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npotecnoHanHo HanpaesneHne 4.5 MaTemaTunKa

JOKTOpCKa nporpamMa MaTemMaTUYecKO MOZeNNpaHe 1 NPUo>KeHue Ha MaTemMaTukaTa

ABTOp: LiBeTennHa BecenuHoBa Muxalinosa

Tema: IMnyncHuU peakTUBHO-AMDY3NOHHN HEBPOHHU MpeXKiu Ha KoeH-po3bepr ¢ KpaiHu 3a-
KbCHEHMA: yCTOWYNBOCT Ha MHO>KECTBa

HayuHun pbkoBoanTenun: npod. a-p Feopru Benkos u npod. agH MFaHn CTamos - TeXHUYECKN
yHuBepcuTeT - Codhms

1. O6wW,0 NpeacTaBsiHe Ha NpouegypaTa 1 JOKTopaHTa

LiBeTennHa Muxaiinosa e npeActasuna gucepTaunoHeH Tpy B o6em oT 117 cTpaHuUU, Cbe-
TOALL Ce OT YBOA ¥ 4 rnasu, CNUCHK C Ny6aMKauum no guceprauusaTta u 6ubnuorpadus ot 94 nute-
paTypHU U3TOYHUKA. KbM AUCEPTALMOHHUA TPYL ca MPUIOXKEHN HEOBXOAMMUTE JOKYMEHTH MO
npouegypara 3a npugobusaHe Ha o6pa3oBaTeniHaTa U HayyHa cTeneH ,,JOKTOp®. CMATaM, Ye Cbabp-
XXaHWETO Ha gucepTaumaTta u NPUIOXKEHUTE maTtepuann oTroBapaT Ha usncksaHuata Ha 3PACPB u
MpaBunHMKa Ha TeXHUYeCKUa YHUBEPCUTET MO TO3WN 3aKOH. KaHampaTkara npensnbiHABa MUHK-
MasHUTE HaLMOoHanHW U3ncKBaHua 3a npnagobmeaHe Ha OHC ,,gokTop*. LLe gonbnHa, ye LiBeTe-
NUHa MuxaiinoBa NpuTexasa Haf TPUroAuLLEH NpernojaBaTenckn oNuT U NOAXOAALL0 3a KaHAuAa-
Typata maTemaTuyecko obpa3oBaHue.

2. AKTyaslHOCT Ha TemaTuKaTta

TemaTnKa OKO/I0 HEBPOHHUTE MPEXU 6e3CMOPHO € U3K/THYMTENHO aKTyaslHa, CbOTBETHO Mpe3
nocneaHWTe TOAUHM TS Ce M3yyaBa 0COGEHO MHTEH3UBHO. TOBa e 06YCNOBEHO OT HeliHaTa NPUIOX-
HOCT B MOYTN BCMYKM 06/1aCTW Ha XMBOTA U B HayKaTa. EfjHa OT BaXHWUTE W Hal-4eCcTO U3MON3BaHN
XapaKTepUCTUKN B OMUCAHMATA Ha HEBPOHHUTE MPEXu, NOANOXEHWN HA UMMY/CHU Bb3AENCTBUSA, €
YCTOAYMBOCTTA HA TEXHUTE CbCTOSHMA. 3aTOBa CMATaM, Ye pasriefaHuTe B JUCEPTALMOHHUA TPYA
BbLNPOCH, CBbP3aHN C YCTONYMBOCTTA HA UMMNY/ICH HEBPOHHM MPEXM, ca OT No/3a 3a HaykaTta u 6mxa
MOT/IN a HAMePAT NPUI0XKEeHNe B MOAENN OT Pa3/IMYHO ecTeCTBO. B AncepTaumsTa e AeMOHCTpYpaHa
MPUNOXKHOCTTA HA NONYYEHNUTe Pe3ynTaTu B enuaemMnoNnorMyHn Mogenu.

3. MeToauKa Ha n3c/neBaHeTo M No3HaBaHe Ha npobiema

HeBPOHHMTE MPEXU ca MOAENMPaHK Ypes CUCTEMU UMMYICHU HeNMHeliHU 06MKHOBEHM Aude-
peHuManHu ypaBHeHnsi. CUCTeEMUTE Ce U3cnefBaT OTHOCHO Pas/IMyHU TUMOBE YCTONYMBOCT Ypes Me-
TOAW OT TeopusTa Ha JIANYHOB 3a YCTOMYMBOCT Ha OGMKHOBEHU AUGDEPEHLMANHN YPABHEHWNS, KaTo
MPUNOXEHNTe MeToAM 06061aBaT 1 AoNbABAT TeopusTa Ha JianyHoB. Camo no cebe cu MaTeMaTy-
KaTa, KOSITO ce M3Mon3Ba TyK, 6MX Kasas, Ye e C/I0XKHa U TeXKa. Tpyaoemkute nsuncneHus n 6opa-
BEHETO C MaTeMaTMYecKu anapaT OT TaKoBa eCTeCTBO OMNPeAeNeHo0 U3NCKBAT MO3HaHWUS OT BMCOKO



Hay4HO HMBO, KOETO NMOKa3Ba, Ye [JOKTOpaHTKaTa No3HaBa Ao6pe npobnema.

4. XapaKTepucTuKa 1 OLeHKa Ha AucepTauMoHHUA TPy U NPUHOCKTE

Pe3syntatnte oT guceptaLMoOHHUA TPYL MO CbLLECTBO Ce ChAbPXAT B TpeTa 1 YeTBbpTa rN1asa,
a NbpBUTE ABE rNaBu CbAbPXKAT CBefeHNa 0T obLiaTa TeOpUs, CBbp3aHa C PeaKTUBHO-ANMY3NOHHUTE
YPaBHeHUs U C MOAeNIMPaHeTO Ha HEBPOHHU MPEXW C TaKMBa YpaBHeHUs.

B Tpeta rnaea B NbpBUTE ABa Naparpada ca pasrnejaHn peakTUBHO-AUMPY3NOHHU HEBPOHHU
Mpexn Ha KoeH-Ipo36epr cbC 3aKbCHEHMS, KOUTO ca 06EKT Ha MMMYNCHW NepTypb6aumm BbB QUKCK-
paHy MOMEHTW OT BPeMe, a B TPeTUs naparpag ca pasrinefaHu CUCTEMU C MPOMEH/INBMW 3aKbCHEHUS,
KOWTO ca 06eKT Ha MPOMEHAVMBY MMMY/CHWN Bb3AEACTBUA. BbBeAeHN ca feMHULNN 33 pasfnyHK
TMNOBE YCTONYMBOCT HA MHOXECTBA, C KOETO Ce pasLumpsBaT KlacuyeckuTe NOHATUS 3a yCTONYMBOCT
Ha CbCTOAHUATA HA CUCTEMUTE, KaTo MO TO3W HAUMH Ce pasLmnpaBar Y Bb3MOXHOCTUTE 3a aHann3 npu
cneympuyHM CUCTEMM, Bb3HUKBALLM B pa3nnyHM 06/1aCTM Ha HaykaTa U TexHukata. C u3non3saHe
Ha (PYHKUMM OT TMNa Ha JIANYHOB, HO OT NO-06LY, BMA, Ca A0Ka3aHW pe3ynTaTuTe 3a yCTOWUNBOCT Npu
OTAEeNHUTe 3aflayn, KaTto cnef BCEKW naparpad ca NnpuMBefeHU 1 NOAXOAALN NnpuMepun. MN306Ww0 Ha-
YUYHUAT NPUHOC Ha pe3ynTaTuTe B TpeTa rnaea ce CbCTOM B 0606 aBaHe U HaArpaxjaHe Ha Cbllec-
TBYBaLlMTe Pe3ynTaTu 3a pasrnefaHuTe TUNOBE CUCTEMM, pasLlnpsABaHe Ha TeopuaATa Ha J1ANyHoOB, a
CbLLO ¥ pasWnpsBaHe Ha NPUIoXMMOCTTa Ha Ta3n Teopus.

UeTBbpTa rNaBa € OpMeHTMpPaHa AUPEKTHO KbM npunoxeHusta. B Maparpad 4.1 e pasrnegaH
UMMY/NCEH MOAeN Ha BMUpyca Ha xenaTuT b, a B Maparpad 4.2 - umnynceH SIR enngemmyeH mogen
3a pasnpocTpaHeHne Ha MHEKUMo3HM BonecTu. [lokasaHu ca pe3ynTati 3a yCTOWYMBOCT, KOUTO ca
BaXHW OT NPUIOXKHA rNefHa TOUKa, Thil KaTo Te ca NPSKO CBbP3aHu ¢ npobaema 3a ONTUMaseH UM-
MyJ/ICeH KOHTPO/ Ha eNMAEeMUYHUTE MOLENN, Ype3 KOWTO Aa ce NOCTUrHe eeKTMBHA Tepanus.

OnpefeneHo cunTam, Ye AUCEPTALMOHHUAT TPYS CbhAbPXKA HAYUHW U HAyUYHO-MPUNOXKHKU pe-
3yNTaTW, KOUTO NPeACTaB/IABAT OPUTUHANEH MPUHOC B HayKaTa.

5. MpeuyeHKa Ha NY6ANKaUUNTE U IMYHUSA NPUHOC Ha JOKTOpaHTa

[okTopaHTKaTa e npeacTtaBuia obwo 3 nybnvkauun. B TaxX ca Ny6NMKyBaHW pe3ynTaTuTe,
npeactaseHu B naparpaduTte 3.1, 3.3 n 4.1 oT guceptaymata. MHoOro go6po sneyaTneHUe npasu, ye
N TpUTE Ny6AnKauuy ca B CNMCaHMS C MHOTO BUCOK PerTUHT. [Be OT ny6nuMKauuuTe ca B XypHana

Mathematics ¢ mmnakT thakTop 2.258 1 kBapTMn Q2, a TpeTaTa Ny6ankKaums e B XXypHana “Entropy”
C MMnakT aktop 2.524 n kBapTua Q3. ToBa e AoKa3aTeNCTBO 3a 3HAYMMOCTTa U MeXAyHapoaHaTa
BUAMMOCT Ha pe3yntaTuTe, NpeacTaBeHn B gnceptaunsaTa. MNMpegcrtaBeHMTe Ny6nnKaunm 4o MOMeHTa
nmat 5 3abenssaHn UMTUPaHUS B MPECTMKHM CNMCaHUS, KOETO CMATaM, Ye e 4ocTa 4obpa atectayus,
npeasug ye nybnmkaymMmTe ca 0OTCKOPO M ca NbPBM 3a AOKTOpaHTKaTa.

W TpuTe cTaTuM ca CbC CbaBTOpWU. [puemam, Ye U B TpUTe CTaTUM OTAENHUTE aBTOPW UMaAT
paBHOCTOEH MpUHOC.

MpepcTaBeHNTE Ny6AMKALMM HOCAT 06W,0 165 TOYKM Ha fucepTaHTKaTa, KOETO 3HAUYMTESIHO
HaAXBbPAA MUHUMANHUTE HaLMOHanHU n3nckeaHuna B8 3PACPE (30 Toukm).

6. KpUTnuHM Genexkxkn 1 npenopbKu

3a cbXaneHne nMaM KpUTUYHM GeNeXKN BLPXY ronsama 4yact OT TEKCTOBeTe B AucepTrauuaTa.

3abens3BaM MHOrO rpamaTUYeCKU rpeLlkun: geceTKn NMNCBaL M UHTepBaan B TEKCTa U BbB (hop-
MYynuTe, HEKOPeKTHa MYHKTyalus, crpelleHn AymMu KaTto ,,CbCeATCTBOY, ,,rpagneHpa”, ,,e4uHcTBe-
HOCTa" U MHOro Apyru. Ha MHOro mecta OTKpMBam HenpasW/ieH M3Ka3, Hanpumep ,,MeTof ypes pe-
LLeHWe 3a CXOACTBO", ,,MPOMEH/IMBU Ce BbB BPEMETO 3aKbCHEHUA™ 1 OLLEe APYTU, KaTo B HAKOU Cy-
Yyaun gopu ce ryéum CMMUCBHABLT Ha M3peyeHnaTa. Hanpumep Hepasbupaem e TeKCTHLT npean opmyna
(1.1.7): ,Wsnonssaiikn ycnosue (1.1.7), ToraBa Teopema (1.1.1) e B cuna“ unm Ha cTp. 16, KbaeTo
€ HanucaHo, Ye cy4yanaT Ha cMM6KM03a ,,MOXe fa ce pa3rnexza Kato NpoTUBOMOIOXKEH Ha MoLen*.
Ha cTp. 22 n3peyeHuneto ,,OT TAX cfefpa:” e NOrMYecKn HECBBLP3AHO C NPEAULLIHOTO M3PeyeHue.

Hakon (opmynmpoBKu, M3NON3BaHW B AMUCEPTALUATA, N0 MOE MHEHMEe 3By4aT HeecTeCTBEHO
Ha 6barapcku esvk. Hanpumep BMeCTO ,,ypaBHEHMETO CbbpPXKa YEHOBE™ € U3M0N3BAHO ,,yPaBHEHU-
€TO BK/OYBA TEPMUHM", N306LL0 Y/IeHOBETE HA YPaBHEHMETO Ce HapuyaT uau ,, TEPMUHKN, Unn



~enemeHTn". idcHata ctpaHa f(x, t) Ha HEXOMOreHHO ypaBHeHMWe ce Hapuya ,,Jo0NbAHUTENEH ene-
MEHT", a CTeneHTa p B ypaBHeHMe (2.2.1) e onpefeneHa Kato ,,puKcupaH eneMeHT", umaiikn npeg-
BUJ, ,,KOHCTaHTa". CTpaHHO 3By4aT U3peyeHuns KaTo: ,,llonynaumnarta Ha XML HUKA 'Y Ce XpaHu OT Xep-
TBaTa Ha nonynaymsaTa X “unm ,,n(x —y, t) Ha BCSKO peweHune n(x, £) cCbl0 e peleHne.

onama yacT OT MPOMNYCKUTe 0YEBUAHO ca OT HEBPEXHOCT: M3NYCHATU AYMWU B U3PEYeHUs,
npenpaTky CbC CrpeLleHn HOMepa, HO CbLLO Taka W CrpelleHn mMarematmyeckun gopmynu (owe Ha
cTp. 1 BbB BTOparta opmyna nuncea ,,+“, Ha CTp. 22 B €4UH OT UHTerpanuTe ds e B CTeMNeHTa Ha
EKCMOHEHTaTa, Ha CTp. 23 B NbpBaTa opMyna rpaHuLaTa e n3nucaHa HEKOPEKTHO). 13non3saHm ca
CbLLO0 TaKa 03HAYeHUs, YNETO 3HAYEHME HUKBbAE He e AeUHMPAHO, KaTo Hanpumep o3HadeHusTa K
nuy B Teopema 1.1.1 nnm o3HadeHneTo X BbB (hopmyna (1.1.5). Ha ctp. 30 npm opmynmpoBkaTa Ha
3aflayaTa B MaTpuyHa (hopma HeakypaTHO ca feUHUPaHy pasmepuTe Ha MaTpULUTE: HaNpUMep HAMa
KaK B ga e guaroHanHa matpuua, ako F e matpuua-KonoHka.

OTKpMBaM HEBPEXHOCT JOpM U B ODOPMSAHETO U CTPYKTYPUPAHETO Ha AMcepTauusTa u aBTo-
peepaTa. B YBOoAa Ha gucepTaumsaTa ce TBbpaAun, Ye Mbpea rnaBa cbabpxa Maparpad 1.3 cbe 3ar-
naswue ,,MHOXecTBO. H-MHOXecTBO. VIHTerpasHO MHOXXECTBO", a TaKbB Naparpad n3o6LLo He chbliec-
TByBa. Ha cTp. 13 nma CTpaHHO HefOBbLPLIEHO M3peyeHue: ,,CbC cMsiHaTa Ha ycnosue 3 Ha JeduHu-
uus (1.2.2) n ycnosmeTo”, npu ToBa AeUHMLMA C TaKbB HOMep HAMa. B aBTopedepata uma uenu
NMNCBaLWM nacaxu, HanpumMep Ha cTp. 10 He e yka3aHo, 4e 3ano4sa lMaparpad 3.1, a neT cTpaHMum
Mo-HaTaThbK e 06sBeHO: ,,B cnepBaliata fehHULNA e BbBEAEeHO NOHATME 3a CUIHA paBHOMEPHa r/o-
6anHa ycToiiumMBoCT ...“, HO AedMHMUMATA NUMNCBa U BeAaHara 3anoysa MNaparpadg 3.2. B aBTopede-
pata MoOBEYETO OT TEOPEMUTE OT AMcepTaumaTa 3060 He ca cnoMeHaTtu, gokaTo Teopema 3.3.11 e
N310XeHa LopU C J0Ka3aTeNCTBOTO, MOPAAN KOETO CUM MUCHIA, Ye He e HarpaBeHa ONTUMasiHa Cesek-
UMS Ha Hal-BaXXHMTe TEKCTOBE, NPeACTaBAL M fucepTaLmsaTa B pesrome.

Mucns, Ye BCUYKM 3a6ensisaHn NPOnyCcKU M HETOYHOCTU MO CbLLECTBO Ca OTCTPaAHUMU W MO
HWKaKbB HaYMH He 06e3LEHABAT CUHUTE U 3HAYMMMN HAYUYHW Pe3yNTaTu, U3N0XEHUN B fUCEPTALMOH-
HUA Tpya. CunTam, Yye MaTeMaTUUECKUTE W3UNCNEHWS B JOKa3aTe/CTBaTa Ha TEOPEMUTE U Nosyuye-
HUTE KpaliHu pesynTaTy ca BepHU. MpenopbyBaM BHUMATENEH MPOYUT M CbOTBETHA pPeAakuus Ha
AncepTauusTa npean oTneyaTBaHeTo .

SAKNKOYEHWE

AncepTaunoHHUAT TPY4 CbAbp>Ka HAYYHU U HAYUYHO-NMPUAOXKHU pe3ynTaTu, KOUTOo
npeicTaBfsABaT OPUTMHAJIEH MPUHOC B HAyKaTa U 0TroBapAT Ha BCUYKM U3MCKBAHUA HA 3aKOHa
3a pa3BMTuMe Ha akafeMnyHua cbecTas B Peny6nunka bbvnrapmusa (3PACPB), MpaBnnHMKa 3a npu-
naraHe Ha 3PACPB 1 cb0TBeTHUA MNpaBuAHUK Ha TexXHUYeCKN yHUBepCcUTeT - Codums.

Mopafu ropensno>KeHoTo, fjaBamM CBOATa NOJIOXKMUTe/IHa OLeHKa 3a NpoBefieHOTO uscnes-
BaHe N MOCTUIHATUTEePe3ynTaTun 1 NPUHOCK, NPeACcTaBeHN B JucepTaLNOHHUA TPy, U aBTo-
pedbepaTa, M NpegnaraM Ha NOYMTAEMOTO HayYHO >Kypu Aa npucbam obpasosaTenHaTa U Ha-
yYyHa cTeneH ,,JOKTOpP“ Ha LiBeTennHa BecennHoBa Muxaiinosa B 06/1acT Ha BucLLe 06pa3oBa-
Hue: 4. TIpUpoAHM HaykKu, MaTeMaTUuKa U nHpopmaTUKa, NpodecuoHanHo HanpasneHue 4.5.
MaTemMaTMuKa, AOKTOpCKa nporpama MaTemaTUUYECKO MOJeNnpaHe N NpUIo>KeHe Ha maTe-
MaTuKaTa.

21. 04. 2022 T. M3roTBUNCTAHOBULLETO oo

Jou. a-p Anekceih Hukonos



ATTITUDE

By Assoc. Prof. PhD Aleksey Yordanov Nikolov
From Technical University of Sofia
Of the Tsvetelina Veselinova Mihaylova’s doctoral thesis entitled:
“Impulsive Reaction-Diffusion Coen-Grossberg Neural Networks with Finite Delays: Stability of
Sets*
For the acquisition of the PhD scientific degree
In Professional Field 4.5. Mathematics,
Doctoral program: Mathematical Modeling and Application o fMathematics
Scientific supervisors: Prof. PhD Georgi Venkov and Prof. DSc Gani Stamov

1. General presentation of the procedure and the PhD student

Tsvetelina Mihaylova has presented a 117-page thesis consisting of introduction and 4 chapters,
a list of publications related to the thesis and bibliography of 94 references. The set of required
documents on the procedure for acquiring the doctor’s degree is attached to the dissertation. | think
the content of the dissertation and the accompanying materials meet the requirements of Law for the
Development of Academic Staff in the Republic of Bulgaria and the Regulations of Technical
University of Sofia under this law. The candidate exceeds the minimum national requirements of Law
for the Development of Academic Staff in the Republic of Bulgaria. | will add that Tsvetelina
Mihailova has over three years of teaching experience and suitable for this candidacy mathematical
education.

2. Relevance of the subject of the thesis

The subject of neural networks is undoubtedly extremely relevant, respectively in recent years
it has been studied especially intensively. This is due to its applicability in almost all areas of life and
science. One of the important and most frequently used characteristics in the descriptions of neural
networks perturbed by impulses is the stability of their states. Therefore, | believe that the issues
discussed in the dissertation related to the stability of impulsive neural networks are useful for science
and could find application in models of different nature. In the dissertation the applicability of the
obtained results in epidemiological models is demonstrated.

3. Research methodology and knowledge of the problem

Neural networks are modeled by systems of impulsive nonlinear ordinary differential
equations. The systems are studied for different types of stability using methods from Lyapunov's
theory for stability of ordinary differential equations, as the applied methods generalize and
supplement Lyapunov's theory. The mathematics used here, | would say, is complex and difficult.
The laborious calculations and the use of such a mathematical apparatus definitely require
knowledge of a high scientific level, which shows that the doctoral student knows the problem very
well.



4, Characteristics and evaluation of the dissertation and contributions

The results of the dissertation are essentially contained in the Third and Fourth Chapters, and
the first two chapters contain information from the general theory related to the reactive-diffusion
equations and the modeling of neural networks with such equations.

In the Third Chapter, the first two paragraphs deal with reactive-diffusion delayed Cohen-
Grosberg neural networks, which are subject to impulsive perturbations at fixed moments of time,
and the third paragraph deals with systems with variable delays, which are subject to variable
impulsive perturbations. Definitions for different types of stability of sets have been introduced,
which expands the classical concepts of stability of systems’ states, thus expanding the possibilities
for analysis of specific systems arising in different fields of science and technology. Using Lyapunov-
type functions, but of a more general form, the results of stability in the different tasks are proved,
and after each paragraph appropriate examples are given. In general, the scientific contribution of the
results in Chapter Three consists in generalizing and upgrading the existing results for the considered
types of systems, expanding Lyapunov's theory, as well as expanding the applicability of this theory.

The Fourth Chapter focuses directly on applications. In Paragraph 4.1, an impulsive model of
the hepatitis B virus is considered, and in Paragraph 4.2, an impulsive SIR epidemic model for the
spread of infectious diseases is studied. Results of stability have been proven, which are important
from an application point of view, as they are directly related to the problem of optimal impulse
control of epidemic models through which can be achieved effective therapy.

I definitely believe that the dissertation contains scientific and applied research results that
represent an original contribution to science.

5. Assessment of the publications and personal contribution of the doctoral student

The PhD candidate has presented a total of 3 publications. They contain the results presented
in Paragraphs 3.1, 3.3 and 4.1 in the thesis. It is very impressive that all three publications are in
journals with a very high ranking. Two of the papers are published in Mathematics with impact factor
2.258 and quartile Q2, and the third one is published in Entropy with impact factor 2.524 and quartile
Q3. This is a proof of the significance and international visibility of the results presented in the
dissertation. So far, 5 citations of the presented publications have been noticed, which I think is quite
a good attestation, given that the publications are recent and are the first for the PhD student.

All three articles are co-authored. | accept that in all three papers the different authors have an
equal contribution.

The presented publications give a total of 165 points to the candidate, which significantly
exceeds the minimum national requirements in ZRASRB (30 points).

6. Critical remarks and recommendations

Unfortunately, | have critical notes on a big part of the texts in the dissertation.

I notice a lot of grammatical errors: dozens of missing spaces in the text and in the formulas,
incorrect punctuation, misspelled words and many others. In many places | find incorrect sentence
wording, as in some cases the meaning of the sentences is even lost. Some formulations used in the
dissertation, in my opinion, sound unnatural in Bulgarian.

Many ofthe omissions are obviously due to negligence: missing words in sentences, references
with wrong numbers, but also misspelled mathematical formulas (missing ,,+“ in the second formula
on page 1, misplaced ds in the power of the exponent in one of the integrals on page 22, misspelled
limit in the top of page 23). Notations whose meaning is nowhere defined are also used, such as the
notations K and u in Theorem 1.1.1 or the notation X in formula (1.1.5). On page 30, when
formulating the problem in matrix form, the dimensions of the matrices are inaccurately defined: for
example B cannot be a diagonal matrix if F is a column matrix.



I find negligence even in the arrangement and structuring of the dissertation and the autoreferat.
In the Introduction of the dissertation it is stated that the First Chapter contains Paragraph 1.3 entitled
“Set. H-set. Integral set”, but such a paragraph does not exist at all. There is a strange unfinished
sentence on page 13: “By changing condition 3 of Definition (1.2.2) and the condition , although
there is no definition with such a number. There are whole missing passages in the autoreferat, for
example, the beginning of Paragraph 3.1 on page 10 is not indicated, five pages later it is announced:
“The following definition introduces the concept of strong uniform global stability ...”, but the
definition is missing and Paragraph 3.2 immediately begins. In the autoreferat most of the theorems
from the dissertation are not mentioned at all, while Theorem 3.3.11 is presented even with the proof,
therefore I think that the optimal selection of the most important texts presenting the dissertation in
summary has not been made.

I think that all the noticed omissions and inaccuracies are essentially remediable and they do
not devalue the strong and significant scientific results presented in the dissertation. 1think that the
mathematical calculations in the proofs of the theorems and the obtained final results are correct. |
recommend a careful reading and proper editing of the dissertation before its publication.

7. Conclusion:

The dissertation contains scientific and scientific-applied results, which represent an
original contribution to science and meet all the requirements of Law for the Development of
Academic Staffin the Republic ofBulgaria and the Regulations of Technical University ofSofia
under this law.

In view ofthe above, | give my positive assessment ofthis research and the obtained results
and contributions presented in the dissertation and the autoreferat, and | recommend to the
esteemed scientificjury to award Tsvetelina Veselinova Mihailova the educational and scientific
degree ""Doctor "in the Professionalfield 4.5. Mathematics, Scientific specialty Mathematical
Modeling and Application ofMathematics.
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