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Standard methods for reconstruction the equilibrium of a plasma plasma shape in a tokamak [1], 

as well as the presented method, assume that the values of currents in plasma and coils of a poloidal 

magnetic field, also the values of magnetic fields in sensors of a poloidal magnetic field and fluxes 

in poloidal magnetic loops are known from experiment.  

Currently, many researches are being carried out on tokamaks to keep plasma of various cross 

sections, circular, elongated vertically and divertor, with positive and negative triangularity.  

The task of reconstruction equilibrium according to magnetic sensors can be divided into two parts. 

The first is the reconstruction after the experiment, and the second, in real time during the 

discharge. 

In the first task, different complicated codes are usually used, in which the two-dimensional 

nonlinear Grad-Shafranov equation is solved in iterations, and current density profiles are 

determined. This task requires significant computational time. The second task uses less accurate 

methods based on the representation of plasma by several current filaments, which allow to 

determine the plasma boundary with less accuracy than in the first task and with a large error of the 

magnetic axis coordinates. 

The main task of real-time control is to mapping the necessary signals from the nonlinear 

representation of magnetic signals in to the values of geometric parameters [2]. The neural network 

enables us to quickly and efficiently determine the parameters of the plasma boundary shape. 

In this article, a multi-layer neural network with a back propagation algorithm is used. In the 

process of training a neural network, calculations of direct equilibrium with a change in established 

range of geometric quantities and current density parameters are applied as input data of the neural 

network, and the calculated values of magnetic sensor signals are fed to the output of the neural 

network. 

The training set of parameters used as the desired position and shape of the plasma boundary is 

calculated using the DINA code [3], which makes possible to obtain an equilibrium configuration of 

the tokamak plasma in specified magnetic fields, provided that the plasma boundary pass through 

the points fixed in the plane of the poloidal cross section of the tokamak. 
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