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86009369m3bs 5850mqdL G IBE/BMULHogwgms sdGHoMEYdL s Foo Fgdgbgdoo MBML.
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THE ROLE OF UNESCO CHAIR OF GEORGIAN TECHNICAL

UNIVERSITY IN FORMING THE INFORMATION SOCIETY
Gia Surguladze

Georgian Technical University
g.surguladze@gtu.ge

Summary

One of the important events of the 21st century, the development of the information society
formation process (including in Georgia) is discussed. The 20-year (2003-2022) historical role of UNESCO
"Information Society" Chair of GTU for the intensification of the education process on the basis of modern
digital technologies is presented. Against the background of innovative decisions of GTU management (in
the period 2003-2022), the following are analyzed: - the results of the interdisciplinary research of the
theoretical-practical values of academic and scientific personnel, as well as students and doctoral students
(especially during the pandemic stage); - In these processes, the contribution of the Department of
"Automated Management Systems (Software Engineering)" of GTU is an experimental platform for the
practical realization of educational concepts of international standards.

(Received 1.03.2023)

VICTOPUYECKAS POJIb KA®EIPHI IOHECKO I'PY3VHCKOI'O TEXHUYECKOT'O
YHUBEPCUTETA B @OPMWPOBAHNN MTHOOPMAIITVIOHHOTI'O OBIIIECTBA

CyprymagzeI.
I'pysunckuii Texumdyeckuit YHUBepcUTeT

g.surguladze@gtu.ge

Pesome

PaccmarpuBaeTcs mporecc rio6anbHOTO Pa3BUTHSA OLHOTO M3 BaKHeHmux cobpitmit 21 Beka —
dbopMupoBaHue MHGOPMAIMOHHOTO 00mecTBa, B ToM uucie B I'pysuu.llpencrasiena 20 metusas (2003-
2022 rr.) ucropuueckas pois Kadenper IOHECKO “Uudopmannontoe obuectBo” [pysHHCKOrO TeXHU-
YeCcKOro B MHTeHCH(pUKaIuy 06pa3oBaTebHOTO MIPOIeCCa HA OCHOBE COBPEMEHHBIX MH(POPMAI[MOHHBIX
TexXHOJIOTUH. B aToT mepuos Ha poHe MHOBAIMOHHBIX penreHU MeHepKMeHTa ['TY npoaHanusupoBaHsL:
- pe3yJIbTaThl HHTEPAUCIMILIMHAPHBIX UCCIeOBAHUM TEOPETUIECKUX U IIPAKTUIECKIX IIeHHOCTeH aKae-
MHYEeCKOTO W HAyYHOTO IIepCOHaNa, a TaKXKe CTYJEHTOB M [OKTOPAHTOB; - BKJIAJ JelapTaMeHTa
“ABTOMaTH3HMpPOBAaHHBIE CHCTEMbI YIIPaBIeHUs (IIPOrpaMMHas WHXXeHepusa) B YKasaHHBIE IIPOLECCHI KaK
SKCIIepMMEHTATbHBIM ILTalapM [ NpaKTH4ecKod peanusanuu kKoHuenuuu kadezps: IOHECKO
MeXIyHapOJHBIX 00pa30BaTeIbHBIX CTAHJAPTOB.

(Ilocrymzra 1.03.2023)
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{16930l Bommgzol dmfymdogrmds Lsdgogobm sHgligdmengdols
0996mdsdo dBHzMol 3MbEHMmMEom

Do 5HF50RM5I30¢00, B305 VM350, BogmEmD 0bz0o,
doMobg dglbos

LogoMm39wmb ¢9gdbozmemo mboggdLo@gdo
z.azmaiparashvili@gtu.ge, z.gurtskaia@gtu.ge, ninvia@gtu.ge,

meskhiamarine08@gtu.ge
69bomdy

396boEMW0s 93GMOMS XyMBoL JogH F90wdsgzgdo 35900l bogsol (bg3oL dserngzol
9mfymdowmds LdgEOEEbM sFglYdEgdoL d9bmdsdo 3E3MOL 3MBEMMEIOL omzswobfjobgdoom.
390000535H90000 IfYmdoEmdol L3 swgdom dglsdegdgeros LsdgEoEobm sfgligdwyergdgddo
Mm5HgdL Mol 6935005 Lb3omdol 4oBMazs s 35960 653500900l 9839dGwM0 JoMM3s. 1939 dolido
B539690wa0s 9EH3M0L 33069 bsHows3zgdol gBEgd@0Mgdol 3356d0. dmyzsboeros dEzMol LgblmMol
9oboboomgdgo 356539 BHMYd0 s b5B3969d05 Lobmdo 0bBMmMIs300l domgdols dglsdwm abHgdo,
3956b0oEm@os 990mm935H90o dmfiymdomdol BEHOWJEMGMEo Bdgds s sblboErs FmTomdol
360063030. 30356605, OGMI  50bodbMo  Fmfgmdowmds  I603369wm3zsb0s  LsdgoEobm
©509L9gdMgd9ddo  3mL3oGowmo  0bxgdE0gdol  369396300LIMZ0L, Mg ABLOZMMNMGOOM
59@pe®m0os Covid-066394300L s®lgdmdol 306md9gddo.

153356dm Lo@yggzgdo:  aodBmdo  Imfymdoermds. [Bg3z0L LgblbmMo.  IBH3MOL LybLmMo.
395GH0Wo3E0s.  M930LEGH®MO. 3569gdos. COVID-19. dmbo@m&mobyo. 33360l boffoerszgdo.

1. 8gLogsgro

056599060M39 % 9605330L HgLgdIEgd9gddo olgmo 0bxggd(30900L 15300b SbBEOW YOS,
OMymO0@3ss — Healthcare-Associated Infections (HAIs) o 35309630b Lo39009Lm 306000900l
MBOHMD39wlsgmeBs, 964  Lobmmmogols o 30309608  Tglobo@BMbgds,  d0dsmmogz96
OLMBM3900L 13930830396 IOM(39EIOIOL.  L,0MIEs, bdod  FJgdmbgzgzsdo  dm@gbgomdo
1530dMMYds  5MOL  F03OMUZM3MWO S FJY0sMIMIOIWO  MZ9WOLM30L TS0, 5T
90360ml3m3wwo bydodMHMYd0EL 393M0 0Toergds IBH39MTo s vy dom ,d935(bgdm*, T9degd9b
15390 (30bM sfglgdMEgdsdo 89mAREY3EI® FOWIIPAOWGISL.

Covid-06®9d300L  5GlgdMmdol  300:MdYdT0  SJGHOOO  A9b©s  bvdgoEobm  ©sfglg-

0 9090do 3596MH0L 653500900L 3MBEBHMMEMO MmMobgdl ImGo  {fBgzsms BbgsMmdoLsmZz0L MMIgEos
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PRESSURE CONTROL DEVICE WITH DUST CONTROL IN
A MEDICAL FACILITY BUILDING

Azmaiparashvili Zaal, Ghurtskaia Zviad, Invia Nikoloz,
Meskhia Marine

Georgian Technical University
z.azmaiparashvili@gtu.ge, z.gurtskaia@gtu.ge, ninvia@gtu.ge,
meskhiamarine08@gtu.ge
Summary
Modern healthcare facilities are aware of and implement specific cleaning protocols to maintain
cleanliness and hygiene, prevent Healthcare-Associated Infections (HAIs), and ensure the best patient
outcomes. However, in many cases the potential danger is microscopic and hidden from the naked eye.
Many of these microscopic hazards are hidden in dust and, if disturbed, can move through a healthcare
facility unnoticed. A pressure control device with dust control in the building of a medical institution has

been developed by the group of authors. With the device, it is possible to measure the pressure difference
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between the rooms of medical institutions, which is necessary for the effective management of air flows.
It also has a built-in system for detecting small dust particles. The characteristic parameters of the dust
sensor are presented and possible ways of obtaining measurement information are shown, the structural
scheme of the proposed device is discussed and the working principle is explained. We believe that this
device is important for the prevention of nosocomial infections in medical institutions, which is especially

relevant in the presence of Covid-infection.

(Received 20.04.2023)

YCTPOMCTBO VIIPABJIEHUS TABJIEHWEM B IIOMEIIEHUSX
MEJUIIMHCKOTO YYPEXJAEHUS C KOHTPOJIEM 3ATTBUIEHHOCTBIO

Asmaitnapamsunu 3., I'ypuxawns 3., Masua H., Mecxua M.

I'pysunckuii Texamdyeckuil YHUBepCUTET

z.azmaiparashvili@gtu.ge, z.gurtskaia@gtu.ge, ninvia@gtu.ge,
meskhiamarineO8@gtu.ge

Pesome

CoBpeMeHHbIe MeJUIIMHCKUE YUPEXAEHUA 3HAIOT U BHEAPAIOT CIIeI[MalIbHbIe IIPOTOKOJIBI YOOPKU
I TOAJEep)KAaHWA YHCTOTHl M TUTHEHbI, IpefOTBpAlleHuA HHQEKIWI, CBA3AHHBIX C OKa3aHHEM
MepunuHCcKo# nomomu (MICMII), u obecnieyeHns HaMTy4lUINX Pe3yIbTaToOB g HauueHToB. OfHAKO BO
MHOTHX CJIy4asdx IIOTeHIMaJIbHag ONAaCHOCTP MHKPOCKONMYHA U CKPBITA OT HEBOOPY>KEHHOTO IJa3a.
MHorue u3 3THX MUKPOCKOIIMYeCKHX OIAaCHOCTell CIpATaHBI B IBUIM H, €CJIU HX IIOTPEeBOKUTH, MOTYT
He3aMeTHO IlepeMelIaThCd II0 MEeIUIMHCKOMY YupexzAeHuio. KoJIeKTuBOM aBTOpPOB paspabGoTaHO
YCTPOMCTBO peryJIMpOBaHUA JABJI€HUA C 3aIBIIEHHOCTH B 3[aHHUU MEIHIMHCKOTO yupexzgeHuda. C
IIOMOILIBIO IIPUOOpPa MOXXHO H3MEPATh Pa3HUILY MAaBIEHUN MEXIy IIOMEUIeHUAMU MeAUIIMHCKUX
yYpeXTEeHU, 9TO HeoOX0AMMO 11 5GGeKTHBHOTO yIpaBIeHHUs BO3LYWHbIMU moTokamMu. OH Taxke
VMeeT BCTPOEHHYIO CHUCTeMy OOHAapy>KeHHs MeJIKMX dYacTul, msuth. [IpencTaBieHs! XapaKTepHbIe
IapaMeTpsl JAaTYWKA IIBIIM M ITOKA3aHBI BO3MOXKHBIE ITYTH IIONy4YeHUA HM3MepPUTETbHOM WHGOpMAIUW,
paccMOTpeHa CTPYKTypHas CXeMa IIpe[jIaraeMoro YCTPOMCTBA M OOBACHEH HPUHIUI paboTsel. Mer
cYMTaeM, YTO MAHHBIH IpUOOp BaXKEH i INIPOQUIAKTUKY BHYTPUOOIBPHUYHBIX HHGEKUUI B

MeIUIMHCKUAX YIPEXAEHUAX, YTO 0COOEHHO aKkTyaabHo npu Hanmanu Covid-uHdexiun.

(Tocrymmra 20.04.2023)
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DIGITIZING LUNG AUSCULTATION: IMPROVING AUTOMATIC
CLASSIFICATION OF PULMONARY SOUNDS WITH NEW DATASET

Irine Gotsiridze, Kitaevich Mikheil
Georgian Technical University
i.gotsiridze@gtu.ge, kitaevichm@gmail.com
Summary

The spread of COVID-19 drew attention to the gaps in the existing telehealth infrastructure and the
imperative to address them in order to develop a more efficient solution to the needs of both patients and
medical practitioners. The practice of lung auscultation has been one of the areas that has undergone noticeable
changes to address these needs. Automatic data classification is at the core of the methodological practices
enabling the digitization of this practice. While the current state of the field features several valuable datasets—
such as ICBHI 2017 Challenge Respiratory Sound Dataset and HF_Lung_ V2 dataset —that serve as a valuable
foundation for automatic data classification, certain features of these datasets present a challenge to the reliable
and efficient classification process. This article focuses on several limitations—such as an imbalanced amount
of disease diagnosis and the process of annotations—and presents a plausible solution by assembling a new
dataset that compensates for these gaps. Using this new data, a novel CNN model that is designed for the
classification of respiratory sounds was created. The proposed model was able to achieve an accuracy of 0.943
and loss of 0.1811 which is a significant achievement.

Key words: Lung Auscultation, Digital Health, Automatic classification.

1. Introduction

Respiratory diseases present a significant challenge to the public health domain. Even prior to the
outbreak of the COVID-19, respiratory diseases adversely affected the quality of life of millions of people
around the world. Respiratory diseases, such as asthma, are also some of the most common chronic diseases.
In addition to being high frequency, as suggested by the WHO findings, respiratory diseases represent some
of the most common diseases with fatal outcomes.

The accurate classification of lung sounds is critical for early detection and treatment of respiratory
diseases. In recent years, automatic classification of lung sounds using machine learning techniques has gained
significant attention from researchers. However, the lack of sufficient and reliable datasets has been a major
challenge faced by researchers in this area. This paper addresses this problem by presenting a new dataset of
lung sounds and proposing a new convolutional neural network (CNN) model for their automatic classification.
The improvement stems from significantly expanding one of the most well-established datasets in the field the
ICBHI 2017 Challenge Respiratory Sound Dataset [1] by collecting new data that is more representative of
healthy patients and adding precise labeling and more data for other disease diagnosis. In this article |
thoroughly describe the new dataset’s properties and methodologies used. The newly presented dataset is a
comprehensive collection of lung sounds recorded from patients with various respiratory diseases, as well as
healthy individuals. The dataset is structured into different categories, each representing a specific type of lung
sound, such as wheezes, crackles, and normal breath sounds. To classify the lung sounds in the new dataset,
we propose a novel CNN model that is specifically designed for the classification of respiratory sounds. The
proposed model takes advantage of the feature extraction such as mel spectrograms and mel frequency cepstral
coefficients and other specific data parameters in the lung sound signals to accurately classify them into
different categories. The data preprocessing and model's architecture, hyperparameters, and training procedure
are described in detail. Results shown by the model are presented and analyzed.

The proposed model was able to achieve an accuracy of 0.943 and loss of 0.1811 which is a significant
achievement. These findings are reassuring for the prospects of digitization of lung auscultation. Future studies
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can further develop and refine the proposed model to achieve even higher accuracy scores, and the new dataset
can serve as a benchmark for comparison with other datasets in future studies.

2. Main Part

In this section | introduce some of the key terms describing both the medical conditions of interest for
this study, as well as the methods used to obtain the measurements for these conditions.

2.1 Respiratory disease

Respiratory diseases affect pathologically areas of the respiratory tract, as well as nerves and muscles
of respiration. Some of the most commonly encountered respiratory diseases are asthma, chronic obstructive
pulmonary disease (COPD), pulmonary fibrosis, pneumonia. As a major public health problem, they present a
growing burden to healthcare systems and to society. For example, asthma affects about 339 million people
and is especially common among the pediatric population. Chronic obstructive pulmonary disease (COPD) is
experienced by more than 200 million people. Up to 6 percent of the adult population experience sleep-
disordered breathing.

Importantly, aside from being a relatively common condition, respiratory diseases can result in fatal
outcomes. According to the 2019 survey by the World Health Organization in 2019, respiratory disease
accounts for three of the top ten causes of death in the world. Specifically, COPD is the third most common
contributor, lower respiratory infection—the fourth, and trachea, bronchus, and lung cancer rank as the 6th top
reason for fatal outcomes. It is estimated that close to 8 million people die from respiratory diseases
annually.[2] Early detection and treatment are thus critically important for the prevention of these
diseases.

2.2. Lung Auscultation

Lung auscultation has been the key procedure for detecting pathological deviations in patients’ breathing.
As such, auscultation is an essential component of the physical examination and assessment of the respiratory
system. The procedure entails listening to the sounds produced by the lungs and the airways during respiration.
During an auscultation exam, a healthcare provider uses a stethoscope to listen to the sounds of a patient's
breathing. The stethoscope allows the provider to hear the sounds of airflow, movement of the chest wall, and
any abnormal sounds, such as crackles, wheezes, or rhonchi. It is a non-invasive, inexpensive, and simple
diagnostic technique that can provide important information about the respiratory system's health and diagnose
pulmonary diseases. Thus, despite the explosive advancement in technology related to health sciences, a
detailed physical examination, including inspection, palpation, percussion, and auscultation, remains an
essential part of clinical examination even in the 21st century.

2.3. Common Sounds Detected During Lung Auscultation

Wheezing and crackles are two types of sounds commonly detected during lung auscultation. Wheezing
has been defined by the American Thoracic Society Committee on Pulmonary Nomenclature as a high-pitched
continuous sound that occurs during the inhale or exhale and has a dominant frequency of 400 Hz or more.
They are usually heard during expiration and may last for several seconds.

It can be symptomatic of a potential narrowing of airways or a barrier that keeps the air from flowing
through them. Wheezes are audible throughout the chest area and trachea, but the sound can differ among
patients depending on the severity of the condition and the placement of the stethoscope during auscultation
[3]. Crackles, in contrast to wheezing, are a series of short, explosive sounds that are more likely to occur
during the inhale (although they also can occur during the exhale). They can also sound like bubbling, rattling,
or clicking. On average, the duration of a crackle is lower than 20 ms and the frequency range is between 100
and 200 Hz. [4]
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Crackles are soft and can be difficult to hear, and sounds from rubbing cloth or skin can be mistaken for
them. Deep breathing can also mask the sound of crackles. Fine crackles have a different waveform that makes
them easier to identify, with an amplitude that differs more significantly from normal lung sounds [5].

2.4. Digitization Trends and Limitations

In recent years, however, several factors contributed to the evolution in how the auscultation procedure
is performed. While this list is not exhaustive, this article highlights three of these reasons. First, with the
increasing popularity of telehealth, conventional lung auscultation has become a more challenging task. In
traditional face-to-face consultations, the practitioner can use a classical analog stethoscope to listen to the
patient's lung sounds. However, in telehealth consultations, practitioners need to rely on digital tools to perform
lung auscultation remotely. Second, the spread of COVID-19 and the challenge it presented to the respiratory
system made a question about the digitization of the lung auscultation process particularly relevant to prevent
the spread and to enable patients to maintain relatively mild cases without the need to leave the house. Finally,
given that respiratory diseases are not uncommon, developing tools that would allow patients to monitor their
breathing from the comfort of their own home is of paramount importance. As the practice of medicine
progresses towards enabling patients to act as stewards of their own health under the supervision of a medical
professional, while minimizing the ever-growing workload for the practitioners, digitization of lung
auscultation is a welcome phenomenon.

As part of greater digitization of lung auscultation, new digital tools have been developed, including,
but not limited to electronic stethoscopes, mobile apps, and web-based platforms that can transmit audio and
visual data in real-time. While digital tools have made remote lung auscultation easier, there are limitations to
their use. The quality of the audio and visual data can be affected by factors such as internet connectivity,
background noise, and the patient's position. Additionally, practitioners need to have the necessary training
and experience to use these digital tools effectively.

To circumvent some of these limitations—and particularly, reducing the chance of human errors—
automatic classification of the data can be helpful. Several advancements have been made in regards to dataset
development. These datasets feature different types of data obtained from the recordings of lung auscultation.
Later, the data serve as a foundation for automatic classification performed with Convolutional Neural
Networks or other types of machine learning strategies. For the purposes of this article, I will highlight two
key datasets.

The first dataset was presented as a ICBHI 2017 Challenge Respiratory Sound Dataset. The Database is
a collection of audio recordings of respiratory cycles, comprising 5.5 hours of data and 6898 respiratory cycles
with annotations for the presence of crackles, wheezes, both, or none. The recordings were collected
independently over several years by research teams from Portugal and Greece, and they were obtained using
different equipment (e.g., AKG C417L Microphone, 3M Littmann Classic Il SE Stethoscope, etc.) with
varying durations and chest locations. The database also includes some respiratory cycles with high levels of
noise to simulate real-life conditions. The dataset is freely available for researchers to use. The database also
includes demographic information and diagnoses for each subject. Chronic Obstructive Pulmonary Disease
(COPD), Lower Respiratory Tract Infection (LRTI), and Upper Respiratory Tract Infection (URT]I) are the
most common diagnoses found in the database [1].

The second dataset was presented in 2022 as a HF_Lung_V2 dataset. The dataset is a combination of
lung sound recordings from two sources, HF_Lung_V1 and HF_Lung_V1_IP, both containing lung sounds
obtained from Taiwanese inpatients aged >20 years. Lung sounds were recorded at eight auscultation locations
using two devices, the Littmann 3200 and HF-Type-1. Lung sounds from HF_Lung_V1 were collected from
32 inpatients at Far Eastern Memorial Hospital, while those from HF_Lung_V1_IP were obtained from seven
inpatients receiving long-term mechanical ventilation support in a respiratory care ward or center. Each sound
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file was labeled by three healthcare professionals using self-developed software, and the labeled lung sounds
were used to train and test a deep learning model to detect adventitious sounds in lung sounds [6].

Even though these dataset provide valuable resources to the automatic classification solving problem,
there are also some limitations to them. For example, the HF_Lung_V2 dataset has numbers of inhalation and
exhalation labels that are imbalanced, and the duration of labeled events is smaller than that of the background
signal. Additionally, the dataset was recorded during suboptimal conditions and includes noise that can
interfere with labeling and prediction tasks. The classification models may have difficulty detecting certain
respiratory sounds due to the noisy environment in which the lung sounds were recorded. In the ICBHI 2017
Challenge Respiratory Sound Dataset there is a lack of healthy adult participants, and annotations were made
by a single health professional, which could impact the accuracy of the annotations. Obtaining annotations
from multiple annotators and creating agreement metrics would be useful to extract reference annotations. The
database also has an imbalanced amount of disease diagnosis, for instance the COPD (Chronic Obstructive
Pulmonary Disease) is heavily represented compared to other diseases.

In order to overcome limitations of the existing datasets for automatic classification, there was a strong
need to create a new database and propose a novel model which could serve as a benchmark for the future.
The properties of the dataset and a new classification model proposed are described below

3.1. Dataset description

Key characteristics of the new Respiratory Sound Database are as follows: the dataset consists of 205
individual patients, containing 7383 respiratory cycles. The recordings contain information about chest
location, acquisition mode, and recording equipment. Recordings have been performed with the following
tools:

e Welch Allyn Meditron Master Elite Plus Stethoscope Model 5079-400 digital stethoscope;

¢ 3M Littmann Classic Il SE stethoscopes with a microphone in the main tube;

e Air coupled electret microphones (C 417 PP, AKG Acoustics) located in capsules made of teflon;
o WelchAllyn Meditron Master Elite Plus Stethoscope Model 5079-400 digital stethoscope;

o 3M Littmann 3200 digital stethoscope;

e 3M™ Littmann® CORE Digital Stethoscope.

The dataset contains annotated respiratory cycles, with information about crackles, wheezes, or no
adventitious respiratory sounds. Respiratory cycles were manually annotated. Each cycle was assigned a
starting and ending timestamp, as well as a binary value indicating whether it contained crackles and another
binary value indicating whether it contained wheezes. The recordings vary in duration, ranging from 10 seconds
to 120 seconds. The noise levels in some respiratory cycles are high, simulating real-life conditions.

Dataset also includes labels of diagnosis for the patient's records. Diagnosis are:
URTI — Upper respiratory tract infection;
Healthy condition;
Asthma;
COPD - Chronic obstructive respiratory disease;
LRTI — Lower tract respiratory infection;
Bronchiectasis;
Pneumonia;
Bronchiolitis.

3.2. Methodology

To solve the classification problem of the dataset the Convolutional Neural Network was chosen as a
strategy. Convolutional Neural Networks (CNNs) are a popular choice for audio classification because they
are able to learn local features from raw audio data. CNNs use convolutional layers to extract local features
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and learn patterns in the data, which are then combined in later layers to learn higher-level representations of
the audio signal. This is in contrast to traditional machine learning approaches that rely on hand-crafted features
extracted from the audio signal.

In the context of audio classification, CNNs can effectively capture local features such as frequency
content, timbre, and rhythm, which are important for distinguishing between different types of sounds.
Additionally, CNNs are able to handle the high-dimensional nature of audio data and are robust to small
variations in the signal, such as changes in amplitude and frequency.

Overall, the ability of CNNs to automatically learn features from raw audio data, coupled with their
ability to handle high-dimensional input data, make them a powerful tool for audio classification tasks.

Before feeding the data to the CNN model, data has to be preprocessed. Since the audio files are different
in length we decided to divide them into equal parts by using information about start and end of the respiratory
cycle. To do so, we plotted the data to choose an optimal length Fig. 1 and Fig. 2).
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Fig.1 Demonstrates length in seconds of a respiratory cycle (x axis) and patient id (y axis)
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Fig.2 Boxplot of the length in seconds of a respiratory cycle

From these plots we concluded that the best length is 5 seconds. Since there are also cycles that are
shorter than a target length, those had to be zero padded. Zero-padding in audio refers to adding zeros to the
beginning or end of an audio signal to increase its length. By zero-padding the signals, we can ensure that they
are all of the same length, and can be processed by the CNN without requiring any additional pre-processing.
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To implement the project, the Python programming language and Conda environment were utilized.
Librosa module was used to load the audio information into an array. Librosa is a Python library for audio
analysis and processing that is commonly used in machine learning and audio signal processing applications.
It provides a simple and easy-to-use interface for loading audio files, computing various audio features (e.g.,
spectral features, mel-frequency cepstral coefficients, etc.), and applying audio effects (e.g., filtering, time-
stretching, etc.). In our case, the sampling rate while transforming the data was chosen to be a default sample
rate of the librosa module, which Is 22050. The number of files processed turned out to be 7330.

The next step was to decide on the splitting of the data to train and validations sets. To analyze and
visualize the class imbalance that occurs in the dataset we plotted the initial data and one after the processing

(Fig. 3 and Fig. 4).
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Fig.4 Representation of the processed class data

The observation of the class imbalance led to a conclusion that data should be divided into a train and
validation sets using the stratified manner. A common way to split the data is to randomly divide the dataset
into a training set and a test set. However, in some cases, this may result in an uneven distribution of the classes
in the training and test sets, which can affect the performance of the model. Stratified data splitting is a way to
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ensure that the distribution of the classes in the training and test sets is similar to that of the original dataset.
In this method, the data is divided in a way that preserves the proportion of samples in each class in both the
training and test sets. Stratified data splitting is particularly useful in cases where the dataset has an imbalanced
class distribution, where one class has significantly fewer samples than the other(s). By ensuring that the
proportion of samples in each class is similar in both the training and test sets, stratified data splitting can help
to ensure that the model is not biased towards one class over the other(s) and can improve the overall
performance of the model.
3.3. Feature extraction

Feature extraction is a process in machine learning that involves selecting and transforming the raw
input data into a set of features that are more meaningful and representative of the underlying patterns and
relationships in the data. The goal of feature extraction is to extract a set of features that are relevant for the
task at hand and that capture the most important information in the input data. To do so in our case we decided
to use Mel spectrograms, Mel Frequency Cepstral Coefficients and Chromagrams.

Mel spectrograms are a type of spectrogram that is commonly used in audio signal processing and
analysis. A spectrogram is a visual representation of the frequency content of an audio signal over time. Mel
spectrograms are a special type of spectrogram that use a non-linear scale, known as the Mel scale, to represent
the frequency axis.

The Mel scale is a perceptual scale of pitches that is based on the way that the human ear perceives
sound. It is designed to better match the way that humans hear different frequencies, as opposed to a linear
scale that evenly spaces the frequencies. The Mel scale is commonly used in audio signal processing, especially
in speech and music analysis.

Mel Frequency Cepstral Coefficients (MFCCs), is a type of feature extraction technique used in audio
signal processing. MFCCs are based on the Mel scale, a non-linear scale that more closely represents the way
the human ear perceives sound.

MFCCs are computed by first breaking the audio signal into small, overlapping frames of typically 20-
40ms duration. For each frame, the power spectrum is computed using a short-time Fourier transform (STFT),
which essentially provides the frequency content of the audio signal over time. Next, the Mel filterbank is
applied to the power spectrum, which compresses the frequency axis onto the Mel scale. This is followed by
taking the logarithm of the filterbank energies. Finally, the discrete cosine transform (DCT) is applied to the
logarithmic filterbank energies to produce the MFCCs.

The third feature that turned out to be influential on the model and since was chosen is Chromagram
also known as chroma features. Chromagrams are computed by first breaking the audio signal into short,
overlapping frames of typically 20-40ms duration. For each frame, the power spectrum is computed using a
short-time Fourier transform (STFT). The power spectrum is then mapped onto a 12-dimensional chroma
vector, where each dimension represents one of the 12 semitones of the Western musical scale (C, C#, D, D#,
E, F, F#, G, G#, A, A#, B). The mapping is done by convolving the power spectrum with a set of 12 triangular
filters that correspond to the 12 semitones.

The resulting chroma vector for each frame can be thought of as a histogram of the spectral content of
the audio signal in terms of its pitch classes. A chromagram is then formed by stacking the chroma vectors for
each frame together over time.

Below are examples of the Mel-spectrograms, MFCCs and initial data of different diagnosis and
inclusion of crackles and wheezes. (Fig 5-10).
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Example of COPD whith Wheezing
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Fig.5. Representation of COPD with wheezing audio recording (Db (x axis), Time (y axis))
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Fig. 6 Representation of Mel spectrogram and MFCCs of a COPD with wheezing (Time (x axis),
Frequency in Hz (y axis)).
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Example of Bronchiectasis whith Crackles

0.4 4

0.2 4

0.0 4

~0.4 1

0 100000 200000 300000 400000

Fig. 7 Representation of Bronchiectasis with crackles audio recording (Db (x axis), Time (y axis))
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Fig. 8 Representation of Mel spectrogram and MFCCs of a Bronchiectasis with crackles (Time (x axis),
Frequency in Hz (y axis))
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Example of Healthy
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Fig. 9 Representation of Healthy audio recording (Db (x axis), Time (y axis))
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Fig. 10 Representation of Mel spectrogram and MFCCs of a Healthy recording. (Time (x axis),
Frequency in Hz (y axis)

4.1. Convolutional Neural Network design and results.

To define the input shape of our model we needed to calculate the feature numpy arrays shapes based
on the previous extraction and preprocessing. The shapes turned out to be (20, 259) (12,259)and (128,259).
These shapes are an input for the three separate CNNs that we combined later into one dense network. The
rectified linear unit (ReLU) activation function was in the model. ReL U applies a threshold at zero: if the input
value x is less than or equal to zero, the output is zero; if the input value is greater than zero, the output is equal
to the input value.
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RelLU has become a popular choice in deep learning because it can help to overcome the problem of
vanishing gradients, which can occur in models with many layers. This is because ReLU is a non-saturating
activation function, meaning that it does not "saturate” at high or low input values like some other activation
functions (e.g. sigmoid or tanh). This means that gradients can flow more easily through ReLU units, enabling
deeper networks to be trained more effectively.

Batch Normalization was also used in neural network models to improve the training process and
performance. It normalizes the input to a layer by scaling and shifting it, so that it has a mean of zero and a
variance of one.

The Batch Normalization layer is typically inserted after the linear transformation and activation
function of each layer in a neural network. During training, it normalizes the input to each layer based on the
mean and variance of the input data in the current mini-batch (a small random subset of the training data). This
normalization process helps to stabilize the distribution of the input data, which can make it easier for the
network to learn and prevent overfitting (Fig. 11).

mfcc mput. | [(Noae, 20, 259, 1)) croma mput: | [(None, 12, 259, 1)) Hspec wpat | [(None, 128, 259, 1))
InpatLaver | output: | [(None, 20, 259, 1)) InpatLaver | output: | [(None, 12, 259, 1)] InputLaver | ontpnt: | [(None, 128, 259, 1)]
miccModel | mput | (None, 20, 259, 1) cromahfodel | mpat (Nome, 12, 2539, 1) mSpechModdd | mput | (None, 128, 259 1)

Functional | owtput (Noue. 128) Functional | output (None, 128) Functional output (None. 128)

\ /

concatenate | mput: | [(Noue. 128), (None, 128), (None. 128)]

Concatenate | oufpat (None, 384)

dense | aput: | (Noae, 384)

Dense | output: | (Noue, 30)

deopout 1 | igut: | (None, 50)

Dropout | output | (None, £0)
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dropout_2 | nput (None, 25)

Dropont | output | (None, 25)

dense 2 | wmput | (None, 25)

Dense | output: | (None, 8)

Fig. 11 Shape of the model

Early stopping technique was also used during the training of a convolutional neural network (CNN) to
prevent overfitting and improve generalization performance.

The idea behind early stopping is to monitor the performance of the model on a validation set during
training and stop the training process once the validation performance stops improving or starts to degrade.
This is done by comparing the validation performance of the model after each epoch of training and stopping
the training process once the performance on the validation set starts to worsen or stagnates for a certain
number of epochs.
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The number of epochs to wait before stopping is typically determined using a patience parameter, which
specifies the number of epochs to wait for an improvement in validation performance before stopping the
training process. Once the training process is stopped, the weights of the model at the point of best validation
performance are saved and used as the final model.

6. Results

The proposed model was able to achieve an accuracy of 0.943 and loss of 0.1811 which is a significant
achievement. Using the history evaluation function in Keras, we were able to plot the training process of the
model (Fig. 12) which highlights the positive performance of the model.
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Fig. 12 Training history of the proposed model

The detailed look through the model also showcases that there was no issue of overfitting, and both set
accuracy: Training set accuracy: 0.967 and Testing set accuracy: 0.933 achieved positive results. Total of
trainable parameters in the dense model was 261,245 out of 262,973 which is another example of a properly
designed model. Model training accuracy and model loss through the epochs are plotted in Fig. 13-14.
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7. Conclusion

In conclusion, this paper discussed the need for improved automatic classification of the data to enhance
the current needs of telehealth digitization trends. To accomplish this objective, this paper presented a plausible
solution to the problem of automatic classification of lung sounds by proposing a new Convolutional Neural
Network model that achieved high accuracy scores on a new dataset. The lack of sufficient datasets has been
a major challenge in this field, and the newly presented dataset is introducing a potential improvement in this
aspect. The proposed model was designed to address the limitations and to improve the accuracy of lung sound
classification. The results of the experiments showed that the model was successful in classifying the different
types of lung sounds with high accuracy.

The automatic classification of lung sounds in auscultation is of great importance in the diagnosis of
respiratory diseases. It provides a non-invasive and cost-effective method for the detection and monitoring of
lung conditions. By automating this process, healthcare professionals can save time and improve accuracy in
diagnosis, resulting in better patient outcomes. Furthermore, the availability of large and diverse datasets like
the one proposed in this paper can lead to the development of more accurate and robust models for lung sound
classification. The proposed convolution neural network model in this paper demonstrated high accuracy in
classifying the new dataset, which indicates promising potential for clinical and telehealth application. With
further advancements in machine learning and artificial intelligence, the automatic classification of lung
sounds can become an essential tool in the early detection and management of respiratory diseases. Overall,
the findings of this paper provide a promising avenue for future research, as well as practical applications for
healthcare professionals in the diagnosis and treatment of respiratory diseases. The proposed model can be
further developed and refined to achieve even higher accuracy scores, and the new dataset can serve as a
benchmark for comparison with other datasets in future studies. Ultimately, the development of more
accurate and efficient models for automatic classification of lung sounds has the potential to greatly benefit
patients and healthcare professionals alike.
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Benpimka COVID-19 BreisiBuna mpo0essl B CyIMIECTBYONIEH HHPPACTPYKType TeNeMETUITNHBI 1 HEOOXOAUMOCTh
HX YCTpaHEeHHS [ pa3paboTku 6oiee 3¢ (EeKTHBHOTO PEIIeHus A HY KT KaK TTallUeHTOB, TaK ¥ IPAKTUKYIOITHX BPadeH.
[MpakTHka aycKyJbTallMK JIETKMX Oblla OJHOW M3 00JacTel, KOTopas mpeTepriesia 3aMeTHble W3MEHEHHsS, 4TOObI
YIOBJIETBOPHUTH 3TH NOTPEOHOCTH. ABTOMarnyecKkas KiacCH(UKanus NaHHBIX SBISETCS OCHOBOM METOHOJOTHMYECKHX
MIPAKTHK, MO3BOJAIONIMX OLM(POBHIBATG ITH IPAKTUKU. XOTS B HACTOSIIEE BPEMs CYLIECTBYET HECKOJIbKO HabOpOB
JIaHHBIX, TakuxX Kak Habop manusix ICBHI 2017 Challenge Respiratory Sound Dataset u Habop nannsix HF Lung V2,
KOTOpble O00ECIeuMBalOT OCHOBY JUISi aBTOMAaTHM3MPOBAaHHOTO TOAXOAA K KJIACCH(MKALMHM JaHHBIX, HEKOTOpPbIE
XapaKTepUCTUKH 3THX HAOOPOB JaHHBIX CO3/Ial0T NPOOJIEMBI JUIsl Ha/Ie)KHOTO M 3(h(heKTHBHOTO Npoliecca KilacCH(hUKany.
B oaToli crarhe OCBEIIAIOTCS HEKOTOpblE OTpaHMYEHHs, Takhe KaKk HecOaJaHCHMPOBAHHOE KOJMYECTBO JMArHO30B
3a007€BaHMIl W TIpOIlecCC AHHOTAMM, W TIpe[Jlaraercs pelleHne IyTeM CcOOpKHM HOBOro Habopa TaHHBIX,
KOMIICHCHPYIOIIETO0 3T Mpobesl. Mcmons3ys 3TH HOBBIE JaHHBIE, OblTa pa3spaborana HoBas Moaess CNN (Convolutional
Neural Networks) ams kmaccupuKaIuy JbIXaTeIbHBIX 3BYKOB. [IpemioskeHHast MO cMOTIIa JOCTHYh ToUHOCTH (0,943
u norepsb 0,1811, 9T0 ABISIETCS 3HAYUTEITHLHBIM JJOCTHKEHUEM.
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Summary

The article discusses the importance of remote lung auscultation in the assessment of the respiratory
system during telehealth consultations. The limitations of digital tools, including the need for proper training,
internet connectivity, and background noise, are also highlighted. The article also emphasizes the benefits of
automatic classification of respiratory sounds using machine learning algorithms, which can provide objective
and accurate diagnoses, reduce the need for specialized training, and improve patient outcomes. Three largest
available datasets are introduced and compared. The datasets are available for research purposes and have the
potential to improve the classification systems, diagnosis and management of respiratory diseases. The article
concludes by recapping some of the limitations of the currently used datasets and makes a suggestion for future
improvement.

Key words: Lung Auscultation, Digital Health, Automatic classification.

1. Introduction

Auscultation is an essential component of the physical examination and an important diagnostic tool in
the assessment of the respiratory system. Lung auscultation refers to the practice of listening to the sounds
produced by the lungs and the airways during respiration. It is a non-invasive, inexpensive, and simple
diagnostic technique that can provide important information about the respiratory system's health.

With the increasing popularity of telehealth, conventional lung auscultation has become a more
challenging task. In traditional face-to-face consultations, the practitioner can use a classical analog
stethoscope to listen to the patient's lung sounds. However, in telehealth consultations, practitioners need to
rely on digital tools to perform lung auscultation remotely. There are various digital tools available, such as
electronic stethoscopes, mobile apps, and web-based platforms that can transmit audio and visual data in real-
time.

While digital tools have made remote lung auscultation possible, there are limitations to their use. The
guality of the audio and visual data can be affected by factors such as internet connectivity, background noise,
and the patient's position. Additionally, practitioners need to have the necessary training and experience to use
these digital tools effectively.

The rise in telehealth, accelerated by the spread of the COVID-19 pandemic, made a question about the
digitalization of the lung auscultation process particularly relevant. The objective of this article is to highlight
several key advancements in this area during the last five years, as well as to elucidate on one of the most
promising parts of the technology that underpins the digitization process—automatic classification. In particular,
I emphasize the importance of data to structure the automatic classification process. Through a comparative
analysis of three important datasets for automatic classification of lung auscultation data, |1 conclude with
existing limitations of the data and highlight potential areas for improvement.

2. Main Part

2.1. Digital Lung Auscultation: Tools and Their Limitations
during the COVID-19 Pandemic

With the increasing popularity of telehealth, conventional lung auscultation has become a more
challenging task. In traditional face-to-face consultations, the practitioner can use a stethoscope to listen to the
patient's lung sounds. However, in telehealth consultations, practitioners need to rely on digital tools to perform
lung auscultation remotely. There are various digital tools available, such as electronic stethoscopes, mobile
apps, and web-based platforms that can transmit audio and visual data in real-time.
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While digital tools have made remote lung auscultation possible, there are limitations to their use. The
quality of the audio and visual data can be affected by factors such as internet connectivity, background noise,
and the patient's position. Additionally, practitioners need to have the necessary training and experience to use
these digital tools effectively.

The COVID-19 pandemic has disrupted the way healthcare is delivered, with a significant increase in
the use of telehealth consultations. Remote lung auscultation has become a crucial tool in managing COVID-
19 patients, particularly those with mild or moderate symptoms that can be managed at home. With remote
lung auscultation, healthcare practitioners can monitor the patient's lung sounds and detect any deterioration
or worsening of symptoms. This allows for a more effective management of the disease due to timely
intervention and treatment, in turn preventing the need for hospitalization and reducing the risk of disease
transmission.

Furthermore, remote lung auscultation has provided a means of screening for COVID-19 in patients
who are at high risk or have been exposed to the virus. This is particularly important in areas with limited
resources or where access to testing is limited. In these situations, healthcare practitioners can use digital tools
to perform lung auscultation remotely, and detect any abnormal lung sounds that may indicate COVID-19
infection. This can help in identifying cases early, implementing appropriate measures to prevent further
transmission and reducing the spread of the virus.

As telehealth continues to gain popularity, remote lung auscultation will undoubtedly play an
increasingly significant role in the diagnosis and management of respiratory diseases.

2.2. The Role of Automatic Classification in Digitizing
Lung Auscultation

Automatic classification of respiratory sounds in lung auscultation has emerged as a promising
technique for diagnosing respiratory diseases remotely. This technology involves the use of machine learning
algorithms to analyze the lung sounds recorded during auscultation and classify them as normal or abnormal.
The classification is based on specific features of the sound waveform, such as the frequency, duration, and
intensity of the sound.

The benefits of automatic classification of respiratory sounds are numerous. First, it can provide
objective and accurate diagnoses, eliminating the variability and subjectivity associated with human
interpretation. Additionally, automatic classification can reduce the need for specialized training and expertise
in lung auscultation, making it a more accessible and cost-effective diagnostic tool. Moreover, automatic
classification can significantly reduce the time required to diagnose respiratory diseases, leading to earlier
detection and treatment, solving some of the problems mentioned above with the usage of lung auscultation
using digital health approaches.

Furthermore, automatic classification of respiratory sounds has the potential to improve patient
outcomes by providing timely and accurate diagnoses. The early detection and treatment of respiratory diseases
can prevent disease progression, reduce the risk of complications, and improve the patient's quality of life.
Additionally, automatic classification can help identify patients who require further investigation or referral to
a specialist, ensuring that they receive appropriate care.

In the next section [ illustrate the implementation of digital auscultation during the spread of the COVID-
19 pandemic.

2.3. Illustration of digital auscultation in telehealth

The COVID-19 pandemic has led to an increase in the use of telehealth, allowing for healthcare to be
delivered remotely. This is particularly important given the highly infectious nature of the virus, which has
made physical patient isolation necessary. At Israel's Sheba Medical Center, several departments have been
converted to provide fully quarantined medical care for COVID-19 patients, including the use of dedicated
equipment for remote physical examination. One such tool is the TytoCare® system, which includes a
stethoscope, otoscope, thermometer, oximeter, and tongue depressor for visual examination of the pharynx.
This system allows physicians to remotely examine COVID-19 patients while recording and transmitting data
and visuals, as well as conducting video conferences.

32



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. Nol(35), 2023

To evaluate the user experience of this tool under strict isolation measures, a cross-sectional study was
conducted using questionnaires collected from physicians treating COVID-19 patients at internal, geriatric,
and pediatric departments between March and July 2020. Thirty physicians were initially included in the study,
with 18 ultimately being analyzed. Remote physical examinations were conducted with video guidance from
the physician while patients applied the device and received assistance from fellow patients for lung
auscultation.

According to results there was no statistically significant difference demonstrated compared to
indifference value, (p = 0.259) between approach models. The majority of the respondents (72%) believed that
the telemedicine device provided an adequate solution for standard physical examinations in isolation
conditions.

The findings of the study suggest that the TytoCare® system is a useful tool for remote physical
examination in COVID-19 patients. The system was well-received by physicians and found to be comparable
to standard physical examination in terms of diagnostic accuracy. Overall, this study highlights the importance
of rapidly adapting to telemedicine technologies during a pandemic, and the potential benefits of remote
physical examination tools like TytoCare® in providing safe and effective healthcare [1].

In the next section I discuss how the need for more accessible digital lung auscultation led to new
advancements in stethoscope technology.

2.4. Stethoscope Technological Advancement

Recently, advancements in digital technology have led to significant improvements in the stethoscope's
diagnostic capabilities. Digital stethoscopes have ambient noise reduction, heart sound amplification, and
Bluetooth transmission to external devices. This technology allows for recording and transmission of heart
sounds, enabling multiple providers to listen to heart and lung auscultation without needing to enter a patient's
room. Additionally, it has been useful in telemedicine where auscultatory information can be assessed by
providers remotely.

The stethoscope has long been criticized for its strong reliance on subjective interpretation, but machine
learning (ML) and artificial intelligence (Al) technology have allowed for the analysis of complex data, such
as heart sounds, murmurs, and abnormal heart rhythms. ML and Al use novel algorithmic and statistical
methods  that allow computers to "learn”" from the given data. Studies implementing these technologies have
reported >90% accuracy in detecting various heart conditions, including aortic stenosis, aortic regurgitation,
mitral stenosis, and mitral regurgitation [2,3].

Smartphones can now integrate these new stethoscope technologies and incorporate them into daily
clinical practice. Current smartphone applications can visualize and record heart sounds, providing a
spectrograph visualization of the heart sounds. However, these initial applications often lacked the capability
to determine key diagnostic information, such as heart rate or the presence of heart sound abnormalities. Recent
developments have been made to improve the analytical capabilities of these heart sound applications, with
some claiming to objectively distinguish between pathological and innocent murmurs with a sensitivity and
specificity above 80% [4].

Various smartphone accessories have been developed to combine the portability of mobile phones with
the capabilities of digital stethoscope technology. The Eko Core Digital Stethoscope, for example, became one
of the first digital stethoscopes to integrate Al diagnostic support, capable of detecting atrial fibrillation and
heart murmurs with high sensitivity and specificity. The Eko Core has been validated in a study demonstrating
a sensitivity and specificity of 86.3% and 85.7%, respectively, for detecting asymptomatic left ventricular
dysfunction, showing promise for the rapid diagnosis of heart dysfunction and heart failure at the bedside using
the stethoscope [5].

The COVID-19 pandemic has highlighted the importance of the stethoscope in diagnosing patients with
pneumonia, a common clinical presentation of COVID-19 infection. Digital stethoscopes, incorporating Al
technology and smartphone applications, have the potential to improve diagnostic capabilities and outcomes
for COVID-19 patients with comorbidities such as cardiovascular disease [6].
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3. Conventional Vs. Digital Lung Auscultation: Are They
on Equal Footing?

A recent study suggested that digital auscultation can provide diagnostic results similar to conventional
auscultation. This is significant as auscultation, the act of listening to sounds emanating from the body, has
been used as a traditional diagnostic tool for centuries. However, the accuracy of chest auscultation for
diagnosing pneumonia, which affects millions of people each year, has been questioned, especially in low-
income and middle-income country settings. Digital auscultation, which uses digital stethoscopes to record
lung sounds, is less susceptible to external noise, and can capture a broader range of audible sound frequencies,
potentially making it a more accurate diagnostic tool. The study showed that, while patterns of auscultation
classifications were different between conventional and digital auscultation, remotely classified lung
auscultation can achieve results similar to inter-provider concordance using identical equipment in ideal
settings.

While the section above discussed similarity in some aspects of performance using conventional and
digital lung auscultation, there are also noticeable differences in the performance of these two approaches. The
accuracy and reliability of chest auscultation for pneumonia diagnosis have been questioned, even when using
near-simultaneous auscultation with identical equipment. This diagnostic tool has been widely used for
centuries, but there is no readily available gold standard to assess its accuracy. Despite these uncertainties,
researchers found that the concordance between conventional and digital auscultation in evaluating lung
sounds among pneumonia cases is fair-to-moderate. The study also showed that there are differences in
classification patterns between the two methods, with conventional auscultation having a higher proportion of
crackles and digital auscultation having a higher proportion of wheeze. The presence of crackles was generally
predictive of greater clinical severity among pneumonia cases, while wheeze was associated with decreased
clinical severity. This information can be useful in guiding appropriate triage and antibiotic prescribing in low-
income and middle-income countries [7].

4. Datasets availability for automatic classification

As discussed in the previous section, the advances in Al technology and improvements in the capabilities
of digital stethoscopes make an especially welcome addition to clinicians' toolkit. Automatic lung sound
classification is at the core of this technology that utilizes machine learning algorithms to analyze and classify
lung sounds as normal or abnormal. Automatic lung sound classification is a technology that utilizes machine
learning algorithms to analyze and classify lung sounds as normal or abnormal. This technology has shown
tremendous potential in the diagnosis and management of respiratory diseases. However, to achieve accurate
and reliable classification results, a good and large dataset is essential.

A dataset is a collection of data used to train a machine learning algorithm to perform a specific task. In
the case of automatic lung sound classification, the dataset consists of recorded lung sounds from patients with
known respiratory conditions, including asthma, chronic obstructive pulmonary disease (COPD), pneumonia,
and other lung disorders. The dataset is used to train the algorithm to recognize specific patterns and features
in the lung sounds that correspond to different respiratory conditions.

The quality and size of the dataset are critical factors in the accuracy and reliability of the classification
results. A good dataset should be representative of the population being diagnosed, including different age
groups, genders, and ethnicities. It should also include a variety of respiratory conditions, ranging from mild
to severe, to ensure that the algorithm is trained to recognize a broad range of abnormalities.

Additionally, a large dataset is necessary to ensure that the machine learning algorithm is robust and
generalizable. A small dataset may lead to overfitting, where the algorithm becomes too specialized in
recognizing patterns in the training data but performs poorly on new, unseen data. A large dataset, on the other
hand, allows the algorithm to learn from a more extensive range of examples, leading to more accurate and
reliable classification results.

Furthermore, a good and large dataset is essential in avoiding bias in the algorithm's classification results.
Bias can occur when the dataset is not representative of the population being diagnosed, leading to incorrect
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diagnoses or misclassification of certain groups. For example, if the dataset includes mostly male patients, the
algorithm may not perform well in diagnosing respiratory conditions in female patients.

Existing lung sound datasets provide a valuable resource for the development and improvement of
automatic lung sound classification algorithms. Analyzing these datasets can help researchers identify trends
and patterns in the data, leading to improvements in classification accuracy and reliability. Analyzing existing
lung sound datasets is essential for the continued improvement and development of automatic lung sound
classification algorithms. By analyzing the data, researchers can identify new features and characteristics of
lung sounds, identify biases, develop new signal processing techniques, and identify areas where new datasets
are needed. Ultimately, this will lead to more accurate and reliable diagnoses of respiratory conditions.

In recent years, numerous researchers have developed techniques for automatically detecting or
classifying respiratory sounds, such as crackles and wheezes. These methods generally involve two steps: first,
relevant features are extracted from the sound signal, and second, these features are used to detect or classify
respiratory events. When developing an algorithm, particularly using machine learning, it's important to
consider how data is used to train, test, and validate the model.

A systematic review identified several common features used in the literature, including Mel-frequency
cepstral coefficients (MFCCs), spectral features, entropy, and wavelet coefficients. Various machine learning
algorithms have also been proposed, including rule-based methods, support vector machines, artificial neural
networks, Gaussian mixture models, k-nearest neighbours, and logistic regression models. However, the small
number of patients in most studies limits the generalizability of these algorithms.

A significant challenge in this field is the lack of large, publicly available databases that can be used to
develop algorithms and compare results. While most studies have used in-house data collections, a few publicly
available databases exist [8].

5. Performing Automatic Classification with Existing Datasets

The following section provides an overview of some of the commonly used datasets for classifying lung
auscultation data. The datasets discussed here are: 1. ICBHI 2017 Challenge Respiratory Sound Dataset (9), 2.
2022 HF Lung V2 dataset (10), 3. 2021 Fraiwan, Fraiwan, Khassawneh and Ibnian dataset of lung sounds
(11). In this section I discuss some of the most salient features of these datasets, their comparative strength,
and select limitations. The intention of this analysis is to equip the readers and practitioners with the relevant
knowledge necessary when selecting a dataset that serves the needs of their research.

1) ICBHI 2017 Challenge Respiratory Sound Dataset: advantages and limitations.

The Respiratory Sound Database is a collection of audio samples of respiratory cycles, compiled as part
of ICBHI 2017 scientific challenge and now available for researchers in open access. The database includes
recordings from two research teams in different countries, Portugal and Greece, collected independently over
several years. The School of Health Sciences at the University of Aveiro in Portugal and the Aristotle
University of Thessaloniki and the University of Coimbra in Greece recorded most of the audio samples [9].

In total, the database contains 5.5 hours of recordings with 6898 respiratory cycles, annotated by
respiratory experts as containing crackles, wheezes, both crackles and wheezes, or no adventitious respiratory
sounds. Of the respiratory cycles, 1864 contain crackles, 886 contain wheezes, and 506 contain both. The
recordings were collected using heterogeneous equipment, and their duration ranges from 10 seconds to 90
seconds. The chest locations from which the recordings were acquired are also provided. Noise levels in some
respiratory cycles are high, which simulates real-life conditions.

The files in the database are named based on five elements separated by underscores. The first element
is the patient number, followed by the recording index, chest location (e.g., trachea, anterior left, anterior right,
etc.), acquisition mode (sequential/single channel or simultaneous/multichannel), and recording equipment
(e.g., AKG C417L Microphone, 3M Littmann Classic I SE Stethoscope, etc.). The annotation files, on the
other hand, contain four values, indicating the beginning and end of respiratory cycles and the presence or
absence of crackles and wheezes.

The database also includes demographic information and diagnoses for each subject. Chronic
Obstructive Pulmonary Disease (COPD), Lower Respiratory Tract Infection (LRTI), and Upper Respiratory
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Tract Infection (URTI) are the most common diagnoses found in the database. The distribution of subjects
between the training and test sets can also be found on the website.

There are limitations of the Respiratory Sound Database that may impact the performance of the
classification models based on it. The database lacks healthy adult participants, which would be useful to
compare with patients' characteristics and frequency of adventitious respiratory sounds. Another limitation is
the absence of gold standard annotations from multiple annotators, as all files were annotated by a single health
professional. Obtaining annotations from multiple annotators and creating agreement metrics are important to
extract reference annotations. A recent study found moderate to good agreement between observers when
classifying crackles and wheezes. The database also lacks other noise sources that would only be captured if
in-the-field recordings were available. Confounding noises such as handling noise, cough, and speech are
present in most files, but a robust database should contain other noise sources.

2) HF Lung V2 dataset (2022): advantages and limitations.

Another prominent new lung sound database, HF Lung V2, was established by combining lung sound
recordings from two sources, HF Lung V1 and HF Lung V1 IP. HF Lung V1 IP contained lung sounds
collected from seven inpatients receiving long-term mechanical ventilation support in a respiratory care ward
or respiratory care center, while HF Lung V1 contained lung sounds obtained from 32 inpatients with
adventitious sounds at Far Eastern Memorial Hospital [10]. The participants in both sources were Taiwanese
and aged >20 years. Two devices were used to record the lung sounds: a commercial handheld electronic
stethoscope, Littmann 3200, and a customized auscultation device, HF-Type-1, which supported multichannel
continuous sound recording through attachable acoustic sensors.

The lung sounds were recorded at eight auscultation locations defined as L1 to L8. The lung sounds of
the RCW/RCC inpatients were obtained with the Littmann 3200 device for 4-5 rounds and the HF-Type-1
device for 3—4 rounds, while the lung sounds of the FEMH inpatients were recorded using the Littmann 3200
device alone for 1-3 rounds. Two licensed respiratory therapists and one registered nurse labeled each lung
sound file. The labelers used a self-developed software to label inhalations and exhalations, wheezes, stridor,
rhonchi, and DASs. The labeled lung sounds were then used to develop and test a deep learning model to
automatically detect adventitious sounds in lung sounds. The deep learning model achieved high sensitivity
and specificity for detecting adventitious sounds in lung sounds.

The dataset contains training and test datasets with 9765 15-second audio files, 34,095 inhalation labels,
18,349 exhalation labels, 13,883 continuous adventitious sound labels (including 8,457 wheeze labels, 686
stridor labels, and 4,740 rhonchi labels) and 15,606 discontinuous adventitious sound (all are crackles) labels.
The files were recorded by two devices, the Littmann 3200 and the HF Type-1. The filenames of the truncated
15-second long audio files recorded by the Littmann 3200 start with "steth " and those recorded by the
HF Type-1 start with "trunc ". The auscultation location and truncated order trail are also included in the
filenames of the HF Type-1 files. The dataset includes files from eight different auscultation locations. The
labels are saved in text format and have the same beginning as the audio files but end with " _label". The main
difference of this dataset compared to the ICBHI 2017 database is that is also provides labeled inhalations,
exhalations, stridor, and rhonchi. However, the HF Lung V1 database did not include labels of disease
diagnosis.

The limitations of the developed database for respiratory sound analysis include imbalanced numbers
of inhalation and exhalation labels, which can affect the performance of the proposed models in exhalation
detection. In addition, the models may have limitations in learning acoustic or texture features that can
distinguish an inhalation from an exhalation. The event duration of all labels was smaller than that of the
background signal duration, indicating foreground-background class imbalance. However, these models are
suitable for respiratory rate estimation and apnea detection as long as appropriate inhalation detection is
achieved.

Most of the sounds in the established database were not recorded during deep breathing, resulting in
suboptimal signal quality. However, training models with nonoptimal data can increase their adaptability to
real-world scenarios. The SNR may be reduced by noise, such as human voices, music, bedside monitors, and
electrical noise generated by touching or moving the parts of acoustic sensors. This can lead to difficulties in
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labeling and prediction tasks, and some noise types have features similar to those of adventitious sounds. The
poor performance of the classification models in detecting certain respiratory sounds, such as crackles and
wheezes, can be partly attributed to the noisy environment in which the lung sounds were recorded.

Additional limitation of the sound recordings in the established database is that the labeling was
performed by only one labeler, which can lead to some noisy labels, including class and attribute noise. Deep
learning models exhibit high robustness to noisy labels, but efforts are being made to establish better ground-
truth labels.

Breathing generates both normal and abnormal respiratory sounds, which may overlap with each other
during the same period, making it difficult for models to distinguish between different sounds. This can lead
to false positives in detecting certain respiratory sounds, such as crackles and wheezes.

While the established database provides a useful resource for respiratory sound analysis, there are
limitations to consider, including class imbalance, suboptimal signal quality, noise, and sound overlap.

3) Fraiwan, Fraiwan, Khassawneh and Ibnian dataset of lung sounds (2021): advantages and limitations

The electronic stethoscope model 3200 from 3M Littmann was used to capture lung sounds from
different locations on the chest wall. The recorded sounds were then transmitted to a computer through a
Bluetooth adapter that came with the stethoscope [11].

This dataset includes respiratory sounds from 112 subjects, out of which 35 are healthy and 77 are
unhealthy. The age of the subjects ranges from 21 to 90, with a mean of 50.5 £+ 19.4, and includes 43 females
and 69 males. Each subject has one recording, and the duration of each recording ranges from 5 to 30 seconds,
enough to cover at least one respiratory cycle. The dataset includes the demographic information and the
number of subjects with the corresponding health conditions, which are normal, asthma, chronic obstructive
pulmonary disease (COPD), bronchiectasis (BRON), heart failure, lung fibrosis, and pleural effusion.

Additional descriptive information included is the type of filter used (B, D, or E), , patient number,
diagnosis, type of sound, location of measurement on the chest, subject’s age, and subject’s gender. The dataset
includes three types of filters: Bell mode filtration, Diaphragm mode filtration, and Extended mode filtration.
The chest zone is encoded as three ordered letters from the sets {A, P}, {L, R}, and {L, M, U} respectively.
The sound type is encoded as Inspiratory, Expiratory, Wheezes, Crackles, N: Normal, or Crepitations. The
gender is represented as a letter F for female or M for male.

The dataset includes an annotation file that contains anonymous demographic information, information
about the specific location on the chest from where the recording was captured, and the meaning of the various
letter symbols used to annotate the data. The original files imported from the stethoscope were also included
in the set.

The dataset is unique compared to other relevant datasets as it contains one recording per subject, and
the recordings are long enough to cover at least one respiratory cycle. Additionally, the dataset includes detailed
demographic information, and the recordings are categorized based on the type of filter used, the location on
the chest from where the recording was captured, and the type of sound.

Despite the potential benefits and usefulness of this dataset, there are also some limitations that need to
be considered. Limited number of recordings is one. Although the dataset contains recordings from both
healthy and unhealthy subjects, the number of recordings is limited, with only one recording per subject. This
could limit the dataset's representativeness and the ability to draw generalizable conclusions.

6. Conclusion

In conclusion, lung auscultation plays a crucial role in diagnosing respiratory diseases and monitoring
the progression of lung conditions. However, it requires significant expertise and training to accurately
interpret lung sounds, and it is subject to inter-observer variability. The recent Covid 19 pandemic also
showcased some of the problems such as shortage of personal and insufficient quality in remote lung
auscultation cases. Therefore, the development of automatic lung auscultation systems based on sound
classification datasets is of great importance.

The availability of large and correctly labeled sound classification datasets, such as those described in
this article, is essential for the development of accurate and reliable automatic lung auscultation systems. The
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datasets provide a diverse range of respiratory sounds from both healthy and unhealthy subjects, as well as
demographic information and detailed annotations. This article recaps the contributions these datasets make,
as well as discusses their current significant limitations and the implications these limitations have for future
research.

The development of automatic lung auscultation systems has the potential to improve the accuracy and
efficiency of respiratory disease diagnosis and monitoring. These systems could also enable healthcare
providers to remotely monitor patients with respiratory conditions, reducing the need for frequent in-person
visits and improving patient outcomes.

Furthermore, the use of automatic lung auscultation systems could help to address the shortage of
respiratory specialists and the high cost of respiratory disease diagnosis and management. These systems could
also be used in low-resource settings, where access to respiratory specialists and diagnostic equipment is
limited.

In conclusion, the development of automatic lung auscultation systems based on sound classification
datasets have the potential to revolutionize respiratory disease diagnosis and monitoring. This development,
however, is contingent on the availability of large and correctly labeled datasets for the development of
accurate and reliable systems.
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CHCTEMBI BO BpeMs TEIEMEAMIMHCKUX KOHCYNbTalMid. Takxke MOTYEPKUBAIOTCS OTpaHUUYCHHS HHU(PPOBBIX
WHCTPYMEHTOB, B TOM YHCJI€ HEOOXOOMMOCTb HaJJIeKallero oOyueHMs, MOAKIoueHus K HHTepHeTry u
¢doHOBOTrO IIyMa. B craTbe Taxke MOI4epKUBAIOTCS MPEUMYLIECTBA aBTOMaTHUYECKON KITacCH(PHUKAIIUK 3ByKOB
JIBIXaHUSI C UCTIONB30BAaHUEM AJITOPUTMOB MAIlIHHHOTO O0YyUYEHHSI, KOTOPBIE MOTYT 00€CTIeYHTh OOBEKTHBHYIO
U TOYHYIO TUArHOCTHUKY, CHU3UTh OTPEOHOCTD B CHENHMATM3UPOBAHHOM OOYYEHUH U YAYUIIUTH PE3YIbTaThI.
[IpencraBieHsl 1 cpaBHEHBI TPH CaMbIX OOJIBIINX JOCTYITHBIX HA0Opa JaHHBIX. Ha0op JaHHBIX JOCTYIIEH st
HCCIIEIOBATENILCKUX [ENed W MOXET YIYYIIUTh CHCTEMbl KlacCH(UKAIMW, IMATHOCTHKH M JICYCHUSI
pecnupatopHbix 3a0oneBaHuil. CTaThs 3aBepIIaeTCs KPaTKUM HM3JI0KEHUEM OTPAaHWYEHHUH HCIONb3YEeMBIX B
HacTosllee Bpemss HAOOpOB JIAHHBIX W TpeAJiaracT IIark, KOTOpble HEOOXOIUMO MPEANPHHATH JIIS HX
yIIydlIeHus B Oyay1em.

(Ilocrymmma 15.03.2023)
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ASSEMBLING DATABASE OF RETINAL FUNDUS IMAGES INTENDED
FOR THE CLASSIFICATION OF DIABETIC RETINOPATHY

Ghurtskaia Zviad, Labadze Aleksandre
Georgian Technical University
z.gurtskaia@gtu.ge, Labadze.aleq@gtu.ge
Summery

The loss of vision is a devastating and irreversible outcome that poses a serious threat to people all
around the world. Therefore, the development of a computer-aided diagnosis system that can accurately
identify retinal fundus diseases is an invaluable and highly beneficial tool for ophthalmologists. Timely
detection, diagnosis, and appropriate treatment are critical for preventing vision loss. Neglecting proper eye
care can lead to the development of multiple diseases affecting a single eye. A single retinal fundus image can
reveal numerous ocular diseases and abnormalities, such as optic disc swelling, retinal hemorrhages, and
vascular abnormalities. It is essential to diagnose and manage these diseases correctly to prevent vision loss
and avoid irreversible damage to the eye. Our research team has recently developed a valuable asset for the
field of ophthalmology — retinal fundus image dataset called Retinal Fundus Image Dataset GEO (RFiDGEO).
With a vast collection of around 550 retinal fundus images, the dataset has been meticulously annotated by
two eye specialists, making it a reliable and high-quality multiclass, multilabel dataset. These images were
obtained from a well-known clinical facility in Georgia, which provides comprehensive eye care services to
patients from all over the state. The RFIDGEO dataset is a valuable resource for researchers and developers
interested in exploring the potential of artificial intelligence in the field of ophthalmology. It provides a diverse
range of retinal fundus images, making it ideal for testing and developing robust computer-aided diagnosis
tools. The dataset can enable the creation of advanced algorithms that can detect multiple diseases
simultaneously, thus facilitating early diagnosis and treatment for patients.

Key Words: Diabetic Retinopathy. Artificial Intelligence. Retinal Fundus Image Dataset. Fundus
Image Classification.

1. Introduction

Visual impairment is a major global health issue that affects a significant proportion of the world's
population. According to the World Health Organization's World report on vision 2019, approximately 2.2
billion people worldwide suffer from visual impairment. Alarmingly, over a billion of these cases could have
been prevented or treated if adequate measures were in place. However, the lack of access to high-quality
prevention, treatment, and rehabilitation services is a significant challenge faced by the global community in
addressing this issue. Early detection and diagnosis of ocular pathologies are critical in preventing visual
impairment. However, the adoption of computer-aided diagnosis tools by ophthalmologists is limited due to
the challenge of rare and sight-threatening pathologies, which are often overlooked. Such pathologies include
central retinal artery occlusion and anterior ischemic optic neuropathy, which can lead to irreversible vision
loss if not detected early. Age-related macular degeneration, cataracts, diabetic retinopathy, glaucoma, and
uncorrected refractive errors are the most common causes of visual impairment. These diseases can result in
partial or complete vision loss and significantly affect the quality of life. Detecting these conditions at an early
stage is crucial for effective treatment and prevention of vision loss.

Computer-aided diagnosis is a powerful tool that can aid in the early detection and accurate diagnosis
of ocular diseases. It can help ophthalmologists to make informed decisions about patient care and treatment
plans. With the help of advanced technologies and medical imaging techniques, it is possible to improve the
accuracy and reliability of computer-aided diagnosis systems, making them even more valuable in the fight
against vision loss.
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To address this challenge, a dataset of color fundus images has been collected over the past two decades,
primarily focusing on diabetic retinopathy, glaucoma, and age-related macular degeneration, among other
common pathologies. This dataset aims to develop methods for automatic ocular disease classification that
includes classification of diabetic retinopathy stages. The goal is to bring together the medical image analysis
community to work towards improving the diagnosis and management of these ocular diseases, ultimately
preventing visual impairment and improving the quality of life for affected individuals.

2. Data collection

Retinal fundus images are an essential tool for ophthalmologists and medical professionals in
diagnosing various eye diseases. These images consist of several key components, including the background,
blood vessels, macula, and fovea. By analyzing specific areas of the retina, clinicians can identify signs of
diseases, such as cotton-wool spots, which are often linked to medical conditions like diabetes mellitus,
systemic hypertension, leukemia etc.[1].

However, detecting and diagnosing Glaucoma remains challenging, as it is a multifocal disease that
affects the standard structure of the optic disc and the cup. As a result, identifying the progression of Glaucoma
typically requires monitoring structural changes in the retinal layers and optic nerve area. It's crucial to
diagnose Glaucoma early, as this disease can lead to permanent damage to the optic nerves and eventual
blindness, often without noticeable symptoms. Therefore, regular eye exams and screenings are essential for
maintaining healthy vision and catching any eye diseases early.

To create a robust dataset for ophthalmology research, researchers often collaborate with eye specialists,
specifically ophthalmologists. The researchers may reach out to these specialists to collect retinal fundus
images from subjects. In our case, two eye specialists have been involved in the data collection process to
ensure the accuracy and validity of the images. Once the retinal fundus images are collected, they are stored
and provided to the researchers for further analysis. However, before proceeding with data analysis, the
collected information must be cleaned to remove any faulty images that may skew the results. In this step, the
eye specialists play a crucial role in labeling and annotating the images, providing additional context and
information that may be necessary for the research project. Given the importance of accuracy in this type of
research, eye professionals hold a significant responsibility to provide precise and reliable information. To
ensure the quality of the dataset, the labeled images are cross-verified to reduce any potential errors or
inaccuracies.

Finally, the dataset is divided into training, validation, and testing sets for the researchers to use in their
analysis. This approach allows the researchers to test and validate their algorithms and models, ensuring that
they are effective in detecting and diagnosing eye diseases accurately. Through collaboration with eye
specialists, researchers can create high-quality datasets that can improve the accuracy and efficiency of
ophthalmology research. The process of creating a database is outlined in the following illustration Figure 1.

Data Annotation
Data Cleaning And Validation

Database Creation
And Splitting

Data Labelling
By Experts
.

Model Developement
For Disease Classification ™

Collaboration With
Opthalmologists

Fig.1. Process of creating dataset by taking consent from ophthalmologists
to develop Diabetic Retinopathy classification system
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The development of a computer-aided disease diagnosis system can be achieved through the use of
traditional techniques or cutting-edge artificial intelligence (Al) methods. Although Al is a relatively new
technology in the field of medical imaging, it has already demonstrated significant potential to improve the
accuracy, productivity, and security of imaging solutions. In contrast to conventional imaging approaches that
rely heavily on human input, Al provides a more automated and reliable method for evaluation and diagnosis
of medical images, as evidenced by recent advancements in deep learning algorithms. These algorithms have
demonstrated exceptional accuracy and consistency in automated medical image classification, often matching
or surpassing the performance of human professionals [2]. Such breakthroughs in Al technology have the
potential to revolutionize the field of medical imaging, enabling the development of more precise and efficient
diagnostic tools and techniques that can ultimately improve patient outcomes and quality of care. The dataset
specifications are outlined in the following Table 1.

Specifications of dataset Tab.1
Specific subject field Ophthalmology, Retinal fundus image classification
Type of acquired data Images, CSV Files
How data was acquired Topcon TRC-NW8
Data Format Annotation of JPEG, PNG image files into CSV files
The majority of patients received mydriasis, which involved the application of a
Experimental Factors single drop of tropicamide at a concentration of 0.5%. However, for some
subjects, a non-mydriatic process was utilized.
The fundus images were captured with position and orientation of the patient
Experimental Features sitting upright with 40.7 mm working distance between lenses and examined eye
using non-invasive fundus camera.

3. The design, materials, and methods used in the experiment

3.1. Data acquisition

The acquisition of high-quality images of the retina is essential for detecting retinopathy-causing
conditions. The Topcon TRC-NWS8, a camera developed by the TOPCON Corporation in Tokyo, Japan, was
utilized for this purpose. The camera is equipped with advanced imaging technology that allows for a non-
invasive and painless screening of the retina, making it a convenient tool for ophthalmologists. Despite the
camera's advanced technology, the expertise of the operator remains a vital factor in capturing detailed and
precise images. The operator's skills in positioning the camera and adjusting the focus, contrast, and lighting
are crucial in detecting subtle changes in the retina, such as microaneurysms and hemorrhages. Capturing
images with hidden features requires a high level of proficiency, and the ophthalmologist must be well-trained
in using the camera to obtain accurate results. The Topcon TRC-NW8 camera is a powerful tool for retinal
imaging that enables non-invasive and painless screenings while offering convenience and precision. However,
the expertise of the operator is equally important in capturing high-resolution images with hidden features,
making it crucial for the ophthalmologist to be highly trained in using the camera to detect and diagnose
retinopathy.

3.2 Preparations required prior to taking samples

To capture a fundus image, the subjects were positioned in an upright sitting posture and underwent a
process called mydriasis, which involves the dilation of the pupils. This was achieved by administering a single
drop of tropicamide at a concentration of 0.5%, which effectively dilated the pupils. The process of mydriasis
is essential in obtaining a clear and detailed image of the retina. Dilating the pupils allows for more light to
enter the eye, resulting in a better view of the retina's structures, such as the optic disc, macula, and blood
vessels. The use of tropicamide, a medication commonly used for this purpose, ensures a painless and safe
procedure [3]. During the fundus image capture, the subjects were instructed to maintain an upright sitting
position, which allows for a stable and consistent image. The ophthalmologist carefully positioned the camera
to ensure that the image was focused on the desired area of the retina, and the results were recorded for further
analysis.
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In summary, mydriasis using tropicamide at a concentration of 0.5% is an effective and safe method for
dilating the pupils to capture a detailed fundus image. Positioning the subject in an upright sitting posture
during the procedure ensures consistent and stable results, and the image captured can provide valuable insights
into the health of the retina.

3.3 Image Labelling and Annotation

Initially, each image underwent independent classification by two ophthalmologists. Some fundus
images contained one or multiple labels to indicate the presence of specific conditions. If multiple conditions
were detected from a single fundus image, multiple labels were assigned accordingly. To ensure accurate
labeling, any discrepancies in diagnostic evaluations were carefully reviewed and verified by the
ophthalmologists. The labels provided by the specialists were further elaborated to provide more information
about the specific conditions identified in each image. This additional information was crucial in accurately
analyzing the fundus images and understanding the extent of any detected abnormalities or diseases. The
process of independent classification and subsequent verification by specialists helps to ensure the accuracy
and reliability of the labeling process. The use of multiple labels for images with multiple diseases allows for
a comprehensive understanding of the patient's condition, which is essential in determining an appropriate
course of treatment. The labels offered by the specialists are further explained.

Microaneurysm Mard exudates Cotton wool spots  Intraretinal hemorrhages Hard exudates New blood vessels Hemorrhage
a) b) c) d)
Fig.2. Stages of Diabetic Retinopathy

e Normal retina: The normal anatomical structure of the retina comprises two main parts that can be
segmented using various algorithms. By applying these algorithms, the optic discs and blood vessels can be
detected and distinguished for retinal image analysis [4]. A typical fundus image displays a clear view of the
retina, and the retinal arteriolar lumen and venules run through the retinal layer, making them the primary
components of the retina. Due to their prominent positioning, these components are easily visible and can be
used for accurate retinal analysis. The ability to segment the optic discs and blood vessels in retinal images is
essential in diagnosing and monitoring various ocular diseases. The segmented components can be further
analyzed to provide valuable information about the condition of the eye. The visibility of the retinal arteriolar
lumen and venules in normal fundus images is particularly helpful, as it provides a clear view of the blood
vessels' structure and integrity.

¢ Mild Non-Proliferative Diabetic retinopathy (NPDR) figure 2. (a): The initial stage of diabetic
retinopathy is characterized by the presence of microaneurysms, which are balloon-like swellings in specific
areas of the retina's blood vessels. Although this stage seldom affects vision or necessitates treatment, it
indicates that diabetes has already caused damage, increasing the risk of disease progression. During this phase,
patients need to be educated about the potential consequences of diabetes and take steps to better manage their
blood sugar and diet to reduce the risk of diabetic retinopathy advancement and vision loss. Healthcare
providers, such as health systems, health risk assessment companies, and insurance payors, should ensure that
patients receive regular testing for diabetic retinopathy to detect it as early as possible [5]. Screening tests
conducted by healthcare professionals during in-home health evaluations or primary care visits are ideal ways
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to detect diabetic retinopathy early, saving patients time and money. Detecting and treating diabetic retinopathy
early is crucial in preventing its progression and preserving vision. Regular monitoring and early intervention
are critical in managing the disease and reducing its impact on patients' lives. Educating patients on the
importance of regular testing, managing blood sugar levels, and making lifestyle changes can improve their
overall health and wellbeing. Ultimately, effective prevention and management strategies can reduce the
burden of diabetic retinopathy on patients and the healthcare system.

¢ Moderate NPDR figure 2 (b): The subsequent stage of diabetic retinopathy is marked by the destruction
of some blood vessels in the retina, leading to the seepage of blood and fluid into the retinal tissue. This fluid
accumulation can result in vision loss [6]. During a retinal screening, the use of fundus photography, whether
as part of an in-home assessment or at a healthcare institution, can provide patients with a prompt and precise
evaluation. If necessary, referral to a specialist for additional evaluation and potential treatment may be
required and recommended. Improved blood sugar control and further assessment are crucial in potentially
enhancing and ultimately preserving the patient's vision.

Prompt intervention and management of diabetic retinopathy are critical in preventing further vision loss
and preserving patients' quality of life. Regular screening and early detection are essential in preventing the
disease's progression, and effective management can help patients avoid severe complications. Patients should
be educated on the importance of regular screening, maintaining blood sugar levels, and seeking timely medical
attention when symptoms arise. Ultimately, the timely diagnosis and management of diabetic retinopathy can
significantly improve patients' visual outcomes and overall well-being.

o Severe NPDR figure 2 (c): When diabetes is not well-controlled, it can lead to further damage of the
blood vessels in the retina, causing blockages and increased leakage of blood and fluid. As a consequence,
vision can be severely impacted. At this stage, it is highly recommended to seek the expertise of an eye
specialist without delay. The encouraging news is that with proper and timely treatment, lost vision can often
be regained at least partially, if not fully [7].

o Proliferative Diabetic Retinopathy figure 2 (d): The final stage of Diabetic Retinopathy is known as
Proliferative Diabetic Retinopathy, which is a highly threatening condition for one's vision [8]. At this point,
the disease has already advanced significantly, causing severe damage to the eye's blood vessels and leading
to worsened circulation within the eye. To cope with this, the retina grows new blood vessels, which are,
unfortunately, abnormal and could lead to vision loss or even blindness. Due to the severity of this stage,
patients must be referred immediately to a retina specialist for further examination and treatment. Early
intervention could make a significant difference in preserving the patient's vision and quality of life.

Each fundus image in the dataset is examined and labeled by the ophthalmologists. However, some
fundus images may exhibit multiple diseases, leading to the creation of a multi-label dataset that is imbalanced
in nature. This means that certain diseases may be overrepresented, while others may be underrepresented. The
imbalanced nature of the dataset can pose a challenge in training accurate machine learning models that can
accurately classify each disease present in the fundus images. Specialized techniques, such as data
augmentation and class weighting, can be employed to mitigate the imbalanced nature of the dataset and
improve the performance of the classification models.

4. Conclusion

We procured the dataset for our study from a highly reputable ophthalmic research facility renowned
for its cutting-edge expertise in the analysis of retinal fundus images for the diagnosis of eye conditions and
the provision of the most effective treatment options. Upon thorough examination, we noted that the dataset
contained a multitude of widely prevalent eye diseases. Interestingly, a significant number of the fundus images
displayed evidence of more than one ailment or anomaly, presenting a formidable challenge for the research
community in accurately classifying this multi-label dataset. In view of this, the development of sophisticated
computer systems integrating Al-based disease detection techniques could prove to be invaluable in aiding
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ophthalmologists in their diagnostic endeavors, potentially leading to improved patient outcomes and enhanced
healthcare delivery.
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[oTteps 3peHuss — pa3pyIIUTEIbHbIN H HEOOPATUMBIN HCXOJ, TPEICTABIISIFONIUA CEPhE3HYIO YIPO3Y s
Jojielt Bo BceM mupe. Takum 00pa3om, pa3paboTKa CUCTEMbl KOMITBIOTEPHON TUATHOCTUKH, KOTOPAsk MOYXKET
TOYHO WJCHTU(PHUIIMPOBATH 3a00JICBAHUS TJIA3HOTO JTHA CETYATKH, SBJSIETCS OCCIIEHHBIM U OYCHB MOJIC3HBIM
HHCTPYMEHTOM JUIsl 0(TaibMoJIoroB. CBOEBpEeMEHHOE OOHapy)KEHHUE, THarHOCTUKA W COOTBETCTBYIOIIEE
JICUCHUE UMECIOT pelllaloliee 3HaUCHUE JIJIs PEAOTBPAICHHS TOTepH 3peHus. [IpeHeOpexxeHne HaaexKaum
YXOJIOM 32 ITa3aMH MOXKET MPUBECTH K PA3BUTHIO HECKOJILKUX 3a00JIEBAHUIMA, MTOPAXKAIONINX OAuH a3, OHO
I/I306pa)KeHI/Ie TJIA3HOI'O JHAa CE€TYATKHU MOXKET BBIABUTH MHOT'OUYHCIICHHBIC I'JIa3HbBIC 3a6OHeBaHI/IH n aHoMalinu,
TaKUe KaK OTEK JHCKA 3PUTEJHHOTO HEepBa, KPOBOUBIMSHUS B CETUYATKY M COCYJMCThIC aHOManuu. OueHb
BAXXHO NPaBHUJIbHO JUATHOCTHUPOBATH U JICUUTH OTHU 3a6OHeBaHI/I$[, ‘ITO6BI MMpeaAOTBPATUTL NMMOTEPIO 3PCHUA U
n30exarh HeoOpaTUMOro TMOBPEXJEHHUS Iiaza. Hama ucciemoBaTenbckas Tpylilia HEJABHO pa3padoraa
LEHHBIN pecypc ais 001acTu 0TaAIEMOIOTUN — HA0O0p JaHHBIX H300pa)XEHH TI1a3HOTO JTHA CETYATKHU IO
maszBanreM Retinal Fundus Image Dataset GEO (RFIDGEO). Habop manHBIX, comepkarmuii okoimo 550
M300paXKCHUH TJIA3HOTO JIHA CETYaTKH, OBUT THIATENbHO AaHHOTUPOBAaH JBYMS CIEIHATACTaAMHU-
o) TaTEMOJIOTaMH, UTO JIEJIAET €r0 HaJIEXKHBIM U BRICOKOKA4eCTBEHHBIM MHOTOKJIIACCOBBEIM HA0OPOM JTAHHBIX C
HECKOJBLKUMH METKaMU. DTH I/I306pa)KeHI/I$I ObLIH IMMOJIY4YC€HbI U3 U3BCCTHOI'0 KIIMHUYCCKOT'O YUYPECIKIACHUSA B
JIKOpIUKMK, KOTOPOE TPENOCTABISAET KOMILIEKCHBIE O(TaIbMOJIOTHYECKUE YCIYTH TAaIleHTaM CO BCETo
mrata. Habop mamueix RFIDGEO — meHHbBI pecypc s HccienoBaTelielf W pa3pabOTUHMKOB,
3aMHTEPECOBAHHBIX B M3YUYCHHH IMMOTCHIIMAA UCKYCCTBEHHOTO MHTEJUIEKTa B 001actu odrampmonoruu. OH
o0ecreunBaeT MUPOKUNA CHEKTP W300paKEHUH TIA3HOTO JHA CETYATKH, YTO JIeJaeT €ro HaealbHBIM JIJIs
TECTUPOBAHUS U pa3pabOTKH HAIEKHBIX HHCTPYMEHTOB KOMITBIOTEPHOH quarHocTuku. Habop maHHBIX MOXKET
MO3BOJINTh CO3/[aBaTh TIEPEIOBBIC AITOPHUTMBI, KOTOPBIE MOTYT OJHOBPEMEHHO BBISBISITH HECKOIJBKO
3a00JIeBaHui, 4TO 00JIeryaeT paHHIOK JIUArHOCTHKY U JICUCHHE TTAIIMCHTOB.

(Mocmynuna 25.04.2023)
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(a) mM0p0b65¢ro LGsmo, (b) 3mbEHGGIEO 30LGHMyMmdwEo 35006s0MYds (CLAHE),
(c) e35em@o Ls8vgsEm gHOL gsdm3egds (d) CLAHE g53mygbgds mommgwye RGB s®b%by

23090bobEgdol Hobslffo®o ©sdM8s390s 9930w gdgo Bsdox0s odmbobmegdol dsbolio-
3OO0l gogdxmdglgdols s 3MmIMPBMEO  IMbs3gdms  BoBol JoboMYds®. FoLvMZoEOL-
00bgdgos olog, GMI odmbobmergdol MIHBMEWME0s Y39 SI3GHOMIIME0S YM3gmo ©MId>
Lfogergdob s6OJdoGgdGmol dobgzom, 3sseoms, ResNet-olbmgol 224x224 s 299x299 Inception
904039JBHMOOLsM30U.

Bmy0900 3590md39969dme 39303530580, LOLbEdsM39dT0 Fo®so 3MBEHMILEOLS o
©3H056999030L 5300900l godm, TbMEME J5dMbsbwyagdols df3s69 s®bo 0dbs sdmemgdwyero [18].
099935, 9b Joamds 39Mogl ol Ls3z96dm FoM3gML, OHMYPMOOESS BIMO. Fodmlobmegdols
©50853900L5L 3MBEHOLEHOL 493E0gMgds SMOL 1s30oME 9303900 JoEPMTS, MHMIJELOE
24090949bgds godmlisbwegdols obgmo dobslosmgdegdol FomdmboBgbo, GMmamMoEss Lobberds®-
039090 96 05Ol sB0sbgds. 9d9ob 2odMIEObseY, B396L 33093580 RGB ygzgwms sOGbby
3993094969 3mbEHMILEHOL IgBVMEMWO 5©IZEGHOIM0  30LEGMYMHTOL  FomsbsdMgdOl Fgmmpo
(CLAHE). bvy®smo 2 930839690l ovommgoyeno dgommeol d9w9ab.

3.3 303d0606M50mmo 3033¢gdbmGo gmMIoMHdoL IgomEo

3033wgdumeo  BmOHIomgdol  dgomo  BAoMs MBOM  M3gmalo  3domdL, 30MY
39W39ME0  dMmEYEqd0, MMIWgdoE IGO0 3MB3MIGIT0  SWPMOOMT0!  5MSdIWSBLO-
69070 dmbs3gdoms 35Bol oL ds39des. 53 d9MmEOL 25dmygbgdom LoliEgdsl dgwyderos
299053w0bMml 00MMGME0 SEMOHOmMIoL dogMo s LybGo dbsMggdo. LimMgo 3 dobgbom
2399m30949bgo  sMLYdMo FMEIE0, MOMS A5dMA393w0bs POMGMEO  sEWPMHOMIOL  dogMo
dbs69900 05BLYdIMO FMbOE7IMS dBYOOL LT TS390S.
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4. dom9d Mo 990990l s6sewobo
LodMEmM 99900l  Jobomgds®  9359MHmM0sbgm  Lbbgoslbgs Mgbmemizools dgmbg 10

mobergo 3o BHogergdol dgom@ol  godmygbgdoom  dogdmwo  d9gagd0. 93 Lolfogerm
LEHOGIR00L FoBsbos ghmo MTs Bfogwrgdol IMYol AobDMYsEIOOL 9IRS ASHBOOO
3OMIA0EGO0L  sEBdSMMOOL  F98306M9ds. 39-2 3bMowodo Fgxsdgdos LOBMLEHOL  FgIRJdO
00MMIM0O  3¢0boLsm30L. g ImEgwo IMIBsIIMYWo S GILAEHOMIOIM0s BIEBLYdM
9mbo3gdms 35BsBY, MMIgwoi sefghowos 1-gu gbMowdo, 15665 bodmdom, Fompsb 6265
350s5300LsM30L s 9400 Bodmdo GHYLEBHOMYGOOL BMbozgdgdoLsmM30L, MHMIYE0E MBIBGSWSS
3965f0gdmo M-ob 3wsligdol dobgwzom.
330g0 35300l 890092900 LOBMBEOLS s MBS Lfsgengdols

3®go@gddveol dobgzom 3b6.2
‘ DIN Feslbo 0 ‘ Jemsbo 1 ‘ esbo 2 ‘ emsbo 3 ‘ emsbo 4 UsFrysgmnem
VGG16 0,991 0,693 0,359 0,619 0,429 0,618
VGG19 0,952 0,803 0,244 0,815 0,227 0,608
ResNet50 0,949 0,771 0,317 0,560 0,334 0,586
ResNet101 0,956 0,753 0,323 0,613 0,256 0,580
Inception-V3 0,960 0,732 0,292 0,703 0,289 0,595
Incep -ResNet 0,970 0,750 0,262 0,673 0,359 0,603
Xception 0,952 0,697 0,261 0,668 0,323 0,580
DensNet201 0,960 0,804 0,366 0,568 0,285 0,597
DarkNet53 0,940 0,805 0,452 0,539 0,301 0,607
EfficientNetBO 0,967 0,731 0,234 0,702 0,284 0,584
359(00569873¢m0 0,986 0,822 0,326 0,694 0,397 0,645

d0bgs350 0dobs, MM sOBYdEds dmEgerds dosfios dsmo LobMLEIL Bm®mIsermeo
3°90LobmeEqdols s AbvOYIJo E-0L OSFBMUBEOMGdIOL Lo30mbT0, I9EsMGO0M B0 F9WIRJOO
oB39bs 83939 @o 3OMWORIMHS30NOHO  ©M-0b  dgdmbggzsdo, o3 339393l Logdzgwls
303565Mm, MM gl ImEgwgdo LYYLEHOS 53 MO0 G030l -0l JWSBOGROEF0MYDSTO0. SIS 530U,
Lodmoenm LoMmMeEol -0l dgdmbggzsdo, MHMEs BoduoMmEgds Lobbeds®mE39d0l 9933905 S
90360M353MsMMEo  3OMIWYINO0, MHmYos dobo  oMhg3zs 3939 @s bPJo  E-0bL
LBOO0LSRB, FbLEIMMOYGdOm 5d0b, OMEILIE 35MEMYH0JOOL MoEIbMds d30Mgs. -0
5M5MLYdMBOL, 9649 3wolo 0-0b 0YbGHOR03S305d0, Towswo LOBMLEGHOL Towgds a35deg3l
Lo93A39eL godm30949bmod sOBYOMEo IMEYEo dobsmo 3sLOROEOMYGOOLIMZOL.

0ol sLoblbgEs, 0¥ MMM oLfjogwrs ImEgEds M-0b b0dbgdoL godmzwgbs (BMAMMOES
LoLbwB9393900, 96930063900, 303OMZ5L3IIOIO 35MMEMY09d0), 353M30Y9bgom SEYMOOM-
9o, ®mIgeoE sxdbgdImos Meogbdmwo dghimbowo 3wsliol sj@ozs300l B30l 89ddbsby
(Grad-CAM)[18]. Grad-CAM ©¥93900 560l LOMBdMMO HY3900, HMIGdOEG 39bgM0MHPYdS Fglsdsdolo
3@5bob B39E30BOVIM0 AM096EOL 3M:MYJ30M9dOL BsdwsEgdom. 39-3 LMo 2306396901 -0l
d9000b39390L Grad-CAM 6v930L 99L50530L5. Fomgwo ggmol ©d369d0 doMOL 45dmbobEqdsby
9$39693L 603690, MHMIgdoE 0dmbgboos B3gbo MTs LFsgzwgdol dmEgerols dgo6. LwyGmsmols
dobg300 99330005 ©s3065bMm, OHMI LOMBdMMO M35 DMLESE Fggbodsdgds -0l bodbgdl,
LolbeBsd 39390, 5693600HT9dl, 0303513 35MDMEMYOJOU.
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(a) (b) (c) (d)

Lyyé. 3. Grad-CAM 630l Gg8gH0MIBS©O 393mlisbemagdgdo. (5) Awdmdo 5MHs3OMEORINIGOMEo ©6, (B)
L53095¢0m 3MmME0g39M530U9¢0 ©O, () 353539 3OMMWOBIMEOMMO ©M, () 3MHMEOEIMHOEOvIEo M [18]
5. ©sls33bs

50  6sdmMddo  FgnoLgdMos  WMTs  BHogergdol  weberglbo  dgomgdo  bbgoolibgs
3EaMmM0mdol  5GJoBgd@Mol dobgzom. Fgxslgdolsmzol gosdmzoygbgor EyePACS, APTORS,
Messidor-2 s IDRID 9mbsigdoms 85930 olg, Mmd -0l yzgas 3e0slbo 056sd6e@ ymgowoym
fom3ma9boo. gl dgom@o dobbo olsbsgl obgmo seam®omdol 89Jdbsl, Mmdgaroi 6 0db9gds
9006909900 FBMEME 9O 5OJ0GHIJGHIOLS s BMbs3gdms dsBsBY, MM F9830MHIL IMEIErol

2396Bm0009000m  godmfizgo  LoBMLEHOL E3WoEgds. FJoEIdwo TJEIAJd0  SB3969dL, H™A
0MLgdME0 IMEIWO 50gF5BHJOS OTIMMI0WIOWOE 25TMYgBIdMO  SEIYMMHOMTGIOL T9GAJOU.
39090 99930L  dobOMgds, B3ggbo  Lsdmdsgerm  BoBobos, JogzBIMOM®  Lodmom @
3OME0BIOSF0MX0 OOM-0L 3ebOGR0E0MJIOL LODMLEY, BroE SGBYBOMSE AIBOOL JNW0sbs
3 M0m3ob 95399EGHwIOMOL.
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CLASSIFYING DIABETIC RETINOPATHY GRADES USING COMBINATION OF
DIFFERENT ALGORITHMS OF DEEP LEARNING METHODS
Aleksandre Labadze
Georgian Technical University
e-mail: Labadze.aleg@gtu.ge
Summary

Diabetic Retinopathy is a result of prolonged diabetes mellitus that affects the vision. It causes harm
to the veins in the eyes, leading to ruptures on the retina that can impair sight. If the condition is not detected
early, it may cause complete loss of vision. The traditional method of diagnosing DR using fundus images
requires highly skilled professionals due to the small size of the abnormalities, which can result in misdiagnosis
and consume time. Therefore, developing an automated system for the diagnosis of DR can help people with
diabetes to identify DR symptoms in the early stages. This study also includes classification of identified
images into the corresponding 5 stages, namely No Diabetic Retinopathy, Mild Non-Proliferative Digital
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Retinopathy, Moderate Non-Proliferative Diabetic Retinopathy, Severe Non-Proliferative Diabetic
Retinopathy and Proliferative Diabetic Retinopathy, which can significantly aid in monitoring the dynamics
of key features such as lesions, hemorrhages, and blood vessel density. Deep learning algorithms are widely
used to achieve various classification tasks. However, most of these methods are only effective in classifying
DR stages with low accuracy, especially for early stages. The developed algorithm in this study employs
enhanced image processing techniques, automated hyperparameter tuning, and neural network training
strategies to focus on the small features for better prediction. The algorithm was tested and compared to
modified Resnet50, VGG16, Mobilenetv2, Inceptionv3, and InceptionResnetv2, resulting in classification
accuracies of 94.7%, 86.1%, 85.8%, 85.3%, and 87%, respectively, with corresponding detection accuracies
of 99.8%, 94%, 94.2%, 94.9%, and 98.2%, respectively, on a test set of 508 images. Using the proposed
algorithm, the results show that Resnet50-based networks provided superior performance for both detection
and classification tasks.
(Received 20.04.2023)

KJIACCHU®UKAIIVSA CTENEHENA TUABETHYECKON PETUHOIIATHHA C
HNCITIOJIb30BAHUEM KOMBUHAIINU PA3JINYHBIX AJITOPUTMOB METOA0B
I''IYBOKOI'O OBYYEHUA
JlaGazze. A.

I'pysunckuii Texamdyeckuil YHUBepCUTET
Labadze.aleg@gtu.ge
Pesiome

JuabeTndeckasi peTHHONATHS SBISETCS PE3YNbTATOM JUIMTEIHLHOTO CaXxapHOTo auadeTa, KOTOPBIH
BIIMSIET HAa 3pEHME. DTO HAHOCHT BpeJl BeHaM B TJia3ax, 4TO NMPHUBOAMT K Pa3pblBaM CETYATKH, YTO MOXKET
yXyIIIUTh 3peHue. Ecnu cocrosHue He OOHApY)XKEHO Ha paHHEH CTaJ M, OHO MOXET MPHUBECTH K MOTHOH
norepe 3peHus. TpaguuruoHHBIA MeToA AuarHoctuku P ¢ mcrnonb3oBaHueM HM300pa)KeHHWH TIA3HOTO JTHA
TpeOyeT BBICOKOH KBAIM(UKALINY CIIELUAIMCTOB U3-3a HEOOJBIIOT0 pa3Mepa aHOMAINH, YTO MOKET IPUBECTH
K HENPaBWJIbHOM JUAarHOCTUKE M OTHSATH MHOTO BpeMeHH. Takum o0pa3zom, pa3paboTKa aBTOMAaTH3UPOBaHHOM
CHCTEMBI IUarHOCTUKH [IP MOKeT MoMOoub JIF0sIM ¢ 1MabeToM BBISBJIATH CUMIITOMBI [P Ha paHHUX CTagusX.
OTO WuCCIeloBaHWE TakXkKe BKIOYACT KJIACCHQUKAMIO HICHTU(PHUIMPOBAHHBIX H300paKEHUH 10
COOTBETCTBYIOIIMM 5 CTagusiM, a WMEHHO OTCYTCTBHE JWA0ETHUECKOW pPETHHOMATUH, JIerKas
HenponudeparuBHas mudpoBas  PETHHONMATHs, YyMEpPEeHHas HemponudepaTHBHAs AUa0eTHUECKas
peTHHOmaTHs, TsDKenas HempoiudeparuBHas nuabeTwyeckas PETHHONATHA W [poJidepaTHBHAS
nrabeTHdecKass peTHHONATHS, KOTOPbIe MOTYT 3HAUUTENFHO MOMOYb B MOHUTOPHHTE. JUHAMHUKA KIFOUEBBIX
MPU3HAKOB, TAKUX KaK MOPaXCHHUS, KPOBOM3IMAHHUS M IJIOTHOCTh KPOBEHOCHBIX COCYIOB. AJTOPUTMBI
IIIyOOKOro OO0Y4eHHs IIMPOKO HCHOJB3YIOTCS JUIA PELIeHHs Pa3JIMYHBIX 3aaad kiaccupukanuu. OmHako
OOJIBLIIMHCTBO U3 3TUX METOAOB 3(PeKTUBHBI TOIBKO AJs Kiaccupukanuu cranuii JIP ¢ HU3KO# TOUHOCTBIO,
0cOOEHHO Uil paHHUX CTaiWid. AJNTOPUTM, pa3pabOTaHHBIH B O3TOM HCCIEJOBAHHUH, HCIOIb3YET
YCOBEPIICHCTBOBaHHBIE METOJIbI 00pabOTKH H300paKEHHI, aBTOMATHYECKYIO HACTPOHKY THUTIEpIIapaMeTpOB U
CTpaTeriu OOYy4eHHs] HEMPOHHOW CETH, YTOOBI COCPEOTOYUTHCS Ha HEOONBIINX (YHKIMSAX ISl JTYYIIEero
MPOTHO3MPOBaHUs. AJITOPUTM OBUT TIPOTECTHPOBAH U cpaBHEH ¢ MojuduimpoBanasiMu Resnet50, VGG16,
Mobilenetv2, Inceptionv3 u InceptionResnetv2, B pe3ysbrare 4ero TOYHOCTH KiacCu(pUKauu coctaBuia 94,7
%, 86,1 %, 85,8 %, 85,3 % u 87 % COOTBETCTBEHHO C COOTBETCTBYIOIICH TOYHOCTHIO 0O0HapYx)eHUS 99,8 %.
94%, 94,2%, 94,9% u 98,2% cooTBEeTCTBEHHO Ha TecToBOM Habope m3 508 wm3obOpaxkenuii. cnomb3ys
MPEUIOKEHHBIH alNTOpUTM, pe3yibTaThl IMOKa3bIBAIOT, YTO CeTH Ha ocHoBe Resnet50 oGecreunBaroT
MPEBOCXOJHYIO POU3BOAUTENHFHOCTD KaK IJIsl 3a/1a4 OOHApYKEeHHUs, TaK U I 331a4 Kiaccu(QUKaIHH.

(Mocmynuna 20.04.2023)
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b90369960 063w 9dE0m 90 FMm3000 LoliBgds BsdgzoemUbmls
ggeol Lodlogbols osgbmliozologol

39585 (931935

LogdoMm39wmb ¢9gdbozemo mboggMbo@gdo
p.lezhava@gtu.ge

%9vordy

3obbommwos Bgz9b dogH 9ddbogro  3mI30EBHgeo  LobEgds LodzowmbmL  gguols
Lodbogzbol  OsRBMLEBHOMYOOLIMZ0L, OMIGEoE ©IRMAZ69dos  bagwwmzbm®  0bEgwgddHby,
3960dm, 0564966 olfogusby. LobBgds OoogbmLEG0Mgdsl sbIbL MHEHObmwo FHgbGHgdol
399my9gb9d00 @ 45dm0Mmhg3s B3oMmE Fo09e0 LOBNMLEHOM. 3530OMBM, MM 50bodbMwo dmEgwo
30boiEoliBgdl sgbdomgds Lodlogbol syIbsls s WS5350YdOL MM 39M080(30MYdST0.

1553356dm  Lo@yzggdo:  9s64obmGo  sbffogws.  Lodbogbol  osRbmLGOGMgds.  dmEawo.
939960b5EMds. dMMIGHMOOMO 33¢093900.

1. 3gbsgseo

LodL0369930 A5TMYMABL Lb3sLLZs 6030IMYOIOL s MEYIBODBT0 MYorOEMYdL oo BMEIDY,
9B 939008390 25309l sbIbL Lolbwols F9dsgbermdsby. 9Jodgdl F9de0s0d sIMOO™b
06830635300l Fbmewme dz06g bsfowo, H®MTgEoE odseEos MHME0bmeo Lolbeol sbsero®Bols
39009290390. 599056 259mB0bscy, 3609369 m3z5605 MMEH0bMwo Lobbeols 33¢93900L dggRqdoL
RO BYOOMBMNWO s BNV BsEoBOo, 08oGH™MT, O™ 303Mm3Mmm BH3I0EJINWIds MOYbOBIdo
1393080M0 LodbogbmMo BOEOL Tgbobgd. ®IoLsm3zol Igabogmgdo L WRGM bdoMo
9005605396 bgermzbm®o 0b@gergdBHol 9gmmEgdl dbgoglo GHodoL 53m3560L goolisFMgus.
b9wm3zbm® 0b6GHgwgdBHdo BoMmmE 499mygbgden 356Jobm Lfogangdsls dgmdenos Lsdgoigobm
9mbs3999006  obgmo  39bmBMTogMgdgdols  godmzmgbs, M3 9©s30sbolm3OL  owowo
339080353006 9J0dgd0bmzols3  999dgdgeros.  sbgmo  §oMTo@gdeo  BoosabmbiGozm
99900 36083690Mm3650 ©ogbds®mgds 3600bo30LEHIOL OsRBMBOL MMM 39M-OROEF0MYdST0.

15330¢MLBML ygerob s 96magE®0dol Lodlogbggdol osRbmBo BlzgMwgdMO3Z 9Bwdbyds
353096@0L 965369 BL,  0bLEHOWIIBGHIWMEO O WHBMOIGHMOO  33w9390L.  I60I369wM356005
LodLoOgzboL SMIMWO OSFBMBE03s WS OMMEO I3MMBsMds Brog bJod Jgdmbzgzgddo 396
bgmbgds LoddGHMIGIOL 5 5MLYdIMOOLS S 9gJodmsb 230560 30BoEOL sdm. slig3g 3OHMIIol
0000 gbl 55139308303 9M0  3W0bolMEMmO  AsFMZw0bgdgdo s  LodLogbygdoL FsMgdom
0030500  @MMIgd0.  Jobgozs  0doLs,  MMI  3mI30GHIOMI  BHMIMYOOIRBOMWO  ©d
35260@MMHIBMBbLYO FHMAMYM 500 330093900 Y930 076905 I60T3bgerMm3z560 dmdogswdo,
SMLYOIMBL 29633970 BoFOMMGds 0580 ©O 9BIJAHMOO  SGHIMBIGHOMWO  ORBMLEGH03MMO
33193990,  MMmIgdog  LoloMagdwm  0dbgds  3530963H9d0LIMZ0L,  Lodbogbggdol s Lbgs
55350090900l 5EMJMO O0sRBMIEH0MIOOLMZOL [3].

Lodbo369930 godmygmazgb Lbgzoslibgzs 60g3m0gMYdIdL S MMYIEODBT0 MYsOMYIL Tom Dby,
9l Y39woxzgMo  493w9bsl sbgbl Lobberol F9dsagbarmdsby. 9dodqgdl dgmderosm  SdmoEmb
0683035300l bMwm d306Mg bsfowo, H®MTgwoE sdseEos MHME0bmmo Lolbeol sbserobBols
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390009290300. 5990056 259m30bsMY, 3603369 mz5605 MmEHbmo Lobberol 33¢093900L G9gaqd0L
MRO® BIOOMBMo s DMBEO BsoBo, 080GHMI, HMI 303Mm3Mm0 FBHI0EJOMEYds MMRBOBIIo
13930809160 LodLogbwmo BGHOL globgd (2]

©O9oLbsM30L  FY36090900 L MBdMm bJoMs Fodsmrmszgb bgarmgbr®mo o0b@gwrgd@ol
d9mEgdl  Agogbo  GHodol  $8m3560L  QoolivFMgms®. bgwrmgbn® 0bGgwgdBHdo BsGomm
399mygqbgdyen  9obJobme  Logengdsl  dgmderos  LodgoEobm  dmbs3gdgdosb  obgmo
396mBM™0gM90900L 4593 gbs, B3 5©80560LMZ0L Fo®owo 3350x035300L 9J0dgdolMZ0LY3
3999909390, S1gm0 FoMds@gdeo Bsosabmbiyozm dmogmgdo 360d369wm3bs ogbdsMgds
3w0b6030LEHYIL 0sabMmBOl O™ 39M0x303060905d0 [1].

3530963900 0LEBHMM0gdOL MgEHMML3YJEH0wo BseroBol Tggysw Tgdergdgaros dobgsbme
1§03 gd5%g 34996930 LoEO0sRbMUEH03M IMEIEgdol Ggddbs, MoE WYOLLMZOL Ly MTGHM
@5 NGO 9@ 06EgMLL 0dgbls [4].

B3960 330930l B0BbL F9ogbl Lsdz0mbbML ggerol s 9bmdgEMmodol Lodlogbggdol
bgwmzbn® 06@ggdBHvy ©oxmdbgdmo  Boospbmbidogm dmgwol dgddbs 3530963900l
9mbs3900 d5HgdoL godmygbgdoo.

2. o050 Bofjoeno: 33amgzol obBsobo
Bgob  dgz0Lfogergm 353096300l oLBHMGm0gdOo,
©05260mLEGH0MYOMo  3Jmbsm  Lsdz0@MLBbML  ygeols s 9bGH™IgBHMowmdol  Lbodbogby s

3900696 8379MHb5EMBL J. 1d0obOL 9di39H0TI6EIWIM S 33¢9300 JoMEyome gMMgbme
396@®00. dqLfagemoo odbs 272 353096@0L oLEGMGMOos. dmEaErol dgloygbs 30949bgdom

dbmem© G062 WsdMGsGHMMoM 333908 (gbMowo 1).

Mb3memyom©Oo GMIgmss

gb®.1

1. 9sheab baghom sBsmasn _ 3. m30dmnb 396330900 3oblsd3Mms
fomegbmbs mgnmgodn (WBC) &b gmbgsdstisb 3mbgb@Mmsgaab gsbbabmgms
bi3gmann fmbs 2hommgadado (RBC) sma0nbadnbmAmblicggMmstal ymbgbGagnal gablstingms
g0 390mgmdobo (HGB) 3U3smdadadndmBiabbegghbinl ymbgbEMmagal gablstingms
@0, 3odg30fzemmds J0sdmjmodo (HCT) 3ofsdnfn dnamofimdabol gobbsbmsfy
300 Momgbmd 9fomfmgadadab bsdnemm dmggammds (MCV) bagform dognfigdnbals gablistings
Ofdyamo g30omozdo By0mammdabob bsd. 38339mmbds ghoafmgnddo (MCH JMaadnbabob ymbggbAMagnal gobbsnams bnbbmdo
Jmomfmgdo dgmeamamo dmammdnbal bad. JmbggbEMmagns ghambmgadda (MCH|  geBsgem@adaendmsblidgdncostal jmbigbMmagnal gablstimams
Moo 9fhommgndadab gsbaGomgdal gafon (ROW-CV)
0JdoMmagdn ofimddmgado (PLT)
dofnangdo 0fmddmgnggdnb bsdmsmm dmgmamds (MPV) 5, aemmambl jmBigg6EMainal goblsbmams Hbame (GLUC)

baodhmagomo % (Neut%)

byodfmgomo

6. bobbmal xgne30bs s Mbmbab 3ebbsmams

4. 0623307 393500903013 Eas3bmbiGnzs 333096G030

mndgmgdo % (LYMPH%)

HBsAg (bhfsogn Bbdn)

modgmgndo

7. Jmgnmmafads

HIV-1/2

dmbmgodo % (MONO%)

FIBR

RPR (bnogeabols 4gbdn)

dmbmgndo

dl

m¥bmagma’% (Eosino %)

Pl %

9m¥nbmaomo

INR

Ostima3nmn % (BASO%)

T

osbima3omo

aPTT

90b- 39b8M3Mabob gmmpon
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9 gobl dgLoygbo 299m309gbgo 356456960 Lffagzwgdol Bgwsdbggguwmdomo dgmmo,
3960m0  305L0G03S(309, MMIgEoE Lboy3gmglemm Jgglodsdgds B3gbL sTMEsbsL. 0blEMmTIbEHOL
Loboom 459mygg690990 0ym o@@wsdols 3Omywsdmmo «bembaguymas, 396dme classification learner
[1].

296bmM 3090 dMmEgol sLFogergds 99ga0 LEIGOLE03WMO FgmmEgdom. Jglsdsdolo
300900 890092900 obowgm LwOomgdbg. Ensamble (bsb.1), Boosted Tree (bob.2), fine Tree (bsb.3),
linear SVM (65b.4), Medium Tree (65b.5).

PPV PPV
FDR| 50.0% 9.1% FDR 9.1% 27.5%
= ) S A o A
*:7"{‘ ;\Q\-.\"t ,‘wﬁ.{ ol A«AA‘ "V_P
o P o w o e
A Seies S * L3 ™ S50
- < ~ >
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o \\;GF o
65b.1. Ensamble 65b.2. 3 Boosted Tree
PPV PPV
FDR 9.1% 27.5% FDR 40.3%
- ESA) = > \ oy
o 2o P o TS PO A
s N o o o v
e ¥ S 5o HF S &
o \('*L ‘7‘ g \ .a& ‘-9“’\
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6556.3. Fine Tree

FDR 10.0% 6.7%
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~~ ) « \‘J\" * ‘@@4 *
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S ‘*nh-‘— ~
) Do N
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o
S
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b5b.5. Medium Tree
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Lo3gmgbem dgga0 8ma33s Medium Trees dgoomol 4s8myqbadsd. 100%-0sb0 LoBYHEHOM
399m0Mb0os  Bs8z0MLbML  ggwo Lodbogbggdols ddmby 3530963 gd0, 90%-0sbo  LoBMLGHom 96
®b3mEma0m®o 3530963900, bmwm 93.3%-0560 LoBMLEH00 839M0L Lodlogbols IJmby 353096@gd0.

3. sls336s

39496005 1530 MLBML  ggeols Lodlogbol osEbmbGOMIdOL  3MmB30wABHYHMEo  Lobidgds,
Hmdgwoi ©InwYdgdywos bgermgbam® ob@gwgd@bg - 390m0m©6 3sbdsbm® Lfogwrgdstg. Loli@gds
©0536MLEMYBL sbgbl MmE0bmEo EglBgdool asdmygbgdom @s sdmomBags bs30sm© Tomowro
LOBMLGHOM. 38OJOMdM, MMI s©0bodbo TImEIEro  3obooLEJIL  ogbTsMgds  Lodlogbggdols
53Tl @O 8935009008 OHMN  39M0R0E0MJdS0. 5T 9BHI3DY 0000bsMgmdl  Imgeols
©5353)900m0 BHMH70bobao dgE0 LOBMLEHOL JoboMgds.

woBIMGMs — References — Jlureparypa:

1. Sidamonidze N. (2019). Artificial intelligence as a challenge and some methodological aspects of its
realization. Georgian Technical University. Automated Control Systems, No 1(28), pp. 186-191 (in Georgian)

2. Podnar S., Kukar M., Guncar G., Notar M., Go$njak N., Notar M. (2019). Diagnosing brain tumours by
routine blood tests using machine learning. doi: 10.1038/s41598-019-51147-3

3. Torlay L., Perrone-Bertolotti M., Thomas E., Baciu M. (2017). Machine learning-XGBoost analysis of
language networks to classify patients with epilepsy. Brain Inform. 4(3): pp.159-169. doi: 10.1007/s40708-017-
0065-7.

4. Chkhaidze M., Tavdishvili O., Chichua G., Barnov S. (2020). Artificial intelligence (Methodical
guidelines for practical work). Georgian Technical University. (in Georgian)

(UAsGH0s domgdeycmos 25.03.2023)

AN ARTIFICIAL INTELLIGENCE-EQUIPPED SYSTEM FOR
THE DIAGNOSIS OF CERVICAL CANCER

Paata lezhava
Georgian technical university
p-lezhava@gtu.ge

Summary
The article discuses the computer system we created for the diagnosis of cervical cancer, which is based

on artificial intelligence, namely machine learning. The system diagnoses using routine tests and is
distinguished by a fairly high accuracy. We think that this model will help clinicians to identify cancers and
diagnose the disease in a timely manner. (Received 25.03.2023)

CUCTEMA C VICKYCCTBEHHBIM UHTEJUIEKTOM
IUTS. TMATHOCTUKY PAKA IEVIKY MATKH

Jlexasa II.
I'pysunckuii Texaudeckuil HUBEPCUTET
p-lezhava@gtu.ge
Pestome

O6cy>xmaeTcs co3maHHas HaMU KOMITBIOTepHAs CUCTeMa JUAarHOCTUKY paka IIeHKU MaTKH,
B OCHOBE KOTOPOH JIEXXUT UCKYCCTBEHHBIN MHTEJJIEKT, 3 UMEHHO MalnHHOe o0yueHue. Cucrema
IIPOBOAUT AUATHOCTHKY C IIOMOLIBIO PYTHHHBIX TECTOB M OTJIMYAeTCA JOCTATOYHO BBICOKOH
TOYHOCTBIO. MBI AyMaeMm, 4TO yKasaHHas MOJielb IIOMOXeT KJIMHUIVICTAM CBOeBpeMeHHO
UIEeHTU(PUIIPOBATH OIIYXO0JIb U BepUUIupoBaTh 3a6onesanue. (Jlocrymmra 25.04.2023)
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3 GMEMeEo 39933000609MdoL dgawgdol 30dgdstg LogmEol
3300505 539335M9d0LsM30L
3M0 330(0b5d30¢0, FgMHd sbmdsdg
LogoMm39wmb ¢9gdbozmemo mboggMLo@gdo
godaco@mail.ru, m.akhobadze@gtu.ge
M9bomdy
AMOHoLGHJOOLIMZ0L  3MIBMOEOLS s MBOIFGOPbM  oMgdml  MHBOMBlgElsymBs©, o3
dmombmgl  3MWEHMOMEo  dYRgdol  30dYdsMg  BIOOGHMOM05DY  0bBMLEHOMIEHOHMoO,
dmAbsbYOHOOL  MB0YJBHIO0L  FgLodsdols®  obmogligdsl, dgddboeros 3mOMBMOL  OsMIToL
dMmEOox0E0Mg0MEo  3JMEO s SAMOOomdo, O0Iwol  459my9gbgds  MHMmbzgwymals
Lo6936005:30M BO3ME)JOOL M3BH0TICMESE IRJABIMGIL S BMfymdsl.
1553356dm LoBHY3900: 95O Yds. 3MOMBMOL OsYMSTs. 0BRMLEHMWJEHWMHOL sBseoBo.

1. 99bsgogro
LodoMmmM390mdo Y390 0BMHEIds GHIOOLEMS M3MEIbMds. LI MBOM s MRO®
3930  GHMOOLGHMEOo B5HYo0, MB0YIBHIO0 s FoMTOHYBHIO0 39S, TYusdsdolo  0DBMHYOS
904oB9dAHMmOms  OmEo  GHMOMOBIoL  0bMLEH®OOL  ASHBOEOLIMZ0L,  EHMMOLEHJIOOLIMZ0L
309x8mOGHOL 5 MBsBOMbM go6gdml Imfiymdol Jobboom. ymggwogzg gl Imombmal 3w @O Io

d93w 900l 809©Y09MYE, H5Wo 0bRBMLEGHOMIGHIOMWO Mm309]EJOOL 3BT 49BEs3gdL,
Lo6936M0530m  LOgMEYIOOL  SBWGdIMGSE  TM[gmdsL,  GHMMOLEAMWO  SMgowol  BgdoldogMo

096030wosb ©sb0dbmmgdols 34964300y MIm3wglio 2ol goblsBO3mLL. ymggmogg Bgdmo
5L3MEo Bo3ombo 496939036905 9.5. LogzOEWWo F0ToMmmYdYGOOL sTMEBIMS 3oL, MHMIEYdOE
95393 0blibgds B39gbL doge dm©OBoE0MYdMWwo 3mOHMbMOL osyMsdol 39339™Md00.

2. 3060m5©O bsfjogro

LogzMEMo B0BsMMYdS, Gusd 67d0LBOYMO 0bBMMTS30s, OMIYEOE SHIBOLMIOL  MdOYIGH IS
3930060 LogmEgdo. Fogowoms: F5bdoEIgdl MBd0YIEHIOL TmMOb, gogergbol sG9qd0lL LoOIIdL,
®309dBHd  M5mE9bMdL 9P sMgodo s Bbgs. sBgmo 0bgM®As300lL 3MEbs, bswrobo s
399mygbgds 99Bo  LoboMydwMs  5MJ0BIJBHMMOLmM30L 4965896056900l  ©I3MMYIEHJdOLsM30L.
50bodbmwo  Logombol  Imy356Mgd5-068MLEHMMIGHMOMO  Md0YIGHJIOL  M3EH0ToMHS©
39652905, BHIOOLEGHIOOLIMZ0L 3MIBMOEIO S MLIBROMbM F3MgamL IMfYmds-dgladergdgEros
306600l ©osgeHsdol 39039mdom, MMmAgwoi  sofigml bLogmEwe dodsOmmMgdgdL MG I9HBMdgE
P96OGH0L (md09gB9dL) Fmemol 4oblobowgzge ségsendo [1].

30060HMmbMol 030l 3063900  498myghgds 23b3qds @969 ©sOGHOL (1596-1650)
6596Hmddo  ,,zowmbmgool  3M0b3o3gdo"  (1644). ©939OGHTs  Fgbmogsbs  LsdgsMMl  YMRs
35M133053900L 2653035300 393gbols Bmbgdo. ™Mo Ls3mbol 8999y, 3B™dOWDs
39635b6gds FomgdsBHo3mbids 0m3sb 3039 aMLBe3 wgg9mb-oMobagd (1805 - 1859) 89dmo@)sbs
QQ053M59900 MO 5 BodsbbBMIowgdosbo Fgdmbgzg39d0Lbm30L. sd0GH™MT, 500 DMEXIO ©OMmObeM9l
0536509853 95009096. 1908 Fgamls, Hlds Jo09ToE03mbIs 9mER0 BgmEmBoL-dg 2mHmbmod (28
336Moo, 1868 §§ - 20 6mgddgMo, 1908 §.) 50fgms gl ooxMsds MBOM Foowo gsbbmdowgdgdols
LogM(E99d0LMZ0L, Aol 90 OSMSTSL Jolo Labgero gfimes [2].
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3MmOMbMoL  0sMAoL godmygbgds Jowodagads®mgdsdo bdoMs 03 dobbom bgds, GMI

5306l 296339010 Md09GJOOL 296x3960cMdOl Jgdmbgzg3zsdo, M35y, M50dg ™MdOg]GHO
Hod@owo), OH®Ige s65¢MmyomE md09IGMB (HaMEGH0™B) MBO® sbarmlbss. sl Fogowoms,
239303Mmm, OMIGE0 258909 5oL B396996 yz9wsByg sberml, 96 MMIgmo Bow0sEoEb 046905
439wsBg dmbabgmbgdgwro Bz9bm30lL LoliyH3zgwo 3Hm©wdEob 893390, 89dgbs.

3m0mbMol 053530l godmygnbgdol LEgHm  Lo3domE  FMOZRIOMZob0s:  JIMEMYOS,
9MJgmEmy0s,  BOMEOIMA0S,  J9OAMYMOR0s,  oM39G0bgo,  LEHO®MbMIos,  s0Jo@gdBH e,
3003093900 3936096090900 s bbgs (bob.1).

6sb.1

LolGE0 MomEgbmdoL - A {A1; Az; ...; An}, mB09dBHs (FIOEGHOW®MS) 3OMBMOL ©EOoyMsds
90™@9ds, 53 509500l (LEBdGMEYOL). HMIG D3 9B ME0S U MdOYIBHId0 (F9OEHO9d0), oligm
65339009050 L; (i = 1,2, ... N) ©54mgsl, GmIgerms 6gdobdogho ;i §aoGHowowsb, 9mEgdnw A4;
009J¢odg dsbdoero MIm3zwglos (bsb..2).

3mOMbMOL 0saMsdol 50798530 32)M0 IMPYO 500fIMYds S19. 300350, 30bOEIsZm dGEYgew
5L E, GmIgedog 0migdnmos §9oEowmms bod®egw: {Ay; Az; ...; Ax}. 306mbBmol @osg@s3s glss
25BLsboEzgmo 5@l ©symxs obgo Eq,Es,...,Ey J39b006s3agqds©, 6Gmd ymggwo i € [1;N]
BodymEomrMo  MHoabzobomgzgol, E; LodMsgwol b6gdoldogho X fad@Gowosb A; §gm@owsdwy

956300 56 50gds¢gds 35630l X FaMEBHowosb 4; §ad@Howsdwy, j € [1; N],j # i. bodMsgzwgls E;

009996 3mOMbMOL M9, 56 4; F9OEH0WOL ,sx35M30L SMILT. EHMIWOGEOESQ, ,OIBIMZOL
369g00L“ 250gma3s LOMMEIgL 56 FoMTmoyqbUL:

E;=En (nyzlEiJ-),
J#i
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Losg Ejj Lodmogarg obodsM@gds 8989gabsoMs: A; ©s A4; §HadGHowgdol 8gdsgmomgdgero
80b65339000L o85O Md0 LOBOEYIL YMBL MO bobgzsMLOdMEYI. Ei; 5060Tbsgl 59 mMo@sb 0d
Bobg35mLOdOEYIL, OMIgedog dgdsMgmdL A; FgOEHowo (bsb.2).

6ob.2

3MmOMbMoL 0saMsdol 3esliogdmMo dgoMEO, 4Erolbdmdl, Mmd A;(i = 1,2,...) md0gd®gdo

96035035600. oQ9W0MO©,  Y39ms Mmd09JGHO FoMBom©ygbl FoMm3gAL, LooE JMH0I0R03Y
36MIBH0 04oIds. 53, MMM, Sy 96 SMOL. MdOgdEBJOL Tguodwgdgwos  3Jmbgl
296Ub35399M0  3mEHYbE0swgdo — 094oIdMmEIL Lbbgoolbgs 3MM©wYd30s, @oblbgogzgdmgl
Logdmbarols 30153503960 M369d00m s b3, 580G ™I, vo3m© LHobGHIMLMS 3slbo Ggdwgy 3000b35%Y:
OMPMO 535900 30OHMBMOL 0> 00 Fgdmbgzgzsd0, HMEs bbgsalibgs mdogd@l (HgmEHowqdl)
293l 965 BHMeo 30m@9b305¢900 (fmbgd0), 5015990 296Lb3539d90. b5dMMTT0 [3], FBI0EIOIWOS
999090 0mgmegds:

0gMMg8s: 99 LodGEYOL MM A s B j96@0wgdlL dm®mob dsbdowos a s k > 1 Hs0dg Hoibzos,

35806 LOdMEHYOL yzgars 08 FgOGowms LodMmszeng, MMIwgdog A oM EH0E0E dMMgdMos k-

X96 8930 856doom, 3000609 B §96OE0w0sb, Ho®m3maaqbl §6gHoml, Gmdwols Hosombos k’:: Qo

k2a

Aol 396¢HM0 8gdsMgmdL (4; B) Lbogbg A 90 @Howowsb P

356doeby (B3b.3).

D

Bsb. 3
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B396 8096 B00qdmEo F9ga0 Bsdsgdsls 235dg3l 5359Mmm 3MOHMBMOL EOsRGMSTS 03
999mbgz935d0, OHMEs goblbgsgzgdmwo §gMEHowgdols 3m@gbiEoswgdo bbgoslbgss. dg-4 s 89-5
BobsBgdby  dmEgdumos  9MHM0EL0ds39  M9R0mbol  (56gl)  3MOMbMOL  OosMsdol  mGo
239bLb39399o  890dmbggzs. 39Mdm, dg-4 bbby 9390wos  3MOHMBMOL  OsGMsTs 03
d900b3930L5mM30L, MM Md09dEHIO0L (H9HGH0WYdOL) 3mEHIHE00 JOHPO00Q039s. bergrm dg-5-Bg
30 - 00 390mbgg30Lom30L, MHMEILsE AoBLLI39d MBOYJBHIOL (F9MEHOWYdL) SJgm Lbgsgolibgs
3@ 9b3oswgdo (fmbgdo).

—— Al - A .. ~ L al ~ A ke ALl Al AL s ALY

3. ©sls336s

39 GO0 8983300060900l dggdol 08 dsMg 068MIBEMIEMGMWO MdOgdEgdoL
©330MM9JGHJooL  dgommEo, MmIgeos b3gblb F0ge FMmEOR0E0MGPMYE  3MO™bMOL  OsYMTol
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050935303960 9wl 9i3mdbgds,  LETPEgdsL  0dwg3s  M3EGH0TIIMS©  obzsmsymm,
39396500mm  dmBLobmE@mgool md0gdBHgd0 LadOmMgdB™m Moy, Mo3 BoduodswMs  bBOEOL
AO0LEHYIOLIMZOL 3IFMOEL S JABOL FoMZ0L MBsGOMbM QoM.

oBYM5@G«&s — References — Jlureparypa:

1. Kvitsinashvili G. (2023). Analysis of the Infrastructure Emerging in the Vicinity of the Ccultural
Heritage Monument - Ikalto Academy. GTU, Scientific-Technical Journal "BUILDING". Pp.25-28 (in
Georgian)

2. Zakharkin 1. (2016). Voronoi Diagram and Its Applications. Internet Resource:
https://habr.com/ru/post/309252/ (in Russian) (13.03.23)

3. Akhobadze M., Kurtskhalia E. (2022). Mathematical Model of Urban Planning for Sustainable
Development and Reconstruction of the City. Bulletin of the Georgian National Academy of Sciences, vol.
16, N1,pp.7-9.

(bA>G 0> dnmydnmns 14.03.2023)

OPTIMAL SPACE PLANNING AROUND CULTURAL HERITAGE SITES

Kvitsinashvili Gogi, Akhobadze Merab
Georgian Technical University
godaco@mail.ru, m.akhobadze@gtu.ge

Summary

The number of tourists in Georgia is increasing every year. More and more tourist bases, facilities
and routes are being built. Accordingly, the role of architects in increasing the tourism industry, providing
comfortable and safe conditions for tourists is increasing. All this requires the optimal placement of new
infrastructure facilities near cultural monuments, a new arrangement of recreational spaces. Determine
the shortest path from anywhere in the tourist area to the destination. All the questions raised above
belong to the so-called class of spatial relations, which are effectively solved using our modified Voronoi
diagram.

(Received 14.03.2023)

OIITUMAJIBHOE INTAHUPOBAHUE ITPOCTPAHCTBA BOKPYT
I[TAMATHHUKOB KYJIbTYPHOI'O HACJIENHA

Keurmnamsunu I'., Axobanze M.
I'py3sunHCkuil TeXHUYECKUI Y HUBEPCUTET
godaco@mail.ru, m.akhobadze@gtu.ge
Pesiome

Komnuectso Typucros B ['pysunu yBenmmauBaeTcs ¢ kaxasIM rogoM. Ctpoutcs Bce 6osbine 1 60IbIIe
TYPUCTHYECKHX 0a3, OOBEKTOB M MapuIpyToB. COOTBETCTBEHHO BO3pPACTaeT pOJIb APXUTEKTOPOB B
YBEJIMYEHUU TYPUCTUYECKOM HHIYCTpUU, oOecreueHUM KOMMOPTHBIX U Oe30NacHBIX YCIOBHIL It
TYypHUCTOB. Bce 5T0 TpebyeT ONTHMAaIBPHOTO pasMelleHHsS HOBBIX MH(PACTPYKTyPHBIX OOBEKTOB BOIU3U
MAaMATHUKOB KYJIBTYyphI, IIO-HOBOMY OOYCTpOMCTBA pEKpealOHHBIX IIPOCTPAHCTB, OIPEIENINTh
KpaT4adIIuii IyTh U3 JI000H TOYKHM TYPUCTUYECKOM 30HBI B IIYHKT Ha3Ha4YeHUdA. Bce IOgHATHIE BbIIIe
BOIIPOCHI OTHOCATCA K TaK HA3bIBA€MOMH K KJIACCY IIPOCTPAHCTBEHHBIX OTHOUIEHHIT, KOTOpbIe 3 (hEeKTUBHO

PeIIaloTCs C IOMOIIBIO Halle MOANGUIIPOBAHHOM AuarpaMMsl BopoHoro.
(Mocmynuna 14.03.2023)
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L5065066™ Lfogegdols 0bEgModdomwo gogcmeo
LogsdMUgdo 356gdools s 3mliB3sbgdools 3gMmomado

Do 505305, B )39M50dg

LogoMm39wmb ¢9gdbozmemo mboggMbo@gdo
z.adamia@gtu.ge; z.tsveraidze@gtu.ge

M9bomdy
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4. 31336

3923000005 503603600, HMT 5O LHogwgdol 30O E SO Bofforo, GMIgEoE 50530sbol
SHOMIM0Z M95Md5d0 M53BEIOMPY, 5O 0ym ol PoMgdm, Losg 0gdbgdms sboero 0EYgdo o
36MHM©OYIHg00. sbews 300@MSm0 bsfowo Fgmsbbdgdmos HgoIMHmsb. 99odwgds 90gabsols
»095¢6 330 9690%9  ©8dbgdEo” Ufegargds GMAgrog ™oz3sw3g Jdbol ,Lfagwgdel
1§o30gd580“ 9O 30RO FWHGHBMOTSDY.

LHo30905d0  go8moygbgds 063w BomMmo  sbsmergds o MHBOMBlgymal  FHMgboby by
05650356  bgedolsfzmadmdsl, o3 JOMOMOIPIQ  YMMmOEPIdSL  585b300gdl LB gb@gbome
090 FH56M9930Ld S 0G0l 2563015693 5Bg s 565 Fo00 3MMdEGINODY.
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1. Adamia Z. (2013). Creating an Interactive Information-Learning Environment of Engineering
Education Using Information Technology. Transact. of Georgian Technical Univ. Automated Control
Systems, No3(16), Thbilisi, pp.76-79 (in Georgian)
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(bAsHos GomgBeyemos 19.03.2023)

INTERACTIVE DIGITAL SYLLABUSES FOR ENGINEERING EDUCATION
DURING THE PANDEMIC AND POST-PANDEMIC PERIOD

Aadamia Zaur, Tsveraidze Zurab
Georgian Technical University
Summary

In relation to social isolation in the background of the coronavirus and its consequences, the risks
for science are increasing, where the most common cause of forgetting is insufficient quality of
memorization and poor consolidation of received information. Consideration of the need for state
support to provide additional assistance to students, which led to their need for additional classroom
hours. In this regard, interactive is important. Digital syllabuses that are adequate for "regular" contact
hours. It is noteworthy that in the virtual contact environment, rather than in the "normal" one, the
student is in a more democratic environment and in comfortable conditions: he is engaged in individual
learning, which is adjusted to his interests and causes in his mind a feeling of adequate self-esteem. At
the same time, the student chooses the desired time and place of teaching.

(Received 19.03.2023)

NHTEPAKTUBHBIE IITM®POBLIE CMJIABYCHI JJI1 MTHXKEHEPHOI'O
OBPA30BAHNA B ITEPUO ITAHAEMHWU U IIOCTITAHAEMWNA

Apamus 3., lIBepaunzze 3.

I'py3uHCKUI TEXHUYECKUN YHUBEPCUTET
z.adamia@gtu.ge; z.tsveraidze@gtu.ge
Pesiome

O6cyxmaeTcs BaKHOCTh HHTEPAKTUBHBIX ITUGPOBBIX CHMIA0yCCOB /A JalbHeilrero
COBEpIIEHCTBOBAaHUA OOpasoBaHuA. VX BIOJHe JOCTaTOYHO IJIA «HOPMAJIbHBIX» KOHTAKTHBIX
vyacoB. IIpuMeuarebHO, YTO B BUPTYaJIbHOM KOHTAaKTHOH Cpefie, a He B «OOBIYHOW», CTyAEHT
HaxoguTcs B Oojiee /eMOKPaTMYHOW cpefe U B KOMGOPTHBIX YCIOBHAX: OH 3aHHMAaeTcs
HHINBUAYAJIbHBIM O6quHI/IeM, KOTOpO€ IIOACTPAaNBAETCA IIOJ, €TI0 MHTEPECHI M BBI3BIBAET B €T'0
CO3HAHUM YyBCTBO afleKBATHOI caMooueHKu. [Ipyu sTOM CTyZeHT caM BBIOMpaeT Xelaemoe
BpeMs U MeCTO O0y4eHHUH.

(Tlocrymmma 19.03.2023)
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dBoL gMEMgmgdBOMEo Loym®gdols 3GmgdEgdol
29630050900l 39ML39dE03900

395@d xmbodg, 6035 d9M0dg

LodoMmM39wmb G9gdbozm®mo Mboggdbo@gdo
paata_j@yahoo.com, nika.beridze@gtu.ge

M9bomdy

39bbomos 3Bob BMGMIWJBHOMWo oML 3MMgdEHIOoL b30mMYdOl Hmo
BWMBSMMO0 30008530l (33€0eqdsLmSE  (EMBIIME M OMBLMD)5353806M 900
dmbowmEbgwo 3dodg 899gaqd0L 05306  530egdol  Jd9gdqddo.  gobbowrmwos  dBol
RMGHMIIIGHOMWo  InEYIgdool Fomdmgdol GH9gdbmammyogdols 496300009008 490900, dsmo
doM0 43900900l  3mgx8o30gbGHd0L  (3d3) BOH©OL  BHYbIbEogdo s dobo  I60dzbgEMmdOL
330900l 458md)3930 RBoJBHMMJo0, IBoL BMEAHMIWIIHOMo  BoEyMGdoL  3OHMEHJOoL
396300006900l 396OL39JGH03900.

1553356dm BOGY3900:300005G0. (33C0WGds. FAPMBSWIO0 IMOMDS.2505begdSO  seEgM-
BoGowmwo 9bgMaool. IBol BmEHMYmgd@Omwo Loy o. FBOL BMEHMYEIIEGHOIWO FMEWO.

1. Bgbsgogro

6900L30gM0 FoMdMgds O DBMASI® 353MOIMOMBOL 3M5dE03Mw0 15dd0sbMds, dmE3sHgmdols
B900oldogem bBgOMTo, Fgodwgds obbomo 0dbgl Mmam®E 969600l bo3509d0lL  30mb396-
GM5305%9  ©s9M300M0  3OM3JLO. 3M0dBH0IMNW0  Bodd0sbMmdoL  FoMBsGgdImo  gobbmM-
309gd0LmM30L  353MOMOMdL  JuOFOMMIDS  9EdBHOMIbghyos,  MHMIgdog  ImmbMzbowgds

3965939403 0bOEYRS.

foswoligmm Lsf3o3%g dmdxmdsgg gagdB®mbIAMMgd0 LoGEMmbLEMOGHM L5315 gdgdmMb
9O, ©)sdofol sGHIMLBIOML sd0bIMMgdoL 3603369 m3zs60 fystrms, oz Homdmowagbl

3WMBSMM0 3¢0005EH0L (33€09d0l 9HMN—9M0 J0M0MSE B0DBYDL s MTs3 T9odEgds 3¢sbgd)s
300085390 3539LEHOM0L fobsdg ooygbmb.

300530l 330gdol  80s3MHMBsMTMMOL  9Ju3ghBHms xamx3ol (IPCC — The Inter-
governmental Panel on Climate Change) s%M0» %96 300093 5OLYIMOL AW MOIWLIHO EOMNOMOOL
9096  259mfizgmewo 3dodg 999agdol 05306  530wgdol FsbLo,mvy  BoGeMmgdmwo  0gbgds
96962069 OLYdOL  MbTs®mgdol  sMLYdIMo  LobGHgdgdol IMOROEOMGOOL s BIBsE3WgdOL
©mbolidogdgdo.

339 99H0M9© F0dE0bsmgMdL 93MmMYOMGMO© LBMBRMmS LBoGHMIBL3MOGHM Lo gdgdols
090999953905 5 §o03Mgds.930MY09MH056930L 2023 ool Moy iygbowgdsms msbsbdo 2035
Posb  503Mdoegds  foomolgmer  Ls(ze3Bg  0md,dsgg  Lo@GEmobL3mMEHM L8 gdgdols
6930L6GHM305 S FgLodsToLE© [oMmTMgds3, o3 ™30l FBGOZ A5TMOf393L gargdBHemgbgMaools
dmnbm3zbowgdol 93390060 DMLY obobergds §gommgdbg dmdMdsgg 9w9dBHOMBIYMMIdOL
369943900l gob30056M9d0l 5930w GIMOL.

2.  do60:500 bsfiogro: ol BmEMgEgd@HMEo ImEwEgdo

3WMBSMEOO 3¢00853H0L (33¢00E900L BMBDY, goblivzMmMgdmo ymM@o®gdol J3gd dmgdise
39b65begdso  gbghaool  semdgmbohorero  fysteml — dbol  3sdmlbbozgdol,  BoJBHMdM0350
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930969600l 25dmygbgdols 30:mgdEgdol gobgzoms®mgds, HMmIgwroa gol YMIsMgmMdo GO -
9600 MOS0 3OOMOOGHIEH0S 930 3530060LM30L.dBOL  BMEMIWJGHOMo  LoYYMHJdOL
369JGHJool 2563000060905 1306039l ymzwolbs galabMMgds ©gsdofoll s@IMbggdmdo 9.§.
HB30V¥MMOL 2oBgdoL“ gdobools gdE0MmYdaLy s Tgbododolo 3¢0doGOL (33e0EgISLMD ©V393-
906 g0o 3OHMdGdgdol 395HY39G0. bods®m39ww™ad2014 gl sbmEzoMgdol bgwd3trvargdoo
500M  9360m353d06MH0L  9bgM@03mwo  396mbdgdmdol  Igbodg  3539G9b  356HTMboBgdOL

39QY¥gdS O 5300 LddoMmM3gem BsgMm™M 3e0TsBol (33w0gdol d9wgas© 3dmf3gmwo
36HMd9d900L dmyz569ds5dog [1, 2].

56O3 ®vg 0bgdmemge FoOlwerdo, IBob BMEHMIWYIEGOHMEo Loym®ol 39ds 9wgdgb@L,
BMGHMIgIGOMw Inel (PV Module — Photovoltaic Module) 355660005 @sdsero dstyo §dgwogdol
3M95303096¢0  (943-Efficiency), ®mdgwog Bo39009bm  89dmbggzedo o6  509ds¢gdm©s  15%-
b,LogmEbEol (3MTomdols) boba®mdwogmds (Lifetime)qsbolsBrggdmes 10-14 {erom.dsdobwgeo
399myg9bgdmmo  B9dbmemaogdoligedm  dolo  WOMmYOMEGdS3LIZIMP  ToMOEO  0Ym, (3
96009369 m3bs 59306090 M9bEHdGXMdSL, 53 J0BYboMRIMBEIdMEs Jugwmsb doghmgdmeo
9ds3Mo 3Bob BMEMIWYIGHOHM0o BoEyMIOOL 3OMYJEHIO0L 39B3000609ds.BMEHMYWJGHOMWO
9900 d0MHOMOIPIE PodM0Yygbgdms 93EGMbMIonE® Mg50080 dImddsgg Lomysbm (obpogo-
Q95 96) 3BOL 9EgdGHO™LOYMGGOT0.

3WMBSMO0 30003530l (33000 9dG0Mb 5393006093 Ts 5dMf39390ds 360d3bgEmzsb0

d0dyo  dobgs TBoL  FMEHMIWIJBHOME  FMmEYGdOL  FoMImgdol  BHggbmermaogdolidswswo
399390000 256300000935, 2016 b, $88-b 9bgeygBH030L LsdobolBH®ml (DEO-Department of

Energy)dbol 9bg6aoolb ¢9dbmemaogdol mgolds (SETO-Solar Energy Technologies Office) cosolobo
d0bsbo: 2030 Herobmzol 9od3omMmb  BMEMIgdGHOMEo  IBsPIMGdOL  gargdEemgbgdgools
5M5LBOLOOMYOMWO EMbOL VoMYdMgds (LCOE-levelized cost of electricity) 2020 {geroliorgols
56900 5 39630/33¢) bon-©s63 396¢8)/33¢%)-bor-0¢0Y.

oLvbmo doBbol dobomfgzs®, Mbs AoMIxMdILEgs PV dmwergdol Lolidgdgdol
93b6m803m6M0 858396900 gd0658gb0dg 3565d9BHM0L  dobg30m,03mEbwol  bsba®mdwwozmdols
3090 39MH0MPOLM3Z0L. JM0-gMHm J0o3500 35605393M0SPV dmol dobodsgr®mo 8y®mo©o
oo (MSP- minimum sustainable price), G0dol 99930609053,30M005,WFMI0WOIIN0S
§om3mgdolL 3H9dbmemyogdol sbgzghoby.

2019  farobomgol  dg@o© 293039 9do  BowoEodol  30mE03MHOLEAIWOHO S
9mbm3m0oLEHIOHOPV  9m©mgdol oMmgdegds d9oMgdom 0O 0Ym S 3950y9)bos
99Lodsdolo $0.25/W s $0.28/W, 30 993-900 033egdm@s dglodsdolo 13%-sb 17%-0g s
18%-sb 22,5%-08¢0g. 3Mdgamn350056 39ML39JGH035d0 (2030 Herobmgzol) dmbowrmbgywros dsmo
©0MOM9doL 89930M9ds $0.17/W-$0.18/W-8g [3].

396Lbb353905PV  dm@egdol 893-90d0  gob3oMMmdgdmos  Bm@m-9wgdgb@gool  dsloerols
Lofdobg by, Lobsc ol Lbogol 56933eol/IM6MJIOl MBsMBY, Bogse0m: FMbMIMOLE WMo
9ol BMEHMI9JBHOIO 49MdJdbgwo gurgdgbgdol bgsdo®ml sd3b Lobsmeols Lbogol
569330l 8900569000 65310900 3m9530:3096¢0, dolo BgEs306H0 d9s6gd0m 9990, 10mJdol Js30
RIOO0LSS. DMYPOI® 30 Y39 GH030L BMEMIYJBHMME0 dMmEYEol Edswo dg3-0b ghm-9MHmo
dobgHol oboss, H™I Fbol Lbogol gbgeyool gom3399wo bsfowo obsbxqds BmEMgwgdEHOmEo
9ol 3mbLEHOYJ300L QomdMdSBY.
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dBob BMAHMIWgdBHOHwo dmEEgdol Bgdmo dmyzsbowro d3-0l 3603369 Mdgd0 56 [od-
dmoqbl 00 BZsML, GMIgeoE dg0dergds 4o9BbEIl dmEwel. 35d0ba@™bol Mbogg®liodg@ol
bygzgos 96900930l 0bbEBoEMEGHOL (Clean Energy Insitute — University of Washington) dog® 2021
feools dofrHmendo go3039w9dMEo 0bxgMm®mBs300l Msbsbds 933¢9356M9dds dgdwgl Loeroowd-
39600m3L303H0L (395308 GoGobowdol mdlool dobgMswro CaTiOs— Perovskite) 9.¢. @sbwgdoom
399436500 dBoL BMEHMI9JAHOMO A9MsdJIbgeo 9eqdnbEol Lsggwo bodmdo, Mmdwol 943
29.1%-0L Gm0s s dmboermbgros dobo 99damdo BOHE., s3sLmsbsgg dmLserm@bgyeros, MHmAI
b 9wgdgbBHgdo  wMobmall  dmdsgzoedo  2oo0di393>  B39MwgdMozo  Loeroomdol
9mbm3m0oLEHOHO 3BOL BMEME9]BHOIo IMEIErgdol 0553056 se@gbs@ogsc.

2022 fewols 18 ds0ll 5d3-U 9696m93H030L LsdobolEMML gobobergdso 9bgeyool gehmzbomero
WsdMGMsGHMOoolb (NREL-National Renewable Energy Laboratory) 8096 g03039¢gdwyemo odbos
06835305 0dol dgbobgd, HmI 933193560983 d9ddbgl IBoL BMEHMYgdEHOWWO Fo0sdddbgwo
9999630  843-0b  Mg3mOmEo  3608369wmdom  39,5% gsdofioll s 34,2%  3mbdmbol
306Hmd9)ddo(https://www.nrel.gov/docs/fy220sti/82374.pdf).

D90 dmy39560¢0 dIo BOLYdO S TJ3-0b Forsero 3603369wWMdYdO sberm dmdogoedo
3930w gd0m d0db039wL 2obol 3BoL BmEHMIEgdBHOHMEo LoEEOIOOL 39OL3YJEH039L, BoaEsd
dbol BMGHMY9EHOHWWo InEwol FgsMgdom doswseo dJ3 x9M 3093 9O bodbsgl, GMI
d9L50500L5  20BMPYdS BMEHMIIJGHOMO LOYMOOL Qodmddogzgds. IFoMTMgdwgdo Ibols

RMEGHMICIIGHOMo  8mEgdol 9J3-b 2oblobw3Ms396  BHILUEGHMYOOL LBBIOGHWWO 3o6MMm-
0900bomgol (STC — Standard Test Conditions), ®m3wobmzol 256M93mb $H9d3gems@cs +25°C-ol

GM05, 89900920 BMOIMWOm:

Pmax25°
%) = -100
() = 5000w /m)

L3 Praxzse— 0ol 35gbodoermo  Loddwog®mgs dm3gdMEo  3060HMdIBOOLMZ0L, bmem
Sm— 0ol HgI30M0L BoOMOS.

GH9339M5GHIMOL  (33€00gds  go3wgbsl  sbgbl Mmool  ogdlodogr®  oddws30MY By,
d9LodsdoldE  BMmEMol  843-Bg,gm39wo  IGoMmBMIdIwo  s©AJbL  Moz0lo  3BMI300Lk,

LOAIWHZMOL  BHgI3gMOGHIO  3m9B0309DHL,OMIoMSE  ©RO0bYds dmEMEol  Loddwszey
6900L30gM0t° 3 9d396M s EMmOlm30L 9990 BMOIMWOm:

P(t°) = Ppax2se - (100% + sgn(25 —t°) - (25 — t°) - ky),

Mdgeros 430839693, H™I 3H93396M5GIM0L BOEOLOL Mol Loddwszkg 3EgdIEMBL, beagnm
AH99396M5GH«mHoL  d993060900LsL  ImErol bLoddsgzmg Fo@GMEIMdlL. FodowomoE: 3md3sbos AE
SOLAR-ob 8%ol gm@mgwgddHamwo dmneol AE550HM6L-72  g50m3s35¢wo  Loddgmsgy
AILAHOMYB0L LEHObIMEHIWO 30MMd7BOLMZ0L 550 3B)-0L BHME0s, LOTIWH3MOL FgddgesdwEIvEo
30953030960 560U 0.35%/°C, bergnm dobo godmdsgswo boddwsgmyg 3o 35°C:

P(35°C) =550 (100% — 10-0.35%) = 530 3¢
beem 5°C-Bg @™o 0dbgds:

P(5°C) = 550+ (100% + 20 - 0.35%) = 589 3¢
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0Y) 3530m35¢0oLfobgdm  dogdlodocMo Lozl go®mgdmlb  HH9d3gMoEIMHSBY ©OTM-
300090900l Bog@L, 35dob 30390 3M063030 oL BMEMIWJBHOMWOo LsEOHOL 93393
AMOHMOOL oBOTo dEYMIsMgMdL 0d5do, MMI 030 MbEs Pobmogligl s 3bgwr 3odo@®
bmbsdo, 96599 BMIogMo Mo 3e0dsde bmbsdo, Loss 35900l Lsdwmswm Faror®o
3993965165 9509300 b530gd00.

A9939605GHO0L oM, dBoL BMEHMIE9JBHOMEo dmEEol dd3 ©dMm30YdIMYwos ol
B9053060Dg (3990 bo3zgdol 37mbgHy InEWol HBgs3o@ol bmGmdswrolisdo, Mol dg@0s

9L 3Mby, Jom 6530gd0s 393, bsbsBBY 1 Im3gderos IBoL BmEHMgwgdGHmewo dmwyerol dd3-ob
53300090905 Job HBg30MHBY Lbogol s3Egdol 3Mmbgbg dmEobm3zol, GMmdwol dd3-ob
05Bm0 3609369 Mds GHmeros 21.3%.

22.5%

20.0%

17.5%

15.0%

12.5%

10.0%

7.5%

5.0%

2.5%

0.0% —
o 5 10 15 20 25 30 35 a0 as 50 55 €0 65 70 75 80 85 90 as

Bob. 1. gemEmgmgdGH®eyeo dmpvyeols 943-b ©sdm30wYdEdol 3Mox030
Lbogol sagdol 3mmbgby

O3mO3 65bsB0osb BBL, BmGHMgwgddHOwo dmEmwol 843 Bbogol dobo Bgwsdotols
B®3oeols 80dstn 90°-0560 3Mmboo ©o3gdoLsl MEGMEEgds 0-b, 5 MM dBol 30MHP30MO
1bo3gd0 3005 INEIOL HBYIIZ0MOL 35MHWIWMEMSE S 5O bgds Fomo Mol
BOOMILIIOOIo  ggdgbGob bgrsdoOby ©aggds. sLgo 8gdmbzgzedo BmGmywgdHO o
99996¢30b Bgs3065d@g 50H9g3L FbMME FBOL FoxgsbEo 258mbboggds, Mol Fysmml 6o
3bg, 905990 ©9sdofol 5GIMBGFIOHMS s MMIwol Jogh gowo@sbowo 9bgemyos 3Bol Lboggdol
9096 250539600 LEMEO 9ogMHRO0L 25%-1 56 50gdoEgds.

dmfdgbomo 3ol 30MHMdddo FBoL  oxBBGMEO  FsBMIb0O3xdOL  gbgMRos  Fo30wgdOM
653009005 ©OHI060 30L 30MHMBYOMB TgsMgdom. POl 3oMmPI30GMmO Lboggdol I39doL 3Mmby
1304LoMYGOMWO EBOOL 3MYPbom (LJoOMMNZIMBMZ0L FoMTMoIbl 3mOOBMBEHLsEIO 42°-1)
©53MbGO190 dBoL ImEol BgEsd3ot by obmhiyzg@wog o33wgds IHBol IdEMmsmdOLLL
50dMBO3gm0Esb  ologmgmolizgh s  dBolb  ImEIEol  gobmogligdol  dmigdmwo
©WM35:300Lm30LdqLoderm  BoduodmaAl  sfiggl  dbMmErMmE  ASBIBLY0/dgdmoamdols  dmbomdol
©©Yg030, Om3d IBg 009mBgds Bgbo@do(bsb.2-s, d).
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Bsb. 2. 3Bols mdM50dOL BHGHgIGHMMHOIO0 d9600mdOL s B3drbomdols mggddo
3. sls336s

10JLoMGRMwo  JMoboo  EIMBEYGOMEo  FBOL  BMEHMIIJAHOIo  FmEMEol
D9306BHg 3BOL 30MH30MO H039d0L OEJA0L 3MMBOL (330GdS sOLBYOO YogEgbsls sbgbls
B0GHMIIIGHOM@o LoEOOL [erowm® gs8mdmdsgqdsdg, vy 495300035¢0bfi0bgdm dmEweol
943-0b 3300 gdsly 3BOL YMm39EPOMO FMIMSMOOLLL SMIMBOZLINOEID ILEZWgMOL396 o
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H9939653HM5%9.3956L53MMMgdom  F60d36gemzsbos 98 BoJBH™MOGdOL  gom3zscoliiobgds
L5JoM39WMBM30L, HMAol 2dgEgb M90mbyddo ol 4s63s3wMmds0 Lodswm 220-©sb 280-
99 ©©g dB0sb0s, B3 3Molbdmdl (ool go6dsgarmdsdo dBol 650193512000 Losomosb 2500
Lo505dY [4].
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PROSPECTS FOR THE DEVELOPMENT OF SOLAR
PHOTOVOLTAIC PLANT PROJECTS
JokhadzePaata, BeridzeNika
Georgian Technical University
paata_j@yahoo.com, nika.beridze@gtu.ge
Summary

This article discusses the role of the development of Solar Photovoltaic Plant Projects in
actions to prevent the expected severe consequences associated with global climate change
(global warming). Plans for the development of technologies for the production of solar
photovoltaic modules, trends in the growth of their efficiency coefficients and factors causing a
change in its value, prospects for the development of projects of solar photovoltaic plants are

discussed.

(Received 24.03.2023)

ITEPCITEKTHUBEBI PA3BUTHA ITPOEKTOB COJIHEYHBIX
®OTODJIEKTPUYECKUX CTAHIIUH

Ixoxanzell., BepunzeH.
I'pysunckuii Texamdyeckuil YHUBepcUTET
paata_j@yahoo.com, nika.beridze@gtu.ge

Pestome

PaccmaTpuBaeTcs posb pasBUTHA IPOEKTOB COMHEYHBIX (POTODNIEKTPUYECKUX CTAHIMH B
DefCTBUAX IO IIPeJOTBPAIIEHUIO OXUZAEMBIX TOKEIBIX IOCIeACTBHH, CBA3AHHBIX C
rJ00albHBIM HM3MEHeHHeM KiauMmara (rjao0anpHbIM ToTerieHueM). OOCYXJAIOTCA IUIaHBI
Pa3BUTHA TeXHOJIOTUH IIpOM3BOACTBA COJTHETHBIX (bOTOBJIEKTpI/I‘IECKI/IX MO,ZI;YJIefI, TeHOEeHII NN
pocra ux koapdurnuentos nouesnoro gericreus (KII/) m daxTopsi, BbI3bIBaIONIME M3MEHEHUE

€TI0 BeJIMYUNHBI, IIEPCIIEKTUBBI PA3BUTUSA IIPOEKTOB COJTHETHBIX Q)OTOBJIGKTPI/I‘IQCKI/IX CTHHIIHfI.

(Mocmynuna 24.03.2023)
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(3005@0b (330930l b5dMSZ3OMBSNTMOOLM gJu3gOGHMS XFMB0) Mo30xX M6y Hoesung Lee.
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5mgbMdsd, s0bEHIMLYdOL Fgdmbgzg35d0, MMIJWOE YMm39LEPOMI© 0DBMEYds, FJodEgds
dospfoml ©53qbodg sLgml, sbgo dgdmbgzgzsdo 30 5GHIMLBIOMT0 LomMdMMHO FoBYdOL gdoLoos
339 96009369cm3gbs 90300 Yds. MFBGds 2505)9ggl FbMWME 9HMO JOMOMIO 3MIMDdYTS -
903600 3000MHM9w9dGHOMLIYMOOL 52900BsM30L LsFoMmm botxgdol dosdlodsermEs 99d30M9ds,
Gobo  Joofigzs3  LOgLYdOm  MYoEMEmOSs  EBIYIMYOOL  53BMTdEGHIMHO  FoM30L  LobEHYIgdol
50 MdM030 F503Mgdol 3563090930l 3Bo0o.

3. sli3gbs

B3WMBSMOO  EIMOMOOL  dmrm  dmbszgdgdo  bsmws  (sboygmaxl, ®MI  353MOIMOMdS
0L9059Mm§393900L  §0bsdg  50IMBbS, MHMIOL  A5oFY39AHOE  IMOMBMZL RO YIJ
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THE ROLE OF MICRO-HYDROELECTRIC PLANTS IN REDUCING THE

GROWTH RATES OF GLOBAL WARMING
Paata Jokhadze, Davit Gokadze

Georgian Technical University
paata_j@yahoo.com, gokadze.d@gtu.ge
Summary

Climate change is the biggest challenge of the 21st century. In recent years, worldwide, there has
been a significant increase in the melting and melting of icebergs, the melting of glaciers, which may
result in the rise of oceans and sea levels; The number of natural events has increased, such as:
earthquakes, storms and blizzards, floods, droughts, abnormally high temperature of the environment
and others. All of the above is related to the phenomenon of global warming. The main cause of global
warming is the use of fossil energy carriers in human practical activities, and as a result, the so-called
Emissions of "greenhouse gases" and, accordingly, the increase in their concentrations. Therefore, any
attempt to reduce the emission of greenhouse gases is very important, for which renewable energy
sources should be used as much as possible. In this writing, we discuss the problems of global warming

and the role of micro-hydroelectric plants in relation to climate change.

(Received 14.03.2023)

POJIb MUKPO-T'2C B CHUXXEHWHU TEMIIOB POCTA

I'IOBAJIBHOTI'O ITOTEILIEHUA

Ixoxanzell., l'okanze/l.
I'pysunckuii Texundyeckuil YHUBepCcUTeT
paata_j@yahoo.com, gokadze.d@gtu.ge
Pesiome

V3menenune xiuMaTa sBIAETCS caMoil Oosbinoil mpobiaemoit 21-ro Beka . B mociexHue rossl Bo
BCeM MUpe HAOIIOZAeTcs 3HAYUTETbHOE YCHIEHHe TagHUA aicOepros, TafgHHeE JETHHKOB, YTO MOXKET
IIPUBECTU K IIOBHIIIEHUIO YPOBHA OKEaHOB M MOpeH. YBeINYIIOCh KOJIWYECTBO IIPUPOJSHBIX ABIEHUI,
TAKWUX KaK: 3eMJIeTpPICEeHUs, Oypu M MeTesld, HaBOJHEHMs, 3aCyXW, aHOMAJIbHO BBICOKAs TeMIIepaTypa
OKpy’Kalollleli Cpemsl U JApyTue. Bce BhIlelepednciIeHHOe CBSA3aHO C ABJI€HHEM TIJI00aJIbHOTO
norerieHusa. OCHOBHON IPHYMHON IJTOOAJIBHOTO ITOTEIJIEHUA ABJAETCA HCIIOIb30BaHME MCKOIIAeMBIX
SHEPrOHOCHUTEJIEeH B IIPAaKTUUECKOH JeATeTPHOCTH YeI0BeKa U, KaK CJIe/ICTBHE, TaK Ha3bIBa€MOE BBIOPOCEHI
«IIApHUKOBBIX Ta30B» M, COOTBETCTBEHHO, yBeJHdYeHUe UX KOHIeHTpamuu. [losTtomy sobas moOIbITKA
YMEHBUIUTH BBIOPOC ITAPHUKOBBIX Ia30B OYEHb BAKHA, JJII Y€TO CjIefyeT MaKCHUMaJTbHO HCIIOJIB30BaTh
BO30OHOBJIAEMBIe HCTOYHMKM SHeprum.B 3Toif cratbe oO6Cyxpaiorca mpo6GieMsl TII06aJIbHOTO

ToTeIUIeHusA U posb MUKpo-I"DC B CBsI3U ¢ U3MeHeHeM KIMMarTa.
(Mocmynuna 14.03.2023)
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53¢»bm3o® MHgg0ddo Imd«dsgg dozMm3gligdols
ds®ogz0l 3G0b303gd0

Q53000 3Mdgodg
LodoMm39wmb ¢9gdbozmemo mboggMbo@gdo
gokadze.d@gtu.ge

M9bomdy

396boEMw0s 93@GMbMIon® Mgg0ddo Imddsgg d03MH™M3qLoL 39dbmemaom®o 3GMdE9dgdo
@5 8500  250050939G0L  9839JAHMOO0  Fsem30L  36M063039%0. 100 30rM35@®Y  sYHTMWO
LoddOzMOL dJmbg, dEObsMOL 396906003 FMPObgdsBg IMIdszg, F03zMM™3glgdl Lods@mzgwrmls
300MHMMYLMOHLGOOL O 530B9dST0 o5BRB0s I60T36gEM3560 MHMEro. 0gmEolibdgds 0d I30609
bsxol dJmbg 90bstrggdols HglvELgdol sm30Lgds, MMIdHBg©si dobo, oMy s Lodswwm
LoddozMOl 39Lgdol MPYmdss Fgwdergdgwro. boJoMM39wMmTdo FMOZWOIs 0L MYy0Mmbgdo,
Loog 80360Mm3gLgdol Imbofymds sMBYOMBL Lsmsbsm 2gMEWMaO0MMHo s 30EOHMEMYOWOO
306Md900. oo 4903399 bsfoerdo 30 96 sOBYOMBL Jugemsb JogHmgdol glodegdarmdgdo,
393505 500D MHJ0Mmbgdd0, HMAMMOES MIgmo s bgglvMgmo, sbgom dgdmbgnzgddo
dbMwMmE 93@MbMIomE Mg0ddo dmdMdszg 39Lgdol 539005 glodegdgeo. JOMOMIEO 3GIMIYTs,
O0Igeoi s390bgdL 93BHMbMI0O 950000 dmddsgzg 303MM3glgdol 3MMmdEgdol ob30msMgdSL,
daMdsMgmdL  d306M5P0MYdNM, bmMo [o®mdmgdol,  JoMm30L  53EHMISGHO  LolbEgdgdol
56LJOMB50. FoMO Q9FMMZ5-3583900L, BodsMbGHOM M) F9dymdo 39Mm0Mm©OL dmALobMHgdoL
153w9FomgdO 5353806M9d0s AFoMTMGdJO 3MB35600L 139305 0OLEHYIOL FodMAsbgdslMb /96
30gmd®0@sb 2odmliamo bsfowgdol MEbmgmosb 3sdmfgemslomsb. gl dmombmgl 360d3bgarmgsb
©3BoboMRGIL, OMamOE BobsbLMEMO, 939 OOHMOMO MZoWLIBOOLOm. 5796 FodmBEObscY,
39@d 9609369035605 sigmo GHodolb 39U9d0Lm30L 890ddbsl 5RO MdM030 FoMmdmgdol dsmrm30L
LoLEBYTY00, MO3 PTMMOEbIZL BYIMOboTbYe 3B0TZ369M356 IBIbsMRIBL.

1553356dm LoBY3900: J03OM3glo. FoOM30L LoLEBgds. 93@MbMToMMo Mgg0do.
1. dgbsgsemo

bLemReol 39M@Hbgmdol 3GmEdiool Fomdmgdgwo 930609 BIMIGPOL s Lfo®dmgdol
396300006905 393Hows© ©sdM30EIOME05 o0 Bogd0sbMdOL M19BEdgMdsDY, BMIgEoE Mo30L
dbcmog  360d3bgermgbsss  ©IM30EYdo  Fsmo  bdgdosbmdOLIMZOL  9MEOWgdgWO
9696300 BOHMb3gymRol  RolBY,  OGMIGBIIE  GHoM0RIV0  [rrosb-Hursdg  0BMmgds.
©E90LIMZ0L 339 9OLYdIMBL 53 TbMOZ 2ofgMo boMxgdol 9306930l  TGLodwgdEMdJdO
90360m391900L 360M9d3H9O0L 39630056900L Lobgedfoxzm 3MMAMSTOL Lobom, MMl Msbsbdoass
L5305m©  39F9MEH039dos  803MOM3gLgdol  Fd9b9dEMdIBg  6gdeMM3g00L  5gdol  {gbgdo,
d9L50530LsE  F30MEYds FomO 93900l bodxdoE s bgwdobsfizomdo bgds Fomo  s900l
ALvM39005m30b.

89995m00L  3M0b3030L dobg3z00m 29650PRY396 F030M3glgdol ME BooMLobgmdsl: Jugumsb
39M5@qmE  M9g70ddo  9mdMdsgzg 8030M3gLgdo s  JugEolsh  0BmmoMgd  Mgg0ddo
(53¢™bMmIo® Hgs0ddo) 8mdmdszg 80360M3919d0. JugEwmsb 3sMogEMH Gg0dd0 dmdwdszg 3gbol
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dommM35 99005090000 JoMEH0305 s JobO 93905 93bMT0ZMMI® MFOM bagliogMgeos, Boa®ed MY
39000b3939080  533HMbMToME Mgg0ddo ImIMdogzg 39UGOOL 52905  AIMWIIZIW0S, TIYILOMS©
039 do s bgzbMgmdo, LosE 9E9dEHOMYssd39d0 bsBGdOL Jugaro JofzmBgEros s Ldss
3963000060900y dgbzomgmds; Abbgowxgbs  Logmberol g9MTgdo;  yzgwolbs o
bmO(33000993H900L Homdmgds s 39MHdm LobEIMMgdo 93tm-GHvOH0BIoLmZ0L.

Jugwmsb 3sMowgdo dmdmdsgg 39L0L 3R BHJOOL FoMmM30LOL dsd30l LoooLs s
LObLJOMOL  OYYMESBHMOOL  LoFOMMYds 5O  SOBYOMBL, 306506 00 296y  JugEMb M0l
»P5300900” s d0g4390s ol 3o65dgBHMYOL - dsd30L LooEILL s LobdoMmgl. 3 9dmbgzgzsdo
oMHM30L5 s 5330l LOLEBHYTs 58MHIgdL TbME MO SMYRSGHOL 3ds 356539 BHEMYOL, dgdobozm®o
Bofoargdols 3gd396me@esl, dsd30Ls s 9hgdol bmdobsgrme 960d369wMmdgdL s bbgs.

39056090000 OGMME0s 93G™MbMIon® Mg700d0 dmddogg 3gLgdol s3M9YIGOL FoMrmM3s, 0
d900bg935d0 FoMrm30Ls s o330l LoLBYds yzgws Lbgs 630900l Tglermergdols ot
399990089000 5MJAMX0MGOL 53MGA0BHOL godmdsg5¢0 dsd30L LoOEIL s LobJoMgls 0bsMhMBYdL
6o 9500 L9390 BoMRW9dT0, JgLsdsToLOE SLgmo LOLEBYIOL RO TJOIMYIOO ToMOOs
LogMA6MOIE HBOEOL 93EMbMI0ME Mg0dd0 Imd)dsgg Jozcmm 3gLOL 53900L VOMGOIEGOSL.

2. do60m5EO bsfjogro

O3  3030Mm39gLoL 596925300 (BHIMHd0BI-3gbgMOBHMMOL  gOHPOMIWOMDds)  FFomdl
96963mLoLE 0B 0BMEWoMgdIM M950330, 3530b GZ0MMZ0L LoAdEszMOL #sbwfyzgEroz0
@S 905 3MMABMBoMIOMWO (330030l 25dm, ImMLsErMmEbgeos dsd30L  sI3WOFGHEOL
LObJOMOL  (3350905©Mds. YY) GYIMBd0bsTo godsgoo figerol 3m@EGgbioswo, 02039 GHvMdObOL
9080bs69g 39996030 LodAEs3MY, 509d53H9ds OGZOMMZ0L LoAIEs3MYL, d5F0b A969GMsEHMMO
OOGHMO0L dOMbms MHogbgzo o@GEmdlL, Fgbodsdobs 0DBMHEYds ol odmboligegw g dsdz0lL
LobdoMmg S SF3XOGIS, MMEILSE IGHZ0MOMZ0L LoTdWs3MY 50gdo@gds GHvIMdOBoL dodobsty
9949603996 LoddEsgmgl, 35806 g9gbgMoGMEmo dMbGHWYFgds, dJobo OHMEMMOL d3Mwboms Moibgzo
3W90M@mdl,  FgLodsdobo  g9bgMsGMOmOL  2odmliogswdg  dsd3z0l LobdoMg s 33O

3LIONLBV.
93¢™bmdom® Mg0dd0 dmdMdsgg dozMm3glol dsem3z0l LoliEgdol bLodzoMg AsdmfzgwEos

©A300mM30L 3300w gdom  2odmfi3go  LobdoMmol 330w dsby  LHGmSxZo  Bgoy0Mgdol
3EOWIOXMB0m, HOLM30LSE GHVIMB0BOL F0FT>OMIIWO 535M5GOL (BH@MO0Bsdo flyarol botrxols -
L0dAE 3L MHJAM0MYOOL  TMFYMBOEMBS) FoMMNZ0LM30L  FYBHIUE  290Mm0yYgbgds dz0MSE
00600 300M93¢039M0  $3dM3900, MMIWYdOE 033999006, 91g3g d306M0© VOMYdINO,
95050 {6930l B9g0©58F0MbE530 b YIM0E6. LOAZ0MOL oIS FsMHMZ0L SgmMOo LobEHYIgdOL
MOMYMRom dbosmgl HoMmBmoygbl dsmo dmalabvIMgdols LoMmIErg s LOAZ306M]. AOEOLIO00 0SB0
X©JOs FoOM30L  LoLBHITs JergdBHOIo  53dMO39d0L  2odMmYgbgdom, Bopa®oed o3 Tgdmbgzgzsdo
LobJoMOL (33¢0Ed5DY LOLEBHIIOL MJoZO0MYIOL OM Q5300000 B0, MOL BME MMYMEOJ

Lobdo6y, s1939 2995350 dsd30L STSWOGIES OG3OS JI(30LJI0M OE BMYYOT0, M3
53MLOLYIMZge  dm3Egbsll  [oMmBmogbl. dgddbowo  LodvsEoosb  ghm-gMm  sdmbogswls

§o63m509bL EBZ0MHMZ0L 356M5EI IO J0IONYOMEO BSELEHVIN0 IBZ0MOMZ0L Fodmygbgds.
BoILEBHMOO IBHZ30MmM30L JoMMZ30L LoLEBYIOL IBOTBMEIGdsS OGZOMMZOL (33X 0gdOl

300396L0Mgds, M3 60dbs3L BMIBAMGOOL sBHZ0MM30L T9d0MgdOLSL Fglsdsdolio Loddwsg®mols
53539000 doLEMMH0 ©IGHZ0MMZ0L BsMM35L s FMIBAsMYdIOL GHZOMMZ0L BoM30LLL
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d9L50530L0 LOAAEISZMOL B SLEHWIMO IBHI0MMZ0L oTMMMZL, HoMsE bMMEF0YIIYdS BHMOdOBOL
90006569 394960316 LOTISZMGBS S WIBHZOMMZIL FMEMOL B¢bLOL F9bstBMbgds F565d, Lobsd
9000b56MHgmdl  J08FsMHM390  535M5EH0L  LsdMowgdom  GHwMdobol  dodobstg  d9dobozme
LOAIOZMOL bgero MYAOMGds. FoMMZ0L SBYMO 3MOBE030 MDBOHMB3gEYgmaL 49bgMSEMEMOl
39903535000 d5030L LOBAOMOLS S HF3EOEIOL (330 dSL »db03bgEM Fotrgegddo.

BoILEGHNIO IBHZ0M™3500 250535¢0 byFMom ©Y6OL FoMmMZoLMZ0L bAdoGMs© 2sdm0ygbgdgb
39603 033l B E0sL. S9go0 3MH0BE030L godmygbgdolisl, dowswro 0d3MwlvMmo 9bgdol
3990, 2969M5G™OOL godmdogoero dsd30L FmEmTs Jobobxgds, dsbdo 360d3bgwmzbs 0bBM©Yds
95050 GOYOL 3503Mb03900L Hmbomo 30m95303096@gd0, M3 0530 FBOOZ 5MBELYIMZg JmzEgbsls
0oM0mopabl, 306506 53 O™  ggbgMOGHMOOL  GMAMmEME  Foagbo@m-go9@sMgdol  slg3g
369260 gdol MgMHIMWo (9500900 0MH3935, 0DBOEIdS IBs35MRJO0, 5Tl QoM WYIMIYMBOMSO
9mddggdl dmdbdsMgdeol olbgmo M95d@omwo bslosmol dJmby OGZ0OMZDY, MHMYMOOES
3535W0mH 653900, 3033093 9MJO0L 33900l dE™M3gd0 s BHZs. 35MHIMB03900L gohgbols Ms300sb
530900l d0Bbom, 93BHMbMI0NG Mgz0ddo Imddsgzg dozmm3glbol 2969GMs@EHMMmol 45dmds35¢0
dod30L  LObJoMmOl MYAMOMYdS, LobIMHzgos FoBBMME0gWw L Boffoermd®og doddsemngzgwo
335M5@0Ls  (bgeo HIYME0MHgds) @S boffomd®mog MobgoMmgdo dsEslEGHNIM0 ©IGHI0MMZOL
30093530930L oMmMZ0L BodwYsed0 (LHGSGO MYYMPOMYdS).

990mm635H90e  99000b393500 536935306 F09M09dM0  dBoLGHWOO  IGZOMHMZOL
LOAIOZMOL FoMM3s bMME0YEEIds 2-0b boMolbgdols dobgz00 Mbg0MIdMWO BoEsbGMMO
©53300m30L  5BHoemo  [jobswmdgdol  dwmzgdol  MfyzgBo  3mIMGHs309d0m  F9ablgM-
35M5WYMo©  30gOHMIOMWo  HoMOLGHMOMEO  8MmEEIdol L3S gdom.  sMm30Lm30L
39900996905 8 9bGm0Oys MOHMBOMO 3MO, 5Jgsb A5dMIEObIMY, gmzgur BsBsBY doEsliBYdoL
56750609090 ©GH300™M30L (5dGH0MM0 [H0650Mmdgd0L) dem3IJOoL Mom©abmds 0dbgds 8, bmeom
BodlB90BY 29869990 LoddEsgzMmOL LEGFIHHIMGIOL MoMEIbMds 0gbgds 28=256, Moz bodbs3L T

Lobdo®ol  dgologmo  MYME0MYds  ABbMEMEF0g DS ﬁ- 100 = 0,39%-0 LOBNLGHOM, b

dogdubodma 0,2 33 LOBNLBEO®, MOE 93EGHMBMT0IM Mg750ddo IMBwdszg 3gLoLom30L Lo3domE To®owo
956396909 05. LObJoMmOL MYAIP0MYds begds 200 Jogrofsdosbo ™ol olizmg@oom (bsb. 1).
290Gl 3-035Ts dodzs

déengob Y
8 doghosbo oo
—

Bagnaligdob xéorgob Gomobtntrxmo bobdds

3XIXR | 3X2XR | 3X4XR | 3X8XR | 3XI6XR | 3X32XR | 3X64XR | 3X128XR

BoEligndol ogm Bmbdamndeeo Bsjbodser o boddemantn abaGsdmtol boddgsgmob 1209
Bab. 1. doemaliGwyMo sGz30mm30l liggds

9008356003900 335M5G0L JoMrM30L LoLEBYAOL FMTomdOL SEIHMOOMT0 M HBEOWE39EYmaL, HMA
BoILEBHMOO  IBHZ0MM30L 2903390 bsfowo, 390Mdm@ 30 ImIBTsMYdIWOL  Q5BMIoEo
LoddogMol 20%, oyml mdo35 RosMmo, 699 2sdmBMdozgdo  Loddwogcg oyml
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dmmnbmgzbowbg dgBo. gb 60dbsgl, MmI dmIbTsMdol LOIIszMOL ASBOEOLLL Fgdz0Mgdls
©50(g4g0L d5eLGHO OGZ0MMZDY 25869790 ooz s F0TTMMZIEO 535MdBHOL 5IIMISFO
Lobdomol MY gd5d0 IMbIFOEGMBL 56 VIOIMEPMBL, Ol FobgMgdw0s. MMEILSE PG
BodBYOBY 298690 LoddEszmg I30MYdS FMbIsMgdol gobmdowo Loddgrsgz®mol 5%-09,
90085603900 535M5G0  FoBOOL  GHMdOboL  F9gdobozme  Loddwsgzmgl s 0bgz  FIBOOL
BoILEBHNO IGHZ0MOMNZoL IMbM3bowro Loddesgmols 20%-3qy.

GH9LSE IMIBTMOEOL OBHZ0MM35 0fygdl 99E30MgdL, FoMmdo 9bgMA00L 2odbgzsL Mog0l
053%9 0090l dsLGHWOO IGHI0MMIS, 500 F0FTSMMIIE0 535M3GHOL  53MmJIYgdIOL 2509T9
BomBMb9ds 4969M9EBHMMOL A5dMmTsz35eo dsd30L LoboMy. MMEYLSE dIWIBEHWIO IBHI0MMZSDY
3906gmo  BoAAEEEZMY  FOWISFoMDGOL  FMIBAsMYdOL  BMbIsMgdo  LoddwsgzMol  35%-b
900056039000 5356530 0fggdl GHMHI0bST0 2505350 fgwol 653500l b+ GHm@dobols dgdsbozmdo
LOAdOzMOL FgI30MgdL Fobsd, Lobsd BSEILGHMO OGHZ0MOMZsDY o0bgMEo LoddEs3zMYy 56
3993060905  dmIbToMmgdols ImbIsmgdeo  boddwsgzmol 20%-0g. 99M0Ps©  F0TsOMZIEO
3356M5BH0  LObBAoMOL  MYAMoMYdOL  3OMMEgbdo  FMbsfoErgmdl  LoAdELgMOL  A9M3IZGMEO
30LGHM9BOLOM, OO0 LObToMY MY OMPYdS BoLEBHWIOO IBZOMMZ0L 300TMES30gdOL
bodxbg, M3  MNBOMB3gymRl  dgdsbozm®o  Boffoerols  Jobodoer®  ©oGH30M™M3LL,  dobo
99b395@S300L  Fg0egz50056 M970dL s 860dzbgermgbo  ©330MgdL dgdsbozmMo  bsfowgdols
30YymdM0@IH godmlizeols SErdIMB.

3. 533365

93¢™bmdom®  Mgg0ddo 8mdMdsgg 903MM3glgdol Fomm3zol  Fgdmmegz5HgdMwo  LobEgds
39GOWIOOM 0580 XIS M3bMEO0 Ho®mdmgdol doOmm30L LobEH)IgOmMsb TgEsMgdom, FoMEs SToLs
dobo sEYd0mMO FbsMgs d9aLEMME9d9E0 IM{iymdomdgdol 894sbozmMmo bofforgdols Jobodserydo
©SAH300M3d, M3 3600369m3zbo 99300908  Fomo  AHYMIMOIE  FoBMLZOL  SEBSNMBSU,
3996039600 dmBLobmMgOoL LboFoMMYdsL S FLsdsdoLO®, BOgJB3WYYSEOEOM IBIbIMRGIL. 5939
Mbs 500b60dbmL ol Bod@oE, MM 93BHMbMmIoME Mgg0dd0 dmdMdsgzg dozmm3glbol dsGngzol
50bodbmmwo 300630390000  A98moMoibgds  39L0L  S3MIRIBJOIOL  A5gobgds  BMBbAsMgdOL
©AZ0MM30L 535000 gom0d30L F9dmbgzgzgddo, o3 53 LobGgdol gOHm-gMm Mdmsgzdglo
590000 dbsMYo.

@odgMs@y@s — References — Jlureparypa:

1. Guide on How to Develop a Small Hydropower Plant. European Small Hydropower Association
— ESHA, 2004, 286 p.

2. Celso Penche. Layman’s Handbook on how to develop a Small Hydro Site (Second Edition).
European Small Hydropower Association — ESHA, Commission of the Furopean Communities —
Directorate-General for Energy (DG XVII), 1998, 266 p.

3. Resolution of the National Energy and Water Supply. (2014). Regulatory Commission of Georgia
No. 10 April 17, 2014 Thbilisi on approval of "Network Rules". Thbilisi (in Georgian)

4. Hofmann M. Microcontrollers for beginners. Translation from German. St. Petersburg: BHV-
Petersburg, 2010 — 304 pages: with illustrations (in Russian) (in Russian)

5. G. Gromov. Graphical software development environment for microcontrollers with AVR

architecture “Algorithm Builder”. User guide. (in English)
(b&>B05 Anmr0MmaNns 20.03.2023)
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PRINCIPLES OF MANAGEMENT FOR AUTONOMOUS

MICRO HYDRO-POWER PLANTS
Davit Gokadze
Georgian Technical University

gokadze.d@gtu.ge

Summary

The technological problems of micro-power plants operating in autonomous mode and the effective
control principles of their solution are discussed. Micro hydro-power stations with installed capacity of
up to 100 kilowatts, working on the natural flow of the river, play an important role in the full utilization
of Georgia's hydro resources. It is meant to utilize the resources of those low-cost rivers, on which it is
impossible to arrange mini, small and medium capacity hydroelectric power stations. There are many
regions in Georgia where there are appropriate geological and hydrological conditions for the construction
of micro-hydroelectric power plants, but in some of them there are no opportunities to connect to the
grid, for example, in mountainous regions such as Tusheti and Khevsureti, in such cases it is possible to
build only autonomous hydroelectric power plants. The main problem, which hinders the development
of autonomous micro hydro-power plants projects, lies in expensive, foreign-made, automatic
management systems. Their commissioning, warranty or subsequent service works are related to the
calling of the specialists of the manufacturing company and/or ordering the out-of-order parts from
abroad, which requires significant costs from both a financial and time point of view. Therefore, it is very
important to create local production management systems for such type of hydro power plants, which
excludes the significant costs mentioned above.

(Received 20.03.2023)
[IPMHITUIIB YIIPABJIEHWS MUKPO — I'SC, PABOTAIOIIVIMU
B ABTOHOMHOM PEXXMME
Il'okagze /.

I'pysunckuii Texumdyeckuil YHUBepCcUTeT

gokadze.d @gtu.ge
Pesome

O6cy>xaroTcs TeXHOJIOTMYeCKye IPoGIeMbl MUKPO 3IeKTPOCTAHIINE, pabOTaIONX B aBTOHOMHOM
pexxuMe, M UX PpelleHWs NIpUHOHNAMU 5(GeKTUBHOTO yIpaBiaeHusA. MHKpPO 3JIeKTPOCTAaHIHMH C
ycTaHOBJIeHHOH MomHocThi0 o 100 KmmoBarT, paboraromye Ha eCTECTBEHHOM TeYeHUU PEKH, UIParoT
Ba)KHYIO POJIb B IIOJIHOM HCIIOJIB30BaHUY ruzpopecypcoB I'pysun. OH nmpesHasHaYeH A1 UCIIOIb30BAaHUS
PecypcoB Tex MajJo3aTPaTHBIX PeK, Ha KOTOPBIX HEBO3MOXKHO PasMeCTHTh MHHU-, MaJIOH H CpefHeH
momuocty I'DC. B I'py3um ectp MHOrO peruoHOB, IJle €CThb IIOAXOJANIVE TeOJOTHYecKHe U
THAPOJIOTUYECKUe YCIOBUSA IJIS CTPOUTENbCTBA MUKPO-I'DC, HO B HEKOTOPHIX M3 HUX HET BO3MOXKHOCTH
TIOAKIIIOUeHN K CeTH, HallpuMep, B TOPHBIX paiioHax, Takux Kak TymeTu u XeBcypeTH. B Takux ciaydaax
MOXXHO CTPOUTH TONbKO aBToHOMHBIe 'DC. OCcHOBHasA mpobeMa, CaepXKuBaiouas pa3paboTKy IIPOEKTOB
ABTOHOMHBIX MUKPO 3JIEKTPOCTAaHIMH, 3aKII0YaeTCs B JOPOTOCTOAIINX CHCTEMAaX aBTOMAaTHYECKOIO
yIIpaBJIeHHSA MHOCTPAaHHOTO IIPOU3BOJCTBA. VX BBOZ, B SKCILTyaTal[uio, TAPAaHTHITHOE WIH IIOC/IeyIolee
cepBUCHOe OOCTy>KMBaHME CBA3aHO C BBI30BOM CIIELIMAINCTOB KOMIIAHUK-IIPOU3BOAUTEINA U/ MU 3aKa30M
HEHCITPaBHBIX JleTalell M3-3a TPAHUIIBI, YTO TpeOyeT 3HAUMTENbHBIX 3aTPaT KakK C (PMHAHCOBOH, TaK U C
BpeMeHHOI TOYKM 3peHusd. [losToMy O4YeHbP BaKHO CO37AaBaTh JIOKAJIBHBIE CHUCTEMBI YIIPAaBIeHU
TIPOU3BOACTBOM 1A Takoro tuna ['DC, 4To NCKIIoYaeT yIIOMAHYTHIE BBILIE 3HAYNUTEIbHbIE 3aTPATHI.

(Mocmynuna 20.03.2023)
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. d
qu = Rslqs + Elpqs + wsrlpqs
, d
Ugs = Rgigs + alpds + wsrll)qs

. d
Uqr = erqr + Eq,qr + (s — W) WPar 1)

. d
Ugr = Ry igy + qudr + (wg — wm)wqr
Field Oriented Control (FOC) bs3gwg 8560:3030L0030d0M0mMs@O F900MEOS 2Mogdbols 3me-
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P bl A1 1B
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9
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06630l LoLYMg3g, OO/ o 3000
Jbgerol Lobdoty ,303 50-60
cos @ 0,88
Lofigolo 45993900 53dM530 dGb30m0 IMIY6EHOL X gMoEMds BMmBoboemsb 1,9
906005060 8m3gbEol xgMomds brmdobowomsb 1,3
05JLb0Toc®O IMIgbEHOL X JMoEMdS F0b0ToOmML 2,5
0bgH 0ol mdgbBo()) , 3a/0 0,085
BoMOMdoMO dobo , 33/333) 9,5
LEIGHMOOL 59B0MO BoBOL Fobowmmds R, Oy 0,455
OEGHMO0L dmyzs600 5§BH0MGO HobswmdsRg, Oy 0,413
LEBIGHMOOLS s MMEHMOOL 25683960 MdOL 0bvyJEoHMdS 0,0048
2100096000060 JGH0IO™ds L, 0,698
396G 0wsGMmmol osdg@®o, 4 0,6
8985 BoGNMdO , 8 12,1
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DEVELOPMENT OF NEURAL NETWORK ALGORITHMS IN MINING AND GEOLOGY

Valida Sesadze, Gela Chikadze
Georgian Technical University
v_sesadze@gtu.ge; gelachikadzel @gtu.ge

Summary

His article discusses the adaptive Pi regulator based on the basic function of a neural
network (RBF) and it is used to control the velocity of a vector directional asynchronous motor.
The structure of the control circuit consists of the RBF identifier of the standard Pi controller.
The RBF Identifier is used to identify the Jacobian meaning of the asynchronous motor online.
The "online" change of neural network parameters is performed by the gradient access method
without prior training. Pi controller training is performed by using the "online" identification
RBF model. It is advisable to test this controller under different conditions to finally make sure
the reliability of the management technology we offer. Research has shown that the proposed
controller provides good steadiness and stability of the steering system compared to what a
conventional Pi controller provides.
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IPsec VPN dlsgamols «lsgz®obmgdols g@goligdo,
36530095305 MMMd5,d08M5(305¢05d0L0 5¢aMMH00TGd0L s65¢0BO

dobgo smBRsdz0wo

Lodommzgemli@gdbolzmmombogg®dlodgdo
misha8003123@gmail.com

69bomdg

3obbomwos IPsec VPN Jugarobobog@mbmgdol g®30l900, 30mb83009b30smvitHmds @
Fogms309, dogmszool 5EMM0003900.MgoLsM30L 565306550053 0030LY b,
6dIobobBMOT>305LdMOMEGHIMJIJ0LHZILBZsEHI6030LLETMsgd0MbYT0R0Y OB IQSTMO
49690L30d0BbgdOLIZ0L.
53L5ROMNHOLYS6M 5301 LOFSZ9VBOFOMMOIZODBOBMMYS (393410 8MbO3E99OOBOI(3MEIMBSDY,
9obm3z0L537LgET0dMbs3gdgd0LYS3EITOLMZ0LYTM0Y96gdbZILBIIEMO3OHMEHMIM
@g00.VPN dJugaml 543l 5330l bbgoslbgs d9dobo®Bdol dbsesFgds s bewbzgarymals
MBoBOMbMYdOL »doegl MBYL. sdobm3z0L 0ggbgdls JogMmo300Ls S SMIbEHOB0ZSE00L MHmwEn
3OMGHMIMWIRL,  OMImIdog  MNHBOMB3gEymRl  dmbsggdms @33l 9MbbIE0MgdMwo
$3c0Mmdobogsb.

1553356dm LoBygzgdo:IPsec VPN Jugero. Mlsn@ombmgdols bydzolndo. 3mbx30w09b30swmm®mds.
FogM5300l 5EMO0TY00.50096G05035(30.3003BMYMORB0S.

1. 8glsgsemo

IPsec VPN dJugwo mB6O639ymal dslid@odomgdve s dmdboer 303806L. IPsec VPN-U
©sb3s69gd0m 063300 3gMdm  JUgEoEsb Loxs®m Jugwdo gosYEJ0s OGN Mgx0ddo.
9mbs390ms 3mbR0IbE05WIMHMOOL I330L YYBOHMBIgELIYMABO® BHEMmBOI0 0F0TMYDS.

IPsec — 560l IETF L3obod@Ho, Gmdgmwon goblobmgmogl VPN Jugwol 30bgoqwm®mssools
3900m©b s3I M9:70dd0 IP 3OMmEHM3Mmol sbTsMgdom.

IPsec 005 L3obod@Hgdol LEGHOMMIGIOMS, OMIgEoE gobloBraMogl Halgdl MmMABOBsEooL
JB9eo 3538060l MLIROMBMYOOLMZ0L.IPsec 3GIMEGHMIMWO sG55 835300000 MMIGE0d]
30636093 Goxgms300L s 99m9bEH08035300L 3900MYIMB, MLOFOHNHMIOOL seramMH0mIgdol
96 2oLOMgdgdolL 2533wl 39dbmmMy0gdmsb. 35380608 MLOIBOHPBMYdOL YBOHYB3gWwLsYMBI©
[Psec 36MmGH™MIMdo 580m09gbgds sOLgdMo  seam®omdgdo. [Psec mBEOWY639ymxals sbowo
bs6HoLb0BO 5EAMO00Tgd0L F9gdbsl, HMIgEms s3MT3900BsM30L LoFoMm 56 yobgds IPsec-ols
5MLgdO BEBIBIMEHJIOL 3MgdBH0Mgds [1].

2. doomsobsfoeo

IPsec 53mbJzombo®gdl Juger mbgbg o MBOHMB3gergmxl IP 35393900l (33585 @
3Mm96G0x03530L  MOmoghmddgo IPsec  Imfiymdoemdqdl  dmeob.IPsec  «bOHbB3grgmggls

oMM Eob ©o335L Y300 30330BH9MYOL, FYz0w FoMTOIEHODIGHMMIIL s S1939 3T30BHIOLS
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@5 35MHIOMBHO0DGHMOL JmEOL. gl LS gdL 0deg3s, MM [Psec-05 H0339L 3M5gdBH0IMWS©
6900L309M0 BHMSGR03I0 S WSEZ0L MYOEP0BHF0S FMIbEOBML 4-sb 7-mbgdoy.

IPsec  36MHMGM3M0ol  g39es  G9oobHs30sdo  godmoygbgds @omdonMsgo 99-3 ©mbol
053b5(0, JgLsdsdolsE F>MIOWEHOBF0LMD 35380609300 SCIBI0MO 3BIMBYTs 56 04dbgDdo.
IPsec g3mbdzombotgdly 6gdoldogMo d9-2 mbol 3Om@Em3meol: Ethernet, ATM, Frame Relay %gco
Mbgyby.

e [Psec — 5M0b 005 BEG6IMEHJOOL LEAOMIEHIMS, 5EWAMOHOMNTYOOLYSD MM 30YdgO;

e [Psec b6 Mb3gymxl dmbsggdoms 3mbn0wgbE0s)MH™Mdsl s JmEr0sbmdsl, 1939 Fystreml
5M09bE0R035:309U;

e [Psec dmgdggdl, Hmym®m3 Jugedo ©mbol 3GmEHm3zmmo ©s 0338 1P 35393H90bs s
59m{jdqdlL dom F00sbMdL.

20650009605¢79GB™Bs (GoRGsgos)~ VPN Jugewdo GHox030 gows939ds Loxs®m Jugeols
3930m, 530G™I JoM0MSEO 53M35655, FMbs378ms 3MbB0IbEOIWMEMBdOL YOO lgwYmas.
530bm30L  Jugerdo  49SE)39d®g bYds  dMbsggdms  FogMsns. FogMsgos - gbss  gMmMO
3003303H9M0©0 FgmEgBg goaHogzbowo Imbs399930L  3moMmgds obgmo BmEOIom, ™I JoLo
093000935 9demlb dbmem d08rgdds 3md30vGHgMTs. 1) 35396M0 bgwdo Bs0ggdL BHG5303L,
396 89990l dob ozombgzsl. IPsec dmoEo3L MBOsBOMLMYdOL FoRsMNMYdE 31963090l (Toy,
36033 MAM5530990 FogBMHIG00L S5EMMH00TJd0).

Jmbsdos Jorer0sbm85-8000gdL dgmadeos MIMbogl, ™A dmbs39dgdo bm®mBsmmEa
395930 0639MbgBHdo s o6 Fgaawros gbsdo. 360d3z69wmzs60s M0 BoMGHM  dmbsigdome
Fogms300L MBOMBlgymas, 5599 00580 OMIMBIdsE, MmA obobo gHsdo o6 Tg3eos.
IPsec-80 gom3500f0bgdaros 3539@0L ©odonmme bsfoardo, 30wwosb msgls®mdo 6 3s39@Hob
dmbogdms  GHobdo 330w gdols  MOLYdMdOL  Fgdmf{dgdols  dgdsboBbdo. IPsec  dmbsigdomo
d0056MmB0L  goMmsbBH0sL 0dengzs Bogmb@®mmenm xsdol Lsdwowrgdom. Fg3mdol  s©dmBgbols
999mb3z935d0 353930 00gds.

39096(90R035305—  LEAMOEGOSL  0dEgzs  F98mfdgl, vy 306 oym  sBmaBs3zbowo
9mbs399900L fyomm. gl 930 gdge0s B3MBObY (YsBml gogsdgds) 89@9g30LEsb OL(3935.
5M096¢0x035305 Jugedo LsFoOM 35MGHBOMOMID 353d06MH0L  OTYSMYGOOL QoMBEGH0SL 0deg3s.
900093l dgvdeos 99s9mfadml 35393H0L §Yomrmb wEgmsmmds. IPsec-8o g59m0yggbgds 0bdg®mbg@do
2oLoMgd9d0L 4533wol Bgdmermaos (Internet Key Exchange, IKE) 8mdbdo6mgdergdol o dmfgm-
003900l EHYMsMMOOL gLodmfiagdws, MHMAgdLsE G9v)de0s 393806M0L TYsMYds 9HNDobY-
00bSD IM30090ws (Bob.1). IKE-Go 959m0yg4qbgds bbgoolibgs GHodol smmgbGonogzssos
(390dm@, 245800Yygbgds dmIbToMgdol Lobgero s 35MME0, JOMXINIPO 35MMEO, doMIYGHMOS,
Poboliffo®  Fgmobbdgdmemo  Loghom  gobowgdo  (Pre-Shared Key, PSK) s @og®meo
LY EH0G035H900).

8560998980356 @335 — LSAMOGOSL 035 5TMZIBOBM O YMZYMD 2o6TJMEOHGOIO
35393990., 515939 053006 53030WM® L3MRBobYo. dolio LsIMsegdom Jga30dwo0s I3MHIMbLgm,

O3 353930 5MH0L b0 35 IMHO s MO PYBELOMYOMO. IPsec 3539@gO0L (335 bYds B0MYdWO
9:9. »0006530” RbXMOL IJmbg 353930 MoRoMO BMIMGOL Bsdrsgdoo d0dMgdol 3033099GHIMTo.

obgmo GoRoMo BMdIMoL IJmby 35393900, MMIgdoE “0MdMO30” BBXOOL 135655, 0MZEgds
999369050 96 MBI 0MGOMWSE. SBIMO 35393JO0 0dWgds.
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IPsec Functions

]
pvnor-o-oolo

.
i

=4

e

§

. IODQWNEDVW
~

]

Confidentiality Data Integrity

Security Association Identifier (SP1)
Sequence Number
Payload Data (Variable Length)

Padding (0-255 Bytes)
Pad Next
Length Header
Authentication Data (Variable)

Anti-Replay Protection

Authentication

6sb. 1. IPsec-ob g«bgogdo

VPN $653030L 3mb68300963050mHmds bmemEogwrgds dogms3000. ©0s (©omdon®ogo)
9mbs390900, MMIWgd03 063 JMbgGHOL 493000  2599(393d, 8g0dgds bgwdo Bsoymb s
050300bMb. IMbs33805 3065 MdOL FglsbsBMBdwsE godmoygbgds FoxgMmsEos. dmbozgdoms
BOBOMo  Jogms300lL  fysemdom, olobo ®Bgds ormzombogo 8sbsd, Bobsd o6 go0doRMads
933mMm0Dg0M@o dodegdols Joge.

©53086OWWo M9:70d0L 35300600l MBEOHWO639wWwLIYMRBI©, FodyHegbdsz s d0dmgddsg bes
03™EIL §9bgdo, GMIIdoE #odm0ygbgds GH9JuEAMOo FgBYmdobydol 3MoMgdME RMMISA0
39MsLoddbgs.  Hglgdo  IRMADbYdIMYos  SEPMOHOMIGODY 5  TgLodsdol 2ol gdgdbY.
Fogms300L 3mbEgJuGHTo seaMmMomdo FoMdmoygbl dmddggdol do;9do¢03we 30dY3OMOL.,
6Omdgwdosg  99@Ymdobgds,  BHoduBo, 3FogMId0  3mB0b0MGINIOos  RoboMgdMB.  goBMBd35¢0
dmbs390900 HoMmdmoagboos sdogemmmwo [obswowgdol Lobom, MMmIgoi o6 030mbgds.
Fogm300l seaMmM0mdo 515939 A9BLEBOZMI3L TOROMEO F9EYmdobgdol 2sd0x3MOL dgoMm©U.
LHMO0 golomgdol go6gdg Imbszgdoms 3980836 3M1JEH03Mws© F9mawgdgwos.

M3 Fbotgl  ©™3MdgbGo  9MHm0sbEgds  golvmgdmsb o ool Jogcs300l
36390079ML. godmdsgseo Imbs3gdgdo Homdmoyqbgb JoxzOmm@Hgdudl. 9999y gb domcmm@gdudo
03536905 06¢39MbgEHTo. 30dmgdol IboMgl FgEymdobgds oz gMm05bEYds Folivmgdmsb s §d39ds
Fogms300l  seam®omddo  Lo3oMmOL30MM  F0ToMMIGd0m.  godmdogzoeo  dmbozgdgdo
§o00m59696 5306569 ™IMIIBEL.

3068096300 HMds  doomfigzs  BHM9x030L  Foxgmsgoom VPN  Jugwdo  gogBHagbolsb.
MBoBOMbMYdOL boobbo ©sdM30IdME0s AoBOgdol BMIsbg Foxgmszool seram®omddo s
0300mb6 53 samMomdol  LoMMMwgbg. My 353900 93OS oLOPYdOL  FoBgb3oL
00000936MMd0m0  IgmMmEOl  259mygbgdom, 35M0563HJd0L  MomMm©gbmds ©sdM30YdMo  0gbgds
3oLOEYdOL  BMTsbg. Y39 39M0BEHOL  JoILETN T390 LoFoMM O™  IMIOWPIIYWOS
399(%930L 3m330993HYOHOL 2odMmM3om LoddsgzMYbHy. F0GMIs3 MG I3MYS JOBOMYdOL BMds, dom

99



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. Nol(35), 2023

500300005  Jobo  2oBgbzs.  FoROIWOMs©, 0v) 64-003H0560  2olomgdol  Aobo@gbo  AdEEgzM
3083099390 LFOMYdS sbEMIdom 1 9o, 128 B0EH0BOL FolsBGgbo 0039 LoddwszcMol
ddmbg 3m330993H9gOL oLFoMgds 10-19 fgero.

Fogm300L 5EamOmomTdo MLOROMHMYOOL bodolbo ©sdm30EI0IE0s golivmgdol Bmdsby.
3oLO®YBOL BMIOL QoBOEILMD GOMo© F30MHEYds Jobo goBdgbzol Foblog, MIEs Mo3 OO
Bmdobss gobmgdo, dom dgBo 3OHMmEgLmOOL MLMIOLO ILFOMPYds FMbs390ms JogMOEOsLS ©s
39009033605 (bob.2).

Confidentiality with Encryption

Pay to Jeramy $100 Pay to Jeremy S100
One Hundred Dollars > . s ~ 3 One Hundeed Dollars
'/ + +
Encryption Decryption
Algarithm Algorithm
4ehiDx67NMopSeR 4ehiDx67NMopSeR
U7810PotVBndS TR U7810PotVBndS TR

Interret )
K Hmmm.., | cannot réad & thing

Bob. 2. 36530009630 MGHMBS sToBzHOm

DES s 3DES s@am®0mdgdo 339 5056 0m3wgds Bsodgom, 530@md dogmszoolbmaols
36OmGM3me [Psec-do 6930m096006093eos AES-0l 998tmg9gbgds. MLsg®mbmgdols Mdsmwglio mby
VPN Jugemol 8og36s300bom3zol Cisco-l 5356M5@1)6Mgol dmmol 3Gm@mzmen IPsec-ol gsdmygbgdoom
doowfig3s AES-0b 256-0030560 356056EH0m. 45M©s 5dols, RSA-U (Rivest-Shamir-Adleman) 512 s
768  00@0560  2oLo®gdJOOL  FoBHIH30L  BOJAL YY)  930m35¢oLobgdm,  3m33sbos  Cisco
6930965305l 0deg3zs, MMI 2odmygbgdmer 0dbsls RSA-U 2048-d03 0560 olowgdgdo (mvg ob
39900996905 979 96E0x5035300L IKE 9@3s3%9).

Fogm300l 5am®m0mdgddo, dsgowoms AES-Go LyFoMOms LoghHmm Lsowderm Asbomgdo,
OHQMO3 0ROE00LM30L, 1939 2500833MOLMZ0L. 0BFMOAs300l H3MEOMYOOLMZOL FOLOWYdOL
d9Lsbgd Mbs 0EMEIL MM039 JugEMTds IMHYgmdoEMdsT. LodgEMOIEO Folvgdom Jogmo30L
©OML (305305305 LE0EWIW™ goboMgdol 2sdmygbgdom) Mommgwo Fmfymdowmds FoBML3L
dmbs39990L Jugendo bbgs IMHYmdOMBILML ogHs3b659Yg. LoTgEHMOMEO Foliv®gdom JogMozool
©OML byFoOMs 0oL (3mELY, M HMIgEo IMfYMmdoE MO0 930mbEIIEJO0E 9HMTsbgml, Brnd
0000MYM INFYMIOMISBY 9JODO s 02039 3LMYdO sY9bgL [2].

305 0md, 45d3begbo  Jdbol  3MoMYdME  T9BHYmdobgdsl, GMIGEToE MOMMYMIEXO
56d560L sbm 033wgds M0ydo 2-000 ELTIMEMGOEo F9dga0 Sbmomo (Fopy, A 033wgds C-oo, B

100



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. Nol(35), 2023

033905 D-00 o 6.9). 93 99dmbggzsdo Lodygzs SECRET bqgds UGETGV. goda®s36ds 339
3953 ymdobs 30dgdl, M LsoEMIXM 2oboMgdo MOl 5BBdBOL LML 2-00 (33e0Egds (VD).
GHEILsE d09Mgdo 00gdl d9@EYmoobgdsLUGETGYV, dobo 3033013960 ©930m@06qdsl ©9390m90L o0
39¢9md06905L MomMge Smbg 2-0b 2odm3gdom s 0©gdl Lodygzs SECRET-U. Lbgs bgdodogho
9cmdbdoM9d9e0 53 99¢Ymd0690sL bgogl sdogMEo Lyboo.

L0J9YBHMOLOSEYMOHONTOLMS30U90IMYdBO:

*  3M033MYM55305 359m0g9bgds LOTYBHMOW AoLOMYODBY IYHBMBOM;

*  Jogmo300L5 O Fod0R3MOLMZ0L A5dM0Ygbgds gHMO S 03039 FOBEWYdO;
®  JOMOMIIE 35dM0Ygbgds GgduE o 89¢Ymd0bgdol olsdoxgmo;

o Jogoeromgdo: DES, 3DES oo AES.

Sb089GHMoMwo  Jogmszool  OML,  JoRMs300LS s 39F0B3MOLMZ0L  J9M0Ygbgds
Lbgoolibgs 2oLomgdo. gMm-9mm0 golivwgdol 3mEbs 3539l LodMoegdLl 56 SdEg3L, M FoodML
d9mMg 5 06xm®I>300L ©Y3ME0MGds FMIBEOBML. gOHmo golivmgdo gdlabwyemgds 99EHYmd0bgdols
©530%3365L, bonwm dgmeg dob 2580033MsL. JoxMsEool s 35d0x83MOL M3gMs3ooL dgliMmemgds
9600 s 08539 oLOWYd0M F9YdGdGE00.

SL0dgBHOOMWO  FoBMO300L  JOMIOMO  35M05BEH0S FoFMOE0s ©os  AobOMIdOm, LoWSE3
39900996905 005 O LEOMAEM OLOWYdJOOL [Y30e0. B0TMYOO VO FoBOWGAL 53bMBL BgdolidogM
2993H03bl,  OMIgEmsbsg Mbs 03mbEEHML.  Fg@Ymdobgdol Fogmaoolimgzol  4sdmoyqbgds
9000900l 005 2oLOMYdO. oM 5Tobs, AoTRB36> F0TMYdL Mbs Fob3gl Mogz30L0 oS FoLEMIdO,
60d  dobmgol  asabogbowo  Fg@ymdobgds  ©@s0dogMmml  dologg  goLowgdol  godmygbgdoo..
39808336M0Lm30L J0dgd0 A5dM0Ygbgdls 15308 Lo BEM Folio®gdl.

Sb0dYGHOOMWO 5EAMMOMTOL M530193)MJdbO:

*  3M033MYM5x05 359m0g9gbgds 00 2oLoMYdBY OYMHPDbMdOY;
*  Jogmo300L5 5 Fo30R3MOLMZ0L A53M0Ygbgds Lb3oolibgs goliswgdo;
®  JOMH0MIIE P5dM0Ygbgds 30RO LYMHPNO0R03SEJOOL s JoLEMYOGOOL FoMN30 MHMU;
e Jogowomo: RSA.
3. sls336o

5Q053056m5 13530 glmds VPNE9dbmemaosl 300Bbg3l ghmgMom y3gasbg ddeez® o
dmlobgmbgdger Lodwmowgdsawmdsmwe  Jugewdo  Ubgsslbgs  Godol  353doMgdol
©5B53Y5MGOS.306530BE0sMOMds  doomfigzs  GHEexgolzol  dogGsszoom VPN Jugerdo
393H5360LsL.  Fo9mFM0owo  LH30ML0SMMGLIdE O MM0s, 3065006  Lyodgom 3530060,
OHIob LoFMOMGOOMS J903995 3mbR0WIBE0SW MO CBFMEMT5300, 59(30YdJ0s 5Q5T0sbOL
dmE35hgmdol  Med®msg  Lygdmdo.  JogMogool  seamMomddo  MLsgmmMbmgdol  bsMolbo
533009005 A5LOMGOOL BMToby. golowgdol BmAol oBOHILME ghms I30M©gds dolo
39G9b30L FobLoE, MMIEs M3 OO BMAoLLs JoLOgdo, dom g@o 3OHMEgLeMEMOL MglmGLlo
5306905 3Mmbs398m5 oGS50l S odoBzMLL.
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IPsec VPN NETWORK SECURITY SERVICES, PRIVACY,
ENCRYPTION AND ANALYSIS OF ITS ALGORITHMS

DarchashviliMikheil
Georgian Technical University
misha8003123@gmail.com
Summary

The paper discusses IPsec VPN network security services, privacy and encryption,
encryption algorithms.Today, no one is safe from the fact that his information will be captured by a
malicious person through various techniques and used for bad purposes. To protect against this
threat, we need to take care of the security of the transmitted data, for which various secure
protocols are used for data transmission in the network.The VPN network supports various
protection mechanisms and provides the highest level of security. For this, it uses complex
encryption and authentication protocols that ensure data protection from unauthorized access.

(Received 31.03.2023)

CJIY>KBBI CETEBOY BE3OITACHOCTH IPsecVPN,
KOHOUJAEHITMAJIBHOCTD, IIM®POBAHUE 1 AHAJIN3
EE AJITOPUTMOB

JapuamsranM.
I'pysunckuii Texauyeckuil YHUBepcUTeT
Muura8003123@gmail.com
Pestome
PaccmatpuBarores cepucs: 6e3onacuoctu cetu [PsecVPN, xoHpuaeHIatbHOCTS U MKPPOBaHUE,
anroputMsl mudpoBaHud.. CerogHA HHKTO He 3aCTpaxOBaH OT TOrO, YTO ero mHbopManus Oyzer
IepexBayeHa 3JI0YMBIIUIEHHUKOM C IIOMOLIBIO PA3JIMYHBIX TEXHOJOTMH M HCIOJIB30BaHA B
HeO6JIaTOBUAHBIX IesIax. JIIa 3alIuTel OT 5TOH yTrpo3bl HAM HEOOXOZMMO IT03a0OTHTHCA O 6e30IIaCHOCTH
IepeiaBaeMbIX JAHHBIX, JJI1 YeTO HCIIOIb3YIOTCA Pa3IudHble Oe30IIacHbIe POTOKOJIBI IIepejadl JaHHBIX
B cetu. Cers VPN mnozzep:kuBaeT pasIuyHble MeXaHU3MBI 3aIIUTHI M OOeCIIeYMBAeT BHICOYANIIMIA
ypoBeHb GesomacHOCTH. JIJII STOrO HCIONB3YIOTCA CJIOKHBIE IIPOTOKOJMBI IMM(PPOBAHUA U

ayTeHTH(bHKaHHH, O6eCl'[e‘-II/IBaIO]J.[I/Ie BHIL[I/ITY AAHHBIX OT HeCElHKHI/IOHI/IPOBaHHOI'O I,ZI;OCTyl'[«'El.
(Mocmynuna 31.03.2023)
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LsdbgMm Jugergddo 30dgMHMLsROMbMYdOL Molszgdols
965¢r0Bols 35009953 03M0 ImEYeo

5300560 dog0bgodzowo
LogoMm39wmb ¢9gdbozmemo mboggMbo@gdo

migineishvili.avtandil@gtu.ge
M9bomdy
Domdmoygboeros  LsdbgO™  Jugargddo  30dgOMLIROMOMIdOL  MOLZYOOL  Bsobols
8500995303796M0 ImEIwo, MHMmIgEos 0m35¢olfobgdl olgm Bod@BHmEmadl, GMmym®mOEss Jugwol
GM3M™mP0s, 99AH930L  FgomEgdo s FoMTsBHgdo  FgBg3ol  sdImMds. 58 FMmEIwol
39909969000 LHTHYIOO™M MOR6ODB3090L F9Ide0s J5TMIZ3e0bML Fglsdwrm LolmliBggdo Mo30560m
JB9gddo s obsbmM309w Ml MLsRMMbMYdOL Fgbsdsdolbo Bmdgdo, Msms d95dzomml  Moligzgdo
30096393%93990L MMU.
1553396dm Lo@yzgdo: Lsdbg®mm Jugagdo. 3009OHMLIGOHMbMIdOL MHOLIo. Jugwol Jomgds@o-
3760 dmEYEo.
1. Bgbsgogro
30096 LoRMMbMgdol  MHoL3zgdo  Lodbgdm  Jugegddo  sGolb  dMdozo  2odmfiz393o.
0565990060™39 LsdbgEOO™ JugErgdol LoOMMEg s E0BsToMEMO d969ds Joo TgMIbMdOIMIL bol
BOMM 359Bod0L 300960393H93900L OML. 53 MHOL3GOOL FGLsIF0MYOWSE, F5079d5E 03O0 BMEIEO
d90dgds 459mygbgd e 0dbsls dgloderm Y339 MBOL 2olosbs0DBYdIMO® O YLOBOHPBMYdOL
Lbgoolibgs Bmdgdol 9339d@GHwmMmd0L gbogsligdws.
056599060m39 ™d9030 3H9dbmEma0gdby IBsMO ITIMI0IOMEGOOL godm, LsdbgO™
Juogwgdo  2obs  30096MT93H9J3900L  FMo35M0  LBooDBbY.  LEABgOH™  JugbBg  HoMmBsBYdEo
3009639(3930L Tgboderm 99gpgd0 3dodgs, FYgdImo BooEvAEMm 0bgMMTs300l H35MR30S0

©ILOWMWIOMNWO  3OOGHOINWO  Mm39M530900  gx8gMbgdsdwg. sdo@™d, ULsdbg®m  Jugergdol
30096 LoRMMbMgdol  MBOHMb3gwymks ;g AbmBwomdo  IMszM™MdgdoL  F053560

3G0MO0GHYE0o.

LodbgOHM Jugegdol Loy s EObsTOIMOMS IE39wL BEOoL sl 300969 3)3900L
RO 139dBHMoL  FoToOm.  3009MMLIROMBMIOOL  BHOMOOEOWO  DBMIJO0,  HMYMOOEFOS
d65b6dsmgmo (firewall) 5 56EH030600 3OHMYMSTME0 MHBOHMBIIYMRBS, 56 SMOL Bs3T5MHOLS®
950 30096 LOBOMHYGOOLYSD 530l ILOEI35. 30B9OHMBIBOMbMYdOL MO ZJdOL 9B9JGVIMS®
d9L50306090o@  LoFoMms  FMogz5¢dbEO030  Joymds, MMIgEoE  0m35¢olfobgdl  Jugerols
GM3ma00L, 993930 8900MmYdL s HomBoBHgdmEo F9@9g30l  5EdImMBdL.  Fo09ToEH03MO
99 gdol  259mygbgdom, mMsboBsoogdl dgmderos Fgogslicml  MLsnMmbmgdol Lbgsslbgs
Bmd9gd0oL 95399GHIOMDS s 498MO3w0bMmL Fglsderm LobbEgdo Lsdbg®m Jugaergddo.

©09356009e LsdYsmMTo LsTbgOM Jugergdo 300960T93H930L JOMOMSO LsFoBbYs. LETbgEL O™
JBogdol  3089OLGOMbYT  F9odEgds  2odmofizoml  sdsbyMmgzgo  99w9agdo, dso  IJmEol
L9gbLOGHOMOO  OBFMOTo300L  O39MR3S,  3MOGOIMNWO  OBFBOIBEBHOWIBHMOOL  IBOBYds
LoamEbeol 350353 30. 98 MOLZYdOL TGbsdE0MmdEs®, LsdbgOM MMmYIBODs30gdds b
3965bMM(30900Mb 95399BHIO0 330 30096 T93H)3900Lb. 53 25dM{i3930L JMM-gMHO FoyMTd SGOL
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3509353032900 965¢00BoL 459mygbgds MLOBOHPHMYdOL Tgbaderm LEMEHIH0g00L IMPILPOMIdOLS
s d9xn3sbgdolom3zob.

B396 3096 9900 0535H900 Y0 00035¢0bF06YdL bLb3oolib3s BodEmMmgdls, HMAMmEMOEsS
Jbgols Gm3meEmy0s, 893930l 89mMm©Yd0o s Fo6B5EHJdo 99393900l 5EdIMMBS. M0 SY3Y
390dgds 459my9gbgd9em 0gbsls MLOBOHPHBMYdOL 5OLYdMEo BMBYdOL 95399EIOMdOL glogzsligdes
@5 30090L5ROMBMYOOL sboeo LEMSEHJF0JOOLS s 30030l F9d+9ds3900Lm30L.

2. 3060050 bsfjogro

050935303900  IMEIoMgds  0dwgzs  Lsodg™m  0bLEMNIIBAEHL  3009MTYEHY39O0L
053053306 bb3oslibgs LB I00L 9539dEHIOMIOL SBseoBols s FgRslgdolMZ0L. 53 dmEYEYdL
d999deos Bbgoolbgs bgbatgdol Lodmwszos, Moms MBOWB3gWYmL Lbgsslbbgs LEMs@HgRO0l
393965 Jugaol MLogOMbMYdsBY. 5 ImEgdwos ©5dEgbody Fs45womo 0dols, 0¥ MMM
d90dgds  FomgoBHozmo  boewobol godmygbgds  Lodbg®m  Jugwgdol o330l
29L5MTX MOGLYdIWS:

1) 00505d0b 0290600l J@©ge0: 58590L MYMO0s 5MOL 50093530300 dMmEIEo, MHMIgEos
d90dgds  459my9bgde 0gbsl bbgoolbgs mmsdsdggdl Imemol LEMo@GIa0wo MMHMNOIOH-
999900l 3 o®Hgdolm30l, HMYMOOES 053ALbIGEO s WSF339IO 30BIOHMLSBOPBMYdOL
3m639du@do. 98 BmEgwdo ©9339w0lL  Mm3GH0ToMMO  LEMIBIH0s  3oboLLEBEZMYds  Mo3z-
©53bIgeol LgM9MEM BEMHEIA0JIOL b5 ODBOoM S LByY390glm 3sLgbol sGRYZ30m. MsTsdol
09mOooLb  IMEIgdol  2sdmygbgdom, LsdbgOmMm  MmMPbobo3090L  dgderos  Ggoddomls
LEAOGIR0900, MMIGI03 IEYM90S MY MOPO Fglsderm 30896039 3H93900L fobsomdwge;

2) Markov Chain-ol dm@qgeo: 35630306 %5330 6oL bEHMIobGHOo Mo, GMIJEO3
d90dgds 259myqbgdme 0dbsl LolEBgdol sOLSHIMIE OHMMS 0bBHIMZsol obTogermdsdo. gl
dmE9o  990dwgds  398myggbgdem  odbsls  Lodbgtm  Jugarbg  30096393H93900L  Fglsderm
965¢0Bolm30L s Lb3o@olibgs 03053306 LEAHMGHIR00L  9BIIBHIOMBOL  FOBOOLIMZOL o
LogMmMbggdol  FgbodEocmgdwo@. bbgsalbgs LEgbs®ol  Lodmsiools @s  30d9MTY3H93900L
5EdsmMdol  d9x3sLgdom, Markov Chain-ol  9m@Egwgdl  Fgwyderos  ©ogbdodml  LsdbgMm
M62560D5:3090L Jugarolb G9MHOEGHMM0GdOL 0IBEHO0R0EF0MYOS30, HMIOOJ bOFOMHMYOL TSEHJOO
53393

3) Bayesian Network Model: 3509LoL Jugargdo 5MHOL AMIGOIMEO FMEIEYdo, OMIWIdO3
d90dgds  2odmygbgdme 0dbsli bbgoolibgs (33esgdl ol LogsMoE™  MMMNOYIOHNMOYOOL
Dom0mboRgbs. gl Imgero A53M0Ygbgds 390339990 06OIoEHMMGOOL sMLgGdMdOL Lsgdzga by
300963939308 5¢dsMMBOL  2olosbsE0BYIWSE. 9T MOMNOIOHOMBYOOL  bsEroBom, Lsdbgm™
M62560D53000L gm0 H5EAO0BML, MHMIgwo 0603oGMMGd0s Y439wsbg 96033690 m3zs60
3009639593900 4593 9gbols s MYoROMOdOLMZ0L;

4) Jugeol 65350l ImEgEo — M0l Fomgds@ozemo  dmEgero, GmIgwoag  F9godwgds
3990myg9bgde 0dbsl Jugedo dmbsEgdms Bo3oOol  2olvsbocroBgds. bbgsslibgs Lgbs®ol
LoTMEsE300Ls s BMbs3gdms Bo35OL Tgz3old0m, Jugerol 65350l FMEIWgdo OgHIsMYdS
LoIHYOOM MORBOB3090L 259M3w0bML Fglsderm LolivliEggdo Jugado s godwdsml 919G IO
0530053306 BLEGMEHIR0J00 3009MT3HJ3900L 9306 SBO3OEGOMS.

9600 500935@03MM0 dmEgwo, Mmdgwog B3gwgdcog godmoygbgds LodbgoMm Jugugddo
300960 LsRMMbMYdOL MH0OLIYdOL FgLogzslgds®, sMOL MOl980L §9%5L980L 5¢»8s00mB0ol e ero.
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9L 9mgeo 98w9dbgds 3M0BE03L, GMA 3009MYLIROMLMYdOL MHOLZJdOL MoMmEIbMIM030 sYHS
d9L5dEgOYE0s  SEPBSMMOOL  MYMEOOOL  49dmYgbgdom s  IMoEsgL  LEdbgOm™M  Jugargdby
3009639(}93900L  dgloderm  LOgOHmMbggdol,  LoLLEYgdoLs s  dgboderm  FggaqdoL
009bGH0R0E0MYO.

(ol3gdol  dgnslgdol sedsmmdol  dmEgero 3Mdomdl  Lodbg®™  Jugugdol dglsderm
LogOMHYJBOL 0IbEHOBOEOMIOOLMZ0L, OMAMMOES 35307 3MIMYM8YdO 9B 565533HMM0BYdEO
{30mdob I3gemd9d0. 9990099 IMEYo 5835LgAL Jugerol Y339 ™MdSL 53 LorMMbYgdol dodsGron
@5 9835L90L J9G93900L dgloderm F99agdl, MMYMMOEss Imbszgdms 39MY3s 96 M3gMoEoMwo
3993960b9ds. s dMEMU, MY 0mM3eol Jugarbg 30dgH T9EH930L LogMmm GOL3L.

300093 9O0 Jo39053H0329M0 IMPY0, HMIYE0E odm0ygbgds 3009HMLsROMbMYdST0, sGOL
d915930b 303%0379¢0 rgero. Qb 9mEgwo 983w9d6gds 20053030l MYMMOsl s FoMdmowgbl
Lo, OHMyMOE F0ToM0) 4M95303L, 3396d9000, HMIgd0 LOLEJIOL 300d3mMbYBEIB0S, Brmymes
dobsderer  G9daz30L  bpgbs@9bo. 9mgeo 8godergds  gsdmyqbgdmer  0dbsl  Jugerdo  dglisderm
LoLMBEBYIOOL  OLOEYIDBOE s 30BYOHMLIROMbMYdOL  Lbgosolbgs  bBmdgdol  ds3wgbols
d9L5x35L905 Jugarolb BogMHmM MBsBOMbMYdSBY.

850099530329600 3mMOIMNWs, OMIgeoa d90degds 259mygbgdme 0dbsl Lsdbg®m Jugwgddo
30096 LsROMbMYdOL MHOLZGOOL FolvsbsgroBgdws:

A0l30 = LogOmby x EIM339emds X 8990

9B BMEOIMNWS  0m3WoL  3009HMO3EILBIOL  LsgMmm  MHoL3L, Log®mbol  Fomdmddbol
5EB50MBOL 259653190000 LOLEJIOL I(339wPMBdSBY s F9@g30L F9IRJ0bY 56 BgdmdggdsbY.

LodbgOH™M  Jugegddo  3039OHMLIBODBMYOOL  MOLIJIOL  5b5EOBOL  1qdol  GHM3MEMYos,
OamO3 Fobo, dmoEogl Jugaol bbgoalibgs 3md3mbgbEol 0w bEox0E0MYdsl ©s s TmGol
MOH00YHNMIJOL. ol Jgodergds 9oEeggl 99dgyl:

e Juomo  ImfymdoEmdgdo: gl dmoEsgl  FoMTOBHOBIGHMMGOL,  2oTMZgdL,
1390960393l s Bb35 BMymdOwMdgdL, MmIergdos Jabosh Jugwol bg®bgdswls;

e dmwm §9OGomgdo: gl M0l Imfiymdomdgdo, MMmIwgdos 393006090056  Jugwl,
MMO0(395 30330993 JMY00, 8dOEIMHO BMfYMdoEMdId0 s BYMZIMYOO;

¢ Jbgaols 3OHMGHM3MEgdo: gl M0l [aligdo, MMIWGdOE 9MYYMLoMHIOL, ) MmO bgds
9mbs390ms gos39ds Jugerdo, HmameMogss TCP/IP, DNS s HTTPS;

¢ MLsROMbMIdol bmdgdo: gl ImoEegl dMbsMPOL, T9FMHoL  s5®dMBIbols s 3609396300l
LoLEBHQIPOL o MBOBOMbMYdOL bbgs 3MHMYMIdM MBEOMB3gYMmAsl, OHMIgwoE 299m0Yygbgds
JBgol sL39350;

e LogMmbggdo: gl sGOlL Mol3gdo, Mmdgwms (obsdgz sl Jugeo, oo dmEOl ds369
36MHMyM53900, 3odoby 99493900 s 3089039393900l bbgs BmETGdO.

Jugol  GHm3mEmaools s 53  bbgoolibgs  3ma3mbgb@gdl  dmMol MMM mMdYdOL
395H6M000m, Jgbodergdgeos G9ddszglb MBRO™ 9x39dGHWOO 3009HMLIROMbMIdOL LEMSEJYO0s,
390 sgHTsM9ds JugEol HE39L 3MmEHIBE0MEMO LOBOHDHYJOOLYH.

LodbgO™ JugEgdolm3zol 30d9MHMLIRMMbMYdOL MHOLIOL SBswoBol gx39dEHwOO ImEgEol
899853980Lm30L 599300290905, 30639 M0, 08 3MHOEH03MNWO 57303900l 0IBEGHOBOEOMYDS,
OH0Iwgdo3 LOFOOMIOL O(33L. gu 99BH03900 Tgodwgds F90(393IL FMdbMdOsGY BMbsoigdgdl,
153Mm3MbB03530m  Juggdl s  935MOGHNMOMW @S 3MMAMITM  3mI3MBg6GHIOL.  3B0GH0ZMEO
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59303900l 00096E0x503060930L 9390 dOK 0 53 59EH0390Dg 30dgOLIGOMHYGOOL S¢EBIDMIOLS
393960l 9x35L9ds.

300960 LoRMMbMYdOL  MoL3gdol  Fgxsligdol  LoghHmem  doymds sMOL  s09853H030)M0
dm9EgdolL 35dmygbgds. Mool MBOL AsTMLIM3WIWs© gi IMEYEgdo 0ggbgdl Lbgzsslbgs
9dmbo3gdl, MMAMM0E55 LOBOMbOL FoMmBMJIBOL SEIBIMMBS, LoROMOL 3mGHIB30MMO 493w9bs s
LoLEBQTodo  SOLYIMWO Y339 MDs.  DBMAOIODO  J93M(39EGOIEP0  FoMTSBH03YMO  FMEIEO,
GH0Igo  odmoygbgds  3009MMLsBOMbMgdOL  MHoL3oL  SboseoBdo, TMoEs3L  BMbEg-3oMmls
d900m©U, baez9Bol bols 565¢00BL s M53slbAOL bols sbserobBU.

30096 LsRMMbMgdOl  MoL3oL  SBsewobol  dmgwol 99994353900l 3093 9OO
9603369cm3560 5139dBH0 MOV 550560l BodEBHMMOL QomM35eoL0bYds. 50sd0sbMETs 93MA7dTs
@5 39399 9bg3g 990dwgds godmofizoml  3089MmMLsROMbMYdOL 3603369cm3zsbo MHoliggdo s
SMBOWYdIE0s  5530sbol  Fg30mdol  gom3oobfiobgds  3089OMLIBOPLMIdOL  GOLZGdOL
39335L900L5L.

30896:9b533(00b0980b ®ol3980L  J9H80¢m98s: 30096MMBBOMbMYdOL 6olggdol
09bGH0R0E0MGO0Ls S Bsobol F98ga0 d0X0s F9dsMdOEYdIE0 g9adol d9dw9dsgzgds Moligol
doboEgd mbgbg TglsdE0MmgdEs©. gl 3gads 990degds 3m0E3IL MBBOMbMYdOL 3MbEHMMEOU
©BgMA39L, MMymOo@Ess firewalls, 993MHoL 50IMBgbol LoLEJIgdo s dmbsggdms sTox3zMY,
3000310 5J3H03900L ILS(3939C.

3600369c0m35600 50060bML, GMI 3009HMLIROMbMGdOL MoLZoL sbsEr0BOL TmEgwo @
39056309390 39335  MJRWIOMEs© b  39bobowgdm@gl s gobsbergl  30d96M-
MBOBOHMBMYOOL BogMMbygdols s GgdbmEwmyom®mo Jowg39d0L (3350905 5I3GHOE0SDY.

3. ss33bs

300960 LsROMbMYdOL  MOLZYdOL  sbsoBo  gosdfy3zg@Ho bsdoxos Lsdbgdm  Jugagdol
Lbgoolbgs  30890LsgOMbYIOOLYD  obOESZ9®.  30dYOHMLIROMbMIdIOL  GOLZOL  sBoswobols
953990 8ol 899498539000 dqlodgdgEos 3M0EGH03I0 59G03980L 00gbEH0BOE0MGdS
30096 LsRMMbMYdOL MOL39d0L FgaoL9gds, M3 Tgladwgdgwls 4obEoL dglsdsdolo F9dsmdowgdgmo
39390L 899999539058 Gob3ol doLowgd E™bgbg FglodEoMgdWsE. 30d9OWMLIBOHMbMIdOL MOolgoL
565¢0Bol dmEgwols s 8995630 gdgero ggadol M9gAMsMHIo 4sbbomgs s obobemgds
33090905 3009OHMLIROMDMYOOL  A5630mMgd0L  LogmmMbggdol  fobsswdwgy  dMdogo
989JOOMBOL Y bOYB3gLLIYMBI.

WoBJM5GOs - References — Jlureparypa:

1. Kasprzyk B., Luczak S., Sliwa R. (2019). A mathematical model of cyber security risk assessment
for military networks. Computers & Security, vol. 85, pp. 35-51

2. Kim J., Kim H.J., Lee J. (2016). A mathematical model for evaluating the risk of cyber attack in
military networks. Journal of the Korean Society for Simulation, vol. 25, no. 1, pp. 1-10

3. Kim D.S., Yoo S.M. (2017). A mathematical model for cyber security risk analysis in military
networks. In Proceedings of the 2017 International Conference on Platform Technology and Service
(PlatCon), pp. 1-4.

106



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. Nol(35), 2023

4. Koochakzadeh M., Hosseinzadeh M. (2016). A game-theoretic model for cyber security risk
assessment in military networks. In Proceedings of the 2016 IEEE Conference on Intelligence and Security
Informatics (ISI), pp. 122-124

5. Saha S.S., Ryj S., Roy B. (2017). A novel mathematical model for cybersecurity risk assessment
of military networks, IEEE Transactions on Information Forensics and Security, vol. 12, no. 9, pp. 2171-
2186.
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MATHEMATICAL MODEL OF CYBERSECURITY RISK ANALYSIS
OF MILITARY NETWORKS

Migineishvili Avtandil
Georgian Technical University
migineishvili.avtandil@gtu.ge

Summary

A mathematical model for the analysis of cyber security risks in military networks is presented,
which takes into account such factors as network topology, attack methods and the probability of a
successful attack. Using this model, military organizations can identify possible weaknesses in their

networks and implement appropriate security measures to reduce risks during cyber attacks.

(Received 26.04.2023)

MATEMATHUYECKAS MOJIEJIb AHAJIN3A PUCKOB
KWBEPBE3OITACHOCTHU BOEHHBIX CETAX

Murusenmsunu A.
I'pysunckuii Texauyeckuil Y HUBepCUTET
migineishvili.avtandil@gtu.ge
Pesiome

[IpencraBnena maTeMaTudyeckas MOJeIb aHAIM3a PHUCKOB KubOepOe30IacHOCTH B BOEHHBIX CETIX,
y‘{I/ITBIBaIOHLaH TaAKHe (baKTOpBI, KaK TOIIOJIOTHUA CEeTH, METOAblI dTdKHN N BePO}ITHOCTB YCHeIJIHOIL/'I dTaKHU.
I/ICHOJILSYH BTY MOIeJib, BOEHHBIE oprannsaunu MOI‘YT BBIABJIATH BO3MOXKHBIE CJIa6BIe MeCTa B CBOUX CEeTIdX

1 IIPUMEHATh COOTBETCTBYIOIIHE MEPDBI 6e30IMacHOCTH AJI1 CHYDKEHUS PHCKOB BO BpeMA KI/I6epaTaK.

(Mocmynuna 26.04.2023)
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3569569960 sLfjsgerols Igormegdols 359myggbgds 3madorydgtrmen
Jugedo s6mBserogdols gsdmlisgergbs
09L03 ¥96M0dg!, Jobgo Mbsdy?
1-b5goMM39w ML G9gdbozmcmo MbogadLo@gdo,

2- 350030l Fmms HYLlmeggeol Labgwdfoxzm Mmboggmbo@gdo
b.beridze@bsu.edu.ge; mikheil. donadze@bsu.edu.ge

69bomdg

396b0E05 Bsbds6Mm0 Lozl seEHIMBIGHOMEO FgIMEIOO O SEYMO00TYdO,
MOMIwgdog  3ddmoygbgds  3md3oGHacre  Jugedo  9bmTorogdol  Asdmbisgwgbs s
330930L5m30U. 25965¢0BgdMwos 53 FgmMmEIdOL 9B9JEH0BMdS Jugw Mo T9393900LYb
©o153935®.  890MM535H900s  FsbdobMmO  ILHIZEIOL  SEPMOOMTOL  IMSZ5IM0sbO,
09656Jomwwo  BEHOMIGHMES, HMIJLIE F9IMJO0M Fo0s0 3MJGH0ZMNW0 VOMYOMEGDS
5g3L.  sbgmo  LAHOMIGHMOOL  LodMogdom  JLodEgdI0s EOMOLS O JOTMMIELIONO
M9LmOLYdOL LOAIES3EMYYOOL SBMY3S.

U533560m  Lo@yggdo: 9567sbmemo  oliffogas. 0b@gbgdo. 3md3ow@Egdmwo  Jugeo.
JB9eol MLoROMbMGds. Jugurols 56MmBo0s. sbMBscools godmgzeagbs.

1. 3gLsgoemo

4M390EO0YMSQ©  Jowombmdom 530560 s SLMBOm  SMILO LYY
MO00YONMID  9OPTbJOMB  06FGHIMBgEBHOL  LydMmegdom. dmerm Mo  sofrgEols
396853wMdsd0, 0b6FHIMbgBH0m IMLsMP9dImS M5MEIBMBS doe0sh LHGIRs®  390BsMIS,
O9L 53 ®oEb3ds 5 J0E0SMHEL QI FoMDS O b LFGOTGO BOS FMIgerqds [1, 2].

B
Number of internet users worldwide

5.300
from 2005 to 2022 (in millions)
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2.174
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Scuce Adational information

0053®505 1. 06¢gMBgE0L 3mIbIsmgdgEms Homegbmdol BeHws
faegdolb dobgegoom (2005-2022) [2]

50 8m3m9bgdol 35M5EIYIMOQ, POOMOPEY 0BMHIYds 0bBHIMBYBHT0 2obbmM30gwg-
00 3035bIGIOL MoMmEbMds. 98 30g3albTGdOL Lofiobssmdgym, 0bxgm®Isgorwo
MBOBOHOBMYGOOL MBOHY639WwLoYgMBI 053LBBAYOOL gBMbOgw9bs 98Mm0Y9bgds MM doto-
0500 3900Mm©O; 00I6EH0R035309 bgedmfigeol Loggwdzgbg s godmzwgbs sbMIsEr0gdols
bog)d39vY.
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Distribution of cyber attacks across woridwide industries in 2022

©053™50s 2. 2022 §gel 3mA3mME0meE bsfs®amgdl 3Jmbs 30dgMagEI3gdoL
93939 dsmagmo fogro Jbmmmoml §5dgzsb 0bmlidmogdl dmeob [2]

bggM90Hg 95839d69xdME0 FJNMPYIO 153SBHTJIOL QMg gbs 0ygbgdgb Imbs-
39005 35H9dL, HMIGd03 BMOMIOMEIOS S 03U90S 9339 SMLYINO, 56w ABbMO309w9d-
o 99393900l dobggom. gl IgMmEO Bo3dom [o®mToBEgdrIE0s, FogMsd Imbsgdmes dsbgdo
9000350 MBS obobgl s T3V ?53OLHBAYDOL B OBFMODs305. MBOM
39303, 9590bs3 30, ) IMbs390ms 35HYdO Fobobergdmos, obobo smE39wbo 9®0E Bm-
©Mm3560, 56Mg M36mMdo 99393930L d0dsOm. 306506 B BHo30L 9393900 56 GOV Tm-
Bo3gdms 35580, Jo0 56 T9dE0sm 53 89393900l 153000 530gds. 5bMToe0gdbg ORwA-
bgdwo dopmds Bmgabodgdrwos Jugeol hggIwe J3gzgdol 3edmgzergbsby Jugwrol
Bo3ool 899m(dgdom, dgmmo, MBOHM FoMds@gdweos 053sbAYdOL godm3egbsdo, MH™a-
90LOE 99990 96 RO0JLOMYIMS 56w 95399EIM0s bryermzsbo G9@g3900L oM™ [1, 3].

39OS5 590bs, E®I356gmo 0bGHIMBYBHO GHGMsx8030L bsbg350Bg dgE0 ITOTBOHYIE0s
SSL/TLS 36Mm@™m3mmgools gsdmygbgdom s gl 8583969090 @womoeg 0bMgds [4].
53083600 063H9MbgE 6535000l Fobssmlol ©s3306039d0L dgdegdemdol godm, bgwdm-
09690y ©58dbgdmEo F9gmnMmYdo 9BIJAIME G 3Fsmdl 58 GHodol dmbsi3gdgdby.
3b6mBo0gdbg 531136930 Joy™ds 30 59Bse0HYdL IMbs(39998L dolo BMYswO M30LY-
09%0L Jobg30m, HMYMOOES 3539GOL BMds, 3538000l O™ S 35393HJO0L MoMEY6MdS. oL
56 1F0MYds F9BHYMO0b9gdoL FobssMLOL IM35¢0gMIds s 9193y gm0 STOGBHVICO
3MHMGM3M900l 565¢00B0. 53 130M5EJLMOOL 25dm BMToe0gdol Jodm3zwgbols dgmm©9do

06@9b6LoM 259Mm0Yygbgds Jugerol 99393900l 50dMbsBIBI® O 9306 SBsEGOMGdIWH.
2. 300030 bsfogro

068306330 Jugengddo sb6MToe0gdol godm3zwgbs L 33eg30L BoGom LBgMml
0o60Mo9bL, 59 F0dsMgdom 339 BOGHIMYIM0s FMOZHWO JZA39, IVIFLOE0S
596530 BEAOGH0S S 2593930 Foabgdo. ML sY3Y BIMMME SMOL J93M(39YdICO
056456960 Lfogargdol, LEsEOLEH035Dg IEMdbgdreo Lbgsalbgs IgmmEydo, HMIgdo3
139305 259M0Ygb9gds 0bRMMT>30 LolEgdgddo 30896MTFMHOL 5BMBIbol doBbom.
obobo sx31dbgdos IP BHEMoxzg03zol sBseoHBy. 899gas0 bgds 6535000l JesliogozsEos
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©9YGHOOHO 06x3MMHT5300L Jomgds dgladwrm Imgddgdgdol dglsbgd, OHMAMMOES 3nMEHIOOL
139606905, JugEr©O ,,30900°, ,dMEb9EHIO0“, DoS 99393900 @9 5.0.

3b6Mm35¢005 5 0530BTOL BH03900. 56MT50s 5MOL FyMTsEMIYMds, CrMTYELSE 56 gosBbos
Bn®3ocrmEo oMol bogLbo  39MRs©  obLEBWIMMIo  ™M30Lgdgd0  [4]. bMIscrools
3oL5gg05 glgdo, H®MIWgdoi JIb0sh beMBswmE 3b3983305L, b 0gml b39E30B03MNGO S
9560790190. 56MT5¢0gdlL 359565¢0bYdm 3 BHodoom:

paoHoenob s60rdseros - 092 dmbsgdms 3mb3M9@ Mo 353930 39bLbgs3wgds doneosbo
9b539005 B5309d0LRs6 00 M30L9d9d0M, MMIGILSE 0L 5EHIMGOL, Aob HaMEHowol sbMmTsros
ofiergds [4].

36390 s6m8s¢r0s - Bmbsgdms 60odMdol  asMg J3930  ©IFMI0IOIWOs
390339 3000Md90Dg 56 bgds 396339 306MddT0 [4].

X89%3:900 56205¢005 - ) 9b539005 Bo3MgdL, GMIgE03 89003905 G030 dmbozgdg-
d0L9b, 593l BT dMbsE3900LsRb AoBLL339do MZ30LYdgdO. [4].

JB9Eol MLsROMbMYdS 3OEMBL 0(335L Jugero Mo3wLBAYOOLYSE bsdo 3GH0bEodol
Hobosmdgy: 3680630 MMMdY, 30 0sbmds s (3mas [4, 5].

JBoEmo 99393900 5OHOL 53 3 sOLYOOMO BobolOsMYOMOL IMPZI30L F3LILMBS.
05305bdg00 Fg0dgds 49359MHP0DM 4 Y ando.

o Jm3bsb985 Y9 «rstr0 (DoS) [6].

* 39980l Li35606985 (065mGHdsc00L d98(H0398s) [4].
o UZR (User to Root) [4].

e R2U/RZL (Remote to User/remote to Local) [4].

JB9eol 89&93900L 3eoliogozsEos dsom 8oge 8gddboo sbmdswrogdol dobgwpzom dgod-
@905 LOELOGYDEM 0gmlb 153sLLAOL Fodm3zwgbsdo. mommgmwo 93935 0fj393L 2obLL-
353905 (56m35¢0sl) Jugerol Bs3odo. sgswoms©, 36Mmdow0s, HmAd DoS 99393990 OO
9b5390m5 653500l MomMm©gbmdsl s Jugedo 35393HJO0L  MOMEIBMBL. sIMOYs©, DoS
39()93990L  3WSLOG3ZI(309, OMYMOF JMgJBH0OO bMIserogdo. Tgmegl b0z, WRO™
9095639 mbowo 0dbgds U2R s R2U ¢odol 89393900l 3ensllogoio®mgds, Mmam s 3006¢)9du-
AMO0 5 [9OEG0WOoL 5b6mow0s, ®oysb Tg@gzs M0l 3mb3MgEH Mo ImdbIscmgdeob,
39339990 3OEH0bS N
30636093 o 30Bbobm3ol. QoMo
5305, 36O GHYOOL b3b0MYds Jugerdo
4360l 33360030 353939O0L GHEMox03U.
50 3mbBodu@do, Probe 99@ogze
d90d@gds 4560LsBE3OML, HmymO3

306GadbdTe0 @ XeOBYOO
3bmdoos. 3933060 Jugeols

3b6mBoe0gdls s Jugary® 8939390
dmeol  fomdmepgbowos  dg-2
BobsBby

6sb.1. 3538060 Jugarols sBrmdserogdlss s Jugerols
89(9390L dcol
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3569456900 sLfagans. 0go olbdmdl 3:33009EHgMOL 1Bl dgolfogerml gls 0wy ols
59m 3565 Imb539990D9 oYMHbMdOm, OLFoz3eML HTMYI0WIIS, I3OMAMSTJOOL o69TY.
50 3bom 3MMdEgds [4gds 50530560l B30l 0b0dMdsdg F9d30Mmgdom. FobdsbmMo
5Lo3 BoMMNME A5dM0Y9bgds 0936 LRYOMA0, JOMOM ISP LOWIE 3ELOIMEMO FJNMOYOO
359539dGM05. Fobdob9m0 Lolifogarol seram®omdgdo d90dergds s3gmm 4 X335, 0dol
dobg3000 MO ™) M5 LLHogwrm dmbs3gdgdo FoMm30oMgdIMWO s FoMgdmEro bsLfogwm
©53306390980L  9909y°©. gugbos  3MBBHOMEWOMYds0  Bfogws, M3mbEGHMmMm™ Loz,
BobggzMo  3MbEHHMEomgdoo Lfjogws s Lfogws 356933039000 [7]. goblogzmomdgdom
499650009058 0{)393L  3MbEGHOME0Mgdso Lfogerol 890m@gdo, ®oysb Jugwol GGMsgozo
39033536 8Mb5399900L O 653500 s FgLadergdgeros Imbs3999d0L bgarom JosM306M9ds.

50 8900900l 5MBg30Lsl YIMIMYdS MBS Fo3585b30wMmm b3golb3s dobsliosmgd-
ol 9Jmbg  3M3MWIOMEO  SEIYMOOMTJIOL 3990560 DY.  ogsbslosmmm gL
S MmGMH003900:

Naive Bayes sG>0l 956Jo6M0 Lfogarol 3mbGHOHM@omgdso segym®omdo, HmIgwos
24990099bgds  3asllogo3zo300l  STM(3569d0LMZ0L, OMYMMOES BJJuGHOL JsLoBo3sE0s. ol
31939 M0l 496965300 LFI3ego0L SEPMOHOMTGOOL MK sbol Boflowo, Mog 0dsl bodbsgl,
M ol 30MdL IMEgdNmo 3esbob 96 3539aMmmo0L Lofgolo dmbsEgdgdol gsbshowgdols
dmEYE0M9OL.

»Naive Bayes“ sam®omdo 560l FoOEH030 5¢rdsmvIO0 3erslbogo35@G™MOM0, MHmIgeos
5839996939905 d509L0L MYMMYIOL godmygbgdsbg 935300 (FMEIIMY30M) EITIMI0WID-
Md0L ©53390900m. dolo BMLEBHO sEBdMYMHO FMmEIEol dbydOEIL #odmd0bsty, oyo
3990996905 do0sb 93399 Gms. b3S LoGY3zgd0m MHMA 3004350, Naive Bayes-ols 9w msb
9v)35mds> 90d9ds B509LOL SEIBIMMBOL > B30gLOL YNMEYBOL Fodmygbgdols gocgdy.

0019590535 F500 FMEPOIMY30WM JoMJRBbMBOLS S YOZME do DY 45850 EH0390v)-
o {qbgdols, Naive Bayes seoam@omdo 69gomvym 3bm3zMgdsdo 6L 89360 Omv
BoG¥(30580 M39MILBOE 3v)dsmdL, 3006 BgoOHMbMO Jugwgdo. dolo M30MmEJLMdS G0 Ob,
63 GHgbBH0M9d0LIMZ0L 153ToMmOLS 30O MoMmEYBbMdOL dmbsgdgdo [8].

39050943930 gdols bggdo - 0go 3s6dobmEo LIzl gOHM-9OHMO 3M3YWSOHWYO
3 MM00d0s. 59 J0YMdsdo 58mygbgd o glgdo b385m@ FoMEH030 S PoloYJd0o.

39050943930 gdol bg sMHOL 565356539 BHMWO LR3Il sEaMmGomdo, Mdgwos
399009g9bgds, GMmAmeE  Jeslogolzsgool, 939 MgaMgLbool  sdmEsbgdolmgol. ol gL
096M56MJomwo, bob LEAHOMIGHMOS, GMIGEoE 99yJds BILB30L 3356d0L, EHMEGHgdol, Fos
3396d900Ls @5 BmmEol 3356090006 [8]. 99®5HY39BH0wgdol by 25dm0oygbgds d580b,
(29LSE 39380600 3OMPBMBOMmYIM 33sYOLS s 35LvIbols (33esEL MOl 5MHMTB030s.

3905093930 gdol Bob doMH0mMsEo 0©Ys ML "bol" 5396905 3OMYBMBOMYdOL 33w~
©9%0L B536900L 259mggbgdom, HMIgeog 2oblsbEaMmsgl 3sbvbol 33wools 3603369 mdsL
3905093930 gdol Hgbgdol godmyqbgdom. dolbo 8msz35M0 M30MSEJLMdS ol sGOL, MMI 0o
d90d@gds LHGOxs© 0gml 3mMaqdmeo 8mbsggdms Bszgdbyg, bmerm Lsdmermm o0bdgh-
360935305 M35¢bsB0bm© 0yml Fomdmyqbowo 30O ,bol* osa®sdol boboo.

111



Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS. No1(35), 2023

00053500 dobMlo oMol o, GMI 35090Y39GH0Wgdol by Jomgzowos bolfogwrm
9mbs3gdms 6530M900L  49FoMdYO0L3gD, M3 0ol 60dbogl, Gmd sl Fgmderos  (39I0S©
00mddgmb »bogrsg dmbszgdgdby.

99000b3930000 (Bgg - oMol Fsbdobmeo  Lfsgerol  doymds, MmIgwoz  0ygbgdl
290050943930 gd0l bggdl. 99dmbzg30m0 Eyg §o0dmgdbols N 3500593930900l bob bslfogwrm
B536900U. 59 36M3960L O™, ol Jgdmbgzgzom GRI3L LsLHsgwrm 3mB3wgdBL oMo
bolim3gob. 536M035, 3000905 N 35HY393H0wgdol by, HMIGEmQeb Mommgmwo dsblbgseg-
@905 dgmMHoLRsD s dMEMU, A505(Y393H0wgdol Joegds bmME0gw®gds N bggdol doge
3939990000 3998519390000 9o Fgx3519d9d0L FgMBgz0m. Y39wsbg Bowowo MHgo@obyols
dJmbg 9600369cmds  49b0LsBW3MGdS BMAMEME Lodmermm [9]. dgdmbggzom GHyYgl dg360
230653 JLMdS 5J3L. gl Gg0dgds hsdmzmazscmo d9dgabsos [10]:

o 53 sEAMMOomMAL FgMdos 39MR0 03Fomlb doe0sh O @S GmMEn Imbsgdome
653609090056. 53 8980b3935d0 5056 03305000 SEMOHOMNI0;

e 0ol 3d90dwgds  godmygqbgdme  0dbsls  FobJobmeo  Lfogengdol  Lbgosbbgs  Lobols
360 9dsDY;

® 356250 8Mbs390m 3930 LoBguBM Bo30M9gddo AsdMEH™MZgde 36033690 Md9BL.
ol 330l 53 835MYME VOMYOGOYOL L3N0, 89900 POMYIGdgdOM;

® 2505 590LY, 3EsllOR03SE00L PEOML 03Ol s 09gbgdL (33¢sgdol 860d369w™dOL
©mbgl. 530l fyomdom, ol slgzg 299moygbgds dsbJobmMo  Lfagargdol  gbdiEogdols
d96mBg30Lm30U.

dgmMgl dbM0g, 99dmbzgz0m0 Yol LAEHMIBHOS 1o3oMm© MMM, MOERD 0y0
390905 3653500 go{Y39G0gd0L bobsh. HmE0s oo Bbd30MmboMgdol 4og9ds.

35005§939(30gdol bygdols s 3900mbgg300m0 GHYggdol OO0t S YJsHYMBOM

dbamgdl ol Bgagds gb6.1
3005ig3000eg30b bygdo 3300b3930000 By

063H9M3M9HOE0s 356030 06BH9IM3MYHSE0d 0o 06@IM30MgE 30
Lobylidg LobbEg 9godangds ogmls 350035 Do

(CRENARINY
3933590 B5g5®ovm dmby399980 6530905 Logs®orms dmba3gdgdol

3900¢9d5 0gmb 4500 FoMdGOWO 39053560905
Bob@mdo/ 99090905 OO Bog3wgbs 800365005 Beranebyo
dcryem©bgeo 399m0f30mb dmwembgends
(33%0gdgd0L 0360
(33%00G90900 33L0w)0733>
255656008905 LosdmeErmem 9990 LHMIgs© L5dME M F9IROL 4962500 gds
3000905/ 65300900 535M5@“o 0005/B5F0MMS OO
dbsbatrxo 3°0m03omo Malivydligdo

K Nearest Neighbor KNN (K Nearest Neighbour), ogo 8s3c»mb%bg, ooty 0o5319b9dw9eo
390005, 353060 FoMmFH030 S LHMIR0 LEMWIBHWOO0? MOl GOHM-9MMO Y39esbg bdoMms
3990996900 567561M0 ILHogEOl SEYMHOMB0. 0g0 BMI0PYIN0s s33905DY, HMA
9b539905 65360930l 60ddo 0sMYOYIL Lbgs Bmboiggdms bozMgddo Abgoglio M30Lgdgdol dJmbg
600399993056 sbermls [8].
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N 030L90900L dJmbg LodMGHYJA0, 9653w LOGBOEOMIdME0 bodMIobmzols TglsdmS-
99090 d9BMdgdol MHomEgbmds domomgdmwos K ®ogbgzom. wsbmdo 6odwxmdologol,
A 3odmom3zwgds  3sbdoggdo  IgBmdgdmMb s 50
dsbdoerol 3609369 md9gd0sb s0MBg3s mdiotmglo K
H0oEbgzgd0.  Y39msbg  Asbdgmemgdomo  mzolgds K
d600369crmdgdol  Gotegddo  9boFgds  mEbmdo
0bLEBEo0l  ™M30L9d5L. dg-2 LoDy BRsbL, vy
Mmame  0ddbgds K2 s K5 8b600369wmdqdo  3-

396BM3090056 LOdMEGHYgdo (N = 3).

65b.2. KNN sgram®omdols dmgdgogos K=2 s K =5
3603369emmdgd0lmgol.

KNN, 1%60v6390ygmal 35608 d9LMmegdsls 36535e56%md0egd0s6 dmbs3gdgd®g o
569530 5¢0yMO00T0s LYoz m BsBsdo, Aog®sd gsMgd0m bgeros GgxnsLgdol g@s3byg [10].
AdaBoost — glss 39649bmG0  olfogarols seragmMomdo, GmIgwoa 989353900
3ob0x035300L  3MTomdol  QoloIxMdJLYdws. Boosting  sam®omdgdol  dmdomdol
d06M0m50 30063030 Fg0dangds 50blbL F9809abs06M5: BMmbs3gdgdo X gM 0YmBS X AMBIOSQ
mbgdo 396mbbmIogMgdom. GHMEILsE SCAMMOMT0 20003905, 53 bgd 35300609 o3OS
sboemo {jglgdo. 98 aBoom dooEgds Lbgsolbgs Lo s B dgbmvyargdol Fqbo,
(I9bs3 9HMm©Yds ,d0MH0MSO Fgligdo®. dsls G989, MG 5ERMOHOMT0 BY3MXIM 00doz9dl,
u bLMbBHo Habgdo @ogmmosbgds ghm (gbdo, GMIgEoE 0939 MBROM IOIOO S
09685390 0s. 59 3OIM(39LOL POML, SEIZMOHOMNT0 5603FgdL fimbom 3m930309BEL oMy
L@ Pobl, oG 3m9B0E0gbGHOL »dswagl 3603369 mdsls 5393l (M0 gdOL YzgasHy
Q05 3m983030963L.  fmbol gl 860d3bgermdgdo  doesdo dgol  Lsdmemm  {algdols
d96MHbg30L5L LOSE 3MOMMOEYGHO 9J60FJO0m T JMwgdols Jobggzom [11].
AdaBoost 5e0m®0mal 893600 M30M5EguMds 5J3b. gl godangds Bsdm3m35¢Mmod J30w9y-
Bootogo [10]:
* 9U 5MOOMIT0 56 L5 FOMMIOL (33¢5OL BHMBLFZMOT(300U;

3oL dguyderos Mm396M530900L TguMergds doer0sh 8936 L@ Fgbby;

3900535639090 dMPGOOL 3OIMBGTS doe0sb 0d305000;

31939 39602500 3w9FomdL Imbs3gdms 5536900l godmEm3z9dvw 9603369wMdgd™b.
99mMgl AbG03, bs3em396905 F90dwgds 500b0dbmL o, HMd ol LYbEGHOs bdsmGol s
99b&HMYsmo 3609369 ™dgdOL 803G s 3OIMAbMBOMYGdM 3603369MB 56 5g3Ls
m3s0gbo 3583969390 BH3s 5eyMOH0TYIM6 FgoMm9d0.

MLP (Multi-Layer Perceptron) - bgwmgbsmdo bgodmboeo Jugergdols &Hodos. dobo
396B83MMMOMO M30Lgds SMOL JOMDY FgBHo LogsMR0TM FOOL sOLYOdMDS (B39ME9dMOg,
MO0 96 1530). MIMOOMWIE JONO FoOo GFgbs 1s3ToMOLOs, 0ToLMZOL Fmzsbobmm
Lofigolbo  Imbo39dgdol  bgwsboero  3m©0M9ds, ©@s 90300Mmm  98Mmdogz5¢0  Ho®mdmbobgol
bsbmzgb0 396390393995 MLP 89009905 bodo 9@s30Lgeb. g 9¢3e39d0s 89y3960L 53965, Botrmero
1965 5 499mBszse0 139bs. Ggy3560L 39gbs GOl MLP-0l 9930, G®mdgerog 3sbvbolidygdgwos
9mb539005 0qdsDbY. 59 B9bsBY 0bFMEOTs300L 353905 56 bYdS. Fbmerm© JoLYdX)eo
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063mMH 35300 2900993995 9909y B9, G g3gbsL. 53 LoggbMHbg MommgmEo byommbo
13930060905 GO0 IMob y39es bgotmbl [12].
MLP-0b ©930653qlcmdgdo 899wgy00s:
* 350250 v9930530Jdd IO 3OIMBGIGOU;
e 3L 9999905 03oml O35MYNI0 Fmbo3gdgdoo;
e 3oL Igmdwos Lobfagarm 3MMmEgLOL gobbMmAsgds 3M0ys®, ol gaLsbMHYds »MBGOM
BIOOM BHIOOGMM0L, 300069 BbZS BsbdsbMH0 Lozl SEYMOOMNTYd0;
0o M0 Igmegl dbMog:
*  H0s Jugeol LEHOYIEGHIOOL 539055
e  ImIbToGd9geds MBS 495HY30EML Fglsdsdolo Jugarol BEHGMW)JEMEs;
* 05 JoLo 0bEIN3MYBHIE05 S J93g0s[10, 12].
3. ol33365
BodMMddo 2obboros 356460 abiffogerol 9gmmMmEIdo s SAMMOMIYd0, OHMI-
9003 990degds 4o8m3094gbmm 3m330mE O Jugegddo sbMAsEr0gdol odmbogwgbsc.
QOM®MS 296353¢0Mmd5d0 (39dbmemy0qd0lL 25630156935 Jugerol MLsgGMMbMgdoL Lggdmdo
390mofj300 M350 0bmgoEgos.  sbowo  F9393900L  Hoboswdwgy  0fe®dmgds  sbogro
3MbGHHDMIGO0 5 YM39EOOO0YIMS 0LObYdS SHIWO A5(Y3930w9d900.
9bmBoer0gdol 50dmbgbs Bgdmo gobbowrmmo FgmmEIdOL (39¢3-39w39 39dmYygbgdom
baliIO39¢ 39JR°9©Y 39M 803309356, BE©s© 976905 LULAO 3GgHOINWO LOMYOTLIDS
59 36MHMdE9ol BMboy35M9dEs©, 26> 90gabsls 615350560 / 0gestdomwo dsbdsbmeo
sLHogeol  LAHO®MIGHOS.  Sugmo  LAOMIGHMOOL  [gormdoo  Fglbodwgdgos  EMMOU,
3900MmM30m0 3MMEmLMOOL LOAIO3MOL s IgblogMGOOL IBMY3S.
mOLORIHMO0E  BEGHOWIGHMEMSTo, 300390 Bgbs Fgodewrgds Fgoddbsl  LMego o
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USING MACHINE LEARNING METHODS TO DETECT
ANOMALIES IN A COMPUTER NETWORK
Beridze Besik!, Donadze Mikheil 2
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Summary
Alternative methods and algorithms of machine learning, used for detecting and researching
computer network anomalies, are discussed in the paper. The effectiveness of these methods to protect
against network attacks is analyzed.A multi-layer, hierarchical structure of the machine learning
algorithm is proposed, which has a relatively high practical value. With such a structure, it is possible
to save time and computing resources.

(Received 28.04.2023)
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Pe3rome
PaCCManI/IBaIOTCSI aHBTepHaTI/IBHI)Ie METOAbI U anrOpI/ITMBI MAIIUHHOTO o6yquH;1, KOTOpI)Ie
HCIIOJIB3YHOTCA IJIA 06Hapy>l(eHI/I$I 1 UCCIICAJOBAHUA aHOMAaJIUU B KOMIIBIOTCPHBIX CCTAX. AHaJ’II/I3I/IpyeTC$I
3(1)(1)6KTI/IBHOCTI) OTUX METOOOB 3aIlllUTBl OT CETCBBIX AaTakK. Hpennomeﬁa MHOFprOBHeBaSI,
uepapxudecKkas CTPYKTypa ajaropuTMa MAIlAHHOTO OOyYeHHs, WMEIOMas OTHOCHUTEIHHO BBICOKYIO
MPAKTUYCCKYIO LCHHOCTD. HpI/I TaKou CTPYKTYPC MOKHO COKOHOMUTHL BPEMA U BBIYUCIUTCIBHBIC

pecypcCHI.
(Received 28.04.2023)
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CLASSIFICATION OF ALL KINDS OF ROBOTS

Berdzenishvili Irma

Georgian Technical University
irmiko9@yahoo.co.uk

Abstract

In this article we explore management process robotization issues in the organization. The main
directions of robotics as a rapidly developing industrial field are presented. Their classification is made
from a pragmatic point of view, in particular, for the purposes of automation of production processes of
various fields. We consider six main categories of robots: industrial, service, mobile, collaborative,
autonomous and RPA robots. Among them, the objects of our research are RPA robots, that are software
applications and are used to computerize management processes. Additionally, we highlight the growth
and trends in the robotics industry, including market size and future opportunities. Understanding the
different types of robots and their capabilities is crucial in identifying the most suitable robot for a specific
application.

Key words: industrial robots. Service robots. Mobile robots. Collaborative robots. Autonomous
robots. RPA robots.

1. Introduction

Robots have become an integral part of our daily lives, and they are used in various fields ranging
from manufacturing to healthcare. With the advancement of technology, robots are becoming more
sophisticated, and their applications are expanding. This article provides an overview of the classification
of all kinds of robots, including a new class of robots called RPA robots.

» Industrial Robots

Industrial robots are the most common type of robots used in manufacturing. They are used for
various tasks such as welding, painting, assembly, and material handling. Industrial robots are usually
large, stationary machines that can operate in a controlled environment [8]. They are programmed to
perform repetitive tasks, which saves time and increases efficiency. According to a study by the
International Federation of Robotics (IFR), the global sales of industrial robots reached a record high of
381,000 units in 2017, with Asia accounting for 65% of the total sales [3]. In total there are up to three
million industrial robots employed [9].

There are several types of industrial robots, including articulated robots, Cartesian robots, delta
robots, and gantry robots. Articulated robots are the most common type of industrial robots. They have
arms that can move in multiple directions, which makes them suitable for a wide range of applications.
Cartesian robots are similar to industrial robots, but they move in a linear direction. Delta robots, also
known as parallel robots, are used for high-speed applications such as pick-and-place operations. Gantry
robots are similar to Cartesian robots, but they are larger and can handle heavier loads. They are commonly
used in applications such as CNC machining and material handling [10].

» Collaborative Robots

Collaborative robots, also known as cobots, are designed to work alongside humans. They are
smaller and more flexible than industrial robots and can be easily programmed to perform a variety of
tasks. Cobots are used in various industries, including automotive, electronics, and healthcare. According
to a report by ResearchandMarkets, the global market for collaborative robots is expected to reach USD
4.28 billion by 2023, growing at a CAGR of 50.31% between 2017 and 2023 [6].
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Cobots are designed to be safe to work with humans. They are equipped with sensors that allow
them to detect the presence of humans and stop immediately if there is a risk of collision. They are also
lightweight and can be easily moved from one location to another. Cobots can be programmed using
intuitive software, which makes them easy to use even for people with no programming experience [4].

> Mobile Robots

Mobile robots are designed to move around and operate in unstructured environments. They are
equipped with sensors and cameras that allow them to navigate and avoid obstacles [7]. Mobile robots are
used in various industries, including logistics, agriculture, and healthcare. According to a report by
ResearchAndMarkets, the global market for mobile robots is expected to reach USD 30.96 billion by 2023,
growing at a CAGR of 23.71% between 2018 and 2023 [6].

There are several types of mobile robots, including autonomous mobile robots, teleoperated robots,
and programmable robots. Autonomous mobile robots are equipped with sensors and are capable of
making decisions on their own. Teleoperated robots are controlled by humans, and the operator can see
what the robot sees through a camera. Programmable robots can be programmed to follow a specific path
or perform a specific task [2].

> RPA Robots

RPA stands for Robotic Process Automation, which is a new class of robots that are used to automate
repetitive and mundane tasks. RPA robots are different from other types of robots because they are
software robots, and they do not have a physical body. They are used in various industries, including
finance, healthcare, and insurance.

RPA robots are designed to perform tasks that are typically done by humans, such as data entry,
form filling, and report generation. They are programmed to follow a set of rules and procedures and can
work 24/7 without taking a break. RPA robots can be integrated with existing software systems, which
makes them easy to deploy and use.

According to a report by Grand View Research, the global market for RPA is expected to reach USD
3.11 billion by 2025, growing at a CAGR of 31.1% between 2018 and 2025 [1]. RPA robots are becoming
increasingly popular because they can help organizations save time and money by automating repetitive
tasks and freeing up human resources for more valuable work.

> Service Robots

Service robots are designed to interact with humans and provide services such as cleaning, cooking,
and entertainment. Service robots are used in various industries, including hospitality, healthcare, and
retail. According to a report by ResearchAndMarkets, the global market for service robots is expected to
reach USD 23.9 billion by 2022, growing at a CAGR of 16.7% between 2017 and 2022 [6].

There are several types of service robots, including domestic robots, personal robots, and social robots.
Domestic robots are designed to perform household tasks such as cleaning and cooking. Personal robots
are designed to provide assistance to individuals, such as elderly people and people with disabilities. Social
robots are designed to interact with humans and provide entertainment or companionship.
> Military Robots
Military robots are designed to assist soldiers in combat situations. They are used for various tasks

such as surveillance, reconnaissance, and bomb disposal. Military robots can be operated remotely, which
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allows soldiers to stay out of harm's way. Military robots are also equipped with sensors and cameras that
allow them to detect and avoid obstacles.

There are several types of military robots, including unmanned aerial vehicles (UAVs), unmanned
ground vehicles (UGVs), and unmanned underwater vehicles (UUVs). UAVs, also known as drones, are
used for aerial surveillance and reconnaissance. UGVs are used for ground-based surveillance and

reconnaissance. UUVs are used for underwater surveillance and reconnaissance [5].

3. Conclusion

Robots are becoming increasingly important in various industries, and their applications are
expanding. There are several types of robots, including industrial robots, collaborative robots, mobile
robots, RPA robots, service robots, and military robots. Each type of robot has its unique features and
applications. The global market for robots is expected to continue to grow in the coming years, driven by

advancements in technology and the increasing demand for automation.
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ABTOMATU3ALVA ITPOLTECCOB CUCTEM OPTAHU3ATIMOHHOI'O
YITPABJIEHVA Y KITACCUOUKATIVSA POBOTOB

bepazenumsunu H.
I'pysunckuit TxHUYecKuil Y HUBepCUTET

irmiko9@yahoo.co.uk
Pestome

PaccmarpuBarorcss  BOIpOCHI  pOOOTHM3AIIMHM  YIIpPaBJIe€HYECKMX IIPOLECCOB B  OpraHHM3alUU.
ITpencraBieHBl OCHOBHBIE HAIPaBIeHHSA POOOTOTEXHUKH, KaK OYpPHO pasBHBAIOLIEHCA OTPACIH
TIPOMBIIIIEHHOCTH. VX KiaccuduKamusa IpousBesieHa C IIparMaTHYeCcKOld TOYKY 3peHUs, B YaCTHOCTH, C
LIeJIbI0 aBTOMATU3AIUY IIPOM3BOCTBEHHBIX IIPOLIECCOB B PAa3IUYHBIX o6iacTsax. Msl paccMOTpUM LIecTsh
OCHOBHBIX KaTeTOpHIl poOOTOB: IIPOMBINIIEHHbIE, CEPBUCHBIE, MOOMIBHEBIE, COBMECTHBIE, AaBTOHOMHEBIE U
RPA-poGotsr. Cpesu HuX OOBEKTOM HAUIero MCCIefoBaHUA sABIAOTCT poborer RPA, xoropsre
peasu30BaHbl B BHUJe IIPOTPAMMHBIX IPUJIOKEHHUI U HUCIIOIB3YIOTCA [JI KOMIIBIOTEPHU3ALK IIPOILLeCCOB
ynpaBieHus. Kpome Toro, MblI BbIieIieM TEHIEHIIUU B MHIYCTPUM POOOTOTEXHUKU, TAaKHe KaK pasMep
PBIHKa M OyZylire BO3MOXXHOCTH. XOpolllee IIOHMMaHUE Pa3INYHBIX THUIIOB KaTerOpuil poOOTOB U
BO3MOXKHOCTeH Kakzoro knacca. O4eHp BOKHO IPABIJIBHO BBIOPATh M OIPeZeIuTh MOAXOAAIero pobora

I KOHKPeTHOM IIesu.
(Mocmynuna 25.04.2023)
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ANALYSIS OF NEW TEACHING METHODS UNDER COVID-19
Zhvania Taliko, Kobiashvili Ana

Georgian Technical University
talizhvania@gtu.ge; a.kobiashvili@gtu.ge

Summary

The COVID-19 pandemic and related challenges led to the need to adapt the educational
infrastructure and teaching methods to the new reality. In the conditions of the threat of
coronavirus, it became necessary not only to actively use modern technologies, but also to change
the approaches to the teaching process and learning approaches and techniques. The article
summarizes the results of the research on educational problems conducted in many countries
during the pandemic, analyzes the practices of several leading universities in the world, identifies
the main factors for improving the quality of education in the context of distance and hybrid
learning models, the problems caused by the coronavirus pandemic in the higher education sector
are classified, the advantages and disadvantages of distance learning are discussed.

(Received 29.04.202.3)

AHAJIN3 HOBBIX METOZIOB OBYYEHWA B YCJIOBUAX COVID-19

Ksanusa T., Kobuamsuiu A.
I'pysunckuit Texuuueckuii Y HUBepcuTeT
talizhvania@gtu.ge; a.kobiashvili@gtu.ge

Pesiome

IMangemus COVID-19 u cBsa3anHbIe C Heil BBI30OBHI IIPUBEIN K HEOOXOAUMOCTH aJalTallii
o6pazoBaTeTbHOU MHAPACTPYKTYPHL U METOLOB OO0y YeHIA K HOBBIM peannaM. B ycoBuaX yrposst
KOPOHABUpYyCa BO3HHKJIA HEOOXOAMMOCTh He TOJBKO AaKTHUBHO HCIIOJIB30BATh COBPEMEHHBIE
TEXHOJIOTHH, HO ¥ U3MEHHUTD IOAXOABI K y4eOHOMY IIPOLeCCY, IOAXOABI M METOLUKY OO0ydIeHNU .
B craTse 06006mIAIOTCA pe3ysIBTATHI HCCIENOBAHUA IIPOOJeM 0OpasoBaHUsA, IIPOBEJEHHOTO BO
MHOTHX CTpPaHax B II€pUOJ TaHJEeMUHU, AHAIU3UPYETCS IIPAaKTHKAa HECKOJBKUX BeIyLIUX
YHUBEPCUTETOB MUPA, BBIABJIAIOTCS OCHOBHBIE (haKTOPHI IIOBBINIEHUS KadecTBa 0Opa3oBaHUA B
YCJIOBUAX NUCTAaHIIMOHHOW M I'MOPUIHON Mozeeil 00y4eHMs, KIaCCUPUIUPYIOTCA IPOOIEMSL,
BBI3BAaHHBIE IIaHIEeMUeH KOpOHaBHUpyca B cdepe BBICIIETO O0Opa3oBaHUA, OOCYXAAIOTCI
IIPeNMYIIeCTBa U HeJJOCTATKYU AMCTAaHIIMOHHOTO O0y4YeHuUs.

(Hocrymmma 29.04.2023)
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d9L5dEgdMdYd0 bgemzbmmo 0b@gargd@ol 3Mmmboom. ol go6gdmgds, M@ 9bs s sBOM369dS
LoE®dobges FgHydmmo B39bmdgbgdos, Mbs §350dwgdgL bgarmgzbm@mo 0b@gwgddol
50m 356530 dm3d98b6mo 308300 gbol B3g30BOMMO BWLJ30s. T9godwgds 3035MIEM®M, MHMA
3OBOMWo gbol d9dpamdo 4963050905 BMBJ30505 @S Fomo LoMgswobsgom 8gdsboBdgdols
3653500 x39MM36900L  dodsMmergdom, d9ddbol  Logwdzgwl  bgwrmgbmdo  0bEgargd@ol
©5050gO0LIMZ0L.  FOBROMEO 5 B0M-3969FBH03MM0  GgdbmEmyogdol LobgMaos 339 ML
900mgdL  MBsMToBom s bYW IOMPbMBoMYds© F90ga90DY, 9d0GMI 068MOT5EH03s,
G603 B53g3609MM YO, 35¢EYOIE0s 9dgdmb s FgolFogerml 3083MHVIO bHTYsOHML Yyzgs
(90RO 397G 0.

3. ols33bs

el dgongficomgsbo Bagdgos 30 @ibfjsgerol Betgdy dbgdMOgsE JIBWIRs OBV
U53YsMmMUL, FBMWM@ gl Fogo0m0s 55385600 3md35m, MM dobso 3mpom Jgddboero gbs
0530L  bogMEgd0 MYOOIL 29309l sbYBL  353MBGOMOOL  F630MMYOsDBY s FBMZMYdOL
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bo®obbbg 85906, HMEgLbsg ol sMLYdIMdIDY sME 30 3B0JOMdM, 0lY3g, MmamMs ,B396“ 9bsby
396bmOE0gwgdMo 53odMmol 56 §dggdol EOMU.

396 mb oL, Logmem GIol 0339MoGHMML 3Bl BOHSBs "Burmdg dgmeg 9bsl, 6odbogl
REMd©Y dgmOg Lyanl" - gl B30 HBsTooo 2obs3bsos 0ol Jglobgd, MHmA gbs Jabols BggbL
9500005l EOIL 353MBIOOMBs YL SHIWO MYoermdol (obsdy, ,30BOMEO gbs“ s TbmeErme
»09069“ 9655, 5653900 B3960 FBM3MGOOL MYo0HYOOL GOHM-9MMO MoILO BYadgbEo.

woBIMGMs — References — Jlureparypa:
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(UAsAH0s dogdrycmos 29.04.2023)

LOGICAL-LINGUISTIC FEATURES OF DIGITAL LANGUAGE

Natali Sidamonidze, Levan Jikidze, Mzia Kiknadze
Georgian Technical University
natasidamonidze@gmail.com, levan@gtu.ge, m.kiknadze@gtu.ge
Summary
The paper raises the question of whether the "digital language" affects the cognitive abilities of a
person in the same way as "our" language; whether it is possible to consider the digital language as a logical-

linguistic system and what are the similar and different features of "our" and digital language.

(Received 29.04.2023)

JIOTUKO-JIMHIBUCTUYECKWE OCOBEHHOCTHU IT®POBOT'O A3bIKA

Cugamonwngsze H., xukunze JI., Kukuaaze M.
I'pysunckuii Texundeckuii Y HUBepCUTeT
natasidamonidze@gmail.com, levan@gtu.ge, m.kiknadze@gtu.ge
Pesrome
B cTaThe CTaBUTCSA BOIPOC O TOM, BIUSET JIH «IU(PPOBOM A3BIK» HA IIO3HABATEIBHBIE CIIOCOGHOCTH
yel0BeKa TaK JKe, KaK U «HAll» fA3bIK; MOXXHO JH pacCMaTpuBaTh LU(PPOBOH fA3BIK KaK JIOTHKO-

JMHTBUCTHYECKYIO CHCTEMY M KaKH€ CXOAHbBIE 1 PA3TNIHbBIE YEPTHI y «HAIIETO» U HI/I(i)POBOI‘O A3BIKA.

(IHocrymuma 29.04.2023)
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05b659g00MHMm39 0683mM3sgomo @gdbmermyogdo
GHMHoBol 0bMlEGH®0S80

305500 b36193905930000, 3B Bamsdz000

LogdoMm39wmb ¢9gdbozmemo mboggMbo@gdo
g.nareshelashvili@gtu.ge; g.chuguashvili.gtu.ge

69bomdg

3956b0om@os ol bogombgdo, Mv) Gy 890335Ws s 0(33W9ds bgwmzbm®mo 0bEgargd@ol
(AI) doGomo©O  3OM39LYd0  GHMMODIOL  0bEMlE®m0sdo. B39  30(ygdm  0bxm®Iszomwo

G93dbmmyoqdol (IT) Logmdzagdoo Al-do, GmIgwog M9wg3s6@GHMos dmabsm®mdols s
GMH0BIoLomM30L s 99y gbgds Al LobGHgdgodl, 59 bgggmmdo bgerdobszEmd 53¢035309dL. B39b
©IHOIYOMS©  bgobosgm LG IsMMIMYZIMIMOOL  353gaMM0L,  OmameE  byd@meo,
Gmdgedoi 93 LobLEYIgdoL  1IgBHgbmds BIMFOE0s. draeml, 35809300  godMf3939d00m,
Gdgems (obsdg ol bywmzbm®o 0b@gargd@o GmoBdol 0bMLB®ool bgddm®do.

153356dm  Logyggdo:  G6OobBdo.  0blG®os.  06xm®Isgomwo  3gdbmermaogdo.
3OHMYMFMO 53C03I(309.

1. Bgbsgogro

068306353090 3H9dbmemaogdol Mmool s  2ogergbol  F9z3slgdolam3z0lL 33930l
M0099dBHo© 2obobyBM3Ms 30609 s BsdMswMm BMAol LELEGHWIOM s GHMYOOLEGHMEO bosRbEM.
X590 3393530 dmbsforgmds doomm 18 LobEwdmmd s 13 GHMOOLEHWWs LosgagbGma. 33eg3s
36bmOE0gw©s  6sbgzce  LEAHMMIGHMIOMYPIMEO  J0MBZIMOL  J5dmYgbgdom.  dg30mbzgdol
RMOINW0MHGds b 35633900 3M0EGHIM0dgdol Jobggom:

1) bgemgzbmmo 0b@gangd@ob Hmeol 99z3s590s 30Dbgl 3mbEH9JGLd0;
2) bgarmzbmMo 0bEgangd@ol 393w 9bs doBbl M3gMeE0gdbY s YM391LONH LoddosbMdSBY;
3) by m3zb®OHmeo 0b3wgdEol gogergbs LyMzoLgdbY s IMIHBTsMYdJEMS 3059MFBOGISDY.

5060360 dem3900l Qom35¢olobgdom ©solzs 3Mmb3MgGHMwo G930mb3900, GMIYEToa

1539950905 I3 3M39bOLs sOLYdMEO LOEOEO0L 565 0BO S VBEIM3MYB300 (Bob.1).

godmzombpmo Gymob@yemo mngabaBagogdo

 @amabdpemo
LBaaaggbm

58%

bab@mdim

Bob.1

3°0m30mbwo  3m33560L9d0L  58% LoLEGHMIOM  FHo30L  sfglgdMEgdss, bmwm  42%
AHMOoLAHMOo  booab@™.  s0bodbMo  BOBbgL  LBdOgdBHOoL  TgMBg3s  gobadocrmds
LodoMmM390w ™o 59 MEYB0B30gdOL L3dom© LHMIRs© BOH®OL 3Hgddds. s1939, MO39 doBBYL
90356MHmgds  GIMHoHBAoLs s FoL30BIEMdOL 0bEMLEH®0sdo 0bGHIBLOMGmO  BHgdbmemyoss.
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d9L50530Ls, T9bgXIMYOOL @S 3MA3sbool FBOHOED 5©dds, M) MMAMM0s  BHgdbrmgmyool
2939bs o b5gd0sbMdsBY LEBHMBHIROIs© F6093bgeMmzsb0s (65b.2).

®adbmmmaanmo 3533300l g2dmyybgds

120%
100%
80%
60%
40%
- 5
0 % 0% 0% 0%
0%
bab&nadtm GaMab@dnmo byaggbBEHm
¥ (05%23960b MBsn6-babEgds ¥ mmdm@godn
® Chat bot “ @fmgbob 3@mdsdnio Lob@ydgdn
Bsb. 2

MMamOE 3330l 89093900 5839690L (3H9dbmemmaomMo 3539300l gsdmygbgdol 3mmboo
LobiGdeML d900bgg358m ©oxs3db0L Mmbersob LolEgds (98%) s Pom-dm@Eo LobiEYdgdos (91%).

2396Lb35399o  LYYMHIMOs  OMBIMEHIOOL  25dMmYgbgdols  Fgdmbggzsdo  LobGIdm  (0%) o
AMOOLEGHMOo  BooggbBm (0%). gl doBBYLOL B3xE0B030WB  FsdmIobsdy 250339MwHows
WMy0379M0s, 0Mdazs  9b39bgdl, ™I olbobo bs3wgds M6  3MbEIbEHMOMIdMo  sbgmo
LoLEGYGO0L godmyqbgdsby.

Bgdbmemangdab 2mjds Gmabiymo mmgabnYagogdab dog

3%

Gnfmobd o basgybdm 45%

balbdmnd fm

33%

0% 10%a 20% 0% 40% 50% 60% 70%

"Hfmeob jdaynogomgbal  ®ahdamgdb byfgobgdl  "bheob jmbimmgEdnEamnabmbal

Bob.3
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3996 my0900L 50gdol MZsLsBOHOLOM MM03g GHO30L GHVIMHOLEH™MWO MEMRBOBE0gdOL-
308 InbyBOHYdS 00 bEHIM0s, 080 5BJoMgdl bgM3zolgdol dofimgdol 3OHMEgLL. Mog dbgdc030.,
3mDoG0IM5® 50LHYdS IMIBA>MYdgdOL 305YMBR0gdol MbybY.

B90Mmo0b0odbmE  L530MHYIMB GO  939965¢0Bg  BHMGOLEGHWWO  IBOTbEgdOL
5Q009d0L 390-339MY00 s 3Mm35bE067m 500 F0bs5OLMIMOZ0 Boobo. 33eg30L MdOYJES©
393560P0g0 B9dbmermaos, MHmIgeog Lsm3zgomgbm® FmgMagds Y356 e dsbs®L, Bz96L dogem
d9MBgmo Ggdbmermyoss ChatBot.

B396 809t 894dboero Bsordmho ©sxdbgdmeos 8989y G9dbmermyogdby:

o NLP Bs5¢h8aho 59m03bmdl 3063 gdu@d«e Lo@yzgdl dmdbdsdgderol dmmbmgbosb s
3oLbMBL  ImIbAsMgdgel Bmbol 0bxzMMTs300L  Qom35wolfjobgdom; s oy NLP Bs@dm@o
05809300093 5© 396 35LIBMBL 30MbZsls, Tob Fgde0s FgoMM3ml IMTHIsMYdOl 06BMOTs305
@5 297 H0sMML gl IMbs399900 53965

o Jsb9s690 bzl BshBrBgd0, hmdegdos 51939 3bmdowos GmymeE bgwmgbmmo
06@gagd@ol  (Al) Boddm@gdo, 9439wsbg @obggfoos. olobo dmabIsegdegdl Lodwyoegdsls
5993l o396 Q9BIMMMYINE0, V05 3000H39d0 S Fglmsz5DMb yzgwsbg 39693030 3sliybgdo.
b BoBOMEI00  9aMdgegdl  olfogesl  LodMmgB0E s AN MOGLGIL  3oLbgdl  OM™MS
3963530 Mdsdo.

WoBgM5Gv©s — References — JIuteparypa:
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2. Bostrom N., Yudkowsky E. (2014). The ethics of artificial intelligence. In: The Cambridge
handbook of artificial intelligence. Cambridge University Press, Cambridge, pp 316-334
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(UAsBH0s dowgdrycmos 27.04.2023)
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MODERN INFORMATION TECHNOLOGIES
IN THE TOURISM INDUSTRY

Gulbaat Nareshelashvili, Gocha Chuguashvili
Georgian Technical University
g.nareshelashvili@gtu.ge; g.chuguashvili.gtu.ge

Summary

Artificial intelligence (AI) is currently present in almost every area of travel and tourism,
appearing in different types of applications such as personalization and recommender systems, robots,
conversational systems, smart travel agents, prediction and forecasting systems, language translation
applications, and voice recognition and natural language processing systems. Recent improvements in
big data, algorithms, and computing power have enabled significant enhancements in Al In this
chapter, we review how Al has changed and is changing the main processes in the tourism industry. We
start with the IT foundations of Al that are relevant for travel and tourism and then address the Al
systems and applications available in the sector. We then examine hospitality in detail, as a sector in
which most of these systems are being implemented. We conclude with the challenges that Al faces in

the tourism sector, a research agenda, and draw a scenario of the future of Al in tourism.

(Received 27.04.202.3)

COBPEMEHHBIE THOOPMAITMUOHHBIE TEXHOJIOT U
B UHAYCTPUU TYPU3SMA

Hapemenamsumu I'., Yyryamsumm I'.
I'pysunckuii Texaudeckuil YHUBEpCUTET.
Pe3rome
WckyccrBennsiit uHTennekT (Al) Ha ceromHAIIHWI [JeHb IIPUCYTCTBYeT BO Bcex cdepax
IIyTeIIeCTBUHM U TypU3Ma, IPOSABILETCA B Pa3/JIMYHBIX THUIAX AIUIMKALMIL, TAKUX KaK ITepCOHAIU3ALUI U
peKOMeHjaTeIbHbIe CICTeMBI, POOOTHI, Pa3TOBOPHBIE CHCTEMBI, YMHEIE TyPUCTHYECKIe areHTbI, CUCTEMbI
IIPOTHO3MPOBAHMSA, ATIUKAIIMH-TIePeBOJYMKH, CHCTeMbI 0OpabOTKH eCTeCTBeHHOro sA3bpiKa. [locimemmue
ycmexu B 00paboTKe OOJBIIMX IAHHBIX, B Pa3pabOTKe AJITOPUTMOB M B POCTE BBIYHCIUTEIBHBIX
MOIIHOCTe ITO3BOJIMJIM 3HAYUTEIBHO IOBBICUTH 3(PPEeKTUBHOCTh IPUMEHEHHI CUCTEM HCKYCCTBEHHOTO
VHTe/lJIeKTa. B JaHHOW cTaThe paccMaTpuBaloTCA: BiaugHHe Al Ha Ipolecckl B MHIYCTPUU TypHU3MA;
nHpopMaroHHsle TexHO- joruu (IT), KoTopsle peseBaHTHBI I ITyTEIIECTBUN U TYPHU3Ma; aIUIMKAIUY,
IOCTyIIHBIe B JaHHOM cekrope.Kpome TOro, pacCMOTpeHBI Te BBI3OBBI, KOTOphle CTOAT Iepex, Al B

TypHUCTHYI€C- KOM CEKTOpe.

(Iloctymmra 27.04.2023)
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390303509000 30MM3Mb0371M0 BsMOL 3Hga3gMsEMMol s
396056mdOL HgaMeEo®mgds (DHT11) Lgblmeol, séwobmb,
39505 @MMob s {yaols 35953bgemgdgeo Ggbols bsdsergdom

395396 Bobm5dg, 00030 Bsbmdy
Bodo®omzgeml ¢gdbogm®o mbogg®lo@gdo

gankhypower@gmail.com , chantadzei@gmail.com
69bomdg

3obbommos  39MHFH0350Em  300060M3MbM3MH0  BsAIMTo  BHgd3gho@Imols o
GH9b0sbmdOL  m3BH0dow Mo ©mbol  Fgbobmbads,  LgbbmGoo  (DHTII), s6wgobmmo,

39605GHMOH0m 5 Fyarol godsbgergdgeo G9bol bsdrsergdoom.

1533560 LBoBYzgdo: 390 GH035WIM0  30EOM3Mb03MMHO  IBIYIMO.  Fgdg3MsE Ol
69300905, 3H9bosbmdol  Mgaymeomgds.  Arduno. LybbmGo.  39bGHOWIGHMMO.  {iywol
3995336909090 39bo. 533HMI>EGH0DsG0o.

1. dgbogsgro

39603035060 30006MM3Mb03s 56M0L 9396509900l goBMHOL 0bMm35309MH0 IgMEO boswIROL
390909 3mbGHOME0MYds© FoM9dmTo, Yo by ©gmdbgdMo 1533900 blbsMYdOL Qsdmygbgdoom.
§o6m35@9dMo  30MM™m3mbogol  ghm-ghmo  360dzbgarmgsbo  s13gdBHos  BHYI3gMOGHMIOOLS o
3H96056mdOL ™m3(3H0Fo Mo Mbol FgbstBmbgds. 98 LGs@Gosdo B3zgb asbzobowsgm, mvy GHmymem
90350f0mm  #H9339M0GHIOHobs s GHYb0sbmdOL BMLE 3mbGHGMEL DHT11 bgbbm®olb, Arduino
90360M3mbGHOM@gMHoL, 396E0oGMEOOL s fyarol godsbgergdgwo @gbol bLydmswgdoom.

2. 3060050 bsfjogro

H9939605GHcms @5  3H9bosbmds 86039369 m3z56 MMl SlGWMEgdl  I39bstrggdol  BOM.-
396300560905d0. 39603035 MM0 3000OM3Mb030L LoLEBJIsdo 0JSWIMHO 3060MdJdOL TgbsGBMbYds
MBOHM639wYMRL M3GH0To)H BMEGHMLObMgBL, 1533900 6030009MYdgdOL Jogdsl s d3ghsMOL
d00sb  96300060905L. DHT11 ULgbbm®o, ©odsgro gsliol 3on®meo  Ggddgeo@d«yeols ©o
AH9b0sbmdol  LgbbmEo,  0dbgds  B3zgbo  doGomso  BmfymdowMmds 53  3565d9GHM9dOL
dmbo@mMobgolmgzob.

GH9339M5GHIMHoLS s BHYB0sbMIOL  3MBEGHOMOl LobEGgdol Tlogddbgws ©OA3F0MIYdS
3900090 3033mbgbEgd0:

1. DHT11 UgbbmGo (Bsb. 1): Bmdsgl  $H9d396s@«gtols s
396056mdsL;

2. Arduino 9036:03mbGH®M@gMo: 0090l dmbszgdgdl LYblmEMOLH
Q5 53MmbGHOMEgdL 396E0GHMOL S Fyarol odsmdmdI 39bl;

3. 396@0o@MGM0:  gsdmoygbgds ($H9gd3gMo@IMol  3MbEGHMMmo-
Longol 35960 6535000L gobOom;

4. fyeol  gods3bgegdgwo  GHgbo bgwl »figmdl  Lobm®zgao
39939350 G9b50B1bgdL;

5. Arduino-b 3mbEGHOMEgOHO L5395 gdsL 0deErgzs 53MbEHMMEML

Bob.1. 395GH0WHEGHMM0 © fyaob godsbgrrgdgwo Ggbo.
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99-2 BoboBBg 6583969305 Hgd3gGmoGH MOl s 3HYbosbmdol MHgameomgdol bdgds. DHTI1
LgbbmMo  FggPHgdos  Arduino do3zMM3MBEHOMEIOMD  Lgblm®By domomgdmwo  3obol
3Mbxog G300l dobgz0m. 990090 0s 396G0WsGHMMmO ©s fywol gsdsbgwgdgwo G9bo
(9wgl dmEMmsb, 90y Labgmmgm dmEvew Arduino-Lesb. gl 3mIBoMGS30s Arduino-b
Lo3mogdsl  5dEg3L  53MBEHOMEML 396G 0sGHMMm0 s fiywwol sdsmdmdgwo Ggbo DHTI11
b9gbLMOOD JoMgdMEo ImMbs(3999d0L Loywdzgwby.

!

6ob. 1

33090905 Arduino-U 3GMyMsdoM9ds FLProg-36ma®msdsdo.

Arduino 9036:m3mb6@OMWgM0, GMIJwoE 9MI0350 J0MHYMEMOL  3gd3geo@IMols s
&96056md0l 3609369 mdgdol DHT11 Ligblm®mosb.

3960 GHMMOLS 5 25F5MOMIOL AoB3MBEBHMMEYOWIE LOL¥IMZ9wo 39d3gMoGIMOLS ©s
&96056md0L Br3M9gdbg oYM bMmdOm.

39093009000  396G0sGH™MOOL @5 godsmdMmdgol  BsGMZOL Lo FoMmgdolsdgd®,
LobIM39e0 306:>M0gO0L FgLsbo®bmbydws.

3330600530 300L Arduino dozMM3MbEOMEg»HTo.

O0amO3 30 Arduino BsoMm3905 S 3O S0E3009d, LoliBgds s0fYgdL 39a3gMoEIMHOLYS
@5 H9b6056mdol  mbol dmboGm®obal DHT11 Ugbbm®ol 99d39md0m. 0v) 39939600 co
3955FoMdIOL  LOlWEMZ9gE O0535DMbL, Arduino s5JE0MEMIOL 396E0GHMOMOL 359M0L bo3ool
39BOHOOL O F9MgIML QM0 gd0L J0DBbOm. M) 3HgbosbMds LoliyMzge MbIL J399mom Y9390,
Arduino BsO®ogl  fyol 25053bgegdeol  BHgbl  3Hgbosbmdol gebMol dobbom. LoliEgds
395363990l 58 356589EHJO0L M90Sl M3EH0ToW MO 30MHMBJOOL TglsbseBmbgdansc.

39939653 vm0LS s H9b0sbMmdoL 3MBEMMEOL LolBgds M BOMB3gEygmal, HM 93965609900
8000Mb 0©JsMEO 5G9 3060M3JO0, MOE 29B30MMIYIL HBOOL 393700l JomdxMmdgLYdL s
9mbO3w0sBMBOL  FoBOPIL.  396GHOWOGHMMOL s 25F50IMOMOL  A55dGH0MYd0m  FbmEm
Lo F0MHMgdol d9dmbggzsdo, gbgMaools Imbdocmnds 30bodmdsdgs syzsbowo. gl LobGgds 5E30ws©
990000905 OMYRM0MEIL  bb3oslb3s  39MG035MH0  3000MM3Mmb03MM0  ©IBIYIMYOOL
9mbofiymods.
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DHT11 UgbbmMo mBOHbggmymals Mgoemem  @®mdo  dmbszgdgdool  dofim@gdsl s
©53M053905L, o3 239993l LBodwOEgdOl  935330MPIM O O39MNRMEOMM  LoLEGHYIs
™300 89093900Lm30U.

3. sls336s

39030350 M0  300MOM3Mb03s  33035HMdL  989IHMIO  LozmEOL  IBMA30L  FgMEL
9396569900 goLsBOEIWS. }$9I3YMEGIMOLS S 3HYB0BMBOL 3MmbEBHMMOL LobE)Iol sbgMy300
DHT11 bgbbm&ol, Arduino-U, 396&0ws@m®ol s §yaol 359s53bgargdaro ¢9bob godmygbgdom, 396
39230005 893J3bs0 2o69dm, GMIgoa byl dgmfymdl 93gbseol m3EH0dowdH BOHEIL
9ogduodoe®  IMLOZ0sbMdSL. 98 BodBHMMgdol  bmlEGo  3MbGHOMEom, Bz96  Tgaz0deros
399M03300Mm» 30MM3603M0 39O 30350 IM0 9d3509MdoL LOHIEo 3mEgbioswo.

WoBgMG©s — References — JIuteparypa:
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VERTICAL HYDROPONICS EQUIPMENT AND HUMIDITY STRUCTURE (DHT11) WITH
SENSOR, ARDUINO, FAN AND WATER HEATER HUMIDIFIER.

Vakhtang Chantadze, Irakli Chantadze
Georgian Technical University

gankhypower@gmail.com, chantadzei@gmail.com
Summary

We discussed the vertical hydroponic device system with optimal humidity control, with a sensor
(DHT11), Arduino microcontroller, ventilator, water heater and humidifier. The DHT11 sensor provides
real-time data feed and processing, allowing us to monitor and adjust the system for optimal results. The
temperature and humidity control system ensures that the plants receive the ideal environmental
conditions, leading to improved growth rates and increased yields. By activating the fan and heater only

when needed, energy consumption is kept to a minimum.
(Received 28.04.2023)
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BEPTUKAJIBHOE T'MZIPOIIOHHOE OBOPYZJOBAHUE 1 KOHCTPYKIIVIA C JATYNKOM
(DHT11), ARDUINO, BEHTUWJIATOPOM Y BOJOHATPEBATEJIEM

Yauranse B., Yanrazgze U.
I'pysunckuii Texamdyeckuit YHUBepCUTET
gankhypower@gmail.com, chantadzei@gmail.com

Pesiome

Ms1 06Cy UM CUCTEMY BEPTHUKATIBHOTO T'HAPOIOHHOTO YCTPOMCTBA C ONTHMAJIbHBIM KOHTPOJIEM
BiaxHocTH, ¢ gargyukom (DHT11), mukpokouTpoiiepom Arduino, BEHTHIATOPOM, BOJOHAarpeBaTeIeM U
yBnaxuuteneM. Jarunk DHT11 obGecrmevyuBaer momady u o6pabOTKYy [JAaHHBIX B PEXHUME PeasbHOTO
BpeMeHH, ITO IT03BOJIIET HaM KOHTPOJIHPOBaTh M HACTPAMBATh CHUCTEMY [JISI IIOJy4eHUs ONTHUMAaTbHbBIX
pesynbraTtoB. CHCTeMa KOHTPOJIA TeMIIEPAaTyphl M BIAKHOCTH TapaHTHUPYET, YTO PAaCTEHUA IIOIYdaioT
HJeaabHble yCIOBUA OKPYXKaIolleil Cpelsl, YTO IPUBOIUT K YJIYUIIEHHIO TEMIIOB POCTa U IOBBIIIEHHIO
ypokaiiHOCTH. bilarosaps BKIIOYEHHIO BEHTIJIATOpPAa KU 00OTpeBaTesis TOJIBKO IIPU HEOOXOZMMOCTH
norpebeHNe SHEPIUY CBOAUTCA K MUHUMYMY.

(ITocrymmna 28.04.2023)
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LED LIGHTING NEEDS, COMPARISONS AND ADVANTAGES OVER
OTHER LIGHTING IN VERTICAL HYDROPONICS.
Chantadze Vakhtang
Georgian Technical University
gankhypower@gmail.com
Summary
Discusses the need, comparison and advantages of LED lighting in a vertical hydroponic systems.
with fluorescent, incandescent and high pressure sodium (HPS) lamps. LED lighting offers significant
advantages over other lighting options, including energy efficiency, adjustable light spectrum, durability,

heat management, space optimization, cost, and durability.

(Received 28.04.2023)
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ITOTPEBHOCTH B CBETOAVOAHOM OCBELIEHWH, CPABHEHUE U
ITPEVMYIIIECTBA ITEPEJI IPYTYIM OCBEIIEHWEM B BEPTUKAJIbHOM
I'MPOIIOHUKE

YauTanse B.

I'pysunckuii Texamdyeckuit YHUBepCUTET

gankhypower@gmail.com
Pe3rome

O6cyxgaroTcss HeOOXOZUMOCTh, CpaBHEHME M IIPEUMYIIeCTBa CBETOJUOLHOTO OCBEIIEeHUS B
BEePTHKAJIBPHOI THUAPOIOHHON yCTAaHOBKE C JIIOMUHECIEHTHBIMM JIAMIIAMH, JaMIaMi HaKaJIWUBaHUA U
HaTpUeBbIMHU JlaMnaMu Beicokoro gasiaenus (HPS). CBeroguonHoe ocBeleHye mpearaeT 3Ha4UTEIbHBIE
IIPpeNMYyIIecTBa II0 CpPaBHEHUIO C APYTMMU BapHaHTAMH OCBeIIeHUd, BKIOYas dHeprodddeKTUBHOCTS,
peryaupyeMblii CBETOBOI CIIEKTpP, ZOJTOBEYHOCTb, yIIpaBjleHHe TEeIlJIOM, ONTMMU3ALMIO IIPOCTPAHCTBA,

CTOMMOCTD M JOJITOBEYHOCTBD.

(ITocrymmna 28.04.2023)
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