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ABSTRACT 
 

The main aim of our research was the analysis of time distribution characteristics of the Enguri dam foundation 

displacement according to the periodic variation (loading) water level in the lake around the Enguri Arch Dam. The 

primary temporal analysis was carried out in 1974-1981 period. Modern methods of nonlinear analysis DFA (detrended 

fluctuation analysis), and MF-DFA (multifractal detrended fluctuation analysis) were used.  

The results of our research are important and from investigation we can conclude that dynamic changes of dam 

foundation displacement, assessment of dam behaviour and water level change in the reservoir of the Enguri high dam.  

The analysis of the dynamics measures of the Enguri dam displacement shows us the pattern of nonlinear dynamics of 

the normal regime with start loading.  

 

Key words: Enguri Dam, displacement, temporal analysis 

 

Introduction 
 

The location of the Enguri Dam was selected based on extensive engineering research. The influence 

of the dam and changes in the reservoir's water level on both the structure and the surrounding 

environment was studied. Construction began in the last century, and the 271-meter-high Enguri arch 

dam is one of the tallest dams of its kind in the world. Since construction began, state -of-the-art 

interdisciplinary geodynamic and geophysical monitoring has been organized in the dam area. 

Geological studies have documented that a fault branch of a major active fault beneath the Enguri Dam, 

the Ingirishi Fault, intersects the right wing of the dam's foundation. The presence of an active (or 

potentially active) fault at the foundation of a large dam is known to pose a serious threat to dam safety. 

It is logical that monitoring of the fault zone began long before construction of the dam and filling of 

the reservoir [1-5]. The main Ingirishi fault (Fig.1, Fig.2) crosses the foundation of the Enguri dam and, 

thus, poses a significant  hazard  to the dam. 
The study area effectively serves as a natural large-scale laboratory for examining the effects of tectonic 

activity, anthropogenic influences, and environmental factors on fault-zone deformation. The combined 

impact of these processes is captured in the time series of fault-zone strain. The observed fault dynamics 

clearly reflect the interaction of two principal components: a tectonic strain component, which produces 

piecewise linear temporal displacements and is interpreted as the long-term trend, and a secondary component 

that generates quasiperiodic oscillations superimposed on this underlying trend. 

Strainmeters and demographs are located in the dam body and tunnels, which measure the displacement of 

the dam when the water level in the reservoir varies. 

mailto:ekamep@gmail.com
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Fig. 1. Satellite image of the Enguri dam and reservoir area, locations of the Ingirishi  

fault and crossing the dam foundation. 

 

 

Fig. 2. The upper curve shows the variations of water level height at the Enguri lake from 1978 to 2017; the 

lower curve shows data from the strain-meter. Data are from 1974 to 2017 versus time. Arrows 1, 2, 3, 4, 5, 

6 correspond to the start of 6 periods of fault zone extension, see Table 1 for details. We can see of fault 

compaction by approximately 90 microns, as a consequence of a quick, 100-m increase in water level in 

1978. The upper horizontal axis shows the number of days after the start of the strainmeter monitoring. The 

thin, straight lines show six periods of the fault’s main trend with different extension rates 

 

The data (Fig. 2) also show that the water load reduced the initial displacement rate recorded before the 

lake refill, since the total accumulated deformation value in 2017 was only 7000. The decrease in accumulated 

deformation is explained by the orientation of deformation caused by the water load, which is favorable for 

the compaction of faults. 
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Table 1. Subdivision in periods of fault zone extension 
 

Number 

of 

periods 

Periods Number of days 

in the period; in 

brackets the 

same from zero 

day (May 1974) 

to the end of a 

given period 

Tectonic 

component of 

strain rate α 

μm/year 

Pattern of lake impounding 

(man-made component of 

strain) 

1 May 1974–Apr 1978 1500 (1500) 230 Before lake impounding 

2 May 1978–Jan 1981 1300 (2800) 250 WLinthelakeraisedto100m 

3 Feb 1981–May 1985 1400 (4200) 250 Irregular load-unload regime 

4 Jun 1985–Sep 2004 7000 (11200) 160 Regular quasi-periodic regime 

5 Oct 2004–Feb 2013 3200 (14400) 230 Regular quasi-periodic regime 

6 Apr 2013–Mar 2018 2000 (16400) 150 Regular quasi-periodic regime 
 

 

Methods. 
 

For estimating long-term correlations of the dam strain time series during load-unload of reservoir we used 

the methods DFA (detrended fluctuation analysis), and MF-DFA (multifractal detrended fluctuation analysis). 

In time-series analysis, detrended fluctuation analysis (DFA) is a technique used to assess the statistical 

self-similarity of a system’s components. The DFA scaling exponent encapsulates comprehensive information 

about temporal correlations and is particularly effective for identifying long-term correlations in non-stationary 

time series. DFA has been widely applied across numerous disciplines, including geophysics, geodynamics, 

meteorology, biology, bioinformatics, and economics. This scaling approach yields a straightforward 

quantitative measure of a signal’s correlation structure and, compared with many conventional methods, offers 

the distinct advantage of reliably detecting long-range correlations in non-stationary data [6–9]. 

DFA consists of two steps:  

(1) the data series B(k) are shifted by the mean B and integrated (cumulatively summed), 𝑦(𝑘) =
∑ [𝐵(𝑖) − 𝐵]𝑘

𝑖=1 , then segmented into windows of various sizes ∆𝑛;  

 (2) in each segmentation the integrated data is locally fit to a polynomial 𝑦 ∆𝑛(𝑘) (originally, and typically, 

linear) and the mean squared residual 𝐹(∆𝑛) (‘‘fluctuations’’):  

𝐹(∆𝑛) = √
1

𝑁
∑ (𝑦(𝑘) − 𝑦 ∆𝑛(𝑘))2𝑁

𝑘=1   , 

where N is the total number of data points. Note that 𝐹(∆𝑛) can be considered as the average of the summed 

squares of the residual found in the windows. The n-th order polynomial regressor in the DFA family is  

denoted as DFAn, with unlabeled DFA often referring to DFA1. 

Multifractal detrended fluctuation analysis (MF-DFA) is used to detect variability and uncertainty in empirical 

time series data. 

MF-DFA is the most effective method for detecting multifractality in time series. It takes the mean of the time 

series in each interval as a statistical point, which is then used to calculate volatility functions. It then 

determines generalized Hurst exponents based on the power law of the volatility functions. A key advantage 

of MF-DFA over other approaches is its ability to detect long-term correlations in non-stationary time series. 

The reaserch describes the key steps and formulas underlying the analysis. 

The first step of the MF-DFA is to construct the “profile”, 𝑌(𝑗) by integration after subtracting from the time 

series, 𝑅(𝑖) its average, 𝑅̅: 
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𝑌(𝑗) = ∑(𝑅(𝑖) − 𝑅̅), 𝑖 = 1, … , 𝑁.

𝑗

𝑖=1

 

The second step of the MF-DFA is to divide the profile 𝑌(𝑗) into  𝑁𝑠 = 𝑖𝑛𝑡 (
𝑁

𝑠
) non-overlapping segments of 

equal length 𝑠. 

The exponent h(q) is called a generalized multifractal Hurst exponent and is related to the classical monofractal 

Hurst exponent H.  

For the MF-DFA analysis we use the generalized Hurst exponent, which has no upper limit and expressed as: 

𝐻 = {
ℎ(𝑞)         −                  𝑓𝑜𝑟 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑟𝑦 𝑡𝑖𝑚𝑒 𝑠𝑒𝑟𝑖𝑒𝑠

ℎ(𝑞) − 1     −     𝑓𝑜𝑟 𝑛𝑜𝑛 − 𝑠𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑟𝑦 𝑡𝑖𝑚𝑒 𝑠𝑒𝑟𝑖𝑒𝑠
 

The estimation of H represent fundamental base, as we want to know the long-term dependence of a time 

series. 

 

Results. 
 

For our primarily research of Enguri dam foundation displacement under compare with water variation the 

second period (May 1978–Jan 1981) was investigated (which shows on Fig.2 (arrow 2, 3)). 

Nonlinear DFA analysis of Enguri dam foundation displacement data for 1978-1981 was carried out. The 

results of DFA analysis of displacement, show the long-range correlation of scaling features, changes in 

dynamical structures, and the regularity of the system. DFA analysis was carried out for polynomial fitting 

p=2, 3, 4, 5 (see Fig. 3). 

 

Fig. 3. DFA analysis of Enguri dam foundation displacement for 1978-1981. 

 

From the DFA analysis of Enguri dam data sets, we can see how the structure of the dynamics changes 

with increasing polynomial approximation, order is disrupted, and mutual correlation weakens. 

Multifractal Detrended Fluctuation Analysis (MF-DFA) of long-term correlations of the power law of non-

stationary Enguri dam foundation displacement data in 1978-1981 was carried out. The variation of the 

multifractal characteristics was carried out for polynomial fitting with p=2, 3, 4, 5 (Fig. 4) 

Values of Ht, the q-order of generalized multifractal Hurst exponent time signal, were calculated. The local 

generalized multifractal exponent (Ht) can now be computed from the local fluctuation of real time series 

signal (Fig. 4) estimated as well as the logarithmic function (Ht). From Fig. 4 we can see a non-stability, that 

under variation at the orders of scale s =7 and s =17 changed maximum and minimum of Ht, but Ht mode is 

constant (𝑚𝑜𝑑𝑒 𝐻𝑡 ≈ 1.6). This changes in dynamic structure of time series clearly observed, where the plot 
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of Ph-probability distribution of Ht and Dh- multifractal spectrum represents the relationship in the form of 

parabola and shows an increase in the thresholds at the 𝑚𝑜𝑑𝑒 𝐻𝑡 ≈ 1.6.  

 

 

a) 

 

 

b) 

 



10 

 
 

 

c) 

 

 

d)  

Fig. 4. The MF-DFA analysis of the Enguri dam foundation time series displacement in 1978-1981: a) for 

polynom =2; b) for polynom =3; c) for polynom =4; d) for polynom =5. Ht: q- generalized multifractal 

Hurst exponent time signal. Percent of output variable: Ph - probability distribution of Ht, Dh- multifractal 

spectrum. 
 

From Fig.4 we can see the scaling functions Ht, Ph, Dh, which are depend on q-order Hurst exponent. The 

q-order Hurst exponent Ht for the time series is multifractal. MF-DFA analysis consists of several steps: to 
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first convert Ht to the q-order mass exponent and thereafter convert signal to the q-order singularity exponent 

(Ht) and q-order singularity dimension Dh; The plot of Dh shows us multifractal spectrum. 

The initial MF-DFA results indicate that the dynamics of dam foundation displacement began to change 

with the onset of reservoir impoundment during the period 1978–1981. This analysis enables an assessment of 

the dam’s response to reservoir filling and the influence of this process on foundation displacement, as well as 

an evaluation of the associated risk of potential damage 

 

Conclusion. 

This article presents a preliminary analysis of Enguri Dam foundation displacement data, during the period 

1978–1981. Nonlinear analysis methods DFA and MF-DFA revealed a clear pattern of dam deformation 

dynamics. These results are important for studying the behavior of the Enguri Dam. Analysis of the Enguri 

Dam displacement time series allows us to establish patterns in nonlinear dynamics under normal conditions 

and under water loading. Significant deviations from the multifractal characteristics obtained above should be 

analyzed in detail to determine whether the anomaly is significant for dam stability. The results of this study 

will form the basis for further research into dam behavior and will help scientists avoid a catastrophe caused 

by dam failure and foundation displacement. 
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დატვირთვის დროს ენგურის კაშხლის საძირკვლის 

გადაადგილების პირველადი დროითი ანალიზი  
 

ე. მეფარიძე, ა. სბორშჩიკოვი, თ. ჭელიძე 
 

რეზიუმე 
 

 

ჩვენი კვლევის მთავარი მიზანი იყო ენგურის კაშხლის საძირკვლის გადაადგილების თაღოვანი 

კაშხლის გარშემო ტბაში წყლის დონის პერიოდული ვარიაციის (დატვირთვის) დროს დროითი 

განაწილების მახასიათებლების ანალიზი. პირველადი დროითი ანალიზი ჩატარდა 1974-1981 

წლების პერიოდისთვის. გამოყენებული იქნა არაწრფივი ანალიზის თანამედროვე მეთოდები 

DFA (ტრენდმოცილებული ფლუქტუაციის ანალიზი) და MF-DFA (მულტიფრაქტალური 

ტრენდმოცილებული ფლუქტუაციის ანალიზი). 

ჩვენი კვლევის შედეგები მნიშვნელოვანია და შეიძლება გამოყენებულ იქნას ენგურის კაშხლის 

წყალსაცავში წყლის დონის ვარიაციის დროს კაშხლის საძირკვლის გადაადგილებაში 

დინამიკური ცვლილებების დასადგენად და მუშაობის შესაფასებლად. 

ენგურის კაშხლის დინამიკური გადაადგილების პარამეტრების ანალიზი ნორმალურ რეჟიმში 

საწყისი და დატვირთვის ქვეშ ავლენს არაწრფივი დინამიკის სურათს.  

 

საკვანძო სიტყვები: ენგურის კაშხალი, გადაადგილება, დროითი ანალიზი. 

 

Первичный временной анализ смещения основания плотины 

Энгури при нагрузке 

Е. Мепаридзе, А. Сборщиков, Т. Челидзе  

Резюме 

 

Основная цель нашего исследования заключалась в анализе характеристик временного распределения 

смещения основания плотины Энгури в зависимости от периодических изменений (нагрузки) уровня 

воды в озере вокруг арочной плотины Энгури. Первичный временной анализ проводился в период 

1974-1981 годов. Использовались современные методы нелинейного анализа DFA (детрендовый 

флуктуационный анализ) и MF-DFA (мультифрактальный детрендовый флуктуационный анализ).  

Результаты нашего исследования важны и на их основе можно сделать вывод о динамических 

изменениях смещения основания плотины, оценке поведения плотины и изменение уровня воды в 

водохранилище платины Энгури. 

Анализ динамических показателей смещения плотины Энгури показывает нам закономерность 

нелинейной динамики нормального режима при начальной нагрузке. 

 

Ключевые слова: плотина Энгури, смещение, временной анализ 
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Seismic Surveys and Seismicity Refinement in Kvibisi Village, 

Borjomi District, Considering Local Parameters 

 
Malkhaz G. Gigiberia, Vakhtang G. Arabidze,  

Jemal K. Kiria, Nugzar I. Ghlonti  

 
 

ABSTRACT 
 

To obtain objective information about the engineering-geological properties of rock massifs, it is necessary to conduct a 

wide range of studies, including geological, geotechnical, hydrogeological, geophysical and, above all, seismoacoustic 

studies. The physical basis of engineering seismic acoustics is the close dependence of the parameters of elastic waves 

on the features of the structure, properties and condition of the investigated rock massifs. 

This work is devoted to the role of engineering geophysics, particularly seismic, in the construction of significant 

structures. As an example, specific projects and methods used for their implementation are given. 

 

Key words: engineering geophysics, seismicity, rock massifs. 

 

Introduction 

 

The works carried out by us included the construction of seismic profiles and refinement of seismicity [1-

15], taking into account local parameters, in Kvibisi village, Borjomi district, within the territory of Borjomi 

Plant No. 2. 

 

Experimental Studies: Construction of Soil Seismic Profiles 

 

Seismic profiling (using the refraction method) was conducted, relevant seismogeological cross-sections 

were constructed, and the propagation velocities of elastic longitudinal (P-waves) and transverse (S-waves) 

were determined. Additionally, the values of the corresponding physical–mechanical parameters were 

assessed. 

The report presents cross-sections of four seismic profiles with a total length of 276 m, each 69 m long 

(Fig. 1.1). Table 1.1 provides the starting and ending coordinates of the seismic profiles in the UTM system, 

together with absolute elevations. 

 

Table 1. Starting and ending coordinates of seismic profiles 

 

№1 indicates the first geophone, i.e., the beginning of the profile, while №24 denotes the 24th geophone, 

i.e., the end of the profile. H represents absolute elevations. 

 
GPH №2 X Y H, m 

1-1 368867.43 4636255.37 777 

1-24 368875.56 4636200.80 777 

2-1  368859.34  4636266.63  777 

2-24  368927.52  4636272.03  777 

3-1  368929.15  4636270.89  777 

3-24  368994.94  4636281.90  778 

4-1  368925.21  4636192.11  780 

4-24  368993.39  4636197.52  780 
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Fig. 1. Study area and schematic layout of seismic profiles. 

 

Geophysical Investigations (Seismic Profiling) 

 
 In the study area, seismic profiling was conducted using the refraction wave method, on the basis of 

which the propagation velocities of elastic longitudinal and transverse waves were determined, and the 

corresponding cross-sections were constructed. 

The refraction wave method makes it possible to determine the thicknesses of both near-surface and 

deeper layers, as well as the propagation velocities of elastic waves within them. The method is based on 

determining the arrival times of longitudinal and transverse wave fronts from an elastic wave source to 

geophones arranged along a single line. 

The following physical–mechanical parameters were determined: 

 

   Table 2. 

Vp m/sec Longitudinal wave velocity 

Vs m/sec Transverse wave velocity 

Vs/Vp Velocity ratio 

ρ gr/cm3 Density 

µ Poisson's ratio 

Ed Mpa Young's dynamic modulus 

Gd MPa Shear dynamic modulus 

Kd Mpa Dynamic modulus of universal compression 

D Mpa Total deformation modulus 

τ Mpa Tensile strength limit 

 

Parameters 1–3 and 5–8 were calculated based on well-established theoretical relationships, while 

parameters 4, 9, and 10 were derived using available empirical correlations. 

 

Seismic Profiling Methodology: 

 

Seismic profiling was carried out using 10 Hz geophones spaced at 3-meter intervals. Seismic wave 

generation was achieved by striking a special plastic plate with a 10 kg hammer. 

The measurements were conducted in both Z-Z and Y-Y orientations. A five-shot point system was used, 

which included: 

 Two shots at the beginning and end of the profile, 

 One shot in the middle of the profile, 

 Two shots positioned off the ends of the profile. 

Wave registration was performed using a 24-channel engineering seismic station manufactured by 

GEOMETRICS. Data processing and interpretation were conducted using the licensed SeisImager 

software from the same company. 

Subsequently, the recorded data were analyzed, and the corresponding seismic sections were constructed 

(see Figs. 2–5). 
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Analysis of Conducted Works and Results 

 

Seismic profiling (using the refraction wave method) was conducted in the study area, and corresponding 

seismogeological cross-sections were constructed. The propagation velocities of elastic longitudinal (P-

wave) and transverse (S-wave) waves were determined. Additionally, the values of the relevant physical-

mechanical parameters were assessed. 

The report presents cross-sections of 4 seismic profiles, each 69 meters in length, with a total length of 

276 meters (see Fig. 1.1). Table 1.1 shows the starting and ending coordinates of the seismic profiles in the 

UTM system along with absolute elevations. 

Based on the values of the geophysical parameters, three distinct layers with different properties were 

identified on the seismic profiles. In our assessment, and considering the geological data from the 

surrounding areas and the elastic wave velocity values, these correspond to: 

 Layer 1 – Clay and clayey soils of varying consistency, occasionally containing hard pebbles, 

gravel, and cobble inclusions. The range of longitudinal and transverse wave velocities is: Vₚ = 221–377 

m/s; Vₛ = 148–252 m/s. This layer corresponds to layers SGE1 to SGE5 described in the geological 

investigation report. 

 Layer 2 – Pebbly-gravelly deposits with a firm clay-sand matrix. The range of longitudinal and 

transverse wave velocities is: Vₚ = 728–985 m/s; Vₛ = 287–377 m/s.  

This layer corresponds to layer SGE6 in the geological investigation report. 

 Layer 3 – Weathered and fractured alternation of foliated and thin-bedded argillites and medium-

bedded sandstones. The range of longitudinal and transverse wave velocities is: 

Vₚ = up to 2776 m/s; Vₛ = 1364–1423 m/s. 

 This layer corresponds to layer SGE7 in the geological investigation report. 

The resulting seismic cross-sections are shown in Figures 2 through 5, and the relevant physical-

mechanical parameters have been calculated accordingly. 

 

 

Fig. 2. Seismic section №1.  

 

Fig.3. Seismic section №2.  
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Fig.4. Seismic section №3.  

 

 

Fig. 5. Seismic section №4  

 

Based on geophysical surveys, soil categories were assessed using the average shear-wave velocity in the 

upper 30 meters of the ground (Vs30). Averaged shear-wave velocities were obtained for the study area, and 

the corresponding soil categories were determined according to both Georgian national standards and 

international standards (IBC2006, Eurocode 8, ASCE7). For this area, the average shear-wave velocity in the 

upper 30 meters (Vs30) was found to be 382 m/s. 

According to the national standards of Georgia, each profile area corresponds to Soil Category II, while 

under international standards, the classification is as follows: Eurocode 8 – Class B, IBC2006 and ASCE7 – 

Class C. 

The detailed velocity values and corresponding soil categories for each profile area are presented in Table 

2. 

 
Table 2. 

Prof. N Vs30 (m/s) DN 01.01-09 

(Georgian 

Standard) 

IBC2006 

(International 

Standard) 

ASCE 

(American 

Standard) 

Eurocode 8 

(European 

Standard) 

1 365 II D D B 

2 401 II C C B 

3 401 II C C B 

4 361 II D D B 
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Clarification of the Seismicity of the Study Area 

 

The seismicity of the construction site was determined using the method of seismic stiffness, which 

involves adjusting the seismicity by comparing the acoustic stiffness of the reference soil to that of the 

investigated soil. The calculation is performed using the following formulae [2.2, 2.3, 2.4]: I=I0+ΔI, Where: 

I is the adjusted seismic intensity, I₀ is the intensity of the reference soil, determined by seismic 

microzonation, ΔI is the intensity increment, calculated by the formula: 

ΔI=1.67⋅log(V0⋅ρ0Vi⋅ρi)+exp(−0.04⋅h2), Where: V₀ and ρ₀ are the velocity of shear (or longitudinal) 

waves and density of the reference soil, Vᵢ and ρᵢ are the respective values for the investigated soil, h is the 

depth of groundwater below the foundation level. 

According to the engineering-geological report, groundwater was detected and stabilized in five 

geological boreholes: 

 Borehole #3 – stabilized at 12.0 m, 

 Borehole #4 – 12.2 m, 

 Borehole #7 – 13.3 m, 

 Borehole #9 – 9.3 m, 

 Borehole #11 – 13.7 m. 

Groundwater was not detected in the remaining boreholes. The average groundwater depth across the 

construction site is h = 12.1 m (minimum h = 9.3 m). 

Taking these values into account, the intensity increment is calculated as: 

ΔI=1.67⋅log[(600±100)⋅(1750±50)/((429±64)⋅(1911±61))]+exp(−0.04⋅9.32) =0.3517±0.1324≈0 

intensity)  

 

Conclusions 

Based on the method of acoustic stiffness used on the construction site, the obtained increment in 

seismic intensity is: For reference intensity I₀ = 8, ΔI = 0.3517 ± 0.1324 (maximum value 0.48 < 0.50), 0 

intensity, no full additional intensity grade is added, Final adjusted seismic intensity for the construction 

site is I = 8. 

Using this method, the calculated design horizontal acceleration on the construction site is 0.274 g 

(2.688 m/s²). 
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ბორჯომის რაიონში სოფ. ყვიბისში  სეისმური კვლევები და 

სეისმურობის დაზუსტება ლოკალური პარამეტრების 

გათვალისწინებით 

მ. გიგიბერია, ვ. არაბიძე, ჯ. ქირია, ნ. ღლონტი 

 
რეზიუმე 

 
ქანების კლდოვანი მასივების სანჟინრო-გეოლოგიური თვისებების შესახებ ობიექტური 

ინფორმაციის მისაღებად საჭიროა კვლევების  ფართო კომპლექსის ჩატარება, რომელშიც შედის 

გეოლოგიური, გეოტექნიკური, ჰიდროგეოლოგიური, გეოფიზიკური და უპირველეს ყოვლისა 

სეისმოაკუსტიკური კვლევები. საინჟინრო სეისმოაკუსტიკის ფიზიკურ საფუძველს 

წარმოადგენს დრეკადი ტალღების პარამეტრების მჭიდრო დამოკიდებულება საკვლევი 

კლდოვანი მასივების აგებულების, თვისებებისა და მდგომარეობის თავისებურებებთან. 

ეს ნაშრომი  შეეხება საინჟინრო გეოფიზიკის, კერძოდ სეისმიკის როლს მნიშვნელოვანი 

ნაგებობების მშენებლობაში. მაგალითის სახით მოვიყვანთ კონკრეტულ პროექტებს და მათი 

განხორციელებისათვის გამოყენებულ მეთოდებს. 

 

საკვანძო სიტყვები: საინჟინრო გეოფიზიკა, სეისმურობა, კლდოვანი მასივები. 

 

Сейсмические исследования и уточнение сейсмичности с учетом 

локальных параметров в селе Квибиси, Боржомский район 

 

М. Гигиберия, В. Арабидзе, Д. Кириа, Н. Глонти 

Резюме 

Для получения объективной информации о инженерно-геологических свойствах скальных массивов 

необходимо проведение широкого комплекса исследований, включающего геологические, 

геотехнические, гидрогеологические, геофизические и, прежде всего, сейсмоакустические 

исследования. Физической основой инженерной сейсмоакустики является тесная зависимость 

параметров упругих волн от особенностей строения, свойств и состояния исследуемых скальных 

массивов. 

Настоящая работа посвящена роли инженерной геофизики, в частности сейсмики, в строительстве 

значимых сооружений. В качестве примера приведены конкретные проекты и методы, 

использованные для их реализации. 

 

Ключевые слова: инженерная геофизика, сейсмичность, скальные массивы. 
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Construction of Seismic Profiles and Seismic Hazard Assessment 
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Ilia Chavchavadze Street, Dusheti 
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ABSTRACT 

 
Obtaining objective information on the engineering and geological properties of rock masses requires a broad range of 

studies, including geological, geotechnical, hydrogeological, and geophysical ones. The physical basis of engineering 

seismic acoustics is the close relationship between elastic wave parameters and the structural features, properties, and 

condition of the rock masses being studied. 

This article examines the role of engineering geophysics in the construction of critical structures. Specific projects and 

their implementation methods are presented as examples. 
 
Key words: engineering geophysics, seismicity, rock massifs. 

 
 

Introduction 

 

We conducted a series of works that involved the construction of seismic profiles and clarification of 

seismic hazard considering local parameters on the reconstruction site located at Ilia Chavchavadze Street 

#27, in the city of Dusheti. 

 

Experimental Studies: Construction of Soil Seismic Profiles 

 

Seismic profiling was carried out using the refraction wave method [1-13], obtaining data up to a 

depth of 30 meters. Additionally, the physical and mechanical parameters of the rocks were assessed based 

on the propagation velocities of elastic waves (both longitudinal and shear waves). A seismic profile 38 

meters in length was constructed. 

Figure 1 shows the study area and the location of the seismic profile. The corresponding start and end 

coordinates of the seismic profile, along with the absolute elevations in the WGS-84 coordinate system, are 

presented in Table 1. 

Table 1. Start and end coordinates of seismic profiles with corresponding absolute heights. 1s indicates the 

start of the profile, and 1e indicates the end of the profile. 

GPH # X, m Y, m H, m 

1s 475165 4659307 887 

1e 475145 4659275 884 
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Fig. 1. Study area and schematic layout of seismic profiles. 

 

Geophysical Investigations (Seismic Profiling) 
 

Seismic profiling using the refraction wave method is one of the key techniques for investigating rock 

properties in solving engineering seismological problems. Our main objective was to study the structure of 

the given area and to determine the physical-mechanical parameters based on the velocities of longitudinal 

(P) and transverse (S) elastic waves. 

For this purpose, the field seismic method of refracted waves was selected. 

The refraction wave method allows for the determination of the thicknesses of surface and deeper layers, as 

well as the velocities of elastic wave propagation within them. 

The method is based on determining the arrival times of the first P and S waves from an elastic wave 

source to geophones arranged in a straight line. This makes it possible to calculate the velocity of the 

longitudinal wave. 

Thus, the objective of the investigation was to determine the rock structure down to a depth of 30 meters 

and to define the following physical-mechanical parameters within the identified structural elements: 

   Table 2. 

Vp m/sec Longitudinal wave velocity 

Vs m/sec Transverse wave velocity 

Vs/Vp Velocity ratio 

ρ gr/cm3 Density 

µ Poisson's ratio 

Ed Mpa Young's dynamic modulus 

Gd MPa Shear dynamic modulus 

Kd Mpa Dynamic modulus of universal compression 

D Mpa Total deformation modulus 

τ Mpa Tensile strength limit 

 

Note: Parameters 1–3 were obtained through field investigation, parameters 5–8 were calculated based 

on known theoretical relationships, while parameters 4, 9, and 10 were derived using available empirical 

correlations. 

 

Seismic profiling was conducted using 10 Hz geophones spaced 2 meters apart. Seismic waves were 

induced by striking a special plastic plate with a 10 kg hammer. Both geophones and impacts were oriented 

along Z-Z and Y-Y axes. A five-shot point system was used, which included two shots at the beginning and 

end of the profile, one shot in the middle, and two off-end shots placed at a significant distance from the 
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profile. This configuration enabled the acquisition of information down to a depth of 30 meters. Depending 

on the type of wave, the orientation of the impact was adjusted. 

Wave recordings were made using a 24-channel engineering seismic station, model GEODE, 

manufactured by the American company GEOMETRICS. The direction of the impact varied depending on 

the wave type. Subsequently, interpretation was carried out using the licensed SeisImager software, also 

developed by GEOMETRICS. Seismogram analysis was performed, a geological cross-section was 

constructed, and the corresponding physical-mechanical parameters were evaluated. 

Seismic profiling using the refraction wave method was carried out in the study area. A 38-meter-long 

seismic profile was acquired, providing subsurface information to a depth of 30 meters. Figure 1 shows the 

study area and the location of the seismic profile. The starting and ending coordinates of the profile, along 

with absolute elevations in the WGS-84 system, are presented in Table 3 below. 

 

               Table 3 

GPH # X, m Y, m H, m 

1s 475165 4659307 887 

1e 475145 4659275 884 

 

Based on geophysical parameters, different engineering-geological elements (layers) have been 

identified, and the distribution of P-wave (VP) and S-wave (VS) velocities within them has been determined. 

The corresponding physical-mechanical parameters were also obtained. According to the constructed 

geophysical cross-section, three distinct layers are observed based on their physical properties (due to the 

lack of detailed engineering-geological information, identification is based on geophysical data and local 

visual observations, and is therefore somewhat conditional): 

 Layer 1 – Loose material, dry, decompressed; 

 Layer 2 – Clayey, highly decompressed; 

 Layer 3 – Clayey, presumably water-saturated. 

 

Seismic Profile #1 

Layer 1 extends from the surface down to a depth of 1.8–2.5 meters with the following seismic 

velocities: VP = 227 m/s; VS = 142 m/s. 

Layer 2 lies beneath Layer 1 and varies in thickness from 0.5 to 7.0 meters. Its seismic velocities are: VP 

= 691 m/s; VS = 318 m/s. 

Layer 3, observed down to a depth of 30 meters, is located below Layer 2 and has the following seismic 

velocities: VP = 876 m/s; VS = 433 m/s. 

 

Fig. 2. Seismic section №1.  
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Layer N Parameter Parameter description Values Capacity, m 

 Vp m/sec     Longitudinal wave velocity 227  

2  

Vs m/sec  Transverse wave velocity 142  

Vs/Vp  Velocity ratio 0.63  

ρ  gr/cm^3  Density 1.25  

µ  Poisson's ratio 0.18  

Ed Mpa  Young's dynamic modulus 60  

Gd MPa  Shear dynamic modulus 25  

Kd Mpa  
Dynamic modulus of universal 

compression 308.01  

D Mpa  Total deformation modulus 0.37  

τ Mpa  Tensile strength limit -  

 
Vp m/sec     Longitudinal wave velocity 691  

4  

Vs m/sec  Transverse wave velocity 322  

Vs/Vp  Velocity ratio 0.47  

ρ  gr/cm^3  Density 1.65  

µ  Poisson's ratio 0.36  

Ed Mpa  Young's dynamic modulus 470  

Gd MPa  Shear dynamic modulus 171  

Kd Mpa  
Dynamic modulus of universal 

compression 5600.50  

D Mpa  Total deformation modulus 10.09  

τ Mpa  Tensile strength limit 2.45  

 
Vp m/sec     Longitudinal wave velocity 876  

24  

Vs m/sec  Transverse wave velocity 438  

Vs/Vp  Velocity ratio 0.50  

ρ  gr/cm^3  Density 1.75  

µ  Poisson's ratio 0.33  

Ed Mpa  Young's dynamic modulus 900  

Gd MPa  Shear dynamic modulus 336  

Kd Mpa  
Dynamic modulus of universal 

compression 8961.87  

D Mpa  Total deformation modulus 28.56  

τ Mpa  Tensile strength limit 4.80  

Vs30, m/sec  
Average transverse wave velocity up 

to 30 m depth 36                                      9  

 

 1 

 2 

3   
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Conclusion 

 

Based on geophysical surveys and the average shear-wave velocity in the upper 30 meters of soil 

(VS30, which was determined to be 369 m/s for the construction site), the soil categories were determined 

according to both Georgian standards and international standards (IBC 2006, Eurocode 8, ASCE 7). It should 

be noted that, according to Georgian standards, the soil corresponds to Category II, while according to 

international standards, it was classified as follows: Eurocode 8 – Type B, IBC 2006 and ASCE 7 – Class C. 
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Сейсмические исследования и уточнение сейсмичности с учетом 

локальных параметров в селе Квибиси, Боржомский район 

М. Гигиберия, В. Арабидзе, Д. Кириа, Н. Глонти 

Резюме 

Для получения объективной информации об инженерно-геологических свойствах скальных массивов 

необходимо проведение широкого комплекса исследований, включая геологические, геотехнические, 

гидрогеологические и геофизические. Физической основой инженерной сейсмоакустики является 

тесная связь параметров упругих волн с особенностями строения, свойств и состояния изучаемых 

скальных массивов. 

В данной статье рассматривается роль инженерной геофизики в строительстве ответственных 

сооружений. В качестве примера приведем конкретные проекты и методы их реализации. 
 
Ключевые слова: инженерная геофизика, сейсмичность, скальные массивы. 
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ABSTRACT 

 
The correlation and regression relationship between the intra-annual distribution (%) of the number of landslides (LS) 

and the precipitation sums in the month when the landslide occurred and the accumulated sums for the month and 1...11 

months before the landslide, P(1)…P(12), respectively, were studied. In particular, it was found that the intra annual 

distribution of landslides across the territory of Georgia is rather uneven. The highest number of landslides occurs in 

July and September (11.7% and 11.0%, respectively), while the lowest occur in January and November (5.3% and 5.6%, 

respectively). A moderate correlation is observed between the intra-annual distribution of LS with the intra-annual 

distributions of P(9)…(12). For the pairs LS – P(1) and LS – P(8), the correlation is low. For the remaining cases, the 

correlation is negligible. Linear regression equations between the parameters under study are presented. 

 

Key words: natural disasters, landslides, precipitation, correlation and regression analysis. 

 

Introduction 

 

Landslides, as a type of natural disaster, often cause significant damage to the environment in many 

countries around the world [1–3], including Georgia [4–10]. In particular, [10] presents the results of a 

statistical analysis of data from the Geological Department of the Environmental  Agency of Georgia on the 

annual number of activated and newly formed landslides (LS) for the period from 1995 to 2024. The number 

of landslides varies in the range from 56 to 1360 with an average annual value of 581. The trend in LS values 

has the form of a seventh-degree polynomial. In a subsequent study [11], an interval forecast of LS values up 

to 2030 was carried out taking into account the periodicity in the observation series. The mean predicted LS 

value for 2025–2030 was found to be 1582 ± 107, with a 68% confidence interval from 875 ± 107 to 2289 ± 

232. 

Landslide activation is caused by many natural and anthropogenic factors, including the influence of 

prolonged, intense, or extreme precipitation [12]. 

In recent years, a number of studies have been conducted in Georgia to identify the short-term (hours, 

days, months) [13–16] and long-term (years, climate scale) effects of precipitation on landslide and mudflow 

activation [17–20]. These studies used landslide and mudflow data presented in [7, 8], as well as ground-based, 

radar, and satellite precipitation data, taking into account their representativeness depending on the distance to 

the measurement point. A detailed review of these studies is presented in [21]. 

In our latest work [22] a detailed statistical analysis of the relationship between monthly and 

accumulated multi-month precipitation sums and the number of landslides in 12 regions of Georgia is 

presented. Landslide data with a known month and year of activation were used (a total of 788 landslide events 

from 1961 to 2022). For the analysis, the precipitation sum for the month of landslide activation (P1) was 

determined, as well as the accumulated precipitation sum for the month of activation and for 1 month (P2), 2 

months (P3), …, and 11 months (P12) prior to landslide occurrence. 

mailto:avtandilamiranashvili@gmail.com
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Specifically, the following results were obtained. The relationship between average precipitation values 

(threshold values) and monthly precipitation duration during the month of landslide activation and before 

landslide activation in Georgia and its individual regions was determined. It was found that, overall, in eastern 

Georgia (including the Samtskhe-Javakheti region), landslide activation occurs with significantly lower 

precipitation sums than in western Georgia. The average P1 values are 76 and 156 mm, respectively, and the 

P12 values are 684 and 1588 mm. The linear correlation between the number of landslides and the P1…P12 

values across the regions of Georgia is low for P1 and moderate for P2…P12. The sum of precipitation 

associated with landslides exceeds the general long-term average monthly precipitation by approximately 16%. 

For Georgia as a whole, the dependence of the number of landslides on the P1 and P12 values has the form of 

a fifth-order polynomial (sequentially: slight increase – plateau – strong increase). For P1 values, the 

precipitation sum plateau, after which a strong increase in the number of landslides begins, covers the range 

from 62 to 149 mm, and for P12 – from 914 to 1588 mm (the number of landslides is ≈ 108–114). 

This work is a continuation of the study [22]. Below are the results of the analysis of the relationship 

between the intra-annual distribution of landslide frequency in Georgia and monthly and accumulated multi-

month precipitation sums. 
 

Study area, material and methods 
 

Study area is Georgia.  
Data on the number of landslides with a known month of their activation were taken from the catalog 

[7]. Period of observation - from 1961 to 2022. Total - 788 landslide cases. 

Data National Environmental Agency about monthly sum of atmospheric precipitations for 78 

meteorological stations are used. List of meteorological stations, their coordinates and locations in [22] are 

presented.  

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis 

methods [23].  

The following designations will be used below: R – coefficient of linear correlation; 1....12 - January .... 

December; LS(1)...LS(12) - the ratio of the number of landslides from January to December to their annual 

number, %; P(1)...P(12) - the ratio of the sum of precipitation in the month with landslide activation to their 

cumulative sum in the month and 1…11 months before the landslide, respectively, %; 

The degree of correlation was determined in accordance with [23]: very high correlation (0.9 ≤ R ≤ 1.0); 

high correlation (0.7 ≤ R < 0.9); moderate correlation (0.5 ≤ R < 0.7); low correlation (0.3 ≤ R< 0.5); negligible 

correlation (0 ≤ R < 0.3). 

 

Results and discussion 
 

Results in Fig. 1-3 are presented.  

 

 

Fig. 1. Intra-annual distribution of landslide recurrence in Georgia. 

 In Fig. 1 intra-annual distribution of landslide recurrence in Georgia is presented. As this figure shows, 

the intra annual distribution of landslides across Georgia is quite uneven. The highest number of landslides 
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occurs in July and September (11.7% and 11.0%, respectively), while the lowest occur in January and 

November (5.3% and 5.6%, respectively). 

 

Fig. 2. Intra-annual distribution of the recurrence of landslides and P(10) in Georgia. 

 In Fig. 2 as an example intra-annual distribution of the recurrence of landslides and P(10) in Georgia 

is presented. The correlation coefficient between the specified distributions is 0.66 (Fig. 3, moderate 

correlation). 

 

Fig. 3. Linear correlation between the intra-annual distributions of landslides and P(1)…P(12) in Georgia. 

Correlation coefficient values from 0.13 to 0.33 are negligible. 

Fig. 3 also shows that a moderate correlation is also observed between the intra-annual distribution of 

LS with the intra-annual distributions of P(9), P(11), and P(12). For the pairs LS – P(1) and LS – P(1), the 

correlation is low. For the remaining cases, the correlation is negligible. 

Linear regression equations between the intra-annual distributions of landslides (y) and P(1), 

P(8)…(P12), (x), in Georgia are as follows: P(1): y = 0.3753x + 5.2062; P(8): y = 0.9013x + 0.8224; P(9): y = 

1.2998x - 2.4986; P(10): y = 1.4601x - 3.8339;  P(11): y = 1.3305x - 2.754; P(12): y = 1.0938x - 0.7817.  

 

Conclusion  

 

In the near future, as new data accumulates, we plan to refine the results obtained in this study. We also plan 

to conduct research assessing the role of various factors (including precipitation) in landslide activation using 

artificial intelligence methods in both steady-state and dynamic modes. 
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მეწყრული განმეორების შიდა წლიური განაწილება საქართველოში 

და მისი კავშირი ნალექების ყოველთვიურ და კუმულაციურ 

მრავალთვიან ჯამებთან 

 
 

ა. ამირანაშვილი, ლ. ბროკა, თ. ჭელიძე, თ. ქირია, 

დ. სვანაძე, თ. წამალაშვილი, ნ. ვარამაშვილი 
 

რეზიუმე 

 

შესწავლილი იქნა მეწყერების რაოდენობის (LS) წლიური განაწილების (%) და მეწყერის თვეში 

ნალექების რაოდენობის, ასევე მეწყერამდე ერთი თვისა და 1…11 თვით ადრე დაგროვილი 

რაოდენობის, შესაბამისად, P(1)…P(12) შორის კორელაციისა და რეგრესიის კავშირები. კერძოდ, 

დადგინდა, რომ საქართველოში მეწყერების წლიური განაწილება საკმაოდ არათანაბარია. 

მეწყერების ყველაზე დიდი რაოდენობა ივლისსა და სექტემბერში ხდება (შესაბამისად 11.7% და 

11.0%), ხოლო ყველაზე მცირე - იანვარსა და ნოემბერში (შესაბამისად 5.3% და 5.6%). ზომიერი 

კორელაცია შეინიშნება LS წლიური განაწილებისა და წლიური განაწილების P(9)…(12) შორის. LS 

– P(1) და LS – P(8) წყვილებისთვის კორელაცია დაბალია. სხვა შემთხვევებში კორელაცია 

უმნიშვნელოა. წარმოდგენილია შესწავლილ პარამეტრებს შორის წრფივი რეგრესიის 

განტოლებები. 
 

საკვანძო სიტყვები: სტიქიური უბედურება, მეწყერი, ნალექი, კორელაციული და რეგრესიული 

ანალიზი. 
 

Внутригодовое распределение частоты оползней в Грузии и его 

связь с месячными и накопленными многомесячными суммами 

осадков 

 
А. Амиранашвили, Л. Брокка, Т. Челидзе, T. Кириа, 

Д. Сванадзе, Т. Цамалашвили, Н. Варамашвили 
 

Резюме 
 

Изучена корреляционная и регрессионная связь между внутригодовым распределением (%) 

количества оползней (LS) и суммами осадков в месяце, когда произошел оползень, и 

накопленной сумме за месяц и 1…11 месяцев до оползня, P(1)…P(12), соответственно. В 

частности, получено, что внутригодовое распределение оползней по Грузии довольно неравномерно. 

Наибольшее количество оползней приходится на июль и сентябрь (11.7% и 11.0% соответственно), а 

наименьшее — на январь и ноябрь (5.3% и 5.6% соответственно). Наблюдается умеренная корреляция 

между внутригодовым распределением LS и внутригодовыми распределениями P(9)…(12). Для пар LS 

– P(1) и LS – P(8) корреляция низкая. В остальных случаях корреляция незначительна. Представлены 

уравнения линейной регрессии между исследуемыми параметрами. 

 

Ключевые слова: стихийные бедствия, оползни, атмосферные осадки, корреляционный и 

регрессионный анализ. 
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area and a cyclonic eddy located in the northwest direction from the cyclonic eddy. The formation of some 

submesoscale eddies is also observed here. 

In Fig.2 geostrophic current field reconstructed using satellite altimeter data is shown for the same 

time moment ((http://dvs.net.ru/mp/data/main.shtml). Comparison of the predicted circulation field (Fig1a) 

with the geostrophic current (Fig.2) shows good agreement with each other. Note that the geostrophic 

approximation cannot reproduce the submesoscale eddies identified by the model. Comparison of salinity 

(Fig1b) and circulation fields (Fig.1a) shows a significant contribution of the flow field to the formation of 

the distribution of salinity: waters of the central part of the anticyclonic eddy are characterized with 

relatively low salinity, while in the central part of cyclonic eddy the salinity is relatively high. This feature of 

the salinity distribution depending on the circulation regime is well known from the previous studies [6-7]. 

From Fig.1c is well visible that waters near the Georgian shoreline were characterized by relatively high 

temperature and the temperature decreases away from the shore.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Geostrophic current field on 13 May 2019 reconstructed using satellite altimeter 

data. By rectangle the forecasting area is marked. 

 

(a)                                             (b)                                            (c)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Predicted surface current fields and oil spill transport corresponded to the following time 

moments after oil flood: (a) - 4h, (b) - 24 h, (c) - (72).  the forecasting period: 00:00 

GMT,11-14 January 2014. 
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               Fig. 5. The structure of the advanced version of the regional forecasting system. 
 

 The operation of the coastal forecasting subsystem will be possible together with the existing regional 

system using nesting modeling, which will allow us to calculate not only the forecast of dynamic fields and 

the spread and concentration of impurities, but also the height and direction of surface waves with a 

resolution of 200 m in Adjara-Poti-Anaklia nearshore zone. 

 the atmospheric forcing will be specified by the Meteo France regional atmospheric model ALADIN 

acting in Romanian Meteorological Organization or by the SKIRON forecasting system (University of 

Athens,  http://forecast.uoa.gr/). 

  

Conclusion  

 The paper presents the current state of the regional marine forecasting system for the Georgian sector 

of the Black Sea and adjacent water area, which will be developed by creation of a very high-resolution 

modeling subsystem for Batumi-Poti-Anaklia water area spatial resolution of 200 m. Modeling of 

hydrological processes in the Adjara-Poti-Anaklia coastal area with a very high resolution is an essential 

factor for high-precision reproduction of coastal processes. 

Thus, a complex regional forecasting system will be created, which will combine the existing regional 

forecasting system with a resolution of 1 km and very high-resolution forecasting subsystem with a 

resolution of 200 m for the Batumi-Poti-Anaklia coastal zone. The development of this improved regional 

forecasting system is of great importance from the point of view of its practical use, since the operation of 

such a system will make it possible to provide with marine forecasts such economic sectors, for the full 

functioning whose operational information on the state of the Black Sea is required. 
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შავი ზღვის საქართველოს წყლებში ჰიდროლოგიური ველების 

მოდელირებისა და პროგნოზირების სისტემა და მისი შემდგომი 

განვითარება  
 

დ. დემეტრაშვილი  

 
რეზიუმე 

 
ნაშრომში განხილულია შავი ზღვის საქართველოს სექტორისა და მიმდებარე წყლებისთვის 

მაღალი გარჩევადობის საზღვაო რეგიონული მოდელირებისა და პროგნოზირების სისტემის 

ამჟამინდელი მდგომარეობა და შემდგომი განვითარება, რომელიც შემუშავდა ევროკავშირის 

საერთაშორისო სამეცნიერო-ტექნიკური პროექტების ARENA (2003-2006) და ECOOP (2007-2010) 

ფარგლებში. მისი შემდგომი გაფართოება პროგნოზირების სისტემაში მინარევების გადატანის 

მოდელების ჩართვით განხორციელდა შოთა რუსთველის ეროვნული სამეცნიერო ფონდის 

გრანტის ფარგლებში (2013-2015). ეს სისტემა, რომელიც დაფუძნებულია შავი ზღვის დინამიკის 

რეგიონულ რიცხვით მოდელსა და მინარევების 2-D და 3-D გადატანის მოდელებზე, 

უზრუნველყოფს ძირითადი ჰიდროლოგიური ველების და ნავთობისა და სხვა მინარევების 

გავრცელების მოდელირებას 1 კმ სივრცითი გარჩევადობით. რეალური შემავალი მონაცემებით 

უზრუნველყოფის შემთხვევაში, სისტემა შესაძლებელს ხდის ზღვის მდგომარეობის 

პროგნოზირებას რამოდენიმე დღის წინსწრებით. არსებული რეგიონული პროგნოზირების 

სისტემის შემდგომი განვითარება დაკავშირებულია ბათუმი-ფოთი-ანაკლიის სანაპირო 

წყლებისთვის ძალიან მაღალი გარჩევადობის მოდელირების ქვესისტემის შემუშავებასთან და 

ქვესისტემაში ქარისმიერი ტალღების პროგნოზირების მოდელის ჩართვასთან. ძალიან მაღალი 

გარჩევადობის მოდელირების ქვესისტემის მიზანია უფრო დეტალური საზღვაო პროგნოზის 

განხორციელება (200 მ სივრცითი გარჩევადობით) ბათუმი-ფოთი-ანაკლიის სანაპირო 

წყლებისთვის, რომლებიც ყველაზე დიდ ანთროპოგენურ დატვირთვას განიცდიან. 

 

საკვანძო სიტყვები: პროგნოზის სისტემა, მეზომასშტაბური გრიგალები, მაღალი 

გარჩევისუნარიანი მოდელი, განტოლებათა სისტემა, სასაზღვრო პირობები. 
 

 
Система моделирования и прогнозирования гидрологических 

полей в грузинских водах Черного моря и ее дальнейшее 

развитие  

 
Д. Деметрашвили 

 

Резюме 

 
В данной работе рассматривается современное состояние и дальнейшее развитие системы  морского 

регионального моделирования и прогнозирования с высоким разрешением для грузинского сектора 

Черного моря и прилегающих вод, разработанной в рамках международных научно-технических 

проектов ЕС ARENA (2003-2006), ECOOP (2007-2010). Дальнейшее ее расширение с включением в 

систему прогнозирования моделей переноса примесей было осуществлено в рамках гранта 

Национального научного фонда имени Шота Руставели (2013-2015). Данная система на основе 

региональной численной модели динамики Черного моря и 2-D и 3-D моделей переноса примесей 
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обеспечивает моделирование основных гидрологических полей и распространения нефти и других 

примесей с пространственным разрешением 1 км. В случае предоставления реальных входных 

данных, система позволяет прогнозировать состояние моря на несколько суток вперед. Дальнейшее 

развитие существующей региональной системы прогнозирования связано с разработкой подсистемы 

моделирования сверхвысоко разрешения для прибрежной акватории Батуми-Поти-Анаклия и 

включением в подсистему модели прогноза волнового режима. Целью подсистемы моделирования со 

сверхвысоким разрешением является уточнение и более детальное осуществление морского прогноза 

для прибрежных вод Батуми-Поти-Анаклия (с пространственным разрешением 200 м), которые 

подвержены наибольшей антропогенной нагрузке. 

 

Ключевые слова: система прогнозирования, мезомасштабные вихри, модель высокого разрешения, 

система уравнений, граничные условия. 


