AHOTALIA

lsaxnenko O. B. ]JluHamika Heaala0aTUYHUX MEPEXOJiB B KBAHTOBUX Ta
KJIACUYHUX JIBOPIBHEBUX cucTeMax. — KBamiikaiiiiina HayKkoBa mpalis Ha IipaBax
PYKOTIHUCY.

Jlucepramiss Ha 3700yTTS HAYKOBOTO CTYIEHS JOKTopa itocodii 3a
cnemianbHicTiO 104 — «dizuka ta actporomis» (10 — [lpupoanuui Hayku). —
®di3uKO-TeXHIYHUM THCTUTYT HU3bKHX TemrepaTyp iM. b.I. Bepkina HamionansHoi
akazeMii Hayk Ykpainu, Xapkis, 2023.

Jluceprariisi TNpUCBSYEHA JOCIKCHHIO (PYHIAMEHTAIBHUX JUHAMIYHUX
SBUII, SKI BHUHHUKAIOTh BHACHIJOK 30yMKCHHS KBAaHTOBHX Ta KJIACHYHUX
JBOPIBHEBUX CUCTEM Y MIKPOCKOIIYHHUX Ta ME30CKOMIYHUX CTPYKTYypax.

VY BeTymi KOPOTKO OOIPYHTOBAHO aKTYyaldbHICTh TEMHU JUCEPTAIlii, BA3HAUECHO
METY Ta OCHOBHI 3aBJIaHHS JTOCII/PKEHHS, TaKOXXK 00’€KT, IpeaMeT Ta METOIU
nocaimkenas. CdhopMyap0BaHO HAyKOBY HOBHM3HY Ta TIPaKTHYHE 3HAUYCHHS
OTpUMaHMX pe3yibrariB. HaBeneHo BijoMocTi mpo myOsmikaliii, 0COOMCTHIT BHECOK
3n00yBaya Ta anpoOallio pe3yibrariB aucepraiii. Takox MmpuBeAeH] BiIOMOCTI
PO CTPYKTYPY Ta 00CST qUCEPTaLiifHOT pOOOTH.

Po3ain 1 npucBsiueHo oMLy Ta aHami3y JITEparypd 3a TEMOIO AUCEpTaIlii.
B 1mpomy po3aini po3rmsHyTO OCHOBHI SIBHINA, SIKI BUHUKAIOTh TPHU 30yMHKEHHI
nBopiBHeBux cucteM ([IPC), sxi me Takok Ha3MBarOThCA KyOiTaMu. 30Kpema
BBeneHo nepexin Jlannay-3inepa-lltykens0epra-Maitopanu (JI3ILIM).

[IpencraBieHo ABOPIBHEBY CHCTEMY, SIK OJHY 3 0a30BHX Mojeleld B
KBaHTOBIM (i3Il KA OMHUCYE SBUINA, SKI TTOBCIOIHO 3YCTPIHAIOTHCS B IIPUPO/II.
3 omHoro OOKy II¢ OJHa 3 HAWMPOCTIIIMX HEMPOCTUX 3aJad B KBAaHTOBIU
MeXaHilll, 3 1HIIOi CTOPOHHU, i€ 3a0e3Ieuy€e OCHOBY JJII KBAHTOBUX TE€XHOJIOTIH,
ne JIPC BHUKOpPHCTOBYE€ThCS B SKOCTI KyOiTa. TaM Takok BBEICHO THUIIOBUU
raMuIbTOHIaH JBOPIBHEBOI CHCTEMHM, JBAa OCHOBHUX Oa3ucH: J1a0aTUYHHUMA Ta
az1adaTHYHUM, OTIepaTop Mepexory MixK IIMMH JiBoMa O0a3rcamu. Benrka KinbKIiCTh
PI3HOMAHITHUX CUCTEM, MOXYTh OyTH po3riisaHyTi sk JIPC.

OOrpyHTOBaHO BIJHOIIEHHS BCIX YOTHPbOX HayKoBIIB Jlanmay, 3iHepa,
tyxenbOepra Ta Maiiopanu 10 po3B’s3Ky 3aAadi mpo JiHilHe 30ymkenns JPC,
SKY BOHU PO3B’SI3QJIM y PI3HUI c110Ci0 HA MPUKIaAl PI3HUX CUCTEM, ajie OTPUMAIIH

TaKu# ke pe3yybTar sl BIPOT1IHOCTI 30y/KEHHSI.



BuBueno morounwmii cran npoonemu nuHamiku JIPC Ta HaBemeHO 3B’S30K 3
nonepeaHiMI podoTaMu.

Po3ain 2 mpucBsueHo IeTabHOMY aHami3y OJHOpaszoBoro nepexony JI3IIM
Ta JOCIIHKEHHIO OTO BIACTUBOCTEH.

JleTalbHO TIEPEBUBEICHO Ta PO3IMIMPEHO MiaXia 3iHepa 10 Po3B’sI3Ky 3aaadi
npo 30ymxenHs JIPC. 3rigno miaxomy 3inepa piBHsHHs Illpeminrepa moxHa
NepenucaTd y BUIVISAL JBOX KAaHOHIYHUX PIBHAHb JUISl CIIEUIaJbHUX (QyHKIIN
napaboJIiyHOTO IWITIHJIPY, B TEPMIHAX SIKUX OTPUMAHO: BIPOT1AHICTH 30YIKEHHS;
a TakoXX MOBHUU HaOip ¢a3u; aHaNITUYHY JUHAMIKY Bcix mapamerpiB JIPC min
JI€I0 JIHIRHOTO 30yHKEHHS; OIlepaTop MPSMOTro Ta 3BOPOTHOTO J1a0aTUYHOTO Ta
agiabarnaHoro nepexony 3 dazoro Crokca.

3acTOCOBaHO aHANITUYHI Ta HAONMKEHI PO3B’S3KU Ui BUBYCHHS PI3HUX
BJIACTUBOCTEW onHOpa3zoBoro nepexony JI3IIM, Takux sk AMHAMIKA JJIS PI3HUX
HIBUIKOCTEH MEepEeXoy Ta PI3HUMH MOYATKOBUMH YMOBAaMH, & TAKOX TPUBAIOCTI
nepexony JI3IIIM B amiabarnunoMy Ta aiadaTndyHOMY 0azucax. Y 1bOMYy pO3Iiii
TaKOXX BBEJACHO METOJ MaTPHIlb MEPEXoy Ta, BHEpILE, mepexia 31 30eperkeHHIM
3aCEJICHOCTI, SIKWA MPUBOAMTH JI0 TOTO, IO KIHIIEBA 3aCEJICHICTh 3aJUIIAETHCS
TaKOIO XK fK 1 10 TIepeX0/1y He IUBISYUCH Ha 30y>KeHHH.

Po3nisnt 3 mpucBsSYEHO MOCTIPKEHHIO PI3HUX MIAXOAIB J0 Oararopa3oBHX
nepexoniB JI3IIM mig Ji€0 TapMOHIYHOTO CHUTHATY 30y/DKEHHS Ta JACSKHUX
BlacTUBOCTEN OararopazoBoro mnepexony JI3IIIM Tta mopiBHSHHIO HaWOLIbII
PO3MOBCIOIKEHUX ITiIXOIIB.

B apiabaruyno-immynbeHIA Mozeni (AIM) € nBa Tunu €BOJIIOLIT: afiabaTuyHa
Ta aiabatnyHa (mepexigHa). Takok TaM BUBYCHO NUIAX JJII OTPUMAHHS MaTPHIll
eBOJIIOIIIT ABOpazoBoro nepexony JI3LLIM 3 ananorieto no iHTepdepomerpy Maxa-
3eHnepa, Ta NUIAX AJs y3arajlbHEHHs Teopli Ha O6aratopa3oBi nepexonu JI3ILIM.
Tam npOIEeMOHCTPOBAHO KOHCTPYKTUBHY Ta JECTPYKTHBHY iHTEep(depeHIito
st OaratopazoBux mnepexoniB JI3IIIM, a Takox aHainor yactotu Pabi B
AIM. Otpumani dhopmyau JjIsl yCEPETHEHOI 3a 4acOM 3acelIeHOCTI BEPXHBOTO
piBHA B ajiabarnyHOMy Oa3uci Ta OUIbII ToYyHA Qopmyina s 11a0aTHYHOTO
0asucy. JlerambHO BUBYEHO HAOMMKEHHS XBWI, M0 obOepraeTtbes (HXO).
JloCniPKeHO BIUIMB 4YacTOTH 30YyI)KEHHS Ha CEpPEAHIO0 3a 4acOM BIPOTIJIHICTH

30ymkeHHs, Ta iHTepdeporpamu. Ilokazano 6ararodoroHHi ocumsiii Pa6i Ha



iHTepdeporpaMax Ta BUBUCHA MOXKIUBICTh BUKopucToByBaTH B HXO mepiognyni
curHanu pizHoi gopmu. Takox B 1boMy po3aiii BuBdeHO MeToj Droke, sikuii
MOKe OyTH 3aCTOCOBAHUH sl Oy/Ib-SIKOTO MEPI0AUYHOTO TaMisibTOHIany. [lepmmm
HAOJIMKEHHSAM T10 MaJliii MiHIMalbHIN BIJCTaHI MIX piBHSAMHU, siBiseTbess HXO, a
y3araJibHeHa Teopist 30ypenp Ban-diieka 103BoIIsiE OTpUMATH APYyTe HAOTMKSHHS
no Teopii doke Ta J03BOJISIE OTPUMATH TIOTIPABKY, AKa BIAMOBIAAE 3a 3MIIIICHHS
pe3onanciB bioxa-3irepra.

JlocnipkeHO BIUIMB — peJlakcallli JEKOTepeHIlli Ta TeMIeparypu Ha
JUHAMIKy JBOpIBHEBOi CHCTEMHU. 3a JomoMororo piBHsAHHS JliHjOmana
st JIPC 'y aucunmaTUBHOMY CEpEIOBHII, MPOJAEMOHCTPOBAHO IO HaXWII
dyp’e o6pa3y iHTepdeporpamM MNPOMOpHIHHUN [0 KOEQIIEHTY JACKOTEPEHIII.
[IpogemMoHCcTpOBaHO MOXKIIMBICTh BUKOpUCTaHHS DPyp’e 00paziB iHTEepdeporpam
JUUIsl BUSIBJICHHS 1X BJIACTUBOCTEM 3a JOTIOMOTOI0 KBAaHTOBOI (pa3oBoi ToMorpadii.

JletranbHO  TOPIBHSHO  HAWOUIBIN ~ MOMYJASpHI ~ HAONMKEHHS,  fK1
BUKOPHUCTOBYIOThCSA g cuMyisi auHamikd JIPC mig 1i€ro mepioguyHOro
30ymkeHHs. 30KpeMa HaBeACHO MOPIBHAHHS 1HTEpPEporpaM 3 OAHUMH 1 TUMH XK
napamerpaMu, moOyJIOBaHUMHU PI3HMMH METOJaMH, Ta 00JacTeil 3aCTOCyBaHHs
pI3HUX METOAIB. A TakoX BIEpIIe TpEeACTaBlieHa BIJIHOCHA CKJIQJHICTb
pO3paxyHKIB 1HTepdeporpaM 3a pPI3HUMH METOJAaMM SIK 4Yac HEOOXiTHUN Ha
noOy0BY OJIHI€T 1 Ti€1 K 1HTepdeporpaMu pI3SHUMHU METOIaMH Ta HAOTMKEHHSIMU.

Po3nin 4 TmpuCBAYEHO [OCHIIHKCHHIO Ta JAEMOHCTpAIlli BUKOPUCTAHHS
OaratopazoBux Heamiabatnuamx nepexoniB JI3IIIM sk 0a3ucy ajis KBaHTOBUX
joriuHux omepartiii. [Tokazano, mo nepexonu JI3IIIM MaroTh nekiabka mepeBar
HaJ ocrusimisMu Pali, skl 3a3BWYali BUKOPHUCTOBYIOTBHCS JIJII KBAaHTOBUX
JIOTIYHHUX OIepallii, Taki K OlIbIIa MBUAKICT, BUKOHAHHS OTepallli mpy O1IbIIii
toyHocTi. IIlo g03BoMsie 3poOuTH Oinblle onepaniii 40 TOr0O MOMEHTY SIK BILIUB
JUCUIIATUBHOTO CepeloBuIIa Oy/ie 3HAYYIIUM.

Po3ain 5 mpuCBAYEHO TEOPETUYHOMY BHBUEHHIO B3a€EMOJIi KyOITy THITY
TPAaHCMOH 3 HAIMIBOOMEXEHOI0 JIHIEI0 TMepenad, Ta KOedIIEHTY BIIOUTTS
TaKoi CUCTEMU Ta TMOPIBHAHHIO PE3yJbTAaTIB 3 EKCICPUMECHTATbHUMHU JaHUMHU.
Oco06MMBOCTI KOHCTPYKIIIT TaKOi CHCTEMHU MPUBOAATH 10 3HUKHEHHS HYJIbOBOTO
pe3oHaHcy Ha iHTepdeporpamax. BuBueHo 0coOIMBOCTI CUCTEMH KYOIT HABIIPOTH

J3epKaJia Ta TUIOB1 3HAYEHHS TapaMeTPiB TAKOi CUCTEMH.



Brepiiie cTBOpeHO T€OPito sl CUMYJISAIIT MOBEIHKU TaKO1 CUCTEMH, 30KpeMa
HaBEJCHO CMoci0 OTpUMaHHS raMiIbTOHIAHY CHCTEMH, MOABIHHO 3aCTOCOBAHO
HXO, mepmmit pa3 11 OTpuMaHHS TaK 3BAaHOTO OJSTHEHOTO TaMiJIbTOHIAHY,
BApYyre JJIsi OTPUMAHHS CEPEIHbOI 3a 4acoM BIPOTIIHOCTI 30YIKEHHS KyOITYy.
[lokazano, 1m0 cepemHs 3a 4YacoM BIPOTIAHICTH 30y/KEHHS MPOMOpIiiHa
3MEHIICHHIO KOE(DIIIEHTY BIATYKY TaKOi CUCTEMH, MPOJIEMOHCTPOBAHO CXOXKICTh
Ta BIIMIHHICTb TEOPETUYHUX Ta EKCTIEPUMEHTATIBLHUX 1HTEphEeporpam.

Brnepiie 006roBopeHO BIAMIHHOCTI MIDXK TEOPIEI0 Ta EKCIIEPUMEHTOM Ha
npuKiIagl 1HTepdeporpaM Ta MNPOMOHYETHCS BBECTU HENIHIMHY MOMpPaBKY 0
aMIUTITYIX 30y/DKEHHS 11T OTPUMAaHHS KPaIloro CITIBIAIHHS 3 €KCIICPUMEHTOM.
OpHiero 3 mepeBar Takoro po3TallyBaHHsS KyOITy Ta HamiBHECKIHYEHHOI JIHII
nepenad € MOXJIMBICTh MaHIMY/IIOBaTH MOTJIMHAHHSAM JBOPIBHEBOI CHCTEMH, IO
3a0e3neuye HOBUM CIIOCi0 MaHIMyJIFOBaHHS! KBAHTOBUMH CTaHAMU.

Po3ais 6 mpucBsYeHO TOCIIIKEHHIO CX0’KOCT1 Ta BIIMIHHOCT1 M)XK KyOITOM Ta
KJIACUYHUMH CUCTEMaMH 3B’ SI3aHUX OCLMJIISATOPIB.

3a J0MOMOrol0 HAOMMKEHHS MOBLIBHO 3MIHIOBAaHOI OMHHAIOUOl Ta
HIONMKEHHST MaJiol penakcalii MOXKHa mepeiTu Bif piBHSHHS HbioToHa 10
piBasnHs [Ipeninrepa s KIACHYHOI CUCTEMH 3 JBOX 3B’SI3aHUX OCIIHIIATOPIB.
Takox HaBOJATHCS BUPA3U VIS MMapaMeTPiB KIACUYHOI CUCTEMHU, SK1 aHAJIOT14H1
napameTpaMm KyOiTy, Ta JeTajdbHO BUBYEHI MPUHIIUIIOB] BIIMIHHOCTI M1 TaKOIO
KBAHTOBOIO Ta KJIACHYHOIO CUCTEMAMHU.

Onucano po3B’si30k piBHsAHHSA [llpeninrepa 3 KIACMYHUMHU aHAJIOTaMH
napaMeTpiB JJIsi OTPUMaHHS 3aTyXaruuxX OCHWJIALiN Pabi, Ta MOpIBHIOETHCS
TEOpisi, YUCEIbHUNU PO3PAXYHOK JTUHAMIKKA KyOiTy, Ta AMHAMIKH KJIACHUYHOI
cucteMu. [letanpHO nocmimpkeHi iHTepdeporpamu, moAiOHI 10 iHTEepdeporpam
KyOITy AJis pI3HMX MapameTpiB, 30KpemMa BIEpIlE PO3PAXOBAHUMA pe3yibTar
iHTEpPEepOMETPii KIIACUYHOI CUCTEMH ITiJ1 A1€F0 ITyMOBOTO 30y/’KYIOUOTO CUTHATTY
OpsIMOKYTHOI (GOpMH Ta MPOAEMOHCTPOBAHA 1ii CXOXICTh JO OTPUMAHOIO
3a Jomomoror kyoOity. Ilfo aHamorito MoOXXHa BHUKOPHUCTATH JJI CHUMYIISINT
iHTEepPEepeHLIMHNX SBUI] HA KIACUYHINA cHCTeMi, fKa 3a3BM4yail He moTpelye
eKCTPEMaJIbHO HM3BKHUX TeMIepaTyp [Uisi poOOTH 1 MOXE TMpalioBaTd MpU
KIMHATHIM TeMIeparypi, 110 POOUTH iX OUIBII TOCTYITHUMHU.

Po3aia 7 npucBsYeHO IOCIIHKEHHIO TMHAMIKH CTUCHYTOI 3 OOKiB MEMOpaHHu,



sKa Ma€ JBa CTaOUIPHUX CTaHW JJISI BUKOPHCTAHHS i1 SK Ofl€i 3 OOKIamOK
MeM’€MHOCTI (KOHJIEHCATOp 3 €(hEeKTOM mam’sITi).

JlocnipkeHa TMHaMiKa CTUCHYTOT BUITYKJIOT MEeMOpaHH 3a JIOIOMOT0I0 Teopii
IPYXHOCTI, sIKa TPUBOJIUTH JO IHTETPO-AU(PEPEHIIIITHOTO PIBHSIHHS YETBEPTOIrO
crynens. Lle piBHSIHHS, B CBOIO YEpTry, MOXKHA PO3KJIACTH MO BIACHUM (DYHKIIISIM
CTUCHYTOI MeMOpaHu, W0 TpPHU3BENE 10 CUCTeMH TU(DEpPeHIIHUX pPIBHIHB
NEPIIOTO CTYIMEHs Ha BiacHi ¢QyHKIIi. Brnepine nmoka3aHo, 1110 MPUHIMIIOBO €
JBa TUMH TIEPECKOKY MEMOpaHW CHUMETPHUYHHMA Ta aCUMETPUYHHUMA, Ta IO IS
ACUMETPHUYHOTO TIEPECKOKY MOTPiOHAa MEHINa MOpPOroBa CHiia, a OTKE MEePECKOK
B OCHOBHOMY Oyje BiJOyBaTHUCh aCMMETPHYHO. Tako)k BIIepIlle IMOKa3aHO, IO
JUTSl 3HAXO/KEHHSI MIHIMAJIbHOI TIOPOTOBOT CHUJIM JIJISl TIEPEKITFOUCHHST MeMOpaHu
B 1HIIIE MOJIOKEHHS JOCTATHLO PO3IVISIATH BCHOTO JIB1 BIaCHI (DYHKIIIT, 1110 3HAYHO
CIpOIILy€e po3paxyHOK i€l cun. [Tokazana MOXKIHMBICTh Ta pO3paxoBaHa MOPOTOBa
cuJia Jj1sl 3BOPOTHOIO MEPEMUKAHHS MICIs TPUIMUHEHHS i1 €T CUJIA HA CTUCHYTY
MemOpany. [lopiBHSHO pe3yabTaTy po3paxyHKIB JIJIs MOPOTOBOI CUIIM HEOOX1THOT
JUTSl IEPEMUKAHHS 3 1HIIUMH TCOPETUYHUMHU Ta YUCEIBHUMHU PO3PaxXyHKaMHU, Ta
MOKa3aHO TapHUN 30ir MOPOTOBOi CHJIM JJII HECUMETPUYHOTO MEPEMHUKAHHS 3
IHIIUMHU METOaMHU.

Kuarwuosi caoBa: Ky0Oit, aBopiBHeBa cuctema, mnepexin Jlanmay-3iHepa-
[ tykensOepra-Maiiopanu, METOJl MAaTPHUIlb MEPEXOAy, aliadaTHYHO-IMITYIbCHA
MOJIeIb, HAOMMKEHHS XBHWJ IO OOEpTAETHCS, MEM’ €EMHICTh, HAHOMEXaHIYHUN
pe30HaTOp, TPAHCMOH, 1HTephepoMeTpis, HeamaiabaTUUHUNA TepeXxil, KBaHTOBI
JIOT1YHI TEWTH, BUTHYTa MeMOpaHa, IITyMOBHI CUTHAJI, TApMOHIYHUHN OCITHIISTOP,
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ABSTRACT

Ivakhnenko O. V. Dynamics of nonadiabatic transitions in quantum and
classical two-level systems. — Qualification scientific work printed as manuscript.

dissertation for a Doctor of Philosophy degree in speciality 104 — «Physics and
Astronomy» (10 — Natural Sciences). — B. Verkin Institute for Low Temperature
Physics and Engineering, NAS of Ukraine, Kharkiv 2023.

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 is briefly justified the relevance 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 1 is devoted to the review and analysis of the literature related
to the topic of the dissertation. The main phenomena of two-level system (TLS)
driving are briefly described. In particular, I introduce Landau-Zener-Stiickelberg-
Majorana transition. This chapter has described that a two-level system (TLS)
1s one of the basic models in quantum physics and describes phenomena that
are ubiquitous in nature. On one hand, this is the simplest nonsimple problem
in quantum mechanics, on the other hand, this provides the basis for quantum
technologies, where a TLS is used as a qubit. There also typical Hamiltonian of the
TLS, with two main bases diabatic and adiabatic, and transition operators between
these bases is introduced. A wide variety of different systems is demonstrated,
which could be considered as a TLS.

There we describe the connection of all four scientists Landau-Zener-
Stiickelberg-Majorana to solving a problem about linear excitation of the TLS,
they solved that problem in completely different ways on different systems, but
they obtained the same result for the excitation probability. There are relations to

the previous works described.
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The chapter 2 is devoted to derivation and analysis of single Landau-Zener-
Stiickelberg-Majorana transition and its properties.

There we introduce and expand Zener’s approach. According to Zener’s
approach, the Schrodinger equation could be rewritten as two canonical equations
of parabolic cylinder special functions, in terms of which I obtained: analytical
excitation probability; total gained phase; dynamics of all parameters of the two-
level system under linear excitation; transition diabatic evolution operator with the
Stokes phase.

[ apply analytical and approximated solutions to investigate different properties
of the single-passage LZSM transition such as dynamics for a different speed
of transition and different initial conditions, as well as time of the transition in
adiabatic and diabatic bases. This chapter has considered also the derivation of
the transfer matrix method, and first time occupation conserving transition, which
could lead to the same final occupation probabilities after the transition as it was
before despite the excitation.

The chapter 3 is devoted to describing different approaches for multiple LZSM
passage driving, some properties of LZSM transition, and a comparison of the most
widespread methods.

We describe the adiabatic-impulse model (AIM) in detail. The two types of
evolution: adiabatic and diabatic (transition) are introduced. There we also explain
the way to obtain an evolution matrix for double passages with the analogy to
Mach-Zender interferometer for double transitions and the way to extend this
theory to multi-passage LZSM transitions. There we demonstrate constructive and
destructive interference for multiple LZSM transitions as well as the analog of the
Rabi frequency in AIM. As a result of the AIM, we obtain formulas for the time-
averaged upper-level occupation probability on the adiabatic basis, and a more
precise formula for the diabatic basis.

The rotating wave approximation (RWA) is described in detail. The way
to obtain a time-averaged probability of excitation is also described, and
the influence of the excitation frequency on interferograms is demonstrated,
multiphoton Rabi oscillations are described, and the possibility of using various
shapes of periodic signals in RWA is demonstrated. Also in this section, the

Floquet method is described, which can be applied to any periodic Hamiltonian.



11

The first approximation for a small minimum distance with levels is RWA,
and the generalized Van Fleck perturbation theory allows obtaining a second
approximation according to the Floquet theory and allows obtaining the correction
responsible for the Bloch-Siegert shifting of resonances.

Then we describe the influence of decoherence, relaxation, and temperature
on the dynamics of a two-level system. With the Lindblad equation for TLS
in a dissipative environment, it is demonstrated that the Fourier slope of the
interferogram image is proportional to the decoherence coefficient.

The possibility of using Fourier images of interferograms to study their
properties using quantum phase tomography is demonstrated.

I compared the most popular approximations for describing the dynamics of
TLS under periodic excitation and describe it in detail. In particular, a comparison
of interferograms for the same parameters, calculated by different methods,
and areas of application of different methods are given. And also, first time
compared the relative computational complexity of calculating interferograms
using different methods, which is presented as the time required to construct the
same interferogram using different methods and approximations.

The 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.

The 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, and the comparison of the results with experimental
data. Features of the design of such a system lead to the disappearance of zero
resonance in interferograms.

The features of the qubit system in front of the mirror are described and typical
values for the parameters of such system are given.

The theory for describing the behavior of such a system is investigated for
the first time, in particular, the method to obtain the Hamiltonian of the system

1s demonstrated, the RWA approximation is applied twice, the first time to obtain
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the so-called dressed-state Hamiltonian, and the second time to obtain the time-
averaged probability of qubit being excited. We show that the time-averaged
excitation probability is proportional to the decrease in the response coefficient
of such a system, and the similarities and differences between theoretical and
experimental interferograms are described.

Difterences between theory and experiment are discussed for the first time on
resulted interferograms, and a nonlinear correction to the excitation amplitude is
proposed to obtain a better agreement with the experiment. One of the advantages
of this qubit arrangement of the semi-infinite transmission line is the ability to
manipulate the absorption properties of the two-level system, which provides a
new way to manipulate quantum states.

The chapter 6 is devoted to the study of similarities and differences between
the qubit and classical systems of two coupled oscillators.

There we describe the transition from Newton’s equations to the Schrodinger
equation for two coupled classical oscillators and the approximations that are
used for it. Expressions for the parameters of the classical system, and analogy to
parameters of the qubit, are also demonstrated, fundamental differences between
such quantum and classical systems are described.

The solution of the Schrodinger equation with classical analogs of the
parameters for obtaining damped Rabi oscillations is described. The theory,
numerical calculation of the qubit dynamics, and the dynamics of the classical
system are compared. Numerical calculation of interferograms which are similar
to qubit interferograms for various parameters is also described, in particular for
the first time, the result of interferometry of classical system under the action of a
noisy excitation rectangular signal is given and its similarity to that obtained using
a qubit is discussed. 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.

The 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
memecapacitor (a capacitor with a memory effect).

The dynamics of a compressed buckled membrane are described using

the theory of elasticity, which leads to a fourth-degree integrodifferential
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equation. This equation can be decomposed into eigenfunctions of the buckled
membrane, which will lead to a system of differential equations of the first
degree for eigenfunctions. We show that there are two types of membrane
switching, symmetric and asymmetric, and that asymmetric switching, leads to
a smaller required threshold force. Therefore, the switching will mainly take
place asymmetrically. This chapter is also shown, for the first time, that to find
the minimum threshold force for switching the membrane to another position,
it is enough to consider only two eigenfunctions, which greatly simplifies the
calculation of this force. The possibility to reverse switching after the removing
force on the buckled membrane is demonstrated and the threshold force for this is
calculated.

The results of calculations for the threshold force required for switching
are compared with other theoretical and numerical calculations, and a good
agreement of the threshold force for asymmetric switching with other methods
1s demonstrated.

Keywords: Qubit, two-level system, Landau-Zener-Stiickelberg-Majorana
transition, transfer matrix method, adiabatic-impulse model, rotating
wave approximation, memcapacitor, nanomechanical resonator, transmon,
interferometry, non-adiabatic transition, quantum logic gate, buckled membrane,

noise signal, harmonic oscillator, spin 1/2, tunneling, inelastic scattering.
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