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ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ 

6 

ʄɸʊɽʈʀɸʃʓ ʂʆʅʌɽʈɽʅʎʀʀ 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʝʣʠʦʨʘʪʠʚʥʦ-ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ  

ʢʦʤʧʣʝʢʩʘ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷè 

 

ʋɼʂ 627.8.034 

ɺ. ɼ. ɻʦʩʪʠʱʝʚ, ɻ. ɸ. ʉʝʥʯʫʢʦʚ, ɼ. ɺ. ʄʘʨʪʳʥʦʚ 

ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʃʆʂɸʃʔʅʓʁ ʄʆʅʀʊʆʈʀʅɻ ʏɸʉʊʀ ɸʂɺɸʊʆʈʀʀ  

ʎʀʄʃʗʅʉʂʆɻʆ ɺʆɼʆʍʈɸʅʀʃʀʑɸ 

ʈʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʨʘʡʦʥʝ ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʩʦʦʨʫʞʝ-

ʥʠʷ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʦʚʦʜʠʤʦʛʦ ʚ ʮʝʣʷʭ ʨʝʘʣʠʟʘʮʠʠ ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠ-

ʪʝʣʴʩʪʚʘ çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʦʣʦʞʝʥʠʷ ʦʙ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚè, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʶ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩʚʝʜʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʝʜʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʀʟʣʦʞʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʢ ʦʩʫʱʝʩʪʚ-

ʣʝʥʠʶ ʠʟʳʩʢʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. 

ʆʧʠʩʘʥʘ ʩʧʝʮʠʬʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʠ ʵʪʘʧʳ ʢʘʤʝʨʘʣʴʥʳʭ ʨʘʙʦʪ. ʇʨʦʚʝ-

ʜʝʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʣʦʢʘʣʴʥʦʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʘ ʚ ʨʘʡʦʥʝ ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʚʠʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʙʝʨʝ-

ʛʦʚ ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʚʦʜʦʝʤ, ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʚʦʜʦʟʘ-

ʙʦʨ, ʘʢʚʘʪʦʨʠʷ, ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʘ ʙʝʨʝʛʦʚ, ʬʦʨʤʘ ʦʪʯʝʪʥʦʩʪʠ. 
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LOCAL MONITORING OF THE PART OF THE TSIMLYANSKIY  

RESERVOIR WATER AREA  

The methodology of the organization and implementation of local monitoring of a part 
of the water area of the Tsimlyanskiy reservoir in the area of the irrigation intake structure of 
the irrigation system, carried out to implement the Government Decree ñOn Approval of the 
Regulation on the Implementation of State Monitoring of Water Bodiesò, which determines 
the sequence of actions for the use of information by water users required for conducting 
state monitoring of water bodies. The requirements of the legislation for the implementation 
of survey activities related to hydrometric measurements are presented. The specifics of field 
work and the stages of cameral work are described. Measures on local monitoring of a part 
of the water area of the Tsimlyansk reservoir in the area of the intake structure of the irriga-
tion system were carried out. The results of the initial monitoring indicate a significant pro-
cessing of the shores of the Tsimlyanskiy reservoir on the site under consideration. 

Key words: state monitoring, water body, reservoir, water-intake, water area, coast-
line, marginal erosion, accountability statement.  
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ɺʚʝʜʝʥʠʝ. ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʧʦ ʠʟʤʝʨʝʥʠʶ ʤʦʨʬʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦʩʣʫʞʠʣ ʜʦʛʦʚʦʨ ʩ ɺʦʣʛʦʜʦʥʩʢʠʤ ʬʠʣʠʘʣʦʤ ʌɻɹʋ 

çʋʧʨʘʚʣʝʥʠʝ çʈʦʩʪʦʚʤʝʣʠʦʚʦʜʭʦʟè. ɺʦʜʥʳʡ ʦʙʲʝʢʪ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʎʠʤ-

ʣʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʚ 348 ʢʤ ʦʪ ʫʩʪʴʷ ʨ. ɼʦʥ, ʨʷʜʦʤ ʩ ʭ. ʆʚʯʠʥʥʠʢʦʚ ɼʫʙʦʚʩʢʦʛʦ 

ʨʘʡʦʥʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʎʝʣʴʶ ʨʘʙʦʪ ʷʚʣʷʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʯʘʩʪʠ 

ʘʢʚʘʪʦʨʠʠ ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʧʨʠʫʨʦʯʝʥʥʦʡ ʢ ʤʝʩʪʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʜʦʟʘ-

ʙʦʨʥʦʛʦ ʦʛʦʣʦʚʢʘ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʙʘʣʘʥʩʝ ʫ ʟʘʢʘʟʯʠʢʘ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ çʆʙ ʫʪʚʝʨʞʜʝ-

ʥʠʠ ʬʦʨʤ ʠ ʧʦʨʷʜʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʚʝʜʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʝʥʠʡ 

ʟʘ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠè [1], ʩʦʙʩʪʚʝʥʥʠʢʘʤ ʠ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʷʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚ-

ʣʷʪʴ ʩʚʝʜʝʥʠʷ ʦ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ, ʚ ʪ. ʯ. ʧʦ ʬʦʨʤʝ 6.1 çɼʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʚʦʜʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ (ʠʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ)è. ɼʘʥʥʳʡ ʧʨʠʢʘʟ ʩʦʜʝʨʞʠʪ ʬʦʨʤʳ 

ʦʪʯʝʪʥʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʦʞʝʥʠʝʤ ʦʙ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ [2]. 

ɼʣʷ ʟʘʧʦʣʥʝʥʠʷ ʬʦʨʤʳ 6.1 ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʩʣʝʜʫʶʱʠʭ ʩʚʝʜʝʥʠʡ: ʥʘʠʤʝʥʦ-

ʚʘʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʢʦʜ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ç0è ʛʨʘʬʠʢʘ, ʢʦʦʨʜʠʥʘʪʳ ʩʪʚʦʨʘ, ʜʘʪʘ 

ʥʘʙʣʶʜʝʥʠʡ, ʧʣʦʱʘʜʴ ʘʢʚʘʪʦʨʠʠ, ʦʙʲʝʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʩʙʦʨ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʨʘʩʧʦʣʦ-

ʞʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʠʟʳʩʢʘʥʠʡ, ʘ ʪʘʢʞʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʫʥʢʪʦʚ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ (ɻɻʉ); 

- ʨʝʢʦʛʥʦʩʮʠʨʦʚʢʘ ʦʙʲʝʢʪʘ ʠʟʳʩʢʘʥʠʡ ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ 

(ʧʣʘʥʦʚʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʚʦʜʦʟʘʙʦʨʘ, ʫʜʘʣʝʥʠʝ ʪʦʯʢʠ ʚʦʜʦʟʘʙʦʨʘ ʦʪ ʙʝʨʝʛʦʚʦʡ 

ʣʠʥʠʠ, ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʧʣʦʱʘʜʦʢ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʡ, ʩʦʭʨʘʥ-

ʥʦʩʪʴ ʧʫʥʢʪʦʚ ɻɻʉ); 

- ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʤʝʩʪʥʦʩʪʠ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʡ ʚ ʚʠʜʝ ʧʫʥʢʪʦʚ ʜʦʣʛʦʚʨʝ-

ʤʝʥʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ (ʨʝʧʝʨʘ, ʤʘʨʢʠ);  

- ʧʨʦʚʝʜʝʥʠʝ ʠʥʞʝʥʝʨʥʦ-ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ (ʧʨʦʣʦʞʝʥʠʝ ʪʝʦʜʦʣʠʪʥʳʭ ʠ ʥʠ-

ʚʝʣʠʨʥʳʭ ʭʦʜʦʚ ʦʪ ʧʫʥʢʪʦʚ ɻɻʉ ʜʦ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʡ);  

- ʦʧʨʝʜʝʣʝʥʠʝ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʛʨʘʥʠʮ ʫʯʘʩʪʢʘ ʠʟʳʩʢʘʥʠʡ (ʘʢʚʘʪʦʨʠʠ, 

ʚʢʣʶʯʝʥʥʦʡ ʚ ʧʨʦʛʨʘʤʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʮ: ʫʜʘʣʝʥʠʝ ʦʪ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ 

ʥʘ 100 ʤ ʦʪ ʪʦʯʢʠ ʚʦʜʦʟʘʙʦʨʘ ʠ 500 ʤ ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʚʜʦʣʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ); 

- ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʙʦʪ ʩ ʠʟʤʝʨʝʥʠʝʤ ʛʣʫʙʠʥ (ʦʪʤʝʪʦʢ ʜʥʘ) 

ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʩʪʚʦʨʘʤ ʥʘʙʣʶʜʝʥʠʡ; 

- ʫʨʘʚʥʠʚʘʥʠʝ ʪʝʦʜʦʣʠʪʥʦ-ʥʠʚʝʣʠʨʥʳʭ ʭʦʜʦʚ ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ 

ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ (ʚ ʪ. ʯ. ʨʝʧʝʨʦʚ ʠ (ʠʣʠ) ʤʘʨʦʢ, ʛʨʘʥʠʯʥʳʭ ʪʦʯʝʢ ʫʯʘʩʪʢʘ ʠʟʳʩʢʘʥʠʡ ï 

ʘʢʚʘʪʦʨʠʠ ʤʦʥʠʪʦʨʠʥʛʘ) ʚ ɹʘʣʪʠʡʩʢʦʡ ʩʠʩʪʝʤʝ ʚʳʩʦʪ ʠ ʤʝʩʪʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; 

- ʩʦʩʪʘʚʣʝʥʠʝ ʢʘʨʪʳ ʛʣʫʙʠʥ (ʦʪ ç0è ʛʨʘʬʠʢʘ ʛʠʜʨʦʧʦʩʪʘ ʨ. ɼʦʥ) ʥʘ ʧʝʨʠʦʜ ʧʨʦ-

ʚʝʜʝʥʠʷ ʨʘʙʦʪ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʛʣʫʙʠʥ ʚ ʛʨʘʥʠʮʘʭ ʘʢʚʘʪʦʨʠʠ (ʤʘʢʩʠʤʘʣʴʥʦʡ, ʩʨʝʜʥʝʡ); 

- ʚʳʯʠʩʣʝʥʠʝ ʧʣʦʱʘʜʠ ʠ ʦʙʲʝʤʘ ʚ ʛʨʘʥʠʮʘʭ ʘʢʚʘʪʦʨʠʠ, ʧʦʜʣʝʞʘʱʝʡ ʤʦʥʠʪʦʨʠʥ-

ʛʫ ʘʥʘʣʠʪʠʯʝʩʢʠʤ (ʨʘʩʯʝʪʥʳʤ) ʩʧʦʩʦʙʦʤ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʦʜʥʳʤʠ ʦʙʲʝʢ-

ʪʘʤʠ, ʥʝʩʫʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʨʦʢʠ, ʧʦʣʥʦʪʫ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʚʝʜʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʙʣʶʜʘʪʴ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʷʤ ʨʘʙʦʪ 

(ʥʘʣʠʯʠʝ ʜʦʧʫʩʢʘ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪ ʚ ʯʘʩʪʠ ʠʥʞʝʥʝʨʥʳʭ 

ʠʟʳʩʢʘʥʠʡ, ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʠ, ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʷ ʠ ʧʦʚʝʨʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ). 

ʉʦʛʣʘʩʥʦ ʌʝʜʝʨʘʣʴʥʦʤʫ ʟʘʢʦʥʫ çʆʙ ʦʙʝʩʧʝʯʝʥʠʠ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡè ʩʨʝʜʩʪʚʘ 

ʠʟʤʝʨʝʥʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʬʝʨʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
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ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʧʦʜʣʝʞʘʪ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʦ-

ʚʝʨʢʝ [3]. ʖʨʠʜʠʯʝʩʢʠʝ ʣʠʮʘ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ ʦʙʷʟʘʥʳ ʩʚʦʝʚʨʝʤʝʥ-

ʥʦ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʵʪʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʥʘ ʧʦʚʝʨʢʫ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʙʦʪʘ ʧʦ ʠʟʤʝʨʝʥʠʶ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʥʦʛʦ 

ʦʙʲʝʢʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʌɻɹʅʋ çʈʦʩʅʀʀʇʄè ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʠʮʝʥʟʠʠ 

ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʩʤʝʞʥʳʭ ʩ ʥʝʡ ʦʙʣʘ-

ʩʪʷʭ, ʘ ʪʘʢʞʝ ʜʦʧʫʩʢʘ, ʚʳʜʘʥʥʦʛʦ ʉʘʤʦʨʝʛʫʣʠʨʫʝʤʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ, ʦʩʥʦʚʘʥʥʦʡ 

ʥʘ ʯʣʝʥʩʪʚʝ ʣʠʮ, ʚʳʧʦʣʥʷʶʱʠʭ ʠʥʞʝʥʝʨʥʳʝ ʠʟʳʩʢʘʥʠʷ. ʌɻɹʅʋ çʈʦʩʅʀʀʇʄè ʠʤʝʝʪ 

ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪ ʧʦʚʝʨʝʥʥʳʡ ʢʦʤʧʣʝʢʪ ʛʝʦʜʝʟʠ-

ʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʥʘ ʢʦʪʦʨʳʡ ʠʤʝʶʪʩʷ ʜʝʡʩʪʚʫʶʱʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʧʦʚʝʨʢʝ. 

ɼʣʷ ʢʘʤʝʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʝʚʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ 

ʇʂ ʠ ʣʠʮʝʥʟʠʦʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ: GeoniCS 10 ʀʟʳʩʢʘʥʠʷ, AutoCAD Civil 

3D, GeoniCS ʂʘʥʘʣʳ ʠ ʨʝʢʠ (Aquaterra). 

ɼʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʘ ʦ ʧʨʦʚʝʜʝʥʠʠ ʠʥʞʝʥʝʨʥʦ-ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʙʳʣʘ 

ʧʦʜʛʦʪʦʚʣʝʥʘ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʡʦʥʘ ʨʘʙʦʪ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʣʦʱʘʜʴ ʚ ʛʝʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʠʫʨʦʯʝʥʘ ʢ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʝ ʜʦʣʠʥʳ ʨ. ɼʦʥ. ʂʣʠ-

ʤʘʪ ʨʘʡʦʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʠ ʟʘʩʫʰʣʠʚʳʡ. ʈʝʣʴʝʬ ʪʝʨʨʠʪʦ-

ʨʠʠ, ʛʨʘʥʠʯʘʱʝʡ ʩ ʯʘʩʪʴʶ ʘʢʚʘʪʦʨʠʠ (ʧʦʜʣʝʞʘʱʝʡ ʤʦʥʠʪʦʨʠʥʛʫ), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʘʚʥʠʥʥʳʝ ʫʯʘʩʪʢʠ ʩʦ ʩʣʘʙʦʚʳʨʘʞʝʥʥʦʡ ʙʘʣʦʯʥʦʡ ʩʝʪʴʶ. ʇʨʠ ʵʪʦʤ ʫʯʘʩʪʦʢ ʙʝʨʝʛʦʚʦʡ 

ʣʠʥʠʠ ʚʦʟʚʳʰʘʝʪʩʷ ʥʘʜ ʫʨʦʚʥʝʤ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʦʨʤʘʣʴʥʦʤʫ 

ʧʦʜʧʦʨʥʦʤʫ ʫʨʦʚʥʶ (ʅʇʋ = 36,0 ʤ), ʚ ʜʠʘʧʘʟʦʥʝ 2,5ï3,5 ʤ. ʋʢʣʦʥ ʚʦʜʦʩʙʦʨʥʦʡ ʪʝʨʨʠʪʦ-

ʨʠʠ ʚ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʩʪʦʨʦʥʫ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 0,0065. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʩʦʙʣʶʜʝ-

ʥʠʷ ʧʨʠʥʮʠʧʘ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʙʘʟʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʚ ʩʧʠʩʢʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [4ï8]. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝ-

ʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʘ ʠʟʤʝʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʩʭʦʜʷ 

ʠʟ ʧʣʘʥʦʚʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʦʛʦʣʦʚʢʘ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʦʛʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,4 ʢʤ ʦʪ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʘ ʘʢʚʘʪʦʨʠʠ, ʚ ʢʦʪʦʨʳʭ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠ-

ʥʘʪ WGS-84 ʥʘ ʮʠʬʨʦʚʫʶ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʫʶ ʦʩʥʦʚʫ (ʚ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ï 

ɻʀʉ) ʙʳʣʘ ʥʘʥʝʩʝʥʘ ʪʦʯʢʘ ʚʦʜʦʟʘʙʦʨʘ. ɺ ʩʠʩʪʝʤʝ ɻʀʉ ʙʳʣʠ ʧʦʜʛʨʫʞʝʥʳ ʢʦʩʤʦʩʥʠʤʢʠ 

ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʆʪ ʪʦʯʢʠ ʚʦʜʦʟʘʙʦʨʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 100 ʤ ʦʪ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʛʨʘʥʠʯʥʘʷ ʪʦʯʢʘ ɸ1. ɼʘʣʝʝ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʠ 500 ʤ (ʚʜʦʣʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ) ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʪʦʯʝʢ 

ɸ2 ʠ ɸ3. ʀʟ ʵʪʠʭ ʪʦʯʝʢ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʦʪʨʝʟʢʫ ɸ2 ï ɸ3 (ʪ. ʝ. ʚ ʩʪʦ-

ʨʦʥʫ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ), ʙʳʣʠ ʦʯʝʨʯʝʥʳ ʙʦʢʦʚʳʝ ʛʨʘʥʠʮʳ ʘʢʚʘʪʦʨʠʠ (ʨʠʩʫʥʦʢ 1). 

ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʥʠʮʳ ʘʢʚʘʪʦʨʠʠ ʙʳʣʠ ʠʤʧʦʨʪʠʨʦʚʘʥʳ ʚ ʧʦʣʝʚʦʡ ʧʣʘʥʰʝʪʥʳʡ 

ʢʦʤʧʴʶʪʝʨ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʚʳʥʦʩʘ ʛʨʘʥʠʮ ʚ ʥʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʠ ʟʘʢʨʝʧʣʝʥʠʷ (ʫʚʷʟʢʠ) 

ʠʭ ʥʘ ʤʝʩʪʥʦʩʪʠ ʟʥʘʢʘʤʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ (ʨʝʧʝʨʘʤʠ ʠ ʤʘʨʢʘʤʠ). 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʦʣʝʚʳʤ ʨʘʙʦʪʘʤ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ, ʪʨʝ-

ʙʫʝʤʘʷ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʥʦʩʪʠ ʧʦ ʬʦʨʤʝ 6.1, ʩʠʩʪʝʤ ʚʳʩʦʪ: ʫʨʦʚʝʥʴ ʥʘʜ ç0è ʛʨʘ-

ʬʠʢʘ ʠ ʦʙʱʝʧʨʠʥʷʪʘʷ ʩʠʩʪʝʤʘ ʚʳʩʦʪ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʳʩ-

ʢʘʥʠʡ (ʘʙʩʦʣʶʪʥʘʷ ï çɹʘʣʪʠʡʩʢʘʷè ɹʉ). ʆʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʝʨʝʩʯʝʪʦʚ ʧʦʩʣʫʞʠʣʦ 

ʧʨʠʣʦʞʝʥʠʝ ˉ 18 ʢ çʇʨʘʚʠʣʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘ-

ʥʠʣʠʱʘè [9] çʇʝʨʝʯʝʥʴ ʜʝʡʩʪʚʫʶʱʠʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʪʦʚ ʠ ʩʦʩʪʘʚ ʠʭ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʥʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʪʦʢʘ ʚʦʜʳ ʢ ʎʠʤʣʷʥʩʢʦʤʫ ʚʦʜʦʭʨʘʥʠʣʠʱʫè.  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʣʘʥʦʚʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʘʢʚʘʪʦʨʠʠ ʫʯʘʩʪʢʘ, ʧʦʜʣʝ-

ʞʘʱʝʛʦ ʤʦʥʠʪʦʨʠʥʛʫ, ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʜʣʷ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 
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(ʄʉʂ-61), ʠ ʚʳʩʦʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʟʜʘʚʘʝʤʦʡ ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ ʚ ɹʉ ʙʳʣʘ ʧʨʦʚʝʜʝ-

ʥʘ ʨʘʙʦʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ ɻɻʉ. ɿʘʧʨʦʩʳ (ʩʥʘʯʘʣʘ ʥʘ ʠʟʫʯʝʥʥʦʩʪʴ, 

ʘ ʟʘʪʝʤ, ʧʦʩʣʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʭ ʙʣʠʞʘʡʰʝʤ ʨʘʩʧʦʣʦʞʝʥʠʠ, ʥʘ ʩʦʭʨʘ-

ʥʠʚʰʠʝʩʷ ʧʫʥʢʪʳ) ʙʳʣʠ ʦʬʠʮʠʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʪʜʝʣ ʛʝʦʜʝʟʠʠ ʠ ʢʘʨʪʦʛʨʘʬʠʠ 

ʋʧʨʘʚʣʝʥʠʷ ʈʦʩʨʝʝʩʪʨʘ ʧʦ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ.  

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʮ ʘʢʚʘʪʦʨʠʠ  

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ 

ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ. ɺ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ 

ʩʦʟʜʘʥʘ ʦʧʦʨʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʩʝʪʴ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ. ʊʘʢʫʶ 

ʩʝʪʴ ʥʘʟʳʚʘʶʪ ʝʱʝ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʳʤ ʦʙʦʩʥʦʚʘʥʠʝʤ (ʇɺʆ). ʅʘ ʤʝʩʪʥʦʩʪʠ ʙʳʣʠ ʟʘ-

ʢʨʝʧʣʝʥʳ ʪʦʯʢʠ, ʩ ʢʦʪʦʨʳʭ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦʩʴ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ 

ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʫʯʘʩʪʢʫ ʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʪʘʢʞʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʪʦʯʢʠ 

ʜʣʷ ʧʨʦʣʦʞʝʥʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠ ʪʝʦʜʦʣʠʪʥʳʭ ʠ ʚʳʩʦʪʥʳʭ (ʥʠʚʝʣʠʨʥʳʭ) ʭʦʜʦʚ ʚ ʧʨʠʚʷʟʢʝ 

ʢ ʧʫʥʢʪʘʤ ɻɻʉ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʫʛʣʳ ʠ ʨʘʩʩʪʦʷʥʠʷ ʠʟʤʝʨʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʭʝʦ-

ʤʝʪʨʘ Topcon GTS-105N ʠ ʢʦʤʧʣʝʢʪʘ ʩʚʝʪʦʦʪʨʘʞʘʶʱʠʭ ʧʨʠʟʤ, ʘ ʧʨʝʚʳʰʝʥʠʷ ï ʩ ʧʦ-

ʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʥʠʚʝʣʠʨʘ Sokkia SDL-30 ʠ ʨʝʡʢʠ ʥʠʚʝʣʠʨʥʦʡ ʩʦ ʰʪʨʠʭʢʦʜʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʇɺʆ ʧʦʩʣʫʞʠʣʠ ʪʨʠ ʧʫʥʢʪʘ ɻɻʉ.  

ʈʘʟʚʠʪʠʝ ʇɺʆ ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʤʝʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʧʫʪʝʤ ʢʦʥʪʨʦʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠ-

ʩʪʝʤʳ (Global Navigation Satellite System ï GNSS) ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʚʝʨʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ Leica GS08plus. ɺ ʨʘʡʦʥʝ ʫʯʘʩʪʢʘ ʤʦʥʠʪʦʨʠʥʛʘ ʙʳʣʠ ʟʘʢʦʦʨʜʠʥʠʨʦʚʘʥʳ 

ʰʝʩʪʴ ʧʫʥʢʪʦʚ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ, ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʳʩʦʪʳ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝ-

ʥʳ ʚ ʭʦʜʝ ʫʨʘʚʥʠʚʘʥʠʷ ʩʝʪʠ ʇɺʆ.  

ʂʘʤʝʨʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʝʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʮʝʥʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ GeoniCS 10 ʀʟʳʩʢʘʥʠʷ. 

ʅʝʚʷʟʢʠ ʠʟʤʝʨʝʥʥʳʭ ʫʛʣʦʚ, ʧʨʠʨʘʱʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ ʧʨʝʚʳʰʝʥʠʡ ʥʘʭʦʜʠʣʠʩʴ ʚ ʛʨʘʥʠ-

ʮʘʭ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʠ ʙʳʣʠ ʫʚʷʟʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʚʳʯʠʩʣʝ-

ʥʳ ʢʦʦʨʜʠʥʘʪʳ ʠ ʦʪʤʝʪʢʠ ʨʝʧʝʨʦʚ ʠ ʤʘʨʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʩʝʭ 

ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ.  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʮʝʣʴʶ ʢʦʦʨʜʠʥʠʨʦʚʘ-

ʥʠʷ ʛʨʘʥʠʮ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʘʢʚʘʪʦʨʠʶ ʫʯʘʩʪʢʘ, ʚ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦ-

ʜʠʤʦ ʙʫʜʝʪ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ. ʊʦʧʦʛʨʘʬʠʯʝ-

ʩʢʘʷ ʩʲʝʤʢʘ ʚʳʧʦʣʥʝʥʘ ʤʝʪʦʜʦʤ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʢʦʛʥʦʩʮʠʨʦʚ-

ʢʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ (ʛʨʘʥʠʮʘ ʘʢʚʘʪʦʨʠʠ ʫʯʘʩʪʢʘ ʤʦʥʠʪʦʨʠʥʛʘ) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʨʳʚʠʩʪʳʡ ʙʝʨʝʛ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʫʩʪʫʧʦʤ ʚʳʩʦʪʦʡ 2,5ï3,5 ʤ, 
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ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʙʝʨʝʛʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʎʠʤʣʷʥ-

ʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʤʝʨʘʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ 

ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʠ ʦʪʤʝʪʢʠ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʝʢ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʘ ʪʘʢʞʝ 

ʦʙʲʝʢʪʳ ʩʠʪʫʘʮʠʠ (ʜʦʨʦʛʠ, ʪʨʫʙʳ, ʩʪʦʣʙʳ ʃʕʇ ʠ ʪ. ʜ.).  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʳ ʥʘ ʫʯʘʩʪʢʝ ʤʦʥʠʪʦʨʠʥʛʘ 

ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʟʘʤʝʨʳ ʛʣʫʙʠʥ. ʄʝʪʦʜʠʢʘ ʵʪʠʭ ʨʘʙʦʪ ʟʘʢʣʶʯʘʣʘʩʴ 

ʚ ʩʣʝʜʫʶʱʝʤ. ɺ ʧʦʣʝʚʦʡ ʧʣʘʥʰʝʪʥʳʡ ʢʦʤʧʴʶʪʝʨ-ʥʘʚʠʛʘʪʦʨ ʙʳʣʘ ʚʥʝʩʝʥʘ ʨʘʩʪʨʦʚʘʷ 

ʧʦʜʣʦʞʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʦʙʲʝʢʪʘ, ʝʛʦ ʛʨʘʥʠʮʘʭ, ʘ ʪʘʢʞʝ 

ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʧʨʦʤʝʨʥʳʝ ʩʪʚʦʨʳ ʩ ʰʘʛʦʤ 100 ʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ. 

ɼʘʣʝʝ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʧʦ ʥʘʚʠʛʘʪʦʨʫ, ʩ ʧʦʤʦʱʴʶ ʧʣʘʚʩʨʝʜʩʪʚʘ ʧʨʦʠʟʚʦʜʠʣʠ ʧʨʦ-

ʤʝʨʳ ʛʣʫʙʠʥ ʧʦ ʟʘʜʘʥʥʳʤ ʩʚʦʨʘʤ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʛʣʫ-

ʙʠʥ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʥʠʚʝʣʠʨʥʘʷ ʨʝʡʢʘ ʠ ʨʫʣʝʪʢʘ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ ʛʨʫʟʦʤ ʤʘʩʩʦʡ ʙʦʣʝʝ 

3 ʢʛ. ʉʲʝʤʢʘ ʫʨʝʟʘ ʚʦʜʳ (ʥʘ ʤʦʤʝʥʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ) ʚʳʧʦʣʥʷʣʘʩʴ ʥʠʚʝʣʠʨʦ-

ʚʘʥʠʝʤ ʦʪ ʟʘʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʨʘʥʝʝ ʨʝʧʝʨʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʧʦʢʦʠʪʝʣʴʥʦʛʦ ʢʦʣʦʜ-

ʮʘ. ʇʣʘʥʦʚʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ ʛʣʫʙʠʥ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ, ʘ ʪʘʢʞʝ ʜʫʙʣʠʨʦʚʘʣʦʩʴ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʦʡ 

Leica GS08plus.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʇʦʩʣʝ ʢʘʤʝʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩ-

ʣʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ ʧʣʘʥʘ ʫʯʘʩʪʢʘ ʤʦʥʠʪʦ-

ʨʠʥʛʘ. ʅʘ ʧʣʘʥ ʫʯʘʩʪʢʘ ʤʦʥʠʪʦʨʠʥʛʘ (ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ) ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʫʪʦʯʥʝʥʥʳʝ 

ʛʨʘʥʠʮʳ ʘʢʚʘʪʦʨʠʠ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʧʦʜʣʝʞʘʱʝʛʦ ʤʦʥʠʪʦʨʠʥʛʫ, ʥʦʤʝʨʘ ʛʨʘʥʠʯʥʳʭ ʪʦ-

ʯʝʢ, ʘ ʪʘʢʞʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʤʝʨʥʳʭ ʩʪʚʦʨʦʚ.  

ɼʘʣʝʝ ʚ ʛʨʘʥʠʮʘʭ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʧʦʜʣʝʞʘʱʝʛʦ ʤʦʥʠʪʦʨʠʥʛʫ, ʙʳʣʘ ʚʳʙʨʘʥʘ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ (maxh ), ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 6,11 ʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʳ (ʚ ʛʨʘʥʠʮʘʭ ʘʢʚʘʪʦʨʠʠ ʤʦʥʠʪʦʨʠʥʛʘ) ʩʨh , ʤ, 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʨʘʩʯʝʪʥʘʷ ʬʦʨʤʫʣʘ: 

08,3
6,486513

1,1496544
ʩʨ ===

S

V
h ʤ, 

ʛʜʝ V  ï ʦʙʲʝʤ, ʤ3; 

S ï ʧʣʦʱʘʜʴ, ʤ2. 

ɺʳʯʠʩʣʝʥʠʝ ʧʣʦʱʘʜʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤ (ʨʘʩʯʝʪʥʳʤ) ʩʧʦʩʦʙʦʤ (ʚ ʛʨʘʥʠʮʘʭ ʘʢʚʘʪʦ-

ʨʠʠ, ʧʦʜʣʝʞʘʱʝʡ ʤʦʥʠʪʦʨʠʥʛʫ) ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ AutoCAD Civil 3D. ɿʘ ʨʘʩʯʝʪʥʳʡ ʢʦʥʪʫʨ ʬʠʛʫʨʳ ʧʨʠʥʷʪʳ ʛʨʘ-

ʥʠʮʳ ʘʢʚʘʪʦʨʠʠ ʠ ʛʨʘʥʠʮʘ, ʧʨʦʭʦʜʷʱʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʫʨʝʟʫ ʚʦʜʳ ʥʘ ʜʘʪʫ ʠʟʤʝ-

ʨʝʥʠʡ. ʇʣʦʱʘʜʴ ʘʢʚʘʪʦʨʠʠ (ʧʦʜʣʝʞʘʱʝʡ ʤʦʥʠʪʦʨʠʥʛʫ) ʩʦʩʪʘʚʠʣʘ 0,49 ʢʤ2. 

ɺʳʯʠʩʣʝʥʠʝ ʦʙʲʝʤʘ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ (ʚ ʛʨʘʥʠʮʘʭ ʘʢʚʘʪʦʨʠʠ, ʧʦʜʣʝʞʘʱʝʡ ʤʦʥʠ-

ʪʦʨʠʥʛʫ) ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʘʥʘʣʠʪʠʯʝʩʢʠʤ (ʨʘʩʯʝʪʥʳʤ) ʩʧʦʩʦʙʦʤ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʠʤʝʥʷʣ-

ʩ̫  ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʥʠʷʤʠ ʠʟʦʙʘʪ (ʣʠʥʠʡ ʨʘʚʥʳʭ ʛʣʫʙʠʥ), ʧʦ-

ʩʪʨʦʝʥʥʳʭ ʘʧʧʘʨʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʮʠʬʨʦʚʦʡ ʢʘʨʪʳ ʚ ʩʨʝʜʝ AutoCAD Civil 3D, ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʣʦʱʘʜʠ ʩ ʰʘʛʦʤ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʚ 0,5 ʤ. ʆʙʲʝʤ ʢʘʞʜʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʬʠʛʫʨʳ (ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʚʫʤʷ ʧʣʦʩʢʦʩʪʷʤʠ, ʧʨʦ-

ʭʦʜʷʱʠʤʠ ʯʝʨʝʟ ʣʠʥʠʠ ʩʦʩʝʜʥʠʭ ʠʟʦʙʘʪ) ʚʳʯʠʩʣʷʣʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʫʤʥʦʞʝʥʠʷ ʧʦʣʫ-

ʩʫʤʤʳ ʧʣʦʱʘʜʝʡ (ʪ. ʝ. ʩʨʝʜʥʝʡ ʧʣʦʱʘʜʠ) ʥʘ ʚʳʩʦʪʫ ʬʠʛʫʨʳ (ʪ. ʝ. ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʥʠʤʠ, ʨʘʚʥʦʝ 0,5 ʤ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʫʤʤʠʨʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʣʦʱʘʜʝʡ ʙʳʣ ʦʧʨʝ-

ʜʝʣʝʥ ʦʙʲʝʤ ʘʢʚʘʪʦʨʠʠ (ʧʦʜʣʝʞʘʱʝʡ ʤʦʥʠʪʦʨʠʥʛʫ), ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 1496,5 ʪʳʩ. ʤ3. 

ɼʣʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʙʘʪʠʛʨʘ-

ʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʦʚʥʶ ʚʦʜʳ ʥʘʜ ç0è ʛʨʘʬʠʢʘ ʥʘ ʤʦʤʝʥʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ (ʨʠʩʫʥʦʢ 2). 
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ʈʠʩʫʥʦʢ 2 ï ɹʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ɺʳʚʦʜʳ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʝʜ-

ʧʠʩʘʥʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠ ʩʦʙʩʪʚʝʥʥʠʢʘʤ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜ-

ʩʪʚʦʚʘʪʴʩʷ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʧʨʘʚʦʚʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. 

ʆʨʛʘʥʠʟʘʮʠʷ ʣʦʢʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʠʤʝʥʥʦ ʚʦʜʦʝʤʦʚ, ʩʦ-

ʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʵʪʘʧʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ. ʅʘ ʧʝʨʚʦʤ (ʢʣʶʯʝʚʦʤ ʵʪʘʧʝ) 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʠ ʟʘʢʨʝʧʣʷʶʪʩʷ ʥʘ ʤʝʩʪʥʦʩʪʠ ʛʨʘʥʠʮʳ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʷʪʩʷ ʨʝʛʫʣʷʨʥʳʝ (ʝʞʝʢʚʘʨ-

ʪʘʣʴʥʳʝ) ʥʘʙʣʶʜʝʥʠʷ ʠ ʟʘʤʝʨʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʟʠʮʠʷʤʠ ʬʦʨʤʳ 6.1, ʫʪʚʝʨʞʜʝʥʥʦʡ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ɺ ʭʦʜʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʘʤʝʨʘʣʴʥʳʭ ʨʘʙʦʪ ʚ ʩʠʩʪʝʤʝ ɻʀʉ ʥʘʤʠ ʙʳʣʠ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʠ ʣʦʮʤʘʥʩʢʠʭ ʢʘʨʪ ʜʘʥ-

ʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʣʦʞʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʰʣʳʭ ʣʝʪ 

ʥʘ ʩʦʚʨʝʤʝʥʥʫʶ ʦʩʥʦʚʫ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʛʣʦʙʘʣʴʥʳʝ ʤʘʩʰʪʘʙʳ ʧʝʨʝʨʘʙʦʪʢʠ ʙʝʨʝʛʦ-

ʚʦʡ ʣʠʥʠʠ. ʊʘʢ, ʟʘ ʧʝʨʠʦʜ ʧʦʨʷʜʢʘ 20 ʣʝʪ ʧʝʨʝʨʘʙʦʪʢʝ ʧʦʜʚʝʨʛʣʘʩʴ ʙʝʨʝʛʦʚʘʷ ʧʦʣʦʩʘ 

ʰʠʨʠʥʦʡ ʦʢʦʣʦ 150 ʤ. ɻʣʫʙʠʥʳ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʠʣʠʩʴ ʤʝʩʪʘʤʠ ʜʦ 8 ʤ. ʕʪʠ ʜʘʥʥʳʝ ʤʦ-

ʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʣʦʞʘ ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦ-

ʭʨʘʥʠʣʠʱʘ ʚ ʮʝʣʦʤ.  

ʋʧʦʨʷʜʦʯʝʥʥʳʡ ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʣʦʢʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢ-

ʪʦʚ ʚ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ ɻʀʉ ʥʘ ʫʨʦʚʥʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦʟʚʦʣʠʪ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʧʨʦʮʝʩʩʳ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʨʘʟʨʘ-

ʙʘʪʳʚʘʪʴ ʩʠʩʪʝʤʫ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʥʝʜʦʧʫʱʝʥʠʶ ʠ ʣʠʢʚʠʜʘʮʠʠ ʪʘʢʠʭ ʧʨʦʷʚʣʝʥʠʡ. 

ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʵʪʦ ʠ ʝʩʪʴ ʢʦʥʝʯʥʘʷ ʮʝʣʴ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʙʫʜʫʪ ʫʯʪʝʥʳ ʠʥʪʝʨʝʩʳ ʢʘʢ ʩʘʤʠʭ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʘʢ ʠ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ 

ʥʘ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʚ ʮʝʣʦʤ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1 ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʬʦʨʤ ʠ ʧʦʨʷʜʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʚʝʜʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʬʝʜʝʨʘʣʴʥʳʤʠ ʦʨʛʘ-

ʥʘʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ, ʩʦʙʩʪʚʝʥʥʠʢʘʤʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʷʤʠ: 

ʇʨʠʢʘʟ ʄʇʈ ʦʪ 6 ʬʝʚʨʘʣʷ 2008 ʛ. ˉ 30 // ɻʘʨʘʥʪ ʕʢʩʧʝʨʪ 2018 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 

ʅʇʇ çɻʘʨʘʥʪ-ʉʝʨʚʠʩè, 2018. 

2 ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʦʣʦʞʝʥʠʷ ʦʙ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ: ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 10 ʘʧʨʝʣʷ 2007 ʛ. ˉ 219 // ɻʘ-

ʨʘʥʪ ʕʢʩʧʝʨʪ 2018 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʅʇʇ çɻʘʨʘʥʪ-ʉʝʨʚʠʩè, 2018. 

3 ʆʙ ʦʙʝʩʧʝʯʝʥʠʠ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ: ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 26 ʠʶʥʷ 2008 ʛ. 

 ̄102-ʌɿ: ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 13 ʠʶʣʷ 2015 ʛ. // ɻʘʨʘʥʪ ʕʢʩʧʝʨʪ 2018 [ʕʣʝʢʪʨʦʥʥʳʡ  

ʨʝʩʫʨʩ]. ï ʅʇʇ çɻʘʨʘʥʪ-ʉʝʨʚʠʩè, 2018. 

4 ʅʘʩʪʘʚʣʝʥʠʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘʥʮʠʷʤ ʠ ʧʦʩʪʘʤ. ɺʳʧ. 7. ʏ. 1. ɻʠʜ-

ʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʦʟʝʨʘʭ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ. ï ʃ.: ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 

1973. ï 476 ʩ. 
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5 ʀʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ: ʉʇ 11-104-97: ʫʪʚ. 

ɻʦʩʩʪʨʦʝʤ ʈʦʩʩʠʠ 14.10.97: ʚʚʝʜ. ʚ ʜʝʡʩʪʚʠʝ ʩ 01.01.98 // ʀʉ çʊʝʭʵʢʩʧʝʨʪ: 6 ʧʦʢʦʣʝʥʠʝè 

ʀʥʪʨʘʥʝʪ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʂʦʜʝʢʩ ʖʛ, 2018. 

6 ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʝ ʚ ʤʘʩʰʪʘʙʘʭ 1:5000, 1:2000, 1:1000 ʠ 

1:500: ɻʂʀʅʇ-02-033-83: ʫʪʚ. ɻʣ. ʫʧʨ. ʛʝʦʜʝʟʠʠ ʠ ʢʘʨʪʦʛʨʘʬʠʠ ʧʨʠ ʉʦʚʝʪʝ ʄʠʥʠʩʪʨʦʚ 
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ʩʫʨʩ]. ï ʅʇʇ çɻʘʨʘʥʪ-ʉʝʨʚʠʩè, 2018. 

7 ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʥʠʚʝʣʠʨʦʚʘʥʠʶ I, II, III, IV ʢʣʘʩʩʦʚ: ɻʂʀʅʇ (ɻʅʊɸ)-03-010-02: 
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8 ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʨʘʟʚʠʪʠʶ ʩʲʝʤʦʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʩʲʝʤʢʝ ʩʠʪʫʘʮʠʠ ʠ ʨʝʣʴʝ-

ʬʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ ɻʃʆʅɸʉʉ ʠ GPS: 
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ʅʇʇ çɻʘʨʘʥʪ-ʉʝʨʚʠʩè, 2018. 

9 ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʨʘʚʠʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦ-
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ʖ. ɻ. ɿʣʦʜʝʝʚ, ɻ. ʍ. ʗʣʘʣʦʚʘ 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʠʜʨʦʪʝʭʥʠʢʠ ʠ ʤʝʣʠʦʨʘʮʠʠ 

ʠʤʝʥʠ ɸ. ʅ. ʂʦʩʪʷʢʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʆʇʓʊʅɸʗ ʕʂʉʇʃʋɸʊɸʎʀʗ ʎʀʌʈʆɺʆʁ ʊɽʍʅʆʃʆɻʀʀ ʇʆɼɼɽʈɾʂʀ 

ʋʇʈɸɺʃɽʅʀʗ ɺʆɼʆʈɸʉʇʈɽɼɽʃɽʅʀɽʄ ʅɸ ʆʈʆʐɽʅʀʀ 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʨʦʩʪ ʜʝʡʩʪʚʝʥʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʧʦ ʚʦʜʦʧʦʣʴʟʦ-

ʚʘʥʠʶ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʩʣʫʞʙʳ ʧʫʪʝʤ ʘʚʪʦʤʘʪʠ-

ʟʘʮʠʠ ʨʘʩʯʝʪʦʚ ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʜʫʨ ʠ ʦʧʝʨʘʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ 

ʚʦʟʨʘʩʪʘʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʜʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʦʨʦʰʝʥʠʠ. ɺʳʧʦʣʥʝ-

ʥʘ ʦʧʳʪʥʘʷ ʘʧʨʦʙʘʮʠʷ ʮʠʬʨʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʤʦʱʠ ʜʠʩʧʝʪʯʝʨʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʥʘ 

ʤʝʞʩʠʩʪʝʤʥʦʝ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʩʦʦʨʫʞʝʥʠʷʭ, ʧʦʜʢʦʤʘʥʜʥʳʭ ʌɻɹʋ çʋʧʨʘʚʣʝʥʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʂʫʤʩʢʠʭ ʛʠʜʨʦʫʟʣʦʚ ʠ ʏʦʛʨʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘè (ʌɻɹʋ çʋʕʂɻ ʠ ʏɺè). 

ʆʧʨʝʜʝʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ, ʪʘʢʪʠʯʝʩʢʦʛʦ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʜʣʷ ʧʦʣʠʚʘ ʘʛʨʦʮʝʥʦʟʦʚ. ʇʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʳʪʥʦʛʦ ʧʨʠ-

ʤʝʥʝʥʠʷ ʮʠʬʨʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʚʦʜʳ ʥʘ 0,2, ʨʦʩʪʦʤ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʨʫʜʘ ʥʘ 20 %, ʧʦʚʳʰʝʥʠʝʤ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ ʥʘ 30 %. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʦʧʳʪʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ, ʚʦʜʦʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ, ʜʠʩʧʝʪʯʝʨʩʢʘʷ ʩʣʫʞʙʘ, ʫʧʨʘʚʣʝʥʠʝ, ʧʦʜʜʝʨʞʢʘ ʨʝʰʝʥʠʷ, ʦʨʦʰʝʥʠʝ. 
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EXPERIMENTAL OPERATION OF DIGITAL TECHNOLOGY FOR WATER 

DISTRIBUTIO N CONTROL SUPPORT AT IRRIGATION  

The purpose of the research is to increase the effectiveness of decisions taken on water 

use and improve the working conditions of the dispatching service by automating calculations 
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and applying procedures and operations that meet the current increasing requirements for 

water distribution in irrigation. The experimental testing of digital technology for assisting 

dispatching impacts on intersystem water use at constructions subordinated to the FGBU 

ñOperation Management of the Kumskiy Hydraulic Work and the Chograi Reservoirò 

(FGBU ñUECG and FVò) was done. The indicators of operational reliability of technology 

for the processes of strategic, tactical and operational forecasting and regulation of water use 

for irrigation of agrocenoses are determined. The indicators of the effectiveness of experi-

mental application of digital technology are determined by the increase of water use factor by 

0.2, an increase in the degree of labor automation by 20 %, an increase in the productivity of 

the latter by 30 %. 

Key words: digital technology, experimental operation, water distribution, dispatching 

service, management, decision support, irrigation.  

ɺʚʝʜʝʥʠʝ. ʂ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʘʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʥʘ ʦʙʲʝʢ-

ʪʘʭ ʦʨʦʰʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʤʝʞʩʠʩʪʝʤʥʦʝ, ʤʝʞʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠ ʚʥʫʪʨʠʭʦʟʷʡʩʪʚʝʥʥʦʝ ʚʦ-

ʜʦʧʦʣʴʟʦʚʘʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʚʦʜʦʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʚʦʜʳ ʚʦ ʚʩʝʭ ʟʚʝ-

ʥʴʷʭ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ [1ï4]. 

ʂʦʦʨʜʠʥʘʮʠʷ ʠ ʚʟʘʠʤʥʘʷ ʫʚʷʟʢʘ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʝʞʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʚʦʜʦ-

ʧʦʣʴʟʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʝʜʠʥʦʡ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʩʠʩʪʝʤʦʡ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʚʦʜʦʧʦʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʫʯʝʪʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ 

ʙʳʩʪʨʦ ʩʤʝʥʷʶʱʠʭʩʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʙʲʝʢʪʫ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʩʪʫʧʘʶʱʠʭ ʣʠʮʫ, ʧʨʠʥʠʤʘ-

ʶʱʝʤʫ ʨʝʰʝʥʠʝ (ʃʇʈ).  

ʅʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʠʟʤʝʥʠʚʰʠʭʩʷ ʨʝʘʣʠʷʭ ʭʦ-

ʟʷʡʩʪʚʦʚʘʥʠʷ ʠ ʩʪʘʥʦʚʣʝʥʠʷ ʯʘʩʪʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʟʝʤʣʶ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʩʦʟʜʘʥʠʠ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʘʧʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʚʦʜʦʧʦʣʴ-

ʟʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʜʦʧʦʜʘʯʠ; ʢʦʥʪʨʦʣʷ; ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʤʦʱʠ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʦ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠ-

ʷʭ; ʘʥʘʣʠʟʘ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʪ. ʧ. [5ï12]. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʠʬʨʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʝʞʩʠʩʪʝʤʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

(ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʥʘ ʕɺʄ ˉ 2016616695) 

ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʌɻɹʅʋ çɺʅʀʀɻʠʄ ʠʤ. ɸ. ʅ. ʂʦʩʪʷʢʦʚʘè 

ʚ ʩʦʩʪʘʚʝ ʨʘʙʦʪ ʧʦ ʧʣʘʥʫ ʅʀʈ, ʫʪʚʝʨʞʜʝʥʥʦʤʫ ʌʝʜʝʨʘʣʴʥʳʤ ʘʛʝʥʪʩʪʚʦʤ ʥʘʫʯʥʳʭ ʦʙʨʘ-

ʟʦʚʘʥʠʡ ʥʘ 2011ï2017 ʛʛ. [6]. 

ʄʝʪʦʜʦʣʦʛʠʷ ʩʦʟʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʜʦʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʥʘ ʤʝʞʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʦʩʥʦʚʘʥʘ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʦʥʮʝʧʮʠʠ ʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʡ ʫʯʝʪ ʩʠʥʝʨʛʠʟʤʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʜʠʪʴ, ʦʮʝʥʠʚʘʪʴ ʠ 

ʩʨʘʚʥʠʚʘʪʴ ʯʘʩʪʦ ʩʦʚʩʝʤ ʥʝ ʦʜʥʦʟʥʘʯʥʳʝ ʧʦ ʩʚʦʝʡ ʜʝʡʩʪʚʝʥʥʦʩʪʠ ʚʘʨʠʘʥʪʳ ʫʧʨʘʚʣʝʥ-

ʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʇʨʠʦʨʠʪʝʪʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʤʦʜʝʣʷʤ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʥʠʤʫʤʘ ʤʝ-

ʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʠ ʥʝʜʦʧʫʩʪʠʤʦʛʦ ʠʩʢʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʝʝ ʘʥʘʣʠʟʝ, 

ʘʛʨʝʛʠʨʦʚʘʥʠʠ ʠ ʠʥʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʆʧʳʪʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʳʧʦʣʥʷʣʦʩʴ ʆʆʆ çʉʝʚʢʘʚʛʠʧʨʦʚʦʜ-

ʭʦʟè ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʳʭ ʋʧʨʘʚʣʝʥʠʶ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʂʫʤʩʢʠʭ ʛʠʜʨʦʫʟʣʦʚ ʠ ʏʦʛʨʘʡʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʌɻɹʋ çʋʕʂɻ ʠ ʏɺè). 

ʉʪʨʫʢʪʫʨʫ ʦʙʲʝʢʪʦʚ ʌɻɹʋ çʋʕʂɻ ʠ ʏɺè, ʜʠʩʣʦʮʠʨʫʶʱʝʛʦʩʷ ʚ ʉʪʘʚʨʦʧʦʣʴʩʢʦʤ ʢʨʘʝ 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʩʦʩʪʘʚʣʷʶʪ ʃʝʚʦʢʫʤʩʢʠʡ, ɸʨʪʝʟʠʘʥʩʢʠʡ, ʏʦʛʨʘʡʩʢʠʡ ʠ 

ʆʪʢʘʟʥʝʥʩʢʠʡ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʯʘʩʪʢʠ, ʢʦʪʦʨʳʝ ʟʘʙʠʨʘʶʪ ʚʦʜʫ ʠʟ ʨ. ʂʫʤʳ, ʊʝʨʩʢʦ-

ʂʫʤʩʢʦʛʦ ʠ ʂʫʤʦ-ʄʘʥʳʯʩʢʦʛʦ ʢʘʥʘʣʦʚ, ʂʫʤʩʢʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʝʝ ʧʦʜʘ-

ʯʫ ʜʣʷ ʧʦʣʠʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ, ʟʘʥʠʤʘʶʱʠʭ ʧʣʦʱʘʜʴ 65,326 ʪʳʩ. ʛʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʨʝʘ-

ʣʠʟʦʚʘʥʥʦʝ ʚ ʩʦʩʪʘʚʝ ʘʧʨʦʙʠʨʫʝʤʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ 

ʟʘʜʘʯʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʦʪʨʝʙʥʦʩʪʴ ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʚʦʜʥʳʭ ʨʝʩʫʨʩʘʭ ʠ ʢʦʨʨʝʢʪʠ-
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ʨʦʚʢʫ ʟʘʧʨʘʰʠʚʘʝʤʳʭ ʦʙʲʝʤʦʚ ʚʦʜʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʝʟʦʥʥʦʛʦ 

(ʥʘ ʚʝʛʝʪʘʮʠʶ ʠ ʤʝʞʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ) ʣʠʤʠʪʘ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤ-

ʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʥʦʚ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ  

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʥʦʚ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʥʦʚ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝ-

ʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʜʫʨ: 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʙʢʠʭ ʙʘʟ ʜʘʥʥʳʭ ʦ ʧʦʪʨʝʙʠʪʝʣʷʭ ʚʦʜʳ; 

- ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʧʦʩʪʫʧʣʝʥʠʷ ʟʘʷʚʦʢ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ; 

- ʚʳʧʦʣʥʝʥʠʝ ʙʘʣʘʥʩʦʚʳʭ ʨʘʩʯʝʪʦʚ ʧʦ ʚʦʜʦʨʘʩʧʨʝʜʝʣʝʥʠʶ; 

- ʥʘʧʦʣʥʝʥʠʝ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʚʦʜʦʟʘʙʦʨʝ ʠ ʚʦʜʦ-

ʧʦʜʘʯʝ; 

- ʧʦʜʛʦʪʦʚʢʫ ʦʪʯʝʪʦʚ ʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʜʠʬʬʝʨʝʥʮʠ-

ʨʦʚʘʥʥʳʭ ʧʦ ʜʥʷʤ ʦʪʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ, ʚʦʜʦʧʦʪʨʝʙʠʪʝʣʷʤ ʠ ʚʦʜʦʠʩʪʦʯʥʠʢʘʤ. 

ɿʘʜʘʯʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʦʜʦʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʟʘ ʨʘʙʦʪʦʡ ʤʝʞʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʢʘʥʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ, ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʚʳʧʦʣʥʝʥʠʝ ʧʣʘʥʘ ʚʦʜʦ-

ʧʦʣʴʟʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 2). 

ʄʦʜʝʣʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʜʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʪʠʚʥʳʡ 

ʘʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʤʝʶʱʠʭʩʷ ʦʙʲʝʤʦʚ ʚʦʜʳ ʪʨʝʙʫʶʱʠʤʩʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʨʝʘʣʠʟʘʮʠʶ ʠʭ ʩʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʷʤ ʦʮʝʥʢʠ ʜʝʡʩʪʚʝʥʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʤ ʚʦʧʨʦʩʦʤ ʘʧʨʦʙʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʌɻɹʋ çʋʕʂɻ ʠ 

ʏɺè ʩʪʘʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʭʝʤʳ ʚʦʜʦʚʳʜʝʣʦʚ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʬʘʢ-

ʪʠʯʝʩʢʠʭ ɻʊʉ ï ʚʦʜʦʚʳʜʝʣʦʚ ʌɻɹʋ çʋʕʂɻ ʠ ʏɺè ʚ ʧʣʘʥʝ (ʨʠʩʫʥʦʢ 3). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʭʝʤʳ ʚʦʜʦʚʳʜʝʣʦʚ ʦʨʛʘʥʠʟʦʚʘʥʦ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠ-

ʤʝ ʧʨʠ ʧʦʤʦʱʠ ʠʥʪʝʨʬʝʡʩʘ ʉʋɹɼ Access ʥʘ ʵʪʘʧʝ ʥʘʩʪʨʦʡʢʠ ʙʘʟʦʚʦʡ ʢʦʤʧʣʝʢʪʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʚʦʜʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʘʙʣʠʮ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʨʤʘ çʫʟʣʦʚè ï ʚʦʜʦʚʳʜʝʣʦʚ (ʨʠʩʫʥʦʢ 4). 
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ʈʠʩʫʥʦʢ 2 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ  

ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʦʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

 

ʈʠʩʫʥʦʢ 3 ï ʌʨʘʛʤʝʥʪ ʩʠʪʫʘʮʠʦʥʥʦʡ ʩʭʝʤʳ  

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʌɻɹʋ çʋʕʂɻ ʠ ʏɺè 
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ʈʠʩʫʥʦʢ 4 ï ʌʦʨʤʘ ʜʣʷ ʚʚʦʜʘ çʫʟʣʦʚè ï ʚʦʜʦʚʳʜʝʣʦʚ 

ɸʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʭʝʤʳ ʚʦʜʦʚʳʜʝʣʦʚ ʚʢʣʶʯʘʝʪ: 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʨʠʮʳ çʫʟʣʦʚè (ʚʦʜʦʚʳʜʝʣʦʚ); 

- ʨʘʟʨʘʙʦʪʢʫ ʪʘʙʣʠʮʳ ʢʘʥʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʪʨʠʮʳ çʫʟʣʦʚè (ʪʦʯʝʢ ʚʳʜʝʣʘ ʚʦʜʳ) ʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʘʥʘʣʝ, ʪʨʝʙʫʶʱʝʡʩʷ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʜʘʯʠ ʚʦʜʳ (ʚʨʝʤʝʥʠ ʜʦʙʝʛʘ-

ʥʠʷ ʚʦʜʳ ʦʪ ʚʦʜʦʟʘʙʦʨʘ ʚ ʢʘʥʘʣ ʜʦ ʚʦʜʦʚʳʜʝʣʘ ʧʦʪʨʝʙʠʪʝʣʶ ʠ ʂʇɼ). 

ɹʘʟʘ ʜʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʦʡ ʮʠʬʨʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʤʘ-

ʪʝʨʠʘʣʳ ʦ ʚʦʜʦʚʳʜʝʣʘʭ ʠ ʩʦʦʨʫʞʝʥʠʷʭ, ʥʘʤʝʯʘʝʤʦʤ ʚʦʜʦʟʘʙʦʨʝ ʠ ʚʦʜʦʧʦʜʘʯʝ ʩʦʦʨʫʞʝ-

ʥʠʡ ï ʚʦʜʦʚʳʜʝʣʦʚ, ʘ ʪʘʢʞʝ ʵʢʩʧʨʝʩʩ-ʠʥʬʦʨʤʘʮʠʶ, ʧʦʩʪʫʧʘʶʱʫʶ ʚ ʜʠʩʧʝʪʯʝʨʩʢʫʶ 

ʩʣʫʞʙʫ ʦʪ ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʳʭ ʫʯʘʩʪʢʦʚ. 

ʀʩʪʦʯʥʠʢʦʤ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʣʫʞʘʪ: 

- ʜʘʥʥʳʝ ʦ ʬʘʢʪʠʯʝʩʢʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʚʦʜʳ ʢ ʛʠʜʨʦʫʟʣʫ; 

- ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʧʨʠʪʦʢ ʚʦʜʳ ʢ ʛʠʜʨʦʫʟʣʫ; 

- ʩʚʝʜʝʥʠʷ ʦ ʨʘʟʙʦʨʝ ʚʦʜʳ; 

- ʦʙʲʝʤʳ ʧʦʜʘʯʠ ʚʦʜʳ ʚ ʪʦʯʢʠ ʚʳʜʝʣʘ ʧʦʪʨʝʙʠʪʝʣʶ; 

- ʧʨʦʝʢʪʥʳʝ ʜʦʢʫʤʝʥʪʳ ʠ ʧʘʩʧʦʨʪʘ ɻʊʉ. 

ʎʠʬʨʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʨʦʮʝʜʫʨʳ: 

- ʭʨʘʥʝʥʠʷ, ʧʦʠʩʢʘ ʠ ʧʨʦʩʤʦʪʨʘ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

- ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʜʘʥʥʳʭ, ʫʩʪʘʥʦʚʣʝʥʠʷ ʙʘʣʘʥʩʦʚ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʧʦ ʌɻɹʋ 

çʋʕʂɻ ʠ ʏɺè; 

- ʨʘʩʯʝʪʘ ʟʘʙʦʨʘ ʠ ʧʦʜʘʯʠ ʚʦʜʳ ʧʦ ʦʙʲʝʢʪʘʤ ʌɻɹʋ çʋʕʂɻ ʠ ʏɺè; 

- ʩʦʟʜʘʥʠʷ ʘʨʭʠʚʦʚ ʜʘʥʥʳʭ ʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʙʦʪʳ ʩ ʥʠʤʠ; 

- ʚʳʜʘʯʠ ʦʪʯʝʪʦʚ ʧʦ ʪʨʝʙʦʚʘʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʥʪʝʨʬʝʡʩʘ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʘ ʬʦʨʤʘ 

ʜʣʷ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʧʨʠʪʦʢʝ ʧʦ ʃʝʚʦʢʫʤʩʢʦʤʫ ʛʠʜʨʦʫʟʣʫ. ʇʨʠʤʝʨ ʚʳʭʦʜʥʦʛʦ 

ʜʦʢʫʤʝʥʪʘ ʧʨʠʚʦʜʠʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 6. 

ɺ ʩʦʩʪʘʚʝ ʨʘʙʦʪʳ ʧʦ ʘʜʘʧʪʘʮʠʠ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʮʠʬʨʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʦʨʦʰʝʥʠʠ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳ 

ʥʘ ʛʠʜʨʦʫʟʣʘʭ-ʚʦʜʦʚʳʜʝʣʘʭ, ʧʦʢʦʤʘʥʜʥʳʭ ʌɻɹʋ çʋʕʂɻ ʠ ʏɺè, ʧʨʦʚʝʨʷʣʠʩʴ ʩʣʝʜʫʶ-

ʱʠʝ ʨʝʞʠʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ: 
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- ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʦʜʦʧʦʜʘʯʠ ʧʦ ʫʟʣʘʤ-ʚʦʜʦʚʳʜʝʣʘʤ, ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠ 

ʧʦ ʤʝʞʩʠʩʪʝʤʥʦʤʫ ʛʠʜʨʦʫʟʣʫ ʚ ʮʝʣʦʤ; 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʙ ʫʨʦʚʥʷʭ ʚʦʜʳ ʚ ʧʦʜ-

ʢʦʤʘʥʜʥʳʭ ʚʦʜʦʪʦʢʘʭ ʠ ʚʦʜʦʝʤʘʭ, ʨʘʩʭʦʜʘʭ ʠ ʦʙʲʝʤʘʭ ʧʦʜʘʯʠ ʚʦʜʳ ʛʠʜʨʦʫʟʣʘʤʠ ʠ ʪ. ʜ.; 

- ʦʮʝʥʢʘ ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʪʝʢʫʱʝʛʦ ʧʝʨʠʦʜʘ 

ʠ (ʠʣʠ) ʘʥʘʣʠʟ ʧʦʩʪʩʝʟʦʥʥʦʡ ʩʠʪʫʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 5 ï ʌʦʨʤʘ ʜʣʷ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦ ʧʨʠʪʦʢʝ  

ʢ ʃʝʚʦʢʫʤʩʢʦʤʫ ʛʠʜʨʦʫʟʣʫ 

 

ʈʠʩʫʥʦʢ 6 ï ʇʨʠʤʝʨ ʚʳʭʦʜʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʦ ʟʘʙʦʨʝ ʚʦʜʳ  

ʚ ʪʦʯʢʘʭ ʚʦʜʦʚʳʜʝʣʘ ʃʝʚʦʢʫʤʩʢʦʛʦ ʫʯʘʩʪʢʘ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʚʝʨʢʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʤ-

ʧʣʝʢʩʥʦʡ ʮʠʬʨʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʜʦʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

- ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʥʝʜʨʷʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʦʚʘʥʠʷʤ ʜʝʡʩʪʚʫʶʱʝʡ ʥʦʨ-

ʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʜʣʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʬʝʨʳ ʤʝʣʠʦʨʘʮʠʠ [12ï16]; 
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- ʚʳʷʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚʩʝʭ ʥʦʨʤʘʪʠʚʥʦ-ʜʠʨʝʢʪʠʚʥʳʭ, ʦʧʝʨʘʪʠʚʥʳʭ 

ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ [6, 15, 17ï20], ʪʨʝʙʫʶʱʠʭʩʷ ʩʣʫʞʙʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ; 

- ʦʧʨʝʜʝʣʝʥʳ ʜʝʡʩʪʚʝʥʥʦʩʪʴ ʧʨʠʥʷʪʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʪʝʭʥʦʣʦʛʠʠ, ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʧʦʣʥʦʪʳ ʠ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʙʘʟʳ ʜʘʥʥʳʭ; 

- ʨʘʩʩʯʠʪʘʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʘʧʨʦʙʠʨʫʝʤʦʡ ʮʠʬʨʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ; 

- ʦʪʨʘʙʦʪʘʥʳ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʦʧʝʨʘʮʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘ ʤʝʞʩʠʩʪʝʤʥʳʭ ʛʠʜʨʦʫʟʣʘʭ. 

ɺʳʧʦʣʥʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʤʦʜʝʣʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʘʢʪʠʢʝ ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʩʣʫʞʙʳ ʌɻɹʋ 

çʋʕʂɻ ʠ ʏɺè ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʥʠʤʘʝʤʳʝ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʠ 

ʥʘʜʝʞʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘ ʧʦʣʠʚʘʝʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʴʷʭ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʣʴʥʳʭ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʜʦʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ, ʘʜʘʧʪʠʨʦʚʘʥʥʦʡ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʞʩʠʩʪʝʤʥʳʭ ʂʫʤʩʢʠʭ ʛʠʜʨʦʫʟʣʦʚ, ʩʦʩʪʘʚʠʣʠ: 

- ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʥʘ 0,2; 

- ʫʚʝʣʠʯʝʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʨʫʜʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘ 20 ʠ 30 % ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. 

ɺʳʚʦʜʳ. ɺʥʝʜʨʝʥʠʝ ʠ ʦʧʳʪʥʦʝ ʘʧʨʦʙʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʤʦʱʠ ʜʠʩʧʝʪʯʝʨ-

ʩʢʠʤ ʨʝʰʝʥʠʷʤ ʧʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʶ ʥʘ ʤʝʞʩʠʩʪʝʤʥʦʤ ʛʠʜʨʦʫʟʣʝ ʌɻɹʋ çʋʕʂɻ ʠ ʏɺè 

ʧʦʜʪʚʝʨʜʠʣʠ ʙʝʟʫʩʣʦʚʥʫʶ ʜʝʡʩʪʚʝʥʥʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʚ ʧʨʦʮʝʜʫʨʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝʤ. 
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ɸ. ʉ. ʂʘʧʫʩʪʷʥ 

ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʉʆʉʊʆʗʅʀɽ ʄɽʃʀʆʈɸʊʀɺʅʆʁ ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ  

ʅɸ ɺʆɼʅʓʍ ʆɹʒɽʂʊɸʍ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʠʥʬʨʘʩʪʨʫʢ-
ʪʫʨʳ ʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ. ʋʩʧʝʰʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠ-
ʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʘ 2013ï2020 ʛʛ. ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʦʮʝʥʢʦʡ ʪʝʭʥʠʯʝʩʢʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 
ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʚʝʜʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʝʩʪʨʘ ʙʳʣʠ ʩʦ-
ʙʨʘʥʳ ʩʚʝʜʝʥʠʷ ʦ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ ʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ. ʅʘ ʙʘʣʘʥʩʝ ʫ ʚʦ-
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ʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʜʝʧʘʨʪʘʤʝʥʪʘ ʤʝʣʠʦʨʘʮʠʠ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ, ʧʦ ʜʘʥ-
ʥʳʤ ʟʘ 2017 ʛ., ʥʘʭʦʜʠʪʩʷ 1689 ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, 14327 ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 
ʩʦʦʨʫʞʝʥʠʡ, 3666 ʢʘʥʘʣʦʚ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʳʰʝ 1 ʤ3/ʩ ʠ 849 ʦʪʜʝʣʴʥʦ ʨʘʩ-
ʧʦʣʦʞʝʥʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. ʀʟʥʦʩ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʬʦʥʜʘ ʚ ʛʨʫʧʧʝ 
ʦʪ 51 ʜʦ 100 % ʩʦʩʪʘʚʣʷʝʪ 75ï85 %. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʣʠʦʨʘʪʠʚʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʢʣʘʩʩ 
ʦʧʘʩʥʦʩʪʠ, ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ, ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʢʘʥʘʣʳ, 
ʦʪʜʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ. 
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THE STATE OF RECLAMATION INFRASTRUCTURE ON WATE R OBJECTS 

The purpose of the research was to study the state of the reclamation infrastructure on 
water bodies. Successful implementation of the State Program for the development of agricul-
ture for 2013ï2020 is inextricably linked with the assessment of technical condition of the 
land reclamation complex facilities. In the course of implementation of the state monitoring of 
water bodies and the maintenance of the state water registry, information on land-
reclamation structures on water bodies was collected. According to the data for 2017, the bal-
ance of water management organizations of the Department of Land Reclamation of the Minis-
try of Agriculture of Russia contains 1.689 hydro-reclamation systems, 14.327 hydraulic struc-
tures, 3.666 canals with a capacity of over 1 m3 per s and 849 separately located hydraulic 
structures. Depreciation of the reclamation fund in the group from 51 to 100 % is 75ï85 %. 

Key words: reclamation infrastructure, water bodies, hazard class, hydro-reclamation 
systems, hydraulic structures, canals, separately located hydraulic structures.  

ʆʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 
ʥʘ 2013ï2020 ʛʛ. ï ʨʘʟʚʠʪʠʝ ʤʝʣʠʦʨʘʮʠʠ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʫ-
ʪʝʤ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ 88 ʦʙʲʝʢʪʦʚ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʢʦʤ-
ʧʣʝʢʩʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ [1]. 

ʋʩʧʝʰʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʥʝʨʘʟʨʳʚʥʦ 
ʩʚʷʟʘʥʦ ʩ ʦʮʝʥʢʦʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʦʦʨʫʞʝʥʠʡ, 
ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʤʝʣʠʦʨʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ, ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ (ɻʊʉ) ʠ 
ʢʘʥʘʣʳ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [2]. 

ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ɻʄɺʆ) ʠ 
ʚʝʜʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʝʩʪʨʘ (ɻɺʈ) ʙʳʣʠ ʩʦʙʨʘʥʳ ʩʚʝʜʝʥʠʷ ʦ ʛʦʩʫʜʘʨ-
ʩʪʚʝʥʥʳʭ ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ (ɻʄʉ), ʢʘʥʘʣʘʭ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 
ʩʚʳʰʝ 1 ʤ3/ʩ ʠ ʦʪʜʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ɻʊʉ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʚ 2017 ʛ. ʥʘ ʙʘʣʘʥʩʝ ʫ ʬʝʜʝʨʘʣʴʥʳʭ 
ʙʶʜʞʝʪʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʜʝʧʘʨʪʘʤʝʥʪʘ ʤʝʣʠʦʨʘʮʠʠ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ ʥʘʭʦʜʠʣʦʩʴ 
1689 ɻʄʉ, 5666 ʢʘʥʘʣʦʚ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʳʰʝ 1 ʤ3/ʩ ʠ 849 ʦʪʜʝʣʴʥʦ ʨʘʩʧʦ-
ʣʦʞʝʥʥʳʭ ɻʊʉ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ɻʄʉ ʧʨʝʜʩʪʘʚʣʝʥʳ 690 ʦʨʦʩʠʪʝʣʴʥʳʤʠ, 928 ʦʩʫʰʠʪʝʣʴʥʳʤʠ ʠ 
65 ʩʠʩʪʝʤʘʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ɻʄʉ ʧʦ ʪʠʧʘʤ ʧʨʠʚʝʜʝʥʦ 
ʚ ʪʘʙʣʠʮʝ 1. ʀʟ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʦʪʥʦʩʠʪʩʷ ʢ ʦʩʫʰʠʪʝʣʴ-
ʥʳʤ (928) ʠ ʦʨʦʩʠʪʝʣʴʥʳʤ (690) ʩʠʩʪʝʤʘʤ. 

ɻʄʉ ʚʢʣʶʯʘʶʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ 15176 ɻʊʉ (ʚʢʣʶʯʘʷ ʦʪʜʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ 
ɻʊʉ), ʢʦʪʦʨʳʝ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ï 
11975, ʵʥʝʨʛʝʪʠʢʘ ï 4, ʚʦʜʦʩʥʘʙʞʝʥʠʝ ï 1605, ʟʘʱʠʪʘ ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜ ï 
1094, ʢʦʤʧʣʝʢʩʥʦʝ ï 498. 
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ʊʘʙʣʠʮʘ 1 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ (ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ) ʩʠʩʪʝʤ 

ʧʦ ʪʠʧʘʤ 

ʊʠʧ ɻʄʉ ʂʦʣʠʯʝʩʪʚʦ ɻʄʉ 

ʆʨʦʩʠʪʝʣʴʥʘʷ 690 

ʆʩʫʰʠʪʝʣʴʥʘʷ 928 

ʂʦʤʧʣʝʢʩʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 65 

ɺʦʜʦʭʨʘʥʠʣʠʱʘ 4 

ʇʨʦʯʠʝ 2 

ɺʩʝʛʦ 1689 

ɺʩʝ ɻʊʉ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʪʠʧʘʤ (ʪʘʙʣʠʮʘ 2) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʪʚʝʨʞʜʝʥʥʦʡ 

ʬʦʨʤʦʡ [3]. 

ʊʘʙʣʠʮʘ 2 ï ʊʠʧʳ ɻʊʉ 

ʊʠʧ ɻʊʉ ʂʦʣʠʯʝʩʪʚʦ ɻʊʉ 

ʇʣʦʪʠʥʳ ʚʦʜʦʭʨʘʥʠʣʠʱ 318 

ɼʘʤʙʳ ʚʦʜʦʟʘʱʠʪʥʳʝ 310 

ʇʝʨʝʛʦʨʘʞʠʚʘʶʱʠʝ ʩʦʦʨʫʞʝʥʠʷ 639 

ʐʣʶʟʳ-ʨʝʛʫʣʷʪʦʨʳ 649 

ɺʦʜʦʜʝʣʠʪʝʣʠ 27 

ʆʪʢʨʳʪʳʝ ʚʦʜʦʩʙʨʦʩʳ 231 

ʐʘʭʪʥʳʝ ʠ ʪʨʫʙʯʘʪʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʦʩʙʨʦʩʳ 7 

ʊʨʘʥʰʝʡʥʳʝ ʚʦʜʦʩʙʨʦʩʳ 2 

ʉʠʬʦʥʥʳʝ ʚʦʜʦʩʙʨʦʩʳ 4 

ɺʦʜʦʩʧʫʩʢʠ, ʜʦʥʥʳʝ ʚʦʜʦʚʳʧʫʩʢʠ 2725 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʦʟʘʙʦʨʳ 322 

ɻʣʫʙʠʥʥʳʝ ʚʦʜʦʟʘʙʦʨʳ 582 

ɺʦʜʦʚʦʜʳ, ʧʫʣʴʧʦʧʨʦʚʦʜʳ ʠ ʟʦʣʦʰʣʘʢʦʧʨʦʚʦʜʳ 552 

ɸʢʚʝʜʫʢʠ 81 

ʊʫʥʥʝʣʠ 19 

ʃʦʪʢʠ 64 

ʂʘʥʘʣʳ ʠ ʜʨʝʥʳ 6429 

ɼʶʢʝʨʳ 176 

ɹʝʨʝʛʦʫʢʨʝʧʠʪʝʣʴʥʳʝ ʠ ʜʥʦʫʢʨʝʧʠʪʝʣʴʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 66 

ʉʪʨʫʝʥʘʧʨʘʚʣʷʶʱʠʝ ʠ ʦʪʢʣʦʥʷʶʱʠʝ ʜʘʤʙʳ 6 

ʅʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ 967 

ʈʳʙʦʧʨʦʧʫʩʢʥʳʝ ʩʦʦʨʫʞʝʥʠʷ 8 

ʆʪʩʪʦʡʥʠʢʠ 12 

ʅʝʪ ʩʚʝʜʝʥʠʡ 131 

ɺʩʝʛʦ 14327 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2, ʦʩʥʦʚʥʳʤʠ ʪʠʧʘʤʠ ɻʊʉ ʷʚʣʷʶʪʩʷ: ʚʦʜʦʩʧʫʩʢʠ, 

ʜʦʥʥʳʝ ʚʦʜʦʚʳʧʫʩʢʠ (2725), ʢʘʥʘʣʳ ʠ ʜʨʝʥʳ (6429) ʠ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ (967). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʠʭ ʦʧʘʩʥʦʩʪʠ ɻʊʉ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʢʣʘʩʩʘʤ (ʪʘʙʣʠʮʘ 3) 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ɻʊʉ [4]. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ɻʊʉ (13203) ʦʪ-

ʥʦʩʠʪʩʷ ʢ IV ʢʣʘʩʩʫ (ɻʊʉ ʥʠʟʢʦʡ ʦʧʘʩʥʦʩʪʠ). ʀʟ ʥʠʭ ʥʘ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʭʦ-

ʜʠʪʩʷ 7193, ʥʘ ʦʩʫʰʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ï 5466, ʩʠʩʪʝʤʘʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ï 

544 ʩʦʦʨʫʞʝʥʠʷ. 

ʂʦʣʠʯʝʩʪʚʦ ɻʊʉ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʦʧʘʩʥʦʩʪʠ ʨʘʚʥʦ ʰʝʩʪʠ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 

0,04 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʦʦʨʫʞʝʥʠʡ. 
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ʊʘʙʣʠʮʘ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ɻʊʉ ʧʦ ʢʣʘʩʩʘʤ ʦʧʘʩʥʦʩʪʠ 

ʂʣʘʩʩ ɻʊʉ 

ʂʦʣʠʯʝʩʪʚʦ ɻʊʉ 

ʆʨʦʩʠʪʝʣʴ-

ʥʝr ʩʠʩʪʝʤʳ 

ʆʩʫʰʠʪʝʣʴ-

ʥʳʝ ʩʠʩʪʝʤʳ 

ʉʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩ-

ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 

I ʢʣʘʩʩ. ɻʊʉ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦ-

ʢʦʡ ʦʧʘʩʥʦʩʪʠ 
6 0 0 

II ʢʣʘʩʩ. ɻʊʉ ʚʳʩʦʢʦʡ ʦʧʘʩʥʦʩʪʠ 20 3 17 

III ʢʣʘʩʩ. ɻʊʉ ʩʨʝʜʥʝʡ ʦʧʘʩʥʦʩʪʠ 79 21 5 

IV ʢʣʘʩʩ. ɻʊʉ ʥʠʟʢʦʡ ʦʧʘʩʥʦʩʪʠ 7193 5466 544 

ʅʝ ʦʧʨʝʜʝʣʷʣʩ ̫ 493 297 0 

ʅʝʪ ʜʘʥʥʳʭ 96 41 0 

ʇʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʥʝ 

ʦʧʨʝʜʝʣʝʥ 
3 43 0 

ɺʩʝ ɻʊʉ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʫʨʦʚʥʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [5]: 

- ʥʦʨʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ï 1639; 

- ʧʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ï 2034; 

- ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ï 577; 

- ʦʧʘʩʥʳʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ï 0; 

- ʥʝ ʧʦʜʣʝʞʘʱʠʡ ʜʝʢʣʘʨʠʨʦʚʘʥʠʶ ï 10022; 

- ʥʝʪ ʜʝʢʣʘʨʘʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ï 55. 

ʊʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ɻʊʉ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ 

ʦʙʲʝʢʪʦʚ. ɺʩʝ ɻʊʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʥʦʩʘ ʨʘʟʜʝʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: ʠʟʥʦʩ 

ʦʪ 0 ʜʦ 25 %, ʠʟʥʦʩ ʦʪ 26 ʜʦ 50 %, ʠʟʥʦʩ ʦʪ 51 ʜʦ 75 %, ʠʟʥʦʩ ʦʪ 76 ʜʦ 100 % (ʪʘʙʣʠʮʘ 4). 

ʊʘʙʣʠʮʘ 4 ï ʆʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɻʊʉ 

ʀʟʥʦʩ  

ʩʦʦʨʫʞʝʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ ɻʊʉ 

ʆʨʦʩʠʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ 

ʆʩʫʰʠʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ 

ʉʠʩʪʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ (ʠ ʜʨʫʛʠʝ) 

0ï25 % 255 464 5 

26ï50 % 860 953 82 

51ï75 % 2176 1664 167 

76ï100 % 4595 2790 312 

ʅʝʪ ʩʚʝʜʝʥʠʡ 4 0 0 

ɺʩʝʛʦ 7890 5871 566 

ʀʪʦʛʦ 14327 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 4 ʜʘʥʥʳʭ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ɻʊʉ (11701) 

ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʩ ʠʟʥʦʩʦʤ ʦʪ 51 ʜʦ 100 %. 

ʅʘ ʙʘʣʘʥʩʝ ʫ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʥʘʭʦʜʠʪʩʷ 3666 ʢʘʥʘʣʦʚ ʧʨʦʧʫʩʢ-

ʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʳʰʝ 1 ʤ3/ʩ (ʪʘʙʣʠʮʘ 5).  

ʊʘʙʣʠʮʘ 5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ ʧʦ ʬʝʜʝʨʘʣʴʥʳʤ ʦʢʨʫʛʘʤ  

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʥʦʩʘ ʩʦʦʨʫʞʝʥʠʡ 

ʌʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ 
ʂʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʥʦʩʘ ʩʦʦʨʫʞʝʥʠʡ 

ʚʩʝʛʦ 0ï25 % 26ï50 % 51ï75 % 76ï100 % ʥʝʪ ʩʚʝʜʝʥʠʡ 

1 2 3 4 5 6 7 

ʎʝʥʪʨʘʣʴʥʳʡ ʌʆ 221 42 25 118 36 0 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ ʌʆ 1478 95 234 443 706 0 

ʖʞʥʳʡ ʌʆ 559 15 40 168 336 0 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʌʆ 714 9 17 79 607 2 

ʇʨʠʚʦʣʞʩʢʠʡ ʌʆ 311 19 31 134 127 0 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 5 

1 2 3 4 5 6 7 

ʋʨʘʣʴʩʢʠʡ ʌʆ 39 2 4 10 23 0 

ʉʠʙʠʨʩʢʠʡ ʌʆ 106 3 6 11 86 0 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʌʆ 238 37 49 84 68 0 

ɺʩʝʛʦ ʧʦ ʈʦʩʩʠʠ 3666 222 406 1047 1989 2 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ ʧʦ ʬʝʜʝʨʘʣʴʥʳʤ ʦʢʨʫʛʘʤ ʈʦʩʩʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʴ-
ʰʝʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ (1478), ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʤ (714) ʠ 
ʖʞʥʦʤ (559) ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʘʭ. 

ɺ ʮʝʣʦʤ ʧʦ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʘʥʘʣʦʚ (3036) ʠʤʝʝʪ ʠʟʥʦʩ 
ʦʪ 51 ʜʦ 100 %. ʄʘʢʩʠʤʘʣʴʥʳʡ ʠʟʥʦʩ ʢʘʥʘʣʦʚ ʦʪʤʝʯʘʝʪʩʷ ʚ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʤ ʬʝʜʝ-
ʨʘʣʴʥʦʤ ʦʢʨʫʛʝ (94 %). 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʜʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ɻʊʉ ʩʦʛʣʘʩʥʦ ʩʚʝʜʝʥʠʷʤ ɻɺʈ ʩʦ-
ʩʪʘʚʣʷʝʪ 849, ʠʟ ʥʠʭ 143 ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʈʦʩʩʠʡʩʢʦʤ ʨʝʛʠʩʪʨʝ ɻʊʉ, ʘ 706 ʥʝ ʧʦʜ-
ʣʝʞʘʪ ʨʝʛʠʩʪʨʘʮʠʠ ʠʣʠ ʥʘ ʥʠʭ ʦʥʘ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ. ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʦʪʜʝʣʴʥʦ ʨʘʩ-
ʧʦʣʦʞʝʥʥʳʭ ɻʊʉ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʭ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ (78 %), ʟʘʱʠʪʝ 
ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜ (11,3 %) ʠ ʚʦʜʦʩʥʘʙʞʝʥʠʠ (7,7 %). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʷʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɻʊʉ ʧʦ ʠʭ ʦʧʘʩʥʦʩʪʠ [1] ʚʩʝ ʦʪ-
ʜʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ɻʊʉ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ ʧʦ ʯʝʪʳʨʝʤ ʢʣʘʩʩʘʤ (ʪʘʙʣʠʮʘ 6). 
ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 6 ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ɻʊʉ (705) ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ɻʊʉ 
ʩ ʥʠʟʢʦʡ ʦʧʘʩʥʦʩʪʴʶ. 

ʊʘʙʣʠʮʘ 6 ï ʂʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ʦʪʜʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ɻʊʉ 

ʂʣʘʩʩ ɻʊʉ ʂʦʣʠʯʝʩʪʚʦ ɻʊʉ 

I ʢʣʘʩʩ. ɻʊʉ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʦʧʘʩʥʦʩʪʠ 0 

II ʢʣʘʩʩ. ɻʊʉ ʚʳʩʦʢʦʡ ʦʧʘʩʥʦʩʪʠ 3 

III ʢʣʘʩʩ. ɻʊʉ ʩʨʝʜʥʝʡ ʦʧʘʩʥʦʩʪʠ 84 

IV ʢʣʘʩʩ. ɻʊʉ ʥʠʟʢʦʡ ʦʧʘʩʥʦʩʪʠ 705 

ʅʝ ʦʧʨʝʜʝʣʷʣʩʷ 57 

ɺʩʝʛʦ 849 

ɸʥʘʣʠʟ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪʜʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ɻʊʉ (ʪʘʙʣʠʮʘ 7), ʚʳʧʦʣ-
ʥʝʥʥʳʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʨʠʢʘʟʦʤ ʈʦʩʪʝʭʥʘʜʟʦʨʘ ʦʪ 12.08.2015 ˉ 312, ʧʦʢʘʟʘʣ, ʯʪʦ 
ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ɻʊʉ ʥʝ ʧʦʜʣʝʞʠʪ ʜʝʢʣʘʨʠʨʦʚʘʥʠʶ (607) ʠʣʠ ʥʝ ʠʤʝʝʪ ʜʝʢʣʘʨʘʮʠʠ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ (99). 

ʊʘʙʣʠʮʘ 7 ï ʋʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪʜʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ɻʊʉ 

ʋʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʪʜʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ɻʊʉ ʂʦʣʠʯʝʩʪʚʦ ɻʊʉ 

ʅʦʨʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 68 

ʇʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ 72 

ʅʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ 2 

ʆʧʘʩʥʳʡ ʫʨʦʚʝʥʴ 1 

ʅʝ ʧʦʜʣʝʞʠʪ ʜʝʢʣʘʨʠʨʦʚʘʥʠʶ 607 

ɼʝʢʣʘʨʘʮʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ 99 

ɺʩʝʛʦ 849 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 
ʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʝʝ: 

- ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ɻɺʈ ʚ 2017 ʛ. ʥʘ ʙʘʣʘʥʩʝ ʫ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨʛʘ-
ʥʠʟʘʮʠʡ ʜʝʧʘʨʪʘʤʝʥʪʘ ʤʝʣʠʦʨʘʮʠʠ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ ʥʘʭʦʜʠʣʦʩʴ 1689 ɻʄʉ, 
14327 ɻʊʉ, 3666 ʢʘʥʘʣʦʚ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʳʰʝ 1 ʤ3/ʩ ʠ 849 ʦʪʜʝʣʴʥʦ ʨʘʩ-
ʧʦʣʦʞʝʥʥʳʭ ɻʊʉ; 

- ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʬʦʥʜʘ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠʤʝʝʪ 
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ʠʟʥʦʩ 51ï100 %, ʚ ʪ. ʯ. ʥʘ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ï 85,8 %, ʦʩʫʰʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ï 
75,8 %, ʢʘʥʘʣʘʭ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʳʰʝ 1 ʤ3/ʩ ï 82,8 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ  
ʩʦʦʨʫʞʝʥʠʡ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1 ʆ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
ʨʳʥʢʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʳʨʴʷ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʥʘ 2013ï2020 ʛʦʜʳ: 
ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 14 ʠʶʣʷ 2012 ʛ. ˉ 717 // ɻʘ-
ʨʘʥʪ ʕʢʩʧʝʨʪ 2018 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʅʇʇ çɻʘʨʘʥʪ-ʉʝʨʚʠʩè, 2018. 

2 ɺʦʜʥʳʡ ʢʦʜʝʢʩ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ: ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 3 ʠʶʥʷ 2006 ʛ. 
ˉ 74-ʌɿ // ɻʘʨʘʥʪ ʕʢʩʧʝʨʪ 2018 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʅʇʇ çɻʘʨʘʥʪ-ʉʝʨʚʠʩè, 2018. 

3 ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʩʦʩʪʘʚʘ, ʬʦʨʤʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʚʝʜʝʥʠʡ ʦ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʤ 
ʩʦʦʨʫʞʝʥʠʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʝʜʝʥʠʷ ʈʦʩʩʠʡʩʢʦʛʦ ʨʝʛʠʩʪʨʘ ʛʠʜʨʦ-
ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʠ ʧʨʘʚʠʣ ʝʝ ʟʘʧʦʣʥʝʥʠʷ: ʇʨʠʢʘʟ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʧʦ 
ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʠ ʘʪʦʤʥʦʤʫ ʥʘʜʟʦʨʫ ʦʪ 25 ʘʧʨʝʣʷ 2016 ʛ. ˉ 159 // 
ɻʘʨʘʥʪ ʕʢʩʧʝʨʪ 2018 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʅʇʇ çɻʘʨʘʥʪ-ʉʝʨʚʠʩè, 2018. 

4 ʆ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ: ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴ-
ʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 2 ʥʦʷʙʨʷ 2013 ʛ. ˉ 986 // ɻʘʨʘʥʪ ʕʢʩʧʝʨʪ 2018 [ʕʣʝʢ-
ʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʅʇʇ çɻʘʨʘʥʪ-ʉʝʨʚʠʩè, 2018. 

5 ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʧʦ ʵʢʦ-
ʣʦʛʠʯʝʩʢʦʤʫ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʠ ʘʪʦʤʥʦʤʫ ʥʘʜʟʦʨʫ ʧʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥ-
ʥʦʡ ʫʩʣʫʛʠ ʧʦ ʫʪʚʝʨʞʜʝʥʠʶ ʜʝʢʣʘʨʘʮʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʜʥʘʜʟʦʨʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 
ʩʦʦʨʫʞʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ: ʇʨʠʢʘʟ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʧʦ ʵʢʦʣʦʛʠʯʝ-
ʩʢʦʤʫ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʠ ʘʪʦʤʥʦʤʫ ʥʘʜʟʦʨʫ ʦʪ 12 ʘʚʛʫʩʪʘ 2015 ʛ. ˉ 312 // ɻʘʨʘʥʪ 
ʕʢʩʧʝʨʪ 2018 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʅʇʇ çɻʘʨʘʥʪ-ʉʝʨʚʠʩè, 2018. 
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ɸ. ʃ. ʂʦʞʘʥʦʚ 
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 
ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʂʆʄʇʆʅʆɺʂʀ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ 

ʄʆɼʋʃɽʁ ʆʉʋʐʀʊɽʃʔʅʆʁ ʉʀʉʊɽʄʓ ɼɺʋʉʊʆʈʆʅʅɽɻʆ ɼɽʁʉʊɺʀʗ 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʢʦʤʧʦʥʦʚʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ 
ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʮʝʩʩ ʢʦʤ-
ʧʦʥʦʚʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ. 
ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʣʦʛʠʠ IDEF0 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʥʳʭ 
ʫʩʣʦʚʠʡ, ʢʣʠʤʘʪʘ ʤʝʣʠʦʨʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ, ʝʛʦ ʛʠʜʨʦʛʝʦʣʦʛʠʠ, ʧʦʯʚ, ʘ ʪʘʢʞʝ ʛʝʦʤʦʨ-
ʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʥʘʣʠʯʠʷ ʩʪʦʢʘ ʩ ʤʝʣʠʦʨʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ, ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʥʳʭ 
ʧʣʦʱʘʜʝʡ, ʥʘʣʠʯʠʷ ʠʩʪʦʯʥʠʢʘ ʧʨʝʩʥʦʡ ʚʦʜʳ ʠ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʣʠʦ-
ʨʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ, ʧʨʠʤʝʥʝʥʠʷ ʤʘʰʠʥʥʦʛʦ ʚʦʜʦʧʦʜʲʝʤʘ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʥʳʭ ʩʪʘʥ-
ʮʠʡ, ʩʧʦʩʦʙʘ ʧʦʜʘʯʠ ʚʦʜʳ ʠ ʠʥʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʢʦʤʧʦ-
ʥʦʚʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 
ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʫʰʝʥʠʝ, ʫʚʣʘʞʥʝʥʠʝ, ʦʨʦʰʝʥʠʝ, ʦʩʫʰʠʪʝʣʴʥʦ-
ʫʚʣʘʞʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʦʩʫʰʠʪʝʣʴʥʦ-ʦʨʦʩʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʤʦʜʝʣʴ, ʬʫʥʢʮʠʦʥʘʣʴ-
ʥʳʡ ʤʦʜʫʣʴ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ. 
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MODELING OF THE PROCESS OF FUNCTIONAL MODULES  

ARRANGEMENT OF THE DOUBLE ACTION DRAINAG E SYSTEM 

The purpose of the study is a model development of functional modules of double ac-

tion drainage system arrangement. The object of research is the process of arrangement of 

functional modules of a double action drainage system. A model of arrangement of functional 

modules of the constructive solution of drainage system has been developed in the process of 

research based on the IDEF0 methodology depending on natural conditions, climate of the 

reclaimed massif, its hydrogeology, soils, as well as geomorphological conditions, availabil-

ity of runoff from the reclaimed massif, structure of sown areas, availability of fresh water 

source and its location relative to the reclaimed site, application of pump irrigation with the 

help of pumping stations, water supply method and other various factors.  

Key words: drainage, moistening, irrigation, drainage and wetting system, drainage 

and irrigation system, model, functional module, constructive solution. 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ ʦ ʨʝʩʫʨ-

ʩʦʩʙʝʨʝʞʝʥʠʠ ʠ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʚ ʪ. ʯ. ʠ ʚ ʤʝ-

ʣʠʦʨʘʪʠʚʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʩʥʠʞʝʥʠʠ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ ʚʦʜʳ ʥʘ ʤʝʣʠʦʨʘʪʠʚ-

ʥʳʭ ʩʠʩʪʝʤʘʭ. ʊʘʢʞʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʚʦʚʣʝʯʝʥʠʝ ʚ ʩʝʣʴʭʦʟʦʙʦʨʦʪ ʦʩʫ-

ʰʘʝʤʳʭ ʤʘʩʩʠʚʦʚ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʦʨʤʦʚ, ʦʚʦʱʝʡ ʠ ʜʨʫʛʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ [1, 2]. ɼʘʥʥʳʝ 

ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʦʩʫʰʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʩʫʰʝʥʠʝ ʢʦʨʥʝʦʙʠʪʘʝʤʦʛʦ ʩʣʦʷ ʧʦʯʚʳ ʚʦ ʚʣʘʞʥʳʝ ʠ ʫʚʣʘʞʥʝʥʠʝ 

ʚ ʟʘʩʫʰʣʠʚʳʝ ʧʝʨʠʦʜʳ ʥʘʢʦʧʣʝʥʥʳʤ ʜʨʝʥʘʞʥʳʤ ʩʪʦʢʦʤ. ʀʟʚʝʩʪʥʳʝ ʨʘʙʦʪʳ ʧʦ ʢʦʤʧʦ-

ʥʦʚʢʝ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʨʘʞʘʶʪ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʡ, ʧʦʵʪʦʤʫ ʫʩʪʨʘʥʝʥʠʝ ʜʘʥʥʦʛʦ ʜʝʬʠʮʠʪʘ ʧʫʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʢʦʤʧʦʥʦʚʢʠ 

ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ [3ï5]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʪʦʯʥʠʢʘʤʠ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʠʟʚʝʩʪʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʨʘʩʯʝʪʫ ʵʣʝʤʝʥʪʦʚ ʦʩʫʰʠʪʝʣʴʥʦʡ ʠ ʦʨʦʩʠʪʝʣʴʥʦʡ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦ-

ʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ, ʚʦʜʦʧʨʠʝʤʥʠʢʦʚ, ʚʦʜʦʠʩʪʦʯʥʠʢʦʚ, ʧʦʣʠʚʥʦʡ ʪʝʭʥʠʢʠ ʪʘʢʠʭ ʫʯʝʥʳʭ, 

ʢʘʢ ʇ. ɻ. ɸʨʫʤʦʚ, ɸ. ʂ. ɹʠʨʶʢʦʚʘ, ʉ. ʄ. ɺʘʩʠʣʴʝʚ, ʇ. ɸ. ɺʦʣʢʦʚʩʢʠʡ, ɺ. ʌ. ʂʘʨʣʦʚʩʢʠʡ, 

ɸ. ɺ. ʂʣʠʤʝʥʪʦʚʘ, ʇ. ʀ. ʂʦʚʘʣʝʥʢʦ, ɹ. ʉ. ʄʘʩʣʦʚ, ɺ. ʀ. ʆʣʴʛʘʨʝʥʢʦ, ʇ. ʀ. ʇʳʣʝʥʦʢ, 

ɺ. ʉ. ʉʪʘʥʢʝʚʠʯ, ɽ. ʅ. ʊʠʰʦʚʘ, ɺ. ʗ. ʏʝʨʥʝʥʦʢ, ʃ. ʉ. ʐʢʘʙʘʨʦʚ, ɺ. ʅ. ʑʝʜʨʠʥ ʠ ʜʨ. 

ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʢʦʤʧʦʥʦʚʢʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝ-

ʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʦʣʦʛʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ IDEF0, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, ʦʪʨʘ-

ʞʘʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʦʪʦʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ 

ʦʙʲʝʢʪʳ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʜʘʥʥʳʝ ʬʫʥʢʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ʂʦʤʧʦʥʦʚʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜ-

ʥʳʭ ʫʩʣʦʚʠʡ, ʢʣʠʤʘʪʘ ʤʝʣʠʦʨʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ, ʝʛʦ ʛʠʜʨʦʛʝʦʣʦʛʠʠ, ʧʦʯʚ, ʘ ʪʘʢʞʝ ʛʝʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʥʘʣʠʯʠʷ ʩʪʦʢʘ ʩ ʤʝʣʠʦʨʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ, ʩʪʨʫʢʪʫʨʳ ʧʦ-

ʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ, ʥʘʣʠʯʠʷ ʠʩʪʦʯʥʠʢʘ ʧʨʝʩʥʦʡ ʚʦʜʳ ʠ ʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʝʣʠʦʨʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ, ʧʨʠʤʝʥʝʥʠʷ ʤʘʰʠʥʥʦʛʦ ʚʦʜʦʧʦʜʲʝʤʘ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʥʳʭ 

ʩʪʘʥʮʠʡ, ʩʧʦʩʦʙʘ ʧʦʜʘʯʠ ʚʦʜʳ ʠ ʠʥʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ. 

ɺʳʙʦʨ ʙʣʦʢʦʚ ʵʣʝʤʝʥʪʦʚ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ  

(ʦʩʫʰʠʪʝʣʴʥʦ-ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ, ʦʩʫʰʠʪʝʣʴʥʦ-ʦʨʦʩʠʪʝʣʴʥʦʡ) ʠ ʝʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝ-

ʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʰʝʩʪʠ ʵʪʘʧʦʚ: ʚʳʙʦʨ ʦʙʲʝʢʪʘ ʤʝʣʠʦʨʠʨʦ-

ʚʘʥʠʷ; ʦʮʝʥʢʘ ʦʙʲʝʤʘ ʠ ʢʘʯʝʩʪʚʘ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ; ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʣʠʯʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨ-

ʩʦʚ; ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʦʩʫʰʝʥʠʷ; ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʧʦʩʦʙʘ ʫʚʣʘʞʥʝʥʠʷ (ʦʨʦʰʝʥʠʷ) ʠ ʢʦʤʧʦ-

ʥʦʚʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʥʝʧʦʣʥʦʮʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪ 

ʧʨʦʮʝʩʩ ʢʦʤʧʦʥʦʚʢʠ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʩʠʩʪʝʤʳ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʠʟʚʝʜʝʥʘ 
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26 

ʜʝʢʦʤʧʦʟʠʮʠʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʙʣʦʢʘ çʂʦʤʧʦʥʦʚʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝ-

ʤʳè ʚ ʮʝʣʷʭ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ (ʧʨʦʪʦʪʠʧʘ) ʠ 

ʢʦʤʧʦʥʦʚʢʠ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡ-

ʩʪʚʠʷ. ʆʩʫʰʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʦʜʫʣʠ: ʨʝ-

ʛʫʣʠʨʫʶʱʫʶ, ʧʨʦʚʦʜʷʱʫʶ ʠ ʦʛʨʘʜʠʪʝʣʴʥʫʶ (ʦʛʨʘʞʜʘʶʱʫʶ) ʩʝʪʠ ʦʩʫʰʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʩʠʩʪʝʤʳ, ʚʦʜʦʧʨʠʝʤʥʠʢ, ʦʛʨʘʜʠʪʝʣʴʥʫʶ, ʧʨʦʚʦʜʷʱʫʶ ʠ ʨʝʛʫʣʠʨʫʶʱʫʶ ʩʝʪʠ ʫʚʣʘʞʥʠ-

ʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ, ʚʦʜʦʠʩʪʦʯʥʠʢ ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ. 

ʄʦʜʝʣʴ ʢʦʤʧʦʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 12 ʙʣʦʢʘʤʠ (ʨʠʩʫʥʦʢ 1): 

1 ʇʦʜʙʦʨ ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ. 

2 ʂʦʤʧʦʥʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʨʝʛʫʣʠʨʫʶʱʝʡ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʝʪʠ. 

3 ʂʦʤʧʦʥʦʚʢʘ ʦʛʨʘʜʠʪʝʣʴʥʦʡ ʩʝʪʠ ʥʘ ʦʩʫʰʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ. 

4 ʂʦʤʧʦʥʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʷʱʝʡ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʝʪʠ. 

5 ʂʦʤʧʦʥʦʚʢʘ ʚʦʜʦʧʨʠʝʤʥʠʢʘ (ʚʦʜʦʧʨʠʝʤʥʠʢʘ-ʚʦʜʦʠʩʪʦʯʥʠʢʘ). 

6 ʂʦʤʧʦʥʦʚʢʘ ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʫʟʣʘ. 

7 ʂʦʤʧʦʥʦʚʢʘ ʧʨʦʚʦʜʷʱʝʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ. 

8 ʂʦʤʧʦʥʦʚʢʘ ʦʛʨʘʜʠʪʝʣʴʥʦʡ ʩʝʪʠ ʥʘ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ. 

9 ʂʦʤʧʦʥʦʚʢʘ ʨʝʛʫʣʠʨʫʶʱʝʡ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ ʩʝʪʠ. 

10 ʂʦʤʧʦʥʦʚʢʘ ʧʦʣʠʚʥʦʡ ʪʝʭʥʠʢʠ, ʫʩʪʨʦʡʩʪʚ ʠ ʘʛʨʝʛʘʪʦʚ. 

11 ʋʚʷʟʢʘ ʦʩʫʰʠʪʝʣʴʥʦʡ ʠ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ (ʦʨʦʩʠʪʝʣʴʥʦʡ) ʩʝʪʠ. 

12 ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʦʛʦ ʨʝʰʝʥʠʷ. 

ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʷʚʣʷʶʪʩʷ ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʫʨʦʚʝʥʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʝʛʦ ʩʧʝʮʠʘʣʠʟʘ-

ʮʠʷ. ʆʛʨʘʥʠʯʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚʳʩʪʫʧʘʝʪ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʩʫʰʘ-

ʝʤʳʭ ʟʝʤʝʣʴ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʚʦʜʥʦʤ ʨʝʞʠʤʝ. ʇʨʝʜʧʠʩʳʚʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚʳʩʪʫ-

ʧʘʝʪ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʩʫʰʝʥʠʠ ʠ ʫʚʣʘʞʥʝʥʠʠ (ʦʨʦʰʝʥʠʠ) ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʤʝʣʠʦʨʠʨʦʚʘʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʧʦ ʨʘʩʩʯʠʪʘʥʥʦʤʫ ʜʝʬʠʮʠʪʫ 

ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ, ʘ ʪʘʢʞʝ ʦʙʲʝʤ ʠ ʢʘʯʝʩʪʚʦ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ, ʦʨʦʩʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʧʣʦʱʘʜʠ ʦʩʫʰʘʝʤʦʛʦ ʠ ʫʚʣʘʞʥʷʝʤʦʛʦ (ʦʨʦʰʘʝʤʦʛʦ) ʤʘʩʩʠʚʦʚ. ɺʳʭʦ-

ʜʦʤ ʜʘʥʥʦʛʦ ʙʣʦʢʘ ʷʚʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʪʝʭʥʦʣʦʛʠʷ, ʨʝ-

ʞʠʤ ʫʚʣʘʞʥʝʥʠʷ (ʦʨʦʰʝʥʠʷ), ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʚʠʜ ʦʨʦʰʝʥʠʷ (ʨʝʛʫʣʷʨʥʦʝ, 

ʣʠʤʘʥʥʦʝ, ʮʠʢʣʠʯʝʩʢʦʝ), ʥʦʨʤʳ ʦʩʫʰʝʥʠʷ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ (ʙʣʦʢ 2) ʚʩʪʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʦʥʦʚʢʠ ʵʣʝʤʝʥʪʦʚ ʨʝʛʫʣʠ-

ʨʫʶʱʝʡ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʨʤ ʠ ʧʨʘʚʠʣ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʠʩʪʝʤʘʤʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʦʤ ʦʩʫʰʝʥʠʷ, ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʦʩʫʰʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ, ʩʦʩʪʘʚʦʤ ʵʣʝʤʝʥʪʦʚ ʦʩʫʰʠʪʝʣʴ-

ʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ: ʦʪʢʨʳʪʳʝ ʩʦʙʠʨʘʪʝʣʠ (ʢʘʥʘʣʳ), ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʣʦʞʙʠʥʳ, ʟʘʢʨʳʪʳʝ 

ʩʦʙʠʨʘʪʝʣʠ (ʟʘʢʨʳʪʳʝ ʢʘʥʘʣʳ ʠʣʠ ʜʨʝʥʳ), ʦʪʢʨʳʪʳʝ ʦʩʫʰʠʪʝʣʠ, ʜʨʝʥʳ (ʟʘʢʨʳʪʳʝ ʦʩʫ-

ʰʠʪʝʣʠ), ʣʦʚʯʠʝ ʢʘʥʘʣʳ, ʥʘʛʦʨʥʳʝ ʢʘʥʘʣʳ, ʜʘʤʙʳ ʠ ʜʨ. ʅʘ ʚʳʭʦʜʝ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʙʣʦʢʘ ʠʤʝʝʤ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʧʘʨʘʤʝʪʨʳ ʜʨʝʥ (ʜʠʘʤʝʪʨ, ʛʣʫʙʠʥʫ ʟʘʣʦʞʝʥʠʷ, ʜʣʠʥʫ, ʨʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ) ʣʠʙʦ ʧʘʨʘʤʝʪʨʳ ʦʪʢʨʳʪʳʭ ʦʩʫʰʠʪʝʣʝʡ, ʣʦʚʯʠʭ ʠ ʥʘʛʦʨʥʳʭ ʢʘʥʘ-

ʣʦʚ, ʜʘʤʙ ʠ ʜʨ. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʟʚʝʩʪ-

ʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʠʟʣʦʞʝʥʥʳʤ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʩʧʨʘʚʦʯʥʠʢʘʭ ʠ ʪ. ʜ. 

ʊʨʝʪʠʡ ʵʪʘʧ (ʙʣʦʢ 3) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʦʥʦʚʢʝ ʦʛʨʘʜʠʪʝʣʴʥʦʡ ʩʝʪʠ ʦʩʫʰʠʪʝʣʴ-

ʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ (ʥʘʛʦʨʥʳʝ, ʣʦʚʯʠʝ, ʥʘʛʦʨʥʦ-ʣʦʚʯʠʝ ʢʘʥʘʣʳ ʠ ʜʘʤʙʳ), ʦʛʨʘʥʠʯʠʚʘʶ-

ʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʦʩʫʰʝʥʠʷ, ʧʨʝʜʧʠʩʳʚʘʶʱʠʤʠ ï ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚʳ-

ʰʝʩʪʦʷʱʠʭ ʙʣʦʢʦʚ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʦʤʧʦ-

ʥʦʚʢʝ ʨʝʛʫʣʠʨʫʶʱʝʡ ʩʝʪʠ. ɺʳʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 

ʚʳʩʪʫʧʘʶʪ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ ʦʛʨʘʜʠʪʝʣʴʥʦʡ ʩʝʪʠ ʦʩʫʰʠʪʝʣʴʥʦʡ ʯʘ-

ʩʪʠ ʩʠʩʪʝʤʳ. ʈʘʩʯʝʪ ʦʛʨʘʜʠʪʝʣʴʥʦʡ ʩʝʪʠ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ 

ʟʘʚʠʩʠʤʦʩʪʷʤ, ʠʟʣʦʞʝʥʥʳʤ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʩʧʨʘʚʦʯʥʠʢʘʭ ʠ ʪ. ʜ. 
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ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ 

29 

ʏʝʪʚʝʨʪʳʡ ʵʪʘʧ (ʙʣʦʢ 4) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʧʦʥʦʚʢʝ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʷʱʝʡ ʦʩʫʰʠ-

ʪʝʣʴʥʦʡ ʩʝʪʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʬʘʢʪʦʨ ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙʦʤ ʦʩʫʰʝʥʠʷ, ʥʦ ʪʘʢʞʝ ʫʯʠʪʳ-

ʚʘʝʪʩʷ ʩʧʦʩʦʙ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ, ʧʨʝʜʧʠʩʳʚʘʶʱʠʝ ʬʘʢʪʦʨʳ ï ʚʳʭʦʜ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʰʝʩʪʦʷʱʠʭ ʙʣʦʢʦʚ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʭʦʜʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʝʡ ʦ ʢʦʤʧʦʥʦʚʢʝ ʵʣʝʤʝʥʪʦʚ ʨʝʛʫʣʠʨʫʶʱʝʡ ʠ ʦʛʨʘʜʠʪʝʣʴʥʦʡ ʩʝʪʝʡ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɺʳʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʥʥʦʛʦ ʙʣʦʢʘ ʙʫʜʫʪ ʧʘ-

ʨʘʤʝʪʨʳ ʦʩʫʰʠʪʝʣʴʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʦʪʢʨʳʪʳʭ ʦʩʫʰʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʦ-

ʨʷʜʢʘ (ʜʠʘʤʝʪʨʳ, ʜʣʠʥʳ ʢʦʣʣʝʢʪʦʨʦʚ, ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʢʘʥʘʣʦʚ, ʫʢʣʦʥʳ, ʛʣʫ-

ʙʠʥʳ, ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʦʩʫʰʠʪʝʣʴʥʦ-ʫʚʣʘʞʥʠʪʝʣʴʥʳʭ ʢʦʣʣʝʢ-

ʪʦʨʦʚ ʠ ʢʘʥʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʜʨʝʥʘʞʥʦʛʦ 

ʩʪʦʢʘ (ʥʘʧʨʠʤʝʨ, ʢʘʥʘʣʳ-ʥʘʢʦʧʠʪʝʣʠ) ʠ ʥʘʣʠʯʠʷ ʵʣʝʤʝʥʪʦʚ ʦʛʨʘʜʠʪʝʣʴʥʦʡ ʩʝʪʠ. ʈʘʩʯʝʪ 

ʧʘʨʘʤʝʪʨʦʚ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, 

ʠʟʣʦʞʝʥʥʳʤ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʩʧʨʘʚʦʯʥʠʢʘʭ ʠ ʪ. ʜ. 

ʅʘ ʧʷʪʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʤʧʦʥʦʚʢʘ ʚʦʜʦʧʨʠʝʤʥʠʢʘ (ʚʦʜʦʧʨʠʝʤʥʠʢʘ-

ʚʦʜʦʠʩʪʦʯʥʠʢʘ), ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʨʤ ʠ ʧʨʘʚʠʣ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫ-

ʝʤʳʭ ʩʠʩʪʝʤʘʤʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʦʙʲʝʤʦʤ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ ʠ ʦʙʲʝʤʦʤ, 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʫʚʣʘʞʥʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʤʘʩʩʠʚʘ, ʥʦʨʤʘʤʠ ʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʦʩʫʰʠʪʝʣʴʥʦʡ ʠ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʠ 

ʩʦʩʪʘʚʦʤ ʵʣʝʤʝʥʪʦʚ ʦʩʫʰʠʪʝʣʴʥʦʡ ʯʘʩʪʠ, ʩʦʛʣʘʩʥʦ ʚʪʦʨʦʤʫ ʙʣʦʢʫ ʠ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ 

(ʦʨʦʩʠʪʝʣʴʥʦʡ) ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʫʚʣʘʞʥʝʥʠʷ (ʧʦʜʧʦʯʚʝʥʥʦʝ, 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʝ, ʜʦʞʜʝʚʘʥʠʝ, ʢʘʧʝʣʴʥʦʝ ʠ ʪ. ʜ.). ʅʘ ʚʳʭʦʜʝ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʙʣʦ-

ʢʘ ʠʤʝʝʤ ʢʦʥʩʪʨʫʢʮʠʶ, ʧʘʨʘʤʝʪʨʳ ʚʦʜʦʧʨʠʝʤʥʠʢʘ, ʢʦʥʩʪʨʫʢʮʠʶ ʰʣʶʟʘ-ʨʝʛʫʣʷʪʦʨʘ 

ʣʠʙʦ ʚʦʜʦʧʨʠʝʤʥʠʢʘ-ʚʦʜʦʠʩʪʦʯʥʠʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʷʪʦʛʦ ʪʠʧʘ ʩʧʦʩʦʙʘ ʘʢʢʫʤʫ-

ʣʠʨʦʚʘʥʠʷ, ʩʪʝʧʝʥʠ ʟʘʤʢʥʫʪʦʩʪʠ ʚʦʜʦʦʙʦʨʦʪʘ, ʧʦʣʥʦʪʳ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʝ-

ʥʘʞʥʳʭ ʚʦʜ, ʚʠʜʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʙʘʚʣʝʥʥʳʭ, 

ʦʯʠʱʝʥʥʳʭ ʠʣʠ ʥʘʪʫʨʘʣʴʥʳʭ ʜʨʝʥʘʞʥʳʭ ʚʦʜ). ʈʘʩʯʝʪ ʚʦʜʦʧʨʠʝʤʥʠʢʘ (ʚʦʜʦʧʨʠʝʤʥʠʢʘ-

ʚʦʜʦʠʩʪʦʯʥʠʢʘ) ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʠʟʣʦʞʝʥʥʳʤ 

ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʩʧʨʘʚʦʯʥʠʢʘʭ ʠ ʪ. ʜ. 

ʅʘ ʰʝʩʪʦʤ ʵʪʘʧʝ ʧʦʜʥʠʤʘʝʪʩʷ ʚʦʧʨʦʩ ʢʦʤʧʦʥʦʚʢʠ ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʫʟʣʘ, ʦʛʨʘʥʠ-

ʯʝʥʥʳʡ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʨʤ ʠ ʧʨʘʚʠʣ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʧʠʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʩʠʩʪʝʤʘʤʠ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʦʤ ʚʦʜʦʧʦʜʘʯʠ ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʳ 

(ʩʘʤʦʪʝʯʥʳʡ, ʤʘʰʠʥʥʳʡ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ), ʥʦʤʝʥʢʣʘʪʫʨʦʡ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ ʠ ʘʛʨʝʛʘʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʭʦʜʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʰʝʩʪʦʷʱʠʭ ʙʣʦʢʦʚ, ʦʙʲʝʤʦʤ ʩʪʦʢʘ 

ʠ ʧʦʣʥʦʪʦʡ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʡ ʧʣʦʱʘʜʴʶ ʦʨʦʰʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʚʦʜʘʤʠ ʩʪʦʢʘ, 

ʩʪʝʧʝʥʴʶ ʟʘʤʢʥʫʪʦʩʪʠ ʚʦʜʦʦʙʦʨʦʪʘ ʠ ʩʧʦʩʦʙʦʤ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ, 

ʧʣʦʱʘʜʴʶ ʦʩʫʰʘʝʤʦʛʦ ʠ ʦʨʦʰʘʝʤʦʛʦ ʤʘʩʩʠʚʦʚ, ʣʠʤʠʪʦʤ ʚʦʜʥʦʛʦ ʨʝʩʫʨʩʘ, ʚʘʨʠʘʥʪʘʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ (ʦʪʢʨʳʪʘʷ, ʟʘʢʨʳʪʘʷ, ʢʦʤʙʠʥʠ-

ʨʦʚʘʥʥʘʷ) ʠ ʩʦʩʪʘʚʦʤ ʵʣʝʤʝʥʪʦʚ. ʅʘ ʚʳʭʦʜʝ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʙʣʦʢʘ ʠʤʝʝʤ ʢʦʥʩʪʨʫʢ-

ʮʠʶ ʠ ʩʦʨʪʘʤʝʥʪ ʵʣʝʤʝʥʪʦʚ ʚʦʜʦʟʘʙʦʨʘ, ʨʳʙʦʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʥʘʩʦʩʥʦ-ʩʠʣʦʚʳʭ 

ʘʛʨʝʛʘʪʦʚ ʠ ʪ. ʜ. (ʣʠʙʦ, ʥʘʧʨʠʤʝʨ, ʪʦʣʴʢʦ ʢʦʥʩʪʨʫʢʮʠʶ ʰʣʶʟʦʚ-ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʠ ʚʳʙʨʘʥ-

ʥʦʤ ʧʦʜʧʦʯʚʝʥʥʦʤ ʩʧʦʩʦʙʝ ʫʚʣʘʞʥʝʥʠʷ, ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʟʘʙʦʨʘ ʚʦʜʳ ʠʟ ʠʩʪʦʯʥʠʢʘ 

ʦʨʦʰʝʥʠʷ). ʈʘʩʯʝʪ ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʫʟʣʘ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʟʘʚʠ-

ʩʠʤʦʩʪʷʤ, ʠʟʣʦʞʝʥʥʳʤ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʩʧʨʘʚʦʯʥʠʢʘʭ ʠ ʪ. ʜ. 

ʅʘ ʩʝʜʴʤʦʤ ʵʪʘʧʝ çʂʦʤʧʦʥʦʚʢʘ ʧʨʦʚʦʜʷʱʝʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠè ʦʛʨʘʥʠ-

ʯʠʚʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʚʠʜ ʠʩʪʦʯʥʠʢʘ ʦʨʦʰʝʥʠʷ (ʫʚʣʘʞʥʝʥʠʷ), ʩʧʦʩʦʙ 

ʫʚʣʘʞʥʝʥʠʷ, ʚʳʨʘʞʝʥʥʳʝ ʚʘʨʠʘʥʪʘʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ ʯʘʩʪʠ 

ʩʠʩʪʝʤʳ (ʦʪʢʨʳʪʘʷ, ʟʘʢʨʳʪʘʷ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ) ʠ ʩʦʩʪʘʚʦʤ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʧʠʩʳʚʘʶ-

ʱʠʤʠ ï ʚʳʭʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʰʝʩʪʦʷʱʠʭ ʙʣʦʢʦʚ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʦʤʧʦʥʦʚʢʝ ʚʦʜʦʟʘʙʦʨʥʦʛʦ ʫʟʣʘ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɺʳʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʚ ʜʘʥʥʦʤ ʩʣʫ-

ʯʘʝ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʨʘʥʞʠʨʦʚʘʥʥʘʷ ʧʦ ʪʠʧʫ (ʦʪʢʨʳʪʘʷ, 
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ʟʘʢʨʳʪʘʷ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ), ʘ ʪʘʢʞʝ ʧʦ ʧʨʠʥʮʠʧʫ ʚʦʜʦʦʙʦʨʦʪʘ (ʥʝʚʦʜʦʦʙʦʨʦʪʥʘʷ, ʚʦʜʦ-

ʦʙʦʨʦʪʥʘʷ, ʧʦʣʫʚʦʜʦʦʙʦʨʦʪʥʘʷ). ʆʧʠʩʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʤʘʪʝʨʠʘʣʴʥʦʤ ʦʙʲʝʢʪʝ 

ʥʘ ʚʳʭʦʜʝ ʙʫʜʫʪ ʩʣʫʞʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ ʠ ʪʠʧ ʦʨʦʩʠ-

ʪʝʣʴʥʦʡ ʩʝʪʠ ʧʦ ʩʪʝʧʝʥʠ ʢʘʧʠʪʘʣʴʥʦʩʪʠ (ʩʪʘʮʠʦʥʘʨʥʘʷ, ʧʦʣʫʩʪʘʮʠʦʥʘʨʥʘʷ, ʧʝʨʝʜʚʠʞʥʘʷ). 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʷʱʝʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ 

ʟʘʚʠʩʠʤʦʩʪʷʤ, ʠʟʣʦʞʝʥʥʳʤ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʩʧʨʘʚʦʯʥʠʢʘʭ ʠ ʪ. ʜ. 

ʅʘ ʚʦʩʴʤʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʤʧʦʥʦʚʢʘ ʦʛʨʘʜʠʪʝʣʴʥʦʡ ʩʝʪʠ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ 

ʯʘʩʪʠ ʩʠʩʪʝʤʳ (ʚ ʩʦʩʪʘʚ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʜʘʤʙʳ, ʚʘʣʠʢʠ, ʣʠʤʘʥʳ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʚʦʜʳ ʧʨʠ 

ʫʚʣʘʞʥʝʥʠʠ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʠʚʥʳʭ ʫʯʘʩʪʢʦʚ). ʆʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʩʧʦ-

ʩʦʙ ʫʚʣʘʞʥʝʥʠʷ. ʇʨʝʜʧʠʩʳʚʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʝʡ ʷʚʣʷʶʪʩʷ ʚʳʭʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳ-

ʰʝʩʪʦʷʱʠʭ ʙʣʦʢʦʚ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʢʦʤʧʦ-

ʥʦʚʢʝ ʧʨʦʚʦʜʷʱʝʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ. ɺʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢ-

ʮʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʦʚ ʦʛʨʘʜʠʪʝʣʴʥʦʡ ʩʝʪʠ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ. ʈʘʩʯʝʪ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʠʟ-

ʣʦʞʝʥʥʳʤ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʩʧʨʘʚʦʯʥʠʢʘʭ ʠ ʪ. ʜ. 

ʅʘ ʜʝʚʷʪʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʤʧʦʥʦʚʢʘ ʨʝʛʫʣʠʨʫʶʱʝʡ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ ʩʝʪʠ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʚʨʝʤʝʥʥʳʭ ʦʨʦʩʠʪʝʣʝʡ, ʧʦʣʠʚʥʳʭ ʢʘʥʘʣʦʚ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʧʦʜʧʦʯʚʝʥ-

ʥʳʭ ʫʚʣʘʞʥʠʪʝʣʝʡ, ʢʘʧʝʣʴʥʠʮ. ʆʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʫʚʣʘʞʥʝ-

ʥʠʷ. ʇʨʝʜʧʠʩʳʚʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʝʡ ʷʚʣʷʶʪʩʷ ʚʳʭʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʰʝʩʪʦʷʱʠʭ 

ʙʣʦʢʦʚ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʙʣʦʢʦʚ ʢʦʤʧʦʥʦʚʢʠ 

ʧʨʦʚʦʜʷʱʝʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʠ ʦʛʨʘʜʠʪʝʣʴʥʦʡ ʩʝʪʝʡ. ɺʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʪʠʧʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʝʛʫʣʠʨʫʶʱʝʡ ʩʝʪʠ ʠ ʝʝ ʧʘʨʘʤʝʪʨʳ. ʈʘʩʯʝʪ ʨʝʛʫʣʠʨʫʶʱʝʡ 

ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ ʩʝʪʠ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʠʟ-

ʣʦʞʝʥʥʳʤ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ, ʩʧʨʘʚʦʯʥʠʢʘʭ ʠ ʪ. ʜ. 

ʅʘ ʜʝʩʷʪʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʤʧʦʥʦʚʢʘ ʧʦʣʠʚʥʦʡ ʪʝʭʥʠʢʠ, ʫʩʪʨʦʡʩʪʚ ʠ ʘʛʨʝ-

ʛʘʪʦʚ ʩ ʫʯʝʪʦʤ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʠʭ ʙʣʦʢʦʚ ʤʦ-

ʜʝʣʠ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʴʥʦʛʦ ʨʷʜʘ ʧʦʣʠʚʥʦʡ ʪʝʭʥʠʢʠ, ʫʩʪʨʦʡʩʪʚ ʠʣʠ ʘʛʨʝʛʘʪʦʚ. ʅʘ ʚʳʭʦʜʝ 

ʜʘʥʥʦʛʦ ʙʣʦʢʘ ʠʤʝʝʤ ʪʠʧʦʚʫʶ (ʫʥʠʬʠʮʠʨʦʚʘʥʥʫʶ) ʢʦʥʩʪʨʫʢʮʠʶ ʧʦʣʠʚʥʦʡ ʪʝʭʥʠʢʠ. 

ʅʘ ʦʜʠʥʥʘʜʮʘʪʦʤ ʵʪʘʧʝ çʋʚʷʟʢʘ ʦʩʫʰʠʪʝʣʴʥʦʡ ʠ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ (ʦʨʦʩʠʪʝʣʴ-

ʥʦʡ) ʩʝʪʝʡè ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ ʥʦʨʤʳ ʠ ʧʨʘʚʠʣʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʦʩʫʰʠʪʝʣʴʥʦʡ ʠ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ ʠ 

ʩʦʩʪʘʚʳ ʵʣʝʤʝʥʪʦʚ ʵʪʠʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ, ʚʳʭʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʰʝʩʪʦʷʱʠʭ ʙʣʦʢʦʚ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ (ʪʘʢʠʝ ʢʘʢ ʧʨʠʤʝʥʷʝʤʘʷ ʪʝʭʥʠʢʘ ʧʦʣʠʚʘ, ʪʠʧʳ ʠ ʧʘʨʘʤʝʪʨʳ ʧʨʦʚʦʜʷʱʠʭ 

ʠ ʨʝʛʫʣʠʨʫʶʱʠʭ ʩʝʪʝʡ ʠ ʜʨ.). ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ 

ʢʦʤʧʦʥʦʚʢʝ ʵʣʝʤʝʥʪʦʚ ʚʩʝʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʝʣʠʦʨʠʨʫʝʤʦʛʦ ʫʯʘʩʪ-

ʢʘ (ʨʝʣʴʝʬ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʯʘʩʪʢʘ ʤʝʣʠʦʨʠʨʦʚʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʦʜʦʠʩʪʦʯʥʠʢʘ ʠ 

ʜʨ.). ɺʳʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚ ʜʘʥʥʦʤ ʙʣʦʢʝ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʤʝʨʦ-

ʧʨʠʷʪʠʷ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʩʧʦʣʦʞʝʥʠʶ ʢʦʣʣʝʢʪʦʨʦʚ, ʦʩʫʰʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʦʨʦʩʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʥʷʪʳʭ ʩʧʦʩʦʙʦʚ ʦʩʫʰʝʥʠʷ, ʫʚʣʘʞ-

ʥʝʥʠʷ ʠ ʧʦʣʠʚʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʤʝʨʦʧʨʠʷʪʠʷ. 

ʌʫʥʢʮʠʷ ʜʚʝʥʘʜʮʘʪʦʛʦ ʙʣʦʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʠ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʦʚ ʩ ʫʯʝʪʦʤ ʠʤʝʶʱʠʭʩʷ 

ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʪʨʫʜʦʟʘʪʨʘʪʘʤ, ʪʝʭʥʠʢʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʨʘʩʮʝʥʢʘʤ ʠ 

ʜʨʫʛʠʤ ʧʦʢʘʟʘʪʝʣʷʤ. ɺʳʭʦʜʦʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʢʦʤʧʦʥʦʚʘʥʥʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝ-

ʥʠʝ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʬʠʢʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. 
ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʢʦʤʧʦʥʦʚʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʦʩʫʰʠ-

ʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʪʨʝʙʠʪʝʣʶ ʩ ʫʯʝʪʦʤ ʟʘʜʘʥʥʳʭ 
ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ 
ʦʩʫʰʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʧʨʦʚʝʩʪʠ ʠʭ ʢʦʤʧʦʥʦʚʢʫ, ʦʩʥʦʚʳʚʘʷʩʴ 
ʥʘ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʦʩʫʰʝʥʠʷ ʠ ʫʚʣʘʞʥʝʥʠʷ (ʦʨʦʰʝʥʠʷ), 
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ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʚ ʧʣʘʥʝ ʵʣʝʤʝʥʪʦʚ ʦʩʫʰʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʩ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ. 
ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʢʦʤʧʦʥʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʵʪʘʧʥʦʝ ʧʨʦʚʝʜʝ-

ʥʠʝ ʧʨʦʮʝʩʩʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-
ʛʦ ʨʝʰʝʥʠʷ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʝʢʪ-
ʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʣʠʦʨʘʪʠʚ-
ʥʳʭ ʩʠʩʪʝʤ. 
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ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʆʎɽʉʉɸ  

ʌʃʆʊɸʎʀʆʅʅʆʁ ʆʏʀʉʊʂʀ ʉʊʆʏʅʓʍ ɺʆɼ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʘʩʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʧʥʝʚʤʘ-
ʪʠʯʝʩʢʠʭ ʬʣʦʪʘʮʠʦʥʥʳʭ ʤʘʰʠʥʘʭ ʢʦʣʦʥʥʦʛʦ ʪʠʧʘ ʟʘ ʩʯʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ 
ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ: ʢʘʤʝʨ ʠ ʘʵʨʘʮʠʦʥʥʳʭ ʙʣʦʢʦʚ. ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʬʣʦʪʦʤʘ-
ʰʠʥʳ ʠʩʭʦʜʥʘʷ ʩʪʦʯʥʘʷ ʚʦʜʘ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʪʨʠ ʵʪʘʧʘ: ʧʨʠ ʵʨʣʠʬʪʥʦʡ ʟʘʛʨʫʟʢʝ 
(ʜʦ 20 %), ʚ ʢʘʤʝʨʝ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ (50ï70 %) ʠ ʚ ʢʘʤʝʨʝ ʢʦʥʪʨʦʣʴʥʦʡ ʬʣʦʪʘʮʠʠ 
(10ï30 %). ɼʣʷ ʥʘʩʳʱʝʥʠʷ ʢʘʤʝʨʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚʦʟʜʫʭʦʤ, ʛʝʥʝʨʘʮʠʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ 
ʧʫʟʳʨʴʢʦʚ ʧʨʠʤʝʥʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʩ ʧʥʝʚʤʦʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʘʵʨʘʪʦʨʘʤʠ, ʨʘʙʦʯʝʡ ʩʨʝ-
ʜʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʞʘʪʳʡ ʚʦʟʜʫʭ. ʆʧʠʩʘʥ ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ. ʋʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ 
ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʚʦʜʳ. ʉʦʟʜʘʥʘ ʫʩʪʘʥʦʚʢʘ, 
ʚʢʣʶʯʘʶʱʘʷ ʤʦʜʝʣʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʬʣʦʪʘʮʠʦʥʥʦʡ ʤʘ-
ʰʠʥʳ ʢʦʣʦʥʥʦʛʦ ʪʠʧʘ. ʅʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ 
ʩʪʦʯʥʦʡ ʚʦʜʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʧʠʩʘʥʘ ʩʭʝʤʘ ʧʝʨʝʭʦʜʘ ʦʪ ʣʘʙʦʨʘ-
ʪʦʨʥʦʡ ʢ ʧʨʦʤʳʰʣʝʥʥʦʡ ʬʣʦʪʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ. ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦ-
ʢʫʤʝʥʪʘʮʠʷ ʥʘ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ ʦʙʨʘʟʝʮ ʤʘʰʠʥʳ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʨʝʛʫʣʠʨʦ-
ʚʘʥʠʝʤ ʫʨʦʚʥʷ ʩʪʦʣʙʘ ʧʝʥʳ. 

http://www.rosniipm-sm.ru/dl_files/udb_files/udb13-rec548-field6.pdf
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IMPROVING THE EFFICIENCY OF THE WASTEWATER  

FLOTATION TREATMENT PROCESS  

The aim of the research was to intensify the wastewater treatment in pneumatic flota-

tion machines of the column type by modernizing the design of the main units: chambers and 

aeration units. In the proposed flotation machine design the initial wastewater is treated in 

three stages: with airlift loading (up to 20 %), in the main flotation chamber (50ï70 %) and 

in the control flotation chamber (10ï30 %). A device with pneumohydraulic aerators, the 

working medium of which is compressed air, was used to saturate the chamber product with 

air, to generate fine bubbles. The principle of its work is described. The main parameters af-

fecting the efficiency of the water purification process are indicated. The installation includ-

ing a model of the proposed design of the column type pneumatic flotation machine is created. 

The treatment process of the wastewaters from motor transport enterprise was investigated at 

the experimental installation. The scheme of transition from the laboratory flotation installation 

to the industrial one is described. Design documentation for an experimental-industrial model 

of a machine with automatic regulation of the level of a foam column has been developed. 

Keywords: column flotation, model, technology, reagent scheme, canal, airlift, ejec-

tion, foam, modernization, pneumatic hydraulic aeration, intensification, protective grating.  

ɺʚʝʜʝʥʠʝ. ʇʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʜʦʣʞʥʦ ʙʳʪʴ ʩʦʢʨʘʱʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʪʘʤ, ʛʜʝ ʚʦʟʤʦʞʥʦ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʜʦʩʪʠʞʝ-

ʥʠʝ ʚʳʩʦʢʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ [1]. ʂʦʥʮʝʧʮʠʷ ʫʩʧʝʰʥʦʛʦ 

ʨʝʰʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʚʩʝʤʝʩʪʥʦʝ ʚʥʝʜʨʝʥʠʝ 

ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʤʘʣʦʦʪʭʦʜʥʳʭ ʠ ʙʝʟʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [2].  

ʉʦʜʝʨʞʘʥʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʝʪʝʨʛʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʚʦʜʦʝʤʳ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʩʘʥʠʪʘʨʥʳʤʠ ʠ ʨʳʙʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʥʦʨʤʘʤʠ. ʀʩʩʣʝʜʦʚʘ-

ʥʠʷ, ʧʦʩʚʷʱʝʥʥʳʝ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʝʩʴʤʘ ʥʝ-

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʧʨʠ ʦʪʩʪʘʠʚʘʥʠʠ ʠ ʧʣʦʭʫʶ ʙʠʦʭʠʤʠʯʝʩʢʫʶ ʦʢʠʩʣʷʝʤʦʩʪʴ ʥʝʢʦ-

ʪʦʨʳʭ ʠʟ ʥʠʭ. ʌʣʦʪʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʦʜʝʨʞʘ-

ʱʠʭ ʤʘʩʣʘ ʠ ʞʠʨʳ, ʥʘʧʨʠʤʝʨ ʩʦ ʩʢʦʪʦʙʦʝʥ, ʩ ʧʨʝʜʧʨʠʷʪʠʡ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʩ ʬʘʙʨʠʢ-ʢʫʭʦʥʴ ʠ ʛʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʩʪʦʯʥʳʭ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭ 

ʤʘʩʣʘ, ʥʘʧʨʠʤʝʨ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ, ʘʚʪʦʨʝʤʦʥʪʥʳʭ ʤʘʩʪʝʨʩʢʠʭ ʠ ʘʚʪʦ-

ʤʦʝʢ, ʩʪʦʯʥʳʭ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʭ ʚʦʣʦʢʥʦ ʠ ʭʣʦʧʴʷ, ʥʘʧʨʠʤʝʨ ʩ ʦʙʲʝʢʪʦʚ ʙʫʤʘʞʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʚʦʜʦʦʯʠʩʪʢʝ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʠʢʠ ʦʪʜʝʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʬʣʦʪʘʮʠʠ ʠ ʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʢʦʪʦʨʳʝ ʧʨʠʰʣʠ ʠʟ ʪʝʭʥʦʣʦʛʠʡ ʧʦʜʛʦʪʦʚʢʠ ʨʫʜʳ ʠ 

ʫʛʣʷ [3ï5]. ʇʨʝʠʤʫʱʝʩʪʚʦ ʬʣʦʪʘʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʚ ʪʦʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʫʧʣʦʪʥʝʥʠʷ 

ʧʨʠ ʬʣʦʪʘʮʠʠ ʚ 10ï15 ʨʘʟ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʚʝʨʜʦʡ ʬʘʟʳ ʦʩʘʜʢʘ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ 

ʧʨʠ ʦʙʳʯʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʫʧʣʦʪʥʝʥʠʠ [6ï8]. ʌʣʦʪʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪ ʢʘʢ 

ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʦʜʥʦʬʘʟʥʳʭ ʩʠʩʪʝʤ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʜʣʷ ʫʜʘʣʝʥʠʷ ʥʝʨʘʩ-

ʪʚʦʨʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʢʦʣʣʦʠʜʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʦ-

ʝʜʠʥʝʥʠʷʤʠ, ʚʦ ʚʪʦʨʦʤ ï ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʦʥʦʚ. ʇʨʠ ʟʘʜʘʥʥʳʭ ʦʙʳʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʬʣʦʪʘʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʠʛʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɸɺ ʥʘ 40ï60 % ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʵʨʘʮʠʠ, ʩʪʦʣʙʘ ʧʝʥʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʨʘʩʪʚʦʨʝʥʥʳʭ ʟʘ-

ʛʨʷʟʥʝʥʠʡ. ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʘʵʨʘʮʠʠ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʇɸɺ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 
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80ï90 % [3]. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʠ ʜʦ 90ï99 %, ʧʨʠʤʝʥʷʷ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʩʪʦʢʦʚ ʢʦʘʛʫʣʷʥʪʘʤʠ ʠ ʬʣʦʢʫʣʷʥʪʘʤʠ. ʇʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ʭʠ-

ʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʷʪ ʧʦʜʙʦʨ ʨʝʘʛʝʥʪʥʦʛʦ ʨʝʞʠʤʘ ʠ ʜʦʟʠʨʦʚʢʠ, 

ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʘ 

ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ [4]. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ, ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʧʨʠʝʤʦʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʭʝʤ ʬʣʦʪʘʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʥʘʩʳʱʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʚʦʟʜʫʭʦʤ, ʩʦʢʨʘʱʝʥʠʠ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʧʦʚʳʰʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʫʟʣʘ ʘʵʨʘʮʠʠ ʟʘ ʩʯʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʥʝʚʤʘʪʠʯʝ-

ʩʢʠʭ ʬʣʦʪʘʮʠʦʥʥʳʭ ʤʘʰʠʥ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ: ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʩʧʦʩʦʙʦʚ ʘʵʨʘʮʠʠ 

ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʬʣʦʪʘʮʠʦʥʥʳʭ ʤʘʰʠʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʟʣʦʚ ʤʘ-

ʰʠʥ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʵʤʧʠʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʀʩʩʣʝʜʦʚʘʚ ʦʙʦʩʥʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʩʥʦʚʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʬʣʦʪʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ [9ï11], ʫʩʪʘʥʦʚʠʣʠ, 

ʯʪʦ ʵʞʝʢʪʦʨʥʳʝ ʬʣʦʪʘʮʠʦʥʥʳʝ ʤʘʰʠʥʳ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʬʣʦʪʘʮʠʦʥʥʳʤʠ ʧʦ-

ʢʘʟʘʪʝʣʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʤʘʰʠʥ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʧʨʦʮʝʩʩʘ ʬʣʦʪʘʮʠʠ [12]. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘʧʦʨʥʘʷ ʬʣʦ-

ʪʘʮʠʷ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʥʝʬʪʠ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʞʠʨʦʚ, ʤʘʩʝʣ, ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʭ ʠ ʚʦʣʦʢʥʠʩʪʳʭ ʚʝʱʝʩʪʚ. ʇʨʠ ʵʨʣʠʬʪʥʦʡ ʬʣʦʪʘʮʠʠ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʚ 2ï4 ʨʘʟʘ 

ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʥʘʧʦʨʥʦʡ, ʥʦ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʘʥʦʚʦʢ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʝʧʘʜʘ 

ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʦʢ ʤʝʞʜʫ ʧʠʪʘʪʝʣʴʥʳʤ ʨʝʟʝʨʚʫʘʨʦʤ ʩʦ ʩʪʦʯʥʦʡ ʚʦʜʦʡ ʠ ʘʵʨʘʪʦʨʦʤ, 

ʘ ʪʘʢʞʝ ʤʝʞʜʫ ʘʵʨʘʪʦʨʦʤ ʠ ʢʘʤʝʨʦʡ, ʯʪʦ ʩʫʞʘʝʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ [3]. 

ʆʙʦʩʥʦʚʘʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪʠʚʦʪʦʯʥʳʭ ʢʦʣʦʥʥʳʭ ʤʘʰʠʥ ʠ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝ-

ʨʝʜ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʪʦʡ ʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ [13]. 

ʊʨʘʜʠʮʠʦʥʥʦ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʬʣʦʪʦʫʩʪʘʥʦʚʢʠ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ 

ʚʦʜ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʨʘʩʪʚʦʨʝʥʥʳʝ ʧʨʠʤʝʩʠ, ʘʛʨʝʩʩʠʚʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʝʭʘʥʠʟ-

ʤʘʤ (ʥʘʩʦʩʘʤ, ʠʤʧʝʣʣʝʨʘʤ ʠ ʜʨ.), ʠʤʝʶʱʠʤ ʜʚʠʞʫʱʠʝʩʷ ʯʘʩʪʠ. ʀʟʤʝʣʴʯʝʥʠʝ ʧʫʟʳʨʴ-

ʢʦʚ ʚʦʟʜʫʭʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʚʧʫʩʢʘ ʚʦʟʜʫʭʘ ʚʦ ʬʣʦʪʘʮʠʦʥʥʫʶ ʢʘʤʝʨʫ ʯʝʨʝʟ ʩʦʧʣʘ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʪʨʫʙʢʘʭ, ʟʘʢʨʝʧʣʷʝʤʳʭ ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʬʣʦʪʘʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,25ï0,30 ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɼʠʘʤʝʪʨ ʦʪʚʝʨ-

ʩʪʠʡ ʩʦʧʣ 1,0ï1,2 ʤʤ, ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ʧʝʨʝʜ ʥʠʤʠ 0,3ï0,5 ʄʇʘ, ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ 

ʩʪʨʫʠ ʠʟ ʩʦʧʣ 100ï200 ʤĿʩï1. ʆʙʲʝʤ ʬʣʦʪʘʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ [14] ʧʦ ʬʦʨʤʫʣʝ: 

)1(60 ʘʵʨ

ʬ
ʬ

k

Qt
W

-
= , 

ʛʜʝ ʬt  ï ʚʨʝʤʷ ʬʣʦʪʘʮʠʠ, ʨʘʚʥʦʝ 15ï20 ʤʠʥ; 

ʘʵʨk  ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʵʨʘʮʠʠ, ʨʘʚʥʳʡ 0,2ï0,3. 

ʊʨʝʙʫʝʤʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʵʨʘʮʠʠ, ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ 

ʨʘʚʥʦʡ 15ï20 ʤ3/(ʤ2Ŀʯ). ʅʝʦʙʭʦʜʠʤʦʝ ʯʠʩʣʦ ʩʦʧʣ ʥʘʭʦʜʠʪʩʷ [12] ʠʟ ʚʳʨʘʞʝʥʠʷ: 
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ʛʜʝ ʩf  ï ʧʣʦʱʘʜʴ ʦʪʚʝʨʩʪʠʷ ʦʜʥʦʛʦ ʩʦʧʣʘ, ʤ2; 

v  ï ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ, ʤĿʩï1.  

ʆʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʬʣʦʪʘʮʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʤʘʰʠʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʨʝʤʝ-

ʥʠ ʬʣʦʪʘʮʠʠ ʣt  ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʘʤʝʨʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ [11]: 

ʣʧ tkt Ö= , 

ʛʜʝ ʧk  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʭʦʜʘ. 
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ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʭʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʚʦʡʩʪʚʘ-

ʤʠ ʨʘʟʜʝʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʭʥʦʣʦʛʠʠ ʬʣʦʪʘʮʠʠ, ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʰʠ-

ʥʳ ʠ ʜʨ. ɼʣʷ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʬʣʦʪʘʮʠʠ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦ-

ʨʦʡ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʨʘʟʜʝʣʷʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʧʝʨʚʦʡ ʢʘʤʝʨʝ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʣʘʙʦʨʘ-

ʪʦʨʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, ʢʦʛʜʘ ʜʦʩʪʠʛʘʝʪʩʷ 50 % ʚʳʭʦʜ ʬʣʦʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺʤʝʩʪʠʤʦʩʪʴ ʢʘʤʝʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʥʘʡʜʝʥʥʦʝ ʚʨʝʤʷ ʠ ʚʭʦʜʥʦʡ ʧʦʪʦʢ. ɼʘʥʥʘʷ ʤʝ-

ʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʚʳʙʦʨʘ ʢʘʤʝʨʳ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʚʤʝʩʪʠʤʦʩʪʠ ʠ ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʦʙʱʝʛʦ ʯʠʩʣʘ ʢʘʤʝʨ. ɽʩʣʠ ʪʦʯʥʘʷ ʚʝʣʠʯʠʥʘ ʧk  ʥʝʠʟʚʝʩʪʥʘ, ʪʦ ʧʨʦʝʢ-

ʪʠʨʦʚʱʠʢʠ ʧʨʠʥʠʤʘʶʪ ʝʝ ʦʪ 2 ʜʦ 4, ʧʨʠ ʵʪʦʤ ʧʨʝʜʧʦʯʠʪʘʝʪʩʷ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ 

ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʧʨʝʙʳʚʘʥʠʶ ʠʩʭʦʜʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʢʘʤʝʨʝ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʬʣʦʪʘʮʠʦʥʥʳʝ ʤʘʰʠʥʳ ʢʦʣʦʥʥʦʛʦ ʪʠʧʘ ʧʦʢʘʟʘ-

ʣʠ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦ-

ʛʦ ʩʳʨʴʷ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʢʦʣʦʥʥʳʭ ʤʘʰʠʥ, ʚ ʢʦ-

ʪʦʨʳʭ ʢʘʤʝʨʥʳʡ ʧʨʦʜʫʢʪ ʘʵʨʠʨʫʝʪʩʷ ʚʦʜʦʚʦʟʜʫʰʥʦʡ ʠʣʠ ʧʫʣʴʧʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʴʶ, 

ʧʦʣʫʯʘʝʤʦʡ ʚʥʝ ʬʣʦʪʘʮʠʦʥʥʦʡ ʢʘʤʝʨʳ ʵʞʝʢʪʠʨʦʚʘʥʠʝʤ ʚʦʟʜʫʭʘ ʧʦʪʦʢʦʤ ʚʦʜʳ ʩ ʧʝʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʝʤ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 170ï330 ʢʇʘ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʠʡ ʨʘʩʭʦʜ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʘʵʨʘʮʠʶ ʢʘʤʝʨʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʘʚʥʦ-

ʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʵʨʘʮʠʠ ʧʦ ʩʝʯʝʥʠʶ ʢʦʣʦʥʥʳ, ʥʘʧʨʠʤʝʨ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ 

ʧʣʠʪ, ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ, ʨʘʜʠʘʣʴʥʳʭ ʠ ʢʦʣʴʮʝʚʳʭ ʙʘʨʴʝʨʦʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ɸʊʇ 14327 (ʛ. ʉʠʤʬʝʨʦʧʦʣʴ) ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʘʣʦʛʘʙʘʨʠʪʥʘʷ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʚʢʣʶʯʘʶʱʘʷ ʥʘʧʦʨʥʳʡ ʛʠʜʨʦʮʠʢʣʦʥ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʫʶ ʤʦʜʝʣʴ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʬʣʦʪʘʮʠʦʥʥʦʡ ʤʘʰʠʥʳ ʢʦʣʦʥʥʦʛʦ ʪʠʧʘ. ɺ ʫʩʪʘʥʦʚʢʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʘ ʜʦʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʬʣʦʪʘʮʠʦʥʥʦʡ ʤʘʰʠʥʳ (ʨʠʩʫʥʦʢ 1) ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝ-

ʰʝʥʠʷʤ ʧʘʪʝʥʪʦʚ 20115731, 2038864 [15, 16]. 

 

1 ï ʢʘʤʝʨʘ ʟʘʛʨʫʟʢʠ ʧʠʪʘʥʠʷ; 2, 3, 14 ï ʢʨʘʥʳ; 4 ï ʜʥʦ ʢʘʤʝʨʳ 

ʜʦʬʣʦʪʘʮʠʠ; 5, 8 ï ʘʵʨʘʪʦʨʳ; 6 ï ʵʨʣʠʬʪ; 7 ï ʢʘʤʝʨʘ 

ʜʦʬʣʦʪʘʮʠʠ; 9 ï ʢʘʤʝʨʘ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ; 10 ï ʦʪʙʦʡʥʠʢ;  

11 ï ʞʝʣʦʙ; 12 ï ʪʨʫʙʘ ʦʪʚʦʜʘ ʠʟʙʳʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ;  

13 ï ʫʩʪʨʦʡʩʪʚʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ; 16 ï ʨʘʩʪʨʫʙ;  

17 ï ʰʪʫʮʝʨ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ  

ʬʣʦʪʘʮʠʦʥʥʦʡ ʤʘʰʠʥʳ 

ʌʣʦʪʦʤʘʰʠʥʘ ʚʢʣʶʯʘʝʪ ʧʦ ʚʳʩʦʪʝ ʚʝʨʭʥʶʶ ʢʘʤʝʨʫ 9 ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ ʩʝʯʝ-

ʥʠʝʤ 8 ʩʤ ʠ ʚʳʩʦʪʦʡ 80 ʩʤ ʠ ʥʠʞʥʶʶ 7 ʜʦʬʣʦʪʘʮʠʠ ʠ ʝʱʝ ʥʠʞʝ ï ʟʘʛʨʫʟʢʠ ʧʠʪʘʥʠʷ 1. 

ʇʦ ʦʩʠ ʘʧʧʘʨʘʪʘ ʨʘʩʧʦʣʦʞʝʥʘ ʪʝʣʝʩʢʦʧʠʯʝʩʢʘʷ ʪʨʫʙʘ 6 ʩ ʨʘʩʪʨʫʙʦʤ 16 ʚ ʟʘʛʨʫʟʦʯʥʦʤ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʠ 1 (ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʵʨʣʠʬʪʥʦʡ ʟʘʛʨʫʟʢʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ). 

ʅʘʧʨʦʪʠʚ ʨʘʩʪʨʫʙʘ 16 ʨʘʟʤʝʱʝʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ 17 ʜʣʷ ʚʚʦʜʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʚʦʟʜʫʭʘ. 

ɺ ʚʝʨʭʥʝʡ ʢʘʤʝʨʝ 9 ʧʦʜ ʚʝʨʭʥʝʡ ʢʨʦʤʢʦʡ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʪʨʫʙʳ, ʫ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ 

ʢʦʨʧʫʩʘ ʢʦʣʴʮʝʦʙʨʘʟʥʦ ʨʘʟʤʝʱʝʥʳ ʘʵʨʘʪʦʨʳ 8. ɸʵʨʘʪʦʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʜ ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʝʤ ʚʚʦʜʘ ʧʠʪʘʥʠʷ 10. ʅʠʞʥʷʷ ʢʘʤʝʨʘ 7 ʧʦ ʩʝʯʝʥʠʶ ʩʥʘʙʞʝʥʘ ʘʵʨʘʮʠʦʥʥʳʤ ʫʩʪʨʦʡ-

ʩʪʚʦʤ 5 ʚʳʰʝ ʟʘʛʨʫʟʦʯʥʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʘʵʨʘʪʦʨʦʚ ʧʨʠʤʝʥʝʥʦ ʫʩʪʨʦʡ-

ʩʪʚʦ ʜʣʷ ʘʵʨʘʮʠʠ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ ʘʚʪʦʨʩʢʦʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʘ 1748878 [17]. 



ʇʋʊʀ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʆʈʆʐɸɽʄʆɻʆ ɿɽʄʃɽɼɽʃʀʗ, ˉ 4(72)/2018 
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ʄʘʰʠʥʘ ʩʥʘʙʞʝʥʘ ʘʵʨʘʪʦʨʘʤʠ, ʢʦʨʧʫʩʘ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʙʨʦʥʟʳ, ʩ ʚʦʟʜʫʰʥʳʤʠ 

ʩʦʧʣʘʤʠ ʜʠʘʤʝʪʨʦʤ 1,0ī1,2 ʤʤ, ʜʠʘʤʝʪʨʦʤ ʢʘʥʘʣʦʚ 4 ʤʤ, ʜʠʘʤʝʪʨʦʤ ʢʘʤʝʨʳ ʩʤʝʰʠʚʘʥʠʷ 

8 ʤʤ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʫʩʧʦʢʦʠʪʝʣʴʥʦʡ ʨʝʰʝʪʢʦʡ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʦʪʚʝʨʩʪʠʷ 5 Ĭ 20 ʤʤ. 

ɺ ʤʘʰʠʥʝ ʧʨʠʤʝʥʝʥʦ ʚʳʰʝʥʘʟʚʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʘʵʨʘʮʠʠ ʢʘʤʝʨʥʦʛʦ ʧʨʦ-

ʜʫʢʪʘ ʧʨʠ ʬʣʦʪʘʮʠʠ, ʬʨʘʛʤʝʥʪ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 2. ʆʥʦ ʩʦʩʪʦʠʪ ʠʟ ʢʦʣʣʝʢ-

ʪʦʨʘ 1, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʘʵʨʘʪʦʨʳ 2, ʥʘ ʢʨʦʥʰʪʝʡʥʝ 3 ʢ ʢʦʣʣʝʢʪʦʨʫ ʧʨʠʢʨʝʧʣʝʥʘ 

ʫʩʧʦʢʦʠʪʝʣʴʥʘʷ ʨʝʰʝʪʢʘ 4 ʩʦ ʱʝʣʷʤʠ 5. ʂʦʨʧʫʩ ʘʵʨʘʪʦʨʘ ʠʤʝʝʪ ʢʘʥʘʣʳ 6, ʧʦ ʢʦʪʦʨʳʤ 

ʚʦʜʘ ʧʦʩʪʫʧʘʝʪ ʢ ʩʦʧʣʫ 8. ʏʝʨʝʟ ʰʪʫʮʝʨ 9 ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʚ ʚʦʟʜʫʭʦʚʦʜʥʳʝ ʢʘʥʘʣʳ 10. 

 

1 ï ʢʦʣʣʝʢʪʦʨ; 2 ï ʢʦʨʧʫʩ ʘʵʨʘʪʦʨʘ;  

3 ï ʢʨʦʥʰʪʝʡʥ; 4 ï ʫʩʧʦʢʦʠʪʝʣʴʥʘʷ ʨʝʰʝʪʢʘ;  

5 ï ʱʝʣʠ ʨʝʰʝʪʢʠ; 6 ï ʢʘʥʘʣʳ ʘʵʨʘʪʦʨʘ;  

7 ï ʩʤʝʩʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ; 8 ï ʩʦʧʣʦ; 9 ï ʰʪʫʮʝʨ;  

10 ï ʚʦʟʜʫʭʦʚʦʜʥʳʝ ʢʘʥʘʣʳ 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʬʨʘʛʤʝʥʪʘ  

ʫʩʪʨʦʡʩʪʚʘ ʫʟʣʘ ʘʵʨʘʮʠʠ 

ʇʨʠ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚʘ ʘʵʨʘʮʠʠ ʩʞʘʪʳʡ ʚʦʟʜʫʭ, ʧʦʜʘʚʘʝʤʳʡ ʯʝʨʝʟ ʰʪʫʮʝʨ 9 ʢʦʣʣʝʢ-

ʪʦʨʘ, ʧʦ ʚʦʟʜʫʭʦʚʦʜʥʳʤ ʢʘʥʘʣʘʤ 10 ʧʦʩʪʫʧʘʝʪ ʚ ʘʵʨʘʪʦʨ 2 ʧʦʜ ʜʘʚʣʝʥʠʝʤ 350ï400 ʢʇʘ, 

ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʘʙʦʯʝʛʦ ʩʦʧʣʘ 8 ʚ ʢʘʤʝʨʫ ʩʤʝʰʠʚʘʥʠʷ 7 ʫʚʣʝʢʘʝʪ ʯʝʨʝʟ ʢʘʥʘʣʳ 6 ʘʵʨʘʪʦ-

ʨʘ 2 ʦʯʠʱʘʝʤʫʶ ʚʦʜʫ ʠ ʩʤʝʰʠʚʘʝʪʩʷ ʩ ʥʝʡ, ʩʦʟʜʘʚʘʝʤʳʡ ʚʦʜʦʚʦʟʜʫʰʥʳʡ ʬʘʢʝʣ 

ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʫʩʧʦʢʦʠʪʝʣʴʥʫʶ ʨʝʰʝʪʢʫ 4 ʠ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʷʩʴ ʧʦ ʩʝʯʝʥʠʶ 

ʢʘʤʝʨʳ, ʥʘʩʳʱʘʝʪ ʦʯʠʱʘʝʤʫʶ ʚʦʜʫ ʚʦʟʜʫʰʥʳʤʠ ʧʫʟʳʨʴʢʘʤʠ. ɺʦʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʟʦʥʫ 

ʨʘʟʨʝʞʝʥʠʷ ʢʘʤʝʨʳ ʩʤʝʰʠʚʘʥʠʷ 7 ʘʵʨʘʪʦʨʘ ʙʝʟ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɸʵʨʘʪʦ-

ʨʳ 2 ʨʘʟʤʝʱʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,27 ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ [14, 17]. 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʘʵʨʘʮʠʠ 8 (ʨʠʩʫʥʦʢ 1) ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʤʝʨʳ 9 

ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʨʘʩʧʦʣʦʞʝʥʦ ʚʜʦʣʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝ-

ʥʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʤʝʨʳ ʜʦʬʣʦʪʘʮʠʠ 7, ʵʨʣʠʬʪ 6 ʨʘʩʧʦʣʦʞʝʥ ʧʦ ʦʩʠ ʤʘʰʠʥʳ, ʪʨʫʙ-

ʢʘ 12 ʜʣʷ ʦʪʚʦʜʘ ʠʟʙʳʪʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘʜ ʚʝʨʭʥʝʡ ʢʨʦʤʢʦʡ ʵʨʣʠʬʪʘ, 

ʘ ʧʨʠʝʤʥʠʢ 4 ʢʘʤʝʨʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʝʜʠʥʝʥ 15 ʩ ʢʘʤʝʨʦʡ ʟʘʛʨʫʟʢʠ ʧʠʪʘʥʠʷ 1. ʋʚʝʣʠʯʝ-

ʥʠʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʫ ʦʩʥʦʚʘʥʠʡ ʢʘʤʝʨ ʦʩʥʦʚʥʦʡ ʬʣʦʪʘʮʠʠ 9 ʠ ʜʦʬʣʦʪʘʮʠʠ 7 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʦʚ ʚ ʧʨʠʩʪʝʥʦʯʥʳʭ ʦʙʣʘ-

ʩʪʷʭ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʫʨʦʚʥʷ ʩʪʦʯʥʦʡ ʚʦʜʳ ʚ ʢʦʣʦʥʥʝ ʧʦʟʚʦʣʷʝʪ ʟʘʜʘʚʘʪʴ 

ʨʘʙʦʯʠʡ ʩʪʦʣʙ ʧʝʥʳ ʚʳʩʦʪʦʡ 5, 10, 30 ʠ 50 ʩʤ. 

ʇʥʝʚʤʘʪʠʯʝʩʢʘʷ ʬʣʦʪʘʮʠʦʥʥʘʷ ʤʘʰʠʥʘ ʢʦʣʦʥʥʦʛʦ ʪʠʧʘ (ʨʠʩʫʥʦʢ 1) ʨʘʙʦʪʘʝʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʆʙʨʘʙʦʪʘʥʥʘʷ ʨʝʘʛʝʥʪʘʤʠ ʠʣʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʦʯʠʱʘʝʤʘʷ ʚʦʜʘ ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʟʘʛʨʫʟʦʯʥʳʡ ʧʘʪʨʫʙʦʢ 2 ʧʦʜ ʨʘʩʪʨʫʙ 16 ʵʨʣʠʬʪʥʦʡ ʪʨʫ-

ʙʳ 6, ʦʪʢʫʜʘ ʧʦʩʪʫʧʘʶʱʠʤ ʩʥʠʟʫ ʚʦʟʜʫʭʦʤ ʯʝʨʝʟ ʰʪʫʮʝʨ ʩ ʦʙʨʘʪʥʳʤ ʢʣʘʧʘʥʦʤ 17 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʚʝʨʭʥʶʶ ʢʘʤʝʨʫ 9 ʢʦʣʦʥʥʳ. ɺ ʵʨʣʠʬʪʥʦʡ ʪʨʫʙʝ 6, ʫʩʪʨʦʝʥʥʦʡ ʪʝ-

ʣʝʩʢʦʧʠʯʝʩʢʠ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʠ ʯʘʩʪʠʯʥʦʝ ʥʘʩʳʱʝʥʠʝ 

ʩʪʦʯʥʦʡ ʚʦʜʳ ʚʦʟʜʫʭʦʤ (ʘʢʪʠʚʘʮʠʷ). ɽʶ ʞʝ ʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʛʣʫʙʠʥʘ ʚʚʦʜʘ ʠʩʭʦʜʥʦʛʦ 

ʧʠʪʘʥʠʷ. ɺʳʙʨʦʰʝʥʥʘʷ ʠʟ ʵʨʣʠʬʪʘ 6 ʚʦʜʦʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʥʫʩʥʦʛʦ ʨʘʩ-

ʧʨʝʜʝʣʠʪʝʣʷ 10 ʥʘʧʨʘʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʩʝʯʝʥʠʶ ʢʘʤʝʨʳ 3 ʚ ʚʠʜʝ ʚʦʩʭʦʜʷʱʠʭ ʧʦ-

ʪʦʢʦʚ. ɺ ʪʘʢʦʤ çʚʟʚʝʰʝʥʥʦʤè ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʘʵʨʠʨʦʚʘʥʥʘʷ ʩʪʦʯʥʘʷ ʚʦʜʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʦʟʜʫʰʥʳʤʠ ʧʫʟʳʨʴʢʘʤʠ, ʛʝʥʝʨʠʨʫʝʤʳʤʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤʠ ʘʵʨʘʪʦ-

ʨʘʤʠ 8, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʢʦʣʴʮʝʦʙʨʘʟʥʦ ʫ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʢʘʤʝʨʳ 9. ʆʙʨʘʟʦ-

ʚʘʚʰʠʝʩʷ ʬʣʦʪʘʮʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʧʝʥʦʡ ʧʦʩʪʫʧʘʶʪ ʚ ʢʦʣʴʮʝʚʦʡ ʧʝʥʥʳʡ ʞʝʣʦʙ 11 ʠ 

ʫʜʘʣʷʶʪʩʷ ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʘʪʘ, ʘ ʛʠʜʨʦʬʠʣʴʥʳʝ ʠ ʤʝʥʝʝ ʛʠʜʨʦʬʦʙʥʳʝ ʯʘʩʪʠʮʳ ʦʧʫʩʢʘ-

ʶʪʩʷ ʚ ʥʠʞʥʶʶ ʢʘʤʝʨʫ 7 ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʯʠʩʪʢʫ. ɿʜʝʩʴ ʦʥʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʟʘʠ-


