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Ⱥɧɧɨɬɚɰɢɹ 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ (АATER-DSS) ɞɥɹ 
ɨɰɟɧɤɢ ɭɪɨɜɧɹ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɜ ɪɟɤɟ Ɍɢɝɪ. Ⱦɚɧɧɚɹ ɋɉɉɊ (DОМТsТШЧ SЮppШrЭ SвsЭОЦ ,DSS) 
ɩɪɟɞɥɚɝɚɟɬ ɪɹɞ ɫɬɪɚɬɟɝɢɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɢ ɦɟɪ ɩɨ ɨɱɢɫɬɤɟ ɜɨɞɵ ɞɥɹ ɡɚɳɢɬɵ 
ɡɞɨɪɨɜɶɹ ɧɚɫɟɥɟɧɢɹ, ɩɭɬɟɦ ɫɨɡɞɚɧɢɹ ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɫɩɟɰɢɚɥɢɫɬɨɜ ɧɚ ɫɬɚɧɰɢɹɯ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢɧɮɨɪɦɚɰɢɟɣ ɩɨ ɤɚɱɟɫɬɜɭ ɜɨɞɵ. ɋɉɉɊ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɜ ɫɮɟɪɟ ɜɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ, ɩɪɢ ɪɚɛɨɬɟ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɪɢɱɢɧɚɦɢ 
ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɜ ɪɚɣɨɧɟ ɝɨɪɨɞɚ Ȼɚɝɞɚɞ. ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɟɬ ɤɚɱɟɫɬɜɨ ɜɨɞɵ ɢ ɭɪɨɜɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ 
ɜɨɞɵ, ɢɫɩɨɥɶɡɭɹ ɢɧɞɟɤɫ ɤɚɱɟɫɬɜɚ ɜɨɞɵ (АQI). Ɉɧɚ ɫɩɨɫɨɛɧɚ ɨɩɪɟɞɟɥɹɬɶ ɬɢɩ ɢ ɢɫɬɨɱɧɢɤ ɡɚɝɪɹɡɧɟɧɢɹ 
ɜɨɞɵ ɢ ɩɪɟɞɥɚɝɚɬɶ ɦɟɪɵ ɩɨ ɟɟ ɨɱɢɫɬɤɟ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɫɞɟɥɚɬɶ ɜɨɞɭ ɩɪɢɝɨɞɧɨɣ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɥɸɞɶɦɢ. ɋɢɫɬɟɦɚ ɢɫɩɨɥɶɡɭɟɬ ɧɚɛɨɪ ɢɡ 24 ɩɚɪɚɦɟɬɪɨɜ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ, ɫɩɟɰɢɮɢɱɧɵɯ ɞɥɹ ɤɚɠɞɨɝɨ 
ɬɢɩɚ ɡɚɝɪɹɡɧɟɧɢɹ, ɫ ɰɟɥɶɸ ɩɪɢɧɹɬɢɹ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɪ ɩɨ ɭɫɬɪɚɧɟɧɢɸ ɩɨɫɥɟɞɫɬɜɢɣ ɡɚɝɪɹɡɧɟɧɢɣ. ȼ 
ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɝɨ ɩɪɢɦɟɪɚ ɛɵɥɚ ɜɵɛɪɚɧɚ ɜɨɞɚ ɜ ɪɟɤɟ Ɍɢɝɪ. Ɋɚɛɨɬɚ ɋɉɉɊ ɨɫɧɨɜɚɧɚ ɧɚ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ɋɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ, ɩɪɨɢɡɜɨɞɢɦɨɣ ɞɚɧɧɨɣ ɋɉɉɊ, ɦɨɝɭɬ ɫɬɚɬɶ ɜɚɠɧɵɦ 
ɷɥɟɦɟɧɬɨɦ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɜ ɫɥɭɱɚɟ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɤɪɢɡɢɫɨɜ ɢ ɩɨɢɫɤɚ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɯ 
ɦɟɬɨɞɨɜ ɩɨ ɨɱɢɫɬɤɟ ɜɨɞɵ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟɦɚ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ; ɞɟɪɟɜɨ ɪɟɲɟɧɢɣ; ɡɚɝɪɹɡɧɟɧɢɟ ɜɨɞɵ; 
ɩɪɢɱɢɧɵ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ; ɨɱɢɫɬɤɚ ɜɨɞɵ. 
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ȺЛЬtЫКМt 
This article presents the development of a decision support system for water pollution in Tigris River 
(WATER-DSS). This DSS presents several strategies to manage water evaluation and treatment in order to 
protect human health by building a decision support system to help the authority of water supply stations to 
find information about water management. This DSS is designed to help address and support multiple water 
pollution causes and multiple decision makers, in several places in Baghdad. The evaluation of the DSS 
discusses the effect of water quality index management on the water pollution. The system detects the 
pollution causes and type and suggests a decision for cleaning the water so that it can be used by human. 
The application uses a set of (24)water-pollution parameters, specific to the pollution causes, in order to 
deal with the water pollution accidents and take emergency measures effectively. Tigris River is selected as 
the case study in this paper. The frame of the water pollution DSS is based on a mathematical model. The 
results support the primary decision in emergency cases and offer a suggestion to apply a suitable method 
for treatment the polluted water.  
Keywords: decision support system; decision tree; water pollution; water pollution causes; water pollution 
treatment. 

Ввɟɞɟниɟ 
ɉɨɞ ɡɚɝɪɹɡɧɟɧɢɟɦ ɜɨɞɵ ɩɨɧɢɦɚɸɬ ɢɡɦɟɧɟɧɢɟ ɮɢɡɢɱɟɫɤɢɯ, ɯɢɦɢɱɟɫɤɢɯ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɨɞɧɵɯ 

ɪɟɫɭɪɫɨɜ, ɤɨɬɨɪɨɟ ɨɤɚɡɵɜɚɟɬ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɠɢɜɵɟ ɨɪɝɚɧɢɡɦɵ ɢ ɞɟɥɚɟɬ ɜɨɞɭ ɧɟɩɪɢɝɨɞɧɨɣ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ɇɚɢɛɨɥɟɟ ɨɫɬɪɨ ɞɚɧɧɚɹ ɩɪɨɛɥɟɦɚ ɫɬɨɢɬ ɜ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɫɬɪɚɧɚɯ, ɝɞɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɜɵɛɪɨɫɵ, 
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INFORMATION TECHNOLOGIES  

ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɫɚɧɢɬɚɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɢ ɧɟɧɚɞɥɟɠɚɳɚɹ ɭɬɢɥɢɡɚɰɢɹ ɨɬɯɨɞɨɜ ɩɪɢɜɨɞɹɬ ɤ ɡɚɝɪɹɡɧɟɧɢɸ 
ɜɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɢ ɚɬɦɨɫɮɟɪɵ, ɱɬɨ ɨɤɚɡɵɜɚɟɬ ɜɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɡɞɨɪɨɜɶɟ ɱɟɥɨɜɟɤɚ Д1Ж.  

Ɂɚɝɪɹɡɧɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (ɧɟɮɬɹɧɵɟ ɪɚɡɥɢɜɵ, ɩɪɨɦɵɲɥɟɧɧɵɟ ɜɵɛɪɨɫɵ ɢ ɨɬɯɨɞɵ) – ɨɞɢɧ ɢɡ 
ɝɥɚɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɡɚɛɨɥɟɜɚɧɢɣ. Ɉɧɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɭɝɪɨɡɭ ɞɥɹ ɠɢɡɧɢ ɢ ɡɞɨɪɨɜɶɹ ɥɸɞɟɣ, ɬɚɤ ɤɚɤ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɞɢɧɚɦɢɱɧɨɝɨ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɨɛɪɚɡɭɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɨɤɫɢɧɨɜ, ɤɨɬɨɪɵɟ ɡɚɝɪɹɡɧɹɸɬ 
ɤɚɠɞɵɣ ɤɜɚɞɪɚɬɧɵɣ ɫɚɧɬɢɦɟɬɪ ɩɨɱɜɵ. ȼ ɧɨɜɨɦ ɞɨɤɥɚɞɟ Д2Ж ɚɝɟɧɬɫɬɜɚ ɩɨ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɫɨɨɛɳɚɟɬɫɹ, 
ɱɬɨ ɜ ɛɭɞɭɳɟɦ ɭɪɨɜɟɧɶ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɭɳɟɪɛ ɞɥɹ ɠɢɜɨɣ ɩɪɢɪɨɞɵ ɛɭɞɟɬ ɬɨɥɶɤɨ ɜɨɡɪɚɫɬɚɬɶ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɫɟ ɛɨɥɟɟ ɦɚɫɲɬɚɛɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɱɟɥɨɜɟɤɚ ɧɚ ɩɪɢɪɨɞɧɭɸ ɫɪɟɞɭ. Ɍɚɤɠɟ ɜ ɞɨɤɥɚɞɟ ɭɤɚɡɚɧɨ, ɱɬɨ 
ɞɨɫɬɢɝɧɭɬɨɟ ɡɚ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɫɨɤɪɚɳɟɧɢɟ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɛɭɞɟɬ ɩɨɥɧɨɫɬɶɸ 
ɧɢɜɟɥɢɪɨɜɚɧɨ ɜɫё ɜɨɡɪɚɫɬɚɸɳɢɦɢ ɦɚɫɲɬɚɛɚɦɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɨɪɨɝ, ɪɨɫɬɨɦ ɤɨɥɢɱɟɫɬɜɚ ɧɚɡɟɦɧɨɝɨ, ɦɨɪɫɤɨɝɨ ɢ 
ɜɨɡɞɭɲɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. ɉɨɩɵɬɤɢ ɫɧɢɡɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɢɡɜɨɞɢɦɵɯ ɨɬɯɨɞɨɜ ɬɚɤɠɟ ɧɟ ɩɪɢɧɟɫɥɢ ɪɟɡɭɥɶɬɚɬɚ, ɢ 
ɤɨɥɢɱɟɫɬɜɨ ɬɨɤɫɢɱɧɵɯ ɨɬɯɨɞɨɜ ɩɪɨɞɨɥɠɚɟɬ ɪɚɫɬɢ. ȼɫё ɷɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɭɝɪɨɡɭ ɞɥɹ ɠɢɜɨɬɧɵɯ ɢ ɪɵɛɵ, ɪɚɡɪɭɲɚɹ 
ɢɯ ɟɫɬɟɫɬɜɟɧɧɭɸ ɫɪɟɞɭ ɨɛɢɬɚɧɢɹ. ɇɚɪɹɞɭ ɫ  ɪɚɡɪɭɲɟɧɢɟɦ ɩɪɢɪɨɞɧɵɯ ɷɤɨɫɢɫɬɟɦ, ɡɚɝɪɹɡɧɟɧɢɟ ɜɨɞ ɫɬɚɧɨɜɢɬɫɹ 
ɨɞɧɢɦ ɢɡ ɪɢɫɤɨɜ ɞɥɹ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ.  

Ɂɚɝɪɹɡɧɟɧɢɟ ɜɨɞɵ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɟ ɤɚɬɟɝɨɪɢɢ: ɩɪɢɪɨɞɧɨɟ, ɤɨɬɨɪɨɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɡɦɟɧɟɧɢɢ ɟɟ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɥɟɧɨɫɬɢ ɢɥɢ ɫɨɞɟɪɠɚɧɢɹ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ, ɢ ɯɢɦɢɱɟɫɤɨɟ, ɤɨɬɨɪɨɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɫɛɪɨɫɚ ɫɬɨɱɧɵɯ ɜɨɞ, ɪɚɡɥɢɜɨɜ ɧɟɮɬɢ, ɩɪɢɦɟɧɟɧɢɹ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɯɢɦɢɤɚɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɩɟɫɬɢɰɢɞɵ, 
ɢɧɫɟɤɬɢɰɢɞɵ ɢ ɭɞɨɛɪɟɧɢɹ. Ɂɚɝɪɹɡɧɟɧɢɟ ɜɨɞɵ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɪɚɡɥɢɱɧɵɟ ɮɨɪɦɵ ɢ ɩɪɢɜɨɞɢɬɶ ɤ ɪɚɡɥɢɱɧɵɦ 
ɧɟɠɟɥɚɬɟɥɶɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ.  

Ɂɚɝɪɹɡɧɟɧɢɹ ɦɨɝɭɬ ɡɚɬɪɚɝɢɜɚɬɶ ɤɚɤ ɜɨɞɭ ɜ ɪɟɤɚɯ, ɨɡɟɪɚɯ ɢ ɨɤɟɚɧɚɯ, ɬɚɤ ɢ ɞɨɠɞɟɜɭɸ ɜɨɞɭ, ɩɨɱɜɟɧɧɵɟ 
ɜɨɞɵ ɢ ɜɨɞɭ ɢɡ ɩɪɢɪɨɞɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɞɟɥɚɹ ɟɟ ɧɟɩɪɢɝɨɞɧɨɣ ɞɥɹ ɩɨɬɪɟɛɥɟɧɢɹ ɥɸɞɶɦɢ ɢ ɠɢɜɨɬɧɵɦɢ, 
ɩɨɥɢɜɚ ɪɚɫɬɟɧɢɣ ɢ ɨɛɢɬɚɧɢɹ ɜɨɞɧɵɯ ɨɪɝɚɧɢɡɦɨɜ Д2Ж.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɨɣ ɫɢɫɬɟɦɵ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɞɥɹ ɤɨɧɬɪɨɥɹ 
ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɜ ɪɟɤɟ Ɍɢɝɪ ɜ ɪɚɣɨɧɟ ɝɨɪɨɞɚ Ȼɚɝɞɚɞ. ɋɉɉɊ ɫɩɨɫɨɛɧɚ ɨɩɪɟɞɟɥɹɬɶ ɬɢɩ ɡɚɝɪɹɡɧɟɧɢɹ ɢ ɝɟɧɟɪɢɪɨɜɚɬɶ 
ɪɟɲɟɧɢɟ ɩɨ ɩɨɜɨɞɭ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɪɚɬɟɝɢɢ ɨɛɪɚɛɨɬɤɢ ɢ ɨɱɢɫɬɤɢ ɜɨɞɵ ɫ ɰɟɥɶɸ ɫɞɟɥɚɬɶ ɟё ɩɪɢɝɨɞɧɨɣ ɞɥɹ 
ɩɨɬɪɟɛɥɟɧɢɹ. ɇɚɫɱɢɬɵɜɚɟɬɫɹ 8 ɨɫɧɨɜɧɵɯ ɬɢɩɨɜ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ, ɢ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ ɫɭɳɟɫɬɜɭɸɬ 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɨɱɢɫɬɤɢ ɜɨɞɵ ɨɬ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ. ɋɬɪɭɤɬɭɪɚ ɪɚɛɨɬɵ ɩɨɫɬɪɨɟɧɚ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ. ȼɧɚɱɚɥɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɨɧɰɟɩɰɢɹ ɋɉɉɊ ɞɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɢ ɨɩɢɫɚɧɵ ɨɫɧɨɜɧɵɟ ɩɪɢɱɢɧɵ 
ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞ.  

1. ɋɢɫɬɟɦɚ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɞɥɹ ɨɰɟɧɤɢ ɭɪɨɜɧɹ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɜ ɪɟɤɟ Ɍɢɝɪ
Ȼɚɝɞɚɞ, ɤɪɭɩɧɟɣɲɢɣ ɝɨɪɨɞ ɜ ɂɪɚɤɟ, ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɛɟɪɟɝɚɯ ɪɟɤɢ Ɍɢɝɪ (ɪɢɫ. 1). Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɧɚɫɟɥɟɧɢɹ 

ɂɪɚɤɚ ɩɪɨɠɢɜɚɟɬ ɜ ɷɬɨɦ ɪɟɝɢɨɧɟ. ȼɨɞɚ ɢɡ ɪɟɤɢ Ɍɢɝɪ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɪɨɲɟɧɢɹ ɢ ɞɥɹ ɫɧɚɛɠɟɧɢɹ 
ɧɚɫɟɥɟɧɢɹ ɩɢɬɶɟɜɨɣ ɜɨɞɨɣ, ɛɭɞɭɱɢ ɟɞɢɧɫɬɜɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɢɬɶɟɜɨɣ ɜɨɞɵ ɜ ɪɚɣɨɧɟ ɝɨɪɨɞɚ Ȼɚɝɞɚɞ. 
ɉɨɬɪɟɛɧɨɫɬɶ ɜ ɩɢɬɶɟɜɨɣ ɜɨɞɟ ɜ ɝɨɪɨɞɟ Ȼɚɝɞɚɞ ɩɨɫɬɨɹɧɧɨ ɜɨɡɪɚɫɬɚɟɬ ɜ ɫɜɹɡɢ ɫ ɛɵɫɬɪɵɦ ɪɨɫɬɨɦ ɧɚɫɟɥɟɧɢɹ ɢ 
ɞɢɧɚɦɢɱɧɵɦ ɪɚɡɜɢɬɢɟɦ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɋɟɥɶɫɤɨɟ ɯɨɡɹɣɫɬɜɨ ɬɚɤɠɟ ɜɟɫɶɦɚ ɪɚɡɜɢɬɨ ɧɚ ɨɛɨɢɯ ɛɟɪɟɝɚɯ 
ɪɟɤɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɪɚɣɧɟ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɜɨɞɵ, ɩɪɢɦɟɧɹɟɦɨɣ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɰɟɥɟɣ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɢɯ ɩɪɨɛɥɟɦ, ɦɟɫɬɧɵɟ ɪɚɡɪɚɛɨɬɱɢɤɢ, ɦɟɧɟɞɠɟɪɵ ɢ ɞɪɭɝɢɟ ɫɩɟɰɢɚɥɢɫɬɵ 
ɡɚɢɧɬɟɪɟɫɨɜɚɧɵ ɜ ɫɨɡɞɚɧɢɢ ɪɚɰɢɨɧɚɥɶɧɵɯ ɫɬɪɚɬɟɝɢɣ ɪɚɡɜɢɬɢɹ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ ɫɨɜɦɟɫɬɢɬɶ 
ɢɧɞɭɫɬɪɢɚɥɶɧɵɣ ɩɪɨɝɪɟɫɫ ɫ ɤɨɧɬɪɨɥɟɦ ɤɚɱɟɫɬɜɚ ɜɨɞɵ, ɭɫɬɪɚɧɟɧɢɟɦ ɩɪɨɛɥɟɦɵ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɢ ɡɚɳɢɬɨɣ 
ɡɞɨɪɨɜɶɹ ɧɚɫɟɥɟɧɢɹ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɬɢɯ ɰɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɛɚɬɵɜɚɬɶ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɢɧɮɨɪɦɚɰɢɢ ɢ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɫɬɪɚɬɟɝɢɣ ɪɚɡɜɢɬɢɹ. ȼ ɧɚɫɬɨɹɳɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɪɨɛɥɟɦɵ, ɫ ɤɨɬɨɪɵɦɢ ɫɬɚɥɤɢɜɚɸɬɫɹ ɦɟɫɬɧɵɟ ɭɩɪɚɜɥɹɸɳɢɟ ɨɪɝɚɧɵ ɢ ɫɩɟɰɢɚɥɢɫɬɵ ɜ 
ɫɜɹɡɢ ɫ ɜɨɩɪɨɫɚɦɢ ɜɨɞɨɩɨɥɶɡɨɜɚɧɢɹ, ɢ ɦɟɬɨɞɵ ɢɯ ɪɟɲɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ 
ɪɟɲɟɧɢɣ (АATER-DSS), ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɫɬɚɧɰɢɣ ɜɨɞɨɩɨɥɶɡɨɜɚɧɢɹ ɢ ɫɩɨɫɨɛɧɨɣ ɨɩɪɟɞɟɥɹɬɶ 
ɪɚɡɥɢɱɧɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɤɪɢɬɟɪɢɢ ɢ ɨɰɟɧɢɜɚɬɶ ɢɯ ɩɪɢɨɪɢɬɟɬ [3]. ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɨ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɫɬɚɧɰɢɣ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ. ɗɬɢ ɫɬɚɧɰɢɢ ɨɯɜɚɬɵɜɚɸɬ ɬɚɤɠɟ ɛɨɥɶɲɢɧɫɬɜɨ ɜɨɞɨɫɧɚɛɠɚɸɳɢɯ 
ɩɨɞɫɬɚɧɰɢɣ ɜ ɝɨɪɨɞɟ Ȼɚɝɞɚɞ. ɉɨɫɥɟ ɜɵɛɨɪɚ ɤɨɧɤɪɟɬɧɨɣ ɫɬɚɧɰɢɢ, ɨɬɤɪɵɜɚɟɬɫɹ ɧɨɜɨɟ ɨɤɧɨ ɞɥɹ ɜɜɟɞɟɧɢɹ 
ɞɚɧɧɵɯ ɩɨ ɤɚɱɟɫɬɜɭ ɜɨɞɵ ɢ ɫɬɟɩɟɧɢ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢ ɩɪɢɧɹɬɶ ɦɟɪɵ 
ɞɥɹ ɢɡɛɟɝɚɧɢɹ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɢ ɭɫɬɪɚɧɟɧɢɹ ɢɫɬɨɱɧɢɤɨɜ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɫ ɰɟɥɶɸ ɡɚɳɢɬɵ ɡɞɨɪɨɜɶɹ 
ɧɚɫɟɥɟɧɢɹ. 
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Ɋɢ . 1. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɫɬɚɧɰɢɣ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɜ ɪɚɣɨɧɟ ɪɟɤɢ Ɍɢɝɪ (Ȼɚɝɞɚɞ) 
Fig. 1. Water Stations locations on the Tigris River 

2. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɪɟɲɟɧɢɣ (Decision Modeling)
ɐɟɥɶ ɞɚɧɧɨɣ ɦɨɞɟɥɢ – ɪɚɡɪɚɛɨɬɤɚ DSS ɞɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɜɨɞɵ (АATER-DSS) ɧɚ ɨɫɧɨɜɚɧɢɢ ɱɟɬɵɪɟɯ 

ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ (ɪɢɫ. 2) ɛɚɡɚ ɞɚɧɧɵɯ, ɦɨɞɟɥɶ ɭɩɪɚɜɥɟɧɢɹ ɜɨɞɧɵɦɢ ɪɟɫɭɪɫɚɦɢ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ ɞɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɜɨɞɵ, ɥɨɝɢɱɟɫɤɢɣ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɣ ɛɥɨɤ, ɨɬɜɟɬɫɬɜɟɧɧɵɣ ɡɚ ɫɜɹɡɶ 
ɫ ɦɨɞɟɥɹɦɢ ɤɨɧɬɪɨɥɹ ɡɚ ɡɚɝɪɹɡɧɟɧɢɹɦɢ ɜɨɞɵ, ɢ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ, ɫɩɨɫɨɛɧɵɣ ɨɩɪɟɞɟɥɹɬɶ ɬɪɟɛɭɟɦɵɟ 
ɩɚɪɚɦɟɬɪɵ ɢ ɨɬɨɛɪɚɠɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɫɪɟɞɫɬɜɨɦ ɧɚɫɬɪɚɢɜɚɟɦɵɯ ɬɚɛɥɢɰ ɢ ɝɪɚɮɢɤɨɜ. Ɋɚɡɥɢɱɧɵɟ 
ɫɰɟɧɚɪɢɢ ɨɩɢɫɵɜɚɸɬ ɪɚɡɥɢɱɧɵɟ ɫɬɪɚɬɟɝɢɢ ɢɥɢ ɤɨɧɤɪɟɬɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɭɫɬɪɚɧɟɧɢɸ ɡɚɝɪɹɡɧɟɧɢɣ ɜɨɞɵ; 
ɪɟɡɭɥɶɬɚɬɨɦ ɹɜɥɹɟɬɫɹ ɢɧɫɬɪɭɦɟɧɬ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɪɢɱɢɧ ɡɚɝɪɹɡɧɟɧɢɹ ɢ 
ɨɩɬɢɦɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣɨɱɢɫɬɤɢ ɡɚɝɪɹɡɧɟɧɧɨɣ ɜɨɞɵ. 

3. Вɢɞɵ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɢ ɢɯ ɩɨɫɥɟɞɫɬɜɢɹ
1) ȼɨɡɛɭɞɢɬɟɥɢ ɢɧɮɟɤɰɢɣ (IЧПОМtТШuЬ AРОЧtЬ)
ɇɚɢɛɨɥɟɟ ɨɩɚɫɧɵɦɢ ɞɥɹ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ ɡɚɝɪɹɡɧɹɸɳɢɦɢ ɚɝɟɧɬɚɦɢ ɹɜɥɹɸɬɫɹ ɩɚɬɨɝɟɧɧɵɟ ɨɪɝɚɧɢɡɦɵ. 

Ƚɥɚɜɧɵɦ ɢɯ ɢɫɬɨɱɧɢɤɨɦ ɹɜɥɹɸɬɫɹ ɧɟɨɛɪɚɛɨɬɚɧɧɵɟ ɢɥɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɨɛɪɚɛɨɬɚɧɧɵɟ ɨɬɯɨɞɵ 
ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ. 

2) ɋɬɨɱɧɵɟ ɜɨɞɵ ɫ ɜɵɫɨɤɢɦ ȻɉɄ (OбвРОЧ-Demanding Wastes)
Ȼɢɨɯɢɦɢɱɟɫɤɚɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɤɢɫɥɨɪɨɞɟ (BOD) – ɷɬɨ ɫɬɚɧɞɚɪɬɧɵɣ ɚɧɚɥɢɡ ɤɨɥɢɱɟɫɬɜɚ ɪɚɫɬɜɨɪɟɧɧɨɝɨ 

ɤɢɫɥɨɪɨɞɚ, ɩɨɝɥɨɳɚɟɦɨɝɨ ɜɨɞɧɵɦɢ ɦɢɤɪɨɨɪɝɚɧɢɡɦɚɦɢ ɜ ɬɟɱɟɧɢɟ ɩɹɬɢ ɫɭɬɨɤ. Ʉɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ 
ɜɨɞɟ ɤɢɫɥɨɪɨɞɚ  ɹɜɥɹɟɬɫɹ ɢɧɞɢɤɚɬɨɪɨɦ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɢ ɬɢɩɨɜ ɨɪɝɚɧɢɡɦɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜ ɧɟɣ 
ɫɭɳɟɫɬɜɨɜɚɬɶ. ɉɪɢ ɚɧɚɥɢɡɟ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ (DO) ɩɪɨɜɨɞɹɬɫɹ ɩɪɹɦɵɟ ɡɚɦɟɪɵ ɤɨɥɢɱɟɫɬɜɚ 
ɤɢɫɥɨɪɨɞɚ ɩɪɢ ɩɨɦɨɳɢ ɤɢɫɥɨɪɨɞɧɨɝɨ ɷɥɟɤɬɪɨɞɚ. 

3) ɇɟɨɪɝɚɧɢɱɟɫɤɢɟ ɡɚɝɪɹɡɧɹɸɳɢɟ ɜɟɳɟɫɬɜɚ (IЧШЫРКЧТМ PШХХutКЧtЬ)
Ɇɧɨɝɢɟ ɢɡ ɦɟɬɚɥɥɨɜ, ɬɚɤɢɟ ɤɚɤ ɪɬɭɬɶ, ɫɜɢɧɟɰ, ɤɚɞɦɢɣ, ɧɢɤɟɥɶ ɜɵɫɨɤɨ ɬɨɤɫɢɱɧɵ. Ɍɹɠɟɥɵɟ ɦɟɬɚɥɥɵ 

ɩɨɩɚɞɚɸɬ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ, ɚ ɬɚɤɠɟ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ɒɚɯɬɧɵɣ ɞɪɟɧɚɠ ɢ ɜɵɳɟɥɚɱɢɜɚɧɢɟ ɨɬɯɨɞɨɜ ɝɨɪɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɦɟɬɚɥɥɚɦɢ. 
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Ɋɢ . 2. Ⱥɪɯɢɬɟɤɬɭɪɚ ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɜɨɞɵ 
Fig. 2. The water pollution application architecture 

4) ɇɟɦɟɬɚɥɥɢɱɟɫɤɢɟ ɫɨɥɢ (NШЧЦОtКХХТМ ЬКХtЬ)
ɉɭɫɬɵɧɧɵɟ ɩɨɱɜɵ ɱɚɫɬɨ ɫɨɞɟɪɠɚɬ ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɢɦɵɯ ɫɨɥɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɹɞɨɜɢɬɵɯ 

ɫɨɥɟɣ ɫɟɥɟɧɚ ɢ ɦɵɲɶɹɤɚ. ɋɨɥɢ, ɤɨɬɨɪɵɟ ɧɟɬɨɤɫɢɱɧɵ ɜ ɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɧɚɩɪɢɦɟɪ, ɯɥɨɪɢɞ ɧɚɬɪɢɹ, 
ɦɨɝɭɬ ɧɚɤɚɩɥɢɜɚɬɶɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɪɨɲɟɧɢɹ ɩɨɥɟɣ, ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɨɜɵɲɚɟɬɫɹ ɩɨ ɦɟɪɟ ɢɫɩɚɪɟɧɢɹ ɜɨɞɵ ɢ 
ɞɨɫɬɢɝɚɟɬ ɭɪɨɜɧɹ, ɬɨɤɫɢɱɧɨɝɨ ɞɥɹ ɪɚɫɬɟɧɢɣ ɢ ɠɢɜɨɬɧɵɯ. 

5) Ʉɢɫɥɨɬɵ ɢ ɨɫɧɨɜɚɧɢɹ (AМТНЬ КЧН ЛКЬОЬ)
Ʉɢɫɥɨɬɵ ɩɨɩɚɞɚɸɬ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɯɨɞɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ (ɧɚɩɪ. ɜɵɞɟɥɤɚ ɤɨɠɢ, 

ɦɟɬɚɥɥɭɪɝɢɹ, ɬɟɤɫɬɢɥɶɧɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ). ɋɠɢɝɚɧɢɟ ɭɝɥɹ ɢ ɧɟɮɬɢ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɫɟɪɧɵɯ ɢ 
ɚɡɨɬɧɵɯ ɤɢɫɥɨɬ ɜ ɚɬɦɨɫɮɟɪɟ, ɤɨɬɨɪɵɟ ɪɚɡɧɨɫɹɬɫɹ ɧɚ ɛɨɥɶɲɢɟ ɪɚɫɫɬɨɹɧɢɹ, ɧɚɧɨɫɹ ɜɪɟɞ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ. 

6) Ɍɟɩɥɨɜɨɟ ɡɚɝɪɹɡɧɟɧɢɟ (TСОЫЦКХ ЩШХХutТШЧ)
ɉɨɞ ɞɚɧɧɵɦ ɜɢɞɨɦ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ ɭɯɭɞɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɧɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɪɨɞɧɵɯ ɜɨɞɨɟɦɨɜ. Ɉɬɤɥɨɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɜɵɲɟ ɢɥɢ ɧɢɠɟ ɧɨɪɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ 
ɦɨɠɟɬ ɧɟɝɚɬɢɜɧɨ ɩɨɜɥɢɹɬɶ ɧɚ ɤɚɱɟɫɬɜɨ ɜɨɞɵ, ɚ ɬɚɤɠɟ ɧɚ ɜɨɞɧɵɟ ɨɪɝɚɧɢɡɦɵ. Ɍɟɩɥɨɜɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɜɨɞɨɟɦɨɜ 
ɜɵɡɵɜɚɟɬɫɹ ɫɛɪɨɫɨɦ ɧɚɝɪɟɬɨɣ ɜɨɞɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɪɟɤɢ ɢ ɨɡɟɪɚ, ɱɬɨ ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɟɬ ɧɚ 
ɪɚɫɬɢɬɟɥɶɧɨɫɬɶ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɢɛɨɥɟɟ ɞɟɲɟɜɵɦ ɫɩɨɫɨɛɨɦ ɨɯɥɚɠɞɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɭɫɬɚɧɨɜɨɤ ɹɜɥɹɟɬɫɹ ɩɨɞɜɟɞɟɧɢɟ ɜɨɞɵ ɢɡ ɨɤɟɚɧɚ, ɪɟɤɢ, ɨɡɟɪɚ ɢɥɢ ɜɨɞɨɧɚɩɨɪɧɨɝɨ ɛɚɫɫɟɣɧɚ; ɜɨɞɚ ɩɪɨɯɨɞɢɬ 
ɱɟɪɟɡ ɬɟɩɥɨɨɛɦɟɧɧɢɤ, ɡɚɛɢɪɚɹ ɢɡɛɵɬɨɱɧɨɟ ɬɟɩɥɨ, ɢ ɫɧɨɜɚ ɫɛɪɚɫɵɜɚɟɬɫɹ ɜ ɩɪɢɪɨɞɧɵɟ ɜɨɞɨɟɦɵ. 

7) Ɉɫɚɞɨɤ (SОНТЦОЧt)
Ɋɟɤɢ ɜɫɟɝɞɚ ɧɟɫɥɢ ɜ ɨɤɟɚɧ ɞɨɧɧɵɟ ɨɫɚɞɨɱɧɵɟ ɨɬɥɨɠɟɧɢɹ, ɧɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɷɪɨɡɢɢ ɜɨ ɦɧɨɝɢɯ ɪɟɝɢɨɧɚɯ 

ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɨɫɥɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ. ɗɪɨɡɢɸ ɜɵɡɵɜɚɸɬ ɜɵɪɭɛɤɚ ɥɟɫɨɜ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɡɟɦɟɥɶ ɩɨɞ ɩɚɫɬɛɢɳɚ ɢ ɪɚɫɲɢɪɟɧɢɟ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɣ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢɜɨɞɢɬ ɤ ɢɡɛɵɬɨɱɧɨɦɭ 
ɨɛɪɚɡɨɜɚɧɢɸ ɨɫɚɞɤɚ ɜ ɪɟɤɚɯ. Ɉɫɚɞɨɱɧɵɟ ɨɬɥɨɠɟɧɢɹ ɦɨɝɭɬ ɩɪɢɧɨɫɢɬɶ ɢ ɩɨɥɶɡɭ. ɂɥ, ɩɪɢɧɨɫɢɦɵɣ ɪɟɤɨɣ, 
ɫɥɭɠɢɬ ɭɞɨɛɪɟɧɢɟɦ ɞɥɹ ɩɨɥɟɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɡɚɬɨɩɥɹɟɦɵɯ ɩɨɣɦɚɯ. 

Ɇɨɞɟɥɶ 
ɤɚɱɟɫɬɜɚ ɜɨɞɵ

За̐ря̚нен̛
я ̏оды 
model

ɂɧɬɟɪɮɟɣɫ 
ɨɛɧɨɜɥɟɧɢ
ɹ ɞɚɧɧɵɯ

Ƚɪɚɮɢɱɟɫɤɢɣ 
ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ 

ɢɧɬɟɪɮɟɣɫ

ɉɨɥɶɡɨɜɚɬɟɥɶ

Ⱦɨɫɬɭɩɧɨ
ɫɬɶ ɜɨɞɵ 

Ⱦɚɧɧɵɟ ɨ ɜɨɞɧɵɯ 
ɪɟɫɭɪɫɚɯ
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8) Ɉɪɝɚɧɢɱɟɫɤɢɟ ɯɢɦɢɤɚɬɵ (OЫРКЧТМ CСОЦТМКХЬ)
Ɇɧɨɝɢɟ ɜɟɳɟɫɬɜɚ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɟɫɬɢɰɢɞɨɜ, 

ɩɥɚɫɬɢɤɚ, ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ, ɩɢɝɦɟɧɬɨɜ ɢ ɞɪɭɝɢɯ ɩɪɨɞɭɤɬɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɛɵɬɭ, ɜɵɫɨɤɨ 
ɬɨɤɫɢɱɧɵ. Ⱦɜɭɦɹ ɨɫɧɨɜɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɬɨɤɫɢɱɧɵɦɢ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɯɢɦɢɤɚɬɚɦɢ 
ɹɜɥɹɸɬɫɹ ɧɟɧɚɞɥɟɠɚɳɚɹ ɭɬɢɥɢɡɚɰɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɢ ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ ɢ ɫɬɨɱɧɵɟ ɜɨɞɵ, ɫɨɞɟɪɠɚɳɢɟ 
ɩɟɫɬɢɰɢɞɵ [4]. 

Ɍɚɛлɢɰɚ 1 

Ɉɫɧɨɜɧɵɟ ɜɢɞɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ Д4Ж 
Table 1 

Main types of water pollutants 

4. ɋɬɚɧɞɚɪɬɧɵɟ ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɜɨɞɵ (аКtОr trОКtmОnt)
1) Ɉɤɫɢɞɢɡɚɰɢɹ ɢɥɢ ɩɨɞɝɨɬɨɜɤɚ (OбТНКtТШЧ ШЫ ПКМТХТtКtТШЧ)
Ʉɨɝɞɚ ɜ ɜɨɞɟ ɫɨɞɟɪɠɢɬɫɹ ɫɥɢɲɤɨɦ ɜɵɫɨɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ, ɯɢɦɢɱɟɫɤɢɯ ɢɥɢ 

ɦɢɧɟɪɚɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɧɚɩɪɢɦɟɪ, ɠɟɥɟɡɚ, ɦɚɪɝɚɧɰɚ ɢɥɢ ɤɚɥɶɰɢɹ, ɩɟɪɜɵɦ ɜɢɞɨɦ ɨɛɪɚɛɨɬɤɢ ɨɛɵɱɧɨ 
ɹɜɥɹɟɬɫɹ ɨɤɫɢɞɢɡɚɰɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɜ ɜɨɞɭ ɞɨɛɚɜɥɹɸɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɯɥɨɪɚ, ɨɡɨɧɚ ɢɥɢ ɝɚɲɟɧɨɣ 
ɢɡɜɟɫɬɢ, ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɨɬɦɭɱɢɜɚɧɢɹ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜ ɜɨɞɟ ɜɟɳɟɫɬɜ. 

2) Ɉɱɢɫɬɤɚ (CХОКЫКЧМО)
ɂɫɩɨɥɶɡɭɸɬɫɹ ɤɪɭɩɧɨɹɱɟɢɫɬɵɟ ɫɢɬɚ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɡɚɞɟɪɠɚɬɶ ɜɡɜɟɲɟɧɧɵɟ ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ ɩɟɪɟɞ 

ɫɥɢɜɨɦ ɜɨɞɵ ɜ ɛɚɫɫɟɣɧɵ-ɨɬɫɬɨɣɧɢɤɢ. 
3) Ɉɬɫɬɚɢɜɚɧɢɟ (SОНТЦОЧtКtТШЧ)
ȼ ɩɪɨɰɟɫɫɟ ɨɬɫɬɚɢɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɢɥɚ ɬɹɠɟɫɬɢ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɨɬɨɪɨɣ ɜɡɜɟɲɟɧɧɵɟ ɱɚɫɬɢɰɵ ɢɡ 

ɩɨɬɨɤɚ ɜɨɞɵ ɨɫɚɠɞɚɸɬɫɹ ɧɚ ɞɧɨ. ɉɨɬɨɤ ɜɨɞɵ ɩɪɨɯɨɞɢɬ ɧɟɫɤɨɥɶɤɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɪɟɡɟɪɜɭɚɪɨɜ ɪɚɡɧɨɣ ɮɨɪɦɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɨɫɚɠɞɟɧɢɟ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ.  

4) Ɏɢɥɶɬɪɚɰɢɹ (PОЫМШХКtТШЧ)
Ɏɢɥɶɬɪɚɰɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɨɫɚɞɤɚ ɢ ɨɫɬɚɜɲɢɯɫɹ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ. ȼɨɞɚ ɩɪɢ ɷɬɨɦ 

ɮɢɥɶɬɪɭɟɬɫɹ ɱɟɪɟɡ ɧɟɫɤɨɥɶɤɨ ɫɥɨɟɜ ɩɟɫɤɚ. 
5) Ɏɥɨɤɭɥɹɰɢɹ (FХШММuХКtТШЧ)
Ɏɥɨɤɭɥɹɰɢɟɣ ɧɚɡɵɜɚɟɬɫɹ ɦɟɬɨɞ ɞɨɛɚɜɥɟɧɢɹ ɜ ɜɨɞɭ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɧɟɤɨɬɨɪɵɯ ɜɟɳɟɫɬɜ, 

ɧɚɩɪɢɦɟɪ, ɫɭɥɶɮɚɬɚ ɚɥɸɦɢɧɢɹ, ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ, ɞɥɹ ɨɫɚɠɞɟɧɢɹ ɜɨɞɨɪɨɫɥɟɣ ɢ ɛɚɤɬɟɪɢɣ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɦɭ ɨɬɞɟɥɟɧɢɸ ɨɫɚɞɤɚ ɜ ɪɟɡɟɪɜɭɚɪɚɯ. Ɍɚɤɠɟ ɞɥɹ ɚɞɫɨɪɛɰɢɢ ɦɧɨɝɢɯ ɜɢɞɨɜ ɜɟɳɟɫɬɜ 
ɩɪɢɦɟɧɹɟɬɫɹ ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ.  

6) Ɇɢɤɪɨɮɢɥɶɬɪɚɰɢɹ (MТМЫШПТХtЫКtТШЧ)
ȼ ɞɚɧɧɨɦ ɦɟɬɨɞɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɟɦɛɪɚɧɵ ɢɡ ɦɢɤɪɨɜɨɥɨɤɨɧ, ɤɨɬɨɪɵɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜɧɭɬɪɢ 

№ ȼɢɞ ɉɪɢɦɟɪɵ ɂɫɬɨɱɧɢɤɢ 

1. ȼɨɡɛɭɞɢɬɟɥɢ ɢɧɮɟɤɰɢɣ Ȼɚɤɬɟɪɢɢ, ɜɢɪɭɫɵ, 
ɩɚɪɚɡɢɬɵ 

Ɉɬɯɨɞɵ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ ɢ 
ɠɢɜɨɬɧɵɯ 

2. Ɉɪɝɚɧɢɱɟɫɤɢɟ ɯɢɦɢɤɚɬɵ ɉɟɫɬɢɰɢɞɵ, ɩɥɚɫɬɢɤ, 
ɞɟɬɟɪɝɟɧɬɵ, ɧɟɮɬɶ, ɛɟɧɡɢɧ 

ɉɪɢɦɟɧɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɯɢɦɢɤɚɬɨɜ ɜ 
ɛɵɬɭ, ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɫɟɥɶɫɤɨɦ 
ɯɨɡɹɣɫɬɜɟ 

3. ɇɟɨɪɝɚɧɢɱɟɫɤɢɟ ɯɢɦɢɤɚɬɵ Ʉɢɫɥɨɬɵ, ɟɞɤɢɟ ɳɟɥɨɱɢ, 
ɫɨɥɢ, ɦɟɬɚɥɥɵ 

ɉɪɨɦɵɲɥɟɧɧɵɟ ɫɬɨɱɧɵɟ ɜɨɞɵ, ɛɵɬɨɜɵɟ 
ɱɢɫɬɹɳɢɟ ɫɪɟɞɫɬɜɚ, ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɫɬɨɤɢ. 

4. Ɋɚɞɢɨɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ ɍɪɚɧ, ɬɨɪɢɣ, ɰɟɡɢɣ, ɣɨɞ, 
ɪɚɞɨɧ 

Ƚɨɪɧɨ-ɨɛɨɝɚɬɢɬɟɥɶɧɵɟ ɤɨɦɛɢɧɚɬɵ, 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɜɨɟɧɧɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, 
ɩɪɢɪɨɞɧɵɟ ɢɫɬɨɱɧɢɤɢ 

5. Ɉɫɚɞɨɤ Ƚɪɹɡɶ, ɢɥ ɗɪɨɡɢɹ ɩɨɱɜ 

6. Ȼɢɨɝɟɧɧɵɟ ɷɥɟɦɟɧɬɵ 
(ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ ɞɥɹ 
ɪɚɫɬɟɧɢɣ) 

ɇɢɬɪɚɬɵ, ɮɨɫɮɚɬɵ, 
ɚɦɦɨɧɢɣ 

ɋɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɟ ɭɞɨɛɪɟɧɢɹ ɢ 
ɭɞɨɛɪɟɧɢɹ ɞɥɹ ɝɨɪɨɞɫɤɢɯ ɧɚɫɚɠɞɟɧɢɣ, 
ɛɵɬɨɜɵɟ ɫɬɨɤɢ, ɠɢɜɨɬɧɵɣ ɧɚɜɨɡ 

7. ɋɬɨɱɧɵɟ ɜɨɞɵ ɫ ɜɵɫɨɤɢɦ ȻɉɄ ɀɢɜɨɬɧɵɣ ɧɚɜɨɡ ɢ 
ɪɚɫɬɢɬɟɥɶɧɵɟ ɨɫɬɚɬɤɢ 

Ȼɵɬɨɜɵɟ ɫɬɨɤɢ, ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɟ 
ɫɬɨɱɧɵɟ ɜɨɞɵ, ɰɟɥɥɸɥɨɡɧɨ-ɛɭɦɚɠɧɵɟ 
ɤɨɦɛɢɧɚɬɵ, ɩɢɳɟɜɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ 

8. Ɍɟɩɥɨɜɨɟ ɡɚɝɪɹɡɧɟɧɢɟ Ɍɟɩɥɨ ɗɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɩɪɨɦɵɲɥɟɧɧɵɟ ɫɢɫɬɟɦɵ 
ɨɯɥɚɠɞɟɧɢɹ 
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ɫɬɚɥɶɧɨɣ ɬɪɭɛɵ. ȼ ɤɚɠɞɨɦ ɢɡ ɜɨɥɨɤɨɧ ɢɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɨɬɜɟɪɫɬɢɣ. ȼɨɞɚ 
ɩɪɨɤɚɱɢɜɚɟɬɫɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɫɤɜɨɡɶ ɦɟɦɛɪɚɧɭ, ɢ ɦɟɦɛɪɚɧɚ ɡɚɞɟɪɠɢɜɚɟɬ ɱɚɫɬɢɰɵ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ 
ɪɚɡɦɟɪɨɦ ɤɪɭɩɧɟɟ ɦɢɤɪɨɨɬɜɟɪɫɬɢɣ, ɚ ɬɚɤɠɟ ɛɚɤɬɟɪɢɢ ɢ ɜɢɪɭɫɵ. Ɇɟɦɛɪɚɧɵ ɪɟɝɭɥɹɪɧɨ ɨɱɢɳɚɸɬɫɹ. 

7) Ɉɩɪɟɫɧɟɧɢɟ ɦɨɪɫɤɨɣ ɜɨɞɵ (SОКаКtОЫ НОЬКХТЧКtТШЧ)
ȼ ɧɟɤɨɬɨɪɵɯ ɫɬɪɚɧɚɯ ɬɪɚɞɢɰɢɨɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɜɨɞɵ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɫɧɚɛɠɟɧɢɹ ɧɚɫɟɥɟɧɢɹ 

ɩɢɬɶɟɜɨɣ ɜɨɞɨɣ; ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɫɩɨɫɨɛɵ ɞɨɛɵɱɢ ɩɢɬɶɟɜɨɣ ɜɨɞɵ, ɢɡ 
ɤɨɬɨɪɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɨɩɪɟɫɧɟɧɢɟ ɦɨɪɫɤɨɣ ɜɨɞɵ ɢ ɫɥɚɛɨɦɢɧɟɪɚɥɢɡɨɜɚɧɧɵɯ ɝɪɭɧɬɨɜɵɯ ɜɨɞ.  

8) Ȼɢɨɜɨɫɫɬɚɧɨɜɥɟɧɢɟ (BТШЫОЦОНТКtТШЧ)
Ɉɩɪɟɞɟɥɟɧɧɵɟ ɜɢɞɵ ɛɚɤɬɟɪɢɣ ɭɠɟ ɦɧɨɝɨ ɥɟɬ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ. 

ȼ ɧɟɤɨɬɨɪɵɯ ɫɬɪɚɧɚɯ ɷɬɨɬ ɦɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɚɤɠɟ ɞɥɹ ɨɱɢɫɬɤɢ ɩɢɬɶɟɜɨɣ ɜɨɞɵ. Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ 
ɜɟɫɶɦɚ ɷɮɮɟɤɬɢɜɧɚ ɞɥɹ ɨɱɢɳɟɧɢɹ ɜɨɞɵ ɨɬ ɨɪɝɚɧɢɱɟɫɤɢɯ, ɦɢɧɟɪɚɥɶɧɵɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. 

9) Ɉɛɟɡɡɚɪɚɠɢɜɚɧɢɟ ɢɥɢ ɞɟɡɢɧɮɟɤɰɢɹ (StОЫТХТгКtТШЧ ШЫ НТЬТЧПОМtТШЧ)
Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɡɚɤɥɸɱɢɬɟɥɶɧɵɯ ɷɬɚɩɚɯ ɨɛɪɚɛɨɬɤɢ ɜɨɞɵ, ɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 

ɭɧɢɱɬɨɠɟɧɢɹ ɛɨɥɟɡɧɟɬɜɨɪɧɵɯ ɛɚɤɬɟɪɢɣ ɢ ɜɢɪɭɫɨɜ. Ɉɛɟɡɡɚɪɚɠɢɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ 
ɯɢɦɢɱɟɫɤɢɯ ɞɟɡɢɧɮɢɰɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ, ɬɚɤɢɯ ɤɚɤ ɯɥɨɪ ɢɥɢ ɨɡɨɧ, ɚ ɬɚɤɠɟ ɩɪɢ ɩɨɦɨɳɢ ɧɚɝɪɟɜɚɧɢɹ. 
ɉɪɨɰɟɫɫ ɞɟɡɢɧɮɟɤɰɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɣ ɫɟɬɢ ɤɚɧɚɥɨɜ, ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɯɨɞɢɬ ɜɨɞɚ, ɱɬɨɛɵ 
ɛɚɤɬɟɪɢɢ ɢɥɢ ɜɢɪɭɫɵ ɧɟ ɨɫɬɚɜɚɥɢɫɶ ɜ ɤɚɤɨɦ-ɥɢɛɨ ɢɡ ɪɟɡɟɪɜɭɚɪɨɜ ɢɥɢ ɬɪɭɛ. 

ȼ Ɍɚɛ.1 ɩɪɢɜɟɞɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɭɫɥɨɜɢɹɯ ɤɚɱɟɫɬɜɚ ɜɨɞɵ ɢ ɭɪɨɜɧɹɯ ɡɚɝɪɹɡɧɟɧɢɹ, ɨɛɪɚɛɚɬɵɜɚɟɦɚɹ 
ɫɢɫɬɟɦɨɣ ɞɥɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɞɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɫɪɟɞɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɧɚ ɫɬɚɧɰɢɹɯ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ 
ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɷɬɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɸ. ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɩɨɥɧɨɫɬɶɸ 
ɤɨɦɩɶɸɬɟɪɢɡɢɪɨɜɚɧɚ, ɢ ɜɫɹ ɢɧɮɨɪɦɚɰɢɹ ɢ ɞɚɧɧɵɟ ɯɪɚɧɹɬɫɹ ɜ ɫɢɫɬɟɦɟ АATER-DSS ɢ ɦɨɝɭɬ ɜɵɛɢɪɚɬɶɫɹ 
ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ. ɇɚ ɩɪɚɤɬɢɤɟ, ɛɨɥɶɲɢɧɫɬɜɨ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɫɨɱɟɬɚɧɢɹ ɞɚɧɧɵɯ ɮɭɧɤɰɢɣ, ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɞɨɫɬɚɬɨɱɧɨ ɦɨɳɧɵɦ ɢ ɧɟɞɨɪɨɝɢɦ ɩɪɨɝɪɚɦɦɧɵɦ 
ɨɛɟɫɩɟɱɟɧɢɟɦ. Ɉɫɧɨɜɧɵɟ ɬɢɩɵ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɟɬɫɹ ɨɛɪɚɛɚɬɵɜɚɬɶ ɩɪɢ ɪɚɛɨɬɟ ɫ ɡɚɝɪɹɡɧɟɧɢɹɦɢ ɜɨɞɵ 
ɜ ɪɚɣɨɧɟ ɝɨɪɨɞɚ Ȼɚɝɞɚɞ, ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥ. 2. 

Ɍɚɛлɢɰɚ 2 

Ɉɫɧɨɜɧɵɟ ɤɚɬɟɝɨɪɢɢ ɜɢɞɨɜ ɢ ɢɫɬɨɱɧɢɤɨɜ ɡɚɝɪɹɡɧɟɧɢɣ ɜɨɞɵ ɜ ɪɟɤɟ Ɍɢɝɪ ɢ ɦɟɬɨɞɵ ɭɫɬɪɚɧɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɣ 

Table 2 

The main categories of causes and treatment of water pollutants in the Tigris River 

№ ȼɢɞɵ ɡɚɝɪɹɡɧɟɧɢɣ Ɂɧɚɱɟɧɢɟ Ɇɟɬɨɞ ɨɛɪɚɛɨɬɤɢ 

1 ȼɨɡɛɭɞɢɬɟɥɢ ɢɧɮɟɤɰɢɣ 

1. Ȼɢɨɯɢɦɢɱɟɫɤɚɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɤɢɫɥɨɪɨɞɟ ɡɚ 5 ɫɭɬ.
(BOD5) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20  C 

>10 1.Ɇɟɦɛɪɚɧɧɚɹ ɮɢɥɶɬɪɚɰɢɹ
2.Ɉɛɟɡɡɚɪɚɠɢɜɚɧɢɟ ɢɥɢ
ɞɟɡɢɧɮɟɤɰɢɹ 2. ɏɢɦɢɱɟɫɤɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɤɢɫɥɨɪɨɞɚ (COD) >60 

3. Ɇɭɬɧɨɫɬɶ ȼ ɩɪɟɞɟɥɚɯ 5 

2 Ɉɪɝɚɧɢɱɟɫɤɢɟ ɯɢɦɢɤɚɬɵ 

1. Ɉɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ (ɧ-

ɝɟɤɫɚɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ) 
>10 1. Ȼɢɨɜɨɫɫɬɚɧɨɜɥɟɧɢɟ

2. Ʉɚɪɛɨɧɢɡɚɰɢɹ ɢɥɢ
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 2. Ȼɟɧɡɨɥ >0.005 

3. Ɍɨɥɭɨɥ >0.002 

3 ɇɟɨɪɝɚɧɢɱɟɫɤɢɟ ɯɢɦɢɤɚɬɵ 

1. ȼɨɞɨɪɨɞɧɵɣ ɩɨɤɚɡɚɬɟɥɶ (pH) 6>PH>9 1.Ɉɩɪɟɫɧɟɧɢɟ ɦɨɪɫɤɨɣ 
ɜɨɞɵ 

2.Ɉɤɫɢɞɢɡɚɰɢɹ ɢɥɢ
ɩɨɞɝɨɬɨɜɤɚ 

2. Ɋɚɫɬɜɨɪɟɧɧɨɟ ɠɟɥɟɡɨ (FО) >1.0 

3. Ɉɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɦɵɲɶɹɤɚ (As) >0.01 

4. Ɉɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɪɬɭɬɢ (HР) >0.005 

5. Ɉɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɰɢɚɧɢɞɨɜ (CN-) >0.01 

6. ɋɭɥɶɮɚɬɵ (SO4) >200 

7. Ɉɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɨɫɬɚɬɨɱɧɨɝɨ ɯɥɨɪɚ(CХ2) >0.2 

8.Ɉɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɮɬɨɪɢɞɨɜ (F-) 1.5 

4 Ɋɚɞɢɨɚɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ 

Ɋɚɞɢɨɚɤɬɢɜɧɨɫɬɶ 1,0 
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5 Ɉɫɚɞɨɤ 

1. Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɜɡɜɟɲɟɧɧɵɯ ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ
(TSS) 

>15 1. Ɉɬɫɬɚɢɜɚɧɢɟ
2. Ɏɢɥɶɬɪɚɰɢɹ

2. Ɋɚɫɬɜɨɪɟɧɧɵɣ ɲɟɫɬɢɜɚɥɟɧɬɧɵɣ ɯɪɨɦ (Cr6+) >0.05 

6 Ȼɢɨɝɟɧɧɵɟ ɷɥɟɦɟɧɬɵ (ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ ɞɥɹ 
ɪɚɫɬɟɧɢɣ) 
1. Ⱥɦɦɢɚɤ, ɫɨɟɞɢɧɟɧɢɹ ɚɡɨɬɚ (NH3-N) >0.01 Ɏɥɨɤɭɥɹɰɢɹ 

2. Ɉɛɳɟɟ ɫɨɞɟɪɠɚɧɢɟ ɮɨɫɮɨɪɚ (P) >0.1 

3. ɋɨɟɞɢɧɟɧɢɹ ɮɟɧɨɥɚ (ɮɟɧɨɥ) >0.1 

7 ɋɬɨɱɧɵɟ ɜɨɞɵ ɫ ɜɵɫɨɤɢɦ ȻɉɄ 

1. ɋɨɞɟɪɠɚɧɢɟ ɪɚɫɬɜɨɪёɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ (DO) <4 Ɇɟɦɛɪɚɧɧɚɹ ɮɢɥɶɬɪɚɰɢɹ 

2. Ȼɚɤɬɟɪɢɢ ɝɪɭɩɩɵ ɤɢɲɟɱɧɨɣ ɩɚɥɨɱɤɢ >100 

3 Ȼɢɨɯɢɦɢɱɟɫɤɚɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɤɢɫɥɨɪɨɞɟ (BOD5 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 C) 

>10 

8 Ɍɟɩɥɨɜɨɟ ɡɚɝɪɹɡɧɟɧɢɟ Ɇɚɤɫɢɦɚɥɶɧɨɟ 
ɨɬɤɥɨɧɟɧɢɟ ɜ ɩɪɟɞɟɥɚɯ 

30 C ɨɬ ɧɨɪɦɚɥɶɧɨɣ 

ɉɨɞɜɟɞɟɧɢɟ ɯɨɥɨɞɧɨɣ 
ɜɨɞɵ ɢɡ ɪɟɤɢ 

ȼ ɬɚɛɥ. 2 ɩɨɤɚɡɚɧɵ ɨɫɧɨɜɧɵɟ ɤɚɬɟɝɨɪɢɢ ɢɫɬɨɱɧɢɤɨɜ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ, ɭɪɨɜɧɢ ɡɚɝɪɹɡɧɟɧɢɹ ɢ ɦɟɬɨɞɵ 
ɭɫɬɪɚɧɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɣ ɞɥɹ ɪɟɤɢ Ɍɢɝɪ ɜ ɝɨɪɨɞɟ Ȼɚɝɞɚɞ. ɇɚɫɱɢɬɵɜɚɟɬɫɹ 8 ɨɫɧɨɜɧɵɯ ɬɢɩɨɜ ɡɚɝɪɹɡɧɟɧɢɣ, 
ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɨɛɭɫɥɨɜɥɟɧ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɩɪɢɱɢɧɚɦɢ, ɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɪɨɜɧɹ ɷɬɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ, 
ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ ɤɚɱɟɫɬɜɨ ɜɨɞɵ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɢɡ ɜɢɞɨɜ ɡɚɝɪɹɡɧɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɬɟɯɧɨɥɨɝɢɢ ɨɱɢɫɬɤɢ Д5Ж. 

5. Аɥɝɨɪɢɬɦ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ

Ɋɢ . 3. Ⱥɥɝɨɪɢɬɦ ɜɵɱɢɫɥɟɧɢɹ ɭɪɨɜɧɹ ɡɚɝɪɹɡɧɟɧɢɹ ɫɢɫɬɟɦɨɣ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ 

Fig. 3. Algorithm for calculating water pollution of water decision support system 

6. ɉɪɚɤɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ
Ɉɛɳɢɣ ɜɢɞ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɦɨɞɟɥɢ ɩɨ ɚɧɚɥɢɡɭ ɡɚɝɪɹɡɧɟɧɢɹ ɞɥɹ ɨɛɟɢɯ ɫɬɚɧɰɢɣ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 4 ɢ 5. 

ɇɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɡɚɝɪɹɡɧɟɧɢɹ ɢɡɧɚɱɚɥɶɧɨ ɯɪɚɧɹɬɫɹ ɜ ɬɚɛɥɢɰɟ DBMS (MвSQL sОrЯОr).  

1:  N: = ɤɨɥɢɱɟɫɬɜɨ ɩɨɜɬɨɪɟɧɢɣ 
ɩɚɪɚɦɟɬɪɨɜ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ  
2:  S: = 0 

3:  A: = ɮɚɤɬɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ 
ɡɚɝɪɹɡɧɟɧɢɹ  
4:  For i: = 1 to N do 

5:  C: = ɧɚɱɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ 
ɡɚɝɪɹɡɧɟɧɢɹ; 
6:  АСТХО A ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɫɬɨɱɧɢɤɭ 
ɞɚɧɧɨɝɨ ɜɢɞɚ ɡɚɝɪɹɡɧɟɧɢɹ, 
ɜɵɩɨɥɧɢɬɶ 

7:  C: = ɨɞɢɧ ɢɡ ɜɢɞɨɜ ɡɚɝɪɹɡɧɟɧɢɹ; 
8:  end while 

9:  if C ɜɵɲɟ ɱɟɦ S, ɬɨ 

10: S: = C; 

11: End if       

12: End for 

13: Return S; 
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Ɋɢ . 4. Ƚɥɚɜɧɨɟ ɨɤɧɨ ɜɵɱɢɫɥɟɧɢɹ ɭɪɨɜɧɹ ɡɚɝɪɹɡɧɟɧɢɹ ɫɢɫɬɟɦɨɣ (АATER-DSS) 

Fig. 4. Main window for calculating water pollution of water decision support system 

Ɋɢ . 5. Ɉɤɧɨ ɜɜɨɞɚ ɧɨɜɵɯ ɞɚɧɧɵɯ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ 

Fig. 5. Interface to insert a new data for calculating the water pollution parameters 
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ɋɭɳɟɫɬɜɭɟɬ 6 ɩɚɪɚɦɟɬɪɚ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɡɚɝɪɹɡɧɟɧɢɟ ɜɨɞɵ, ɢ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ ɭɫɬɚɧɨɜɥɟɧɨ 
ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ (ɫɦ. ɬɚɛɥ. 2). ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɵ ɦɨɠɟɦ ɨɩɪɟɞɟɥɢɬɶ ɬɢɩ ɡɚɝɪɹɡɧɟɧɢɹ, 
ɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɦɟɬɨɞ ɨɱɢɫɬɤɢ, ɬɨ ɟɫɬɶ ɩɪɢɧɹɬɶ ɪɟɲɟɧɢɟ ɩɨ ɩɨɜɨɞɭ ɨɩɬɢɦɚɥɶɧɨɝɨ ɦɟɬɨɞɚ 
ɨɛɪɚɛɨɬɤɢ ɜɨɞɵ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ. ɉɪɢɥɨɠɟɧɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɨɬɫɵɥɚɟɬ ɷɥɟɤɬɪɨɧɧɨɟ 
ɫɨɨɛɳɟɧɢɟ ɫɩɟɰɢɚɥɢɫɬɭ/ɝɪɭɩɩɟ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɫɨɞɟɪɠɚɳɟɟ ɜɫɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ 
ɡɚɝɪɹɡɧɟɧɢɹ. Ɉɧɨ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɪɢɱɢɧɟ ɡɚɝɪɹɡɧɟɧɢɹ, ɢɫɬɨɱɧɢɤɟ, ɭɝɪɨɡɚɯ, ɤɨɬɨɪɵɟ ɨɧɨ 
ɩɪɟɞɫɬɚɜɥɹɟɬ, ɢ ɪɟɤɨɦɟɧɞɭɟɦɵɯ ɦɟɬɨɞɚɯ ɟɝɨ ɭɫɬɪɚɧɟɧɢɹ. ȼɫɹ ɢɧɮɨɪɦɚɰɢɹ ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɦɟɬɚɛɚɡɟ ɞɚɧɧɵɯ. 

ɇɚ ɪɢɫ. 6 ɩɨɤɚɡɚɧ ɩɪɢɦɟɪ ɪɟɡɭɥɶɬɚɬɚ ɚɧɚɥɢɡɚ ɩɪɨɝɪɚɦɦɨɣ ɞɚɧɧɵɯ ɢɡ ɬɚɛɥ. 2. ɋɢɫɬɟɦɚ ɨɩɪɟɞɟɥɹɟɬ ɬɢɩ 
ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ. Ⱦɥɹ ɷɬɨɝɨ ɫɧɚɱɚɥɚ ɜɜɨɞɢɬɫɹ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ, ɫɢɫɬɟɦɚ ɜɵɩɨɥɧɹɟɬ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɣ 
ɚɧɚɥɢɡ ɞɚɧɧɵɯ, ɢ ɜ ɢɬɨɝɟ ɩɪɟɞɥɚɝɚɟɬ ɪɟɲɟɧɢɟ ɞɥɹ ɭɤɚɡɚɧɧɨɝɨ ɬɢɩɚ ɡɚɝɪɹɡɧɟɧɢɹ, ɦɟɬɨɞɵ ɨɱɢɫɬɤɢ, 
ɧɟɤɨɬɨɪɵɟ ɩɪɢɦɟɪɵ ɢ ɢɫɬɨɱɧɢɤɢ ɞɚɧɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ (ɪɢɫ. 7). ɇɚɤɨɧɟɰ, ɩɪɨɝɪɚɦɦɚ ɨɬɫɵɥɚɟɬ ɷɥɟɤɬɪɨɧɧɨɟ 
ɫɨɨɛɳɟɧɢɟ ɫɩɟɰɢɚɥɢɫɬɚɦ ɧɚ ɫɬɚɧɰɢɢ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɫɨɞɟɪɠɢɬɫɹ ɜɫɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɞɚɧɧɨɦɭ 
ɚɧɚɥɢɡɭ.  

Ɋɢ . 6. Ƚɥɚɜɧɵɣ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɜɵɱɢɫɥɟɧɢɹ ɭɪɨɜɧɹ ɡɚɝɪɹɡɧɟɧɢɹ ɜ ɫɢɫɬɟɦɟ WATER-DSS 

Fig. 6. Main window for calculating water pollution of WATER-DSS for user 

ɇɚ ɪɢɫ. 8 ɩɨɤɚɡɚɧɨ ɨɤɧɨ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɟɟ ɪɟɡɭɥɶɬɚɬɵ ɜɫɟɯ ɚɧɚɥɢɡɨɜ ɜɨɞɵ ɧɚ ɜɫɟɯ ɫɬɚɧɰɢɹɯ; 
ɨɬɩɪɚɜɢɬɟɥɶ ɦɨɠɟɬ ɜɵɛɪɚɬɶ ɧɭɠɧɵɣ ɢ ɭɤɚɡɚɬɶ ɢɦɹ ɩɨɥɭɱɚɬɟɥɹ ɫɨɨɛɳɟɧɢɹ, ɤɨɬɨɪɨɦɭ ɛɭɞɭɬ ɨɬɨɫɥɚɧɵ 
ɞɚɧɧɵɟ ɨ ɡɚɝɪɹɡɧɟɧɢɢ.  

ɇɚ ɪɢɫ. 9 ɩɨɤɚɡɚɧ ɫɧɢɦɨɤ ɷɤɪɚɧɚ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɧɚɥɢɡɨɜ ɡɚɝɪɹɡɧɟɧɢɣ, ɩɪɨɜɟɞɟɧɧɵɯ ɩɪɨɝɪɚɦɦɨɣ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɧɮɨɪɦɚɰɢɢ ɢɡ ɬɚɛɥ. 2. ɇɚ ɪɢɫɭɧɤɟ ɭɤɚɡɚɧ ɧɚɛɨɪ ɨɩɰɢɣ ɞɥɹ ɩɟɱɚɬɢ (ɪɚɡɦɟɪ ɛɭɦɚɝɢ, 
ɤɚɱɟɫɬɜɨ ɢɡɨɛɪɚɠɟɧɢɣ, ɰɜɟɬ ɢ ɮɨɧ). Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɝɪɚɦɦɚ ɨɬɩɪɚɜɥɹɟɬ ɩɨ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɱɬɟ ɜɥɨɠɟɧɧɵɣ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɮɚɣɥ ɫ ɜɚɪɢɚɧɬɚɦɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɞɥɹ ɞɚɧɧɨɝɨ ɫɥɭɱɚɹ ɡɚɝɪɹɡɧɟɧɢɹ. Ɍɚɤɠɟ ɫɢɫɬɟɦɚ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɞɚɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨ ɤɚɠɞɨɦ ɢɡ ɩɪɨɜɟɞɟɧɧɵɯ ɚɧɚɥɢɡɨɜ (ɪɢɫ. 10). 
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Ɋɢ . 7. Ɋɟɡɭɥɶɬɚɬ ɜɵɱɢɫɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ 

Fig. 7. The result for calculating water pollution parameters 

Ɋɢ . 8. Ƚɥɚɜɧɨɟ ɨɤɧɨ ɨɬɱɟɬɨɜ ɨ ɩɚɪɚɦɟɬɪɚɯ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɧɚ ɫɬɚɧɰɢɹɯ 

Fig. 8. Main window for tests report of water pollution parameter in the stations 
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Ɋɢ . 9. ɋɧɢɦɨɤ ɷɤɪɚɧɚ ɫ ɨɬɱɟɬɚɦɢ ɜɵɱɢɫɥɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ 

Fig. 9. Print screen for the input data report for calculating water pollution parameters 

Ɋɢ . 10. Ɉɤɧɨ ɭɞɚɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ 
Fig. 10. Interface to delete the test for calculating the water pollution 
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