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1. IncepTaliiio MpuCBsYeHO JeTaJbHOMY JOCJiIPKEHHIO Ta aHajli3y JUHAMIYHUX IPOLECIB, SIKi BiOYBaIOTHCS IPU
B3a€eMO/Iii Me30CKOIIIYHUX JBOPiBHEBUX (KYy0iTiB) Ta 6araTopiBHEBUX (KYZiTiB) cUCTeM 3i 30y[KyI0OUM CUTHAJIOM. Y
BCTYIIi BUBHAYEHO METY Ta OCHOBHI 3aBJIaHHS IOCJIiIKEHHSI, CTUCJIO OIIMCAHO aKTyaJIbHICTh BUOOPY TEMU
IVCepTaLifiHOi pOOOTH, 3a3HAYEHO 00'€KT, IPEeIMET Ta METOAU NociaxeHHs. CHOpPMYIbOBaHO HAYKOBY HOBU3HY, a
TaKOX [IpaKTUYHE 3HAYEHHS OTPUMaHUX pe3ysibTaTiB. HaBemeHo BimomocCTi mpo my6stikanii, 0cobrncTuil BHECOK
3100yBaya Ta anpoballio pe3ysnbrartis gucepTalii. Tako>k onMcaHo CTPYKTYPY Ta 00CST IPeACcTaBIeHO]
JaucepTaniiHoi po6oTu. Po3zin 1 nprucBAY€eHO OIJIAAy Ta aHasli3y JiTepaTypy 3a TEMOIO AucepTalii. B Hbomy
PO3IJISIHYTO TEOPETUYHI Ta €KCIIEPUMEHTAJIbHI aCNIeKTU AUCEePTaLiiiHOi po6oTu. [IpoaHanizoBaHO €KCIIEpUMEHTH,

OMUCY SKUX [IPUCBIYEHO MOJAJIbIII PO3PAXYHKU. 30KpEMA, OyJI0 PO3IJISHYTO TBEPIOTIIbHUI ITYYHUN aTOM Y



IBOPIBHEBOMY HAOJIMKEHH] - Ky6iT IOCTIHHOTO CTPyMYy, IIOJIBiliHY KBAHTOBY TOUKY, OCHOBaHY Ha KPeMHi,
TBEPIOTIbHUN ITyYHUN aTOM y YOTHPbOXPiBHEBOMY HabIrKeHHi. OTPUMaHO PiBHSHHS 6ajlaHCY, PiBHSIHHS
Jlinp6s1a7a, po3IJISIHYTO TEOPETUYHI aClIeKTU HAANIPOBiAHUX KYOiTiB. JleTasibHO JOCiIKEHO TEOPETUYH] aCIIeKTH
HAJIIPOBiIHUX KyOiTiB, a CaMe ONMCaHO aBTOHOMHUIN KOHTAKT JI’)K03e(COHA, HAMPOBiHE Ki/bll€ i3 KOHTAaKTOM
Ixozedcona (Bu-CKBII). Y po3zini 2 piBHSIHHS 6ajlaHCy 3aCTOCOBYETHCS IJ1s1 ONMCY JIBOX KBAHTOBUX CHUCTEM:
TBEPOTIJILHOTO ITYYHOrO aTOMa y JBOPiBHEBOMY (Ky0iTa IIOCTIIHOI'O CTPYMY) Ta YOTUPbOXPiBHEBOMY
HaOJIVDKEHHAX. 3alKCaHo PiBHAHHA 6ajlaHCy [1Jis ABOPiBHEBOI CUCTEMU — Ky0iTa MOCTIHOTrO CTpyMy. ['0J10BHUM
pe3yJIbTaToOM MiApo3Ainy cTaja inTepdpeporpama: IMOBIpHICTb 3aCEIE€HOCTI cTany 1> cucremu SIK QyHKILis
aMIIITYou 30yIKYI040To I0JIsl Ta €HepreTUYHOi BiicTporku. BuBueHo nuHaMiKy KybiTa [OCTiliHOTroO cTpymy. s
1IbOT'0 OYJI0 3alIMCaHO i po3B's13aHO PiBHsAHHS JliH6/1aa. 3 iHIOro 60Ky AJ1s Liei cucTeMU 3alyCcaHo i po3B'si3aHo
piBHsIHHS 6anaHcy. [Tics yoro i gBa nigxonu 6yJ1o MOPIiBHSIHO MK COO0I0. 3HA4YHY yBary NpuiijleHo
TEOPETUYHOMY BUBYEHHIO BJIACTUBOCTEI Ta 0COOIMBOCTEN TBEPAOTIIBHOTO IITYYHOTO aTOMA Y YOTUPbOXPIBHEBOMY
HaOJIMKEHHI, 30KpeMa, I10JJaHO raMijJIbTOHIaH CUCTEeMU Ta 3allMCaHo PiBHAHHS 6ajaHcy, 1o ii onucyoTs. Po3nin 3
IIPUCBSIYEHO 3aCTOCYBAHHIO PiBHSIHHS 6ajlaHCy JJ1s1 ONUCY MO BiHOI KBAaHTOBOI TOUKU. OCO6JIMBY yBary B po3zii
IIPUAiIEHO BUBYEHHIO MOXJIMBUX C(EP 3aCTOCYBAHHS MOABITHNX KBAHTOBMX TOYOK Ta iXHBOTO MiCIISl y Cy4acHin
¢disuri. BuBeneHo Bupas 11 piBHIB eHeprii noBifHOI KBaHTOBOI TOYKK. OTPUMaHO CUCTEMY PiBHSHb OayIaHCy [Jis
IOCJIiIKYBaHOI 10 BiliHOI KBAHTOBOI TOUKU. PO3B's13yBaHHs OTPMMAaHUX PiBHSIHb J1aJI0 3MOTY 10Oy yBaTH
€KCIIEPMMEHTAJIbHO BUMIPIOBaHYy BeJIMYMHY — (a30BY BiJIOBiib pe30HATOPA SIK PYHKII0 aMIUIITY M 30yA>KyI04Oro
CUTHAJly Ta EHEPreTUYHOI BilCTPOMKU. Ha OCHOBI NOPIBHAJILHOTO aHaJi3y TEOPETUYHUX Ta EKCIIEPUMEHTAJILHUX
pe3yJbTaTiB 6yJi0 3p00JIeHO BUCHOBOK, 1110 OTpMMaHa iHTepdeporpama JeMOHCTPYeE Ti cami Mogei, o i
€KCIIEpPMMEHTAaJIbHA. Y JOIIOBHEHHS 0YyJI0 I0OYA0BAHO 3aJ1€XKHICTh IMOBIPHOCTEN 3aCe/IeHHS IIEBHOTO PiBHSI Bif,
4acy AJ1 Pi3HUX PEXUMIB. PO3IJISIHYTO CUCTEMY Y €HEPreTUYHOMY 0a3uci. 3p0o6JIeHO IPUMYILEHHS IIPO Te, IO
BEDXHill eHEePreTUYHUI PiBeHb He BIUINBAE HA MTOBEJiHKY CUCTEMU i TOMY HUM MO>KHA 3HEXTyBaTu. JIj1st TaKOTro
BUIIAJIKy 3alIMCaHO PiBHSHHS 6ajlaHCy Ta OOrOBOPEHO MOXUIUBI paHUYHi BUNaaku. Po3zin 4 npucesueHo
TEOPETUYHOMY Ta €KCIIEPMMEHTAJIbHOMY BUBUEHHIO [1IOBEMIiHKY KybiTa THUITy TPAHCMOH, Mif € JHAHOTO 1O
HaliBHECKiHYEeHHOI JIiHii nepegad. Ha mo4aTky posminy OnMcaHo aKTyaybHICTb Ta JOLIIbHICTE BUBYEHHS TAKOTO
pPOAY CUCTEM, & TAKOXK KOPOTKO OIIMCAaHO METOAM TEOPETUYHUX AOCIIKEHDb. 3HAYHY YaCTHHY PO3Iily [IPUCBSIYEHO
€KCIIEPMMEHTAJIbHUM aCIIeKTaM BUBYEHHSI IMHAMIKM KybiTa TUIly TPAHCMOH, IIiJl € JTHAHOTO [10 HalliBHECKiHYEHHOI
JIiHii nepepay. Y xo[li €KCIIEPUMEHTY Ha KYOiT Ail0Tb 30HAYIOUMN Ta 30yAKYIOYMI (CUTHAJ HAaKa4K1) CUTHAJIN.
Bapiroroun napameTpy LUX CUTHAJIIB i IOTiM, aHaJi3yI0YM 30HIYIOUNH CUTHAJ, MOXHA AOCIiI>KyBaTH AUHAMIKY
cucremy. PeanizoBaHo TeOpeTHYHE ONMCAHHS Ky0iTa TUIy TPAaHCMOH, IIiJl'€JHAHOT0 10 HalliBHECKiHYEHHOI JIiHil
nepepay. OHUM 3 OCHOBHUX P€3YyJIbTaTiB PO3[Iily € OTPMMAaHi iHTepdeporpaMu: 3aj1eXXHiCTb KoedillieHTa BilOUTTs
I BiJl TOTY>KHOCTiI HAaKa4yK¥ i 4aCTOTU 30HAYI0YOTO CUTHAY Npu (GikCoBaHiil 4aCTOTi HAKauyKX Ta MOTY>KHOCTI
30H/IyI0YOTO CUTHaJy. [leTajlbHO BUBYEHA JMHAaMiyHa I10Be/iHKa KybiTa TUITy TPAHCMOH, IIiJl €IHAHOTO 1O
HalliBHECKIHYEHHOI JIiHii Tepefay B 3aJIeXKHOCTI Bifl 3Ha4Y€Hb YaCTOTH HAKaYKU Ta ITOTY>KHOCTI CUTHAJIy HAKa4YKU.

Tako>x pO3IJIsSIHYyTO BUIIAJOK BifICYyTHOCTI 30yIKYIOYOrO CUTHAILY.

2. The dissertation is devoted to a detailed study and analysis of dynamic processes that occur during the
interaction of mesoscopic two-level (qubits) and multi-level (qudites) systems with an exciting signal. The
introduction briefly substantiates the relevance of choosing the topic of the dissertation work, defines the purpose
and main tasks of the research, and also describes the object, subject and research methods. The scientific novelty
and practical significance of the obtained results are formulated. Information about publications, personal
contribution of the recipient and approval of the results of the dissertation is provided. Information about the
structure and scope of the presented dissertation work is also indicated. Chapter 1is devoted to the review and
analysis of the literature on the topic of the dissertation. It examines theoretical and experimental aspects of the
dissertation work. Experiments were analyzed, the description of which is devoted to further calculations. In
particular, a solid-state artificial atom in the two-level approximation was considered - a direct current qubit, a
double quantum dot based on silicon, a solid-state artificial atom in a four-level approximation. The rate-equation,
the Lindblad equation, and the theoretical aspects of superconducting qubits are considered. A detailed study of



the theoretical aspects of superconducting qubits, the self-contained Josephson contact, a superconducting ring
with a Josephson contact (SQUID) is described.. In chapter 2 the rate-equation is applied to describe two quantum
systems: a persistent-current qubit and a solid-state artificial atom. The rate-equation for a two-level system — a
persistent-current qubit is written. The interferogram: the probability of the population of the |I> state of the
system as a function of the excitation field amplitude and energy detuning is obtained. The dynamics of the
persistent-current qubit is studied. For this purpose, the Lindblad equation was written down and solved. On the
other hand, the rate-equation was written and solved for this system. After that, these two approaches were
compared with each other. A solid-state artificial atom is theoretically studied in the four-level approximation, in
particular, the Hamiltonian of the system is presented and the rate equations describing it are written. Chapter 3 is
devoted to the application of the rate-equation to describe the double quantum dot. Special attention is paid in the
chapter to the study of possible areas of double quantum dots application and their position in modern physics. An
expression for the energy levels of a double quantum dot is derived. An expression for the energy levels of a double
quantum dot is derived. A system of balance equations for the studied double quantum dot is obtained. Solving the
obtained equations made it possible to construct an experimentally measured quantity — the phase response of
the resonator as a function of the amplitude of the excitation signal and energy tuning. Based on the comparative
analysis of theoretical and experimental results, it was concluded that the obtained interferogram shows the same
patterns as the experimental one. In addition, the dependence of the occupancy probabilities of a certain level on
time for different regimes was constructed. In one of sections, the system is considered in the energy basis and it
is assumed that the upper energy level does not affect the behavior of the system and therefore it can be
neglected. For such a case, the rate-equations are written and possible boundary cases are discussed. Chapter 4 is
devoted to the theoretical and experimental study of the transmon-type qubit connected to a semi-infinite
transmission line behavior. The introduction to the chapter describes the relevance and expediency of studying
this kind of systems, as well as briefly describes the methods of theoretical research. The experimental aspects of
studying the dynamics of a transmon-type qubit connected to a semi-infinite transmission line are considered.
During the experiment, probing and excitation (pump) signals act on the qubit. By varying the parameters of these
signals and then analyzing the probing signal, it is possible to study the system dynamics. Theoretical description
of a transmon-type qubit connected to a semi-infinite transmission line are given. One of the main results is the
obtained interferograms: the dependence of the reflection coefficient r on the pump power and probing signal
frequency at a fixed pump frequency and probing signal power. The dynamic behavior of a transmon-type qubit
coupled to a semi-infinite transmission line is studied in detail depending on the values of the pump frequency and
the pump power of the signal. The case of the absence of an exciting (pump) signal is also considered.

Jeps>kaBHH#M peecTpaniiinuii Homep JiP: 01170002291, 0122U001503, 0123U103073

IIpiopuTeTHHI HanIPsAM PO3BHTKY HayKH i TEeXHIKH: QyHmaMeHTaIbHi HAYKOBI OCTI/PKEHHS 3 HAMGbII
BRXJIMBUX IPOOJIEM PO3BUTKY HAYKOBO-TEXHIYHOIO, COLIiaJIbHO-€KOHOMIUHOr 0, CyCIiIbHO-TIOJIiTUYHOTO,
JIIOJICBKOTO MOTEHLiaNy 1715 3a0€e3M1e4eHHSI KOHKYPEHTOCIIPOMOXKHOCTI YKPAiHU Y CBiTi Ta CTaJIOrO PO3BUTKY

CyCIHiJIbCTBA i Aep>KaBU

CrpareriyHuii NpiopUTETHUH HAaNPSIM iIHHOBALLiHHOI Ais1JIbHOCTI: OCBOEHHS HOBMX TEXHOJIOTIH

BMPOOHHULITBA MaTepiasiB, ix 0Opo6JieHHs i 3'elHaHHS, CTBOPEHHS iHIyCTpii HAHOMAaTePiasliB Ta HAHOTEXHOJIOTIN
Hi,ucyMKH IOCJIiAKEHHSI: TeopeTUyHe y3arajabHEHHs i BUPilleHHs BAXJIMBOI HayKOBOI TpoGieMu

Iy6sikaii:

e M. P. Liul, and S. N. Shevchenko, Rate-equation approach for multi-level quantum systems, Low Temperature
Physics 49, N2. 1, 96-102 (2023), Q3, DOI: 10.1063 /10.0016482

e M. P. Liul, C.-H. Chien, C.-Y. Chen, P. Y. Wen, J. C. Chen, Y.-H. Lin, S. N. Shevchenko, Franco Nori, I.-C. Hoi,
Coherent dynamics of a photon-dressed qubit, Physical Review B 107, N2. 19, 195441 (2023), Q1, DOI:
10.1103 /PhysRevB.107.195441



e M. P. Liul, A. I. Ryzhov, S. N. Shevchenko, Interferometry of multi-level systems: rate-equation approach for a
charge qudit, European Physical Journal Special Topics . (2023), Q2, DOI: 10.1140 /epjs /s11734-023-00977-4

e M. P. Liul, and S. N. Shevchenko, "Parallel double quantum dot coupled to a fermionic sea”, I International
Advanced Study Conference "Condensed Matter and Low Temperature Physics 2020”7, (CM&LTP 2020), 8-14
June, 2020, Kharkiv, Ukraine, Online, Abstracts (2020)

e M. P. Liul, A. I. Ryzhov, and S. N. Shevchenko, "High-frequency quantum interferometry for a double-quantum
dot”, Il International Advanced Study Conference "Condensed Matter and Low Temperature Physics 20217,
(CM&LTP 2021), 6-12 June, 2021, Kharkiv, Ukraine, Online, Abstracts (2021)

e M. P. Liul, C.-H. Chien, C.-Y. Chen, P. Y. Wen, J. C. Chen, Y.-H. Lin, S. N. Shevchenko, Franco Nori, I.-C. Hoi,
"Coherence dynamics of a photonodressed qubit”, American Physics Society March meeting 2022, ("TAPS March
meeting”), 14-18 March, 2022, Chicago, USA, Online, Abstracts, p. A36.8 (2022)

e M. P. Liul, and S. N. Shevchenko, "Rate-equation approach for qudits”, American Physics Society March
meeting 2023, ("TAPS March meeting”), 20- 22 March, 2023, Los-Angeles, USA, Online, Abstracts, p. VV01.13
(2023)

e M. P. Liul, S. N. Shevchenko, "Rate-equation approach for the solid-state artificial atom”, III International
Advanced Study Conference "Condensed Matter and Low Temperature Physics 2023”7, (CM&LTP 2023), 5-11
June, 2023, Kharkiv, Ukraine, Online, Abstracts (2023)

HaykoBa (HayKOBO-TeXHiYHa) MPOAYKILis: MeToxH, TeOpii, rinoresn

ComniasibHO-€KOHOMIYHA CIPSIMOBAHICTb: CTBOPEHHS PUHIMIIOBO HOBOI MPO/YKILi (MaTepiatis,

TEXHOJIOTI} TOILO) 1151 3a6€311eYEHHs €EKCIIOPTHOrO MOTEHIialy Ta 3aMillleHHIO iMIIOPTY

OxopoHHi gokymeHTH Ha OIIIB:

BrnpoBaaykeHHS pe3yJIbTaTiB AUCEPTalii: BipoBakeHHs He MIaHyEThCs

3B'A30K 3 HAYKOBHMH TeMaMH: 01170002291, 0122U001503, 0123U103073

VI. BizomocCTi Ipo HayKOBOr0 KePiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. lleBuenko Cepriii MukoJaiioBu4

2. Serhii M. Shevchenko

KBasigikanis: 1. ¢.-m. n., c.u.c., 01.04.02, 01.04.07
InenTudikarop ORCID ID: 0000-0003-3655-0365
JoparkoBa iHpopMamist: ResearcherID: J-1680-2016; Scopus Author ID: 7101791730

IloBHe HaﬁmeHyBaHHﬂ lopn,rmqﬂoi 0C00H: Di3uKO-TeXHIYHMIT iIHCTUTYT HU3BKUX TeMIepaTyp imeHi B. 1.

Bepkina HanionanpHoi akagemii Hayk YKpaiHu

Kopg, 3a €IPIIOY: 03534601

Micue3HaxoaKeHHS: npocniekt Hayku, 6y, 47, Xapkis, XapkiBcbKuii p-H., 61103, Ykpaina
dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InenTudikarop ROR:



VII. BigomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTIB
OdiniiiHi OIOHEeHTH
Bsacue IlpizBuuie Im's I1o-6aThKOBI:

1. Maitzesic 3axap OJyiekcaHLPOBUY

2. Zakhar O. Maizelis

KBasigikanis: 1. ¢.-m. u., nou,., 01.04.02

InenTudikarop ORCID ID: 0000-0001-6217-7117

JoparkoBa iHpopManist: Scopus Author ID: 35484673500; Web of Science ResearcherID: DXT-6787-2022

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0COOH: IHCTUTYT paniodisuku Ta enekTpoHiku iM. O. 5. Veukosa

HanionanbHoi akapemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 03534593

Micue3HaxoaKeHHS: ByJI. AKazemika ITpockypu, 6yz. 12, XapkiB, XapkiBcbkuil p-H., 61085, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist Hayk Ykpainu

InenTudikarop ROR:

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. Crocapenko FOpiit BikroposBuy

2. Yurii V. Slyusarenko

KBasidikamis: . ¢.-m. ., npodecop, akagemik HAH Ykpainn, 01.04.02

InenTudikarop ORCID ID: 0000-0001-5298-0731

JoparkoBa iHpopManist: Scopus Author ID: 35608411500; Web of Science ResearcherID: E-5012-2018

TloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: HauioHanbHuil HAYKOBUIA IEHTP "XapKiBChKuii (isnko-

TeXHIYHUH iHcTUTYT" HanjionanbHOI akazemii Hayk YKpaiHu

Kopg 3a €IPIIOY: 14312223

Micqesﬂaxon)KeHHﬂ: ByJI. AKazieMiuHa, 6yza. 1, XapkiB, XapkiBcbkuii p-H., 61108, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu

InenTudikarop ROR:

PeueHnzeHTn

BiacHe Ilpi3Bue Im'sa I1o-6aTbKOBI:
1. Konecnivenko Opiit OnekciiioBuy

2. Yuriy Kolesnichenko

KBasigikanis: . ¢.-m. ., npodecop, 01.04.02, 01.04.07



InenTudikarop ORCID ID: 0000-0001-5770-631X
JoparkoBa iHdopManist: Scopus Author ID: 7005312956; Web of Science ResearcherID: Q-4695-2018

IIoBHe HaﬁMeHyBaHHﬂ lopn,rmqﬂoi 0C00H: Di3uKO-TexXHIYHMIT iIHCTUTYT HU3BKUX TEMIepaTyp imeHi B. 1.

Bepkina HanionanpHoi akagemii HayK YKpaiHu

Kopg, 3a € IPIIOY: 03534601

Micue3HaxoaKeHHs: npocniekt Hayku, 6y, 47, Xapkis, XapkiBcbKuii p-H., 61103, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Kyniniu Ceprit IBanoBU4

2. Sergiy I. Kulinich

KBasidikamis: k. ¢.-m. u., crapmmit HayKoBuii cniBpo6iThuk, 01.04.02
InenTudikarop ORCID ID: 0009-0006-6317-072X
JoaparkoBa iHdopmanist: Scopus Author ID: 8595305400; Web of Science ResearcherID: AAD-7264-2020

IloBHe HaﬁMeHyBaHHﬂ lopu,rmqﬂoi 0COo0M: Di3UKO-TEXHIYHMIT iIHCTUTYT HU3LKUX TeMIEpPaTyp iMeHi B. 1.

Bepkina HanionanpHoi akagemii HayKk YKpaiHu

Kopg 3a €IPIIOY: 03534601

Micue3Haxoa>KeHHs: npocniekt Hayku, 6y, 47, XapkiB, XapKiBcbKuii p-H., 61103, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi

Biacue IpizBume Im's I10-6aTbKOBI Cnasin Bikrop Basnepiiiosuy
TOJIOBH paju

Bnacue IpizBume Im's I10-6aTbKOBI Cnasin Bikrop Basnepitiosid
rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigassHHUI 3a MiATOTOBKY Kanuuenko Onekcangp Mukosanosuy

00JIIKOBHX JOKYMEHTIB

Peectparop VYKpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




