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1. KBaHTOBO-CTaTUCTUYHUI ONMUC PiBHOBAKHUX XapaKTEPUCTHUK Ta AUQY3iiHUX MPOLIECIB Y IPOCTOPOBO OOMEXKEHUX
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Pedepar:

1. Incepraris npucBgYeHa po3po6IeHHIO KBAHTOBO-CTaTUCTUYHOI Teopii PiBHOBaXKHUX XapaKTEPUCTUK Ta
IMy3ifHUX NPOLECiB Y IPOCTOPOBO OOMEXKEHMX METaJIeBUX CUCTEMax Ha OCHOBI 6a3MCHOrO MiiX0ly Ta METO/IiB
HEPiBHOBaXHOTO CTaTUCTUYHOTO orneparopa 3ybapesa i PyHKLiIOHAIBbHOTO iHTErpyBaHHS. BUKOpUCTOBYIOUN MOAEIb
HaMiBOOMEKEHOTO «KeJje» sIK 6a31MCHY, OTPUMAHO HOBi BUpPa3u IJ1s1 TEPMOJAMHAMIYHOTO NOTEHIialy Ta S-
YaCTHMHKOBOI PYHKLii pO3MOiy eJeKTPOHIB HalliBOOMEXXEHOT'0 MEeTaJly 3 ypaxyBaHHSIM JIMCKPETHOCTi iOHHOi
nigcucremu. 1li popmyam MaroTh BUTJISLZ, PO3BUHEHD 32 CTENIEHSIMU «Pi3HULIEBOro NoTeHujiany». [lokaszaHo, 1m0

HEeJIOKaJIbHICTh NICEBIONOTEHLIiaNy IPU3BOIUTD 1O HEOOXIMHOCTI pO3rAiaTy HeAjaroHaNbHi €1EMEeHTH MaTpuULli



T'yCTUHM €JIEKTPOHIB. OTPMMAHO HOBUI aHAITUYHUI BUPa3 [JIs TEPMOAUHAMIYHOrO NIOTEHLialy HaliBOOMEXKEHOTO
METaJIy B MEXKax MOJEJI «KeJje», Ha OCHOBI SIKOi pO3pax0BaHO XiMiYHUI MOTEH1Iiajl, BHYTPIIIHIO Ta TIOBEPXHEBY
eHeprii. JJoCIiIpKeHO BILJIMB MiXKEJIEKTPOHHOI KYJIOHIBCbKOI B3a€MO/ii Ha XiMiYHWII [TIOTEHIiall Ta IOBEPXHEBY
eHeprilo. Bepiue 3 KOPEKTHUM BpaxyBaHHSIM YMOBHU €JIEKTPOHEUTPAILHOCTI pO3PaxoBaHO e(peKTUBHUI IOTEHIiasl
[apHOi MiXXeJIEKTPOHHOI B3aeMOZi, XiMiYHMI IOTEHIIias Ta pOOOTY BUXOAY 71 TOHKOI MeTaseBoi IJIiBKY, SIKa
PO3IJISIAAETHCS Y MEXaxX MOJIeJli «Kejle» Ta 3HaXOAUThCS Y BaKyyMi ab0 Ha JieJIeKTpUYHOMY MifKiami, Ta
IOCJIiIPKEHO BILJIMB Ha HUX TOBILIVHMU IIiBKY. PO3paxyHOK XiMIi4HOIO NOTEHLjay €JIEKTPOHIB METasleBOi IJ1iBKU
I10Ka3aB, 10 BPaxyBaHHS KYJIOHIBCbKOI MIXKEJIEKTPOHHOI B3a€MOJil IPMU3BOJIUTD [0 MMiICUJIEHHS OCLUJISILIITHOTO
KBaHTOBO-PO3MipHOTO edekTy. [lokazaHo, 1110 KOpeKTHE BPaxyBaHHS YMOBU €JIEKTPOHENTPaIbHOCTI 3abe3eyye
IIpaBUJIbHY NIOBEiHKY XiMiUHOro MoTeHLiany Ta poboTy Buxony. Po3paxoBaHo e(eKTUBHI IOTeHIianu
MIK€JIEKTPOHHOI, MibKIOHHOI Ta €JIEKTPOH-I0HHOI B3a€MOIi Ta LOCIIIKEHO BIUIUB Ha HUX IIJIOIWIUHY IOy
«MeTasI-BaKyyM» Ta IOIIPaBKU Ha JIOKaJIbHE IoJie. PO3BUHYTO KBAHTOBO-CTaTUCTUYHY TEOPII0 OIUCY
eJIeKTpoauy3ifHUX Ta B'SI3KO-€JIaCTUYHUX €JIeKTPOHHUX IIPOLieCiB HalliBOOMEXXEHOT0 MEeTaJly 3 YpaxyBaHHSIM
IVCKPETHOCTI iOHHOI migcucremu Mmertany. OTpUMaHO y3arajbHEHi PiBHSAHHS ONMCY LKX MPOLECIB 3 ypaxXyBaHHAM
IVHAMIYHOTO €KpaHyBaHHS. 3HANIEHO HEPIBHOBAXXHUM CTATUCTUYHUI ONEPATOP Y rayCCiBCbKOMY Ta HACTYITHOMY
32 HUM HaODKEHHSIX 32 TUHAMIYHUMU eJIEKTPOHHUMU KopeJisnisiMu. OTPUMAHO y3arajbHeHi piBHSIHHS HeJliHiiHOol
ripogvHamiKy [J1s1 HEPiBHOBAXKHUX CEPEHIX 3HAa4€Hb I'YCTHH €JIEKTPOHIB Ta iX iIMITyJIbCY, SIKi MOXKYTb
3aCTOCOBYBATHUCh [1J151 ONIMCY CUJIBHO HEPIBHOBAXKHUX NPOLECIB IJ1s1 €JIEKTPOHHOI MTiICMCTEMU HaNliBOOMEXKEHOTO
metasny. OTpMMaHO cUCTeMy PiBHSIHb Ty KeTTaHO onucy B3aemo[lii ra3oBoi (pa3u 3 KaTaliTUYHOO IIOBEPXHEIO
MeTaJly 3 ypaxyBaHHSIM aJCOPOLHNX, ecOpOLiiiHMX Ta XIMIYHUX peakliiii MixK aicop60BaHMMY aTOMaMH.
OTpumaHo y3arajibHeHi piBHSIHHS [1IEPEHOCY [1J1 CEPEeAHIX HEPIBHOBaKHUX 3HaUY€Hb I'yCTUH HEA[CcOpPOOBAHUX i
azcop6OBaHMX aTOMIB JI71s1 Y3rOIKEHOTO OMMCY aTOMHUX PeaKUiiHO-Iu]y3iliHMX POLeCiB y cuctemi
«MeTan-azgcopbar-ras» y cratuctuii PeHi, ki 'y pasi q=1 ciBnanaoTs i3 piBHIHHSAMY peakinHO-Iuy3iiiHUX
npotueciB y craructulli ['i66ca. OTpuMaHi piBHSHHS € HeJIiHIHUMU Ta IPOCTOPOBO HEOJAHOPIAHUMHU, MOXKYTh
OIMCYBATH SIK CUJIBHO, TaK i €1a60 HepiBHOBaXHI nponecu. [106ygoBaHO MaTeMaTU4YHY MOJI€JIb PEAKLiHO-
I1y3ifHUX NpoLEeCiB AJ1s1 MexaHi3my Jlenrmiopa-TiHmesnBya Ha MOBEPXHi METAJIEBOTrO KaTajli3aTopa, sIKa gae
MOXUIMBICTb BpaXyBaTU O0COOJIMBOCTI NPOTiKaHHS XIMIYHUX peakliiii TUIly OKMCHEHHS Ha [IOBEPXHI IJIaTUHOBOTO
Karajizaropa. OGIpyHTOBaHO Ta [106YI0BAaHO MAaTEMATUYHY MOJIEJIb PeaKLiHO- 11 (PY3ifHUX IPOLIECiB OKMCHEHHS
CO g mexanismy Jlenrmiopa-TiHinesBya Ha IBOBUMIPHIN [TIOBEPXHI IIJIATUHOBOTO KaTali3aTopa, sKa BpaxoBye
CKiHY€HHICTb IIBUIKOCTI fecopbuii nponykry okucHeHHs (CO2) 3 moBepxHi Karasizaropa. OTpUMaHO y3arajibHeHi
PIBHSIHHSI IEPEHOCY, 5IKi Y3TO)KEHO ONUCYIOTh B'sI3KO-€JIACTUYHI eJIeKTPOHHI Ipouecy i3 gudysiiiHo-
€JIEKTPOMAarHiTHUMU NPOLieCaMU [1J151 aTOMiB-TIPOMOTOPIB (MarHiTHUX AMIIOJIiB) HAa [IOBEPXHi MeTaJly Ta i3
peakuiitHo-nudy3iiHUMU IpoLiecamMu AJ1s1 aicOpOOBaHUX Ha [TOBEPXHi MeTaJsliB aToMiB. Po3pobiieHo minxif mus
PO3paxyHKYy IJIOIi [IOTIEPEYHOrO Nepepidy pO3CisSsHHS iOHI30BaHUX aTOMIB Ha BiCTpi IOJILOBOTO i0HI3al[iiHOTO
IeTEKTOPA, 110 I0JISITa€e Y [0€IHAHHI KJIAaCUYHOT0 OIKCY NPOLEeCy HabIMDKEHHS aTOMa 10 BiCTPS Ta KBAHTOBOTO
OIIKCY MpoLeCy ioHi3anil aToMa, 32 JOIOMOrOI0 SIKOTO PO3PaXx0BaHO 3HAYEHHS IO [IONIEPEYHOr0 Nepepiszy
PO3CisIHHS i0HI30BaHUX aTOMIB T'eJlilo, SIKi 33/I0BIJILHO Y3TOIKYIOThCS 3 EKCIIEPUMEHTAIbHUMU JaHMMU. OTPUMAaHO
HOBI y3arajibHeHi piBHSIHHS [1IepEHOCY Y IPpOOOBUX NOXIIHUX [JIs1 KJIACUYHOI CUCTEMU YaCTUHOK B CTaTUCTUL PeHi, y
pasi au@ysifiHUX NPOLEeCciB OTPUMAHO y3arajbHeHi PiBHSIHHA uy3ii y po60BUX NOXiJHUX, 30KPEMA, y3arajabHeHi

piBHsiHHS 1u@ys3ii Tuny Kerrano, Makcaessia-KeTTaHo J1 CUCTEM 3 4aCOBOIO Ta TPOCTOPOBOIO HEJIOKAJIBbHICTIO.

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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