mngL5->X\-ouy

CTAHOBWLWE

BbPXY AucepTauMoHeH Tpya 3a npungobuBaHe Ha obpasoBaTesiHa U HayyHa
cTeneH ,A0KTOP“ No o6niacT Ha BUcweTo ob6pasosaHue 4. NPUpPoLHM HayKu,
MaTtemMaTuka u MHdopmMmaTtuka, npodpecmnoHanHo HanpasneHne 4.5. Martematuka,
Hay4Ha cneuuasnHocT ,MatemMaTnyecko MmogenvpaHe n NpUIOXeHNe Ha
MaTemaTtumkarta“

ABTOp Ha gucepTaunoHHmna Tpya: LiBetenmHa BecenmHoBa MuxainoBa
Tema Ha gucepTaymoHHUA TpyL: NMNyncHM peakTUBHO-ANEY3MOHHU HEBPOHHU
Mpexun Ha KoeH-I'po3bepr ¢ KpaiHn 3aKbCHEHUSA: YCTOMYMBOCT Ha MHOXeCTBa

UneH Ha HayyHOTO Xypu: npod. A-p EBpokna Cotuposa

AKTyasiHoCT

HaBsinszaHeTo Ha pa3HOOOpasHUW WHTENIMTeHTHU MeToAM 3a aHas/iM3 Ha JaHHU, B
TOBa YWUCNO W C U3MNON3BaHE Ha HEBPOHHM MpexXu ca WIKNKUYUTENTHO BaXHU npu
onucaHMeTo Ha MHOXEeCTBO [MpoLecu W 4ABJIEHWUA, BK/JIKUYUTE/IHO B MejguuumHarta,
MexaHukata u ONTUMasiHUA KOHTposn. CumTam, 4ye npunaraHeTo Ha CbBPEMEHHMU,
WHTENUTEHTHN UHCTPYMEHTU KaTO MMMY/ICHU PeaKTUBHO-AUJY3NOHHN HEBPOHHU MPEXHu
Ha KoeH-I'po36epr ¢ kpalHW 3aKbCHEHMS [OKa3Ba akTya/IHOCTTa Ha AucepTauuoHHUA

TPyA-
NMo3HaBaHe Ha nNpob6siema
BuaHa e BUCOKa cTeneH Ha no3HaBaHe Ha npobnema. HanpaBeHUTe aHannsn wu

n3Bogm ca gobpe o60CHOBAHM N OTpa3sBaT KOPEKTHO CbLCTOSHMETO Ha npobremHaTa
obnacT.

MeToanka Ha nscnegBaHeETO

Cuutam, 4Ye wu3nosizBaHaTa OT [OKTOpaHTKaTta MeToAmKka e uenecbobpasHa 3a
nocturaHe Ha MocTaBeHaTa B AucepTtauuMoHHUMA Tpy4a uen. B nbpBuUTe ABe rnasu
~PyHoameHTanHa Teopua“ n" ,PeakTUBHO-ANMY3NOHHWN YpaBHEHUS" TBOPYECKN €
pasuckBa (hyHgameHTa Ha TemaTukaTa. MNpeactaBeHn ca TEOPETUYHM ONUCaHUA, KOUTO
ca MHOro gobpe aprymeHTUpaHu, KOPEKTHO MoAnAaTeHn ¢ AnTepaTtypHU U3TOUHULUM, U
oTpassBalwy pasnNMyHn regHn TOYkM B npoueca. B Tpeta rnaBa ,YCTOWYMBOCT Ha
MHOXeCTBa W MHTEerpasiHn MHoroobpasmss BbB (pa30BOTO MPOCTPAHCTBO Ha CUCTEMMU
peakTMBHO-AN(Y3NOHHN HEBPOHHM Mpexn Ha KoeH-T'po3bepr cbC 3aKbCHEHUSA W
nMmnyncu“ e onucaH npob6nema un e usbpaHa MeToAMKa 3a pellaBaHeTo My. ToBa
npoAab/kaBa 1 B YeTBbpTa rnasa ,lpunoxeHna“.

HayuyHO-NPUAOXHN U NPUIOXHU NMPUHOCU
Mpuemam Hanb/HO POpPMyNMpaHUTE OT AOKTOpaHTKaTa npuHocu Ha 108 cTp.
 BbBegeHa e OCHOBHa KOHLENUMA 3a yCTOMYMBOCT HA MHOXecTBaTa 3a cuctemu
UMMNYNICHN peakTUBHO-Aedy3MOoHHO (CGCN) CcbC 3aKbCHEHUS;
» T[lonyyeHu ca AoCTaTbyHM YC/I0BUA 3@ paBHOMepHa rnobasHa acMMnToTuyecka
YCTOWYMBOCT W paBHOMepHa rnobasHa eKcrnoHeHunanHa YCTONYMBOCT Ha
MHOXeCTBa,



* BbBegeHo e NoHATME 3a CU/IHA YCTOMUYMBOCT Ha MHOXeCTBa M C U3MoJi3BaHe Ha
HOMMHa/IHa cuCcTeMa Cca HaMepeHu AO0CTaTbyHM YCNOBUA 3a CbL,ECTBYBaHE Ha
CWJTHO YCTOMYMBN MHOXECTBA;

+ [locoyeHn ca npumMepu, KOUTO [OKa3BaT ewmeKTUBHOCTTA Ha BbBefeHuTe
yCNnoBuS;

* PasrnepaHa e npaktnyeckarta yCTONUYMBOCT Ha CUCTEMU pPeaKTUBHO-AN(Y3NOHHN
CGCN CbC 3aKbCHEHUA M UMNYJICHN CMYLLEHMA MO OTHOLWEHUA Ha crneumaneH
BUA4 MHoroobpasus, geduHupaHu ¢ yHkums ot Buga h. 3a npunoxeHusata e
yA06HO Te3n MHoroobpasua ga ce Hapuyart h;

 [MonyyeHute pesyntatm ob6ob6bwasatr M paswupsBaT CbliecTByBawuTte
pe3ynTatn B KaYyecTBeHaTa Teopus;

* PasrnexpaHeTo Ha CuU/IHa npakTmyecka yCToM4YnMBOCT HA OUANPEKTHUTE CUCTEMU
peakTnBHO-AN(PY3MOHHN CGCN CcbC 3aKbCHEHMA U MMNYJICU AONBJAHUTESTHO
o6obuwasa n paswmnpsasa Bb3MOXHOCTUTE 3a U3CNeABaHe N NPUIOXKEHNA HA TO3U
TMN MHOroob6pasums.

MpeueHka Ha nyénukaunnTe

[lokTopaHTkaTa mMma 3 u3ne3num oT neyar nybnvkauuum B CnMcaHuUA € UMMIakT
hakTop. MbpBUTE ABE ca B cnnucaHne Mathematics, koeto e ¢ IF=2.258 ne B SRJ - Q2.
TpeTaTta nyb6nukauua e B cnucaHme Entropy , koeto e ¢ IF=2.524 ne B SRJ - Q3.

M3knwountenHo fobpo BrnevartsieHne npasu pakTbT, 4e 3a KpaTkoTo Bpeme OT
ny6amkyBaHeTo cu Te3n nybnukaunmte umat 4 uutmpaHumsa, otbensasaHu B Scopus.
Cnopef cnpaBkaTta B SCOpus gOKTopaHTkaTta nma 4 nyénukauuu.

Cnopeg lMpaBusiHMKa 3a npunaraHe Ha 3akoHa 3a pa3BUTMETO Ha akafeMU4YHus
CbCTaB B penybnuka bbnrapua tesm nybnukaumm ce oueHsBaT Ha 150 Touku, KOETO
TPUKPATHO HaAXBBbPAA MUHUMASIHUTE U3NCKBAHUATA Ha NpaBu/iHMKa 3a HanpasneHue
4.5 Martemartuka.

Mpenopbku N 6esiexku

Kpntnuumn 3abenexkn no pguceptaynoHHUA Tpy4: B guUcepTauuoOHHUA Tpya B
nocnegHarta 4act MMa HAKOJIKO HeOBbPLIEHUN UUTUPaHUA, KOUTO ca 0T6esniA3aHn ¢ [***]
(cTp. 100, 102, 103, ...).

3aknyeHuve

B 3akntoueHne mora ga kaxa, ye TemMarta u gMcepTauMOHHUAT TPYL ca akTyasHu.
MonyyeHUTe opurnHanHy pesyntatv u3usan0 CbOTBETCTBAT Ha MocCTaBeHata B
aucepTtaynoHHNa Tpya uen. AucepTauMoHHUAT TPYA YAOBMETBOPSABa M3UCKBAHUATA Ha
3PAC u MpaBunHuka Ha TY- Codma. LaBam CBOETO MOJIOKUTENHO CTaHOBULLE U
npenopbyamMm Ha YyBaxaemuTe ujieHOBe Ha HayuyHOTO Xypu pa rnacysat 3a
npucbXxgaHeto Ha LiBeTennHa BecenuHoBa MwuxainoBa Ha o6pasoBartenHata W
HayyHa cTeneH “[oOkTop” no npodecuoHanHO HanpasfieHne o6nact: 4. [MpupoaHu
Hayku, matemartuka u nHdpopmatuka lNpodecnoHanHo HanpasneHue: 4.5. Matemaruka,

HayyHa cneuymanHocT: ,MartemaTnuyecko MogenupaHe N NpUNoOXeHune Ha
matemMmaTukarta“
fata: 21.04.2022 U1EH HA XXYPUTO:

(npodp. a-p EBpokmna CoTtmnposa)



OPINION

on a dissertation for obtaining an educational and scientific degree "Doctor" in the field
of higher education 4. Natural Sciences, Mathematics and Informatics, professional
field 4.5. Mathematics, scientific specialty "Mathematical modeling and application of
mathematics”

Author of the dissertation: Tsvetelina Veselinova Mihailova Dissertation topic: Impulse
reactive-diffusion neural networks of Cohen-Grosberg with finite delays: set stability

Member of the scientific jury: Prof. Dr. Evdokia Sotirova

Relevance

The introduction of a variety of intelligent methods for data analysis, including the
use of neural networks are extremely important in describing many processes and
phenomena, including applications in medicine, mechanics and optimal control. | believe
that the application of modern, intelligent instruments such as impulse reactive-diffusion
neural networks of Cohen-Grosberg with extreme delays proves the relevance of the
dissertation.

Knowledge of the problem
A high level of knowledge of the problem is evident. The analysis and conclusions
made are well substantiated and correctly reflect the state of the problem area.

Research methodology

I believe that the methodology used by the doctoral student is appropriate to
achieve the goal set in the dissertation. The first two chapters, Fundamental Theory and
Reactive-Diffusion Equations, creatively discuss the foundations of the subject.
Theoretical descriptions are presented, which are very well argued, correctly lined with
literature sources, and reflect different points of view in the process. The third chapter
"Stability of sets and integral manifolds in the phase space of Cohen-Grosherg reactive-
diffusion neural network systems with delays and pulses" describes the problem and
selects a method for solving it. This continues in the fourth chapter "Applications".

Scientific-applied and applied contributions

| fully accept the contributions formulated by the doctoral student on page 108.

» A basic concept of set stability for delayed reactive diffusion (CGCN) systems
has been introduced;

» Sufficient conditions have been obtained for uniform global asymptotic stability
and uniform global exponential stability of sets;

» The concept of strong stability of sets has been introduced and with the use of a
nominal system sufficient conditions have been found for the existence of highly stable
sets;

» Examples are given that prove the effectiveness of the introduced conditions;

» The practical stability of reactive-diffusion CGCN systems with delays and
impulse disturbances with respect to a special type of variations, defined by a function
of type h, is considered. For applications, it is convenient to call these variations h;

» The obtained results summarize and expand the existing results in the qualitative
theory;



» Considering the strong practical stability of bidirectional reactive-diffusion CGCN
systems with delays and pulses further summarizes and expands the possibilities for
research and applications of this type of variations.

Evaluation of publications

The PhD student has 3 published publications in journals with impact factor. The
first two are in the journal Mathematics, which has IF = 2.258 and is in SRJ - Q2. The
third publication is in Entropy magazine, which has IF = 2.524 and is in SRJ - Q3.

Extremely good impression is made by the fact that in the short time since their
publication these publications have 4 citations noted in Scopus. Cnopef cnpaskaTta B
Scopus JoKTopaHTKaTta uma 4 nyoénmkauunu.

According to the Regulations for the implementation of the law on the development
of the academic staff in the Republic of Bulgaria, these publications are evaluated at
150 points, which is three times higher than the minimum requirements of the regulations
for the field 4.5 Mathematics.

Recommendations and notes
Critical remarks on the dissertation: in the last part of the dissertation there are
several unfinished citations, which are marked with [***] (pp. 100, 102, 103,...).

Conclusion

In conclusion, | can say that the topic and the dissertation are relevant. The obtained
original results fully correspond to the goal set in the dissertation. The dissertation
satisfies the requirements of ZRAS and the Regulations of TU-Sofia. | give my positive
opinion and recommend to the esteemed members of the Scientific Jury to vote for the
award of Tsvetelina Veselinova Mihaylova to the educational and scientific degree
"Doctor” in the professional field: 4. Natural Sciences, Mathematics and Informatics
Professional field: 4.5. Mathematics, Scientific specialty: "Mathematical modeling and
application of mathematics"

21.04.2022 JURY MEMBER:.....cccccoiiiiiiiie,
Burgas (Prof. E.Sotirova)



