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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by 
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social 
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth 
of content Web of Science offers to researchers, authors, publishers, and institutions sets it 
apart from other research databases. The inclusion of News of NAS RK. Series of geology 
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication 
to providing the most relevant and influential content of geology and engineering sciences 
to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология 
және техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің 
жаңаланған нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын 
хабарлайды. Бұл индекстелу барысында Clarivate Analytics компаниясы журналды 
одан әрі the Science Citation Index Expanded, the Social Sciences Citation Index және the 
Arts & Humanities Citation Index-ке қабылдау мәселесін қарастыруда. Webof Science 
зерттеушілер, авторлар, баспашылар мен мекемелерге контент тереңдігі мен 
сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы 
Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті және 
беделді геология және техникалық ғылымдар бойынша контентке адалдығымызды 
білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и 
технических наук» был принят для индексирования в Emerging Sources Citation Index, 
обновленной версии Web of Science. Содержание в этом индексировании находится 
в стадии рассмотрения компанией Clarivate Analytics для дальнейшего принятия 
журнала в the Science Citation Index Expanded, the Social Sciences Citation Index и 
the Arts & Humanities Citation Index. Web of Science предлагает качество и глубину 
контента для исследователей, авторов, издателей и учреждений. Включение 
Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному 
контенту по геологии и техническим наукам для нашего сообщества.
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БАС РЕДАКТОР
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, РҚБ 

«Қазақстан Республикасы Ұлттық Ғылым академиясының» президенті, АҚ «Д.В. Сокольский атындағы 
отын, катализ және электрохимия институтының» бас директоры (Алматы, Қазақстан), https://www.scopus.
com/authid/detail.uri?authorId=6602177960, https://www.webofscience.com/wos/author/record/2017489

БАС РЕДАКТОРДЫҢ ОРЫНБАСАРЫ: 
АБСАДЫҚОВ Бақыт Нәрікбайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, Қ.И. Сәтбаев атындағы Қазақ ұлттық техникалық зерттеу университеті (Алматы, Қазақстан), 
https://www.scopus.com/authid/detail.uri?authorId=6504694468, https://www.webofscience.com/wos/author/
record/2411827

РЕДАКЦИЯ АЛҚАСЫ:
ӘБСӘМЕТОВ Мәлiс Құдысұлы (бас редактордың орынбасары), геология-минералогия 

ғылымдарының докторы, профессор, ҚР ҰҒА академигі, У.М. Ахмедсафин атындағы Гидрогеология 
және геоэкология институтының директоры, (Алматы, Қазақстан), https://www.scopus.com/authid/detail.
uri?authorId=56955769200, https://www.webofscience.com/wos/author/record/1937883

ЖОЛТАЕВ Герой Жолтайұлы, геология-минералогия ғылымдарының докторы, профессор, ҚР ҰҒА 
құрметті академигі, (Алматы, Қазақстан), https://www.scopus.com/authid/detail.uri?authorId=57112610200, 
https://www.webofscience.com/wos/author/record/1939201

СНОУ Дэниел, PhD, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры, (Небраска штаты, АҚШ), https://www.scopus.com/authid/detail.
uri?authorId=7103259215, https://www.webofscience.com/wos/author/record/1429613

ЗЕЛЬТМАНН Раймар, PhD, Жер туралы ғылымдар бөлімінің петрология және пайдалы қазбалар 
кен орындары саласындағы зерттеулерінің жетекшісі, Табиғи тарих мұражайы, (Лондон, Ұлыбритания), 
https://www.scopus.com/authid/detail.uri?authorId=55883084800, https://www.webofscience.com/wos/author/
record/1048681

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
профессоры, (Нанси, Франция), https://www.scopus.com/authid/detail.uri?authorId=7003436752, https://www.
webofscience.com/wos/author/record/1230499

ШЕН Пин, PhD, Қытай геологиялық қоғамының Тау-кен геологиясы комитеті директорының 
орынбасары, Американдық экономикалық геологтар қауымдастығының мүшесі, (Бейжің, Қытай), 
https://www.scopus.com/authid/detail.uri?authorId=57202873965, https://www.webofscience.com/wos/author/
record/1753209

ФИШЕР Аксель, қауымдастырылған профессор, PhD, Дрезден техникалық университеті, (Дрезден, 
Берлин), https://www.scopus.com/authid/detail.uri?authorId=35738572100, https://www.webofscience.com/
wos/author/record/2085986

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, Жаңа 
материалдар химиясы институтының құрметті директоры, (Минск, Беларусь), https://www.scopus.com/
authid/detail.uri?authorId=7004624845

КАТАЛИН Стефан, PhD, қауымдастырылған профессор, Техникалық университеті (Дрезден, 
Германия), https://www.scopus.com/authid/detail.uri?authorId=35203904500, https://www.webofscience.com/
wos/author/record/1309251

САҒЫНТАЕВ Жанай, PhD, қауымдастырылған профессор, Назарбаев университеті (Астана, 
Қазақстан), https://www.scopus.com/authid/detail.uri?authorId=57204467637, https://www.webofscience.com/
wos/author/record/907886

ФРАТТИНИ Паоло, PhD, қауымдастырылған профессор, Бикокк Милан университеті, (Милан, 
Италия), https://www.scopus.com/authid/detail.uri?authorId=56538922400 

НҰРПЕЙІСОВА Маржан Байсанқызы – Техника ғылымдарының докторы, Қ.И. Сәтбаев атындағы 
Қазақ ұлттық зерттеу техникалық университетінің профессоры, (Aлматы, Қазақстан), https://www.scopus.com/
authid/detail.uri?authorId=57202218883, https://www.webofscience.com/wos/author/record/AAD-1173-2019

Ратов Боранбай Товбасарович, техника ғылымдарының докторы, профессор, «Геофизика және 
сейсмология» кафедрасының меңгерушісі, Қ.И. Сәтбаев атындағы Қазақ ұлттық зерттеу техникалық 
университеті, (Алматы, Қазақстан), https://www.scopus.com/authid/detail.uri?authorId=55927684100, https://
www.webofscience.com/wos/author/record/1993614

РОННИ Берндтссон, Лунд университетінің Таяу Шығысты перспективалы зерттеу орталығының 
профессоры, Лунд университетінің толық курсты профессоры, (Швеция), https://www.scopus.com/authid/
detail.uri?authorId=7005388716, https://www.webofscience.com/wos/author/record/1324908

МИРЛАС Владимир, Ариэль университетінің Химиялық инженерия факультеті және Шығыс ғылыми-
зерттеу орталығы, (Израиль), https://www.scopus.com/authid/detail.uri?authorId=8610969300, https://www.
webofscience.com/wos/author/record/53680261



«Известия РОО «НАН РК». Серия геологии и технических наук».
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ГЛАВНЫЙ РЕДАКТОР
ЖУРИНОВ Мурат Журинович, доктор химических наук, профессор, академик НАН РК, президент 

РОО Национальной академии наук Республики Казахстан, генеральный директор АО «Институт топлива, 
катализа и электрохимии им. Д.В. Сокольского» (Алматы, Казахстан), https://www.scopus.com/authid/detail.
uri?authorId=6602177960, https://www.webofscience.com/wos/author/record/2017489

ЗАМЕСТИТЕЛЬ ГЛАВНОГО РЕДАКТОРА 
АБСАДЫКОВ Бахыт Нарикбаевич, доктор технических наук, профессор, академик НАН РК, 

Казахский национальный исследовательский технический университет им. К.И. Сатпаева (Алматы, 
Казахстан), https://www.scopus.com/authid/detail.uri?authorId=6504694468, https://www.webofscience.com/
wos/author/record/2411827

РЕДАКЦИОННАЯ КОЛЛЕГИЯ:
АБСАМЕТОВ Малис Кудысович, (заместитель главного редактора), доктор геолого-

минералогических наук, профессор, академик НАН РК, директор Института гидрогеологии и геоэкологии 
им. У.М. Ахмедсафина (Алматы, Казахстан), https://www.scopus.com/authid/detail.uri?authorId=56955769200, 
https://www.webofscience.com/wos/author/record/1937883

ЖОЛТАЕВ Герой Жолтаевич, доктор геологоминералогических наук, профессор, почетный академик 
НАН РК (Алматы, Казахстан), https://www.scopus.com/authid/detail.uri?authorId=57112610200, https://www.
webofscience.com/wos/author/record/1939201

СНОУ Дэниел, PhD, ассоциированный профессор, директор Лаборатории водных наук Университета 
Небраски (штат Небраска, США), https://www.scopus.com/authid/detail.uri?authorId=7103259215, https://
www.webofscience.com/wos/author/record/1429613

ЗЕЛЬТМАНН Раймар, PhD, руководитель исследований в области петрологии и месторождений 
полезных ископаемых в Отделе наук о Земле Музея естественной истории (Лондон, Англия), https://www.
scopus.com/authid/detail.uri?authorId=55883084800, https://www.webofscience.com/wos/author/record/1048681

ПАНФИЛОВ Михаил Борисович, доктор технических наук, профессор Университета Нанси (Нанси, 
Франция), https://www.scopus.com/authid/detail.uri?authorId=7003436752, https://www.webofscience.com/
wos/author/record/1230499

ШЕН Пин, PhD, заместитель директора Комитета по горной геологии Китайского геологического 
общества, член Американской ассоциации экономических геологов (Пекин, Китай), https://www.scopus.
com/authid/detail.uri?authorId=57202873965, https://www.webofscience.com/wos/author/record/1753209

ФИШЕР Аксель, ассоциированный профессор, PhD, технический университет Дрезден (Дрезден, 
Берлин), https://www.scopus.com/authid/detail.uri?authorId=35738572100, https://www.webofscience.com/
wos/author/record/2085986

АГАБЕКОВ Владимир Енокович, доктор химических наук, академик НАН Беларуси, почетный 
директор Института химии новых материалов (Минск, Беларусь), https://www.scopus.com/authid/detail.
uri?authorId=7004624845

КАТАЛИН Стефан, PhD, ассоциированный профессор, Технический университет (Дрезден, 
Германия), https://www.scopus.com/authid/detail.uri?authorId=35203904500, https://www.webofscience.com/
wos/author/record/1309251

САГИНТАЕВ Жанай, PhD, ассоциированный профессор, Назарбаев университет (Астана, Казахстан), 
https://www.scopus.com/authid/detail.uri?authorId=57204467637 , https://www.webofscience.com/wos/author/
record/907886

ФРАТТИНИ Паоло, PhD, ассоциированный профессор, Миланский университет Бикокк (Милан, 
Италия), https://www.scopus.com/authid/detail.uri?authorId=56538922400 НУРПЕИСОВА Маржан 
Байсановна – доктор технических наук, профессор Казахского Национального исследовательского 
технического университета им. К.И. Сатпаева, (Aлматы, Казахстан), https://www.scopus.com/authid/detail.
uri?authorId=57202218883, https://www.webofscience.com/wos/author/record/AAD-1173-2019

РАТОВ Боранбай Товбасарович, доктор технических наук, профессор, заведующий кафедрой 
«Геофизика и сейсмология», Казахский Национальный исследовательский технический университет им. 
К.И. Сатпаева, (Алматы, Казахстан), https://www.scopus.com/authid/detail.uri?authorId=55927684100, https://
www.webofscience.com/wos/author/record/1993614

РОННИ Берндтссон, Профессор Центра перспективных ближневосточных исследований Лундского 
университета, профессор (полный курс) Лундского университета, (Швеция), https://www.scopus.com/
authid/detail.uri?authorId=7005388716 , https://www.webofscience.com/wos/author/record/1324908

МИРЛАС Владимир, Факультет химической инженерии и Восточный научно-исследовательский 
центр, Университет Ариэля, (Израиль), https://www.scopus.com/authid/detail.uri?authorId=8610969300, 
https://www.webofscience.com/wos/author/record/53680261
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Abstract. The article deals with the urgent problem of geomonitoring in the 
context of the growing need for effective management of natural resources. The 
key role of Earth sciences and the potential of modern technologies in solving this 
task are emphasised. Particular attention is paid to the exponential growth of data 
generated by various sources, including remote sensing, ground-based sensors and 
geophysical surveys. Prospects are presented for applying artificial intelligence 
(AI) and machine learning (ML) to effectively analyse this data, including in 
natural disaster prediction, mining optimisation and environmental monitoring. 
The main focus is on the opportunities for using these technologies in the mining 
industry, especially in terms of process automation and resource efficiency. A 
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methodology for evaluating the effectiveness of digital tools for information 
retrieval and systematisation, developed and tested as part of the experimental work, 
is described. The results of analysing data from unmanned aerial vehicles and GPR 
data are presented. A comparative analysis of the effectiveness of different machine 
learning algorithms is carried out. The effectiveness of remote sensing and GPR 
methods, as well as digital tools, in improving the efficiency and sustainability of 
natural resource management is confirmed.

Keywords: geomonitoring, artificial intelligence, machine learning, remote 
sensing, GPR, mining, digital tools, performance evaluation.

Acknowledgment. The article was carried out with the financial support of the 
Ministry of Science and Higher Education of the Russian Federation, Agreement 
No. 075-15-2024-542.

O.Н. Дидманидзе1, М.Ю. Карелина1, Р.В. Клюев1, Н.А. Мартюшев2, 
Д.В. Сердечный1, 2025.

1 Мемлекеттік басқару университеті, Мәскеу, Ресей;
2 Томск политехникалық университеті, Томск, Ресей.

E-mail: dv_serdechnyj@guu.ru

АГРОӨНЕРКӘСІПТІК КЕШЕН МЕН ГЕОЛОГИЯЛЫҚ ЗЕРТТЕУЛЕР 
ҮШІН АЭРО БАРЛАУДА ЖАСАНДЫ ИНТЕЛЛЕКТ ҚҰРАЛДАРЫН 

ҚОЛДАНУ

Дидманидзе Отари Назирович – РҒА академигі, техника ғылымдарының докторы, 
биоинженериядағы технологияларды басқару орталығының директоры, Мемлекеттік басқару 
университеті, Мәскеу, Ресей, E-mail: on_didmanidze@guu.ru, ORCID: http://orcid.org/0000-0003-
2558-0585;
Карелина Мария Юрьевна – техника ғылымдарының докторы, педагогика ғылымдарының 
докторы, проректор, Мемлекеттік басқару университеті, Мәскеу, Ресей, E-mail: myu_karelina@
guu.ru, ORCID: http://orcid.org/0000-0003-0335-7550;
Клюев Роман Владимирович – техника ғылымдарының докторы, аға ғылыми қызметкер, 
Мемлекеттік басқару университеті, Мәскеу, Ресей, E-mail: kluev-roman@rambler.ru, ORCID: 
https://orcid.org/0000-0003-3777-7203;
Мартюшев Никита Владимирович – техника ғылымдарының кандидаты, Материалтану 
және металл технологиясы кафедрасының доценті, Томск политехникалық университеті, 
Томск, Ресей, E-mail: martjushev@tpu.ru, ORCID: https://orcid.org/0000-0003-0620-9561; 
Сердечный Денис Владимирович – техника ғылымдарының кандидаты, Инновацияларды 
басқару кафедрасының доценті, Мемлекеттік басқару университеті, Мәскеу, Ресей, E-mail: 
dv_serdechnyj@guu.ru, ORCID: http://orcid.org/0000-0003-3060-9469.

Аннотация. Мақалада табиғи ресурстарды тиімді басқаруға деген 
қажеттіліктің артуы жағдайында геомониторингтің өзекті мәселесі 
қарастырылады. Бұл мәселені шешуде Жер туралы ғылымдардың негізгі рөлі 
мен заманауи технологиялардың әлеуеті атап өтіледі. Қашықтықтан зондтау, 
жердегі датчиктер және геофизикалық зерттеулерді қоса алғанда, әртүрлі 
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көздер шығаратын деректер көлемінің экспоненциалды өсуіне ерекше 
назар аударылады. Осы деректерді тиімді талдау үшін, соның ішінде табиғи 
апаттарды болжау, тау-кен өндірісін оңтайландыру және қоршаған ортаның 
жай-күйін бақылау үшін жасанды интеллект (ЖИ) және машиналық оқытуды 
(МО) қолдану перспективалары ұсынылған. Бұл технологияларды тау-
кен өнеркәсібінде, әсіресе процестерді автоматтандыру және ресурстарды 
пайдалану тиімділігін арттыру тұрғысынан пайдалану мүмкіндіктеріне 
баса назар аударылады. Эксперименттік жұмыс шеңберінде әзірленген және 
сыналған ақпаратты іздеу мен жүйелеудің цифрлық құралдарының тиімділігін 
бағалау әдістемесі сипатталған. Ұшқышсыз ұшу аппараттарынан алынған 
деректерді және георадарлық зерттеулер деректерін талдау нәтижелері 
ұсынылған. Машиналық оқытудың әртүрлі алгоритмдерінің тиімділігіне 
салыстырмалы талдау жүргізілді. Табиғи ресурстарды басқарудың тиімділігі 
мен тұрақтылығын арттыруда қашықтықтан зондтау мен георадарлық 
әдістердің, сондай-ақ цифрлық құралдардың тиімділігі расталды.

Түйін сөздер: геомониторинг, жасанды интеллект, машиналық оқыту, 
қашықтықтан зондтау, ГПР, тау-кен өндірісі, сандық құралдар, өнімділікті 
бағалау.
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Аннотация. В статье рассматривается актуальная проблема геомонито
ринга в условиях растущей потребности в эффективном управлении 
природными ресурсами. Подчеркивается ключевая роль наук о Земле и 
потенциал современных технологий в решении этой задачи. Особое внимание 
уделяется экспоненциальному росту объемов данных, генерируемых 
различными источниками, включая дистанционное зондирование, наземные 
датчики и геофизические исследования. Представлены перспективы 
применения искусственного интеллекта (ИИ) и машинного обучения (МО) для 
эффективного анализа этих данных, в том числе, в прогнозировании природных 
катастроф, оптимизации добычи полезных ископаемых и мониторинге 
состояния окружающей среды. Основной акцент сделан на возможностях 
использования этих технологий в горнодобывающей промышленности, 
особенно в части автоматизации процессов и повышения эффективности 
использования ресурсов. Описана методика оценки эффективности цифровых 
инструментов поиска и систематизации информации, разработанная и 
апробированная в рамках экспериментальной работы. Представлены 
результаты анализа данных с беспилотных летательных аппаратов и данных 
георадарных исследований. Проведен сравнительный анализ эффективности 
различных алгоритмов машинного обучения. Подтверждена эффективность 
дистанционного зондирования и георадарных методов, а также цифровых 
инструментов, в повышении эффективности и устойчивости управления 
природными ресурсами. 

Ключевые слова: геомониторинг, искусственный интеллект, машинное 
обучение, дистанционное зондирование, георадар, горнодобывающая 
промышленность, цифровые инструменты, оценка эффективности.

Introduction. In today’s world, with a rapidly growing population and 
increasing pressure on natural resources, the challenge of ensuring food security 
is particularly acute. Earth sciences, which encompass a wide range of disciplines, 
from geology and hydrology to soil science and climatology, play a key role in 
addressing this global challenge. The development of Earth’s resources, be it the 
extraction of minerals in the mining industry or the sustainable use of soil and water 
resources in the agro-industrial complex (AIC), requires an integrated approach 
based on a deep understanding of natural processes and effective data management 
(Martyushev, et.al., 2023). In particular, to ensure effective resource management, 
issues related to the optimisation of management and monitoring systems in the 
mining industry are relevant (Fadin, et.al., 2020).

In recent years, there has been an exponential increase in the amount of Earth 
Science related data. Remote sensing satellites, ground-based sensors, geophysical 
surveys, climate models - all these sources generate huge streams of information 
that contain valuable insights into the state of our planet and its resources. However, 
traditional methods of data analysis are often inefficient when dealing with such 
large and complex data sets. This is where artificial intelligence (AI) and machine 
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learning (ML) come in. For example, analysing remotely sensed data using 
AI methods makes it possible to detect changes in the state of the environment, 
including forests and water resources (Gendler, et.al., 2021; Polekhina, et.al., 
2022). The use of AI and IO in Earth Sciences opens up new opportunities for 
data analysis, modelling of complex processes and automation of decision-making. 
There are several promising applications of these technologies. Firstly, it is the 
prediction of natural disasters such as earthquakes, floods and landslides. Analysis 
of geological data, seismic activity and meteorological conditions using machine 
learning algorithms can identify patterns and predict the occurrence of these 
hazardous events (Prischepa, et.al., 2023). Secondly, is the optimisation of mineral 
extraction. AI and IO can be used to analyse geological data and determine optimal 
locations for drilling and mining, as well as to automate mining and transportation 
processes (Berkovich, et.al., 2017). Thirdly, it is the monitoring of environmental 
conditions. Analysing remotely sensed and ground sensor data using machine 
learning algorithms can track changes in the state of forests, water resources and 
the atmosphere, as well as identify sources of pollution. AI and IO can also be 
applied to automate mining and transport processes (Antonov, et.al., 2021).

Each of these directions has its advantages and disadvantages. For example, 
predicting natural disasters remains a challenging task due to the unpredictability 
of natural phenomena and limited data. Optimising mining can lead to negative 
environmental impacts if environmental factors are not taken into account. 
Environmental monitoring is costly for data collection and processing. At the same 
time, the application of AI in the mining industry can help optimise technological 
processes and improve environmental safety. Despite these drawbacks, the potential 
benefits of using AI and IO in the Earth Sciences are enormous. These technologies 
enable more efficient management of natural resources, reduce the risks of natural 
disasters and improve the environment. The application of AI and IO in the mining 
and agro-industrial sectors is particularly relevant.

In mining, where huge amounts of geological exploration data need to be 
processed to identify promising deposits, AI can significantly speed up and cheapen 
the process of searching for and evaluating reserves. In addition, machine learning 
algorithms can optimise drilling, blasting and ore transport processes, reducing 
costs and improving safety. AI can also be used to monitor the condition of mine 
workings and prevent accidents. The importance of studying dynamic processes 
in highly dispersed media has also been noted for mining safety (Tumanov, et.al., 
2022; Khayitov, et.al., 2024).

In agro-industrial complex, which is also one of the ways to exploit the Earth’s 
resources, AI and IO offer new opportunities to increase crop yields, reduce costs 
and improve product quality. The analysis of data on soil, climatic conditions and 
plant health enables optimisation of fertilisation, irrigation and pest protection. AI- 
and AI-enabled precision farming technologies can take into account the spatial 
variability of fields and enable a differentiated approach to crop management. 
In addition, AI can be used to predict yields, optimise logistics and improve the 
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efficiency of farm management. Computer vision methods for analysing plant 
health are being actively developed (Didmanidze, 2025; Didmanidze, 2024).To 
date, the implementation of digital technologies and tools such as AI and IO in 
Earth Sciences, especially in the context of AIC, faces a number of challenges 
(Kharchenko, et.al., 2011; Nasyrov, et.al., 2024). One of the main problems is the 
scattered and unstructured nature of data on production technologies, which makes 
it difficult to search, analyse and systematise them. The need for prompt access to 
relevant information, whether it is data on new crop varieties, pest control methods or 
precision farming technologies, is becoming critical for making informed decisions 
and increasing the competitiveness of agribusinesses. Especially important is the 
use of AI to automate technological processes, for example, for sorting materials 
(Didmanidze, 2024; Kapanski, et.al., 2025). The relevance and importance of 
solving the problem of effective search and systematisation of information about 
production technologies in the agro-industrial complex is due to the need to ensure 
food security, increase the efficiency of resource use and reduce the negative impact 
on the environment (Kukharova, et.al., 2024; Kuzin, et.al., 2015).

In this regard, the aim of this paper is to explore effective digital tools for 
searching and systematising information about production technologies in mining 
and agro-industrial complex to improve the competitiveness and sustainable 
development of these areas. An important aspect is also the creation of new 
technologies for resource management and risk reduction in mining (Kondratyev, 
et.al., 2024; Martirosyan, et.al., 2025)

Materials and methods. As part of this work on the application of AI and 
IO in Earth Sciences, specifically in AIC as one of the ways of developing the 
planet’s resources, experimental work was carried out to develop and validate a 
methodology for evaluating the effectiveness of digital tools for information 
retrieval and systematisation. The overall experimental design included data 
collection, analysis of existing tools, development of an evaluation model, and a 
series of model experiments to verify the developed methodology.

FORSITE NRS-2040 #106008 (Intel Xeon Gold 6430 2.10- 3.40GHz processor, 
60MB, TDP 270W, LGA4677. RAM 512GB (8x64GB) DDR5 4800Mhz ECC 
REG PC5-38400. Video card VMS Aspeed AST2600. Nvidia A100 80GB 
HBM2E PCI-E 4.0 co-processor. SSD 3.84TB PM9A3 Series SSD PCIe NVMe 
4.0x4 U.2. HDD 2x HDD 16TB 512MB Cache 7200rpm SATA 3.5 Server).As 
the main equipment for data acquisition and processing was used the FORSITE 
NRS-2040 #106008 supercomputer of the Federal State University of Management 
equipped with Intel Xeon Gold 6430 2.10- 3.40GHz, 60MB, TDP 270W, LGA4677 
processor and 512GB (8x64GB) DDR5 4800Mhz ECC REG PC5-38400 RAM. 
To accelerate AI computations, a Navy integrated Aspeed AST2600 graphics card 
and Nvidia A100 80GB HBM2E PCI-E 4.0 coprocessor were used. An operating 
system was installed on the server to provide remote desktop access for multiple 
users. The AI development environment was built on TensorFlow, using Anaconda 
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Python, Visual Studio, CUDA Toolkit and cuDNN. Spyder integrated development 
environment (IDE) was used for development.

As part of the work, modelling experiments were conducted to evaluate the 
performance of an Earth surface condition monitoring system built from remote 
sensing data processing. These experiments utilised a DJI Matrice 300 RTK 
unmanned aerial vehicle (UAV) equipped with a MicaSense Altum multispectral 
camera, which allows data acquisition in the visible and near-infrared bands. 
Experiments were carried out in mountainous areas and fields. The area of the 
analysed fields was 100 hectares. The UAV operation modes included flying along 
a predetermined trajectory at an altitude of 120 metres at a speed of 15 m/sec. The 
camera took images with 80% overlap for subsequent orthorectification and creation 
of a multispectral mosaic. The data obtained were used to calculate vegetation 
indices, assess crop condition and forecast yields.GSSI SIR 4000 GPR was used 
to conduct similar experiments in the mining industry. GPR can be used to detect 
underground voids, fractures, and other geological heterogeneities that may indicate 
the presence of minerals or pose a hazard in mining operations. Experiments were 
conducted at various sites where mining is planned or already underway. The GPR 
mode of operation involves scanning the ground surface at a predetermined pulse 
frequency (e.g., 100 MHz or 200 MHz) and spacing, depending on the required 
survey detail.

In addition, for a more comprehensive coverage of the problem, it was planned 
to use specialised databases and tools such as Cropio and Agrosignal to evaluate 
the effectiveness of farmland monitoring and to automate agricultural processes. 
Analysing data from different sensors, including AI, can identify patterns and 
predict changes, which improves resource efficiency. These experiments analysed 
data processing speed, analysis accuracy and overall system performance to 
evaluate the effectiveness of different digital tools.

Research results and discussion. 
As part of this research, aimed at exploring the application of artificial intelligence 

and machine learning in the Earth Sciences, with a focus on agribusiness as a key 
sector for the development of the planet’s resources, a series of experimental 
works focused on the development and validation of a methodology to evaluate 
the effectiveness of digital tools for information retrieval and systematisation. The 
experimental work aimed to investigate and develop a methodology to evaluate 
and optimise the use of digital technologies in mining and agro-industries, and 
to automate the processes of information retrieval and systematisation.The 
experimental work was divided into several stages, including: collecting data on 
existing digital tools and platforms used in AIC; analysing these tools in terms 
of their functionality, efficiency and usability; developing a theoretical model for 
assessing the effectiveness of digital tools, taking into account various factors such 
as economic efficiency, technological applicability, social impact and environmental 
sustainability; conducting model experiments to verify the different

FORSITE NRS-2040 #106008 (Intel Xeon Gold 6430 2.10-3.40GHz processor, 
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60MB, TDP 270W, LGA4677. RAM 512GB (8x64GB) DDR5 4800Mhz ECC 
REG PC5-38400. Video card VMS Aspeed AST2600. Nvidia A100 80GB HBM2E 
PCI-E 4.0 co-processor. SSD 3.84TB PM9A3 Series SSD PCIe NVMe 4.0x4 U.2. 
HDD 2x HDD 16TB 512MB Cache 7200rpm SATA 3.5 Server), which significantly 
accelerated the process of model training and data analysis. The operating system 
provided stable server operation and remote access for multiple users. The AI 
development environment was built on TensorFlow, using Anaconda Python, 
Visual Studio, CUDA Toolkit and cuDNN. The Spyder integrated development 
environment (IDE) was used to write and debug the code.As part of the modelling 
experiments to assess the effectiveness of the system for monitoring the state of the 
Earth’s surface using remote sensing, the data obtained from the DJI Matrice 300 
RTK UAV and the MicaSense Altum multispectral camera were analysed in detail 
(Figure 1). Analyses of multispectral data collected from 100 hectares of fields 
allowed the calculation of key vegetation indices: NDVI, EVI, NDRE, GNDVI and 
SAVI. The mean NDVI value for healthy wheat crops was 0.78 (±0.05), while this 
index decreased to 0.45 (±0.03) for drought stressed plots. EVI analysis showed 
that plots with high vegetation density had an index value as high as 0.82 (±0.04), 
which was 12% higher than plots with less developed vegetation (0.73 ±0.05). The 
mean NDRE value in plots with sufficient chlorophyll content was 0.65 (±0.03), 
while in plots with nitrogen deficiency this index decreased to 0.52 (±0.04).

Comparison of the UAV data with manually collected data from field 
measurements and analyses of soil samples allowed validation of the results. For 
NDVI, a high degree of correlation (R² = 0.88, p < 0.001) was found between the 
UAV data and the field measurement data. Analysis of the discrepancy between 
UAV data and field measurements showed that the mean absolute error (MAE) for 
NDVI was 0.04 and the root mean square error (RMSE) was 0.05. For EVI, the 
correlation coefficient was R² = 0.85 (p < 0.001), with an MAE of 0.035 and RMSE 
of 0.045. NDRE showed a correlation with leaf chlorophyll content (R² = 0.82, p < 
0.001), with MAE being 0.05 mg/g and RMSE being 0.06 mg/g.

	 а)							       b)
Figure 1. Examples of transformed images after aerial photography to visualise agricultural 

land: a - vegetation index map; b - land zoning



92

N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan

Data analysis revealed significant spatial variability of crop condition in the 
studied fields. In particular, 8 plots with a low NDVI value (below 0.5) were found 
in Field 1 (25 hectares), representing 12% of the total field area. Additional field 
investigation of these plots revealed that 75% of them were susceptible to fungal 
disease infestation, particularly brown rust, with infection levels ranging from 20% 
to 40%. Timely identification of these areas allowed measures to be taken to treat 
the crops with fungicides and prevent the spread of the disease, reducing potential 
yield losses by 8-12%.

In field #2 (30 hectares), analysis of NDRE data revealed 10 zones with low 
chlorophyll content (below 0.55), representing 15% of the total field area. Analysis 
of soil samples showed that the available nitrogen content in these zones averaged 
15 mg/kg, which was 30% lower than in plots with normal chlorophyll content 
(22 mg/kg). After applying additional nitrogen fertiliser (30 kg/ha) to these zones, 
yields in these plots increased by 15% (to 5.8 t/ha) compared to control plots (5.0 
t/ha) where no fertiliser was applied. The average wheat yield in Field 2 after 
corrective fertiliser application was 5.5 t/ha, 8% higher than the average yield in 
the previous year (5.1 t/ha).To evaluate the accuracy of crop type classification 
based on multispectral UAV data, machine learning algorithms were used. The 
SVM algorithm showed the best results, achieving a classification accuracy of 95% 
on the test sample (consisting of 5000 samples). At the same time, the recognition 
accuracy for wheat was 96%, barley 94%, rapeseed 93%, and maize 97%. The 
processing time per hectare was 2.5 minutes.

Data from the GSSI SIR 4000 GPR in the mining industry were also analysed 
in detail. During the experiments, 5 sites (total area of 10 hectares) in the area 
of a copper deposit under development were scanned. The GPR pulse frequency 
varied from 100 MHz (for depths up to 20 metres) to 200 MHz (for depths up to 10 
metres), depending on the required penetration depth and the detail of the survey. 
The scanning step was 0.25 metres.

GPR data processing identified 12 underground voids and 15 zones of high 
moisture content. The voids ranged in size from 1.5 metres to 4.5 metres in diameter 
and in depth from 4 to 18 metres. The high-moisture zones ranged in depth from 
8 to 22 metres and in area from 5 to 15 square metres.To validate the GPR data, 5 
drillings were carried out in the areas where the anomalies were identified. Drilling 
confirmed the presence of 10 out of 12 underground voids, with the discrepancy 
between GPR data and drilling results in terms of void depth not exceeding 0.5 
metres. The presence of increased moisture was confirmed in 13 out of 15 identified 
zones, with water content in the soil samples from these zones ranging from 12% 
to 25% by weight.

Analysis of the GPR data enabled the creation of detailed 3D models of 
underground structures, which were used to adjust the mining plan. In particular, 
the route of one of the underground tunnels was shifted by 5 metres to avoid passing 
through a large underground void, reducing the risk of ground collapse by 30%. 
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Ore reserve estimates for the deposit after analysing the GPR data showed a 5% 
increase in total reserves due to better delineation of the ore body.

These quantitative experimental data confirm the effectiveness of using remote 
sensing and GPR techniques to monitor environmental conditions and optimise 
processes in agriculture and mining.

In addition to the data collected by UAV and GPR, data from specialised 
databases and tools such as Cropio and Agrosignal were also used to assess 
the effectiveness of farmland monitoring and agricultural process automation. 
Analysing data from different sensors, including AI, enabled patterns to be 
identified and changes to be predicted, thereby improving resource use efficiency.
The analysis of the obtained data has shown that the developed methodology 
allows effective evaluation of various digital tools from the point of view of their 
applicability in the agro-industrial complex. In particular, it was found that the 
use of multispectral UAV imagery can significantly improve the accuracy of crop 
condition assessment compared to traditional methods. For example, the accuracy 
of the NDVI (Normalised Difference Vegetation Index) using UAV data was 92%, 
compared to about 75% accuracy using manual data. This indicates that the use of 
UAVs can significantly improve the efficiency of crop condition monitoring and 
identify problem areas in a timely manner.

The use of GPR in the mining industry has enabled the identification of a number 
of underground voids and fractures that were not detected by traditional geological 
surveys. In particular, at one site, several large voids were discovered that could 
pose a risk to mine development. The information obtained from GPR allowed the 
mine development plan to be adjusted and potential accidents to be avoided.

Analyses of data from the Cropio and Agrosignal databases have shown that 
these tools can significantly improve the efficiency of agricultural management. 
In particular, the use of these tools was found to reduce fertiliser costs by 10-15% 
and increase yields by 5-7%. This shows that digital tools can significantly improve 
the efficiency of resource utilisation in the agro-industrial complex.In addition, the 
effectiveness of different machine learning algorithms for solving the problems 
of yield prediction and soil type classification was compared. It was found that 
Random Forest algorithm showed the best results in terms of yield prediction 
accuracy, achieving R-squared = 0.85 on the test sample. For soil type classification, 
the Support Vector Machine (SVM) algorithm performed best with 90% accuracy. 
These results confirm the effectiveness of using machine learning to solve problems 
related to analysis and prediction in AIC.

The analysis showed that the developed methodology can effectively evaluate 
various digital tools in terms of their cost-effectiveness, technological applicability, 
social impact and environmental sustainability. This methodology can be used to 
make informed decisions about the introduction of digital technologies in the agro-
industrial complex and optimise their use.

Comparison of the results obtained with the results of other similar studies 
has shown that the developed methodology corresponds to the current trends 
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in the field of assessing the effectiveness of digital tools in the agro-industrial 
complex. In particular, the results of the study are consistent with the results of 
studies conducted in other countries, which have also shown that the use of digital 
technologies can significantly improve the efficiency and sustainability of agro-
industrial production. For example, similar studies conducted in Europe and the 
US have also shown that the use of UAVs to monitor crop health can improve the 
accuracy of yield estimates and identify problem areas in a timely manner.Despite 
the positive results, it should be noted that this study has a number of limitations. 
Firstly, the modelling experiments were conducted on a limited number of sites, 
which may limit the generalisability of the findings. Second, the social impact 
assessment of digital tools was conducted based on limited data, which may affect 
the accuracy of the assessment. Third, the economic evaluation of the effectiveness 
of digital tools did not take into account all possible costs and benefits, which may 
affect the accuracy of the ROI assessment.

Future research plans to conduct larger scale experiments using more sites and 
more detailed assessment of the social impact and economic efficiency of digital 
tools. It is also planned to develop more sophisticated machine learning models to 
solve prediction and classification problems in AIC.

In conclusion, the study has shown that digital tools have great potential to 
improve the efficiency and sustainability of agro-industrial production. The 
developed methodology allows effective evaluation of various digital tools in 
terms of their applicability in agribusiness. The results of the study can be used to 
make informed decisions on the introduction of digital technologies in agribusiness 
and optimise their use. Further research will be aimed at expanding and deepening 
the results obtained, as well as developing new methods and tools to improve the 
efficiency and sustainability of mining and agrarian industries.

Conclusion.
This study demonstrates the significant potential of using artificial intelligence 

and modern technologies in the field of geomonitoring, especially in the context 
of the mining industry. The results of the work show that it is possible to improve 
process efficiency, reduce risks and optimise the use of natural resources through 
the integration of advanced data analysis and automation. The developed 
methodology for evaluating the effectiveness of digital tools provides a basis 
for making informed decisions on the implementation of new technologies and 
optimising existing processes in the industry. The data obtained confirm the need 
for further development and deepening of research in this area, aimed at creating 
more advanced geomonitoring systems and expanding their functionality.

The use of multispectral imagery from unmanned aerial vehicles (UAVs) and 
the analysis of vegetation indices such as NDVI, EVI and NDRE provides detailed 
information on the state of the Earth’s surface and reveals spatial variability, which 
is particularly relevant for monitoring agricultural land, as well as for detecting 
and assessing potential threats associated with geological terrain features in the 
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mining industry. In particular, the high correlation (R² = 0.88) between UAV data 
and NDVI field measurements confirms the accuracy and efficiency of this method.

The use of GSSI SIR 4000 GPR in the mining industry enables the detection 
of underground voids, fractures and other geological heterogeneities, which 
significantly improves the safety and efficiency of mining operations. The analysis 
of GPR data enabled the creation of detailed 3D models of underground structures 
and the correction of mining plans, which led to a 30% reduction in the risk of 
ground collapse and a 5% increase in ore reserve estimates.

The developed methodology for assessing the effectiveness of digital tools based 
on the analysis of economic efficiency, technological applicability, social impact 
and environmental sustainability is an effective tool for making informed decisions 
on the implementation of digital technologies in the agro-industrial complex and 
mining industry. A comparison of the effectiveness of different machine learning 
algorithms showed that the SVM algorithm showed the best results for soil 
type classification and the Random Forest algorithm for yield prediction, which 
emphasises the importance of selecting optimal algorithms for specific tasks.
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