YHUBEP3UTET Y BEOI'PAZLY
IHHOJbOITPUBPEJHU PAKYJITET
BEOI'PA]l - 3EMYH

W3BE0PHOM BERY NOJbONPUBPEHOT ®AKYJTETA YHUBEP3UTETA Y
BEOT'PAJTY

IIpeamert: W3Bemraj komucuje 3a U300p HacTaBHHKA Y 3Bakbe M Ha PaJHO MECTO AOLEHTA 33 YXKY
Hay4Hy obOmnacT [1oJbonpuBpeHO MAIIMHCTBO

Onmyxkom M3z6opHor Beha IlosmompuBpemnor dakynrera YuuBepsurera y beorpamy, Op.
400/11-2/4 on 30.10.2025. ronune, odpazoBana je Komucuja 3a npunpeMy u3BemTaja 3a u300p jeaqHor
HACTaBHUKA y 3Balb€ W Ha PAJHO MECTO IONEHTAa 3a YKy HaydHy oOnact IlosbompuBpenHo
MAaIIMHCTBO, y cieneheM cacTtaBy:

1. Ip Omueepa Ehum - DBypuh, Banpemuu mnpodecop, VYHuBepsuter y beorpany,
[MowonpuBpeanu  (akyarer, yxka HaydyHa oOnact [losbompuBpeqHO  MAIIMHCTBO,
npencenasajyha Komucuje

2. lp UBan 3naranosuh, pegoBHu npodecop, Yausep3ureT y beorpany, MammHcku ¢axynTer,
yka Hay4Ha o0nact [TosbonpuBpeIHO MAITHHCTBO

3. Ip Mupko Komaruna, penoBau npodecop, YHusep3urer y beorpamy, MamunHcku ¢axynrer,
y’ka Hay4yHa 00sacT TepMOTexXHUKa

Ha ocnoBy omnyke Jlekana (0p. 337/1 ox 30.10.2025.) pacniucan je KOHKYpC KOjH je 00jaB/beH
y mucty “TlocioBu” 6poj 1172, mana 19.11.2025. rogune. Ilo mperneny A0CTaB/beHHX IMpHjaBa Ha
NOMEHYTH KOHKYpc, Komucuja mognocu cienehu

MN3BEILITAJ

Ha pacncanu xonkypce y nucty “Tlociosu” 6poj 1172, nana 19.11.2025. ronune, 3a u36op y
3Babe M Ha PaJHO MECTO JOLEHTA 3a YKy HaydHy o0aacT [1ospOnpHBpeHO MAIIMHCTBO, Ca ITyHUM
pajiHUM BpeMEHOM Ha ojipeljeHO BpeMe 0]] 5 roinHa, MpUjaBhuo ce caMo jefaH KaHIuaat, 1p Muxauio
I1. MustanoBuh, JOKTOp HayKa - MalIMHCKO MH)XEHEPCTBO, I0CA/AIIbN aCHCTEHT ca JOKTOPATOM Ha
IMossonpuspenHom dakynrery y beorpamy. Kanammar je 1ocTaBuO KOMIUICTHY JOKYMEHTAlHU]y Y
CKJIaay ca yciaoBuMa KoHKypca (mpujasa 6p. 337/2 om 26.11.2025. roauue).

1. BUOI'PA®CKHU TIOJALIN

Ap Muxanao II. Muaanoeuh pohjen je 1988. rogmue y beorpamy. OcHoBHy 1mikojay ,,Byk
Kapayuh* u [lety Georpajacky ruMHa3ujy IpUPOIHO-MATEMaTHIKOI CMepa 3aBpIIno je y beorpany ca
OJJTMYHUM YCIIEXOM M CTeueHUM ByKOBUM aMIioMama 3a 3aBPIIEHO OCHOBHO M CPEIHbOIIKOJICKO
oOpa3oBame.

koncke 2007/08. ronune ynucyje Mammuncku ¢akynrer YHuBepsutera y beorpany, rme 2010.
TOIMHE CTHYE TUIIOMY OCHOBHHX aKaJEMCKHX CTyaHja ca nmpocedyHoM omeHoM 8,91 (ocam n 91/100),
a moroM 2012. roguHe 3Bame MacTep WHXEHEpa MaIIWHCTBAa Ha OJceKy 3a IIpollecHy TEeXHUKY U
3aIITUTY KUBOTHE CpeuHe, ca mpoceunoM orienoM 9,21 (meBet 21/100) u onOpameHUM AUTIOMCKHM
panom ca orienoM 10. ¥V Toky OcHOBHHX U MacTep akageMCKuX cTyauja Ha MalmmHcKoM (aKyaTeTy,
0HMO je MOXBa/b€H 3a M3BAaHPEIaH YCIeX IOCTHUTHYT TOKOM CTyadja Tpu IyTa, mikoscke 2007/2008,
2008/2009 1 2011/2012.



Hokropar Ha MamunHckoMm dakynreTy y beorpaay ynucyje y HoemOpy 2012. roanHe, a TOKTOPCKY
JMCepTanyjy MOJ] HACJIOBOM ,, TepMOMEXaHHUKH acIeKTH TpoIieca CyIIemha OCTaTaKa U3 MPOH3BOIILE
cokoBa“ ycremHo Opanu 23.09.2021., unme cTHUYe TUTYTy AOKTOpa HayKa. 3a AWCEpTandjy A00Hja
Harpanay llpuBpenne komope Cpbwuje.

Muxawnno I1. Munanosuh je ox 01.01.2022. 3amocnen Ha [losronpuBpenaom dakynrety y beorpamy
Kao acHCTEHT ca JOKTOPaToM, TJe JPKU BexOe u3 mpeamera TepMoJuHaMUKa, XHIPOIMHEYMAaTCKa
TexHuka, Vmkemepcko codreepcku anatu, Umkemepcka rpaduka, TepMOTEXHHYKH M MOTOHCKH
CHCTeMH y ToJporpuBpean, OOHOBIbMBY U3BOpHU eHepruje, buoeneprane u buoropuga.

IIpe tora je om 01.04.2013. — 31.12.2021. 6mo 3amocneH y MHoBammonom meHTpy MammHCKOT
daxynrera y beorpany. Ha Mammackom ¢dakynrtery 2022. cTrde 3Bambe HAYYHU CapajHUK.

Ynopeno ca CBOjUM TOCIOBHUM 00aBe3aMa, HCIMTHUM aKTHBHOCTHMAa W EKCIIEPUMEHTATHUM
UCTPaXXUBAbUMa, UMA0 je IPWINKY Jla yYecTBYyje Ha CTYACHTCKUM pa3MeHaMma U IporpaMmuma, Kao u
MporpaMumMa pa3MeHe HacTaBHOT 0C00Jba.

3a Bpeme Macrep cryauja, 2011. romune, npeko opranuzanuje |IAESTE, Ouo je Ha CTyAEeHTCKO]
pasmenn y Xaudu (M3paen) riae je Tokom 2 mecena paauo y Isragl Electric Company na nmo6oJbinamy
TEPMOMEXaHUUKUX CUCTEMA y TePMOCJICKTpaHaMa.

Toxom 2013. roaune, kao crunenaucra Gouaanuje ap 3opan HBunhuh, 6Mo je Ha CTPYyUHO] MPaKCH y
Manxajmy (Hemauka) toe je 6 mecenm pamuo y ¢abpuuu BASF SE na Texnonormjama 3a
CKJIQINIITCHC CIICKTPUIHE CHEPTHje JOOHjeHE N3 0OHOBJBMBUX U3BOPA CHEPIH]E.

VY toky 2015. roguHe O0uo je Ha ycaBpuiaBawy y bpamoBy (PymyHuja) rae ce 2 mecena 0OaBuo
edukacHoIhy CHCTEMa 3a CKIIAIUIITEHE EIIEKTPUYHE CHEPTHj€ Y TPAHCIIOPTHOM CEKTOPY.

VY toky 2018. ronune OopaBmo je oko mecen paHa y Tamuny (Ecronuja), rae je yudectBoBao y
nporpamy Pioneers into Practice, oprann3zoBaHor o CTpaHe OpraHH3alHje 3a CYHNPOTCTAaB/bABE U
yonaxaBame knuMaTckux npomena Climate-KIC. ¥V okBupy mporpama y4ecTBOBao je Ha TaKMHUYCHY
Hackathon rue je ca cBojuM THMOM OCBOjHO HPBO MECTO, ITO My je omoryhuio yuemihe y ¢punamy
CBETCKOT TakMuuema Start-up komnanuja y EquaOypry ucre ronuxe.

Y okBupy mnporpama Typcke pas3BojHe arenuuje (TIKA), 2019. roguHe je yuecTBOBao Ha
JIBOHE/ICJLHOM CeMUHApy o noBehamy eHepreTcke ehUKaCHOCTH Y HHIYCTPHjH, OJPKAHOT Y AHKapH.

Y okeupy mporpama ERASMUSH y wmajy 2025. roguHe ydecTByje y Nporpamy MOOWIHOCTU
HAacTaBHOI 0co0Jpa M NMPOBOAU Hexaesby NaHa Ha [losbompuBpeaHOM YHUBEpP3UTETY Yy ATHHH, TIe
OCTBapyje 3HauajHe KOHTAKTE ca KoJierama 13 OBe HHCTUTYIIH]E.

TeuHo TOBOpH eHrieckH W Hemauku je3uk (mocenyje Cl ceprudukare), a ciryxu ce U (QpaHIyCKUM
jesuxom. AxtuBHOo kopuctu Microsoft Office, OriginPro, AutoCad u SolidWorks codrepcke nakere,
a mocesyje 3Hame Python nporpamckor je3uka.

YdecHHK je HalMOHAHOT TpOjeKTa TpemMa YTOoBOpy O peanu3aindju W (QUHAHCUPAY
HayuHoucTpaxuBaukor paga HUO y 2025. roguan. EBunenimonn 6poj: 451-03-136/2025-03/200116
on 04.02.2025. ronune (IlpuJior 1).

Taxole, yuecTBOBao je Ha foMahuM U Meh)yHapOAHUM NPOjeKTUMAa, YKIbyuyjyhu:

1. VYyecHuk Ha mpojekTy MHUHHCTapcTBa MPOCBETE, HAyKe M TEXHOJIOIIKOr pa3Boja,
PexoHcTpyKIlMja TpejHOr cuUcTeMa KOpHUIINEHmEeM TeoTepMaiHe eHepruje, HoBamuoHU
npojekar, EBuaentmonu 6poj: 451-03-2372-1P, Tun 1//146, 01/04/2012 — 31/03/2013.

2. SEE Transnational Cooperation Programme — 4th cal: Innovative uses of low-temperature
geothermal resources in South East Europe, 2012 — 2014.

3. VYuecHuk Ha npojekry MHUHHCTApCTBa MPOCBETE, HAYKEe M TEXHOJOILIKOT pa3Boja PemyOiuke
Cpbuje, PazBoj u yHanpeheme TeXHOIIOTHja 332 SHEPreTCKH e(UKACHO KOPHIINCHE BUIIE
(hopMU TIOJLOTIPUBPETHE U ITYMCKE OMOMace Ha €KOJIONIKH MPUXBATIFUB HAYWH, Y3 MOTYRHOCT
koreneparmje, MN42011, 01/04/2013 — 31/12/2019.



4. Interreg Danube Transnational Programme — 1st call: Smart Building — Smart Grid — Smart
City (3 Smart); 2017-2019.

5. VYroBop o peammzanuju u $UHAHCHpamy HaydHomcTpaxuBaukor pag HUO y 2020. rox. e..
op. 451-03-68/2020-14/ 200213 ox 24.01.2020. rox.

6. VYroBop o peanuzanmju U GUHAHCHpamy HaydHOoMcTpaxusaukor pag HUO y 2021. rox. es.
op. 451-03-9/2021-14/ 200213 ox 05.02.2021.

7. bunarepannu mpojexat ca Hemaukom, capanma ca TexHuukum ¢akynterom y XamOypry.
2022-2024.

2. JUCEPTALIMJA

JIOKTOpCKY IucepTanujy Moj HAaclIOBOM ,,TepMOMEXaHMUYKH aclEeKTH IMpolLieca CylIemha OCTaTaKa M3
MPOM3BOE cOKoBa™ ycremHo opanu 23.09.2021., npen komucujom: 1p Mupko Komartuna, peoBHu
npocdecop, YausepauteT y beorpamy, Mammuacku daxynter (MeHTOp), Ap Munom bamar, penoBHH
npocdecop, YrmBepauteT y beorpamy, MammHcku dakynrer, np Mearm 3naranosuh, BaHpegHH
npodecop, YHuBepsuter y beorpany, MamuHcku dakyarer, ap Hebojma Manuh, Banpeanu
npodecop, YHuBep3uter y beorpamy, Mammunacku ¢dakynrer, np bpanko byrapcku, penoBHH
npodecop, Yuusepsuter y beorpany, TexHosmomko-meTaqypuiku (GakyiTeT, YMMe CTHYE THUTYILY
JIOKTOP HayKa — MAlIMHCKO HHXemepcTBo (Ilpmitor 2).

3. OBABE3HMU YCJIOBU
3.1. Hacmaenu pao

Hp Muxamno II. Munanosuh je ox 01.01.2022. 3amocnen Ha IlospompuBpenHoM Qaxyntery y
beorpagy kao acuCTeHT ca [OKTOpaToM, I/e Jpku BexOe u3 mnpeamera TepMmoauHaMmuka,
XuaporHeymarcka —TexHHWKa, UWmxkemepcko codTBepcku anatd, HWHXkemepcka Tpaduka,
TepMOTEXHUUYKM U IIOTOHCKU CUCTEMH Y ToJbonpuBpeay, OOHOBJBMBY M3BOPH eHepruje, buoeneprane
u buoropusa.

[Ipe nobujama yrosopa o pany Ha [lossompuBpenHom ¢axkynrery, np Muxawno MunaHosuh je 6uo
AHTa)KOBaH Ha M3BONEHY HACTABE HA OCHOBHHUM M MACTEep aKaJeMCKHUM CTy/HjaMa y OKBHPY KaTeape
3a [lospompuBpenty TexHuKy IlossonpuBpenHor ¢akynrera YHuBep3utera y beorpamy: kao
nemonctparop tmkoncke 2017/2018, u kao capaaHuk BaH pagHor ofnoca 2018/2019 u 2019/2020.
(TMpwutor 3).

3.1.1. Ilpucmynno npedasarse u3 ooaacmu 3a Kojy ce kKanouoam oupa

Kanmuaar je 25.12.2025. roguHe yCHELIHO OIP)KA0 MPHUCTYIIHO MpEAaBame 3a M300p y 3Bambe
gouenta 3a yxy Hayuydy oOmact IIOJbOIIPUBPEJHO MAIIMHCTBO mnox Ha3uBoM:
”TepMOIMHAMHUYKH acIeKTH Ipolieca cyliema”, koje je KoMmucuja oriennna mpoceunom oreHom 5,00
(TMpwuor 4).

3.1.2. Oyena neoazouikoz paoa

IIpema poctymHuM monmaruma 30MPHOT CTATUCTHUYKOT HM3BEIITaja O BPEIAHOBAY I€ArOIIKOT
pana capajgHuka YHuBep3uTera y beorpamy, crnpoBohenum Ha [lospompuBpenHOM (akynTeTy
VYuusep3urera y beorpany 3a nepuoxa ox mkosicke 2021/2022 no 2023/2024 roauHe, y CTyASHCKAM
aHKeTaMa HAaCTaBHA aKTHBHOCT Ap Muxanina Munanosuha je onemena ciieehM NpoceYHuM olieHaMa
(Mpwnor 5):

o IlIxomncka 2021/2022 — Tpoceune oreHe 3a yeTHpH npeamera cy: 5,00, 4,37, 5,00 u 4,70.



e [lIkomcka 2022/2023 — Ilpocedne oreHe 3a mect npeamera cy: 4,76, 4,80, 4,17, 3,99,
4,13 u 3,86.

e [lIkoncka 2023/2024 — Ilpoceune omueHe 3a ocaM mpenmeta cy: 3,94, 4,94, 4,38, 4,82,
4,66, 3,73, 3,80 u 5,00.

3.2. Hayuno ucmpasicueauxu pao

bubmmorpadckn nogamnm cy kracuruKoBaHU cariacHo oapendama IlpaBuiHIKa 0 TOCTYNIKY U HAUWHY
BpEIHOBamka, M KBAaHTHUTATHBHOM HCKa3MBalky HAYYHOHCTPaXMBAYKUX pe3yiTaTa HCTpaKMBaya.
Kareropusanuja gacomnuca ca Journal Citation reports SCI iucte ypaleHa je Ha OCHOBY JBOTOUIITEET
HMMITaKT (paKkTopa.

VY nocamammeM pagy Ap Muxawno MunanoBuh je y capaamu ca APYTHM HCTpaXMBaunMa 00jaBHO
yKynmHO 25 HaydHA pana u caommTema. Koayrop je 10 pagoBa y wacomucuma ox mehyHapomHOT
snavaja (M20): 2 y uwacommcy wu3y3ernux BpeqHOoctu (M2la), 1 y BpxyHCKHM MEh)yHapOIHUM
yaconucuma (M21), 3 y wucrakHyrom wmehyHapomHom uacomucy (M22) m 4 y wmehyHapoaHum
gacormucuma (M23). O6GjaBuo je 9 pamoBa y 300pHHIMMa ME)YHAPOTHWX HAYYIHWUX CKymNOBa 7
CaoMIITeHa ca MeljyHapoIHUX HAyYHHX CKYIOBa MTaMmaHux y menuHu (M33) u 2 caommrema ca
MehyHapoaHUX CKymoBa mTaMmmaHux y u3Boay (M34). JlBa pama cy caomiuTeHa Ha CKYIIOBHMa
HAI[MOHAHOT 3Havaja mramnany y neausau (M63). Crnucak gocamanimux myoimkanyja ap Muxauia
MunanoBuha mo kareropwjama nara je y Ilpmiory 6, a moka3z o o0jaBipHBamy paaoBa AaT je y
Mpunory 7.

Ha ocnoBy mopmataka moctynuux y 6a3u SCOPUS, nutupanocT pagoBa np Muxanna MunanoBuha
ucHocHu 14 nurara, 6e3 camorurara, a h-indeks 2. Takohe, rutupanoct npema GOOGLE SCHOLAR
usnHocH 42, a h-indeks je 4 (ITpuaor 8).

Hay4na u cTpy4Ha KOMIETEHTHOCT KaHJUAaTa TpeMa KpUTepujymMuMa MHHHUCTapcTBa HayKe,
TEXHOJIOUIKOT pa3Boja U uHoBauuja PemyOnuke CpOuje n npema IlpaBuiHUKY O MOCTYNKY M HA4WHY
BpEeTHOBakha W KBAHTHUTATHBHOM HCKa3MBaWky HAYYHO-UCTPAKMBAYKHX pe3ynraTa HanmoHamHor
caBeTa 3a HAyYHU U TEXHOJIOUIKUA Pa3BOj M3HOCHU YKyHHO 76,8. JleTasbaH mperien CaomITCHUX MU
o0jaBipeHNX pazoBa np Mmxamna MwunanoBuha, kao W 30up KoedwuIMjeHATa KOMIIETEHTHOCTH
npukas3aH je y Taodemnu 1.

Tabena 1: Pesyntatu BepudukoBaHe HAyYHE U CTPyYHE KOMIIETEHTHOCTH KaHAMIaTa

T'pyna Toarpyna Hazus pesynrara Bpoj Bpoj ngggﬂ
pesyiarata | pe3yaTara pesynTara | 6omoBa 60;1)033 4
M10 M14 Pan y Temarckom 360pHm<y MehyHapOnHOr 1 4 4
3Hauga
M21a Pan y mehyrapomHoM gaconucy U3y3eTHHX > 10 20
BPEIHOCTH
M21 Pax y BpxyHCcKOM MelyHapoaHOM 1 8 8
M20 JacOMUCY
M22 Pan y nacraknyrom Mehynaponnom 3 5 15
YJaCOIUCY
M23 Pan y mehynapognom gacorucy 4 3 12
M33 Pan CAOMIITEH Ha CKYITy mehyHapoHOr 7 1 7
3HaYaja, MTaMIaH y HeJTUHN
M30 M34 Pag CAOIIUITEH Ha CKYITy mehyHapoaHor > 05 1
3Hayaja, ITaMIaH y U3BOY
M35 AyTopu3oBaHa IHUCKycHja ca 1 03 03
MelyHapoaHOT cKyna




M50 M52 Pan y MCTaKHYTOM HAIIMOHAJIHOM YaCOITUCY 1 15 15
MS53 Pajn y HaIoHAJTHOM 9acoOIUCY 1 1 1
M60 M63 Caoane.}Le ca CKyTa HallMOHATHOT > 05 1
3HAYaja MTAMIIAHO Y TeJTHHU
M70 M71 OnOpameHa JOKTOpCKa JqucepTaimja 1 6 6
YKVYITHO: 76,8

Ilpeeneod u oyena Hayunoe u cmpyunoe paoa Kanouoama

AHanmza pazoBa 4iju Cy MOTIyHH OuOmuorpad)cKu 1moaany HaBeleHn y oBOM ojiebky 1 Ilpuaory 6
yKa3yje Ja MOCTOje YeTUPH TJIaBHE 00JIaCTH UCTPaKMBaka U yCaBpIllaBamka KaHauaara ap Muxauna
II. MunanoBuha, u T1O0: TepMoMexaHMUYKM acHEKTH IIpolleca CyllIekha Ouomace, EHEepreTcka
e(rkacHOCT, 0OHOBJHHBH M3BOPH €HEPTH]j€, KA0 M MAIIHMHCKO yUeHe.

VY nornaery Mathematical and Deep Learning Modelling of the Raspberries Drying Kinetics Osa
CTyIWja HCTPaXyje MOJCIUpPAmhe KHHETUKE CyIIekha MaliHe KOpHIIhemeM MaTeMaTH4KHX H
npucTymna ayookor yuema. LlpBena manmnaa (Rubus idaeus L.) je BHCOKO TajeHO W WM3BO3HO Bohe y
CpOuju, ca TOIUIIKBOM MPOU3BOAKOM Koja mpenasu 60.000 Tona. [lumb cTyauje je na ce moOoJsbina
pasymeBame 1 npenBulame KHHETHKE CYIIeHha, MITO je KJbYYHO 33 ONTHMU3AINjy Mpoleca Cyniemha H
o0e30ehnBame KBaUTEeTa IPOU3BO/IA.

V pany Implementation of XGBoost Maodels for Predicting CO2 Emission and Specific Tractor Fuel
Consumption OBa cTyauja je CIpOBEACHA Y PEATHUM TEPEHCKHM YCIOBHMAa KaKO O ce HUCTPayKUIIO
KaKo TapaMeTpy 3eMJBbHIITA YTUUY Ha Bapujaluje y MOTPOLIkBY ropruBa U eMHUCHjU W3AYBHHUX TacoBa.
[lpuctyn MammHCKOT ydewma 3acHoBaH Ha XGBoost anroputMy mnpuMemeH je 3a pas3Boj
NPEJUKTUBHUX Mojena 3a koHnenrpamuje CO2 y W3AyBHHM TracoBHMa W ClelIUQUYHY MOTPOLIEHY
ropuBa.

VY pany Prediction of Greenhouse Microclimatic Parameters Using Building Transient Smulation and
Artificial Neural Networks OBa crTyauja uma 3a /b J1a ce M03a0aBH KPUTHYHOM MOTpeOOM 3a
HalpeAHUM NPCAUKTUBHUM ajlaTuMa KOjI/I Mmory HO6OJLHIaTI/I KOHTPOJIY U yIIpaBJbakhb€ MUKPOKINMOM
y CTaKJICHHKY, YMME Ce MOAPKaBajy OAPKUBE MOJHONPUBpPEIHE Tpakce U Oe3demaHoct xpane. Hame
UCTpaXWBakhe YBOJM HOBY MHTErpalMjy CHMyJanuje nponasHux mporeca mirpagame (TRNSYS) u
Bemraukux HeypoHckux Mpexa (ANN) 3a npeasulame TeMrepaType U pelaTiuBHE BIAKHOCTH YHYTap
CTaKJICHHKa TOKOM KaJICHAAapCKe TOJIMHE, Ha OCHOBY CIIOJBAIIHLHX aTMOC(HEPCKHX yCIIOBa.

VY pany The kinetic study of juice industry residues drying process based on TGA-DTG experimental
data ¥V Be3u ca TuM, CIipoBe/icHa je cBeoOyXBaTHA KMHETHUYKA CTY/Mja Kako OU ce MPYKHUO JIeTalbaH
MeXaHH3aM yKJlambama Biare U3 OCHOBHE CHPOBUHE. MHIYCTPHUjCKM OCTaly 13 MPOU3BOAE COKa OJ
jabyke xopumheHH cy 3a M30TEpPMHY TEPMOIPaBUMETPHU)CKY aHAIW3y y Ba3AylIHOj aTMocdepu Ha
pas3IMduTUM TEMIIEpaTypama. Ha OCHOBY CKCIICPUMCHTAJIHUX ITOAaTaKa, IPUMCHCHU CY pasinduTH
KMHETUYKH MOJIEJIH 3a ojpeljuBame KHHETHUKUX ITapaMeTapa U JOMUHAHTHUX QYHKIIHja KOHBEP3Hje.
V pangy Use of machine learning tools to estimate drying rate of apple and apricot wood discs OBa
crynuja ynopehyje Tpu momena marmmHcKor yuewa (ML) - Bemrrauke Heyporcke mpexe (ANN),
pekypentHe HeypoHcke Mpexe (RNN) u exctpemHo rpaaujeHTHO mnojadaBame (XGBoOst) - 3a
npeauhame KHHETUKE CylIekha ApBHE OMoMace HaKOH KpUema 3acTapeinx Bohmaka jadyka u Kajcuja.
[MpumapHu nnsb je OMo ONTUMH3AIM]ja ¥ IpoLieHa TephopMaHCH OBUX Mojiena y npeasubhamy BpeMeHa
Cyllema W caJpikaja Biare y JpBETY, IITO je KJbYYHO 3a IMOOOJbIIamke eHepreTcke eUKacHOCTH Y
npoIriecy cyliema.

V pany Experimental evaluation and modeling of strawberry slices drying kinetics based on machine
learning NcrpakuBame HCTPaXkyje KMHETHKY CYIIEEmha KPHUIIKH jarofa (m1eOJbuHe 5 MM ca TOYEeTHUM
canpxajem Biare of 88,04% Wb) npuMeHOM TpaaMIIMOHATHUX MATEMAaTHYKUX MOJeNa M HAIpEIHEe
METO/Ie MAIIMHCKOT yuewa. L{uip cTyauje je onTuMu3anyja npoueca Cylieha HCIUTHBambeM edekaTta
Baprjabiy Kao LITO Cy TeMmIeparypa, Op3uHa Ba3dyxa M Tpajame CyLIeHka. 1paauluOHAIHU MOJIEIH,
u3BeneHn n3 OUKOBOT Opyror 3akoHa u HbyTHOBOr 3akoHa xmahema, ynopeheHn cy ca BEIITaYKHM




HeypoHckuM mMpexkama (ANN) u pekypentaum HeypoHckuM Mpexkama (RNN) kako 6u ce mpeaBuaeo
CaJipkaj BIIare TOKOM TpoIieca CyIiema.

V paoy Influence of heat supply method on drying kinetics of apple and nectarine pomace I{usb oBor
pana je aHanm3a e(QUKACHOCTH KOMOMHOBAHOT KOHIYKTHBHO-KOHBEKTHBHOI CYyIICHa OCTaTaka W3
WHAYCTpHje cokoBa (KOMHUHE) y mopehery ca KOHBEKTHBHHUM CyllemeM. Jl0BOA TOIIOTE TOKOM
CylIeHha Wrpa BaXKHY yJIOTY, & Y OBOM pany je o0jallmkbeHO Kako METOJ JIOBOJA TOIUIOTE YTHYE Ha
yKIIakhake BJIare Ha TIPaHUYHUM TOBpIIMHAMa KomwuHe. [lopen Tora, HM3pauyHaTu Cy BaKHH
napaMeTpH CyIemha Kao MTO ¢y ePeKTUBHHU KOShUIHjSHT AUQY3Hje U BpeMe CYIICHa.

V pany Influence of variable temperature drying on red beetroot chips drying kinetic parameters and
specific energy consumption Y oBoM pajy, BapupaHH Cy pPEKHMH CYyIICHa Ha Pa3IHYUTUM
TeMIeparypama, Maca y3opaka M IpeTxoJHa o0paaa OJaHIIMpama Kako OM ce yTBPAMO YTHUIIA] OBHX
napamMerapa Ha KHHETHKY H CICHU(DHYHY MOTPOIIKY CHEPruje 4uIca IPBEHE IIBEKIE TOKOM
KOHBEKTHBHOT CYIICHA. Y30pIH [BEKIC KOpPUINEHW 3a aHamu3y OWIM Cy CBEXH M OJaHIIMPaHU
KpHIIKE e0JbHHE 5 MM.

VY pany Kinetic Parameters Identification of Conductive Enhanced Hot Air Drying Process of Food
Waste ypahena je amanm3a mporeca cylielka OCTaraka W3 TPOU3BOMKE COKOBA, KOHKPETHO Ha
npuMepy Tpoma HeKTapuHe. YpaleHa je aHaiM3a mapameTapa Cyliekha ca KOMOMHOBaHHM
KOHJAYKTUBHUM M KOHBEKTUBHUM JIOBOl)CH-EM TOTUIOTHOT IIPOTOKA MaTepHjary.

VY okBupy paga Dynamic Modeling of a Heating System Using Geothermal Energy and Sorage Tank
ypal)eH je mpopadyH U MOZEJ CHCTEeMa 3a Ipejame MIaCTeHUKA KOpUIhielheM reoTepMaiie SHepruje
y3 Kopuiheme pe3epBoapa Kao CKIIaJuIlTa TOIUIOTHE eHepruje.

VY okBupy pama Total costs of shell and tube heat exchangers with concentric helical tube coils
ypaljeHa je TeXHOCKOHOMCKA aHaIH3a Pe3MEbHBaya TOMJIOTE Ca KOHIICHTPUYHUM [IEBHUM KaJIeMOM.

VYV pany Influence of Two- and Three-Sage Temperature Regimes and Hot-Water Blanching
Pretreatment on Red Beetroot Chips Drying Kinetics and Energy Consumption ¥V oBom pany,
pa3IMUUTH TapaMeTpu CyIlielka, YKIbydyjyhin TemmepaTypHe pexuMme, NpeTXOIHY 00paay
OnmaHIIUpamkeM M Macy y30paka, BapupaHU Cy Kako OM ce YTBpJAHO YTHIA] OBUX IapaMerapa Ha
KWHETHKY U CclieqU(pHUYHY MOTPOILIY SHEPruje YHIica PBEHE LBEKIe TOKOM KOHBEKTUBHOI CYIICHA.
3a aHanu3y cy kopumheHe ABE BpCTE y3opaka LBEKJIE: CBEXKE KPUIIKE M KPHUILKE TPETHpaHe
OyaHIMpameM, 00e 1e0/bUHE 5 MM.

VY paxy Low-cost Arduino-controlled solution for automation of mass measurement in laboratory
dryers V oBoM pajy, MpEeACTaB/bEHO je PEIICHE 3a ayTOMaTH3allijy Mepema Mace y30paka TOKOM
mpolieca Cyliemha y JadopaTOPHjCKUM YCIOBMMa KOPHUIINCHEM €JICKTPOHCKE IaThopMe OTBOPEHOT
Ko/1a ApJIlyHHO | mporpamckor je3uka [lajton. CrenujanHyn MexaHu3aM, [IPOjeKTOBaH M KOHCTPYHCaH
3a OBY CBpXY, yrpaljeH je y nocrojehy nabopaTtopujcky cymapy.

V paxy Influence of pretreatment on plum drying rate Cymieme mubpHBa je Crop u IyrorpajaH mporec
jep ce cyumie menu IOJoBU. [lomTo je mepuoj Cyliema OTpaHWuYeH, YCIOBJBEH TEXHOJOIIKAM
CBOjCTBMMa IIIJBMBE MOTOAHMM 3a OBY BPCTy mpepaze, na Ou ce mosehana Npou3BOAA, MEPUOL
cyuiema Tpebda CKpaTUTH, LITO CE€ IOCTHXE Pa3IMYUTUM MPETXOJHHM TpEeTMaHWMa Kao IITO je
noraname. J[pyra moryhHocT noBehama NpoU3BOKE je MPOJYKEHE CE30HE CylIema KopulihemeM
3aMp3HyTOr Boha, ¢ 003UPOM Ha HETOBY AOCTYIIHOCT TOKOM Iiejie roguHe. CXOAHO TOMe, 3aMpP3aBamke
ce MOXE CMaTpaTH NPETXOAHUM TPETMAaHOM Y MPOU3BOIALM IIJbUBA. Y OBOj CTYIUjU TECTHpaHE Cy
copre mpuBa MHctuTyTa 32 BohapcTBO Koje ce mpemopydyjy 3a cymieme (,,Yadancka Pomna® u
»Hama“) u copra ,,Crennu“, koja ce Hajuemthe kopuctd 3a cymewme. Cylieme je 00aBJBEHO Yy
€KCIEpUMEHTATHO] KOHBEKTHBHO] Cyllapu Ha Temmneparypu Bazayxa on 90 °C u Op3uHHM cTpyjama
Bazayxa ol 4 M/c 1ok ce He mocturHe 75% ykynHe cyBe matepuje. Ll paga Ouo je na ce ucnura
Op3vHa cyuiema 3aMp3HYTHX IUIOJIOBA NUBbKMBA Yy mopehemy ca mortamameMm (KOHBEHIIMOHAIHH
NPETXOIHU TPETMaH) U HETPETUPAHUM IIIOAOBUMA (KOHTPOJIA).

V pany Aspects of using biomass in order to increase energy efficiency and reduce CO2 emissions
buomaca npeacrassba jeqad oj] Haj3HAYajHUjUX OOHOBJFUBHX M3BOpa €HEPTHje, TIPE CBera 300T BEJIMKE
3aCTYIJBCHOCTH U PAa3HOBPCHOCTH, Ka0 M 3HA4YajHOT €HEpreTCcKor canpixkaja. OcuM mymcke Omomace,
BEJMKHU J1€0 YKYIHOI IOTEHIMja- j1a 6uoMace y CpOuju moTwue of mosbonpuBpenne oumomace. Of



YKYTIHE KOJMYMHE PACIOI0KUBOT TEXHHYKOT MOTEHIMjajla I0JbONPUBpEIHE OnoMace Maiu Aeo ce Ko-
pUCTH y eHeprercke cBpxe. Y HHIYyCTPHjU Tpepame Boha M moBpha ocTajy 3Ha4ajHEe KOJIHMYWHE
OPTraHCKOT OTTMaja, Kao MITO je BONHH TPOI, KOjU MOXKE MPECTaB/baTH all- TePHATHBHY CHPOBHHY 32
no0ujamke eHEepruje, y3 CMamemhe SMHUCH)e racoBa ca ed)ek- TOM CTakjeHe OamTe. Y OBOM paiy
U3BPIICHO je UCTPAKUBAE OICHE YIJBCHUYHOT OTHCKA YKHBOTHOT IUKIyCa HA MPHMEPY OPraHCKOT
OTIaja TPEOCTANOr HaKoH mpo- Ieca mehema coka opn jaOyke (T3B. Tpoma), jep je jadyka
HajkopuiheHuje Bohe 3a Npo- U3BOAmBY cokoBa y CpOuju. AHATU3UPaHH Cy €HEPreTCKU, CKOMOIIKN U
E€KOHOMCKH aclieKTH Kopuiihema Tpoma jaOyke Kao anTepHaTHBHOr eHepreHTa. [loctoju 3HauajaH
MOTEHIMjan Kopuinhema BONHOT Tpoma Kao EKOJOMIKK MPHXBAaTJFUBOT TOpHBA 3a J0- OHjame
TOIUIOTHE eHepruje. YpaheHa je mpoleHa IUPEKTHOr Kopuinhema OCyHmIeHOr Tpoma jaOyke 3a
noBehame eHepreTcke ePUKaCHOCTH peaHOr MOCTpojera 3a mpepa- Ay Boha, Kao M WHAWPEKTHOT
Kopumihema 3a 3arpeBame IuracteHuka. Kopumihemem Tpoma jaOyke MoOXe ce 3HA4ajHO CMambUTH
emucHja ekpuBasieaTHOor CO2 (CO2eq) y oaHocy Ha (OCHIHA TOpHUBa, KA0 M TPOIIKOBH CHAO/eBarba
eHeprujom, ¢ 003UpoM Jia BOHU TPOI MpeJIcTaB/ba HYCIPOAYKT Mpolieca mpepaje Boha.

V pamy Primena masinskog ucenja u poljoprivredi Mammurcko yueme (enr. MJI - Manxunec
JleapHuHT), Kao MOJCKYN BEHITAYKEC HHTEIUIEHIMjE, Wrpa KJbYYHY VYIOTY Y MOJEpHHU3ALUjU
NOJOTIPUBpE/IE, jep oMoryhaBa aHanM3y BEMUKUX KOJMYHMHA MMOJATaKa W JOHOILICHE Op3UX M TAYHHX
oJTyKa y TOJEOIPHUBPEIHO] Tpon3BoamH. MJI je kopumrheH y pa3nuauTaM dazama moJbOPUBPEIHOT
HUKITyca, YKIbYUyjyhH aHanu3y 3eMJBHINTA, KBaJMUTET CEMEHA, NETeKIMjy O0JIeCTH yceBa, KOHTPOILY
KOpOBa, Mpeno3HaBame OMBHUX BpCTa UM ONTHUMH3alMjy OepOe. Pasmuuure merone MJI, kao mro cy
HA/I3UPAHO YYCHe, HCHAZ3UPAHO YUYCHE, MOMYHAJ3UPAHO yUCHE U M0jauyaHo Yy4YeHe, KOPUCTE ce Y
UJBbY MOOOJBIIAka TAYHOCTH MpeIBUlamba U OJUTyKa Y MOJbONPUBpPEIH. Bemrauke HeypoHCKe Mpeke
(enr. AHH - Aptudunman Heypan HeTBopkce), moceOHo ny0oke HeypoHcke mpexe (enr. JIHH - Jleen
Heypan HetBopkc) m koHBomyTHBHe HeypoHcke Mmpexke (enr. LIHH - IlonBomyrtnonanm Heypan
HeTBopkc), mokazalnie cy ce kao HajeUKacHHMjHU alaTh 3a aHAU3y TOjaTaka, Kao IITO CYy CIHKE U
HYMEpUYKH TOoJany, yuMe ce oMoryhaBa TMpenu3HO yIpaBibamke MOJbONPUBPETHUM mpakcama. Oe
TeXHOJIorHje omoryhaBajy ONTHMH3ALU]y pecypca M CMameHhEe HEraTUBHOT YTHIAja Ha J>KUBOTHY
cperHy, YnMe ce oBehiaBa 0JJp»KMBOCT MOJHONIPUBPEIHE MPOU3BOIHe. [IprMeHa MAIIMHCKOT yuema y
MOJHOTIPUBPEIN TPEACTaBba KJbYYHY KOMIIOHEHTY Y Ppa3Bojy MpelU3He MOJbONPUBpEae, Koja
omoryhaBa edukacHO ynpaBibame TPOU3BOAKBOM Y PEAUTHOM BPEMEHY, CMamemhe YIoTpede pecypca
(xao mro cy Boma, hyOpuBo m mectunuan), U nosehame nmpuHOca. Mako Cy MOCTUTHYTH 3HaYajHH
HAIpeIx, MOCTOjU MPOCTOP 3a Jajbe HCTPAKUBALE Y pa3Bojy HOBUX Monena MJI koju fie oOyxBaTutu
cBe (aze MoJHONPHUBPEIHOT MUKITYCa.

VY paxy Thermomechanical aspects of juice industry residues ommcanu cy pe3yiTaTd Meperma
TEPMOMEXaHWYKHX aclieKaTa ocTaTaka M3 Mmpoleca Mpou3BOkbEe COKOBA HEKTapHHE U jabyKe, Kao MITO
Cy TOIUIOTHA IMPOBOJJBMBOCT MaTepHjaiia, TOILUIOTHa Moh, KMHETHKa Tpolleca CyIliema, ePeKTHBHU
koeduuujeHT audys3uje U U3aBajame BiIare u3 Mareprjaia Ipu H30TEPMCKOM CYILICHY.

VY pany Technical review on properties, utilization and drying of apple pomace nar je nperiexn
JUTEepaType M3 00JIaCTH Cylema jadyke W jabydHOr KJbyKa, HYCHPOJAYKTa HHAYCTPHjE COKOBa,
KOHKPETHO METO/IE CylIeHha U KapaKTepu3alyje jadyqHor KIbyKa.

VY pany Koris¢enje otpadne toplote u sistemu ventilacije masinske hale u papirnoj industriji
aHanmm3upaHa je MoryhHocT kopuinhema OTIajHe TOIUIOTE W3 MPOM3BOJHOTr Mpoleca 3a Mmorpede
3arpeBama CBEXEr BasJyxa 3a BEHTWIAIH]Y MallHCKe xane Ha npumepy ®adpuke Xapruje beorpa.
VY pany SKkladistenje elektricne energije dobijene iz obnovljivih izvora energije objammen je 3Hauaj
npobjeMa CKIaJuIITea eleKTpuuHe eHepruje nodujene m3 OUE, xao um mpoOnemu y Be3u ca
HMHTETPaIMjoM OBaKO J00HjeHEe SHepruje y nmoctojehy eeKTpOMpPexKy.

V pany The kinetic study of juice industry residues drying process based on TG-DTG experimental
data je ommcaHa KHMHETHMKa Npoleca Cylielka OCTaTaka M3 IPOHM3BOAKBE COKa O jaOyke Ha
GyHIaMEHTAJITHOM — MHKPO HHUBOY, IIPH YeMY CY XEMH]jCKe peakiiije Koje ce JeliaBajy y TOKy Ipolieca
CylIekha aHaTU3UpaHe OJIroBapajyhuM Moaenma.

V pany Design Flow of the intermittent systems connected to the grid enhanced with the hybridstorage
solutions obGjammenn ¢y mpobieMH W W3a30BH KOJU CE€ jaBJbajy NpH HMMIDIEMEHTHPAIy CHCTEMA



00OHOBJEMBUX M3BOpa eHepruje y mocrojehy uH]pacTpykTypy, a akieHaT je AaT Ha MOryhHOCTH
ONTHMH3AIINE XUOPUIHOT ITOTOHA ayTOMOOMIIA ¥ PAKTUIHUM MpoOJIeMIMa KOju ce jaBIbajy.

V pany Electricity Storage Systems, SS Hybrid Sorage Materials & Systems - Technologies &
Applications pasmarpan je mpo0ieM CKIaIUINTeHa eJIeKTpuuHe eHepruje nodujene u3z OUE, mnpu
yeMy je aKIeHaT Ha TEXHOJOTHjaMa 3a CKIQJWIITeHhe eNeKTpuyHe eHepruje. CKIaguITemne
eJIeKTpUYHE eHepruje moMohy XHOpUIHNX (KOMOMHOBAHHX) CHCTEMa MPEACTaBIba JEHO Ol PEIIeHha
OBOT TIpobiema.

VY pany Umeci za poboljsanje isticanja rastresitih materijala iz bunkera i silosa nampassseH je
Iperies yMeTaka KOju ce ITOCTaBJbajy y BEJMKE CHIIOCE U Pe3eBoape, Kako OW MOCHENININ HCTHIAkEe
pacTpecuTHX MaTepHjajia KOju ce Y ’hHMa CKIIAJMIITE.

Y pany Analiza uticaja toplotne izolovanosti sekcije grejaca tunelske konvektivne susare na postizanje
radnih parametara, energetsku efikasnost i ekonomicnost nmata aHamm3a TOIUIOTHHX TyOuTaka
eKCIIepIMEHTAIHE CyIIape Tpe U IOCIIe TIOCTaBJbakha N30JIalllje Ha CeKIH]y rpejada cyImiape.

Kanaunar je MCrosbuo KBAaJUTET M 3aUTEPECOBAHOCT 3a HAYYHHM W MCTPaXKMBAa4dKH pai. Pesynratn
yKa3yjy Ha CMHCA0 KaHIuAaTa a ce 0aBU CI0KEHUM UCTPAKMBABUMa M HAYYHUM PaioM.

4. N3bOPHHU YCJIOBHA
4.1. CtpyuHo npo¢eCMOHAJIHM JONPUHOC

4.1.1. Ilpedcednux unu uian ypehusauxoe 00060pa HayuHo2 4aconuca uiu 300pHUKa padosa y 3emmu
UnU UHOCMPAHCMEY.

Hdp Muxamno Munanosuh je Cekperap HayyHOr ombopa, kao u ypenHuk ~“Book of Abstracts” u
,,Proceedings* mehynaponte koudepennuje ISAE 2025 (IIpuaor 9).

4.1.2. Pykosoounay unu capaorux y peaiuzayuju npojekama.

Yd4ecHHK je HalMOHAIHOT TMpOjeKTa TMpema YTroBOpy O pealmu3ainuju u  (UHAHCUpAY
HayuyHoucTpaxusadkor paga HUO y 2025. roaunu. EBunentmonu 6poj: 451-03-136/2025-03/200116
o1 04.02.2025. ronune (IlpuJor 1).

Taxole, yuecTBOBao je Ha foMahuM U Meh)yHapOAHUM NPOjeKTHUMAa, YKIbyuyjyhu:

1. VYdyecHuk Ha mpojekTy MUHHCTapcTBa TMPOCBETE, HAyKe M TEXHOJIOIIKOT pa3Boja,
PekoHcTpykimja TpejHOr cucTeMa KopuinhemeM reoTepMmainHe eHepruje, VHoBanuoHH
npojekar, EBuaentmonu 6poj: 451-03-2372-1P, Tun 1//146, 01/04/2012 — 31/03/2013.

2. SEE Transnational Cooperation Programme — 4th cal: Innovative uses of low-temperature
geothermal resources in South East Europe, 2012 — 2014.

3. VYdecHuk Ha mpojekTy MUHHCTapCTBa MPOCBETE, HAYKe W TEXHOJOMIKOT pa3Boja PemyOnuke
CpOuje, Pa3Boj u yHanpelere TEXHOJIOTHja 3a €HEPreTCKU e(UKaCHO KOpHIINEHe BHUIIE
(dbopMH NOJFOTIPUBPEHE U HIYMCKE OMoMace Ha €KOJIOUIKH NMPUXBATJbUB HAYMH, Y3 MOTyhHOCT
koreneparmje, MNN42011, 01/04/2013 — 31/12/2019.

4. Interreg Danube Transnational Programme — 1st call: Smart Building — Smart Grid — Smart
City (3 Smart); 2017-20109.

5. VYroBop o peanuzanuju U GuUHAHCHpamy HaydHoMcTpaxusaukor pag HUO y 2020. rox. es.
op. 451-03-68/2020-14/ 200213 ox 24.01.2020. rox.

6. VYroeop o peanuzanuju ¥ (pUHAHCHpaky HaydHoucTpaxkuBaukor pag HMO y 2021. rox. e..
op. 451-03-9/2021-14/ 200213 ox 05.02.2021.



7. bunarepamuau mpojekat ca Hemaukom, capaama ca TexanmukuMm (akynrerom y XamOypry.
2022-2024.

4.1.3. Unosamop, aymop uiu Koaymop npuxeahenoe namenma, mexHuuxoz ynanpeherna, excnepmusa,
peyensuja padosa unu npojekama.

JIIp Muxaunno Munanosuh je perieHsupao jeaan paja 3a gacomnuc ~Thermal Science”, kao u jeman pan
3a gacommuc ,,Cellulose”. (ITpustor 10)

4.2. lonpuHOC aKaieMCKOj U HUPOj 3ajeTHUIA

4.2.1. [Ipedceonux uiu Yian opeaHa ynpasmnbared, CMpYy4Ho2 Opeand, NOMORHUX CIPYYHUX Op2aHA Ulu
KOMUCUja Ha ¢hakyimemy unu yHugep3umemy y 3emsoll Uiy UHOCMpPAHCme).

Onmyxkom 6poj 32/1-8.6. ox 30.10.2024. ron. m3abpan je 3a wrana Komucuje 3a melyHapomHy
capanmwy Ha [lossonpuspennom dakynrery. (Ilpuior 11)

4.2.2. lomahe niu meljynapoane Harpajie u npusHama y pa3Bojy o0pa3oBama HJIH HayKe.

Hocunar je narpane [lpuBpenne komope CpOuje 3a JOKTOPCKY AMCEPTANH]y U3 OMOTEXHUKYKUX
Hayka oJ0pameny y mkonckoj 2020/2021. (ITpuaor 12)

4.3. Capagma ca JApPYIMM BHCOKOIIKOJCKHM, HAYYHOHMCTPAKUBAYKHM YCTAHOBaMa,
OJHOCHO YCTAHOBAMa KYJITYpe HJIH YMETHOCTH Y 3eMJ/bH U HHOCTPAHCTBY

4.3.1. Yuewhe y peanusayuju npojexama, cmyouja umu Opyeux HAYYHUX OCMEAPEra ca Opyeum
BUCOKOUIKOIICKUM UNU HAYUHOUCPANCUBAUKUM YCINAHOBAMA Y 3eM/bU UNU UHOCIPAHCTEY.

buo je yuecHuk Ha npojekty ounarepante capaame ca TU Hamburg, Hemauka y tpajamy ox 2 roanHe
(2022-2024). (ITpunor 13)

4.3.2. Yyemhe y nporpaMmuMa pazMeHe HACTABHHMKA M CTy/leHATA.

buo je yuecunk Ha ERASMUS+ nporpamy pa3meHe HacTaBHOT 0co0Jba y TOKy mMaja 2025, rojuHe, Ha
[MosponipuBpentHom YHuBep3utety y Atunu. (Ilpuior 14)

5. 3AK/bBYYAK U ITPE/UVI0I' KOMUCHUJE

Ha ocHoBy mpereza mojgHeTe KOHKYpCHE TOKYMEHTAIMje KOHCTATOBAHO je Jla ce Ha paclrCcaHu
KOHKYpC 3a M300p y 3Bame JOIEHTA 3a YKy HaydHy o0nacT [losponmpuBpeIHO MAIIMHCTBO IPHjaBUO
camMo jefaH KaHgumar - ap Muxawno Mwnanosuh. Kanmupat je ychemrHo oJp»ao MPUCTYIHO
npefaBame U3 yKe HaydyHe oOJIacTH 3a Kojy ce Oupa, koje je Komucuja oneHuIa NpoceyHoM OLEHOM
5,00. Kanaupar je ycrneniHo o0aB/ba0 HACTABHE UM HayYHE aKTUBHOCTH U TI0Ka3a0 J00pe Mearolike
crocoOHOCTH, JnomnpuHocehn KkBanmuteTy u yHamnpehermy HacTaBHOr Tpoleca, Kao M HaydHO-
UCTPaXKHUBAYKOT TIpoIIeca.

VY cBOM JocaanimeM HaydHOM pafdy, Ap Muxauno MunanoBuh je caMOCTamHO Uy capajiby ca
JIpyruM ayTtopuMma oOjaBwia mnpeko 25 Hayynux pagoBa. O6jaBuo je 10 HayyHMX pajzoBa y
MehyHnapomanM gaconucuma ca SCI mucte, a 10 cafa je y4ecTBOBao y pealiu3anuju Bumie qoMahux u
Mel)yHapoTHHX TIpojeKara.

AHaIM30M YKYIMHUX pe3yJiTaTa HACTABHOT, HAyYHO-WCTPAXKHBAYKOT M CTPYYHOT paga JIp
Muxanna MwuranoBuha, KoMucrja 3akipydyje Aa KaHOuAaT HCIyHaBa CBE YCJIOBE ITPOIHCAHE



Jakokom o BHCOKOM Ofpaioeamy. CTatyvron hacvarera i MIPRELIHIKDM O MISHEMATHIY FOI0ENMD
1 CTHINEE 1B0ILE BACTABHNED HA YHuBepumeTy ¥ Beorpasy. He ccHosy Torn Komncuja mpeiaime
Hatophom mehy Niosonprepesior jaky rmerd Yunsepsirer v boorpaay A8 ra wianepe ¥ seake i s
paann secto JOUEHTA 3a vy vayasay odaact Nosonpuepeaso sMaimHoTee.

Beorpad, 25,1 3.2023, roanne

HIAHOBH KOMRCHIE

Hp Oawnepa Ehws- by puh, Banpeads npodrecop
Lomonpuiepeany daxsarer, Yausepaurer v beon pagy
Vil Hiy aHE 00naeT: | usOnpRBRCIHG MARIHHCTRO
npeacennmk Kovucje

ﬁfga‘ﬁ"ﬂd‘.— ff'ird..-— :aﬂ'.uf :

Ap Haan 3natanorwh. pegoenn npodrecop
Mannnern daxyarer, YHugepauTer v beorpany

viaa HaveiHa oty oo FHFE;LI-H.L MZUIHECTAO
SAY
%ﬂﬂ ,(_{{? B

Hp Mupso Kovarinsa, penosan npoecop
Mansckn dakyater. Vaugepamter v beorpuiy

&m YR HOv e OGnae T TepaosexaHike
Lz 2o poellin g




CITMCAK ITPUJIOT'A

[punor 1: [TorBpaa o yuenthy Ha qomaheM Hay4HOM MPOJEKTY

ITpunor 2: Jlumioma U yBepeme 0 CTEUEHOM 3Bamy JOKTOpa HayKa

[punor 3: Yrosop o paxy, yroBOpH 0O aHIaKOBawby capaJHUKa BaH PaJHOr OJJHOCA

[punor 4: 3anMcHUK ca OApKAHOT MIPUCTYITHOT MIPE/IaBaba.

[Ipuor 5: OueHa megaromkor paja y CTyJeHTCKUM aHKeTaMma

IMpuor 6: Criricak 00jaB/LEHUX U CAOMIIITCHUX PaoBa

[punor 7: loxa3 o 00jaBJbeHUM U ITyOIMKOBAaHUM paOBUMa

[punor 8: utupanoct npema SCOPUS 1 GOOGLE SCOLAR 6azama

[punor 9: IoTBpna 1a je KaHIAWAAT MPEICETHUK WIH WiaH ypehuBaukor og0opa Hay4HOT 4acomuca
Wiy 300pHUKA pajloBa y 3eMJbM WM HHOCTPAHCTBY.

[Mpunor 10: [ToTBpaa na je KaHAUIAT BPLIMO PELIEH3Hje HAYYHHUX PaJioBa

[punor 11: [TorBpaa o yuectBoBaky y Komucuju 3a Mmel)ynaponny capanmy

[punor 12: lomahe unu mehynaponne Harpane u npu3Hama

[puror 13: Yuemhe y peanuzanmju npojexaTa, CTyArja WIN APYTUX HAYYHHX OCTBApEHA Ca IPYTHM
BUCOKOILIKOJICKAM MJIM HAyYHOUCTPA)KMBAUKUM YCTaHOBAMa Y 3€MJbH WJIM MHOCTPAHCTBY

[Ipunor 14: Vyeuhe y nporpamuma pa3mMeHe HaCTABHHKA U CTy/ICHATA.



Ipunior 1: IlorBpaa o yyemrthy Ha foMaheM Hay4YHOM NPOjeKTy
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rracaug PC", 6p. 18/2016), YrreepaateT v Beorpany — [IOJBOTIPHBPEIHH GAKVIITET,

H3jaje
HOTBFPAY
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Ila j& HACTABHHK / CAPATHHK "urf | XA 70 jM.i-ﬂﬂ-"'-'f 2] <30 "f] » YHECHUK
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Ipnior 2: lunioma u yBepeme 0 CTe4eHOM 3Bamby JOKTOPA HAYKA
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Bpai wanekea: 1112012
Tavyse: 30092021

VHHEETHIET ¥ e0Tpany- MalkHEEH ARy TUET, HA MONGY 38 @EIALATRC YREREHA KJY [& MonHED-TR
Mrpmanceh Wixanao @3 beorpupa, Cpbeja, B BA soHaDy SIS 151, Fakoss 0 OAWITEM YIPABHO™M
noctyney Penyfnnss CpoEje (WCTyxGCHM THCT CPE fp, 3397, 3172001 1 CaywBenys 11I2CHKEER PC
Bp. AMANI0Y « erywhene CEALTENA]2, 3| e cneqehe

VBEPEWE

vpaanamih T1. W, poher-a 31OL19SE, ronhHe ¥ FearpaTy, Cpfinja y1tWEao-ta jé WROLCKS
122013 reAaie npky TOXAHY JIOKTORUKHY 3XANGHCIHE cryaja, Hyesosano-n je J2ER 23.09.202].
oEBpAHON  TOKTOPCRE AHCEpTATwe eapiio-nd JDETCpCKS AXAQSMUke CTY MjE HA &TYIHJCKDM
oparpaay  Mammere AHKSECPUTED, ¥ OTpAARY gn 3 (IpH) WKOILZE TOOWME, OGEWa 183 {c190
oczrpeceT) ECTEH:, ca npooedIe usHo .33 {empaumaincest B Y3100

Hacioe ToRTOMCIKE JHGEPTAITH]E:
K| g pMOMEXRIH UKE ACTIEXTH [ip01CLA CYIMERA OCTITARA H3 TPUHEROTILG CoKORE

Tume j& CTCRan-1a STPYHIl II3HE ToRTOp HAYKA = MaNIHHIED EMKEIRCRCTED.
(B0 ypeperes RiaH D0 HAABIHEA SETTEME,

Yeepeile ve WRCaic (Gua BAGMIIS fAECC BE GCHCDEY 44N 10, erag 1, Tauka 7 3aeoia o poaylIEuxH
SINMERCIPUTHEREY TaKcan L, U0 CIRcHER 1MCH fipoj 432003, 312005, Glianns, 1017205, /2008,
50/20511, T0/2001, 5572012 w ¥5/2012),

TIPOIEIAH 34 HACTADY
. ~MALUIMACKOT GAKYITTETA

RMECHAMICE! bGIEZRIMG bylbpd fanene, T4 BiE.OCES



Ipusor 3: YroBop o paay, yrOBOpH 0 aHra)K0Bamy capaJHHKA BaH PAJIHOT 0HOCA



¥udeapawreT ¥ Bearpady

M LMHIPHBPLIBH PARYATET
Lpop: LER

AETywes Q0L 20HE, mpwke

Beorpan - 3amyH

Ha perosy vnapa 800 cras 3 Jeome o ercokom 0fgesosaey [0 veficHe
rpacHiE PC™ Gp. 8B/2017, 202018 — Joyrm saken M 7320180 2 ¥ cKnaly oo 93310
W2 awnHe o pany C,Coymiedn cnacede PO a0 202000, H1F205, 542009, 32720173 u
752014 ¥ omavwe o RaBopy HAJASNCHE OpTAAMIAUNGKE jeoMHRNE DakyrreTa oa
Q9.0 20 AL FopHe, Hakceyq Y e o

¥YTOBOP O AHTAKOBARY
CAPANITHEA BAH PATIIOD QUITOCA
¥ menncknj 2HR200 %, ropns

YrosUp §& darieyaen 1 el

1. ¥Yunoepaonvera v beorpauy - IIOUBCGITPHEFENHOL DARYVIITELA, Leorpen -
demym, yo. IMemeruna Gpo 6 ML 7029845, ML 100193802, 2avyr Gpe; B4G-
[ETEEG0-TF (v Damew TeReTy: WParyaTer), mora zacTvma acrak mpod. op MymaH
Auzroedh ¢ jemire ctpale ¢

[ %]

Muxanna Mupaagoosrha, CTYVA2UTA TONTOPCIE: cTvaH|A, bBecrpam - llamumvna,
vrauz BenBywea Qoo 4, JMET: 31019887 (008, JIE. Gy Q02001 566, pasys dpo:
20047224100 72 (v camep rooTy: Capanlek o [pvre CrpoHe, NKe CIens

Hipedn oy R2ogopa
‘Loran 1,

(oMM ¥TODOpOM CC paryAHOTY Mohycofia npasa 3 cancic wamcl)y DaxyITets H
COPAOHHER 3d nanaoh M OHALTARD HA ACHORIWRE AGLIEMCRH Y ET}'JI_I:-I_'-[EI.MH. AL TIPS s R
TenaiduHaarie, U PRepesd SPRpeend B SRS NTEENGIPKE  OEPEML,
Mumcelespron Yomoike, iocenepoue apaann 1 Fexuuyen sarguusd, ¥ ONCTIHGM
eovenTpy samsnows 2NERZOTR. roppne.

Dz capadnime

YHaun I,

CApAIERK 3C 00aee e 08 He apysEm venyre noacfd v Haomaen (Hanofony
el 13 npegueral  Tapuoniadeed,  Koaujyrepoid  rpadiexs  H STEMENTH

|



TCXHONDIIKE CLpese. Hamowepoxe uprame, Homesmepows vpadnza g Texduswea
WEXAHEKA ¥ NETIHEN CeMecTpy Wi vke HHEZO19, rogane ™ cryimjesdsl Lporpasy
DANPITeTd, 3 OPCMa PacTopesy KoiH jE yraphen wa QEUYMTETY KM ¥ CADAIbH o4
NP AMETH i HACTAMIMEOM Paryiriess.

Diradese Qaryamanrg

YUpau 3.

DAKYIICT &= obabesyje Ad RE capaiHmru nCin3ali{eaTe npema voany 1. osar
Yrosopa,

HAntaaa oo yrepayie ¥ Hanocy:
- pecane oa 1/3 OraTs cApRaHERa ¥ HECTARH I1E DaxyrrTy.

HagHaga ce ofpaaynapa 3 kentahyje o cepio oo 18022009 w 16.06.2019,
FODHHe, MECEMNIO, B HA LUnosy OIOGPEHOT ANTERE 31 WCIAATY KOTH  NOLKDGE
PAYRGEOIANAI STYRH] CHED TPOCPAMT Sraryrier.

MCONaTE HaKHAcE @9 AHCAKODAIRE CRLANHMHA oo BPILH YARAToM Fa Tecyhs
FATYT SEPEIHHER.

CHoinaTe aepedfe

=TI R
{}3aj yromop ¢ 1BELYINC 52 NOTHI CEMEBCTAR [IENICKe ZA1E2029. roImune,
YTOLOPEC CIPHHE CY CAPTRCHE OF 'Dawymrel MONE OTKATATH i8] yrosap npe
KETCKA BPEMEHD Ha ROEE je 3ammysén, B Hanolerea neefi paT1oTa ca OTRATHEM
pokon e 13 [METHARCT ) AAHL.

¥am 5.

ViGBGPHC CTPAWE o CATNACTIE 0@ ¢RE £OOPOIE MOBUAOM wu0l ¥ ToRopa
PELLZEA] Y COOPAYYIZD, 8 AKD A0 CICPLEYRA He 2080, TPHERLIATY CTOAPHO THIIERHN £3]
v REOIpRLY.

Laam .
Ogj p1oRop j& cAuHEeH ¥ 5 (1) HCTOBCTHA MRRMERAka, 01 BOJECK 4 [ HETHH )
3 ADeky 12T, & 1 (jonen) sa capaniiaks,

CAPATITHI DAKYIATET

yﬁﬁé@w’//g@@% _ -

Mrazama Muanroekh

—" i
TacTapuTh capanHeky. medy Karteupe 56 DOEOOPHETEIRY TSRIHRY, Lirysif
3% GHHARGKH]CKE W P4 YROGEICTREAS MOCTIDE H APLEEN (2}

=



YHHBIPOM 2y BenrpeTy
HOBONPUBPEIHH wAKYATET
Bpaj: 1532

Larym: 03032020, roonae

bearoais - JewmyH

Ha ocHoky uwHa B60 c12e 3. JEXORAE 0 BHOOKON obpazosarwy (Ciewtenn
rnacenr PO Bp. BEDLT, 2XI0IY - opyru sakon, TRI01E n 672019), a v cenaay ca
iien 202, 3awkona o pagy Omembenn -macaur MO Gp. 2402005, 6152005, ARG,
F2AHI ) e TA2014Y 10 oanyre o MEBopy neneRac OpFaHE I MDEe [COHIEHLE DagvnTe
on 1202 2020, reaunse, werpmiys oo

¥TIOBOP O AHCATKOBAKY
CAPATJHHEA BAH PATHOT OTHOCA
¥ mxoaceaj 2 22020, rosed

Y¥TOBROD 2 3% UCE HiMEly:

1. ¥unwepiwtela y Beorpaay - WOMLOIIPHBPE IIIOT PARY.ITETA, Geospaa -
Sewwn, v Hemmtawe Gp, &, ML 7029843 JME 100198807, pacyu Lot §24.
1RT2050-M (v Jamem fereTy: LarvdTer), kora wacryia gekad g ap Jyman
Faeroeeh ¢ jons ctpame iy

2, Mizxanaa Muaanosiha, hezrpac - |lanwayra, yoiia Fenbymga dpoj 4, MET:
SUIQERTIONE, JE. Gonj 0992901566, pauyd Gaajs 00 47224110 72 (v ramow
TCKCTYT Lapaiiue) o Cpyre crpase, as0 CI8in

Hpedaen Yeovnpa
Urnup 1.
DBHM yTORGROM Ce PET¥ MY Mehyendna Tpard H ofakeae Aely Dakyareza o
CAPRIEHNY 33 B30T ¥ HACTART BN OCHOGHHM AES1CMCL A CIvAM]EME BY OPETMeTE;

fepuadunamure 0 Koaberucrcen -padmica o enerMeminll eoanomie BRpeME,
NETILEM CEMEOTEY MRS 201 %2020, romze.

Egaese capadiing
Yotan 2,
CApeREMx ce ofapesyiz i he npvwaty yenvre monahu v HACTARM |wingfemy
Bty W mpegwers: TepMoalnimHeEs H Kavnjyropese -pa@gd B 2leM=pTH
TORBOLOIKE DODEME, § ALTFRe)M CeMes; Py nmoreite 200 W20 vivmie, o cryiwde ko
GPOTpaky DHRyrTeTa, 4 oMy PacTopeay xojo j& yraplea na MaeynTesy 0oy cupagan
oH MPEOpTEL AHE HACTARIE i Pary ITaTa.



L&raeze PandRmema
Ynau 3.

Jrawyorner ce ofapcayie an fie CEPATAIKA KorUrabALiTE DPIA TIRAY [. cpar
¥ rooopa

Haxnaua ce yoophivie v wanses
- wewna ai 13 ooare capaaknee v sacrasd wa ey urety,

Hammaa me ohpadvHasd M ecinabfiyje 3a Nepeos o 10.02.20200 reanee a0
| 7,55 2030, rogune, Mecedun, 8 118 JCHORY (nDiSET IAXTCE S PCIIETy KO TIOOHOCH
Py KORAIKTAL CTYAR] R NIparpava dreeyorme o

MCOT3TA KUKALAE 23 AUFHAONLESS CAPETHHEA & B[HOA YTLARTOM Ha —exyfiv
Ayl capann k.

Ocriane oipedfie
Wi d,
Choa’ YTORLE CF SAKEYYY]S 33 (ETHH CEXECTEN LROGwE 2] QUMY ro e
YIOEOPRS &.pacie oy canmoHr 18 DaKyIIoT Muks WrEasiTe 0BA] YIOEOD Nps
VCTEKA Bpemend B NOTH j€ sdrkyueh, DC3 HaBohzma nicebnor painord <d OTREITHM
PoEnM 4 13 (neTnaecT] adwn.

Uaam 5.
VEDBOpHE Crpdde ©F CACWACHE [T BT SCODURE DODOQ0M 0BG YiUBOpA
PEMIHER] Y LLPEYMIED, & AKD 29 SIOL1ME 1C 403, IPUXBATA]Y CIRADHT HLANEHRHL 072
p eanpaily.
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¥Aarsepshrer y hieorpay
NMOJBONPHEFETHA DAKYITET
Bpuj:- (t2-414/1 '
Aseyma: 30,12, 2021, romime
BEOTPAL-3EMYH
MM

Ha ocxozy srara %5. 3akona o eMcokom chpasoBashy ("Ci. cracusr PC* 6p.
882017, TLZ0NE, 272008 - np. sakow, T2, OA20-ap. sakonwm, CLA2021-
AYTERTIIIHD - TYMadewe, 072021 ¢ $12021-p  sakon), opapn 29 CraryTa
Homoypnapemtror dakyntera Yaweensatera v Becupagy, wmana 320 - acHeTenT o
maxrcpagM  [lpammnauen o opravesaumin  n BHCTEMATESALNE] K nacmond  HA
[nzemmnpeion paxyincy Yenaepanters y beorpany &g, 20171 o1 09.02.20019, rommne
B CIT¥EE o ROBDHUH]CIITH 2 o 0 HERICT [ sa ofpouyH B benasTy miama op, 3661 aa
03T 12019 rosmue, sakmyayje ce

¥FTOBOP O PAAY

1. ¥umsepzwrer v Brorpasy - llomonpaiopemin paryrer, JeMyn, ym
Hemawnaa, Gp. 6. (v mobenr Tercery: [Tocaonanan), wora JACTYda e npod. ap
Aywan Hnewosih saceKes panms cfeas ca ap Muxaaren Muomewsnhiew; WG
FOIDE8T100)8, mammunn Gpej 1835 co npebupammrrens ¥ Tearpamvel [arma:yne, v,
Penfiymia Gp. 4.

1. 3amacTend-a o TO JATMKAGY J0NTOp HAYKA — MAITMECWU NHACILEDITED 1
Dacnopeljyje c8 TIA NOKINEC ACACTEETA £1 SOKTOpETOM 3A YAy HEYUAY  GOTACT
e onHIDDETHG MAINHHCTEO, [LyTvios Hsbapuar weha Dakyners Gpoj 30M3-2/5
03 30132021, rogmire, wn Tpehoj penvewal ceamama HafupHor oeha [IepepnpyEpeIROT
taxvnrera Yensepiuteva v Beorpagy, HAMAL J¢ 10 KCHEYpLy o A0 CAPAAHNED ¥
SEAILE I HE  DAOAOD MESTL BCHCTENTE U WOETODATOM 24 WwEy ISV afaact:
IoaanpuApeaHo Mamsnecre.

3. JAUOCIEHH-G 33CHONA DHOIE 0NGS KA 0apehERd Bpemte 03 3 rosmHe
(07.01.2022. vmese ae 30.12.2024. ronune).

4. Janocaumn-n he JGARTLATH (LEIODE AEHCTER TS C3 DOKTODATIM, KOJH Cf CECTO)E
¥ Yuporayle ¥ HammueHOM PATY (PRATHIGIEIN Dekfn o APSTHXE <fK1MEA  {ACTABS,
OPraHuzulMH MPCEEPS UHARA CTYISHATA, KORCYMTATIAJE o8 CTVIENTUMa W tT) KA
UCHOHAM, B MECTSP ARANIMCKITM CTYIMNIAME, APKA SRCOERAMEHTENHEE H TEnpw) ekT peEde
MGE PYROBODCTBOM TIPSHMCTHOT NICTARHHKR, Opradliyfe B CIOPOBGIM  KIEN]vME
CTYREHUAMN, JWOMEHE CTYACHTHMA ¥ WAPANM IETICMCEHX W COMEHEOCKHY paj0ss, a
HACTORHIIECY ¥ OOMEANAFRY HACTRBHAX [CWHOBRYME B HCOMTH] FHECTEY| 8 ¥ HaY'HUM H
CTPYHHOM - pHEY B RDjAS8ThWGEIEY MayuyHex DIIVITATA ¥ HAVSHHM O SR e
OyOMHEON]aME ANH 18 nayYHaM H CIpYUHHM CEFOOGEHMA ¥ SuMiBE K HEROCTDAWITEY,
FURCTIVE W DAY i CACTARILAKY ILEXTHRYNMA 0 YEYTCTARA 5 Beiie o1y IenaTa YHILTHYIG
¥ RNy GIPYIHHA OpTaHA W DrERE YRPAREAHK Hy (DA TeTy: oororapa 1a GITATORTIEMEHD,
FAKOIIHTD M KIAMBTCTHO ofAeiedre MOCN0Ta; o0dema o ARYT® HCTDERCHE TIOCIORE 110
HAJOTY e KATCApe, OMPEl10pd HECTHTVTL I ICEIHE,

S, Fanvaene-a e odaseara ooenoze ¥ Beorpany-3ansmy.



6. T102i002Ra0 Ce ORDES e LA A 10 eIk SAORNSHOT-I B DU T THEH:
MpoONHOANE OpHjabe 3a COAPRIHO CONMjANHE OCMPYpEFRE H ArarcwpenaHo ynrabye
OOOPMIICCE 33 TMEWSECKO, HORATACKO MW YIPabeTDeNo  OCHCYParse  Ja  CEYTa)
HE3AOCNEROCTH. _ .

7. Japany SAMOCNCHOT-C IHHH 3EPASA Ko|Y CCTEEPE 34 oDABILCOM pal M Dpemc
npoBcAcae HA pagy, ¥Bchona sapemd, eexHATA ADALC, OOTANA TIDHMAIRE F I3PEIA HI
T,

TTema pans gamoac = - prapy]e o8 GIG IEr oo EHn WA 59 Bl IR TARTH]
Pas, HOJd B IDCHE S yTaphesd, vortjena W objaraeHa awrisl Rnane Peiivtomwe {piivie
NDOWHMRR ca kaedeEjesros 21,75 yeellan o o0mosy HpEesMeHa L[MALIEHIT HE Py,
I3 CHAKY NYHY MOUHRY PEid QECHAPERY ¥ A aEd RIuncy ey necanaens xa kg% .

Japena sanocaenoT-2 YTEPY]e o8 KA OCHOBY HEEe H3 CTa6d 2. OFE TAYL2 O PAgnor
YMHHE, [0 DTHUBY OCTHIHK IPAMHES, 0 OCHOEY YBehans 3apans v o pcHoey yyentha v
Jofimre.

5. FATOCOSHE-8 BMa Opaed HA Ga%BANS TPRONTEORE 11 ULEED A ApPYID CRMMARDL Y
DETATY CB TAKOHOM [ OTIITHN JEToK.

Y. [locnogasan je oyikan gz ofeabegy GeademaocT M JAINTHTY 1IpanEa 11a pagy ¥
CHIADY & 3AKOHOM & DAY, OPYTHM JREOHIM H GITIITHM SKI0M,

[Tocronapan j2 AvAaH B3 OPrasHzy)e Pl FoHM oo obeaCelsTe J2uITRTE AEEoTe |
ANPARTGY FMOCASHD S, ¥ ERIANY co ToceDRit IAHOFIM, SPYTHE MRATHEAMA W QCIITHR
ATTOM.

Jamocremd-a j2 Ty man O3 of NPHIEaRE TPOTHCANAY Mepd 3aMTATE Wa PaTy.
10, 3amocnesH-a ¢ OOTOROPEH DOCAOJABLY KO CROJOM EPH3ELCOM YIHEH cnoichc
TCBERCIS PAZHNK ofMBcia;

#) Hebrarappemésa, HecapebRd M HEMAPHO #3RDINAGRRSG [AMISEK OYAHHOCTH H
bAesa;

O Hemaseomia nie pacivcTar are GPeneuhma,

B) [loBpena Npalica o 3LTHTH QN TIOAAPE, SRCIITOINE, CReMeITApIIRY HEMOTCLA
# LWTETHOT NST0BAHE OTPOEHMX H APYCHX ONACHHAX MATepujd, K20 W OOBDERE MPONMCA K
HECPEAYIHMARRST MEPA PRIH IALTHIC IAN0TNCHAR, CPEICTAR PROA H AHBITRE CRUIHRLS,

C) A2y pebe Hono#m] e W npEKnpaseme ornmnieme;

A3 CUpHame nocnnene, Loymiiene o fpere ragHe yrephses 3neanin, eohec T AEHT
WIQHGOR HIA QTIUTEM &R T0M;

B OodeTaske jemHOT MM ERINe 32MCCTETIHX ¥ MPOUECY PR3 KO{HM Cf HIPAaIHTo
OTEXANE MANPIIABAILE PaTHEX oOanesa;

g (O nfHjame IATOCNEICT 04 0RANL A O0CI0ET PATHOr MECTA HA KojC j¢ paccapehieH;

#) Hemo THexoa30 H HeoIr DBOpHD Ilfupﬂmh;s-hc CpeITTIAER PRAA]

51 eI ROEaHE ¢ HOBTIAHHK 1 IpYTHX DKV MEHATE;

miMzpamasatbs B JATTYIAMS TOMMIHSENS aNpafeibars Y Of2BBARRY OGN, HIH
APCARKMRLES MGIHTHEKHY APFAKHAINN] 2 Bl DaRYATETY;

§1 Hepmramfiena oachyra SRE;SriHME TORSPEITHX FNOCTEHOM 33 HIBPLIIEAFLE
ILCCTHEL SITTHOCHD [REHE ZaKATARA,

K HeBnaronpevesa (HAEICHHj2 00 CAc0eller REOHTHAOT poKa) YHOIICHC TIOTATANS
¥ Oppeledy Megarowiey MOKVMEeHTZUH]Y (3aKalli-aie YU, JAsCEa, BPalaEd ACTHTHHA
T k), )



) HenpejeaoHBarle WK HCDTArODPEMUHD TIPHjABEHEARE KBAN0ERE Ha FefajHMa o
CLHMLTRHILE 32 )L, JHIITHTTTAM ¥ ADVTHM CPeliCTHHMA;

B} HemocT2popdens MODa K0 B ZCEVMEHA T WOTPedHRY 28 JOPHMEPAILE MAPIECROD
TOCH] 3 (HEBMETORPEMENT TTDH]ake chxy MpOMea);

bMope mpectansa pagHor oMkacs wipwHue ce W e ApYTE MOBpCOC PAOIEX rfiapcsa
¥TOphe s FACoH0M H Kook rHsEHAN FTORGIM,

JATOENEHN-R JE 00 GHUPEH TOSMGAAMILY BNO CEHOM HPHEIIOM YEHHE NOBPENy
DATHC SACIHHILHE KOjS O Sadjd ¥ cnedsien:

a) Heonpar,a:40 #30CTajake ¢4 paga najemue § pazime naps o DpEkitnsm ¥ TOKY
12 megrnH;

[} Domasax Ga pas, ¥ HATETOM CUARY HIE FRHESE STHKOXCIG ik AF¥THX OO HHX
CPEDCTAH Kyji CMATLYTY paiaky crocofHacr:

k) Fiuenparke nepelia @ yecTsoan e ¥ Ty

r) Hempanemo nocateaes, cBale, YEPSIs H O MHEMIL 5aGOCTEN MM, CTYARHTHEA K
TRCTHMA davyizera;

£) HeOn pUELANO SANANTLEILT HE NOCAL HAMEFE TPH 1aHA ¥ TOKY MECEITA:

h] HeompaeJann Amasak ¢a 7a0a 08 SurpEeTsa PATHO FAcMeld BajaMHe ¥ TPE
PIRA JAa ¥ 1Ay TR MOCeLa; :

£} JBMOUTEERRE EZ MASOME B HCTTHIE BWine on 15 MM HYUd R/H UEORPEARIANO
OANAMHES TACOLL B HATTHTE;

Mepa mpecTai ki DATHCT 0OHOGA IDHIE 02 H 24 NpyLe LOEReIs [PEIHE AHCLHITITHTLE
FTLphede JaR0HoM M IonsIHBHEM YTOR0pum,

1. JanocncHe-a s 10CNOSABAL NPHABSTEY I3 08 3z ond TP2n, ONBCEC o
QIFCEOPAMGTE KOJa 1HcY vrrpheia omay yropapow, MpHMERY]Y 4arobapa)yhe onpegie
ZAKGIIA B NNITET AKTA.

12, Chara yTopoplia copeRs MoUKe T8 Srxasc ITOEOD O DALY, ROJ YCU0RHMA H
CIF4Hj@RHMD YTEPHESHM IAK010M ¥ COLITHEL SKTOM.

13. 3anocrems-3 wie CHNNMRET KOTA FAMOCTSHH-A OLRACTH, HMa || FRd, 2K0 CMATPE
T3 J2 WHUM YTOZCPOM AOFPCCHO TREMIED £PaEo, DA MakDeHE GII0D T D HE, LIHEHHER S T0M
¥ pany o 90 1aia of TaHe N0sTaETLaTha Dadr Yroropa.

14, Oeaj ¥Foagp Caqdrcy je ¥ 3 {iteTh MCTORETHAX MPAMSPAEA, &1 KajWx |ECAL
QRS20 SRIPREADLD J2ICKERN-8. 8 YETHPE 1IDEMIPAKA BOC /e,

15. Opg) yrosep raxmy=ean jo v Zemysy, nara 30,12 2021 aqune,
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Yumeepiarer ¥ Georpany
BOROIPHBYETTH AKX YITTRT
Epoj: 2-16712

Tayms: 10042024 roauue
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wEs017, FH2018, 272018, - ap. saeon. BTA01Y, AfHI - mp, aknHeE, LLZ0E |- ayTeRTH9En
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IIpunior 4: 3anMcHUK ca OAP:KAHOT MPUCTYIHOT NMpeJaBama.
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SAMMCHHUK CA OJPHKAHOT IPHCTYIHOI MPEJABAIbA

1 HIGOp ¥ 3BAmE =T (moucHTA/BaNpeOT Mpodecopa), 1A YAy HAYUMY
ofaact F / YHHBCPIMTETA ¥ Bempaay &
MomonprBpeaHor (pakym

Kanmar: MMMMHH% npe3He)
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,,“é: DayaTeTa,
TEX TpreTynso npejasae je saxasano ommykom mexana 6p. L2/7-fox {7 1L Lol .

roaMne, koja je ofjassena na cajTy Dakyarera, Jana A2 o HHE M HAa OTTAcHO]

Tainn PakyaTeTa

TTpHCTYIHOM OpeaBalby TPHCYCTBY|Y H ONEmyjy ra ananork KoMucHje 3a mucaske
pedepara 3 w300p ¥ IBARBE ,q,ﬂj[f HTA  (mouenTa/BaspetHor npodecopa).
Peafip. | Hwe, npeanme o asame wiana Komuenje Ilpeacennns/Mnan |
1. Orusbrp £RuH— AfPeh e - Pt pg cefruke
. Vo 31078008y A Jaa ?:;“,ﬁu
3. ML PRO  pONAT AR T f'}ggéfﬁ H'ir”m;

TlpucTynio Npelasiese je JaRH0. s i
[prerynno npenasaske je oipwano a Temy: * TEPHOTARAHUII ACTERTH THDGSCA EQUEIBA

Mpueryitho NperaBaLe je Tpajate ol 14 ¥ mo &' 3% gacosa (ne kpalie o 30
MHHYTE B HE Jyse o 45 MHEIYTa).

KoMucHja je OUSRHBATA TUPHAOPEMY NpelaBarka, CTPYETYPY H KRULIHTET campEaja
npefiBama, AHAMKTHIRO-METOIRTKE ACTEKT Hasoherea Tpenasara, ougHom o 1 a0 5, npu
YeMy ¢ OLCHR 5 HE]RHIIE OIEHEL

[lojegnnasne puene n npocedina ouena waanosa Kovucuje 1a kangniara:

Pen.ip. Hme, mpesnme w apame wiana Kommcnje ﬂl:lﬂla {I-ﬁ]

1. LAGSEPH  ERur~ HAPLH e ,

2 LIBRH Faadhiaonur Zé s)

3. |\ MHureo  kormryes Whe Pl faﬁxf alhn( &/
Hpoceund oyena caux waanpsa Kosucuje: % + ‘f_ o f'

Hanoatena: Y xonmko kapapnaT Oyie oueised onenon | ox pelinne wianosa Komucuie,
CMATPA Ce 1A MpEIABALE HiLje NOIHTHERD OUCHCHD W OUETLY]e CE KOHASHOM OLeHoM 1,



Jarwyuax Kovmcnje

KosHcHja cMmaTpa Ja je KasIMAAT i {HMEe, Mpe3IMe) YCIcliHO
NPHOPEMHO W OAP#En TPHCTYIING Npelapase npel KoMEcHjoM H caylia0nMa. Mpaerynae
NPeABAELE jC OUCH-EAN TOIHTHEHD Ca MPOCCHHOM OUEHOM 5,020 . Kovmenja sasibyuyje |
na je osM npenasames Kammmaar Wemymmoe yenoe npeaprben [lpasmmmkom o
MHHMMAIHHM YCIOBHMA 33 CTHIAMKE Baikd HACTABHWED HA YHHBCPIHTETY ¥ Beorpaxy
("I nacuux Yuuscpsutera”, Gpoj 192/16) n Oanykom o wapoliery NPHCTYIHOL IPeJaBatsa Ha
Yuunepaurery y Beorpany ("Tnacamx Vemeepanrera”, Opoj 195/16), 32 cTHUame 3Bafka

{ nonesTABARpEaHOr npoifecopal.
Komucuja:
Peanm e, npesive u 3pame 9aana Komuenje MoTnme
fipoj
L Claagers EBur - HFf 2 i
- TpeacenHur ﬁt':‘r‘f'“* L.m‘;ﬁ-& : =
2. LGRS A ART frCBL T
F _gq_“g_gy QJ{WF- '{"I Lg—"-ﬁ
3, PRD kU AT ViR : L‘[ iﬁ
Joe ey Vioibne




Ipnior 5: Onena mexaromIkor paaa y cTyIeHTCKHMM aHKeTaMa
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IMpuior 6: Cnucak 00jaB/beHUX U CAONMIITEHUX PaJ0Ba

1. Monorpaduje, MoHOTrpadcke CTyauje, TeMaTCKH 300pHULM, JIeKCUKOrpadcke H KapTorpadcke
nyOnukanuje mehynapoanor 3nayaja (M10)

1.1: Monorpadcka cryauja / moriaBibe y Kibuzu M 12 unu pag y TeMaTckoM 300pHHUKY Meh)yHapomHor
3Hauaja (M14) - 1x4=4

1. E¢im-buri¢, O., Milanovié, M., Dragicevi¢, A., Rakovi¢, A., Mileusni¢, Z., Miodragovi¢, R.,
Mathematical and Deep Learning Modelling of the Raspberries Drying Kinetics. In: Mitrovic,
N., Mladenovic, G., Mitrovic, A. (eds) New Trends in Engineering Research 2024. CNNTech
2024. Lecture Notesin Networks and Systems, vol 1216. Springer, Cham. pp 315-335, 2024.
https:.//doi.org/10.1007/978-3-031-78635-8 25

2. PajioBu 00jaBJbeHH Y HAYYHUM YaconucuMa MelyyHapoaHor 3Hadaja (M20)

2.1: Pan y meh)yHapoaHoM gaconucy u3y3eTHux BpeaHoctd (M21a) —2 x 10 =20

1. Balaé, N., Mileusnié, Z., Dragicevi¢, A., Milanovié, M., Rajkovi¢, A., Miodragovié, R.,
E¢im-Duri¢, O., Implementation of XGBoost Models for Predicting CO2 Emission and
Soecific Tractor Fuel Consumption, Agriculture 15(11):1209, 2025.

DOI: https.//doi.org/10.3390/agriculture15111209

2. E¢im-Duri¢, O., Milanovié, M., Dimitrijevi¢-Petrovié, A., Mileusnié, Z., Dragiéevi¢, A.,
Miodragovi¢, R., Prediction of Greenhouse Microclimatic Parameters Using Building
Transient Smulation and Artificial Neural Networks. Agronomy, 14(6):1147, 2024.
https://doi.org/10.3390/agronomy14061147

2.2: Pan y BpxyHckoM Mel)yHapoanoM yaconmcy (M21) —1x 8=8

1. Milanovié, M., Komatina, M., Jankovi¢, B., Stojiljkovi¢, D., Mani¢, N., The kinetic study of
juice industry residues drying process based on TGA-DTG experimental data. J Therm Anal
Calorim 147, 10109-10129, 2022. https://doi.org/10.1007/s10973-022-11289-5

2.3: Pan y ucrakaytom meh)ynapoanom gacornucy (M22) —3x 5=15

1. Baaé, M., Rakovi¢, A., Milanovié, M., Mileusni¢, Z., Miodragovi¢, R., Dragicevi¢, A.,
E¢im-buri¢, O., Use of machine learning tools to estimate drying rate of apple and apricot
wood discs, Journal of Agricultural Engineering, 2025.

DOI: https.//doi.org/10.4081/jae.2025.1712

2. E¢im-Dburi¢, O., Dragicevi¢, A., Miodragovi¢, R., Milanovié, M., Rajkovi¢, A., Mileusni¢, Z.,
Tadi¢, V., Experimental evaluation and modeling of strawberry dlices drying kinetics based
on machine learning, Technical gazette, ISSN 1848-6339, Voal. 32 No. 2, 2025.
https:.//doi.org/10.17559/TV -20240723001875



https://doi.org/10.1007/978-3-031-78635-8_25
https://doi.org/10.3390/agriculture15111209
https://doi.org/10.3390/agronomy14061147
https://doi.org/10.1007/s10973-022-11289-5
https://doi.org/10.4081/jae.2025.1712
https://doi.org/10.17559/TV-20240723001875

3. Milanovié, M., Komatina, M., Scherzinger, M. et d. Influence of heat supply method on

drying kinetics of apple and nectarine pomace. Biomass Conv. Bioref., 2024.
https:.//doi.org/10.1007/s13399-024-05633-y

2.4: Pan y mehynapoanom gaconucy (M23) —4 x 3=12

1. Milanovié, M., Urosevi¢, T., E¢im-Buri¢, O., Influence of variable temperature drying on red
beetroot chips drying kinetic parameters and specific energy consumption, Therma Science,
Volume 29, Issue 4 Part A, Pages: 2757-2768, 2025.
https://doi.org/10.2298/T SCI 240919038M

2. Milanovié, M., Komatina, M., Zlatanovi¢, I., Mani¢, N., Antonijevi¢, D., Kinetic Parameters
Identification of Conductive Enhanced Hot Air Drying Process of Food Waste, Thermal
Science, Val. 25, No. 3A, pp. 1795-1807, 2021.
https://doi.org/10.2298/tsci200312223m

3. Jari¢, M., Marti¢, 1., Budimir, N., Svetel, 1., Milanovié, M., Total costs of shell and tube heat
exchangers with concentric helical tube coils, Thermal Science, Vol. 23, No. 6A, pp. 3661-
3673, 2019. https://doi.org/10.2298/T SCI180727064J]

4. Milanovi¢, P., E¢im, O., Jeli¢, M., Tomi¢, V., Milanovié, M., Dynamic Modeling of a

Heating System Using Geothermal Energy and Siorage Tank, Thermal Science, Vol. 16, No.
3, pp. 947-953, 2012. https://doi.org/10.2298/TSCI1120222138M

3. 36opHuIM MeljyHapoaHUX Hay4dHUX cKynoBa (M30)

3.1: Caommureme ca Mel)yHapoJHOT CKyma mTamnaHo y uenuau: (M33) —7x1=7

1. Milanovié, M., UroSevi¢, T., Eé¢im-Buri¢, O., Influence of Two- and Three-Sage
Temperature Regimes and Hot-Water Blanching Pretreatment on Red Beetroot Chips Drying
Kinetics and Energy Consumption, IX Regiona Conference Industriad energy and
environmental protection in the countries of Southeast Europe, pp. 139-144, 2024. DOI:
10.46793/IEEP24.139M

2. Milanovié, M., E¢im-Duri¢, O., Low-cost Arduino-controlled solution for automation of mass
measurement in laboratory dryers, ISAE 2023 — Proceedings, pp. 212 — 218, Faculty of
Agriculture, University of Belgrade, Belgrade, Serbia, 2023.

3. Mitrovi¢, O., Popovi¢, B., Kori¢anac, A., Leposavi¢, A., UroSevi¢, T., Milanovi¢, M.,
Urosevi¢, 1., Influence of pretreatment on plum drying rate, 4th International Symposium —
Modern Trends in Agricultural Production, Rural Development Agro-Economy Cooperatives
and Environmental Protection, Proceedings, pp. 342-348, Vrnjacka Banja, Serbia, 29. — 30.
June, 2022.

4. Milanovi¢, M., Komating, M., Mani¢, N., Thermomechanical aspects of juice industry
residues, AESMT 21, Volume 3, pp. 125-126, Ruse, Bulgaria, 14. — 15. June, 2021.



https://doi.org/10.1007/s13399-024-05633-y
https://doi.org/10.2298/TSCI240919038M
https://doi.org/10.2298/tsci200312223m
https://doi.org/10.2298/TSCI180727064J
https://doi.org/10.2298/TSCI120222138M

5. Milanovi¢, M., Komatina, M., Zlatanovi¢, |., Technical review on properties, utilization and
drying of apple pomace, ISAE-2017 SYMPOSIUM, Poljoprivredni fakultet, Univerzitet u
Beogradu, pp. V-9 — IV-18, 20.-21. October, 2017.

6. Tanasi¢, N., Ivanovi¢é, M., Jankes, G., Stameni¢, M., Nikoli¢, A., Milanovi¢, M., Simonovié,

T., Koriscenje otpadne toplote u sistemu ventilacije masinske hale u papirnoj industriji, XXI
medunarodni simpozijum iz oblasti celuloze, papira, ambalaze i grafike, TMF Beograd,

Zbornik radova, pp. 107-114, 2016.

7. Milanovi¢, M., Komatina, M., Skiadistenje elektricne energije dobijene iz obnovljivih izvora

energije, 46. Medunarodni kongres KGH, Sekcija 8, Beograd, 2.-5. December, 2015.

3.2: Caonmiteme ca Mel)yHapoaHOT CKyIia mrramnado y uzsoay: (M34) —2x05=1

1. Milanovié¢, M., Komatina, M., Jankovi¢, B., Stgjiljkovi¢, D., Mani¢, N., The kinetic study of
juice industry residues drying process based on TG-DTG experimental data, ICTAC 2020, p.
37, Online conference, Krakow, Poland, 29. Aug. — 2. September, 2021.

2. BorzaP.N., Cotfas, P.A., Cotfas, D.T., Milanovi¢, M., Kadar, M., Komatina, M., Ceuca, |.E.,

Design Flow of the intermittent systems connected to the grid enhanced with the hybrid
storage solutions, 5th European Symposium on Super Capacitors & Hybrid Solutions -
ESSCAP, Brasov, April 23-25, 2015.

3.3: AyropusoBana auckycuja ca melhynapoaror ckyma (M35) —1x 0,3=0,3

1. Milanovié, M., Komatina, M., Electricity Sorage Systems, SS Hybrid Sorage Materials &
Systems - Technologies & Applications, COST Action MP1004 in conjunction with the
OPTIM 14 conference, Brasov, May 22-24, 2014.

4. Yaconucu HalMoOHAIHOT 3Ha4aja (M50)
4.1: Pan y MCTakHYTOM HallMOHAIHOM 4acormcy (M52) —1x1,5=15

1. E¢im buri¢, O., Miodragovié, R., Ragjkovi¢, A., Milanovié, M., Mileusni¢, Z., & Dragicevic,
A. (2024). Primena masinskog ucenja u poljoprivredi. Poljoprivredna tehnika, 49(4), 108-
125. https://doi.org/10.5937/Polj Teh2404108E

4.2: Pan y HarimoHastHOM Yacoruey (MS53) —1x1=1

1. Cupri¢, N., Milanovi¢, P., Milanovi¢, M., Umeci za poboljsanje isticanja rastresitih
materijala iz bunkera i silosa, Procesna tehnika, God. 23, Br. 1, pp. 14-17, ISSN 2217-
2319, jun 2011.

5: [IpenaBama 10 MO3WBY HA CKYITOBHMA HAITMOHAIHOT 3Ha4daja (M60)

5.1: Caommrtemne ca cKyna HallMOHAJTHOT 3Havaja mraMnano y ueianau (M63) —2x0,5=1


https://doi.org/10.5937/PoljTeh2404108E

1. Komatina, M., Peri¢, M., Milanovi¢, M., Mani¢, D., Aspects of using biomass in order to

increase energy efficiency and reduce CO2 emissions, Scientific meeting "Potential and
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Abstract: Tillage is one of the most energy-intensive operations in crop production, leading
to high fuel consumption and the emission of harmful gases such as CO, and NOy. This
study was conducted under real field conditions to explore how soil parameters influence
variations in fuel use and exhaust emissions. A machine learning approach based on
the XGBoost algorithm was applied to develop predictive models for CO, concentrations
in exhaust gases and specific fuel consumption. The CO, prediction model achieved an
accuracy exceeding 80%, while the model for fuel consumption reached over 65%. Although
not optimized for high precision, these models offer a valuable basis for preliminary
assessments and highlight the potential of data-driven approaches for improving energy
efficiency and environmental sustainability in agricultural mechanization.

Keywords: tractor exhausts emission; predictive soil tillage; VRA soil tillage; precision
agriculture; machine learning; XGBoost model

1. Introduction

Global energy consumption, according to the International Energy Agency, is expected
to double by 2050 [1]. Unfortunately, energy consumption derived from fossil fuels remains
high at around 80%, not only in certain countries but also in specific economic sectors [2].
Specifically, in agricultural production, diesel fuel currently dominates this sector, primarily
due to the economic efficiency, durability, and reduced emissions of unburned hydrocar-
bons and carbon dioxide [3-5]. Although diesel is currently being successfully replaced by
biodiesel in many countries [6], as the fuel of the 21st century, unfortunately, in the Republic
of Serbia, diesel production has not yet reached a competitive level in the market [7]. Similar
modeling approaches have been explored internationally, confirming the global relevance
of such analyses. In Finland, Jokiniemi et al. [8] modeled fuel consumption across different
silage-harvesting methods, integrating operational, mechanical, and environmental param-
eters. Nagar et al. [9] proposed a generalized machine learning framework to predict tractor
fuel use under diverse Indian farming conditions, while Yang et al. [10] applied neural net-
works for estimating fuel consumption in autonomous agricultural systems. These studies
demonstrate the broader applicability of Al-based models in optimizing fuel use and reduc-
ing emissions in agriculture across varying geographic and technological contexts [8-10].
Therefore, the analysis of energy inputs—fuel consumption, as well as monitoring gas
emissions in different operational modes of tractors—is of exceptional importance.
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Abstract: In the realm of agricultural advancement, the relentless quest for agricultural efficiency
amidst the vagaries of climate change has positioned greenhouse technology as a linchpin for secure
and sustainable food production. The precise management of greenhouse microclimatic conditions
i.e., the ability to accurately predict and maintain ideal temperature and relative humidity, is crucial
for enhancing plant growth and health, optimizing resource use, and ensuring sustainable agricultural
practices. However, maintaining optimal microclimatic conditions is a significant challenge due to the
dynamic nature of external environmental influences. This study aims to address the critical need for
advanced predictive tools that can enhance the control and management of greenhouse microclimates,
thereby supporting sustainable agricultural practices and food security. Our research introduces a
novel integration of building transient simulation (TRNSYS) and artificial neural networks (ANNss)
to predict temperature and relative humidity inside a greenhouse across the calendar year, based
on external atmospheric conditions. The TRNSYS model meticulously simulates the greenhouse’s
thermal load, incorporating real-world data to ensure a high level of accuracy in describing the
facility’s dynamic behavior. Our ANN model, composed of three layers, underwent optimization to
identify the ideal number of neurons, learning rates, and epochs, settling on a model configuration that
minimized prediction errors. The evaluation metrics, including root mean square error (RMSE) and
mean absolute error (MAE), demonstrated the model’s effectiveness, with an RMSE of 0.3166 °C for
temperature and 5.9% for relative humidity, and MAE values of 0.1002° and 3.4%, respectively. These
findings underscore the model’s potential as a powerful tool for greenhouse climate control, offering
substantial benefits in terms of energy efficiency, resource optimization, and overall sustainability in
agriculture. By leveraging detailed dynamic simulations and advanced neural network algorithms,
this study contributes significantly to the field of precision agriculture, presenting a novel approach
to managing greenhouse environments in the face of changing climatic conditions.

Keywords: greenhouse; temperature; relative humidity; artificial neural networks; building transient
simulation (TRNSYS)

1. Introduction

The advent of glass and plastic greenhouses has significantly advanced agricultural
productivity by offering controlled environments that protect plants from extreme weather
while managing essential conditions like air temperature, humidity, and CO, levels [1-5].
These innovations are vital in areas with sub-optimal climate conditions, extending cul-
tivation periods beyond traditional growing seasons. However, the variability of these
parameters, influenced by stochastic external climatic conditions, challenges the stability
and efficiency of greenhouse microclimates.

Historically, these structures have transitioned from simple protective enclosures to
complex systems, meticulously managing internal climates to enhance plant growth and ex-
tend growing seasons [6]. Contemporary greenhouse operations are increasingly reliant on
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Abstract

Sustainable development and mitigation of the climate changes are one of the main challenges of the circular economy, while
the use of food industry residues could make an important contribution in tackling these challenges. In order to improve
energy efficiency aspects of the industry residue treatment, generally, the drying process as the first step of the entire process-
ing chain should be further analyzed. Regarding this, a comprehensive kinetic study was performed to provide the detailed
mechanism of moisture removal from base raw material. Industrial residues from apple juice production were used for iso-
thermal thermogravimetric analysis in the air atmosphere at different temperatures. Based on experimental data, different
kinetic models were applied to determine kinetic parameters and dominant conversion functions. The dependence of the
activation energy evaluated by Friedman’s isoconversional method on the conversion degree shows that the drying process
is complex one. The mechanism of drying process and corresponding kinetic parameters were determined by multivariate
nonlinear regression program (model-based analysis) and checked by modulated isothermal prediction (for quasi-isothermal
conditions) and the isothermal prediction (for different isothermal conditions) tests. It was pointed out that temperature-
dependent reaction step controlling overall mechanism represents releasing of CO, which can suppress autocatalytic action
of the ethylene, influencing the flavor and texture changes of the apple tissue. Obtained results can be used for prediction of
the life-time of studied material, corresponding to selected temperatures and different conversion levels.

Keywords Apple tissue - TGA-DTG - Dehydration - Kinetic study - Drying mechanism

Introduction

Food waste management presents a huge problem world-
wide and incorporation of the biodegradable organic materi-
als in circular economy, one of the main challenges today.
Namely, according to Food and Agriculture Organization of
the United Nations (FAO), approximately, one third of all
food produced for human consumption in the world is lost
or ends up as a waste, which is even more emphasized in

< Nebojsa Manié
nmanic @mas.bg.ac.rs

Innovation Center of the Faculty of Mechanical Engineering,
University of Belgrade, Belgrade, Serbia

Faculty of Mechanical Engineering, Fuel and Combustion
Laboratory, University of Belgrade, Belgrade, Serbia

Department of Physical Chemistry, “Vinc¢a” Institute

of Nuclear Sciences - National Institute of the Republic
of Serbia, University of Belgrade, Mike Petrovi¢a Alasa
12-14, 11001 Belgrade, Serbia

fruit and vegetable sector, where up to 45% of the products
finishes as a waste [1]. One of the promising food sectors
with significant potential for improvement is juice industry,
which produces considerable amount of fruit and vegetable
waste. From the available FAO data [1], it could be roughly
estimated up to 60 Mt of juice industry residues produced
worldwide every year. Majority of this type of food waste is
discarded, which, if done improperly, could lead to environ-
mental problems. This is due to the emission of methane gas
in the atmosphere during biological decomposition of this
material. Drying process presents one of the best methods
for tackling environmental issues, reduction in the volume of
the material, increase in shelf-life and reduction in transport
costs. On the other hand, the first important step in posthar-
vest processing and preservation of fruits involves reduction
in the water content through drying. Lower moisture leads
to a decrease in the free moisture (active water) availability
for microbial growth and enzymatic activity, consequently,
preventing the spoilage of the product [2]. Most of the stud-
ies focus on macroscopic evaluation of drying process on
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Use of machine learning tools to estimate drying rate of apple
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Abstract

This study compares three machine learning (ML) models -
artificial neural networks (ANN), recurrent neural networks
(RNN), and extreme gradient boosting (XGBoost)- for predicting
the drying kinetics of wood bhiomass from the clearing of outdated
apple and apricot orchards. The primary goal was to optimize and
evaluate the performance of these models in predicting drying
time and moisture content of the wood, which is crucia for
improving energy efficiency in the drying process. Experiments
were conducted under four temperature regimes (40°C, 50°C,
60°C, and 70°C) to simulate low- and high-temperature drying
conditions. The models were trained and evaluated using statisti-
cal quality metrics such as root mean squared error (RM SE), mean
absolute error MAE, and R2. Results showed that al models per-
formed with high accuracy, but XGBoost demonstrated the best
statistical performance, exhibiting the lowest MAE and RMSE
values. The RNN model exhibited the highest R2 values and per-
formed well in terms of MAE and RMSE, whereas the ANN
model yielded dlightly lower results. Despite small differencesin
performance, the models showed strong predictive capabilities
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and can be effectively used for modeling the drying process of
moist wood biomass. This research emphasizes the significance of
model optimization in enhancing the accuracy of drying time pre-
dictions and minimizing energy consumption in drying processes.

Introduction

Rational energy management with the use of renewable ener-
gy sources has become imperative in recent decades in order to
achieve sustainable development and environmental protection.
The uncontrolled depletion of fossil energy sources has made the
effects of greenhouse gases more pronounced, and climate change
more intense. In order to mitigate the negative environmental
impacts, renewabl e sources are expected to take over two-thirds of
the total energy consumption and 86% of power generation in the
global energy transition in the coming years (IRENA, 2019). In
transition countries and EU candidate countries, such as the
Republic of Serbia, the household sector has the greatest potential
to reduce energy consumption and increase the use of renewable
energy sources, given that it traditionally relies on biomass for
heating and cooking (Gonzalez-Salazar et al., 2014). According to
data from the European Commission, for years, around 63% of
total energy consumption in households goes to heating, where
renewabl e energy sources are represented by about 22% (Eurostat,
2024). In the Republic of Serbia, the situation is different, with
firewood being the main fuel source, accounting for 47%, and
together with pellets and other wood fuels, it reaches 50%. In
households, the consumption of firewood is significantly higher,
with a share of 77%, while in urban areas, where most are con-
nected to the district heating system, this share is around 28%.
Although firewood is an ecologically renewable energy source,
environmentally friendly, easily accessible, and often a cheaper
fuel compared to other sources, burning wood fuel can produce a
significant amount of PM particles and CO», which, during the
winter months, particularly in urban areas, causes high levels of
air pollution (IEA, 2024). Maximum efficiency and reduction of
particle and smoke emissions are achieved only by burning dry
wood, which aso has higher thermal power than wet wood and
burns longer. Therefore, it is necessary to ensure dry wood for
efficient combustion, which has been properly stored.

Due to its relatively low price on the market and easy avail-
ability, wood logs have been for decades the most common form
of biomass used for heating, not only in the Republic of Serbiabut
also in other countries of the Western Balkans. The negative result
of this positioning of wood logs on the energy market led, in the
past decade, to the irrational and almost uncontrolled felling of
forests. Serbia is considered a moderately forested country, in
which forest biomass is the only type of biomass used for heating
households, either in the form of wood logs or briquettes, chips, or
pellets. This approach led to significantly reduced forest areas in
the past decade. Fortunately, over the past ten years, the total
forested area has increased from an estimated 2,645 million hain

[Journal of Agricultural Engineering 2025; LVI:1712]



ISSN 1330-3651 (Print), ISSN 1848-6339 (Online) https://doi.org/10.17559/TV-20240723001875

Original scientific paper

Experimental Evaluation and Modeling of Strawberry Slices Drying Kinetics Based on
Machine Learning
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Vjekoslav TADIC

Abstract: The research explores the drying kinetics of strawberry slices (5 mm thick with initial moisture content of 88.04% wb) through the application of both traditional
mathematical models and advanced machine learning method. The study aims to optimize the drying process by examining the effects of variables such as temperature, air
velocity, and drying duration. Traditional models, derived from Fick's Second Law and Newton's Law of Cooling, were compared with artificial neural networks (ANN) and
recurrent neural networks (RNN) to predict moisture content during the drying process. Ten network models were formed, and each model had three "hidden" layers with
20, 30, and 40 nodes in each layer. Findings revealed that RNN models, particularly RNNO4, surpassed traditional models in accuracy, with a maximum deviation of up to
2% from experimental data. RNN models showed lower deviations in the range of 0.65% to 2%, while the ANN models had deviations in the interval of 2.6% to 5.6%. The
ANN and RNN models included parameters like temperature, air flow speed, and drying time, with RNN models exhibiting superior adaptability and precision. These results
indicate that machine learning approaches, especially RNNs, can greatly improve the understanding and management of the drying process, providing more precise and

efficient methods for the drying industry.

Keywords: artificial neural networks; drying kinetics; machine learning; mathematical modelling; recurrent neural networks; strawberry slices

1 INTRODUCTION

Drying is one of the oldest techniques for preserving
food, and even today, convective drying remains one of the
most commonly used methods in industry due to its
simplicity. However, the relatively high temperatures to
which the wet material is exposed, and the long drying
times can lead to undesirable effects such as nutrient
degradation, and changes in colour and shape [1, 2]. Pre-
treatment applications can shorten the process time [3].
The choice of the shape of the drying material can aso
strongly influence the drying process and the quality of the
end product. In this context, dried fruit and vegetable dlices
have become increasingly popular in recent years and have
also found their place on the market as healthy snacks.

To understand the complex phenomena of mass and
energy transfer that occur during convective drying
between a hot air flow (acting as a working fluid) and a
moist material, methods to determine the kinetics of drying
by establishing functiona relationships between drying
time and moisture ratio are commonly used [4, 5].
Mathematical models and simulations of drying curves are
very important tools for controlling the process itself and
for determining the quality of the final product, attracting
the interest of researchers for years and even in recent
research on fruit drying [6, 7]. Theoretical models involve
sets of differential equations that account for internal
moisture movement mechanisms, externa conditions, and
material properties, making them challenging to solve.
Simpler, semi-empirical models are derived either from
Fick's Second Law of Diffusion or Newton's Law of
Cooling.

Well-known mathematical formulations have so far
been applied to many studied samples, representing the
entire drying process through the dependence of moisture
content on drying time, considering the shape and type of
wet material and drying mode. The application of artificial
intelligence and machine learning methods offers the
possibility of investigating the kinetics of drying using a
larger number of parameters, thus obtaining more universal

models [8-10]. In addition to numerical simulations,
machine learning can also include image recognition tests
that alow for a broader range of analyses of the drying
process.

The aim of the research is to select machine learning
methods that are best suited for drying processes, such as
artificial neural networks and recurrent neural networks
[11-13]. The optimization of these techniques, based on
their hyperparameters, aims to select the most suitable
machine learning technique that can generalize the process
of drying fruit slices[14].

Strawberries are highly valued by consumers in any
form, whether fresh or processed, especialy for their
nutritional properties. The strawberry is a perennial
herbaceous plant from the rose family (Rosaceag).
Research in this area mainly focuses on nutritional and
functional properties or quality attributes of fruit slices
during drying [15, 16]. According to earlier studies,
strawberry dlices with a thickness of 5 mm were
convectively dried in atemperature range of 50-80 °C and
an air flow velocity of 0.5-1.5 ms?, with or without pre-
treatment, over atime interval of 300 min to over 1000 min
[17-19]. The aim of this study is to optimize the input
parameters of the air flow to shorten the drying time and
thus avoid undesirable microbiological processes that can
occur in wet material.

2 MATERIALS AND METHODS
2.1 Materials

The Aprica strawberry variety, characterized by larger
fruits, an intense red colour, and a drier texture, was used
in the experiment. Fresh strawberries, cooled to an ambient
temperature of 20 °C, were cut into 5 mm thick dices. The
initial mass of the samples used in all experiments was 150
g of fresh strawberries. The initial moisture content was
determined gravimetrically according to the standard
method of drying at 105 °C at 24-hour intervals.

Tehnicki viesnik 32, 2(2025), 425-432
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Abstract

The aim of this work is to analyze the efficiency of combined conductive-convective drying of juice industry residues
(pomace) in comparison to convective drying. The heat supply during drying plays an important role, and in this paper, it
is explained how the heat supply method affects moisture removal on the boundary surfaces of the pomace. Additionally,
important drying parameters such as effective diffusion coefficient and drying time are calculated. The effective moisture
coefficients were in the range from 2.10 to 11.48 « 107! m%/s for convective and from 5.04 to 31.51 « 107'° m%/s for con-
ductive-convective drying. Based on the measurements of the thermal conductivity with the MTPS method, the relationship
between thermal conductivity, temperature, and average moisture content was made, and the advantages and disadvantages
of conductive-convective heat supply compared to convective drying are discussed. Thermal conductivity of fresh apple and
nectarine pomace were found to be 0.434 +0.002 W/(m K) and 0.456 +0.002 W/(m K), respectively. It is concluded that
drying time decreases up to 4 times and the effective moisture diffusivity coefficient increases up to 6.7 times when conduc-
tive heat supply was used. The novelty of the paper lies in approach that the effect of heat supply method during drying of
fruit pomace could be described and represented by the relationship between drying parameters such as average moisture
content and thermal conductivity.

Keywords Fruit pomace - Conductive drying - Convective drying - Drying kinetics - Thermal conductivity

1 Introduction

On a global average, approximately one-fourth of the annu-

Highlights. . ' ally produced food for human consumption is wasted within
o Heat supply method greatly affects fruit pomace drying the respective supply chain [1]. Due to limited natural
parameters.

e Thermal conductivity is correlated to the sample’s average
moisture content.

o Effective moisture diffusivity was calculated using graph-
analytical method.

e Conductive heat supply can shorten drying time and increase
drying efficiency

e Top and bottom sample surfaces lose moisture unevenly during
combined drying.
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resources and fast-growing world population, the further use
of food waste materials becomes more and more important.
Food waste has a great potential for use in food and fodder
sector as a raw material or as an energy carrier in energy
systems. This is also strongly supported by the ongoing
political efforts to establish step by step bio-respective cir-
cular economy. With respect to this background, numerous
scientific papers have been published in recent years dealing
with different options of valorizing organic waste materials.
An overview of various approaches examined in this context
can be found, for example, in a study conducted by Nayak
et al. [2]. With respect to renewable technologies, they have
a good utilization potential in the food processing sector, in
particular solar drying systems, as solar food drying could
help in solving sustainable energy supply and environmental
problems [3].
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In this work, variable temperature drying regimes, mass of the samples, and the
blanching pretreatments were varied to determine the influence of these parame-
ters on the kinetics and specific energy consumption of red beetroot chips during
convective drying. Beetroot samples used for the analysis were fresh and blanched
dlices of 5 mm thickness. Three different temperature regimes were used during
drying experiments: first regime (1) was drying at a constant temperature of 70 °C,
second regime (1) was performed with two-stage drying at temperatures of 80 °C
and 55 °C, and third regime (I11) was conducted with three-stage drying at tem-
peratures of 80 °C, 60 °C, and 55 °C, respectively. Results obtained from the ex-
periments were analyzed from the aspects of equilibrium moisture content, drying
time, specific energy consumption and drying kinetics including determination of
effective moisture coefficient. It was concluded that stage drying strongly affects
equilibrium moisture content, while blanching pretreatment increasesinitial mois-
ture content. The drying time was strongly dependent on the initial mass of the
samples, while the energy consumption was depended, besides on the mass, also
on drying regime, and it was found to be smallest for two-stage drying. Visually,
beetroot had the typical red color for all samples at the beginning, with notable
shrinkage effect at the end of the drying process.

Key words: drying kinetics, beetroot chips, variable temperature drying,
moisture content

Introduction

Nutrition habits of modern man impose new criteriain food production and preserva-
tion. In order to reduce the use of fast food, more and more natural and organic products can be
found on the market labeled healthy food or functional food [1]. One of such products, which
is increasingly attracting the attention of consumers, are healthy snacks in the form of chips
from dried fruits and vegetables. This type of product has an advantage primarily because it
does not involve standard methods of heat treatment such as frying, cooking and baking and
compared with standard snacks has lower caloric value and total fat content.

Many researchers have studied the kinetics of drying and evaluated the quality of fruit
and vegetable chips. Most research works are related to apple and potato chips drying and
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Milanovi¢, M. P., et al.: Kinetic Parameters Identification of Conductive ... 1795

THERMAL SCIENCE: Year 2021, Vol. 25, No. 3A, pp. 1795-1807

KINETIC PARAMETERS IDENTIFICATION OF CONDUCTIVE ENHANCED HOT AIR
DRYING PROCESS OF FOOD WASTE

by

Mihailo P. MILANOVIJ®, Mirko S. KOMATINA®, Ivan J. ZLATANOVIJ,

Nebojsa G. MANI]®, and Dragi Lj. ANTONIJEVI]® sinnovation Centre, Faculty of Mechanical
Engineering, University of Belgrade, Belgrade, Serbia sFaculty of Mechanical Engineering,
University of Belgrade, Belgrade, Serbia cFaculty of Agriculture, University of Belgrade,
Belgrade, Serbia

Original scientific paper
https://doi.org/10.2298/TSCI200312223M

The efficient utilization of waste from food industry is possible after thermal
treatment of the material. This treatment should be economically feasible and
compromise the ener gy efficient drying process. The main goal of thisinvestigation
is to determine drying characteristics of nectarine pomace as a waste from food
industry. The measurements were performed in an experimental dryer by combined
conductive-convective drying method with disk-shaped samples of 5, 7, and 10 mm
thickness and 100 mmin diameter at the air temperatures of 30, 40, 50, 60, and 70
°C, hot plate temperatures of 50, 60, and 70 °C and air velocity of 1.5 nv/s. The
drying curves were compared to a few semi-theoretical mathematical models. The
Logarithmic model showed the best correlation. On the basis of experiments, it is
determined that the drying process takes place in a falling rate period and it is
accepted that the main mechanism of moisture removal is diffusion. The effective
coefficient of diffusion was determined using experimental results by calculating
the slope of the drying curves. Drying time and equilibrium moisture are
determined for each experiment. Analysis of drying curves showed that the
conductive-enhanced drying method reduces drying times and increases the
diffusivity coefficient. The character of drying rate curves for conductiveenhanced
drying was analysed and compared with pure convective drying of nectarine
pomace.

Key words: nectarine pomace, convective-conductive drying, drying rate, effective
diffusivity, drying models

Introduction

Nectarine (Promus Persica (L.) Batsch, var. nectarine) is smooth-skinned peach of the
family Rosaceae. The annual peach and nectarine production worldwide in 2017 was 24.67
million tons (MT) compared to 11 MT in 2005 which shows the trend of growing production
of nectarines [1]. Chinaisleading producer of peaches and nectarines with 14.3 MT
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The paper deals with the manufacturing costs of shell and tube heat exchangers
with concentric helical tube coils. The most common correlations for calculating
prices of shell and tube heat exchangers found in accessible literature were tested
using the market data for a comparison and they have shown significant deviations.
A new correlation for estimating prices of heat exchangerswith concentric helical
tubes (when the shell is made of carbon steel and the helical tube of copper) was
determined in the following form:

Cin = 614-Sy0.627
Key words: heat exchanger, correlation, manufacturing costs, helical tube

Introduction

Heat exchangers with helical tubes are often encountered in chemical and
petrochemical industries, HV AC systems, thermal, environmental, and many other engineering
applications. They can be used as heaters, coolers, condensers and evaporators, and their design
is largely restricted to non-fouling fluids [1, 2]. In comparison with straight-tube heat
exchangers, heat transfer rate of helically coiled heat exchangersis significantly greater because
of the secondary flow pattern in planes normal to the main flow [3, 4]. Basically, helical cail
heat exchangers are a compact shell and tube apparatuses, consisting of several layers of coiled
tubes within a closed shell. There is a number of types of these apparatuses and in the present
study heat exchangers with concentric helical tubes (HECHT) are to be investigated. Tube
bundle of HECHT consist of a number of tubes wound helically around a central supporting
tube and placed in acylindrical shell. Rows of tubes can be wound in the same direction, fig. 1,
or in the opposite directions, fig. 2.

Between the tube coils the wire inserts are placed in order to prevent the collision of
tubes [1, 5, 6]. Despite the decades of application of the HECHT coils in the industry, the
problems related to their economic costs have not been fully explored.

Taking this into consideration, the primary objective of this paper was to determine
the manufacturing costs of shell and tube HECHT. These costsin general case include the costs
of materials for apparatus, energy, labor, and other costs.
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This paper analyzes a greenhouse heating system using geothermal energy and
storage tank and the possibility of utilization of insufficient amount of heat from
geothermal sources during the periods with low outside air temperatures. Crucial
for these analyses is modelling of the necessary yearly energy requirements for
greenhouse heating. The results of these analyses enable calculation of an
appropriate storage tank capacity so that the energy efficiency of
greenhouseheating system with geothermal energy could be significantly improved.

Key words. greenhouse, geothermal energy, numerical simulation, heating,
storage tank

Introduction

Dynamic modelling of a heating system is an efficient tool for energy efficiency
improvement and implementation of renewable energy sources [1-3]. Currently, this type of
testing is commonfor residential and commercialbuilding sector, but not so widespread for
agricultural facilities. Greenhouses are large energy consumers. Thus, it is necessary to
optimize heating, ventilation, and irrigation systems in order to approach design performance
to the real working characteristics. Static thermal load design can not give real energy
consumption data, especially whenitisknown that the thermal behaviour of thefacility depends
on alarge number of parameters, such as outside temperature and humidity, solar radiation,
wind velocity and direction, etc. [4, 5]. For thisreason, in this study energy consumption of the
greenhouse is analysed using a dynamic model and the data obtained from the typical
meteorological year for a given location, in order to evaluate annual energy requirements.
Results of these analyses enable calculation of storage tank capacity, so that the energy
efficiency of the greenhouse heating system with geothermal energy could be significantly
improved.

The analysed greenhouse is located in Debrc, Serbia, at about 50 km from Belgrade, closeto
the main road between Obrenovac and Sabac. In the immediate vicinity of the green-

1 Corresponding author; e-mail: cipro@ihtm.bg.ac.rs
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Abstract

In this work, different drying parameters, including temperature regimes, blanching pretreatment,
and mass of the samples, were varied to determine the influence of these parameters on the kinetics
and specific energy consumption of red beetroot chips during convective drying. Two types of
beetroot samples were used for the analysis: fresh slices and slices treated by blanching, both of
Smm thickness. Three different temperature regimes were selected: first regime (I) was performed
at a constant temperature of 70°C, second regime (II) was performed with two-stage drying at
temperatures of 80°C and 55°C, and third regime (I1I) was conducted with three-stage drying at
temperatures of 80°C, 60°C, and 55°C, respectively. Results obtained from the experiments are
analyzed from the aspects of equilibrium moisture content, drying time, specific energy
consumption and drying kinetics. It was concluded that stage drying strongly affects equilibrium
moisture content, while pretreatment increases initial moisture content. The drying time was
strongly dependent on the initial mass of the samples, while the specific energy consumption
depended, besides the mass, also on drying regime, and it was found to be smallest for two-stage
drying.

Keywords: drying kinetics, beetroot chips, variable temperature drying, moisture content

Introduction

In order to reduce the use of fast food, more and more natural and organic products can be
found on the market labeled healthy food or “functional food” [1]. One of such products, which is
increasingly attracting the attention of consumers, are healthy snacks in the form of chips from
dried fruits and vegetables. This type of product has an advantage primarily because it doesn’t
involve standard methods of heat treatment such as frying, cooking and baking and compared with
standard snacks has lower caloric value and total fat content.

Many researchers have studied the kinetics of drying and evaluated the quality of fruit and
vegetable chips. Most research works are related to apple and potato chips drying and
characterization. However, beetroot is one of the recognized functional foods known for its
antioxidant properties, high content of beta-carotene, calcium and iron, and other essential
components such as vitamins, minerals, phenolics, carotenoids, nitrate, ascorbic acids and
betalains that are beneficial for human health [1], [2]. Convective drying in hot air at constant
temperature is still the most popular method used to reduce the moisture content of fruits and
vegetables, including beetroots. However, this method requires relatively long times and high air
temperatures, which causes degradation of important nutritional substances, as well as color
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LOW-COST ARDUINO-CONTROLLED SOLUTION FOR
AUTOMATION OF MASSMEASUREMENT IN LABORATORY
DRYERS

Milanovié¢ P. Mihailo, E¢im-Puri¢ Olivera?®

Faculty of Agriculture, University of Belgrade
*corresponding author, email: mmilanovic@agrif.bg.ac.rs

Abstract: In this work, the solution for the automation of samples’ mass measurement
during drying process in laboratory conditions was presented using open-source
eectronics platform Arduino and programming language Python. Special mechanism
designed and constructed for this purpose was incor porated in existing laboratory dryer.
The goal of the work was to automate otherwise tedious and time-consuming
measurement of a mass of the samples during drying process without compromising the
interior drying conditionswithin the drying chamber. The systemisrealized with alifting
platform using two Arduino-controlled stepper motors. The whole process of mass
measurement could be externally controlled by Python programming language from PC.
It is showed that this idea could be easily implemented in laboratories and/or research
centres with limited budget.

Key words: Arduino platform, Python, drying process automation, mass measurement,
low-cost solution

1. INTRODUCTION

Technological advances create new possibilities for scientific and industrial research.
It is hard to imagine modern factory or industrial facility without automated process
control. Similarly, in scientific research it is almost unimaginable to perform certain types
of experiments manually, because they are time-consuming and also require human
resources. Repetitive tasks are therefore replaced with automated systems and machinery,
while researchers could do more creative and meaningful work. This increases the
efficiency of the research greatly, has positive impact on results and motivation of the
researchers. However, the up-to-date scientific equipment is often too expensive to
purchase and the acquirement of spare parts usually presents tedious task with long waits.
While the big, on the one hand companies with high budget could cover all expenses and
unpredicted cost of maintenance and reparation of the equipment, institutes, faculties and
organizations with limited budget on the other hand, could face huge problems and even
have to stop investigation process because of equipment failure and maintenance costs.
Thisisacommon problem, especially in Serbia, where failure of the equipment often leads
to abandonment of the research. Secondly, industrial equipment is often non-
programmable and not an open source which makes it difficult to adjust if you need.
Therefore, the low-cost solutions using open-source software that are easy to customize,
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INFLUENCE OF PRETREATMENT ON PLUM
DRYING RATE
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Abstract: Plum drying is a slow and time-consuming process because
whole fruits are being dried. As drying period is limited, since conditioned by
technological properties of plum suitable for this type of processing, in order to
increase production, drying period should be reduced which is achieved by
different pretreatments such as dipping. Another possibility of production
increase isto extend drying season using frozen fruit, considering its availability
throughout the whole year. Consequently, freezing can be considered as a
pretreatment in prune production. In this study, plum cultivars of the Fruit
Research Institute recommended for drying (‘Cacanska Rodna’ and ‘Nada’) and
cultivar ‘Sanley’, most commonly used for drying, have been tested. Drying was
done at an experimental convective drier at the air temperature of 90 °C and the
air streaming rate of 4 ny/s until 75% of total dry matter was reached. The aim of
the work was to examine the drying rate of frozen plum fruits compared to dipped
ones (conventional pretreatment) and non-treated fruits (control). Drying rate
differed depending on varietal characteristics and pretreatments applied. The
highest drying rate was in frozen fruits of cultivars ‘Cacanska Rodna’. In
cultivars ‘Nada’ and ‘Stanley’, pretreatments had insignificant effect on drying
rate.

Key words. prune, pretreatments, dipping, freezing, drying time

INTRODUCTION

Drying is the oldest method of food preservation that perhaps has been
longest studied in food processing industry. It isdefined as a process of water loss
resulting from the simultaneous existence of phenomenon of mass (water)
transfer and heat. The easiest and most common method of plum drying is a
convective drying in which water evaporation is done by heated air. As drying
season is limited, since conditioned by technological properties of plum suitable
for thistype of processing, in order to supply sufficient quantities of raw material
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Thermomechanical aspects of juice industry residues
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Today in the world a big problem causes inappropriate disposa of food waste. One of the main challenges and goals of circular
economy is to achieve sustainable development and cope with climate change challenges. Residues from the juice industry are
promising raw material for producing value added products and consequently address the environmental challenges. In this work, the
thermomechanical aspects of juice industry residues, such as thermal conductivity, heating value and drying process kinetics are
discussed. Thermomechanical properties of food waste materials play an important role when assessing the suitability of use of this
materia for different purposes. The materials used in this study are residues from juice industry, apple and nectarine pomace. Juice
industry residues represent food waste material that have a great potentia to serve as aternative nutrition, raw material for packaging
or even fuel with prospect of lower environmental impact than conventional fuels.

Keywords. Fruit pomace, drying characteristics, thermal conductivity, heating value, thermomechanical properties

INTRODUCTION

Juice industry residues represent innovative raw
material for multipurpose use, which is obtained after
extraction of juice from fruits. The residual, also
known as pomace, is a valuable material and up to
date has found numerous uses, such as pectin
extraction, production of beverages and ethanal,
fertilizer, fruit flour, packaging, etc. [1], [2], [3]. Itis
estimated that 26% of total food waste is generated
in drinks industry, and around 14.8% in
fruit/vegetable production and processing industry.
In applejuiceindustry aloneannually isproduced 1.4
million tons of fruit waste [4]. For adequate use of
fruit pomace, it is important to determine
thermomechanical aspects of this material.

MATERIALS AND METHODS

Apple and nectarine pomace were obtained
directly from the juice factory. The materia is
transported to thelaboratory, where the sampleswere
kept in the freezer until use in experiments. The
experiments were conducted on several experimental
apparatuses, including the experimental dryer shown
inFig.1, the TCi Therma Conductivity Analyzer (C-
Therm) for determination of thermal conductivity
and IKA® C200 calorimeter with bomb for higher
heating value (HHV) determination. For drying
kinetics investigations, the samples were prepared in
the shape of thin discs with 100mm diameter, and 5,7
and 10mm thickness, and dried with conductive and
convective heat supply. For determination of HHV,
apple and nectarine pomace were dried and then
ground to fine powder. The therma conductivity

measurements were conducted with cylindrically
shaped samples of 30mm diameter and 20mm height.

4 :~‘_~ . v
Fig.1. Experimenta dryer

>

RESULTS AND DISCUSSION

The results of the thermomechanical parameters
analysis of apple and nectarine pomace are given.
Thevalues of thermal conductivity, higher and lower
heating value and some physicochemical parameters
are presented, as well as the analysis of kinetics of
the drying process of fruit pomace. Thermal
conductivity of fruit waste

The thermal conductivity measurements were
conducted by TCi Thermal Conductivity Analyzer.
The thermal conductivity of the fresh samples of
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Abstract: Apple pomaceisone of the byproducts of thejuiceindustry and represents a huge waste of biomass.
According to many authors, the apple pomace comprises round 25% of overall mass of the fresh apples used
injuiceindustry. Not only it represents a huge waste of useful material, but thereisalso an emerging problem
of itsdisposal. In order to perceive all the benefits and possibilities of the apple pomace utilization, a review
was needed to be written. This article describes the properties of the apple pomace and its potential uses.
Furthermore, the drying process of apple pomace was reviewed as one of the best ways for preserving food
and organic materials. The different drying methods and parameters of the apple pomace wer e reviewed.

K ey words: Apple pomace(AP), AP Properties, AP Applications, Drying

1. INTRODUCTION

The annual worldwide apple production for 2016 was round 84.6 million tons (UN Food &
Agriculture Organization 2017). Of this amount round 13% is converted to apple juice concentrate
(Shalini & Gupta 2010). In apple juice production, round 75% of the applesis converted to juice, while
therest, round 25% is the waste product comprised of apple skin, seeds and stem, known in the literature
as apple pomace (Yateset a. 2017), (Dhillon et al. 2013), (Shalini & Gupta 2010). This huge quantity of
juice produced has for a consequence significant amount of waste. In particular, the production of apple
juice generates up to 12 million tons (Mt) of waste. The types of by-products from apple processing is
giveninfigure 1 (Rabetafika et a. 2014). The disposal of thistype of waste presents a big challenge and
economical issue. One of the best ways to solve this problem is certainly the reuse of such materials.
According to the number of researches (Shalini & Gupta2010),(Reis et a. 2012),(Figuerola et al. 2005),
apple pomace contains significant amount of nutritive value substances, such as pectin, antioxidants and
vitamins. By recovering a part of the nutrients, it is not only possible to make use of the recycled food,
but also tackle another important problem, i.e. disposal of the apple pomace. According to (Shalini &
Gupta 2010) apple pomace disposal represents a big environmental problem, because the process of
fermentation requires 250-300g/kg amounts of chemical oxygen. Furthermore, there is an emission of
green house gases related with its disposal (Yateset al. 2017), which are known for its detrimental effect
on the atmosphere. Fresh apple pomace contains significant amount of water, what makes it susceptible
to spoilage, and thus makes the process of storing for longer time difficult (Shalini & Gupta 2010). One
of the best ways for preserving the apple pomace from a spoilage is by drying it, what in addition helps
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KORISCENJE OTPADNE TOPLOTE U SISTEMU VENTILACIJE
MASINSKE HALE U PAPIRNOJ INDUSTRIJI

UTILIZATION OF WASTE HEAT IN THE VENTILATION SYSTEM
OF MACHINE HALL IN PAPER INDUSTRY

Nikola Tanasié*, Milos Ivanovié?, Goran Jankes!, Mirjana Stamenict, Aleksandar Nikolic®, Mihailo
Milanovié, Tomislav Simonovié*
YUniverzitet u Beogradu, Masinski fakultet, Beograd, *Fabrika Hartije Beograd d.0.0., Beograd,
SElektrotehnicki institut Nikola Tesla a.d., Beograd, Srbija

| zvod

Osnovni predusdov za stvaranje pogodne radne sredine za radnike i proizvodni proces u
industrijskim objektima je primena odgovarajuceg sistema za mehanicku ventilaciju sa rekuperacijom
otpadne toplote. Pored odrzavanja potrebnih radnih uslova po pitanju temperature, viaznosti i
koncentracije cvrstih Cestica u vazduhu u masinskoj hali, primenom ovakvog sistema smanjuje se
potro$nja primarne energije za zagrevanje svezeg vazduha za ventilaciju, znacajno se redukuje
kondenzacija vlage iz vazduha u hali, poveéava se kvalitet finalnog proizvoda i produzava radni vek
opreme i gradevinskog objekta. U ovom radu je analizirana mogucnost koriséenja otpadne toplote iz
proizvodnog procesa za potrebe zagrevanja sveZeg vazduha za ventilaciju masinske hale na primeru
Fabrike Hartije Beograd.

Kljuéne reéi: otpadna toplota, ventilacija masinske hale, papirna industrija AbStract

In industrial buildings the main prerequisite to provide a suitable working environment for
workers and the manufacturing process is the application of an appropriate system for mechanical
ventilation with waste heat recovery. In addition to maintaining the necessary working conditionsin
terms of air temperature, humidity and dust concentration in the machine hall, the application of this
system lowers the consumption of primary energy for heating the fresh ventilation air, significantly
reduces condensation of moisture from the air in the hall, increases the quality of the final product
and extends the lifetime of equipment and the building structure. In this paper the possibility of
utilization of waste heat from the production processto heat the resh air for the ventilation of machine
hall in packaging paper factory in Belgrade, Serbia is analysed.

Key words. waste heat, machine hall ventilation, pulp and paper industry

1. UvOD

Papirna industrija spada u energetski intenzivne sektore sa prose¢nom specificnom potrosnjom
primarne energije od 11,5 GJ/t-[1]. Cene energenata su u stalnom porastu tako da je energija postala
jedan od klju¢nih ¢inilaca u ukupnim troSkovima proizvodnje u ovom industrijskom sektoru. Pored
visoke produktivnosti i strogih kriterijuma po pitanju kvaliteta papira narocito je vazno voditi ratuna o
energetskoj efikasnosti proizvodnog procesa. Potencijali za poboljSanje energetske efikasnosti postoje
u svim fazama proizvodnje papira pocev od procesa pripreme papirne mase od ulaznih sirovina pa do
mehanic¢kog i termi¢kog susenja, namotavanja i rezanja papira.

U procesu proizvodnje papira oslobadaju se znac¢ajne koli¢ine otpadne toplote. Otpadna toplota je
sadrzana u vlaznom vazduhu koji se iskoristi u susnoj sekciji masine nakon cega se odvodi u sistem za
rekuperaciju toplote i potom oslobada u okolinu. U zavisnosti od stanja haube susne sekcije i efikasnosti
procesa termickog susenja papira i sistema za reukuperaciju toplote u atmosferu mogu biti oslobodene
znacajne koliCine otpadne toplote. Pored toga, u toku proizvodnog procesa sa papir masine se emituje
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Thekinetic study of juice industry residues drying process based on
TG-DTG experimental data
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decomposition mechanisms

To achieve sustainable devel opment and mitigate the climate change challenges,
the use of food industry residuesis animportant part of the modern circular economy.
The residues from the fruit juice production industry are nowadays commonly used
raw materials for producing different value-added products. In order to improve the
energy efficiency aspects of the industry residue treatment, generally, the drying
process as the first step of the whole processing chain should be further analyzed.
Regarding these facts, a comprehensive kinetic study was performed to provide the
detailed mechanisms of moisture removal from the base raw material. The industrial
residues from apple juice production were used for experimental isothermal TG
analysis in the air atmosphere at five different temperatures. Based on experimental
data, different kinetic models were applied to determine the kinetic parameters and
dominant conversion functions. The obtained results of activation energy were
compared with literature data and further discussion about the decomposition
mechanisms was provided. The results of this research will be further used for
developing the universal mathematical model of the drying process which could be
applied for other similar food materials and could provide new data for the energy
efficiency improvement of the food residues processing industry.
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Abstract:

The mobility of electric vehicles arise important problem related the performances and the effective range of electric
vehicles in case of urban traffic conditions. The transition from classical ICE energized vehicles to plug-in electric
vehicles (PHEV) and to the electric vehicles (EV) raise many hurdles that must be passed. The paper put the accent
to the most critical sub-system of PHEV and EVs, respectively the energy storage system. A solution is proposed by
hybridizing energy source allows dynamic performance but also increase the life span of hybrid energy storage
system (HESS).The system consists in a combination between batteries and supercapacitors. Problems of
optimization that appear in case of PHEV and EV are analyzed. Architecture and organization of HESS, modeling of
main system’s elements, life cycling assessment (LCA) of PHEV and EV, design flow that take into account the
aging characteristics of HESS components, and the HESS control system. The analysis as a whole of the electric
vehicle allows highlighting both permanent exchange of energy between HESS and vehicle kinematics and
dynamics. Sankey diagram using the paper describe the behavioral model of energy exchange from one to the other
forms and the afferent losses. HESS vehicle architecture and organization allows recovering a greater degree of
braking energy and hamessing energy reserves with minimal damage to its reliability. The experimental parts
describe the test bench and also the measurements done to find out the aging characteristic for NiMH and Li-Ton
batteries, The experimental results are correlated with the literature reports. In the future works, the ageing
characteristics will be included into the proposed electric car model. In addition, the model will be examined using
the simulation software in order to get more realistic data.
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Abstract- Theaim of thiswork isto givean overview on
an integration of surplus electric energy produced
from renewables in the current electric grid.
Renewable en ergy sources, such as wind and solar,
havevast poten tial toreduce dependenceon fossil fuels
and greenhouse gas emissions in energy sector.
Therefore, many efforts are made to implement as
much renewable generated electricity as possible. Both
solar photovoltaics (PV) and wind ener gy havevariable
and uncertain (sometimesin literature referred to as
“intermittent”) output, which are unlike the
dispatchable sourcesused for themajority of electricity
generation. The variability of these sources has led to
concernsregarding thereliabil ity of an electric grid if
large fraction of renewables was deployed. Another
concern is the cost of reliably inte grating large
amounts of variable electricity. Electric Energy
Storage (EES) might be an essential component of
future energy systems that might over-cross the gap
between electricity demand and supply and provide
necessary reliability of the grid. However, implementa
tion of EES requires the comparison with related tech
nologies and operational practices. In addition, to de
terminethe potential role of EESin the electric grid of
the future, it is necessary to examine the technical, en
vironmental and economic impacts of variable renewa
ble energy sources. Thus, integration of renewable gen
erated electricity is more-less an economic question.
The cost of energy storage or any other related technol
ogy will depend on the costs and benefits of each tech
nology. Themain parameter sthat haveto betaken into
account during the evaluation are demand response,
transmission, flexible generation, and improved opera
tional practices. The functioning of electric grid is ex
plained along with theimpact on the gird by increased
deployment of renewables. List of Electric Energy Stor
age (EES) systemsisgiven.

. Introduction

In 2012 the worldwide consumption of electric energy
was around 20,000 TWh. Of this amount of energy
around 80% came from fossil fuels, 16% from
renewables and 4% from nuclear fuels. Many scientific
studies have shown that fossil economy is detrimental
to our planet. Pollution and climate change are
unwanted effects already taking place. Therefore,
increased use of renewable energy could represent a
great benefit for mankind, at least for two reasons:
*  Generating electric energy from wind, solar
radiation, water, biomass etc. would lead to
sustainable and clean energy production.

Many efforts are made to implement more renewable
energy into the electric energy grid. At the moment the
realization of this task represents a big challenge.
Questions regarding availability and supply reliability
are the priority. Electrical energy produced from
renewable sources differs by time and period, which
means that the output from renewabl e sources such as
wind and solar energy is not constant and depends on
the availability of those energy sourcesat agiventime.
Because of this character of renewably generated
electricity (often referred in literature asintermittency)
integration of renewably produced electricity in the
current electrical grid represents a problem. Electrical
energy cannot be stored withintheelectrical grid. With
higher deployment of renewables for electricity
generation there will be periods with too high
electricity production, i.e. surplus electricity will
appear. Even today we have such casein Denmark [1].
This energy must be either used immediately or
curtailed. In order to compensate fluctuations in
electricity supply because of uncertain and
intermittent renewables, severe changes within the
grid must be made. One of the solutions for this
challenge might be in implementation of an Electrical
Energy Storage (EES). EES is not a new technology,
but arenewed interest in it is regained because of the
objective to produce more electrical energy from
renewables. However, maybe the greatest motivation
for proposing an energy storage concept as a solution
for integration of renewably produced electric energy
is the creation of two markets. energy and ancillary
servicesmarket [1]. Thisway, EESwould be amethod
to buffer the intermittency of supply and provide
services such as frequency regulation. So far hydro
EES is the most widely used type of EES because of
its simplicity and relatively high efficiency. Many
other EES methods have been developed at present.
Some of them still have to be tested and proven in
practice. Among the other methods, chemical energy
storages are considered as the most promising
technology.

I1. Operation of the electric grid

1. Electricity demand and supply

As shown in Fig. 1, electricity demand varies
significantly on daily, weekly, monthly and yearly
basis. Besides the fluctuations on the time scale, the

¢ Pollution could be minimized and climate
change significantly slowed down.
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PRIMENA MASINSKOG UCENJA U POLJOPRIVREDI
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SaZetak: Masinsko ucenje (eng. ML — Machines Learning), kao podskup vestacke
inteligencije, igra klju¢nu ulogu u modernizaciji poljoprivrede, jer omoguéava analizu
velikih koli¢ina podataka i donoSenje brzih i taénih odluka u poljoprivrednoj proizvodnji.
ML je kori$éen u razli¢itim fazama poljoprivrednog ciklusa, ukljucujuéi analizu zemljista,
kvalitet semena, detekciju bolesti useva, kontrolu korova, prepoznavanje biljnih vrsta i
optimizaciju berbe. Razli¢ite metode ML, kao $to su nadzirano uéenje, nenadzirano
ucenje, polunadzirano uéenje i pojacano ucéenje, koriste se u cilju poboljSanja ta¢nosti
predvidanja i odluka u poljoprivredi. Vestatke neuronske mreZe (eng. ANN - Artificial
Neural Networks), posebno duboke neuronske mreze (eng. DNN - Deep Neural Networks)
i konvolutivne neuronske mreze (eng. CNN - Convolutional Neural Networks), pokazale
su se kao najefikasniji alati za analizu podataka, kao Sto su slike i numericki podaci, ¢ime
se omogucava precizno upravljanje poljoprivrednim praksama. Ove tehnologije
omoguéavaju optimizaciju resursa i smanjenje negativnog uticaja na zivotnu sredinu, ¢ime
se povecava odrzivost poljoprivredne proizvodnje.Primena masinskog ucenja u
poljoprivredi predstavlja kljuénu komponentu u razvoju precizne poljoprivrede, koja
omoguéava efikasno upravljanje proizvodnjom u realnom vremenu, smanjenje upotrebe
resursa (kao $to su voda, dubrivo i pesticidi), i poveéanje prinosa. lako su postignuti
znacajni napreci, postoji prostor za dalja istrazivanja u razvoju novih modela ML koji ¢e
obuhvatiti sve faze poljoprivrednog ciklusa.

Kljucne reci: Precizna poljopriveda, masinsko ucenje, vestacke neuronske mreze,

obrada dike
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DaACTpPeCUTKMX mMaTepujana um3

OyHKepa M cunoca

KJIaIUIITEHE PACTPECUTHX (CUIIKACTHX) MaTepujaia y

OyHKeprMa ¥ CHJIOCHMa Y BEJIHKOj Mepu je

3aCTYIUBEHO Yy IpoliecHO] nHIycTpuju. Criagumre ce

MaTepujalii pa3lUuUToOr TopeKia M (U3UUKUX |
XEMH]jCKHX CBOjCTaBa, 0J1 PUHHX MPaxoBa Kao IITO Cy OpaIrHo
M Kakao Ipax, 10 3pHACTHX W TpaHylapHuX. [Ipn BUXOBOM
CKJIATUIIITCIbY jaBibajy ce cienaehu mpodiemu:

. [ojaBa cBomoBa (JrykoBa) - MaTepujai Gpopmupa
CBOJI M3HaJ OTBOPA 3a MPaXHEHE IITO JOBOIHU JI0 MPEKHIA
Toka. Mory ce ¢oopMupaTH 1Ba OCHOBHA THMa cBoza. [IpBu THn
HacTaje Kao TOCJIeAnIa KOEXE3MOHHX CHJa JIOBOJHHOT
MHTEH3UTETa J1a IPEMOCTE IMMEH3HUje 0TBOPA 3 MPAKIEILE, a
JpYTH Kao mocieauna GpopMuparma YBpCTe CTPYKType M3HA]
OTBOpa yKJIamameM M Mel)ycoOHMM ocnamameM I'pyMEeHOBa
Mmarepujaa.

. [NojaBa neBka y MaTepujaiy - MaTepHjal Koju ce
Hajla3W JIMPEKTHO W3HAJ OTBOpA 3a MPAXKIEHE HCTHYE, JTOK
oCTaTak MUpYje B 0CTaje Y CHIOCY M KaJa ce Ie0 eHTPATHU
JIe0 MaTepujajia UCTIPa3HU.

. IlojaBa  HempaBWJIHOI  HMHTEH3UTETAa  TOKA
MaTepHjaja - IpOTOK MaTepHjaia 3HATHO Bapupa MU OCIIUIY]e
OKO 3aJ1aTor, Tj. 3aXTEBaHOT.

. Haruo ucuname - npucycTBO Ba3lyxa WM IacoBa
yHyTap IOyIJbMHA MaTepHjajla 3HATHO CMamyje Tpeme
Mmarepujajja O 3WAOBE IOCYyZAE, LITO JOBOJAHM JO HarJior,
HEKOHTPOJIMCAHOT UCHIIAHA.

. MpTBe 30He - MecTa Ha KOjUMa ce Marepujai
Oyro 3ajipxaBa y3pOKyje IOTOpIIaBamC WCTHIAma U
KBaJIUTETAa  MaTepHjana  yciel  HEOYEKHBAaHO  Jyror
CKJI/INIITEHA.

. Tanoxeme - mojaBa MaTepHjajia KOju ce He MOXKe
UCIIPAa3HUTH TPABUTALOHUM TOKOM.

. Cerperaiyja - pa3iBajame YeCTUIIa U M0jaBa
HEXOMOTEHOCTH MaTepHjajia Koje TOBOJH 10 OTEKAHOT
MPOTOKA WITH TyOHMTKa KBAIUTETa MaTepHjaia.

. AOpasuja yecuiia MaTepujayia - JOBOIU IO
npobiieMa OpU  MPaXKbEHY, TryOMTKAa  KBAJIUTETA
MaTepujajia U MOXE JOBECTU IO TCIIKAX MEXaHHYKUX
omrehema.

HaBeneHne mojaBe wW3a3MBajy CMamEeHmhEe IPOTOKA,
JIOBOZIE 110 TMojaBe 3acroja, moBehaBajy Tpormikose
OJpKaBama, INTO CBE 3ajeJHO JOBOAM MO IIopacTa
VKYIHHUX TPOIIKOBA TIPOU3BOIEHE.

VYV muby pelnaBamkba HaBEICHUX NPOOIeMa, TOKOM
NPOTEKINX HEKOJHMKO JIelleHHWja BpIIEHAa CYy MHOra
UCIIUTHBAakha, MLITO je pPe3ylNToBaIO JeQHUHUCAHEM
onpeheHNX CcMepHHMIAa W CTaHAapla 3a IPOjEeKTOBAHE
OyHkepa u cwioca. Jlocamamma rmpakca je Kao HoJa3Hy
OCHOBY 3a KOHCTpyHCame OyHKepa M CHjoca y3umala
yrao Hacumama (angle of repose). [Toka3zano ce na nangexo
BOXHUjM yTHIa] MMa yrao Tpema usmely marepujana u
3UJ0Ba CHJIOCA, Kao U KApaKTEPUCTHKE Tedewma
MaTepHjana. Mmak, r1aBHM yTHIA] Ha KOHCTPYKIHjY UMa
n360p obaMKa cuiioca U OyHKepa.

14| jyH 20171,

NMPOLECHA TEXHWMKA

Benmku 6poj paznuuuTHX JOJATHUX ypehaja 3a cuimoce u
OyHKepe KOHCTPYHCaH je paau 100O0JbLIakha TOKA CHUIIKHX
Marepujasa. Hajimmpa xnacudukanuja nopatHux ypehaja 3a
Mo0oJbIIaAKkE MIPAKIBLEHa 00yXBaTa JIBE KaTeropHje:
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ANALIZA UTICAJA TOPLOTNE 1IZOLOVANOSTI SEKCIJE
GREJACA TUNELSKE KONVEKTIVNE SUSARE NA POSTIZANJE
RADNIH PARAMETARA, ENERGETSKU EFIKASNOST T
EKONOMICNOST

Mihailo Milanovi¢™, Tvan Zlatanovié®, Mirko Komatina®, Milan Draié’, Kosta
Gligorevié’, Nedzad Rudonja’, Milo§ Pajic’, Milovan Zivkovié*

! Univerzitet u Beogradu, Inovacioni centar masinskog fakulteta
? Univerzitet u Beogradu, Poljoprivredni fakultet, Beograd-Zemun
! Univerzitet u Beogradu — Masinski fakultet

SAZETAK

U radu je objadnjen postupak merenja temperature i odredivanja toplotnih gubitaka
ekperimentalne susare u cilju povecanja energetske efikasnosti. Merena je spoljasnja
temperatura suSare kako bi se utvrdili gubici toplote i potencijuli za uvitedu encrgije
postavljanjem termoizolacije. Eksperimentalna susara je podeljena u 15 sekcijo na kojima je
 merena povriinska temperatura u toku rada suSare pri vrednostima temperature vazduha koji
cirkuliSe kroz susaru 50, 60 i 70 °C. Ustanovljeno je da sekcija grejada ima najvise specifitne
gubitke toplote, te da bi se postayljanjem termoizolicije na tom delu susare postigle znadajne
ustede cnergije. Time je opravdano postavljanje Llermoizolacije na sekeiju grejaca i povecana
encrgetska efikasnost susare,

Kijuéne reéi: termoizolacija, grejna sekcija, eksperimentaina susara, energetska
efikasnost.

ANALYSIS OF THE INFLUENCE OF THERMAL INSULATION OF
THE HEATER SECTION OF TUNNEL CONVECTIVE DRYER ON
WORK PARAMETERS, ENERGY EFFICIENCY AND ECONOMY

Mihailo Milanovie *', Ivan Zlatanovic®, Mirko Komatina’, Milan Drazic’, Kosta
Gligorevic’, Nedzad Rudanja’, Milo§ Pajic’, Milovan Zivkovic®

! University of Belgrade, Faculty of Mechanical Engineering, Innovation Center
? University of Belgrade, Faculty of Agriculture, Nemanjina 6, Zemun, Serbia
! University of Belgrade, Faculty of Mechanical Engineering, Kraljice Marije 16, Belgrade

ABSTRACT
The paper presents the procedure for measuring the temperature and determining the heat
losses of the experimental dryer in order to increase energy efficiency. The external drying

temperature is measured to determine heat losses and polentials for energy savings by
installing thermal insulation.

* Kontakt adresa: mihailo988{@igmail.com
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Ipuaor 9: IlorBpaa fa je KaHAMAAT NpeJceHUK WM WiaH ypehuBadkor ogdopa Hay4HOr
Yaconuca WM 300pHIKA PaJoBa y 3eM/bH MJIM MHOCTPAHCTBY.
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Ipunaor 11: IloTBpaa o yuectBoBamy y Komucuju 3a mel)ynaponny capanmy
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MOLBOMPUBRPE M FAKYIATET
Eoppj: 34'1-R.6.

Jates: L1023 rapune
EECTPAJ-3EMYH

148 ocaoey unaka 45, cTae 2. Craryta NonoopueaciHaor aiyareta (2018, reanda)
H yaaa 30, crae & [locnosndxd o pany HacTaoio=day4nor seha gakynTera, HacTasHo-
nay mo pehie HaEeTTETa, Fa S8l iWeAa aapaeanaj 30.10,2024, roakAe, goHena je

ONI¥YKY

1 KOHCTATYIE TE apcCTaHEK MaHOaTa JA0CAJAWHEX LNAHDEA WOMMCH|E 3R
ey HEPOOHY Capadrky, H3E0EaHHY HA  MAHAATHH n2peog 2025020002, 202202025, e
202372024, rogHHE.

1L BRIPAJY LE 58 ynanoee KoMACH e 1a Mehynaponiy copanisy cnea2ha nHua:

1. ap Madia TlehHead, DaNpeiHy npo0eacop - KUCTATYT 18 pATAPCTAC W N4bATapCTad,

2, op Adara Bywoeuh BUMHD, san@elld Npopecop - MHeTHTYT 30 XOpTHRYITYRY,

§, pp Ferata Penlk, BAHPenHH Npod2cop « HaeThiyT 28 1a0redHdiy.

4, op Hrop Koy ics. peoosdH Npodesop = FIHCTHUYT 33 36RLHIETE H METHO DR LK -C.

3, ap HMeana Biewo, pereadn cpadrecap - Hecrwry 3 dueiomsaneisay.

-g:' Op MuxAHnaydnn sz, Aca oS G aoRTopaTaM - MECTHDY T 3 nouson i EpeaHy TeXHEMEY,
. Op Hafojwa [antenah, saupaniy npebecop - HAanyyyer o rpaxpddBedy TEXHRAORM Y H

OHDXEMH]Y,
8, pp CmeHn Hoawoanh, aa108ns apodecop - HHoTHTYT 20 arpoeroRoMaATy.

III  MaucaT wsadpadik andeoes OplBaps jie rpd uRcKe S5E=Ee, 7). HIA0PEHY oy
MEHIATHA BEpMoy Lciiekd 302452025, 202572026, 0 20762027, rocsna,

v OBa OMNYKRE STYIE HI CHAMY DAKON DOHOILSHA,

. OO TR oIS
Hngeer Komuenje 33 mehynapogny capaany wsebpans oy va npegnor HicraoHo-
HuydHUR Beha wacratyTa. Kowacwjs sMa B unadoea, Ca CEAKGT HRCTHTYTA N0 Jefanr, ©oju
Wamely cefie {upajy npeaceawmxa, ¥ pany KosdcHje no noTpedd yaecTey)e npogeszh ad
IS TELY Y KA T H r-:i:lj:.-'l—rapa_rl,ﬂ ¥ CAPALHY,

NPEACEZHHEK
HACFEARHO-HAYYHOT HERA
PSR EKAH

ALK

J2CTABHTH: HueHBmH M, CeRpeapy FUKYITETA H dEsH Dz,
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NMPHBPEJIHA KOMOPA CPBHIJE

CHAMBER OF COMMERCE AND INDUSTRY OF SERBIA

nopemyje

MUTITIOMY

aP MNXAWITY I1. MNJTAHOBIWRY

3A TOKTOPCKY TUCEPTALIN]Y

TEPMOMEXAHMYKHW ACIIEKTH INPOUECA CYIHIEHA
OCTATAKA M3 TTPONSBOAHE COKOBA

oabpamweny Ha Mawmmnnckom akynrery Yuueepaurera y beorpaay
y mionckoj 2020/21. ropuan

[MpepceguuK Kupuja ITpencepuuk INpuepenne komope Cpbuje
|+ : "r-'-l,.-"-;l f— (fz F
1 - ﬁi .-__r é’é{—fj’ I:-I, .-'"'l..;_ .'.'I.. 3
Ipod. np Bojas Ba6uh Mapko Hapgex

beorpapn, 24. Hopembap 2022. rogune




Hpunor 13: Yuewhe y peanuzauuju npojekama, cmyouja uau Opy2ux HAy4HUX OCMeEapera ca
opyzum  GUCOKOWIKOJICKUM  UIU  HAYUHOUCHPANCUGAYKUM  YCHMAHOBAMA Y 3eMbU  UU
UHOCHPAHCMEY.



= YHMBEPIMTET | UNIVERZITET | UNIVERSITY OF
¥ BEOIPALY U BEQGRADL! | BELGRADE
MALLIMHCTKK | MASINGE) FACULTY OF
DaKYNTET FAKULTET MECHAMICAL EMGIMEERIMNG hitp:/fwwemas.bg.ocrs
MHHHCTAPCTED MPOCBETE, HAYKE H TEXHONOMKOT PatRojs : | e T Al AL M l
Cerrop 3a MeliyHapoIny capaimy i eBpONCKe WHTCTPalH]E " b
Buaarepana ca Hemarsom e T WE A~
EPﬂ‘j'. 45 ! '03_1“:.?33'?['2 |.-1.|'":||."{.||' | ——— -.‘-_-'_T.,.IE;I._ e ———— e
Beorpan, Hesamnna 22-26 nooy fafd)
11 (00 Beorpat | T R A2,
X
Javren 1 GUEANCHPALE TPOMKOEA PR THIANNE GIIa TEPATAROT NPOjesTh
Bunatepanim _
nporpas ca: Hemaskom
Hags cmu dpowenmy
| MMpojexmin nugaye: | 20222023, |
Husue npojexTa: JNeocreneso kopruhcise OTHAANE Ghomace 03 Npoueca ,
Hir cpnescese Jesuny MPOH3RO/IC CORORR
Pyrosoamnan .
cpnckor npojektior | Jip Mupxo Komatina, peiossu npopecop
THMEA: -
Eswaenilon 8. | 45.03.00783/2021-09/9
Mpojexra: —
HHO ojoj ce Yuneepanrer v heorpany, Manmuacky dacyirer, K pabHLLE
ynmahyjy cpencrea®: | Mapuje 16 (npod. Mupko Kovarina, kouto 10.03/)
AKTHRHOCT 34 :
KOjY CE Hue n npesnme [epnog BETAL
MOTPa#YjC HCEpasHBa4a®** axtusHocTH®**** | (PCIL)
pedivhnainja®®
XoTenckn 26~ 95.175.00
| CMENITa] MANG heRiwHS 05.07. 2022, i
g | Morencis Mixanno Musasnosah 2002 05.175,00
CMENTTA] ) 1 5.07.2022. :
[lpesos nam ca "
S 26.06 1
3 | acponpoma Mupro Komarina 06.07.2022. 1.000,00
beorpan
[NMpeRos Ha # ca .06
4 | aepoapoma Muxanno Munanosuh '['mwf_.,r ] 1.Ch D0
beorpan
ABHOHCEN
npepos bearpad- 26.06. 1
5 'ﬂhpan Kipypr- Mupro Komaruna 05072022, 37.988.00
Xambypr w |
DOpHYTO -

Epassun Moguie 16, 11120 Georpan 25, nowraetie go 34
Tan; 011/33-70-350, docc: 01 1733-T0-364

Eraljice Marie 14, 11120 Balgrode 35, Serbia

Fhone: +381-11-3270.350, Foo +381-11-33-T0-3644

Ti rOmpoYs 30 concraess rgesops: B40-18756448- 10, kan ¥ T, deejona Nonwmna, Bacrpan
T:ﬁ;mmm ;mm fryuaro: S40-1876860-28, eos YN, demnjono Mannmpa, becrpag

JAEP: TOEZS01
KB 10K20F51 T



i YHMBRERIMTET | UMINVERZITET UNNVERSITY OF
¥ BECIPALY U BECGRADL | BELGRADE
MALLIMHCKM | MASINSK] FACULTY OF

EAKYNTET FAKLILTET MECHAMICAL EMNGINEERIMG h#tp:/ fwew rios.bg.oc.rs
MABACHCKR
npeso: beorpan- .06, 1
6 | Qpankdypr- Muxanno Munanosih gty 37.988.00
4 05.07.2022,
XaMOypr 0
oBpPHYTO |
Muesnnne 10 n 26.06.
7 | mokanum HHO Mupxo Kosarnua 05072022, 61.200.00
MpeBa
Jnesnnoe 110 [ 6. 06,
Ry 2
8 | mokaman HHO Muxauno Munanosah 05.07 2022, 61, 200,00
Npepos

Veynno: 390, -?.?ﬁiﬂ

Hanoyena: V Tafiery yuemu onotiko pedosd KOTUKD WAMGRE SPOMG QRmBEEHOCHTE 33 KOf) 08 nompaxcyjé
pedividanu.

HapecTs J0KYMEHTAIM]Y KOja je ¥ npuaory ®* =+ *:

1. Hanor 3a coywGero nyrosame 32 npod. ap Mupka Kosarnay v ap Muxanna Mivianossha

2. Konuje pauysa i Kapara KOjHMa ce NPaBIajy TPOMIKORN ¥ SaXTCRY

Meeto, garym: Beorpan, 13.07.2022,

Qﬁi%f kmﬁ:ﬁ-gﬂﬂ

Pyxopoasnan npojek

Epansae Mapss 16, 11120 Becvpan 35, nowromou das 34 Krakice Marges 14, 11120 Belgrode 35, Serbia
Tars 011/33-T0-350, danes 071,33-F0-344 Fhone: +381-11-33-70-350, Fax: +381-11-33-70-354
Taweye noapeym 30 concrasss npseogs: B40-1876866-10, wce ¥.I, gunujono Manwmma, Baorpas JEF: TO32501

TewyFm noapsasny a6 npscas we Gyuera: B40-1874660-28, voa ¥, $nnnjana Nammna, Becrpan MKEB: 100209517



Univerzitet u Beogradu
POLJOPRIVREDNKI FAKULTET
Broj: 24/41

Datum: 06.05.2022. godina
BEOGRAD-ZEMUN

SM

Na osnove Clana 29. stav 1. tafka 2. Statuta Univerziteta u Beogradu,
Poljoprivrednog fakulieta, donosim

RESENIJE

ODOBRAVA se dr Mihailu Milanoviéu, asistenin sa doktoratom,
Poljoprivrednog fakulieta Univerziteta u Beogradu, sluZbeni put u periodu od
23.06.2022. godine do 07.07.2022. godine, radi posete Technicshe Universital
Hamburg u okviru bilateralnog projekta Ministarsiva prosvete, nauke |
tehnuinﬁl.ag razvoja, pod nazivom: *‘Dvosiepeno t-;uriiﬂ':cnj-: otpadne biomasc
iz procesa proizvodnje sokova®', radi razmene znanja i iskustava u okvir
oblasti i projekta u cilju njegove realizacije. u Hamburg, NEMACKA.

Troskovi putovanja ¢e biti obratunati u skladu sa Uredbom o naknadi
trodkova i otpremnine, dr#avnih sluzbenika 1 nameStenika (pre€iscen tekst “S1,
Glasnik RS br. 98/07 br, 84/14 1 br. 84/15 ).

Akontacija se isplaéuje na ime dnevnica,

Trodkovi puta, boravka, dnevnica i drugi trofkovi padaju na teret Projekta i
to Bilateralni projekat Ministarstva prosvete, nauke i tehnolofkog
razvoja, u ime podnosioca molbe dr M. Milanoviéa.

Redenje dostaviti: Imenovanom, INSTITUTU ZA POLJOPRIVREDNU
TEHNIKU, Sluzbi za finansijske i rafunovodstvene poslove, Sluzbi za
pravne, kadrovske 1 opite poslove (2),

E!'E

"‘E?Tﬂ u%&_.

Prof. dr Dudan Zivkovid



CEHABFEIATET v RECEPA L
A LI T ANTITET
YHWBEPIMTET | UNIVERZITET | UNIVERSITY OF
¥ BEOTPAIY | U BEOGRADU | BELGRADE -
LLEE ,
MALLMHCKM | MASINGKI FACULTY OF ] .
AKYATET | FAKULTET MECHANICAL ENGINEERING | 42/ T i -5

ODLUKA O FORMIRANIU PROJEKTNOG TIMA

Na realizaciji projekta u okviru Programa bilateralne nautne i tehnolotke saradnje izmedu
Hepublike Srhije, Umiverzitet u Beogradu, Maginski fakultet, i Savezne Republike Nemadke, Hamburg
University of Technology, Institute of Environmental Technology and Energy Economics, pod nazivom
Dvastepena koriféenfe olpadne biomase iz procesa proizvodnje sekova, broj 451-03-007832021-01/9,
koji se finansira bud?etskim sredstvima iz Ministarstva prosvele, nauke i tehnoleikog razvoja, bice
angaZovana sledeca lica. koja su navedena u projeking) prijavi:

. Ime i prezime: dr Mirko Komatina, red.prof,, rukovodilac projekia
Institucija: Uiniverzitel u Beogradu, Masinski fakuliet

B

Imve | prezime: dr Mihailo Milanovid, asistent sa dokomaiom
Institucija: Univerzitel u Beogradu, Poljoprivredni fakulict

3. lme i prezime: dr Mebojia Manié, vanredni profesor
Institucija: Univerzitet u Beogradu, Madinski fakulict

4, Ime i prezime: dr Milod Radojevic, istrakivaé saradnik
Institucija: Univerzitet u Beogradu, Madinski fakultet

Ime | prezime: dr Dimitrije Manié, istraZivad saradnik
Institucija: Inovacioni Centar Madinskog fakulteta u Beogradu

St

Period angadovanja na projektu: 01.01.2022-31.12.2023.

Ay

Mesto i datum: Beoprad 26.01.2022. s i . A
i o 1\
!I ""'-l'f .

2 :" I|'._
, S8 % e WU
J -~ - :l Potpis ovidiéente lica i
\%,t '..«c\g |
. ':m-_- =,

Epansue Mapejn 14, 11120 Beorpan 35, nowmowcns o 34 Kraljice Marijs 14, 11120 Belgroda 35, Sarbia
Tan: 07 1/23-F0-350, - 011/33-70-344 Phone: +381-11-33.70.350, Fax- +381-11-33-7-344
Tenyhs ronpoys 30 concTeene resmons: 840- 187 84648-10, xoa ¥, gumiang MNossemo, beorpoes JAEP: FOAEN

Tawghu nanpoem 30 npseona ko Byuera: B40-187 4660-28, wop ¥ I, dunsgonn Moweryna, Georpaz MHE: 100207517



[puaor 14: Yuemhe y nporpamuma pa3MeHe HACTABHHKA U CTy/JeHATA.



——

Funded by UUNIVERSITY

the European Union BELGRAD[

CONFIRMATION OF ARRIVAL/DEPARTURE and PARTICIPATION

Thiz documant confiems the durmiaco of The partpant € Erasmuss Mobivty,

ARRIVAL {ta be pomplated st the participant’s wrrival at the haat wniversty)
Namg: Minzéo Milanomae
Typa of mebity Cutgoiny mabdity of Teaching staff

Activity start date at host insttution: 12 08 2025

Neme of home utiversity, Unnsirsity of Besgrade
Name ol host unlversity Agncullural Unversty of Athend
Nama of host faculty Behod of Environment & Agriculturs! Engnaering - Depattrrent of Natural

Resources Managament and Agnicoliral Engireenng (NRMEAL)

| the undargianed, confinm that | am stayng 3t the host nstiubion for educaional purpases within the
Erasmus? peogram and that | accapt the lerms and condttions of Ersmusr program. avalabic at the wedsile
hito fec europa ew/programmesiensis-plus/index_an htm

Erasmusy program

Name of the Erasmus+ cantzct person. Prof. Emm Flemetakis, Vice Rectar
Erasamus+ irstitutisngl Coonmr=tol
Date. 12052025 X )

Nare and sighaturs of the authonzed parson af gl

Activity énd date at host institution: 12,05.2025 - 16.06.2025.

| hereby confirm that | have successtully and in accordanss with the Erasmuu guiduelines — az dafined in tha
Bomnatan latar — compisted my mokbility .

Nama of the Erasmius+ contact person

Pmt Emm Flametakis Vice Redor Erasrmuss Institctional Cooedinator
Date. 16 05,2005

Name and sagnatura of the authoszed person at the host

This farm should be completed by your contact upon your amival to the host Instolile
must be compieted in full.
Piease return the ariginal form to the International Relfations Office of the Uniy
compflation of your mability period abroad.



