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Pedepar/anoTanis:

1. Inceprarist npucBsYeHa AOCHIIKEHHI0 GyHIaMEeHTaIbHIX AUHAMIUYHYX SBUIL, SIKi BUHUKAIOTh BHACIIZIOK
30yIpKeHHS KBaHTOBUX Ta KJIACUYHUX JABOPIiBHEBUX CUCTEM Y MIKPOCKOIIIYHUX Ta ME30CKOIIYHUX CTPYKTypax. Y
BCTYIIi KOPOTKO OOI'PYHTOBAHO aKTyasbHICTh TEMU JYCEPTallii, BU3HAYEHO METY Ta OCHOBHI 3aBAaHHS AOCIiI)KEHHS,
TaKOX 00'eKT, IpegMeT Ta METOIU AOCHiIKeHHs. CPOPMyYIbOBAHO HAYKOBY HOBU3HY Ta IPAKTUYHE 3HAYEHHS
OTpUMaHUX pe3yJsbTatiB. HaBeneHo BimomocTi npo myo6Jikalii, o0co6ucTril BHECOK 3500yBaya Ta anpobario
pesysbTaTiB gucepratlii. Takox NpUBeeHi BilOMOCTi IPO CTPYKTYPY Ta o6Csr nucepTrauiiiHoi pobotu. Posnin 1
[IPUCBAYEHO OIJIAY Ta aHAJII3y JTepaTypu 3a TEMOIO AucepTauii. B bOMy pO3/iJi pO3IJISSHYTO OCHOBHI SIBUILA, SIKi
BUHUKAIOTb ITPU 30yIPKeHHI 1BOpiBHeBUX cucTeM ([IPC), siKi 1ie Ha3uBaloThCs KybiTaMu. Besnka KijIbKiCTb

Pi3HOMaHITHUX CUCTEM, MOXYTb OyTH po3rysiHyTi sk JPC. 3okpema BBeeHo epexin Jlangay-3iHepa-



ITykens6epra-Martopanu (JI3LIM). Po3nin 2 mpucBsdeHo AeTaabHOMY aHali3y ofHOpa3oBoro nepexony JI3IIM Tta
[10T0 BJIaCTUBOCTEH, TAKUX K IUHAMIiKa [IJIs1 Pi3HUX MIBUIKOCTEH [1lepexoAy B pisHMX 6a3rcax Ta yac MnepeximHoro
npotuecy. Y [bOMY pO3/iJi TAKOX BBEJ,EHO METOJ, MaTpHLb IIEPeX0y Ta, BIepIle, IepeXif, 3i 36epeskeHHsIM
3acesieHOCTi. Po3zin 3 mpucBsSueHo NOCaiIyKeHHIO Pi3HUX MiTX0iB 40 6araropa3oBux nepexonis JISIIM nig mieto
rapMOHIYHOrO cUrHaiy 36ykeHHs. Brepiue orpruMana 6ibin ToyHa GopMyJia [J1s1 CepeqHboi 32 4aCOM 3aCeyIeHOCTi
piBHIB B afjiabaTyHOMY 6a3UCi B pamKax afjiabaTuyHO-iMITysIbCOHOI Mogeri (AIM). JlocnimKkeHo BIIJIUB 4YaCTOTU
30yIpKEHHS Ha iHTepdeporpamMu B paMKax HaO/IVDKeHHS XBUJI, o obepTaeTbest (HXO). [JocminkeHo BIIUB
pesnakcauii JexkorepeHLiii Ta TeMepaTypy Ha AVMHAMIKY ABOPIBHEBOI cucTeMU. Briepiie npencrasieHa BifHOCHA
CKJIaJIHICTh PO3PaxyHKiB iHTepdeporpam 3a pisBHUMHU MeTOIaMHU SIK Yac HeoOXiIHUI Ha 0OYIOBY OfHiel i Tiel
iHTepdeporpamu pisHUMU METOJAMU Ta HAOJIMKEeHHSIMU. PO31in 4 MpUCBSYEHO OOCTIIKEHHIO Ta JEMOHCTPallil
BMKOPHUCTaHHS 6araTopa3oByX HeaniabatnyHux nepexofis JIBIIM sk 6a3ucy 17151 KBAHTOBUX JIOTIYHUX ONE€paLiil.
[TokaszaHo, mo nepexonu JI3IIM maioTe 6iblly MBUAKICT T TOYHICTh BUKOHAHHS orepanii Hixk ocuussii Pabi, sxi
3a3BUYall BUKOPUCTOBYIOTHCS 1J1s1 KBAHTOBUX JIOTIYHUX ornepaliil. Illo no3Bosisie 3pobuTy bisblie onepaliiil 1o Toro
MOMEHTY SIK BIUIMB JUCUIIATUBHOTO CEpPeNoBUILA Oy e 3HauymuM. Po3zin 5 npucBgYeHO TEOPETUYHOMY BUBYEHHIO
B3a€MOZii Ky6iTy TUIly TPAHCMOH 3 HalliBOOMEXXEHOIO JIiHi€I0 Tepeady, Ta KoedilieHTy BiOUTTS TaKOi CUCTEMHU.
Briepie cTBOpEHO TeOpilo AJ1s1 CUMYJIALII TOBEeIiHKY Takoi cucTeMu. [TokasaHo, 110 BipoTinHICTb 36y KEeHHS
IIPOIOpLifiHa 3MEHIIEHHIO KoedillieHTy BiI'yKy Takoi CUCTEMHU, IIPOAEMOHCTPOBAHO CXOXKICTh Ta BiAMiHHICTb
TEOPETUYHUX Ta EKCIIEPUMEHTAIbHUX iHTepdeporpam. 3alpollOHOBAHO BBECTH HEJIHIMHY NONPABKy 10 aMIUITy A
30yIpKEHHS 17151 KPaloTo CIiBIIafliHHA Teopii Ta ekcriepumeHTy. OfHi€0 3 mepesar Lijiei CUCTEMU € MOXKJINBICTb
MaHiIyJIl0BaTy NOIJIMHAHHSAM JIBOPiBHEBOI cUCTEMH, 1110 3a6e3redye HOBUI CIIOCiO MaHiIly/1l0BaHHS KBAHTOBUMU
cTaHaMmU. Po3zis 6 mpucBSIY€HO OOCiIKEHHIO CXOXKOCTI Ta BiMiHHOCT] MDXX Ky6iTOM Ta KJIaCUYHMMU CUCTEMaMU
3B'SI3aHMX OCLIUJIATOPIB. 3a OMIOMOTrOIO KiJIbKOX HAabJIM>KeHb MOXKHA TIEPEITH Bifl, piBHSIHHS HbIOTOHA 10 PiBHSIHHS
[Ipeninrepa. OnucaHo po3B'sa30K piBHSHHSA [llpeninrepa 3 aHasoraMu KJaCUYHUX NIapaMeTpiB 4151 JUHAMIKY
KJIACUYHOI Ta KBAaHTOBOI cucTeMU. Briepiie po3paxoBaHuil pe3ysibTaT iHTepdpepoMeTpii, aHaIoTiuYHOI 0 KBAHTOBOI,
IJ151 KJIACMYHOI CUCTEMU TiJ| Ai€l0 IIYMOBOrO 30yA>KyI04Oro CUTHaIy NPSIMOKYTHOI (popmu.LI1o aHaoriio MOKHa
BUKOPUCTATH [1JIs1 CUMYJIAL{T iHTepdepeHLiiHUX SBUIL HA KJIACUYHI cuCTeMi, sIKa 3a3BUYall He I0Tpebye
€KCTPEMaJIbHO HU3bKUX TEMIIEPaTyp [JIsl poOOTHU i MOJKe IIpalfoBaTH IPU KiMHATHI TeMIIepaTypi, 0 POOUTH iX
6inbIn JOCTYNIHUMU. Po31in 7 IpUCBSIYEHO JOCIIXEHHIO AMHAMIK/A CTUCHYTOI 3 OOKiB MEMOPaHH, sIKa Ma€ 1Ba
CTabiNIbHUX CTAHM [JIs1 BAKOPUCTAHHS ii SIK OfHiel 3 00K/IaIOK MEM'€EMHOCTI (KOHIEHCATOP 3 €(PEKTOM MaM'sITi).
Briepiue rokasaHo, 10 € IBa TUIIM [IEPECKOKY MeMOpaH/ CUMETPUYHUI Ta ACUMETPUYHNUH, Ta IO [JIs
aCUMeTPUYHOrO IIepeCcKOKY NOTpibHa MeHIa IOPOroBa CUa, AJ1s1 pO3paxyHKy MiHiMasbHOI IOPOroBoi CUM [J1s
IEePEKJIIOYEHHS] MEMOPaHU JOCTAaTHBO PO3IJIANATH BChOTO ABi BjacHi ¢pyHKUii. [IopiBHSIHO pe3ysibTaT pO3paxyHKiB

17151 IOPOTOBOi CUJIM HEOOXiNHOI /17151 IEPEMUKAHHS 3 iHIMMU TEOPETUYHMMU Ta YMCEJIbHUMU PO3PaXyHKAMU.

2. The dissertation is devoted to the study of fundamental dynamical phenomena which emerge due to the driving
of the quantum and classical two-level systems in microscopic and mesoscopic structures. In the introduction the
relevance is briefly justified of the dissertation topic, defined purpose and main tasks of the research, objects,
subject, and research methods. The scientific novelty is formulated and the practical value of the obtained results
are described. Also, this chapter has discussed the information about the publications, personal applicant's
contribution, and approbation of the dissertation results. The information, about the structure and volume of the
dissertation is also given. The chapter 1is devoted to the review and analysis of the literature on the topic of this
thesis. The main phenomena of two-level system (TLS) driving are briefly described. Variety different systems can
be considered as two-level systems. In particular, the Landau-Ziner-Stiikelberg-Majorana (LZSM) transition is
introduced. Chapter 2 is devoted to a detailed analysis of the one-time transition of the LZSM and its properties,
such as dynamics for a different speed of transition and different initial conditions, as well as time of the transition
in different bases. In this chapter, the method of transition matrices and the transition with preservation of
population are also introduced for the first time. Chapter 3 is devoted to describing of various approaches to the
multiple transitions of LZSM under the action of a harmonic excitation signal. More accurate formula for the
average time occupancy of levels in the diabatic basis is obtained for the first time within the approach of the



adiabatic-impulse model (AIM). The influence of excitation frequency on interferograms within the rotating wave
approximation (RWA) is investigated. The effect of decoherence relaxation and temperature on the dynamics of
the two-level system is investigated. The relative complexity of interferogram calculations by different methods is
presented for the first time as the time required to construct the same interferogram by different methods and
approximations. Chapter 4 is devoted to the description and demonstration of the usage of multiple non-adiabatic
LZSM transitions as a basis for quantum logic operations. LZSM transitions have several advantages over Rabi
oscillations, which are commonly used for quantum logic operations, such as faster operation speed with higher
accuracy. That allows us to apply more operations before the influence of the dissipative environment becomes
significant. Chapter 5 is devoted to the theoretical description of the interaction of a transmon qubit with a semi-
limited transmission line, the study of the reflection coefficient of such a system. For the first time, a theory to
simulate the behavior of such a system, is developed. It is shown that the probability of excitation is proportional
to the decrease in the reflection coefficient of such a system, and the similarities and differences between
theoretical and experimental interferograms are demonstrated. It is proposed to introduce a nonlinear correction
to the excitation amplitude for a better agreement between theory and experiment. One of the advantages of this
system is the ability to manipulate the absorption of a two-level system, which provides a new way to manipulate
quantum states. Chapter 6 is devoted to the study of similarities and differences between the qubit and classical
systems of two coupled oscillators. With only two approximations, we can move from Newton's equation to the
Schrodinger equation. The solution of the Schrédinger equation with classical analogs of the parameters is
described. For the first time, the result of interferometry like quantum interferometry for a classical system under
the action of a rectangular noise excitation signal is calculated. This analogy can be used to simulate interference
phenomena on a classical system, which usually does not require extremely low temperatures to operate and can
operate at room temperature, which makes them more accessible. Chapter 7 is devoted to the study of dynamics
of the laterally compressed buckled membrane, which has two stable states for its use as one of the plates of a
memcapacitor (a capacitor with a memory effect). It is shown for the first time that there are two types of
membrane switching: symmetric and asymmetric, asymmetric jumping requires a lower threshold force, and that it
is sufficient to consider only two eigenfunctions to calculate the minimum threshold force for membrane
switching. The results of calculations for the threshold force required for switching are compared with other
theoretical and numerical calculations.
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