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Abstract 

They were studied and analyzed by the National Polytechnic University of Armenia and 

created by HDLS – 10D and by the National University of Architecture and Construction of 

Armenia of Geodesy of Problematic Laboratory, improved with Practical and laboratory test 

works performed three samples of DHLS respectively.  Based on the methods of their 

measurement and calculation of vertical movements, the authors proposed a project of a new 
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improved system of the HDLS in which the following changes were made to the previous 

systems: a mobile tank was installed in the working fluid tank, which is half immersed in the 

working fluid. The movements of the mobile tank are regulated at a constant speed by a 

micromotor installed above the working tank. Three electrode needles were installed in the 

reference sensor, the lowermost of which is for the comparative damping of the movement of 

the faster-moving line of curvature of the initial part of the piezometric movement line of the 

liquid, the second as a reference for the measurement of the reference sensor to take, and the 

third to stop the movement of the working fluid after the end of the first cycle of measurements, 

which equalizes the surface of the working fluid in all sensors, after which the reverse 

measurement process is performed from the still surface of the liquid with uniform movement 

by the motor. Due to the same speed of movement of the working fluid, the measurement 

process from the still surface of the liquid, and the same cross-section of the sensor connections 

and polyethylene pipes, the resistance to fluid movement decreases, as a result of which the 

degree of measurement accuracy of the system increases. 

 

Keywords: Working fluid, tank, sensor, electrode needle, degree of measurement 

accuracy, resistance to fluid movement, re-sensitivity. 

 

Introduction 

The work on the creation of high-precision geodetic instruments and equipment and the 

calculation and accuracy assessment of data measured by them has always been and remains 

relevant. 

           The hydrodynamic leveling method was developed by Armenian scientists at the 

National University of Architecture and Construction of Armenia (NUAC) in the 1970s-1980s. 

In Armenia, such devices were installed on the Akhuryan reservoir dam (in the poternas), in the 

Joghaz reservoir, at the Armenian Nuclear Power Plant, on the accelerator of the Institute of 

Physics, etc. In Georgia, at the Riomni hydroelectric power plant, in Ukraine, at the Rovno and 

Zaporozhye nuclear power plants, in Russia, at the Leningradskaya, Kalininskaya nuclear 

power plants, at the Zaraysk elevator, in Kamchatka (on "Cone D" near the Klyuchevskaya 

Sopka volcano), etc. Some higher educational institutions have acquired these devices and 

included them in their curricula, including Tbilisi Technical University, Rudny Engineering 

Institute in Kazakhstan, Moscow University of Geodesy, Aerial Photography and Cartography, 

etc. [1-4]. 

        After the declaration of independence of the Republic of Armenia, due to various 

geopolitical conditions and a lack of financial resources, scientific activities in this field were 

temporarily suspended. In 2012, in NUAC the Geodesy Problem Laboratory named after 

academician R. H. Movsisyan of the RA Academy of Geodesy began work on automating the 

hydrodynamic leveling system (HDLS) using modern technical means and electronic 

technologies. 

In the first stage, the electronic circuit of the GNSS, the control and recording unit 

(MRB) was modified, as a result of which the weight of the MRB was reduced by about 5 kg. 

It became possible to record 30 days of observation data in a memory device in digital form 

and transfer them to a computer for further processing [5]. Then an algorithm was developed 
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for processing measured data. The developed algorithm made it possible to automatically 

perform observations within the required period using the hydrodynamic leveling system, 

process the measured data, and use it to create graphs of the re-crossings of the remaining points 

relative to the baseline. The average arithmetic error of the pulse values of each sensor was 

determined, and the value of one pulse was calculated, which was 0.0480 mm [6].  

Then a second prototype of HDLS was created, which was installed in the laboratory of 

the Engineering Geodesy Department of the Academy of Sciences of the Republic of Armenia, 

where hydrodynamic measurements and laboratory tests of the leveling system were carried 

out. As a result of the analysis, it was found that the test data for determining vertical 

deformations carried out with two test samples installed in different environments, practically 

coincide and are within +- 0.05 mm [7]. 

To receive the observed data of the two hydrodynamic leveling systems installed in 

different objects in real-time in one central office, the system was supplemented with the 

following modern equipment: a computer was installed next to the management and registration 

block, an algorithm was developed through which the data recorded in the MRB is entered into 

the computer, the installed computer was provided with the Internet, an algorithm was 

developed for the computer installed in the central office, which establishes a connection with 

computers installed in different objects and creates the opportunity to carry out observation 

work with commands and receive the observed data for calculating vertical displacements in 

each object [8, 9]. 

 

Conflict Setting 

Having analyzed the working principle of the previously created HDLS, it was decided 

to make some constructive changes to the system. For this purpose, the task was set to equalize 

the speeds of movement of the working fluid in the forward and reverse directions of the system 

and to reduce the hydraulic resistances of the sensor connection parts and polyethylene pipes. 

 

Materials and methods: The measurement methodology of the newly designed HDLS 

and the transmission of measured data via the Internet to a central office are the same as in the 

three currently operating prototypes of improved HDLS 

 

Research results 

In The advantage of hydrodynamic leveling systems is that they have a simple structure, 

and the accuracy of their measurement depends on the fact that the working fluid encounters 

minimal resistance on its path. 

The proposed new system design, with its structure, can provide a higher accuracy in 

determining the overshoots between control points than all hydrodynamic leveling systems 

known to us. 

Here, the working fluid does not encounter any resistance during movement, except for 

frictional resistance, while the working tank filled with liquid remains stationary (Fig. 1). 

The essence of the work is as follows: a mobile tank (2) is immersed in a tank (1) filled 

with working fluid. (2) Some part of the mobile tank (1) remains immersed in the working fluid 

in the tank, so that there is no impact on the liquid surface of the base of the mobile tank (2). 
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Fig. 1 General view of the new hydrodynamic leveling system 

(1) Tank, (2) mobile tank, (3) motor, (4) rotating disk, (5) (6) sensors,  

(7) (8) (9) (10) electrode needle, (11) transparent polyethylene pipeline. 

 

With the help of the engine, the disk (4) rotates and the (2) mobile tank begins to slowly 

immerse itself and is immersed in the working fluid in the tank. The fluid begins to rise in the 

tank (1), from where it is distributed to the sensors (5) (6), and while rising, touches the 

electrode needle (9) and stops. Each sensor has its own measuring electrode needle (10), which 

is recorded at the moment of contact and the deviation between the control points is calculated. 

After touching the electrode needle at the highest point (9), the engine stops for a while 

so that the fluctuations of the working fluid surface in the working tank and sensors calm down. 

Then (3) the engine (2) starts to move the movable tank in the opposite direction, that is, it starts 

to rise at the same speed as it was immersed in the tank (1). The liquid in the sensors starts to 

return to the tank (1). The engine stops when the liquid is separated from the electrode needle 

(7). 

Thus, the first measurement cycle is completed. 

One of the sensors installed at the control points is taken as the baseline and the 

overshoots between the control points are calculated against it using the readings of the sensors 

installed at the remaining control points. The differences in the overshoots of the control points 

with respect to the baseline control point are determined through measurements of successive 

cycles. When the mobile tank (2) is immersed in the tank, the working fluid level rises, and (11) 

is filled into the sensors through polyethylene pipes (Fig. 2).  

First, the liquid begins to rise and fill the sensor (1) located closest to the tank (2), then 

the sensor (3), and, finally, the sensor located furthest. At the beginning of the movement of the 

working liquid, when the flow of liquid from the tank (1) reaches the last sensor, which the 

reverse movement of the liquid flow to the tank occurs. At this time, the surface of the liquid 

in the sensors begins to rotate up and down. But since this liquid is in motion, the oscillations 

quickly fade and after some time (up to the size (10) of the electrode needles) (i.e.), contact) 

the working liquid rises between two adjacent sensors at a constant speed and with the same 
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slope, which can be considered a linear movement. The movement of this line is carried out 

along the piezometric line. The same thing happens during the reverse process when the 

working liquid begins to move downwards. For more convenient and accurate obtaining (5) of 

measurement data, needle-electrodes (7 and (9) are installed in the reference sensor (Fig. 1), 

regulating the parameters and maximum ranges of movement of the working liquid.  

 

 

Fig. 2 The process of fluid movement in the sensors 

 

The working fluid begins to rise from the tip of the electrode needle (7) until it touches the 

electrode needle of the sensor installed at the reference control point (8), after the electrode needle 

(8), measurements begin in all sensors until it touches the electrode needle of the given sensor, but 

the liquid continues to rise until it touches the last electrode needle (9). At that time, the engine is 

turned off and after the liquid surface calms down, the reverse flow measurements are performed. 

        From the above-mentioned,  is obvious that the position of the reference electrode needle 

(8) is at the lowest position than the electrode needles of the sensors installed at the remaining 

control points. 

 During reverse flow measurements, the engine drives the fluid in the opposite direction and 

pushes the moving tank out of the working fluid tank at the same speed as during immersion, due 

to which the working fluid moves from the sensors to the tank (1). After the electrode needles of 

the sensors are detached from the needle of the reference sensor, measurements begin until they 

are detached from the needle of the reference sensor, and having reached the lowest electrode 

needle, the engine stops. 

     By the arithmetic average of the direct and reverse measured data, we obtain the deviations 

of the control points relative to the sensor installed at the reference control point. 

     In this system, the value of one unit of the measurement report division is determined as 

follows: during measurements, a glass etalon sample is placed under one of the sensors, the factory 

thickness of which is determined to an accuracy of 10 micrometers, and the amount of difference 

between the measured reports in the height range of the given sample is calculated using this data. 
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With these data, the calibration of the HDLS system is determined. The linear value of K per unit 

of the report reading is calculated using the following formula:         

                           

𝐾 =  
𝐶

𝑁𝑖−𝑁0
 ,                                                                    (1) 

 

where K is the linear value of one unit of the given HDL system readings expressed in 

millimeters, C is the thickness of the glass standard sample expressed in millimeters, Ni- is the 

last reading of the glass test sample sensor, and N0 is the initial reading. 

After making several measurements, their arithmetic mean value is calculated, which is 

the value of one unit of the division of the measurement report of the given HDL system, which 

is used for further observations as a constant value for converting to a linear unit. 

The overshoots relative to the starting point are calculated by the following formula: 

 

h=K (Ni - N0)            (2)                                                                                                                      

  

and the overshoots between the sensors: 

 

hi = K (Ni - Ni-1)          (3)                                                                                                                     

 

where N0 is the reading of the sensor at the origin, Ni - I is the reading of the sensor at the i 

control point, and Ni-1) is the reading of the sensor at the previous control point. 

The average of the direct and reverse overshoots will be the overshoot between the two 

control points. 

hi= ( hi direct ) + hi reverse )/2     (4)                                                                                                         

          

 Conclusion  

 The presented new hydrodynamic leveling system will provide higher accuracy in 

determining the displacements between the sensors installed at the control points compared to 

the previous three HDLS prototypes, since here the working fluid does not encounter any 

resistance during movement, except for frictional resistance, while the working tank filled with 

the fluid remains stationary. This makes it possible to fulfill the requirements for the degree of 

accuracy of determining the settlements of the foundations of buildings and structures and their 

individual structures stipulated by the normative technical documents [10, 11].     
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ПРОЕКТ СОЗДАНИЯ НОВОЙ УСОВЕРШЕНСТВЕННОЙ 

ГИДРОДИНАМИЧЕСКОЙ СИСТЕМЫ НИВЛИРОВАНИЯ 

О.С. Петросян1, Ф.А. Паликян2, М.Р. Варданян1, М.В. Маркосян2 

1Армянский национальный университет архитектуры и строительства 
2Институт водных проблем и гидротехники им. академика И.В.Егиазарова 

 

Изучены и проанализированы практические и лабораторные испытания, 

выполненные СГДН-10Д, созданными ЕрПИ, и тремя образцами СГДН, 

усовершенствованными Проблемной лабораторией геодезии НУАС, соответственно. На 

основе методов их измерения и расчета вертикальных движений автором предложен 

проект новой усовершенствованной системы СГДН, в котором в предыдущие системы 

были внесены следующие изменения: в баке рабочей жидкости установлен передвижной 

бак, который наполовину погружен в рабочую жидкость. Движение передвижного бака 

регулируется микромотором, установленным сверху рабочего бака с постоянной 

скоростью. В исходной датчике установлены три электродные иглы, нижняя из которых 

предназначена для сравнительного демпфирования более быстро движущейся линии 

кривизны начальной точки пьезометрического движения жидкости, вторая - для снятия 

отчета о исходного датчика, а третий - для остановки движения рабочей жидкости после 

завершения измерений первого цикла, при этом поверхность рабочей жидкости 

выравнивается во всех датчиках, после чего происходит обратный процесс измерения. 

выполняется со спокойной поверхности жидкости при равномерном движении через 

мотор. За счет движения рабочей жидкости с одинаковой скоростью, процесса измерения 

из состояния покоя поверхности жидкости, а также одинакового разреза соединений 

датчика и полиэтиленовых трубок сопротивление движению жидкости снижается, в 

результате при этом повышается степень точности измерения системы. 

 

Ключевые слова: Рабочая жидкость, бак, датчик, электрод-игла, степень точности 

измерения, сопротивление движению жидкости, превышение. 
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