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1. Caxniok I1. B. EnexTpofyHaMiyHi B1aCTUBOCTI TYHEJIbHUX J)K03€(COHIBCbKMX KOHTAKTIB 3 aHTaPDMOHIYHOIO
3aJIEXKHICTIO CTPYMY Bif, pizHuLi ¢pa3. — KsamigikauiliHa HayKoBa IIpalsl Ha IpaBax pykonucy. Jlucepratis Ha
3100yTTSI HAYKOBOTO CTyIeHs gokropa ¢inocodii 3a crnenianphicTio 104 — disuka Ta acTpoHOMIis. — BomMHChKUMA
HalliOHAJILHUH YHiBepcUTeT iMeHi Jleci Ykpainkuy, Jlynpk, 2026. [Jucepraliio IpruCBIYE€HO BUBYECHHIO
MaKpPOCKOIIiYHOI KBAHTOBOI KOT€PEHTHOCTI Ta PO3pO01li TEOPETUYHOI MOAEJ €/IeKTPOIUHAMIYHUX i MarHiTHUX
XapaKTEPUCTHK, HEJIiHINHOI (pa30BOi €BOJIIOL|i TA yMOB BUHUKHEHHS KO3€(COHIBCHKOTO Ni0OHOTO €(EeKTy B
TYHEJIbHUX HAANIPOBiOHMX KOHTaKTax TUIy SIS. OCHOBHUI aKIeHT 3p006JIeHO Ha CUCTEMAX i3 BUCOKOIO ITPO30PiCTIO
IiesIeKTpUYHOro 6ap'epa 1o6sn3y KpuTU4HOi Temnepatypu (Tc). 3a ux yMOB IOBXMHA KOrepeHTHOCTI ['iH36ypra-
Jlanpay 3pocrae, a IpOCTOPOBUI PO3IOALJ [TapaMeTpa BIIOPAIKYBaHHS CTa€ BKpal YyTJIMBUAM [0 MaKPOCKOIIIYHOTO
PyXy HoOCIiiB cTpyMmy. Lle cripuunHse epeKTy po3apoByBaHHS KOHAEHCATY KylePiBCbKUX Iap, FeHEPYe MOTYXXKHY

aHTapMOHIYHICTb Ta POOUTH KJIACUUHY CUHYCOIIHY MozeJib [[)Ko3ePpCoHa HEJOCTAaTHbOO. Y IIepIIOMY PO3Zii



[IOJIAHO OTJIST, JIiTepaTypy WOA0 PYHAAMEHTAJIbHUX TPo6jeM (Pa30BOi KOT€PEHTHOCTI, IPOAHAi30BAaHO MEXI
3aCTOCOBHOCTI CTAaHIAPTHOI TApMOHIYHOI MOfieli Ta pO3IJISIHYTO (PisndyHy Ipupony eeKTiB po3napoByBaHHS i
MeXaHi3MM BUHUKHEHHS 1iofgHoro eekry. Jpyruil po3aisn MiCTUTh MIKPOCKOIIiYHE BUBEJEHHSI JIiHITHOTO
iHTerpasIbHOrO PiBHSIHHS 4J1s1 IApAMETPa BIIOPSIKyBaHHS B SIS-KOHTAKTi 3a JONOMOrow Metony ¢yHkuin I'piHa.
BHUKOPUCTOBYIOUM METOJ, KBa3iOPTOrOHAILHOCTI 1O aCUMIITOTYKY, 3HAMIEHO KOPEKTHI TPaHU4Hi YMOBU [J1S
piBHsHHS ['iH36ypra-Jlanaay Ta OTpUMaHO y3arajbHEHY HECUHYCOITHY CTPyM-(a30BYy 3aJI€KHICTb, KJII0OUOBOIO
3MIHOIO SIKOI € reHepatis apyroi rapMoHiku. TpeTiil po3aiya NPpUCBAYEHO MAKPOCKOIIIYHUM MAarHiTHUM
BJIACTMBOCTSIM. [lOBEIEHO, 10 reHepallisl Apyroi rapMOHIKM CTPIiMKillle 3HKyEe KDUTUYHUN CTPYM Y CIIaOKUX
MAarHiTHUX MOJISIX, iIBUILIYI0YY MarHiTONOJIbOBY Yy TIUBICTb. [l JOBrUX I)K03e()COHIBCHKUX KOHTAKTIB
po3paxoBaHo AedOopMOBaHUIl TPoQisb Ta EHEPrilo CIIOKOI (IIIOKCOHA. Y YETBEPTOMY PO31iJli 106y10BaHO
y3araJibHeHi JuHaMivHi MozeJti HesliHilHOi ¢a30Boi eBomoLii. OGrpyHTOBAaHO MEXaHiYHi aHaJIorii: pyX MasiTHUKA 3i
3MiHHOIO JOBKMHOIO Mi/IBiCy Ta PyX YaCTUHKU y JIOTapuPMiuyHO 1eOpPMOBAHOMY NIOTEHLiaTbHOMY pesbedi, IKUi
30i/1b1IIy€ BiZHOBJIIOIOUY CUJIY i I1J1a3MOBY YaCTOTY OCLIMJISILIiH, 1110 KOPUCHO AJ1s1 ONTHUMI3allii pa3oBux KyOiTiB.
[T'sTuil po3aisn onucye yMOBY BUHMKHEHHS IPKO3€(COHIBCHKOTO [i0OJHOTrO €(PEeKTY B IJIAHAPHUX CTPYKTypax
11067113y KPUTUYHOI TeMIIEPATyPU. BCTaHOBJIEHO, 110 HEB3AEMHICTb KPUTUYHUX CTPYMiB BUMarae roegHaHHs
MAarHiTHOrO I0JIsl Ta rpajiieHTa r'yCTUHNA KPUTUYHOTO CTPYMY, @ caM IioAHUN edeKT BUHUKAE JIMIIe 32 HasiBHOCTI
BUILMX FTaPMOHIK CTPyMy. Y TiJICyMKy, po3po6JieHa TeOpeTUYHa 6a3a 03BOJIsI€ ONITUMI3yBaTH MapaMeTpu
HAJIPOBiIHUX KyOiTiB, IOKPALIUTU PO3IibHY 30ATHICTh HAAYYTIUBUX MAarHiTOMETPiB Ta CTBOPIOBATU

0€311CUNATHBHI KPiOT€HHi BUNPSIMIISY I €JIeMEHTH MaM 'ATi.

2. Sakhniuk P. V. Electrodynamic properties of tunnel Josephson junctions with anharmonic current-phase
relation. — Qualifying scientific work on the rights of the manuscript. Thesis for the Degree of Doctor of
Philosophy on specialty 104 — Physics and Astronomy. — Lesya Ukrainka Volyn National University, Lutsk, 2026.
The dissertation is devoted to the study of macroscopic quantum coherence and the development of a theoretical
model of electrodynamic and magnetic characteristics, nonlinear phase evolution, and the conditions for the
occurrence of the Josephson diode effect in tunnel superconductor-insulator-superconductor (SIS) junctions. The
main emphasis is placed on systems with high quantum-mechanical transparency of the dielectric barrier near the
critical temperature (Tc). Under these conditions, the Ginzburg-Landau coherence length increases, and the
spatial distribution of the order parameter becomes extremely sensitive to the macroscopic motion of current
carriers. This causes depairing effects of the Cooper pair condensate, generates strong anharmonicity, and
renders the classical sinusoidal Josephson model insufficient. Chapter 1 provides a literature review on the
fundamental problems of phase coherence, analyzes the limits of applicability of the standard harmonic model, and
examines the physical nature of depairing effects and the mechanisms underlying the diode effect. Chapter 2
contains a microscopic derivation of the linear integral equation for the order parameter in an SIS junction using
the Green's function method. By applying the method of quasi-orthogonality to asymptotics, correct boundary
conditions for the Ginzburg-Landau equation are found, and a generalized non-sinusoidal current-phase relation
is obtained, the key change of which is second-harmonic generation. Chapter 3 is devoted to macroscopic
magnetic properties. It is proven that second-harmonic generation causes a steeper decay of the critical current in
weak magnetic fields, increasing magneto-field sensitivity. For long Josephson junctions, the deformed profile and
the rest energy of the fluxon are calculated. Chapter 4 constructs generalized dynamic models to describe
nonlinear phase evolution. Mechanical analogies are substantiated: the motion of a pendulum with a variable
suspension length and the motion of a particle in a logarithmically deformed potential landscape, which increases
the restoring force and the plasma frequency of oscillations, making it useful for optimizing phase qubits. Chapter
5 describes the conditions for the occurrence of the Josephson diode effect in planar structures near the critical
temperature. It is established that the non-reciprocity of critical currents requires a combination of a magnetic
field and a critical current density gradient, and the diode effect itself arises only in the presence of higher current
harmonics. In conclusion, the developed theoretical framework allows for optimizing the parameters of
superconducting qubits, improving the resolution of supersensitive magnetometers, and creating dissipationless

cryogenic rectifiers and memory elements.
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