CTAHOBUWULWLE

BbpPXy AuceptalmMoHEeH TpyAa 3a ﬂpM.D,O6VIBaHe Ha
o6pasoBaTenHa M Hay4Ha cTeneH ,,A0KTop”

Aemop Ha ducepmauuoHHusi mpyd: boaH CBetocnasos KoctaguHos

Tema Ha ducepmauuoHHusi mpyd: U3cnepBaHe CBOMCTBAaTa HAa OCHOBHU CbCTOAHUA
Ha  HAKOU  EeNUNTUYHU  ypaBHeHUA. OnTummsmpawm  YHKUMM  HaA
WHTEepPNoNaLMOHHU HepaBeHCcTBa Ha Xapau-Cobones.

YneH Ha HayyHomo Xypu: npod. A.M.H.. CtenaH Aron Tep3usaH, UHCTUTYT no
MaTemaTuka u nicpopmatuka, Bbnrapcka akagemusa Ha HaykuTe.

OuncepTtaunoHHUAT Tpya € B obem oT 123 cTpaHMum W BKNOYBa yBOoA4, 5 rnaswm,
OCHOBHM MPUHOCKM Ha AucepTauuoHHus Tpyd, oubnuorpacdus ¢ 69 nutepaTypHu
M3TOYHMKA, OT KOUTO 5 cTaTum Ha aBTopa M cbaBTopu. He ca npuBegeHu urypm u
Tabnuuu. Mo npouenyparta ca npeactaBeHn ca 8 gokymeHTa U 5 nybnvkyBaHu ctatun.

1. AKTyaniHOCT Ha pa3paboTBaHUsA B AUCEPTAaLMOHHUA TPpya NpoGneM B Hay4yHO U
Hay4HOMPUIIOXXHO OTHoLlueHue. CTeneH U HMBA Ha aKTyasIHOCTTa Ha npo6nema u
KOHKpeTHUTe 3agdauun, pa3paboTeHn B guceprauusTa.

B gucepTtaumoHHMa Tpya v NpugpyxasaliuTe cTaTum ca pasrnefaHyu akTyanHu
3ajaun Ha maTemaTudeckata pusmka KaTo pelleHUss OT TUMN Ha CONMMTOHHU BbIHW Ha
ypaBHeHunsa Ha LUpboguHrep-LLUokap B TpMMEpPHO NPOCTpaHCTBO, 0606LEHN ypaBHEHUS
Ha KnanH-I'opaoH-XapTpy B MHOrOMEPHW MPOCTPaHCTBA U ONTUMASIHA KOHCTaHTU Ha
BnaraHe B HepaBeHcTBa Ha [anappo-HupeHnbepr. WM3cnegBaHu ca yCTOWMYMBOCT,
HEeyCTOMYMBOCT U M3OYXBaHMA Ha COMUTOHHW PELLUEHUS Ha pasrnexpgaHuTe 3agaun B
3aBUCUMOCT OT napamMeTpu, KOUTo yyactBaT B TdaX. [lpunoxeHn ca mMeTogu Ha
HENUHENHNA (PyHKUMOHaNEH aHann3 Kato MMHMMM3aumna Ha (OyHKLMOHaNM, paBeHCcTBa
Ha lNoxoxaeB, HepaBeHcTBa Ha Lpayc n gp. .lMonyyeHuTe pesynTtatu ca UHTEPECHU U
npencraBnsBaT Hay4yHa HOBOCT.

2. CTeneH Ha No3HaBaHe CbCTOSIHUETO Ha NpobGriema U TBOpYecka UHTepnpeTauus
Ha NUTepaTypHUA MmaTepuan.



B 6ubnuorpacumara kbm guceprauusita ca nocoveHn 64 ctatum n MoHorpadum Ha
aHrnunckun esnk. Cpea aBTopuTe ca M3BECTHU yveHu kaTto H. Berestycki, P. L. Lions, E.

Lieb, W. Strauss; 4 cTaTMu ca Ha Hay4yHUA pbKoBoauTen . BEeHKOB 1 CbaBTOpPM.
N3noxeHneto B ctatumute [1]-[5] Ha KoctagnHOB M cbaBTOpU M AucepTaumsita couuv
SICHO NO3HaBaHe Ha CbCTOSHNETO Ha pasrnexgaHute npobnemu. M3bpaHute meToam Ha
n3crieBaHe ca rnpaBuHW 1 JaBaTt OTrOBOP Ha NOCTaBEHUTE Lenu 1 3aayu.

3. CroTrBeTCcTBME Ha M36paHaTa MeTOAMKa Ha un3crsieaBaHe U NocraBeHarta Uen un
3agavuv Ha gnceptTalmMoHHUA TpyA C NOCTUrHaTuTe NPUHOCMH.

B oucepTtaumoHHna Tpya ca parnegaHu:

- VHTEpnoflauMoOHHO HepaBeHCTBO Ha [anappo-HupeHbepr M HamvpaHe Ha Han-
Aobpa KoHCTaHTa Ha BnaraHe. Noka3aHo e, Ye cboTBeTHaTa onTuMasnHa QyHKUNS
yaoBneTBopsiBa ypaBHeHneTo Ha LLlokap;

- CbllecTByBaHe Ha COSIMTOHHUM peLleHUss Ha HEeNWMHENHOTO YpaBHEHVWE Ha
WpboanHrep-LLokap. [MpunoxeH e BapuauMOHEH MeETO[, HepaBEeHCTBO Ha
Manapgo-HupeHbepr n npounHa 4eKoMno3nums Ha orpaHn4eHa peaguua;

- HEeyCTOMYMBOCT, CTpOra HeyCTOMYMBOCT N n3byxBaHe Ha CONMMUTOHHU peLleHnsa Ha
0606L1eHN ypaBHeHust Ha KnanH-TopaoH-XapTpu B RXR", n=3.

MpunoXeHn ca akTyanHun MeToau Ha HENMMHENHWA aHanu3, KOMTO .CbOTBETCTBaT Ha
pasrnexgaHuTe 3agadv.

4. Hay4yHn n Hay4YHO-NPUIIOXKHU MPUMHOCU Ha AUCEPTALMOHHUA Tpyd. 3HAYUMOCT
Ha NPMHOCUTE 3a HayKaTa M NpaKkTUKaTa.

OuncepTaunoHHUAT Tpya € B 06em 123 cTpaHuuM 1 BKOYBA yBOA, 5 rnaBu, OCHOBHU
npuHocu, dubnuorpadus ¢ 69 nutepaTypHM U3TOYHUKA. [lOCTUrHaATM Ca UHTEpPEecHU
Hay4HW pesynTaTu.

OCHOBHMU Hay4HO-NPUITOXHU NPUHOCK Ha AUcepTauuaTa:

B MaBa 2 ce pasrnexga 3agada 3a MMHUMU3aLUMs, CBbp3aHa C HaMupaHe Ha Han-
pobpa KOHCTaHTa Ha BnaraHe B MHTEPNONaUMOHHOTO HepaBeHCTBO Ha [ansappgo-
HupeHbepr (2.5). Ta e ocHoBaHa Ha ctatusa [1]. CboTBeTHaTa onTUManHa yHKUNUS
yooBsneTBopsiBa ypaBHeHMeTo Ha Llokap. naBHuUTe pesyntatu ca Teopema 2.1.2 u
Teopema 2.1.3.

B Nmaea 3 ce m3cnegBa CbLECTBYBAHETO Ha COMUTOHHWU (yeOMHEHW) BBbIHW Ha
HenMHenHoTo ypaBHeHne Ha LWpboanHrep-LWokap (3.1). Pesyntatute ca ocHoBaHU Ha
cratus [2]..A3non3BaH e BapnauMoHeH MeToq, HepaBeHCTBO Ha Manapao-HupeHbepr n
npodunHa [eKoMno3numusa Ha orpaHudeHa pegvua B Cob0oneBoTO MNPOCTPAHCTBO
H(R®). FCnaBHu pe3ynTatn ca Teopema 3.1.1 n Teopema 3.1.2.

B Maga 4 ce pasrnexga o6o6wweHoTo ypaBHeHMe Ha KnanH-IopaoH-XapTtpu (4.1) B
RxR", n23. [lageHn ca OOCTaTb4HM YCMOBUS 33 YCTOMYMBOCT M HEYCTOMYMBOCT Ha
CONMMTOHHM BbHWU. He ca dopmynmnpaHn Teopemmn KaTto OCHOBHM pesynTtatu. [Jobpe e
aa ce n3bsareat uaspasm kaTto ,,04eBnaHO pyHKUMoHan®sT ... cTp. 70 un ,ToraBa necHo
ce nposepsBa, 4ve ...“ cTp. 76.



MN3noxeHneTo Ha [NaBa 4 e noaroTBuTenHo 3a [naBa 5, B KOATO ce criegBa craTus
[3]. B [maBa 5 ocHoBeH pesynTtat e Teopema 5.2.1 3a yCTOMYMBOCT HA MHOXECTBOTO OT
OCHOBHM CbCTOSAHUA G, .

B maBa 6 ce pasrnexga HeyCTOMYMBOCT, CTpOra HeycTOMYMBOCT M u3byxsaHe Ha
CONUTOHHU pellieHns Ha 0606LLeHN ypaBHeHus Ha KnaiH-TopaoH-Xaptpu (6.1) B RxR".
To ce npeobpasyBa B cMyTeHO ypaBHeHne Ha LpboguHrep (6.3). OCHOBHU pe3ynTaTtu
ca Teopemn 6.4.1 u 6.4.2 3a curHa HEYCTOMYMBOCT Ha COSMMTOHHU peLLUEeHNA Ha
ypaBHeHue (6.1). OcHoBHUTe pe3ynTaTu ca nybnukysaHu B ctaTuns [4].

5. MpeueHka Ha nNy6nukauuuTe NO AUCEPTALMOHHUA TPyA: Gpou, xapakTep Ha
M3gaHuATa, B KOMTO ca oTnevyaTaHu.

OCHOBHUTE MNOCTUXEHNS U pe3ynTaTn OT AMCEPTaUMOHHUS TPYA ca NyOGnvKyBaHU B neT
cTatumn, OT KOUTO edHa camocTtodaTesniHa [5], n vyetnpwn ([1]-[4]) ca B cbasTOpCTBO B .
BenkoB n M. Tarulli. Tpn ot nybnukaummte ca Ha mMexayHapoaHu KoHdepeHumn AlP
Conference Proceedings, 2017-2019, uHgekcupanun B 6asaTta gaHHM Scopus, egHa e B
C. R. Acad. Bulg.Sci, 2019. n egHa B loguwHuka Ha TeXHUYECKUs YHUBEPCUTET —
Codumsa, 2019. He ca nocoYeHn LUTUpaHNS.

6. MHeHuMs, NnpenopbKU N Genexku.

Hsamam cbluecTBeHM 3abGenexkn 1 Npenopbki KbM AUCEPTALMOHHMS TPYO U cTatumuTe.
OTpeenHn KpUTu4HK Benexkn oTnpasux B T. 4. bu Tpsabeano B oTaenHuTe rmasu aa ce
noco4yn Bpb3kaTa ¢ NyGnukyBaHMTe cTaTum Ha aBTopa.

3AKINIOYEHUE

Bb3 ocHOBa Ha rope-usnoxeHute aktu 3a gucepraumoHHus Tpya ,M3cnensaHe
CBOMCTBATa Ha OCHOBHU CbCTOSIHUS Ha HAKOWM eNUNTUYHU ypaBHeHUs. OnTuMmnsmpaLim
PYHKUMN Ha MHTepnonaunmoHHN HepaBeHcTBa Ha Xapau Cobones”, cuntam, Yye CbLUMA
e 3aabnboyeHo HayyHO u3scnegBaHe. OcCHOBHWUTE pe3ynTaTu ca anpobupaHu Ha
HaUMOHaNHN N MeXxayHapoaHu opyMym M ca oTnedataHun B pedepupaHym usgaHus.
HducepTtauusaTta cboTBeTCTBa Ha M3nckBaHnaTa Ha 3PACPE v NMpaBunHuka 3a HEroBOTO
nNpuroXeHne 3a nonyyaBaHe Ha obpasoBaTenHa U HaydHa cteneH “‘gokTtop”. OueHkaTta
MM 3a gucepTaumoHHusa Tpya e NonoxutenHa.

Mpegnaram Ha yBakaemMoOTO Hay4yHO Xypu Aa npucban obpasoBaTenHata u
Hay4Ha cteneH “goktop” Ha bosiH CBeTocnaBoB KocTtaanHoB.

UJNEH HA XKYPUTO:
npod. A.M.H.. CtenaH Aron TepausiH

[aTa:
22.07.2020r
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The dissertation is on 123 pages and includes Introduction, 5 chapters, main
contributions, bibliography with 69 literature sources, of which 5 articles by the author
and co-authors. Figures and tables are not given. 8 documents and 5 published articles
were presented under the procedure.

1. Relevance of the problem developed in the dissertation in scientific and
scientific-applied terms. Degree and levels of relevance of the problem and
the specific tasks developed in the dissertation.

The current problems of mathematical physics are considered in the thesis as solitary
waves of Schrodinger-Choquard equations in three-dimensional space, generalized
Klein-Gordon-Hartree equations in multidimensional spaces and optimal constant of
embedding in Gagliardo-Nirenberg interpolation inequality.

Stability, instability and blowup of the soliton solutions of the considered problems,
depending on the parameters are studied. Methods of nonlinear functional analysis
such as minimization of functionals, Pohozhaev identities, Strauss inequalities, etc. are
applied. The obtained results are interesting and have a scientific novelty.

2. Degree of knowledge of the state of the problem and creative
interpretation of the material.



The bibliography of the dissertation includes 64 articles and monographs in
English. Among the authors are well known scientists as H. Berestycki, P. L. Lions, E.

Lieb, W. Strauss; 4 papers are joint with the thesis advisor G. Venkov and M.

Tarulli.

The exposition in the articles [1] - [5] of Kostadinov and co-authors and the thesis
shows a clear knowledge of the state of the considered problems. The chosen research
methods are correct and give an answer to the set of goals and objectives

3. Correspondence of the research methodology and the set of goal and
tasks of the dissertation with the achieved contributions.

In the dissertation are considered:

- Gallardo-Nirenberg interpolation inequality and finding the best embedding
constant. It is shown that the corresponding optimal function satisfies the Choquard
equation;

- Existence of soliton solutions of the nonlinear Schrodinger- Choquard equation.
The variational method, Gallardo-Nirenberg inequality and profile decomposition
theorem are applied;

- Instability, strict instability and blowup of soliton solutions of generalized Klein-
Gordon-Hartree equations in RxR", n=3.

Current methods of nonlinear functional analysis are applied, which correspond to
the considered tasks.

4. Scientific and applied contributions to the dissertation. Significance of
contributions to science and practice.

The dissertation is 123 pages long and includes an introduction, 5 chapters, main
contributions, bibliography with 69 literature items. Interesting scientific results have
been achieved.

Main scientific and applied contributions of the dissertation:

Chapter 2 deals with the minimization problem related to finding the best
embedding constant in the Gallardo-Nirenberg interpolation inequality (2.5). It is based
on an article [1]. The corresponding optimal function satisfies the Choquard equation.
The main results are Theorem 2.1.2 and Theorem 2.1.3.

The existence of solitary waves of the nonlinear Schrédinger- Choquard equation
(3.1) is considered in Chapter 3. The results are based on the article [2]. The variational
method, Gallardo-Nirenberg inequality and profile decomposition of a limited series in
the Sobolev’'s space H'(R®) were used. The main results are Theorem 3.1.1 and
Theorem 3.1.2.

The generalized Klein-Gordon-Hartree equation (4.1) in RxR", n23 is studied in
Chapter 4. Sufficient conditions for the stability and instability of soliton waves are given.
No theorems have been formulated as basic results. It is good to avoid expressions
such as "Obviously the function ...", p. 70 and "Then it is easy to check that ...", p. 76.



The Chapter 4 is preparatory to the Chapter 5, which correspond to the article
[3]. In Chapter 5, the main result is Theorem 5.2.1 for the stability of the set of ground
states G, .

Chapter 6 deals with the instability, strict instability and blowup of soliton
solutions of the generalized Klein-Gordon-Hartree equations (6.1) in RxR". It is
transformed into a perturbed Schrédinger equation (6.3). The main results are
Theorems 6.4.1 and 6.4.2 for strong instability of soliton solutions of equation (6.1). The
main results are published in the article [4].

5. Evaluation of the dissertation publications: number, nature of the
publications in which they are printed.

The main achievements and results of the dissertation are published in five
articles, of which one is single-authored [5] and four ([1] - [4]) are co-authored by G.
Venkov and M. Tarulli. Three of the publications are at international conferences AlIP
Conference Proceedings, 2017-2019, indexed in the Scopus database, one is in C. R.
Acad. Bulg.Sci, 2019. and one in the Proceedings of the Technical University - Sofia,
2019. No citations are given.

6. Remarks and recommendations.

| have no significant remarks and recommendations to the thesis and the articles.
| made some critical remarks in the item 4. The connection with the published articles of
the author should be indicated in the separate chapters.

CONCLUSION

Under above considerations for the thesis "Exploring ground state properties of
certain elliptic equations. Optimising functions of Hartree-Sobolev type interpolation
inequalities”, | confirm that it is a valuable research study. The main results have been
presented on national and international forums and are published in refereed
publications. The dissertation complies with the requirements of ZRASRB and the
Regulations for its application for obtaining the educational and scientific degree
"Doctor". My assessment of the thesis is Positive.

| propose to the esteemed scientific jury to award the educational and scientific
degree "Doctor/ PhD" to Boyan Svetoslavov Kostadinov.

Member of the jury:
Prof. D. Sc. Stepan Agop Tersian
Date:
22.07.2020r



