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Research (What 
is it about?) 

Infinity computer for solving initial value and fractals problems 

UNN authors Sergeyev Ya.D., Mukhametzhanov M.S. 
We find (The 
result) 

On the basis of Infinity Computer the new methods for solving initial value 
problems and fractal calculation have been developed which are significantly 
more accurate than the existing ones. 

Abstract It is well known that numeral systems strongly bound the possibilities to express 
numbers and to execute mathematical operations with them. In order to give the 
possibility to write down more in finite and infinitesimal numbers, a new numeral 
system has been introduced. It allows people to express a variety of different 
infinities and infinitesimals, to perform numerical computations with them, and to 
avoid indeterminate forms such as -, /, 0, etc. present in the traditional 
calculus and related to limits with an argument tending to  or zero. This new 
numeral system is based on the introduction in the process of computations of a new 
numeral, grossone. It is defined as the infinite integer being the number of elements 
of the set, N, of natural numbers. 
On the basis of this numeral system a new kind of a supercomputer – the Infinity 
Computer has been developed – that is able to deal numerically with finite, infinite 
and infinitesimal numbers. Due to this fact, the Infinity Computer allows one to 
calculate the exact parameters of fractals or the exact derivatives of functions using 
infinitesimal values of the stepsize. As a consequence, the new methods are able to 
work with the exact values of the derivatives, instead of their approximations. 
As an example the fractal problem is solving by calculation the exact (up to 
infinitesimals) infinite perimeter of the Koch snowflake and its finite area. New 
algorithms for the numerical solution of ordinary differential equations with initial 
condition demonstrate significantly greater accuracy than the existing ones. 
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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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Generation of the simple two-dimensional fractal (the 
Koch snowflake). All its parameters can be calculated 
exactly by Infinity Computer. 

Further … 

natural,  

 

 

 

more sophisticated 

         and three-dimensional 

 

ones. 

 

 

 

 

 

 

New algorithm 
with the exact 
values of the 
derivatives (red 
line) allows 
one to reduce 
the error 
significantly 
with respect by 
classic Runge-
Kutta methods 
(RK) at the 
same stepsize 
(h). 
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