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2. Physical models for the origination of nanoparticle directed motion in low-dimensional systems

Pedepar:

1. luceprarito NpUCBIYEHO TEOPETUYHOMY JOCIIJI)KEHHIO Pi3HUX MOJEJIEN MOJIEKYJISIPHUX MOTOPIB i3 METOIO
BUSBJIEHHS (PAKTOPIB i MeXaHi3MiB, 110 BIIJIMBAIOTh HA [1IEPETBOPEHHS Pi3HUX BUIiB €HEPrii B MeXaHiuUHy €Hepriio
[IPUIIOBEPXHEBOrO PyXy HAHOYACTUHOK. [10Ka3aHo, [0 OpieHTaliliHO-CTPYKTYPOBaHUI aicopbaT CTBOPIOE
acUMeTpUYHe eJIEKTPUYHE [10JIe, HEOOXiHe /1J1s OOYA0BY MOJIEKYJISPHOTO MOTOPA, 1[0 FeHEePYy€e HaIlpaBJleHi
NIOTOKM YaCTUHOK Y3/I0BX IIOBEPXHi. PO3IJISIHYTO MOZIE€JIb MOJIEKYJISIPHOTO MOTOPA 3 MEPEXTIMBUM MUJIKONOAI6HUM
[IOTEHLiaJIOM, i B aHAJIITUYHOMY BUIJISA] 3HAUIEHO ii OCHOBHI XapaKTEPUCTUKMU: IIOTIK HAIIPABJIEHOTO PyXy YaCTMHOK
i €(PEeKTUBHICTb NIEPETBOPEHHS €HEPTii. ¥ paMKax TePMOJVMHAMIKM HEPIBHOBKHUX MTPOLECIB IPOAHAI30BAHO
e(PeKTUBHICTb POOOTU MOJIEKYJISIPHOTO MOTOPA SIK (PYHKIii CTyTeHs 3B's13Ky JBOX ITPOLIECIB, OAMH 3 SIKUX [IOCTa4Yae
€Heprilo 0 CUCTeMHU, a iHMUHN - BUBOAUTS ii. [IpoaHanizoBaHo (GakTOpPH, 1110 BIUIUBAIOTh HA €(PEKTUBHICTD
[IepPETBOPEHHS €HEePrii, i Ha 111l OCHOBI 3aIIPOIIOHOBAHO MOJIEJ/Ib MOJIEKYJISIPHOTO MOTOPA 3 IIOTEHLiaIaMU, 1110
3CYyBalOThCS Ha MiBnepios, eeKTUBHICTD K01 32 IEBHUX YMOB MO>Ke HabIKaTrCs 10 oguHuLi. 17 niei mogeri

3HAIEeHO TOYHE aHAJiTUYHE NIOIaHHS II0TOKY YaCTUHOK, 1[0 T€HEPYETHCSI MOTOPOM, i 10ro e(peKTUBHOCTI B TOMY



BUIAJIKY, KOJIY TOTEHLiaIbHUI PEJIbE() MICTUTD €JIEMEHTU IOBiNBHOI (POPMH, 110 IOBTOPIOIOTHCS, i 3MIHIOETBCS
cTpubKOIOi6HO. PO3p0o6eHo pisHOBUA MeTOy TpaHCchep-MaTpULlb IJ1s1 PO3PAXyHKY OCHOBHUX XapaKTePUCTUK
MOTOpa 3 MepiouYHUMU HellepepBHUMU MOTeH1lialaMy I0BUIbHOI (hOpMHU, 1110 O3BOJISIE YMCETbHO MOJIETI0OBATU

IIponeCHU MAaCOIIEPEHOCY B p€AJIbBHUX CUCTEMAX.

2. The thesis is devoted to the theoretical research on different molecular motor models with the aim to reveal the
factors and mechanisms influencing the conversion of different forms of energy into mechanical energy of near-
surface nanoparticle motion. It is shown that an orientationally structured adsorbate layer gives rise to an
asymmetric electric field which is necessary to produce a molecular motor generating directed particle currents
along the surface. The model of a molecular motor with the flashing saw-tooth potential has been considered, and
its basic characteristics, viz., the directed particle current and the energy conversion efficiency, have been found
in an analytical form. Within the framework of nonequilibrium thermodynamics, the molecular motor efficiency
has been analyzed as a function of the coupling degree between two processes, one supplying the energy to the
device, and the other withdrawing it. Factors governing the energy conversion efficiency have been analyzed and
on this basis a molecular motor model with half-period-shifted potentials has been suggested, its efficiency
tending to unity at certain conditions. In this model, exact analytical representations have been found for the
particle current generated by the motor and for the motor efficiency in the case that the potential profile contains
arbitrarily shaped repetitive elements and changes by jumps. A modification of the transfer-matrix method has
been developed in order to calculate the basic characteristics of the motor with periodic continuous arbitrarily
shaped potentials; as a result, numerical simulation of mass transfer processes in real systems becomes possible.
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