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PEUEH3UNA

Bbpxy AucepTauUOHHUS TPYA Ha Mar. nHX. LiBeTennHa BecennHoBa Muxaiinosa (Cnuposa)

3a npuaobreaHe Ha obpasoBaTesiHaTa M Hay4yHa CTeneH ,,40KTOpP” B 06/1aCT Ha BUCLLETO
obpasoBaHue - [pUpoaHM HayKu, MaTeMaTuKa U MH(hOpMaTKKa, NPotecnoHanHO Hanpas/eHne
4.5 - Marematuka

Tema Ha gucepTaymsaTa: ,,IMNyACHU peaKTUBHO-ANGY3MOHHN HEBPOHHM Mpexu Ha KoeH
- 'po36epr ¢ KpainHW 3aKbCHEHNS: YCTOWUMBOCT HA MHOXecCTBa.”

Hay4yHu pbkoBoguTenu: npod. 4-p Meopru BeHkos, MM TY-Cogus, npod. 4.M.H.
MaHn Ctamos, M ®-CnuseH, TY-Codus

PeueH3eHT: goy. 4.M.H. OrHsaH KameHoB, ®INMMU, TY-Cogus

MpeacTaBeHUAT OT JOKTOpaHTKaTa LiBeTennHa Muxainosa (CnnpoBa) HayyeH Tpyd e ¢ 06eM OT
117 cTpaHuun, CTpYKTypupaH B YBOJ, YeTUpuK rnasu, OT KOUTO [Be ca crnomaraTe/iHu W fage
ocHoBHM rnasu (n. I, 1V), kKato BTOpaTa € C NPUNOXHO-0606LaBall, XapakTep, 3aKN0UYNTENHN
6eeXXKN C OCHOBHWUTE MPUHOCKM Ha AUCepPTaLUOHHMA Tpyh u 6ubnuorpadus, cbiabpxawa 94
3arnasus.

AKTyasiHOCT Ha Temarta: AKTya/lHOCTTa Ha TemaTukata B guceprayusara Ha LiseTenuHa
MuxaiinoBa ce npegonpefens OT BCe MO-HapacTBawaTa HeOo6XO4MMOCT OT CbCTaBAHETO Ha
afleKBaTHW [AMHAMWYHW MATEMATMUYECKM CUCTEMU Ha HEBPOHHUTE Mpexu. W360pbT Ha
UMMOYNCHUTE NMHEAHU CcUCTEMM OT AUdepeHuManHW YpaBHEHUS € CMOoAyyYuB B CiydauTe,
KOrato MMMYJ/ICHOTO Bb3feicTBME B JafeH MOMEHT OT BpPeMe BOAM [0 M3MEHEHME Ha ,,i”- Tus
HeBpOH. Hamupam 3a 0C00eHO akTyaneH (pparMeHT, Ha WHaye BMevaT/naBallaTa TeMaTuka,
aHaM3MpaHeTo Ha peakTUBHO-AM(Y3MOHHATa KOMIMOHEHTa Ha HEBPOHHATA MpeXa, npeanoXxeHa
oT KoeH-I'po3bepr, Tbl Kato KbM BapuauusaTa Ha BPEMETO 3a BCEKWU OTAENEH HEBPOH, ce
MYNTUNAULUPAT U NPOCTPAHCTBEHUTE MY KOOPAMHATU. B Mofennte Ha CrMOMEHaTUTe Y4eHwu,
HEBPOHHUTE CUCTEMW [ONyckaT M MOBeYe OT efjHA TOUKA Ha paBHOBeCWe, KOETO € Hacouuno
n3cnefBaHNATa KbM rno6anHOTO aCMMNTOTUYHO MOBELEHME HA WHBAPUAHTHUTE MHOXECTBa U
CBbP3aHMTE C TOBa BBLMAPOCK 3a aCUMNTOTMYHATA YCTOMYMBOCT HA PeaKTUBHO-AUGY3NOHHUTE
CUCTEMU CbC 3aKbCHeHUA. TMonynsapHa cpef yyYeHUTe B COMeHaTaTa 061acT e KoHUenuumaTa, ye
KOraTo MHOroobpasvMeTto Ha HayajHUTe YCNOBUA MNopaxja MHoroobpasve OT pasfivyHu
PaBHOBECHM TOYKM, Ce MPUCTbMBA KbM aHaiM3npaHe Ha acUMMATOTMYHAaTa YCTOMYMBOCT Ha
MHOXeCTBa UM MHOroo6pasus, KOATO BK/IHOYBA B TO3W BWA YCTOMUMBOCT pefuua cneyumanHu
cflyyau, Kato yCTOMYMBOCT Ha €KBUIMOGPMYMa, YCTOWUYMBOCT Ha HYNeBOTO pelleHme u gp. He
MOXeM fAa He CMoMeHeM, BbB Bpb3Ka CbC CMOMEHaTUTe MW3cflefBaHWa Ha acMMMTOTUYHaTa
YCTOMYMBOCT Ha MHOXECTBa, 06pa3yBaHM OT (ha30BMTE MNPOCTPAHCTBA W MPUMOXEHWETO Ha

MeTofa Ha J1anyHOB-Pa3yMUXUH 3a UMMNYNCHUS MOAEN Ha BUpyca Ha Xenatut B.



B KOHTeKCTa Ha aKTya/JlHOCTTa Ha TemaTukaTa, GuX crnomeHan u 06CTOATENCTBOTO, Ye B
PEaKTUBHO-ANMDY3NOHHUTE AudepeHUManHn YypaBHeHWs, MofenvpawiyM Bb3AelCTBMETO Ha
NABbTHOCTTA HA XenaTUTHUA BUPYC b B MpoOCTpaHCTBOTO, Npefu3BUKBAHW OT Andy3naTa u
NOKa/IHUTe B3aMMOAEWCTBNA MEXAY BWAOBETE, € HamnpaBeH OMNUT fa Ce OLEeHW KOMYecTBEHOTO
HaTpynBaHe WM Ha Ole efuMH 3apassBall (akTop - WUMMYNCHUTE BbL3AEWCTBUSA, BKAKOUBALLU
C/yyaiiHu aTaku, LWYMOBE B CUCTEMATa, UM Pe3kn NPOMEHMN B cpejara.

OueHKaTa MW 3a akKTya/IHOCTTa Ha HayyHarta Tema, aHanu3vmpaHa B AUCEpPTauUMOHHMA Tpyn e
BUCOKa.

CTterneH Ha no3HaBaHe Ha Hay4dHuA npobnem: CTeneHTa Ha MNO3HaHWe, KOSATO MNOKa3Ba

fokTopaHTKaTta LiBeTennHa Muxainosa (CnvpoBa), 3a €CTECTBOTO Ha HayyHaTa npobiemaTuka
B AMCEpPTaLMOHHUSA Tpyh, MpofMyaBa KakTo OT Nyb6AMKyBaHUTe B CbaBTOPCTBO 3 cTaTuu B
Hay4yHOTO cnucaHue ,,Mathematics” ¢ Bucok IF npe3 2020-2021 r., Taka 1 OT ACHMTe 1 gobpe
nogbpaHu QparMeHTM OT TeopusATa Ha YCTOMUYMBOCTTA Ha AUHAMUYHU  UMMYCHU
audepeHLManHn ypaBHeHUs, BTOpPUS MeToj Ha JIanyHOB 3a M3cnefBaHe Ha yCTOWYMBOCTTa Ha
AVHAMUYHW ypaBHEHUS W CUCTEMWU OT peakTUBHO audy3moHeH tun (Mn. |1, 1), KakTo K OT
3a4bn60YeHUTe 1 NO3HaHWA MO OTHOLUEHWE Ha KiacMyeckuTe HEBPOHHU Mpexun Ha KoeH-
[po3bepr v TexHWTe pas3fIM4HU Pa3HOBULHOCTU - KNETbYHU HEBPOHHW Mpexu, OUAUPEKTHU
HEBPOHHU MPEXW, HEBPOHHM Mpexu Ha Xondung u ap. , pasrnegaHn B I'n. Ill. EAHO 0T Haii-
BXHUTE MPOABNEHMA Ha 3a4bn00UYeHUTEe HayyHW MO3HAHWA Ha JOKTOpaHTKaTta B Moco4yeHata
obnact, npomsTMya OT aHaAM3a Ha acMMMTOTMYeckata YCTOWYMBOCT Ha pPaBHOBECHOTO
CbCTOSIHME, HA AMHAMWYHUTE UMMY/CHU CUCTEMU OT AUdEepPeHLManHN ypPaBHEHNSA C KpaHW, HO
NPOMEH/NINBN BbLB BPEMETO 3aKbCHEHWS, ONUCBALLM HEBPOHHWUTE MpeXu. Tasnm yCTOWYUBOCT €
OCHOBHa KauyeCTBEHa XapaKTepuUCTUKA Ha HEeBPOHHUTE Mpexu. [o6po BneyaTnieHWe nNpasu K
YMECTHOTO ,,BK/II0UBAHE” B KOHTEKCTAa Ha TemMarta W Ha npumepa (2.2.1.), pasrnegaH B naparpag
2.2, wncTpupaly Metoda Ha JIAMyHOB 3a aCUMNTOTUYHA YCTOWYMBOCT Ha rnobanHUTe U
CTaUMOHapHUTE peLleHnsl, 3a KOHKPETHOTO HeJMHENHO napabosMyHO 4acTHO AugepeHLmanHo
ypaBHeHWe OT BTOPM ped, ¢ hMKcupaHa HeNMHERHOCT ,,p”.
OcobeHO MOKasaTe/lHa 3a BMCOKaTa MaTemMaTuuyecka epyaunuus Ha LiBetenuHa Muxaiinosa, e
maTemaTMyeckaTa /NOrMCTMKA, Heob6XoAauma  3a W3CNeABaHETO Ha pasNnyHuTe ¢opMu Ha
paBHOMeEpHa M paBHOMEPHO-r06anHa yCTOMUYMBOCT Ha MHOXECTBATa, KOATO € OCbLLecTBeHa B
. L.

CuuTtam, ye foKTOpaHTKaTa LiBeTenmHa Muxaiinosa (CnvpoBa) NpuTeXaBa BUCOKa CTENEH Ha
maTemaTuyecka epyauunMa, B eCTeCTBOTO Ha u3bpaHata HayyHa npob6nematvka, B

ANCEPTALNOHHNSA 1 TPYA.



OCHOBHM 3ajiayM Ha [OUCepTauMOHHMA Tpyha: ETO KakBM ca HAKPaTKO HayyHUTE U
HaYYHOMPUNOXHUTE Uen W 3ajayun, npeacTaBeHW B AUCEPTAUMOHHMA TPyh, M KOUTO ca
n3nMckyemu (Kato CTPyKTypa) 3a MOHOrpagmMyHN Hay4yHu TpyLoBe:

[a ce aganTupa KoHLenuusaTa 3a YCTOWYMBOCT 3a MHOXECTBa, NOPOAeHW OT (pa3oBuTe
NpoCTpaHCTBA Ha PeaKTUBHO-ANMDY3NOHHU MWMMYACHW CUCTEMW, CbC 3aBUCeLM OT
BPEMETO 3aKbCHEHUS;

[a ce dopmynupat goctaTb4yHWTe YCNOBMUS 3a paBHOMepHa rnobasHa acMMNTOTUYHA
YCTOWYMBOCT HA MHOXECTBA;

Ja ce YTOYHAT [OCTAaTbYHUTE YCNOBMA W YCNOBMATA 3a CbLIECTBYBAHE Ha CWUJIHO
YCTONYMBU MHOXECTBA,;

- [la ce aHanu3upar ¢ orfief Ha Hay4yHonpakTuyeckaTa UM MPUNOXMMOCT aCUMNTOTUYHATA
YCTOMYMBOCT Ha PeakTUBHO-AU(Y3NOHHUTE CUCTEMU CbC 3aKbCHEHUA W UMMY/CHU
CMYLLEHUA, NpeficTaBeHN BbB (hopmaTa Ha MHOro06pasuns;

- [a ce aHanu3upar ¢ orfef Ha HayyHonpakTuyeckata UM NMPUIOXKUMOCT HA UHTerpasHuTe
MHOroo6pasus, 3a peakTUBHO-AUKDY3NOHHU HEBPOHHU Mpexu Ha KoeH-I'po3bepr.

- [Ja ce npoyyaT ycnoBuMaTa 3a CbLUECTBYBAHETO Ha WHTErpaiHMW MHOroob6pasus, 3a
UMNYNICHO-AMHAMUYEH MOJefN Ha BMpyca Ha XenaTuT b, CbC CTeneH Ha MHMeKuus no
cxemata Ha Bedington - De Angelis;

M3bpaHuTe OT aBTOpa MaTemMaTMyeckKu MeToAuM, OT o06/nacTTa Ha YCTOWYMBOCTTa U
acMMnToTMYeckaTa YCTOMYMBOCT Ha  AUdepeHUManHUTe yYpaBHEHUS W CUCTEMU U
(hYHKUMOHaNHNS aHann3, ca B CbOTBETCTBME C NOCTaBEHMUTE aMOBULMO3HN HAYUHW LiENN.

HayyHun npuHocu: Topagn OTHOCUTE/IHO CaMOCTOATE/IHOTO ECTeCTBO Ha MOCOYeHUTe Mo-
rope HayyHu W HaAYUYHOMPU/IOXHWU LEennM B AUCEPTAUMOHHUA TPyA, HayyHWUTE MPUHOCU Ha
[OKTOpaHTKaTa, KOMTO ca MPUOPUTETHW 3a TO3M BWA MOHOrpagumu, ca pasnpeeneHyn noyTu
nponopunoHanHo mexay 6asoBute 1 vacTu: naBa Il - YCTOWYMBOCT Ha MHOXeCTBa WU
WHTerpanHn MHoroobpasmsa BbB (Pa30BOTO MPOCTPAHCTBO Ha PEaKTUBHO-AU(Y3NOHHWU MPEXU Ha
KoeH-I'po36epr, CbC 3aKbCHEHUA U UMNYNCK; Y
naBa IV - MpunoxeHns (CbliecTByBaHe Ha MHTErpanHM MHOroo6pasns Ha UMMNYACEeH MOAen 3a
BUpYyCa Ha xenatuT b). ETO 3alL0 Lie 1310Xa HayYHUTe NPUHOCKU Ha AOKTOpaHTKaTa LiBeTenuHa
Muxaitnosa (CnupoBa), BU3Mpaiikin NOCOYEHNTE OCHOBHM [N1aBU B HeillHaTa AncepTaums.
HayuHute npuHocu B I'n. 11l ca 06Bbp3aHM B KOHTEKCTa Ha 17 TeopeMu U 8 nemm C TeXHUTe
[lOKa3aTencTBa, M ca CBbP3aHW C afanTMpaHeTO Ha HAKONKO 6a30BM Teopemu B TeopuaTa Ha
UMNYNCHUTE PeakTUBHO-ANGY3NOHHN CUCTEMU OT AndepeHUManHn ypaBHeHNS, € orne Te Aa ca

NPUNOXNMN KbM WN3CNEABAHETO Ha yCTOVIHI/IBOCTTa Ha NocCo4YeHUTe CUCTEMU, KOrato B T4AX Ca



BHECEHW WMMYJICHWU 3aKbCHEHUA W CMyleHud. Busmpam no-cneumanHo Teopema 3.1.6.
Teopema 3.1.7.

n Teopema 3.1.9., ycTaHOBsiBalM CbHOTBETHO rnoGanHaTa acUMMNTOTUYHA

YCTOMYMBOCT HA MHOXecTBOTO M(t,X), paBHOMepHaTa My rno6anHo-eKCNoHeHUanHa

YCTOMYMBOCT, KakTO W paBHOMepHaTa [rn106a1H0-aCUMNTOTUYHA  YCTOWYMBOCT Ha TOBa

MHOXeCTBO, N0 OTHOLLEHWE Ha PeaKTUBHO-AN(Y3NOHHUTE 3aKbCHEHNA OT cneuunaneH BUA.
Cuuntam, ye B 'naBa |V, gokTopaHTKaTa LiBeTennHa MwuxaiinoBa € nocTurHana OpuruHaneH
NMPUHOC B HayKaTa C NPakTUYeCKOTO W3C/efBaHe Ha Bb3MOXHUTE MHTErpajHu MHOroobpasus B
OVMHaMuKaTa Ha XenaTUTHUSA BUpPYC b, KakTo M ¢ NpuMOaBAHETO KbM MaTemMaTU4ecKus Mogen,
cbcTaBeH oT Hattaf- Yousfi Ha 3akbCHEHUSA NpU UMMYNICHW CMYLLEHWUS, TaKa U C YCTAHOBSIBAHETO
Ha MHTEerpaiHo MHOroob6pasune, KOETO Aa € aCUMNTOTUYECKU YCTONYMBO B pPasLMPeHOTO (ha30Bo
NPOCTPaHCTBO Ha CMCTEMATA.
Cuutam, 4Ye HayyHWTe MPUMHOCU Ha [OKTOpaHTKata LlBeTenuHa Muxaiinosa (Cnuposa),
noKasaHu B AucepTalMOHHWA W TPYA ca B CbOTBETCTBME C HEOOXOAMMUTE HAayYHW M3UCKBAHUA
Ha Yn.6, an.(3) oT 3akoHa 3a akageMu4yHus cbcTaB B Peny6nuka bwvarapua v Yn. 7, an.(1) ot
MpaBunHMKaA 3a ycnoBuMATa M pefa 3a nNpuaobuBaHe Ha Hay4YHW CTeneHW B TeXHUYecKus
yHuBepcuteT - Codma. [opu Hewo noseye, ¢ ob6obuwasawimte pesyntatm B [AJlY ce
HaAXBbLPAAT Te3U U3NCKBAHMWSA, 3apafu NoTeHUMana UM B oboraTaBaHe Ha KayecTBeHaTa Teopus

3@ HEBPOHHUTE MPEXMW.
MpaBu MHOro [Jo6po BMeuyaTieHWe, 4Ye [OKTOpaHTKata - LiBeTennHa MwuxalinoBa, He ce e
yBASKNa MO AeTailIHA MaTeMaTU4ecKy TpaHcdopmauum m npeobpas3oBaHuUs, a e akueHTmpana
camo BbpXY rnaBHUTE Hanpas/ieHUA Ha JokasaTesncTeara. ToBa fonpuHacs 3a no-gobpara BU3NA
M YATaemMocCT Ha Hayl-ll:l*i/lﬂ TPYA. o

MpeueHka Ha nybnukauunTe: ABTOPBLT € NpeacTaBun Tpu nybaukauuu B aBTOPUTETHUS
LLBeiuapckn MynTu aucuunanHapeH wusgaTencknm uHcTuTyT (MDPI) - Mathematics, B
cvaBTopcTBO ¢ . Ctamos, WN. CrtamoBa, C. Tomacuenno, I'. BeHkoB. [bpBUTE ABe cTaTum ca
ny6nunkyeaHun npe3 2020r,, 1 ca B cuctemaTta SRJ - Q2 (CucTtema 3a peATUHT Ha cMcaHMATa) a
TpeTtata npe3 2021 r. e B cuctemara SRJ - Q3. CovrnacHo MNMpunoxeHune 1 Ha lNMpaBuiHKKa 3a
ycnosuata M pefa 3a npugobmsaHe Ha HayyHu cTeneHn B TY - Codus, nocoyeHuTte
ny6nvMkaumm ce akpegutupaT ¢ 165 T., npu MuHUMmaneH 6poit ot 30 T. (Npu no3uvuusa - 7.), a
HOMMWHanHata akpegutaumMa e 215T. Nnpyu MUHUMaNHO u3uckBaHe ot 80 T, T.e. B ciyyas e
Hanuue npesuweHne ¢ 269 %.

OueHKa 3a CbOTBETCTBMETO Ha aBTopedeparta: ABTopedeparbT Ha JucepTaunoHHUA TpyL

LVIMIOYNCHN peakTUBHO-AUMY3NOHHN HEBPOHHU Mpexun Ha KoeH- [posbepr ¢ KpaunHu

3aKbCHEHNA : YCTOMYMBOCT Ha MHOXecTBa”, CbAbpxKa 32 cTpaHuum, Obula XxapakTePUCTMKA Ha



auceptaumoHHua Tpya, PyHpameHTanHa teopma (n.1), PeakTMBHO-AW(Y3MOHHU YypaBHeHUA
(Cn.2), YCcTOMUYMBOCT HA MHOXECTBA M UHTErpaiHN MHOroobpasus BbLB (ha30BOTO NMPOCTPAHCTBO
Ha CUCTEMMW PeakTUBHO-AUPY3NOHHWU HEBPOHHM Mpexun Ha KoeH-I'po3bepr cbC 3aKbCHEHUA U
umnyncu (I'n. 3), Mpunoxenus (Fn. 4) n ntepatypa ¢ 94 nosuuun.

ABTopethepaTbT Ha LlBeTennHa MuxaiinoBa o0TpassiBa NpaBAWBO CbAbPXAHMETO MU
NOCTUrHATUTE pe3ynTaTu B [juceptayMoHHUA TPyAWU M NpenopbyBam Toi fa 6bae ny6aMKyBaH B
npefcraBeHarta opma.

3a6enexky 1 npenopbku: CTpyBa MK Ce, Ye Ha PoHA Ha 94-Te CEPUO3HU NUTepaTypHU
M3TOYHUKA, KOUTO € M3MOoN3Bana AOKTOopaHTKaTa, NpeAcTaBeHUAT B HA4asoTO Ha guceprauusTa
KpaTbK YBog (1-4 cTp.) MMa MHOro 6bp3a CXOAMMOCT, KbM CTPYKTYPHUA MaTemaTuyecKu
npobsemM Ha peakTUBHO AU(PY3NOHHUTE HEBPOHHU MpeXu. VICTOpUYecKUAT npernes e TBbpAe
KpaTbK - CbAbpXa camo 12-14 aBTOpPCKWM 3arfaBus, NOCTaBUM OCHOBUTE Ha PyHAaMeHTanHaTa
Teopus. MNpegnonaram, Ye BCEKW 4MTaTeN Ha TO3WM MHa4ye BNeyaTnaBall Hay4yeH Tpyjd, 6u uckan
fa pobue no-nogpobHa nNpeacTasa, 3a eBOMOLMATA HA MaKap M CPaBHUTEHO KpaTkata uctopus
Ha HEBPOHHUTE M3cneaBaHus.
3a MeH e HeobuuyaeH 1 (uMHanbLT Ha OucepTaymarta (6e3 fa oTyMTam NPOTOKONHMUA CMUCHK Ha
HayuyHWUTe nNpuHOCK U ny6aunkaummTe). MocnegHUAT i ,,akopa” e foKa3aTe/IcTBOTO Ha Teopema
4.25., He 4ye T9 e ManoBaXKHa B KOHTeKCTa Ha [nJ1Y, HO He nocoyBa 3HAYMMOCTTa Ha
MMMY/ICHUA MOJeN Ha Bupyca Ha xenatuT b. YmTtatenar (cbheliky no cebe cu) ocTaBa HSAKaK
03aflayeH, fann TONKOBa Cepuo3Ha U ,TeXKa” HayuHa ,,apTunepus”, He 6U mMorna fa atakysa u
APYTM HayyHuW uenu. KasaHo ¢ gpyru gymm - nobpe 6m 6uno ga ce BKAWOUYM BbB (hMHanHata
yacT Ha [lucepTauuoHHUS TPy - 3aKNUUTENHN GeNeXKu.

3akoyeHve: YnoBaBalikKu Ce Ha HamnpaBeHWs aHanM3 Ha HayyYyHUTe MpUHOCU B
[OvcepTaunoHHUA Tpya, uMal, BUCOK JAucepTabuieH noTeHuWan, npenopbyBam Ha
YBaXaeM0oTO HayyHO >Xypu, ga npucbiuM Ha LiBeTenuHa BecennHoBa Muxainosa
(CnnpoBa) ob6pasoBaTenHaTa W HayyHa CTeneH ,A0KTOpP”, N0 MpodecuoHanHoTo
HanpaBneHue - 4.5 (MaTemaTuka) 1 Hay4Ha cneyuanHocT: ,,MaTemMaTuyecko MofennpaHe

MU NpUNoXeHue Ha maTemaTukarta”

Codus PeueH3eHT:

12. 04, 2022 1. (Aoy. A.M.H. U. Kamenos)
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The scientific work presented by the doctoral student Tsvetelina Mihaylova (Spirova) has a volume
of 117 pages, and the following structure: Introduction, four chapters, two of which are auxiliary
and two main chapters (Chapters Ill, 1V), as the second one has an applied-summarizing character,
concluding remarks with the main contributions of the dissertation and bibliography, containing 94
titles.

Relevance of the topic: The relevance of the topic in the dissertation of Tsvetelina Mihailova
is determined by the growing need to compose adequate dynamic mathematical systems for the
neural networks. The choice of impulse linear systems of differential equations is successful in the
cases when the impulse impact at a certain moment of time leads in change ofthe “i”- th neuron. |
find a particularly relevant fragment, ofthe otherwise impressive topic, the analysis of the reactive-
diffusion component of the neural network, proposed by Cohen-Grossherg, because dynamic
development of neural networks depends not only on the time of evolution of each variable, but
also depends on its position in space. In the models of these scientists, neural systems allow more
than one point of equilibrium, which has led research to the global asymptotic behaviour of the
invariant sets and related issues ofthe asymptotic stability ofreactive-diffusion systems with delay.
Popular among scientists in this field is the concept that when the variety of initial conditions gives
rise to a variety of different equilibrium points, we proceed to analyse the asymptotic stability of
sets or varieties, which includes in this type of stability a number of special cases, such as
equilibrium stability, stability of the zero solution, etc. We cannot fail to mention, in connection
with the mentioned studies of the asymptotic stability of sets, formed by the phase spaces and the
application of the Lyapunov-Razumikhin method for the impulse model of the hepatitis B virus.
In the context of the relevance of the topic, | would like to mention the fact that in the reactive-
diffusion differential equations, modelling the impact of the hepatitis B virus density in space,

caused by diffusion and local interactions between species, an attempt was made to estimate the



quantitative accumulation and another contagious factor - impulse effects, including accidental
attacks, noise in the system, or sudden changes in the environment. | highly appreciate the
relevance of the scientific topic of the dissertation.

Degree of awareness of the scientific problem: The degree of awareness shown by the doctoral
student Tsvetelina Mihaylova (Spirova) about the nature of scientific problem is evident as from
the 3 co-authored articles published in 2020-2021 in the scientific journal "Mathematics" with high
IF and also from the clear and well-chosen fragments of the theory of stability of dynamic impulse
differential equations, Lyapunov's second method for studying the stability of dynamic equations
and systems of reactive-diffusion type (Chapters I, Il), as well from her deep knowledge of the
classical Cohen-Grossberg neural networks and their various variants - cellular neural networks,
bi-direct neural networks, Hopfield neural networks and others , discussed in Chapter Ill.

One of the most important manifestations of the doctoral student's deep scientific knowledge in
this field follows from the analysis of the asymptotic stability of equilibrium, of dynamic impulse
systems of differential equations with finite but time-varying delays describing neural networks.
This stability is a key qualitative feature of the neural networks. It makes a good impression the
appropriate "inclusion"” in the context of the topic of the example (2.2.1.), discussed in paragraph
2.2, illustrating Lyapunov's method for asymptotic stability of global and stationary solutions for
the specific nonlinear parabolic partial differential equation of the second order, with fixed
nonlinearity “p”. Particularly indicative of the high mathematical knowledge of Tsvetelina
Mihaylova is the mathematical logistics necessary for investigation ofthe various forms of uniform
and uniform-global stability of the integral manifolds, which is carried out in Chapter Ill.

| believe that the doctoral student Tsvetelina Mihaylova (Spirova) shows a high mathematical
erudition, in the nature of the chosen scientific issues in her dissertation.

Main tasks of the dissertation: Here are the scientific and applied goals and tasks briefly
presented in the dissertation, which are required (as a structure) for monographic scientific works:
- To adapt the concept of stability for sets generated by the phase spaces ofreactive-diffusion pulse
systems, with time-dependent delays;

- To formulate the sufficient conditions for uniform global asymptotic stability of sets;

- To specify the sufficient conditions and the conditions for existence of highly stable sets;

- To analyse in view of their scientific and practical applicability the asymptotic stability of the
reactive-diffusion systems with delays and impulse disturbances, presented in the form of
manifolds;

- In view of their scientific and practical applicability, to be analysed the integral manifolds for

reactive-diffusion neural networks of Cohen-Grossberg.



-To study the conditions for the existence of integral manifolds for an impulse-dynamic model of
the hepatitis B virus, with a degree of infection according to the scheme of Bedington - De Angelis;
The mathematical methods chosen by the author, in the field of stability and asymptotic stability
of the differential equations and systems as well in functional analysis, are in accordance with the
ambitious scientific goals.

Scientific contributions: Due to the relatively independent nature of the above scientific and
applied goals in the dissertation, the doctoral student's scientific contributions, which are a priority
for this type of monographs, are distributed almost proportionally between its basic parts: Chapter
Il - Stability of sets and integral manifolds in the phase space of the Cohen-Grossberg reactive-
diffusion networks, with delays and pulses; and Chapter IV - Applications (Existence of integral
manifolds of the impulse model for hepatitis B virus). That is why | will present the scientific
contributions ofthe doctoral student Tsvetelina Mihaylova (Spirova), referring to the main chapters
in her dissertation.

The scientific contributions in Chapter Ill are connected in the context of 17 theorems and 8 lemmas
with their proofs, and are related to the adaptation of several basic theorems in the theory of impulse
reactive-diffusion systems of differential equations, in order to be applicable in studying the
stability of these systems, when impulse disturbances are applied to them. In particular | am
referring to Theorem 3.1.6, Theorem 3.1.7 and Theorem 3.1.9, establishing respectively the global
asymptotic stability of the set M (t, x), its uniform global-exponential stability, as well as the
uniform global-asymptotic stability of this set with respect to the reactive-diffusion delays of a
special kind.

| believe that in Chapter 1V, the doctoral student has achieved original contribution by practical
studying of the possible integral manifolds in the dynamics of the hepatitis B virus, as well by
adding impulse disturbances with delay to the Hattaf-Yousfi mathematical model and establishing
an integral manifold that is asymptotically stable in the extended phase space of the system.

I believe that the scientific contributions of the doctoral student Tsvetelina Mihailova (Spirova),
shown in the dissertation are in accordance with the necessary scientific requirements of Article 6,
paragraph (3) ofthe Law on Academic Staffin the Republic of Bulgaria and Art. 7, para (1) of the
Regulations for the conditions and the order for acquiring scientific degrees in Technical University
- Sofia. Moreover, the summary results in Chapter IV go beyond these requirements because of
their potential in enriching the qualitative theory of neural networks.

It makes a very good impression that the doctoral student - Tsvetelina Mihailova, was not interested
in detailed mathematical transformations and transformations, but focused only on the main

directions of the evidence. This contributes to a better vision and readability of the scientific work.
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Evaluation of publications: The author has presented three publications in the authoritative
Swiss Multidisciplinary Digital Publishing Institute (MDPI) - Mathematics, in co-authorship with
G. Stamov, |. Stamova, S. Tomasielo, and G. Venkov. The first two articles were published in 2020
and are in the SRJ - Q2 (System of Journal Rating) and the third one in 2021 is in the SRJ - Q3
system. According to Appendix 1 of the Regulations on the terms and conditions for acquiring
scientific degrees at the Technical University - Sofia, the above publications are accredited with
165 points, with aminimum number of 30 points (for position 7.), and the nominal accreditation is
215 points with a minimum requirement of 80 points, i.e. in this case it is an excess of 269%.

Assessment of the correspondence of the abstract: The abstract of the dissertation “Cohen-
Grossberg’s pulse reactive-diffusion neural networks with extreme delays: Resistance of sets”
contains 32 pages, General characteristics of the dissertation, Fundamental theory (Chapter 1),
Reactive-diffusion equations (Chapter 2), Stability ofsets and integral manifolds in the phase space
of Cohen-Grossberg reactive-diffusion neural network systems with delays and pulses (Chapter 3),
Applications (Chapter 4) and References with 94 positions .

The abstract of Tsvetelina Mihaylova truthfully reflects the content and the achieved results in the
Dissertation and | recommend its publication in the presented form.

Remarks and recommendations: It seems to me that against the background of the 94 serious
literature sources used by the doctoral student, the short Introduction presented at the beginning of
the dissertation (1-4 pages), has a very fast convergence to the structural mathematical problem of
reactive diffusion Neural Networks. The historical overview is too short, containing only 12-14
author's titles that has laid the basis of the fundamental theory. | suppose that every reader of this
otherwise impressive scientific work, would like to get more detailed idea about the evolution of

the albeit relatively short history of neural research.
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The final of the Dissertation is also unusual for me (without taking into account the protocol list of
scientific contributions and publications). Its last "chord" is the proof of Theorem 4.2.5, | do not
mean that it is insignificant in the context of Chapter 1V, but does not indicate the significance of
the impulse model of the hepatitis B virus. The reader (judging by myself) remains somewhat
puzzled, whether such a serious and "heavy" scientific "artillery" could not attack other scientific
targets. In other words, it would be good Concluding remarks to be included in the final part of the
Dissertation.

Conclusion: Relying on the analysis of scientific contributions to the dissertation, which
has high dissertation potential, I recommend to the Honoured Scientific Jury to award
Tsvetelina Veselinova Mihaylova (Spirova) the educational and scientific degree ""Doctor™ in
the professional field - 4.5 (Mathematics) and scientific specialty: "Mathematical modelling

and application of mathematics"
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Assoc. Prof. D.Sc. Ognyan Kamenov



