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Mathematical modeling of superconducting nanostructures with a magnetic to study the 
possibilities of magnetization and magnetic excitations control using high-performance 

computing systems 

The primary focus of modern nanotechnology research is the 
development, analysis and exploitation of novel materials and 
structures. The investigation of the physical properties of these 
objects requires the numerical solution of complex systems of 
non-linear differential equations, which requires a significant 
investment of time and computational resources. The transition 
to advanced digital technologies, such as high-performance 
hybrid computing (including parallel computing technologies on a 
cluster, on a graphics card, etc.), will facilitate the solution of this 
class of problems in a time-efficient manner, allowing the 
achievement of physically significant, world-class results. These 
results can then be used in the development of quantum 
computers and in solving problems in superconducting 
electronics and spintronics. 
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MICC component: HybriLIT platform 
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ML/DL/HPC ecosystem  
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Computing nodes of the HybriLIT 
platform 

Users 

SSH MODULES Compilers SLURM 

Developed IS 

Development of information systems for theoretical and applied tasks  
on the HybriLIT platform 

Launching a task on the platform 
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• The main goal of the project is to create a computational environment that will allow the 
efficient processing of the numerical modelling of hybrid S/F nanostructures.  
 

• This environment will provide access to a range of tools and algorithms, as well as 
visualisation of computational results. 



Tools and services for solving spintronics problems 
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GPU-accelerated micromagnetism 

• Existing tools for modelling nanostructures have quite a wide functionality and are useful for 
modelling magnetic moment dynamics. But they do not involve the new types of interactions that can 
appear in hybrid nanostructures.  
 

• For modelling hybrid nanostructures, there are currently no off-the-shelf modelling tools that can 
solve this problem. 
 

• To solve this class of problems, we develop a computational environment for modelling hybrid 
superconductor/magnetic nanostructures, which provides access to the developed algorithms, 
computational resources and visualisation of the calculation results. 
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Numerical Research Process 
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Tools and services for solving spintronics problems 

Jupyter Notebook is a powerful code management tool. 
 
It provides many opportunities for developers and researchers.  
 
• An environment with syntax highlighting, error correction and 

other IDE features. 
 

• The ability to run individual sections of code or the entire program. 
 

• You can run any piece of code in any order, which makes testing 
and debugging easier.  
 

• Inserting and outputting results right in the middle of the code.  
 

• Code sharing and collaboration.  
 

• Beautiful and clear document design. 
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Tools and services for solving spintronics problems 

• The first step was the implementation of a model for the study of 
Josephson junctions in Python in the Jupyter Notebook 
environment.  
 

• Integration of the Jupyter Binder platform, for users who do not 
have access to the HybriLIT platform, including for test calculations 
or training courses. 
 

• Jupyter Book integration, allowing users to create books, in the 
form of Jupyter Notebooks, that can be viewed or downloaded to 
work on their computing resources. 
 

• HybriLIT platform used for computation and active development. 

9 



Computational environment for the numerical modelling 
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Development of information systems 



1
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Python implementation 



Parallel implementation with Python 



Computational environment for the numerical modelling 

• Visualisation of simulation results 
 

• Graphical interface for specifying input calculation 
parameters of models (geometric and physical parameters 
of models, numerical counting parameters) 
 

• Implementation of the module for resource-intensive 
calculations on the GOVORUN supercomputer 
 

• Debugging and testing of developed algorithms and 
modules 
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Computational environment for the numerical modelling 
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Computational environment for the numerical modelling 
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Computational environment for the numerical modelling 
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Computational environment for the numerical modelling 
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JINR Autumn School on Information Technologies 2024 
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Conclusion 
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• Jupyter Notebook is an environment that enables users to create and execute Jupyter Notebooks. 
 

• Notebooks are documents comprising live code, equations, visualisations and descriptive text.  
 

• Notebooks can be executed in a multitude of programming languages, including Python, R, and 
Julia.  
 

• Feasible to incorporate libraries and packages, including NumPy, Pandas, Matplotlib, and numerous 
others.  
 

• Jupyter Binder enables users to run Jupyter notebooks in a web browser without requiring 
authorisation or the installation of software on the local machine.  
 

• The developed platform allows users to perform sophisticated data analysis, numerical calculations 
and visualisation tasks with minimal effort on the HybriLIT platform.  
 

• Project is create new opportunities for the study of hybrid nanostructures. 
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