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Abstract. Z-numbers have been used to address environmental 
monitoring issues. A computational experiment based on a combination of 
odd and even numbers was also performed and their comparative analysis 
was considered. Results of experimental research using Z-assessment in 
obscure conclusion systems have been applied, and this approach has been 

used to address environmental monitoring issues in the case of a poorly 
formed process. 

1 Introduction 

At present, it is necessary to conduct regular environmental monitoring, taking into account 

the changing nature as a result of the intensification of various negative impacts on nature. 

Environmental monitoring can be carried out for a variety of purposes, including, for 
example, the study of groundwater status, soil conditions and the impact of crops on the 

environment, the suitability of the area for agricultural activities, and so on. The solution of 

the problems that may arise in these cases requires, first of all, modern information and 

communication technologies (based on the processing and approach to large volumes and 

different types of data). [1-4]. 

World experience shows that a number of scientific studies have been conducted to 

improve the health of the population and its indicators through environmental monitoring: 

continuous monitoring of natural disasters and climate change forecasting (Japan) [1] ; 

research is being conducted to measure the state of air pollution and develop measures to 

improve the environmental performance, network monitoring of urban ecosystems 

(Republic of China) [2-4]; A number of measures have been taken to prioritize 

environmental problems at facilities, process environmental data and create an information-
analytical center with a single database. 

Scientists working in various fields around the world use modern information 

technologies to study water conditions, continuous soil conditions, weather conditions, the 

dynamics of groundwater resources and other important factors, including geoinformation 

technologies, remote sensing, data from sensors. A number of studies are underway to 

study the impact of environmental change on nature using IoT (Internet of Things) and 

similar technologies [5-8]. 
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2 Approaches to solving environmental monitoring problems 

In assessing the state of poorly formed processes, it is possible to come across existing 

classical mathematical methods, as well as data that are valuable, incomplete, ambiguous 

and ambiguous in cases where it is difficult to classify them. In such cases, it is very 

difficult to obtain accurate information [9, 10]. Data of an ambiguous, ambiguous nature 

required to build a system of evaluation and prediction in solving practical problems in 

conditions of uncertainty can be divided into two parts: quantitative and linguistic. Most 
obscure systems use the second type of knowledge, as well as obscure data, which is 

expressed in the form of an implicit rule base that is integrated into the implicit conclusion 

systems [10 - 14].  

 

 1 1 1( , )Z A B , 2 2 2( , ).Z A B
.
 Т-norma 1 2( , )T normZ Z Z  is defined [9, 10]: 

 

 1 2 1 1 2 2 1 2 1 2( , ) (( , ),( , )) ( ( , ), ( , ))T normZ Z Z T A B A B T A A T B B                (1)                                 

 

1 2 1 2 1 2( , ) ( ( , ), ( , )).T normZ Z Z T A A T R R

   

 
Here 

 

1 2 1 2 1 2 1 2

(0,1]

( , ) ( , ); ( , ) { ( , ) , },T A A T A A T A A T x y x A y A     



     

 

1 2 1 2( , ) .T R R R R   

 

Т-conorma 1 2( , )T conormZ Z Z  is defined [9, 10]: 

 

1 2 1 1 2 2 1 2 1 2( , ) (( , ),( , )) ( ( , ), ( , ))T conormZ Z Z S A B A B S A A S B B   , (2) 

 

1 2 1 2 1 2( , ) ( ( , ), ( , )),T conormZ Z Z S A A S R R

   

 
Here 

 

1 2 1 2 1 2 1 2

(0,1]

( , ) ( , ); ( , ) { ( , ) , },S A A S A A S A A S x y x A y A     



     

 

1 2 1 2( , ) .S R R R R   

 
According to (1) [9]: 

 

( , ) (( , ),( , ))
i i i i i i i iH G T norm H G H H G GZ Z Z Z T A B A B  . 

 
According to (2) [9]: 
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1 1 2 2 1 1 1 1 2 2 2 2
( , ,..., ) (( , ),( , ),...,( , ))

n n n n n nagg T conorm g h g h g h g h g h g h g h g h g hZ Z Z Z Z S A B A B A B 

. 
Situational decision-making algorithm for ecologically problematic areas has been 

applied on the basis of data obtained from observation points, and human living conditions 

in problem areas should be based on a comprehensive analysis of water, soil and 

environmental conditions in these areas. [15].  

3 Computational experiment 

Depending on the situation in the area, we can identify the following issues that affect 

environmental monitoring[16-19]:  

1g - disturbance of land reclamation;  

2g - pollution of groundwater resources;  

3g - environmental problem. 

In the origin of these problems (situations), a number of parameters of environmental 

water, air, soil conditions play an important role, the main of which we will describe below.  

1h  - rising groundwater (h );  

2h  - rising groundwater (v );  

3h rising groundwater (ch );  

4h  - rising groundwater (cv). 

Experimental characteristics of environmental water, air, soil conditions 

1 2 4{ , ,..., }Н h h h based on the origin of these situations 1 2 3 4{g , , , }G g g g ),, was held 

for selection purposes.  

Estimated assessment of the environmental situation ( ) ( )A x

R

р u p u du  determined 

on the basis of the T-norm operation described in the formula. Let us first consider the 

calculation of the approximate cost for the environmental situation.  

For eachх calculated
1

( )
hAp x : 

at 1 0.1b   

 

1

0 0 0 0 0 0 0 0 0 0 ,
0 1 2 3 4 5 6 7 8 9hp            

 

1

0 0.8 0 0.2 0 0 0 0 0 0 ,
0 1 2 3 4 5 6 7 8 9gp            

 

1

0 0 0 0 0 0 0 0 0 0 .
0 1 2 3 4 5 6 7 8 9hgp            

 

1 11 1

9

, ,

0

( ) ( ) 0.2 0 0.4 0 1 0 0.4 0

0.2 0 0 0 0 0 0 0 0 0 0 0 0,

h hA h k A h k

k

x p x


         

            

  
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1 11 1

9

, ,

0

( ) ( ) 0 0 0.6 0.8 0.8 0 1 0 0.7 0

0 0 0 0 0 0 0 0 0.48.

g gA g k A g k

k

x p x


           

        

  

 

1 11 1 1 1 1 1

9

0

( ) (y ) (y ) 0.2 0 0.6 0 1 0 0.4 0 0.2 0

0 0 0 0 0 0 0 0 0 0 0,

h g h g i h gA h g A y A i

k

b P A p


             

          

  

 

at 1 0.2b   

 

1

0 0.97 0 0.01 0 0 0 0 0 0.02 ,
0 1 2 3 4 5 6 7 8 9hp            

 

1

0 0 0 0 0 0 0 0 01 ,
0 1 2 3 4 5 6 7 8 9gp            

 

 
1

0 0.99 0 0 0 0 0 0 0 0 .
0 1 2 3 4 5 6 7 8 9hgp            

 

 1 11 1

9

, ,

0

( ) ( ) 0.2 0 0.4 0.97 1 0 0.4 0

0.2 0 0 0 0 0 0 0 0 0 0 0 0.388,

h hA h k A h k

k

x p x


         

            

  

 

 1 11 1

9

, ,

0

( ) ( ) 0 0 0.6 1 0.8 0 1 0

0.4 0 0.2 0 0 0 0 0 0 0 0 0 0 0 0.6.

g gA g k A g k

k

x p x


         

              

  

 

 

1 11 1 1 1 1 1

9

0

( ) (y ) (y ) 0.2 0 0.6 0.97 1 0 0.4 0 0.2 0

0 0 0 0 0 0 0 0 0 0 0.582,

h g h g i h gA h g A y A i

k

b P A p


             

          

  

 

at 1 0.3b   

 

1

0 0.98 0 0.02 0 0 0 0 0 0 ,
0 1 2 3 4 5 6 7 8 9hp            

 

1

0 0.92 0 0.08 0 0 0 0 0 0 ,
0 1 2 3 4 5 6 7 8 9gp            
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1 11 1

9

, ,

0

( ) ( ) 0.2 0 0.4 0.98 1 0 0.4 0.02

0.2 0 0 0 0 0 0 0 0 0 0 0 0.392 0.08 0.4,

h hA h k A h k

k

x p x


         

              

  

 

1 11 1

9

, ,

0

( ) ( ) 0 0 0.6 0.99 0.8 0 1 0.08

0.4 0 0.2 0 0 0 0 0 0 0 0 0 0 0 0.594 0.08 0.674.

g gA g k A g k

k

x p x


         

                

  

 

1 11 1 1 1 1 1

9

0

( ) (y ) (y ) 0.2 0 0.6 0.99 1 0 0.4 0.01 0.2 0

0 0 0 0 0 0 0 0 0 0 0.594 0.004 0.598.

h g h g i h gA h g A y A i

k

b P A p


             

            

  

 
Thus, calculations were performed for each situation, and calculations for the second 

situation were performed below. 

 

2

0 0.3 0.4 0.7 0.8 0.6 0 0 01 ,
1 1 2 3 4 5 6 7 8 9hA          

 
 

2

0 0 0.4 0.6 0.8 0 0 0 01 .
0 1 2 3 4 5 6 7 8 9gA          

 
 
First stage 

 

2 2

0 0.3 0.4 0.7 0.8 0 0 0 01 .
0 1 2 3 4 5 6 7 8 9h gA            

 

For each х calculated 
2

( )
hAp x : 

at 1 0.1b   

 

2

0 0.7 0 0 0 0.1 0 0 0 0.2 ,
0 1 2 3 4 5 6 7 8 9hp            

 

2

0 0.44 0 0 0 0.1 0 0 0 0.46 ,
0 1 2 3 4 5 6 7 8 9gp            

 

2

0 0.832 0 0 0 0.076 0 0 0 0 .
0 1 2 3 4 5 6 7 8 9hgp            

 

2 32 2

9

, ,

0

( ) ( ) 0 0 0.3 0.7 0.4 0 0.7 0

1 0 0.8 0.1 0.6 0 0 0 0 0 0 0.2 0.21 0.08 0.29,

h hA h k A h k

k

x p x


         

              

  
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 2 22 2

9

, ,

0

( ) ( ) 0 0 0 0.44 0.4 0 0.6 0 1 0

0.8 0.1 0 0 0 0 0 0 0 0.46 0.

g gA g k A g k

k

x p x


           

          

  

 

2 22 2 2 2 2 2

9

0

( ) (y ) (y ) 0 0 0.3 0.832 0.4 0 0.7 0 1 0

0.8 0.076 0 0 0 0 0 0 0 0 0.3104,

h g h g i h gA h g A y A i

k

b P A p


             

          

  

 

at 1 0.2b   

 

 
2

0 0.76 0 0 0 0.2 0 0 0 0.04 ,
0 1 2 3 4 5 6 7 8 9hp            

 

 
2

0 0.5 0 0 0 0.2 0 0 0 0.3 ,
0 1 2 3 4 5 6 7 8 9gp            

 

 
2

0 0.9 0 0 0 0.072 0 0 0 0.012 .
0 1 2 3 4 5 6 7 8 9hgp            

 

 2 32 2

9

, ,

0

( ) ( ) 0 0 0.3 0.76 0.4 0 0.7 0

1 0 0.8 0.1 0.6 0 0 0 0 0 0 0.2 0.228 0.08 0.308,

h hA h k A h k

k

x p x


         

              

  

 

 2 22 2

9

, ,

0

( ) ( ) 0 0 0 0.5 0.4 0 0.6 0 1 0

0.8 0.2 0 0 0 0 0 0 0 0.3 0.16.

g gA g k A g k

k

x p x


           

          

  

 

 

2 22 2 2 2 2 2

9

0

( ) (y ) (y ) 0 0 0.3 0.9 0.4 0 0.7 0 1 0

0.8 0.072 0 0 0 0 0 0 0 0.012 0.27 0.0576 0.327,

h g h g i h gA h g A y A i

k

b P A p


             

            

  

at 1 0.3b   

 

 
2

0 0.77 0 0 0 0.23 0 0 0 0 ,
0 1 2 3 4 5 6 7 8 9hp             

 

 
2

0 0.56 0 0 0 0.3 0 0 0 0.14 ,
0 1 2 3 4 5 6 7 8 9gp            

 

 
2

0 0.897 0 0 0 0.101 0 0 0 0 .
0 1 2 3 4 5 6 7 8 9hgp            
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 2 32 2

9

, ,

0

( ) ( ) 0 0 0.3 0.77 0.4 0 0.7 0

1 0 0.8 0.23 0.6 0 0 0 0 0 0 0 0.231 0.184 0.415,

h hA h k A h k

k

x p x


         

              

  

 

 2 22 2

9

, ,

0

( ) ( ) 0 0 0 0.56 0.4 0 0.6 0 1 0

0.8 0.3 0 0 0 0 0 0 0 0.14 0.24.

g gA g k A g k

k

x p x


           

          

   

 

2 22 2 2 2 2 2

9

0

( ) (y ) (y ) 0 0 0.3 0.897 0.4 0 0.7 0 1 0

0.8 0.101 0 0 0 0 0 0 0 0 0.24 0.080 0.320,

h g h g i h gA h g A y A i

k

b P A p


             

            

  

 
Results of the calculations performed for the third situation: 

 

 
3

0 0 0.5 0.6 0.7 0.7 0 0 01 ,
0 1 2 3 4 5 6 7 8 9hA            

  

3

0 0 0 0.4 0.6 0.8 0 0 01 .
0 1 2 3 4 5 6 7 8 9gA            

 

First stage. 

 

 
3 3

0 0 0.5 0.6 0.7 0.8 0.7 0 0 0 .
0 1 2 3 4 5 6 7 8 9h gA            

at 1 0.1b   

 

 
3

0 0.73 0 0 0 0 0.1 0 0 0.17 ,
0 1 2 3 4 5 6 7 8 9hp            

 

 
3

0 0.48 0 0 0 0 0.1 0 0 0.42 ,
0 1 2 3 4 5 6 7 8 9gp            

 

 
3 3

0 0.85 0 0 0 0 0.06 0 0 0.07 .
0 1 2 3 4 5 6 7 8 9h gp            

 

 3 33 3

9

, ,

0

( ) ( ) 0 0 0 0.73 0.5 0 0.6 0

0.7 0 1 0 0.7 0.1 0 0 0 0 0 0 0.07,

h hA h k A h k

k

x p x


         

            

  

 

 3 33 3

9

, ,

0

( ) ( ) 0 0 0 0.85 0 0 0.4 0 0.6 0

1 0 0.8 0.06 0 0 0 0 0 0.07 0.048.

g gA g k A g k

k

x p x


           

          

  
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3 33 3 3 3 3 3

9

0

( ) (y ) (y ) 0 0 0 0.85 0.5 0 0.6 0 0.7 0 0.8 0

0.7 0.06 0 0 0 0 0.042,

h g h g i h gA h g A y A i

k

b P A p


               

      

  

 

at 1 0.2b   

 

 
3

0 0.8 0 0 0 0 0.2 0 0 0 ,
0 1 2 3 4 5 6 7 8 9hp            

 

 
3

0 0.55 0 0 0 0 0.2 0 0 0.25 ,
0 1 2 3 4 5 6 7 8 9gp            

 

 
3

0 0.91 0 0 0 0 0.09 0 0 0 .
0 1 2 3 4 5 6 7 8 9hgp            

 

 3 33 3

9

, ,

0

( ) ( ) 0 0 0 0.73 0.5 0 0.6 0

0.7 0 1 0 0.7 0.1 0 0 0 0 0 0 0.07,

h hA h k A h k

k

x p x


         

            

  

 

 3 33 3

9

, ,

0

( ) ( ) 0 0 0 0.85 0 0 0.4 0 0.6 0

1 0 0.8 0.06 0 0 0 0 0 0.07 0.048.

g gA g k A g k

k

x p x


           

          

  

 

 
3 33 3 3 3 3 3

9

0

( ) (y ) (y ) 0 0 0 0.85 0.5 0 0.6 0 0.7 0 0.8 0.2

0 0 0 0 0 0 0.16.

h g h g i h gA h g A y A i

k

b P A p


               

      

  

 

At 1 0.3b   

 

 
3

0 0.8 0 0 0 0 0.2 0 0 0 ,
0 1 2 3 4 5 6 7 8 9hp            

 

 
3

0 0.63 0 0 0 0 0.3 0 0 0.07 ,
0 1 2 3 4 5 6 7 8 9gp            

  

 
3

0 0.91 0 0 0 0 0.09 0 0 0 .
0 1 2 3 4 5 6 7 8 9hgp            

 

3 33 3

9

, ,

0

( ) ( ) 0 0 0 0.73 0.5 0 0.6 0

0.7 0 1 0 0.7 0.1 0 0 0 0 0 0 0.07,

h hA h k A h k

k

x p x


         

            

  
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3 33 3

9

, ,

0

( ) ( ) 0 0 0 0.85 0 0 0.4 0 0.6 0

1 0 0.8 0.06 0 0 0 0 0 0.07 0.048,

g gA g k A g k

k

x p x


           

          

  

 

3 33 3 3 3 3 3

9

0

( ) (y ) (y ) 0 0 0 0.85 0.5 0 0.6 0 0.7 0 0.8 0.2

0 0 0 0 0 0 0.16,

h g h g i h gA h g A y A i

k

b P A p


               

      

  

 

At 1 0.4b   

 

 
3

0 0.66 0 0 0 0 0.34 0 0 0 ,
0 1 2 3 4 5 6 7 8 9hp            

 

 
3

0 0.55 0 0 0 0 0.34 0 0 0.07 ,
0 1 2 3 4 5 6 7 8 9gp            

 

 
3 3

0 0.774 0 0 0 0 0.115 0 0 0 .
0 1 2 3 4 5 6 7 8 9h gp            

 

 3 33 3

9

, ,

0

( ) ( ) 0 0 0 0.66 0.55 0 0.6 0

0.7 0 1 0 0.7 0.34 0 0 0 0 0 0 0.238,

h hA h k A h k

k

x p x


         

            

  

 

 3 33 3

9

, ,

0

( ) ( ) 0 0 0 0.55 0 0 0.4 0 0.6 0

1 0 0.8 0.34 0 0 0 0 0 0 0.272,

g gA g k A g k

k

x p x


           

          

  

 

 

3 33 3 3 3 3 3

9

0

( ) (y ) (y ) 0 0 0 0.77 0.2 0 0.6 0 0.7 0 0.8 0

0.7 0.115 0 0 0 0 0.08,

h g h g i h gA h g A y A i

k

b P A p


               

      

  

 
T-conor to obtain the final final grade calculated as 

3 312 12( , ) ( , ) ( , )T conorm HG HGZ Z Z S Z Z A B   : 

 

 0 0 0.5 0.6 0.7 0.7 0 0 01 ,
0 1 2 3 4 5 6 0 0 0

A            

 

 

0 0 0 0 0 0.01 0.14
0.61 0.64 0.67 0.70 0.73 0.76 0.78

0.61 0.61 .
0.82 0.85 0.91

B        

  
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The value of situations as a result b (S1) >b (S3) >b (S2) this includes the development 

of preventive measures to improve the reclamation of lands.  

4 Conclusion 

Thus, when conducting environmental monitoring of problem areas, the current situation 

was initially formed on the basis of data collected in the region. The data of the numerical 

or spatial image of the region are used to formulate the current situation, the situation in the 

whole region is determined. As the number of monitoring parameters in the region 

increases, so does the number of current situations. Given the complexity of the current 

situations, they were converted into typical situations and the diagnostic problem was 

solved based on the knowledge base and Z-numbers. 
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