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The dissertation contains 104 pages, 25 images, 1 program listing in 5 heads:
Introduction

Systems of Conservation laws

Shadow waves

Shadow waves for the Balance Law in Pressureless Gas Dynamics
Numerical methods

BPEJHOBAIGE ITOJEAUHUX JEJOBA TOKTOPCKE JUCEPTAIINJE:

[ocne ommrer yBoza, y APYyroj rilaBu ce yBOJE OCHOBHHU ITOJMOBH TEOpH]j€ 3aKOHa OJprKama M OanaHca,
Kao mro cy To PumaHoB mpobiiem, ynapHu Tanacu, Pankus-HroHooBu ycmoBw, paspehyjyhm tamacw,....
Tpeha rnmaBa je mocBehena neduHHMCamy Tako3BaHMX CEHKa Tajaca KOjU CE KOPHCTE Ja OIMILY
HEOrpaHWuYEeHa pellerha 3aKOHA OJDKama M OanaHca. UeTBpra riiaBa caJpXXH OpUTHHAIHE pE3yaTare, Tj.
AQHAJMTUYKO PEUIeHhe MOJIela TaCHe IMHAMUKE ca CIIOJbHOM CHIIOM (TpaBHTanuja). Pesynraru ce cinaxy ca
¢usrukoMm uHTYHOMjoM. Y Ha Kpajy, y MeToj II1aBu ce Jajy OpUTrHHAIHN PE3YNITaTh KOjH MOKa3yjy Ja ce
aHAJIMTUYKA PeIliekha MOTy 100p0o HyMEpHYKH alipOKCUMHUpaTH, 0e3 0031pa ITOo caapike enTa QyHKIH]Y.

After the general introduction, the second chapter introduces the basic concepts of the theory of
conservation law systems, such as the Riman problem, shock waves, Rankine-Hugoniot conditions,
rarefaction waves, ... The third chapter is dedicated to the definition of so-called Shadow Waves that are
used to describe unbounded solutions to conservation laws and balance laws. The fourth chapter contains
the original results, i.e. analytical solution of the pressureless gas dynamics model with external force
(gravity). The results agree with physical intuition. And finally, in the fifth chapter, original results are
given that show that analytical solutions can be numerically approximated, regardless of the fact that they
contain a delta function.

VI CIIMCAK HAYYHUX U CTPYUYHUX PAJTOBA KOJH CY OBJAB/BEHH NJIN
IMPUXBAREHU 3A OBJAB/bBUBAIBE HA OCHOBY PE3YJITATA HCTPAJKKUBAIBA Y
OKBUPY PAJA HA TOKTOPCKOJ JUCEPTALINJHN

TakcaTMBHO HaBECTH HAa3WBE PaJoBa, TJe U Kaaa cy o0jaBibeHu. [IpBO HaBecTH HajMambe jelaH paj
o0jaBipeH uiu npuxBaheH 3a 00jaBipiBame y yacomnucy ca [SI aucre ogHOCHO ca JaucTe MHHUCTapCcTBa
Ha/UIEKHOT 33 HAayKy KaJia cy y HUTamby JPYIITBEHO-XyMaHUCTHYKE HAyKe WM PaZoBE KOjH MOT'Y 3aMEHHUTH
oBaj ycnos 1o 01.jaryapa 2012. roqune. Y ciaydajy paaoBa npuxsaheHux 3a 00jaBJbUBamE, TAKCATHBHO
HaBECTH Ha3MBE PajioBa, I1e U Kaaa he Outn 00jaB/beHN M IPUIIOKUTH HOTBPAY O TOME.




1. Daw, Dalal Abdulsalam Elmabruk; Nedeljkov, Marko; Shadow waves for pressureless gas balance
laws, APPLIED MATHEMATICS LETTERS, (2016), vol. 57 br. , str. 54-59. M21

VII 3AK/BYYIIN OJHOCHO PE3YJTATHU UCTPAZKUBAIBA

YcememHo je pemieH MojeN TacHe AWHAMHUKe 0e3 NMpuTHCKa (KOjU je M MOJEN Kperamba MaTepuje y
CBEMHpY) Kaja je MpHCyTaH YTHIa] IpaBHTanyje. 3HAIO ce O] INpe Aa 3a 3aKOH OApXama II0CTOje
HeorpaHWUeHa peliemka Koja ce kpehy koHcTaHTHOM Op3uHOM. Kao mTo ce u ouekuBano, peniema 3aKoHa
OayaHca mara y OBOj JHCEpTAallMju MMajy TakBa pelIemha ajld MM caja Op)KMHAa HHje KOHCTaHTHa 300r
yrunaja rpaButanyje. Ha xpajy pana je ycnenrHo noka3aHo Kako ce aHaJIMTHYKa pelie-a MOTY YCIIEITHO
ANPOKCUMHUPATH MOJAM(UKOBAHINM HYMEPHUKHM IpoLexypaMa [ ogyHoBIbEBOT THIIA.

The model of pressureless gas dynamics (which is the model of motion of matter in the universe also) has
been successfully solved when the influence of gravity is present. It has been known that there are
unlimited solutions that run at a constant speed for the conservation law. As expected, the solutions of the
balance laws given in this dissertation have such solutions, but now the speed is not constant due to the
impact of gravity. At the end of the paper, it has been successfully demonstrated how analytical solutions
can be successfully approximated by modified Godunov-type numerical procedures.

VIII OHEHA HAYMNHA ITPUKA3A U TYMAUYEIbA PE3YJITATA HCTPAXKUBAIBA
ExcrunitHo HaBeCTH NO3UTUBHY WM HETATUBHY OLIEHY HAUMHA IIPHUKA3a U TyMauema pe3ynrara
HCTPAKUBAKA.

KananpaTkuma je ycnenrHo u3Besa NCTaXnBamba JaTor MOjeIa U Hallla GU3NIKy oxrosapajyha pemema.
Tekcr je anekBaTHO M3JIOKEH, jaCHO M pa3yMJbMBO. KaHIWAATKHIbA j€ IOKasaja Ja pasyMmMe M IIupe
obutactu mator npobsiema. Takole je ycremHo n3Bpumia 1 HyMEpHIKy Ipe3eHTanujy pemema. Komucnja
cMarpa Ja je KaHIUIaTKAba aeKBaTHO TyMaduila pe3ysiTaTe CBOjUX NCTPaKUBAmbA.

The candidate successfully completed the research of the given model and found physically appropriate
solutions. The text is adequately and clearly exposed. The candidate has shown that she understands
background of the given problem. She also successfully completed the numerical presentation of the
solution. The Commission considers that the candidate has adequately interpreted the results of her
research.

IX KOHAYHA OHEHA JOKTOPCKE JUCEPTAIINJE:

ExcrmmurHo HaBeCTH /1a JIn TUcepTanyja jecTe Wi HUje HalllcaHa y CKJIQAy ca HaBEICHUM
00pazIoKemeM, Kao 1 /1a JIM OHa CAIPKU WM He caJpXu cBe OuTHe eneMenre. JlaTu jacHe, Mperu3He U
KOHIIM3HE OJTrOBOpE Ha 3. U 4. nuTame:

Jla nu je nucepTaiyja HamMcaHa y CKiIaqy ca 00pas3ioKeeM HAaBEICHUM Y IIPUjaBu TeMe

Ja.

Yes.

Jla nu gucepraryja caapKy cBe OUTHE eJIeMEHTE

Ja.

Yes.

ITo uemy je nucepraryja OpUrHHANAH JOIPUHOC HAYIH
Haljeno pememe nozHaTor Mozena InpH yTHIajy TpaBUTalLUje U TO PELIeHhe HyMEPHUUYKH OIHCAHO.

The solution of a known model with the additional influence of gravity is found and this solution is
numerically described.

Hemocramu mucepranyje u lUXOB yTHIA] HA PE3YATAT UCTPAKUBAEHA
Hewma.

None.
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