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Pedepar:

1. Incepranis Ha 3006YTTSI HAYKOBOTO CTyIeHs fokTopa dinocodii 3a cnenianpHicTio 104 - «Di3uKa Ta aCTPOHOMIST»
(10 - Ipupopunyi HayKn). - Pi3UKO-TEXHIYHUI IHCTUTYT HU3bKUX TeMIiepatyp iM. B.1. Bepkina HanjionanpHoi
akazeMii Hayk YKpaiHu, Xapkis, 2024. [lucepralilo NPUCBAYEHO JOCIIIPKEHHIO TUHAMIKA KBAHTOBUX JIBOPIBHEBUX i

6araTOpiBHEBUX CUCTEM Ta PO3POOL HOBUX MiAXOiB 10 ii ONUCY Ta KOHTPOJIIO 3 BUKOPUCTAHHSIM PiBHSIHHS



Jling6nazna, intepdepomertpii Jlangay-3inepa-1ltiokenpbepra-Maitopanu, afiabaTuyHO-iMITyJIbCHOI MOZeJi Ta
piBHSIHD 6asiaHcy. Y BCTYII KOPOTKO OOIPYHTOBAHO aKTyaJIbHICTh TEMU AUCEPTallii, BU3BHaYEeHO METY Ta OCHOBHI
3aBJIaHHS AOCJIIPKEHHS, 00'€KT, TpeIMeT Ta MeToAU JocaimKeHHs. CGOpMyIbOBaHO HAyKOBY HOBU3HY Ta OMKUCAHO
[IpaKTUYHE 3HAaYEHHS OTPUMAaHUX Pe3yJbTaTiB. TakoX y LIbOMY pO3[iji HaBeeHO iH(popMallilo Ipo my6tiKauii,
0COOUCTUI1 BHECOK 37,00yBaya Ta anpooballiio pe3ysibTaTiB guceprauii. HaBeneHo iHdopMaliio Ipo CTpyKTypy Ta
obcsr pucepTauii. Po3nin 1 npucssyeHo oriisgny Ta aHaslisy JiTepaTypu 3a TeMolo aucepTauii. [lepexin iMoBipHOCTI
3aC€JIEHOCTI M)XK €HEPreTUYHNMY PiBHAMY KBAHTOBOI CUCTEMM IIiJl YaC ITPOXOIPKEHHS KBa3illepeTUHY PiBHIB
Ha3uBaeThCA nepexonom Jlannay-3inepa-1ltiokensoepra-Maitopanu (JI311IM). Kosu kBaHTOBa cuctema 3
KBas3ilepeTHHOM PiBHIB 3HAXOAUTHCS IIifL BIIJIMBOM IEPIOIUYHOrO CUJILHOTO 30Y>KEHHS 3 OCTaTHbO BEJIMKOIO
aMILIITYJ010, BinOyBaeThcs nocuifgosHicTs JI3IIM nepexonis. PisuyHO criocTepeXXyBaHi BEJIMYMHU CUCTEMU, TaKi 1K
MIMOBIDHOCTI 3aC€JIEHOCTEN €EHEPreTUYHUX PiBHIB, BUABIIAIOTH IEPIOAUYHY 3aJIEXKHICTD Bifl TapaMETPiB 30BHIIIHBOTO
30yIpKeHHS, BiloMy sK inTepdepomeTpist JIBIIM. Po3nin 2 mprucBsYeHO JOCTiIKEHHIO abTePHATUBHOI apagurmMu
peastizallii KBaHTOBUX JIOTIYHUX OIlepaliili Ha OCHOBI Hepe30HaHCHOrO 30yIpKeHHs 3 nepexogamu JISIIM. ¥V
IycepTallii po3BMBAETHCS 1is NapagyurmMa KBaHTOBUX JIOTTYHUX, JOCHIIKYy€ETbCS JUHAMIKa 6araTopiBHEBOi KBAHTOBO]
cuctemu nif BryinBoMm JIBIIM 30ympKeHHS Ta ONTUMI3YIOThCS TapaMeTpu JJ1s MifBUILIEHHS IBUIKOCTE KBAHTOBUX
JIOriYHMX orepauiil. BusHaYeHo napameTpy 30BHILIHBOIO KEPYIOUOro CUTHaTy, HeOoOXioHi 1151 peasisarii
KOHKPETHOi KBaHTOBOI JIOTiYHOi omnepaliii, TpoieMOHCTPOBaHO pearizaliii onepariii X, Y, Anamapa ta ¢azoBoi
onepalii, BAKOPUCTOBYIOUH SIK ocuusauii Pa6i, Tak i JISIIIM nepexony, i HOPiBHSIHO MBUIKOCTI Ta TOUHICTB,
TOCSITHYTI 32 JOIIOMOTOI0 000X MifX0AiB. Byjio y3arajbHEeHO pO3IJISHyTy apajurmy AJ1s peasisalii KBaHTOBUX
JIOriYHMX Ollepalliii 1151 6araTopiBHEBUX KBAHTOBUX CUCTEM i OIIMCaHO peaisallilo IBOKy6iTHUX onepauiit iSWAP Ta
CNOT. HagaHo peski nertasni peanisauii iHmux gBoky6iTHUX onepauii: SWAP, CZ, CS. Po3gin 3 npucssyeHo
BMBYEHHIO CIIEKTPOCKOIIii KpeMHieBOi oBiliHOI kBaHTOBOI To4kH (I1KT). [TepioguyHo 30yAKyBaHa KBAHTOBA
crcTeMa 3 KBasilepeTHOM PiBHIB 3a3Ha€ SIK HeanliabaTUyHUX NepexoiiB, TaK i pa3oBux 3MiH XBUIbOBOI QYHKIIII.
J7151 KyOiTiB i3 pO3XOIKYIOIMMUCS eHepreTUYHUMU piBHsIMU Taka JIIIM inTepdepeHLis neMoHCTpye AyronoioHi
PE30HAHCHI JIiHil. Y BUNaiKy 6araTopiBHEBOI CUCTEMHU 3 KBa3ilIEPETHHOM ABOX HUKHIX PiBHIB ITPOJIEMOHCTPOBAHO,
10 (popMa pe30HAHCIB MOKE 3MIHIOBAaTUCS BiJj ONYKJIMX IYyT [0 YBIrHYTUX CepLenonioHux i ap@onomioHux
Ppe30HaHCHUX JIiHiN. lle 6yi0 po3rysiHyTO 1111 KpeMHi€eBUX KBAHTOBUX TOYOK. PO3IJISIHYTO YOTHPUPiBHEBUM
ramisibToHiaH, 06roBopeHo, sk niarorysatu cranu [1KT nys HuzbkouyactoTHOI JISIIIM-cniekTpockomnii, ogsrHyBIIy ix
PE30HaHCHUM cUrHajaoM. OngraHHs 403BOJIsIE€ 3aCToCcyBaTu ¢popmynu iHTepdepomerpii JIBIIM nsg nBopiBHEBHX
KBAaHTOBUX CHUCTEM. Y Aucepralii 6ysu o6ropopeHi oTpumMani intepdepeHiiiHi cmyru Ta npoasasnizosaHa popma
PE30HaHCHUX JIiHiN. Po3zin 4 npucBsyeHo onucy KBAaHTOBUX 6araTOpPiBHEBUX CUCTEM 32 OIIOMOTOI0 PiBHSIHHS
Jling6mana, agiabaTUYHO-iMITYJIBCHOI MOJIeJli Ta METOy PiBHSIHB 6ajiaHCy. B IbOMY PO3iji BUBYA€TbCSI CUIIBHO
30yIKyBaHa nucunaruBHa yotupupiBHesa [IKT. OTpumano ii ramisnibTOHIaH Ta po3B's3yeThbesl piBHAHHSA JIiHO61a0a.
Icnye yotupu pizHi pesxkxumu JI3IIM: 6araTonpoxifHuii, ONHOIPOXiIHUM, ABONPOXiAHUHN | HEKOrepeHTHUIA.
Po3paxoBaHO MMOBIPHOCTI 3aCEJIEHOCTEN KOKHOTO CTaHy CUCTEMMU SIK QYHKIIii 4acy 1711 BCiX PEKMMIB DOOOTH.
Takox B IbOMY PO31iJli OIMCYETLCS SIK BUKOPUCTOBYBATH a/1iabaTUYHO-IMITYJIbCHY MOZEJb i MiJIXil, PiBHSIHb
GaslaHCy 7151 OTIMCY KBAHTOBUX OaraTopiBHEBUX cucTeM. [loegHaHHS afiabaTHYHO-IMITYJIbCHOI MOJIeJli Ta METOLY
PiBHSIHB 6aslaHCy [IO3BOJISIE B A€SKUX BUNAIKaX ONUCATH JUHAMIKy 6araTopiBHEBUX KBAaHTOBUX CUCTEM 3
E€HEPreTUYHOIO pesakcauieto Ta JISIIM nepexomamu. byna po3paxoBaHa AMHaMiKa JETEKTOPA MiKPOXBUJILOBUX

($OTOHIB Ha OCHOBI TOTOKOBOTO Ky6iTa 17151 CTaAii mepe3apsaKy AeTEeKTOpa.

2. 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 2024. The
dissertation is devoted to the study of the dynamics of quantum two-level and multilevel systems and the
development of new approaches to its description and control using the Lindblad equation, Landau-Zener-
Stiickelberg-Majorana interferometry, adiabatic-impulse model and rate equation approach. In the introduction I
briefly justify the relevance of the dissertation topic, define 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
is described. Also, this chapter includes the information about the publications, personal applicant's contributions,



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 related to the topic of the
dissertation. A transition of the occupation probability between energy levels of a quantum system during the
passage of an avoided crossing of the levels is known as a Landau-Zener-Stiickelberg-Majorana (LZSM) transition.
When a quantum system with an avoided-level crossing is subject to periodic strong driving with sufficiently large
amplitude, a sequence of LZSM transitions occurs. The physical observables of the system, like the occupation
probabilities of the energy levels, exhibit periodic dependence on the parameters of the external driving, known as
LZSM interferometry. The chapter 2 is devoted to the study of an alternative paradigm for implementing quantum
logic gates based on non-resonant driving with LZSM transitions. We further develop this paradigm, explore the
dynamics of a multi-level quantum system under LZSM drive and optimize the parameters for increasing the
quantum logic gates speed. We define the parameters of the external driving required for implementing a specific
quantum logic gate, demonstrate the implementations of X, Y, Hadamard, and phase gates implementations using
both Rabi oscillations and LZSM transitions, and compare the speed and fidelities achieved with both paradigms.
We generalize the considered paradigm to realize quantum logic gates for multi-level quantum systems, and
describe the realizations of two-qubit iSWAP and CNOT gates. We also provide some details for implementing
other two-qubit gates: SWAP, CZ, CS. The chapter 3 is devoted to the study of the spectroscopy for a silicon
double quantum dot (DQD). A periodically driven quantum system with avoided level crossing experiences both
non-adiabatic transitions and wave-function phase changes. For qubits with repelling energy levels, the LZSM
interference displays arc-shaped resonance lines. In the case of a multi-level system with an avoided level crossing
of the two lower levels, the shape of the resonances can change from convex arcs to concave heart-shaped and
harp-shaped resonance lines. We consider this for silicon quantum dots. We consider a four-state Hamiltonian
and discuss how to prepare the DQD states for low-frequency LZSM spectroscopy by dressing them with a
resonant signal. The dressing allows to adopt the formulas of the LZSM interferometry for the two-level quantum
systems. We discuss the interference fringes obtained, and analyze the shape of the resonant lines. The chapter 4
is devoted to the description of the quantum multi-level systems with the Lindblad master equation, the adiabatic-
impulse model, and the rate equation approach. We study a strongly driven dissipative four-level DQD. We obtain
its Hamiltonian and solve the Lindblad master equation. There are four different LZSM regimes: multi-passage,
single-passage, double-passage, and incoherent one. We calculated occupation probabilities of each system's state
as functions of time for all operation regimes. We also describe how to use the adiabatic-impulse model and the
rate equation approach for description of quantum multilevel systems. By combination of the adiabatic-impulse
model and the rate equation approach it is possible in some cases to describe the dynamics of multilevel quantum
systems with energy relaxation and LZSM crossings. We calculate the dynamics of the detector of microwave
photons, based on the flux qubit for the reset stage of the detector.
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