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1. MeTta po60TH — JOCTIUTH AHAJIITUYHO TPAHCIIOPT TE€PAre€pLOBUX €JIEKTPOMATHITHUX XBUJIb YepPe3 IJIACTUHY
IIapyBaTOr0O HAJIPOBiJHMKA Ta BUBHAYUTU MOKJIMBOCTI MOT0 HAJIAIITYBaHHS 3 BAKOPUCTAHHAM CTaTUYHOTO
MarHitTHoro noss. O6’eKT AOCTiIKeHb — TPAaHCIIOPT TepareploBUX MIJIOCKUX XBUJIb i TEpareploBUX XBUJIbOBUX
ITy4YKiB rayCcCcoBOro Npo@isio B IUVIACTHHI IApyBaTOrO HAAPOBiAHMKA. TeOpeTUYHi Ta MPaKTU4HI pe3yIbTaTu.
[TokaszaHo, 0 B reoOMeTpii, Kosu mapy mapyBaTOro HaAIIPOBiAHMKA 1apasiesibHi PaHULi PO3LiTy MK BaKyyMOM (3
000X 60KiB) i 1JIACTUHOIO, IOPYLIEHHS €JIEKTPOHEUTPaIbHOCTI MOKE BUKJIMKATHU I105IBy aHOMaJIbHOI iucIiepcii
JIOKaJIi30BaHUX XBWUJIb B 00JIaCTi 4aCTOT, 6IM3bKUX [0 3K03e(dCOHIBCHKO] M171a3MOBOI YaCTOTU. TakoK BUSIBJIEHO iHII
HaCJIiaKy 1boro eeKTy, Taki SK [0sBa J0AATKOBOI 3a00POHEHOI 30HU O6IN3Y 1€l 4acToTu i Te, MO A7 OesIKUX

NapaMeTpiB CIIOCTEPIraeThCsl BUPOIKEHHS CIleKTpa. [TokasaHo, 0 3aKOH AUCIIEPCii 1714 JIOKaTi30BaHUX XBUJIb Y



MJIACTUHI apyBaTOro HAANPOBIIHUKA Y BUIMA/IKY, KOJIM LIapU NepIEeHIUKYISPHI TOBEPXHSM, € YYTIUBUAM J10
30BHIIIHBOTO CTATUYHOr'O MArHiTHOro noss. [TokaszaHo, mo B OTTO-reomeTpii, KOJIx 3pa3oK MapyBaTOro
HAJIIIPOBiTHUKA 3HAXOOUTHCS B [Ii€JIEKTPUYHOMY CEPEIOBUILI Ta BiIOKPEMIIEHUH Bif] HbOTO TOHKMMU
IIPOCTOPOBMMM MTPOMDKKaMu BaKyyMy, 3MiHa CTaTUYHOTO MarHiTHOTO I0JISI O3BOJIsSIE OTPUMATH Pi3Hi TUIIU
PE30HAHCHUX 3aJIe>)KHOCTEN KoedillieHTa IPOITyCKaHHS Bif|, KyTa MaJliHHS, MO BifPi3HSIIOTHCS KiNbKICTIO MiKiB i
iXHBOIO MUPHUHOI0. [I0Ka3aHo, K CTaTUYHE I10JI€ MOKE€ BUKOPUCTOBYBATHCh 71 HAJIAIITYBAHHS [TPO30POCTi 3pa3Ka
Ta NoTpebye Ha [1Ba MOPSAKY MEHIIOI BiTHOCHOI TOYHOCTI IIPY BCTAaHOBJIEHHI, HIX Y BUTIQAKY KEPYBaHHS 32
IOTIOMOTOI0 3MiHM YacTOTU. OTPUMAaHO BUPa3u 1151 (POKYCHOI BifiCTaHi Ta MiHIMaJIbHOTO pafiiyca rayCoBOro IydKa,
10 GOKyCyeThCS IIJIACTUHOIO IAPyBAaTOrO HAJIIPOBIIHMKA, SIKi 3aJI€5KaTh BiJl CTATUYHOIO MarHiTHOTO IOJIS.
[TokasaHo, 1110 3MiHa BEJIMYMHU T10JI4 O3BOJISIE HAIAIITOBYBATHU 1ii BEJIMYMHY B IIMPOKOMY [ialla30Hi 3HA4EHb, a
TaKOX [1ePEBOJUTH IIJIACTUHY MiX pesxuMamu (POKyCyBaHHS Ta po3(dOKyCcyBaHHS. HOBM3HA HAYKOBUX PE3YJIbTATIB.
Briepiue 3HanIeHO 3aKOH JUCIEPCii JI0KaIi30BaHMX XBUJIb Y IUIACTYMHI IIAPYyBATOTO HAZIIPOBIHMKA CKIHYEHHO]
TOBILVHY B Pi3HUX T€OMETPIsIX 3 ypaxyBaHHSIM e(deKTy OPYLIeHHS eJIeKTPOHENTPalbHOCT] apiB HAAIPOBiTHUKA
Ta 3 ypaxyBaHHSIM HasIBHOCTI 30BHIIIHBOTO CTATUYHOTO MarHiTHOro noJist. Brepiie mogudikoBaHo TpaHcdep-
MaTpPUYHUI METOJ, [J151 ONUCY IOIIMPEHHS HEJIHIMHUX €JIEKTPOMArHiTHUX XBUJIb Y IUIACTUHI IIAPYBATOTO
HAJIIPOBIHMKA, 1[0 3HAXOAUTHCS B 30BHIIIHBOMY IIOCTIIHOMY MarHiTHOMY I10J1i, Ta BIieplie 3HaiieHo creuudivHi
MaTpulli, sKi BiZIMOBIAIOTh 32 B3AEMOZIIO [13K03€(PCOHIBCHKUX I171a3MOBUX XBUJIb i3 30BHIIIHIM MarHiTHUM I1OJIEM.
Brniepie TeOpeTUYHO NOCiIKEHO BIUIMB CTATUYHOTO MAarHiTHOTO I10J151 HA PE30HAHCHY ITPO30PiCTh TOHKOTO 3pa3ka
[IapyBaTOTO HaJMpOoBigHUKa s TI' XBUIIb, KOJIM 3Pa30K 3HAXOUTHCS B Ai€JIEKTPUYHOMY CEPENOBUILI Ta
BiZJOKpEMJIEHUH Bifi HBOTrO TOHKMMH [IPOCTOPOBMMY ITPOMIKKaMM BaKyyMy. Briepiie TeOpeTUdHO JOCTiIKEHO
BIIJIMB CTaTUYHOI'O MArHiTHOTO 110JIs1 HAa (POKyCYBaHHS JIA3€PHOTO My4YKa rayCCOBOro Mpodiio M1aCTUHOIO
[1apyBaTOro HAJIPOBigHUKA. MeTonu JoCimpKeHb. [1715 OTpUMaHHS pe3y/bTaTiB BUKOPHUCTOBYBAINCS A0Ope
IepeBipeHi Ta 3arajibHO PUNHSATI METOM TEOPETUYHOI (i3UKH, METOIM YUCJIOBUX PO3PAXyHKIB i HAbIMKeHi
METOAM aCUMIITOTMYHOrO aHai3y. 1o B mapyBaToMy HaAIIPOBIIHUKY aHAi3yBaJIMCA 3a JOIIOMOTIOIO PO3B'SI3aHHS
3B'13aHUX CMHYCOifanbHUX PiBHSIHb ['oproHa. [IpoxomkKeHHs XBUJIb Yepe3 6araTomapoBy CUCTEMY JOCIiIKyBa10Cs
3a JOTIOMOTOI0 MeTOLly TpaHcpep-maTpullp. [IOpiBHSIHHS pe3ysbTaTiB OTPMMAHUX aHaTiTUMHUX BUPA3iB 3
YUCJIOBUMU PO3PaxyHKaMU CJIyTyBajlo NOJATKOBOIO Bepudikallieto 3aCTOCOBaHUX MinxomiB. CTyMiHb YIIPOBAI KEHHSI.
PesysnbTaTu guceprauiiHoOi po60TH PO3IIMPIOIOTh HASIBHI PyHIAMEHTA/IbHI TEOPETUYHI YsIBJIEHHS IPO OCOOGIMBOCTI
nomupeHHs TT' eIeKTPOMarHiTHUX XBUJIb Y BUCOKOTEMIIEPATYPHUX HAAIIPOBiAHMKAX IApyBaToOi CTPyKTypu. Ha
OCHOBI IJUX P€3yJIbTATiB MOKJIUBO CTBOPUTU HOBI IPUJIAY, IO IPALIIOIOTh Y XapaKTEPHOMY [JIsI IIapyBaTUX
BHCOKOTEMIIepaTypHuX HaanposigHukis T nianaszoHi yactoT, 30kpema ¢inbTpy, 3mimysayi, nigcumosaui. Chepa
BUKOpHUcTaHHs. Cdepa MOXKIMBUX 3aCTOCYBaHb TAKUX NIPUJIAJIB € IyXKe IMMPOKOIO: Bil MEIMYHO]I IiarHOCTUKHU 10
ACTPOHOMIYHMX CIIOCTEPEXEHD. JJOCiIKeHa MOKIJIUBICTb BUKOPUCTAHHS CTATUYHOIO MATrHITHOTO ITOJIS JIs1
HaJIallITyBaHHS [TapaMeTPiB MapyBaTOro HaAIIPOBiTHMKA JO3BOJISIE 3alIPOIIOHYBATH 1ie SIK e PeKTUBHUI MEeTO[

KE€pYyBaHHA pO6OTOIO TAKMNX HpI/IJIa,U,iB B €KCIIEpUMEHTAJIbHUX YCTAaHOBKAX.

2. The purpose of the work is to investigate analytically the transport of terahertz electromagnetic waves through
a layered superconductor plate and determine the possibilities of its tuning using a static magnetic field. The
object of research is the transport of terahertz plane waves and terahertz wave beams of Gaussian profile in a
layered superconductor plate. Theoretical and practical results. It is shown that in the geometry when the layers of
a layered superconductor are parallel to the interface between the vacuum (on both sides) and the plate, the
breaking of charge neutrality can cause the appearance of anomalous dispersion of localized waves in the
frequency region close to the Josephson plasma frequency. Other consequences of this effect are also revealed,
such as the appearance of an additional forbidden zone near this frequency and the fact that for some parameters
a degeneration of the spectrum is observed. It is shown that the dispersion law for localized waves in a plate of a
layered superconductor in the case when the layers are perpendicular to the surfaces is sensitive to an external
static magnetic field. It is shown that in the Otto geometry, when a sample of a layered superconductor is in a
dielectric medium and separated from it by thin spatial vacuum gaps, a change in the static magnetic field allows
to obtain different types of resonant dependencies of the transmittance on the angle of incidence, which differ in



the number of peaks and their width. It is shown how the static field can be used to adjust the transparency of the
sample and requires two orders of magnitude less relative accuracy in setting than in the case of control by
changing the frequency. The expressions for the focal length and minimum radius of the Gaussian beam focused
by a layered superconductor plate, which depend on the static magnetic field, are obtained. It is shown that
changing the field magnitude allows to adjust these values in a wide range of values, as well as to switch the plate
between focusing and defocusing modes. Novelty of scientific results. For the first time, the law of dispersion of
localized waves in a plate of a layered superconductor of finite thickness in different geometries was found, taking
into account the effect of violation of the charge neutrality of the superconductor layers and the presence of an
external static magnetic field. For the first time, the transfer-matrix method was modified to describe the
propagation of nonlinear electromagnetic waves in a layered superconductor plate under an external constant
magnetic field, and for the first time, specific matrices responsible for the interaction of Josephson plasma waves
with an external magnetic field were found. For the first time, the effect of a static magnetic field on the resonant
transparency of a thin sample of a layered superconductor for THz waves is theoretically investigated when the
sample is in a dielectric medium and separated from it by thin spatial vacuum gaps. The effect of a static magnetic
field on the focusing of a Gaussian laser beam by a layered superconductor plate is investigated theoretically for
the first time. Research methods. Well-tested and generally accepted methods of theoretical physics, methods of
numerical calculations, and approximate methods of asymptotic analysis were used to obtain the results. The fields
in a layered superconductor were analyzed by solving the coupled sinusoidal Gordon equations. Wave propagation
through the multilayer system was studied using the transfer matrix method. Comparison of the results of the
obtained analytical expressions with numerical calculations served as an additional verification of the applied
approaches. Degree of implementation. The results of the thesis extend the existing fundamental theoretical
understanding of the peculiarities of THz electromagnetic wave propagation in high-temperature
superconductors of layered structure. Based on these results, it is possible to create new devices operating in the
THz frequency range characteristic of layered high-temperature superconductors, including filters, mixers, and
amplifiers. Scope of use. The scope of possible applications of such devices is very wide: from medical diagnostics
to astronomical observations. The investigated possibility of using a static magnetic field to adjust the parameters
of a layered superconductor allows us to propose this as an effective method of controlling the operation of such

devices in experimental installations.
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2. Mykola M. Biletskyi

KBasnigikanis: n.¢.-m.u., mpodecop, 01.04.03
Imentudikarop ORCID ID: 0000-0002-3194-7251
JoparkoBa iHdpopmamist:

IloBHE HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: IHcTUTYT paniodizuku Ta enekTpoHiku iM. O. 5. Veukosa

HanionanbHoI akasemii Hayk YKpainu

Kopg 3a €IPIIOY: 03534593

Micue3HaxoaKeHHS: ByJI. AKagemika IIpockypy, 6ya. 12, XapkiB, XapkiBcbkuil p-H., 61085, YkpaiHa
dopma BracHOCTI: JlepxaBHa

Cdepa praBJIiHHﬂZ HaujonanbHa akageMisd HayK YKpaiHu

InenTudikarop ROR:



VIII. 3akr04Hi BimoMocTi

BiiacHe IIpi3Buie Im'sa I1o-6aTbKOBI Aepkos [Opiit Onerosuy
rOJIOBH pajgu

Biacue IpizBume Im's I1o-6aThKOBI AsepkoB IOpiit Osierosuy

rOJIOBYIOYOTO Ha 3acCifiaHHi
BigmoBigasbHUH 32 MiATOTOBKY IBaHueHKo [.B.

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi IOpuenko TeTsHa AHaToiiBHA

OisSIIBHOCTI




