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Parametric coefficient optimization in the global electric circuit 
equation 

UNN authors Chernov A.V. 
We find (The 
result) 

For the problem of parametric optimization of the coefficient and the right-
hand side of the linear global electric circuit equation, formulas for the first 
partial derivatives of an integral cost functional with respect to control 
parameters are obtained 

Abstract The problem of identification the unknown numerical parameters 1, 2 in senior 
coefficient and the right-hand side of the linear differential equation 

 4),( 

 xt
t

div    4);();( 1  xtvx div );,( 2vxtJ ext  

is considered. The above equation is known as the global electric circuit equation (in 
the sense of electric fields distributed in the Earth‘s atmosphere, thunderstorm cloud 
for example). The unknown function is treated as a scalar electric potential , while

);,( 2vxtJ ext , as the volumetric density of external electric current. In practice, only 
certain parametric representations of the coefficient and the right-hand side are 
usually known, i.e. , );( 1vx   and  );,( 2vxtJJ extext   , where the parameters 1, 
2, are unknown. The problem of reconstructing the unknown parameters from 
observations can be represented (under certain conditions) as the minimization of an 
integral functional depending on , i.e., in fact, on the unknown parameters. To apply 
a numerical minimization method of the first order, one has to know the gradient of 
this function. Thus, the question arises of computing its partial derivatives with 
respect to 1, 2. The formulas for its calculation are obtained which contain the 
analytic solution of initial-boundary problem and conjugate one. The sufficient 
conditions are found for global (for all permissible set of 1, 2) solvability of this 
problem. 
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Quantum bifurcation and localization in open systems 

UNN authors Ivanchenko, M.V., Denisov, S., Laptyeva, T.V., Yusipov, I.I., Meyerov, I.B., Liniov, 
A.V., Kozinov, E.A., Volokitin, V.D., Vershinina, O.S. 

We find (The 
result) 

In open quantum system dissipation can drive a disordered system into a 
steady state with tunable localization properties. This ―dissipative 
engineering‖ can create not pure but highly mixed state with desired 
localization properties. Bifurcation in modulated systems is described with a 
quantum trajectory method. 

Abstract Localization by disorder is a fifty year old phenomenon, which is still posing new 
puzzles and yielding new surprises. One of them refers to the case when the N-
dimensional quantum systems are open, i.e., they interact with their environments. 
We develop the theory of this systems with the superior number of states (N>1000) 
without the mean-field approximation but with a numerically exact realization of 
the quantum trajectory method. The asymptotic states (quantum attractors) in that 
system can be desired to be a tunable localization properties. Some ―regular‖ 
bifurcation revealed the types of triple equilibrium state, saddle-node, period 
doubling and the analogue of dynamic chaos transition. 
In a disorder-free Hamiltonian with a flat band, one can either obtain a dominating 
localized asymptotic state or populate whole flat and/or dispersive bands, depending 
on the value of the control parameter. In a disordered Anderson system, the 
asymptotic state can be localized anywhere in the spectrum of the Hamiltonian. It 
has demonstrated that the concept of dissipative Floquet maps provides an 
operational way to identify quantum attractors and estimate the relaxation time 
towards them. 
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The equation for electric fields distributed in the Earth‘s atmosphere: 

 

 

and search the entering parameters by the results of observation (minimization of an integral functional 
depending on ): 

 

 

The cost functional in the parametric optimization problem: 
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