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Abstract:  

This comprehensive article delves into the development of an automated information 

reference hydrogeochemical data bank through the systematization and typification of 

hydrogeological data using intelligent processing methods and algorithms. It scrutinizes 

various methods of intelligent analysis of hydrogeological data, emphasizing the 

importance of understanding general patterns in groundwater chemical composition 

and predicting changes influenced by anthropogenic factors. The study also focuses on 

enhancing data presentation to reflect the hydrogeochemical landscape of Uzbekistan. 

By utilizing data mining techniques and mathematical algorithms, the research aims to 

delineate geological bodies based on groundwater properties and contamination levels. 

The article highlights the significance of visualizing results and utilizing data mining 

tools for decision-making processes. The application of Fisher-type criteria and 

proximity functions in data analysis further enhances the study's depth and accuracy. 
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Introduction 

At present, as a result of previously performed hydrogeological studies on the territory 

of the Republic, a huge amount of factual material on the chemical composition of 

groundwater has been accumulated. This information is supplemented with new data 

by annual hydrogeological studies [1-3]. 

The main task of processing chemical data of groundwater is both the study of general 

patterns of formation of chemical composition of groundwater and forecasting its 

change under the influence of anthropogenic factors, and the introduction of new 
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methods in their processing [4-6]. An equally important task is the development of 

forms of presentation of the obtained data that would most fully reflect the 

hydrogeochemical situation of the underground hydrosphere of the territory of the 

Republic of Uzbekistan [7-8]. 

In recent years, a great deal of work has been carried out in the republic to study changes 

in the hydrogeochemical parameters of groundwater, which included the processing of 

retrospective information, conducting area hydrogeochemical testing for an expanded 

composition of components with the use of modern laboratory research [9-12]. 

Understanding the hydrologic status of the environment and groundwater dynamics 

requires that the datasets and measurements for modeling be accessible to scientists, 

planners, and stakeholders to ensure informed decision-making [13-14]. 

Remote sensing can reveal information in remote areas that cannot be observed on the 

ground. Optical remote sensing has no or very limited ground penetration capabilities 

from a few centimeters to several meters above the surface, as it consists of the visible 

and thermal domains 15-18]. Acoustic signal processing spans from 20 Hz to 20 kHz 

and exhibits varying responses when encountering different materials in diverse 

environments. The audible spectrum offers insights into acoustic properties for 

identifying optimal soundproofing solutions, noise pollution assessment, acoustic 

modeling, and related factors. The ultrasonic domain focuses on material properties. is 

linked, offering crucial insights into material defects that are readily identifiable in 

ultrasonic inspection data [15,19-20]. 

 

Research Methodology 

Usually, the following typical stages accompanying the solution of data mining tasks are 

distinguished: 

1. Analysis of the subject area, formulation of the goals and objectives of the study. 

2. Extraction and storage of data. 

3. Preliminary data processing: 

4. Substantive analysis of data using Data Mining methods (establishing general 

patterns or solving more specific, private problems). 

5. Interpretation of the obtained results by presenting them in a convenient format 

(visualization and selection of useful patterns, formation of informative graphs and/or 

tables). 

6. Using new knowledge for decision-making. 

The basis of data mining methods is made up of all kinds of classification, modeling and 

forecasting methods. One of the most important purposes of data mining methods is the 

visual presentation of calculation results, which allows the use of data mining tools by 

people without special mathematical training. 

Knowledge obtained using data mining methods is usually presented in the form of 

models.  
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Most analytical methods used in the DM technology are well-known mathematical 

algorithms and methods. What is new in their application is the possibility of using them 

to solve certain specific problems, due to the emerging capabilities of technical and 

software tools. It should be noted that most DM methods were developed within the 

framework of artificial intelligence theory [21-13] 

 

Analysis and Results 

In the process of constructing hydrogeological maps that require quantitative 

justification with objective identification of the boundaries of geological bodies, it is 

advisable to use geological and mathematical methods. Using the latter, it is easy to 

prove whether the identified geological bodies differ significantly in terms of the 

properties of groundwater and whether a more detailed division should be made. At the 

same time, the quantitative nature of the information makes it possible to resolve the 

problem of a justified and formalized delineation of geological bodies. 

The solution to the problem of selecting the most informative indicators (signs) and 

classification by hydrochemical indicators of groundwater contain sufficient relevant 

meaning for further differentiation of hydrogeological bodies. 

Below are the results of determining the levels of contamination of groundwater 

deposits in relation to mineralization. Here, groundwater deposits are divided into 6 

classes according to the degree of salinity, that is. 

 𝑋 = ⋃ 𝑋𝑝
6
𝑝=1 , 𝑋𝑝 ∩ 𝑋𝑞 = ∅, 𝑝 ≠ 𝑞, 𝑝, 𝑞 = 1,6̅̅ ̅̅ , 

Where 

𝑋_1 −  𝑛𝑜𝑡 𝑠𝑎𝑙𝑡𝑒𝑑, 𝑚_1 = 𝑐𝑎𝑟𝑑(𝑋_1 ) = 749; 

𝑋_2 −  𝑠𝑙𝑖𝑔ℎ𝑡𝑙𝑦 𝑠𝑎𝑙𝑡𝑒𝑑, 𝑚_2 = 𝑐𝑎𝑟𝑑(𝑋_2 ) = 294; 

𝑋_3 −  𝑚𝑜𝑑𝑒𝑟𝑎𝑡𝑒𝑙𝑦 𝑠𝑎𝑙𝑡𝑒𝑑, 𝑚_3 = 𝑐𝑎𝑟𝑑(𝑋_3 ) = 178; 

𝑋_4 −  𝑠𝑎𝑙𝑡𝑒𝑑 (𝑠𝑎𝑙𝑖𝑛𝑒), 𝑚_4 = 𝑐𝑎𝑟𝑑(𝑋_4 ) = 77; 

𝑋_5 −  ℎ𝑖𝑔ℎ𝑙𝑦 𝑠𝑎𝑙𝑡𝑒𝑑, 𝑚_5 = 𝑐𝑎𝑟𝑑(𝑋_5 ) = 151; 

𝑋_6 −  𝑣𝑒𝑟𝑦 ℎ𝑖𝑔ℎ𝑙𝑦 𝑠𝑎𝑙𝑡𝑒𝑑, 𝑚_6 = 𝑐𝑎𝑟𝑑(𝑋_6 ) = 36. 

𝑚𝑖𝑖𝑠 𝑡ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑜𝑏𝑗𝑒𝑐𝑡𝑠 𝑖𝑛 𝑐𝑙𝑎𝑠𝑠 𝑖. 

The initial data are presented in the form of a table containing the values of 9 indicators, 

i.e. 𝑥𝑖𝑗 = (𝑥𝑖𝑗
1 , 𝑥𝑖𝑗

2 , … , 𝑥𝑖𝑗
9 ), which constitute an a priori dictionary of features that 

characterize 1485 studied hydrogeological objects. 

The indicators of hydrogeological objects have the following meaning, that is. ∀𝑥 =

(𝑥1, 𝑥2, … , 𝑥9) ∈ 𝑋  
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𝑥1 − dry residue;  

𝑥2 − bicarbonate (𝐻𝐶𝑂3);  

𝑥3 − carbonate(𝐶𝑂3);  

𝑥4 − nitrate (𝑁𝑂3);  

𝑥5 − chloride (𝐶𝑙); 

 𝑥6 − sulfate (𝑆𝑂4); 

 𝑥7 − calcium (𝐶𝑎);  

𝑥8 − magnesium (𝑀𝑔); 

 𝑥9 − sodium-potassium (𝑁𝑎 + 𝐾). 

When solving the problem, the Fisher-type criterion was used as a measure of the 

informativeness of indicators or a set of indicators, that is. 

I. {
𝐼(𝜆) =

(𝑎,𝜆)

(𝑏,𝜆)
→ 𝑚𝑎𝑥

𝜆 ∈ Λℓ 
,   II. {

𝐼(𝜆) =
(𝑎,𝜆)

(𝑏,𝜆)
→ 𝑚𝑎𝑥

𝜆 ∈ Λℓ 
(с, 𝜆) ≤ 𝑐0 

. 

where I – for the formation of  information systems for describing objects in conditions 

of unlimited resources; II – for the formation of  information systems for describing 

objects in conditions of limited resources. 

 

Table 2. After normalization, the training sample has the following form: 

 𝑥1 𝑥2 𝑥3 𝑥4 𝑥5 𝑥6 𝑥7 𝑥8 𝑥9 

𝑥̅1 0,17 0,64 0,04 0,09 0,25 1,37 1,38 0,54 0,51 

𝑆2(𝑋1) 0,05 0,05 0,01 0,08 0,12 6,80 5,30 0,59 0,56 

𝑥̅2 0,4 0,69 0,12 0,13 0,45 5,02 4,12 0,97 1,32 

𝑆2(𝑋2) 0,23 0,07 1,69 0,17 0,37 51,18 37,3 2,71 0,98 

𝑥̅3 0,62 0,57 0,11 0,24 1,25 7,60 5,35 1,64 4,47 

𝑆2(𝑋3) 0,25 0,08 1,00 1,48 3,17 48,66 31,66 10,12 378,53 

𝑥̅4 2,39 0,60 0,00 0,22 17,47 13,79 8,06 4,07 19,29 

𝑆2(𝑋4) 7,60 0,02 0,00 3,32 83,26 74,29 59,06 8,94 103,51 

𝑥̅5 1,28 0,41 0,03 0,29 2,20 17,76 13,31 2,28 4,68 

𝑆2(𝑋5) 0,45 0,04 0,01 1,71 20,45 88,77 76,78 3,46 23,20 

𝑥̅6 1,69 0,43 0,01 1,98 10,86 20,27 14,88 2,46 15,25 

𝑆2(𝑋6) 0,81 0,09 0,00 14,11 284,39 106,88 53,42 4,25 285,52 

С 8 4 6 5 5 7 8 6 7 

where x ̅_i is the average object of class i, S^2 (X_i) is the average scatter in class X_i 

(i=(1,9) ̅), c=(c_1,c_2,…,c_9) is the resource vector, c_0=34 is the total resource 

allocated for measuring the feature. 

Then we have 
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№ 𝟏 𝟐 𝟑 𝟒 𝟓 𝟔 𝟕 𝟖 𝟗 

𝑎 21,78 0,39 0,08 16,11 1523,9 1676,8 847,8 47,38 1819,24 

𝑏 9,39 0,35 2,71 20,87 391,76 376,58 263,5 30,07 792,3 

To solve the problem of forming optimal information systems (FOIS) when describing 

objects, we will use the vector  𝜆: 𝑋 → 𝑋|𝜆 = {𝑥| 𝑥 = (𝜆1𝑥1, 𝜆2𝑥2, … , 𝜆𝑁𝑥𝑁)}, that is. 

Where  𝜆𝑗 ∈ {0,1} (𝑗 = 1, 𝑁̅̅ ̅̅ ̅). 

If λ^j=1, then the -th feature will participate in the FOIS, otherwise it will not 

participate. 

1. If X⊂R^N, then the proximity function between objects is defined as the distance 

using the Euclidean metric. 

2. If the features of the training sample object X take a value from the set {0,1} or 

{1,2,…,K}, then the proximity function (ρ) and the distance (d) between ∀x,y∈X objects 

are defined as follows: 

a) 𝜌(𝑥𝑗 , 𝑦𝑗) = {
1, 𝐼𝑓 𝑥𝑗 = 𝑦𝑗

0, 𝐼𝑓 𝑥𝑗 ≠ 𝑦𝑗
      (2) 

b) let ε_1,ε_2,… ,ε_N be positive numbers. 

𝜌(𝑥𝑗 , 𝑦𝑗) = {
1, 𝐼𝑓 |𝑥𝑗 − 𝑦𝑗| ≤ 𝜀𝑗

0, 𝐼𝑓 |𝑥𝑗 − 𝑦𝑗| > 𝜀𝑗

      (3) 

𝜌(𝑥, 𝑦) = ∑ 𝜌(𝑥𝑗 , 𝑦𝑗)𝑁
𝑗=1        (4) 

𝑑(𝑥, 𝑦) = 𝑁 − 𝜌(𝑥, 𝑦)       (5) 

Table 3. Results of the FOIS 

𝓵 
Without taking into 

account the resource 
𝐦𝐚𝐱
𝝀∈𝚲𝓵

𝑰(𝝀) Taking into account 

the resource. 
(с, 𝝀) 𝐦𝐚𝐱

𝝀∈𝚲𝓵
𝑰(𝝀) 

4 1,2,3,6 4,3674 1,2,3,6 25 4,3674 

5 1,2,3,4,6 4,1843 1,2,3,4,6 30 4,1843 

6 1,2,3,4,5,6 4,0404 2,3,4,5,6,8 33 3,97 

7 1,2,3,4,5,6,8 3,9513 There is no solution с > 𝑐0  

The table below shows the classification results for the selected set of features. 

 

Table 4. Classification results 

  ℜ𝑘−𝑦𝑞(𝑦, 𝑌𝑝) ℜ𝐵𝐻𝐴(𝑦, 𝑌𝑝) ℜ𝑋𝐷(𝑦, 𝑌𝑝) ℜ𝑁𝑇(𝑦, 𝑌𝑝) ℜ𝐼𝑚(𝑦, 𝑌𝑝) 

4 75,8 80,9 79,5 83,2 84,7 

5 80 87,3 87,3 89,5 90 

6 85,4 88,9 88 92 94 

To solve the classification problem, widely known algorithms were used – decision rule 

algorithms,  where ℜ𝑘−𝑦𝑞(𝑦, 𝑌𝑝), ℜ𝐵𝐻𝐴(𝑦, 𝑌𝑝), ℜ𝑋𝐷(𝑦, 𝑌𝑝), ℜ𝑁𝑇(𝑦, 𝑌𝑝)), Impuls 

(ℜ𝐼𝑚(𝑦, 𝑌𝑝)) - respectively k-nearest neighbors , algorithms for calculating estimates, 

decision trees, neural networks and momentum. 
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Conclusion 

One of the most valuable technologies for hydrogeological analysis is GIS technology. In 

the implementation of the analysis, the main stages, such as data integration, spatial 

analysis, modeling, visualization and monitoring, ensure that the results are maximally 

positive. GIS should be used to integrate different types of spatial data such as geological 

maps, hydrological data, land use data and groundwater monitoring data through data 

integration.  GIS tools for spatial analysis should be used to identify relationships and 

trends within hydrogeological data through spatial analysis. It helps to understand the 

spatial distribution of groundwater resources, sources of contamination and potential 

risks. How does modeling help us? It enables the development of hydrogeological 

models to simulate groundwater flow, contaminant transport, and aquifer properties 

using GIS software. These models help predict groundwater behavior under various 

scenarios and aid in decision-making processes. And by visualization, we use GIS to 

create visual representations of hydrogeological data through maps, diagrams, and 3D 

models. Visualization enables us to effectively communicate complex information to 

stakeholders and decision makers. We achieve monitoring results by implementing GIS 

to track groundwater levels, water quality parameters, and land use changes over time. 

The lack of systematized information on the study of the territory complicates the 

process of searching for the full range of necessary materials for forecasting the 

hydrogeochemical situation. 

In order to identify patterns and predict changes in the quality of groundwater, there is 

a need to create an automated information reference hydrogeochemical data bank based 

on their systematization and typification. 
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