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Pedepar:

1. lnceprarito NpUCBIYEHO KOMIJIEKCHOMY JOCJiI)KEHHIO MarHiTOTPaHCIIOPTHUX, HAAIPOBITHUX Ta KBAHTOBO-
iHTepdepeHLitHuX BIaCTUBOCTEN HUTKOIONIOHUX KpucTaiiB BinSen<Pd>-H13bKOBUMiIpHUX TOMOJIOTIYHUX
Marepia’is, 10 NOE€IHYIOTh CUJIbHY CIIiH-OpOiTalbHYy B3a€MOZI10, IOBEPXHEBI KaHAJM NPOBIJHOCTI Ta 30aTHICTb
¢opmyBaTU HeTpuBianbHi HAAMPOBiAHI (pasu. Po6oTa opieHTOBaHa HA NOTJINOIEHHS PO3YMiHHS Qi3NYHUX
MEXaHi3MiB €JIEKTPOHHOTO TPAHCIIOPTY B TOIMOJIOTIYHMUX HAHOCTPYKTYpPax Ta OLiHEHHS iXHbOTO MOTEHLIaTy 115
HAHOEJIEKTPOHIKU, CEHCOPUKH I CIIIHTPOHIKY. Y gucepTallii po3B’sa3aHO KOMILJIEKC €KCIIEPMMEHTAJIbHUX i
AQHAJIITUYHUX 3aBJAHb, CIIPSIMOBAHMX Ha BCTAaHOBJIEHHS (Pi3MYHNX MEXAHi3MiB TPAHCIIOPTY B HUTKOIIOAiOHMX
Kpucranax BinSeo<Pd> 3 koHueHTpaniero nanagiio (1- 2)x1019cm-3 y mupokomy TeMrnepaTypHoMy AianasoHi 1,8-300K
Ta MarHiTHUX N0J4X 10 14T. BctaHOBIEHO MapaMeTpy IBOCTYIIEHEBOIO HAAIIPOBIIHOTO IIEPEXOY 3 KPUTUYHNMU
TemiepaTtypamu rnpubausHo 5,3K, 3,5K, BuU3Hau€HO BepxHE KpUTH4He noJie 10 1,45T, KorepeHTHY JOBXUHY 6JIM3bKO
15HM, XapaKTepHY [AJIsI CUCTEM 3i CUJIBHOIO CITiH-OPOITaTIbHOIO B3aEMO/II€I0 Ta HETPAAULIITHOIO HATIIPOBIIHICTIO.

KinpkicHui aHasi3 cnabKoi aHTUII0Kai3allii Moka3aB 3pOCTaHHS JOBKUHYU (Ha30BOi KOT€PEHTHOCTI MTPY 3HMUKEHHI



TEeMIIEPATyPH Ta iHTEHCHUBHE CIiH-OpOiTajbHe PO3CiIOBAaHHS, 1O MiATBEPAXYE NOMIHYBaHHS JBOBUMIPHHUX
[IPUIIOBEPXHEBUX KaHaJIB NPOBigHOCTI. [lo4aTKOBO BCTAHOBJIEHO HasIBHICTh KOHNO-TI0i6HOTrO MiHIMyMy OTIOpY B
nianazoHi 25-30K, sxuit Binobpaskae B3aeMO/Ii0 NieI0Kaai30BaHUX HOCIIB i3 J10Ka1i30BaHMMU MarHiTHUMU
MOMEHTaMHU Ta BIJIMBA€E HA CTAOLIbHICTh HAANPOBiAHOI (Pa3u. BUsSBIEHO TaKOXK TEMATUYHICTb—IOPYIIEHHS
poTaLifHOi CUMETPIl KpUTUYHYIX I10JIIB, 110 Y3rOIKYETHCS 3 ITOBELiHKO0 IHIINX TOIOJIOTTYHUX HANIIPOBIHUKIB HA
ocHOBI Bi2Se3. OTpumani pe3ysbTaTy JOIIOBHEHO OL[iHKOIO PUKJIAHOIO IOTEeHLjaly HUTKONOi6HNX Bi2Se3 sk
CEHCOpIB CHUJIPHMX MarHiTHUX I10JIB i TEMIIEpAaTypy Ta aHAIi30M CXEM BTOPUHHOI 06POOKYM CUTHAJIB AJ14 iX
peasnisauii. [lepmnit po3aist MiCTUTB aHai3 Cy4aCHOTO CTaHY JOCJIIIKEHb TOIOJIOTYHUX i30JI5ITOPIB HA OCHOBI
Bi2Se3, ixHix MOBEpXHEBUX CTaHIB Ta BIIJIMBY JIeTyBaHHS Ha €JIEKTPOHHY CTPYKTYpPY. PO3IyIsiHyTO MexaHi3mMu €y1abKoi
aHTusokasnizauii, KoHIo-1oniGHOro po3cisiHHS, IPOSIBY aHI30TPOIIil Ta BiloMi IpUKIaAu iHAYKLii HAAIPOBITHOCTI B
JIETOBaHUX 1 FeTEPOCTPYKTYPHUX cucTemax. OKpeMy yBary NpuijieHO OPiBHIHHIO Pi3HUX MOPQOJIOriYHUX GOpM
MaTepiasny Ta BIUIMBY HU3bKOBMMIPHOCTI HA TPAHCIIOPT. Y IPYroMy PO3ijli ONMCaHO METOAUKY BUPOLIYBaHHS
HUTKOMNOAiI6HMX KpucTasiB BinSeo<Pd>, BcTaHOB/IEHHS iX CTPYKTYPHOI SIKOCTi Ta piBHOMIpHOCTI JieryBaHHs. HaBezieHO
TEXHOJIOTiI0 CTBOPEHHSI OMIiYHMX KOHTaKTiB, CXEMU KPiOr€HHUX i BUCOKOIOJIbOBUX BUMIpIOBaHb, BUGIp
€KCIIepUMEHTAJIbHUX YMOB i 06;1aiHaHHS. OOrPYHTOBAHO MigX0AX A0 MiHiMi3alii MOXuOOK, IepeBipKy JIiHIMHOCTI
KOHTAaKTiB Ta BUBHAYEHHS KOHLEHTPAllil HOCIiB i mapamMeTpiB JOMIMIKU. Y TPETbOMY PO3iJi IPELCTaBIECHO
Pe3yJbTaTU JOCTiIKEHHS] MarHiTOTPaHCIIOPTHUX BJIACTUBOCTEN HUTKOIOi6HUX KpUcTaiB BinSen<Pd>, y sxux
OJIHOYaCHO NPOSIBJISIOTHCS CUJIbHA CIIIH-OpOiTajbHa B3a€MOJIisl, KBAHTOBO-iHTEpdepeHLiliHI e(eKTu Ta B3aeMOfii,
noni6Hi o Konmo-mexanizmy. JocimkeHHs ciaabkoi aHTuIoKanizanii mokasano ii yiTkuil ABOBUMIpHUI xapakTep i
IIOMiHYBaHHS [IPUITOBEPXHEBUX KAHAJIIB IIPOBiTHOCTI, [0 BU3HAYAIOTh TEMIIEPATYPHI 3aJIEXKHOCTI KOTEPEHTHUX
JOBKHMH i 3yMOBJIIOIOTh aHI30TPOIIiI0 TPAaHCTIOPTHUX BJIACTUBOCTEN. Y TeMrepaTypHoMy iHTepsai 25-30 K
BCTAHOBJIEHO MiHIMYM OIIOPY, XapaKTepHuil 111 KoHI0-1oiGHOTro pO3CisiHHS, KU1 CYyTTEBO BIIJIMBAE HA
HU3BKOTEMIIEPATYPHY MOBEAIHKY KPUCTAJIiB. AHA/i3 KpUTUYHUX I10JIiB i OpieHTaLiliHOI 3aJI€>KHOCTI
MaTrHITOPE3UCTUBHUX XapaKTEPUCTUK BUSBUB HasBHICTb CJ1a0KO BUPaXX€HOI HEMAaTUYHOI aHi30TpoTIii, 1110 Bifipi3HsIE
HUTKOMNOZAiOHI CTPYKTYypH Bif, iHImKx Mop@oJiorivnux ¢popm Bi2Se3 Ta migkpeciitoe poJib TONOJIOTIYHUX [1I0BEPXHEBUX
cTaHiB y OpMyBaHHi TPAaHCIIOPTHUX BJIACTUBOCTEN MaTepiany. Y 4eTBEPTOMY PO31iji 30cepepKeHO yBary Ha
MOPiBHSIHHI HAAITPOBIAHUX BIACTUBOCTEN HUTKOIOMIOHUX KpucTamiB BinSen<Pd> 3 iHmumMu cuctemaMu Ha OCHOBI
Bi2Se3. BcraHoBieHo, 110 06'eMHe BBeZieHHs Pd npu3BoguTh 10 GOpMyBaHHS CTabibHOI HAANPOBiAHOI a3y 3

I BOCTYIIEHEBUM IIE€PEXO0IOM i 3HAUHO NiJIBULIEHMMY KPUTUYHUMHU NTapaMeTPaMU—sK BiIHOCHO jieroBaHux Cu-, Sr-
a6o Nb-moHOKpHCTaniB, Tak i iHTepdericHux HagnpoBinHukiB Tty Nb/Bi2Se3. ITlepesumenns BKIUI-nimMiTy mis
criBBigHomeHHs AO/kBTc Ta KOpoTKa KorepeHTHa IOBXUHA CBiiuaTh PO HETPUBiaJlbHUI XapaKTep HaAIPOBigHO]
a3y, xapaKTEepHUM AJI1s1 CUCTEM 3 CUJIBHOIO CIIIH-OpO6iTabHOIO B3aeMogielo. [IpoananizoBaHo cnenudiyne
[IO€NHAHHS 3a/IMIIKOBOI HAZIIPOBITHOCTI 3i €/1a0K010 aHTH-JIOKAJi3alli€l0 - YHIKaJbHA PHCa HUTKOIOAiOHUX
KPUCTaJIiB, HE BJIaCTYBA MOHOKpHUCTasaM i TOHKUM IIiBKam Bi2Se3. Y m'ssToMy po3zisi po3riasiHyTo MOKINBOCTI
3aCTOCYBaHHS HUTKOIOZi6HUX BinSen<Pd> y ceHCOpHUX i CITIHTPOHHUX cucTemax. [1okasaHo, 1o cTabinbHUI
MarHeToomip y IIMPOKOMY TEMIIEPATYPHOMY Jialla3oHi J03BOJIsI€ BUKOPUCTOBYBATU 3Pa3KU SIK CEHCOPU CUJIBHUAX
MarHiTHuX nojiB. MoHoTtoHHa 3anexxHicTh R(T) y mianasoni 50-300K 3a6e3nedye npuiaTHICTb 1O CTBOPEHHS
TeMIIepaTypHUX AAaT4uKiB. PO3p06ieHO cxeMU BTOPMHHOI OOpPOOKM CUTHAJIIB Ta OKPECJIEHO IIepCIIeKTUBU

3aCTOCYBAaHHS y KOMYTalliHUX €JIEMEHTax

2. The dissertation is devoted to a comprehensive study of the magnetotransport, superconducting, and quantum-
interference properties of BinSen<Pd> whiskers-low-dimensional topological materials that combine strong
spin-orbit interaction, surface conduction channels, and the ability to host non-trivial superconducting phases.
The work aims to deepen the understanding of the fundamental mechanisms of electron transport in topological
nanostructures and to assess their potential for nanoelectronics, sensing technologies, and spintronics. The
dissertation solves a set of experimental and analytical tasks aimed at determining the physical mechanisms of
transport in BinSeo<Pd> whiskers with a Pd concentration of (1-2)x1019cm-3, investigated over a wide temperature
range of 1.8-300K and magnetic fields up to 14T. The parameters of a two-step superconducting transition with
critical temperatures of approximately 5.3K, 3.5K were established, along with the upper critical field of up to 1.45T



and a short coherence length of about 15 nm, typical for systems with strong spin-orbit coupling and
unconventional superconducting behavior. Quantitative analysis of weak antilocalization revealed a temperature-
dependent increase in phase-coherence length and pronounced spin-orbit scattering, confirming the dominance
of two-dimensional surface-state transport. A Kondo-like resistance minimum in the range of 25-30K was
identified, reflecting the interaction of delocalized carriers with localized magnetic moments and influencing the
stability of the superconducting phase. Signatures of nematicity-manifested as rotational-symmetry breaking of
critical fields-were also observed, consistent with the behavior of other topological superconductors based on
Bi2Se3. The obtained results were complemented by an evaluation of the application potential of Bi2Se3 whiskers
as high-field magnetic sensors and temperature sensors, as well as an analysis of signal-processing schemes for
their practical implementation. The first chapter presents an analysis of the current state of research on Bi2Se3-
based topological insulators, their surface states, and the influence of doping on their electronic structure.
Mechanisms of weak antilocalization, Kondo-like scattering, anisotropic transport, and known cases of
superconductivity induction in doped and heterostructured systems are considered. Special attention is given to
comparing different morphological forms of the material and the role of reduced dimensionality. The second
chapter describes the growth methodology of BinSeo<Pd> whiskers, their structural characterization, and the
evaluation of doping uniformity. The fabrication of ohmic contacts, schemes of cryogenic and high-field
measurements, experimental conditions, and instrumentation are detailed. Approaches to minimizing
measurement errors, verifying contact linearity, and determining carrier concentration and impurity parameters
are substantiated. The third chapter presents the results of studying the magnetotransport properties of BinSeo<Pd>
whiskers, where strong spin—-orbit coupling, quantum-interference effects, and Kondo-type interactions are
simultaneously observed. Weak antilocalization demonstrates a clear two-dimensional character and the
dominance of surface-state transport, which determines the temperature evolution of coherence lengths and
induces transport anisotropy. A resistance minimum associated with Kondo-like scattering, observed at 25-30K,
significantly affects the low-temperature behavior. The analysis of critical fields and their angular dependence
reveals weak nematic anisotropy, distinguishing whisker-based structures from other morphological forms of
Bi2Se3 and highlighting the role of topological surface states. The fourth chapter focuses on the comparison of
superconducting properties of BinSen<Pd> whiskers with other BinSen-based systems. It is shown that bulk Pd
incorporation leads to the formation of a stable superconducting phase with a two-step transition and
substantially enhanced critical parameters-exceeding those of Cu-, Sr-,Nb-doped monocrystals as well as
Nb/Bi2Se3 interface-induced superconductors. Exceeding the BCS limit for the A0 /kBTc ratio and the short
coherence length indicate a non-trivial superconducting state typical for systems with strong spin-orbit
interaction. A unique coexistence of residual superconductivity with weak antilocalization-absent in
monocrystalline or thin-film Bi2Se3-was identified. The fifth chapter examines the practical applicability of
BinSen<Pd> whiskers in sensing and spintronic systems. A stable magnetoresistance over a broad temperature range
demonstrates their suitability for high-field magnetic sensors, while the monotonic dependence R(T) in the
50-300K region enables the development of temperature sensors. Signal-processing schemes for precise
measurements and prospects for switching elements and quantum-interference structures based on whiskers are
presented

Jep>kaBHHHM peecTpauiiiHuii Homep iP:
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