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1. MarHiTorinpoauHaMivyHi eeKTy py MarHiToeJaeKTPoIi3i y HEOJHOPIHUX MarHiTHUX MOJISIX 32 HAsIBHOCTI

KJIACTEPIB B €JIEKTPOJITaxX

2. Magnetohydrodynamic effects at magnetoelectrolysis in heterogeneous magnetic fields in the presence of
clusters in electrolytes

Pedepar:

1. Y puceprauiiiziilt po6oTi BupileHa mpobsieMa BIIJIMBY HEOQHOPITHOTO MarHiTHOTro M0J1s Ha nepeodir
€JIEKTPOXIMIYHMX peaKLil, sKi IIPOTIKAIOTh Ha TIOBEPXHI METAJIEBUX EJIEKTPOAIB B €JIEKTPOJIITAX, TA KiJIbKICHOTO
onucy e(eKTiB aHI30TPOIIHUX TPaBJIEHHS 1 OCAIPKEHHs, MaTHITOriIpOAMHAMIYHOIO IIePEMIllyBaHHS PO3YMHIB,
¢$a3oBoi cenapaii Tuny "pizuHa-piguHa" TOWO, SIKi IIPU LIbOMY CIIOCTEpiraloThcs. [ MOJesoBaHHs LUX e(deKTiB
BBEJICHO MOHSITTS] MarHiOHIB SIK HAHO- Ta MiKPOPO3MipHUX €(PEKTUBHO NapaMarHiTHUX KOMIIOHEHT €JIEKTPOJITY, SIKi
BOJIOZiIOTh MarHiTHUM MOMEHTOM Ha 5-6 MOPSIIKiB GiNbIMINM, HiXK MAarHiTHMI MOMEHT I1apaMarHiTHOTO ioHa.

BcraHoBII€HO, O MPUYMHOK aHi30Tpoii edeKTiB € MarHiTHe 3axonseHHs] MmarHioHiB. TeopetnyHa mogens MI'/]



nepeMillyBaHHs IPYHTYETbCSI HA CUCTEMI PiBHSIHb MATHITHOI rifponHaMiKu CJ1abKOMPOBiIHOI PiluHY i
KOHBEKTHBHOI nudys3ii 3 ypaxyBaHHSIM HasIBHOCTI MarHioHiB y po3uuHi. JlaHi piBHSIHHS JOIIOBHEHO IPaHUYHUMU
YMOBaMH, 5Ki BpaXOBYIOTb €JIEKTPOPYIIIMHY CHAJIy KOHLIEHTPALIITHOIO KOJjIa Ta I0OCTA4aHHS MarHiOHiB 32 PaxyHOK
€JIEKTPOXIMIYHUX peakiil mif fieo rpaiieHTHOI MarHiTHOi cunu. [l MofesnoBaHHs MixkgaszHoi cenapatiii
€JIEKTPOJIITY 3aCTOCOBAHO PiBHSIHHSA IIPOCTATUYHOI PIBHOBArM MarHiTHOro, OCMOTUYHOTO, TPABITALIIMHOTO THUCKIB,
TUCKY BiZJLIEHTPOBOI C1yM Ta TUCKY Jlanaca. lI18x0oM NOPiBHSAHHS TEOPETUYHUX PE3YJIbTATIB i3
€KCIIEPUMEHTAJIbHUMY JAHMMU OLIIHEHO XapaKTEPHi PO3Mipy MarHiOHIB, iXHiI1 MarHITHUI MOMEHT Ta 3apsaf. Takox
Ha OCHOBI PiBHAHb TEPMOZVHAMIKN HEPIBHOBaKHUX CUCTEM Ta CHiBBigHOIMEHs OH3arepa po3paxoBaHO
MarHiTopopeTuyHu [I0TeH1iall, OB'I3aHMH i3 pyXOM MarHioHiB Mif, fi€to rpasieHTHOI MarHiTHOI cuin. Po3pobiieHi
niAXonM NO3BOJISIIOTh KEPYBAaTH (POPMOIO Ta pO3MipaMy ocaZly MeTaiB i Qiryp TpaBjeHHs, a TAKOX MIBUAKICTIO
[IPOTIKaHHS €JIEKTPOXIMIYHMX peakliil Ha PI3HUX OIITHKAX €JIEKTPOY i 3HaXOAATh 3aCTOCYBaHHA IIPU
KOHCTPYIOBAaHHI €JIEKTPOXiMiYHMX JaT4MKiB, MiIKpOQJIIOiZHMX NIPUCTPOIB i MOZIE/IIOBAHHI BIIJIMBY 6i0r€HHUX

MAarHiTHUX HAaHOYACTUHOK Ha TPAHCIIOPTHI Mpoliecu Ta 6i0XiMiyHi peakiiii B KJIITUHAX KUBUX OPraHi3MiB.

2. The problem of the influence of an inhomogeneous magnetic field on electrochemical reactions occurring on
the surface of metal electrodes in electrolytes is solved in this thesis. Also the quantitative explanations of the
effects of anisotropic etching and deposition, magnetohydrodynamic mixing of solutions, liquid-liquid phase
separation, etc. are given in the work. The concept of magnions as nano- and micro-size effectively paramagnetic
components of an electrolyte, which have a magnetic moment of 5-6 orders of magnitude larger than the magnetic
moment of a single paramagnetic ion is introduced for the modelling of these effects. It was established that the
magnetic capturing of magnions is the physical reason of anisotropy of the observed effects. The theoretical model
of MHD stirring is based on a system of equations of magnetic hydrodynamics of a weakly conducting fluid and
convective diffusion which take into account the presence of magnions in the solution. These equations are
supplemented by the boundary conditions that involve the electromotive force of the concentration circle and the
supply of magnions by electrochemical reactions under the action of gradient magnetic forces. The equation of the
hydrostatic equilibrium of magnetic, osmotic, gravitational, centrifugal and Laplace pressures is used to simulate
the phase separation of the electrolyte. By comparing theoretical results with experimental data, the characteristic
size of magnions, their magnetic moment and charge are estimated. Also, the magnetophoretic potential
associated with the motion of magnions under the action of gradient magnetic force was calculated on the basis of
the equations of thermodynamics of nonequilibrium systems and Onzager's relations. The developed approaches
allow controlling the shape and size of the metal sediments and etching figures, as well as the rate of
electrochemical reactions occurring at different regions of the electrode surface. They are used in the modelling of
electrochemical sensors, microfluidic devices and the simulation of the effect of biogenic magnetic nanoparticles

on transport processes and biochemical reactions in living organism cells.
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