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1. Hay4yHun ny6nukauum no rpyna nokasarenu B

Bubnuorpadcko onncaHne Hay4Hu Tpyaose

Bpoi To4kn

B4

e [yGnukaums B MHOEKCMpPaHoO cnucaHune Q,

1. Spirova, C., On /-manifolds stability for impulsive delayed SIR
epidemic models, Applied Mathematical Modelling, 118 (2023) 853-
862 (with M. Bohner, I. Stamova and G. Stamov)

IF [2.5336] [Q1]

YctonumBoct Ha h-mHoroo6pasua npu  wumnyncHu  SIR
ennaeMnyYHn Moaenu cbeC 3aKbCHEHUe

B HacTtosiwaTta cTtatma ce wu3cnegBa wMNyrcHo paswupeH SIR
(nogaTnMBN—MHEEKTUPAHN—BBH3CTAHOBEHN) enuaeMUYeH Mogen  CbC
3aKbCHEHME 3a ONnuCBaHe Ha pasnpoCTPaHEHNETO Ha WHGEKLMO3HU
3abonaBaHma. MogenbT C MMMYNCHO ynpaBneHue € npeactaBeH 4pes
HEBPOHHA MpexoBa cucTeMa C peakuMOHHO-OMAY3MOHHU €eneMeHTU wn
UMNyncn B NpegBapuTenHo  (MKCMpaHM MOMEHTM OT Bpeme. 3a
pasrnexgaHusa MoAen Cce BbBexAaa MNOHATMETO 3a YCTOMYMBOCT Ha
cneumduyHn MHoroobpasus, geduHnpaHn Ypes HenpekbecHaTU PYHKLMK.
Upe3 u3nonssaHe Ha wMNyncHMA nogxod Ha JlanyHoB ce wsBexaaT
KpuTepun 3a rnobanHa npakTnyecka eKCrnoHeHumanHa yCTOMYMBOCT Ha
AeduHUpaHnTe MHOroobpasmsi OT pelleHusl. Tbi KaTo MOHATUETO 3a
YCTOMYMBOCT Ha MHOroobpasus ob6obLiaBa NOHATUATA 3a YCTOMYMBOCT Ha
OTAENHN CbCTOSIHUA, NONyYeHUTe pes3yntaty ca no-obwm n paswupssar
HSKOW CblUeCTBYyBalM pe3yntaTu 3a YCTOMYMBOCT Ha HEUMNYSICHU WU
umnyncim SIR  enngemnyHm mogenu. PasrmegaH e npumep, KOWTO
AEeMOHCTpMpa e(PeKkTMBHOCTTa Ha NONyvYeHUTE pesynTtaTu.

On h-manifolds stability for impulsive delayed SIR epidemic
models, Applied Mathematical Modelling

In this paper, we study an impulsively extended delayed SIR
(Susceptible-Infected- Recovered) epidemic model for the spread of
infectious diseases. The impulsive control model is represented by a neural
network system with reaction-diffusion terms and im- pulses at fixed instants
of time. The notion of stability of specific manifolds defined by continuous
functions is introduced to the model under consideration. Using the
Lyapunov impulsive approach, we derive criteria for the global practical
exponential stability of the defined manifolds of solutions. Since the stability
of manifolds concepts generalize the stability of separate state notions, our
results are more general and they extend some existing stability results for
non-impulsive and impulsive SIR epidemic models. An example is
considered to show the effectiveness of our results.

75

o [lybnvkaumsa B MHOEKCMpaHo cnmcaHune Q,
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2. Spirova, C., Impulsive reaction-diffusion delayed models in
biology: integral manifolds approach, Entropy, 23 (12) (2021) 1631
(with I. Stamova and G. Stamov) MR4356086

IF [2.524] [Q2]

MmMmnyncHu peakunmoHHO-ANMDY3UOHHU MOoAesIN CbC
3aKbCHeHue B buonorusita: nogxoa Ype3 UHTerpanHu
MHoOroo6pasus

B HacToswaTa cTtatua ce nscreasa MMMNYNCeH peakuMOHHO-ANMY3NOHEH
MoZern CbC 3aKbCHEHWe, NpUroxmm B Buonorusta. BbBeaeHuaT moaen
o6obwaBa CblUECTBYBALLNTE PEAKLMOHHO-ANPY3INOHHN  ennuageMU4Hmn
MOAENU CbC 3aKbCHEHWe, 3a cryvas C MMMYNCHW Bb3gencTBus. 3a
pasrnexgaHusa  Mogen € BbBeOeHO MOHATMETO 3a  WHTerpanHu
MHoOroobpasus. ToBa MNOHATME paswunpsBa MNOHATUETO 3a €ANHWUYHO
CbCTOSIHUE U MMa BaXHW TMPUIIOXEHWs Npu  U3CnegBaHeTo Ha
MYINTUYCTONYMBN CUCTEMW. Ypes paslumpeHne Ha meToda Ha JlanyHoB ca
YCTAaHOBEHW  pe3ynTtatm 3a  CbLECTBYBAHETO Ha  WUHTErpasnHu
MHoroobpasusi. Ha ocHoBaTa Ha TexHukaTta Ha (pyHKuunTe Ha J1anyHoB,
KOMOVMHMpaHa C HepaBeHCTBO OT Tuna Ha [loaHkape, ca nonyyYeHu
KayeCTBEHM KpPUTEpUM, CBbP3aHM C OFPaHMYEHOCTTa, NepMaHeHTHOCTTa U
YCTOMMMBOCTT@ Ha WHTerpanHute MHoroobpasusa. [lpunoxeHneto Ha
npeanoXeHnss Mogesn ¢ UMMYrCHO ynpaBreHne e TACHO CBbp3aHo C eanH
OT Han-BakHUTe npobrnemn B MatemaTtudeckata buonorva — 3agadyaTa 3a
ONTUManHo ynpaefeHne Ha enuaemMmyHu Mogenu. PasrnegaHute
MMMNYJICHM Bb3AENCTBUA MoraT Aa 6baaTt nsnonssaHy OT ennaemMmonosnTe
KaTo edpeKkTMBHa cTpaTterns 3a TepaneBTU4eH KoHTpos. OcBeH ToBa ypes
WHTEerpanHn MHoroobpasvsi € Bb3MOXHO B pPasfMyHU  KOHTEKCTW,
nony4yeHuTe pesyntatm morat ga Obaar M3non3BaHW B Ka4yeCTBEHWU
n3crnegBaHnst Ha MHOXECTBO 3a4aun OT ennaemMmonormsTa ¢ pasHoobpasHu
NPUNOXEHUS.

Impulsive Reaction-Diffusion Delayed Models in Biology:
Integral Manifolds Approach

In this paper we study an impulsive delayed reaction-diffusion model
applied in biology. The introduced model generalizes existing reaction-
diffusion delayed epidemic models to the impulsive case. The integral
manifolds notion has been introduced to the model under consideration.
This notion extends the single state notion and has important applications
in the study of multi-stable systems. By means of an extension of the
Lyapunov method integral manifolds’ existence, results are established.
Based on the Lyapunov functions technique combined with a Poincaré-type
inequality qualitative criteria related to boundedness, permanence, and
stability of the integral manifolds are also presented. The application of the
proposed impulsive control model is closely related to a most important
problems in the mathematical biology—the problem of optimal control of
epidemic models. The considered impulsive effects can be used by
epidemiologists as a very effective therapy control strategy. In addition,
since the integral manifolds approach is relevant in various contexts, our
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results can be applied in the qualitative investigations of many problems in
the epidemiology of diverse interest.

e [yGnukaums B UHOEKCMpPaHo crnucaHune Q,

3. Spirova, C., Integral manifolds for impulsive HCV conformable
neural network models, Applied Mathematics in Science &
Engineering (Taylor & Francis) 32 (1) (2024) (with M. Bohner, |I.
Stamova and G. Stamov)

IF [2.5] [Q2]

MHTerpanHun MHoroo6pasma 3a MMMYJSICHU KOH(OPMHM
HeBPOHHU MpexoBu mogenun Ha HCV

B HacTodwaTta ctatua ce npegnara HOB MOAXO4 3a MOAENUpaHe Ha
nHpekumnsaTa ¢ sBupyca Ha xenatut C (HCV) ¢ umyHeH oOTroBop Ha
uuToToKCUYHN T-numdoumtn (CTL). CTaHoapTHUTE HEBPOHHU MPEXOBU
MOOENN C PEakUNOHHO-ANMY3NOHHN eflemMeHTn ca o0bobweHn 3a
NpeKkbCHaTUs CriydarM 4pe3 BbBeXOaHe Ha WMNYMCHU perynaTtopu.
Mpeonara ce CblO KOHPOPMHMAT MNOAXOA4 KaTo MO-rbBKAB MOAENEH
anapart, KOWTO NMpeoaonsaBa CbLUECTBYBALUM TPYLHOCTU NPU NpUnaraHeTo
Ha MoaenupaHeTo C ApoOHM npousBoaHn. OcBeH ToBa € u3crenBaHo
CbLLECTBYBAHETO Ha UHTErpanHn MHoOroobpasus 3a NpeanoXeHns Mmogen u
ca YCTaHOBEHW eqeKTUBHU Kputepun. TbW KaTto YCTOMYMBOCTTA M
yNpaBfieEHNETO HA HEBPOHEH MPEXOB MOAES Ca OT CbLUECTBEHO 3HAYEHUe
32 HEroBOTO ageKBaTHO MpPWIIOXeHWe, ca npeacTaBeHu pesynTaTu 3a
YCTOMYMBOCTT@ Ha KOHCTPYMPAHOTO MHTEerpanHo MHoroobpasue. Tesu
pes3yntatu paswupsasaT n obobliaBaTt pes3yntatute 3a YCTOMYMBOCT Ha
CTaunoHapHUTe CbCTosHNA Ha npegnoxeHunte HCV mogenu ¢ CTL nmyHeH
OTroBOp M OONPUHACAT 3a pa3paboTBaHETO HA HOBU MHOBATMBHU NOOXO4M
3a mogenupaHe B bmnonorusata. KauectBeHUSIT aHanmM3 € NpoBeAEH 4pe3
MeToAa Ha KoHopMHUTE PyHKLMK Ha JianyHoB. MNMonyyeHnTe pesyntaTtu ca
UITOCTPUPAHN C NPUMEP.

Integral manifolds for impulsive HCV conformable neural
network models

In this paper, we offer a new modelling approach for hepatitis C virus (HCV)
infection models with cytotoxic T lymphocytes (CTL) immune responses.
The standard neural network models with reaction-diffusion terms are
generalized to the discontinuous case considering impulsive controllers.
Also, the conformable approach is proposed as a more adjustable modelling
apparatus which overcomes existing difficulties in the application of the
fractional-order modelling technique. In addition, the existence of integral
manifolds for the proposed model is investigated and efficient criteria are
established. Since stability and control of a neural network model are
essential for its proper application, stability results for the constructed
integral manifold are presented. These results extend and generalize the
stability results for steady states of proposed HCV models with CTL immune
responses and contribute to the development of new innovative modelling
approaches in biology. The qualitative analysis is performed via the
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conformable Lyapunov function method. The established results are
demonstrated through an example.

OBLLO IPYNA B 195
2. Hay4yHu ny6nukaumm no rpyna nokasartenu I
Ne Bubnunorpadcko onvcaHne Hay4Hu TpyooBe Bpow Touku
r7. 60

1. Spirova, C., On an Impulsive Conformable M1 Oncolytic Virotherapy
Neural Network Model: Stability of Sets Analysis, Mathematics 13,
141 (2025), 1-22 (with |. Stamova and G. Stamov) [Q2]

MMnynceH KOHOpPMHEH HEeBpPOHEeH MpexoB Mogen Ha M1
OHKOJIOrMYHa BUpOTepanusi: aHanm3 Ha yCTOM4YMBOCTTa Ha MHOXeCTBa

B HacToAwaTta cratus UMNYACHUAT KOHGOPMHMpYyeM aHanms e
NPUNoOXeH nNpu MNOCTPOSsIBAHETO Ha HEBPOHEH MpexoB Mmogen Ha M1
OHKOMorMyHa BupoTepanusa. peanoXeHnAT moden paswupsiBa HsKoU
CblUeCcTByBalM MaTemMaTuyeckm Moaenu, OnucBalM AuHaMukata Ha
KOHLEeHTpauumMTe Ha HOPMasHW KNeTKn, TYMOPHW KNEeTKU, XpaHUTENHu
BeLLeCcTBa, BUPYCU U LUTOTOKCUYHN T-numdoumTtn (CTL), KbM MMmnyncHa
KOH(pOpPMHUpYeMa MNocTaHoBKa. KOHOPMHUMPYEMUAT MNOAXOL OCurypsiBa
MBKAaBOCT Ha MOAENUPAHETO W CbLUEBPEMEHHO U3BArBa CrNOXHOCTTA,
CBbp3aHa C W3MNOM3BaHETO Ha Kracuyeckute [pOOHM NPOM3BOAHM.
MmnyncHoTo 0606LeHre N03BONSABa NpunaraHeTo Ha noaxoasiia Tepanus
C MMMYJICHO ynpaeneHue. Pasrnexaart ce CbLlo peakunoHHO-OUdY3MOHHM
erneMeHTn. AHanuMsmpaHo € yCTOMYMBOTO MOBEeAEeHMEe Ha MHOXecTBa OT
CbCTOSHWUA, KOETO paswmpsiBa u3cnefBaHuATa BbpXy AuHaAMMKaTa Ha
OTAENHU pPaBHOBECHM CbCTOAHUA. Ype3 npunaraHe Ha TexHukaTa Ha
UMNyNcHUTE KOHOPMHUpYeMu YHKLUMM Ha JlanyHOB ca ycCTaHOBEHWU
AOCTaTbYyHM  YCrOBUA 3@ paBHOMEpHa rnobanHa eKcrnoHeHuuanHa
YCTOMYMBOCT Ha MHOXECTBa OT CbCTOSAHUS. peacTaBeH e n Nnpumep, KOUTO
UCTpUpa NONydYeHnTe pesynTtaTu.

On an Impulsive Conformable M1 Oncolytic Virotherapy Neural
Network Model: Stability of Sets Analysis
In this paper, the impulsive conformable calculus approach is applied to the
introduction of an oncolytic virotherapy neural network model. The proposed
model extends some existing mathematical models that describe the
dynamics of the concentrations of normal cells, tumor cells,
nutrients, viruses and cytotoxic T lymphocyte (CTL) cells to the impulsive
conformable setting. The conformable concept allows for flexibility in the
modeling approach, as well as avoiding the complexity of using classical
fractional derivatives. The impulsive generalization supports the application
of a suitable impulsive control therapy. Reaction—diffusion terms are also
considered. We analyze the stable behavior of sets of states, which extend
the investigations of the dynamics of separate equilibrium points. By
applying the impulsive conformable Lyapunov function technique, sufficient
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conditions for the uniform global exponential stability of sets of states are
established. An example is also presented to illustrate our results.

2. Spirova, C., On the Global Practical Exponential Stability of h-
Manifolds for Impulsive Reaction—Diffusion Cohen—Grossberg
Neural Networks with Time-Varying Delays, Entropy, 27,188 (2025)
1-21 (with I. Stamova, T. Stamov and G. Stamov) [Q2]

FmobanHa npakTn4yecka eKCnoHeHuManHa yctonumBocT Ha h-

MHOroo6pasusi Npu UMNyJfICHU peakLMOHHO-AN(Y3NOHHU HEBPOHHU
Mpexun Ha KoeH—-I'pocGepr ¢ npoMeHNMBM BbLB BPeMeTO 3aKbCHeHUs
B HacTtosiwarta crtatua ce wu3cnegBaTt h-MHoroo6pasusi, CBbp3aHu C
MUMMYNCHW peakuMOHHO-OUMY3MOHHN HEBPOHHM Mpexu Ha KoeH—I pocbepr
C NPOMEHNNBM BbB BPEMETO 3aKbCHeHMs. Ype3 nocTtposiBaHeTo Ha HoBa
YyHKUMSA OT Tmn J1anyHOB M M3NON3BaHETO Ha NPUMHUMM 3a CpaBHEHWE ca
YyCTaHOBEHW A0CTaTbYHM YCINOBUS, rapaHTupaLLm rnobanHara npakrtmyecka
eKCrnoHeHumanHa YyCTOMYUBOCT Ha onpeaenexHu CbCTOSHUS.
PasrnexgaHute CbCTOSHMA Cce onpeaensaT ypes T.Hap. h-mHoroobpasus,
T.e. MHoOroobpaswus, gedurHmpanm Ypes cneundumyHa pyHkUmua h, KoaTo e oT
CbLLUECTBEHO 3HA4yeHVe 3a pasnuVyHM MPUNOXHM 3aJayun, CBbp3aHu C
HanaraHeTo Ha OrpaHu4YeHus BbpXy TAXHaTa AuHamuka. [lonyveHuTe
KpuTepun ca no-cnabo orpaHnYMTEsNIHM NO OTHOLLUEHME Ha NpOMeHnMBaTa
obnacTt u gudy3noHHUTE KoeduLumeHTU. Pa3rneaaHo e CbLLo BANSHUETO Ha
HSKOW HeonpeaeneHn napameTpu BbpXy YCTOMYMBOCTTA U € NpeasioxeH
pobacteH aHanu3 Ha npakTndeckata yctomumBoct. OcBeH ToOBa
nonyyeHuTe pe3yntatm 3a npakTMdeckata yCTOMYMBOCT Ha  h-
MHOroobpasus ca NpuroXeHn KbM MOAEN Ha ABYMNOCOYHA acoumaTuMBHA
namet (BAM) c umnyrncHM Bb3OENCTBUS U MPOMEHMVBU BbB BPEMETO
3aKbCHeHus. NpeacrtaBeHn ca NOAXOAAWMN NPUMEPM.

On the Global Practical Exponential Stability of h-Manifolds for
Impulsive Reaction-Diffusion Cohen—-Grossberg Neural Networks with
Time-Varying Delays

In this paper, we focus on h-manifolds related to impulsive reaction—
diffusion Cohen—Grossberg neural networks with time-varying delays. By
constructing a new Lyapunov-type function and a comparison principle,
sufficient conditions that guarantee the global practical exponential stability
of specific states are established. The states of interest are determined by
the so-called h-manifolds, i.e., manifolds defined by a specific function h,
which is essential for various applied problems in imposing constraints on
their dynamics. The established criteria are less restrictive for the variable
domain and diffusion coefficients. The effect of some uncertain parameters
on the stability behavior is also considered and a robust practical stability
analysis is proposed. In addition, the obtained h-manifolds’ practical stability
results are applied to a bidirectional associative memory (BAM) neural
network model with impulsive perturbations and time-varying delays.
Appropriate examples are discussed.

60

3. Spirova, C., Lyapunov-Based Analysis on the Almost Periodicity of
Impulsive Conformable Reaction-Diffusion Neural Networks with
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Distributed Delays, Entropy, (2025)(with |. Stamova and G.
Stamov) [Q2]

Metoa Ha JlanyHoB 3a aHanuM3 Ha nNoO4YTM nepuoauYHOCTTa 3a
MMMYJICHA KOH(OPMHMpPYEMU peakUuNOHHO-AUKDY3IMOHHU HEBPOHHU
MpeXmu C pasnpeaeneHn 3aKkbCHEeHUs

HacTosawoTo n3cneaBaHe e NOCBETEHO Ha Ka4eCTBEHOTO noBefeHue
Ha peakuMoHHO-ONMY3MOHHA HEBPOHHA Mpexa C pasnpegeneHu
3aKbCHEHUS U KOHPOPMHMPYEMU NPOU3BOSHN NPU UMMYMCHN Bb34ENCTBUS.
Mo-cneunanHo, NOYTM NEPUOAUYHOTO NOBEAEHNE HA NPEeANOXeHUs Mmoaen
ce wuscrnegBa 4dpe3 MoOAxod, OCHOBaH Ha metoda Ha JlanyHoB. Ypes
NOCTPOSIBAHETO Ha noaxoasuwa yHKUMsa oT Tun J1anyHOB ca MomnyyYeHu
KpUTEpWUW, rapaHTMpalln CbLLEeCTBYBAaHETO M €OUHCTBEHOCTTA Ha MoYTH
NepuMoaMYHO CbCTOSIHME Ha  MpexaTa. YCTaHOBEHUTE  KpuTepum
paswmpsBaT  HAKOM  CblUeCTBYBalM  pes3ynTtaTtM  OTHOCHO  MOYTH
NepUOAMYHOCTTa Ha KOH(OpMHMpyeMUTE MOZENnM W AonpuHacAT 3a
pa3BUTMETO Ha Ta3n Hay4Ha obnact. OcBeH ToBa 3a paspaboTeHnsa moaen
€ BbBEOEHO M aHanu3upaHo NOHATMETO 3a rnobanHa KoHOopMHMpyeMa
€KCMOoHeHLManHa yctonyumBocT. PasrneaaH e noaxoasi, npumep.

A Lyapunov-Based Analysis on the Almost Periodicity of
Impulsive Conformable Reaction-Diffusion Neural Networks with
Distributed Delays

The focus of this research is the qualitative behavior of a reaction—
diffusion neural network with distributed delays and conformable derivatives
under impulsive perturbations. In particular, the almost periodic behavior of
the proposed model is studied using a Lyapunov-based approach. By
constructing an appropriate Lyapunov-type function, criteria that guarantee
the existence and uniqueness of an almost periodic state are provided. The
established criteria extend a few existing results on the almost periodicity of
conformable models and contribute to the development of the field. In
addition, the notion of global conformable exponential stability is introduced
and analyzed for the developed model. A suitable example is discussed.

4. Spirova, C., Lipschitz stability analysis of fractional-order gene
regulatory networks with impulsive perturbations and distributed
delays, Math Modelling and Control, 5(4) (2025), 1-11. (with I.
Stamova and G. Stamov) [Q2]

JlunwuuoB aHanM3 Ha yCTOWYMBOCTTA Ha FeHHU perynaTopHU
MpPeXu C UMNYJNICHW Bb3AeUCTBUMA, APOOHM NpPoOM3BOAHM M
pasnpeneneHn 3aKkbCHEHUSA

B HacToswaTa ctatua e macnegsaH MoOAEN Ha reHHU perynatopHu
mpexun (GRNs) ¢ pgpobHn npou3BoAHM, Xxapakrtepuaupal, ce C
NPEKbCHATOCT, WMMYICHU Bb3AEWCTBUA U 3aKbCHeHUdA. KMmnyncHute
Bb3OEeNCTBUS ce npunarat B npenBaputenHo (UKCMpaHM MOMEHTU OT
BpeMe 1 onnuceat epekTUTe Ha UMNYNCHOTO ynpaBfeHne, KOMTo Morat aa
6bAaaT NoAXoAsLLO KOHTpoNupaHu. N3non3eaH e Noaxon 3a MoaenvpaHe ¢
APOGHN NPOM3BOAHN, KaTO Ca OTYETEHM 1 pasnpeaeneHn 3aKkbCHEHUS C Lien
no-ronsiMa rbBKaBOCT Ha Moaerna. Bmecto aa ce uscneaea knacudyeckara
YCTOMYMBOCT OT TvN JIsinyHOB Ha paBHOBECHO CbCTOsIHME, € pa3sriieaaHo
pasWmMpeHOTO JINNWKMLOBO NOBEAEHME HA YCTOMYMBOCT Ha pasrnexgaHute
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FEeHHM perynaTtopHu Mpexu. Ypes npunaraHe Ha TEXHUKaTa Ha UMMYICHUTE
APOBOHM yHKUMM Ha J1anyHOB ca U3BeaeHU HOBU KpUTEpUM, rapaHTMpaLLm
rmobanHata paBHOMepHa JlvnwuuoBa YCTOMYMBOCT Ha  FEHHUTE
perynaTtopHu Mpexu ¢ ApobHM NPOM3BOAHM, MMMYFICHU Bb3OEWCTBUS U
3aKkbCcHeHusl. OCBeH ToBa € aHanM3npaHo W BIIMSIHMETO Ha HeonpeaeneHu
napameTpu Bbpxy Mogena. Hakpasi e npeacraBeH UntocTpaTtuBeH npumep
B rogkpena Ha nonyyYeHnTe TeopeTUdHM pesynTaTu.

Lipschitz stability analysis of fractional-order gene regulatory
networks with impulsive perturbations and distributed delays

A model of fractional-order discontinuous impulsive delayed gene
regulatory networks (GRNs) was investigated in this paper. The impulsive
perturbations were at fixed moments of time and measured the impulsive
control effects which can be controlled appropriately. A fractional-order
modeling approach was applied and distributed delays were taken into
account for greater model flexibility. In this paper, rather than studying the
classical Lyapunov-type stability of an equilibrium point, we addressed the
extended Lipschitz stability behavior of the considered GRNs. By applying
the impulsive fractional Lyapunov functions technique, new criteria were
derived to ensure the global uniform Lipschitz stability for the fractional
impulsive delayed GRNs. Furthermore, the effects of considering uncertain
parameters were also analyzed. Finally, an illustrating example was given
to support the obtained theoretical results.

OBLUO NPYNAT
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