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systems

Pedepar:

1. Inceprarnist npucBsYeHa pO3pOOJIEHHIO KBAHTOBO-CTaTUCTUYHOI T€OPii piBHOBAXHUX XapaKTEPUCTUK Ta
Iry3ifHUX IPOLECiB Y IPOCTOPOBO OOMEXKEHMX METaJIeBUX CUCTEMax Ha OCHOBI 6a3MCHOrO MifxX0oly Ta METOiB
HEpiBHOBAaYXHOT'O CTaTUCTUYHOTO oleparopa 3ybapesa i PyHKLiOHATIBHOTO iHTEeIpyBaHHS. BUKOpUCTOBYIOUN MOZEb
HaMiBOOMEXXEHOT0 «XKeJjiey» sIK 6a3KCHYy, OTPUMaHO HOBi BUPa3y /1J1s1 TEPMOJMHAMIYHOTO [IOTEHLIiasy Ta S-
YaCTMHKOBOI (PYHKIii pO3NOIiy €JI€KTPOHIB HalliBOOMEXKEHOT'O METAJy 3 YPaxyBaHHSM JIMCKPETHOCTI iOHHOI
nigcucremu. i popmymnm MaioTh BUTJISL, PO3BUHEHB 32 CTEINIEHIMU «Pi3HMLIEBOro NoTeHujiany». [lokaszaHo, mo
HEJIOKAJIbHICTh IICEBIONOTEHIialy NPU3BOLUTD 40 HEOOXiIHOCTI pO3IJIsAaTy HeliarOHaIbHI €JIEMEHTU MaTpULIi
T'yCTUHM €JIEKTPOHIB. OTPMMAaHO HOBUY aHAITUYHUI BUPa3 [JIs TEPMOAUHAMIYHOIO NIOTEHIialy HalliBOOMEXXEHOTO
METaly B MEXXax MOJEJIi «KeJIe», HA OCHOBI SIKOI pO3Pax0BaHO XiMIYHUN IIOTEHIiajl, BHYTPILIHIO Ta [IOBEPXHEBY

eHeprii. JJoCIiIpKeHO BIIJIMB MiXKEJIEKTPOHHOI KYJIOHIBCBKOI B3a€MO/ii Ha XiMiYHWI [TIOTEHIiall Ta IOBEPXHEBY



€Heprilo. Bepiue 3 KOPEKTHUM BpaxyBaHHSIM YMOBH €JIEKTPOHEUTPAILHOCTI pO3Pax0OBaHO e(PEeKTUBHUI IIOTEHIiaJ
[apHOi MiXXeJIEKTPOHHOI B3aeMOZi, XiMiYHUMI IIOTEHIIias Ta poOOTY BUXOAY [JIsl TOHKOI MeTaseBoi IJIiBKY, sIKa
PO3IJISIAAETHCS Y MEXaX MOJIeJli «Kejle» Ta 3HaXOAUThCS Y BaKyyMi ab0 Ha JieJIeKTpUYHOMY MifgKami, Ta
IOCJIiIKEHO BILJIMB Ha HUX TOBLIVHMU IIIBKY. PO3paxyHOK XiMI4HOIO NOTEHLiay €JIEKTPOHIB MeTasleBOi IJ1iBKU
[10Ka3aB, 10 BPaxyBaHHS KYJIOHIBCbKOI MIXKEJIEKTPOHHOI B3a€MOZil IPU3BOIUTD IO MiICUJIEHHS OCLUJISILIIITHOIO
KBaHTOBO-PO3MipHOT0 edekTy. [lokazaHo, 1110 KOpeKTHe BpaxyBaHHS YMOBU €JIEKTPOHENTPaIbHOCTI 3abe3Ieyye
IIPaBUJIbHY TOBEJIIHKY XiMiYHOrO MOTEHIiany Ta po60TH BUXOy. Po3paxoBaHO e(dEKTHBHI NIOTEHIiann
MDKEJIEKTPOHHOI, Mi>KiOHHOI Ta €JIEKTPOH-i0HHOI B3a€MO/IN Ta LOCJIIKEHO BILIMB HA HUX IUVIOIIUHY MOy
«MeTasI-BaKyyM» Ta IIOIIPaBKU Ha JIOKaJIbHE IoJie. PO3BUHYTO KBAHTOBO-CTaTUCTUYHY TEOPIIO OIUCY
eJIeKTpoIuPy3ifHUX Ta B'SI3KO-€JIaCTUYHUX €JIEKTPOHHMX IIPOLieCiB HalliBOOMEXXEHOTO METAJy 3 YPaxyBaHHSIM
IVCKPETHOCTI iOHHOI mizcucremu Mmertany. OTpUMAaHO y3arajbHEHi PiBHSAHHS ONMUCY LKX MPOLECIB 3 ypaxyBaHHAM
IMHAMIYHOTO eKpaHyBaHHS. 3HaNJEHO HEPIBHOBAKHUY CTaTUCTUYHUIM ONEPATOP Y rayCCiBCbKOMY Ta HACTYIIHOMY
32 HUM HaOJDKEHHSIX 32 JUHaMIYHUMU €JIEKTPOHHUMU KopeJisitisiMu. OTPUMAHO y3arajbHeHi piBHSHHS HeJsliHiiiHOoi
rifpoanHamiky OJj1sl HEPiBHOBAXKHUX CEPELHIX 3HAaYEHb I'YCTHH €JIEKTPOHIB Ta iX iIMIIyJIbCy, SIKi MOXKYThb
3aCTOCOBYBATHUCh J1JI151 ONIMCY CUJIBHO HEPIBHOBAXKHUX NPOLECIB IJ1s1 €JIEKTPOHHOI MiICMCTEMU HaMliBOOMEXKEHOTO
meTany. OTpUMaHO cUCTeMy PiBHSIHB TUIly KeTTaHo omnucy B3aeMofii ra3oBoi a3y 3 KaTaJliTUYHOIO [IOBEPXHEIO
MeTaJly 3 ypaxyBaHHSM aJiCOPOLINHUX, AeCOPOLiiHMX Ta XiMIYHUX peaKLiil MK afcopboBaHMMU aTOMaMU.
OTpumaHo y3arajibHeHi piBHSIHHS [IEPEHOCY [1J1 CEPEeAHIX HEPIBHOBAKHMX 3HaUY€Hb I'YCTUH HEA[COPOOBAHUX i
azcop6OBaHMX aTOMIB JI7Is1 Y3rO/IKEHOTO OMMICY aTOMHUX PeaKLinHO-IU(y3iliHMX IPOLECIB y cucTeMi
«MeTas-afcopbar-ras» y craTucTtulli PeHi, ski y pasi q=1 cniBnanaroTh i3 piBHIHHSIMHU peakuinHO-audy3iiHux
npoueciB y craructulli ['i66ca. OTpuMaHi piBHSIHHS € HEJIHIHUMU Ta IPOCTOPOBO HEOJAHOPIAHUMHU, MOXKYThb
OINUCYBATH SIK CUJIBHO, TaK i c71a60 HepiBHOBaXHI npolecu. [106y10BaHO MaTEMATUYHY MOJI€JIb PEAKLiHO-
IrdysifHUX MpoLeciB AJ1s1 MexaHizmy Jlenrmiopa-TiHIenByza Ha MOBEPXHi METaJIeBOro KaTajizaTopa, sika Jae
MOXJIMBICTb BpaxyBaTU 0COOJIMBOCTI IPOTiKaHHS XiMIYHUX peakliil TUIly OKUCHEHHS Ha IOBEPXHI IJIATUHOBOTO
Karajizaropa. OGrpyHTOBaHO Ta [10OYIOBAaHO MAaTEMATUYHY MOJEJb PeaKLiNHO- 1M (PY3iHUX NPOLECIB OKMCHEHHS
CO g mexanismy Jlenrmiopa-TiHinesBya Ha IBOBUMIPHIN ITIOBEPXHI IJIaATUHOBOIO KaTali3aToPa, sKa BPaxoBye
CKiHYEHHICTb IIBUIKOCTI Ilecopbuii nponykry okucHeHHs (COZ2) 3 noBepxHi Karasnizaropa. OTpUMaHO y3arajbHeHi
PiBHSIHHS IIEPEHOCY, 4K Y3TOJPKEHO OINMCYIOTh B'SI3KO-€JIaCTUYHI €JIEKTPOHHI NPOLECH i3 TudysiitHO-
€JIEKTPOMAarHiTHUMU NPOLeCaMU [J151 aTOMiB-TIPOMOTOPIB (MAarHiTHUX AUIIOJIiB) HAa [IOBEPXHi MeTaJly Ta i3
peakuiitHo-nudy3ifiHUME IpoLiecaMu AJ1s1 aicOpOOBaHUX Ha [TOBEPXHI MeTasliB aToMiB. Po3pobiieHo minxif mis
PO3paxyHKYy IJIOILi [IOIIEPEYHOrO Nepepidy po3CissHHS iOHI30BaHUX aTOMIB Ha BiCTpi I10JILOBOTO i0OHI3al[iiHOTO
IeTEKTOPa, 11O MOJISITa€e Y IO€JHAHHI KJIACUYHOTO OIUCY NPOLEeCy HAbIM>KEHHS aTOMa JI0 BiCTPS Ta KBAHTOBOTO
OIIKCY IpoLeCy ioHi3alnil aToMa, 32 JOIOMOIOI0 SIKOTO PO3PaXx0BaHO 3HAYEHHS IO [IONIEPEYHOrO Nepepizy
PO3CisIHHS i0HI30BaHUX aTOMIB T'eJlilo, SIKi 33/I0BIJILHO Y3TOIKYIOThCS 3 EKCIIEPUMEHTAIbHUMU JaHUMU. OTPUMAaHO
HOBI y3arasibHeHi piBHSIHHS [1IEPEHOCY Y IPpOOOBUX MOXIIHUX [JIs1 KJIACUYHOI CUCTEMU YaCTUHOK B CTaTUCTUL PeHi, y
pasi nudysiiiHuX NpoueciB OTPUMAHO y3arajbHeHi piBHSIHHS Audy3il y Apo60BUX NOXiAHUX, 30KpPEMa, y3arajbHeHi

piBHsaHHS nudysii Tuny Kerrano, Makcsesnna-KeTTaHo AJ1s1 cuCTeM 3 4aCOBOIO Ta IIPOCTOPOBOIO HEJIOKAJIBHICTIO.

2. The thesis is devoted to development of a quantum-statistical theory of equilibrium characteristics and diffusion
processes in spatially limited metal systems by using the reference system approach, Zubarev's non-equilibrium
statistical operator method, and functional integration method. By using the semi-infinite jellium as a reference
system, analytic equations for the thermodynamic potential and the s-particle distribution function of electrons of
semi-infinite metal are obtained, taking into account discreteness of ion subsystem. These equations are the
power expansions of “the difference potential.” It is shown that the non-locality of pseudopotential leads to the
need to account for non-diagonal elements of the electron density matrix. A new analytic equation for the
thermodynamic potential of semi-infinite metal is obtained within the jellium model on the basis of which the
chemical potential, internal and surface energies are calculated. An influence of the Coulomb interaction between
electrons on the chemical potential and surface energy is estimated. For the first time, the chemical potential and
work function for a metal film which is placed either in the vacuum or on a dielectric substrate are calculated with



correct accounting of the electroneutrality condition. An effect of the film thickness on the chemical potential and
the work function is studied. The calculation of the chemical potential of electrons in a metal film has shown that
taking into account the Coulomb interaction between electrons increases the oscillatory quantum size effect and
that the correct account for the electroneutrality condition provides a correct behavior of the chemical potential
and work function. The effective potentials of the electron-electron, ion—ion and electron-ion interactions are
calculated and an influence of the metal-vacuum separation plane on these potentials and local field correction
are investigated. A quantum-statistical theory of electro-diffusion and viscoelastic electron processes of semi-
infinite metal is developed, taking into account the discreteness of the ion subsystem of the metal. The generalized
equations are obtained taking into account dynamic screening. A non-equilibrium statistical operator in the
Gaussian approximation and in the next approximation using dynamic electron correlations is found. The
generalized equations of nonlinear hydrodynamics for non-equilibrium average values of electron density and
momentum are obtained, which can be used to describe strongly non-equilibrium processes for the electron
subsystem of semi-infinite metal. A system of Cattaneo-type equations is obtained for the description of
interaction of the gas phase with the catalytic metal surface, taking into account adsorption, desorption, and
chemical reactions between adsorbed atoms. The generalized transport equations are obtained for the average
non-equilibrium values of densities of non-adsorbed and adsorbed atoms for a consistent description of atomic
reaction-diffusion processes in the system “metal-adsorbate-gas” within the Rényi statistics. The obtained
equations are nonlinear and spatially inhomogeneous, both strong and weak non-equilibrium processes can be
described by them. A mathematical model of reaction-diffusion processes for the Langmuir-Hinshelwood
mechanism on the metal catalyst surface is constructed, which enables us to take into account peculiarities of
course of the chemical reactions of oxidation-type on the platinum catalyst surface. The mathematical model of
reaction-diffusion processes of CO oxidation for the Langmuir-Hinshelwood mechanism on a two-dimensional
surface of the platinum catalyst, which takes into account the finiteness of the desorption rate of the oxidation
product (CO2) from the catalyst surface, is constructed. The generalized transport equations are obtained, which
consistently describe viscoelastic electron processes with diffusion-electromagnetic processes for atoms-
promoters (magnetic dipoles) on the metal surface and with reaction-diffusion processes for the adsorbed atoms
on the metal surface in catalytic processes. An approach is developed for calculating the cross-sectional area of
scattering of ionized atoms on the field ionization tip, which is a combination of the classical description of an
atom’s approaching the tip and the quantum description of the ionization of an atom. Using this approach, the
values of the cross-sectional area of scattering of ionized helium atoms are calculated, which are in satisfactorily
agreement with experimental data. New generalized transport equations with fractional derivatives for a classical
system of particles within the Rényi statistics are obtained. In the case of diffusion processes, the generalized
diffusion equations with fractional derivatives, in particular, the generalized diffusion equations of the Cattaneo-
type, Maxwell-Cattaneo-type for systems with time and spatial nonlocality are obtained.
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