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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and 

technologies 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 chemistry and technologies in 
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant 
and influential content of chemical sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Химия жəне 

технология 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 əрі the Science Citation Index Expanded, the Social 
Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия жəне технология сериясы  Emerging 
Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді химиялық ғылымдар 
бойынша контентке адалдығымызды білдіреді.   

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия химии и технологий» 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 в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по химическим наукам для нашего сообщества. 
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DESIGN OF NEURAL NETWORK FOR FORECAST ANALYSIS OF 
ELEMENTS-CONTAMINANTS DISTRIBUTION ON STUDIED 

TERRITORIES (ON EXAMPLE OF PAVLODAR CITY, KAZAKHSTAN) 
 

Abstract. In the article we are presenting results of development appropriate method including neural network 
for creating predictive map of elements-contaminants distribution (on example of Cr) on the territory of Pavlodar city 
(Kazakhstan). Obtained method allows to get widen data. The data from 15 points were spread out into 500 points. 
The average relative error at verification process was 9.45%. Architecture of well working model of neural network 
is perceptron with one input neuron, which takes values of distances between given point and several nearest points, 
10 hidden neurons, and 1 output neuron, which gives value of element concentration in specified point. Obtained 
data were used in QGIS for creation of IDW interpolated map, which visualizes the information about concentration 
distribution.   

Keywords: neural network, contaminants, distribution, forecasting, modelling, GIS, environmental. 
 
1. Introduction 
The search for ways of solving environmental problems and developing scientific methodological 

approaches to studying the complex consequences of the anthropogenic activities of enterprises involves 
the study of the ecological state of the region [1–3]. Environmental researches now have special 
significance because environmental safety and rational use of nature resources are the most important 
factors, determinant prospective of successful development of economics and social sphere. 

The Pavlodar city is the large industrial city on the North of Kazakhstan. It is known, that the main 
sources of environment contamination of the city and Pavlodar region are different waste of chemical-
technological processes [4]. These can be products of related processes and by-reactions not used in 
subsequent processes. Also, it can be intermediates of reactions and polymerization processes, filer 
materials, industrial waste water, not reacted gases (Cl2, NH3 etc.) [5, 6]. Moreover, environmental 
contamination occurs as a consequence of mechanical losses of raw material and products due to leakages 
from equipment and communications. Effect of every kind of contaminant directly depends on its 
physical-chemical properties. Many gaseous chemicals can react in atmosphere with water vapor, oxygen, 
as well be affected under radiation converting into other more toxic substances. 

Finding of borders of studied territory and identification of danger sources leading to damage are an 
initial and important stage in the process of assessment of environmental risks. A new approach in this 
field is to assess impact of factors affecting the environment of region through analysis of territorial 
distribution of contaminants with creation of maps. Map allows visualizing of effects of contaminants, to 
understand origin sources of the contaminants, to predict ways of distribution and meanings for prevention 
of negative consequences from various factors.  
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2.2 Elemental analysis of soil samples 
The catalyst samples were studied on a low-vacuum scanning electron microscope with a thermal 

emission cathode (LaB6) JSM-6610LV from JOEL. The device is equipped with an energy dispersive 
microanalysis system (EDM), a wave dispersive microanalysis system, a backscattered electron diffraction 
analysis system with a reflected electron detector, an Everhart-Thornley secondary electron detector, a 
low-vacuum secondary electron detector and sample preparation equipment. Elemental analysis was 
performed using energy dispersive x-ray fluorescence spectroscopy on an energy dispersive microanalysis 
system INCA Energy 450. Spectra were obtained three times with the calculation of the average value. 

 
2.3 Neural network designing 
For creation of neural network Brain.js library was used. Brain.js is an opened JavaScript library that 

allows implementation of neural networks with different architectures right in the browser or with using 
Node.js. Simple browser program was prepared for implementation of developed neural net. The program 
allows to input initial data for training, verification and forecasting from text file with data written in 
СSV-like manner, columns are divided with commas. Moreover, average relative divergence is calculated 
after verification process, as well diagram of convergence of forecast with original data is created 
automatically using the Graph.js library. Using neural network based on initial data about element 
concentration from 30 input points, 500 points were predicted after calculations. These 500 points were 
used for plotting on the map.  

 
2.4 Creating of element distribution map   
Free geographic information system with open code QGIS 3.8.3-Zanzibar was used. QGIS is an open 

source, user-friendly geographic information system (GIS) distributed under the GNU General Public 
License. QGIS is a project of the Open Source Geospatial Foundation (OSGeo). It works on Linux, Unix, 
Mac OSX, Windows and Android, supports many vector and raster formats, databases and has many 
features. Input data were added as a layer with coordinate system EPSG:4326 - WGS 84 – Geographic. 
For better visualization of information data analysis with IDW interpolation method has been 
implemented. In the IDW (Inverse Distance Weighting) interpolation method, the sample points are 
weighted during interpolation such that the influence of one point relative to another declines with 
distance from the unknown point you want to create [16, 17]. The figure 3 demonstrates the principle of 
the IDW method.  

 

 
Figure 3. Inverse Distance Weighted interpolation based on weighted sample point distance (left).  

Interpolated IDW surface from elevation vector points (right). 
(Image Source: Mitas, L., Mitasova, H. (1999), 

url: https://docs.qgis.org/2.18/en/docs/gentle_gis_introduction/spatial_analysis_interpolation.html) 
 
Interpolation was visualized as a gradient of colors, monochannel pseudocolor mode of image was 

used. For map of chromium distribution following table of color distribution in dependence on 
concentration was assigned (table 2). 
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Table 2 – Distribution of colors in dependence on concentration in the method of interpolation visualization 
 

Threshold concentration, % Color Color name RGB color 
0.00326683  blue 43,131,186 
0.082261464  green 171,221,164 
0.161256098  yellow 255,255,191 
0.240250732  orange 253,174,97 
0.319245366  red 215,25,28 

 
3. Results and discussion 
When we are describing distribution of concentrations of elements on the territory, practically we 

have to consider the data in three-dimensional space, where X and Y represent coordinates and Z is a third 
parameter – concentration in our case. Thus, we have to find the dependence between coordinates and 
concentration. First approach for creation of neural net, which could reveal that dependence is to give into 
input layer two parameters X and Y and get from output layer the value of concentration. In order to try 
the effectivity of developed neural network we have to find appropriate model with similar parameters. 
The convenient, simple and available model is some picture in gray scale. In this case a picture has its X 
and Y coordinates, when we are considering it as a matrix of pixels, and graduation of gray color is similar 
to concentration. Graduation of gray color lies in the range from 0 to 255 in RGB scheme [18].  

So, the first picture we have chosen is quite simple and has dense relatively uniform sites of different 
shades of gray color (figure 4).  

 

 
 

Figure 4 - Model image №1 for development of neural network 
 
For this model we have taken 35 points as training data. The architecture of neural network included 2 

neurons of input layer (X, Y coordinates), 3 hidden layers with 10, 20 and 4 neurons accordingly, 1 neuron 
on output layer (figure 5).  

 

 
 

Figure 5 - Architecture of neural network model №1 
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Conclusion 
Thus, during this work two models of neural network were developed. The method of calculating 

"point by point" using IDW approach and neural network №2 allows to predict complicatedly distributed 
data, which are usual when we are considering various geographical data: geochemistry, chemistry of 
environment, geology etc. That complexity is due to territorial distribution is influenced with many factors 
in very complex dependences. Using the developed method, it was possible to obtain 500 predicted points 
with values of chromium concentration on the different sites on the territory of Pavlodar city. The 
developed method allows to diminish level of error up to 9.45% (average relative error). The calculated 
data were inputted as a layer in QGIS. Based on the layer a new interpolated layer was created using IDW 
method. Thus, the colored map of chromium distribution on the territory of Pavlodar city was obtained in 
GIS. It allows to scale the map, get, print and save various views of the map. 
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Аннотация: Осы мақалада біз Павлодар қаласының аумағында (Қазақстан) ластаушы элементтердің (мысалы, Cr) 

таралуының болжамдық картасын жасау үшін нейрондық желіні қолданудың тиімді əдісін жасау нəтижелерін ұсынамыз. 
Əзірленген əдіс кеңейтілген деректерді алуға мүмкіндік береді. 15 нүкте бойынша деректер 500 нүктеде масштабталды. 
Верификация процесінің орташа салыстырмалы қателігі 9,45% құрайды. Нейрондық желінің жұмыс моделінің 
архитектурасы берілген нүкте мен бірнеше жақын нүктелер арасындағы қашықтықтың мəндерін қабылдайтын бір кіріс 
нейронымен перцептронды, жасырын қабаттың 10 нейронын жəне берілген нүктеде элементтің концентрациясының 
мəнін беретін 1 шығыс нейронды білдіреді. Алынған деректер концентрацияның таралуы туралы ақпаратты бейнелейтін 
IDW интерполяцияланған картасын құру үшін QGIS-те қолданылды. 
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РАЗРАБОТКА НЕЙРОННОЙ СЕТИ ДЛЯ ПРОГНОСТИЧЕСКОГО АНАЛИЗА РАСПРЕДЕЛЕНИЯ 
ЭЛЕМЕНТОВ-ЗАГРЯЗНИТЕЛЕЙ НА ИССЛЕДУЕМЫХ ТЕРРИТОРИЯХ  

(НА ПРИМЕРЕ ГОРОДА ПАВЛОДАР, КАЗАХСТАН) 
 
Аннотация. В данной статье мы представляем результаты разработки эффективного метода с использованием 

нейронной сети для создания прогностической карты распределения элементов-загрязнителей (на примере Cr) на 
территории г. Павлодар (Казахстан). Разработанный метод позволяет получать расширенные данные. Данные по 15 
точкам были масштабированы в 500 точек. Средняя относительная погрешность процесса верификации составляет 9,45 
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%. Архитектура рабочей модели нейронной сети представляет собой перцептрон с одним входным нейроном, который 
принимает значения расстояний между заданной точкой и несколькими ближайшими точками, 10 нейронов скрытого 
слоя и 1 выходной нейрон, который выдает значение концентрации элемента в заданной точке. Полученные данные 
использовались в QGIS для создания IDW интерполированной карты, которая визуализирует информацию о 
концентрационном распределении.  

Ключевые слова: нейронная сеть, загрязнители, распределение, прогнозирование, моделирование, ГИС, 
экологический. 
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