ADVANCES
IN INFORMATION-CONTROL SYSTEMS AND TECHNOLOGIES

UDC 004.048

AUTOMATED DATA MINING OF THE SINGLE ASTRONOMICAL
OBJECTS FROM THE BLURRED CCD-FRAMES

Ph.D. S. Khlamov ORCID: 0000-0001-9434-1081
Kharkiv National University of Radio Electronics, Ukraine
E-mail: sergii.khlamov@gmail.com
Dr. Sci. V. Savanevych ORCID: 0000-0001-8840-8278
Kharkiv National University of Radio Electronics, Ukraine
E-mail: vadym.savanevychl@nure.u
Ph.D. V. Vlasenko ORCID: 0000-0001-8639-4415
National Space Facilities Control and Test Center, Ukraine,
E-mail: vlasenko.vp@gmail.com
E. Hadzhyiev ORCID: 0009-0003-6752-7827
Kharkiv National University of Radio Electronics, Ukraine
E-mail: emil.hadzhyiev@nure.ua

Abstract. The chapter is devoted to the sophisticated data mining pipeline, which
was designed for restoring the high-quality images from the blurred frames made by
the Charge-Coupled Device (CCD) cameras. The developed data mining pipeline
leverages the modern informational technologies for the horizontal and vertical
scalability. The core methodology integrates the following mathematical methods
and algorithms: an inverse median filtration method for the noise reduction and the
Lucy-Richardson algorithm for deblurring. The inverse median filtration effectively
reduces impulsive noise while preserving edges, and the Lucy-Richardson algorithm
iteratively refines the image by correcting for blurring effects encoded in the point
spread function (PSF). The proposed system's architecture of the processing pipeline
for automated data mining of the single astronomical objects from blurred CCD
frames utilizes the following modern technologies: Python programming language,
Redis, FastAPI, React, Docker, and Caddy to ensure high performance, scalability,
and ease of deployment. This integrated approach significantly enhances the
accuracy of astronomical observations, facilitating more precise studies of celestial
objects. The proposed pipeline addresses the unique challenges of astronomical
image processing, offering a robust solution for automated data mining of single
astronomical objects. Our work demonstrates the potential to advance astronomical
research by improving image clarity and reliability, contributing to various fields
within astronomy. The combination of effective noise reduction and deblurring
techniques, along with a scalable and high-performance system architecture,
provides a comprehensive solution to the challenges faced in processing
astronomical images.
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1. Introduction

Astronomical imaging has significantly advanced our understanding of the
universe [1]. However, capturing high-resolution images of celestial objects presents
various challenges, one of the most prominent being image blur. This blur can
obscure critical details necessary for astronomical research [2], thus necessitating
sophisticated deblurring techniques. In the quest to observe and understand celestial
phenomena, astronomers rely on highly sensitive imaging devices. Charge-Coupled
Device (CCD) cameras [3] have become the cornerstone of modern astronomical
research due to their superior sensitivity to light and ability to produce high-quality
images with fine detail and low noise. These attributes make CCD cameras
indispensable for capturing faint celestial objects and critical details necessary for
astronomical observations [4]. Despite the advantages of CCD cameras, various
factors contribute to the blurring of astronomical images. These include atmospheric
conditions, optical imperfections, mechanical issues, and intrinsic properties of light.
Understanding these causes is essential for developing effective deblurring
techniques [5]. Astronomical image blur primarily results from atmospheric
turbulence, where heterogeneities in atmospheric density and temperature cause
differential refraction of celestial light, leading to distortions and the twinkling effect
observed in stars. This phenomenon, known as "seeing,” significantly impacts the
clarity of astronomical observations [6]. Optical aberrations in telescopes, arising
from imperfections in the design or misalignment of optical components, introduce
further degradation. Aberrations such as spherical, chromatic, and astigmatic
distortions compromise image fidelity, even in high-quality telescopes.

Examples of blurry astronomical objects are shown in Fig. 1.
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Figure 1. Examples of blurry astronomical objects

Without effective mathematical methods [7] to counteract blur, identifying
features of distant galaxies, studying nebulae structures, and detecting exoplanets
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become exceedingly difficult, often leading to incorrect interpretations and
conclusions. Thus, developing various approaches to mitigate blur is critical for
advancing astronomical research [8]. In this context, our work focuses on the
implementation of the information system based on the processing pipelines for
automated data mining [9] of single astronomical objects from blurred CCD frames.
Our system is built upon cloud technologies, allowing us to scale the system
efficiently, which is crucial when handling the large volumes of data common in
astronomical research. The core of our methodology leverages the Lucy-Richardson
algorithm [10], powerful deconvolution technique, to restore the original, unblurred
images. The significance of our work lies in its potential to enhance the accuracy of
astronomical observations and interpretations. By effectively mitigating the effects
of blur, our system facilitates more precise studies of celestial objects, contributing
to advancements in various fields of astronomy [11], from galaxy formation and
evolution to the search for exoplanets. This chapter aims to the analysis of main
focuses and features of the sophisticated data mining pipeline, which was designed
for restoring the high-quality images from the blurred frames made by the CCD
cameras using an inverse median filtration method and the Lucy-Richardson
algorithm. Such methods and algorithms are implemented in scope of the
mathematical module for intraframe processing in the Lemur software. Section 2
presents the literature review with mentioning advantages and disadvantages of the
reviewed papers. Section 3 elaborates an architecture of the processing pipeline for
data mining of the single astronomical objects from the blurred CCD-frames.
Detailed description of steps of the processing pipeline are also presented in this
section as well as the description of the inverse median filtration method and the
Lucy-Richardson algorithm. This section also aims to the main features and
advantages of the Lemur software for the astronomical data processing purposes.
The developed data mining pipeline leverages the modern informational
technologies for the horizontal and vertical scalability. Section 4 presents the results
received during processing astronomical data with the different SSOs using the
developed processing pipeline for data mining of the single astronomical objects
from the blurred CCD-frames. The chapter ends with a conclusion in section 5,
which illustrates the conclusions and outlines of the future work and research as well
as possibilities for future investigations and enhancements.

2. Literature review

Data mining in astronomical image processing [12] is a critical area of research,
focusing on extracting valuable information from the vast amounts of data generated
by modern telescopes and imaging devices. Despite significant advancements in
technology, numerous challenges impede the effectiveness of current data mining
techniques. These challenges range from image quality issues to algorithmic
limitations, making it difficult to achieve accurate and reliable results.

Common approaches to handle astronomical image blurring include machine
learning algorithms, deconvolution techniques, and various image processing

119



ADVANCES
IN INFORMATION-CONTROL SYSTEMS AND TECHNOLOGIES

methods. Machine learning algorithms, particularly deep learning, have shown
promise in image restoration tasks. Convolutional neural networks (CNNs) [13] are
widely used for their ability to learn complex patterns and features from large
datasets. However, these models require extensive training data, which is often
limited in astronomy, and are computationally intensive, posing challenges for real-
time processing. Deconvolution techniques [14] are another prevalent approach.
These methods iteratively restore images by reversing the effects of blurring. While
effective, they rely heavily on accurate point spread function (PSF) estimates, which
can be difficult to obtain. Misestimation of the PSF can lead to artifacts and
suboptimal image restoration. Other methods include wavelet-based techniques [15]
and matched filtration methods [16]. Wavelet-based approaches can effectively
denoise and deblur images by decomposing them into different frequency
components. However, these methods may struggle with the multi-scale nature of
astronomical data, requiring additional techniques to enhance performance of the
short time series [17]. Matched filtration methods [18], which utilize pre-defined
filter shapes to enhance signal detection, can be useful but depend on precise
knowledge of the blurring characteristics, limiting their flexibility in varying
conditions. In the papers focusing on computer and machine vision [19], researchers
developed foundational algorithms but lacked specific adaptations for astronomical
image processing. The general algorithms discussed often fall short when dealing
with the high noise levels and specific distortions found in astronomical images. This
highlights the need for specialized techniques to handle unique challenges, such as
cosmic ray hits and varying illumination. Further studies suggest using the different
image processing algorithms [20] including Sobel filter [21] for astronomical image
recognition, which is effective in edge detection but struggles with the high levels of
noise and blur typical in astronomical images. The Sobel filter [22], designed for
general edge detection, fails to adequately enhance the fine details necessary for
accurate astronomical analysis, potentially leading to misidentifications of celestial
objects. Moreover, image recognition [23] indicates that processing speed decreases
significantly as the size of the image frames increases, thereby limiting their
applicability for high-speed processing tasks required in astronomical observations.

In a paper [24] suggested approach has the requirement for a stable and
controlled environment for accurate measurements. This dependency may limit the
practical application of the approach in more variable or field conditions, where
maintaining such controlled conditions is challenging. Additionally, the approach
relies on selecting and observing multiple markers in different positions, which
introduces the risk of incorrect marker selection or observation errors. If the markers
are not placed or observed correctly, it can lead to significant inaccuracies in the
reference point determination, further complicating the process and reducing the
reliability of the results.

3. Data mining of the Solar System objects
The proposed astronomical objects data mining pipeline is designed to address

the challenges posed by blurred CCD frames in astronomical imaging and
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astronomical big data analysis [25]. The following sections provide a detailed
description of each component of the designed pipeline and its role in restoring high-
quality astronomical images including photometry [26].

Implemented pipeline have been integrated inside the fully functional
information system with the web-based interface which allows to automate the
astronomical objects data mining process. The given pipeline integrates the median
filter [27] and the Lucy-Richardson algorithm [28] in order to enhance the quality of
astronomical images affected by blurring. This integration leverages the strengths of
both techniques to effectively reduce noise and recover fine details, ultimately
improving the accuracy of data mining processes for single astronomical objects
considering the different typical forms [29].

The whole pipeline is shown in Fig. 2:
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Figure 2. Astronomical objects data mining pipeline

The initial phase of our data mining [30] pipeline entails the application of a
median filter [31], a sophisticated non-linear digital filtering technique renowned for
its efficacy in noise reduction. The median filter operates by traversing the image
pixel by pixel, substituting each pixel value with the median value derived from the
surrounding neighborhood of pixels. This method is particularly adept at mitigating
impulsive noise, such as salt-and-pepper noise, while preserving the integrity of
edges and fine details, making it an indispensable tool for pre-processing
astronomical images prior to deblurring.

The median filtering can be described using the following formula:

Agemmn) = A (mn) — A almm), 1)

where er{m* n) _ represents the output pixel value at coordinates (m, n) after
applying the median filter;

A m, ) _ denotes the input pixel value at coordinates (m, n) in the original
image;

Amed (m.n) _ is the median value of the pixel values within the neighborhood
centered around (m, n).
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The resulting image with equalized background brightness may have pixels with
a negative value, so an additional correction should be performed and the minimum
value between all pixels should be subtracted from each pixel:

Apemn) = A imn) — A, )

where Anur{m'n] — represents the output pixel value at coordinates (m, n) after
applying the correction;

Amlm.n) _ denotes the input pixel value at coordinates (m, n) in the original
image;

Amin — the minimal value of the pixel in the image.

The median filter is uniquely advantageous in its ability to preserve edge
sharpness, which is crucial in astronomical imaging where the accurate delineation
of celestial bodies is paramount. Traditional linear filters, like the mean filter, tend to
blur edges along with noise reduction, leading to a loss of critical information.

In the context of our pipeline, the use of the median filter is a critical pre-
processing step. Astronomical images often suffer from various types of noise
introduced during the capture process by CCD cameras, atmospheric conditions, or
electronic interference. By applying the median filter, we can significantly enhance
the quality of the raw images, thereby facilitating more accurate subsequent
deblurring using the Lucy-Richardson algorithm. Furthermore, the median filter's
robustness against noise and its edge-preserving properties makes it highly suitable
for astronomical applications, where precision and clarity are essential.

After noise reduction via the median filter, the deblurring process is executed
using the Lucy-Richardson algorithm [32]. This algorithm is specifically tailored to
recover a latent image that has been subjected to blurring by a known PSF.

The PSF characterizes the response of the imaging system to a point source or a
point object, encapsulating the spread of the point source's light due to factors such
as atmospheric turbulence, motion, or lens aberrations.

The observed image can be decomposed as a sum of individual points and
represented through a transition matrix:

dz’ == ZP:’J“}'J (3)
=

i _js the intensity of the pixel in the output image;

where

Pi.j — is the element of the transition matrix representing the shift between the
initial pixel j and the output pixel i;

Uj _is the intensity of the pixel j in the input image.

The transition matrix can be expressed as the shift between the initial and output
pixels using the following equation:
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pi;=P(i—j), )

where PG - f] — is the point spread function;

Pi.j —is the element i, j in the transition matrix p.

The iterative nature of the Lucy-Richardson algorithm allows for progressive
refinement of the image, with each iteration enhancing the clarity and detail by
correcting for the blurring effects encoded in the PSF. It operates by maximizing the
likelihood that the observed blurred image could be obtained from the deblurred
image when convolved with the PSF. The Lucy-Richardson method on each iteration
can be described using following equation:

. As,
Af‘-l'l — Ar hn’ @#)J (5)
deb deb BEF hP_E'F@A;gb

where AlZs is an updated image on the current iteration;
Ageb _isan input image on the current iteration;
hase s the point spread function;
h pse is the flipped point spread function;
Asur _ s the initially blurred image;

® _ s the convolution operation.

One of the key strengths of the Lucy-Richardson algorithm is its efficacy in
restoring images degraded by various forms of blur, including motion blur, out-of-
focus blur, and atmospheric distortion. Its robustness is further underscored by its
ability to produce high-quality deblurred images even when the PSF is not perfectly
known, leveraging iterative refinements to converge towards an accurate
representation of the latent image.

Overall, the combination of the median filter for noise reduction and the Lucy-
Richardson algorithm for deblurring forms a powerful pipeline for enhancing the
quality of astronomical images. This pipeline is particularly advantageous in the
context of processing blurred CCD frames, where high precision and clarity are
paramount for accurate data mining and analysis of single astronomical objects.

The system architecture for the astronomical objects data mining pipeline is
constructed using a combination of modern technologies and frameworks to ensure
high performance, scalability, and ease of deployment. The architecture is built upon
Python, Redis, FastAPI, React, PostgreSQL, Docker, Docker-Compose, and Caddy,
each playing a critical role in the functionality and efficiency of the pipeline. The
suggested architecture is provided in the Fig. 3. Python [33] serves as the
orchestrator for the data mining pipeline, overseeing the coordination and execution
of tasks. However, the computationally intensive parts of the pipeline, including the
implementation of the median filter and the Lucy-Richardson algorithm, are
developed as precompiled binary files to maximize performance and efficiency.
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Redis is utilized as a task queue [34], effectively managing the distribution and
scheduling of tasks within the system. This ensures that the processing of data is
both streamlined and efficient, reducing latency and optimizing resource usage.

FastAPI functions as the backend framework, providing a high-performance,
scalable API for handling client requests and managing the data mining pipeline. The
asynchronous capabilities of FastAPI significantly enhance performance by enabling
the concurrent handling of multiple requests. Additionally, FastAPI auto-generates
interactive APl documentation using Swagger Ul, facilitating ease of use and
integration. React is employed to develop the web-based interface of the information
system. This interface allows users to interact with the pipeline, upload images, and
visualize the processed results. React's component-based architecture ensures a
modular and maintainable codebase, while libraries such as Redux efficiently
manage application state, enhancing the user experience.
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Figure 3. Implemented system architecture
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PostgreSQL is used as the primary database for storing and managing the
metadata associated with the images and processed results. PostgreSQL's robustness
[35], support for complex queries, and ACID compliance make it an ideal choice for
handling the relational data required by the system. Caddy is utilized as the web
server and reverse proxy, offering several advantages, including automatic HTTPS
for secure communication with automated TLS certificate management, and
simplified setup and configuration compared to traditional web servers.

For deployment, Docker-Compose [36] is employed to set up a local
development environment, ensuring that all services run seamlessly together. In
production, the application is deployed on a cloud platform using Docker containers,
with Caddy managing secure HTTP traffic and load balancing.

In summary, the described system architecture leverages a sophisticated list of
technologies to construct an efficient and scalable data mining pipeline for
astronomical images. By integrating Python for task orchestration, precompiled
binaries for computationally intensive processing, Redis as a task queue, FastAPI for
backend services, React for the frontend interface, and Docker with Caddy for
deployment, the pipeline achieves high performance and user-friendliness.

This architecture not only enhances the quality of astronomical images but also
ensures that the entire process, from data ingestion to result retrieval, is seamless and
efficient. The data flow within the system initiates with users uploading blurred CCD
images through the React-based web interface as a task (see Fig. 4).

Create task

Figure 4. Blurred CCD images uploading
These uploaded images are transmitted to the FastAPI backend, where they are

stored in the local filesystem on the server side and enqueued for the future
processing using the pipeline.
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Once the processing task is selected to be executed, it’s reflected on the user
interface (UI) by updating the processing task status to «In progress» as it’s shown in
the Fig. 5.

Figure 5. Image processing task status update

Once the pipeline is executed the processing results are reflected in the Ul as it’s
shown in the Fig. 6Error! Reference source not found..

We can see the processing task information, which is extended with the details
about the data processing time (time of the task created in the UTC format, time of
the task started in the UTC format, time of the task finished in the UTC format and

total irocessing time in seconds).
B s
< =)

Figure 6. Complete task representation in the Ul
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Finally, the end user can download the processing results by pressing the
download button shown in the Fig. 6.
The structure of the downloaded archive is shown in the Fig. 7.

input 4613760 4613760
output 9218880 9213880

Figure 7. Structure of the downloaded archive
The downloaded archive contains input folder with the initial raw blurred images
and the output folder with the processed images after deblurring process.

4. Results

The created processing pipeline for the automated data mining of the single
astronomical objects from the blurred CCD-frames works in combination with the
especially developed mathematical module for the intraframe processing of the
Lemur software in scope of the Collection Light Technology (CoLiTec) project
(https://colitec.space) [37].

The main specific functional features of the Lemur software are:

e processing images with the very wide FOV (<10 degrees?);
automated frame calibration [11];
cosmetic frame correction;
track-and-stack feature;
brightness equalization [26];
background alignment;
astronomical image filtering [38];
determining the contours of objects [39];
image recognition [21];
typical shape formation [29];

e detection of the moving objects (with near-zero, normal, fast apparent
motion) [40];

o fully automated robust method of the astrometric reduction;

o fully automated robust method of the photometric reduction [41];

e support of the multi-threaded processing;

e On-Line Data Analysis System (OLDAS) for managing the processing
pipeline at the different stages of processing;

o transferring of astronomical data with intermediate storage;

More extended details about the Lemur software and the CoLiTec project are
presented in these papers [42, 43] and research [44].

The high-level processing pipeline of the Lemur software with the developed
appropriate modules with implemented of the different mathematical methods and
algorithms is presented in the Fig. 8.
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Figure 8. The high-level processing pipeline of the Lemur software

The Lemur software in scope of the CoLiTec project was installed at the
different telescopes at the various observatories in Ukraine and around the world:

e OMT-800 and AZT-3 telescopes installed at the Odesa-Mayaky observatory
[45];

e SANTEL-400AN telescope installed at the ISON-NM observatory;

e ISON-Uzhgorod [46];
VNT and Celestron C11 telescopes installed at the Vihorlat Observatory

e PROMPT-8 telescope installed at Cerro Tololo observatory [47];

e NARIT (National Astronomical Research Institute of Thailand) [48];

e AZT8 and Takahashi BRC-250M telescopes.

All listed above telescopes installed at the observatories have the official
identifiers received from the Minor Planet Center (MPC)
(https://minorplanetcenter.net) — MPC code from the International Astronomical
Union (IAU) (https://iau.org).

Especially developed mathematical module in the Lemur software for the
intraframe processing, which is responsible for data mining of the single
astronomical objects from the blurred CCD-frames contains the following
mathematical methods and algorithms: high-frequency filtration method for the noise
reduction [38]; inverse median filtration method for the background alignment [41];
Lucy-Richardson algorithm for deblurring [10]. The Fig. 9 illustrates the
effectiveness of the proposed data mining pipeline in the context of astronomical
image processing. On the left side of the image, we see an example of a blurred
astronomical image, where stars appear as elongated streaks due to motion blur or
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atmospheric disturbances during the capture. This blurring effect can obscure
important details and hinder the analysis of celestial objects. On the right side of the
image, the same scene has been processed using the implemented pipeline.

Figure 9. Example of the input and output frames

Figure 10. Closer view of the input and output frames

The result is a significantly clearer image where the stars are now sharp points of
light, revealing more detailed and accurate representations of the astronomical scene
including reference stars [42].
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On the closer view of the provided raw blurred and processed frames this
difference is even more observable (see Fig. 10Error! Reference source not
found.).

5. Conclusions

This paper presents a sophisticated data mining pipeline designed for the
automated restoration and analysis of the single astronomical objects from the
blurred CCD frames. The research was conducted in scope of the CoLiTec
(Collection Light Technology) project.

The pipeline incorporates advanced methodologies, specifically the median filter
and the Lucy-Richardson algorithm, to effectively mitigate noise and deblur images,
thereby enhancing the quality of astronomical observations, which is very important
for the photometry tasks.

The median filter is crucial for noise reduction, particularly in mitigating
impulsive noise while preserving essential image details and edges. This pre-
processing step is fundamental in preparing images for subsequent deblurring.

The Lucy-Richardson algorithm then iteratively refines the deblurred images by
compensating for the blurring effects characterized by the PSF.

This combination ensures that the images are not only clearer but also retain
critical astronomical details necessary for accurate data analysis. Our pipeline is
embedded within a robust information system designed for high performance and
scalability, leveraging contemporary technologies such as Python, Redis, FastAPI,
React, Docker, and Caddy. This architectural design ensures the system's ability to
handle large volumes of data efficiently, addressing the common requirements in
astronomical research.

The effectiveness of the implemented pipeline is demonstrated through
significant improvements in image clarity, as illustrated in our results section.

The developed pipeline can be also used for the different automated monitoring
and visualization systems [49] to track the astronomical objects in real-time.

In conclusion, the developed pipeline offers a powerful solution to the challenges
posed by blurred astronomical images. By integrating efficient noise reduction and
deblurring techniques within a scalable system architecture and data stream
clustering [50], this work significantly advances the capabilities of automated data
mining [51] in astronomy.

Also, the results of our implementation with a higher quality will be useful in
application of the machine learning methods [52].

The results underscore the potential of this approach to improve the accuracy and
reliability of astronomical observations, thereby supporting more detailed and
precise astronomical research of the Solar System objects and even of the high-speed
aircraft and low-altitude mobile robots.
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Anomauia. I'nasa npucesuena ckiaoHOMY KOHBEEPY IHMENEKMYaIbHO20 AHANIZY
Oanux, Akull 0Oy8 po3pobreHull 01 BIOHOGIEHHA BUCOKOAKICHUX 300padiCeHb i3
po3mMumux — Kaopis, cmeopenux Kamepamu i3 sapaouum 36’sskom  (CCD).
Po3pobnenuti KoHeeep IHMENeKMYAIbHO20 AHANIZY OAHUX BUKOPUCMOBYE CYYACHI
iHghopmayiiini mexHono2ii oA 20pu3oHmanbHoi  ma 8EPMUKATILHOT
Mmacuwmabosanocmi. OCHOBHA Memo0on02is 06 '€OHye HACMYNHI MAMEMAMUYHI
Memoou ma aneopummu: Memoo 360pomHoi mediannol ginempayii 0 3MeHuweHHs
wiymy ma aneopumm Jhoci-Piuapocona ons 3menuienns po3mumms. 3eopomna
MedianHa Gintempayis eqheKmueHo 3MEHULYE IMNYTbCUSHULL WYM, 30epieaiouu Kpai, a
aneopumm Jlroci-Piuapocona imepamurHo NOKpawye 300padiceHHs, KOopueyoyu
epexmu  pozmummsi, 3axo0008ani 'y @yuryii posznogcioddicenns mouku (PSF).
3anpononosana cucmemHa apximexmypa KOHBeepa 00pooOKU ons
ABMOMAMU308AHO20 AHANIZY OAHUX OKPEMUX ACIPOHOMIYHUX 00 €KMi8 i3 pO3MUINUX
kaopie CCD euxopucmosye maxi cyuacni mexnonozii: mosa npoepamyeanns Python,
Redis, FastAPI, React, Docker i Caddy ons 3a6esneuenns sucokoi npodykmuenocmi,
Macuimabosanocmi ma npocmomu. poszeopmants. Taxutl KOMRJIeKCHUN NiOXio
3HAYHO NIOBUWYE MOYHICMb ACMPOHOMIYHUX CHOCMEPENCEHb, NOLESULYIOUU MOYHIULI
docnidoicenns HebecHux o00'ckmis. 3anponoHosanull KOHMEeEp GUPIULYE VHIKATbHI
npobremu 00poOKU ACMPOHOMIYHUX 300paAdCEHDb, NPONOHYIOUU HAOIIHE pilleHHs O
ABMOMAMU308AHO20 AHANIZY OAHUX OKPEeMUX ACPOHOMIUHUX 00 ‘ekmig. Tloconanns
ehekmuHux Memooie WYMO3A2TYUIeHHS Mad GUOANICHHS. POMUMMS, d MAKONC
Macumabosana ma BUCOKONPOOYKMUBHA apXimeKmypa cucmemu 3abe3neuyioms
KOMNIEKCHe SUPIUeHH sl npodieM, Wo SUHUKAIOMb N0 4ac 06po6Ku acmpoHOMIYHUX
300padiceis.

Kniouoei cnosa: inmenexmyanvnuii ananiz 0anux, agmomamuso8anull KOHEeEp,
macumabosamicms, 1133-kaop, acmpoHoMiyHe — 300padicenHs, — po3mume
300pasicents, 00poOKa 300padiceHb, AHANI3 300paAdCeHb, GUAGNEHHA 00 €Kmis,
¢yukyia posnodiny mouok, aneopumm Jlroci-Piuapocona, wymo3zaenyuienHs,
36opomnuil mediannuil pinemp, dexongontoyis, Python, Docker, FastAPI
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