
ACADEMIC SCIENTIFIC

Тематическая направленность: Информационно-коммуникационные технологии

 JOURNAL OF COMPUTER SCIENCE

ISSN 2518-1726 (Online),
ISSN 1991-346X (Print)

№3
2025



ISSN 2518-1726 (Online),
ISSN 1991-346X (Print)

ACADEMIC SCIENTIFIC 
JOURNAL OF COMPUTER 

SCIENCE

3 (355)
 JULY – SEPTEMBER 2025

PUBLISHED SINCE JANUARY 1963 
PUBLISHED 4 TIMES A YEAR

ALMATY, NAS RK



2

Academic Scientific Journal of Computer Science

CHIEF EDITOR:
MUTANOV Galimkair Mutanovich, doctor of technical sciences, professor, academician of NAS RK, acting 
General Director of the Institute of Information and Computing Technologies CS MES RK (Almaty, Kazakhstan), 
https://www.scopus.com/authid/detail.uri?authorId=6506682964, https://www.webofscience.com/wos/author/
record/1423665

EDITORIAL BOARD: 
KALIMOLDAYEV Maksat Nuradilovich, (Deputy Editor-in-Chief), Doctor of Physical and Mathematical 
Sciences, Professor, Academician of NAS RK, Advisor to the General Director of the Institute of Information and 
Computing Technologies of the CS MES RK, Head of the Laboratory (Almaty, Kazakhstan), https://www.scopus.
com/authid/detail.uri?authorId=56153126500, https://www.webofscience.com/wos/author/record/2428551
Mamyrbaev Orken Zhumazhanovich, (Academic Secretary), PhD in Information Systems, Deputy Director 
for Science of the Institute of Information and Computing Technologies CS MES RK (Almaty, Kazakhstan), 
https://www.scopus.com/authid/detail.uri?authorId=55967630400, https://www.webofscience.com/wos/author/
record/1774027
BAIGUNCHEKOV Zhumadil Zhanabaevich, Doctor of Technical Sciences, Professor, Academician of 
NAS RK, Institute of Cybernetics and Information Technologies, Department of Applied Mechanics and 
Engineering Graphics, Satbayev University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorId=6506823633, https://www.webofscience.com/wos/author/record/1923423
WOICIK Waldemar, Doctor of Technical Sciences (Phys.-Math.), Professor of the Lublin University of 
Technology (Lublin, Poland), https://www.scopus.com/authid/detail.uri?authorId=7005121594, https://www.
webofscience.com/wos/author/record/678586
SMOLARJ Andrej, Associate Professor Faculty of Electronics, Lublin polytechnic university (Lublin, Poland), 
https://www.scopus.com/authid/detail.uri?authorId=56249263000, https://www.webofscience.com/wos/author/
record/1268523
KEILAN Alimkhan, Doctor of Technical Sciences, Professor (Doctor of science (Japan)), chief researcher of 
Institute of Information and Computational Technologies CS MES RK (Almaty, Kazakhstan), https://www.scopus.
com/authid/detail.uri?authorId=8701101900, https://www.webofscience.com/wos/author/record/1436451
KHAIROVA Nina, Doctor of Technical Sciences, Professor, Chief Researcher of the Institute of Information 
and Computational Technologies CS MES RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorId=37461441200, https://www.webofscience.com/wos/author/record/1768515
OTMAN Mohamed, PhD, Professor of Computer Science Department of Communication Technology 
and Networks, Putra University Malaysia (Selangor, Malaysia), https://www.scopus.com/authid/detail.
uri?authorId=56036884700, https://www.webofscience.com/wos/author/record/747649
NYSANBAYEVA Saule Yerkebulanovna, Doctor of Technical Sciences, Associate Professor, Senior 
Researcher of the Institute of Information and Computing Technologies CS MES RK (Almaty, Kazakhstan), 
https://www.scopus.com/authid/detail.uri?authorId=55453992600, https://www.webofscience.com/wos/author/
record/3802041
BIYASHEV Rustam Gakashevich, doctor of technical sciences, professor, Deputy Director of the Institute for 
Informatics and Management Problems, Head of the Information Security Laboratory (Kazakhstan), https://www.
scopus.com/authid/detail.uri?authorId=6603642864, https://www.webofscience.com/wos/author/record/3802016
KAPALOVA Nursulu Aldazharovna, Candidate of Technical Sciences, Head of the Laboratory cybersecurity, 
Institute of Information and Computing Technologies CS MES RK (Almaty, Kazakhstan), https://www.scopus.
com/authid/detail.uri?authorId=57191242124, 
KOVALYOV Alexander Mikhailovich, Doctor of Physical and Mathematical Sciences, Academician of the 
National Academy of Sciences of Ukraine, Institute of Applied Mathematics and Mechanics (Donetsk, Ukraine), 
https://www.scopus.com/authid/detail.uri?authorId=7202799321, https://www.webofscience.com/wos/author/
record/38481396
MIKHALEVICH Alexander Alexandrovich, Doctor of Technical Sciences, Professor, Academician of 
the National Academy of Sciences of Belarus (Minsk, Belarus), https://www.scopus.com/authid/detail.
uri?authorId=7004159952, https://www.webofscience.com/wos/author/record/46249977
TIGHINEANU Ion Mihailovich, Doctor of Physical and Mathematical Sciences, Academician, President of the 
Academy of Sciences of Moldova, Technical University of Moldova (Chisinau, Moldova), https://www.scopus.
com/authid/detail.uri?authorId=7006315935, https://www.webofscience.com/wos/author/record/524462

Academic Scientific Journal of Computer Science 
ISSN 2518-1726 (Online), 
ISSN 1991-346Х (Print)
Owner: «Central Asian Academic Research Center» LLP (Almaty). 
Certificate № KZ77VPY00121154 on the re-registration of the periodical printed and online publication of the 
information agency, issued on 05.06.2025 by the Republican State Institution «Information Committee» of the 
Ministry of Culture and Information of the Republic of Kazakhstan
Subject area: information and communication technologies.
Currently: included in the list of journals recommended by the CCSES MSHE RK in the direction of «Information 
and communication technologies».
Periodicity: 4 times a year.
http://www.physico-mathematical.kz/index.php/en/

© «Central Asian Academic Research Center» LLP, 2025



3

ISSN 1991-346X                                                                                            3. 2025

БАС РЕДАКТОР:
МҰТАНОВ Ғалымқайыр Мұтанұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 
ҚР ҒЖБМ ҒК «Ақпараттық және есептеу технологиялары институты» бас директорының м.а. (Алматы, 
Қазақстан), https://www.scopus.com/authid/detail.uri?authorId=6506682964, https://www.webofscience.com/
wos/author/record/1423665

РЕДАКЦИЯ АЛҚАСЫ:
ҚАЛИМОЛДАЕВ Мақсат Нұрәділұлы, (бас редактордың орынбасары), физика-математика ғылымда-
рының докторы, профессор, ҚР ҰҒА академигі, ҚР ҒЖБМ ҒК «Ақпараттық және есептеу технологиялары 
институты» бас директорының кеңесшісі, зертхана меңгерушісі (Алматы, Қазақстан), https://www.scopus.
com/authid/detail.uri?authorId=56153126500, https://www.webofscience.com/wos/author/record/2428551
МАМЫРБАЕВ Өркен Жұмажанұлы (ғалым хатшы), Ақпараттық жүйелер саласындағы техника 
ғылымдарының (PhD) докторы, ҚР ҒЖБМ ҒК «Ақпараттық және есептеу технологиялары институты» 
директорының ғылым жөніндегі орынбасары (Алматы, Қазақстан), https://www.scopus.com/authid/detail.
uri?authorId=55967630400, https://www.webofscience.com/wos/author/record/1774027
БАЙГУНЧЕКОВ Жұмаділ Жаңабайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА ака-
демигі, Кибернетика және ақпараттық технологиялар институты, Қолданбалы механика және инженер-
лік графика кафедрасы, Сәтбаев университеті (Алматы, Қазақстан), https://www.scopus.com/authid/detail.
uri?authorId=6506823633, https://www.webofscience.com/wos/author/record/1923423
ВОЙЧИК Вальдемар, техника ғылымдарының докторы (физ-мат), Люблин технологиялық универси-
тетінің профессоры (Люблин, Польша), https://www.scopus.com/authid/detail.uri?authorId=7005121594, 
https://www.webofscience.com/wos/author/record/678586
СМОЛАРЖ Анджей, Люблин политехникалық университетінің электроника факультетінің доценті (Лю-
блин, Польша), https://www.scopus.com/authid/detail.uri?authorId=56249263000, https://www.webofscience.
com/wos/author/record/1268523
КЕЙЛАН Әлімхан, техника ғылымдарының докторы, профессор (ғылым докторы (Жапония)), ҚР ҒЖБМ 
ҒК «Ақпараттық және есептеу технологиялары институтының» бас ғылыми қызметкері (Алматы, Қа-
зақстан), https://www.scopus.com/authid/detail.uri?authorId=8701101900, https://www.webofscience.com/wos/
author/record/1436451
ХАЙРОВА Нина, техника ғылымдарының докторы, профессор, ҚР ҒЖБМ ҒК «Ақпараттық және есеп-
теу технологиялары институтының» бас ғылыми қызметкері (Алматы, Қазақстан), https://www.scopus.com/
authid/detail.uri?authorId=37461441200, https://www.webofscience.com/wos/author/record/1768515
ОТМАН Мохаммед, PhD, Информатика, Коммуникациялық технологиялар және желілер кафедрасының 
профессоры, Путра университеті Малайзия (Селангор, Малайзия), https://www.scopus.com/authid/detail.
uri?authorId=56036884700, https://www.webofscience.com/wos/author/record/747649
НЫСАНБАЕВА Сауле Еркебұланқызы, техника ғылымдарының докторы, доцент, ҚР ҒЖБМ ҒК 
«Ақпараттық және есептеу технологиялары институтының» аға ғылыми қызметкері (Алматы, Қазақстан), 
https://www.scopus.com/authid/detail.uri?authorId=55453992600,  https://www.webofscience.com/wos/author/
record/3802041
БИЯШЕВ Рустам Гакашевич, техника ғылымдарының докторы, профессор, Информатика және басқа-
ру мәселелері институты директорының орынбасары, Ақпараттық қауіпсіздік зертханасының меңгерушісі 
(Қазақстан), https://www.scopus.com/authid/detail.uri?authorId=6603642864, https://www.webofscience.com/
wos/author/record/3802016
КАПАЛОВА Нұрсұлу Алдажарқызы, техника ғылымдарының кандидаты, ҚР ҒЖБМ ҒК «Ақпараттық 
және есептеу технологиялары институты», Киберқауіпсіздік зертханасының меңгерушісі (Алматы, Қа-
зақстан), https://www.scopus.com/authid/detail.uri?authorId=57191242124, 
КОВАЛЕВ Александр Михайлович, физика-математика ғылымдарының докторы, Украина Ұлттық 
Ғылым академиясының академигі, Қолданбалы математика және механика институты (Донецк, Украина), 
https://www.scopus.com/authid/detail.uri?authorId=7202799321, https://www.webofscience.com/wos/author/
record/38481396
МИХАЛЕВИЧ Александр Александрович, техника ғылымдарының докторы, профессор, Беларусь 
Ұлттық Ғылым академиясының академигі (Минск, Беларусь), https://www.scopus.com/authid/detail.
uri?authorId=7004159952, https://www.webofscience.com/wos/author/record/46249977
ТИГИНЯНУ Ион Михайлович, физика-математика ғылымдарының докторы, академик, Молдова Ғылым 
Академиясының президенті, Молдова техникалық университеті (Кишинев, Молдова), https://www.scopus.
com/authid/detail.uri?authorId=7006315935, https://www.webofscience.com/wos/author/record/524462

Academic Scientific Journal of Computer Science
ISSN 2518-1726 (Online), 
ISSN 1991-346X (Print)
Меншіктеуші:  «Орталық Азия академиялық ғылыми орталығы» ЖШС  (Алматы). 
Ақпарат агенттігінің мерзімді баспасөз басылымын, ақпарат агенттігін және желілік басылымды қайта есепке 
қою туралы ҚР  Мәдениет және Ақпарат министрлігі «Ақпарат комитеті» Республикалық мемлекеттік мекемесі 
05.06.2025 ж. берген  № KZ77VPY00121154 Куәлік.
Тақырыптық  бағыты: ақпараттық-коммуникациялық технологиялар
Қазіргі уақытта: «ақпараттық-коммуникациялық технологиялар» бағыты бойынша ҚР БҒМ БҒСБК 
ұсынған журналдар тізіміне енді. 
Мерзімділігі: жылына 4 рет. 
http://www.physico-mathematical.kz/index.php/en/

© «Орталық Азия академиялық ғылыми орталығы» ЖШС, 2025



4

Academic Scientific Journal of Computer Science

ГЛАВНЫЙ РЕДАКТОР:
МУТАНОВ Галимкаир Мутанович, доктор технических наук, профессор, академик НАН РК, и.о. 
генерального директора «Института информационных и вычислительных технологий» КН МНВО РК (Алматы, 
Казахстан), https://www.scopus.com/authid/detail.uri?authorId=6506682964, https://www.webofscience.com/wos/
author/record/142 3665

Редакционная коллегия:
КАЛИМОЛДАЕВ Максат Нурадилович, (заместитель главного редактора), доктор физико-математических 
наук, профессор, академик НАН РК, советник генерального директора «Института информационных и 
вычислительных технологий» КН МНВО РК, заведующий лабораторией (Алматы, Казахстан), https://www.
scopus.com/authid/detail.uri?authorId=56153126500, https://www.webofscience.com/wos/author/record/2428551
МАМЫРБАЕВ Оркен Жумажанович, (ученый секретарь), доктор философии (PhD) по специальности 
«Информационные системы», заместитель директора по науке РГП «Институт информационных и 
вычислительных технологий» Комитета науки МНВО РК (Алматы, Казахстан), https://www.scopus.com/authid/
detail.uri?authorId=55967630400, https://www.webofscience.com/wos/author/record/1774027
БАЙГУНЧЕКОВ Жумадил Жанабаевич, доктор технических наук, профессор, академик НАН РК, 
Институт кибернетики и информационных технологий, кафедра прикладной механики и инженерной графики, 
Университет Сатпаева (Алматы, Казахстан), https://www.scopus.com/authid/detail.uri?authorId=6506823633, 
https://www.webofscience.com/wos/author/record/1923423
ВОЙЧИК Вальдемар, доктор технических наук (физ.-мат.), профессор Люблинского технологического 
университета (Люблин, Польша), https://www.scopus.com/authid/detail.uri?authorId=7005121594, https://www.
webofscience.com/wos/author/record/678586
СМОЛАРЖ Анджей, доцент факультета электроники Люблинского политехнического университета (Люблин, 
Польша), https://www.scopus.com/authid/detail.uri?authorId=56249263000, https://www.webofscience.com/wos/
author/record/1268523
КЕЙЛАН Алимхан, доктор технических наук, профессор (Doctor of science (Japan)), главный научный 
сотрудник РГП «Института информационных и вычислительных технологий» КН МНВО РК (Алматы, 
Казахстан), https://www.scopus.com/authid/detail.uri?authorId=8701101900, https://www.webofscience.com/wos/
author/record/1436451
ХАЙРОВА Нина, доктор технических наук, профессор, главный научный сотрудник РГП «Института 
информационных и вычислительных технологий» КН МНВО РК (Алматы, Казахстан), https://www.scopus.com/
authid/detail.uri?authorId=37461441200, https://www.webofscience.com/wos/author/record/1768515
ОТМАН Мохамед, доктор философии, профессор компьютерных наук, Департамент коммуникационных 
технологий и сетей, Университет Путра Малайзия (Селангор, Малайзия), https://www.scopus.com/authid/detail.
uri?authorId=56036884700, https://www.webofscience.com/wos/author/record/747649
НЫСАНБАЕВА Сауле Еркебулановна, доктор технических наук, доцент, старший научный сотрудник РГП 
«Института информационных и вычислительных технологий» КН МНВО РК (Алматы, Казахстан), https://www.
scopus.com/authid/detail.uri?authorId=55453992600, https://www.webofscience.com/wos/author/record/3802041
БИЯШЕВ Рустам Гакашевич, доктор технических наук, профессор, заместитель директора Института 
проблем информатики и управления, заведующий лабораторией информационной безопасности (Казахстан), 
https://www.scopus.com/authid/detail.uri?authorId=6603642864,https://www.webofscience.com/wos/author/
record/3802016
КАПАЛОВА Нурсулу Алдажаровна, кандидат технических наук, заведующий лабораторией кибер
безопасности РГП «Института информационных и вычислительных технологий» КН МНВО РК (Алматы, 
Казахстан), https://www.scopus.com/authid/detail.uri?authorId=57191242124,
КОВАЛЕВ Александр Михайлович, доктор физико-математических наук, академик НАН Украины, 
Институт прикладной математики и механики (Донецк, Украина), https://www.scopus.com/authid/detail.
uri?authorId=7202799321, https://www.webofscience.com/wos/author/record/38481396
МИХАЛЕВИЧ Александр Александрович, доктор технических наук, профессор, академик НАН Беларуси 
(Минск, Беларусь), https://www.scopus.com/authid/detail.uri?authorId=7004159952, https://www.webofscience.com/
wos/author/record/46249977
ТИГИНЯНУ Ион Михайлович, доктор физико-математических наук, академик, президент Академии наук 
Молдовы, Технический университет Молдовы (Кишинев, Молдова), https://www.scopus.com/authid/detail.
uri?authorId=7006315935, https://www.webofscience.com/wos/author/record/524462

Academic Scientific Journal of Computer Science
ISSN 2518-1726 (Online), 
ISSN 1991-346Х (Print)
Собственник: ТОО «Центрально-азиатский академический научный центр» (г. Алматы).  
Свидетельство о постановке на переучет периодического печатного издания, информационного агентства 
и сетевого издания № KZ77VPY00121154. Дата выдачи 05.06.2025
Тематическая  направленность: информационно-коммуникационные технологии. 
В настоящее время: вошел в список журналов, рекомендованных КOКСНBO МНBO РК по направлению 
«информационнo-коммуникационные технологии».
Периодичность: 4 разa в год.
http://www.physico-mathematical.kz/index.php/en/

© ТОО «Центрально-азиатский академический научный центр», 2025



5

ISSN 1991-346X                                                                                            3. 2025

CONTENTS

S. Adilzhanova, B. Amirkhanov, G. Amirkhanova, A. Anuarbek
Innovative methods for ensuring cybersecurity of technological control systems 
of a digital twin of a food industry enterprise……………....................................11

L.A. Alexeyeva
Vibrotransport bispinors of Dirac equations in biquaternionic representation 
at sublight speeds and their properties…………………………...............................25

A. Amirova, B. Aldosh, A. Ibraikhan, T. Smagulov, A. Aitmagambet
A machine learning-based approach to detect malicious links on Instagram….....41

G. Argyngazin
Artificial intelligence: is alarmism justified?.........................................................52

Zh.A. Abdibayev, S.K. Sagnayeva, B.B. Orazbayev, M. James C. Crabbe, 
K.A. Dyussekeyev
Development of an effective water accounting method for irrigation systems 
for automated water resource management systems……………...............…….66

Zh. Bazarbek, N. Toyganbaeva, M. Mansurova, T Sarsembayeva, 
M. Sakypbekova
Developing a dataset for creating a Large Language model (LLM) 
for the Kazakh language…..............................................................................…..78

A. Bekarystankyzy, M. Baizakova, A. Kassenkhan, M. Iglikova
Recommendation algorithms for educational preferences: a review…………...93

А. Yerimbetova, U. Berzhanova, E. Daiyrbayeva, B. Sakenov, 
M. Sambetbayeva
Development of a parallel corpus for Kazakh sign language translation and 
training of the transformer model………………………………….................….110

Sh.P. Zhumagulova, O.Zh. Stamkulov,  K. Momynzhanova
Hybrid deep learning approach for accurate ECG beat classification 
using ResNet18 and BiLSTM………..................................................................132

A. Zulhazhav, G. Bekmanova, M. Altaibek, A. Omarbekova, A. Sharipbay
A personalized learning feedback system driven by a lexical 
semantic network………………..........................................................................147



6

Academic Scientific Journal of Computer Science

T.S. Sadykova, B.K. Sinchev, Im Cho Young, A.S. Auyezova
The application of vector space models in intelligent information retrieval 
systems…….........................................................................................................160

A. Sambetbayeva, V. Jotsov
Comparative analysis of deep learning architectures for road crack 
segmentation……………....................................................................................176

D. Oralbekova, A. Akhmediyarova, D. Kassymova, Z. Alibiyeva
Research on linguistic analysis methods for identifying and extracting
text data in the Kazakh language……………....................................…………..188

Zh.S. Takenova
Research on expert assessment methods for determining teachers’ priorities 
by discipline……….............................................................................................204

Zh. Tashenova, А.R. Gabdullin, Zh. Abdugulova, Sh. Amanzholova, 
E. Nurlybaeva
Analysis of modern wireless network security protocols and prospects 
for their development.................................................................................……..228

A. Temirbayev, N. Meirambekuly, N. Uzbekov, A. Beisen, L. Abdizhalilova
CubeSat-based APRS digipeater: design, feasibility and mission concept……..243

N. Temirbekov, D. Tamabay, S. Kasenov, A. Temirbekov, A. Baimankulov
A web-based system for air pollution monitoring with API-integrated 
data sources………..............................................................................................258

A.A. Tlepiyev, A. Mukhamedgali, Y.T. Kaipbayev, A.N. Kalmashova, 
Y.G. Mukhanbet
Surface water monitoring in Kazakhstan using NDWI and random forest: 
a case study of Lake Akkol………………………………..............................….271

Z. Turysbek, O. Mamyrbayev, M. Abdullah
Development of an intelligent system for detecting fake news...........................286

G.S. Shaimerdenova, S.T. Akhmetova, A.N. Zhidebayeva, E.B. Mussirepova, 
D.A. Bibulova
The role of computer modeling in enhancing safety and efficiency 
in industrial facilities...........................................................................................301



7

ISSN 1991-346X                                                                                            3. 2025

МАЗМҰНЫ

С. Адилжанова, Б. Амирханов, Г. Амирханова, А. Ануарбек
Тағам өнеркәсібі кәсіпорны цифрлық егізінің технологиялық басқару 
жүйелерінің киберқауіпсіздігін қамтамасыз етудің инновациялық 
әдістері..................................................................................................................11

Л.А. Алексеева 
Сублимация жылдамдығындағы бикуатерниондық көріністегі Дирак 
теңдеулерінің вибротранспорттық биспинорлары және олардың 
қасиеттері..............................................................................................................25

А. Амирова, Б. Альдош, А. Ибраихан, Т. Смагулов, А. Айтмагамбет
Instagramдағы зиянды сілтемелерді анықтау үшін машиналық 
оқытуға негізделген тәсіл....................................................................................41

Ғ.А. Арғынғазин
Жасанды интеллект: алармистік көзқарас қалыптастыру орынды ма?..........52

Ж.А. Әбдібаев, С.К. Сагнаева, Б.Б. Оразбаев, М. Джеймс К. Крэбб, 
K.А. Дюсекеев
Су ресурстарының автоматтандырылған жүйелеріне суару жүйелеріндегі
су есептеудің тиімді әдісін әзірлеу...................................................................66

Ж.П. Базарбек, Н.А. Тойганбаева, М.Е. Мансурова, Т.С. Сарсембаева, 
М.Ж. Сакыпбекова
Қазақ тіліне арналған үлкен тіл моделін (LLM) жасау үшін Dataset әзірлеу..78

А. Бекарыстанқызы, М. Байзакова, А. Қасенхан, М. Игликова.
Білім алуды жақсарту үшін ұсыныс беретін алгоритмдерге шолу..................93

А.С. Еримбетова, У.Г. Бержанова,  Э.Н. Дайырбаева, Б.Е. Сәкенов, 
М.А. Сәмбетбаева 
Қазақ ым тіліне аудару үшін параллель корпус құру және transformer 
моделін оқыту......................................................................................................110

Ш.П. Жұмағулова, О.Ж. Стамқұлов, К.Р. Момынжанова
RESNET18 және BILSTM қолдана отырып, ЭКГ жүрек соғысын 
дәл жіктеуге арналған гибридті терең оқыту тәсілі.......................................132

А. Зулхажав, Г.Т. Бекманова, М. Алтайбек, А.С. Омарбекова, 
А.А. Шәріпбай
Цифрлық білім және студенттердің академиялық жетістіктері: 
деңгейлер бойынша білім беруді дамыту........................................................147



8

Academic Scientific Journal of Computer Science

Т.C. Cадыкова, Б.К. Синчев, Im Cho Young, А.С. Ауезова
Интеллектуалды ақпаратты іздеу жүйелерінде векторлық кеңістік 
модельдерін қолдану..........................................................................................160

А.К. Самбетбаева, В. Йоцов
Жол  төсемінің жарықтарын сегментациялауда қолданылатын терең 
оқыту архитектураларын салыстырмалы талдау.............................................176

Д. Оралбекова, А. Ахмедиярова, Д. Қасымова, Ж. Алибиева
Қазақ тіліндегі мәтіндік ақпаратты анықтау және оны шығарып алу 
үшін лингвистикалық талдау әдістерін зерттеу..............................................188

Ж.С. Такенова
Пәндер бойынша оқытушылардың басымдығын бағалауға арналған 
сараптамалық бағалау әдістерін зерттеу..........................................................204

Ж.М. Ташенова,   А.Р. Габдуллин,  Ж.К. Абдугулова, Ш.А. Аманжолова,                             
Э.Н. Нурлыбаева
Заманауи сымсыз желінің қауіпсіздік хаттамаларын талдау және олардың 
даму перспективалары.......................................................................................228

А.А. Темирбаев, Н. Мейрамбекұлы, Н.Ш. Узбеков, Ә.Н. Бейсен 
CUBESAT негізіндегі APRS қайта таратқышы: жобалау, іске асыру 
мүмкіндігі және миссия тұжырымдамасы.......................................................243

Н. Темирбеков, Д. Тамабай, С. Касенов, А. Темирбеков, А. Байманкулов
API-интеграцияланған дереккөздері бар атмосфералық ауаның ластануын 
бақылауға арналған веб-негізделген жүйе.......................................................258

A.A. Тлепиев, A. Мухамедгали, Е.Т. Кайпбаев, А.Н. Калмашова, 
Е.Ғ. Муханбет
Қазақстандағы беткі суларды NDWI жəне RANDOM FOREST əдісі арқылы 
мониторингілеу: Ақкөл көлінің мысалында.......................................................271

Ж. Тұрысбек, О.Ж. Мамырбаев, А. Мұхаммед
Жалған жаңалықтарды анықтайтын интеллектуалды жүйені әзірлеу..........286

Г.С. Шаймерденова, С.Т. Ахметова, А.Н. Жидебаева, Э.Б. Мусирепова, 
Д.А. Бибулова
Өнеркәсіптік объектілердің қауіпсіздігі мен тиімділігін арттырудағы 
компьютерлік модельдеудің рөлі......................................................................301



9

ISSN 1991-346X                                                                                            3. 2025

СОДЕРЖАНИЕ

С. Адильжанова, Б. Амирханов, Г. Амирханова, А. Ануарбек
Инновационные методы обеспечения кибербезопасности технологических 
систем управления цифрового двойника предприятия пищевой 
промышленности.................................................................................................11

Л.А. Алексеева
Вибротранспортные биспиноры уравнений Дирака в бикватернионном 
представлении при дозвуковых скоростях и их свойства.................................25

А. Амирова, Б. Алдош, А. Ибрайхан, Т. Смагулов, А. Айтмагамбет
Метод на основе машинного обучения для выявления вредоносных ссылок 
в Instagram.............................................................................................................41

Г. Аргынгазин
Искусственный интеллект: оправдан ли алармизм?.........................................52

Ж.А. Абдибаев, С.К. Сагнаева, Б.Б. Оразбаев, М. Джеймс К. Крэбб, 
К.А. Дюссекеев
Разработка эффективного метода учёта воды для ирригационных систем 
автоматизированного управления водными ресурсами.................................66

Ж. Базарбек, Н. Тойганбаева, М. Мансурова, Т. Сарсембаева, 
М. Сакипбекова 
Создание набора данных для разработки крупной языковой модели (LLM) 
для казахского языка............................................................................................78 

А. Бекарыстанкызы, М. Байзакова, А. Кассенхан, М. Игликова
Алгоритмы рекомендаций для образовательных предпочтений: обзор..........93

А. Еримбетова, У. Бержанова, Е. Дайырбаева, Б. Сакенов, 
М. Самбетбаева
Создание параллельного корпуса для перевода казахского жестового 
языка и обучение трансформерной модели......................................................110

Ш.П. Жумагулова, О.Ж. Стамкулов, К. Момынжанова
Гибридный подход глубокого обучения для точной классификации 
сердечных сокращений ЭКГ с использованием ResNet18 и BiLSTM...........132

А. Зулхажав, Г. Бекманова, М. Алтайбек, А. Омарбекова, А. Шарипбай
Система персонализированной обратной связи в обучении на основе 
лексико‑семантической сети.............................................................................147



10

Academic Scientific Journal of Computer Science

Т.С. Садыкова, Б.К. Синчев, Им Чо Ён, А.С. Ауезова
Применение моделей векторного пространства в интеллектуальных 
системах информационного поиск...................................................................160

А. Самбетбаева, В. Йоцов
Сравнительный анализ архитектур глубокого обучения для сегментации 
трещин на дорогах.............................................................................................176

Д. Оралбекова, А. Ахмедиярова, Д. Касымова, З. Алибиева
Исследование методов лингвистического анализа для идентификации 
и извлечения текстовых данных на казахском языке......................................188

Ж.С. Такенова
Исследование методов экспертной оценки для определения приоритетов 
учителей по дисциплинам.................................................................................204 

Ж. Ташенова, А.Р. Габдуллин, Ж. Абдугулова, Ш. Аманжолова, 
Е. Нурлыбаева
Анализ современных протоколов безопасности беспроводных сетей 
и перспективы их развития...............................................................................228

А. Темирбаев, Н. Мейрамбекулы, Н. Узбеков, А. Бейсен, 
Л. Абдижалилова
APRS‑дигипитер на основе CubeSat: проектирование, осуществимость 
и концепция миссии...........................................................................................243 

Н. Темирбеков, Д. Тамабай, С. Касенов, А. Темирбеков, А. Байманкулов
Веб‑система мониторинга загрязнения воздуха с API‑интеграцией 
источников данных............................................................................................258

А.А. Тлепиев, А. Мухамедгали, Е.Т. Кайпбаев, А.Н. Калмашова, 
Е.Г. Муханбет
Мониторинг поверхностных вод в Казахстане с использованием NDWI 
и случайного леса: кейс озера Аккол................................................................271

З. Турысбек, О. Мамырбаев, М. Абдулла
Разработка интеллектуальной системы для выявления фейковых 
новостей..............................................................................................................286

Г.С. Шаймерденова, С.Т. Ахметова, А.Н. Жидебаева, Е.Б. Муссирепова, 
Д.А. Бибулова
Роль компьютерного моделирования в повышении безопасности 
и эффективности промышленных объектов....................................................301



271

ISSN 1991-346X                                                                                            3. 2025

IRSTI 70.85.31
UDC 556.3.01:630.2(574)(282.255.5)

A.A. Tlepiyev1*, A. Mukhamedgali1, Y.T. Kaipbayev2, A.N. Kalmashova2, 
Y.G. Mukhanbet2, 2025. 

1Kazakh-British Technical University, Almaty, Kazakhstan;
2Kazakh National Agrarian Research University, Almaty, Kazakhstan.

E-mail: armantlepiev123@gmail.com  

SURFACE WATER MONITORING IN KAZAKHSTAN USING NDWI 
AND RANDOM FOREST: A CASE STUDY OF LAKE AKKOL

Tlepiyev Arman Arystanovich ― master student, Kazakh-British Technical University, Almaty, 
Kazakhstan,
E-mail: armantlepiev123@gmail.com;
Mukhamedgali Adil ― PhD, Kazakh-British Technical University, Almaty, Kazakhstan,
E-mail: a.mukhamedgali@kbtu.kz, ORCID iD: https://orcid.org/0009-0003-4437-3757;
Kaipbayev Yerbolat Tolganbayevich ― PhD, Associate Professor of the Water Resources and 
Melioration Department, Kazakh National Agrarian Research University, Almaty, Kazakhstan, 
Е-mail: yerbolat.kaipbayev@kaznaru.edu.kz, ORCID iD: https://orcid.org/0000-0002-7931-7881; 
Kalmashova Ainur Nurlepesovna ― PhD, Senior Lecturer of the Water Resources and Melioration 
Department, Kazakh National Agrarian Research University, Almaty, Kazakhstan, 
e-mail:  Ainur.Kalmashova@kaznaru.edu.kz, ORCID iD: https://orcid.org/0009-0007-7552-8271 
Mukhanbet Yerlan Gabitovich ― PhD student, Kazakh National Agrarian Research University, 
Almaty, Kazakhstan, 
E-mail: yerlan.mukhanbet@kaznaru.edu.kz, ORCID iD:  https://orcid.org/0009-0006-1365-2042. 

Abstract. For nations like Kazakhstan, where dry and semi-arid climates 
together with human activity put increasing strain on lakes and rivers, monitoring 
water resources has become ever more crucial in recent years. Accurate and timely 
information on surface water dynamics is essential for effective water management, 
environmental protection, and adaptation to climate change. Advances in remote 
sensing technologies, particularly the use of indices like NDWI and machine 
learning algorithms such as Random Forest, have significantly enhanced the 
ability to detect and analyze surface water changes over time. These tools offer 
scalable, cost-effective solutions for continuous monitoring, especially in remote 
and vast landscapes typical of Central Asia. This work offers a useful method 
based on the Normalized Difference Water Index (NDWI) to detect water bodies. 
Each of the tools we used – QGIS, Python and Google Earth Engine (GEE) – had 
unique benefits for the work. We applied a supervised Random Forest technique 
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using several spectral bands and indices to separate water covered from dry areas. 
Examining seasonal and long term fluctuations in water levels, our main case study 
was on Lake Akkol in the Zhambyl Region. To grasp their influence on local water 
dynamics, we also examined information from the Assy and Talas rivers. The 
consistent and dependable results across platforms underlined the great spatial and 
temporal heterogeneity of water distribution in the area and supported the need for 
continuous satellite based monitoring.

Key words: Normalized Difference Water Index, Google Earth Engine, QGIS, 
Python, water resources, monitoring
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Аннотация. Қазақстан сияқты құрғақ және жартылай құрғақ климат 

белдеулерінде орналасқан елдер үшін, адамның шаруашылық әрекетімен 
қатар, көлдер мен өзендерге түсетін жүктеме жылдан-жылға артып 
келеді. Сондықтан су ресурстарын бақылау соңғы жылдары айрықша 
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маңызды бола түсті. Беткі сулардың динамикасы туралы дәл әрі уақытылы 
ақпарат – су ресурстарын тиімді басқару, қоршаған ортаны қорғау және 
климаттың өзгеруіне бейімделу үшін аса қажет. Қашықтықтан зондтау 
технологияларының дамуымен, әсіресе NDWI сияқты индекстер мен Random 
Forest сияқты машиналық оқыту алгоритмдерінің қолданылуы, уақыт ішінде 
беткі судағы өзгерістерді анықтау мен талдау мүмкіндіктерін едәуір арттырды. 
Бұл құралдар, әсіресе Орталық Азияға тән кең және қашық аймақтарда, 
тұрақты бақылау жүргізу үшін тиімді және үнемді шешімдер ұсынады. Бұл 
жұмыста су айдындарын анықтау үшін нормаланған су индексіне (NDWI) 
негізделген тиімді әдіс ұсынылады. Қолданылған әрбір құралдың – QGIS, 
Python және Google Earth Engine (GEE) – өзіндік артықшылықтары болды. 
Біз су мен құрғақ жерлерді ажырату үшін бірнеше спектралды арналар мен 
индекстерді пайдалана отырып, Random Forest бақылаулы әдісін қолдандық. 
Маңызды зерттеу нысаны ретінде Жамбыл облысындағы Ақкөл көлі алынып, 
су деңгейінің маусымдық және ұзақ мерзімді өзгерістері зерттелді. Сондай-
ақ, жергілікті су динамикасына әсерін түсіну мақсатында Асы және Талас 
өзендері жөніндегі ақпарат та қарастырылды. Әртүрлі платформаларда 
алынған тұрақты әрі сенімді нәтижелер өңірдегі су таралуының кеңістіктік 
және уақыттық әркелкілігін көрсетті және спутниктік бақылаудың үздіксіз 
жүргізілу қажеттілігін дәлелдеді.
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Аннотация. Для таких стран, как Казахстан, где засушливый и 
полузасушливый климат в сочетании с человеческой деятельностью 
усиливают нагрузку на озера и реки, мониторинг водных ресурсов в 
последние годы становится все более важным. Точная и своевременная 
информация о динамике поверхностных вод необходима для эффективного 
управления водными ресурсами, охраны окружающей среды и адаптации к 
изменениям климата. Развитие технологий дистанционного зондирования, 
особенно использование индексов, таких как NDWI, и алгоритмов машинного 
обучения, например, случайного леса (Random Forest), значительно повысило 
возможности выявления и анализа изменений поверхностных вод во 
времени. Эти инструменты обеспечивают масштабируемые и экономически 
эффективные решения для постоянного мониторинга, особенно в удалённых 
и обширных ландшафтах, характерных для Центральной Азии. В данной 
работе предлагается эффективный метод обнаружения водоёмов на основе 
нормализованного водного индекса (NDWI). Каждый из использованных 
нами инструментов – QGIS, Python и Google Earth Engine (GEE) – имел 
свои уникальные преимущества. Мы применили контролируемый метод 
случайного леса с использованием нескольких спектральных каналов и 
индексов для разделения водоёмов и сухих участков. Основным объектом 
исследования стало озеро Акколь в Жамбылской области, на котором мы 
изучали сезонные и долгосрочные колебания уровня воды. Также были 
проанализированы данные по рекам Асы и Талас для оценки их влияния 
на местную водную динамику. Последовательные и надёжные результаты, 
полученные на разных платформах, подчеркнули высокую пространственную 
и временную неоднородность распределения водных ресурсов в регионе и 
подтвердили необходимость постоянного спутникового мониторинга.

Ключевые слова: нормализованный водный индекс (NDWI), Google Earth 
Engine, QGIS, Python, водные ресурсы, мониторинг 

Introduction. Particularly in dry and semi-arid areas like southern Kazakhstan, 
water is among the most vital natural resources for maintaining life, agriculture, 
and economic development. But climate change, upstream water diversion, poor 
irrigation techniques, and growing population pressure have made water availability 
in the region quite erratic. This fluctuation jeopardizes not only ecosystems but also 
the livelihoods of those depending on a constant water supply for home consumption 
and agriculture (Kozykeyeva, 2020).
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Monitoring surface water dynamics across vast distances and over several times 
has proved to depend critically on remote sensing technologies. Among these, the 
Normalized Difference Water Index (NDWI) is among the most useful spectral 
indices for satellite image based open water body detection. Originally suggested by 
McFeeters in 1996 (Straube, 2013), NDWI highlights water features by enhancing 
the reflectance difference between the green and near infrared (NIR) bands, hence 
suppressing non water features including soil and plant. Sentinel 2 MSI Level 2A 
imagery was used in this work to calculate NDWI by means of atmospherically 
corrected surface reflectance data. NDWI values were computed espe- cially using 
Band 03 (Green, 560 nm) and Band 8A (Narrow NIR, 865 nm). Downloaded with 
a spatial resolution of 20 meters from the Copernicus Data Space Ecosystem plat- 
form (Gao, 1996), the imagery was focusing on the monitoring of Lake Akkol, a 
representative inland water body prone to seasonal and interannual fluctuations in 
the Zhambyl Region of Kazakhstan, this study aims. Important tributaries like the 
Assy and Talas rivers, which help to sustain water levels in surrounding lakes and 
marshes, have hydrologic impact across the area.

Three platforms – QGIS (Messager, 2016 and Breiman, 2001) and Google Earth 
Engine (GEE) – were used to compute NDWI and improve water classification 
and change detection. Moreover, a Random Forest machine learning model (U.S. 
Geological Survey,2024) was trained to use spectral indices and bands to distinguish 
non water from water locations. This combined approach offers a strong, flexible 
framework for evaluating the strengths and limits of any computational technique 
as well as for studying water dynamics.

The main goal of this work is to show how combining remote sensing indices 
with machine learning can improve the accuracy and efficiency of surface water 
monitoring in areas sensitive to water shortage.

Study Area and Data. The study focuses on Lake Akkol, in the semi arid 
continental environment of southern Kazakhstan’s Zhambyl Region, with hot 
summers and cold winters. Lake Akkol is a small inland water feature whose water 
cover varies greatly both seasonally and yearly. Maintaining rural livelihoods, 
biodiversity, and local agriculture as well as helping to support.

The hydrology of the lake is affected by nearby tributary rivers, particularly 
the Talas River and Assy River, which are essential seasonal sources of inflow. 
Apart from surface runoff, these rivers affect the temporal dynamics of the water 
extent of the lake in seasons of snowmelt and spring rains. As its precipitation and 
evaporation rates vary as well, the region is a relevant test site for evaluating water 
resource changes under climatic stress.

For image processing and analysis, the area of interest (AOI) was selected to be 
a buffer zone around the lake and inflow channels.

This work takes use of freely accessible Sentinel 2 MSI Level 2A satellite photos 
including surface reflectance data modified for atmospheric impacts, obtained from 
the Ecosystem site of Copernicus Data Space (Gao, 1996).

Sentinel 2 offers high resolution multispectral data at 10–20 meter spatial 



276

Academic Scientific Journal of Computer Science

resolution, which is well suited for detecting and monitoring surface water features. 
Two specific bands were used for water index analysis:

•	 Band 03 (Green, 560 nm)
•	 Band 8A (Narrow Near Infrared, 865 nm)
The work focused on just low cloud cover or cloud free models. Long term water 

dynamics and interannual comparisons were investigated with photos spanning 
many years: 2016–2024.

This work manually acquired Sentinel 2 photos from the Copernicus Data Space 
Ecosystem web portal (Gao, 1996). Visual and metadata based filtering was part of 
the chosen strategy to guarantee low cloud coverage or cloud free conditions over 
the Lake Akkol area. Scenes were selected depending on:

•	 Cloud Coverage: less than 10% total cloud cover.
•	 Spatial Resolution: 20 meter products (B03 and B8A bands).
•	 Temporal Range: July–August for representative seasonal water extent 

(2016 and 2024).
•	 Level: Sentinel 2 MSI Level 2A (surface reflectance, atmospherically 

corrected).
	 Images were previewed directly in the platform’s browser interface using the 

quick look rendering option and downloaded as SAFE products. Bands were later 
extracted and preprocessed using Python and QGIS tools (Messager, 2016 and 
Breiman, 2001) for consistency across platforms.

№1 table – Summary statistics and metadata for Sentinel-2 Bands B8A and B03
Property B8A B03
Minimum Value 975 1038
Maximum Value 10077 11420
Mean Value 3536.03 2456.12
Standard Deviation 649.71 712.08
Projection Method Universal Transverse Mercator (UTM)
CRS EPSG:32642 – WGS 84 / UTM zone 42N

In addition to satellite imagery, the study incorporated vector data from the 
HydroLAKES database (European Space Agency, 2024), which provides global 
lake boundary polygons. These prevali-dated lake polygons were used to extract 
training samples for the Random Forest model, enabling more accurate and 
consistent labeling of water bodies across different image sources. Pixels located 
within HydroLAKES polygons were labeled as ”water,” while pixels outside were 
used to represent ”nonwater” classes.

№2 table – Classification metrics with definitions and formulas
Metric Purpose Formula
Accuracy Overall correctness of predictions. May be misleading with 

imbalanced classes.
	 TP +TN	  
TP +TN +FP +FN
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Precision How many predicted positives (e.g. wa- ter) are actually 
correct.
Important when false positives are
costly.

     TP	  TP +FP

Recall Measures how many actual positives are correctly 
detected. Crucial when missing water areas is critical.

      TP	  TP +FN

F1 score Balances precision and recall. Reliable metric for 
imbalanced datasets.

2·Precision·Recall 
Precision+Recall

Where: TP – true positives, FP – false positives, TN – true negatives, FN – false 
negatives

This approach allowed for the creation of a balanced and geographically diverse 
training dataset, improving the robustness of the machine learning classification 
and supporting generalization across different types of water bodies.

The interpretation scale presented in Table 3 is grounded in widely accepted 
practices for evaluating classification models across domains such as remote 
sensing, medical diagnostics, and information retrieval. Although there is no 
universally standardized threshold, the defined value ranges (e.g., Excellent: 90 to 
100%, Good: 75 to 84%) are commonly used in applied machine learning literature 
and supported by evidence from prior studies.

Maxwell et al. (2018) highlight that overall accuracy values above 90% are 
typically considered high performing in remote sensing classification tasks, 
especially when the dataset is well prepared and balanced. Similarly, Sokolova and 
Lapalme (2009) emphasize that metrics such as precision and F1 score provide 
more nuanced insights in imbalanced classification problems, which are common 
in environmental data analysis.

№3 table – Qualitative interpretation scale for classification metrics
Interpretation Value Range (%)
Excellent 90 to 100
Very Good 85 to 89
Good 75 to 84
Moderate 60 to 74
Poor Below 60

This qualitative scale helps provide intuitive, interpretable guidance when 
assessing model effectiveness, especially in interdisciplinary contexts where 
stakeholders may not be familiar with the technical significance of raw metric 
values. It also supports communication of results to non specialist audiences and 
aligns with performance reporting practices recommended in tools such as scikit 
learn (Gillies et al., 2022).

Methods and materials. This study combines remote sensing techniques with 
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machine learning to detect and monitor surface water dynamics in the Lake Akkol 
region. The workflow consists of three main components: NDWI calculation 
using multiple platforms, training data preparation using HydroLAKES polygons 
(European Space Agency, 2024), and supervised classification using the Random 
Forest algorithm (Breiman, 2001).

The Normalized Difference Water Index (NDWI) (Straube et.al., 2013) was 
computed using the following formula:

where:
Green is Band 03 (560 nm),
NIR is Band 8A (865 nm) from Sentinel 2 MSI Level 2A imagery.
To evaluate and compare processing flexibility, speed, and visual output quality, 

NDWI was calculated using three platforms:
QGIS: NDWI was computed using the Raster Calculator (Messager et.al., 

2016). This approach was useful for localized analysis and manual quality control.
Python: A Python script utilizing rasterio, numpy, and matplotlib was devel- 

oped to automate NDWI calculation and integrate with machine learning pipelines 
(U.S. Geological Survey, 2024).

Google Earth Engine (GEE): The NDWI was calculated and visualized using 
GEE’s JavaScript API. This method allowed efficient processing of large datasets 
across multiple years.

To create labeled training data for the classification model, vector polygons 
from the HydroLAKES global database were used (European Space Agency, 2024). 
These polygons represent the outlines of known lakes and reservoirs.

Pixels within the HydroLAKES polygons were labeled as water.
Pixels from nearby nonwater areas (e.g., bare soil, vegetation) were labeled as 

non-water.
The dataset was balanced to reduce bias and ensure model generalization across 

vary- ing conditions and landscapes.
This semiautomated labeling method significantly improved the consistency 

and scal-ability of training data generation.
A Random Forest model was trained using the scikit learn Python library (Gillies 

et al., 2022). The classifier used a combination of spectral features and remote 
sensing indices to improve classification accuracy.

The following input features were included:
•	 NDWI: Highlights open water by contrasting green and NIR reflectance.
•	 NDVI (Normalized Difference Vegetation Index), computed using:
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Where: NIR is Band 8A, and Red is Band 04 (665 nm) (McFeeters, 1996). 
NDVI was included to help differentiate water from vegetated areas.

•	 Spectral Bands:
–	 B03 (Green)
–	 B04 (Red)
–	 B08A (Narrow NIR)
–	 B11 (SWIR1, 1610 nm)
–	 B12 (SWIR2, 2190 nm)
These bands are particularly effective for distinguishing water from built up or 

dry areas, as SWIR reflectance is typically low over water but high over soil and 
manmade surfaces.

The model was trained on labeled pixels from the HydroLAKES dataset 
(European Space Agency, 2024) and validated using independent regions near Lake 
Akkol. Evaluation was based on:

•	 Confusion matrix
•	 Overall classification accuracy
•	 Precision and recall for the water class
The Random Forest algorithm (Breiman, 2001) was chosen due to its ability to 

handle nonlinear relationships, resistance to overfitting, and strong performance in 
remote sensing applications.

 Results and Discussion
NDWI maps generated using QGIS (Messager et al., 2016) provided a detailed 

view of water extent in the region. The NDWI raster was visualized using a single 
band pseudocolor rendering style, which enhances contrast between water and 
nonwater areas. A blue to white color ramp was applied, where darker blue 
tones represent higher NDWI values (closer to water), and white indicates drier or 
nonwater surfaces.

1- Figure. NDWI map of Lake Akkol generated in QGIS using single band pseudocolor with a 
blue to white color ramp
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The computed NDWI values from the Sentinel 2 image in QGIS ranged from:
•	Minimum:-0.63236
•	Maximum: 0.330626
These values align with expected NDWI ranges (Straube et al., 2013) where 

water typically has NDWI and negative values correspond to dry soil, urban 
features, or vegetation. The contrast in the image helped clearly delineate Lake 
Akkol from surrounding land cover.

The NDWI was also calculated using a custom Python script developed and 
executed in the PyCharm environment. Sentinel 2 Level 2A images were processed 
using the rasterio library for reading raster bands and numpy for array based 
calculation of NDWI values (Breiman, 2001). The resulting raster was visualized 
using matplotlib with a single band pseudocolor rendering and a blue to white 
color ramp, similar to the one used in QGIS.

     In this case, the raw band values were read as 16 bit integers without applying 
the standard reflectance scaling factor (typically 0.0001). As a result, the computed 
NDWI values were not normalized and fell within the range:

•	Minimum: 0
•	Maximum: 30.4243

2-Figure. NDWI map of Lake Akkol generated in Python using pseudocolor rendering (blue to 
white ramp) Note the unnormalized value range.

Although these values deviate from the expected NDWI range of −1 to +1, the 
structural correctness of the formula was preserved. This discrepancy primarily 
affects numerical interpretability rather than the visual pattern of water detection.

To obtain physically meaningful NDWI values, raw band values should be 
converted to surface reflectance by dividing each pixel value by 10,000. The 
normalized NDWI formula becomes:

NDWI = = 
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Mathematically, the scale factor cancels out, so the NDWI structure remains 
valid; however, normalization is crucial when comparing index thresholds or 
combining with other scaled indices like NDVI (McFeeters, 1996).

Despite the unnormalized range, the pseudocolor visualization remained 
effective. The blue to white colormap clearly emphasized water features with 
relatively higher NDWI values, enabling visual distinction of Lake Akkol from its 
surroundings.

This scenario highlights the importance of reflectance normalization when 
working with Sentinel 2 data in Python environments. Applying normalization 
ensures consistency with outputs from QGIS and Google Earth Engine, which 
automatically handle scaled reflectance.

Google Earth Engine (GEE) results: GEE allowed for direct access to atmospher- 
ically corrected Sentinel 2 imagery with automated scaling. NDWI was calculated 
using the standard formula and visualized using the same blue to white colormap. 
The results were clipped to the Akkol region.

3-Figure. NDWI map of Lake Akkol generated in GEE using pseudocolor rendering (blue to 
white ramp)

The NDWI values in GEE ranged from:
•	 Minimum:	 -0.6008
•	 Maximum: 0.3493
These values closely matched those observed in QGIS, confirming consistency 

between platforms that correctly handle reflectance.

№4 table – Classification Metrics and Their Formulas
Metric Formula Value
Accuracy            TP +TN	

    TP +TN +FP +FN
≈ 0.937

Precision          TP               
 TP +FP

≈ 0.854



282

Academic Scientific Journal of Computer Science

Recall         TP              
  TP +FN

≈ 0.966

F1 score 2·Precision·Recall 
Precision+Recall

≈ 0.906

№5 table – Comparison of NDWI Value Ranges Across Methods
Method Minimum NDWI Maximum NDWI
QGIS −0.63236 0.33063
Python (unnormalized) 0 30.4243

GEE −0.60081 0.34934

Classification Results Using Random Forest
To evaluate surface water change detection in Lake Akkol, a supervised 

Random Forest classifier was trained using NDWI, NDVI, and spectral bands 
(B04, B11, B12). The model was trained using labeled water polygons from the 
HydroLAKES dataset (European Space Agency, 2024) focusing on three classes:

•	 -1 – water loss
•	 0 – no change
•	 1 – water gain
1.	Multiclass Classification Performance
The confusion matrix in Figure 4 shows the classifier’s performance on the full 3 

class dataset. The matrix indicates a high number of correctly predicted stable water 
areas (class 0), as well as good performance in detecting both water appearance and 
disappearance.

Figure 4. Confusion matrix for 3 class Random Forest classification: -1 (water loss), 0 (stable), 1 
(water gain)

Key values:
Class 0 (stable water): TP = 5,242 
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Class -1 (loss): TP = 4,605
Class 1 (gain): TP = 762
The matrix confirms that the classifier performs well across all classes, with low 

false positives and minimal confusion between gain and loss.
2. Binary Classification – Simplified Tasks
To compare performance under binary conditions, the model was evaluated in 

two simplified settings.
a)	Detecting only class 1 (water gain):

Figure 5. Binary classification for class 1 (water gain) vs others

TP (gain correctly detected): 10,000 
FP (false gain): 189
FN (missed gain): 302
b)	Detecting only class 1 (gain) with unbalanced dataset:
TP = 91,815
FP = 15,702
FN = 3,198
The model still maintains high recall, but precision decreases due to the high 

imbalance. This phenomenon is consistent with findings by Sokolova and Lapalme 
(Sokolova and Lapalme, 2009) who emphasize the importance of balancing 
precision and recall when evaluating classifiers under skewed distributions.
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Figure 6: Binary classification with class imbalance (gain vs background)

	
3. Visualizing Water Change Classification
In addition to numeric metrics, the classified image was visualized as shown 

in Figure 7. Water changes around Lake Akkol are clearly captured, particularly 
shoreline expansion and contraction. 

Figure 7. Classified water change map 2016–2024: red = water loss, 
blue = water gain, grey = stable areas

Conclusion
This paper shows how well NDWI combined with machine learning monitors 

water bodies. Using multiple platforms (QGIS, Python, and Google Earth Engine) 
offers flexibility, while the Random Forest classifier improves classification 
reliability. With their insights on regional water dynamics, Lake Akkol and its 
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tributaries provide a valuable test ground for such studies. Future work may include 
precipitation integration, time series analysis, and extension to include wetland 
categorization and water quality indicators.
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