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

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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© Қазақстан Республикасының Ұлттық ғылым академиясы, 2023
Типографияның мекен-жайы:  «Аруна» ЖК, Алматы қ., Мұратбаев көш., 75.

Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ «Д.В. 
Сокольский атындағы отын, катализ және электрохимия институтының» бас директоры (Алматы, 
Қазақстан) H = 4

Ғылыми хатшы
АБСАДЫКОВ Бахыт Нарикбайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 

жауапты хатшысы, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5
Р е д а к ц и я л ы қ  а л қ а:

ӘБСАМЕТОВ Мәліс Құдысұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы 
гидрогеология және геоэкология институтының» директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, Қ.И. Сатпаев тындағы геология ғылымдары институтының 
директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының орын-
басары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) H = 25

ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич, геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры (Милан, 
Италия) H = 28
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Abstract. Today infrastructure cannot be imagined without roads and bridges. In the world, special 
attention is paid to their condition, which in turn is an extremely important factor in ensuring the safety of the 
civilian population and the entire infrastructure in general. One of the main reasons for the deterioration of the 
condition of bridges is that a huge number of them have stepped over the 50-year mark and no longer meet 
technical standards. The article presents the reasons for the weakening of the load-bearing structures of bridges, 
as well as the influence of groundwater or river water on these structures, which together can lead to 
multimillion-dollar costs or, even worse, to tragic consequences. Calculation methods were given to determine 
the settlements of structures, such as absolute or total settlement, average settlement, heel and horizontal 
displacement. Methods for organizing remote monitoring of the state of the position of the bearing structures 
of bridges are considered. One of the considered solutions is a bridge condition monitoring system using 
satellite systems, which can consist of several segments, such as the ground segment, consisting mainly of 
measurement sensors, the space segment responsible for the centralized collection of information from all 
sensors, and the ground segment responsible for processing the information received and alerting the relevant 
departments in case of emergency. Wireless sensor networks are considered as the second method of 
organizing monitoring, since today they are most used in various industries and have the prospect of further 
improvement. 

Keywords: groundwater, deformation, bridges, remote monitoring, satellite systems, sensor networks 
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Аңдатпа. Бүгінгі таңда инфрақұрылымды жолдар мен көпірлерсіз елестету мүмкін емес. 
Әлемде олардың жағдайына ерекше назар аударылады, бұл өз кезегінде бейбіт тұрғындардың және 
тұтастай алғанда бүкіл инфрақұрылымның қауіпсіздігін қамтамасыз етудің аса маңызды факторы 
болып табылады. Көпірлердің жай-күйінің нашарлауының басты себептерінің бірі — олардың көп 
бөлігінің 50 жылдық межеден асып, техникалық талаптарға сай келмеуі. Мақалада көпірлердің жүк 
көтергіш құрылымдарының әлсіреу себептері, сондай-ақ бұл құрылыстарға жер асты немесе өзен 
суларының әсер етуі, олар бірге миллиондаған долларлық шығындарға немесе одан да сорақысы 
қайғылы зардаптарға әкелуі мүмкін. Абсолютті немесе толық шөгу, орташа шөгу, өкшелі және 
көлденең жылжу сияқты құрылымдардың қоныстарын анықтау үшін есептеу әдістері берілді. 
Көпірлердің тірек конструкцияларының жай-күйін қашықтықтан бақылауды ұйымдастыру әдістері 
қарастырылған. Қарастырылған шешімдердің бірі жерсеріктік жүйелерді пайдаланатын көпір 
жағдайын бақылау жүйесі болып табылады, ол негізінен өлшеу сенсорларынан тұратын жер сегменті, 
барлық сенсорлардан ақпаратты орталықтандырылған жинауға жауапты ғарыш сегменті және алынған 
ақпаратты өңдеуге және төтенше жағдайда тиісті бөлімдерге хабарлауға жауапты жердегі сегмент. 
Сымсыз сенсорлық желілер мониторингті ұйымдастырудың екінші әдісі ретінде қарастырылады, 
өйткені бүгінгі күні олар әртүрлі салаларда кеңінен қолданылады және одан әрі жетілдіру 
перспективасына ие. 

Түйін сөздер: жер асты сулары, деформация, көпірлер, қашықтықтан бақылау, спутниктік 
жүйелер, сенсорлық желілер 
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Аннотация. Сегодня инфраструктуру невозможно представить без дорог и мостов. В мире 
особое внимание уделяется их состоянию, что в свою очередь является крайне важным фактором в 
обеспечении безопасности гражданского населения и всей инфраструктуры в целом. Одной из 
основных причин ухудшения состояния мостов является то, что огромное их количество перешагнули 
за 50-летний рубеж и уже не соответствует техническим нормам. В статье приведены причины 
ослабления несущих конструкций мостов, а также влияние грунтовых вод или речных вод на эти 
конструкции, что в совокупности могут принести к многомилионным затратам или что еще хуже — к 
трагическим последствиям. Были приведены методы расчета для определения осадков сооружений, 
такие как абсолютная или полная осадка, средняя осадка, крен и горизонтальное смещение. 
Рассмотрены методы организации дистанционного мониторинга за состоянием положения несущих 
конструкций мостов. Одной из рассмотренных решений является система мониторинга за состоянием 
мостов с использованием спутниковых систем, которая может состоять из нескольких сегментов, таких 
как наземный сегмент, состоящих в основном из датчиков измерения, космический сегмент, 
отвечающий за централизованный сбор информации со всех датчиков, и наземный сегмент, 
отвечающий за обработку полученной информации и оповещению соответствующих ведомств в 
случае чрезвычайных ситуациях. Вторым методом организации мониторинга рассмотрены 
беспроводные сенсорный сети, так как на сегодняшнее время они имеют наибольшее применение в 
различных отраслях и имеют перспективу к дальнейшему усовершенствованию.  
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Introduction 
Over the past decade, the number of bridge collapses has become more frequent in the world (most of 

them are road bridges) or emergency conditions have been registered. One of the main reasons is that a huge 
number of these bridges have stepped over the 50-year mark and no longer meet technical standards. Most of 
the structures have worked out their service life and their load-bearing structures have already weakened. In 
addition, many bridges were built using outdated technologies of the times, which are not designed for modern 
realities. 

However, there is another reason and this is the influence of natural, namely climatic and geological 
factors, because it is no secret to anyone that climate change in recent decades has caused dozens, if not 
hundreds of destruction of various structures (buildings, bridges, etc.), for the restoration of which a huge 
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In some cases, it is impossible to avoid damage or destruction, for example in cases of large 
earthquakes, avalanches or other natural disasters on a huge scale. However, there are cases when it is possible 
to avoid destruction or high costs for restoring damage if seasonal climatic features of the hydrogeological 
state of the area, such as groundwater, are taken into account during construction (Prudhomme et al., 2017: 
16).  

Main part. Groundwater is the gravitational groundwater of the first permanent aquifer from the Earth's 
surface, located on a regional aquiclude (Figure 1). 

They mainly appear due to infiltration (i.e. seepage) in the form of precipitation from the earth's 
atmosphere into the waters of irrigation canals, reservoirs, lakes and rivers. In various regions of canals and 
rivers, groundwater will be filled with ascending waters of deeper horizons due to condensation of water vapor 
or with waters from artesian basins (Frappart et al., 2018). 
 

Figure 1 - Location of ground and artesian waters (Davronbekov et al., 2020). 

With a high level of groundwater, flooding of the territory occurs, which causes a certain degree of 
difficulty in the construction and operation of buildings and structures, which can lead to deformations in 
structures (Figure 2) and neglect of these problems can lead to deformations in the future. 
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Figure 2 - Causes of structural deformations 

In general case, the term deformation is understood as a change in the shape of the object of 
observation. In geodetic practice, it is customary to consider deformation as a change in the position of an 
object relative to some initial position. In most cases, the following types of deformations are determined: 

- vertical movements (precipitation, subsidence, rises);
- horizontal movements (shifts);
- banks.
Draft - displacement of the structure in the vertical plane; subsidence - a fast-flowing settlement of a

structure with a radical change in the structure of porous and loose soils; shear - displacement of the structure 
in the horizontal plane; roll - uneven draft of the structure. To determine the deformations, first fix the points 
in the characteristic places of the structure (Davronbekov et al., 2020 :4). 

Calculation methods  
for determining the settlement of structures: 
The absolute or total draft S is the difference between the absolute heights (marks) of the initial and 

current cycle of observations, determined relative to the starting point: 

S = Нint −  Нcur,  (1) 

The average draft Save of the entire structure or its individual parts is calculated as the arithmetic mean 
of the sum of the draft of all n of its points, i.e. 

Save =  ∑ Sn1
n

,  (2) 

Where, S – is the draft of individual grades; n - is the number of brands. 

Simultaneously with the average draft, for the sake of completeness of the general characteristics, the 
largest Smax and the smallest Smax draft of the points of the structures are indicated. 

The unevenness of the draft can be determined by the difference in draft ∆ 𝑠𝑠 of any two points 1 and 
2, i.e. 

𝛥𝛥S1,2 =  S2 − S1,  (3) 
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The roll or inclination of the structure is defined as the difference between the settlement of two points 

located on opposite edges of the structure, or its parts along a selected axis. The slope in the direction of the 
longitudinal axis is called a blockage, and in the direction of the transverse axis – a skew. 

The amount of roll related to the distance l between two points 1 and 2 is called the relative roll K, 
which is calculated by the formula: 

 
K =  S2− S1

l
,       (4) 

 
The horizontal displacement q of a single point of the structure is characterized by the difference of its 

coordinates xcurrent , ycurrent and xinitial , yinitial , obtained in the current and initial cycles of observations. 
The position of the coordinate axes, as a rule, coincides with the main axes of the structure. 

Displacements are calculated in the general case by the formulas: 
 
qx =  xcur − xint;  qy =  ycur − yint,     (5) 
 
Similarly, you can calculate the offsets between the previous and subsequent cycles of observations. 

Horizontal displacements are also determined along one of the coordinate axes. 
Ground waters, at a certain concentration, form an aggressive environment, since they are weak 

solutions of various chemicals, in relation to the materials of structures (Figure 3). 
 

 
 

Figure 3 - Impact of rivers and groundwater on bridge supports 
 

All over the world - bridges are the most important part of the entire infrastructure of the country, and 
special attention is paid to their construction, as well as monitoring their condition, the systems for organizing 
the construction and operation of bridges, overpasses and other artificial structures, overpasses and other 
artificial structures, and the development of transport infrastructure are being improved and improve the 
efficiency of their operation. But, despite all these efforts, today the condition of the bridges requires special 
attention. 

The analysis of literary sources showed that it is necessary to make the necessary decision as soon as 
possible to improve the existing methods for diagnosing the condition of bridges (Tidriri et al., 2016: 23).  
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Figure 4 - An example of a collapsed bridge 
 

Determining the technical condition of reinforced concrete structures is a complex and urgent task. 
This is due to the presence of uncontrolled factors and parameters that affect the joint work of concrete and 
reinforcement and their physical and mechanical characteristics. Most of the parameters are estimated from 
indirect data, since the removal of fragments of reinforcement and concrete leads to a decrease in the bearing 
capacity of the structure (Stepanov et al., 2012: 5). 

The main means of increasing the efficiency of the use of systems for operational monitoring of objects 
is to ensure timely and maximally automated receipt of comprehensive information on the dynamics of the 
development of potentially hazardous processes through an integrated approach to the use of traditional 
measurement methods (stress-strain state of structural elements) (Alimdzhanov et al., 2021: 6). 

One of the solutions is to create a unified monitoring system using wireless technologies. Consider 
some options for these systems. 

First. System for monitoring the condition of road bridges using satellite systems. This monitoring 
system consists of a set of equipment (Figure 5.), which can be conditionally divided into three segments: 

1. Ground segment of measuring devices. It, in turn, also consists of several parts: 
–  Measuring devices and sensors. Their main task is to directly measure the condition of bridges. In 

terms of functionality, they can measure various parameters, such as deformation of the reinforcement of load-
bearing supports, pressure in the soil under the supports, displacement sensors between spans or joints, and 
you can also add humidity and temperature sensors. 

–  Transmission part. Responsible for transmitting data to the satellite system. Here you can use two 
methods of transmission, directly from the sensors themselves, by installing transmitting devices on them, or 
create a centralized data transmission node (transmitting segment) to collect data from all sensors at the facility 
and send it to the satellites with one signal. The first method can be used if the number of sensors on the object 
is small or one and the sensor measures only one parameter, and the second method is more efficient to use 
when many measuring devices are installed on the object and they perform different measurements. 
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Figure 5 - Monitoring system for the state of road bridges using satellite communication systems. 1 - Ground segment of 
measuring devices, 2 - Space segment, 3 - Ground segment of remote monitoring of the state of road bridges. 

 
2.  Space segment, responsible for receiving data from measuring devices or from a centralized 

data transmission node and transmitting this data to the ground segment of remote monitoring of the state of 
road bridges. 

3.  Ground segment of remote monitoring of the state of road bridges, consisting of a software 
and hardware complex for processing information transmitted from all measuring devices. 

This monitoring method allows real-time tracking of changes in the parameters of the state of road 
bridges and timely warning of changes, which in turn will help to quickly respond in case of emergency due 
to changes in the permissible parameters of the structure and take the necessary measures to ensure the safety 
of the civilian population or timely repair of this facility (Alimdzhanov et al., 2022). 

Second.  Wireless sensor networks (WSN), consisting of sensors, elements and radio communication 
nodes for the purpose of observing, monitoring and responding to a specific process. 

Wireless sensor networks (Figure 6) consist of nodes, which in turn also consist of various sensors, 
microcontrollers and radio transmitters. These devices have various applications and can be used in any field 
(Kogelman et al., 2020). 

The data from the sensors received at the main station are analyzed and processed. The main 
characteristics of WSNs are: energy cost management, node failure capability, node mobility, node 
heterogeneity, scalability for large-scale deployment, ability to withstand harsh environmental conditions, and 
ease of use. These features provide a wide range of applications for sensor networks (Mike et al., 2019).  

 

 
 

Figure 6 - Architecture of a simple wireless sensor network 
 

To date, WSN nodes provide a long operating time - several years (up to 10 years). However, when 
planning a network for a long period, it is impossible to be absolutely sure that its structure will not change in 
the future. The main reason for the loss of functionality is the loss of network connectivity (Sedalishchev et 
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al., 2012: 3). Network connectivity characterizes the possibility of delivering data from the source node to the 
recipient. Therefore, it is necessary to develop WSN models that allow estimating the connectivity of the 
network (or the potential for its provision) (Buzyukov et al., 2017: 8).  
 

 
 

Figure 7 - Fields of application of WSN 
 

The main areas of application of the WSN can be classified as shown in Figure 7, and the goals of the 
WSN are given in table 1. 

 
Table 1 - Scope and tasks of sensors in WSN 

 
Application area A task 
Environmental monitoring Environmental Monitoring and Disaster Warning 
Security and surveillance Perimeter control and intruder detection, as well as tracking various unfixed vehicles. 
smart building Ensuring the safety of civilian facilities using energy-saving elements. 

Health Monitoring Monitoring the physical condition of the observed in real time and warning of possible health 
risks. 

Vehicle Tracking Monitoring traffic on busy roads, identifying and monitoring parking spaces, monitoring the 
location of vehicles. 

Animal Tracking Optimized monitoring of animal rearing conditions. Health and location monitoring. 

Agriculture Monitoring the cultivation of crops by providing a suitable environment by observing 
parameters such as pressure and temperature. 

 
Analysis of literary sources shows (Davronbekov et al., 2021). that wireless sensor networks as a whole 

are an important technology for the twenty-first century. Recent developments in engineering, 
communications, and networking have led to new designs for sensors, information technology, and wireless 
systems. 

44



ISSN 2224-5278                                                                                                                              2. 2023 

 
Figure 8 - Using WSN to organize remote monitoring of bridges 

 
The principle of organizing a wireless bridge monitoring system using sensor networks is as follows: 
Sensors are installed on certain sections of the bridge. The data received from the sensors is transmitted 

to the data processing center, where a specially developed program will check the received data for changes 
from the initial parameters, which in the case of monitoring the bridge is a displacement between the plates 
that are located on the load-bearing beams of the structure and transmit any changes to the relevant services, 
authorities or directly to the heads of departments responsible for the operation and maintenance of these 
facilities (Khizirova et al., 2021: 4). 
 

 
 

Figure 9 - Graph of energy efficiency of WSN nodes with increasing distance to the base station (Baskakov et al., 2010: 4) 
 

Such advanced sensors can be used as a bridge between the physical world and the digital world. 
Sensors are used in many devices, industries, machines and environments to help avoid infrastructure failures, 
accidents, conservation of natural resources, wildlife conservation, productivity, safety, etc. 
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Another major advantage of wireless networks is the energy-efficient elements of the system. They 

can provide long-term operation due to the service life of the power supply, which, depending on the distance, 
can reach several years of operation (Figure 9) without replacing power supplies. 

To ensure the safety of the civilian population, the following are proposed: 
– it is necessary first of all to consider the existing methods for diagnosing and monitoring the state of 

objects in an emergency or pre-emergency state. 
– it is necessary to create a single center for monitoring the state of road facilities using modern 

measuring devices, as well as use wireless or satellite technologies to detect accidents in a timely manner to 
prevent emergencies with subsequent deaths among the population or damage to them or state property, which 
will lead to multiple costs. 

Conclusion 
1. In conclusion, we can say that, despite the existing norms for the construction of various 

structures and laws to improve the construction system of road bridges, overpasses and other artificial 
structures, today thousands of bridges are in emergency or unusable condition due to the influence of natural, 
including groundwater or river water, as well as non-compliance with these rules and regulations during their 
construction or operation. 

2. The proposed systems for monitoring the state of road bridges using satellite communication 
systems or wireless sensor networks will provide timely information on the state of structures and help detect 
deformations in the observed objects. 

3. The use of wireless sensor networks will enable the location of measuring sensors in hard-to-
reach places, where it is difficult or expensive to pull ordinary wired solutions. They also allow rapid and rapid 
deployment and maintenance of wireless monitoring systems; 
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