH HUBO MHOBAaTUBHOCTH. Pa3BHjeHHM M eKCHEPHMEHTaIHO
BepHu(pHUKOBaH TEOPHjCKU Mozies1 oMoryhaBa aa ce Ha OCHOBY NMO3HATHX yJa3HUX Mapamerapa



MoJelia, Kao IITO Cy HPUTUCAK, TEeMIIepaTypa, KOHLEHTpalHja COIM y MOPCKO] BOIH U
CTelleHa KOPUCHOCTH IIpolieca peBep3uOMIHE OCMO3€, MOYy3JaHO Je(UHHMIIE 3alPEMUHCKU
MPOTOK mpeduninheHe BOAE M OJpele NOTpeOHEe MOBpIIMHE MEMOPAaHCKMX MOAyNa Y3
OCTBapUBamke MUHUMAIHE TIOTPOILIKBE SHEpruje mpoueca peBep3uduiHe ocmose. OcTBapeHO
je 3aj0BoJsbaBajyhe crarame TEOPHjCKOT MOJieNa ca eKCIIEpUMEHTAIHUM pe3yJiTaTuMa YuMe
je ToTBpheHO Ja cy ycmeuiHo IpeBasuieHe CBe MpelpeKe y pellaBamky KOMILIEKCHOT
BHUILIEITIApaMETapCKOr MpobiieMa nporeca OACTPambUBaba COJTM U3 MOPCKE BOJIE.

4.3.Bepudukaiija HayIHUX JONPUHOCA

Jokropann mp Mapjan ApcoBuh JUII.Mall.UHX. jeé KPO3 yCaBpIIaBame U paj Ha BHUIIE
CTPYYHUX W HAay4YHUX IMpojekata Ouo ayrop W koayTop 5 pajgoBa Ha jgomahuM Hu
MeljyHapogHUM cKynoBuMa U yaconucuma. KoayTop je 23 TexHH4Ka periema.

Hay4ynu nonpuHOC IOKTOpCKE aucepranuje je BepuHKoBaH y clieiehuM paaoBuMa
00jaBJbeHNM y pedepeHTHUM MelyHapoaHnM u gomMahiM HayYHHM 4acolHMCHUMa y 3€MJBH U
WHOCTPAHCTBY:

4.3.1.Paj 06jaBibeH y HcTakKHYTOM MeljyHaponuom yaconucy ca SCluucre:

1. Arsovi¢ M., Topi R., Komatina M., Gojak M.Thermodynamical research of using
solar energy for desalination of seawatérhermal Science Vol 19, No 5, 2015,

pp.1709-1721, ISSN 0354-9836, d0i:10.2298/TSCI180Z2A M22, IF=1.22)

4.3.2.PafoBu 00jaBibeHr v MeyHAPOIHOM YacomucuMa

1. Aguinaldo J.T Arsovic M.: Zero Liquid Discharge through Ultra High Lime Sofiteg,
Membrane and Thermal Process&@opbal Water Intelligence Journal, Vol 13, No 6,
2012 pp. 136-153, ISBO¥8-1-907467-21-9.

2. Aguinaldo J.T Arsovic M.: Integrated Chemical Precipitation and Ultrafiltrath
Treatment of Process Wat&orld Water Journal, Vol 27, No 4, 2011, pp.685B-
ISBN 978-1-597269-98-8.

3. Aguinaldo J.T Arsovic M.: RO Post Treatment Process€dobal Water Intelligence
Journal, Vol 11, No 2, 2010, pp. 164-1/BBN 978-1-907467-11-0.

4.3.3.Texunuka periemna — [IpoToTH

1. Diazl., Aviles J.Arsovic M., Development of containerized SWRO system with motor

control center and VFD panels for Milpo S.Adxing Plant in PeruDoosan Hydro
Technology, Tampa Florid@jeaumene Ameputike apxxaBe, €BUICHIMOHH Op. IIPOjeKTa
11016, 2012M85)

2. Kang. S.Arsovic M., Aguinaldo J.T.Pilot unit for membrane testing of Chemical Waste

Water treatment plant of waste from DMF anilHsystems for Ras Al Khair chemical
plant, in Saudi Arabidoosan Hydro Technology, Tampa Floridgeaumene
Awmepuuke apkase, eBuAeHIHOHU Op. mpojexra 11006-07, 2012M85)



3. Arsovic M., Trivedi M.,Development of Hybrid RO Skid using stainless steel
Fiberglass materialDoosan Hydro Technology, Tampa Floridgeanmene Amepuuke
npokaBe, eBuacHIMOHN Op. mpojexra 09015, 2010M85)

4.3.4.Texunuka periesna — MHIYCTPUjCKU IPOTOTUI

1.

Chunwoo L.Arsovic M., Claessen CDesign of SWRO and BWRO desalination plant
system for Power Plant requirements in Shaiaj Saudi ArabiaDoosan Hydro
Technology, Tampa Florid@jenumene Amepudke apkaBe, €BUACHIIMOHU Op.TPOjeKTa
12004, 2013M82)

Kurt B., Fuller A.Arsovic M., Design of Ground Water Re-plenishment systems using
BWRO with energy recovery and ancillary suppgstems for Orange County,
California.Doosan Hydro Technology, Tampa Floridgemumene Amepuuke apxase,
esunennmonn op. npojexra 11018, 2013.N182)

Suarin N.Arsovic M., Buyer K.,Expansion of Edward Water Recycling facility foest/
Basin Municipal Water District, Los Angeleslifbrnia. Doosan Hydro Technology,
Tampa FloridaCjenumene Amepuuke npkaBe, EBHACHIMORN Op.npojekTa 11010, 2012.

M82)

Claessen C., Suarin Misovic M., Waste Water Treatment of Ammonia storage area
consists Coagulation and Flocculation systemsl Media Filters and Activated
Carbon Filters for ammonia plant in Vietnaboosan Hydro Technology, Tampa
Florida,Cjenumene Amepuuke apixase, esuaeHionu op.mpojexra 010510, 2011.M82)

Arsovic M., Suarin N., Claessen C.eBign of WatePost Treatment systems consist of
Cation, Anion, Mix Bed, Degasifier for Urea plantMarry, TurkmenistanDoosan
Hydro Technology, Tampa Florid@jenumene Amepuuke apxase, EBUACHINOHU Op.
npojexra 10007, 2011.N182)

Buyer K. Arsovic M., Moubarak A.,RO Train for Brackish Water Treatment systems
with RO with Instrument panels and Controlggophy for Santa Clara Valley Water
District, California.Doosan Hydro Technology, Tampa Floridgeaumene Amepuuke
JpKaBe, eBUICHIIHOHK Op. mpojekta 10015, 2011.N182)

Alvarez R., Trivedi M.Arsovic M., Designof Pretreatment, Reverse osmosis and
Cleaning in Place Water Systems for Countgezfnsburg, New Jersepoosan Hydro
Technology, Tampa Florid@jenumene Amepuuke apxase, eBHACHIHOHN Op. TIPOjeKTa
10005, 2011 M82)
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8. Hyung H., Alvarez R., Aviles JArsovic M., Double stack/Stage BWRO system
configuration with UF filtration unit for Peachemical plant Ecopetrol in Columbia.
Doosan Hydro Technology, Tampa Floridggmumene Amepuuke apixase,
eBuaeHnHOHU 6p. mpojexra 09009, 2010.N182)

9. Alvarez R.Arsovic M., Trivedi M., Treatment of brackish ground water to reduce total
dissolved solids and nitrite for US Naldposan Hydro Technology, Tampa Florida,
Cjenumene AMepuuke ApKase, eBuaeHIoHn Op. npojekra 0107006, 2010 M82)

10. Diaz. I., McMilan D.Arsovic M., Suarin N.Seawater treatment system consists
pretreatment, Dissolving Air Flotation andtidfiltration for Shuwaikh Island, Kuwait.
Doosan Hydro Technology, Tampa Floridggmumene Amepuuke apxase,
eBueHIoHN Op. npojekra 0108001, 2009 M82)

11. Claessen C., Tynes Brsovic M., Development of Brackish Water Reverse Osmosis
trains for treatment of waste water for reusuggage Point, Brisbane Australiaoosan
Hydro Technology, Tampa Floridgjenumene Amepuuke apxkaBe, CBUACHIMOHU Op.
npojekra 0107001, 2009 M82)

12. Nguyen T., Claessen @rsovic M., Two stage Brackish Water Reverse Osmosis
System with double containment post treatrmed chemical dosing system for
municipality requirement City of Hollywqdelorida. Doosan Hydro Technology,
Tampa FloridaGjenumene AMepuuke apkase, eBuaeHINOHE Op. mpojexkta 1307001,
2008.¥182)

13. Hanra A., Claessen @rsovic M., Potable water plant supply contains seawater
intake system with pretreatment, medigafihn, SWRO and Energy Recovery Turbine
for GCC in United Arabic EmirateBoosan Hydro Technology, Tampa Florida,

Cjenumene AMepudke ApkaBe, eBuaeHInoHu Op.mpojekra 0107003, 2008 M82)

14. Claessen C., Aguinlado J,Arsovic M., Municipal potable water system contains
pretreatment process, RO and post treatipestess for North Cameron County, Texas.
Doosan Hydro Technology, Tampa Florida&jenumerne Amepuuke apkase,
eBHACHIMOHHU Op. mpojekra 09012, 2007.N182)

15. Claessen CArsovic M., Reverse Osmosis system with post chlorinationnreat in
beverage industry, Pepsi Cola, New Port §jé¥irginia. Doosan Hydro Technology,
Tampa FloridaGjenumene AMepuuke apkase, eBUACHINOHE Op. mpojekta 060042,
2007.182)
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4.3.5.Texunuko peuemne - HoBo 1a60paTopujcKO HOCTPOjEHE

1. Aguinaldo J.T Arsovic M., Development of Electrodeionization (EDI) pilot gyst
Doosan Hydro Technology, Tampa Floridggmumene Amepuuke apxase,
eBueHIMOHN Op. npojekra 10006, 2010.NI83)

4.3.6.TexHuuko pemniete — HoBu mpousBos
1. McMilan D.,Arsovic M., Suarin N.Mobile Potable Water Supply for US Consular

office in Bagdad, Iradpoosan Hydro Technology, Tampa Floridgenumene
Awmepuuke npxaBe, eBuIeHINOHK Op.mpojekra 120164, 2010.M81)

4.3.7.Yuemhe y Me)yHApOIHMM HAYYHUM IIPOjEKTUMA

1. Research projetDptimization of energy consumption requirementSeé Water
Reverse Osmosis Desalination planfstaancupan ox crpane komnanuje Doosan
Hydro Technology, Tampa, Floridgjeaumene Ameputxe JpxaBe, eBHACHINOHA OP.
5283.100, 2007.

2. Research projetibevelopment of Hybrid Reverse Osmosis Skid Packagey stainless
steel and fiberglass materialpunancupan ox crpane kommanuje Doosan Hydro
Technology, Tampa, Florid@jenumene Amepuuke Jp:kaBe, eBUACHIMOHH OP.
6240.160, 2007-2008.

3. Research projetibevelopment of Sea Water Reverse Osmosis unig d€irnnch
pressure vessel membranabiinancupan ox crpane komnanuje Doosan Heavy Industry,

Changwonlyxua Kopeja, eBunenimonu 6p. 6260.700, 2008.

4.3.8.Vuemhe y gomahinM HayYHUM IPOjEKTUMA

1. Ipojexar , TexHomoruja NMpon3BOIHE YpPE3HUKA O CABPEMEHHX aJaTHUX MaTepujana’
MuHHCTapCTBO 32 HAYKY M 3alITUTY *XKUBOTHE cpeanHe PemyOimke Cpouje,
esuneHmonu 6p. MI1-00326, 2004-2005.

2. Ipojekar ,Pa3Boj 1 npuMeHa HOBUX ajlaTa y TEXHOJIOTHjU 0Opaje KaMeHa Ha 0a3u
MepMepa U rpaHuTa‘ MUHHCTapCTBO 32 HAYKY W 3alTHTY )KHBOTHE cpeuHe PeryOinke

Cp6uje, eBunenuuonu 6p. UI1-003%, TP-6338.

4.3.9.Paj 00jaB/bEH Y YACOMMCY HAIIMOHAIHOI 3Ha4aja

1. Ily3osuh P., Tanosuh Jb., ApcoBuh M.: Texnoexonomcrka onmumuzayuja npoyeca
bpywersa kamena na o6asu mepmepa u epanuma, Texunka, 2006.,Boin. 55,06p. 6,

ctp. 13-18. M52)
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5. 3AK/bYYAK U NPEJJIOT

Joxropcka mucepramuja mox HazuBoMm , TEPMOJMHAMMWYKU TTPOLIECU
OACTPABLUBABA COJIM M3 MOPCKE BOJE” kanamaara mp Mapjana Apcosuha,
JUIDUL.UHXK.Malll. TPEeJCTaBjba OPHIMHAJIAH HAYYHO-UCTPaKMBAUKW pPajJ] BHCOKOT paHra y
obmacTH TEepMOMEXaHMKE Yy KOjeM je ayTop Jao 3HadajaH JONPHHOC MOJEIINpPAY
TEPMOMEXaHUYKHX IpoIeca KOju Ce OJ[BUjajy IPH pPEeBEP3UOMIHOj OCMO3M MOPCKE BOJIE.
Komucuja cmatpa Ja je kaHAugaT TOKOM pajia Ha M3pajiu JUCepTalje 1MoKa3ao BUCOK HHUBO
CTPYYHOT W TEOPHJCKOT 3Hama Koju he My omoryhwrm ycmemian Oynyhu camocTamHm
HAay4HO-MCTPaKUBAYKH Pal.

Ha ocHOBY nperiesa u olieHe JOKTOPCKEe AUCepTalyje KaHauaaTa
Mp Mapjana ApcoBuha, IunJI.MHK.Maml.
ca TeMOM
TepMoANHAMHYKH MPOLECH OACTPALUBAA COJIM U3 MOPCKE BOIe
Komucuja 3a oueHy u oj0paHy 3akibyuyje nAa je ypaheHa mokTopcka aucepraimja
HalMCcaHa IpeMa CBUM CTaHAAapIUMa U MO3UTUBHOj NPAKCH Y HAyYHO-UCTPAXKHBAYKOM paly,
Kao W TO Jia MCIyHhaBa CBE YCIOBe mpejpuljeHe 3aKOHOM O BHCOKOM 00pa3oBamy U Ja je y

ckiany ca CrarytoMm u [IpaBHITHHKOM O/ JIOKTOPCKMM cTyaujama MamuHckor dakynrera y
Beorpany.
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CxomHo unany 37. [IpaBuiHHKa O JOKTOPCKHM CTyadjamMa MamimHCKOr (axyirera y
beorpany Komwucuja mnpemanake HacraBHo-HayuyHoM Behy MamuHckor ¢akynrera y
Beorpany na oBaj Pedepar mpuxsaTu, Aucepranyjy CTaBH Ha YBHJ jaBHOCTH U YITyTH
pedepaT Ha KOHa4HO ycBajambe Behy HayduHMX 00MacTH TEXHWYKHMX HayKa YHUBEP3HUTETA y
Beorpany, a na ce HaKOH Tora KaHIHJAT M030BE Ha jaBHY 0A0paHy.

CamnomroBameM,

Y Beorpany, 23.05.2016roaune.

YJAHOBHU KOMUCHUJE:

Jp Mupko Komaruna, penoBuu npodecop, MEHTOp
VYuusep3uter y beorpagy —MammHcku hakynteT

Jp Munom bamar, pemosau mpodecop
Yuusepauter y beorpagy —Mamuncku dakynrer

Hp Letko LprojeBuh, pemosan mpodecop
VYuusepauter y beorpagy —Mamuncku dakynrer

Jp Munau I'ojak, Banpeauu npodecop
VYuuep3uter y beorpany —MarmmHcku dakynrer

Jp Bykman bakuh, Hay4uHH caBeTHHK
WHcTuTyT 32 HyKIIeapHe Hayke Bunua
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