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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. Article provides detailed information and results regarding a modern, 
high-precision, and stable communication system designed for signal processing at 
the Fabrichny base station. One of the key challenges in the design and operation 
of base stations is the processing of static measurements - a critical process that 
ensures communication quality, signal stability, and reliability of data transmission. 
Article highlights the primary methods for processing static measurements, using 
the Fabrichny base station as an example, and explains their significance in 
maintaining the seamless operation of communication networks. 

Results. Methodology of the automated control system has been enhanced to 
enable real-time monitoring of station operations, data collection on signal quality, 
and automated analysis. The findings from this study were applied in the project 
«Development of innovative methods for forecasting and assessing the condition 
of engineering structures to prevent technogenic emergencies» and were also 
integrated into the educational process.
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Scientific novelty. As a result of conducted research, the following were 
developed and implemented in production:

- method for determining point coordinates with high accuracy; 
- a large number of satellite observations, allowing residual measurement 

errors to be calculated with sufficient accuracy;
- evaluation process for the quality of initial points and the identification and 

elimination of gross measurement errors.
The novelty of coordinate determination method is validated by Certificates of 

the Republic of Kazakhstan for a work of science.
Practical value. The obtained results can be applied to the processing of 

static measurements to enhance the efficiency of base stations and optimize 
the development of network infrastructure. Precise and timely measurements 
play a crucial role in preventing potential equipment failures, maintaining high 
communication quality, and ensuring a stable connection for users.

Key words: static measurements, base station, data processing, coordinate 
systems, measurement alignment methods.
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Аннотация. Мақалада Фабричный базалық станциясында сигналдарды 
өңдеуге арналған жоғары дәлдік пен тұрақтылық жүйесі туралы мәліметтер 
мен нәтижелер келтірілген. Базалық станцияларды жобалау мен пайдалану 
кезінде басты міндеттердің бірі статикалық өлшеулерді өңдеу болып табылады, 
бұл байланыс сапасын, сигналдың тұрақтылығын және деректердің сенімді 
берілуін қамтамасыз ететін маңызды процесс. Базалық станция мысалында 
статикалық өлшеулерді өңдеудің негізгі әдістері келтіріліп, олардың байланыс 
желілерінің үздіксіз жұмысын қамтамасыз етудегі маңызы түсіндіріледі.

Нәтижелері. Автоматтандырылған басқару жүйесінің әдістемесі, 
станцияның жұмысын нақты уақытта мониторингтеу, сигнал сапасы туралы 
деректерді жинау және автоматты талдау жүргізу үшін жетілдірілген. 
Зерттеудің  нәтижелері «Техногендік сипаттағы төтенше жағдайлардың алдын 
алу үшін инженерлік құрылыстардың жай-күйін болжау мен бағалаудың 
инновациялық әдістерін әзірлеу» жобасын орындау кезінде енгізілді, сондай-
ақ оқу процесінде пайдаланылды.

Ғылыми жаңалығы. Жүргізілген ғылыми зерттеу жұмыстарының 
нәтижесінде:

-жоғары дәлдікпен нүктелердің координаттарын анықтау әдісі жасалды;
-өлшеулердің жеткілікті дәлдікпен қалдық қателіктерін есептеуге 

мүмкіндік беретін көп мөлшерде жүргізілген ғарыштық  бақылаулардың 
нәтижелері талқыланды;

-бастапқы нүктелердің сапасы бағаланып, өлшеулердегі қателіктер 
жойылатын әдіс анықталды.

Әзірленген тірек торабы мен пункт конструкциясының жаңалығы ғылым 
туындысына ҚР куәлігімен расталды.

Практикалық құндылық. Алынған нәтижелер статикалық өлшеулерді 
өңдеуде қолданылып, базалық станциялардың жұмыс тиімділігін арттыруға 
және желілік инфрақұрылымның дамуын оңтайландыруға мүмкіндік 
береді. Дәл және уақытылы өлшеулер жабдықтардың мүмкін болатын 
қателіктерін болдырмауға, байланыс сапасын жоғары деңгейде ұстауға және 
пайдаланушыларға  Ғаламдық радионавигациялық  ғарыштық жүйенің 
тұрақты басқару  блогімен қосылуын қамтамасыз етуге мүмкіндік береді.

Түйін сөздер:  статикалық өлшемдер, базалық станция, деректерді өңдеу, 
координаттық жүйелер, өлшемдерді жинақтау әдістері. 
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Аннотация. В статье приведены сведения и результаты современной 

системы связи высокой точности и стабильности для обработки сигналов на 
базовой станции Фабричный. Одной из основных задач при проектировании 
и эксплуатации базовых станций является обработка статических измерений, 
это важный процесс, обеспечивающий качество связи, стабильность сигнала 
и надежность передачи данных. Приведены основные методы обработки 
статических измерений на примере базовой станции и объясним их значение 
в обеспечении бесперебойной работы сетей связи.

Результаты. Усовершенствована методика автоматизированной системы 
управления, для осуществления мониторинга работы станции в режиме 
реального времени, сбора данных о качестве сигнала и проведения 
автоматического анализа. Результаты исследовании внедрены при выполнении 
проекта «Разработка инновационных методов прогнозирования и оценки 
состояния инженерных сооружений для предупреждения чрезвычайных 
ситуаций техногенного характера». а также использованы в учебном процессе.

Научная новизна. В результате проведенных научно-исследовательских 
работ созданы и внедрены в производство:

- метод определения координат точек с высокой точностью;
- большое количество спутниковых  наблюдений,  позволяющие с 

достаточной точностью вычислять остаточные погрешности измерений;
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- оценены качество исходных точек и исключающие грубые погрешности 
измерений.

Новизна метода определения координат подтверждена Свидетельствам РК 
на произведение науки.

Практическая ценность. Полученные результаты могут быть использованы 
при обработке статических измерений позволяющие повысить эффективность 
работы базовых станций и оптимизировать развитие сетевой инфраструктуры. 
Точные и своевременные измерения позволяют предотвратить возможные 
сбои оборудования, поддерживать высокий уровень качества связи и 
обеспечивать пользователей стабильным соединением с центром управления 
глобальной радионавигационной системы.

Ключевые слова: статические измерения, базовая станция, обработка 
данных, системы координат, методы выравнивания измерений. 

Introduction. Satellite data collection plays a crucial role in modern science 
and technology. Data obtained from satellites is extensively applied in fields 
such as geodesy, cartography, climate research, and space exploration. Satellite 
systems like GNSS (Global Navigation Satellite System) enable highly accurate 
determination of object coordinates.

Modern communication systems demand exceptional accuracy and stability in 
signal processing. One of the primary challenges in the design and operation of base 
stations is the processing of static measurements. This process is vital for ensuring 
communication quality, signal stability, and the reliability of data transmission.

This article explores the key methods for processing static measurements, using 
a base station as an example, and highlights their significance in maintaining the 
smooth operation of communication networks (Mikhailov, 2011; Khabarova, et al., 
2018; Sizov, et al., 2018).

Static data refer to information collected when an object remains stationary 
over extended period. Such data are typically gathered at local geodetic stations 
or research points and are crucial for studying phenomena like crustal movements, 
tectonic shifts, and climate change. Static measurements involve coordinates 
that remain constant over time, enabling precise tracking of data variations and 
facilitating long-term observations (Smirnov, 2005).

Static measurements refer to data collected under conditions where system or 
equipment parameters remain unchanged over time (Kashkin, et al., 2001;). In the 
context of a base station, these parameters may include: 

Signal strength level.
Interference and noise metrics.
Antenna coordinates and orientation.
Temperature and climatic conditions affecting equipment performance.
This data is gathered in a static mode, where the object (base station) remains 

unaffected by significant external environmental changes or movements.     5
Object of the study is Kargaly (known as Fabrichny until 2007), a village in 
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the Zhambyl district of the Almaty region, Republic of Kazakhstan. It serves as the 
administrative center of the Kargaly rural district and is the only settlement within 
its boundaries. The village is located approximately 11 km southeast of Uzyn-
Agach village, 50 km west of Almaty, at the foothills of the Ile-Alatau range (see 
Figure 1).

Geological structure. Geological and lithological structure of the site includes 
alluvial-proluvial deposits of the Middle Quaternary age (QII), represented from 
the surface by soil and vegetation layer, subsidence loam, non-subsidence loam and 
2 (two) engineering-geological elements (EGE) have been identified. 

EGE-1 - Subsidence loam, light brown in color, hard consistency, loess-like, 
macroporous, with veins and salt spots, vertical fracturing is observed, exposed 
thickness 17, 40 m. 

EGE-1 -  Non-subsidence loam, light brown in color, with a consistency ranging 
from hard to soft-plastic. It is loess-like in nature and has an exposed thickness of 
4, 50 m. 

Fig. 1. Base station «Fabrichny»: installation area boundary of  base station is highlighted in red.
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Engineering and seismic conditions. According to SP RK 2.03-30-2017 
«Construction in seismic zones of the Republic of Kazakhstan» and based on the 
General Seismic Zoning -2475 map, the initial seismicity of the area is assessed at 
9 points. Engineering and geological surveys indicate that the site is covered by 
clayey soils with a porosity coefficient exceeding 0,9, classifying the soil category 
as III (third) in terms of seismic properties (Nurpeisova, et al., 2019; Madimarova, 
et al.2020). 

Consequently, the updated seismicity for the work site is determined to be 10 
points. The estimated horizontal acceleration (ɑg) is 0.563g, and the estimated 
vertical acceleration (ɑg) is 0.499g.

Fig. 2. - Seismogenerating (seismotectonic model) zones of the Almaty region

Relief and soils. The central and southern parts of the territory are high-
mountainous, with absolute altitude of up to 4760 m (3636) in the Zailiyskiy Alatau 
and Kyushgey-Ala-Too ridges and their spurs. The ridge crests are narrow, rocky, 
and characterized by pointed peaks. At altitudes of 3800 m and above, the ridges 
are typically covered with perennial snow and glaciers. Ridge slopes are steep (35–
40°), rocky in places, and dissected by gorges and narrow valleys. The spurs feature 
dome-shaped tops and gentler slopes.

The northern part of the territory consists of a foothill hilly plain, heavily 
incised by deep sais (dry channels) and rivers, which complicate off-road vehicle 
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movement. The soils in the central and southern regions are rocky and stony, while 
the northern soils are predominantly sandy loam.

Groundwater in the region is generally fresh. In the northern part and hollows, 
it is found at depths of around 7 m, often surfacing as springs. However, in areas 
near saline marshes, the groundwater is saline or bitter-salty and located at depths 
of up to 25 m.

The area lies in a seismically active zone, where earthquakes with a strength 
of 8-9 points have been recorded. The soil composition includes clay, loam, saline 
soils, sand, and sandy loam. 

The region experiences a moderate continental climate, characterized by dry 
conditions on the plains and increased humidity in the foothills and mountainous 
areas. Winter (December-February on the plain, November-March in the mountains) 
is cold, mostly with cloudy weather. The prevailing daytime air temperature on 
the plain is 0, -3°C, nighttime -5, -18°C (minimum -35°C), thaws over 16°C are 
frequent, in the mountains respectively -7, -15°C and -39, -37°C (minimum -48°C), 
thaws are rare.

Hydrography. The Chon-Kemin River has a predominant width of 20-40 m, 
with depths ranging from 0,8 to 1,5 meters, and exhibits a flow rate between 1,8 and 
3,0 meters per second. The riverbed is rocky, featuring small low outcrops, while its 
banks are steep and occasionally precipitous.

The Kaskelen River measures up to 12 meters in width and approximately 0,5 
meters in depth. In its mountainous sections, the flow rate reaches about 1,5 meters 
per second, decreasing to 0,8-0,9 meters per second on the plains.

Steel rivers in the area are relatively small, with widths up to 10 meters and 
depths up to 0.5 meters. Many of these rivers are regulated by earthen or, less 
frequently, concrete dams, resulting in the formation of small reservoirs upstream.

The Big Almaty Canal is 10-16 m wide, 3-4 m deep, and has concrete slopes. 
The remaining canals (aryks) are small. 

Regime. Rivers and canals freeze in December, there is usually no continuous 
ice cover on them, they break up in early March. Flood on the rivers is from April 
to July, low water sets in in August. 

Road network. The main Almaty-Bishkek highway has two asphalt concrete 
carriageways, 8 m wide each, for the first 50 km. Highways with improved 
asphalt pavement have a carriageway width of 7-9 m, and a roadbed of 9-16 m. 
The remaining unpaved highways have a profiled roadbed 5-8 m wide, most often 
without reinforcing additives; in wet weather, along with dirt roads, they become 
very soggy and difficult to pass for vehicles. Bridges on the roads are reinforced 
concrete, some are metal and wooden, the load-bearing capacity of bridges on paved 
highways is from 30-40 to 100 tons, on other roads - up to 25 tons. Overcoming 
the Zailiyskiye Alatau and Kyungey-Ala-Too ridges is possible by pack transport 
along trails from June to September. The rest of the time, the passes are covered 
with snow. Movement of pack vehicles outside of trails is only possible along river 
valleys in dry weather.
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Methodology. The work uses a comprehensive approach, including: 
measurements at the base station equipped with built-in sensors that record the 
signal level, temperature, humidity and other parameters, monitoring at a certain 
frequency for further analysis, data collection using remote devices for more accurate 
measurements at the base station using spectrum analyzers and directional antennas.

Main content. In high-accuracy satellite data processing, two software packages 
with distinct properties and applications stand out: BERNESE and SGO. Both are 
primary tools for processing GNSS (Global Navigation Satellite System) data, 
and numerous significant scientific studies have utilized these programs in various 
research applications.

Bernese GNSS Software is a scientific, high-precision package designed for 
processing data from multi-satellite Global Navigation Satellite Systems. Developed 
at the Astronomical Institute of the University of Bern (AIUB) since the 1980s, it has 
long been a cornerstone in geodetic research and operational applications. Widely 
adopted in European and international networks—such as EUREF and IGS—it 
efficiently handles a variety of satellite signals (including GPS, GLONASS, and 
Galileo). One of its key strengths is its capacity to support and drive research into 
new processing methods and the precise evaluation of GNSS orbits, ensuring that it 
continuously evolves to meet the demands of modern satellite geodesy.

SGO (South Geomatics Office) is software package designed for a wide range of 
geodetic, cartographic, and geoinformation services. It supports land exploration, 
data collection and processing, map creation and updating, and geodetic monitoring. 
For over two decades, SGO has integrated the Bernese GNSS Software into its 
research, contributing significantly to scientific studies in satellite data processing. 
In particular, SGO specializes in accurately determining geodetic coordinates, 
calculating station velocities, and estimating atmospheric parameters (Author’s, 
2024;  Nurpeisova, et al., 2024).

Once the GNSS receiver is connected, the dedicated equipment for collecting 
static measurements in RINEX format is activated. The necessary static observations 
are then acquired for further processing. Initially, these static measurements are 
recorded on the server, and subsequent daily measurement sessions are conducted. 
The collected RINEX data is later processed to generate updated geodetic solutions.

Various methods and equipment are used to collect static measurements:
Measuring instruments at the base station. Modern stations are equipped with 

built-in sensors that record signal level, temperature, humidity and other parameters. 
This data is collected at a certain frequency and recorded for further analysis.

Data collection using remote devices. For more accurate measurements, 
external devices such as spectrum analyzers and directional antennas are used at 
the base station. These devices help evaluate the signal propagation and its quality 
in different parts of the coverage area (Kim, et al. 2019; Alessandro, et al. 2021).

Automated monitoring systems. Such systems allow real-time monitoring of 
the station’s operation, collecting data on signal quality and conducting automatic 
analysis.
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To receive signals from GNSS satellites with a Choke Ring type device, the 
South CR3-G3 (3rd generation) uhg GNSS antenna was used. It is designed for use 
with a permanently operating GNSS base station (CORS).

- South CR-3 UHG provides stable phase center shift with an accuracy of less 
than 1 mm.

- The antenna design with a 2D Choke Ring helps to achieve high performance 
of multipath signal suppression. 

- High gain antenna for low orbit satellites.
- Possibility of connecting a cable longer than 100 m without signal loss.
- Fully sealed main components, protection from dust and moisture. The antenna 

is designed for continuous operation in adverse environmental conditions. 
All numerical values ​​are obtained through the South CR-G3 antenna (shown in 

Figure 3).

Fig. 3. - South CR-3

Daily static data from stations BUCU, DRAG, GLSV, KIT3, POL2, TASH, and 
ZECK were processed relative to the world base station. Geographic coordinates 
were then determined in the ITRF2014 reference frame (which corresponds to the 
WGS84/GRS80 ellipsoid) at the Fabrichny base station. The processed results are 
summarized in Table 1. 

Table 1 - Data processing indicators
Station Latitude GMS Longitude GMS Height (m) Geoid height (m) EGM2008 
FABR 43010/

46.54600
76023/

40.26002
909.637 952.855

GNSS receivers first analyze the satellite signals received during measurements 
and then process these data with specialized software. For instance, BERNESE 
GPS Software (version 5.2) and the South Geomatics Office (SGO) tool- advanced 
geographic information system for spatial data-are used to correct coordinates 
and reduce measurement errors. The processed coordinate results are provided 
in several formats: Table 2 lists rectangular coordinates based on the UTM43 
projection (derived from the GRS80 ellipsoid and aligned with the ITRF2014 
reference frame); Table 3 presents Cartesian coordinates; Table 4 shows geographic 
coordinates; and Table 5 offers another set of rectangular coordinates.
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Table 2 -The Universal Transverse Mercator
Station Y(m) X(m) Zone Ellipsoid height (m) Geoid height (m) EGM2008
FABR 613333.875 4781702.827 43 909.637 952.855

Table 3- Cartesian coordinates, obtained results of ITRF2014.
Station X (m) Y (m) Z (m) Geoid height (m) ITRF2014
FABR 1095957.288 4528248.272 4342694.931 28/09/2024

Table 4- Geographic coordinates
Station Latitude GMS Longitude GMS Height (m) Geoid height (m) EGM2008 
FABR 43010/46.54998 76023/40.25009 909.431 952.325

Table 5- Rectangular coordinates
Station Y(м) X(м) Zone Ellipsoid height (м) Geoid height (m) 

EGM 2008 
FABR 613333.452 4781702.015 43 912.996 956. 325

Summarizing the GNSS processing results at the factory base station, the 
determined coordinates and spatial position exhibit high accuracy. This level of 
precision not only guarantees efficient station operation but also provides a robust 
foundation for advancing the telecommunications network (Kenzhekhan, et al., 
2022; Nurpeisova, et al., 2025).

Discussion. During processing, raw static-mode GNSS data is collected and 
then processed using specialized software - such as BERNESE or SGO. At this 
stage, the processing algorithms account for satellite clock errors, atmospheric 
effects, and orbital deviations, thereby refining the final position estimates for 
enhanced accuracy.

This section presents the study’s results and a comparative analysis between the 
two processing programs, BERNESE and SGO. Data processed by each software 
are summarized in Tables 6 and 7. Comparison evaluates the key performance 
criteria including accuracy, reliability, and processing speed - to assess the overall 
performance of the two programs (Dosanov, 2019).

Table 6 - Relative error indicators
Criteria BERNESE  (Accuracy) SGO (Accuracy)
Mean square error (MSE), m 0,4 0,6
Absolute errors (m) 0,3 0,5
Relative errors (%) 0,2 0,4

Table 7- Program reliability coefficients
Programs Reliability coefficient  (%)
BERNESE 96
SGO 91

Data processing speed of the two programs is shown below:
-  BERNESE: 18 minutes (in average). 
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-  SGO: 35 minutes (in average).
After receiving new geographic coordinates, they are entered into the server 

via the web interface of the net S9 receiver, as well as into the nrseaglserver and 
nrsstation programs, where the processed coordinates are named FABR_MSM4. 

GNSS (Global Navigation Satellite System) is a global navigation system that 
allows you to determine the coordinates of a point in space with high accuracy 
using satellites. GPS, GLONASS (Figure 4) and other systems are part of GNSS 
and are the main tools for taking accurate measurements.

Fig. 4- Data Values FABR_MSM4

Conclusions: Processing static measurements is critical for ensuring the 
reliability and stability of base stations. Leveraging GNSS technologies in this 
process enhances base station efficiency and supports the development of robust 
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network infrastructure. Accurate and timely measurements help prevent equipment 
failures, maintain high communication quality, and provide users with stable 
connections. With increasing network load, automated systems for processing static 
data meet the stringent requirements for data collection, processing, and information 
provision. As a result, a well-maintained base station not only supports operational 
decision-making but also provides a dependable technical and topographic basis 
for network development and internet connectivity. 

Daily static measurements from the Fabrichny base station—as well as data 
collected relative to the world base station (BUCU, DRAG, GLSV, KIT3, POL2, 
TASH, ZECK)—were processed to obtain geographic coordinates. The resulting 
rectangular coordinates, expressed in the ITRF2014 system, demonstrated high 
accuracy (see Tables 1–6).

The installed modern reference station offers several key advantages:
- High Efficiency and Accuracy: Enables real-time geodetic surveying.
- Ample Data Storage: Provides significant memory for data archival.
- Multiple Information Transmission Modes: Ensures flexible and reliable 

connectivity.
- Portability: Easy transportation and deployment.
Additionally, the installation of the base station, the control of existing 

trigonometric points, and the subsequent transformation to a conditional coordinate 
system were carried out in full compliance with established guidelines and standards.

This study was carried out within the framework of the State Fund of the 
Ministry of Health of the Republic of Kazakhstan AR23489372.
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