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2. The electronic, magnetic and superconducting properties of multifunctional materials based on transition and

rare earth elements

Pedepar:

1. Inceprauifina po60oTa IpucBsIYeHa Bce6iuHOMY JOCiIyKeHHI0 (i3MYHUX [IPOLECiB i SBULL, 1110 BiOyBaIOTHCS B
Cy4aCHHUX MYJIbTU(PYHKIIOHAJIbHUX MaTepiajsiax Ha OCHOBI IEPEXiTHUX Ta PiiKiCHO3eMeJIbHUX esleMeHTiB. Taki
Marepiany IPUBEPTAIOTh 3HAYHY yBary 3aB[SKHU BUSIBJIEHHIO B HUX TiraHTCHKOT'O MarHiTOONOpY, PisHOMaHITHUX
MarHiTHUX epeTBOPeHb, HeTPANULiiHOI HalIPOBiNHOCTI Ta i CHiBiCHYBaHHS 3 MarHETU3MOM. [71MO0Ke pO3yMiHHS
LIMX IIPOLIECiB He Jyinlle Nornbioe GyHIaMeHTalbHi 3HaHHS 3 (i3uKU TBEPIOTO Tijla, a i € HEOOXiTHUM JJ1s1
CTBOPEHHS MaTepiaiB i3 3a4aHMMHU (Pi3MYHUMU BIACTUBOCTSIMU Ta iX MOAANBLUIOrO 32aCTOCYBAHHS B Cy4aCHIN
€JIEKTPOHIlli, CHiIHTPOHIlli Ta KBAHTOBUX TEXHOJIOTisIX. B paMKax gucepTrauiiiHoi po60TH, B HAAIIPOBIAHUX CIIOTyKaX

pi3HUX KJaciB (pinkicHO3eMesbHI 60prIYM POLilo Ta PyTEHiI0, XaJIbKOTeHiI1 MOJi6AEeHY 3 TafjoyliHieEM Ta



3a71i30BMiCHUI [THIKTH], 3 €BPOIIi€M) 3a JOTIOMOTOI0 Cy4YaCHUX €KCIIEPUMEHTAIbHUX METOIUK BUSBIIEHO ITOBEIiHKY
HU3KHM HAATIPOBITHUX [TapaMeTpiB, IKa HeIPUTaMaHHa 3BUYaiHUM CIiHIJIETHUM HAZIIPOBiTHUKAM Ta MOXe OyTH
[IOSICHEHA B PaMKax HETPAOULIMHUX MEXaHi3MiB HAZJIIPOBiHOIO CIIAPIOBAHHS B TOMY YMCJIi I TPUILJIETHOTO.
HaBeneHo moka3sy, 1110 B piIkiCHO3EMENIbHUX 60pUAaX POIilo 3 TUCIIPO3ieM MEPeXi B HANMPOBITHUMI CTaH
BiOyBaeTbCs 3 (pepUMarHiTHOro abo GepoMarHiTHOro, i 3 OAAJIbIIMM 3HIKEHHSIM TEMIIEPATyPU CIIOCTEPIiraeTbCst
11le O/IHE MarHiTHe NIepeTBOPEHHS, SIKe TAaKOX CIIiBiCHY€e 3 HAANPOBifHICTIO. BusiBieHo Ta fociifkeHo edekt
BosebeHa B piiKicCHO3eMeJIBHUX 60pUIax poAilo. BcTaHOBIEHO Ta IPOaHasi30BaHO aHOMaJIbHY I1OBEIiHKY
TEMIIEPATYPHUX 3aJIEKHOCTEN €JIEKTPOOIIOPY, MNraHTCLKUM AOAATHUN MArHITOOIIP Ta CUJIbHY aHi30TPOIIi0
€JIEKTPUYHOTO TPAHCIIOPTY B TBeproMy po3uuHi Bi95,69Mn3,69Fe0,62. Y nubopuai marnito MgB2 crioctepeskeHo
nepexiz, Bif MiMMnapaiBCbKOi HEJIOKAJIBHOI MEXi [TPY TEMIIEpATypax, 3HAYHO HIDKYKX 32 KPUTUYHY TEMIIEPATYPY
HAJIIPOBIIHOTO NIEPEXOLY, 10 JIOHAOHIBCBHKOI JIOKaIBbHOI MeXi 06M3y Liei Temneparypu. OTpUMaHi pe3yibTaTu
NOTJIMGJIIOITh PO3YMIHHS IIPO BIIJIMB BHYTPILTHBOIO MAarHETU3MY Ta 6araTO30HHOI €JIEKTPOHHOI CTPYKTYpHU Ha
[TOXOJ)KEHHSI aHOMAJIbHUX €JIEKTPUYHUX BJIACTUBOCTEN Ta HETPAJULIIHNUX MEXaHi3MiB HAJIIIPOBITHOCTI Y
MyJIbTAUQYHKIIOHAJIBHUX MaTepiajsiax Ha OCHOBI NIEPEXifHUX i piKiCHO3eMeJIbHUX €JIEMEHTIB B 3aJIEXKHOCTI Bifl

TEMIIEPATYPU Ta MAarHiTHOTO TOJIS.

2. The thesis is devoted to a comprehensive study of the physical processes and phenomena that occur in modern
multifunctional materials based on transition and rare-earth elements. These materials have attracted
considerable attention due to the discovery of giant magnetoresistance, various magnetic transformations and
unconventional superconductivity, as well as the coexistence of magnetism and superconductivity. A deep
understanding of these processes advances fundamental knowledge in solid-state physics and is essential for
designing materials with tailored physical properties for use in modern electronics, spintronics, and quantum
technologies. Within the framework of this thesis, the behaviour of a number of superconducting parameters was
revealed in superconducting compounds of different classes (rare-earth rhodium and ruthenium borides,
molybdenum chalcogenides with gadolinium, and an iron-based pnictide with europium) that is atypical for
conventional singlet superconductors. This behaviour can be explained in terms of unconventional pairing
mechanisms, including triplet pairing, using modern experimental techniques. It was demonstrated that, in rare-
earth rhodium borides containing dysprosium, the transition to the superconducting state occurs from a
ferrimagnetic or ferromagnetic state. Another magnetic transformation then occurs at lower temperatures, which
also coexists with superconductivity. The Wolleben effect was observed and studied in rare-earth rhodium
borides. Anomalous behaviour in the temperature dependence of resistivity, giant positive magnetoresistance and
strong anisotropy in electrical transport was identified and analysed in the Bi95,69Mn3,69Fe0,62 solid solution. In
magnesium diboride (MgB2), a crossover was observed from the Pippard non-local limit at temperatures well
below the superconducting critical temperature to the London local limit near this temperature. The obtained
results deepen the understanding of the influence of internal magnetism and multiband electronic structure on
the origin of anomalous electrical properties and unconventional superconductivity mechanisms in multifunctional
materials based on transition and rare-earth elements, depending on temperature and magnetic field.
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