1. BUOTPA®CKHU U CTPYUYHU NOJALIM O KAHAUJATY

Hp Urop ®panosuh je pohen 25.2.1979. rogune y beorpany. 3aBpmno je Ilety 6eorpaacky
ruMHa3ujy kao hak reneparuje 1997. rogmne, HAKOH dYera je yIucao OCHOBHE CTyIHj€ Ha
®dusnukoM ¢akynrery y beorpany, cmep Teopujcka u ekcriepuMeHTanHa ¢pusuka. Jumiomupao je
2002. roguHE ¢ MPOCEYHOM OIleHOM 9.43, 0I0OpaHUBIIM AUITIOMCKH paj Ha TeMmy Aunanuza Jaw-

Tenep (Jahn-Teller)-o602 eghexma na npumepy npenasnoz meman-komnaexca [Cr(NH,), 1" nox

pykoBozcTBOM Mpod. ap Hparossyda bennha. Marucrapcke crynuje Ha @uznukom Qaxkynrery y
Bbeorpany, cmep Teopujcka (pu3nka KOHAEH30BAaHOI CTama, 3aBPILIMO je C MPOCEYHOM OLIEHOM
10,00, a wmarucrapcky Te3y IMOJ HaclloBOM [lepxorayuonu hasuu npeiasu Ha NPOCHOPHO-
8PEMEHCKUM DPAKMATHUM CIPYKMYPAMA Y eX-ViVo U in-Vitro HeypOHCKUM KYImypama o10panuo
je 2011. romuue. MeHTOp Ha U3paju MarucTapcke tese je oumo moi. ap Bragumupa MusskoBuha,
a y TE€3H je MOKa3aHo Jia YBOheme MPETNoCTaBKe 0 (YHKIIMOHAIIHUM aHCaMOIMMa TPaH3W]j€HTHO
CHHXPOHH30BAaHUX HEYPOHA MOXKE Ja 00jaCHM MEXaHW3aM HAacTaHKa U (pakTaiHy CTPYKTYPY
naTepHa Mponaranyje aKTUBHOCTH Ha ME30CKOICKUM HEYpPOHCKMM Mpekama. JoxTopaT moa
HacioBoM Collective dynamics and self-organisation of stochastic neuronal systems influenced by
synaptic time delay onbpanuo je 2013. rogune Ha @usnukom ¢pakynrery y beorpany. Pagom Ha
Te3u je pykoBoauo mpod. np Hukona bypuh, a y okBupy Te3e cy aHanm3upaHne aHajaoruje namehy
Ipoleca caMoOpraHu3alije KOJIEKTUBHE aKTUBHOCTH y CUCTEMUMA CIIPETHYTUX WHTPUH3UYHUX
OCLIMJIATOpa U CUCTEMUMA CIIPETHYTUX EKCIIMTA0MIIHUX JEIMHUIIA, TIPU YEMY je TPUMEHOM METO/Ie
Cpenmer TmoJba pa3BUjeH ePEeKTHBHH MOJIET MAaKpPOCKONCKE JWHAMHUKE IOMyJalnje
eKCIIUTa0MIIHUX jeAMHUIIA TTO]] IEJCTBOM IIIyMa U Kalllibeha Y HHTEPAKIIMjaMa.

On 2004. no 2006. rogune np Ppanouh je Ha DuznukoM ¢akyaTeTy YHUBEP3UTETA Yy
Beorpany, kao crunenaucra MuHHCTapCTBa HAYKE U 3AIITUTE )KUBOTHE CPEAMHE, YIECTBOBAO HA
npojexty DasHu npenazu u HeiuHeapHe nojage y OUOLOWKUM U HeOPeAHCKUM Mamepujaiumd,
KojuM je pykoBoauo npod. ap Casa Mwomesuh. On janyapa 2008. rogune no janyapa 2011.
roguHe OMO je 3alocieH Ha MAaTUYHOM (DaKyJITETy Kao MCTPAXUBA4Y MPHUIIPABHUK y OKBHPY
npojexta DasHu npenazu U Kapakxmepuzayuja HeopeaucKux U Op2aHcKUux cucmemd, KOjuM je
pykoBonuo npod. ap Muho Murposuh. Ox janyapa 2011. no mapra 2014. rogune 6uo je
aHraxxoBad Ha PusnukoM Qakynrery y beorpaay kao ucTpaxuBad MpHUIPABHUK, a 3aTHM U Kao
WUCTpaXMBad CapaJlHUK Ha HamuoHamHoM mpojekty OHI171015, ®aszuu nperasu u
Kapakxmepuzayuja HeopeaHCKux U OpeaHcKux cucmema, KOjuM je pykooamia npod. np CyHuuna
Enesosuh-Xanuh. Ox mapra 2014. rogune ap ®dpanosuh je 3amocnen y JlaGoparopuju 3a
NPUMEHY padyyHapa y Haylly y OKBUpY HarmoHamHOT IeHTpa U3y3eTHUX BPEIHOCTH 32 U3y4aBambe
KOMIUTeKCHUX cuctema MHcTuTyTa 32 pusuky y beorpany. ¥ nepuoay ox 2014. no 2019. rogusne,
0uo je aHTa)KOoBaH Ha HanMOHATHOM npojekty OH171017, Moodenuparwe u nymepuuxe cumynayuje
CILOJCEHUX BUUIeHeCUYHUX cucmemd, KOjuM je pykoBoauo ap AHTyH banax. ¥V okBupy oBor
npojektra, aAp panouh je pykoBoamo moTmpojekTtoM Camoopeanuzayuja y cnpecHymum



excyumaobunnum cucmemuma. Y nepuoay ox 2019. no 2023. rogune, np ®panosuh je pykoBoaHO
UCTPAKUBAEM Ha TOTIPOJeKTY Emepeenmna OuHamMuka HA KOMNIEKCHUM Mpexcama:
cmoxacmuykuy epexmu, Kaulrberbe y unmepaxyujama, adanmuernocm y okBupy LleHTpa nzy3zetnux
BPEIHOCTH 32 U3y4aBamke KOMIUIEKCHUX cuctema. Y nernemopy 2014. rogune u3abpaH je y 3Bame
Hay4HH capajHuK, a Maja 2019. roguHe y 3Bamke BUIIIM HAYYHH CapaTHUK.

HctpaxuBauku pajg ap PpanoBuha oOyxBaTa obmacTu TeopHje HETUHEapHE IWHAMHUKE,
CTOXAaCTHUYKHX IpoIleca U TeopHje KOMIUIEKCHUX Mpexa, a kao Boaehe Teme HCTpaKuBamba ce
u3aBajajy (a) camoopraHuzanuja u (OpMHUpame TMaTepHa Yy CHUCTEMHMa CIPETHYTUX
eKCIUTA0MIHUX jenuHuna; (0) peoyKIHMOHE METO/Ae 3a aHAIW3y KOJEKTHBHE JWHAMHKE
CHPETHYTUX IUHAMUYKUX CHUCTeMa; (B) NWHAMUKA CHUCTEMa Ha BHUIIECTPYKHM BPEMEHCKUM
ckamama; (T) MYJATHCTaOWIHOCT, antepHupajyha (switching) nuHamuka W aganTUBHOCT Yy
HEYPOHCKHM CHCTEMHMa; (1) pa3BOj METOJAC CpEeImer IMoJha 3a aHAIM3y CTAOWIHOCTH M
Oudypkamuja CcHUCTeMa CTOXAaCTUYKMX JU(EpEeHIHjaTHUX jeJHAYMHA W  CTOXACTHYKHUX
mudepeHIMjaTHuX jeJHaYMHa ¢ KallikhemheM. HberoB pocamammu paa ykibydyje 47 paaoBa y
MelyyHapoaHMM YacolMCHMa, Kao U jeJHOT moriasiba y Kibus3u. On 46 panosa kareropuje M20,
32 je 00jaBJbeHO y YacONMMCHMa U3Y3€THUX BpEAHOCTH KaTeropuje M21la, xao mro cy Physical
Review Letters, Scientific Reports, Chaos, Communications in Nonlinear Science and Numerical
Simmulation u Physical Review E. On mocnemmer m3bopa y 3Bame, CBOje pe3yiTare je
npeactaBuo Ha 11 mpenaBama mo mo3uBy kareropuje M32, kao u Ha 3 penaBama 1o MO3MUBY HA
cTpaHuM QakynreruMma u nHctutyTuma. [Ip @panosuh je moOMTHHUK Harpaje 3a HajOOJbEeT MITaIor
ucrtpaxkuBada Ouszmukor dakynrera y beorpamy 3a 2013. roaunHy, kao u n100uTHUK ['ogumime
Harpase 3a HayuHu nonpuHoc MHctutyTa 3a ¢pusuky y beorpany 3a 2020. roguny.

Hp ®panoruh mma pasBujeHy MehyHapoaHy Hay4yHy capajmby ¢ UCTPaXKHUBAYKUM TpyliaMma W3
Hemauke, Pycuje, Janana, Cnosenuje, Typcke, Upana u ®@panmycke. buo je mooutauk DAAD
crunenauje 3a 2012. roguny 3a cryamjcku OopaBak y rpynu npod. Apkaauja IIukoBckor y
[Torcaamy, CP Hemauka. Yuecnuk je Buiie mehyHaponnux npojekata. Y nepuoay 2015./2016.
Y4ECTBOBAO je Ha OmnarepanHoM mpojexty usmely Pemyomuke Cpouje u Pemyonuke [lopryranuje
Noise and Measurement Errors in Multi-parti Quantum Security Protocols. Y mnepuony
2017./2018. np dpanoBuh je O6uo pykoBoauian OunarepaimHor mpojekta usmely PemyOnmke
Cpb6uje u CP Hemauke Emergent Dynamics in Systems of Coupled Excitable Units. Y nepuony o
2018. mo 2023. rommue Omo je wiaH Management komutera COST aknumje CA17120
Chemobrionics (CBrio). On oBe romune, ydecHHK je mpojekta ANSO-CR-PP-2022-05
Estimation, Control and Optimization of Networked Coupled Dynamical Systems y OKBUDPY
capanme Akanemuje Hayka HP Kune u eBporickux Akanemuja Hayka.

buo je mentop np WBu baunh Ha moktopckum crymmjama. p bauwh je moktopcky tesy Self-
organization in coupled excitable systems: interplay between multiple timescale dynamics and
noise onopanuna 2020. roguae Ha Ouznukom dakynrery YHusepsurtera y beorpany. TpenytHo,
np @panoBuh je MEHTOp Ha JOKTOPCKUM cryaujama 3opany Pajuesuhy. [Topex Tora, np @panosuh
je jyna 2019. rogune 6o uiaH KomHcHje 3a og0paHy nokTopcke Teze Cebactujana Ejmama Ha
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Texuanukom yHuBepsutery y bepnuny. [IpenaBau je Ha npenmery Qusuka neypehenux cucmema
Ha IOKTOPCKUM cTyarjama Dusndkor ¢gakynrera YHuBep3utera y beorpany. Y nepuony ox 2017.
1o 2020. rogune, ap ®panosuh je 6uo Associate Editor y wacormucy Chaos, Solitons & Fractals
kareropuje M21la. TpenytHo je Associate Editor y waconucuma Journal of Applied Nonlinear
Dynamics (xateropuja M23) u Frontiers in Network Physiology (nonemuBame D ce ouekyje
cienehe rogune). Takohe, np @panosuh je Guest Editor y waconucuma Chaos (kateropuja M21a)
u Entropy (kateropuja M22).



2. NPEIJIEA HAYYHE AKTUBHOCTH

Jp Urop ®panosuh ce 6aBU TEOPHjCKOM aHAJIN30M CaMOOPTaHU3alMje U TeHEPHUKUX opMu
€MEpreHTHOT MOHAIIakha Y KOMIUIEKCHUM CHCTEMHMA, YHja je JIOKAJIHA IWHAMHKA MPE/ICTaB/beHa
MOJIEJIUMA CIPETHYTUX OCLIIATOpa WJIM eKCIMTAOMIHHUX jeOUHHIA. Y CBOM pajly MHTETpHUIIIe
KOHIIETITE U METOJIE M3 HEKOJIMKO Pa3IMUUTHX 001acTH PU3UKe, yKIbYUyjyhu TeopHjy HemuHeapHe
IMHAMHKE, CTAaTUCTHYKY (QH3UKY M TEOPHjy KOMIUICKCHUX MpPeXa, JOK ce Kao IJaBHAa MOTHBAIH]ja
Y TIOTEHITM]jajTHe 00J1acTH MpUMeEHe JOOU]CHUX pe3ysiTaTa HCTHIY KapaKTepu3aliija, peaBuhame
¥ KOHTPOJIa KOJICKTHBHE TMHAMHUKE HEYPOHCKHX MpPEeXka U JPYTruX ONOJIOMIKUX CHCTEMA.

VY mmpeM KOHTEKCTY, MpoydaBame €MEPreHTHUX (eHOMEeHa 3aCHOBAaHUX Ha (TMapIivjalTHo])
CHHXPOHHM3AIMjH €JIEMEHaTa, Kao TJaBHOM MPHHIMUIY CaMOOpraHH3alHje, IPeICTaBbha
nmapagurMy 3a KapakTepU3alHjy MaKpPOCKOIICKE JAMHAMUKE BEIUKOT Opoja TPHUPOIHUX U
apTHUIH]ETTHUX CUCTeMa, 0] GU3UKE, XeMH]e U OMOJIOTH]e, MPEKO HHKEHEPCTBA U TEXHOJIOTH]E
710 couuonoryje M exoHomuje. Ilpu ToMm, Kiaca eKCUMTAOMIHMX CHCTEMa, 4YHje je
KapaKTepUCTUYHO HEIMHEApHO TOHAIlame oJpeheHo TUMe MmMTO MM ce MmapaMeTpu Hallaze y
Oonmu3uHN OudypKalyje Koja mpeBoAd CUCTEM U3 CTAIMOHAPHOT CTamkha Y OCLHMIATOPHH PEXUM, je
y (GOKyCy CaBpeMEHUX HMCTpaXMBama Kako 300T TEOPHjCKOT 3Hauaja, Tako M 300r MoryhHocTH
NpakTU4YHE MPHUMEHE, Mpe cBera y Omodmsumm m HeypoHayu. KOMIUIEKCHOCTH KOJEKTHBHOT
MOHAIIamka CHCTeMa CIPETHYTHX EKCIUTAOWIHUX jeAWHHIIA ITONMPUHOCE OCOOMHE JIOKATHE
JTUHAMUKE, KOja TUITMYHO MOApa3yMeBa BUIIECTPYKE BPEMEHCKE CKalle, 3HavajaH yTHIlaj] ITyMa 1
Kallllkheha Y NHTEpaKIMjaMa, KOCT3UCTCHIIN]ja aTPAKTUBHUX U PEITYJI3UBHUX WHTEPAKIHja, Kao
MoOJTyJIapHa OpTaHu3alfja Kako Ha CTPYKTYPHOM, TaKO ¥ Ha ()YHKIIMOHAITHOM HUBOY. [IpoyuaBame
E€MEepreHTHe JMHAMHUKE Ha OBaKBUM CHCTeMHMa Beh je JoBenmo A0 HacTaHKa 3HAYajHUX HOBHUX
TEOPHU]jCKHUX KOHIIETATa, Kao MITO CY PEeAYKIIMOHU MPUCTYIN 33 aHAIIN3Y MaKPOCKOIICKE JHHAMUKE
cHCTEeMa; METOJC aHaIMW3e MaTepHa KOXEPEHIMje-HEKOXEPEHLUje, Ka0 U PazIUuUuTHX (OpMH
MPOMAraTUBHUX U CaMO-JIOKAIM30BAHUX MATepHA aKTUBHOCTH; YCTAHOBJHEHE TIOjMA aTAITUBHUX
Mpeka; pa3BOj TEXHUKA aHaW3e CTAaOMJIIHOCTH W Oudypkaiuja CHCTeMa CTOXAaCTHIKUX
mudepeHIijaTHuX jeTHAaYNHA ca U 03 Kalllihema.

VY nocapammem pany, ap @panoBuh ce 6aBUO pa3BojeM pEayKIIMOHUX METO/Ia 3a MPOyYaBamhe
TCHEPUUYKUX (POPMH €MEPreHTHOT IMOHAIlalka y CHCTEMHMa CIPETHYTHX EKCIUTAOWIHUX HITH
OCIIMIIATOPHUX jEIWHUIIA, PA3BOjEM TEOpHje JUHAMHUKE CHCTEMa Ha BUIIECTPYKHUM BPEMEHCKHM
CKajlaMa, Kao M pa3BojeM aHAIUTHYKUX METOJa 3a MpoydaBamke CTAaOMITHOCTH M Oudypkanuja
MaKpOCKOIICKE JWHAMHKE CTOXACTHYKHX CHCTEMa C KallllbelheM Yy HHTepakinujama. Pam mp
®panoBuha ce MoXxe MoJenuTy y cienehe moareme:

e JlatepHn KOXEpEHIIMje-HEKOXEPEHIIM]E y CHUCTEeMHMa CIPETHYTHX EKCIUTAOMITHUX
JenMHUIIA

e AunrepHupajyha (switching) auHamMHKa y CHCTEMHMa CHPETHYTHX EKCIMTAOMIHHX
jeaMHHUIIA ¢ aAanTUBHOLIhY



e MynTucTaOMIHOCT M CIOpE CTOXAacTH4Ke (IIyKTyaluje Cpelmbe AaKTHBHOCTH Y
HEYPOHCKUM MpEKaMma;

e ExcTeH3Hja mojMa eKCIUTa0MIHOCTH Ha CHCTEME C IEPUOIMYHUM OpOuTama;

e MakpoCKOIICKa TUHAMHUKA XETEPOTCHUX CUCTEMA;

e XaOTHYHU CHCTEMH C EKCTPEMHOM MYJITHCTaOWIHOIINY;

e CIOHTaHO KJACTEPOBAKE Y CHUCTEMHMAa CIPErHYTUX EKCUUTAOMIHMX jeJUHHIA IIOJ
YTHLAjEM IITyMa U Kalllleha y HHTepaKlujama;

e [Ipobnem akTHBalMje Yy CHCTEMHUMa CIPETHYTUX EKCUMUTAOWIHMUX JeIUHHIA C
BUIIECTPYKUM M3BOpPHMA IIyMa;

e Pa3Boj raycHMjaHCKe METOJIe CPEIIEr IMOJba 3a aHAIM3y CTAOWIHOCTH M Oudypkaruja
crcTeMa CTOXaCTUYKUX JU(epeHINjaTHUX jeTHAYMHA ca U 0e3 Kalllbermha,

e JluHaMHKa MOTHBA CTOXaCTHYKUX HEYPOHA C KAIICHEM Y HHTEpPaKIIHjaMa,

e [larepHu mnpomaranyje CHHXPOHH30BAHE AKTUBHOCTH Yy ME30CKOIICKHM HEYPOHCKUM
Mpexama;

e [Ipumena Teopuje HeMMHEApHE TUHAMHKE Y HHTEPAUCIUIUIMHAPHUM UCTPAKUBABIMA;

e Heypehene koHpurypamuje KHHETHIKOT VI3MHTOBOT Moiesia Ha KOMIIJIEKCHIM MpeKaMma.

VY HapeqHUM NOJCEKIMjaMa Cy MpHUKa3aHH TJIaBHU HAYYHU PE3YJITaTH AOOMjEHU Y OKBUPY OBHUX
TeMa.

2.1 IlaTtepHH KOXepeHLMje-HEKOXEpPEHIHje Y CHCTeMHMAa CIHPErHyTHX eKCHUTA0MJIHUX
jenmHuIA

Tokom mocHenmUX TETHAaeCT TOJAWHA, Tl0jaBa TAaTEpHA KOXEPEHIIH]e-HEKOXEPEHIIN]e
(arrepHATUBHO, MMaTepHA MapljaiHe CHHXPOHHU3AIIM]€) Ha YTy JECUHXPOHMU3AIN]€ O]l MIOTITYHO
CHHXPOHH30BaHOT Ka HECHHXPOHU30BaHOM TYpOYJICHTHOM CTaly MOCTAJIa j€ JOMHHAHTHA TeMa Y
UCTPAXHUBaky KOJEKTHUBHE JWHAMHKE CIIPETHYTHUX OCLWIATOpa, 3aMemyjyhu kao Boachy temy
¢da3Hu mpena3z CHHXpPOHU3AIMje MPUIMKOM HAacTaHKa KOJIEKTMBHE Mone. Mehytum, uHTyHnmnmja
pa3BHjeHA 3a CUCTEME CIPETHYTUX OCIMJIATOpPA HE BaXKH Y CUCTEMHUMA CIPETHYTHUX OCIHIIATOPA,
u3mely ocramor u 300r ¢dyHIaMEHTAIHE OCOOMHE CIPETHYTHX EKCIHUTA0WIHUX CHCTeMa Ja
HACTaHAK HETPUBHjATHOT KOJICKTHBHOT TIOHAIIamkha 3aXT€Ba 3HAYajJHO MPUCYCTBO PEIYI3UBHUX, a
HE aTPaKTHBHUX MHTEpaKiyja. J[Ba CyIITHHCKA NMUTama Koja Cy OCTajla OTBOPEHa OJTHOCE CE Ha
NyHy KiIacupukanujy TmaTepHa KOXEPEHIMje-HEKOXEPEHIMje Yy CHUCTEMHUMa CIPETHYTHX
eKCIIUTa0MIIHUX jeJMHUIA, KA0 U TEHEpPUUYKE MEXaHW3Me HacTaHKa OBAaKBHX mMaTepHa. HemaBHa
ucTpaxknpama Jp Opanosuha 3HaUajHO Cy JONPUHENA paCBETIhaBay OBA JIBA TUTAMKA.



C jemne ctpane, ap PpanHoBuh je ¢ Kojerama IOKa3ao Ja Yy CHPErHYTUM EKCIIMTAOWITHUM
CHCTEMHMa C HEJOKAJTHUM aTPaKTHBHUM W PEIyJ3MBHUM HHTEpaKIMjaMa MOTY l1a HacTaHy
MaTepHU KOXEPEHIIH]e-HEKOXEPEHITH]e KOj! HE TIOCTOj€ Y CHCTeMHUMa CITPETHYTUX ocIiuiaaTopa. To
ce TIpe cBera OJHOCHM Ha TMOCTOjame T3B. patched marepHa KapakTepucaHHMX [€0-T0-I€0
KOHCTaHTHHM (piecewise constant) mpopuiom cpenmux (peKBEeHIMja OCHUIOBakbA jJEAMHHUIIA,
IIpU YeMy ce MomyJannja CIOHTAaHO JeNu Ha T3B. BehuHcke 1 MamuHCcKe (majority and minority)
patch-eBe unje cy ppeksenuuje locked y onnocy 1:2. YV cmucity BpeMeHcKe 3aBUCHOCTH, patched
naTepHU MOTY Ja Oyay MEepHOANYHH, KBa3UIIEPHOANYHH M XaOTHYHH, & CAMO XaOTUYHHU MaTePHH
Mory na wmanudectyjy wuntepdejce wusmel)y patch-eBa, cacTtaB/beHE OJ jeAWMHHUIIA C
WHTEepMEIUjepHOM (PpeKBeHIHjoM n3Mel)y BehuHCKMX U MambHHCKUX patch-eBa, ynja nuHamMuKa
oaroBapa T3B. XaOoTHYHOM JyTamy (chaotic itinerance). IlpumeHOM KiacHM4HE TeEopHUje
oudypkanuja 1 xaoca y KOHaYHUM CUCTEMHMa OOMYHUX AU(EpEeHIINjaTHUX jeIHAaYnHa, YTBPhEeHO
j€ J1a CIleHapHo Ipeslacka y Xaoc ¢ IMmapaMeTpoM Koju onpel)yje mpeBaJeHTHOCT PeIryl3UBHUX Y
OJTHOCY Ha aTpakTHUBHE MHTEpPAaKIIMje, 3aBHCHU O]l TaJlaCHOT Opoja matepHa, oapeheHor nomerom
HEJIOKAIHUX MHTepakiuja. Y ciaydajy Beher TajmacHor Opoja, Tj. Mamer JOoMeTa WHTEpaklyja,
Mpena3ak y Xaoc OJ[BHja C€ MPEKO KBa3HUIEPHOIWYHE AMHAMUKE, pa3OujameM HWHBApPH]aHTHOT
Topyca. Y ciydajy Mamer TajacHor Opoja, mpemasak y xaoc Moxke Outh mpahen depinning
mpena3om, riae uaTepdejcu mpectajy aa Oyay cratuunu 1 Manudectyjy audy3noHo kperame. [p
®panoBuh je mokazao ma patched marepHu mokasyjy 3HaYajHE paszlIUKe y OAHOCY Ha XUMeEpa
CTama, Ipe cBera 300r Tora MITo je mpesa3ak y Xaoc KOJIEKTUBHH, a HE IPOCTOPHO JIOKAIU30BaHH
¢deHoMeH, kao M 300r TOora MmTO MakCUMajdHH JbanmyHOBJHEB EKCIOHEHT JOCTHXKE HEHYITY
KOHCTaHTHY BpegHocT ¢ noBehamem BenmuuHe cuctema. C apyre crpaHe, ¢ APYroM TpyIoM
CTpaHuX Kouiera, Ap ®@paHoBuh je mMokazao Ja y jeTHOCTaBHUM MOJEIMMA CUCTEMa HEJIOKAIHO
CIpErHyTUX jenuHHIa ¢ (a3HO-0CeT/HMBOM ekcuuTadmiHomhy (phase-sensitive excitability)
MOXe n1a johe mo gopmmupama maTepHa KacKaaHe aKTHBHOCTH, MO3HATUX y HEYPOHAYIH Kao
HEYpPOHCKE JIaBWHE, MPHU 4YEeMy TaKBH TaTEepHU H3HeHalyjyhe Koersuctupajy ¢ poOyCHHM
KOJICKTUBHUM pUTMOBHMa. OBaKBH IMAaTEPHU MOKa3yjy HEKE 0/ 0COOMHA KPUTUYHOT CKAITMPamba,
MOIITO Cy YOYCHH Y OKOJMHHM KPUTHYHHX Ipeiiaza m3Mel)y cTamba HHCKE W BHCOKE CPEIHhe
¢dpekBennyje ocioBama. Ca CTAaHOBUIITA CAMOOPTaHU3aIMje aKTUBHOCTH, 002 HOBOOTKPUBEHA
TUIA TIaTepHa KOMOHMHY]Y JIB€ KaCHYHE OCOOMHE €KCIUTAOMIHHMX CHUCTEMA, CAMOJIOKAIM30BaHE
eKCIMTalMje U Tpolaranujy Tajaca akTuBHOCTUH. Kao MHTepecaHTHA YMI-EHMIIA, ITOKA3aJI0 Ce U
Ja caMO MOTHBU OJI JIBE CIPErHYTE EKCIUTAOWIIHE jeIMHUIIE MOTY Ja TOKaXXy HETPUBHUjaTHE
nmatepHe akKTUBHOCTH y (opmu T3B. leap-frogging nuHamuke ¢ anTepHUpajyhuMm pemaociesom
omajbMBaba JCIUHMIIA, KOJU CY OpPraHW30BaHHW ITyTEM KOMIUICKCHOT CIIEHapHja OKO Tpesiaza
kaHapa usmely subtreshold u penakcamuonnx ocrunanwja.



Ilopen HOBHMX THUIIOBa TMaTepHa CHEUU(PUYHUX 3a CHOPETHYTe EKCUUTAOWIHE CHCTEME,
uctpaxuBama ap PpaHoBuha mokazana cy W Ja TCHEPHYKM MEXaHHU3MH HACTaHKa IaTepHa
KOXEpEHIINje-HEKOXEPEHIIM]e He ClIe/ie ClIeHapHje M03HATe U3 CUCTeMa CIPErHYTHX OCIMJIATOpA.
KonkpetHo, y ciydajy T3B. bump crama y cucteMrMa ¢ HEJIOKaJTHOM aTPaKIMjOM U TII00aTHOM
pemyi3ujoM, MO MPBH MYyT j€ MEXaHW3aM HACTaHKa IaTepHa KOXEPEHIIMje-HEKOXEpEeHIIN)e
HETOCPEHO TOBE3aH C KJIaCHYHUM TjypuHrOBUM MEXaHW3MOM HacTaHKa rnatepHa. VcroctaBuiio
ce na bump crama, 3a pa3NUKy OJ MaTepHAa KOXEPEHIIMje-HEeKOXEpPEHIMje y CHCTEeMHMa
CIIPETHYTHUX OCITJIATOpa, MOTY Jla HacTaHy Ha CyNepKpuTH4YaH HauuH, unlocking-om camo jenHe
jenunuiie ¢ TjypuHTOBOr MarepHa KOjH OJroBapa CTamy MojyiucaHe koxepenunuje. C apyre
CTpaHe, y CIIy4ajy COJUTApHUX CTama, MOKa3aHa Cy JBa TEHEpUYKa MeXaHW3Ma HacTaHKa
(GyHIAMEHTAIHO pa3IMYiTa OJl MEeXaHW3aMa HACTaHKa COJIMTApPHUX CTamkba y CHCTEMHMA
CHPErHYTUX OCHMIIATOpa, OJ] KOJUX je jeaH MOBe3aH, a APYTrd He3aBUCAH O]l HeOaTaHCHPaHHUX
KJIacTep CTama y IN100aTHO MOBE3aHUM MpeKama.

Onwucanu pe3ynTaTy IpUKa3aHu cy y cienaehum pagoBuma:

1. Scale-free Avalanches in Arrays of FitzHugh—Nagumo Oscillators
M. Contreras, E. S.. Medeiros, A. Zakharova, P. Hovel, and I. Franovi¢
Chaos 33, 093106 (2023);

2. Patched Patterns and Emergence of Chaotic Interfaces in Arrays of Nonlocally Coupled
Excitable Systems
I. Franovi¢ and S. R. Eydam:
Chaos 32, 091102 (2022);

3. Unbalanced Clustering and Solitary States in Coupled Excitable Systems
I. Franovi¢, S. R. Eydam, N. Semenova, and A. Zakharova
Chaos 32, 011104 (2022);

4. Bumps, Chimera States, and Turing Patterns in Systems of Coupled Active Rotators
I. Franovi¢, O. E. Omel'chenko, and M. Wolfrum
Phys. Rev. E 104, L052201 (2021);

5. Leap-frog Patterns in Systems of Two Coupled FitzHugh-Nagumo Units
S. R. Eydam, 1. Franovi¢, and M. Wolfrum:
Phys. Rev. E 99, 042207 (2019).

2.2 Aarepuupajyha (Switching) amnammnka y cucTeMuMa CpPerHyTHX eKCIUTAOUITHUX
jennHUIA ¢ axanTuBHomhy



AnanTUBHOCT je yHIaMEHTaJIHA 0COOMHA OPOJHUX CIPETHYTHUX AMHAMUYKHUX CHCTEMa Koja ce
orJyiefia y IpOMEHHU CTPYKTYpe CUCTeMa O] YTHIIajeM ITOBpaTHE CIpere ¢ TMHAMUKOM cucTema. Y
MoTJIely KapaKTEpUCTHYHUX BPEMEHCKHUX CKaja, CHCTEMHU C aJanTuBHOmIhy Hajuyemrhe wmajy
Op30-Ccriopy CTPYKTYpPY, Y CMHUCIY Ja c€ aJamnTanuja OJBHja Ha CIIOPUjOj CKAJIH y OJHOCY Ha
JIOKAJIHY AMHAMUKY jeIMHHIIA. Y HEYPOHCKUM CHCTEMHMa, Ha MPUMEp, HCII0JhaBa Ce Y JIBa BHJA:
KpO3 a/IanTaln]y jaunHa Be3a (CHHANTHYKa TNIACTUYHOCT ), /WM KPO3 IPOMEHY OCOOMHA JIOKATHE
TUHAMUKe jeauHHIa (aanTtanyja (peKkBEeHIMje ONa/buBamka WM JIOKATHE EKCIMTAOMIIHOCTH
HeypoHa). Kopucrehu aganranujy y HeypoHCKUM CHCTeMHMa Kao MoTuBauujy, ap ®panosuh je
ca CTpaHUM KoJierama, Kao M y capaamu ¢ 1p ViBom baunh TokoM meHOT nOKTOpaTa, moKa3ao ja:
a) aJanTHBHOCT MOXXE Ja JOBEAE JI0 T0jaBe HOBMX EMEpPreHTHUX (peHOMeHa 3aCHOBAHUX Ha
antepuupajyhoj (switching) auHamMuIM, Kao MTO Cy KOJEKTUBHA bursting akTUBHOCT Ha HUBOY
BEJIMKHX MOMYJIalnja, Kao U CTOXaCTUYKH bursting Ha HUBOY jeJHE WJIM MOTHBA JIBE CIIPETHYTE
jenvHuiie; 0) y MHTEPaKIMj1 ca IIIyMOM, aJalTUBHOCT MOKE J]a UTpa 3Ha4ajHY yJIOTY Y MEXaHU3MY
HACTaHKa MJIM KOHTPOJIM PE30HAHTHHUX (peHOMEHa (MHBEp3HA CTOXACTUYKA PE30HAHIIA, PE30HAHIA
KOXEpeHIMje); B) Op3WHa ajanTalydje Ha HETpUBHjaJlaH HavyWH yTtude Ha Qopme switching
TMHAMUKE U3Mel)y KOer3sMCTeHTHUX METacTaOMIIHU CTama; I') aJallTHBHOCT MOXeE Ja JIOBele J10
KPUTHYHHX TpeJia3a WK Ja OJpKaBa JUHAMHUKY CHCTeMa y OJMHM3MHHM KpUTHYIHOCTH. KOHKpPETHO,
Ha TMpUMEpPY HEYpPOHCKE TMONyJaluje IIOBe3aHe IIOBPAaTHOM CIIPEroM C pe3epBOapoM
METa0OJMYKHX pecypca, IMOKa3aHo je Ja aaTHBHOCT JOTPHHOCH HACTAHKY IUKIUYHUX MaTepHa
aKTUBHOCTH, y KOjOj AMHAMHKA IOMYJaIKje MPoja3u Kpo3 CYKIIECUBHE KPUTUYHE Tpesa3e KOju
onromapajy switch-eBuMa M3 aKTHBHOT Y TICEYAO-CTAllMOHAPHU DPEXUM M OOPHYTO, IITO Ce
MaHH]ecTyje Kao KOJEeKTHBHa bursting akTuBHOCT momyiauuje. Ha mpumepy mMoTuBa naBe
CTOXaCTUYKE EKCIIMTAOMITHE JeIMHUIIE C aIaTUBHUM Be€3aMa, TIOKa3aHo je Jia criopa ajarnTainja
(cHHTYNIapHM JTUMEC) MOXE J1a MHAYKYje HOBY BPEMEHCKY CKaly Ha K0joj ce oABHja switching
n3Mel)y ocnmiaTopHuX Moja u3a3BaHux mymoM. C mpyre cTpaHe, yMepeHO Op3a amamnranuja
(KOHAYHO pa3[Bajakbeé BPEMEHCKHX CKaja) HWHAYKYyje alTepHupajyhy IuHaMuky wusmelhy
KOET3MCTEHTHHUX TICEYI0-CTAIIMOHAPHHUX U OCHMJIATOPHUX METacTaOMIHHX cTama. Tana je moryh
U cueHapuo T3B. biased switching-a, r1ie moctoju npedepeHTHa BpeAHOCT HUBOA IIIyMa Ha K0jOj je
npesa3 W3 OCIHJIATOPHOT Yy TICEYAO-CTAllMOHAPHO CTamke MHOTO BEPOBAaTHHUjH OJ Tpena3a y
CYIPOTHOM CMeEpY, LITO C€ Ha HUBOY Cpe/iibe (PPEeKBEHIMje OCIIMIOBaka CUCTEMa MaHU(ecTyje
Kao edekaT WHBEpP3HE CTOXACTHYKE pEe30HaHIe, Tae (peKkBeHIMja OCIUJIOBama IO0CTaje
MUHHMaJIHa 32 MHTEPMEMjepHH MHTCH3UTET IIyMa. Ha mpumepy cTOXacTHUKe eKCIIMTaOHIIHE
JEIMHUIIE ca CIIOPOM aJamnTaldjoM TMapaMeTpa eKCIUTAOUITHOCTH, YTBphEeHOo je Ja peaykoBaHa
IMHAMUKa CaJApKU PpEruoH OucTaOuiaHOCTH wu3Mel)y rmceyno-CTalMOHApHOT peXHMa H
CTOXaCTUYKH NEPTYPOOBAHMX OCIMJIAIIN]A, IIITO TPU MAJIUM, aJTi KOHAYHUM Op3MHaMa aJianTalinje
JI0BO/IM 10 TojaBe bursting nuHaMHKE 3aCHOBaHE HA alTepHUpPamy H3Mel)y KOer3HCTEeHTHUX
CTama.

VY KOHTEKCTY pa3Boja aHAIMTHYKHX METOJIa, 3Ha4yaj TpyIe paJoBa O aJalTHBHOCTH OrJie[a ce y
yBoh)elby HOBHX DPEIYKIMOHMX METOJAA 3a aHAJM3y CHUCTEeMa C JTUHAMHUKOM Ha BUIIECTPYKUM
BpPEMEHCKUM cKajama. Hawmme, yBeneHa je MeToJa CTOXacCTHYKOT ycpeamaBama (stochastic
averaging) 3a aHanu3y Op30-CIOPHUX CHUCTEMa ca CTOXAaCTHUYKOM layer TMHAMHUKOM 3aCHOBaHa Ha
koMmOuHamju ®okep-IlnankoBor ¢popManu3ma 1 KIIaCHYHE TEOPHje CHHTYJIAPHUX NIepTypoOarmja.
Takolhe, yBezieHa je 1 HOBAa peayKIIMOHA TEXHHWKA 3aCHOBaHA Ha MHTerpanuju OT-AHTOHCEHOBE
TeOpHje 3a aHAIM3y MAKPOCKOIICKE layer AuHAMUKE CIpEerHyTUX (a3HUX OCITUIATOpa M TEOPH]je
CHHTYJapHUX nepTypOaryja.



HaBenenu pesynratu npuka3anu cy y cienehum pagoBuma:

1. Perspectives on Adaptive Dynamical Systems
J. Sawicki, R. Berner, S. A. M. Loos, M. Anvari, R. Bader, W. Barfuss, N. Botta, N. Brede,
I. Franovi¢, D. J Gauthier, S. Goldt, A. Hajizadeh, P. Hovel, O. Karin, P. Lorenz-Spreen,
C. Miehl, J. Molter, S. Olmi, E. Scholl, A. Seif, P. A. Tass, G. Volpe, S. Yanchuk, and J.
Kurths
Chaos 33, 071501 (2023);

2. Collective Activity Bursting in a Population of Excitable Units Adaptively Coupled to a
Pool of Resources
I. Franovié, S. R. Eydam, S. Yanchuk, and R. Berner
Front. Netw. Physiol. 2, 841829 (2022);

3. Dynamics of a Stochastic Excitable System with Slowly Adapting Feedback
L. Franovi¢, S. Yanchuk, S. R. Eydam, 1. Bacic, and M. Wolfrum
Chaos 30, 083109 (2020);

4. Two Paradigmatic Scenarios for Inverse Stochastic Resonance
I. Baci¢ and I. Franovi¢
Chaos 30, 033123 (2020);

5. Inverse Stochastic Resonance in a System of Excitable Active Rotators with
Adaptive Coupling
I. Baci¢, V. Klinshov, V. I. Nekorkin, M. Perc, and I. Franovi¢
EPL 124, 40004 (2018);

6. Noise-induced Switching in Two Adaptively Coupled Excitable Systems
I. Bacdi¢, S. Yanchuk, M. Wolfrum, and I. Franovié¢
Eur. Phys. J. - Spec. Top. 227, 1077 (2018).

2.3 MyaTucTa0HJIHOCT U CIIOpe CTOXacTH4YKe (uIyKTyauuje cpeambe AKTUHBHOCTH Y
HEYPOHCKHMM Mpeskama



Y oxBupy oBe obOnactu, np PpaHoBuh ce 0aBM aHanMM30M MpoOJIEMa MaKpOCKOIICKE
BapHjaOUITHOCTH, KOja MpeCTaB/ba eMEPreHTHY (DOPMY KOJICKTUBHOT IMOHAIIaka Ha HEYPOHCKUM
Mpexkama. Hanmme, mo3HaTo je ma ce aKTHBHOCT HEYPOHAa MOXKE ONHMCAaTH Kao JBOCTPYKH
CTOXACTHYKH IPOIIEC, KOJU CE C jeHE CTpaHe MaHHU(]ecTyje Ka0 MUKPOCKOIICKA BapUjaOHIIHOCT Yy
BPEMEHCKUM cepHjaMa I[0jeIUHAYHUX HEYypOHa, W C Jpyre CTpaHe, Kao MAaKpPOCKOICKa
BapHjabMIIHOCT, KOja ce oIa)ka Ha AYT'MM BPEMEHCKHUM CKajaMa, U YKJbYdyje CIIope CTOXaCTHYKe
¢bnykTyanuje cpenme ppekBeHIje eMuToBamka uMmiyica. Crope Quykryaluje HacTajy ycien
CIIOHTAHOT AJITepHHpama H3Mel)y emnn3o/ia TOBHIICHE AaKTHBHOCTH HEypOHAa W emu301a
penaTuBHOT MHUpOBama. TakBa anrepHupajyha (switching) auHamuka wu3mely pazIuuuTHX
KOJIEKTUBHUX CTama j€ OJ1 MOCEOHOT 3Havaja 3a MUpaMuiajHe HEYpOHE Y HEOKOPTEKCY, M cMaTpa
ce Ja TpencTaB/ba IUHAMUYKY MApagurMy 3a peann3alyjy pasinuauTuxX (GOpMH yduema M
Memopuje. Lusb ucTpakuBama je aa ce yIBpAe YCIOBH Koju oMmoryhaBajy mojaBy switching
JIMHAMUKE, IPU YeMY j€ aKLIeHAT CTaBJbEH Ha Ca/ICjCTBO PA3IMUYMUTHX TUIIOBA LIyMa, KaIlbEmha y
MHTEpaKIfjaMa U XeTepOoreHOCTH TOMOJIO0THje nHTepakiuja mpexe. M3mely ocranor, pasmarpan
je W ciyyaj KJIacTepOBaHMX MpeXa HEypOHa, KOje Cy HApOYMTO 3aCTYIJbEHE y MOXKIAHOM
KOpTekcy. ['TaBHM pe3ynTaT 10ocafallker HCTPaKUBamba MPEACTaBiba pa3Boj ehEeKTHBHOT MOJIEI
KOJICKTHBHE aKTUBHOCTH KJIACTEPOBAHE MpEXKe rate HeypoHa, Koju oMoryhasa &a ce ImporeHe
Pa3IUUUTH JONPUHOCH €(EKTHBHOM MaKpOCKOIICKOM IIyMy, Kao M Ja ce ojpeae obiactu
nmapametapa rae je moryhe ouekmBaTu switching nuaamuky. Ox moceOHOTr 3Haudaja 3a Moryhe
aruTMKaIyje je YUIbCHNIA Ja Ce MEXaHU3MHU switching TUHAMUKeE Yy CIIy4ajHUM M MOIYJIapHUM
HEYPOHCKMM MpeXaMa KBAJUTATUBHO Pa3MKYjy, IPHU 4YeMy je MOKa3aHO Ja KIacTepOBaIbE
JOTIPUHOCH MYITUCTAOUITHOCTH Mpexke, unHehu switching penomen pobycuujum. YTBpheHo je u
Ja KapaKTepUCTHKe switching AWHAMHKE WHIYKOBaHE CIOJhAIIBOM CTHUMYIJALMjOM 3HAYajHO
3aBHCE OJ] TUIA CTUMYJIalKje, IPY YeMy CTUMYJIallija yecMepeHa Ha oipel)eHu KiiacTep, 3a pa3uKy
o]l TUCTpUOyHpaHe CTUMYJIAIH]e, 3HAYaJHO CMarbyje MaKpOCKOIICKY BapHjaOWUIHOCT AMHAMHUKE
Mpexe, ycMepaBajyh je Ka MmojeIMHUM MeTacTaOuiIHUM cTambuMa. JlomaTHo, perakcaija Mpexe
HE 3aBUCH IOMUHAHTHO Ol aMILUTUTY/Ie CTUMYJIAlje, Beh o7 cTama crcTeMa y TpeHYTKY IpUMEHe
CTUMYJIallAje, TIPU YeMy je YOoueH M ()eHOMEH cToxacThuike amruindukamnuje (noise-enhanced
stability) mojemMHMX MeTacTa0MIIHUX CTama Cca 3HA4ajHO MPOAYKEHOM peJaKcalljoM HAKOH
IpecTaHKa CTUMYJIaluje.

Y HemaBHOM HCTpakMBamby ca CTpaHUM Kosierama, Ap PpaHoBUh je aKTyelIn30Ba0 MHUTAHE
MEXaHU3Ma HAaCTaHKa CIIOPUX CTOXACTUYKUX (PIyKTyaluja nocMarpajyhu peaqsucTudHuju MO
Mpexe cacraBibeHe of spiking HeypoHa. Y TOM KOHTEKCTY, OTBOPEHO je MUTame MEXaHHU3ama
mpenacka U3 XOMOTEHOT aCHHXPOHOT CTamha MPEXKe C HEKOPEIMCAHOM aKTUBHOIIhY HEypoHa y
XETepOreHO AaCHHXPOHO CTame rate Xaoca, KOjeé C€ OJUIMKYje CIOPUM CTOXaCTUYKUM
dbaykTyanujama cpenme (ppekBeHIMje ociuioBama. [lokazaHa cy Tpu pasiauddTa CleHapHja
MpeNacka y cTame rate xaoca, ykJbyuyjyhu KiiactepoBame CTPYKType MpexKe, MojadyaBame jaunHa
cuHaricu U noBehaBame KOHCTaHTe WHTerpamuje cuHarcu. Kao wmsnenahyjyhu pesynrar, Ha
MPUMEPY JETHOCTABHOT 33/IaTKa JHHAMUYKE MEMOPH]E, MMOKa3ajo ce Ja padyyHCKe CIIOCOOHOCTH
MpeKe CYIITUHCKHU 3aBHCE OJ1 CIIEHapHja Ipellacka y peskuM rate xaoca.
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Hasenenu pesynraru cy o0jaBibeHn y cieaehum pagoBuma:

1. Rate Chaos and Memory Lifetime in Spiking Neural Networks
V. Klinshov, A. V. Kovalchuk, I. Franovi¢, M. Perc, and M. Svetec
Chaos Soliton. Fract. 158, 112011 (2022);

2. Stimulus-evoked Activity in Clustered Networks of Stochastic Rate-based Neurons
l. Franovi¢ and V. Klinshov
Eur. Phys. J. - Spec. Top. 227, 1063 (2018);

3. Clustering Promotes Switching Dynamics in Networks of Noisy Neurons
I. Franovi¢ and V. Klinshov
Chaos 28, 023111 (2018);

4. Slow Rate Fluctuations in a Network of Noisy Neurons with Coupling Delay
I. Franovi¢ and V. Klinshov
EPL 116, 48002 (2016);

5. Mean-field Dynamics of a Random Neural Network with Noise
V. Klinshov and I. Franovi¢
Phys. Rev. E 92, 062813 (2015).

2.4 EKcTeH3Mja MojMa eKCUMTAOWIHOCTH HA CHCTEMe C MePHOIMYHUM opouTama

Knacuyan mojam ekcUMTaOMIIHOCTH TOBE3aH je ca CHUCTeMa KOjU HMMajy JIMHeapHO cTabuiiaH
EeKBIIIMOpHJYM, alli KOJjU MOTY Ja Jajy JBa pas3idyuTa THUIA OJrOBOpa Ha CIIOJbAIIHE
nepTypoaryje: TuHeapaH OJroBOp Majie aMIUIMTYJE 3a ciabuje mepTypOanuje win HeTuHeapaH
OJIrOBOp BEJIMKE aMIUIUTY/IE 32 IOBOJBHO jake meprypoOanuje. Y Teopuju HeIMHEapHe AUHAMUKE,
EKCIUTAOMITHOCT je 00jallmheHa YUEHUIIOM JIa C€ CUCTEM Hallasu y Onu3uHu Oudypkaiuje o
CTaLlMOHAPHOT PeXKHMMa Ka peXXUMY NEPUOIMYHUX ocLmIanyja. MelyTum, mocTaBibajio ce MuTame
Ja U je TojaM eKCIMTAOMIHOCTH jelMHO MPHUMEHHB Ha CHUCTEME C JIMHEApHO CTaOMIIHUM
EKBIJIMOPH]YMOM, WJIM j€ OBaj TMojaM HMmaK Moryhe reHepaim3oBaTH. Y capajmbd ¢ HHOCTPAHUM
Kojierama, ap ®paHoBuh je TOKazao Ja je MojaM EKCIMTAOMIHOCTH MOTyhe MpOIIMPUTH Ha
CHUCTEME Ca CTAOMITHOM MEPUOIUIHOM OPOUTOM, y3 ojapel)eHe CIMUYHOCTH U Pa3IMKe Y OJHOCY Ha
KJIaCH4aH I0jaM eKCIUTa0MTHOCTA. CIIMYHOCTH C€ CacToje Y TOME J1a KIUTA0UITHE TIEPHOIUIHE
opbute manugectyjy Henuneapro threshold-like nonamame u HenuHeapaH OAroBOp HA IIYM Y
¢dopmu pezoHanTHOr (peHOMeHa. C Apyre cTpaHe, yKa3aHO je U Ha HEKOJIMKO 3HAYajHUX pa3jiuKa
y nopehemy ¢ KIIaCHYHUM 110jMOM €KCIUTAOMITHOCTH: a) eKCUUTAOUIHE EePHOANYHE OpOUTEe HE
Hayaze ce y OnmsuHM Oudypkauuje, Beh TunuyHo kaHapj mnpenasza usmely subthreshold u
penakcanuoHuX OcIuiaIuja; 6) OIroBop cUCTeMa Ha IepTypOaIujy je HeyHu(pOopMaH, Tj. MEeHba ce
Iy)XK TIEpUOJAWYHE OpOuTe, B) pe30HAHTaH (EHOMEH HWHIAYKOBAaH IIYMOM HE IPOMOBHIIIEC
OCIIIIIOBam-E, Beh ce HaIpOTHUB CacTOjU Y CYNPECH]H CTOXACTHYKHU NMEPTYpOOBaHUX OCITUIIAIIH]a.
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HaBenenu pesynratu npukasaHu cy y pany:

1. Phase-sensitive Excitability of a Limit Cycle
I. Franovi¢, O. E. Omel'chenko, and M. Wolfrum:
Chaos 28, 071105 (2018).

2.5 Makpockoncka JMHAMHKA XeTepOoreHnx cucreMa

Benuku 6poj mpupoJHHUX U apTH(PHULK]ETHUX CUCTEMA O/JTHKY]je ce BapujabuiHohy napamerapa
JIOKaJHEe JUHAMHUKE, KOja CE jOIll Ha3uBa M IUBEP3UTET, XETEPOTCHOCT, HeurcTohe, miu quenched
HeypeheHocT y 3aBucHocTH o1 001actu npuMene. [loHekas je BapujaOMIHOCT TOJIMKO U3pakeHa
7la ce JIOKaJHA AUHAMHKA JeITMHHLIA Pa3JINKyje Ha KBAIUTATHBHOM, a HE CAMO Ha KBAHTUTATUBHOM
HuBOYy. Ha npumep, HeypoHCKe NoIyanuje ce THIUYHO CacToje 0/ eKCUUTAOUIHUX jeANHUIIA U
JEIMHHULIA Y PSKUMY TOHUYHOT OTlaJbUBakha, TAKO 2 MHTEPAKIHMje CYIITUHCKU YTHYY Ha IIPOMEHE
WHTPUH3WYHE JUHAMUKE jeanHuIa. OBakaB CIEHAPUO C€ CYIITHHCKH Pa3HUKyje O] KIaCHIHOT
KypamoToBor mMojena y KojeM ce jeMHUIIe OJUTHKY]y caMO KBaHTUTATUBHOM XeTeporeHomihy, y
CMHUCITYy Jia C€ TOIyJallfja CacTOju OJ OCIIMIaTopa C Pa3IMYUTUM JIOKAUTHUM (PpeKBEeHIIHjama.
3HayajaH HANpEIaK y aHAIU3H MaKpOCKOIICKE TMHAMHKE CIIPETHYTUX OCHUIIATOpA MOCTUTHYT je
nojaBoM Ot-AHTOHCEeHOBE Teopuje (2008./2009. rox.), koja ce y OCHOBU 3aCHHMBA Ha OTKpuhy
MHBapUjaHTHOT MaHu(doIIa KojeM, Moj olapeheHuM ycloBHMa, TeHEPHUUKH TEKU aCUMITOTCKA
nuHaMuka cucrema. [Ip ®@panosuh je ¢ pyckuM KOJEroM MpBH IyT CHUCTEMAaTCKU mpuMeHuo OT-
AHTOHCEHOBY TEOPH]y Ha aHaTU3y MAaKpPOCKOICKE IUHAMUKE CHCTEMa C KBaJIUTATUBHOM
XeTeporeHomhy JoKalHe TUHAMHKE, aHAJIOTHE OHOj Y THIIMYHUM HEYPOHCKHM IOMyJalujama.
XeTeporeHocCT je pealn30BaHa Ha HUBOY JIOKATHUX OMQYpKAIMOHUX MMapaMeTapa jeIMHHUIIa, 3a
Koje je, 300r MOryhHOCTH J1eTaJbHe MaTeMaTHUKe aHalln3e, MPETIOCTAB/bEHO /1a Cy YHU(DOPMHO
nuctpubyupanu Ha oapehenom maTepBany. Kopuctehu rimaBHe kapakTepucTUKe TUCTPUOYIIH]E,
Cpenmby BPEAHOCT W IIMPUHY, Kao OudypkanuoHe mapamerpe, yTBpheHO je 1a mocToje TpH
MaKpOCKOIICKa PEeKUMa, U J1a Cy TPaHMIIEe HHXOBHUX JIOMEHA CTA0MIIHOCTH OPraHU30BaHE MPEKO
CJIO’KEHOT CIIeHapHja KOjUu YKIUbYydyje Tpu Oudypkanuje konuMmensuje asa. Takohe, nokazaHo je
Jla TIOCTOj€ JBa IOMEHa OMCTa0MIIHE AMHAMUKE U3Mel)y J1Ba MakpOCKOIICKa eKBUIMOPH]jyMa, UITH
MaKpOCKOIICKOT €KBHJIMOPHjyMa U MaKPOCKOTICKOT TPaHUYHOT KpYyTa.

HaBenenu pesynratu onucanu cy y paay:

1. Two Scenarios for the Onset and Suppression of Collective Oscillations in
Heterogeneous Populations of Active Rotators
V. Klinshov and I. Franovié
Phys. Rev. E 100, 062211 (2019).

2.6 Xa0THYHHU CUCTEMHM C eKCTPEMHOM MYJTHCTA0MIHOLIhY
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Ynpkoc ToMe mTo je 3auera rnpe TauHo 50 roanHa, CBEAOIH CMO TOT'a /1a M AaJbe MOCTOjU aKTUBHO
MHTEPECOBAE 3a Pa3Boj TeopHje xaoca. [Tocienmpbrx HEKOIMKO TOANHA, HAPOUHTO j€ HHTCH3UBHA
00J1aCT MCTpakMBama Koja MoBe3yje JIBE Kace CUCTEMa YHja je TMHAMUKA CCH3UTHBHA Ha U300
MOYETHUX YCJIOBA: XaOTHYHE CUCTEME C je/IHE CTpaHe, U MyJATHCTAaOUIIHE CUCTEME KapaKTepucaHe
KOET3MCTEHIIM]OM BHIIE aTPAKTOPa 32 UCTE BPEAHOCTH MapaMeTapa ¢ Apyre cTpaHe. Y KOHTEKCTY
IpUMEeHa, OJ MoceOHOT 3Havaja Cy MUTamba KOHCTPyHCama CHCTEMa KOjU MMajy 3anaty hopmy
MYJITHCTAOUIIHOT IOHAIIaKka, Ka0 M MPOHAIAXKEHE CTpaTerrja KoHTpose switching nunammke
n3Mel)y KOer3uCTeHTHHX cTama. Mako je My/lITHCTaOMITHOCT KJIAaCHYHO TOBE3aHa ¢ KOHAYHO MHOTO
KOET3UCTEHTHUX CTama, MOCIEABIX HEKOJIMKO TOIMHA OTKPUBEHA je HOBA KJlaca JUCHIATHBHUX
cucTeMa ¢ OECKOHAYHO MHOTO KOEI3HCTEHTHHX aTpakTopa. Y OKBHpPY Te Kjace, nmpoHaleHu cy
eKCTPEMHO MYJITHCTaOMIIHU CHCTEMH C HENPEOPOjUBO MHOTO KOET3UCTEH3THHX aTPaKTopa, TAKO
Jla KOHTHHYaJlHAa TIPOMEHA MOYETHUX YCIIOBa MOXe Jla M3a3uBa OMdypkanuje, 1 MeracTaOHIHH
CHCTEMH C TpeOpOjUBO MHOI'O KOEI3HCTEHTHHMX CTama, IJe Bapujalija MOYETHUX YCIIOBa He
n3azuBa Ou¢ypkamnuje. Mako je Biagao craB Ja Cy OBE JBE IMOJKJIAcEe CHCTEMa JUC|YHKTHE, Y
capaamu C HMpPAaHCKUM Koserama, ap @paHoBuh je pa3BuO NpPBH NPUMEpP CUCTEMA KOjH
MaHH(]ECTYje KaKO EKCTPEMHY, TAaKO U Mera MyJITHCTAOMIIHOCT MPU BapHjallljH MOYETHUX YCIOBA
JIBE pas3nu4uTe Bapujadie cucrema. Mojen je 3aCHOBaH Ha HEAyTOHOMHOM TPOJAMMEH3UOHATHOM
CHCTEMY KOjU MOXeE J1a MaHU(ECTYje NePHOANTHO, KBA3UIICPUOJMYHO M XaOTHYHO MOHAIIAKkE, a
NPUMEBUBOCT MOJIEIIA IEMOHCTPHUPAHA je KOHCTPYKIINMjOM aHAJIOTHOT €JIEKTPHYHOT KOJIa.

Hasenenu pesynratu npukasanu cy y pany:

1. A Non-autonomous Mega-extreme Multistable Chaotic System
A. Ahmadi, S. Parthasarathy, H. Natiq, S. Jafari, I. Franovi¢, and K. Rajagopal
Chaos Soliton. Fract. 174, 113765 (2023).

1. Rate Chaos and Memory Lifetime in Spiking Neural Networks
V. Klinshov, A. V. Kovalchuk, I. Franovi¢, M. Perc, and M. Svetec:
Chaos Soliton. Fract. 158, 112011 (2022).

2.7 CHoOHTaHO KJIacTepoBame Y CHCTEeMHMA CIIPErHYTHX eKCIUTAOMIHUX jeINHHUIA N0/
YTHIajeM IIyMa U Kallllbelha Y HHTepaKkuujama
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[{nsp ucTpakuBama y OKBHPY OBE TeMe, Kojy je ap PpaHoBuh MOKpEeHYO Kao JOKTOpaHI,
CacToju Ce€ y HCIUTHUBAKY W TPOAYyOJbMBaby aHAIOTHje H3Mel)y KOJIEKTHBHOT TOHAIIamka
WHTeparyjyhux ¢a3Hux ocIuIaTopa U IMOIyJalKja CaCTaBJbeHUX O] EKCIIMTAOUITHUX eleMeHaTa,
KOjU Cy TUITMYHU 32 HEYPOHCKe U Apyre Ouojomike cucteme. I maBuu gonpunoc ap @panosuha y
OBOj 00JIaCTH CaCTOjU C€ Y TOME IITO j& eKCIUTUIIUTHO MOKa3aHO J1a CHCTEMH EKCIIUTAOMITHIX
jeauHMIa, mpeacraBbeHux mnapaaurmarckuM @Ounxjy-Harymo (FitzZHugh-Nagumo) monenowm,
MOTY Jla UCNOJbe KOMIUIEKCHE (PeHOMEHE CaMOOpraHu3allyje, 3aCHOBaHE Ha CHHXPOHHU3AIMjH
JIOKAJTHUX aKTUBHOCTHU. Y TOM KOHTEKCTY, YOueH je CHOMEH CIIOHTAaHE KJIaCTeP-CHHXPOHHU3AIIN]E
Ha XOMOTEHO] TONyJallijH, KOjU HACTaje JeIWHO YCIJIEN CaJiejCTBa €KCIUTAOUITHOCTH jeUHUIIA,
IIyMa U Kalllibekha Y UHTEepaKijama. Y TBpheHo je 1a ce MexaHu3aM KJIacTepoBama 3aCHUBA HA
KOMIICTUIU]H JBE KapaKTePHCTUYHE BPEMEHCKE CKalle, TJIe jeJJHa OJroBapa OCIHUIATOPHO] MOIH
M3a3BaHO] IIyMOM, a Jpyra MOJAU BOheHO] KaimemeM. [lopes acMMITOTCKU CTa0MITHUX JBO- H
TPO-KIIaCTep MapTHUIM]a, YOUEHA CYy U TPO-KJIacTep CTama NJUHAMUYKOT KapakTepa. Y TBphEeHO je
Ja CTaOMITHOCT JBO-KJIACTED CTama BaXXH U y TEPMOJIMHAMUYKOM JINMECy. JeTalbHOM aHaIn30M,
np @panoBuh je mokaszao Ja je KJIacTepoBambe PE30HAHTHH (DEHOMEH y OJHOCY Ha KAllbEHe Y
WHTEpaKIHjamMa, KOju OICTaje M y CIIy4ajy KOMIUIEKCHHUX TOIOJIOTHja TMOBE3aHOCTH HEYpPOHA
(scale-free Mpexe), ka0 ¥ Mpyu HEYHU(POPMHHUM BPETHOCTHMA JIOKATHUX TMapameTapa. Y TBpheHo
je na riobanHa oudypkaruja epeKTUBHOT MOjiena JOOHU]EHOT TPUMEHOM METOIE CPEAET M0Jbha
(mean-field method) yka3yje Ha oOmacTu mapamerapa cHCTeMa y KOjUMa C€ MOXKE OYECKHUBATH
mojaBa KJ1acTepoBama. HaBeeHu pe3ynraTi npruka3aHu cy y cienehum pagoBuMma:

1. Spontaneous Formation of Synchronization Clusters in Homogenous Neuronal Ensembles
Induced by Noise and Interaction Delays
l. Franovi¢, K. Todorovi¢, N. Vasovi¢, and N. Buri¢
Phys. Rev. Lett. 108, 094101 (2012);

2. Cluster Synchronization of Spiking Induced by Noise and Interaction Delays in
Homogenous Neuronal Ensembles
l. Franovi¢, K. Todorovi¢, N. Vasovi¢, and N. Buri¢
Chaos 22, 033147 (2012).

2.8 IIpobiaem akTHUBaNHje y CHCTEMHUMA CIPErHYTHX eKCHUTAOMIHUX jeIMHUIA €
BHIIECTPYKHM H3BOpHMaA IIyMa
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Y okBupy oBe Teme, np Dpanosuh ce OaBuo anammzom threshold mnonamama u
CTaTUTUCTUYKUX KapaKTEPUCTHKA TPOIleca aKTHUBAIMjE Y CHCTEMUMA jeTHE U JBE CKCIIUTAOMITHE
JEIMHHUIIE, Ka0 U MOIyJIAIHje eKIMTA0MITHUX JeIMHUIIA TTO/] YTHIIAjeM HHTPUH3UIHOT U €KCTEPHOT
mryma. [lo mpBu myT cy pa3MoTpeHH e(eKTH MHTEPMEIHNjepHUX MHTCH3UTETa IIyMa KOjU JIexKe
M3BaH 00JIACTH MPUMEHJBHBOCTH TEOpHje BEeNMKHX QuykTyaruja. Kao HajBaXHUjU pe3ynTar, JIp
@panoBuh je Moka3ao Aa MOCTOje YHUBEP3aIHE CTATUCTUYKE OCOOMHE Mpolieca aKTUBAIlH]je 32 CBa
TpU TMOCMaTpaHa CUCTEMa, a Jia je YHUBEP3aJHOCT KBAJUTATUBHO oOJpeleHa CTOXAaCTUYKOM
OudypkKaiujom Koja oarorapa mpeiasy u3 CTOXaCTUIKU cTabuiiHe (PUKCHE TauyKe y CTOXAaCTUYKH
crabwrian rpanndHu 1uKiyc. [locrojame croxactuuke Omdypkaiyje JO0Ka3aHO j€ TPUMEHOM
eEeKTUBHUX MOJENa CTOXAaCTHYKE JWHAMHKE CHCTEMa, 3aCHOBAaHMX Ha METOIU KyMyJlaHara
TOTYHEeHO] raycujanckoM closure xumore3om. [lopes Tora, BaskaH pe3yaTaT NpeAcTaB/ba YBOheHe
peNeBaHTHUX TPAaHMYHHUX YCIOBa 3a MpoOJieMe akTUBAIMje Yy €KCUUTAOWIHUM CHUCTEeMHMA: Y
cllyyajy jeaHe jeaumHuIile, oapeheHu cy TpaHUYHU YCIOBH Koju omoryhaBajy IHPEKTHY
TeHepaIu3alyjy Ha CUCTEMe O JIBE jeAMHHULIE, IOK Cy Y Cly4ajy MOIyJaluje pasMOTpeHe TpH
pasnuunte Gopmynaiuje gorahaja akTuBayje, Koje KapakTepuiy paznuuute acrekre threshold
MOHAIIamka U yJIOTY KOXEPEHIMje aKTHBHOCTH TIOJeIMHAYHUX JSMHUIIA Y MPOIECY aKTHUBAIIH]E.
Onwucanu pe3ynTaTy NpeACTaBIbEeHU Cy Y clienehnM paroBuMa:

1. Activation Process in Excitable Systems with Multiple Noise Sources: One and Two
Interacting Units
l. Franovi¢, K. Todorovi¢, M. Perc, N. Vasovi¢, and N. Buri¢
Phys. Rev. E 92, 062911 (2015);

2. Activation Process in Excitable Systems with Multiple Noise Sources: Large Number of
Units
l. Franovié¢, M. Perc, K. Todorovi¢, S. Kosti¢, and N. Buri¢
Phys. Rev. E 92, 062912 (2015).

2.9 Pa3Boj raycujancke MeTo/ie Cpelber MoJba 3a aHAJM3Y CTA0MIHOCTH U OudypKranuja
CHCTEMA CTOXACTHYKHUX JU(PepPeHINjaTHUX jeJHAYHHA ca U 0e3 Kallbemha
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VY okBupy OBe Teme, (HOKYC HCTpaXKHBama j€ Ha pa3BOjy M MPUMEHH METOJIE CPEIIbET 1M0Jha,
3aCHOBaHO] Ha pa3BOjy MO KyMYJIAaHTHMa M TayCHJaHCKO] ampOKCHMAIUjd, TpPH aHAJIU3H
CTOXaCTUYKE CTAOMITHOCTH M CTOXAaCTHYKUX OM(ypKarija MaKpOCKOIICKE TUHAMHUKE HEYPOHCKHUX
nomnynanuja. Hajsaxuuju pezynrtaru np ®@panosuha y oBoj 0b1acTu ce ogHOCE Ha (a) Ipeuu3Hy
¢dbopmynanujy pereBaHTHHUX allpOKCUMaIlMja Ha KOjuMa ce 3aCHMBA IIPUMEHA IayCHjaHCKe METO/Ie
CpeAmer MoJjba y MAaKpPOCKOIICKUM CHCTEMHMa CTOXAaCTHUKUX EKCIMTAOMIHHMX jeAMHHUIA C
KallllhelheM y HHTepaknujama; (0) pa3Boj eheKTUBHUX Mo/ea KOJEKTHBHE TUHAMUKE Y CIIydajy
nmomnyJanyja eKIUTa0MIHNX JeIMHUIA; (B) U3BOheme peIyKOBaHOT Mojieia TJI00aIHEe TUHAMUKE
MonyJialyje CTOXaCTUUKNX HEYpOHCKHUX Mama. 3a mpuMeHy mean-field Metoze, oa u3y3eTHor je
3HaYaja MUTamkE JIa JIU Cy alpoKcuMalnje u3a mean-field monmena yHuBep3aaHOT KapakTepa, Uiu
je moTpeOHo na ce mpuiiaroaBajy KOHKPETHO] KJIaCH CUCTEMa KOja ce Ipoy4vaBa. Y UCTPaAKHUBAY
np ®@panoBuha eKCIUTUIIMTHO j€ MOKa3aHo Ja alpoKCHMAallhje HeMajy YHUBEp3aiHy Gopmy, Beh
Mopajy na Oyny mpmiaroheHe KOHKPETHO] KJach CHUCTeMa KOjoj MpHIaza MOJeN JIOKaIHe
IUHAMUKE. Y CIydajy CHpEerHYTHX eKCIMTAOMIHMX CHUCTeMa, Ne(UHHUCAHE Cy JIBE peJIeBaHTHE
arnpoKCcHMallije, Ha3BaHe TayCHjaHCKa alpOKCUMAllija U alpOKCHMAaIlija O KBa3H-HE3aBUCHOCTH.
IIpu TOM, mcmocraB/ba ce Aa (opmynamnuja MpBEe ampoKCUMaIldje Mopa Ja y3Me y 003up
penaKcanuoHy KapakTep OCIWIalMja THIMHYaH 3a €KCIMTAOWIHE JeIUHHUIIE, JOK j€ HapyIICHE
Apyre anmpoKcuMalije Moryhe npenBuaeTH Ha caMoycarialieH HauuH aHAJTM30M JTHHAMHKE KOjy
MpUKa3yje Mojiel 1001jeH MPUMEHOM METOJIE CPEAFHET M0Jba.

[Topen tora, np ®panoBuh je eMOHCTpUpao Aa ePEKTUBHU MOJIEIH 3aCHOBAaHU HA METOIU
CpeAmer MoJba C rayCHjaHCKOM arnpoOKCHMAIMjOM MOTY Ja Ha KBaJHTATUBHO HCIIpaBaH HAYUH
OIUIITY CTAOMITHOCT €r3aKTHOT CUCTEMa, CLIEHapHje 3a M0jaBy U CYIPECH)y KOJIEKTUBHE MOJE, Kao
U MYJITHCTAOMITHE PEXHMME €r3aKTHOT CUCTeMa, IpUMemYyjyhu nx Ha cucreMuma HHTeparyjyhux
monyJialnyja eKCIUTaOUITHUX JeTMHULIA, KAO ¥ Ha TIOIyJIalijaMa CTOXaCTHYKHUX HEYPOHCKHUX Mara.
[Topen kBaIMTaTUBHOT TMOKJIANama, y CMUCITY TeHepruukuX (popmu Oudypkamnuja u oaropapajyhux
o0JyacTu mapameTapa MojeIMHUX JUHAMHYKUX PEeKHUMa, YTBPHEHO je na e(peKTUBHU MOJCIH ca
3amoBoJbaBajyhom TauHomhy mnpensubajy: (a) CTaTUCTHYKE KapaKTEPUCTHKE pEICBAHTHUX
BPEMEHCKUX CepHja er3akTHOI cucTema, (0) oaroBop MoIylaiyje Ha CIOJballibe CTUMYJAIH]je
MaJie aMIUTUTYZe, 3aJaT KpuBaMa (azHOT OJroBOpa, Kao M OATOBOP Ha MepTypOaluje KOHayHe
amrutyzae. HaBeneHu pesyiaratu npeacTaBbeHt Cy y cieaehum pagoBuma:

1. Mean-field Dynamics of a Population of Stochastic Map Neurons
l. Franovié¢, O. V. Maslennikov, 1. Baci¢, and V. 1. Nekorkin
Phys. Rev. E 96, 012226 (2017);

2. Persistence and Failure of Mean-field Approximations Adapted to a Class of Systems of
Delay-coupled Excitable Units
l. Franovi¢, K. Todorovi¢, N. Vasovi¢, and N. Buri¢:
Phys. Rev. E 89, 022926 (2014);

3. Mean-field Approximation of Two Coupled Populations of Excitable Units

16



l. Franovi¢, K. Todorovi¢, N. Vasovi¢, and N. Buri¢
Phys. Rev. E 87, 012922 (2013);

4. Stability, Bifurcations, and Dynamics of Global Variables of a System of Bursting Neurons
l. Franovi¢, K. Todorovi¢, N. Vasovi¢, and N. Buri¢
Chaos 21, 033109 (2011).

2.10 JIluHamMHMKa MOTHBA CTOXaCTHYKHX HEYPOHA C KallllbelheM Y HHTepaKiujama

AKIIeHAT UCTpaXHWBama y OBOj OOJIACTH je HAa aHAJIM3M JMHAMHYKUX pexuMa U (peHoMmeHa
cToxacThuke (pa3sHe CHHXpOHHU3allMje Ha TUIUYHUM OWHAPHUM WM TEPHAPHUM MOTHBHMA
HeypoHa. On moceOHOr 3Hayaja Cy YIpaBO TPHUIUIETH, KOJU YWHE OCHOBHE jeAuHUIlE Tpahe
KOMILUIEKCHUX HEYPOHCKUX Mpexka. L{nip ucTpaknBama ce cacToju y CHCTEMAaTCKOM oJpehuBamy
oJHOCca U3Mel)y CTPYKTYpPHUX MOTHBA, 33/IaTUX aHATOMCKOM TI0BE3aHOIINy HEYPOHCKE MpPEXe, H
(YHKIIMOHATHUX MOTHBA, KOJU OJpakaBajy aKTYeJIIHY JUHAMUKY JeIMHHIA WM HBUXOBO CTambe
CHHXpOHH30BaHOCTU. [Ip ®PpanoBuh ce 6aBHO MopenMMa KOjU YKIJbYUyjy JABE MapagurMaTcke
¢dopme JOKaNHE NWHAMHKE HEypoHa: bursting IWHAMHKY 3a4aTy PynkoB/beBHMM Mamama H
eKCIUTA0MIHY TUHAMHKY rpenctaBibeHy Fitzhugh-Nagumo mozpenom. ¥V ciydajy HEypOHCKHX
Mara c bursting TMHAMUKOM, TJIaBHH PE3YJITaT MpeJCTaBiba opehuBame MeXxaHn3aMa HacTaHKa
burst cHHXpOHHM3aIMje U TaTepHa AKTHBHOCTH KapaKTEPUCTUYHUX 32 MI0jSIMHE MOTHBE TIPUMEHOM
T€OMETPUJCKE TEOpHje€ CHHTYJapHUX TMeprypOanuja. Baxkan mgompuHOC TpeacTaB/ba M
neduHHCame ABa THIA (YHKIIMOHATHUX MOTHBA, IPU YEMY CY UIACHTU(UKOBAHH YIMPAaBO OHH
(YHKIIMOHATHA MOTHBH KOJU HajBHIIIE JOTIPUHOCE YCIIOCTaBJbakhy burst CHHXpoHu3aruje n3mehy
jemuHUIa. Y CiIy4ajy eKCIHUTAOWIHE JIOKadHEe AWHAMHKE, aHAIM3MpPaHE Cy CTOXAcCTHYKa
CTaOMIIHOCT, Ka0 U CTama CHHXPOHHU3AIU]e PA3IMUUTUX OCHMIATOPHUX MOJA Y CUCTEMY OJI JIBE
CIIpETHYyTE jeUHUIIC y MPUCYCTBY JIBa HE3aBHCHA M3BOpa IIyMa (MHTPHUH3UYHU IIYM Y JOHCKHM
KaHaTuMa ¥ CIOJballllbll CHHANTUYKK IIyM), KA0 M JIBa TUIA Kallkhema y WHTEpaKIlfjama.
[TocmarpaHu cucTeM je 3Ha4ajaH U y CBETIy UCITUTUBAKA OJTHOCA OCOOMHE EKCIIUTAOUITHOCTH H

JTMHAMUKE Ha BUIIECTPYKUM KapaKTEPUCTHYHUM BPEMEHCKUM cKkanama. [Tutame xoedekra mryma
U Kalllikhebha Y MOIU(PUKOBaKY EKCIIUTAOMIHOT [TOHAIIAka Y AYTOBPEMEHCKOM JINMECY TPETUPAHO
j€ IPUMEHOM METOJIe CTATUCTHUYKE JIMHEapu3alje, Py 4eMy je MOKa3aHo Jla KapakTep Iryma
(MHTPUH3WYHU WM €KCTEpHU) MPUMapHO yTWYe Ha mpuiarohaBame (pekBeHnmja usmehy
JeIMHUIIA, KA0 W Ha pe3yjiTaT KOMIIeTUIIHje u3Mel)y OCIUIaTOPHUX MOJa BOhEHUX IIyMOM WK
KAl CHEM.

Onucanu pe3ynraTi NpeACTaB/bEHH Cy Yy cienehuM pajgoBruMa:

1. Stability, Coherent Spiking and Synchronization in Noisy Excitable Systems with Coupling
and Internal Delays
l. Franovi¢, K. Todorovi¢, N. Vasovi¢, and N. Buri¢:
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Commun. Nonlinear Sci. Numer. Simulat. 19, 3202 (2014);

2. Possibilities of Introducing Different Functional Circuits on Top of a Structural Neuron
Triplet: Where Do the Gains Lie?
l. Franovi¢ and V. Lj. Miljkovi¢:
Chaos Soliton. Fract. 45, 527 (2012);

3. The Effects of Synaptic Time Delay on Motifs of Chemically Coupled Rulkov Model
Neurons
l. Franovi¢ and V. L. Miljkovi¢:
Commun. Nonlinear Sci. Numer. Simulat. 16, 623 (2011);

4. Functional Motifs: a Novel Perspective on Burst Synchronization and Regularization of
Neurons Coupled Via Delayed Inhibitory Synapses
l. Franovi¢ and V. Lj. Miljkovi¢
Chaos Soliton. Fract. 44, 122 (2011);

5. Phase Plane Approach to Cooperative Rhythms in Neuron Motifs with Delayed Inhibitory
Synapses
l. Franovi¢ and V. L. Miljkovi¢:
EPL 92, 68007 (2011);

6. Power Law Behavior Related to Mutual Synchronization of Chemically Coupled Map
Neurons
l. Franovi¢ and V. Lj. Miljkovi¢:
Eur. Phys. J. B 76, 613 (2010).

2.11 TIlaTepHu mponaranmje CHHXPpOHH30BAHE AKTHBHOCTH Y M€30CKONICKUM
HEYPOHCKHMM Mpeskama

HcTpaxuBameM y OKBHpY oBe TeMme Jip PpanoBuh ce 6aBHO TOKOM MarucTapckux CTy/uja Ha
®dusnukoMm dakynrery y beorpamxy. OcHOBHa Hjieja ce cacTojaia y TOME Jia Ce MPOIIeC Mporaraimje
naTepHa TpPaH3WjeHTHE CHHXPOHU30BAaHE AKTHBHOCTH Y ME30CKOIICKMM HEYPOHCKHM CHCTEMa
MPEJCTaBh MOJICIIOM IEpKoJanrje Ha pa3yeHMM Mpekama HacTaluM OJICTPamHBAaEkEM Be3a C
JTBOAMMEH3MOHAIHE PEIIeTKE C HWHTepaklhjama HajONKuUX Ccycelna, WiId C WHTepaklHjama
HajOMKUX U HapeHUX HajONMMKMX cycena. TpaH3MjeHTHa CHHXPOHHU3AIHMja, Ka0 OCHOBHU MOJ
JIOKaJHe JMHAMUKE MpEKe, MOJENOBaHa je YyBohemeM NpeTHocTaBKe O (QYHKIMOHATHUM
aHcaM0JIMMa HEypOHa, YHja ce IPUMapHa aKTUBHOCT CACTOJU y €eMHUTOBamY MaKeTa MPHOIMKHO
CUHXPOHM30BAHMUX aKIMOHHMX TMOTeHIWjana (ummynca). [lokazaHo je ma HacTaHaK MPOCTOPHO-
BPEMEHCKUX TaTepHa aKTUBHOCTH, T3B. Synfire jaHala, NMpeICTaBJba KPUTHYHY I0jaBYy, KOja
3aBUCH O] BepoBaTHOhe MoBe3aHOCTH m3Mel)y HEYpOHCKUX IOIyJalkja Ha YBOPOBHUMA MpPEXKE.
[IpumeHOM MeTOnEe CKanMpama Ha KOHAYHUM CHUCTeMHMa, ofpeljeHa je 3aBUCHOCT KPUTHYHE
BepoBaTHONE 0J1 MapameTapa JOKajJHe TUHAMHUKE U JaulHE WHTEpaKIja, a aHATM3UPAHO j€ M KaKO
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Ha ¢pakTagHe OCOOMHE TEPKOJAIMOHOT KJlacTepa yTHYE TOIMOJOTHje HWHTepakuuja. Kao
HajBaXXHHUJU Pe3yJTaT, YTBPHEHO je KaKo KJlace YHUBEP3aTHOCTH IMOCMaTpaHuX (pa3HUX mperasza
3aBHCE OJ] KApaKTEPHUCTUKA INHAMHUKE HEYPOHCKHX TOMYJalija Ha YBOPOBHMA MPEXKE, IPU YeMY
ce JO00MjeHHM pe3ylnTaTH TMOKJIanajy ¢ MoJalMa U3 PEJIeBAaHTHUX EKCIIEPUMEHTAIHUX
UCTPAXKHUBAKA.

Hagenenu pesynrartu Ccy IpuKa3aHu y pagoBUMa:

1. Percolation Transition at Growing Spatiotemporal Fractal Patterns in Models
of Mesoscopic Neural Networks
l. Franovi¢ and V. L. Miljkovi¢:
Phys. Rev. E 79, 061923 (2009);

2. Fractal Properties of Percolation Clusters in Euclidian Neural Networks
l. Franovi¢ and V. Lj. Miljkovi¢:
Chaos Soliton. Fract. 39, 1418 (2009).

2.12 IlpumeHa TeopHje HeJIMHEApPHe THHAMMKE Y HHTEPIMCHUILIMHAPHUM
HCTPAKUBaAKLUMA

VY okBupy oBe Teme, np PpaHoBuh ce 6aBU MPUMEHOM TEOpHj€ HEIMHEApHE NUHAMHUKE Ha
MO/IEJIOBalkh€ KOMITJIEKCHOT MOHAIIakha CEM3MUYKUX pace/ia, TeOJIOMIKUX CTPYKTYpa OJATOBOPHUX
3a HacTaHak 3emJboTpeca. KOHKpeTHO, TpeTupaHe cy Tpu rpyme mnpodiiema, ykibydyjyhu (a)
aHaJIM3y OCETJHUBOCTH IMApPAJUTMATCKUX MOJeNla pacela Ha CIHoJballlikbe mneprypoOanuje, (0)
HACTaHAK KOJICKTHBHE MOJIE Yy CJIOKCHHM pacenMa IMOJ YTHIQjeM IIyMa MU Kalllibema Yy
MHTepakKijamMa u (B) MEXaHH3aM HAaCTaHKa allepUOIMYHIX BPEMEHCKUX CEpHja Ha jeTHOCTAaBHUM
(MOHOKOMIIOHEHTHUM) paceauma. TOKOM aHanmu3e rpymne mpobiema (a), kopucrehu meromy
KpuBuX (a3HOT onaroBopa (phase response curves) TMPBOT U APYrOr peaa, EKCIUTHUIIUTHO je
JEMOHCTPHUPAH HU3 HETPUBHjATHUX edeKaTa, YKIbYdyjyhu: Hapyieme MPUHITUIIA CYTTePIIO3HIIH]Ee
MpU JICJIOBalby CYKIECHBHUX TepTypOammja ycies jake HEIMHEAPHOCTH MOJEeNa, CIOXKEHY
3aBHCHOCT IIpoMeHe (haze Cen3MHUUKOT UKITyca 0] TapaMeTapa U KOMIUIEKCHOCTH pacefa, Kao U
MIOCTOjambe AYTOBPEMEHCKOT eekTa neprypOaryja, Kako y cliyuajy MOHOKOMIIOHEHTHHUX, TaKO U
y cllydajy cioxkeHux pacena. [loBogom kpyra murtama (0), AeTaJbHO Cy HUCIUTaHU KOCPEKTH
CEeM3MHYKOT IIyMa (6eor 1 000jeHOT) U Kallliberha y HHTEPaKIIMjaMa Ha 110jaBy KOJICKTHBHE MOJIe
y IBeMa Klacama Mojielia KOMIUIEKCHHX pacefa. 3a 00a crieHapuja, pa3BujeH je mean-field momen
KOjU Ha KBAJUTATUBHO MCIIPaBaH HAYMH OIUCYje KOJEKTUBHY AMHAMHUKY paceia, 4uMe je
MOKA3aHOo J]a C€ METOJI CPEAET M0Jba MOXKE YCIIEITHO MPUMEHUBATH U Y CIIy4ajy CUCTeMa YUjU
€JIEeMEHTH UMa]y NUCKOHTHUHYaNnHy u stiff nuaamuky. budypkanmuonoMm aHann3oM ePeKTUBHUX
Mojelia yTBpheHo je mocTojame 00IacTH mapamaTepa Koju MojpskaBajy OMCTaOWIIHY TUHAMHUKY,
KOjO] y €r3akTHHM CHCTEeMHMa OJrOBapajy KOMIUIEKCHE arepuoJudHe OCIUiaIuje Yuja
CTaTHCTHKA KBAIUTATUBHO 33/I0BOJbaBa PEICBAHTHE CEM3MHUKE 3aKOHE CKaIupama, Kao IITO je
I'yren6epr-PuxtepoB (Gutenberg-Richter) 3akoH. YV okBupy nenuse (B), MOKa3aHO Ja CACBUM
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JEeIHOCTaBaH MOJIeJl MOHOKOMITOHEHTHOT paceja, peacTaB/beHor kaHoHCckuM Burridge-Knopoff
MOJICJIOM, MOJK€ Ja TeHEpHUIe KOMIUIEKCHE (opMe IMOoHallama 3axBajbyjyhl MEMOPH]CKOM
eeKTy, YBEJICHOM y TUIIMYHU MOJET Tpema n3Mel)y MaCHBHOT OJIOKAa M KOHTAaKTHE TOBPIIUHE
pacena. Ha ocHOBy cnpoBenieHe OMQypKallMoHe aHAIM3E, MOKa3aHOo je Jla ce Mpera3ak y Xaoc
onsuja mpema Ruelle-Takens-Newhouse cuienapujy.

HaBenenu pesynraru cy npeacTaBibeHH y cienehuM pagoBuMa:

1. Effect of Colored Noise on the Generation of Seismic Fault Movement: Analogy with
Spring-block Model Dynamics
S. Kosti¢, N. Vasovi¢, K. Todorovi¢, and I. Franovi¢:
Chaos Soliton. Fract. 135, 109726 (2020);

2. Nonlinear Dynamics Behind the Seismic Cycle: One-dimensional Phenomenological
Modeling
S. Kosti¢, N. Vasovi¢, K. Todorovi¢, and I. Franovié
Chaos Soliton. Fract. 106, 310 (2018);

3. Dynamics of Fault Motion in a Stochastic Spring-slider Model with Varying Neighboring
Interactions and Time-delayed Coupling
S. Kosti¢, N. Vasovié, I. Franovié, K. Todorovi¢, V. Klinshov, and V. I. Nekorkin
Nonlinear Dyn. 87, 2563 (2017);

4. Phase Response Curves for Models of Earthquake Fault Dynamics
l. Franovié, S. Kosti¢, M. Perc, V. Klinshov, V. I. Nekorkin, and J. Kurths
Chaos 26, 063105 (2016);

5. Earthquake Nucleation in a Stochastic Fault Model of Globally Coupled Units with
Interaction Delays
N. Vasovié, S. Kostié, I. Franovic¢, and K. Todorovi¢:
Commun. Nonlinear Sci. Numer. Simulat. 38, 117 (2016);

6. Triggered Dynamics in a Model of Different Fault Creep Regimes
S. Kosti¢, I. Franovié, M. Perc, N. Vasovi¢, and K. Todorovié¢
Sci. Rep. 4, 5401 (2014);

7. Complex Dynamics of Spring-Block Earthquake Model Under Periodic Parameter
Perturbations
S. Kosti¢, N. Vasovi¢, 1. Franovi¢, and K. Todorovié¢
J. Comput. Nonlin. Dyn. 9, 031019 (2014);

8. Dynamics of Landslide Model with Time Delay and Periodic Parameter Perturbations
S. Kosti¢, N. Vasovi¢, 1. Franovi¢, D. Jevremovic, D. Mitrinovi¢, and K. Todorovi¢:
Commun. Nonlinear Sci. Numer. Simulat. 19, 3346 (2014);

9. Friction Memory Effect in Complex Dynamics of Earthquake Model
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S. Kosti¢, I. Franovié, K. Todorovi¢, and N. Vasovié:
Nonlinear Dyn. 73, 1933 (2013);

10. Dynamics of Simple Earthquake Model with Time Delay and Variation of Friction
Strength
S. Kosti¢, N. Vasovi¢, 1. Franovié¢, and K. Todorovié¢
Nonlinear Proc. Geoph. 20, 857 (2013).

2.13 Heypehene kondurypanuje kuHeTH4Kor 3uHroBor Mojesia Ha KOMILUIEKCHUM
Mpexama

VY okBupy oBe Teme, np dpanoBuh ce 6aBuo mpobiemMoM mporieca ypehuBama U CTPYKTYpOM
Heypehennx kondurypanuja kwHeTmukor WM3unroor (I'maybepoBor) Mojena Ha HYJITO]
TEeMIepaTypy, 3aJaTOr Ha KOMIUICKCHMM Mpekama. Pa3MaTpaHu cy pasiuyuTd TpUMEpU
KOMILIEKCHUX Mpeska ykibyuyjyhu ciydaj Borc-Crporanosux (Watts-Strogatz) Mpeska 1061jeHnx
MIPETIOBE3UBAKEM PEryIapHe IBOJIMMEH3UOHAIHE PEIIeTKEe, Ka0 U MapaJurMaTCKUX XeTepOreHnx
JBOCIIOJHHUX Mpexa (two-layer networks) ¢ MynTHIUIEKC WIH CITy4ajHOM CTPYKTYpOM Be3a usmehy
ciojeBa. Kao rimaBHu pesynrar, mokasaso je 1a ko small-world Tonosnoruje naTepakimja, cuctem
HE TOCTHXE ypel)eHOCT y TepMOIMHAMUYKOM JIMMeCY, Beh 3aBpiiaBa y MeTacTaOMIIHUM aKTHUBHUM
KOH(pUTyparjaMma cacTaB/beHUM M3 JIBa JIOMEHA, KOJH OJrOBapajy KJIacTEpPOBAaHOM CTamy Ha
MOYETHO] PEIIeTKH. 3a MHTepMEeIrjepHe BEepoBaTHONE MperoBe3nBama, J0JAaTHO C€ T0jaBIbY]y
Heypehene kondurypanmje ¢ MauM, U30JI0BaHUM KarJbUIlaMa CIIMHOBA CYMPOTHE OpHjCHTAIIH]€.
VY ciydajy IBOCIIOjHUX MpeXka, MOKa3aHo je J1a KapaKTep KOHAYHOT CTarka KBATHTATHBHO 3aBHCH
OJl CTPYKType MHTEpaKI1ja u3Mely ciojena.

Onucanu pe3ynraTu NpeCTaB/BLEHH CY Y Pa1y:
1. Disordered Configurations of the Glauber Model in Two-dimensional
Networks

I. Baci¢, 1. Franovié¢, and M. Perc
EPL 120, 68001 (2017).
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3. EJEMEHTH 3A KBAJIMTATUBHY OLIEHY HAYYHOI JONPUHOCA
KAHJIUJATA

3.1 KpaquTeT Hay4YHHUX pe3yarara
3.1.1 HayyHu HUBO 4 3HAa4aj pe3yaTarTa, yTHIIaj HAYYHUX pPagoBa

Hp ®@panosuh je y cCBOM J0caganimbeM paay a0 KIbYIHH JOTIPUHOC Y YKYITHO 48 pajoBa, 01 KOjuX
je 46 objaBibeHo y MelhyHapoaHuM daconucuMa ca [SI nmcrte, a jeqHo mpeacTaBsba MOTrjiaBibe y
kmu3n. Ox Tora je 32 y kareropuju M21a, 9 y kareropuju M21 u 5 y kareropuju M22. JIBa
TOTJIaBJba Y KibUTaMa Ccy KajacudukoBaHa y kateropujy M14.

VY nepuonay HakoH omimyke Hayunor Beha o mpeasiory 3a cTumame NpeTXoAHOT HAyYHOT 3Bamba, AP
®panosuh je 06jaBuo 16 pagosa y uaconucuma ca ISI nucre, kao u jenHo norniassbe y Kibu3u. Ox
tora je 10 y xareropuju M21a, 4 y kareropuju M21, a 2 y kareropuju M22. Onpsxao je BHIIe
npeaaBama Ha HAYYHUM CKYIOBHMA, O] KOjux je 11 mo mo3uBy.

Kao 5 naj3nauajHHjux pajoBa KaHAUAATa U3 U300PHOT MIEpHUOIa U3/[Bajajy Ce:

1. I. Franovi¢, S. R. Eydam, N. Semenova, and A. Zakharova:
Unbalanced Clustering and Solitary States in Coupled Excitable Systems
Chaos 32, 011104 (2022), M21a, mutupan 11 nyra (Scopus)

DOI: 10.1063/5.0077022

2. L. Franovi¢, O. E. Omel'chenko, and M. Wolfrum:
Bumps, Chimera States, and Turing Patterns in Systems of Coupled Active Rotators
Phys. Rev. E 104, L052201 (2021), M21, nutupan 6 myta (Scopus)
DOI: 10.1103/PhysRevE.104.L052201

3. l. Franovi¢, S. Yanchuk, S. R. Eydam, 1. Baci¢, and M. Wolfrum:
Dynamics of a Stochastic Excitable System with Slowly Adapting Feedback
Chaos 30, 083109 (2020), M21a, mutupasn 20 iyra (Scopus)

DOI: 10.1063/1.5145176

4. V. Klinshov and 1. Franovié:
Two Scenarios for the Onset and Suppression of Collective Oscillations in Heterogeneous
Populations of Active Rotators
Phys. Rev. E 100, 062211 (2019), M21, rtutupan 11 nyra (Scopus)
DOI: 10.1103/PhysRevE.100.062211

5. L Franovi¢, O. E. Omel'chenko, and M. Wolfrum:
Phase-sensitive Excitability of a Limit Cycle
Chaos 28, 071105 (2018), M21a, rmutupan 16 myra (Scopus)
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DOI: 10.1063/1.5045179

Y mpBoM paay, Tpoy4yaBaHH cy (@) MeXaHM3MH HACTaHKa CTamka CIOHTAaHOT Hapylemha
CUHXPOHHU3AIM]e, KA0 W HHXOBE MOTEHIIMjaHE BE3€ HA IMYTYy JECUHXPOHM3AIMjE OJ IMOTIYHO
CHHXPOHH30BaHE JI0 aCHMHXpOHE NWHAMHKe; (0) HacTaHaK W HAYMHHM KapaKTepH3alldje HOBHUX
rmarepHa MapuMjalHe CUHXPOHU3ANM]e, CHeIU(PUIHMX CcaMO 3a CHCTEME CIPETHYTHX
eKCIUTA0MIHUX jeauHua. [laTepHu napiyjanne CHHXpPOHU3AIH]e Y IPOCTOPHO TUCTPUOYHPAHUM
CHCTEMHMa, YKJbYdyjyhu XMMepe W COJMTapHa CTama, MOApPa3yMeBajy CIIOHTAHO HapylLICHe
CHUMETpHje, Y CMHUCIY Ja y CHCTeMHMa UJACHTUYHUX jeIMHUIIA ca CUMETPHYHUM MHTEpaKIfjama
HEKe jenuHUIle MaHU(DECTyjy apyraudje cpeame (QpPEeKBEHIMje OCIWIOBama, Tj. IOCTajy
HekoxepeHnTtHe (frequency unlocked) y omHocy Ha Behuny koxepentHux (frequency locked)
jenunuia. Mehytum, HHTYyHIM]ja pa3BUjeHAa HA OCHOBY CHUCTEMa CIIPETHYTUX OCITUJIaTOpa HE MOXKE
Jla ce TIPeHece y CUCTEMEe eKCIMTAOMIHUX JeMHMIIA, KOje MaHU(]ECTy]y OoCIuiIaIuje caMo Mo
YTHUIA]€M CIIOJballlE CTUMYIIAIIH]e, n3Mel)y OCTaor U 3aTo MTO KOJEKTUBHU ()EHOMEHHU y BhHMa
TUMMYHO TIOApPa3yMeBajy 3HavajaH yTHIQ] 0J00JHUX, a HE caMO MPHUBJIAYHUX HMHTepakmnuja. Ha
npumMepy mozena crpernytux Ounxjy-Harymo (FitzHugh-Nagumo) jeaununa ¢ ekcuntabuiHoM
JIOKAJTHOM JMHAMHUKOM Yy Onu3uHM cuHryigapHe Xomdose Oudypkaiuje U MEIIOBHUTUM
NPUBJIAYHUM M OAO0OJHUM HEJOKATHUM MHTEepakiujama, 00jalllbeHd Cy MEXaHH3MH HacTaHKa
HebaTaHCUpPaHUX JIBOKJIACTED CTamba U FBbUX0Ba BE3a Ca COJUTAPHUM cTambuMa. JIok KiactepoBame
MoJIpa3yMeBa CIIOHTAaHy MOJIENTy CHCTEMA Ha JIBE MJIM BUIIIC TPYyIIa IPH Y€MY jeTUHHIIEC Y OKBUPY
UCTE TPyNe MMajy UACHTHUYHY TUHAMHKY, COJHMTapHA CTama MOApPa3yMeBajy Ja ce Majia rpymna
JenrHUIIA, pacTiope)eHNX CIIy4ajHO Y MPOCTOPY, OABOJU CPEIHOM (BPEKBEHIINjOM OCITUIIOBAaA O]
KJlacTepa KOoXepeHTHHX jenuHuna. Kopucrehn nse xoMrieMeHTapHe peIyKIIMOHE METOJE, T3B.
METOJ] eKCIIOHEHAaTa eBorapanuje (evaporation exponents) ¥ MeToJ yBolema TECT OCIHIIaTopa
(probe oscillators), u3BpiieHa je knacudukamnmja u odjanrmene cy oudypkainuje Koje, MPUIMKOM
JOMUHAaNKje 0400jHUX HaJ MPHUBJIAYHUM HHTEpaKIfjama, JOBOJE /10 HaCTaHKA HeOaJaHCUPAHUX
JBOKJIACTEp CTama (CTama ca 3HAuYajHOM acCHMETPHjOM BEIMYMHA KJacTepa) y TIJ00aHO
MOBE3aHUM Mpekama. YTBphEeHO je J1a OCTOj| MIeCT TUIIOBA HeOallaHCHpaHUX KJIACTEep CTama,
Py Y€MYy j€ OTKPUBEH HOBU THI KJACTEp CTama 3acHOBaH Ha antepHupajyhoj (leap-frogging)
JUHAMUIIA KJIacTepa C U3MEHOM pelociea eMUTOBama uMmmyica udMely knactepa. Takohe je
yYTBpl)EHO Ja TIOCTOje JIBa THIIA COJIMTAPHUX CTama, C TUM INTO JTIOMHHAHTAH THII y MOTITYHOCTH
Hacnelyyje ocoOnHe, Kao IMITO Cy 00JIacT mapameTapa MmocTojama, OJHOC Cpeambux (peKBeHIH]a U
opOuTe CONMTAPHUX M TUMUYHUX jeIUHMIA, O] oAroBapajyhux HebamaHCHpaHHUX JBOKJIACTEp
crama. C apyre cTpaHe, MambUHCKU TUI COJMTApPHUX CTaba HEMa KOPECIOACHTHA JBOKJIACTEp
CTama, a CaMOOpraHM3alldja OBUX CTama 3aCHOBAaHA Ha alTepHHpajyheM eMUTOBamy UMITYJICa
TUNUYHUX U COJIMTapHUX jenuHuiia. Ha kpajy, IeMOHCTpUpaHO je Ja COMUTapHa CTamba HUCY
OTIOpHA Ha MPUCYCTBO IITyMa, MOIITO YaK U MaJli IITyM n3a3uBa npena3 (biased switching) xa T3B.
patched matepauma. OBaj ¢eHOMEH O0jalImkeH je Kao MaHu(ecTaryja T3B. eeKTa CTOXaCTHUKE
npedepenmyje arpakropa (noise-induced preference of attractors), rie arpakTopu ¢ Majiom 6a3om
aTpakije (y OBOM CIlly4yajy COJIMTapHA CTamka) MOCTajy HEOICepBaOMIIHM y IPUCYCTBY LIyMa.
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VY napyroMm pany, MOKa3aHO je Ja KJacH4yHE [apaJurMe HacTaHKa IaTepHa KOXEpeHLHje-
HekoxepeHije (coherence-incoherence patterns), yodeHe KOJ CHCTEMa CIHPETHYTHX
MHTPUH3UYHUX OCLIMJIATOPA, HE BaXKE Y CIIy4ajy CUCTEMa CIPErHYTHX €KCIUTA0MIHUX JeAMHULA.
Jomr on orkpuha xumepa crama (2004. rox.), MaTepHU KOET3UCTEHIMje KOXEpeHIIHje-
HEKOXEPEHIMje Y CUCTEeMHUMA CIIPEXHYTUX OCLMIATOpAa CMAaTpaHU Cy M30J0BAaHUM OJI OCTaTKa
BEJIMKE KJIace MaTepHa y HeluHeapHuM cucremuma. C jenHe cTpaHe, TeHEPUYKH MeXaHH3MH
HACTaHKa TIaTepHa KOXEPEHIHje-HEKOXEPEHIMje€ OCTald Cy HEMOBE3aHH C KIACHYHUM
MeXaHU3MUMa HacTaHka natepHa. C Jpyre cTpaHe, CMaTpaHO j€ JAa HaTepHM KOXEpeHLuje-
HEKOXEpEHIMje HHUCY TJIOOATHM aTPaKTOpU CHCTEMa, Tj. Ja Cy YBEK KOCT3MCTCHTHH ca
YHU(DOPMHHUM KOMIIIETHO KOXEPEHTHUM CTalkEM, U 1 CY Kao MOCIEIUIA, ACMHMITOTCKU CTAOUIIHU
JEIVHO y TEPMOJNHAMHUYKOM JIMMECY, TaKO J1a J0KHMBJbABA]y KOJIAIC HA YHU(POPMHO KOMILIETHO
KOXEPEHTHO CTame y CHCTEMHMa KOHAuHE BEJIMYMHE. Y OBOM pajy, MOKa3aHO je Ja OBa JBa
KJIaCMYHAa CTaBa HE BayKe 3a MaTEepPHE KOXEPEHIIN]e-HEKOXEPEHIIH]e Y CIIPETHYTHM EKCIIUTa0MITHUM
cucremuma. Haume, Ha mpumMepy T3B. bump cTama, THIMYHUX 32 HEYPOHCKE CUCTEME U KOjH Ce
O]l XMMepa pa3jiHKyjy 1o TOME HITO jé KOXEPEHTaH JOMEH CTAllMOHAPaH, IEMOHCTPUPAHO je JAa
HaTepHHU KOXEPEHIIN]e-HEKOXEPEHIIN]€ TeHEPUYKH MOTY Jia HACTaHy Ha CYNEepKPUTUYAH HAUUH O
TjypuHroBux marepHa, TakO Jla HE IOCTOjH OHCTAOMIIHOCT ¢ YHHU(POPMHUM KOMILJIETHO
KOXEPEHTHUM CTalkEeM, Ka0o U J1a TaKaB MEXaHM3aM MaTepH (popMUpama He 3aBUCH O] BEJIMUUHE
cucreMa. YBohemeM MoJieNa JIaHIla CIPETHYTUX aKTUBHUX POTAaTOPA C HEJIOKAJTHUM aTpaKTUBHUM
MHTEpaKIjamMa 1 rI00ATHOM Perysi3ujoM, Mo IPBU YT je TOKa3aHo Ja MaTepHH KOXEpeHIIuje-
HEKOXEpEHIje MOry Ja HacTaHy IyTeM KJIacH4yHe NapaJurmMe JOKaJdHE aKTHBalWje H
IyrofoMeTHe MHXHOuImje kojy je yseo Tjypunr (1952) a akryenuzoBanu ['mpep u Majuxapt
(1972). KonkpeTrHo, ucnocraBjba c€ Ja CYNEPKPUTHUYHM MeEXaHH3aM HacTaHKa bump crama
yKJbyUyje JIBa KOopaka, o] Kojux je npBu TjypuHroBa oudypkanuja ox yHu(HOpMHOT KOMILIETHO
KOXEPEHTHOT CTama J0 MPOCTOPHO MOJYIMCAHOT KOMIUIETHO KOXEPEHTHOTI CTama, I0K Ce IPYTrH
KOpakK CcacTOju y MPOCTOPHO JIOKAITM30BAHO] XOMOKJIMHMYHO] OM(ypKaIyju y K0joj camo jeaHa
jenuHMIIa 10XKuBJbaBa unlocking ox koxepeHTHe rpyne jenuania. OBakaB OCHOBHH THII ITaTepHA
3aTUM  J100Mja  TPOCTOPHO-BPEMEHCKY  KOMIUIEKCHOCT  CEKyHJIapHUM  Oudypkanujama
(MHTEpMUTEHLIMja WM pachajg Topyca), KOje MOBOAE [0 Mpelacka y HUCKO-ITUMEH3HOHU H
eKCTeH3UBHHU Xaoc. J[o1aTHO je mokaszaHo Ja je npuiarohaBameM jadyrHa HEJIOKAIHE aTpakiuje u
rinobanHe penynsuje Moryhe mooutu m apyre MexaHuzMe HatepH (opMHpamma, 0/ KOJUX HEKH
OJroBapajy W paHHje YTBphHEHUM CYOKpUTHUHUM IIpeja3uMa O]l KOXEPEHTHOI CTama Ka
naTepHIUMa KOXEpEHLIUje-HeKOXepeHIIje.

VY Tpehem pany, W3BpIIEHA EKCTEH3Hja TEOpHje CHHTYJapHUX IMepTypOamuja Ha CTOXACTHUYKe
multiscale cucteme ca mymoM Ha 6p30j KapakKTepUCTUYHO] BpeMEHCKOj ckanu. KokpeTHo, yBeneH
Jj€ MO CTOXACTHYKOT EKCIMTAOMITHOT CHCTEMa ca CIOpOM aJamnTalijoM Koja yThdYe Ha
eKCIMTAOMITHOCT jeAuHuIe. MoJIen je pa3BUjeH TaKo J1a YKJby4yje TJIaBHE MapagurMe HEeypOHCKE
IWHAMHKE, Ka0 IITO Cy EKCIUTAOMIHOCT, NIyM M aganTUBHOCT. C TeopHjcKe Tauke, IJIaBHU
JIONPUHOC pajia cacToju ce y yBohemy HOBE pEIyKIIMOHE METO/E CTOXAaCTHYKOI YCpelrhaBama
(stochastic averaging), 3acHoBaHor Ha KomOuHOBamy @oxep-IlinankoBor dopmanusma u
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CHUHTYJapHe TeopHje mneprypbanuja. Pemamame layer mpobnema myrem ®Doxep-Ilnankose
jenHauynHe OMOTyhuio je KOHCTPYKIHjy OudypKamuoHOT AujarpaMa cropor (pemyKoBaHOT)
noacuctema path-following texHukom. budypkamnvona ananmsa y CHHTYJIapHOM JIUMECY j€
MoKa3ajia II0CTOjakbeé TPU KapaKTepPUCTHYHA JTUHAMUYKA pEeKUMa: LIYMOM HHJIYKOBAaHO
onaspuBame (spiking), mymom meprypOoBanm spiking, ka0 W JOMeH OHUCTaOWIHOCTH, KOJU Y
ClIy4ajy MaJjor, ajli KOHAYHOT pa3/iBajarba BPEMEHCKUX cKajla OJIroBapa CTOXaCTHYKOM bursting-
y. IlokazaHo je ma ce MexaHM3aM CTOXacTHYKOr bursting-a, kao HOBe (opMe eMEpreHTHOT
MOHAaIamka, 3aCHUBA Ha IIIYMOM WHIYKOBaHO] switching quHamMunu u3Mmel)y Ba KOCT3MCTEHTHA
MeTacTabmiIHa cTama (KBa3HUCTAIlMOHAPHO CTamke W OCIWIaTopHa mona). Takohe, y ciydajy
KOHAYHOT pa3jiBajarba BPEMEHCKHUX CKaja, JEMOHCTPUPAHO j€ J1a C€ IPOMEHOM jaurHE TTOBpaTHE
CIpere MO)KE IO0jadyaBaTH WM CIaOWTH edeKraT pe30HaHIe KOXEPEHIH|e Y PEXKUMY ITyMOM
MHIYKOBAHOT OlaJbuBamba, IITO MPEJICTaB/ba HOBY METOAY KOHTpoJie edeKTa pe30HaHIe
KOXEpeHLIWje, IPUHIUIN]EITHO apyraunje of kiaacuuHe [Tuparacose Texunuke. JlogaTtHo, MOKa3aHO
je u na je Moryhe KOHTPOJIMCATH CTaTUCTHYKE OCOOMHE CTOXAaCTHYKOTr bursting-a, Kao IITO je
penaTHBaH OJTHOC Tpajarka eMu30/1a OllaJbUBakha U KBa3U-CTAIMOHAPHUX TIEPHO/A.

VY derBpTOM paay aHaIM3MpaHa jé MaKpOCKOICKA JWHAMHUKA IMOMyJlalHje ¢ KBAIUTATUBHOM
XeTeporeHouhy JokagHe THHAMHKe, y CMHUCITY Ja ce MOMyJalnja cacToju 01 akTUBHUX pOoTaTopa
C EKCIUTA0MJIIHOM WM OCHWJIATOPHOM HWHTPUH3UYHOM JAuHAMUKOM. OBakaB CLEHapuo ce
CYIITHHCKH Pa3juKyje o1 KiacuaHor KypamMoToBor Mojiena y KojeM ce JeIMHHIIE OJUTHKY]Y camo
KBaHTUTATUBHOM Xe€TeporeHolhy, Tako J1a ce nmomyJsaiuja cacToju oJ OCHUIATOPa C pa3InIUTUM
JIOKaTHUM (PpeKBEHITMjaMa. XETEePOreHOCT (IMBEP3UTET) je (PyHIaMEHTaHa KapaKTePHUCTHKA
OpojHUX OHMOJIOIIKWX CHUCTEMa, HIIP. HEYPOHCKHX IOMyJalKja, a y KOHKPETHOM CIydajy je
peain30oBaHa TaKO INTO Cy JOKATHM OuQypKalMOHW TapaMeTpH AaKTUBHUX poTaTopa
IUucTpuOyHpaHd TIpeMa YyHampena 3a4aToj IUCTpuOyluju BepoBaTHOhe. AHanmm3a pexuma
MaKpOCKOIICKEe JMHAMHUKE, YKJbY4dyjyhu JOKamHy CTpyKTypy cTama M ojarosapajyhe obiactu
crabunHocTH, o0OaBbeHa je ekcreH3ujoM Ot-AHTOHCEHOBOT (Ott-Antonsen) peRyKIHOHOT
METOJla, KOJU OJroBapa TEPMOAMHAMMYKOM JIMMECy, Ha TOMyJlaluje C JUHAMHYKOM
xereporeHomhy jenuauna. Kao OudypkanuoHu mapameTpu pa3MarpaHe Cy KapaKTepUCTHUKE
TUCTPUOYIH]je JTOKATHUX (PpeKBEeHIIHja poTaTopa (Cpeama BPEIHOCT U MIMPUHA JUCTpUOYITH]je).
KoHKpeTHO, OTKPUBEHO je Ja TIOCTOje TPH PEKUMa MaKPOCKOTICKE TUHAMHKE, U TO: (1) rimobamHo
XOMOTEHO CTalkhe¢ MUPOBAa, TJI€ CE CBH POTATOPH HAJIa3€ Y €KCIIUTAOUITHOM CTamwYy; (2) riobamHo
OCIIMJIATOPHO CTame, IJIe Cy JIOKAIHE OCHMJIAlMje poTaTopa MaplfjaJHO CHHXpOHU30BaHE; (3)
XETEePOreHO MAaKPOKOIICKU CTAIlMOHAPHO CTAbE, I7I€ Ce HEKE jeAMHUIIE Hajla3e Y eKCIIUTAOUITHOM,
a Jpyre Yy OCHWIATOPHOM pEXKUMY, NpU HYeMy CYy IUXOBE JIOKAIHE aKTUBHOCTH
HECHMHXPOHM30BaHE. XETEepPOreHO CTAlMOHAPHO CTame je oJ (PyHIaMEHTAJHOI 3Hayaja 3a
HEYPOHCKE CHCTEME jep TIOKazyje OCOOMHY MAaKpOCKOICKEe eKcuuTaduimHocTH. JleraspHa
OudypkanmoHa aHalu3a IOKa3aja je Ja Cy o0JacTH CTaOWITHOCTH TOJeUHUX CTama 3aaara
CJIOKEHUM OM(ypKAIIMOHUM CIIEHAPHjOM, OPTaHU30BAaHUM OKO TpH OudypKaije KOJAUMEH3U]e
nBa (bormanoB-Takenc Oudypkanmja, cusp Ooudypkamnuja, fold-xomoxknuanyHa Oudypkaimja).
Takohe, mokazaHo je na mocrtoje oONacTH Mapamerapa y KojuMa CHCTeM MaHudecTyje
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OucTabmIIHOCT M3Mel)y 1Ba MaKpOCKOIICKA CTallMOHAPHA CTamba, WK TI100aTHOT CTAllMOHAPHOT U
OCIIMIIaTOPHOT cTama. OTKpPHBEHA Cy JIBa TEHEpPHYKa MEXaHM3Ma HAaCTaHKa KOJEKTHBHE MOJIE
(kmacuyan kypamotoBckn u mnpeko SNIPER Oudypkanmje), xkao u 1Ba cleHapuja
(TMaTKK/CYyNEepKPUTUYHN U XUCTEPETHYHHI/CYOKPUTHYHH) TIPETacka U3 XOMOTEHOT' y XETepOreHO
CTallMOHAPHO CTame ¢ moBehameM JUBEP3UTETA.

VY merom pany W3BpIIEHA je TeHepalin3alyja MojMa eKCUUTAOUITHOCTH Ha CHCTEME Yy KOjuMa ca
CTa0MJIHUM TEPUOAWYHUM OCIHJIAIMjaMa, yMja JIOKaTHa JAuHamMHuKa nMma limit cycle arpakTop.
Knacuyan mojam ekcuuTaOMIHOCTH MOBE3aH je ca CUCTEeMUMa KOjU MMajy JHMHEApPHO CTaOMIIHO
CTallMOHAPHO cTame (EKBIINOpUjyM), anu MaHu(pecTyjy HenmuHeapHo threshold-like monamarmse,
Tako Ja MeprypOanrja JOBOJbHO BEJIHMKE aMIUIMTYJE MOXKE Ja HM3a30Be EKCLUTAlH]y, Kao
HenuHeapaH oAroBop cuctema y ¢dopmu spike-a. Ilpema kilacMuHO] TEOpHjU HEITWHEApHE
JTUHAMUKE, €KCIIUTAa0OMITHOCT HACTaje yCle ToTa IITO Ce CUCTEM Halla3u y Onu3uHu Oudypkaimje
O]l CTallMOHAPHOT CTaha Ka PeKUMY MEPHOANYHHUX OCHIIIAIMja. Y OBOM pajy je MaK MOKa3aHo
Jla CHCTEMH Y PEKUMY PEJIaKCAITMOHUX OCITHIIAIIja MOTY JIa HCIIOJhE EKCIIUTAOMITHO TTOHAIAE,
Koje je HeyHH(OPMHOT KapakTepa IyK NEpUOAWYHE OpOWTEe, a CacTOju Cc€ y HEIMHEApHOM
threshold-like ogoBopy cucTema Ha crospaliky NepTypOaIyjy oapeheHe aMIUIUTYAE U TpaBIia.
3060r HEYHU(DOPMHOCTH Ty MepuoIudHe opouTe, heHOMEH je Ha3BaH phase-sensitive excitability
nepuonuyne opoure. Kopucrehu enemente Teopuje CHHTyIapHUX NepTypOanmja, IoKa3aHo je aa
je threhold nwmHamuwka 3amara CTPYKTYpOM MaKCHMAJIHOT KaHapna, Koja je TOBe3aHa C
HecTtabmiIHOM (GuKCHOM TaukoM. Jlakne, y mopehemy ¢ KIaCHYHHM TOjMOM €KCIIMTaOMITHOCTH,
CHCTEM Ce He Haja3u y Ou3uHu Oudypkanmje, ajau ce Hajla3u y OJM3uHM KaHap/ rpenas3a. Takole,
cama eKCIMTaIlfja, HaCympoT KJIACUYHO] €KCIUTAOMITHOCTH, j€ MHXUOUTOPHOT THUIIA, Y CMHUCITY Ja
neprypbanuja u3a3uBa JA€BUjalUjy ¢ mepuoauuHe opobute y ¢dopmu Mane (subthreshold)
OCLMJIallMje KOja MpaTh CTPYKTYpYy MakKCIMMalHOT kaHapna. Kao m y ciydajy KiacudHe
eKCIIUTa0MIIHOCTH, cucTeMHt ¢ phase-sensitive excitability manudectyjy HelmHeapaH oAroBop Ha
ryM y (OpMHU MHBEpP3HE CTOXACTHUKE PE30HAHIIE, TAKO Ja MOCTOjU NMpedepeHTHH HUBO LIIyMa Ha
KoMe je (peKBEHIIMja CTOXAaCTUIKH MEepTypOOBaHKMX ocHmiannja MUHUMaTHA. O0jalimeHo je 1a
edekaT WHBEP3HE CTOXACTHYKE pE30HAHIIE HACTaje Kao pe3yiTar KOMIIeTHIHje pacTtyhe
e(pUKaCHOCTH EKCIHMTAlHje W Jerpajaluje HEIMHEapHOT OJAroBOpa cHcTeMa ¢ MoBehameM
MHTECH3UTETA LIyMa.

3.1.2 lmTupaHoCcT HAYYHUX PA0Ba KaHIMIATA

[Ipema mogammma o ITUTUPAHOCTH ayTopa Mpey3eTuM u3 6aze Scopus 26.9.2023. ronune, pagoBu
ynju je ap Ppanosuh koayrop nocaz cy uutupanu 480 myra, 10K je Opoj xereporurara 339 y3
Xupmos unaekc 14. IIpema 6a3u Google Scholar, ykynan 6poj uurarta je 585, a XupIioB HHIEKC
je 15.
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3.1.3 IlapameTpn KBaJHTETa Pag0Ba U Yacomuca

buTan enemMeHT 3a MpoleHy KBaJUTETAa HAYYHHUX PE3yJITaTa je U KBAJIUTET Yacoluca y KojuMa cy
panoBu 00jaBJbEHH, OJHOCHO HMXOB UMNAKT (pakrop — UD. /Ip @panosuh je 06jaBibUBa0 pasoBe
y yacomucuma kareropuja M2la, M21 u M22, npu yemy Cy NHOABYYEHH HMMAKT-()HaKTOPU
jacomnuca y Kojuma cy myOIMKOBaHU pajioBU HakoH oanyke Hayunor Beha MHcTuTyTa 32 DU3NKy
0 TIPEJUIOTY 3a CTHUIIAEe MPETXOAHOT HAYYHOT 3Bamba!

e 7 panoBay gaconucy Chaos, solitons & fractals (UD 9.922 3a aBa paga, UD 5.944 3a jenan
pan, U® 3.315 3a aBa pama, UD 1.611 3a jeman pag u LD 1.268 3a jenan panm)

e 11 pagosayuvacormucy Chaos (UD 3.741 3a uetnpu panga, UD 3.642 3a nBa paga, UD 2.643
3a jenan pan, U® 2.283 3a aBa pana, 2.188 3a jeman pag u 2.081 3a jenan pan)

e 10 panoBa y waconucy Physical Review E (UD 2.707 3a jenan pax, UD 2.353 3a nBa pana,
N 2.366 3a jenan pan, LD 2.326 3a 5 pamosa u UD 2.508 3a jexan pan)

e | pany uaconucy Physical Review Letters (D 7.943)

e 1 panyvacomnucy Scientific Reports (M®D 5.578)

e 2 pana y gaconucy Nonlinear Dynamics (M® 3.464 3a jenan pag u U® 3.009 3a npyru
pan)

e 4 panayyaconucy Communications in Nonlinear Science and Numerical Simulations (M®
2.866 3a Tpu paga u D 2.806 3a jenan pan)

e 4 panay uaconucy EPL (U® 1.957 3a jenan pan, U® 2.893 3a jenan paxg u UMD 2.095 3a
JIBa pajia)

e 2 panay ugaconucy European Physical Journal Special Topics (UD 1.947 3a nBa pana)

e 1 pany vacomnucy Nonlinear Processes in Geophysics (M®D 1.692)

e 1 pany vaconucy European Physical Journal B (M® 1.575)

e 1 pany vacomnucy Journal of Computational Nonlinear Dynamics (M® 1.530)

VYkynan numnakt-(axkrop pagosa ap Ppanosuha nznocu 142.069, a dakrop yrumaja pagosa y
nepuoy HakoH ojuryke Hayurnor Beha MHCTHTYTA 32 GU3HKY O MPEAIIOTY 32 CTUILIAE MPETXOTHOT
HAy4YHOT 3Bama panoBa je 63.943. Yaconucu y kojuma objaBibyje ap @panoBuh cy 1ewHEeHU O
CBOM yTJieqy ¥ Bojehu y meroBumM obnactuma paaa. Mehy momeHyTum yaconucuma moceOHo ce
uctuuy Chaos, Chaos, Solitons & Fractals, Physical Review Letters, Scientific Reports, Nonlinear
Dynamics, Communications in Nonlinear Science and Numerical Simulations, Physical Review E,
Europhysics Letters.

JlonatHu OMOJIMOMETPH)CKH TTOKa3aTeJbi y BE3H ca 00jaBJbeHUM paJOBUMa KaHIUIaTa Y IEPUOTY
HakoH oanyke Hay4nor Beha o mpeasiory 3a cTHIIamke 3Bamka BUIIM HAYYHU CapaJHUK MMPUKA3aHH
cy y cnenehoj tabenu:
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no M CHUII
YkynHo 63.943 132.25 20.37
YcpeameHo 10 WIAHKY 3.996 8.265 1.273
Ycpeaweno no ayropy 16.979 41.1 5.726

3.1.4 CreneH caMOCTAJIHOCTH M cTemeH ydemha y peaju3anmju pagoBa y Hay4YHHM
HEeHTPUMA Yy 3eM/bU U HHOCTPAHCTBY

On 46 o0jaBsbeHuX panoBa, ap Opanosuh je mpBu ayTop Ha 25 pagoBa, Ipyru HaBeIEHHU ayTop Ha
7 pana, Tpehu ayTop Ha 6 panoBa, IETHU U JEBETH ayTOp HA IO JEHOM pajly, a MOCIEABHU je ayTop
Ha 5 myOnukamnuja. Ha pagoBuma koju cy o0jaB/beHH y TIepuoay HakoH oiuryke Hayunor Beha
HNHuctuTyTa 32 QU3UKY O MpEIory 3a CTHIIAkE 3Baba BUIIM HAYYHH CapaaHuK, np DpaHoBuh je
npBU ayTop Ha 6 myOnuwkanwja, APYrHW HABEICHHW ayTop Ha 3 pana, Tpehu HaBeACHH ayTop Ha
JEIIHOM pajy, IETH B IEBETH ayTOP Ha 110 JeTHOM paiy, Kao U MOCJIEeIU ayTop Ha 4 myOIuKaIuje.
[Tpu n3paau momeHyTux paaona, 1p @paHoBuh je yuecTBOBAO Yy OCMUIILJbAaBAKY U (hOopMyIaIuju
npobiemMa, KOHCTPYKIHJH PEJIeBAHTHUX HYMEPUUKHX CHMYJalfja ¥ MPUKYIUbamy I0JaTaKa,
pa3Bojy TEOPHMjCKHX METOAA 3a aHajdu3y JOOMjeHHMX pe3yliTaTa, Kao W mucamy u ypehusamy
pajoBa.

Toxom marucrapckux cryauja Ha @usmukom ¢akynrery y beorpany, np ®panosuh ce 6aBuo
pa3BojeM TEOPHjCKMX M KBAaHTHTATHBHHX METO/a 33 KapakTepHU3allljy MpOMaraTuBHUX MaTepHa
TpaH3MjeHTHE CUHXPOHU3ALM]€ Y HEYPOHCKUM TOIyJalyjaMa, aHaJIu30M OIHOCA CTPYKTYPHHUX U
(GYHKIIMOHATHUX HEYPOHCKUX MOTHBA, Ka0 M MPUMEHOM TEOpHje CHHTYJIapHE meprypOainuje Ha
aHanu3y ¢peHOMeHa CToXacTUuKe (pa3zHe CHHXPOHM3AIM]E Y CUCTeMuMa bursting HeypoHa. Tokom
JTOKTOPCKUX CTyauja, y capanmu ¢ npod. np Hukomom bypuhem ¢ MucTHTyTa 32 Qusuky y
beorpany, np ®panoBuh je 3amodeo HUCTpaKHBamkE y O0JACTH €MEpPreHTHE IWHAMUKE Ha
CHCTEMHMa eKCIUTA0OMIIHUX jeAMHUIIA [TO]] YTUIIajeM IIyMa U Kallllbeha Y UHTepakurjama. Y TOM
KOHTEKCTY, 3aIlI04ET je pa3Boj HoBe mean-field MeToe 3a aHanmn3y cTaOMITHOCTH U (CTOXACTUYKHUX )
Ooudypkanuja cucremMa CTOXACTHUKMX JU(EpeHIMjaTHUX jelIHAYMHA, KAao U CUCTeMa
CTOXAaCTUYKHUX IU(EpeHIUjaIHUX jeHaYMHA C KallllbemheM. HakoH 3aBpIueHor nokTopara, JIp
®panoBuh je TOKPEHYO UCTPAXKUBaKHA Y HEKOIMKO Pa3IUIUTHX MpaBaria, opxkaBajyhu akTUBHY
HAy4YHY capajiby C BHIIE CTPAHWX HCTpaKMBaya M UCTPAXKMUBAYKUX Trpymna. M3 mepcreKThBe
pa3Boja aHATUTHYKUX METOA, TIOCBETHO CE TeHEpAITH3alHj1 PEAYKIIMOHUX MTPHUCTYIIA Ha CHCTEME
C TMHAMHKOM Ha BUIIIECTPYKHM BPEMEHCKUM cKajlama. Y TOM CMHCIY, IOTIPHHEO j& Pa3BOjy HOBE
AQHAJTMTHYKE METOJE 3a ONKMC KOJCKTHBHE IMHAMHUKE CHCTEMa 3aCHOBaHE Ha KOMOMHOBAambY
kimacuyHor OT-AHTOHCEHOBOT MpPHUCTYNa M TEOpHje CUHTyIapHuX mneprypbauuja. Takobe,
OCMHUCIIMO je METO/Y 32 aHAIM3y TUHAMUKE CTOXAaCTHUYKUX CHCTEMa C Op30-CIIOPOM CTPYKTYPOM
y K0joj ce komOunyje ®@okep-InankoB Gpopmannszam 3a TpEeTHPAHE CTOXACTHUKE Op3e TUHAMIKE
C elleMEHTHMA KJIaCHU4YHE TEOpHje CHHTYJapHUX IeprypOanuja. Jeman of 3HA4ajHUX IpaBala
HCTpaXKMBamba OJIHOCH C€ U Ha €KCTEH3H]Y MOjMa eKCIIUTAOMIIHOCTH, C JeIHE CTpaHEe Ha CUCTEME C
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limit cycle arpakropom, hopmynunryhu mojam phase-sensitive excitability, a ¢ apyre ctpaHe Ha
reHepan3aIjy 1mojMa eKCIUTaOMIHOCTH Ha crpernyte cucreme. Jp ®@panoBuh je moKpeHyo U
HOBH TIpaBall UCTPAXKMBaKka YCMEPEH Ha Pa3yMeBamke MEXaHN3aMa HACTaHKa MaTepHa IMapIiyjaiHe
cuHxpoHusanuje (coherence-incoherence patterns) y crperHyTHM €KCIUTaOMIIHUM CHUCTEMHUMa,
Ka0 U 00jalImbeby pa3iivKa y 0JJHOCY Ha KJJaCHYHE MEXaHU3ME MMO3HATE Y CUCTEMHUMA CIIPETHYTUX
ocumiaropa. ¥ ToM KOHTeKcTy, np ®PpaHoBuh je OTKpHO HOBY kiacy T3B. patched marepna
CHeM(PUIHAX CaMO 3a CTIPErHyTe eKCIIMTA0MIHE CHCTEME; II0BEe3a0 MeXaHW3aM HacTaHka bump
CTama C KJIACHYHUM TjypUHTOBHM IaTepHUMA y CHUCTEMHMa C HEJOKAJTHOM aTpPakKIHjoOM H
JIO0ATHOM PEIyi3ujoM; 00jacHHO TEeHEpHYKE MEXaHW3ME HacTaHKa COJUTApHUX CTama M
KackajgHe akTUBHOCTU (avalanches) y cmpernyrum ekcuutabminuMm cuctemuMma. Kao Ttpeha
3Ha4ajHa 00J1aCT HEJJAaBHUX HMCTPAXKMBamba, U3/[Baja CC UCTPAKUBAE yJIOTe aJIallTABHOCTH, KaKO
Ha HUBOY jauMHE Be3a, TAKO U Ha HUBOY NPOMEHA KapaKeTepHCTUKA JIOKATHE AMHAMUKE e IMHULIA,
Ha €MEepreHTHy aitepHupajyhy (switching) nuHamMuKy M OJp)KaBame CHUCTEMa y OKOJIUHH
KPUTUYHOCTH Yy CHPErHYTHM €KCUUTAOMJIHMM CHUCTEMHMA, WM XETEPOreHUM CHCTEMHUMa
CacTaBJbEHUM O] EKCIIUTAOMIIHUX jEANHUIA U MHTPUH3UYHUX OCIUIATOpPA.

Hp ®panoBuh je pykoBoauo OunarepadHUM NpojeKToM capaame PemyOnuke Cpbuje u CP
Hemauke non nasuBom Emergent Dynamics in Systems of Coupled Excitable Units. Takobhe, y
okBupy HanuoHanHor mpojekta OH171017, Moodenuparwe u Hymepuuke cumynayuje cloHceHux
gUUEe eCMUYHUX CUCmeMd, PYKOBOAHMO je moTnpojektoM Camoopeanuzayuja y CHpecHymum
excyumadbunnum cucmemuma. Y okBupy lLleHTpa WH3y3eTHHX BpETHOCTH 3a W3y4YaBame
KOMILUTIEKCHUX cuctemMa Ha MHcTuTyTy 32 Qusuky y beorpany, pykoBOIHO je HCTpaKUBAKHEM Ha
MOTIIPOjeKTy EMmepeenmua OuHAMUKA HA KOMIIEKCHUM MPEeXCAMA: CMOXACMUYKU epexmu,
Kawrberse y UHMepaKyujama, aoanmueHocm.

Hlp ®panoBuh nMa mHpOKy HAY4YHY capajimy C KojieramMa U3 HMHOCTPAHCTBAa M3 00JacTH
HeJIMHeapHe JUHAMUKE, CTaTUCTUYKE (PU3HMKe U HeypoHayKe, ykibyuyjyhu: rpymy ap Jlyuca Kanra
¢ Puxen unctutyra u3 Tokuja, Janan; rpymy npodecopa Bragumupa Hexopkuna ¢ Uncturyra
npuMemeHe Qusuke Pycke akanemmje Hayka y Hmwxmem Hosropony; rpymy np Marujaca
Bondpyma c¢ Bajepmirpac uncturyra y bepnuny, Hemauka; np Omnexa OwmespueHka cC
VYuusepsutera y [lorcnamy, Hemauka; np Puxa bepaepa ¢ XymOonT yHuBep3uteta y bepnuny,
Hemauka; npod. np ®ununa Xedena ¢ Yausepsurera y Capopukeny, Hemauka; npod. ap Any
3axapoBy ¢ Texunukor ynusepurera y bepnuny, Hemauka; np Hagexny CemjonoBy ¢ @emto-CT
uHcTUTyTa, Opanirycka; rpymy ap. Capana [ladapuja ¢ Amupkadbup ynuBep3urtera y Texepany,
Upan; kao u npod. Matjaxa I[lepra ¢ Yausepsutera y Mapu6opy u ipod. np Juprena Kyprca ¢
HNucturyra 3a knmumarosorujy y [lotcaamy.

3.1.5 Harpape u crunenauje

Jp ®panoBuh je 1oOMTHUK Harpaje 3a HajOoJber MiIafor ucTpaxkupaya Ousnukor Qaxynrera y
Bbeorpany 3a 2013. roauny, kao 1 JoOOUTHUK [ oguime Harpase 3a HaydHu onpuHoc MHCTUTYTa
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3a ¢usuky y beorpany 3a 2020. romuny. Takohe, kanguaar je 2012. rogune noduo DAAD
CTUIIEHM]Y 3a cTyaujcku OopaBak y CP Hemaukoj.

3.1.6 EsreMeHTH NPpUMEH/bMBOCTH HAYYHHUX pe3yJiTaTa

UcrpaxuBama np @panoBuha ce oHOCE Ha cCaMOOpPraHU3aIi]y U TeHepuIKke popmMe eMepreHTHE
JTMHAMUKE y CHUCTeMa CIPETHYTHX EKCUUTAOWIHUX jeIUHMIIa WIM OCLIMJIATOpa, a Kao IJIaBHA
MOTHBalja M TOTEHIMjaHe o00JacTh NpuUMEHe JOOHMjeHHX pe3yiTrara ce HCTHIY
KapakTepu3aiuja, npeaBuhame U KOHTPOJIa KOJEKTHUBHOI IMOHAIIamha HEYPOHCKHX M JIPYTuX
Oouosiomkux cucremMa. Heku o KJby4HUX MOjMOBA y UCTpaxuBamy ap @paHoBuha, Kao MTO Cy
eKCIUTAOMIHOCT, IIyM M aJalTHBHOCT, IPE/ICTaB/bajy TJIaBHE OCOOMHE HEYPOHCKHX CHCTEMA.
ExrnuraOuinHOCT MMa W MIMPH 3Ha4aj y CBETNIy YMEHCHHUIIE J]a CE MOXKE CMaTpaTh OCHOBHUM
eneMeHToM (u3uke xuBoTa (physics of life), momro mnpeactaBiba BoAchy mapagurmy JIoKajaHe
TUHAMUKE HE cCaMO HEpPBHOT, HEro M CpYaHOr TKMBa, OeTa-henuja MmaHKpeaca 3aayKeHUX 3a
CEeKpelHjy MHCYJIMHA, Ka0 U HeKUX T'eHCKuX Mpexka. [lopex Tora, criperHyTHM €KCUUTAOUITHUM
cucremuma Moryhe je onucaru OpojHEe apyre cucTeme, Kako MPUPOJHE TaKo M apTU(UIIjeNHe,
0]l XEMHJCKUX peaKIlMja J0 Jlacepa U Mojeia KiuMe. 3a pa3yMeBame HEYPOHCKUX CHUCTEMA, O
(GyHIaMEeHTAIHOT 3HAYaja je HEKOJIMKO Kopmyca mnpobOiiema koje ap PpanoBuh mnpoydasa,
YKJbydyjyhn KpUTHYHE TIpenaze Ka CHHXPOHHU3AIUjH, ald M (EHOMEHH NaplujaiHe
CHHXpOHHU3aIMje (XuMepe, bump u comuTapHa cTama) Ha NYTy OJ KOXEpEeHIMje Ka
HEKOXepeHIHjH. JJok HacTaHaK KOJIEKTHBHE MOJIE MOXKE J1a CE€ TTOBEXKE C HACTAHKOM KOJIEKTHBHHIX
pUTMOBa y KOPTEKCY, MO3HATO j€ Ja bump cTama Wrpajy 3Ha4dajHy yjiory y ¢opMHupamy
KpPaTKOpOYHE MEMOpH]je, PENPE3CHTAIH]H BU3YSIIHUX CTUMYITyCca M yCMEpaBamy I0JI0Kaja TJIaBe.
Takohe, np ®panoBuh ce 6aBu U MeXaHW3MUMa HACTAaHKA CAMOJIOKAJIIM30BAaHUX EKCIHUTALM]a U
[poNaraTUBHUX IMAaTepHa TpPaH3UjEHTHE CHHXPOHM3alMje, KOjé Yy KOHTEKCTY HEeypOHayKe
ONIrOBapajy T3B. HEYPOHCKHM JaBuMHama (neuronal avalanches), decrom Tumy cnoHTaHe
aKTUBHOCTY HEYPOHCKHX nonyianuja. [lopen ananoruja ¢ HopMaTHUM, (U3UOIIOUIKH MTOKEJbHUM
(XOMeoCTaTCKUM) CTambMMa HEYPOHCKHX IOIyJaluja, ucTpaxkuBama np dpanosuha mory ma
npy’Ke U 3HadajaH yBUJ y MEXaHU3ME HAaCTaHKa MATOJIONIKUX CTamba, Tj. HEYPOJIOUIKHX 000JheHma
KOja Ha HHMBOY JMHAMHUKE HEYpOHAa Kao 3ajeHHUYKY OJUIMKY MMajy H3PAa3UTO BUCOK CTEIIEH
CHHXPOHH30BaHE aKTUBHOCTH (enuiencuja, Anmxajmeposa u [lapkuaconoBa 6osect, Tpemop). Y
TOM CIly4ajy, TOXEJbHO j€ TPOHANa3UTH METOJe KOHTpPOJE 3a M3a3MBamke IIpesas3a
JIECHHXPOHHU3ALMj€ Ka XOMEOCTAaTCKO] aCHHXPOHO] akTUBHOCTH. McTpaxkuBama ap @panosuha y
TOM KOHTEKCTY yKa3yjy Ha 3HayajHy YIJIOTY aJalTUBHOCTH, Kako y (OpMH CHHANTHYKE
IUTACTUYHOCTH, Tako W y (GopMH MeTaboNMyKe ajanTalyje JIOKaJHe JAWHAMHUKE HEypoHa.
[TpoydaBame MexaHN3aMa aIaNTalyje, Kao M lbUXOBE HHTEPAKIIHje ca IIyMOM, IIPECTaB/ba OCHOB
3a pa3BHjambe METOJAa KOHTPOJIE MATONOIIKUX CTama y HEYPOHCKHX CHCTEMa ITyTeM CyNpecHuje
€KCECHBHO CHHXPOHM30BAaHHX CTamba M MHAYKOBamba Ipeia3a Ka aCHHXPOHUM CTambUMa.

3.2 AHra:xxoBaHocT y ¢GopMHupamy HAyYHUX KaJpOBa
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Hp ®panosuh je 6mo MeHTOp Ha M3pamu NOKTOpcke Teze np Mee bauwmh monm HasmBom Self-
organization in coupled excitable systems: interplay between multiple timescale dynamics and
noise, koja je ogopamena 2020. roguHe Ha duznukom dakynrery YHupep3utera y beorpany.
HctpaxuBama y OKBHpY Te3€ IMpHUMAAajy oOJiacTUMa HEIMHEApHE JUHAMHUKE M CTOXACTHYKUX
nporieca, a Kao IIaBHU HAYyYHU JOTPUHOCH M3/1Bajajy ce€ eKCTEH3HMja MojMa eKCIIUTA0MIHOCTH Ha
JUHAMHKY CHPETHYTUX CHUCTEMa; Pa3BOj PEAYKIMOHUX MPUCTYMA 3a CTOXACTUYKE CHCTEME C
JUHAMHKOM Ha BUIIECTPYKUM BPEMEHCKHM CKaJlaMa; aHalu3a Koe(ekTa alaTUBHOCTH H IIyMa
Ha TI0jaBy W TIOTCHIIMjalTHE METOJe KOHTposie antepHupajyhe (switching) nuramuke usmehy
MeTacTaOMITHUX CTama M Pe30HAHTHUX (eHOMeHa. HaBeneHn HaydYHU TONPHUHOCH OIMCAHH CY Y
nornaspuma: 2. The excitability of coupled systems, 3. Switching dynamics induced by the
interplay of adaptivity and noise, 4. Resonant phenomena in coupled systems with local dynamics
near the bifurcation threshold. TlornaBma omucyjy pesyirare TpelcTaB/beHEe Yy clenaehum
pamoBuMa:

e L Franovié, S. Yanchuk, S. R. Eydam, 1. Baci¢, and M. Wolfrum:
Dynamics of a Stochastic Excitable System with Slowly Adapting Feedback
Chaos 30, 083109 (2020);

o 1. Baci¢ and 1. Franovié:
Two Paradigmatic Scenarios for Inverse Stochastic Resonance

Chaos 30, 033123 (2020);

e 1. Baci¢, V. Klinshov, V. I. Nekorkin, M. Perc, and I. Franovié:
Inverse Stochastic Resonance in a System of Excitable Active Rotators with Adaptive
Coupling
EPL 124, 40004 (2018);

e 1. Baci¢, S. Yanchuk, M. Wolfrum, and I. Franovic:
Noise-induced Switching in Two Adaptively Coupled Excitable Systems
Eur. Phys. J. - Spec. Top. 227, 1077-1090 (2018);

e L Franovi¢, O. V. Maslennikov, 1. Baci¢, and V. 1. Nekorkin:
Mean-field Dynamics of a Population of Stochastic Map Neurons
Phys. Rev. E 96, 012226 (2017).

Takobhe, ox centem6pa 2023. rogune, 1p @panoBuh je MEHTOp Ha JOKTOPCKUM CTyIujama 30paHy
PajueBuhy. Ilopen menrtopcraBa y CpOuju, KaHaunmaT je OMO WjiaH KOMHCHje Ha OJOpaHH
nokropcke Te3e ap Cebactujana Ejnama va Texunukom yauBep3utery y bepnuny 2019. roqune.

Kanmunar je aHraxoBaH Kao HACTaBHUK Ha mpenMmeTry Qusuxa Heypehenux cucmema y OKBUPY
yKe Hay4yHe o0nactu Qusuke KOHOeH308aHe Mamepuje u Cmamucmuyka usuka Ha JOKTOPCKUM
crynujama Ousnukor ¢akynrera YHuBep3urera y beorpany.
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http://www.scl.rs/papers/Franovic2020_Chaos30.pdf
http://www.scl.rs/papers/Bacic2020_CHAOS30.pdf
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http://www.scl.rs/papers/Bacic2018_Article_EPJ227_1.pdf
http://www.scl.rs/papers/franovic/PhysRevE.96.012226.pdf

Kao noxa3 o MEHTOPCTBY y U3pajau JOKTOPCKE Te3e MPUIIOKEHE Cy NpBa cTpaHa JokTopara ap Ve
baunh, 3axBanHuna u canpxkaj paga. Kao 1okas3 o yuecTBoBamy y HACTaBU IIPHIIOKEH j€ HCIIHC ca
BeO CTpaHHWIIE KIbUTE MpeAMeTa JNOKTOPCKUX crynuja dusuukor ¢akynrera YHUBEp3UTETa y
beorpany.

3.4 PykoBoheme npojekTuMa, NOTHPOjeKTHMA U MIPOjeKTHUM 3aJaliuMa

Ip ®panoruh je mocam 6M0 pyKOBOAMUIIALL JETHOT TIPOJEKTA M JIBE MOTIPOJEKTHE TeMe. Y TIEpHoTy
01 2017.-2018. ronuHae pykoBOIMO je OunaTepamHuM npojektom udmely Penyonuke Cpouje u CP
Hemauke Emergent Dynamics in Systems of Coupled Excitable Units. Takohe, pykoBoauo je
MOTIIPOJEKTOM Y OKBUPY IpPOjEeKTa OCHOBHHX HMCTPAXHBamka, KAa0 U MOTIPOJEKTOM Y OKBHPY
HanmonanHor 1nieHTpa u3y3eTHuX BpeaHocTH LleHTap 3a n3ydaBame KOMIUIEKCHUX CUCTEMA.

VY nepuony HakoH oaiyke Hay4Hor Beha o mpeasory 3a cTuiiame 3Barba BUIIN HAYYHU CapaTHUK,
PYKOBOJAHMO je ciaeaehumM moTmnpojeKkTuma:

Ha3zus: Camoopeanusayuja y cnpecnymum ekcyumaOUuiHum cucmemuma

Tun npojekrta: mornpojekar y okBupy mnpojekta OH171017 Mogenupame u HyMepHUKe
CUMYJallHje CJI0KEHUX BHUILIEYECTUYHUX CUCTEMA

IMoxkpoBuTe/h: MUHHCTAPCTBA MPOCBETE, HAYKE M TEXHOJOMIKOT pa3Boja Penmy6muke CpOuje
Mepuoa: 2016-2019

Hoxka3s: IlorBpaa pykoBomuomna npojekta OH171017 Mogenupame U HyMepUYKe CHUMYJaIje
CJIO)KEHUX BUIIEUYECTUYHUX CHCTEMA

Ha3zus: Emepeenmna ounamura Ha KOMNIEKCHUM MPeXCama: CmoxXacmudku eghekmu, Kauirberbe
Y unmepaxkyujama, a0anmueHoCm

Tun mnpojekra: Tema y okBupy HanuonamHor ueHtpa usy3eTHux BpeaHocTu llenTtap 3a
M3y4yaBame KOMIUIEKCHUX CUCTEMA

IMokpoBuTe/H: MUHHUCTPACTBO IPOCBETE HAYKE U TEXHOJIOMIKOT pa3Boja Penybnuke CpOuje
Ilepuon: 2019-2023

Hoxa3: IlotBpna pykoBoauworna HamuonamHor uneHTpa u3y3eTHHX BpenHoctu lleHtrap 3a
M3y4yaBame KOMIUIEKCHUX CUCTEMA

3.5 AKTHBHOCT Y HAYYHHM U HAYYHO-CTPYYHHUM APyIITBUMA

Jp ®panosuh je y nepruoay npe ¥ HAKOH M300pa y 3Bame BUILU HAYYHHU CapaJHUK y4EeCTBOBAO, a
U TPEHYTHO YYeCTBYje Y ypehuBamy HEKOIMKO Mel)yHapOIHUX HaydYHUX Yacomuca. Y Mepruoy o
2017. mo 2020. rogune, np PpanoBuh je 6mo Associate Editor y waconucy Chaos, Solitons &
Fractals xareropuje M21a. TpenytHo je Associate Editor y wacomucuma Journal of Applied
Nonlinear Dynamics (xateropuja M23) u Frontiers in Network Physiology (nonesuBame O ce
ouekyje cienehe rogune). Takohe, np ®panosuh je Guest Editor y waconucy Chaos (kareropuja
M21a) Ha dhokyc m3namy Regime switching in coupled nonlinear systems: sources, prediction, and
control, xao u y yaconucy Entropy (kareropuja M22) Ha crienidjaTHOM H3Aawy Synchronization
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in Complex Networks of Nonlinear Dynamical Systems. Kao nokas, mpuioXeHa je pejeBaHTHA
KOMYHHKAIIMja ¢ YaCOMKUCHUMa Kao M UCIIMCH Ca cajTa 4acoIuca.

ITopen tora, y mepuoay HakoH M300pa y MPETXOAHO 3Bame OWo je unaH HayyHor komuteTra u
koopauHatop cekuuje 9 Theoretical, Mathematical and Computational Physics koHpepeHuje
BPUI11 [1th International Conference of the Balkan Physical Union, onpxane ox 28.8.-1.9.2022.
ronune. Takohe je 6uo ypeanuk cexiuje PoS Proceedings-a BPUI1.

Kanaunar je no cama 6uo pereHszeHT y npeko 20 mehynapoaaux gacomnuca, ykipyuyjyhu: Scientific
Reports, PLOS ONE, Nonlinear Dynamics, Chaos, Chaos, Solitons & Fractals, International
Journal of Bifurcation and Chaos, EPL, SIAM Journal on Applied Dynamical Systems, Physics
Letters A, European Physical Journal B, Neural Networks, Neurocomputing, Journal of Statistical
Mechanics: Theory and Experiment, Journal of Statistical Physics, Frontiers in Computational
Neuroscience, Radiofizika, Nonlinear Processes in Geophysics, Applied Mathematics and
Computation, International Journal of Electronics and Communications, Theory in Biosciences,
Journal of Difference Equations and Applications, IEEE Transactions on Cybernetics,
Environmental Earth Sciences, Wave Motion. Kao noka3 cy NpUIOKEHU MPUMEPH PEICBAHTHE
KOMYHHKAIIje ¢ 4acOlHUCuMa.

Hp ®panoBuh je unan HaydyHO-CTpy4dHOT npymtBa International Physics and Control Society
(IPACS).

3.6 YTunaj Hay4YHHX pe3yJiTara
VYTuiaj Hay9HUX pe3yniTaTa orjiesia ce y nmojaainuMa o IIUTHPAHOCTH, HaBEJICHUM Y ceKuuju 3.1.2.

Jp ®@panosuh je oxpxao 11 npenasama no no3usy: (1) 4th International Conference on Integrable
Systems and Nonlinear Dynamics (ISND-2023) y Japocnasipy, Pycuja (u online), centemOpa
2023. rogune; (2) Dynamics Days Europe 2023 (DD23) y Hanyspy, Mtanuja, centemOpa 2023.
roaune; (3) Dynamics Days US 2023, online, janyapa 2023. ronune; (4) SIAM Conference on
Applications of Dynamical Systems (DS21), online, maja 2021. romune; (5) International
Symposium Topical problems of Nonlinear Wave Physics (NWP-2021) y Hmxmem Hosropony,
Pycwuja (u online), centem6pa 2021. rogune; (6) Symposium of SFB 910: Dynamical patterns in
complex networks, online, okro6pa 2021. ronune; (7) The 1st Online Conference on Nonlinear
Dynamics and Complexity (NSC 2020), online, HoBemOpa 2020. roguse; (8) The 20th Symposium
on Condensed Matter Physics (SFKM 2019) y Beorpany, oktoopa 2019. rogune; (9) The 7th
Conference on Information Theory and Complex Systems (TINKOS 2019) y Beorpany, okto0pa
2019. romune; (10) 9th International Conference on Physics and Control (PhysCon 2019) y
Nuonomucy, Pycuja, cenremOpa 2019. rogune; (11) Dynamics of Coupled Oscillator Systems,
Weierstrass Institute (WIAS), bepnun, Hemauka, HoBemOpa 2018. ronune. Takohe, np ®panosuh
j€ CBOje pe3yaTaTe npeacTaBuo u Ha 3 koH(pepeHnuje y munocTpanctBy: (1) Sixth Scientific School
Dynamics of Complex Networks and their Applications (DCNA 2022), Kanuwunrpan, Pycuja (u
online), cenremOpa 2022. roxune; (2) Solvay Workshop on Nonlinear phenomena and complex
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systems in memory of Grégoire Nicolis (online) jyma 2021. romune; (3) Second Online
Conference on Nonlinear Dynamics and Complexity (NDC2021) okto6pa 2021. rogune. [Topen
TOTa, OJpP’Kao je U 3 ceMuHapa IO MO3UBY Ha MHCTUTYTUMa Y MHOCTPAHCTBY: Ha TeXHUYKOM
yHuBep3utery y bepnuny, Hemauka (1 online), jyna 2020. rogune; Potsdam Institute for Climate
Impact Research (PIK) noBemOpa 2019. rommne; MHCcTHTYTY 32 (GU3HKYy M acTPOHOMHU]Y
VYuusepsutera y [lorcaamy, Hemauka, HoBemOpa 2018. rogune, kao u ceMuHap Ha HCTUTYTY 32
¢usuky y beorpany aBrycra 2021. rogune.

3.7 KoHkpeTaH JONPHHOC KAHIMIATA Y pealu3alijyi paJoBa y HAyYHUM LEHTPHUMa y 3¢eMJbH
¥ HHOCTPAHCTBY

Jp @panoBuh je CymTHHCKH JOIPUHEO CBAKOM pajly Ha KOMe je yuecTBoBao. CeraMHaecT paoBa
y YaconucuMa y nepuoay HakoH omnyke Haydnor Beha o mpemiory 3a cTulame 3Bamba BHILU
Hay4YHU CapaJHUK Cy y TOTJIeJy aHTaKoBama KaHnuaata ypahenun Ha MHCTUTYTY 32 QU3UKY Y
beorpany. On 17 pagoBa, kanauaat je corresponding aytop Ha 12 pagoBa, a mpBH ayTop Ha 8
panoBa. Mely pamoBuMa Ha kojuma je corresponding ayTop Haiasze ce ¥ 4 paja KOju Cy yIUIH Y
Kopryc qokTopcke tese ap Mee bauuh, unjom je uzpagom pykoBoauo ap @panosuh. Ha tpu ox
Ta yetupH pana np Opanosuh je mocnenmu aytop. Takohe, Ha jeAHOM O]l pajoBa ca CTPAHUM
Kojierama, np ®@panosuh je mocneamu U corresponding ayTop, a ouekyje ce aa Taj pag oyae y
cacraBy JokTopcke Tese Makca Kontpepaca, koja he Outu onbpamena y Hemaukoj. ¥ cBum
panoBuma rae je corresponding ayrop, KaHAMJAT je OMO TMOKpPETay UCTPAKMBaAha, CYIITUHCKH je
yTunao Ha jaeduHucame mpodbiema U (HopMyHcame MaTeMaTHUKOT MoOJieNa, a 3HadajHO je
JOMPUHEO MAaTeMaTHYKO] W HYMEPUYKO] aHAIM3M MOJIeNa, Ka0 W WHTEpHpEeTalMju pe3yiraTa.
Takolhe je 1ao CymTHHCKH JONPUHOC Y NMHCakhy U3BOPHE BEP3HUje pajia U KacHU]oj peBu3uju. Ha
JEIHOM TIperjieHOM paay, KOjH Jaje OCBPT M IMEPCIEeKTHBY Ha TEMY aJalTHBHHUX MpPEXa, JIp
®panoBuh je aeBeTu on 24 KoayTtopa, NMPU YeMy j€ JONPHUHEO MHCABEM CBOT TOTJIaBJhba U
eaUTOBamky KOHAYHE Bep3uje paaa. Ha mer pamoBa Ha KojuMa je Ipyru, Tpehu Win 4eTBPTH ayTop,
np @panoBuh je JOIPHUHEO MaTEMAaTUYKO] 1 HYMEPHYKO] aHATIN3U MO/IeNa, Kao U €IUTOBABKY paja.

Ha Uncturyty 3a pusuky y beorpany, np @panosuh je 3a4eTHHK HOBOT MpaBIla UCTPAKHUBakHa y
obacT (hU3MKEe KOMIICKCHHX CHCTEMa, YCMEPEHOT Ha UCTPAKUBAHE EMEPICHTHE TUHAMUKE Y
CHCTEMHMa CHPETHYTHX EKCIUTAOWIHUX jeAMHUIIA U OCLWIaTOpa. 3Hama M MCKYCTBa KOje je
CTEKAa0 y TEOPUjCKOM MOJIENIOBaY, aHAJUTUYKUM METOAaMa U TEXHHKaMa aHaJln3e JTUHAMUKe
KOMIUIEKCHUX CHCTEMa YCIEINIHO mpeHocu muiahum capannunuMa y Jlaboparopuju 3a mpumeHy
pauyHapa y Hayuu y okBHpY LleHTpa M3y3eTHHUX BpEeIHOCTH 32 MPOYYaBaAKE KOMILJICKCHHX
cucrema.

3.8 YBoaHa npenaBama Ha KOHGepeHIIMjamMa, IPyra npeaaBamba 1 AKTUBHOCTH

1. I. Franovi¢:
Emergence of collective oscillations in assemblies of stochastic active elements with
coupling delay
9th International Conference on Physics and Control (PhysCon 2019), Innopolis, Russia,
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September 8-11, 2019, Conference Proceedings, pp. 90-96, M31

2. L Franovi¢
Patched patterns and emergence of chaotic interfaces: a new paradigm in coupled
excitable systems
4th International Conference on Integrable Systems and Nonlinear Dynamics (ISND-
2023), Yaroslavl, Russia (and online), September 25-29, 2023, M32

3. 1. Franovié¢
Switching Dynamics in Excitable Systems with Adaptation
Dynamics Days Europe (DDE23), Naples, Italy, September 3-8, 2023, M32

4. 1. Franovi¢
Patched patterns and emergence of chaotic interfaces: a new paradigm in coupled

excitable systems
Dynamics Days US 2023 (online), January 9-11, 2023, M32

5. 1. Franovié:
Switching Dynamics in Systems of Stochastic Excitable Units with Adaptive Couplings
SIAM Conference on Applications of Dynamical Systems (DS21) (online), May 23-27,
2021, M32

6. |. Franovié:
Bumps, chimera states, and Turing patterns in systems of coupled active rotators
International Symposium Topical problems of Nonlinear Wave Physics (NWP-2021),
Nizhny Novgorod, Russia (and online), September 19-22, 2021, M32

7. 1. Franovic:
Unbalanced clustering and solitary states in coupled excitable systems
Symposium of SFB 910: “Dynamical patterns in complex networks” (online),
October 29, 2021, M32

8. L. Franovi¢:
Dynamics of a Stochastic Excitable System with a Slowly Adapting Feedback
The 1st Online Conference on Nonlinear Dynamics and Complexity (NSC2020), (online),
November 23-25, 2020, M32

9. 1. Franovic:
Macroscopic dynamics in heterogeneous assemblies of excitable and oscillatory units
The 7th Conference on Information Theory and Complex Systems (TINKOS 2019),
Belgrade, Serbia, October 15-16, 2019, M32

10. 1. Franovi¢:
Macroscopic Variability in Modular Neural Networks
The 20th Symposium on Condensed Matter Physics (SFKM 2019), Belgrade, Serbia,
October 7-11, 2019, M32

11. 1. Franovi¢:
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Switching dynamics in two adaptively coupled excitable systems
Workshop Dynamics of Coupled Oscillator Systems, Weierstrass Institute (WIAS),
Berlin, Germany, November 19 - 21, 2018, M32

12. L. Franovié:
Solitary states in arrays of excitable FitzHugh-Nagumo units
Sixth Scientific School "Dynamics of Complex Networks and their Applications"
(DCNA"2022), Kaliningrad, Russia (and online), September 14 - 16, 2022, pp. 89-92,
doi: 10.1109/DCNAS56428.2022.9923122, M33

13. 1. Franovi¢:
Emergent Dynamics in Populations of Active Rotators with Diversity
Solvay Workshop on “Nonlinear phenomena and complex systems” in memory of
Grégoire Nicolis (online), June 14-16, 2021, M34

14. 1. Franovi¢:
Unbalanced clustering and solitary states in coupled excitable systems
Second Online Conference on Nonlinear Dynamics and Complexity NDC2021,
(online), October 4-6, 2021, M34

Kao moka3 cy mpuiokeHa mo3WBHa TucMa 3a ydemhe Ha KoH(epeHmujama, BeO cajTOBH
KOH(epeHIH]ja, U3BOIM U3 KIHbUra arncTpakara.
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4. EJJEMEHTH 3A KBAHTUTATUBHY OLIEHY HAYYHOI JONPUHOCA
KAHJIUJATA

OcTtBapeHu pe3yatatd y Tiepuony HakoH oiyke Hayunor Beha HWMactuTyTra 32
(GU3MKy 0 IPEUIOTY 3a CTHIIAKkE 3Barba BUIIA HAyYHH CapaJHUK MpHKa3aHu cy y Tabenn. [Ipema
6a3u ISI Web of Science, pagou ap ®panosuha cy ykynHo nutupanu 391 myra, g0k je 6poj
ruTaTa 6e3 ayronurara 287 y3 Xupmo unaekc 12. Ilpema 6a3u Scopus, ykynan O6poj murara je
480, nok je 6poj urtaTa 6e3 ayrouurtara 339 y3 Xupmos unnekc 14. [Ipema 6a3u Google Scholar,

yKymnaH O0poj nurata je 585, a XupmoB unaekc je 15. CBu u3Boau u3 6a3a ogHOCE ce Ha JIaH
26.9.2023. roguHe.

Kareropuja M oonoBa Bpoj Ykynno M HopMmupanu 6poj
1o pagy paxoBa oonoBa M OonoBa

M2la 10 10 100 90.25
M21 8 4 32 32
M22 5 2 10 10
M28b 2.5 3 7.5 7.5
M29a 1.5 3 4.5 4.5
M31 3.5 1 3.5 3.5
M32 1.5 10 15 15
M33 1 1 1 1
M34 0.5 2 1 1

[Topeheme ca MUHUMaIHUM KBaHTHUTaTUBHUM YCJIOBHMA 32 H300p y 3Babe¢ HAYYHU CABETHHUK:

Munumananu 6poj M 6onoBa Heonn | OctBapeno, | OctBapeHo,
XOJTHO 6poj M HOPMHPAHHU
6o10Ba 6e3 opoj M
HOpMHUpamba 0oxoBa
VYkymHO 70 174.5 164.75
M10+M20+M31+M32+M33+M41+M42+M90 50 161.5 151.75
MI11+M12+M21a+M21+M22+M23 35 142 132.25
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6. CIMCAK PAJIOBA JIP UTOPA ®PAHOBHU'RA

1.

e TIlornasibe y MoHOrpaguju melh)ynapoanor 3uauaja (M14)

PanoBu o0jaB/beHH Npe NPETXOAHOr U300pa y 3Bame

S. Kosti¢, N. Vasovi¢, K. Todorovi¢, and I. Franovié:

Nonlinear Dynamics Behind The Seismogenic Fault Motion — A Review On Dynamics Of
Single-Array Spring-Block Models

in Wayne Coleman (ed.), “Earthquakes: Monitoring Technology, Disaster Management
and Impact Assessment®, p. 1-60, Nova Science Publishers (2017)

e PanoBu y mel)yHapoaHum yaconucuma u3y3eTHUX BpeaHoctu (M21a)

PagoBu 00jaB/LeHH HAKOH H300PAa V 3BaH,€ BHIIA HAVYHU CAPATHUK

M. Contreras, E. S. Medeiros, A. Zakharova, P. Hovel, and I. Franovi¢:
Scale-free Avalanches in Arrays of FitzHugh—Nagumo Oscillators
Chaos 33, 093106 (2023), (Editor’s Pick), U®=3.741 3a 2021. ronuny

J. Sawicki, R. Berner, S. A. M. Loos, M. Anvari, R. Bader, W. Barfuss, N. Botta, N.
Brede, I. Franovié, D. J Gauthier, S. Goldt, A. Hajizadeh, P. Hovel, O. Karin, P. Lorenz-
Spreen, C. Miehl, J. Mélter, S. Olmi, E. Schoéll, A. Seif, P. A. Tass, G. Volpe, S.
Yanchuk, and J. Kurths:

Perspectives on Adaptive Dynamical Systems

Chaos 33, 071501 (2023), (SciLight and Focus Article), Ud=3.741 3a 2021. roguny

A. Ahmadi, S. Parthasarathy, H. Natiq, S. Jafari, I. Franovié, and K. Rajagopal:
A Non-autonomous Mega-extreme Multistable Chaotic System
Chaos Soliton. Fract. 174, 113765 (2023), Ud®=9.922 3a 2021. ronuny

I. Franovi¢ and S. R. Eydam:

Patched Patterns and Emergence of Chaotic Interfaces in Arrays of Nonlocally Coupled
Excitable Systems

Chaos 32, 091102 (2022), Ud=3.741 3a 2021. roguny

V. Klinshov, A. V. Kovalchuk, I. Franovi¢, M. Perc, and M. Svetec:
Rate Chaos and Memory Lifetime in Spiking Neural Networks
Chaos Soliton. Fract. 158, 112011 (2022), Ud=9.922 3a 2021. roguny

I. Franovi¢, S. R. Eydam, N. Semenova, and A. Zakharova:
Unbalanced Clustering and Solitary States in Coupled Excitable Systems
Chaos 32, 011104 (2022), U®=3.741 3a 2021. roguny
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http://www.scl.rs/papers/Franovic2023_CSF174_113765.pdf
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7.

8.

L. Franovi¢, S. Yanchuk, S. R. Eydam, 1. Baci¢, and M. Wolfrum:
Dynamics of a Stochastic Excitable System with Slowly Adapting Feedback
Chaos 30, 083109 (2020), U®=3.642 3a 2020. roguny

S. Kosti¢, N. Vasovi¢, K. Todorovi¢, and I. Franovi¢:

Effect of Colored Noise on the Generation of Seismic Fault Movement.: Analogy with
Spring-block Model Dynamics

Chaos Soliton. Fract. 135, 109726 (2020), Ud=5.944 3a 2020. ronuny

I. Bac¢i¢ and 1. Franovi¢:

Two Paradigmatic Scenarios for Inverse Stochastic Resonance
Chaos 30, 033123 (2020), Ud=3.642 3a 2020. roguny

PanoBu o0jaB/Lenn HakoH o1vke Hayunor Beha o npeajiory 3a cTuiame 38ahba BUIIH

HAV4YHU CapaJHUK

1. L. Franovi¢, O. E. Omel'chenko, and M. Wolfrum:

Phase-sensitive Excitability of a Limit Cycle
Chaos 28, 071105 (2018), U®=2.643 3a 2018. roguny

PanoBu o0jaB/beHM npe u300pa y 3Bam-€ BUIIIM HAYYHU CAPATHUK

|. Franovi¢ and V. Klinshov:

Clustering Promotes Switching Dynamics in Networks of Noisy Neurons
Chaos 28, 023111 (2018), Ud=2.283 3a 2016. roguny

2. S. Kosti¢, N. Vasovi¢, I. Franovié, K. Todorovi¢, V. Klinshov, and V. I. Nekorkin:

Dynamics of Fault Motion in a Stochastic Spring-slider Model with Varying Neighboring
Interactions and Time-delayed Coupling
Nonlinear Dyn. 87, 2563 (2017), N®=3.464 3a 2016. ronuny

. L Franovié, S. Kosti¢, M. Perc, V. Klinshov, V. I. Nekorkin, and J. Kurths:

Phase Response Curves for Models of Earthquake Fault Dynamics
Chaos 26, 063105 (2016), Nd=2.283 3a 2016. roquny
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Regime switching in
coupled nonlinear
systems: sources,
prediction, and control

Submission Deadline: August 31, 2023

The focus issue intends to provide a holistic view on the
origins, prediction, and control of regime switching, which is
fundamental to understanding both optimal function and
breakdowns in various fields, from brain and gene networks
to ecosystems, Earth’s climate, and financial markets.
Switching events typically involve abrupt and/or irreversible
regime shifts, but may also be a part of cyclic patterns or, as
in case of spatiotemporal patterns, evolve more gradually via
intermediate regimes with coexisting alternate-state
domains. Despite the diversity of local dynamics and
interactions, as well as a variety of spatial and temporal
scales, switching phenomena typically follow some universal
scenarios associated with exceeding different types of
thresholds and manifest qualitatively similar dynamical and
statistical fingerprints and precursors. This focus issue aims
to: advance understanding of various switching scenarios by
harnessing recent advances in reduction approaches to
coupled systems and stochastic multiple timescale
modeling; catalyze research on early-warning indicators of
switching beyond tipping of equilibria, and including spatially
extended systems; support development of theory-informed
control strategies to induce the desired and suppress the
unfavorable regime switches; and advance the data-driven
approaches to allow for description, prediction, and control
of regime switching in applications, and establish a stronger



connection between theory and real observation data in
nature and experiments.

Topics covered include, but are not limited to:

Stochastic switching in
multistable systems

Delayed bifurcations in
reduced models of
complex system’s
dynamics

Impact of local noise
(Lévy, bounded,
correlated, biological) to
collective dynamics

Switching due to time-
varying interactions

Switching between
spatial patterns

Examples of chaotic
itinerancy

Theory-informed early-
warning indicators for
different types of
switching

Threshold detection and
anticipation by data-
driven approaches

(Delayed) Feedback,
non-feedback and
stochastic control of
switching

Guest Editors

Igor Franovi¢ — Institute of Physics Belgrade, Serbia

Richard Sebastian Eydam — RIKEN Center for Brain
Science, Japan

Deniz Eroglu — Kadir Has University, Turkey

Jeroen S.W. Lamb — Imperial College London, UK

Submission Deadline: August 31, 2023
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Subject [Entropy] Manuscript ID: entropy-2478873 - Pre Peer-Review Approval
From Entropy Editorial Office &
Sender tim.li@mdpi.comi
To Ralf Toenjes X, Igor Franovi¢ L
Cc Entropy Editorial Officed
Reply-To tim.li@mdpi.com&
Date 2023-06-15 08:08

Dear Dr. Toenjes and Dr. Franovic,

The paper below is a new submission to Special Issue "Synchronization in
Complex Networks of Nonlinear Dynamical Systems". We would be grateful if you
could check it and give us your opinion as to whether it can be sent for
peer-review.

You can find the manuscript file at the following link:
https://susy.mdpi.com/user/pre_decision/process_form/3748303/v18BYMNj7QaL

Please note that an editorial decision can be provided at any stage during
peer-review. If you have any questions, please contact tim.li@mdpi.com .

You will see there is a list of recommended reviewers provided by either the
authors or our in-house editors. If any of these are unsuitable, please click
the button "Reviewer is not suitable" to remove them. If you have reviewer
suggestions, please let us know and we will gladly contact them.

Should you have any potential or perceived conflicts of interest with either
the content of the manuscript or the authors, this should be disclosed.
Please note that your name will be included in the published article if you
participate in the final decision for this paper.

Manuscript ID: entropy-2478873

Type of manuscript: Article

Title: Unveiling the connectivity of complex networks using ordinal
transition methods

Authors: Juan Almendral *, Inmaculada Leyva, Irene Sendina-Nadal

Received: 14 June 2023

Submitted to section: Complexity,
https://www.mdpi.com/journal/entropy/sections/complexity.
Synchronization in Complex Networks of Nonlinear Dynamical Systems
https://www.mdpi.com/journal/entropy/special issues/TRE5271SK7

Thank you very much for your time, we look forward to hearing from you.

Kind regards,

Mr. Tim Li

Assistant Editor

email:tim.li@mdpi.com

Increased Impact Factor for Entropy (2021): 2.738

Increased CiteScore for Entropy (2021): 4.4

Indexed in PMC and PubMed

Editor's Choice: https://www.mdpi.com/journal/entropy/editors choice
Video Exhibition: https://www.mdpi.com/journal/entropy/exhibition
Special Issue Mentor Program:
https://www.mdpi.com/journal/entropy/announcements/3609

MDPI Entropy Editorial Office
St. Alban-Anlage 66. 4052 Basel. Switzerland
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Special Issue Editors

Guest Editor
Institute of Physics and Astronomy, Potsdam University, 14476 Potsdam-Golm, Germany
Interests: synchronization; stochastic processes; networks

Dr. Igor Franovi¢
E-Mail () Website (http://www.scl.rs/scl-members/members/28-scl-members/members/914-igor-franovic)
Guest Editor
Scientific Computing Laboratory, Center for the Study of Complex Systems, Institute of Physics Belgrade, University of Belgrade, Pregrevica 118, Belgrade 11080,
Serbia

Interests: nonlinear dynamics; stochastic processes; dynamics of complex networks

Special Issue Information

Dear Colleagues,

The mathematical abstraction of networks is a hugely successful tool for describing the structure of complex systems through the relations of their parts. When the parts of a
complex system evolve with characteristic intrinsic frequencies, interaction through a network can lead to alterations in frequencies, phases and amplitudes. These effects,
broadly studied under the topic of synchronization, are essential for the function, i.e., the global behavior, of complex systems. Recent years have seen a push to generalize
networks to non-binary interactions and characterize new effects specific to higher-order interactions. This Special Issue of Entropy aims to present new results on the
interplay of network structure, including network motifs, and dynamics.

Dr. Ralf Toenjes
Dr. Igor Franovi¢
Guest Editors

Manuscript Submission Information

journal=entropy). Manuscripts can be submitted until the deadline. All submissions that pass pre-check are peer-reviewed. Accepted papers will be published continuously
in the journal (as soon as accepted) and will be listed together on the special issue website. Research articles, review articles as well as short communications are invited.
For planned papers, a title and short abstract (about 100 words) can be sent to the Editorial Office for announcement on this website.

Submitted manuscripts should not have been published previously, nor be under consideration for publication elsewhere (except conference proceedings papers). All
manuscripts are thoroughly refereed through a single-blind peer-review process. A guide for authors and other relevant information for submission of manuscripts is available

Submitted papers should be well formatted and use good English. Authors may use MDPI's English editing service (https://www.mdpi.com/authors/english) prior to
publication or during author revisions.
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Subject Welcome to your new Associate Editor role - next steps
From Frontiers in Network Physiologyl
To franovic@ipb.ac.rs 1
Date 2023-04-07 11:59

Dear Dr Franovi¢,

We are very pleased to welcome you to the board of Networks of Dynamical
Systems (specialty section of Frontiers in Network Physiology). Our
Associate Editors make an important contribution to the quality and strategic
development of the section - thank you for being a part of our community.

Here are the next steps to get started in your role:
1. Update your Loop profile

Add a brief biography and a portrait-style photo - this will also appear on the
journal's editorial board web page. Confirm your publications to keep your
profile up to date with your latest publications.

2. Invite 10-15 review editors

Review Editors are the regular reviewers of manuscripts and are typically
established researchers whose expertise falls within the scope of the
section. Nominate a list of trusted potential Review Editors here, or send us
your list and weill contact them on your behalf.

View our short demonstration video here.
3. Brainstorm ideas for a new article collection

Our collections, or Research Topics, are crucial to support the journal's
growth. Defined, managed and led by leading researchers like you, they
unite experts around key topics and questions, stimulating collaboration and
accelerating research. Please get in touch to suggest or discuss your ideas
for a topic.

4. Submit your own work to the journal
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Journal of Applied Nonlinear Dynamics

Miguel A. F. Sanjuan (editor), Albert CJ. Luo (editor)

Editors

Albert C.J. Luo, Southern lllinois University Edwardsville, USA

Miguel A. F. Sanjuan, Universidad Rey Juan Carlos, Spain

Associate Editors

Viktor Avrutin, University of Stuttgart, Germany (Piecewise-smooth systems, Bifurcation theory, Low-

dimensional chaos)

Irina Bashkirtseva, Ural Federal University, Russia (Stochastic dynamics, Bifurcation analysis,

Nonlinear phenomena, Stochastic sensitivity)

Tassos Bountis, University of Patras, Greece (Nonlinear differential equations, Integrable dynamical
systems, Hamiltonian systems in physics and engineering)

Eric Campos Canton, Instituto Potosino de Investigacion Cientifica y Tecnologica, México (Chaotic
dynamical systems, Synchronization of systems and complex networks, Applied mathematics in
cryptography, Multistability)

Lock Yue Chew, Nanyang Technological University, Singapore (Nonlinear Dynamics, Chaos, Statistical

Physics, Complex Systems)

Jorge Duarte, ISEL-Engineering Superior Institute of Lisbon, Portugal (Mathematical Biology,
Dynamical Systems, Chaos)

Igor Franovi¢, Institute of Physics Belgrade, Serbia (Excitable systems, Reduction approaches to
collective dynamics, Stochastic processes, Multiple timescale dynamics, Coherence-incoherence
patterns)

Sajad Jafari, Amirkabir University of Technology, Iran (Mathematical neuroscience, Mathematical
biology, Chaos, Complex networks, Synchronization)

Nikolay V. Kuznetsov, Saint-Petersburg State University, Russia (Nonlinear dynamical systems,
Regular and chaotic dynamics, Global stability and hidden attractors, Phase synchronization)

Edson Denis Leonel, UNESP - Universidade Estadual Paulista, Brazil (Nonlinear dynamics, Scaling
laws, Phase transitions, Billiards)
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Antonio M. Lopes, University of Porto, Portugal (Nonlinear dynamics, Complex systems, Robotics, Coni

Jun Ma, Lanzhou University of Technology, China (Neurodynamics, Pattern formation and control, Neu
circuit, Synchronization control)

Arturo C. Marti, Instituto de Fisica, Uruguay (Delayed dynamical systems, Complex networks, Instabilit

newtonian fluids)
Riccardo Meucci, Universita di Firenze, Italy (Nonlinear Dynamics, Control, Applied Optics)

Minvydas Ragulskis, Kaunas University of Technology, Lithuania (Nonlinear ordinary differential equa
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complex systems)
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Juan Alejandro Valdivia, Universidad de Chile, Chile (Complex networks, Transport and traffic dynami
plasmas)
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and their applications)

Yuefang Wang, Dalian University of Technology, China (Nonlinear vibration of mechanical systems, Str
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dynamics, attractors, chaos and complexity)

Fuhong Min, Nanjing Normal University, China (Chaos, Neural network, Discontinuous dynamics, Mem
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Austria Dr Pedro A. SANCHEZ
Belgium Prof Anne DEWIT v
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Subject ANSO kick-off meeting
From Ljupco Kocarev &

Jurgen Kurths &, Jiirgen Kurths &, Tomasz Kapitaniak K134, tomaszka@p.lodz.pl &,
Igor Franovic X, yangtang@ecust.edu.cn L

Date 2023-08-17 11:30

To

Dear all

I would like to organize a kick-off meeting for the ANSO project in Skopje in the second half of
September (between 15 and 30 September): 2-3 days.

Please let me know what dyas you are available?

Thanks
Ljupco

Ljupco Kocarev

Bul. Krste Misirkov 2,
P.O. Box 428

1000 Skopje
Republic of Macedonia

Message 257 of 16153




AM

August 28, 2022 to September 1, 2022
Serbian Academy of Sciences and Arts — SASA

Europe/Belgrade timezone

Overview
Participant List
Call for Abstracts
Timetable

Schematic program
Program Book

Contribution List
Author List

Speaker List

Book of Abstracts
Registration
Registration Fees
Application for Support
Scientific Sections

Committees

IAC
ISC
ISC (sections)
I0C
LOC

Country Coordinators

Plenary and Invited
Speakers

Publications
Poster

Travel Information
Accommodation
Co-organizers

Partners and Sponsors

ISC (sections)

2. Astr

Bur

Georgi Rayna fi
Svetislav Savavi¢ (Kragujev

Y
ase

e Mimaza Hafizi (Tir
e Gordana Javanavic (P

e Jelena Petra

3.Gra

Luka Popa
Ev v (Safi
agujev
yr
ecka
ose

e Dr
e« Mimaza Hafizi (Tir

Predrag Jovana

s« K
-V vana

4, At

Zor
Marko Vojina

ulcano
Staycho Yazadzhiev (Safi

e Tasko Grozdana
e« L
e Slav vié (P

ay

Turkey)

(@® Europe/Belgrade ~

dinator

etary

0)

dinator

eece)

eece)

etary

dinator

etary

dinator

o)

@ English (United States) ~

Enter your search term

2] Login



Satellite Events
Round Tables

About the BPU

Previous BPU
Conferences

Website of the BPU

Contact

™ bpuli@bpull.info

Asen Pashav (Safi

Violeta Petravi¢ (Kragujev dinator
Igor Sa dinator
ar
T onavi¢ Jo
cegavina)
Dr etary
ydjiev (Saofi

Predr dinator
Fotios Pt
Y vana

vic (P 0)
Omer Yav a, Turkey)

dinator
Miroslav Abrashev (Sofi
vié-Cav dinator
Zz dinator
Zor vié-Mitra
a, Turkey)
a, Turkey)

vi¢ (Kragujev

e
Panos P eece)
Dusan Popo
Vadim Sirk va)
Nicolaos T
George V eece)
Nenad Vukmira dinator
T uko

onics
Petar Atanasav (Saofi
Tudor Br va)
Milan Kavacevi¢ (Kragujev
P etary
Vladan Pavlo
Marica Popa
Svetislav Savavi¢ (Kragujev
dinator

Gheor

dinator



L

Zhivko Kissovski (Sofia, Bulgaria)

Milan Kovacevi¢ (Kragujevac, Serbia)
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International Conference on Integrable Systems & Nonlinear Dynamics: First
announcement

From HekopkuH B. 1. &
To Igor Franovic L, igor.franovic@gmail.com &
Date 2023-05-04 12:02

Subject

1st-announcemment.pdf (~184 KB)

Dear Igor,

I invite you to take part in the section "Applied Nonlinear Dynamics" of the conference
"Integrable Systems and Nonlinear Dynamics". The conference takes place from 25 to 29
of September in Yaroslavl with the possibility of online participation. The anouncement is
attached. In particular, my anniversary will be celebrated on the conference.

Yours,

Vladimir Nekorkin

Dear colleagues,

We are pleased to announce the fourth International Conference on Integrable
Systems and Nonlinear Dynamics (ISND 2023). The conference will be held in
the city of Yaroslavl, 25-29 September 2023.

The registration is now open.
Please find attached the first information letter.

For more information, please visit the conference site.
https://lomonosov-msu.ru/eng/event/8178/

Best wishes,
Tolbey Anna
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4™ Tnternational Conference on Integrable Systems and Nonlinear

Dynamics
25.09.2023 — 29.09.2023

Conference Programme

All conference talks are scheduled in Moscow Time (GMT+3).

Monday, 25.09.2023

Morning session

09:00-09:45 | Conference Registration
09:45-10:00 1T company Tensor”, Rector of the YarSU, representatives of the Russian Academy
of Sciences
10:00-10:30 | Albert Shiryaev “Kolmogorov’s memoirs”
10:30—11:00 | Gregory Kabatianskii “TBA”
11:00-11:30 | Coffee break
11:30-12:00 Valery Kozlov, “Formal stability, stability with respect to most of the initial data,
) ’ and diffusion in analytical systems of differential equations” (in Russian)
12:00—-12:30 | Dmitry Treschev, “Normalisation flow”
12:30-13:00 Vlac%um'r SSkolov Integrable systems of the Boussinesq type and their formal diag-
onalisation
13:00-14:00 | Lunch break
Afternoon session
Victor Buchstaber “Differential-geometric theory of Mumford’s dynamical system
14:00-14:30 C e
and applications
14:30-15:00 | Sergey Dobrokhotov “Billiards with semi-rigid walls and nonlinear coastal waves”
Maxim Pavlov “Elliptic Orthogonal Curvilinear Coordinate Nets and Separation of
15:00-15:30 . . »
Variables in the Laplace Operator
15:30-16:00 | Dmitry Gurevich “Reflection Equation Algebra and related combinatorics”
16:00-16:30 | Coffee break
16:30—17:00 | Alexander Mikhailov “A novel approach to quantisation of dynamical systems”
Ilya Kashchenko “Parabolic PDE on two-dimensional domain as a normal form of
17:00-17:30 | . ”
singularly perturbed DDE
17:30-18:00 Dmitry Millionshchikov “Applied combinatorics of universal enveloping Lie alge-

bras”




Thursday, 28.09.2023

Morning session

10:00-10:20 | Oleg Sheinman “Parabolic Hitchin systems”
10:20-10:40 | Sergei Sokolov “TBA”
Alexandra Kashchenko “Dependence of the nonlocal dynamics of the coupled oscil-
10:40-11:00 . ”
lators model on the coupling type
11:00-11:30 | Coffee break
11:30-11:50 | Vladimir Nazaikinskii “Lattice equations and semiclassical asymptotics” (online)
11:50-12:10 Anat(?ly Kulikov “On the question of the uniqueness of the center manifold” (in
Russian)
12:10-12:30 Llu.dmlla Iiomakma The Chaos game with arbitrary jump in an extended hyper-
bolic plane
Vakha Gishlarkaev “The Fourier transform method for PDEs with power-law non-
12:30-12:50 . oL : 9
linearities and constant coefficients
13:00-14:00 | Lunch break
Afternoon session
14:00-14:20 | Vladislav Kibkalo “Multi-dimensional billiard books and classification problem”
14:20-14:40 F?dor IfObZin Generalized Mishchenko-Fomenko conjecture for Lie algebras of small
dimensions
14:40-15:00 | Yasusi Ikeda “Quasiderivations and Quantum Mishchenko-Fomenko Construction”
Boris Bardin “On orbital stability of pendulum-like periodic motions of a heavy rigid
15:00-15:20 . ”
body in a transcendental case
Denis Zakharov “Adaptive measure of coherence as a universal robust criterion for
15:20-15:40 | . e s . o ”
identifying dynamic states of spiking neuronal networks
15:40-16:00 | Nataliya Levashova “Propagation of an autowave front in a discontinuous medium”
16:00-16:30 | Coffee Break
16:30-16:50 Olga Shchegortsova, “Semiclassical asymptotic solutions of the Schrodinger Equa-
) ’ tion with a delta-potential and rapidly oscillating initial conditions”
Eduard Kuznetsov “The investigation of dynamic evolution of the compact planetary
16:50-17:10 ”
system K2-72
Igor Franovic “Patched patterns and onset of chaotic interfaces: a new form of self-
17:10-17:30 . . . : 9 s
organization in nonlocally coupled excitable systems” (online)
17:30—17:50 | Dmitry Kulikov, “Nonlocal Erosion Equation and Nanorelief Formation”
Maria Banshchikova “Nonlinearity in inverse problems of orbital dynamics on the
17:50-18:10 . . o o
example of potentially hazardous asteroids and Jupiter’s outer satellites
18:10-19:00 | Poster Session
19:00 Buffet
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Minisymposium at Dynamics Days 2023 in Naples (ltaly) Inbox x X &
Simona Olmi simona.olmi@fi.isc.cnr.it via gmail.com Fri, Mar 17, 3:16 PM
to me
Dear Igor,

| am planning to organize, together with Alessandro Torcini and Francesco Sorrentino, a minisymposium at Dynamics Days 2023 in Naples (ltaly), which will
take place on 3-8 September 2023. See the official website for more information:

https://sites.google.com/view/dynamicsdayseurope2023

The minisymposium will be focused on adaptive networks: from neural plastic networks to adaptive phase oscillators.

The aim of this symposium is to summarize different perspectives on the concept of adaptivity and show which open challenges are waiting to be taken up.
The terminology and definition of ‘adaptivity’ may vary among the communities. While ‘adaptability’ refers generally to the ability of a system to amend its
properties according to dynamic (external or intrinsic) changes, the specific details of adaptive mechanisms depend on the context and the community, e.g.
how and which part of a system can amend (adaptation rules), or what strategies enable the perception (or sensing) of such changes. In addition, the
mathematical framework for describing adaptive mechanisms and adaptive systems also varies across communities. A common starting point is the
description based on networks, where the notion of adaptivity is well established. From this starting point, we aim to discuss the different applications, since
adaptive networks are applied in numerous fields, from power grids to neural systems, and machine learning.

We would be happy if you could participate in our minisymposium as an invited speaker.
Please consider that we are unable to cover any of your costs, including the registration costs.
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Switching dynamics in excitable systems with adaptation

While adaptation has classically been associated with coupling plasticity,
a recently emerging concept has linked adaptation with the ability to impact
the features of local dynamics of system components. Employing both of these
concepts, we show how adaptation may give rise to multi- and metastability of
system dynamics and facilitate new forms of emergent behavior based on switch-
ing between the coexisting states. For the case of coupling plasticity, we consider
motifs of two adaptively interacting excitable units with noise [1], demonstrating
two different types of switching depending on the adaptation rate. For slower
adaptation, one finds stochastic switching between the two noise-induced spik-
ing modes, whereas a faster adaptation triggers a bursting-like behavior based
on switching between the coexisting stationary and oscillatory states. In the
latter instance, biased switching may further facilitate inverse stochastic reso-
nance [2,3], a phenomenon where the frequency of emergent oscillations becomes
minimal at an intermediate noise intensity. Concerning the more recent con-
cept of adaptation, we provide two paradigmatic examples. In the first case, we
consider an excitable system with a slowly adapting feedback and noise, where
adaptation affects the excitability of local dynamics [4]. There we show how
adaptation gives rise to a new regime, called stochastic bursting, based on the
noise-induced switching between a pseudo-stationary and oscillatory metastable
states. In the second example, we analyse a population of excitable units coupled
to a pool of metabolic resources which introduces a spiking frequency adapta-
tion [5]. Then, adaptation gives rise to a new type of emergent behavior, called
collective activity bursting, close to criticality of collective dynamics, allowing
for the switching between the active and inactive episodes. In these two ex-
amples, we also develop new mathematical frameworks to address the multiple
timescale structure of adaptive systems, combining the classical Fokker-Planck
approach or the Ott-Antonsen reduction approach with singular perturbation
theory.

References:

[1] I. Bagi¢, S. Yanchuk, M. Wolfrum, and I. Franovié¢. Eur. Phys. J. - Spec.
Top. 227, 1077 (2018).

[2] I. Baci¢, V. Klinshov, V. I. Nekorkin, M. Perc, and I. Franovié¢. EPL 124,
40004 (2018).

(3] I. Bacié¢ and I. Franovié. Chaos 30, 033123 (2020).

[4] I. Franovi¢, S. Yanchuk, S. R. Eydam, I. Ba¢i¢, and M. Wolfrum. Chaos
30, 083109 (2020).

[5] 1. Franovié, S. R. Eydam, S. Yanchuk, and R. Berner. Front. Netw.
Physiol. 2, 841829 (2022).

Igor Franovic¢
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Subject Re: Dynamics Days 2023: Announcement & Call for Abstracts
From Igor Franovic &
To Per Sebastian Skardal L
Date 2022-11-25 10:39

Dear Sebastian,

thank you very much for your kind invitation for this nicely envisioned
conference. I've submitted an abstract entitled "Patched patterns and emergence
of chaotic interfaces: a new paradigm in coupled excitable systems" which

is based on a recently published paper
https://aip.scitation.org/doi/10.1063/5.0111507.

I hope you will find it iteresting.

Best wishes,
Igor

On 2022-11-01 22:09, Per Sebastian Skardal wrote:
Dynamics Days 2023 Announcement

DYNAMICS DAYS 2023

JANUARY 9-11, 2023

HELD VIRTUALLY VIA ZOOM (HOSTED BY TRINITY COLLEGE)

The Mathematics Department at Trinity College is pleased to announce:

Dynamics Days 2023
January 9-11, 2023
Held virtually via zoom (hosted by Trinity College)

Dynamics Days is in international conference on chaos and nonlinear
dynamics, chaos, and its applications. Dynamics Days is an
international conference on nonlinear dynamics, chaos and its
applications. Talks will cover a broad range of topics, including
fluid dynamics, biological systems, dynamics on networks,
synchronization of nonlinear systems, and pattern formation.

Dynamics Days 2023 will be held remotely from Monday, January 9 to
Wednesday, January 11, 2023. Invited speakers are:

Igor Belykh (Georgia State University)

Andrew Bernoff (Harvey Mudd College)

Josh Bongard (University of Vermont)

Jason Bramburger (Concordia University)

Steve Brunton (University of Washington)

Veronica Ciocanel (Duke University)

Cecilia Diniz Behn (Colorado School of Mines)
Laurent Hébert-Dufresne** (University of Vermont)
Chengcheng Huang (University of Pittsburgh)

Orit Peleg (University of Colorado Boulder)

Nancy Rodriguez (University of Colorado)

Theresa Saxton-Fox (University of Illinois Urbana-Champaign)
Jessica Shang (University of Rochester)

Francesco Sorrentino (University of New Mexico)
Dan Wilson (University of Tennessee)

** Unconfirmed

Abstract submissions are now open and will close at the deadline of
Wednesday November 16, 2022.

Message 429 of 2666




Dynamics Days US 2023 Schedule
All sessions held remotely via Zoom
| = Invited, C = Contributed, F = Flash, P = Poster

Monday, January 9

8:50 AM 9:00 AM Opening Remarks (Per Sebastian Skardal)
9:00 AM 9:35 AM | Dan Wilson An adaptive isostable-coordinate-based
(University of framework for model identification and
Tennessee) model order reduction of strongly
perturbed dynamical systems
9:35 AM 9:55 AM C Maria Carmela Coherent structures in a chemotaxis model
Lombardo of acute inflammation

(University of Palermo)

9:55 AM 10:15 AM C Ellie Mainou Investigating model alternatives for acute
(Pennsylvania State HIV infection
University)
10:15 AM 10:45 AM Coffee Break
10:45 AM 11:20 AM | Josh Bongard Al-designed computational metamaterials

(University of Vermont)

11:20 AM 11:55 AM | Theresa Saxton-Fox Nonlinear interactions of coherent
(University of lllinois structures in wall-bounded turbulent flows
Urbana-Champaign)

11:55 AM 12:15PM | C Niall Mangan Model selection of chaotic systems from
(Northwestern data with hidden variables using sparse
University) data assimilation
12:15 PM 1:30 PM Lunch Break
1:30 PM 1:50 PM C David Campbell The approach to equilibrium in the Fermi-
(Boston University) Pasta-Ulam-Tsingou (FPUT) problem
1:50 PM 2:25 PM | Orit Peleg Living orbs of light: The math of firefly
(University of Colorado communication
Boulder)
2:25 PM 2:50 PM F Flash Session A (see below)
2:50 PM 3:20 PM Coffee Break
3:20 PM 3:55 PM | Steve Brunton Machine learning for scientific discovery,
(University of with examples in fluid mechanics
Washington)
3:55 PM 4:15 PM C Sara Clifton Modeling the public health impact of e-
(St. Olaf College) cigarettes on adolescents and adults
4:15 PM 5:00 PM P Poster Session A (see below)

Page 1



Wednesday, January 11

8:55 AM 9:00 AM Start of Day 3
9:00 AM 9:35 AM Laurent Hébert- Approximate master equations for
Dufresne contagion and group
(University of Vermont) selection dynamics on higher-order
networks
9:35 AM 9:55 AM Giuliano Benenti Inverse currents in coupled transport
(University of Insubria)
9:55 AM 10:15 AM Igor Franovic Patched patterns and emergence of
(Institute of Physics chaotic interfaces: a new paradigm in
Belgrade) coupled excitable systems
10:15 AM 10:45 AM Coffee Break
10:45 AM 11:20 AM Veronica Ciocanel Parameter identifiability for PDE models of
(Duke University) fluorescence microscopy experiments
11:20 AM 11:55 AM Jessica Shang Measuring viscosity of matter at extreme
(University of conditions
Rochester)
11:55 AM 12:15 PM Aubrey Beal Hands-on student engagement via simple
(The University of and/or solvable chaotic experiments
Alabama Huntsville)
12:15 PM 1:30 PM Lunch Break
1:30 PM 1:50 PM Sam Zhang The stochastic dynamics of faculty
(University of Colorado productivity
Boulder)
1:50 PM 2:25 PM Nancy Rodriguez Understanding protesting activity and
(University of Colorado trauma via mathematical models
Boulder)
2:25 PM 2:50 PM Flash Session C (see below)
2:50 PM 3:20 PM Coffee Break
3:20 PM 3:55 PM Francesco Sorrentino Application of simultaneous block
(University of New diagonalization of matrices to problems in
Mexico) nonlinear dynamics and controls
3:55 PM 4:15 PM Bradly Alicia Physical intelligence in development:
(OpenWorm Regulation of dynamic tension and sensing
Foundation) as intersecting networks
4:15 PM 425 PM Closing Remarks

Page 3
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Mail Contacts Settings Logout

Subject Invitation to minisymposium at SIAM Conference DS21
From Rico Berner 4
To Igor Franovicd
Cc rico.berner@physik.tu-berlin.de L, Serhiy Yanchuk X, Simona OImi L
Date 2021-01-08 21:44

Dear Igor,
We hope this email finds you well!

Simona Olmi, Serhiy Yanchuk and I are planning to organize a minisymposium for the "SIAM
Conference on Applications of Dynamical Systems 2021" which is going to take place
virtually. For further details please have a look at
https://www.siam.org/conferences/cm/conference/ds21. The topic of the minisymposium is
"Adaptivity in networks and nonlinear systems", where we want to focus on inherent and
external adaptive mechanism in real-world dynamical systems. See also the description of
the minisymposium attached below. As your research is closely related to this topic, we
would like to invite you to give a talk at the minisymposium.

We would be very happy if you would accept our invitation and contribute with a talk to
the success of the minisymposium. Since the submission deadline is approaching (January
11, 2021), we would be very grateful if you would be able to respond soon (until 15:00
GMT, January 11, 2021) to this invitation about your acceptance and provide us with a
preliminary title of your contribution. Each participant is asked to submit the final
contribution by January 25, 2021 (https://www.siam.org/conferences/cm/conference/ds21).
Please do not hesitate to reach out to us for any further questions.

Best regards,
Simona Olmi, Serhiy Yanchuk and Rico Berner

Title: Adaptivity in networks and nonlinear systems

Abstract: Adaptivity is an omnipresent mechanism in nature and the knowledge on its
functioning provides powerful insights into the dynamics of real-world systems. One of
the simplest forms of adaptation can be found in the synchronization of coupled dynamical
units. Here, the dynamical players adapt their individual motion in order to get closer
to the trajectory of the other. Such a dynamical set-up gives rise to an inherent form of
adaptation. Complementing this, external forms of adaptation can be for instance found
in systems of neurons with synaptic plasticity. In such systems, adaptation is
explicitly expressed by dynamically changing synaptic weights between the neurons. This
minisymposium invites all participants to discuss adaptivity induced phenomena from a
general dynamical system perspective. Inspired by technology and nature, the speakers
will discuss a plethora of dynamical systems in order to shed light on the complex
interplay between adaptivity induced phenomena with noise, delay, and complex
connectivity structures.

Organizers:

Simona Olmi (Inria Sophia Antipolis Méditerranée Research Centre, France, Instituto dei
Sistemi Complessi, Sesto Fiorentino, Italy)

Serhiy Yanchuk (Institute of Mathematics, TU Berlin, Germany)

Rico Berner (Institute of Theoretical Physics and Institute of Mathematics, TU Berlin,
Germany)

Message 5457 of 16152
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Subject SIAM DS21 - Kind reminder
From Rico Berner 4

eckehard Schoelld, Petro Feketad, Christian Kuehn &, Patrycja Jaros K134,
To Dmitry V. Kasatkin L, Igor Franovicd, Serhiy Yanchuk X, Simona OImi L, Peter Tass 4,
Ernest Montbrié &, Oleksandr Popovyh X, Tilo Schwalger &

Cc rico.berner@physik.tu-berlin.de L
Date 2021-05-27 10:14

Dear all

Our minisymposium is going to start in about 30 min. You can access the virtual conference
platform via https://siamds21.vfairs.com/

Our schedule:

Thursday, May 27, 4:45 AM - 6:45 AM

4:45-5:10 What Adaptive Neuronal Networks Teach us About Power Grids, Eckehard Scholl
5:15-5:40 Phase Clustering in Kuramoto Networks with Dynamic Coupling, Petro Feketa
5:45-6:10 Adaptive Epidemic Network Dynamics, Christian Kuehn

6:15-6:40 Complex Dynamics of Small Chimera States, Patrycja Jaros

Thursday, May 27, 8:00 AM - 10:00 AM

8:00-8:25 Non-Stationary Clusters in Network of Phase Oscillators with Non-Identical Laws of
Coupling Adaptation, Dmitry V. Kasatkin

8:30-8:55 Switching Dynamics in Systems of Stochastic Excitable Units with Adaptive Couplings
abstract, Igor Franovic

9:00-9:25 Frequency Cluster Formation and Slow Oscillations in Neural Populations with
Plasticity abstract, Serhiy Yanchuk

9:30-9:55 Emergent Excitability in Populations of Non-Excitable Units, Simona Olmi

Thursday, May 27, 11:30 AM - 1:30 PM

11:30-11:55 Reshaping Adaptive Neural Networks for Therapeutic Purposes abstract, Peter A.
Tass.

12:00-12:25 Exact Mean-Field Theory Explains the Dual Role of Electrical Synapses in Collective
Synchronization, Ernest Montbrid

12:30-12:55 Impact of Brain Parcellation and Empirical Data on Modeling of the Resting-State
Brain Dynamics, Oleksandr Popovych

1:00-1:25 Analyzing Cortical Variability in a Stochastic Neural Field Model with Refractoriness
and Finite-Size Fluctuations, Tilo Schwalger

We are looking forward seeing you.
Best

Simona, Serhiy, Rico

Message 4695 of 16152
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Vladimir Nekorkin <nwp-1@ipfran.ru> Thu, Jun 3, 2021, 12:04PM
tome

Dear Professor Franovic,

Itis our pleasure and a great honor to invite you to give a talk on the conference "Nonlinear Dynamics of Oscillatory Systems", that will be held on Septemb
19-22, 2021, in Nizhny Novgorod, Russia. The conference is organized as a combined on-line and off-line event. Those who will have no opportunity to
come in person can join it on ZOOM. We are pleased to inform the potential participants that no registration fee is required.

The conference will be dedicated to the recent progress in various fields of nonlinear dynamics, covering, but not limited to the topics of synchronization of
complex systems and networks, dynamical systems with time delays, emergent patterns and chimera states, as well as dynamical networks in neuroscience
and machine learning. The conference is organized by the Institute of Applied Physics of the Russian Academy of Sciences in Nizhny Novgorod within the
framework of the International Symposium TOPICAL PROBLEMS OF NONLINEAR WAVE PHYSICS (NWP- 2021). This meeting is a continuation of the
previous symposia NWP-2003, 2005, 2008, 2014, 2017 which attracted leading experts from around the world.

The registration and abstract submission is now open on the conference website:

https://nwp2021.ipfran.ru/registration.




International Symposium

TOPICAL PROBLEMS
OF NONLINEAR WAVE PHYSICS
(NWP-2021)

Nizhny Novgorod, Russia, 19-22 September, 2021

Nonlinear Dynamicsof Oscillatory Systems
(NWP-1)

Extreme Photonics
(NWP-2)

Nonlinear Phenomenain the Atmosphere and Ocean
(NWP-3)

PROGRAM

Nizhny Novgorod
2021



Workshops

Russian-Chinese Workshop “Ultra Intense Laser Technology
and Intense Field Physics”

Nonlinear and Quantum Optics in Confined Systems
Electromagnetic Environment of the Earth
Young Scientists School
“High-power Sources of Electromagnetic Radiation
of the Terahertz, Optical and X-ray Ranges Based
on Photoinjector Complexes”

Young Scientists School
“Laser-plasma Sources of X-ray Radiation”



Organized by

Federal Research Center Institute of Applied Physics
of the Russian Academy of Sciences

Supported by

RF Ministry of Science and Higher Education
Agreements No. 075-15-2019-1892, No. 075-15-2020-906,
and No. 075-15-2021-633

Russian Science Foundation
Projects No. 21-72-30027 and No. 20-62-46050

Conference Chairs

NWP-1: Nonlinear Dynamics of Oscillatory Systems

Vladimir Nekorkin, Institute of Applied Physics RAS, Russia
Stefano Boccaletti, CNR Institute of Complex Systems, Italy

NWP-2: Extreme Photonics

Efim Khazanov, Institute of Applied Physics RAS, Russia
Bjorn Manuel Hegelich, University of Texas at Austin, USA

NWP-3: Nonlinear Phenomena in the Atmosphere and Ocean

Alexander Feigin, Institute of Applied Physics RAS, Russia
EvgenyMareev, Institute of Applied Physics RAS, Russia
Colin Price, Tel Aviv University, Israel

Juergen Kurths, Potsdam Institute for Climate Impact Research,
Humboldt University, Germany

https://nwp2021.ipfran.ru



Wednesday,September 22

9.00-11.00 Dynamics of biological systems

E. Volkov (Russia).The effect of characteristic times on collective modes
of two quorum sensing coupled identical ring oscillators

A. Dmitriev (Russia).Interaction of microwave radiation with ensembles
of biological objects

L. Liicken(Germany). Dynamic deep ocean: chaotic dynamics in a complex
network model of organic compounds and microbial heterotrophs

K. Blyuss (UK). Dynamics of a predator-prey model with ratio dependence
and Holling type Il functional response

N. Stankevich (Russia). Hyperchaos in three repressilators coupled via
guorum-sensing mechanism

11.00-11.20 Coffee break

11.20-13.20 Chimeras and patterns 2

R. Andrzejak (Spain). Fractal patterns and chimera states generated
by a two-population network of quadratic maps

A. Polezhaev (Russia). Mathematical modeling of autowaves and
inhomogeneous structures formation at a travelling reaction front

1. Franovi¢ (Serbia). Bumps, chimera states, and Turing patterns
in systems of coupled active rotators

0O.0Omel'chenko (Germany). Chimera states that breathe and move

M. Rosenblum (Germany). Remote synchrony explained by high-order phase
reduction

13.30-14.30 Lunch

14.30-15.20 Plenary Talk. Gerd Leuchs (Germany) Soliton quantum dynamics
in a two mode fibre

15.20-16.10 Plenary Talk. Juergen Kurths (Germany). Quantifying stability in complex
networks and its application to power grids

16.10-16.30 Coffee break

16.30-17.20 Plenary Talk. Bjérn Manuel Hegelich (USA). Study of isochorically heated
warm dense carbon foam at the Texas Petawatt Laser

17.20-17.50 Discussion
18.30-21.30 Round table



https://nwp2021.ipfran.ru/program/speakers/volkov
https://nwp2021.ipfran.ru/program/abstract/35
https://nwp2021.ipfran.ru/program/abstract/35
https://nwp2021.ipfran.ru/program/speakers/alexandrdm
https://nwp2021.ipfran.ru/program/abstract/68
https://nwp2021.ipfran.ru/program/abstract/68
https://nwp2021.ipfran.ru/program/speakers/leonhard.luecken
https://nwp2021.ipfran.ru/program/abstract/71
https://nwp2021.ipfran.ru/program/abstract/71
https://nwp2021.ipfran.ru/program/abstract/71
https://nwp2021.ipfran.ru/program/speakers/k.blyuss
https://nwp2021.ipfran.ru/program/abstract/73
https://nwp2021.ipfran.ru/program/abstract/73
https://nwp2021.ipfran.ru/program/speakers/stankevichnv
https://nwp2021.ipfran.ru/program/abstract/90
https://nwp2021.ipfran.ru/program/abstract/90
https://nwp2021.ipfran.ru/program/speakers/ralph.andrzejak
https://nwp2021.ipfran.ru/program/speakers/apol
https://nwp2021.ipfran.ru/program/abstract/23
https://nwp2021.ipfran.ru/program/abstract/23
https://nwp2021.ipfran.ru/program/abstract/23
https://nwp2021.ipfran.ru/program/speakers/franovic
https://nwp2021.ipfran.ru/program/abstract/59
https://nwp2021.ipfran.ru/program/abstract/59
https://nwp2021.ipfran.ru/program/speakers/omelchenko
https://nwp2021.ipfran.ru/program/abstract/75
https://nwp2021.ipfran.ru/program/speakers/mros
https://nwp2021.ipfran.ru/program/abstract/146
https://nwp2021.ipfran.ru/program/abstract/146
https://nwp2021.ipfran.ru/program/speakers/kurths
https://nwp2021.ipfran.ru/program/abstract/127
https://nwp2021.ipfran.ru/program/abstract/127
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SFB Symposium on 29.10.2021 Inbox

Anna Mandel-Zakharova <anna.zakharova@tu-berlin.de>
to me, Henning

Dear Igor,

Thank you again for accepting our invitation to speak in the SFB 910
Symposium on 29.10.2021.

Please could you send us the title and the abstract of your talk?
Best regards

Anna

Igor Franovic

Dear Anna, please find attached the title and the abstract of my talk. Sorry for a bit of delay with the response, I've been thinking a bit on what precisely to

—F
==

<>
il

Mon, Oct 11, 2021, 1:46 PM

Wed, Oct 13, 2021, 10:43AM
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47 of many

Invitation to the Symposium of SFB 910: Dynamical patterns in complex networks, X
29.10.2021 Inbox x

Reinken, Henning <henning.reinken@itp.tu-berlin.de> Fri, Oct 15, 2021, 4:02PM
to wm.sfb910@itp.tu-berlin.de, sh.sfb910@itp.tu-berlin.de, events.sfb910@itp.tu-berlin.de, tpl.sfb910@itp.tu-berlin.de

Dear Madam, dear Sir,

We cordially invite you to join our online symposium

"Dynamical patterns in complex networks"

on Friday, October 29, 2021, 15:00.

The event will take place via Zoom:
https://tu-berlin.zoom.us/j/63134639399?pwd=U2FRYIpjM1JCdzNTeHIsRmdFQmhSQT09

Meeting-ID: 631 3463 9399
Kenncode: 019910

=

C



Q_ Conference on Nonlinear Dynamics and Complexity X 3 ® & i

Compose
Vladimir Klinshov — Tue, Sep 29, 2020, 11:226 AM
to bcc: me
Inbox 768
Dear colleagues,
Snoozed
| Thank you for your agreement to take part in our Minisymposium "Nonlinear dynamics of oscillatory systems", organized within the framework of the 1st
mportant Online Conference on Nonlinear Dynamics and Complexity ( http://ndc.lhscientificpublishing.com/ ). Currently, the organizers of the conference ask the
Sent speakers to do two things:
Drafts 1) Please, sign the attached recording agreement for (“copyright” for allocating your presentation on the conference website) and send it to me. This we ask
ou to do ASAP.
Spam Y
Categories 2) Please record your video presentation and upload it to the web, see the instructions below. This should be done by November 2. As we were told by the
organizers, this is done in order to make sure that the participants with weak internet connection will be able to see the presentations. A bit strange decision
Social it seems like during the session we will watch each others videos and then ask questions...
Updates 319 )
Best wishes,
Forums Vladimir
Promotions
More

---------- Forwarded message ---------
From: Dimitri Volchenkov <dr.volchenkov@gmail.com>
Labels Date: Mon, Sep 28, 2020 at 1:59 AM
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Subject Invitation for TINKOS 2019 invited lecture
From Velimir Ili¢ L
To franovic@ipb.ac.rs 1
Cc mitrovic@ipb.ac.rs X, _
Date 2019-09-19 19:22
Priority Normal

MATHEMATICAL INSTITUTE OF THE SERBIAN ACADEMY OF SCIENCES AND ARTS
INSTITUTE OF PHYSICS BELGRADE

Dr. Igor Franovi¢

Institute of Physics Belgrade
Pregrevica 118

11080 Belgrade, Serbia

Dear Dr. Franovic,

We would like to invite you as an invited lecturer to the 7th Conference
on Information Theory and Complex Systems (TINKOS 2019,
http://www.tinkos.ac.rs/). TINKOS 2019 will be held at the Mathematical
Institute of the Serbian Academy of Sciences and Arts, Belgrade, Serbia,
from October 15-16, 2019.

TINKOS is an interdisciplinary event which deals with advanced topics in
information theory and complex systems, including complex networks,
non-linear dynamics, bioinformation systems, geophysics and machine
learning. The conference topics are related to both theory and practice,
with the aims of gathering the researchers and development of a scientific
network for growing and sharing of knowledge, ideas and scientific
enthusiasm.

Your participation and invited lecture would be great and very valuable
for TINKOS 2019, our groups and us, and we could establish new
collaborations and discuss further research.

If we could list you as an invited speaker, this would certainly help us
for attracting further lecturers and participants and build a stronger
community of researchers working on problems in the theory of information
and complex systems. We would appreciate if you could send us a tentative
title or subject of your talk at your earliest convenience, as this would
be very helpful for our planning the conference sessions.

We sincerely hope that you can accept our invitation.

Please answer or decline our invitation by replying to this email by
September 23th.

TINKOS is registration free event. Due to limited budget we are normally
not able to participate in your travel expenses but we will cover the
costs related to the venue and organization during the conference.

Best wishes,

Program Committee Chair, TINKOS 2019

Velimir Ilic

Mathematical Institute of the Serbian Academy of Sciences and Arts
Kneza Mihaila 36

11001 Belgrade, Serbia

Organizing Committee Chair, TINKOS 2019
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Stefano Baroni, Scuola Internazionale Superiore di Studi Avanzati, Italy
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Conference photo

October 8, 2019

Please join us at Wednesday at
13.30h in front of the SASA
building for conference photo.

Changes in the program
October 6, 2019

Please note changes in the
program for Monday morning
session and Tuesday afternoon

session.

Book of Abstracts is online
October 2, 2019
Book of abstracts is online!

PROGRAM IN ONLINE!
September 20, 2019
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to me, Laura

Dear Igor

Attached you can find the first announcement of our workshop in
November; see also the workshop web-page at
http://wias-berlin.de/workshops/dcos18/

Please, help us to distribute this information to anybody who might be
interested!

REGISTRATION:

Please, use the online registration form at
http://wias-berlin.de/workshops/dcos18/registration.jsp

to submit the data about your participation. For you as an invited
speaker, the conference fee will be waived and you can just ignore the
payment request of the online registration system.

For any questions, please do not hesitate to contact me or our secretary
Laura Wartenberg <laura.wartenberg@uwias-berlin.de>

We are looking forward to meet you in November at WIAS!

Kind regards, Matthias Wolfrum
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Mail Contacts Settings

Subject PhysCon 2019 Important Announcement
From Zakharova, Anna 1

Eckehard Schélld, Jirgen Kurths &, Ulrike Feudel L, Liudge, Kathy L, Serhiy Yanchuk &,
w.just@gmul.ac.uk L, franovic@ipb.ac.rs L , o.dhuys@aston.ac.uk

Cc Vladimir Klinshov X
Date 2019-02-08 13:08

To

Dear Speakers of the minisymposium "Dynamics and control of systems with time
delays",

The conference PhysCon 2019 is transferred from Saratov to Innopolis city located
near Kazan, Republic of Tatarstan, Russia. The dates of the conference remain the
same: 8-11 July 2019.

For more information, please see the official message from the organizers below and
visit the new website: http://physcon2019.innopolis.university

We would be grateful if you could confirm your participation in the conference taking
the new location into account. Please let us know by March 1, 2019.

We apologize for this inconvenience and hope you can participate!

Best regards,
Anna and Vladimir

Dr. Anna Zakharova

Principal Investigator SFB 910
Technische Universitat Berlin
Institut fiir Theoretische Physik
Sekr. EW 7-1

Hardenbergstr. 36

10623 Berlin, Germany

Tel: +49-30-314-28948 Fax: +49-30-314-21130
email: anna.zakharova@tu-berlin.de

Von: Physcon 2019 <physcon2019@innopolis.ru>
Gesendet: Montag, 4. Februar 2019 16:16

An: vladimir.klinshov@gmail.com; Zakharova, Anna
Betreff: PhysCon Important Announcement

Dear Dr. Anna Zakharova and Dr. Vladimir Klinshov,

We have an important announcement concerning The 9th International Scientific Conference
on Physics and Control (PhysCon 2019).

Due to technical reasons. the conference is transferred to Innonaolis Liniversitv (Innonolis citv).
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From Zakharova, Anna ) §
To Igor Franovicd, Viadimir Klinshov &

Drafts
Date 2018-10-23 17:41
Sent
Junk
Dear Igor,
Trash Great! Thank you for your reply.
Looking forward to meeting you in Saratov,
Anna

Dr. Anna Zakharova

Principal Investigator SFB 910
Technische Universitat Berlin
Institut fiir Theoretische Physik
Sekr. EW 7-1

Hardenbergstr. 36

10623 Berlin, Germany

Tel: +49-30-314-28948 Fax: +49-30-314-21130
email: anna.zakharova@tu-berlin.de

Von: Igor Franovic <franovic@ipb.ac.rs>
Gesendet: Montag, 22. Oktober 2018 16:09
An: Vladimir Klinshov

Cc: Zakharova, Anna

Betreff: Re: Invitation to mini-symposium

Dear Vladimir and Anna,

thank you for your kind invitation. I would be most pleased to
participate
at the mini-symposium you organize in Saratov.

Best regards,
Igor

On 2018-10-10 13:00, Vladimir Klinshov wrote:
Dear Prof. Franovic,

We are organizing a mini-symposium titled
"DYNAMICS AND CONTROL OF SYSTEMS WITH TIME DELAYS"

at the 9th International Conference on Physics and Control (PHYSCON
2019).

The conference will be held in SARATOV, RUSSIA FROM JULY 8 TILL JULY
11, 2019.

We are writing to ask whether you would be willing to present an
invited talk

at this mini-symposium. Please let us know as soon as possible, but
not later

than OCTOBER 31.

Please find below the abstract of the mini-symposium. More information
on the
conference is available here:

htdune / lonhiim canANAAO  mmdeas nes
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PHYSCON 2019, Innopolis, Russia, 8-11 September, 2019

EMERGENCE OF COLLECTIVE OSCILLATIONS IN
ASSEMBLIES OF STOCHASTIC ACTIVE ELEMENTS WITH
COUPLING DELAY

Igor Franovié
Scientific Computing Laboratory,

Center for the Study of Complex Systems,
Institute of Physics Belgrade, University of Belgrade,
Pregrevica 118, 11080 Belgrade, Serbia
franovic@ipb.ac.rs

Abstract

Characterizing scenarios inducing collective oscilla-
tions in assemblies of active elements influenced by
coupling delays and noise is an important problem,
which becomes especially intricate for assemblies of
excitable units or heterogeneous assemblies of ex-
citable and self-oscillating units. We investigate this
problem for two paradigmatic examples of populations
comprising Type I or Type II excitable units. The first
example concerns a heterogeneous population of ac-
tive rotators in the excitable or the rotating regime.
The delay-free noiseless case is analyzed within Ott-
Antonsen framework, demonstrating that with increas-
ing diversity, the collective mode emerges via SNIPER
bifurcation, whereas its suppression is due to Hopf bi-
furcation, reflecting a Kuramoto-type transition. We
numerically examine how this scenario is modified in
presence of delay and noise, showing the delay to have
a stabilizing effect on the stationary state. Our second
example concerns an assembly of stochastic identical
FitzHugh-Nagumo units in excitable regime. Stability
of equilibrium and the bifurcations leading to the on-
set or suppression of collective oscillations are qualita-
tively analyzed by a mean-field model based on cumu-
lant approach. While equilibrium stability is typically
affected by a sequence of delay-controlled supercritical
and subcritical Hopf bifurcations, we also identify non-
trivial bistable regimes emerging via delay- or noise-
controlled fold-cycle bifurcations.

Key words
excitability, coupling delay, noise, collective mode,
reduction methods

1 Introduction

The systems of active elements where the combined,
rather than the separate action of coupling delays and
noise should be taken into account are quite common,

Vladimir Klinshov
Institute of Applied Physics
of the Russian Academy of Sciences
46 Ulyanov Street, 603950 Nizhny Novgorod, Russia
vladimir.klinshov @ipfran.ru

with the most prominent examples concerning neu-
roscience and other biologically inspired models. In
terms of the onset of collective mode, the interplay
of noise and coupling delays becomes especially in-
tricate if one considers assemblies of excitable, rather
than the self-oscillating units or heterogeneous assem-
blies, comprised of both the excitable and the oscillat-
ing units. For such scenarios, the local and collective
dynamics typically involve competition between the
delay-driven and the noise-induced oscillation modes.

In this study, we analyze the emergence of collective
oscillations for two paradigmatic examples of assem-
blies including Type I or Type II excitable units. In the
first case, we consider a heterogeneous population of
Type I active elements, given by the model of active
rotators with diversity introduced through distribution
of intrinsic frequencies, such that the units lie in the
excitable or the rotating regime. The delay- and noise-
free case is analyzed within the Ott-Antonsen frame-
work, and then it is numerically investigated how the
obtained scenario is modified in presence of noise and
coupling delay. In the second case, we consider an
assembly of stochastic type II active elements, where
the local dynamics is represented by the FitzHugh-
Nagumo model in the excitable regime. The stabil-
ity of the stationary state, as well as the bifurcations
giving rise to collective oscillations or their suppres-
sion are qualitatively analyzed within the framework
of a mean-field (MF) model, based on cumulant ap-
proach complemented by the Gaussian closure hypoth-
esis. Applying this reduction technique, the descrip-
tion of collective dynamics is reduced to a system of
just five delay-differential equations, where the noise
intensity plays the role of an additional bifurcation pa-
rameter. We carry out the bifurcation analysis of the
MF model, determining the local and global bifurca-
tion that influence the onset and the suppression of the
collective modes.
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2 Onset of collective mode in a heterogeneous as-
sembly of active rotators
As the first paradigmatic example concerning how the
interplay of excitability, coupling delay and noise af-
fects the onset of the collective mode, we consider a
heterogeneous population of N globally coupled active
rotators whose dynamics is given by

_75 Sln

ej(tf’l')+04)+07]i(),Z:L...N (1)

0;(t) = w; — asin 0;(

where 6; € S, while a denotes the non-isochronicity
parameter. The interactions are assumed to be iden-
tical across the population, and are characterized by
the coupling strength K, the coupling phase-lag o and
the coupling delay 7. Diversity is introduced via non-
uniformity of natural frequencies w;, which are dis-
tributed according toa probability density function gw,
whereby [ g(w)dw = 1. In terms of local dy-
namics, w; constltutes the bifurcation parameter, such
that an isolated unit lies in the excitable regime for
|w;] < a, whereas it undergoes a SNIPER bifurca-
tion toward oscillatory regime at |w;| = a. The units
are subjected to independent white Gaussian random
forces n; ((ni(t)) = 0, {(ni(t)n;(t)) = 26;;0(t — t)),
characterized by the intensity o2.

We investigate the collective dynamics of the assem-
bly first in the delay- and noise-free case 7 = 0 = 0
within the Ott-Antonsen framework [?; ?], and then
numerically examine how the obtained bifurcation sce-
nario is modified in the presence of noise and coupling
delay. Focusing on the delay- and noise-free case, let
us introduce the Kuramoto order parameter

1 _
w(t) _ 165 (t)
—N%€ e

R(t) =r(t)e

such that (1) can be rewritten as

- K
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In the thermodynamic limit N — oo, the state of
the system can be described by the probability density
function (6, w,t), which gives the relative number of
oscillators whose phases and frequencies are 6; ~ 0,
wr ~ w. Conservation of oscillators then implies the

continuity equation of the form

af B
a*'%(f v) =0, 4

where the velocity is defined as

—ioy K
—e Tty
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(Refi(e,ri*a) 7R67,(97,+O¢)).
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Note that the Kuramoto mean field in the thermody-
namic limit is given by

[e's) 27
:/ m/lmwﬁﬁw, ©)
—00 0

whereas the normalization condition for the probability
distribution is fo% f(0,w,t)df = g(w).

According to Ott-Antonsen Ansatz [?; ?], the long-
term dynamics of the continuity equation (4) tends to
settle on a particular manifold of the form

f(9 w, t 27{ <1 _~_7121 |: l‘ t inf —|—Zn($ t) 1n9:|> ,
(7)

where the complex amplitude z satisfies the Ott-
Antonsen equation

dz

%(Wa t)

o K, 0 Kz oo
5 + gRe — ERG z°.

®)
Note that z(w,t) should be interpreted as the
frequency-dependent local order parameter,in a sense
that it quantifies the synchrony of oscillators whose
intrinsic frequencies §; ~ w lie within a dw interval
around the given frequency w.

Our first goal is to investigate the solutions for which
the Kuramoto mean field R = re’¥ is constant, obtain-
ing the microscopic structure of the stationary state and
the associated self-consistency condition. In the next
stage, we will show the results of the bifurcation anal-
ysis on stability of the stationary state of (8), analyzing
the scenarios that lead to the onset and the suppression
of the collective mode. Proceeding with the first stage,
one inserts the assumption z(w,t) = p(w,t)e’®«t),
which ultimately leads to

= iwz+(1—2%)

B
7= 5(1 — %) cos ¢,

re =wr — §(1+r2)sin¢, 9)

where we introduced the notation

B = /a2 + k2p2 + 2akpcos(v — @),

kpsin(y — @)
a+ kpcos(y) — a)’

[ = arctan

p=¢—-p (10)

From (9), one finds that B plays the role of macro-
scopic excitability parameter, as the active rotators split
into two groups: (i) group comprised of rotators in
the excitable regime, whose intrinsic frequencies sat-
-isfy |w| < B, and (i7) group consisting of rotating
units, whose intrinsic frequencies satisfy |w| > B. For
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|w| < B, the system has two steady states, whereby the
stable one is given by

r(w) =1,
¢*(w) = arcsin = (11)
w) = arcsin o,
whereas for [w| > B, the only steady state is
" |w] w?
St Y e
W) =75 P
o (w) = gsgnw. (12)

The self-consistency equation associated to the solu-
tion (??) can readily be obtained by invoking the con-
tinuum form of the Kuramoto mean-field

R=Gz= /C>C g(w)z(w)dw. (13)

— 00

Inserting (11) and (12) into (13) and separating for
the real and the imaginary part, one ultimately obtains
the self-consistency equation for the macroscopic ex-
citability parameter B of the form

f(B) = B?> — a* — 2k(f1(B) sina + fo(B) cos o)+
LRB)+ BB

= =0, (14)
where
fi(B)=w— / dwg(w)wy/1 — B—j,
|w|>B w
f2(B) = /| Bdwg)(w) B2 — w2, (15)
w|<

The results obtained so far hold for an arbitrary fre-
quency distribution g(w). Nevertheless, in the remain-
der, we confine our analysis to a particular case of the
frequency distribution g(w) taken to be uniform on a
bounded interval w € [w1, wa] [1]:

0, w<uwi,
v, w1 <w < wa, (16)
0, w> wsy,

g(w) =

with v = 1/(wa — wy). This distribution is charac-
terized by an average w = % and the variance
A = we — wy. For the given g(w), we have car-
ried out the stability and bifurcation analysis of the
Ott-Antonsen equation (8), considering its linearization
around the corresponding stationary solution (??). The
control parameters are taken to be the cumulants of the

4L f(B)
2L
L Bz
0
B, B B
-2
0 2 4 6 8 10 12
(b)
11—
(0]
11T
0.7
05k 66 68 7 72 74 76
A
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Figure 1. (a) Solutions of the self-consistency equation (14) for
B. The parameters are: @ = 1,k = 5, = 0, = 0.8 and
A = 4. (b) Bifurcation diagram constructed from (??) fora = 1,
k = b, o = 0. Green solid lines correspond to saddle-node
bifurcations, whereas red dashed line indicates Hopf bifurcation.
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Figure 2. Variance f in terms of A and @ for @ = 1,k = b,
« = (. Superimposed are the analytically determined bifurcation
curves from Fig. 1(b).

frequency distribution, @ and A, whereas the remain-
ing parameters are kept fixed. It is convenient to inter-
pret the results of bifurcation analysis in terms of the
solutions of the self-consistency equation (14) for the
macroscopic order parameter B [1]. In particular, a
typical form of function f(B) is shown in Fig. 1(a).
Depending on the system parameters, it may possess
either one of three roots By < By < Bs, each corre-
sponding to a stationary solution of (??). Under varia-
tion of @ and A, there may occur two saddle-node bi-
furcations, corresponding either to the collision of By
and Bs or By and Bs. The two branches of folds (green
solid lines) meet at the cusp point, corresponding to the
pitchfork bifurcation, see Fig. 1(b). The stability anal-
ysis showed that the state Bj is always stable, whereas
B is always unstable. At the other hand, the state
Bi may change stability via the Hopf bifurcation, indi-
cated in Fig. 1(b) by the red dashed line. The bifurca-
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Figure 3. Field f ((ZJ, A) in the presence of coupling delay 7 =
5, a = 0.

Superimposed are the analytically determined bifurcation curves for

0.5 The remaining parameters are ¢ = 1, K =
the delay-free case from Fig. 1(b).

tion curves divide the (w, A) parameter plane into three
regions, corresponding to (I) the global rest state, (II)
the synchronous state and (II) the asynchronous state
[1]. We have used numerical simulations to investigate
the associated regimes of collective dynamics, having
characterized them in terms of the time-averaged vari-
ance of the mean-field £ = /(R?) — (R)?, cf. Fig.
2. For region I, one finds that none of the units are
oscillatory, but due to the coupling, the resting state
of each unit is shifted with respect to its position in
the uncoupled case, with the respective shifts of units
being different as a consequence of diversity. At the
boundary between regions I and II, the system under-
goes a SNIPER bifurcation, which gives rise to long-
period oscillations of the mean field. Then all the os-
cillators are phase-locked and make synchronous revo-
lutions around the circle, which induces sharp periodic
beats of the mean field. As the diversity A increases
further, more and more units lose entrainment, getting
unlocked from the synchronized cluster. In region III,
the synchronization is completely lost, and all the units
are asynchronous, having some of the units oscillating
while the others are at rest. The transition to the asyn-
chronous state conforms to the Kuramoto scenario and
is reflected by the Hopf bifurcation of the mean field. In
order to study how the bifurcation scenario described
above is modified in presence of coupling delay and
noise, we have carried out extensive simulations for the
assembly of N = 10* units. In particular, the effect
of including the coupling delay is observed in Fig. 3,
where the field &(w, A) for the delay 7 = 0.5 is com-

pared to the bifurcation curves for the delay-free case
7 = 0. The coupling delay does not influence the co-
ordinates of the steady state, so the two saddle-node
curves are unaffected by the coupling delay. Neverthe-
less, the Hopf bifurcation curve effectively gets shifted
toward smaller diversity, which indicates that the de-
lay may stabilize the systems steady state, thereby sup-
pressing the global mean field oscillations. The depen-
dency of the critical diversity Ay for which the Hopf
bifurcation takes place against the coupling delay T is
plotted in Fig. 3(b) for w = 0.88. In contrast to the
effect of coupling delay, one finds that the noise mostly
influences the location of the saddle-node bifurcation,
as the noise is capable exciting some of the units from
stationary to the oscillatory regime. This effect of noise
may on the average seen as an effective increase of w.

3 Onset of collective mode in an assembly of Type
IT excitable units

As a second example concerning an intricate interplay
between excitability, coupling delay and noise with re-
spect to the onset of the collective mode, we consider
an homogeneous assembly of N Type II active ele-
ments whose local dynamics is given by the FitzHugh-
Nagumo model:

N
edz; = (z; — 233 — yi)dt + ~ = Dyt —7) — )t
j:l

From the neuroscience point of view, x; and y; are sup-
posed to describe the dynamics of the neuronal mem-
brane potential and the ion-gating channels, respec-
tively, whereby the smallness of the parameter e = 0.01
reflects the timescale separation between the fast (ac-
tivator) variables z; and the slow (recovery) variables
y;. Classical results from singular perturbation theory
show that the deterministic local dynamics undergoes
a supercritical Hopf bifurcation at b = 1 such that for
decreasing b a branch of small-amplitude oscillations
of period O(+/€) appears. Then, for b = b. ~ 1 — ¢/8,
there is a rapid transition to large-amplitude relaxation
oscillations of period O(1). In terms of neuroscience,
the succession of states observed for decreasing ex-
citability parameter b corresponds to the transition from
the quiescent state to the spiking regime via subthresh-
old oscillations. In the following, the local dynamics
is set to excitable regime b = 1.05. Each unit is af-
fected by the intrinsic white noise of intensity D, such
that the respective increments of the Wiener process
dW; between the units are independent (E(dW;) = 0
E(dW;dW;) = ¢, ;dt). The units are coupled in the
all-to-all fashion, with the interactions characterized by
the coupling strength ¢ and the coupling delay 7.

Due to presence of coupling delay, the original sys-
tem of 2N stochastic delay-differential equations is
non-Markovian, which makes it unamenable to clas-
sical Fokker-Planck analysis. Instead, one has to
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Figure 4. Phase plane analysis of the MF model (18) for € =
0.07,b = 1.05 and 7 = 0. Note that the dynamics of the
effective model exhibits canard-like trajectories analogous to those

of a single FitzHugh-Nagumo unit.

treat the collective dynamics by deriving a form of
an effective mean-field model, which is here achieved
by a reduction technique based on a cumulant ap-
proach supplemented by the Gaussian closure hy-
pothesis.  The latter is required in order to trun-
cate the hierarchy of equations describing the evo-
lution of cumulants, which would otherwise always
remain unclosed due to nonlinearity of the original
system. In particular, beginning from the original
system of 2N stochastic delay-differential equations,
the MF model reduces the description of collective
dynamics to a set of just five deterministic delay-
differential equations for the means m(t) = (xz;(t)) =
N
(1/N) > x;i(t), my(t) = (yi(t)), the variances

lim
N—o0 i=1

so(t) = (((wit)) — zi(1)?),sy(t) = (((wi(®)) —
yi(t))?) and the covariance u(t) = (({z;(t)) —
x; (1)) ({y:(t)) — wi(t))), whereby D now plays the

role of an additional bifurcation parameter. In order
to ensure that the model is analytically tractable, one
may further introduce an ”adiabatic approximation”, by
which the variances and the covariances are replaced
by their stationary values. This is physically justified
if the corresponding relaxation times are small, or the
variances are small compared to the means. The MF
model then just contains two equations for the means:

dmg(t)
dt

_ma(t)
2

€

=my(t) — me(t)3/3

{1 —e—ma(t)?+ e — 1+ ma(t)22 + 4D}

—my(t) + c[my(t — 7) — mg(2)],
dmy(t)
dt

= my(t) +b. (18)

The form of (18) is convenient because for 7 = 0 one
may apply the singular perturbation theory, and explic-
itly show the conditions under which the whole assem-
bly acts as a macroscopic excitable system, cf. Fig. 4.
It is further possible to directly compare the features
of excitable dynamics (such as threshold-like behav-

ior) for a single FHN unit and the assembly. Another
important point is that the bifurcation analysis of the
MF model can be carried out analytically. In particu-
lar, the approximate model (18) is found to display a
sequence of direct supercritical and inverse subcritical
Hopf bifurcations, such that the former/latter destabi-
lize/stabilize the fixed point.

The system (18) is found to undergo a sequence of
direct and inverse Hopf bifurcations, see the 7(D) bi-
furcation diagram in Fig. 5, whereby the former (latter)
are always supercritical (subcritical). The system’s be-
havior is also strongly affected by the global fold-cycle
bifurcation. Due to interplay between the local bifur-
cations and the global bifurcation, there are parameter
domains where the M F' model is bistable, exhibiting
coexistence between the stationary and the oscillatory
state or between two oscillatory solutions. The equa-
tion for the critical coupling delay in dependence of ¢
and D is given by [4]

7] = [arccos(—ke/c) + 2jm] Jw, (19)
. 7w§:+1/6
if Ti/e Z 0, or by
7] = [~ arccos(—ke/c) 4+ 2(j + V)7] jws,  (20)
. —wi-&—l/e . . . .
if —=—— < 0, with the +/— sign reflecting the di-

cw4 /€
rect/inverse character of bifurcation, 7 = 0,1,2,...

and wy = wy(e, D),k = k(c, D). Apart from the
local bifurcations affecting the stability of equilibrium,
the MF dynamics is additionally influenced in a highly
nontrivial fashion by the two fold-cycle bifurcations,
one controlled by D and the other by 7. The point
(D,7) = (Dye,0) where the noise alone is sufficient
to induce the global bifurcation is indicated by the solid
circle in Fig. 5, while the point (D, 7) = (0, 7y.) where
solely the delay gives rise to the global bifurcation is
denoted by the open circle. The dashed line connecting
the open and the solid circle approximately highlights
the parameter values above which the dynamics of the
MF model always involves a large cycle born via the
global bifurcation.

Due to global bifurcations, the MF model exhibits two
types of bistable regimes [5], one involving the coexis-
tence between the FP and the LC, and the other char-
acterized by the coexistence of two LCs. In the former
case, the LC corresponds to a large cycle born in the
fold-cycle bifurcation. The latter scenario may be real-
ized either by the coaction of the supercritical Hopf bi-
furcation and the fold-cycle bifurcation, which mainly
occurs for 7 < 7y, or the two cycles may both derive
from the fold-cycle bifurcations (7 > 7y.). In most
cases, bistability emerges due to the action of noise,
i.e. is facilitated by the D-controlled global bifurca-
tion. Such regimes are referred to as the noise-induced
bistability to distinguish them from the scenario involv-
ing the coexistence between the FP and the large cycle
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Figure 5. First few branches j = 0, 1,. .., 6 of the Hopf bifur-
cation curves T. i (D) for the MF model. Stability of equilibrium
is influenced by a sequence of supercritical (black lines) and sub-
critical Hopf bifurcations (gray lines). Critical values D fcand Ty
for the D- and T-controlled fold-cycle bifurcations are indicated by
the solid and the open circle lying at (D, T) = (ch, 0) and
(D, T ) = (0, T fc)- The dashed line indicates the parameter val-
ues above which the dynamics of the MF model always involves a
large cycle born via fold-cycle bifurcation. The bistable regimes in-
volve coexistence of FP and LC (triangles) or two LCs (squares).
Coupling strength is fixed at ¢ = 0.1.

born in the 7-controlled global bifurcation, which oc-
curs for 7 > 7p., D < Dye.

An issue relevant for the application of the effective
model is to identify the parameter domains where it
provides qualitatively accurate predictions, which ul-
timately depends on the range of validity of the MF
approximations (MFAs). In a recent paper [5], we
have singled out the Quasi-independence Approxima-
tion (QIA) and the Gaussian Approximation (GA) as
crucial for the model (18), providing their precise for-
mulations. Here we just briefly mention the two con-
ceptual points regarding the MFAs: (i) their formula-
tion is not universal, in a sense that it should be adapted
to the considered class of systems, and (74) the dynam-
ics of the MF model can itself indicate the parameter
domains where the MFAs fail. In particular, regarding
(44), it has been shown that the noise-induced bistabil-
ity in the MF dynamics is a necessary condition for the
failure of QIA [?]. This is associated to the fact that for
parameter domains admitting noise-induced bistability

i ‘ ——&h
1.0+ (my 1omy, 1)
R TR N (my 2y )
0.5 R
v LC
-\;; 0 Y
0.5+
FP
-1.0 . . :
22 -1 2

0 1
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Figure 6. Bistability exhibited by the effective model: coexistence
between the FP (orange dot) and the LC (black dashed line). In
parallel, the typical orbit (X (), Y (t)) of the exact system, dis-
played by the blue solid line, is found to fluctuate between the two
attractors of the MF model. The parameters are (c, D, 7') =
(0.1,0.0029,0.3).

in the effective model, the typical orbits of the exact
system exhibit large fluctuations that qualitatively re-
semble stochastic switching between the two solutions
of the MF model, see Fig. 6. A description of such fluc-
tuations is naturally beyond the scope of a framework
based on Gaussian closure hypothesis.
4 Conclusion

In the present study, we have analyzed the different
scenarios for the onset and suppression of a collec-
tive mode due to interplay of excitability, coupling de-
lay and noise, the three basic ingredients of dynamics
of neuronal and other biophysical systems. The two
paradigmatic examples we have considered have been
aimed to highlight the analogies and differences de-
rived from Type I or Type II excitable local dynam-
ics. The macroscopic behavior has been investigated
by two different reduction techniques, namely the Ott-
Antonsen framework to gain insight into the delay-
and noise-free dynamics of a heterogeneous popula-
tion of active rotators, and the cumulant approach com-
plemented with Gaussian closure hypothesis to analyze
the onset and suppression of the collective mode in an
assembly of stochastic FitzHugh-Nagumo units with
coupling delay. In the first case, we have shown by
Ott-Antonsen approach that the assembly exhibits three
different regimes (rest state, synchronous and asyn-
chronous regimes), with the transitions between them
controlled by the assembly diversity. It has numerically
been demonstrated how this basic scenario, involving a
SNIPER bifurcation for the onset and the Hopf bifur-
cation for the suppression of collective mode, is mod-
ified in presence of noise and coupling delay, showing
the latter to act in a stabilizing way on the stationary
state. For the assembly of excitable FitzZHugh-Nagumo
units, we have found that the stability of equilibrium
is typically affected by a sequence of delay-controlled
supercritical or subcritical Hopf bifurcations. More-
over, one finds the nontrivial bistable regimes emerg-
ing via delay- or noise-controlled fold-cycle bifurca-
tions. Examining the validity of the two basic approx-
imations behind the MF model, it has been shown that
the dynamics of the MF model may indicate in a self-
consistent fashion the parameter domains where the un-
derlying approximations fail.

Acknowledgements

This work is supported by the Ministry of Education,
Science and Technological Development of Republic
of Serbia under project No. 171017 and by the Russian
Foundation for Basic Research under project No. 17-
02-00904.

References

V. Klinshov, and I. Franovi¢, in preparation

E. Ott and T. M. Antonsen, Chaos 18, 037113 (2008).

E. Ott and T. M. Antonsen, Chaos 19, 023117 (2009).

I. Franovié, K. Todorovi¢, N. Vasovi¢ and N. Burié,
Phys. Rev. E 87, 012922 (2013).

I. Franovi¢, K. Todorovié¢, N. Vasovi¢, and N. Burié,
Phys. Rev. E 89, 022926 (2014).

95



CONFERENCE
PROCEEDINGS

VI Scientific School
«Dynamics of Complex Networks
and their Applications»

DCNA

Neuroscience
and Cognitive

X<
Technology
Laboratory

Baltic Center for
Neurotechnology and
Artificial Intelligence

Kaliningrad

14-16 September 2022



Editorial board:
Alexander Hramov, Sc.D. in Physics and Mathematics, Professor
Semen Kurkin, Sc.D. in Physics and Mathematics, Professor
Andrey Andreev, Ph.D. in Physics and Mathematics

Natalia Shusharina, Ph.D. in Pedagogics

Proceedings of the VI Scientific School "Dynamics of Complex Networks and their Applications"
(DCNA'2022) contain papers of reports of scientists and specialists in the field of intelligent technologies,
engineering education, research and design of complex networks.

DCNA"2022 was held from 14 to 16 September 2022 in Kaliningrad, Russia, as a part of the Baltic
Forum: Neuroscience, Artificial Intelligence and Complex Systems (BF-NAICS 2022).

The Scientific School has become an international platform for exchanging scientific, educational
and technical ideas and achievements between specialists, especially young scientists, working in the field
of studying complex networks, neuroscience, and nonlinear dynamics. DCNA'2022 promotes collaboration
and interaction of specialists in the field of complex networks and robotics both at the national and
international levels.

The conference proceedings are intended for a wide range of scientific, engineering and technical
workers, teachers at universities, secondary specialized educational institutions, graduate students and
students.

The work of the Scientific School and this publication was carried out with
the support of IEEE Computer Society Russian Chapter.

Part Number: CFP22096-USB
ISBN: 978-1-6654-6173-3

Copyright and Reprint Permission: Abstracting is permitted with credit to the source. Libraries are
permitted to photocopy beyond the limit of U.S. copyright law for private use of patrons those articles in
this volume that carry a code at the bottom of the first page, provided the per-copy fee indicated in the code
is paid through Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923. For reprint or
republication permission, email to IEEE Copyrights Manager at pubs-permissions@ieee.org. All rights
reserved.

Copyright ©2022 by IEEE.



Bukvarev Evgeny, Fomina Ksenya, Shabalin Semen, Shchanikov Sergey Programming
Resistive States of Memristive Devices via Current Control

Butorova Anastasia, Naizagarinova Aigerim, Tarasov Dmitriy, Sergeev Aleksandr The
vOICe Visual-Auditory Sensory Substitution Technology in the Depth Perception Task

Chernov Andrey, Len Irina, Amelina Natalia, Ivanskiy Yury Network Traffic Load
Balancing Protocol for Different Priority Traffic

Chvanova Marina, Bakalets Ilya Neural network technology for quality control of the milk
packaging process

Devyashin Herman, Syrov Nikolay, Yakovlev Lev, Novitskiy Mikhail, Shusharina
Natalia The EEG Study of Tattoo Induced Pain

Dubinkina Elizaveta, Borovkova Ekaterina, Hramkov Alexey, Karavaev Anatoly,
Kurbako Alexander, Prokhorov Mikhail Changes in the Perfusion Index After Psycho-
emotional Stress

Ershova Anastasia, Suleymanova Elena, Grishchenko Anastasia, Vinogradova
Lyudmila, Sysoev Ilya Quantitative analysis of spike-wave discharge patterns in
pentylenetetrazole rat model

Fradkov Alexander, Semenov Aleksandr Functional identification of the parameters of the
multispecies Lotka-Volterra model

Franovic Igor, Eydam Sebastian, Semenova Nadezhda, Zakharova Anna Solitary states
in arrays of excitable FitzHugh-Nagumo units

Furtat Igor, Gushchin Pavel, Huy BaNguyen Experimental Study of Robust Control Law
Designed for Synchronization of Electrical Generator Network

Grishchenko Anastasia, Sysoev Ilya, Sysoeva Marina Testing approaches to statistical
evaluation of connectivity estimates in epileptic brain based on simple oscillatory models

Grubov Vadim, Afinogenov Sergey, Maximenko Vladimir, Utyashev Nikita Epileptic
EEG marking with machine learning approach

Guio German Analysis of EEG signals using multiresolution wavelet analysis and its
extensions

Guleva Valentina Node Correlation Effects on Learning Dynamics in Networked
Multiagent Reinforcement Learning

Hramkov Aleksey, Borovkova Ekaterina, Dubinkina Elizaveta, Ponomarenko
Vladimir, Ishbulatov Yuri, Prokhorov Mikhail A system for diagnosing the
psychophysiological state of a person based on the control of nonlinear characteristics of
cardiorespiratory interaction

Kapustnikov Anton, Sysoeva Marina, Sysoev Ilya Studying response to external driving
in a model of thalamocortical system with specialized neuron equations

Karavaev Anatoly, Ishbulatov Yurii, Bibicheva Tatiana, Gridnev Vladimir, Prokhorov
Mikhail, Ogneva Marina, Kiselev Anton Role of the Bidirectional Cardiorespiratory
Coupling in the Nonlinear Dynamics of the Cardiovascular System

65

69

73

71

79

83

86

90

93

97

101

105

110

114

118

120

123


igorf
Highlight


Solitary states in arrays of excitable
FitzHugh-Nagumo units

Igor Franovié

Scientific Computing Laboratory, Center for the Study of Complex Systems
Institute of Physics Belgrade, University of Belgrade

Belgrade, Serbia
franovic@ipb.ac.rs

Nadezhda Semenova
Saratov State University
Saratov, Russia
nadya.i.semenova@gmail.com

Abstract—While coherence-incoherence patterns have been ex-
haustively studied in systems of coupled oscillators, their mecha-
nisms of emergence and their relationship en route from complete
coherence to incoherence in coupled excitable systems remain as
yet unresolved. Here we disclose two types of solitary states in
arrays of non-locally coupled excitable FitzHugh-Nagumo units
with dominant repulsive over attractive interactions. While the
prevailing type of solitary states is shown to derive its dynamical
features from unbalanced two-cluster states in globally coupled
networks, the minority type is fundamentally a consequence of
non-locality of interactions. Apart from the states whose local
structure is based on successive spiking of units, we also find
solitary states where local excitability and slow-fast dynamics give
rise to leap-frog activity characterized by an alternating order
of units’ spiking. The main impact of noise on system’s behavior
is shown to be the reduction of its multistability, whereby the
solitary states are suppressed in favour of patched patterns.

Index Terms—Excitable systems, clustering, solitary states,
leap-frog activity, noise, noise-induced preference of attractors

I. INTRODUCTION

The discovery of chimera states [1], [2] has fundamentally
affected our understanding of emergent phenomena in coupled
oscillators. Instead of studying the onset of synchronization
and the appearance of collective modes, the main focus shifted
toward the onset of and the links between the states with
symmetry breaking of synchrony [3], such as cluster states
[4], [5], chimeras [6], [7], or solitary states [8], [9], where
populations of identical units with symmetrical couplings
spontaneously split into groups admitting different dynamics.
In contrast to coupled oscillators, these two problems still
remain unresolved for the class of coupled excitable systems
[10], where the isolated dynamics is stationary rather than
oscillatory, but oscillations may be triggered by sufficiently
strong perturbations from interactions and/or noise. Excitabil-
ity is one of the building blocks of physics of life, shaping the
activity of neuronal, endocrine and cardiac tissues, but is also
pervasive in other fields, including climate dynamics, chemical
reactions and lasers. One cannot expect beforehand that the
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Wako, Japan
richard.eydam @riken.jp

Anna Zakharova

Institut fiir Theoretische Physik, Technische Universitdit Berlin
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anna.zakharova @tu-berlin.de

results on coherence-incoherence patterns from coupled oscil-
lators would trivially extend to the realm of coupled excitable
systems. Apart from theory, addressing fundamental problems
concerning the onset and relationship between synchrony-
broken states in coupled excitable systems is relevant for
different applications, including neuroscience, especially in re-
lation to achieving efficient information transmission, working
memory or desynchronization supposed to prevent setting in
of pathological states. Here we disclose the mechanisms of
emergence of solitary states in systems of excitable units with
prevalent repulsive over attractive interactions and the slow-
fast local dynamics, the paradigm often found in neuronal
systems [11].

Our model concerns an array of /N identical, non-locally
coupled FitzHugh-Nagumo units, whose dynamics is given by
[12], [13]

3 k+R
. uk, K
EURL = Ul — — — Vg + — [guu(uj - uk) + guv(vj -
3 2R SR
K k+R
Uk :uk‘—i_b—’_ﬁ Z [gvu(uj _uk)+gvv(vj _vk)]‘
j=k—R
()

The individual slow-fast dynamics is prototypical for type II
excitability [11], and comprises fast activator variables wuy
and slow recovery variables v; with a timescale separation
due to the smallness of parameter ¢ = 0.05. All the indices
are periodic modulo N. An isolated unit undergoes a sin-
gular Hopf bifurcation at b = 1 which mediates between
the excitable (b 2 1) and the oscillatory regime (b < 1).
Above Hopf bifurcation, there is a further canard transition
at b ~ 1 — ¢/8 [15], where the harmonic subthreshold
(low-amplitude) oscillations transform to relaxation (large-
amplitude) oscillations. Here, the value b = 1.001 is set so that
uncoupled units are in the excitable regime. Each unit interacts
with R nearest neighbors to its left and to its right, rendering
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the coupling radius » = R/N. Interactions between a pair
of units involve not only direct terms between two activator
or two recovery variables, but also the cross terms, which
may be compactly written via the rotational coupling matrix
2] G — (guu Guv\ _ cos sin ¢
—siny cosyp

vu g’U’U
parameter ¢ modifies the prevalence of attractive and repulsive

interactions [13] by affecting the sign of the interaction terms.
Coupling strength x = 0.4 is considered to be uniform over
the array.

The paper is organized as follows. In Sec. II we characterize
the prevalent type of solitary states, which have their dynam-
ical counterparts in unbalanced two-cluster states in globally
coupled networks. Section III concerns the minority type of
solitary states, which mainly emerges due to non-locality of
interactions and shows some peculiar features, such as self-
organization based on leap-frog (leader-switching) dynamics
[14] between pairs of units. Sec. IV addresses the impact of
noise on solitary states, while Sec. V provides the summary
of our main results.

. Note that

II. PREVALENT TYPE OF SOLITARY STATES

In the following, we demonstrate that the main dynamical
features of the prevailing types of solitary states in arrays,
called SS1 and SS2, derive from the corresponding unbalanced
two-cluster states in globally coupled networks, where an
assembly is split into two groups of identically synchronized
elements. In particular, the features inherited by the solitary
states are the frequency locking of typical and solitary units as
well as the respective orbits of the units. Note that the coupling
parameter ¢ for all the relevant solutions is such that three out
of four interaction terms between two units are repulsive.

Let us first consider the unbalanced two-cluster states in
networks with global coupling. Classification of two-cluster
states and mechanisms of their emergence may be analyzed
by studying the dynamics of the reduced system, which
essentially has the same form as the system describing two
interacting nonidentical excitable units. Combining the results
of two approaches [13], one based on the method of evap-
oration exponents and the other involving probe oscillators,
we have been able to construct the stability diagram for
the unbalanced two-cluster states in a network with global
coupling, see Fig. 1(a). The results are presented in the (¢, p)
parameter plane, where p is the cluster partition parameter,
indicating that for the given solution, the two clusters comprise
pN and (1 — p)N units. Domains of stability of cluster
solutions are shown in orange, while the black and green
lines outlining their boundaries respectively denote period-
doubling curves and curves of branching points. One finds
six distinct regimes with 1:1 (domains IV-VI), 1:2 (I, 1)
or 2:3 (II) frequency locking, all featuring the so-called
mixed-mode oscillations [16] where relaxation oscillations are
combined with subthreshold oscillations, see Fig. 1(b)-(e). For
certain types of cluster states, p can become rather small, but
nevertheless does not tend to zero. This implies that there
can exist only periodic two-cluster states with a sufficiently
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Fig. 1. Unbalanced periodic two-cluster states in networks with global
coupling. (a) Stability diagram in (¢, p) plane. Orange/grey: stable/unstable
solutions; black solid lines: period-doubling bifurcations, green lines: curves
of branching points; dashed black lines: destabilization/reappearance of ho-
mogeneous stationary state. (b)-(e) Time series u;(t),7 € {A, B} and phase
portraits associated with (¢, p) values (blue squares) from (a). Parameters
are: b = 1.001, ¢ = 0.05, k = 0.4.

balanced partition, similar to what has already been found for
systems of type I excitable elements [17].

Making a comparison to the results in Fig. 1, we have
established that the prevailing type of solitary states in non-
locally coupled arrays is in fact a dynamical counterpart of
unbalanced two-cluster states in globally coupled networks.
In particular, the state SS1 in Fig. 2 is associated with two-
cluster states from region I, whereas SS2 (not shown) is
related to the two-cluster states from region V. The SS1 and
SS2 types of states emerge within the same ¢ intervals as
their two-cluster state counterparts and maintain the associated
locking of clusters’ frequencies. However, the nonlocal char-
acter of interactions and the associated fluctuations in mean-
fields felt by individual units cause the clusters of solitary
and typical units to become fuzzy [8] instead of exact, cf.
Fig. 2(b). Put differently, under nonlocal coupling r < 1/2,
the unbalanced cluster states inherent to globally coupled
networks lose permutation symmetry, so that the solitary and
typical clusters comprise frequency locked but not identically
synchronized units. The spatial profile of average spiking
frequencies wy = 2wNp/A, where Ny is the number of
spikes recorded within a long interval A, indicates a 2:1
subharmonic frequency locking of solitary to typical units.
Qualitative similarity with unbalanced cluster states found in
region I of Fig. 1(a), both in terms of local phase portraits and
the time series u(¢), is demonstrated in Fig. 2(d) and Fig. 2(f).



The intrinsic structure of SS1 is further described via the cross-

lati trix Ch: — (ak(t)a;(t)r . wh .
correlation matrix Cl; N CROEFNORE: where (-)r
denotes temporal averaging, while 4;(t) = u;(t) — (u;(t))r
present the deviations of u;(t) from the correspondine~ manne
see Fig. 2(e).
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Fig. 2. Solitary state SS1. (a) Spatial profile of wg; (b) Red and blue: two
snapshots of local variables (ug,vg), black: nullclines of an isolated unit;
(c) Spatiotemporal dynamics of wuy (t); (d) Phase portraits (ug (), vg (t)) of
solitary (k = 84) and typical unit (k = 60); (e) Cross-correlation matrix C;
(f) Time series ug () for units from (d). System parameters are: ¢ = 1.85,
r=0.2, k =0.4, N = 100.

III. MINORITY TYPE OF SOLITARY STATES

Here we present the minority type of solitary states that do
not have counterparts among the unbalanced two-cluster states
in networks with all-to-all coupling. A typical example is a
state called SS3 illustrated in Fig. 3. In contrast to the prevalent
solitary states, such as SS1 and SS2, self-organization of SS3
rests on leap-frog dynamics [14] of pairs of units, including
both solitary—typical pairs of units and pairs of only solitary
or only typical units, see Fig. 3(b),(d) and (f) which illustrate
the alternating dynamics between the different pairs of units.
States like SS3 are an immediate consequence of nonlocal in-
teractions that give rise to self-localized excitations [18] at the
interfaces between adjacent domains with different dynamics.
The four unlocked units actually appear on the background of
an alternating (spatially modulated) wave, which likely derives
from selecting the parameter values in vicinity of a Turing-
Hopf codimension-two bifurcation point. The spatial profile
of wy, still features two clusters, but their frequency ratio is
different than in the SS1 state, cf. Fig. 2(a). The solitary
units have distinct average frequencies from the bulk due to
events where they show two successive spikes instead of a
single spike and a subthreshold oscillation, an example of
which is denoted by an arrow in Fig. 3(d). Apparently, SS3 is
characterized by a correlation structure of local dynamics more
complex than the SS1 state, see Fig. 3(e) and Fig. 2(e). Also,

unlike the prevalent solitary states, the maximal Lyapunov
exponent Ap,qz &~ 2 X 1075 for the minority type of solitary
states suggests weakly chaotic solutions.
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Fig. 3. Solitary state SS3. (a) Spatial profile of wg; (b) Time traces ug(t)
for solitary units k = 75 and k = 76; (c) Spatiotemporal dynamics of uy,(¢);
(d) Time series ug (t) for solitary unit (k = 76) and typical unit (k = 20);
(e) Cross-correlation matrix Cy;; (f) Time traces ug (t) illustrate leap-frog
dynamics within the majority cluster (units £ = 20 and k = 40). System
parameters are: ¢ = 1.788, r = 0.2, Kk = 0.4, N = 100.

IV. PERSISTENCE UNDER NOISE

In general, the impact of noise on deterministic dynamics
may be twofold. For one, it may be quantitative, in the
sense that the noise may enhance/suppress some features of
deterministic dynamics, while it may also be qualitative, such
that the noise may induce new types of behavior, associated
with crossing of thresholds or separatrices, or with a stabiliza-
tion of deterministically unstable states. In neuronal media,
the phenomena witnessing the constructive role of noise are
abundant and have become known by the umbrella term of
stochastic facilitation. Some of the classical examples are reso-
nant phenomena, like coherence resonance [10], and the ability
of triggering spontaneous switching between the coexisting
metastable states. In locally coupled excitable systems, the
noise can qualitatively impact pattern formation, including the
onset of waves, spiral dynamics and pacemaking [10].

Here, we consider the persistence of solitary states under
noise by including independent Gaussian white noise terms
to act on both activator and recovery variables in (1). Since
in our model the deterministic dynamics of an array involves
extensive multistability, the noise affects its behavior in a way
qualitatively different from the one in locally coupled excitable
systems. Indeed, the noise here reduces the multistability
of system dynamics, in particular by causing suppression
of solitary states. This is a manifestation of noise-induced
preference of attractors [19], an effect that may be explained
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Fig. 4. Vanishing of solitary state of SS1 type for small noise. (a) Typical
SS1 state in the absence of noise; (b) Patched pattern emerging from SS1
under small noise ¢ = 0.0011. Parameters are: ¢ = 2.0, Kk = 0.4, r = 0.2,
N = 200.

in the following way: in highly multistable systems, the noise
smears out the stability boundaries of attractors, and only
the attractors with sufficiently large attraction basins remain
physically accessible. Such an effect has so far been observed
in systems of coupled oscillators, coupled chaotic maps and
multistable fiber lasers. From another point of view, this effect
may also be seen as emerging from a strongly biased switching
process [20], [21], where the system displays a regime shift
to a coexisting state never to regain the initial state. Smaller
noise tends to shift the system from a solitary state to a
coexisting state that may be described as a patched pattern
[23], featuring a piecewise constant profile of average spiking
frequencies. There, an array self-organizes into majority (bulk)
and minority patches, maintaining a mutual 1:2 subharmonic
frequency locking, the same as in SS1 solitary state. Figure 4
shows how under a small noise, an initial SS1 state gets
transformed to a patched pattern. Introducing intermediate
noise promotes rotating waves rather than patched patterns,
whereas large noise just results in turbulence.

V. CONCLUSION

We have reported on the emergence mechanisms of two
types of solitary states in arrays of excitable FitzHugh-
Nagumo elements with non-local coupling and prevailing
repulsive over attractive interactions. The prevalent type of
solitary states features periodic dynamics, and derives its main
features, such as the frequency locking between the typical
and solitary units and the associated local dynamics, from
unbalanced cluster states in all-to-all coupled networks. This
qualitative picture to a certain degree resembles the scenario in
globally coupled Stuart-Landau oscillators, where clustering is
found to be a necessary symmetry-breaking step en route to the
onset of chimeras [22]. The minority type of solitary states is
fundamentally a consequence of non-locality of interactions,
and has no counterpart among unbalanced cluster states in
networks with a global coupling. In contrast with the prevalent
type, their dynamics is weakly chaotic and features a peculiar
form of pattern self-organization involving leap-frog activity
between the pairs of units. Leap-frogging emerges due to
multiscale character of the system and the phase-sensitive
excitability of relaxation oscillations, underlying the system’s
high sensitivity to perturbations close to the canard transition
[14], [24]. Together with [14], [25], our results indicate the
importance of the interplay between canard transition and

repulsive interactions for pattern formation in systems of
coupled excitable units.

Concerning the influence of noise, it has been demonstrated
that it may be used to control the multistability of system
dynamics via noise-induced preference of attractors, an effect
where the attractors having larger basin of attraction are
favoured over the ones with a smaller basin. In this way, small
noise turns out to be capable of suppressing solitary states
by promoting spatially homogeneous patched patterns with a
similar split of average spiking frequencies.

Solitary states we discovered conform to the definition of
weak chimeras, if indeed one extends it beyond coupled oscil-
lator systems. Given that solitary states in systems of coupled
oscillators are already known to mediate the desynchronization
transition from full synchrony to chimeras [9], an important
point for future study is to investigate whether a similar
scenario holds for systems of coupled excitable elements.
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17:00-17:20 Yanwen Xue Target Tracking Algorithm based on YOLO And Feature Point Matching
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Lagrangian analysis of the northern polar vortex during development of the Arctic ozone hole in April
Parallel session 4 16:00-16:20 Jezabel Curbelo 2020
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17:00-17:20 Shane D. Ross Chaotic dynamics in atmospheric flows and connections with field experiments
17:20-17:40 VASSILIOS ROTHOS Localized structures in nonlocal NLS-type systems
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16:00-16:20 Clara Burgos Simén Probabilistic model for dynamics of bladder cancer taking into account the tumour resection surgeries
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16:40-17:00 Analysis of a non-homogenous linear differential equation with Dirac's delta impulses using the
Roberto Ku-Carrillo Karhunen-Loéve expansion
17:00-17:20 Sandra Elizabeth Delgadi Probabilistic analysis of a class of impulsive linear random differential equations via density functions
17:20-17:40 M. Filomena Teodoro  Skin's Mechanical Behaviour: a Possible Approach
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Self-Organization in Coupled Excitable
Systems: Interplay Between Multiple

Timescale Dynamics and Noise

Abstract

The dynamics of complex systems typically involves multiple spatial and temporal
scales, while emergent phenomena are often associated with critical transitions in which a
small parameter variation causes a sudden shift to a qualitatively different regime. In the
vicinity of such transitions, complex systems are highly sensitive to external perturbations,
potentially resulting in dynamical switching between different (meta)stable states. Such
behavior is typical for many biological systems consisting of coupled excitable units. In
neuronal systems, for instance, self-organization is influenced by the interplay between
noise from diverse sources and a multi-timescale structure arising from both local and
coupling dynamics.

The present thesis is devoted to several types of self-organized dynamics in coupled
stochastic excitable systems with multiple timescale dynamics. The excitable behavior of
single units is well understood, in terms of both the nonlinear threshold-like response to
external perturbations and the characteristic non-monotonous response to noise, embodied
by different resonant phenomena. However, the excitable behavior of coupled systems, as
a new paradigm of emergent dynamics, involves a number of fundamental open problems,
including how interactions modify local dynamics resulting in excitable behavior at the level
of the coupled system, and how the interplay of multiscale dynamics and noise gives rise to
switching dynamics and resonant phenomena. This thesis comprises a systematic approach
to addressing these issues, consisting of three complementary lines of research.

In particular, within the first line of research, we have extended the notion of excitability
to coupled systems, considering the examples of a small motif of locally excitable units and
a population of stochastic neuronal maps. In the case of the motif, we have classified dif-
ferent types of excitable responses and, by applying elements of singular perturbation the-
ory, identified what determines the motif’s threshold-like response. Regarding the neuronal
population, we have established the concept of macroscopic excitability whereby an entire
population of excitable units acts like an excitable element itself. To examine the stability

vii



and bifurcations of the macroscopic excitability state, as well as the associated stimulus-
response relationship, we have derived the first effective mean-field model for the collective
dynamics of coupled stochastic maps.

The second line of research concerns switching dynamics induced by the interplay of
noise and multiplicity of timescales in small systems of locally excitable units. Our analy-
sis, carried out on two paradigmatic models, has revealed that the coaction of noise and a
large, but finite timescale separation gives rise to two different types of switching dynamics,
namely slow stochastic fluctuations and stochastic bursting. In the former case, demon-
strated for a motif of two adaptively coupled stochastic units with excitable local dynamics,
we have found that the fluctuation forms qualitatively depend on the scale separation. In
one of the scenarios, noise induces two characteristic time scales, giving rise to switching
between two modes of noise-induced oscillations. Concerning the latter, by introducing
the model of a stochastic excitable unit with a slowly adapting feedback, we have demon-
strated that switching between metastable states derived from deterministic attractors gives
rise to a bursting regime, whose stability boundaries we have calculated by introducing a
new stochastic averaging method which extends singular perturbation theory to stochastic
multiscale systems.

Within the third line of research, we have studied resonant phenomena in coupled sys-
tems with local dynamics near the bifurcation threshold. By considering the influence of
noise on a paradigmatic model of two units with excitable or oscillatory local dynamics, we
have identified two generic scenarios for the onset of inverse stochastic resonance: one based
on biased switching, and the other associated with the noise-enhanced stabilization of a de-
terministically unstable fixed point. We have also demonstrated a novel method of efficient
control of coherence resonance, showing how the effect may be enhanced or suppressed by
adjusting the strength of the slowly adapting feedback.

Keywords: excitability, noise, multiscale dynamics, macroscopic excitability, switching dy-
namics, resonant phenomena

Scientific field: Physics

Research area: Statistical physics

UDC number: 536
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