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HaCTaBHO - Hay'lHoM Bef'ly . 

MaWMHCKOr ~aKynTeTa YHMBep3MTeTa y HMUJy 

nPE,QMET: '13BewTaj KOMMcMje aa O~eHY M OA6paHY AOKTOpCKe 
AMCepTa~Mje 

O,lJ,IlyKOM HaCTaBHO - Hay4Hor Bena MaW~HCKor epaKYIlTeTa Y H~wy, 

6poj: 612-682-10/2013 OA 15.10.2013. ~MeHOBaH~ CMO aa 4IlaHOBe KOM~c~je 

aa OueHy ~ oA6paHy AOKTOpCKe A~CepTal...l~je KaHA~AaTa Mp Cawe 
M~IlaHOB~na, A~nIl. ~H>K. Maw., nOA Ha3~BOM: 

"HCTPA>KHBAIbE TYP6ynEHTHOrtlBOtl>A3HOr CTPYJAIbA Y
 
nPABHM KAHAnHMA nHEYMATCKOr TPAHCnOPTA rPAHynAPHOr
 

MATEPHJAnA HEKPY>KHOr nOnPE4HOr nPECEKA"
 

HaKOH nperneaa AOKTOpCKe A~CepTal...l~je, carnacao 3aKoHy o Bl1COKOM 
očpaaoaa-sy ~ CTaTYTY Maw~HcKor epaKYIlTeTa YH~Bep3~TeTa y H~wy. 

KOM~c~ja nOAHOC~ cneaeha: 

~3BEWTAJ 

1. OCHOBH~ 6~OrPACPCK~ nOAAL.t~ O KAHA~,QATY 

1.1. flM'IHM nOAa~M: 

II1Me (~Me oua) npe3~Me: Cawa (M~pKO) M~IlaHoB~f1
 

AaT)'M ~ MeCTO pof]el-ba: 04.11.1962. rOA.
 
"IM6r: 0411962730045
 
Ilon: MYWK~
 

Mpeca craaoearea: 6paHKa KpcMaHoB~na 4/46, H~w
 

CTpaH~ je311K: pyCKl1
 
6pa4H~ ~ nopoA~4H~ craryc: O>Kel-beH, orau nso]e neue.
 

1.2. nOAa~M o AOCaAaWtbeM o6pa30Batby: 

OCHOBHy WKOIlY "Baca AI16aHal...l" aaspuiao je Y ceny OKpyrn~l...I~ ~ 

ryweBI...lY 1977. ron. ea OAIl114H~M ycnexoM. 

CpeAtby Maw~HcKY TexH~4KY WKOIlY - cMep "eoncmpyxmop mexnuueo: 
aaspuiao je 1981. rOA. ea OAIl~4H~M ycnexoM Kao aocanau "Anacoee" 
A~nIloMe. 



MaW~HCK~ epaKYIlTeT Y H~wy ynacao je 1982/83. ron, OCHoBHe CTYA~je 

3aBpL1I~0 je ca npoce-moe OL-leHOM 8,49 (ocaM ~ 49/100) . .Q~nnoM~pao je 1987. 
roa, Ha cMepy EHepreT~Ka OL-leHOM 10 (AeceT). Y roA~H~ A~nnOM~patba 

npornauien je aa cTYAeHTa reaepauaje Ha MaIJJ~HCKOM epaKYnTeTY Y Hauiy ~ 

Harpaf]eH je 0.0. crpaue epaKYnTeTa ~ YH~Bep3~TeTa 1l0BeIboM ~ PYl.lH~M 

caTOM. 

HaKOH 3aBpUJeH~X OCHOBH~X CTYA~ja Cawa M~naHOB~fl paA~ Y 
Enexrpoucsoi ~HAYCTp~j~ y OOYP-y "KnIl1MA YPE"'F.>A..IW' y H~UJY Ha paAHoM 
MecTY KOHcTpyKTOpa. II1cToBpeMeHo yn~cyje nocnenannoucse CTYA~je Ha 
Maw~HCKOM epaKYnTeTY Y H~wy CMep X~APoeHepreT~Ke WKonCKe 1987/88. 
roa, ~ CBe npeAB~f]eHe ~cn~Te HaCTaBH~M nporpaaov ~ nnaHOM 110nO>K~0 je 
npoce-uoa 0l...leHOM 9,63 (AeBeT 63/1 OO). Mar~cTapcK~ pan nOA Ha3~BOM 

"npopa'-lyH ttpocmopnoe cmpyjal-ba Kp03 aKcujanHe myp60MawUHe Kao 
KOMnneKC dea deoduMeH3ujcKa cmpyjal-ba" oA6paH~0 je 1996. ron, 

Kao cTYAeHT Yl.leCTBOBao je Y ~3Bof]etby načoparopaicxax Be>t<6~ ~3 

(/)u3uKe. 3a acacreara-npanpaaaaxa Ha Maw~HCKOM epaKYnTeTY Y H~wy Ha 
Kamedpu se xudpoeHepeemuKy ~3a6paH je 1988. roa. aa npeAMer 
Kounpecopu u eenmunemopu. 3a aC~CTeHTa Ha ~CTOM epaKYnTeTY 6~paH je 
1997. roa, sa npenuer: KOMnpecopu u eenmunemoou, aa Y>KY Hayl.lHy očnacr 

Teopujcre u npUMel-beHa MexaHUKa cjJnyuda. Kao acacrear-npanpaeaa« a 
KacH~je ~ Kao aC~CTeHT 6~0 je aHra>KOBaH y ~3Bof]etby Be>t<6~ ~3 cnenehax 
npeAMeTa: KOMnpecopu u eenmunemopu, Tpencttopm L4eeUMa, 
XudponpeHOCHUL4U CHaee, Tpencnopm y cmpyju cjJnyuda, Xudpaynu'-lKe 
KOMnOHeHme, YfbHa xudpaynuKa u nHeyMamuKa, xuaoocmemuwu 
npeHOCHUL4U cneee, XudponHeyMamcKu etteuenmu y MexampOHUL4U, 
npojeKmoeal-be xudpaynu'-lKux u nHeyMamu'-lKUX cucmeue, Cucmeuu 
eodocHa6deel-ba, Ocnoeu xudpaynu'-lKoe u nHeyMamu'-lKoe mpencnopme 
Mamepujana, EneMeHmu YfbHe xudpaynuKe u nneyvemuse, nyMnHe CmaHUL4e 
~ TeXHU'-lKOe upmens«. ~ nperneny rpaep~l.lK~X panosa ~3 MexaHUKe I. 

KaHA~AaT je xoayrop ABa YH~Bep3~TeTcKa yI,l6eH~Ka: "KOMnPECOPU ­
TepModuHaMuKa npouece ca6ujal-ba eecoee" ~ "flETFFlU nHEYMATU4KU 
TPAHCnOPT', ayrop je ~n~ xoayrop 34 HaYl.lH~X ~ CTPYl.lH~X paaosa 
očjasrseaax y l.laCOn~C~Ma ~n~ ~3nO>KeH~ Ha AOMafl~M ~n~ Mef]YHapoAH~M 

KOHepepeHl...l~jaMa. Kao ~CTpa>K~Bal.l Yl.leCTBOBao je Y pean~3al...l~j~ 10 Hayl.lHO­
~CTpa>K~Bal.lK~X npoiexara. 

PaAoB~ KaHA~AaTa ny6.n~KoBaH~ y l.laCOn~C~Ma ~n~ ~3nO>KeH~ Ha 
AOMafl~M, Mef]YHapoAH~M KOHepepeHLI~jaMa ~n~ o6jaBIbeH~ y Hal...l~OHanH~M 

l.laCOn~C~Ma, cy: 

•	 Spasić Ž., Milanović S., Šušteršič V., Nikolić B., Low-pressure 
reversibile axiaol fan with straight profile blades and relatively 
high efficency, Thermal Scinence (2012), Vol. 16, SuppI. 2 pp. S593­
S603, (M23=3.0, R52=3.0). 

•	 Jovanović M., Milenković D., Petrović G., Milić P., Milanović S., 
Theoretical and experimental analysis of dynamik processes of 
pipe branch for supply water to the pelton turbine, Thermal 
Science (2012), Vol. 16, SuppI. 2 pp. S612-S629, (M23=3.0, R52=3.0). 



•	 Bogdanović B., Bogdanović-Jovanović J., Milanović S., Spasić Ž., 
Pressure drop calculation of transport air in rectifinear pipeline sections 
in the high presure pneumatic converying, The second international 
conference-Mechanical Engineering in the XXI Century (2013), 
Conference proceedings, pp. 159-162, (M33=1.0, R54=1.0). 

•	 Bogdanović B., Bogdanović-Jovanović J., Milanović S., Calculation of 
operating parameters for different numbers of revolutions, considering 
the influence of Reynolds number, SIMTERM (2011), (M33=1.0, 
R54=1.0) 

•	 Bogdanović B., Bogdanović-Jovanović J., Spasić Ž., Milanović S., 
Reversible axial fan with blades created of slightly distorted panel 
profiles, Fakta Universitatis, series: Mechanical Enginering, Vol. 7, 
N°1, (2009), pp. 23-36. (M53=1.0, R63=1.0). 

•	 Bogdanović B., Bogdanović-Jovanović J., Milanović S., Proračun 

pada pritiska transportnog vazduha pri izotermskom i neizotermskom 
letećem pneumatičkom transportu, SIMTERM (2009), Zbornik radova, 
(M33=1.0, R54=1.0) 

•	 Bogdanović B., Milanović S., Solution of the direct problem in theory 
of flow through straight plane profile cascade by using coformal 
mapping into band -n/2:::; ImZ:::; n/2, Fakta Universitatis, series: 
Mechanical Enginering, Vol. 1, N°7, (2000), pp. 809-816, (M53=1.0, 
R63=1.0). 

•	 Bogdanović B., Milanović S., Bogdanović-Jovanović J., Proračun 

pada pritiska upravolinijskim deonicama cevovoda visokopritisnog 
letećeg pneumatičkog transporta, Procesing (2002), Subotica, str. 28­
31, (M33=1.0, R54=1.0). 

•	 Bogdanović B., Milanović S., The basic problems in the realization of 
the numerical program for predction of potential flow through straight 
plane cascade of profiles by conformal mapping of flow into ban, II 
International Symposium "Contemporary Problems of Fluid 
Mechanics", Beograd (1996), Conference proceedings, pp. 193-196, 
(M33=1.0, R54=1.0). 

•	 Bogdanović B., Milanović S., Određivanje rasporeda brzine po konturi 
profila prave ravanske rešetke konformnim preslikavanjem strujanja na 
pojas -n/2:::; ImZ:::; n/2 i problemi koji su pratili realizaciju programa 
za rešavanje zadatka na računaru, XXII Jugoslovenski kongres 
teorijske i primenjene mehanike, Vrnjačka Banja (1997), Zbornik 
radova, str. 57-62, (M33=1.0, R54=1.0). 

•	 Bogdanović B., Bogdanović-Jovanović J., Milanović S., Matematički 

model simulacije rada mreže navodnjavanja kišenjem, SIMTERM 
(2005), Zbornik radova, (M33=1.0, R54=1.0) 

•	 Milenković D., Boričić Z., Stamenković Ž., Milanović S.,Energetska 
efikasnost pumpnih postrojenja za povišenje pritiska, HIPNEF '09, 
Vrjačka Banja (2008), Zbornik radova str. 219-226, (M63=0.5, 
R65=0.5). 



2. AHAJ1~3A .QOKTOPCKE .Q~CEPTALl~JE 

.QOKTOpCKa A~CepTaL..l~ja KaHA~AaTa Mp Cawe M. M~IlaHOB~fla, 

A~I1IlOM~paHOr ~H>t<el-bepa MaW~HCTBa, 3anO~~l-be ea ABe crpaae HaCJ10Ba Ha 
cpnCKOM ~ eHrneCKOM je3~KY, nopyKoM, I1peArOBopOM, pe3~MeOM Ha cpnCKOM ~ 

eHrneCKOM je3~KY, HaKOH ~era CIleA~ canpxe] A~CepTaL..l~je Ha ABe crpasaue a 
nOTOM ~ cnacax 03HaKa Ha ~eT~p~ crpaaaue. OCHOBH~ TeKCT A~CepTaL..l~je 

~3IlO>t<eH je Ha 114 crpaanua epopMaTa A4, nonersea Y 8 nornasrsa ~ caAP>t<~ 

66 jeAHa~~Ha ~ ~3pa3a, 63 HYMep~caHe rpaep~~Ke ~IlycTpaL..l~je ~ 7 
HYMep~caH~x račena. Ha Kpajy paaa Ha 5 crpasaua aaeeaeaa je L..l~T~paHa 

nureparypa ca 80 6~6Il~orpaepcK~x jeA~H~L..la . .QOKTOpCKa A~CepTaL..l~ja je 
ypaf]eHa y MS Word TeKCT npouecopy. 

Cneneha npenrser ~ uarsese paaa, caAP>t<aj OCHOBHor TeKCTa 
AOKTOpCKe A~CepTaL..l~je ~3IlO>t<eH je y OKB~PY cneaehax nornasrsa: 

1. YBOA 
2. Ilpernen aocanaunsax ~cTpa>t<~Bal-ba 

3. OCHOBH~ 3aKOH~ TYP6YIleHLI~je 

4. <J>~3~~K~ MOAeIl 
5.	 MaTeMaT~~K~ MOAeIl 

6.	 BaIl~AaL..l~ja MOAeIla 
7. Peanaa npočneu 

8. 3aKIby~aK 

Jlareparypa 

Pa,q Ca,qp>KM: 

•	 AHaIl~3Y Moryfl~x Ha~~Ha rpascnopra MaTep~jaIla, ca noce6H~M 

OCBpTOM Ha nHeYMaT~~K~ rpaacnopr apaacror, rpaaynapaor ~ 

npauisacror MaTep~jaIla y KaHaIl~Ma He-KPY>KHor nonpe-raor npecexa; 

•	 OCHOBHe «apacrepacraxe TYP6YIleHTH~x ABoepa3H~x TOKOBa KOj~ 

npencraarsaiy OCHOBy CB~X npoueca rpaacnopra MaTep~je ca 
l1oce6H~M OCBpTOM Ha ceKYHAapHa crpyja-sa y paBH~ nonpe-iaor 
npecexa xaaana: 

•	 .QeTaIbHY aHaIl~3Y AocaAaLl.ll-b~x ~CTpa>t<~Bal-ba MOAeIl~pal-ba 

TYP6YIleHTH~X rpascnopraax npoueca ~ peuiaeaisa OCHOBH~X 

ycpeAl-beH~X jeAHa~~Ha xoaaepeauaje y onurreu napL..l~jaIlHoM 

A~epepeHL..l~jaIIHoM 06II~KY; 

•	 nOCTYnaK «oaaepaaue]e C~CTeMa napuajanaax A~epepeHL..l~jaIlH~x 

jeAHa~~Ha ~ I-b~XOBe reaepanaaauaie: 

•	 AHaIl~3Y reaepaca-sa ceKYHAapHor TOKa npyre BpCTe y nornyao 
pa3B~jeHoM TYP6yIleHTHoM TOKY y npaB~M KaHaIl~Ma xaanparaor 
nonpe-u-or npecexa: 

•	 .Qeep~H~Cal-be MaTeMaT~~Kor MOAeIla racse ~ ~BpCTe epa3e Koja je 
np~CYTHa Y Befl~H~ TeXH~~K~X npoueca rpaacnopra; 

•	 BaII~AaL..l~jy MaTeMaT~~Kor MOAeIla ca pacnonoxaeaa ~ AOCTYnH~M 

pe3YIlTaT~Ma excnepauearanaax ~CTpa>t<~Bal-ba; 



•	 AHam13Y peanaor rpaacnopra ~BpCn1X ~eCnll.-Ia MaTep~jaIla y npaB~M 

KaHaII~Ma He-Kpy>KHOr nonpe-raor npecexa npa pa3B~jeHoM 

TYP6yIleHTHoM cTpyjatby; 

•	 AHaIl~3Y A06~jeH~x peayrrrara ~ AOHOWetbe onroeapaiyhax 3aKIby~aKa 

Ha OCHOBy ~3BpUJeH~X HYMep~~K~X ~CTpa>K~Batba. 

Y npSOM nornaersy Koje npencrasrsa YBOAH~ Aeo AOKTOpCKe 
A~CepTal...l~je HaBeAeH~ cy OCHOBH~ B~AOB~ rpascnopra MaTep~jaIla. nOce6Ha 
naxosa je nocseheaa rpaacnopry ~BpCTor MaTep~jaIla ct:>IlY~AOM OAHOCHO 
nHeYMaT~~KOM rpaacnopry pacrpecaror MaTep~jaIla KOj~ npencrasrsa 
ABoct:>a3HO crpyjaa,e rana rac-vepcre -iecraue. )J,aTe cy OCHOBHe 
xapaxrepacrese nHeYMaT~~Kor rpascnopra: HaCTaHaK, nonene, Ha~~H~ 

~3Bof]etba, npeAHOCT~, HeAOCTal...l~ ~ 06IlaCT~ tberoBe np~MeHe. OCHOBH~ 

y3pOK Y pacserrsaea-sy CIlO>KeH~X ct:>eHOMeHa rpaacnopraax npoueca 
ABoct:>a3Hor crpyjassa y KaHaIl~Ma xaanparaor npecexa KOj~ AOM~H~pajy y 
~H>KetbepcKoj npaxca je Typ6YIleHI...I~ja. n03HaTO je Aa y pa3B~jeHoM 

TYP6yIleHTHoM TOKY AOIla3~ AO ~HAYKoBatba cTpyjatba y paBH~ nonpe-uror 
npecexa xaaana. OBa crpyjaiea cy n03HaTa Kao ceKYHAapHa cTpyjatba npse ~ 

APyre BpCTe. YT~l...Iaj OB~X cTpyjatba KOA ABoct:>a3Hor crpyiaasa H~je 

3aHeMapIb~B na je nocečua naaosa nocaeheaa ceKYHAapHOM cTpyjatby npyre 
BpCTe y TYP6YIleHTH~M MOAeIl~Ma. . 

Y APyroM nornaansy aaaeneua cy nocanaunsa ~CTpa>K~Batba y 
06IlaCT~ A~peKTHOr HYMep~~Kor peuiaaa-sa rpaacnopraax jeAHa~~Ha aa 
TYP6YIleHTHe TOKOBe KOj~ ymaBHoM AOM~H~pajy y rpaacnopruau npouecaua 
MaTep~jaIla. CIlO>KeH~ ect:>eKT~ TYP6YIleHTH~X~HTepaKI...I~ja anpOKC~MaT~BHOce 
MaTeMaT~~K~ C~MYIl~pajy MOAeIl~Ma TYP6YIleHI...I~je Koj~Ma ce nOCT~>Ke 

aaraapasse ycpeAtbeH~X jeAHa~~Ha xonaepeaue]e. HaBeAeH~ cy OA npsax 
~Aeja C~MYIlal...l~ja Konuoeopoe-e, ,aaBUOOB-a, na CBe AO C~MYIlal...l~ja 

ceKYHAapHor TOKa APyre BpCTe Launder-a, Ying-a, Xafbanuna, Demuren-a i 
Rodi-a. 

Tpe1ie nornaarse A~CepTal...l~je nocseheao je ~3Bof]etby OCHOBH~X 

A~ct:>epeHI...I~jaIlH~x jeAHa~~Ha xoaaepaaueje aa npoaasorsao yo~eHY 

KOHTpOIlHy 3anpeM~HY. Hajnpe je npaxaaaa nocrynax A06~jatba IlOKaIlHe 
A~ct:>epeHI...I~jaIlHe jeAHa~~He sa npoaaaorsuy 3anpeM~HY. Ha OCHOBy IlOKaIlHe 
A~ct:>epeHI...I~jaIlHe jeAHa~~He xoaaepeauaje ~3BeAeHe cy: jeAHa~~Ha 

KOHT~HY~TeTa, jeAHa~~Ha xpera-sa ~ eaeprercka jeAHa~~Ha. )J,aTa je 
resepanasauaia napuajanaax A~ct:>epeHI...I~jaIlH~x jeAHa~~Ha Koje on~cyjy 

npouece rpascnopra MaTep~je, KOIl~~~He «pera-sa ~ euepraie. 

Y ~eTspTOM nornaansy nara je ct:>opMYIlal...l~ja ct:>~3~~Kor MOAeIla raene 
ct:>a3e. Onacasa je ct:>~3~Ka reaepaca-sa ceKYHAapHor TOKa ~ TO ceKYHAapHor 
TOKa npyre BpCTe y npaB~M KaHaIl~Ma He-Kpy>KHor nonpevsor npecexa npa 
pa3B~jeHoM TYP6yIleHTHoM cTpyjatby. nOKa3aHO je Aa je ct:>eHOMeH nocroja-sa 
ceKYHAapHor TOKa y He-Kpy>KH~M KaHaIl~Ma nocneaaua TYP6yIleHTHor 
crpyja-sa, OAHOCHO nocroja-sa rpaA~jeHaTa TYP6YIleHTH~x (Reynolds-ovih) 
aanosa. AKO ce nocaarpa HeKoMnpec~6~IlHO, crauaoaapso nornyao 
paasajeao TYP6yIleHTHo crpyja tbe , y rpaacnopraoj jeAHa~~H~ sa KOMnoHeHTY 
TYP6yneHTHe BpTnO>KHOCT~ ~3pa>KeH je yrauaj HopMa.nH~x ~ raareauajanuax 
TYP6YIleHTH~x aanosa. YKOIl~KO je Bena paanaxa ~3Mef]y TYP6YIleHTH~X 

http:eCnll.-Ia


I·lJlaHOBa y jeAHa4~H~ aa TYP6YJleHTHY BpTJlO>t<HOCT, MeXaH~3aM KOj~ resepauie 
yspoxe nojaae ceKYHAapHOr TOKa APyre BpCTe, 4~j~ ce yraua] He MO>t<e 
aaaeuapara, noce6HO y CJly4ajy ABo<:pa3H~X C~CTeMa KOA KOj~X cy 4BpCTe 
-iecraue MaJlOr npe4H~Ka, je ~3pa>t<eH~j~. np~ paauarpa-sy ABo<:pa3H~X 

C~CTeMa cTpyjatba ca Mel']YAejcTBoM <:pa3a, npa Ae<:p~H~Catby MOAeJla 
onacasa cy ABa npacryna: Euler-ov ~ Lagrange-ov. Euler-ovim KOHl...lenTOM ce 
peuiaea racaa <:pa3a, AOK ce Lagrange-ov xoauenr KOP~CT~ aa peurasaae 
4BpCTe diase. Onacaao je peuiaeaae 3aAaTKa ABO<:pa3Hor crpyja-sa Koje ce 
cnpOBOA~ ~TepaT~BHHM nOCTYnKOM Y 4eT~p~ ~TepaT~BHa KopaKa AO 
nocrasa-sa Kp~Tep~jYMa KOHBepreHTHOCT~ peuie-sa. Y npBOM xopaxy ce 
peuiasa cauo racaa <:pa3a 6e3 np~CYCTBa A~cnep3He <:pa3e, y APyroM ce racaa 
<:pa3a "3aMp3He" ~ y CTpyjHOM nOIbY raCHe <:pa3e nocraarpa ce xperaree 
4eCT~l...Ia Koj~Ma ce oApel']yjy nyratbe, OAHOCHO ~HTep<:pa3H~ 4JlaHOB~ 

~HTepaKI...I~je, Aa 6~ ce y cneneheu xopaxy nOHOBO peuiaaano CTpyjHO norse 
raene <:pa3e, ana caaa ea ~HTep<:pa3H~M 4JlaHOB~Ma ~3 nperxonsor xopaxa ~ 

CBe TaKO AO nocraaa-sa KOHBepreHTHocT~ peuieisa. 

Y neTOM nornaarsy Ae<:p~HHcaH je MaTeMaT~4K~ MOAeJl raene ~ 4BpCTe 
<:pa3e. BpeMeHCK~M ycpeAtbaBatbeM jeAHa4~Ha 0AP>t<atba nojaBIbyjy ce 
AOAaTH~ Hen03HaT~ <:pJlYKTyal...l~OH~ 4JlaHOB~ pa3f1~4~T~X BeJl~4~Ha (Reynolds­
ovi TYP6YJleHTH~ HanOH~, MaTep~jaJlH~ ~JlH TOnJlOTH~ <:pJlyKC) Koje rpeča 

OApeA~T~ Ha onroeapaiyha Ha4~H KaKO 6~ MaTeMaT~4K~ MOAeJl 6~o 

jeAHo3Ha4HO onpehes. MaTeMaT~4K~ MOAeJl raene diase ce <:popM~pa sa nyH 
HanOHCK~ MOAeJl TYP6YJleHI...I~je, WTO 3Ha4~ Aa je CBaKa KOMnOHeHTa Reynolds­
ovog sanena onpeheaa ~3 concrsene rpaacnoprae A~<:pepeHI...I~jaflHe 

jeAHa4~He. OBe jeAHa4~He H~CY eraaxrae Ben MOAeJlOBaHe y <:PYHKI...I~j~ 

pacnonoxotaax 3aB~CHO npOMeHIb~B~X BeJl~4~Ha. OCHOBH~ np~HI...I~n KOj~ je 
Kop~wneH aa Ao6~jatbe OB~X jeAHa4~Ha je Aa ce xopenauaje AO npyror pena 
3aAP>t<aBajy y ~3BOPHOM o6Jl~KY a Aa ce 4JlaHOB~ KOjH caAP>t<e xopenauaie 
pena TP~ ~ B~we MOAefl~pajy rpaA~jeHTHoM MeToAoM. Y npouecv Ao6~jatba 

MOAeJlCK~X jeAHa4~Ha TYP6YJleHI...I~je ~cn~TYje ce Aonp~Hoc csaxor -maua ea 
I...I~IbeM KBaHT~<:p~Kal...l~je Aonp~Hoca csaxor -maaa nosaocoč. llyH HanOHCK~ 

MOAeJl TYP6YJleHI...I~je nonpaayaesa c~MYJlTaHO peuraeaae MOAeJlOBaHe 
jeAHa4~He aa Reynolds-ove aanose ea jeAHa4~HoM KpeTatba y ycpeznseao] 
<:pOPM~. 3aTBapatbe HanOHCKor MOAeJla aa Reynolds-ove aanoue ~3BpweHo je 
AOAaTHOM rpaacnopruou A~<:pepeHI...I~jaJlHOM jeAHa4~HoM aa A~C~nal...l~jy 

K~HeT~4Ke eueprale TYP6YJleHI...I~je. 

np~CYCTBO 4BPCT~X 4eCT~l...Ia craapa aepoA~HaM~4Ke ornope KOj~ 

ycnoarsaeaiy npoMeHy KOJl~4HHe «pera-ea o6ejy diaaa ~ MaTeMaT~4K~ MOAeJl 
-rspcre diaae je 6a3~paH Ha Lagrange-ovom KOHl...lenTY. Ha oCHOBy oaor 
xoauenra onpeheae cy rpajexropa]e 4BpCTHX 4eCT~l...Ia, tb~XOB ~MnYJlC ~ 

npoveua 6p3~He. Tpajexropaie 4BPCT~X 4eCT~l...Ia oApel']~BaHe cy ~3 jeAHa4~He 

xperassa aa cBaKY y04eHy rpyny 4eCT~l...Ia, AOK cy 6p3~He oApel']~BaHe ~3 

jeAHa4~He ~MnYJlCa npa 4eMy je npernocraerseuo Aa cy cane Koje AeJlyjy 
ynpasao Ha npasau OCHOBHor TOKa OAHOCHO Ha npasau xpera-sa 4eCT~l...Ia, 

ypaeuorexeae. Mel']yco6H~ YT~l...Iaj ~3Mel']y <:pa3a AaT je ~HTep<:pa3H~M 4JlaHOM 
KOj~ npencraarsa pa3Jl~KY ~3Mel']y cane peaxuaje ornopa Koja ~3a3~Ba 

xperaree 4eCT~l...Ia ~ cane ornopa KpeTatby 4eCT~l...Ia Kp03 racay <:Pa3Y. 



WeCTO nornaarse ,Q~CepTal..l~je nOCBeneHO je Bafl~,Qal..l~j~ 

MaTeMaT~~Kor MO,QeIla ea pe3YIlTaT~Ma Kop~wneH~M y eKcnep~MeHTaIlH~M 

~CTpa>K~Bat-b~Ma Po-a ~ Perkins-a. 

Y ceAMOM nornaansy peuiasaa je peanaa npočnea: rpaacnopr 
~BPCT~X -recraua xsapua. nenena ~ 6pawHa. V13a6paH je xaaan xsaaparaor 
nonpe-raor npecexa O,2xO,2m ~ ,QY>K~He 18m KaKO 6~ ,QOWIlO ,QO 
vcnocraerserea nornyso paaaajeaor rypčynearsor crpyja-sa KO,Q Kora je 
nporpan 6p3~He y nonpe~HOM npecesy YCTaIbeH. Y TOM cIly~ajy MO>Ke ,Qon~ ,QO 
c:t:>opM~pat-ba ceKYH,QapHor cTpyjat-ba y paaaa nonpe-mor npecexa xaaana. 
3a,QaTaK je peuiasaa y codrreepcxoe nakery ~3 06IlaCT~ HYMep~~Ke MexaH~Ke 

c:t:>IlY~,Qa, npesoca Mace ~ ronnore PHOENICS 3.3.1. Ha OCHOBy ,Qo6~jeH~x 

pesyrrrara 6p3~Ha -recraua B~,Q~ ce Aa 6p3~He pacry ~ rexe 6P3~H~ OCHOBHe 
crpyie ana je HeAOCT~>KY. Hajeeha je 6p3~Ha ~eCT~l..Ia y cpeA~H~ xauana rne je 
~ 6p3~Ha OCHOBHe crpyie aajeeha a HajMat-ba je 6p3~Ha -iecraua y porrseaaaa 
xaaana. 

3. 3AKJbY"IAK ~ nPE,QflOr 

Ha OCHOBy nperneaa AOKTOpCKe A~CepTal..l~je ~ asanaae nocrarayrax 
peayrrrara, ~IlaHOB~ KOM~c~je aa ouesy ~ oA6paHy AOKTOpCKe A~CepTal..l~je 

KOHcTaTYjy cnenehe: 

•	 11oAHeT~ pa,Q y nOTnYHocT~ oAroBapa TeM~ np~xBaneH~ OA cTpaHe 
Hacraaao-aay-raor Bena MaW~HCKor c:t:>aKYIlTeTa YH~Bep3~TeTa y Hauiy, 

•	 KaHA~AaT nocenyie 3Hat-ba ~3 pa3Il~~~T~X 06IlaCT~ nOTpe6H~X aa 
~3paAY AOKTOpCKe A~CepTal..l~je. 

•	 KaHA~AaT je ~3paAOM AOKTOpCKe A~CepTal..l~je ~cnOIb~O B~COK crenea 
HaY~Hor npanasa npočneraaraua y 06IlaCT~ reopaicxor ~ HYMep~~Kor 

~CTpa>K~Bat-ba ~3 06J,aCT~ reopejcxe ~ np~Met-beHe MexaH~Ke c:t:>IlY~Aa. 

•	 KaHA~AaT je noxaaao norpečaa H~BO caMOCTaIlHOCT~ y ~CTpa>K~Bat-by ~ 

cnocočsocr Aa ~3BPW~ c~HTe3Y HaY~H~x 3Hat-ba y I..I~IbY peanasauaje 
nocraersesor 3aAaTKa. 

•	 PaA je aAeKBaTHo KOHI..I~n~paH, TeXH~~K~ KBaII~TeTHO ypaf]eH ~ 

oMorynaBa npernenao npahe-se ~3IlO>KeHOr caapxaja ~ Ao6~jeH~x 

peayrrrara ~CTpa>K~Bat-ba. 

•	 Pe3YIlTaT~ ~CTpa>K~Bat-ba ~Majy aanosorsaeajyhy Ta~HOCT ~ BeIl~K~ 

crenea onWTOCT~. 

•	 OCTBapeH~ pe3YIlTaT~ npy>Kajy umpoxe MorynHocT~ aa AaIba reopsjcxa 
~ excnepavearanaa ~CTpa>K~Bat-ba ~ npencrasrsajy epenas Aonp~Hoc y 
paavarpa-sy nHeYMaT~~Korrpaacnopra MaTep~jaIla. 



Ha OCHOBy ceera aanpen 1131l0>KeHOr, 41laHOBl1 KOMl1Cl1je aa OL-IeHy lli 

op,6paHy p,OKTOpCKe p,l1CepTal.ll1je ea 3ap,OBOIbCTBOM npennaxy HaCTaBHO­

Hay4HoM Befly MaWl1HCKOr epaKyllTeTa YHl1Bep311TeTa y Huury, na pap, 

KaHp,l1p,aTa Mp Cawe M. Ml1llaHOB~fla, p,l1n1l0Ml1paHOr l1H>Kel-bepa MaWl1HCTBa, 

non Ha311BOM: 

"HCTPAJKHBAIbE TYPSynEHTHOrIlBOtPA3HOr CTPYJAIbA Y 
nPABHM KAHAnHMA nHEYMATCKOr TPAHCnOPTA rPAHynAPHOr 

MATEPHJAnA HEKPYJKHOr nOnPEl.IHOr nPECEKA" 

npaxsara Kao p,OKTOpCKy p,l1cepTal.ll1jy lli KaHp,l1p,aTa n030Be Ha yCMeHy jaBHy 

op,6paHy. 

Y Hl1wy lli 6eorpap,y, 

p,el.leM6ap 2013. ron, 

41laHOBl1 KOMl1Cl1je: 

,qp rpa,qMMMp ~nMli, 

peAOBH~ nporpecop MaW~HCKor epaKymeTa YH~Bep3~TeTa y H~wy 

(y>Ka Hay4Ha 061laCT: TepMoTexH~Ka, repaoeaepreraxa ~ npouecsa rexaaxa) 

,qp >KapKo CTeBaHoBMli, 

HaY4H~ caBeTH~K V1HcT~TYTa aa HyK1leapHe HayKe B~H4a 

(y>Ka Hay4Ha 061laCT: Teopajcxa ~ np~Meli>eH~ npoueca npesoca TOn1l0Te ~ Mace) 

,qp 50>KM,qap 50r,qaHOBMli, 

peAoBH~ nporpeccp Maw~HCKor epaKymeTa YH~Bep3~TeTa y H~wy 

(Y>Ka Hay4Ha 061lacT: Teopajcxa ~ np~Meli>eHa MexaH~Ka epllY~Aa) 


