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PELLEH3WNA
BbPXY AMcCepTauMoHeH Tpys4 3a npuaobrsaHe Ha obpa3oBaTe/iHa U HayyHa cTeneH \
»4OKTOp”

O6nacT: 4. MpupoaHN HayKn, maTeMaTuKa U MHGOpMaTHKa
MpoctecnoHanHo HanpaeneHue: 4.5. MaTemaTuka
HayuHa cneyuanHocT: ,,MaTeMaTU4yecKo MOAeNMpaHe 1 NpuioXKeHue Ha
MaTemaTuKaTadd

ABTOp Ha fucepTaunoHHMA TpyA: LiBeTennHa BecennHoBa MuxalinoBa

Tema Ha guceptaunoHHus Tpya: UMMNYJICHUN PEAKTUBHO-AN®Y3NOHHN
HEBPOHHW MPEXW HA KOEH-TPO3BEPI C KPAVHW 3AKbCHEHWSA:
YCTOMUYMBOCT HA MHOXECTBA. 4

PeueHseHT: Mpog. a-p MNannHa CtoaHoBa MNMaHanoTtoBa, ®akynTeT no VIHpopMaynoHHN
Hayku; YHusepcuTeT no 6MbAnoTeKo3HaHNE N MHPOPMaLMOHHKM TexHonorum - Cogua

1. AKTyasiHOCT Ha paspaboTBaHusa npobsiem

HeBpOHHMUTE MpeXu HamupaT NPUAOXKeHMe B NOYTU BCUYKM 06/M1acTU Ha HaykaTa U XusoTta. Te
ca MONe3HM maTemMaTMyecku CcpefcTBa MNPU ONUCBAHETO HA MHOI0 MPOLEcn W ABNEHUSA,
n3cnefBaHus B TeopuATa Ha  ONTUMANHWA  KOHTPON,  MexaHukaTa, MejuuuHaTa
eNeKTpPoTeEXHMKATa U Ap. AKTyanHOCTTa Ha npobfieMa MOXe Aa Ce pasrfiefia ype3 MpexuTe Ha
KoeH-I'po3bepr BbBefgeHM npe3 1983 r. TyK 3acnyxaBa ga Ce CNoMeHaT u3cnefBaHusaTa Ha
peakTUBHO-AM(Y3HATA YacT Ha HEBPOHHAaTa Mpexa, KOATO e OT OCHOBHO 3HauyeHue. 3BECTHO e,
ye nopagn eekTa MUTHOBEHUTE CMYLLLEHNA Pa3BUTUETO Ha MHOMO CUCTEMM B peasiHUA CBAT He €
HEeNnpPeMeHHO HenpekbCHAT MNPOUEC M TOYHO TakuBa Mpouecu moraT fa ce Mofenupar c
UMMYNCHW AN epPeHLManHN YpaBHEHNS.

TemaTa Ha AuUcepTauMOHHUA TPy4 NMPAKO Kacae HaMMpPaHETO Ha e(eKTUBHM YCNOBUSA 3a
rapaHTMpPaHeTo Ha yCTONYMBO paBHOBECUE HA HEONpPEAENeHNTe CUCTEMN.

2. Tlo3HaBaHe Ha CbCTOSAHMETO Ha NPo6/iemMa U TBOpPUYECKa MHTepnpeTayns Ha
NNTepaTypHUS MaTepuan

[vcepTaumoHHns TpyL MNoOKassa, 4Ye [AOKTOPAHTLT MNO3HaBa [06pe WMMNY/NCHU peakTUBHO-
AndysHn Mpexun Ha KoeH-Ipo36epr ¢ KpailHM 3aKbCHEHNS.

NnTepaTypHnAaT 0630p 06xBawa 94 U3TOUYHULW, KHUTK, HaydHW ny6nnkaumm ot 2004 go 2020 r.
C W3KAKYEeHUEe Ha Tpu nybaukauuu CBbP3aHW C TeopusaTa Ha YCTOWYMBOCTTA M UMMYICHM
AundepeHUnantm ypaBHeHus. OT Tax 92 ca Ha aHTIMIACKK e3UK 1 2 Ha KUpuamua.



Cnen HanpaBeH O06CTOeH aHanuM3  AOKTopaHT  LiBeTennHa MwuxalinoBa 060CHOBaBa
(hopmMynmMpaHeTo Ha OCHOBHMTE 3afauy Ha AMCepTaLNOHHUSA TPYA:

OCHOBHa KOHLEeNUMs 3a yCTONYMBOCT Ha MHOXECTBA 3a CUCTEMU UMNYNCHN PeaKkTUBHO-
ONPY3HU CbC 3aKbCHEHUS M [OCTaTbYHU YCNOBMA 3a paBHOMepHa rnobanHa ycToiumBocT
Ha MHOXecTBa.

MoHATME 3a CcuHa YCTOMYMBOCT HAa MHOXECTBa M C W3N0M3BaHE Ha HOMUHanHaTa
cucTeMa ca HamepeHu [OCTaTbYHM YCNOBUA 3a CbLecTBYBaHe Ha CW/IHO YCTOWYMBM
MHOXeCTBa.

MpakTnyecka YCTOMYMBOCT Ha CUCTEMU pPEaKTUBHO-AUMY3HU CbC 3aKbCHEHUA W”
UMMYNCHU cMyLLeHMs oT Buaa (3.1.2) no oTHOLWEHME Ha cneyuaneH BUL MHOroobpasus,
AeUHMpPaHK ¢ PYHKUKMA OT Buga h.

Fno6anHa yCTOMYMBOCT HA WHTErpasHMW MHOroo6pasvs 3a peakTUBHO-AUGDY3HU
HEBPOHHU MpeXxun Ha KoeH-I'po3bepr CbC 3aKbCHEHUS W MPOMEHUBMA  UMMYCHU
CMYLLEHMS.

PewaBaHeTO Ha Taka NpefCTaBeHWUTE 3a4ayn Ha ANCEPTALMOHHUA TPYA € NpeAcTaBeHo B 4
rnasw.

3. CbOoTBeTCTBMe Ha u3bpaHaTa MeTOAMKA HA U3CNeABaHe C MocTaBeHaTa Len v 3agaun
Ha gucepTayMoHHUS TPYA

OT npefcTaBeHMTe pe3ynTaTv M HayyHuW Ny6nvKauuu cnedsa, ye pa3paboTeHUTE TEXHUKMU 3a
n3cneABaHe CbOTBETCTBAT Ha MOCTaBeHUTe 3afayun Ha AUCEPTALUOHHUSA TPYA.

Upes TexHMKaTa Ha MHTerpaaHMTe MHOroo6pasnsa 3a u3ciefBaHe Ha KpUTEPUMTE 3a YCTOWUYMBOCT
M OTPaHUYEHOCT Ha PeaKTUBHO-ANPY3HN CbC 3aKHCHEHWUA U MPOMEHNBU UMMYACHU CMYLLEHUS
[iaBa Ha/IMYHUTE YCNOBMA 3a CbLLECTBYBAHE HA MHTErpasHM MHOroobpasus, KakTo U ycnosmsaTa
3a NposiBa Ha TEXHWTe CBOIiCTBA.

[emMoHCcTpMpaHaTa TexXHMKa Ha WHTerpasHuTe MHOroobpasms Mmoxe fa 6Obje paswmpeHa wu
MPUNOXeHa Npu M3cneABaHUATA Ha Pa3/IMYHM KNacoBe OT HEBPOHHM MPEXMW U CBbP3aHU C TAX
cucTemu.

4. KpaTkKa aHannTuyHa XapaKTepuUCcTUKa Ha ecCTecTBOTO U OLEeHKa Ha LOCTOBEpHOCTTA
Ha MaTepuana, BbpXxy KOWTO ce rpagAaT NPUHOCUTE Ha AUCEPTALUMNOHHUNA TPya

TpyabT cbabpxa 117 cTpaHuuun. Toli BKAKOYBA yBOA, 4 rNaBu 3a pellaBaHe Ha hOpMYynMpaHuTe
OCHOBHW 3afja4u, CNUCbK Ha OCHOBHMUTE MPUHOCKU, CMUCHK HAa Ny6auKauumTe B U M3NON3BaHA
nuTtepartypa.

B rnaesa 1- ®dyHpaMeHTa/nHa TeopuUa - ca CUHTe3MpaHW OCHOBHUTE pe3ynTatu OT TeopuAaTa Ha
UMMYNCHUTE AudepeHUManHN YpaBHEHWS W YBOAHWUTE KOHLeNuuMM Ha BTOPUAT MeTOof4 Ha
NlanyHoB, KOWTO ce usnonsga B paboTara.



naBa 2 - PeakTUBHO-AUMY3HU YpaBHEHWUA - BbBeXJaT Ce ypaBHEHWATa Ha peakumaTa u
anysunaTa, pasrnexgar ce NOHATUATA 3@ CTALMOHAapHW U rnobanHn pelleHUs U ycnosmaTa 3a
peakUuMoHHa Audy3uns.

naBa 3 - YCTONUYMBOCT Ha MHOXECTBA U MHTerpaiHn MHoroo6pasnsa BbB (ha30BO NPOCTPAHCTBO
Ha CUCTEMMW pPEaKTUBHO-AUMDY3HW HEBPOHHM Mpexu Ha KoeH-Ipo3bepr cbC 3aKbCHEHUA W
NPOMEHANBU UMMYNCK - BbBEAEHWM Ca OCHOBHUTE KOHLEMUMN 338 YCTOMUYMBOCT Ha MHOXECTBA 3a
CUCTEMU PEaKTUBHO-AN(Y3HU HEBPOHHU MPEXU CbC 3aKbCHeHUA. TMonyyvyeHU ca [JOCTATbYHM
YCMOBUS 3a YCTOWYMBOCT U € pasrnegaHa npakTnyeckata yCTOWUYMBOCT Ha CUCTEMU PeaKTUBHO-
ANDY3HN HEBPOHHU MPEXMW CbC 3aKbCHEHWUA Y UMMYNCHU CMYLLEHNS.

Pa3srnefaHun ca npumepy 3a BanugupaHe Ha e)eKTUBHOCTTA Ha NOMYYEHUTe pe3ynTaTu.

FnaBa 4 - TlpunoXeHua - pasrnexgar ce npob6nemMuTe 3a CbULeCTBYBaHe Ha MHTErpasHu
MHOroo6pasus 3a MMMOY/CEH MOAeNn Ha Bupyca Ha xenatut b u cbuwecTByBaHe Ha H-
MHOroo6pasve 3a umnynceH SIR enugeMnyeH moZen. WmnycuTe ce peanusvpaTr BbLB
(hMKCMpaHNU MOMEHTM M Morat fa Cce pasrfiexpjar KaTto (opmMa Ha KOHTPON BbpXy Mojena.
OCHOBHUTe pe3ynTaT ca MOMYYEHW cnefd NPUIOXKEeHWe Ha MeToda Ha JIAnyHOB-PasymMuxHu wu
NpuUHUKMNa Ha CpaBHEHMe.

MonyyeHnTe pe3yntatu B AucepTaumoHHMA Tpyn o6o06wiaBaT U pasllepsaBaT ChLLeCTBYBaluUTe
pe3ynTaTu B KayecTBeHaTa Teopus.

5. HayuHu n/unmn Hay4yHo NPUNOXKHN NPUHOCK Ha AMUCEPTALUOHHUA TPYA

OCHOBHMTE MPUHOCK Ha AMCepTaLUsATa MMAT OCHOBHO Hay4eH U Hay4YHOMPWUIIOXKEH XapaKTep U
mMoraT ga ce 0606WAT N0 CNeAHUA HAUNH:

Hay4Hn npunHocu:

e DBbBefeHa € OCHOBHATa KOHUenuus 3a YCTOMYMBOCT Ha MHOXECTBA 3a CUCTEMMU
UMMYNCHW;

e T[lonyyeHnm ca [JocTaTb4yHM YCNOBMSA 3a paBHOMepHa rnobanHa acUMNTOTUYHA
YCTOMNYMBOCT M paBHOMEpPHA rnobanHa eKCNOHEeHLManHa yCTOMYMBOCT HA MHOXECTBA,;

e [JlokasaHa € M0/e3HOCTTa Ha NONYYEeHUTe pe3ynTaTu W TAXHaTa 06LHOCT B C/lyyanTe Ha
aTpakTopy pa3fMyHN OT TOUKMUTE Ha paBHOBECUE;

« DBbBegeHO e MNOHATME 3a CWUIHA YCTOWYMBOCT Ha MHOXECTBAa M C W3MOM3BaHE Ha
HOMMWHaNHaTa CUcTeMa Ca HaMepeHM JO0CTaTbYHM YCNOBMA 3a CblIECTBYBaHe Ha CUJHO
YCTORYMBM MHOXECTBA;

e PasrnegaHa e npakTuyeckata YCTOWYMBOCT Ha CUCTEMU PeaKTUBHO-ANMDY3HM CbC
3aKbCHEHMA N MMNY/ICHU CMYLLEHMA NO OTHOLWEHMA Ha h-mHOroo6pasus;



HayuHO-NPUI0XHW MPUHOCK
+ HamepeHM ca [J0CTaTbYHM YC/MOBUA 3a YCTOWUYMBOCT Ha MHOXECTBO M-paBHOMEPHO
rno6asHo acMMNTOTMYHO YCTOWYMBO, PABHOMEPHO rN106anHO  eKCMOHeHLManHo
YCTONUYMBO, CUJTHO PaBHOMEPHO rN06asHO eKCMOHEeHLMaNHO YCTOWYNBO.

6. OueHKa 3a CTerneHTa Ha IMYHOTO yyacTue Ha ucepTaHTa B MPUHOCUTE

MpefocTaBeHUAT MU 3a peLeH3ns agucepTaluoHeH TPy 6€3CNOpPHO CbAbPXKA HAYYHU U HAYYHO-
NPUNOXKHW MNPUHOCKU, KAaTo Te ca NyO6/NKYBaHW B MEXAYHapOLHW cnucaHus, MOoAyyunnm ca
HeobxogmMmata nyo6AMYHOCT M ca 6WAM peleH3MpaHM OT Hes3aBUCUMKU peleH3eHTU. Tlo
aucepTaumaTa ca HanpaBeHU 06wWo 3 nNy6AMKauuu B CbAaBTOPCTBO Ha aHINACKK e3uk. TpuTte
ny6aukauny ca nHAekcupaHu B 6azata Scopus, KaTo cfef cnpaBka B Hesl, HAKOW OT TAX

BeYe ca reHepmpanm v MHOXECTBO LUTATU, KOETO A0Ka3Ba NPUIOXKMMOCTTA Ha AUcepTaluoHHUS
TPYL W OLEHKaTa Ha MeXJAyHapoAHaTa HayyHa 06WOCT 3a NpMHOCA Ha AMCEPTALMOHHUA TPYL U
paboTaTta Ha fOKTOpaHTa. MPUNOXKEH e CMUCHK CbC 3abend3aHn unTaTtu.

7. TpeueHKa Ha ny6nAnKayumTe No AucepTaunoHHUA TPyA

Mo gucepTaumaTa HAMA HanpaBeHW camocToAaTeNnHW nybnukauuu. HanpaBeHuTe 3 ny6amkauum
no gmcepTaunoHHMA Tpya ca B nepmoga 2020 - 2021 r.: 2 ctatnm B cnucaHue “ Mathematics ’ ¢
IF=2.258 n SRJ - Q2. v egHa cTaTna B cnucadue “ Entropy” npes 2021 r. IF=2.524 n SRJ - Q3
My6nmkaynm ca nHaekcupaHu B 6asnte Scopus n Web of Science.

MocoyeHUTe TpPyLOBe MO BpPOA M MACTO Ha My6/MKyBaHe MOKPWMBAT M3UAMO U3NCKBaHWATA 3a
npnpaobmeaHe Ha OHC ,, [JokTop”.

8. M3nonsBaHe Ha pe3ynTatuTe OT AucepTaumaTa B HaydyHaTa M coumanHaTta
npakTnka
B pamKkuTe Ha guceptauMoHHMA Tpy 6e3CNOpHO e A0Ka3aHOo MPUI0XMMOCTTa Ha M3cneaBaHaTa.
 Mogen 3a cumynnpaHe Ha BUpyca Ha XxenaTut B B TpMMepHO NPOCTPaHCTBO;
e EnegemMnyeH Moaen npu pasnpocTpaHeHMeTO Ha MHMEKLMO3HM 60MecTMHA OCHOBAaTa Ha
CblLyecTByBaHeTO Ha h-mHoroo6pasus 3a umnynceH SIR (Bb3npenMUYmBU-UHPEKTUPAHN-
Bb3CTAHOBEHMN).

9. MHeHUs, NpenopbKu 1N Benexku
OucepTtaunaTa e fOCTUTHANA 40 MHTEPECHW HayUYHU N HayuHO-MPUNOXHU pe3yntatu. OUYeBUHO

“MMa ronsmMo none 3a TAXHOTO NPaKTUYECKO MPUOXeHUe B HayKaTa U MejuLuHaTa.
B aucepTauMoOHHMSA TPy NUNCBA 3aKNHOYEHNE.



Kato usno He MoraT fAa ce nocoyaT TrpelKu, CbLeCTBEHW HETOYHOCTU W MPONYCKU B
npeAcTaBeHNs 3a peleH3nMpaHe AUCEPTAUMOHEH TPy W KPUTUUYHUTE Genexku He Hamanseat
NMPUHOCUTE Ha AUCEPTALMOHHUS TPYa,.

Mpenopbkata MW e 3a MOBEYE CAMOCTOATENIHW MyGAMKAUWWM W yyacTUss B MeXAYHapOAHM
(hopyMU, KaKTO U AOKTOPAHTHT Aa NPOAbL/IKM paboTaTa Nno TeMaTuKara.

10. 3aKntouyeHune

[OuceptaumaTta Ha LiBeTennHa BecennHoBa MwxaiifioBa ce oT/MyaBa C pefuiia JOCTOMHCTBA.
KaTto usano guceptaunmoHHUAT TpyL M3gaBa fobpa KOMMETEHTHOCT NO NocTtaBeHaTa TeMaTuKa U
0TroBaps Ha W3UCKBaHWATA Ha 3aKoHa 3a pa3BWTUE Ha akajeMuyHus cbcTaB B Penyb6nuka
bbvnrapus n Ha MpaBunHuka Ha TY-Cogua 3a npunaraHeTo My. Bb3 0CHOBa Ha ropenocoyYeHnTe
[JOCTOMHCTBA U NMPUHOCK Ha AUCEpPTaLMOHHMUA TPy, CYMTaM, 4ye ca [OCTaTbYyHO OCHOBaHME 3a
npucbXgaHe Ha OHC ,,JJoKTOp“ No Hay4yHaTta crneynanHoct ,,MaTtemMaTnyecko mMofennpaHe u
npunoXxeHne Ha matematukaTta“ Ha LiBeTennHa BecennHoBa Muxalinosa. 3aTosa npegnaram
Ha yBa)kaeMWTe 4sfieHOBE Ha HayyHOTO Xypu fa Ce MPUCHEAMHAT KbM MOATA MOSOXMUTENHA
ouUeHKa 1 pa rnacysar c ,,JA“.

20.04.2022 Moanwuc:
/Mpog. I'. MaHanoToBa/



Review
on the dissertation work for obtaining the educational and scientific degree ,,Doctor”
Author of the thesis: Tsvetelina Veselinova Mihaylova

Title of the thesis: "COHEN-GROSSBERG'S PULSE REACTIVE-DIFFUSION NEURAL
NETWORKS WITH EXTREME DELAYS: RESISTANCE OF SETS."

Reviewer: Prof. Galina Stoyanova Panayotova, PhD, Faculty of Information Sciences,
University of Library Studies and Information Technologies (ULSIT), Sofia

1. Actuality of the problem investigated in the PhD thesis and tasks, developed in the
dissertation

Neural networks are used in almost all areas of science and life. They are useful mathematical
tools for describing many processes and phenomena, research in the theory of optimal control,
mechanics, medicine, electrical engineering and more. The actuality of the problem can be
examined through the Cohen-Grossberg networks introduced in 1983. Here it is worth
mentioning the research of the reactive-diffuse part of the neural network, which is essential. It is
known that due to the instantaneous interference effect, the development of many systems in the
real world is not necessarily a continuous process, and such processes can be modeled with
impulse differential equations.

The topic of the dissertation is directly about finding effective conditions for ensuring a
sustainable balance of indeterminate systems.

2. Degree of knowxl'edge of tnhe problem

The dissertation shows that the doctoral student is well acquainted with impulse reactive-diffuse
networks of Cohen-Grossberg with delays.
The literature review covers 94 sources, books, scientific publications from 2004 to 2020, with
the exception of three publications related to the theory of stability and impulse differential
equations. Of these, 92 are in English and 2 in Cyrillic.
After a thorough analysis Tsvetelina Mihailova justifies the formulation of the main tasks of the
dissertation:
- Basic concept of set resilience for pulsed reactive-diffuse systems with delays and
sufficient conditions for uniform global set resilience.
Concept of strong stability of sets and using the nominal system, sufficient conditions
have been found for the existence of highly stable sets.
- Practical stability of reactive-diffuse systems with delays and impulse disturbances of the
type (3.1.2) with respect to a special type of manifold defined by a function of type h.



- Global resilience of integral manifolds for Cohen-Grosberg reactive-diffuse neural
networks with delays and variable impulse disturbances.

The solution of the presented tasks of the dissertation is presented in 4 chapters.

3. Correspondence of the chosen research methodology and the set objective and
tasks of the thesis with the achieved contributions

From the presented results and scientific publications, it follows that the developed research
techniques correspond to the set tasks of the dissertation.

Through the technique of integral manifolds for studying the criteria for stability and limitation
of reactive-diffuse with delays and variable impulse disturbances gives the available conditions
for the existence of integral manifolds, as well as the conditions for manifestation of their
properties.

The demonstrated technique of integral manifolds can be extended and applied in the research of
different classes of neural networks and related systems.

4. Short analytical characteristics of the thesis

The paper contains 117 pages. It includes an introduction, 4 chapters for solving the formulated
main tasks, a list of key contributions, a list of publications in and references.

In Chapter 1 - Fundamental Theory - the main results of the theory of impulse differential
equations and the introductory concepts of the second Lyapunov method, which is used in the
paper, are synthesized.

Chapter 2 - Reactive-diffusion equations - the equations of reaction and diffusion are
introduced, the concepts of stationary and global solutions and the conditions for reaction
diffusion are considered.

Chapter 3 - Resistance of sets and integral manifolds in phase space of systems of reactive-
diffuse neural networks of Cohen-Grosberg with delays and variable pulses - the basic concepts
of stability of sets for systems of reactive-diffuse neural networks with delays are introduced.
Sufficient conditions for stability are obtained and the practical stability of reactive-diffuse
neural network systems with delays and impulse disturbances is considered.

Examples of validation of the effectiveness of the obtained results are considered.

Chapter 4 - Applications - the problems of the existence of integral manifolds for the hepatitis B
virus pulse model and the existence of the H-manifold for the pulse SIR epidemic model are
discussed. Impulses are realized at fixed moments and can be considered as a form of control
over the model. The main results were obtained after applying the Lyapunov-Razumihni method
and the principle of comparison.

The results obtained in the dissertation summarize and expand the existing results in qualitative
theory.

5. Scientific and applied contributions of the thesis



The main contributions of the dissertation are mainly scientific and applied in nature and can be
summarized as follows:

Scientific contributions:

* The basic concept of set stability for impulse systems has been introduced;

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

» The usefulness of the obtained results and their community in the cases of attractors other than
the equilibrium points has been proved;

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

« The practical stability of reactive-diffuse systems with delays and impulse disturbances with
respect to h-manifolds is considered;

Scientific and applied contributions

« Sufficient conditions have been found for the stability of many M-uniform global
asymptotically stable, uniform global exponentially stable, highly uniform global exponentially
stable.

6. Evaluation of the personal participation of the applicant in the contributions

The dissertation submitted to me for review undoubtedly contains scientific and applied
scientific contributions, as they have been published in international journals, received the
necessary publicity and have been reviewed by independent reviewers. A total of 3 co-authored
publications have been made on the dissertation. The three publications are indexed in the
Scopus database, and after reference in it, some of them

they have already generated many citations, which proves the applicability of the dissertation and
the assessment of the international scientific community for the contribution of the dissertation
and the work of the doctoral student. A list of noticed quotes is attached.

7. Evaluation of the publications on the dissertation

No independent publications have been made on the dissertation. The 3 publications on the
dissertation were made in the period 2020 - 2021: 2 articles in the journal “Mathematics” with IF
= 2.258 and SRJ - Q2. and an article in Entropy magazine in 2021. IF = 2.524 and SRJ - Q3
Publications are indexed in the Scopus and Web of Science databases.

The indicated works by number and place of publication fully cover the requirements for
acquiring title educational and scientific degree ,,Doctor”.



8. Use of the achieved results of the thesis in the scientific and social practice

The applicability of the research has been indisputably proved within the dissertation work.
* Model for simulating the hepatitis B virus in three-dimensional space;
e Epidemic model in the spread of infectious diseases based on the existence of h-
manifolds for pulsed SIR (susceptible-infected-recovered).

9. Notes and suggestions

The dissertation has reached interesting scientific and scientific-applied results. Obviously, there
is much room for their practical application in science and medicine.

There is no conclusion in the dissertation.

In general, errors, significant inaccuracies and omissions in the dissertation submitted for review
cannot be pointed out and critical remarks do not reduce the contributions of the dissertation.

My recommendation is for more independent publications and participation in international
forums, as well as the doctoral student to continue working on the topic.

10. Conclusion

The dissertation of Tsvetelina Veselinova Mihailova is distinguished by a number of merits in
scientific and applied science. In general, the dissertation issues good competence on the set
topic and meets the requirements of the Law on the Development of the Academic Staff in the
Republic of Bulgaria and the Regulations of TU-Sofia for its implementation. Based on the
above-mentioned merits and contributions of the dissertation, | consider that they are a good
reason for the assigning the educational and scientific degree ,Doctor” to in the scientific
specialty "Mathematical Modeling and Application of Mathematics" by Tsvetelina Veselinova
Mihaylova. That is why | suggest that the esteemed members of the Scientific Jury join my
positive assessment and vote 'YES'.

20.04.2022 Member of scientific jury:
Sofia /Prof. Galina Panayotova, PhD/



