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Introduction
The report presents the summary of results on the following several projects:


a) Antiferromagnetism of two-dimensional electron gas on light-irradiated SrTiO3 and at LaAlO3/SrTiO3 

interfaces; 

b) Phonon Mechanism in the Most Dilute Superconductor: n-type SrTiO3; 

c) On the mechanisms of superconductivity at the single-layer FeSe/SrTiO3 interface; 

d) Notes on calculating the temperature of the superconducting transition:  interacting Fermi gas and   
phonon mechanisms in the non-adiabatic regime. 

Results and Discussion

a) Properties of tunable two-dimensional (2D) electronic liquid at the interfaces of transition-metal oxides are studied. The energy spectrum of a conducting layer on the light-irradiated surfaces of SrTiO3 is known to consist of the titanium dxz/dyz and dxy bands.  As revealed in [1], the dxy bands actually comprise two chiral branches with the Kramers degeneracy at the BZ center lifted in the absence of a magnetic moment.  We suggest that interacting electrons on the irradiated SrTiO3 go over into a magnetic phase as the result of one of instabilities of the 2D Fermi liquid with exchange interactions and point out the concrete itinerant antiferromagnetic order parameter. Arguments are given that electrons at the irradiated SrTiO3surface and at the LaAlO3/SrTiO3 interfaces undergo a kind of the 1st order transformation into one and the same phase of the 2D electronic Fermi liquid with reduced magnetic symmetry [2].
       b) Superconductivity of doped SrTiO3, enigmatic for half a century, is shown to be mediated by the interactions of electrons with several longitudinal (LO) optical polar photons with a frequency much larger than the Fermi energy. At concentrations above the mobility edge three conduction bands are doped in succession; each band exhibits superconducting gap. The theory predicts maxima in the dependence of the transition temperature Tc on the number of electrons. Having reached a maximum in the third band, 
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 finally decreases, rounding out the superconducting dome [3, 4]. 
       c) Studied are interactions of the in-layer FeSe electrons with the electric potential of the longitudinal (LO) modes at the surface of bulk SrTiO3. We point out that two-dimensional system of charges of the single-layer FeSe/SrTiO3 interface includes both the itinerant and immobile electrons. The presence of the latter significantly changes the interface characteristics and, especially, the dielectric constant at the substrate surface. The estimates allow concluding that the LO-phonon mediated pairing mechanism alone cannot account for the reported temperatures of the superconducting transition
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 in the single-layer FeSe/SrTiO3 . This does not exclude that LO phonon pairing can become more important in differently prepared single layer FeSe films [5]. 
       d) We analyze the mathematical structure of equations for temperature
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of the superconductivity transition in a gas of interacting Fermi particles or at the phonon-mediated pairing in a metal in the case of non-adiabatic conditions, I. e., when the characteristic phonon frequency
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 is comparable or larger than the Fermi energy
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. The integral equations for 
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 derived in the logarithmical approximation now contain no divergent terms in the anti-adiabatic limit [6].
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