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Good afternoon! 
The study of solar flare mechanism is possible only by MHD simulation above the active region if calculations are started several days before flares, when the energy for solar flare has not accumulated yet in corona (Figure of the Presentation 1). Primordial energy release of the solar flare takes place in the solar corona at the altitude 15 000 km - 70 000 km (1/40 - 1/70 of the Solar radius) (Figure of the Presentation 2). This follows from numerous observations and is confirmed by the results of numerical MHD simulation above the active region. Proof of this is the appearance of a source of flare thermal X-ray emission on the limb (Figure of the Presentation 3). 

The appearance of flare high in the corona is explained by the solar flare mechanism proposed by S.I. Syrovatsky, according to which, the energy accumulated in the magnetic field of the current sheet is released. A current sheet is created in the vicinity of the X-type singular line of magnetic field as a result of plasma movement under the influence of magnetic forces jB (Figure 4 of the Presentation). During the process of quasi-stationary evolution, the current sheet transferes into an unstable state (Figure 5 of the Presentation). The instability leads to the explosive release of the magnetic energy of the sheet with observable manifestations of the flare, which are explained by the electrodynamic model of the solar flare proposed by I. M. Podgorny (Figure 6 of the Presentation). The force of magnetic tension along the sheet accelerates, first of all, electrons that carry electric current. The Hall electric field jB/nec, resulting from the appeared charge separation, generates an electric current circuit of two field-aligned currents along magnetic lines exiting from the current sheet, which are closed by the Petersen current on the photosphere. Electrons accelerated in field-aligned currents produce beam hard X-ray emission with energies of 50-100 keV in the lower dense layers of the solar atmosphere. 
The electrodynamic model of solar flare uses analogies with the electrodynamic model of substorm, previously proposed by its author based on measurements on the "Intercosmos-Bulgaria-1300" spacecraft (Figure 7 of the Presentation). Igor Maksimovich was the head of the scientific program of this Soviet-Bulgarian space project. 

The aim of MHD simulation in the solar corona is to determine the physical mechanism of the solar flare. When setting up the problem, no assumptions were made about the flare mechanism. All conditions were taken from observations. (Figure 8 of the Presentation).
The numerical solution is carried out in the computational domain in the form of rectangular parallelepiped, the lower side of which is located on the solar surface and contains the active region (Figure 9 of the Presentation). The magnetic field measured on the photosphere is used to set the boundary condition. The remaining conditions at the photospheric boundary and at the non-photospheric boundary are approximated by the free exit conditions.
In this computational domain for such boundary conditions, the complete system of magnetohydrodynamics (MHD) equations is solved (Figure 10 of Presentation). For the numerical solution of MHD equations, the absolutely implicit upwind finite-difference scheme, conservative relative the magnetic flux, has been developed (Figure 11 of Presentation). The goal of developing numerical methods was to create a finite-difference scheme that remains stable at the largest possible time step to obtain high computation speed. To ensure unchanging of the magnetic flux, the magnetic field on the scheme grid was specified not by the magnetic field vectors at the grid points, but by the magnetic fluxes averaged per unit surface through the boundaries of the grid cells (through the faces of the cubes). The total flux of the magnetic field through the boundary of each cell (cube) remains unchanged, since the contributions of the electric field determined on the edge of the cell to changes in magnetic fluxes through the two faces of the cell adjacent to this edge will be equal in absolute value and opposite in sign (Figure 12 of the Presentation).
Despite the use of the developed numerical methods, the calculation is performed quite slowly, so that it was possible to carry it out in the foreseeable time only on a greatly reduced (104 times) scale of time. It became possible to obtain the results of MHD simulation in real scale of time only using parallel computations (Figure 13 of the Presentation). 
Parallelization of calculations was carried out by computational threads on modern graphics cards (GPU) V-100 and Titan-100 using CUDA technology (Figure 14 of the Presentation). More than 10 optimizations of the parallel computing program were carried out, mostly due to the reduction of data exchange between the central processing unit (CPU) memory and the graphics card memory (GPU), as a result of which the calculation speed increased by 7.5 times. The speed of calculations using a program of parallel computations is 120 times higher than the speed of calculations using program of serial computations.

MHD simulation was carried out above the active region AR 10365, which produced a group of flares on May 26 - 29, 2003 ( Figure 15 of the Presentation).
The configuration above the active region is so complicated (Figure 16 of the Presentation) that it is almost impossible to determine directly from it the positions of singular lines and the current sheets formed in them. Therefore, for this purpose, a graphical search system has been developed (Figure 17 of the Presentation), based on the appearance of the current density maximum in the middle of the current sheet. Local maxima of the current density are searched, then, the magnetic field configuration is analyzed in the vicinity of each of them.
Examples of magnetic field configurations in the plane and in space near the found maxima are presented in Figure (Figure 18 of the Presentation). The X-type magnetic field configuration is formed by the so-called “plane” magnetic lines, i.e. lines tangent to the projections of the magnetic field vectors onto the current sheet configuration plane. It is this 2D configuration that determines the possibility of the appearance of forces jxB, creating the current sheet.
In three-dimensional space, magnetic lines can diverge significantly along a singular line (along a coordinate perpendicular to the plane of the current sheet configuration), so that the value of the field in the plane is relatively large compared to the magnitude of the longitudinal magnetic field. Also, magnetic lines in three-dimensional space can be close to parallel, which means a relatively large longitudinal component of the magnetic field, that will stabilize the instability of the current sheet, thereby hindering the flare release of magnetic energy.
In the vicinity of a singular magnetic field line, the diverging magnetic field can be imposed on the X-type configuration (Figure 19 of the Presentation). The diverging field creates a rotational movement around a singular line, hindering the appearance of a flare (Figure 20 of the Presentation). The fields overlay may be strongly or weakly dominated by an X-type field, or it may be strongly or weakly dominated by a divergent field (Figure 21 of the Presentation). Conditions for a flare are more promotable when the X-type field dominates, since the diverging magnetic field hinders both the formation of a current sheet and the development of instability leading to the flare release of energy.

The thermal X-ray emission measurements on the GOES spacecraft (Figure 22 of the Presentation) show the appearance of the M 1.9 solar flare on May 26, 2003 at 05:34.
The study of the situation during and before the flare (Figure 23 of the Presentation) was carried out by comparing the results of MHD simulations with observations of microwave radio emission at 17 GHz obtained by the Nobeyama Radioheliograph (NoRH). 
The situation during the flare at 05:50 is presented briefly here (Figure 24 of the Presentation). The configuration of the magnetic field is represented by magnetic lines passing through the current density maxima with numbers 4, 50, 102, 154, 271, 295 (the maxima are numbered in decreasing order of current density). Shown are 3D magnetic lines in the computational domain in the corona, projections of magnetic lines onto the central plane of the computational domain (the central plane passes through the center of the computational domain, is located parallel to the solar equator and perpendicular to the solar surface). Also, the intensity distribution of microwave radiation at a frequency of 17 GHz observed on the solar disk using the Nobeyama radiheliograph (NoRH) is superimposed on the projection of magnetic lines onto the picture plane (perpendicular to the line of sight).
The magnetic field configurations at selected points of current density maxima (Figure 25 of the Presentation) indicate promotable conditions for the appearance of flares at maxima located in the region of bright flare emission. The problem is that maxima with the same properties also appear outside the bright region of flare emission.

The appearance of extended surface of increased current density on magnetic lines passing through a chain of current density maxima helps to solve this problem. For this purpose, a detailed study was carried out at 02:32, 3 hours before the flare (Figure 26 of the Presentation). The magnetic field configuration is represented by lines passing through the maxima of current density with the numbers 145, 147, 194, 179, 4, 73, 105, 41, 12, 205, 123, 82, 84, 182. Maxima of the chain with numbers 145, 149, 148, 150 and 147 are represented by green points (Figure 27 of the Presentation). Magnetic lines passing through the points of the chain of maxima and their projections onto the central plane of the computational domain and the picture plane are shown separately (Figure 28 of the Presentation). In small regions of 12,000 km in size with centers at the points of maxima of the chain, two-dimensional and three-dimensional configurations are presented (Figure 29 of the Presentation). The central plane of each of these regions, which is the plane of configuration, is located perpendicular to the magnetic field vector at the point of maximum. These configurations do not have properties that would significantly promote to the flare release of energy.
A study of plane and three-dimensional configurations in the square and in the cube with a large size of 80,000 km with the center in the 148th maximum located in the middle of the chain shows that all maxima of the chain belong to the same current sheet of significant width (~50,000 km), which is extended surface with increased current density. (Figure 30 of the Presentation). Magnetic lines in this cube, passed through the maxima of the chain, form the arcade. 
The points at the top of the arcade are indicated in yellow (Figure 31 of the Presentation). The study of the configuration near these points at the top of the arcade was carried out in the large cube of 80,000 km  (Figure 32 of the Presentation). The central plane of this cube passes through a point at the top of the arcade, located on a magnetic line passing through the middle maximum of chain with the number 148. Two-dimensional and three-dimensional configurations of the magnetic field in small neighborhoods of points (12,000 km in size) located at the top of the arcade (Figure 33 of the Presentation), and in a large region of size 80,000 km (Figure 34 of the Presentation) have properties that promote flare instability in the current sheet. In plane configurations, the X-type magnetic field dominates in most regions; in other regions, the divergent field dominates very weakly. In three-dimensional configurations, the field lines diverge significantly along the direction of the singular line, which means that the longitudinal component of the magnetic field is small, and therefore will not stabilize the explosive instability.
Here we present a comparison of configurations in large 80,000 km regions for the chain of current density maxima and the top of the arcade (Figure 34 of the Presentation). 
The instability leading to the main energy release of the flare can begin at the top of the arcade, where there are no current density maxima. However, the current density in this place is quite high. The reason for the appearance of flare instability at the top of the arcade is the properties of the magnetic field configuration in this place, which promote to the appearence of current sheet instability. Further, the instability can spread to the entire region of the current sheet, which is confirmed by the location of the entire arcade with an increased current density in the region of bright flare emission.
Thus, the appearance of a surface of increased current density passing through a chain of current density maxima can solve the problem of coincidence of regions of bright emission of flare with the positions of flares found from the results of MHD simulation.

Conclusions are presented here (Figures 36, 37, 38, 39, 40 of the Presentation) 

Thank you for your attention! 
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