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ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ 

6 

ʄɸʊɽʈʀɸʃʓ ʂʆʅʌɽʈɽʅʎʀʀ 

V ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ  

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

çɸʢʪʫʘʣʴʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʝʣʠʦʨʘʮʠʠè 

 

ʋɼʂ 631.58:631.674 

ɺ. ʀʛ. ʆʣʴʛʘʨʝʥʢʦ, ɸ. ʅ. ɹʘʙʠʯʝʚ, ɺ. ɸ. ʄʦʥʘʩʪʳʨʩʢʠʡ 

ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ɻʃʆɹɸʃʔʅɸʗ ʉʀʉʊɽʄɸ ʇʆɿʀʎʀʆʅʀʈʆɺɸʅʀʗ ʂɸʂ ʕʃɽʄɽʅʊ  

ʊʆʏʅʆɻʆ ɿɽʄʃɽɼɽʃʀʗ ʀ ʇʈɽʎʀɿʀʆʅʅʆɻʆ ʆʈʆʐɽʅʀʗ  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʨʦʰʝʥʠʷ. 

ʂʦʥʮʝʧʮʠʷ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʝʤʦʚ ʦʨʦʰʝʥʠʷ ʦʙʷʟʳʚʘʝʪ 

ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʣʦʢʘʣʴʥʳʝ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠ-

ʟʘʮʠʦʥʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ ʥʝ ʪʦʣʴʢʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʦʙʱʝʤ ʘʛʨʦʣʘʥʜʰʘʬ-

ʪʘ, ʥʦ ʠ ʢʘʞʜʦʛʦ ʝʛʦ ʩʝʛʤʝʥʪʘ ʚ ʯʘʩʪʥʦʩʪʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʧʨʠʤʝ-

ʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʨʦʰʝʥʠʷ, ʩʦʚʦʢʫʧʥʦ 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʥʳʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʨʝʩʫʨʩʦʚ ʚʤʝʩʪʝ ʩʦ ʩʥʠʞʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ ʠ ʫʚʝʣʠʯʝʥʠ-

ʝʤ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʮʠʟʠʦʥʥʦʝ ʦʨʦʰʝʥʠʝ, ʩʠʩʪʝʤʳ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʛʣʦ-

ʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʦʙʟʦʨ. 
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GLOBAL POSITIONING SYSTEM AS AN ELEMENT  

OF PRECISION FARMING AND PRECISION IRRIGATION  

The aim of the work is to analyze the modern scientific and technical information on 

application of elements of precision farming and precision irrigation technology. The concept 

of precision farming in application of irrigation methods makes to take into account the local 

soil-climatic, hydrological and organizational-economic conditions not only of the agroland-

scape under consideration, but of each of its segments in particular. The principles of apply-

ing the elements of the precision farming and precision irrigation technology, providing in 

common the rational use of water, energy and other types of resources together with a de-

crease in the intensity of soil degradation processes and an increase in the yield of agricul-

tural crops are considered. 

Keywords: precision irrigation, precision farming systems, global positioning system, 

software, overview. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʠ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʨʦʰʝʥʠʷ. 

ʈʘʟʚʠʪʠʶ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʧʦʩʣʫʞʠʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʫʪʝʤ ʫʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-
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ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ 

ʚʦʟʜʝʣʳʚʘʝʤʦʛʦ ʧʦʣʷ [1]. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʨʷʜʝ ʠʥʦʩʪʨʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʀʟʨʘʠʣʴ, ʩʪʨʘʥʳ 

ɽʉ, ʉʐɸ ʠ ʜʨ., ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʠ ʚʥʝʜʨʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʪʝʭ-

ʥʦʣʦʛʠʡ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʠ ʣʦʢʘʣʴʥʦʛʦ ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʠ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʧʝʩʪʠʮʠʜʦʚ ʥʘ ʬʦʥʝ ʦʨʦʰʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʨʝʞʠ-

ʤʘʤʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʀʟʫʯʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʥʦʚʝʡʰʝʡ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʫ-

ʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʥʦʨʤʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʦʩʪʘʚʘ ʧʝʩʪʠʮʠʜʦʚ ʠ ʥʦʨʤ ʦʨʦʰʝʥʠʷ ʜʣʷ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʚ ʫʩʣʦʚʠʷʭ ʚʩʝʛʦ ʘʛʨʦʣʘʥʜʰʘʬʪʘ [2, 3]. 

ʊʝʭʥʦʣʦʛʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʧʝʩʪʠʮʠʜʦʚ ʥʘ ʬʦʥʝ 

ʦʨʦʰʝʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ï ʛʝʦʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʉʇ) ʠ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʊʘʢʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʜʨʫʛʠʭ ʨʝʩʫʨʩʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʛʤʝʥʪʘ ʦʨʦ-

ʰʘʝʤʦʛʦ ʧʦʣʷ [4, 5]. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʟʝʤʣʝʧʦʣʴʟʦ-

ʚʘʪʝʣʷʤ ʚʝʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʧʨʠʥʮʠʧʘʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘ-

ʣʘʥʩʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʥʘ ʵʢʦʥʦʤʠʶ ʧʨʠʨʦʜʥʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʣʫʯʘʪʴ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʫʶ ʫʨʦʞʘʡʥʦʩʪʴ ʚʤʝʩʪʝ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʦʪ ʣʠʰʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʠ ʟʘʛʨʷʟʥʝʥʠʡ [6, 7]. 

ɼʣʷ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʧʝʩʪʠʮʠʜʦʚ ʥʘ ʬʦʥʝ ʦʨʦʰʝʥʠʷ, ʙʘʟʠ-

ʨʫʶʱʝʡʩʷ ʥʘ ʫʯʝʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʞʜʦʛʦ ʤʠʢʨʦʩʝʛʤʝʥʪʘ ʚʦʟʜʝʣʳʚʘʝʤʦʛʦ ʧʦʣʷ, ʥʝʦʙ-

ʭʦʜʠʤʳ ʘʢʪʫʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʠʥʘʤʠʢʠ ʫʨʦʞʘʡʥʦʩʪʠ, ʩʦʩʪʘʚʘ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ, ʪʠʧʘ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʚʤʝʩʪʝ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʦʧʫʣʷʮʠʠ ʚʨʝʜʠʪʝʣʝʡ ʠ ʪʦʯʥʘʷ 

ʠʭ ʧʨʠʚʷʟʢʘ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʘʛʨʦʣʘʥʜʰʘʬʪʫ [8ï10]. 

ʌʘʢʪʠʯʝʩʢʘʷ ʢʘʨʪʘ ʧʦʣʷ ʩ ʫʯʝʪʦʤ ʧʦʢʘʟʘʪʝʣʝʡ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ʩʦʩʪʘʚʣʷʝʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʦʪʙʦʨʘ ʜʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʤ ʤʘʩʰʪʘʙʝ ʠ ʚʦ ʚʨʝʤʝʥʠ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ʂʘʨʪʘ ʜʠʥʘʤʠʢʠ ʫʨʦʞʘʡʥʦ-

ʩʪʠ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʣʷ ʦʬʦʨʤʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʥʘʤʠʢʠ ʫʨʦʞʘʡʥʦʩʪʠ 

ʥʘ ʢʘʞʜʦʤ ʤʠʢʨʦʩʝʛʤʝʥʪʝ ʧʦʣʷ ʚ ʧʝʨʠʦʜ ʫʙʦʨʢʠ, ʘ ʪʘʢʞʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʬʠʪʦʜʠʘʛʥʦ-

ʩʪʠʢʠ ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʠ [11]. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʠ ʧʝʩʪʠʮʠʜʦʚ, 

ʥʦʨʤʠʨʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʦʨʦʰʝʥʠʷ ʩ ʫʯʝʪʦʤ ʠʭ ʜʦʟ ʥʘ ʢʘʞʜʦʤ ʤʠʢʨʦʩʝʛʤʝʥʪʝ ʧʦʣʷ, ʚʳʙʦʨ 

ʵʬʬʝʢʪʠʚʥʳʭ ʩʦʨʪʦʚ ʚʦʟʜʝʣʳʚʘʝʤʳʭ ʢʫʣʴʪʫʨ, ʥʦʨʤʠʨʦʚʘʥʠʝ ʜʦʟʳ ʚʳʩʝʚʘ ʠ ʩʨʦʢʦʚ ʧʦʩʝ-

ʚʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʣʫʯʰʝʡ ʧʨʠʩʧʦʩʦʙʣʷʝʤʦʩʪʠ ʩʝʤʷʥ ʢ ʩʦʩʪʦʷʥʠʶ ʦʨʦʰʘʝʤʦʛʦ ʧʦʣʷ [12]. 

ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʠ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

c ʢʦʥʮʘ 1980-ʭ ʛʛ. ʪʝʩʪʠʨʫʶʪʩʷ ʠ ʚʥʝʜʨʷʶʪʩʷ ʩʠʩʪʝʤʳ ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʩʝ-

ʚʦʚ. ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʝʡ ʙʘʟʦʡ ʜʣʷ ʵʪʠʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʧʫʪʥʠʢʦʚʘʷ ʥʘʚʠ-

ʛʘʮʠʷ, ʦʩʥʘʱʝʥʥʘʷ ʩʦʪʦʚʦʡ ʠ (ʠʣʠ) ʨʘʜʠʦʩʚʷʟʴʶ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʦʡ, ʧʨʠʙʦʨʘʤʠ ʠ ʮʠʬʨʦʚʳʤʠ ʢʘʨʪʘʤʠ. ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠ-

ʘʮʠʝʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʷ ʧʦ ʢʘʞʜʦʤʫ ʤʠʢʨʦʩʝʛʤʝʥʪʫ, ʝʛʦ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʯʝʪʢʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ. ʇʨʦʚʦʜʠʤʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ ʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ï ʥʦʨʤʳ ʚʳʩʝʚʘ, ʧʦʣʠʚʦʚ, ʜʦʟʳ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʧʝʩʪʠʮʠʜʦʚ ï 

ʜʦʣʞʥʳ ʠʟʤʝʥʷʪʴʩʷ ʩ ʫʯʝʪʦʤ ʚʳʷʚʣʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ [13ï17]. 

ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʤʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʷʚʣʷʝʪʩʷ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʣʦ-

ʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʚʦʜʘ ʢʦʥʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʦʨʪʦʚʫʶ ʩʠ-

ʩʪʝʤʫ. ɻʣʦʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤʫ ʢʦ-

ʣʠʯʝʩʪʚʫ ʦʙʲʝʢʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ 

ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʘʭ ʧʣʘʥʝʪʳ ʩʚʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʩʦʩʪʘʚ ʠ ʭʘʨʘʢʪʝ-
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ʨʠʩʪʠʢʠ. ʉ ʧʦʤʦʱʴʶ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʢʦʥʢʨʝʪʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʦʣʝ, ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘ-

ʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʯʚʝʥʥʳʭ ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ, ʘ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦ-

ʧʨʠʷʪʠʷ ʜʣʷ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʘʛʨʦʣʘʥʜʰʘʬʪʘ [18, 19].  

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʠʩʪʝʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʷʚʣʷ-

ʝʪʩʷ ʩʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʘʷ ʩʠʩʪʝʤʘ NɸVSʊɸR. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 70-ʝ ʛʛ. 

XX ʚ. ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʦʙʦʨʦʥʳ ʉʐɸ ʚ ʨʘʤʢʘʭ ʚʦʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʩ ʬʠʥʘʥʩʦʚʳʤʠ ʟʘ-

ʪʨʘʪʘʤʠ ʚ ʨʘʟʤʝʨʝ 10 ʤʣʨʜ ʜʦʣʣ. ʉʐɸ, ʘ ʥʘʯʠʥʘʷ ʩ 1992 ʛ. ʩʠʩʪʝʤʘ NɸVSʊɸR ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʜʣʷ ʛʨʘʞʜʘʥʩʢʠʭ ʩʣʫʞʙ. 

ʉʠʩʪʝʤʘ NɸVSʊɸR ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʢʦʤʧʣʝʢʩʘ 24 ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʰʝʩʪʠ ʨʘʟʣʠʯʥʳʭ ʦʨʙʠʪʘʭ ʥʘ ʚʳʩʦʪʝ 

20182 ʢʤ ʠ ʩʦʚʝʨʰʘʶʪ ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʚʦʢʨʫʛ ɿʝʤʣʠ ʟʘ 12 ʯ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʨʙʠʪ ʩʧʫʪ-

ʥʠʢʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʠ ʣʶʙʦʝ ʚʨʝʤʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʧʨʠʥʠʤʘʪʴ ʩʠʛ-

ʥʘʣ ʢʘʢ ʤʠʥʠʤʫʤ ʦʪ ʯʝʪʳʨʝʭ ʩʧʫʪʥʠʢʦʚ. ʉʠʛʥʘʣʘʤʠ ʩʧʫʪʥʠʢʦʚ ʩʯʠʪʘʶʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦ-

ʨʦʥʳ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʵʬʝʤʝʨʠʜʳ (ʘʣʴʤʘʥʘʭʠ), ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʪʦʯʥʘʷ ʧʨʠʚʷʟʢʘ 

ʢʦ ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʦʝ ʦʥʠ ʙʳʣʠ ʦʪʧʨʘʚʣʝʥʳ. ʕʬʝʤʝʨʠʜʳ ʩʦʜʝʨʞʘʪ ʜʘʥʥʳʝ ʦ ʥʘʚʠʛʘʮʠʠ 

ʩʧʫʪʥʠʢʘ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ, ʘ ʪʦʯʥʳʝ ʘʪʦʤʥʳʝ ʯʘʩʳ ʥʘ ʩʧʫʪʥʠʢʘʭ ʟʘʤʝʨʷʶʪ ʚʨʝʤʷ, ʢʦʛʜʘ 

ʦʥ ʟʘʥʠʤʘʣ ʢʦʥʢʨʝʪʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ. ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʜʘʥʥʳʭ ɻʉʇ-ʧʨʠʝʤʥʠʢ ʚʳ-

ʯʠʩʣʷʝʪ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʩʧʫʪʥʠʢ. ɼʣʷ ʛʨʘʞʜʘʥʩʢʠʭ ʮʝʣʝʡ ʩʠʛʥʘʣʳ ʩʧʫʪʥʠʢʦʚ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʩʧʣʘʪʥʦ ʜʣʷ ʣʶʙʦʛʦ ʤʝʩʪʘ ʟʝʤʥʦʛʦ ʰʘʨʘ, ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʷ ʩʦʙʩʪʚʝʥʥʦʝ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʥʘ ʜʚʫʭ ʧʦʣʦʩʘʭ ʯʘʩʪʦʪ ʚ ʜʠʘʧʘʟʦʥʝ 1,56 ɻɻʮ. 

ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʨʘʟʨʘʙʦʪʘʣʠ ʚʦʝʥʥʫʶ ʩʠʩʪʝʤʫ ɻʃʆʅɸʉʉ (ɻʣʦʙʘʣʴʥʘʷ 

ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ), ʢʦʪʦʨʫʶ ʩʝʛʦʜʥʷ ʤʦʞʥʦ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴ 

ʜʣʷ ʛʨʘʞʜʘʥʩʢʠʭ ʮʝʣʝʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʤʢʘʭ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ 

ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʧʫʪʥʠʢʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʦʨʙʠʪʝ ɿʝʤʣʠ, ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ-

ʵʪʘʧʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʨʘʩʣʝʚʳʝ ʬʠʨʤʳ ʠ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʧʨʝʜʣʘʛʘʶʪ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʩʠʛʥʘʣʳ ʢʘʢ 

ʦʪ ʩʠʩʪʝʤʳ NɸVSʊɸR, ʪʘʢ ʠ ʦʪ ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʦʧʳ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɼʣʷ ʪʝʨʨʠʪʦʨʠʡ, ʧʦʜʣʝʞʘʱʠʭ ʢʦʥʪʨʦʣʶ, ʢʨʦʤʝ ʤʦʙʠʣʴʥʦʛʦ ʘʧʧʘʨʘ-

ʪʘ ʚʳʜʘʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʙʘʟʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʠʟʤʝʨʷʝʤʳʤʠ ʩ ʩʘʥʪʠʤʝʪʨʦʚʦʡ ʪʦʯʥʦ-

ʩʪʴʶ, ʥʘ ʢʦʪʦʨʦʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ɻʉʇ-ʧʨʠʝʤʥʠʢ ï ʘʥʘʣʦʛʠʯʥʳʡ ʪʦʤʫ, ʢʦʪʦʨʳʤ ʦʩʥʘ-

ʱʘʝʪʩʷ ʜʚʠʞʫʱʠʡʩʷ ʘʧʧʘʨʘʪ, ʦʜʥʘʢʦ ʩ ʪʨʝʙʦʚʘʥʠʝʤ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʣʘʩʩʘ ʘʧʧʘʨʘʪʫʨʳ 

ʥʘ ʙʘʟʝ ʤʦʱʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʊʘʢ, ʥʘ ʢʦʦʨʜʠʥʘʪʳ ʤʦʙʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦʩʪʫʧʘʝʪ ʠ 

ʬʠʢʩʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʩʧʫʪʥʠʢʘ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʦʰʠʙʢʘʤʠ (ʜʦ 100 ʤ), 

ʯʪʦ ʦʟʥʘʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ, ʧʨʦʚʦʜʠʤʦʡ ʩ ʧʦʤʦʱʴʶ ʢʦʦʨʜʠʥʘʪ ʩʪʘʮʠ-

ʦʥʘʨʥʦʡ ʙʘʟʳ. ʇʫʪʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʦʨʜʠʥʘʪ ʢʦʥ-

ʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʩ ʠʭ ʦʙʲʝʢʪʠʚʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰ-

ʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʜʚʠʞʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʝ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ, 

ʬʦʨʤʠʨʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ (ʩʪʘʥʮʠʶ), ʢʦʪʦʨʘʷ ʜʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʫʯʝʥʠʝ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʩʪʦ-

ʧʦʣʦʞʝʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ ʩʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʜʦ 3,0 ʤ, ʚ ʨʘʜʠʫʩʝ ʜʦ 50,0 ʢʤ. 

ʀʟʚʝʩʪʝʥ ʨʷʜ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʠʩʪʝʤ ɻʉʇ, ʨʘʟʣʠʯʥʳʭ ʧʦ ʯʠʩʣʫ ʫʯʠʪʳʚʘʝʤʳʭ ʢʘ-

ʥʘʣʦʚ, ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪʥʳʭ ʜʘʥʥʳʭ ʠ ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʪʨʘʥʳ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʨʘʟʚʠʚʘʶʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʦʚʫʶ ʥʘʚʠʛʘ-

ʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ï Galileo, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʩ 2013 ʛ. ʇʣʘʥʠʨʦʚʘʣʦʩʴ, ʯʪʦ ʩʠʩʪʝʤʘ 

Galileo ʙʫʜʝʪ ʩʬʦʨʤʠʨʦʚʘʥʘ ʢʘʢ ʤʠʥʠʤʫʤ ʠʟ 27 ʩʧʫʪʥʠʢʦʚ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʜʦʙʘʚʣʝʥʠʷ 

ʝʱʝ ʪʨʝʭ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʪ ʦʧʨʝʜʝʣʝʥʠʝ 
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ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʦʙʲʝʢʪʘ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1 ʤ, ʘ ʩʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʨʘʜʠʦʩʪʘʥʮʠʷ-

ʤʠ ï ʜʦ 10 ʩʤ. 

ʉʫʤʤʠʨʫʷ, ʦʪʤʝʯʘʝʤ, ʯʪʦ ʛʣʦʙʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ: 

- ʢʦʩʤʠʯʝʩʢʠʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʘʩʩʳʣʘʶʪ ʩʠʛʥʘʣʳ ʦ ʚʨʝʤʝʥʠ, ʩʦʙʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʩʚʦʝʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠ ʜʨʫʛʫʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

- ɻʉʇ-ʧʨʠʝʤʥʠʢʦʚ ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʚʦʟʤʦʞʥʳʤ ʯʠʩʣʦʤ ʚ ʩʠʩʪʝʤʝ. ʕʪʠ 

ɻʉʇ-ʧʨʠʝʤʥʠʢʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʘʩʩʠʚʥʦ, ʪ. ʝ. ʧʨʠʥʠʤʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ 

ʢʦʩʤʠʯʝʩʢʠʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʩʦʧʦʩʪʘʚʣʷʷ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʘ ʩʦ ʚʨʝʤʝ-

ʥʝʤ, ʢʦʛʜʘ ʦʥ ʙʳʣ ʧʦʩʣʘʥ. ɻʉʇ-ʧʨʠʝʤʥʠʢʠ ʦʙʦʨʫʜʦʚʘʥʳ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʢʚʘʨ-

ʮʝʚʳʤʠ ʯʘʩʘʤʠ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ɻʉʇ-ʧʨʠʝʤʥʠʢʦʤ ʢʦʥʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ ʦʥ ʤʦʞʝʪ 

ʦʧʨʝʜʝʣʠʪʴ, ʩʢʦʣʴʢʦ ʧʨʦʰʣʦ ʩ ʤʦʤʝʥʪʘ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʦʪ ʩʧʫʪʥʠʢʦʚ. ʕʪʫ ʬʫʥʢ-

ʮʠʶ ʫʩʣʦʚʥʦ ʠʤʝʥʫʶʪ çʠʟʤʝʨʝʥʠʝʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠè. ʉʠʛʥʘʣʳ ɻʉʇ ʧʝʨʝʤʝʱʘʶʪʩʷ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ. ɽʩʣʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʪʨʝʙʦʚʘʣʦʩʴ ʩʠʛʥʘʣʫ ʜʣʷ ʧʨʝ-

ʦʜʦʣʝʚʘʥʠʷ ʜʠʩʪʘʥʮʠʠ ʦʪ ʩʧʫʪʥʠʢʘ ʜʦ ɻʉʇ-ʧʨʠʝʤʥʠʢʘ, ʪʦ ʤʦʞʥʦ ʢʦʥʢʨʝʪʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʧʫʪʥʠʢʘ ʜʦ ɻʉʇ-ʧʨʠʝʤʥʠʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʩʣʠ ʩʠʛʥʘʣʳ ʧʨʠʭʦʜʷʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʘʢ ʤʠʥʠʤʫʤ ʦʪ ʪʨʝʭ ʩʧʫʪʥʠʢʦʚ, ʧʨʠʝʤʥʠʢ ʤʦʞʝʪ ʫʩʪʘʥʦʚʠʪʴ ʩʚʦʝ ʤʝ-

ʩʪʦʧʦʣʦʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʪʨʠʣʘʪʝʨʘʮʠʠ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʪʨʝʭʤʝʨʥʦʡ ʛʝʦʣʦʢʘʮʠʠ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʠʛʥʘʣʘ ʦʪ ʯʝ-

ʪʳʨʝʭ ʩʧʫʪʥʠʢʦʚ. ʏʝʪʚʝʨʪʳʡ ʩʧʫʪʥʠʢ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʙʦʨʪʦʚʳʭ ʯʘʩʦʚ 

ɻʉʇ-ʧʨʠʝʤʥʠʢʘ. ɼʣʷ ʛʘʨʘʥʪʠʠ ʪʦʯʥʦʩʪʠ ʪʨʝʭʤʝʨʥʦʡ ʛʝʦʣʦʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʜʦ Ñ10 ʤ 

ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʯʘʩʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʧʦ ʚʨʝʤʝʥʠ ʙʦʣʝʝ ʯʝʤ 

ʥʘ 30 ʥʩ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʘʞʝ ʧʨʠ ʩʫʪʦʯʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʣʠ-

ʯʠʝʤ ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʩʚʝʨʭʪʦʯʥʳʭ ʘʪʦʤʥʳʭ ʯʘʩʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʯʝʪ-

ʚʝʨʪʦʛʦ ʩʧʫʪʥʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʠʝʤʥʠʢʘʭ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʯʘʩʦʚ ʧʨʠ ʩʦ-

ʭʨʘʥʝʥʠʠ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʛʝʦʣʦʢʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʜʝʰʝʚʣʷʝʪ ʢʦʥ-

ʩʪʨʫʢʮʠʶ ʠ ʜʝʣʘʝʪ ʝʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ; 

- ʢʦʥʪʨʦʣʴʥʳʭ ʩʪʘʥʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʱʝʡ ʩʠʩʪʝʤʳ. 

ʉ ʠʭ ʧʦʤʦʱʴʶ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʩʦʦʙʱʘʶʪ ʠʤ 

ʵʪʠ ʜʘʥʥʳʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʧʝʨʝʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨ-

ʤʘʮʠʷ ʦʙ ʦʨʙʠʪʝ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʙʦʨʪʦʚʳʭ ʯʘʩʦʚ, ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʜʨʫʛʘʷ ʩʦʧʫʪʩʪʚʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ [20]. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʦ ʠʩ-

ʭʦʜʷʱʠʝ ʩʠʛʥʘʣʳ ʤʦʛʫʪ ʪʨʘʢʪʦʚʘʪʴʩʷ ʥʝʪʦʯʥʦ ʠʣʠ ʦʰʠʙʦʯʥʦ. ʇʦʜ ʦʰʠʙʢʦʡ ɻʉʇ-ʩʠʛʥʘʣʘ 

ʠʤʝʶʪ ʚ ʚʠʜʫ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʬʘʢʪʠʯʝʩʢʠ ʪʨʝʙʫʝʤʦʛʦ ʚʨʝʤʝʥʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʨʘʩʯʝʪʥʦ-

ʤʫ ʚʨʝʤʝʥʠ ɻʉʇ-ʩʠʛʥʘʣʘ ʥʘ ʧʫʪʠ ʦʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʧʫʪʥʠʢʘ ʢ ɻʉʇ-ʧʨʠʝʤʥʠʢʫ. ʆʪʢʣʦ-

ʥʝʥʠʝ ʠ ʪʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʘʢʞʝ ʠ ʧʦ ʦʪʢʣʦʥʝʥʠʶ ʯʘʩʦʚ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ ʠ ʠʟʤʝʥʝʥʠʷʤ ʠʭ ʦʨʙʠʪ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʘʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʩʥʠʞʝʥʠʝ 

ʪʦʯʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʩʧʫʪʥʠʢʦʚ. ʊʘʢ, ʝʩʣʠ 

ʜʚʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘ ʥʘʭʦʜʷʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 

ʪʦ ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʠʭ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʟʢʦʡ, ʯʝʤ ʧʨʠ ʠʭ ʩʙʣʠʞʝʥʠʠ, ʯʪʦ 

ʫʤʝʥʴʰʘʝʪ ʪʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

ɹʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ʛʝʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʦʢʘʟʳʚʘʶʪ ʤʝ-

ʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʠʦʥʦʩʬʝʨʝ, ʢʦʪʦʨʘʷ ʬʠʣʴʪʨʫʝʪ ʠʩʭʦʜʷ-

ʱʝʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʪʴ ʩʠʛʥʘʣʳ ʘʥʘ-

ʣʦʛʠʯʥʦ ʧʨʝʣʦʤʣʝʥʠʶ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʧʨʠ ʜʚʠʞʝʥʠʠ ʠʟ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʚʦʜʥʫʶ. 

ɸʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ ʩʠʛʥʘʣʦʚ ʩʧʫʪʥʠʢʦʚ ʟʘʚʠʩʠʪ ʩʠʣʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʩ ʢʦʪʦʨʦʡ ʦʥʠ ʧʨʦʥʠʢʘʶʪ ʚ ʠʦʥʦʩʬʝʨʫ. ʆʪʢʣʦʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʷ ʠʭ ʜʚʠ-

ʞʝʥʠʷ ʦʪ ʩʧʫʪʥʠʢʘ ʢ ʧʨʠʝʤʥʠʢʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʪʦʯʥʦʩʪʷʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʛʝʦʧʦ-

ʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʘʪʤʦʩʬʝʨʥʳʝ ʷʚʣʝʥʠʷ ʚ ʪʨʦʧʦʩʬʝʨʝ, ʥʘʧʨʠʤʝʨ ʠʟʤʝ-
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ʥʝʥʠʝ ʧʦʛʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʧʦʯʪʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʪʦʯʥʦʩʪʴ ʛʝʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ [21].  

ɺ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʨʠʯʠʥʦʡ ʦʰʠʙʦʢ ʠ ʫʤʝʥʴʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʤʦʛʫʪ ʪʘʢʞʝ ʷʚ-

ʣʷʪʴʩʷ ʠ ʦʪʢʣʦʥʝʥʠʷ ʠʟ-ʟʘ ʟʘʪʝʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧ-

ʧʘʨʘʪʦʚ ʚʳʩʦʢʠʤʠ ʜʝʨʝʚʴʷʤʠ ʠʣʠ ʚʳʩʦʪʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ ʠ ʟʜʘʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʚʦʟ-

ʚʳʰʝʥʥʦʩʪʷʤʠ ʵʣʝʤʝʥʪʦʚ ʨʝʣʴʝʬʘ [22]. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʛʨʘʤʤ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ENVI [23] ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʜʣʷ ʦʩʫʱʝʩʪʚ-

ʣʝʥʠʷ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦʪ ʦʨʪʦʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʧʦʣʫʯʘʝʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦ ʧʨʠʝʤʘ ʪʨʝʙʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʝʝ ʠʥʪʝʛʨʘʮʠʠ ʩ ʜʘʥʥʳʤʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʀʉ). ERDAS Imagine [24] 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʳ ʩ ʨʘʩʪʨʦʚʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ, 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʚʳʚʦʜʠʪʴ ʥʘ ʵʢʨʘʥ ʤʦʥʠʪʦʨʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʜʛʦʪʦʚʢʦʡ ʜʣʷ ʜʘʣʴʥʝʡ-

ʰʝʡ ʦʙʨʘʙʦʪʢʠ ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ɻʀʉ ʠ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ) ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ. ʇʨʦʛʨʘʤʤ-

ʥʳʡ ʢʦʤʧʣʝʢʩ ʪʘʢʞʝ ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʨʝʞʠʤʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʩʨʝʜʩʪʚʘ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʧʨʝʜʝʣʷʪʴ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʪʨʦʚʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠʤʝʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʭ ʛʝʦʛʨʘʬʠ-

ʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʇʘʢʝʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

Matrix Laboratory [25] ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚ ʪ. ʯ. ʠ ɼɿɿ. ʀʤʝ-

ʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʙʘʟʳ ʜʘʥʥʳʭ, ʚʳʧʦʣʥʷʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠ 

ʘʥʘʣʠʟ, ʚʳʚʦʜʠʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʠʭ. 

ʈʦʩʩʠʡʩʢʠʡ ʨʳʥʦʢ ʚ ʦʙʣʘʩʪʠ ʧʨʠʙʦʨʦʚ ʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʩʠʩʪʝʤ ʧʨʝʮʠʟʠʦʥʥʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶʱʠʤʠ ʦʙʨʘʟʮʘʤʠ.  

ʂʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ PHOTOMOD [26] ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ɼɿɿ, ʥʝ ʫʩʪʫʧʘʝʪ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ. ɺʳʭʦʜʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ 

PHOTOMOD ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʷ, ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝ-

ʬʘ ʠ ʤʝʩʪʥʦʩʪʠ, ʜʚʫʤʝʨʥʳʝ ʠ ʪʨʝʭʤʝʨʥʳʝ ʚʝʢʪʦʨʳ, ʦʨʪʦʬʦʪʦʧʣʘʥʳ, 3D-ʤʦʜʝʣʠ, ʮʠʬʨʦ-

ʚʳʝ ʢʘʨʪʳ. ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʘʢʠʭ ʧʨʠʢʣʘʜʥʳʭ ʦʙʣʘ-

ʩʪʷʭ, ʢʘʢ ʢʘʨʪʦʛʨʘʬʠʷ, ʛʝʦʜʝʟʠʷ, ʘʨʭʝʦʣʦʛʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʢʘʜʘʩʪʨ, ʚ ʣʝʩʥʦʤ ʭʦʟʷʡ-

ʩʪʚʝ, ʠʟʫʯʝʥʠʠ ʥʝʙʝʩʥʳʭ ʪʝʣ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʄʘʥʠʧʫʣʠʨʫʷ ʟʥʘʯʝʥʠʷʤʠ 

ʨʘʩʪʨʦʚʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʟʠʮʠʝʡ, ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʝʩʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʠʢʦʛʜʘ ʥʝ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ, ʦʧʨʝʜʝʣʷʪʴ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʵʪʠʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʩʪʘʚʣʷʣʠ 

ʙʳ ʠʟ ʩʝʙʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʙʲʝʢʪʳ ʛʨʘʬʠʢʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʰʠʨʦʢʦʡ ʤʝʞʦʪʨʘʩʣʝʚʦʡ ʜʠʥʘʤʠʢʠ ʚ ʨʘʟ-

ʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʠ ʢʘʢ ʩʠʩʪʝʤ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʨʦʰʝʥʠʷ, ʪʘʢ ʠ 

ʠʭ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʠ ʫʩʪʦʡʯʠʚʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-

ʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 
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ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʤʠ ʦʨʛʘʥʠʟʘ-

ʮʠʷʤʠ ʩʚʝʜʝʥʠʡ ʧʦʢʘʟʘʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʩʚʝʜʝʥʠʡ ʧʦ ʚʦʜʥʳʤ ʦʙʲʝʢʪʘʤ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ 

ʩʙʦʨʝ ʩʚʝʜʝʥʠʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʠ ʩʦʟʜʘʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʛʝʦʠʥʬʦʨʤʘʮʠ-

ʦʥʥʳʭ ʩʠʩʪʝʤ ʠʣʠ ʜʦʧʦʣʥʝʥʠʡ ʢ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʦʣʦʛʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʚʝʜʝʥʠʡ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʚʦʜʥʳʡ 

ʨʝʝʩʪʨ, ʤʦʥʠʪʦʨʠʥʛ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʙʘʟʘ ʜʘʥʥʳʭ, ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ. 
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THE PROSPECTS OF GEOINFORMATIONAL TECHNOLOGIES  

APPLICATION IN MANAGEMENT OF THE STATE WATER  

REGISTER AND MONITORING OF WATER BODIES  

The aim of the study is to improve the technology of data preparation and representa-

tion for entry into the state water register and monitoring of water bodies. The analysis of da-

ta provided by the operating organizations showed the need to optimize the process of data 

acquisition on water bodies and its presentation. It seems promising to use geoinformation 

databases for data acquisition and to create geoinformation systems or an addition to the ex-

isting ones on their basis. 

Key words: technology, data representation, state water register, water bodies moni-

toring, database, geoinformation systems, geo-information databases. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 10 ʘʧ-

ʨʝʣʷ 2007 ʛ. ˉ 219 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʦʣʦʞʝʥʠʷ ʦʙ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚè ʠ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ ʦʪ 28 ʘʧʨʝʣʷ 2007 ʛ. ˉ 253 çʆ ʧʦʨʷʜʢʝ ʚʝʜʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʝʝʩʪʨʘè 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʝʞʝʛʦʜʥʦ ʜʦʣʞʥʦ ʧʨʝʜʩʪʘʚ-

ʣʷʪʴ ʚ ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩʚʝʜʝʥʠʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʥʘʙʣʶʜʝʥʠʡ 

ʟʘ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʚʝʜʝʥʠʠ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ, ʠ ʜʘʥʥʳʝ ʦ ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʳʭ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʦʪʜʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʷʭ ʥʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʜʣʷ ʚʥʝʩʝʥʠʷ ʠʭ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʚʦʜʥʳʡ ʨʝʝʩʪʨ 

(ɻɺʈ) ʠ ʧʨʦʚʝʜʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ (ɻʄɺʆ). 

ʌʦʨʤʳ ʠ ʧʦʨʷʜʦʢ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʚʝʜʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʝ-

ʥʠʷ ʟʘ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʦʧʨʝʜʝʣʝʥʳ ʧʨʠʢʘʟʘʤʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 30 ʥʦʷʙʨʷ 2007 ʛ. ˉ 316 ʠ ʦʪ 6 ʬʝʚʨʘʣʷ 2008 ʛ. ˉ 30 [1, 2]. 

ʉ 2016 ʛ. ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʫ ʦʪʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ɻʄɺʆ ʠ ɻɺʈ, ʧʦʣʫʯʝʥʥʳʭ 

ʦʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʜʝʧʘʨʪʘʤʝʥʪʘ ʤʝʣʠʦʨʘʮʠʠ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ, 

ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʚʳʧʦʣʥʷʝʪ ʌɻɹʅʋ çʈʦʩʅʀʀʇʄè. 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʩʚʝʜʝʥʠʡ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʚʝʜʝʥʠʡ ʥʝʪ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʟʘʧʦʣʥʝʥʠʶ ʬʦʨʤ ʠ ʪʘʙʣʠʮ ʚ ʩʚʷʟʠ 

ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ 

ʚ ʩʚʷʟʠ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ. ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʚ ʬʦʨʤʘʭ ʦʪʯʝʪʥʦʩʪʠ ɻʄɺʆ ʟʘ ʛʦʜʳ ʚʝʜʝʥʠʷ 

ʵʪʦʡ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʩʭʦʞʜʝʥʠʡ ʫ ʨʷʜʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ɺʍʉ ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. ʊʘʢʞʝ ʚʦʟʥʠʢʘʝʪ ʚʦ-

ʧʨʦʩ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʩʚʝʜʝʥʠʡ ʧʦ ʥʝʢʦʪʦʨʳʤ ʦʙʲʝʢʪʘʤ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷ-

ʪʝʣʴʥʳʭ ʝʜʠʥʠʮ ʫʯʝʪʘ ʚ ʩʠʩʪʝʤʝ ɸʀʉ ɻʄɺʆ [3].  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʛʣʫʙʦ-

ʢʦʝ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʪʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʢ ʤʠʥʠʤʫʤ 

ʜʚʫʤ ʧʫʥʢʪʘʤ ʋʢʘʟʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 7 ʤʘʷ 2018 ʛ. ˉ 204 

çʆ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʷʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʥʘ ʧʝʨʠʦʜ ʜʦ 2024 ʛʦʜʘè [4]:  

- ʫʩʢʦʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʫʚʝʣʠʯʝʥʠʝ ʢʦ-

ʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʟʘʮʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ, ʜʦ 50 ʧʨʦʮʝʥʪʦʚ 

ʦʪ ʠʭ ʦʙʱʝʛʦ ʯʠʩʣʘ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʢʦʨʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʢʦʥʦʤʠʢʝ ʠ ʩʦ-

ʮʠʘʣʴʥʦʡ ʩʬʝʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʩʬʝʨʝ ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʘʤʙʠʮʠʦʟʥʳʝ ʟʘʜʘʯʠ 

ʧʦ ʩʦʟʜʘʥʠʶ ʫʩʪʦʡʯʠʚʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ IT-ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʧʝʨʝʜʘ-

ʯʝʡ, ʦʙʨʘʙʦʪʢʦʡ ʠ ʭʨʘʥʝʥʠʝʤ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʠ 

ʚ ʤʝʣʠʦʨʘʪʠʚʥʦʤ ʩʝʢʪʦʨʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 
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ʀʟ-ʟʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ ɻʄɺʆ ʠ ɻɺʈ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʣʦʞʥʦʩʪʠ ʠʭ 
ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʚʦʟʥʠʢʘʶʪ ʟʘʜʘʯʠ, ʪʨʝʙʫʶʱʠʝ ʧʝʨʚʦʦʯʝʨʝʜʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ 
ʩ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʜʝʧʘʨʪʘʤʝʥʪʘ ʤʝʣʠʦʨʘʮʠʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ 
ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʘ ʩʚʝʜʝʥʠʡ ʦ ʤʝʣʠʦʨʘʪʠʚ-
ʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʜʣʷ ʥʫʞʜ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʤʝʣʠʦ-
ʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʦʪʜʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʷʭ ʥʘ ʚʦʜ-
ʥʳʭ ʦʙʲʝʢʪʘʭ ʥʘ ʦʩʥʦʚʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʩ ʩʦʟʜʘʥʠʝʤ ʥʘ ʠʭ ʦʩʥʦʚʝ ʛʝʦ-
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʀʉ) ʠʣʠ ʜʦʧʦʣʥʝʥʠʡ ʢ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤ. 

ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ɻʀʉ ʷʚʣʷʝʪʩʷ çɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘ-
ʩʪʠè, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʧʦ ʟʘʢʘʟʫ ʦʙʣʘʩʪʥʦʛʦ ʤʠʥʠʩʪʝʨʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 
ʩʚʷʟʠ. ʆʙʣʘʜʘʪʝʣʷʤʠ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʟʤʝʱʘʝʤʦʡ ʚ ɻʀʉ, ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʳ ʠʩʧʦʣʥʠʪʝʣʴ-
ʥʦʡ ʚʣʘʩʪʠ ʠ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʳʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 
ʘʢʪʫʘʣʴʥʦʩʪʴ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ. ʉʦʩʪʘʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝ-
ʩʫʨʩʦʚ ʦʧʨʝʜʝʣʝʥ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʚʷʟʠ 
ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪ 21 ʩʝʥʪʷʙʨʷ 2017 ʛ. ˉ 4, ʇʨʠʢʘʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʠʥʬʦʨʤʘʮʠ-
ʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʚʷʟʠ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪ 10 ʤʘʷ 2017 ʛ. ˉ 69 [5] (ʨʠʩʫʥʦʢ 1). 

 

ʈʠʩʫʥʦʢ 1 ï ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ çɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ  

ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠè (https:gisro.donland.ru (É ʄʠʥʠʩʪʝʨʩʪʚʦ  

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʚʷʟʠ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ)) 

ʂ ʭʘʨʘʢʪʝʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʝʪ ɻʀʉ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚ ʧʝʨʚʫʶ 
ʦʯʝʨʝʜʴ ʨʘʟʚʠʪʫʶ ʘʥʘʣʠʪʠʢʫ, ʨʘʙʦʪʫ ʩ ʦʛʨʦʤʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʩʚʝʜʝʥʠʡ, ʥʘʣʠʯʠʝ ʩʧʝʮʠ-
ʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʆʩʥʦʚʥʳʤ 
ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʶʪʩʷ ʣʝʛʢʦʩʪʴ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ 
ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʥʘʢʦʧʣʝʥʥʫʶ ʨʘʟʣʠʯʥʳʤʠ 
ʠʩʪʦʯʥʠʢʘʤʠ, ʪ. ʝ. ʩʦʟʜʘʚʘʪʴ ʝʜʠʥʳʡ ʤʘʩʩʠʚ ʜʣʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʥʳʭ 
ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʝ, ʵʢʦʣʦʛʠʠ, ʤʫʥʠʮʠʧʘʣʴʥʦʤ 
ʫʧʨʘʚʣʝʥʠʠ, ʵʢʦʥʦʤʠʢʝ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 
ʩʝʡʯʘʩ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʘʟ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ.  
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ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʙʘʟ ʜʘʥʥʳʭ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚʝʜʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʝʪʘ ʤʝʣʠʦʨʘʪʠʚ-

ʥʳʭ ʩʠʩʪʝʤ ʠ ʦʪʜʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʩʧʦʨʪʦʚ, ʚʝʜʦʤʦ-

ʩʪʝʡ, ʨʝʝʩʪʨʦʚ ʚ ʬʦʨʤʘʪʝ, ʫʪʚʝʨʞʜʝʥʥʦʤ ʢʘʢ ʥʘ ʬʝʜʝʨʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʪʘʢ ʠ ʥʘ ʫʨʦʚʥʝ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʫʙʲʝʢʪʘ ʈʌ. 

ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʬʦʨʤʘʪʝ ʩ ʭʨʘʥʝʥʠʝʤ ʜʘʥʥʳʭ ʚ ʟʘʢʨʳʪʦʡ 

(ʣʦʢʘʣʴʥʦʡ) ʠ ʦʪʢʨʳʪʦʡ (ʯʝʨʝʟ ʩʝʪʴ ʠʥʪʝʨʥʝʪ) ʙʘʟʘʭ ʜʘʥʥʳʭ, ʚ ʪ. ʯ. ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʩ ʜʦʩʪʫʧʦʤ ʚ ʚʠʜʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ (ʧʨʠʣʦʞʝʥʠʷ). 

ɼʘʥʥʘʷ ɻʀʉ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʧʨʠʚʷʟʢʫ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠ-

ʩʪʝʤ ʠ ʠʭ ʵʣʝʤʝʥʪʦʚ (ʢʘʥʘʣʦʚ, ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʨ.) ʥʘ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʘʨʪʝ, ʵʬʬʝʢʪʠʚʥʳʡ ʚʚʦʜ ʠ ʭʨʘʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʤ ʘʪʨʠʙʫʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

(ʚʚʦʜ, ʦʙʝʩʧʝʯʠʚʘʝʤʳʡ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʥʪʝʨʬʝʡʩʦʤ ʩ ʘʚʪʦʤʘʪʠ-

ʟʠʨʦʚʘʥʥʳʤ ʚʚʝʜʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʢʣʶʯʘʶʱʠʤ ʚʚʦʜ ʥʝʢʦʨʨʝʢʪʥʳʭ ʜʘʥʥʳʭ). 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʠʪʴ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʩʦʜʝʨʞʘ-

ʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʝʞʝʛʦʜ-

ʥʳʡ ʫʯʝʪ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʥʠʭ ʠʟʤʝʥʝʥʠʡ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʠʭ ʥʘ ʢʘʨʪʘʭ ʜʣʷ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʧʣʘʥʠʨʦʚʘʥʠʶ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʤʝʣʠʦʨʘʮʠʠ. 

ʋʩʢʦʨʠʪʴ ʚʥʝʜʨʝʥʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʤʦʞʝʪ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ, 

ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʦʙʱʝʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʤʝʣʠʦʨʘ-

ʪʠʚʥʦʡ ʦʪʨʘʩʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʝʜʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʝʪʘ, ʦʙʩʣʝʜʦʚʘʥʠʡ, ʠʥ-

ʚʝʥʪʘʨʠʟʘʮʠʠ, ʢʘʜʘʩʪʨʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʨʝʘʣʠʟʫʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʝ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʯ ʤʝʣʠʦʨʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʦʤ ʠʝʨʘʨʭʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝ-

ʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʯʝʪʘ ʦʙʝʩʧʝʯʠʪ ʧʨʠ-

ʥʷʪʠʝ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʣʘʥʠʨʫʝʤʳʭ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʧʦʚʪʦʨʥʦʛʦ ʩʙʦʨʘ ʩʚʝ-

ʜʝʥʠʡ ʠ ʠʭ ʨʫʯʥʦʛʦ ʚʚʦʜʘ, ʚʦʟʤʦʞʥʦʩʪʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥ-

ʥʳʭ, ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʩʦʭʨʘʥʥʦʩʪʠ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʩ ʛʝʦʛʨʘ-

ʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʦʡ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʨʘʙʦʪ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʈʋʇ çʀʥʩʪʠʪʫʪ 

ʤʝʣʠʦʨʘʮʠʠè (ʛ. ʄʠʥʩʢ), ʧʨʦʰʣʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠ ʫʞʝ ʚʥʝʜʨʝʥʘ ʚ ʈʝ-

ʯʠʮʢʦʤ ʇʄʉ ɻʦʤʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʝʣʘʨʫʩʴ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ 15ï25 % [6]. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʝ ɻʀʉ ʚ ʤʝʣʠʦʨʘʪʠʚ-

ʥʦʤ ʩʝʢʪʦʨʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʠʤʝʶʪʩʷ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʣʦʞʥʦʩʪʠ [7]: 

- ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʦʪʨʘʩʣʠ; 

- ʥʝʜʦʩʪʘʪʦʢ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ; 

- ʧʨʦʙʝʣʳ ʚ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʝ; 

- ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʦʪ ʪʦʯʥʦʩʪʠ ʠ ʯʝʪʢʦʩʪʠ ʜʘʥʥʳʭ, ʧʝʨʝʥʝʩʝʥ-

ʥʳʭ ʚ ɻʀʉ; 

- ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʘʥʥʳʭ, ʧʦʜʣʝʞʘʱʠʡ ʦʮʠʬʨʦʚʢʝ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ, ɻʀʉ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ï ʵʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʦʪʚʝʯʘʶʱʘʷ ʪʨʝʙʦʚʘ-

ʥʠʷʤ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ, ʧʨʠʤʝʥʷʝʤʘʷ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ. ɺʥʝʜʨʝʥʠʝ 

ɻʀʉ ʚ ʩʙʦʨ ʩʚʝʜʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, 

ʥʘ ʧʦʨʷʜʦʢ ʫʣʫʯʰʠʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʦʚʳʩʠʪ ʢʘʯʝʩʪʚʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ 

ʮʝʣʝʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʦʭʨʘʥʳ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜ. 
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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1 ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʦʨʷʜʢʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʩʚʝʜʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʜʣʷ ʚʥʝʩʝʥʠʷ ʚ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʚʦʜʥʳʡ ʨʝʝʩʪʨ: ʇʨʠʢʘʟ ʄ-ʚʘ ʧʨʠʨʦʜ. ʨʝʩʫʨʩʦʚ ʈʦʩ. ʌʝʜʝʨʘʮʠʠ ʦʪ 30 ʥʦʷʙ. 

2007 ʛ. ˉ 316 // ɻʘʨʘʥʪ ʕʢʩʧʝʨʪ 2018 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʅʇʇ çɻʘʨʘʥʪ-ʉʝʨʚʠʩè, 

2018. 

2 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 ʄ-ʚʘ ʧʨʠʨʦʜ. ʨʝʩʫʨʩʦʚ ʈʦʩ. ʌʝʜʝʨʘʮʠʠ ʦʪ 6 ʬʝʚʨ. 2008 ʛ. ˉ 30 // ɻʘʨʘʥʪ ʕʢʩ-

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

3 ʂʘʧʫʩʪʷʥ, ɸ. ʉ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʚʝʜʝʥʠʡ 

ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʚʦʜʥʳʡ ʨʝʝʩʪʨ / ɸ. ʉ. ʂʘʧʫʩʪʷʥ //  

ʇʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʦʰʘʝʤʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. ï 2017. ï ˉ 2(66). ï ʉ. 17ï21. 

4 ʆ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʷʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝ-

ʨʘʮʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2024 ʛʦʜʘ: ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩ. ʌʝʜʝʨʘʮʠʠ ʦʪ 7 ʤʘʷ 2018 ʛ. ˉ 204 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http:kremlin.ru/acts/bank/43027, 2018. 

5 ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï  

ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https:gisro.donland.ru, 2018. 

6 ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʝʣʠʦʨʘʮʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: http:niimel.by/index.php/offers/monitoringamodelig/494-gisuchet-system, 2018. 

7 ʇʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ɻʀʉ ʚ ʊʕʂ ʈʦʩʩʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫ-

ʧʘ: https:minenergo.gov.ru, 2018. 

ʋɼʂ 626.81/.84.001.63:65.012.123 

ɸ. ɺ. ʐʝʚʯʝʥʢʦ, ɺ. ɺ. ʉʣʘʙʫʥʦʚ, ʆ. ɺ. ɺʦʝʚʦʜʠʥ 

ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʉʇʆʉʆɹʓ ʀ ʄɽʊʆɼʓ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ɼʃʗ ʈɽɸʃʀɿɸʎʀʀ ʉʇʇʈ  

ʇʈʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʀ ʄɽʃʀʆʈɸʊʀɺʅʓʍ ʆɹʒɽʂʊʆɺ 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʠ ʤʝʪʦʜʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ (ʉʇʇʈ) ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ 

ʦʙʲʝʢʪʦʚ. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʧʦʩʦʙʳ ʠ ʤʝʪʦʜʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʉʇʇʈ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʈʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʩʧʦʩʦʙʦʚ ʠ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘ-

ʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʉʇʇʈ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʦʜ, ʩʧʦʩʦʙ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʷ, ʧʨʦʝʢʪ, ʜʦʢʫʤʝʥʪʘʮʠʷ. 

 

A. V. Shevchenko, V. V. Slabunov, O. V. Voevodin 

Russian Scientific Research Institute of Land Improvement Problems, Novocherkassk, 

Russian Federation 

DESIGN APPROACHES AND METHODS FOR DECISION SUPPORT SYSTEM 

IMPLEMENTION IN LAND RECLAMATION OBJECTS DESIGN  

The purpose of the research is to choose the method and design procedure for the im-

plementation of a decision support system (DSS) in the design of land reclamation facilties. The 
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objects of the research are decision support systems for land reclamation objects design. The 

subject of the research is the design approaches and methods for DSS implementation in land 

reclamation objects design. The result of the research is recommendations on the choice of de-

sign approaches and methods for DSS implementation in land reclamation objects design. 

Key words: approach, method, design, decision support system, project, documentation. 

ʅʘ ʣʶʙʳʭ ʵʪʘʧʘʭ ʩʦʟʜʘʥʠʷ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʫʶ ʬʠʢʩʘʮʠʶ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [1ï3]:  

- ʛʨʘʬʠʯʝʩʢʠʡ; 

- ʤʦʜʝʣʴʥʦ-ʤʘʢʝʪʥʳʡ; 

- ʤʘʢʝʪʥʦ-ʛʨʘʬʠʯʝʩʢʠʡ; 

- ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʕɺʄ (ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ). 

ɻʨʘʬʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ï ʵʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʧʨʝʜʤʝʪʦʚ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʧʦ ʧʨʘʚʠʣʘʤ ʥʘʯʝʨʪʘʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠʟʫʯʝʥʠʷ ʟʘʜʘʥʠʷ 

ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʦʠʩʢ ʠʜʝʡ ʙʫʜʫʱʠʭ ʦʙʲʝʢʪʦʚ ʠ ʧʦʜʨʦʙʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʦʝʢʪʘ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʛʨʘʬʠʯʝʩʢʠʤ ʠʟʣʦʞʝʥʠʝʤ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʦʙʨʘʟʦʚ, ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʜʝʪʘʣʝʡ ʩ ʧʦʤʦʱʴʶ ʵʩʢʠʟʦʚ, ʯʝʨʪʝʞʝʡ, 

ʛʨʘʬʠʢʦʚ, ʪʘʙʣʠʮ, ʩʭʝʤ ʠ ʪ. ʜ. [4]. 

ɻʨʘʬʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʪʚʝʯʘʝʪ ʫʩʣʦʚʠʷʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʩʝʭ ʯʘʩʪʝʡ ʩʦʦʨʫʞʝ-

ʥʠʷ, ʥʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʜʦʩʪʫʧʝʥ ʰʠʨʦʢʦ-

ʤʫ ʢʨʫʛʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʤʦʞʝʪ ʜʦʧʫʩʢʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥ [5]. 

ɺʳʰʝʫʢʘʟʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʷʚʠʣʠʩʴ ʧʨʠʯʠʥʦʡ ʪʦʛʦ, ʯʪʦ ʦʥ ʩʪʘʣ ʠʥʪʝʨʥʘʮʠʦ-

ʥʘʣʴʥʳʤ ʷʟʳʢʦʤ ʠʥʞʝʥʝʨʠʠ ʠ ʥʘʫʢʠ [6, 7]. 

ʉʫʱʥʦʩʪʴ ʤʦʜʝʣʴʥʦ-ʤʘʢʝʪʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʢʦʤʧʦʥʦʚʢʝ 

ʦʙʲʝʤʦʚ, ʦʙʲʝʤʥʳʭ ʤʦʜʝʣʝʡ ʠ ʯʘʩʪʝʡ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ, ʧʦ-ʜʨʫʛʦʤʫ ï ʦʙʲʝʤʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ [8]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʡ ʤʝʪʦʜ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦ-

ʝʢʪʥʦʡ ʧʨʘʢʪʠʢʝ, ʠʤʝʷ ʨʷʜ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɸʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʘʩʳʱʝʥʥʳʭ ʩʣʦʞʥʳʤ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ, ʠ ʛʝʥʝʨʘʣʴʥʳʭ ʧʣʘʥʦʚ. 

ʄʦʜʝʣʴʥʦ-ʤʘʢʝʪʥʳʡ ʤʝʪʦʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʦʙʦ-

ʚʘʪʴ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʚʩʝʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝ-

ʥʠʡ ʠ ʚʳʙʨʘʪʴ ʥʘʠʣʫʯʰʝʝ ʜʣʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ [9, 10]. 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʥʘʠʙʦʣʝʝ ʫʜʦʙʝʥ ʧʨʠ ʨʝʰʝʥʠʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ʄʘʢʝʪʥʦ-ʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʭʫʜʦʞʝʩʪʚʝʥʥʦ-ʛʨʘʬʠʯʝʩʢʦʝ ʤʘ-

ʩʪʝʨʩʪʚʦ ʠ ʪʚʦʨʯʝʩʢʦʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʤʳʰʣʝʥʠʝ ʩ ʤʘʩʰʪʘʙʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʦʙʲ-

ʝʤʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ [11, 12]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʝʪʥʦ-ʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʩʦʯʝʪʘʶʱʠʡ ʚ ʩʝʙʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦ-

ʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥ-

ʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ.  

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʳ ʷʚʣʷʝʤʩʷ ʦʯʝʚʠʜʮʘʤʠ ʫʚʝʨʝʥʥʦʛʦ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʙʘʟʠʨʫʶʱʝʛʦʩʷ ʥʘ ʟʘʢʦʥʘʭ ʤʘʪʝʤʘʪʠʢʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʣʦʛʠʢʠ, ʩʨʝʜʩʪʚ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ, ʦʨʛʪʝʭʥʠʢʠ, ï ʩʧʦʩʦʙʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʕɺʄ [13]. 

ɺ ʦʩʥʦʚʥʦʤ ʚʦʧʨʦʩʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʚʷʟʘʥʳ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʥʬʦʨ-

ʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʚʠʜʦʠʟʤʝʥʷʝʪʩʷ ʠ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʙʫʜʫʱʝʛʦ 

ʧʨʦʝʢʪʘ. ɺʦʟʥʠʢʘʝʪ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ, ʧʦ-

ʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠ ʨʝʩʫʨʩʘʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʚʝʣʠʯʠʚʘʶʱʠʝʩʷ ʠ ʤʝʥʷʶʱʠʝʩʷ ʥʫʞʜʳ ʩʦʮʠʫʤʘ. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʠʩʢʦʤʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʦʚ ʥʘ ʙʘ-
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ʟʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʦʙʱʝʩʪʚʝʥʥʳʭ, ʵʩʪʝʪʠʯʝʩʢʠʭ, ʪʝʭʥʠʯʝʩʢʠʭ, ʥʘʫʯʥʳʭ, ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ, ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʚ ʠʭ ʨʘʟʚʠʪʠʠ ʠ ʙʳʩʪʨʦʝ ʧʦʣʫʯʝʥʠʝ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, 

ʝʜʠʥʩʪʚʝʥʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ. ʀʟ ʚʩʝʭ ʦʪʤʝ-

ʯʝʥʥʳʭ ʥʘʤʠ ʩʪʫʧʝʥʝʡ ʪʚʦʨʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʦʡ ʚ ʦʪ-

ʥʦʰʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʠ ʧʦʢʘ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʦʩʫʱʝʩʪʚʠʤʦʡ ʷʚʣʷʝʪʩʷ ʚʪʦʨʘʷ ʩʪʫʧʝʥʴ ï ʧʦʠʩʢ ʠʜʝʠ, ʧʝʨʠʦʜ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ, ʬʠʣʦ-

ʩʦʬʩʢʦʛʦ ʘʢʪʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʭʫʜʦʞʝʩʪʚʝʥʥʦ-ʵʩʪʝʪʠʯʝʩʢʦʡ ʠ ʠʥʞʝʥʝʨʥʦ-ʥʘʫʯʥʦʡ ʠʥ-

ʪʫʠʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʤʘʰʠʥʘʭ ʙʝʩʩʧʦʨʥʦ ʤʦʛʫʪ ʧʦʜʣʝʞʘʪʴ ʧʨʦʮʝʩʩʳ ʥʘʢʦʧʣʝʥʠʷ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʨʘʚʥʝʥʠʷ ʚʘʨʠʘʥʪʦʚ ʩ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʝʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʢʨʝʧ-

ʣʝʥʠʷ ʠ ʨʘʟʤʥʦʞʝʥʠʷ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ [14, 15]. 

ʇʦʨʷʜʦʢ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ ʠʜʝʥʪʠʯʝʥ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʘʢʪʠʢʝ, ʥʦ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʯʘʩʪʠʯʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʠ ʕɺʄ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʫʩʢʦʨʷʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʩʘʤ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʩʧʝʮʠʬʠʯʝʩʢʠ-ʪʚʦʨʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʬʫʥʢʮʠʷʤ (ʟʥʘʥʠʷʤ) ʯʝʣʦʚʝʢʘ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ, ʠ ʩʧʝʮʠʬʠʯʝʩʢʠ-

ʤʘʰʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʧʦʜʣʝʞʘʱʠʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʠ ʷʚʣʷʶʱʠʭʩʷ ʧʦʜʛʦʪʦʚʢʦʡ ʦʩ-

ʥʦʚ ʜʣʷ ʧʨʠʥʷʪʠʷ ʪʚʦʨʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʦʪʦʙʨʘʞʝʥʠʝʤ [16]. 

ɺʨʝʤʝʥʥʳʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ 

ʠʤʝʶʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺʩʣʝʜ-

ʩʪʚʠʝ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʩʪʦʠʤʦʩʪʴʶ ʧʨʠʥʷʪʠʷ ʥʘʠʣʫʯʰʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʦʙʲʝʤʦʤ ʟʘʪʨʘʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʫʩʠ-

ʣʠʡ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʧʦʜʭʦʜʷʱʠʤʠ ʨʝʰʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʘʜʝʢʚʘʪʥʦ ʩʦʦʪʚʝʪʩʪʚʦ-

ʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʟʘʢʘʟʯʠʢʘ [17].  

ʆʜʥʠʤ ʠʟ ʦʧʨʝʜʝʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ, ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʟʥʘʯʠʤʦʩʪʠ ʫʩʣʦʚʠʡ ʜʣʷ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʠ ʩʧʦʩʦʙʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪ. ʝ. ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʠʟ ʠʤʝʶʱʠʭʩʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʣʠʙʦ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʦʧʳʪʘ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʣʠʙʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʧʪʠʤʠ-

ʟʘʮʠʠ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʠʩʧʦʣʴʟʫʶʪ 

ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ (ʉʇʇʈ), ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʀʟ ʥʠʭ ʦʩʥʦʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ.  

ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʠʝʨʘʨʭʠʡ (ʄɸʀ) ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʷʭ ʘʣʴʪʝʨʥʘʪʠʚ-

ʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʚʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʳ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʨʘʥʞʠʨʦʚʘʥʠʠ ʥʘʙʦʨʘ ʘʣʴʪʝʨʥʘʪʠʚ ʧʦ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ ʠ ʮʝʣʷʤ [18]. ɺʟʘ-

ʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʨʠʪʝʨʠʷʤʠ ʫʯʠʪʳʚʘʶʪʩʷ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʠʝʨʘʨʭʠʠ ʢʨʠʪʝʨʠʝʚ 

ʠ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨʥʳʭ ʩʨʘʚʥʝʥʠʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʠ ʧʦʜʢʨʠʪʝʨʠʝʚ. 

ʄʝʪʦʜ ʧʨʦʩʪ, ʜʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʥʪʫʠʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷʤ.  

ʉʧʦʩʦʙ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʥʘ ʧʨʝʜʧʨʦʝʢʪʥʳʭ ʩʪʘʜʠʷʭ, ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʧʦ-

ʩʣʝʜʩʪʚʠʡ ʧʨʠʥʠʤʘʝʤʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʤʝʣʠʦʨʘʪʠʚʥʳʭ 

ʦʙʲʝʢʪʦʚ.  
ʄʝʪʦʜ ʇʘʨʝʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʫʶ ʦʧʪʠʤʠʟʘʮʠʶ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʵʢʦʥʦʤʠʢʠ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʠʪʳʚʘʪʴ 
çʚʝʩè ʢʨʠʪʝʨʠʝʚ, ʘ ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʮʝʥʢʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʥʝʚʝʣʠʢʦ, ʵʪʦʪ ʤʝʪʦʜ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʝʟʥʳʤ. ʆʥ ʫʜʦʙʝʥ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ 
ʪʨʝʙʫʝʪ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʵʢʩʧʝʨʪʘ ʠʣʠ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ  



ʇʋʊʀ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʆʈʆʐɸɽʄʆɻʆ ɿɽʄʃɽɼɽʃʀʗ, ˉ 3(71)/2018 

ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ 

19 

ʨʝʰʝʥʠʷ (ʃʇʈ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʢʘʣʷʨʥʦʛʦ ʢʨʠʪʝʨʠʷ ʠ ʤʝʪʦʜʦʚ ʩʚʝʨʪʢʠ ʧʦʟʚʦʣʷʝʪ ʣʠ-
ʥʝʡʥʦ ʫʧʦʨʷʜʦʯʠʚʘʪʴ ʩʨʘʚʥʠʚʘʝʤʳʝ ʦʙʲʝʢʪʳ, ʪ. ʝ. ʨʘʥʞʠʨʦʚʘʪʴ ʠʭ [19]. 

ʄʝʪʦʜ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʣʠʥʝʡʥʦ ʫʧʦʨʷʜʦʯʠʪʴ ʚʚʝ-
ʜʝʥʥʳʝ (ʚʚʦʜʠʤʳʝ) ʜʘʥʥʳʝ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪ ʦʪ ʃʇʈ 
ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʧʨʠ ʨʝʰʝʥʠʠ 
ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʤ ʟʘʜʘʯ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʝʦʙ-
ʭʦʜʠʤʦʩʪʠ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʝ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʜʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʵʬ-
ʬʝʢʪʠʚʥʳʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʛʨʫʧʧʠʨʦʚʘʪʴ ʦʙʲʝʢʪʳ ʧʦ ʩʦʚʦ-
ʢʫʧʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [20]. 

ʄʝʪʦʜʳ ʪʝʦʨʠʠ ʧʦʣʝʟʥʦʩʪʠ (ʄʊʇ). ʆʩʥʦʚʦʡ ʪʝʦʨʠʠ ʧʦʣʝʟʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʫʯ-
ʥʳʡ ʪʨʫʜ ʫʯʝʥʳʭ ʈ. ʂʠʥʥʠ ʠ X. ʈʘʡʬʘ çʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʧʨʠ ʤʥʦʛʠʭ ʢʨʠʪʝʨʠʷʭ: 
ʧʨʝʜʧʦʯʪʝʥʠʷ ʠ ʟʘʤʝʱʝʥʠʷè [21]. ʊʘʢ, ʦʩʥʦʚʥʳʤ ʚʳʚʦʜʦʤ ʜʘʥʥʳʭ ʫʯʝʥʳʭ ʷʚʣʷʝʪʩʷ ʪʦʪ 
ʬʘʢʪ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʡ ʤʦʛʫʪ ʦʮʝʥʠʚʘʪʴʩʷ ʧʦ ʤʥʦʛʠʤ ʢʨʠʪʝʨʠʷʤ. ʆʜ-
ʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʣʫʞʠʪ ʪʦ, ʯʪʦ ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʪʘʥʘʚʣʠ-
ʚʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʃʇʈ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʠʩʢʣʶʯʠʪʴ ʧʨʠʥʷʪʠʝ ʦʰʠʙʦʯʥʦʛʦ ʨʝʰʝʥʠʷ. 
ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʪʘʢ, 
ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʉʇʇʈ ʜʣʷ ʚʳʙʦʨʘ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚ-
ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʄʝʪʦʜʳ ELECTRE. ɺ ʢʦʥʮʝ 1960-ʭ ʛʛ. ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʧʦʧʘʨʥʦʤʫ 
ʩʨʘʚʥʝʥʠʶ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ, ʥʝ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʝʦʨʠʠ ʧʦʣʝʟʥʦʩʪʠ. 
ɺ ʦʪʣʠʯʠʝ ʦʪ MAUT ʦʮʝʥʢʘ ʢʘʞʜʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʷʚʣʷʝʪʩʷ ʥʝ ʘʙʩʦʣʶʪʥʦʡ, ʘ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦʡ. ELECTEK ï ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʨʘʙʦʪʢʝ ʨʝʰʝʥʠʡ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ 
ʤʝʪʦʜʳ, ʤʦʜʝʣʠ ʠ ʢʦʥʮʝʧʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʘʢʪʠ-
ʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʠ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʤʝʪʦʜʦʚ ELECTRE ʷʚʣʷʝʪʩʷ ʵʪʘʧʥʦʩʪʴ ʚʳʷʚ-
ʣʝʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʡ ʃʇʈ ʚ ʧʨʦʮʝʩʩʝ ʥʘʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʩʦʛʣʘʩʠʷ ʠ ʥʝʩʦʛʣʘʩʠʷ ʠ ʠʟʫ-
ʯʝʥʠʷ ʷʜʝʨ. ʊʨʫʜʥʦʩʪʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ ELECTRE ʩʚʷʟʘʥʳ ʩ ʥʘʟʥʘʯʝʥʠʝʤ ʃʇʈ 
ʚʝʩʦʚ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʷʜʝʨ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʮʠʢʣʳ [22]. 

ʄʝʪʦʜʳ ʪʝʦʨʠʠ ʧʨʦʩʧʝʢʪʦʚ (ʊʇ) ʫʯʠʪʳʚʘʶʪ ʪʨʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʵʬʬʝʢʪʘ [23]: 
- ʵʬʬʝʢʪ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ï ʩʢʣʦʥʥʦʩʪʴ ʧʨʠʜʘʚʘʪʴ ʙʦʣʴʰʠʡ ʚʝʩ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥ-

ʥʳʤ ʠʩʭʦʜʘʤ; 
- ʵʬʬʝʢʪ ʦʪʨʘʞʝʥʠʷ ï ʪʝʥʜʝʥʮʠʷ ʢ ʠʟʤʝʨʝʥʠʶ ʧʨʝʜʧʦʯʪʝʥʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʚʳ-

ʠʛʨʳʰʝʡ ʢ ʧʦʪʝʨʷʤ; 
- ʵʬʬʝʢʪ ʠʟʦʣʷʮʠʠ ï ʪʝʥʜʝʥʮʠʷ ʢ ʫʧʨʦʱʝʥʠʶ ʚʳʙʦʨʘ ʧʫʪʝʤ ʠʩʢʣʶʯʝʥʠʷ ʦʙʱʠʭ 

ʢʦʤʧʦʥʝʥʪ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ. 
ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʦʚ ʊʇ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʩʥʠʤʘʝʪ ʚʩʝ ʧʨʦʙʣʝ-

ʤʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʚʝʜʝʥʠʷ ʣʶʜʝʡ ʚ ʟʘʜʘʯʘʭ ʚʳʙʦʨʘ ʨʝʰʝʥʠʷ. 
ʕʚʨʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ï ʵʪʦ ʤʝʪʦʜʳ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤʳ ʦʮʝʥʦʢ ʢʨʠʪʝʨʠʝʚ [24]. 
ʂʘʞʜʦʡ ʘʣʴʪʝʨʥʘʪʠʚʝ ʜʘʝʪʩʷ ʯʠʩʣʦʚʘʷ ʦʮʝʥʢʘ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʢʨʠʪʝʨʠʝʚ. ʂʨʠʪʝ-

ʨʠʷʤ ʧʨʠʧʠʩʳʚʘʶʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʚʝʩʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʚʘʞ-
ʥʦʩʪʴ. ɺʝʩʘ ʫʤʥʦʞʘʶʪʩʷ ʥʘ ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʦʮʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʯʠʩʣʘ ʩʫʤʤʠʨʫʶʪʩʷ ï 
ʪʘʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʥʥʦʩʪʴ ʘʣʴʪʝʨʥʘʪʠʚʳ. ɼʘʣʝʝ ʚʳʙʠʨʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʩ ʥʘʠʙʦʣʴ-
ʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʮʝʥʥʦʩʪʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʵʚʨʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʠ ʫʜʦʙʩʪʚʦ, ʘ ʥʝʜʦ-
ʩʪʘʪʢʦʤ ï ʠʭ ʥʘʫʯʥʘʷ ʥʝʦʙʦʩʥʦʚʘʥʥʦʩʪʴ. 

ɺʳʚʦʜ. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʤʝʪʦʜʦʚ ʧʨʠʩʫʱʠ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠ ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ 
ʤʝʪʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʉʇʇʈ ʧʨʠ ʧʨʦʝʢʪʠʨʦ-
ʚʘʥʠʠ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʤʝʪʦʜʠʢʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʜʘ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ (ʜʣʷ ʢʘʞʜʦʡ ʤʦʜʝʣʠ), ʢʦʛʜʘ ʩʦʧʨʠʢʘʩʘʶʪ-
ʩʷ ʨʘʟʥʳʝ ʢʨʠʪʝʨʠʠ ʠ ʦʯʝʥʴ ʚʳʩʦʢʘ ʨʦʣʴ ʩʫʙʲʝʢʪʠʚʥʳʭ ʦʮʝʥʦʢ. ʇʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʝʥʠʝ 
ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʝʚ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʠʤ ʯʝʣʦʚʝʢʦʤ, ʢʦʪʦʨʳʡ ʩʘʤ ʨʘʩ-
ʩʪʘʚʣʷʝʪ ʧʨʠʦʨʠʪʝʪʳ ʠ ʦʧʝʨʠʨʫʝʪ ʜʘʥʥʳʤʠ ʠʟ ʩʚʦʝʛʦ ʦʧʳʪʘ. 
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ɸ. ʃ. ʂʦʞʘʥʦʚ 

ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʄɽʊʆɼʆʃʆɻʀʗ ɺʓɹʆʈɸ ʂʆʅʉʊʈʋʂʊʀɺʅʆɻʆ ʈɽʐɽʅʀʗ 

ʆʉʋʐʀʊɽʃʔʅʆʁ ʉʀʉʊɽʄʓ ɼɺʋʉʊʆʈʆʅʅɽɻʆ ɼɽʁʉʊɺʀʗ 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝ-

ʥʠʷ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ (ʦʩʫʰʠʪʝʣʴʥʦ-ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ, 

ʦʩʫʰʠʪʝʣʴʥʦ-ʦʨʦʩʠʪʝʣʴʥʦʡ). ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ. ɺ ʧʨʦʮʝʩʩʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʣʦʛʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ IDEF0 ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʧʦʯʚʝʥʥʳʭ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝ-

ʩʢʠʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʘ ʠ ʦʙʲʝʤʘ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ, ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʥʳʭ 

ʧʣʦʱʘʜʝʡ, ʥʘʣʠʯʠʷ ʚʦʜʦʠʩʪʦʯʥʠʢʘ ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʫʚʣʘʞʥʝʥʠʷ ʦʩʫʰʘʝʤʦʛʦ 

ʤʘʩʩʠʚʘ ʪʦʣʴʢʦ ʚʦʜ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ, ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʜʦʠʩʪʦʯʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʫʰʘʝʤʦʛʦ ʤʘʩʩʠʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ, ʩʧʦʩʦʙʘ ʫʚʣʘʞʥʝʥʠʷ (ʦʨʦʰʝ-

ʥʠʷ) ʠ ʜʨʫʛʠʭ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʫʰʝʥʠʝ, ʫʚʣʘʞʥʝʥʠʝ, ʦʨʦʰʝʥʠʝ, ʦʩʫʰʠʪʝʣʴʥʦ-

ʫʚʣʘʞʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʦʩʫʰʠʪʝʣʴʥʦ-ʦʨʦʩʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʤʦʜʝʣʴ, ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʦʝ ʨʝʰʝʥʠʝ. 
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METHODOLOGY OF STRUCTURAL CHOICE  

OF DOUBLE ACTING DRAINAGE SYSTEM  

The purpose of the research is to develop a methodology for choosing a structural so-

lution for a double-acting irrigation system (drainage-moistening, drainage-irrigation). The 

object of the research is the process of elements selection and structural choice of the com-

plex irrigation system. The model of elements choice and structural solutions of the double-

acting irrigation system was worked out  in the process of research based on the methodology 

of functional modeling IDEF0 depending on natural and climatic, hydrogeological, soil, ge-

omorphological conditions, as well as the quality and volume of drainage flow, the structure 

of cultivated areas, the availability of a water source or the use of only drainage water for ir-

rigating the drained land, location of the water source relative to the drained land, use of the 

pumping station, the method of moistening (irrigation) and other various factors.  

Key words: drainage, moistening, irrigation, drainage-moistening system, drainage-

irrigation system, model, structural solution. 

ɺʚʝʜʝʥʠʝ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʟʝʤʝʣʴ ʩʝʣʴʭʦʟʥʘʟʥʘʯʝʥʠʷ ʈʦʩʩʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ-

ʩ ̫ʧʨʝʚʳʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʥʘʜ ʠʩʧʘʨʝʥʠʝʤ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʚʣʠʷʝʪ ʥʘ ʨʘʩʩʪʘʥʦʚʢʫ ʧʨʠʦʨʠʪʝʪʦʚ ʧʨʠ ʚʳʙʦʨʝ ʚʦʜʥʳʭ ʤʝʣʠʦʨʘʮʠʡ ʚ ʩʪʦʨʦʥʫ ʦʩʫʰʝ-

ʥʠʷ. ʂ ʪʦʤʫ ʞʝ ʥʘ ʜʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚʦ ʚʨʝʤʷ ʚʝʛʝʪʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴ-

ʪʫʨ ʥʘʙʣʶʜʘʶʪʩʷ ʟʘʩʫʰʣʠʚʳʝ ʧʝʨʠʦʜʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʚʫʩʪʦʨʦʥʥʝ-

ʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ [1ï3]. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʦʩʫʰʠʪʝʣʴʥʳʭ ʩʠ-

ʩʪʝʤ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʩʫʰʝʥʠʝ ʢʦʨʥʝʦʙʠʪʘʝʤʦʛʦ ʩʣʦʷ ʧʦʯʚʳ 
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ʚʦ ʚʣʘʞʥʳʝ ʠ ʫʚʣʘʞʥʝʥʠʝ ʚ ʟʘʩʫʰʣʠʚʳʝ ʧʝʨʠʦʜʳ [4]. ʀʟʚʝʩʪʥʳʝ ʨʘʙʦʪʳ ʥʝ ʢʦʤʧʝʥʩʠ-

ʨʫʶʪ ʜʝʬʠʮʠʪʘ ʥʘʫʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʩʘʶʱʝʡʩʷ ʧʨʦʮʝʩʩʘ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʨʝʰʝʥʠʷ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʨʘʥʝʥʠʷ ʠʤʝʶʱʝʛʦ ʤʝʩʪʦ ʜʝʬʠʮʠʪʘ ʠ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʜʘʥʥʦʡ ʪʝʤʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʪʦʯʥʠʢʘʤʠ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʠʟʚʝʩʪ-

ʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʩʦʩʪʘʚʫ ʵʣʝʤʝʥʪʦʚ ʦʩʫʰʠʪʝʣʴʥʦʡ ʠ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤ, ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʦʩʫʰʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ, ʤʝʪʦʜʦʚ ʦʩʫʰʝʥʠʷ ʠ 

ʫʚʣʘʞʥʝʥʠʷ (ʦʨʦʰʝʥʠʷ) ɺ. ʅ. ʑʝʜʨʠʥʘ, ʉ. ʄ. ɺʘʩʠʣʴʝʚʘ, ɹ. ʉ. ʄʘʩʣʦʚʘ, ɺ. ʉ. ʉʪʘʥʢʝ-
ʚʠʯʘ, ɺ. ʗ. ʏʝʨʥʝʥʢʘ, ɸ. ʀ. ɻʦʣʦʚʘʥʦʚʘ, ʀ. ɺ. ʄʠʥʘʝʚʘ, ɺ. ʌ. ʐʝʙʝʢʦ, ɺ. ʀ. ʆʣʴʛʘʨʝʥ-

ʢʦ, ʇ. ʀ. ʇʳʣʝʥʢʘ, ɺ. ɺ. ɹʦʨʦʜʳʯʝʚʘ, ɺ. ʌ. ʂʘʨʣʦʚʩʢʦʛʦ, ʇ. ɸ. ɺʦʣʢʦʚʩʢʦʛʦ, ʃ. ʉ. ʐʢʘ-

ʙʘʨʦʚʘ ʠ ʜʨ. ɺ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʫʰʠʪʝʣʴ-

ʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʦʣʦʛʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ IDEF0, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ, 

ʦʪʦʙʨʘʞʘʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʦʪʦʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʘʪʝʨʠ-

ʘʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʩʚʷʟʳʚʘʶʱʠʝ ʵʪʠ ʬʫʥʢʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ɺʳʙʦʨ ʙʣʦʢʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷ-

ʱʠʭ ʚ ʩʦʩʪʘʚ ʦʩʫʰʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ, ʠ ʠʭ ʢʦʤʧʦʥʦʚʢʘ ʟʘʚʠʩʷʪ 

ʦʪ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʧʦʯʚʝʥʥʳʭ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ, ʢʘʯʝʩʪʚʘ ʠ ʦʙʲʝʤʘ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ, ʩʪʨʫʢʪʫʨʳ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ, ʥʘʣʠʯʠʷ 

ʚʦʜʦʠʩʪʦʯʥʠʢʘ ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʫʚʣʘʞʥʝʥʠʷ ʦʩʫʰʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʪʦʣʴʢʦ ʚʦʜ 

ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ, ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʜʦʠʩʪʦʯʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʫʰʘʝʤʦʛʦ ʤʘʩʩʠʚʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ, ʩʧʦʩʦʙʘ ʫʚʣʘʞʥʝʥʠʷ (ʦʨʦʰʝʥʠʷ) ʠ ʜʨʫʛʠʭ ʨʘʟʣʠʯʥʳʭ 

ʬʘʢʪʦʨʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦ-

ʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʣʠʦʨʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, 

ʦʮʝʥʢʝ ʚʦʜʥʦ-ʟʝʤʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʤʝʣʠʦʨʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʝ ʦʙʲʝʤʘ ʠ ʢʘ-

ʯʝʩʪʚʘ ʜʨʝʥʘʞʥʦʛʦ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʩ ʦʩʫʰʘʝʤʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʠ ʦʮʝʥʢʝ ʚʦʜʦ-

ʠʩʪʦʯʥʠʢʘ. ɼʘʣʝʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʳʙʦʨʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʤʝʪʦʜʘʤʠ ʠ ʩʧʦʩʦʙʘʤʠ ʦʩʫ-

ʰʝʥʠʷ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʜʝʡʩʪʚʫʶʱʠʤʠ ʫʢʘʟʘʥʠʷʤʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʦʩʫʰʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ (ʥʘʩʦʩʥʳʭ ʩʪʘʥ-

ʮʠʡ ʠ ʧʨ.). ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʩ ʫʯʝʪʦʤ ʧʨʠʥʷʪʳʭ ʩʧʦʩʦʙʦʚ ʦʩʫʰʝ-

ʥʠʷ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʣʠʦʨʠʨʫʝʤʳʭ ʟʝʤʝʣʴ ʧʨʦʠʟʚʦʜʷʪ ʦʪʙʦʨ 

ʧʣʦʱʘʜʝʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʫʚʣʘʞʥʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ (ʧʦʜʧʦʯʚʝʥʥʳʤ ʫʚʣʘʞʥʝ-

ʥʠʝʤ, ʜʦʞʜʝʚʘʥʠʝʤ, ʢʘʧʝʣʴʥʳʤ ʦʨʦʰʝʥʠʝʤ, ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʤ ʠ ʪ. ʜ.). ʇʨʠ ʫʚʣʘʞʥʝʥʠʠ 

ʜʦʞʜʝʚʘʥʠʝʤ ʚʳʙʠʨʘʶʪ ʪʠʧ ʜʦʞʜʝʚʘʣʴʥʳʭ ʤʘʰʠʥ ʠʣʠ ʫʩʪʘʥʦʚʦʢ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʷʪ 

ʚʳʙʦʨ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʦʩʫʰʠʪʝʣʴʥʦʡ ʠ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ ʯʘʩʪʝʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʠʥʷʪʳʭ ʩʧʦʩʦʙʦʚ ʦʩʫʰʝʥʠʷ ʠ ʫʚʣʘʞʥʝʥʠʷ ʩ ʫʯʝʪʦʤ ʧʨʠʨʦʜʥʳʭ ʦʩʦʙʝʥ-

ʥʦʩʪʝʡ, ʧʨʦʠʟʚʦʜʷʪ ʨʘʩʯʝʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʫʚʣʘʞʥʝʥʠʠ ʜʦʞʜʝʚʘʥʠʝʤ ʧʨʦʠʟʚʦʜʷʪ ʨʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ ʦʪʢʨʳʪʳʭ ʦʩʫʰʠʪʝʣʴʥʦ-

ʫʚʣʘʞʥʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʚ ʫʚʷʟʢʝ ʩ ʰʠʨʠʥʦʡ ʟʘʭʚʘʪʘ ʧʨʠʥʷʪʦʡ ʜʦʞʜʝʚʘʣʴʥʦʡ ʤʘʰʠʥʳ, 

ʦʧʨʝʜʝʣʷʶʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʨʝʥʘʤʠ ʠ ʠʭ ʜʠʘʤʝʪʨʳ ʠʟ ʫʩʣʦʚʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʩʫʰʝ-

ʥʠʷ ʠ ʫʚʣʘʞʥʝʥʠʷ ʧʦʯʚʦʛʨʫʥʪʦʚ ʥʘ ʫʯʘʩʪʢʘʭ, ʫʚʣʘʞʥʷʝʤʳʭ ʠʥʬʠʣʴʪʨʘʮʠʝʡ ʠʟ ʪʨʫʙʯʘ-

ʪʦʡ ʩʝʪʠ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʪʢʨʳʪʳʤʠ ʢʘʥʘʣʘʤʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ 

ʠ ʠʭ ʛʣʫʙʠʥʫ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʩʫʰʝʥʠʝ ʠ ʫʚʣʘʞʥʝʥʠʝ). ʇʨʠ ʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 

ʨʝʛʫʣʠʨʫʶʱʝʡ ʩʝʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʦʜʦʧʨʠʝʤʥʠʢʘ ʠ ʚʦʜʦʠʩʪʦʯʥʠʢʘ ʧʨʦʝʢʪʠʨʫʶʪ 

ʩʝʪʴ ʚ ʧʣʘʥʝ (ʦʩʫʰʠʪʝʣʴʥʦ-ʫʚʣʘʞʥʠʪʝʣʴʥʫʶ, ʦʩʫʰʠʪʝʣʴʥʫʶ ʠ ʦʨʦʩʠʪʝʣʴʥʫʶ) ʚ ʫʚʷʟʢʝ 

ʩ ʧʨʦʝʢʪʠʨʫʝʤʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʝʤʝʣʴ, ʩ ʛʨʘʥʠʮʘʤʠ ʩʝʚʦʦʙʦʨʦʪʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʧʦ-

ʣʝʡ ʩʝʚʦʦʙʦʨʦʪʦʚ, ʩ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʚʦʜʦʠʩʪʦʯʥʠʢʦʚ, ʚʦʜʦʧʨʠʝʤʥʠʢʦʚ ʠʣʠ ʚʦʜʦʧʨʠ-

ʝʤʥʠʢʦʚ-ʚʦʜʦʠʩʪʦʯʥʠʢʦʚ, ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʜʦʨʦʛ ʠ ʜʨ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ 
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ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʣʠʚʥʳʝ ʠ ʦʨʦʩʠʪʝʣʴʥʳʝ ʥʦʨʤʳ, ʠ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʫʩʪʘʥʘʚʣʠ-

ʚʘʶʪ ʦʙʱʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʦʜʝ ʠ ʨʘʩʭʦʜʳ ʚʦʜʳ ʥʘ ʫʚʣʘʞʥʝʥʠʝ, ʩʦʩʪʘʚʣʷʶʪ ʛʨʘʬʠʢʠ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʩʦʧʦʩʪʘʚʣʷʶʪ ʠʭ ʩ ʨʘʩʯʝʪʥʳʤʠ ʛʠʜʨʦʛʨʘʬʘʤʠ ʚʦʜʦʠʩʪʦʯʥʠʢʦʚ. ʉʦ-

ʩʪʘʚʣʷʶʪ ʧʨʦʝʢʪ ʩʝʪʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʧʦʜʙʠʨʘʶʪ ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʢʘ-

ʥʘʣʦʚ ʠ ʜʠʘʤʝʪʨʳ ʪʨʫʙʯʘʪʦʡ ʩʝʪʠ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʜʘʥʥʳʭ ʦ ʬʠʟʠ-

ʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʛʨʫʥʪʦʚ. ʂʦʤʧʦʥʫʶʪ ʚʩʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʨʠʥʷʪʳʤ ʚʘʨʠʘʥʪʦʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʢʦʥʯʘ-

ʪʝʣʴʥʘʷ ʚʟʘʠʤʥʘʷ ʫʚʷʟʢʘ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʨʝʰʝʥʠʷʤ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʙʣʦʢʦʚ), ʦʮʝʥʠʚʘʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʳʙʦʨʘ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ ʵʣʝʤʝʥʪʦʚ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫ-

ʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʠ ʝʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʦʣʦʛʠʠ IDEF0 ʨʘʟ-

ʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʚʳʙʦʨʘ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ 

(ʨʠʩʫʥʦʢ 1). 

ʇʨʦʮʝʩʩ ʚʳʙʦʨʘ ʩʦʩʪʘʚʘ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʫʰʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥ ʥʘ ʰʝʩʪʴ ʵʪʘʧʦʚ: 

1 ɺʳʙʦʨ ʦʙʲʝʢʪʘ ʤʝʣʠʦʨʠʨʦʚʘʥʠʷ. 

2 ʆʮʝʥʢʘ ʦʙʲʝʤʘ ʠ ʢʘʯʝʩʪʚʘ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ. 

3 ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʣʠʯʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

4 ʆʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʘ ʦʩʫʰʝʥʠʷ. 

5 ʆʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʘ ʫʚʣʘʞʥʝʥʠʷ (ʦʨʦʰʝʥʠʷ). 

6 ʂʦʤʧʦʥʦʚʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ çɺʳʙʦʨ ʦʙʲʝʢʪʘ ʤʝʣʠʦʨʠʨʦʚʘʥʠʷè ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʦʙʲʝʢʪʦʚ ʤʝʣʠʦʨʠʨʦʚʘʥʠʷ ʩ ʜʚʫʩʪʦʨʦʥʥʠʤ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʝʤ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚ. ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʥʘʯʘʣʘ ʵʪʘʧʘ ʚʳʙʦʨʘ ʷʚʣʷʶʪʩʷ 

ʥʘʣʠʯʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʫʨʦʚʝʥʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʝʛʦ ʩʧʝʮʠʘʣʠʟʘʮʠʷ. ʆʛʨʘʥʠʯʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚʳʩʪʫʧʘʝʪ ʙʠʦʣʦʛʠ-

ʯʝʩʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʩʫʰʘʝʤʳʭ ʟʝʤʝʣʴ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʚʦʜʥʦʤ ʨʝʞʠʤʝ, ʧʨʠʥʠʤʘ-

ʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʠʙʘʚʢʠ ʫʨʦʞʘʷ. ʇʨʝʜʧʠʩʳʚʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠ-

ʝʡ ʚʳʩʪʫʧʘʝʪ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʩʫʰʝʥʠʠ ʠ ʫʚʣʘʞʥʝʥʠʠ (ʦʨʦʰʝ-

ʥʠʠ) ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʤʝʣʠʦʨʠʨʦʚʘʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʧʦ ʨʘʩʩʯʠʪʘʥʥʦʤʫ 

ʜʝʬʠʮʠʪʫ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʧʦʪʦʢʦʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʥʘʩʪʦʷʱʝʛʦ ʵʪʘʧʘ ʩʣʫʞʘʪ ʤʘʪʝʨʠʘʣʳ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʟʠʨʦ-

ʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ɺʳʭʦʜʥʦʡ ʦʧʠʩʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʤʘʪʝʨʠʘʣʴ-

ʥʳʤ ʦʙʲʝʢʪʦʤ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʣʠʦʨʠ-

ʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ, ʤʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝ-

ʪʦʚ, ʘ ʪʘʢʞʝ ʟʜʝʩʴ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʪʠʧʦʤ ʩʠʩʪʝʤʳ: ʦʩʫʰʠʪʝʣʴʥʦ-ʫʚʣʘʞʥʠʪʝʣʴʥʘʷ ʠʣʠ 

ʦʩʫʰʠʪʝʣʴʥʦ-ʦʨʦʩʠʪʝʣʴʥʘʷ ï ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʛʠʜʨʦʛʝʦʣʦ-

ʛʠʯʝʩʢʠʭ, ʧʦʯʚʝʥʥʳʭ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ çʆʮʝʥʢʘ ʦʙʲʝʤʘ ʠ ʢʘʯʝʩʪʚʘ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘè ʚʭʦʜʥʳʤʠ ʜʘʥ-

ʥʳʤʠ ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʝ-

ʣʠʦʨʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ, ʘ ʪʘʢʞʝ ʚʳʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ. ʆʛʨʘʥʠʯʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʚʳʩʪʫʧʘʝʪ ʪʠʧ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ. ʇʨʝʜʧʠʩʳʚʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚʳʩʪʫ-

ʧʘʶʪ ʥʦʨʤʳ ʠ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚ-

ʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ʟʜʝʩʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʪʠʧʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ 

ʩʪʦʢʘ: ʧʨʠʛʦʜʝʥ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʫʚʣʘʞʥʝʥʠʝ ʠʣʠ ʥʝʪ, ʚ ʯʠʩʪʦʤ ʚʠʜʝ 

ʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʯʠʩʪʢʠ ʣʠʙʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʙʘʚʣʝʥʠʷ ʧʨʝʩʥʦʡ ʚʦʜʦʡ. ɺʳ-

ʭʦʜʦʤ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʥʘʜʣʝʞʠʪ ʩʯʠʪʘʪʴ ʦʙʲʝʤ ʩʪʦʢʘ ʠ ʧʦʣʥʦʪʫ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʚʦʟ-

ʤʦʞʥʫʶ ʧʣʦʱʘʜʴ ʦʨʦʰʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʚʦʜʘʤʠ ʩʪʦʢʘ, ʩʪʝʧʝʥʴ ʟʘʤʢʥʫʪʦʩʪʠ ʚʦʜʦʦʙʦʨʦʪʘ 

ʠ ʩʧʦʩʦʙ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ.  
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ʈʠʩʫʥʦʢ 1 ï ʄʦʜʝʣʴ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ 
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ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ 

25 

ʊʨʝʪʠʡ ʵʪʘʧ çʆʧʨʝʜʝʣʝʥʠʝ ʥʘʣʠʯʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚè ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝ-

ʥʠʠ ʥʘʣʠʯʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʨʝʢ, ʦʟʝʨ, ʚʦʜʦʭʨʘʥʠʣʠʱ ʠ ʜʨ., ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʧʨʠ ʫʚʣʘʞʥʝʥʠʠ ʤʝʣʠʦʨʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʠʣʠ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ 

ʢ ʥʘʢʦʧʣʝʥʥʦʤʫ ʜʨʝʥʘʞʥʦʤʫ ʩʪʦʢʫ ʥʘ ʦʩʥʦʚʝ ʚʭʦʜʷʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʠ 

ʦʧʠʩʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ. ʆʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ 

ʥʘʣʠʯʠʝ ʠ ʦʨʦʩʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ (ʚʦʜʦʠʩʪʦʯʥʠʢʘ), ʤʝʩʪʦʨʘʩʧʦʣʦ-

ʞʝʥʠʝ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʥʦʨʤʳ ʠ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. ɺʳʭʦʜʥʳʤʠ ʤʘʪʝ-

ʨʠʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʩʣʫʞʘʪ ʧʣʦʱʘʜʴ ʦʩʫʰʘʝʤʦʛʦ ʠ ʦʨʦʰʘʝʤʦʛʦ ʤʘʩʩʠʚʦʚ, ʣʠʤʠʪ ʚʦʜ-

ʥʦʛʦ ʨʝʩʫʨʩʘ. 

ʏʝʪʚʝʨʪʳʡ ʵʪʘʧ çʆʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʘ ʦʩʫʰʝʥʠʷè ʦʧʠʩʳʚʘʝʤʦʡ ʤʦʜʝʣʠ ʟʘʢʣʶ-

ʯʘʝʪʩʷ ʚ ʚʳʙʦʨʝ ʩʧʦʩʦʙʘ ʦʩʫʰʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʥʘ ʦʩʥʦʚʝ ʚʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʝʨʚʦʛʦ ʵʪʘʧʘ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ (ʪʠʧ ʚʦʜʥʦʛʦ ʧʠʪʘʥʠʷ) ʠ ʧʨʝʜʧʠʩʳʚʘʶʱʝʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʧʨʠʤʝʥʷʝʤʦʛʦ ʤʝʪʦʜʘ ʦʩʫʰʝʥʠʷ. ɺʳʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʜʘʥ-

ʥʳʤʠ ʩʣʫʞʘʪ ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʦʩʫʰʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ (ʟʘʢʨʳ-

ʪʘʷ, ʦʪʢʨʳʪʘʷ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ) ʠ ʩʦʩʪʘʚ ʵʣʝʤʝʥʪʦʚ: ʦʪʢʨʳʪʳʝ ʩʦʙʠʨʘʪʝʣʠ (ʢʘʥʘʣʳ), 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʣʦʞʙʠʥʳ, ʟʘʢʨʳʪʳʝ ʩʦʙʠʨʘʪʝʣʠ (ʟʘʢʨʳʪʳʝ ʢʘʥʘʣʳ ʠʣʠ ʜʨʝʥʳ), ʦʪʢʨʳ-

ʪʳʝ ʦʩʫʰʠʪʝʣʠ, ʜʨʝʥʳ (ʟʘʢʨʳʪʳʝ ʦʩʫʰʠʪʝʣʠ), ʣʦʚʯʠʝ ʢʘʥʘʣʳ, ʥʘʛʦʨʥʳʝ ʢʘʥʘʣʳ, ʜʘʤʙʳ 

ʠ ʜʨ. ɼʣʷ ʥʘʠʤʝʥʴʰʝʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʝʜʧʦʯʪʝʥʠʝ ʜʦʣʞʥʦ ʦʪʜʘʚʘʪʴʩʷ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʤ ʨʝʰʝʥʠʷʤ ʩ ʩʘʤʦʪʝʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʦʩʫʰʝʥʠʷ ʣʠʙʦ ʩ ʥʘʠʤʝʥʴʰʠʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʚʳʩʦʢʦʵʥʝʨʛʦʧʦʪʨʝʙʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ, ʧʨʠʤʝʥʷʝ-

ʤʳʭ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʚʦʜʦʦʪʚʦʜʘ ʜʨʝʥʘʞʥʦʛʦ ʩʪʦʢʘ ʩ ʦʩʫʰʘʝʤʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ. 

ʇʷʪʳʡ ʵʪʘʧ çʆʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʘ ʫʚʣʘʞʥʝʥʠʷ (ʦʨʦʰʝʥʠʷ)è ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳ-

ʙʦʨʝ ʩʧʦʩʦʙʘ ʫʚʣʘʞʥʝʥʠʷ (ʦʨʦʰʝʥʠʷ), ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʥʘ ʦʩʥʦʚʝ ʚʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʵʪʘʧʦʚ. ʆʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʷʚʣʷ-

ʝʪʩʷ ʚʠʜ ʠʩʪʦʯʥʠʢʘ ʦʨʦʰʝʥʠʷ (ʨʝʢʘ, ʦʟʝʨʦ, ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʥʘʢʦʧʠʪʝʣʴʥʳʝ ʝʤʢʦʩʪʠ, 

ʙʘʩʩʝʡʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʠ ʜʨ.) ʠ ʩʧʦʩʦʙʘ ʚʦʜʦʧʦʜʘʯʠ: ʩʘʤʦʪʝʯʥʳʡ, 

ʥʘʧʦʨʥʳʡ, ʩʘʤʦʪʝʯʥʦ-ʥʘʧʦʨʥʳʡ. ʇʨʝʜʧʠʩʳʚʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʛʝʦʤʦʨʬʦ-

ʣʦʛʠʯʝʩʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʝʣʠʦʨʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ɺʳʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʜʘʥ-

ʥʳʤʠ ʩʣʫʞʘʪ ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ  

(ʦʪʢʨʳʪʘʷ, ʟʘʢʨʳʪʘʷ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ) ʠ ʩʦʩʪʘʚ ʵʣʝʤʝʥʪʦʚ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʠ-

ʩʪʝʤʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʫʚʣʘʞʥʝʥʠʷ (ʧʦʜʧʦʯʚʝʥʥʦʝ, ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʝ, ʜʦʞʜʝ-

ʚʘʥʠʝ, ʢʘʧʝʣʴʥʦʝ ʠ ʪ. ʜ.). ɿʜʝʩʴ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʤ ʨʝʰʝʥʠʷʤ ʩ ʩʘʤʦʪʝʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʚʦʜʦʟʘʙʦʨʘ ʠ ʚʦʜʦʧʦʜʘʯʠ, ʠʩʧʦʣʴʟʫʶʱʠʤ ʧʦ-

ʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʣʠʙʦ ʩ ʥʘʠʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʩʦʢʦʵʥʝʨʛʦ-

ʧʦʪʨʝʙʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʝʨʝʢʘʯʢʠ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳ ʜʣʷ ʮʝʣʝʡ ʦʨʦʰʝʥʠʷ (ʫʚʣʘʞʥʝʥʠʷ) ʠ ʩʦʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʘʧʦ-

ʨʘ ʚ ʟʘʢʨʳʪʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ ʜʣʷ ʨʘʙʦʪʳ ʜʦʞʜʝʚʘʣʴʥʳʭ ʤʘʰʠʥ ʜʘʥʥʦʛʦ ʪʠʧʘ. 

ʇʨʠ ʚʳʙʦʨʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʦʩʫʰʠʪʝʣʴʥʦʡ ʠ ʫʚʣʘʞʥʠʪʝʣʴʥʦʡ ʯʘʩʪʝʡ 

ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʣʘʩʩʠʬʠʢʘ-

ʮʠʝʡ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʐʝʩʪʦʡ ʵʪʘʧ çʂʦʤʧʦʥʦʚʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳè ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚʢʣʶʯʘʝʪ ʢʦʤʧʦʥʦʚʢʫ ʙʣʦʢʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʩ ʫʯʝʪʦʤ 

ʚʭʦʜʷʱʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʵʪʘʧʘʭ 1ï5, ʦʛʨʘ-

ʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʤʠ ʠ ʧʨʘʚʠʣʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢ-

ʞʝ ʠʤʝʶʱʠʤʩʷ ʩʦʨʪʘʤʝʥʪʦʤ ʠ ʥʦʤʝʥʢʣʘʪʫʨʦʡ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ. ɺʳʭʦʜʦʤ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʧʨʠʚʝʜʝʥʥʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʴʥʳʡ ʦʙʲʝʢʪ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʡ ʚ ʚʠʜʝ ʢʦʥʩʪʨʫʢʮʠʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥ-

ʥʝʛʦ ʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʢʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ-

ʩʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʦʪʨʝʙʠʪʝʣʶ ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʝʝ 

ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʦʩʫʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥ-

ʥʝʛʦ ʜʝʡʩʪʚʠʷ, ʧʦʜʦʙʨʘʪʴ ʚʭʦʜʷʱʠʝ ʚ ʥʝʝ ʵʣʝʤʝʥʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʵʪʘʧʥʦʝ ʧʨʦʚʝʜʝ-

ʥʠʝ ʧʨʦʮʝʩʩʘ ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʙʦʨʘ ʠ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ɺ ʮʝʣʷʭ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʚʳʙʦʨʘ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ (ʧʨʦʪʦʪʠʧʘ) ʠ ʢʦʤʧʦʥʦʚʢʠ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʦʩʫ-

ʰʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʘ ʜʘʣʴʥʝʡʰʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʙʣʦʢʘ çʂʦʤʧʦʥʦʚʢʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳè. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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C. ʄ. ɺʘʩʠʣʴʝʚ, ʖ. ʖ. ɻʣʫʱʝʥʢʦ  

ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠ ̫

ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʇʆɼʍʆɼʓ ʇʈʀ ʀɿʋʏɽʅʀʀ ɺʃɸɻʆʇɽʈɽʅʆʉɸ 

ɺ ʉʀʉʊɽʄɸʍ ʂɸʇɽʃʔʅʆɻʆ ʀ ɺʅʋʊʈʀʇʆʏɺɽʅʅʆɻʆ ʆʈʆʐɽʅʀʗ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ 

ʢ ʠʟʫʯʝʥʠʶ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʤ ʦʨʦʰʝʥʠʠ. ɺ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʣʘʛʦʧʝʨʝʥʦʩʘ 

ʚ ʧʦʯʚʝ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʤ ʦʨʦʰʝʥʠʠ ʚ ʬʦʨʤʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʘ ʤʦʜʝʣʴ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ 

ʦʧʠʩʳʚʘʝʪ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ ʚ ʧʦʯʚʝ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʧʨʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʤ ʦʨʦʰʝʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʤ ʜʠʬʬʫʟʠʠ ʚʣʘʛʠ, ʯʪʦ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʪʦʣʴʢʦ ʚ ʟʦʥʝ ʧʦʣʥʦʛʦ 

ʥʘʩʳʱʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ, ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʝ ʦʨʦʰʝʥʠʝ, ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʣʘʛʦʧʝʨʝʥʦʩʘ, ʢʦʥʪʫʨʳ ʫʚʣʘʞʥʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʢʦʵʬʬʠ-

ʮʠʝʥʪʳ ʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʠ. 
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THEORETICAL APPROACHES IN THE STUDY OF MOISTURETRANSFER 

IN DRIP AND SUBSOIL IRRIGATION SYSTEMS  

The aim of the research is to review the existing theoretical approaches to the study of 

moisture transfer during drip and subsoil irrigation. In this paper the processes of mathemati-

cal modeling of moisture transfer in soil during drip and subsoil irrigation in the form of differ-

ential equations are considered. It is found that the model of moisture transfer during drip irri-

gation is more effective among the considered mathematical models since it most accurately de-

scribes the moisture distribution parameters in soil. The mathematical model of moisture distri-

bution in soil with subsoil irrigation is characterized by the moisture diffusion coefficient which 

describes the process of moisture transfer only in the zone of complete saturation. 

Key words: drip irrigation, subsoil irrigation, mathematical model of moisture trans-

fer, moisture contours, diffusion coefficient, moisture conductivity coefficients.  

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʠʥʞʝʥʝʨʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʥʘ ʥʠʞʥʠʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʩ ʮʝʣʴʶ ʧʦʚʳ-

ʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ ʚ ʫʩʣʦʚʠʷʭ ʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʦʨʦʰʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʝ 

ʫʨʦʞʘʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʷʚʣʷʝʪʩʷ ʢʘʧʝʣʴʥʦʝ ʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʝ ʦʨʦʰʝ-

ʥʠʝ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʦʨʦʰʝʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʦ-

ʩʪʴʶ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ, ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʦʨʦʰʝʥʠʷ, ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʠ ʥʘʜʝʞ-

ʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʡ ʫʚʣʘʞʥʠʪʝʣʝʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ [1ï3]. 

ʆʩʥʦʚʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʩʪʝʤ ʢʘʧʝʣʴʥʦʛʦ ʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ 

ʦʨʦʰʝʥʠʷ ʩʣʫʞʠʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʚ ʧʦʯʚʝ. 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʠʚʘ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʦʪʨʘʞʘʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʣʘʛʦʧʝʨʝʥʦ-

ʩʘ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʤ ʦʨʦʰʝʥʠʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʧʦʟʚʦʣʠʪ ʫʪʦʯʥʠʪʴ ʠʥʞʝʥʝʨʥʫʶ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ ʧʦʣʠʚʥʳʭ ʠ ʦʨʦʩʠ-

ʪʝʣʴʥʳʭ ʥʦʨʤ ʩ ʮʝʣʴʶ ʩʙʝʨʝʞʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʫʨʦʚ ʫʚʣʘʞʥʝ-

ʥʠʷ ʠ ʧʝʨʝʜʚʠʞʝʥʠʝ ʚʦʜʳ ʚ ʧʦʯʚʝ ʧʨʠ ʦʨʦʰʝʥʠʠ [4, 5]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʚ ʧʦʯʚʝ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʠ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʤ ʦʨʦʰʝʥʠʠ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ ʀ. ʀ. ɸʟʘʨʴʝʚʦʡ, ɸ. ɼ. ɸʭʤʝʜʦʚʘ, 

ɺ. ɺ. ɹʦʨʦʜʳʯʝʚʘ, ʉ. ʄ. ɺʘʩʠʣʴʝʚʘ, ɽ. ɸ. ɺʝʪʨʝʥʢʦ, ʄ. ʂ. ɻʘʜʞʠʝʚʘ, ɼ. ʇ. ɻʦʩʪʠʱʝʚʘ, 

ʄ. ɻ. ɾʫʨʙʳ, ɼ. ʆ. ɿʘʚʘʜʩʢʦʛʦ, ɼ. ʃ. ʆʙʫʤʘʭʦʚʘ, ɸ. ʉ. ʆʚʯʠʥʥʠʢʦʚʘ, ɸ. ʄ. ʆʣʝʡʥʠʢʘ, 

ɺ. ʀ. ʊʦʨʙʦʚʩʢʦʛʦ, ʄ. ʖ. ʍʨʘʙʨʦʚʘ, ɺ. ʅ. ʐʢʫʨʳ, ɹ. ɹ. ʐʫʤʘʢʦʚʘ, ʆ. ɽ. ʗʩʦʥʠʜʠ ʠ ʜʨ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʘ ʚʣʘʛʦ-

ʧʝʨʝʥʦʩʘ ʚ ʧʦʯʚʝ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʤ ʦʨʦʰʝʥʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ 

ʚ ʧʦʯʚʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʪʫʨʦʚ ʫʚʣʘʞʥʝʥʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦ-

ʜʝʣʠ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʚ ʩʠʩʪʝʤʘʭ ʢʘʧʝʣʴʥʦʛʦ ʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʦʨʦʰʝʥʠʷ ʚ ʬʦʨʤʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʘʢʦʥʘʭ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʘʧʠʣʣʷʨ-

ʥʦ-ʧʦʨʠʩʪʳʭ ʪʝʣʘʭ [6]. ɼʣʷ ʢʘʞʜʦʛʦ ʩʧʦʩʦʙʘ ʦʨʦʰʝʥʠʷ ʪʨʝʙʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ 

ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʚ ʧʦʯʚʝ. ʉ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʤʦʜʝʣʝʡ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʫʨʘ ʫʚʣʘʞʥʝʥʠʷ, ʫʩʪʘ-

ʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʫʚʣʘʞʥʝʥʠʷ ʧʦʯʚʳ ʦʪ ʥʘʧʦʨʘ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʣʠ-

ʚʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʚʣʘʞʥʠʪʝʣʝʡ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ɺ ʧʨʦʮʝʩʩʝ 

ʧʦʣʠʚʘ ʚʦʢʨʫʛ ʫʚʣʘʞʥʠʪʝʣʝʡ ʦʙʨʘʟʫʝʪʩʷ ʟʦʥʘ, ʚ ʢʦʪʦʨʦʡ ʚʣʘʞʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣ-

ʥʦʤʫ ʥʘʩʳʱʝʥʠʶ ʧʦʯʚʳ. ʆʪ ʵʪʦʡ ʟʦʥʳ ʚʦʜʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʢʘ-

ʧʠʣʣʷʨʥʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ, ʦʙʨʘʟʫʷ ʢʦʥʪʫʨʳ ʫʚʣʘʞʥʝʥʠʷ [7]. 
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ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʪʫʨʦʚ ʫʚʣʘʞʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʚ ʧʦʯʚʝ ʟʘʚʠʩʠʪ 
ʦʪ ʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʯʚʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʜʦʧʦʜʘʯʠ, ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʠ 
ʫʚʣʘʞʥʠʪʝʣʝʡ, ʠʭ ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʨʝʞʠʤʦʚ ʚʦʜʦʧʦʜʘʯʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʝʦʨʠʡ ʧʝʨʝʤʝʱʝʥʠʷ ʚʣʘʛʠ ʚ ʧʦʯʚʝ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 
ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʧʨʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʤ ʦʨʦʰʝʥʠʠ ʜʝʣʘʶʪ ʨʷʜ ʜʦʧʫʱʝʥʠʡ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 
ʚʦ ʚʣʘʛʝ ʦʪʩʫʪʩʪʚʫʶʪ ʨʘʩʪʚʦʨʝʥʥʳʝ ʩʦʣʠ, ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ʚʣʘʛʠ ʷʚʣʷʝʪʩʷ ʠʟʦʪʝʨʤʠ-
ʯʝʩʢʠʤ, ʩʢʝʣʝʪ ʛʨʫʥʪʘ ʥʝʜʝʬʦʨʤʠʨʫʝʤ, ʜʘʚʣʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʨʘʚʥʦ ʘʪʤʦʩʬʝʨ-
ʥʦʤʫ, ʧʦʯʚʝʥʥʘʷ ʚʣʘʛʘ ʥʝʩʞʠʤʘʝʤʘ, ʚʣʘʛʦʧʝʨʝʥʦʩ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʘʧʠʣ-
ʣʷʨʥʳʭ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʠ ʚʩʘʩʳʚʘʶʱʝʡ ʩʠʣʳ ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ, ʛʨʫʥʪ ʦʜʥʦʨʦʜʥʦ-
ʘʥʠʟʦʪʨʦʧʥʳʡ. ʋʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʧʨʦʮʝʩʩ ʚʣʘʛʦʧʝʨʝʥʦʩʘ, ʠʤʝʝʪ ʚʠʜ [8]: 

x y z

W W W W K
D D D

t x x y y z z z

å õµ µ µ µ µ µ µ µå õ å õ
= + + °æ öæ ö æ ö

µ µ µ µ µ µ µ µç ÷ ç ÷ç ÷
, 

ʛʜʝ W  ï ʦʙʲʝʤʥʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ, %; 

t  ï ʚʨʝʤʷ, ʩ; 

( )x
D W , ( )y

D W , ( )z
D W  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ ʚ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʦʩʝʡ x, y, z ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʧʨʦ-

ʮʝʩʩ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʚ ʟʦʥʝ ʧʦʣʥʦʛʦ ʥʘʩʳʱʝʥʠʷ, ʥʝ ʫʯʠʪʳʚʘʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 
ʚʣʘʛʠ ʚ ʧʦʯʚʝ. ɼʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ ʚ ʧʦʯʚʝ ʥʝʦʙʭʦʜʠʤʦ 
ʫʯʠʪʳʚʘʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʚʣʘʞʥʠʪʝʣʝʡ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʦʨʦʰʝʥʠʷ, 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʦʚ ʠ ʥʘʧʦʨʦʚ ʧʦ ʵʣʝʤʝʥʪʘʤ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʛʦ ʦʨʦʰʝʥʠʷ, ʢʦʵʬ-
ʬʠʮʠʝʥʪʳ ʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦʯʚʳ ʠ ʜʨ. 

ʇʨʠ ʢʘʧʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ ʨʘʩʩʤʦʪʨʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʚʣʘʛʦʧʝʨʝʥʦʩʘ 
ʉ. ʅ. ʅʦʚʦʩʝʣʴʩʢʦʛʦ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ [5]: 

x y z u k

W H H H
k k k I I

t x x y y z z

å õµ µ µ µ µ µ µå õ å õ
= + + + -æ öæ ö æ ö

µ µ µ µ µ µ µç ÷ ç ÷ç ÷
, 

ʛʜʝ x , y , z  ï ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ; 

x
k , 

y
k , 

z
k  ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʠ ʚʜʦʣʴ ʦʩʝʡ x, y, z;  

H  ï ʥʘʧʦʨ, ʤ; 

u
I , 

k
I  ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ ʚʣʘʛʦʧʦʩʪʫʧʣʝʥʠʷ ʠ ʚʣʘʛʦʦʪʙʦʨʘ ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʷ. 

ʌʫʥʢʮʠʷ 
u

I  ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʤʝʪʨʠʝʡ ʫʚʣʘʞʥʠʪʝʣʝʡ, ʠʭ ʧʦʣʦʞʝʥʠʝʤ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʠ ʨʝʞʠʤʦʤ ʚʦʜʦʧʦʜʘʯʠ. ɽʩʣʠ ʠʩʪʦʯʥʠʢʠ ʧʦʨʠʩʪʳʝ ʠ ʧʨʦʥʠʮʘʝʤʳʝ, ʘ ʩʬʝʨʳ 
ʠʩʯʝʟʘʶʱʝʛʦ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ, ʪʦ: 

()( )( )( )
1

N

u i i i i
i

i

I Q t x x y y z zd d d
=

= - - -ä , 

ʛʜʝ 
i

N  ï ʯʠʩʣʦ ʪʦʯʝʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ; 

()i
Q t  ï ʨʘʩʭʦʜ i-ʛʦ ʠʩʪʦʯʥʠʢʘ, ʣ/ʩ; 

d ï ʜʝʣʴʪʘ ʬʫʥʢʮʠʷ ɼʠʨʘʢʘ; 

i
x , 

i
y , 

i
z  ï ʢʦʦʨʜʠʥʘʪʳ i-ʛʦ ʠʩʪʦʯʥʠʢʘ, ʤ. 

ɺʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʚʣʘʛʦʧʦʩʪʫʧʣʝʥʠʷ ʠ ʚʣʘʛʦʦʪʙʦʨʘ 
ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʷ ʜʦʣʞʝʥ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ: 

( ), , , ,
k k

I I W x y z t= . 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 
- ʜʚʠʞʝʥʠʝ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ; 
- ʨʘʩʭʦʜ ʚʦʜʳ ʚ ʢʘʞʜʦʡ ʢʘʧʝʣʴʥʠʮʝ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ ʧʝʨʝʧʘ-

ʜʦʚ ʨʘʙʦʯʠʭ ʥʘʧʦʨʦʚ ʦʜʠʥʘʢʦʚʳʡ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʧʝʣʴʥʳʭ ʚʦʜʦʚʳʧʫʩʢʦʚ. 
ɼʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʦʧʨʝʜʝʣʷʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʨʘʟʦ-
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ʚʘʥʠʷ ʢʦʥʪʫʨʦʚ ʫʚʣʘʞʥʝʥʠʷ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʣʘʛʦʧʨʦʚʦʜʥʦʩʪʠ, ʥʘʧʦʨʘ ʚ ʦʨʦʩʠʪʝʣʴ-
ʥʦʡ ʩʝʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʜʘʯʠ ʚʦʜʳ ʫʚʣʘʞʥʠʪʝʣʷʤʠ ʠ ʚʧʠʪʳʚʘʥʠʷ ʚʣʘʛʠ ʢʦʨʥʷʤʠ 
ʨʘʩʪʝʥʠʡ, ʚʘʞʥʦʩʪʠ ʧʦʯʚʳ. 

ɺʳʚʦʜ. ʇʨʦʮʝʩʩʳ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʤ ʦʨʦʰʝʥʠʠ 
ʩʭʦʞʠ, ʥʦ ʠ ʠʤʝʶʪ ʨʘʟʣʠʯʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʪʫʨʦʚ ʫʚʣʘʞʥʝʥʠʷ. ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 
ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʤʦʜʝʣʴ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʦʨʦ-
ʰʝʥʠʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʥʘʠʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʳʚʘʝʪ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ ʚ ʧʦʯʚʝ. 
ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʧʨʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʦʤ ʦʨʦʰʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʦʧʠ-
ʩʳʚʘʪʴ ʧʨʦʮʝʩʩ ʚʣʘʛʦʧʝʨʝʥʦʩʘ ʪʦʣʴʢʦ ʚ ʟʦʥʝ ʧʦʣʥʦʛʦ ʥʘʩʳʱʝʥʠʷ, ʥʝ ʫʯʠʪʳʚʘʷ ʜʘʣʴ-
ʥʝʡʰʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚʣʘʛʠ ʚ ʧʦʯʚʝ.  

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
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ʥʦʩʪʥʦʤʫ ʝʛʦ ʟʥʘʯʝʥʠʶ / ʉ. ʄ. ɺʘʩʠʣʴʝʚ, ɸ. ɸ. ʂʫʧʨʠʷʥʦʚ // ʄʝʣʠʦʨʘʮʠʷ ʠ ʚʦʜʥʦʝ ʭʦ-
ʟʷʡʩʪʚʦ. ʇʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʝʣʠʦʨʘʮʠʡ 
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2 ɺʘʩʠʣʴʝʚ, ʉ. ʄ. ʊʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / 
ʉ. ʄ. ɺʘʩʠʣʴʝʚ, ʊ. ɺ. ʂʦʨʞʦʚʘ, ɺ. ʅ. ʐʢʫʨʘ. ï ʅʦʚʦʯʝʨʢʘʩʩʢ: ʈʦʩʅʀʀʇʄ, 2017. ï 200 ʩ. 
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ʋɼʂ 626.823.6 

ʄ. ɺ. ɺʘʡʥʙʝʨʛ, ɸ. ɸ. ʏʫʨʘʝʚ 
ʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʝʣʠʦʨʘʮʠʠ, ʅʦʚʦʯʝʨʢʘʩʩʢ, 
ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

ʉʆʉʊʆʗʅʀɽ ʇʋʅʂʊʆɺ ɺʆɼʆʋʏɽʊɸ ʅɸ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʍ 

ʄɽʃʀʆʈɸʊʀɺʅʓʍ ʉʀʉʊɽʄɸʍ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʘʥʘʣʠʟ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ, 
ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚ ʚʦʜʦʫʯʝʪʘ ʠ ʚʦʜʦʠʟʤʝʨʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝ-
ʤʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ, ʚ ʩʦʦʪʚʝʪ-



ʇʋʊʀ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʆʈʆʐɸɽʄʆɻʆ ɿɽʄʃɽɼɽʃʀʗ, ˉ 3(71)/2018 

ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ 

31 

ʩʪʚʠʠ ʩ ʧʨʦʚʝʜʝʥʥʳʤ ʩʦʪʨʫʜʥʠʢʘʤʠ ʌɻɹʅʋ çʈʦʩʅʀʀʇʄè ʤʦʥʠʪʦʨʠʥʛʦʤ. ʇʦ ʨʝʟʫʣʴ-
ʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʧʨʦʩʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʧʨʦ-
ʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ (1995 ʛ.) ʢʦʣʠʯʝʩʪʚʦ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ ʩʦʢʨʘʱʘʣʦʩʴ (ʩ 13086 
ʜʦ 2555 ʝʜʠʥʠʮ), ʘ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʩʪʘʚʰʠʭʩʷ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ ʪʦʣʴʢʦ 
ʫʭʫʜʰʘʣʦʩʴ (53 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʫʜʦʚʣʝʪʚʦ-
ʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʧʠʪʘʣʴʥʦʛʦ ʠʣʠ ʪʝʢʫ-
ʱʝʛʦ ʨʝʤʦʥʪʘ). ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʚʦʜʦʫʯʝʪʘ ʥʘ ʦʙʲʝʢʪʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 
ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʌɻɹʅʋ çʈʦʩʅʀʀʇʄè ʜʘʥʳ 
ʨʝʢʦʤʝʥʜʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʫʥʢʪʳ ʚʦʜʦʫʯʝʪʘ, ʤʝʣʠʦʨʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ, ʩʨʝʜʩʪʚʘ ʚʦʜʦʠʟ-

ʤʝʨʝʥʠʷ, ʦʪʢʨʳʪʳʡ ʢʘʥʘʣ, ʪʨʫʙʦʧʨʦʚʦʜ. 
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WATER ACCOUNTING STATIONS CONDITION  

ON STATE RECLAMATION SYSTEMS  

The purpose of the research was to analyze the current state of water accounting sta-

tions as well as water accounting and water measuring devices used in land reclamation sys-

tems of state operating organizations of the Ministry of Agriculture of Russia in accordance 

with the monitoring conducted by the employees of the federal state Budgetary Scientific In-

stitution ñRussian Research Institute of Land Improvement Problemsò. According to the re-

sults of the survey it can be concluded that since the beginning of monitoring (1995), the 

number of water accounting stations has been reduced (from 1.306 to 2.555 units), and the 

technical condition of the remaining water accounting stations only worsened (53 % of the to-

tal number of water accounting stations are in unsatisfactory condition and require recon-

struction, major or routine maintenance). The recommendations of the Federal state budget 

scientific establishment ñRosNIIIPMò are given to restore the water accounting systems at 

state reclamation systems. 

Key words: water accounting stations, reclamation system, means of water measuring, 

open canal, pipeline. 

ʆʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʤʝʣʠʦ-

ʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʛʦ ʠ ʜʦʩʪʦʚʝʨʥʦʛʦ ʫʯʝʪʘ ʧʦʜʘʯʠ, ʧʦ-

ʪʨʝʙʣʝʥʠʷ ʠ ʩʙʨʦʩʘ ʚʦʜʳ (ʚʦʜʦʫʯʝʪʘ ʠ ʚʦʜʦʠʟʤʝʨʝʥʠʷ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʙʩʣʫʞʠʚʘʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʦʨʦʩʠʪʝʣʴʥʳʝ ʠ ʦʩʫʰʠʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʧʨʠʤʝʥʝʥʠʠ ʩʨʝʜʩʪʚ ʚʦʜʦʠʟʤʝʨʝʥʠʷ ʠ ʠʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ [1]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʨʦʚʝʥʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʠ 

ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʧʨʠʙʦʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʜʦʫʯʝʪʘ ʧʨʦʜʦʣʞʘʝʪ ʩʥʠʞʘʪʴʩʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ ʩʯʠʪʘʶʪʩʷ ʪʘʢʦʚʳʤʠ ʣʠʰʴ ʥʦʤʠʥʘʣʴʥʦ, ʪʘʢ ʢʘʢ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʥʠ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ 

ʪʝʢʫʱʝʛʦ, ʘ ʤʥʦʛʠʝ ʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ, ʘ ʪʘʢʞʝ ʦʩʥʘʱʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʠʟʤʝʨʝʥʠʡ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʩʪʨʦʝʥʥʳʭ ʨʘʥʝʝ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʦʪʢʨʳʪʦʡ ʩʝʪʠ 

ʨʘʟʨʫʰʝʥʘ ʠʣʠ ʜʝʬʦʨʤʠʨʦʚʘʥʘ ʠ ʥʝ ʦʧʨʘʚʜʳʚʘʝʪ ʩʚʦʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʢʘʢ ʩʨʝʜʩʪʚʦ ʠʟʤʝ-

ʨʝʥʠʷ ʨʘʩʭʦʜʘ [2, 3].  

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʢʫʱʝʡ ʧʦʪʨʝʙʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʧʫʥʢʪʘʭ ʚʦʜʦʫʯʝʪʘ ʩ 1995 ʧʦ 2009 ʛ. ʩʦʪʨʫʜʥʠʢʘʤʠ ʈʦʩʅʀʀʇʄ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤʘʪʠʯʝʩʢʠʤ ʧʣʘʥʦʤ ʧʨʦʚʦʜʠʣʩʷ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʩʪʚ ʚʦ-

ʜʦʫʯʝʪʘ ʠ ʚʦʜʦʠʟʤʝʨʝʥʠʷ ʥʘ ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʙʲʝʢʪʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʵʢʩʧʣʫ-
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ʘʪʘʮʠʦʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ [1]. ʉ 2010 ʧʦ 2017 ʛ. ʤʦʥʠʪʦʨʠʥʛ 

ʥʝ ʦʩʫʱʝʩʪʚʣʷʣʩʷ, ʠ ʣʠʰʴ ʚ 2018 ʛ. ʙʳʣ ʧʨʦʚʝʜʝʥ ʮʠʨʢʫʣʷʨʥʳʡ ʦʧʨʦʩ ʧʦʜʚʝʜʦʤʩʪʚʝʥ-

ʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʩʨʝʜʩʪʚ ʚʦʜʦʫʯʝʪʘ ʠ ʚʦʜʦ-

ʠʟʤʝʨʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʙʲʝʢʪʘʭ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʨʘ-

ʥʝʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʟʘ ʪʝʢʫʱʠʡ ʛʦʜ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ. ɿʘ ʧʝʨʠʦʜ ʩ 1995 ʧʦ 2018 ʛ. ʢʦʣʠʯʝʩʪʚʦ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ 

ʥʘ ʦʩʫʰʠʪʝʣʴʥʳʭ ʠ ʦʨʦʩʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʩʥʠʟʠʣʦʩʴ ʚ 5 ʨʘʟ (ʩ 13086 ʜʦ 2555 ʝʜʠ-

ʥʠʮ) (ʨʠʩʫʥʦʢ 1). 

 

ʈʠʩʫʥʦʢ 1 ï ʂʦʣʠʯʝʩʪʚʦ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ ʧʦ ʈʦʩʩʠʠ ʩ 1995 ʧʦ 2018 ʛ. 

ʀʟ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ 52 % ʦʩʥʘʱʝʥʳ ʣʠʰʴ ʧʨʦʩʪʝʡʰʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʠʟʤʝʨʝʥʠʡ, ʪʘʢʠʤʠ ʢʘʢ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʘʷ ʨʝʡʢʘ, 9 % ï ʧʨʠʙʦʨʘʤʠ, ʘ ʦʩʪʘʣʴ-

ʥʳʝ 39 % ʚʦʦʙʱʝ ʥʝ ʠʤʝʶʪ ʢʘʢʠʭ-ʣʠʙʦ ʩʨʝʜʩʪʚ ʚʦʜʦʫʯʝʪʘ (ʨʠʩʫʥʦʢ 2). ʅʘʧʨʠʤʝʨ, ʋʧʨʘʚ-

ʣʝʥʠʝ çʂʘʙʙʘʣʢʤʝʣʠʦʚʦʜʭʦʟè ʧʦʷʩʥʠʣʦ ʵʪʦ ʪʝʤ, ʯʪʦ ʠʟ 130753 ʛʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ 

ʧʦ ʂʘʙʘʨʜʠʥʦ-ɹʘʣʢʘʨʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ ʦʨʦʰʘʝʪʩʷ ʣʠʰʴ 64827 ʛʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʪʧʘʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʘʩʪʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʧʦ ʬʠʣʠʘʣʘʤ. 

 

1 ï ʦʙʦʨʫʜʦʚʘʥʥʳʝ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʝʡʢʘʤʠ;  

2 ï ʦʙʦʨʫʜʦʚʘʥʥʳʝ ʧʨʠʙʦʨʘʤʠ; 3 ï ʥʝʦʙʦʨʫʜʦʚʘʥʥʳʝ 

ʈʠʩʫʥʦʢ 2 ï ʂʦʣʠʯʝʩʪʚʦ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2018 ʛ. 

ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ (53 %) ʠʟ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝ-

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʠʣʠ ʪʝʢʫʱʝʛʦ ʨʝʤʦʥʪʘ (ʨʠʩʫʥʦʢ 3). 

ʀʟ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʝʢʫ-

ʱʝʤʫ ʨʝʤʦʥʪʫ ʧʦʜʣʝʞʘʪ 1049 ʝʜʠʥʠʮ, ʢʘʧʠʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʫ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ï 

625 ʝʜʠʥʠʮ, ʩʧʠʩʘʥʠʶ ï 383 ʝʜʠʥʠʮʳ. 

ɸʥʘʣʠʟ ʪʠʧʦʚ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʥʘ ʦʪʢʨʳʪʦʡ ʩʝʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ 
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ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʩʦʦʨʫʞʝʥʠʷ ʪʠʧʘ çʬʠʢʩʠʨʦʚʘʥʥʦʝ ʨʫʩʣʦè, 

ʩʫʞʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʝʨʝʛʦʨʘʞʠʚʘʶʱʠʝ ʩʦʦʨʫʞʝʥʠʷ ʠ ʥʝʢʦ-

ʪʦʨʳʝ ʜʨʫʛʠʝ. 

 

1 ï ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ; 2 ï ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʈʠʩʫʥʦʢ 3 ï ʊʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ ʧʦ ʈʦʩʩʠʠ ʥʘ 2018 ʛ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʨʘʩʭʦʜʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʶʪʩʷ ʥʝ-

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʡ, ʪʘʢʠʝ ʢʘʢ ʧʨʠʩʪʘʚʢʠ ʠ ʥʘʩʘʜʢʠ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʬʠʣʝʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʫʥʢʪʳ ʚʦʜʦʫʯʝʪʘ, ʦʙʦʨʫʜʦʚʘʥʥʳʝ ʪʘʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, 

ʜʦʣʞʥʳ ʧʨʦʭʦʜʠʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʤʝʪʨʦʣʦʛʠʯʝʩʢʫʶ ʘʪʪʝʩʪʘʮʠʶ, ʪʝʤ ʙʦʣʝʝ ʚ ʫʩʣʦ-

ʚʠʷʭ ʧʣʘʪʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʣʠʯʠʠ ʩʨʝʜʩʪʚ ʚʦʜʦʫʯʝʪʘ ʥʘ ʦʙʲʝʢʪʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʈʌ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪ 78 ʧʦʜʚʝʜʦʤ-

ʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2018 ʛ. 

ʊʘʙʣʠʮʘ 1 ï ʅʘʣʠʯʠʝ ʩʨʝʜʩʪʚ ʚʦʜʦʫʯʝʪʘ ʥʘ ʦʙʲʝʢʪʘʭ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʈʌ 

ɺ ʰʪ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʫʥʢʪʦʚ  

ʚʦʜʦʫʯʝʪʘ 

ʆʙʱʝʝ ʢʦ-

ʣʠʯʝʩʪʚʦ 

ʧʫʥʢʪʦʚ 

ʚʦʜʦʫʯʝʪʘ 

ʂʦʣʠʯʝʩʪʚʦ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ,  

ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚʘʤʠ ʚʦʜʦʫʯʝʪʘ 

ɻʠʜʨʦʤʝʪ-

ʨʠʯʝʩʢʘʷ 

ʨʝʡʢʘ 

ʇʨʠʙʦʨ 

ʫʨʦʚʥʝʤʝʨ ʨʘʩʭʦʜʦʤʝʨ 
ʩʯʝʪʯʠʢ  

ʩʪʦʢʘ 

ʆʪʢʨʳʪʳʡ ʢʘʥʘʣ 

ʇʨʦʧʫʩ-

ʢʘʝʤʳʡ 

ʨʘʩʭʦʜ, 

ʤ3/ʩ 

< 2 1016 457 ï 15 ï 

2ï5 617 360 ï 17 ï 

5ï10 242 217 10 6 ï 

10ï50 250 234 10 ï ï 

50ï100 45 38 18 ï ï 

> 100 11 10 2 2 ï 

ʀʪʦʛʦ 2181 1316 40 40 ï 

ʇʫʥʢʪʳ ʚʦʜʦʫʯʝʪʘ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʟʘʢʨʳʪʳʭ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ 

ɼʠʘ-

ʤʝʪʨ, 

ʤʤ 

< 300 7 ï ï 7 ï 

300ï500 71 1 9 24 3 

600ï800 167 5 ï 53 4 

800ï1200 98 ï ï 27 6 

> 1200 31 ï ï 11 14 

ʀʪʦʛʦ 374 6 9 122 27 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ ʷʚʣʷʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʩʣʦʞʠʚ-

ʰʘʷʩʷ ʥʘ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʘʭ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ. ʉʨʝʜʠ ʚʩʝʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʩʨʝʜʩʪʚ 

ʚʦʜʦʫʯʝʪʘ, ʠʤʝʶʱʠʭʩʷ ʥʘ ʧʫʥʢʪʘʭ ʚʦʜʦʫʯʝʪʘ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʦʚ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠ-

ʩʪʝʤ, ʧʨʝʦʙʣʘʜʘʶʪ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʝ ʨʝʡʢʠ (1316 ʝʜʠʥʠʮ), ʠ ʣʠʰʴ 80 ʝʜʠʥʠʮ ï ʵʪʦ 

ʧʨʠʙʦʨʳ, ʧʨʠʯʝʤ ʧʨʠʙʦʨʳ ʫʩʪʘʨʝʚʰʝʛʦ ʦʙʨʘʟʮʘ. ʉʯʝʪʯʠʢʠ ʩʪʦʢʘ ʚ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʛʠʜʨʦʤʝʣʠʦʨʘʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩʩʠʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 
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34 

ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ ʦʪʢʨʳʪʳʭ ʢʘʥʘʣʘʭ ʦʩʥʘʱʝʥʘ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʝʡʢʘʤʠ ʣʠʙʦ ʨʘʩʯʝʪ 

ʨʘʩʭʦʜʘ ʚʦʜʳ ʚʝʜʝʪʩʷ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ. ʃʠʰʴ ʚ 11 ʠʟ 78 ʦʧʨʦ-

ʰʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠʤʝʶʪʩʷ ʧʨʠʙʦʨʳ ʫʯʝʪʘ ʚʦʜʳ ʚ ʦʪʢʨʳʪʳʭ ʢʘ-

ʥʘʣʘʭ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʠ ʪʦ ʚ ʤʠʥʠʤʘʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. 

ʅʘ ʟʘʢʨʳʪʦʡ ʦʨʦʩʠʪʝʣʴʥʦʡ ʩʝʪʠ ʠʟ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ 

(374 ʝʜʠʥʠʮʳ) ʣʠʰʴ 44 % ʦʩʥʘʱʝʥʳ ʩʨʝʜʩʪʚʘʤʠ ʚʦʜʦʫʯʝʪʘ. ɺ ʵʪʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʧʨʝ-

ʦʙʣʘʜʘʶʪ ʧʨʠʙʦʨʳ (131 ʝʜʠʥʠʮʘ), ʪʘʢʠʝ ʢʘʢ ʨʘʩʭʦʜʦʤʝʨʳ-ʩʯʝʪʯʠʢʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ 

(ʋʈʉɺ-510ʮ, çɺʟʣʝʪ-ʄʈè, ʈʋʉ-1, çɼʥʝʧʨ-7è, çʕʪʘʣʦʥ-ʈʄè, ʇʕɸ-ɺ-202, ʋɿʈ-ɺ-ʄ 

çɸʢʫʩʪʨʦʥè, UFM, US800, Stream-Lux SLS-700F), ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ (çɺʟʣʝʪ-ʄè, ɺʉʕ, 

ɼʋ-200), ʪʫʨʙʠʥʥʳʝ (ɺɺ-200) [4, 5].  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩ ʤʦʤʝʥ-

ʪʘ ʥʘʯʘʣʘ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ (ʩ 1995 ʛ.) ʢʦʣʠʯʝʩʪʚʦ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ ʩʦʢʨʘʱʘ-

ʣʦʩʴ, ʘ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʩʪʘʚʰʠʭʩʷ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ ʪʦʣʴʢʦ ʫʭʫʜʰʘʣʦʩʴ. ʊʘʢ, 

ʢʦʣʠʯʝʩʪʚʦ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʜʦ-

ʩʪʠʛʣʦ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ (53 %) ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʷʚʣʷʝʪʩʷ ʩʣʝʜ-

ʩʪʚʠʝʤ ʜʣʠʪʝʣʴʥʦʛʦ ʥʝʜʦʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʦʪʨʘʩʣʠ. ɽʩʣʠ ʫʭʫʜʰʝʥʠʝ ʩʠʪʫʘʮʠʠ ʙʫʜʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʪʝʤʠ ʞʝ ʪʝʤʧʘʤʠ, ʪʦ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʥʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪ-

ʨʘʩʣʠ ʥʝ ʦʩʪʘʥʝʪʩʷ ʛʠʜʨʦʧʦʩʪʦʚ, ʢʦʪʦʨʳʝ ʙʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʜʘʞʝ ʧʨʠʤʠʪʠʚʥʦʤʫ 

ʫʨʦʚʥʶ ʚʦʜʦʫʯʝʪʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʩʫʱʝʩʪʚʫʝʪ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʧʨʠʙʦʨʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʚʦʜʦʫʯʝʪʘ ʥʘ ʦʙʲʝʢʪʘʭ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʭ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʫʶʱʝʝ:  

- ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʘʢ ʧʫʥʢʪʳ 

ʚʦʜʦʫʯʝʪʘ, ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʶ ʠ ʤʝʪʨʦʣʦʛʠʠ; 

- ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʙʦʪ ʧʦ ʵʣʝʢʪʨʠʬʠʢʘʮʠʠ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ; 

- ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʙʦʪ ʧʦ ʦʩʥʘʱʝʥʠʶ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʧʫʥʢ-

ʪʦʚ ʢʦʥʪʨʦʣʷ ʥʘ ʦʪʢʨʳʪʦʡ ʠ ʟʘʢʨʳʪʦʡ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʶ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʘʪʪʝʩʪʘʮʠʠ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ; 

- ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʩʪʝʡʰʠʭ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ (ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʝʝʢ, ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʨʪʫʰʝʢ, ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʟʘʪʚʦʨʦʚ ʠ ʜʨ.) ʧʨʠʙʦʨʦʩʪʨʦʠ-

ʪʝʣʴʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʙʦʪʥʠʢʦʚ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʘ-

ʮʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʚʦʧʨʦʩʘʤʠ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʥʦʨʤʘʪʠʚʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ [6]; 

- ʨʘʟʨʘʙʦʪʢʘ ʪʠʧʦʚʳʭ ʧʨʦʝʢʪʦʚ ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʘʚʪʦʨʝʛʫʣʷʪʦʨʦʚ ʨʘʩʭʦʜʘ, ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʨʘʩʭʦʜʘ ʠ ʪ. ʧ.) ʚ ʨʘʤʢʘʭ 

ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʚʦʜʦʠʟʤʝʨʝʥʠʷ [7]; 

- ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʩʝʪʠ ʢʦʥʪʨʦʣʴʥʳʭ 

ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ; 

- ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ ʦʩʥʘʱʝʥʠʷ ʵʥʝʨʛʦʥʝʦʙʝʩʧʝʯʝʥʥʳʭ ʧʫʥʢʪʦʚ ʚʦʜʦʫʯʝʪʘ ʠʟʤʝ-

ʨʠʪʝʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1 ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʜʦʢʣʘʜ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʩʨʝʜʩʪʚ ʚʦʜʦʫʯʝ-

ʪʘ ʥʘ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʦʙʲʝʢʪʘʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʝʜʝʥʠʠ ʄʠʥʩʝʣʴʭʦʟʘ ʈʦʩ-

ʩʠʠ: ʦʪʯʝʪ ʦ ʅʀʈ (ʧʨʦʤʝʞ.): 2.2 / ʌɻʅʋ çʈʦʩʅʀʀʇʄè; ʨʫʢ.: ɹʦʯʢʘʨʸʚ ɺ. ʗ. ï ʅʦʚʦ-

ʯʝʨʢʘʩʩʢ, 2009. ï 38 ʩ. ï ʀʩʧʦʣʥ.: ʂʣʠʰʠʥ ʀ. ɺ., ʑʝʜʨʠʥʘ ʊ. ɺ. 
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ʨʘʟʣʠʯʥʳʤʠ ʬʨʘʢʮʠʷʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʦʨʦʰʘʝ-
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ʩʦʙʥʦʩʪʴʶ ʧʦʯʚ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 630ï680 ʥʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʩʤʠʯʝʩʢʠʡ ʩʥʠʤʦʢ, ʛʫʤʫʩ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʧʦʯ-

ʚʝʥʥʳʡ ʧʦʢʨʦʚ, ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

S. M. Vasilyev, Yu. E. Domashenko, L. A. Mityaeva 

Russian Scientific Research Institute of Land Improvement Problems, Novocherkassk, 

Russian Federation 

STUDY OF THE GRANULOMET RIC COMPOSITION OF SOIL COVER  

BY THE RESULTS OF SPACE IMAGES INTERPRETATION AND THEIR 

CALIBRATION UNDER FIELD CONDITIONS  

The relationship between the brightness of the multispectral space image, chemical 

composition of soil, namely, the humus content and various fractions of soil cover granulation 

https://elibrary.ru/item.asp?id=22554008
https://elibrary.ru/item.asp?id=22554008
https://elibrary.ru/contents.asp?issueid=1350241
https://elibrary.ru/contents.asp?issueid=1350241


ʇʋʊʀ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʆʈʆʐɸɽʄʆɻʆ ɿɽʄʃɽɼɽʃʀʗ, ˉ 3(71)/2018 

ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ 

36 

on the irrigated land of LLC Rassvet in Kuybyshevsky District, Rostov Region is concerned. It 

is noted that fractions more than 0.01 mm are associated with humus content inversely pro-

portional, and smaller fractions (less than 0.01 mm) are directly proportional. Dependence 

between the particles content smaller than 0.01 mm and the reflectivity of soils in the wave-

length range 630ï680 nm was revealed. 

Key words: space image, humus, granulometric composition, soil cover, field studies. 

ɺʚʝʜʝʥʠʝ. ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʵʬʬʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʷʚʣʷʝʪ-

ʩʷ ʥʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʦʚ ʦʙʲʝʢʪʠʚʥʦʡ ʠ ʨʝʛʫʣʷʨʥʦ ʦʙʥʦʚʣʷʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷ-

ʥʠʠ ʠ ʜʠʥʘʤʠʢʝ ʩʚʦʡʩʪʚ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ʇʨʠ ʨʝʰʝʥʠʠ ʧʦʜʦʙʥʳʭ ʚʦʧʨʦʩʦʚ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʠʭ ʢʘʣʠʙ-

ʨʦʚʢʘ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʝʦʙʭʦʜʠʤʘ 

ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʨʦʞʘʷ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʚ ʪ. ʯ. ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʟʦʥʘʣʴʥʳʭ ʢʦʩʤʠʯʝ-

ʩʢʠʭ ʩʥʠʤʢʦʚ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʜ-

ʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ [1ï3]. ʕʪʠ ʫʨʘʚʥʝʥʠʷ ʧʦʟʚʦ-

ʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʥʘ ʦʩʥʦʚʝ ʷʨʢʦʩʪʠ ʢʘʥʘʣʦʚ ʩʥʠʤʢʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʝ ʬʠʟʠʯʝʩʢʦʡ 

ʛʣʠʥʳ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʝʩʢʘ (ʚ ʟʘʨʫʙʝʞʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʩʦ-

ʜʝʨʞʘʥʠʷ ʧʝʩʢʘ (sand), ʛʣʠʥʳ (clay) ʠ ʠʣʘ (silt)). ɺ ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʨʠ ʜʝʰʠʬ-

ʨʠʨʦʚʘʥʠʠ ʜʝʬʣʷʮʠʠ ʥʝʨʝʜʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ. 

ʇʨʠ ʵʪʦʤ ʝʤʫ ʜʘʝʪʩʷ ʥʝ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ, ʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ [4]. 

ɺʳʜʝʣʷʶʪʩʷ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʨʷʜʫ 

ʩ ʜʨʫʛʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʯʘʱʝ ʚʩʝʛʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ [5, 6]. ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ 

ʧʦʜʭʦʜ ʢ ʩʦʯʝʪʘʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʥʘʟʝʤʥʳʭ ʥʘʙʣʶʜʝ-

ʥʠʡ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʙʦʪʘʭ ʂ. ʆ. ʇʨʦʢʦʧʴʝʚʦʡ, ɺ. ʅ. ʑʝʜʨʠʥʘ ʠ ʜʨ. [7, 8]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʷʨʢʦʩʪʷʤʠ ʤʥʦʛʦʩʧʝʢʪʨʘʣʴ-

ʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʘ ʠʤʝʥʥʦ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ, ʠ ʨʘʟʣʠʯʥʳʤʠ ʬʨʘʢʮʠʷʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʚʳ-

ʧʦʣʥʝʥʠʷ ʨʘʙʦʪ: ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʙʦʨ ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʢʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

ʧʦʜʙʦʨ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ; ʦʙʨʘʙʦʪʢʫ ʠ ʘʥʘʣʠʟ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ; ʦʧʨʝʜʝʣʝʥʠʝ 

ʤʘʨʰʨʫʪʦʚ ʜʣʷ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʝʩʪ ʟʘʣʦʞʝʥʠʷ ʪʦʯʝʢ ʦʪʙʦʨʘ ʧʨʦʙ ʜʣʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ; ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʪʙʦʨ ʪʦʯʝʯʥʳʭ ʧʨʦʙ ʧʦʯʚʳ; 

ʚʳʧʦʣʥʝʥʠʝ ʘʥʘʣʠʟʦʚ ʚ ʵʢʦʣʦʛʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ; ʘʥʘʣʠʟ ʠ ʦʮʝʥʢʫ ʧʦʣʫʯʝʥ-

ʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ ʠ ʬʨʘʢʮʠʷʤʠ ʛʨʘʥʫʣʦ-

ʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʢʘʤʝʨʘʣʴʥʳʡ ʵʪʘʧ ʚʢʣʶʯʘʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʥʘʟʝʤʥʦʡ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʦʪ-

ʨʘʞʝʥʠʝʤ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ, ʘʥʘ-

ʣʠʟʠʨʦʚʘʣʠʩʴ ʠ ʩʨʘʚʥʠʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʩʤʠʯʝʩʢʠʡ ʩʥʠʤʦʢ 

ʩʦ ʩʧʫʪʥʠʢʘ Landsat-8 OLI, ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʦʚ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 ï ʉʧʝʢʪʨʘʣʴʥʳʝ ʢʘʥʘʣʳ ʩʧʫʪʥʠʢʘ Landsat-8 OLI [9]  

ʉʧʝʢʪʨʘʣʴʥʳʡ ʢʘʥʘʣ 
ɼʣʠʥʘ ʚʦʣʥʳ, 

ʥʤ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ, ʤ 

1 2 3 

ʂʘʥʘʣ 1 ï ʌʠʦʣʝʪʦʚʳʡ. ʇʦʙʝʨʝʞʴʷ ʠ ʘʵʨʦʟʦʣʠ 

(Coastal/Aerosol, New Deep Blue) 
433ï453 30 

ʂʘʥʘʣ 2 ï ʉʠʥʠʡ (Blue) 450ï515 30 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

1 2 3 

ʂʘʥʘʣ 3 ï ɿʝʣʝʥʳʡ (Green) 525ï600 30 

ʂʘʥʘʣ 4 ï ʂʨʘʩʥʳʡ (Red) 630ï680 30 

ʂʘʥʘʣ 6 ï ɹʣʠʞʥʠʡ ʀʂ (Short Wavelength Infra-

red, SWIR 2) 
1,560ï1,660 30 

ʂʘʥʘʣ 7 ï ɹʣʠʞʥʠʡ ʀʂ (Short Wavelength Infra-

red, SWIR 3) 
2100ï2300 30 

ʂʘʥʘʣ 8 ï ʇʘʥʭʨʦʤʘʪʠʯʝʩʢʠʡ (Panchromatic, 

PAN) 
500ï680 15 

ʂʘʥʘʣ 9 ï ʇʝʨʠʩʪʳʝ ʦʙʣʘʢʘ (Cirrus, SWIR) 1360ï1390 30 

ɼʣ̫ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʙʳʣ ʚʳʙʨʘʥ ʤʫʣʴ-

ʪʠʩʧʝʢʪʨʘʣʴʥʳʡ ʢʦʩʤʠʯʝʩʢʠʡ ʩʥʠʤʦʢ Landsat-8 OLI, ʚʳʧʦʣʥʝʥʥʳʡ 11 ʘʧʨʝʣʷ 2018 ʛ. 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 30 ʤ/ʧʠʢʩ). ɼʘʥʥʳʝ ʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʢʘʥʘʣʦʚ ʧʦʣʫʯʝʥʳ ʩ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ. ʈʘʩ-

ʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʮʝʥʠʚʘʣʠʩʴ ʚ 5 ʢʘʥʘʣʘʭ 

ʚ ʚʠʜʠʤʦʡ, ʩʨʝʜʥʝʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ. 

ʇʦʣʝʚʳʝ ʦʧʳʪʳ ʧʨʦʚʝʜʝʥʳ ʚ ʆʆʆ çʈʘʩʩʚʝʪè ʂʫʡʙʳʰʝʚʩʢʦʛʦ ʨʘʡʦʥʘ ʈʦʩʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʆʪʦʙʨʘʥʳ ʪʦʯʝʯʥʳʝ ʧʨʦʙʳ ʠʟ 22 ʩʢʚʘʞʠʥ ʩʣʦʷ 0ï20 ʩʤ. ʉʢʚʘʞʠʥʳ, ʦʪʦʙʨʘʥ-

ʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʠ ʧʨʠʚʷʟʘʥʳ ʧʨʠ ʧʦʤʦʱʠ GPS-ʥʘʚʠʛʘʪʦʨʘ 

ʠ ʥʘʣʦʞʝʥʳ ʧʦʚʝʨʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ.  

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʦʧʨʝʜʝʣʷʣʠ ʚ ʵʢʦʣʦʛʦ-

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʌɻɹʅʋ çʈʦʩʅʀʀʇʄè ʧʦ ʅ. ɸ. ʂʘʯʠʥʩʢʦʤʫ [10]. ʆʙʱʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʀ. ɺ. ʊʶʨʠʥʫ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ʎʀʅɸʆ1. ʇʨʠ ʦʙʨʘ-

ʙʦʪʢʝ ʠ ʘʥʘʣʠʟʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʢʝʪʳ ʣʠʮʝʥʟʠ-

ʦʥʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ Statistica ʠ MS Excel. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʩʚʷʟʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʳ, ʘ ʠʤʝʥʥʦ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ, 

ʩ ʯʘʩʪʠʮʘʤʠ ʨʘʟʣʠʯʥʳʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ ʧʨʦʠʟʚʝʜʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʪʦʯʝʯ-

ʥʳʭ ʜʠʘʛʨʘʤʤ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘʮʠʠ (R2) (ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʦʜʝʨʞʘʥʠʷ ʬʨʘʢʮʠʡ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪ ʦʪʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ 

ʜʣʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʌʨʘʢʮʠʷ ʛʨʘʥʫʣʦʤʝʪ-

ʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʤʤ 

ʂʘʥʘʣ ʩʝʥʩʦʨʘ Landsat-8 OLI 

2 3 4 6 7 

> 0,1 0,86 0,85 0,76 0,84 0,91 

0,1ï0,05 0,48 0,58 0,52 0,41 0,52 

0,05ï0,01 0,38 0,38 0,42 0,48 0,64 

0,01ï0,005 0,45 0,52 0,61 0,58 0,71 

0,005ï0,001 0,74 0,65 0,78 0,74 0,78 

< 0,001 0,84 0,68 0,86 0,80 0,68 

ʉʫʤʤʘ > 0,01 0,79 0,74 0,87 0,72 0,88 

ʉʫʤʤʘ < 0,01 0,68 0,75 0,77 0,74 0,73 

                                           
1 ɻʆʉʊ 26213-91. ʇʦʯʚʳ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ï ɺʚʝʜ. 

1993-07-01. ï ʄ.: ʀʟʜ-ʚʦ ʩʪʘʥʜʘʨʪʦʚ, 1992. ï 15 ʩ. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2, ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʚʦ ʚʩʝʭ ʢʘʥʘʣʘʭ ʩʥʠʤʢʘ 

ʠʤʝʝʪ ʪʝʩʥʫʶ ʩʚʷʟʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʯʘʩʪʠʮ ʙʦʣʝʝ 0,1 ʤʤ. ʌʨʘʢʮʠʠ 0,01ï0,05 ʤʤ ʩʚʷʟʘʥʳ 

ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ, ʘ ʙʦʣʝʝ ʤʝʣʢʠʝ (ʤʝʥʝʝ 0,01 ʤʤ) ï ʧʨʷ-

ʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʥʘʠʙʦʣʝʝ ʪʝʩʥʦ ʩʚʷʟʘʥʦ 

ʩ ʩʫʤʤʦʡ ʯʘʩʪʠʮ ʤʝʥʝʝ 0,01 ʤʤ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʝʪʝʨʤʠʥʘʮʠʠ, ʧʨʠʥʠʤʘʶʱʠʝ ʥʘʠʙʦʣʴ-

ʰʠʝ ʟʥʘʯʝʥʠʷ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚʪʦʨʦ-

ʛʦ ʧʦʨʷʜʢʘ. ɺʳʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʨʘʟʣʠʯʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʧʦ ʅ. ɸ. ʂʘʯʠʥ-

ʩʢʦʤʫ) ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʫʯʝʪʦʤ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ (ʩ ʜʠʘʤʝʪʨʦʤ 

ʤʝʥʝʝ 0,01 ʤʤ). ʉʦʜʝʨʞʘʥʠʝ ʯʘʩʪʠʮ ʜʠʘʤʝʪʨʦʤ ʤʝʥʝʝ 0,01 ʤʤ ʣʫʯʰʝ ʚʩʝʛʦ ʢʦʨʨʝʣʠʨʫʝʪ 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʳ ʧʦ ʜʘʥʥʳʤ ʯʝʪʚʝʨʪʦʛʦ ʢʘʥʘʣʘ ʩʝʥʩʦʨʘ 

Landsat-8 OLI (ʨʠʩʫʥʦʢ 1). 

 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʬʠʢ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʬʨʘʢʮʠʡ (ʜʠʘʤʝʪʨ ʤʝʥʝʝ 

0,01 ʤʤ) ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʯʚʳ 0ï20 ʩʤ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʯʝʪʚʝʨʪʦʤ (630ï680 ʥʤ) ʢʘʥʘʣʝ ʩʝʥʩʦʨʘ Landsat-8 OLI  

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʫʯʘʩʪʢʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ ʠ ʜʘʥʥʳʤ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʩʦʚʧʘʜʘʝʪ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ ʜʘʶʪ ʙʦʣʴʰʫʶ 

ʜʝʪʘʣʴʥʦʩʪʴ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʢʘʨʪʦʛʨʘʤʤʳ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩʫʥʦʢ 2). 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʨʠʩʫʥʢʘ 2 ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ 

ʦʙʥʘʨʫʞʠʪʴ ʫʯʘʩʪʢʠ ʩ 20ï25 % ʩʦʜʝʨʞʘʥʠʝʤ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ (ʯʘʩʪʠʮ ʤʝʥʝʝ 0,01 ʤʤ) 

(23,35 ʛʘ), 25ï30 % ï 113,87 ʛʘ, 30ï35 % ï 274,23 ʛʘ, 35ï40 % ï 78,41 ʛʘ, 40ï45 % ï 

10,3 ʛʘ, 45ï50 % ï 29,42 ʛʘ. 

ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʛʝʥʝʨʘʣʠʟʘʮʠʠ ʧʨʠ ʧʦʯʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘ-

ʢʣʘʜʢʦʡ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʝ-

ʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʝ ʧʦʯʚʳ ʟʘʥʠʤʘʶʪ ʧʣʦʱʘʜʴ 

137,22 ʛʘ, ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʝ ï 362,94 ʛʘ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʝ ï 29,42 ʛʘ. ʂʦʩʤʠʯʝʩʢʠʝ 

ʩʥʠʤʢʠ ʧʦʟʚʦʣʷʶʪ ʠʟʚʣʝʯʴ ʜʘʥʥʳʝ ʦ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʠʟ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʠʟʦʙʨʘʞʝ-

ʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʦʩʪʠʛʘʝʪʩʷ ʤʝʥʴʰʘʷ ʩʪʝʧʝʥʴ ʛʝʥʝʨʘʣʠʟʘʮʠʠ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʪʦʣʴʢʦ ʤʝʞ-

ʜʫ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʦʩʤʠʯʝʩʢʦʛʦ ʩʥʠʤʢʘ ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʠ ʛʨʘʥʫʣʦ-

ʤʝʪʨʠʯʝʩʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ʂ ʜʨʫʛʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʢʦʪʦʨʳʝ 

ʚʣʠʷʶʪ ʥʘ ʩʧʝʢʪʨʘʣʴʥʫʶ ʦʪʨʘʞʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚ ʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʩʦʛʣʘʩʥʦ 

ʛʨʘʥʠʮʘʤ ʦʨʦʰʘʝʤʳʭ ʫʯʘʩʪʢʦʚ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʣʘʞʥʦʩʪʴ, ʩʦʜʝʨʞʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʜʨ. ʆʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʳ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʦʟ-

ʜʝʡʩʪʚʠʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘ ʝʝ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʪʝʧʝʥʠ ʢʦʨʨʝʣʠʨʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ [11]. 


