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1. HecrauioHnapHi npouecy B IpOCTOPOBO-HEOJHOPIZHUAX HAAIIPOBIAHNX CTPYKTYPax B HAIBUCOKOYACTOTHOMY

€JIEKTPOMAarHiTHOMY IOJIi

2. Nonstationary processes in spatially inhomogeneous superconducting structures in electromagnetic microwave
fields

Pedepar:

1. JIera O. O. HecrauioHapHi rpouecy B [IPOCTOPOBO-HEOLHOPIAHMXK HAANIPOBIIHUX CTPYKTypax B
HaJIBUCOKOYaCTOTHOMY €JIEKTPOMAarHiTHOMYy noJii. — KBasidikanifiHa HayKkoBa Mpalist Ha IpaBax PyKOIUCY.
Iuceprauis Ha 3100y TTs cTyIeHs fokTtopa ¢inocodii 3a crienianbaicTio 104 — Pisznka Ta aCTPOHOMIS (rany3b 3HaHb
10 - ITpupopnudi Hayku). — Pi3UKO-TEXHIUHMII iIHCTUTYT HU3bKUX Temneparyp iMm. B.I. Bepkina HaujonanpHoi
akazgeMii Hayk YKpaiHu, Xapkis, 2024. Y uiil guceprauii npecTaBiieHi eKCllepUMEHTabHI JOCIiIKEHHS
HECTaliOHAPHUX MPOLECIB y IPOCTOPOBO HEOLHOPIAHMX HAANIPOBIIHUX CTPYKTypax mif BrmmBoM HBY

€JIEKTPOMArHITHYX IOJIiB, SKi HAZATh HOBi HAYKOBI Ta TPAaKTU4YHIi 3HaHHS. Y BCTYIIi ONIMCAHO aKTYaJIbHICTh TEMU,



Uil JOCIigKEHHS Ta METOLM, 110 BUKOPUCTOBYBAJMCh. [TiTKpecieHo HayKOBY HOBU3HY Ta IIPAKTUYHY 3HAYYLIiCTh
OTPUMaHUX Pe3yJbTaTiB, a TAaKOX HaBeneHo iHdopMallilo IIPO BHECOK aBTopa Ta Horo nybsikauii. Y poszini 1
IIPOBEJEHO OIJISAJ JITEPATypy 100 HAAIPOBIAHUX CTPYKTYP, 30CEPEIKYIOYMCh HA TAKUX SIBUIIAX, SIK PO3IIOIII
CTPYMiB i (pOpMyBaHHS PE3UCTUBHUX CTaHIB Y HAANIPOBIAHUX ITiBKaX. OOroBOPIOIOTHCS IPOOIEMY BUKOPUCTAHHS
HAJIIPOBIHUX PE30HATOPIB y €JIEeKTPOMArHiTHUX MeTaMmarepianax. Po3risgaoTscs ocobnusocTi po6otu HKBIB.
OcHOBHi MeTOZI1 MIKPOCKOIIii, 30KpeMa HU3bKOTEMIIEpaTypHa Jla3epHa cKaHyio4a mikpockoris (HTJICM),
PO3IIAIaI0ThCA IJ1S1 OCIIIKEHHS IUX CTPYKTYP. PO31isn 2 mociiKye rnepexis TOHKOIIiBKOBUX HAJIIPOBiIHUKIB y
HOPMaJIbHUM CTaH I1if] BIJIMBOM IIOCTITHOTO CTPYMY Ta MiKPOXBUJILOBOTO BUNIPOMiHIOBaHHA. Metog HTJICM
MIOKa3ye, 110 e epexif] BKIoYae NPOMIKHAN PE3UCTUBHUI CTaH, SIKUM XapaKTePU3y€eTbCSl YTBOPEHHSIM JIiHIN
npokoB3yBaHH4 (asu (JI[1D) Ta HOpManbHUX JOKai30BaHUX JoMeHiB (HJI/I). BusineHo, mo noegHaHui BIIJIMB
MiKpOXBMWJILOBOTO BUIIPOMiHIOBAHHS Ta CTPYMY Ha HAJIIPOBIIHMUKY € HEAAUTUBHUM, rprdomy HJIJ popmyroTbes
6e3 3mMiHM (pOpMU BOJIbT-aMIIepHUX XapakTepucTuk (BAX). HTJICM Bisyani3ye L siBULA, BUSBJISIIOUM A€TaJl, sIKi He
BUAHO Ha BAX. 30kpeMa nposezeHo Bizyasizalito yreopeHHs JITIQ y 1BOBUMIipHIil CTPYKTYPi 3i 3MiHHOIO TYCTHHOIO
CcTpyMy (MicTok [laema). ¥V po3nisi 3 JocifaKyeTbCs po3Noii eKpaHyBaJbHUX CTPYMIB y HAIIPOBIAHOMY
CIIipaJIbHOMY PE€30HATOPI, IO € BAKJIUBUM [1JIs1 PO3POOKHU €JIEKTPOMAarHiTHUX MeTaMarepiasis. 3alIpOIIOHOBAHO
HoBu# pexxum HTJICM pis Bisyanizauii ¢pasu 1ux cTpyMiB. [JOCTiIKeHHS [10Ka3ye, [0 Ha BUIUX MOJAX CTOSYNX
XBWJIb PO3IO/iJ CTPYMIB CTa€ aHi30TPOIHMM, 1I0 BKa3ye Ha OOMEKEHHs! Y BUKOPUCTaHHI TaKUX pe30HATOPIB Yy
MeTtamarepianax. Po3gin 4 ananisye BIJIMB MIKpOXBUJIbOBYX I10JIiB HA aMILIITyIHO-4aCTOTHI XapakrepucTuku B4
HKBIy. [ToxazaHo, 0 napameTp oL, gkuil Bu3Hauae pesxxum pob6otu HKBI]ly, MO>KHa HalalITyBaTy 3a JOIIOMOTOI0
BHCOKOYACTOTHOTO 110JIs1. EKCIIepUMEHTAaIbHI pe3yJIbTaTy MiATBEPIKYIOTh MOXKIUBICTh epexony BY HKBIly i3
ricTepe3nCcHOro peXXuMy 0 6e3ricTepe3nCHOro, 1o NiiBUILye H0oro Koe@illieHT IEPETBOPEHHS Ta YyTJIUBICTS.
PesynbpTat po60TH MalOTh 3Ha4YHY HAayKOBY Ta IIPAKTU4HY 3HAYYILIICTh, OCKiJIbKM BOHYU PO3LIUPIOIOTH YSIBJIEHHS PO
HEeCTallioHapHi CTaHU B HAJIIPOBIIHUX CTPYKTYPax Iif] BIUIMBOM MiKpPOXBUJIbOBHUX I10J1iB. OTprMaHi gaHi GopMyIOTh
OCHOBY 1711 HOBUX pociimkens HTJICM-BiArykiB y MarHiTHUX MeTamaTepiasax Ta MOKpallyloTh PO3yMiHHS
nepexojly HaJIIPOBiIHUKIB y HOPMaJIbHUI CTaH. JJOCHiIpKEHHS TaKOX JE€MOHCTPYIOTh MOKJIMBICTh KOHTPOJIIO

napamerpa oL B4 HKBIly, mo ninBuiye epeKTuBHICTb LIUX IIPUCTPOIB.

2. Leha O.0. Nonstationary Processes in Spatially Inhomogeneous Superconducting Structures in Electromagnetic
Microwave Fields. - Qualification scientific work printed as manuscript. Thesis for the degree of Doctor of
Philosophy in Speciality 104 - Physics and Astronomy (Field of Knowledge 10 - Natural Sciences). — B.I. Verkin
Institute for Low Temperature Physics and Engineering of the National Academy of Sciences of Ukraine, Kharkiv,
2024. This thesis presents experimental research on nonstationary processes in spatially inhomogeneous
superconducting structures under microwave (MW) electromagnetic fields, offering new scientific and practical
insights. The introduction outlines the relevance of the topic, research objectives, and methods used. The
scientific novelty and practical significance of the findings are emphasized, along with details of the author's
contributions and publications. Chapter 1 gives a review of literature on superconducting structures is provided,
focusing on phenomena like current distribution and the formation of resistive states in superconducting films.
The chapter also discusses the challenges of using superconducting resonators in electromagnetic metamaterials.
The peculiarities of the work of SQUIDs are considered.Microscopic methods, particularly low-temperature laser
scanning microscopy (LTLSM), are highlighted for studying these structures. The chapter 2 explores the transition
of thin-film superconductors to the normal state under constant current and microwave radiation. The LTLSM
method reveals that this transition involves an intermediate resistive state characterized by phase slip lines (PSLs)
and normal localized domains (NLDs). The combined effect of microwave radiation and current on
superconductors is found to be non-additive, with NLDs forming without altering the current-voltage (I-V)
characteristics. LTLSM visualizes these phenomena, revealing details not captured by I-V characteristics alone. In
particular, visualization of the formation of PSLs in a two-dimensional structure with variable current density
(Dayem bridge) was performed. Chapter 3 examines The distribution of superconducting screening currents in
spiral resonators is studied, crucial for developing electromagnetic metamaterials. A new LTLSM mode is
introduced to visualize the phase of these currents. The research shows that at higher standing wave modes, the



current distribution becomes anisotropic, indicating limitations in using such resonators in metamaterials.
Chapter 4 focuses on the effect of microwave fields on the RF SQUID's amplitude-frequency characteristics. It is
shown that the oL parameter, which determines the SQUID's operational mode, can be tuned using a high-
frequency field. Experimental results confirm the possibility of switching the RF SQUID from a hysteretic to a non-
hysteretic mode, enhancing its conversion coefficient and sensitivity. The results are scientifically and practically
significant, expanding the understanding of nonstationary states in superconducting structures under microwave
fields. The findings provide a basis for new research into LTLSM responses in magnetic metamaterials and improve
understanding of superconducting transitions to the normal state. The research also demonstrates control over
the oL parameter in RF SQUIDs, offering enhanced performance in these devices.
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