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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

KonTtposnboBaHa nepeaya KBaHTOBOI iH(popmallii B HAANPOBIAHUX MepeKax

Ha3sBa po6oTH aHIJIilICbKOIO:

Controllable quantum-information transfer in superconducting networks

PedepaT ykpaiHCbKOIO:

O6’exT pocnipxeHHs. [16pruaHi KBaHTOBI Mepexi, 6araTomaposi HAAMPOBiAHI CTPYKTypuU. [IpeMeT JOoCiIKeHHS.
KBaHTOBUII TPaHCHIOPT B riOpUAHUX FETEPOCTPYKTYPAX HA OCHOBI HAHOPO3MiPHUX METAJIEBUX IIJIiBOK 3
HaJATNPOBiIHMM YIOPAIKYBaHHAM. MeTa focigkeHHs. Po3po6Ka Ta BIOCKOHAJIEHHS] KOMIIOHEHTIB HaAIIPOBiIHMX
MepeX 151 0OpOOKY Ta KOHTPOJIbLOBAHOI Ilepefadi KBaHTOBOI iH(opMallii, 3aK0[I0BaHOI B KBAHTOBOMY CTaHi
KBa3i{4aCTUHKOBUX 30yI>KeHb. MeTOIM HOCTiIKeHHs. MeToiy Teopii 3apsioBOro po3ciloBaHHS B CKIaAHUX
reTepOoCTPYKTyPax [JIsl PO3PaxyHKiB TPAaHCIIOPTHUX XapaKTEPUCTUK HANIPOBiIHUX MepexX. OCHOBHI pe3yibTaTu
po60TH. 3aIIPOIIOHOBAHO OPUTiHAJIBHY METOJIUKY PO3PaxyHKy TPAaHCIIOPTHUX XapaKTE€PUCTUK 6araTomapoBux
ribpuIHMAX CTPYKTYP HA OCHOBI HAJIIPOBIIHUKIB. 3alIpOIIOHOBAHO HOBUM CIIOCIO BU3HAUYEHHSI TOINOJIOTIYHO
3axMIIEeHNX KPailoBUX CTPYMiB Y KBAHTOBUX MarTepianax. MeToz 6a3yeTbCsl Ha HOBiil MoandiKallii CKaHyI0uOro
30HJ0BOT0 MiKPOCKOIIY 3 IBOMA BiCTPSMHU, OJIMH i3 KOTPUX 3HAXOAUTHCS B HAAIIPOBINHOMY CTaHi, 3aBISKUA YOMY
CYTTE€BO MiJBULIYETHCS UyTJIUBICTb JAHOTO [IPUCTPOIO 10 KBAHTOBUX KOPEJIALiN. Y3araabHeHO popmaism
3apAI0BOrO PO3CiIOBaHHS B HAAIIPOBIAHMX FeTEPOCTPYKTYPAX Ha BUMNAL 0K TEMIIOPAJIbHUX MIPOLIECIB i
[IPOAHaJIi30BaHO 3aJIEXKHUH Bif] 4aCy TPAHCIOPT XBUJILOBUX I1AKETiB KPi3b €JIEMEHTU HAATIPOBIIHOI MepeXKi.
TeopeTUYHO N0Ka3aHOo, 110 BiANOBiAHNI BUOIp BXiIHOrO XBUJIbOBOTO [AKETY J103BOJIsI€ KOHTPOJIIOBATU
CIiBBiJHOLIEHHS BUXIJHUX 3apsiB 32 JOIOMOT0O0 (PEHOMEHOJIOTIYHOrO TapaMeTpy, SKUI BCTAHOBJIIOE HOBUM
€HepreTUYHUI MacmTad y XBUJIbOBOMY MaKeTi, 3'1COBAaHO BIJIUB HEIMIPY>KHOI B3a€EMO/Iii KBa3iYaCTUHKOBUX 30y/I)KEHb
i3 BOBHIIIHIMU CTYIIEHSIMU CBOOOIY (AeKOorepeHliii) Ha TpaHCIIOPTHI XapaKTepPUCTUKU ribpuaHux cucrem. [lokazaHo,
1110 aHaJli3 IMOBIPHOCTI IPOXOPKEHHS Ta,/ab0 3BOPOTHOTO PO3CilI0BAaHHS KBa3iYaCTMHOK B KBAHTOBUX MepeKax Ha
OCHOBI HA[ITPOBiTHUKIB O3BOJISIE OTPUMATHU AETANbHY iH(pOpMaILLilo MOA0 CTYNEHs IeKorepeHlii KBa3iuaCTUHKOBUX

CTaHiB B HOpMaJIbHOMY MDK6ap’epHOMY IIpOIIAPKy Ta Gi3ryHOI IPUPOAU LIbOTO SIBUIIA.

Pedepar aHr1ilicbKOIO:

The object of the research. Hybrid quantum networks, multilayered superconducting structures. The subject of the
research. Quantum transport in hybrid heterostructures based on nanoscale metal films with superconducting
ordering; transmission of quantum information encoded in quasiparticle charges. The purpose of the research.
Development and improvement of superconducting network components for processing and controlled
transmission of quantum information encoded in the quantum state of quasiparticle excitations. Research
methods. Charge scattering theory applied to complex heterostructures for calculations of transport
characteristics of superconducting networks. The main results of the work. An original method for calculating
transport characteristics of multilayered hybrid structures based on superconductors is proposed. A new
approach for revealing topologically protected edge currents in quantum materials is proposed. The novel method
is based on a modification of a scanning probe microscope with two tips, one of which is in the superconducting
state, which significantly increases the sensitivity of the device to quantum correlations. The charge scattering
formalism in superconducting heterostructures is generalized to the case of temporal processes and the time-
dependent transport of wave packets through the elements of the superconducting network is analyzed. It is
shown theoretically that the appropriate choice of the input wave packet allows to control the ratio of output
charges using a phenomenological parameter. that sets a new energy scale in the wave packet. The effect of an
inelastic interaction of quasiparticle excitations with external degrees of freedom (decoherence) on transport
characteristics of hybrid systems is clarified.
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