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2. Electromechanical phenomena in normal and superconducting nanostructures based on a movable quantum dot

Pedepar:

1. Incepralisi pUCBAY€HA BUBYEHHIO HOBUX (PYHIAMEHTAIbHUX SIBULL, SIKi BAHMKAIOTh BHACJIILOK
€JIEKTPOMEXaHIYHOTO 3B'513Ky B ME30CKOIIIYHMX CUCTEMaX Ha OCHOBI pyXOMOi KBAaHTOBOI TOUKU. BUKOpHCTOBY10YM
METOJ, MaTPULli I'yCTUHH, OIIMCAaHO TPAHCIIOPTHI XapaKTEPUCTUKYU OJHOMOJIEKYJIIPHOTO TPAaH3MUCTOPA, SIKi
BMHUKAIOTb 3aBJSKMA HEPIBHOBAXXHIN KOrepeHTHil BiopoHHiil nizcucremi. HaBeeHo Ta NpoaHasni3oBaHO pe3yJsbTaTu
AQHAJIITUYHUX TA YUCEJIbHMX PO3PaxXyHKiB BOJIbT-aMIIEPHUX XapaKTepUCTUK (BAX). BcTaHOBI€HO BiAIOBITHICTD MixK
BAX, oTprMaHrMMU B NIPUITYIIEHHI, IO BiIOPOHHA MificucTeMa nepebyBa€e B KOTEPEHTHOMY (HEPiIBHOBaXXHOMY) CTaHi,
Ta (paHK-KOHJIOHIBCbKUMU CXOAUHKaMU 1151 BIOPOHIB Y piBHOBaKHOMY cTaHi. [TokasaHo, 1110, Ha BifMiHY Bif, Teopii
dpanka-KoHmoHa, y BUNAIKy KOTEPEHTHUX BiOPOHIB CXOIMHKY Ha BOJIbT-aMIIEPHUX XapPAaKTEPUCTUKAX €
HeperyJIipHUMU. Binbll TOro, 17151 KOTEPEHTHOTO CTaHy BiOPOHIB CTPYM HAaCUYE€HHSI BUHMKAE NPY 3HAYHO MEHIINX

TArHy4Ux Harpyrax. OcTaHHiN ¢pakT Moxe 6yTH BUPILIaJbHUM B €KCIIEPUMEHTAX, SKi BUMaraloTb poOOTH B PEKMUMI



3HSTTS IOJISPOHHOI 6J10Kaid, TOOTO MAaKCUMAaJIbHUX CTPYMiB. Y pOOOTi TaKOXX OTPMMAaHa Ta IPOaHaji30BaHa
3aIUIyTaHICTb, sIKA BUHUKA€E MK €JIEKTPOHHUMU Ta MEXaHIYHMMU CTYIIEHSIMU CBOOOAM B HANIIPOBiIHOMY HaHO-
€JIEKTPOMEXaHIYHOMY NPUCTPOI. [ToKa3aHo, 10 [M0YAaTKOBUM YACTUI CTAaH €BOJIIOLIIOHYE 4O CTaHy, IPELCTABIEHOTO
3aIUIyTaHICTIO MIX IBOMa CTaHAMU Ky0iTy Ta IBOMa KOT€PEHTHMMU CTAaHAMM MEXaHIYHOrO pe30HaTopa.
3anponoHoBaHo crenngivHUI IPOTOKOJI MAHIMYJIAL|l TATHYYO00 HAMPYrol0, SKUI IPU3BOIUTD 10 YTBOPEHHS
3aIUIyTaHOCTI MK JBOMa CTaHaMU 3apsioBOro Ky6iTa i ;Boma cranamu tuny "Schrodinger cat” (cynepriosutiist 1Box
KOT€PEHTHHX CTaHiB), IOYMHAIOYY 3 YUCTOrO CTaHy. PO3IJISIHYTUI TPOTOKOJI 3aBJSIKU CBOill IIPOCTOTI MOXe OyTU
e(EeKTUBHO peasli30BaHMI B €KCIIEPMMEHTAX 3 KOJyBaHHSIM KBaHTOBOI iH(popMallii 3 €JIEKTPOHHUX CTaHiB Ky0iTy [0
KOTepeHTHUX (30KpeMa, Tak 3BaHUX "cat states") HaHOMeXaHIYHOro pe3oHaropa. TakoxX y poboTi JocinKeHo
KBaHTOBY JMHaMiKy Ii6pUIHOI HAHOEJIEKTPOMEXaHIYHOI CUCTEMH Ha OCHOBI ByIJlelleBOi HAHOTPYOKHY, 1110 BUHUKAE
3aBISKMA HAJIIPOBiIHOMY €(eKTy 6J1M3bKOCTI. [lJIs TaKOi CMCTEMU 3HANLEHO 00JIACTI HECTIMKOCTI Ta OTPUMAHO
SIBULLE CAMOHACUYEHHS, 110 BUHMKAIOTD SIK PE3yJIbTaT [eJIOKasli3alii KylepiBCbKUX Map. 3a JOIOMOIOK METOLY
MaTpuli r'yCTUHA OTPUMaHO e(deKT 0XOJIOMKEHHS 0 OCHOBHOTO CTaHY HAHOMEXaHIYHMX KOJIMBAaHb [1JIs JaHO]
HaHOEJIEKTPOMEXaHIYHOI CUCTEMHU, [I€ €JIEKTPOMEXAHIYHUI 3B5130K Ma€ KBaHTOBY [IPUPOAY — BUHUKAE BHACILOK

eeKTy 6I1M3bKOCTI.

2. This dissertation is devoted to the study of new fundamental phenomena arising from electromechanical
coupling in mesoscopic systems based on a movable quantum dot. Using the density matrix approximation, the
transport properties of a single-molecule transistor arising from a non-equilibrium coherent vibronic subsystem
are described. The results of analytical and numerical calculations of the current-voltage characteristics (I-V) are
presented and analyzed. The correspondence between the 1-Vs obtained under the assumption that the vibronic
subsystem is in a coherent (non-equilibrium) state and the Frank-Condon steps for vibronic systems in equilibrium
is established. It is shown that, in contrast to the Frank-Condon theory, in the case of coherent vibrons, the steps
on the current-voltage characteristics are irregular. Moreover, for the coherent state of the vibrons, the saturation
current occurs at much lower values of bias voltages. The latter fact can be decisive in experiments requiring
operation in the mode of polaron blockade removal, i.e., maximum currents. The entanglement that arises between
electronic and mechanical degrees of freedom in a superconducting nanoelectromechanical device is also
obtained and analyzed. It is shown that the initial pure state evolves to a state represented by the entanglement
between two qubit states and two coherent states of the mechanical resonator. A specific protocol of manipulation
of the bias voltage is proposed, which leads to the formation of entanglement between two states of the charge
qubit and two states of the "Schrodinger cat" (superposition of two coherent states), starting from the pure state.
Due to its simplicity, the considered protocol can be effectively implemented in experiments with encoding
quantum information from the electronic states of the qubit to the coherent states (in particular, the so-called "cat
states") of a nanomechanical resonator. Also, the quantum dynamics of a hybrid nanoelectromechanical system
based on a carbon nanotube arising from the superconducting proximity effect is investigated. For such a system,
the regions of instability are found and the phenomenon of self-saturation arising from the delocalization of
Cooper pairs is obtained. Using the density matrix approximation, the effect of ground-state cooling of
nanomechanical vibrations for this nanoelectromechanical system, where the electromechanical coupling is of
quantum nature, arising from the proximity effect, is obtained.
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