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ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ; ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʚʦʜʥʳʭ ʦʙʲʝʢʪʘʭ ʠ ʥʘ ʚʦʜʦʩʙʦʨʘʭ ʉʠʙʠʨʠ ʠ ʠʭ 
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ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ʠ ʦʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; ʪʨʘʥʩʛʨʘʥʠʯʥʳʝ ʚʦʜʥʳʝ ʠ 
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ʨʘʜʠʦʥʫʢʣʠʜʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜ ʨ. ʐʘʛʘʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʤʠʧʘʣʘʪʠʥʩʢʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʧʦʣʠʛʦʥʘ. 

ʆʧʨʝʜʝʣʝʥʳ ʚʩʝ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ ʤʝʭʘʥʠʟʤʳ ʟʘʛʨʷʟʥʝʥʠʷ ʨ. ʐʘʛʘʥ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʜʠʦʥʫʢʣʠʜʥʦʝ 
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ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʣʦʱʘʜʢʠ "ɹʘʣʘʧʘʥ". 
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DETECTION OF MECHANISMS  AND WAYS OF INCREASE OF TECHNOGENIC 

RADIONUCLIDES IN WAT ER OF R. SHAGAN AT SEMIPALATINSK TEST SI TE  

Aktayev M.R, Lukashenko S.N., Lyakhova O.N., Aidarkhanov A.O. 
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Abstract. In this paper, we present the results of a comprehensive study of the radionuclide formation in 

the waters of the Shagan River at the Semipalatinsk test site. All the main sources and mechanisms of pollution of 

the river have been identified. It is found that radionuclide pollution of the river is due to the influence of two main 

sources: the "Atomic" lake and the underground waters of the Balapan site. 

Keywords: STS, r. Shagan, 
3
H, groundwater, groundwater, surface water, "Atomic" lake. 

ɺʚʝʜʝʥʠʝ 

ʄʘʣʦʚʦʜʥʘʷ ʨ. ʐʘʛʘʥ ʩ ʧʨʠʪʦʢʦʤ ʨ. ɸʱʠʩʫ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʚʦʜʦʪʦʢʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʤʠʧʘʣʘʪʠʥʩʢʦʛʦ ʧʦʣʠʛʦʥʘ (ʜʘʣʝʝ 

ʉʀʇ). ʈ. ʐʘʛʘʥ ʧʨʦʪʝʢʘʝʪ ʚʜʦʣʴ ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʳ ʉʀʇ ʠ ʷʚʣʷʝʪʩʷ 

ʣʝʚʦʙʝʨʝʞʥʳʤ ʧʨʠʪʦʢʦʤ ʨ. ʀʨʪʳʰ. ʀʩʪʦʢ ʨ. ʐʘʛʘʥ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʩʢʣʦʥʘʭ 

ʛʦʨʥʦʛʦ ʭʨʝʙʪʘ ʂʘʥʯʠʥʛʠʟ ʩ ʦʪʤʝʪʢʦʡ ʨʝʣʴʝʬʘ 875 ʤ. ɺ ʧʨʝʜʝʣʘʭ ʉʀʇ ʜʣʠʥʘ 

ʨʫʩʣʘ ʨʝʢʠ - ʦʢʦʣʦ 50 ʢʤ, ʘ ʫʢʣʦʥ ʚ ʩʨʝʜʥʝʤ ʨʘʚʝʥ 0,002. ɺ ʮʝʣʦʤ, ʨʫʩʣʦ ʨʝʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʪʝʯʝʥʠʷ, ʚʝʪʚʣʝʥʠʷʤʠ, ʪʫʧʠʢʦʚʳʤʠ 

ʟʘʚʦʜʷʤʠ, ʟʘʙʦʣʘʯʠʚʘʥʠʝʤ ʙʝʨʝʛʦʚ. 
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4 

ɺ 1965 ʛ., ʚ ʤʝʩʪʝ ʩʣʠʷʥʠʷ ʨʝʢ ʐʘʛʘʥ ʠ ɸʱʠʩʫ, ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʵʢʩʢʘʚʘʮʠʦʥʥʳʡ 

ʪʝʨʤʦʷʜʝʨʥʳʡ ʚʟʨʳʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʦʚʘʣʩʷ ʚʦʜʦʝʤ "ɸʪʦʤʥʦʝ" 

ʦʟʝʨʦ ʠ ʚʥʝʰʥʝʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. 

ʆʙʱʠʡ ʚʠʜ ʨ. ʐʘʛʘʥ ʠ ʩʭʝʤʘ ʧʨʦʪʝʢʘʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʀʇ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ (ʨʠʩ. 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʆʙʱʠʡ ʚʠʜ ʨ. ʐʘʛʘʥ 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʩʯʠʪʘʣʦʩʴ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ 
3
ʅ ʚʦʜ 

ʨ. ʐʘʛʘʥ ʷʚʣʷʝʪʩʷ "ɸʪʦʤʥʦʝ" ʦʟʝʨʦ [2]. ʇʦʩʢʦʣʴʢʫ, ʨ. ʐʘʛʘʥ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ 

ʦʙʨʘʟʦʚʘʥʥʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ "ɸʪʦʤʥʦʛʦ" ʦʟʝʨʘ. ʆʜʥʘʢʦ, ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ 
3
ʅ, ʜʦʩʪʠʛʘʶʱʠʝ 480 000 ɹʢ/ʢʛ, ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʫʯʘʩʪʢʝ ʨ. ʐʘʛʘʥ 

ʩ 4,5 ʢʤ ʧʦ 5 ʢʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʧʦʩʣʝ ʚʳʭʦʜʘ ʠʟ 

"ɸʪʦʤʥʦʛʦ" ʦʟʝʨʘ. ʇʨʠ ʵʪʦʤ, ʭʘʨʘʢʪʝʨ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʦʪʣʠʯʘʣʩʷ ʨʝʟʢʠʤ ʧʦʚʳʰʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 
3
ʅ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʙʦʣʴʰʦʤ ʫʯʘʩʪʢʝ (1-1,5 ʢʤ) [1]. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʣʦ ʦʩʥʦʚʘʥʠʝ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʷʚʣʷʶʪʩʷ 

ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʨ. ʐʘʛʘʥ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʘʥʘʣʘʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤʳ ʠ ʧʫʪʠ 

ʧʦʩʪʫʧʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʨ. ʐʘʛʘʥ. 

ɼʣʷ ʧʦʠʩʢʘ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʧʫʪʝʡ ʧʦʩʪʫʧʣʝʥʠʷ, ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ ʚ 

ʨʫʩʣʦ ʨ. ʐʘʛʘʥ ʧʨʦʚʦʜʠʣʠʩʴ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʙʦʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʡ ʨʝʢʠ, ʪʘʢ ʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʠ 

ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ: ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 
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5  

(ʧʦʜʨʫʩʣʦʚʳʝ, ʛʨʫʥʪʦʚʳʝ ʠ ʪʨʝʱʠʥʥʳʝ), ʦʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʢʠ (ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, ʨʘʩʭʦʜ ʨʝʢʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘʮʠʠ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ), ʣʦʢʘʣʠʟʘʮʠʠ ʫʯʘʩʪʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʤʝʪʦʜʦʤ ʪʝʨʤʦʤʝʪʨʠʠ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʩʧʝʮʠʘʣʴʥʦ 

ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʰʫʨʬʘʭ, ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʦʝʥʠʡ ʚ ʧʦʡʤʝʥʥʦʡ ʠ 

ʥʘʜʧʦʡʤʝʥʥʦʡ ʯʘʩʪʠ ʨʝʢʠ, ʦʪʙʦʨ ʚʦʜʳ ʠ ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʥʘʣʠʟ 

(ʨʘʜʠʦʥʫʢʣʠʜʥʳʡ ʠ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 
90

Sr ʚ 

ʚʦʜʘʭ ʨ. ʐʘʛʘʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,01ï0,03 ɹʢ/ʢʛ ʠ ʦʙʫʩʣʦʚʣʝʥʳ 

ʚʣʠʷʥʠʝʤ "ɸʪʦʤʥʦʛʦ" ʦʟʝʨʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ
137

Cs ʠ
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Pu ʥʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ ʨʫʩʣʘ ʨ. ʐʘʛʘʥ ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʧʨʝʜʝʣʦʚ ʦʙʥʘʨʫʞʝʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (0,01 ʠ 0,001 ɹʢ/ʢʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

ʅʘʠʙʦʣʝʝ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʝʭʥʦʛʝʥʥʳʡ 

ʨʘʜʠʦʥʫʢʣʠʜ 
3
ʅ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʚʦʜʘʭ ʨ. ʐʘʛʘʥ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ʦʪ 100 ʜʦ 350 000 ɹʢ/ʢʛ. ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʫʯʘʩʪʢʠ, ʛʜʝ ʦʧʨʝʜʝʣʝʥʳ 

ʠʩʪʦʯʥʠʢʠ ʠ ʤʝʭʘʥʠʟʤʳ 
3
ʅ ʟʘʛʨʷʟʥʝʥʠʷ: 

ˉ ʄʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ 
ʀʟʤʝʥʝʥʠʝ 

3
ʅ, 

ɹʢ/ʢʛ 
ʀʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʷ ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʋʯʘʩʪʦʢ 1 

ʈʘʡʦʥ ʚʳʭʦʜʘ 

ʨ.ʐʘʛʘʥ ʠʟ 

"ɸʪʦʤʥʦʛʦ" ʦʟʝʨʘ 

100 õ 40 000  

ɺʦʜʳ, ʚʳʭʦʜʷʱʠʝ ʠʟ 

ʟʦʥʳ ʥʘʚʘʣʦʚ ʛʨʫʥʪʘ 

"ɸʪʦʤʥʦʛʦ" ʦʟʝʨʘ 

ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 

ʠʟ ʛʨʫʥʪʦʚ ʥʘʚʘʣ 

ʋʯʘʩʪʦʢ 2 

ʉ 2 ʧʦ 3 ʢʤ ʚʥʠʟ ʧʦ 

ʪʝʯʝʥʠʶ, ʧʦʩʣʝ 

ʚʳʭʦʜʘ ʨ.ʐʘʛʘʥ ʠʟ 

"ɸʪʦʤʥʦʛʦ" ʦʟʝʨʘ 

2 000 õ 8 000 
ɺʦʜʳ ʩʪʘʨʦʛʦ ʨʫʩʣʘ 

ʨ. ʐʘʛʘʥ 

ʈʘʟʛʨʫʟʢʘ ʧʦʜʨʫʩʣʦʚʳʭ ʚʦʜ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʨ. ʐʘʛʘʥ 

ʋʯʘʩʪʦʢ 3 

ʉ 5 ʧʦ 6 ʢʤ ʚʥʠʟ ʧʦ 

ʪʝʯʝʥʠʶ, ʧʦʩʣʝ 

ʚʳʭʦʜʘ ʨ.ʐʘʛʘʥ ʠʟ 

"ɸʪʦʤʥʦʛʦ" ʦʟʝʨʘ 

5 000 õ 350 000 
ʊʨʝʱʠʥʥʳʝ ʚʦʜʳ ʧʣ. 

"ɹʘʣʘʧʘʥ" 

ʇʨʷʤʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʪʨʝʱʠʥʥʳʭ 

ʚʦʜ ʚ ʚʦʜʦʪʦʢ ʨ. ʐʘʛʘʥ 

ʋʯʘʩʪʦʢ 4 

ʉ 8 ʧʦ 14 ʢʤ ʚʥʠʟ ʧʦ 

ʪʝʯʝʥʠʶ, ʧʦʩʣʝ 

ʚʳʭʦʜʘ ʨ.ʐʘʛʘʥ ʠʟ 

"ɸʪʦʤʥʦʛʦ" ʦʟʝʨʘ 

15 000 õ 25 000 
ʊʨʝʱʠʥʥʳʝ ʚʦʜʳ ʧʣ. 

"ɹʘʣʘʧʘʥ" 

ʇʦʩʪʫʧʣʝʥʠʝ ʪʨʝʱʠʥʥʳʭ ʚʦʜ ʚ 

ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʰʠʨʦʢʦʡ ʧʦʡʤʳ, 

ʜʘʣʝʝ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ 

ʨʘʟʛʨʫʞʘʶʪʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ. 

ɺʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
3
ʅ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ʨ. 

ʐʘʛʘʥ (ʨʠʩ. 2).  
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6 

 
ʈʠʩ. 2 ï ʆʩʥʦʚʥʳʝ ʫʯʘʩʪʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜ ʨ. ʐʘʛʘʥ 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʤʝʩʪʘʭ ʧʨʷʤʦʡ ʨʘʟʛʨʫʟʢʠ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʨʝʱʠʥʥʳʭ ʠ 

ʧʦʜʨʫʩʣʦʚʳʭ ʚʦʜ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʨ. ʐʘʛʘʥ (ʫʯʘʩʪʢʠ "2-ʦʡ" ʠ "5-ʳʡ" 

ʢʤ), ʦʙʥʘʨʫʞʝʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʧʣʦʱʘʜʥʦʝ ʠ ʛʣʫʙʠʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
3
ʅ. 

ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
3
ʅ ʧʦ ʧʣʦʱʘʜʠ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʦ ʚʩʝʡ 

ʰʠʨʠʥʝ ʨʫʩʣʘ ʨʝʢʠ, ʢʘʢ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʚʦʜʦʪʦʢʝ, ʪʘʢ ʠ ʚ ʧʦʜʨʫʩʣʦʚʳʭ 

ʚʦʜʘʭ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʣʝʚʦʛʦ ʙʝʨʝʛʘ. ʇʨʠ ʵʪʦʤ, ʢʘʢʦʡ-ʣʠʙʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 
3
ʅ ʤʝʞʜʫ ʧʦʜʨʫʩʣʦʚʳʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ (ʨʠʩ. 3). 

 
ʈʠʩʫʥʦʢ 3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

3
ʅ ʧʦ ʧʣʦʱʘʜʠ ʧʦʡʤʳ ʨ. ʐʘʛʘʥ ʚ ʤʝʩʪʘʭ ʧʨʷʤʦʡ ʨʘʟʛʨʫʟʢʠ 

ʪʨʝʱʠʥʥʳʭ ʚʦʜ 

ɻʣʫʙʠʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
3
ʅ ʦʪʤʝʯʘʝʪʩʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʛʣʫʙʠʥʳ ʚʦʜʦʪʦʢʘ (10-35 ʩʤ) ʠ ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 
3
ʅ (2000-

250000 ɹʢ/ʢʛ). ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 
3
ʅ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ 

ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ, ʤʠʥʠʤʘʣʴʥʳʝ - ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʪʦʢʘ (ʨʠʩ. 4). 
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ʈʠʩ. 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

3
ʅ ʧʦ ʛʣʫʙʠʥʝ ʚʦʜʦʪʦʢʘ ʚ ʤʝʩʪʘʭ ʧʨʷʤʦʡ ʨʘʟʛʨʫʟʢʠ ʪʨʝʱʠʥʥʳʭ ʚʦʜ 

ɺʳʚʦʜʳ 

ɿʘʛʨʷʟʥʝʥʠʝ 
3
ʅ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʨ. 

ʐʘʛʘʥ ʧʨʦʠʩʭʦʜʠʪ ʜʚʫʤʷ ʧʫʪʷʤʠ: ʦʩʥʦʚʥʦʝ ï ʨʘʟʛʨʫʟʢʘ ʟʘʛʨʷʟʥʝʥʥʳʭ 

ʪʨʝʱʠʥʥʳʭ ʚʦʜ ʚ ʩʘʤʦ ʨʫʩʣʦ ʨ. ʐʘʛʘʥ ʠ ʚʣʠʷʥʠʝ "ɸʪʦʤʥʦʛʦ" ʦʟʝʨʘ ʚ ʨʘʡʦʥʝ 

ʚʳʭʦʜʘ ʨ. ʐʘʛʘʥ.  

ɿʘʛʨʷʟʥʝʥʥʳʝ ʪʨʝʱʠʥʥʳʝ ʚʦʜʳ ʧʦʧʘʜʘʶʪ ʚ ʚʦʜʳ ʨ. ʐʘʛʘʥ ʯʝʨʝʟ 

ʪʨʝʱʠʥʥʦ-ʞʠʣʴʥʳʝ ʢʘʥʘʣʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʢʤ ʦʪ 

"ɸʪʦʤʥʦʛʦ" ʦʟʝʨʘ. ʇʦ ʛʝʥʝʟʠʩʫ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʨʘʟʚʠʪʳ ʪʨʝʱʠʥʳ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ɾʘʥʘʥʩʢʘʷ ʟʦʥʘ ʩʤʷʪʠʷ), ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. 

ɺʳʤʳʚʘʥʠʝ ʠ ʤʠʛʨʘʮʠʷ 
3
ʅ ʠʟ ʟʘʛʨʷʟʥʝʥʥʳʭ ʛʨʫʥʪʦʚ "ɸʪʦʤʥʦʛʦ" ʦʟʝʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ, ʥʦ ʠ ʩ ʧʦʜʨʫʩʣʦʚʳʤʠ 

ʚʦʜʘʤʠ.  
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʷʜ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʙʝʟʥʘʧʦʨʥʳʭ, ʥʘʧʦʨʥʳʭ ʩʣʦʠʩʪʳʭ ʛʨʫʥʪʦʚ, ʚʢʣʶʯʘʷ ʜʨʝʚʥʠʝ ʘʨʪʝʟʠʘʥʩʢʠʝ ʧʣʘʩʪʳ, ʧʨʠ ʩʝʟʦʥʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʘʢʚʘʪʦʨʠʠ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʘ. ʇʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʝʥ ʫʪʦʯʥʝʥʥʳʡ ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠʩʧʘʨʝʥʠʷ ʩ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʦʥʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ɺʩʝ ʵʪʠ ʧʨʦʮʝʩʩʳ ʚʦʧʨʦʩʳ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʪʝʩʥʦʡ 

ʩʚʷʟʠ ʩ ʷʚʣʝʥʠʝʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʣʥʳ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʯʝʨʝʟ ʧʦʡʤʳ ɺʝʨʭʥʝʡ ʆʙʠ ʠ 

ʘʢʚʘʪʦʨʠʠ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ.  
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EFFECT OF RIVER AND GROUND WATERS ON NOVOSIBIRSK RESERVOIR  

A.A. Atavin, M.A. Sattarov, A.N. Semchukov 

Institute for Water and Environmental Problems SB RAS, Novosibirsk, Russia 

e-mail: atavin@iwep.nsc.ru 

Abstract. A set of mathematical models is proposed to estimate the influence of ground waters of non-

pressure and pressure layered grounds, including old artesian formations, on the reservoir water surface seasonal 

variations. A detailed water balance of the reservoir is calculated.  Quantitative estimates of water surface 

evaporation in the zones of formation of West-Siberian and Central-Asian water resources are made. These 

processes are related to the phenomenon of transformation of the passage of a spring flood wave through the 

floodplains of Upper Ob and Novosibirsk water reservoir. 

Key words: water basin, Ob, Irtysh, water resources, river, artesian, mathematical models, calculation 

methods 

ʂ ʤʝʪʦʜʠʢʝ ʨʘʩʯʝʪʘ ʩʪʦʢʘ ʨʝʢ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʉʨʝʜʥʝʡ ɸʟʠʠ 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʩʪʦʢʘ ʨʝʢ ʧʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʧʦʩʪʘʤ 

ʪʦʯʥʘ ʠ ʵʬʬʝʢʪʠʚʥʘ ʜʣʷ ʨʝʢ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʪʝʯʝʥʠʝʤ. ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, 

ʥʘʧʨʠʤʝʨ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʙʘʩʩʝʡʥʘ ʂʘʨʩʢʦʛʦ ʤʦʨʷ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʛʦʨʴʷ ɸʣʪʘʷ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ ʬʦʨʤʠʨʫʶʪʩʷ ʜʘʣʝʢʦ ʚ ʚʳʩʦʢʦʛʦʨʴʷʭ 

ʂʳʨʛʳʟʩʪʘʥʘ ʠ ʊʘʜʞʠʢʠʩʪʘʥʘ ʉʨʝʜʥʝʡ ɸʟʠʠ.  ʂʘʢ ʧʨʘʚʠʣʦ, ʦʩʥʦʚʥʳʝ 

ʨʝʩʫʨʩʳ ʚʳʩʦʢʦʛʦʨʥʳʭ ʨʝʢ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʝʨʠʦʜ ʧʦʣʦʚʦʜʴʷ (ʙʦʣʝʝ 60-

70%), ʨʘʩʯʝʪ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ, ʠʙʦ 

ʩʪʘʮʠʦʥʘʨʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʥʝ ʤʦʞʝʪ ʪʦʯʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʪʦʪ ʦʙʲʸʤ 

ʩʢʦʨʦʪʝʯʥʦʛʦ ʙʫʨʥʦʛʦ ʧʘʚʦʜʢʦʚʦʛʦ ʠʣʠ ʩʝʣʝʚʦʛʦ ʧʦʪʦʢʘ ï ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ 15-20% ʠ ʙʦʣʝʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ ʦʮʝʥʢʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʛʦʨʥʳʭ ʨʝʢ ʥʘʨʷʜʫ ʩ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ 
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ʟʘʤʝʨʘ ʧʦ ʧʦʩʪʘʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʙʘʣʘʥʩʦʚʳʡ ʤʝʪʦʜ ʨʘʩʯʝʪʘ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ 

ʦʪʨʘʞʝʥʘ ʚ ʫʨʘʚʥʝʥʠʠ [1]: 

Q = S(A ï E) ï F       (1) 

ʛʜʝ Q ï ʩʨʝʜʥʠʡ ʤʥʦʛʦʣʝʪʥʠʡ ʠʣʠ ʛʦʜʦʚʦʡ ʩʪʦʢ ʙʘʩʩʝʡʥʘ ʛʦʨʥʦʡ ʨʝʢʠ, S 

ï ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ (ʢʤ
2
), A ï ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʷʷ (ʛʦʜʦʚʘʷ) ʚʝʣʠʯʠʥʘ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʧʦʩʪʫʧʠʚʰʠʭ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʘ ʨʝʢʠ (ʚ 

ʢʤ), E ï ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʷʷ (ʛʦʜʦʚʘʷ) ʚʝʣʠʯʠʥʘ ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ ʩ ʝʜʠʥʠʮʳ 

ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʘ (ʚ ʢʤ), F ï ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʷʷ (ʛʦʜʦʚʘʷ) ʚʝʣʠʯʠʥʘ 

ʧʦʜʟʝʤʥʦʛʦ ʦʪʪʦʢʘ ʚʦʜʳ ʟʘ ʧʨʝʜʝʣʳ ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʘ (ʢʤ
3
). 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʣʦʱʘʜʝʡ ʚʦʜʦʩʙʦʨʘ ʛʦʨʥʳʭ ʨʝʢ ʷʚʣʷʝʪʩʷ 

ʨʝʟʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʨʝʣʴʝʬʘ ʠ ʜʨʝʥʠʨʦʚʘʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚʧʠʪʘʚʰʘʷʩʷ ʚ 

ʛʨʫʥʪ ʚʣʘʛʘ ʧʦʯʪʠ ʮʝʣʠʢʦʤ ʧʦʩʪʫʧʘʝʪ ʚ ʨʝʯʥʫʶ ʩʝʪʴ ʩʚʦʝʛʦ ʚʦʜʦʩʙʦʨʘ, ʘ 

ʞʠʜʢʠʝ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʙʳʩʪʨʦ ʩʪʝʢʘʶʪ ʚʥʠʟ ʚ ʨʘʚʥʠʥʫ. ʇʦʵʪʦʤʫ 

ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ (1) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ: 

Q = S x A(1 ï k),      (2) 

ʛʜʝ k = E/A+F/(SA)<<1, ʪ.ʝ. ʩʫʤʤʘʨʥʘʷ ʚʝʣʠʯʠʥʘ ʦʪʪʦʢʘ ʚʣʘʛʠ ʟʘ ʩʯʝʪ 

ʠʩʧʘʨʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʧʨʠ ʤʠʥʠʤʫʤʝ 

ʠʥʬʠʣʴʪʨʘʮʠʠ ʚ ʩʢʘʣʴʥʳʡ ʛʨʫʥʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦʨʴʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʚʝʣʠʯʠʥʘ ʞʠʜʢʠʭ ʦʩʘʜʢʦʚ, ʢʦʪʦʨʳʝ ʫʩʧʝʚʘʶʪ ʩʪʝʯʴ ʚʥʠʟ ʚ ʚʠʜʝ 

ʩʪʦʢʘ ʚ ʨʘʚʥʠʥʫ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʚʝʣʠʯʠʥʘʭ ʧʣʦʱʘʜʠ 

ʚʦʜʦʩʙʦʨʘ, ʦʩʘʜʢʦʚ ʠ ʠʭ ʯʘʩʪʠʯʥʦʛʦ ʦʙʨʘʪʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʤʝʪʦʜ ʙʘʣʘʥʩʘ 

ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʨʘʩʯʝʪʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ (ɼɺʈ) ʙʘʩʩʝʡʥʦʚ ʨʝʢ 

ʚʳʩʦʢʦʛʦʨʴʷ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʛʦʨʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʚʢʣʶʯʘʷ ʦʙʣʘʩʪʠ ʶʞʥʦʛʦ 

ʂʘʟʘʭʩʪʘʥʘ (S=32,4 ʤʣʥ.ʛʘ) ʥʝ ʧʨʝʚʳʰʘʶʪ 750-800 ʤʤ ʚ ʛʦʜ, ʘ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʛʦʨʴʷ ʚ ʧʦʜʘʚʣʷʶʱʠʭ ʩʣʫʯʘʷʭ ʥʝ ʙʦʣʝʝ 1/3 ʯʘʩʪʴ ʦʩʘʜʢʦʚ ʫʩʧʝʚʘʝʪ 

ʠʩʧʘʨʠʪʴʩʷ, ʤʝʪʦʜʦʤ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ɼɺʈ ʧʣʦʱʘʜʝʡ 

ʚʦʜʦʩʙʦʨʘ ʢʨʫʧʥʳʭ ʨʝʢ ʊʘʜʞʠʢʠʩʪʘʥʘ ʠ ʎɸ ʨʝʛʠʦʥʘ ʚ ʮʝʣʦʤ. ʀʟ ʪʘʙʣʠʮʳ 1 

ʚʠʜʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʙʘʣʘʥʩʦʚʳʤ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ 



 
ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  
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ʩʦʚʧʘʜʘʶʪ ʩ ʠʟʚʝʩʪʥʳʤʠ ʜʘʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʨʘʩʯʝʪ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʠ ʬʦʨʤʫʣʳ (2) ʜʣʷ 

ʨʝʰʝʥʠʷ ñʦʙʨʘʪʥʦʡò ʟʘʜʘʯʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʠ, ʪ.ʝ. ʜʣʷ ʨʘʩʯʝʪʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʚʳʧʘʜʘʶʱʠʭ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʙʘʩʩʝʡʥʘʭ ʛʦʨʥʳʭ ʨʝʢ ʉʨʝʜʥʝʡ ɸʟʠʠ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʞʠʜʢʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʦʩʘʜʢʘ ɸ ʧʨʝʜʣʦʞʝʥʘ ʬʦʨʤʫʣʘ: 

A =Q/S(1 ï k)       (3) 

ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʙʘʩʩʝʡʥʦʚ ʛʦʨʥʳʭ ʨʝʢ ʩ ʦʪʤʝʪʢʦʡ 

1500-2000 ʤ ʠ ʚʳʰʝ ʬʦʨʤʫʣʘ (3) ʧʨʠ k=1/3 ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ 

ʞʠʜʢʠʭ ʦʩʘʜʢʦʚ, ʩʦʛʣʘʩʫʶʱʫʶʩʷ ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ, ʭʦʪʷ ʬʦʨʤʫʣʘ (3) 

ʫʥʠʚʝʨʩʘʣʴʥʘ ʠ ʧʨʠʛʦʜʥʘ ʜʣʷ ʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ ʦʩʘʜʢʦʚ ʠ ʜʣʷ ʜʨʫʛʠʭ ʚʳʩʦʪ 

ʧʨʠ ʜʨʫʛʠʭ ʟʥʘʯʝʥʠʷʭ k. 

ʊʘʙʣʠʮʘ 1 ï ʈʘʩʯʝʪ ʩʪʦʢʘ ʠ ʨʘʩʭʦʜʘ ʨʝʢ ʊʘʜʞʠʢʠʩʪʘʥʘ ʤʝʪʦʜʦʤ (ʬʦʨʤʫʣʦʡ) ʚʦʜʥʦʛʦ 

ʙʘʣʘʥʩʘ 

ʈʝʢʘ ʇʣʦʱʘʜʴ 

ʚʦʜʦʩʙʦʨʘ, 

ʪʳʩ.ʢʤ
2 

ʉʨ. ʚʝʣʠʯʠʥʘ 

ʦʩʘʜʢʦʚ 

ʤ
3
/ʛʘĿʛʦʜ 

ɿʥʘʯ. 

ʢʦʵʬʬ. k 

ʉʨ. ʚʝʣ. 

ʩʪʦʢʘ, 

ʢʤ
3
/ʛʦʜ 

ʉʨʝʜʥ. 

ʨʘʩʭʦʜ 

ʤ
3
/ʩ 

ɼʘʥ. ʣʠʪʝʨʘʪʫʨʳ, 

[2, 3] 

ʢʤ
3
/ʛʦʜ ʤ

3
/ʩ 

ɺʘʭʰ 39,1 7750 1/3 20,15 640 21,2 670 

ʂʘʬʠʨʥʠʛʘʥ 11,7 7750 1/3 6,04 191 5,7 170 

ɿʘʨʘʬʰʘʥ 11,0 7750 1/3 5,68 180 5,2 165 

ɹʘʩʩ. ʨʨ. ʎɸ 324,0 7750 1/3 167,4 5305 170,0 5387 

 

ʄʝʪʦʜ ʙʘʩʩʝʡʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʚ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʛʦʨʴʷ ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ. ɺ ʪʘʙʣʠʮʝ 2. ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʦʪʨʘʞʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʪʦʢʘ ʠ ʨʘʩʭʦʜʘ ʢʨʫʧʥʳʭ ʨʝʢ ʤʝʞʜʫʨʝʯʴʷ ʆʙʠ ʠ ʀʨʪʳʰʘ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʉʨʝʜʥʝʡ ɸʟʠʠ. 

ʊʝʨʨʠʪʦʨʠʷ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʚʥʠʥʥʘʷ ʧʣʦʱʘʜʴ - 

ʠʩʧʘʨʠʪʝʣʴ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʛʨʫʥʪʘ ʚ 

ʚʦʜʦʩʙʦʨʥʳʭ ʙʘʩʩʝʡʥʘʭ ʧʨʠʪʦʢʦʚ ʆʙʠ, ʘ ʛʦʨʳ ʨʝʛʠʦʥʘ ʠʤʝʶʪ ʥʝʙʦʣʴʰʫʶ 

ʚʳʩʦʪʫ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʘʨʠʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂ0 ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʚʳʩʦʢʦʛʦʨʠʡ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. 



˥͙͎͙͒ͪͦͦ͡;͔͙͔ͫ͟Σ ͎͙͒ͪͦͺ͙͙͘;͔͙͔ͫ͟Σ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙ ͙͎͔͋ͦͦͻ͙͙ͣ;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· 
͍ ͍ͦ͒ͤ·ͻ ͦ͋Ά͔ͭ͊͟ͻ ͙ ͤ͊ ͍ͦ͒ͦͫ͋ͦͪ͊ͻ ˿͙͙͙͋ͪ ͙ ͙ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡  
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ʊʘʙʣʠʮʘ 2 ï ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂ0 ʜʣʷ ʧʨʠʪʦʢʦʚ ɺʝʨʭʦʚʴʷ ʨ. ʆʙʠ ʠ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʤʝʪʦʜʦʤ ʙʘʩʩʝʡʥʦʚʦʛʦ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ  

ʈʝʢʘ ʇʣʦʱʘʜʴ 

ʚʦʜʦʩʙʦʨʘ, 

ʢʤ
2 

ʉʨʝʜʥʷʷ 

ʚʳʩʦʪʘ 

ʚʦʜʦʩʙʦʨʘ, 

ʤ 

ʉʨ. 

ʚʝʣʠʯʠʥʘ 

ʦʩʘʜʢʦʚ, 

ʤʤ 

ʂʦʵʬʬ. ʂ0  ʧʦʪʝʨʠ 

ʚʥʫʪʨʠ ʙʘʩʩʝʡʥʦʚ 

ʢʨʫʧʥʳʭ ʧʨʠʪʦʢʦʚ 

ʚʝʨʭʦʚʴʷ ʨ. ʆʙʠ 

ʉʨ. 

ʚʝʣʠʯʠʥʘ 

ʩʪʦʢʘ, 

ʢʤ
3
/ʛʦʜ 

ʉʨʝʜʥʠʡ 

ʨʘʩʭʦʜ, 

ʤ
3
/ʩ 

ʆʙʱʘʷ 

ʧʦʪʝʨʷ ʂ0=  

=ʢʠ+ʢʬ 

ʀʟ ʥʠʭ ʢʬ 

ʬʠʣʴʪʨʘʮ.  

ʚ ʛʨʫʥʪ 

ɹʠʷ 36900 1370 550 0.74 ʅʝʪ 

ʜʘʥʥʳʭ 

15.01 476 

ʂʘʪʫʥʴ 58400 1770 550 0.61 ---,,,--- 19.71 625 

ʏʫʤʳʰ 20600 <1000 ʤ  400 0.54 ---,,,--- 4.45 141 

ɹʝʨʜʴ 6270 <1000 ʤ 475 0.40 ---,,,--- 1.19 37.8 

ʂʘʨʘʢʘʥ 1140 <1000 ʤ 400 0.20 ---,,,--- 0.09 2.84 

ʂʦʝʥ 375 <1000 ʤ 270 0.55 ---,,,--- 0.06 1.78 

 

ʋʪʦʯʥʝʥʥʳʡ ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʅʦʚʦʩʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (2014-2016 ʛʛ.) 

ɺʦʜʥʳʡ ʙʘʣʘʥʩ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʥʘ ʙʘʟʝ 

ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʝʥʳʭ ʟʘ ʧʝʨʠʦʜ 1959-

1969 ʛʛ. ʠ ʦʧʫʙʣʠʢʦʚʘʥ ʥʘ ʩʪʨʘʥʠʮʘʭ  ʤʦʥʦʛʨʘʬʠʠ [2] ,  

ʇʨʠ ʵʪʦʤ ʫʨʘʚʥʝʥʠʝ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʩʣʝʜʫʶʱʝʤ 

ʚʠʜʝ: 

ä ä ä+= ɸʈʇʨ        (4) 

ʛʜʝ ʵʣʝʤʝʥʪʳ ʙʘʣʘʥʩʘ ʫʢʘʟʘʥʳ ʚ ʦʙʲʝʤʥʳʭ ʝʜʠʥʠʮʘʭ: 

ä -ʨʇ ʩʫʤʤʘ ʧʨʠʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʘʣʘʥʩʘ; 

ä -ʈ ʩʫʤʤʘ  ʨʘʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʘʣʘʥʩʘ; 

-äɸ ʩʫʤʤʘ ʘʢʢʫʤʫʣʷʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʘʣʘʥʩʘ. 

ʇʨʠʭʦʜʥʘʷ ʯʘʩʪʴ ʙʘʣʘʥʩʘ ʧʦʜʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

ʇʙʦʨ ʇʆʃʇʇʇ ++++=ä 1
      (5) 

ʛʜʝ ʇʦ  ï ʦʩʥʦʚʥʘʷ ʧʨʠʪʦʯʥʦʩʪʴ; ʇʙ ï  ʙʦʢʦʚʘʷ ʧʨʠʪʦʯʥʦʩʪʴ; 

ʃ1 ï ʦʙʲʝʤ ʚʦʜʳ ʚʦ ʣʴʜʫ ʠ ʧʦʢʨʳʚʘʶʱʝʤ ʝʛʦ ʩʥʝʛʘ, ʦʩʝʚʰʠʭ ʥʘ ʙʝʨʝʛʘʭ 

ʚʦʜʦʝʤʘ ʧʨʠ ʟʠʤʥʝʡ ʩʨʘʙʦʪʢʝ ʠ ʨʘʩʪʘʷʚʰʠʭ ʠʣʠ ʟʘʪʦʧʣʝʥʥʳʭ ʚʝʩʥʦʡ; 

ʆ ï ʦʩʘʜʢʠ ʥʘ ʟʝʨʢʘʣʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ; 

ʇʇ ï ʧʦʜʟʝʤʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ 

ʧʨʠʪʦʢʦʤ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʯʝʨʝʟ ʙʦʨʪʘ ʠ ʣʦʞʠ ʚʦʜʦʝʤʘ, ʚʢʣʶʯʘʷ ʛʣʫʙʠʥʥʳʝ 
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ʘʨʪʝʟʠʘʥʩʢʠʝ ʚʦʜʳ. 

ʈʘʩʭʦʜʥʘʷ ʯʘʩʪʴ ʧʦʜʩʯʠʪʳʚʘʣʘʩʴ ʪʘʢ: 

ä =ʈ ʉ+ʀ+ʀ1+ʃ+ɿ,      (6) 

ʛʜʝ ʉ ï ʩʪʦʢ ʯʝʨʝʟ ʩʦʦʨʫʞʝʥʠʷ ʛʠʜʨʦʫʟʣʘ; 

ʀ ï ʧʦʪʝʨʠ ʥʘ ʠʩʧʘʨʝʥʠʝ ʩ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 

ʀ1 ï ʧʦʪʝʨʠ ʥʘ ʠʩʧʘʨʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ ʠ ʩʥʝʛʘ; 

ʃ ï ʦʙʲʝʤ ʚʦʜʳ ʚʦ ʣʴʜʫ ʠ ʩʥʝʛʝ, ʦʩʝʚʰʠʭ ʥʘ ʙʝʨʝʛʘʭ ʚʦʜʦʝʤʘ ʧʨʠ 

ʟʠʤʥʝʡ ʩʨʘʙʦʪʢʝ; 

ɿ ï ʟʘʙʦʨ ʚʦʜʳ ʥʘ ʙʳʪʦʚʳʝ ʥʫʞʜʳ. (ʊʘʙʣʠʮʘ 36.[1] ʩʩ. 78-79).  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʩʦʩʪʘʚʣʝʥ ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʠ ʦʙʦʙʱʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ ï ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʛʠʜʨʦʣʦʛʦʚ ʠ  ʛʠʜʨʦʛʝʦʣʦʛʦʚ ʧʝʨʠʦʜʘ 1950-1973 ʛʛ: ʤʦʥʦʛʨʘʬʠʡ [2-4]:  

çʀʟʤʝʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʉʨʝʜʥʝʡ ʆʙʠ ʧʦʩʣʝ ʩʦʟʜʘʥʠʷ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ɻʕʉè (1973); çʆʮʝʥʢʘ ʟʘʧʘʩʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʚʦʜʦʟʘʙʦʨʘ (ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ) 

(ʅʦʚʦʩʠʙʠʨʩʢ, 2004 ʛ.)è ʠ ʢʦʣʣʝʢʪʠʚʘ ʩʦʪʨʫʜʥʠʢʦʚ ʀɺʕʇ  ʉʆ ʈɸʅ 

çʄʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ ʚʦʜʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ (2014 ʛ.)è, ʚʢʣʶʯʘʷ ʢʦʤʧʣʝʢʩ ʫʪʦʯʥʝʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʦʜʥʦʛʦ ʠʟ ʘʚʪʦʨʦʚ [5] ʵʪʦʡ ʩʪʘʪʴʠ ʧʦ ʦʮʝʥʢʝ ʚʣʠʷʥʠʷ ʙʝʟʥʘʧʦʨʥʦ-

ʥʘʧʦʨʥʦʡ ʩʠʩʪʝʤʳ ʧʣʘʩʪʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʂʫʣʫʥʜʠʥʩʢʦʡ ʩʪʝʧʠ ʥʘ ʨʝʞʠʤ 

ʨʝʢ, ʚʦʜʦʭʨʘʥʠʣʠʱ ʠ ʦʟʝʨ ʩ ʧʨʠʣʝʛʘʶʱʠʤ ʢ ʥʠʤ  ʧʦʡʤ ʨʝʢ ɿʘʧʘʜʥʦ-

ʉʠʙʠʨʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʣʘʩʪʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʉʨʝʜʥʷʷ ʯʘʩʪʴ ʨ. ʆʙʴ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʶʛʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚ ʧʨʝʜʝʣʘʭ 

ɸʣʪʘʡʩʢʦʛʦ ʢʨʘʷ, ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʠ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʝʡ. ʆʙʱʠʡ ʚʦʜʦʩʙʦʨ 

ʙʘʩʩʝʡʥʘ ʆʙʠ ʚʳʪʷʥʫʪ ʚ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘ ʚʦʩʪʦʢʝ ʢ ʆʙʩʢʦʤʫ 

ʙʘʩʩʝʡʥʫ ʧʨʠʤʳʢʘʶʪ ʨʝʯʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠʪʦʢʦʚ ʊʦʤʠ, ʥʘ ʟʘʧʘʜʝ ʚʦʜʦʩʙʦʨ 

ʦʛʨʘʥʠʯʝʥ ʆʙʴ-ʀʨʪʳʰʩʢʠʤ ʚʦʜʦʨʘʟʜʝʣʦʤ. ʅʘ ʶʛʝ ʛʨʘʥʠʮʘ ʧʨʦʭʦʜʠʪ ʧʦ 

ʩʪʚʦʨʫ ɹʘʨʥʘʫʣ, ʥʘ ʩʝʚʝʨʝ ï ʧʦ ʩʪʚʦʨʫ ʅʦʚʦʩʠʙʠʨʩʢ.  
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ʂʘʨʪʘ (ʨʠʩ. 1) ʚʦʜʦʩʙʦʨʘ ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʪʚʦʨʳ [1] 

ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩ ʩʝʟʦʥʥʦ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʨʦʚʥʝʤ 

ʩʚʦʙʦʜʥʦʡ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʧʣʘʩʪ 

ʧʦʯʚʦ-ʛʨʫʥʪʦʚ ʤʦʱʥʦʩʪʴʶ h  ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʬʠʣʴʪʨʘʮʠʠ k. ʅʘ ʥʝʢʦʪʦʨʦʤ 

ʨʘʩʩʪʦʷʥʠʠ l  ʦʪ ʚʦʜʦʝʤʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʘʧʦʨʥʦʛʦ ʧʣʘʩʪʘ ʩ ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʶʱʝʡ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜʧʦʨ ʤʝʞʜʫ 

ʧʣʘʩʪʦʤ ʠ ʚʦʜʦʝʤʦʤ. Cʚʷʟʴ ʙʝʟʥʘʧʦʨʥʦʛʦ ʧʣʘʩʪʘ ʩ ʥʘʧʦʨʥʳʤ ʛʦʨʠʟʦʥʪʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʝ ʩʫʛʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʬʠʣʴʪʨʘʮʠʠ 1k  ʠ ʤʦʱʥʦʩʪʴʶ 1l, ʧʨʠʯʝʤ kk <<1 . ʇʫʩʪʴ 

ʧʣʘʩʪʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳ, ʘ ʥʘʧʦʨ H  ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʘʨʝʥʠʷ ʠ ʠʥʬʠʣʴʪʨʘʮʠʠ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ),,( yxtw  ʧʝʨʠʦʜʠʯʝʩʢʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 

.0 il HhH ee +¢¢-  ʕʪʦ ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʤ ʩʦʦʙʨʘʞʝʥʠʠ, ʯʪʦ ʧʦʪʦʢ ʚ ʥʘʧʦʨʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʛʜʝ-ʪʦ ʚ ʩʪʦʨʦʥʝ ʠ ʝʛʦ ʨʘʩʭʦʜ ʠ ʥʘʧʦʨ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʠʟʤʝʥʝʥʠʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ʀʟʤʝʥʝʥʠʝ ʋɻɺ ʚ 

ʧʣʘʩʪʝ ʩʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʘʧʠʰʝʤ ʦʙʦʙʱʝʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 

ɹʫʩʩʠʥʝʩʢʘ: 
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ʈʠʩ. 1 ï ʂʘʨʪʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʦʜʦʩʙʦʨʘ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ [4] 

ʀʟ (7) ʫʨʘʚʥʝʥʠʝ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʬʠʣʴʪʨʘʮʠʠ ʚ ʙʝʟʥʘʧʦʨʥʦʤ ʧʣʘʩʪʝ 

ʧʦʣʫʯʠʤ ʚ ʚʠʜʝ [5]: 
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ʇʨʠ 0)( =xw  ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 00)0( hh = ʠ  lhlh =)(  ʜʣʷ )(2 xh ʠ 

ʜʝʙʠʪʘ )(xq  ʚʳʨʘʞʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ:  
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ʀʩʭʦʜʷ ʠʟ ʬʦʨʤʫʣʳ ʨʘʩʭʦʜʘ (10) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʙʠʪʘ q  ʛʘʣʝʨʝʠ 

(ʧʨʠ 0=ʭ ) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʠ 

ʧʠʪʘʥʠʷ )( lʭ= , ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʨʘʩʭʦʜʘ:  
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ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʚ ʪʦʯʢʝ ʧʦʜʧʦʨʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʝʤʘ ʥʘ 

ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʠʤʝʝʪ ʤʝʩʪʦ ʨʘʚʝʥʩʪʚʦ Hhl = , ʪʦ (11), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʤʫʪ 

ʚʠʜ: 
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ʈʠʩ.2 ï ʉʭʝʤʘ ʨʘʩʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʇʨʠʤʝʨʳ ʨʘʩʯʝʪʘ ʧʦʜʧʦʨʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʨʘʡʦʥʝ ʘʢʚʘʪʦʨʠʠ 

ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʥʛ ʚ
ʣ ʣ

ʣ

H ʅ
q k

l

-
=       (13)  

ʆʮʝʥʠʚ (ʧʦ ʢʘʨʪʝ) ʧʣʦʱʘʜʴ ʜʥʘ ʦʟʝʨʥʦʡ ʯʘʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʢʘʢ 70% 

ʦʪ ʝʛʦ ʧʦʣʥʦʡ ʧʣʦʱʘʜʠ, ʯʪʦ ʩʦʩʪʘʚʠʪ 790 ʢʤ
2
 ʧʨʠ ʅʇʋ ʠ 540,2 ʢʤ

2
 ʧʨʠ ʋʄʆ, 
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ʧʦʣʫʯʠʤ ʛʦʜʦʚʦʡ ʧʨʠʪʦʢ ʚʦʜʳ ʯʝʨʝʟ ʜʥʦ ʜʣʷ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʚ ʢʫʙʠʯʝʩʢʠʭ ʢʠʣʦʤʝʪʨʘʭ ʚ ʛʦʜ. 

ʈʝʯʥʘʷ ʯʘʩʪʴ ʚʦʜʦʝʤʘ ʦʪ ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ ʜʦ ʨ. ʉʦʩʥʦʚʢʠ ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʠʫʨʦʯʝʥʘ ʢ III  ʠ II  ʥʘʜʧʦʡʤʝʥʥʳʤ ʪʝʨʨʘʩʘʤ, ʩʣʦʞʝʥʥʳʤ ʧʝʩʢʘʤʠ ʠ 

ʩʫʛʣʠʥʢʘʤʠ, ʧʦʜʩʪʠʣʘʝʤʳʤʠ ʪʨʝʱʠʥʦʚʘʪʳʤʠ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. 

ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ (ʩʢʚ. ʥʘ ʨʠʩ. 26-27 [2]) ʚ ʧʨʝʜʝʣʘʭ ʧʣʘʪʦ ʚʩʢʨʳʚʘʶʪʩʷ ʥʘ 

ʛʣʫʙʠʥʝ 60-70 ʤ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʢʘʭ ʥʠʞʥʝʢʦʯʢʦʚʩʢʦʡ ʧʦʜʩʚʠʪʳ. ɺʦʜʳ 

ʥʘʧʦʨʥʳʝ, ʫʨʦʚʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ 15-20 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʤʝʨʥʦ ʥʘ 

20 ʤ ʚʳʰʝ ʅʇʋ. 

ʊʘʙʣʠʮʘ 3 ï ʇʨʠʪʦʢ ʥʘʧʦʨʥʳʭ ʚʦʜ ʯʝʨʝʟ ʜʥʦ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʠ ʋʄʆ ʠ ʅʇʋ 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ 

kʣ, ʤ/ʩʫʪ. 

ʇʨʠʪʦʢ ʥʘʧʦʨʥʳʭ (ʘʨʪʝʟʠʘʥʩʢʠʭ) ʚʦʜ ʯʝʨʝʟ ʜʥʦ ʚʦʜʦʝʤʘ, 

ʢʤ
3
/ʛʦʜ   

ʋʄʆ ʅʇʋ 

ʄʠʥʠʤʘʣʴʥʳʡ ï 0,0004 0,075 0,049 

ʄʘʢʩʠʤʘʣʴʥʳʡ ï 0,1 18,751 12,311 

ʉʨʝʜʥʠʡ ï 0,5 9,413 6,180 

ʇʨʠ ʩʫʱʝʩʪʚʫʶʱʝʤ ʧʦʜʧʦʨʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʝʝ 300 ʤ 

ʧʝʨʝʪʝʢʘʥʠʝ ʥʘʧʦʨʥʳʭ ʚʦʜ ʯʝʨʝʟ ʧʝʩʯʘʥʳʝ ʠ ʩʫʛʣʠʥʠʩʪʳʝ ʣʦʞʠ ʢʘʢ ʧʨʠ ʅʇʋ, 

ʪʘʢ ʠ ʧʨʠ ʋʄʆ ʚʩʝʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ, ʥʝ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʦʟʝʨʥʦʡ ʯʘʩʪʠ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

ʇʫʩʪʴ ʚʜʦʣʴ ʘʢʚʘʪʦʨʠʠ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʩʘʯʠʚʘʥʠʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜʳ ʠʟ ʙʝʟʥʘʧʦʨʥʦʛʦ 

ʧʦʣʫʙʝʩʢʦʥʝʯʥʦʛʦ ʧʣʘʩʪʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʣʝʥʥʦʡ ʦʙʣʘʩʪʴʶ 

ʧʠʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʟ ʥʠʞʝʣʝʞʘʱʝʛʦ ʥʘʧʦʨʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩ ʧʦʩʪʦʷʥʥʳʤ 

ʥʘʧʦʨʦʤ ʅ. ʇʨʠʥʠʤʘʷ ʚʝʨʪʠʢʘʣʴʥʫʶ ʚʳʩʦʪʫ ʧʨʦʩʘʯʠʚʘʥʠʷ 00h  ʟʘ ʛʣʫʙʠʥʫ 

ʩʢʚʘʞʠʥʳ ʝʜʠʥʠʯʥʦʛʦ ʨʘʜʠʫʩʘ, ʚʳʯʠʩʣʠʤ ʦʙʲʝʤ ʧʨʠʪʦʢʘ ʚʦʜʳ, 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʯʝʨʝʟ ʮʝʧʦʯʢʠ ʩʠʩʪʝʤ ʛʘʣʝʨʝʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʘʢʚʘʪʦʨʠʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʦʜʦʝʤʘ. ʇʨʠ ʵʪʦʤ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʘʤʠ (11) ʠ (12) - 

ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (9) ʜʣʷ ʨʘʩʭʦʜʘ ʧʨʠʪʦʢʘ ʠʟ ʛʘʣʝʨʝʠ ʧʨʠ ʋʄʆ ʠ ʅʇʋ. ʇʦ 

ʜʘʥʥʳʤ ʃʝʥʛʠʜʨʦʧʨʦʝʢʪʘ ʢʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ ʙʝʟʥʘʧʦʨʥʦʛʦ ʧʣʘʩʪʘ k = 

1 ï 25 ʤ/ʩʫʪʢʠ, ʘ ʧʦ [1] ʦʥ ʚ ʩʨʝʜʥʝʤ ʨʘʚʝʥ 30 ʤ/ʩʫʪʢʠ. ʋʨʦʚʝʥʴ ʚʦʜʳ ʚ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠ ʛʘʣʝʨʝʝ, h00 ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʝʨʝʜʝʣʘʭ ʦʪ 108,5 ʤ (ʋʄʆ) ʜʦ 
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113,5 ʤ (ʅʇʋ); ʚ ʥʘʧʦʨʥʦʤ ʧʣʘʩʪʝ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʅ ʚ ʩʢʚʘʞʠʥʘʭ 

ʨʘʚʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, H = 118 ʤ ʠ ʅ = 120 ʤ., k1 = 0,04 ʤ/ʩʫʪ., ɚ1 = 10 ʤ ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘʮʠʠ ʠ ʪʦʣʱʠʥʘ ʛʣʠʥʠʩʪʦʛʦ ʧʣʘʩʪʘ ʣʦʞʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, k = 15 ʤ/ʩʫʪ. ʊʦʛʜʘ, ʧʦʣʘʛʘʷ ʧʝʨʠʤʝʪʨ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʨʘʚʥʳʤ 725 ʢʤ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʡ ʧʨʠʪʦʢ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠʟ 

ʙʝʟʥʘʧʦʨʥʦʛʦ ʧʣʘʩʪʘ (q00-ql) ʚ ʢʤ
3
/ʛʦʜ ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʧʦʜʧʦʨʘ L1 (ʪʘʙʣ. 4). 

ʊʘʙʣʠʮʘ 4 ï ʇʨʠʪʦʢ ʚʦʜʳ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠʟ ʙʝʟʥʘʧʦʨʥʦʛʦ ʧʣʘʩʪʘ 

ɼʣʠʥʘ ʧʦʜʧʦʨʘ L1, ʤ 

ʇʨʠʪʦʢ ʚʦʜʳ ʚ ʚʦʜʦʝʤ ʠʟ ʙʝʟʥʘʧʦʨʥʦʛʦ ʧʣʘʩʪʘ  

(q00-ql), ʢʤ
3
/ʛʦʜ 

ʋʄʆ ʅʇʋ 

ʅ=118 ʤ ʅ=120 ʤ ʅ=118 ʤ ʅ=120 ʤ 

500 2,306 2,772 1,117 1,601 
1500 5,205 6,277 2,520 3,626 
Ð 10,099 12,303 4,189 7,106 

ɺʳʜʝʨʞʢʠ ʠʟ ʧʝʨʚʠʯʥʳʭ ʚʳʚʦʜʦʚ ʤʦʥʦʛʨʘʬʠʠ [2]: 

1. ʉʚʷʟʠ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʫʨʦʚʥʷʤʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ 

ʧʝʨʠʦʜʳ ʥʘʧʦʣʥʝʥʠʷ ʠ ʩʨʘʙʦʪʢʠ ʧʦʩʣʝʜʥʝʛʦ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ.  

2. ɺ ʧʝʨʠʦʜ ʧʦʣʦʚʦʜʴʷ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʫ ʛʠʜʨʦʛʨʘʬʘ ʠ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʚʦʜʦʯʥʳʭ ʚʦʜ ʚ ʉʨʝʜʥʝʡ ʆʙʠ ʦʢʘʟʳʚʘʝʪ ʧʦʡʤʘ, 

ʧʦʩʢʦʣʴʢʫ ʥʘ ʝʝ ʟʘʪʦʧʣʝʥʠʝ ʠʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʥʘ ʬʘʟʝ 

ʧʦʜʲʝʤʘ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 15-20% 

ʤʝʩʷʯʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʳ. ʅʘ ʩʧʘʜʝ ʧʦʣʦʚʦʜʴʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʦʡ ʚʦʜʳ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʨʫʩʣʦ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ, ʢʦʪʦʨʦʝ 

ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʠʩʧʘʨʝʥʠʝ ʠ ʪʝʨʷʝʪʩʷ ʙʝʟʚʦʟʚʨʘʪʥʦ ʥʘ ʬʠʣʴʪʨʘʮʠʶ. 

ʐʠʨʦʢʘʷ ʧʦʡʤʘ ʚ ʜʦʣʠʥʝ ʉʨʝʜʥʝʡ ʆʙʠ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʦʙʩʪʚʝʥʥʦ ʨʫʩʣʦʚʦʛʦ ʧʦʪʦʢʘ. ʇʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʧʦ ʩʪʚʦʨʫ ɹʘʨʥʘʫʣ ʦʪ 4000 ʜʦ 7000 ʤ
3
/ʩ ʚʨʝʤʷ 

ʜʦʙʝʛʘ ʨʫʩʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʫʯʘʩʪʢʝ ɹʘʨʥʘʫʣ ï ʅʦʚʦʩʠʙʠʨʩʢ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 4 

ʜʦ 12 ʩʫʪʦʢ. 

3. ɺ ʧʝʨʚʳʝ ʛʦʜʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 1957-1959 ʛʛ. ʩ ʥʘʯʘʣʦʤ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʧʨʦʮʝʩʩ ʩʝʟʦʥʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʙʳʣ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, 
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ʦʧʨʝʜʝʣʷʶʱʠʤ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʝ 

ʰʠʨʠʥʦʶ ʜʦ 3 ʢʤ ʠ ʙʦʣʝʝ. ʋʯʝʪ ʝʛʦ ʢʘʢ ʥʘʯʘʣʴʥʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ ʧʨʠ 

ʧʨʦʛʥʦʟʝ ʥʝʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʧʦʜʧʦʨʘ ʥʝʦʙʭʦʜʠʤ. 

ʊʘʙʣʠʮʘ 5 ï ʋʪʦʯʥʝʥʥʳʡ ʚʦʜʥʳʡ ʙʘʣʘʥʩ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʟʘ ʧʝʨʠʦʜ 1970-

2010 ʛʛ. 

ʂʦʤʧʦʥʝʥʪ 

ʇʦ ʢʚʘʨʪʘʣʘʤ 

ɻʦʜʦʚʦʡ 
I-III

 
IV-V1 VI I-IX  X-XI  

ʇʈʀʊʆʂ 

ʆʩʥʦʚʥʦʡ 2,791 28,100 16,21 6,29 53,391 

ɹʦʢʦʚʦʡ 0,131 1,479 0,188 0,205 2,004 

ʆʩʘʜʢʠ 0,040 0,082 0,147 0,088 0,357 

ʈʘʩʪʘʷʚʰʠʡ ʣʝʜ - 0,201 - - 0,201 

ʇʦʜʟʝʤʥʳʡ ʧʨʠʪʦʢ 1,043 1,034 1,00 1,021 4,990 

ɺ ʉ ɽ ɻ ʆ 3,005 29,896 16,545 6,604 60,943 

ʉ ʊ ʆ ʂ 5.585 24,45 15,66 5,81 52,505 

ʆʊʊʆʂ 

ʀʩʧʘʨʝʥʠʝ ʩ ʧʦʚʝʨʭ. ʚʦʜʦ-

ʝʤʘ, ʧʦʡʤ ʠ ʨʘʩʪʝʥʠʡ 
 2,40 3,142 1,185 6,727 

ʀʩʧʘʨʝʥʠʝ ʩ ʧʦʚʝʨʭ. ʩʥʝʛʘ 0,006 0,017 - 0,008 0,041 

ʆʩʝʚʰʠʡ ʣʝʜ 0,175 0,003 - 0,036 0,214 

ɿʘʙʦʨ ʥʘ ʙʳʪ. ʥʫʞʜʳ 0,04 0,06 0,16 0,04 0,300 

ʆʪʢʘʯʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʅʅʎ + ʂʘʤʝʥʴ ʥʘ ʆʙʠ+ ɹʝʨʜʩʢ ʠ ʜʨ. >0,25 

ɺ ʉ ɽ ɻ ʆ+ʜʦʧ.1,852 5,805 24,678 16,143 6.973 60,037 

ɸʢʢʫʤʫʣʷʮʠʷ -2,65 3,83 -0,292 -0,601 +0,287 

ʅʝʚʷʟʢʘ, ʢʤ3 - - - - +0.599 

ʅʝʚʷʟʢʘ, ʚ%      0,983 % 

ʃʠʪʝʨʘʪʫʨʘ 
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ɸʥʥʦʪʘʮʠʷ. ʇʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʦʛʦ ʭʦʜʘ ʩʦʜʝʨʞʘʥʠʷ 

ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ  ʥʘʜ ʪʝʨʨʠʪʦʨʠʷʤʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʨʘʟʥʳʭ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʠʝ ʤʥʦʛʦʣʝʪʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ 

ʝʛʦ ʛʣʦʙʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʝʤʧʳ ʨʦʩʪʘ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 2008-

2016 ʛʛ. ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʠʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ  2002-2007 ʛʛ. ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʧ-ʦʚʘ ʗʤʘʣ (ʚ 2 ʨʘʟʘ) ʠ ʜʣʷ 

ʩʪʝʧʥʳʭ ʨʘʡʦʥʦʚ (ʚ 5 ʨʘʟ), ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ɹʦʣʴʰʦʛʦ ɺʘʩʶʛʘʥʩʢʦʛʦ ʙʦʣʦʪʘ ʪʝʤʧʳ ʨʦʩʪʘ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ 

ʟʘ ʫʢʘʟʘʥʥʳʝ ʧʝʨʠʦʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʥʠʢʦʚʳʝ ʛʘʟʳ, ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʩʧʫʪʥʠʢʦʚʳʝ ʜʘʥʥʳʝ.  

TEMPORAL DYNAMICS OF METHANE CONTENT IN THE ATMOSPHERE IN 
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Abstract. The satellite data-based analysis of time dependence of methane content in the atmosphere over 

the areas with different properties of the underlying surfaces and located in different climatic zones was made. Good 

correlation was established between the long-term average characteristics of methane for the studied area and the 

data on its global change. It was shown that methane content increased significantly in 2008-2016 as compared to 

2002-2007, i.e. for the territory of the Peninsula of Yamal it was a 2 fold and for the steppe regions- 5 fold increase, 

whereas in the Great Vasyugan Mire it did not change at all. 

Keywords: greenhouse gases, methane in the atmosphere, satellite data. 

ɺʚʝʜʝʥʠʝ. ʄʝʪʘʥ ï ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ. ʀʩʪʦʯʥʠʢʠ ʝʛʦ ʨʘʟʥʦʦʙʨʘʟʥʳ: ʤʝʪʘʥ ʦʙʨʘʟʫʝʪʩʷ ʚ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʙʦʣʦʪ ʠ ʜʨʫʛʠʭ ʚʦʜʦʝʤʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ 

ʧʠʱʝʚʘʨʝʥʠʷ ʚ ʞʝʣʫʜʢʘʭ ʥʘʩʝʢʦʤʳʭ ʠ ʞʠʚʦʪʥʳʭ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʞʚʘʯʥʳʭ). ʄʝʪʘʥ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ ʠʟʚʝʨʞʝʥʠʠ ʚʫʣʢʘʥʦʚ, ʚʦ 

ʚʨʝʤʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ. ɺ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʠ ʦʢʨʝʩʪʥʦʩʪʷʭ ʤʥʦʞʝʩʪʚʦ 

ʠʩʪʦʯʥʠʢʦʚ ʛʘʟʘ: ʩʚʘʣʢʠ, ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʨʠʩʦʚʳʝ ʧʦʣʷ. ɹʝʩʰʫʤʥʳʝ 

ʫʪʝʯʢʠ ʤʝʪʘʥʘ ʧʨʦʠʩʭʦʜʷʪ ʠʟ ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʘ ʪʘʢʞʝ ʠʟ 

ʫʛʦʣʴʥʳʭ ʰʘʭʪ [1,5]. ɹʦʣʴʰʠʝ ʟʘʧʘʩʳ ʤʝʪʘʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ 

ʤʝʪʘʥʦʛʠʜʨʘʪʘʭ ʥʘ ʜʥʝ ʤʦʨʝʡ, ʚ ʟʦʥʝ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ. 

ʄʝʪʘʥ ʷʚʣʷʝʪʩʷ ʧʘʨʥʠʢʦʚʳʤ ʛʘʟʦʤ. ɽʩʣʠ ʩʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘ ʢʣʠʤʘʪ ʫʩʣʦʚʥʦ ʧʨʠʥʷʪʴ ʟʘ ʝʜʠʥʠʮʫ, ʪʦ ʧʘʨʥʠʢʦʚʘʷ 
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ʘʢʪʠʚʥʦʩʪʴ ʤʝʪʘʥʘ ʩʦʩʪʘʚʠʪ 21-25 ʝʜʠʥʠʮ [2,4]. ʉʦʜʝʨʞʘʥʠʝ ʚ ʘʪʤʦʩʬʝʨʝ 

ʤʝʪʘʥʘ  ʨʦʩʣʦ ʦʯʝʥʴ ʙʳʩʪʨʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʩʪʦʣʝʪʠʡ.  

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʘʪʤʦʩʬʝʨʝ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 

1,8 ppm (parts per million, ʯʘʩʪʝʡ ʥʘ ʤʠʣʣʠʦʥ). ʀ, ʭʦʪʷ ʵʪʦ ʚ 200 ʨʘʟ ʤʝʥʴʰʝ, 

ʯʝʤ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʡ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (CO2), ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ 

ʛʘʟʘ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ ʦʪ ʤʝʪʘʥʘ ï ʪʦ ʝʩʪʴ ʝʛʦ ʚʢʣʘʜ ʚ ʨʘʩʩʝʠʚʘʥʠʝ ʠ 

ʫʜʝʨʞʘʥʠʝ ʪʝʧʣʘ, ʠʟʣʫʯʘʝʤʦʛʦ ʥʘʛʨʝʪʦʡ ʩʦʣʥʮʝʤ ɿʝʤʣʝʡ ï ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʳʰʝ, ʯʝʤ ʦʪ ʉʆ2. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʘʥ ʧʦʛʣʦʱʘʝʪ ʠʟʣʫʯʝʥʠʝ ɿʝʤʣʠ ʚ ʪʝʭ 

çʦʢʦʰʢʘʭè ʩʧʝʢʪʨʘ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʦʟʨʘʯʥʳʤʠ ʜʣʷ ʜʨʫʛʠʭ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ.  

ʉʦʜʝʨʞʘʥʠʝ ʛʘʟʘ ʚ ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʳʣʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʙʠʣʴʥʳʤ ʚ ʪʝʯʝʥʠʝ ʩʦʪʝʥ ʪʳʩʷʯ ʣʝʪ, ʥʦ ʦʢʦʣʦ 1750 ʛʦʜʘ ʩʪʘʣʦ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʠ. ʋʚʝʣʠʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʩ ʥʘʯʘʣʘ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʨʝʚʦʣʶʮʠʠ ʧʨʠʚʝʣʦ ʢ ʨʘʟʚʠʪʠʶ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚʦʟʨʘʩʪʘʥʠʶ ʦʪʭʦʜʦʚ, 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʚʳʙʨʦʩʳ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʩʪʘʣʠʩʴ ʧʨʝʞʥʠʤʠ. 

ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʝ ʣʴʜʘ ʠ ʜʘʥʥʳʭ 

ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ, ʦʪʨʘʞʘʶʱʠʭ ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʦʣʝʜʝʥʝʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʥʘ ʧʘʜʘʣʘ ʠ ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʣʘ ʨʝʢʦʨʜʥʦ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ 

(ʥʘʧʨʠʤʝʨ, 0, 35 ppm). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʥʘ ʜʦ ʥʦʚʦʡ 

ʵʨʳ ʥʠʢʦʛʜʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 0, 7 ppm. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʜʦ ʥʦʚʦʡ ʵʨʳ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʙʳʣʘ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʠ ʧʦʵʪʦʤʫ ʥʘʙʣʶʜʘʝʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʥʘ 

ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʪʦʣʴʢʦ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʥʘ ʚ 

70-ʝ ʛʦʜʳ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʘʪʤʦʩʬʝʨʝ ʩʦ ʩʢʦʨʦʩʪʴʶ 0,8 ï 1,2% ʚ ʛʦʜ, ʯʪʦ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ 16, 5 ppbv (ppbv ï ʦʜʥʘ ʯʘʩʪʴ ʥʘ 

ʤʠʣʣʠʘʨʜ) ʚ ʛʦʜ, ʘ ʧʨʠʨʦʩʪ ʝʛʦ ʤʘʩʩʳ ʚ ʘʪʤʦʩʬʝʨʝ ʩʦʩʪʘʚʣʷʣ 45 ʊʛ/ʛʦʜ [1]. 

ʆʜʥʘʢʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʢʦʛʜʘ ʧʦʷʚʠʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʨʠʙʦʨʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʚʳʷʚʣʝʥʳ ʪʨʫʜʥʦʦʙʲʷʩʥʠʤʳʝ 
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ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʤʝʪʘʥʘ. ɺ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʤʝʪʘʥ ʚʳʜʝʣʷʝʪʩʷ ʠʟ 

ʘʨʢʪʠʯʝʩʢʠʭ ʧʦʯʚ ʥʝ ʪʦʣʴʢʦ ʚ ʢʦʨʦʪʢʠʡ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʥʦ ʠ ʚʦ ʚʨʝʤʷ 

ʭʦʣʦʜʥʦʡ ʟʠʤʳ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ 

ʛʦʜʘ ʚʳʙʨʦʩʳ ʤʝʪʘʥʘ ʙʳʣʠ ʚʳʰʝ ʥʘ ʩʫʭʠʭ ʫʯʘʩʪʢʘʭ ʥʘʛʦʨʴʷ ʪʫʥʜʨʳ, ʯʝʤ ʚ 

ʚʦʜʥʦ-ʙʦʣʦʪʥʳʭ ʫʛʦʜʴʷʭ. ʈʘʥʝʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚʦʟʚʳʰʝʥʥʦʩʪʴ ʪʫʥʜʨʳ 

ʚʥʦʩʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʥʘ [3]. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʩʦʙʨʘʥʥʳʭ NASA (ɸʂɺɸ, ʧʨʠʙʦʨ AIRS), ʧʦʢʘʟʘʥʳ 

ʨʘʟʣʠʯʠʷ ʚ ʪʝʤʧʘʭ ʨʦʩʪʘ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʚ ʧʝʨʠʦʜ ʤʝʞʜʫ 

1984 ʠ 2014 ʛʦʜʘʤʠ (ʨʠʩ.1) [6].  

 
ʈʠʩ.1  ʄʝʞʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʚ ʩʨʝʜʥʝʤ ʜʣʷ ɿʝʤʣʠ (ppb/ʛʦʜ) 

ʟʘ 1984-2014 ʛʛ. 

ɺ 1985 ʛʦʜʫ ʝʛʦ ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʠʣʘ 1620 ʯʘʩʪʝʡ ʥʘ 

ʤʠʣʣʠʘʨʜ (ppb). ʂ 2015 ʛʦʜʫ ʦʥʘ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 1800 ppb. ɼʦ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʨʝʚʦʣʶʮʠʠ ʫʨʦʚʝʥʴ ʦʩʪʘʚʘʣʩʷ ʩʪʘʙʠʣʴʥʳʤ, ʛʜʝ-ʪʦ 700 ʯʘʩʪʝʡ ʥʘ ʤʠʣʣʠʘʨʜ. 

ʅʦ ʪʝʤʧʳ ʨʦʩʪʘ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʤʝʥʷʣʠʩʴ. ʉ 1980-ʭ ʧʦ 1992 ʛʦʜ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʥʘ ʥʝ ʚʦʟʨʘʩʪʘʣʦ ʙʦʣʴʰʝ ʯʝʤ ʥʘ 12 ppb ʚ ʛʦʜ. ʇʦʪʦʤ, 

ʧʨʠʤʝʨʥʦ ʜʝʩʷʪʠʣʝʪʠʝ, ʨʦʩʪ ʟʘʤʝʜʣʠʣʩʷ ʠ ʩʦʩʪʘʚʣʷʣ ʥʝ ʙʦʣʝʝ 3 ppb ʚ ʛʦʜ. ɺ 

ʧʝʨʠʦʜ ʤʝʞʜʫ 2000 ʠ 2007 ʛʦʜʘʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ. ʅʘʯʠʥʘʷ ʩ 2007 ʛʦʜʘ, ʦʥʘ ʚʥʦʚʴ ʥʘʯʘʣʘ ʨʘʩʪʠ, ʠ ʜʦ ʩʠʭ 

ʧʦʨ ʨʦʩʪ ʩʦʩʪʘʚʣʷʝʪ 6 ppb ʚ ʛʦʜ [3]. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʘʥʥʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʩʨʝʜʥʝʤ ʧʦ ʟʝʤʥʦʤʫ ʰʘʨʫ, ʦʜʥʘʢʦ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʝʪʘʥʘ ʥʝʦʜʥʦʨʦʜʥʦ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ʠ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥ, ʚʳʟʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ, 
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ʥʝʦʙʭʦʜʠʤ ʙʦʣʝʝ ʣʦʢʘʣʴʥʳʡ ʧʦʜʭʦʜ. ɸʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʩʦʜʝʨʞʘʥʠʷ 

ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʥʫʪʨʠʛʦʜʦʚʳʭ ʠ 

ʤʥʦʛʦʣʝʪʥʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʦʪʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʠ ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʩʝʟʦʥʥʳʭ ʠ ʤʝʞʛʦʜʦʚʳʭ ʠʟʤʝʥʝʥʠʡ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʧ-ʦʚʘ ʗʤʘʣ (ʢʦʦʨʜʠʥʘʪʥʘʷ ʦʙʣʘʩʪʴ 68-73N, 

66-73E), ɹʦʣʴʰʦʛʦ ɺʘʩʶʛʘʥʩʢʦʛʦ ʙʦʣʦʪʘ (ɹɺɹ) (56-58N, 76-83E) ʠ ʩʪʝʧʥʳʭ 

ʨʘʡʦʥʦʚ ʶʛʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (51-54N, 76-83E) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ AIRS (Methane 

Total Column Daytime Ascending AIRX3STM v006) ʨʘʟʨʝʰʝʥʠʝ 1Á, ʤʦʣʴ/ʩʤ
2
, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ [6]. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʳ ʪʝʥʜʝʥʮʠʠ,  ʩʝʟʦʥʥʳʝ ʠ ʤʝʞʛʦʜʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʚʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʀʟʤʝʥʝʥʠʷ ʥʘʜ 

ʩʪʝʧʴʶ ʠ ɹɺɹ ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʠʥʭʨʦʥʥʦ, ʚʥʫʪʨʠʛʦʜʦʚʦʡ ʭʦʜ 

ʤʝʪʘʥʘ ʥʘʜ  ʧ-ʦʚʦʤ ʗʤʘʣ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʘʧʨʝʣʝ-ʤʘʝ ʠ ʦʢʪʷʙʨʝ-ʥʦʷʙʨʝ, ʢʦʛʜʘ ʫʚʝʣʠʯʝʥʠʶ 

(ʫʤʝʥʴʰʝʥʠʶ) ʤʝʪʘʥʘ ʥʘʜ ʧ-ʦʚʦʤ ʗʤʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʝ 

(ʫʚʝʣʠʯʝʥʠʝ) ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʥʘʜ ʜʨʫʛʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ. 

ʉʪʝʧʴ ʠ ɹɺɹ. 

ʅʘʙʣʶʜʘʣʦʩʴ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʨʘʥʥʠʝ ʚʝʩʝʥʥʠʝ 

ʤʝʩʷʮʳ (ʜʦ ʥʘʯʘʣʘ ʤʘʷ ʜʦ 3,75-3,77Ŀ10
19 
ʤʦʣʴ/ʩʤ

2
), ʟʘʪʝʤ ʫʚʝʣʠʯʝʥʠʝ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʣʝʪʘ  (ʜʦ ʘʚʛʫʩʪʘ), ʥʝʢʦʪʦʨʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʝʪʘʥʘ ʚ ʩʝʥʪʷʙʨʝ-

ʦʢʪʷʙʨʝ ʠ ʨʦʩʪ ʚ ʥʦʷʙʨʝ-ʜʝʢʘʙʨʝ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʩʘʤʳʝ 
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ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʥʘʜ ʵʪʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʥʘʙʣʶʜʘʣʠʩʴ 

ʚ ʟʠʤʥʠʝ ʤʝʩʷʮʳ (3,85-3,88Ŀ10
19 
ʤʦʣʴ/ʩʤ

2
).  
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ʈʠʩ. 2  ɺʥʫʪʨʠʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘʜ ʨʘʟʣʠʯʥʳʤʠ 

ʪʝʨʨʠʪʦʨʠʷʤʠ. (ʧ-ʦʚ ʗʤʘʣ ï ʩʧʣʦʰʥʘʷ ʯʝʨʥʘʷ, ɹɺɹ ï ʧʫʥʢʪʠʨʥʘʷ, ʩʪʝʧʴ - ʩʝʨʘʷ ). 

ʉʨʝʜʥʝʤʝʩʷʯʥʳʝ ʜʘʥʥʳʝ ʟʘ  09.2002-09.2016.  

ʗʤʘʣ 

ʗʚʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩ ʠʶʥʷ 

ʧʦ ʩʝʥʪʷʙʨʴ. ɺ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʩʘʤʳʝ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʣʝʪʥʠʝ ʤʝʩʷʮʳ (3,85Ŀ10
19 
ʤʦʣʴ/ʩʤ

2
). ɺ 

ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʩʝʟʦʥ ʠ ʟʠʤʥʝ-ʚʝʩʝʥʥʠʡ  ʧʨʦʠʩʭʦʜʠʣʦ ʫʤʝʥʴʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ (ʜʦ 3,78Ŀ10
19 
ʤʦʣʴ/ʩʤ

2
 ). 

ʅʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥ ʚʨʝʤʝʥʥʦʡ ʭʦʜ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʜʣʷ ʢʘʞʜʦʡ ʠʟ 

ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʪʝʥʜʝʥʮʠʷ ʝʛʦ ʠʟʤʝʥʝʥʠʷ. ɺ ʪʝʯʝʥʠʝ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʝʨʠʦʜʘ (2002-2016 ʛʛ.)  ʥʘʙʣʶʜʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʧʨʠʯʝʤ, ʧʦʩʣʝ 2008 ʛ. ʪʝʤʧʳ ʨʦʩʪʘ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʫʚʝʣʠʯʠʣʠʩʴ. 

ɺ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʧʝʨʠʦʜ 2002-2007 ʛʛ. ʷʚʣʷʣʩʷ ʧʝʨʠʦʜʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʝʞʛʦʜʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ, ʚ 

ʪʝʯʝʥʠʝ 2008-2016 ʛʛ. ʪʝʤʧʳ ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ 

ʚʦʟʨʦʩʣʠ [5].  

ɸʥʘʣʠʟ ʤʝʞʛʦʜʦʚʳʭ ʠʟʤʝʥʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʟʘ ʵʪʠ ʞʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ (2002-2007 ʠ 2008-2016 ʛʛ.) 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʦʩʣʝ 2007 ʛ. 
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ʚʦʟʨʦʩʣʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʥʘ 1,3-1,5%. (ʪʘʙʣ.1). ʆʜʥʘʢʦ, 

ʪʝʤʧʳ ʨʦʩʪʘ  ʙʳʣʠ ʥʝʦʜʠʥʘʢʦʚʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ 

ɹɺɹ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ, ʚ 

ʘʪʤʦʩʬʝʨʝ ʧ-ʦʚʘ ʗʤʘʣ  ʚ 2008-2016 ʛʛ. ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ 

2,2 ʨʘʟʘ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ 2002-2007 ʛʛ., ʘ ʥʘʜ ʩʪʝʧʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʪʝʤʧʳ 

ʨʦʩʪʘ ʤʝʪʘʥʘ ʫʚʝʣʠʯʠʣʠʩʴ ʚ 5,8 ʨʘʟ. 

3.65
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ɸʧʨʝʣʴ 2001ʗʥʚʘʨʴ 2004ʆʢʪʷʙʨʴ 2006ʀʶʣʴ 2009ɸʧʨʝʣʴ 2012ɼʝʢʘʙʨʴ 2014ʉʝʥʪʷʙʨʴ

2017  
ʈʠʩ. 3  ɺʨʝʤʝʥʥʦʡ ʭʦʜ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʥʘʜ ʗʤʘʣʦʤ (ʩʠʥʷʷ ʣʠʥʠʷ), ʩʪʝʧʴʶ  (ʢʨʘʩʥʘʷ),  

ɹɺɹ (ʯʝʨʥʘʷ) ʠ ʠʭ ʪʨʝʥʜʳ  (ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʟʘ 09.2002-09.2016. 

ɺʳʚʦʜʳ 

ï ʉʨʝʜʥʠʝ ʤʥʦʛʦʣʝʪʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʚ 

ʘʪʤʦʩʬʝʨʝ ʥʘʜ ʦʪʜʝʣʴʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʚ ʮʝʣʦʤ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, 

ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʝʛʦ ʛʣʦʙʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ. 

ï ʇʦʜʪʚʝʨʞʜʘʶʪʩʷ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʥʘʜ ʦʪʜʝʣʴʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ 

ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʚ  ʟʠʤʥʠʡ ʩʝʟʦʥ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʚ ʣʝʪʥʝʤ 

ʩʝʟʦʥʝ. 

ï ʊʝʤʧʳ ʨʦʩʪʘ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʥʝʦʜʠʥʘʢʦʚʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ɹɺɹ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʠʣʘʩʴ, ʚ ʘʪʤʦʩʬʝʨʝ ʧ-ʦʚʘ ʗʤʘʣ  ʚ 2008-2016 ʛʛ. 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʥʘ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʚ 2,2 ʨʘʟʘ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ 2002-2007 ʛʛ., ʘ 

ʥʘʜ ʩʪʝʧʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʪʝʤʧʳ ʨʦʩʪʘ ʤʝʪʘʥʘ ʫʚʝʣʠʯʠʣʠʩʴ ʚ 5,8 ʨʘʟ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʯʠʥ ʵʪʠʭ ʷʚʣʝʥʠʡ ʪʨʝʙʫʶʪʩʷ ʦʪʜʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʯʝʚʠʜʥʦ, ʩʣʝʜʫʝʪ ʚʳʷʚʠʪʴ ʩʚʷʟʠ ʤʝʞʜʫ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 
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ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʥʘʜ ʠʩʩʣʝʜʫʝʤʳʤʠ ʨʘʡʦʥʘʤʠ ʠ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʝʪʘʥʘ. 
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ʊʝʨʨʠʪʦʨʠʷ 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

(Ŀ10^19ʤʦʣʴ/ʩʤ
2
) 

ʉʨʝʜʥʠʝ ʪʝʤʧʳ ʤʝʞʛʦʜʦʚʳʭ 

ʠʟʤʝʥʝʥʠʡ (Ŀ10^19ʤʦʣʴ/ʩʤ
2
/ʛʦʜ) 

2002-2007 2008-2016 2002-2007 2008-2016 

ʇ-ʦʚ ʗʤʘʣ 3.783948 3.832782 0.00353 0.00783 

ʉʪʝʧʴ 3.764723 3.820074 0.00240 0.0139 

ɹɺɹ 3.782202 3.835229 0.00714 0.00625 

 

 

http://www.ebrd.com/downloads/about/sustainability/ghgguide.pdf
http://www.ebrd.com/downloads/about/sustainability/ghgguide.pdf
http://dx.doi.org/10.1016/j.csr.2013.07.013
http://books.google.ru/books?id=4QVyuVF3ZHUC&pg=PA30&
https://ru.wikipedia.org/wiki/%D0%A1%D0%BB%D1%83%D0%B6%D0%B5%D0%B1%D0%BD%D0%B0%D1%8F:%D0%98%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8_%D0%BA%D0%BD%D0%B8%D0%B3/9780792361992


˥͙͎͙͒ͪͦͦ͡;͔͙͔ͫ͟Σ ͎͙͒ͪͦͺ͙͙͘;͔͙͔ͫ͟Σ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙ ͙͎͔͋ͦͦͻ͙͙ͣ;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· 
͍ ͍ͦ͒ͤ·ͻ ͦ͋Ά͔ͭ͊͟ͻ ͙ ͤ͊ ͍ͦ͒ͦͫ͋ͦͪ͊ͻ ˿͙͙͙͋ͪ ͙ ͙ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡  

25  

ʆʎɽʅʂɸ ʇʈʆʎɽʉʉʆɺ ɿɸʊʆʇʃɽʅʀʗ ʀ ʇʆɼʊʆʇʃɽʅʀʗ 

ʇɸɺʆɼʂʆɺʓʄʀ ɺʆɼɸʄʀ ɼʃʗ ʆɹʆʉʅʆɺɸʅʀʗ ʄɽʈʆʇʈʀʗʊʀʁ 

ʇʆ ɿɸʑʀʊɽ ʊɽʈʈʀʊʆʈʀʁ ʆʊ ʅɽɻɸʊʀɺʅʆɻʆ ɺʆɿɼɽʁʉʊɺʀʗ ɺʆɼ 
ɹʳʢʦʚʩʢʘʷ ʀ.ʅ.

1
, ɿʘʥʦʩʦʚʘ ɺ.ʀ.

 2
, ɿʳʨʷʥʦʚʘ ʊ.ɸ.

 1
, ʇʦʩʪʥʦʚʘ ʀ.ʉ.

 1
, ʗʢʦʚʯʝʥʢʦ ʉ.ɻ.

 1
 

1 
ʆʆʆ çʎʝʥʪʨ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʛ. ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ, 

2 
ʌɻɹʋʋ ɺʆ ɸʣʪʘʡʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɹʘʨʥʘʫʣ, ʈʦʩʩʠʷ 

e-mail: spartak.cet@gmail.com 

ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʦʜʭʦʜʳ ʢ ʧʨʦʚʝʜʝʥʠʶ ʦʮʝʥʢʠ ʟʘʪʦʧʣʝʥʠʷ ʠ ʧʦʜʪʦʧʣʝʥʠʷ ʧʘʚʦʜʢʦʚʳʤʠ 

ʚʦʜʘʤʠ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʟʘʱʠʪʝ ʪʝʨʨʠʪʦʨʠʠ ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜ ʥʘ ʧʨʠʤʝʨʝ ʛ. 

ɸʙʘʟʘ ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʪʦʧʣʝʥʠʝ, ʧʦʜʪʦʧʣʝʥʠʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

EVALUATION OF INUNDATION AND FLOODING BY FLOODWATER FOR 

JUSTIFICATION OF  MEASURES ON PROTECTION OF TERRITORIES FROM 

WATER IMPACT  

Bykovskaya I. N.
1
, Zanosova V. I.

2
, Zyryanova T. A.

1
, Postnova I. S.

1
, Yakovchenko S. G.

1
 

1 
"Center for Engineering Technologies" Company, Barnaul, Russia 

2 
Altai State Agrarian University, Barnaul, Russia 

e-mail: spartak.cet@gmail.com 

Abstract. The paper considers approaches to the assessment of inundation and flooding by floodwater for 

justification of measures to protect the area from negative impact of waters by the example of Abaza town, Republic 

of Khakassia 
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ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʦʡʤʫ ʠ 

ʧʨʠʧʦʡʤʝʥʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʨʝʯʥʳʭ ʜʦʣʠʥ, ʷʚʣʷʶʪʩʷ ʨʝʯʥʳʝ ʧʘʚʦʜʢʠ. 

ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʥʘ ʧʦʡʤʝ ʨʝʢʠ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤ 

ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚʦ ʚʨʝʤʷ ʧʘʚʦʜʢʦʚ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʘʤʠ 

ʟʘʪʦʧʣʝʥʠʷ ʠ ʧʦʜʪʦʧʣʝʥʠʷ ʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʪʝʨʨʠʪʦʨʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʪʝʨʨʠʪʦʨʠʠ 

ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜ ʧʨʦʭʦʞʜʝʥʠʝ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʘʚʦʜʢʦʚ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʠ ʬʠʥʘʥʩʦʚʳʤ ʧʦʪʝʨʷʤ. 

ʇʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʟʘʱʠʪʝ ʪʝʨʨʠʪʦʨʠʠ ʪʨʝʙʫʝʪ ʦʮʝʥʢʠ ʧʨʦʮʝʩʩʦʚ 

ʟʘʪʦʧʣʝʥʠʷ ʠ ʧʦʜʪʦʧʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʘʚʦʜʢʘʤʠ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʟʘʱʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʚʳʙʦʨʘ ʦʮʝʥʢʠ ʦʧʪʠʤʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʟʘʱʠʪʳ ʦʪ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʜ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʚʝʜʝʥʠʶ ʪʘʢʦʡ ʦʮʝʥʢʠ. ʉʪʨʫʢʪʫʨʘ ʧʨʦʚʝʜʝʥʠʷ 

ʨʘʙʦʪ ʧʦ ʦʮʝʥʢʝ ʧʨʦʮʝʩʩʦʚ ʟʘʪʦʧʣʝʥʠʷ ʠ ʧʦʜʪʦʧʣʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩ. 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʦʮʝʥʢʝ ʧʨʦʮʝʩʩʦʚ ʟʘʪʦʧʣʝʥʠʷ ʠ 

ʧʦʜʪʦʧʣʝʥʠʷ (ʙʣʦʢʠ ʩʦ ʩʧʣʦʰʥʦʡ ʛʨʘʥʠʮʝʡ ï ʧʨʦʚʦʜʠʤʳʝ ʨʘʙʦʪʳ, ʩʦ ʰʪʨʠʭʦʚʦʡ ʛʨʘʥʠʮʝʡ 

ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ) 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʙʦʨ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʨʭʠʚʥʦʡ ʠ 

ʧʦʣʝʚʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʩʤ. ʨʠʩʫʥʦʢ 1), ʚʢʣʶʯʘʶʱʠʡ ʧʦʣʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʟʘʪʦʧʣʝʥʠʶ ʠ ʧʦʜʪʦʧʣʝʥʠʶ 

ʪʝʨʨʠʪʦʨʠʡ, ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʡ, ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ɻʊʉ (ʨʠʩʫʥʦʢ 2). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦʮʝʥʠʚʘʶʪʩʷ ʬʘʢʪʠʯʝʩʢʠʝ ʟʦʥʳ ʟʘʪʦʧʣʝʥʠʷ ʠ ʧʦʜʪʦʧʣʝʥʠʷ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʳʩʢʘʥʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʘʨʠʘʥʪʳ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ. 

ɻʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ ʠʤʝʶʪ ʮʝʣʴʶ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʡ ʢʘʨʪʳ 

ʤʝʩʪʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʝʡ ʨʝʣʴʝʬ ʧʦʡʤʳ, ʨʝʣʴʝʬ ʨʫʩʣʘ, ʭʦʟʷʡʩʪʚʝʥʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʘʨʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʘʨʪʳ ʪʠʧʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʠ ʢʘʨʪʳ ʟʘʩʪʨʦʡʢʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʦʡ ʜʣʷ ʦʮʝʥʢʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʟʘʪʦʧʣʝʥʠʷ. ʇʨʦʚʦʜʠʪʩʷ ʩʲʝʤʢʘ ʨʫʩʣʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʛʥʦʚʝʥʥʳʭ ʫʨʦʚʥʝʡ 

ʚʦʜʳ ʥʘ ʜʘʪʫ ʩʲʝʤʢʠ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠ 
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ʩʧʫʪʥʠʢʦʚʳʤʠ ʜʘʥʥʳʤʠ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ 

ʨʝʣʴʝʬʘ (ʎʄʈ). 

 
ʈʠʩ. 2 ï ɿʘʱʠʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʟʦʥʘ ʟʘʪʦʧʣʝʥʠʷ, ʟʦʥʘ ʩʠʣʴʥʦʛʦ ʧʦʜʪʦʧʣʝʥʠʷ ʚ ʛ. ɸʙʘʟʘ 

ʚ ʧʦʣʦʚʦʜʴʝ 2014 ʛ. ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ɺ ʩʦʩʪʘʚ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʚʭʦʜʠʪ ʠʟʤʝʨʝʥʠʝ 

ʨʘʩʭʦʜʦʚ (Q) ʨʝʢ ʠ ʨʫʯʴʝʚ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʪʦʧʣʝʥʠʷ, ʘ ʫʨʦʚʥʠ ʚʦʜʳ (ʋɺ) ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʜʪʦʧʣʝʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ, 

ʤʦʱʥʦʩʪʠ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʩ ʫʨʦʚʥʷʤʠ ʨʝʯʥʳʭ ʚʦʜ. 

ʌʠʣʴʪʨʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʢʣʶʯʘʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʦʜʦʦʪʜʘʯʠ ʠ 

ʬʠʣʴʪʨʘʮʠʠ, ʘ ʜʣʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ï ʪʘʢʞʝ 

ʧʘʨʘʤʝʪʨʳ ʚʥʫʪʨʠʛʨʫʥʪʦʚʦʛʦ ʠʩʧʘʨʝʥʠʷ (ʛʨʘʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʠ ʠ ʪ. ʥʘʟ. çʛʣʫʙʠʥʫ ʟʘʪʫʭʘʥʠʷè ʠʩʧʘʨʝʥʠʷ). ʇʦʤʠʤʦ ʵʪʦʛʦ 

ʧʨʦʚʦʜʷʪʩʷ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʝʡ ʛʨʫʥʪʦʚʳʭ ʚʦʜ (ʋɻɺ), ʩʠʥʭʨʦʥʥʳʝ ʩ 

ʠʟʤʝʨʝʥʠʷʤʠ ʋɺ ʚ ʨʝʯʥʦʡ ʩʝʪʠ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʠ ʧʦ ʵʪʠʤ 

ʜʘʥʥʳʤ ʩʪʨʦʠʪʩʷ ʢʘʨʪʘ ʛʠʜʨʦʠʟʦʛʠʧʩ ʋɻɺ ʚ ʤʝʞʝʥʥʳʡ ʧʝʨʠʦʜ. ʇʦ 

ʦʪʜʝʣʴʥʳʤ ʩʢʚʘʞʠʥʘʤ ʧʨʦʚʦʜʷʪʩʷ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ. ɺ ʨʘʩʯʝʪʘʭ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʨʭʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʙʣʶʜʝʥʠʡ ʧʦ ʩʝʪʠ ʩʢʚʘʞʠʥ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʥʝʜʨ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠ ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʠʤ 
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ʟʘʪʦʧʣʝʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ʅʘ ʦʩʥʦʚʝ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʩʭʦʜʳ Q ʥʫʞʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 

ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʪʘʥʜʘʨʪʥʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʪʫʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʭʦʞʜʝʥʠʝ ʧʘʚʦʜʢʘ 1%-ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ. ʀʟʤʝʨʝʥʥʳʝ 

ʋɺ ʠ Q ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʤʦʜʝʣʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎʄʈ ʠ ʢʘʨʪʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʪʦʧʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜ ʜʣʷ ʚʘʨʠʘʥʪʦʚ ʦʪʩʫʪʩʪʚʠʷ ʠ ʥʘʣʠʯʠʷ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʠ ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʵʪʦʤ ʟʦʥʳ ʟʘʪʦʧʣʝʥʠʷ. 

ʆʮʝʥʢʘ ʟʘʪʦʧʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ɼʚʫʤʝʨʥʘʷ ʧʣʘʥʦʚʘʷ ʧʨʦʛʨʘʤʤʘ TUFLOW 

(www.tuflow.com) ʚ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ SMS (Surface-water Modeling 

System, www.aquaveo.com/software/sms-surface-water-modeling-system-

introduction) ʩʪʨʦʠʪ ʧʣʘʥʦʚʳʝ ʜʚʫʤʝʨʥʳʝ ʤʦʜʝʣʠ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʧʦʪʦʢʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʠ ʠʤʧʫʣʴʩʘ. ɼʣʷ 

ʚʦʜʦʪʦʢʦʚ, ʠʤʝʶʱʠʭ  ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʨʫʩʣʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʡʤʦʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʨʦʚʥʝʡ ʚʦʜʳ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ HEC-RAS (www.hec.usace.army.mil), ʢʦʪʦʨʳʡ 

ʨʝʰʘʝʪ ʦʜʥʦʤʝʨʥʫʶ ʟʘʜʘʯʫ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʠʣʠ ʥʝʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʜʚʠʞʝʥʠʡ ʚʦʜʳ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʉʝʥ-ɺʝʥʘʥʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʧʨʠ ʥʘʣʠʯʠʠ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʦʪ ʟʘʪʦʧʣʝʥʠʷ ʠ ʧʦʜʪʦʧʣʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ MODFLOW (McDonald M.G. et al, 2003), 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʙʦʣʝʝ 30 ʣʝʪ ʥʘʟʘʜ ʠ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʝʛʦ ʩʝʙʷ ʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʧʦʪʦʢʦʚ ʚʦʜʳ ʚ ʥʘʩʳʱʝʥʥʳʭ ʧʦʯʚʘʭ, ʚ ʩʨʝʜʘʭ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ Aquaveo GMS (Groundwater Modeling System) ʠ Simcore 

PMWIN (Processing ModFlow). MODFLOW ï ʪʨʝʭʤʝʨʥʘʷ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʘʷ 

ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʨʘʩʯʝʪʘʭ ʟʦʥ ʧʦʜʪʦʧʣʝʥʠʷ 

ʠ ʙʘʣʘʥʩʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚʝʨʩʠʷ MODFLOW-2005 ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʢʘʢ ʩʪʘʮʠʦʥʘʨʥʫʶ, ʪʘʢ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʚ ʥʘʧʦʨʥʦʤ, 

ʙʝʟʥʘʧʦʨʥʦʤ ʠ ʥʘʧʦʨʥʦ-ʙʝʟʥʘʧʦʨʥʦʤ ʨʝʞʠʤʘʭ ʩ ʫʯʝʪʦʤ ʠʥʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ 

http://www.aquaveo.com/software/sms-surface-water-modeling-system-introduction
http://www.aquaveo.com/software/sms-surface-water-modeling-system-introduction
http://www.hec.usace.army.mil/
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ʣʦʞʝ ʨʝʢʠ, ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʠʪʘʥʠʷ, ʠʩʧʘʨʝʥʠʷ, ʜʨʝʥʘʞʘ. ʅʘ ʨʠʩʫʥʢʝ 3 

ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʛʠʜʨʦʠʟʦʛʠʧʩ ʋɻɺ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʘʚʦʜʢʘ 1% 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʪʝʨʨʠʪʦʨʠʠ ʛ. ɸʙʘʟʘ (ʧʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ 2015 ʛʦʜ). 

 
ʈʠʩ. 3 ï ɻʠʜʨʦʠʟʦʛʠʧʩʳ ʤʘʢʩʠʤʘʣʴʥʳʭ ʫʨʦʚʥʝʡ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʘʚʦʜʢʘ 

1%-ʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʦʪ ʟʘʪʦʧʣʝʥʠʷ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʦʧʣʝʥʠʷ ʛʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʝʡ HP%(t) 

ʧʦ ʩʝʟʦʥʘʤ ʩʭʝʤʘʪʠʟʠʨʫʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ ʪʨʝʫʛʦʣʴʥʳʤ ʧʨʦʬʠʣʝʤ ʚ ʧʝʨʠʦʜ 

ʧʘʚʦʜʢʘ ʠ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʤ ʛʠʜʨʦʛʨʘʬʦʤ Hʩʨʤʥʛ(t) ʚ ʦʩʪʘʣʴʥʦʝ ʚʨʝʤʷ. ʊʘʢʘʷ 

ʩʭʝʤʘʪʠʟʘʮʠʷ ʫʯʠʪʳʚʘʝʪ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ Hʤʘʢʩ,P% ʥʘ 

ʧʠʢʝ ʧʘʚʦʜʢʘ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʯʝʪʦʤ,  ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʜʲʝʤʘ/ʩʧʘʜʘ ʫʨʦʚʥʷ Ű, ʦʧʨʝʜʝʣʷʝʤʫʶ ʠʟ ʘʥʘʣʠʟʘ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʘʚʦʜʢʘ ʦʪ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

(ʨʠʩʫʥʦʢ 4). 

ʇʦʜʛʦʪʦʚʢʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʦʜʪʦʧʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʩʭʝʤʘʪʠʟʘʮʠʶ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʝʚ, ʚʢʣʶʯʘʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, 

ʛʝʥʝʨʘʣʠʟʘʮʠʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʥʦʩʥʳʭ ʧʣʘʩʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʠʪʘʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʥʘ 

ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʪʦʢʦʚ ʥʘ 

ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʷʭ ʧʠʪʘʥʠʷ ʠ 

ʨʘʟʛʨʫʟʢʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 
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ʈʠʩ. 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʘʚʦʜʢʘ 2Ű ʦʪ Hʤʘʢʩ  ʜʣʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʩʪʘ 

ʨ. ɸʙʘʢʘʥ - ʛ. ɸʙʘʟʘ ʜʣʷ ʣʝʪ ʩʦ ʩʨʝʜʥʝʛʦʜʦʚʳʤ ʫʨʦʚʥʝʤ Hʩʨ ʚʳʰʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʛʦ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʫʨʦʚʥʷ (185 ʩʤ) ʟʘ ʧʝʨʠʦʜ 1951-2014 ʛʛ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʦʧʣʝʥʠʷ, ʧʨʠʯʠʥʦʡ ʢʦʪʦʨʦʛʦ 

ʷʚʣ̫ʝʪʩʷ ʧʘʚʦʜʢʦʚʳʡ ʧʦʜʲʝʤ ʚʦʜʳ ʚ ʨʝʢʝ, ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʚʤʝʩʪʥʦʛʦ ʫʯʝʪʘ ʧʨʦʮʝʩʩʦʚ ʟʘʪʦʧʣʝʥʠʷ ʠ ʧʦʜʪʦʧʣʝʥʠʷ. ʉʣʦʞʥʳʡ ʨʝʣʴʝʬ 

ʧʦʡʤʳ, ʚʳʩʦʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʛʨʫʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʚʦʜʦʦʙʤʝʥʘ ʜʘʞʝ ʧʨʠ 

ʥʘʣʠʯʠʠ ʟʘʱʠʪʳ ʦʪ ʟʘʪʦʧʣʝʥʠʷ ʪʨʝʙʫʶʪ ʫʯʝʪʘ ʚʳʢʣʠʥʠʚʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʜʝʧʨʝʩʩʠʷʭ ʨʝʣʴʝʬʘ ʥʘ ʟʘʱʠʱʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʜʪʦʧʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʭʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʚ ʨʘʙʦʪʝ (Milzow C. et al, 2010), ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʚʚʝʜʝʥʠʠ ʚ 

ʫʨʘʚʥʝʥʠʷ ɼʘʨʩʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʣʦʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʜʚʠʞʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʬʠʣʴʪʨʘʮʠʠ 40 ʤ/ʩʝʢ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʦʜʦʦʪʜʘʯʠ ʦʪ 0,15 ʜʦ 1,0 (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʘʥʜʰʘʬʪʘ 

ʟʘʪʘʧʣʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʥʷʪʦ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʜʦʦʪʜʘʯʠ, ʨʘʚʥʦʝ 1. ʊʘʢʦʝ ʜʦʧʦʣʥʝʥʠʝ ʚ ʤʦʜʝʣʠ, ʢʘʢ 

ʧʦʢʘʟʘʣʠ ʫʢʘʟʘʥʥʳʝ ʘʚʪʦʨʳ, ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʛʨʫʥʪʦʚʳʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ ʢʘʢ ʥʘ ʟʘʪʦʧʣʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ, ʪʘʢ ʠ ʥʘ ʙʦʣʦʪʘʭ. ɺʚʝʜʝʥʠʝ ʵʪʦʛʦ ʩʣʦʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʩ 

ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʦʮʝʩʩ ʧʝʨʝʪʝʢʘʥʠʷ ʚʳʢʣʠʥʠʚʘʶʱʠʭʩʷ ʚ 

ʜʝʧʨʝʩʩʠʷʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʧʨʦʮʝʩʩ ʤʝʜʣʝʥʥʦʛʦ ʟʘʪʦʧʣʝʥʠʷ 

ʧʦʡʤʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠ ʧʦʜʲʝʤʝ ʫʨʦʚʥʝʡ ʨʝʢʠ, ʦʧʠʩʳʚʘʝʤʳʡ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʢʘʢ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʧʝʨʚʦʛʦ ʨʦʜʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʪʘʧʣʠʚʘʶʱʝʛʦ 
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ʠʣʠ ʧʦʜʪʘʧʣʠʚʘʶʱʝʛʦ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ (ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʷ ʨʝʢʠ) ʧʨʠ ʵʪʦʤ ʙʝʨʫʪʩʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ 

ʚʥʝʰʥʝʡ ʧʨʦʛʨʘʤʤʳ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (HEC GEORAS ʠʣʠ 

TUFLOW). 

ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʷʚʣʷʶʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʋɻɺ (ʩʤ. ʨʠʩʫʥʦʢ 3) ʠ ʚʝʣʠʯʠʥʳ ʛʨʫʥʪʦʚʳʭ 

ʧʨʠʪʦʢʦʚ ʚ ʦʙʣʘʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʯʝʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʳʭ ʋɺ ʠ ʋɻɺ, ʧʦ ʎʄʈ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʦʥʳ ʟʘʪʦʧʣʝʥʠʷ (ɿɿ) ʠ ʟʦʥʳ ʧʦʜʪʦʧʣʝʥʠʷ (ɿʇ). ʇʨʠ ʩʨʘʚʥʝʥʠʠ 

ʚʘʨʠʘʥʪʦʚ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʪʝʨʨʠʪʦʨʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʣʠʯʠʥʳ 

ʦʩʪʘʪʦʯʥʳʭ (ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʟʘʱʠʪʳ) ʧʣʦʱʘʜʝʡ ɿɿ ʠ ɿʇ, ʘ 

ʪʘʢʞʝ ʦʙʲʝʤʳ ʥʝʦʙʭʦʜʠʤʦʡ ʦʪʢʘʯʢʠ ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ. 

ʆʧʠʩʘʥʥʳʡ ʚʳʰʝ ʧʦʜʭʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʩʯʝʪʘ ʚʘʨʠʘʥʪʦʚ 

ʠʥʞʝʥʝʨʥʦʡ ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʦʡ ʟʘʱʠʪʳ ʛ. ɸʙʘʟʘ ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʷ. ɺ 

ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʦʪ 

ʟʘʪʦʧʣʝʥʠʷ (ʨʠʩʫʥʦʢ 5). ʇʨʦʚʝʜʝʥʠʝ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʣʠʢʚʠʜʠʨʫʝʪ 

ʦʧʘʩʥʦʩʪʴ ʧʨʷʤʦʛʦ ʟʘʪʦʧʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ, ʥʦ ʥʝ ʟʘʱʠʱʘʝʪ 

ʪʝʨʨʠʪʦʨʠʶ ʦʪ ʧʦʜʪʦʧʣʝʥʠʷ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʝʢʦʡ. ɺ 

ʧʦʣʦʚʦʜʴʝ ʥʘ ʨʷʜʝ ʫʯʘʩʪʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʷʜʦʤ ʩ ʜʘʤʙʘʤʠ, ʠʤʝʝʪ ʤʝʩʪʦ 

ʚʳʭʦʜ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ɺʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʠʣʴʪʨʘʮʠʠ ʠ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʛʘʣʝʯʥʠʢʦʚʳʭ ʛʨʫʥʪʦʚ, ʩʣʘʛʘʶʱʠʭ ʧʦʡʤʫ ʨ. ɸʙʘʢʘʥ, 

ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʛʨʘʥʠʯʠʪʴʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʧʨʠʜʘʤʙʦʚʳʤ 

ʜʨʝʥʘʞʦʤ. ɼʣʷ ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʪʝʨʨʠʪʦʨʠʠ ʥʝʦʙʭʦʜʠʤ ʧʣʦʱʘʜʥʦʡ 

ʜʨʝʥʘʞ ʥʘ ʫʯʘʩʪʢʘʭ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʦʛʦ ʧʦʜʪʦʧʣʝʥʠʷ ʩ ʦʪʢʘʯʢʦʡ ʜʨʝʥʘʞʥʳʭ 

ʚʦʜ ʥʘʩʦʩʥʳʤʠ ʩʪʘʥʮʠʷʤʠ. ʅʝʦʙʭʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʦʪʢʘʯʢʠ ʨʘʩʪʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʜʨʝʥʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ. 

ʆʢʦʥʯʘʪʝʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʟʘʱʠʪʳ ʛ. ɸʙʘʟʘ ʦʪ ʧʦʜʪʦʧʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʳ 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ. 
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ʘ) 

ʙ) 

ʈʠʩ. 5 ï ʇʨʠʤʝʨ ʩʭʝʤʳ ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʦʡ ʟʘʱʠʪʳ ʟʘʧʘʜʥʦʡ (ʘ) ʠ ʚʦʩʪʦʯʥʦʡ (ʙ) ʯʘʩʪʝʡ ʛ. 
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Annotation. The paper presents the results of mire water chemical composition formation in the Tomsk 

Region on the example raised bog in the interfluve of the Bakchar and Iksa rivers. Studies have shown that a 

significant influence on the formation of the water chemical composition the temperature factor and dynamics of 

water levels in the bog. 

Keywords: bogs, chemical composition of waters, conditions, factors, Tomsk Region. 

ɺ ʧʨʝʜʝʣʘʭ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʙʦʣʦʪʘ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ, 

ʦʢʘʟʳʚʘʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʣʝʛʘʶʱʠʝ ʪʝʨʨʠʪʦʨʠʠ. ɺʝʣʠʢʘ ʨʦʣʴ 

ʙʦʣʦʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʪʦʢʘ ʠ ʢʘʯʝʩʪʚʘ ʚʦʜ ʨʝʢ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [2-4] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʙʦʣʦʪʥʳʭ ʚʦʜ ʠʤʝʝʪ ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʩʦʜʝʨʞʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʦʣʦʪʥʳʭ ʚʦʜ ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ ʚ ʤʝʞʜʫʨʝʯʴʝ ʨʝʢ 

ɹʘʢʯʘʨ ʠ ʀʢʩʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʯʘʩʪʢʝ ʚʝʨʭʦʚʦʛʦ ʙʦʣʦʪʘ ʚ ʤʝʞʜʫʨʝʯʴʝ 

ʨʝʢ ɹʘʢʯʘʨ ʠ ʀʢʩʘ (ʙʘʩʩʝʡʥ ʉʨʝʜʥʝʡ ʆʙʠ, ʦʪʨʦʛʠ ɺʘʩʶʛʘʥʩʢʦʛʦ ʙʦʣʦʪʘ, 

ʩʪʘʮʠʦʥʘʨ çɺʘʩʶʛʘʥʩʢʠʡè ʉʠʙʅʀʀʉʍʠʊ) ʚ ʨʘʡʦʥʝ, ʫʜʘʣʝʥʥʦʤ ʦʪ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʧʨʝʜʝʣʘʭ ʪʠʧʠʯʥʳʭ ʙʦʣʦʪʥʳʭ 

ʤʠʢʨʦʣʘʥʜʰʘʬʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʨʘʟʣʠʯʥʦʡ ʜʠʥʘʤʠʢʦʡ ʚʦʜʥʦʛʦ 

ʨʝʞʠʤʘ, ʤʦʱʥʦʩʪʴʶ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʩʣʦʚʠʷʤʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ: ʩʦʩʥʦʚʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʩʬʘʛʥʦʚʳʡ 

mailto:kharan@yandex.ru
mailto:kharan@yandex.ru


 
ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

34 

ʩ ʤʦʱʥʦʩʪʴʶ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ 1 ʤ (ʪʦʯʢʘ 1), ʩʦʩʥʦʚʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦ-

ʩʬʘʛʥʦʚʳʡ ʩ ʤʦʱʥʦʩʪʴʶ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ 3 ʤ (ʪʦʯʢʘ 2), ʦʩʦʢʦʚʦ-ʩʬʘʛʥʦʚʳʡ 

ʩ ʤʦʱʥʦʩʪʴʶ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ 2,75 ʤ (ʪʦʧʴ ʚʳʢʣʠʥʠʚʘʥʠʷ, ʪʦʯʢʘ 3), ʩʦʩʥʦʚʦ-

ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʩʬʘʛʥʦʚʳʡ ʩ ʤʦʱʥʦʩʪʴʶ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ 0,8 ʤ, ʥʘ ʛʨʘʥʠʮʝ ʩ 

ʤʠʥʝʨʘʣʴʥʳʤ ʦʩʪʨʦʚʦʤ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʪʦʧʴʶ (ʪʦʯʢʘ 4). ʆʪʙʦʨ ʧʨʦʙ 

ʙʦʣʦʪʥʦʡ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 1 ʨʘʟ ʚ ʤʝʩʷʮ ʩ ʤʘʨʪʘ ʧʦ 

ʩʝʥʪʷʙʨʴ ʟʘ ʧʝʨʠʦʜ 2006-2012 ʛʛ. ʠʟ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʭ 

ʚʦʜʦʦʪʙʦʨʥʳʭ ʢʦʣʦʜʮʝʚ ʛʣʫʙʠʥʦʡ 1 ʤʝʪʨ. ʉʨʘʟʫ ʧʦʩʣʝ ʦʪʙʦʨʘ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʠ ʥʝʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʨʅ, O2, ʉʆ2, ʧʨʦʚʦʜʠʣʘʩʴ 

ʢʦʥʩʝʨʚʘʮʠʷ ʧʨʦʙ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Feʦʙ,ɦ NO
-
3, NH4

+
. ʂʦʥʩʝʨʚʘʮʠʷ ʧʨʦʙ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʤʦʥʠʷ ʠ ʥʠʪʨʘʪ ʠʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʜʦʙʘʚʣʝʥʠʝʤ 

ʭʣʦʨʦʬʦʨʤʘ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ ʦʙʱʝʛʦ ï ʜʦʙʘʚʣʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʜʦ ʨʅ ʤʝʥʝʝ 2. ʆʧʨʝʜʝʣʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ O2 ʚ ʙʦʣʦʪʥʳʭ ʚʦʜʘʭ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʩʠʤʝʪʨʘ Oxi 3205 ʬʠʨʤʳ WTW (ɻʝʨʤʘʥʠʷ) ɺʝʣʠʯʠʥʘ ʨʅ 

ʠʟʤʝʨʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʦʣʝʚʦʛʦ ʧʨʠʙʦʨʘ ʨʅ-200 ʬʠʨʤʳ HM Digital (ʉʐɸ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʉʆ2 ʚ ʚʦʜʝ ʧʨʦʚʦʜʠʣʦʩʴ ʪʠʪʨʦʚʘʥʠʝʤ ʧʨʦʙ ʨʘʩʪʚʦʨʦʤ NaOH ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʝʛʥʝʪʦʚʦʡ ʩʦʣʠ ʠ ʠʥʜʠʢʘʪʦʨʘ ʬʝʥʦʣʬʪʘʣʝʠʥ. ʍʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʙʦʣʦʪʥʳʭ ʚʦʜ ʚʳʧʦʣʥʷʣʩʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʤ ʃʘʙʦʨʘʪʦʨʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʉʠʙʅʀʀʉʍʠʊ-ʬʠʣʠʘʣʘ ʉʌʅʎɸ ʈɸʅ (ʈʆʉʉ 

RU.0001.10ʇʌ01). 

ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʧʨʦʚʝʨʢʫ ʨʷʜʦʚ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʢʨʠʪʝʨʠʷʤ 

ʂʦʣʤʘʛʦʨʦʚʘ-ʉʤʠʨʥʦʚʘ, ʃʠʣʠʝʬʦʨʩʘ, ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʘʩʠʤʤʝʪʨʠʠ ʠ ʵʢʩʮʝʩʩʘ, ʥʘ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦ ʢʨʠʪʝʨʠʷʤ ʉʪʴʶʜʝʥʪʘ, ʌʠʰʝʨʘ, 

ʄʘʥʥʘ-ʋʠʪʥʠ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʦʣʦʪʥʳʭ ʚʦʜ ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʩʠʤʤʝʪʨʠʠ ʠ ʵʢʩʮʝʩʩʘ ʩ ʠʭ ʢʨʠʪʠʯʝʩʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʬʦʨʤʫʣʘʤ ʩʦʛʣʘʩʥʦ [1] 
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ʛʜʝ n ï ʯʠʩʣʦ ʥʘʙʣʶʜʝʥʠʡ ʚ ʚʳʙʦʨʢʝ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʦʣʦʪʥʳʭ ʚʦʜ ʚʝʨʭʦʚʦʛʦ ʙʦʣʦʪʘ 

ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ (PCA). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʜʳ ʚʝʨʭʦʚʦʛʦ ʙʦʣʦʪʘ ʢʠʩʣʳʝ ʠ 

ʩʣʘʙʦʢʠʩʣʳʝ, ʤʘʣʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ, ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʞʝʣʝʟʘ ʠ ʠʦʥʦʚ ʘʤʤʦʥʠʷ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʚʦʜ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ɸʣʸʢʠʥʘ ʆ.ɸ. 

ʧʨʝʩʥʳʝ, ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦʛʦ, ʭʣʦʨʠʜʥʦʛʦ, ʩʫʣʴʬʘʪʥʦʛʦ ʢʣʘʩʩʘ ʢʘʣʴʮʠʝʚʦʡ, 

ʤʘʛʥʠʝʚʦʡ ʛʨʫʧʧʳ ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ʪʠʧʘ (ʉʘ

IIIʉ , Mgʉʘ

IVCl , , Mgʉʘ

IVS , , Mg

IVCl , 

Mg

IVS ). ʇʨʦʚʝʨʢʘ ʨʷʜʦʚ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʙʦʣʦʪʥʳʭ ʚʦʜ ʥʘ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʉʪʴʶʜʝʥʪʘ ʠ 

ʌʠʰʝʨʘ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʢʨʠʪʝʨʠʷ ʄʘʥʥʘ-ʋʠʪʥʠ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʨʷʜʳ ʚ 

ʮʝʣʦʤ ʦʜʥʦʨʦʜʥʳ. ʆʜʥʘʢʦ ʛʠʧʦʪʝʟʘ ʦ ʥʦʨʤʘʣʴʥʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʝʣʠʯʠʥ ʟʘʯʘʩʪʫʶ ʦʪʚʝʨʛʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

11 ʜʦ 117 %, ʥʘʠʙʦʣʴʰʘʷ ʚʘʨʠʘʮʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʤʝʯʘʝʪʩʷ 

ʜʣʷ ʞʝʣʝʟʘ, ʩʫʣʴʬʘʪ-ʠʦʥʦʚ ʠ  ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ-ʠʦʥʦʚ (ʪʘʙʣʠʮʘ). 

ʆʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʛʨʘʝʪ ʚʦʜʥʦʩʪʴ ʛʦʜʘ ʠ ʩʪʝʧʝʥʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʚ ʧʨʝʜʧʘʚʦʜʦʯʥʳʡ ʧʝʨʠʦʜ ʧʨʠ ʧʨʦʤʝʨʟʘʥʠʠ 

ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʚʳʩʦʪʳ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. ɺ 

ʤʥʦʛʦʚʦʜʥʳʝ ʧʝʨʠʦʜʳ ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʙʘʚʣʝʥʠʝ ʙʦʣʦʪʥʳʭ ʚʦʜ 

ʪʘʣʳʤʠ ʩʥʝʛʦʚʳʤʠ ʚʦʜʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʦʣʦʪʥʳʭ ʚʦʜʘʭ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʠʧʦʪʝʟʘ ʦ ʥʦʨʤʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʣʠʯʠʥ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʦʣʦʪʥʳʭ ʚʦʜ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʥʠʤʘʝʪʩʷ 

ʥʘ ʫʯʘʩʪʢʘʭ ʩʦʩʥʦʚʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʩʬʘʛʥʦʚʦʛʦ (ʪʦʯʢʘ 2) ʠ ʦʩʦʢʦʚʦ-

ʩʬʘʛʥʦʚʦʛʦ (ʪʦʯʢʘ 3) ʤʠʢʨʦʣʘʥʜʰʘʬʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʘ ʤʝʥʴʰʘʷ 

ʚʘʨʠʘʮʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʙʦʣʦʪʥʳʭ ʚʦʜʘʭ. 

ʊʘʙʣʠʮʘ ï ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʚʝʨʭʦʚʦʛʦ 

ʙʦʣʦʪʘ ʟʘ ʧʝʨʠʦʜ 2006-2012 ʛʛ. 
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ʂʦʤʧʦʥʝʥ

ʪ 

ʪʦʯʢʘ 1 ʪʦʯʢʘ 2 ʪʦʯʢʘ 3 ʪʦʯʢʘ 4 

X Cv S E X Cv S E X Cv S E X Cv S E 

ʨʅ 4,47 11 1,31 0,59 3,87 12 3,02 4,91 4,05 12 2,31 3,49 4,13 12 0,84 1,28 

ʂ+, ʤʛ/ʣ 0,63 54 0,50 -0,20 0,68 56 0,66 0,03 0,97 83 2,55 3,59 0,73 79 1,73 1,61 

Na+, ʤʛ/ʣ 1,54 85 1,67 1,45 1,00 72 0,70 0,02 1,27 76 1,15 0,54 1,10 100 3,01 4,45 

ʉa
2+

, ʤʛ/ʣ 9,51 57 2,96 4,74 5,05 40 -0,01 -0,31 4,78 43 0,26 0,01 5,96 42 0,43 0,08 

Mg
2+
, ʤʛ/ʣ 4,55 59 1,02 0,49 2,25 66 1,58 1,13 2,58 62 1,39 0,86 3,53 56 0,64 -0,1 

NH4
+
, ʤʛ/ʣ 7,11 45 0,91 0,22 6,05 39 1,48 1,18 3,79 48 1,05 0,60 4,73 33 0,19 -0,13 

Feʦʙ,ɦ ʤʛ/ʣ 3,24 117 4,40 7,36 1,71 38 0,59 0,30 1,24 38 1,16 0,80 2,11 67 3,61 6,28 

CL
-
, ʤʛ/ʣ 4,47 44 0,92 -0,03 3,51 49 1,29 0,40 2,87 56 1,17 0,47 3,22 51 1,19 0,53 

SO4
2-
, ʤʛ/ʣ 4,08 99 3,77 6,49 3,92 63 0,80 0,08 3,63 55 0,44 0,15 4,39 95 2,14 1,56 

NO3
-
, ʤʛ/ʣ 1,74 40 -0,37 0,25 1,43 35 -0,76 0,26 0,88 37 -0,38 0,23 1,35 53 2,23 3,81 

HCO3
-
, 

ʤʛ/ʣ 
23,3 25 3,88 6,81 14,9 85 0,55 0,22 16,2 80 0,64 0,01 20,1 72 0,57 0,03 

ʍʇʂ, 

ʤʛʆ/ʣ 
193 34 0,62 0,26 153 42 0,44 -0,05 126 38 0,11 0,08 153 43 1,40 1,22 

ɻʂ, ʤʛ/ʣ 11,7 53 1,01 0,62 9,36 45 -0,07 -0,30 7,01 56 0,77 0,10 8,39 59 0,43 -0,02 

ʌʂ, ʤʛ/ʣ 100 36 0,02 -0,19 79,4 34 -0,16 0,07 63,2 40 0,90 0,67 74,5 39 0,19 -0,11 

ʉʆ2, ʤʛ/ʣ 52,5 46 0,93 0,50 51,4 41 0,65 0,10 34,6 47 1,91 2,11 40,1 39 0,55 -0,11 

ʉʦʨʛ, ʤʛ/ʣ 76,2 32 0,60 0,09 60,0 28 1,43 0,98 49,4 36 0,88 0,40 58,5 40 1,65 1,42 

ʄʠʥʝʨʘʣʠ

ʟʘʮʠʷ, 

ʤʛ/ʣ 

21,9 45 0,60 -0,12 21,4 85 2,13 2,11 15,8 56 2,06 2,11 21,2 54 1,47 0,76 

ʏʠʩʣʦ 

ʧʨʦʙ 
45 46 45 46 

ʇʨʠʤʝʯʘʥʠʝ: ʍ ï ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʘ, ʤʛ/ʣ, ʉv 

-ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, %; S=Csi/Csʢʨ, ɽ=ɽi/ɽʢʨ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʦʪʤʝʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʚʦʜ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʚʝʨʭʦʚʦʛʦ ʙʦʣʦʪʘ. ɺ ʮʝʣʦʤ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʚʢʣʶʯʘʝʪ ʚʝʩʴʤʘ 

ʢʦʥʪʨʘʩʪʥʳʝ ʧʦ ʩʪʝʧʝʥʠ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʠ ʪʝʧʣʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʛʦʜʘ. ʊʘʢ 

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʧʦ ʤʝʪʝʦʩʪʘʥʮʠʠ ʫ ʩ. ɹʘʢʯʘʨ ʚʳʜʝʣʷʶʪʩʷ ʚʣʘʞʥʳʝ 2001, 

2002, 2004, 2009 ʠ 2011 ʛʛ. (ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʟʘ ʛʦʜ ʩʦʩʪʘʚʠʣʘ 501 - 626 ʤʤ), 

ʫʤʝʨʝʥʥʦ-ʚʣʘʞʥʳʝ 2000, 2007, 2008 ʠ 2010 ʛʦʜʘ ʠ ʩʫʭʠʝ - 2003, 2005, 2006, 

2012 ʛʦʜʘ (ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣʘ 304 - 428 ʤʤ). ɸʥʘʣʠʟ 

ʜʠʥʘʤʠʢʠ ʩʦʜʝʨʞʘʥʠʷ ʚʝʱʝʩʪʚ ʚ ʙʦʣʦʪʥʳʭ ʚʦʜʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʨʦʩʪʝ 

ʩʫʤʤʳ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ ʚʦʟʜʫʭʘ ʚʳʰʝ 10 Üʉ ʚ ʚʦʜʘʭ ʚʝʨʭʦʚʦʛʦ 

ʙʦʣʦʪʘ ʨʘʩʪʝʪ ʩʦʜʝʨʞʘʥʠʝ ʉʆ2, ʠʦʥʦʚ ʘʤʤʦʥʠʷ, ʠʦʥʦʚ ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ, 

ʩʫʣʴʬʘʪ-ʠʦʥʦʚ, ʞʝʣʝʟʘ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʛʫʤʠʥʦʚʳʭ ʠ ʬʫʣʴʚʦʢʠʩʣʦʪ, 

ʉʦʨʛ) (ʨʠʩʫʥʦʢ 1-3).  

ʉʫʱʝʩʪʚʝʥʥʘ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʦʣʦʪʥʳʭ ʚʦʜ 

ʦʪʤʝʪʢʘ ʫʨʦʚʥʷ ʙʦʣʦʪʥʳʭ ʚʦʜ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʚʰʠʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ (ʨʠʩʫʥʦʢ 4). ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 



˥͙͎͙͒ͪͦͦ͡;͔͙͔ͫ͟Σ ͎͙͒ͪͦͺ͙͙͘;͔͙͔ͫ͟Σ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙ ͙͎͔͋ͦͦͻ͙͙ͣ;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· 
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ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ (ʠʦʥʦʚ ʢʘʣʴʮʠʷ, 

ʤʘʛʥʠʷ, ʛʠʜʨʦʢʘʨʙʦʥʘʪ ʠ ʭʣʦʨʠʜ ʠʦʥʦʚ) ʚ ʙʦʣʦʪʥʳʭ ʚʦʜʘʭ ʦʪʤʝʯʘʝʪʩʷ ʚʦ 

ʚʣʘʞʥʳʡ 2009 ʛʦʜ ʠ ʚ ʫʤʝʨʝʥʥʦ-ʚʣʘʞʥʳʡ 2010 ʛʦʜ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʢʘʣʠʷ, ʥʘʪʨʠʷ, ʩʫʣʴʬʘʪ ʠʦʥʦʚ, ʘ ʪʘʢʞʝ 

ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʘʭ ʚʝʨʭʦʚʦʛʦ ʙʦʣʦʪʘ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʥʘʠʙʦʣʝʝ ʪʝʧʣʦʦʙʝʩʧʝʯʝʥʥʳʝ ʠ ʩʫʭʠʝ 2006 ʠ 2012 ʛʦʜʳ [3].  
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Feʦʙʱ, ʤʛ/ʣ

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, Üʉ

 
ʈʠʩ. 1 ï ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ Feʦʙ ɦʚ ʚʦʜʘʭ ʚʝʨʭʦʚʦʛʦ ʙʦʣʦʪʘ ʠ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʩ 2006 ʧʦ 2012 ʛʦʜ 
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NH4+,ʤʛ/ʣ

ʉʫʤʤʘ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ 10 Üʉ, Üʉ

 

ʈʠʩ. 2 ï ʀʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ NH4
+ 
ʚʦʜ ʚʝʨʭʦʚʦʛʦ ʙʦʣʦʪʘ ʠ ʩʫʤʤʳ 

ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ ʚʦʟʜʫʭʘ ʚʳʰʝ 10 Üʉ ʩ 2006 ʧʦ 2012 ʛʦʜ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʙʦʣʦʪʥʳʭ ʚʦʜ ʚʝʨʭʦʚʦʛʦ ʙʦʣʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ 

(PCA) ʧʦʢʘʟʘʣ, ʯʪʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 3 ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ, ʢʦʪʦʨʳʝ ʥʘ 55 % 

ʦʧʠʩʳʚʘʶʪ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʦʣʦʪʥʳʭ ʚʦʜ (ʨʠʩ. 5).  
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ʠʦʥʘ, ʤʛ/ʣ

ʉʫʤʤʘ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ

10 Üʉ, Üʉ

 
ʈʠʩ. 3 ï ɼʠʥʘʤʠʢʘ ʩʦʜʝʨʞʘʥʠʷ SO4

2- 
ʚʦʜ ʚʝʨʭʦʚʦʛʦ ʙʦʣʦʪʘ ʠ ʩʫʤʤʳ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʠʟʝʤʥʦʛʦ ʩʣʦʷ ʚʦʟʜʫʭʘ ʚʳʰʝ 10 Üʉ ʩ 2006 ʧʦ 2012 ʛʦʜ 

y = -42,597Ln(x) + 165,21

R
2
 = 0,6045
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ʈʠʩ. 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʉʦʨʛ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʚʦʜ ʚʝʨʭʦʚʦʛʦ ʙʦʣʦʪʘ ʚ 2008 ʛ. 

ʇʝʨʚʘʷ ʢʦʤʧʦʥʝʥʪʘ (26 %) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʦʣʦʪʥʳʭ ʚʦʜ ʧʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʦʩʪʘʪʢʦʚ ʠ ʠʭ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʳʩʦʢʠʝ 

ʬʘʢʪʦʨʥʳʝ ʥʘʛʨʫʟʢʠ ʠʤʝʶʪ Feʦʙ,ɦ NO3
-
, NH4

+
, ʉa

2+
, Mg

2+
 ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʚʦʜ. ɺʪʦʨʘʷ ʢʦʤʧʦʥʝʥʪʘ (17 %) ʦʧʠʩʳʚʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ 

ʙʦʣʦʪʥʳʭ ʚʦʜ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʩ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ (Na
+
, HCO3

-
), ʘ ʪʘʢʞʝ ʚ ʧʨʦʮʝʩʩʝ ʜʳʭʘʥʠʷ ʨʘʩʪʝʥʠʡ 

(ʂ
+
, ʨʅ), ʧʨʠ ʵʪʦʤ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ. ʊʨʝʪʴʷ 

ʢʦʤʧʦʥʝʥʪʘ (12 %) ʦʧʨʝʜʝʣʷʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʙʘʣʘʥʩʘ ʩʝʨʳ ʚ ʩʠʩʪʝʤʝ 

ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ-ʪʦʨʬʷʥʘʷ ʟʘʣʝʞʴ-ʙʦʣʦʪʥʳʝ ʚʦʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʦʣʦʪʥʳʭ ʚʦʜ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʝʨʭʦʚʦʛʦ 
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ʙʦʣʦʪʘ ʥʘ ʤʝʞʜʫʨʝʯʴʝ ʨʝʢ ɹʘʢʯʘʨ ʠ ʀʢʩʘ ʦʢʘʟʳʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʠʥʘʤʠʢʦʡ ʫʨʦʚʥʝʡ ʙʦʣʦʪʥʳʭ ʚʦʜ. ɺ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʘʣʘʥʩ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʵʢʦʩʠʩʪʝʤ ʙʦʣʦʪ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʨʦʷʪʥʦ, ʩʧʨʦʚʦʮʠʨʫʝʪ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʙʦʣʦʪʥʳʭ 

ʚʦʜ ʠ ʨʝʢ-ʚʦʜʦʧʨʠʝʤʥʠʢʦʚ. 
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ʈʠʩ. 5 ï ʌʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʦʣʦʪʥʳʭ ʚʦʜ. 

ʇʝʨʝʤʝʥʥʳʝ, ʬʦʨʤʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʊʘ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ,Á ʉ; ʍ ï ʘʪʤʦʩʬʝʨʥʳʝ 

ʦʩʘʜʢʠ (ʤʤ) ʧʦ ʤʝʪʝʦʩʪʘʥʮʠʠ ʫ ʩ. ɹʘʢʯʘʨ, ʄ ï ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜ, ʤʛ/ʣ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ 16-35-00187-ʤʦʣ_ʘ. 
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Abstract. In 1916, the brackish water zone of the Kandalaksha Bay was separated from the White Sea by 

the filter dam. Since then hydrological, hydrochemical and biological changes in the Kanda Bay occurs. Surveys 

were conducted in the 60s - 80s of the XX century and at the present time. For the first time the studies (particular 

attention has been given to microbiological processes) of meromictic reservoirs in winter have been conducted for 

several years.  

Keywords: Kandalaksha Bay, meromictic reservoirs, water exchange, stratification, hydrosulfuric 

contamination. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʦʙʲʝʢʪʠʚʥʳʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʛʠʜʨʦʣʦʛʦ-ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʤʠʢʨʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʮʠʢʣʦʚ ʫʛʣʝʨʦʜʘ ʠ ʩʝʨʳ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʛʫʙʳ ʂʘʥʜʘ. 

ʈʘʥʝʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʛʫʙʝ ʂʘʥʜʘ 

ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. 

ɻʫʙʘ ʂʘʥʜʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʘʥʜʘʣʘʢʰʩʢʦʛʦ ʟʘʣʠʚʘ 

ɹʝʣʦʛʦ ʤʦʨʷ, ʠʤʝʝʪ ʜʣʠʥʥʫʶ, ʠʟʚʠʣʠʩʪʫʶ ʬʦʨʤʫ. ɺ ʛʫʙʫ ʚʧʘʜʘʝʪ ʨʝʢʘ ʂʘʥʜʘ 

ʠ ʤʥʦʞʝʩʪʚʦ ʨʫʯʴʝʚ. ɻʫʙʘ ʂʘʥʜʘ ʦʪʥʦʩʠʪʩʷ ʢ ʚʥʫʪʨʝʥʥʠʤ ʤʦʨʩʢʠʤ ʚʦʜʘʤ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
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ʉ ʥʘʯʘʣʦʤ ʇʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʨʝʟʢʦ ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ 

ʩʦʟʜʘʥʠʶ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʥʘ ʄʫʨʤʘʥ. ɺ ʥʦʷʙʨʝ 1914 ʛ. ʙʳʣʠ ʥʘʯʘʪʳ 

ʠʟʳʩʢʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʚʩʝʡ ʪʨʘʩʩʝ ʙʫʜʫʱʝʡ ʜʦʨʦʛʠ, ʢʦʪʦʨʳʝ 

ʟʘʚʝʨʰʠʣʠʩʴ ʢ ʤʘʨʪʫ 1915 ʛ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʚʝʣʦʩʴ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʪʨʝʭ ʫʯʘʩʪʢʘʭ: ʇʝʪʨʦʟʘʚʦʜʩʢ ï ʉʦʨʦʢʩʢʘʷ ʛʫʙʘ, ʉʦʨʦʢʩʢʘʷ 

ʛʫʙʘ ï ʂʘʥʜʘʣʘʢʰʘ ʠ ʂʘʥʜʘʣʘʢʰʘ ï ʂʦʣʴʩʢʠʡ ʟʘʣʠʚ. ʋʯʘʩʪʦʢ ʦʪ ʉʦʨʦʢʩʢʦʡ 

ʛʫʙʳ (ʥʳʥʝ ʛ. ɹʝʣʦʤʦʨʩʢ, ʨʘʥʝʝ ï ʉʦʨʦʢʘ) ʜʦ ʂʘʥʜʘʣʘʢʰʠ ʩʪʨʦʠʣʩʷ ʩ 

ʩʝʥʪʷʙʨʷ 1915 ʧʦ ʥʦʷʙʨʴ 1916 ʛʛ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʦʯʝʥʴ ʟʘʪʨʫʜʥʷʣʦ ʦʙʠʣʠʝ ʨʝʢ ʠ ʨʫʯʴʝʚ. ʆʩʦʙʘʷ ʧʨʦʙʣʝʤʘ 

ʚʦʟʥʠʢʣʘ ʚ ʨʘʡʦʥʝ ʛʫʙʳ ʂʘʥʜʘ. ɿʜʝʩʴ ʙʳʣʦ ʨʝʰʝʥʦ ʩʪʨʦʠʪʴ ʬʠʣʴʪʨʫʶʱʫʶ 

ʜʘʤʙʫ ʯʝʨʝʟ ʤʦʨʩʢʦʝ ʤʝʣʢʦʚʦʜʴʝ. ʇʦʜʦʙʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʚʦʟʚʦʜʠʣʦʩʴ 

ʚʧʝʨʚʳʝ ʚ ʤʠʨʝ. ʇʨʦʝʢʪ ʨʘʟʨʘʙʦʪʘʣ ɺ.ʇ. ʀʚʘʰʝʚ, ʥʘʯʘʣʴʥʠʢ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʫʯʘʩʪʢʘ ʉʦʨʦʢʩʢʘʷ ʛʫʙʘ ï ʂʘʥʜʘʣʘʢʰʘ. ɺ ʦʩʥʦʚʫ ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʢʨʫʧʥʳʝ 

ʚʘʣʫʥʳ, ʜʘʣʝʝ ʧʦ ʤʝʨʝ ʥʘʨʘʱʠʚʘʥʠʷ ʜʘʤʙʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʩʝ ʙʦʣʝʝ ʤʝʣʢʠʝ 

ʚʘʣʫʥʳ ʠ ʢʘʤʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚʦʜʘ ʚ ʧʨʠʣʠʚʳ ʠ ʦʪʣʠʚʳ ʤʦʛʣʘ ʧʨʦʭʦʜʠʪʴ 

ʩʢʚʦʟʴ ʪʝʣʦ ʜʘʤʙʳ. ɼʘʤʙʘ ʧʨʦʰʣʘ ʯʝʨʝʟ ʦʩʪʨʦʚʘ ʂʨʠʚʦʡ (ʜʨʫʛʦʝ ʥʘʟʚʘʥʠʝ 

ʊʝʤʥʳʡ), ʂʨʝʢʘʣʴʷ ʠ ʜʚʘ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʠʤ. ɼʣʷ ʧʨʦʭʦʜʘ ʤʝʣʢʠʭ ʩʫʜʦʚ ʠ 

ʨʳʙʳ ʙʳʣʘ ʦʩʪʘʚʣʝʥʘ ʧʨʦʪʦʢʘ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʙʳʣ ʧʦʩʪʨʦʝʥ ʦʜʥʦʧʨʦʣʝʪʥʳʡ 

ʤʦʩʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʦʥʮʝ 1916 ʛ. ʙʳʣʘ ʥʘʨʫʰʝʥʘ ʩʚʦʙʦʜʥʘʷ ʩʚʷʟʴ ʛʫʙʳ 

ʂʘʥʜʘ ʩ ɹʝʣʳʤ ʤʦʨʝʤ [7]. 

ʉʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʦʰʣʠ ʚʦ ʚʨʝʤʷ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ï ʚ 

1942 ʛ., ʢʦʛʜʘ ʧʨʦʪʦʢʘ, ʩʦʝʜʠʥʷʶʱʘʷ ʛʫʙʫ ʩ ʤʦʨʝʤ, ʙʳʣʘ ʟʘʩʳʧʘʥʘ. ʉʚʷʟʘʥʦ 

ʵʪʦ ʙʳʣʦ ʩ ʪʝʤ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʚʦʡʥʳ, ʧʳʪʘʷʩʴ ʥʘʨʫʰʠʪʴ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʝ 

ʩʦʦʙʱʝʥʠʝ, ʥʝʤʝʮʢʘʷ ʘʚʠʘʮʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʞʝʩʪʦʯʝʥʥʦ ʙʦʤʙʠʣʘ 

ʤʦʩʪʳ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʦʩʪʦ ʟʘʩʳʧʘʪʴ ʧʨʦʪʦʢʫ, 

ʯʪʦʙʳ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʚʨʝʞʜʝʥʥʳʡ ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʤʦʩʪ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠʥʞʝʥʝʨʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʩʚʷʟʴ ʚʦʜʥʳʭ ʤʘʩʩ ʛʫʙʳ ʂʘʥʜʘ ʩ 

ʤʦʨʝʤ ʩʪʘʣʘ ʦʯʝʥʴ ʩʣʘʙʦʡ, ʪʦʣʴʢʦ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʪʝʣʦ ʧʣʦʪʠʥʳ. ʊʘʢʘʷ 

ʠʟʦʣʷʮʠʷ ʧʨʠʚʝʣʘ ʢ ʠʟʤʝʥʝʥʠʶ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ 
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ʨʝʞʠʤʦʚ ʛʫʙʳ, ʨʘʥʝʝ ʩʭʦʜʥʳʭ ʩ ʫʩʣʦʚʠʷʤʠ ʧʨʠʣʝʛʘʶʱʝʡ ʯʘʩʪʠ 

ʂʘʥʜʘʣʘʢʰʩʢʦʛʦ ʟʘʣʠʚʘ, ʘ ʟʘʪʝʤ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ɺ 1959 ʛ. ʜʘʤʙʘ ʙʳʣʘ ʨʘʩʰʠʨʝʥʘ ʠ ʧʦʩʪʨʦʝʥ ʚʪʦʨʦʡ ʧʫʪʴ ʞʝʣʝʟʥʦʡ 

ʜʦʨʦʛʠ. ɻʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʠ ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ ʧʨʠʦʙʨʝʣʠ ʩʚʦʠ 

ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ï ʦʙʱʘʷ ʜʣʠʥʘ ʜʘʤʙʳ 2,1 ʢʤ, ʰʠʨʠʥʘ 12 ʤ, ʚʳʩʦʪʘ 

ʥʘʩʳʧʠ ʦʪ 3 ʜʦ 8 ʤ [7]. 

ɺ 1972 ʛ. ʧʦʜ ʜʘʚʣʝʥʠʝʤ çʄʫʨʤʘʥʨʳʙʚʦʜʘè ʚ ʪʝʣʝ ʜʘʤʙʳ ʙʳʣ ʧʦʩʪʨʦʝʥ 

ʨʳʙʦʭʦʜ ï ʚʦʜʦʧʨʦʧʫʩʢʥʦʝ ʩʦʦʨʫʞʝʥʠʝ. ʇʨʦʭʦʜ ʩʚʝʨʭʫ ʙʳʣ ʧʦʢʨʳʪ ʜʚʫʤʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʦʩʪʦʚʳʤʠ ʧʨʦʣʝʪʘʤʠ, ʙʦʢʦʚʳʝ ʩʪʝʥʢʠ ʠ ʜʥʦ ʚʳʧʦʣʥʝʥʳ ʠʟ 

ʩʢʘʣʴʥʦʡ ʧʦʨʦʜʳ. ʆʙʱʘʷ ʜʣʠʥʘ ʩʦʦʨʫʞʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 20 ʤ, ʰʠʨʠʥʘ 12 ʤ, 

ʚʳʩʦʪʘ 4 ʤ (ʥʘ 2 ʤ ʚʳʰʝ ʫʨʦʚʥʷ ʜʥʘ ʧʨʠʣʝʛʘʶʱʝʡ ʤʦʨʩʢʦʡ ʘʢʚʘʪʦʨʠʠ). 

ɺʦʜʦʦʙʤʝʥ ʂʘʥʜʘ-ʛʫʙʳ ʩ ʤʦʨʝʤ ʥʝʤʥʦʛʦ ʫʚʝʣʠʯʠʣʩʷ, ʠ ʚ ʛʫʙʫ ʩʥʦʚʘ ʩʤʦʛʣʠ 

ʟʘʭʦʜʠʪʴ ʤʦʨʩʢʠʝ ʠ ʧʨʦʭʦʜʥʳʝ ʨʳʙʳ. 

ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʘʚʪʦʜʦʨʦʛʠ ʄ18 çʂʦʣʘè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ï 

ʄʫʨʤʘʥʩʢ) ʯʝʨʝʟ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʛʫʙʳ ʂʘʥʜʘ (ʰʠʨʠʥʘ ʛʫʙʳ ʚ ʵʪʦʤ ʤʝʩʪʝ 

600 ʤ) ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʝʱʝ ʦʜʥʘ ʬʠʣʴʪʨʫʶʱʘʷ ʜʘʤʙʘ ʠ ʤʦʩʪ (ʧʨʦʣʝʪ 75 ʤ). 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʙʳʣʦ ʟʘʢʦʥʯʝʥʦ ʚ 1968 ʛ. ɺʦʜʦʦʙʤʝʥ ʤʝʞʜʫ ʢʫʪʦʚʦʡ ʯʘʩʪʴʶ ʠ 

ʦʩʪʘʣʴʥʦʡ ʛʫʙʦʡ ʙʳʣ ʨʝʟʢʦ ʦʛʨʘʥʠʯʝʥ [7]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʪʚʝʨʞʜʝʥ 

ʧʨʦʝʢʪ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ, ʬʘʢʪʠʯʝʩʢʠ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʨʷʜʦʤ ʝʱʝ ʦʜʥʦʡ ʜʘʤʙʳ ʠ ʤʦʩʪʘ ʩ 

ʧʨʦʣʝʪʦʤ 97 ʤ (ʨʠʩ. 1). 

ʇʦʩʣʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʪʦʨʦʡ ʜʘʤʙʳ ʚʦʜʦʝʤʳ ʛʫʙʳ ʂʘʥʜʘ ʧʦ ʩʫʱʝʩʪʚʫ 

ʧʨʝʚʨʘʪʠʣʠʩʴ ʚ ʢʘʩʢʘʜ ʠʟ ʜʚʫʭ ʥʠʟʢʦʥʘʧʦʨʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ: ʚʝʨʭʥʝʛʦ, 

ʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʨ. ʂʘʥʜʳ ʧʨʝʩʥʳʝ ʚʦʜʳ, ʠ ʥʠʞʥʝʛʦ, ʠʟ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʙʨʦʩ ʚʦʜ ʚ ʤʦʨʝ. ʊʘʢʠʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʛʫʙʳ, ʝʩʪʝʩʪʚʝʥʥʦ, ʦʪʨʘʟʠʣʠʩʴ ʥʘ ʠʟʤʝʥʝʥʠʠ ʝʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ. ʇʦ ʜʘʥʥʳʤ ʠʥʩʪʠʪʫʪʘ ʉʝʚʨʳʙʅʀʀʧʨʦʝʢʪ 

(ʛ.ʇʝʪʨʦʟʘʚʦʜʩʢ) [3], ʚ 1981ï1982 ʛʛ. ʚ ʛʫʙʝ ʂʘʥʜʘ ʫʞʝ ʩʫʱʝʩʪʚʦʚʘʣʘ ʨʝʟʢʦ 

ʚʳʨʘʞʝʥʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʚʦʜ ʩ ʧʨʝʩʥʦʚʦʜʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ ʠ 

ʟʘʧʦʣʥʝʥʥʳʤʠ ʩʦʣʦʥʦʚʘʪʦʡ ʚʦʜʦʡ ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ ʟʘʩʪʦʡʥʳʤʠ ʟʦʥʘʤʠ ʩʦ 
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ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʩʝʨʦʚʦʜʦʨʦʜʘ. ʅʘʠʙʦʣʴʰʠʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʦʰʣʠ ʚ ʪʦʡ ʯʘʩʪʠ ʛʫʙʳ, ʢʦʪʦʨʘʷ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʚʝʨʭʥʝʝ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ. 

 
ʈʠʩ. 1 ï ʂʘʨʪʘ-ʩʭʝʤʘ ʚʦʜʦʝʤʦʚ ʛʫʙʳ ʂʘʥʜʘ, ʜʝʣʴʪʳ ʨ.ʂʘʥʜʘ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʘʢʚʘʪʦʨʠʠ 

ʂʘʥʜʘʣʘʢʰʩʢʦʛʦ ʟʘʣʠʚʘ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ 

ʨʝʞʠʤ ʛʫʙʳ ʂʘʥʜʘ ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʟʤʝʥʷʣʠ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʜʘʤʙ ʤʥʦʛʦʢʨʘʪʥʦ 

ʩʥʠʟʠʣʦ ʚʦʜʦʦʙʤʝʥ ʚʥʫʪʨʠ ʛʫʙʳ, ʤʝʞʜʫ ʛʫʙʦʡ ʠ ʤʦʨʝʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʤʦʨʩʢʦʡ ʯʘʩʪʠ ʛʫʙʳ ʥʝ ʧʨʝʚʳʰʘʶʪ 0,5 ʤ, ʭʦʪʷ ʜʦ 

ʟʘʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʜʝʩʴ ʙʳʣ ʚʳʨʘʞʝʥ ʧʨʠʣʠʚʥʳʡ ʮʠʢʣ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ 

ʂʘʥʜʘʣʘʢʰʩʢʦʛʦ ʟʘʣʠʚʘ ʚ ʮʝʣʦʤ (ʚʝʣʠʯʠʥʘ ʩʠʟʠʛʠʡʥʦʛʦ ʧʨʠʣʠʚʘ ʚ ʵʪʦʡ ʯʘʩʪʠ 

ʟʘʣʠʚʘ ʩʦʩʪʘʚʣʷʝʪ 2,8 ʤ). ɺ ʢʫʪʦʚʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ ʛʫʙʳ ʧʨʠʣʠʚʥʳʡ 

ʮʠʢʣ ʧʦʯʪʠ ʥʝ ʚʳʨʘʞʝʥ. ʅʘʨʫʰʝʥʠʝ ʚʦʜʦʦʙʤʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʟʘʩʪʦʡʥʳʤ 

ʷʚʣʝʥʠʷʤ, ʢʦʪʦʨʳʝ, ʚʠʜʠʤʦ, ʥʘʨʘʩʪʘʶʪ. ʊʘʢ, ʧʨʠ ʧʝʨʚʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʛʫʙʳ ʚ 

1959 ʛ. ʥʘ ʨʷʜʝ ʩʪʘʥʮʠʡ ʟʘʬʠʢʩʠʨʦʚʘʥ ʩʠʣʴʥʳʡ ʜʝʬʠʮʠʪ ʢʠʩʣʦʨʦʜʘ ʚ 

ʧʨʠʜʦʥʥʳʭ ʩʣʦʷʭ, ʦʪʤʝʯʘʣʠʩʴ ʟʘʩʪʦʡʥʳʝ ʷʚʣʝʥʠʷ, ʥʦ ʩʝʨʦʚʦʜʦʨʦʜʥʦʝ 

ʟʘʨʘʞʝʥʠʝ ʚ ʪʝʢʩʪʝ ʧʨʷʤʦ ʥʝ ʫʧʦʤʠʥʘʣʦʩʴ [1]. ʇʨʠ ʧʦʚʪʦʨʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ 

ʚ 1962ï1963 ʛʛ. ʚ ʢʫʪʦʚʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ ʩʝʨʦʚʦʜʦʨʦʜ ʧʦʷʚʠʣʩʷ ʚ 

ʥʘʠʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʤʝʩʪʘʭ [6]. ʇʦ ʜʘʥʥʳʤ 1978ï79 ʛʛ., ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ 



 
ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

44 

ʢʫʪʦʚʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ ʩʦʣʝʥʳʝ ʚʦʜʳ ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 8ï10 ʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʰʝʥʳ ʢʠʩʣʦʨʦʜʘ, ʘ ʧʨʠʜʦʥʥʳʝ ʩʣʦʠ ʥʘʩʳʱʝʥʳ 

ʩʝʨʦʚʦʜʦʨʦʜʦʤ [3]. 

ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ, ʘ ʪʘʢʞʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʦʨʩʢʦʛʦ 

ʟʘʣʠʚʘ, ʠʤʝʶʱʝʛʦ ʩʣʦʞʥʳʡ ʨʝʣʴʝʬ ʜʥʘ, ʧʨʠ ʝʛʦ ʯʘʩʪʠʯʥʦʡ ʠʣʠ ʧʦʣʥʦʡ 

ʠʟʦʣʷʮʠʠ ʦʪ ʤʦʨʷ, ʚ ʠʶʣʝïʘʚʛʫʩʪʝ 1984 ʛ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ (ɻʆʀʅʦʤ) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʵʢʩʧʝʜʠʮʠʦʥʥʦʝ 

ʦʙʩʣʝʜʦʚʘʥʠʝ ʛʫʙʳ ʂʘʥʜʘ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʥʘ ʚʳʷʚʣʝʥʠʝ 

ʫʩʣʦʚʠʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦʜ, ʘ ʪʘʢʞʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʟʘʩʪʦʡʥʳʭ ʟʦʥ ʚ ʵʪʦʤ ʚʦʜʦʝʤʝ. 

ɻʫʙʘ ʂʘʥʜʘ ï ʜʦʚʦʣʴʥʦ ʛʣʫʙʦʢʦ ʚʜʘʶʱʠʡʩʷ ʚ ʤʘʪʝʨʠʢ ʥʝʙʦʣʴʰʦʡ 

ʬʠʦʨʜ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʚʝʨʰʠʥʝ ʂʘʥʜʘʣʘʢʰʩʢʦʛʦ ʟʘʣʠʚʘ ɹʝʣʦʛʦ ʤʦʨʷ. ɻʫʙʘ 

ʚʳʪʷʥʫʪʘ ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʘʠʙʦʣʴʰʘʷ ʜʣʠʥʘ ï 22,5 ʢʤ, ʰʠʨʠʥʘ ï 3 

ʢʤ, ʧʣʦʱʘʜʴ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ï 26,0 ʢʤ
2
. ʊʦʧʦʛʨʘʬʠʷ ʛʫʙʳ ʠ ʨʝʣʴʝʬ ʜʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʦʡ ʩʣʦʞʥʦʩʪʴʶ. ɸʢʚʘʪʦʨʠʷ ʠʟʦʙʠʣʫʝʪ ʦʩʪʨʦʚʘʤʠ, 

ʫʟʢʠʝ ʤʝʣʢʦʚʦʜʥʳʝ ʧʨʦʣʠʚʳ ʩʤʝʥʷʶʪʩʷ ʰʠʨʦʢʠʤʠ ʠ ʛʣʫʙʦʢʠʤʠ ʧʣʝʩʘʤʠ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʛʫʙʳ ʩʦʩʪʘʚʣʷʝʪ 22 ʤ [3], ʩʨʝʜʥʷʷ ï ʦʢʦʣʦ 6 ʤ. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʨʝʩʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʨ. ʂʘʥʜʘ, ʜʘʶʱʘʷ ʜʦ 90% ʚʩʝʛʦ 

ʛʦʜʦʚʦʛʦ ʩʪʦʢʘ ʩ ʚʦʜʦʩʙʦʨʘ. ʉʦʣʝʥʳʝ ʚʦʜʳ ʧʦʩʪʫʧʘʶʪ ʠʟ ʤʦʨʷ ʚʦ ʚʨʝʤʷ 

ʧʨʠʣʠʚʦʚ, ʧʨʦʩʘʯʠʚʘʷʩʴ ʯʝʨʝʟ ʬʠʣʴʪʨʫʶʱʫʶ ʜʘʤʙʫ ʠ ʧʝʨʝʪʝʢʘʷ ʚ ʛʫʙʫ ʯʝʨʝʟ 

ʧʨʦʭʦʜ ʜʣʷ ʣʦʜʦʢ ʠ ʨʳʙʳ ʧʦʜ ʥʘʩʳʧʴʶ. ʇʨʦʥʠʢʥʦʚʝʥʠʝ ʩʦʣʝʥʳʭ ʚʦʜ ʚʛʣʫʙʴ 

ʛʫʙʳ ʦʛʨʘʥʠʯʝʥʦ ʦʙʠʣʠʝʤ ʤʝʣʢʦʚʦʜʥʳʭ ʧʨʦʣʠʚʦʚ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʘʤʙʦʡ. 

ʀʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʙʝʨʝʛʦʚ, ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʛʠʜʨʦʣʦʛʦ-ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, 

ʘʢʚʘʪʦʨʠʷ ʛʫʙʳ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʯʘʩʪʠ: ʤʦʨʩʢʫʶ, ʮʝʥʪʨʘʣʴʥʫʶ ʠ 

ʢʫʪʦʚʫʶ. 

ʄʦʨʩʢʘʷ ʯʘʩʪʴ ʛʫʙʳ ʂʘʥʜʘ ʧʨʦʩʪʠʨʘʝʪʩʷ ʥʘ ʟʘʧʘʜ ʦʪ ʬʠʣʴʪʨʫʶʱʝʡ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʜʘʤʙʳ ʜʦ ʦ. ʂʫʢʘʥʠʡ. ɿʜʝʩʴ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʧʦʩʪʫʧʣʝʥʠʝ ʤʦʨʩʢʠʭ ʚʦʜ ʯʝʨʝʟ ʪʝʣʦ ʜʘʤʙʳ ʠ ʧʨʦʭʦʜ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
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ʢʦʣʝʙʘʥʠʶ ʫʨʦʚʥʷ ʚʦʜʳ ʥʘ ʜʝʩʷʪʢʠ ʩʘʥʪʠʤʝʪʨʦʚ ʚʦ ʚʨʝʤʷ ʧʨʠʣʠʚʦʚ ʠ 

ʦʪʣʠʚʦʚ. ʇʣʦʱʘʜʴ ʘʢʚʘʪʦʨʠʠ ʵʪʦʡ ʯʘʩʪʠ ʛʫʙʳ ï 9 ʢʤ
2
, ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ 

ï 22 ʤ, ʩʨʝʜʥʷʷ ï 8,6 ʤ. 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʛʫʙʳ ʧʦ ʧʣʦʱʘʜʠ ʩʘʤʘʷ ʤʘʣʝʥʴʢʘʷ (4 ʢʤ
2
) ʥʘʭʦʜʠʪʩʷ 

ʤʝʞʜʫ ʦ. ʂʫʢʘʥʠʡ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʘʤʙʦʡ. ʆʥʘ ʦʙʨʘʟʦʚʘʥʘ ʜʚʫʤʷ 

ʛʣʫʙʦʢʠʤʠ ʧʣʝʩʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʳ ʩ ʤʦʨʩʢʦʡ ʯʘʩʪʴʶ ʫʟʢʠʤ ʠ ʤʝʣʢʠʤ 

ʧʨʦʣʠʚʦʤ ʰʠʨʠʥʦʡ 100ï150 ʤ. ɺ ʮʝʥʪʨʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʚʣʠʷʥʠʝ ʧʨʠʣʠʚʦʚ 

ʝʜʚʘ ʩʢʘʟʳʚʘʝʪʩʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʧʣʝʩʦʚ ï 17 ʠ 21 ʤ (ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ 

ï 4,3 ʤ). 

ʂʫʪʦʚʘʷ ʯʘʩʪʴ ʛʫʙʳ ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ ʫʩʪʴʷ ʨ. ʂʘʥʜʳ ʜʦ ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʜʘʤʙʳ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʦʧʨʝʩʥʝʥʥʳʡ ʨʘʡʦʥ ʛʫʙʳ. ʇʣʦʱʘʜʴ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ ï 

14 ʢʤ
2
, ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ï 22 ʤ, ʩʨʝʜʥʷʷ ï ʦʢʦʣʦ 5 ʤ. 

ʕʢʩʧʝʜʠʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʦʚ ʛʫʙʳ ʂʘʥʜʘ, ʚʳʧʦʣʥʝʥʥʳʝ ɻʆʀʅʦʤ ʚ ʠʶʣʝ ï 

ʘʚʛʫʩʪʝ 1984 ʛ., ʦʭʚʘʪʠʣʠ ʤʝʞʝʥʥʳʡ ʧʝʨʠʦʜ ʠ ʧʝʨʠʦʜ ʩ ʦʯʝʥʴ ʤʦʱʥʳʤ 

ʜʦʞʜʝʚʳʤ ʧʘʚʦʜʢʦʤ ʥʘ ʨ. ʂʘʥʜʝ, ʧʨʦʰʝʜʰʠʤ ʚ ʪʨʝʪʴʝʡ ʜʝʢʘʜʝ ʠʶʣʷ. ɹʳʣʠ 

ʦʙʩʣʝʜʦʚʘʥʳ ʚʝʨʭʥʝʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 14 ʢʤ
2
 ʠ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʛʣʫʙʠʥʘʤʠ ʜʦ 22 ʤ, ʌʝʜʦʩʝʝʚʩʢʠʡ ʧʣʝʩ ʥʠʞʥʝʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 4 ʢʤ
2
 ʠ ʚʳʷʚʣʝʥʥʳʤʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʛʣʫʙʠʥʘʤʠ ʜʦ 19 ʤ, ʤʦʨʩʢʦʡ ʧʣʝʩ ʥʠʞʥʝʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩ ʧʣʦʱʘʜʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʦʣʦ 9 ʢʤ
2
 ʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʛʣʫʙʠʥʘʤʠ ʜʦ 21 ʤ [2]. 

ɺ ʤʝʞʝʥʥʳʡ ʧʝʨʠʦʜ (ʧʨʠ ʨʘʩʭʦʜʘʭ ʚʦʜʳ ʚ ʫʩʪʴʝ ʨ.ʂʘʥʜʳ ʦʢʦʣʦ 15 ʤ
3
/ʩ) 

ʩʦʭʨʘʥʷʣʩʷ ʫʩʪʦʡʯʠʚʳʡ ʧʝʨʝʧʘʜ ʫʨʦʚʥʷ ʤʝʞʜʫ ʚʝʨʭʥʠʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝʤ ʠ 

ʌʝʜʦʩʝʝʚʩʢʠʤ ʧʣʝʩʦʤ, ʩʦʩʪʘʚʣʷʶʱʠʡ 0,10ï0,15 ʤ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʣ 

ʧʦʩʪʦʷʥʥʳʡ ʧʝʨʝʣʠʚ ʚʦʜʳ ʯʝʨʝʟ ʚʦʜʦʩʣʠʚ ʨʘʟʜʝʣʷʶʱʝʡ ʜʘʤʙʳ ʩ 

ʟʘʪʦʧʣʝʥʥʳʤ ʛʨʝʙʥʝʤ ʰʠʨʠʥʦʡ 15 ʤ ʠ ʛʣʫʙʠʥʦʡ 0,3ï0,5 ʤ. ʇʦʪʦʢ ʧʨʝʩʥʦʡ 

ʚʦʜʳ, ʦʙʭʦʜʷ ʩ ʩʝʚʝʨʘ ʌʝʜʦʩʝʝʚʩʢʠʡ ʧʣʝʩ, ʫʩʪʨʝʤʣʷʣʩʷ ʯʝʨʝʟ ʤʝʣʢʦʚʦʜʥʳʝ 

ʧʨʦʣʠʚʳ ʫ ʦ.ɹ.ʂʫʢʠʥ ʚ ʤʦʨʩʢʦʡ ʧʣʝʩ ʥʠʞʥʝʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ɻʦʨʠʟʦʥʪ 

ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʥʠʞʥʝʤ ʤʦʨʩʢʦʤ ʧʣʝʩʝ ʙʳʣ ʥʘ 0,5 ʤ ʚʳʰʝ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ 

ʤʦʨʷ. ɺ ʧʝʨʠʦʜ ʧʨʠʣʠʚʘ ʚ ʂʘʥʜʘʣʘʢʰʩʢʦʤ ʟʘʣʠʚʝ ʫʨʦʚʝʥʴ ʤʦʨʷ ʚʦʟʚʳʰʘʣʩʷ 
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ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʩʢʦʛʦ ʧʣʝʩʘ ʛʫʙʳ ʂʘʥʜʘ ʜʦ 0,7ï0,8 ʤ ʠ ʚ ʚʦʜʦʧʨʦʧʫʩʢʥʦʤ 

ʩʦʦʨʫʞʝʥʠʠ ʤʦʨʩʢʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʜʘʤʙʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʦʙʨʘʪʥʳʝ 

ʧʝʨʝʧʘʜʳ ʫʨʦʚʥʷ ʠ ʪʝʯʝʥʠʡ. ʇʦʪʦʢ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʦʨʩʢʦʡ ʚʦʜʳ 

ʫʩʪʨʝʤʣʷʣʩʷ ʚ ʛʫʙʫ ʂʘʥʜʘ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʚ ʬʘʟʫ ʧʨʠʣʠʚʘ ʚ ɹʝʣʦʤ ʤʦʨʝ 

ʜʣʠʣʩʷ ʚ ʩʨʝʜʥʝʤ 3ï4 ʯ. ɺ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʚ ʥʠʞʥʝʤ 

ʤʦʨʩʢʦʤ ʧʣʝʩʝ ʥʘʙʣʶʜʘʣʩʷ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʚʦʜʳ ʥʘ 0,15ï0,20 ʤ, 

ʧʝʨʝʜʘʶʱʠʡʩʷ ʠ ʥʘ ʌʝʜʦʩʝʝʚʩʢʠʡ ʧʣʝʩ ʚ ʚʠʜʝ ʧʨʠʣʠʚʥʳʭ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ 

ʚʝʣʠʯʠʥʦʡ 0,12ï0,16 ʤ. 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʜʦʞʜʝʚʦʛʦ ʧʘʚʦʜʢʘ (ʨʘʩʭʦʜ ʚʦʜʳ ʚ ʫʩʪʴʝ ʨ.ʂʘʥʜʳ 

ʜʦʩʪʠʛʘʣʠ 100 ʤ
3
/ʩ) ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʚ ʢʫʪʦʚʦʡ ʯʘʩʪʠ ʛʫʙʳ ʠ ʥʘ 

ʚʝʨʭʥʝʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʩʦʩʪʘʚʠʣ 1,1 ʤ, ʥʘ ʥʠʞʥʝʤ ʤʦʨʩʢʦʤ ʧʣʝʩʝ ʩʦʩʪʘʚʠʣ 

0,7 ʤ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʫʩʪʘʥʦʚʠʣʩʷ ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʦʙʤʝʥ ʚʦʜʳ ʛʫʙʳ ʂʘʥʜʘ ʩ 

ʤʦʨʝʤ, ʪʘʢ ʢʘʢ ʛʦʨʠʟʦʥʪ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʧʝʨʠʦʜ ʢʚʘʜʨʘʪʫʨʥʳʭ ʧʨʠʣʠʚʦʚ ʚ ʛʫʙʝ 

ʂʘʥʜʘ ʙʳʣ ʙʦʣʴʰʝ ʧʨʠʣʠʚʥʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʂʘʥʜʘʣʘʢʰʩʢʦʤ ʟʘʣʠʚʝ. ʇʦʩʣʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʯʥʦʛʦ ʧʘʚʦʜʢʘ ʠ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʥʠʞʥʝʤ ʤʦʨʩʢʦʤ 

ʧʣʝʩʝ ʜʦ ʠʩʭʦʜʥʳʭ ʤʝʞʝʥʥʳʭ ʦʪʤʝʪʦʢ ʧʨʠʣʠʚʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚ ʛʫʙʝ 

ʂʘʥʜʘ ʚʦʩʩʪʘʥʦʚʠʣʠʩʴ. 

ʆʜʥʘʢʦ ʪʘʢʠʝ ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʠʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʝ 

ʦʢʘʟʘʣʠ ʟʘʤʝʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʦʜʥʳʭ ʤʘʩʩ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ 

ʨʝʞʠʤ ʛʫʙʳ ʂʘʥʜʘ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʣʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʦʣʝʥʦʩʪʴ ʚʦʜʳ ʛʫʙʳ ʂʘʥʜʘ ʠʟʤʝʥʷʣʘʩʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ: ʦʪ 0,2 

ʜʦ 22,2ă. ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʦʧʨʝʩʥʝʥʥʦʤ ʛʦʨʠʟʦʥʪʝ ʩʫʤʤʘ ʠʦʥʦʚ ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʦʪ 0,2ï0,4 ʤʛ/ʣ ʚ ʢʫʪʦʚʦʡ ʯʘʩʪʠ ʛʫʙʳ ʜʦ 3ï6ă ʫ ʤʦʨʩʢʦʛʦ 

ʧʣʝʩʘ. ɺ ʧʨʠʜʦʥʥʦʤ ʛʦʨʠʟʦʥʪʝ ʩʦʣʝʥʦʩʪʴ ʚʦʜ ʥʘʭʦʜʠʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 13,8 

ʜʦ 21,9ă. ɼʣʷ ʚʩʝʡ ʛʫʙʳ ʦʪʤʝʯʘʣʦʩʴ ʩʠʣʴʥʦʝ ʦʧʨʝʩʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ: ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʢʫʪʦʚʦʡ ʯʘʩʪʷʭ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʩʦʣʝʥʦʩʪʴ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʣʘ 1,8ă ʠ ʪʦʣʴʢʦ ʚ ʠʶʣʝ 1962 ʛ., ʧʦʩʣʝ ʦʯʝʥʴ 

ʞʘʨʢʦʛʦ ʠ ʩʫʭʦʛʦ ʧʝʨʠʦʜʘ, ʦʥʘ ʜʦʩʪʠʛʘʣʘ 3,6ă [6]. ɺ ʤʦʨʩʢʦʡ ʯʘʩʪʠ ʛʫʙʳ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʩʦʣʝʥʦʩʪʴ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 2,6ă ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʜʦ 6,5ă ʫ 
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ʬʠʣʴʪʨʫʶʱʝʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʜʘʤʙʳ. ɺ ʧʨʠʜʦʥʥʳʭ ʩʣʦʷʭ ʩʦʣʝʥʦʩʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ, ʜʦʩʪʠʛʘʷ 16,9ă ʚ ʦʪʜʝʣʴʥʳʭ ʛʣʫʙʦʢʠʭ ʫʯʘʩʪʢʘʭ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠ 26,5ă ʚ ʤʦʨʩʢʦʡ ʯʘʩʪʠ. 

ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ 

ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʚʦʜʥʳʭ ʤʘʩʩ: ʧʨʝʩʥʦʚʦʜʥʦ-ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʦʛʦ 

ʤʠʢʩʦʣʠʤʥʠʦʥʘ ʠ ʚʳʩʦʢʦʩʦʣʝʥʦʛʦ ʤʦʥʠʤʦʣʠʤʥʠʦʥʘ, ʨʘʟʜʝʣʝʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʶ ʭʝʤʦʢʣʠʥʦʤ. ʊʦʣʱʠʥʘ ʩʣʦʷ ʦʧʨʝʩʥʝʥʥʳʭ ʚʦʜ ʠʟʤʝʥʷʣʘʩʴ ʚ ʨʘʟʥʳʭ 

ʨʘʡʦʥʘʭ ʛʫʙʳ ʦʪ 1 ʜʦ 10 ʤ. ʕʪʠ ʚʦʜʳ ʦʙʠʣʴʥʦ ʥʘʩʳʱʝʥʳ ʢʠʩʣʦʨʦʜʦʤ (80ï

100%), ʭʦʨʦʰʦ ʧʨʦʛʨʝʚʘʶʪʩʷ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ ʫʛʣʝʢʠʩʣʦʪʳ 

ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʃʝʪʦʤ 1963 ʛ. ʦʧʨʝʩʥʝʥʥʳʡ ʩʣʦʡ ʜʦ 4ï5ă ʚ 

ʤʦʨʩʢʦʡ ʯʘʩʪʠ ʩʦʩʪʘʚʣʷʣ ʥʝ ʙʦʣʝʝ 2 ʤ; ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʧʨʝʩʥʝʥʠʝ ʦʪ 

1,8ă ʜʦ 4ă ʨʘʩʧʨʦʩʪʨʘʥʷʣʦʩʴ ʜʦ ʯʝʪʳʨʝʭʤʝʪʨʦʚʦʡ ʛʣʫʙʠʥʳ. 

ʅʠʞʝ ʨʘʩʧʦʣʦʞʝʥ ʩʣʦʡ ʤʦʱʥʦʩʪʴʶ 2ï4 ʤ ʩ ʨʝʟʢʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʩʦʣʝʥʦʩʪʠ (ʛʘʣʦï ʠʣʠ ʭʝʤʦʢʣʠʥ), ʦʙʳʯʥʦ ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʪʝʨʤʦʢʣʠʥʦʤ. 

ʍʝʤʦʢʣʠʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ (ʠʥʦʛʜʘ ʜʦ 10ă ʥʘ 1 ʤ) ʛʨʘʜʠʝʥʪʦʤ 

ʩʦʣʝʥʦʩʪʠ. 

ɻʣʫʙʞʝ 8ï10 ʤ ʟʘʣʝʛʘʶʪ ʚʳʩʦʢʦʩʦʣʝʥʳʝ ʚʦʜʳ, ʷʚʣʷʶʱʠʝʩʷ ʚ ʢʫʪʦʚʦʡ 

ʯʘʩʪʠ ʠ ʮʝʥʪʨʘʣʴʥʳʭ ʧʣʝʩʘʭ ʧʦʯʪʠ ʟʘʩʪʦʡʥʳʤʠ. ʇʦʩʣʝʜʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʣʠʰʝʥʳ ʢʠʩʣʦʨʦʜʘ (ʚʧʣʦʪʴ ʜʦ ʝʛʦ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ), ʥʘʩʳʱʝʥʳ 

ʫʛʣʝʢʠʩʣʦʪʦʡ (ʦʪ 57 ʜʦ 350 ʤʛ/ʣ) ʠ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ï ʨʘʩʪʚʦʨʝʥʥʳʤ 

ʩʝʨʦʚʦʜʦʨʦʜʦʤ (ʜʦ 7ï8 ʤʛ/ʣ, ʠʥʦʛʜʘ ʜʦ 11,5 ʤʛ/ʣ). ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʠʜʦʥʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʦʩʪʘʚʘʣʘʩʴ ʥʠʟʢʦʡ (3,2ï4,5Áʉ) ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʘ ʚ ʩʘʤʳʭ ʛʣʫʙʦʢʠʭ 

ʫʯʘʩʪʢʘʭ ʦʧʫʩʢʘʣʘʩʴ ʜʦ 2,7Áʉ. ʉʦʣʝʥʦʩʪʴ ʚ ʤʦʨʩʢʦʡ ʯʘʩʪʠ ʛʫʙʳ ʥʘ ʛʣʫʙʠʥʝ 4ï

6 ʤ ʩʦʩʪʘʚʣʷʣʘ 18ă, ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷʩʴ ʢʦ ʜʥʫ ʜʦ 23ă. ɺ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʛʫʙʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʦʪʤʝʯʘʣʦʩʴ ʦʯʝʥʴ ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ 

ʩʦʣʝʥʦʩʪʠ: ʦʪ 3ï4ă ʥʘ ʛʣʫʙʠʥʝ 4 ʤ ʜʦ 15,5ă ʥʘ ʛʣʫʙʠʥʝ 10 ʤ, ʜʦʩʪʠʛʘʷ ʚ 

ʩʘʤʳʭ ʛʣʫʙʦʢʠʭ ʫʯʘʩʪʢʘʭ 19ă [6]. ɺ ʢʫʪʦʚʦʡ ʯʘʩʪʠ ʛʫʙʳ ʚ ʧʨʠʜʦʥʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʦʣʝʥʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ ʚʝʩʥʦʡ (5ă) ʠ ʦʩʝʥʴʶ (9ă) 

[1]. ɽʜʠʥʩʪʚʝʥʥʳʝ ʦʙʠʪʘʪʝʣʠ ʵʪʠʭ ʚʦʜ ï ʘʥʘʵʨʦʙʥʳʝ ʙʘʢʪʝʨʠʠ. ɻʨʘʥʠʮʳ 

ʤʝʞʜʫ ʚʦʜʥʳʤʠ ʤʘʩʩʘʤʠ ʦʩʦʙʝʥʥʦ ʨʝʟʢʦ ʦʙʦʟʥʘʯʝʥʳ ʚ ʧʝʨʠʦʜ ʣʝʪʥʝʡ 
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ʩʪʨʘʪʠʬʠʢʘʮʠʠ. ʆʩʝʥʥʝʝ ʠ ʚʝʩʝʥʥʝʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚʦʜ ʧʨʠʚʦʜʠʪ ʢ 

ʯʘʩʪʠʯʥʦʤʫ ʨʘʟʤʳʚʘʥʠʶ ʛʘʣʦʢʣʠʥʘ ʠ ʦʩʦʣʦʥʝʥʠʶ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʤʠʢʩʦʣʠʤʥʠʦʥʘ. 

ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʛʫʙʳ ʂʘʥʜʘ ʚ ʌʝʜʦʩʝʝʚʩʢʦʤ ʧʣʝʩʝ, ʦʪʜʝʣʝʥʥʦʛʦ ʦʪ 

ʤʦʨʩʢʦʛʦ ʧʣʝʩʘ ʤʝʣʢʦʚʦʜʥʳʤ ʧʦʨʦʛʦʤ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʫʭʩʣʦʡʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʚʦʜʥʦʡ ʤʘʩʩʳ ʩ ʧʠʢʥʦʢʣʠʥʦʤ, ʟʘʣʝʛʘʶʱʝʤ ʥʘ ʛʣʫʙʠʥʝ 7ï8 ʤ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʦʢʦʣʦ 15Áʉ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ï 8ï9 ʤʛ/ʣ. ʇʦʜ ʧʠʢʥʦʢʣʠʥʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ 4Áʉ, ʩʦʣʝʥʦʩʪʴ 

12ï14ă, ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʨʝʟʢʦ ʧʘʜʘʝʪ, ʫ ʜʥʘ ʜʦʩʪʠʛʘʷ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʥʫʣʷ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʝʜʦʩʝʝʚʩʢʦʛʦ ʧʣʝʩʘ 

ʚ ʧʨʠʜʦʥʥʦʤ ʛʦʨʠʟʦʥʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ ʩ ʘʥʘʵʨʦʙʥʳʤʠ ʫʩʣʦʚʠʷʤʠ [2]. 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʘʷ ʩʲʝʤʢʘ, ʧʨʦʚʝʜʝʥʥʘʷ ʚ ʤʦʨʩʢʦʡ ʯʘʩʪʠ ʛʫʙʳ ʂʘʥʜʘ ʚ 

ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚ ʢʦʥʮʝ ʷʥʚʘʨʷ 2015 ʛ., ʬʝʚʨʘʣʝ 2016 ʛ. ʀ ʤʘʨʪʝ 2017 ʛ. 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʪʦʣʱʠʥʘ ʣʴʜʘ ʥʘ ʘʢʚʘʪʦʨʠʠ ʩʦʩʪʘʚʣʷʣʘ ʚ ʩʨʝʜʥʝʤ 42 ʩʤ, ʚʳʩʦʪʘ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʣʴʜʫ ʜʦʩʪʠʛʘʣʘ 15 ʩʤ. ɻʣʫʙʠʥʳ ʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʩʪʘʥʮʠʷʭ ʠʟʤʝʥʷʣʠʩʴ ʦʪ 8 ʤ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʣʝʩʘ ʜʦ 17 ʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʫ ʦ. ʂʨʦʢʘʣʠʡ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʩʢʦʛʦ ʧʣʝʩʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʦʨʠʟʦʥʪʝ, ʛʜʝ ʚʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʩʥʘʷ, ʙʳʣʘ ʨʘʚʥʦʡ 0Áʉ; ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʦʣʝʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʩʦʩʪʘʚʣʷʣʘ 

ï0,2Áʉ [5].  

ʉ ʛʣʫʙʠʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʫʚʝʣʠʯʠʚʘʣʘʩʴ, ʠ ʚ ʧʨʠʜʦʥʥʦʤ ʛʦʨʠʟʦʥʪʝ 

ʜʦʩʪʠʛʘʣʘ 2,8Áʉ ʫ ʟʘʧʘʜʥʦʡ, ʙʦʣʝʝ ʤʝʣʢʦʚʦʜʥʦʡ, ʯʘʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2,3ï

2,5Áʉ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩ ʛʣʫʙʠʥʘʤʠ 13ï17 ʤ. 

ʉʦʣʝʥʦʩʪʴ ʚʦʜʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 0,2ă ʚ 

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʩʢʦʡ ʘʢʚʘʪʦʨʠʠ ʛʫʙʳ ʜʦ 1,6ă ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫ 

ʦ. ʂʨʦʢʘʣʠʡ. ɺʝʨʭʥʠʡ ʩʣʦʡ ʚʦʜʳ ʧʦʜʦ ʣʴʜʦʤ ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʧʨʝʩʥʝʥ ʠ 

ʩʦʩʪʘʚʣʷʣ ʪʦʣʱʠʥʫ 5ï6 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʦʣʝʥʦʩʪʴ ʚ ʵʪʦʤ ʩʣʦʝ ʧʦʩʪʝʧʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩ ʛʣʫʙʠʥʦʡ ʜʦ 5ă. ʅʠʞʝ ʨʘʩʧʦʣʘʛʘʣʩʷ ʩʣʦʡ ʤʦʱʥʦʩʪʴʶ 1ï2 ʤ 

ʩ ʨʝʟʢʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʦʣʝʥʦʩʪʠ (ʛʘʣʦʢʣʠʥ), ʩʦʚʧʘʜʘʶʱʠʡ ʩ ʪʝʨʤʦʢʣʠʥʥʦʤ 

ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʳʩʦʢʠʤ (10ï12ă ʥʘ 1 ʤ) ʛʨʘʜʠʝʥʪʦʤ ʩʦʣʝʥʦʩʪʠ [5]. 
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ʅʠʞʝ ʛʘʣʦʢʣʠʥʘ ʩʦʣʝʥʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʣʘ ʢ ʧʨʠʜʦʥʥʳʤ ʛʦʨʠʟʦʥʪʘʤ ʠ 

ʥʘ ʚʩʝʭ ʩʪʘʥʮʠʷʭ ʥʘ ʛʣʫʙʠʥʝ 10 ʤ ʩʦʩʪʘʚʣʷʣʘ 20ă. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʩʢʦʡ 

ʘʢʚʘʪʦʨʠʠ ʛʣʫʙʠʥʦʡ 8 ʤ ʩʦʣʝʥʦʩʪʴ ʫ ʜʥʘ ʩʦʩʪʘʚʣʷʣʘ 19,2ă. 

ɼʣʷ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠ ʢʫʪʦʚʦʛʦ ʨʘʡʦʥʦʚ ʛʫʙʳ ʭʘʨʘʢʪʝʨʥʘ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʘʷ ʤʝʨʦʤʠʢʩʠʷ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʤʦʨʩʢʦʡ 

ʯʘʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʪʦʢʘ ʤʦʨʩʢʠʭ ʚʦʜ ʠʟ ʂʘʥʜʘʣʘʢʰʩʢʦʛʦ ʟʘʣʠʚʘ ʚ 

ʤʦʨʩʢʦʤ ʧʣʝʩʝ ʟʘʩʪʦʡʥʳʝ ʷʚʣʝʥʠʷ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ ʟʜʝʩʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʨʘʟʚʠʪʳ, ʦʜʥʘʢʦ ʨʘʟʣʠʯʠʷ ʚ ʧʣʦʪʥʦʩʪʷʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʛʣʫʙʠʥʥʳʭ ʚʦʜ 

ʟʘʤʝʜʣʷʶʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚʩʝʡ ʚʦʜʥʦʡ ʤʘʩʩʳ ʠ, ʭʦʪʷ ʩʝʨʦʚʦʜʦʨʦʜʥʘʷ ʟʦʥʘ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʚ ʧʨʠʜʦʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ (ʛʣʫʙʞʝ 8ï10 ʤ) ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʜʝʬʠʮʠʪ ʢʠʩʣʦʨʦʜʘ (ʜʦ 20% ʥʘʩʳʱʝʥʠʷ). ɺ ʤʦʨʩʢʦʡ ʯʘʩʪʠ 

ʛʫʙʳ ʂʘʥʜʘ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ (1ï3 ʤ) ʦʧʨʝʩʥʝʥ ʠ ʛʘʣʦʢʣʠʥ ʨʘʟʤʳʪ. 

ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʚ ʷʥʚʘʨʝ 

2015 ʠ ʬʝʚʨʘʣʝ-ʤʘʨʪʝ 2016 ʛ. ɿʦʥʜʠʨʦʚʘʥʠʝ ʠ ʦʪʙʦʨ ʚʦʜʥʳʭ ʦʙʨʘʟʮʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʩʢʦʡ ʠ ʢʫʪʦʚʦʡ 

ʘʢʚʘʪʦʨʠʡ ʛʫʙʳ ʂʘʥʜʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦʜʥʘʷ ʪʦʣʱʘ ʣʦʢʘʣʴʥʳʭ ʷʤ (ʨʠʩ. 1) 

ʩʦʜʝʨʞʠʪ ʨʘʩʪʚʦʨʝʥʥʳʡ ʢʠʩʣʦʨʦʜ ʚʦ ʚʩʝʤ ʩʣʦʝ ʦʪ ʧʦʜʣʸʜʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʜʦ 

ʜʥʘ, ʧʨʠ ʵʪʦʤ ʧʨʠʟʥʘʢʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 

ʦʩʘʜʢʘ. ʆʜʥʘʢʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʌʝʜʦʩʝʝʚʩʢʦʛʦ ʧʣʸʩʘ (ʶʞʥʘʷ ʯʘʩʪʴ ʛʫʙʳ 

ʂʘʥʜʘ, ʨʠʩ. 1) ʥʘʙʣʶʜʘʣʠʩʴ ʚʩʝ ʧʨʠʟʥʘʢʠ ʤʝʨʦʤʠʢʩʠʠ [4]. 

ʆʧʨʝʩʥʝʥʥʳʡ ʩʣʦʡ ʚʦʜʥʦʡ ʪʦʣʱʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʜʣʸʜʥʦʤʫ ʚʦʜʥʦʤʫ 

ʩʣʦʶ. ɻʘʣʦ- ʠ ʪʝʨʤʦʢʣʠʥ ʚʳʨʘʞʝʥʳ ʩʣʘʙʦ ʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 9ï10 ʤ. 

ʆʢʠʩʣʠʪʝʣʴʥʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʝʟʢʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʵʪʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʜʣʸʜʥʦʤ ʩʣʦʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ 

0.3 ʤʤʦʣʴ ʣ
-1
, ʛʣʫʙʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʆ2 ʧʣʘʚʥʦ ʩʥʠʞʘʣʘʩʴ ʜʦ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʥʘ ʛʣʫʙʠʥʝ 10 ʤ (0.03 ʤʤʦʣʴ ʣ
-1
. ʅʘ ʛʣʫʙʠʥʝ 11 ʤ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʩʦʩʪʘʚʣʷʣʘ 0.42 ʤʤʦʣʴ ʣ
-1
, ʘ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ ʜʦʩʪʠʛʘʣʘ 1.93 

ʤʤʦʣʴ ʣ
-1
. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʦ ʛʣʫʙʠʥʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʜʚʫʤʷ ʧʨʦʮʝʩʩʘʤʠ: 1) ʦʢʠʩʣʝʥʠʝʤ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʬʦʨʤ ʤʘʨʛʘʥʮʘ ʠ ʞʝʣʝʟʘ ʚ 

ʤʠʢʩʦʣʠʤʥʠʦʥʝ (ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 8 ʤ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ 
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(ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʢʩʠʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ (II I) ʩ ʟʘʭʚʘʯʝʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʦʦʩʘʞʜʝʥʠʷ ʠ ʩʦʨʙʮʠʠ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ), ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʢʦʪʦʨʳʭ ʚ 

ʩʣʦʝ ʛʘʣʦʢʣʠʥʘ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ, ʧʨʠʚʦʜʷ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʣʦʢʘʣʴʥʦʛʦ 

ʤʘʢʩʠʤʫʤʘ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʠ 2) ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦʢʠʩʣʝʥʥʳʭ ʬʦʨʤ Mn(IV) ʠ 

Fe(III) ʚ ʟʦʥʝ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ (ʥʠʞʝ 12 ʤ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʥʝʝ 

ʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚʝʨʦʷʪʥʦ, ʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ, ʪʘʢʞʝ 

ʟʘʭʚʘʪʳʚʘʶʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʝʡ ʤʝʪʘʣʣʳ, ʠʤʝʶʱʠʝ ʩʨʦʜʩʪʚʦ ʩ ʞʝʣʝʟʦʤ 

(Co, Zn, Pb ʠ Cd) [5]. ʂʦʥʮʝʥʪʨʘʮʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʦʨʘ 

(ʨʠʩ. 1-ʛ) ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʜʦ ʛʣʫʙʠʥʳ 8 ʤ ʙʳʣʠ ʤʠʥʠʤʘʣʴʥʳ 

(0.012ï0.014 ʤʛ ʣ
-1
), ʫʚʝʣʠʯʠʚʘʷʩʴ ʜʦ 0.12 ʥʘ ʛʣʫʙʠʥʝ 10 ʤ ʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʷ ʚ 

ʧʨʠʜʦʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ (ʜʦ 3.8 ʤʛ ʈʤʠʥ  ʣ
-1  
ʠ 0.19 ʤʛ ʈʦʨʛ  ʣ

-1
) [5]. 

ʆʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʆʏʄ) ʚ ʤʠʢʩʦʣʠʤʥʠʦʥʝ 

ʌʝʜʦʩʝʝʚʩʢʦʛʦ ʧʣʸʩʘ (450 10
3
ī650 10

3
 ʢʣ ʤʣ

-1
) ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʟʥʘʯʝʥʠʷʤ 

ʦʙʳʯʥʳʤ ʜʣʷ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ ʚ ʦʣʠʛʦ-ʤʝʟʦʪʨʦʬʥʳʭ ʚʦʜʦʝʤʘʭ. ɺ ʩʣʦʝ 

ʭʝʤʦʢʣʠʥʘ ʚʝʣʠʯʠʥʘ ʆʏʄ ʜʦʩʪʠʛʘʣʘ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ (1650 10
3
 ʢʣ ʤʣ

-

1
), ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʜʣʷ ʤʝʨʦʤʠʢʪʠʯʝʩʢʠʭ ʚʦʜʦʸʤʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʜʦʙʘʚʢʦʡ Na2
35

SO4 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ 

ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʤʠʢʨʦʙʥʦʡ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ, 

ʩʫʪʦʯʥʘʷ ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ (ʜʦ 3.0 ʤʢʤʦʣʴ S ʣ
-1
 ʩʫʪ

-1
) ʧʦʯʪʠ ʥʘ 3 ʧʦʨʷʜʢʘ 

ʚʝʣʠʯʠʥ ʥʠʞʝ, ʯʝʤ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʦʙʥʘʨʫʞʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʤʦʛʣʠ ʦʙʨʘʟʦʚʘʪʴʩʷ ʥʝ ʟʘ ʦʜʠʥ 

ʛʦʜ, ʪ.ʝ. ʥʝ ʪʦʣʴʢʦ ʚ ʟʠʤʥʠʡ ʩʝʟʦʥ [4].  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʤʝʪʘʥʘ ʚ ʤʠʢʩʦʣʠʤʥʠʦʥʝ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 

19 ʜʦ 29 ʥʤʦʣʴ ʣ
-1
, ʯʪʦ ʥʝʤʥʦʛʦ ʧʨʝʚʳʰʘʣʦ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʘʪʤʦʩʬʝʨʝ. ɺ 

ʩʣʦʝ ʭʝʤʦʢʣʠʥʘ ʠ ʧʨʠʜʦʥʥʦʤ ʚʦʜʥʦʤ ʩʣʦʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʸʥʥʦʛʦ 

ʤʝʪʘʥʘ ʜʦʩʪʠʛʘʣʘ 2.8ī3.7 ʤʤʦʣʴ ʣ
-1
., ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʤʝʪʘʥʘ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 

ʫʛʣʝʨʦʜʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʤʝʪʘʥʘ ʠʟ ʧʨʠʜʦʥʥʦʛʦ ʚʦʜʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (ŭ
13

C (CH4) 

= -79.2ă) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʢʨʦʙʥʦʤ ʛʝʥʝʟʠʩʝ [4]. ʇʨʠ 

ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʣʸʛʢʦʛʦ ʠʟʦʪʦʧʘ ʫʛʣʝʨʦʜʘ ʤʝʪʘʥʘ ʚ ʩʣʦʝ ʭʝʤʦʢʣʠʥʘ ʙʳʣʦ 



˥͙͎͙͒ͪͦͦ͡;͔͙͔ͫ͟Σ ͎͙͒ͪͦͺ͙͙͘;͔͙͔ͫ͟Σ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙ ͙͎͔͋ͦͦͻ͙͙ͣ;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· 
͍ ͍ͦ͒ͤ·ͻ ͦ͋Ά͔ͭ͊͟ͻ ͙ ͤ͊ ͍ͦ͒ͦͫ͋ͦͪ͊ͻ ˿͙͙͙͋ͪ ͙ ͙ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡  

51  

ʤʝʥʴʰʝ, ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʣʠʯʠʥʳ ʚ ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʘʭ (ŭ
13

C 

(CH4) = -70.4ă. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʤʝʪʘʥʘ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʬʬʝʢʪʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ 

ʤʠʢʨʦʙʥʦʤ ʧʦʪʨʝʙʣʝʥʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʝʛʢʦʛʦ ʠʟʦʪʦʧʘ ʫʛʣʝʨʦʜʘ [4].  

ʋʤʝʩʪʥʦ ʩʨʘʚʥʠʪʴ ʦʩʥʦʚʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʫʨʦʚʝʥʴ ʛʠʧʦʢʩʠʠ (ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʤʝʪʘʥʘ, ʘ 

ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʚ ʛʠʧʦʣʠʤʥʠʦʥʝ ʌʝʜʦʩʝʝʚʩʢʦʛʦ ʧʣʸʩʘ 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʘʥʥʳʤʠ, ʠʟʚʝʩʪʥʳʤʠ ʜʣʷ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ 

ʤʝʨʦʤʠʢʪʠʯʝʩʢʠʟ ʚʦʜʦʸʤʦʚ. ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʫʨʦʚʥʶ ʛʠʧʦʢʩʠʠ 

ʌʝʜʦʩʝʝʚʩʢʠʡ ʧʣʸʩ ʥʝʩʢʦʣʴʢʦ ʫʩʪʫʧʘʝʪ ʦʟ. ʄʦʛʠʣʴʥʦʝ, ʘ ʪʘʢʞʝ ʝʚʪʨʦʚʥʦʤʫ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤʫ ʦʟ. ʐʫʥʝʥ (ʟʠʤʥʷʷ ʩʲʝʤʢʘ), ʥʦ ʧʨʠ ʵʪʦʤ ʟʘʤʝʪʥʦ 

ʦʧʝʨʝʞʘʝʪ ʦʟ. ʐʠʨʘ (ʟʠʤʥʷʷ ʩʲʝʤʢʘ).  

ʆʪʩʫʪʩʪʚʠʝ ʘʥʘʵʨʦʙʥʳʭ ʚʦʜ ʚ ʣʦʢʘʣʴʥʳʭ ʧʦʥʠʞʝʥʠʷʭ ʨʫʩʣʘ ʨ. ʂʘʥʜʘ ʚ 

ʧʨʝʜʝʣʘʭ ʤʦʨʩʢʦʡ ʠ ʢʫʪʦʚʦʡ ʘʢʚʘʪʦʨʠʡ ʛʫʙʳ ʂʘʥʜʘ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʜʦʦʙʤʝʥʘ ʯʝʨʝʟ ʬʠʣʴʪʨʫʶʱʫʶʩʷ ʜʘʤʙʫ ʠ ʦʪʢʨʳʪʳʡ 

ʚʦʜʦʪʦʢ. ʌʝʜʦʩʝʝʚʩʢʠʡ ʧʣʸʩ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʨʝʣʠʢʪʦʚʳʤ ʚʦʜʦʸʤʦʤ, 

ʩʦʭʨʘʥʠʚʰʠʡ ʩʣʦʡ ʛʠʧʦʣʠʤʥʠʦʥʘ ʚ ʧʘʣʝʦʨʫʩʣʝ ʨ. ʂʘʥʜʘ ʧʦʩʣʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʛʣʫʭʦʡ ʜʘʤʙʳ (ʨʠʩ. 1). ɻʫʙʘ ʂʘʥʜʘ ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʚ ʈʦʩʩʠʠ ʨʫʢʦʪʚʦʨʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʤʦʨʩʢʠʤ ʚʦʜʦʸʤʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ 

ʧʦʣʫʯʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʩʢʦʨʦʩʪʠ ʤʠʢʨʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʘʥʘʵʨʦʙʥʦʛʦ ʚʦʜʥʦʛʦ ʩʣʦʷ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʩʝʨʦʚʦʜʦʨʦʜ ʠ ʤʝʪʘʥ. ʀʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʘʢʪʠʚʥʦʩʪʠ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʟʚʦʣʠʪ ʧʦʥʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʡ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʏʝʨʥʦʛʦ ʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʝʡ. 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʛʫʙʳ ʂʘʥʜʘ ï ʵʪʦ ʩʣʦʞʥʳʡ ʠ ʩʞʘʪʳʡ ʚʦ 

ʚʨʝʤʝʥʠ ʪʝʭʥʦʛʝʥʥʳʡ ʚʘʨʠʘʥʪ ʧʨʦʮʝʩʩʘ ʦʪʯʣʝʥʝʥʠʷ ʦʪ ʤʦʨʷ ʩʠʩʪʝʤʳ 

ʢʨʫʧʥʳʭ ʦʟʝʨ. ɹʦʣʴʰʠʥʩʪʚʦ ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʦʟʝʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʙʣʠʟʠ 

ʧʦʙʝʨʝʞʴʷ ʂʘʥʜʘʣʘʢʰʩʢʦʛʦ ʟʘʣʠʚʘ, ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʘʤʠ 

ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʡ. ɻʫʙʘ ʂʘʥʜʘ ï ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʨʫʧʥʳʡ ʚʦʜʦʝʤ, ʛʜʝ ʵʪʦʪ 



 
ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

52 

ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʘʜʠʠ, ʢʦʛʜʘ ʫʩʪʦʡʯʠʚʦ 

ʩʫʱʝʩʪʚʫʶʪ ʧʨʝʩʥʦʚʦʜʥʳʝ ʠ ʤʦʨʩʢʠʝ ʚʦʜʥʳʝ ʤʘʩʩʳ. ʕʪʠʤ ʛʫʙʘ ʂʘʥʜʘ ʩʭʦʜʥʘ 

ʩ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʤ ʤʝʨʦʤʠʢʪʠʯʝʩʢʠʤ ʦʟʝʨʦʤ ʄʦʛʠʣʴʥʳʤ ʥʘ ʦ. ʂʠʣʴʜʠʥ, 

ʯʪʦ ʦʪʤʝʯʘʶʪ ʚʩʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ. ɽʩʣʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʡ 

ʩʦʭʨʘʥʷʪʩʷ, ʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʥʘ ʤʝʩʪʝ ʛʫʙʳ ʂʘʥʜʘ ʙʫʜʫʪ 

ʤʝʨʦʤʠʢʪʠʯʝʩʢʠʝ ʠ ʧʨʝʩʥʦʚʦʜʥʳʝ ʦʟʝʨʘ. ɺ ʩʚʷʟʠ ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤ 

ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʣʠʢʘ 

ʛʫʙʳ ʂʘʥʜʘ ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʜʦʝʤʘ, ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʧʨʠ ʦʪʜʝʣʝʥʠʠ ʦʪ ʤʦʨʷ ʟʘʣʠʚʘ, 

ʠʤʝʶʱʝʛʦ ʩʣʦʞʥʳʡ ʨʝʣʴʝʬ ʜʥʘ. ʅʘ ʧʨʠʤʝʨʝ ʛʫʙʳ ʂʘʥʜʘ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʚ 

ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʫʜʫʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʚ ʮʝʣʦʤ ʚʩʷ ʵʢʦʩʠʩʪʝʤʘ ʤʦʨʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʠ ʝʛʦ 

ʯʘʩʪʠʯʥʦʡ ʠʣʠ ʧʦʣʥʦʡ ʠʟʦʣʷʮʠʠ ʦʪ ʤʦʨʷ. 

ɸʚʪʦʨʳ ʙʣʘʛʦʜʘʨʥʳ ʅ.ʄ. ʂʦʢʨʷʪʩʢʦʡ ʠ ɸ.ɺ. ʉʘʚʝʥʢʦ ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʭʠʤʠʢʦ-
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Institute for Water and Environmental Problems SB RAS, Barnaul, Russia 
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Abstract. Results of application of the Earth remote sensing data for determining the hydrological 

parameters of the inland water bodies of Siberia are presented. A special geoinformation system, which uses the 

optical and radar data obtained from the Landsat-8, Sentinel-2 and Sentinel-1A / B space vehicles, has been 

developed. The results of calculation of the spectral indices NDWI and NDSI are shown. 

Keywords: Sentinel-2, satellite images, NDWI, MNDWI, GIS, monitoring, water bodies, lakes, water 

surface area, water indices, automatic water extraction. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʣʘʩʴ ʥʘʟʝʤʥʘʷ ʩʝʪʴ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʆʥʠ 

ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʢʪʫʘʣʴʥʘ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʸʤʦʚ ʠ ʚʦʜʦʪʦʢʦʚ. ʅʘʜʸʞʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʜʘʥʥʳʭ ʜʣʷ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʟʘʜʘʯʘʭ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ 

ʉʠʙʠʨʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʩʥʦʚʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʠ 

ʨʘʜʘʨʥʳʝ ʩʥʠʤʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ) Landsat-8, Sentinel-2 ʠ 

Sentinel-1A/B, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʦʪʢʨʳʪʳʭ ʘʨʭʠʚʦʚ ESA (European Space 

Agency) ʠ USGS (United States Geological Survey) [1ï2]. ɼʘʥʥʳʝ ʂɸ 

ʧʦʟʚʦʣʷʶʪ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 
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ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʥʳʭ ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, 

ʘʧʧʘʨʘʪʳ ʩʝʨʠʠ Sentinel - 10 ʤʝʪʨʦʚ, Landsat-8 - 30 ʤʝʪʨʦʚ.  

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ɻʀʉ), ʨʘʙʦʪʫ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʫʯʝʥʠʝ ʩʥʠʤʢʦʚ ʠʟ 

ʘʨʭʠʚʦʚ. ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ, 

ʚ ʩʣʫʯʘʝ ʩ ʜʘʥʥʳʤʠ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʘʪʤʦʩʬʝʨʥʫʶ ʢʦʨʨʝʢʮʠʶ, 

ʢʦʨʨʝʢʮʠʶ ʮʚʝʪʘ, ʩʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɼʘʥʥʳʝ 

ʨʘʜʠʦʜʠʘʧʘʟʦʥʘ ʧʨʦʭʦʜʷʪ ʢʘʣʠʙʨʦʚʢʫ, ʬʠʣʴʪʨʘʮʠʶ ʩʧʝʢʣ-ʰʫʤʘ ʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʧʦ ʤʝʩʪʥʦʩʪʠ. ɼʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʢ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʠʭ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ, ʧʨʦʠʟʚʝʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠʥʪʝʨʝʩʫʶʱʠʭ ʦʙʲʝʢʪʦʚ, 

ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʥʠʭ, ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʫʩʪʘʥʦʚʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʚʳʜʝʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʣʦʱʘʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʢʦʥʚʝʨʪʠʨʫʶʪʩʷ ʚ 

ʚʝʢʪʦʨʥʳʡ ʬʦʨʤʘʪ GeoJSON ʠʣʠ Shapefile ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ, ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʉʋɹɼ PostgreSQL ʠʣʠ MongoDB. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ɻʀʉ ʠ ʵʪʘʧʘʭ ʦʙʨʘʙʦʪʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʥʘʰʠʭ ʧʨʝʜʳʜʫʱʠʭ ʧʫʙʣʠʢʘʮʠʷʭ [3, 4, 5]. 

 
ʈʠʩ. 1 ï ʈʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ ʠʥʜʝʢʩʘ NDWI ʧʦ ʜʘʥʥʳʤ Sentinel-2, 3 ʤʘʷ 2017 ʛ. 

ʚʙʣʠʟʠ ʛʦʨʦʜʘ ɹʘʨʥʘʫʣ 

ʄʦʥʠʪʦʨʠʥʛ ʧʣʦʱʘʜʠ ʘʢʚʘʪʦʨʠʠ ʦʪʢʨʳʪʳʭ ʚʦʜʦʝʤʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ  

ʟʘʜʘʯʝʡ ʛʠʜʨʦʣʦʛʠʠ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚʳʷʚʣʝʥʠʷ ʚʦʜʥʳʭ 
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ʦʙʲʝʢʪʦʚ ʥʘ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʷʚʣʷʶʪʩʷ ʘʣʛʦʨʠʪʤʳ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦʤ ʠʥʜʝʢʩʝ ʚʦʜʳ. ʂ ʥʠʤ ʦʪʥʦʩʠʪʩʷ 

ʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʨʘʟʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʚʦʜʳ (NDWI) ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʨʘʟʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ 

ʚʦʜʳ (MNDWI). ɺʳʯʠʩʣʝʥʠʝ NDWI ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʦʪʥʦʰʝʥʠʠ ʨʘʟʥʦʩʥʦʩʪʠ 

ʠ ʩʫʤʤʳ  ʟʝʣʸʥʦʛʦ (ʜʣʠʥʘ ʚʦʣʥʳ 560 ʥʤ) ʠ ʙʣʠʞʥʝʛʦ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ (ʜʣʠʥʘ ʚʦʣʥʳ 842 ʥʤ) [6]. 

 

ʛʜʝ  ï ʟʝʣʸʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʢʘʥʘʣ,  ï ʙʣʠʞʥʠʡ 

ʠʥʬʨʘʢʨʘʩʥʳʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʢʘʥʘʣ. 

ʅʘ ʨʠʩ. 1. ʧʨʠ ʧʦʤʦʱʠ JavaScript ʙʠʙʣʠʦʪʝʢʠ Leaflet ʙʳʣʘ 

ʩʬʦʨʤʠʨʦʚʘʥʘ web-ʢʘʨʪʘ, ʚ ʢʦʪʦʨʦʡ ʚ ʚʠʜʝ ʩʣʦʷ ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ 

ʚʳʯʠʩʣʝʥʠʷ NDWI. ʅʘ ʈʠʩ.2 ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʧʘʚʦʜʢʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ 

ʨʝʢʝ ʆʙʴ. 

 
ʈʠʩ. 2 ï ɼʠʥʘʤʠʢʘ ʧʘʚʦʜʢʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʨʝʢʝ ʆʙʴ ʧʦ ʜʘʥʥʳʤ Sentinel-2, ʩʣʝʚʘ 3 ʤʘʷ, 

ʩʧʨʘʚʘ 25 ʤʘʷ 2017 ʛ. ʚʙʣʠʟʠ ʛʦʨʦʜʘ ɹʘʨʥʘʫʣ 

ʄʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʣʝʜʦʚʦʛʦ ʧʦʢʨʦʚʘ 

ʥʘ ʨʝʢʘʭ ʠ ʚʦʜʦʸʤʘʭ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʤʘʩʰʪʘʙʦʚ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʘʚʦʜʢʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʣʝʜʦʚʳʭ ʟʘʪʦʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʘʭ ʩʪʦʢʦʚ ʨʝʢ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʫ ʧʦʣʫʯʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʦʧʝʨʘʪʠʚʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʧʘʩʝ ʚʦʜʳ ʠ ʩʥʝʛʘ ʚ ʨʝʯʥʦʤ ʙʘʩʩʝʡʥʝ ʚ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ 

ʚʝʜʦʤʩʪʚʘ. ʇʦʤʠʤʦ ʥʘʟʝʤʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʥʘʙʣʶʜʝʥʠʡ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʟʜʝʩʴ ʠʤʝʶʪ ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ, ʢʦʪʦʨʳʝ 
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ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʪʦʯʥʦʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʧʨʦʪʷʞʸʥʥʦʩʪʴ ʣʝʜʦʚʦʛʦ 

ʧʦʢʨʦʚʘ ʠ ʣʝʜʷʥʳʭ ʟʘʪʦʨʦʚ, ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʫʯʘʩʪʢʠ ʨʫʩʣʘ, 

ʨʘʟʣʠʯʥʳʝ ʧʨʝʧʷʪʩʪʚʠʷ (ʦʩʪʨʦʚʘ, ʢʦʥʫʩʳ ʚʳʥʦʩʘ ʠ ʪ.ʧ.), ʘ ʪʘʢʞʝ ʦʪʩʣʝʞʠʚʘʪʴ 

ʥʘʯʘʣʦ ʣʝʜʦʩʪʘʚʘ ʠ ʚʝʩʝʥʥʝʛʦ ʪʘʷʥʠʷ. ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʫʪʸʤ ʧʦʩʪʨʦʝʥʠʷ 

ʠʥʜʝʢʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ 

ʧʠʢʩʝʣʦʚ ʩʥʝʛʘ (ʣʴʜʘ), ʚʦʜʳ ʠ ʦʙʣʘʢʦʚ ï ʨʘʩʯʸʪ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ 

ʨʘʟʥʦʩʪʥʦʛʦ ʠʥʜʝʢʩʘ ʩʥʝʛʘ NDSI (Normalized Differenced Snow Index). 

ʄʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʶ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʫʪʸʤ ʧʦʩʪʨʦʝʥʠʷ ʠʥʜʝʢʩʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʡ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʧʠʢʩʝʣʦʚ ʩʥʝʛʘ (ʣʴʜʘ), ʚʦʜʳ ʠ ʦʙʣʘʢʦʚ 

ï ʨʘʩʯʸʪ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʨʘʟʥʦʩʪʥʦʛʦ ʠʥʜʝʢʩʘ ʩʥʝʛʘ NDSI [7]. 

 
ʈʠʩ. 3 ï ʃʝʜʦʚʘʷ ʦʙʩʪʘʥʦʚʢʘ ʥʘ ʥʦʚʦʩʠʙʠʨʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʧʦ ʜʘʥʥʳʤ Sentinel-2, 

07.12.2016 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ ʚʳʯʠʩʣʝʥʠʷ NDSI ʧʦ ʜʘʥʥʳʤ 

Sentinel-2 ʜʣʷ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ɺʠʜʥʦ, ʯʪʦ ʜʦ ʧʣʦʪʠʥʳ ɻʕʉ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʧʦʢʨʳʪʦ ʣʴʜʦʤ (ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʙʦʣʝʝ 0.5), ʧʦʩʣʝ ʧʣʦʪʠʥʳ 

ʨʘʩʧʦʣʦʞʝʥʘ ʧʦʣʳʥʴʷ ʦʪʢʨʳʪʦʡ ʚʦʜʳ (ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʤʝʥʝʝ 0.1). 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʧʦ ɼɿɿ 

ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʦʝʤʘ (ʧʣʦʱʘʜʠ, ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʚʦʜʳ, ʠʟʚʠʣʠʩʪʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ), ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʘʧʧʘʨʘʪʫʨʳ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ, 

ʫʛʣʦʚ ʩʲʝʤʢʠ), ʫʩʣʦʚʠʡ ʩʲʝʤʢʠ (ʦʩʚʝʱʝʥʥʦʩʪʠ, ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ) ʠ 
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ʤʝʪʦʜʠʢ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʘʣʛʦʨʠʪʤʦʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʢʦʤʙʠʥʘʮʠʠ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ) [4, 8].  

ɿʘʢʣʶʯʝʥʠʝ 

 ɼʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʶʪʩʷ ʥʘʜʝʞʥʳʤ ʠ ʘʢʪʫʘʣʴʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʠʢʣʘʜʥʳʭ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʜʘʯ ʛʠʜʨʦʣʦʛʠʠ 

ʚʥʫʪʨʝʥʥʠʭ ʨʝʩʫʨʩʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʀʟʫʯʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʥʳʭ (Mn, Cu, Fe) ʠ ʪʦʢʩʠʯʥʳʭ (Pb, Cd) ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʙʘʩʩʝʡʥʘ ʨ. ʄʘʡʤʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦ-

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʨʝʯʥʳʭ ʚʦʜʘʭ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʟʥʠʮʳ ʢʘʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʩʢʣʦʥʦʚʳʭ ʚʦʜ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʘʞʥʦʡ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʨʦʣʠ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦʯʚ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ) ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʩʪʥʦʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʠʦʛʝʥʥʳʝ ʠ ʪʦʢʩʠʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʪʚʝʨʜʳʝ, ʞʠʜʢʠʝ ʦʩʘʜʢʠ, ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʩʢʣʦʥʦʚʳʝ ʚʦʜʳ, ʨʝʯʥʳʝ ʚʦʜʳ 

MICROELEMENT COMPOSITION OF ATMOSPHERIC AND SURFACE WATER  OF 

MAIMA RIVER BASIN  
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Institute for Water and Environmental Problems SB RAS, Barnaul, Russia 
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Abstract. The content of biogenic (Mn, Cu, Fe) and toxic (Pb, Cd) elements in natural waters of the Maima 

River basin is investigated. It was found that the concentration of the studied elements in the soil-surface and river 

waters differs slightly, in contrast to the difference in the quality of atmospheric precipitation and surface-slope 

water that is indicative of the important biogeochemical role of the underlying surface (soil, vegetation) in the 

formation of the local river runoff. 

Key words: biogenic and toxic elements, solid, liquid precipitation, surface slope water, river water 

ʆʜʥʠʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʚʦʜʘ, ʦʥʘ ʠʤʝʝʪ 

ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʵʢʦʩʠʩʪʝʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʥʘʯʠʥʘʝʪʩʷ 

ʝʱʝ ʚ ʘʪʤʦʩʬʝʨʝ. ɺʳʧʘʜʘʷ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʥʠ ʧʨʝʪʝʨʧʝʚʘʶʪ   

ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʠʜʝʪ ʥʘʢʦʧʣʝʥʠʝ ʪʚʝʨʜʳʭ 

ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚʤʝʩʪʝ ʩ ʧʦʛʣʦʱʝʥʥʳʤʠ ʠʤʠ   ʚʝʱʝʩʪʚʘʤʠ. ʉ 

ʥʘʩʪʫʧʣʝʥʠʝʤ ʪʝʧʣʦʛʦ ʧʝʨʠʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʪʘʷʥʠʝ ʩʥʝʛʘ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʚʦʜʳ, ʬʠʣʴʪʨʫʷʩʴ, ʧʨʦʩʘʯʠʚʘʝʪʩʷ ʯʝʨʝʟ ʧʦʯʚʫ, ʩʦʧʨʠʢʘʩʘʷʩʴ ʩ 

ʧʦʜʩʪʠʣʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ, ʦʙʦʛʘʱʘʝʪʩʷ ʩʦʣʷʤʠ, ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʠ 

ʠʟʤʝʥʷʝʪ ʩʚʦʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ɼʨʫʛʘʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʪʦʢʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʨʫʪʠʟʥʳ ʩʢʣʦʥʘ, ʧʦʧʘʜʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʚʤʝʩʪʝ ʩʦ ʩʤʳʪʳʤʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʤʠ ʭʠʤʠʯʝʩʢʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʥʘ ʥʝʡ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʭʦʜʠʣʠʩʴ [1,2]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʝʩʝʥʥʠʝ ʧʦʣʦʚʦʜʴʝ ï ʵʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʧʨʠʚʥʦʩʠʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʚʦʜ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʦʩʦʙʳʡ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʩʪʦʢ ʩ ʝʛʦ ʧʨʠʨʦʜʥʦ-
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ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʮʝʥʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʝʨʨʠʪʦʨʠʠ.   

ɺʣʠʷʥʠʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʦʜʦʩʙʦʨʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʫʩʣʦʚʠʷʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʨʘʩʩʤʦʪʨʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʤʦʜʝʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ 

ʨ. ʄʘʡʤʘ ï ʧʨʠʪʦʢʘ ʨ. ʆʙʴ 2-ʛʦ ʧʦʨʷʜʢʘ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ. 

ɺʦ ʚʨʝʤʷ ʧʦʣʦʚʦʜʴʷ ʭʦʜ ʩʪʦʢʘ ʨ. ʄʘʡʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, 

ʪʘʷʥʠʝʤ ʥʘʢʦʧʣʝʥʥʳʭ ʟʘ ʟʠʤʫ ʪʚʝʨʜʳʭ ʦʩʘʜʢʦʚ. ʆʯʝʥʴ ʯʘʩʪʦ ʚ ʚʝʩʝʥʥʠʡ 

ʧʝʨʠʦʜ ʦʪʤʝʯʘʶʪʩʷ ʠ ʜʦʞʜʝʚʳʝ ʧʘʚʦʜʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʤʝʩʪʦ ʚ 2016 ʛ. 

ʇʦʩʣʝ ʩʭʦʜʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʩʪʦʢ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʭʘʨʘʢʪʝʨʦʤ ʞʠʜʢʠʭ ʦʩʘʜʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʦʚʦʜʴʝ ʩʤʝʰʘʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ɼʣʷ ʨʝʯʥʳʭ ʚʦʜ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʩʦʜʝʨʞʘʥʠʝ 

ʠ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʷʚʣʷʝʪʩʷ ʨʘʩʭʦʜ ʚʦʜʳ. ʆʜʥʘʢʦ 

ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝʦʜʥʦʟʥʘʯʥʘ, ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʦʜʦʪʦʢʘ ʠ ʩʪʝʧʝʥʴʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ɹʘʩʩʝʡʥ ʨ. ʄʘʡʤʘ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʙʘʩʩʝʡʥʘ ʟʘʥʠʤʘʝʪ ʩʨʝʜʥʝʛʦʨʥʳʡ, ʘ ʥʠʞʥʷʷ ï ʥʠʟʢʦʛʦʨʥʳʡ 

ʨʘʡʦʥʳ. ɼʦ ʚʧʘʜʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʧʨʠʪʦʢʘ (ʨ. ʉʘʡʜʳʩ) ʪʝʨʨʠʪʦʨʠʷ ʙʘʩʩʝʡʥʘ 

ʨʘʩʯʣʝʥʝʥʘ ʭʨʝʙʪʘʤʠ, ʚʳʩʦʪʳ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʙʦʣʝʝ 1000 ʤ. ɺ 

ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʘ ʪʝʯʝʪ ʧʦ ʩʛʣʘʞʝʥʥʦʡ ʥʠʟʢʦʛʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʫʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʨʝʢʠ (ʦʢʦʣʦ 54 ʢʤ), ʝʸ ʙʘʩʩʝʡʥ 

ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʘʥʪʨʦʧʦʛʝʥʥʦ ʥʘʛʨʫʞʝʥʥʳʤ ʚ ɻʦʨʥʦʤ ɸʣʪʘʝ, ʪʘʢ ʢʘʢ ʨ. 

ʄʘʡʤʘ ʧʨʦʪʝʢʘʝʪ ʧʦ ʝʜʠʥʩʪʚʝʥʥʦʤʫ ʛʦʨʦʜʫ ʨʝʛʠʦʥʘ ï ɻʦʨʥʦ-ɸʣʪʘʡʩʢʫ ʠ 

ʨʘʡʦʥʥʦʤʫ ʮʝʥʪʨʫ ï ʩ. ʄʘʡʤʘ ï ʩʘʤʦʤʫ ʢʨʫʧʥʦʤʫ ʩʝʣʫ ʈʦʩʩʠʠ. ɼʦʣʠʥʘ ʨʝʢʠ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʘʢʪʠʚʥʦʛʦ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʚ ʧʨʝʜʝʣʘʭ ʘʛʣʦʤʝʨʘʮʠʠ ʂʳʟʳʣ-ʆʟʸʢ ï ɻʦʨʥʦ-ɸʣʪʘʡʩʢ ï ʄʘʡʤʘ. ʅʦ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʙʘʩʩʝʡʥʘ (ʚʦʜʦʩʙʦʨʥʳʝ ʧʣʦʱʘʜʠ ʧʨʠʪʦʢʦʚ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ, ʟʘʥʷʪʳʭ ʣʝʩʦʤ [3].  
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ʊʝʨʨʠʪʦʨʠʷ ʙʘʩʩʝʡʥʘ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ 4 ʫʯʘʩʪʢʘ: ʠʩʪʦʢ, ʩʨʝʜʥʝʝ, 

ʥʠʞʥʝʝ ʪʝʯʝʥʠʝ ʠ ʫʩʪʴʝ, ʛʜʝ ʠʩʩʣʝʜʦʚʘʣʠ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʩʥʝʛʦʚʦʡ, 

ʜʦʞʜʝʚʦʡ, ʧʦʯʚʝʥʥʦ-ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʠ ʨʝʯʥʦʡ ʚʦʜʳ. ʅʘ ʫʯʘʩʪʢʝ ʫʩʪʴʷ 

ʧʦʯʚʝʥʥʦ-ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʦʪʦʙʨʘʪʴ ʥʝ ʫʜʘʣʦʩʴ ʚʚʠʜʫ ʧʦʣʥʦʛʦ 

ʚʧʠʪʳʚʘʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʚʦʜ ʠ ʬʠʣʴʪʨʘʮʠʠ ʠʭ ʚ ʧʦʯʚʫ, ʪʘʢ ʥʘ ʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʪʠʧ ʨʝʣʴʝʬʘ ï ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ (ʘʣʣʶʚʠʘʣʴʥʘʷ 

ʜʦʣʠʥʘ) ʠ ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ ʥʝʙʦʣʴʰʘʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʠ ʘʪʦʤʥʦ-

ʘʜʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ çʂɺɸʅʊ-2è. ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʫ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ (ʩʚʦʙʦʜʥʳʭ) ʬʦʨʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʯʝʨʝʟ ʤʝʤʙʨʘʥʥʳʡ ʬʠʣʴʪʨ (0,45 ʤʢʤ), ʘʥʘʣʠʟ ʚʘʣʦʚʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʦʟʦʣʝʥʠʝʤ ʧʨʦʙ ʜʦ ʚʣʘʞʥʳʭ ʩʦʣʝʡ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʦʡ ʠ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ. 

ʇʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʩ ʧʦʯʚʘʤʠ ʧʨʠʚʦʜʷʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʚ ʧʦʯʚʝʥʥʳʭ ʚʦʜʘʭ ʩʦʜʝʨʞʘʥʠʷ ʙʠʦʛʝʥʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʊʘʢ, ʠʟ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʪʠʧʦʚ ʚʦʜ ʜʦʞʜʝʚʳʝ ʠʤʝʶʪ 

ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʯʚʝʥʥʦ-ʧʦʚʝʨʭʥʦʩʪʥʳʝ ï ʤʘʢʩʠʤʘʣʴʥʳʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1 ʠ 2.  

ʆʪ ʠʩʪʦʢʘ ʢ ʫʩʪʴʶ ʨʝʢʠ ʚ ʧʦʯʚʝʥʥʦ-ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʩʥʠʞʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʠ ʤʝʜʠ, ʪʘʢ ʢʘʢ ʚ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ 

ʩʨʝʜʥʝʛʦʨʥʦʤ ʛʦʨʥʦ-ʣʝʩʥʦʤ ʧʦʷʩʝ, ʚʦ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʘʭ ʣʘʥʜʰʘʬʪʘ 

(ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ, ʧʦʯʚʘʭ, ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ) ʦʪʤʝʯʘʝʪʩʷ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. ʀ, ʥʘʦʙʦʨʦʪ, ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ ʚ 

ʫʩʣʦʚʠʷʭ ʣʝʩʦʩʪʝʧʥʦʛʦ ʧʦʷʩʘ ʩʥʠʞʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʠ ʤʝʜʠ ʚ 

ʢʦʤʧʦʥʝʥʪʘʭ ʣʘʥʜʰʘʬʪʘ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʠʞʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʦʯʚʝʥʥʦ-

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ. 

ʉʥʝʛʦʚʳʝ ʚʦʜʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʦʞʜʝʚʳʤʠ, ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʳ 

ʠʩʩʣʝʜʫʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʉʥʝʛ ʷʚʣʷʝʪʩʷ ʜʝʧʦʥʠʨʫʶʱʝʡ ʩʨʝʜʦʡ ʠ 

ʠʥʜʠʢʘʪʦʨʦʤ ʘʵʨʦʟʦʣʴʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ. ʅʘʠʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʨʠʫʨʦʯʝʥʳ 
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ʢ ʚʝʨʭʥʝʤʫ ʪʝʯʝʥʠʶ, ʤʠʥʠʤʘʣʴʥʳʝ ï ʢ ʥʠʞʥʝʤʫ ʪʝʯʝʥʠʶ ʠ ʫʩʪʴʶ ʨʝʢʠ. ʇʦ 

ʪʦʢʩʠʯʥʳʤ ʵʣʝʤʝʥʪʘʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʪʥʘʷ ʢʘʨʪʠʥʘ. 

 
ʈʠʩ. 1 ï ʉʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʘʭ ʙʘʩʩʝʡʥʘ ʨ. ʄʘʡʤʘ 

 
ʈʠʩ. 2 ï ʉʦʜʝʨʞʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʘʭ ʙʘʩʩʝʡʥʘ ʨ. ʄʘʡʤʘ 
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ʉʦʜʝʨʞʘʥʠʝ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʩʚʠʥʮʘ ʠ ʢʘʜʤʠʷ) ʚ ʧʦʯʚʝʥʥʦ-

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʦʪ ʠʩʪʦʢʘ ʢ ʫʩʪʴʶ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʧʨʝʜʝʣʘʭ ʘʛʣʦʤʝʨʘʮʠʠ ʂʳʟʳʣ-

ʆʟʸʢ ï ɻʦʨʥʦ-ɸʣʪʘʡʩʢ ï ʄʘʡʤʘ. 

ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʝʠʭ ʛʨʫʧʧ ʠʩʩʣʝʜʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʝʯʥʳʭ 

ʚʦʜʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʯʚʝʥʥʦ-ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʙʘʚʣʝʥʠʝʤ 

ʧʝʨʚʳʭ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʠʯʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ ʠ ʪʦʢʩʠʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦ-ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʨʝʯʥʳʭ ʚʦʜʘʭ ʨʘʟʣʠʯʘʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʘʟʥʠʮʳ ʢʘʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʩʢʣʦʥʦʚʳʭ ʚʦʜ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʘʞʥʦʡ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʨʦʣʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʦʯʚ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ) ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʩʪʥʦʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʬʦʨʤ 

ʤʝʪʘʣʣʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʜʘʭ ʥʘʭʦʜʠʪʩʷ ʧʨʷʤʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ.  
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ɸʥʥʦʪʘʮʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʥʦʚʳʭ ʜʚʫʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʨʝʯʥʳʭ ʩʠʩʪʝʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʘʢ ʥʝʜʦʩʪʘʪʦʯʥʦ ʩʪʨʦʛʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʦʡ 

ʟʘʜʘʯʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʪʘʢ ʠ ʫʩʣʦʚʠʷʤʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʜʝʣʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʧʨʠʤʝʨʘʭ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʯʥʳʭ ʩʠʩʪʝʤ ʨʘʩʩʤʦʪʨʝʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʠʣʠ ʨʘʟʨʫʰʘʶʪ ʨʝʰʝʥʠʝ, ʠʣʠ 

ʜʝʣʘʶʪ ʝʛʦ ʥʝʧʨʠʝʤʣʝʤʳʤ, ʠ ʤʝʪʦʜʳ ʠʭ ʧʨʝʦʜʦʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʫʤʝʨʥʘʷ ʤʦʜʝʣʴ ʤʝʣʢʦʡ ʚʦʜʳ, ʨʝʯʥʘʷ ʩʝʪʴ 
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Abstract. When using two-dimensional horizontal models of river systems, the researcher encounters a 

number of problems due to both the insufficiently rigorous mathematical formulation of the problem, the numerical 

method used to solve the system of equations, and the conditions for model application associated with the objects 

of investigation. A wide set of problems, which either destroy the decision or make it unacceptable, and methods to 

overcome them are considered by the examples of numerous problems of river network simulation. 

Keywords: two-dimensional model of shallow water, river network 

ʇʨʠʤʝʥʝʥʠʝ ʜʚʫʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʝʡ ʩʝʙʷ ʚ 

ʪʝʩʪʦʚʳʭ ʨʘʩʯʝʪʘʭ, ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʣʫʯʝʥʠʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʨʝʯʥʦʡ 

ʛʠʜʨʘʚʣʠʢʠ ʚ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯʘʭ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʘʶʪ 

ʧʨʦʙʣʝʤʳ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ ʩʦʙʩʪʚʝʥʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ, ʪʘʢ ʠ ʩ ʧʨʠʤʝʥʷʝʤʳʤʠ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʝʝ 

ʨʝʰʝʥʠʷ. ʆʛʨʦʤʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʚ ʧʨʠʥʮʠʧʝ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ 

ʜʚʘ ʢʣʘʩʩʘ. ʇʝʨʚʳʡ ʢʣʘʩʩ - ʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʠʤʝʥʥʦ ʜʠʥʘʤʠʢʘ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʠʤʝʨ, ʚʦʣʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥʳ ʧʦʧʫʩʢʘ ʠʟ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠʣʠ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ 

ʧʣʦʪʠʥʳ. ɼʣʷ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʯʘʩʪʦ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ ï ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʪʝʯʝʥʠʡ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʚʦʜʠʪ ʩ ʧʨʦʜʚʠʞʝʥʠʝʤ ʧʦ ʚʨʝʤʝʥʠ 

ʨʝʰʝʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ. ʆʆʆ "ʎʝʥʪʨ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ" ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʪʨʝʙʫʶʱʠʭ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʨʝʢ, ʥʘʢʦʧʠʣ ʦʧʳʪ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʜʚʫʤʝʨʥʦʤ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʘʣʴʥʳʭ ʨʝʯʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʜʝʣʘʥʘ 

ʧʦʧʳʪʢʘ ʠʭ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ. 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʘ ʩ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚ ʚʝʨʭʥʝʤ 

ʩʪʚʦʨʝ ʫʯʘʩʪʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʦʚ ʤʦʜʝʣʠ ʠʣʠ ʥʝʫʜʘʯʥʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʨʘʩʯʝʪʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʥʝ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʚʩʶ 

ʠʤʝʶʱʫʶʩʷ ʠʥʬʦʨʤʘʮʠʶ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʚʭʦʜʝ 

ʧʦʪʦʢʘ ʚ ʤʦʜʝʣʠʨʫʝʤʫʶ 

ʦʙʣʘʩʪʴ. ɸ ʯʘʩʪʦ ʫ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʠ ʥʝʪ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʪʘʥʜʘʨʪʥʦ ʜʣʷ 

ʚʝʨʭʥʝʛʦ ʩʪʚʦʨʘ ʠʟʚʝʩʪʥʘ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʘ ʨʘʩʭʦʜʘ, ʧʦʣʫʯʘʝʤʘʷ ʨʘʩʯʝʪʥʳʤ 

ʧʫʪʝʤ ʧʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʙʣʠʞʘʡʰʠʭ ʠʣʠ ʚʨʝʤʝʥʥʳʭ ʛʠʜʨʦʧʦʩʪʦʚ. 

ʆʜʥʘʢʦ, ʧʦʣʥʳʡ ʨʘʩʭʦʜ ʝʩʪʴ ä
=

=
)(

1

tN

j

jqQ , ʛʜʝ qj ï ʨʘʩʭʦʜ, ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ 

ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ j-ʦʡ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ, ʟʘʚʠʩʷʱʠʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʪ 

ʚʨʝʤʝʥʠ, ʪʘʢ ʢʘʢ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʛʣʫʙʠʥʘ ʚʭʦʜʷʱʝʛʦ 

ʧʦʪʦʢʘ ʠ ʧʨʠ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʩʫʤʤʘʨʥʦʤ ʨʘʩʭʦʜʝ Q ʠʟʤʝʥʷʪʴʩʷ ʢʦʣʠʯʝʩʪʚʦ 

N(t) ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʩʯʝʪʝ ʷʯʝʝʢ ʚʦ ʚʭʦʜʥʦʤ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʧʦʪʦʢʘ 

(ʨʠʩʫʥʦʢ 1). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʭʦʜʘ ʧʦ ʩʝʯʝʥʠʶ ʧʦʪʦʢʘ ʠʟʤʝʨʷʝʪʩʷ ʚ ʩʪʚʦʨʘʭ 

ʛʠʜʨʦʧʦʩʪʦʚ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʞʝʥʠʝʤ 

ʚʝʨʭʥʝʛʦ ʩʪʚʦʨʘ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1, ʛʣʫʙʠʥʘ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʨʝʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʚʦ 

ʚʭʦʜʥʦʤ ʩʝʯʝʥʠʠ ʧʦʪʦʢʘ ʨʘʟʣʠʯʥʘ. ʇʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: 

ʢʘʢ ʨʘʩʧʨʝʜʝʣʠʪʴ ʩʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ Q ʤʝʞʜʫ ʷʯʝʡʢʘʤʠ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ? 

ɿʜʝʩʴ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ. ʅʘʠʙʦʣʝʝ 

ʥʝʩʦʚʝʨʰʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪ ʨʘʩʭʦʜ ʤʝʞʜʫ 

ʷʯʝʡʢʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʤʦʜʝʣʠ. 

ʂʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʥʝ ʜʦʧʫʩʢʘʶʪ ʠʭ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʟʘʜʘʥʠʷ. ɺ ʦʙʳʯʥʳʭ 

 

ʈʠʩ. 2 ï ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʥʘ ʚʭʦʜʝ ʧʦʪʦʢʘ 
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ʨʝʯʥʳʭ ʩʠʩʪʝʤʘʭ, ʝʩʣʠ ʵʪʦ ï ʥʝ ʛʦʨʥʳʡ ʧʦʪʦʢ, ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʜʣʝʥʥʦʝ ʪʝʯʝʥʠʝ 

ʙʝʟ ʟʘʤʝʪʥʳʭ ʚʦʣʥ. ʇʨʠ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ qj ʚ ʨʝʰʝʥʠʠ 

ʬʦʨʤʠʨʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʢʘʞʘʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʝʡ ʚʦʣʥʘ, 

ʧʨʦʙʝʛʘʶʱʘʷ ʯʝʨʝʟ ʦʙʣʘʩʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʝʰʝʥʠʝ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʩʪʨʫʡ ʧʦʪʦʢʘ ʥʘ 

ʚʭʦʜʝ ʚ ʤʦʜʝʣʠʨʫʝʤʫʶ ʦʙʣʘʩʪʴ. 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʷʤʦʫʛʦʣʴʥʘʷ, ʠʣʠ, ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ, ʧʨʦʠʟʚʦʣʴʥʘʷ, ʩʝʪʢʘ 

ʚʩʝʛʜʘ ʠʤʝʝʪ ʥʝ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʚʭʦʜʥʦʤʫ ʩʝʯʝʥʠʶ ʛʨʘʥʠ ʷʯʝʝʢ 

ʥʘ ʛʨʘʥʠʮʝ ʤʦʜʝʣʠ, ʠ ʠʭ 

ʩʦʨʠʝʥʪʠʨʦʚʘʪʴ ʧʦʧʝʨʝʢ 

ʚʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʯʘʱʝ ʚʩʝʛʦ 

ʥʝʚʦʟʤʦʞʥʦ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʯʝʥʠʷ 

ʦʨʪʦʛʦʥʘʣʴʥʦ ʛʨʘʥʠʮʘʤ ʷʯʝʝʢ 

ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʩʪʨʝʞʥʷ 

ʧʦʪʦʢʘ ʢ ʦʜʥʦʤʫ ʠʟ ʙʝʨʝʛʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʵʪʦʤ ʬʘʢʪʠʯʝʩʢʠ ʟʘʜʘʝʪʩʷ 

ʥʘʯʘʣʴʥʳʡ ʠʤʧʫʣʴʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʞʠʜʘʝʤʦʤʫ ʚ ʤʦʜʝʣʠ ʪʝʯʝʥʠʶ. ɹʦʣʝʝ 

ʪʦʛʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʜʥʦʤʫ ʠʟ ʨʘʩʯʝʪʦʚ ʧʦ 

ʨʝʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʧʨʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʩʪʨʦʡʢʝ ʚʝʢʪʦʨʦʚ ʥʘʧʨʘʚʣʝʥʠʷ 

ʩʢʦʨʦʩʪʠ, ʤʘʢʩʠʤʫʤ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʚʩʝ ʨʘʚʥʦ ʤʦʞʝʪ ʦʪʢʣʦʥʠʪʴʩʷ ʦʪ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʪʨʝʞʥʷ, ʪʝʤ ʩʘʤʳʤ, ʚʦʟʤʦʞʥʦ, ʨʘʟʨʫʰʘʷ ʚʩʶ ʤʦʜʝʣʴ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʘ ʩ ʟʘʜʘʥʠʝʤ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʩ ʨʝʰʝʥʠʝʤ ʥʘ ʪʝʢʫʱʝʤ ʩʣʦʝ ʚʨʝʤʝʥʠ. 

Ɍ) 

 

ɍ) 

 
ʚ) 

 
ʈʠʩ. 2 ï ʘ) ʇʦʣʝ ʩʢʦʨʦʩʪʝʡ; ʙ) ʧʦʣʝ ʫʜʝʣʴʥʳʭ 

ʨʘʩʭʦʜʦʚ; ʚ) ʜʣʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʨʝʢʠ 

ʦʪʤʝʯʝʥʥʦʤ ʧʨʷʤʦʡ ʣʠʥʠʝʡ ʥʘ ʬʨʘʛʤʝʥʪʝ ʘ): 

ʛʨʘʬʠʢʠ ʦʪʤʝʪʦʢ ʜʥʘ Zb, ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ v, 

ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ q 
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ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 

ʥʝʠʟʚʝʩʪʥʦ. ʂʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʩʯʝʪʝ ʚ ʧʝʨʚʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʩʦʪʝʥ ʪʳʩʷʯ ʠʣʠ ʤʠʣʣʠʦʥʘ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʡ 

ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʩʢʦʣʴʢʫ 

ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʟʥʘʪʴ ʠ ʟʘʜʘʪʴ ʪʦʯʥʦ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʠʩʝʣ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʨʝʘʣʴʥʦ, ʪʦ ʤʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ ʠʭ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʙʣʠʞʝʥʥʦ, ʥʦ ʪʘʢʦʡ 

ʧʦʜʭʦʜ ʥʝ ʜʘʝʪ ʢʘʢʦʛʦ-ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʨʝʜ 

ʪʨʠʚʠʘʣʴʥʳʤ ʟʘʜʘʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ, z = zo, v = 0. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ 

ʜʣʷ ʠʭ ʟʘʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʭʦʨʦʰʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʠʥʪʝʨʬʝʡʩ 

ʧʨʦʛʨʘʤʤʳ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʦʨʦʥʥʝʡ ʧʨʦʛʨʘʤʤʳ-

ʧʨʝʧʨʦʮʝʩʩʦʨʘ. 

ɺʩʝʛʜʘ ʠʤʝʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʢʨʘʝʚʳʭ ʟʥʘʯʝʥʠʡ ʩ 

ʥʘʯʘʣʴʥʳʤʠ ʠʣʠ ʪʝʢʫʱʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ. 

ʄʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʤʦʜʝʣʠʨʫʝʤʦʡ ʨʝʯʥʦʡ ʩʠʩʪʝʤʝ 

ʥʘ ʝʝ ʛʨʘʥʠʮʘʭ ʥʝʪ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ. ʆʜʥʘʢʦ, ʧʨʠ 

ʧʨʦʠʟʚʦʣʴʥʦʤ ʟʘʜʘʥʠʠ ʫʩʣʦʚʠʡ ʥʘ ʛʨʘʥʠʮʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʘʜʘ ʨʘʟʨʳʚʘ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ ʩʣʝʜʫʶʱʝʤ ʩʣʦʝ ʚʨʝʤʝʥʠ ʠ ʜʘʣʝʝ ʧʦ ʚʨʝʤʝʥʠ 

ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʨʝʰʝʥʠʝ, ʥʦʩʷʱʝʝ ʭʘʨʘʢʪʝʨ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ. 

ʊʨʝʪʴʷ ʛʨʫʧʧʘ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʘ ʩ ʟʘʜʘʥʠʝʤ ʫʩʣʦʚʠʡ ʚ ʥʠʞʥʝʤ ʩʪʚʦʨʝ 

ʧʦʪʦʢʘ. ʆʙʳʯʥʦ ʧʨʠ ʟʘʜʘʥʥʦʤ ʨʘʩʭʦʜʝ ʧʦʪʦʢʘ Q ʝʛʦ ʫʨʦʚʝʥʴ z
ʥʠʟ

 ʥʘ ʛʨʘʥʠʮʝ 

ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʥʝʠʟʚʝʩʪʝʥ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʤʦʞʝʪ, ʥʘʧʨʠʤʝʨ, ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ 

ʧʦ ʠʟʚʝʩʪʥʳʤ ʫʨʦʚʥʷʤ ʛʠʜʨʦʧʦʩʪʦʚ, ʥʘʭʦʜʷʱʠʤʩʷ ʚʙʣʠʟʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ 

ʤʦʜʝʣʠ, ʥʦ ʪʘʢʦʝ ʙʳʚʘʝʪ ʥʘ ʧʨʘʢʪʠʢʝ ʢʨʘʡʥʝ ʨʝʜʢʦ. ʇʨʦʙʣʝʤʘ ʚ ʪʦʤ, ʯʪʦ ʜʘʞʝ 

ʝʩʣʠ ʠ ʝʩʪʴ ʪʘʢʠʝ ʧʦʩʪʳ, ʪʦ ʦʥʠ ʤʦʛʫʪ ʥʝ ʜʘʚʘʪʴ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʧʨʠ 

ʪʨʝʙʫʝʤʦʤ ʝʝ ʨʘʩʭʦʜʝ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʢʣʦʥ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ ʨʝʢʝ, ʧʨʠ ʵʪʦʤ ʦʙʱʝʡ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʟʘʜʘʪʴ ʬʫʥʢʮʠʶ ʜʣʷ ʫʢʣʦʥʘ i=i(Q) ʥʝʪ. 

ʆʙʳʯʥʦʡ ʩʠʪʫʘʮʠʝʡ ʷʚʣʷʝʪʩʷ, ʢʦʛʜʘ ʛʠʜʨʦʧʦʩʪʦʚ ʚʙʣʠʟʠ ʦʙʣʘʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠʣʠ ʩʦʚʩʝʤ ʥʝʪ, ʠʣʠ, ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ, ʝʩʪʴ 
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ʦʜʠʥ ʛʠʜʨʦʧʦʩʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʜʘʪʴ ʚ ʦʜʥʦʡ ʪʦʯʢʝ ʨʝʢʠ, ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʚʥʫʪʨʠ ʤʦʜʝʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ, ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ, ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ 

ʜʠʘʧʘʟʦʥʝ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʟʘʜʘʥʠʶ ʨʘʩʭʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʧʨʠʭʦʜʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝ ʩʦʚʩʝʤ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʢʣʦʥʝ ʨʝʢʠ ʚ ʨʘʤʢʘʭ ʛʨʘʥʠʮ ʤʦʜʝʣʠ 

ʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʦʥ ʧʦʣʫʯʘʝʪ ʚʝʩʴʤʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ 

ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ, ʧʦʣʫʯʝʥʥʦʝ ʯʘʩʪʦ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ʈʘʩʯʝʪ ʧʨʠ ʪʘʢʦʤ ʟʥʘʯʝʥʠʠ ʫʨʦʚʥʷ ʦʙʳʯʥʦ ʧʨʠʚʦʜʠʪ ʢ "ʚʩʧʫʯʠʚʘʥʠʶ" 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʙʣʠʟʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʤʦʜʝʣʠ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʢ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. 

ɺ ʭʦʜʝ ʨʝʰʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʠʟʤʝʥʝʥʠʠ 

ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ ʨʝʢʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʫʨʦʚʥʝʡ ʚʜʦʣʴ ʪʝʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʚʳʷʚʣʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʥʠʞʥʝʤ ʩʝʯʝʥʠʠ ʨʝʢʠ z
ʥʠʟ

=z
ʥʠʟ

(Q,i). 

ɸʥʘʣʦʛʠʯʥʦ ʦʰʠʙʢʘʤ ʚ ʨʝʰʝʥʠʠ, ʚʦʟʥʠʢʘʶʱʠʤ ʥʘ ʛʨʘʥʠʮʝ ʚʚʝʨʭ ʧʦ 

ʪʝʯʝʥʠʶ, ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʚʦʟʥʠʢʘʶʪ ʠʩʢʘʞʝʥʠʷ ʨʝʰʝʥʠʷ ʠʟ-ʟʘ 

ʥʝʩʦʚʧʘʜʝʥʠʷ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ ʩ ʥʦʨʤʘʣʴʶ ʢ ʵʪʦʡ ʛʨʘʥʠʮʝ, ʭʦʪʷ ʵʪʠ 

ʠʩʢʘʞʝʥʠʷ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʚʝʣʠʢʠ ʠ ʢʨʠʪʠʯʥʳ. 

ʏʝʪʚʝʨʪʘʷ ʛʨʫʧʧʘ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʘ ʩ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʴʶ ʨʝʣʴʝʬʘ (ʎʄʈ) 

ʨʫʩʣʘ ʠ ʧʦʡʤʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʎʄʈ ʠʤʝʝʪ ʧʣʦʭʦʝ ʢʘʯʝʩʪʚʦ: ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʫʯʘʩʪʢʠ ʩ ʥʝʦʮʠʬʨʦʚʘʥʥʳʤ ʨʝʣʴʝʬʦʤ, ʫʟʣʳ ʪʨʠʘʥʛʫʣʷʮʠʠ ʜʘʣʝʢʠ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʛʦʣʴʯʘʪʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ. 

ʎʄʈ ʠʤʧʦʨʪʠʨʫʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ ʠʩʭʦʜʥʦʛʦ 

ʥʘʙʦʨʘ ʥʝʨʝʛʫʣʷʨʥʳʭ ʪʦʯʝʢ zb(x,y), ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ 

ʨʘʩʯʝʪʥʫʶ ʩʝʪʢʫ. ɺ ʩʣʫʯʘʝ ʙʦʣʴʰʦʡ ʛʫʩʪʦʪʳ ʠʩʭʦʜʥʳʭ ʪʦʯʝʢ ʠʥʬʦʨʤʘʮʠʷ, 

ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʥʠʭ ʯʘʩʪʠʯʥʦ ʪʝʨʷʝʪʩʷ, ʧʨʠ ʯʨʝʟʤʝʨʥʦ ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʪʦʯʢʘʭ, ʥʘʧʨʦʪʠʚ, ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʦʜʥʘʢʦ ʧʨʠ ʣʶʙʦʤ ʠʟ ʥʠʭ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʂʘʯʝʩʪʚʦ ʟʘʜʘʥʠʷ ʨʝʣʴʝʬʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʘʤʠ 
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ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʠ ʩʧʦʩʦʙʦʤ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʢʘʢ ʩʛʣʘʜʠʪʴ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʪʘʢ ʠ, ʥʘʦʙʦʨʦʪ, ʩʦʟʜʘʪʴ ʠʣʠ ʫʚʝʣʠʯʠʪʴ ʥʝʨʦʚʥʦʩʪʠ ʧʨʠ 

ʥʝʣʠʥʝʡʥʦʤ ʤʝʪʦʜʝ ʠʥʪʝʨʧʦʣʷʮʠʠ. 

ʆʩʦʙʘʷ ʧʨʦʙʣʝʤʘ ï ʩʦʟʜʘʥʠʝ ʎʄʈ ʨʫʩʝʣ ʨʝʢ. ʕʪʦ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʘʷ 

ʧʨʦʮʝʜʫʨʘ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʇʨʠ 

ʯʨʝʟʤʝʨʥʦʡ ʨʘʟʨʝʞʝʥʥʦʩʪʠ ʧʨʦʤʝʨʥʳʭ ʪʦʯʝʢ ʎʄʈ ʨʫʩʣʘ ʧʦʣʫʯʘʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʢʦʨʨʝʢʪʥʦʡ. ʇʦʩʢʦʣʴʢʫ ʜʦ ʨʫʩʣʦʚʦʡ ʩʲʝʤʢʠ ʧʦʣʫʯʠʪʴ ʝʝ 

ʥʝʦʪʢʫʜʘ, ʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ ʨʷʜʘ ʤʦʜʝʣʝʡ ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʝʪʦʜʠʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ, ʢʘʢ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʦʣʫʯʘʝʤʫʶ ʎʄʈ ʜʣʷ ʮʝʣʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʙʳʣʘ 

ʚʳʟʚʘʥʘ ʧʦʷʚʣʝʥʠʝʤ ʘʨʪʝʬʘʢʪʦʚ ʚ ʨʫʩʣʝ ʠ ʥʘ ʧʦʡʤʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʝʢʦʨʨʝʢʪʥʦʡ ʎʄʈ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʤʦʜʝʣʠ. ɺ ʮʝʣʦʤ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʪʠʧʘ ʘʨʪʝʬʘʢʪʦʚ. 

ɸʨʪʝʬʘʢʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʛʣʫʙʠʥʝ ʨʫʩʣʘ ʠʟ-ʟʘ ʦʰʠʙʦʢ ʎʄʈ ʠʣʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʣʴʝʬʝ ʜʥʘ ʨʝʢʠ. ʊʘʢʠʝ ʘʨʪʝʬʘʢʪʳ ʤʦʛʫʪ 

ʚʣʠʷʪʴ ʥʘ ʭʘʨʘʢʪʝʨ ʤʦʜʝʣʠ ʪʝʯʝʥʠʷ. ʆʪ ʥʠʭ ʩʣʝʜʫʝʪ ʦʪʣʠʯʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʝ 

ʦʙʲʝʢʪʳ: ʩʢʘʣʴʥʳʝ ʚʳʩʪʫʧʳ, ʛʨʷʜʳ. 

ɸʨʪʝʬʘʢʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʜʦʣʴ ʙʝʨʝʛʦʚ ʨʝʢ. ʇʨʠ ʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʠ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʤʝʣʢʦʡ ʩʝʪʢʝ ʠʭ ʚʣʠʷʥʠʝ ʥʝʚʝʣʠʢʦ. ʇʨʠ ʨʘʟʨʝʞʝʥʥʳʭ 

ʠʩʭʦʜʥʳʭ ʪʦʯʢʘʭ ʨʝʣʴʝʬʘ ʤʝʣʢʘʷ ʩʝʪʢʘ ʥʝ ʤʦʞʝʪ ʠʩʧʨʘʚʠʪʴ ʩʠʪʫʘʮʠʶ. 

ʈʘʩʯʝʪʥʘʷ ʩʝʪʢʘ, ʩʦʟʜʘʚʘʝʤʘʷ ʩ ʫʯʝʪʦʤ ʛʝʦʤʝʪʨʠʠ ʨʫʩʣʘ ʨʝʢʠ ʠ ʩ 

ʠʟʤʝʥʷʝʤʳʤʠ ʨʘʟʤʝʨʘʤʠ ʝʝ ʷʯʝʝʢ ʥʝ ʩʧʘʩʘʝʪ ʩʠʪʫʘʮʠʶ, ʪʘʢ ʢʘʢ ʫʨʦʚʝʥʴ ʚʦʜʳ 

ʤʦʞʝʪ ʧʦʚʳʰʘʪʴʩʷ, ʠ ʚʦʜʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʟʘʧʦʣʥʷʪʴ ʫʯʘʩʪʢʠ ʨʝʣʴʝʬʘ ʩ 

ʷʯʝʡʢʘʤʠ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ ʠ ʥʝ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʝʯʝʥʠʷ 

ʦʨʠʝʥʪʘʮʠʝʡ. ʇʨʠʤʝʨ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʩ ʢʨʫʧʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʦʡ ʧʨʠʚʝʜʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 3. 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʚʝ ʦʙʨʘʪʥʳʝ ʧʨʦʙʣʝʤʳ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʚ 

ʨʝʣʴʝʬʝ. 
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ʈʠʩ. 3 ï ɹʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʠ ʠʟʦʛʠʧʩʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ 

ʇʝʨʚʘʷ ï ʵʪʦ ʥʘʣʠʯʠʝ ʚ ʨʝʘʣʴʥʦʤ ʨʝʣʴʝʬʝ ʧʨʦʪʷʞʝʥʥʳʭ ʤʝʣʢʠʭ 

ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ ʥʘʩʳʧʝʡ, ʜʦʨʦʛ, ʢʘʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʦʜʠʥʦʯʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʥʘʧʨʠʤʝʨ, ʢʨʫʧʥʳʭ ʟʜʘʥʠʡ ʚ ʧʦʡʤʝ ʨʝʢʠ. ʀʭ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʳʚʘʪʴ ʠ 

ʨʘʟʤʝʱʘʪʴ ʥʘ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʝ ʦʪʜʝʣʴʥʦ. ʄʝʣʢʘʷ ʩʝʪʢʘ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ 

ʧʦʜʦʙʥʳʝ ʦʙʲʝʢʪʳ, ʥʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʫʶ ʨʘʩʯʝʪʥʫʶ 

ʩʝʪʢʫ. ɽʩʣʠ ʞʝ ʷʯʝʡʢʠ ʩʝʪʢʠ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳ, ʪʦ ʠʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ 

ʜʦʣʞʝʥ ʧʦʟʚʦʣʷʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʢʦʨʨʝʢʮʠʶ ʎʄʈ, ʠʣʠ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʦʨʦʥʥʠʝ ʧʨʦʛʨʘʤʤʳ-ʧʨʝʧʨʦʮʝʩʩʦʨʳ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʠʚʝʜʝʥ 

ʜʦʩʪʘʪʦʯʥʦ ʭʘʨʘʢʪʝʨʥʳʡ ʧʨʠʤʝʨ, ʢʦʛʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʝʤʥʦʛʦ. ʇʦ ʥʠʤ 

ʧʦʩʪʨʦʝʥ ʨʝʣʴʝʬ, ʦʪʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. 4ʘ ʥʘ ʬʦʥʝ ʢʘʨʪʳ ʨʘʡʦʥʘ. ʂʘʢ ʚʠʜʥʦ 

ʥʘ ʧʦʣʫʯʝʥʥʦʡ ʎʄʈ ʠʤʝʶʱʘʷʩʷ ʜʦʨʦʛʘ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʯʠʩʪʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʪʨʠʘʥʛʫʣʷʮʠʠ ʪʦʯʝʢ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘʩʳʧʴ ʩ ʜʦʨʦʛʦʡ 

(ʨʠʩ. 4ʙ). ʇʦʩʣʝ ʦʪʦʙʨʘʞʝʥʠʷ ʦʯʠʱʝʥʥʳʭ ʪʦʯʝʢ ʥʘ ʨʘʩʯʝʪʥʫʶ ʜʦʩʪʘʪʦʯʥʦ 

ʤʝʣʢʫʶ ʩʝʪʢʫ Grid ʧʦʣʫʯʘʝʪʩʷ ʨʝʣʴʝʬ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 4ʚ. ʅʘ ʤʝʣʢʦʡ 

ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʝ ʘʨʪʝʬʘʢʪʳ ʥʝ ʟʥʘʯʠʤʳ, ʥʦ ʧʨʠ ʝʝ ʫʢʨʫʧʥʝʥʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʤʘʩʰʪʘʙ ʘʨʪʝʬʘʢʪʦʚ ʚʦʟʨʘʩʪʘʝʪ ʠ ʚ ʫʟʢʦʤ ʧʨʦʪʷʞʝʥʥʦʤ 

ʦʙʲʝʢʪʝ ʚʧʦʣʥʝ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʱʝʣʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʨʦʪʝʯʢʝ. 

ɺʪʦʨʘʷ ï ʤʘʣʳʝ ʨʝʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʙʦʣʴʰʦʡ 

ʠʟʚʠʣʠʩʪʦʩʪʴʶ ʠ ʤʘʣʦʡ ʛʣʫʙʠʥʦʡ. ʀʭ ʙʝʨʝʛʘ ʤʦʛʫʪ ʙʳʪʴ ʩʣʘʙʦ ʚʳʨʘʞʝʥʳ ʚ 

ʨʝʣʴʝʬʝ, ʥʦ ʜʘʞʝ ʧʨʠ ʯʝʪʢʦʡ ʠʭ ʧʨʦʷʚʣʝʥʥʦʩʪʠ ʚ ʎʄʈ ʤʘʩʰʪʘʙ ʘʨʪʝʬʘʢʪʦʚ 

ʥʘ ʩʝʪʢʝ Grid ʦʙʳʯʥʦ ʩʦʧʦʩʪʘʚʠʤ ʠʣʠ ʢʨʫʧʥʝʝ ʤʘʩʰʪʘʙʘ ʥʝʙʦʣʴʰʦʡ ʨʝʢʠ ʠʣʠ 

ʨʫʯʴʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʘʜʝʢʚʘʪʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚ ʨʝʰʝʥʠʠ. ʅʝʢʘʯʝʩʪʚʝʥʥʘʷ 

ʎʄʈ ʨʫʩʣʘ ʠ ʙʝʨʝʛʦʚ ʨʝʢʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʜʚʫʤʝʨʥʦʡ ʧʣʘʥʦʚʦʡ ʤʦʜʝʣʠ.  
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ʘ) ʀʟʦʛʠʧʩʳ, ʧʦʩʪʨʦʝʥʥʳʝ 

ʧʦ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʪʦʯʢʘʤ, 

ʧʦʩʣʝ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ ʥʠʤ 

ʎʄʈ ʨʝʣʴʝʬʘ, ʧʦʢʘʟʘʥʥʳʝ 

ʥʘ ʬʦʥʝ ʢʘʨʪʳ ʤʝʩʪʥʦʩʪʠ 

 
ʙ) ʊʦʪ ʞʝ ʨʘʡʦʥ 

 
ʚ) Grid, ʚʠʜ: ʫʛʦʣ ʢ ʚʝʨʪʠʢʘʣʠ 23

ʦ
 

ʈʠʩʫʥʦʢ 4 ï ʆʯʠʩʪʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ ʦʜʥʦʡ ʤʦʜʝʣʠ ʥʘʨʷʜʫ ʩ ʢʨʫʧʥʳʤʠ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʥʝʙʦʣʴʰʠʝ ʨʝʢʠ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʨʘʟʥʳʤ ʤʘʩʰʪʘʙʦʤ ʨʝʯʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ 

ʤʦʜʝʣʝʡ, ʜʘʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʤʝʨʥʳʝ ʠ ʦʜʥʦʤʝʨʥʳʝ ʨʝʰʝʥʠʷ ʜʣʷ 

ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʠʝ ʤʦʜʝʣʠ ʙʦʣʝʝ ʩʣʦʞʥʳ ʠ 

ʜʦʣʞʥʳ ʩʦʛʣʘʩʦʚʳʚʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʜʚʫʤʝʨʥʳʭ ʠ ʦʜʥʦʤʝʨʥʳʭ ʩʠʩʪʝʤ 

ʫʨʘʚʥʝʥʠʡ. 

ʇʷʪʘʷ ʛʨʫʧʧʘ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʘ ʩ ʧʨʦʮʝʩʩʦʤ ʨʝʰʝʥʠʷ. ɿʘʜʘʥʠʝ 

ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʝʱʝ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʫʩʧʝʭ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʜʚʫʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʜʘʞʝ ʝʩʣʠ ʤʝʪʦʜ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ 

ʘʧʨʦʙʠʨʦʚʘʥ ʥʘ ʪʝʩʪʦʚʳʭ ʤʦʜʝʣʷʭ ʠ ʜʘʝʪ ʥʘ ʥʠʭ ʚʝʨʥʳʝ ʨʝʰʝʥʠʷ. 

ʇʝʨʚʘʷ ʧʨʦʙʣʝʤʘ ʠʟ ʵʪʦʡ ʛʨʫʧʧʳ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʤʦʜʝʣʠ ʥʘ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʝ. ʅʘ ʩʣʘʙʦʤ ʢʦʤʧʴʶʪʝʨʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʨʝʰʝʥʠʝ ʟʘ ʧʨʠʝʤʣʝʤʦʝ ʚʨʝʤʷ. ɺʳʰʝ ʫʞʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʧʦʤʠʥʘʣʦʩʴ 

ʪʨʝʙʦʚʘʥʠʝ ʛʫʩʪʦʡ ʩʝʪʢʠ ʩ ʤʝʣʢʠʤ ʰʘʛʦʤ. ɼʣʷ ʤʦʜʝʣʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ ʜʣʠʥʦʡ 

30-40 ʢʤ, ʰʠʨʠʥʦʡ 5-6 ʢʤ ʠ ʨʘʟʤʝʨʦʤ ʨʘʩʯʝʪʥʳʭ ʷʯʝʝʢ ʦʢʦʣʦ 12 ʤ 

ʧʦʪʨʝʙʫʝʪʩʷ ʩʝʪʢʘ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʷʯʝʝʢ ʦʢʦʣʦ 2 ʤʣʥ. ʋʞʝ ʧʦʩʪʨʦʝʥʠʝ ʎʄʈ 

ʜʣʷ ʪʘʢʦʡ ʩʝʪʢʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ. ʃʝʛʢʦ 

ʧʦʜʩʯʠʪʘʪʴ, ʯʪʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʚʫʤʝʨʥʳʝ ʤʘʩʩʠʚʳ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ 

ʟʘʥʠʤʘʶʪ ʤʝʩʪʦ ʚ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʝʚʳʰʘʶʱʝʝ ʪʠʧʠʯʥʳʡ 
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ʦʙʲʝʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. ʇʨʠ ʤʘʣʦʤ ʦʙʲʝʤʝ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ 

ʧʦʩʪʦʷʥʥʳʡ ʧʨʦʮʝʩʩ ʧʦʜʢʘʯʢʠ ʬʘʡʣʦʚ ʚʠʨʪʫʘʣʴʥʦʡ ʧʘʤʷʪʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʚʦ ʤʥʦʛʦ ʨʘʟ. 

ʇʨʦʮʝʩʩ ʨʘʩʯʝʪʘ ʦʙʳʯʥʦ ʧʨʦʪʝʢʘʝʪ ʥʘ ʧʦʨʷʜʢʘ ʤʠʣʣʠʦʥʘ ʨʘʩʯʝʪʥʳʭ 

ʩʣʦʷʭ ʚʨʝʤʝʥʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʰʠʙʢʠ ʦʢʨʫʛʣʝʥʠʷ ʘʨʠʬʤʝʪʠʯʝʩʢʠʡ 

ʦʧʝʨʘʮʠʡ ʤʦʛʫʪ ʩʪʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤʠ, ʧʦʵʪʦʤʫ ʠʤʝʝʪ ʩʤʳʩʣ ʚʝʩʪʠ ʨʘʩʯʝʪ ʩ 

ʯʠʩʣʘʤʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʜʣʠʥʦʡ ʤʘʥʪʠʩʩʳ, ʥʘʧʨʠʤʝʨ, ʜʚʦʡʥʦʡ ʪʦʯʥʦʩʪʠ. ʕʪʦ 

ʪʘʢʞʝ ʚ ʨʘʟʳ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʝʤ ʤʘʰʠʥʥʦʡ ʧʘʤʷʪʠ. ʂʘʢ ʨʝʟʫʣʴʪʘʪ, 

ʩʫʱʝʩʪʚʫʝʪ ʬʠʟʠʯʝʩʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʚʝʨʭʫ ʥʘ ʨʘʟʤʝʨ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. ɸ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʩʥʠʟʫ ʩʣʫʞʠʪ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʝʣʴʝʬʘ. 

ʉʣʝʜʫʶʱʘʷ ʧʨʦʙʣʝʤʘ ʠʟ ʵʪʦʡ ʛʨʫʧʧʳ ʩʚʷʟʘʥʘ ʩ ʤʘʣʳʤ ʰʘʛʦʤ ʧʦ 

ʚʨʝʤʝʥʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ. ɹʝʟʫʩʣʦʚʥʦ ʫʩʪʦʡʯʠʚʳʝ 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪ ʩ ʧʨʝʚʳʰʝʥʠʝʤ ʯʠʩʣʘ 

ʂʫʨʘʥʪʘ ʉu. ʋʩʣʦʚʥʦ ʫʩʪʦʡʯʠʚʳʝ ʤʝʪʦʜʳ ʚʳʥʫʞʜʝʥʳ ʦʛʨʘʥʠʯʠʚʘʪʴ ʰʘʛ ʧʦ 

ʚʨʝʤʝʥʠ ʪʘʢʠʤ ʟʥʘʯʝʥʠʝʤ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ 1¢
D
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ʰʘʛ ʤʝʞʜʫ ʩʣʦʷʤʠ ʚʨʝʤʝʥʠ, u ï ʤʘʢʩʠʤʫʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʧʦ ʚʩʝʤ 

ʷʯʝʡʢʘʤ, ȹl ï ʥʘʠʙʦʣʴʰʠʡ ʨʘʟʤʝʨ ʷʯʝʝʢ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ 

ʥʘ ʜʚʫʤʝʨʥʦʡ ʩʝʪʢʝ ʣʦʢʘʣʴʥʦʝ ʯʠʩʣʦ ʂʫʨʘʥʪʘ 
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 ʠʟʤʝʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʩʠʣʴʥʦ, ʠ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʙʝʟʫʩʣʦʚʥʦ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʩʯʝʪʥʦʛʦ ʤʝʪʦʜʘ, ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ ʩʪʦʠʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʯʠʩʣʦ 

ʂʫʨʘʥʪʘ ʙʳʣʦ ʤʝʥʝʝ 2, ʠ ʪʦ, ʣʠʰʴ ʚ ʥʘʠʤʝʥʝʝ ʢʨʠʪʠʯʥʳʭ ʯʘʩʪʷʭ ʧʦʣʫʯʘʝʤʦʛʦ 

ʨʝʰʝʥʠʷ. ʇʨʦʙʣʝʤʘ ʥʝʦʞʠʜʘʥʥʦʛʦ ʚʳʭʦʜʘ ʥʘ ʥʝʫʩʪʦʡʯʠʚʦʝ ʨʝʰʝʥʠʝ ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘ. 

ʉʣʝʜʫʶʱʘʷ ʧʨʦʙʣʝʤʘ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʳ ʩʚʷʟʘʥʘ ʩ ʢʘʯʝʩʪʚʦʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʨʘʩʯʝʪʥʦʤ ʷʜʨʝ 

ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʏʝʤ ʢʘʯʝʩʪʚʝʥʥʝʝ ʨʘʩʯʝʪʥʳʡ ʤʝʪʦʜ, ʪʝʤ ʦʥ 

ʟʘʪʨʘʪʥʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʰʠʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ. ʇʦʩʢʦʣʴʢʫ 

ʨʝʰʝʥʠʝ ʠʱʝʪʩʷ ʚ ʢʣʘʩʩʝ ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭʩʷ ʨʝʰʝʥʠʡ ʚ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʭ 
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ʟʘʜʘʯʘʭ, ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ 

ʛʣʘʜʢʠʭ ʨʝʰʝʥʠʡ, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʤʦʜʝʣʠʨʫʶʪʩʷ ʜʦʢʨʠʪʠʯʝʩʢʠʝ ʨʝʞʠʤʳ 

ʪʝʯʝʥʠʡ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʤʝʪʦʜʦʚ ʪʠʧʘ ʤʝʪʦʜʦʚ ʙʝʛʫʱʝʛʦ 

ʩʯʝʪʘ, ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʯʝʪʥʦʛʦ ʰʘʛʘ ʧʦ ʚʨʝʤʝʥʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʪʨʝʙʦʚʘʥʠʷ  Cu < 1 ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʨʘʟʤʝʨʦʚ ȹl ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʜʘʶʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ 

ʩʛʣʘʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʝʛʦ ʚʢʣʘʜʘ ʯʠʩʣʝʥʥʦʡ ʚʷʟʢʦʩʪʠ ʚ 

ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʋʢʘʟʘʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʩʪʳʭ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʟʘʜʘʯʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ ʢʨʦʤʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ 

ʪʨʝʙʫʶʪ ʧʨʠʥʷʪʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʨʝʰʝʥʠʡ. ʊʦʯʥʳʡ 

ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʨʘʩʧʘʜʘ ʨʘʟʨʳʚʘ ʧʨʠʚʦʜʠʪ ʢ ʠʪʝʨʘʮʠʷʤ ʧʨʠ ʨʘʩʯʝʪʝ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʘʞʜʦʡ ʛʨʘʥʠ ʢʘʞʜʦʡ ʨʘʩʯʝʪʥʦʡ ʷʯʝʡʢʠ, ʧʦʵʪʦʤʫ ʠʤ ʦʙʳʯʥʦ 

ʥʝ ʧʦʣʴʟʫʶʪʩʷ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʦʪ 

ʯʠʩʣʝʥʥʳʡ ʤʝʪʦʜ ʙʝʟʫʩʣʦʚʥʦ ʫʩʪʦʡʯʠʚ. ʅʘ ʢʘʞʜʦʡ ʛʨʘʥʠ ʵʣʝʤʝʥʪʘ ʨʘʩʯʝʪʥʦʡ 

ʩʝʪʢʠ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠ ʠʟʤʝʥʷʶʪʩʷ ʣʠʥʝʡʥʦ ʠʣʠ 

ʥʝʣʠʥʝʡʥʦ, ʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʦʜʥʠʤ ʯʠʩʣʦʤ. ʅʦ ʵʪʦʪ ʤʝʪʦʜ ʨʘʩʯʝʪʘ 

ʜʦʩʪʘʪʦʯʥʦ ʟʘʪʨʘʪʝʥ ʧʦ ʢʦʤʧʴʶʪʝʨʥʳʤ ʨʝʩʫʨʩʘʤ. 

ʐʝʩʪʘʷ ʛʨʫʧʧʘ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʘ ʩ ʠʥʪʝʨʬʝʡʩʦʤ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʚʚʦʜʘ, 

ʚʳʚʦʜʘ, ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʣʠ ʠʩʧʦʣʴʟʫʝʤʳʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʧʨʠ ʠ ʧʦʩʪ-ʧʨʦʮʝʩʩʦʨʘʤʠ. ʅʝʢʦʪʦʨʳʝ 

ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʦʙʱʝ ʥʝ ʠʤʝʶʪ ʠʥʪʝʨʬʝʡʩʘ, ʘ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʚʚʦʜ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʠʟ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʬʘʡʣʦʚ. ɹʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʦʨʦʥʥʠʭ ʧʨʦʛʨʘʤʤ-ʧʨʝʧʨʦʮʝʩʩʦʨʦʚ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʘʣʴʥʳʭ ʨʝʯʥʳʭ ʩʠʩʪʝʤ ʥʝʚʦʟʤʦʞʥʦ. ʀʭ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʩ ʫʧʨʦʱʝʥʥʳʤʠ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʥʦ ʠ ʠʭ, ʚ ʩʠʣʫ ʠʭ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ, 

ʧʨʠʭʦʜʠʪʩʷ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʢʘʢʦʡ-ʣʠʙʦ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 



˥͙͎͙͒ͪͦͦ͡;͔͙͔ͫ͟Σ ͎͙͒ͪͦͺ͙͙͘;͔͙͔ͫ͟Σ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙ ͙͎͔͋ͦͦͻ͙͙ͣ;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· 
͍ ͍ͦ͒ͤ·ͻ ͦ͋Ά͔ͭ͊͟ͻ ͙ ͤ͊ ͍ͦ͒ͦͫ͋ͦͪ͊ͻ ˿͙͙͙͋ͪ ͙ ͙ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡  

73  

ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʵʪʦ 

ʬʘʢʪʠʯʝʩʢʠ ʦʪʜʝʣʴʥʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʯʝʡ ʢʦʜ ʚʦ ʤʥʦʛʦ ʨʘʟ 

ʙʦʣʴʰʝ ʢʦʜʘ ʨʘʩʯʝʪʥʦʛʦ ʷʜʨʘ. ʇʨʠ ʥʝʫʜʦʙʥʦʤ ʠʥʪʝʨʬʝʡʩʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. ʊʨʝʙʦʚʘʥʠʷ ʢ 

ʠʥʪʝʨʬʝʡʩʫ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʠ ʤʥʦʛʦʦʙʨʘʟʥʳ. ʇʨʦʙʣʝʤʘ ʚ ʪʦʤ, ʯʪʦ ʥʝʪ 

ʧʨʦʛʨʘʤʤʳ ʩ ʠʜʝʘʣʴʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʫ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʝʩʪʴ ʪʝ ʠʣʠ ʠʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ, ʪʨʝʙʫʶʱʠʝ ʠʥʦʛʜʘ ʪʘʢʦʛʦ ʦʙʲʝʤʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʯʪʦ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʪʘʥʦʚʠʪʩʷ 

ʥʠʯʪʦʞʥʦʡ, ʪʘʢ ʢʘʢ ʨʝʟʫʣʴʪʘʪʦʤ ʚ ʚʠʜʝ ʤʠʣʣʠʦʥʦʚ ʯʠʩʝʣ ʥʝʚʦʟʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ. 

ʇʨʦʙʣʝʤʳ ʠʥʪʝʨʬʝʡʩʘ ʩ ʨʘʩʯʝʪʥʳʤ ʷʜʨʦʤ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʥʘ ʣʶʙʦʤ 

ʠʟ ʵʪʘʧʦʚ ʨʘʩʯʝʪʘ: ʧʨʠ ʟʘʜʘʥʠʠ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʩʪʘʨʪʦʚʦʡ ʦʙʣʘʩʪʠ ʥʘ 

ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʝ, ʧʨʠ ʧʝʨʝʨʘʩʯʝʪʝ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʥʘ ʢʘʞʜʦʤ ʠʟ ʩʣʦʝʚ 

ʚʨʝʤʝʥʠ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ ʧʦʣʝʡ ʯʠʩʝʣ, 

ʚʝʢʪʦʨʦʚ, ʧʦʩʪʨʦʝʥʠʠ ʣʠʥʠʡ ʨʘʟʨʝʟʦʚ ʧʦʣʷ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʝʥʠʠ ʛʨʘʬʠʢʦʚ 

ʵʪʠʭ ʜʘʥʥʳʭ ʚʜʦʣʴ ʣʠʥʠʡ ʨʘʟʨʝʟʦʚ, ʧʦʣʫʯʝʥʠʠ ʩʫʤʤ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʣʦʱʘʜʠ 

ʠʣʠ ʣʠʥʠʠ ʠ ʪʘʢ ʜʘʣʝʝ. 

ʇʦʩʣʝʜʥʷʷ ʛʨʫʧʧʘ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʘ ʩ ʚʝʨʠʬʠʢʘʮʠʝʡ ʠ ʢʘʣʠʙʨʦʚʢʦʡ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ 

ʚʩʪʘʝʪ ʧʨʦʙʣʝʤʘ ʧʨʦʚʝʨʢʠ ʠʭ ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʠ. ʇʨʦʮʝʩʩ ʪʘʢʦʡ ʧʨʦʚʝʨʢʠ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʝʥ, ʪʘʢ ʢʘʢ ʨʝʘʣʴʥʦ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʤʦʞʥʦ 

ʩʨʘʚʥʠʪʴ ʪʦʣʴʢʦ ʫʨʦʚʥʠ ʚʦʜʳ ʚ ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʨʘʩʭʦʜʘʭ ʚʦʜʳ ʚ ʨʝʢʝ ʠ ʝʝ ʧʨʠʪʦʢʘʭ. ʀ ʟʜʝʩʴ ʚʦʟʥʠʢʘʝʪ ʮʝʣʳʡ 

ʨʷʜ ʧʨʦʙʣʝʤ: 

- ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʯʠʩʣʦ ʛʠʜʨʦʧʦʩʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʜʘʪʴ 

ʜʦʩʪʦʚʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʚʦʡ ʨʘʩʭʦʜʦʚ ʚʦʜʳ Q = f(z) ʚ ʦʙʣʘʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʙʝʟ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʩʪʨʦʠʪʴ ʬʫʥʢʮʠʶ z = f(Q), ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ, 
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ʚ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʪʦʯʢʘʭ ʦʙʣʘʩʪʠ ʥʝʚʦʟʤʦʞʥʦ; 

- ʨʘʩʭʦʜʳ ʚʦʜʳ ʚ ʦʩʥʦʚʥʦʡ ʨʝʢʝ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩ ʨʘʩʭʦʜʘʤʠ ʚ ʤʦʜʝʣʠ; 

- ʧʠʢʠ ʨʘʩʭʦʜʦʚ ʚ ʦʩʥʦʚʥʦʡ ʨʝʢʝ ʥʝ ʩʦʚʧʘʜʘʶʪ ʧʦ ʚʨʝʤʝʥʠ ʩ 

ʨʘʩʭʦʜʘʤʠ ʥʘ ʝʝ ʧʨʠʪʦʢʘʭ; 

- ʧʦ ʫʨʦʚʥʷʤ ʚʦʜʳ ʯʘʩʪʦ ʝʩʪʴ ʠʥʬʦʨʤʘʮʠʷ ʣʠʰʴ ʚ ʚʠʜʝ ʤʝʪʦʢ ʚʳʩʦʢʠʭ 

ʚʦʜ ʧʨʝʜʳʜʫʱʠʭ ʧʘʚʦʜʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩ ʙʦʣʴʰʠʤʠ 

ʧʦʛʨʝʰʥʦʩʪʷʤʠ; 

- ʧʦʣʝʚʳʝ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʝʡ ʚʦʜʳ ʧʦ ʙʝʨʝʛʘʤ ʨʝʢʠ ʦʙʳʯʥʦ 

ʧʨʦʚʦʜʷʪʩʷ ʥʝ ʚ ʧʝʨʠʦʜʳ ʤʘʢʩʠʤʫʤʘ ʩʪʦʢʘ, ʘ ʚ ʤʝʞʝʥʴ; 

- ʝʩʣʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘ ʤʝʩʪʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʤʝʩʪ ʟʘʤʝʨʦʚ ʫʨʦʚʥʷ 

ʦʰʠʙʢʠ ʚ 1 - 2 ʤ ʥʝ ʚʥʦʩʷʪ ʟʥʘʯʠʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, ʪʦ ʧʨʠ ʨʘʩʯʝʪʝ ʩʦʙʩʪʚʝʥʥʦ 

ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʷ ʚʦʜʳ ʤʦʞʝʪ ʙʳʪʴ ʚʥʝʩʝʥʳ ʟʘʤʝʪʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʢʘʢ ʚ 

ʧʨʦʮʝʩʩʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʪʘʢ ʠ ʧʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʷʭ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʨʠʬʠʢʘʮʠʶ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: ʩʨʘʚʥʝʥʠʝ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʞʥʦ 

ʧʨʦʚʝʩʪʠ ʣʠʰʴ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʯʪʦ ʣʠʰʴ ʧʦʜʯʝʨʢʠʚʘʝʪ ʟʥʘʯʠʤʦʩʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʉʣʝʜʫʶʱʘʷ ʧʨʦʙʣʝʤʘ ʠʟ ʵʪʦʡ ʛʨʫʧʧʳ ï ʵʪʦ ʤʘʣʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʨʨʝʢʮʠʠ ʤʦʜʝʣʠ. ʇʨʦʱʝ ʚʩʝʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʣʘʛʘʝʤʳʝ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ 

ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʪʨʝʥʠʝ ʚʦʜʳ ʦ 

ʧʦʯʚʫ ʠ ʙʝʨʝʛʘ, ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʕʪʠ 

ʩʣʘʛʘʝʤʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʘʭ. ɼʣʷ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʪʦʯʥʦ ʥʝ ʠʟʚʝʩʪʥʳ ʠ ʧʦʜʙʠʨʘʶʪʩʷ ʧʦ 

ʘʥʘʣʦʛʘʤ. ʂʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦʣʫʯʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʜʘʝʪʩʷ 

ʧʫʪʝʤ ʫʪʦʯʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 
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ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʠʚʝʜʝʥ 

ʧʨʠʤʝʨ ʟʦʥʠʨʦʚʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʥʦ 

ʪʦʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʛʦ ʟʘʜʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 

ʥʝʪ. ɺ ʩʠʪʫʘʮʠʷʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʦʥʠ ʤʦʛʫʪ 

ʟʘʚʠʩʝʪʴ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʧʨʝʧʷʪʩʪʚʠʡ, 

ʢʘʯʝʩʪʚʘ ʎʄʈ ʨʫʩʣʘ, ʛʣʫʙʠʥʳ, 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ, ʫʢʣʦʥʘ ʨʫʩʣʘ ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʪʨʫʜʥʦʩʪʠ ʠ ʥʝʦʜʥʦʟʥʘʯʥʳʡ ʭʘʨʘʢʪʝʨ 

ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʪʘʙʣʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʚʫʤʝʨʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʙʲʝʤ ʜʘʥʥʳʭ ʩʣʠʰʢʦʤ ʚʝʣʠʢ ʜʣʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʜʥʦʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɼʦʩʪʘʪʦʯʥʦ ʥʝʧʣʦʭʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʝʪ 

ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʣʝʡ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʝʢʪʦʨʦʚ, ʥʦ ʪʘʢʦʡ ʚʠʜ 

ʨʝʟʫʣʴʪʘʪʦʚ ʯʘʩʪʦ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ɺʳʚʦʜ ʜʘʥʥʳʭ ʚ ʚʠʜʝ 

ʛʨʘʬʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʦʢʘ ʪʦʣʴʢʦ ʚʜʦʣʴ 

ʢʘʢʠʭ-ʪʦ ʣʠʥʠʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʣʠʥʠʡ ʥʝʦʜʥʦʟʥʘʯʥʦ. ɽʩʣʠ ʣʠʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʩʪʨʝʞʥʶ ʚʜʦʣʴ ʧʦʪʦʢʘ, ʪʦ ʧʨʠ ʜʨʫʛʦʤ ʨʘʩʭʦʜʝ ʠ ʫʨʦʚʥʷʭ ʚʦʜʳ 

ʩʪʨʝʞʝʥʴ ʤʦʞʝʪ ʩʤʝʩʪʠʪʴʩʷ. ʊʘʢʘʷ ʞʝ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ, ʝʩʣʠ ʣʠʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʟʘʪʦʧʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʜʣʷ 

ʣʠʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚʜʦʣʴ ʨʘʟʥʳʭ ʙʝʨʝʛʦʚ ʠʟʚʠʣʠʩʪʦʛʦ ʨʫʩʣʘ ʥʝ ʩʦʚʧʘʜʘʶʪ: 

ʫʨʦʚʝʥʴ ʥʘ ʚʥʝʰʥʝʡ ʜʫʛʝ ʧʦʚʦʨʦʪʘ ʨʫʩʣʘ ʚʩʝʛʜʘ ʚʳʰʝ, ʯʝʤ ʥʘ ʚʥʫʪʨʝʥʥʝʡ. 

ʇʨʠ ʪʘʙʣʠʯʥʦʤ ʚʳʚʦʜʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʪʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʪʘʢ 

ʢʘʢ ʚʳʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʣʠʰʴ ʚ ʥʝʢʦʪʦʨʳʭ ʪʦʯʢʘʭ ʜʚʫʤʝʨʥʦʛʦ 

ʧʦʣʷ ʟʥʘʯʝʥʠʡ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɺ.ɸ. ɾʦʨʦʚʫ ʠ ʉ.ɻ. ʗʢʦʚʯʝʥʢʦ ʟʘ 

ʦʙʩʫʞʜʝʥʠʝ ʧʨʦʙʣʝʤ, ʫʧʦʤʷʥʫʪʳʭ ʚ ʵʪʦʡ ʨʘʙʦʪʝ. 

 

ʈʠʩ. 5 ï ɿʦʥʠʨʦʚʘʥʠʝ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 
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ɸʥʥʦʪʘʮʠʷ. ʉʨʝʜʠ ʦʧʘʩʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʠ 

ʵʢʦʥʦʤʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʚʦʜʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘ ʨʝʢʘʭ ʉʠʙʠʨʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʤʠ 

ʧʦʣʦʚʦʜʴʷʤʠ, ʜʦʞʜʝʚʳʤʠ ʧʘʚʦʜʢʘʤʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʝʜʦʚʳʭ ʟʘʪʦʨʦʚ ʠ ʟʘʞʦʨʦʚ. ʆʩʪʨʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ 

ʩʠʪʫʘʮʠʠ ʯʘʩʪʦ ʩʢʣʘʜʳʚʘʶʪʩʷ ʧʨʠ ʧʦʣʦʚʦʜʴʷʭ ʠ ʧʘʚʦʜʢʘʭ ʪʘʢʞʝ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ ʠ ʝʝ ʧʨʠʪʦʢʘʭ, 

ʦʩʣʦʞʥʷʶʱʠʝ ʚ ʯʠʩʣʝ ʧʨʦʯʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʶ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ. ʇʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʥʘʚʦʜʥʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʘʚʦʜʢʘʤʠ ʠ ʧʦʣʦʚʦʜʴʷʤʠ ʥʘ ʨʝʢʘʭ, ʚʝʩʴʤʘ ʚʘʞʥʘ, ʪʘʢ ʢʘʢ ʩʚʷʟʘʥʘ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʩ ʟʘʱʠʪʦʡ ʞʠʟʥʠ, ʟʜʦʨʦʚʴʷ ʠ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʙʦʣʴʰʠʭ ʤʘʩʩ ʥʘʩʝʣʝʥʠʷ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ, 

ʘ ʩ ʜʨʫʛʦʡ ï ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʧʫʩʢʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚʦʜʳ ʧʨʠ ʧʦʣʦʚʦʜʴʷʭ ʠ ʧʘʚʦʜʢʘʭ ʩ ʪʝʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠ ʟʘʱʠʪʫ ʟʝʤʝʣʴ ʦʪ ʥʘʚʦʜʥʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʣʥ ʧʘʚʦʜʢʦʚ ʠ 

ʧʦʣʦʚʦʜʠʡ ʚ ʢʨʫʧʥʳʭ ʨʝʯʥʳʭ ʙʘʩʩʝʡʥʘʭ ʠ ʘʜʘʧʪʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢ ʫʩʣʦʚʠʷʤ 

ʨʝʘʣʴʥʳʭ ʨʝʯʥʳʭ ʩʠʩʪʝʤ ʉʠʙʠʨʠ. ɺ ʨʘʙʦʪʝ ʦʙʩʫʞʜʘʶʪʩʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʳʭ 

ʧʨʦʛʥʦʟʦʚ ʥʘʚʦʜʥʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʣʦʚʦʜʠʡ ʠ ʧʘʚʦʜʢʦʚ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ, ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʫʨʦʚʥʝʡ ʠ ʨʘʩʭʦʜʦʚ ʚ 2014-2017 ʛʛ. ʠ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠ ʢʘʣʠʙʨʦʚʢʠ ʤʦʜʝʣʠ. 
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Abstract. Among the hydrological hazards the most dangerous for the population and the economy are 

floods on the Siberian rivers caused by spring and summer floods, rain floods, and the formation of ice jams. Acute 

hydrological situations often occur during floods on the Upper Ob river and its tributaries, complicating, among 

other things, the operation of the Novosibirsk hydro system. The problem of forecasting floods is very important 

since it is associated, with the protection of life, health and well-being of the population, and is of great practical 

importance for the operation of hydraulic systems in terms of passing of large volumes of water during floods to 

ensure the rational use of river runoff and protection of land from flooding. One of the ways of solving the problem 

is the development and improvement of methods of mathematical modeling of floods in major river basins and the 

adaptation of mathematical models to real river systems of Siberia. The paper discusses a computer model for a 

short-term forecast of floods on the Upper Ob, the results of calculations of water level and discharge in 2014-2017 

and observation data to develop and calibrate the model. 

Key words: the Upper Ob, spring flood, rainfall flood, mathematical modelling, observation 

ɺʚʝʜʝʥʠʝ 

ʅʘʚʦʜʥʝʥʠʷ ʥʘ ʨʝʢʘʭ, ʚʳʟʳʚʘʝʤʳʝ ʚʝʩʝʥʥʠʤʠ ʧʦʣʦʚʦʜʴʷʤʠ ʠ 

ʜʦʞʜʝʚʳʤʠ ʧʘʚʦʜʢʘʤʠ, ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʙʝʜʩʪʚʠʡ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘʚʦʜʥʝʥʠʡ ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʥʘʫʯʥʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʤʥʦʛʠʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ 
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ʜʣʷ ʉʠʙʠʨʠ. ʇʨʦʙʣʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʚʦʜʥʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʚʝʩʝʥʥʠʤʠ ʧʦʣʦʚʦʜʴʷʤʠ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ, ʦʩʦʙʦ ʚʘʞʥʘ, ʧʦʩʢʦʣʴʢʫ ʩʚʷʟʘʥʘ, ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʟʘʱʠʪʦʡ ʞʠʟʥʠ, ʟʜʦʨʦʚʴʷ ʠ ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʥʘʩʝʣʝʥʠʷ, 

ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʧʦʡʤʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʆʙʠ, ʘ ʩ ʜʨʫʛʦʡ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʠʜʨʦʫʟʣʘ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʦʧʫʩʢʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚʦʜʳ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠ ʟʘʱʠʪʫ ʟʝʤʝʣʴ ʦʪ ʟʘʪʦʧʣʝʥʠʡ [1]. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʤʦʜʝʣʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʟʘ ʨʫʙʝʞʦʤ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʣʦʚʦʜʠʡ ʠ 

ʧʘʚʦʜʢʦʚ ʥʘ ʨʝʢʘʭ, ʦʧʠʨʘʶʪʩʷ ʥʘ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ ʚʦʜʳ ʩ 

ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ (ʤʦʜʝʣʠ ʪʠʧʘ çʦʩʘʜʢʠ-ʩʪʦʢè) ʠ ʛʠʜʨʦʣʦʛʦ-

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʝʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʚ ʨʫʩʣʦʚʦʡ 

ʩʝʪʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʘʚʣʠʢʠ ʦʪʢʨʳʪʳʭ ʨʫʩʝʣ (ʩ ʫʯʝʪʦʤ 

ʟʘʪʦʧʣʝʥʠʷ ʧʦʡʤʳ). ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʜʥʦʤʝʨʥʳʝ ʠʣʠ ʜʚʫʤʝʨʥʳʝ 

(çʧʣʘʥʦʚʳʝè) ʤʦʜʝʣʠ ʥʝʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʚʦʜʳ: ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʉʝʥ-ɺʝʥʘʥʘ ʠ ʫʧʨʦʱʝʥʥʳʝ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʝ ʤʦʜʝʣʠ (ʪʠʧʘ ʤʦʜʝʣʠ 

çʜʠʬʬʫʟʠʦʥʥʦʡ ʚʦʣʥʳè). 

ɼʣʷ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʟʘʪʦʧʣʝʥʠʷ ʧʦʡʤʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘ 

ʫʯʘʩʪʢʝ ʨ. ʆʙʴ ʦʪ ʩʣʠʷʥʠʷ ʨʝʢ ɹʠʷ ʠ ʂʘʪʫʥʴ ʜʦ ʩʪʚʦʨʘ ʧʣʦʪʠʥʳ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ɻʕʉ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʴʶʪʝʨʥʫʶ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ 1DH-ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʉʝʥ-ɺʝʥʘʥʘ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʪʝʯʝʥʠʡ ʚ ʨʝʯʥʦʡ ʩʠʩʪʝʤʝ ɺʝʨʭʥʝʡ ʆʙʠ ʠ ʦʧʝʨʘʪʠʚʥʳʝ ʜʘʥʥʳʝ ʧʦ 

ʫʨʦʚʥʷʤ ʚʦʜʳ ʥʘ ʛʠʜʨʦʧʦʩʪʘʭ (ʛ/ʧ) ʈʦʩʛʠʜʨʦʤʝʪʘ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ 

ʚʳʧʦʣʥʠʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ 

ʜʦʞʜʝʚʦʛʦ ʧʘʚʦʜʢʘ ʚ ʨ. ʆʙʴ ʚ 2014 ʛ. ʥʘ ʫʯʘʩʪʢʝ ʦʪ ʩ. ʌʦʤʠʥʩʢʦʝ ʜʦ ʧʣʦʪʠʥʳ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ɻʕʉ ʠ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ 2015 ʛ. ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ʤʦʜʝʣʠ 

ʚʳʧʦʣʥʝʥʳ ʥʘʪʫʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʫʨʦʚʥʝʡ ʧʨʠ ʙʦʣʴʰʠʭ ʨʘʩʭʦʜʘʭ ʚʦʜʳ ʚ 

2014 ʛ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʳ ʨʫʩʣʦʚʘʷ ʩʲʝʤʢʘ ʠ ʥʘʪʫʨʥʳʝ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʚ 2014-2017 ʛʛ. ʈʘʩʯʝʪʳ ʠ ʥʘʙʣʶʜʝʥʠʷ 

ʚʝʩʝʥʥʠʭ ʧʦʣʦʚʦʜʠʡ 2016 ʠ 2017 ʛʛ. ʚʳʷʚʠʣʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 
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ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ, ʧʨʦʛʥʦʟ ʢʦʪʦʨʳʭ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʥʝʞʥʳʭ ʟʘʧʘʩʦʚ ʠ 

ʜʦʞʜʝʚʳʭ ʦʩʘʜʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʨʫʧʥʳʭ ʚʦʜʦʩʙʦʨʦʚ ʚ ʨʝʯʥʦʡ ʩʪʦʢ. 

ʎʝʣʴ ʨʘʙʦʪʳ 

ʆʙʩʫʞʜʘʝʤʳʝ ʥʠʞʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʳʧʦʣʥʝʥʥʳʭ 

ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʤʦʜʝʣʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʣʦʚʦʜʠʡ ʠ ʧʘʚʦʜʢʦʚ ʥʘ ʢʨʫʧʥʳʭ ʨʝʢʘʭ ʉʠʙʠʨʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʦʢʘ. ʀʭ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʣʦʚʦʜʠʡ 

ʠ ʧʘʚʦʜʢʦʚ ʚ ʨʝʯʥʦʡ ʩʠʩʪʝʤʝ ɺʝʨʭʥʝʡ ʆʙʠ (ʧʠʣʦʪʥʳʡ ʧʨʦʝʢʪ). 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

- ʩʦʙʨʘʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʘʨʭʠʚʥʫʶ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʫʶ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʨʫʩʣʘ ʠ ʧʦʡʤʳ ʨ. ʆʙʴ ʥʘ ʫʯʘʩʪʢʝ ʜʦ 

ʩ. ʌʦʤʠʥʩʢʦʝ ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ; 

- ʚʳʧʦʣʥʠʪʴ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ ʜʣʷ ʩʙʦʨʘ ʥʝʦʙʭʦʜʠʤʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʥʘʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ, ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʦʡ ʠ 

ʛʠʜʨʦʤʝʪʨʠʯʝʩʢʦʡ) ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ, ʢʘʣʠʙʨʦʚʢʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʨʝʯʥʦʛʦ ʧʦʪʦʢʘ ʚ ʨʫʩʣʝ ʠ ʥʘ ʧʦʡʤʝ ʜʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʜʦʣʠʥʳ ʨ. ʆʙʴ; 

- ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʚʳʧʦʣʥʝʥʥʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʠ ʨʫʩʣʦʚʦʡ 

ʩʲʝʤʦʢ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʤʦʨʬʦʤʝʪʨʠʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʩʪʨʦʠʪʴ ʮʠʬʨʦʚʳʝ 

ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʨʫʩʣʘ ʠ ʧʦʡʤʳ ʨ. ʆʙʴ ʥʘ ʫʯʘʩʪʢʝ ʜʦ ʩ. ʌʦʤʠʥʩʢʦʝ ʛ. ʂʘʤʝʥʴ-

ʥʘ-ʆʙʠ; 

- ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʧʦʣʝʚʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ 

ʧʦʩʪʨʦʠʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʦʩʥʦʚʝ 1DH- ʠ 2DH-ʤʦʜʝʣʝʡ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʯʥʳʭ ʩʠʩʪʝʤʘʭ ʩʦ ʩʣʦʞʥʦʡ 

ʤʦʨʬʦʤʝʪʨʠʝʡ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ;  

- ʚʳʧʦʣʥʠʪʴ ʠʤʠʪʘʮʠʦʥʥʳʝ ʨʘʩʯʝʪʳ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʯʝʥʠʡ ʚ ʩʠʩʪʝʤʝ 

ʨʫʩʝʣ ɺʝʨʭʥʝʡ ʆʙʠ ʠ ʥʘ ʫʯʘʩʪʢʝ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʜʦ ʩʪʚʦʨʘ 
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ʧʣʦʪʠʥʳ ʅɻʕʉ ʠ ʚʳʧʦʣʥʠʪʴ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠ 

ʥʘʙʣʶʜʝʥʠʡ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ɻʀʉ (ʚ ʪʦʤ Web-ɻʀʉ), 

ʧʦʟʚʦʣʷʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦ ʩʦʚʤʝʩʪʥʦ ʭʨʘʥʠʪʴ, ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

(ʵʤʧʠʨʠʯʝʩʢʠʝ ʠ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ) ʧʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʥʘ 

ʫʯʘʩʪʢʝ ɺʝʨʭʥʝʡ ʆʙʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ 1DH- ʠ 2DH-ʤʦʜʝʣʝʡ ʪʝʯʝʥʠʡ ʚ ʨʝʯʥʦʡ 

ʩʠʩʪʝʤʝ ɺʝʨʭʥʝʡ ʆʙʠ ʥʝʦʙʭʦʜʠʤʳ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠʡ ʨʝʣʴʝʬʘ ʨʫʩʣʘ ʠ 

ʧʦʡʤʳ ʨ. ʆʙʴ ʥʘ ʫʯʘʩʪʢʝ ʦʪ ʩ. ʌʦʤʠʥʩʢʦʝ ʜʦ ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ ʠ ʜʘʥʥʳʝ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. 

ʆʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ ʨʫʩʣʘ ʠ ʧʦʡʤʳ 

ʨ. ʆʙʴ ʥʘ ʫʯʘʩʪʢʝ ʦʪ ʩ. ʌʦʤʠʥʩʢʦʝ ʜʦ ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ ʧʦʩʣʫʞʠʣʠ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ (ʚ ʦʩʥʦʚʥʦʤ ʤʘʩʰʪʘʙʘ 1:25000, 

ʥʘ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ï 1:10000) ʠ ʢʘʨʪʳ ʚʦʜʥʦʛʦ ʧʫʪʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʣʦʮʠʠ). ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʠ ʜʦʧʦʣʥʝʥʠʷ ʵʪʦʡ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʩʧʫʪʥʠʢʦʚʳʝ 

ʩʥʠʤʢʠ), ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʩʦʙʩʪʚʝʥʥʳʭ ʧʦʣʝʚʳʭ ʠʟʳʩʢʘʥʠʡ. ɺ ʭʦʜʝ ʵʪʠʭ 

ʠʟʳʩʢʘʥʠʡ ʚʳʧʦʣʥʷʣʠʩʴ ʨʫʩʣʦʚʳʝ ʩʲʝʤʢʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʩʪʨʦʠʣʠʩʴ 

ʧʦʧʝʨʝʯʥʳʝ ʧʨʦʬʠʣʠ ʨʫʩʣʘ ʠ ʧʨʠʣʝʛʘʶʱʝʡ ʧʦʡʤʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, 

ʫʪʦʯʥʷʣʦʩʴ ʩʦʚʨʝʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʙʨʦʚʢʠ ʙʝʨʝʛʦʚ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ 

ʨʫʩʣʦʚʳʭ ʬʦʨʤ, ʚʳʧʦʣʥʷʣʦʩʴ ʠʟʤʝʨʝʥʠʝ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʦʪʤʝʪʦʢ ʫʨʦʚʥʷ ʠ ʪ.ʜ.  

ɺ ʩʦʩʪʘʚʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʧʦ ʛʝʦʜʝʟʠʯʝʩʢʦʤʫ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤʫ 

ʠʟʫʯʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʨʝʯʥʦʡ ʩʠʩʪʝʤʳ ɺʝʨʭʥʝʡ ʆʙʠ ʧʨʦʚʝʜʝʥʳ 

ʥʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʫʢʘʚʦʚ ʨʫʩʣʦʚʳʭ 

ʨʘʟʚʝʪʚʣʝʥʠʡ ʨ. ʆʙʴ ʥʘ ʫʯʘʩʪʢʝ ɹʘʨʥʘʫʣ ï ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ ʜʣʷ ʜʚʫʭ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʨʫʩʣʦʚʳʭ ʨʘʟʚʝʪʚʣʝʥʠʡ ʨʝʢʠ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ: ʊʘʨʘʜʘʥʦʚʩʢʦ-

ɼʘʚʳʜʦʚʩʢʦʛʦ ʠ ɻʦʥʴʙʠʥʩʢʦ-ʇʦʚʘʣʠʭʠʥʩʢʦʛʦ (ʨʠʩ. 1). 
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ʈʠʩ. 1 - ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʨʫʩʣʦʚʳʭ ʨʘʟʚʝʪʚʣʝʥʠʡ 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʫʪʝʤ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ 

ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʨʫʢʘʚʘʭ ʠ ʦʩʥʦʚʥʦʤ ʨʫʩʣʝ ʨʝʢʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ 2016 ʛ. ʜʣʷ ɻʦʥʴʙʠʥʩʢʦ-

ʇʦʚʘʣʠʭʠʥʩʢʦʛʦ ʨʘʟʚʝʪʚʣʝʥʠʷ 31 ʠʶʣʷ, ʜʣʷ ʊʘʨʘʜʘʥʦʚʩʢʦ-ɼʘʚʳʜʦʚʩʢʦʛʦ ï 5 

ʘʚʛʫʩʪʘ. ʆʙʱʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨ. ʆʙʴ ʚ ʧʝʨʠʦʜ ʩʲʝʤʢʠ ï ʵʪʦ ʩʧʘʜ 

ʧʦʣʦʚʦʜʴʷ ʠ ʥʘʯʘʣʦ ʣʝʪʥʝ-ʦʩʝʥʥʝʡ ʤʝʞʝʥʠ. ʍʘʨʘʢʪʝʨʥʳʝ ʦʙʱʠʝ ʨʘʩʭʦʜʳ 

ʚʦʜʳ ʚ ʨ. ʆʙʴ ʩʦʩʪʘʚʣʷʣʠ 2500-2800 ʤ
3
/ʩ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʧʦ ʟʥʘʯʝʥʠʶ ʨʘʩʭʦʜʘ ʚʦʜʳ ʚ 

ʥʘʯʘʣʝ ʫʯʘʩʪʢʘ ʠʟʤʝʨʝʥʠʡ (ʥʘ ʚʭʦʜʝ ʚ ʨʘʟʚʝʪʚʣʝʥʠʝ) ʠ ʚ ʢʦʥʮʝ ʫʯʘʩʪʢʘ 

ʠʟʤʝʨʝʥʠʡ (ʥʘ ʚʳʭʦʜʝ ʠʟ ʨʘʟʚʝʪʚʣʝʥʠʷ), ʘ ʪʘʢʞʝ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 

ʫʨʦʚʥʝʤ ʚʦʜʳ ʥʘ ʛʠʜʨʦʧʦʩʪʘʭ ʈʦʩʛʠʜʨʦʤʝʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ ʨ. ʆʙʴ (ɹʘʨʥʘʫʣ, ʐʝʣʘʙʦʣʠʭʘ, ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʢʫʩʪʠʯʝʩʢʠʡ ʜʦʧʣʝʨʦʚʩʢʠʡ 

ʧʨʦʬʠʣʦʛʨʘʬ-ʨʘʩʭʦʜʦʤʝʨ Sontek M9 River Surveyor Live. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʣʫʯʝʥʳ 

ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʨʘʩʭʦʜʘʭ ʚʦʜʳ) ʚ ʨʫʢʘʚʘʭ 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʨʫʩʣʦʚʳʭ ʨʘʟʚʝʪʚʣʝʥʠʡ ʨ. ʆʙʴ ʥʘ ʫʯʘʩʪʢʝ ʦʪ ɹʘʨʥʘʫʣʘ ʜʦ 

ʂʘʤʥʷ-ʥʘ-ʆʙʠ ʚ ʫʩʣʦʚʠʷʭ ʩʧʘʜʘ ʧʦʣʦʚʦʜʴʷ ʠ ʥʘʯʘʣʘ ʣʝʪʥʝ-ʦʩʝʥʥʝʡ ʤʝʞʝʥʠ. 

ʕʪʠ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʠ ʚʝʨʠʬʠʢʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʤʦʜʝʣʝʡ ʨʫʩʣʦʚʦʛʦ ʧʦʪʦʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʦʡʤʝʥʥʳʝ ʧʨʦʪʦʢʠ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʦʙʱʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʨʝʢʠ ʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʢʦʤʧɹʁʪʝʨʥʳʭ ʤʦʜʝʣʝʡ ʪʝʯʝʥʠʡ. 
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ɺ ʩʚʷʟʠ ʩ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʴʶ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʨ. ʆʙʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʪʦʯʥʝʥʠʶ ʠ ʜʦʧʦʣʥʝʥʠʶ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʚʨʝʤʝʥʥʦʤ ʨʝʣʴʝʬʝ ʨʫʩʣʘ ʠ ʧʦʡʤʳ ʝʱʝ ʧʨʦʜʦʣʞʘʶʪʩʷ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʣʥ ʧʦʣʦʚʦʜʠʡ ʠ ʧʘʚʦʜʢʦʚ ʧʦ ʨʝʯʥʦʡ ʩʝʪʠ 

ɺʝʨʭʥʝʡ ʆʙʠ ʙʳʣʠ ʩʦʟʜʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ 

ʨʘʟʣʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (1DH ʠ 2DH) ʠ ʩʣʦʞʥʦʩʪʠ [2-3]. ɺ ʪʦʤ ʯʠʩʣʝ, ʜʣʷ 

ʫʯʝʪʘ ʨʫʩʣʦʚʳʭ ʫʯʘʩʪʢʦʚ ʩʦ ʩʣʦʞʥʦʡ ʤʦʨʬʦʤʝʪʨʠʝʡ ʛʝʦʤʝʪʨʠʠ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 1DH- ʤʦʜʝʣʴ ʪʝʯʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʨʫʩʝʣ ʠ ʥʘ ʧʦʡʤʝ ʨʝʢ, 

ʧʦʣʫʯʝʥʥʘʷ ʧʫʪʝʤ ʦʩʨʝʜʥʝʥʠʷ ʧʦ ʰʠʨʠʥʝ ʨʫʩʣʘ ʧʣʘʥʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʉʝʥ-

ɺʝʥʘʥʘ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ; ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʚʳʯʠʩʣʷʪʴ ʦʙʲʝʤʳ ʠ ʧʣʦʱʘʜʠ ʟʝʨʢʘʣʘ ʨʝʢʠ ʚʤʝʩʪʝ ʩ 

ʧʦʡʤʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʰʠʨʠʥʳ [5]. 

ɼʣʷ ʘʧʨʦʙʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 1DH-ʤʦʜʝʣʝʡ 

ʚʳʧʦʣʥʝʥʳ ʠʤʠʪʘʮʠʦʥʥʳʝ ʨʘʩʯʝʪʳ ʫʨʦʚʥʝʡ ʚʦʜʳ ʚ ʨ.  ʆʙʴ ʥʘ ʫʯʘʩʪʢʝ ʦʪ ʛ/ʧ 

ʌʦʤʠʥʩʢʦʝ ʜʦ ʥʠʞʥʝʛʦ ʙʴʝʬʘ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ɻʕʉ ʚ ʤʘʝ 1972 ʛ. ʠ ʩʜʝʣʘʥ 

ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ. ʅʠʞʝ 

ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ 1DH-

ʤʦʜʝʣʝʡ ʪʝʯʝʥʠʡ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʝʩʝʥʥʠʭ ʧʦʣʦʚʦʜʠʡ ʠ 

ʜʦʞʜʝʚʳʭ ʧʘʚʦʜʢʦʚ ʚ ʨʝʯʥʦʡ ʩʠʩʪʝʤʝ ɺʝʨʭʥʝʡ ʆʙʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʦʭʦʞʜʝʥʠʝ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʜʦʞʜʝʚʦʛʦ ʧʘʚʦʜʢʘ ʚ ʙʘʩʩʝʡʥʝ ɺʝʨʭʥʝʡ 

ʆʙʠ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2014 ʛ. ʚʳʟʚʘʣʦ ʢʨʫʧʥʦʝ ʥʘʚʦʜʥʝʥʠʝ ʥʘ ʨʝʢʘʭ 

ɸʣʪʘʷ. ʇʦ ʦʮʝʥʢʘʤ, ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʜʘʥʥʦʛʦ ʧʘʚʦʜʢʘ 

ʚ ʨʘʡʦʥʝ ʛ. ɹʘʨʥʘʫʣʘ ʙʳʣʘ ʦʢʦʣʦ 3%. ɺʦ ʚʨʝʤʷ ʧʘʚʦʜʢʘ 2014 ʛ. ʚʳʧʦʣʥʷʣʩʷ 

ʢʨʘʪʢʦʩʨʦʯʥʳʡ ʧʨʦʛʥʦʟ ʫʨʦʚʥʝʡ ʚʦʜʳ ʥʘ ʫʯʘʩʪʢʝ ʨʝʢʠ ʆʙʴ ʦʪ ʩ. ʌʦʤʠʥʩʢʦʝ 

ʜʦ ʧʣʦʪʠʥʳ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ɻʕʉ. ɼʣʷ ʧʨʦʛʥʦʟʦʚ ʟʘʪʦʧʣʝʥʠʷ ʧʦʡʤʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ ʥʘ ʫʯʘʩʪʢʝ ʨ. ʆʙʴ ʦʪ ʩʣʠʷʥʠʷ ʨʝʢ ɹʠʷ ʠ ʂʘʪʫʥʴ ʜʦ ʩʪʚʦʨʘ ʧʣʦʪʠʥʳ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ɻʕʉ ʚ 2014 ʛ. ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ 1DH-ʤʦʜʝʣʴ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʯʝʥʠʡ ʚ ʨʝʯʥʦʡ ʩʠʩʪʝʤʝ ɺʝʨʭʥʝʡ ʆʙʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʤʦʜʝʣʠ 

ʠ ʦʧʝʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʧʦ ʫʨʦʚʥʷʤ ʥʘ ʛʠʜʨʦʧʦʩʪʘʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʜʦʞʜʝʚʦʛʦ ʧʘʚʦʜʢʘ ʚ ʨ. ʆʙʴ ʚ 2014 ʛ. 

ʥʘ ʫʯʘʩʪʢʝ ʦʪ ʛ/ʧ ʌʦʤʠʥʩʢʦʝ ʜʦ ʧʣʦʪʠʥʳ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ɻʕʉ. ʇʨʠ 

ʥʘʚʦʜʥʝʥʠʠ 2014 ʛ. ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʫ 

ʛ. ɹʘʨʥʘʫʣʘ, ʧʦʣʫʯʝʥʳ ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʩʭʦʜʘʤ ʚʦʜʳ ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʩʯʝʪʥʳʭ ʠ ʥʘʙʣʶʜʝʥʥʳʭ 

ʫʨʦʚʥʝʡ ʚʦʜʳ [3]. 

ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 2014-2015 ʛʛ. ʥʘ ʨʘʚʥʠʥʥʳʭ ʠ ʧʨʝʜʛʦʨʥʳʭ ʚʦʜʦʩʙʦʨʘʭ 

ɺʝʨʭʥʝʡ ʆʙʠ ʥʘʙʣʶʜʘʣʠʩʴ ʧʦʚʳʰʝʥʥʳʝ ʩʥʝʛʦʟʘʧʘʩʳ. ʉ ʫʯʝʪʦʤ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʥʘʚʦʜʥʝʥʠʷ 2014 ʛ. ʠ ʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ 

ʙʦʣʴʰʘʷ ʚʦʜʥʦʩʪʴ ʨ. ʆʙʴ ʚ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʛʦ ʩʥʝʛʦʪʘʷʥʠʷ, ʧʨʦʛʥʦʟʘʤ 

ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ 2015 ʛ. ʙʳʣʦ ʫʜʝʣʝʥʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ 1DH-ʤʦʜʝʣʠ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ 

ʧʨʦʛʥʦʟʳ ʫʨʦʚʥʝʡ ʚʦʜʳ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ ʚ 2015 ʛ. ʩ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴʶ ʜʦ 

3-5 ʜʥʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʫʨʦʚʥʝʡ/ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʧʨʠ 

ʚʝʩʝʥʥʝʤ ʧʦʣʦʚʦʜʴʝ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ ʚ 2015 ʛ. ʧʨʠʚʝʜʝʥʳ ʚ [4]. ɹʣʠʟʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ 2014-2015 ʛʛ. ʩ ʜʘʥʥʳʤʠ ʥʘʪʫʨʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʫʪʦʯʥʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʫʯʝʪʦʚ ʧʨʦʮʝʩʩʦʚ 

ʬʠʣʴʪʨʘʮʠʠ/ʠʩʧʘʨʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʘʷ 1DH-ʤʦʜʝʣʴ ʪʝʯʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʨʫʩʝʣ 

ɺʝʨʭʥʝʡ ʆʙʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʦʮʝʥʢʠ 

ʫʨʦʚʥʝʡ ʟʘʪʦʧʣʝʥʠʡ ʧʦʡʤʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʫʯʘʩʪʢʝ ʨ. ʆʙ 

ʧʨʠ ʚʝʩʝʥʥʠʭ ʧʦʣʦʚʦʜʴʷʭ ʠ ʜʦʞʜʝʚʳʭ ʧʘʚʦʜʢʘʭ, ʪʘʢ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʨʝʞʠʤʘ 

ʧʦʧʫʩʢʦʚ ʠʟ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. 

ɺ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ 2016 ʛ. ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 1DH-ʤʦʜʝʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ 

ʫʨʦʚʥʝʡ ʚʦʜʳ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ, ʠ ʧʦʣʫʯʝʥʦ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʭ ʠ ʥʘʙʣʶʜʝʥʥʳʭ ʫʨʦʚʥʝʡ ʚʦʜʳ ʫ ʛ/ʧ ɹʘʨʥʘʫʣ ʚʦ ʚʨʝʤʷ ʠʭ 

ʧʦʜʲʝʤʘ. ʆʜʥʘʢʦ ʥʘ ʩʧʘʜʝ ʚʦʣʥʳ ʧʦʣʦʚʦʜʴʷ ʦʪʤʝʯʝʥʦ ʦʪʣʠʯʠʝ ʨʘʩʯʝʪʥʳʭ ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ ʫʨʦʚʥʝʡ ʚʦʜʳ (ʩʤ. ʨʠʩ. 2).  
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ʈʠʩ. 2 ï ɻʠʜʨʦʛʨʘʬ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʫ ʛ/ʧ ʛ. ɹʘʨʥʘʫʣ ʚ 2016 ʛ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʙʣʶʜʘʝʤʦʝ ʦʙʱʝʝ ʧʘʜʝʥʠʝ ʫʨʦʚʥʝʡ ʥʘ ʫʯʘʩʪʢʝ ɺʝʨʭʥʝʡ 

ʆʙʠ ʦʪ ʛ/ʧ ʌʦʤʠʥʩʢʦʝ ʜʦ ʛ/ʧ ʋʩʪʴ-ʏʘʨʳʰʩʢʦʝ, ʚ ʨʘʡʦʥʝ ʛ/ʧ ɹʘʨʥʘʫʣ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʫ ʧ. ɿʘʪʦʥ) ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʠʶʥʷ 2016 

ʛ. ʦʪʤʝʯʘʣʠʩʴ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʚʦʜʳ. ʇʨʦʙʣʝʤʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 1DH-ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʧʦʣʦʚʦʜʠʡ ʠ ʧʘʚʦʜʢʦʚ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʠʟʫʯʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʟʘʪʦʧʣʝʥʠʷ ʧʦʡʤʝʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ. ɺʦʟʤʦʞʥʦ, ʧʦʣʫʯʘʝʤʦʡ 

ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʠʤʝʶʱʠʤʩʷ ʛʠʜʨʦʧʦʩʪʘʤ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ ʚ 

ʨʷʜʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚʦʜʦʩʙʦʨʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʯʥʳʭ ʢʨʘʪʢʦʩʨʦʯʥʳʭ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʦʚ ʫʨʦʚʥʝʡ (ʨʘʩʭʦʜʦʚ) ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ 

ʨ. ʆʙʴ. ʕʪʦ ʘʢʪʫʘʣʴʥʦ ʢʘʢ ʩ ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢ ʠ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ 

ʧʣʘʥʝ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʟʘʪʦʧʣʝʥʠʷ 

ʧʦʡʤʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ ʚ ʨʘʡʦʥʘʭ ʛʦʨʦʜʦʚ ɹʠʡʩʢ, ɹʘʨʥʘʫʣ ʠ 

ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ ʚ ʧʝʨʠʦʜʳ ʧʨʦʭʦʞʜʝʥʠʷ ʚʝʩʝʥʥʠʭ ʧʦʣʦʚʦʜʠʡ ʠ ʜʦʞʜʝʚʳʭ 

ʧʘʚʦʜʢʦʚ. 

ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 2016-2017 ʛʛ. ʥʘ ʨʘʚʥʠʥʥʳʭ ʠ ʧʨʝʜʛʦʨʥʳʭ ʚʦʜʦʩʙʦʨʘʭ 

ɺʝʨʭʥʝʡ ʆʙʠ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʠʩʴ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʩʥʝʛʦʟʘʧʘʩʳ. ɺ ʧʝʨʠʦʜ 

ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ 2017 ʛ. ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 1DH-
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ʤʦʜʝʣʠ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʫʨʘʚʥʝʥʠʷʭ ʉʝʥ-ɺʝʥʘʥʘ, ʟʘʧʠʩʘʥʥʳʭ ʚ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʧʦʜʛʦʪʦʚʣʝʥʳ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ 

ʫʨʦʚʥʝʡ ʚʦʜʳ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ, ʠ ʧʦʣʫʯʝʥʦ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʭ ʠ ʥʘʙʣʶʜʝʥʥʳʭ ʫʨʦʚʥʝʡ ʚʦʜʳ ʫ ʛ/ʧ ɹʘʨʥʘʫʣ ʚʦ ʚʨʝʤʷ ʠʭ 

ʧʦʜʲʝʤʘ (ʨʠʩ. 3). 

 
ʈʠʩ. 3 ï ɻʠʜʨʦʛʨʘʬ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʫ ʛ/ʧ ʛ. ɹʘʨʥʘʫʣ ʚ 2017 ʛ. 

ʈʘʩʭʦʞʜʝʥʠʝ ʚ ʨʘʩʯʝʪʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʳʤ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʧʦʡʤʳ ʥʘ ʫʯʘʩʪʢʝ 

ʨ. ʆʙʴ ʦʪ ʛ/ʧ ʌʦʤʠʥʩʢʦʝ ʜʦ ʛ/ʧ ɹʘʨʥʘʫʣ, ʢʦʪʦʨʘʷ ʩʛʣʘʞʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʫʨʦʚʥʠ ʚʦʜʳ ʚ ʨʝʢʝ ʠ ʩʜʚʠʛʘʝʪ ʠʭ ʧʦ ʬʘʟʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʫʯʘʩʪʢʝ ʨʝʢʠ ʦʪ 

ʛ/ʧ ʌʦʤʠʥʩʢʦʝ ʜʦ ʛ/ʧ ɹʘʨʥʘʫʣ ʵʬʬʝʢʪʳ çʧʦʡʤʳè ʥʘʯʠʥʘʶʪ ʙʳʪʴ ʟʘʤʝʪʥʳʤʠ ʩ 

ʨʘʩʭʦʜʦʚ ʙʦʣʝʝ 3500 ʤ
3
/ʩ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ ʟʦʥ ʚʦʟʤʦʞʥʦʛʦ ʟʘʪʦʧʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ 

ʩʨʝʜʩʪʚʘʤʠ ɻʀʉ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʥ ʟʘʪʦʧʣʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ɻʀʉ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʟʣʠʯʥʫʶ 

ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. ɺʳʙʦʨ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʫʨʦʚʥʷʤ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʥʠʮ ʟʦʥ ʟʘʪʦʧʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ: 

- ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʝʣʴʝʬʝ ʪʝʨʨʠʪʦʨʠʠ; 

- ʟʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʚʦʜʳ ʟʘʜʘʥʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʥʘ ʛʠʜʨʦʧʦʩʪʫ (ʘ) ʠʣʠ 
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- ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʝʡ ʚʦʜʳ ʠʣʠ ʛʣʫʙʠʥ ʥʘ ʠʟʫʯʘʝʤʦʤ ʫʯʘʩʪʢʝ ʨʝʯʥʦʡ ʩʝʪʠ (ʙ). 

ʃʠʥʠʠ ʛʨʘʥʠʮ ʟʦʥ ʟʘʪʦʧʣʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʝʚʳʰʝʥʠʷ 

ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʧʝʨʠʦʜ ʧʦʣʦʚʦʜʴʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4, ʟʦʥʘ ʟʘʪʦʧʣʝʥʠʷ, 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ 1DH-ʤʦʜʝʣʠ ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʜʘʪʫ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.  

 
ʈʠʩ.4 ïɿʦʥʳ ʟʘʪʦʧʣʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ (ʛ. ɹʘʨʥʘʫʣ) 

 
ʈʠʩ.5 ï ɿʦʥʘ ʟʘʪʦʧʣʝʥʠʷ ʥʘ ʚʳʙʨʘʥʥʫʶ ʜʘʪʫ 

ʈʘʩʪʨ ʛʣʫʙʠʥ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ 2DH-ʤʦʜʝʣʠ, 

ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 6.  
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ʈʠʩ.6 ï ɻʣʫʙʠʥʘ ʟʘʪʦʧʣʝʥʠʷ ʧʨʠ ʨʘʩʭʦʜʝ 1% ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ (ʛ. ɹʘʨʥʘʫʣ) 

ɺʳʚʦʜʳ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ 

1DH-ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʯʝʥʠʡ ʥʘ 

ʫʯʘʩʪʢʝ ɺʝʨʭʥʝʡ ʆʙʠ ʦʪ ʩʣʠʷʥʠʷ ʨʝʢ ɹʠʷ ʠ ʂʘʪʫʥʴ ʜʦ ʩʪʚʦʨʘ ʧʣʦʪʠʥʳ 

ʅʦʚʦʩʠʙʠʨʩʢʦʡ ɻʕʉ, ʦʙʩʫʞʜʘʶʪʩʷ ʜʝʪʘʣʠ ʠʭ ʧʦʩʪʨʦʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʘʧʨʦʙʘʮʠʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 1DH-ʤʦʜʝʣʝʡ ʠ ʦʧʝʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʧʦ ʛ/ʧ 

ʈʦʩʛʠʜʨʦʤʝʪʘ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ ʧʦʣʫʯʝʥʳ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ 

ʥʘʚʦʜʥʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʝʩʝʥʥʠʤʠ ʧʦʣʦʚʦʜʴʷʤʠ ʠ ʜʦʞʜʝʚʳʤʠ 

ʧʘʚʦʜʢʘʤʠ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ ʚ 2014-2017 ʛʛ. ʊʘʢ, ʧʨʦʛʥʦʟʳ ʫʨʦʚʥʝʡ ʚʦʜʳ ʫ ʛ/ʧ 

ɹʘʨʥʘʫʣ ʨʘʩʩʯʠʪʘʥʳ ʩ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴʶ 3-5 ʜʥʝʡ. ɺ 2014 ʛ. ʚʳʧʦʣʥʝʥʳ 

ʥʘʙʣʶʜʝʥʠʷ ʫʨʦʚʥʝʡ ʫ ʛ. ɹʘʨʥʘʫʣʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʩʭʦʜʘʭ ʚʦʜʳ. 

ʉʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʝ ʠ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʝʥʥʳʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʫʨʦʚʥʠ ʚʦʜʳ ʫ ʛ. 

ɹʘʨʥʘʫʣʘ ʩʦʚʧʘʣʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,2 ʤ. ɹʣʠʟʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʢʨʘʪʢʦʩʨʦʯʥʳʭ 

ʧʨʦʛʥʦʟʦʚ ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ, ʚ ʪ. ʯ. ʧʦ ʫʨʦʚʥʷʤ ʚʦʜʳ ʥʘ ʛ/ʧ ɹʘʨʥʘʫʣ ʚ 

2014, 2015 ʠ 2017 ʛʛ., ʧʦʢʘʟʘʣʘ, ʯʪʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ 

ʪʝʯʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʨʫʩʝʣ ɺʝʨʭʥʝʡ ʆʙʠ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʤʝʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʉʝʥ-

ɺʝʥʘʥʘ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʦʮʝʥʢʠ 

ʫʨʦʚʥʝʡ ʟʘʪʦʧʣʝʥʠʡ ʧʦʡʤʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʨ. ʆʙʠ 

ʧʨʠ ʚʝʩʝʥʥʠʭ ʧʦʣʦʚʦʜʴʷʭ ʠ ʜʦʞʜʝʚʳʭ ʧʘʚʦʜʢʘʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʨʝʞʠʤʘ ʩʙʨʦʩʦʚ ʠʟ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ ʚʦʧʨʦʩʘʤʠ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʧʦʣʫʯʝʥʠʝ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʭ ʜʘʥʥʳʭ ʦ 
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ʤʦʨʬʦʤʝʪʨʠʠ ʨʫʩʣʘ ʠ ʧʦʡʤʳ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʨ. ʆʙʠ. ɸʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʚ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ 2016 ʛ. ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚʦʟʤʦʞʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʩʠʪʫʘʮʠʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʥʘ ʚʦʜʦʩʙʦʨʘʭ ɺʝʨʭʥʝʡ ʆʙʠ, ʢʦʪʦʨʳʝ ʟʘʪʨʫʜʥʷʶʪ 

ʪʦʯʥʦʝ ʢʨʘʪʢʦʩʨʦʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʤʝʶʱʠʭʩʷ 

ʦʧʝʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʈʦʩʛʠʜʨʦʤʝʪʘ ʦ ʙʦʢʦʚʦʡ ʧʨʠʪʦʯʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ ʨ. ʆʙʴ 

ʦʪ ʩ. ʌʦʤʠʥʩʢʦʝ ʜʦ ʛ. ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ. 
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Abstract. The current situation regarding the hydrometeorological situation in the Gorny Altai is 

characterized by an incomplete and inconsistent amount of data on weather, climate and hydrological changes in the 

basins of mountain rivers. Sudden changes in weather conditions (showers, mudflows, etc.) can lead to devastating 

disasters such as floods. Therefore, mountainous areas require a more thorough study of the hydrological regime of 

rivers in conjunction with weather and climatic features. 

To solve successfully the tasks of climate and environmental monitoring, it is necessary to have a network 

of environmental data collection stations that meet the following requirements: low power consumption, a wide 

range of sensor connection interfaces, a wide range of operating conditions, and a remotely controlled mode of 

operation. These requirements correspond to various modifications of the system of autonomous monitoring of the 

environment state, developed at the Institute for Monitoring of Climatic and Ecological System of the Siberian 

Branch of the Russian Academy of Sciences. 

Key words: Maima River, Gorny Altai, water level, remote autonomous complex, monitoring. 

ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʪʫʘʮʠʷ, ʢʘʩʘʶʱʘʷʩʷ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ɻʦʨʥʦʤ ɸʣʪʘʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʝʧʦʣʥʳʤ ʠ ʥʝʧʦʩʪʦʷʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʘʥʥʳʭ ʦ ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʙʘʩʩʝʡʥʘʭ ʛʦʨʥʳʭ ʨʝʢ. ɺʥʝʟʘʧʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ (ʣʠʚʥʠ, ʩʝʣʠ ʠ ʜʨ.) ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʪʘʢʠʤ 

ʨʘʟʨʫʰʠʪʝʣʴʥʳʤ ʙʝʜʩʪʚʠʷʤ, ʢʘʢ ʥʘʚʦʜʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʛʦʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, 

ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʧʨʠʩʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʝʢ ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʨʠʩʢʫ 

ʥʘʚʦʜʥʝʥʠʡ ʨʝʛʠʦʥʦʚ ʉʠʙʠʨʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʳʩʦʢʠʭ ʧʘʚʦʜʢʦʚ ʠ ʩʝʣʝʡ 

ʦʙʳʯʥʦ ʩʚʷʟʘʥʦ ʩ ʚʳʧʘʜʝʥʠʝʤ ʣʠʚʥʝʚʳʭ ʦʩʘʜʢʦʚ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʳʭ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʧʦʪʝʧʣʝʥʠʝʤ ʢʣʠʤʘʪʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʶ ɺʝʨʭʥʝʡ ʆʙʠ ʩ 80-ʳʭ 

ʛʦʜʦʚ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 30 ʩʣʫʯʘʝʚ ʚʳʩʦʢʠʭ ʧʘʚʦʜʢʦʚ ʩ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʫʱʝʨʙʦʤ. ʅʘʠʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʩʫʤʤʘʨʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 
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ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʝʢ, ʬʦʨʤʠʨʫʶʱʠʭ ʩʪʦʢ ʚ ʛʦʨʘʭ ɸʣʪʘʷ[2]. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʨʝʢ 

ʦʪʥʦʩʠʪʩʷ ʄʘʡʤʘ ï ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʂʘʪʫʥʠ. 

ɿʘ ʧʝʨʠʦʜ ʩ 1939-2014 ʛʛ. ʧʦ ʜʘʥʥʳʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʝʞʝʛʦʜʥʠʢʦʚ 

ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʡ ʧʦʜʲʝʤ ʚʦʜʳ ʥʘ ʨ. ʄʘʡʤʝ ʥʘʙʣʶʜʘʣʩʷ ʚ 1945 ʛ. ï 406 ʩʤ, ʚ 

1958 ʛ. ï 548 ʩʤ, ʚ 1961 ʛ. ï 402 ʩʤ, ʠ ʚ 1969ʛ. ï 426 ʩʤ, ʧʨʠ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ 

ʚʦʜʳ ï 214 ʩʤ. ʇʦʩʣʝʜʥʝʝ ʥʘʚʦʜʥʝʥʠʝ ʧʨʦʠʟʦʰʣʦ ʚ ʢʦʥʮʝ ʤʘʷ - ʥʘʯʘʣʝ ʠʶʥʷ 

2014. ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʦʜʳ ʥʘʙʣʶʜʘʣʩʷ 30 ʤʘʷ ʠ ʩʦʩʪʘʚʣʷʣ 444 ʩʤ. 

ʆʞʠʜʘʣʦʩʴ, ʯʪʦ ʧʦʩʣʝ ʤʷʛʢʦʡ ʠ ʤʘʣʦʩʥʝʞʥʦʡ ʟʠʤʳ ʪʘʣʳʝ ʚʦʜʳ ʙʫʜʫʪ 

ʩʚʦʙʦʜʥʦ ʚʧʠʪʳʚʘʪʴʩʷ ʚ ʧʦʯʚʫ. ʆʜʥʘʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʘʷʥʠʷ ʩʥʝʛʦʚ ʩ 

ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤ ʜʦʞʜʝʚʳʤ ʧʘʚʦʜʢʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ 

ʩʪʘʣʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʷʚʣʝʥʠʝʤ ʧʦ ʤʘʩʰʪʘʙʘʤ ʥʘʚʦʜʥʝʥʠʷ ʠ ʚʝʣʠʯʠʥʝ 

ʫʱʝʨʙʘ. ɺʝʨʦʷʪʥʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʫʩʠʣʝʥʠʷ ʧʘʚʦʜʢʘ ʧʦʩʣʫʞʠʣʦ 

ʧʨʦʤʝʨʟʘʥʠʝ ʛʨʫʥʪʘ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʝ ʚʧʠʪʳʚʘʥʠʝ ʪʘʶʱʝʛʦ ʩʥʝʛʘ, ʯʪʦ ʙʳʣʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʪʦʛʦ ʧʝʨʠʦʜʘ[1].  

ʀʟʤʝʥʝʥʠʷ ʫʨʦʚʝʥʥʦʛʦ ʨʝʞʠʤʘ ʨʝʢ ʝʩʪʴ ʩʣʝʜʩʪʚʠʝ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ. ɼʣʷ ʠʭ ʢʦʥʪʨʦʣʷ ʚ ʀʥʩʪʠʪʫʪʝ ʤʦʥʠʪʦʨʠʥʛʘ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʉʆ ʈɸʅ (ʀʄʂʕʉ ʉʆ ʈɸʅ) ʩʦʟʜʘʥ 

ʘʚʪʦʥʦʤʥʳʡ ʨʘʩʧʨʝʜʝʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ "ʄʘʡʤʘ". ʆʥ ʫʩʪʘʥʦʚʣʝʥ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʧʦ ʪʝʯʝʥʠʶ ʨʝʢʠ ʄʘʡʤʘ, ʥʘʯʠʥʘʷ ʦʪ ʝʝ ʠʩʪʦʢʦʚ. 

ʀʥʬʦʨʤʘʮʠʷ ʩʦ ʚʩʝʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʙʠʨʘʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ ʠ 

ʧʦʩʪʫʧʘʝʪ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʥʘ ʩʝʨʚʝʨ ʀʄʂʕʉ ʉʆ ʈɸʅ. 

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʄʘʡʤʘ ï ʨʝʢʘ ʥʘ 

ʩʝʚʝʨʝ ʈʝʩʧʫʙʣʠʢʠ ɸʣʪʘʡ, ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʂʘʪʫʥʠ. ʇʨʦʪʝʢʘʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʦʜʥʦʠʤʸʥʥʦʛʦ ʄʘʡʤʠʥʩʢʦʛʦ ʨʘʡʦʥʘ. ɼʣʠʥʘ ʨʝʢʠ ï 60 ʢʤ, ʧʣʦʱʘʜʴ 

ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ï 780 ʢʤĮ[6]. ʈʝʢʘ ʙʝʨʸʪ ʩʚʦʸ ʥʘʯʘʣʦ ʥʘ ʭʨʝʙʪʝ 

ʀʦʣʛʦ ʨʷʜʦʤ ʩ ʙʝʟʳʤʷʥʥʦʡ ʚʝʨʰʠʥʦʡ (1144 ʤ), ʢ ʶʛʫ ʦʪ ʩʝʣʘ ʋʨʣʫʘʩʧʘʢ 

(ʋʨʣʫ-ɸʩʧʘʢ) ʥʘ ʶʛʝ ʄʘʡʤʠʥʩʢʦʛʦ ʨʘʡʦʥʘ. ɼʘʣʝʝ ʦʥʘ ʧʨʦʭʦʜʠʪ ʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʯʝʨʝʟ ʩʸʣʘ ʋʨʣʫʘʩʧʘʢ, ɸʣʝʢʩʘʥʜʨʦʚʢʘ, 

ɹʠʨʶʣʷ, ʂʳʟʳʣ-ʆʟʸʢ, ʄʘʡʤʘ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʩʪʦʣʠʮʫ ʨʝʛʠʦʥʘ ï ɻʦʨʥʦ-

ɸʣʪʘʡʩʢ. ɿʜʝʩʴ ʥʘ ʣʝʚʦʤʫ ʙʝʨʝʛʫ ʄʘʡʤʳ ʨʘʩʧʦʣʦʞʝʥʘ ʛʦʨʘ ʂʦʤʩʦʤʦʣʴʩʢʘʷ 

(427 ʤ). ɺ ʯʝʨʪʝ ʛʦʨʦʜʘ ʚ ʨʝʢʫ ʚʧʘʜʘʝʪ ʋʣʘʣʫʰʢʘ, ʘ ʚ ʨʘʡʦʥʝ ʩʝʣʘ ʄʘʡʤʘ ʨʝʢʘ 
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ʚʧʘʜʘʝʪ ʚ ʂʘʪʫʥʴ (ʈʠʩ. 1). 

ɹʘʩʩʝʡʥ ʨ. ʄʘʡʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʝʬʠʮʠʪʦʤ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʀʤʝʝʪʩʷ ʟʘʤʳʢʘʶʱʠʡ ʩʪʚʦʨ (ʛʠʜʨʦ-

ʧʦʩʪ ʚ ʩ. ʄʘʡʤʘ) ʠ ʦʜʥʘ ʜʣʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʤʝʪʝʦʩʪʘʥʮʠʷ, ʪʘʢʞʝ 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʥʠʟʦʚʴʷʭ ʙʘʩʩʝʡʥʘ (ʩ. ʂʳʟʳʣ-ʆʟʸʢ). ʇʦ ʝʝ ʜʘʥʥʳʤ 

ʩʨʝʜʥʝʛʦʜʦʚʳʝ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʝʪ +1,0ÁC, ʩʫʤʤʘ ʦʩʘʜʢʦʚ ï 795 ʤʤ. 

ʇʝʨʠʦʜ ʩʦ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʠʞʝ 0ÁC ï 170 ʜʥʝʡ. ʋʩʪʦʡʯʠʚʳʡ 

ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʝʨʚʫʶ ʜʝʢʘʜʫ ʥʦʷʙʨʷ. ʉʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ 

ʚʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ï 68 ʩʤ, ʧʝʨʠʦʜ ʩ ʫʩʪʦʡʯʠʚʳʤ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ ï 

167 ʜʥʝʡ [4]. 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʙʘʩʩʝʡʥʘ ʨ. ʄʘʡʤʘ ʩ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʦʯʢʘʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ 

ʄʝʪʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʩʝʪʴ 

ʩʪʘʥʮʠʡ ʩʙʦʨʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ 

ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʰʠʨʦʢʠʡ ʥʘʙʦʨ 

ʠʥʪʝʨʬʝʡʩʦʚ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʦʚ, ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʫʩʣʦʚʠʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʜʠʩʪʘʥʮʠʦʥʥʦ ʫʧʨʘʚʣʷʝʤʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤʳ ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʀʄʂʕʉ ʉʆ ʈɸʅ[3]. 
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ɸʚʪʦʥʦʤʥʳʡ ʢʦʤʧʣʝʢʩ çʄʘʡʤʘè ʫʩʪʘʥʦʚʣʝʥ ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʙʘʩʩʝʡʥʝ 

ʨʝʢʠ ʄʘʡʤʘ ʫʞʝ ʙʦʣʴʰʝ ʛʦʜʘ (ʨʠʩ. 2).  

 
ʈʠʩ. 2 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʜʘʪʯʠʢʦʚ ʥʘ ʧʨʠʤʝʨʝ ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ ˉ1 

ʉʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʨ. ʄʘʡʤʘ ʨʘʩʧʨʝʜʝʣʝʥʘ ʚ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʢʘʭ ʧʦ 

ʤʝʩʪʥʦʩʪʠ (ʨʠʩ. 1). ʂʘʞʜʘʷ ʪʦʯʢʘ ʥʘʙʣʶʜʝʥʠʷ (ˉ 1, 2 ʠ 3) ʠʤʝʝʪ ʩʚʦʡ ʥʘʙʦʨ 

ʜʘʪʯʠʢʦʚ (ʩʤ. ʪʘʙʣʠʮʫ 1), ʧʝʨʝʜʘʶʱʠʭ ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦ ʚ ʨʝʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʧʦ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ. ɼʘʥʥʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʢʘʞʜʳʡ ʯʘʩ. 

ʊʘʢʞʝ ʠʤʝʝʪʩʷ ʪʦʯʢʘ ˉ4 (ʨʠʩ. 1), ʧʦ ʢʦʪʦʨʦʡ ʜʘʥʥʳʝ ʩʥʠʤʘʶʪʩʷ ʦʧʝʨʘʪʦʨʦʤ 

ʥʘ ʥʦʩʠʪʝʣʴ. ɺʳʙʦʨ ʤʝʩʪʘ ʨʘʟʤʝʱʝʥʠʷ ʪʦʯʝʢ ʥʝʩʣʫʯʘʡʥʦ: ʦʥʠ ʦʭʚʘʪʳʚʘʶʪ 

ʚʝʩʴ ʚʦʜʦʩʙʦʨ ʠ ʫʯʠʪʳʚʘʶʪ ʨʘʟʣʠʯʠʝ ʚ ʧʦʯʚʘʭ, ʛʨʫʥʪʘʭ ʠ ʪʠʧʘʭ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʜʘʪʯʠʢʠ ʢʦʥʪʨʦʣʠʨʫʶʪ ʢʘʢ 

ʦʩʥʦʚʥʳʝ ʤʝʪʝʦʧʘʨʘʤʝʪʨʳ, ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʞʠʜʢʠʝ ʦʩʘʜʢʠ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʪʘʢ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʫʨʦʚʝʥʴ 

ʚʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʚʳʩʦʪʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʪ.ʜ. ɺʘʞʥʦ ʧʦʣʫʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʝ ʛʨʫʥʪʘ ʜʣʷ ʦʮʝʥʢʠ ʝʛʦ ʚʧʠʪʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ɸʚʪʦʥʦʤʥʳʡ ʢʦʤʧʣʝʢʩ çʄʘʡʤʘè 

ʀʄʂʕʉ ʉʆ ʈɸʅ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʄʘʡʤʘ ʚ ʘʚʛʫʩʪʝ 2015 ʛ. ɺ 

ʠʶʣʝ 2016 ʛ. ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʙʥʦʚʣʝʥʠʝ ʩʠʩʪʝʤʳ. ɼʘʥʥʳʝ ʜʣʷ ʧʝʨʚʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʚ ʧʝʨʠʦʜ ʩ 10.07.2016ʛ. ʧʦ 22.05.2017ʛ. 

ʧʦ ʪʦʯʢʝ ˉ2. ɺ ʩʚʷʟʠ ʩʦ ʩʙʦʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʘʟʳ ʜʘʥʥʳʭ, 

ʠʤʝʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʜʘʥʥʳʭ ʩ 17.12.2016 - 21.12.2016ʛ. 
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ʉʢʘʯʢʠ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ 2016ʛ. (ʨʠʩ.3) ʦʙʫʩʣʦʚʣʝʥʳ 

ʚʳʧʘʜʝʥʠʝʤ ʞʠʜʢʠʭ ʦʩʘʜʢʦʚ ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʧʘʚʦʜʢʘʤʠ. ʆʥʠ ʤʦʛʫʪ 

ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʝ ʩʝʟʦʥʳ ʛʦʜʘ, ʭʘʨʘʢʪʝʨʠʟʫʷʩʴ 

ʠʥʪʝʥʩʠʚʥʳʤ  ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʦʚ ʠ ʫʨʦʚʥʝʡ ʚʦʜʳ. ʅʘʧʨʠʤʝʨ, ʧʦʩʣʝ 

ʚʳʧʘʜʝʥʠʷ 24,4 ʤʤ ʞʠʜʢʠʭ ʦʩʘʜʢʦʚ 8 ʘʚʛʫʩʪʘ ʧʨʦʠʟʦʰʣʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʚʦʜʳ ʩ 13,3 ʜʦ 16,6 ʩʤ 9 ʘʚʛʫʩʪʘ (ʨʠʩ.3, ʦʙʣʘʩʪʴ 1) , ʘ ʧʦʩʣʝ ʚʳʧʘʜʝʥʠʷ 32,6 

ʤʤ ʞʠʜʢʠʭ ʦʩʘʜʢʦʚ (ʨʠʩ.3, ʦʙʣʘʩʪʴ 2), ʚ ʧʝʨʠʦʜ ʧʦʣʦʚʦʜʴʷ, ʫʨʦʚʝʥʴ ʚʦʜʳ 

ʜʦʩʪʠʛ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʪʤʝʪʢʠ ʚ 22,1 ʩʤ. ʀʥʪʝʥʩʠʚʥʳʝ ʦʩʘʜʢʠ ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʚʳʟʚʘʣʠ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʧʦʯʪʠ ʥʘ 1Áʉ. 

 
ʈʠʩ.3 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦ ʪʦʯʢʝ ˉ2: ʘ) ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʟʘ ʩʫʪʢʠ, ʤʤ; 

ʙ) ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, ʉÁ; ʚ) ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʚʦʜʳ, ʩʤ 

ɺ ʥʦʷʙʨʝ 2016 ʛ. (ʨʠʩ.4, ʦʙʣʘʩʪʴ 1) ʫʨʦʚʝʥʴ ʚʦʜʳ ʟʘ 7 ʜʥʝʡ ʧʨʠ 

ʩʪʘʙʠʣʴʥʦʤ ʧʘʜʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʩ -7,9Áʉ ʜʦ -29.7Áʉ ʧʦʚʳʩʠʣʩʷ ʥʘ 

2,5 ʩʤ. ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʦʩʣʝ 12 ʥʦʷʙʨʷ 2016 ʛʦʜʘ ʜʦ -

29.7Áʉ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʠ ʧʨʠʚʝʣʦ ʢ ʩʢʘʯʢʫ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʩʣʝʜʩʪʚʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʪʦʨʘ ʠʣʠ ʰʫʛʠ. ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ 

 

(

1) 
(2) 

ʚ) 

ʙ) 

ʘ) 
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ʣʝʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠʛʨʘʝʪ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʚʦʜʳ. ɻʦʨʥʳʝ ʨʝʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤʠ ʫʢʣʦʥʘʤʠ ʠ ʙʫʨʥʳʤ ʪʝʯʝʥʠʝʤ. ɹʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ 

ʪʝʯʝʥʠʷ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʜʫʭʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʭʣʘʞʜʝʥʠʶ ʤʘʩʩʳ ʚʦʜʳ ʧʦ ʚʩʝʡ ʝʝ ʛʣʫʙʠʥʝ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʚʦʜʥʦʤ ʧʦʪʦʢʝ ʧʦʥʠʟʠʪʩʷ ʭʦʪʷ ʙʳ ʥʘ ʩʦʪʫʶ ʜʦʣʶ ʛʨʘʜʫʩʘ ʥʠʞʝ 

ʥʫʣʷ, ʚ ʚʦʜʝ ʚʦʟʥʠʢʘʝʪ ʚʥʫʪʨʠʚʦʜʥʳʡ ʣʝʜ, ʢʦʪʦʨʳʡ, ʚʩʧʣʳʚʘʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʦʙʨʘʟʫʝʪ ʨʳʭʣʳʝ ʩʢʦʧʣʝʥʠʷ, ʥʘʟʳʚʘʝʤʳʝ ʰʫʛʦʡ. 

ʉʣʝʜʫʶʱʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʚʦʜʳ (ʨʠʩ.4, ʦʙʣʘʩʪʴ 2)  

ʚʳʟʚʘʥʦ ʚʝʩʝʥʥʠʤ ʧʦʣʦʚʦʜʴʝʤ. ʆʙʠʣʴʥʦʝ ʪʘʷʥʠʝ ʩʥʝʛʘ ʠ ʣʝʜʥʠʢʦʚ ʧʦʩʣʝ 

ʧʝʨʚʦʡ ʜʝʢʘʜʳ ʘʧʨʝʣʷ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʞʠʜʢʠʤʠ ʦʩʘʜʢʘʤʠ, ʢʘʢ ʛʦʚʦʨʠʣʦʩʴ 

ʨʘʥʝʝ, ʯʪʦ ʧʦʚʳʩʠʣʦ ʫʨʦʚʝʥʴ ʚʦʜʳ ʜʦ ʦʪʤʝʪʢʠ ʚ 22,1 ʩʤ. ʆʜʥʘʢʦ, ʧʦʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʜʦ -8,3Áʉ ʚ ʧʝʨʚʦʡ ʜʝʢʘʜʝ ʘʧʨʝʣʷ (ʨʠʩ.4, ʦʙʣʘʩʪʴ 3) 

ʟʘʤʝʜʣʠʣʦ ʚʝʩʝʥʥʝʝ ʩʥʝʛʦʪʘʷʥʠʝ ʠ ʫʨʦʚʝʥʴ ʚʦʜʳ ʩ 18 ʩʤ ʫʤʝʥʴʰʠʣʩʷ ʜʦ 14,5 ʩʤ. 

 
ʈʠʩ.4 ï ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦ ʪʦʯʢʝ ˉ2: ʘ) ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʉÁ, 

ʙ) ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʚʦʜʳ, ʩʤ 

ɿʘʢʣʶʯʝʥʠʝ. ɸʥʘʣʠʟ ʧʝʨʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʙʘʩʩʝʡʥʘ ʨʝʢʠ 

ʄʘʡʤʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʫʨʦʚʝʥʥʦʛʦ ʨʝʞʠʤʘ. ʄʘʣʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʨʝʢʠ ʠ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʪʦʢʦʚ ʧʦʟʚʦʣʠʪ ʥʘʤ ʩʦʟʜʘʪʴ ʧʨʦʩʪʫʶ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʛʥʦʟʘ ʜʠʥʘʤʠʢʠ 

ʫʨʦʚʝʥʥʦʛʦ ʨʝʞʠʤʘ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʤʳ  ʭʦʪʠʤ ʧʨʠʡʪʠ ʢ ʩʦʟʜʘʥʠʶ 

ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʨʝʢ ɻʦʨʥʦʛʦ ɸʣʪʘʷ, ʢʦʪʦʨʘʷ ʩʥʘʙʞʘʣʘ ʙʳ 

(

1) 

(

2) 

(

3) 

ʘ) 

ʙ) 
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ʦʧʝʨʘʪʠʚʥʳʤʠ ʜʘʥʥʳʤʠ ʄʏʉ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʥʘʩʝʣʝʥʠʝ. 
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1) ɺʳʩʦʪʘ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ, ʤʤ; 

2) ɸʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ ʤʤ.ʨʪ.ʩʪ.; 

3) ɾʠʜʢʠʝ ʦʩʘʜʢʠ, ʤʤ; 

4) ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ, 

ʥʘ ʛʣʫʙʠʥʝ ʜʦ 1,1 ʤ 

(15 ʪʦʯʝʢ ʩ ʨʘʟʣʠʯʥʳʤ 

ʰʘʛʦʤ ʠʟʤʝʨʝʥʠʷ), ÁC; 

5) ɺʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, 

2,0, %; 

6) ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, ÁC. 

7) ʉʦʣʥʝʯʥʘʷ 

ʨʘʜʠʘʮʠʷ, ɺʪ/ʤ2 

8) ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ 

9) ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, 

ʛʨʘʜ 

1) ɺʳʩʦʪʘ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ, ʤʤ; 

2) ɸʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ ʤʤ.ʨʪ.ʩʪ.; 

3) ʋʨʦʚʝʥʴ ʚʦʜʳ, ʤʤ; 

4) ɾʠʜʢʠʝ ʦʩʘʜʢʠ, ʤʤ; 

5) ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ, 

ʥʘ ʛʣʫʙʠʥʝ ʜʦ 1,1 ʤ 

(15 ʪʦʯʝʢ ʩ ʨʘʟʣʠʯʥʳʤ 

ʰʘʛʦʤ ʠʟʤʝʨʝʥʠʷ), ÁC;  

6) ɺʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, 

2,0, %; 

7) ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, ÁC. 

8) ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ, 

ÁC 

1) ɺʳʩʦʪʘ ʩʥʝʞʥʦʛʦ 

ʧʦʢʨʦʚʘ, ʤʤ; 

2) ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 

ʤʤ.ʨʪ.ʩʪ.; 

3) ɾʠʜʢʠʝ ʦʩʘʜʢʠ, ʤʤ; 

4) ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʚʳ, ʥʘ 

ʛʣʫʙʠʥʝ ʜʦ 1,1 ʤ (15 ʪʦʯʝʢ ʩ 

ʨʘʟʣʠʯʥʳʤ ʰʘʛʦʤ 

ʠʟʤʝʨʝʥʠʷ), ÁC; 

5) ɺʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, 2,0, 

%; 

6) ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ÁC. 

7) ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʤ/ʩ 

8) ʅʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, ʛʨʘʜ 

9) ʊʝʤʧʝʨʘʪʫʨʘ ʛʨʫʥʪʘ, 0,1 

ʩʤ, ÁC 

10) ɺʣʘʞʥʦʩʪʴ ʛʨʫʥʪʘ, 0,1 

ʩʤ, % 

1) ʋʨʦʚʝʥʴ ʚʦʜʳ, 

ʤʤ; 

2) ʊʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʳ, ÁC 
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e-mail: vgkalinin@gmail.com 
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ʫʯʘʩʪʢʘ ʂʘʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʨʘʩʯʝʪʳ ʠʟʤʝʥʝʥʠʷ 

ʦʙʲʝʤʘ ʟʘ 1956-1995 ʛʛ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʘʰʠ, ɻʀʉ-ʪʝʭʥʦʣʦʛʠʠ, ʎʄʈ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
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Abstract. The authors propose an estimation method for spatial-temporal changes in the formation of the 
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ɺʚʝʜʝʥʠʝ. ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ï ʥʘʥʦʩʳ ʠ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ, 

ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʠ ʦʩʝʚʰʠʝ ʥʘ ʜʥʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ 

ʚʥʫʪʨʠʚʦʜʦʝʤʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʭ ʢʦʣʠʯʝʩʪʚʦ, ʩʦʩʪʘʚ ʠ ʜʠʥʘʤʠʢʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʣʠʪʦʣʦʛʠʝʡ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʚʦʜʦʩʙʦʨ ʠ ʙʝʨʝʛʘ, 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʦʜʦʝʤʘ, ʥʘʧʨʘʚʣʝʥʠʝʤ, ʩʢʦʨʦʩʪʴʶ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚʝʪʨʦʚ, ʚʦʣʥʝʥʠʝʤ, ʨʘʟʚʠʪʠʝʤ 

ʧʦʩʪʦʷʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʪʝʯʝʥʠʡ [1]. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʧʨʦʠʩʭʦʜʠʪ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʪʚʝʨʜʦʛʦ ʩʪʦʢʘ ʚʧʘʜʘʶʱʠʭ ʨʝʢ, ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʙʝʨʝʛʦʚ, ʠ ʠʭ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ ʪʝʯʝʥʠʡ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʜʦʣʠʥʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ: ʦʮʝʥʢʘ ʦʙʲʝʤʦʚ 

ʦʙʨʫʰʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʙʝʨʝʛʦʚʳʭ ʩʪʘʮʠʦʥʘʨʘʭ, ʨʘʩʯʝʪʳ ʪʚʝʨʜʦʛʦ ʩʪʦʢʘ, 

ʦʪʙʦʨ ʧʨʦʙ ʛʨʫʥʪʘ ʜʥʘ, ʧʦʚʪʦʨʥʳʝ ʧʨʦʤʝʨʳ ʛʣʫʙʠʥ. 

ʇʨʦʚʝʜʝʥʠʝ ʧʦʚʪʦʨʥʳʭ ʧʨʦʤʝʨʦʚ ʛʣʫʙʠʥ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʫʶ ʢʘʨʪʠʥʫ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʟʘʠʣʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱ. ɺʧʝʨʚʳʝ 

ʵʪʦʪ ʤʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʝʥ ʀ.ɸ. ʇʝʯʝʨʢʠʥʳʤ [5] ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 
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ʤʘʪʝʨʠʘʣʦʚ ʩʲʝʤʦʢ, ʚʳʧʦʣʥʝʥʥʳʭ ʜʦ ʩʦʟʜʘʥʠʷ ʠ ʯʝʨʝʟ 10 ʣʝʪ ʧʦʩʣʝ 

ʥʘʧʦʣʥʝʥʠʷ ʂʘʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʥʘ ʧʨʠʤʝʨʝ ʥʝʙʦʣʴʰʦʛʦ ʫʯʘʩʪʢʘ 

ɺʠʩʠʤ ʚ ʦʟʝʨʦʚʠʜʥʦʡ ʯʘʩʪʠ ʚʦʜʦʝʤʘ. ʇʨʠʤʝʥʝʥʠʝ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ 

ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪʳ ʦʙʲʝʤʦʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʤ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʨʝʣʴʝʬʘ 

ʜʥʘ ʥʘ ʂʘʤʩʢʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʠʣʠʩʴ 

ʢʘʨʪʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ (1931 ʛ.), 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʣʴʝʬʘ ʜʥʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ 

ʤʦʤʝʥʪ ʝʛʦ ʟʘʧʦʣʥʝʥʠʷ (1956 ʛ.) ʠ ʤʘʪʝʨʠʘʣʳ ʵʭʦʣʦʪʥʳʭ ʧʨʦʤʝʨʦʚ ʛʣʫʙʠʥ 

(1995 ʛ.). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʘʰʠ ʚʦʜʦʭʨʘʥʠʣʠʱ ʟʘ ʨʘʟʥʳʝ ʛʦʜʳ ʧʨʦʚʝʜʝʥʦ ʧʦ ʮʠʬʨʦʚʳʤ 

ʤʦʜʝʣʷʤ ʨʝʣʴʝʬʘ (ʎʄʈ) ʜʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ArcGIS. 

ɼʣʷ ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʨʘʟʥʳʝ ʛʦʜʳ ʥʘʤʠ ʨʘʥʝʝ 

ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 

-  ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʧʨʠʚʷʟʢʫ; 

- ʩʦʟʜʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʣʦʝʚ ʫʯʘʩʪʢʦʚ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩ ʟʘʧʦʣʥʝʥʥʦʡ ʘʪʨʠʙʫʪʠʚʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ; 

- ʧʨʠʚʝʜʝʥʠʝ ʚʩʝʭ ʟʥʘʯʝʥʠʡ ʛʣʫʙʠʥ ʢ ʅʇʋ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʳʯʠʩʣʝʥʠʝʤ ʠʭ ʘʙʩʦʣʶʪʥʳʭ ʚʳʩʦʪ; 

- ʧʨʠʤʝʥʝʥʠʝ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ; 

- ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

ʧʨʦʤʝʨʥʳʭ ʪʦʯʝʢ [2]. 

ʅʝʚʳʧʦʣʥʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʫʩʣʦʚʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʦʰʠʙʢʘʤ ʚ ʨʘʩʯʝʪʘʭ. ʈʘʥʝʝ ʥʘʤʠ [3] ʚʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʛʣʫʙʠʥ ʠ ʦʙʲʝʤʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ. ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʩʣʫʞʠʣʠ ʠʩʭʦʜʥʳʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ 

(1:5000 ï 1:50000) ʢʘʨʪʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʭʦʣʦʪʥʦʡ ʩʲʝʤʢʠ, 

ʚʳʧʦʣʥʝʥʥʦʡ ɺʝʨʭʥʝʢʘʤʩʢʠʤ ʨʘʡʦʥʦʤ ʚʦʜʥʳʭ ʧʫʪʝʡ (1993 ï 1995 ʛʛ.) ʠ 
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ʩʦʟʜʘʥʥʳʡ ʥʘ ʠʭ ʦʩʥʦʚʝ çɸʪʣʘʩ ʝʜʠʥʦʡ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ éè, ʚ 

ʢʦʪʦʨʦʤ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʛʣʫʙʠʥ ʩʠʣʴʥʦ ʛʝʥʝʨʘʣʠʟʦʚʘʥʦ. ɸʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʤʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ, ʦʪʣʠʯʘʣʠʩʴ ʧʨʠ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʚʦʜʳ ʥʘ 5ï

20% ʠ ʙʦʣʝʝ [3]. 

ʇʦʵʪʦʤʫ ʩʦʙʣʶʜʝʥʠʝ ʪʦʯʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʨʦʤʝʨʥʳʭ ʪʦʯʝʢ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʦʨʨʝʢʪʥʳʭ ʎʄʈ ʜʥʘ ʠ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɸʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ 

ʜʠʥʘʤʠʢʠ ʨʝʣʴʝʬʘ ʜʥʘ ʚʳʧʦʣʥʝʥ ʥʘ ʧʨʠʤʝʨʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʂʘʤʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʨʠʩ. 1) ʟʘ 1956ï1995 ʛʛ.  

 
ʈʠʩ. 1 ï ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʂʘʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʀʩʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ ʂʘʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʟʝʨʦʚʠʜʥʦʝ ʨʘʩʰʠʨʝʥʠʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ 

ʧʨʦʮʝʩʩʦʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʉʨʝʜʥʷʷ ʰʠʨʠʥʘ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 11,5 ʢʤ, ʘ 

ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ï 9,4 ʤ. ʇʨʘʚʳʡ ʙʝʨʝʛ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʨʘʩʯʣʝʥʝʥ ʩʣʘʙʦ, 

ʦʥ ʨʦʚʥʳʡ, ʥʝʚʳʩʦʢʠʡ ʠ ʧʦʣʦʛʠʡ, ʩ ʧʣʘʚʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʤʠʩʷ ʛʣʫʙʠʥʘʤʠ. 

ʃʝʚʳʡ ʙʝʨʝʛ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʝʡ ʠʟʨʝʟʘʥʥʦʩʪʴʶ ʠ ʙʦʣʝʝ ʦʙʨʳʚʠʩʪʳʤ 

ʧʦʜʚʦʜʥʳʤ ʩʢʣʦʥʦʤ. ʋ ʶʞʥʦʡ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʘ ʩʪʘʨʦʝ ʨʫʩʣʦ ʨ. ʂʘʤʳ 

ʨʘʩʧʦʣʦʞʝʥʦ ʚʜʦʣʴ ʣʝʚʦʛʦ ʙʝʨʝʛʘ. ɺ ʮʝʥʪʨʝ ʠ ʥʘ ʩʝʚʝʨʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ 

ʦʥʦ ʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʧʨʦʭʦʜʠʪ ʧʦʯʪʠ ʧʦ ʝʛʦ ʩʝʨʝʜʠʥʝ. ɺ ʧʨʝʜʝʣʘʭ 
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ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʟʘʪʦʧʣʝʥʳ ʦʛʨʦʤʥʳʝ ʧʦʡʤʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʰʠʨʠʥʦʡ ʜʦ 6,5 ʢʤ ʥʘ ʦʪʤʝʪʢʘʭ 98,0-101,0 ʤ ʘʙʩ. ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʘʣʦʚ. ʇʝʨʚʘʷ ʥʘʜʧʦʡʤʝʥʥʘʷ ʪʝʨʨʘʩʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʫ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʥʘ 

102,5-104,5 ʤ ʘʙʩ. [4]. 

ʇʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʠʚʝʜʝʥʠʷ 

ʠʭ ʢ ʪʦʯʥʦʤʫ ʩʦʦʪʚʝʪʩʪʚʠʶ ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʧʨʦʤʝʨʥʳʭ ʪʦʯʝʢ (ʩʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʤʝʪʦʜʫ), ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʢʦʨʨʝʢʪʥʳʝ ʎʄʈ ʜʥʘ (ʨʠʩ. 2). 

ʀʩʧʦʣʴʟʫʷ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʠ, ʩʦʟʜʘʥʘ ʤʦʜʝʣʴʥʘʷ ʢʘʨʪʘ ʠʟʤʝʥʝʥʠʡ 

ʜʦʥʥʦʛʦ ʨʝʣʴʝʬʘ ʟʘ ʧʝʨʠʦʜ 1956ï1995 ʛʛ. (ʨʠʩ. 3ʘ) ʠ ʧʦʩʪʨʦʝʥ ʧʦʧʝʨʝʯʥʳʡ 

ʧʨʦʬʠʣʴ ʦʪ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʢ ʣʝʚʦʤʫ (ʨʠʩ. 3ʙ). 

 
ʈʠʩ. 2 ï ʎʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʜʥʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʂʘʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ: 

ʘ  ï  1956 ʛ.; ʙ ï 1995 ʛ. 

ʇʦʜʚʦʜʥʳʡ ʨʝʣʴʝʬ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʂʘʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 3 ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʟʦʥʳ: ʩʪʘʨʦʝ ʨʫʩʣʦ ʠ ʧʨʠʨʫʩʣʦʚʳʝ 

ʚʘʣʳ, ʧʦʡʤʘ, ʥʘʜʧʦʡʤʝʥʥʘʷ ʪʝʨʨʘʩʘ. ɸʥʘʣʠʟ ʧʨʦʠʟʦʰʝʜʰʠʭ ʠʟʤʝʥʝʥʠʡ 

ʜʦʥʥʦʛʦ ʨʝʣʴʝʬʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʜʦʣʴ ʩʪʘʨʦʛʦ ʨʫʩʣʘ ʠ ʧʨʠʨʫʩʣʦʚʳʭ ʚʘʣʦʚ 

ʨ. ʂʘʤʳ ʧʨʦʠʩʭʦʜʠʣʘ ʘʢʢʫʤʫʣʷʮʠʷ ʥʘʠʙʦʣʴʰʝʛʦ (6,0-8,0 ʤ) ʢʦʣʠʯʝʩʪʚʘ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʨʠʩ. 3).  ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʨʘʥʩʧʦʨʪʦʤ ʦʙʨʫʰʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʙʝʨʝʛʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʣʥʝʥʠʷ, ʪʝʯʝʥʠʡ ʠ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ 

ʚʦʜʳ, ʘ ʪʘʢʞʝ ʩ ʥʘʣʠʯʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ (ʙʳʚʰʠʭ ʦʩʪʨʦʚʦʚ) ʚ 

ʏ

ʝʨʤʦʟ 

ɺ

ʠʩʠʤ 

ʘ ʏ

ʝʨʤʦʟ 

ɺ

ʠʩʠʤ 

ʙ 



˥͙͎͙͒ͪͦͦ͡;͔͙͔ͫ͟Σ ͎͙͒ͪͦͺ͙͙͘;͔͙͔ͫ͟Σ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙ ͙͎͔͋ͦͦͻ͙͙ͣ;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· 
͍ ͍ͦ͒ͤ·ͻ ͦ͋Ά͔ͭ͊͟ͻ ͙ ͤ͊ ͍ͦ͒ͦͫ͋ͦͪ͊ͻ ˿͙͙͙͋ͪ ͙ ͙ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡  

99  

ʩʪʘʨʦʤ ʨʫʩʣʝ ʨ. ʂʘʤʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʟʘʤʝʜʣʝʥʠʶ ʧʨʦʪʦʯʥʳʭ 

ʪʝʯʝʥʠʡ. 

 
ʈʠʩ. 3 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʨʝʣʴʝʬʘ ʜʥʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ 

ʂʘʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʟʘ 1956ï1995 ʛʛ.: ʘ) ʧʦ ʤʦʜʝʣʴʥʦʡ ʢʘʨʪʝ; ʙ) ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ 

ʧʨʦʬʠʣʶ (ʧʦʢʘʟʘʥ ʣʠʥʠʝʡ ʥʘ ʢʘʨʪʝ ʚ ʮʝʥʪʨʝ ʫʯʘʩʪʢʘ) 

ɺ ʟʦʥʝ ʧʨʘʚʦʙʝʨʝʞʥʦʡ ʧʦʡʤʳ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʥʘ 1,0-4,0 ʤ) ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʘʨʦʛʦ ʨʫʩʣʘ ʨ. ʂʘʤʳ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʝʨʝʛʦʦʙʨʫʰʝʥʠʷ (ʨʠʩ. 3). 

ɺ ʟʦʥʝ ʣʝʚʦʙʝʨʝʞʥʦʡ ʧʦʡʤʳ ʠʤʝʣʠ ʤʝʩʪʦ ʣʦʢʘʣʴʥʳʝ ʧʦʥʠʞʝʥʠʷ 

(ʙʳʚʰʠʝ ʦʟʝʨʠʥʳ), ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘʥʦʩʳ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʨʘʚʥʦʤʝʨʥʦ. 

ʊʘʢ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2,0 ʢʤ ʦʪ ʙʝʨʝʛʘ ʚʝʣʠʯʠʥʘ ʧʨʠʨʦʩʪʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪ 1,5-3,0 ʤ, ʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1,0 ʠ 3,0 ʢʤ ï 0,5-2,0 ʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʨʘʥʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʬʦʨʤ 

ʨʝʣʴʝʬʘ ʟʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʣʦʩʴ ʣʦʢʘʣʴʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ (0,5-1,0 ʤ) ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʦʢ ʜʥʘ. 

ɺ ʟʦʥʝ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ ʧʦ ʣʝʚʦʤʫ ʠ ʧʦ ʧʨʘʚʦʤʫ ʙʝʨʝʛʘʤ ʦʪʤʝʯʝʥʦ 

ʯʝʨʝʜʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʧʦʥʠʞʝʥʠʡ ʠ ʧʦʚʳʰʝʥʠʡ ʚʩʣʝʜʩʪʚʠʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʫʧʠʚʰʝʛʦ ʩ ʙʝʨʝʛʦʚ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ, ʛʜʝ ʩʪʘʨʦʝ ʨʫʩʣʦ ʨ. ʂʘʤʳ ʧʨʦʭʦʜʠʪ ʫ ʣʝʚʦʛʦ 

ʙʝʨʝʛʘ, ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚʣʠʷʝʪ 
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ʵʨʦʟʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʠʪʦʢʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʛʣʫʙʦʢʦʡ (7,5 ʤ) ʟʠʤʥʝʡ 

ʩʨʘʙʦʪʢʦʡ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʪʦʢʦʚʳʭ ʣʦʞʙʠʥ ʚ ʧʝʨʠʦʜ 

ʩʥʝʛʦʪʘʷʥʠʷ. ʅʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʣʠʥʝʡʥʦ ʚʳʪʷʥʫʪʳʡ ʨʘʟʤʳʚ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʦ ʩʪʦʨʦʥʳ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ. ɿʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ 

ʚʝʣʠʯʠʥʘ ʨʘʟʤʳʚʘ ʩʦʩʪʘʚʠʣʘ 0,5-1,0 ʤ. ʇʦʩʪʫʧʘʶʱʠʝ ʥʘʥʦʩʳ 

ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʣʦʢʘʣʴʥʦʤ ʧʦʥʠʞʝʥʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 6 ʢʤ ʦʪ ʧʨʘʚʦʛʦ 

ʙʝʨʝʛʘ, ʛʜʝ ʧʨʠʨʦʩʪ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʦʢ ʜʥʘ ʩʦʩʪʘʚʠʣ 4,0-6,0 ʤ. ʉʦ ʩʪʦʨʦʥʳ 

ʣʝʚʦʛʦ ʙʝʨʝʛʘ ʘʢʢʫʤʫʣʷʮʠʷ ʥʘʥʦʩʦʚ (1,0-3,0 ʤ) ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʪʘʨʦʤ ʨʫʩʣʝ ʨ. 

ʂʘʤʳ, ʘ ʪʘʢʞʝ ʚ ʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʟʘʣʠʚʘ ʫ ʜ. ɺʠʩʠʤ (ʨʠʩ. 3). 

ɺʳʚʦʜʳ 

1. ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʦʚʪʦʨʥʳʭ ʧʨʦʤʝʨʦʚ ʛʣʫʙʠʥ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʨʝʣʴʝʬʘ ʜʥʘ ʥʘ ʂʘʤʩʢʦʤ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠ ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

2. ɿʘ ʧʝʨʠʦʜ 1956-1995 ʛʛ. ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʫʯʘʩʪʢʝ ʧʨʝʦʙʣʘʜʘʣʘ 

ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʠʨʦʩʪʘ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʦʢ ʜʥʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʙʝʨʝʛʦʚ ʢ ʩʪʘʨʦʤʫ ʨʫʩʣʫ ʨ. ʂʘʤʳ, ʛʜʝ ʚʝʣʠʯʠʥʳ ʘʢʢʫʤʫʣʷʮʠʠ ʜʦʩʪʠʛʘʣʠ 

ʥʘʠʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ (4-6 ʤ). ɺʳʧʦʣʥʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʲʝʤ 

ʫʯʘʩʪʢʘ ʂʘʤʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʫʤʝʥʴʰʠʣʩʷ ʥʘ 7,44%. 

ʃʠʪʝʨʘʪʫʨʘ 
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Abstract. The paper presents the results of applying digital terrain models based on the data (TIN and 

Shape-files) and modern hydrological and land surveying equipment to assess the morphometric characteristics of 

reservoirs. 
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ɺʦʜʦʭʨʘʥʠʣʠʱʝ ï ʵʪʦ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʚʦʜʦʝʤ, ʩʦʟʜʘʥʥʳʡ ʜʣʷ 

ʥʘʢʦʧʣʝʥʠʷ ʚʦʜʳ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʘ. ɺʦʜʦʭʨʘʥʠʣʠʱʝ ï ʵʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʙʲʝʢʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʨʝʰʘʶʱʠʡ ʮʝʣʳʡ ʨʷʜ ʚʘʞʥʝʡʰʠʭ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʘʜʘʯ: ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʟʘʱʠʪʘ ʦʪ ʧʘʚʦʜʢʦʚ ʠ ʧʦʣʦʚʦʜʠʡ, 

ʧʦʜʜʝʨʞʘʥʠʝ ʩʫʜʦʭʦʜʩʪʚʘ ʠ ʪ.ʜ. [1]. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʠʩʭʦʜʷ ʠʟ ʪʝʢʫʱʝʛʦ 

ʠʣʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʧʨʠʪʦʢʘ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʝʤʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʨʠʚʦʡ ʩʚʷʟʠ ʦʙʲʝʤʘ ʠ ʧʣʦʱʘʜʠ 

ʟʝʨʢʘʣʘ ʩ ʦʪʤʝʪʢʦʡ ʫʨʦʚʥʷ, ʩʦʩʪʘʚʣʷʶʪʩʷ ʜʠʩʧʝʪʯʝʨʩʢʠʝ ʛʨʘʬʠʢʠ ʧʦʧʫʩʢʦʚ ʚ 

ʥʠʞʥʠʡ ʙʴʝʬ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʩʙʨʦʩʥʳʭ ʨʘʩʭʦʜʦʚ[3]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʩʭʦʜʥʳʡ ʨʝʣʴʝʬ ʜʥʘ ʣʶʙʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʝʨʠʦʜ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʷʜʘ ʬʘʢʪʦʨʦʚ: 

ʘʢʢʫʤʫʣʷʮʠʠ ʪʚʝʨʜʦʛʦ ʩʪʦʢʘ ʨʝʢ, ʚʧʘʜʘʶʱʠʭ ʚ ʚʦʜʦʝʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʛʣʘʚʥʦʡ 

ʨʝʢʠ, ʦʙʨʘʟʫʶʱʝʡ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʙʝʨʝʛʦʚ ʚʦʜʦʝʤʘ. 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʫʪʦʯʥʷʪʴ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʚʦʜʦʭʨʘʥʠʣʠʱʘ [5]. 

 
ʈʠʩ. 3 ï ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʟʘʣʠʚʘ ʉʳʜʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʙʳʣʦ ʩʦʟʜʘʥʦ (1970 ʛ.) ʝʛʦ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʫʪʦʯʥʷʣʠʩʴ ʩ ʤʦʤʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ. ʅʝ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩ ʤʦʤʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʝ ʢʘʢʠʭ ʨʘʙʦʪ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʣʠʚʘ ʉʳʜʘ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʜʦ ʜʘʥʥʦʛʦ ʤʦʤʝʥʪʘ. ɺ ʇʨʘʚʠʣʘʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʝʤʘ ʫʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʝʱʝ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʠʜʨʦʫʟʣʘ. 
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ɿʘʣʠʚ ʉʳʜʘ (ʨʠʩ. 1) ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʧʦ ʧʣʦʱʘʜʠ ʟʝʨʢʘʣʘ ʠ 

ʚʪʦʨʳʤ ʧʦ ʦʙʲʝʤʫ ʚʦʜʥʦʡ ʤʘʩʩʳ ʟʘʣʠʚʦʤ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʇʣʦʱʘʜʴ ʟʝʨʢʘʣʘ 

ʟʘʣʠʚʘ ʉʳʜʘ ʧʨʠ ʦʪʤʝʪʢʝ ʅʇʋ ʩʦʩʪʘʚʣʷʝʪ 7% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʘʢʚʘʪʦʨʠʠ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʘ ʝʛʦ ʦʙʲʝʤ ï 2% ʦʪ ʧʦʣʥʦʛʦ ʦʙʲʝʤʘ ʚʦʜʦʭʨʘʥʠʣʠʱʘ[2]. 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʠ ʷʚʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʣʠʚʘ ʉʳʜʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ 

ʙʦʣʴʰʠʭ ʟʘʣʠʚʦʚ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʠ 

ʧʨʦʤʳʩʣʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʩʝʣʝʥʠʝʤ ʖʛʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʧʦʩʢʦʣʴʢʫ 

ʩ ʤʦʤʝʥʪʘ ʟʘʧʦʣʥʝʥʠʷ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʝ ʙʳʣʦ ʧʣʘʥʦʤʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.   

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʦ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʚʦʜʦʝʤʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ, ʘ ʪʘʢʞʝ ʦ ʤʝʪʦʜʘʭ 

ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ; 

- ʚʳʧʦʣʥʠʪʴ ʩʙʦʨ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʂʨʘʩʥʦʷʨʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʚ ʮʝʣʦʤ ʠ ʝʛʦ ʟʘʣʠʚ ʉʳʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ: ʦ ʝʛʦ 

ʜʝʡʩʪʚʫʶʱʠʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʝʥʥʦʤ 

ʨʝʞʠʤʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʦʩʥʦʚʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʨʝʣʴʝʬʘ ʢʦʪʣʦʚʠʥʳ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʟʘ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʧʨʦʚʝʩʪʠ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ  ʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʢ ʢʦʤʧʣʝʢʩʘ ɻʀʉ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠ ʠʥʞʝʥʝʨʥʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ ʚ ʟʘʣʠʚʝ 

ʉʳʜʘ.; 

- ʧʦʩʪʨʦʠʪʴ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ[4].; 

- ʨʘʩʩʯʠʪʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʣ. ʉʳʜʘ; 

- ʧʦʩʪʨʦʠʪʴ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʙʲʝʤʦʚ ʠ ʧʣʦʱʘʜʝʡ ʟʘʣ. ʉʳʜʘ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʧʨʠʤʝʥʷʣʠʩʴ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʪʦʧʦʛʨʘʬʠʠ ʠ ʛʠʜʨʦʛʨʘʬʠʠ, ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ɻʀʉ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 
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ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝʣʴʝʬʝ ʢʦʪʣʦʚʠʥʳ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, 

ʧʦʣʫʯʝʥʥʘʷ ʩ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʄ 1:25000 ʠ ʜʘʥʥʳʝ ʧʦʣʝʚʳʭ ʠʟʳʩʢʘʥʠʡ 

ʥʘ ʙʝʨʝʛʘʭ ʠ ʘʢʚʘʪʦʨʠʠ ʚʦʜʦʝʤʘ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʠʶʥʝ 2013 ʛ.  

ɺ ʧʝʨʠʦʜ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʵʣʝʢʪʨʦʥʥʳʡ 

ʣʘʟʝʨʥʳʡ ʪʘʭʝʦʤʝʪʨ Leika TS-06, ʣʘʟʝʨʥʳʡ ʩʢʘʥʝʨ Topcon GLS-1500, 

ʛʝʦʜʝʟʠʯʝʩʢʠʡ GPS Leica GX-1200, ʵʭʦʣʦʪ Lowrence LMS-480(ʦʩʥʘʱʝʥʥʳʡ 

GPS-ʧʨʠʝʤʥʠʢʦʤ ʧʦʚʳʰʝʥʥʦʡ ʪʦʯʥʦʩʪʠ) ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ArcGIS 

9.2[2].. 

ʇʦ ʠʪʦʛʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 

1) ʇʦʣʝʚʳʝ ʠʟʳʩʢʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʨʝʣʴʝʬʘ ʢʦʪʣʦʚʠʥʳ 

ʟʘʣʠʚʘ ʉʳʜʘ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʩʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝʜʥʝʡ ʩʲʝʤʢʠ (2007 ʛ.) ï 

ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ʊʘʢ 64% ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʟʘʣʠʚʘ (69,9 ʢʤ) ʟʘ ʚʨʝʤʷ, 

ʧʨʦhʝʜʰʝʝ ʩ 2007ʛ., ʦʩʪʘʚʘʣʠʩʴ ʩʪʘʙʠʣʴʥʳʤʠ. 39 ʢʤ ʙʝʨʝʛʦʚ ʟʘʣʠʚʘ 

ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʨʫʰʝʥʠʶ (ʨʠʩ.2), ʦʜʥʘʢʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ 

ʥʝʚʝʣʠʢʘ (ʩʢʦʨʦʩʪʴ ʦʪʩʪʫʧʘʥʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,5 ʤ/ʛʦʜ). 

 
ʈʠʩ. 2 ï ʉʦʩʪʦʷʥʠʝ ʙʝʨʝʛʦʚ ʟʘʣʠʚʘ ʉʳʜʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚ ʠʶʥʝ 2013 ʛ. 

2) ʇʦʩʪʨʦʝʥʘ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʣʴʝʬʘ (ʎʄʈ) 

ʢʦʪʣʦʚʠʥʳ ʟʘʣʠʚʘ ʉʳʜʘ (ʨʠʩ.3). ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʬʦʨʤʘʪʝ, ʢʦʪʦʨʳʡ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʤʥʦʛʠʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ɻʀʉ (TIN ʠ Shape-ʬʘʡʣʳ). 
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ʈʠʩ. 3 ï ɺʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʢʦʪʣʦʚʠʥʳ ʟʘʣʠʚʘ ʉʳʜʘ 

3) ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʣʠʚʘ 

ʉʳʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 ʠ ʦʪʨʘʞʘʶʪ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʨʘʟʥʳʭ ʦʪʤʝʪʢʘʭ ʫʨʦʚʥʝʡ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣʘ ʚʦʜʳ ʠ ʥʝ 

ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤʠ ʜʣʷ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ 

ʟʘʣʠʚʘ ʉʳʜʘ[2]. 

ʊʘʙʣʠʮʘ 1 ï ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʣʦʚʠʥʳ ʟʘʣʠʚʘ ʉʳʜʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ  

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɽʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʷ 

ʆʪʤʝʪʢʘ ʫʨʦʚʥʷ ʚʦʜʳ, ʤ ɹʉ 

ʅʇʋ =243 ʋʄʆʨʝʢ = 

230 

ʋʄʆʧʨ = 

225 

ʆʙʲʝʤ ʤʣʥ. ʤ
3
 1552,634274 404,875763 165,414466 

ʇʣʦʱʘʜʴ ʟʝʨʢʘʣʘ ʢʤ
2
 114,879377 61,843969 35,699480 

ʇʦʣʝʟʥʳʡ ʦʙʲʝʤ ʤʣʥ. ʤ
3
 - 1147,758511 1387,219808 

ɼʣʠʥʘ ʢʤ 35,344 24,840 16,930 

ʐʠʨʠʥʘ ʩʨʝʜʥʷʷ ʢʤ 3,250 2,489 2,108 

ɻʣʫʙʠʥʘ ʩʨʝʜʥʷʷ ʤ 13,52 6,55 4,63 

ʇʣʦʱʘʜʴ ʣʠʪʦʨʘʣʠ ʢʤ
2
 6,310852 7,857978 7,388809 

ʂʨʠʪʝʨʠʡ ʣʠʪʦʨʘʣʠ - 0,05 0,13 0,21 

4) ʇʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʙʲʝʤʦʚ ʠ ʧʣʦʱʘʜʝʡ ʟʝʨʢʘʣʘ 
ʟʘʣʠʚʘ ʉʳʜʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʨʠʩ.4). 
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ʈʠʩ. 4 ï ʂʨʠʚʳʝ ʦʙʲʝʤʦʚ ʠ ʧʣʦʱʘʜʝʡ ʟʝʨʢʘʣʘ ʟʘʣ.ʉʳʜʘ 
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ʛʨʘʬʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʩʪʦʢʘ (ï ɹʘʨʥʘʫʣ: ɸʣʪ. ʩ.ïʭ. ʠʥïʪ, 1990. ï 

64 ʩ.) 
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ɸʥʥʦʪʘʮʠʷ. ʃʠʚʥʝʚʳʝ ʦʩʘʜʢʠ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʞʜʝʚʳʭ ʧʘʚʦʜʢʦʚ ʥʘ ʤʘʣʳʭ ʨʝʢʘʭ. ʊʦʯʥʘʷ ʦʮʝʥʢʘ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʫʩʣʦʚʠʷʭ ʨʝʜʢʦʡ 

ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʚʤʝʩʪʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʟʝʤʥʳʭ ʧʣʶʚʠʦʛʨʘʬʠʯʝʩʢʠʭ ʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʦʪʨʘʞʘʝʤʦʩʪʠ ʦʙʣʘʢʦʚ; ʨʘʩʯʝʪʳ ʦʪʨʘʞʘʝʤʦʩʪʠ ʥʠʞʥʝʛʦ ʩʣʦʷ ʥʘ 

ʦʩʥʦʚʝ ʦʪʨʘʞʘʝʤʦʩʪʠ ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ. ʈʘʩʯʝʪʥʳʝ ʩʭʝʤʳ ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʠʥʞʝʥʝʨʥʦ-ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʠ ʧʨʦʛʥʦʟʘʭ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʠʚʥʝʚʳʝ ʦʩʘʜʢʠ; ʧʣʶʚʠʦʛʨʘʬ; ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʨʘʜʠʦʣʦʢʘʪʦʨ; ʠʥʪʝʥʩʠʚʥʦʩʪʴ 
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Abstact. Heavy rainfalls and their quantitative characteristics are the main factor in the formation of rain 

floods on small rivers. An accurate assessment of these characteristics in conditions of rare observations is achieved 

by the joint use of ground-level pluviograph and radar data. The paper deals with the construction of empirical 

functions of precipitation intensity and radar reflectivity of clouds, and the evaluation of the lower layer reflectivity 

using the reflectivity of the overlying layers. The calculation schemes have good accuracy and can be used in 

engineering-hydrological calculations and the forecast of river flow. 
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ɺʚʝʜʝʥʠʝ 

ʆʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʚʥʝʚʳʭ ʦʩʘʜʢʦʚ, ʷʚʣʷʶʱʠʭʩʷ 

ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʧʘʚʦʜʢʦʚ ʥʘ ʤʘʣʳʭ 

ʨʝʢʘʭ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ï ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ ʋʨʘʣʘ), ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʘ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʥʘʟʝʤʥʦʡ ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ. ʕʪʦ ʩʚʷʟʥʦ ʢʘʢ ʩ ʙʦʣʴʰʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʝʩʪʨʦʪʦʡ ʢʫʯʝʚʦʡ ʦʙʣʘʯʥʦʩʪʠ, ʠʟ ʢʦʪʦʨʦʡ ʚʧʘʜʘʶʪ 

ʠʥʪʝʥʩʠʚʥʳʝ ʣʠʚʥʠ, ʪʘʢ ʠ ʨʝʜʢʦʡ ʩʝʪʴʶ ʥʘʟʝʤʥʳʭ ʦʩʘʜʢʦʤʝʨʦʚ. ɺ ʩʚʷʟʠ ʩ 

ʦʪʤʝʯʝʥʥʳʤʠ ʬʘʢʪʘʤʠ ʙʦʣʝʝ 90% ʣʦʢʘʣʴʥʳʭ ʣʠʥʝʡ ʥʝ ʬʠʢʩʠʨʫʶʪʩʷ 

ʥʘʟʝʤʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ, ʦʜʥʘʢʦ ʠʭ ʤʦʞʥʦ ʦʪʩʣʝʜʠʪʴ ʥʘ ʦʩʥʦʚʝ 

ʠʥʬʦʨʤʘʮʠʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʜʠʦʣʦʢʘʪʦʨʘ, ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʫʚʷʟʢʦʡ 

ʜʘʥʥʳʭ ʧʣʶʚʠʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʪʦʢ ʤʘʣʳʭ ʨʝʢ ʬʦʨʤʠʨʫʝʪʩʷ ʠʤʝʥʥʦ 

ʚ ʧʝʨʠʦʜ ʧʨʦʭʦʞʜʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʠʣʠ ʬʨʦʥʪʘʣʴʥʳʭ ʣʠʚʥʝʡ, ʦʧʨʝʜʝʣʝʥʠʝ 
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ʨʘʩʯʝʪʥʳʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʦʙʥʳʭ ʚʦʜʦʪʦʢʦʚ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʠ ʜʣʷ ʮʝʣʝʡ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʤʝʝʪ 

ʥʝʩʦʤʥʝʥʥʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʪʤʦʩʬʝʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

ʥʘʯʘʪʳ ʙʦʣʝʝ 100 ʣʝʪ ʥʘʟʘʜ, ʦʜʥʘʢʦ ʚʦʧʨʦʩʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʜʦʞʜʝʚʳʭ ʦʩʘʜʢʦʚ ʠ ʨʘʩʯʝʪʘ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʚʦʜʦʯʥʦʛʦ ʩʪʦʢʘ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʥʦʚʳʤʠ ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʣʠʚʥʝʚʳʭ ʦʩʘʜʢʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ, ʥʝ ʦʭʚʘʯʝʥʥʳʭ ʤʝʪʝʦʥʘʙʣʶʜʝʥʠʷʤʠ, ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʣʶʚʠʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʟʝʤʥʳʭ ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʦʪʨʘʞʘʝʤʦʩʪʠ ʦʙʣʘʢʦʚ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʘ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʠ ʧʨʦʛʥʦʟʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʦʢʘ ʜʦʞʜʝʚʳʭ ʧʘʚʦʜʢʦʚ ʥʘ ʤʘʣʳʭ ʨʝʢʘʭ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʜʘʥʥʳʝ ʥʘʟʝʤʥʳʭ 

(ʦʢʦʣʦ 2 ʪʳʩ. ʧʣʶʚʠʦʛʨʘʤʤ ʧʦ 16 ʧʫʥʢʪʘʤ ʚ 200-ʢʠʣʦʤʝʪʨʦʚʦʤ ʨʘʜʠʫʩʝ 

ʦʙʟʦʨʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʜʠʦʣʦʢʘʪʦʨʘ ʚ ʘʵʨʦʧʦʨʪʫ ʂʦʣʴʮʦʚʦ 

(ɽʢʘʪʝʨʠʥʙʫʨʛ) ʟʘ ʧʝʨʠʦʜ ʩ 1936 ʧʦ 2015 ʛʛ) ʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ (ʩʥʠʤʢʠ ʟʘ 

ʧʝʨʠʦʜ ʩ 2003 ʧʦ 2015 ʛʛ., ʙʦʣʝʝ 200 ʪʳʩ. ʩʥʠʤʢʦʚ) ʥʘʙʣʶʜʝʥʠʡ.  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʘʜʠʦʣʦʢʘʪʦʨ ʜʝʣʘʝʪ ʩʥʠʤʦʢ ʢʘʞʜʳʝ 30 ʤʠʥʫʪ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʘʜʢʦʚ ʟʘ 1 ʯʘʩ, ʘ ʚ ʨʘʩʯʝʪʘʭ 

ʧʘʚʦʜʦʯʥʦʛʦ ʩʪʦʢʘ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ 

ʤʠʥʫʪʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʘʚʪʦʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʝʜʫʢʮʠʠ ʣʠʚʥʝʚʳʭ ʦʩʘʜʢʦʚ ʧʦ ʚʨʝʤʝʥʠ. ɺ ʥʘʩʪʦʷʱʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʯʘʩʦʚʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ ʢ ʤʠʥʫʪʥʳʤ 

ʧʨʠʤʝʥʝʥʦ ʨʝʜʫʢʮʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ɻ.ɸ. ɸʣʝʢʩʝʝʚʘ [1], ʦʧʠʨʘʶʱʝʝʩʷ ʥʘ 

ʫʨʘʚʥʝʥʠʷ ɿ.ʇ. ɹʦʛʦʤʘʟʦʚʦʡ ʠ ɿ.ʇ. ʇʝʪʨʦʚʦʡ [2]. ʇʘʨʘʤʝʪʨʳ ʢʨʠʚʳʭ 

ʨʝʜʫʢʮʠʠ ʦʩʘʜʢʦʚ (ʩʠʣʘ ʜʦʞʜʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʣʠʚʥʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʝʪʝʦʩʪʘʥʮʠʠ, ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʨʝʤʝʥʥʦʡ ʨʝʜʫʢʮʠʠ) ʨʘʩʩʯʠʪʘʥʳ ʠ 



˥͙͎͙͒ͪͦͦ͡;͔͙͔ͫ͟Σ ͎͙͒ͪͦͺ͙͙͘;͔͙͔ͫ͟Σ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙ ͙͎͔͋ͦͦͻ͙͙ͣ;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· 
͍ ͍ͦ͒ͤ·ͻ ͦ͋Ά͔ͭ͊͟ͻ ͙ ͤ͊ ͍ͦ͒ͦͫ͋ͦͪ͊ͻ ˿͙͙͙͋ͪ ͙ ͙ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡  

109  

ʢʘʨʪʠʨʦʚʘʥʳ ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʜʘʥʥʳʤ ʚʩʝʭ ʧʣʶʚʠʦʛʨʘʬʦʚ 

ʋʨʘʣʴʩʢʦʛʦ ʋɻʄʉ ʟʘ ʚʝʩʴ ʜʦʩʪʫʧʥʳʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ [4].  

ʈʘʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

ʦʩʥʦʚʘʥ ʥʘ ʵʬʬʝʢʪʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʦʪʨʘʞʘʝʤʦʩʪʠ ʮʝʣʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ 

ʧʦʣʝ ʦʙʟʦʨʘ ʨʘʜʘʨʘ. ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʦʪʨʘʞʘʝʤʦʩʪʴ Z ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦʤ ʯʘʩʪʠʮ ʚ ʝʜʠʥʠʯʥʦʤ ʦʙʲʝʤʝ ʠ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʨʘʟʤʝʨʘʤ, ʘ 

ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʩʘʥʪʠʤʝʪʨʦʚʳʭ ʠ 

ʜʝʮʠʤʝʪʨʦʚʳʭ ʚʦʣʥ. ɺʝʣʠʯʠʥʘ Z ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʩʩʝʠʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ 

ʦʙʣʘʢʦʚ ʠ ʦʩʘʜʢʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʜʠʦʚʦʣʥ ʠ ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʤ
6
/ʤ

3
. ɺ ʩʚʷʟʠ ʩ 

ʪʝʤ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʦʪʨʘʞʘʝʤʦʩʪʠ Z ʚ ʨʝʘʣʴʥʳʭ ʦʙʣʘʢʘʭ ʦʯʝʥʴ ʚʝʣʠʢ (ʦʪ 10 ʜʦ 

105 ʤʤ
6
/ʤ

3
), ʯʘʩʪʦ ʜʣʷ ʫʜʦʙʩʪʚʘ ʟʘʧʠʩʝʡ Z ʠʩʧʦʣʴʟʫʶʪ ʣʦʛʘʨʠʬʤʳ ʠʣʠ 

ʜʝʮʠʣʦʛʘʨʠʬʤʳ. ɺ ʧʨʘʢʪʠʢʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʦʪʨʘʞʘʝʤʦʩʪʴ 

ʦʙʣʘʢʦʚ ʠ ʦʩʘʜʢʦʚ ʚʳʨʘʞʘʶʪ ʚ ʜɹz (dBz) ʦʪʥʦʩʠʪʝʣʴʥʦ Z0=1 ʤʤ
6
/ʤ

3
. ʉʚʷʟʴ 

ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʦʪʨʘʞʘʝʤʦʩʪʠ, ʚʳʨʘʞʝʥʥʳʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʝʜʠʥʠʮʘʭ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ Z ʤʤ
6
/ʤ

3
=10

0,1
Z ʜɹz (dBz) [3]. 

ʆʪʨʘʞʘʝʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʣʘʢʦʚ ʠ ʦʩʘʜʢʦʚ, ʪʘʢʦʡ ʞʝ, 

ʢʘʢ ʚʦʜʥʦʩʪʴ ʦʙʣʘʢʦʚ (ʛ/ʤ
3
) ʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ (ʤʤ/ʯ), 

ʠ ʩʦʜʝʨʞʠʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʤʘʭ ʦʙʣʘʢʦʚ ʠ ʦʩʘʜʢʦʚ, 

ʨʘʩʩʝʠʚʘʶʱʠʭ ʨʘʜʠʦʚʦʣʥʳ. 

ɼʣʷ ʜʦʞʜʷ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, 6.1200 ʄʈʃIZ Ö= , ʛʜʝ Iʄʈʃ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʘʜʢʦʚ 

(ʤʤ/ʯ), ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʣʦʢʘʪʦʨʘ. ɺʝʣʠʯʠʥʘ Z ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʜʦʞʜʷ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʦʪ 150 ʜʦ 

500 ʤʤ
6
/ʤ

3
, ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 1,23-1,64 [5]. ɼʘʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʚʠʜ: 

63.0032,0 ZIʄʈʃ Ö= ,  (1) 

ʝʩʣʠ ʚʝʣʠʯʠʥʘ Z ʚʳʨʘʞʘʝʪʩʷ ʚ dBz. 

ʆʙʨʘʙʦʪʢʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ɸʄʈʂ çʄʝʪʝʦʷʯʝʡʢʘè. ʈʘʩʯʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
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ʦʩʘʜʢʦʚ ʚ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʚʝʜʸʪʩʷ ʧʦ ʟʘʣʦʞʝʥʥʦʡ ʚ ʥʝʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ ʠ ʦʪʨʘʞʘʝʤʦʩʪʠ ʪʦʣʴʢʦ ʧʝʨʚʦʛʦ ʩʣʦʷ (ʜʦ 

1 ʢʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ, Z1), ʠʤʝʶʱʝʡ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʦʡ ʚʠʜ, ʥʝʞʝʣʠ 

ʦʧʠʩʘʥ ʚʳʰʝ: 

114.0
041,0

Z

ʄʈʃ eI
Ö

Ö= , (2) 

ʛʜʝ Z1 ï ʦʪʨʘʞʘʝʤʦʩʪʴ ʧʝʨʚʦʛʦ ʩʣʦʷ (ʦʪ 0 ʜʦ 1 ʢʤ); ʩ 

ʚʳʰʝʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʩʣʦʷʤʠ ʦʙʣʘʯʥʦʩʪʠ ʧʦʜʦʙʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ 

ʦʪʩʫʪʩʪʚʫʝʪ. 

ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʙʣʘʩʪʠ ʨʘʜʠʫʩʦʤ 10 ʢʤ ʦʪ ʣʦʢʘʪʦʨʘ, ʭʦʪʷ ʠ 

ʟʘʥʠʞʘʝʪ ʚʝʣʠʯʠʥʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ ʥʘ 10%, ʚʩʝ ʞʝ ʩʚʷʟʘʥʘ ʩ 

ʚʝʣʠʯʠʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʟʝʤʥʳʤʠ 

ʧʣʶʚʠʦʛʨʘʬʘʤʠ Iʇʃ, ʩʚʷʟʴʶ ʚʠʜʘ (ʨʠʩ. 1): 

ʄʈʃʇʃ II Ö= 1.1 .  (3) 

ʉ ʫʜʘʣʝʥʠʝʤ ʦʪ ʨʘʜʘʨʘ ʧʝʨʚʳʡ ʤʥʦʞʠʪʝʣʴ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

(ʥʘʟʦʚʝʤ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʣʦʢʘʮʠʦʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʚʥʷ ɖ) 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʦʜʥʘʢʦ ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚʚʠʜʫ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʨʝʣʴʝʬʘ ʚ 

ʨʘʜʠʫʩʝ ʜʝʡʩʪʚʠʷ ʨʘʜʘʨʘ, ʥʝ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʨʘʩʩʪʦʷʥʠʷ. ɿʘʜʘʯʝʡ 

ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʩʷ ʨʘʩʯʝʪ ʠ ʢʘʨʪʠʨʦʚʘʥʠʝ ʚʝʣʠʯʠʥʳ ɖ ʚ 

ʨʘʜʠʫʩʝ ʜʝʡʩʪʚʠʷ ʨʘʜʘʨʘ. 

ɻʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʚ ʨʘʜʠʫʩʝ 200 ʢʤ ʦʪ 

ɽʢʘʪʝʨʠʥʙʫʨʛʘ ʪʘʢʦʚʳ, ʯʪʦ ʢ ʟʘʧʘʜʫ ʨʘʩʧʦʣʦʞʝʥʳ ʤʝʨʠʜʠʦʥʘʣʴʥʦ ʚʳʪʷʥʫʪʳʝ 

ʫʚʘʣʳ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʚʳʩʦʪʘʤʠ ʜʦ 800 ʤ. ɹʦʣʴʰʦʝ 

ʫʜʘʣʝʥʠʝ ʦʪ ʨʘʜʘʨʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʝʨʝʩʝʯʝʥʥʳʤ ʨʝʣʴʝʬʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʜʠʦʪʝʥʠ ʚ ʩʣʦʷʭ ʜʦ 2 ʢʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ ʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ Z1. ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʦʩʘʜʢʦʚ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʪʨʘʞʘʝʤʦʩʪʠ ʧʝʨʚʦʛʦ ʩʣʦʷ ʦʙʣʘʢʦʚ, 

ʚʩʪʘʝʪ ʚʪʦʨʘʷ ʟʘʜʘʯʘ ï ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ Z1 ʥʘ ʦʩʥʦʚʝ ʦʪʨʘʞʘʝʤʦʩʪʠ 

ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ. 



˥͙͎͙͒ͪͦͦ͡;͔͙͔ͫ͟Σ ͎͙͒ͪͦͺ͙͙͘;͔͙͔ͫ͟Σ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͙ ͙͎͔͋ͦͦͻ͙͙ͣ;͔͙͔ͫ͟ ͨͪͦͼ͔ͫͫ· 
͍ ͍ͦ͒ͤ·ͻ ͦ͋Ά͔ͭ͊͟ͻ ͙ ͤ͊ ͍ͦ͒ͦͫ͋ͦͪ͊ͻ ˿͙͙͙͋ͪ ͙ ͙ͻ ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͔͙͍͙͔ͣͦ͒ͪͦ͊ͤ͡  

111  

 
ʈʠʩ. 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ ʧʦ ʧʣʶʚʠʦʛʨʘʬʘʤ ʠ ʫʨʘʚʥʝʥʠʶ ʄʈʃ I 

(ʤʤ/ʯʘʩ) ʦʪ ʦʪʨʘʞʘʝʤʦʩʪʠ Z1 (dBz) (ʘ) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ ʧʦ ʧʣʶʚʠʦʛʨʘʬʫ Iʇʃ ʦʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ ʧʦ ʣʦʢʘʪʦʨʫ Iʄʈʃ (ʙ) 

ʈʝʟʫʣʴʪʘʪʳ 

ʅʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘʜ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʩʘʜʢʦʚ ʧʦ ʥʘʟʝʤʥʳʤ ʧʣʶʚʠʦʛʨʘʬʘʤ ʠ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʥʘʜ ʦʪʨʘʞʘʝʤʦʩʪʴʶ ʢʫʯʝʚʦʡ ʦʙʣʘʯʥʦʩʪʠ ʧʦ ʄʈʃ ʧʦ ʨʷʜʫ ʤʝʪʝʦʩʪʘʥʮʠʡ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʠ ʚʝʣʠʯʠʥʳ ʩʚʷʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʴʶ  

114.0
041,0

Z

ʇʃ eI
Ö

ÖÖ=h ,  (4) 

ʛʜʝ ʚʝʣʠʯʠʥʘ ɖ ʦʧʨʝʜʝʣʝʥʘ ʦʙʨʘʪʥʳʤ ʧʫʪʝʤ ʠ ʢʘʨʪʠʨʦʚʘʥʘ ʚ ʨʘʜʠʫʩʝ 

ʦʙʟʦʨʘ ʨʘʜʘʨʘ (ʨʠʩ. 2). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʢʘʨʪʦʩʭʝʤʳ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʚʝʣʠʯʠʥʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ ʥʘ ʦʩʥʦʚʝ ʦʪʨʘʞʘʝʤʦʩʪʠ 

ʧʝʨʚʦʛʦ ʩʣʦʷ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʦʢʦʣʦ 7% ʥʘ ʣʶʙʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʣʦʢʘʪʦʨʘ. ɺ 

ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʦʙʥʦʡ ʢʘʨʪʦʩʭʝʤʳ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
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ʦʩʘʜʢʦʚ ʧʦ ʫʨʘʚʥʝʥʠʶ 1 ʥʘ ʛʨʘʥʠʮʘʭ ʧʦʣʷ ʦʙʟʦʨʘ ʨʘʜʘʨʘ ʜʦʩʪʠʛʘʶʪ 10 000 ï 

16 000%, ʪ.ʝ. ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʧʨʠʤʝʥʠʤʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

 
ʈʠʩ. 2 ï ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɖ ʚ ʨʘʜʠʫʩʝ ʜʝʡʩʪʚʠʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʜʠʦʣʦʢʘʪʦʨʘ ʂʦʣʴʮʦʚʦ (ʂʣʮ) (ʥʘ ʩʭʝʤʝ ï ʦʙʣʘʩʪʠ ʚʳʧʘʜʝʥʠʷ ʜʦʞʜʝʚʳʭ ʦʩʘʜʢʦʚ ʟʘ 9:52 

26 ʠʶʣʷ 2013 ʛ.; ʥʘʟʚʘʥʠʷ ʤʝʪʝʦʩʪʘʥʮʠʡ ʜʘʥʳ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʩʠʩʪʝʤʝ ʩʦʢʨʘʱʝʥʠʡ) 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʝʨʚʳʡ ʧʨʠʟʝʤʥʳʡ ʩʣʦʡ ʦʙʣʘʯʥʦʡ ʤʘʩʩʳ ʯʘʩʪʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʜʠʦʪʝʥʠ, ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʨʘʞʘʝʤʦʩʪʠ ʧʝʨʚʦʛʦ 

ʩʣʦʷ Z1 ʩ ʦʪʨʘʞʘʝʤʦʩʪʴʶ 2-ʛʦ Z2 ʠ 3-ʛʦ Z3 ʩʣʦʝʚ (ʨʠʩ. 3). ʋʯʠʪʳʚʘʷ ʪʦʪ ʬʘʢʪ, 

ʯʪʦ ʬʦʨʤʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʦʪʨʘʞʘʝʤʦʩʪʠ ʦʙʣʘʯʥʦʡ ʤʘʩʩʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʦʷʥʥʘ, ʜʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ 

ʣʶʙʦʤ ʫʜʘʣʝʥʠʠ ʠ ʚ ʣʶʙʦʤ ʘʟʠʤʫʪʝ ʨʘʜʘʨʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʨʘʞʘʝʤʦʩʪʠ 

ʧʝʨʚʦʛʦ ʩʣʦʷ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 14-20%. 

 
ʈʠʩ. 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʨʘʞʘʝʤʦʩʪʠ ʧʝʨʚʦʛʦ ʩʣʦʷ (Z1) ʦʪ ʦʪʨʘʞʘʝʤʦʩʪʠ ʚʪʦʨʦʛʦ (Z2) ʠ 

ʪʨʝʪʴʝʛʦ (Z3) ʩʣʦʝʚ (ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʨʘʜʘʨʘ ï 14 ʢʤ, ʘʟʠʤʫʪ ï 307Á, ʦʨʠʝʥʪʠʨ ï 

ʆʙʩʝʨʚʘʪʦʨʩʢʘʷ ʛʦʨʢʘ ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛʘ) 
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ɺʳʚʦʜʳ 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʨʘʞʘʝʤʦʩʪʠ ʧʝʨʚʦʛʦ ʩʣʦʷ ʩ ʦʪʨʘʞʘʝʤʦʩʪʴʶ 

ʚʳʰʝʣʝʞʘʱʠʭ ʩʣʦʝʚ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʦʪʨʘʞʘʝʤʦʩʪʴ ʧʝʨʚʦʛʦ ʩʣʦʷ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚ ʩʠʣʫ ʨʘʟʥʳʭ ʧʨʠʯʠʥ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʜʠʦʪʝʥʠ. ʅʘ ʦʩʥʦʚʝ 

ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (4) ʠ ʢʘʨʪʦʩʭʝʤʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ɖ ʚʦʟʤʦʞʝʥ ʨʘʩʯʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʘʜʢʦʚ ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʨʘʜʠʫʩʝ ʜʝʡʩʪʚʠʷ 

ʣʦʢʘʪʦʨʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʳ ʠʟʤʝʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʩʘʜʢʦʚ I ʦʪ ʦʪʨʘʞʘʝʤʦʩʪʠ ʦʙʣʘʢʦʚ Z1 ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʟʘʥʠʞʝʥʠʝ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʣʦʢʘʪʦʨʦʤ ʚʝʣʠʯʠʥʳ Z1 ʩ ʫʜʘʣʝʥʠʝʤ ʢ ʛʨʘʥʠʮʘʤ ʟʦʥʳ 

ʣʦʢʘʮʠʠ. 

ʉʫʤʤʘʨʥʘʷ ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʦʮʝʥʢʠ ʦʩʘʜʢʦʚ ʥʘ 

ʛʨʘʥʠʮʘʭ ʟʦʥʳ ʣʦʢʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 18%, ʘ ʚʙʣʠʟʠ ʮʝʥʪʨʘ ʣʦʢʘʮʠʠ ï 7%. 

ʇʦʜʦʙʥʳʝ ʥʠʟʢʠʝ ʦʰʠʙʢʠ ʧʦʟʚʦʣʷʶʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ 

ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʨʠʚʦʡ ʦʩʘʜʢʦʚ ʜʣʷ ʝʜʠʥʠʯʥʦʛʦ ʣʠʚʥʷ, 

ʘ ʟʥʘʯʠʪ ï ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦ, ʥʝʞʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʟʝʤʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʦʩʘʜʢʘʤ, ʨʘʩʩʯʠʪʳʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʩʭʦʜʳ ʚʦʜʳ ʤʘʣʳʭ ʚʦʜʦʩʙʦʨʦʚ, ʥʝ 

ʦʭʚʘʯʝʥʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺʦʜʦʪʦʢʠ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ ʜʨʝʥʠʨʫʶʪ ʙʘʩʩʝʡʥʳ, ʧʦʜʩʪʠʣʘʝʤʳʝ 

ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʦʡ, ʠ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʝʯʥʳʭ ʚʦʜ. ʀʤʝʥʥʦ ʤʝʨʟʣʦʪʥʳʝ ʧʦʨʦʜʳ ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨ ʧʠʪʘʥʠʷ ʨʝʯʥʳʭ ʚʦʜ 

ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ. ɺ ʧʝʨʠʦʜ ʟʠʤʥʝʛʦ ʧʨʦʤʝʨʟʘʥʠʷ ʛʣʘʚʥʘʷ ʨʦʣʴ ʚ ʧʦʩʪʫʧʣʝʥʠʠ ʚʦʜʳ ʚ ʨʝʢʠ ʦʪʚʦʜʠʪʩʷ 

ʧʦʜʟʝʤʥʳʤ ʚʦʜʘʤ, ʨʘʟʛʨʫʞʘʶʱʠʤʩʷ ʯʝʨʝʟ ʩʢʚʦʟʥʳʝ ʪʘʣʠʢʠ. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʷ 

ʤʝʨʟʣʦʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʝʟʤʦʨʦʟʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʣʝʜʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨ ʧʠʪʘʥʠʷ ʨʝʢ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʛʦʜʘ. 
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Abstract. Subarctic rivers of Central Siberian Plateau underlaid by permafrost have very specific 

hydrology and chemical composition. Permafrost is the dominant factor of Central Siberia riversô fed-

characterictics.  Taliks are the main source during winter base flow, thawing ï in spring, precipitation and rainflow- 

in summer and autumn. Permafrost degradation and climate changes influenced on freezing period on the river, 

determining chemical composition. We use two data sources ï our own and Roshydromet archive data to compare 

chemical types of two rivers in 1950-2015. For entire period, both the Nizhnyaya Tunguska and Tembenchi are 

chloride-type rivers in winter, but the N. Tunguska is sodium-dominant, and the Tembenchi is calcium-dominant. 

This is due to watershedsô different morphology, specifically evaporite composition. 

Keywords: permafrost, hydrology, hydrochemistry, Siberia. 

ɺʚʝʜʝʥʠʝ 

ʈʝʢʠ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ, ʙʘʩʩʝʡʥʳ ʢʦʪʦʨʳʭ ʧʦʜʩʪʠʣʘʶʪʩʷ 

ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʦʡ, ʠʤʝʶʪ ʦʛʨʦʤʥʦʡ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʨʢʪʠʯʝʩʢʦʛʦ 

ʨʝʛʠʦʥʘ. ɻʣʦʙʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʷ ʦʙʫʩʣʘʚʣʠʚʘʶʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʚʦʜʦʩʙʦʨʘʭ ʨʝʢ ʢʨʠʦʣʠʪʦʟʦʥʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ ʦʪʢʣʠʢʘ ʥʘ 

ʜʝʛʨʘʜʘʮʠʶ ʤʝʨʟʣʦʪʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ 

ʚʣʠʷʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʦʚ ʵʣʝʤʝʥʪʦʚ ʩ ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʥʳʭ ʙʘʩʩʝʡʥʦʚ 

ʨʝʢ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ, ʯʪʦ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʩʥʠʞʝʥʠʝ 

ʠʣʠ ʧʦʚʳʰʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ 

ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʉʝʚʝʨʥʦʛʦ ʣʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʨʘʡʦʥ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ ʧʦʜʩʪʠʣʘʝʪʩʷ 

ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʦʡ, ʠʤʝʶʱʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʪ ʩʧʣʦʰʥʦʛʦ (ʩʝʚʝʨʥʘʷ 

ʯʘʩʪʴ, ʙʘʩʩʝʡʥʘ ʨ. ʊʝʤʙʝʥʯʠ) ʜʦ ʦʩʪʨʦʚʥʦʛʦ (ʶʞʥʘʷ ʯʘʩʪʴ, ʙʘʩʩʝʡʥ ʨ. ʅʠʞʥʷʷ 
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ʊʫʥʛʫʩʢʘ). ʄʝʨʟʣʦʪʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʜʠʥʘʤʠʢʘ ʦʪʪʘʠʚʘʥʠʷ ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ 

ʩʣʦʷ ʦʧʨʝʜʝʣʷʶʪ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʩʫʙʘʨʢʪʠʯʝʩʢʠʭ ʨʝʢ, ʠʩʪʦʯʥʠʢʠ 

ʧʦʩʪʫʧʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʠ ʭʘʨʘʢʪʝʨ ʠʭ ʧʠʪʘʥʠʷ ʚ ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʡ 

ʧʝʨʠʦʜ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʛʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʙʝʟʤʦʨʦʟʥʳʡ ʧʝʨʠʦʜ 

ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʨʝʯʥʳʭ ʚʦʜ ʷʚʣʷʶʪʩʷ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, 

ʠʥʬʠʣʴʪʨʫʶʱʠʝʩʷ ʚ ʧʦʯʚʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ʉʊʉ [5], ʚ ʟʠʤʥʠʡ 

ʧʝʨʠʦʜ - ʪʘʣʠʢʦʚʳʝ ʠ ʧʦʜʤʝʨʟʣʦʪʥʳʝ (ʪʨʝʱʠʥʥʦ-ʞʠʣʴʥʳʝ ʠ ʪʨʝʱʠʥʥʦ-

ʧʣʘʩʪʦʚʳʝ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʦʙʨʘʟʦʚʘʥʠʷʭ ʥʠʞʥʝʛʦ ʪʨʠʘʩʘ) ʚʦʜʳ [2]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʘʥʘʣʠʟ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʢ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ, ʙʘʩʩʝʡʥʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ 

ʨʘʟʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʥʘ ʦʩʥʦʚʝ ʜʚʫʭ 

ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ (ʩʦʙʩʪʚʝʥʥʳʡ ʥʘʙʣʶʜʝʥʠʷ ʠ ʜʘʥʥʳʝ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʝʞʝʛʦʜʥʠʢʦʚ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʙʶʣʣʝʪʝʥʝʡ 

ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʋɻʄʉ). 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʝ ʧʣʦʩʢʦʛʦʨʴʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʙʰʠʨʥʫʶ ʪʨʘʧʧʦʚʫʶ 

ʧʨʦʚʠʥʮʠʶ ʧʣʦʱʘʜʴʶ 340000 ʢʤ
2
, ʦʙʨʘʟʦʚʘʥʥʫʶ 248 ʤʠʣʣʠʦʥʦʚ ʣʝʪ ʥʘʟʘʜ. 

ʉʠʙʠʨʩʢʠʝ ʙʘʟʘʣʴʪʳ ʦʯʝʥʴ ʦʜʥʦʨʦʜʥʳ ʚ ʭʠʤʠʯʝʩʢʦʤ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ 

ʩʦʩʪʘʚʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʝʠʪʘʤʠ (ʚʫʣʢʘʥʠʯʝʩʢʘʷ ʛʦʨʥʘʷ ʧʦʨʦʜʘ, ʣʠʰʸʥʥʘʷ 

ʧʦʨʬʠʨʦʚʳʭ ʚʢʣʶʯʝʥʠʡ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʘ ʠʟ ʚʦʩʴʤʠ 

ʢʣʶʯʝʚʳʭ ʚʦʜʦʩʙʦʨʥʳʭ ʙʘʩʩʝʡʥʦʚ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ (ʙʘʩʩʝʡʥ 

ʨ. ʊʝʤʙʝʥʯʠ ʠ ʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ) (ʈʠʩ.1). ʉʫʨʦʚʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʦʧʨʝʜʝʣʷʶʪ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ. ʄʝʨʟʣʦʪʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʚ ʧʦʢʨʦʚʥʳʭ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (ʣʝʜʥʠʢʦʚʳʝ, 

ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʝ, ʘʣʣʶʚʠʡ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ), ʪʘʢ ʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ 

(ʥʠʞʥʝʪʨʠʘʩʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʘʧʧʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 

ʪʫʬʘʤʠ ʠ ʙʘʟʘʣʴʪʘʤʠ) [2]. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʨʟʣʦʪʳ ʥʘ ʙʘʩʩʝʡʥʘʭ ʨʨ. 

ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ ʠ ʊʝʤʙʝʥʯʠ ʦʯʝʥʴ ʨʘʟʣʠʯʥʦ. ʊʘʢ, ʝʩʣʠ ʪʝʨʨʠʪʦʨʠʷ ʙʘʩʩʝʡʥʘ 

ʨ. ʊʝʤʙʝʥʯʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʣʦʰʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʤʝʨʟʣʦʪʳ, ʪʦ ʥʘ 

ʙʘʩʩʝʡʥʝ ʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ ʤʝʨʟʣʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʩʝʤʠ ʪʠʧʘʤʠ ï ʦʪ 

ʩʧʣʦʰʥʦʡ ʥʘ ʩʝʚʝʨʝ ʙʘʩʩʝʡʥʘ ʜʦ ʧʨʝʨʳʚʠʩʪʦʡ ʠ ʦʩʪʨʦʚʥʦʡ ʥʘ ʶʛʝ. 

ʆʙʲʷʩʥʷʝʪʩʷ ʪʘʢʦʝ ʨʘʟʣʠʯʠʝ, ʦʧʷʪʴ ʞʝ, ʪʝʤ, ʯʪʦ ʙʘʩʩʝʡʥ ʨ. ʊʝʤʙʝʥʯʠ 

ʨʘʩʧʦʣʦʞʝʥ ʩʝʚʝʨʥʝʝ ʙʘʩʩʝʡʥʘ ʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ (ʅʠʢʘʥʦʨʦʚ, 2001). 
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ʈʠʩ. 1 ï ɺʦʜʦʩʙʦʨʥʳʝ ʙʘʩʩʝʡʥʳ ʨʝʢ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʜʣʷ ʚʦʜʦʩʙʦʨʦʚ ʨ. ʊʝʤʙʝʥʯʠ (ˉ2) ʠ ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ (ˉ4) 

ɻʠʜʨʦʛʨʘʬ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʧʠʢ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʝʩʝʥʥʠʤ ʧʦʣʦʚʦʜʴʝʤ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʪʘʷʥʠʝ ʣʴʜʘ ʠ ʩʥʝʛʘ 

ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʙʘʩʩʝʡʥʦʚ ʨʝʢ (ʈʠʩ. 2). 

 
ʈʠʩ. 2 ï ɻʠʜʨʦʛʨʘʬ ʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ ʩ 1955 ʧʦ 2015 ʛʛ. 

ʂʣʠʤʘʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʡʦʥʘ ʨʝʟʢʦʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʩ ʭʦʣʦʜʥʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʟʠʤʦʡ ʠ ʢʦʨʦʪʢʠʤ ʜʦʚʦʣʴʥʦ ʞʘʨʢʠʤ ʣʝʪʦʤ. ʉʨʝʜʥʷʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʝʟʤʦʨʦʟʥʦʛʦ ʧʝʨʠʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 75ï90 ʜʥʝʡ. ʉʫʨʦʚʳʝ 
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ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʧʨʝʜʝʣʷʶʪ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʳ. ʄʝʨʟʣʦʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʚ ʧʦʢʨʦʚʥʳʭ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

(ʣʝʜʥʠʢʦʚʳʝ, ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʝ, ʘʣʣʶʚʠʡ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ), ʪʘʢ ʠ 

ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ (ʥʠʞʥʝʪʨʠʘʩʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʘʧʧʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʪʫʬʘʤʠ ʠ ʙʘʟʘʣʴʪʘʤʠ) [2]. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʨʟʣʦʪʳ ʥʘ 

ʙʘʩʩʝʡʥʘʭ ʨʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ ʠ ʊʝʤʙʝʥʯʠ ʦʯʝʥʴ ʨʘʟʣʠʯʥʦ. ʊʘʢ, ʝʩʣʠ 

ʪʝʨʨʠʪʦʨʠʷ ʙʘʩʩʝʡʥʘ ʨ. ʊʝʤʙʝʥʯʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʣʦʰʥʳʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʤʝʨʟʣʦʪʳ, ʪʦ ʥʘ ʙʘʩʩʝʡʥʝ ʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ ʤʝʨʟʣʦʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʩʝʤʠ ʪʠʧʘʤʠ ï ʦʪ ʩʧʣʦʰʥʦʡ ʥʘ ʩʝʚʝʨʝ ʙʘʩʩʝʡʥʘ ʜʦ 

ʧʨʝʨʳʚʠʩʪʦʡ ʠ ʦʩʪʨʦʚʥʦʡ ʥʘ ʶʛʝ. ʆʙʲʷʩʥʷʝʪʩʷ ʪʘʢʦʝ ʨʘʟʣʠʯʠʝ, ʦʧʷʪʴ ʞʝ, ʪʝʤ, 

ʯʪʦ ʙʘʩʩʝʡʥ ʨ. ʊʝʤʙʝʥʯʠ ʨʘʩʧʦʣʦʞʝʥ ʩʝʚʝʨʥʝʝ ʙʘʩʩʝʡʥʘ ʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ 

(ʅʠʢʘʥʦʨʦʚ, 2001). 

ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜ ʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ ʠʩʩʣʝʜʫʝʪʩʷ ʥʘʤʠ 

ʝʞʝʛʦʜʥʦ ʩ 2004 ʛ., ʨ. ʊʝʤʙʝʥʯʠ ï ʩ 2006 ʛʦʜʘ. ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ 

ʙʘʟʝ ʕʚʝʥʢʠʡʩʢʦʛʦ ʆʕʇ ʀʃ ʉʆ ʈɸʅ (ʧʛʪ. ʊʫʨʘ): ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ (ʦʢʪʷʙʨʴ ï 

ʘʧʨʝʣʴ) - 1 ʨʘʟ ʚ ʤʝʩʷʮ, ʚ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ (ʤʘʡ-ʠʶʥʴ) ï 2-3 ʨʘʟʘ ʚ 

ʥʝʜʝʣʶ, ʚ ʧʝʨʠʦʜ ʣʝʪʥʝʡ ʤʝʞʝʥʠ (ʠʶʣʴ-ʩʝʥʪʷʙʨʴ) ï 1 ʨʘʟ ʚ ʥʝʜʝʣʶ. 

ʆʪʦʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ ʨʝʯʥʦʡ ʚʦʜʳ ʬʠʣʴʪʨʦʚʘʣʠʩʴ ʯʝʨʝʟ 0.45 uʤ 

(ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʳʡ ʬʠʣʴʪʨ Millipore). ʂʦʥʮʝʥʪʨʘʮʠʠ ʘʥʠʦʥʦʚ (Cl
-
, SO4

2-
) 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʠʦʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (Dionex ICS 2000). 

ʉʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪ-ʠʦʥʘ ʚ ʦʙʨʘʟʮʘʭ ʚʦʜʳ ʠʟʤʝʨʷʣʠ ʥʘ ʘʥʘʣʠʟʘʪʦʨʝ 

ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ (Vario TOC, Elementar). ʂʦʥʮʝʥʪʨʘʮʠʠ ʢʘʪʠʦʥʦʚ (ʉʘ
2+

, Mg
2+

, 

Na
+
, K

+
) ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ Perkin-Elmer 5100 PC ʠʣʠ ʤʝʪʦʜʦʤ ICP-MS 

(Agilent 7500). ɸʨʭʠʚʥʳʝ ʜʘʥʥʳʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʠ 

ʧʝʨʠʦʜʘ ʣʝʜʦʩʪʘʚʘ ʨʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ (1950-2015 ʛʛ.) ʠ ʊʝʤʙʝʥʯʠ (1942-

2015 ʛʛ.) ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟ ʝʞʝʛʦʜʥʠʢʦʚ ʠ ʙʶʣʣʝʪʝʥʝʡ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ 

ʋɻʄʉ (ʛ. ʂʨʘʩʥʦʷʨʩʢ). ɸʥʘʣʠʟ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʨʨ. ʅʠʞʥʷʷ 

ʊʫʥʛʫʩʢʘ ʠ ʊʝʤʙʝʥʯʠ ʧʦ ʪʠʧʫ ʧʨʦʠʟʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ STATICTICA 10 

(2D Ternary plot). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ɻʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʢ 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʠʜʨʦʛʨʘʬʦʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʨʝʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʩʭʦʜʥʦʤ ʨʝʞʠʤʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʩʣʦʚʦʛʦ ʩʪʦʢʘ. ʈʘʩʭʦʜ ʚʦʜʳ ʨʨ. ʅʠʞʥʷʷ 

ʊʫʥʛʫʩʢʘ ʠ ʊʝʤʙʝʥʯʠ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʩʝʟʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʧʠʢʘʤʠ 

ʚʦʜʥʦʩʪʠ ʚ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ (ʤʘʡ-ʠʶʥʴ) ʠ ʤʠʥʠʤʫʤʘʤʠ ʚ ʧʝʨʠʦʜ 

ʟʠʤʥʝʡ ʤʝʞʝʥʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʨʝʢ, ʜʨʝʥʠʨʫʶʱʠʭ ʙʦʨʝʘʣʴʥʫʶ ʟʦʥʫ. ʅʘ ʦʩʥʦʚʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ 

ʜʘʥʥʳʭ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ ʨʝʢʘʭ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ, ʚʳʜʝʣʝʥʦ 3 ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʠʦʜʘ: ʚʝʩʝʥʥʠʡ ʧʘʚʦʜʦʢ (1 ʤʘʷ-30 

ʠʶʥʷ), ʣʝʪʥʝ-ʦʩʝʥʥʠʡ (1 ʠʶʣʷ-31 ʦʢʪʷʙʨʷ) ʠ ʟʠʤʥʠʡ (1 ʥʦʷʙʨʷ-30 ʘʧʨʝʣʷ). ʅʘ 

ʜʦʣʶ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʟʘ ʚʩʝ ʛʦʜʳ ʥʘʙʣʶʜʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 60% 

ʛʦʜʦʚʦʡ ʚʝʣʠʯʠʥʳ. ɿʠʤʥʠʡ ʧʝʨʠʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʨʦʣʴʶ ʚ 

ʛʦʜʦʚʦʤ ʛʠʜʨʦʛʨʘʬʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʠʤʠ ʟʘʧʘʩʘʤʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ 

ʦʙʣʘʩʪʠ ʩʧʣʦʰʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʨʟʣʦʪʳ.  

ʀʩʭʦʜʷ ʠʟ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʋɻʄʉ, ʥʘʤʠ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʣʝʜʦʩʪʘʚʘ ʟʘ ʠʩʩʣʝʜʫʝʤʳʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. ʊʘʢ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʙʝʟʤʦʨʦʟʥʦʛʦ ʧʝʨʠʦʜʘ ʜʣʷ ʨʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ ʠ ʊʝʤʙʝʥʯʠ 

(ʈʠʩ. 3).  

 

ʈʠʩ. 3 ï ɻʨʘʬʠʢʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʙʝʟʤʦʨʦʟʥʦʛʦ ʧʝʨʠʦʜʘ ʠ ʣʝʜʦʩʪʘʚʘ ʨʨ. ʅʠʞʥʷʷ 

ʊʫʥʛʫʩʢʘ ʠ ʊʝʤʙʝʥʯʠ 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʟʤʝʥʝʥʠʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʣʝʜʦʩʪʘʚʘ ʜʣʷ ʨ. ʊʝʤʙʝʥʯʠ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʜʣʷ ʨ. 

ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ (2011-2015 ʛʛ). ɼʘʥʥʳʡ ʬʘʢʪ, ʚʝʨʦʷʪʥʦ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʣʠʷʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʜʘʪʳ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʜʦʩʪʘʚʘ. 
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ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʢ 

ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʝʟʦʥʘ ʛʦʜʘ. ʊʘʢ, 

ʚʦʜʳ ʨ. ʊʝʤʙʝʥʯʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʝʚʦʤʫ 

ʪʠʧʫ, ʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ ï ʢ ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʦʤʫ. ɺ ʧʝʨʠʦʜ ʦʪʢʨʳʪʦʡ ʚʦʜʳ 

ʨ. ʊʝʤʙʝʥʯʠ ʦʪʥʦʩʷʪʩʷ ʢ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʦʤʫ ʪʠʧʫ, ʨ. ʅʠʞʥʷʷ 

ʊʫʥʛʫʩʢʘ ï ʢ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʦʤʫ. ɺ ʟʘʩʫʰʣʠʚʳʝ ʛʦʜʳ 

ʚʦʜʳ ʨʨ. ʊʝʤʙʝʥʯʠ ʠ ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʝʭʦʜʥʳʤ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʦʤʫ ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʦ-

ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʦʤʫ ʪʠʧʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸʣʝʢʠʥʘ, 

1946). ʇʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚʦʜʳ ʨ. ʊʝʤʙʝʥʯʠ ʷʚʣʷʶʪʩʷ 

ʚʦʜʘʤʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʩʫʤʤʘ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ï ʦʪ 0,5 

ʜʦ 1 ʛ/ʣ), ʘ ʚʦʜʳ ʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ ï ʩ ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʙʦʣʝʝ 1 

ʛ/ʣ). ʇʘʚʦʜʢʦʚʳʝ ʚʦʜʳ ʵʪʠʭ ʨʝʢ ʷʚʣʷʶʪʩʷ ʚʦʜʘʤʠ ʩ ʢʨʘʡʥʝ ʤʘʣʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʩʫʤʤʘ ʢʘʪʠʦʥʦʚ ʠ ʘʥʠʦʥʦʚ ï ʤʝʥʝʝ 0,2 ʛ/ʣ), ʪʘʢ ʢʘʢ ʚʝʩʥʦʡ 

ʨʝʯʥʳʝ ʚʦʜʳ ʨʘʟʙʘʚʣʷʶʪʩʷ ʪʘʣʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʝʨʠʦʜ ʧʦʣʦʚʦʜʴʷ 

ʦʩʥʦʚʥʳʝ ʘʥʠʦʥʳ ʠ ʢʘʪʠʦʥʳ ʠʤʝʶʪ ʥʘʠʤʝʥʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʚ ʧʝʨʠʦʜ 

ʟʠʤʝʥʡ ʤʝʞʝʥʠ ï ʥʘʠʚʳʩʰʠʝ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʘ ʟʥʘʯʝʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʢ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʚʦʜ ʧʦ ʪʠʧʫ (ʢʣʘʩʩʠʬʠʢʘʮʠʷ ɸʣʝʢʠʥʘ, 1946). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ ʤʝʪʦʜʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʦʜʳ ʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ ʦʪʥʦʩʷʪʩʷ ʚ ʥʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-

ʭʣʦʨʠʜʥʦʤʫ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʦ-ʢʘʣʠʝʚʦʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʪʠʧʫ (ʈʠʩ. 4). 

ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ (ʩ ʥʦʷʙʨʷ ʧʦ ʘʧʨʝʣʴ) ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʥʘʪʨʠʷ ʠ ʭʣʦʨʠʜʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʨʝ ʧʨʦʤʝʨʟʘʥʠʷ ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ, ʢʦʛʜʘ 

ʠʩʪʦʯʥʠʢʦʤ ʨʘʩʪʚʦʨʦʚ ʩʣʫʞʘʪ ʪʘʣʠʢʦʚʳʝ ʠ ʧʦʜʤʝʨʟʣʦʪʥʳʝ (ʪʨʝʱʠʥʥʦ-

ʞʠʣʴʥʳʝ ʠ ʪʨʝʱʠʥʥʦ-ʧʣʘʩʪʦʚʳʝ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʦʙʨʘʟʦʚʘʥʠʷʭ ʥʠʞʥʝʛʦ 

ʪʨʠʘʩʘ) ʚʦʜʳ [2]. ʇʦ ʩʦʩʪʘʚʫ ʵʪʠ ʚʦʜʳ ʭʣʦʨʠʜʥʳʝ ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʝ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʟʘʣʝʛʘʥʠʝʤ ʵʚʘʧʦʨʠʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦʜ ʙʘʟʘʣʴʪʦʚʦʡ ʪʦʣʱʝʡ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘʪʨʠʡ-ʠʦʥʘ ʠ ʭʣʦʨʠʜ-ʠʦʥʘ ʷʚʣʷʝʪʩʷ 

ʛʘʣʠʪ (Huh et al, 1998) (ʈʠʩ. 5). 
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ʈʠʩ. 4 ï ɼʠʘʛʨʘʤʤʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʳ ʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ ʧʦ ʩʦʙʩʪʚʝʥʥʳʤ 

ʥʘʙʣʶʜʝʥʠʷʤ (ɸ, ɹ) ʠ ʧʦ ʜʘʥʥʳʤ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʋɻʄʉ (ɺ, ɻ) ʩ 2005 ʧʦ 2015 ʛʛ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʧʠʢʝ ʟʠʤʥʝʡ ʤʝʞʝʥʠ, ʢʦʛʜʘ ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʧʝʨʝʭʦʜʠʪ ʢ ʧʦʜʟʝʤʥʳʤ ʚʦʜʘʤ, 

ʨʘʟʛʨʫʞʘʶʱʠʤʩʷ ʯʝʨʝʟ ʩʢʚʦʟʥʳʝ ʪʘʣʠʢʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʣʫʙʠʥ, 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʢʘʭ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 2.0 ʛ/ʣ. ʆʜʥʘʢʦ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʪʠʦʥʥʳʡ ʩʦʩʪʘʚ ʨ. ʊʝʤʙʝʥʯʠ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʩʪʘʚʘ ʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ (ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʠ 

ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ).  

 
ʈʠʩ. 5 ï ɼʠʘʛʨʘʤʤʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ʨ. ʊʝʤʙʝʥʯʠ (ɸ, ɹ) ʠ ʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ (ɺ, 

ɻ) ʧʦ ʜʘʥʥʳʤ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʋɻʄʉ ʩ 1955 ʧʦ 2015 ʛʛ. ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 
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ɺʳʚʦʜʳ 

ʈʝʢʠ ʉʨʝʜʥʝʩʠʙʠʨʩʢʦʛʦ ʧʣʦʩʢʦʛʦʨʴʷ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʝ 

ʧʦʣʦʚʦʜʴʝ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʨʝʛʠʦʥʘ. ɹʝʟʤʦʨʦʟʥʳʡ ʧʝʨʠʦʜ ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 60 ʣʝʪ ʜʣʷ ʨʨ. ʊʝʤʙʝʥʯʠ ʠ ʅʠʞʥʷʷ 

ʊʫʥʛʫʩʢʘ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʢʘʢ ʦ ʚʣʠʷʥʠʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʪʘʢ 

ʠ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʜʠʥʘʤʠʢʠ ʦʪʪʘʠʚʘʥʠʷ ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ ʩʣʦʷ ʚʚʠʜʫ ʜʝʛʨʘʜʘʮʠʠ 

ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʠ ʫʤʝʥʴʰʝʥʠʠ ʚʨʝʤʝʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʘ : ʧʦʨʦʜʘ.  

ɻʠʜʨʦʭʠʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʝʢ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʩʥʦʚʥʳʭ ʘʥʠʦʥʦʚ ʠ ʢʘʪʠʦʥʦʚ ʦʪ ʨʘʩʭʦʜʦʚ ʚʦʜʳ. ɺ ʧʝʨʠʦʜ 

ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʨʝʯʥʳʝ ʚʦʜʳ ʨʘʟʙʘʚʣʷʶʪʩʷ ʪʘʣʳʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʧʝʨʠʦʜ ʟʠʤʥʝʡ 

ʤʝʞʝʥʠ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʣʫʞʘʪ ʪʘʣʠʢʦʚʳʝ ʚʦʜʳ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ 

ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʣʝʛʘʥʠʝʤ ʵʚʘʧʦʨʠʪʦʚ. ɺʦʜʳ ʨʨ. ʅʠʞʥʷʷ ʊʫʥʛʫʩʢʘ ʠ 

ʊʝʤʙʝʥʯʠ ʨʘʟʣʠʯʥʳ ʧʦ ʩʚʦʝʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʪʠʧʫ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ 

(ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʳʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʟʘʣʝʛʘʥʠʝʤ ʛʘʣʠʪʘ [3], ʠ ʭʣʦʨʠʜʥʦ-

ʢʘʣʴʮʠʝʚʳʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʥʝʦʜʥʦʨʦʜʥʦʤ 

ʩʦʩʪʘʚʝ ʵʚʘʧʦʨʠʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʟʘʣʝʛʘʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʳ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ14-24-00113 
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ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʛʠʜʨʦʣʝʜʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʣʫʙʦʢʠʭ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʦʟʝʨʘʭ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʨʘʟʚʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʡ 

3D-ʤʦʜʝʣʠ ʚʦʜʦʝʤʘ ʠ 2DH-ʤʦʜʝʣʠ ʨʦʩʪʘ-ʪʘʷʥʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ; ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʳ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʠʥʘʤʠʢʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʜʣʷ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ. 

ʇʨʠʚʦʜʷʪʩʷ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʦ ʧʦʣʦʞʝʥʠʶ ʛʨʘʥʠʮ ʣʴʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʣʫʙʦʢʠʝ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʚʦʜʦʝʤʳ, ʛʠʜʨʦʪʝʨʤʦʜʠʥʘʤʠʢʘ, ʜʠʥʘʤʠʢʘ 

ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ, 3D ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʊʝʣʝʮʢʦʝ ʦʟʝʨʦ 
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Abstract. To describe hydro-thermal processes in deep stratified lakes and reservoirs, a complex 

mathematical model develops, consisting of a hydrothermal 3D model of the reservoir and a 2DH model of the 

growth and melting of the ice cover. The report considers mathematical models of hydrophysical processes under 

consideration; On their basis computer models of hydrothermal processes and ice cover dynamics for Teletskoye 

Lake have been constructed. The results of the computations performed are compared with the observations, 

including the position of the ice boundaries. 

Keywords: Deep stratified reservoirs, hydrothermodynamics, ice dynamics, 3D computer modeling, 

Teletskoye Lake 

ɺʚʝʜʝʥʠʝ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʣʫʙʦʢʠʭ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʟʝʨʘʭ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʦʜʥʦʤʝʨʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ (1DV) ʠ ʜʚʫʤʝʨʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ (2DV) ʤʦʜʝʣʠ 

[1,2]. ɺ ʜʦʢʣʘʜʝ ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʦʜʦʚʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʛʣʫʙʦʢʠʭ 

ʟʘʤʝʨʟʘʶʱʠʭ ʚʦʜʦʝʤʦʚ ʨʘʟʚʠʚʘʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ (3D) ʤʦʜʝʣʴ 

ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʜʚʫʭʤʝʨʥʦʡ (2DH) ʤʦʜʝʣʴʶ 

ʜʠʥʘʤʠʢʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ. ʀʩʧʦʣʴʟʫʝʤʳʝ 3D-ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʜʝʪʘʣʴʥʦ 

ʠʟʫʯʘʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʥʦ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ 

ʪʨʝʙʦʚʘʪʝʣʴʥʳʤʠ ʢ ʟʘʜʘʥʠʶ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʛʠʜʨʦʣʝʜʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʣʫʙʦʢʠʭ ʚʥʫʪʨʝʥʥʠʭ ʚʦʜʦʝʤʘʭ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʊʝʣʝʮʢʦʝ ʦʟʝʨʦ, ʜʠʤʠʢʪʠʯʝʩʢʠʡ ʚʦʜʦʝʤ ʩ ʥʝʩʧʣʦʰʥʳʤ ʣʝʜʷʥʳʤ 

ʧʦʢʨʦʚʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʟʠʤʥʠʭ ʧʝʨʠʦʜʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
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ʛʠʜʨʦʣʝʜʦʪʝʨʤʠʯʝʩʢʦʡ 1DV-ʤʦʜʝʣʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʘʥʥʦʤʫ ʦʟʝʨʫ 

ʧʦʟʚʦʣʠʣʦ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʦʩʥʦʚʥʳʝ ʯʝʨʪʳ ʢʘʨʪʠʥʳ ʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʩʨʝʜʥʠʝ ʧʦ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʨʦʩʪʘ-

ʪʘʷʥʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ [3]. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʪʦʥʢʠʝ ʜʝʪʘʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʠ 

ʟʘʤʝʨʟʘʥʠʠ ʚʦʜʦʝʤʘ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʪʯʥʦʩʪʴ ʦʧʠʩʘʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʦʟʝʨʘ 

ʚ ʧʝʨʥʠʦʜ ʣʝʜʦʩʪʘʚʘ. ʇʦʵʪʦʤʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʚʠʪʦʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʛʠʜʨʦʣʝʜʦʪʝʨʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ 3D-ʤʦʜʝʣʴ 

ʣʝʜʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ. ʇʨʠʚʦʜʷʪʩʷ ʠ ʦʙʩʫʞʜʘʶʪʩʷ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ɼɿɿ ʠ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 

ʧʨʦʛʥʦʟʘ ʚʣʠʷʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʨʫʧʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʥʘ ʚʦʜʥʫʶ ʩʨʝʜʫ 

ʩʠʙʠʨʩʢʠʭ ʨʝʢ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʫʪʦʯʥʝʥʥʦʛʦ 

ʦʧʠʩʘʥʠʷ ʛʠʜʨʦʪʝʨʤʦʜʠʥʘʤʠʢʠ ʛʣʫʙʦʢʠʭ ʦʟʝʨ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ 3D-ʤʦʜʝʣʠ ʪʝʯʝʥʠʡ. ʊʘʢʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʣʝʞʠʪ ʚ 

ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Delft3d [4]. ɼʘʥʥʘʷ 3D-ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʣʦʚʠʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʘʚʣʝʥʠʷ. ʊʫʨʙʫʣʝʥʪʥʘʷ ʚʷʟʢʦʩʪʴ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ (k-Ů)-ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ɼʣʷ 

ʮʝʣʝʡ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʙʘʟʦʚʦʡ 

ʛʠʜʨʦʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Delft3d ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʝʡ ʫʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ ʦʪ ʜʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ 

ʚʳʧʦʣʥʝʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʵʪʦʡ ʤʦʜʝʣʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʢʩʪʘ ʧʨʦʛʨʘʤʤʳ 

Delft3d ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʬʦʨʤʫʣ [5], ʛʜʝ 

ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ. ɼʣʷ 

ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʟʘʤʝʨʟʘʶʱʠʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʥʝ 

ʧʦʣʥʦʩʪʴʶ) ʚʦʜʦʝʤʦʚ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʣʘʥʦʚʘʷ (2DH) ʤʦʜʝʣʴ ʨʦʩʪʘ-ʪʘʷʥʠʷ 

ʣʴʜʘ, ʦʧʠʩʘʥʥʘʷ ʚ [6]. ʇʦʣʫʯʝʥʥʘʷ ʢʦʤʧʣʝʢʩʥʘʷ ʛʠʜʨʦʣʝʜʦʪʝʨʤʠʯʝʩʢʘʷ 
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ʤʦʜʝʣʴ ʘʧʨʦʙʠʨʦʚʘʥʘ ʥʘ ʨʘʩʯʝʪʘʭ ʛʦʚʦʜʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ 

ʛʣʫʙʦʢʦʛʦ ʛʦʨʥʦʛʦ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʛʠʜʨʦʣʝʜʦʪʝʨʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʝʛʦ 

ʢʦʪʣʦʚʠʥʳ, ʜʘʥʥʳʝ ʧʦ ʨʘʩʭʦʜʘʤ ʦʩʥʦʚʥʳʭ ʧʨʠʪʦʢʦʚ ʦʟʝʨʘ, ʘ ʪʘʢʞʝ ʧʦ 

ʫʨʦʚʥʶ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʘʡʦʥʝ ʧ. ɸʨʪʳʙʘʰ ʫ ʠʩʪʦʢʘ ʨ. ɹʠʷ. 

ʄʝʪʝʦʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʦʣʘʛʘʣʠʩʴ ʦʜʠʥʘʢʦʚʳʤʠ ʧʦ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ 

(ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʥʘʙʣʶʜʝʥʠʡ ʧʦ 

ʩʪʘʥʮʠʠ ʧ. ʗʡʣʶ). ɼʣʷ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʨʠʚʣʝʢʘʣʠʩʴ ʜʘʥʥʳʝ 

ʤʥʦʛʦʣʝʪʥʠʭ (2010-2016 ʛʛ.) ʨʝʞʠʤʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ. 

ɺʳʯʠʩʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʩʯʝʪʘʤʠ ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʡ 3D-ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʡ 3D-ʤʦʜʝʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ. ʇʨʠʤʝʥʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ: ʘ) TEOS-10, ʚ ʢʦʪʦʨʦʡ ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ 

ʝʩʪʴ ʬʫʥʢʮʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʠ ʙ) ʬʦʨʤʫʣʘ UNESCO, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ. ʅʘ ʨʠʩ. 1 

ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʠ ʥʘʙʣʶʜʘʝʤʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʩʘʤʦʡ ʛʣʫʙʦʢʦʡ ʯʘʩʪʠ ʦʟʝʨʘ (ʚʙʣʠʟʠ ʫʩʪʴʷ ʨ. ʂʦʨʙʫ). ɺʠʜʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ TEOS-10 ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʝʝ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʛʨʘʥʠʮʝ ʪʝʨʤʦʢʣʠʥʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ, ʢʦʪʦʨʘʷ ʩʦʛʣʘʩʥʦ ʚʳʧʦʣʥʝʥʥʳʤ 

ʠʟʤʝʨʝʥʠʷʤ ʙʣʠʟʢʘ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʣʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʣʫʙʠʥʳ (ʜʘʚʣʝʥʠʷ). ɺ ʮʝʣʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʨʘʩʯʝʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʜʘʶʪ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʩ ʜʘʥʥʳʤʠ 

ʥʘʙʣʶʜʝʥʠʡ. 
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ʈʠʩ. 1 ï ʈʘʩʩʯʠʪʘʥʥʳʡ ʠ ʠʟʤʝʨʝʥʥʳʡ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ 

ʥʘʠʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʯʘʩʪʠ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʥʘ 25.07.2013 

ʆʜʥʘʢʦ ʨʘʩʯʝʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚʝʩʝʥʥʠʡ ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ 

ʚʳʷʚʠʣʠ ʟʘʤʝʪʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. ʅʘ ʨʠʩ. 2 

ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪʥʳʡ ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 15.10.2013 (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ), 

ʥʘ ʢʦʪʦʨʦʡ ʭʦʨʦʰʦ ʟʘʤʝʪʥʦ ʧʦʣʦʞʝʥʠʝ ʪʝʨʤʦʢʣʠʥʘ. ʀʟʤʝʨʝʥʥʳʡ ʧʨʦʬʠʣʴ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ) ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʝ ʝʝ 

ʛʨʘʜʠʝʥʪʳ ʠ ʬʘʢʪʠʯʝʩʢʦʝ ʦʪʩʫʪʩʪʚʠʝ ʪʝʨʤʦʢʣʠʥʘ. ʇʨʠʯʝʤ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʛʣʫʙʠʥʘʭ (50-200 ʤ) ʥʘʙʣʶʜʘʝʤʘʷ ʦʩʝʥʴʶ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʟʘʤʝʪʥʦ ʚʳʰʝ ʝʝ 

ʟʥʘʯʝʥʠʡ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʵʪʠ ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ ʧʦʣʴʟʫ ʟʘʤʝʪʥʦʛʦ ʧʦʪʦʢʘ ʪʝʧʣʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ çʚʦʜʘ-

ʜʥʦè ʩʦ ʩʪʦʨʦʥʳ ʚʳʩʪʠʣʘʶʱʠʭ ʣʦʞʝ ʧʦʨʦʜ ʚ ʪʝʯʝʥʠʝ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʥʘʙʣʶʜʝʥʠʷʭ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʥʘ ʛʨʘʥʠʮʝ çʚʦʜʘ-ʜʥʦè ʜʣʷ 

ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʚ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʦʪʩʫʪʩʪʚʫʝʪ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʛʦʨʥʦʛʦ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ 

ʠʤʝʝʪ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɸʢʚʘʪʦʨʠʷ ʦʟʝʨʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʟʠʤ 

ʧʦʢʨʳʪʘ ʣʴʜʦʤ ʣʠʰʴ ʯʘʩʪʠʯʥʦ. ɹʦʣʴʰʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʤʘʩʰʪʘʙʳ 

ʦʢʨʫʞʝʥʥʦʛʦ ʛʦʨʘʤʠ ʦʟʝʨʘ (ʜʣʠʥʘ ʦʢʦʣʦ 80 ʢʤ) ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʤʝʪʝʦʫʩʣʦʚʠʡ. 
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ʈʠʩ. 2 ï ʈʘʩʩʯʠʪʘʥʥʳʡ ʠ ʠʟʤʝʨʝʥʥʳʡ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ 

ʥʘʠʙʦʣʝʝ ʛʣʫʙʦʢʦʡ ʯʘʩʪʠ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʥʘ 15.10.2013 

ʇʨʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʠʥʘʤʠʢʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʦʟʝʨʘ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʢʨʘʡʥʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʪʘʢʠʤ 

ʚʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ/ʣʴʜʘ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ 

ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. ʅʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʦ ʧʦʣʦʞʝʥʠʠ ʛʨʘʥʠʮʳ 

ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʦʟʝʨʝ ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʟʠʤ 1967-1968, 1970-1971 ʠ 

2013-2014 ʛʛ. ʆʪʩʫʪʩʪʚʠʝ ʩʚʝʜʝʥʠʡ ʦ ʟʠʤʥʠʭ ʤʝʪʝʦʫʩʣʦʚʠʷʭ 1967-1968, 1970-

1971 ʛʛ. ʥʝ ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʜʣʷ ʵʪʠʭ ʣʝʪ. 

ʈʘʩʯʝʪʥʳʝ (ʨʠʩ. 3ʘ) ʠ ʥʘʪʫʨʥʳʝ (ʨʠʩ. 3ʙ) ʜʘʥʥʳʝ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʛʨʘʥʠʮʳ ʣʴʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ ʥʘ ʢʦʥʢʨʝʪʥʫʶ 

ʜʘʪʫ ʜʣʷ ʟʠʤʳ 2013-2014 ʛʛ. ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʛʨʝʰʥʦʩʪʴ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʷʯʝʡʢʠ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʩʝʪʢʠ. ɺʳʰʝ ʧʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʜʣʷ ʪʠʧʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʩʝʪʢʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʨʷʜʢʘ 1 ʢʤ ʠ 

300 ʤ. ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʷʯʝʡʢʠ ʧʦʨʷʜʢʘ 30 

ʤ ʚ ʨʘʡʦʥʝ ʧʦʜʚʦʜʥʦʛʦ ʭʨʝʙʪʘ ʠʤʝʥʠ ʉʦʬʴʠ ʃʝʧʥʸʚʦʡ. ʇʦʣʫʯʝʥʥʳʝ 

ʯʠʩʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶ ʦ ʥʘʣʠʯʠʠ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʟʦʥʳ ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 100 ʤ. ʅʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʚʝʢʪʦʨʳ 

ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʠ ʥʘ ʛʣʫʙʠʥʝ 150 ʤ ʧʨʠʚʝʜʝʥʳ ʥʘ 
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ʨʠʩ.4. ʇʨʠ ʵʪʦʤ, ʪʝʯʝʥʠʝ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʥʘʜ ʵʪʦʡ ʟʦʥʦʡ ʢ ʥʝʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦ. ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʪʝʯʝʥʠʷ ʥʘ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʠ ʩ ʫʯʝʪʦʤ ʤʘʣʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳʭ 

ʩʢʦʨʦʩʪʝʡ ʚʦʜʳ ʚ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʘʩʯʝʪʳ ʧʦ 1DV- ʠ 2DV-ʤʦʜʝʣʷʤ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʪʘʢʦʡ ʨʝʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʟʦʥʳ. 

 

 

ʘ) ʙ) 

ʈʠʩ. 3 ï ʘ) ʈʘʩʩʯʠʪʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ ʥʘ 

13.03.2014, ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʊʝʣʝʮʢʦʤ ʦʟʝʨʝ ʧʦ 

ʢʦʩʤʦʩʥʠʤʢʫ ʥʘ 13.03.2014 

  

ʘ) ʙ) 

ʈʠʩ. 4 ï ʘ) ʈʘʩʩʯʠʪʘʥʥʳʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ ʚ ʨʘʡʦʥʝ ʭʨʝʙʪʘ 

ʠʤʝʥʠ ʉʦʬʴʠ ʃʝʧʥʸʚʦʡ ʥʘ ʛʣʫʙʠʥʝ 150 ʤ, ʙ) ʈʘʩʩʯʠʪʘʥʥʳʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʝ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ ʚ ʨʘʡʦʥʝ ʭʨʝʙʪʘ ʠʤʝʥʠ ʉʦʬʴʠ ʃʝʧʥʸʚʦʡ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ 

 

ɺʳʚʦʜʳ. ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʠ 

ʜʝʪʘʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 



 
ˤͦ͒ͤ·͔ ͙ Ή͎͙ͦͦ͟͡;͔͙͔ͫ͟ ͔ͨͪͦ͋ͣ͡· ˿͙͙͙͋ͪ ͙ ͔̇ͤͭͪ͊͡Έ͚ͤͦ ˢ͙͙͘  

128 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʛʠʜʨʦʣʝʜʦʪʝʨʤʠʯʝʩʢʫʶ 3D-ʤʦʜʝʣʴ, 

ʨʝʘʣʠʟʦʚʘʥʥʫʶ ʚ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Delft3d, ʩ 

ʫʪʦʯʥʝʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʚʦʜʳ. ʅʘ ʧʨʠʤʝʨʝ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ 3D-ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʴʶ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʚʥʫʪʨʠʛʦʜʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʛʣʫʙʦʢʠʭ 

ʟʘʤʝʨʟʘʶʱʠʭ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʦʜʦʝʤʘʭ ʠ ʠʭ ʟʘʤʝʨʟʘʥʠʝ ʚ ʟʠʤʥʠʝ 

ʧʝʨʠʦʜʳ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ 

ʚʳʷʚʠʣʦ ʥʘʣʠʯʠʝ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʦʧʠʩʳʚʘʶʪʩʷ 

ʧʦʣʥʦʩʪʴʶ ʚ ʨʘʤʢʘʭ ʧʦʩʪʨʦʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʠʜʨʦʣʝʜʦʪʝʨʤʠʯʝʩʢʦʡ 3D-

ʤʦʜʝʣʠ ʊʝʣʝʮʢʦʛʦ ʦʟʝʨʘ. ʆʜʥʘʢʦ ʷʩʥʦ, ʯʪʦ ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʜʘʥʥʦʡ 

ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʝʪʢʫ ʠ ʫʪʦʯʥʠʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘ ʜʥʝ 

ʚʦʜʦʝʤʘ.  
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ʂʆʈʈɽʃʗʎʀʆʅʅʓʁ ɸʅɸʃʀɿ ʉɺʗɿɽʁ ʈʗɼʆɺ ʅɸɹʃʖɼɽʅʀʁ ɿɸ 
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ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʟʘʪʦʧʣʝʥʠʷ ʧʦʡʤʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ ʚ ʨʘʡʦʥʘʭ ʛʛ. ɹʠʡʩʢ, ɹʘʨʥʘʫʣ ʠ ʂʘʤʝʥʴ-ʥʘ-ʆʙʠ ʚ ʧʝʨʠʦʜʳ ʧʨʦʭʦʞʜʝʥʠʷ ʚʝʩʝʥʥʠʭ ʧʦʣʦʚʦʜʠʡ 

ʠ ʜʦʞʜʝʚʳʭ ʧʘʚʦʜʢʦʚ ʚʳʧʦʣʥʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʨʷʜʦʚ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʫʨʦʚʥʷʤʠ ʚʦʜʳ ʥʘ ʩʦʩʝʜʥʠʭ ʩ 

ʛ. ɹʘʨʥʘʫʣʦʤ ʩʪʚʦʨʘʭ ɺʝʨʭʥʝʡ ʆʙʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʦʚʝʥʴ ʚʦʜʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʚʦʜʦʤʝʨʥʳʝ 

ʧʦʩʪʳ, ʨ. ʆʙʴ.  

CORRELATION ANALYSIS OF CONNECTIONS OF SERIES OF OBSERVATIONS 

FOR THE STAGE OF WATER LEVELS IN NEIGHBORING HYDROLOGICAL 

POSTS OF UPPER BOTH FOR THE PURPOSES OF SIMULATION AND 

FORECASTING 

Kosheleva E.D. 

Institute of Water and Environmental Problems SB RAS, Barnaul, ul. Molodezhnaya, 1, 656038, 

Altai Territory, Russia 

e-mail: edk@iwep.ru 

Abstract. In order to improve the mathematical description of the flooding of floodplain areas on the 

Upper Ob River in Biysk, Barnaul and Kamen-na-Obi during the periods of spring floods and rainfalls, a correlation 

analysis of the series of observations of water levels in the hydrological posts of the Upper Ob River adjacent to 

Barnaul was performed. 

Keywords: water level, correlation coefficient, correlation analysis, water measuring posts, r. Ob. 

ɺʚʝʜʝʥʠʝ  

ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨ. ʆʙʴ ʥʘ ʫʯʘʩʪʢʝ ɺʝʨʭʥʝʡ 

ʆʙʠ ʫ ʛ. ɹʘʨʥʘʫʣʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʦʚʦʜʴʷ ʚ ʚʝʩʝʥʥʝ-

ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩ ʘʧʨʝʣʷ ʧʦ ʘʚʛʫʩʪ, ʠ ʥʘʣʠʯʠʝ 2-3 ʧʦʜʲʝʤʦʚ ʫʨʦʚʥʝʡ ʚʦʜʳ. 

ɺʳʭʦʜ ʚʦʜʳ ʥʘ ʧʦʡʤʫ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʫʨʦʚʥʷʭ ʚʦʜʳ ʥʘ ʛ/ʧ ɹʘʨʥʘʫʣ ʦʢʦʣʦ 450 

ʩʤ (132,40 ʤ ɹʉ). ʋʩʪʦʡʯʠʚʦʝ ʟʘʪʦʧʣʝʥʠʝ ʧʦʡʤʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʨʦʚʥʷʭ, 

ʧʨʝʚʳʰʘʶʱʠʭ 500 ʩʤ (132,90 ʤ ɹʉ), ʘ ʧʦʣʥʦʝ ʟʘʪʦʧʣʝʥʠʝ ʧʨʠ ʫʨʦʚʥʷʭ 710 ʩʤ 

(134,99 ʤɹʉ) [1]. ɺʳʭʦʜ ʚʦʜʳ ʥʘ ʧʦʡʤʫ ʚʝʜʝʪ ʢ ʧʦʜʪʦʧʣʝʥʠʶ ʠ ʟʘʪʦʧʣʝʥʠʶ 

ʧʦʩʝʣʢʦʚ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ (ʥʘʧʨʠʤʝʨ, ʧ. ɿʘʪʦʥ) ʠ ʧʦʜʪʦʧʣʝʥʠʶ ʪʝʨʨʠʪʦʨʠʡ 

ʜʦ 1,5 ʢʤ ʧʦ ʨʫʩʣʫ ʨ. ɹʘʨʥʘʫʣʢʘ (ʫʣʠʮʳ ʛ. ɹʘʨʥʘʫʣʘ) ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. ʆʙʴ. 

ʇʦ ʜʘʥʥʳʤ ʎʝʥʪʨ ʨʝʛʠʩʪʨʘ ʠ ʢʘʜʘʩʪʨʘ ʈʌ ʫʨʦʚʥʝʤ ʟʘʪʦʧʣʝʥʠʷ ʜʣʷ 

ʛ/ʧ ɹʘʨʥʘʫʣ ʷʚʣʷʝʪʩʷ 520 ʩʤ (133,09 ʤ ɹʉ), ʦʧʘʩʥʳʤ ʩʯʠʪʘʝʪʩʷ ʫʨʦʚʝʥʴ 615 ʩʤ 

(134,04 ʤ ɹʉ) [4]. 

mailto:edk@iwep.ru
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ɺ ʧʝʨʠʦʜʳ ʩʥʝʛʦʪʘʷʥʠʷ ʩ 2010 ʧʦ 2017 ʛʛ. ʚ 6 ʩʣʫʯʘʷʭ ʠʟ 8 ʦʪʤʝʯʘʣʩʷ 

ʚʳʭʦʜ ʚʦʜʳ ʥʘ ʧʦʡʤʫ (ʨʠʩ. 1). 

 

ʈʠʩ. 1 ï ɼʠʥʘʤʠʢʘ ʫʨʦʚʥʷ ʚʦʜʳ ʨ. ʆʙʴ ʩ 1 ʘʧʨʝʣʷ ʧʦ 1 ʥʦʷʙʨʷ ʥʘ ʛ/ʧ ɹʘʨʥʘʫʣ ʚ 2010 ʛ., 

2013-2017 ʛʛ. ʧʦ ʜʘʥʥʳʤ [1, 4], ʢʦʛʜʘ ʦʪʤʝʯʘʣʩʷ ʚʳʭʦʜ ʚʦʜʳ ʥʘ ʧʦʡʤʫ 

ɺ ʩʚʷʟʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʩʪʦʷʥʠʷ 

ʚʳʩʦʢʠʭ ʚʦʜ ʥʘ ʨ. ʆʙʠ ʚʦʟʨʘʩʪʘʝʪ ʮʝʥʥʦʩʪʴ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʥʘ 

ʤʦʤʝʥʪʳ ʧʘʚʦʜʢʦʚ ʠ ʧʦʣʦʚʦʜʠʡ.  

ʈʘʙʦʪʘʶʱʠʝ ʚʦʜʦʤʝʨʥʳʝ ʧʦʩʪʳ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦ 

ʜʣʠʥʝ ʨʝʢʠ ʆʙʠ, ʧʦʟʚʦʣʷʶʪ ʧʦ ʭʘʨʘʢʪʝʨʫ ʛʠʜʨʦʛʨʘʬʘ ʚʳʰʝʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʫʯʘʩʪʢʦʚ ʨʝʢʠ ʠ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ ʜʦʙʝʛʘʥʠʷ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʣʥʫ ʧʘʚʦʜʢʦʚ 

ʠ ʧʦʣʦʚʦʜʴʝʚ ʚ ʥʠʞʝʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʪʚʦʨʘʭ.  

ɺ 2014-2016 ʛʛ., ʧʨʠʤʝʥʷʷ ʢʦʤʧʴʶʪʝʨʥʳʝ 1DH-ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʯʝʥʠʡ ʚʦʜʳ ʚ ʦʪʢʨʳʪʳʭ ʨʫʩʣʘʭ ʠ 

ʦʧʝʨʘʪʠʚʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʦʜʦʤʝʨʥʳʤ ʧʦʩʪʘʤ ʈʦʩʛʠʜʨʦʤʝʪʘ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ, 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʥʘʚʦʜʥʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʚʝʩʝʥʥʠʤʠ ʧʦʣʦʚʦʜʴʷʤʠ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ ʩ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦʩʪʴʶ 3-5 ʜʥʝʡ ʠ 

ʩʦʚʧʘʜʝʥʠʝʤ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,2 ʤ (ʛ. ɹʘʨʥʘʫʣ) [2, 3]. ɺ ʧʝʨʠʦʜ ʚʝʩʝʥʥʝʛʦ 

ʧʦʣʦʚʦʜʴʷ 2016 ʛ. ʢʨʘʪʢʦʩʨʦʯʥʳʝ ʧʨʦʛʥʦʟʳ ʫʨʦʚʥʝʡ ʚʦʜʳ ʥʘ ɺʝʨʭʥʝʡ ʆʙʠ ʫ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʩʪʘ ɹʘʨʥʘʫʣʘ ʜʘʣʠ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʭ ʠ ʥʘʙʣʶʜʝʥʥʳʭ ʫʨʦʚʥʝʡ ʚʦʜʳ ʚʦ ʚʨʝʤʷ ʠʭ ʧʦʜʲʝʤʘ. 

ʆʜʥʘʢʦ ʥʘ ʩʧʘʜʝ ʚʦʣʥʳ ʧʦʣʦʚʦʜʴʷ ʥʘʣʠʯʝʩʪʚʦʚʘʣʦ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʨʘʩʯʝʪʥʳʭ 


