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V. BimomocTi npo gucepraniio

Mosga aguceprarii:

Koau TemaTHYHHUX pyOpHK: 29.17.19

Tema gucepranii:

1. ®i3uyni Mozesi BUHMKHEHHS HAIIPaBJIEHOTO PyXy HAHOYACTHHOK Y HU3bKOPO3MiPHUX CUCTEMaX

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

Pedepar:

1. lucepranio IpUCBIYEHO TEOPETUYHOMY JOCIIIIKEHHIO PI3HUX MOJEJIEN MOJIEKYJISIPHAX MOTOPIB i3 METOIO
BUSBJIEHHS (DAKTOPIB i MEXaHi3MiB, 110 BIJIMBAIOTh HA [IEPETBOPEHHS Pi3HUX BUIiB €HEPTii B MEXaHIUHYy €HEePrilo
IIPUIIOBEPXHEBOr0 PyXy HAHOYACTUHOK. [10Ka3aHo, 0 OpieHTALiiHO-CTPYKTYPOBaHUI aicOpOaT CTBOPIOE
acUMeTpUYHE eJIEKTPUYHE [10JIe, HEOOXiIHE /11 TOOYL0BY MOJIEKYJISIPHOTO MOTOPA, 110 FeHEPY€E HaIlpaBJIeHi
IIOTOKU YaCTUHOK Y3[I0BX [10BEPXHi. PO3IJISIHYTO MOJIEJIb MOJIEKYJISPHOTO MOTOPA 3 MEPEXTIUBUM MUJIKONOAIOHUM
[IOTEHLiaIoM, i B aHAJIITUYHOMY BUIJIAA] 3HANIEHO ii OCHOBHI XapaKTEPUCTUKU: TIOTIK HAIIPaBJIEHOTO PYXy YaCTMHOK
i epeKTUBHICTb epeTBOPEHHS eHeprii. Y paMKaxX TepMOJIMHAMIKM HEPIBHOBA)KHUX ITPOIIECiB MPOAHATi30BaHO
eeKTUBHICTb POOOTU MOJIEKYJISIPHOTO MOTOPA K QYHKIIii CTyNeHs 3B's13Ky ABOX [IPOLECIB, OIUH 3 SIKUX [10CTAYae

€HEeprilo J0 CUCTEMH, A iHINI - BUBOIUTS ii. [IpoaHanizoBano (paxkTopy, 10 BIJIMBAIOTh HA €(PEKTUBHICThb



[IepETBOPEHHS €HePrii, i Ha 1111 OCHOBI 3aIIPONIOHOBAHO MOJIEJIb MOJIEKYJIIPHOTO MOTOPA 3 IIOTEHLiaIaMU, 110
3CYyBalOThCs Ha MiBnepios, epeKTUBHICTD SKOI 3a IEBHUX YMOB MO>Ke Hab/IKaTUCs 10 oguHuLi. 17 niei mogeri
3HAJIEHO TOYHE aHaJTUYHE [TOJAHHS [TOTOKY YaCTMHOK, 1[0 TEHEPYETHCS MOTOPOM, i HOTO €(PEKTUBHOCTI B TOMY
BUIAJIKY, KOJIU MOTEHLiaIbHUI PeJIbed MICTUTh €JIEMEHTU JOBLIBHOI (POPMHU, 110 IOBTOPIOIOTHCS, i 3MIHIOETHCS
cTpubKonozi6Ho. Po3po6sieHo pi3HOBUT, METOLY TpaHC(EP-MaTPULb IJ1s1 PO3PaxXyHKY OCHOBHUX XapaKT€PUCTHUK
MOTOpa 3 MepPioUYHUMU HellepepBHUMU ITOTEHIliaJlaMU JTOBiJIbHOI (hOpMH, 110 JO3BOJISIE YUCEIbHO MOJE/II0BATH

IIpoueCcr MacCoIllEpEHOCY B p€asIbHUX 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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