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Me3sockoniyHi CHMCTeMH € NepCNeKTHBHMMH KaHAMJaTaMW [AJIs peautizanii
KBaHTOBHMX 064YMC/IE€Hb 1| MOXKYTb BUCTYIIATH B AKOCTi 00YHC/IIOBAJbHUX OJUHHLb
Yy KBaHTOBMX KoMI'lorepax. OKpiM LbOTO Takoro poay 06'€KTH A03BOJAKTH
BMBYATH HOBI ABHINA, BaXJIHBI Ansa PyHaaMeHTasnbHOI dizuku. [IpexscrasieHa
JAucepraiiiiHa poboTa MNpUCBAYEHA BUBYEHHIO JMHaMIYHUX IpPOLECiB y
JIBOpiBHeBUX | OaraToOpiBHeBUX KBAHTOBUX CUCTeMax, SKi OMHUCYIOTb [AesKi
Me30CKOIIIYHI CHCTeMH, BMBYEHHIO Ta pO3poOLI HOBHMX MiAXOZAIB A0 IX OmMUCY,
aHaJi3y, cneKTpockolnii, Ta KoHTpoJsio. He AuUBAAYKMCE Ha Te, IO TaKi CUCTEMH
noyasu BuBuaTu maike 100 pokiB ToMy, [ie BCe Iie € aKTyaJbHOIO Ipo6JsieMolo
TEOPeTUYHOI 1 ekcllepuMeHTaNAbHOI (QI3MKH, OCO6JMBO y 3B'A3KY 3i CTPIMKHM
PO3BUTKOM KBAHTOBHUX TEXHOJIOTIM B OCTaHHI POKH, 10 NOTpebye raubLIOro
pO3yMiHHSA JAWHAMIKM KBAaHTOBMX [JBODiBHEBHX Ta 6araTOpiBHEBHX CHCTEM.
ABTOp, 30KpeMa, TeOPeTHUYHO OIIMCYE MOBEeLIHKY noJdelliHOoI KeaHmosol mo4Ku
OCHOBaHOI Ha KpeMHii, nodeiliHoi KeaHmoeoi mo4Ku 3 [JOJHHHHUMH Ta
opbiTalbHUMU CTYNEeHAMH CBOGOAM, HAONpOBIOHUKOB020 NhOMOK08020 Kybima.
[0JIOBHUMH MeTOZaMH JOCJiJpKeHHsi € po3B'sisyBaHHsi piBHAHHA JliHAGJa4a,
piBHAHL 6asaHCy, BHKOPHCTOBYyBaHHA iHTepdepomerpii Jlanpgay-3iHepa-
[lITIokennbepra-Maiiopanu Ta afiabaTU4yHO-iMnysihcHOT Mozeni. [TopiBHAHHA Ta
BiAMOBIAHICTh JAEAKHMX TEOPEeTHYHMUX pesynbTaTiB JucepTaniiHoi po6oTH
(mosoxkeHHs Ta (GopMa pE30HAHCHHUX JIiHIA Ha iHTeppepeHUiHHI KapTHHI
KpeMHI€BOI MOABIHHOI KBAaHTOBOI TOYKH) 3 eKCIepPUMEHTaJIbHUMHK JaHUMH
CBiJYUTL PO HayKOBY 00I PYHTOBAHICTh Ta 0CTOBIPHICTh 0OPaHKX IHCTPYMEHTIB

TeOpeTHYHOI Qi3UKH.



[y6aikanii y HAyKOBHMX Ky pHalax

Pe3ynbTaTU AucepTauiiHol po60TU BUCBITAECHO Yy 3 CTATTAX Y NPOBITHHX
MiKHapoaHUX HaykoBux >xypHasiax Physical Review Research Ta Physical Review
B, ingekcoBanux Scopus Ta Web of Science, 3 mafipummmu keaptwisimu Q1. 3rigHo
3 BUMOTaMHu MiHicTepCcTBA OCBITH | HAyKU YKpailHU 1040 Ny6JIiKaLid 0CHOBHOTO
3MiCTy AucepTallii, TaKoi KiJIbKOCTI CTaTel AOCTATHLO A/ 3L00YTTA CTyNeHs
nokTopa $inocodii 3a cneyianbuictio 104 - «Pizuka Ta acTpoHOMIsI».

Jloc/imKeHHs, Ha AKUX 06a3yeTbCs APYTHHA PO3Aia npeacTaB/ieHo y »KypHali
Physical Review Research. PesysbraTé TpeThoro posainy omny6/ikoBaHO Yy
ypHaii Physical Review B. MogentoBanHa JUHAMIKW eTaly rnepesaps/pKaHH:A
nerektopa (GOTOHIB Ha OCHOBI MOTOKOBOro KybiTa, HaBejeHe y 4YacCTHUHI
yeTBepTOro po3aiay, onybJsikosaHo y xypHaui Physical Review B. /luceprant
MaB BMpillaJbHEUK BKJaZ B Ty 4YacTHHY JOCH/DKeHb, #AKi yBIHIUIA 110

JucepTaniiHoi po6oTH.

CTpykTypa AucepTallii Ta OCHOBHI pe3y/ibTaTH

MpejcraBieHa AucepTaniiiHa po6oTa CKJAJacThCA 31 BCTYIy, YOTHUPbhOX
po3ainiB Ta BuCHOBKIB. Po3srisHemMo 6inbll AeTalbHO KOKHUA 3 pO3ALIIB.
BesnepevyHolo nepeBaroo JaHol po60TH € MOB'SI3aHICTb BCIX pO3/1L1IB.

lMepmmii po3Aia — 1e orJisif, Ta aHaji3 JiTepaTypu 3a TeMoio AucepTaiii. B
HbOMY PO3TJISTHYTO TEOPeTHYHI Ta eKClepUMEeHTa/lbHi acneKTH AucepTaninHoi
poboTH. Y mepuioMy MHijfipo3/iiai HaBeZeHo JTepaTypy, AKa CTOCYEThCHA pPiBHAHD,
TeOpPeTHYHHX METO/IB Ta MOjieJieH, L0 BHKOPUCTOBYHOTBHCA Y AucepTauiiHin
po60oTi, HaBeJleHi MOCHJIaHHS HA €KCINEePUMEHTH, OMUCY AKHUX NMPUCBAYEH] JedKi
po3paxXyHKH: KpeMHi€Ba MOJBiHHA KBaHTOBA TOYKa, fKa BHKOPHUCTOBYE HAK
op6iTasbHi, Tak i JONMHHI CTyNeHi cB060M, Ta MOJBiHHA KBAHTOBa TOYKa Ha
ocHoBi CMOS (complementary metal-oxide-semiconductor) TpaHsucTopa. Byno

PO3TJITHYTO JeTEeKTOp MIKPOXBU/IbOBUX $»OTOHIB, JUHaMiKa AKOT0 BUBYAETLCA B

0CTaHHbLOMY PO3/Iii.



JIpyruid po3Jin npucBIYeHO AOCTI/RKEHHI0 MoJieni peasizallii KBAHTOBUX
JIOTIYHMX Omepalid Ha OCHOBI HEpe30HAHCHOTO 30y/KeHHs 3 Tepexo/iaMu
Jlanpay-3inepa-lllTiokens6epra-Matopanun  (JI3IIM). V¥V uvomy  posgini
JOCHIPKYEThCA JiMHaMika OaraTtopiBHEBOI KBAHTOBOI CUCTEMH IIiJ] BIJIKBOM
HEPEe30HAaHCHOr0 KepyK4Yoro CUrHaly 3 BeJIMKOK aMIuiTyaow. Bysno omucano
MEeTO/IM BU3HAYEHHs] MapaMeTpPiB 30BHIIIHBOTO KEPYKUOro CUTHANY, HeoOXiAHUX
JUld  peaJiizalii KOHKpeTHOI KBaHTOBOI JIOTiYHOI omnepanil. byau poariasanyTi
MOKJIHBOCTI MPUCKOPEHHA BUKOHAHHA onepalid. bysio y3arajbHeHO po3rigaHyTy
MoOJeNb ANA peasizauii KBaHTOBHUX JIOIIYHMX onepainid aaa 6GaraTopiBHeBHX
KBAHTOBUX cucTeM. HaBejeHa Teopis MO)Ke BUKOPHUCTOBYBATHUCH JIs BEJIHKOI
KiJIbKOCTI THUMIB KyGiTIiB Ta He NpUB'A3aHa A0 THIY KOHKpeTHol ¢isndHoi
peasizanii KyoiTiB.

TpeTii po3ain NpHUCBAYEHO BUBYEHHIO CIIEKTPOCKOIIII KpeMHi€BOI 110BIMHOI
kBaHTOBO! Touku ([IKT). Bysio posrisgsHyTO YoTHpHpiBHEeBHH raminbroHiad IIKT,
o6rogopeHo, gk migrotryeatd cranu [IKT ana n‘usbkovyactoTHoi JI3IIM-
CIIeKTPOCKOTIl, OJATHYBIIM iX pe30oHaHCHHUM curHasomM. Ilicisa 3acTrocyBaHHsA
dopmyn intepdepomerpii JI3IIM g0 oTpHMaHOI «OAArHEHOI» JABOPIBHEBOI
KBAHTOBOI cucreMu 6ysu 06roBopeHi oTpuMaHi iHTepdpepeHUidHI CMyrd Ta
npoaHa/izoBaHa ¢popMa pe30HaHCHUX JIHIN.

YV 4yerBepToMy po3aini aucepTanifiHoi po6orn posraspaerbest [IKT na
ocHoBi CMOS Tpansucropa. byno suBezneno raminpbronian I[IKT, npomogenrosana
nuHaMika (MMOBIPHOCTI 3aceieHOCTed KOXHOI'0 eHepreTHYHOro piBHA CHUCTEMH
AK OQyHKLil vacy) Ijiel KBaHTOBOI 0araTopiBHeBOI CHCTEMHM 3a AONOMOIOIO
pO3B’A3Ky piBHsAHHs JIIHAGAaa B YCiX YOTUPBOX peXHMaX, AKi CIIOCTEepIrarThes
Ha excrmepUMeHTanbHil inTepdeporpami JI3IIM. OtpumaHa AuHaMika Gysa
npoaHasii3oBaHa.

TakoX B IIbOMY pO3JiI Ha TNPHUKIaAl PO3PaxyHKy [AWHAMIKH eTamy
nepesapA/pKaHHA JeTeKTOpa MiKpOXBHIbOBHX GOTOHIB ONMUCYETHCA, AK JMHAMIKA
KBAHTOBHX OaraTopiBHEBHX CHUCTEM 3 €HePreTHYHOI penakcanierwo Ta JI3UIM
nepexojaMyd Moxke OyTH 0OYMC/IeHA 3a [I0TIOMOTrOI0 afliabaTHIHO-IMIyIbCHOI

Mozesi Ta popMasisaMy piBHAHb BaJAHCY.



CrymiHb OGIpDYHTOBAHOCTI HayKOBHX IOJIOKE€Hb, BHCHOBKIiB Ta ix
AOCTOBIPHICTH

KopekTHicTe Ta cTporictb MeTO/IB TeOpPeTUYHOI Ta MaTeMaTU4HOI Qi3MKH
3abe3ne4yloTb BUCOKHMM piBeHb OOIPYHTOBAHOCTI HAYKOBHX MOJIOKEHL Ta
BHCHOBKIB, CQOpMy/NbOBaHUX B  AMcepTauil.  Pe3yabTaTH  4YHCeJIBHOro
MO/IeJIF0BaHHSA 36iraloTbCd B TI'PAaHUYHUX BHUIAJKaX 3 HaOGJIMIKEHUMU
aHaNITUYHUMHK pe3yabTaTaMH. Pe3ysbTaTH TEOPETUYHOI'0 MOJIENIOBAHHS, L0
MOYTh OYTH NMOPiBHAHI i3 BIANOBIAHUMH €KCIEpUMEHTaJbHUMHU JAHHMH MalOTh

i3 HUMH A006py y3roKeHicTh. JJOCTOBIpHICTh 0JepXaHUX Pe3yJIbTATIB Y MEHE He

BUKJIMKAE CYMHIBIB.

3ayBa)KeHHA /10 AMcepTaniiHoi po6oTH

1. ¥ pospaini 2 peanizanil KBAHTOBHUX JIOTIYHMX ONlepaLii po3raaAalThCA JULIe
ISl MOJeJIeH i30/1b0BaHOro Ky6iTa Ta CHUCTEMH JBOX IOB'AI3aHMX KyOITIB,
i30/IbOBAHUX BiJ, HABKOJIMIIHbLOTO cepeioBunia. bysio 6 KopyucHO 3a3HAYUTH
Ha mo i gK Oyge BIJAMBATU QaKT HaABHOCTI iHmMMX KyO6iTiB Ta
HABKOJIMUIHBOTO CEPENOBHINA TPU BHUKOPHCTAHHI pe3y/bTaTiB LbOro
pO3AiJy /0 KBaHTOBHX CHCTeM i3 baraTbMa Ky6iTamMM Ta 3B'A3KOM i3
HaABKOJMILUHIM cepeoBUILIEM.

2. V poajini 3 36yMKyrUYHH CHTHaJl Ma€ BUCOKOYACTOTHY «OJATarvy»
KOMIMOHEHTHY Ta HU3bKOYACTOTHY CIIEKTPOCKOMIYHY KOMIIOHEHTY. 3 TEKCTY
He 30BCiM 3pP03yMiJI0, Y4 MOXKJIHMBO OyJs10 6 criocTepiraTd iHTeppepeHUidny
KapTMHY Ha pHUC. 3.5, AKN 30y/DKyrH4Md CHrHa1 MaB OHM  TiNIbKH
HHU3bK0OYAaCTOTHY CIEKTPOCKOIIYHY KOMIIOHEHTY.

3. Y posgini 4 aBTOp BHKOPHUCTOBYE HabjvdKeHy aAiaGaTHYHO-IMIYJ/ILCHY
Mozesb Ta (QopManisM piBHAHb OanaHcy JJs  ONMKMCy JAHWHAMIKH
GararopiBHeBux cucTeM. Bysao 6 KOpucHO 6iibin AeTanbHO Ji3HaTUCh 3a
AKUX YMOB I[i HAB/IMXKeHI MeTOAN MOXYTb BUKOPHUCTOBYBATHCD: /Ul AKHX
TUIIB KBAHTOBMUX CUCTEM, [JIs KBAHTOBHX CUCTEM 3 SIKOK XapadKTEPHOIO

CTPYKTYpOIO eHepreTHYHHUX PiBHIB, 11 AKUX THIIB AUHaMIK.



OzHak, 3a3HaveHi 3ayBa)KeHHSsI JKOJHUM YHHOM He BIJIMBAIOTh Ha MIO3UTUBHY

OI[IHKY POOOTH.

3arajibHi BUCHOBKU

Po6oTa PuxxoBa Aprema [ropoerua “3acrocyBanus intepdepomerpii Jangay-
3inepa-llITrokenb6epra-MakopaHu AJisi KOHTPOJIIO JHHAMIKH KBaHTOBUX CACTEM”
MICTUTE HU3KY HOBHX aKTVaJIbHUX pe3yabTaTiB. /JloCTOBipHiCTH Ta HOBH3HA
OTPHMaHMX Pe3yabTaTiB He BUKJ/IHKAE CYMHIBIB. JledKi 3 OTpUMaHUX pe3yabTaTiB
NiITBEPKYIOTECH  BiANOBIJHUMH  €KCIIEPUMEHTAJBLHHMH  JOCHiIKeHHAMMU.
Pobora pobpe HamucaHa, CTpPYKTypoBaHa 1 BigmoBigae Bumoram «llopsazaky
IPUCY/PKEHHA CTyNeHd AoKTopa ¢inocodii Ta ckacyBaHHA pillleHHs pa30Boi
crenjaji3oBaHol BYEHOI paZM 3aKJaJly BHUIOI OCBiTH, HAyKOBOI YCTaHOBW IIPO
MPUCYIKEHHSI CTyneHs JokTopa dinocodii», 3aTBepmkeHOMY MMOCTaHOBOIO
KabGinety MinicTpiB Ykpainu Big 12 ciuas 2022 p. Ne 44 3i sminamu. Takum
YUHOM, po0JII0 BUCHOBOK, 1[0 JUcepTaHT PmxoB ApTeM IropoBUY 3aciyroBye Ha
IIPUCY/PKEHHA HAyKOBOT'O CTyneHs JokTtopa ¢inocodii 3a cnenianbuicTio 104 -

“®isuka Ta acTpoHoMia” 3 ranysi 3Hanb 10 - “[IpupoaHudi HayKu”.
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