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Pedepar:

1. Incepranist npucBsYeHa AOCHIIKeHHI0 QyHIaMeHTalbHUX AUHAMIUYHUX SBUIL, SIKi BUHUKAIOTh BHACJIIOK
30yI’)K€HHS KBAHTOBUX Ta KJIACUYHUX JIBOPIBHEBUX CUCTEM Y MiKPOCKOMIYHUX Ta ME3OCKOMIYHUX CTPYKTypax. Y
BCTYIIi KOPOTKO OGI'PYHTOBAHO aKTyabHICTh TEMU IUCEPTallii, BU3HAYEHO METY Ta OCHOBHI 3aBIAHHS LOCIiIKEHHS,
TaKOX 00'eKT, IpeaMeT Ta MeToIU AocaimkeHHs. CPOpMyIbOBaHO HAYKOBY HOBU3HY Ta ITPAKTUYHE 3HAYEHHSI
OTPUMaHUX pe3yJbTatiB. HaBeneHo BinoMocTi npo nyb6Jikallii, o0co6MCTHI BHECOK 3/100yBayda Ta anpoballio

pesyabTaTiB gucepratii. TakoX NpUBEAEHi BilOMOCTi IPO CTPYKTYPY Ta 00CAT fucepTaliiHoi poboTtu. Po3min 1



[IPUCBAYEHO OIJIAAY Ta aHaJIi3y JITepaTypu 3a TEMOIO AucepTalii. B boMy pO3/isi pO3IJISHYTO OCHOBHI IBUILA, SIKi
BMHUKAIOTb [IpY 30yA>KeHHi ABopiBHeBuX cucteM (JPC), sKi e Ha3uBaloThCs KybiTamu. Besmka KinbKicTb
Pi3HOMaHITHUX CUCTEM, MOXYTb OyTH po3rsiHyTi sk JPC. 3okpema BBefieHo epexin JlaHnay-3inepa-
ITykens6epra-Maitopanu (JI3IIM). Po3nin 2 mpucBsiueHo AeTaabHOMY aHasli3y ofHOpa3oBoro nepexony JI3IIM Tta
[10T0 BJIACTUBOCTEH, TAKMX K IUHaMIiKa [IJIs Pi3HUX MBUIKOCTEH [1IepexoAy B pi3HMX 6a3ncax Ta yac nepeximHoro
npouecy. Y [bOMY pO3/iJi TAKOX BBEJ,E€HO METOJ, MaTpHULb IIepexoy Ta, BIeplle, epexif, 3i 36epeskeHHIM
3acesieHoCTi. Po3zin 3 mpucBsueHo NOoCaiIyKeHHIO Pi3HUX ITiTX0iB 40 6araropa3oBux rnepexomis JISIIM nig mieto
rapMOHIYHOTO cUrHaiy 36y[keHHs. Brepiue orpruMana 6ibi ToyHa GopMysia [J1sl CepeqHboi 32 4aCOM 3aCeyIeHOCTi
piBHIB B afjiabaTnyHOMY 6a3UCi B pamKax afiabaTuyHO-iMITys1bCOHOI Mogeri (AIM). JlocimKeHo BIJIUB 4YaCTOTU
30yIpKeHHs Ha iHTepdeporpamMu B paMKax HaOG/IM>KeHHS XBuUJI, o obepraeTbest (HXO). [JocminkeHo BIIUB
peJakcauii gekorepeHiii Ta TeMeparypyu Ha JMHaMiKy JBOPIBHEBOI CUCTEMU. Briepie npencrasieHa BifHOCHA
CKJIaJIHICTh PO3PaxyHKiB iHTEepdeporpam 3a pisSHUMHU METOIAMHU SIK Yac HeoOXiIHMI Ha O6YOBY OfHiel i Tiel
iHTepdeporpamu pisHUMU METOJAMU Ta HAOJIMKEHHSIMU. PO31in 4 MPUCBSYEHO NOCTiIKEHHIO Ta IEeMOHCTPaIlii
BHMKOPHMCTaHHS 6araTopa3oByX HeaniabaTnyHux nepexofis JI3IIM sk 6a3ucy 1151 KBAHTOBUX JIOTIYHUX ON€paLjiil.
[TokazaHo, mo nepexonu JI3IIM maioTh 6isblly WBUIKICTh Ta TOYHICTh BUKOHAHHS onepariii Hix ocuunsuii Pabi, saxi
3a3BUYall BUKOPUCTOBYIOThCS IJ1s1 KBAHTOBUX JIOTTYHUX orepaliil. Illo no3Bosisie 3pobuTH bisblie onepariiii 1o Toro
MOMEHTY SIK BIUIMB JUCUNIATUBHOTO CEpefoBUlla Oy e 3HauymuM. Po3zin 5 npucBgyeHo TEOpEeTUUHOMY BUBYEHHIO
B3aeMOJii Ky6iTy TUIly TPAHCMOH 3 HalliBOOMEXXEHOIO JliHi€l0 Tepeady, Ta KoeillieHTy BifOUTTS TaKOi CUCTEMH.
Briepie cTBOpEHO TEOpilo AJ1s1 CUMYJIALI TOBEeIiHKY TaKoi cucTeMu. ITokasaHo, 1o BipoTinHICTb 30yIpKeHHS
IIpoIopLifiHa 3MeHIIeHHIO KoedillieHTy BiI'yKy Takoi CUCTeMHU, IIPOAEMOHCTPOBAHO CXOXKICTh Ta BiAMiHHICTb
TEOPETUYHUX Ta EKCIIEPUMEHTAIbHUX iHTepdeporpam. 3alporIOHOBAHO BBECTH HEJIHIMHY NONPaBKy 10 aMIUITy 1A
30yI>)KeHHS 17151 Kpaloro CIiBNaniHHs Teopii Ta ekciepumenTy. OfHi€lo 3 IepeBar 1€l CUCTeMU € MOXJIUBICTh
MaHiIy/Il0BaTy MOTJIMHAHHIM IBOPiBHEBOI CUCTEMH, 1110 3abe3Ieyye HOBUI CIIOCI6 MaHiNyII0BaHHS KBAaHTOBUMU
cTaHamU. Po3zis 6 mpucBsSYeHO OOCiIpKEHHIO CXOXKOCTI Ta BiMiHHOCT] MDXX Ky6iTOM Ta KJIACUYHUMH CHCTEMaMU
3B'13aHUX OCLWJISITOPIB. 32 JONOMOTIOIO KiJIbKOX HaOIDKEHb MOXKHA IIEPENTH Bifl piBHSIHHS Hbpl0TOHA IO PiBHSHHS
Mpeninrepa. OnucaHo po3B'a30K piBHAHHA llIpeninrepa 3 aHasoramy KjlIaCM4HUX IIapaMeTpiB IJ1s1 IUHAMIKU
KJIaCUYHOI Ta KBAaHTOBOI cucTeMU. Briepiie po3paxoBaHuil pe3ysibTaT iHTepdpepoMeTpii, aHaJIoriyHOI 0 KBaHTOBOI,
IJ151 KJIAaCMYHOI CUCTEMU TiJ /Ii€l0 IIYMOBOrO 30yA>KyI0UOro CUTHay NPSIMOKYTHOI (popmu.Llio aHanorito MoKHa
BMKOPHMCTATHU IJ1s1 CUMYJISILI iHTeppepeHLiHUX SIBUI Ha KJIACUYHIN CUCTEMI, sIKa 3a3BU4all He IIoTpebye
€KCTPEeMaJIbHO HU3bKUX TEMIIEPATYP [JIs POOOTHU i MOJKe IIPALIOBATH IIPY KiMHATHIN TEMIIEPATypi, 0 POOUTH iX
OinbI JOCTYNIHUMU. Po37is 7 IpUCBsIYEHO JOCHII)KEHHIO AMHAMIK/A CTUCHYTOI 3 OOKiB MEMOPaHH, sIKa Ma€e JBa
CTabiNbHUX CTaHU [IJ1s1 BAKOPUCTAHHS ii SIK OfHi€l 3 00K/IaOK MEM'E€EMHOCTI (KOHIEHCATOP 3 €(PEKTOM MaM'sITi).
Briepiie nokasaHo, 0 € ABa TUIIM 1IePECKOKY MEMOPAHU CUMETPUYHMIA Ta ACUMETPUYHUIA, Ta 10 OJIs
aCUMeTPUYHOrO [IepeCcKOKyY NOTpibHa MeHIIa IOPOroBa CUJa, AJ1s1 pO3paxyHKy MiHiMasbHOI TOPOTroBOi CUM [1J1s
IIepEeKJIIOYEHHS] MEMOPaHU JOCTAaTHBO PO3IJIAAATU BChOrO MBI BaacHi ¢pyHKUii. [TopiBHSIHO pe3ysbTaT pO3paxyHKiB

JJIs1 HOpOFOBOi CHUJIn HeO6Xi,[[HOi AJI TIEPEMUKAHHA 3 IHITIMU TEOPETUYHUMU Td YUCEJIbHUMU PO3PAXYHKAMMU.

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 Schrodinger 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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