CTAHOBHUUIE
ot npo¢. a-p I'eopru IlenueB Benko, ®IIMU na TY-Codust

BBPXY JAUCEPTALMOHEH TPY/] 32 Npu100MBaHe HA 00pa30BaTe/IHATA U HAYYHA CTeNeH
»lokTop”

OobsacTt Ha BucLIeTO oOpa3oBanue: 4. [Ipupoann HayKu, MAaTeMAaTHKA U MH(POpPMATHKA,
IIpodecnonanno nanpasJiienue: 4.5. Marematuka,
JokTopcka nporpama: MaTteMaTH4ecKo MOJeJIUPaHe U MPUWIOKEHHE HA MATEMATHKATAa
ABTOp Ha qucepranMoHHus Tpya: mar. bosin CeerociiaBoB Kocragunon

Tema Ha nucepranuonnusi Tpya: M3cienBane cBoiicTBATA HA OCHOBHHU ChCTOSIHUSI HA
HSIKOM eJIMNITUYHU YpaBHeHHsA. OnTuMU3upau GyHKIUHM HA HHTEPHOJaAlOHHHI
HepaBeHcTBa oT T Xapau-CoboJieB

[TpencraBsM CTAaHOBHINETO CH 1O TO3W KOHKYpC KaTo wieH Ha HaydHoTo xypw,
omnpexaeneHo cbe 3anosen Ne OXK-4.5-12 ot 23.06.2020 r. na Pextopa Ha TY-Codusi.

CTaHOBHILIETO € U3rOTBEHO CIIOPE/] U3UCKBAHUATA Ha!
- 3aKoHa 3a pa3BUTHETO HA aKaJeMU4HUs cheTaB B PenmyOnuka bonrapus (3PACPB),
- [IpaBunnuka 3a npunarase Ha 3PACPD,

- [IpaBunHMKa 3a ycnoBHsTa U pesia 3a MpuaoouBane Ha Hay4yHu crereHu B TY—-Codust.

1. AxkTyaqHocT Ha pa3pa0oTBaHuUsl B JAMCEPTALMOHHMSA TPYA NpodjieM B HAYYHO H
HAYYHONIPUJIOKHO OTHoumeHue. CTemeH M HMBAa Ha AKTYaJHOCTTa Ha mnpodjeMa H
KOHKPeTHHUTE 3a/1a4M, pa3padoTeHH B JUCEPTALUATA.

ObnacTuTe Ha HAy4YHWTE H3CJE/BaHUS B JUCEpTAllMOHHMSA TpyJ Ha Mar. bosH
KocraguHoB ca ypaBHEHHS Ha MaTeMaTHueckara ¢u3uka M (QyHKIUOHaleH aHanu3. [lo-
CIELMAaIHO, JWCEPTAlMOHHUAT TPYyJA H3CIE[Ba CBOMCTBAaTA Ha €IMH KJAC pEUICHUS Ha
HEIMHEWHU audepeHIalHy YpaBHEHUsI, U3BECTHU KaTO OCHOBHM ChCTOsIHUSA. Pemienusita ot
THN OCcHOBHO cheTosHue ca HY(RM) — dyHKIMEM, KOUTO ca pajuaiHo CUMETPHYHH U OBP30
HaMaJIsBaIy Ha 6e3kpaiiHocT. ChILo Taka, T€ yAOBIETBOPSBAT 3aKOHUTE 3a 3alla3BaHe (Ha Maca
U eHeprusi) U ca €JUHCTBEHO pEelIeHHEe Ha ChOTBETHOTO ypaBHeHHMe Ha Oiinep-Jlarpanx.
OCHOBHHMTE CBCTOSHUSI C€ SBSBAT ONTUMU3MpaIld (YHKIUMK Ha peauna (yHKIUOHATHU
HEpaBEHCTBA, a TAXHaTa Maca (uau L2 — HOpMa) Wrpae OCHOBHA POJA TPH M3CIeBaHe Ha
BBIIPOCHUTE 3a J0Ope-IOCTaBEeHOCT Ha 3ajadara Ha Komm, 3a pasceiiBaHe uian u30yxXxBaHE Ha
pelIeHrneTo, 3a OpOrTaIHa U ACUMITOTUYECKA YCTONUNBOCT. AKTyaJTHOCTTa Ha MPOOJIEMUTE U
L[eUTe, MOCTaBEHW B JUCEPTALMOHHMS TPYyJ C€ KOpEeHH BBB (hakTa, 4ye H3CIIECIBAHUTE
YpaBHEHUs OT KJIaca Ha HEJMHENWTOTO ypaBHeHue Ha [llppoaunrep, ypaBHenuero Ha [llokap u
Ha KiaiiH-I"opapH-XapTpu cbabpKaT HEJIOKAJIEH (3a1a1€H Ype3 KOHBOJIIOLMOHUS ONIEPaTop Ha
Puc) Henuueex useH.



2. O0ma xapakTepUCTHKA HA JHCePTAIlMOHHUS TPYA U aBTOpedepaTa

Hucepranmonnust Tpyn Ha bostn Koctaaunos e ¢ o6em 119 crpanuiu, CTpyKTypUpanu
B YBO/J, 5 TJIaBH, IPUHOCHU U OMOIHOrpadus, B KOATO ca HUTUPAaHU 69 TUTepaTypHU U3TOUHUKA.
Toit ce 6a3upa Ha MOJYYEHUTE OT JOKTOPAHTA PE3YyNTaTH B 5 MyOJIMKALWU, UTUPAHU TOJ
Homepa [1] — [5]. ABTopedeparsT e ¢ 06em 30 cTpaHuIM U ChabpKa 32 HUTHPHH JTUTECPATYPHH
n3TouHuKa. HeroBoto chabpikaHue OTpa3siBa H34YEpIATETHO OCHOBHHMTE pE3yJlTaTH Ha
JTUCEPTALUOHHUS TPYA.

3. Hayunu n/uiu HAyYHONPUJIOKHYU NPHUHOCH HA TMCEPTALMOHHUS TPYA

OCHOBHUTE HayYHH M HAYYHOIIPHIOKHH MPHHOCH HA TUCEPTALIMOHHUS TPY/ MOTaT J1a
ce 00001TAT KaKTO CJIeABa;

- H3cnenBaH e BBIIPOCHT 3a CBIIECTBYBAaHE Ha COJIMTOHHO PEIIEHHE 32 0000I11eHOTO
ypaBHeHnue Ha llIppoaunrep-Xaptpu. Upes u3non3pane Ha BApUALMOHEH IIOIXO0/1 ca
IMMOJIYYCHH YCJIOBHA 3a HAYAJITHUTC JaHHU, KaKTO U 3a HEJIMHEHHUTE CKCIIOHCHTH, ITpU
KOHMTO COJINTOHHOTO pelleHHe € OpOUTAIHO YCTOWYHBO.

- HMscnensana e onTUMH3AIMOHHATA 3aj]a4ya, ChOTBETCTBAIIlA HA BBIPOCa 32 TOUHATA
KOHCTaHTa B MHTEPMOJIAIIMOHHOTO HepaBeHCTBO Ha ["ammapno-HupunbGepr. Upes
U3MOJI3BaHe MoaXxoa Ha BaiiHiaiin e 1okazaHo, 4e onTuMHu3upaiiara GyHKIus Ha
TOBa HEPABEHCTBO € pEIIeHHWE OT TUI OCHOBHO CBHCTOSHHE HA HEJIOKATHOTO
HenuHelHo ypaBHenue p-1llokap. [1pu cToHOCT Ha HEeIMHEWHATa eKCIIOHeHTa p=5
(xoeTo ce sBsBa H! — kpuTHuHus cayyail B mpocTpaHCTBEHA Pa3MEPHOCT 3) ToYHATa
KOHCTaHTa U OCHOBHOTO ChCTOSIHHE Ca HAMEPEHU B SIBEH BU]I.

- UM3cnensan e BbIPOCHT 3a CHIIECTBYBAHE HA COJINTOHHM PELICHUs Ha 00001EHOTO
ypaBHeHue Ha KimaitH-I'opabsH-XapTtpu. YUpe3 wu3moia3BaHe ThKJIECTBaTa Ha
[ToxoxaeB ca HaAMEpPEHH YCJIOBHUS BbPXY HEJIMHEWHATa €KCIIOHEHTa WU YaCTOTHHUS
napaMmeThp, TapaHTHpaI OpOUTaTHA YCTOMYMBOCT Ha T€3H PEIICHHUS.

- Uscnempanu ca L? —cyOkputwummsat u L? —cymepkpuTHuHMAT ciydaii Ha
00o00meHoro ypaBHeHue Ha KunaiiH-I'opabH-XapTpu, KaTo M B JBaTa ciydas ca
HaMEpEeHU YCIIOBHS, ITPU KOUTO CHOTBETHOTO MHOXECTBO OT OCHOBHH CHCTOSTHUS €
OpOUTATHO HEYCTONYUBO.

- Pasrnenan e BIIPOCHT 3a T. HAP. ,,CUITHA HEYCTOMYMBOCT upe3 30yXBaHe  OTHOCHO
COJIMTOHHUTE pellleHuss Ha 00o0meHoTo ypaBHeHue Ha KnaitH-I'opabH-XapTpu.
Hamepenu ca ycnoBHsi BbpXY 4YacTOTHHUSI IapaMmeThp, TapaHTHpaId CHIIHA
HEYCTOMYMBOCT HAa COIMTOHHU BBJIHH.

4. IlpeneHka Ha MyOIUKANMHUTE MO AUCEPTAUOHHUSA TPY/]

Hucepranmonnust Tpya Ha bosiH KocraguHoB ce 6azupa Ha pe3ynTaTuTe, HOJIy4YeHU B
5 myOauKanuu Ha aBTOpa, €/1Ha OT TAX CaMOCTOSITENIHA, a OCTAaHAJIUTE B ChaBTOPCTBO. Beuuku
CTaTUU ca MyOJUKYBaHU Ha aHTIIMICKH €3MK KaTo eqHa uMma uMmnakt ¢akrop (IF), a Tpu umar
nMnakt padr (SJR). Cerinacuo Ilpunoxenue 1 Ha IlpaBuiHuka 3a ycinoBusTa U peda 3a



npunobuBane Ha HaydyHu crtenieHu B TY—-Codus, naBamo MUHUMATHHTE HAYKOMETPUYHU
nokazatenu 3a npunoomBane Ha OHC , JlokTop™ mo mpodecuoHanHo HampasieHue 4.5
Maremaruka, cratuntre Ha bosH KocraguHoB ce omensiBar ¢ 66 Touku, npu u3uckyemu 30
Touku Ha ['pymna ot nokazarenu I'.7.

Cnen wsmon3Bane Ha Oe3rmumatHara mmiardopma ,,Quetext: Plagiarism Checkere
(https://www.quetext.com/) mMora ma MOTBBPAS JUIICATa Ha IUIATMATCTBO BHB BKIIOYEHUTE B

JUCEPTAMOHHUS TPYJ HAY4YHU MyOJUKallMK HAa aBTOPA.

5. Kpurtuunu 0esie’kKH ¥ NpenopbKH

Hsmam kputnuHM O€NeXKH KbM JHCEPTalMOHHUS TpyA Ha mar. bosu KocranuHos.
Karo eBeHTyanHa mnpemnopbka 3a OBJCIIETO MY pPa3BUTHE € TOH Ja MPOIBIDKH CBOSATA
Hay4YHOU3CJIEJ0BATENICKA JEHHOCT B Ta3W HayyHa 00JacT.

6. 3ak/I0uenue

B 3akmiouenue cuumraM, 4ye NpPEICTAaBEHUAT IUCEPTALMOHHUS Tpyn Ha Mar. bosH
KocrangunoB nanbiHo otroBapst Ha u3uckBanusita Ha 3PACPB, na IlpaBunHuka 3a HEroBoTo
npuiarade u Ha [IpaBuiiHuKa 3a ycinoBusTa U pesia 3a Npuo01uBaHe Ha HAYYHU cTeneHu B TY—
Codus.

Etro 3amo, ybOeneHo mnpeanaraM Ha YyBa)kaeMOTO HAaydyHOTO JKypH Ja OLIEHH
MOJIOKUTETHO HACTOAIIMAT JUCEPTALMOHHUS TPYA U €AMHOAYIIHO JIa IPUCHAU Ha Mar. bosH
CeerocnaBoB Kocraguno OHC ,,Jloktop* B obmacT Ha Buciie obpasoBanue 4. [lpupoanu
HayKd, MaTeMmMaTtuka M HH(popmaThka, mnpodecnoHanrHO HampasieHue 4.5. Maremartuka,
JOKTOPCKa Iporpama ,,MareMaTH4ecko MoJIelpaHe 1 MPUIIOKEHHE Ha MaTeMaTuKara“.

10.09.2020 r.

Codus (mpo¢. 1-p I'eopru Benkos)
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REPORT
from Prof. PhD Georgi Penchev Venkov
of dissertation thesis for acquisition of the Educational and Scientific degree ,,Doctor”

Area of higher education: 4. Natural Sciences, Mathematics and Informatics
Professional field: 4.5 Mathematics

Doctoral program: Mathematical modelling and application of mathematics
Author of the thesis: Boyan Svetoslavov Kostadinov

Dissertation title: Study of the properties of ground state solutions to some elliptic
equations. Optimal functions of Hardy-Sobolev type interpolation inequalities

| present my report as a member of the Scientific Jury, determined by Order Ne OXK-4.5-
06 from June 23th, 2020 of the Rector of Technical University - Sofia.

This report is prepared in accordance to the requirements of:
- the Law for the Development of Academic Staff in the Republic of Bulgaria (ZRASRB),
- the Regulations for the Implementation of the ZRASRB,

- the Regulations on the Terms and Conditions for Acquisition of Scientific Degrees at the
Technical University - Sofia.

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

The research fields in the dissertation thesis of Boyan Kostadinov are equations of

Mathematical Physics and Functional Analysis. More precisely, the thesis studies the
properties of a class of solutions to nonlinear differential equations, known as ground states.
The ground state solutions are H}(R") — functions, which are smooth, radially symmetric and
rapidly decaying at infinity. Moreover, they satisfy the conservation laws (of mass and energy)
and are the unique solution of the corresponding Euler-Lagrange equation. The ground states
are optimal functions for series of functional inequalities, while their mass (or L —norm) plays
an essential role in studying the problems for well-posedness, for scattering or blow-up
properties of the solution, for orbital and asymptotic stability. The relevance of the problems
and goals set in the dissertation is rooted in the fact, that the considered equations of the class
of the nonlinear Schrédinger equation, the Choquard equation and the Klein-Gordon-Hartree
equation contain a nonlocal (given by the Riesz convolution operator) nonlinear term.

2. General characteristics of the dissertation thesis and the summary

The dissertation thesis of Boyan Kostadinov has a volume of 119 pages and consists of
an introduction, 5 chapters, contributions and a bibliography citing 69 sources. It is based on



the obtained results in 5 papers of the author, cited in the bibliography by [1] — [5]. The
summary has a volume of 30 pages and contains 32 citations. Its content comprehensively
reflects the main results of the dissertation.

3. Scientific and/or applied scientific contributions of the dissertation thesis

The main scientific and applied scientific contributions of the dissertation thesis can be
summarized as follows:

The problem for the existence of solitary wave solution of the generalized
Schrodinger-Hartree equation is studied. By using variational approach are obtained
conditions on the initial data, as well as on the nonlinear exponents, that guarantee
the orbital stability of the solitary wave solution.

The optimization problem, corresponding to the problem of optimal constant of the
interpolation Gagliardo-Nirenberg inequality is studied. By using the Weinstein
approach, it is proved that the optimizing function of this inequality is a ground state
solution of the nonlocal nonlinear p-Chquard equation. For value of the nonlinear
exponent p=5 (which is the H! — critical case in spatial dimension 3) the optimal
constant and the ground state solution are found explicitly.

The problem of existence of solitary wave solutions of the generalized Klein-
Gordon-Hartree equation is considered. Using the Pohozaev identities conditions on
the nonlinear exponent and the frequency parameter, that guarantee orbital stability
of these solutions are found.

The L? —subcritical and the L? —supercritical cases of the generalized Klein-Gordon-
Hartree equation are studied, and in both cases conditions for orbital instability of
the set of ground state solutions are derived.

The so called “strong instability by blow-up” problem for solitary wave solutions of
the generalized Klein-Gordon-Hartree equation is considered. Conditions on the
frequency parameter implying strong instability of solitons are found.

4. Evaluation of publications included in the dissertation thesis

The dissertation thesis of Boyan Kostadinov is based on the results obtained in 5
publications, of which one is solo and the others are co-authored. All articles are published in
English, one has impact factor (IF), three have impact ranking (SJR). According to the Annex
1 of the Regulations on the terms and conditions for acquisition of scientific degrees at the
Technical University - Sofia, giving the minimal scientific indicators for acquisition of the
Educational and Scientific degree ,,Doctor” in professional field 4.5 Mathematics, the papers
of Boyan Kostadinov are evaluated with 66 points, while the minimum requirement of Group
of indicators G.7 is 30 points.

After using the free ,Quetext: Plagiarism Checker* database platform
(https://www.quetext.com/), I can confirm the lack of any plagiarism in the scientific papers

included in the dissertation.


http://www.ithenticate.com/products/crosscheck

5. Critical notes and recommendations

I have no critical comments on the dissertation thesis of Boyan Kostadinov. As a
possible recommendation for his future development is to continue his scientific research
activity in this scientific field.

6. Conclusion

In conclusion, | think that the submitted dissertation thesis of Boyan Kostadinov fully
meet the requirements of the ZRASRB, the Regulations for its implementation and the
Regulations on the terms and conditions for acquisition of scientific degrees at the Technical
University - Sofia.

Therefore, | strongly suggest to the Honorable Scientific Jury to positively evaluate the
submitted dissertation thesis and to unanimously award Boyan Svetoslavov Kostadinov the
educational and scientific degree of “Doctor” in area of higher education: 4. Natural Sciences,
Mathematics and Informatics, professional field: 4.5 Mathematics, doctoral program:
Mathematical modelling and application of mathematics.

10.09.2020 .
Sofia (Prof. PhD Georgi Venkov)



