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1. HOIHI/IPCHHH eJIeKTpOMaTHiTHI/IX 36y,[[)KeHb Yy mapyBaTHUX HaILHpOBiILHI/IKaX, KEPOBAHE CTaTUYHNM MAarHiTHUM

IMoJjieEM

2. Propagation of electromagnetic excitations in layered superconductors controlled by a dc magnetic field

Pedepar:

1. MeTa po60TH — JOCIIATH aHAJIITUYHO TPAHCIIOPT TEPArepLiOBUX €JIeKTPOMAarHiTHUX XBUJIb Yepe3 [1JIaCTUHY
mapyBaToro Ha,U,I'[pOBiII,HI/IKa Ta BU3BHAYUTU MOXKJIMBOCTI 1OTO Ha]'[aIlITYBaHHSI 3 BI/IKOpI/ICTaHHHM CTaTU4YHOTO
MarHiTHOro noJs. O6'eKT JOCiIPKeHb — TPAHCIIOPT T€pParepLoBUX MJIOCKUX XBUJIb i TEPArepLOBUX XBUIbOBUX

IIy4KiB rayccoBoro npo@iio B IJIACTUHI [apyBaTOro HaAIPOBigHUKA. TeopeTH4Hi Ta PaKTUYHi pe3yJibTaTH.

[TokaszaHo, 10 B reOMeTpii, Koy Mapy 1apyBaTOro HaAlIPOBiAHMKA I1apaslesibHi PaHULli PO3Liay MK BaKyyMOM (3

000X OO0KIB) i IJITACTUHOI0, TOPYILIEHHS €JIeKTPOHENTPATILHOCTI MOKe BUKJIMKATH IOSIBY aHOMAJIbHOI AUCIepcii



JIOKaJi30BaHUX XBUJIb B 00JIACTi 94aCTOT, 6IM3bKUX N0 13K03€(PCOHIBCHKOI I171a3MOBOi 4acTOTH. TaKoX BUSABJIEHO iHIIi
HaCJIiaKy 1boro eeKTy, Taki gk [10sBa J0AATKOBOI 3a00POHEHOI 30HU 1T06IM3Y i€l YacToTu i Te, Mo IS OesIKUX
[IapaMeTpiB CIOCTEPIraeThCsl BUPOIKEHHS CIieKTpa. [TokasaHo, 0 3aKOH AUCIIEPCii 1714 JIOKaTi30BaHUX XBUJIb Y
IIJIACTMHI IapyBaTOro HAJIIPOBiIHNKA Y BUMAJIKY, KOJIM LIapU [IePIEHAUKYJISIPHI IOBEPXHSIM, € YYTJIMBUM 10
30BHILIIHLOTO CTATUYHOTO MArHITHOTO 10J1s. [ToKasaHo, o B OTTO-reoMeTpii, KOJIM 3pa3oK IapyBaToOro
HAJIIIPOBiTHUKA 3HAXOOUTHCS B [Ii€JIEKTPUYHOMY CEPEIOBUILI Ta BilOKPEMIIEHUH Bij HbOTO TOHKMMU
IIPOCTOPOBMMM IIPOMDKKaMu BaKyyMy, 3MiHa CTaTUYHOT'O MarHiTHOrO I0JISI 03BOJIsSlE OTPUMATH Pi3Hi TUIIU
PE30HaHCHUX 3aJIe>KHOCTEN KoedillieHTa IPOITyCKaHHS Bif, KyTa MajliHHS, 0 BiPi3HSIIOTHCS KiNbKICTIO MiKiB i
iXHBOIO MUPHUHOI0. [I0Ka3aHo, 9K CTaTUYHE I10JI€ MOKE€ BUKOPUCTOBYBATHCh 71 HAJIAIITYBaHHS MTPO30POCTi 3pa3Ka
Ta oTpebye Ha [1Ba NOPSAKY MEHIIOI BilTHOCHOI TOYHOCTI IIPY BCTAaHOBJIEHHI, HIX Y BUNIQAKY K€PyBaHHS 32
IOTIOMOTOI0 3MiHM YacTOTU. OTpUMaHO BUpa3u 1151 (POKYCHOI BificTaHi Ta MiHIMasIbHOTO pafiiyca rayCoBOro Iydka,
10 GOKYCYETHCS NIJIACTUHOIO LIAPYBATOrO HAJIIPOBIIHMKA, SIKi 3aJI€5KaTh BiJl CTATUYHOIO MarHiTHOTO TOJIS.
[TokasaHo, 1110 3MiHa BEJIMYMHU T10JI4 JO3BOJISIE HAIAIITOBYBATH 11 BEJIMYMHY B IIMPOKOMY [ialla30Hi 3HA4€HB, a
TaKOX [1EPEBOAUTHU IIJIACTUHY MIX peskuMamu (GOKyCyBaHHS Ta po3(dOKycyBaHHS. HOBM3HA HAyKOBUX PE3YJIbTATIB.
Briepiue 3HanIeHO 3aKOH JUCIepCii JI0Kai30BaHMX XBUJIb Y IUIACTYHI IIAPYBATOTO HAZIIPOBiHMKA CKIHYEHHO]
TOBILVHY B Pi3HUX T€OMETPIsIX 3 ypaxyBaHHIM edeKTy IIOPYILIeHHS eJIeKTPOHENTPaIbHOCT] apiB HaAIIPOBiTHUKA
Ta 3 ypaxyBaHHSIM HasIBHOCTI 30BHIIIHBOTO CTAaTUYHOTO MarHiTHOro nosst. Bnepiie monudikoBaHo TpaHcep-
MaTpUYHUI METOZ, [JIs1 OIUCY OMUPEHHS HEJIiHIHMX €JIeKTPOMarHiTHUX XBUJIb y [IJIACTHHI IIapyBaTOrO
HAZIIPOBIIHMKA, [0 3HAXOAUTHCS B 30BHIIIHPOMY IIOCTIIHOMY MarHiTHOMY I10JIi, Ta Bliepuie 3HanieHo crenndivHi
MaTpuili, SIKi Bi[TOBiZAIOTh 32 B3aEMOi10 K03e(DCOHIBCHKUX IJIa3MOBUX XBUJIb i3 30BHILITHIM MarHiTHUM IMOJIEM.
Briepie TeopeTUYHO NOCiIKEHO BIVIMB CTATUYHOTO MAarHiTHOTO 110151 HA pE30HAHCHY IIPO30PiCTh TOHKOTO 3pa3ka
[1apyBaTOTO HaAMpOoBigHUKa A1 TI'1 XBUIIb, KOJIM 3pa30K 3HAXOJUTHCS B Ai€JIEKTPUYHOMY CEPENOBUII Ta
BiZJOKpEMJIEHUH Bifi HbOTO TOHKMMH [IPOCTOPOBMMY ITPOMIKKaMM BaKyyMy. Briepiie TeOpeTUYHO JOCTiIKEHO
BILJIMB CTaTUYHOI'O MArHiTHOTO 110J1s1 HAa (OKYCYBaHHS JIa3€PHOTO [Iy4YKa rayCcCoOBOro Npodisio M1aCTUHOIO
IIapyBaTOro HAANPOBiAHUKA. MeTOnM AOCIiIKEeHb. [1J1s1 OTPMMAaHHS pe3yJIbTaTiB BUKOPUCTOBYBAJIUCS AOOPE
nepesipeHi Ta 3arajbHO NPUNHATI METOAU TEOPETUYHOI (Pi3UKU, METOIM YMCIOBUX PO3PAXYHKIB i HAGIMKEH]
METOJM ACUMIITOTUYHOrO aHaidy. 10715 B apyBaTOMy HaJIIPOBiIHMKY aHAJi3yBaJIACs 32 JOMOMOIOI0 PO3B'I3aHHS
3B'13aHUX CHMHYCOifanbHUX PiBHSIHb ['oproHa. [IpoxopkeHHs XBUJIb Yepes 6araTomapoBy CUCTEMY JOCIiIKyBa10Cs
3a IOTIOMOTO0I0 MeTOy TpaHCchep-MaTpullb. [IOpiBHSIHHS pe3ynbTaTiB OTPUMAHUX aHATIITUMHUX BUPA3iB 3
YUCJIOBUMU PO3PaxXyHKaMU CJIyTyBajlo LOJATKOBOIO Bepudikallielo 3aCTOCOBaHUX MinxomiB. CTymiHb YIIPOBAIKEHHSI.
PesynbTaTu guceprauifiHOi poOOTH PO3IIMPIOIOTh HAsIBHI PyHIaMEHTa/IbHI TEOPETUYHI YsIBJIEHHS IPO OCOOGIMBOCTI
nomupeHHs TTL e/1eKTpOMarHiTHMX XBUJIb Y BUCOKOTEMIIEPATYPHUX HANIIPOBiAHUKAX IAapyBaToi cTpykTypu. Ha
OCHOBI IJUX P€3yJIbTaTiB MOKJIUBO CTBOPUTU HOBI IPUJIAIY, IO IPALIIOIOTh Y XapaKTePHOMY [J1s1 IIapyBaTUX
BHCOKOTEMIlepaTypHuX HaanposigHukis Ty nianaszoHi yactoT, 30kpema QinbTpy, 3mimysayi, nigcumosaui. Chepa
BUKOpHUcTaHHs. Chepa MOXKIIMBUX 3aCTOCYBaHb TAKUX NPUJIAJIB € IyXKe IHMPOKOIO: Bil MEIMYHO]I IiarHOCTUKHU 10
aCTPOHOMIUHMX CIIOCTEepEXeHb. JloCTiKeHa MOKJIUBICTh BUKOPUCTAHHS CTATUYHOTO MarHiTHOTO MOJIS 1714
HaJIAIITYBaHHS [TapaMeTPiB [MapyBaTOro HaAIIPOBiTHMKA JO3BOJISIE 3aIIPOIIOHYBATH 1ie SIK € PeKTUBHUIN METO

KEepyBaHHS pOOOTOIO TaKUX MPUJIaZiB B €KCIIEPUMEHTAIbHUX YCTaHOBKAX.

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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Coepa ynpaBiriHHS: HaujoHanbHa akazemist HayK YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuit

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bineupkuit Mukoia MukoJannoBuy

2. Mykola M. Biletskyi
KBasidikanis: 1.¢p.-m.1., mpodecop, 01.04.03
InenTudikarop ORCHID ID: 0000-0002-3194-7251

JoparkoBa iHdpopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: IHCTUTYT paniodizuku Ta enekTpoHiku iM. O. 5. Veukosa

HanjjonasnpHoi akagemii Hayk YKkpainu

Kopg 3a €IPIIOY: 03534593

Micue3HaxoaKeHHS: ByJI. AKazemika ITpockypy, 6ya. 12, XapkiB, XapkiBcbkuil p-H., 61085, YkpaiHa

dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaitu

InenTudikarop ROR:

CeKTop HayKH: AkaneMivHuil

VIII. 3aKkJII04Hi BiZoMOCTi

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

TrOJIOBH pajgu

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBi

rOJIOBYIOYOTO Ha 3aCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JJOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €

BiZIIOBiZaJIbHUM 3a peECTpallil0o HayKOBOi

OisIIBHOCTI

Asepkos [Opii1 Osierosuy

Asepkos [Opii1 Osierosny

IBanyeHko I.B.

VKpIHTEI

FOpuenko TetsHa AHaTosiiBHA



