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BPEJHOBAIGE NIOJEJUMHUX NJEJTOBA JOKTOPCKE JTMCEPTALIMJE:

VBoJI: IpHKa3 MOJIENa M pe3yJIrara paga

VY VBoxy cy u31m0XKeHe OCHOBHE ITPETIIOCTAaBKE KHHETHYKE TEOpHje racoBa, YBEICH je TojaM
¢dyHKIH]e pacmoene Op3uHa U U3BPIIeHA je KiacuuKaIyja CTpyjHUX peKUMa Ha OCHOBY
BpenHoctH KaynceHoBor 6poja. Y oBOM JielTy je Aar U KpaTak MperJie]] Haj3HauajHUjuX pe3ynrara u
JorpuHOca auceptanuje. Ha kpajy je maT mpersien HoTaiyje kopuinheHe y pany.

I deo. IIpuxas Mmopena

1. Omic KHHETHYKUX Mojeia KOpUIINeHNX y Te3u

VY mpBOM HOTTIAaBIBY je AT AeTajbaH ONMC KMHETHINX Mozesa Koju he Outn xopumrhenu y
mucepranuji. Hajipe je n3noskeHa cTaHIapaHa KHHETHYKA TEOPHja jeAHOATOMCKHX IacoBa:
aHanmu3upana je bonvanoBa jeHaYMHA, KOJIH3WOHA TpaHC(OpMaIyja M KOJTH3MOHN HHTETPal,
onpeheHe cy KOIMM3UOHE HHBApHjaHTE M MAKPOCKOIICKY 3aKOHHU OZpKama M Ha Kpajy je Joka3aHa H-
Teopema. 3aTHM je MPUKa3aH MOJIEN MelIaBHHE jeTHOATOMCKUX TacOBa M HETOBE CIENN(PUIHOCTH,
KOje ce 0JJHOCE Ha KOJIM3HOHE HHBApUjaHTE U UMILIMKALK]e Y HOTJIeAy MaKpOCKOIICKMX 3aKOHA
oJpKama, Kao U Ha H-teopemy. Baxka 710 0BOT IIOINIaBJba Ce OAHOCH Ha KHHETUYKH OIHC
BHIIIEATOMCKHX T'aCOBAa KOJH U3HCKYje y3UMame Y 003Up YHYTpAIIkhe CHepPTHje MOJIEKYIIa Koja ce
MIPHITUKOM CyZapa pasMemyje. Y TOM MUIbY je n3a0paH MOJeT Y KOM ce YHYTpalllbha eHepTrHja
Mozenupa rnomohy jenHe HeMpeKkuaHe IPOMEHIBUBE, IITO OMOTr'yhe peKOHCTP YKHU]Y PABHOTEKHE
KaJOpHUKe jeIHaYNHE CTama raca. PasmMeHa yHyTpanime eHepryje je onrcana KopumhemeM
Bopruake-JIapcenoBor nocrynka. U oBie cy onpehene kommu3noHe nHBapUjaHTe U JoKa3aHa je H-
Teopema. [TokazaHo je U [a KOJ BHIIIEATOMCKUX racoBa HEPaBHOTEKHH [1€0 TEH30pa MPUTHACKA HMa
HeTpuBHjanaH chepHH €0, KOjU IpeCcTaBiba TMHAMIYKY NpuTHCak. KoHauHO, onmcaH je 1 MoJent
MeIIaBUHE BUIIIEATOMCKUX I'acOBa ca 0IroBapajyhoM KOJM3HOHOM TpaHC)OpMaItijoM, KOJIN3HOHUM
HHTETpaInMa, KOJIM3HOHNM Tpanchopmarmjama u H-teopemom. HaBenenn Mozxem cy xopumrhenn
Y @HAJIU3H y OCTAJIHM I0TJIaBJbUMa U CepTallije.

II deo. Ipuxkas pesynrara

2. IlpuHIIIT MakCIMYyMa EHTPOIIHjE 32 BUIIEATOMCKE IacoBe

Jpyro mornassbe je mocBelieHO IPUHITAITY MaKCHMyMa SHTPOIIHje 3a BHIIIeaTOMCKe TacoBe. Hamme,
jemaH o1 MeToJia pemaBama bommaHoBe jemHaunHe jecte popMupame cucTeMa jeJHadnHa 3a
MoMeHTe (hyHKITHje pacronene. OBaj CHCTEM NMa XHjepapXujcKy CTPYKTYpyY ca pactyhnm
TEH30pCKUM penoM. Kama ce orpanudu pen Xxujepapxuje jaBiba ce mpodiaeM GpopMupama 3aTBOPSHOT
cHcTeMa jefHaYMHa — IIPOTOIH Y jeTHAYMHH HajBHIIET PEAa, KA0 U TeHEPATHBHU WIAHOBH, MOPajy
OWTH M3paKEHN MOMONY BEIMYNHA CTama. JEHO O pelieha OBOT MpobJiieMa jecTe MpruMeHa
MPUHIONIIA MaKCUMyMa eHTporje. Bbume ce ogpelyyje mpuOmmkau 00K HepaBHOTEXKHE (YHKITHje
pacrozene Koju MakCUMH3Upa (GU3MYKY SHTPOIIH]Y U carjlacHa je ca OrpaHnyYelhbUMa — BeTHIrHaMa
CTamka M3PaXKESHUM ITOCPEACTBOM MoMeHara ¢ yHkIje pacmoene. OBaj METOI je AeTaJbHO MPOYydeH
y Clly4ajy jelIHOaTOMCKHX T'acOBa, IITO je IPUKA3aHOo Y IIPBOM [Ny MOTJIaBJba. 3aTHM CY H3JI0KEHU
pe3y/ITaTé XeypUCTHUKOr KapakTepa KOji Ce OJHOCE Ha MOJIEN I'yCTUX I'aCOBa Y OKBUPY MPOIIHPEHE
TepmonuHaMuke. IloToMm je, kopumihemem Mojiena BUIIEaTOMCKIX T'acoBa ca HEelPEKN THOM
VHYTpAIIkhOM SHEPTHjOM MOJIEKYIIa, MPEITIOKEeHa HOBA XHjepapXrjcKa CTPYKTypa jemHaurHa
MOMEHaTa, Koja ce CacTOj! OJ] CTaHAapaHe XHjepapXuje (aHAJIOTHE OHOj KOja ce jaBJba KOJI
JEITHOATOMCKHX TacoBa) M HE3aBUCHE XHjepapXrje Y1jy OCHOBY YHHH 3aKOH OfpKara eHepruje. OBa
XHjepapXrjcKa CTpYKTypa YOIIITaBa U]y YBEAEHY Y KOHTEKCTY IPOIINpEHe TepMoarnHaMuke. [la
6u ce hopMupao 3aTBOPEH CHCTEM jeTHAYNHA HCKOPHIITNeH je MPUHINI MaKCHUMyMa SHTPOIIH]e.
Hajmpe je penponykoBaHa paBHOTeXHA (YHKIMja pacmoiene, a oToM je oapeheHa mpubimkaa
HEpaBHOTE&XHA QyHKITHja pactionene ca 14 momenara. [Tomohy me cy popMmupane MaKpOCKOIICKE
jenHadmee 3a 14 MoMeHaTa U ofpel)eHn Cy TMHeapu30BaHN TeHEpaTHBHY YWIAHOBH Y jeHAaUNHAMA
MIPOMEHE 32 MPOTOK KOJMIMHE KpeTarka U MPOToK eHepruje. bynyhn na je Mexanu3am WHTEpaKIyje
MOJIEKYJIa OITMCAaH MOJIEIIOM IIPOMEJBIBHX KPYTUX KYIJIH, y TeHEPaTUBHAM WIAHOBHMA (DUTYpHIIIE
rapamerap 4MjoM ce aIanTalrjoM MOTY PEpOIyKOBaTH HeKe BKHE KapaKTEePUCTHKE, IOMYT




[IpanTioBor Opoja.

3. BumeOp3uHCKH 1 BUIIETeMITepaTypHH Mozien OjrepoBHX BHIIEATOMCKIX IracoBa
VY oBOM ITOTJIABIBY j€ aHATHM3UPaHa XHAPOJMHAMAYKA allpoKkcuManyja bomMaHoBIX jeqHaunHa 32
MEIIaBHHY BHIIIEaTOMACKNX racosa. [lomasehn ox mpeTrocTaBke aa je yaecTaHoCT cyaapa
MOJIEKyJIa ICT€ KOMIIOHEHTE MHOTO Beha 01 yIeCTaHOCTH CyAapa MoJieKayiia pa3IHIiTHX
KOMIIOHEHTH M3BE/IeHA j& TOKATHO paBHOTEXHA pacIiojiesia Koja caip Ky TyCTHHe, Op3uHe U
TemIieparype komrnoneHara. OBe BeJIMUIMHE, KOj€ IPEICTaBIbajy HE3aBUCHE BETMYNHE CTamba TacHe
MeIIaBHHE, MOPajy 3aI0BOJEUTH CHCTEM jeTHAUYMHA IIPOMEHE Mace, KOJIMIUHE KpeTamka U eHepTHje
3a CBaKy KOMITOHEHTY. [ €HepaTHBHM 4JIaHOBU ONHCY)y y3ajaMHY HHTEPAKIM]jy KOMIIOHEHATA.
Jlobujern Mozen je aHamoran Mozery Menrasuae OjnepoBux (iryrnna n3BeAeHOM Y OKBHpPHMa
MPOMIMPEHE TEPMOANHAMHUKE, Y KOM j€ CTPYKTYpa TeHepaTHBHAX WIAHOBA ofpel)eHa Ha OCHOBY
KOMITaTHONIIHOCTH Ca €HTPOIHNjCKOM HejexHakomhy. Kopucrehn Momen mpoMeHBUBIX K YTHX
KYTJIM ¥ JIOKQJTHO PaBHOTEXKHY PACIOAEITY, ITojia3ehn o1 KOMM3NOHUX HHTErpaja ofpelenu cy
TeHEepAaTUBHY WIAHOBH 32 jeHAYMHE IPOMEHE KOHMIMHE KpeTama U eHEprHje y CIIydajy MelllaBuHe
WHEPTHUX racoBa. JloOujeHu pe3ynTaTy ¢y UCKOpHUIIieHH 3a opeheme ca pe3ynraTiuMa mpomupeHe
TepMOIMHAMUKE Y JITHEAPHO] alpOKCHUMAIIHjH, Y OKOJIMHU Cpemh-e Op3uHE U Cpelibe TeMITepaType
MemasrHe. Ha oBaj HaumH cy onpeljeHn (eHOMEHOIOMKH KOSDUIMJEeHTH Y BUIIETEMIIEPaTypHOM
MOJIeTTy IPOIINPEHE TEPMONHAMUKE, KOjH C€ Y OKBUPHMA T€ TEOPHje HEe MOTY O SIUTH.

4. Tudy3noHa aCHMITOTHKA KWHETHYKOT MOZIENa 32 MEIIaBUHE jeTHOATOMCKHX racoBa
OBo mornassbe ce 6aBu aHATN30M JK} y3HOHE ACUMIITOTHKE 32 CHCTEM Kiacu4HuX bolaMaHoBux
JjeTHaYMHA KOjH OIMCYje MEIIaBHHY jeTHOAaTOMCKHX racoBa. J{udy3moHa acuMnToTuka
moJIpa3yMeBa CKaINpamke MaKpOCKOTICKMX apTyMeHarta ¢ YHKIIM]ja paciioiena — BpeMeHa 1 TIoJIoXKaja
y mpocTopy — momohy mapamerpa Koju ce hU3IMIKN HHTEPIpETHpa Kao TyKnHa ciodomHor myra. Ha
Taj HAYWH J00MjamMo ckanupane bonmManose jemnaunHe. [ToToM cBaky QyHKIIH]Y pacmoiene
(hopMaITHO pa3BHjaMo y CTETICHH Pell TI0 OBOM IapaMeTpy. Y BpIITaBameM (OpMaHOT pena y
ckanupany boimMaHoBy jeqHaYNHY B U3jeJHAYaBAk-EM M3pas3a y3 HCTH CTEIICH Mol IapaMeTpa
nmobujamo cucteM jenHadnHa. [IpBa jenHadrHa HAM TOBOPH Ia c€ pa3Boj (yHKIIM]ja pacromerna BpIIn
Y OKOJIMHHU PaBHOTEXKHE pacrofese, Ha ocHoBY H-Teopeme. [lpyra jenHa4nHa je TuHeapHa
(yHKIIMOHATHA jeTHauYnHA 32 QYHKIIH]Y KOja ONHrcyje MPBY MepTyoanujy G yHKIH]ja pacrojena. 3a
Pa3IuKy OJl jeTHOKOMIIOHEHTHHX TacoBa, HEMO3HAaTa (DYHKIMja je 3aIIpaBo BEKTOP YHja ce CBaKa
KOMIIOHEHTAa OJJHOCH Ha MPBY MepTypOanujy G yHKIHje pactoaene 3a oapeljeHy KOMITOHEHTY
MemasuHe. J[001jeHy QyHKINOHATHY jeHAYNHY MOXeMO pemnTr nomohy ®@pexxoiamose
antepHarugse. [lomTo Hyna MpocTop JMHEapHOT onepaTtopa HHje TPUBHjaIaH, HOTPEOHO je OpennuTH
ajjyHroBaHu omneparop. [[puMeTrMo 12 je y ciydajy jeTHOKOMIIOHEHTHIX TacoBa 0Baj OMepaTop
camoajyaroan. @peaxoiMoBa anTepHaATHBA J1aje eT3UCTEHITN]Y pelliekha mocMaTpaHe
(YHKITMOHAHE jeTHAYNHE, Al j€ 32 FheHY IPUMEHY ITOTPEOHO OKa3aTH KOMITAKTHOCT oapeleHor
omeparopa. Kaga cy mace Mmosekyna jeaHake, Moryhe je nmpomuputi [ pamoBy crparerujy, Koja
TpeTHpa jeMHOKOMIIOHEHTE racoBe, Ha CITy4aj MelIaBuHa. Y Clydajy pa3iuyUuTuX MOJICKYIapHHX
Maca, MPEAJIoKeH je HOB IPHUCTYI KOjU [TOpa3yMeBa CMeHY IPOMEHJbUBHUX Ha OCHOBY KOJM3MOHUX
Tpancdopmarrija. OBaj MPHUCTYII je BAMAAH caMo Kaga ce ITOCMaTpajy MOJIEKYIH Pa3IHYATIX Maca.

Jluteparypa
Jluteparypa HaBeneHa y 0BOj AucepTalyju caapxu 60 6ubmorpadckux jenuHuIA.

V ~ EVALUATION OF THE INDIVIDUAL PARTS OF THE DOCTORAL DISSERTATION:
Introduction: Presentation of models and results
In the Introduction the basic assumptions of the kinetic theory of gases are presented; the notion of
velocity distribution function is introduced and classification of flow regimes is given according to

the value of Knudsen number; a short overview of the most important results and contributions of
the dissertation is also provided. At the end, the notation used in the thesis is explained.




Part 1. Presentation of models

1. Description of the kinetic models used in this thesis
Chapter 1 contains detailed description of kinetic models used in the dissertation. Firstly, standard
kinetic theory of monatomic gases is presented: the Boltzmann equation, collision transformation
and collision integral are analyzed, collision invariants are determined, as well as macroscopic
conservation laws. At the end, the proof of H-theorem is given. After that, the model of a mixture of
monatomic gases is described. Particular attention is devoted to collision invariants and their
implications with regard to macroscopic conservation laws and H-theorem. Important part of this
Chapter is devoted to kinetic description of polyatomic gases, which must take into account
communicable internal energy of the molecules. To that end the model with continuous internal
energy variable is used, which permits reconstruction of standard caloric equation of state for ideal
gases in equilibrium. Exchange of internal energy is described using Borgnakke-Larsen procedure.
The collision invariants are determined and H-theorem is proved. It is also shown that in the case of
polyatomic gases non-equilibrium part of pressure tensor has nontrivial spherical part, which
represents the dynamical pressure. Finally, the model of a mixture of polyatomic gases is described
along with collision transformation, collision integrals, collision invariants and H-theorem. These
models are used in the rest of the thesis.

Part 2. Presentation of the results of the thesis

2. Maximum entropy principle for polyatomic gases
Chapter 2 is devoted to the maximum entropy principle for polyatomic gases. Namely, one of the
methods of solution of the Boltzmann equation is derivation of the system of equations for the
moments of distribution function. This system possesses hierarchical structure with increasing
tensorial order. When the hierarchy is truncated at certain order one faces the closure problem —
fluxes in the highest order equation, as well as production terms, have to be expressed in terms of
state variables. One possibility for solution is application of the maximum entropy principle. It
determines the approximate form of non-equilibrium distribution function which maximizes
physical entropy subject to constraints — state variables expressed as moments of the distribution
function. This method is studied in detail in the case of monatomic gases. Heuristic viewpoint of the
model of dense gases, developed within the framework of extended thermodynamics, is then
presented. Using the model of polyatomic gases with continuous internal energy a new hierarchical
structure of moment equations is proposed. It consists of standard “momentum” hierarchy,
analogous to the one in monatomic case, and an independent “energy” hierarchy whose first member
is energy conservation law. This hierarchy generalizes the idea presented in the context of extended
thermodynamics. Maximum entropy principle is then used as a mean for obtaining the closed system
of moment equations. First, equilibrium distribution is recovered. After that an approximate non-
equilibrium distribution with 14 moments is determined. It was then used for derivation of
macroscopic equations for 14 moments, as well as linearized production terms in the balance laws
for momentum and energy flux. Since the molecular interaction was described by the variable hard
sphere model, production terms contain a parameter whose value could be adapted in order to
reproduce certain important characteristics of the system, e.g. the Prandtl number.

3. Multivelocity and multitemperature models of Eulerian polyatomic gases
In this Chapter hydrodynamic limit of Boltzmann equations for the mixture of polyatomic gases is
analyzed. Starting from the assumption that collision frequency for the molecules of the same
species is much higher than the one for the molecules of different species, local equilibrium
distribution is derived which depends on densities, velocities and temperatures of the species. These
variables, which are independent state variables of the gaseous mixture, must obey the balance laws
of mass, momentum and energy for each species. Production terms describe the mutual interaction
of the species. The model obtained at this level of approximation is analogous to the model of the
mixture of Eulerian fluids derived in the context of extended thermodynamics, where the structure
of production terms is dictated by the entropy inequality. Using the variable hard sphere model local
equilibrium distribution, the production terms for the balance laws of momentum and energy are
derived in the case of mixture of non-reacting gases. These results are used for comparison with the




results of extended thermodynamics in linear approximation, in the neighborhood of average
velocity and average temperature of the mixture. In such a way the phenomenological coefficients
were determined in the multitemperature model of extended thermodynamics, since this cannot be
done within the framework of this theory.

4. Diffusion asymptotics of a kinetic model for the mixture of monatomic gases
This Chapter is devoted to the analysis of diffusion asymptotics for the system of classical
Boltzmann equations describing the mixture of monatomic gases. Diffusion asymptotics assumes
scaling of macroscopic variables — time and position — by means of parameters that can be
interpreted as the mean free path. The scaled Boltzmann equations are obtained in this way. After
that, we use formal asymptotic expansion for each distribution function and decompose the
Boltzmann equations into a system of recurrence equations. The first equations implies that the
asymptotic expansion is performed in the neighborhood of equilibrium distribution, in accordance
with H-theorem. The second equation is linear functional equation which determines the first
perturbation. In contrast to the case of a single gas, unknown function is a vector whose components
describes the first perturbation of the equilibrium distribution for each species of the mixture. This
functional equation can be solved using Fredholm alternative. Since the null-space of the operator is
nontrivial adjoint operator has to be determined (in monatomic case it is self-adjoint). Fredholm
alternative yields the existence of solution of the functional equation, provided certain operator is
compact. When species have the same atomic masses one may apply Grad’s strategy directly. Here,
anew approach is proposed based upon change of variables using collision transformations. It can
be applied only to mixtures with different atomic masses of species.
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VII  3AK/BYYIX OJHOCHO PE3YJITATHU UCTPAXKUBAIbA

VY macepranuju je mokazaHa MprUMeHa IPUHINIIA MaKCIMyMa €HTPOIH]je Ha BUIIEaTOMCKE IacoBe, Koja je
omoryhwira ¢popMupame 3aTBOPEHOT CHCTEMA jeTHaurHa 32 MOMEHTe (YHKIM]e pacmozene. [lokazaHo je u
Jla ce, HaCyIpoOT jeJIHOj XHUjepapXuju MaKPOCKOIICKIX jeTHAYNHA Y CITyda]y jeJHOATOMCKHIX TacoBa, OBJC Ha
MIpHUpOIaH HaduH (HopMuUpajy ABe Xujepapxuje. Y cmydajy Mojena ca 14 MoMeHara yrBpheHo je Ja ce Ko
BHUIIICATOMCKHX I'aCOBa Ka0 HOBA BCIINYHMHA CTakba HOjaBJByje AVMHAMWYKHA IIPUTHUCAK. KOII MCEIIaBHHA
BHUILIEATOMCKHX racoBa je M0Ka3aHo 1a ce BUIICOP3HHCKA U BUIIETEMITEpaTypHa XUAPOIHHAMIYKA
anpoxcumariyja Ha OjiepoBOM HUBOY MOXKE M3BECTH CaMO IO/ IPETIIOCTaBKOM O 3HAaTHO Behoj
Y4ECTaHOCTH Cyapa MoJieKyna ucte komnonenre. [1o/ oBuM ycioBuMa cy oapel)enu renepaTnBHA
YJIAHOBHU U I/I3BpHICHajC BUX0Ba KOMHapaLII/Ija Ca TCHCpaTUBHUM YJIaHOBHUMA Y BULICTEMIICPATYPHOT
MOJIeNa Y MPOIIHPEHOj TEPMOMHAMUIIA. Y CITy9ajy MEIIaBHHA jeJHOATOMCKHX TacoBa je aHAIM3upaHa
mudy3noHa acuMITotuka. [TokasaHo je na mpBa nepTypOaruja aCHMITOTCKOT Peliekha Y OKOJIMHI
PaBHOTEXHE pacrojieNe MpecTaBiba peliemke jeqHe G yHKIMOHATHE jenHaunHe. Er3ucTeHiuja pemema je
JokazaHa kopuihemem OpenxoiMoBe anTepHaTUBE, [ITO 3aXTeBa 3310B0JbABAE YCIOBA KOMIAKTHOCTH.
CBOjCTBO KOMITAaKTHOCTH j€& TOKa3aHO MPUMEHOM HOBOT METOJ1a KOj! Ce 3HaUajHO Pa3UKYyje O MOCTYITKA
Pa3BHjEHOT 3a jeTHOKOMITOHEHTHE TacoBe.

VII.  CONCLUSION LE. RESULTS OF THE RESEARCH

In this dissertation maximum entropy principle was applied to polyatomic gases, which enabled closure of
the system of moment equations. It was shown that, in contrast to the monatomic case, moment equations
are structured in two hierarchies. It was shown that in 14 moments model there appears dynamical pressure
as a new state variable. For the mixture of polyatomic gases it was shown that multivelocity and
multitemperature hydrodynamic limit at Euler level can be derived under the assumption of much greater
collision frequency among the molecules of the same species. Productions terms were determined and
compared with the model derived within extended thermodynamics. In the case of mixture of monatomic
gases diffusion asymptotics was analyzed. It was shown that first perturbation of distribution functions
around equilibrium satisfy a functional equation. Existence of the solution is proved using Fredholm
alternative, which needs specific compactness properties. Those compactness properties are proved by a
new method which is significantly different from the procedure developed for single component gases.

VIII OHEHA HAYUMHA ITPUKA3A U TYMAUEIbA PE3YJITATA HCTPA’)KUBAIbBA

JucepTanyja je HanycaHa y CarjaCHOCTH ca IPUHIMITMMA [KCcalba 0B BPCTE pagoBa. Pesynraru
HCTpaXWBamka M BbUXOBO TyMadeHe Cy IPUKa3aHu Ha onroBapajyhn HaunH 1 KoMucrja nX O3UTHBHO
orem yje.

VIII EVALUATION OF THE PRESENTATION AND INTERPRETATION OF THE RESULTS

Dissertation is written in accordance with the principles of writing of this kind of text. Results of the
research and their interpretation are presented in appropriate way and Committee highly appreciate them.

IX KOHAYHA OLEHA JOKTOPCKE JUCEPTAIIMJE:
IX FINAL EVALUATION OF THE DOCTORAL DISSERTATION:

ExcrnnmmuTHO HaBECTH Ja JIN TUCepTaIija jecTe NiH HHje HallMCcaHa y CKIIaay ca HaBeICHUM
00pa3noXemeM, Kao U 1a JIH OHa CaJ[pKU MM He Cafp KK CBE OMTHE eIeMeHTe. JlaTh jacHe, pelu3He ’
KOHIIM3HE OJITOBOPE Ha 3. U 4. IUTawke:

1. Jla 7u je mucepTanmja HallMcaHa y CKIIany ca 00pas3ioKemheM HaBEACHUM Yy TPHjaBH TEME

Jlucepranyja je y TIOTIYHOCTH HaIMcaHa Y CKIIay ca 00pasiokKemeM TATHM Yy TIPHjaBH TEME.




1. Is the dissertation written in accordance with the description given in the application of the thesis

The dissertation is written in complete accordance with the description given in the application of the
thesis.

2. Jla mu mucepTaryja caip Ky cBe OUTHE €lIeMEHTe

JucepTanuja canpsku cBe OMTHE €IEeMEHTE: IPETIIE CTamka y 00JIaCTH HCTPaXHUBamba, IPErTeH JINTepaType
U OPUTHMHAIHE pe3yATare y nornasbumMa 2, 3 u 4.

2. Does the dissertation contain all important elements

The dissertation contains all important elements: review of the state of the art, review of the literature and
original results in Chapters 2, 3, and 4.

3. [To wemy je mucepTanyja OpUTrHHATIAH JOIPUHOC HAYITH

3a MOJIeINT BUIIIEaTOMCKIX TacoBa ca HETIPEKUIHOM YHYTPAIIHOM €HEPTHjOM MOJISKYiia IPBH YT je
M3Be/IeHa NPHOMIHKHA HEpaBHOTEKHA (DYHKIIHja pacIoieie IpIMEHOM IIPHHINIIA MaKCHMyMa SHTPOIIHje.
Takole je MpBH MyT MOKA3aHO, y OKBUPY KMHETHYKE TEOPHje, 1a Ce Kao MOCIEANLIA IIOCTOjatba YH yTPAILEHe
€HepTHje MOJIEKYITa jaBJba JBOjHA XHjepapXHja MaKpOCKOIICKUX jeJHAYHHA, 32 KOjy Cy y cIydajy Mozena 14
MOMeHarta opel)eHr CBU eIeMEHTH HEOIXOIHHU 3a JOOWjame 3aTBOPEHOT CHCTEMA jeTHAYHHA.

VY MemraBmHaMa BHIIEATOMCKHX T'acOBa j€ MPBH IIYT U3BECHA XUIPOJMHAMIYKA allpOKCHMAIrja
BUIIEOP3MHCKOT U BUIIETEMIIEpaTypHOT Mojiena Ha OjiepoBoM HHBOY U IIPBH IIYT Cy y OKBUPY KHHETHUIKE
TEOpHje N3BEICHN TeHEPAaTHBHN WIAHOBH KOpHIINemeM Moielia IIPOMEHJBUBUX KPYTUX KYTIIH.

VY MemraBrHaMa jeTHOATOMCKUX TacoBa je U3BPIICHA aHaNM3a U] y3HOHEe aCHMIITOTHKE CHCTEMA U ITPBH
ITyT je TNCKYTOBaHA Er3WCTEHIIN]a BEeHOT PEellekha Y OKOJIMHI PaBHOTEKHE pactioierne. 3a To je KopumiheHa
®DpenxonmMoBa aNTepHATHBA, UMY je MPUMeHY oMoryhmiia KoMImakTHOCT oapeljeHor orepaTtopa. Hon
PE3YITaTH ce cacToje y HeTPHBHjaIHOM IPOIIMPEEY IOCTYIIaKa Pa3BHjeHNX 32 jeIHOKOMIIOHEHTHE I'acoBe,
IITO 3aXTEBA HOBHU JJOKa3 KOMIIAKTHOCTHU OIIEPATOpa y CIydajy MOJEKy/Ia PasInIuTHX Maca.

3. What is the original scientific contribution of the thesis

For the model of polyatomic gases with continuous internal energy, the nonequilibrium distribution
function is for the first time derived using maximum entropy principle. It was also shown for the first time,
within the context of kinetic theory, that existence of internal energy of the molecules implies existence of
two hierarchies of moment equations. In the 14 moments model all the necessary elements were determined
in order to obtain the closed system.

In the mixture of polyatomic gases hydrodynamic limit of multivelocity and multitemperature model at
Euler level is derived for the first time. Production terms for the variable hard spheres model also present a
new result within the context of kinetic theory.

In the mixture of monatomic gases, the diffusion asymptotics is studied and its existence in the
neighborhood of the equilibrium is discussed for the first time. To that end Fredholm alternative is used
thanks to the compactness of a specific operator. The novelty comes from the nontrivial extension of the
techniques developed for single component gases, which requires a new proof of compactness of the
operator in the case of molecules with different masses.




4. Henmocramu mucepTanyje U lHXOB YTUIA] HA PE3YIITAT HCTPAKUBAHA
Komucuja HHje youria HeJJocTaTKe KOji O YTUIAK Ha pe3yTaTe H3JI0KEHE Y TUCepTaIHjH.
4. Shortcomings of the dissertation

The Committee did not recognize any shortcoming whatsoever which could have influenced the results of
the dissertation

X  OPEILJIOT:

Ha ocHoBy ykymHe oneHe quceprammje Komucnja npeanaxe 1a ce JOKTOPCKa JUCEPTALHja IO HACIOBOM
,MareMaTnyko MoJeIpame U aHAIM3a BUIIEATOMCKUX IaCOBa U MEIIABMHA Y KOHTEKCTY KUHETHUKE
TeopHje racoBa M MexaHuke ¢paynaa ” kannuaaTkumke Mumane [lasuh nmpuxBaTy, a KaHIMIATKABYA 0X00pH
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