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ʌʀɿʀʂʆ-ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʅɸʋʂʀ 
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GaAs, ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥʳ ʚʳʩʦʪʳ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʥʪʘʢʪʦʚ, ʩʦʩʪʘʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ, ʧʦʩʪʨʦʝʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʟʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʪʨʫʢʪʫʨʳ. 
 

Summary 
Research of the basic parameters of N

0
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+
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substrate was conducted, the potential barrier height for each of the contacts and the composition of the 

epitaxial layers are determined based on experimental data, energy band diagram of the structure is built. 
 

ʉʝʛʦʜʥʷ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʙʨʘʱʝʥʦ ʢ ʧʨʦʙʣʝʤʘʤ ʧʨʠʝʤʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʣʘʟʝʨʥʦʛʦ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʡ ï ʢ ʬʦʪʦʥʥʳʤ ʬʦʪʦʧʨʠʝʤʥʠʢʘʤ. ʅʘʯʘʣʠʩʴ ʧʦʠʩʢʠ ʧʫʪʝʡ ʩʦʟʜʘʥʠʷ 

ʬʦʪʦʧʨʠʝʤʥʠʢʦʚ ʜʣʷ ʋʌ ʠ ʀʂ ʜʠʘʧʘʟʦʥʘ, ʛʜʝ ʦʧʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʚ ʚʦʣʦʢʥʝ ʷʚʣʷʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ 

[1,2]. ɼʣʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʵʣʝʤʝʥʪʘʨʥʳʝ ʠ ʙʠʥʘʨʥʳʝ  ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ, ʚ ʢʦʪʦʨʳʭ, 

ʤʝʥʷʷ ʩʦʩʪʘʚ ʠ ʪʦʣʱʠʥʫ ʙʘʟʦʚʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩʧʝʢʪʨʘ ʦʪ ʋʌ ʜʦ ʀʂ ʜʠʘʧʘʟʦʥʘ (0.3-1.8 ʤʢʤ). ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʳ ʬʦʪʦʧʨʠʝʤʥʠʢʠ ʩ ʙʘʨʴʝʨʦʤ 

ʐʦʪʪʢʠ ʥʘ ʦʩʥʦʚʝ ʰʠʨʦʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ GaP, GaAs ʠ ʠʭ ʪʨʦʡʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

GaPʭAs1-ʭ [3], ʘ ʪʘʢʞʝ InP. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʧʠʪʘʢʩʠʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ n-

n
+
 ʪʠʧʘ ʩ ʥʝʣʝʛʠʨʦʚʘʥʥʳʤ n-ʩʣʦʝʤ. ɿʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʦʙʣʘʩʪʠ ʩʦʚʝʨʰʝʥʥʳʭ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʠʦʜʳ ʩ ʙʘʨʴʝʨʦʤ ʐʦʪʪʢʠ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʯʘʩʪʦʪʥʳʤʠ ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʜʥʘʢʦ ʥʘ ʩʪʨʫʢʪʫʨʘʭ ʩ ʙʘʨʴʝʨʦʤ ʐʦʪʪʢʠ, ʚ ʢʦʪʦʨʳʭ ʧʝʨʝʥʦʩ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʨʤʦʵʣʝʢʪʨʦʥʥʦʡ ʵʤʠʩʩʠʝʡ ʨʘʩʯʝʪʥʳʝ ʠ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ U
ʂ
 

ʦʢʘʟʘʣʠʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʨʫʢʪʫʨ ʩ ʨ-n-ʧʝʨʝʭʦʜʦʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʪʦʢʘ ʥʘʩʳʱʝʥʠʷ -J0 , ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʟʚʘʥʦ ʤʘʣʦʡ ʚʳʩʦʪʦʡ ʌʙ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʜʠʦʜʳ ʐʦʪʪʢʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʠʩʢʨʝʪʥʳʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʠʥʪʝʛʨʘʣʴʥʳʭ ʩʭʝʤ. ʈʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʚʘʨʠʘʥʪʳ ʠʭ 

ʩʦʚʤʝʱʝʥʠʷ ʩ ʨ-n-ʧʝʨʝʭʦʜʘʤʠ ʚ ʝʜʠʥʦʤ ʧʨʠ-ʙʦʨʝ [4]. ʌʫʥʢʮʠʦʥʘʣʴʥʦ ʩʪʨʫʢʪʫʨʳ ʩ ʙʘʨʴʝʨʦʤ ʐʦʪʪʢʠ ʠ ʨ-

n-ʧʝʨʝʭʦʜʦʤ ʷʚ-ʣʷʶʪʩʷ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʤʠ. ʆʥʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʧʨʷʤʣʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ 

ʪʦʢʘ, ʚ ʢʘʯʝʩʪʚʝ ʩʤʝʩʠʪʝʣʴʥʳʭ ʜʠʦʜʦʚ, ʩʪʘʙʠʣʠʪʨʦʥʦʚ, ʠʤʧʫʣʴʩʥʳʭ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʜʠʦʜʦʚ. ʅʘ ʘʨʝʥʝ 

ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʪʘʢʞʝ ʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ [5], ʚ ʢʦʪʦʨʳʭ ʤʝʪʘʣʣʦʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʝʨʝʭʦʜʳ 

ʩʦʚʤʝʱʘʶʪʩʷ ʩ ʛʝʪʝʨʦ- ʠ ʛʦʤʦ- ʨ-n-ʧʝʨʝʭʦʜʘʤʠ ʚ ʝʜʠʥʦʡ ʩʪʨʫʢʪʫʨʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʝ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ [5].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʝʪʝʨʦʩʣʦʝʚ 
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As, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʘʭ n

+
GaAs, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʆʩʦʙʝʥʥʦʩʪʴ ʦʜʥʦ ʠ ʜʚʫʭʙʘʟʦʚʳʭ ʩʪʨʫʢʪʫʨ ʪʘʢʦʚʘ, ʯʪʦ ʠʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʪʣʠʯʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʠ ʙʘʟʦʚʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʵʪʦʛʦ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʵʬʬʝʢʪʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ. ʊʘʢ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʣʠʥʳ ʚʦʣʥʳ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʬʦʪʦʥʦʚ ʨʘʟʣʠʯʝʥ ʠ ʛʝʥʝʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʩʪʨʫʢʪʫʨʳ. ɸ ʠʤʝʥʥʦ, ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʛʣʦʱʘʝʪʩʷ ʥʘ ʤʝʥʴʰʝʡ ʛʣʫʙʠʥʝ 

ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʜʣʠʥʥʦʚʦʣʥʦʚʦʝ ʯʝʤ ʜʣʠʥʥʝʝ, ʪʝʤ ʛʣʫʙʞʝ ʙʫʜʝʪ ʧʨʦʥʠʢʘʪʴ, ʜʦʩʪʠʛʘʷ 

ʢʚʘʟʠʥʝʡʪʨʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʙʘʟʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʙʫʜʫʪ ʦʪʨʘʞʘʪʴʩʷ 

ʦʙʣʘʩʪʠ, ʛʜʝ ʙʫʜʫʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʜʝʣʷʪʴʩʷ ʬʦʪʦʥʦʩʠʪʝʣʠ, ʪʦ ʝʩʪʴ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʙʘʟʦʚʦʡ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʳ.  

                                                 
Ò
 ɻʠʷʩʦʚʘ ʌ.ɸ, ʊʫʨʩʫʥʤʝʪʦʚ ʂ.ɸ., 2015 ʛ. 
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Au-ʧʝʨʝʭʦʜʘ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʠ 0.94 ʤʢʤ ʧʦʷʚʣʷʝʪʩʷ ʦʜʠʥ ʧʠʢ (ʨʠʩ. 1), ʢʦʪʦʨʳʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʪʠʯʝʩʢʦʡ ʰʠʨʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ n
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0,1
As 1.32 ʵɺ, ʨʠʩ. 1. ʆʪʩʶʜʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʫʪʝʤ ʨʘʩʯʝʪʘ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [6] 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ GaInAs. ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʝ E
g
=1.32 

ʵɺ ʚ ʬʦʨʤʫʣʫ (1)  

 
ʈʠʩ. 1. ʉʧʝʢʪʨ ʢʦʨʥʷ ʬʦʪʦʪʦʢʘ ʦʪ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʦ ʩʪʦʨʦʥʳ  

Ag-N
0
Al

0.2
Ga

0.8
As 
f

=0.62 ʵɺ, ʚʩʪʘʚʢʘ 

 

   GaʭIn1-ʭAs=0.36+1,064ʭ=1.32 ʵɺ,               (1) 

ʦʪʢʫʜʘ                                           ʭ=(1.32-0.36)/1.064=0.9.               (2) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʤʝʝʤ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ Ga
0.9

In
0.1
As. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʷ Al, ʪʦ ʝʛʦ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʨʘʚʥʦ ʫ=0.2 [7]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʧʫʪʝʤ ʨʘʩʯʝʪʘ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ AlʭGa1-ʭAs. ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʝ E g=1.67 ʵɺ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʧʪʠʯʝʩʢʦʡ 

ʰʠʨʠʥʝ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʛʝʪʝʨʦʩʣʦʷ AlGaAs  ʚ ʬʦʨʤʫʣʫ (3)    

AlʭGa1-ʭAs =1.424+1,247ʭ=1.67 ʵɺ,   (3) 

ʦʪʢʫʜʘ                             ʭ=(1.67-1.424)/1.247=0.197=~0.2.                                      (4) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʤʝʝʤ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ Al
0.2

Ga
0.8
As. ɺʳʩʦʪʳ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʤʝʪʘʣʣ-

ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʨʥʷ ʢʚʘʜʨʘʪʥʦʛʦ ʬʦʪʦʦʪʢʣʠʢʘ ʧʝʨʝʩʯʠʪʘʥʥʦʛʦ ʥʘ ʦʜʠʥ 

ʬʦʪʦʥ ʦʪ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ [8] ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 ʠ ʨʠʩ.2 ʜʣʷ ʧʝʨʝʭʦʜʦʚ Ag- N
0
 Al

0.2
Ga

0.8
As ʠ 

n
0
Ga

0.9
In

0.1
As-Au, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʝʤ 

Nm -
j

=0.62 ʵɺ, 

mn-
j

=0.6 ʵɺ. ʂʘʢ ʚʠʜʠʤ, ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʦʙʣʘʩʪʝʡ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʫʙʳʚʘʝʪ, ʥʘʯʠʥʘʷ ʦʪ N
0
 Al

0.2
Ga

0.8
As ʜʦ n

0
Ga0.9In0.1As. ɸ ʠʤʝʥʥʦ, 

ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʙʘʟʦʚʦʡ ʦʙʣʘʩʪʠ N
0
 Al

0.2
Ga

0.8
As ʨʘʚʥʘ 1.67 ʵɺ, ʥʠʟʢʦʦʤʥʦʡ ʧʦʜʣʦʞʢʠ n

+
GaAs 

-1.43 ʵɺ ʠ ʫʟʢʦʟʦʥʥʦʡ ʙʘʟʦʚʦʡ ʦʙʣʘʩʪʠ  n
0
Ga

0.9
In

0.1
As 1.32 ʵɺ. ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʧʦʣʥʦʛʦ ʘʥʘʣʠʟʘ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʪʝʢʘʶʱʠʭ ʚ Ag-N
0
 Al

0.2
Ga

0.8
As ïn

+
GaAs-n

0
Ga

0.9
In

0.1
As-Au-

ʩʪʨʫʢʪʫʨʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʨʫʢʪʫʨʫ. ʊʘʢ 

ʢʦʥʪʘʢʪʥʘʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʩʦʟʜʘʶʱʘʷ ʩʣʦʡ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʤʝʞʜʫ ʤʝʪʘʣʣʦʤ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ ʨʘʚʥʘ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʚʳʩʦʪʦʡ ʙʘʨʴʝʨʘ 
j

 ʠ ʟʘʟʦʨʦʤ ʤʝʞʜʫ ʟʦʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ 

ʫʨʦʚʥʝʤ ʌʝʨʤʠ. 
Nm

ʂU -

= 

Nm -
j

- ( NCN FE -
) (11) (ʛʜʝ CNE

-ʵʥʝʨʛʠʷ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ, NF
- ʧʦʣʦʞʝʥʠʝ 

ʫʨʦʚʥʷ ʌʝʨʤʠ. ʇʦʣʦʞʝʥʠʝ ʫʨʦʚʥʷ ʌʝʨʤʠ ʚʝʨʥʝʝ (NCN FE -
) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [9,8]. 
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ʈʠʩ. 2. ʉʧʝʢʪʨ ʢʦʨʥʷ ʬʦʪʦʪʦʢʘ ʦʪ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ  

ʩʦ ʩʪʦʨʦʥʳ n
0
Ga

0.9
In

0.1
As -Au (U=-0.05 ɺ) 

f
=0.60 ʵɺ 

 

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ N
0
Al

0.2
Ga

0.8
As ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʦʩʠʪʝʣʝʡ 1.10

15
ʩʤ

-3
 ʝʛʦ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ 0.26 ʵɺ, 

ʘ ʜʣʷ n
0
Ga

0,9
In

0,1
As ʩ ʫʯʝʪʦʤ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ 0,24 ʵɺ. ʊʦʛʜʘ ʢʦʥʪʘʢʪʥʳʝ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ 

ʙʫʜʫʪ ʨʘʚʥʳ 
Nm

ʂU -

= 

Nm -
j

- 0,26 ʵɺ=0,36 ʵɺ ʠ  
mn

ʂU -

=

mn-
j

- 0,24 ʵɺ=0,36 ʵɺ, ʪʦ ʝʩʪʴ ʧʨʝʜʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʣʘʛʘʝʤʳʝ ʚ ʧʨʷʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʢʦʛʜʘ ʧʝʨʝʭʦʜ ʤʝʪʘʣʣ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʦʟʨʘʯʥʳʤ. ʉʦʟʜʘʚʘʝʤʳʝ ʥʘ ʛʨʘʥʠʮʝ ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʚ ʨʘʟʨʳʚʳ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʨʦʜʩʪʚʘ ʢʘʞʜʦʛʦ ʠʟ ʦʙʣʘʩʪʝʡ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʤʝʝʤ ʜʚʘ 

ʠʟʦʪʠʧʥʳʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʘ N
0
 Al

0.2
Ga

0.8
As-n

+
GaAs ʠ n

+
GaAs- n

0
Ga

0,9
In

0,1
As. ɼʣʷ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʘʣʶʤʠʥʠʷ ʭ=0,2 ʨʘʟʨʳʚ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ [10]:  

204.0)43.167.1(85.0)(85,0 =-=-=D +n

g

N

gʉ Eɽɽ
 ʵɺ,                                (5) 

ʘ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ 
036.0204.024.0204.0)( =-=--=D +n

g

N

g Eɽɽu ʵɺ.                                                (6) 

ɼʣʷ ʛʝʪʝʨʦʧʝʨʝʭʦʜʘ n
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GaAs- n
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0,9
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0,1
As ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʤʝʝʤ ʨʘʟʨʳʚ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʨʘʟʥʦʩʪʴʶ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʦʜʩʪʚ (c) GaAs ʠ Ga0,9
In

0,1
As:   

        
05.01.405.4 =-=-=D + nn

ʉɽ cc ʵɺ,  (7) 

ʘ ʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʝ  

                                       
06.005.011.005.0)( =-=--=D + n

g

n

g Eɽɽu ʵɺ                              (8)  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʚʝʜʝʥʠʝʤ ʠʟʦʪʠʧʥʳʭ N-n-ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʚ ʫʟʢʦʟʦʥʥʘʷ ʦʙʣʘʩʪʴ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢ ʨ-ʪʠʧʘ [10]. ʅʘ ʵʪʠʭ N-n-ʛʝʪʝʨʦʧʝʨʝʭʦʜʘʭ ʩʤʝʱʘʶʱʝʤʫ ʧʨʷʤʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʘ (-) Ag-N
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0.8
As ʩʪʦʨʦʥʝ, ʢʦʛʜʘ ʙʘʨʴʝʨ Ag- N

0
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ʧʨʠʥʠʤʘʝʪ ʟʘʧʠʨʘʝʤʦʝ ʧʦʣʦʞʝʥʠʝ. ʕʢʚʠʚʘʣʝʥʪʥʫʶ ʩʭʝʤʫ ʠʩʩʣʝʜʫʝʤʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ m-N
0
-p-ʧʝʨʝʭʦʜʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʨʷʤʦ ʚʢʣʶʯʝʥʥʳʭ ʜʚʫʭ ʙʘʨʴʝʨʦʚ ʩ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʦʝʜʠʥʝʥʥʳʤʠ ʯʝʨʝʟ n
+
-ʧʦʜʣʦʞʢʫ ʙʘʟʦʚʳʤʠ ʦʙʣʘʩʪʷʤʠ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʦʩʠʪʝʣʝʡ n

+
GaAs 

ʧʦʜʣʦʞʢʠ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʚʳʰʝ, ʯʝʤ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʷʭ ʠ ʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʥʠʟʢʠʤ, 

ʪʦ ʧʦʜʣʦʞʢʘ ʚ ʩʪʨʫʢʪʫʨʝ ʩʪʘʥʦʚʠʪʩʷ ʩʚʷʟʫʶʱʠʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʛʝʪʝʨʦʩʣʦʷʤʠ. ɺ ʧʨʦʮʝʩʩʘʭ ʪʦʢʦʧʝʨʝʥʦʩʘ 

ʝʛʦ ʪʦʣʱʠʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʝʪ ʨʦʣʠ, ʪʘʢ ʢʘʢ ʚʩʝ ʧʨʠʣʦʞʝʥʥʦʝ ʠʟʚʥʝ ʥʘʧʨʷʞʝʥʠʝ ʧʘʜʘʝʪ ʥʘ ʛʝʪʝʨʦʩʣʦʷʭ 

ʠ ʚ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʘʭ ʤʝʪʘʣʣ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ. ʆʙʱʘʷ ʪʦʣʱʠʥʘ, ʢʦʪʦʨʘʷ ʫʯʘʩʪʚʫʝʪ ʚ ʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ, ʨʘʚʥʘ ʩʫʤʤʝ ʪʦʣʱʠʥ ʛʝʪʝʨʦʩʣʦʝʚ. ʇʣʦʱʘʜʴ ʩʪʨʫʢʪʫʨ ʨʘʚʥʷʣʘʩʴ 15-17 ʤʤ
2
.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʧʝʢʪʨʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʠ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʧʦ ʨʘʩʧʦʣʦʞʝʥʠʶ ʫʨʦʚʥʷ ʌʝʨʤʠ [11,9] ʦʧʨʝʜʝʣʝʥʳ 

ʚʳʩʦʪʳ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʥʪʘʢʪʦʚ, ʩʦʩʪʘʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʭ ʩʣʦʝʚ, ʧʦʩʪʨʦʝʥʘ 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʟʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ. 
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ʂʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 

ʂ  ʆʎɽʅʂɽ ɺʂʃɸɼɸ ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʓʍ ɺɿɸʀʄʆɼɽʁʉʊɺʀʁ ɺ ʇʃʆʊʅʆʉʊʔ 

ʕʅɽʈɻʀʀ ɺɸʂʋʋʄɸ (ʂʆʉʄʆʃʆɻʀʏɽʉʂʋʖ ʇʆʉʊʆʗʅʅʋʖ) 

 

     ɸʥʥʦʪʘʮʠʷ 

ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʚʢʣʘʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʚʘʢʫʫʤʘ 

(ʢʦʩʤʦʣʦʛʠʯʝʩʢʫʶ ʧʦʩʪʦʷʥʥʫʶ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʮʝʥʢʝ ʢʚʘʥʪʦʚʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʠʟʤʝʨʠʤʦʩʪʴ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʡʜʝʥʥʦʡ ʄʝʥʩʢʠʤ ʄ.ɹ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʤʫʱʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʚʘʢʫʫʤʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʪʝʣʘʤʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʟʚʝʟʜʘʤʠ, ʛʘʣʘʢʪʠʢʘʤʠ, 

ʩʢʦʧʣʝʥʠʷʤʠ ʛʘʣʘʢʪʠʢ), ʚʳʟʚʘʥʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʢʘʢ ʩ ʧʣʘʥʢʦʚʩʢʦʡ ʚʝʣʠʯʠʥʦʡ, ʪʘʢ ʠ ʦʞʠʜʘʝʤʳʤ ʠʟ ʥʘʙʣʶʜʝʥʠʡ ʟʥʘʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʝʤʥʦʡ 

ʵʥʝʨʛʠʠ. ʇʦʩʣʝʜʥʝʝ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʘʢʫʫʤ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʧʦʣʷ 

ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʤʥʦʡ ʵʥʝʨʛʠʠ (ʪ.ʝ ʢʘʢ ʧʨʠʯʠʥʫ 

ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ). 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʚʘʢʫʫʤʘ, ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ 

ʧʦʩʪʦʷʥʥʘʷ, ʪʝʤʥʘʷ ʵʥʝʨʛʠʷ.  

Keywords: electromagnetic interaction, energy density of the vacuum, the cosmological constant, dark energy. 

 

ɺ ʥʘʩʪʦʷʱʝʤ ʩʦʦʙʱʝʥʠʠ ʘʥʘʣʠʟ ʚʢʣʘʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 

ʚʘʢʫʫʤʘ (ʢʦʩʤʦʣʦʛʠʯʝʩʢʫʶ ʧʦʩʪʦʷʥʥʫʶ) ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʦʮʝʥʢʝ ʢʚʘʥʪʦʚʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʠʟʤʝʨʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʘʡʜʝʥʥʦʡ ʄʝʥʩʢʠʤ ʄ.ɹ. ʚ [1]. 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʦʮʝʥʢʠ [1] ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʘʚʪʦʨʦʤ ʤʝʪʦʜʦʤ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʠʥʪʝʛʨʘʣʦʚ ʧʦ ʧʫʪʷʤ (ʆʀʇ) ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢʦʡ-ʣʠʙʦ ʩʭʝʤʳ ʠʟʤʝʨʝʥʠʷ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʙʦʩʥʦʚʘʥʘ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ (ʩʤ. ʧʦʜʨʦʙʥʝʝ ʚ [1]), ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʥʘʠʙʦʣʝʝ ʦʙʱʝʡ. ʋʢʘʟʘʥʥʳʤ ʤʝʪʦʜʦʤ ʄʝʥʩʢʠʤ ʄ.ɹ ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʧʣʦʪʥʦʩʪʴ 

ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ w ʦʙʥʘʨʫʞʠʤʘ, ʠʣʠ ʥʘʙʣʶʜʘʝʤʘ, ʝʩʣʠ ʝʝ ʚʝʣʠʯʠʥʘ ʙʦʣʴʰʝ 

ʤʠʥʠʤʘʣʴʥʦʡ ʚʦʟʤʦʞʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ minw
, ʜʠʢʪʫʝʤʦʡ ʢʚʘʥʪʦʚʦʡ ʧʨʠʨʦʜʦʡ ʩʘʤʦʛʦ ʧʦʣʷ  

(ʩʤ. ʬʦʨʤʫʣʳ (1)- (5) ʨʘʙʦʪʳ [1]): 

                                       tu

>
~minww²

           ,                                                               (1)  

(ʟʜʝʩʴ t ʠ u, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʨʝʤʷ ʠ ʦʙʲʝʤ ʥʘʙʣʶʜʝʥʠʷ (ʠʟʤʝʨʝʥʠʷ) ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʧʦʣʷ; 
-> ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ). ʉʦʦʪʥʦʰʝʥʠʝ (1) ʩʦʩʪʘʚʣʷʝʪ ʦʩʥʦʚʫ ʜʣʷ  ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ. ɺʝʩʴʤʘ 

                                                 
Ò
 ɼʷʛʠʣʝʚ ʉ.ɸ., 2015 ʛ. 
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ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʚʳʪʝʢʘʶʱʠʤ ʠʟ ʬʦʨʤʫʣʳ (1), ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ  ʤʠʥʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ minw
 ʦʪ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ 

ʦʙʲʝʤʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ ʠʟʤʝʨʝʥʠʷ W (t ʠ u ʝʝ ʚʨʝʤʝʥʥʦʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʩʝʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʚʦʟʤʫʱʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ 

ʧʨʠʙʦʨʘ (ʩʤ. [2,3]). ʇʦ ʩʫʪʠ, ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ minw
ʦʪ W, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (1), ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʣʴʥʳʤ 

ʚʳʨʘʞʝʥʠʝʤ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʠʟʤʝʨʝʥʠʝʤ, ʚ 

ʪʦʤ ʞʝ ʦʧʳʪʝ, ʝʝ ʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ (ʤʦʞʥʦ ʪʘʢ ʞʝ ʛʦʚʦʨʠʪʴ ʦʙ ʠʭ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʦʦʪʥʦʰʝʥʠʝʤ (1)). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʣʘʛʘʷ, ʥʘʧʨʠʤʝʨ,  0=t  

(ʣʠʙʦ 0=u , ʣʠʙʦ ʩʨʘʟʫ 0=t  ʠ 0=u ), ʠʟ (1) ʜʣʷ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ  

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ minw
 ʥʘʭʦʜʠʤ: 

 

¤~minw
,    ( 0=t , ʣʠʙʦ 0=u , ʣʠʙʦ ʩʨʘʟʫ 0=t  ʠ 0=u ),                               (2) 

  

ʯʪʦ ʚʢʫʧʝ ʩ (1) ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ (ʥʝʦʙʥʘʨʫʞʝʥʠʠ) ʠʟʤʝʨʝʥʠʝʤ ʟʥʘʯʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ w. ɽʩʣʠ ʧʦʣʦʞʠʪʴ t ʠ u ʨʘʚʥʳʤʠ ʧʣʘʥʢʦʚʩʢʠʤ ʤʘʩʰʪʘʙʘʤ 

ʚʨʝʤʝʥʠ 
5c

G
Pl

>
=t

 ʠ ʦʙʲʝʤʘ 
9

33

c

G
Pl

>
=u

 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ ʜʣʷ minw
 ʧʦʣʫʯʠʤ ʧʣʘʥʢʦʚʩʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ  Pw
: 

  

3113

2

7

min 10~ ʤɼʞ
G

c
ww Pl º=

> ,      ( Pltt= , Pluu= ) ,                             (3) 

(ʟʜʝʩʴ -c  ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, -G  ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ). ʀʤʝʥʥʦ ʝʝ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʥʝʩʢʦʣʴʢʦ 

ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʥʝʦʙʦʩʥʦʚʘʥʥʦ ʩʚʷʟʳʚʘʣʦʩʴ ʩ ʚʢʣʘʜʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʫʶ ʧʦʩʪʦʷʥʥʫʶ (ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʚʘʢʫʫʤʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʠʯʠʥʦʡ 

ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ) [4,5,6,7]. ʉʢʘʟʘʥʥʦʝ ʧʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʩʣʝʜʫʶʱʠʤʠ 

ʨʘʩʩʫʞʜʝʥʠʷʤʠ ʠ ʦʮʝʥʢʘʤʠ. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʥʘʙʣʶʜʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ  

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʦ ʜʚʠʞʝʥʠʶ ʟʚʝʟʜ (ʩʚʝʨʭʥʦʚʳʭ), ʛʘʣʘʢʪʠʢ ʠ ʩʢʦʧʣʝʥʠʡ ʛʘʣʘʢʪʠʢ (ʢʫʜʘ ʚ ʢʘʯʝʩʪʚʝ 

çʩʚʝʯʝʡè ʚʭʦʜʷʪ ʩʚʝʨʭʥʦʚʳʝ ʟʚʝʟʜʳ). ʋʢʘʟʘʥʥʳʝ ʦʙʲʝʢʪʳ ʚ ʤʘʩʰʪʘʙʘʭ ʟʘʜʘʯʠ ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ɺʩʝʣʝʥʥʦʡ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʧʨʦʙʥʳʭ ʪʝʣ, ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʟʘ ʢʦʪʦʨʳʤʠ ʠ ʢʦʥʩʪʘʪʠʨʫʝʪʩʷ ʩʘʤʦ 

ʫʩʢʦʨʝʥʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ɺʩʝʣʝʥʥʦʡ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʩʚʝʨʭʥʦʚʳʝ ʟʚʝʟʜʳ, ʛʘʣʘʢʪʠʢʠ, ʩʢʦʧʣʝʥʠʷ ʛʘʣʘʢʪʠʢ 

ʷʚʣʷʶʪʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʢʘʢ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʥʝ ʩʧʦʩʦʙʥʳ ʚʦʟʤʫʱʘʪʴ ʚʘʢʫʫʤ 

ʧʦʣʷ ʥʘ ʧʣʘʥʢʦʚʩʢʠʭ ʤʘʩʰʪʘʙʘʭ. ʇʦʵʪʦʤʫ çʢʚʘʥʪʦʚʳʝ ʦʮʝʥʢʠè, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʨʤʫʣʝ (3) ʠ 

ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʛʨʦʤʥʳʤ ʧʣʘʥʢʦʚʩʢʠʤ ʯʠʩʣʘʤ, ʥʝʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʶʪ ʠʟʤʝʨʝʥʠʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ (ʢʘʢ ʟʚʝʟʜʳ) ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ.  

ʇʨʷʤʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʙʱʝʡ ʬʦʨʤʫʣʳ (1) ʢ ʩʣʫʯʘʶ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ  ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʠʟʤʝʨʝʥʠʷ W, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʚʝʟʜʘʤ, ʛʘʣʘʢʪʠʢʘʤ, ʩʢʦʧʣʝʥʠʷʤ ʛʘʣʘʢʪʠʢ 
ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ ʦ ʧʝʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦʡ ʚʝʣʠʯʠʥʝ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ  

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ minw
ʧʦ ʩʨʘʚʥʝʥʠʶ ʢʘʢ ʩ ʧʣʘʥʢʦʚʩʢʠʤ ʟʥʘʯʝʥʠʝʤ (3), ʪʘʢ ʠ 

ʦʞʠʜʘʝʤʳʤ ʠʟ ʥʘʙʣʶʜʝʥʠʡ ʟʥʘʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʝʤʥʦʡ ʵʥʝʨʛʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʣʘʛʘʷ ʧʘʨʘʤʝʪʨʳ  t  

ʠ u ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ: macrtt=
,  macruu=

, ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʮʝʥʢʠ minw
 ʠʟ (1) ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ: 

                 

Pl

macr

Pl

macr

Pl
Plmacr wwww <<=

u

u

t

t
~min

,                                              (4) 

                                                                ( macrtt=
, macruu=

) . 

ʇʦʩʣʝʜʥʝʝ ʫʩʠʣʝʥʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ (4), ʚʳʨʘʞʘʶʱʝʝ ʧʨʝʥʝʙʨʝʞʠʤʦʩʪʴ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ  ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ minw
ʜʣʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 
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ʠʟʤʝʨʝʥʠʡ macrww ~min  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʥʢʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ (3), ʚʳʪʝʢʘʝʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʦʯʝʚʠʜʥʳʭ ʥʝʨʘʚʝʥʩʪʚ: 

                   

1<<
macr

Pl

t

t

    ,               

1<<
macr

Pl

u

u

   .                                                   (5)  

ʇʦʣʘʛʘʷ ʜʣʷ ʧʨʠʤʝʨʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ macrt
 ʠ macru

, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ ʦʙʣʘʩʪʴ ʠʟʤʝʨʝʥʠʷ ʧʦʣʷ, ʨʘʚʥʳʤʠ ʟʥʘʯʝʥʠʷʤ: 
ʩmacr 1=t

  ʠ 
31ʤmacr=u
, ʚ 

ʢʘʯʝʩʪʚʝ ʦʮʝʥʦʢ (4),(5) ʧʦʣʫʯʘʝʤ: 

    

1104.1 44<<³º -

macr

Pl

t

t

      ,           

1101.4 105<<³º -

macr

Pl

u

u

  ,                                     (6)                          

              PlPlmacr wwww <<³º -149

min 107.5~
     .                                                (7) 

ʇʦʜʩʪʘʥʦʚʢʘ ʧʣʘʥʢʦʚʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ (3) ʚ (7) ʧʨʠʚʦʜʠʪ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʝ macrw
 ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʩmacr 1=t
  ʠ 

31ʤmacr=u
 ʨʘʚʥʦʡ: 

   
º<<³º -

DEmacr wʤɼʞw 336107.5 3910 ʤɼʞ-

            ,                                 (8) 

                                                        (
ʩmacr 1=t

 ,   
31ʤmacr=u
) 

ɿʜʝʩʴ 
-DEw

 ʧʣʦʪʥʦʩʪʴ ʪʝʤʥʦʡ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʠʟ ʥʘʙʣʶʜʝʥʠʡ [7,8]. ʇʦʣʫʯʝʥʥʦʝ ʦʮʝʥʦʯʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ (8) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦʟʤʫʱʝʥʠʝ ʚʘʢʫʫʤʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʪʝʣʘʤʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʟʚʝʟʜʘʤʠ, 

ʛʘʣʘʢʪʠʢʘʤʠ, ʩʢʦʧʣʝʥʠʷʤʠ ʛʘʣʘʢʪʠʢ), ʚʳʟʚʘʥʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʪʥʦʩʪʴʶ ʪʝʤʥʦʡ ʵʥʝʨʛʠʠ, ʦʞʠʜʘʝʤʦʡ ʠʟ ʥʘʙʣʶʜʝʥʠʡ. ʆʪʩʶʜʘ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʘʢʫʫʤ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʧʦʣʷ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʝʤʥʦʡ ʵʥʝʨʛʠʠ (ʪ.ʝ ʢʘʢ ʧʨʠʯʠʥʫ ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ (ʩʤ. ʪʘʢ 

ʞʝ ʙʦʣʝʝ ʨʘʥʥʠʝ ʨʘʙʦʪʳ [9,10,11])).  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʘʪʴʠ ʚʳʨʘʞʘʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʠ ʫʯʘʩʪʥʠʢʘʤ ʧʦʨʪʘʣʘ Physics-

online.ru ʟʘ ʢʨʠʪʠʯʝʩʢʠʝ ʟʘʤʝʯʘʥʠʷ ʠ ʧʦʞʝʣʘʥʠʷ, ʩʧʦʩʦʙʩʪʚʦʚʘʚʰʠʝ ʧʨʦʷʩʥʝʥʠʶ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ 

ʥʘʩʪʦʷʱʝʛʦ ʩʦʦʙʱʝʥʠʷ.  
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ʂʫʣʠʢʦʚ ɸ.ʅ.
1
, ɻʦʨʙʫʥʦʚ ɸ.ʂ.

2
, ʆʚʯʘʨʝʥʢʦ ʀ.ʅ.

3 â
 

1
ɼʦʮʝʥʪ, ʢʘʬʝʜʨʘ ʦʙʱʝʡ ʬʠʟʠʢʠ, ʂʘʣʫʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦ; 

2
ʧʨʦʬʝʩʩʦʨ, ʜ.ʬ.-ʤ.ʥ., ʢʘʬʝʜʨʘ ʬʠʟʠʢʠ; 

3
ʘʩʩʠʩʪʝʥʪ, ʢʘʬʝʜʨʘ ʬʠʟʠʢʠ, 

2,3
ʂʘʣʫʞʩʢʠʡ ʬʠʣʠʘʣ ʄʦʩʢʦʚʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ ʅ.ʕ. ɹʘʫʤʘʥʘ 

 

ʉʊɸʎʀʆʅɸʈʅɸʗ ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂɸʗ ɼʀʉʇɽʈʉʀʗ ɺ ʄʅʆɻʆʉʃʆʁʅʓʍ ʇʃɸʉʊɸʍ 

ʉ ʈɸʉʊɺʆʈʀʄʆʁ ʇʆɼʆʐɺʆʁ 

 

ɸʥʥʦʪʘʮʠ ̫
ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʦ ʨʝʰʝʥʠʝ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦʝ ʪʝʯʝʥʠʝ ʩʦʟʜʘʝʪʩʷ ʦʜʠʥʦʯʥʦʡ ʩʦʚʝʨʰʝʥʥʦʡ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʠʣʠ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʢʚʘʞʠʥʦʡ ʚ ʢʫʩʦʯʥʦ-ʦʜʥʦʨʦʜʥʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʣʘʩʪʝ. ʇʣʘʩʪ ʩʥʠʟʫ ʦʛʨʘʥʠʯʝʥ 
ʨʘʩʪʚʦʨʠʤʦʡ ʧʨʦʪʷʞʝʥʥʦʡ ʧʦʜʦʰʚʦʡ ʠ ʩʚʝʨʭʫ ï ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʢʨʦʚʣʝʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ 
ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ, ʧʨʠʤʝʩʴ ʥʝʡʪʨʘʣʴʥʘʷ, ʪʦ ʝʩʪʴ ʥʝ ʠʟʤʝʥʷʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʩʨʝʜʳ, ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʪʘʢʦʚʳ, ʯʪʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʢʦʥʚʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ 
ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʝʡ. ɺ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ, 
ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ ʧʨʠʥʠʤʘʝʪʩʷ ʣʠʥʝʡʥʦ ʟʘʚʠʩʷʱʠʤ ʦʪ ʩʢʦʨʦʩʪʠ. ɼʣʷ 
ʦʧʠʩʘʥʠʷ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʤʥʦʛʦʩʣʦʡʥʦʤ ʧʣʘʩʪʝ ʧʨʝʜʣʦʞʝʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 
ʫʨʘʚʥʝʥʠʝ,  ʧʦʣʫʯʝʥʦ ʝʛʦ ʨʝʰʝʥʠʝ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ ʠ ʫʩʣʦʚʠʷʭ 
ʩʦʧʨʷʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʨʘʚʝʥʩʪʚʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʧʦʪʦʢʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʩʣʦʝʚ. ʄʝʪʦʜʦʤ ʌʫʨʴʝ ʧʦʣʫʯʝʥʦ 
ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. ɼʣʷ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ ʦʜʥʦʨʦʜʥʦʡ ʦʙʣʘʩʪʠ  ʠʟ ʵʪʦʛʦ 
ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʜʠʩʧʝʨʩʠʷ, ʢʦʥʚʝʢʪʠʚʥʘʷ ʜʠʬʬʫʟʠʷ, ʤʘʩʩʦʧʝʨʝʥʦʩ. 

Keywords: hydrodynamic dispersion, convective diffusion, mass transfer. 

 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʠʬʬʫʟʠʷ, ʭʨʦʤʘʪʦʛʨʘʬʠʷ, 

ʤʠʛʨʘʮʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ï ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʟʘʢʦʥʝ ɼʘʨʩʠ, ʪʦ ʝʩʪʴ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʦʪ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ [1], [2]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʦʩʪʘʥʦʚʢʘ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ 

ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ 

ʧʝʨʝʥʦʩʘ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. ʆʙʱʘʷ ʧʦʩʪʘʥʦʚʢʘ ʪʘʢʠʭ ʟʘʜʘʯ ʠ ʦʙʟʦʨ ʥʝʢʦʪʦʨʳʭ 

ʤʝʪʦʜʦʚ ʠʭ ʨʝʰʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ [3]. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʜʠʩʧʝʨʩʠʷ ï ʵʪʦ ʷʚʣʝʥʠʝ ʧʝʨʝʥʦʩʘ ʨʘʩʪʚʦʨʠʤʳʭ ʧʨʠʤʝʩʝʡ ʚ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʘʭ. ʉʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ ʵʪʦʛʦ ʷʚʣʝʥʠʷ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʣʷ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʪʝʯʝʥʠʡ ʧʨʝʜʣʦʞʝʥʦ ʫʨʘʚʥʝʥʠʝ [4], [5], [6]. 
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ɿʜʝʩʴ C  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ, v  ï ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 

ʪʝʯʝʥʠʷ, D  ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʢʦʪʦʨʳʡ ʨʘʟʣʠʯʝʥ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʧʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʪʝʥʟʦʨʦʤ 

ʚʪʦʨʦʛʦ ʨʘʥʛʘ, t-ʚʨʝʤʷ, ix
 ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʩ ʦʩʷʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʢ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʛʣʘʚʥʳʭ ʦʩʝʡ ʪʝʥʟʦʨʘ D . 

ɺ ʨʘʙʦʪʝ [8] ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʙʳʣʦ ʟʘʧʠʩʘʥʦ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʚ ʚʠʜʝ: 
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 (1) 

ɿʜʝʩʴ v  ï ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ, ʧʨʠʯʝʤ ʝʩʣʠ ʪʝʯʝʥʠʝ ʩʦʟʜʘʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦʡ 

ʩʢʚʘʞʠʥʦʡ, ʪʦ 
/2v Q nBr= p

, ʛʜʝ 
Q

 ï ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ (ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ), B  ï ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʘ, n  ï 

                                                 
â
 ʂʫʣʠʢʦʚ ɸ.ʅ., ɻʦʨʙʫʥʦʚ ɸ.ʂ., ʆʚʯʘʨʝʥʢʦ ʀ.ʅ., 2015 ʛ. 
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ʧʦʨʠʩʪʦʩʪʴ ʩʨʝʜʳ, 
,r q

 ʠ z ï ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ, MD
 ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʬʬʫʟʠʠ, Ia
 ʠ IIa

 ï ʧʨʦʜʦʣʴʥʘʷ ʠ ʧʦʧʝʨʝʯʥʘʷ ʜʠʩʧʝʨʩʠʦʥʥʦʩʪʠ, ʚʝʨʭʥʠʡ ʟʥʘʢ ʧʨʠ ʧʝʨʚʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʭʦʜʷʱʝʤʫʩʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʤʫ ʪʝʯʝʥʠʶ. 

ʋʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʦ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ: ʧʣʘʩʪ ʢʦʣʣʝʢʪʦʨ ʧʣʦʩʢʠʡ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ, ʧʦʩʪʦʷʥʥʳʡ ʧʦ ʤʦʱʥʦʩʪʠ, ʦʜʥʦʨʦʜʥʳʡ, ʠʟʦʪʨʦʧʥʳʡ ʧʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ; 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʧʦʜʯʠʥʷʝʪʩʷ ʟʘʢʦʥʫ ɼʘʨʩʠ; ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʩʧʝʨʩʠʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʧʨʠʥʠʤʘʝʪʩʷ ʣʠʥʝʡʥʦʡ; ʧʨʠʤʝʩʴ ʩʯʠʪʘʝʪʩʷ ʥʝʡʪʨʘʣʴʥʦʡ, ʪʦ ʝʩʪʴ ʥʝ ʠʟʤʝʥʷʶʱʝʡ ʩʚʦʡʩʪʚ ʩʨʝʜʳ; ʧʝʨʝʥʦʩ 

ʤʘʩʩʳ ʠʥʜʠʢʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʚʝʨʜʦʡ ʬʘʟʳ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. 

ʇʫʩʪʴ ʚ ʥʝʢʦʪʦʨʦʤ n -ʩʣʦʡʥʦʤ ʧʨʦʪʷʞʝʥʥʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʧʣʘʩʪʝ ʩ ʨʘʩʪʚʦʨʠʤʳʤ ʦʩʥʦʚʘʥʠʝʤ 

ʩʦʟʜʘʝʪʩʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʝ ʧʦʣʝ 
( )v r

 ʩʢʚʘʞʠʥʦʡ ʜʝʙʠʪʦʤ 
Q
. ʇʫʩʪʴ ʪʘʢʞʝ ʩʢʚʘʞʠʥʘ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦ ʪʘʢ, ʯʪʦ ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʚʝʱʝʩʪʚʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ. ʊʨʝʙʫʝʪʩʷ 

ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʪʦʣʱʠʥʝ ʧʣʘʩʪʘ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ ʜʦʤʠʥʠʨʫʝʪ ʢʦʥʚʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʥʘʜ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʝʡ, ʪʦ ʫʨʘʚʥʝʥʠʝ (1) 

ʧʨʠʤʝʪ ʚʠʜ [8] 
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,  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ 
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ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ ʥʘ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʠ ʫʩʣʦʚʠʷʤ ʩʦʧʨʷʞʝʥʠʷ ʥʘ 

ʛʨʘʥʠʮʘʭ ʩʣʦʝʚ: 
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ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʚ ʥʦʚʳʭ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 
2

2
, ( 1,2,..., )i
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( ) ( ) ( ), ,i i i i i iC x y y x y=j +y

,  

ʌʫʥʢʮʠʠ 
( )i iyj

 ʝʩʪʴ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʜʥʦʨʦʜʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʩʣʦʚʠʷʭ  ʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ  
( ) 0i iy Cj =

. ʌʫʥʢʮʠʠ 
( ),i ix yy

 ʝʩʪɹ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ (3) ʧʨʠ 

ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʫʩʣʦʚʠʝ (4) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 
( ) ( ) 00,i i i iy f y Cy = -

,  
ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ʌʫʨʴʝ, ʥʘʡʜʝʤ 
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ʉʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʠʟ ʫʨʘʚʥʝʥʠʷ 

 
( ) ( )1 1, 1 ,i k i i k i i kD tg H D tg- - -m +j = j

,  
ʀʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

 
1

4 1
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2
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k
k H

+
j = p j = p-m

,  
ʀʟ ʫʩʣʦʚʠʡ ʩʦʧʨʷʞʝʥʠʷ ʪʘʢʞʝ ʩʣʝʜʫʝʪ 
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ʇʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ,i kA
 ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʡ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʬʫʥʢʮʠʡ ikY
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H
=
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ʇʨʠ 1n=  ʧʦʣʫʯʠʤ ʠʟʚʝʩʪʥʦʝ [9] ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʦʣʝ 

ʬʠʣʴʪʨʘʮʠʠ ʦʜʠʥʦʯʥʦʡ ʩʦʚʝʨʰʝʥʥʦʡ ʩʢʚʘʞʠʥʳ ʚ ʦʜʥʦʨʦʜʥʦʤ ʧʦ ʤʦʱʥʦʩʪʠ ʧʣʘʩʪʝ ʩ ʨʘʩʪʚʦʨʠʤʳʤ 

ʦʩʥʦʚʘʥʠʝʤ. 
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ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʨʘʜʠʦʪʝʭʥʠʢʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ  

(ʊʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 

ʈɽʐɽʅʀɽ ʆɹʈɸʊʅʓʍ ɿɸɼɸʏ ʇʆʃʋʏɽʅʀʗ ʉɺɽʈʍʈɸɿʈɽʐɽʅʀʗ  

ʅɸ ʆʉʅʆɺɽ ʉʀʄʄɽʊʈʀɿɸʎʀʀ ɼɸʅʅʓʍ 

 

ɸʥʥʦʪʘʮʠʷ 
ʊʝʦʨʝʪʠʯʝʩʢʠ ʠ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʦʩʥʦʚʘʥ ʥʦʚʳʡ ʤʝʪʦʜ 

ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʌʨʝʜʛʦʣʴʤʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ʪʠʧʘ 

ʩʚʸʨʪʢʠ ʜʣʷ ʦʜʥʦ- ʠ ʜʚʫʭʤʝʨʥʳʭ ʟʘʜʘʯ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ 

ʩ ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʧʨʝʚʳʰʘʶʱʠʤ ʢʨʠʪʝʨʠʡ ʈʵʣʝʷ. 
 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʝʨʭʨʘʟʨʝʰʝʥʠʝ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʡ.  

Keywords: angular superresolution, inverse problem. 

 

1. ɺʚʝʜʝʥʠʝ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʆʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ, ʬʠʢʩʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ 

ʠ ʠʟʤʝʨʝʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ï 

ʧʦʚʳʰʝʥʠʝ ʫʛʣʦʚʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʷʝʤʳʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ  

ʨʘʟʨʝʰʝʥʠʝ, ʧʨʝʚʳʰʘʶʱʝʝ ʢʨʠʪʝʨʠʡ ʈʵʣʝʷ, ʪ.ʝ. ʜʦʙʠʪʴʩʷ ʩʚʝʨʭʨʘʟʨʝʰʝʥʠʷ.  

ɺ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʌʨʝʜʛʦʣʴʤʘ (ʀʋ) 

ʪʠʧʘ ʩʚʸʨʪʢʠ:  
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                                                               (1) 

ʛʜʝ W - ʫʛʣʦʚʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ, I(a) ï ʠʩʢʦʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠʟʣʫʯʘʝʤʦʛʦ 

ʠʩʪʦʯʥʠʢʦʤ (ʠʣʠ ʦʪʨʘʞʸʥʥʦʛʦ) ʩʠʛʥʘʣʘ, f(a) ï ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ (ɼʅ) ʩʠʩʪʝʤʳ ʠʟʤʝʨʝʥʠʷ, U(a) 

ï ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʧʨʠʸʤʥʠʢʘ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ. 

 

2. ʄʝʪʦʜ ʨʝʰʝʥʠʷ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [3-6] ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʨʝʰʝʥʠʷ (1) ʩʦ 

ʩʚʝʨʭʨʘʟʨʝʰʝʥʠʝʤ. ʕʪʠ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʩʠʩʪʝʤʘʤ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʚ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʬʫʥʢʮʠʡ g(a) ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ bj: 
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ʠ ʩʚʝʜʝʥʠʠ ʨʝʰʝʥʠʡ ʀʋ ʢ ʨʝʰʝʥʠʶ ʧʣʦʭʦ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʠʩʪʝʤ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

(ʉʃɸʋ).   

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʜʦʩʪʠʛʘʝʤʦʛʦ ʩʚʝʨʭʨʘʟʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʦʣʫʯʘʝʤʳʭ ʨʝʰʝʥʠʡ [1, 4, 6].  

ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʉʃɸʋ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ 

ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʬʫʥʢʮʠʡ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ.  

ʉʫʱʝʩʪʚʫʝʪ, ʦʜʥʘʢʦ, ʚʦʟʤʦʞʥʦʩʪʴ ʫʤʝʥʴʰʠʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʉʃɸʋ ʙʝʟ ʩʥʠʞʝʥʠʷ 

ʨʘʟʨʝʰʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʩʪʠ ʩʠʤʤʝʪʨʠʟʘʮʠʶ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ. 

ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʠʥʷʪʳʡ ʩʠʛʥʘʣʘ U ʠ ʨʝʰʝʥʠʝ I ʚ 

ʚʠʜʝ ʩʫʤʤʳ ʯʸʪʥʦʡ ʠ ʥʝʯʸʪʥʦʡ ʯʘʩʪʝʡ ï U0, I0 ʠ Ue, Ie: 
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ɺ ʠʪʦʛʝ, ʚ ʩʠʣʫ ʣʠʥʝʡʥʦʩʪʠ, ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ ʧʦʠʩʢʘ I(a) ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʝ. ʇʝʨʚʘʷ ï ʧʦʠʩʢ 

ʯʸʪʥʦʡ ʯʘʩʪʠ Io(a) ʧʦ ʯʸʪʥʦʡ ʯʘʩʪʠ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʦʩʥʦʚʝ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʳ ʯʸʪʥʳʭ ʬʫʥʢʮʠʡ. 

ɺʪʦʨʘʷ ï ʧʦʠʩʢ ʥʝʯʸʪʥʦʡ ʯʘʩʪʠ Ie(a) ʧʦ ʥʝʯʸʪʥʦʡ ʯʘʩʪʠ Ue(a) ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʥʝʯʸʪʥʳʭ ʬʫʥʢʮʠʡ. 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ï ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʯʸʪʥʦʛʦ ʠ ʥʝʯʸʪʥʦʛʦ ʨʝʰʝʥʠʡ  

I(a) = İ (Io(a) + Ie(a)).                                                    (4)                                                                                                                      

ɽʩʣʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʟʘʜʘʯ ʫʜʘʸʪʩʷ ʧʦʣʫʯʠʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʝʰʝʥʠʝ ʧʨʠ ʨʘʟʤʝʨʥʦʩʪʠ ʉʃɸʋ N³N , 

ʪ.ʝ. ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ N ʬʫʥʢʮʠʡ, ʪʦ ʠʪʦʛʦʚʦʝ ʩʫʤʤʘʨʥʦʝ ʨʝʰʝʥʠʝ ʩʦʜʝʨʞʠʪ 2N ʬʫʥʢʮʠʡ. ʇʨʠ ʧʨʷʤʦʤ 

ʧʦʠʩʢʝ I(a) ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ 2N ʬʫʥʢʮʠʡ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʙʳ ʨʝʰʘʪʴ ʉʃɸʋ ʨʘʟʤʝʨʥʦʩʪʴʶ 2N  ³2N , 

ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯʘʭ ʥʘ ʧʦʨʷʜʦʢ, ʩʥʠʞʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʷ, ʦʮʝʥʠʚʘʝʤʫʶ ʯʠʩʣʦʤ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʜʥʦʤʝʨʥʳʭ ʟʘʜʘʯ ʩʠʤʤʝʪʨʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʜʚʦʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʙʝʟ 

ʩʥʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ. 

ʆʙʦʙʱʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʀʋ (1) ʥʘ ʜʚʫʤʝʨʥʳʝ ʟʘʜʘʯʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʣʦʞʥʷʝʪ ʘʣʛʦʨʠʪʤʳ, ʨʝʟʢʦ ʧʦʚʳʰʘʝʪ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ [5]. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ 

ʠʩʪʦʯʥʠʢʦʚ ʩʠʛʥʘʣʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ [6-9] ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʦʜʥʦʤʝʨʥʳʭ ʟʘʜʘʯ. ʆʥʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʨʠʙʣʠʞʸʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʚʠʜʝ ʢʦʥʝʯʥʳʭ 

ʨʘʟʣʦʞʝʥʠʡ ʧʦ ʟʘʜʘʚʘʝʤʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʬʫʥʢʮʠʡ ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. 

ɺ ʨʘʙʦʪʝ [7] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʦʙʲʝʢʪʦʚ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʘʧʨʠʦʨʥʳʭ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʪʦʣʴʢʦ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʭʦʪʷ ʠ ʟʘʤʝʪʥʦ 

ʧʨʝʚʳʰʘʶʱʠʤ ʢʨʠʪʝʨʠʡ ʈʵʣʝʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʝʯʥʳʝ ʩʠʩʪʝʤʳ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ.   

Cʚʷʟʴ ʚʝʣʠʯʠʥ I, U ʠ ɼʅ ʜʣʷ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʜʚʫʤʝʨʥʦʡ ʩʚʸʨʪʢʠ:  
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                                            (5)  

ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ I(x,y) ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ 

ʫʛʣʦʚʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ɼʣʷ ʜʚʫʤʝʨʥʳʭ ʟʘʜʘʯ ʚʚʝʜʸʤ ʧʦʥʷʪʠʝ ʜʚʦʡʥʦʡ ʯʸʪʥʦʩʪʠ ï ʝʩʣʠ ʬʫʥʢʮʠʷ ʯʸʪʥʘ ʧʦ x ʠ y, ʪʦ 

ʥʘʟʦʚʸʤ ʝʸ ʯʸʪʥʦ-ʯʸʪʥʦʡ, ʝʩʣʠ ʯʸʪʥʘ ʧʦ x ʠ ʥʝʯʸʪʥʘ ʧʦ y, ʥʘʟʦʚʸʤ ʝʸ ʯʸʪʥʦ-ʥʝʯʸʪʥʦʡ ʠ ʪ.ʜ. ʇʨʝʜʩʪʘʚʠʤ 

ʧʨʠʥʷʪʳʡ ʩʠʛʥʘʣ U ʠ ʨʝʰʝʥʠʝ I ʚ ʚʠʜʝ ʩʫʤʤʳ ʯʝʪʳʨʸʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʘʟʣʠʯʥʦʡ ʯʸʪʥʦʩʪʠ ʚʠʜʘ U0,0, U0,e , 

U0,e ʠ Ue,e. 
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                                 (6)                                    

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ ʪʝʧʝʨʴ ʪʨʝʙʫʝʪʩʷ 4 ʩʠʩʪʝʤʳ ʬʫʥʢʮʠʡ ʨʘʟʣʠʯʥʦʡ ʯʸʪʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, 

ʥʘ ʦʩʥʦʚʝ ʯʝʪʳʨʸʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ:  
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,            (7) 

ʛʜʝ Tx ʠ Ty ï ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʠ ʧʦ ʫʛʣʘʤ x ʠ y. ɺ ʩʠʣʫ ʣʠʥʝʡʥʦʩʪʠ, ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ 4.  

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ï ʩʫʧʝʨʧʦʟʠʮʠʷ ʨʝʰʝʥʠʡ ʚʩʝʭ ʯʸʪʥʦʩʪʝʡ  

I(x,y) = 1/4 (Ie,0(x,y) + I0,e(x,y) + I0,0(x,y)  + Ie,e(x,y)).                                       (8) 

ʇʨʝʜʩʪʘʚʣʷʷ ʠʩʢʦʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ I(x,y) ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʢʦʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʠʟ N
2
 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ:  
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                                                         (9) 

ʧʦʣʫʯʠʤ ʧʨʠʥʷʪʳʡ ʩʠʛʥʘʣ ʚ ʚʠʜʝ: 
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ñ
W

¡¡¡¡¡-¡-= ydxdygxgyyxxfyx mnmn )()(),(),(,j

                                        (11) 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ bn,m, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʠʥʠʤʘʣʴʥʦʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, 

ʥʘʭʦʜʷʪʩʷ ʠʟ ʉʃɸʋ:  

dxdyyxyxbdyxyxU mn

N

mn

kjmkj ),(),(),(),( ,

1,

,, jjaj ä ññ
= WW

=

   j,k = 1,2éN            (12) 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ ʠ ʝʛʦ ʧʨʝʜʝʣʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʈʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʠʛʦʣʴʯʘʪʘʷ ɼʅ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʣʦʩʢʦʡ ʢʚʘʜʨʘʪʥʦʡ ʘʥʪʝʥʥʦʡ 

ʨʝʰʸʪʢʦʡ (ɸʈ) ʨʘʟʤʝʨʘʤʠ 30*30 d/l ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʚʦʟʙʫʞʜʝʥʠʝʤ.  

 
ʉʣʝʚʘ ï ʠʩʪʠʥʥʳʡ ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ; ʩʧʨʘʚʘ ï ʥʘʡʜʝʥʥʦʝ ʨʝʰʝʥʠʝ; 

ʈʠʩ.1. ʈʝʟʫʣʴʪʘʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʩʠʛʥʘʣʦʚ 

 

ʅʘ ʨʠʩ.1 ʧʦʢʘʟʘʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʠʤʤʝʪʨʠʟʘʮʠʠ ʟʘʜʘʯʠ. ɹʳʣʠ ʟʘʜʘʥʳ 4 ʠʩʪʦʯʥʠʢʘ ʩ ʧʣʘʚʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʤʘʢʩʠʤʫʤʳ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʯʝʪʳʨʝ ʨʘʟʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʦʨʪʦʛʦʥʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʝʪʳʨʝ ʬʫʥʢʮʠʡ ʠʟ (7). ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ (8) ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʝʰʠʪʴ ʚʩʝ 4 

ʠʩʪʦʯʥʠʢʘ, ʧʨʘʚʠʣʴʥʦ ʧʝʨʝʜʘʪʴ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ɸʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʰʠʙʢʘʤʠ ï ʚ ʧʨʝʜʝʣʘʭ 7% .  

ɿʘʢʣʶʯʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʤʤʝʪʨʠʟʘʮʠʠ 

ʟʘʜʘʯ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ ʫʛʣʦʚʦʝ ʨʘʟʨʝʰʝʥʠʝ. ɼʦʩʪʠʛʥʫʪʘʷ ʩʪʝʧʝʥʴ ʩʚʝʨʭʨʘʟʨʝʰʝʥʠʷ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʠʩʪʦʯʥʠʢʦʚ ʩʠʛʥʘʣʦʚ ʚ 5-8 ʠ ʙʦʣʝʝ ʨʘʟ ʧʨʝʚʳʰʘʣʘ ʢʨʠʪʝʨʠʡ ʈʵʣʝʷ.  
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ʄʘʤʘʪʦʚ ʄ.ʐ. 
â
 

ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ,   

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ ʠʤʝʥʠ ʄʠʨʟʦ ʋʣʫʛʙʝʢʘ,  

ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ʆɹ ʆɼʅʆʁ  ɼʀʉʂʈɽʊʅʆʁ  ʀɻʈʆɺʆʁ ɿɸɼɸʏɽ ʇʈɽʉʃɽɼʆɺɸʅʀʗ  

ʉ ʀʅʊɽɻʈɸʃʔʅʓʄʀ ʆɻʈɸʅʀʏɽʅʀʗʄʀ  

 

ɸʥʥʦʪʘʮʠʷ 

 ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʜʠʩʢʨʝʪʥʳʭ ʠʛʨ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʘʤʠ 

ʫʨʘʚʥʝʥʠʡ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ʈʝʰʘʝʪʩʷ ʠʛʨʦʚʘʷ ʟʘʜʘʯʘ ʩ ʛʨʘʥʠʯʥʳʤʠ  ʫʩʣʦʚʠʷʤʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʩʣʝʜʦʚʘʥʠʝ, ʧʨʝʩʣʝʜʫʶʱʠʡ, ʫʙʝʛʘʶʱʠʡ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʩʣʝʜʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ 

ʫʙʝʛʘʥʠʷ. 

 

Keywords: pursuit, pursuer, evader, pursuit control, evasion control. 

  

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʩʢʨʝʪʥʘʷ ʠʛʨʘ, ʦʧʠʩʳʚʘʝʤʘʷ ʚ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
mR  ʫʨʘʚʥʝʥʠʷʤʠ (ʩʤ. 

[1]) 

1 ( )n n n nz I C z ug g gu+= - - +
,   

1,,1,0 -= Nn 2
,       (1) 

ʛʜʝ I -ʝʜʠʥʠʯʥʘʷ, C-ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ mxm, g-ʯʠʩʣʦ, ,n nu u-
ʫʧʨʘʚʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, 

nu -
ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʩʣʝʜʫʶʱʝʛʦ ʠʛʨʦʢʘ, nu-ʫʧʨʘʚʣʝʥʠʝ ʫʙʝʛʘʶʱʝʛʦ ʠʛʨʦʢʘ. ,n nu u-

ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ 
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=0i
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su ¢ä
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=0i
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.       (2)  

ʛʜʝ 
)1(²a
, b,

)0(>r
 ʠ 

)0(²s
 ï ʥʝʢʦʪʦʨʳʝ ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʯʠʩʣʘ. ʂʨʦʤʝ ʪʦʛʦ ʚ 

mR ʚʳʜʝʣʝʥʦ  

ʪʝʨʤʠʥʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ M . 

ɿʘʜʘʯʘʤ ʧʨʝʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʜʠʩʢʨʝʪʥʳʭ ʠʛʨ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʤ.:[1]-[4]). ʆʙʱʠʝ ʚʦʧʨʦʩʳ ʪʝʦʨʠʠ ʜʠʩʢʨʝʪʥʳʭ ʠʛʨ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [1], ʟʘʜʘʯʠ 

ʧʨʝʩʣʝʜʦʚʘʥʠʷ ʠ ʫʙʝʛʘʥʠʷ ʜʣʷ ʣʠʥʝʡʥʳʭ ʠʛʨ ʩ ʣʠʥʝʡʥʦ ʚʭʦʜʷʱʠʤʠ ʫʧʨʘʚʣʝʥʠʷʤʠ ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ [2], 

[3], ʟʘʜʘʯʘ ʫʙʝʛʘʥʠʷ ʜʣʷ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʠʛʨ ʚ [4]. ɺ ʵʪʠʭ ʨʘʙʦʪʘʭ ʜʚʠʞʝʥʠʝ ʪʦʯʝʢ ʦʧʠʩʳʚʘʝʪʩʷ 

ʨʘʟʥʦʩʪʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʨʘʙʦʪʘʭ [5], [6] ʠʟʫʯʝʥʘ ʩʚʷʟʴ 

ʤʝʞʜʫ ʦʜʥʦʰʘʛʦʚʳʭ ʠ ʤʥʦʛʦʰʘʛʦʚʳʭ ʠʛʨ ʩ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʠʛʨʘʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɿʜʝʩʴ ʩ ʧʦʤʦʱʴʶ ʜʠʩʢʨʝʪʥʳʭ ʠʛʨ ʧʦʣʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʟʘʚʝʨʰʝʥʠʷ ʧʨʝʩʣʝʜʦʚʘʥʠʷ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠʛʨʘʭ ʦʧʠʩʳʚʘʝʤʳʭ ʫʨʘʚʥʝʥʠʷʤʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ( ʩʤ. ʪʘʢʞʝ[7-9]).  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʠʛʨʦʚʦʡ ʟʘʜʘʯʠ ʧʨʝʩʣʝʜʦʚʘʥʠʷ ʦʧʠʩʳʚʘʝʤʳʭ  ʩʠʩʪʝʤʘʤʠ 

ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʝʩʣʝʜʦʚʘʥʠʷ, 

ʦʧʠʩʳʚʘʝʤʳʭ  ʫʨʘʚʥʝʥʠʷʤʠ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 10 MMM +=
, ʛʜʝ 0

M
 ïʣʠʥʝʡʥʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ 

mR , 

1
M
ï ʧʦʜʤʥʦʞʝʩʪʚʦ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ L  ï ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʜʦʧʦʣʥʝʥʠʷ 0M

 ʚ 
mR . ɼʘʣʝʝ, ʯʝʨʝʟ P 

ʦʙʦʟʥʘʯʠʤ ʤʘʪʨʠʮʫ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʟ 
mR  ʥʘ L .  

ʇʨʝʜʧʦʣʦʞʝʥʠʝ. ʇʫʩʪʴ sr> , ʯʝʨʝʟ W(n) ʦʙʦʟʥʘʯʠʤ ʤʥʦʞʝʩʪʚʦ 
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â
 ʄʘʤʘʪʦʚ ʄ.ʐ., 2015 ʛ. 
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ʯʝʨʝʟ (0)W  ï ʤʥʦʞʝʩʪʚʦ 1M
, ʯʝʨʝʟ ( )W n  ï ʤʥʦʞʝʩʪʚʦ 

)(1 nWM +
, ʛʜʝ n=1,2,é  

ʊʝʦʨʝʤʘ. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʢʨʦʤʝ ʪʦʛʦ, N  ï ʥʘʠʤʝʥʴʰʝʝ ʠʟ ʪʝʭ ʯʠʩʝʣ n, ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʤʝʩʪʦ ʚʢʣʶʯʝʥʠʝ          

0( ) ( )nI C z W ngP - Í
,                                                         (4) 

ʪʦ ʛʜʝ ʚ ʠʛʨʝ (1) ʠʟ ʪʦʯʢʠ 0
z

 ʤʦʞʥʦ ʟʘʚʝʨʰʠʪʴ ʧʨʝʩʣʝʜʦʚʘʥʠʝ ʟʘ N  ʰʘʛʦʚ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʚʢʣʶʯʝʥʠʝ (4). ʊʦʛʜʘ ʠʟ (3) ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʚʢʣʶʯʝʥʠʝ  
1

0 1 1 0 1( ) ( ) ( )n n

nI C z M W n M I C w wg g g g-

-P - Í + = +P - + +P2
. 

ʆʪʩʜʁʘ ʧʦʣʫʯʠʤ 
1 2

0 0 1 1 1( ) ( ) ( )n n n

nI C z I C w M I C w wg g g g g g- -

-P - -P - Í + - + +P2
, 

ʜʘʣʝʝ ʚ ʩʠʣʫ (1) ʠʤʝʝʤ 

               
1 2

0 0 1 1 1( ) (( ) ) ( )n n n

nI C I C z w M I C w wg g g g g g- -

-P - - - Í + - + +P2
.                       (5) 

ʇʫʩʪʴ 0u ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʫʙʝʛʘʶʱʝʛʦ ʠʛʨʦʢʘ, ʪʦʛʜʘ 0u
 ï ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʩʣʝʜʫʶʱʝʛʦ 

ʠʛʨʦʢʘ ʧʦʩʪʨʦʠʤ ʢʘʢ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ 

000 wu =-u
,    000 wu +=u

. 

ʊʦʛʜʘ ʠʟ (5) ʠʤʝʝʤ 
1 2

1 1 1 1( ) ( )n n

nI C z M I C w wg g g- -

-P - Í +P - + +P2
. 

ʆʪʩʶʜʘ ʧʝʨʝʥʦʩʷ 
2

1( )nI C wg -P -
 ʚ ʣʝʚʫʶ ʩʪʦʨʦʥʫ ʚʢʣʶʯʝʥʠʷ ʠ ʚ ʩʠʣʫ (1) ʧʦʣʫʯʠʤ 

1 2 2

1 1 1 1 1 1( ) ( ) ( ) (( ) )n n nI C z I C w M I C I C z w Mg g g g g- - -P - -P - Í +P - - - Í +
 

3

2 1( )n

nI C w wg g-

-+ - + +P2
. 

ʇʫʩʪʴ ʪʝʧʝʨʴ 1u ï ʧʨʦʠʟʚʦʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʫʙʝʛʘʶʱʝʛʦ ʠʛʨʦʢʘ, ʪʦʛʜʘ 1u
 ï ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʝʩʣʝʜʫʶʱʝʛʦ ʠʛʨʦʢʘ ʧʦʩʪʨʦʠʤ ʢʘʢ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

111 wu =-u
,    111 wu +=u

. 

ʊʦʛʜʘ ʪʦʯʥʦ ʪʘʢ ʞʝ ʢʘʢ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʠʤʝʝʤ 
2 3

2 1 2 1( ) ( )n n

nI C z M I C w wg g g- -

-P - Í + - + +P2
,  

ʠ ʪ.ʜ. 

ʀ ʚ ʧʦʩʣʝʜʥʝʤ ʰʘʛʝ ʧʦ ʧʨʦʠʟʚʦʣʴʥʦʤʫ 1-nu  ʫʧʨʘʚʣʝʥʠʝ ʫʙʝʛʘʶʱʝʛʦ ʧʦʩʪʨʦʠʚ 1-nu
 ʢʘʢ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ 

111 --- =- nnn wu u
,    111 --- += nnn wu u

, 

ʠʤʝʷ ʚ ʚʠʜʫ ʨʘʚʝʥʩʪʚʘ (1) ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʚʢʣʶʯʝʥʠʝ  

[ ]2

1 1 1 1 1 1( ) ( )n

n n n n nI C z w I C z u Mg g g u-

- - - - -P - -P =P - - + Í
.  

ʆʪʩʶʜʘ ʧʦʣʫʯʠʤ 1MznÍP
 ʠ ʟʥʘʯʠʪ 

MznÍ . 

ʊʝʧʝʨʴ ʜʦʢʘʞʝʤ ʜʦʧʫʩʪʠʤʦʩʪʠ ʫʧʨʘʚʣʝʥʠʠ iu
. ʇʦ ʚʳʙʦʨʫ iu

, iii wu +=u
, 1,0 -= ni . ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ ʠʩʧʦʣʴʟʫʷ ʥʝʨʘʚʝʥʩʪʚʦ ʄʠʥʢʦʚʩʢʦʛʦ ʠʤʝʝʤ 
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ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʜʦʧʫʩʪʠʤʦʩʪʠ ʫʧʨʘʚʣʝʥʠʠ iu
. 
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ʄʘʤʘʪʦʚ ʄ.ʐ.
1
, ʗʭʰʠʣʠʢʦʚ ʈ.ʍ.

2 â
 

1
ɼʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ; 

2
ʙʘʢʘʣʘʚʨ,   

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ ʠʤʝʥʠ ʄʠʨʟʦ ʋʣʫʛʙʝʢʘ,  

ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ʆɹ ʆɼʅʆʁ ʀɻʈʆɺʆʁ ɿɸɼɸʏɽ ʇʈɽʉʃɽɼʆɺɸʅʀʗ ʀ ʋɹɽɻɸʅʀʗ  

ʅɸ ʇʆɺɽʈʍʅʆʉʊʀ ʎʀʃʀʅɼʈɸ  

 

ɸʥʥʦʪʘʮʠʷ 

 ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠʛʨ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʠʩʪʝʤʘʤʠ ʫʨʘʚʥʝʥʠʡ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ʈʝʰʘʝʪʩʷ ʠʛʨʦʚʘʷ ʟʘʜʘʯʘ ʧʨʝʩʣʝʜʦʚʘʥʠʷ ʠ ʫʙʝʛʘʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʩʣʝʜʦʚʘʥʠʝ, ʧʨʝʩʣʝʜʫʶʱʠʡ, ʫʙʝʛʘʶʱʠʡ, ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʩʣʝʜʦʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ 

ʫʙʝʛʘʥʠʷ. 

 

Keywords: pursuit, pursuer, evader, pursuit control, evasion control. 

  

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ ʧʨʝʩʣʝʜʦʚʘʥʠʷ ʠ ʫʙʝʛʘʥʠʷ, ʦʧʠʩʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘʤʠ 

ʫʨʘʚʥʝʥʠʡ [1-7]  

1 1 1sin , cos , , , (1)
dx dy dz

r t r t u u
dt dt dt

r=- = = ¢
  

 

2 2 2sin , cos , , , (2)
dx dy dz

r t r t
dt dt dt

u u s=- = = ¢
 

ɿʜʝʩʴ  
0 ,r const< = uʠ u ʫʧʨʘʚʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ, u -ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʩʣʝʜʫʶʱʝʛʦ ʠʛʨʦʢʘ, u-

ʫʧʨʘʚʣʝʥʠʝ ʫʙʝʛʘʶʱʝʛʦ ʠʛʨʦʢʘ. ʀʛʨʘ ʥʘʯʠʥʘʝʪʩʷ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, 
0 0 0 0 0 0

1 1 1 1 1 1 2 2 2 2 2 2(0), y (0),z (0),x (0), y (0),z (0)x x y z x y z= = = = = =
, 

0 0 0 0 0 0

1 1 1 2 2 2( , y ,z ) (x , y ,z )x ¸
 ʠ ʩʯʠʪʘʝʪʩʷ 

ʦʢʦʥʯʝʥʥʳʤ, ʝʩʣʠ ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ 0t T= > ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ  

1 2 1 2 1 2(T) (T), y (T) (T), (T) (T).x x y z z= = =
 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʚ ʠʛʨʝ (1),(2), s r<  ʠ 1 2 1 2 1 2(0) (0), y (0) (0), (0) (0)x x y z z= = <
, ʪʦʛʜʘ ʠʟ ʵʪʦʛʦ 

ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʦʟʤʦʞʥʦ ʟʘʚʝʨʰʝʥʠʝ ʧʨʝʩʣʝʜʦʚʘʥʠʷ ʟʘ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʫʩʪʴ 
( ),0 , (.)t t Tu u u s= ¢ ¢ ¢

 ʫʧʨʘʚʣʝʥʠʝ ʫʙʝʛʘʶʱʝʛʦ ʠʛʨʦʢʘ, ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʝʩʣʝʜʫʶʱʝʛʦ ʠʛʨʦʢʘ ʙʫʜʝʤ ʩʪʨʦʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ 
( ) ,0u u t t Tr= = ¢ ¢

. ʊʦʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʠ (1),(2) ʵʪʠʤ ʫʧʨʘʚʣʝʥʠʝʤ ʠʤʝʝʪ ʚʠʜ [1] 

                                                 
â
 ʄʘʤʘʪʦʚ ʄ.ʐ., ʗʭʰʠʣʠʢʦʚ ʈ.ʍ., 2015 ʛ. 
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1 1 1 1 1 1

2 2 2 2 2 2

0

( ) (0) cos , ( ) (0) sin , ( ) (0) ,

1
( ) (0) cos , ( ) (0) sin , ( ) (0) ( ) , ( ) ( ) .

t

x t x r t r y t y r t z t z t

x t x r t r y t y r t z t z t t t d
t

r

u u u t t

= + - = + = +

= + - = + = + =ñ
 

ʀʟ ʧʦʩʣʝʜʥʠʭ  ʨʘʚʝʥʩʪʚ ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ 
0 2 0 2 2 0

1 1 1 1 1 1

0 2 0 2 2 0

2 2 2 2 2 2

( ( ) ( ) ( ( ) ) , ( ) ,

( ( ) ( ) ( ( ) ) , ( ) ( ) .

x t x r y t y r z t z t

x t x r y t y r z t z t t

r

u

- - + - = = +

- - + - = = +
 

ʕʪʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʝʩʣʝʜʫʶʱʠʝ ʠ ʫʙʝʛʘʶʱʠʝ ʪʦʯʢʠ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ [1-

2]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʚʩʝʭ 1 2 1 2, ( ) (t), y ( ) ( )t x t x t y t= =
, ʪʘʢ, ʢʘʢ 1 2 1 2(0) (0), y (0) (0)x x y= =

. ʊʝʧʝʨʴ 

ʧʦʢʘʞʝʤ, ʯʪʦ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʢʦʥʝʯʥʦʤ ʧʦʣʦʞʠʪʝʣʴʥʦʤ T , 1 2(T) ( )z z T=
. ɼʝʡʩʪʚʠʪʝʣʴʥʦ 

0 0

2 1 2 1

0 0

2 1 2 1

( ) ( ) ( ) ,

( ) ( ) ( ).

z t z t z z t t t

z t z t z z t

r u

r s

- = - - +

- ¢ - - -
 

ɸ  
0 0

2 1 ( )z z tr s- - -
 ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʧʨʠ  

0 0
0 0 2 1
1 2( , ) 0

z z
T T z z

r s

-
= = >

- . ɿʥʘʯʠʪ 2 1( ) ( )z t z t-
 ʠ 

2 1( ) ( )z t z t-
 ʪʦ ʞʝ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʜʦ ʤʦʤʝʥʪʘ T. ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ.  

ʉʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʘʥʘʣʦʛʠʯʥʦ ʪʝʦʨʝʤʳ 1.  

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʚ ʠʛʨʝ (1),(2), 1 2 1 2 1 2(0) (0), y (0) (0), (0) (0)x x y z z= = >
, ʪʦʛʜʘ ʠʟ ʵʪʦʛʦ 

ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚʦʟʤʦʞʥʦ ʟʘʚʝʨʰʝʥʠʝ ʧʨʝʩʣʝʜʦʚʘʥʠʷ ʟʘ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ.  

ʊʝʦʨʝʤʘ 3. ʇʫʩʪʴ ʚ ʠʛʨʝ (1),(2), r s¢  ʠ 
0 0 0 0 0 0

1 1 1 2 2 2( , y ,z ) (x , y ,z )x ¸
, ʪʦʛʜʘ ʠʟ ʵʪʦʛʦ ʥʘʯʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʚʦʟʤʦʞʥʦ ʫʢʣʦʥʝʥʠʝ ʦʪ ʚʩʪʨʝʯʠ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʩʣʫʯʘʷ.1)1 2 1 2(0) (0), y (0) (0)x x y= =
; 2) 1 2(0) (0),x x̧

ʠʣʠ 

1 2y (0) (0)y̧
. 1) ʇʫʩʪʴ 1 2 1 2(0) (0), y (0) (0)x x y= =

 ʠ 
( )u u t=

 ʧʨʦʠʟʚʦʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʝʩʣʝʜʫʶʱʝʛʦ 

ʠʛʨʦʢʘ. ʇʦʩʪʨʦʠʤ ʫʧʨʘʚʣʝʥʠʝ ʫʙʝʛʘʶʱʝʛʦ ʠʛʨʦʢʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ  
( ) ( )t u tu u= =

. ʂʘʢ ʚ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʪʝʦʨʝʤʳ 1 ʥʝʩʣʦʞʥʦ ʧʦʢʘʟʘʪʴ [3-5], ʯʪʦ ʧʨʠ ʪʘʢʠʭ ʫʧʨʘʚʣʝʥʠʷʭ  ʧʨʝʩʣʝʜʫʶʱʠʝ ʠ 

ʫʙʝʛʘʶʱʠʝ ʪʦʯʢʠ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ. ʊʦʛʜʘ 
0 0

1 2 1 2( ) ( ) z 0z t z t z- = - ¸
, ʪʘʢ 

ʢʘʢ 1 2(0) (0)z z̧
. 2) ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʝʢʮʠʠ ʪʦʯʝʢ ʥʘ ʧʣʦʩʢʦʩʪʠ  xoy ʥʝ ʩʦʚʧʘʜʘʶʪ ʥʠ ʧʨʠ ʢʘʢʦʤ 

ʟʥʘʯʝʥʠʠ 0 t¢. ʏʪʦ, ʠ ʪʨʝʙʦʚʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. 

ʉʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʘʥʘʣʦʛʠʯʥʦ ʪʝʦʨʝʤʳ 3. 

ʊʝʦʨʝʤʘ 4. ʇʫʩʪʴ ʚ ʠʛʨʝ (1),(2), 1 2 1 2(0) (0), y (0) (0)x x y¸ ¸
, ʪʦʛʜʘ ʠʟ ʵʪʦʛʦ ʥʘʯʘʣʴʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʚʦʟʤʦʞʥʦ ʫʢʣʦʥʝʥʠʝ ʦʪ ʚʩʪʨʝʯʠ.  

ɿʘʤʝʯʘʥʠʝ. ʈʝʟʫʣʴʪʘʪʳ ʣʝʛʢʦ ʤʦʞʥʦ ʦʙʦʙʱʠʪʴ, ʢʦʛʜʘ ʠʛʨʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʥʦʛʦʤʝʨʥʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ  ʠʛʨ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʧʨʝʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʫʙʝʛʘʶʱʠʭ 

ʞʝʩʪʢʦ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ  ʫʙʝʛʘʶʱʠʤʠ[6-7] 

sin , cos , , , 1,2,..., ,i i i
i i i

dx dy dz
r t r t u u i m

dt dt dt
r=- = = ¢ =

  

sin , cos , , , 1,2,..., .
j j jdx dy dz

r t r t j n
dt dt dt

u u s=- = = ¢ =
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ʄʠʥʘʟʝʪʜʠʥʦʚ ʅ.ʄ. 
â
 

ʂʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʅʘʙʝʨʝʞʥʦʯʝʣʥʠʥʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ)  

ʂʘʟʘʥʩʢʦʛʦ (ʇʨʠʚʦʣʞʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

 

ʆɹ ʆɼʅʆʁ ɿɸɼɸʏɽ ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʆɻʆ ʌʆʈʄʆʆɹʈɸɿʆɺɸʅʀʗ 

ʂʈʀɺʆʃʀʅɽʁʅʓʄ ʂɸʊʆɼʆʄ-ʀʅʉʊʈʋʄɽʅʊʆʄ 

 

ɸʥʥʦʪʘʮʠʷ 

ʈʝʰʝʥʘ ʥʝʣʠʥʝʡʥʘʷ ʜʚʫʤʝʨʥʘʷ ʟʘʜʘʯʘ ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ, 

ʩʚʷʟʘʥʥʘʷ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʝʝ ʦʙʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʜʦʤ-ʠʥʩʪʨʫʤʝʥʪʦʤ ʩ 

ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʫʯʘʩʪʢʦʤ ʛʨʘʥʠʮʳ. ɿʘʜʘʯʘ ʩʚʝʜʝʥʘ ʢ ʢʨʘʝʚʦʡ ʟʘʜʘʯʝ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩ 

ʥʝʣʠʥʝʡʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʥʝʠʟʚʝʩʪʥʳʭ ʛʨʘʥʠʮʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ, ʬʦʨʤʘ ʛʨʘʥʠʮʳ ʘʥʦʜʘ, ʧʦʪʝʥʮʠʘʣ, 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʥʘʣʦʛʠʷ, ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. 

 

Keywords: electrochemical machining of metals, shape of the anode boundary, potential, hydrodynamic 

analogy, free surface. 

 

ʇʨʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚ ʜʝʪʘʣʴ ʪʨʝʙʫʝʤʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʧʦʣʫʯʘʶʪ ʟʘ 

ʩʯʝʪ ʘʥʦʜʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʪʘʣʣʘ ʚ ʧʨʦʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʵʣʝʢʪʨʦʣʠʪʘ, ʧʨʠ ʵʪʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʘʷ ʜʝʪʘʣʴ 

(ʘʥʦʜ) ʢʦʧʠʨʫʝʪ ʬʦʨʤʫ ʵʣʝʢʪʨʦʜʘ-ʠʥʩʪʨʫʤʝʥʪʘ (ʢʘʪʦʜʘ) [1, 11]. ɼʣʷ ʫʜʘʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʢʘʯʢʘ, ʧʦʜ ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ, ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ ʯʝʨʝʟ ʤʝʞʵʣʝʢʪʨʦʜʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ. ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʛʨʘʥʠʮʘ 

ʘʥʦʜʘ ʧʨʠʥʠʤʘʝʪ ʧʦʩʪʦʷʥʥʫʶ ʚʦ ʚʨʝʤʝʥʠ ʬʦʨʤʫ, ʥʘʟʳʚʘʝʤʫʶ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʦʡ. ɺ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʬʦʨʤʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʢʘʪʦʜʦʤ, ʥʝ ʠʟʤʝʥʷʪʩʷ. ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʩʚʷʱʝʥʥʦʡ ʚʦʧʨʦʩʘʤ ʪʝʦʨʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ, ʚʳʧʦʣʥʝʥ ʚ ʨʘʙʦʪʝ [2, 13]. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʠʜʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ [1, 28]. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ 

ʧʨʦʤʝʞʫʪʢʝ ʩʯʠʪʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ, ʘ ʧʦʪʝʥʮʠʘʣ u  ʧʦʣʷ ï ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ. ɿʥʘʯʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʦʚ au
, cu

 ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʘʥʦʜʘ ʠ ʢʘʪʦʜʘ ʧʦʩʪʦʷʥʥʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʫʤʝʨʥʘʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʬʦʨʤʳ ʘʥʦʜʥʦʡ 

ʛʨʘʥʠʮʳ ʧʨʠ ʝʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʢʘʪʦʜʦʤ-ʠʥʩʪʨʫʤʝʥʪʦʤ. ʆʜʥʘ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʩʭʝʤ ʩʝʯʝʥʠʷ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1: BDCPA ï ʛʨʘʥʠʮʘ ʢʘʪʦʜʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ BD, ʜʫʛʠ DC ʠ ʧʦʣʠʛʦʥʘ CPA; AB ï ʠʩʢʦʤʘʷ ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ 

ʛʨʘʥʠʮʘ ʘʥʦʜʘ. 

 

                                                 
â
 ʄʠʥʘʟʝʪʜʠʥʦʚ ʅ.ʄ., 2015 ʛ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʩʝʯʝʥʠʷ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ 

 

ɺʚʝʜʝʤ ʩʠʩʪʝʤʫ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ 
( )1 1,x y

, ʩʚʷʟʘʥʥʫʶ ʩ ʢʘʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʜʚʠʞʝʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ ʦʨʜʠʥʘʪ ʢ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʛʦʪʦʚʢʝ ʜʝʪʘʣʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ cV
. 

ʋʛʣʳ ap ʠ bp ʥʘʢʣʦʥʘ ʟʚʝʥʴʝʚ ʧʦʣʠʛʦʥʘ CPA ʟʘʜʘʶʪʩʷ. ʋʛʣʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʜʫʛʝ 

DC ʚ ʪʦʯʢʘʭ D ʠ C ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ ʘʙʩʮʠʩʩ ʨʘʚʥʳ ʥʫʣʶ ʠ gp, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʊʘʢʦʡ ʵʣʝʢʪʨʦʜ ï ʠʥʩʪʨʫʤʝʥʪ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʛʨʘʚʶʨ ʢʦʚʦʯʥʳʭ ʰʪʘʤʧʦʚ, ʧʨʝʩʩ-

ʬʦʨʤ [3, 113]. 

ʉʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʦʡ ʨʘʥʝʝ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ [4, 13], ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ 

ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʘʥʦʜʥʦʡ ʛʨʘʥʠʮʝ AB ʠʤʝʝʪ ʚʠʜ 

1

1 0

1
coscVu

a
n a

å õrµ
= - + qæ ö

µ k eç ÷,                                               (1) 

ʛʜʝ k - ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʩʨʝʜʳ, e - ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ ʤʝʪʘʣʣʘ, r - 

ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʘʥʦʜʘ, q - ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʦʤ cV
 ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʢʘʪʦʜʘ ʠ ʚʝʢʪʦʨʦʤ 1n

 

ʥʦʨʤʘʣʠ (ʨʠʩ.1). ʇʦʩʪʦʷʥʥʳʝ 0a
, 1a

 ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʣʠʪʘ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʠʭ ʟʥʘʯʝʥʠʷ ʥʘʡʜʝʥʥʳʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [4, 18]. 

ʌʫʥʢʮʠʷ 
( )1 1,u x y

 ʷʚʣʷʝʪʩʷ ʤʥʠʤʦʡ ʯʘʩʪʴʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

1 1 1 1 1 1( ) ( , ) ( , )W z v x y iu x y= +
, 1 1z x iy= +

 ( 1 1( , )v x y
 ï ʬʫʥʢʮʠʷ ʪʦʢʘ). ʇʝʨʝʡʜʝʤ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ 

ʧʝʨʝʤʝʥʥʳʤ 1x x H=
, 1y y H=

, 1n n H=
, ʛʜʝ 

( ) 0a cH u u j=k -
 ï ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʠʥʘ, 0 cj V=r e

 

ï ʭʘʨʘʢʪʝʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʠ ʧʨʝʜʩʪʘʚʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʙʝʟʨʘʟʤʝʨʥʦʤ ʚʠʜʝ 

() ( ) ( ), ,W z x y i x y=j + y
, 

z x i y= +
 ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

() ()( )( )1 c a cW z W z iu u u= - -
 [4, 

19]. ʊʦʛʜʘ ʫʩʣʦʚʠʝ (1) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

1

0 0 0

1
cos , ,

a
a b a b

n a j a

µy
= + q =- =

µ
.                                    (2) 

ʌʫʥʢʮʠʷ y ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ ʃʘʧʣʘʩʘ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ. ʅʘ ʛʨʘʥʠʮʘʭ 

ʵʣʝʢʪʨʦʜʦʚ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ 

1ay =
,  

0cy =
.                                                                (3) 

ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʤʦʜʝʣʠʨʫʝʪʩʷ ʬʠʢʪʠʚʥʳʤ 

ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʪʝʯʝʥʠʝʤ ʠʜʝʘʣʴʥʦʡ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ [5, 13]. ʊʝʯʝʥʠʝ 

ʬʠʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʠʩʪʦʯʥʠʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʪʦʯʢʝ A ʢ ʩʪʦʢʫ ʚ ʪʦʯʢʝ B, ʩ 

ʦʙʪʝʢʘʥʠʝʤ ʧʨʝʧʷʪʩʪʚʠʷ ʩ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʫʯʘʩʪʢʦʤ ʛʨʘʥʠʮʳ, ʘ ʫʩʣʦʚʠʝ (2) ʦʧʨʝʜʝʣʷʝʪ ʛʦʜʦʛʨʘʬ 

ʩʢʦʨʦʩʪʠ V  ʬʠʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ ʥʘ ʘʥʦʜʥʦʡ ʛʨʘʥʠʮʝ 

cosV a b= + q,                                                            (4) 

ʛʜʝ q - ʘʨʛʫʤʝʥʪ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʚʝʜʝʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʢʦʤʧʣʝʢʩʥʫʶ ʧʝʨʝʤʝʥʥʫʶ 
t i=x+ d

, 
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ʠʟʤʝʥʷʶʱʫʶʩʷ ʚ ʦʙʣʘʩʪʠ 
( )0 2, 0 4tG <x<p <d<pt

 
( )it= t

 (ʨʠʩ. 2), ʠ ʙʫʜʝʤ ʠʩʢʘʪʴ ʬʫʥʢʮʠʶ 

()z t
, ʢʦʥʬʦʨʤʥʦ ʦʪʦʙʨʘʞʘʶʱʫʶ  ʧʨʷʤʦʫʛʦʣʴʥʠʢ tG

 ʥʘ ʦʙʣʘʩʪʴ ʪʝʯʝʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʦʯʢʠ ʥʘ 

ʨʠʩ. 1 ʠ 2 ʦʙʦʟʥʘʯʝʥʳ ʦʜʠʥʘʢʦʚʳʤʠ ʙʫʢʚʘʤʠ. 

 
ʈʠʩ. 2. ʇʣʦʩʢʦʩʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ t 

 

ɿʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 
()W t

 ʠ ʬʫʥʢʮʠʠ ɾʫʢʦʚʩʢʦʛʦ [5, 30] 

()
0 0

1
ln , ln

dW V
ɢ t r i r

V dz V

å õ
= = - q =æ ö
ç ÷ ,                                   (5) 

ʛʜʝ V  - ʤʦʜʫʣʴ ʩʢʦʨʦʩʪʠ ʬʠʢʪʠʚʥʦʛʦ ʪʝʯʝʥʠʷ, 0V
 - ʥʝʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʥʦʝ ʟʥʘʯʝʥʠʝ V. ʇʫʩʪʴ 

0V
 ï ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʪʦʯʢʝ 

( )2 4B t=p +pt
. ʌʫʥʢʮʠʷ 

()tc
 ʩʚʷʟʘʥʘ ʩ ʬʫʥʢʮʠʷʤʠ 

()W t
 ʠ 
()z t

 

ʩʦʦʪʥʦʰʝʥʠʝʤ 

()( )

0

exp tdz dW

dt V dt

-c
=

.                                               (6) 

ʅʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ tG
 ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʪʝʥʮʠʘʣ 

() () ()W t t i t=j + y
 ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ 

() ( ) [ ]0, 4 1, 0, 2y x = y x+pt = xÍ p
; 
() ( )0, 2 0, 0, 4i iy d = y p + d = dÍè pt øê ú. 

ʌʫʥʢʮʠʷ 
dW dt

 ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʪʦʨʦʥʘʭ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ tG
 ʧʨʠʥʠʤʘʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʘ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ï ʤʥʠʤʳʝ; ʠʤʝʝʪ ʥʫʣʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʪʦʯʢʘʭ 
( )0C t=

, 
( )2D t=p

, ʠ 

ʧʦʣʶʩʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʪʦʯʢʘʭ 
( )4A t=pt

, 
( )2 4B t=p +pt

. ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʩʠʤʤʝʪʨʠʠ 

ʐʚʘʨʮʘ [6, 158], ʬʫʥʢʮʠʶ 
dW dt

 ʤʦʞʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʨʦʜʦʣʞʠʪʴ ʯʝʨʝʟ ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ tG
 ʥʘ ʚʩʶ 

ʧʣʦʩʢʦʩʪʴ. ʊʦʛʜʘ 
dW dt

 ʙʫʜʝʪ ʜʚʦʷʢʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʩ ʧʝʨʠʦʜʘʤʠ p ʠ pt. ʋʯʠʪʳʚʘʷ 

ʠʟʚʝʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʠ 
dW dt

 ʚ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ ʧʝʨʠʦʜʦʚ ʠ ʠʩʧʦʣʴʟʫʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʩ ʧʝʨʠʦʜʘʤʠ p ʠ pt ʯʝʨʝʟ ʪʝʪʘ-ʬʫʥʢʮʠʠ, ʥʘʡʜʝʤ 

()

()
1

2 3

4

24

2

tdW

dt t

J
= JJ
p J

,                                             (7) 

ʛʜʝ 
()i uJ

, 
()0i iJ =J

 
( )1, 2, 3, 4i=

 ï ʪʝʪʘ-ʬʫʥʢʮʠʠ ʜʣʷ ʧʝʨʠʦʜʦʚ p ʠ pt [7, 334]. 

ʅʘ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘʭ ʛʨʘʥʠʮʳ ʢʘʪʦʜʘ ʤʥʠʤʘʷ ʯʘʩʪʴ ʬʫʥʢʮʠʠ 
()tc

 ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʷʤ 

()

( ) ( )

(

1 , , 0, ,

Im , , , 4 ,

0, 2 , 0, 4 .

t i p

t t i p

t i

ëb-a- p = d dÍ
îî

c = -ap = d dÍ pt øì ú
î

=p + d dÍè pt øî ê úí                       (8) 
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ʇʫʩʪʴ ʥʘ ʜʫʛʝ CD ʟʘʜʘʥʘ ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ 
()sq
, ʛʜʝ s  ï ʜʣʠʥʘ ʜʫʛʠ, ʦʪʩʯʠʪʳʚʘʝʤʘʷ ʦʪ 

ʪʦʯʢʠ C  (ʨʠʩ. 1). ɼʣʷ ʢʨʠʚʠʟʥʳ 
()( )K sq

 ʜʫʛʠ CD ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ 

()( )
d d d

K s
ds d ds

q q x
q = =

x
, 

d ds dt dzx =
. 

ʆʪʩʶʜʘ, ʫʯʠʪʳʚʘʷ ʬʦʨʤʫʣʫ (5), ʧʦʣʫʯʠʤ 

()( )
()( ) [ ]

0

exp , 0, 2
Kd dW

r
d V d

q xq
=- - x xÍ p
x x

.                             (9) 

ʋʩʣʦʚʠʝ (4), ʩ ʫʯʝʪʦʤ ʬʦʨʤʫʣʳ (5), ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

() ()( ) [ ]0cos exp , 4, 0, 2a b t V r t t+ q = =x+pt xÍ p
,                       (10) 

( )2 4 0r p +pt =
.                                                                             (11) 

ɹʫʜʝʤ ʠʩʢʘʪʴ ʬʫʥʢʮʠʶ 
()tc

 ʚ ʚʠʜʝ ʩʫʤʤʳ  

() () () ()1 2ɢ t ɢ t t t*= +W +W
,                                                (12) 

ʛʜʝ 
() () ()( ), 1,2k k kt t i t kW =n + e =

 ï ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚ ʦʙʣʘʩʪʠ tG
 ʠ ʥʝʧʨʝʨʳʚʥʳʝ ʚʧʣʦʪʴ ʜʦ ʝʝ 

ʛʨʘʥʠʮ ʬʫʥʢʮʠʠ, ʘ ʬʫʥʢʮʠʷ 
() () ()t r t i t* * *c = - q

, 
( )0lnr V V* *=

 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʩʭʝʤʝ 

ʪʝʯʝʥʠʷ (ʨʠʩ.4), ʚ ʢʦʪʦʨʦʡ ʜʫʛʘ CD ʟʘʤʝʥʝʥʘ ʦʪʨʝʟʢʦʤ, ʥʘ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

() [ ], 0, 2*q x =gp xÍ p
,                                                 (13) 

ʘ ʛʨʘʥʠʮʘ DB ʧʦʚʝʨʥʫʪʘ ʥʘ ʫʛʦʣ gp. ʅʘ ʛʨʘʥʠʮʝ AB ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ  

( ) [ ]Re 4 0, 0, 2*c x+pt = xÍ p
.                                            (14) 

ʅʘ ʦʩʪʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʛʨʘʥʠʮʳ ʤʥʠʤʘʷ ʯʘʩʪʴ ʬʫʥʢʮʠʠ 
()t*c  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ 

()
( ) ( )

(

1 , , 0, ,
Im

, , , 4 .

t i p
t

t i p
*

b-a- p = d dÍëî
c =ì

-ap = d dÍ pt øî úí                         (15) 

ʌʫʥʢʮʠʠ 
()t*c  ʜʣʷ ʪʘʢʦʛʦ ʪʝʯʝʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʪʝ ʞʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʯʪʦ ʠ ʬʫʥʢʮʠʷ 

()tc
. 

 
ʈʠʩ.4. ɺʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʩʭʝʤʘ ʪʝʯʝʥʠʷ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ 
()t*c  ʨʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ 

()t d dt*w = c
. ʌʫʥʢʮʠʷ 

()tw
 ʠʤʝʝʪ 

ʧʦʣʶʩʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʪʦʯʢʘʭ 
( )0C t=

, 
( )P t ip=

 ʩ ʚʳʯʝʪʘʤʠ  ʨʘʚʥʳʤʠ 
( )1 2 1s = g+b- -a

, 

2 1s = -b
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʛʣʘʩʥʦ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ (13)-(15) ʥʘ ʩʪʦʨʦʥʘʭ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ tG

 

ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ: 
()Re 0tw =

 ʥʘ ʫʯʘʩʪʢʘʭ AC, BD, AB; 
()Im 0tw =

 ʥʘ ʫʯʘʩʪʢʝ CD. ʇʨʦʜʦʣʞʘʷ 
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ʬʫʥʢʮʠʶ 
()tw

 ʧʦ ʧʨʠʥʮʠʧʫ ʩʠʤʤʝʪʨʠʠ ʐʚʘʨʮʘ ʥʘ ʚʩʶ ʧʣʦʩʢʦʩʪʴ, ʧʦʣʫʯʠʤ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʩ 

ʧʝʨʠʦʜʘʤʠ p ʠ pt. ʋʯʠʪʳʚʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʠ 
()tw

 ʚ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ ʧʝʨʠʦʜʦʚ, ʧʨʝʜʩʪʘʚʠʤ ʝʝ ʚ 

ʚʠʜʝ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʪʝʪʘ-ʬʫʥʢʮʠʡ [5, 98] ʠ ʧʦʩʣʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʠʤ 

()
()

()

( ) ( )

( ) ( )

1 2

1 1 1

4 4 4

ln

s s

t t ip t ip
t i

t t ip t ip
*

å õå õ å õJ J - J +
æ öc = - gpæ ö æ öæ ö æ öæ öJ J - J +ç ÷ ç ÷ç ÷ .                           (16) 

ʇʦʪʨʝʙʫʝʤ ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʥʝʠʟʚʝʩʪʥʳʭ ʬʫʥʢʮʠʡ 

() () ()( ), 1,2k k kt t i t kW =n + e =
 

() () () [ ]

() ()

() [ ]

1 2 2

1 2

1

0, , 0, 4 ; 0, , 0, 2 ,

, 0, 2 , 0, 4 ,

0, 4, 0, 2 .

t t t i t t

t t t i

t t

e =e = = d dÍè pt ø e = =x xÍ pê ú

e =gp e = =p + d dÍè pt øê ú

n = =x+pt xÍ p
               (17) 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ (7), (16) ʠ ʫʩʣʦʚʠʷ (17), ʫʨʘʚʥʝʥʠʝ (9) ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

() ()( )() () ()( )( ) [ ]1

1 0 1 2exp , 0, 2V K-l x = q x r x - n x +n x xÍ p
,                     (18) 

ʛʜʝ  
()1 1d dl x = e x

, 
() ()1q x =gp-e x

, 

() ()( ) ()1

4

8
expdW d r F*r x = x - x = x

pJ
, 

()
() () () ()

()

( ) ( )

( ) ( )

2
1 11 1

1 2 3 4 4 4

1

4 1 12

s
s st t t t t ip t ip

F t
t t ip t ip

- + å õJ J J J J - J +
= æ öæ öJ J - J +ç ÷.                     (19) 

ʀʥʪʝʛʨʠʨʫʷ ʚʳʨʘʞʝʥʠʝ (18) ʥʘ ʦʪʨʝʟʢʝ 
[ ]0, 2p

, ʧʦʣʫʯʠʤ ʨʘʚʝʥʩʪʚʦ 

()( ) () () ()( )( )
2

1 1 2

4 0 0

8
, expI I K x F x x x dx

V

p

gp= = q - n +n
pJ ñ

.                 (20) 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (20) ʚʳʨʘʞʝʥʠʝ (18) ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

() ()( ) () () ()( )( ) [ ]1 1 1 2exp , 0, 2K F
I

gp
l x = q x x - n x +n x xÍ p

.                  (21) 

ʅʘ ʘʥʦʜʥʦʡ ʛʨʘʥʠʮʝ AB ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ  

( ) ( )( ) [ ]2 04 ln cos 4 ln , 0, 2a b T Vn x+pt = + x+pt - xÍ p
,                   (22) 

( )2 2 4 0n p +pt =
,                                                                           (23) 

ʛʜʝ 
( ) ( ) ( ) ( )1 24 4 4 4T *x+pt =q x+pt -e x+pt -e x+pt

. 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ (6), (7), (12), (16) ʧʦʣʫʯʠʤ ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

( )
() () ()( )( )1 1 2

0 4

8exp
exp

idz
F t t t

dt V

gp
= - W +W
p J

,                                   (24) 

ʠʟ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʥʘʡʪʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʯʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ 

ʘʥʦʜʥʦʡ ʛʨʘʥʠʮʳ. 

ʀʥʪʝʛʨʠʨʫʷ ʚʳʨʘʞʝʥʠʝ (24) ʥʘ ʦʪʨʝʟʢʝ 
[ ]0, ip

, ʥʘʡʜʝʤ ʘʙʩʮʠʩʩʫ ʪʦʯʢʠ P 

1Repx I=
,  

( )
() () ()( )( )1 1 1 2

0 4 0

8exp
exp

p
i

I i F i i i d
V

gp
= d - W d +W d d

p J ñ
, 

ʘ ʟʘʪʝʤ ʜʣʠʥʫ L ʦʪʨʝʟʢʘ CP 

( )cospL x= b-a p
.                                                       (25) 
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ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʡ 
() () ()( ), 1,2k k kt t i t kW =n + e =

 

ʨʘʟʣʦʞʠʤ ʚ ʨʷʜʳ. ɼʣʷ ʵʪʦʛʦ ʦʪʦʙʨʘʟʠʤ ʦʙʣʘʩʪʴ tG
 (ʨʠʩ. 2) ʥʘ ʧʦʣʫʢʦʣʴʮʦ uG

 (ʨʠʩ. 3) ʚ ʧʣʦʩʢʦʩʪʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 1 2u u iu= +
 ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ 

( )exp 2 2u ti= +pt
.                                               (26) 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʪʦʯʝʢ ʠ ʫʯʘʩʪʢʦʚ ʛʨʘʥʠʮ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2 ʠ 3. 

ʉʦʛʣʘʩʥʦ [4, 77], ʚʚʝʜʝʤ ʬʫʥʢʮʠʶ 

() ()( ) 1

1 lnu t u u-F =W -gp
.                                             (27) 

ʀʟ ʫʩʣʦʚʠʡ (17) ʩʣʝʜʫʝʪ, ʯʪʦ 

() ( ) ( )1 1Im 0, , exp 2 , 1 1, exp 2u u u u è ø è øF = = Í - pt - ptê ú ê ú8
,            (28) 

() ( ) [ ]Re 0, exp , 0,u u iF = = s sÍ p
,                                                 (29) 

ʛʜʝ s ï ʧʦʣʷʨʥʳʡ ʫʛʦʣ ʚ ʧʣʦʩʢʦʩʪʠ ʧʝʨʝʤʝʥʥʦʡ u . 

 

 
 

ʈʠʩ. 3. ʇʣʦʩʢʦʩʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʧʝʨʝʤʝʥʥʦʡ u  

 

ʉʦʛʣʘʩʥʦ ʫʩʣʦʚʠʶ (28), ʬʫʥʢʮʠʶ 
()uF

 ʤʦʞʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʨʦʜʦʣʞʠʪʴ ʥʘ ʚʩʝ ʢʦʣʴʮʦ 

( )1 exp 2u¢ ¢ pt
 ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʝʝ ʚ ʚʠʜʝ ʨʷʜʘ ʃʦʨʘʥʘ ʩ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ  

() n

n

n

u c u
¤

=-¤

F =ä
. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ (26), (27), ʬʫʥʢʮʠʷ 
()1 tW

 ʠʤʝʝʪ ʚʠʜ 

() ( ) ( )( )1 2 2 exp 2 2n

n

t ti c ti n
¤

=-¤

g
W = +pt + +pt

p
ä

.                       (30) 

ʉʦʛʣʘʩʥʦ ʫʩʣʦʚʠʶ (29), ʠʟ ʬʦʨʤʫʣʳ (30) ʧʦʣʫʯʠʤ 

( ) ( )1 0

1

Re 4 cos2 0n n

n

c c c n
¤

-

=

W x+pt = + + x =ä
, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ 0 0, n nc c c-= =-
, ʠ  

() ( ) ( )( )1

1

2 2 2 sh 2 2n

n

t ti c ti n
¤

=

g
W = +pt + +pt

p
ä

.                    (31) 

ʅʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ 
()2 tW
, ʩʦʛʣʘʩʥʦ ʫʩʣʦʚʠʷʤ (17), ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ 

() ( ) ( )2 1 1Im 0, , exp 2 , 1 1, exp 2u u u u è ø è øW = = Í - pt - ptê ú ê ú8
,           (32) 

() ( ) [ ]2Im 0, exp 2 , 0,u u iW = = pt + s sÍ p
.                                     (33) 
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ʉʦʛʣʘʩʥʦ ʫʩʣʦʚʠʶ (32), ʬʫʥʢʮʠʶ 
()( )2 t uW

 ʤʦʞʥʦ ʘʥʘʣʠʪʠʯʝʩʢʠ ʧʨʦʜʦʣʞʠʪʴ ʥʘ ʢʦʣʴʮʦ 

( )1 exp 2u¢ ¢ pt
 ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʝʝ ʚ ʚʠʜʝ ʨʷʜʘ ʃʦʨʘʥʘ ʩ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

()2

n

n

n

u d u
¤

=-¤

W =ä
. 

ʆʪʩʶʜʘ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (26), ʧʦʣʫʯʠʤ 

() ( )( )2 exp 2 2n

n

t d ti n
¤

=-¤

W = +ptä
.                          (34) 

ʀʟ ʫʩʣʦʚʠʷ (33) ʠ ʬʦʨʤʫʣʫ (34), ʩʣʝʜʫʝʪ 

() ( ) ( )( )2

1

Im exp 2 exp 2 sin 2 0n n

n

d n d n n
¤

-

=

W x = - -pt + pt x=ä
,  

( )expn nd d n- = pt
. 

ʊʦʛʜʘ ʠʟ ʬʦʨʤʫʣʳ (34) ʧʦʣʫʯʘʝʪʩʷ  

() ( )2 0

1

2 exp 2 cos2n

n

t d d n tn
¤

=

W = + ptä
. 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ 0 0b d=
, 

( )2 exp 2n nb d n= pt
 ʠ ʧʨʝʜʩʪʘʚʠʤ ʬʫʥʢʮʠʶ 

()2 tW
 ʚ ʚʠʜʝ 

()2 0

1

cos2 .n

n

t b b tn
¤

=

W = +ä
                                                (35) 

ʀʟ ʫʩʣʦʚʠʷ (23) ʠ ʬʦʨʤʫʣʳ (35) ʧʦʣʫʯʘʝʪʩʷ 

( ) ( )
1

0

1

1 ch 2
n

n

n

b b n
¤

+

=

= - ptä
.                                           (36) 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʛʨʘʥʠʮʳ ʢʘʪʦʜʘ ï ʜʫʛʘ 

ʵʣʣʠʧʩʘ. ʂʨʠʚʠʟʥʘ ʵʣʣʠʧʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

()( )
3 2

2 21 cosK pq = -e q
, 

2

2 2p b a=
, 

2 2

2 2 2a b ae= -
.                 (37) 

ʛʜʝ p  ï ʬʦʢʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, e ï ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ, 2 2,a b
 ï ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ. 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʟʘʜʘʶʪʩʷ ʚʝʣʠʯʠʥʳ: a, 
b

, g, ʜʣʠʥʘ L ʦʪʨʝʟʢʘ CP, ʧʦʣʫʦʩʠ 

ʵʣʣʠʧʩʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ 0a
, 1a
, ʭʘʨʘʢʪʝʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ 0j . ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʡ (31) ʠ (35) 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʦʤ ʢʦʣʣʦʢʘʮʠʡ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʙʳ ʥʘ ʠʩʢʦʤʦʡ ʘʥʦʜʥʦʡ ʛʨʘʥʠʮʝ ʫʜʦʚʣʝʪʚʦʨʷʣʦʩʴ 

ʫʩʣʦʚʠʝ (22), ʘ ʥʘ ʢʨʠʚʦʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ ʛʨʘʥʠʮʳ ʢʘʪʦʜʘ ʫʩʣʦʚʠʝ (21). ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ (31), (35) ʨʝʰʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (20), (25), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 
t

 ʠ p . 

 

 
 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʘʥʦʜʥʦʡ ʛʨʘʥʠʮʳ 
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ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʟʥʘʯʝʥʠʷʭ ʟʘʜʘʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ: 
0,25a=

, 
0,5b=

, 

0,5g=
, 

0,3L=
, 2 0,25a =

, 2 0,15b =
, 0 0,906a =

, 1 12,818a =-
, 

2

0 100ɸ ʩʤj =
 (ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ 0a
, 1a

 ʩʦʦʪʚʝʪʩʪʚʫʶʪ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ 5ʍʅʄ ʚ ʨʘʩʪʚʦʨʝ ʥʠʪʨʘʪʘ 

ʥʘʪʨʠʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 15% [4, 18]). ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʬʦʨʤʳ ʘʥʦʜʥʦʡ 

ʛʨʘʥʠʮʳ. 
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ʍʀʄʀʏɽʉʂʀɽ ʅɸʋʂʀ 
 

 

 

ɸʙʜʫʨʘʭʤʘʥʦʚ ʕ.
1
, ʉʘʪʪʘʨʦʚʘ ʄ.ɼʞ.

2
, ʄʫʨʦʜʦʚʘ ɿ.ɹ.

3 â 
 

1
ɼ.ʭ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ; 

2
ʢ.ʭ.ʥ., ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ; 

3
ʢ.ʭ.ʥ., ʜʦʢʪʦʨʘʥʪ ʢʘʬʝʜʨʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ, 

ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪ 

  

ɺʃʀʗʅʀɽ ɺʅɽʐʅʀʍ ʌɸʂʊʆʈʆɺ ʅɸ ɸʅɸʃʀʊʀʏɽʉʂʀʁ ʉʀɻʅɸʃ  

ʉɽʅʉʆʈɸ ɸʄʄʀɸʂɸ  ɺʉ-NH3 

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠ ̫ ʤʠʢʨʦʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʦʟʜʘʥʳ ʚϨʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʝr ʩʝʥʩʦʨʳ  ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ  ʚʦʟʜʫʭʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʳʭʣʦʧʦʚ. ʉʦʟʜʘʥʥʳʝ ʩʝʥʩʦʨʳ 

ʧʦʟʚʦʣʷʶʪ ʩʝʣʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʠʢʨʦʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, 

ʚʦʜʦʨʦʜʘ ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʤʤʠʘʢ, ʩʝʥʩʦʨ, ʤʦʥʠʪʦʨʠʥʛ, ʚʦʟʜʫʭ, ʘʥʘʣʠʟʘʪʦʨ. 

 

ɸʤʤʠʘʢ ʷʚʣʷʝʪʩʷ ʪʦʢʩʠʯʥʳʤ ʠ ʚʟʨʳʚʦʦʧʘʩʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ [1]. ɺ 

ʨʘʙʦʪʘʭ [2-4] ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ  ʘʥʘʣʠʟʘʪʦʨ ʘʤʤʠʘʢʘ ʄɸɻ-NH3 ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʜʝʨʞʘʥʠʷ ʘʤʤʠʘʢʘ ʚ 

ʠʥʪʝʨʚʘʣʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 0-4,0 % ʦʙ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʦʩʚʷʱʝʥʦ ʨʘʟʨʘʙʦʪʢʫ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʝʥʩʦʨʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʤʠʢʨʦʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ 

ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʧʦʩʦʙʦʚ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʦʙʨʘʟʮʳ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʝʥʩʦʨʦʚ  ʘʤʤʠʘʢʘ  

(ɺʉ-NH3), ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʜʚʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘ (ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʡ) ʠ  ʜʚʘ 

ʨʝʟʠʩʪʦʨʘ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʚ ʤʦʩʪʦʚʫʶ ʩʭʝʤʫ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʝ ʩʝʥʩʦʨʘ ʦʩʥʦʚʘʥ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʦʢʠʩʣʝʥʠʝ ʘʤʤʠʘʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩʝʥʩʦʨʘ ʩʦʜʝʨʞʠʪ ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʧʦʢʨʳʪʠʝ, ʩʦʩʪʦʷʱʝʝ 

ʠʟ ʄnO-MoO3 (80-20 % ʤʘʩʩ.) ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʤʝʩʠ ʘʤʤʠʘʢʘ, ʚʦʜʦʨʦʜʘ ʠ ʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ, ʘ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʠʟʛʦʪʦʚʣʝʥ ʩ ʧʦʤʦʱʴʶ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ 

ʠʟ ʦʢʩʠʜʘ ʢʘʜʤʠʷ, ʚʠʩʤʫʪʘ ʠ ʮʠʨʢʦʥʠʷ CdO-Bi2ʆ3-ZrO2 (50-30-20 % ʤʘʩʩ), ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʣʥʦʛʦ 

ʦʢʠʩʣʝʥʠʝ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ. ɺ ʧʨʠʩʫʪʩʪʚʠʝ ʵʪʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300
0
ʉ 

ʦʢʠʩʣʝʥʠʝ ʘʤʤʠʘʢʘ ʩʦʩʪʘʚʣʷʝʪ 1,8%. ʅʘ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʦʚ  

ʧʨʠ ʪʘʢʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʪʘʥ, ʩʝʨʦʚʦʜʦʨʦʜ ʠ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʠʩʣʷʝʪʩʷ. ɺʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ɺʉ-NH3 ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ: CO, H2 ʠ NH3, 

ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʩʠ ʛʘʟʦʚ ʙʝʟ 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʀʩʧʳʪʘʥʠʷʤ ʧʦʜʚʝʨʛʘʣʘʩʴ ʧʘʨʪʠʷ (5 ʰʪ) ʩʝʣʝʢʪʠʚʥʳʭ ɺʉ- NH3, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʦʩʪʘʚʝ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʘʤʤʠʘʢʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʝʥʩʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩ 

ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʦʙʨʘʟʘʤʠ. 

ʄʝʪʦʜʠʢʘ ʠʩʧʳʪʘʥʠʡ ɺʉ-NH3 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʣʥʳʡ ʦʙʲʝʤ ʢʦʥʪʨʦʣʴʥʳʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ 

ʠʩʧʳʪʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʜʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ ʩʝʥʩʦʨʘ, ʠʟʫʯʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ, 

ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʠ ʜʨ. ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʩʝʥʩʦʨʘ. 

ʀʩʧʳʪʘʥʠʷ ɺʉ-NH3 ʧʨʦʚʦʜʠʣʠ ʚ ʥʦʨʤʘʣʴʥʳʭ, ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʅʦʨʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 20°5
0
ʉ; ʊʝʤʧʝʨʘʪʫʨʘ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ 20°5
0
ʉ; ɼʘʚʣʝʥʠʝ ʩʤʝʩʠ 760 ʤʤ ʨʪ. ʩʪ; ʈʘʩʭʦʜ ʩʤʝʩʠ, ʧʨʦʧʫʩʢʘʝʤʦʡ ʯʝʨʝʟ ɺʉ-NH3  ʥʝ 

ʤʝʥʝʝ 20 °2ʣ/ʯʘʩ. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʫʩʣʦʚʠʷ: ʊʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʠ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, -10 - +60
0
C ɼʘʚʣʝʥʠʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ 600 - 800 ʤʤ ʨʪ. ʩʪ; ʈʘʩʭʦʜ ʛʘʟʦʚʦʡ 

ʩʤʝʩʠ ʚ ʜʘʥʥʳʭ ʩʣʫʯʘʷʭ ʥʝ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ. 

                                                 
â
 ɸʙʜʫʨʘʭʤʘʥʦʚ ʕ., ʉʘʪʪʘʨʦʚʘ ʄ.ɼʞ., ʄʫʨʦʜʦʚʘ ɿ.ɹ., 2015 ʛ. 
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ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʡ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. ɿʘʚʠʩʠʤʦʩʪʴ 

ʚʝʣʠʯʠʥʳ ʩʠʛʥʘʣʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʠʟʫʯʘʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 1,0 ï 5,0 ɺ. ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʨʠʤʝʨʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʤʤʠʘʢʘ 100 ʤʛ/ʤ
3
. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʦʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ (ʨʠʩʫʥʢʘ 1) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ 

ʜʣʷ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ ʘʤʤʠʘʢʘ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ 3,2 ɺ.   

 

 
 

ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ (ɽ,ʤɺ) ɺʉ-NH3  ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ (ɺ) 

 

ʋʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ʧʠʪʘʥʠʷ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʧʦʣʝʟʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩʝʥʩʦʨʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʠʞʝ 3,2 ɺ, 

ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʦʝ (ʥʝ ʧʦʣʥʦʝ) ʦʢʠʩʣʝʥʠʝ ʘʤʤʠʘʢʘ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʤ ʵʣʝʤʝʥʪʝ, ʘ 

ʚʳʰʝ 3,2 ɺ. ʠʤʝʝʪ ʤʝʩʪʦ ʦʢʠʩʣʝʥʠʝ ʘʤʤʠʘʢʘ ʥʘ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʤ ʵʣʝʤʝʥʪʝ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠ ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʵʣʝʤʝʥʪʦʚ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʩʝʥʩʦʨʘ ʧʦ ʘʤʤʠʘʢʫ. 

ʋʯʠʪʳʚʘʷ ʚʳʷʚʣʝʥʥʳʝ ʦʙʣʘʩʪʠ  ʧʨʠʤʝʥʝʥʠʷ ɺʉ- NH3, ʦʩʥʦʚʥʳʤ ʠ ʛʣʘʚʝʥʩʪʚʫʶʱʠʤ ʫʩʣʦʚʠʝʤ 

ʜʦʣʞʥʦ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʠʝ ʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʨʝʘʛʠʨʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ, ʩʝʥʩʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʪʘʢʞʝ ʠ 

ʭʦʨʦʰʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʦʚʝʨʢʫ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʦʚ ʘʤʤʠʘʢʘ 

ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊʘ 20220-74 (ʧʨʠʙʦʨʳ ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʤʝʪʦʜʳ ʠʩʧʳʪʘʥʠʷ) ʠ ɻʆʉʊ 13320-81 (ʧʨʠʙʦʨʳ ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʊʠʧʳ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʪʝʭʥʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ). ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʪʨʝʭʢʨʘʪʥʦ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʟʤʝʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʤʤʠʘʢʘ 

ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ, ʪʘʢ ʠ ʫʤʝʥʴʰʝʥʠʷ. ɺ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʘʟʦʚʫʶ ʩʤʝʩʴ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʘʤʤʠʘʢʘ 50 ʠ 100 ʤʛ/ʤ
3
, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʢʦʪʦʨʦʡ ʧʦʜʜʝʨʞʠʚʘʣʠ ʧʦʩʪʦʷʥʥʦʡ 20°2 ʣ/ʯ. ʈʘʙʦʪʘ 

ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʧʠʩʴʶ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʜʠʘʛʨʘʤʥʦʡ ʣʝʥʪʝ ʩʘʤʦʧʠʱʫʱʝʛʦ 

ʧʨʠʙʦʨʘ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʦʪʦʨʦʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʘʢʠʤ, ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʛʨʘʬʠʢ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʫʢʣʘʜʳʚʘʣʩʷ ʥʘ ʦʪʨʝʟʢʝ ʜʠʘʛʨʘʤʥʦʡ ʣʝʥʪʳ ʜʣʠʥʦʡ 15 ʩʤ. ʄʦʤʝʥʪ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʚʭʦʜʝ 

ʩʝʥʩʦʨʘ ʦʪʤʝʯʘʣʩʷ ʥʘ ʜʠʘʛʨʘʤʥʦʡ ʣʝʥʪʝ ʠ ʙʳʣ ʚʟʷʪ ʢʘʢ ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʨʝʜʝʣʷʣʠ ʚʨʝʤʷ ʥʘʯʘʣʘ ʨʝʘʛʠʨʦʚʘʥʠʷ (t0,1), 

ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ (t0,63) ʠ ʧʦʣʥʦʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʢʘʟʘʥʠʡ (tʧ). ʂʨʦʤʝ ʵʪʦʛʦ ʩʦʛʣʘʩʥʦ 

ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 13320-82 ʦʧʨʝʜʝʣʷʣʠ ʪʘʢʞʝ ʠ t0,9 - ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ 90% ʟʥʘʯʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʛʘʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʜʣʷ 20 
0
ʉ ʠ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 730°30 ʤʤ ʨʪ.ʩʪ.) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1.                                                           



ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʛʫʤʘʥʠʪʘʨʥʳʭ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ˉ 04 (75) 2015ʛ. ʏ.I. 

 

 37 

 

                                                                  ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ɺʉ- NH3 

 

t0,1-ʚʨʝʤʷ ʥʘʯʘ- 

ʣʘ ʨʝʘʛʠʨʦʚʘ- 

ʥʠʷ,ʩ 

t0,63- ʧʦʩʪʦʷʥʥʦʝ 

ʚʨʝʤʝʷ,ʩ 

t0,9- ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʢʘʟʘʥʠʡ,ʩ 

tʧ-ʧʦʣʥʦʝ ʚʨʝʤʷ 

ʠʟʤʝʨʝʥʠʷ,ʩ 

ʚʦʟʜʫʭ--

NH3 

NH3- 

ʚʦʟʜʫʭ 

ʚʦʟʜʫʭ--

NH3 

NH3- 

ʚʦʟʜʫʭ 

ʚʦʟʜʫʭ--

NH3 

NH3- 

ʚʦʟʜʫʭ 

ʚʦʟʜʫʭ-

NH3 

NH3- 

ʚʦʟʜʫʭ 

ʉ NH3 = 50 ʤʛ/ʤ
3
 

1                2 3 3 5 6 9 12 

1 2 2 3 5 7 10 12 

1 1 3 3 5 6 10 13 

ʉ NH3 = 100 ʤʛ/ʤ
3
 

1                2 3 4 5 7 10 13 

1 2 3 4 5 7 10 12 

1 2 4 3 5 6 11 13 

 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʜʨʫʛʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʘʤ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ  

ʧʘʨʘʤʝʪʨʦʚ ɺʉ- NH3. ʅʘʧʨʠʤʝʨ, ʫʤʝʥʴʰʝʥʠʝ tn ʜʦ 11 ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50 
0
ʉ, ʘ ʫʚʝʣʠʯʝʥʠʝ  

tn  ʜʦ 22ʩ ʦʪʤʝʯʝʥʦ ʧʨʠ  ʪʝʤʧʝʨʘʪʫʨʝ -10 
0
C. ʀʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ 

(2-40 ʣ/ʯ) ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩʝʥʩʦʨʘ ʘʤʤʠʘʢʘ. 

ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩʝʥʩʦʨʦʚ ʪʘʢʞʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʥʘʢʣʦʥʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʝʥʩʦʨʳ (ʩʦʛʣʘʩʥʦ ɻʆʉʊʫ-13320-82) ʢ ʪʠʧʫ ʥʝʟʘʚʠʩʠʤʳʭ. 

ɻʨʘʜʫʠʨʦʚʦʯʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʥʩʦʨʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʧʦʚʝʨʦʯʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʛʘʟʦʚʳʭ 

ʩʤʝʩʷʭ ʘʤʤʠʘʢʘ ʩ ʚʦʟʜʫʭʦʤ. ʆʧʳʪʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʜʘʯʝʡ ʥʘ ʚʭʦʜ ʩʝʥʩʦʨʘ  

ʧʦʚʝʨʦʯʥʳʭ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ,  ʚ ʢʦʪʦʨʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʤʤʠʘʢʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ 15-100 ʤʛ/ʤ
3
. ʂʘʞʜʘʷ 

ʪʦʯʢʘ ʧʦ ʜʠʘʧʘʟʦʥʫ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʰʝʩʪʴʶ ʟʥʘʯʝʥʠʷʤʠ: ʪʨʠ ʧʨʠ ʧʨʷʤʦʤ ʠ ʪʨʠ ʧʨʠ 

ʦʙʨʘʪʥʦʤ ʮʠʢʣʘʭ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʝʥʩʦʨʘ ʘʤʤʠʘʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʚ ʠʟʫʯʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʛʥʘʣʘ ɺʉ-NH3 ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ ʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʠʤʝʝʪ ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ.  

 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ɺʉ- NH3  (n=5; ʈ=0,95) 
 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ  

ʚ ʩʤʝʩʠ, ʤʛ/ʤ
3
 

ʉʠʛʥʘʣ ʩʝʥʩʦʨʘ, ʤɺ 

xÑDx S Sr*10
2 

15 2,85Ñ0,06 0,05 1,6 

30 5,80Ñ0,08 0,06 1,1 

44 8,25Ñ0,15 0,12 1,4 

82 15,60Ñ0,18 0,14 0,9 

100 22,95Ñ0,30 0,24 1,0 

 

ɺʘʞʥʝʡʰʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ. 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʥʘʤʠ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʜʙʦʨʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʀʟʫʯʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʤʤʠʘʢʘ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʩʝʥʩʦʨʘʤʠ ʧʨʦʚʦʜʠʣʠ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʪʪʝʩʪʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ  

ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʦʛʦ ʢ ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʧʨʠʙʦʨʘʤ ʜʣʷ ʟʘʤʢʥʫʪʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʦʙʲʝʢʪʦʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ ʘʤʤʠʘʢʘ ʦʧʨʝʜʝʣʷʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʩʠʜʘ 

ʫʛʣʝʨʦʜʘ, ʤʝʪʘʥʘ ʠ ʚʦʜʦʨʦʜʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20°2
0
ʉ ʠ ʜʘʚʣʝʥʠʠ 730°10 ʤʤ ʨʪ. ʩʪ. ʈʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ɺʉ-NH3, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʘʣʠʯʠʝ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʤʝʩʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʜʦ 250 ʤʛ/ʤ
3
), ʚʦʜʦʨʦʜʘ 

(ʜʦ 300 ʤʛ/ʤ
3
) ʠ ʤʝʪʘʥʘ (ʜʦ 300 ʤʛ/ʤ

3
) ʥʝ ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩʝʥʩʦʨʘ ʘʤʤʠʘʢʘ. 
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                                                                   ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ɺʉ- NH3 (n = 5, ʈ= 0,95) 

 

ʉʦʩʪʘʚ 

ʛʘʟʦʚʦʡ ʩʤʝʩʠ, 

ʤʛ/ʤ
3
 

ʅʘʡʜʝʥʦ ʘʤʤʠʘʢʘ,  %  ʦʙ. 

ɺʉ- NH3 ï01 ɺʉ- NH3-2 ɺʉ- NH3-3 

x°Dx Sr*10
2
 ʭ°Dʭ Sr*10

2
 ʭ°Dʭ Sr10

2
 

NH3-200+ʚʦʟʜ. (ʦʩʪ.) 196°0,02 1,7 193°0,03 2,4 197°0,03 2,5 

NH3-200+ʅ2-

300+ʚʦʟʜ.(ʦʩʪ.) 
198°0,02 1,5 203°0,03 2,2 198°0,03 2,4 

NH3 -200+Cʆ 

250+ʚʦʟʜ.(ʦʩʪ) 
197°0,02 1,8 198°0,02 1,8 198°0,02 1,9 

NH3 -200+CH4-

300+ʚʦʟʜ.(ʦʩʪ) 
198°0,03 2,0 198°0,02 1,4 198°0,03 2,0 

 

ʀʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ (ʪʘʙʣʠʮʘ 3) ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʝʥʩʦʨ ʚ ʠʟʫʯʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʝʣʝʢʪʠʚʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʘʤʤʠʘʢʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʚʦʜʦʨʦʜʘ, ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʤʝʪʘʥʘ. ʇʦʛʨʝʰʥʦʩʪʴ ɺʉ-NH3 ʟʘ ʩʯʝʪ ʥʝ ʠʟʤʝʨʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 1,4 %. 

ʀʩʧʳʪʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʩʝʥʩʦʨʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʫʶ ʩʤʝʩʴ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʤʠʘʢʘ 100 ʤʛ/ʤ
3
. ʇʨʦʚʝʨʢʘ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ ʚʦ ʚʨʝʤʝʥʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʝ ɺʉ ʚ ʪʝʯʝʥʠʝ 1000 ʯʘʩ. 

ʀʟʤʝʥʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʝʯʝʥʠʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʬʠʢʩʠʨʦʚʘʣʠ 

ʥʘ ʜʠʘʛʨʘʤʤʥʦʡ ʣʝʥʪʝ ʩʘʤʦʧʠʰʫʱʝʛʦ ʧʨʠʙʦʨʘ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʟʘʧʠʩʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ ʩʣʫʯʘʡʥʳʝ ʝʜʠʥʠʯʥʳʝ 

ʚʳʙʨʦʩʳ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʚʳʙʨʦʩʘ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 10 ʩ, ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʚʳʙʨʦʩʦʚ ʥʝ ʙʦʣʝʝ ʪʨʝʭ, ʚ ʪʝʯʝʥʠʝ ʢʘʞʜʳʭ ʩʫʪʦʢ ʨʘʙʦʪʳ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ 1000-ʯʘʩʦʚʦʛʦ ʦʧʳʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

                                                               ʊʘʙʣʠʮʘ 4 

ʈʝʟʫʣʴʪʘʪʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ  ɺʉ-NH3 

(n=5, ʈ=0,95, ʉ NH3 = 100 ʤʛ/ʤ
3
). 

 

ɺʨʝʤʷ, 

ʯʘʩ 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʅʘʡʜʝʥʦ ʘʤʤʠʘʢ 

(x°Dx), ʤʛ/ʤ
3
 

 ʊ-ʨʘ, 
0
ʉ ʈʤʤ ʨʪ. ʩʪ  ɺʉ-1 ɺʉ-2 ɺʉ-3 

1 20,5 745 98,5 °0,9 96,4 °1,2 98,8 °0,9 

24 20,5 738 97,6 °1,1 96,0 °1,0 98,1 °0,8 

120 20,6 737 98,8 °1,3 97,0 °0,7 97,3 °0,7 

240 20,9 734 97,4 °0,8 97,4 °0,9 98,4 °1,1 

360 20,5 735 96,1 °0,8 97,0 °0,9 98,9 °1,0 

480 20,0 739 98,9 °0,7 98,0 °0,8 97,8 °0,9 

600 20,5 746 98,2 °1,1 98,5 °0,9 97,3 °0,9 

720 20,4 735 97,3 °1,0 96,4 °1,1 98,3 °1,0 

840 20,6 740 98,6 °0,9 98,0 °1,3 98,0 °0,8 

960 20,5 732 98,9 °0,9 96,5 °0,8 99,1 °0,9 

1000 20,6 742 98,0° 0,8 98,5 °0,7 98,5 °1,3 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ɺʉ-NH3 ʚ ʪʝʯʝʥʠʝ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦ. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʟʘ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ (Dtg) ʦʮʝʥʠʚʘʣʦʩʴ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʩʭʦʞʜʝʥʠʝʤ 

ʩʠʛʥʘʣʘ ʩʝʥʩʦʨʘ (ʪʘʙʣʠʮʘ 5). 
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ʊʘʙʣʠʮʘ 5 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʊʂʉ-ʉʆ 

 

ʉʝʥʩʦʨ Umax,,  ʤɺ Umin,    ʤɺ Dtg ɼʦʧʫʩʢ ʧʦ ɻʆʉʊʫ 

ɺʉ-1 98,9 97,3 1,6 10 

ɺʉ-2 98,5 96,0 2,5 10 

ɺʉ-3 99,1 97,3 1,8 10 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ  Dtg ʟʘ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ 

ʨʘʚʥʦ 2,5%.  

ɺʳʚʦʜʳ 

1. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʛʦʨʶʯʠʭ ʚʝʱʝʩʪʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʜʦʙʨʘʥʳ ʢʘʪʘʣʠʟʘʪʦʨʳ ʜʣʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʩʝʥʩʦʨʘ ʤʦʥʠʪʦʨʠʥʛʘ ʘʤʤʠʘʢʘ. ʇʨʠʤʝʥʝʥʠʝ ʩʦʟʜʘʥʥʳʭ ʩʝʥʩʦʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʘʥʘʣʠʟʘ, ʫʚʝʣʠʯʠʚʘʝʪ ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠʙʦʨʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʫʣʫʯʰʘʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ.  

2. ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʦʟʜʘʥʳ ʚץʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʝr ʩʝʥʩʦʨʳ  ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʘʚʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʳʭʣʦʧʦʚ. ʉʦʟʜʘʥʥʳʝ ʩʝʥʩʦʨʳ ʧʦʟʚʦʣʷʶʪ 

ʩʝʣʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʠʢʨʦʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʚʦʜʦʨʦʜʘ ʠ 

ʫʛʣʝʚʦʜʦʨʦʜʘ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ.  
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ʛʣʘʚʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʘʤʦʞʝʥʥʳʡ ʠʥʩʧʝʢʪʦʨ ʕʢʩʧʝʨʪʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʦʪʜʝʣʘ (ʛ. ʄʘʭʘʯʢʘʣʘ) 

ʕʢʩʧʝʨʪʥʦ-ʢʨʠʤʠʥʘʣʠʩʪʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ï ʬʠʣʠʘʣʘ ʎʝʥʪʨʘʣʴʥʦʛʦ ʵʢʩʧʝʨʪʥʦ-ʢʨʠʤʠʥʘʣʠʩʪʠʯʝʩʢʦʛʦ 

ʪʘʤʦʞʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʛ. ʇʷʪʠʛʦʨʩʢ; 
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ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʉʀʅʊɽɿ 2-ʄɽʈʂɸʇʊʆɹɽʅɿʊɽʃʃʋʈɸɿʆʃʆɺ ʀ ʀʍ ʇʈʆʀɿɺʆɼʅʓʍ 

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʘʥʳ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ 2-ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣʘ ʠ 6-ʤʝʪʠʣ-2-

ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 2,2-ʜʠʘʤʠʥʦʜʠʘʨʠʣʜʠʪʝʣʣʫʨʠʜʦʚ ʩ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʠ 

ʩʝʨʦʫʛʣʝʨʦʜʦʤ ʚ ʛʝʢʩʘʤʝʪʘʧʦʣʝ, ʘ ʪʘʢʞʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʦʠʟʚʦʜʥʳʝ 2-ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣʘ  ʧʦ 

SH-ʛʨʫʧʧʝ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 2,2-ʜʠʘʤʠʥʦʜʠʬʝʥʠʣʜʠʪʝʣʣʫʨʠʜ, 2-ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ, ʗʄʈ-ʩʧʝʢʪʨʦʩʢʧʠʷ, ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʠʤʠʥʠʨʦʚʘʥʠʝ. 
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ɸʟʦʪʩʦʜʝʨʞʘʱʠʝ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʟʘʥʠʤʘʶʪ ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʭʠʤʠʠ ʙʣʘʛʦʜʘʨʷ ʠʭ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ [1; 2; 3]. ʅʝ ʤʝʥʝʝ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ 

ʪʝʣʣʫʨʦʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʪʝʣʣʫʨʦʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ 

ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʵʪʦʛʦ ʢʣʘʩʩʘ ʥʘʭʦʜʷʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʷʚʣʷʷʩʴ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʨʷʜʘ ʨʝʘʢʮʠʡ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʫʩʢʦʨʠʪʝʣʷʤʠ ʚʫʣʢʘʥʠʟʘʮʠʡ ʢʘʫʯʫʢʘ, ʠʥʛʠʙʠʪʦʨʘʤʠ 

ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʝʢʪʠʮʠʜʦʚ, ʬʫʥʛʠʮʠʜʦʚ, ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʬʦʪʦʤʘʪʝʨʠʘʣʦʚ, ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʚ ʬʦʪʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʨʘʧʠʠ ʠ ʜʨ.[4; 5,449; 6].  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʧʘʨʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ 2-

ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣʘ, 6-ʤʝʪʠʣ-2-ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣʘ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦ SH-ʛʨʫʧʧʝ, 

ʦʙʣʘʜʘʶʱʠʭ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʩʠʥʪʝʟʝ 2-ʤʝʨʢʘʧʪʦʙʝʥʟʠʤʠʜʘʟʦʣʘ, ʦʢʩʘʟʦʣʘ, ʪʠʘʟʦʣʘ ʠ 

ʩʝʣʝʥʘʟʦʣʘ [7,11515; 8; 9; 10,1336], ʥʦ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʧʦʣʫʯʝʥʠʠ 2- ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣʘ. 

ʀʟʚʝʩʪʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 2-ʤʝʨʢʘʧʪʦʙʝʥʟʠʤʠʜʘʟʦʣʘ, ʦʢʩʘʟʦʣʘ ʠ ʪʠʘʟʦʣʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʨʦʫʛʣʝʨʦʜʘ ʠʣʠ ʢʩʘʥʪʦʛʝʥʘʪʘ ʢʘʣʠʷ ʚ ʵʪʠʣʦʚʦʤ ʩʧʠʨʪʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʩʣʫʯʘʝ 2-ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣʘ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʙʦʯʥʳʭ 

ʨʝʘʢʮʠʡ ʠ ʢʨʘʡʥʝ ʥʠʟʢʠʭ ʚʳʭʦʜʦʚ ʮʝʣʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ 2-ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣʦʚ 1 ʠ 2 ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʫʭʩʪʘʜʠʡʥʫʶ ʨʝʘʢʮʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 2,2-ʜʠʘʤʠʥʦʜʠʬʝʥʠʣʜʠʪʝʣʣʫʨʠʜʦʚ ʩ ʙʦʨʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʠ ʩʝʨʦʫʛʣʝʨʦʜʦʤ ʚ ʨʘʩʪʚʦʨʝ 

ʛʝʢʩʘʤʝʪʘʧʦʣʘ in one-pot: 
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ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʜʦʙʘʚʣʝʥʠʝ ʙʦʨʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʚʝʜʫʪ ʜʦ ʫʩʪʦʡʯʠʚʦʛʦ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ 

ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ, ʧʦʩʣʝ ʯʝʛʦ ʜʦʙʘʚʣʷʶʪ ʩʝʨʦʫʛʣʝʨʦʜ. ɺʳʭʦʜʳ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 2 ʩʦʩʪʘʚʣʷʣʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 64 % ʠ 62 % ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ.  

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 2 ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʛʨʫʧʧ N=C 1630-1580 ʩʤ
-1  
ʠ C=S 1315 ʠ 3105 cʤ

-1
 (ʩʣʘʙʘʷ ʧʦʣʦʩʘ).  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʘ 2-ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣʘ 1 ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʥʝʤ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʠʢʘ ʠʦʥʘ ʩ ʤʘʩʩʦʡ 135, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 

ʵʣʠʤʠʥʠʨʦʚʘʥʠʝʤ ʘʪʦʤʘ ʪʝʣʣʫʨʘ, ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʠʢʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʠʦʥʘ. ʉʧʝʢʪʨ ʗʄʈ 
1
H 2-

ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣʘ 1 ʩʦʜʝʨʞʠʪ ʭʘʨʘʢʪʝʨʥʳʡ ʩʠʛʥʘʣ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʛʨʫʧʧʳ SH ʚ ʦʙʣʘʩʪʠ 

13.40 ʤ.ʜ. ʠ ʩʠʛʥʘʣʳ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʦʥʦʚ ʚ ʦʙʣʘʩʪʠ 7.08-7.76 ʤ.ʜ. 

ʇʦ ʘʥʘʣʦʛʠʯʥʦʡ ʩʭʝʤʝ ʙʳʣ ʪʘʢʞʝ ʧʦʣʫʯʝʥ 6-ʤʝʪʠʣ-2-ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ 2, ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤʫ ʩʪʨʦʝʥʠʶ: ʚ ʩʧʝʢʪʨʝ ʗʄʈ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʩʠʥʛʣʝʪ ʧʨʦʪʦʥʦʚ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ 2.26 ʤ.ʜ. 

ʉʦʝʜʠʥʝʥʠʷ 1 ʠ 2 ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʜʚʫʭ ʪʘʫʪʦʤʝʨʥʳʭ ʬʦʨʤʘʭ - ʪʠʦʣʴʥʦʡ (1a) ʠ ʪʠʦʥʥʦʡ (2ʘ).  
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ɺ ʀʂ ʩʧʝʢʪʨʘʭ ʪʚʝʨʜʳʭ ʦʙʨʘʟʮʦʚ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

1315 ʠ 3105 ʩʤ
-1
 ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʛʨʫʧʧ ʉ=S ʠ NïH, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʨʝʘʣʠʟʘʮʠʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʬʦʨʤʳ 1(ʘ) ʠ 2(ʘ). ʆʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʚʦʜ ʦ 
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ʨʝʘʣʠʟʘʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʪʘʫʪʦʤʝʨʥʳʭ ʬʦʨʤ 1(ʘ) ʠ 2(ʘ) ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʩʧʝʢʪʨʦʚ 
1
H-

15
NHMBC, ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʢʨʦʩʩ-ʧʠʢ 

1
H-

15
N.  

ʅʘʤʠ ʪʘʢʞʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʦʠʟʚʦʜʥʳʝ 2-ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣʘ: 2-ʤʝʪʠʣʤʝʨʢʘʧʪʦ-

ʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (3), 2-ʵʪʠʣʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (4), 2-ʘʮʝʪʘʤʠʜʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (5), 2-

ʘʣʣʠʣʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (6) ʠ 2-ʧʨʦʧʘʨʛʠʣʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (7).  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩʦʝʜʠʥʝʥʠʷ 2- ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣʘ(I) ʚ ʚʦʜʥʦ- ʠʣʠ ʩʧʠʨʪʦʚʦ ʱʝʣʦʯʥʦʡ 

ʩʨʝʜʘʭ ʩ ʠʦʜʠʩʪʳʤ ʤʝʪʠʣʦʤ, ʙʨʦʤʠʩʪʳʤ ʵʪʠʣʦʤ, Ŭ-ʭʣʦʨʘʮʝʪʘʤʠʜʦʤ, ʙʨʦʤʠʩʪʳʤ ʘʣʣʠʣʦʤ ʠ ʙʨʦʤʠʩʪʳʤ 

ʧʨʦʧʘʨʛʠʣʦʤ ʩ ʭʦʨʦʰʠʤʠ ʚʳʭʦʜʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 2-ʤʝʪʠʣʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (3), 2-

ʵʪʠʣʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (4), 2-ʘʮʝʪʦʘʤʠʜʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (5), 2-ʘʣʣʠʣʤʝʨʢʘʧʪʦ-

ʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (6) ʠ 2-ʧʨʦʧʘʨʛʠʣʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (7).  

ɺ ʩʧʝʢʪʨʝ ʗʄʈ 
1
H ʧʨʦʪʦʥʘʤ ʛʨʫʧʧʳ CH3S (ʩʦʝʜʠʥʝʥʠʝ 3) ʦʪʚʝʯʘʝʪ ʩʠʥʛʣʝʪ 2,671 ʤ.ʜ., ʧʨʦʪʦʥʘʤ 

ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ ï ʜʚʘ ʪʨʠʧʣʝʪʘ ʩ ʮʝʥʪʨʘʤʠ: 1 ï 7,070, 7,083 ʠ 7,095 ʤ.ʜ.; 2 ï 7,343, 7,355 ʠ 

7,370 ʤ.ʜ.; ʘ ʪʘʢʞʝ ʜʚʘ ʜʫʙʣʝʪʘ ʩ ʮʝʥʪʨʘʤʠ: 1 ï 7,809 ʠ 7,822 ʤ.ʜ.; 2 ï 7,975 ʠ 7,985 ʤ.ʜ. ɺ ʩʧʝʢʪʨʝ ʗʄʈ 
1
H 

ʧʨʦʪʦʥʘʤ ʛʨʫʧʧʳ ïS-CH2-C(O) - (ʩʦʝʜʠʥʝʥʠʝ 5) ʦʪʚʝʯʘʝʪ ʩʠʥʛʣʝʪ 3.946 ʤ.ʜ., ʧʨʦʪʦʥʘʤ ʛʨʫʧʧʳ NH2 ï 

ʩʠʥʛʣʝʪ 7,241 ʤ.ʜ. (ʠʣʠ 7,669 ʤ.ʜ.). 

ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ 3 ʠ 4 ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʠʤʝʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ 2900-2811 ʩʤ
-1
 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ CH3 ʠ 2900-2811 ʩʤ
-1
 - C2H5. ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 6 ʠ 7 ʠʤʝʶʪʩʷ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʚʦʡʥʦʡ ʠ ʪʨʦʡʥʦʡ ʩʚʷʟʠ ʚ ʦʙʣʘʩʪʠ 2150-2050 ʩʤ
-1
. ɺ ʀʂ-ʩʧʝʢʪʨʝ 

ʩʦʝʜʠʥʝʥʠʷ 5 ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 1659 ʩʤ
-1
, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʉ=ʆ ʛʨʫʧʧʳ. ɺʦ 

ʚʩʝʭ ʀʂ-ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 3-7 ʠʤʝʝʪʩʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1645-1590 (Ñ20) ʩʤ
-1
, 

ʭʘʨʘʢʪʝʨʥʘʷ ʜʚʦʡʥʦʡ ʩʚʷʟʠ ïN=C-.  

ɺ ʗʄʈ 
13
ʉ ʩʧʝʢʪʨʘʭ ʩʦʝʜʠʥʝʥʠʡ 6 ʠ 7 ʫʛʣʝʨʦʜʥʳʤ ʘʪʦʤʘʤ ʜʚʦʡʥʦʡ ʠ ʪʨʦʡʥʦʡ ʩʚʷʟʝʡ ʘʣʣʠʣʴʥʦʡ ʠ 

ʧʨʦʧʘʨʛʠʣʦʚʦʡ ʛʨʫʧʧ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ 18.50 (ʉ
12
) ʠ 15.06 (ʉ

13
) ŭʉ ʤ.ʜ. ʉʧʝʢʪʨ 

ʗʄʈ 
1
H ʩʦʝʜʠʥʝʥʠʷ 6 ʩʦʜʝʨʞʠʪ ʧʨʦʪʦʥʥʳʝ ʩʜʚʠʛʠ - ʜʫʙʣʝʪ ʚ ʦʙʣʘʩʪʠ 6.74-6.56 ŭH,ʤ.ʜ., ʢʚʠʥʪʝʪ 6.43-

6.19 ŭH,ʤ.ʜ. ʠ ʜʫʙʣʝʪ ʚ ʦʙʣʘʩʪʠ 1.91-1.83  ŭH,ʤ.ʜ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʪʦʥʘʤ ʘʣʣʠʣʴʥʦʡ ʛʨʫʧʧʳ. 

ʉʠʥʛʣʝʪʳ ʚ ʦʙʣʘʩʪʷʭ 1.22-1.13 ŭH,ʤ.ʜ. ʠ 2.07 ŭH,ʤ.ʜ. ʩʧʝʢʪʨʘ ʗʄʈ 
1
H ʩʦʝʜʠʥʝʥʠʷ 7 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʦʪʦʥʘʤ ʧʨʦʧʘʨʛʠʣʦʚʦʡ ʛʨʫʧʧʳ ʧʨʠ ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʘʭ -ʉH2(11)) ʠ ſʉH(13). ʋʛʣʝʨʦʜʥʳʡ ʘʪʦʤ -ʉſ(12) 

ʧʨʠ ʵʪʦʤ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʷ 7 - 2-

ʧʨʦʧʘʨʛʠʣʪʠʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣʘ.  
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

 

ʉʧʝʢʪʨʳ ʗʄʈ 
1
H ʠ 

13
ʉ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʧʨʠʙʦʨʘʭ Avance -600 (Bruker) ʠ Avance-400 (Bruker) ʥʘ 

ʯʘʩʪʦʪʝ 400.13 ʄɻʮ. ʉʧʝʢʪʨʳ ʗʄʈ 
1
H ʠ ʜʣʷ ʷʜʝʨ 

13
ʉ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 20 % ʨʘʩʪʚʦʨʦʚ 

ʦʙʨʘʟʮʦʚ ʚ ɼʄʉʆ-d6. ʍʠʤʠʯʝʩʢʠʝ ʩʜʚʠʛʠ ʩʧʝʢʪʨʦʚ 
1
ʅ ʦʪʩʯʠʪʳʚʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʪʘʪʦʯʥʦʛʦ ʩʠʛʥʘʣʘ 

ʧʨʦʪʦʥʘ ʚ ɼʄʉʆ-d6 (2,49 ʤ.ʜ.), ʘ ʩʧʝʢʪʨʦʚ 
13
ʉ - ʦʪ ʩʠʛʥʘʣʘ 

13
ʉ (39,5 ʤ.ʜ.). ʀʂ ʩʧʝʢʪʨʳ ʚ ʪʘʙʣʝʪʢʘʭ ʩ KBr 

ʧʦʣʫʯʝʥʳ ʥʘ ʧʨʠʙʦʨʝ ʀʂ-ʌʫʨʴʝ VERTEX-70 (çBrukerè, ɻʝʨʤʘʥʠʷ). ɼʠʘʧʦʟʦʥ ʠʟʤʝʨʝʥʠʷ 400 ʩʤ
-1 

- 

4000 ʩʤ
-1
, ʩʢʘʥʠʨʦʚʘʥʠʝ - 1 ʩʤ

-1
, ʯʠʩʣʦ ʩʢʘʯʢʦʚ - 64, ʘʧʦʜʠʟʘʮʠʷ ï Blakman-Harris 3-Term, ʠʩʪʦʯʥʠʢ Mir-

Globar, ʩʚʝʪʦʜʝʣʠʪʝʣʴ KBr.  

ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣ ʚʳʧʦʣʥʝʥ ʥʘ CHN ï ʘʥʘʣʠʟʘʪʦʨʝ ʬʠʨʤʳ 

Carlo-Erba.  

ʍʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʥʘ ʧʨʠʙʦʨʝ ʄʘʵʩʪʨʦ 7820ɸ ʩ ʤʘʩʩ-

ʩʝʣʝʢʪʠʚʥʳʤ ʜʝʪʝʢʪʦʨʦʤ Agilent 5975 ʬʠʨʤʳ Aligent Tʝchnologies ʚ ʨʝʞʠʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʜʘʨʘ ʧʨʠ 

ʠʦʥʠʟʠʨʫʶʱʝʡ ʵʥʝʨʛʠʠ 70 ʵɺ ʩ ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʣʦʥʢʦʡ HP-5ms. L=30 ʤ, d=0,25 ʤʤ, ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ ʧʨʠ 45
0
ʉ ʠ ʚ ʨʝʞʠʤʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 45

0
ʉ ʜʦ 250

0
ʉ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘʥʠʷ 

15
0
ʉ/ʤʠʥ, ʚʨʝʤʷ ʘʥʘʣʠʟʘ 30 ʤʠʥ, ʛʘʟ-ʥʦʩʠʪʝʣʴ ï ʛʝʣʠʡ. ʊʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʙʣʦʢʝ ʩ ʦʪʢʨʳʪʳʤ ʢʘʧʠʣʣʷʨʦʤ.  

2,2-ɼʠʘʤʠʥʦʜʠʬʝʥʠʣʜʠʪʝʣʣʫʨʠʜ ʧʦʣʫʯʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [11,1901; 12,474]. 

ʂ ʠʥʪʝʥʩʠʚʥʦ ʧʝʨʝʤʝʰʠʚʘʝʤʦʡ ʩʫʩʧʝʥʟʠʠ 41.5 ʛ (0.1 ʤʦʣʴ) ʦ-(ʘʟʦʬʝʥʠʣ)-ʬʝʥʠʣʪʝʣʣʫʨʪʨʠʭʣʦʨʠʜʘ ʚ 500 

ʤʣ ʠʟʦʧʨʦʧʘʥʦʣʘ  ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʧʨʠʢʘʧʳʚʘʶʪ ʨʘʩʪʚʦʨ 9.5 ʛ (0.255 ʤʦʣʴ) ʙʦʨʛʠʜʨʠʜʘ ʥʘʪʨʠʷ ʚ 200 ʤʣ 

1 N ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ NaOH ʜʦ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʘʜʢʘ ʠ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ. ʇʦʣʫʯʝʥʥʳʡ 

ʙʝʩʮʚʝʪʥʳʡ ʨʘʩʪʚʦʨ ʚʳʣʠʚʘʶʪ ʚ 800 ʤʣ ʚʦʜʳ ʠ ʙʘʨʙʦʪʠʨʫʶʪ ʚʦʟʜʫʭ ʜʦ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʥʘʪʨʠʝʚʦʡ 

ʩʦʣʠ ʦ-ʘʤʠʥʦʪʝʣʣʫʨʦʬʝʥʦʣʘ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʙʦʨʜʦʚʦ-ʢʨʘʩʥʳʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʧʨʦʤʳʚʘʶʪ 

ʚʦʜʦʡ, ʚʳʩʫʰʠʚʘʶʪ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʶʪ ʠʟ ʩʤʝʩʠ ʙʝʥʟʦʣ-ʛʝʢʩʘʥ (1:1). ɹʣʝʩʪʷʱʠʝ ʙʦʨʜʦʚʳʝ ʠʛʣʳ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ  ʧʣʘʚʣʝʥʠʷ 99-101
0
ʉ (ʣʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʊʧʣ=100

0
ʉ). ɺʳʭʦʜ 19.6 ʛ (89 %). ʊʧʣ. ʠ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʀʂ, ʗʄʈ 
1
H, 

13
C ʠʜʝʥʪʠʯʥʳ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [11,1901; 12,474]. 

2-ʄʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (1). 
ɺ ʪʨʝʭʛʦʨʣʫʶ ʢʦʣʙʫ, ʩʥʘʙʞʝʥʥʫʶ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʩ ʭʣʦʨʢʘʣʴʮʠʝʚʦʡ ʪʨʫʙʢʦʡ, 

ʤʝʰʘʣʢʦʡ ʠ ʩʠʩʪʝʤʦʡ ʜʣʷ ʧʦʜʘʯʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ, ʧʦʤʝʱʘʶʪ 2,2 ʛ (0,005 ʤʦʣʴ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 2,2-

ʜʠʘʤʠʥʦʜʠʬʝʥʠʣʜʠʪʝʣʣʫʨʠʜʘ [12,1901; 3,474], ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 25-30 ʤʣ ʛʝʢʩʘʤʝʪʘʧʦʣʘ. ʈʝʘʢʮʠʦʥʥʫʶ 

ʤʘʩʩʫ ʥʘʛʨʝʚʘʶʪ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʜʦ 40-50
0
ʉ ʠ ʥʝʙʦʣʴʰʠʤʠ ʧʦʨʮʠʷʤʠ ʜʦʙʘʚʣʷʶʪ ʙʦʨʛʠʜʨʠʜ ʥʘʪʨʠʷ 

1.33 ʛ (0,035 ʤʦʣʴ) ʜʦ ʫʩʪʦʡʯʠʚʦʛʦ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʶʪ 7 ʤʣ (0,11 ʤʦʣʴ)  

ʩʝʨʦʫʛʣʝʨʦʜʘ, ʧʝʨʝʤʝʰʠʚʘʶʪ ʦʢʦʣʦ ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50-60
0
ʉ. ʏʝʨʝʟ ʯʘʩ ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ 

ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʢ ʬʠʣʴʪʨʘʪʫ ʜʦʙʘʚʣʷʶʪ ʣʝʜʷʥʫʶ ʚʦʜʫ (150 ʤʣ), ʚʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, 

ʧʨʦʤʳʚʘʶʪ ʚʦʜʦʡ ʜʦ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʩʫʰʘʪ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʶʪ ʠʟ ʜʠʦʢʩʘʥʘ 

6-ʤʝʪʠʣ-2-ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (2).  
ɺ ʪʨʝʭʛʦʨʣʫʶ ʢʦʣʙʫ, ʩʥʘʙʞʝʥʥʫʶ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʩ ʭʣʦʨʢʘʣʴʮʠʝʚʦʡ ʪʨʫʙʢʦʡ,  

ʤʝʰʘʣʢʦʡ ʠ ʩʠʩʪʝʤʦʡ ʜʣʷ ʧʦʜʘʯʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ, ʧʦʤʝʱʘʶʪ 2.2 ʛ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 2,2-

ʜʠʘʤʠʥʦʜʠʬʝʥʠʣʜʠʪʝʣʣʫʨʠʜʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 25-30 ʤʣ ʛʝʢʩʘʤʝʪʘʧʦʣʘ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʷʪ ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʨʛʦʥʘ, ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʥʘʛʨʝʚʘʶʪ ʜʦ 40-50
0
ʉ ʠ ʥʝʙʦʣʴʰʠʤʠ ʧʦʨʮʠʷʤʠ ʜʦʙʘʚʣʷʶʪ ʙʦʨʛʠʜʨʠʜ ʥʘʪʨʠʷ 

ʜʦ ʫʩʪʦʡʯʠʚʦʛʦ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʶʪ 7 ʤʣ ʩʝʨʦʫʛʣʝʨʦʜʘ, ʧʝʨʝʤʝʰʠʚʘʶʪ 

ʦʢʦʣʦ ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 50-60
0
ʉ. ʏʝʨʝʟ ʯʘʩ ʨʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʢ ʬʠʣʴʪʨʘʪʫ 

ʜʦʙʘʚʣʷʶʪ ʣʝʜʷʥʫʶ ʚʦʜʫ (150 ʤʣ), ʚʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʧʨʦʤʳʚʘʶʪ ʚʦʜʦʡ ʜʦ 

ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʩʫʰʘʪ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʶʪ ʠʟ ʜʠʦʢʩʘʥʘ.  

2-ʄʝʪʠʣʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (3) ʧʦʣʫʯʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [13,59]. ɺ 

ʪʨʝʭʛʦʨʣʫʶ ʢʦʣʙʫ, ʩʥʘʙʞʝʥʥʫʶ ʤʝʰʘʣʢʦʡ, ʢʘʧʝʣʴʥʦʡ ʚʦʨʦʥʢʦʡ ʠ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʧʦʤʝʱʘʶʪ 

0,16 ʛ (0,0038 ʤʦʣʴ) NaOH, ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚ 30 ʤʣ ʚʦʜʳ, ʠ ʤʘʣʝʥʴʢʠʤʠ ʧʦʨʮʠʷʤʠ ʜʦʙʘʚʣʷʶʪ 1,0 ʛ 

(0,0038 ʤʦʣʴ) 2-ʤʝʨʢʘʧʪʦʙʝʥʟʦʪʝʣʣʫʨʘʟʦʣʘ. ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʠ ʜʦʙʘʚʣʷʶʪ 0,26 ʤʣ 

(0,0048 ʤʦʣʴ) ʡʦʜʠʩʪʦʛʦ ʤʝʪʠʣʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʧʝʨʝʤʝʰʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʩʪʘʚʣʷʶʪ ʦʩʝʜʘʪʴ ʥʘ 5 ʯʘʩʦʚ. ʆʩʘʜʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʧʨʦʤʳʚʘʶʪ ʚʦʜʦʡ ʜʦ 

ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʚʳʩʫʰʠʚʘʶʪ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʶʪ ʠʟ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. 

2-ʕʪʠʣʪʠʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (4) ʧʦʣʫʯʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [14,243]. ʂ ʨʘʩʪʚʦʨʫ 

ʵʪʠʣʘʪʘ ʥʘʪʨʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 0,11 ʛ (0,005 ʤʦʣʴ) Na ʠ 30 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʵʪʘʥʦʣʘ, ʤʘʣʝʥʴʢʠʤʠ 

ʧʦʨʮʠʷʤʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʶʪ 1,31 ʛ (0,005 ʤʦʣʴ) 2-ʤʝʨʢʘʧʪʦʙʝʥʟʦʪʝʣʣʫʨʘʟʦʣʘ. ʂ 

ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʶʪ 0,44 ʛ (0,005 ʤʦʣʴ) ʡʦʜʠʩʪʦʛʦ ʵʪʠʣʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 20 ʤʣ 

ʘʙʩʦʣʶʪʥʦʛʦ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʉʤʝʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʝʨʝʤʝʰʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 1,5 ʯʘʩʘ. 
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ʈʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʬʠʣʴʪʨʘʪ ʨʘʟʙʘʚʣʷʶʪ 20 ʤʣ ʭʦʣʦʜʥʦʡ ʚʦʜʳ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʚʳʩʫʰʠʚʘʶʪ ʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʶʪ ʠʟ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. 

2-ɸʮʝʪʘʤʠʜʪʠʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (5) ʧʦʣʫʯʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [14,243]. ʂ 

ʨʘʩʪʚʦʨʫ ʵʪʠʣʘʪʘ ʥʘʪʨʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 0,08 ʛ (0,0038 ʤʦʣʴ) Na ʠ 25 ʤʣ ʘʙʩʦʣʶʪʥʦʛʦ ʵʪʘʥʦʣʘ, 

ʤʘʣʝʥʴʢʠʤʠ ʧʦʨʮʠʷʤʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʜʦʙʘʚʣʷʶʪ 1 ʛ (0,0038 ʤʦʣʴ) 2-ʤʝʨʢʘʧʪʦʙʝʥʟʦʪʝʣʣʫʨʘʟʦʣʘ. ʂ 

ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʶʪ 0,33 ʛ (0,0035 ʤʦʣʴ) ʭʣʦʨʠʩʪʦʛʦ ʘʮʝʪʘʤʠʜʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 15 ʤʣ 

ʘʙʩʦʣʶʪʥʦʛʦ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʉʤʝʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʝʨʝʤʝʰʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. 

ʈʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʬʠʣʴʪʨʘʪ ʨʘʟʙʘʚʣʷʶʪ 20 ʤʣ ʭʦʣʦʜʥʦʡ ʚʦʜʳ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʚʳʩʫʰʠʚʘʶʪ ʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʶʪ ʠʟ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ.  

2-ɸʣʣʠʣʪʠʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (6) ʧʦʣʫʯʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [14,243]. ɺ 

ʪʨʸʭʛʦʨʣʫʶ ʢʦʣʙʫ, ʩʥʘʙʞʸʥʥʫʶ ʤʝʰʘʣʢʦʡ, ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʠ ʢʘʧʝʣʴʥʦʡ ʚʦʨʦʥʢʦʡ ʧʦʤʝʱʘʶʪ 30 ʤʣ 

(0,65 ʤʦʣʴ) ʘʙʩʦʣʶʪʥʦʛʦ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ 0,53 ʛ (0,023 ʤʦʣʴ) Na. ʂ ʧʦʣʫʯʝʥʥʦʤʫ ʨʘʩʪʚʦʨʫ ʵʪʠʣʘʪʘ 

ʥʘʪʨʠʷ ʤʘʣʝʥʴʢʠʤʠ ʧʦʨʮʠʷʤʠ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʜʦʙʘʚʣʷʶʪ 6 ʛ (0,023 ʤʦʣʴ) 2-

ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣʘ. ʉʤʝʩʴ ʦʭʣʘʞʜʘʶʪ ʜʦ 0
0
ʉ ʠ ʤʝʜʣʝʥʥʦ ʜʦʙʘʚʣʷʶʪ 1,8 ʤʣ (0,021 ʤʦʣʴ) 

ʩʚʝʞʝʧʝʨʝʛʥʘʥʥʦʛʦ ʙʨʦʤʠʩʪʦʛʦ ʘʣʣʠʣʘ, ʧʝʨʝʤʝʰʠʚʘʶʪ ʧʨʠ 0
0
ʉ ʚ ʪʝʯʝʥʠʝ 1ʯʘʩʘ, ʟʘʪʝʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ ʧʦʩʣʝ 

ʬʠʣʴʪʨʘʮʠʠ, ʩʦʜʝʨʞʘʱʠʡ ʚʝʱʝʩʪʚʦ (6) ʧʨʦʤʳʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʦʜʦʡ, ʩʫʰʘʪ ʥʘ ʚʦʟʜʫʭʝ, 

ʧʝʨʝʢʨʠʩʪʘʣʠʟʦʚʳʚʘʶʪ ʠʟ ʵʣʶʝʥʪʘ ʵʬʠʨ:ʛʝʢʩʘʥ (1:9).  

2-ʇʨʦʧʘʨʛʠʣʪʠʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (7) ʧʦʣʫʯʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [13,59]. ɺ 

ʪʨʝʭʛʦʨʣʫʶ ʢʦʣʙʫ, ʩʥʘʙʞʝʥʥʫʶ ʤʝʰʘʣʢʦʡ, ʢʘʧʝʣʴʥʦʡ ʚʦʨʦʥʢʦʡ ʠ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ  ʧʦʤʝʱʘʶʪ 

30 ʤʣ (0,0075 ʤʦʣʴ) NaOH ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 30 ʤʣ ʚʦʜʳ ʠ ʤʘʣʝʥʴʢʠʤʠ ʧʦʨʮʠʷʤʠ ʜʦʙʘʚʣʷʶʪ 1,0 ʛ 

(0,0038 ʤʦʣʴ) 2-ʤʝʨʢʘʧʪʦʙʝʥʟʦʪʝʣʣʫʨʘʟʦʣʘ. ʂ ʥʝʤʫ ʜʦʙʘʚʣʷʶʪ 0,5 ʤʣ (0,00388 ʤʦʣʴ) ʩʚʝʞʝʧʝʨʝʛʥʘʥʥʦʛʦ 

ʙʨʦʤʠʩʪʦʛʦ ʧʨʦʧʘʨʛʠʣʘ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʧʝʨʝʤʝʰʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ, ʧʨʦʤʳʚʘʶʪ ʚʦʜʦʡ ʜʦ ʥʝʡʪʨʘʣʴʥʦʡ 

ʩʨʝʜʳ, ʚʳʩʫʰʠʚʘʶʪ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʶʪ ʠʟ ʵʣʶʝʥʪʘ ʛʝʢʩʘʥ:ʵʬʠʨ: ʙʝʥʟʦʣ (8 :1 :2).  

2-ʄʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (1). ɺʳʭʦʜ 1.7 ʛ (0,003 ʤʦʣʴ) (64 %) ɾʸʣʪʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʪ. ʧʣ. 208-210
0
ʉ. ʉʧʝʢʪʨ ʗʄʈ 

1
H:  7.10 (dd, 1H, CH(6), J

3 
= 7.9HZ, J

4 
= 1.5 HZ ), 7.30 (dd, 1H, 

CH(5), J
3
=7.0 HZ,  J

4
=1.3HZ), 7.36 (dd, 1H, CH(4), J

3
=8.1 HZ, J

4
=1.1HZ), 7.74 (dd, 1H, CH(7), J

3 
= 7.8 HZ, J

4
 = 

0.9HZ), 13.36 (s, 1H, N-H). 
13
ʉ: 114.73(C

4
), 120.78(C

8
), 123.86(C

5
), 127.21(C

7
), 132.14(C

6
), 146.64(C

9
), 

195.41(C
2
), 

15
N 199.40, 

125
Te 990. 15 ʀʂ ʩʧʝʢʪʨ, ʩʤ

-1
: ɸr 1600-1575, 1525-1475, 1465-1440; N=C 1630-1580; 

CH(Ar) 3080-3030; C=S 1315; NH 3105; ʄʘʩʩ-ʩʧʝʢʪʨ, m/z (I ʦʪʥ.%) : 161(11), 135(100), 108(12), 91(7), 

82(3), 76(30), 63(8), 50(13), 39(4), 27(2). ʅʘʡʜʝʥʦ, %: C 32.08; ʅ 1.98; N 5.33; S 12.23; ʊʝ 49,50. C7H5NSTe. 

ɺʳʯʠʩʣʝʥʦ, %: C 31.99;  ʅ 1.90;  N 5.33; S 12.19; Te 48,59.  

6-ʄʝʪʠʣ-2-ʤʝʨʢʘʧʪʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (2). ɺʳʭʦʜ 1.7 ʛ (0,003 ʤʦʣʴ) (65 %). ɾʝʣʪʦ-ʦʨʘʥʞʝʚʦʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ  ʚʝʱʝʩʪʚʦ, ʪ.ʧʣ.188-190 
0
ʉ. ʉʧʝʢʪʨ ʗʄʈ 

1
H:   2.26 (s, 3H, CH3), 7.11 (dd, 1H, CH(5), J

3
= 8.2 

HZ, J
4
 = 1.5HZ), 7.36 (dd, 1H, CH(4), J

3
=8.2 HZ ), 7.54 (d, 1H, CH(7), J

4 
= 1.5HZ), 13.33 (s, 1H, N-H). 

13
ʉ: 

20,65(ʉ
11
), 120,92(ʉ

8
), 144,74(ʉ

9
), 114,48(ʉ

4
), 132,14(ʉ

7
), 128,26(ʉ

5
), 133,32(ʉ

6
), 194,59(ʉ

2
). ʀʂ ʩʧʝʢʪʨ, ʩʤ

-1
: 

ɸr 1600-1575, 1525-1475, 1465-1440; N=C 1630-1580; CH(Ar) 3080-3030; C=S 1315 ; NH 3105; CH3 2975-

2950, 2885-2860. ʄʘʩʩ-ʩʧʝʢʪʨ, m/z (I ʦʪʥ.%) : 149(100), 134(17), 102(16), 90(6), 76(25). ʅʘʡʜʝʥʦ, %: C 34.71; 

ʅ 2.54; N 5.06; S 11.56; ʊʝ 49,50. C8H7NSTe.  ɺʳʯʠʩʣʝʥʦ, % : C 34.70;  ʅ 2.53;  N 5.06; S 11.57; ʊʝ 46,13.   

2-ʄʝʪʠʣʪʠʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (3). ɺʳʭʦʜ 0,58 ʛ (0,0021 ʤʦʣʴ) (58 %). ɹʝʣʦʝ  ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʪ.ʧʣ. 115-117 
0
ʉ. ʉʧʝʢʪʨ ʗʄʈ 

1
H: 2.671 (s, 3H, CH3), 7.099-7,070 (dd, 1H, CH(4), 7.370-7,343 

(dd, 1H, CH(7), 7.822-7,370 (d, 1H, CH(5), 7,98-7,90 (s, 1H, ʉH(6). 
13

C: 17,07(C
11

), 123.30(C
5
), 123.60(C

4
), 

126.56(C
6
), 123.59(C

7
), 133.16(C

8
), 160.29(C

9
), 168.64(C

2
), 

15
N  173.73, 

125
Te 986,05. ʀʂ ʩʧʝʢʪʨ, ʩʤ

-1
: ɸr 

1613-1574, 1549-1420; N=C 1613-1574; CH(Ar) 3067-3043; CH3 2900-2811. ʄʘʩʩ-ʩʧʝʢʪʨ, m/z (I ʦʪʥ.%) : 

149(100), 134(16), 102(16), 76(23). ʅʘʡʜʝʥʦ, % ʉ 34,71; ʅ 2,55; N 5,06; S 11,58. ʉ8ʅ7NSTʝ. ɺʳʯʠʩʣʝʥʦ, % 

C 34.70;  ʅ 2.53;  N 5.06; S 11.57; ʊʝ 46,13.   

2-ʕʪʠʣʪʠʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (4). ɺʳʭʦʜ 0,58 ʛ (0,0021 ʤʦʣʴ) (71 %). ʊʝʤʥʦ-ʙʦʨʜʦʚʳʝ ʠʛʦʣʴʯʘʪʳʝ 

ʢʨʠʩʪʘʣʣʳ, ʪ.ʧʣ. 69-71 
0
ʉ. ʉʧʝʢʪʨ ʗʄʈ 

1
H, ŭH,ʤ.ʜ.: 7.11-7.07 (dd, 1H, CH(5), 7.38-7.33 (dd, 1H, CH(6), 7.83-

7.80 (dd, 1H, CH(4), 7.99-7.96 (dd, 1H, CH(7), 1.40-1.36 (t, 3H, ʉH3), 3.35-3.21 (dk, 2H, S-ʉH2). ʉʧʝʢʪʨ 

ʗʄʈ
13
ʉ, ŭʉ,ʤ.ʜ.: 123.72 (C

4
), 123.60(C

8
), 126.68(C

5
), 132.11(C

7
), 133.23(C

6
), 160.20(C

9
), 167.11(C

2
), 

28.46(C
11
), 14.58 (ʉ

12
). ʀʂ ʩʧʝʢʪʨ, ʩʤ

-1
: ɸr 1555-1490; N=C 1610-1590; CH(Ar) 3100-3055; CH3 2960-2840. 

ʄʘʩʩ-ʩʧʝʢʪʨ, m/z (I ʦʪʥ.%) : 163(51), 135(100), 102(35), 76(31). ʅʘʡʜʝʥʦ, %: C 37.13; ʅ 3.1; N 4.8; S 11.12; 

ʊʝ 43.85. C8H9NSTe. ɺʳʯʠʩʣʝʥʦ, %: C 37.17; ʅ 3.12; N 4.82; S 11.02; Te 43.87. 

2-ɸʮʝʪʘʤʠʜʪʠʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (5). ɺʳʭʦʜ 0,93 ʛ (0,0035 ʤʦʣʴ) (77 %). ɹʝʣʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʪ.ʧʣ. 188-190 
0
ʉ. ʉʧʝʢʪʨ ʗʄʈ 

1
H: 3.95 (s, 2H, CH2), 7.09 (dd, 1H, CH(5), 7.24, 7.67 (s+s, NH2), 
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7.35 (dd, 1H, CH(6), 7,80 (dd, 1H, ʉH(4), 7.97 (dd, 1H, ʉH(7). 
13

C: 37.31(C
11

), 123.53(C
5
), 123.66(C

4
), 

126.50(C
6
), 131.92(C

7
), 133.87(C

8
), 159.66(C

9
), 166.50(C

12
), 169.13(C

2
), 

15
N  109.14 (N

3
), 

125
Te 1001,50. ʀʂ 

ʩʧʝʢʪʨ, ʩʤ
-1
: ɸr 1621-1576, 1452-1426; N=C 1621-1576; CH(Ar) 3047-3000; CH3 2950-2900, ʉ=ʆ 1659; NH 

3174. ʅʘʡʜʝʥʦ, % ʉ 32,50; ʅ 2,52; N 8,76; S 10,02; ʊʝ 39,89. ʉ9ʅ8N2ʆSTʝ.  ɺʳʯʠʩʣʝʥʦ, % ʉ 33,80; ʅ2  2,52; 

N 8,76; O 5,00; S 10,01; ʊʝ 39,92.  

2-ɸʣʣʠʣʪʠʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (6)  ɺʳʭʦʜ 3,7 ʛ  (0,012 ʤʦʣʴ) (58 %). ɹʝʣʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʪ. ʧʣ.115-117
0
ʉ. ʉʧʝʢʪʨ  ʗʄʈ 

1
H, ŭH,ʤ.ʜ.: 7.13-7.09 (dd, 1H, CH(5)), 7.40-7.35 (dd, 1H, CH(6)), 

7.85-7.81 (dd, 1H, CH(4)), 8.01-7.98 (dd, 1H, CH(7)), 6.74-6.56 (dd, 2H, =ʉH2(13)), 6.43-6.19 (s, 1H, -

ʉH=(12)), 1.91-1.83 (dd, 2H, ʉH2(11)). ʉʧʝʢʪʨ ʗʄʈ
13
ʉ, ŭʉ,ʤ.ʜ.: 123.56 (C

4
), 124.15(C

8
), 126.80(C

5
), 

132.09(C
7
), 133.33(C

6
), 140.62(C

9
), 161.46(C

2
), 120.26(C

11
), 18.50 (ʉ

12
), 15.06 (ʉ

13
).  ʀʂ ʩʧʝʢʪʨ, ʩʤ

-1
: ɸr 

1600-1530, 1480-1380, N=C 1645-1570; CH(Ar) 3100-3048; NH 3100-3090; ʄʘʩʩ-ʩʧʝʢʪʨ, m/z (I ʦʪʥ.%) : 

175(37), 135(100), 102(90), 76(92). ʅʘʡʜʝʥʦ, %: C 39.63; ʅ 2.95; N 4.68; S 10.55; ʊʝ 42.19. C10H9NSTe. 

ɺʳʯʠʩʣʝʥʦ, %: C 39.66;  ʅ 2.99;  N 4.63; S 10.59; Te 42.13.  

2-ʇʨʦʧʘʨʛʠʣʪʠʦʙʝʥʟʪʝʣʣʫʨʘʟʦʣ (7) ɺʳʭʦʜ 0,57 ʛ (0,0019 ʤʦʣʴ) (50 %). ʂʨʠʩʪʘʣʣʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ, ʪ. ʧʣ.78-80
0
ʉ. ʉʧʝʢʪʨ ʗʄʈ 

1
H, ŭH,ʤ.ʜ.:  7.12-7.08 (dd, 1H, CH(5)), 7.32-7.28 

(dd, 1H, CH(6)), 7.38-7.34 (dd, 1H, CH(4)), 7.75-7.73 (dd, 1H, CH(7)), 1.22-1.13 (s, 2H, ʉH2(11)), 2.07 (s, 1H, 

ſʉH(13)). ʉʧʝʢʪʨ ʗʄʈ
13
ʉ, ŭʉ, ʤ.ʜ.: 114.93 (C

4
), 120.80(C

8
), 123.95(C

5
), 127.31(C

7
), 132.35(C

6
), 146.83(C

9
), 

195.73(C
2
), 97.50(C

11
), 18.50 (ʉ

12
), 15.06 (ʉ

13
). ʀʂ ʩʧʝʢʪʨ, ʩʤ

-1
: ɸr 1580-1540, 1485-1430, N=C 1645-1590; 

CH(Ar) 3080-3050; ʉſʉ 2150-2050. ʄʘʩʩ-ʩʧʝʢʪʨ, m/z (I ʦʪʥ.%): 173(100), 161(20), 134(67), 102(30), 76(27). 

ʅʘʡʜʝʥʦ, %: C 39.90; ʅ 2.38; N 4.68; S 10.64; ʊʝ 42,40. C10H7NSTe. ɺʳʯʠʩʣʝʥʦ, %: C 39.92; ʅ 2.35;  N 

4.66; S 10.66; Te 42.41. 
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ɻʨʠʛʦʨʴʝʚʘ ʃ.ɺ. 
â
 

ɼʦʮʝʥʪ, ʢ.ʭ.ʥ., ʢʘʬʝʜʨʘ ʦʙʱʝʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʫʥʠʚʝʨʩʠʪʝʪ çɻʦʨʥʳʡè 

 

ɺʆɿɼɽʁʉʊɺʀɽ ʇʈʆɼʋʂʊʆɺ ʆʂʀʉʃɽʅʀʗ ʇɽʈɽʈɸɹʆʊʂʀ ʕʅɽʈɻʆʈɽʉʋʈʉʆɺ  

ʅɸ ʏɽʃʆɺɽʂɸ 

                                                                                                          

   ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʛʘʟʘ, ʥʝʬʪʠ, ʫʛʣʷ ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʴ, ʫʛʦʣʴ, ʛʘʟ, ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʙʝʥʟʧʠʨʝʥ. 

Keywords: oil; coal; natural gas; carbon monoxide; benzpyrene. 

 

ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʩʳʨʴʝʤ ʜʣʷ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʥʝ ʩʣʝʜʫʝʪ ʟʘʙʳʚʘʪʴ ʦ 

ʥʝʛʘʪʠʚʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʵʢʦʩʠʩʪʝʤʫ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ, 

ʪʘʢʠʭ ʢʘʢ ʙʝʥʟʧʠʨʝʥ, ʦʢʠʩʴ ʫʛʣʝʨʦʜʘ. 

ɹʝʥʟʧʠʨʝʥ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʷʚʣʷʝʪʩʷ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʨʝʟʫʣʴʪʘʪʦʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʵʪʠʤ ʩʦʝʜʠʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩʳ ʩʞʠʛʘʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʜʨʝʚʝʩʠʥʳ, ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʦʪʭʦʜʦʚ, ʘ ʪʘʢʞʝ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʆʙʨʘʟʦʚʘʥʠʝ ʙʝʥʟʧʠʨʝʥʘ ʢʨʦʤʝ ʪʦʛʦ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʙʝʟ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ: ʘ ʠʤʝʥʥʦ, ʧʨʠ ʧʠʨʦʣʠʟʝ, ʪʣʝʥʠʠ, ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʚ ʵʪʠʭ ʧʨʦʜʫʢʪʘʭ 

ʩʦʜʝʨʞʠʪʩʷ ʦʜʠʥ ʠʟ ʝʛʦ ʠʟʦʤʝʨʦʚ 1,2-ʙʝʥʟʧʠʨʝʥ, ʢʦʥʪʨʦʣʠʨʫʶʪ ʠ ʦʧʨʝʜʝʣʷʶʪ ʙʝʥʟʧʠʨʝʥ ʤʝʪʦʜʦʤ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ.  

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʩʨʝʜʥʝʩʫʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʥʟʧʠʨʝʥʘ ʚ ʚʦʟʜʫʭʝ ʩʦʩʪʘʚʣʷʝʪ 0,1 ʤʢʛ/100 

ʤ3 ʠʣʠ 10-9 ʛ/ʤ
3
, ʚ ʧʦʯʚʝ ï 0.02 ʤʛ/ʢʛ ʚ ʩʫʤʤʝ ʩ ʫʯʝʪʦʤ ʬʦʥʦʚʦʛʦ ʫʨʦʚʥʷ, ʚ ʚʦʜʝ ï ʥʝ ʙʦʣʝʝ 0,000001 ʤʛ/ʣ, 

ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ʧʨʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ï ʥʝ ʙʦʣʝʝ 0,000005 ʤʛ/ʣ, ʚ 

ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʝ ï ʦʪ ʥʝ ʙʦʣʝʝ 0,001 ʤʢʛ/ʣ (ʚʦʜʘ ʚʳʩʰʝʛʦ ʢʘʯʝʩʪʚʘ) ʜʦ ʥʝ ʙʦʣʝʝ 0,005 ʤʢʛ/ʣ 

ʚ ʙʫʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʢʘʯʝʩʪʚʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ [1,32], ʥʦʨʤʳ 

ʩʦʜʝʨʞʘʥʠʷ ʙʝʥʟʧʠʨʝʥʘ ʧʨʝʚʳʰʝʥʳ ʚʦ ʤʥʦʛʦ ʨʘʟ, ʚ ʩʨʝʜʥʝʤ, ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʛʦʨʦʜʘʭ 

ʚʳʰʝ ʇɼʂ ʚ 5-12 ʨʘʟ, ʚ ʧʦʯʚʘʭ ï ʚ 3ï7 ʨʘʟ, ʚ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ ï ʦʪ 1,5 ʜʦ 11 ʨʘʟ. 

ɹʝʥʟʧʠʨʝʥ ʦʪʥʝʩʝʥ ʢ ʚʝʱʝʩʪʚʘʤ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ. ʇʝʨʚʳʡ ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ï ʵʪʦ 

ʚʝʱʝʩʪʚʘ ʩ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʤ ʦʧʘʩʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʷ, 

ʚʳʟʳʚʘʝʤʳʝ ʠʤʠ, ʥʝʦʙʨʘʪʠʤʳ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʝ ʧʦʜʣʝʞʘʪ, ʵʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʤʦʱʥʳʭ ʠ ʧʨʠ ʵʪʦʤ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʘʥʮʝʨʦʛʝʥʦʚ. ɹʫʜʫʯʠ ʭʠʤʠʯʝʩʢʠ ʠ ʪʝʨʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤ, ʦʙʣʘʜʘʷ 

ʩʚʦʡʩʪʚʘʤʠ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ, ʦʥ ʧʦʧʘʜʘʝʪ ʚ ʦʨʛʘʥʠʟʤ ʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʥʝʤ, ʦʢʘʟʳʚʘʷ, ʧʦʤʠʤʦ 

ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ, ʤʫʪʘʛʝʥʥʦʝ, ʵʤʙʨʠʦʪʦʢʩʠʯʝʩʢʦʝ, ʛʝʤʘʪʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʷ. 

ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʦʨʛʘʥʠʟʤ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʦʢʠʩʣʝʥʠʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʘ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʳ-I, ʜʦ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʠ ʷʚʣʷʝʪʩʷ ʢʘʥʮʝʨʦʛʝʥʦʤ, 

ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ ʥʘ ɼʅʂ ʠ ʚʳʟʳʚʘʶʱʠʤ ʝʸ ʤʫʪʘʮʠʶ ï ʧʦʚʨʝʞʜʝʥʠʝ, ʚʣʝʢʫʱʝʝ ʟʘ ʩʦʙʦʡ ʙʝʟʫʜʝʨʞʥʳʡ 

ʨʦʩʪ ʢʣʝʪʦʢ. ɺ ʦʨʛʘʥʠʟʤʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʜʨʫʛʦʡ ʬʝʨʤʝʥʪ ʦʢʩʠʜʦʨʝʜʫʩʢʪʘʟʘ-II, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʢʘʥʮʝʨʦʛʝʥʘ ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʝʛʦ ʚ ʙʝʟʚʨʝʜʥʳʝ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʚʝʱʝʩʪʚʘ.  

ʆʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʬʝʨʤʝʥʪʦʚ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʘ-I / ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʘ-II  ʟʘʚʠʩʠʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʥʢʦʣʦʛʠʠ. ʅʘ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʙʝʟʫʩʣʦʚʥʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʠ 

ʛʝʥʝʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ. ɹʣʘʛʦʧʨʠʷʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʬʝʨʤʝʥʪʦʚ ʠʤʝʶʪ ʧʨʠʤʝʨʥʦ 45% ʣʶʜʝʡ, ʝʱʝ ʫ 45% 

ʣʶʜʝʡ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʤʝʥʪʘ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʳ-I ʚ 15 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʤʝʥʪʘ 

ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʳ-II, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʦʤ ʨʠʩʢʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʫ ʦʩʪʘʚʰʠʭʩʷ 10% ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʳ-I ʚ 30 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʳ-II . 

ʋʛʦʣʴ ï ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʠʜ ʪʦʧʣʠʚʘ, ʝʛʦ ʟʘʧʘʩʳ ʟʥʘʯʠʪʝʣʴʥʝʝ ʥʝʬʪʷʥʳʭ, ʥʦ ʠ 

ʟʘʛʨʷʟʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʙʨʦʩʘʤʠ ʥʝ ʧʦʣʥʦʩʪʴʶ ʩʛʦʨʝʚʰʠʭ ʧʳʣʝʚʠʜʥʳʭ ʥʠʟʢʦʟʦʣʴʥʳʭ ʯʘʩʪʠʮ 

ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ. ɺ ʧʝʯʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʫʛʣʷʭ, ʦʩʦʙʝʥʥʦ ʥʘ ʨʘʩʧʳʣʝʥʥʳʭ, ʧʨʠ ʥʝʧʦʣʥʦʤ ʩʛʦʨʘʥʠʠ 

ʚʳʜʝʣʷʝʪʩʷ [2,28] ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʳʤʘ (ʪʦ ʝʩʪʴ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ) ʠ ʧʨʦʜʫʢʪʦʚ ʥʝʧʦʣʥʦʛʦ ʝʛʦ 

                                                 
â
 ɻʨʠʛʦʨʴʝʚʘ ʃ.ɺ., 2015 ʛ. 
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ʩʛʦʨʘʥʠʷ, ʘ ʠʤʝʥʥʦ: ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʷʷʩʴ ʩ ʛʝʤʦʛʣʦʙʠʥʦʤ ʢʨʦʚʠ, ʦʙʨʘʟʫʝʪ 

ʢʘʨʙʦʢʩʠʛʝʤʦʛʣʦʙʠʥ: 

                              Hb    +    CO   Ÿ   Hbʉʆ  

ʆʢʩʠʜ ʫʛʣʝʨʦʜʘ ʙʣʦʢʠʨʫʝʪ ʜʦʩʪʫʧ ʢʠʩʣʦʨʦʜʘ ʢ ʛʝʤʦʛʣʦʙʠʥʫ ʠ ʫʤʝʥʴʰʘʝʪ ʪʝʤ ʩʘʤʳʤ ʦʜʥʫ ʠʟ 

ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʢʨʦʚʠ ï ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʥʦʩʠʪʴ ʢʠʩʣʦʨʦʜ, ʪʦ ʝʩʪʴ ʧʠʪʘʪʴ ʢʣʝʪʢʫ.  

ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʢʨʦʤʝ ʪʦʛʦ: ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʪʘʢʠʝ ʢʘʢ ʧʳʣʴ ʫʛʣʷ ʠ ʢʦʢʩʘ; ʦʪʨʘʙʦʪʘʥʥʳʝ ʛʘʟʳ ʠ ʧʘʨʳ, ʪʘʢʠʝ ʢʘʢ: ʩʝʨʥʠʩʪʳʡ ʘʥʛʠʜʨʠʜ, ʩʝʨʦʚʦʜʦʨʦʜ, 

ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ; ʫʛʣʝʚʦʜʦʨʦʜʳ. 

ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʧʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʥʦʚʳʡ ʩʧʦʩʦʙ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʠʨʦʜʦʡ ʯʝʨʝʟ ʩʦʟʜʘʚʘʝʤʫʶ ʠʤ ʢʫʣʴʪʫʨʫ ʥʝʜʦʧʫʱʝʥʠʷ ʧʦʜʨʳʚʘ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ 

ʩʠʣ ʧʨʠʨʦʜʳ. 
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ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ 

çʌʠʟʠʢʘè,  ʂʘʣʫʞʩʢʠʡ ʬʠʣʠʘʣ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ  

ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

 

ʈʆʃʔ ɸʂʊʀɺʅʓʍ ʌʆʈʄ ʂʀʉʃʆʈʆɼɸ ɺ ʇʈʆʎɽʉʉɸʍ  

ʉɸʄʆʆʏʀʑɽʅʀʗ ʇʈʀʈʆɼʅʓʍ ɺʆɼʅʓʍ ʕʂʆʉʀʉʊɽʄ 

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ  ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ʥʘ ʧʨʦʮʝʩʩʳ ʩʘʤʦʦʯʠʱʝʥʠʷ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. ʈʘʩʩʤʦʪʨʝʥʘ ʨʦʣʴ ɸʌʂ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ 

ʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ 

ʩʦʜʝʨʞʘʥʠʷ ɸʌʂ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʩʘʤʦʦʯʠʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʛʝʥʝʨʠʨʦʚʘʪʴ ɸʌʂ, 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʧʝʨʦʢʩʠʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʦʮʝʥʠʪʴ ʩʪʘʮʠʦʥʘʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ɸʌʂ, ʢʦʪʦʨʳʡ 

ʧʨʦʚʝʨʝʥ ʚ ʥʘʪʫʨʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʨʠʤʝʨʝ ʥʝʢʦʪʦʨʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʨʦʜʥʳʝ ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ, ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. 

 

Keywords: living"natural water, reactive oxygen species (ROS), the method of determining thesteady-state 

concentrationof ROS. 

 

ɺʚʝʜʝʥʠʝ. ʇʨʠʨʦʜʥʳʝ ʚʦʜʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚʘʣʝʥʪʥʦ-ʥʘʩʳʱʝʥʥʳʝ ʤʠʢʨʦʦʙʲʝʢʪʳ (ʤʦʣʝʢʫʣʳ, ʠʦʥʳ), ʪʘʢ 

ʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʘʣʝʥʪʥʦ-ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʠʦʥ-ʨʘʜʠʢʘʣʦʚ. ʇʨʦʮʝʩʩʳ ʚ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ ʘʥʘʣʦʛʠʯʥʳ ʧʨʦʮʝʩʩʘʤ, ʧʨʦʪʝʢʘʶʱʠʤ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʦʨʛʘʥʠʟʤʝ 

ʯʝʣʦʚʝʢʘ. ʉʘʤʦʦʯʠʱʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʨʘʙʘʪʳʚʘʝʤʳʭ ɸʌʂ ï ʦʙʷʟʘʪʝʣʴʥʘʷ ʬʦʨʤʘ ʥʦʨʤʘʣʴʥʦʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ 

ʠʥʠʮʠʠʨʫʶʪ ʨʝʘʢʮʠʠ ʧʝʨʦʢʩʠʜʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʦʜʥʳʭ ʵʢʦcʠcʪʝʤ ʷʚʣʷʝʪʩʷ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʮʠʢʣ 

ʢʠʩʣʦʨʦʜʘ. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʫʯʘʩʪʠʝʤ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠcʣʦʨʦʜʘ ʧʨʦʪʝʢʘʶʪ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʘʢʪʠʚʥʳʭ ʬʦʨʤ. ʆʜʥʘʢʦ ʜʦ ʥʘcʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʤʝʭʘʥʠʟʤʳ ʵʪʠʭ 

                                                 
â
 ʃʦʛʠʥʦʚʘ ɸ.ʖ., ʉʠʣʘʝʚʘ ʅ.ɸ., 2015 ʛ. 
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ʧʨʦʮʝccʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ. ʉʪʘʮʠʦʥʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ  ɸʌʂ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʘʢʪʦʨʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʦʜʥʳʝ 

ʵʢʦʩʠʩʪʝʤʳ [1]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ɸʌʂ.  

ɺʘʞʥʝʡʰʠʡ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʦʥʝʥʪ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ï ʨʘʩʪʚʦʨʝʥʥʳʡ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʢʠʩʣʦʨʦʜ. ʆʜʥʘʢʦ ʚ ʩʠʣʫ ʪʨʠʧʣʝʪʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʤʦʣʝʢʫʣʘ2O
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʠʥʝʪʠʯʝʩʢʠ ʠʥʝʨʪʥʫʶ ʤʦʣʝʢʫʣʫ. ɺʳʩʦʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʠʩʣʦʨʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʦʡ, ʘ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʘʢʪʠʚʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʝʛʦ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʮʠʢʣʘ.  

ʀʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʧʨʦʜʫʢʪʦʚ ʘʢʪʠʚʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʩʦʚʝʪʩʢʠʤʠ ʠ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ ʥʘʯʘʣʝ 80-ʭ ʛʦʜʦʚ XX ʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʣʫʯʝʥʥʳʤʠ 

ʜʘʥʥʳʤʠ ʩʪʘʮʠʦʥʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʅ2ʆ2 ʩʦʩʪʘʚʠʣʘ 10
-5
...10

-7
 ʤʦʣʴ/ʣ,  

ʩʪʘʮʠʦʥʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ï 10
-14

...10
-12

 ʤʦʣʴ/ʣ, 

ʛʠʜʨʦʢʩʠʜʥʳʭʨʘʜʠʢʘʣʦʚ (ʆʅ
Å
) ï 10

-18
....10

-15
 ʤʦʣʴ/ʣ, ʩʫʧʝʨʦʢʩʠʜʥʳʭ

17 9
2(O ) 10 ...10¶ - --  ʤʦʣʴ/ʣ, ʘʣʢʠʣ-

ʧʝʨʦʢʩʠʜʥʳʭ
11 8

2(RO ) 10 ...10- --  ʤʦʣʴ/ʣ [2]. ʉ ʫʯʝʪʦʤ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʘʙʠʦʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠʚʝʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʘʤʦʦʯʠʱʝʥʠʝ ʧʨʠʨʦʜʥʦʡ ʚʦʜʥʦʡ ʩʨʝʜʳ. 

ʇʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʦʢʠʩʣʠʪʝʣʝʤ, ʦʜʥʘʢʦ ʝʛʦ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʚʝʣʠʢʘ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʅ2ʆ2  ʨʘʩʧʘʜʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɸʌʂ:  

2 2 2 22H O 2 2OH H Ohv ¶+  +  
ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

2 2H O  ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʠ ʟʥʘʯʝʥʠʷ ʠʭ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ k, (ʣ/ʤʦʣʴĀʩ)[3]: 

 

2 2OH OH H O¶ ¶+  ééééééééé. 
95,5 10Ö  

2 2 2OH HO O H O¶ ¶+  + ééééééé... 
101,4 10Ö  

2 2 2 2OH H O HO H O¶ ¶+  + ééééé..é. 
72,7 10Ö  

2 2 2 2 2HO H O OH H O O¶ ¶+  + +éééé.... 3,7 

2 2 2 2HO HO H O O¶+  + éééééé.é.. 
58,3 10Ö  

 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʨʝʘʢʮʠʡ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ ʠ ɸʌʂ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʩʠʣʴʥʳʤʠ 

ʦʢʠʩʣʠʪʝʣʷʤʠ (ʦʢʩʠʜʘʥʪʘʤʠ). ʀʭ ʤʦʣʝʢʫʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʞʠʚʳʭ ʢʣʝʪʦʢ ʚʩʣʝʜʩʪʚʠʝ 

ʧʦʚʨʝʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʥʠ ʩʧʦʩʦʙʥʳ ʧʨʠʯʠʥʠʪʴ ʙʠʦʤʦʣʝʢʫʣʘʤ, ʦʩʦʙʝʥʥʦ ʙʝʣʢʘʤ ʠ ʣʠʧʠʜʘʤ. ɼʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʪʦʢʩʠʯʥʦʩʪʴ ʢʠʩʣʦʨʦʜʘ ʦʙʫʩʣʦʚʣʝʥʘ ʪʦʢʩʠʯʥʦʩʪʴʶ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʟ 

ʥʝʛʦ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ.  

ʇʦʜ ʩʚʦʙʦʜʥʳʤ ʨʘʜʠʢʘʣʦʤ ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ʤʦʣʝʢʫʣʫ (ʠʣʠ ʘʪʦʤ), ʠʤʝʶʱʫʶ ʥʝʩʧʘʨʝʥʥʳʡ 

ʵʣʝʢʪʨʦʥ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʣʠʙʦ ʥʘ ʚʥʝʰʥʝʡ (ʚʘʣʝʥʪʥʦʡ) ʘʪʦʤʥʦʡ ʦʨʙʠʪʝ, ʪ. ʝ. ʫ ʤʦʣʝʢʫʣʳ ʠʣʠ ʫ ʘʪʦʤʘ 

ʧʦʷʚʣʷʝʪʩʷ ʩʚʦʙʦʜʥʘʷ ʚʘʣʝʥʪʥʦʩʪʴ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚ. ʉʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ ʥʝ ʩʪʘʙʠʣʴʥʳ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. ɺ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʥʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʣʠʙʦ ʧʨʠ 

ʠʟʤʝʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʢʣʝʪʢʫ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʜʨ.). ʂʨʦʤʝ ʪʦʛʦ, ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ ʦʙʨʘʟʫʶʪ ʧʨʠ  ʧʨʦʪʝʢʘʥʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ, ʪ. ʝ. ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʧʦʩʪʦʷʥʥʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩʳ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʚʝʣʠʢʘ ʚ 

ʣʠʧʠʜʘʭ (ʦʩʦʙʝʥʥʦ ʚ ʬʦʩʬʦʣʠʧʠʜʘʭ). ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ ʩʦʩʪʘʚʣʷʶʪ ʜʦ ı ʦʙʱʝʛʦ 

ʯʠʩʣʘ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ ʥʦʨʤʘʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʪʢʘʥʝʡ. 

ɺ ʦʨʛʘʥʠʟʤʝ ʦʙʨʘʟʫʶʪʩʷ ʚʝʩʴʤʘ ʘʢʪʠʚʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ: ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ, 

ʛʠʧʦʭʣʦʨʠʪ ʠ ʛʠʜʨʦʧʝʨʦʢʩʠʜʳ ʣʠʧʠʜʦʚ. ʊʘʢʠʝ ʤʦʣʝʢʫʣʳ ʥʘʨʷʜʫ ʩ ʨʘʜʠʢʘʣʘʤʠ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʳʚʘʶʪ reactivespecies, ʯʪʦ ʚ ʧʝʨʝʚʦʜʝ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʦʟʥʘʯʘʝʪ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ. ʂ 

ʘʢʪʠʚʥʳʤ ʬʦʨʤʘʤ ʢʠʩʣʦʨʦʜʘ ʦʪʥʦʩʷʪʩʷ ʩʫʧʝʨʦʢʩʠʜ, ʨʘʜʠʢʘʣ ʛʠʜʨʦʢʩʠʜʘ, ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ʠ 

ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ.  
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ɼʣʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʭʘʨʘʢʪʝʨʥʳ ʮʝʧʥʳʝ ʨʝʘʢʮʠʠ ï ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ, 

ʧʦʨʦʞʜʘʶʱʠʝ ʥʦʚʳʝ ʘʢʪʠʚʥʳʝ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ, ʣʝʛʢʦ ʨʝʘʛʠʨʫʶʱʠʝ ʩ ʜʨʫʛʠʤʠ ʤʦʣʝʢʫʣʘʤʠ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʮʝʧʥʳʭ ʨʝʘʢʮʠʡ ʷʚʣʷʶʪʩʷ ʧʝʨʦʢʩʠʜʳ ʠ ʩʢʦʨʦʩʪʴ 

ʵʪʠʭ ʨʝʘʢʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʚʝʩʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʶʪ ʧʝʨʦʢʩʠʜʥʳʤ ʦʢʠʩʣʝʥʠʝʤ [4]. 

ɺ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʦʪ 10 ʜʦ 50% ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʨʘʩʧʘʜʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚOH¶ ʠ ʜʨʫʛʠʭ ɸʌʂ[5]. 

ʉʦʛʣʘʩʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʙʦʪʘʤ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʦʢʩʠʜʘ 

ʚʦʜʦʨʦʜʘ ʚ ʤʦʨʷʭ ʠ ʦʢʝʘʥʘʭ, ʨʝʢʘʭ ʠ ʦʟʝʨʘʭ, ʚ ʜʦʞʜʝ ʠ ʩʥʝʛʝ ʠ ʜʘʞʝ ʚ ʠʩʢʦʧʘʝʤʳʭ ʣʴʜʘʭ ɻʨʝʥʣʘʥʜʠʠ ʠ 

ɸʥʪʘʨʢʪʠʜʳ, ʧʝʨʦʢʩʠʜ ʚʦʜʦʨʦʜʘ ï ʥʝʦʪʲʝʤʣʝʤʳʡ ʢʦʤʧʦʥʝʥʪ ʧʨʠʨʦʜʥʦʡ ʚʦʜʥʦʡ ʩʨʝʜʳ. ʄʦʞʥʦ ʜʘʞʝ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ ʵʚʦʣʶʮʠʷ ʘʵʨʦʙʥʦʡ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ ʧʨʦʠʩʭʦʜʠʣʘ ʥʝ ʪʦʣʴʢʦ 

ʥʘ ʬʦʥʝ ʧʨʠʩʫʪʩʪʚʠʷ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʳ, ʥʦ ʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. 

ʀʤʝʝʪʩʷ ʯʝʪʳʨʝ ʛʣʘʚʥʳʭ ʠʩʪʦʯʥʠʢʘ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ: 1) ʧʦʩʪʫʧʣʝʥʠʝ ʠʟ 

ʘʪʤʦʩʬʝʨʳ; 2) ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʝ ʩ ʫʯʘʩʪʠʝʤ ʢʠʩʣʦʨʦʜʘ; 3) 

ʬʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ; 4) ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʵʤʠʩʩʠʷ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚ [3]. 

ʇʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʣʦʞʝʥʠʷ ʅ2ʆ2 ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʢʘʢ ʠ ʚ ʧʨʠʨʦʜʥʦʡ ʚʦʜʝ, 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʛʝʥʝʨʘʮʠʝʡ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʯʘʩʪʠʮ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʘʤʦʦʯʠʱʝʥʠʠ 

ʚʦʜʥʦʡ ʩʨʝʜʳ, ï ʨʘʜʠʢʘʣʦʚ OH¶ ʠ 2O¶, ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʦʚ ʚ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʩʦʩʪʦʷʥʠʷʭ 

ʦʢʠʩʣʝʥʠʷ [2]. 

ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ɸʌʂ ʥʘ ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ 

ʢʨʫʛʦʚʦʨʦʪʘ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ï ʨʘʟʣʦʞʝʥʠʝ ʠ ʩʠʥʪʝʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

½ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʜʚʠʛʦʤ ʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʚʦʜʦʨʦʜʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ pH ʩʨʝʜʳ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ  ʚ ʢʘʯʝʩʪʚʝ ʦʙʦʙʱʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʜʠʥʘʤʠʢʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ. ʀʟʤʝʨʝʥʠʷ pH 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʠʦʥʦʤʝʨʦʤ ʀ-130ʄ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʥʝʚʳʭ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʩʥʦʚʥʳʝ ʦʧʳʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʨʦʙʘʭ ʚʦʜʳ ʠʟ ʩʣʝʜʫʶʱʠʭ ʨʝʢ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ: ʨ. ʆʢʘ 

(ʂʘʣʫʛʘ), ʗʯʝʥʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ (ʂʘʣʫʛʘ), ʨ. ʐʘʥʷ (ʛ. ʂʦʥʜʨʦʚʦ), ʨ. ʋʛʨʘ (ɼʟʝʨʞʠʥʩʢʠʡ ʨ-ʦʥ, ʜ. 

ʄʘʪʦʚʦ)ʠ ʇʝʨʝʤʳʰʣʴʩʢʠʡ ʨ-ʦʥ, ʨ. ɹʦʣʚʘ (ʃʶʜʠʥʦʚʩʢʠʡ ʨ-ʦʥ), ʨ. ʇʨʦʪʚʘ (ɹʦʨʦʚʩʢʠʡ ʨ-ʥ) (ʪʘʙʣʠʮʘ, 

ʨʠʩʫʥʦʢ) 

 

ʊʘʙʣʠʮʘ 

ʀʟʤʝʥʝʥʠʝ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʪʝʯʝʥʠʝ 60 ʜʥʝʡ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʵʢʦʩʠʩʪʝʤʳ 
ʨʅ 

ʨ.ʐʘʥʷ 
1 10 20 30 40 50 60 

8,03 7,6 7,65 7,97 8,2 8,22 8,22 

ʨ.ʆʢʘ 
0 10 20 30 40 50 60 

7,28 6,62 6,77 6,92 7,2 7,39 7,39 

ʨ.ʋʛʨʘ  

(ʇʝʨʝʤʳʰʣʴʩʢʠʡ ʨ-ʦʥ) 

1 10 20 30 40 50 60 

7,58 7,01 7,18 7,45 7,68 7,73 7,73 

ʨ.ɹʦʣʚʘ  

(ʃʶʜʠʥʦʚʩʢʠʡ ʨ-ʦʥ) 

1 10 20 30 40 50 60 

7,34 6,82 6,89 7,2 7,47 7,51 7,51 

ʨ.ʋʛʨʘ  

(ɼʟʝʨʞʠʥʩʢʠʡ ʨ-ʦʥ) 

1 10 20 30 40 50 60 

8,32 7,93 7,98 8,4 8,56 8,62 8,62 

ʗʯʝʥʩʢʦʝ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ 

1 10 20 30 40 50 60 

8,63 8,21 8,36 8,6 8,7 8,73 8,73 
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ʀʟʤʝʥʝʥʠʝ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚʦ ʚʨʝʤʝʥʠ 

 

ɺ ʭʦʜʝ ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʣʶʙʦʡ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʧʨʦʙʝ 

ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚʦ ʚʨʝʤʝʥʠ ʚ 

ʘʥʘʵʨʦʙʥʳʭ ʪʝʤʥʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʋʤʝʥʴʰʝʥʠʝ ʨʅ ʚ ʧʝʨʚʳʝ 10 ʜʥʝʡ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʦʩʪʝʧʝʥʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʫʛʣʝʢʠʩʣʦʪʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ɸʌʂ ʦʨʛʘʥʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʙʳ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʯʝʨʝʟ 40ï50 ʜʥʝʡ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʥʘʙʣʶʜʘʣʘʩʴ ʪʝʥʜʝʥʮʠʷ 

ʫʚʝʣʠʯʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢ 40-50 ʜʥʶ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɺʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ (0,1 ʤʦʣʴ/ʣ) ʚ ʧʨʦʙʳ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʨʅ ʩ ʤʦʤʝʥʪʘ ʚʚʝʜʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ (ʚ 1,5-2 ʨʘʟʘ ʚʳʰʝ ʠʩʭʦʜʥʦʡ 

ʧʨʦʙʳ). ʀʩʪʦʯʥʠʢʦʤ ʧʦʜʱʝʣʘʯʠʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ 

ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. ʈʘʟʣʦʞʝʥʠʝ ʧʝʨʦʢʩʠʜʘ  ʚʦʜʦʨʦʜʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦ ʟʘ 

ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʧʣʘ, ʩʚʝʪʘ, ʢʘʚʠʪʘʮʠʠ ʠ ʜʨʫʛʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ï 

ʚʩʣʝʜʩʪʚʠʝ ʜʠʩʩʦʮʠʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʘ ʠ ʛʠʜʨʦʢʩʠʜʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʣʠʙʦ ʟʘ ʩʯʝʪ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʘʜʘ ʥʘ ʚʦʜʫ ʠ ʛʠʜʨʦʢʩʠʜʥʳʡ ʨʘʜʠʢʘʣ. 

ɻʠʜʨʦʢʩʠʜʥʳʡ ʨʘʜʠʢʘʣ ï ʩʘʤʳʡ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʤ ʦʢʠʩʣʠʪʝʣʴ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ ï ʩʧʦʩʦʙʝʥ 

ʨʝʘʛʠʨʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦ ʚʩʝʤʠ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʚ ʚʦʜʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ. ʆʩʥʦʚʥʳʝ ʧʫʪʠ ʧʨʝʚʨʘʱʝʥʠʷ ʛʠʜʨʦʢʩʠʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ï ʦʪʨʳʚ 

ʚʦʜʦʨʦʜʘ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʳ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʜʠʢʘʣʘ, 

ʛʠʜʨʦʢʩʠʣʠʨʦʚʘʥʠʝ ʥʝʥʘʩʳʱʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʨʝʘʢʮʠʠ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʩ 

ʘʥʠʦʥʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʦʙʥʳʭ ʨʘʜʠʢʘʣʴʥʳʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ ʦʙʨʘʟʫʶʪʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʠ 

ʜʦʣʛʦʞʠʚʫʱʠʝ ʨʘʜʠʢʘʣʳ. ʈʝʢʦʤʙʠʥʘʮʠʷ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʨʘʜʠʢʘʣʦʚ ʧʨʠʚʦʜʠʪ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ 

ʧʦʷʚʣʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠ ʯʪʦʧʦʩʣʫʞʠʣʦ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʘ ʚ ʧʨʦʚʦʜʠʚʰʠʭʩʷ 

ʦʧʳʪʘʭ.  ʇʦʜʦʙʥʳʡ ʦʩʘʜʦʢ ʨʳʞʝʚʘʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ ʚ ʯʠʩʪʳʭ ʨʘʩʪʚʦʨʘʭ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ, ʪʘʢ ʠ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʝ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʦʪʩʪʘʠʚʘʥʠʠ.ɺ ʨʝʯʥʦʡ ʚʦʜʝ ʦʩʘʜʦʢ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʪʝʤʥʳʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʢʣʶʯʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩʳ ʨʘʜʠʢʘʣʴʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʬʨʘʛʤʝʥʪʦʚ 

ʛʫʤʫʩʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ.ɽʩʣʠ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʢʘʨʙʦʥʘʪ-ʠʦʥʦʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʠʜʨʦʢʩʠʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʥʘʠʙʦʣʝʝ 

ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

3 3OH HCO HCO OH¶ - ¶ -+  +  (1) 

ʃʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʨʝʘʢʮʠʠ (1) ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ʛʠʜʨʦʢʩʠʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʳʭ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʩʦʩʪʘʚʣʷʝʪ 
15 1710 ...10- -

 ʤʦʣʴ/ʣ. ɺ ʩʣʫʯʘʝ ʜʦʙʘʚʣʝʥʠʷ 

ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʠʜʨʦʢʩʠʣ-ʠʦʥʦʚ ʜʦʣʞʥʘ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʠ ʵʬʬʝʢʪ ʧʦʜʱʝʣʘʯʠʚʘʥʠʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ (1) ʩʪʘʥʝʪ ʙʦʣʝʝ ʟʘʤʝʪʥʳʤ. ʌʘʢʪʦʨʳ, ʫʩʢʦʨʷʶʱʠʝ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʦʢʩʠʜʘ 

ʚʦʜʦʨʦʜʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ, ʜʦʣʞʥʳ ʫʩʠʣʠʚʘʪʴ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ. ʀʤʝʥʥʦ ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʨʘʩʪʚʦʨʦʚ ʠ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʧʨʦʚʦʜʠʚʰʠʭʩʷ ʦʧʳʪʘʭ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʌʂ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʌʂ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ
2Fe + ʚ ʢʘʯʝʩʪʚʝ ʛʝʥʝʨʠʨʫʶʱʝʛʦ 

ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʚ ʠʟʚʝʩʪʥʦʡ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʠ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ k, 

ʣ/(ʤʦʣʴĀʩ) 

 
2 3

2 2Fe H O Fe OH OH+ + ¶ -+  + + ΧΧΦΦ k=рс͡κόͣͦ͡Έϊͫύ 

2 2 2 2OH H O HO H O¶ ¶+  + ΧΧΧΧΧ оϊмл7 

2 3Fe OH Fe OH+ ¶ + -+  + ΧΧΧΧΧΦ уΣоϊмл5 

2 2 2 2 2HO HO H O O¶ ¶+  + ΧΧΧΧΧΦΦ оϊмл8 

2 2OH OH H O 1 2O¶ ¶+  + ΧΧΧΦΦΦΧ рΣрϊмл9 

2 2 2OH HO H O O¶ ¶+  + ΧΧΧΧΦΦΧΦ тΣмϊмл9 

2 2HO H O¶ + ¶ + ΧΧΧΧΧΧΧΦΦΦΧ тΣрϊмл6 

2 2H O HO+ ¶ ¶+  ΧΧΧΧΧΧΦΦΦΧΧ мΣнϊмл2 

2 2 2 2HO O HO O¶ ¶ -+  + ΧΧΧΧΧΦΦΧ фΣтϊмл7 

2 2 2HO OH O H O¶ - ¶+  + ΧΧΧΧΧΦΦΦ 1010 

3 2
2 2O Fe Fe O¶ + ++  + ΧΧΧΧΧΦΧΦ мΣфϊмл9 

2 2 2H O HO H- + + ΧΧΧΧΧΦΦΦΧΧ нϊмл-2 

2 2 2HO H H O- ++  ΧΧΧΧΧΦΦΧΧΦ 1010 

2 2OH HO HO OH¶ - ¶ -+  + ΧΧΧΧΦΦΦΦΦ тΣрϊмл9 

2 2 2O OH H H O O ( )s¶ ¶ ++ +  + ΧΧΧΦΦΦ 1010 

 

ɼʣʷ ʩʣʫʯʘʷ 
2

2 2[Fe ] [H O ]+ >  ʧʨʠ 
3 5

2 2[H O ] 10 ...10- -=  ʤʦʣʴ/ʣ ʧʨʝʜʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ 
3[Fe ]+  ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʜʥʘ ʤʦʣʝʢʫʣʘ 2 2H O  ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ 

ʨʘʜʠʢʘʣʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʢʠʩʣʷʝʪ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ [1].  

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 
3 5

2 2[H O ] 10 ...10- -= ʤʦʣʴ/ʣ ʟʘ 60 ʩ ʫʩʧʝʚʘʝʪ ʧʨʦʠʟʦʡʪʠ ʯʠʩʣʦ ʘʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, 

ʨʘʚʥʦʝ ʯʠʩʣʫ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʛʠʜʨʦʢʩʠʜʥʳʭ ʨʘʜʠʢʘʣʦʚ.  

ɺʣʠʷʥʠʝ ʨʝʘʢʮʠʠ 
3 2

2 2O Fe Fe O¶ + ++  + ʩʫʱʝʩʪʚʝʥʥʦ ʪʦʣʴʢʦ ʜʣʷ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ 
2

2 2[Fe ] [H O ]+ > . ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʪʘʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʠ 

ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʬʦʨʤʦʡ ɸʌʂ ʚ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʢʩʠʜʥʳʡ ʨʘʜʠʢʘʣ. ɸʥʘʣʠʟ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʘʢʪʠʚʥʦʡ ʯʘʩʪʴʶ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʢʩʠʜʥʳʡ ʨʘʜʠʢʘʣ. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʨʝʘʢʮʠʠ ʌʝʥʪʦʥʘ ʦʩʥʦʚʘʥ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʠʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʞʝʣʝʟʘ (III) ʩ ʪʠʦʮʠʘʥʘʪ-

ʠʦʥʘʤʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʠ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʠʦʮʠʘʥʘʪ-ʠʦʥʦʚ ʚʦ ʚʩʝʭ 

ʨʘʩʪʚʦʨʘʭ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ. 

ʈʘʩʪʚʦʨ 
3[Fe ] 0,1+ =  ʤʦʣʴ/ʣ ʛʦʪʦʚʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʦʤ. ʈʝʛʠʩʪʨʘʮʠʶ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʝ ʚ ʂʌʂ-2 ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʳʭ ʢʶʚʝʪʘʭ. ɺ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ ʠʦʥʦʚ 
3[Fe ]+ʤʘʢʩʠʤʫʤ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʥʘʡʜʝʥ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 440 ʥʤ. 

ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴʶ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʯʝʨʝʟ 60 ʩ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚ ʠʩʭʦʜʥʳʝ ʧʨʦʙʳ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ 

ʠʦʥʦʚ 
2[Fe ]+. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ (ʨʅ=2,5) ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʥʝʡ ʠʩʭʦʜʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ 
2[Fe ]+  ʧʦʩʪʦʷʥʥʘ, ʘ ʦʙʨʘʟʫʶʱʠʡʩʷ 

3[Fe ]+ʥʝ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʨʝʢ ʨʘʚʥʳ: 
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ʨ.ʐʘʥʷéééééééééééééééé.é 0,24 

ʨ.ʆʢʘéééééééééééééééééé 0,13 

ʨ.ʋʛʨʘ (ʇʝʨʝʤʳʰʣʴʩʢʠʡ ʨ-ʦʥ)éééééé.é 0,18 

ʨ.ɹʦʣʚʘéééééééééééééééé.é 0,59 

ʨ.ʋʛʨʘ (ɼʟʝʨʞʠʥʩʢʠʡ ʨ-ʦʥ)ééééééé.é.. 0,35 

ʨ.ʇʨʦʪʚʘéééééééééééééééé.. 0,15 

ʗʯʝʥʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝééééééééé. 0,3 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ  ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ɸʌʂ ʦʙʥʘʨʫʞʝʥʦ ʚ ʨʝʢʝ ɹʦʣʚʝ, ʘ ʤʠʥʠʤʘʣʴʥʦʝ ï ʚ ʨʝʢʘʭ ʆʢʝ, ʇʨʦʪʚʝ, ʋʛʨʝ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʵʪʠ 

ʨʝʢʠ ʪʝʨʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ɸʌʂ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ 

ʵʚʪʨʦʬʠʨʦʚʘʥʠʶ. ɹʝʟʫʩʣʦʚʥʦ, ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʨʘʙʘʪʳʚʘʪʴ ɸʌʂ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʚ ʧʨʠʨʦʜʥʦʡ ʚʦʜʥʦʡ 

ʩʨʝʜʝ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʝʩʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʩʪʘʥʫʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ, ʤʦʞʥʦ ʙʫʜʝʪ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʩʝʨʴʝʟʥʳʝ ʚʳʚʦʜʳ ʦʙ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʋʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ɸʌʂ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʨʠʨʦʜʥʦʡ ʚʦʜʥʦʡ ʩʨʝʜʳ ʠ ʝʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʩʘʤʦʦʯʠʱʝʥʠʶ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʝʥ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʌʂ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜʳ ʦʙ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. 
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, ɸʙʜʫʨʘʭʤʘʥʦʚ ʕ.

3
 
â
   

1
ɼʦʢʪʦʨʘʥʪ; 

2
ʤʘʛʠʩʪʨʘʥʪ; 

3
ʧʨʦʬʝʩʩʦʨ, ʢʘʬʝʜʨʘ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ,  

ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʈɸɿʈɸɹʆʊʂɸ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʆɻʆ ʉɽʅʉʆʈɸ ɼʃʗ  

ʆʇʈɽɼɽʃɽʅʀʗ ʇɸʈʆɺ ʕʊʀʃʆɺʆɻʆ ʉʇʀʈʊɸ  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʤʝʪʦʜʠʢʘ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩʦʟʜʘʥ ʩʝʥʩʦʨ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʦʚ ʵʪʘʥʦʣʘ ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʛʘʟʘʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʕʪʠʣʦʚʳʡ ʩʧʠʨʪ, ʩʝʥʩʦʨ, ʤʦʥʠʪʦʨʠʥʛ, ʚʦʟʜʫʭ. 

 

ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʩʠʭʦʪʨʦʧʥʳʭ ʚʝʱʝʩʪʚ, ʷʚʣʷʝʪʩʷ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ ʯʨʝʟʤʝʨʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʛʦ ʥʝ ʠʤʝʝʪ ʩʝʙʝ ʨʘʚʥʳʭ. ʂʦʣʠʯʝʩʪʚʦ ʵʪʘʥʦʣʘ ʚ ʚʳʜʳʭʘʝʤʦʤ ʯʝʣʦʚʝʢʦʤ ʚʦʟʜʫʭʝ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʠ ʧʨʦʮʝʜʫʨʥʳʤ ʟʚʝʥʦʤ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʦʧʴʷʥʝʥʠʷ ʚ 

ʤʝʜʠʢʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʠ ʜʦʨʦʞʥʦ-ʧʘʪʨʫʣʴʥʦʡ ʩʣʫʞʙʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʢʦʥʪʨʦʣʴ ʟʘ ʝʛʦ 

                                                 
â
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ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʛʘʟʦ-ʚʦʟʜʫʰʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʪʝʭʥʠʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʦʙʣʝʤ.  

ʀʟ ʚʩʝʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʜʝʨʞʘʥʠʷ ʵʪʘʥʦʣʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ, ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ, ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʤʝʪʦʜʳ 

[1,23; 2,115; 3,10]. ʅʘʠʙʦʣʴʰʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠʟ ʧʘʨʦʛʘʟʦʚʦʡ 

ʩʤʝʩʠ ʧʦʣʫʯʘʝʪʩʷ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ. ʆʜʥʘʢʦ, ʵʪʦʪ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʛʨʦʤʦʟʜʢʦʡ ʠ ʜʦʨʦʛʦʡ 

ʘʧʧʘʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʛʦ ʠ ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠ ʩʦʟʜʘʥʥʦʛʦ ʥʘ ʠʭ ʦʩʥʦʚʳ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʚ 

ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʦʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦʨʪʘʪʠʚʥʦʩʪʴ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʘʟʨʘʙʦʪʢʘ, 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ, ʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʦʟʜʘʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʝʥʩʦʨʦʚ ʵʪʘʥʦʣʘ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʝʪʦʜʦʚ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʦʟʜʘʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ 

ʩʝʥʩʦʨʦʚ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʘʨʦʚ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ.  

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʷ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ, ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʩʝʥʩʦʨ (ʇʇʉ) ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʵʪʘʥʦʣʘ ʚ ʩʤʝʩʠ ʛʘʟʦʚ. ʇʨʦʛʨʘʤʤʘ  ʠʩʧʳʪʘʥʠʷ  ʩʝʥʩʦʨʘ ʚʢʣʶʯʘʣʘ  ʩʧʝʮʠʘʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʜʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʛʦʪʦʚʥʦʩʪʠ ʧʨʠʙʦʨʘ, ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠ ʛʨʘʜʫʠʨʦʚʦʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ 

ʚʳʷʚʣʝʥʠʝʤ ʩʪʝʧʝʥʠ ʝʛʦ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʜʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʧʠʪʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1. 

 

 
 

ʈʠʩ. 1.  ɿʘʚʠʩʠʤʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʇʇʉʉ2ʅ5ʆʅ  ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʩʝʥʩʦʨʘ 

(ʩʦʜʝʨʞʘʥʠʝ ʩʧʠʨʪʘ ʚ ʩʤʝʩʠ 350ʤʛ/ʤ
3
) 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʠʛʥʘʣʳ ʩʝʥʩʦʨʦʚ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʟʥʘʯʝʥʠʠ ʧʠʪʘʥʠʷ, ʨʘʚʥʦʡ 3,1ɺ. ʇʦʵʪʦʤʫ ʚʩʝ ʧʦʩʣʝʜʫʶʱʠʝ ʦʧʳʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʘʥʦʣʘ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʵʪʠʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʩʝʥʩʦʨʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʘ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʫ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʝʥʩʦʨʦʚ ʚʨʝʤʷ ʥʘʯʘʣʘ ʨʝʘʛʠʨʦʚʘʥʠʷ (t0,1)-3 ʩ, ʧʦʩʪʦʷʥʥʦʝ ʚʨʝʤʷ (t0,65) ʥʝ ʙʦʣʝʝ 6-8 ʩ, ʘ 

ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʢʘʟʘʥʠʡ (t0,9)- ʜʦʩʪʠʛʘʝʪ ʜʦ 14 ʩ ʠ ʧʦʣʥʦʝ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ (tʧ) 17-19 ʩ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʨʝʩʩʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʘʥʦʣʘ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ 

ʩʝʥʩʦʨʘʤʠ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʣʝʟʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʇʇʉʉ2ʅ5ʆʅ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ 

ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʧʫʩʢʘʥʠʝʤ ʯʝʨʝʟ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʝʥʩʦʨ 

ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ ʵʪʘʥʦʣʘ ʚ ʚʦʟʜʫʭʝ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʘ ʇʇʉʉ2ʅ5ʆʅ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʛʥʘʣʘ (ɽ) ʩʝʥʩʦʨʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʪʘʥʦʣʘ (ʉʩʧ) ʚ ʩʤʝʩʠ 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʚ ʠʟʫʯʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʛʥʘʣʘ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʘʥʦʣʘ ʚ ʩʤʝʩʠ ʠʤʝʝʪ ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʨʦʚʝʨʢʘ ʧʦʩʪʦʷʥʩʪʚʘ ʚʝʣʠʯʠʥ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦ ʚʨʝʤʝʥʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʝ ʩʝʥʩʦʨʘ ʚ ʪʝʯʝʥʠʝ 500 ʯʘʩ. ʈʝʟʫʣʴʪʘʪʳ 500-ʯʘʩʦʚʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1., ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʇʇʉʉ2ʅ5ʆʅ ʚ ʪʝʯʝʥʠʝ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʦ. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʇʇʉʉ2ʅ5ʆʅ (ʉʉ2ʅ5ʆʅ=1000 ʤʛ/ʤ
3
, n=5, p=0,95) 

 

ˉ 

ʧ/ʧ 

ɺʨʝʤʷ,  

ʯʘʩ 

ʉʠʛʥʘʣ ʇʇʉʉ2ʅ5ʆʅ. 

ʭ Ñæʭ S SrÅ10
2
 

1 1 125,5Ñ1,8 0,44 1,20 

2 24 124,6Ñ0,8 0,64 1,56 

3 100 123,8Ñ2,1 0,68 1,58 

4 250 123,1Ñ1,7 0,36 1,25 

5 500 124,4Ñ1,6 0,28 1,42 

 

ʉʝʣʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʝʥʩʦʨʘ ʧʘʨʦʚ ʵʪʘʥʦʣʘ ʦʧʨʝʜʝʣʷʣʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʦʨʶʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚʤʝʩʪʝ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʦʙʲʝʢʪʘʤʠ. ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʝʥʩʦʨʦʚ ʵʪʘʥʦʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.  

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʇʇʉʉ2ʅ5ʆʅ (n = 5, ʈ = 0,95) 

 

ˉ 

ʧ/ʧ 

ɺʚʝʜʝʥʦ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, ʤʛ/ʤ
3
 ʅʘʡʜʝʥʦ ʩʧʠʨʪʘ, ʤʛ/ʤ

3
 

xÑDx S SrÅ10
2
 

1 ʉ2ʅ5ʆʅ 50+CO 150+ʚʦʟʜ.  50Ñ0,4 0,16 1,25 

2 ʉ2ʅ5ʆʅ 50+CH4 150+ʚʦʟʜ 51Ñ0,6 0,08 1,50 

3     ʉ2ʅ5ʆʅ 50+H2 150+ʚʦʟʜ 52Ñ0,2 0,16 0,97 

4 ʉ2ʅ5ʆʅ 50+ʙʝʥʟ.150+ʚʦʟʜ 51Ñ0,5 0,08 1,50 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʝʥʩʦʨ ʧʦʟʚʦʣʷʝʪ ʩʝʣʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʧʘʨʳ ʩʧʠʨʪʘ ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʛʘʟʘʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʅ2, ʉʆ ʠ ʧʘʨʦʚ ʙʝʥʟʠʥʘ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʩʝʥʩʦʨʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,5 %.  

ʇʨʦʚʝʨʢʘ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʠ ʥʘ ʟʥʘʯʝʥʠʝ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ 

ʇʇʉʉ2ʅ5ʆʅ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ -10 - +50 
0
ʉ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʠʛʥʘʣʘ 

ʇʇʉʉ2ʅ5ʆʅ 1ʄ ʠ ʇʇʉʉ2ʅ5ʆʅ 2ʄ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3., ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʠʟʫʯʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʥʘʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩʝʥʩʦʨʘ. 
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ʊʘʙʣʠʮʘ 3 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʠʛʥʘʣʘ ʇʇʉʉ2ʅ5ʆʅ  ʦʪ ʪʝʤʧʝʨʘʪʫʨʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ (ʉʉ2ʅ5ʆʅ ï 750 ʤʛ/ʤ
3
, n=5, 

ʈ=0,95) 

 

ʊʝʤʧʝʨʘʪʫʨʘ, 
0
ʉ 

ʉʠʛʥʘʣ ʩʝʥʩʦʨʘ, ʤɺ 

ʇʇʉʉ2ʅ5ʆʅ 1ʄ;  

xÑDx SrÅ10
2
 

+20 97Ñ0,2 1,58 

0 95Ñ0,3 0,85 

-10 96Ñ0,4 1,07 

+30 98Ñ0,3 0,87 

+50 97Ñ0,5 0,95 

 

ʀʩʧʳʪʘʥʠʷ ʧʦ ʚʳʷʚʣʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩʝʥʩʦʨʘ ʧʨʦʚʦʜʠʣʠʩʴ 

ʚ ʠʥʪʝʨʚʘʣʝ 600-900 ʤʤ. ʨʪ. ʩʪ. 

 

ʊʘʙʣʠʮʘ 4 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʩʧʠʨʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ (ʉʉ2ʅ5ʆʅ-500 ʤʛ/ʤ
3 
, n=5, 

ʈ=0,95) 

 

ɼʘʚʣʝʥʠʷ ʛʘʟʦʚʦʡ ʩʤʝʩʠ, 

ʤʤ. ʨʪ. ʩʪ 

ʉʠʛʥʘʣ ʩʝʥʩʦʨʘ ʇʇʉʉ2ʅ5ʆʅ  , ʤɺ 

xÑDx SrÅ10
2
 

600 48Ñ0,2 0,88 

700 49Ñ0,2 0,86 

800 46Ñ0,2 1,32 

900 48Ñ0,3 0,89 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ (ʪʘʙʣʠʮʘ 4), ʚ ʠʟʫʯʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ 

ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʩʝʥʩʦʨʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʦʚ ʨʘʟʨʘʙʦʪʘʥ ʩʝʣʝʢʪʠʚʥʳʡ ʇʇʉ ʩʧʠʨʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʵʢʩʧʨʝʩʩʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʘʥʦʣʘ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʛʘʟʘʭ. 

ʀʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʘ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʠʥʪʝʨʚʘʣʝ (1-20 ʣ/ʯ) ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩʝʥʩʦʨʘ. ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩʝʥʩʦʨʦʚ ʪʘʢʞʝ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʫʛʣʦʚ ʥʘʢʣʦʥʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʩʝʥʩʦʨʳ (ʩʦʛʣʘʩʥʦ ɻʆʉʊʫ-13320-82) ʢ ʪʠʧʫ ʥʝʟʘʚʠʩʠʤʳʭ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʩʝʥʩʦʨʳ ʧʦ ʪʦʯʥʦʩʪʠ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʥʠʩʢʦʣʴʢʦ ʥʝ ʫʩʪʫʧʘʶʪ ʠʟʚʝʩʪʥʳʤ ʟʘʨʫʙʝʞʥʳʤ ʘʥʘʣʦʛʘʤ, ʩʦʭʨʘʥʠʚ ʧʨʠ ʵʪʦʤ 

ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʵʢʩʧʨʝʩʩʥʦʩʪʴ, ʧʦʨʪʘʪʠʚʥʦʩʪʴ, ʧʨʦʩʪʦʪʫ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʀʟʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʟʦʣʴ-ʛʝʣʴ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʛʘʟʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ 

ʧʣʝʥʦʢ ʠʟ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠ ʪʝʪʨʦʵʪʦʢʩʠʩʠʣʘʥʘ. ʈʘʟʨʘʙʦʪʘʥʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʘʷ ʤʝʪʦʜʠʢʘ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩʦʟʜʘʥ ʩʝʥʩʦʨ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʘʨʦʚ ʵʪʘʥʦʣʘ ʚ ʚʳʜʳʭʘʝʤʦʤ ʚʦʟʜʫʭʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʛʘʟʘʭ. ʉʦʟʜʘʥʥʳʝ ʩʝʥʩʦʨʳ ʧʦʟʚʦʣʷʶʪ 

ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʳ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʉʆ, ʚʦʜʦʨʦʜʘ, ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ, ʧʘʨʦʚ ʙʝʥʟʠʥʘ ʠ ʚʦʜʳ ʚ 

ʰʠʨʦʢʠʭ ʠʥʪʝʨʚʘʣʘʭ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʝʥʩʦʨʳ ʚ ʰʠʨʦʢʠʭ ʠʥʪʝʨʚʘʣʘʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʘʥʦʣʘ ʦʙʣʘʜʘʶʪ ʣʫʯʰʠʤʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɻʆʉʊ ʦʚ. 

ʆʮʝʥʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʝʣʝʢʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʘʥʦʣʘ. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʩʝʥʩʦʨʦʚ: ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʛʘʟʦʚ, ʧʨʝʜʨʝʡʩʦʚʳʡ ʠ 

ʧʨʝʜʩʤʝʥʥʳʡ ʦʩʤʦʪʨ ʚʦʜʠʪʝʣʝʡ, ʘʥʘʣʠʟ ʚ ʧʨʦʮʝʜʫʨʥʳʭ ʢʦʤʥʘʪʘʭ, ʢʣʠʥʠʢ ʠ ʧʦʣʠʢʣʠʥʠʢ ʜʣʷ ʪʦʯʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʠʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʘʮʠʝʥʪʦʚ ʠ ʜʨ. ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʩʘʤʦʢʦʥʪʨʦʣʷ. 
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ʉʝʚʝʨʦ-ʆʩʝʪʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʉʀʅʊɽɿ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆɼʋʂʊʆɺ ʇʆʃʀʂʆʅɼɽʅʉɸʎʀʀ  

9-(3,5-ɼʀ-ʊʈɽʊ.-ɹʋʊʀʃ-4-ɻʀɼʈʆʂʉʀʌɽʅʀʃ)- 

ʊɽʊʈɸʄɽʊʀʃɼɽʂɸɻʀɼʈʆɸʂʈʀɼʀʅɼʀʆʅɸ-1,8  

ʉ ɸʃʀʌɸʊʀʏɽʉʂʀʄʀ ɼʀɸʄʀʅɸʄʀ 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʝʘʢʮʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʉ=ʆ ʥʘ ʧʨʠʤʝʨʝ 10-ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʜʝʢʘʛʠʜʨʦʘʢʨʠʜʠʥʜʠʦʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ 

ʬʨʘʛʤʝʥʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʟʘʪʨʫʜʥʝʥʥʦʛʦ ʬʝʥʦʣʘ, ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʜʠʘʤʠʥʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʡ ʢʦʥʜʝʥʩʘʮʠʡ ʪʘʢʦʛʦ ʪʠʧʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʥʜʝʥʩʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʩʭʝʤʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʝʪʠʤʠʥʦʚ (ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ). 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʠʟʚʦʜʥʳʝ ʜʝʢʘʛʠʜʨʦʘʢʨʠʜʠʥ-1,8-ʜʠʦʥʘ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʟʘʪʨʫʜʥʝʥʥʳʡ ʬʝʥʦʣ, 

ʦʣʠʛʦʘʟʦʤʝʪʠʥʳ. 

 

Keywords: decahydroacridine-1,8-dione derivatives, sterically hindered phenol, oligoazomethines. 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʘʢʨʠʜʠʥʘ ʠ ʝʛʦ ʛʠʜʨʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʘʩʧʝʢʪʘʭ ʭʠʤʠʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʦʝʜʠʥʝʥʠʷ, 

ʩʦʜʝʨʞʘʱʠʝ ʜʠʛʠʜʨʦʧʠʨʠʜʠʥʦʚʳʡ ʬʨʘʛʤʝʥʪ, ʧʨʦʷʚʣʷʶʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʘ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʦʷʚʣʷʶʪ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʉʦʝʜʠʥʝʥʠʷ ʩ ʪʘʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʣʘʟʝʨʥʦʡ ʪʝʭʥʠʢʝ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʟʦʥʜʦʚ [1-3]. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʨʝʘʢʮʠʷ ʢʦʥʜʝʥʩʘʮʠʠ ʜʠʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʉ=ʆ, ʥʘ ʧʨʠʤʝʨʝ 10-ʥʝʟʘʤʝʱʝʥʥʦʛʦ ʜʝʢʘʛʠʜʨʦʘʢʨʠʜʠʥʜʠʦʥʘ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʟʘʪʨʫʜʥʝʥʥʦʡ ʬʝʥʦʣʴʥʦʡ ʛʨʫʧʧʳ ʩ 1,2-ʙʠʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ (ʘʣʠʬʘʪʠ-

ʯʝʩʢʠʤʠ ʜʠʘʤʠʥʘʤʠ). 

ʈʝʘʢʮʠʝʡ ʢʦʥʜʝʥʩʘʮʠʠ ʜʠʢʘʨʙʦʥʠʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 1 (3,5-ʜʠ-ʪʨʝʪ.-ʙʫʪʠʣ-4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ-

ʪʝʪʨʘʤʝʪʠʣʜʝʢʘʛʠʜʨʦʘʢʨʠʜʠʥʜʠʦʥʘ-1,8) ʩ ʵʪʠʣʝʥ-ʜʠʘʤʠʥʦʤ (ʩʦʝʜʠʥʝʥʠʝ 2) ʧʦʣʫʯʝʥʦ ʥʦʚʦʝ ʩʦʝʜʠʥʝʥʠʝ 

3-ʦʣʠʛʦ-[9-(3,5-ʜʠ-ʪʨʝʪ.-ʙʫʪʠʣ-4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-1,8-ʙʠʩ(ʵʪʠʣʝʥʠʤʠʥʦ)ʪʝʪʨʘʤʝʪʠʣʜʝʢʘʛʠʜʨʦ-ʘʢʨʠʜʠʥ)], 

ʦʪʥʦʩʷʱʝʝʩʷ ʢ ʢʣʘʩʩʫ ʧʨʦʠʟʚʦʜʥʳʭ ʜʝʢʘʛʠʜʨʦʘʢʨʠʜʠʥʜʠʦʥʘ-1,8 ï ʧʦʣʠʘʟʦʤʝʪʠʥʘʤ (ʩʭʝʤʘ 1). 

                                                 
â
 ʏʠʛʦʨʠʥʘ ʊ.ʄ., ɽʛʦʨʦʚ ɼ.ʀ., ɸʨʫʪʶʥʷʥʮ ɸ.ɸ., ʏʠʛʦʨʠʥʘ ɽ.ɸ., 2015 ʛ. 
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ʀʟʫʯʘʷ ʧʨʦʮʝʩʩʳ ʢʦʥʜʝʥʩʘʮʠʠ ʜʝʢʘʛʠʜʨʦʘʢʨʠʜʠʥʜʠʦʥʘ (1) ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʜʠʘʤʠʥʦʤ (2), 

ʪʨʫʜʥʦʩʪʠ ʚʦʟʥʠʢʣʠ ʚ ʧʦʜʙʦʨʝ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʡ ʢʦʥʜʝʥʩʘʮʠʠ. ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ 

ʩʧʣʘʚʣʝʥʠʝʤ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ 120-140
ʦ
ʉ ʚ ʚʘʢʫʫʤʝ ʚʦʜʦʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ ʧʨʠ 100 ʤʤ.ʨʪ.ʩʪ. 

ʇʨʠ ʵʪʦʤ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʦʜʫʢʪʳ ʢʦʥʜʝʥʩʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʚʳʩʦʢʦʚʷʟʢʠʝ ʩʤʦʣʳ ʢʨʘʩʥʦʛʦ 

ʮʚʝʪʘ, ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ (ʦʙʨʘʟʦʚʘʥʠʝ ʵʤʫʣʴʩʠʠ), ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʩʧʠʨʪʘʭ, 

ʜʠʭʣʦʨʤʝʪʘʥʝ ʠ ʛʝʢʩʘʥʝ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʩʠʥʪʝʟ ʘʟʦʤʝʪʠʥʦʚ ʢʦʥʜʝʥʩʘʮʠʝʡ 

ʜʝʢʘʛʠʜʨʦʘʢʨʠʜʠʥʜʠʦʥʦʚ ʩ ʜʠʘʤʠʥʘʤʠ ʚ ʩʨʝʜʝ ʧʠʨʠʜʠʥʘ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʦʙʣʫʯʝʥʠʠ (ʋɿ) 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʫʣʴʪʨʘʟʚʫʢʦʤ ʯʘʩʪʦʪʦʡ 40 ʢɻʮ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ 

(ʩʭʝʤʘ 2).  

ʉʭʝʤʘ 2 

 

N
H

OH

O O +   2n H2N R NH2

US 40 kHz
DMF

N
H
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N NRN R N

n

R = -(CH2)2-NH-(CH2)2-,
-(CH2)2-NH-(CH2)2-NH-(CH2)2-  

n= 2 

 

ʕʪʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ 9-(3,5-ʜʠ-ʪʨʝʪ.-ʙʫʪʠʣ-4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-

ʪʝʪʨʘʤʝʪʠʣʜʝʢʘʛʠʜʨʦʘʢʨʠʜʠʥʜʠʦʥʘ-1,8 (1) ʩ ʵʪʠʣʝʥ-ʜʠʘʤʠʥʦʤ (2) ʚ ʧʠʨʠʜʠʥʝ (ʦʙʣʫʯʝʥʠʝ N=40ʢɻʮ, 

ʜʠʩʢʨʝʪʥʦ ʧʦ 2-3 ʤʠʥ) ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ (ʨʘʟʙʘʚʣʝʥʠʝ 

ʧʦʜʢʠʩʣʝʥʥʦʡ ʚʦʜʦʡ) ʧʦʣʫʯʝʥ ʪʚʝʨʜʳʡ ʧʨʦʜʫʢʪ (3) ʩ ʪ. ʧʣ. 151-152
ʦ
ʉ. ʉʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʷ  3 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʘʤʠ ʗʄʈ 
1
ʅ, ʀʂ- ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʠ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ. ʀʂ ʩʧʝʢʪʨ, ɜ, ʩʤ

-

1
: 3436 (-NH2); 3067 (=C-H); 2958 (CH2); 2872 (ʩʠʤ.CH3); 1624 (C=C, ʘʨʦʤ.); 1433, 1360 (t-Bu); 1196 (ʚʘʣ.-C-

N-), 1020 (ŸC-N<); 572 (ʜʝʬ.-C-H). ʉʧʝʢʪʨ ʗʄʈ 
1
ʅ (ŭ, ʤ. ʜ., ɼʄʉʆ-d6): 1,02 (HCH3); 1,36 (ʅt-Bu); 2,0-2,2 

(Hʉʅ2); 3,64 (ʅʉʅ2-ʉʅ2); 5,72 (HNH); 6,98 (HAr); 9,50 (HOH). ʅʘʡʜʝʥʦ, %: N 15,09. C72H56N12O2. ɺʳʯʠʩʣʝʥʦ, %: 

N 15,00. ʄʘʩʩ-ʩʧʝʢʪʨ: m/z = 516, [M]
+
. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʗʄʈ
1
H ʩʧʝʢʪʨʦʚ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 3 ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʧʨʦʪʦʥʦʚ 

ʘʟʦʤʝʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ʧʨʠ 3,40 ʤ.ʜ., ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʫʢʪʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʜʝʢʘʛʠʜʨʦʘʢʨʠʜʠʥʜʠʦʥʘ ʩ ʵʪʠʣʝʥʜʠʘʤʠʥʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʋʌ-ʩʧʝʢʪʨʦʚ ʩʧʠʨʪʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʷ 3 ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ C=N ʩʚʷʟʠ ʧʨʠ 

239 ʥʤ (ʦʙʣʘʩʪʴ 230 ï 250 ʥʤ), ʥʘʣʠʯʠʝ ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʥʘʣʠʯʠʝʤ ʧʦʣʦʩʳ ʧʨʠ 

421 ʥʤ (400ï470 ʥʤ ï ʦʙʣʘʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʧʦʣʠʝʥʦʚ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʩʦʧʨʷʞʝʥʥʳʤʠ ʩʚʷʟʷʤʠ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʝʡ ʢʦʥʜʝʥʩʘʮʠʠ 9-(3,5-ʜʠ-ʪʨʝʪ-ʙʫʪʠʣ-4-ʛʠʜʨʦʢʩʠʬʝʥʠʣ)-ʪʝʪʨʘʤʝʪʠʣ-

ʜʝʢʘʛʠʜʨʦʘʢʨʠʜʠʥʜʠʦʥʘ-1,8 ʩ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʜʠʘʤʠʥʦʤ ʧʦʣʫʯʝʥ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʥʦʚʳʡ 

ʦʣʠʛʦʘʟʦʤʝʪʠʥ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʢʣʘʩʩʫ ʧʦʣʠʘʟʘʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʧʨʠ ʩʠʥʪʝʟʝ ʩʦʝʜʠʥʝʥʠʷ 3 ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʘʟʦʤʝʪʠʥʘ ʩ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ (ʦʮʝʥʠʚʘʝʤʦʡ ʦʙʳʯʥʦ ʧʦ ʟʥʘʯʝʥʠʷʤ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ 

ʧʦʣʠʤʝʨʦʚ), ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʡʩʪʚ ʧʦʣʠʘʟʦʤʝʪʠʥʦʚ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʢʨʳʪʠʡ, ʧʣʝʥʦʢ ʠ ʚʦʣʦʢʦʥ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
1. Ismet Kaya.Syntheses, structures and properties of novel oligo(azomethine ether)s containing or not chlorine atoms in 

the main chain. //POLIMERY.- 2009. ï 54. - nr 4. - p. 344 

2. ʂʦʚʘʣʝʚ ɸ.ʀ., ʈʫʩʘʥʦʚ ɸ.ʃ., ʂʨʘʶʰʢʠʥ ʄ.ʄ., ʗʨʦʚʝʥʢʦ ɺ.ʅ., ɼʫʥʘʝʚ ɸ.ɸ., ʇɹ ʷʥʢʦʚ ʖ.ɸ., ɹʘʨʘʯʝʚʩʢʠʡ ɺ.ɸ. 

ʌʦʪʦʭʨʦʤʥʳʝ ʦʣʠʛʦʘʟʦʤʝʪʠʥʳ c ʜʠ(ʙʝʥʟʦʪʠʦʬʝʥʠʣ)ʮʠʢʣʦʧʝʥʪʝʥʦʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ. //ɺʄʉ. -2010. ï ʪ. 52. - 

ˉ 2. ï ʩ. 321-324. 

3. ʅʠʢʦʣʘʝʚʘ ʊ.ɻ., ʑʝʢʦʪʠʭʠʥ ʖ.ʄ., ʇʦʥʦʤʘʨʝʚ ɸ.ʉ, ʂʨʠʚʝʥʴʢʦ ɸ.ʇ. ʆʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʝʢʘʛʠʜʨʦʘʢʨʠʜʠʥ-1,8-ʜʠʦʥʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʨʷʜʘ 1,3-ʜʠʦʢʩʦʮʠʢʣʦʛʝʢʩʘʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ. // 

ʍɻʉ.- 2000. - ˉ4. - ʉ. 475-481. 
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ɹʀʆʃʆɻʀʏɽʉʂʀɽ ʅɸʋʂʀ 
 

 

 

ʂʘʨʘʤʳʰʝʚʘ ʅ.ʅ.
1
, ʄʦʣʦʬʝʝʚʘ ʅ.ʀ.

2
, ɺʘʩʠʣʴʝʚ ɼ.ɸ.

3 â
 

1
ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʢ.ʙ.ʥ.; 

2
ʜʦʮʝʥʪ, ʢ.ʙ.ʥ.; 

3
ʧʨʦʬʝʩʩʦʨ, ʜ.ʙ.ʥ. 

ʂʘʬʝʜʨʘ ʤʠʢʨʦʙʠʦʣʦʛʠʠ, ʚʠʨʫʩʦʣʦʛʠʠ, ʵʧʠʟʦʦʪʦʣʦʛʠʠ ʠ ɺʉʕ, 

ʌɻɹʆʋ ɺʇʆ çʋʣʴʷʥʦʚʩʢʘʷ ɻʉʍɸ ʠʤ. ʇ.ɸ. ʉʪʦʣʳʧʠʥʘè 

 

ɺʃʀʗʅʀɽ ʇɸʈʆʌʆʈʄɸ ʂɸʂ ʀʅɼʋʎʀʈʋʖʑɽɻʆ ʌɸʂʊʆʈɸ ʅɸ ʆɹʈɸɿʆɺɸʅʀɽ 

ʉʇʆʅʊɸʅʅʓʍ ɿʆʅ ʃʀɿʀʉɸ ʋ ɹɸʂʊɽʈʀʁ ʈʆɼɸ ɽ. ʉʆLI  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʭʦʜʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʘʚʰʝʡ ʧʪʠʮʳ ʩ ʧʘʪʦʣʦʛʦʘʥʘʪʦʤʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ 

ʢʦʣʠʙʘʢʪʝʨʠʦʟʘ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʠ ʩʣʫʯʘʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʦʥʪʘʥʥʳʭ ʟʦʥ ʣʠʟʠʩʘ ʥʘ ʬʦʥʝ ʢʫʣʴʪʫʨʳ 

ɽ. ʩʦli, ʚʳʜʝʣʝʥʥʦʡ ʩ ʧʘʪʤʘʪʝʨʠʘʣʘ. ɹʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʝʨʠʪʴ  ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʤ ʚʣʠʷʥʠʠ 

ʧʘʨʦʬʦʨʤʘ ʚ ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʘ ʠʥʜʫʢʮʠʠ ʥʘ ʙʘʢʪʝʨʠʠ ʛʨʫʧʧʳ ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʠ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʨʦʬʦʨʤ, ʢʦʣʠʙʘʢʪʝʨʠʦʟ, ʠʥʜʫʮʠʨʫʶʱʠʡ ʬʘʢʪʦʨ, ʩʧʦʥʪʘʥʥʳʝ ʟʦʥʳ ʣʠʟʠʩʘ. 

Keywords: ʧʘʨʦʬʦʨʤ, ʢʦʣʠʙʘʢʪʝʨʠʦʟ, the inducing factor, spontaneous zones of a lizis. 

 

ɺʚʝʜʝʥʠʝ   

ʅʘ ʧʪʠʮʝʬʘʙʨʠʢʘʭ ʚ ʢʘʯʝʩʪʚʝ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ ʫʩʪʨʘʥʷʶʱʝʛʦ ʧʘʪʦʛʝʥʥʫʶ 

ʤʠʢʨʦʬʣʦʨʫ ʧʨʠʤʝʥʷʶʪ ʧʘʨʦʬʦʨʤ, ʷʚʣʷʶʱʠʡʩʷ ʧʨʦʜʫʢʪʦʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ. ʇʨʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʘʚʰʝʡ ʧʪʠʮʳ ʩ ʧʘʪʦʣʦʛʦʘʥʘʪʦʤʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʢʦʣʠʙʘʢʪʝʨʠʦʟʘ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʠ ʩʣʫʯʘʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʦʥʪʘʥʥʳʭ ʟʦʥ ʣʠʟʠʩʘ ʥʘ ʬʦʥʝ ʢʫʣʴʪʫʨʳ ɽ. ʩʦli , 

ʚʳʜʝʣʝʥʥʦʡ ʩ ʧʘʪʤʘʪʝʨʠʘʣʘ. ʅʘʤʠ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʤ ʚʣʠʷʥʠʠ ʧʘʨʦʬʦʨʤʘ ʚ 

ʢʘʯʝʩʪʚʝ ʬʘʢʪʦʨʘ ʠʥʜʫʢʮʠʠ ʥʘ ʙʘʢʪʝʨʠʠ ʛʨʫʧʧʳ ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʠ.  

ʎʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʘ ʧʨʦʚʝʨʢʘ ʚʣʠʷʥʠʷ ʧʘʨʦʬʦʨʤʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʫʮʠʨʫʶʱʝʛʦ 

ʬʘʢʪʦʨʘ ʥʘ ʙʘʢʪʝʨʠʠ E. coli. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʥʘʙʦʨ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʦʩʫʜʳ, ʧʦʣʝʚʦʡ ʰʪʘʤʤ ɽ. ʩʦli, ʚʳʜʝʣʝʥʥʳʡ ʦʪ 

ʧʘʚʰʝʡ ʧʪʠʮʳ; ʧʘʨʦʬʦʨʤ ʚ ʨʘʟʚʝʜʝʥʠʠ; ʄʇɸ, ʕʥʜʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʨʘʙʦʯʠʝ ʨʘʩʪʚʦʨʳ ʧʘʨʘʬʦʨʤʘ  0,1%, 0,2%, 0,3%, 0,4% ʠ 0,5%. 

ɼʝʣʘʪʴ ʙʦʣʝʝ ʥʘʩʳʱʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʧʦʩʯʠʪʘʣʠ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʪ.ʢ. ʧʘʨʦʬʦʨʤ ʩʠʣʴʥʦ ʷʜʦʚʠʪ,  ʠ 

ʧʨʝʚʳʰʝʥʠʝ ʜʦʧʫʩʪʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʥʦʡ ʛʠʙʝʣʠ ʢʣʝʪʦʢ. ɺ ʧʨʦʙʠʨʢʠ ʩ ʩʫʪʦʯʥʦʡ 

ʢʫʣʴʪʫʨʦʡ  ʧʦʣʝʚʦʛʦ ʰʪʘʤʤʘ ɽ. ʩʦli  ʚʥʦʩʠʣʠ ʧʦ 0,25 ʤʣ ʨʘʙʦʯʠʭ ʨʘʟʚʝʜʝʥʠʡ, ʧʦʩʣʝ ʯʝʛʦ ʠʥʢʫʙʠʨʦʚʘʣʠ 

ʢʫʣʴʪʫʨʳ ʧʨʠ 37Áʉ 24 ʯ. ʇʦʩʣʝ ʠʥʢʫʙʠʨʦʚʘʥʠʷ ʢʫʣʴʪʫʨʫ ʚʳʩʝʚʘʣʠ ʛʘʟʦʥʦʤ ʥʘ ʯ. ʇʝʪʨʠ ʩ ʤʷʩʦ-

ʧʝʧʪʦʥʥʳʤ ʘʛʘʨʦʤ ʠ ʩʥʦʚʘ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ. ʇʨʦʩʤʦʪʨ ʯʘʰʝʢ ʥʘ ʥʘʣʠʯʠʝ ʚʦʟʤʦʞʥʦʛʦ ʧʦʷʚʣʝʥʠʷ 

ʟʦʥ ʦʪʩʫʪʩʪʚʠʷ ʨʦʩʪʘ ʥʘʯʘʣʠ ʯʝʨʝʟ 18ʯ. ʠ 24 ʯ. ʇʦʷʚʣʝʥʠʝ ʪʘʢʠʭ ʟʦʥ ʥʘ ʚʳʩʝʚʘʭ ʩ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʥʝ ʨʘʥʝʝ ʯʝʤ ʯʝʨʝʟ 24 ʯ, ʧʦʵʪʦʤʫ ʧʨʦʩʤʦʪʨ ʯʘʰʝʢ ʯʝʨʝʟ 18 ʯ ʷʚʣʷʣʩʷ 

ʢʦʥʪʨʦʣʴʥʳʤ. ʏʝʨʝʟ 18ʯ ʥʘʣʠʯʠʷ ʟʦʥ ʣʠʟʠʩʘ ʥʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʠ ʚ ʦʜʥʦʡ ʩʝʨʠʠ ʨʘʟʚʝʜʝʥʠʡ, ʘ ʯʝʨʝʟ 24 ʯ 

ʚ ʯʘʰʢʝ ʩ ʨʘʟʚʝʜʝʥʠʝʤ 0,5% ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʩʧʦʥʪʘʥʥʳʝ ʟʦʥʳ ʣʠʟʠʩʘ ʢʘʢ ʤʝʣʢʠʝ (ʩ ʠʛʦʣʴʥʦʝ ʫʰʢʦ) ʪʘʢ ʠ 

ʙʦʣʝʝ ʢʨʫʧʥʳʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 ʠ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʅʘʣʠʯʠʝ ʟʦʥ ʣʠʟʠʩʘ ʚ 24 ʯ. ʢʫʣʴʪʫʨʝ E. coli ʧʨʠ ʨʘʟʥʳʭ ʩʝʨʠʡʥʳʭ ʨʘʟʚʝʜʝʥʠʷʭ ʧʘʨʘʬʦʨʤʘ 

 

ɺʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ 
18ʯʘʩʦʚ 24 ʯʘʩʘ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʘʨʦʬʦʨʤʘ 

0,1% - - 

0,2% - - 

0,3% - - 

0,4% - - 

0,5% - + 

                                                 
â
 ʂʘʨʘʤʳʰʝʚʘ ʅ.ʅ., ʄʦʣʦʬʝʝʚʘ ʅ.ʀ., ɺʘʩʠʣʴʝʚ ɼ.ɸ., 2015 ʛ. 
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ʈʠʩ. 1. ʉʧʦʥʪʘʥʥʳʝ ʟʦʥʳ ʣʠʟʠʩʘ ʧʨʦʷʚʣʷʶʱʠʝ ʥʘ ʢʫʣʴʪʫʨʝ ɽ. ʩʦli   

ʧʦʩʣʝ 24 ʯ. ʚʦʟʜʝʡʩʪʚʠʷ ʧʘʨʦʬʦʨʤʘ 

 

ɺʪʦʨʦʡ ʟʘʜʘʯʝʡ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʚʳʷʩʥʝʥʠʝ ʧʨʠʨʦʜʳ ʩʧʦʥʪʘʥʥʳʭ ʟʦʥ ʣʠʟʠʩʘ ʪ.ʢ. ʧʦ 

ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʟʦʥʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʘʢ ʬʘʛʠ ʪʘʢ ʠ ʙʘʢʪʝʨʠʦʮʠʥʳ ʭʦʪʷ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʠʢʨʦʙʥʘʷ ʢʣʝʪʢʘ, ʩʠʥʪʝʟʠʨʫʶʱʘʷ ʙʘʢʪʝʨʠʦʮʠʥ, ʧʦʛʠʙʘʝʪ ʙʝʟ ʣʠʟʠʩʘ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʙʘʢʪʝʨʠʦʬʘʛʦʚ ʙʘʢʪʝʨʠʦʮʠʥʳ ʥʝʚʦʟʤʦʞʥʦ ʨʘʟʤʥʦʞʠʪʴ ʥʘ ʪʦʡ ʞʝ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ, ʠʟ ʢʦʪʦʨʦʡ ʦʥʠ 

ʚʳʜʝʣʝʥʳ ʪ.ʢ. ʰʪʘʤʤ ʙʘʢʪʝʨʠʡ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʣʘʩʴ ʧʦʛʠʙʰʘʷ ʢʣʝʪʢʘ, ʥʝ ʚʦʩʧʨʠʠʤʯʠʚ ʢ ʵʪʦʤʫ 

ʙʘʢʪʝʨʠʦʮʠʥʫ [1,35].  

ʇʨʦʚʝʨʢʫ ʧʨʠʨʦʜʳ ʚʳʜʝʣʝʥʥʳʭ ʟʦʥ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʫʪʝʤ ʧʝʨʝʩʝʚʘ, ʥʘ ʛʘʟʦʥ ʚʳʜʝʣʝʥʥʦʡ ʦʪ 

ʧʘʚʰʝʡ ʧʪʠʮʳ ʢʫʣʴʪʫʨʳ ɽ. ʩʦli  ʩʦʜʝʨʞʠʤʦʛʦ ʧʨʦʷʚʠʚʰʠʭʩʷ ʟʦʥ ʦʪʩʫʪʩʪʚʠʷ ʨʦʩʪʘ ʢʫʣʴʪʫʨʳ [3, 10]. ɼʣʷ 

ʵʪʦʛʦ ʘʢʢʫʨʘʪʥʦ ʢʘʩʘʣʠʩʴ  ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʧʝʪʣʝʡ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʥʝʛʘʪʠʚʥʦʡ ʢʦʣʦʥʠʠ ʠ ʵʤʫʣʴʛʠʨʦʚʘʣʠ ʝʝ 

ʚ ʧʠʪʘʪʝʣʴʥʦʤ ʙʫʣʴʦʥʝ. ʇʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʠʦʜʘ ʠʥʢʫʙʠʨʦʚʘʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ 24ʯ. ʠ 

ʧʨʦʩʚʝʪʣʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʬʘʛʦʣʠʟʘʪ ʦʩʚʦʙʦʞʜʘʣʠ ʦʪ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʦʙʨʘʙʦʪʢʦʡ ʭʣʦʨʦʬʦʨʤʦʤ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 10:1 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʵʥʝʨʛʠʯʥʳʤ ʚʩʪʨʷʭʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ ʤʠʥʫʪʳ, ʠʥʢʫʙʠʨʦʚʘʥʠʝʤ ʚ 

ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ [2,36]. ʄʝʪʦʜʦʤ ʘʛʘʨʦʚʳʭ ʩʣʦʝʚ ʧʦ 

ɻʨʘʮʠʘ ʚʳʩʝʚʘʣʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʬʘʛ ʥʘ ʯ. ʇʝʪʨʠ ʠ ʧʦʤʝʱʘʣʠ ʠʭ ʚ ʪʝʨʤʦʩʪʘʪ ʥʘ 24ʯ ʧʨʠ t 37Áʉ. ʇʨʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʦʩʤʦʪʨʝ ʯʘʰʝʢ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʟʦʥʳ ʣʠʟʠʩʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʙʘʢʪʝʨʠʦʬʘʛʘ. 

 

 
 

ʈʠʩ. 2. ɿʦʥʳ ʣʠʟʠʩʘ ʥʘ ʠʥʜʠʢʘʪʦʨʥʦʡ ʢʫʣʴʪʫʨʝ 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʘʨʦʬʦʨʤ ʧʦʧʘʜʘʷ ʩ ʦʙʝʟʟʘʨʘʞʝʥʥʳʤ ʢʦʨʤʦʤ 

ʚ ʦʨʛʘʥʠʟʤ ʧʪʠʮʳ ʙʦʣʴʥʦʡ ʢʦʣʠʙʘʢʪʝʨʠʦʟʦʤ ʚʳʟʳʚʘʝʪ ʧʦʷʚʣʝʥʠʝ ʚ ʝʝ ʦʨʛʘʥʠʟʤʝ ʩʧʦʥʪʘʥʥʦʛʦ ʧʨʦʬʘʛʘ 

ʜʝʡʩʪʚʫʷ ʢʘʢ ʩʠʣʴʥʳʡ ʠʥʜʫʮʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʥʘ ʢʣʝʪʢʠ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ɽ. ʩʦli. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʵʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʢʦʨʝʡʰʝʤʫ ʚʳʟʜʦʨʦʚʣʝʥʠʶ ʧʪʠʮʳ, ʯʝʤ ʧʨʠʤʝʥʝʥʠʝ ʦʙʳʯʥʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ. 
 

ɺʳʚʦʜʳ 

1. ʇʘʨʦʬʦʨʤ ʚ 0,5% ʨʘʟʚʝʜʝʥʠʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʜʫʮʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʙʘʢʪʝʨʠʡ ʛʨʫʧʧʳ 

ʢʠʰʝʯʥʦʡ ʧʘʣʦʯʢʠ. 

2. ʇʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʘʨʦʬʦʨʤʘ ʬʘʛ ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʠʧʠʯʥʦʛʦ ʬʘʛʘ. 
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ʈʫʯʠʥ ɸ.ɹ. 
â 

ɼʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʌɻɹʋ çʄʦʨʜʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʟʘʧʦʚʝʜʥʠʢ ʠʤʝʥʠ ʇ.ɻ. ʉʤʠʜʦʚʠʯʘè 

 

ʂ ʇʀʊɸʅʀʖ ʆɹʓʂʅʆɺɽʅʅʆɻʆ ʊʈʀʊʆʅɸ (LISSOTRITON VULGARIS (LINNAEUS, 1758))  

ɺ ʄʆʈɼʆɺʀʀ 

 

ɸʥʥʦʪʘʮʠʷ  

 ʀʟʫʯʝʥ ʪʨʦʬʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʪʨʠʪʦʥʘ ʚ ʚʦʜʥʫʶ ʬʘʟʫ ʝʛʦ ʞʠʟʥʠ. ɺ ʥʝʤ ʚʳʷʚʣʝʥʳ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʝ ʪʨʝʭ ʪʠʧʦʚ (ʢʦʣʴʯʘʪʳʝ ʯʝʨʚʠ, ʤʦʣʣʶʩʢʠ ʠ ʯʣʝʥʠʩʪʦʥʦʛʠʝ). ɹʦʣʝʝ 90% ʩʧʝʢʪʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʢʦʦʙʨʘʟʥʳʤʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʣʠʥʘ ʠ ʤʘʩʩʘ ʧʦʪʨʝʙʣʷʝʤʳʭ ʞʝʨʪʚ ʜʦʚʦʣʴʥʦ ʤʘʣʳ. 

ɺʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʪʨʦʬʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʛʨʝʙʝʥʯʘʪʦʛʦ ʪʨʠʪʦʥʦʚ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ 

ʦʙʠʪʘʥʠʠ ʚ ʚʦʜʦʝʤʝ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʳʢʥʦʚʝʥʥʳʡ ʪʨʠʪʦʥ, Lissotriton vulgaris, ʧʠʱʘ, ʧʠʪʘʥʠʝ, ʪʨʦʬʠʯʝʩʢʠʡ ʩʧʝʢʪʨ, 

ʄʦʨʜʦʚʠʷ. 

Keywords: smooth newt, Lissotriton vulgaris, food, feeding, trophic spectrum, Republic of Mordovia. 

 

ɸʨʝʘʣ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʪʨʠʪʦʥʘ, Lissotriton vulgaris (Linnaeus, 1758), ʦʭʚʘʪʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ɸʥʛʣʠʠ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʌʨʘʥʮʠʠ ʜʘʣʝʝ ʥʘ ʚʦʩʪʦʢ, ʟʘʭʚʘʪʳʚʘʷ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʉʢʘʥʜʠʥʘʚʠʠ. ʆʥ ʦʙʠʪʘʝʪ ʚ ʩʪʨʘʥʘʭ ɹʘʣʪʠʠ, ʚ ɹʝʣʦʨʫʩʩʠʠ ʠ ʋʢʨʘʠʥʝ, ʜʦʭʦʜʠʪ ʜʦ ʋʨʘʣʘ, ʜʘʣʝʝ ʧʝʨʝʭʦʜʠʪ 

ʚ ʘʟʠʘʪʩʢʫʶ ʯʘʩʪʴ ʈʦʩʩʠʠ. ʏʘʱʝ ʚʩʝʛʦ ʩʚʷʟʘʥ ʩ ʦʙʣʝʩʝʥʥʳʤʠ ʨʘʡʦʥʘʤʠ, ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʙʠʦʪʦʧʘʭ ʥʘ ʤʝʩʪʝ 

ʙʳʚʰʠʭ ʣʝʩʥʳʭ ʫʯʘʩʪʢʦʚ, ʚ ʧʘʨʢʘʭ, ʩʘʜʘʭ, ʯʘʩʪʦ ʥʘ ʦʛʦʨʦʜʘʭ, ʣʝʩʥʳʭ ʢʦʣʢʘʭ, ʢʫʩʪʘʨʥʠʢʦʚʳʭ ʟʘʨʦʩʣʷʭ, ʚ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ [4]. ɺ ʄʦʨʜʦʚʠʠ L. vulgaris ʧʨʠʫʨʦʯʝʥ ʠʤʝʥʥʦ ʢ ʪʘʢʠʤ ʙʠʦʪʦʧʘʤ [18, 19]. ʅʝʩʤʦʪʨʷ 

ʥʘ ʩʚʦʠ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ, ʪʨʠʪʦʥʳ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʪʨʦʬʠʯʝʩʢʠʭ ʩʝʪʷʭ ʙʠʦʮʝʥʦʟʦʚ. 

ʀʟʫʯʝʥʠʶ ʵʢʦʣʦʛʠʠ ʧʠʪʘʥʠʷ ʟʝʤʥʦʚʦʜʥʳʭ ʧʦʩʚʷʱʝʥʦ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ. ɺ ʄʦʨʜʦʚʠʠ 

ʠʟʫʯʘʣʠ ʪʨʦʬʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʘʤʬʠʙʠʡ [7, 8, 9-14, 17, 20]. ʆʜʥʘʢʦ ʩʧʝʢʪʨ ʧʠʪʘʥʠʷ L. 

vulgaris ʦʩʪʘʝʪʩʷ ʥʝʠʟʫʯʝʥʥʳʤ.  

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʙʠʨʘʣʠ ʚ 7 ʣʦʢʘʣʠʪʝʪʘʭ ʚ ʤʘʝ ï ʠʶʥʝ 2006-2008 ʛʛ. 

ʀʩʩʣʝʜʦʚʘʥʦ ʚ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 66 ʦʩʦʙʝʡ. ɾʠʚʦʪʥʳʝ ʥʘ ʤʝʩʪʝ ʦʪʣʦʚʘ ʬʠʢʩʠʨʦʚʘʣʠʩʴ 4%-ʥʳʤ 

ʬʦʨʤʘʣʠʥʦʤ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʠʪʘʥʠʷ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʘʥʘʣʠʟʘ 

ʩʦʜʝʨʞʠʤʦʛʦ ʞʝʣʫʜʢʦʚ ʧʦʩʣʝ ʠʭ ʚʩʢʨʳʪʠʷ. ʇʨʠ ʢʘʤʝʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʫ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ 

ʚʩʢʨʳʚʘʣʠ ʢʠʰʝʯʥʠʢ ʠ ʚʟʚʝʰʠʚʘʣʠ ʧʠʱʝʚʦʡ ʢʦʤʦʢ. ʈʘʟʙʦʨ ʩʦʜʝʨʞʠʤʦʛʦ ʢʠʰʝʯʥʠʢʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ 

ʯʘʰʢʘʭ ʇʝʪʨʠ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʦʙʲʝʢʪʦʚ ʧʠʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʜʦ ʨʦʜʘ ʧʦ 

ʦʧʨʝʜʝʣʠʪʝʣʶ [22]. ʈʘʩʩʯʠʪʳʚʘʣʠ ʚʩʪʨʝʯʘʝʤʦʩʪʴ (ʢʦʣʠʯʝʩʪʚʦ ʦʩʦʙʝʡ ʪʨʠʪʦʥʘ, ʫ ʢʦʪʦʨʳʭ ʚ ʞʝʣʫʜʢʝ 

ʥʘʡʜʝʥ ʜʘʥʥʳʡ ʦʙʲʝʢʪ ʧʠʪʘʥʠʷ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ (ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʲʝʢʪʦʚ ʜʘʥʥʦʛʦ ʚʠʜʘ ʠʣʠ ʛʨʫʧʧʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʦʙʲʝʢʪʦʚ ʧʠʪʘʥʠʷ, ʚʳʨʘʞʝʥʥʦʝ ʚ 

ʧʨʦʮʝʥʪʘʭ). ʍʦʨʦʰʦ ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʚ ʧʠʱʝʚʦʤ ʢʦʤʢʝ ʦʙʲʝʢʪʳ ʚʟʚʝʰʠʚʘʣʠ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1 ʤʛ (ʥʘ 

ʪʦʨʩʠʦʥʥʳʭ ʚʝʩʘʭ ɺʊ-500) ʠ ʠʟʤʝʨʷʣʠ ʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 1 ʤʤ). ʅʦʤʝʥʢʣʘʪʫʨʘ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʢʘʪʝʛʦʨʠʡ ʧʨʠʚʝʜʝʥʘ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʨʝʩʫʨʩʘʤ [24]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʩʧʝʢʪʨ ʧʠʪʘʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʪʨʠʪʦʥʘ ʚ ʄʦʨʜʦʚʠʠ ʚʢʣʶʯʘʝʪ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʪʨʝʭ ʪʠʧʦʚ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ: ʢʦʣʴʯʘʪʳʭ ʯʝʨʚʝʡ, ʤʦʣʣʶʩʢʦʚ ʠ ʯʣʝʥʠʩʪʦʥʦʛʠʭ. ʇʨʠ ʵʪʦʤ 

                                                 
â
 ʈʫʯʠʥ ɸ.ɹ., 2015 ʛ. 
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ʧʦʩʣʝʜʥʠʝ ʠʤʝʶʪ ʚ ʥʝʤ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. ʇʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʚ ʩʧʝʢʪʨʝ ʧʠʪʘʥʠʷ 

ʚʳʜʝʣʷʶʪʩʷ ʨʘʢʦʦʙʨʘʟʥʳʝ ï ʜʘʬʥʠʠ ʠ ʮʠʢʣʦʧʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʣʠ 90% ʦʪ ʠʭ ʦʙʱʝʛʦ ʯʠʩʣʘ ʞʝʨʪʚ. ʕʪʘ 

ʞʝ ʛʨʫʧʧʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʥʘʠʙʦʣʴʰʝʡ ʚʩʪʨʝʯʘʝʤʦʩʪʴʶ. ʇʦʤʠʤʦ ʪʦʛʦ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʩʧʝʢʪʨʝ ʧʠʪʘʥʠʷ ʠʤʝʣʠ ʣʠʯʠʥʢʠ ʜʚʫʢʨʳʣʳʭ: ʚ ʦʩʥʦʚʥʦʤ, ʭʠʨʦʥʦʤʠʜʳ, ʮʝʨʘʪʦʧʦʛʦʥʠʜʳ ʠ ʭʘʦʙʦʨʠʜʳ.  

 

ʊʘʙʣʠʮʘ 1 

ʊʨʦʬʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʪʨʠʪʦʥʘ 

 

ʊʘʢʩʦʥ ʜʦʙʳʯʠ ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ, % ɺʩʪʨʝʯʘʝʤʦʩʪʴ, % 

1. ANNELIDA    

Oligochaeta 0,06 3,0 

MOLLUSCA     

Gastropoda 0,09 4,5 

ARTHROPODA    

Crustacea    

Notostraca (Lepidurus) 0,03 1,5 

Diplostraca (Daphnia) 65,57 68,2 

Cyclopoida (Cyclops) 26,41 31,8 

Podocopida  0,15 7,6 

Insecta   

Ephemeroidea, l. 0,19 7,6 

Odonata, l. 0,43 18,2 

Plecoptera, l. 0,03 1,5 

Heteroptera   

Corixa 0,19 4,5 

Gerris 0,09 4,5 

Coleoptera, im. (ʥʝʦʧʨʝʜ.) 0,12 6,1 

Hydrophilidae, l. 0,15 3,0 

Dytiscidae, l. 0,22 6,1 

Trichoptera, l. 0,22 9,1 

Trichoptera, im. 0,03 1,5 

Diptera   

Chironomidae, l. 2,13 28,8 

Culicidae, l. 0,03 1,5 

Culicidae, pupa 0,06 1,5 

Ceratopogonidae, l. 3,21 13 

Dixidae, l. 0,22 6,1 

Chaoboridae, l. 0,37 12,1 

ʂʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ 3235 

ʆʙʨʘʙʦʪʘʥʦ ʦʩʦʙʝʡ 66 

ʇʨʠʤʝʯʘʥʠʝ: l. ï ʣʠʯʠʥʢʠ, pupa ï ʢʫʢʦʣʢʘ, im. ï ʠʤʘʛʦ.  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʠʱʝ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʪʨʠʪʦʥʘ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʚ ʦʩʥʦʚʥʦʤ ʧʝʣʘʛʠʯʝʩʢʠʝ ʬʦʨʤʳ 

ʚʦʜʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ. ʅʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʟʝʤʥʳʭ ʞʠʚʦʪʥʳʭ (ʜʦʞʜʝʚʳʝ ʯʝʨʚʠ, ʠʤʘʛʦ 

ʨʫʯʝʡʥʠʢʦʚ) ʦʙʲʷʩʥʷʝʪʩʷ, ʚʠʜʠʤʦ, ʟʘʭʚʘʪʘʤʠ ʞʝʨʪʚ, ʩʣʫʯʘʡʥʦ ʧʦʧʘʚʰʠʭ ʚ ʚʦʜʦʝʤ. 

ʊʨʦʬʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʪʨʠʪʦʥʘ ʠʟ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʷʪʩʷ. ʊʘʢ, 

ʧʨʝʙʳʚʘʷ ʚ ʚʦʜʦʝʤʘʭ ɺʝʥʛʨʠʠ, ʪʨʠʪʦʥʳ ʯʘʱʝ ʚʩʝʛʦ ʧʦʝʜʘʶʪ ʣʠʯʠʥʦʢ ʜʚʫʢʨʳʣʳʭ ʥʘʩʝʢʦʤʳʭ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʙʦʣʝʝ 65% ʦʪ ʚʩʝʭ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʧʠʪʘʥʠʷ. ɺʦ ʚʨʝʤʷ ʦʙʠʪʘʥʠʷ ʥʘ ʩʫʰʝ ʚ ʩʦʩʪʘʚʝ 

ʧʠʪʘʥʠʷ ʧʨʝʦʙʣʘʜʘʶʪ ʣʠʩʪʦʝʜʳ ʠ ʜʦʣʛʦʥʦʩʠʢʠ [26]. ɺ ʈʫʤʳʥʠʠ ʚ ʥʝʢʦʪʦʨʳʭ ʚʦʜʦʝʤʘʭ ʦʙʳʢʥʦʚʝʥʥʳʡ 

ʪʨʠʪʦʥ ʚ ʦʩʥʦʚʥʦʤ ʧʦʪʨʝʙʣʷʝʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʨʘʢʦʦʙʨʘʟʥʳʭ [23, 28], ʪʦʛʜʘ ʢʘʢ ʚ ʜʨʫʛʠʭ ʚ ʨʘʮʠʦʥ 

ʜʦʙʘʚʣʷʶʪʩʷ ʣʠʯʠʥʢʠ ʢʦʨʦʪʢʦʫʩʳʭ ʜʚʫʢʨʳʣʳʭ, ʣʠʯʠʥʢʠ ʨʫʯʝʡʥʠʢʦʚ ʠ, ʜʘʞʝ, ʣʠʯʠʥʢʠ ʙʝʩʭʚʦʩʪʳʭ 

ʘʤʬʠʙʠʡ [27]. ɺ ɸʥʛʣʠʠ ʚ ʧʨʫʜʘʭ ʦʩʥʦʚʫ ʝʛʦ ʪʨʦʬʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʩʦʩʪʘʚʣʷʶʪ Copepoda, Amphipoda, 

Culicidae ʠ Ostracoda [25]. ɺ ʧʦʧʫʣʷʮʠʷʭ ʠʟ ʨʝʛʠʦʥʦʚ ɺʦʣʞʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʋʨʘʣʘ ʦʙʳʢʥʦʚʝʥʥʳʡ ʪʨʠʪʦʥ 

ʧʦʪʨʝʙʣʷʝʪ ʚ ʧʠʱʫ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʨʘʢʦʦʙʨʘʟʥʳʭ ʠ ʣʠʯʠʥʦʢ ʜʚʫʢʨʳʣʳʭ, ʚ ʥʘʟʝʤʥʳʡ ʧʝʨʠʦʜ ï 

ʢʦʣʣʝʤʙʦʣʳ, ʪʣʠ, ʢʣʝʱʠ, ʧʘʫʢʠ [1-3, 5, 6, 15, 16, 21]. 
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ʈʘʟʤʝʨʥʳʡ ʩʦʩʪʘʚ ʞʝʨʪʚ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʪʨʠʪʦʥʘ ʧʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʝʪ. ɼʣʠʥʘ ʪʝʣʘ 

ʦʙʲʝʢʪʦʚ ʧʠʪʘʥʠʷ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʦʩʪʠʛʘʣʘ ʤʠʥʠʤʫʤʘ ʦʪ 1-2 ʤʤ (ʮʠʢʣʦʧʳ, ʜʘʬʥʠʠ) ʠ 

ʤʘʢʩʠʤʫʤʘ ʜʦ 25 ʤʤ (ʜʦʞʜʝʚʦʡ ʯʝʨʚʴ) (ʨʠʩ. 2). ʆʜʥʘʢʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʠʱʝʚʳʭ ʦʙʲʝʢʪʦʚ ʥʝ 

ʧʨʝʚʦʩʭʦʜʠʣʘ ʜʣʠʥʫ 2-9 ʤʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʤʝʨʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʘʤʦʛʦ ʪʨʠʪʦʥʘ. 

 

 
 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʪʝʣʘ ʞʝʨʪʚ ʦʪ ʨʘʟʤʝʨʦʚ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʪʨʠʪʦʥʘ  

(n=16, ʯʠʩʣʦ ʞʝʨʪʚ 53). 

 

ɿʥʘʯʠʪʝʣʴʥʳʤʠ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʣʠʯʠʥʢʠ ʞʫʢʦʚ, ʩʪʨʝʢʦʟ 

(ʩʪʨʝʣʦʢ ʠ Lestidae), ʣʠʯʠʥʢʠ ʚʝʩʥʷʥʦʢ ʠ ʢʣʦʧʳ (Corixa ʠ Gerris), ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʧʨʠ ʥʝʙʦʣʴʰʦʡ 

ʪʦʣʱʠʥʝ ʜʝʣʘʝʪ ʠʭ ʫʜʦʙʥʳʤʠ ʞʝʨʪʚʘʤʠ ʪʨʠʪʦʥʘ. ʄʘʩʩʘ ʞʝʨʪʚ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʪʨʠʪʦʥʘ ʚ ʥʘʰʠʭ ʚʳʙʦʨʢʘʭ 

ʠʟ ʨʘʟʥʳʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 1 ʜʦ 80 ʤʛ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʦʡ ʤʘʩʩʦʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 

ʜʦʞʜʝʚʳʝ ʯʝʨʚʠ, ʢʣʦʧʳ, ʣʠʯʠʥʢʠ ʨʫʯʝʡʥʠʢʦʚ ʠ ʙʨʶʭʦʥʦʛʠʝ ʤʦʣʣʶʩʢʠ. ʂ ʥʝʙʦʣʴʰʠʤ ʧʦ ʚʝʣʠʯʠʥʝ 

ʞʝʨʪʚʘʤ ʦʪʥʦʩʠʣʠʩʴ ʮʠʢʣʦʧʳ, ʜʘʬʥʠʠ, ʣʠʯʠʥʢʠ ʤʝʣʢʠʭ ʞʫʢʦʚ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʠʱʝʚʦʛʦ ʢʦʤʢʘ 

ʩʦʩʪʘʚʣʷʣʠ ʦʙʲʝʢʪʳ ʤʘʩʩʦʡ ʜʦ 100 ʤʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʠʪʦʥ ʧʦʪʨʝʙʣʷʝʪ ʚ ʦʩʥʦʚʥʦʤ ʥʝʙʦʣʴʰʠʭ ʧʦ 

ʤʘʩʩʝ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ (ʜʦ 40 ʤʛ) ʧʨʠ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʘʭ ʜʦ 9 ʤʤ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʦʙʲʝʢʪʦʚ ʧʠʪʘʥʠʷ L. vulgaris ʠ Triturus cristatus ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʝʨʚʳʝ 

ʧʨʝʜʧʦʯʠʪʘʶʪ ʙʦʣʝʝ ʤʝʣʢʠʝ ʞʝʨʪʚʳ [26]. ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʩʧʝʢʪʨʘ ʧʠʪʘʥʠʷ ʛʨʝʙʝʥʯʘʪʦʛʦ ʪʨʠʪʦʥʘ ʚ ʄʦʨʜʦʚʠʠ [9], ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʪʦ ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ 

ʘʥʘʣʦʛʠʯʥʦʤʫ ʚʳʚʦʜʫ. ɻʨʝʙʝʥʯʘʪʳʡ ʪʨʠʪʦʥ ʧʨʝʜʧʦʯʠʪʘʝʪ ʢʨʫʧʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ, ʚ ʦʩʥʦʚʥʦʤ ʣʠʯʠʥʦʢ 

ʩʪʨʝʢʦʟ, ʨʫʯʝʡʥʠʢʦʚ, ʜʚʫʢʨʳʣʳʭ [9]. ʇʨʠ ʵʪʦʤ ʚ ʪʝʭ ʞʝ ʚʦʜʦʝʤʘʭ ʦʙʳʢʥʦʚʝʥʥʳʡ ʪʨʠʪʦʥ ʧʦʪʨʝʙʣʷʝʪ 

ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʨʘʢʦʦʙʨʘʟʥʳʭ: ʜʘʬʥʠʡ ʠ ʮʠʢʣʦʧʦʚ (ʩʤ. ʪʘʙʣ. 1). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʠʩʭʦʜʠʪ 

ʩʚʦʝʦʙʨʘʟʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʪʨʦʬʠʯʝʩʢʠʭ ʥʠʰ ʜʚʫʭ ʚʠʜʦʚ ʪʨʠʪʦʥʦʚ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʦʙʠʪʘʥʠʠ: ʢʨʫʧʥʳʡ 

ʛʨʝʙʝʥʯʘʪʳʡ ʧʨʝʜʧʦʯʠʪʘʝʪ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʣʷʝʪ ʚ ʦʩʥʦʚʥʦʤ ʩʦ ʜʥʘ ʠ ʙʣʠʟ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʨʠʬʠʪʦʥ), ʘ ʤʝʣʢʠʡ ʦʙʳʢʥʦʚʝʥʥʳʡ ʪʨʠʪʦʥ ʧʦʪʨʝʙʣʷʝʪ ʙʦʣʴʰʝ 

ʧʣʘʥʢʪʦʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ (ʨʘʢʦʦʙʨʘʟʥʳʭ). 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʪʝʣʘ ʞʝʨʪʚ ʦʪ ʨʘʟʤʝʨʦʚ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʪʨʠʪʦʥʘ (n=16, ʯʠʩʣʦ ʞʝʨʪʚ 53). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʝʢʪʨ ʧʠʪʘʥʠʷ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʪʨʠʪʦʥʘ ʚ ʚʦʜʥʫʶ ʬʘʟʫ ʝʛʦ ʞʠʟʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʪʨʝʭ ʪʠʧʦʚ (ʢʦʣʴʯʘʪʳʝ ʯʝʨʚʠ, ʤʦʣʣʶʩʢʠ ʠ 

ʯʣʝʥʠʩʪʦʥʦʛʠʝ). ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʧʝʢʪʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʢʦʦʙʨʘʟʥʳʤʠ (ʙʦʣʝʝ 90%) ʠ ʣʠʯʠʥʢʘʤʠ 

ʜʚʫʢʨʳʣʳʭ (ʦʢʦʣʦ 5%). ɺ ʵʪʦʡ ʩʚʷʟʠ ʜʣʠʥʘ ʠ ʤʘʩʩʘ ʧʦʪʨʝʙʣʷʝʤʳʭ ʞʝʨʪʚ ʜʦʚʦʣʴʥʦ ʤʘʣʳ. ʊʨʦʬʠʯʝʩʢʠʝ 

ʩʧʝʢʪʨʳ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʠ ʛʨʝʙʝʥʯʘʪʦʛʦ ʪʨʠʪʦʥʦʚ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʦʙʠʪʘʥʠʠ ʚ ʚʦʜʦʝʤʘʭ ʦʪʣʠʯʘʣʠʩʴ 

ʚʝʣʠʯʠʥʦʡ ʞʝʨʪʚ ʠ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ. 
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ʍʣʫʱʝʚʩʢʘʷ ʆ.ɸ.
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, ʍʠʤʠʯ ɻ.ɿ.

2 â
 

1
ɼʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ; 

2
ʧʨʦʬʝʩʩʦʨ, ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ɽʚʨʘʟʠʡʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ (ʇʘʚʣʦʜʘʨ), ʂʘʟʘʭʩʪʘʥ 

 

ʇʈʆɹʃɽʄʓ ɸɼɸʇʊɸʎʀʀ ʀ ɿɼʆʈʆɺʔɽ ʉʊʋɼɽʅʊʆɺ 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ ʩʪʫʜʝʥʪʦʚ ʚ ʜʠʥʘʤʠʢʝ 

ʫʯʝʙʥʦʛʦ ʛʦʜʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʘʧʪʘʮʠʷ, ʟʨʠʪʝʣʴʥʘʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʪʨʝʚʦʞʥʦʩʪʴ, ʨʝʟʝʨʚʳ ʢʘʨʜʠʦ-

ʨʝʩʧʠʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʟʜʦʨʦʚʴʝ 

Summary 

The article shows the features of the psycophysiological adaptation of students in the dynamics of the 

academic year.  

 

Keywords: adaptation, visual capacity, anxiety, reserves of cardio-respiratory system, health. 

 

ʉʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʘʜʘʧʪʘʮʠʦʥʥʳʤʠ ʨʝʟʝʨʚʘʤʠ. ʆʧʪʠʤʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʦʚ ʘʜʘʧʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʦʙʩʪʚʝʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠʥʜʠʚʠʜʫʫʤʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʧʨʠʨʦʜʥʳʤʠ ʠ ʩʦʮʠʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʌʠʟʠʦʣʦʛʠʯʝʩʢʘʷ 

ʘʜʘʧʪʘʮʠʷ ʩʝʛʦʜʥʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʫʩʪʦʡʯʠʚʳʡ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ, ʪʘʢ ʞʝ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʦʨʤʘʣʴʥʫʶ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʠ ʪʨʫʜʦʚʫʶ ʘʢʪʠʚʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʚ ʥʦʚʳʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʦʮʠʘʣʴʥʳʭ) 

ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ.  

                                                 
â
 ʍʣʫʱʝʚʩʢʘʷ ʆ.ɸ., ʍʠʤʠʯ ɻ.ɿ., 2015 ʛ. 
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ɸʜʘʧʪʘʮʠʷ ï ʬʘʟʦʚʳʡ ʧʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ 

(ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʤʠ) ʠ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʥʘ ʦʩʥʦʚʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʩʠʩʪʝʤ. ʋʧʨʘʚʣʷʪʴ ʘʜʘʧʪʘʮʠʝʡ, ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ï ʪʘʢʫʶ ʮʝʣʴ 

ʜʦʣʞʥʳ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʩʦʙʦʡ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, ʨʝʰʘʶʱʠʭ ʟʘʜʘʯʫ ʦʙʝʩʧʝʯʝʥʠʷ ʟʜʦʨʦʚʴʷ 

ʥʘʩʝʣʝʥʠʷ ʠ ʩʪʫʜʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ. ʆʭʨʘʥʘ ʟʜʦʨʦʚʴʷ ʠ ʧʦʚʳʰʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ ʚʫʟʝ 

ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ. ʆʙʫʯʝʥʠʝ ʚ ʚʳʩʰʝʡ ʰʢʦʣʝ ï ʩʣʦʞʥʳʡ ʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʠʤʝʶʱʠʡ ʨʷʜ 

ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʨʝʜʲʷʚʣʷʶʱʠʡ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʩʠʭʠʢʠ ʠ ʬʠʟʠʦʣʦʛʠʠ 

ʤʦʣʦʜʳʭ ʣʶʜʝʡ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʚʫʟ ʩʪʫʜʝʥʪ ʚʳʥʫʞʜʝʥ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʢʦʤʧʣʝʢʩʫ ʥʦʚʳʭ ʬʘʢʪʦʨʦʚ, 

ʩʧʝʮʠʬʠʯʥʳʭ ʜʣʷ ʚʳʩʰʝʡ ʰʢʦʣʳ. ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ 

ʫʤʩʪʚʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʢʦʪʦʨʦʝ ʫ ʩʪʫʜʝʥʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʤʦʣʦʜʳʭ ʣʶʜʝʡ ʜʨʫʛʠʭ 

ʩʦʮʠʘʣʴʥʳʭ ʛʨʫʧʧ. ʉʦʩʪʦʷʥʠʝ ʫʤʩʪʚʝʥʥʦʛʦ ʠ ʥʝʨʚʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʝʟʢʦ ʦʙʦʩʪʨʷʝʪʩʷ ʚʦ ʚʨʝʤʷ 

ʵʢʟʘʤʝʥʘʮʠʦʥʥʳʭ ʩʝʩʩʠʡ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʠʣʴʥʳʤʠ ʵʤʦʮʠʦʥʘʣʴʥʦ-ʩʪʨʝʩʩʦʚʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ.  

ʅʘʠʙʦʣʝʝ ʦʩʪʨʦ ʵʪʘ ʧʨʦʙʣʝʤʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʫ ʩʪʫʜʝʥʪʦʚ ʧʝʨʚʦʛʦ ʢʫʨʩʘ, ʢʦʪʦʨʳʝ ʪʦʣʴʢʦ 

ʚʩʪʫʧʘʶʪ ʚ ʥʦʚʫʶ, ʚʟʨʦʩʣʫʶ ʞʠʟʥʴ. ʉʪʝʧʝʥʴ ʠʭ ʤʦʙʠʣʴʥʦʩʪʠ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʠʭ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʩʣʫʞʠʪ ʧʦʢʘʟʘʪʝʣʝʤ ʫʩʧʝʰʥʦʩʪʠ ʠʭ ʘʜʘʧʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʝʣʴʟʷ ʥʝ ʫʯʠʪʳʚʘʪʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ, ʧʨʦʷʚʣʷʶʱʫʶʩʷ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʝʛʦ ʤʳʰʣʝʥʠʷ, ʯʫʚʩʪʚ, ʦʪʥʦʰʝʥʠʡ 

ʠ ʧʦʚʝʜʝʥʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʤʦʤʝʥʪʦʤ ʧʨʦʮʝʩʩʘ ʘʜʘʧʪʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʯʥʦʩʪʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ 

ʧʝʨʠʦʜʘ ʩʪʫʜʝʥʪʦʚ ʧʝʨʚʦʛʦ ʢʫʨʩʘ. ɸʜʘʧʪʘʮʠʶ ʧʝʨʚʦʢʫʨʩʥʠʢʘ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʩʣʦʞʥʳʡ 

ʧʨʦʮʝʩʩ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʦʙʱʝʥʠʷ.  

ɸʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʘʜʘʧʪʘʮʠʠ ʧʝʨʚʦʢʫʨʩʥʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʥʘʨʫʞʠʣ ʩʣʝʜʫʶʱʠʝ ʧʨʦʪʠʚʦʨʝʯʠʷ: 1 ï ʤʝʞʜʫ ʦʙʲʝʢʪʠʚʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʩʪʫʜʝʥʪʦʚ ʧʝʨʚʳʭ ʢʫʨʩʦʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʛʦʪʦʚʥʦʩʪʴʶ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʝʜʘʛʦʛʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʫʯʝʪʦʤ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʪʫʜʝʥʪʦʚ, 

ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ; 2 ï ʤʝʞʜʫ ʦʪʩʫʪʩʪʚʠʝʤ ʫ ʧʝʨʚʦʢʫʨʩʥʠʢʦʚ ʫʤʝʥʠʷ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴʶ ʤʝʪʦʜʠʢ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʩʧʝʰʥʦʩʪʴ ʠʭ ʘʜʘʧʪʘʮʠʠ ʢ ʫʩʣʦʚʠʷʤ ʦʙʫʯʝʥʠʷ ʚ ʚʫʟʝ.  

ʊʝʦʨʝʪʠʢʦ-ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ 

ʢʦʥʮʝʧʮʠʡ ʠ ʪʝʦʨʠʡ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ ʰʢʦʣ, ʥʘʧʨʘʚʣʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʨʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʧʦ ʘʜʘʧʪʘʮʠʠ ʯʝʣʦʚʝʢʘ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [4, 9, 5]; ʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʨʦʚʥʝʡ ʘʜʘʧʪʘʮʠʠ [8]; ʦʙ ʦʙʱʝʤ ʘʜʘʧʪʘʮʠʦʥʥʦʤ ʩʠʥʜʨʦʤʝ ʠ ʦʙʱʠʭ ʤʝʭʘʥʠʟʤʘʭ 

ʘʜʘʧʪʘʮʠʠ [11]; ʦ ʚʣʠʷʥʠʠ ʩʪʨʝʩʩ-ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʘʟʚʠʪʠʝ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʪʫʜʝʥʪʦʚ [6]; 

ʪʝʦʨʠʠ ʦ ʤʝʭʘʥʠʟʤʘʭ ʫʪʦʤʣʝʥʠʷ ʧʨʠ ʫʤʩʪʚʝʥʥʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ [1, 2]; ʢʦʥʮʝʧʮʠʠ ʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚʘʭ ʘʜʘʧʪʘʮʠʠ [12]; ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʝʝ ʚʣʠʷʥʠʠ ʥʘ 

ʘʜʘʧʪʘʮʠʶ ʩʪʫʜʝʥʪʦʚ [7]; ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʢʦʥʮʝʧʮʠʠ ʦʙ ʫʩʧʝʰʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʚ ʚʫʟʝ [3].  

ɺ ʧʝʜʘʛʦʛʠʢʝ ʚʳʩʰʝʡ ʰʢʦʣʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʩʢʨʳʪʳ ʧʨʠʯʠʥʳ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʚʳʟʳʚʘʶʱʠʝ ʪʨʫʜʥʦʩʪʠ ʦʚʣʘʜʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʘ 

ʪʘʢʞʝ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʦʮʠʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʘʜʘʧʪʘʮʠʶ ʩʪʫʜʝʥʪʦʚ ʢ ʫʯʝʙʥʦ-

ʚʦʩʧʠʪʘʪʝʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ [3, 13, 10]. ɺ ʚʦʧʨʦʩʝ ʦ ʢʨʠʪʝʨʠʷʭ ʘʜʘʧʪʠʨʦʚʘʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʝʜʠʥʦʝ ʤʥʝʥʠʝ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʛʨʘʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ, 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ, ʘ ʪʘʢʞʝ çʩʪʦʠʤʦʩʪʴè ʠʣʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ).  

ʆʜʥʘʢʦ, ʘʚʪʦʨʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʠ ʦʮʝʥʢʝ ʘʜʘʧʪʘʮʠʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʟʘʪʨʘʪʳ. ʄʝʞʜʫ ʪʝʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʘʮʠʠ ʩʪʫʜʝʥʪʦʚ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʤʦʞʝʪ 

ʦʮʝʥʝʥʘ ʩ ʫʯʝʪʦʤ ʢʘʢ ʜʦʩʪʠʛʥʫʪʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʝʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ, ʪʘʢ ʠ ʚʝʣʠʯʠʥʳ ʧʦʥʝʩʝʥʥʳʭ ʟʘʪʨʘʪ 

ʥʠʞʝʣʝʞʘʱʠʭ ʫʨʦʚʥʝʡ ʨʝʛʫʣʷʮʠʠ.  

ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʧʨʦʮʝʩʩʦʚ ʘʜʘʧʪʘʮʠʠ ʩʪʫʜʝʥʪʦʚ, 

ʜʣʷ ʯʝʛʦ ʠʟʫʯʘʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʨʝʟʝʨʚʳ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʠ ʜʳʭʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤ ʚ ʨʘʟʥʳʝ 

ʩʝʟʦʥʥʳʝ ʧʝʨʠʦʜʳ. ʆʙ ʫʨʦʚʥʝ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʫʜʠʣʠ ʧʦ ʩʨʝʜʥʠʤ ʚʝʣʠʯʠʥʘʤ, ʟʘ 

ʚʝʣʠʯʠʥʫ ʙʳʩʪʨʦʛʦ ʥʝʡʨʦʛʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʝʘʢʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʠʤʘʣʩʷ ʧʨʠʨʦʩʪ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʋ ʚʩʝʭ ʠʩʧʳʪʫʝʤʳʭ ʧʘʨʘʤʝʪʨʳ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʠ ʜʳʭʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤ ʙʳʣʠ ʚ ʧʨʝʜʝʣʘʭ 

ʚʦʟʨʘʩʪʥʦʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʥʦʨʤʳ ʜʦ ʠ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʜʦʟʠʨʦʚʘʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʨʛʘʥʠʟʤʘ ʧʝʨʚʦʢʫʨʩʥʠʢʦʚ. ɺ 

ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʠʟʫʯʘʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʣʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 
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ʧʨʦʪʝʢʘʥʠʝʤ ʧʝʨʠʦʜʘ ʚʨʘʙʘʪʳʚʘʥʠʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʝʨʠʦʜʘ, ʦʮʝʥʠʚʘʝʤʦʝ ʧʦ 

ʚʝʣʠʯʠʥʘʤ: ʩʠʩʪʦʣʠʯʝʩʢʦʝ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ (ʉɸɼ), ʜʠʘʩʪʦʣʠʯʝʩʢʦʝ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ (ɼɸɼ), 

ʯʘʩʪʦʪʘ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ), ʩʠʩʪʦʣʠʯʝʩʢʠʡ ʦʙʲʝʤ ʢʨʦʚʠ (ʉʆʂ), ʤʠʥʫʪʥʳʡ ʦʙʲʝʤ ʢʨʦʚʠ 

(ʄʆʂ), ʞʠʟʥʝʥʥʘʷ ʝʤʢʦʩʪʴ ʣʝʛʢʠʭ (ɾɽʃ), ʤʠʥʫʪʥʳʡ ʦʙʲʝʤʥʳʡ ʜʳʭʘʥʠʷ (ʄʆɼ), ʯʘʩʪʦʪʘ ʜʳʭʘʥʠʷ (ʏɼ) ʠ 

ʜʳʭʘʪʝʣʴʥʳʡ ʦʙʲʝʤ (ɼʆ), ʨʘʟʣʠʯʘʣʦʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʧʦʣʥʷʝʤʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʨʘʙʦʪʳ. ʇʝʨʠʦʜ ʚʨʘʙʘʪʳʚʘʥʠʷ, ʢʘʢ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʩʪʨʝʩʩ-ʬʘʢʪʦʨʦʤ ï ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ. ʇʦʩʣʝ ʧʝʨʠʦʜʘ ʚʨʘʙʘʪʳʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʳ ʚʥʝʰʥʝʛʦ ʜʳʭʘʥʠʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʠʩʴ, ʚʦʟʥʠʢʣʦ ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʤʦʱʥʦʩʪʠ ʥʘʛʨʫʟʢʠ ʩʢʦʨʦʩʪʴ ʚʨʘʙʘʪʳʚʘʥʠʷ ʄʆɼ ʠ ɼʆ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʘʣʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʙʝʞʘʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʝʨʠʦʜʘ. ʇʦʚʳʰʝʥʥʘʷ ʚʝʥʪʠʣʷʮʠʷ ʣʝʛʢʠʭ 

ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠ ʤʝʥʝʝ ʯʘʩʪʦʛʦ ʜʳʭʘʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʝʟʝʨʚʘʭ ʜʳʭʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʪʫʜʝʥʪʦʚ.  

ɺ ʧʝʨʠʦʜ ʵʢʟʘʤʝʥʦʚ ʠ ʩʨʘʟʫ ʧʦʩʣʝ ʥʝʛʦ ʫ ʩʪʫʜʝʥʪʦʚ ʦʪʤʝʯʝʥʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʝ 

ʧʩʠʭʦ-ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʩʪʘʙʠʣʴʥʦ ʧʦʚʳʰʘʶʱʠʝʩʷ ʧʦʢʘʟʘʪʝʣʠ ʏʉʉ, ʉɸɼ ʠ ʥʝ ʩʥʠʞʘʶʱʠʝʩʷ 

ʩʨʘʟʫ ʧʦʩʣʝ ʩʜʘʯʠ ʵʢʟʘʤʝʥʘ). ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʦʚʳʰʘʣʠʩʴ ʫʨʦʚʥʠ ʉɸɼ, ʏʉʉ, ʉʆʂ, ʄʆʂ ʫ ʩʪʫʜʝʥʪʦʚ ʫ 

ʩʪʫʜʝʥʪʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ çʭʦʨʦʰʦè ʠ çʦʪʣʠʯʥʦè (27,6%), ʥʘʠʤʝʥʝʝ (8,4%) ï ʫ ʫʩʧʝʚʘʶʱʠʭ ʥʘ 

çʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè.  

ɺʳʷʚʣʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʩʠʭʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʠʧʘ ʠʭ ʪʝʤʧʝʨʘʤʝʥʪʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʪʨʘʞʝʥʠʝʤ ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʚ ʦʨʛʘʥʠʟʤʝ ʩʪʫʜʝʥʪʦʚ, 

ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʪʠʧ ʪʝʤʧʝʨʘʤʝʥʪʘ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥ ʩ ʚʝʛʝʪʘʪʠʚʥʳʤ ʬʦʥʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ.  

ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʘ ʣʠʯʥʦʩʪʥʦʡ ʪʨʝʚʦʞʥʦʩʪʠ, ʢʘʢ ʦʜʥʦʡ ʠʟ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʠʩʧʳʪʫʝʤʳʭ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʢʘʟʘʣ, ʯʪʦ ʫ ʩʪʫʜʝʥʪʦʚ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʪʝʤʧʝʨʘʤʝʥʪʝ 

ʩʘʥʛʚʠʥʠʢʘ (46%) ʚ ʩʝʨʝʜʠʥʝ ʫʯʝʙʥʦʛʦ ʛʦʜʘ ʦʪʤʝʯʝʥʦ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʪʨʝʚʦʞʥʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʦʙʠʣʴʥʦʩʪʠ ʥʝʨʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʩʘʥʛʚʠʥʠʢʦʚ. ɺ ʮʝʣʦʤ 

ʦʪʤʝʯʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʬʦʥ. ʋ ʭʦʣʝʨʠʢʦʚ (22%) ʪʘʢʞʝ ʦʪʤʝʯʝʥ ʦʧʪʠʤʘʣʴʥʳʡ 

ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʬʦʥ ʚ ʩʝʨʝʜʠʥʝ ʫʯʝʙʥʦʛʦ ʛʦʜʘ. ʋ ʬʣʝʛʤʘʪʠʢʦʚ (28%) ʠ ʤʝʣʘʥʭʦʣʠʢʦʚ (4%) ʦʪʤʝʯʝʥʦ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʪʨʝʚʦʞʥʦʩʪʠ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʫʯʝʙʥʦʛʦ ʛʦʜʘ. ʇʨʠ ʵʪʦʤ 

ʦʪʤʝʪʠʤ, ʯʪʦ ʫ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʩʫʱʝʩʪʚʫʝʪ ʩʚʦʡ, ʦʧʪʠʤʘʣʴʥʳʡ ʠʣʠ ʞʝʣʘʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʪʨʝʚʦʞʥʦʩʪʠ 

ï ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʷ ʧʦʣʝʟʥʘʷ ʪʨʝʚʦʞʥʦʩʪʴ. ʆʮʝʥʢʘ ʯʝʣʦʚʝʢʦʤ ʩʚʦʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʜʣʷ ʥʝʛʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʘʤʦʢʦʥʪʨʦʣʷ ʠ ʩʘʤʦʚʦʩʧʠʪʘʥʠʷ. ɿʨʠʪʝʣʴʥʘʷ (ʢʘʢ ʠ ʚʩʝ ʜʨʫʛʠʝ 

ʚʠʜʳ) ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ, ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʘʜʘʧʪʠʚʥʦʡ ʩ ʧʨʠʩʫʱʝʡ ʜʣʷ ʚʩʝʭ ʢʘʪʝʛʦʨʠʡ ʠʩʧʳʪʫʝʤʳʭ ʦʙʱʝʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ. ɺ ʮʝʣʦʤ, 

ʧʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ ʩʪʫʜʝʥʪʦʚ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʢ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʪʝʢʘʣ ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʨʛʘʥʠʟʤʘ ʘʜʝʢʚʘʪʥʦ ʠʟʤʝʥʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʩʦʭʨʘʥʷʪʴ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʆʙʦʟʥʘʯʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ ʪʠʧʘ ʪʝʤʧʝʨʘʤʝʥʪʘ, ʤʳ ʥʘʜʝʷʣʠʩʴ 

ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ ʦʙʲʷʩʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʘʜʘʧʪʘʮʠʠ. ɺʘʨʠʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ (ʜʘʞʝ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʛʨʫʧʧʳ) ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ ʩʣʦʞʝʥ ʠ ʚʦ 

ʤʥʦʛʦʤ ʠʥʜʠʚʠʜʫʘʣʝʥ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʘʜʘʧʪʘʮʠʦʥʥʳʭ ʨʝʟʝʨʚʦʚ ʢʘʨʜʠʦ-ʨʝʩʧʠʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʠ ʟʜʦʨʦʚʴʷ ʦʙʫʯʘʶʱʠʭʩʷ ʤʦʣʦʜʳʭ ʣʶʜʝʡ.  
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ɽʣʪʦʰʢʠʥʘ ɽ.ɺ. 
â
 

ɼʦʮʝʥʪ, ʢ.ʪ.ʥ., ʢʘʬʝʜʨʘ ʤʘʪʝʤʘʪʠʢʠ, 

ʀʨʢʫʪʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ 

 

ʄɽʊʆɼ ʇɸʈɸʄɽʊʈʀʏɽʉʂʆɻʆ ʉʀʅʊɽɿɸ ʄɽʍɸʅʀɿʄʆɺ 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʤʝʭʘʥʠʟʤʦʚ ʥʘ ʦʩʥʦʚʝ 

ʜʚʫʭʵʪʘʧʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʦʟʘʱʠʪʥʳʭ ʩʠʩʪʝʤ. ʆʧʠʩʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʤʝʭʘʥʠʟʤʦʚ ʠ ʵʪʘʧʳ ʘʥʘʣʠʟʘ ʧʫʥʢʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʥʠʟʤ, ʩʠʥʪʝʟ, ʘʥʘʣʠʟ, ʧʘʨʘʤʝʪʨʳ. 

Keywords: mechanism, synthesis, analysis, parameters. 

 

ʀʟʛʦʪʦʚʣʝʥʥʘʷ ʤʘʰʠʥʘ ʥʝʠʟʙʝʞʥʳʤ ʦʙʨʘʟʦʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʦʟʤʦʞʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʆʪʢʣʦʥʝʥʠʷ ʛʦʪʦʚʦʡ ʧʦʣʫʯʝʥʥʦʡ ʤʘʰʠʥʳ ʦʪ ʠʜʝʘʣʴʥʦʡ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʫʧʨʦʱʝʥʥʦʡ 

ʩʭʝʤʳ ʤʝʭʘʥʠʟʤʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʦʰʠʙʢʘʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʤʦʥʪʘʞʘ, ʚʣʠʷʥʠʝʤ ʜʝʡʩʪʚʠʷ ʩʠʣ, 

ʚʳʟʳʚʘʶʱʠʭ ʜʝʬʦʨʤʘʮʠʶ ʜʝʪʘʣʝʡ ʠ ʜʨ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʤʝʭʘʥʠʟʤʦʚ: 

- ʧʦʛʨʝʰʥʦʩʪʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʢʦʥʩʪʨʫʢʮʠʠ; 

- ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʢʠ ʠʟʜʝʣʠʷ; 

- ʧʦʛʨʝʰʥʦʩʪʠ ʫʩʠʣʠʡ ʠ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʚʩʝʛʦ ʠʟʜʝʣʠʷ ʠʣʠ ʝʛʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʢʦʪʦʨʳʭ ʚʳʟʚʘʥʦ ʧʦʷʚʣʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʠʟʜʝʣʠʠ; 

- ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷʤʠ ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʠʟʜʝʣʠʷ; 

- ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ. 

ʇʨʝʜʧʦʯʪʝʥʠʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʪʜʘʝʪʩʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʙʦʣʝʝ ʧʨʦʩʪʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʦʰʠʙʢʦʡ ʩʭʝʤʳ ʚʤʝʩʪʦ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ, ʥʦ ʥʝ ʠʤʝʶʱʝʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ.  

ʌʦʨʤʳ ʠ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ʟʚʝʥʴʝʚ, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ, ʚ ʦʩʥʦʚʥʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʥʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʟʚʝʥʦ. ʅʘʧʨʘʚʣʝʥʠʷ ʩʤʝʱʝʥʠʷ 

ʣɻʝʤʝʥʪʦʚ ʟʚʝʥʴʝʚ ʠ ʠʭ ʧʝʨʝʢʦʩʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʭʘʥʠʟʤʘ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ, ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ ʠ ʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʝʬʦʨʤʘʮʠʠ.  

ʈʘʟʣʠʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ: ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʟʤʝʨʦʚ, 

ʬʦʨʤʳ, ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʠ ʧʦʛʨʝʰʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʠ. ʂ ʧʦʛʨʝʰʥʦʩʪʷʤ ʨʘʟʤʝʨʦʚ ʜʝʪʘʣʝʡ ʦʪʥʦʩʷʪʩʷ ʦʰʠʙʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʪʩʪʫʧʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ. ʂ ʦʪʩʪʫʧʣʝʥʠʷʤ ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʠ ʦʪʥʦʩʷʪʩʷ: ʥʝʩʥʦʩʥʦʩʪʴ, ʪʦʨʮʦʚʦʝ ʠ ʨʘʜʠʘʣʴʥʦʝ ʙʠʝʥʠʝ, ʥʝʧʘʨʘʣʣʝʣʴʥʦʩʪʴ. 

ʥʝʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʩʪʴ ʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʜʝʪʘʣʠ [2, 45]. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʚ ʦʩʥʦʚʥʦʤ ʩʣʫʯʘʡʥʳ, ʧʦʵʪʦʤʫ ʠʭ ʚʝʣʠʯʠʥʳ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ï 

ʢʘʢ ʧʨʝʜʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʮʝʥʪʨʘ ʛʨʫʧʧʠʨʦʚʘʥʠʷ (ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ) ʦʰʠʙʢʠ. 

ɿʘʜʘʯʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʤʝʭʘʥʠʟʤʦʚ ʩʦ ʤʥʦʛʠʤʠ ʢʨʠʪʝʨʠʷʤʠ ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠʣʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʤʝʭʘʥʠʟʤʘ, ʘʛʨʝʛʘʪʘ, ʤʘʰʠʥʳ 

[1,6].  

ʇʫʩʪʴ ʥʘʤ ʜʘʥ ʥʝʢʦʪʦʨʳʡ ʥʘʙʦʨ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ  

( )Tnaaa ...1=
, ʛʜʝ LŬÍ .  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʚʝʢʪʦʨʦʚ a ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʪʦʨʦʝ ʤʥʦʞʝʩʪʚʦ 
ʧʘʨʘʤʝʪʨʦʚ 

{ }n1,i,bŬa:EŬL iii

n =¢¢Í= ,  

                                                 
â
 ɽʣʪʦʰʢʠʥʘ ɽ.ɺ., 2015 ʛ. 
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ʛʜʝ iii ba ¢¢a
ʥʝʢʦʪʦʨʳʝ ʷʚʥʳʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ.  

ɿʘʜʘʜʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚʠʜʘ:  

sjdfc jjj ,1,)( =¢¢ a
, 

ʛʜʝ 
sjf j ,1),( =a

- ʥʝʢʦʪʦʨʳʝ ʬʫʥʢʮʠʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 
( )Tnaaa ...1=

. 
ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʷʚʥʦ ʠʣʠ ʥʝʷʚʥʳʝ, ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʦʚ, 

ʟʘʚʠʩʷʱʠʭ, ʥʘʧʨʠʤʝʨ, ʦʪ ʠʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠʚʳʭ ʚ ʩʣʫʯʘʝ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʚʠʜʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ɺʝʩʴ ʥʘʙʦʨ ʦʧʪʠʤʠʟʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ 
( )Tnaaa ...1=

 ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʥʘʙʦʨʫ 

ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤʳ   
ʂʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʚʳʯʠʩʣʷʶʪʩʷ ʧʨʠ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ. ʂʘʞʜʳʡ ʪʘʢʦʡ ʨʘʩʯʝʪ 

ʢʨʠʪʝʨʠʝʚ ʥʘʟʳʚʘʝʪʩʷ ʠʩʧʳʪʘʥʠʝʤ, ʘ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʵʪʦʤ ʥʘʟʦʚʝʤ ʧʨʦʙʥʦʡ ʪʦʯʢʦʡ.  

ʇʨʠ ʢʘʞʜʦʤ i-ʦʤ ( n1,i= ) ʠʩʧʳʪʘʥʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʝʡʩʪʚʠʷ: 

- ʤʝʪʦʜ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʥʘ ʟʘʜʘʥʥʦʝ n ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʠ ʥʘ ʥʦʤʝʨ i 

ʠʩʧʳʪʘʥʠʷ; 

- ʚʳʙʠʨʘʝʪʩʷ i-ʘʷ ʧʨʦʙʥʘʷ ʪʦʯʢʘ ʠʟ n- ʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠ ʵʪʦʤ 
() nij

i ,1,10 =¢¢a
; 

- ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʦʙʥʘʷ ʪʦʯʢʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ, ʪʦ ʝʩʪʴ  

niabqa iijiii ,1),( =-+=a
,  

ʛʜʝ 
-= m1,j,q j i ʢʦʦʨʜʠʥʘʪʳ i-ʦʡ ʧʨʦʙʥʦʡ m-ʤʝʨʥʦʡ ʪʦʯʢʠ. 

- ʧʨʦʚʝʨʷʶʪʩʷ ʪʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝ ʚʳʧʦʣʥʝʥʳ, ʪʦ ʧʝʨʝʭʦʜʠʤ ʢ ʩʣʝʜʫʶʱʝʤʫ 

ʠʩʧʳʪʘʥʠʶ;  

- ʚʳʯʠʩʣʷʶʪʩʷ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ. ʀʭ ʨʘʩʯʝʪ, ʚ ʦʩʥʦʚʥʦʤ, ʩʚʷʟʘʥ ʩ ʤʝʪʦʜʘʤʠ ʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ; 

- ʧʨʦʚʝʨʷʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

- ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʢʘʞʜʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʩʪʨʦʷʪ ʪʘʙʣʠʮʳ 

ʠʩʧʳʪʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ ʨʘʩʧʦʣʘʛʘʶʪ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʧʝʨʚʦʡ ʩʪʦʠʪ ʣʫʯʰʘʷ 

ʤʦʜʝʣʴ ʧʦ ʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ. ʂʘʞʜʦʡ ʤʦʜʝʣʠ ʚ ʪʘʙʣʠʮʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ 

ia , ʟʘʰʠʬʨʦʚʘʥʥʳʡ ʚ ʥʦʤʝʨʝ i-ʛʦ ʠʩʧʳʪʘʥʠʷ; 

- ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʤʝʪʦʜʘ ʧʨʦʝʢʪʠʨʦʚʱʠʢʫ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 

ʪʘʙʣʠʮʘ ʠʩʧʳʪʘʥʠʡ.  

ʊʘʙʣʠʮʳ ʠʩʧʳʪʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ ʩʣʝʜʫʶʱʠʭ ʧʫʥʢʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʝʭʘʥʠʟʤʦʚ: 

- ʫʯʠʪʳʚʘʪʴ ʩʪʦʣʴʢʦ ʢʨʠʪʝʨʠʝʚ, ʩʢʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʰʠʥ 

ʠ ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ; 

- ʩʦʢʨʘʪʠʪʴ ʠʩʭʦʜʥʫʶ ʩʠʩʪʝʤʫ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʠ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʫʶ 

ʧʦʜʩʠʩʪʝʤʫ ʢʨʠʪʝʨʠʝʚ; 

- ʦʙʦʩʥʦʚʳʚʘʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠ ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʦʧʨʝʜʝʣʠʪʴ 

ʜʦʧʫʩʪʠʤʦʝ ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ; 

- ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʩʫʨʩʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʰʠʥʳ. 
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ɾʝʞʝʨʘ ʅ.ʀ.
1
,  ʉʘʙʘʥʯʠʥ ɺ. ʈ.

2 â 

1
ʇʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ; 

2
ʘʩʧʠʨʘʥʪ,

 

ʆʨʝʥʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʎʀʌʈʆɺɸʗ ʉʀʉʊɽʄɸ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʋʇʈɸɺʃɽʅʀʗ ʇɽʈɽʄɽʅʅʓʄ 

ʈɸɿʈɽɾɽʅʀɽʄ ɻɸɿʆɺ ɺ ʊʋʅʅɽʃʔʅʆʁ ʇɽʏʀ ʆɹɾʀɻɸ ʂɽʈɸʄʀʏɽʉʂʀʍ ʉʊɽʅʆɺʓʍ 

ʀɿɼɽʃʀʁ 

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʫʩʪʨʦʡʩʪʚ ʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʵʣʝʤʝʥʪʦʚ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ) ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʞʝʥʠʝʤ ʛʘʟʦʚ ʚ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ ʦʙʞʠʛʘ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ ʠʟʜʝʣʠʡ, ʨʘʟʨʘʙʦʪʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʉɸʋ. ʋʩʪʘʥʦʚʣʝʥʳ ʧʝʨʝʜʘʪʦʯʥʳʝ 

ʬʫʥʢʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʩʠʣʝʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʟʚʝʥʴʝʚ ʠ ʩʦʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʉɸʋ. ʇʦʩʪʨʦʝʥʳ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʇʦ ʯʘʩʪʦʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʩʯʠʪʘʥʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ 

ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʮʠʬʨʦʚʦʡ ʉɸʋ. ɺʳʯʠʩʣʝʥʳ ʠ ʧʦʩʪʨʦʝʥʳ ʯʘʩʪʦʪʥʳʝ ʠ ʧʝʨʝʭʦʜʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉɸʋ ʩ ʚʳʙʨʘʥʥʳʤ ʮʠʬʨʦʚʳʤ ʨʝʛʫʣʷʪʦʨʦʤ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ; ʩʠʩʪʝʤʘ; ʨʘʟʨʝʞʝʥʠʝ; ʪʫʥʥʝʣʴʥʘʷ ʧʝʯʴ; ʦʙʞʠʛ; 

ʢʝʨʘʤʠʯʝʩʢʦʝ ʠʟʜʝʣʠʝ; ʫʧʨʘʚʣʷʝʤʳʡ ʧʨʦʮʝʩʩ; ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ; ʜʠʥʘʤʠʯʝʩʢʦʝ ʟʚʝʥʦ; ʯʘʩʪʦʪʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; ʧʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ; ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ;  ʮʠʬʨʦʚʦʡ ʨʝʛʫʣʷʪʦʨ.   

 

Keywords: Automatic control; system; depression; tunnel oven; baking; ceramic products; managed process; 

structural scheme; dynamic link; frequency response; transient response; transfer function; a digital controller. 

 

ɺ ʨʘʙʦʪʝ [1] ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙ ʜʝʡʩʪʚʠʷ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ ʜʣʷ ʦʙʞʠʛʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ 

ʠʟʜʝʣʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ ʢʘʢ ʦʙʲʝʢʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʞʝʥʠʝʤ ʛʘʟʦʚ. ʆʙʱʘʷ ʩʭʝʤʘ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 ʠ ʩʦʜʝʨʞʠʪ: 

ʨʘʙʦʯʠʡ ʢʘʥʘʣ 1, ʢʦʪʦʨʳʡ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥ ʥʘ ʟʦʥʳ ʩʫʰʢʠ, ʧʦʜʛʦʪʦʚʢʠ, ʦʙʞʠʛʘ ʠ ʦʭʣʘʞʜʝʥʠʷ, 

ʚʝʥʪʠʣʷʪʦʨ ʦʪʙʦʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 2, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʢʦʥʮʝ ʟʦʥʳ ʦʭʣʘʞʜʝʥʠʷ, ʚʝʥʪʠʣʷʪʦʨ 3 ʧʦʜʘʯʠ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʟʦʥʫ ʦʭʣʘʞʜʝʥʠʷ, ʦʪʦʧʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ 4, ʚʝʥʪʠʣʷʪʦʨ 5, ʦʪʙʦʨʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ, 

ʨʘʟʤʝʱʝʥʥʳʡ ʧʝʨʝʜ ʟʦʥʦʡ ʩʫʰʢʠ, ʚʝʥʪʠʣʷʪʦʨ ʦʪʚʦʜʘ ʛʦʨʷʯʝʛʦ ʚʦʟʜʫʭʘ ʠʟ ʟʦʥʳ ʦʭʣʘʞʜʝʥʠʷ 6, 

ʚʝʥʪʠʣʷʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ 7, ʚʢʣʶʯʘʶʱʫʶ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʣʦʢʦʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʟʦʥʝ ʩʫʰʢʠ, ʚʝʥʪʠʣʷʪʦʨ 11 ʜʣʷ ʦʪʩʦʩʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʥʘʯʘʣʝ ʟʦʥʳ 

ʩʫʰʢʠ. ɹʣʦʢʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 7 ʩʦʩʪʦʷʪ ʠʟ ʥʘʛʥʝʪʘʶʱʝʛʦ ʚʝʥʪʠʣʷʪʦʨʘ 8, ʢ ʢʦʪʦʨʦʤʫ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʝʩʪʝ ʧʦʜʚʝʜʝʥ ʪʨʫʙʦʧʨʦʚʦʜ 9 ʜʣʷ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʠʟ ʟʦʥʳ ʦʭʣʘʞʜʝʥʠʷ ʠ ʪʨʫʙʦʧʨʦʚʦʜ 10 

ʜʣʷ ʧʦʜʩʦʩʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʇʝʨʝʜ ʚʝʥʪʠʣʷʪʦʨʦʤ 5 ʦʪʙʦʨʘ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʫʩʪʘʥʦʚʣʝʥ 

ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ 12 ʩ ʨʝʜʫʢʪʦʨʦʤ 13 ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʚʠʛʘʪʝʣʝʤ 14, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʩʠʩʪʝʤʫ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʟʨʝʞʝʥʠʷ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚ ʟʦʥʝ ʦʙʞʠʛʘ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ ʧʝʨʝʤʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʨʘʟʨʝʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 25-40 ʇʘ.   

ɺ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʞʝʥʠʝʤ ʛʘʟʦʚ ʚ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ 

ʦʙʞʠʛʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ ʠʟʜʝʣʠʡ (ʨʠʩʫʥʦʢ 1) ʚʭʦʜʷʪ: ʜʘʪʯʠʢ ʨʘʟʨʝʞʝʥʠʷ 15 ʛʘʟʦʚ ʚ ʪʫʥʥʝʣʴʥʦʡ 

ʧʝʯʠ, ʫʩʠʣʠʪʝʣʴ 16 ʩʠʛʥʘʣʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʦʪ ʜʘʪʯʠʢʘ ʨʘʟʨʝʞʝʥʠʷ, ʫʧʨʘʚʣʷʶʱʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʤʘʰʠʥʘ (ʋɺʄ) 17, ʫʩʪʨʦʡʩʪʚʦ ʩʚʷʟʠ ʩ ʦʙʲʝʢʪʦʤ ʫʧʨʘʚʣʝʥʠʷ 18, ʫʩʠʣʠʪʝʣʴ 19 ʩʠʛʥʘʣʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʦʪ ʋɺʄ, ʧʦʜʚʦʜʠʤʦʛʦ ʢ ʤʦʪʦʨʥʦʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʠʩʧʦʣʥʠʪʝʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ 14, ʨʝʜʫʢʪʦʨ 

ʤʝʭʘʥʠʯʝʩʢʠʡ 13, ʰʠʙʝʨʥʳʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ 12, ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʶʱʠʡ ʨʘʟʨʝʞʝʥʠʝ ʛʘʟʦʚ ʚ 

ʟʦʥʘʭ ʦʙʞʠʛʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ. 

 

                                                 
â 
ɾʝʞʝʨʘ ʅ.ʀ.,  ʉʘʙʘʥʯʠʥ ɺ. ʈ., 2015 ʛ. 
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ʈʠʩ. 1. ʊʫʥʥʝʣʴʥʘʷ ʧʝʯʴ ʜʣʷ ʦʙʞʠʛʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ ʠʟʜʝʣʠʡ 

 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʩʦʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʉɸʋ 

ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʞʝʥʠʝʤ ʛʘʟʦʚ ʚ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ ʦʙʞʠʛʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ ʠʟʜʝʣʠʡ (ʨʠʩʫʥʦʢ  2).  

 

 
 

ʈʠʩ. 2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʉɸʋ ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʞʝʥʠʝʤ ʛʘʟʦʚ ʚ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ ʦʙʞʠʛʘ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ ʠʟʜʝʣʠʡ 

 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ ʨʠʩʫʥʢʝ  2 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʤ ʵʣʝʤʝʥʪʘʤ ʥʘ ʨʠʩʫʥʢʝ 1: 

ʀʇ1 ï ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʜʘʚʣʝʥʠʷ ʪʠʧʘ ʄʝʪʨʘʥ-22 ï ʫʩʪʨʦʡʩʪʚʦ 15; ʋ1, ʋ2 ï ʫʩʠʣʠʪʝʣʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ï ʫʩʪʨʦʡʩʪʚʘ 16, 19; ɿʜ ï ʟʘʜʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʟʥʘʯʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʨʘʟʨʝʞʝʥʠʷ 

ʛʘʟʦʚ ï ʚʭʦʜʠʪ ʚ ʫʩʪʨʦʡʩʪʚʦ 17; ʊ ï ʢʚʘʥʪʦʚʘʪʝʣʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ ï ʚʭʦʜʠʪ ʚ 

ʫʩʪʨʦʡʩʪʚʦ 18; ʈ ï ʮʠʬʨʦʚʦʡ ʨʝʛʫʣʷʪʦʨ ï ʚʭʦʜʠʪ ʚ ʫʩʪʨʦʡʩʪʚʦ 18; ʌ ï ʵʢʩʪʨʘʧʦʣʷʪʦʨ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ 

(ʬʠʢʩʘʪʦʨ) ï ʚʭʦʜʠʪ ʚ ʫʩʪʨʦʡʩʪʚʦ 18; ʀʄ ï ʤʦʪʦʨʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʩ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʨʝʜʫʢʪʦʨʦʤ ï ʫʩʪʨʦʡʩʪʚʘ 13 ʠ 14; ʈʆ ï ʰʠʙʝʨʥʳʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ ï ʫʩʪʨʦʡʩʪʚʦ 12; 

ʆʋ ï ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʡ ʚʭʦʜʷʪ ʟʦʥʳ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʞʠʛʘ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʚ ʨʘʙʦʯʝʤ ʢʘʥʘʣʝ ï ʫʩʪʨʦʡʩʪʚʦ 1. 

ʉʠʛʥʘʣʳ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʝ (ʨʠʩʫʥʦʢ  2) ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʥʘʠʤʝʥʦʚʘʥʠʷ: ʈ1 ï 

ʧʝʨʝʤʝʥʥʦʝ ʨʘʟʨʝʞʝʥʠʝ ʛʘʟʦʚ  ʚ ʟʦʥʘʭ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʞʠʛʘ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ, ʇʘ; I1 ï ʪʦʢ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʀʇ1, ɸ; U1 ï ʥʘʧʨʷʞʝʥʠʝ  ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ 

ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ ʋ1, ɺ; U2 ï ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘ ʚʳʭʦʜʝ ʟʘʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ɿʜ, ɺ; æU ï 

ʨʘʟʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʫʩʠʣʠʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʋ1 ʠ ʟʘʜʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ɿʜ, ɺ; 
*
3U

 ï ʚʭʦʜʥʦʡ ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʚ ʮʠʬʨʦʚʦʡ  ʨʝʛʫʣʷʪʦʨ ʈ, ɺ; 
*
4U

 ï 

ʚʳʭʦʜʥʦʡ ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʈ, ɺ; U4 - ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ 

ʵʢʩʪʨʘʧʦʣʷʪʦʨʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʌ, ɺ; U5 ï ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ ʋ2, ɺ; S1 ï 
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ʧʝʨʝʤʝʱʝʥʠʝ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʰʠʙʝʨʥʦʛʦ ʟʘʪʚʦʨʘ ʢʣʘʧʘʥʘ, ʤ; P1 ï ʨʘʟʨʝʞʝʥʠʝ ʛʘʟʦʚ ʥʘ ʚʭʦʜʝ 

ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʣʘʧʘʥʘ, ʇʘ; P0 ï ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʧʦʜʚʦʜʠʤʦʝ ʚ  ʟʦʥʳ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʞʠʛʘ 

ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ, ʇʘ; 
wtsinʈmax0ȹ  ï ʧʝʨʝʤʝʥʥʦʝ ʨʘʟʨʝʞʝʥʠʝ ʛʘʟʦʚ, ʩʦʟʜʘʚʘʝʤʦʝ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʚʦʟʤʫʱʝʥʠʷʭ ʰʠʙʝʨʥʦʛʦ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʣʘʧʘʥʘ, ʇʘ; P2 ï ʩʪʘʪʠʯʝʩʢʦʝ ʠ ʧʝʨʝʤʝʥʥʦʝ ʨʘʟʨʝʞʝʥʠʝ ʛʘʟʦʚ, 

ʩʦʟʜʘʚʘʝʤʦʝ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʷʭ ʰʠʙʝʨʥʦʛʦ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʣʘʧʘʥʘ, ʇʘ; P3  ï ʦʙʱʝʝ 

ʨʘʟʨʝʞʝʥʠʝ ʛʘʟʦʚ ʚ ʟʦʥʘʭ ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʙʞʠʛʘ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ, ʇʘ. 

ɺ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʜʝʣʷʶʪ ʫʧʨʘʚʣʷʝʤʳʡ ʧʨʦʮʝʩʩ [2, 3], 

ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʚʥʝʰʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʧʨʦʮʝʩʩʘ ʉɸʋ ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʞʝʥʠʝʤ ʛʘʟʦʚ ʚ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ ʦʙʞʠʛʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ 

ʠʟʜʝʣʠʡ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩ. 3.  ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʉɸʋ ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʞʝʥʠʝʤ ʛʘʟʦʚ  ʚ 

ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ ʦʙʞʠʛʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ ʠʟʜʝʣʠʡ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 3, ʥʘ ʨʠʩʫʥʢʝ 4 ʦʪʨʘʞʝʥʘ 

ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʉɸʋ ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʞʝʥʠʝʤ ʛʘʟʦʚ ʚ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ 

ʦʙʞʠʛʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ. 

 

 
 

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʉɸʋ ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʞʝʥʠʝʤ ʛʘʟʦʚ  ʚ 

ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ ʦʙʞʠʛʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ ʠʟʜʝʣʠʡ 

 

ʆʙʦʙʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʮʠʬʨʦʚʦʡ  ʉɸʋ ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʞʝʥʠʝʤ ʛʘʟʦʚ ʚ ʪʫʥʥʝʣʴʥʦʡ 

ʧʝʯʠ ʦʙʞʠʛʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ ʠʟʜʝʣʠʡ (ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 1) 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
 

ʈʠʩ. 5. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʮʠʬʨʦʚʦʡ ʉɸʋ  ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʞʝʥʠʝʤ ʛʘʟʦʚ  ʚ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ 

ʦʙʞʠʛʘ  ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ ʠʟʜʝʣʠʡ 

 

ʆʙʦʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʥʘ ʨʠʩʫʥʢʝ 5: U2(s) ï ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʦʪ ʟʘʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ɺ; 
*
3U

(s) ï ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ɺ; 
*
4U

(s) ï ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ 

ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ɺ; U1(s) ï ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʉɸʋ ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʞʝʥʠʝʤ ʛʘʟʦʚ ʚ ʪʫʥʥʝʣʴʥʦʡ 
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ʧʝʯʠ ʦʙʞʠʛʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ ʠʟʜʝʣʠʡ ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ, ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ 

ʠʟʤʝʨʠʪʝʣʴʥʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʶ ʀʇ1 (ʨʠʩʫʥʦʢ 2), ɺ; U4(s) ï ʩʠʛʥʘʣ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʵʢʩʪʨʘʧʦʣʷʪʦʨʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ, ɺ;  Gp(s), Gho(s), Gʫʧ(s) ï ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, 

ʵʢʩʪʨʘʧʦʣʷʪʦʨʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʦʡ (ʨʠʩʫʥʦʢ 5) ʉɸʋ ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʞʝʥʠʝʤ ʛʘʟʦʚ ʚ 

ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ ʦʙʞʠʛʘ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ ʠʟʜʝʣʠʡ (ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʭʝʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ 

ʨʠʩʫʥʢʝ 2), ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ 
)(sGʫʧ , ʩʦʛʣʘʩʥʦ ʨʠʩʫʥʢʫ 4,  ʠʤʝʝʪ ʚʠʜ. 
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ɼʣʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʉɸʋ ʧʝʨʝʤʝʥʥʳʤ ʨʘʟʨʝʞʝʥʠʝʤ ʛʘʟʦʚ ʚ ʪʫʥʥʝʣʴʥʦʡ ʧʝʯʠ ʦʙʞʠʛʘ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʪʝʥʦʚʳʭ ʫʩʪʘʥʦʚʠʤ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ 

ʚʳʨʘʞʝʥʠʷ (1). 

ʇʨʠʥʠʤʘʝʤ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʧʝʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʞʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 

ʜʘʚʣʝʥʠʷ ʄʝʪʨʘʥ-22. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [4, 5] ʜʣʷ ʵʪʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʊ1 = 0,03 ʩ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 1x = 0,722  ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

k1 = 0,16Ā10
-7
 ɸ/ʇʘ. ɼʣʷ ʫʩʠʣʠʪʝʣʷ ʋ1, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʩʣʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
=2k

10
5
 ɺ/ɸ. ɼʣʷ ʫʩʠʣʠʪʝʣʷ ʋ2, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʝʨʝʜ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ 

ʤʝʭʘʥʠʟʤʦʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
6

3
10=k

 ɺ/ɺ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʣʘʧʘʥʘ ʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ =4k  0,0005 ʨʘʜ/ɺ,  
0805 ,k =

 

(ʤ
3
/ʩ)/ʨʘʜ  ʠ  

16=k
(ʤ

3
/ʩ)/ʇʘ ʠ 

=7k 111, , ʇʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ  
=ʘT 0,06 ʩ. 

ʅʘ ʨʠʩʫʥʢʝ 5  ʫʧʨʘʚʣʷʝʤʳʡ ʧʨʦʮʝʩʩ ʩ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʝʡ 
)(zGʫʧ ʩʦʝʜʠʥʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩ ʵʢʩʪʨʘʧʦʣʷʪʦʨʦʤ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ. ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʵʪʦʛʦ ʵʢʩʪʨʘʧʦʣʷʪʦʨʘ 

)s(Ghʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ [2, 6] 

                                      
( )[ ]szɿzGhʦ

11)( --=
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ʛʜʝ z ï ʦʧʝʨʘʪʦʨ z- ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, s ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ, 
ɿ

- ʬʫʥʢʮʠʷ z- ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʙʱʘʷ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ 
)(zGʫʧ  ʠ ʵʢʩʪʨʘʧʦʣʷʪʦʨʘ ʥʫʣʝʚʦʛʦ 

ʧʦʨʷʜʢʘ  
)s(Ghʦ , ʩʦʝʜʠʥʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʷʤʠ (1)  ʠ    (2),   

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  
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ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ z ï ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʳʨʘʞʝʥʠʷ (3). ɼʣʷ ʵʪʦʛʦ ʯʘʩʪʥʦʝ ʚ ʢʚʘʜʨʘʪʥʳʭ 

ʚʳʨʘʞʝʥʠʷ (3)  ʨʘʟʣʦʞʠʤ  ʥʘ  ʩʫʤʤʫ ʧʨʦʩʪʳʭ ʚʳʨʘʞʝʥʠʡ.  
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ɺʳʧʦʣʥʷʝʤ ʧʦʜʩʪʘʥʦʚʢʫ (4) ʚ ʚʳʨʘʞʝʥʠʝ (3) ʠ ʧʨʦʚʦʜʠʤ z-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ  

ʚʳʨʘʞʝʥʠʷ. 

 

 ,                                 (5) 

       ʛʜʝ ʊ ï ʚʨʝʤʷ ʢʚʘʥʪʦʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ  ʩʠʛʥʘʣʘ, ʩ. 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʚʳʨʘʞʝʥʠʝ (5), ʧʦʣʫʯʠʤ  

 


