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Pedepar:

1. 3anporoHOBaHO [1Bi HOBi HEKOMYTATUBHI airedpu 3i CIIiHOBOI0 HEKOMYTATUBHICTIO KOOpAUHAT. [TokazaHo, 1o y
IIPOCTOPIi 3 TAKUMH anre6pamu NPUCYTHS MiHiMasibHa NOBXUHA, 3HaleHO ii 3HaueHHs. Y IPOCTOpi 3i CIIiIHOBOIO
HEKOMYTAaTUBHICTIO KOOPAMHAT TOYHO PO3B'SI3aHO FaPMOHIYHUI OCHUJISITOP Ta B paMKax Teopii 30ypeHb
IOOCJIIKEHO CIIEKTP aTOMa BOIHIO. Y BUNIAAKY aTOMa BOJHIO, 3BUYAlHA TE€OPisl 30ypeHb He MpaLIoe IJIs1 S-PiBHIB,
TOMY [1JIsI LIbOTO BUIIQAKY OyJI0 pO3BUHYTO MOIM(iKoBaHy Teopito 30ypeHb. JJoCliIkeHo YacOBY €BOJIOLLi0
KBaHTOBOI YaCTMHKU B 00€PHEHO KBaJIpaTUYHOMY NOTeHLiani. [TokazaHo iCHyBaHHS KBAaHTOBOI MEXi IafliHHS —
YaCTHHKA He MOJKe BIIACTY Ha MPUTATaJIbHUIN OO€PHEHO KBAapaTUYHUU NOTEHIial 151 KOHCTAHT B3aeMO;i,
MEHIINX 32 JiesiKe KpUTUYHE 3Ha4eHHs. OTpUMaHi BUpa3u [y €BOJIIOLi] KBAHTOBOI YaCTUHKY 3aCTOCOBAHO JIJIS
OIIMCY Pe3yJIbTaTiB €eKCIIEPUMEHTIB 3 NIaliHHSIM Ha NPUTSTajIbHUN 06€PHEHO KBaJpaTUYHUI noteHuiasn. [lokasaHo,
11O [1J1s1 OCTaTHbO BEJIMKUX 3HAYEHb KOHCTAHTU B3a€MOJl, 1711 00€pHEHO KBaIpaTUYHOTO MOTEHLiay Y IPOCTOPI 3
pi3HMMU BapiaHTamu anre6p 3i CIiHOBOIO HEKOMYTAaTUBHICTIO BUHUKAIOTh 3B'S3aHi CTaHU 3aMiCTb Na/liHHS YaCTUHKU

Ha IIpUTArasbHuil neHTp. [1o6ynoBaHoO TeOPilo e1eKTPOMArHiTHOrO M0JIs y IPOCTOPI 3i CIIIHOBOIO



HEKOMYTATUBHICTIO KOOPAMHAT. 3HAUIEHO TEH30P, JIarpaHsKiaH Ta [il0 TAKOr0 HEKOMYTATMBHOIO 110JI. OTPUMaHO
TOYHi y BCiX OpsAKax po3Kaany Mo napaMeTpy HEKOMYTAaTUBHOCTI PiBHSIHHSI HEKOMYTaTUBHOTO
€JIEKTPOMarHiTHOro noJist. B pamkax no6ynoBaHoi eJ1eKTpPOAMHAMIK/ PO3IJISIHYTO AEsIKi eJIeKTPOMarHiTHI CUCTEMMU.
3oKpemMa MoKa3aHo, 10 CMiHOBA HEKOMYTATUBHICTh KOOPAUHAT IIPUBOIUTH [I0 aHI30TPOIHOIO €KPaHyBaHHS 3apsly,
30BHILIHIM MarHiTHUM 110JieM. 32 JOIIOMOTOI0 y3araJlbHeHOro Ha PesIsITUBICTChKUI BUMTAlOK MeTony boroso6oBa-
KpuinoBsa fociiikeHo B3aeMOIiI0 IBOX IIJIOCKUX XBWJIb. TOUHO PO3B13aHO 3a4a4y NPO [OMMPEHHS IJIOCKO]

€JIEKTPOMArHiTHOI XBUJIi y 30BHIIIHIX €JIEKTPUYHOMY Ta MarHiTHOMY I1OJISX.

2. To restore invariance relatively to rotations (Lorentz-invariance) we propose two new algebras (nonrelativistic
and relativistic) with spin noncommutativity of coordinates. It is shown, that in space with these algebras the
minimal length is present. Its value is found for both versions of noncommutative algebras. For a relativistic
algebra we propose a scheme of constructing a noncommutative function. This scheme is an alternate to the
Moyal star product, which is used in space with canonical noncommutativity. Also mathematical properties of a
product of such functions are investigated. In space with spin noncommutativity of coordinates a harmonic
oscillator is solved exactly. It is shown, that spin noncommutativity breaks degeneracy of energy levels relatively to
a sum (2n+l) of principal and orbital quantum numbers. Within the perturbation theory a spectrum of the
Hydrogen atom in space with spin noncommutativity of coordinates is studied. It is shown, that for levels with 120
spin noncommutativity breaks a degeneracy of energy levels relatively to orbital quantum level. To find corrections
to s-levels a modified perturbation theory is developed. Time evolution of a quantum particle in an attractive
inverse square potential is investigated. It is found, that quantum mechanical average or”™~2o evolves as quadratic
polynomial with time. Based on obtained results, conditions of falling into the attractive potential are found. It is
well known, that an attractive inverse square potential does not produce stationary states, but in current work we
show, that some quasi-stationary states exist. Such states evolve with or™~2o being constant in time, namely they
neither fall into the center nor escape from it. An example of such a quasi-stationary state is given. It is shown,
that in quantum case a limit of falling exists - a particle cannot fall into an attractive inverse square potential for
coupling constants smaller than some critical value. An attractive inverse square potential is considered in space
with different versions of spin noncommutative algebra. It is shown, that potential, and as conclusion total, energy
of a particle in an inverse square potential in space with spin noncommutativity has lower limit. From the other
hand, using the variational method, an upper estimation for a ground state energy is found. Thereby it is shown,
that for sufficiently large coupling constants, in an attractive inverse square potential instead of falling of a particle
into the center bound states appear. Also a theory of electromagnetic field in space with spin noncommutativity of
coordinates is built. Tensor of the electromagnetic field, the Lagrange function and its action are found. The
constructed action is Lorentz- and C-, P-, T- invariant. Moreover, it is invariant relatively to some gauge
transformations, which were found from the condition of gauge invariance of covariant derivative. From the
expression for gauge transformation, using the Noether method a modified conservation law of electrical current
is found. From the least action principle exact field equations are received. These equations are nonlinear and
contain derivatives of all orders, nevertheless they are exact. Within the considered electrodynamics several
electromagnetic systems are considered. It is shown, that spin noncommutativity does not affect an electrostatic
field of a single point charge. Nevertheless, because of nonlinearity of considered theory, the electrostatic field of
the point charge interacts with an external magnetic field. Such an interaction leads to anisotropic screening of
the charge by magnetic field. Also an opposite effect is present - the electric field of the point charge effectively
decreases a strength of the magnetic field in the vicinity of the charge. Nonlinearity of the electrodynamics leads
to interaction of two plane waves. To consider the problem we generalized the well-known from classical
mechanics Bogolyubov-Krylow method on field theory. A consideration within this method shows, that, besides
generation of the higher harmonics, spin noncommutativity modifies a wave vector of some components of the
interacting waves. Despite the complexity of obtained field equations, we find an exact solution of a problem of a
plane wave propagation in constant electric and magnetic fields. External fields only change a dispersion law, but
do not produce higher harmonics and birefringence. It is interesting, that in this problem, the wave does not
modify external fields, how it is in the case of a point charge in an external magnetic field.
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