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PRIRODOVEDECKA FAKULTA UPJS

Studijny program: Biofyzika

Garant UEF SAV, v. v. i.: MUDr. Andrey Musatov, DrSc.

Téma: Stabilita a agregdcia proteinov v prostredi biokompatibilnych organickych solventov
Skolitel: RNDr. Diana Fedunova, PhD.

Konzultant: RNDr. Miroslav Ganc¢ar, PhD.

Forma studia: dennad - SAV

Anotacia: Identifikdcia uCinnych solventov schopnych modulovat’ stabilitu a agregaciu
proteinov ma velky vyznam pre rozmanité aplikacie v biotechnologiach alebo v medicine.
Vyroba a dlhodobé skladovanie proteinov vyzaduje nastavit vhodné podmienky prostredia
uchovavajlice nativnu S$truktiru proteinov a zabranujice ich agregacii. Podobne, tvorba
Specidlneho typu usporiadanych agregatov — amyloidnych fibril, je podmienena vonkajSimi
podmienkami. Amyloidné agregity predstavuju nové potencidlne biomateridly vd’aka ich
unikatnym vlastnostiam. N&jdenie podmienok schopnych indukovat tvorbu definovanych
amyloidnych agregatov je preto v centre zdujmu. Cielom préce je Studovat’ vplyv Specidlnych
solventov - i6novych kvapalin a hlboko eutektickych zmesi - na stabilitu, Kinetiku amyloidnej
agregacie a morfologiu amyloidnych fibril ré6znych proteinov (lyzozym, inzulin). Zamerom je
zistit’ vzt'ah medzi zloZzenim a fyzikalno-chemickymi vlastnost'ami solventov a ich schopnost’ou
stabilizovat’/destabilizovat’” Struktiru proteinov a inhibovat/urychlovat tvorbu amyloidnch
agregatov s cielom najst’ solventy schopné stabilizovat’ Studované proteiny ako aj indukovat’
tvorbu amyloidnych agregatov s definovanou morfologiou. Vyuzivat sa budu spektroskopické
(UV-VIS, CD, FTIR) a kalorimetrické (DSC, ITC) metddy ako aj atomova silova mikroskopia
(AFM) a metddy pocitacovej analyzy obrazkov.

Title: Protein stability and aggregation in biocompatible organic solvents
Supervisor: Dr. Diana Fedunova

Co-supervisor: Dr. Miroslav Gan¢ar

Form of study: Internal - Slovak Academy of Sciences

Annotation: The identification of effective solvents capable of modulating protein stability and
aggregation is of great importance for various applications in biotechnology or medicine. The
production and long-term storage of proteins requires setting appropriate environmental
conditions that preserve the native structure of the proteins and prevent their aggregation.
Similarly, the formation of a special type of ordered aggregates - amyloid fibrils, is modulated by
external conditions. Amyloid aggregates represent new potential biomaterials due to their unique
properties. Therefore, finding conditions capable of inducing the formation of defined amyloid
aggregates is of interest. This work aims to study the effect of special solvents - ionic liquids and
deep eutectic mixtures — on the stability, kinetics of amyloid aggregation, and morphology of
amyloid fibrils of various proteins (lysozyme, insulin). The objective is to determine the
relationship between solvent’s composition and physicochemical properties and their ability to
stabilize/destabilize protein structure and inhibit/accelerate amyloid aggregation to find solvents
capable of stabilizing studied proteins or inducing amyloid aggregate formation with defined
morphology. Spectroscopic (UV-VIS, CD, FTIR) and calorimetric (DSC, ITC) methods, as well
as atomic force microscopy (AFM) and computer image analysis methods, will be used.
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Téma: Moduldacia amyloidnej agregdcie proteinov — objasnenie molekularnych mechanizmov
tvorby amyloidov a ich inhibicie

Skolitel: Doc. RNDr. Zuzana GaZova, DrSc.

Konzultant: RNDr. Andrea AntoSova, PhD.

Forma Sttidia: dennd - SAV

Anotacia: Amyloidné Struktary poly/peptidov st spdjané s ochoreniami ako Alzheimerova
choroba, syst¢émové amyloidozy, diabetes mellitus a d’alSie. V poslednom obdobi sa zistilo, Ze st
nevyhnutnou sucastou aj mnohych zivotne dolezitych pochodov v organizmoch - od baktérii az
po Tudi. Cielom prace je prispiet k lepSiemu poznaniu mechanizmov tvorby a inhibicie
amyloidnej agregicie proteinov prostrednictvom jej modulacie pomocou roéznych latok
(anorganické a organické molekuly, biomolekuly, nanocastice). Na zéklade toho je mozné lepSie
pochopit’ patologicky a fyziologicky uc¢inok amyloidnych Struktir na molekuldrnej urovni.
Vyuzivat' sa budu rozne fyzikdlno-chemické metody, hlavne spektroskopické, kalorimetricke,
chromatografické techniky a atomova silova mikroskopia.

Title: Modulation of protein amyloid aggregation — insight into molecular mechanisms of
amyloid formation and inhibition

Supervisor: Assoc. Prof. Zuzana GaZova

Co-supervisor: Dr. Andrea AntoSova

Form of study: Internal - Slovak Academy of Sciences

Annotation: Amyloid structures of poly/peptides have been associated with diseases such as
Alzheimer's disease, systematic amyloidoses, diabetes mellitus and others. Recently, it has been
found that amyloids are important for many essential processes in organisms - from bacteria to
humans. The aim of this work is to contribute to a better understanding of the mechanisms of the
formation and inhibition of protein amyloid aggregation through their modulation by various
substances (inorganic and organic molecules, biomolecules, nanoparticles). Based on this, it is
possible to better understand the pathological and physiological effects of amyloid structures at
the molecular level. Various physico-chemical methods will be used, mainly spectroscopic,
calorimetric, chromatographic techniques and atomic force microscopy.
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Téma: Nespravne zbal’ovanie proteinov v amyloidnych ochoreniach a ich prevencia/terapia
Skolitel: Doc. RNDr. Zuzana GaZova, DrSc.

Konzultant: RNDr. Zuzana Bednarikova, PhD.

Forma stadia: dennd - SAV

Anotacia: S predlzujucou sa dizkou nagho Zivota sa zvySuje aj pravdepodobnost vyskytu
ochoreni ako Alzheimerova a choroba alebo cukrovka. Jednou z pri¢in vzniku tychto
amyloidnych ochoreni je naruSenie masinérie syntézy funkénych molekal proteinov a
nedostatocnd degradacia nefunkénych, nespravne zbalenych molekul proteinov. V ddsledku toho
dochadza ku akumuldcii nespravne zbalenych proteinov vo forme amyloidnych agregéatov s
vysokym obsahom B-skladanych listov v roznych tkanivach l'udského organizmu. V stcasnosti
chyba detailné poznanie pri¢in tvorby amyloidov a neexistuje liecba pre Ziadne zo zndmych
amyloidnych ochoreni. S vyuzitim modernych biofyzikalnych metéd sa zameriame na §tadium
mechanizmov tvorby amyloidnych agregatov globularnych a prirodzene rozbalenych proteinov,
ktoré stvisia s amyloidnymi ochoreniami, konkrétne s Alzheimerovou chorobou, diabetom a
systémovou lyzozymovou amyloidozou. Zaroven sa budeme venovat’ systematickému hladaniu
interakénych partnerov, ktoré by mali potencial zabranit’ vzniku tychto ochoreni, resp. ich lie€it’.

Title: Misfolding proteins in amyloid diseases and their prevention/therapy
Supervisor: Assoc. Prof. Zuzana GaZova

Co-supervisor: Dr. Zuzana Bednarikova

Form of study: Internal - Slovak Academy of Sciences

Annotation: As our life expectancy increases, so does the likelihood of diseases such as
Alzheimer's disease or diabetes. One of the causes of these amyloid diseases is an impaired
synthesis of functional protein molecules and insufficient degradation of non-functional,
misfolded protein molecules. As a result, misfolded proteins accumulate in the form of amyloid
aggregates with a high content of -sheets in various human body tissues. There is currently a
lack of detailed knowledge of the causes of amyloid formation and no treatment for any known
amyloid diseases. We will use modern biophysical methods to study the mechanisms of amyloid
aggregates formation of globular and intrinsically disordered proteins associated with diseases
such as AD, diabetes or systemic lysozyme amyloidosis. At the same time, we will focus on the
systematic search for interaction partners to prevent these diseases, respectively treat them.
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Téma: Biomedicinske ,lab-on-chip® aplikdcie s vyuZitim polymerizovanych mikrostruktir
a ich automatizdacia pomocou analyzy obrazu a strojového ucenia

Skolitel: Doc. Ing. Zoltan Tomori, CSc.

Konzultant: Doc. RNDr. Gregor Bano6, PhD. (PF UPJS)

Forma Studia: dennd - SAV

Anotacia: Trend miniaturizdcie smeruje k transformdcii biomedicinskych experimentilnych
technik do podoby ,,lab-on-chip* (LOC) aplikacii. Tieto ¢asto vyuzivaju princip optickej pinzety,
kde laserové Iluce ovladaji mechanické mikrostruktiry pripravené dvojfotonovou
polymerizaciou a integrované do mikrofluidného LOC prostredia.

Hlavnym cielom PhD prace je automatizacia LOC aplikécii, pri ktorych inteligentny algoritmus
s autonomnym spravanim ovlada trajektorie manipulujucich laserovych lucov a to na zéklade
analyzy obrazu okolit¢ho prostredia. Z hl'adiska experimentalnych cielov bude pozornost’
zamerana na dve oblasti LOC aplikacii a to mikroreologiu (meranie viskozity okolitého
kvapalného prostredia na zdklade deformécie elastickych mikro-pruzinieck) a na
mikromanipulaciu s Casticami (zachytenie, transport a uvolnenie jednotlivych Castic pomocou
svetlom riadenych elastickych mikrorobotov).

Title: Biomedical lab-on-chip applications based on polymerized microstructures and their
automation based on image analysis and machine learning principles

Supervisor: Assoc. Prof. Zoltan Tomori

Co-supervisor: Assoc. Prof. Gregor Bané (FS UPJS)

Form of study: Internal - Slovak Academy of Sciences

Annotation: The trend of miniaturization aims to transform biomedical experimental techniques
into “lab-on-chip” (LOC) applications. They often exploit the optical tweezers principle, where
the laser beams drive the mechanical microstructures fabricated by two-photon polymerization
and integrated into a microfluidic LOC environment.

The main goal of PhD work is to automate LOC applications, where an intelligent autonomous
algorithm controls the trajectories of manipulating laser beams according to the image analysis
of the surrounding environment. In terms of experimental objectives, attention will be focused on
two areas of LOC applications, namely microreology (measurement of the viscosity of the
surrounding fluid environment based on deformation of elastic micro-springs) and the
micromanipulation with particles (grabbing, transporting and releasing of the individual particles
using the light-driven elastic micro-robots).
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Studijny program: Teoreticka fyzika

Garant UEF SAV, v. V. i.: RNDr. Pavol Farkasovsky, DrSc.
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Studijny program: Fyzika kondenzovanych litok

Garant UEF SAV, v. v. i.: Prof. RNDr. Peter Samuely, DrSc.

Téma: Supravodivost’ vo vysoko-entropickych zliatinach
Skolitel: Doc. RNDr. Slavomir Gabani, PhD.
Konzultant: RNDr. Gabriel Pristas, PhD.

Forma studia: denna - SAV

Anotacia: Vysoko-entropické zliatiny (VEZ) predstavuju relativne novu triedu materialov, ktoré
pritahujii zna¢nli pozornost' vd’aka excelentnym mechanickym a elektronickym vlastnostiam.
VEZ su zliatiny alebo zluCeniny, ktoré pozostavaju z niekol’kych zloziek (zvyCajne 4 a viac)
s atomarnym podielom medzi 5 az 35%. Vyznacuju sa vysokou mierou neusporiadania (vysoka
konfigura¢na entropia) vd’aka nahodnému usporiadaniu jednotlivych zloziek v krystalovej
mriezke. V poslednom obdobi sa podarilo pripravit’ aj kvalitné tenké filmy VEZ, kde boli okrem
in¢ho skimané aj supravodivé vlastnosti. Tenké filmy VEZ maju vysoky aplikacny potencial
Vv elektronickych obvodoch a zariadeniach pri extrémnych podmienkach. Nasim zdmerom je
pripravit nitridované vzroky VEZ, za tucelom vylepSenia ich supravodivych vlastnosti.
Nitridovanie supravodiov prinieslo zna¢né zlepSenie supravodivych vlastnosti ako napr.
zvysenie hodnoty teploty prechodu do supravodivého stavu. Tenké vrstvy NbN st pouzivané pri
konstrukcii  jedno-foténového detektora, ktory sa pouziva na zabezpeCeni kvantova
komunikaciu. Ciel'om doktorandského Studia bude priprava nitridovanych tenkych filmov VEZ
aich charakterizicia. Dalej meranie supravodivych vlastnosti ako kritickd teplota a horné
kritické pole. Navy$e bude skumany aj vplyv tlaku a hribky. Student bude prevedeny cez
pripravu a charakterizaciu vzoriek, experimentalne skiimanie, analyzu dat az po prezentaciu
dosiahnutych vysledkov.

Title: Superconductiviy in high-entropy alloys
Supervisor: Assoc. Prof. Slavomir Gabani
Co-supervisor: Dr. Gabriel Pristas

Form of study: Internal - Slovak Academy of Sciences

Annotation: High-entropy alloys (HELSs) represent a relatively new class of materials that have
attracted considerable attention due to their excellent mechanical and electronic properties. HEA are
alloys or compounds that consist of several components (usually 4 or more) with an atomic fraction
between 5 and 35%. They are characterized by a high degree of disorder (high configurational
entropy) due to the random arrangement of constituents in the crystallographic sites. Recently, high-
quality HEA thin films have been successfully prepared, where superconducting properties were
investigated. HEA thin films have a high application potential in electronic circuits and devices
under extreme conditions. Our intention is to prepare nitride HEA thin films, in order to improve
their superconducting properties. Nitriding of superconductors brought significant improvement in
superconducting properties such as an increase the value of the transition temperature to the
superconducting state. Thin layers of NbN are used in the construction of a single-photon detector,
which is used for secure quantum communication. The goal of the doctoral study will be the
preparation of nitrided HEA thin films and their characterization as well as measurement of
superconducting properties such as critical temperature and upper critical field. In addition, the effect
of pressure and thickness will be investigated. The student will be guided through the preparation and
characterization of samples, experimental research, data analysis and the presentation of the achieved
results.
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Studijny program: Progresivne materialy

Garant UEF SAV, v. v. i.: RNDr. Ivan Skorvanek, CSc.

Téma: Magneticky miikké kompozity na bdze Zeleza
Skolitel’: Ing. Pavel Diko, DrSc.

Konzultant: -

Forma studia: denna - SAV

Anotacia: Magneticky miakké kompozity (MMK) na baze Zeleza st predmetom intenzivneho
vyskumu vzhl'adom na ich vynikajuce magneticky mékké vlastnosti, vratane vysokej saturacne;j
magnetizacie, nizkej koercivity, vysokého elektrického odporu, trojrozmerné (3D) izotropné
feromagnetické spravanie a nizke jadrové straty. Vel'ké mnoZstvo dneSnych modernych zariadeni
(napr. nabijacky mobilnych teleféonov, pocitacov, hybridnych automobilovych hnacich systémov)
vyuzivaju magnetické jadra na bize MMK. MMK sa vyrabaji technoldgiou prasSkove;j
metalurgie. V idedlnom pripade predstavuju systém elektricky izolovanych magnetickych castic,
pri¢om je vyhodné ak je izolacna vrstva tiez magneticky mékky material. PhD praca je zamerana
na $tadium MMK pripravovanych praSkovou metalurgiou, technoldgiou s ktorou ma Oddelenie
materidlovej fyziky dlhoro¢né skusenosti. P6jde najmé o Studium suvisu parametrov pripravy
MMK s ich Strukturu a magnetickymi vlastnostami. Detailne budeme Studovat’ vplyv zlozenia,
rozmerovej distribucie a tvaru vychodzich praskov kompozitu ako aj parametrov
predspracovania zloZiek kompozitu, lisovania a procesov spekania v riadenej atmosfére. Prasky
a mikrostruktara pripravenych kompozitov budu charakterizované na zariadeniach OMF
metodami laserovej granulometrie, RTG difrakcie, optickej a elektronovej mikroskopie.
Magnetické vlastnosti kompozitov budi merané na zariadeniach UEF.

Title: Magnetically soft iron-based composites
Supervisor: Dr. Pavel Diko

Co-supervisor: -

Form of study: Internal - Slovak Academy of Sciences

Annotation: Iron-based soft magnetic composites (SMC) are the subject of intense research due to
their excellent soft magnetic properties, including high saturation magnetization, low coercivity, high
electrical resistivity, three-dimensional (3D) isotropic ferromagnetic behaviour, and low core loss. A
large number of today's modern devices (e.g. chargers of mobile phones, computers, hybrid car drive
systems) use magnetic cores based on SMC. SMC are produced by powder metallurgy technology. In
the ideal case, SMC represent a system of electrically isolated magnetic particles, while it is
advantageous if the insulating layer is a magnetically soft material.

The PhD thesis is focused on the study of SMC prepared by powder metallurgy, a technology with
which the Department of Materials Physics has many years of experience. It will mainly be a study
of the relationship between the parameters of the preparation of SMC and their structure and
magnetic properties. We will study in detail the influence of the composition, size distribution and
shape of the starting powders of the composite as well as the parameters of the pre-processing of the
components of the composite, pressing and sintering processes in a controlled atmosphere. The
powders and the microstructure of the prepared composites will be characterized at the facilities of
the Department of Materials Physics by the methods of laser granulometry, X-ray diffraction, optical
and electron microscopy. The magnetic properties of the composites will be measured on the devices
of the Institute of Experimental Physics.
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Téma: Magneticky mdiikké nanokrystalické zliatiny pripravené nekonvencénymi technikami
tepelného spracovania

Skolitel: RNDr. Ivan Skorvanek, CSc.

Konzultant: RNDr. Jozef Marcin PhD., Ing. Branislav Kunca, PhD.

Forma Studia: dennd - SAV

Anotacia: Dizertacnd praca je zamerand na cielené ovplyvilovanie Struktiry a magnetickych
vlastnosti nanokrystalickych zliatin na baze 3-d kovov pomocou nekonvenénych technik
tepelného spracovania. Planujeme pri tom pouzit' aparatiru na ultra-rychle Zzihanie tenkych
kovovych pasok skonstruovana na UEF SAV, ktora na rychly ohrev vyuziva vopred predhriate
masivne medené bloky pri¢om typické Casy Zihania st v rozsahu niekolkych sekind. V
porovnani s klasickymi technikami tepelného spracovania umoziuje vysoka rychlost ohrevu v
tomto zariadeni podstatne rozsirit’ rozsah kompozi¢nych zlozeni, ktoré su este schopné vytvarat’
nanokrystalicka $trukturu. DalSou nekonvenénou technikou tepelného spracovania bude Zihanie
vo vysokom magnetickom poli. Vo vybranych systémoch zliatin sa zameriame na §tidium zmien
ich Struktarnych a magnetickych vlastnosti. Hlavnym cielom prace je zlepSenie funkénych
vlastnosti Studovanych materialov pre ich potencialne aplikacie v technickej praxi.

Title: Soft magnetic nanocrystalline alloys prepared by unconventional thermal processing
techniques

Supervisor: Dr. Ivan Skorvianek

Co-supervisor: Dr. Jozef Marcin, Dr. Branislav Kunca

Form of study: Internal - Slovak Academy of Sciences

Annotation: The PhD thesis is focused on the employment of unconventional techniques of
thermal processing in order to tailor the structural and magnetic properties of nanocrystalline
alloys based on 3-d metals. We plan to use facility for ultra-rapid annealing of thin metallic
ribbons constructed recently at IEP SAS. In this facility, the annealed samples are clamped
between pair of the pre-heated massive Cu-blocks and typical annealing times take few seconds.
High heating rates and much shorter processing times as compared to conventional annealing
allow extend the composition interval where the annealed samples are still capable to form
nanocrystalline structure. The other technique of thermal processing in this work is the annealing
in a presence of high magnetic fields. We plan to perform a detailed study of structural and
magnetic properties of selected alloy systems. The main goal of thesis is improvement of
functional properties of studied materials for potential technical applications.
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Studijny program: Jadrova a subjadrova fyzika

Garant UEF SAV, v. v. i.: Prof. RNDr. Peter Samuely, DrSc.

Téma: Moduldcia kozmického Ziarenia v heliosfére
Skolitel': RNDr. Pavol Bobik, PhD.

Konzultant: RNDr. Blahoslav Pastiréak, CSc.
Forma $tadia: denna - SAV

Anotacia: Kozmické Ziarenie (KZ) vchadzajuce do heliosféry z medzihviezdného prostredia
interaguje s magnetickym polom heliosféry. Vysledkom je zmena energetického spektra KZ
nazyvania moduldcia KZ v heliosfére. Praca bude zamerana na vyvoj 2D a 3D modelov
modulicie KZ v heliosfére s modifikaciou heliosférického magnetického pola v polarnych
oblastiach a driftom Castic na velkorozmernych Struktirach magnetického pola. Modely budu
zahfnat aj zavislost’ rychlosti slne¢ného vetra od heliosirky a moduléciu v oblasti helioobalky. V
modeloch bude implementované aj urychlovanie ¢astic na terminacnej razovej vine heliosféry.
Vysledky modelov budil porovnavané najma s experimentmi AMS-02 a Ulysses.

Title: Cosmic rays modulation in heliosphere
Supervisor: Dr. Pavol Bobik

Co-supervisor: Dr. Blahoslav Pastiréak

Form of study: Internal - Slovak Academy of Sciences

Annotation: Cosmic rays enter the heliosphere from the interstellar medium and interact with
the magnetic field of the heliosphere. The result is a change in the energy spectrum of cosmic
rays called cosmic ray modulation in the heliosphere. The work will be focused on the
development of 2D and 3D models of CR modulation in the heliosphere with modification of the
heliospheric magnetic field in polar regions and particle drift on large-scale magnetic field
structures. The models will also include the dependence of the solar wind speed on heliolatitude
and modulation in the heliosheath region. Particle acceleration on the termination shock wave of
the heliosphere will also be implemented in the models. The results of the models will be
compared mainly with the AMS-02 and Ulysses experiments.
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Téma: Stisdium vplyvu kozmického pocasia na oblast’ rozhrania medzi vesmirom a Zemou
Skolitel: RNDr. Pavol Bobik, PhD.

Konzultant: RNDr. Simon Mackovjak, PhD.

Forma stadia: dennd - SAV

Anotacia: Oblast’ rozhrania medzi vesmirom a Zemou sa nachadza vo vyskach 80 - 300 km nad
zemskym povrchom. Je to dynamicka oblast’ neustdle ovplyvilovand slnenym Ziarenim a
kozmickym pocasim zhora a atmosférickymi procesmi zospodu. Ciel'om prace je Studovat’ tto
dynamiku najmé s dérazom na identifikéciu vplyvu javov kozmického pocasia. Vyuziju sa na to
optické pozorovania airglowu zo satelitnych misii a z pozemnych celooblohovych kamier a
fotometrov; merania parametrov ionosféry z GNSS prijimacov a radiovych systémov zaloZzenych
na principe Dopplerovho posunu; data kozmického pocasia popisujuce slnecnu aktivitu, slne¢ny
vietor, medziplanetdrne magnetické pole a naruSenie geomagnetického pola. Praca sa bude
zaoberat’ detailnymi pripadovymi Stidiami konkrétnych udalosti a tiez vSeobecnym datovo-
riadenym pristupom s vyuzitim technik strojového ucenia. Ziskané poznatky prispeju k lepSiemu
pochopeniu dosledkov kozmického pocasia na prostredie, ktoré vyznamne ovplyviiuje
komunikaciu a prevadzku satelitov a teda je dolezité aj pre celt spolo¢nost.

Title: Study of space weather influence on Earth’s interface to space
Supervisor: Dr. Pavol Bobik

Co-supervisor: Dr. Simon Mackovjak

Form of study: Internal - Slovak Academy of Sciences

Annotation: The Earth’s interface region to space is located at altitudes of 80-300 km. It is a
dynamic environment constantly influenced by solar radiation and space weather from above and
atmospheric processes from below. The main objective is to study these dynamics, especially
with a focus on identifying the influence of space weather phenomena. For this purpose the
following data will be used: optical observations of airglow from satellite missions and ground-
based all-sky cameras and photometers; measurements of ionosphere parameters from GNSS
receivers and radio systems based on the Doppler shift principle; space weather data describing
the solar activity, the solar wind, the interplanetary magnetic field, and disturbances in the
geomagnetic field. The work will be dedicated to detailed case studies of specific events as well
as to a general data-driven approach using machine learning techniques. The obtained knowledge
will contribute to a better understanding of the consequences of space weather on the interface
region, which significantly affects the communication and operation of satellites and is therefore
crucial for the entire society.
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FAKULTA ELEKTROTECHNIKY A INFORMATIKY TUKE

Studijny program: Fyzikalne inZinierstvo progresivnych materiilov

Garant UEF SAV, v. v. i.: Doc. RNDr. Slavomir Gabani, PhD.

Téma: Kvantové materidly v extrémnych podmienkach

Skolitel: Doc. RNDr. Slavomir Gabani, PhD.

Konzultant: RNDr. Matus Orendaé, PhD., RNDr. Gabriel Pristas, PhD.
Forma studia: dennad - SAV

Anotacia: Kvantové materidly, ako su napriklad frustrované magnety, topologické izolatory,
silne korelované¢ kovy alebo exotické supravodice, dnes zaujimaji popredné miesto
V teoretickom 1 experimentdlnom Stadiu tuhych latok a zacinaju sa pouzivat v aplikacidch
spojenych s kvantovymi technologiami. Pochopenie zékladného stavu takychto systémov si
vyzaduje ich skimanie v extrémnych podmienkach, t.j. pri ve'mi nizkych teplotach, vysokych
magnetickych poliach ¢i tlakoch. Konkrétne by sa dizertacnd praca zaoberala Stadiom vplyvu
vysokého magnetického pol'a a hydrostatického tlaku na tepelné, transportné a magnetické
vlastnosti vybranych tetra-, hexa- a dodekaboridov pri kelvinovych az milikelvinovych
teplotach.

Title: Quantum materials under extreme conditions
Supervisor: Assoc. Prof. Slavomir Gabani
Co-supervisor: Dr. Matus Orendac, Dr. Gabriel Pristas
Form of study: Internal - Slovak Academy of Sciences

Annotation: Quantum materials, such as frustrated magnets, topological insulators, strongly
correlated metals or exotic superconductors, are highlights in the theoretical and experimental
study of solids and are beginning to be used in applications connected with quantum
technologies. Understanding the ground state of these systems requires their investigation under
extreme conditions, i.e. at very low temperatures, high magnetic fields or pressures. Specifically,
the dissertation would deal with the study of the influence of a high magnetic field and
hydrostatic pressure on the thermal, transport and magnetic properties of selected tetra-, hexa-
and dodecaborides at kelvin to millikelvin temperatures.

Literatara / Literature:

[1] KITTEL Ch., Uvod do fyziky pevnych latek, Academia, Praha, 1985

[2] GABANI S. et al., Magnetism and superconductivity of rare earth borides, Journal of Alloys
and Compounds 821 (2020), 153201

[3] GABANI S. a kol., Fyzika a technika vysokych tlakov II., skripta, UEF SAV Kosice, 2016
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Téma: Nanokvapaliny pre biomedicinske a katalytické aplikdacie

Skolitel: Doc. RNDr. Peter Kop¢ansky, CSc.

Konzultant: Ing. Mata$ Mol&an, PhD., prof. Ing. Ivo Safa¥ik, DrSc. (Biologické centrum AV
CR, Ceské Budgjovice)

Forma $tudia: denna - SAV

Anotacia: Magnetické kvapaliny (MK), tiez nazyvané ferokvapaliny (FK), su koloidné
suspenzie velmi jemnych (cca 10 nm) povrchovo stabilizovanych superparamagnetickych
nanocastic dispergovanych vo vhodnej nosnej kvapaline; si teda Specidlnou skupinou
nanokvapalin. Na syntézu FK sa méZu pouZit’ polarne aj nepolarne nosné kvapaliny. MK uz nasli
mnoho aplikacii v réznych oblastiach biovied, biotechnologii, (bio)analytickej chémie a
environmentalnej technoldgie. MK mozu byt efektivne pouzité na magneticki modifikaciu
diamagnetickych materialov a syntézu Sirokého spektra magneticky citlivych materidlov. Vol'né
biokompatibilné FK, ako aj modifikované (bio)materialy ferokvapalinami buda Studované z
hl'adiska ich potencidlnych biomedicinskych a katalytickych aplikécii, a to:

- Stadium magnetickej hypertermie v striedavych a rotaénych magnetickych poliach,

- priprava magneticky citlivych nosic¢ov na viazanie biologicky aktivnych zlucenin,

- aplikécia peroxidazovej aktivity magnetickych nanocastic oxidu Zeleza z ferokvapalin,

- priprava magneticky citlivych nanozymov.

Pocas vyskumu sa budu vyuzivat’ rozne techniky vratane magnetickych merani, SEM, TEM,
AFM, HPLC, GC, fotometria iné.

Title: Nanofluids for biomedical and catalytic applications

Supervisor: Assoc. Prof. Peter Kopcansky

Co-supervisor: Dr. Mati$ Mol¢an, Dr. Ivo Safaiik (Biology Centre CAS, Ceské Bud&jovice)
Form of study: Internal - Slovak Academy of Sciences

Annotation: Magnetic fluids, also named ferrofluids, are typically colloidal suspensions of very
fine (ca 10 nm) surface stabilized superparamagnetic nanoparticles dispersed in an appropriate
carrier liquid; they are thus a special group of nanofluids. Both polar and nonpolar carrier liquids
can be employed for ferrofluid synthesis. Magnetic fluids have already found many applications
in various areas of biosciences, biotechnology, (bio)analytical chemistry, and environmental
technology. Magnetic fluids can be efficiently used for the magnetic modification of diamagnetic
materials and the synthesis of a wide range of magnetically responsive materials. Both free
biocompatible ferrofluids and ferrofluid modified (bio)materials will be studied from the point of
view of their potential biomedical and catalytic applications, namely:

- Study of magnetic hyperthermia in alternating and rotational magnetic fields,

- Preparation of magnetically responsive carriers for binding of biologically active compounds,

- Application of peroxidase-like activity of ferrofluid-derived magnetic iron oxide nanoparticles,
- Preparation of magnetically responsive nanozymes.

During the research, various instrumental techniques including magnetic measurements, SEM,
TEM, AFM, HPLC, GC, photometry, etc. will be employed.
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Téma: Tunelova spektroskopia silne neusporiadanych supravodi¢ov v blizkosti prechodu
supravodic-izolant

Skolitel': Mgr. Pavol Szabé, CSc.

Konzultant: RNDr. Jozef Kaémard¢ik, PhD.

Forma $tudia: denna - SAV

Anotacia: Cielom dizertacnej prace bude experimentdlne Stadium fyzikdlneho mechanizmu
prechodu supravodic-izolant v silne neusporiadanych ultratenkych filmoch a granulovanych
syst¢tmoch. Bude Studovany vplyv silnej neusporiadanosti na supravodivy stav a tiez na
vlastnosti  normalneho  stavu.  Sustredime sa na  Stddium  vplyvu  silnych
lokaliza¢nych/korelacnych efektov elektronového systému na vznik supravodivého stavu.

Title: Tunneling spectroscopy of strongly disordered superconductors near the
superconductor-insulator transition

Supervisor: Dr. Pavol Szab6

Co-supervisor: Dr. Jozef Ka¢marcik

Form of study: Internal - Slovak Academy of Sciences

Annotation: The aim of this thesis will be the experimental study of the mechanism of the
superconductor-insulator transition in strongly disordered ultrathin films and granular systems.
The effect of strong disorder on the superconducting state and also on the normal state properties
will be investigated. We will focus on the investigation of the influence of strong
localization/correlation effects of the electron system on the formation of the superconducting
state.

Literatara / Literature:

[1] V.F. Gantmakher and V.T. Dolgopolov, Superconductor-insulator quantum phase transition.
Physics — Uspekhi 53, 1-49 (2010)

[2] M. Zemligka, el al., Physical Review B 102, 180508(R) (2020)




&

@mu_vgj& Ustav experimentalnej fyziky Slovenskej akadémie vied " o :
- % verejna vyskumna institucia ‘ “ ’
{? Watsonova 47, 040 01 KoSice : I :

" 7969 * ICO: 00166812, tel.: +421 55 7922 201, e-mail; sekr@saske.sk, https://uef.saske.sk My yaro® a

Téma: Struktitrne prechody v nanokompozitoch na bdze kvapalnych krystilov
Skolitel: RNDr. Natalia Tomasovi¢ova, CSc.

Konzultant: RNDr. Veronika Lackova, PhD.

Forma $tudia: denna - SAV

Anotacia: Kvapalné krystaly predstavuji triedu makkych kondenzovanych latok. Ich
charakteristickou vlastnostou je kombindcia tekutych vlastnosti klasickych kvapalin
a anizotropnych elektrickych, magnetickych a optickych vlastnosti tuhych krystalickych latok.
Dnes st zname hlavne vd’aka ich vyuzitiu ako displejov v pocitacoch, notebookoch, telefonoch
a televizoroch.  Kvapalné krystaly maji vysoky potencidl vyuzitia v mnohych oblastiach
Hi-Tech priemyslu ako st biotechnologie, telekomunikacie a optické spracovanie. Nové
aplikacie si vyzaduji nové materidly, Casto s dost’ exotickymi vlastnost'ami, a nové technologie.
Vo vSeobecnosti, experimentalne vysledky potvrdili, Ze dopovanie kvapalnych krystalov malym
mnozstvom rdznych typov nanocastic vyrazne modifikuje vlastnosti takychto kompozitov.
Hlavnym cielom d’alSieho vyskumu v tejto oblasti je optimalizécia tychto kompozitov vzhl'adom
na kvapalno-krystalicki matricu, typ Castic aich koncentraciu s cielom prispiet’ k novym
aplikaciam.

Title: Structural transitions in nanocomposites based on liquid crystals
Supervisor: Dr. Natalia TomaSovi¢ova

Co-supervisor: Dr. Veronika Lackova

Form of study: Internal - Slovak Academy of Sciences

Annotation: Liquid crystals (LCs) belong to a class of soft condensed matter that is
characterized by the combination of the fluidity of ordinary liquids with the anisotropy of
electric, magnetic and optical properties of crystalline solid materials. Nowadays LCs are best
known for their successful applications in computer, notebook, phone and TV displays. There
are many sectors of hi-tech industry where LCs have great potentials, such as biotech,
telecommunication, and optical processing. The new applications require new materials,
sometimes with rather exotic properties, and new technologies. In general, experimental results
evidence that doping the LC with a small amount of the different kind of nanoparticles affects
the properties of the composite material considerably. The most important for further research in
this direction is the optimization of these composites with respect to the liquid crystal matrix, to
the type and concentration of nanoparticles, in order to contribute to possible applications.
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FAKULTA MATERIALOV, METALURGIE a RECYKLACIE TUKE

Studijny program: Materiily

Garant UEF SAV, v. V. i.: RNDr. Marian Mihalik, CSc.



