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YHWUBEP3WUTET ¥ BEOTPAAY
NHCTUTYT 3A OU3UKY IBEOTPAL
MHCTUTYT Ol HALMOHAJTHOT 3HAYAJA 3A PEMYBANKY CPBUJY

Chnucak Tema 3a MacCTeEp paaoBey LleHTpY 32 N3yyaBamke KOMILIEKCHUX CHCTEMA

HNucruryra 3a pusuxky y beorpany

Tema: EJIeKTPOHCKH TPAaHCHOPT y HEPABHOTEKHUM (jAKO KOPeJIHCAHUM) CHCTEMHUMA

Ipeanarau: ap Musiomt Pagowuh (E-mail: milos.radonjic@ipb.ac.rs, Web: http://www.scl.rs/milos)

TpeHyTHO jeaHa O BpJIO aKTUBHHUX 00JIacTH y OKBUpPY Teopujcke Gu3MKe KOHICH30BaHE MaTepuje
KOja je y pa3Bojy. Y OKBHPY OBOI' HCTPa)XHBamba MOXKE ce JJe(UHUCATH BUIIIE TeMa 3a MacTep pagoBe. OHu Ou
y npuHiuny Ownn Oa3WpaHd Ha HCIUTHBAKY PABHOTSKHUX M HEPABHOTEKHHUX EJIEKTPOHCKUX U
TPAaHCIIOPTHUX OCOOMHA KPHUCTAHE DPELIETKE CacTaBJbEHE O] CIUH-NOJIAPHCAHOI CHUCTEMa Ca jEIHOM
opburanom (1 ABa civHa) Ha HUBOY 7ight-binding moznena (HeunTeparyjyhu enekTpoHu), uiau XadaproBor
Mojena (MHTeparyjyhu eJIeKTpoHHt), Y 3aBUCHOCTH OJ1 MHTEpeCcoBama KaHauaaTa. Y TOKy paja Kanauaat he
oBNaaaTu (GopMaTU3MOM HEPAaBHOTEXKHHMX ['pHHOBUX (yHKIMja, yMO3HATH C€ ca MeToJama 3a OITUC
HEPaBHOTEKHUX CHCTEMa U OJIMDKE Ce YIIO3HATH Ca IOMEHYTHM MOJEIMMAa U HAYMHUMA 32 BbUXO0BO PEIIaBambe.

[Tomro nmeo pama Moke o0OyxBaTaTh W pa3BOj HYMEPUUKUX KoOJOBa (JomaBame oapeheHmx
(YHKIMOHATHOCTH MOCTOjeheM KoAy), KaHAWAATH KOju moceayjy coiuaHo 3Hamwe C wim C++ mporpamckor
je3uKa, Mory OUTH YKJbYUEHH U Yy Taj JI€0.

Transport setup for a NEGF calculation
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OBa TeMa ce MOKE HACTAaBUTH U y TEMY 3a JIOKTOPCKE cTyauje. JenaH of mpasalia je pa3Boj Imakera 3a
U3pavyHaBamke HEPABHOTEKHMX CBOjCTAaBA peaTHUX MaTepujaia v leropa NpuMeHa. McrpaxuBame ce 0JB1ja
y capaJmH ca rpynoM u3 Hemauke, Tako na moctoju MoryhHoct kpahux, Wim 1y>KUX akaJeMCKHX IMOCETa.
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L

Tema: UcnuTuBame NopeK/a CynepnpoBOAHOCTH Y eJIeMEHTAJTHOM OM3MYTY

Ipeanarau: ap Musiomt Pagowuh (E-mail: milos.radonjic@ipb.ac.rs, Web: http://www.scl.rs/milos)

HaBenena tema mnpyka NpUIMKy KaHAMAATy 3a YIO3HaBamwe ca metogama u (DFT) nakeruma 3a
U3payyHaBamke EJICKTPOHCKUX W (OHOHCKHUX OCOOMHA peallHuX Marepujaia. Y KOHKPETHOM IpuMepy
ucnuTuBaheMo MOPEKIO CyNepHpOBOAHOCTH y OM3MYTy Ha aMOHMjeHTAIHOM IMPHUTUCKY, YTHUIA] €IEeKTPOH-
(OHOH MHTEpAKIIK]e Ha EIIEKTPOHCKE 0COOMHE ¥ KPUTUYHY TeMIIepaTypy cyneprpoBogHocTd. C apyre cTpaHe
ucnutaheMo MHAMIKjE A CYNEpIPOBOIHOCT MOTHYE OJf €(PEKTUBHUX EJIEKTPOHCKUX KOpemamuja usMmely
onpehenux opburana. OBO ce MOCTIKE U3padyHaBakbEM CYNIEPIPOBOTHUX KopenannoHux Gpyukuuja va Tight-
binding monieny ca 10AaTUM KEJbEHUM €JIEKTPOHCKUM KOpelalyjama.

HOBpII OM3MyTa
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Y OKBHpY OBE METOJI0JIOTH]j€ MTOCTOjH BHUIIIE TEMA KOj€ C€ MOT'Y HACTAaBUTH Ha JOKTOPCKUM CTyIHjama.
Hexke o1 BuX Cy HCTpa)kuBama CBOjCTaBa PEAIHUX JaKOKOPEJIMCAaHUX MaTepujania ca, miu 0e3 HeypelheHoctu.
[TpopauyHu jakoKOpelIHcaHUX MaTepujana oOyXBaTajy caMOyCarJallleHO pellaBame XabapIoBor Mojesa
kopuctehu peanne mapamerpe nobujeHe momohy DFT-ja, mosnatuje xao DFT+DMFT wmeton. Osa
UCTpaXXUBaa Ce OJIBHjajy Y OJIMCKOj capaamy ca rpynaMa n3 Hemauke, Tako na nmoctoju Mmoryhxoct kpahux,
WIN TyKUX aKaJIEMCKUX IOCETa.
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YHWUBEP3WUTET ¥ BEOTPAAY
NHCTUTYT 3A OU3UKY IBEOTPAL
MHCTUTYT Ol HALMOHAJTHOT 3HAYAJA 3A PEMYBANKY CPBUJY

Tema: HyMepu4KkH er3akTHU TPETMAH PABHOTEKHUX CBOjCTABA jeHOANMEH3HOHATHOT
XoJmrajHOBOT MoeIa

Ipeanarau: ap Besbko JankoBuh (E-mail: veljko.jankovic@ipb.ac.rs, Web: http://www.scl.rs/veljko)

[TpobnemM KBaHTHOMEXAaHHMYKOI OIKMCAa PAaBHOTEKHHUX CBOjCTaBa M JIMHAMHUKE EJEKTPOHCKUX
eKcIyTanyja (eIeKTpoHa, NIyIJbMHA, EKCUTOHA) KOje HHTeparyjy ca HykJieapHuM BuOpanujama ((oHOHUMA)
dbopmupajyhu T3B. MONapoHE je CBempucyTaH y (U3UIM KOHAeH30BaHe Matepuje. EnekTpoH—(doHOH
UHTepaknuja (yHIaMEHTATHO ofpelyje TpaHCHIOpPTHA CBOjCTBa, HIOpP. MPOBOJHOCT MaTepujaia WIH
epuKacHOCT TpaHCc(hepa eKCIUTALNOHE eHepTUje Y (POTOCUHTETHYKUM MUTMEHT—IIPOTENH KOMIUIEKCHMA.

HctpaxuBame O6u ce poKycHpasio Ha jeJHOAMMEH3MOHATHN XOJITAjJHOB MO/IeJI KOjU IPeaCTaBIba
HajjeIHOCTAaBHUjH HETPUBH]jAJTHH MOJE ca eNIeKTPOH—()OHOH HHTEpaKIijoM. TOKOM BHILIE OJ1 IIIECT JEICHH]a,
XOJIITajHOB MOJIENI je MPOydYaBaH pPa3IMYUTUM TMEpPTypOAllMOHMM W BapHjallMOHUM TEXHUKama, JOK je
NpUMEHa T3B. HYMEPMYKH €r3akTHHX NPHUCTYNAa TOYETH TeK HEAaBHO. Y OBOM HCTPaXHBamy OHCMO
npuMewmUBau GopmManu3zaM MaTpulle I'yCTHHe U XHjepapxujcke jenHadnHe kperamba (XEOM), Bunetu
ciuky 1(a). 3auHTepecoBaHM KaHAUAAT OW ce YKJbYYHO y aKTUBHY JIMHU]Yy HUCTpaXXHBama Koja TEXH Ja
HCKOPHUCTH TPAHCIATOPHY CUMETPH]jy IpobieMa y MJby CMambemha HyMepuuke 3axTeBHOCTH XEOM (kako y
HOTJIEZly MEMOpHje, TaKO U y TMOTJely MpoIecopcKor BpeMeHa). Kanaunat 61 yuecTBOBAaO y aHAIUTHYKOM
dopmynHcary U HyMEpHUUKOM pemaBamy HoBe ¢opme XEOM 3a oapehuBame paBHOTEKHOI CTamba
cucreMa Mel)ycoOHO crperHyTHX eJeKTPOHCKMX eKcuuTanuja u poHoHa. Passujenu popmanuzam 6u ce
UCKOPUCTHO 32 JIeTAJbHO ONMUCHBAaMKE CTPYKTYype PABHOTEKHOI MOJAPOHCKOI CTAKa 3a PA3IUUNUTE
BPEIHOCTH MOJETHHX Mapamerapa. Kao 3aHMMJbUMB IpUMeEp MPHUMEHE pa3BHUjeHE TEXHHMKE, MOTJIM OHCMO
pasMOTPUTH KBAHTH(PHMKOBaWke CTeNeHa [eJ0KaJu3aluje eKCUTOHA Yy  BHCOKO-CUMETPHYHUM
(OTOCHHTETUYKUM MUTMEHT—TIPOTEHH KOMIUIEKCUMa, BUAETH cluKy 1(0).

Cruka 1. (a) Cxemarcku npuka3s cTpyktype XEOM.
Yamra Ha BpXy NpEfCTaB/ba PEAYKOBAHY MATpPUILY
ryctuHe (RDM), ToK fiBe, TpY ¥ YETHPH Yallie UCTION
e TpeAcCTaB/bajy IIOMOhHe MarTpuue TyCTHHE
(ADM) na ny6unama 1,2 u 3, penom. (6) Ilormnen
omosro Ha LH2 (Light Harvesting complex 2)
KOMIIJIEKC GakTepuje Rhodopseudomonas
acidophilia. Monekymn  GakTepro-xJopoduia
(Bchl, 3eneno) m xaporenompma (Car, XXyTo) cy
CMEIITEH! y MOJMMEpPHY MaTPHUIly CACTABIbEHY Off
anca u 6eTa anonpoTerHa U 00pas3yjy CUMETPUIHY

NIPCTEHACTY CTPYKTYPY.

3auHTepecoBaHU KaJHUAATH Tpeda na cy monoxwin ucnure KBaHTHa craTMcTHYKa (u3MKa,
Teopuja koHeH30BaHOTr cTakba 1 KBanTHA Teopuja nmoJba 1. [IpeioxkeHa TemMa je HApOUUTO MOTOTHA 32
KaHAMJATe KOjH MMajy CKJIOHOCT Ka aHAJMTHYKOM pay U IMO03HAjy ocHOBe mporpammupama (C, C++,
python).

Tokom u3pane Mactep paaa, CTyJeHT OM ce Kpo3 MpaKTH4YaH paj YIO3HA0 ca OCHOBHUM IMOCTaBKaMa
dopmanu3mMa MaTpHie TYyCTUHE, TEOPHje OTBOPCHUX KBAHTHUX CUCTEMA M HyMEPHUKU €T3aKTHUX MPHUCTYTIA.
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Tema: BucoxoremnepatypHa cynepnpoBoIHOCT y Xa0ap1oBoM Mojery

Ipeanarau: ap Jakma ByunueBuh (E-mail: jaksa@ipb.ac.rs, Web: http://www.scl.rs/jaksa)

CynepnpoBOJHOCT je CTame CUCTEMa y KOM EJIeKTpUYHA CTpyja Teue Oe3 Aucumanuje eHepruje, u
CHOJbH-€ MAaTHETHO IM0Jbe OMBA MOHUIITEHO Y YHYTPAIIlkOCTH cucTemMa. OBaKBO MOHAIIAE je MOocenuIa
CTylama eJIEeKTPOHA Yy KOJIEKTUBHO KBAHTHO CTambe, U MCIOJbaBa CE CaMO Ha jaKO HUCKUM TeMIlepaTypama.
Jyro nakon otkpuha cyneprpoBogHoctd 1911. roqune, cMaTpao ce ja je MpakTUYHa PUMEHA OBE 110jaBe
jako orpaHuueHa moTpedboM jaa ce cucreM Xjanu Ha temnepatype pena 10 Kensuna. OBo cxBarame je
IPOMEHEHO HAarJIo KpajeM JBaJIeceTOr BeKa, Kaja Cy OTKPUBEHHM MaTepHjald CYNEpIpOBOIHU Ha
temneparypama u 10 150 Kensuna. Y3 oarosapajyhe xnaheme, oBu MaTepujanu Beh Hanmaze nmpuMeHy Kao
Hajjaud eNeKTPOMAarHeTH y MallMHama 3a MarHeTHY pe30HaHIly, akIeJepaTopuMa dYecTuIla, TOKaMakK
MalgHama u apyrzae. MehyTuM, IOTEeHIMjaTHO PEeBOIYLIMOHAPHA NIPUMEHA Y €HEePreTHIIH, eNEKTPOHUIN U
Tpancnopty he 6utn Moryha Tek kaza cynepnpoBoIHOCT OyJie OIcTajaja Ha COOHOj TeMIIEpaTypH.

Teopujcku onuc U MyHO pa3zyMeBambe MEXaHW3Ma BUCOKOTEMIIEpATypHE CYIIEPIPOBOAHOCTH j€ jeaH
0]l HajBAXHUJUX 3a7aTaka y (UMLK KOHAECH30BAaHOI CTama Martepuje. MehyTum, BUCOKOTEMIIEpaTypHa
CYIIEPIIPOBOIHOCT je eekaT jakux Mel)yeleKTpOHCKUX Kopenanuja, u Moryhe jy je onucaTa caMo y OKBUDPY
npaBe BHUILEYECTHUHE KBaHTHE TeopHje. Haxkanoct, mpolieM BHIle KBAHTHUX YECTHIA, IIOTOTOBY KaJ Cy y
nuTamy (EpPMUOHH, j€ HaJTEeXU Yy ¢BOj (u3uiu. Jlo er3akTHUX win 0ap KOHTPOJIMCAHUX pellema je Moryhe
nohu caMo y HajjeJHOCTaBHUJUM MOJENIMMa, IITO yMamyje NPeAUKTHBHY Moh Teopuje 3a IojeinHadHa
jenumema. Pa3Boj Teopujckux MeToia koje omoryhaBajy peliemne CI0KEeHUjuX MoJieNla U MPUCTYT (PU3HIKUM
peXUMHMa OJ MHTEpeca Mopa MPEeTXOIUTH JajkeM IoMaky y obmactu. Takohe, cymepnpoBOAHOCT je y
KOMIIETUIM]H Ca JOII HEKOJIMKO Pa3IMYUTUX jaKo-KopeiaucaHux (asza xao mTo cy aHTtudepomarHer, Qasza
JaKHOT €HEPreTCKOr' Mpolena U MOroToBy ,,uynHu meran’. IlyHo pasymeBame oBUX (haza je Takohe of
IPUMapHOT UHTEpECa, jep MOXKE Ca/Ip>KaTH BayKHE YBUJIE U 32 CYNEPIPOBOIHOCT.
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Y OKBHpY IPEASIOKEHOT UCTPAKUBAKHa MMa HEKOJIMKO MOoryhux Tema 3a Mactep paf. Y HaIloj rpymn,
pal ce MPBEHCTBEHO JIeIM Ha Pa3Boj U MPUMEHY HYMEPUYKHX MeToJa. Y OKBHPY pa3Boja MeToza, GPoKyc je
Ha KkBaHTHUM Monre Kapno cumynanujama, ONTUMHM3alMjU TOCTOjehMX M HMMIUIEMEHTAIMju HOBHX
anropuTaMa Koju omoryhaBajy KOHTPOJIHMCAHO pellieme rnpobiieMa BUllle KBaHTHHX dectura. Llto ce Thue
npuMeHe MeToja, pemaBaheMo mpBeHCTBEHO XabapoB MOJEN KOjU YCIIEUIHO ONHCYje TeHEpUUKH (a3HU
JjarpaM BHCOKOTEMIIEpaTypPHUX CYHNEpIpPOBOJHHKA KAa0 IITO Cy KyINpaTHAa M Kala-OpraHcKa jeIuibema.
Er3aktHo pemieme XabapaoBor MoJieNa je yIrIIaBHOM OTBOPEHO MUTAKkE, Ka0 U MUTAE KapaKTepa pa3InduTHX
¢a3za, Tj. BpeIHOCTH orcepBalIn U JOMUHAHTHUX (PU3NUKHX MeXxaHn3aMa. HajBaxkHuje, HUje MO3HATO KOje Cy
BpPEIHOCTH TlapameTrapa Mojeja ONTHMAajJHe 3a CYNEpIpPOBOIHOCT, HUTH KOj€ j€ YONIUTEHE Mojesa
HAJIOroIHMje 3a cynepnpoBogHOCT. OBakBO ca3Hame OM OWIO OJ HHTEpeca 3a [U3ajH HOBHX
cymneprpoBoaHuKa. Pan ce onBuja y capaamu ca rpynama u3 Ilapusa, JbyGspane u Epnanrena (Hemauka).
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Tema: Few-body quantum chaos in many-body systems

Ipeanarau: xp Muxauiao Yyoposuh (E-mail: cubrovic@jipb.ac.rs, Web: http://www.scl.rs/mihailo)

Quantum chaos is the manifestation of nonintegrability (or nonlinearity, roughly speaking) in systems
which have no trajectories (because of the wave nature of the Schrodinger equation). Therefore, quantum
chaos is seen not in equations of motion but either in energy level statistics or in correlation function decay.
The former are usually studied in few-body systems (molecules, nuclei) and the latter in many-body systems
(Ising and Heisenberg models, Sachdev-Ye-Kitaev model, etc.).

Modern cold atom and quantum optics experiments allow the measurement of energy levels in many-
body systems, a fascinating feat that allows a glimpse into detailed dynamics of systems with hundreds or
thousands of constituents. We will consider a simple model representative of such measurements and try to
predict the decay of out-of-time ordered correlation functions (OTOC) from energy level statistics. In this way
we will connect the two notions of quantum chaos and relate the available experimental results to fancy
theoretical concepts recently developed for the studies of OTOC (chaos bounds, firewall problem, etc.).

Requirements: solid university-level knowledge in Quantum Mechanics and Quantum Statistical
Physics. We will do some (relatively simple) numerical simulations in Mathematica or MATLAB. Master
course in Quantum Many-Body Theory recommended (not obligatory).
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Tema: Black hole chaos diagnostics from gravitational waves

Ipeanarau: ap Muxauiao Yyoposuh (E-mail: cubrovic@jipb.ac.rs, Web: http://www.scl.rs/mihailo)

There is a deep and important paradigm in classical chaos theory known as KAM theorem -- roughly
speaking, small perturbations only introduce very slow and limited chaos (that's why our Solar system is de
facto stable for billions of years despite being chaotic). The very notion of chaos becomes subtle in general
relativity where there is often no globally defined time direction. But the geometric properties of orbits still
give some idea of how "regular" or "chaotic" the motion is. Now that we have gravitational wave observations
as a new hot tool, dynamics and collisions in accretion disks of black holes may be probed directly and the
description and detection of chaos in general relativity becomes more than just a curiosity.

The task is to find an informal analogue of KAM theorem for motion in general relativity -- geometric
structures in phase space which remain stable upon small perturbations. The model we consider is a
deformation of a Schwarzschild or Kerr black hole (but we may discuss some other model if the student
prefers). When we have defined what regular and chaotic orbits are, we will compute their gravitational wave
signature and discuss the chances to observe such a beast.

Requirements: solid university knowledge in Theoretical Mechanics and Mathematics (analysis
mostly), some Statistical Physics would be nice but not essential. We will do numerical simulations in
Mathematica but nothing complicated. Master course in General Relativity recommended (not obligatory).
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Tema: Corrugated black holes for strange metallic transport

Ipeanarau: xp Muxauiao Yyoposuh (E-mail: cubrovic@jipb.ac.rs, Web: http://www.scl.rs/mihailo)

This project deals with the mysterious state of electrons in strongly correlated materials such as high-
temperature superconductors. The ground state in such materials is known as the strange metal and exhibits a
number of unique properties: universal scaling of resistivity with temperature, long-range quantum
entanglement and absence of anything resembling quasiparticles. Recently, cold-atom simulations of the
strange metal have found surprisingly simple behavior of charge transport. We want to reproduce these
findings quantitatively and predict what happens in the transitional regime when the strange metal approaches
the conventional metal phase.

To this end we will put to work an approach developed in string theory known as holography
(gauge/gravity duality). Correlation functions of the material are computed using the mathematical formalism
of general relativity, and the crystalline lattice of the material is formally mapped to a black hole with a lattice-
like (corrugated) pattern of the event horizon. So far I have developed the general setup (action) of such a
system and a code which computes the response of such black holes and turns them into correlation functions
of the strange metal. The task for the student is to perturb such a system by a density wave and see if there is
a phase transition -- this will give the picture of the strange metal in the vicinity of the critical line.

Requirements: zero prior knowledge of strings and gauge/gravity duality -- I'll explain these (to the
extent we need them for the project) as we go. Solid university-level knowledge in Condensed Matter and
Quantum Electrodynamics is required. Master courses in General Relativity and Quantum Many Body Theory
recommended (not obligatory). We will do programing in C or Mathematica - there is already a working code
but the student will write some new functions.
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Tema: Symmetry-broken states in arrays of non-locally coupled oscillators

Ipeanarau: ap Urop ®panoBuh (E-mail: franovic@ipb.ac.rs, Web: www.scl.rs/franovic)

The classical Kuramoto paradigm based on synchronization of weakly coupled phase oscillators has
provided an extremely successful framework for the description of the emergence of collective behavior in a
large variety of systems, ranging from the onset of normal and pathological rhythms in the brain or the
mechanisms regulating heartbeat, up to gene expression, certain types of social behavior, mode-locked lasers
and power grids. Such universality comes from the fact that all these systems exhibit synchronization-
mediated self-organization, where the macroscopic dynamics undergoes a continuous phase transition from a
disordered state of phase turbulence to a state of partial synchrony, whereby increasing the coupling strength
counteracts the effect of heterogeneity of oscillators’ natural frequencies. All these phenomena essentially
refer to global synchronization, i.e. the onset of the collective mode. Nevertheless, it has recently come to light
that introducing non-local interactions in spatially extended systems of identical oscillators gives rise to a
completely new realm of partially synchronized states, involving spontaneous symmetry (or rather
synchrony) breaking.

In particular, one observes hybrid coherence-incoherence patterns, characterized by the coexistence of
coherent/synchronized and incoherent/asynchronous spatial domains. These states have fittingly been named
chimeras, after a mythical beast that is, just as its dynamical counterparts, comprised of incongruous parts.
Their existence was hidden for a long time because in many instances, they coexist with the uniformly
synchronous state. The generic mechanisms leading to the onset and collapse of chimeras have so far remained
elusive. Moreover, chimeras have been considered as outliers in the realm of patterns, typically existing in
bubbles bounded by two-fold bifurcations, appearing and disappearing completely unrelated to the classical
mechanisms of pattern formation in coupled dynamical systems. Another intriguing type of synchrony-
breaking is provided by the so-called solitary states, the term coming from the Latin word solitarius, meaning
alone or isolated. Indeed, a typical solitary state involves one or more isolated units oscillating with different
mean frequency compared to the frequency-synchronized bulk. Solitary states are different from the chimeras
because the desynchronized units do not connect into a localized group. This Master thesis will be focused on
gaining insight into the mechanisms for the onset and collapse of chimeras and solitary states, considering
both the continuum limit in terms of bifurcation analysis within the Ott-Antonsen framework, and the finite-
size systems, using classical chaos theory in finite-dimensional systems.
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Noise in excitable or multi-stable systems may in general induce two different types of effects: on the
one hand, the noise may enhance or suppress certain features of deterministic dynamics by acting on the
system states in an inhomogeneous fashion, while on the other hand, it may fundamentally change the
deterministic dynamics by giving rise to qualitatively novel forms of behavior associated with crossing of
thresholds and separatrices, or stabilization of deterministically unstable structures. The most prominent
example of the latter type are the resonant phenomena, which is the umbrella term for different forms of the
system’s nonlinear response to noise. In most of the instances, noise plays the constructive, i.e. facilitatory
role, contributing to optimization of the system’s behavior, as evidenced in many real-world applications,
from neural networks and chemical reactions to lasers and electronic circuits. The classical examples of
stochastic facilitation include stochastic resonance, where noise of appropriate intensity may induce
oscillations in bistable systems that are preferentially locked to a weak periodic forcing; coherence resonance,
where an intermediate level of noise may trigger coherent oscillations in excitable systems, or inverse
stochastic resonance, where the noise may reduce the intrinsic spiking frequency of neuronal oscillators,
transforming the tonic firing into a bursting-like activity or even quenching the oscillations.

In all of these instances, resonant effects have been observed only at the level of single excitable or
bistable elements, i.e. they have been considered as a microscopic phenomenon. Nevertheless, what happens
in coupled systems? Is it possible that the collective response of the system may be enhanced by noise? For
instance, it is clear that the collective rhythms in the brain exist in a highly noisy environment: could such
coherent collective oscillations be triggered by macroscopic resonant effects, based on synchronization
between local noise-induced oscillations? The initial studies confirm that it is indeed so, and that the
interaction between the diversity of local dynamics, manifested as heterogeneity of local bifurcation
parameters, and noise and/or external weak forcing may give rise to collective coherence resonance or
diversity-induced resonance, opening up a completely new realm of macroscopic resonant phenomena. The
focus of this master thesis will be on explaining the generic mechanisms and the conditions required for
collective coherence resonance. The goal will be to explain how the process of synchronization of noise-
induced oscillations in a population of heterogeneous excitable and oscillatory units gives rise to this novel
type of collective resonant phenomenon.
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W nmopen Tora mito je moKpeT/bHUBOCT €JIEKTPOHA HajBaKHHUja (PU3NYKA BEITMYMHA 32 OIUC EIEKTPHYHUX
ocoOuMHa MaTepujana joul yBeK HE IOCTOje IMOYy3JaHH METOAM J1a Ce Ha OCHOBY KPHCTAJIHE CTPYKType
MaTepHjaia MpeaBUAM TOKPETJbUBOCT eNeKTpoHa. [IOKpeTJbHBOCT enekTpoHa je onapeheHa HHUXOBOM
MHTEPaKIjoM ca (OHOHMMA, A je TJIABHU KOpaK y HBEHOM oJpehuBamy pauyHame KOHCTAHTH €JIEeKTPOH-
(doHOH MHTEpaKIMje. Y MPETXOJHUX HEKOJIMKO T'OMHA j€ Y HaIlloj FPYIH pa3BHjeH pauyHapCKH MPOTrpam KOju
noja3ehn o1 KOHCTaHTH €JIEKTPOH-(OHOH HMHTEpAKIMje padyyHaTe Ha PETKOM TIPUAY EJIEKTPOHCKHUX U
(OHOHCKHX TaJJaCHUX BEKTOpa ojpelyje Te KOHCTaHTe Ha T'yCTOM I'PUAY, a HA OCHOBY TOT'a U IOKPETJBUBOCT
Hocuitana. Mactep paj 6u Morao Ja 00yxBara IpUMEHY OBE METOJIOJIOTHj€ HA Pa3yMeBambe MOKPETIHUBOCTH
y KOHKPETHUM TMOJIYIPOBOJHUYKAM MaTepHjaIrMa WK J1aJbu paj Ha pa3Bojy METOAOJIOTH]E.
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