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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʚʳʯʠʩʣʝʥʠʶ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ 

ɸʊʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʮʝʧʮʠʠ ʚʠʨʪʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ  ʜʣʷ ʦʙʳʯʥʳʭ ʩʝʪʝʡ -  ʩ 

ʩʠʥʭʨʦʥʥʳʤ ʨʝʞʠʤʦʤ ʧʝʨʝʥʦʩʘ - ʙʳʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʪʨʫʜʥʦ ʦʩʫʱʝʩʪʚʠʤʘ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ 

ʧʨʦʮʝʜʫʨʳ ʚʨʝʤʝʥʥʳʭ ʢʘʥʘʣʦʚ ʚ ʫʟʣʘʭ ʛʨʫʧʧʦʚʦʡ ʢʦʤʤʫʪʘʮʠʠ. ʈʝʞʠʤ ɸʊʄ ʫʤʝʥʴʰʘʝʪ 

ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ  ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʮʝʧʮʠʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʨʘʢʪʘ. 

ɺʠʨʪʫʘʣʴʥʳʡ ʪʨʘʢʪ ï ʧʨʷʤʘʷ ʣʦʛʠʯʝʩʢʘʷ ʣʠʥʠʷ, ʩʦʝʜʠʥʷʶʱʘʷ ʧʘʨʫ ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʭ 

ʫʟʣʦʚ.  

ʇʫʩʪʴ ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʝʪʠ ɸʊʄ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ 

ʛʨʘʬʦʤ G={V; l }, ʛʜʝ V ʤʥʦʞʝʩʪʚʦ ʫʟʣʦʚ ʩʝʪʠ, l   ʤʥʦʞʝʩʪʚʦ ʚʝʪʚʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʠʥʪʝʛʨʘʣʴʥʳʤ ʛʨʫʧʧʦʚʳʤ ʪʨʘʢʪʘʤ, ʠ n  ʯʠʩʣʦ ʫʟʣʦʚ ʤʥʦʞʝʩʪʚʘ V. ɺ ʦʧʠʩʳʚʘʝʤʦʡ ʤʦʜʝʣʠ 

ʩʝʪʴ ɸʊʄ  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʷʚʥʳʤʠ ʧʦʪʝʨʷʤʠ. 

ʂʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʪʘʢʦʡ ʩʝʪʠ ʦʙʳʯʥʦ ʦʮʝʥʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ 

ʥʝʢʦʪʦʨʦʛʦ ʤʥʦʞʝʩʪʚʘ P={pik}, ʛʜʝ ʵʣʝʤʝʥʪ pik   ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʴ ʥʘʛʨʫʟʢʠ ʥʘ ʚʝʪʚʠ 

( )ik   l  ( i , k   ʩʦʩʝʜʥʠʝ ʫʟʣʳ ) ʊʘʢ ʢʘʢ ʩʝʪʴ ɸʊʄ  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʷʚʥʳʤʠ ʧʦʪʝʨʷʤʠ, ʪʦ ʜʣʷ ʚʩʝʭ ( )ik l  ʚʝʣʠʯʠʥʘ pik  ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʚ 

ʠʥʪʝʨʚʘʣʝ (0;1]. ɽʩʣʠ ( )ik   l , ʪʦ pik  =0. 

ʇʫʩʪʴ r ji ( )   ʝʩʪʴ ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ  ʧʦʪʦʢʘ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʚʳʟʦʚʦʚ (ʄɺ), 

ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʩʝʪʴ ɸʊʄ  ʚ ʫʟʝʣ-ʦʪʧʨʘʚʠʪʝʣʴ  i  ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʫʟʣʫʘʜʨʝʩʘʪʫ j . 

ɺʝʣʠʯʠʥʫ r ji ( )  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʚʭʦʜʥʦʡ ʥʘʛʨʫʟʢʦʡ ʩʝʪʠ ɸʊʄ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ t ji ( )  

ʩʨʝʜʥʶʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʄɺ, ʧʨʦʭʦʜʷɦ ʝʛʦ ʯʝʨʝʟ ʫʟʝʣ i  ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ 

ʫʟʣʫ j. ɺʝʣʠʯʠʥʫ t ji ( )  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʫʟʣʦʚʦʡ  ʥʘʛʨʫʟʢʦʡ ʩʝʪʠ ɸʊʄ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʢʘʢ ʚʭʦʜʥʫʶ ʥʘʛʨʫʟʢʫ r ji ( ), ʪʘʢ ʠ ʥʘʛʨʫʟʢʠ t jl ( ), ʧʦʩʪʫʧʘʶʱʠʝ ʚ ʫʟʝʣ i  ʩʦ ʚʩʝʭ ʩʤʝʞʥʳʭ 

ʩ ʥʠʤ ʫʟʣʦʚ l . 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʦʚ ʜʣʷ ʧʦʜʩʝʪʠ ʢʦʤʤʫʪʘʮʠʠ ʢʘʥʘʣʦʚ (ʂʂ) ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ: 

 ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʴ ʥʘ ʚʝʪʚʷʭ; 

 ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʛʨʫʟʢʠ ʢʘʞʜʦʡ ʚʝʪʚʴʶ; 

 ʚʝʣʠʯʠʥʳ ʩʫʤʤʘʨʥʦʡ ʥʘʛʨʫʟʢʠ (ʧʦʩʪʫʧʘʶʱʫʶ ʥʘ ʢʘʞʜʫʶ ʚʝʪʚʴ, ʧʨʦʧʫʱʝʥʥʦʡ 
ʢʘʞʜʦʡ ʚʝʪʚʴʶ ʠ ʠʟʙʳʪʦʯʥʫʶ ʜʣʷ ʢʘʞʜʦʡ ʚʝʪʚʠ); 
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 ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʴ ʚ ʩʨʝʜʥʝʤ ʥʘ ʩʝʪʠ (ʦʪʥʦʰʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʧʦʪʝʨʷʥʥʦʡ ʥʘ ʚʩʝʡ ʩʝʪʠ, 

ʢ ʧʦʩʪʫʧʠʚʰʝʡ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ); 

 ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʦʢ, ʦʙʩʣʫʞʝʥʥʳʭ ʠ ʧʦʪʝʨʷʥʥʳʭ ʚ ʢʘʞʜʦʤ ʪʨʘʥʟʠʪʥʦʤ ʫʟʣʝ ʠ ʥʘ ʚʩʝʡ 

ʩʝʪʠ ʚ ʮʝʣʦʤ. 

ʇʦʨʷʜʦʢ ʚʳʙʦʨʘ ʠʩʭʦʜʷʱʠʭ ʠʟ ʫʟʣʘ i ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʧʝʨʝʜʘʯʠ ʥʘʛʨʫʟʢʠ t ji ( )  ʢʦ 

ʚʩʝʤ ʦʩʪʘʣʴʥʳʤ ʩʦʩʝʜʥʠʤ ʫʟʣʘʤ, ʪ.ʝ. ʧʣʘʥ ʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝ̫ʪʩʷ ʤʘʪʨʠʮʝʡ 

ʤʘʨʰʨʫʪʦʚ M ʜʣʷ ʫʟʣʘ i [2]: 

M
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ik

ik
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1

2

1 2

1 2

1 1
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1 1 1

2 2 2
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                 2             . . .            n      

 

 

ɺ ʤʘʪʨʠʮʝ ʤʘʨʰʨʫʪʦʚ ʯʠʩʣʦ ʩʪʦʣʙʮʦʚ ʨʘʚʥʦ n1 (ʩʪʦʣʙʝʮ ʚ ʤʘʪʨʠʮʝ M i  ʜʣʷ ʫʟʣʘ i  

ʦʪʩʫʪʩʪʚʫʝʪ), ʘ ʯʠʩʣʦ ʩʪʨʦʢ  ʯʠʩʣʫ Si  ʩʦʩʝʜʥʠʭ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ i   ʫʟʣʦʚ. ʕʣʝʤʝʥʪ 

jik
iS , ʤʘʪʨʠʮʳ Mi  ʫʢʘʟʳʚʘʝʪ ʥʦʤʝʨ ʦʯʝʨʝʜʥʦʩʪʠ ʚʳʙʦʨʘ ʚʝʪʚʠ ( )ikSi

 ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʩʦʝʜʠʥʝʥʠʷ ʢ ʫʟʣʫ j, ʪ.ʝ. ik jSi
,   {1,2,...,Si .}.  

ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʢʘʥʘʣʦʚ ʪʨʘʢʪʘ ʩʦʚʨʝʤʝʥʥʳʝ 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʤʤʫʪʘʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʫʟʣʘʭ, ʧʦʟʚʦʣʷʶʪ ʧʦʤʠʤʦ 

ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ (ʧʫʪʠ ʧʝʨʚʦʛʦ ʚʳʙʦʨʘ) ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʭʦʜʥʳʝ 

ʧʫʪʠ (ʧʫʪʠ ʧʦʩʣʝʜʫʶʱʠʭ ʚʳʙʦʨʦʚ). ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ K ji ( )  ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ 

ʪʘʢʠʭ ʫʟʣʦʚ k, ʢʦʪʦʨʳʝ ʜʣʷ ʘʜʨʝʩʘʪʘ j  ʦʙʨʘʟʫʶʪ ʚʩʝ ʠʩʭʦʜʷʱʠʝ ʠʟ ʫʟʣʘ i  ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʝʨʝʜʘʯʠ ( )ik . ɺ ʜʘʣʴʥʝʡʰʝʤ, ʜʣʷ ʚʝʣʠʯʠʥ ʦʙʦʟʥʘʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʠʥʜʝʢʩʘ k, ʩʯʠʪʘʝʪʩʷ 

k   K ji ( ). ʋʧʦʨʷʜʦʯʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ K ji ( )  ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʳʙʦʨʦʤ ʜʣʷ ʫʟʣʘ j  ʠʩʭʦʜʷʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʦʯʝʨʝʜʥʦʩʪʠ ʚ ʤʘʪʨʠʮʝ 

ʤʘʨʰʨʫʪʦʚ Mi . 

ɺʝʣʠʯʠʥʘ ʧʨʦʧʫʱʝʥʥʦʡ ʠʣʠ ʠʟʙʳʪʦʯʥʦʡ ʥʘʛʨʫʟʢʠ ʟʘʚʠʩʠʪ ʦʪ ʚʝʨʦ̫ ʪʥʦʩʪʠ ʧʦʪʝʨʴ 

ʪʨʘʬʠʢʘ t ji ( ), ʨʘʩʧʨʝʜʝʣʷʝʤʦʛʦ ʥʘ ʚʝʪʚʴ ( )ik . ʇʫʩʪʴ p jik ( )    ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʴ 

ʥʘʛʨʫʟʢʠ t ji ( )  ʥʘ ʚʝʪʚʠ ( )ik  ʊʘʢ ʢʘʢ ʩʝʪʴ ɸʊʄ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ 

ʷʚʥʳʤʠ ʧʦʪʝʨʤ̫ʠ, ʪʦ p jik ( )   ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ (0;1] ʜʣʷ ʢʘʞʜʦʡ ʚʝʪʚʠ ( )ik , 

ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʧʝʨʝʜʘʯʝ ʥʘʛʨʫʟʢʠ t ji ( ). ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʠʣʠ ʝʩʣʠ ( )ik  l , ʧʦʣʘʛʘʝʤ 

p jik ( )  = 0.  

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ik j( )  ʜʦʣʶ ʥʘʛʨʫʟʢʠ t ji ( ), ʧʦʩʪʫʧʘʶʱʫʶ ʥʘ ʚʝʪʚʴ ( )ik  ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʩʦʩʪʘʚ ʜʦʣʠ ik j( )  ʚʢʣʶʯʘʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʧʦʪʝʨʴ ʚʩʝʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʜʘʥʥʦʡ ʚʝʪʚʠ ( )ik  ʥʘʧʨʘʚʣʝʥʠʡ: 

 ik ik ik ik
k K j

j j p j p j

i

( ) ( ) ( ) ( )
( )

                                                     (1)  

ʛʜʝ K ji ( ) ʤʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʫʟʣʦʚ k , ʢʦʪʦʨʳʝ ʠʟ ʫʟʣʘ i  ʦʙʨʘʟʫʶʪ ʚʩʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ 

ʚʝʪʚʠ ( )ik  ʠʩʭʦʜʷʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ. 
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ʇʨʦʠʟʚʝʜʝʥʠʝ )( jik  )( jpik   ʝʩʪʴ ʜʦʣʷ ʠʟʙʳʪʦʯʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʝʪʚʠ ( )ik , 

ʢʦʪʦʨʘʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʘʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʦʢ ʙʫʜʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʥʘ ʜʨʫʛʠʝ 

ʩʚʦʙʦʜʥʳʝ ʜʣʷ ʫʟʣʘ i  ʥʘʧʨʘʚʣʝʥʠʷ, ʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʪʘʢʦʚʳʭ, ʚ ʫʟʣʝ i  ʦʥʘ ʚʦʦʙʱʝ ʙʫʜʝʪ 

ʪʝʨʷʪʴʩʷ. ʇʨʠ ʵʪʦʤ ʥʘʛʨʫʟʢʘ t ji ( )  ʩʯʠʪʘʝʪʩʷ ʧʦʪʝʨʷʥʥʦʡ ʚ ʫʟʣʝ i, ʝʩʣʠ ʟʘʥʷʪʳ ʚʨʝʤʝʥʥʳʝ 

ʢʘʥʘʣʳ ʥʘ ʚʩʝʭ ʠʩʭʦʜʷʱʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ( )ik , k   k ( j), ʛʜʝ k ( j ) ={ k 1, k 2, ..., k s,}, 

ʛʜʝ s  ʯʠʩʣʦ ʠʩʭʦʜʷʱʠʭ ʠʟ ʫʟʣʘ i  ʥʘʧʨʘʚʣʝʥʠʡ. ʊʦʛʜʘ ʧʨʦʧʫʱʝʥʥʦʡ ʚʝʪʚʴʶ ( )ik  ʥʘʛʨʫʟʢʠ 

t ji ( )  ʩʦʩʪʘʚʠʪ: 

)( jhik = )( jik [1 )( jpik ];  i ,k , j V.                                                    (2) 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʭʦʜʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʜʝʨʝʚʫ ʧʫʪʝʡ. ʇʫʩʪʴ ʚʳʨʘʞʝʥʠʝ 

)( jGu
={ )( jVu

; )( jLu
}   ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʨʝʚʦ ʧʫʪʝʡ ʧʝʨʝʜʘʯʠ  ʠʥʬʦʨʤʘʮʠʠ ʦʪ 

ʫʟʣʘ-ʦʪʧʨʘʚʠʪʝʣʷ uʜʦ ʫʟʣʘ-ʘʜʨʝʩʘʪʘ j, ʛʜʝ )( jVu
 - ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʫʟʣʦʚ ʜʝʨʝʚʘ ʧʫʪʝʡ, 

ʊʦʛʜʘ )( jLu
={( i k )| i ,k   )( jVu

}  ʤʥʦʞʝʩʪʚʦ ʝʛʦ ʚʝʪʚʝʡ ʵʪʦʛʦ ʜʝʨʝʚʘ. ʆʙʦʟʥʘʯʠʤ 

ʯʝʨʝʟ )( jK u
 ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʫʟʣʦʚ k, ʢʦʪʦʨʳʝ ʜʣʷ ʘʜʨʝʩʘʪʘ j  ʦʙʨʘʟʫʶʪ 

ʚʩʝ ʠʩʭʦʜʷʱʠʝ ʠʟ ʫʟʣʘ iʥʘʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʯʠ ( )ik  ʚ ʜʝʨʝʚʝ ʧʫʪʝʡ )( jGu
. ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʘ ʧʫʪʝʡ ʤʝʞʜʫ ʣʶʙʦʡ ʧʘʨʦʡ ʫʟʣʦʚ ʚʳʙʠʨʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʦʣʙʮʳ 

ʤʘʪʨʠʮ ʤʘʨʰʨʫʪʦʚ ʥʘʯʘʣʴʥʦʛʦ ʫʟʣʘ (ʫʟʣʘ-ʦʪʧʨʘʚʠʪʝʣʷ) ʠ ʚʩʝʭ ʪʨʘʥʟʠʪʥʳʭ ʫʟʣʦʚ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʭʦʜʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʚʩʝʤ ʧʦʩʣʝʜʫʶʱʠʤ ʚʝʪʚʷʤ ʜʝʨʝʚʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʭ ʥʘ ʚʩʝʭ ʧʨʝʜʳʜʫʱʠʭ ʚʝʪʚʷʭ ʜʝʨʝʚʘ ʧʫʪʝʡ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʦʧʫʱʝʥʥʘʷ ʚʝʪʚʴʶ )(mn )( jLu
 ʥʘʛʨʫʟʢʘ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʚʭʦʜʥʦʡ ʥʘʛʨʫʟʢʦʡ ʜʣʷ ʫʟʣʘ n )( jVu
. ʊʘʢʫʶ ʥʘʛʨʫʟʢʫ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʪʨʘʥʟʠʪʥʦʡ 

ʥʘʛʨʫʟʢʦʡ ʥʘ ʫʟʣʝ i .  

ʇʫʩʪʴ )( jr u
i  ï ʚʭʦʜʥʘʷ ʥʘʛʨʫʟʢʘ ʜʝʨʝʚʘ ʧʫʪʝʡ )( jGu

. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ),( jkt u
i   

ʪʨʘʥʟʠʪʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʫʟʣʝ i, ʦʙʨʘʟʫʶʱʫʶ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʭʦʜʥʦʡ ʥʘʛʨʫʟʢʠ 

)( jr u
i   ʧʦ ʚʝʪʚʷʤ ʜʝʨʝʚʘ ʧʫʪʝʡ )( jGu

ʠ ʧʨʦʭʦʜʷʱʝʡ   ʯʝʨʝʟ ʩʦʩʝʜʥʠʡ ʩ ʫʟʣʦʤ i  ʫʟʝʣ k   

)( jK u
. ʅʘʭʦʞʜʝʥʠʝ ʪʨʘʥʟʠʪʥʳʭ ʫʟʣʦʚ ʥʘ ʢʘʞʜʦʤ ʫʟʣʝ ʜʝʨʝʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʳ 

),( jktu
i = ),( jitu

l Ā )( jhli ,                                                                               (3)                                                                    

ʛʜʝ )()( jLli u
, )(,,, jVlkji u

. ɹʝʟ ʧʦʪʝʨʠ ʦʙʱʥʦʩʪʠ, ʧʦʣʘʛʘʝʤ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʫʟʣʦʚ 

ʜʝʨʝʚʘ ʧʫʪʝʡ  ui , ʟʥʘʯʝʥʠʝ  ),( jkt i
i  = )( jr u

i , ʘ ʜʣʷ ʫʟʣʦʚ, jki,   ʟʥʘʯʝʥʠʝ ),( jjtu
j = 

)( jtu
j . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʣʶʙʦʛʦ ʫʟʣʘ i   )( jV u
 )( ui ʠ ʚʩʝʭ ʫʟʣʦʚ mk  )( jK u

, m= 

1, 2, és, ʠʤʝʝʪ ʤʝʩʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

),( 1 jktu
i = ),( 2 jkt u

i =é= ),( 1 jktu
s = )( jr u

i ,                                              (4) 
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ʛʜʝ  )( jr u
i  - ʚʭʦʜʥʘʷ ʥʘʛʨʫʟʢʘ,  ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ ʫʟʝʣ i, ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʫʟʣʫj ,  s  

ʯʠʩʣʦ ʠʩʭʦʜʷʱʠʭ ʠʟ ʫʟʣʘ i  ʥʘʧʨʘʚʣʝʥʠʡ. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʭʦʜʥʳʝ ʠ 

ʪʨʘʥʟʠʪʥʳʝ ʥʘʛʨʫʟʢʠ  ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʊʨʘʥʟʠʪʥʳʝ ʥʘʛʨʫʟʢʠ 

ʚʚʦʜʷʪʩʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʝʨʝʜʘʯʠ ʠʩʢʣʶʯʠʪʴ ʮʠʢʣʠʯʝʩʢʠʝ ʤʘʨʰʨʫʪʳ. 

ɺʭʦʜʥʘʷ ʥʘʛʨʫʟʢʘ )( jr u

i  ʜʣʷ ʣʶʙʦʛʦ ʫʟʣʘ iʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʩʝʤ ʠʩʭʦʜʷɦ ʠʤ ʠʟ ʥʝʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ  )()( jLik u
. ʇʫʩʪʴ )( jgu

ik  - ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʛʨʫʟʢʠ ʘʜʨʝʩʘ  j , 

ʧʨʦʧʫʱʝʥʥʘʷ ʚʝʪʚʴʶ )()( jLik u
. ʆʯʝʚʠʜʥʦ, ʯʪʦ  

  )( jgu
ik = ),( jktu

i )( jhik .                                                                (5) 

ʕʪʘ ʬʦʨʤʫʣʘ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʭʦʜʥʦʡ ʥʘʛʨʫʟʢʠ  

)( jr u
i  ʧʦ ʜʝʨʝʚʫ ʧʫʪʝʡ )( jGu

. 

ʈʘʩʯʝʪ ʩʫʤʤʘʨʥʦʡ ʧʨʦʧʫʱʝʥʥʦʡ ʥʘʛʨʫʟʢʠ.  ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ  )( jgik  - 

ʩʫʤʤʘʨʥʫʶ ʥʘʛʨʫʟʢʫ, ʧʨʦʧʫʱʝʥʥʦʡ ʚʝʪʚʴʶ Lik)( . ʅʘʭʦʞʜʝʥʠʝ ʵʪʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ 

ʢʘʞʜʦʡ ʚʝʪʚʠ ʧʨʦʠʟʚʦʜʠʪʩʷ  ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʥʘ ʥʝʡ ʚʩʝʭ 

ʧʨʦʧʫʱʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʢʘʞʜʦʛʦ ʜʝʨʝʚʘ ʧʫʪʝʡ, ʪ.ʝ. 

)( jgik =

u

u
ik jg ).(                                                                                         (6) 

ʇʫʩʪʴ ),( jkti  - ʫʟʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ʧʦ ʘʜʨʝʩʫj, ʦʙʨʘʟʫʝʤʘʷ ʥʘ ʫʟʣʝ iʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʚʭʦʜʥʳʭ ʪʨʘʬʠʢʦʚ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʝʨʝʚʴʷʤ ʧʫʪʝʡ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʩʦʩʝʜʥʝʤʫ ʫʟʣʫ k )( jK i . ʋʟʣʦʚʘʷ ʥʘʛʨʫʟʢʘ ),( jkti  ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ  

ʩʦʚʦʢʫʧʥʦʩʪʴ  ʪʨʘʥʟʠʪʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʫʟʣʝ i   ʦʪ ʚʩʝʭ ʜʝʨʝʚʴʝʚ ʧʫʪʝʡ, ʪ.ʝ.: 

   ),( jkti =

u

u ikt ),( .                                                                                  (7) 

ɼʣʷ ʣʶʙʦʛʦ ʫʟʣʘ Vi ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʟʣʦʚʦʡ ʥʘʛʨʫʟʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

  

),( jkti =

l
lil jhjitjr )(),()( ,  Vljk ,, .                                    (8)             

ɺʳʯʠʩʣʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʠ. ʊʝʦʨʝʤʘ 1. 

ʇʨʠ ʥʘʣʠʯʠʠ k  )( jK u
i   ʠʩʭʦʜʷʱʠʭ ʠʟ ʫʟʣʘ i  ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʜʝʨʝʚʝ ʧʫʪʝʡ )( jGu

, 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʭʦʜʥʦʡ ʥʘʛʨʫʟʢʠ )( jr u
i  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

)(

)].(1)[()(1
jKk

u
kik

u
i

u
i

jPjhjP                                                           (9) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʛʨʫʟʢʘ ʩʯʠʪʘʝʪʩʷ ʧʦʪʝʨʷʥʥʦʡ ʚ ʫʟʣʝ, ʝʩʣʠ ʟʘʥʷʪʳ ʦʙʩʣʫʞʠʚʘʥʠʝ ʚʩʝ 

ʚʨʝʤʝʥʥʳʝ ʢʘʥʘʣʳ ʜʣʷ ʚʩʝʭ ʠʩʭʦʜʷʱʠʭ ʠʟ ʥʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʇʫʩʪʴ )( jʇu
i - 

ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʴ ʚʭʦʜʥʦʡ ʥʘʛʨʫʟʢʠ )( jr u
i  ʚ ʫʟʣʝ i. ʊʦʛʜʘ 

 

)(

)(   )(
jKk

ik
u
i

u
i

jpjʇ .                                                                            (10) 

ʊʝʦʨʝʤʘ 2. ɼʣʷ ʚʩʝʭ ʚʝʪʚʝʡ )()( jLik u
 ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ 
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)(

).(1)(
jKk

u
iik

u
i

jʇjh                                                                       (11) 

ʀʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʳ 1 ʠ 2, ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ )}({ jhH ik  ʥʘ ʢʘʞʜʦʤ 

ʫʟʣʝ ʜʝʨʝʚʘ ʧʫʪʝʡ   ʚʳʯʠʩʣʷʶʪʩʷ  ʚʩʝ  ʪʝʢʫʱʠʝ  ʟʥʘʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʪʝʨʴ. ʆʜʥʘʢʦ 

ʙʦʣʝʝ ʫʜʦʙʥʦ ʦʧʨʝʜʝʣʷʪʴ ʜʦʣʶ  ʥʘʛʨʫʟʢʠ ʧʦʪʝʨʷʥʥʫʶ ʚ ʜʝʨʝʚʝ ʧʫʪʝʡ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʫʤʤʠʨʫʷ  ʜʦʣʠ  ʥʘʛʨʫʟʢʠ ʧʦʪʝʨʷʥʥʳʝ ʚ ʪʨʘʥʟʠʪʥʳʭ ʫʟʣʘʭ ʵʪʦʛʦ ʜʝʨʝʚʘ. ɺʝʨʦʷʪʥʦʩʪʴ 

ʧʦʪʝʨʴ ʤʝʞʜʫ ʧʘʨʦʡ ʫʟʣʦʚ i  ʠ j  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʧʦʪʝʨʷʥʥʦʡ ʥʘ 

ʚʩʝʭ ʫʟʣʘʭ ʧʫʪʝʡ, ʢ ʧʦʩʪʫʧʠʚʰʝʡ [3].  ɺ  ʵʪʦʤ  ʩʣʫʯʘʝ  ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʴ ʜʣʷ ʜʝʨʝʚʘ 

ʧʫʪʝʡ ʤʝʞʜʫ ʫʟʣʘʤʠ i  ʠ j  ʩʦʩʪʘʚʠʪ 

 
)(

)()(

)(
)(

jr

jʇjr

jP
u
i

s

jVs

u
s

u
i

u

,                                                                      (12) 

ʛʜʝ )( jV u
- ʧʦʜʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʫʟʣʦʚ ʜʝʨʝʚʘ ʧʫʪʝʡ ʤʝʞʜʫ ʫʟʣʘʤʠ i  ʠ j .  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʢʘʞʜʳʡ ʫʟʝʣ ʢʦʤʤʫʪʘʮʠʠ ʩʝʪʠ 

ʠ ʤʘʪʨʠʮʝ ʤʘʨʰʨʫʪʦʚ ʧʝʨʝʜʘʯʠ,  ʤʦʞʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʪʨʘʥʟʠʪʥʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʜʝʨʝʚʫ ʧʫʪʝʡ 

ʤʝʞʜʫ ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʤʠ ʘʙʦʥʝʥʪʘʤʠ  ʠ ʧʦ ʬʦʨʤʫʣʝ (12) ʚʳʯʠʩʣʷʪʴ ʚʝʨʦʷʪʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʯʝʩʪʚʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʠ. 
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ɹʠʷʰʝʚ ʈ.ɻ. 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʄʆʅ ʈʂ 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʠʨʝ ʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ. ʇʨʝʜʣʦʞʝʥʳ ʧʫʪʠ 

ʫʣʫʯʰʝʥʠʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʠʤʝʶʱʠʤʩʷ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʫʛʨʦʟʘʤ. 

 

ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʧʦʤʠʤʦ ʨʘʩʰʠʨʝʥʠʷ ʩʦʟʠʜʘʪʝʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ, ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʫʛʨʦʟ ʥʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʨʫʰʝʥʠʝʤ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʨʝʞʠʤʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 

ʫʱʝʤʣʝʥʠʝʤ ʢʦʥʩʪʠʪʫʮʠʦʥʥʳʭ ʧʨʘʚ ʛʨʘʞʜʘʥ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚʨʝʜʦʥʦʩʥʳʭ ʧʨʦʛʨʘʤʤ, ʘ 

ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʨʘʞʜʝʙʥʳʭ, ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʧʨʝʩʪʫʧʥʳʭ ʜʝʡʩʪʚʠʡ (ɸ.ɸ. 

ʄʘʣʶʢ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʫʶ ʦʩʪʨʦʪʫ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ 



ʀɿɺɽʉʊʀʗ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʑɽʉʊɺɸ çʂɸʍɸʂè,  2011, ˉ 3(33). 
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(ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʝʝ ʠʩʢʘʞʝʥʠʷ ʠʣʠ ʫʥʠʯʪʦʞʝʥʠʷ, ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, 

ʟʣʦʫʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ). 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ï ʵʪʦ ʟʘʱʠʱʝʥʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʪ ʩʣʫʯʘʡʥʳʭ ʠʣʠ ʧʨʝʜʥʘʤʝʨʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʯʨʝʚʘʪʳʭ ʥʘʥʝʩʝʥʠʝʤ ʫʱʝʨʙʘ ʚʣʘʜʝʣʴʮʘʤ ʠʣʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ɺ.ɸ. ɻʘʣʘʪʝʥʢʦ). 

ʆʧʨʝʜʝʣʝʥʠʝ 2. ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ -  ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʣʫʯʝʥʠʷ ʟʘʱʠʱʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ 

ʩʫʙʲʝʢʪʦʤ ʩ ʥʘʨʫʰʝʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʘʚʦʚʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʠʣʠ ʩʦʙʩʪʚʝʥʥʠʢʦʤ, 

ʚʣʘʜʝʣʴʮʝʤ ʠʥʬʦʨʤʘʮʠʠ ʧʨʘʚʠʣ ʜʦʩʪʫʧʘ ʢ ʟʘʱʠʱʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʦʙʣʝʤʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠʦʙʨʝʣʘ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʦ 

ʨʘʩʪʫʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʦʩʦʙʝʥʥʦ ʧʨʦʙʣʝʤʘ 

ʦʙʦʩʪʨʠʣʘʩʴ, ʢʦʛʜʘ ʵʪʠ ʩʨʝʜʩʪʚʘ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʟʘʢʨʳʪʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʠ ʵʪʦʤ ʥʝʨʝʜʢʦ ʧʨʦʙʣʝʤʫ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʩʪʘʣʠ ʩʚʦʜʠʪʴ ʪʦʣʴʢʦ ʢ ʟʘʱʠʪʝ ʩʝʢʨʝʪʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʭʦʪʷ ʵʪʦ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʦʜʥʫ ʠʟ ʯʘʩʪʝʡ ʦʙʱʝʡ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʟʥʝʥʥʦ 

ʚʘʞʥʳʭ ʠʥʪʝʨʝʩʦʚ ʣʠʯʥʦʩʪʠ, ʦʙʱʝʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. 

ʉʝʡʯʘʩ ʫʞʝ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʘʷ ʮʠʚʠʣʠʟʘʮʠʷ 

ʧʨʠʰʣʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè, ʦʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ: ʧʨʦʚʝʜʝʥʠʝ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʚʩʝʭ ʘʩʧʝʢʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ; ʨʘʟʨʘʙʦʪʢʘ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ; ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ 

ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ ʥʘ ʦʙʱʝʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ, ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʦʙʲʝʢʪʦʚʦʤ 

ʫʨʦʚʥʷʭ; ʧʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ ʧʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʳ ʦʙʲʝʢʪʠʚʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʩʦʟʜʘʥʠʷ ʪʝʦʨʠʠ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʩʥʦʚʳ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʨʦʨʘʙʦʪʘʥʳ ʚ ʄʦʩʢʦʚʩʢʦʤ ʠʥʞʝʥʝʨʥʦ-ʬʠʟʠʯʝʩʢʦʤ 

ʠʥʩʪʠʪʫʪʝ ʢʦʣʣʝʢʪʠʚʦʤ, ʚʦʟʛʣʘʚʣʷʝʤʦʤ ʧʨʦʬʝʩʩʦʨʦʤ ɺ.ɸ.ɻʝʨʘʩʠʤʝʥʢʦ. ʊʝʦʨʠʷ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ ʦʩʥʦʚʥʳʭ ʠʜʝʡ, ʜʘʶʱʘʷ ʮʝʣʦʩʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʩʫʱʥʦʩʪʠ ʧʨʦʙʣʝʤʳ ʟʘʱʠʪʳ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʝʸ ʨʘʟʚʠʪʠʷ, ʩʫʱʝʩʪʚʝʥʥʳʭ ʩʚʷʟʷʭ ʩ ʜʨʫʛʠʤʠ 

ʦʪʨʘʩʣʷʤʠ ʟʥʘʥʠʷ, ʬʦʨʤʠʨʫʶʱʘʷʩʷ ʠ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʥʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʟʘʱʠʪʳ ʠ ʦʧʨʝʜʝʣʷʶʱʘʷ ʦʩʥʦʚʥʳʝ ʦʨʠʝʥʪʠʨʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʘʢʪʠʢʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ (ɸ.ɸ.ʄʘʣʶʢ). 

ɺ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʧʨʦʙʣʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʩʦʙʦʤ 

ʢʦʥʪʨʦʣʝ ɻʣʘʚʳ ʛʦʩʫʜʘʨʩʪʚʘ. ʆʙ ʵʪʦʤ ʷʨʢʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʨʦʚʝʜʝʥʥʦʝ ʚ ʤʘʝ 2011 ʛʦʜʘ 

ʟʘʩʝʜʘʥʠʝ ʉʦʚʝʪʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʘʚʠʪʝʣʴʩʪʚʫ ʙʳʣ ʜʘʥ ʨʷʜ ʧʦʨʫʯʝʥʠʡ ʧʦ 

çʧʨʦʚʝʨʢʝ ʤʝʭʘʥʠʟʤʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʙʝʩʧʝʯʝʥʠʶ ʩʪʘʙʠʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʘʥʘʣʠʟʫ 

ʧʨʘʢʪʠʢʠ ʙʦʨʴʙʳ ʩ ʢʠʙʝʨʧʨʝʩʪʫʧʥʦʩʪʴʶè. ʇʨʝʟʠʜʝʥʪ ʈʂ ʅ.ɸ. ʅʘʟʘʨʙʘʝʚ ʧʦʨʫʯʠʣ 

ʧʨʘʚʠʪʝʣʴʩʪʚʫ ʦʙʝʩʧʝʯʠʪʴ ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʘ 

ʩʘʡʪʝ ɸʢʦʨʜʳ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ çʧʝʨʝʜ ʫʧʦʣʥʦʤʦʯʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ ʧʦ 

ʨʘʟʚʠʪʠʶ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʦʜʛʦʪʦʚʢʝ ʢʘʜʨʦʚ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè. 

ʅʘ ʟʘʩʝʜʘʥʠʠ ʉʦʚʝʪʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 27 ʦʢʪʷʙʨʷ 2011 ʛʦʜʘ ɻʣʘʚʘ ʛʦʩʫʜʘʨʩʪʚʘ ʅʘʟʘʨʙʘʝʚ 

ʅ.ɸ. ʧʨʝʜʣʦʞʠʣ ʧʫʪʠ ʫʣʫʯʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʠʤʝʶʱʠʤʩʷ ʠ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʤ ʫʛʨʦʟʘʤ ʠ ʚʳʟʦʚʘʤ  ʙʝʟʦʧʘʩʥʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ. ʆʙʩʫʞʜʝʥ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʧʨʦʝʢʪ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

 ɺ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʢʦʦʨʜʠʥʘʮʠʷ ʨʘʙʦʪ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʩʪʨʦʡʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʷʶʱʠʭ ʦʨʛʘʥʦʚ. ɺ ʈʦʩʩʠʠ, ʥʘʧʨʠʤʝʨ, ʦʩʥʦʚʫ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʶʪ 

ʉʦʚʝʪ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʌʝʜʝʨʘʣʴʥʘʷ ʩʣʫʞʙʘ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʌʝʜʝʨʘʣʴʥʘʷ ʩʣʫʞʙʘ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʠ ʵʢʩʧʝʨʪʥʦʤʫ ʢʦʥʪʨʦʣʶ, ʄʠʥʠʩʪʝʨʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠ ʜʨ. ʋ ʥʘʩ ʞʝ, ʚ ʂʘʟʘʭʩʪʘʥʝ, ʢ ʩʦʞʘʣʝʥʠʶ, ʢʨʦʤʝ ʘʤʦʨʬʥʦʛʦ ʆʪʜʝʣʘ ʧʦ ʟʘʱʠʪʝ 



ʀɿɺɽʉʊʀʗ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʑɽʉʊɺɸ çʂɸʍɸʂè,  2011, ˉ 3(33). 
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ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʝʢʨʝʪʦʚ ʂʘʥʮʝʣʷʨʠʠ ʇʨʝʤʴʝʨ-ʤʠʥʠʩʪʨʘ, ʢʦʥʢʨʝʪʥʦ ʥʘʟʚʘʪʴ ʙʦʣʴʰʝ 

ʥʝʯʝʛʦ. 

ɸʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʣʫʞʙ ʟʘʱʠʪʳ ʥʘ ʫʨʦʚʥʝ ʦʙʲʝʢʪʦʚ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ (ʧʨʝʜʧʨʠʷʪʠʷ, 

ʫʯʨʝʞʜʝʥʠʷ, ʜʨʫʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʨʝʰʘʶʪ ʩʚʦʠ ʟʘʜʘʯʠ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 

ʵʬʬʝʢʪʠʚʥʦ. ʆʜʥʘʢʦ ʘʢʪʠʚʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʙʝʟʫʩʣʦʚʥʦ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪ ʨʘʤʢʠ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʟʘʜʘʯ ʟʘʱʠʪʳ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʫʞʙ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ, ʧʨʘʚʦʚʳʤ ʠ ʛʫʤʘʥʠʪʘʨʥʳʤ ʘʩʧʝʢʪʘʤ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʥʝʧʨʝʨʳʚʥʳʡ 

ʨʦʩʪ ʥʦʤʝʥʢʣʘʪʫʨʳ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʘ ʨʳʥʢʝ, ʩʧʦʩʦʙʦʚ ʠ ʤʝʪʦʜʦʚ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʪʨʝʙʫʝʪ ʠʭ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʙʣʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʝʝ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʘ ʟʘʯʘʩʪʫʶ ʠ 

ʥʝʧʨʦʛʥʦʟʠʨʫʝʤʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ (ɸ.ɸ. ʄʘʣʶʢ). ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʚ ʧʣʘʥʝ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʫʶʱʝʝ: ʩʦʟʜʘʥʠʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʩʧʝʮʠʘʣʠʩʪʘʭ; ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʢʘʟʘ ʥʘ ʠʭ ʧʦʜʛʦʪʦʚʢʫ, ʧʨʦʛʥʦʟ ʥʦʚʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʈʦʩʩʠʡʩʢʘʷ ʛʘʟʝʪʘ çʂʦʤʤʝʨʩʘʥʪè ʦʧʫʙʣʠʢʦʚʘʣʘ ʩʦʦʙʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚ ʈʦʩʩʠʠ 

ʧʦʜʛʦʪʦʚʣʝʥ ʉʦʚʙʝʟʦʤ, ʄʀɼ ʈʌ ʠ ʀʥʩʪʠʪʫʪʦʤ ʧʨʦʙʣʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʄɻʋ ʜʦʢʫʤʝʥʪ, ʥʘʟʚʘʥʥʳʡ ʧʨʦʝʢʪʦʤ ʢʦʥʚʝʥʮʠʠ çʆʙ ʦʙʝʩʧʝʯʝʥʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè. ʕʪʦʪ ʜʦʢʫʤʝʥʪ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʟʘʢʨʳʪʦʡ ʚʩʪʨʝʯʝ 

ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʩʧʝʮʩʣʫʞʙ ʠ ʩʠʣʦʚʳʭ ʚʝʜʦʤʩʪʚ 52 ʩʪʨʘʥ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʉʦʚʙʝʟʦʤ, ʠ ʙʫʜʝʪ 

ʧʨʝʜʣʦʞʝʥ ʆʆʅ ʚ ʥʘʜʝʞʜʝ ʥʘ ʝʛʦ ʧʨʠʥʷʪʠʝ ʚ 2012 ʛʦʜʫ. ɼʦʢʫʤʝʥʪ ʟʘʧʨʝʱʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʀʥʪʝʨʥʝʪ ʚ ʚʦʝʥʥʳʭ ʮʝʣʷʭ ʠ ʜʣʷ ʩʚʝʨʞʝʥʠʷ ʨʝʞʠʤʦʚ ʚ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʩʪʘʚʣʷʝʪ 

ʚʣʘʩʪʷʤ ʧʦʣʥʫʶ ʩʚʦʙʦʜʫ ʜʝʡʩʪʚʠʡ ʚʥʫʪʨʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʝʛʤʝʥʪʦʚ ʩʝʪʠ. ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ 

ʫʛʨʦʟ, ʥʘ ʙʦʨʴʙʫ ʩ ʢʦʪʦʨʳʤʠ ʥʘʧʨʘʚʣʝʥ ʜʦʢʫʤʝʥʪ, ʫʢʘʟʘʥʳ: çʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʚʨʘʞʜʝʙʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʘʢʪʦʚ ʘʛʨʝʩʩʠʠè; çʧʦʜʨʳʚ 

ʧʦʣʠʪʠʯʝʩʢʦʡ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤ ʦʜʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʜʨʫʛʠʤè; 

çʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘʤʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʨʫʛʠʭ ʛʦʩʫʜʘʨʩʪʚ ʩ ʮʝʣʴʶ 

ʠʩʢʘʞʝʥʠʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʠ ʜʫʭʦʚʥʦʡ ʩʨʝʜʳ ʦʙʱʝʩʪʚʘè, ʘ ʪʘʢʞʝ çʤʘʩʩʠʨʦʚʘʥʥʘʷ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʥʘʩʝʣʝʥʠʷ ʜʣʷ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘè. 

ɺʦʧʨʦʩʘʤ ʵʢʩʪʨʝʤʠʟʤʘ ʠ ʪʝʨʨʦʨʠʟʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʥʪʝʨʥʝʪ ʙʳʣ ʧʦʩʚʷʱʝʥ 

ʦʙʩʪʦʷʪʝʣʴʥʳʡ ʨʘʟʛʦʚʦʨ ʚ ʧʨʦʛʨʘʤʤʝ çɾʝʪi ʢʫʥè 23 ʦʢʪʷʙʨʷ 2011 ʛ. ʋʢʘʟʳʚʘʣʦʩʴ, ʯʪʦ ʚ ʵʪʦʡ 

ʩʝʪʠ ʩʦʚʝʨʰʝʥʥʦ ʣʝʛʘʣʴʥʦ ʩʦʟʜʘʥʳ ʪʳʩʷʯʠ ʩʘʡʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʧʦʜʨʦʙʥʝʡʰʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʠ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʦʚʝʜʝʥʠʶ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʭ ʘʢʪʦʚ ʠ ʜʨʫʛʠʭ 

ʜʝʡʩʪʚʠʡ ʘʛʨʝʩʩʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. 

ɻʘʟʝʪʘ ʩʦʦʙʱʘʝʪ ʪʘʢʞʝ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ ʘʢʪʠʚʥʦ ʩʦʟʜʘʶʪʩʷ ʢʠʙʝʨʚʦʡʩʢʘ ʜʣʷ 

ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʚ ʀʥʪʝʨʥʝʪʝ. çɺ ʦʢʪʷʙʨʝ 2010 ʛʦʜʘ ʚ ʧʦʣʥʫʶ ʩʠʣʫ ʟʘʨʘʙʦʪʘʣʦ 

ʢʠʙʝʨʢʦʤʘʥʜʦʚʘʥʠʝ ʉʐɸ ʩʦ ʰʪʘʪʦʤ ʙʦʣʝʝ 1 ʪʳʩʷʯʠ ʯʝʣʦʚʝʢ. ʉʧʝʮʠʘʣʴʥʳʝ 

ʢʠʙʝʨʧʦʜʨʘʟʜʝʣʝʥʠʷ ʝʩʪʴ ʫ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʂʠʪʘʷ, ʀʟʨʘʠʣʷ ʠ ʀʥʜʠʠè. 

ɺ ʢʦʥʚʝʥʮʠʠ ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʷʜ ʧʦʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʟʚʘʥʳ ʟʘʱʠʪʠʪʴ ʈʦʩʩʠʶ ʠ 

ʜʨʫʛʠʝ ʩʪʨʘʥʳ ʦʪ ʢʠʙʝʨʥʘʧʘʜʝʥʠʷ ʠʣʠ ʞʝ ʦʪ ʧʦʤʦʱʠ ʠʟʚʥʝ ʤʝʩʪʥʦʡ ʦʧʧʦʟʠʮʠʠ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʦʙʷʟʘʪʴ ʛʦʩʫʜʘʨʩʪʚʘ çʚʦʟʜʝʨʞʠʚʘʪʴʩʷ ʦʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʠʥʷʪʠʷ ʧʣʘʥʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʚʦʟʨʘʩʪʘʥʠʝ ʫʛʨʦʟ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝè; çʥʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʜʝʣʘ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʥʫʪʨʝʥʥʝʡ ʢʦʤʧʝʪʝʥʮʠʠ ʜʨʫʛʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘè; çʚʦʟʜʝʨʞʠʚʘʪʴʩʷ ʦʪ 

ʢʣʝʚʝʪʥʠʯʝʩʢʠʭ ʫʪʚʝʨʞʜʝʥʠʡ, ʦʩʢʦʨʙʠʪʝʣʴʥʦʡ ʠʣʠ ʚʨʘʞʜʝʙʥʦʡ ʧʨʦʧʘʛʘʥʜʳ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʠʥʪʝʨʚʝʥʮʠʠ ʠʣʠ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʜʝʣʘ ʜʨʫʛʠʭ ʛʦʩʫʜʘʨʩʪʚè. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʘʢʞʝ ʟʘʢʨʝʧʠʪʴ ʚ ʢʦʥʚʝʥʮʠʠ ʧʨʠʥʮʠʧ ʥʝʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʨʫʛ ʜʨʫʛʘ. 



ʀɿɺɽʉʊʀʗ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʑɽʉʊɺɸ çʂɸʍɸʂè,  2011, ˉ 3(33). 
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ʉʦʣʠʜʘʨʥʳʝ ʦʪʜʝʣʴʥʳʤ ʧʦʣʦʞʝʥʠʷʤ ʢʦʥʚʝʥʮʠʠ ʧʨʝʜʣʦʞʝʥʠʷ ʚʳʨʘʙʘʪʳʚʘʶʪʩʷ ʚ 

ʩʫʙʲʝʢʪʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʨʘʚʠʪʝʣʴʩʪʚʘ. ɺ ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚʚʦʜʠʪʩʷ ʟʘʧʨʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʝʩʧʣʘʪʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ ʠ ʩʝʨʚʠʩʘ Skype ʜʣʷ ʜʝʣʦʚʦʡ ʧʝʨʝʧʠʩʢʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦ 

ʚʩʝʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʨʝʛʠʦʥʘ. ʕʪʘ ʠʥʠʮʠʘʪʠʚʘ ʦʙʲʷʩʥʷʝʪʩʷ çʘʥʘʣʠʟʦʤ, 

ʧʨʦʚʝʜʝʥʥʳʤ ʌʉɹè, ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʠʣ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʘʧʧʘʨʘʪʫʨʳ ʩʚʷʟʠ ʚʦ ʚʩʝʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʙʣʘʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʙʳʣ ʚʳʷʚʣʝʥ ʨʷʜ 

ʩʠʩʪʝʤʥʳʭ ʨʠʩʢʦʚ çʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʦʨʛʘʥʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʷè. ʇʦʤʠʤʦ ʵʪʦʛʦ ʯʠʥʦʚʥʠʢʘʤ ʧʨʝʜʧʠʩʘʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʦʣʴʢʦ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʝ ʚ ʈʌ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ 

ʧʨʦʚʦʜʠʪʴ ʢʦʥʩʫʣʴʪʘʮʠʠ ʩ ʢʦʤʧʝʪʝʥʪʥʳʤʠ ʦʨʛʘʥʘʤʠ ʧʨʠ ʟʘʢʫʧʢʝ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʪʝʭʥʠʢʠ. (ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ.INSIDE ˉ 1-2011). ʇʨʝʜʧʠʩʘʥʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʟʘʢʨʳʪʠʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʝʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʩʠʩʪʝʤʫ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʫʜʘʣʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʥʠʤ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ.  

ɸʥʘʣʦʛʠʯʥʳʝ ʨʠʩʢʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ ʚʩʝʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʩʝʪʷʭ, ʠʙʦ ʚ ʥʠʭ ʧʨʝʚʘʣʠʨʫʶʪ ʟʘʨʫʙʝʞʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʨʝʜʩʪʚʘ ʠ ʩʦʟʜʘʥʳ ʦʥʠ ʧʦʣʥʦʩʪʴʶ ʥʘ ʠʤʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ, 

ʙʝʟʫʩʣʦʚʥʦ, ʚʳʩʦʢʦʟʘʪʨʘʪʥʦʡ. ʉʐɸ, ʥʘʧʨʠʤʝʨ, ʩʯʠʪʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʝʞʝʛʦʜʥʦ ʧʣʘʥʠʨʫʶʪ ʥʘ ʝʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʩʨʝʜʩʪʚʘ, ʩʦʠʟʤʝʨʠʤʳʝ ʩ ʟʘʪʨʘʪʘʤʠ ʥʘ ʦʙʦʨʦʥʫ. ʇʨʝʜʧʨʠʷʪʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʟʘʪʨʘʯʠʚʘʶʱʠʝ 

ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʫʞʜʳ ʤʝʥʝʝ 50 ʪʳʩ. ʜʦʣʣʘʨʦʚ ʚ ʛʦʜ, ʥʝ ʩʯʠʪʘʶʪʩʷ ʩʝʨʴʝʟʥʳʤʠ ʠ 

ʟʘʩʣʫʞʠʚʘʶʱʠʤʠ ʜʦʚʝʨʠʷ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʧʦʯʪʠ ʚʩʝ ʩʪʨʘʥʳ ʤʠʨʘ ʦʙʨʘʱʘʶʪ ʩʝʨʴʝʟʥʦʝ 

ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʚʦʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ 

ʧʨʦʛʨʘʤʤʝ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (çʂʘʟʘʭʩʪʘʥ-2030è) ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ 

ʧʨʠʦʨʠʪʝʪʦʚ ʦʙʲʷʚʣʝʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʘ, ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

 

1.ʂʨʠʧʪʦʛʨʘʬʠʷ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʕʎʇ.  

ʆʙʱʝʧʨʠʟʥʘʥʥʳʤʠ ʜʝʡʩʪʚʝʥʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʘʨʠʨʦʚʘʥʠʝ ʫʛʨʦʟ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʧʦʣʫʯʝʥʠʝʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʝʝ ʫʥʠʯʪʦʞʝʥʠʝʤ ʠ 

ʤʦʜʠʬʠʢʘʮʠʝʡ, ʷʚʣʷʶʪʩʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʟʘʱʠʪʳ ʠʣʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʟʘʢʨʳʪʠʷ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʦʪ ʫʪʝʯʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʫʪʝʤ ʦʙʨʘʪʠʤʦʛʦ ʦʜʥʦʟʥʘʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʦʦʙʱʝʥʠʡ ʠʣʠ ʭʨʘʥʷʱʠʭʩʷ ʜʘʥʥʳʭ ʚ ʬʦʨʤʫ, ʥʝʧʦʥʷʪʥʫʶ ʜʣʷ ʧʦʩʪʦʨʦʥʥʠʭ ʠʣʠ 

ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʳʭ ʣʠʮ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʢʨʠʧʪʦʟʘʱʠʪʫ, ʥʘʟʳʚʘʝʪʩʷ 

ʰʠʬʨʦʚʘʥʠʝʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ. ʂʨʠʧʪʦʛʨʘʬʠʷ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʜʘʥʥʳʭ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʪʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ʙʝʩʧʦʣʝʟʥʳʤʠ ʜʣʷ ʧʨʦʪʠʚʥʠʢʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʠʧʪʦʛʨʘʬʠʷ ï ʵʪʦ ʪʘʢʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʜʠʩʮʠʧʣʠʥʘ, ʛʜʝ ʠʤʝʝʪʩʷ 

ʙʦʣʴʰʝ ʬʘʢʪʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʯʝʤ ʩʪʨʦʛʠʭ ʪʝʦʨʝʤ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʨʠʧʪʦʛʨʘʬʠʷ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ: 

- ʩʠʤʤʝʪʨʠʯʥʳʝ ʢʨʠʧʪʦʩʠʩʪʝʤʳ; 

- ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʢʨʠʧʪʦʩʠʩʪʝʤʳ; 

- ʛʝʥʝʨʘʮʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʶʯʝʡ; 

- ʵʣʝʢʪʨʦʥʥʘʷ ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ; 

- ʧʦʪʦʯʥʦʝ ʰʠʬʨʦʚʘʥʠʝ. 
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ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʛʨʝʩʩʦʤ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʨʘʟʚʠʪʠʝʤ ʤʝʪʦʜʦʚ 

ʢʨʠʧʪʦʘʥʘʣʠʟʘ. ʆʪʜʝʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʧʦʜʦʙʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 

ʬʠʥʘʥʩʦʚʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʘ ʪʘʢʞʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ. ɺʦʟʤʦʞʥʦʩʪʠ çʩʘʤʦʩʪʠʡʥʳʭè ʘʣʛʦʨʠʪʤʦʚ 

ʜʘʞʝ ʙʣʠʟʢʦ ʥʝ ʩʪʦʷʪ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʢʦʪʦʨʦʝ ʠʤʝʣʦ 8 ɻʋ ʂɻɹ ʉʉʉʈ ʚ ʤʦʤʝʥʪ ʩʦʟʜʘʥʠʷ 

ɻʆʉʊ 28147-89. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʦʯʝʥʴ ʭʦʨʦʰʦ ʦʙʦʩʥʦʚʘʥ ʠ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʥʘ ʜʣʠʪʝʣʴʥʳʡ 

ʮʠʢʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʥʝʛʦ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʨʝʟʝʨʚʳ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʪʦʛʦ ʚʨʝʤʝʥʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʥ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʋʯʠʪʳʚʘʷ ʤʥʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʠ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʦʤʧʘʥʠʡ-

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ.  

1. ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥʦ ʜʦʩʪʘʪʦʯʥʦ. 

ʇʦʪʨʝʙʥʦʩʪʠ ʟʘʤʝʥʳ ʧʨʠʤʝʥʷʝʤʳʭ ʩʝʛʦʜʥʷ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʜʨʫʛʠʝ ï ʙʦʣʝʝ ʩʪʦʡʢʠʝ, ʙʦʣʝʝ 

ʙʳʩʪʨʳʝ ʠ ʪ.ʜ., ʥʝʪ. 

2. ɽʩʣʠ ʨʝʘʣʴʥʦ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʦʩʪʠʨʦʚʘʥʥʳʝ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ, ʪʦ ʥʘʡʪʠ ʫʞʝ ʧʨʦʚʝʨʝʥʥʳʡ  ʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ (ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ) 

ʫʧʦʣʥʦʤʦʯʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ ʤʦʞʥʦ ʙʝʟ ʦʩʦʙʳʭ ʧʨʦʙʣʝʤ. 

3. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʫʞʥʦ ʫʣʫʯʰʘʪʴ ʠʭ 

ʨʝʘʣʠʟʘʮʠʠ. ʇʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʛʦʜʥʷʰʥʠʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʪʘʢ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʠ. 

4. ʉʦʚʝʪʩʢʘʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʰʢʦʣʘ ï ʦʜʥʘ ʠʟ ʣʫʯʰʠʭ ʚ ʤʠʨʝ. ʀ ʵʪʦ ʧʦʣʦʞʝʥʠʝ 

ʥʫʞʥʦ ʩʦʭʨʘʥʷʪʴ. ɸ ʩʦʭʨʘʥʷʪʴ ʝʛʦ ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʥʦʚʳʭ 

ʨʘʟʨʘʙʦʪʦʢ, ʩʦʟʜʘʥʠʠ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ. 

5. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʠʤʝʪʴ ʥʘʙʦʨ ʰʠʬʨʦʚ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʜʣʷ  ʨʘʟʣʠʯʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ʅʫʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʚʳʙʦʨʘ ʬʫʥʢʮʠʠ ʰʠʬʨʦʚʘʥʠʷ ʜʣʷ 

ʨʘʟʣʠʯʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʕʪʦ ʠʥʪʝʨʝʩʥʳʡ ʚʦʧʨʦʩ ʠ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʢʨʠʧʪʦʛʨʘʬʠʠ. 

ʌʫʥʢʮʠʷ ʭʵʰʠʨʦʚʘʥʠʷ ï ʦʩʥʦʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ 

ʧʦʜʧʠʩʠ. ʄʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʬʫʥʢʮʠʡ ʨʘʟʨʘʙʦʪʘʥʦ ʠ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʘʣʴʥʦ ʚ ʩʨʝʜʩʪʚʘʭ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ï ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ. ʍʵʰ-ʬʫʥʢʮʠʷ ï ʵʪʦ 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʚʳʯʠʩʣʠʤʦʛʦ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʆʩʦʙʝʥʥʦʩʪʴ 

ʵʪʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʷʤʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ xhy  ʚʳʯʠʩʣʷʝʪʩʷ 

ʣʝʛʢʦ, ʘ ʦʙʨʘʪʥʦʝ yhx 1
 - ʪʨʫʜʥʦ. ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʦʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʝʡ, ʧʦʵʪʦʤʫ ʧʨʘʚʠʣʴʥʝʝ ʛʦʚʦʨʠʪʴ ʦ ʥʘʭʦʞʜʝʥʠʠ ʦʜʥʦʛʦ ʠʟ ʧʨʦʦʙʨʘʟʦʚ ʜʣʷ ʜʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʭʵʰ-ʬʫʥʢʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʣʶʯʘ, ʧʦʥʠʤʘʝʤʦʛʦ ʢʘʢ ʥʝʢʦʪʦʨʘʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ, ʥʝʪ. ʆʜʥʘʢʦ ʩʪʦʡʢʠʝ ʭʵʰ-ʬʫʥʢʮʠʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʦʙʨʘʟ ʧʦ ʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ 

ʬʫʥʢʮʠʠ ʪʷʞʝʣʦ ʥʘʡʪʠ, ʨʝʘʣʠʟʫʶʪʩʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʪʨʝʙʫʶʪ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʠʷ ʩʪʦʡʢʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʠʧʠʯʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʭʵʰ-ʬʫʥʢʮʠʠ ï ʩʦʟʜʘʥʠʝ ʩʞʘʪʦʛʦ ʦʙʨʘʟʘ ʠʩʭʦʜʥʦʛʦ ʪʝʢʩʪʘ ʪʘʢʦʛʦ, ʯʪʦ ʥʘʡʪʠ ʜʨʫʛʦʡ ʪʝʢʩʪ, 

ʦʙʣʘʜʘʶʱʠʡ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ, ʚʳʯʠʩʣʠʪʝʣʴʥʦ ʥʝʚʦʟʤʦʞʥʦ. 

ʆʪʜʝʣʴʥʳʝ ʩʦʦʙʱʝʥʠʷ ʦ ʚʟʣʦʤʝ ʭʵʰ-ʬʫʥʢʮʠʡ ʛʦʚʦʨʷʪ ʣʠʙʦ ʦ ʩʣʘʙʦʩʪʷʭ ʨʝʘʣʠʟʘʮʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʣʠʙʦ ʦʙ ʘʣʛʦʨʠʪʤʘʭ, ʢʦʪʦʨʳʝ ʚʳʨʘʙʦʪʘʣʠ ʟʘʣʦʞʝʥʥʳʡ ʚ 

ʥʠʭ ʟʘʧʘʩ ʥʘʜʝʞʥʦʩʪʠ. 

ɽʩʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʪʦʡʢʠʭ ʭʵʰ-ʬʫʥʢʮʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʭʵʰʠʨʫʝʤʳʭ ʜʘʥʥʳʭ. 

ʈʦʩʩʠʡʩʢʘʷ ʭʵʰ-ʬʫʥʢʮʠʷ ɻʆʉʊ ʈ.34.11-94 ʧʦʩʪʨʦʝʥʘ ʥʘ ʠʜʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʩʥʦʚʳ ʜʣʷ ʘʣʛʦʨʠʪʤʘ ʚʳʯʠʩʣʝʥʠʷ ʭʵʰ-ʢʦʜʘ ʩʦʦʙʱʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʙʣʦʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ. ɿʘ 

ʧʨʦʰʝʜʰʠʝ ʧʦʯʪʠ ʧʦʣʪʦʨʘ ʜʝʩʷʪʠʣʝʪʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʩʪʘʥʜʘʨʪʘ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ 

ʢʘʢʠʭ-ʣʠʙʦ ʝʛʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʣʘʙʦʩʪʝʡ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʧʦʩʣʝʜʥʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ 
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ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʬʫʥʢʮʠʡ ʭʵʰʠʨʦʚʘʥʠʷ ʩʪʠʤʫʣʠʨʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʬʫʥʢʮʠʡ ʭʵʰʠʨʦʚʘʥʠʷ, ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ 

ʦʪʚʝʯʘʣʠ ʙʳ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

 

2. ʅʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʢʨʠʧʪʦʛʨʘʬʠʠ 

 ʉʪʨʝʤʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʩʦʟʜʘʥʠʠ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʦʙʝʩʧʝʯʠʚʰʠʡ 

ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʚʩʝʭ ʚʠʜʦʚ ʧʘʤʷʪʠ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʤʘʪʝʤʘʪʠʢʝ, ʦʙʝʩʧʝʯʠʣʠ ʭʦʨʦʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʜʣʷ 

ʢʨʠʧʪʦʘʥʘʣʠʟʘ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʥʘʜʝʞʥʦʩʪʠ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ, 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʩʝ ʯʘʱʝ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʠʟʚʝʩʪʥʳʝ ʧʦʜʭʦʜʳ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʠʝ: 

- ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ; 

- ʢʚʘʥʪʦʚʫʶ ʢʨʠʧʪʦʛʨʘʬʠʶ; 

- ʩʪʝʛʘʥʦʛʨʘʬʠʶ; 

- ʜʠʥʘʤʠʯʝʩʢʠʡ ʭʘʦʩ; 

- ʟʦʣʦʪʦʝ ʩʝʯʝʥʠʝ ʠ ʯʠʩʣʘ ʌʠʙʦʥʘʯʯʠ; 

- ʩʠʩʪʝʤʫ ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ; 

- ʢʨʠʚʫʶ ɻʠʣʴʙʝʨʪʘ; 

- ʥʝʡʨʦʩʝʪʝʚʳʝ ʤʝʭʘʥʠʟʤʳ ʙʠʦʤʝʪʨʠʢʠ; 

- ʠʤʤʫʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʜʨ. 

ɸʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʪʘʢʞʝ ʧʦʪʦʯʥʦʝ ʰʠʬʨʦʚʘʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ 

ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʟʘʯʘʩʪʫʶ ʧʨʠ ʛʘʤʤʠʨʦʚʘʥʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʬʫʥʢʮʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ʩʣʦʞʝʥʠʷ (ʧʦʨʘʟʨʷʜʥʦʛʦ 

ʩʣʦʞʝʥʠʷ ʧʦ ʤʦʜʫʣʶ 2), ʘ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʩʪʘʥʦʚʠʪʩʷ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ 

ʭʦʨʦʰʠʭ ʜʘʪʯʠʢʦʚ ʧʩʝʚʜʦʩʣʫʯʘʡʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ɺʩʝ ʵʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʢʨʠʧʪʦʛʨʘʬʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ, ʥʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʧʨʠ ʚʩʝʡ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ, ʣʠʙʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʨʘʙʦʪʘʥʳ ʠ ʠʩʩʣʝʜʦʚʘʥʳ, ʣʠʙʦ 

ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʠʟ-ʟʘ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉʠʩʪʝʤʘ ʦʩʪʘʪʦʯʥʳʭ ʢʣʘʩʩʦʚ ʩ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʥʘʜ 2GF  ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʣʥʦ ʧʨʦʨʘʙʦʪʘʥʘ ʜʣʷ ʧʨʦʮʝʜʫʨ ʰʠʬʨʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ 

ʧʦʜʧʠʩʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʵʪʠ ʧʨʦʮʝʜʫʨʳ ʧʨʠ ʧʨʦʩʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʥʳ 

ʦʙʝʩʧʝʯʠʪʴ ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʴ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʜʣʠʥʝ ʢʣʶʯʘ, 

ʘ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʩʣʫʯʘʷʭ ï ʟʘʜʘʥʥʫʶ ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʴ. 

 

3. ɿʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ 

ɿʘʢʦʥʦʜʘʪʝʣʴʥʘʷ ʙʘʟʘ ʚ ʦʙʣʘʩʪʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʝʩʪʴ. 

ʆʪʜʝʣʴʥʳʝ ʥʝʪʦʯʥʦʩʪʠ ʬʦʨʤʫʣʠʨʦʚʦʢ ʚ ʟʘʢʦʥʘʭ ʠ ʥʝʢʦʪʦʨʳʝ ʩʣʘʙʦʩʪʠ ʤʦʛʫʪ ʧʨʦʷʚʠʪʴʩʷ 

ʣʠʰʴ ʚ ʧʨʦʮʝʩʩʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʟʘʢʦʥʦʚ. ʉʝʡʯʘʩ ʦʩʥʦʚʥʳʝ ʫʩʠʣʠʷ 

ʟʘʢʦʥʦʪʚʦʨʮʝʚ, ʚʝʨʦʷʪʥʦ, ʩʪʦʠʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʥʘ ʥʘʧʠʩʘʥʠʠ ʧʦʜʟʘʢʦʥʥʳʭ ʘʢʪʦʚ, ʚ ʢʦʪʦʨʳʭ 

ʥʫʞʥʦ ʯʝʪʢʦ ʨʘʟʲʷʩʥʠʪʴ ʧʨʦʮʝʜʫʨʳ ʠ ʨʝʛʣʘʤʝʥʪʳ ʨʘʙʦʪʳ. 

ʄʦʞʥʦ, ʢʦʥʝʯʥʦ ʞʝ, ʦʙʦʟʥʘʯʠʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ, ʥʦʩʷʱʠʝ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ. 

1. ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʥʫʞʥʦ ʥʝ ʪʦʣʴʢʦ ʧʨʠʜʘʪʴ 

ʶʨʠʜʠʯʝʩʢʫʶ ʩʠʣʫ ʥʝʢʦʪʦʨʦʤʫ ʬʘʡʣʫ, ʥʫʞʥʦ ʝʱʝ ʦʧʨʝʜʝʣʠʪʴ ʧʦʨʷʜʦʢ ʝʛʦ ʦʙʦʨʦʪʘ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʪ.ʝ. ʩʦʟʜʘʪʴ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʚʝʩʴ 

ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʪʘʢʦʛʦ ʜʦʢʫʤʝʥʪʘ ʦʪ ʤʦʤʝʥʪʘ ʝʛʦ ʥʘʧʠʩʘʥʠʷ ʜʦ ʤʦʤʝʥʪʘ ʫʥʠʯʪʦʞʝʥʠʷ ʠʣʠ 

ʩʜʘʯʠ ʚ ʘʨʭʠʚ. 

2. ɺʩʝ ʦʨʛʘʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʨʛʘʥʳ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʥʫʞʥʦ 

ʦʙʷʟʘʪʴ ʧʨʠʥʠʤʘʪʴ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʦʢʫʤʝʥʪʳ, ʧʦʜʧʠʩʘʥʥʳʝ ʕʎʇ, ʥʘʨʘʚʥʝ ʩ ʙʫʤʘʞʥʳʤʠ. 

ʇʨʠʥʷʪʠʝ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʢʘʞʝʪ ʫʩʢʦʨʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ, ʠ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʥʮʠʧʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 
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3. ɺʝʩʴ ʩʫʱʝʩʪʚʫʶʱʠʡ ʙʫʤʘʞʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, ʢʦʪʦʨʳʡ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʩʦʤʥʝʥʠʷʤ, ʜʝʨʞʠʪʩʷ ʥʘ ʠʥʩʪʨʫʢʮʠʷʭ. ʇʦʵʪʦʤʫ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʟʜʘʥʳ ʘʥʘʣʦʛʠʯʥʳʝ 

ʠʥʩʪʨʫʢʮʠʠ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ɹʳʣʦ ʙʳ ʧʦʣʝʟʥʳʤ ʦʧʫʙʣʠʢʦʚʘʪʴ ʚ 

ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʪʠʧʦʚʳʝ ʧʨʦʝʢʪʳ ʪʘʢʠʭ ʠʥʩʪʨʫʢʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʜʣʷ 

ʘʧʨʦʙʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ.  

ʉʝʨʪʠʬʠʢʘʮʠʷ (ʩʝʡʯʘʩ ï ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ) ï ʧʨʦʮʝʜʫʨʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ 

ʦʩʥʘʱʝʥʠʶ, ʘ ʟʘʪʝʤ ʠ ʧʨʠʤʝʥʝʥʠʶ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ ʢʘʯʝʩʪʚʘ. ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʥʘ ʢʦʥʢʫʨʝʥʪʥʦʡ 

ʦʩʥʦʚʝ, ʠ ʙʳʪʴ ʣʝʛʢʦ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʚʩʝʭ ʶʨʠʜʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʣʠʮ. ʉʝʨʪʠʬʠʢʘʮʠʷ 

ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʚ ʥʳʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʨʠʭʦʜʠʪ ʦʩʦʟʥʘʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʪʢʘʟʘ ʦʪ ʧʨʦʛʨʘʤʤʥʳʭ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ, ʢʘʢ ʦʯʝʚʠʜʥʦ 

ʥʝʥʘʜʝʞʥʳʭ, ʠ ʧʝʨʝʥʦʩ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʯʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʥʘ ʘʧʧʘʨʘʪʥʳʡ ʫʨʦʚʝʥʴ. 

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʩʝʨʪʠʬʠʢʘʮʠʠ (ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ) ï ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʷʟʘʥʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʨʛʘʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʊʦʛʜʘ ʧʦʷʚʷʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ ʠʣʠ ʙʫʜʫʪ ʧʨʠʟʥʘʥʳ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ 

ʟʘʨʫʙʝʞʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ. 

ʉʪʘʥʜʘʨʪ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʉʊ ʈʂ 1073-2007) ʙʝʟ ʚʩʷʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʨʘʟʤʝʨʳ ʢʣʶʯʝʡ ʠ ʭʵʰ-ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩʣʠʰʢʦʤ 

ʟʘʚʳʰʝʥʥʳʤʠ. 

 

ʊʘʙʣʠʮʘ 1  

ʉʨʝʜʩʪʚʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ (ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʉʊ ʈʂ 1073-2007) 

 

 ɼʣʠʥʘ (ʙʠʪ) 

ʢʣʶʯʘ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ 

ʢʣʶʯʘ 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ 

hash ʕʎʇ 

ʋʨʦʚʥʠ 

ʙʝʟʦʧʘʩ-

ʥʦʩʪʠ 

I 60 120 120 120 

II  100 160 160 200 

III  150 250 250 300 

IV  200 400 400 400 

 
ʇʨʦʬʝʩʩʦʨ ɸ.ɸ. ʄʦʣʜʦʚʷʥ ʪʘʢʞʝ ʧʨʦʩʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʵʪʦʤʫ: çé ʝʩʣʠ 160-ʙʠʪʦʚʳʡ 

ʨʘʟʤʝʨ ʭʵʰ-ʬʫʥʢʮʠʠ ʦʢʘʞʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ, ʪʦ ʧʝʨʝʭʦʜ ʢ 256-ʙʠʪʦʚʳʤ ʠ ʜʘʞʝ 512-

ʙʠʪʦʚʳʤ ʭʵʰ-ʬʫʥʢʮʠʷʤ ʨʘʟʨʝʰʠʪ ʧʨʦʙʣʝʤʫ ʥʘ ʤʥʦʛʠʝ ʛʦʜʳè. 

ʇʨʠʚʝʜʝʤ ʪʱʘʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʜʣʠʥʘʤʠ ʢʣʶʯʝʡ, 

ʚʳʧʦʣʥʝʥʥʳʝ ɺ.ʇ. ʇʦʥʦʤʘʨʝʚʳʤ, ʠ, ʙʝʟʫʩʣʦʚʥʦ, ʧʦʣʝʟʥʳʝ ʜʣʷ ʢʨʠʧʪʦʛʨʘʬʠʠ. 

çʉ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʨʘʥʟʠʩʪʦʨ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʩʦʚʨʝʤʝʥʥʦʡ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʭʝʤʳ, ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥ ʝʱʝ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ, ʜʦ ʨʘʟʤʝʨʘ 0,03 ʤʠʢʨʦʥ. 

ɿʘ ʵʪʦʡ ʛʨʘʥʴʶ ʧʨʦʮʝʩʩ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʩʪʘʥʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʦʩʪʘʚʠʪ 10
16 

ʦʧʝʨʘʮʠʡ ʚ ʩʝʢʫʥʜʫ.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʨʘʟʤʝʨ ʧʨʦʮʝʩʩʦʨʘ ʨʘʚʝʥ ʨʘʟʤʝʨʫ ʘʪʦʤʘ. ʊʦʛʜʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʚʳʨʘʟʠʪʩʷ ʬʦʨʤʫʣʦʡ 

18103
a

c

R

V
F  

ʦʧʝʨʘʮʠʡ ʚ ʩʝʢʫʥʜʫ, ʛʜʝ 
8103

c
V  ʤ/ʩʝʢ ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ, ʘ 

1010
a

R  ʤ ï 

ʨʘʟʤʝʨʳ ʘʪʦʤʦʚ. ʉʪʦʣʴʢʦ ʨʘʟ ʟʘ 1 ʩʝʢʫʥʜʫ ʩʚʝʪ ʧʨʦʡʜʝʪ ʨʘʟʤʝʨʳ ʘʪʦʤʳ. ʇʦʩʢʦʣʴʢʫ ʧʝʨʠʦʜ 

ʦʙʨʘʱʝʥʠʷ ɿʝʤʣʠ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʩʦʩʪʘʚʣʷʝʪ 365,2564 ʩʫʪʦʢ ʠʣʠ 31558153 ʩʝʢʫʥʜ, ʪʦ ʟʘ ʦʜʠʥ 



ʀɿɺɽʉʊʀʗ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʑɽʉʊɺɸ çʂɸʍɸʂè,  2011, ˉ 3(33). 
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ʛʦʜ ʪʘʢʦʡ ʧʨʦʮʝʩʩʦʨ ʚʳʧʦʣʥʠʪ 
2618 101094674459  ʦʧʝʨʘʮʠʡ. ɹʦʣʝʝ ʙʳʩʪʨʳʡ ʧʨʦʮʝʩʩʦʨ 

ʚ ʥʘʰʝʡ ʚʩʝʣʝʥʥʦʡ ʥʝʚʦʟʤʦʞʝʥ ʚ ʧʨʠʥʮʠʧʝ.  

ɿʘ 100 ʣʝʪ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʛʠʧʦʪʝʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʨ ʩʦʚʝʨʰʠʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

10
28
. ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʟʘ ʦʜʠʥ ʪʘʢʪ ʩʚʦʝʡ ʨʘʙʦʪʳ ʦʥ ʧʨʦʚʝʨʷʝʪ ʦʜʠʥ ʢʣʶʯ, ʘ ʨʘʩʰʠʬʨʦʚʢʘ 

ʩʦʦʙʱʝʥʠʷ ʥʘ ʥʘʡʜʝʥʥʦʤ ʢʣʶʯʝ ʧʨʦʠʩʭʦʜʠʪ ʤʛʥʦʚʝʥʥʦ, ʪʦ ʦʥ ʩʤʦʞʝʪ ʧʝʨʝʙʨʘʪʴ 10
28

 ʢʣʶʯʝʡ, 

ʪ.ʝ. ʜʣʠʥʘ ʢʣʶʯʘ ʩʦʩʪʘʚʠʪ ʚʩʝʛʦ ʣʠʰʴ 93 ʙʠʪʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʦʟʜʘʪʴ ʝʱʝ ʙʦʣʝʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʫʶ ʩʠʩʪʝʤʫ ʚʦʟʤʦʞʥʦ, ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʷ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʨʦʚ ʚ 

ʩʠʩʪʝʤʝ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʢʘʯʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʩʚʦʡ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ ʩ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʥʘ ʣʠʥʝʡʥʳʡ, ʘ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʩʠʩʪʝʤʳ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʮʝʩʩʦʨʦʚ. 

ɼʣʷ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʝʜʝʣʦʤ ʷʚʣʷʝʪʩʷ ʧʣʦʱʘʜʴ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɽʩʣʠ ʚʳʨʘʟʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʥʦʛʦ ʰʘʨʘ (ʩʯʠʪʘʷ ʦʢʝʘʥʳ, ʧʫʩʪʳʥʠ, ɸʨʢʪʠʢʫ ʠ ɸʥʪʘʨʢʪʠʢʫ) ʚ 

ʢʚʘʜʨʘʪʥʳʭ ʤʠʣʣʠʤʝʪʨʘʭ, ʠ ʥʘ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʧʦʤʝʩʪʠʪʴ ʧʦ ʤʠʣʣʠʦʥʫ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʪʦ 

ʚ ʛʦʜ ʤʦʱʥʦʩʪʴ ʪʘʢʦʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩʦʩʪʘʚʠʪ 
52101.5  ʦʧʝʨʘʮʠʡ, ʯʪʦ 

ʵʢʚʠʚʘʣʝʥʪʥʦ 175-176 ʙʠʪ. ɽʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʩʪʦʡʢʦʩʪʴ ʰʠʬʨʘ ʜʦʣʞʥʘ 

ʩʦʩʪʘʚʣʷʪʴ 100 ʣʝʪ, ʪʦ ʟʘ ʫʢʘʟʘʥʥʳʡ ʧʝʨʠʦʜ ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʩʤʦʞʝʪ ʧʝʨʝʙʨʘʪʴ 
54105  ʢʣʶʯʝʡ, 

ʯʪʦ ʩʦʩʪʘʚʠʪ 181-182 ʙʠʪʘ. ʀ ʵʪʦ ʧʨʠʪʦʤ, ʯʪʦ ʥʠʢʘʢʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʧʨʦʮʝʩʩʦʨʦʚ 

ʥʝ ʪʨʘʪʷʪʩʷ ʥʘ ʩʦʛʣʘʩʦʚʘʥʠʝ ʠʭ ʚʟʘʠʤʥʦʡ ʨʘʙʦʪʳ ʚ ʩʠʩʪʝʤʝ, ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʜʝʰʠʬʨʦʚʘʥʠʷ ʠ ʪ.ʜ.è. 

4. ɿʘʱʠʪʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʜʦʢʫʤʝʥʪʳ. 

ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʠ ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ ʤʘʩʩʠʚʳ, ʵʣʝʢʪʨʦʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʦʙʣʘʜʘʶʪ ʮʝʥʥʦʩʪʴʶ ʪʦʛʜʘ ʠ 

ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥʠ:  

- ʧʦʣʥʳ; 

- ʘʫʪʝʥʪʠʯʥʳ; 

- ʜʦʩʪʫʧʥʳ; 

- ʘʢʪʫʘʣʴʥʳ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʦʙʱʝʥʠʝ ʷʚʣʷʣʦʩʴ ʵʣʝʢʪʨʦʥʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʦʥʦ ʜʦʣʞʥʦ ʚʢʣʶʯʘʪʴ ʚ 

ʩʚʦʡ ʩʦʩʪʘʚ ʨʷʜ ʘʪʨʠʙʫʪʦʚ, ʫʜʦʩʪʦʚʝʨʷʶʱʠʭ ʩʦʙʣʶʜʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʢʦʥʝʯʥʦʤʫ ʧʨʦʜʫʢʪʫ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʟʥʘʚʘʝʤʦʤʫ ʢʘʢ ʶʨʠʜʠʯʝʩʢʠʡ ʬʘʢʪ. ɼʦʣʞʥʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʩʦʙʣʶʜʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʜʦʢʫʤʝʥʪʘ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʜʦʣʞʥʦ ʜʦʢʫʤʝʥʪʠʨʦʚʘʪʴʩʷ ʢʘʢʠʤ-ʣʠʙʦ 

ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ ʩʧʦʩʦʙʦʤ. ʊʝʭʥʦʣʦʛʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦʣʞʥʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʵʪʘʣʦʥʫ, ʝʝ ʩʦʙʣʶʜʝʥʠʝ ʜʦʣʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ ʨʘʟʥʳʭ ʝʛʦ ʵʪʘʧʘʭ ʟʘʥʷʪʳ ʣʶʜʠ 

(ʦʧʝʨʘʪʦʨʳ, ʧʦʣʴʟʦʚʘʪʝʣʠ) ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʨʝʜʩʪʚʘ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ï ʪʝʭʥʠʯʝʩʢʠʝ (ʇʕɺʄ, 

ʃɺʉ) ʠ ʧʨʦʛʨʘʤʤʥʳʝ (ʆʉ, ʇʇʆ). ʉʚʝʜʝʥʠʷ ʧʦʨʦʞʜʘʶʪʩʷ ʣʶʜʴʤʠ, ʟʘʪʝʤ ʧʨʝʦʙʨʘʟʦʚʳʚʘʶʪʩʷ 

ʚ ʜʘʥʥʳʝ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ. ɼʘʥʥʳʝ ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʘʤʠ ʧʝʨʝʜʘʶʪʩʷ ʧʦ 

ʢʘʥʘʣʘʤ ʩʚʷʟʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʘʥʥʳʝ (ʵʣʝʢʪʨʦʥʥʳʝ 

ʜʦʢʫʤʝʥʪʳ) ʧʨʝʦʙʨʘʟʦʚʳʚʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʣʠʟʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʤʝʨʦʧʨʠʷʪʠʷʭ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʝ ʚʳʜʝʣʷʶʪ: 

- ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ ʫʯʘʩʪʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

- ʟʘʱʠʪʫ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʪ ʅʉɼ; 

- ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʜʦʢʫʤʝʥʪʘʤ, ʨʝʩʫʨʩʘʤ ʇʕɺʄ  ʠ ʩʝʪʠ; 

- ʟʘʱʠʪʫ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ; 

- ʟʘʱʠʪʫ ʜʘʥʥʳʭ ʚ ʢʘʥʘʣʘʭ ʩʚʷʟʠ; 

- ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʧʦʪʦʢʘʤ ʜʘʥʥʳʭ. 
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ʇʦʩʣʝʜʥʝʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʚ ʢʘʥʘʣʘʭ ʩʚʷʟʠ, ʥʦ ʠ ʩʘʤʠ ʢʘʥʘʣʳ 

ʥʫʞʜʘʶʪʩʷ ʚ ʟʘʱʠʪʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝʚʦʟʤʦʞʥʦ ʩʦʟʜʘʪʴ 

ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʤʘʩʰʪʘʙʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʚʳʜʝʣʝʥʥʳʭ ʢʘʥʘʣʘʭ. ʕʪʦ ʜʦʨʦʛʦ, ʥʝʵʬʬʝʢʪʠʚʥʦ, 

ʥʝʨʝʥʪʘʙʝʣʴʥʦ. ʇʦʯʪʠ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʥʦʩʪʴʶ ʟʘʛʨʫʟʠʪʴ ʚʳʜʝʣʝʥʥʳʡ ʢʘʥʘʣ (ʧʦ ʥʝʢʦʪʦʨʳʤ 

ʜʘʥʥʳʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʳʜʝʣʝʥʥʳʝ ʢʘʥʘʣʳ ʟʘʥʷʪʳ ʝʜʚʘ ʣʠ ʥʘ 10 %). ʆʯʝʚʠʜʥʳʡ, 

ʥʘʧʨʘʰʠʚʘʶʱʠʡʩʷ ʚʳʚʦʜ ï ʦʨʛʘʥʠʟʘʮʠʷ ʚʠʨʪʫʘʣʴʥʳʭ ʯʘʩʪʥʳʭ ʩʝʪʝʡ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʢʘʥʘʣʘʭ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ çʪʫʥʥʝʣʠʨʦʚʘʥʠʝè ʧʦʪʦʢʦʚ ʜʘʥʥʳʭ, ʪ.ʝ. ʜʘʥʥʳʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʚʠʨʪʫʘʣʴʥʳʭ ʯʘʩʪʥʳʭ ʩʝʪʷʭ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʦʙʱʠʭ ʢʘʥʘʣʘʭ, ʜʦʣʞʥʳ ʙʳʪʴ 

ʠʟʦʣʠʨʦʚʘʥʳ, ʘ ʜʦʩʪʫʧ ʢ ʥʠʤ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʟʛʨʘʥʠʯʝʥ (ɺ.ɸ. ʂʦʥʷʚʩʢʠʡ). 

5. ʊʨʘʥʩʛʨʘʥʠʯʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʂʦʥʮʝʧʮʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʉʅɻ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʨʘʟʨʘʙʦʪʢʫ ʢʦʤʧʣʝʢʩʘ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʦʙʤʝʥʦʚ ʥʘ ʧʨʠʥʮʠʧʘʭ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʚʟʘʠʤʦʚʳʛʦʜʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ, ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʛʦʩʫʜʘʨʩʪʚ ʩʦʜʨʫʞʝʩʪʚʘ. 

ɺʘʞʥʝʡʰʝʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʞʜʦʡ ʠʟ ʩʪʦʨʦʥ ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ ʩʚʦʝʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʫʚʝʨʝʥʠʪʝʪʘ. ʊʨʘʥʩʛʨʘʥʠʯʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʦʣʞʥʦ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘʤʠ ʩʪʨʘʥ-ʫʯʘʩʪʥʠʢʦʚ ʵʪʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ ʦʪʜʝʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʶʨʠʜʠʯʝʩʢʦʝ 

ʧʨʠʟʥʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʦʙʤʝʥʝ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩʦʟʜʘʥʠʝʤ ʩʠʩʪʝʤʳ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ʋʧʨʦʱʝʥʥʫʶ ʩʭʝʤʫ ʚʦʟʤʦʞʥʦʛʦ ʚʘʨʠʘʥʪʘ ʪʘʢʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʩʝʪʴ, ʧʨʝʜʩʪʘʚʠʣʠ ɻʦʨʜʦʥ 

ʄ.ɹ. ʠ ʂʫʟʴʤʠʥ ʄ.ʖ. (ɺʅʀʀʇɺʊʀ). ʂʘʞʜʦʝ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʩʪʴʶ ʦʜʥʦʡ 

ʠʟ ʩʪʦʨʦʥ, ʟʘʱʠʱʘʝʪʩʷ ʧʨʠʥʷʪʳʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʘʥʝ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ, 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʝʨʩʦʥʘʣʦʤ, ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʳʤ ʩʧʝʮʠʘʣʠʩʪʘʤʠ 

ʦʙʤʝʥʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʩʚʦʝʡ 

ʩʪʨʘʥʳ. 

ʆʙʲʝʢʪ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʘʝʪʩʷ ʩʠʩʪʝʤʘ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʭʨʘʥʷʝʤʦʝ ʧʦʤʝʱʝʥʠʝ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʦʜʥʦʡ ʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩʪʦʨʦʥ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʧʦʣʥʝʥ 

ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʩʪʦʨʦʥʘʤʠ ʢʦʤʧʣʝʢʩ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ ʘʙʦʥʝʥʪʘ ʩʪʦʨʦʥʳ ɸ ʠʤʝʝʪ ʕʎʇ ʘʚʪʦʨʘ ʜʦʢʫʤʝʥʪʘ ʠʣʠ 

ʫʧʦʣʥʦʤʦʯʝʥʥʦʛʦ ʣʠʮʘ, ʩʝʨʪʠʬʠʢʘʪʳ ʦʪʢʨʳʪʳʭ ʢʣʶʯʝʡ ʢʦʪʦʨʳʭ ʭʨʘʥʷʪʩʷ ʚ ɹɼ ï ɸ. ɺ ʩʣʫʯʘʝ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ ʰʠʬʨʫʝʪʩʷ ʘʙʦʥʝʥʪʦʤ-ʦʪʧʨʘʚʠʪʝʣʝʤ ʥʘ 

ʩʝʘʥʩʦʚʦʤ ʦʪʢʨʳʪʦʤ ʢʣʶʯʝ ʢʨʠʧʪʦʩʠʩʪʝʤʳ ʩʪʦʨʦʥʳ ɸ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʥʘ ɸʈʄ-ɸ 

ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʥʘ ʟʘʢʨʳʪʦʤ ʩʝʘʥʩʦʚʦʤ ʢʣʶʯʝ, ʚʳʨʘʙʦʪʘʥʥʦʤ ʜʣʷ 

ʵʪʦʛʦ ʘʙʦʥʝʥʪʘ-ʦʪʧʨʘʚʠʪʝʣʷ. ɼʣʷ ʦʪʢʨʳʪʦʛʦ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʬʨʦʚʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʜʦʢʫʤʝʥʪʘ ʧʨʦʚʝʨʷʝʪʩʷ ʝʛʦ ʮʝʣʦʩʪʥʦʩʪʴ ʧʦ ʕʎʇ. 

ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʨʢʠ ʮʝʣʦʩʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʨʪʘ ʘʙʦʥʝʥʪʘ-ʦʪʧʨʘʚʠʪʝʣʷ, ʩʦʜʝʨʞʘʱʘʷ ʚʩʝ ʩʚʝʜʝʥʠʷ ʠʟ ʝʛʦ ʩʝʨʪʠʬʠʢʘʪʘ 

ʦʪʢʨʳʪʦʛʦ ʢʣʶʯʘ ʕʎʇ, ʘ ʪʘʢʞʝ ʢʚʠʪʘʥʮʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʘʷ ʬʘʢʪ ʮʝʣʦʩʪʥʦʩʪʠ ʜʦʢʫʤʝʥʪʘ ʠ 

ʧʨʠʟʥʘʢ ʝʛʦ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʜʦʢʫʤʝʥʪ ʚʤʝʩʪʝ ʩ ʢʘʨʪʦʡ ʠ ʢʚʠʪʘʥʮʠʝʡ ʧʦ 

ʟʘʱʠʱʝʥʥʦʤʫ ʢʘʥʘʣʫ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ɸʈʄ ï ɺ.  

ʇʦʩʣʝ ʵʪʦʛʦ ʧʘʢʝʪ, ʩʦʜʝʨʞʘʱʠʡ ʜʦʢʫʤʝʥʪ, ʢʘʨʪʫ ʠ ʢʚʠʪʘʥʮʠʶ, ʧʦʜʧʠʩʳʚʘʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʕʎʇ ɸʈʄ ï ɺ (ʝʶ ʤʦʞʝʪ ʙʳʪʴ ʕʎʇ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ), ʧʦʜʧʠʩʴ ʰʠʬʨʫʝʪʩʷ 

ʥʘ ʦʪʢʨʳʪʦʤ ʢʣʶʯʝ ʘʙʦʥʝʥʪʘ-ʧʦʣʫʯʘʪʝʣʷ ɺ ʠ ʧʝʨʝʩʳʣʘʝʪʩʷ ʝʤʫ ʚʤʝʩʪʝ ʩ ʪʝʢʩʪʦʤ ʜʦʢʫʤʝʥʪʘ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʰʠʬʨʫʝʪʩʷ ʢʨʠʧʪʦʩʠʩʪʝʤʦʡ ʩʪʦʨʦʥʳ ɺ ʚ ʩʣʫʯʘʝ ʝʛʦ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ. ɸʙʦʥʝʥʪ-ʧʦʣʫʯʘʪʝʣʴ ʨʘʩʰʠʬʨʦʚʳʚʘʝʪ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʡ ʜʦʢʫʤʝʥʪ ʠ 

ʧʨʦʚʝʨʷʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʧʘʢʝʪʘ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʕʎʇ, ʧʦʩʣʝ ʯʝʛʦ ʥʘ 
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ʦʩʥʦʚʘʥʠʠ ʚʣʦʞʝʥʥʳʭ ʚ ʧʘʢʝʪ ʢʘʨʪʳ ʘʙʦʥʝʥʪʘ-ʦʪʧʨʘʚʠʪʝʣʷ ʠ ʢʚʠʪʘʥʮʠʠ ʕʣɼ ʧʨʠʥʠʤʘʝʪ 

ʨʝʰʝʥʠʝ ʦ ʶʨʠʜʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ. ʉʪʦʨʦʥʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʦʣʞʥʳ ʧʨʠʥʷʪʴ ʧʨʝʜʣʦʞʝʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʠ ʥʝʦʙʭʦʜʠʤʳʝ 

ʨʝʛʣʘʤʝʥʪʳ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 1. ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

 

6. ʈʘʟʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʩʪʚʘ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʨʝʩʫʨʩʘʤ 

ʚʩʪʨʦʝʥʳ ʣʠʙʦ ʚ ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʣʠʙʦ ʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. ɸʥʘʣʠʟ 

ʉʋɹɼ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʪʘʤ ʩʨʝʜʩʪʚʘ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʣʠʙʦ 

ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʣʠʙʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʦʪʫ ʠ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʧʨʘʚʠʣ ʜʦʩʪʫʧʘ, ʣʠʙʦ ʪʨʫʜʥʳ ʚ ʥʘʩʪʨʦʡʢʝ. ʌʘʢʪʠʯʝʩʢʠ ʚ ʥʠʭ ʥʝ ʨʝʰʝʥʳ 

ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʜʘʞʝ ʤʘʥʜʘʪʥʦʛʦ ʜʦʩʪʫʧʘ.  

ɺ ʧʝʨʠʦʜ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʩʦʟʜʘʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ʟʘʱʠʱʝʥʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ  ʧʦʧʫʣʷʨʥʳʝ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʠ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦʙ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʥʘʜʝʞʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ 

ʢʨʦʤʝ ʧʘʨʦʣʴʥʦʡ ʟʘʱʠʪʳ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʥʝ ʩʦʜʝʨʞʘʪ.  

ʅʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʥʝʪ ʥʠ ʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ 

ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʟʘʱʠʪʫ, ʢʦʪʦʨʘʷ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʙʲʝʢʪʫ ʜʦʩʪʫʧ ʪʦʣʴʢʦ ʢ 

ʪʝʤ ʦʙʲʝʢʪʘʤ, ʢ ʢʦʪʦʨʳʤ ʜʦʩʪʫʧ ʨʘʟʨʝʰʝʥ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʠʝ ʩ ʵʪʠʤʠ ʦʙʲʝʢʪʘʤʠ ʪʦʣʴʢʦ 

ʨʘʟʨʝʰʝʥʥʳʭ ʝʤʫ ʦʧʝʨʘʮʠʡ. 

ʄʥʦʛʦʫʨʦʚʥʝʚʘʷ ʟʘʱʠʪʘ, ʧʦ-ʩʫʱʝʩʪʚʫ, - ʵʪʦ ʝʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʀʥʩʪʨʫʢʮʠʝʡ ʨʘʙʦʪʳ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʨʝʞʠʤʘ ʩʝʢʨʝʪʥʦʩʪʠ, ʜʝʡʩʪʚʫʶʱʝʛʦ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

(ɸʩʪʘʥʘ,2000). 

ɿʘʢʣʶʯʝʥʠʝ 

1. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʜʦʤʠʥʠʨʫʶʪ ʟʘʨʫʙʝʞʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ 

ʪʝʭʥʠʢʘ ʠ ʘʧʧʘʨʘʪʫʨʘ ʩʚʷʟʠ ʚʦ ʚʩʝʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ, ʚʦ ʚʩʝʭ ʣʦʢʘʣʴʥʳʭ, ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʩʝʪʷʭ. ɺ 

ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʤʧʝʪʝʥʪʥʳʤʠ ʦʨʛʘʥʘʤʠ ʚʳʷʚʣʝʥ ʨʷʜ ʩʠʩʪʝʤʥʳʭ ʨʠʩʢʦʚ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʭ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʉʨʝʜʩʪʚʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ, ʵʢʩʧʦʨʪʠʨʫʝʤʳʝ 
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ʤʠʨʦʚʳʤʠ ʣʠʜʝʨʘʤʠ, ʟʘʯʘʩʪʫʶ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʥʝ ʧʨʠʜʘʶʪ ʫʚʝʨʝʥʥʦʩʪʠ ʚ ʠʭ ʢʘʯʝʩʪʚʝ, ʪʘʢ ʢʘʢ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʜʘʣʝʢʦ ʥʝ ʣʫʯʰʠʝ ʠ ʥʝ ʥʦʚʝʡʰʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʇʦʵʪʦʤʫ, ʙʝʟʫʩʣʦʚʥʦ, 

ʩʧʨʘʚʝʜʣʠʚʦ ʂʦʥʮʝʧʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʨʠʝʥʪʠʨʫʝʪ 

ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

2. ʇʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʦʩʠʪ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʩʦʯʝʪʘʶʱʠʡ ʥʦʨʤʘʪʠʚʥʦ-ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ, ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʠ 

ʧʨʦʯʠʝ ʤʝʨʳ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʪʜʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ (ʙʘʥʢʠ, ʅʀʀ, ʚʫʟʳ) ʟʘʥʠʤʘʶʪʩʷ 

ʧʨʦʨʘʙʦʪʢʦʡ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʣʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʟʘʯʘʩʪʫʶ ʧʦ ʩʦʙʩʪʚʝʥʥʦʡ 

ʠʥʠʮʠʘʪʠʚʝ. ɺ ʨʝʩʧʫʙʣʠʢʝ ʥʝʪ ʢʦʦʨʜʠʥʘʮʠʠ ʵʪʠʭ ʨʘʙʦʪ, ʥʝʪ ʧʝʯʘʪʥʦʛʦ ʦʨʛʘʥʘ, ʛʜʝ ʤʦʞʥʦ 

ʙʳʣʦ ʙʳ ʦʙʩʫʞʜʘʪʴ ʨʝʟʫʣʴʪʘʪʳ. ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʩʦʟʜʘʥʠʝ ʦʨʛʘʥʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʧʨʦʙʣʝʤʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʬʫʥʢʮʠʷʤʠ 

ʟʘʢʘʟʯʠʢʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʣʥʦʤʦʯʠʷ ʆʪʜʝʣʘ ʟʘʱʠʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʝʢʨʝʪʦʚ ʚ ʂʘʥʮʝʣʷʨʠʠ 

ʇʨʝʤʴʝʨ-ʤʠʥʠʩʪʨʘ ʜʘʣʝʢʠ ʦʪ ʥʘʩʫʱʥʳʭ ʮʝʣʝʡ. 

3. ɺ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʥʝʪ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʦʜʛʦʪʦʚʢʘ ʧʦ ʵʪʠʤ 

ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ ʚ ʚʫʟʘʭ ʚʝʜʝʪʩʷ ʵʥʪʫʟʠʘʩʪʘʤʠ ʧʦ ʠʤʠ ʞʝ ʩʦʩʪʘʚʣʝʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ. ɼʣʷ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʫʯʝʥʠʷ ʚʦʟʤʦʞʥʘ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʧʨʦʛʨʘʤʤʳ ʥʝʢʦʪʦʨʳʭ ʚʫʟʦʚ ʈʦʩʩʠʠ 

(ʄʦʩʢʦʚʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʄʦʩʢʦʚʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, 

ʩʧʝʮʬʘʢʫʣʴʪʝʪ ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʜʨ.), 

ʪʨʘʜʠʮʠʦʥʥʦ ʚʝʜʫʱʠʭ ʧʦʜʛʦʪʦʚʢʫ ʧʦ ʵʪʠʤ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʷʨʥʦ ʧʫʙʣʠʢʫʶʪʩʷ 

ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

4. ʇʨʦʙʣʝʤʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ (ʚʢʣʶʯʘʷ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʠ ʩʝʨʪʠʬʠʢʘʮʠʶ). ʕʪʦ ʩʥʠʤʝʪ ʤʘʩʩʫ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ (ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʕʎʇ, ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʚʩʝʭ ʚʠʜʦʚ ʧʘʤʷʪʠ ʠ ʪ.ʜ.), ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʟʜʘʥʠʶ ʥʘʜʝʞʥʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʛʦʣʦʩʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʝ-ʩʠʩʪʝʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ. 
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ɹʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʥʠʝ ʤʥʦʛʠʭ ʜʝʣ. ʆʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʢʦʥʦʤʠʢʠ, ʨʘʩʰʠʨʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʝʡ ʝʝ ʠʥʪʝʛʨʘʮʠʠ ʚ 

ʤʠʨʦʚʫʶ ʩʠʩʪʝʤʫ ʭʦʟʷʡʩʪʚʘ, ʫʩʠʣʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ. ʕʣʝʢʪʨʦʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚʟʷʣʘ ʥʘ ʩʝʙʷ ʪʫ ʨʦʣʴ, ʢʦʪʦʨʘʷ 

ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʚʦʜʠʣʘʩʴ ʙʫʤʘʞʥʳʤ ʜʦʢʫʤʝʥʪʘʤ. 

ɺ ʫʩʣʦʚʠʷʭ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʝʩʪʝʩʪʚʝʥʥʦ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʩʠʣʝʥʠʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʵʣʝʢʪʨʦʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ʇʨʠ 

ʦʙʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʧʨʠʛʦʜʥʳʤʠ ʦʙʳʯʥʳʝ ʩʧʦʩʦʙʳ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʣʠʥʥʦʩʪʠ ʧʦ ʨʫʢʦʧʠʩʥʦʡ ʧʦʜʧʠʩʠ ʠ ʦʪʪʠʩʢʫ ʧʝʯʘʪʠ ʥʘ ʙʫʤʘʞʥʦʤ 

ʜʦʢʫʤʝʥʪʝ. ʈʝʰʠʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ ʧʦʟʚʦʣʷʝʪ ʵʣʝʢʪʨʦʥʥʘʷ ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ (ʕʎʇ). ʂʘʢ ʦʜʥʦ 

ʠʟ ʩʨʝʜʩʪʚ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʧʦʜʜʝʣʢʠ, ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʣʠʥʥʦʩʪʠ ʘʚʪʦʨʩʪʚʘ ʠ ʮʝʣʦʩʪʥʦʩʪʠ ʜʦʢʫʤʝʥʪʦʚ, 

ʧʝʨʝʜʘʚʘʝʤʳʭ ʧʦ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ [1-3]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʠʥʘ 

"ʣɻʝʢʪʨʦʥʥʘʷ ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ" ʦʧʨʘʚʜʘʥʦ ʪʝʤ, ʯʪʦ ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ ʠʤʝʝʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ 

ʦʙʳʯʥʦʡ ʩʦʙʩʪʚʝʥʥʦʨʫʯʥʦʡ ʧʦʜʧʠʩʴʶ ʥʘ ʙʫʤʘʞʥʦʤ ʜʦʢʫʤʝʥʪʝ. ʆʜʥʘʢʦ ʤʝʞʜʫ ʦʙʳʯʥʦʡ ʨʫʢʦʧʠʩʥʦʡ 

ʠ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʷʤʠ ʠʤʝʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ  (ʪʘʙʣʠʮʘ 1). 

  

 ʊʘʙʣʠʮʘ 1  

ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʨʫʯʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʷʤʠ 

 

ʉʦʙʩʪʚʝʥʥʦʨʫʯʥʘʷ ʧʦʜʧʠʩʴ ʕʣʝʢʪʨʦʥʥʘʷ ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ 

ʅʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʜʧʠʩʳʚʘʝʤʦʛʦ ʪʝʢʩʪʘ, ʚʩʝʛʜʘ 

ʦʜʠʥʘʢʦʚʘ 

ɿʘʚʠʩʠʪ ʦʪ ʧʦʜʧʠʩʳʚʘʝʤʦʛʦ ʪʝʢʩʪʘ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʛʜʘ ʨʘʟʥʘʷ 

ʅʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʧʦʜʧʠʩʳʚʘʶʱʠʤ 

ʣʠʮʦʤ, ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ 

ʧʩʠʭʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʫʪʝʨʷʥʘ 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʩʝʢʨʝʪʥʳʤ ʢʣʶʯʦʤ, ʧʨʠʥʘʜʣʝʞʘʱʠʤ 

ʧʦʜʧʠʩʳʚʘʶʱʝʤʫ ʣʠʮʫ, ʤʦʞʝʪ ʙʳʪʴ ʫʪʝʨʷʥʘ ʚʣʘ-

ʜʝʣʴʮʝʤ 

ʅʝʦʪʜʝʣʠʤʘ ʦʪ ʥʦʩʠʪʝʣʷ (ʙʫʤʘʛʠ),     ʧʦɻ ʪʦʤʫ 

ʦʪʜʝʣʴʥʦ ʧʦʜʧʠʩʳʚʘʝʪʩʷ ʢʘʞʜʳʡ ʵʢʟʝʤʧʣʷʨ 

ʜʦʢʫʤʝʥʪʘ 

ʃʝʛʢʦ ʦʪʜʝʣʠʤʘ ʦʪ ʜʦʢʫʤʝʥʪʘ, ʧʦʵʪʦʤʫ ʚʝʨʥʘ ʜʣʷ 

ʚʩʝʭ ʝʛʦ ʢʦʧʠʡ 
 

ʅʝ ʪʨʝʙʫʝʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ 

ʊʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʨʝʘʣʠʟʫʁʱʠʭ ʘʣʛʦʨʠʪʤʳ ʝʝ ʚʳʯʠʩʣʝʥʠʷ ʠ ʧʨʦʚʝʨʢʠ 

ʅʝ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʊʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʜʦʚʝʨʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʩʝʨʪʠʬʠʢʘʪʦʚ ʦʪʢʨʳʪʳʭ ʢʣʶʯʝʡ 

 

ɺ 1976 ʛ.  ʋʠʪʬʠʣʜʦʤ ɼʠʬʬʠ ʠ ʄʘʨʪʠʥʦʤ ʍʝʣʣʤʘʥʦʤ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ, ʚ 

ʢʦʪʦʨʦʡ ʠʟʣʦʞʝʥʳ ʧʨʠʥʮʠʧʳ ʢʨʠʧʪʦʛʨʘʬʠʠ ʩ ʦʪʢʨʳʪʳʤʠ ʢʣʶʯʘʤʠ  [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʘʣʠ 

ʨʘʟʣʠʯʘʪʴ ʜʚʘ ʚʠʜʘ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ï ʩʠʤʤʝʪʨʠʯʥʳʝ (ʩ ʩʝʢʨʝʪʥʳʤ ʢʣʶʯʦʤ) ʠ 

ʘʩʠʤʤʝʪʨʠʯʥʳʝ  (ʩ ʦʪʢʨʳʪʳʤ ʢʣʶʯʦʤ). ɺ ʧʝʨʚʳʭ ʢʨʠʧʪʦʩʠʩʪʝʤʘʭ ʢʣʶʯʠ ʟʘʰʠʬʨʦʚʘʥʠʷ ʠ 

ʨʘʩʰʠʬʨʦʚʘʥʠʷ ʤʦʛʫʪ ʩʦʚʧʘʜʘʪʴ, ʣʠʙʦ ʢʣʶʯ ʟʘʰʠʬʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʚʳʯʠʩʣʠʪʴ ʢʣʶʯ 

ʨʘʩʰʠʬʨʦʚʘʥʠʷ. ɺ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʘʣʛʦʨʠʪʤʘʭ ʜʣʷ ʟʘʰʠʬʨʦʚʘʥʠʷ ʠ ʨʘʩʰʠʬʨʦʚʘʥʠʷ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʳʝ ʢʣʶʯʠ - ʟʘʢʨʳʪʳʡ  (ʩʝʢʨʝʪʥʳʡ) ʠ ʦʪʢʨʳʪʳʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ 

ʟʥʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʥʠʭ ʥʝ ʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʡʪʠ ʜʨʫʛʦʡ. ɺ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ 

ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʦ ʧʦʥʷʪʠʝ çʵʣʝʢʪʨʦʥʥʘʷ ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴè, ʭʦʪʷ ʦʥʠ ʚʩʝʛʦ ʣʠʰʴ 

ʧʨʝʜʧʦʣʘʛʘʣʠ, ʯʪʦ ʩʭʝʤʳ ʕʎʇ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ. ɺ 1977 ʛ.  ʈʦʥʘʣʴʜ ʈʠʚʝʩʪ, ɸʜʠ  ʐʘʤʠʨ ʠ 

ʃʝʦʥʘʨʜ ɸʜʣʝʤʘʥ ʨʘʟʨʘʙʦʪʘʣʠ ʧʝʨʚʳʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ RSA, ʧʨʘʢʪʠʯʝʩʢʠ 

ʨʝʘʣʠʟʦʚʘʚʰʠʡ ʩʠʩʪʝʤʫ ʩ ʦʪʢʨʳʪʳʤ ʢʣʶʯʦʤ, ʢʦʪʦʨʳʡ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʧʦʜʧʠʩʝʡ. ʅʘʟʚʘʥʠʝ RSA ʩʦʩʪʘʚʣʝʥʦ ʠʟ ʧʝʨʚʳʭ 

ʙʫʢʚ ʬʘʤʠʣʠʡ ʩʦʟʜʘʪʝʣʝʡ ʘʣʛʦʨʠʪʤʘ.  

ʉʠʩʪʝʤʳ ʕʎʇ ʚʢʣʶʯʘʶʪ ʜʚʘ ʘʣʛʦʨʠʪʤʘ: ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ ʠ 

ʘʣʛʦʨʠʪʤ ʝʝ ʧʨʦʚʝʨʢʠ. ʆʪʧʨʘʚʠʪʝʣʴ çʧʦʜʧʠʩʳʚʘʝʪè ʩʦʦʙʱʝʥʠʝ (ʬʦʨʤʠʨʫʝʪ ʮʠʬʨʦʚʫʶ 

ʧʦʜʧʠʩʴ) ʩ ʧʦʤʦʱʴʶ ʩʚʦʝʛʦ ʣʠʯʥʦʛʦ (ʩʝʢʨʝʪʥʦʛʦ) ʢʣʶʯʘ, ʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʕʎʇ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʢʨʳʪʳʡ ʢʣʶʯ.  ɺ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʳʭ ʩʠʩʪʝʤ ʕʎʇ ʣʝʞʘʪ ʘʣʛʦʨʠʪʤʳ RSA, ʕʣʴ 

ɻʘʤʘʣʷ ʠ DSA, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʙʘʟʝ ʢʨʠʧʪʦʩʠʩʪʝʤ ʩ ʦʪʢʨʳʪʳʤʠ ʢʣʶʯʘʤʠ. ʇʦʩʣʝʜʥʠʡ 

ʘʣʛʦʨʠʪʤ ʧʨʝʜʣʦʞʝʥ ʚ ʉʐɸ ʚ 1991 ʛʦʜʫ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʮʠʬʨʦʚʦʡ 

ʧʦʜʧʠʩʠ DSS (Digital Signature Standard) [2, 3]. ʈʦʩʩʠʡʩʢʠʡ ʩʪʘʥʜʘʨʪ ɻʆʉʊ ʈ 34.10ï94 

ʚʩʪʫʧʠʣ ʚ ʜʝʡʩʪʚʠʝ ʚ 1995 ʛʦʜʫ [4]. ʉʪʘʥʜʘʨʪʳ ʕʎʇ ʈʦʩʩʠʠ ʠ ʉʐɸ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʨʦʜʩʪʚʝʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʩʭʝʤʳ ʕʎʇ ʕʣʴ-ɻʘʤʘʣʷ ʠ ʦʪʣʠʯʘʶʪʩʷ ʨʷʜʦʤ ʥʝʩʫʱʝʩʪʚʝʥʥʳʭ 

ʜʝʪʘʣʝʡ. ʕʪʠ ʩʪʘʥʜʘʨʪʳ ʉʐɸ ʠ ʈʦʩʩʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʝʡ ʢʨʠʧʪʦʩʪʦʡʢʦʩʪʠ 

ʘʣʛʦʨʠʪʤʘ ʙʳʣʠ ʦʙʥʦʚʣʝʥʳ. ʊʘʢ, ʚ ʈʦʩʩʠʠ ʚʟʘʤʝʥ ɻʆʉʊ ʈ 34.10-94 ʙʳʣ ʚʚʝʜʝʥ ʩʪʘʥʜʘʨʪ 

ɻʆʉʊ ʈ 34.10-2001 [4, 5]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʩʪʘʥʜʘʨʪʦʤ ʪʝʨʤʠʥʳ çʵʣʝʢʪʨʦʥʥʘʷ 

ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴè ʠ çʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴè ʷʚʣʷʶʪʩʷ ʩʠʥʦʥʠʤʘʤʠ.  

ɸʣʛʦʨʠʪʤʳ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ: ʠʤʝʶʪ ʠ ʜʨʫʛʠʝ ʩʪʨʘʥʳ: ʪʘʢ ʚ ɹʝʣʦʨʫʩʩʠʠ 

ï ʉʊɹ 1176.2-99, ʚ ʋʢʨʘʠʥʝ ɼʉʊʋ 4145-2002, ʚ ɽʚʨʦʧʝ - Schnorr,  ʚ ʗʧʦʥʠʠ - ESIGH, ʚ 

ʖʞʥʦʡ ʂʦʨʝʝ ï KCDSA. 

ʎʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ, ʧʦʤʠʤʦ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʦʙʱʝʥʠʡ ʚ ʥʝʠʟʤʝʥʷʝʤʦʤ ʚʠʜʝ 

(ʮʝʣʦʩʪʥʦʩʪʴ), ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʧʨʠʜʘʚʘʪʴ ʶʨʠʜʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʤ 

ʩʦʦʙʱʝʥʠʷʤ - ʕʎʇ ʧʨʠʜʘʝʪ ʩʪʘʪʫʩ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʨʘʟʣʠʯʥʳʤ ʬʘʡʣʘʤ, ʩʦʜʝʨʞʘʱʠʤ 

ʵʣʝʢʪʨʦʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʕʪʦ ʚʘʞʥʦʝ ʩʚʦʡʩʪʚʦ ʕʎʇ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ  

ʜʦʢʘʟʳʚʘʪʴ ʚ ʩʫʜʝ ʘʚʪʦʨʩʪʚʦ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

ɺʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚʩʝʡ ʢʨʠʧʪʦʛʨʘʬʠʠ ʩ ʦʪʢʨʳʪʳʤ ʢʣʶʯʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʠʩʪʝʤ ʕʎʇ, 

ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʦʪʢʨʳʪʳʤʠ ʢʣʶʯʘʤʠ. ʊʘʢ ʢʘʢ ʦʪʢʨʳʪʳʡ ʢʣʶʯ ʜʦʩʪʫʧʝʥ ʣʶʙʦʤʫ 

ʧʦʣʴʟʦʚʘʪʝʣʶ, ʪʦ ʥʝʦʙʭʦʜʠʤ ʤʝʭʘʥʠʟʤ ʧʨʦʚʝʨʢʠ ʪʦʛʦ, ʯʪʦ ʵʪʦʪ ʢʣʶʯ ʧʨʠʥʘʜʣʝʞʠʪ ʠʤʝʥʥʦ 

ʩʚʦʝʤʫ ʚʣʘʜʝʣʴʮʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ  ʪʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧ ʣʶʙʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ 

ʧʦʜʣʠʥʥʦʤʫ ʦʪʢʨʳʪʦʤʫ ʢʣʶʯʫ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʟʘʱʠʪʠʪʴ ʵʪʠ ʢʣʶʯʠ ʦʪ 

ʧʦʜʤʝʥʳ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʪʟʳʚ ʢʣʶʯʘ ʚ ʩʣʫʯʘʝ ʝʛʦ ʢʦʤʧʨʦʤʝʪʘʮʠʠ. 

ʇʦʣʫʯʝʥʠʝ ʕʎʇ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʨʝʘʣʠʟʫʶʱʝʡ ʘʣʛʦʨʠʪʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ. ʇʨʠ ʧʨʦʚʝʨʢʝ ʧʦʜʧʠʩʠ ʥʫʞʝʥ ʝʝ ʦʙʨʘʟʝʮ, ʢʦʪʦʨʳʡ ʥʝ 

ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ.  ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʟʘʱʠʪʳ ʢʣʶʯʝʡ ʦʪ ʧʦʜʤʝʥʳ ʚ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘʭ 

ʤʥʦʛʠʭ ʛʦʩʫʜʘʨʩʪʚ ʦʧʨʝʜʝʣʝʥʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ï ʫʜʦʩʪʦʚʝʨʷʶʱʠʝ ʮʝʥʪʨʳ, 

ʢʦʪʦʨʳʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʩʝʨʪʠʬʠʢʘʪʳ ʢʣʶʯʝʡ ʧʦʜʧʠʩʝʡ. ʉʝʨʪʠʬʠʢʘʪ ʧʦʟʚʦʣʷʝʪ ʫʜʦʩʪʦʚʝʨʠʪʴ 

ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʥʸʤ ʜʘʥʥʳʝ ʦ ʚʣʘʜʝʣʴʮʝ ʠ ʝʛʦ ʦʪʢʨʳʪʳʡ ʢʣʶʯ ʧʦʜʧʠʩʴʶ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʜʦʚʝʨʝʥʥʦʛʦ ʣʠʮʘ.  

ʋʜʦʩʪʦʚʝʨʷʶʱʠʡ ʮʝʥʪʨ ʬʦʨʤʠʨʫʝʪ ʟʘʢʨʳʪʳʡ ʢʣʶʯ ʠ ʩʦʙʩʪʚʝʥʥʳʡ ʩʝʨʪʠʬʠʢʘʪ, 

ʬʦʨʤʠʨʫʝʪ ʩʝʨʪʠʬʠʢʘʪʳ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʫʜʦʩʪʦʚʝʨʷʝʪ ʠʭ ʘʫʪʝʥʪʠʯʥʦʩʪʴ 

(ʧʦʜʣʠʥʥʦʩʪʴ) ʩʚʦʝʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʴʶ. ʊʘʢʞʝ ʮʝʥʪʨ ʧʨʦʚʦʜʠʪ ʦʪʟʳʚ ʠʩʪʝʢʰʠʭ ʠ 

ʢʦʤʧʨʦʤʝʪʠʨʦʚʘʥʥʳʭ ʩʝʨʪʠʬʠʢʘʪʦʚ ʠ ʚʝʜʝʪ ʙʘʟʳ ʚʳʜʘʥʥʳʭ ʠ ʦʪʦʟʚʘʥʥʳʭ ʩʝʨʪʠʬʠʢʘʪʦʚ. 

ʆʙʨʘʪʠʚʰʠʩʴ ʚ ʫʜʦʩʪʦʚʝʨʷʶʱʠʡ ʮʝʥʪʨ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʩʝʨʪʠʬʠʢʘʪ ʦʪʢʨʳʪʦʛʦ 

ʢʣʶʯʘ, ʩʝʨʪʠʬʠʢʘʪ ʜʨʫʛʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʫʟʥʘʪʴ, ʢʘʢʠʝ ʢʣʶʯʠ ʦʪʦʟʚʘʥʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʣʝʢʪʨʦʥʥʳʡ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʧʝʨʝʭʦʜʠʪ ʚ ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ. ʈʘʥʝʝ ʚ 

ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʦʙ ʕʎʇ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʣʦ 

ʛʨʘʞʜʘʥʩʢʦ-ʧʨʘʚʦʚʳʝ ʘʩʧʝʢʪʳ, ʜʝʣʘʷ ʵʪʦ ʚ ʠʥʪʝʨʝʩʘʭ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʠʟʥʝʩʘ. ʆʜʥʘʢʦ 

ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʩʪʘʚʠʪ ʥʦʚʳʝ ʟʘʜʘʯʠ ʧʝʨʝʜ ʟʘʢʦʥʦʜʘʪʝʣʷʤʠ ʦʙ 

ʦʩʦʙʦʤ ʧʨʘʚʦʚʦʤ ʨʝʞʠʤʝ ʕʎʇ ʚ ʩʬʝʨʝ ʧʫʙʣʠʯʥʦʛʦ ʧʨʘʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ɿʘʢʦʥʦʜʘʪʝʣʴʥʘʷ ʙʘʟʘ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ ʩʫʱʝʩʪʚʫʝʪ ʚʦ 

ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ʎʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʟʥʘʝʪʩʷ ʘʥʘʣʦʛʦʤ 

ʩʦʙʩʪʚʝʥʥʦʨʫʯʥʦʡ ʧʦʜʧʠʩʠ.  

ɺ ʯʠʩʣʝ ʧʝʨʚʳʭ, ʧʨʠʥʷʚʰʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʢʦʥ, ʙʳʣʠ ʉʦʝʜʠʥʝʥʥʳʝ ʐʪʘʪʳ 

ɸʤʝʨʠʢʠ. ʃʝʪʦʤ 2000 ʛʦʜʘ ʚ ʉʐɸ ʙʳʣ ʧʦʜʧʠʩʘʥ ʬʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʙ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʦʜʧʠʩʠ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʢʦʥʪʨʘʢʪʳ ʠ ʜʦʢʫʤʝʥʪʳ ʩ ʵʣʝʢʪʨʦʥʥʦʡ (ʮʠʬʨʦʚʦʡ) 

ʧʦʜʧʠʩʴʶ ʧʦʣʫʯʠʣʠ ʪʘʢʫʶ ʞʝ ʶʨʠʜʠʯʝʩʢʫʶ ʩʠʣʫ, ʢʘʢ ʠ ʧʦʜʧʠʩʘʥʥʳʝ ʦʪ ʨʫʢʠ. ɽʱʝ ʜʦ 

ʧʨʠʥʷʪʠʷ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʧʦʯʪʠ ʚʩʝ ʰʪʘʪʳ ʉʐɸ ʫʞʝ ʠʤʝʣʠ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʦʙ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʜʣʷ ʧʦʜʧʠʩʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ 



ʀɿɺɽʉʊʀʗ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʑɽʉʊɺɸ çʂɸʍɸʂè,  2011, ˉ 3(33). 
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ʦʪʥʦʰʝʥʠʡ ʩʫʙʲʝʢʪʦʚ ʧʨʘʚʘ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʰʪʘʪʘ. ʇʨʠʥʷʪʠʝ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʧʦʟʚʦʣʠʣʦ 

ʧʨʠʤʝʥʷʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʜʧʠʩʴ ʠ ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʩʫʙʲʝʢʪʘʤʠ 

ʨʘʟʣʠʯʥʳʭ ʰʪʘʪʦʚ ʠ ʛʦʩʫʜʘʨʩʪʚ.  

ɺ ʠʶʣʝ 2001 ʛ. ɽʚʨʦʧʝʡʩʢʘʷ ʢʦʤʠʩʩʠʷ ʪʘʢʞʝ ʧʨʠʥʷʣʘ ʜʠʨʝʢʪʠʚʫ, ʶʨʠʜʠʯʝʩʢʠ 

ʧʨʠʟʥʘʶʱʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʜʧʠʩʴ (EU Digital Signature Directive), ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʯʣʝʥʳ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʦʶʟʘ ʝʜʠʥʦʚʨʝʤʝʥʥʦ ʩʦʛʣʘʩʦʚʘʣʠ ʩ ʥʝʡ ʩʚʦʠ ʚʥʫʪʨʝʥʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ.  

ɺ ʈʦʩʩʠʠ 10 ʷʥʚʘʨʷ 2002 ʛ. (ˉ 1-ʌɿ) ʙʳʣ ʧʨʠʥʷʪ ɿʘʢʦʥ çʆʙ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ 

ʧʦʜʧʠʩʠè. ɿʘʢʦʥʦʤ çʆʙ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠè ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʕʎʇ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʠ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ. ʉʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʙʘʥʢʦʚʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʨʘʩʯʝʪʥʳʤ 

ʩʯʝʪʦʤ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʨʧʦʨʘʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. 

ʆʜʥʦʡ ʠʟ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʦʛʦ ʟʘʢʦʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʜʝʪʘʣʴʥʘʷ 

ʨʝʛʣʘʤʝʥʪʘʮʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʪʠʬʠʢʘʪʘ ʢʣʶʯʘ ʧʦʜʧʠʩʠ, ʢʘʢ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ. ʖʨʠʜʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʩʝʨʪʠʬʠʢʘʪ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ ʚʳʜʘʸʪ ʫʜʦʩʪʦʚʝʨʷʶʱʠʡ 

ʮʝʥʪ. ɺ ɿʘʢʦʥʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʘʚʦʚʦʡ ʩʪʘʪʫʩ ʫʜʦʩʪʦʚʝʨʷʶʱʠʭ ʮʝʥʪʨʦʚ (ʮʝʥʪʨʦʚ 

ʩʝʨʪʠʬʠʢʘʮʠʠ), ʠʭ ʬʫʥʢʮʠʠ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʰʝʥʠʷ ʵʪʠʭ ʮʝʥʪʨʦʚ ʩ ʫʧʦʣʥʦʤʦʯʝʥʥʳʤ 

ʬʝʜʝʨʘʣʴʥʳʤ ʦʨʛʘʥʦʤ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ, ʢʦʪʦʨʳʡ ʚʝʜʝʪ ʝʜʠʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʨʝʝʩʪʨ ʩʝʨʪʠʬʠʢʘʪʦʚ ʢʣʶʯʝʡ ʧʦʜʧʠʩʝʡ ʫʜʦʩʪʦʚʝʨʷʶʱʠʭ ʮʝʥʪʨʦʚ. 

ɹʣʘʛʦʜʘʨʷ ʕʎʇ ʪʝʧʝʨʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʥʦʛʠʝ ʨʦʩʩʠʡʩʢʠʝ ʢʦʤʧʘʥʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʚʦʶ 

ʪʦʨʛʦʚʦ-ʟʘʢʫʧʦʯʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʀʥʪʝʨʥʝʪʝ, ʯʝʨʝʟ çʉʠʩʪʝʤʳ ʵʣʝʢʪʨʦʥʥʦʡ ʪʦʨʛʦʚʣʠè, 

ʦʙʤʝʥʠʚʘʷʩʴ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ, 

ʧʦʜʧʠʩʘʥʥʳʤʠ ʕʎʇ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʠ ʫʩʢʦʨʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʢʫʨʩʥʳʭ 

ʪʦʨʛʦʚʳʭ ʧʨʦʮʝʜʫʨ. ʉ 1 ʷʥʚʘʨʷ 2012 ʛʦʜʘ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 10 ʷʥʚʘʨʷ 2002 ʛ. ˉ 1-ʌɿ 

ʫʪʨʘʪʠʪ ʩʠʣʫ, ʥʘ ʩʤʝʥʫ ʝʤʫ ʧʨʠʜʝʪ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 6 ʘʧʨʝʣʷ 2011 ʛ. ˉ 63-ʌɿ çʆʙ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠè. ʅʦʚʳʡ ʟʘʢʦʥ ʦʧʨʝʜʝʣʷʝʪ ʕʎʇ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çʵʣʝʢʪʨʦʥʥʘʷ 

ʧʦʜʧʠʩʴ - ʠʥʬʦʨʤʘʮʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʧʨʠʩʦʝʜʠʥʝʥʘ ʢ ʜʨʫʛʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ (ʧʦʜʧʠʩʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ) ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʘ ʩ ʪʘʢʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʮʘ, ʧʦʜʧʠʩʳʚʘʶʱʝʛʦ 

ʠʥʬʦʨʤʘʮʠʶè. 

ɺ ʋʢʨʘʠʥʝ ɿʘʢʦʥ ʦʙ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ ʧʨʠʥʷʪ ʚ ʤʘʝ 2003 ʛ., ʚ ɹʝʣʘʨʫʩʠ -  

ɿʘʢʦʥ  "ʆʙ ʵʣʝʢʪʨʦʥʥʦʤ ʜʦʢʫʤʝʥʪʝ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ" 4 ʜʝʢʘʙʨʷ 2009 ʛ. ɺ 

ʈʝʩʧʫʙʣʠʢʝ ʋʟʙʝʢʠʩʪʘʥ ɿʘʢʦʥ çʆʙ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠè ʧʦʜʧʠʩʘʥ ʦʪ 11 ʜʝʢʘʙʨʷ 

2003 ʛ.   

ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦʜʧʠʩʝʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʕʩʪʦʥʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ, ʛʜʝ 

ʚʚʝʜʝʥʘ ʧʨʦʛʨʘʤʤʘ ID-ʢʘʨʪ, ʢʦʪʦʨʳʤʠ ʩʥʘʙʞʘʝʪʩʷ ʥʘʩʝʣʝʥʠʝ ʩʪʨʘʥʳ. ʇʨʠ ʧʦʤʦʱʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ ʤʦʞʥʦ ʦʪʧʨʘʚʠʪʴ ʥʘʣʦʛʦʚʫʶ ʜʝʢʣʘʨʘʮʠʶ, ʪʘʤʦʞʝʥʥʫʶ ʜʝʢʣʘʨʘʮʠʶ, 

ʨʘʟʣʠʯʥʳʝ ʘʥʢʝʪʳ ʢʘʢ ʚ ʤʝʩʪʥʳʝ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ.  

ɺ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ (ʈʂ) ʧʨʘʚʦʚʳʝ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ 

ʧʦʜʧʠʩʠ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʪʘʢʞʝ  ʨʝʛʫʣʠʨʫʶʪʩʷ  ʥʦʨʤʘʪʠʚʥʳʤʠ ʘʢʪʘʤʠ ʠ ʟʘʢʦʥʘʤʠ 

[6-12]. ɺ ɿʘʢʦʥʝ ʈʂ ñʆʙ ʵʣʝʢʪʨʦʥʥʦʤ ʜʦʢʫʤʝʥʪʝ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠò 

ʧʨʦʧʠʩʘʥʳ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ, ʦʩʦʙʝʥʥʦʩʪʠ ʝʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʬʝʨʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʝ [7]. ʉʦʛʣʘʩʥʦ ʵʪʦʛʦ ɿʘʢʦʥʘ ʥʝʦʙʭʦʜʠʤʳʤ ʠ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʠ ʦʪʧʨʘʚʢʝ 

ʦʙʨʘʱʝʥʠʡ ʛʨʘʞʜʘʥ ʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʦʨʛʘʥ ʷʚʣʷʝʪʩʷ ʦʪʧʨʘʚʢʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʨʘʱʝʥʠʷ, 

ʧʦʜʧʠʩʘʥʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʴʶ. ʇʦʣʫʯʝʥʠʝ ʠ ʧʨʦʚʝʨʢʘ ʕʎʇ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʦʡ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʛʨʘʤʤʥʳʭ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ  ʥʘʟʳʚʘʶʪ ʩʨʝʜʩʪʚʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ  [7]. 

ʖʨʠʜʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʩʝʨʪʠʬʠʢʘʪ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ ʚʳʜʘʸʪʩʷ ʅʘʮʠʦʥʘʣʴʥʳʤ  

ʫʜʦʩʪʦʚʝʨʷʶʱʠʤ ʮʝʥʪʨʦʤ (ʅʋʎ) ʈʂ, ʥʘʯʘʚʰʠʡ  ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʦʢʪʷʙʨʝ 2008 ʛ. ʕʪʦʪ 

http://ru.wikipedia.org/wiki/%D0%AD%D1%81%D1%82%D0%BE%D0%BD%D0%B8%D1%8F
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ʮʝʥʪʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʠʨʦʢʠʝ ʩʣʦʠ ʥʘʩʝʣʝʥʠʷ ʦʙʱʝʜʦʩʪʫʧʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʦʪʢʨʳʪʳʭ 

ʢʣʶʯʝʡ ʅʘʮʠʦʥʘʣʴʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʈʂ [13]. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʅʋʎ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʩʨʝʜʩʪʚ ʥʘʜʝʞʥʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ 

ʧʦʜʧʠʩʠ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʠ ʶʨʠʜʠʯʝʩʢʠʭ ʣʠʮ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʝʨʚʠʩʦʚ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʳʭ ʙʠʟʥʝʩ-ʩʪʨʫʢʪʫʨ, 

ʜʣʷ ʟʘʱʠʪʳ ʩʦʦʙʱʝʥʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʳ. ʋʩʣʫʛʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʩ ʅʋʎ, ʧʨʠʦʙʨʝʪʘʶʪ ʣʝʛʠʪʠʤʥʦʩʪʴ. ʂʣʶʯʠ ʠ ʩʝʨʪʠʬʠʢʘʪʳ 

ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ, ʚʳʜʘʶʪʩʷ ʚ ʎʝʥʪʨʘʭ ʈʝʛʠʩʪʨʘʮʠʠ ʅʋʎ. 

ʉʨʝʜʩʪʚʦʤ ʕʎʇ ʷʚʣʷʝʪʩʷ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʨʦʜʫʢʪ çʂʨʠʧʪʦʧʨʦʚʘʡʜʝʨ  Tumar CSPè [12, 13]. ʕʪʦ ʩʨʝʜʩʪʚʦ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʟʘʱʠʪʳ 

ʠʥʬʦʨʤʘʮʠʠ Tumar CSP ʦʙʝʩʧʝʯʠʚʘʝʪ  ʘʚʪʦʨʠʟʘʮʠʶ ʠ ʮʝʣʦʩʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ 

ʧʨʠ ʦʙʤʝʥʝ ʠʤʠ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠ ʧʨʦʚʝʨʢʠ ʕʎʇ. ʂʨʠʧʪʦʧʨʦʚʘʡʜʝʨ  Tumar CSP ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʛʝʥʝʨʘʮʠʶ ʢʣʶʯʝʚʳʭ 

ʧʘʨ ʜʣʷ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʠ ʢʣʶʯʝʡ ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ, ʭʝʰʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ, 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʨʢʫ ʕʎʇ, ʰʠʬʨʦʚʘʥʠʝ ʠ ʠʤʠʪʘʮʠʦʥʥʫʶ ʟʘʱʠʪʫ ʜʘʥʥʳʭ. ʕʪʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʦʟʜʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʦʚ RSA. SHA-1, SHA-2  ʠ 

ʩʪʘʥʜʘʨʪʦʚ ɻʆʉʊ 34.310-2004 (ɻʆʉʊ ʈ 34.10-2001) çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. 

ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʦʚʝʨʢʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠè, ɻʆʉʊ 28147-89 çʉʠʩʪʝʤʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ɿʘʱʠʪʘ 

ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ. ɸʣʛʦʨʠʪʤ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷè, ɻʆʉʊ 34.311-95 

(ɻʆʉʊ ʈ 34.11-94) çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. ʂʨʠʧʪʦʛʨʘʬʠʯʝʩʢʘʷ ʟʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ. 

ʌʫʥʢʮʠʷ ʭʝʰʠʨʦʚʘʥʠʷè. 

ʂʨʠʧʪʦʧʨʦʚʘʡʜʝʨ Tumar CSP ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʥʘ ʵʪʦʪ ʞʝ  

ʢʦʤʧʴʶʪʝʨ ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʩʪʘʥʦʚʢʘ ʮʠʬʨʦʚʦʛʦ ʩʝʨʪʠʬʠʢʘʪʘ. ʂʣʶʯʠ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ 

ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʥʘ ʚʥʝʰʥʠʭ ʥʦʩʠʪʝʣʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʧʦʩʣʘʪʴ 

ʧʦʜʧʠʩʘʥʥʦʝ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʴʶ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʪʦʣʴʢʦ ʩʦ ʩʚʦʝʛʦ ʢʦʤʧʴʶʪʝʨʘ. ɸ 

ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʥʘʜʦʙʠʪʩʷ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʨʦʯʥʦ ʕʎʇ, ʘ ʝʛʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʨʷʜʦʤ ʥʝʪ? ʅʘʟʨʝʣʘ, ʚʠʜʠʤʦ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ ʩʨʝʜʩʪʚʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ, ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʙʳʣʦ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
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 Mechanisms of arc erosion in electrical contacts are different and depends on the conditions of contact 

separation.  The first one, which occurs at low current with relatively slow rate of heat transfer, involves the evaporation 

of material from the contact surface. The second mechanism can be characterized by the formation of droplets of molten 

metal caused by high currents and vapor or magnetic pressure on a molten metal pool. However, in certain cases it is 

impossible to explain the formation of molten metal droplets in terms of pressure only. Therefore a new hypothesis 

regarding thermo-capillary mechanism of ejection of liquid metal is discussed. This hypothesis is based on the 

Marangoni effect which is important when the temperature gradient along the liquid contact zone and the temperature 

dependence of surface tension become significant (tungsten, zirconium, molybdenum etc.). The fourth erosion 

mechanism is associated with the ejection of solid particles of contact material with distinct crystalline structure during 

high current pulses of a short duration. It occurs when thermo-elastic processes overcome the mechanical strength. 

A mathematical model describing each of the four mechanisms of erosion is presented. Temperature fields and 

erosion characteristics are determined as a function of the commutation regime and the properties of contact materials. 

The experimental data are discussed in terms of theoretical approach with respect to the solid phase and droplet 

formation. Dynamics of each type of arc erosion is described, and recommendations for optimal selection of contact 

material with minimum erosion are given. 
  

INTRODUCTION:  

The arc erosion in opening electrical contacts depend on many factors such as the range of 

current and voltage, opening velocity, properties of contact materials and surroundings, parameters 

of electrical circuit etc. Erosion of electrical contacts at low current due to vaporization of material 

was considered in many papers [1] ï [4]. It was found that direction of transfer of contact material 

depends on the mechanism of electrical conductivity in the arc column and changes from anode to 

cathode during the transition from the metallic arc phase to the gaseous arc phase [5] ï [9].   

It is very important to know information about duration of each phase to provide minimum of 

arc erosion due to vaporization. Experimental investigation of vaporization in dynamics is rather 

difficul t because of very short of phenomena life time. Therefore mathematical models describing 

this mechanisms of erosion seems to be very important. Such models of phenomena accompanying 

transition from metallic to gaseous arc are presented in [10] ï [11]. However they are complicated 

for  engineering application and need to be simplified.  

The mechanism of erosion stipulated by gaseous and electromagnetic pressure with the effect 

of these and other forces in a liquid melt on the surface has been considered in [12], but no detailed 

analysis or method of calculation were provided. Incomplete estimates of surface tension, as well as 

convective and electrodynamic forces were given in [13] ï [14].  A rigorous substantiation of the 

hypothesis of the thermo-capillary mechanism of contact erosion during arcing was given in [13]. 

Mechanism of contact erosion in the solid state was treated for zirconium carbide in [16]  and 

that for tungsten in [17]. It was confirmed that eroded particles have distinct crystalline cleavage 

faces. Some approach for modelling of this phenomena was given in [18] ï [19]. 

This paper is an approach  of further development of previous models describing different 

types of contact erosion ( vapours, droplets, solid particles) as well as removal mechanism of 

contact material. 

  

VAPORIZATION:  

Mathematical model:  Mathematical description of electrical contact erosion in dynamics 

due to vaporization has to take into account such phenomena as ion and electron bombardment of 

electrode surfaces, electron emission from the cathode, inverse electron flux and radiation from the 

arc column, time-dependent electromagnetic and temperature fields with heat conduction, melting 

and vaporization. Dynamics of these phenomena has to be investigated in dependence on given 
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current and voltage, opening velocity, inductance of circuit, properties of contact material and 

surroundings. 

A general theoretical model describing dynamics of electric arc was presented in [10]. 

However it is rather difficult to apply this model for practice, therefore simplified approach has to 

be retrieved from the general model without losses of main properties of arc dynamics. It can be 

obtained by replacing of differential equations for the arc column, sheath , ionization zone, near-

anode region with more simple balance energy equations, while differential equations remain only 

for electrodes with given heat fluxes from the arc column. 

 As a result of arc heat flux a pool of liquid metal forms on the contact surface. Fig.1 depicts 

the axial symmetric region  )  )(0    ),,(),(  (1 trtrhztrhD m occupied by melted metal 

and the region  )  \ )0   ,0( ( 22 DrzD occupied by solid zone of electrode. The heat equation for 

both these regions can be represented in the form 

                                                 
2

)( iiii
i

ii jTdiv
t

T
C                                       (1) 

 where   and , , , , , , tTjC iiiiii  are thermal capacity, density, thermal conductivity, electrical 

resistivity, current density, temperature, and time respectively, ),( trh and ),( trh  are the 

isotherms of evaporation and melting,  and 0h  are the radius and the depth of the melt, f  is the 

radius of arc root,  index  1i  is related to the melted zone, while 2i  - to the solid zone. 

        

        

 

 

 

  

 

 

 

 

 

 

 

 

                                        

 

 

 

 

 

Fig. 1 - Melted  )( 1D   

and  solid )( 2D  regions 

of electrode 

 

                                                                                

At the isothermal surface of  vaporization  ),( trhz  the equilibrium of heat fluxes given as 

                                                      
t

h
LQ

n

T
f 1

1
1                                                (2) 

with heat flux from the arc column 

                                                         )
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0
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A
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where ntrLtq A   and ),( , ),(0  are magnitude of heat flux at the center of contact spot, heat of 

vaporization, effective radius of normal distribution, and surface normal respectively. 

The rate of vaporization can be described by the Langmuir law 

 

                                                      )exp(
11

1
T

B
A

Tt

h
,                                                 (4) 

rr 0

z

1D

2D

),( trhz

trhz m ,

t t

AQ

)(trA



ʀɿɺɽʉʊʀʗ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʑɽʉʊɺɸ çʂɸʍɸʂè,  2011, ˉ 3(33). 

 

 26 

where 2/1)/2( MRT ,    TR  is the gas constant, M  is the vapour molecular weight, BA   and   

are the constants of vaporization. If we suggest that portion of entering the electrode heat flux 

),( trQ  consumed for vaporization has normal distribution along radius 

                                                     )
)(

exp()(
2

2

tr

r
tqQ                                                 (5) 

where )(   and   )( trtq   are magnitude and effective radius of vaporization, then instead of 

Langmuir Law (4) one can consider only boundary condition (4) corrected by the subtraction of the 

expression (5).  Effective radius of vaporization in this case can be found from the equation  

 

                                          bTttrT )  ,0 ),( (1                                                                              (6) 

                                                                           

where bT  is the boiling temperature. The magnitudes  )(   and   )(0 tqtq   are determined from the 

energy balance equation for arc column, anode and cathode surfaces. 

   At the interface surface ),( trhz m  between melt and solid states the Stefan conditions are 

applicable 

                                      
t

h
L

n

T

n

T m
m 1

2
2

1
1                                                              (7) 

                               

                                                    mTTT 21                                                                               (8) 

where mm TL   and   are the latent heat of melting and melting temperature respectively. 

For closing of this system of equations it is necessary to put additionally the condition of axial 

symmetry  

                                                    0          if       , 01 r
r

T
                                                         (9) 

and initial conditions for the temperature 

                                                      mTTzrTzrT )0,0,0(                 ),,()0,,( 102                         (10) 

where mT  is the melting temperature. The expression for  ),(0 zrT  can be found from the solution of 

heat equation at the period preceding melting [11]. 

Results of calculations. Copper electrodes:   The calculations are carried out for the Cu  

electrodes with the current AAAI  500  , 300  , 100  and opening velocity  

sec/ 20    sec,/ 5    sec,/  5.00 mmmV . The results are presented in Fig. 2 ï 4. 
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Fig. 2 - The temperature 

),0(   and   ),0( tTtT ca  at the center 

of the anode and the cathode spots 

respectively  as functions of t .   

Cu-  contacts. 

For anode: 

 1 ï I =100 A,       2 ï I = 300 A,  

3 ï I = 500 A. 

For cathode:  

 4 ï I =100 A,       5 ï I = 300 A,  

6 ï I = 500 A. 

  Critical time: 

) 500( sec8.0  ), 500( sec65.0

   ), 300( sec 4.0

AmAm

Amtcr
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Just after bridge rupture the temperature at the center of the anode spot ),0( tTa   ( Fig. 2 ) 

jumping up to the value 6 103 K  decreases then during the time less then  1 10 3 sec down to the 

values comparable with the cathode group temperature ( T Kc 4 103  ). Herewith the anode ceases 

active evaporation, and the arc transforms from the metallic phase into the gaseous phase at the 

critical points tcr  of intersection of the anode and cathode temperatures. The current range is very 

important because the lesser life time of the anode arc corresponds to the lesser current . Decreasing 

of the temperature at the center of the anode spot is a result  both of  the anode heat flux decreasing 

owing to increasing of a contact gap  and of evaporation cooling . 

Therefore conditions of appearance and evolution of the gaseous arc stage depend on 

properties of a contact material such as melting and boiling temperature , specific heat of 

vaporization etc.,that have to be taken into account in a mathematical model of a short arc. 

Vaporization of material from the arc roots is also very important for the evolution of a short 

arc. The effective radius of evaporation from the anode spot )(tr  increases with current increasing  

(Fig. 3 ) , while )(trv  for the cathode  changes very slowly .  
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Fig. 3 - Dynamics of the effective radius of 

evaporation  r tev( ) from the anode  spot            

( 1 -  I = 100 A ,  2 -  I = 300 A , 3 -  I = 500 

A)            and from the cathode spot (  4 -  I - 

100 A ,        5 -  I = 300 A ,  6 -  I = 500 A ) .      

( Co- contacts) 

 

Fig. 4  - Anode  evaporation losses       P tev( )      ( 1 

- I = 100 A , 2 -  I = 300A,  3 - I =  500 A) and 

cathode evaporation losses Q tev( )     ( 4 - I = 100 A , 

5 -  I = 300 A, 6 -  I = 500 A ), V m0 0 2. / sec .       

Co- contacts  

The anode rate of   increasing 
dr

dt

ev   changes from 01. / secm  to  0 2. / secm   and approach  0 to 

the end of the anode arc stage . 

The curves of the anode evaporation losses P tev( ) presented on the   Fig. 4  rises rapidly for 

the first time up to the maximum at t 0.1 - 0.5 msec  and then falls down  to zero intersecting the 

cathode curves at the critical points . 

The maximum point of the anode vaporization is displaced slightly when the current increases 

to the greater time . This phenomena can be explained by the changing of the relationship between 

the temperature rate and vaporization intensity. At the initial stage vaporization energy rises owing 

to the sharp increasing of the anode local temperature.This time rapidly increasing radius )(trv  

stipulates an intensive vaporization. After maximum point the temperature decreases as a result  of 

both vaporization cooling effect and decreasing of heat flux from the arc due to increasing of 

contact gap. The vaporization intensity is very sensible to the change of the temperature because it 

of exponential dependence ( 4 ) as well as to a current value . One  can  conclude  from  the  Fig.4   

that  the anode  evaporation  comes  to  an  end at   t = 5 msec   for  the  current     

 I = 100 A , while at the same time evaporation for the current  I = 500 A is maximum. 
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The comparison of the results of these calculations with experimental data [20] showed 

satisfactory conformity with the error not more than 20%. 

Erosion of  AgMeO electrodes:   Similar calculations were carried out for silver metal oxide 

AgCdO and AgCdO at the conditions :  DC  AI  20  and  AI  40 ,     voltage  VU  14 , 

opening velocity  sec/ 2.00 mV , inductance  0L   and  mHL  50 . These conditions are 

typical for interruption of current flow in automobile area as well as in telecommunication. 

 The results of calculations are presented in Fig. 5 ï 7. 
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Fig. 5 -  AgCdO mass variation versus arc 

length. 0L . 1 -  AI  40  ( cathode ),  2 -  

AI  20  ( cathode ). 3 -  AI  20  ( anode ),     

4 -  AI  40  ( anode ).                     . 

Fig. 6   - 2AgSnO mass variation versus arc 

length. 0L .1 -  AI  40  (cathode ),  2 -  

AI  20  (cathode ).3 -  AI  20  ( anode ),     4 

-  AI  40  ( anode ). 
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Fig. 7 - AgCdO and 2AgSnO mass variation versus arc length.                                                         

mHL  50 ,   AI  40 .1 -  AgCdO  cathode ,     2 -  AgCdO anode,                                                            

3 -  2AgSnO  anode ,       4 -  2AgSnO cathode               

 
These results are in a good agreement with experimental data[9], [22]. Its analysis enables to 

conclude that in metallic arc phase (short arc length) , which is characterized by material transfer 

from the anode to the cathode, the erosion  of 2AgSnO contacts is considerably small than erosion 

of  AgCdO contacts both for resistive and inductive circuits, while in gaseous arc phase (long arc 

length) with opposite material transfer the rate of erosion depends on the inductance. If the 

inductance 0L , then 2AgSnO contacts have smaller erosion in comparison with AgCdO 

contacts, however for inductive circuits situation is quite different, thus use of  AgCdO contacts in 

the case of long arcs burning in gaseous phase is more preferable.  

             

 LIQUID DROPL ETS EROSION: 

Side by side with vaporization the another mechanism of contact erosion in the form of 

ejected liquid droplets occurs in the range of moderate and high current. It is stipulated by 

interaction of various forces in the region of liquid metal pool, such as electromagnetic and gas-
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kinetic pressure, surface tension, explosion and spraying of gaseous inclusions inside molten metal 

etc. 

Mathematical model (1) ï (10) presented above has to be corrected to take into account heat 

and mass transfer in a thin boundary layer on the molten surface. The motion equation for the liquid 

metal in the region 1D  can be written as 

 

FVPVV
t

V

1

1
                         (11) 

and the continuity equation is 

                                                                                  0V                                               (12) 

 

The heat equation (1) for 1i  has to replaced by the energy equation 

 

                                                     
2

11111
1

11 )()( jTdivTV
t

T
C                     (13) 

 

while for  2i  it remains the same.  Here  ),( zr VVV  is the velocity of molten metal, P  is 

the gas-kinetic pressure, HjF )/( 10  is the electromagnetic force,  and  0  are viscosity 

and magnetic permeability. 

Additionally to the boundary conditions for the temperature similar conditions must be given 

for the velocity 

 

                            0
z

Vr       on the surface      ),( trhz                                              (14) 

 

                         0zr VV       on the surface     ),( trhz m                                              (15) 

To simplify this problem we can use the radial distribution of pressure as 

 

                      )/1( 22
0 rPP                                                                                 (16) 

Using the theory of similarity one can derive that the characteristic time ht  for the heat 

transfer phenomena is much greater in comparison with the characteristic time  t  for the 

hydrodynamic phenomena. Hence the hydrodynamic parts of the above considered equations can be 

solved separately using quasi-stationary heat approximation, i.e. assuming that mhT ,1  and  h  are 

constants for a given time t . 

   Applying the law of energy conservation  

 

                                  MH EEVV
t

22
1

2

1
                                                      (17) 

 

where the terms on the left hand side correspond to kinetic and potential energy, while terms 

on the right-hand side represent the action of hydrodynamic and electromagnetic forces. Using 

functional analysis methods the following approach can be obtained 

                  VM

t

WWdtVV
A

0

22
1                                                         (18) 

where At     is the arcing time, and the expressions for  VMHM WWEE ,,,   are given in the 

paper [15]. 
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The relationship (18) allows the hydrodynamic and electromagnetic forces to be estimated 

without solving the differential equations but comparing each term on the right side of (18). 

  This equation becomes more effective by replacing region  1D  with the boundary layer near 

the vaporization surface ),( trhz . Here the temperature and velocity fields at vaporization can 

be described by the system of equations 
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that can be solved by numerical methods. 

The melting isotherms T   of a copper cathode under the action of arc heat flux AQ  and Joule 

sources with current density j  are shown in the Fig. 5 for the parameters 
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The dynamics of melting isotherms during arcing is shown in Fig. 8 

 

                                       
Fig. 8 - Dynamics of melting 

isotherms of convective heat 

transfer during arcing. 

AI  100   

1 ï t = 0.2 msec, 

2 ï t = 0.4 msec, 

3 ï t = 0.6 msec 

4 ï t = 0.8 msec 

                                                   

 

 
It enables to estimate erosion in the form of liquid droplets which kinetic energy is greater 

than the energy of surface tension. 

 

THERMOCAPILLARY MECHANISM OF EROSION:  

Some times it is impossible to explain measured values of erosion in the forms of droplets 

due to motion of liquid metal from the center to periphery by the action of electromagnetic and gas-

kinetic pressure, especially for such refractory materials as tungsten, molybdenum, zirconium etc. 

In this case erosion phenomena can be explained by the influence of thermo-capillary Marangoni 

effect which provokes an intensive convective flow in a narrow surface layer of melting zone 

owing to temperature dependence of surface tension of liquid metal.  

To take into account this effect it is necessary to correct the above presented model of 

convective heat and mass transfer by replacing of the condition (14) with the special boundary 

condition for thermo-capillary forces causing radial stresses on the melted surface: 
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where  is the dynamic viscosity and   is the surface tension. Beside that, additional terms 

E  and W responsible for the thermo-capillary effect must be added in the right side of the 

equations (17) and (18). 

In this case, the analog of the thermo-capillary Reynolds number  

0

1

101010          , /Re
TT

dT

d
WhW m  , the Prandtl number  

1

Pr   and the Marangoni 

number  PrReMa    play key role. 

The melting isotherms of melting tungsten for the same above given conditions are shown in 

Fig. 9 taking into account thermo-capillary convection.  
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Fig. 9  - Melting  isotherms of 

thermo-capillary heat 

transfer
3102     ,  100 MaAI  

 

It was shown in [15] that for tungsten with current density 27 /1045.6 mAj  and heat 

flux
28

0 /102.3 mWQ  the Marangoni number is  
21013.1Ma , while the rate of thermo-

capillary convection  rV  at the molten surface reaches sec/  13 m , thus causing the ejection of metal 

from the molten pool by the thermo-capillary forces. 

Fig. depicts a typical picture of thermo-capillary waves moving from the center of molten 

pool to its periphery. 

SOLID STATE TYPE OF EROSION:  

Brittle fraction of metallic surface layer caused by thermal stresses generated by high power 

current pulses of short duration and concentrated heat sources from the arc discharge 

(
2710 mi )  can also significantly contribute to the overall erosion of contacts as the electric arc 

takes the effect . 

The nature of thermal stresses is strongly dependent on the current density in the area of the 

arc. At the current density 
28 /10 mA   and higher, the temperature rise is due to localized heating in 

the region under the arc spot, while at the density 
27 /10 mA  and lower, the surface heat sources 

prevail. 

The occurrence of thermo-elastic stresses due to Joule heat sources can be described by the 

model based on the same heat equation like equation (1): 
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The current density in the case of a pulse can be calculated by solving of the equation for 

electric potential distribution in the form [11]: 
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where is the rate of the current growth,  )(tff  is the arc spot radius growing over time, and 
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The solution of the equation (21) with the boundary conditions in the form of heat flux as tP0  

entering the contact from the arc is well-known [11].  Using this solution and thermo-elastic 

potential, it is possible to find stress components. Numerical calculation show that thermo-elastic 

stresses according to this model become important only when the rate of the current growth is very 

high ( sec/107 A   for tungsten and  sec/109 A   for copper ). In this case the stress is 

highest along the outer rim of the arc spot  ( 0  ,0 rz  ), where densities of current and heat 

sources are also highest, whereas in the arc spot center the stresses are considerably lower as seen 

from the equation (22). 

When the surface sources of heat are considerable, the stress distribution is opposite. In this 

case, it is essential to use a simple spherical Holmôs model describing the temperature field in the 

electrode rather than a cylindrical one. Hence, a heat-receiving spot with radius f  has to be 

replaced with a hemisphere having an ideal conductivity with radius 2fb , for which entering 

heat flux is equal to the value 
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The principal components of the stress tensor can be determined using the quasi-static 

approximation from the expressions 
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Solution of the equation (21) at the condition  (23)  is 
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By inserting formula (25)  in  (24), we find the stress tensor components.  If  y  is the yield 

strength of contact material, the condition excluding the fracture by temperature in its simplest form 

is  rr y , i.e. 
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                          )]2/1(1[41
4

1

2000 btPE
y                                            (26) 

where  0t  is the pulse duration. 

Let us calculate as an example the thermo-elastic stresses generated in tungsten contacts as 

described in [17]. Assuming 

                                      mftAtI 426
00 105      , sec102       ,  1000 , 

then     94.0)2/1(         , 1055.2 4 mb  ,  and consequently  29 /102.2 mkg   , 

that exceeds the yield stress of tungsten  29 /103.1 mkgy .  The experimentally observed 

fracture of contact material confirmed the validity of the inequality (26). 

Using the expression  rry    we can calculate the characteristic size 0l  of the 

region exposed to the action of attenuating thermo-elastic wave that causes the ejection of contact 

material. 
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 Fig. 12 -   Variation of 

stress tensor  rr    
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As seen from Fig. 12 the inequality  rry   is valid if  65.0    i.e.    

tabr 3.1 . Hence the fracture of electrode occurs at the depth   

                                                         mtal 5
00 1067.13.1  

It appears that the inequality (26) can be very useful for calculating the thermal stresses in 

contacts operating in a pulsing regime. 

 

CONCLUSIONS: 

1. Four different mechanisms of electrical contact erosion may occur at switching of electric 

circuits: vaporization, liquid droplets ejection due to pressure on metal liquid pool, thermo-capillary 

erosion , and thermo-elastic erosion in a solid state. 

2.    The direction and the rate of erosion due to vaporization in the range of low current depends 

on the duration and the length of an arc. For a short arc of metallic phase, electron bombardment of 

anode leads to its intensive vaporization  and part of the resulting mass losses is collected by 

opposite contact. Material transfer direction is from anode to cathode (anode dominated arc). 

Increasing of contact gap accompanying by increasing of  arc resistance and its temperature causes 

gas ionization and sputtering of cathode surface by gaseous ions. The eroded mass in gaseous arc 

phase is transferred from cathode to anode (cathode dominated arc). Critical time of the transition 

from metallic to gaseous arc phase can be found using mathematical modelling. It is very important 

in order to provide the balance of resulting anode and cathode material transfer during arcing and 

minimum contact erosion. 
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3.    The erosion  of 2AgSnO contacts is considerably small than erosion of  AgCdO contacts for 

short arcs (metallic phase). In the case of long arcs (gaseous phase} erosion of  AgCdO is less then 

erosion  of 2AgSnO for inductive circuits. 

4.    In the range of high current erosion of electrical contacts occurs in a form of liquid droplets 

ejecting from the surface as a result of interplay of gas-kinetic and electromagnetic forces 

exceeding the force of surface tension. 

5.    The erosion of some refractory materials (tungsten, molybdenum, zirconium) can be explained 

by thermo-capillary effect of Marangoni. It has to be taken into account for Marangoni numbers 
210Ma . 

6.    Thermal stresses generated by high power electrical current pulses of short duration may cause 

the ejection of contact material in the solid state. Joule heat sources play main part for current 

density 28 /10 smAj , while arc heat sources prevail in the range of current density 

27 /10 smAj . The conditions providing absence of this type of erosion are obtained by use of 

mathematical modelling of  corresponding thermo-elastic dynamical phenomena during pulse of 

current. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʭʘʥʠʟʤʳ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʧʦʣʠʤʝʪʠʣʝʥʥʘʬʪʘʣʠʥʩʫʣʴʬʦʥʘʪʦʚ 

(ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ), ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʙʘʚʦʢ ʚ ʙʝʪʦʥ (ʥʘʧʨʘʚʣʝʥʥʳʡ ʩʠʥʪʝʟ ʥʘʬʪʘʣʠʥʩʫʣʴʬʦʢʠʩʣʦʪ, ʚʳʙʦʨ 

ʥʝʡʪʨʘʣʠʟʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʫʩʣʦʚʠʷ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ). 

 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʝʪʦʥʦʚ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʩʫʧʝʨ- ʠ ʛʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳ. ʄʠʨʦʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ï 

ʧʦʣʠʤʝʪʠʣʝʥʥʘʬʪʘʣʠʥʩʫʣʴʬʦʥʘʪʦʚ (ʇʅʉ) ʠ ʧʦʣʠʤʝʪʠʣʝʥʤʝʣʘʤʠʥʩʫʣʴʬʦʥʘʪʦʚ (ʇʅʉ) ï 550 

ʪʳʩ. ʪ ʚ ʛʦʜ, ʣʠʛʥʦʩʫʣʴʬʦʥʘʪʦʚ ï 700 ʪʳʩ.ʪ, ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʦʚ ï 150 ʪʳʩ. ʪ [1]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳ ʫʧʨʘʚʣʷʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʣʦʝʚ, 

ʤʦʛʫʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʷʪʴ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʮʝʤʝʥʪʥʳʭ ʩʠʩʪʝʤ [1, 2, 3]. ʄʝʭʘʥʠʟʤ 

ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʇʅʉ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʘʜʩʦʨʙʮʠʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʠʜʨʦʘʣʶʤʠʥʘʪʦʚ ʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ɕ-ʧʦʪʝʥʮʠʘʣʘ ʢʦʣʣʦʠʜʥʦʡ ʩʠʩʪʝʤʳ, ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʝʤ ʩʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ, ʧʨʠʚʦʜʷʱʠʤ ʢ 

ʜʝʬʣʦʢʫʣʷʮʠʠ ʮʝʤʝʥʪʥʦʡ ʤʘʩʩʳ [1, 2]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʜʘʚʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʘʜʩʦʨʙʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʇʅʉ ʟʘʤʝʪʥʘʷ ʯʘʩʪʴ ʩʠʣ ʦʪʪʘʣʢʠʚʘʥʠʷ 

ʩʦʩʝʜʥʠʭ ʯʘʩʪʠʮ ʦʙʫʩʣʦʚʣʝʥʘ ʩʪʝʨʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʦʚ [4, 5]. 

ʉ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʝʨʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʝʛʦ 

ʫʯʝʪʘ. ʈʦʣʴ ʧʦʩʣʝʜʥʝʛʦ, ʩʪʝʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʫ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʩʪʨʦʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʇʅʉ. 

ʅʘ 5-ʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ CANMET/ACI ʚʦʧʨʦʩʳ ʤʦʜʠʬʠʢʘʮʠʠ ʇʅʉ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

1) ʚʚʝʜʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʢʘʞʜʦʝ ʵʣʝʤʝʥʪʘʨʥʦʝ ʟʚʝʥʦ;  

2) ʚʚʝʜʝʥʠʝ ʬʨʘʛʤʝʥʪʦʚ ʠʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ; 

3) çʣʠʥʝʡʥʫʶè ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʩʥʦʚʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʮʝʧʠ ï ʩʠʥʪʝʟ ʇʅʉ 2-ʛʦ ʠ 3-ʛʦ 

ʧʦʢʦʣʝʥʠʷ [6]. 

ʇʨʠ ʣʶʙʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʦʩʪʘʝʪʩʷ ʥʝʦʩʧʦʨʠʤʳʤ ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʝʬʣʦʢʫʣʷʮʠʶ ʢʦʣʣʦʡʜʥʦʡ ʩʠʩʪʝʤʳ, ʥʦ 

ʚʤʝʩʪʝ ʩ ʪʝʤ ʥʝ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʤʫ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʶ ʮʝʤʝʥʪʥʳʭ ʩʠʩʪʝʤ. ɺ 

ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘʭ ʩʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ, ʠʟʤʝʥʝʥʠʝ ɕïʧʦʪʝʥʮʠʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʩʫʣʴʬʦʛʨʫʧʧʦʡ, ʘ ʚ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʠ ʚ ʜʝʬʣʦʢʫʣʷʮʠʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʪʝʨʠʯʝʩʢʠʡ 

ʬʘʢʪʦʨ, ʘ ʪʘʢʞʝ ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʧʦʣʠʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ ʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʥʘʬʪʘʣʠʥʘ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ, ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʧʦʣʷʨʥʦʡ ʠ ʥʝʧʦʣʷʨʥʦʡ ʯʘʩʪʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʥʘ ʤʝʭʘʥʠʟʤ 

ʜʝʡʩʪʚʠʷ ʠ ʩʚʦʡʩʪʚʘ ʇʅʉ. 

ʇʣʘʩʪʠʬʠʮʠʨʫʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʇʅʉ ʚ ʙʝʪʦʥʥʳʭ ʩʤʝʩʷʭ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʤʘʨʦʢ ʮʝʤʝʥʪʘ (350-500 ʢʛ/ʤ
3
). ɺʳʩʦʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʮʝʤʝʥʪʥʳʭ ʩʠʩʪʝʤ 
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ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʜʦʟʠʨʦʚʢʝ ~0,3ï0,8% ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ, ʦʪʥʦʰʝʥʠʝ ʚʦʜʘ-ʮʝʤʝʥʪ (ɺ/ʎ) 

ʩʥʠʞʘʝʪʩʷ ʜʦ 0,25, ʜʝʬʦʨʤʘʮʠʷ ʫʩʘʜʢʠ 0,00056. ɹʝʪʦʥ ʩ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘʤʠ ʇʅʉ ʠʤʝʝʪ 

ʧʨʦʯʥʦʩʪʴ ʯʝʨʝʟ 28 ʩʫʪʦʢ ʜʦ 205 ʄʇʘ ʠ ʚʳʰʝ, ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ 350 ʮʠʢʣʦʚ. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʇʅʉ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʝʘʢʮʠʡ: 1) ʥʘʬʪʘʣʠʥ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʠʟʙʳʪʢʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʦʙʨʘʟʫʝʪ ʥʘʬʪʘʣʠʥ ʩʫʣʴʬʦʢʠʩʣʦʪʫ (ʅʉʂ); 2) ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʜʳ ʢʠʩʣʦʪʘ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʘʪʨʠʝʚʫʶ ʩʦʣʴ ʥʘʬʪʘʣʠʥʩʫʣʴʬʦʢʠʩʣʦʪʳ (NaHCK), ʘ ʠʟʙʳʪʦʢ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʥʝʡʪʨʘʣʠʟʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ; 3) ʚ ʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ 

ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ ʚʳʩʘʣʠʚʘʝʪʩʷ NaHCK; 4) ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ NaHCK ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ 

ʧʦʣʫʯʘʝʪʩʷ ʇʅʉ. ʋʢʘʟʘʥʥʦʝ ʚʳʰʝ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʨʝʘʢʮʠʠ: 

 

C10H8 + H2SO4(ʢʦʥʮ) Ÿ C10H7SO3H + H2O        (1) 

 

2C10H7SO3H + H2SO4(ʢʦʥʮ) + 2Na2CO3 Ÿ 2C10H7SO3Na + Na2SO4 + 2CO2 + 2H2O  (2) 

 

C10H7SO3Na+NaCl(ʥʘʩʳʱ) Ÿ C10H7SO3NaŹ + NaCl       (3) 

 

n C10H7SO3Na + m H2CO Ÿ (C10H5SO3Na)n(CH2)m + H2O      (4) 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʛʨʫʧʧʘ ïSO3H ʩʠʣʴʥʦ ʧʦʣʷʨʥʘʷ, ʘ ïʉʅ2ï ʠ ʥʘʬʪʘʣʠʥ ʥʝʧʦʣʷʨʥʳʝ. 

ʅʘʬʪʘʣʠʥ ʠʤʝʝʪ ʧʣʦʩʢʦʩʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʘ ʛʨʫʧʧʳ ïʉʅ2ï, ïSO3H ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʝ ʇʅʉ ʜʘʝʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ. 

ɿʘʤʝʱʝʥʠʝ ʚ Ŭ- ʠʣʠ ɓ-ʧʦʣʦʞʝʥʠʷ ʥʘʬʪʘʣʠʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʝʘʛʝʥʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʪʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʟʘ, 

ʧʨʦʤʝʞʫʪʦʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʘʛʝʥʪʦʚ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʭ 

ʧʦʣʫʯʘʝʤʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ. 

ʉʠʥʪʝʟʳ ʇʅʉ ʥʘ ʦʩʥʦʚʝ ʥʘʬʪʘʣʠʥʩʫʣʴʬʦʢʠʩʣʦʪʳ ʠ ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʝʱʝ ʥʝ ʠʩʯʝʨʧʘʣʠ 

ʩʚʦʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʘʢʪʫʘʣʴʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʠʥʪʝʟʫ ʥʦʚʳʭ 

ʫʥʠʢʘʣʴʥʳʭ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʇʅʉ ʜʦʢʘʟʳʚʘʝʪ ʜʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ [7]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ ʅʉʂ (1 ʨʝʘʢʮʠʷ) ʟʘʚʠʩʷʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ï ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʤʦʥʦ-, ʜʠʩʫʣʴʬʦʢʠʩʣʦʪʳ, Ŭ-, 

ɓ-ʠʟʦʤʝʨʳ ʅʉʂ, ʩʫʣʴʬʦʥʳ. ɺ ʜʘʣʴʥʝʡʰʝʤ (4 ʨʝʘʢʮʠʷ) ʩʪʨʦʝʥʠʝ ʅʉʂ ʩʢʘʟʳʚʘʝʪʩʷ ʠ ʥʘ 

ʢʦʥʝʯʥʦʤ ʧʨʦʜʫʢʪʝ ʇʅʉ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳ, ʥʘʧʨʠʤʝʨ, 

ʠʟʤʝʥʷʷ ʩʦʦʪʥʦʰʝʥʠʷ ʥʘʬʪʘʣʠʥ/ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ, Naʅʉʂ/ʬʦʨʤʘʣʴʜʝʛʠʜ ʠ ʚʘʨʴʠʨʫʷ 

ʪʝʤʧʝʨʘʪʫʨʫ ʤʦʞʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟʦʤʝʨʳ ʅʉʂ. 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ, ʥʘʤʠ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʇʅʉ, ʚʢʣʶʯʘʶʱʠʝ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: 

1. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʘʬʪʘʣʠʥʩʫʣʴʬʦʢʠʩʣʦʪ ʩ ʟʘʜʘʥʥʳʤ ʩʪʨʦʝʥʠʝʤ. 

2. ʇʦʜʙʦʨ ʥʝʡʪʨʘʣʠʟʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʛʠʜʨʦʢʩʠʜ ʢʘʣʴʮʠʷ ï ʧʨʠ 

ʵʪʦʤ ʧʦʣʫʯʘʝʪʩʷ ʢʘʣʴʮʠʝʚʘʷ ʩʦʣʴ ʥʘʬʪʘʣʠʥʩʫʣʴʬʦʢʠʩʣʦʪʳ. ʇʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ ʥʝʩʢʦʣʴʢʦ: ʚʦ-ʧʝʨʚʳʭ, ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʷʶʪʩʷ 

ʨʘʩʪʚʦʨʠʤʳʝ ʩʫʣʴʬʘʪ ʠʦʥʳ, ʨʦʣʴ ʢʦʪʦʨʳʭ ʚ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʜʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʦʩʪʘʝʪʩʷ 

ʜʠʩʢʫʩʩʠʦʥʥʦʡ. ɺʦ-ʚʪʦʨʳʭ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ɓ-ʟʘʤʝʱʝʥʥʦʛʦ ʠʟʦʤʝʨʘ 

(85%) ʦʪ Ŭ-ʟʘʤʝʱʝʥʥʦʛʦ ʥʘʬʪʘʣʠʥʩʫʣʬʦʢʘʣʴʮʠʷ, ʪʘʢ ʢʘʢ ɓ-ʥʘʬʪʘʣʠʥʩʫʣʬʦʢʘʣʴʮʠʡ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʥʘʤʥʦʛʦ ʭʫʞʝ, ʯʝʤ ʝʛʦ Ŭ-ʠʟʦʤʝʨ. ɺ-ʪʨʝʪʴʠʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʪʝʟʘ ʧʦʣʫʯʘʶʪʩʷ 

ʧʦʙʦʯʥʳʝ ʮʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʝ ï ʛʠʧʩ, ʤʝʣ. 

3. ʇʦʜʙʦʨ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ 

NaHCK ʩ ʬʦʨʤʘʣʴʜʝʛʠʜʦʤ. 

ʇʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʪʨʠ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʇʅʉ-1, ʇʅʉ-2, 

ʇʅʉ-3. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʫʯʘʶʪʩʷ ʠʭ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ 
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ʧʦʣʫʯʘʝʤʦʛʦ ʙʝʪʦʥʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘʤʠ ʨʦʩʩʠʡʩʢʦʛʦ ʠ 

ʢʘʥʘʜʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʠ 

ʯʠʩʪʳʭ ʧʨʦʜʫʢʪʦʚ ï ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʨʝʛʫʣʠʨʫʝʤʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʣʴʬʘʪ-, ʢʘʨʙʦʥʘʪ-

ʠʦʥʦʚ ʠ ʠʦʥʦʚ ʥʘʪʨʠʷ; ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʫʜʝʪ ʙʝʟʦʪʭʦʜʥʳʤ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ, ʧʦʙʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʘ ʚʦʜʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʥʘʯʘʣʦ 

ʮʠʢʣʘ. 
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ʅʦʚʳʝ ʩʧʦʩʦʙʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʩʝʨʧʝʥʪʠʥʦʚ ʠ ʮʝʦʣʠʪʦʚ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʝʝ ʩʦʣʷʤʠ ʚ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʜʝʰʝʚʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʨʙʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʩ ʫʜʦʙʨʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʟ ʩʝʨʧʝʥʪʠʥʘ.  

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʫʩʪʘʥʦʚʣʝʥʠʶ  ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ 

ʧʨʠʨʦʜʥʳʭ ʩʠʣʠʢʘʪʦʚ, ʚ ʫʩʣʦʚʠʷʭ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʙʘʚʦʢ ʠ 

ʧʦʣʫʯʝʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʦʨʙʝʥʪʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʩ ʫʜʦʙʨʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʋʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʨʫʜ, ʪʨʝʙʫʝʪ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʚʦʧʨʦʩʫ ʧʦʠʩʢʘ ʩʧʦʩʦʙʘ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʩ 

ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʄʝʞʜʫ ʪʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ 

ʟʘʩʣʫʞʠʚʘʶʪ ʤʝʭʘʥʦ-ʩʪʠʤʫʣʠʨʦʚʘʥʥʳʝ ʨʝʘʢʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʜʦʙʘʚʦʢ, 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʧʣʘʥʝ ʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʳʨʴʶ ʬʦʩʬʦʨʘ ʈʂ ʠʟ-ʟʘ ʠʭ ʩʣʦʞʥʦʛʦ ʧʦʣʠʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ,  ʘ ʪʘʢʞʝ ʬʘʢʪʦʨʘ ʧʨʠʩʫʪʩʪʚʠʷ  ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ  ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʧʨʠʩʫʪʩʪʚʠʠ ʜʦʙʘʚʦʢ. ɼʘʥʥʳʝ ʧʦ ʵʪʦʤʫ 

ʚʦʧʨʦʩʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʦʩʷʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ɺʩʸ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʧʦʜʯʸʨʢʠʚʘʝʪ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ɺʦʧʨʦʩʘʤʠ ʘʢʪʠʚʘʮʠʠ ʥʘ ʩʪʘʜʠʠ ʦʙʦʛʘʱʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʟʘʥʠʤʘʣʠʩʴ ʤʥʦʛʠʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʘʢʪʠʚʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʬʦʩʬʘʪʦʚ 

ʧʨʦʚʦʜʷʪ ʥʝʤʝʮʢʠʝ ʫʯʸʥʳʝ ʈ.ʇʘʫʜʝʨʪ,  ɻ.ʍʘʡʥʠʢʝ, ʍ.ɺ.ʍʘʨʝʥʮ, ʨʦʩʩʠʡʩʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ 

ɺ.ɺ. ɹʦʣʜʳʨʝʚ,  ɸ.ʉ.ʂʦʣʦʩʦʚ, ʄ.ɺ.  ʏʘʡʢʠʥʘ. ɺ ʕʩʪʦʥʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʬʦʩʬʘʪʦʚ ʩ ʭʠʤʠʯʝʩʢʠʤ  ʨʘʟʣʦʞʝʥʠʝʤ 

ʤʠʥʝʨʘʣʴʥʳʤʠ  ʢʠʩʣʦʪʘʤʠ. 

ʆʪʩʫʪʩʪʚʫʶʪ  ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʥʘ ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʤʠʥʝʨʘʣʫ ʬʦʩʬʦʨʘ ʥʝʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʦʤ ʬʦʩʬʦʨʥʦʤ 

ʩʳʨʴʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʠʣʠʢʘʪʦʚ Mg ʠ Al, ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ  ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ 1; 2  ʥʘʤʠ ʙʳʣʠ ʨʝʢʦʤʝʥʜʦʚʘʥʳ 

ʚr ʩʦʢʦʢʨʝʤʥʠʩʪʳʝ ʬʦʩʬʦʨʠʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ < 5-6% ʈ2ʆ5, ʢʘʢ  ʥʝʧʨʠʛʦʜʥʳʝ ʢ ʦʙʦʛʘʱʝʥʠʶ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ  ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʨʙʝʥʪʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʠʩʣʳʭ ʩʦʣʝʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ,  ʠ ʧʦʣʫʯʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩ ʩʦʨʙʮʠʦʥʥʳʤʠ ʠ 

ʫʜʦʙʨʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ:  ʏʘʥʢʘʥʘʡʩʢʠʝ ʮʝʦʣʠʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 83% 
ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ ʩʦʩʪʘʚʘ (ʤʘʩʩ. %): K2O ï 1,38; Na2O ï 0,95; AI2O3 ï 10,81; CaO ï 3,50; MgO ï 
0,93; SiO2 ï 72,2; Fe2O3 ï 3,18; ʈ2ʆ5 ï 0,1; ʅ2ʆ ï 2,20;  ʩʝʨʧʝʥʪʠʥʩʦʜʝʨʞʘʱʠʝ ʦʪʭʦʜʳ 
ɼʦʥʩʢʦʛʦ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʘ ʠ ɼʞʝʪʳʛʘʨʠʥʩʢʦʛʦ ʘʩʙʝʩʪʦʚʦʛʦ ʢʦʤʙʠʥʘʪʘ 

ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɺ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʚʳʙʨʘʥʳ H3PO4,  

NaH2PO4 2H2O, KH2PO4.  ʄʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʰʘʨʦʚʦʡ 

ʪʨʝʭʙʘʨʘʙʘʥʥʦʡ ʤʝʣʴʥʠʮʝ ʩ ʧʣʘʥʝʪʘʨʥʦ-ʮʝʥʪʨʦʙʝʞʥʳʤ ʜʚʠʞʝʥʠʝʤ ʤʝʣʶʱʠʭ ʪʝʣ. ʆʙʲʝʤ 

ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ 450 ʩʤ
3
, ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʨʘʙʦʯʠʭ ʢʘʤʝʨ 1200 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ ʠ ʩʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʧʣʘʪʬʦʨʤʳ ʩ ʨʘʟʤʦʣʴʥʳʤʠ ʢʘʤʝʨʘʤʠ 700 ʦʙʦʨʦʪʦʚ ʚ ʤʠʥʫʪʫ, ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ 

2,2 ʢɺʪ. 

ʀʟʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ - ʩʝʨʧʝʥʪʠʥ: ʢʠʩʣʘʷ ʩʦʣʴ = 1:0,5; 1:1; 1:1,5; 

1:2; 1:2,5 (ʤʘʩʩ.ʝʜ) ʠ ʚʨʝʤʷ  (45 ʤʠʥ). ʄʍɸ ʩʠʣʠʢʘʪʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ H3PO4 ʠ ʝy ʢʠʩʣʳʭ ʩʦʣʝʡ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʧʨʦʜʫʢʪʦʚ ʩ ʫʜʦʙʨʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ  ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʚʦʷʝʤʦʩʪʠ (ʈ2ʆ5) ʦʪ ʩʪʝʧʝʥʠ ʘʤʦʨʬʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʝ 

ʩʝʨʧʝʥʪʠʥ- Naʅ2ʈʆ4Ā2ʅ2ʆ. 

 

ʊʘʙʣʠʮʘ 1  

   ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʠʣʠʢʘʪʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ 

 
 

ʉʠʣʠʢʘʪʩʦʜʝʨʞʘʱʠʝ 

ʦʪʭʦʜʳ   

  

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, % 

 

MgO 

 

SiO2 

 

Fe2O3 

 

Al 2O3 

ʇʦʪʝʨʷ 

ʧʨʠ 

ʧʨʦʢʘʣʠ

ʚʘʥʠʠ 

(ʧ.ʧ.ʧ.) 

 

CaO 

 

 

Cr2O3 

 

ɼʦʥʩʢʦʛʦ ʛʦʨʥʦʦʙʦʛʘʪʠ-

ʪʝʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʘ  ˉ18 

 

41,38 

 

33,66 

 

5,54 

 

0,60 

 

16,75 

 

1,16 

 

ï 

 ɼʦʥʩʢʦʛʦ ʘʩʙʝʩʪʦʚʦʛʦ 

ʢʦʤʙʠʥʘʪʘ ˉ17 

 

33,90 

 

30,20 

 

0,94 

 

1,45 

 

8,74 

 

0,21 

 

ï 

ɼʞʝʪʳʛʘʨʠʥʩʢʦʛʦ 

ʢʦʤʙʠʥʘʪʘ 

40,69 32,9 6,53 

1,93 

(FeO) 

0,3 15,36 ï 1,83 

  

ʋʩʪʘʥʦʚʣʝʥʘ ʣʠʥʝʡʥʘʷ ʢʦʨʨʝʣʷʮʠʝ ʤʝʞʜʫ ʫʩʚʦʷʤʦʩʪʴʶ ʠ ʩʪʝʧʝʥʴʶ ʘʤʦʨʬʠʟʘʮʠʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʈ2ʆ5 ʚ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʣʦʚʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ k=0,33,  ʘ  ʚ 
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ʮʠʪʨʘʪʥʦʤ ʨʘʩʪʚʦʨʝ  ʩʪʝʧʝʥʴ ʫʩʚʦʷʝʤʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ  k=1,40, ʦʙʝ ʬʦʨʤʳ ʟʘʚʠʩʷʪ ʦʪ 

ʩʪʝʧʝʥʠ ʘʤʦʨʬʠʟʘʮʠʠ, ʪ.ʝ. ʦʪ ʜʝʬʝʢʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. 

 

ʈ2ʆ5,% 

 

1
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2

 
ʉʪʝʧʝʥʴ ʘʤʦʨʬʠʟʘʮʠʠ, % 

 
1- ʈ2ʆ5ʣʠʤ.ʨʘʩʪʚ, % ;  2 - ʈ2ʆ5ʮʠʪ. ʨʘʩʪʚ, %.. 

 
ʈʠʩʫʥʦʢ 1 ï ʂʦʨʨʝʣʷʮʠʷ ʩʪʝʧʝʥʠ 

ʫʩʚʦʷʝʤʦʩʪʠ ʠ  ʩʪʝʧʝʥʠ  ʘʤʦʨʬʠʟʘʮʠʠ 

(ʩʝʨʧʝʥʪʠʥNʘʅ2ʈʆ4Ā2ʅ2ʆ  )   

I/I0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

d 10
-1
, ʥʤ 

1 ï Nʘʅ2ʈʆ4 Ā2ʅ2ʆ; 2 ï ʩʝʨʧʝʥʪʠʥ; 3 ï 1: 

1; 4 ï 1:1,25;  5 ï 1:1,5;  6 ï 1:2,5. 

 

ʈʠʩʫʥʦʢ 2 ï ʐʪʨʠʭʜʠʘʛʨʘʤʤʳ  

ʩʝʨʧʝʥʪʠʥNʘʅ2ʈʆ4Ā2ʅ2ʆ  ʦʙʨʘʟʮʦʚ 

ʩʠʩʪʝʤʳ  

 
 

ɺ ʩʠʩʪʝʤʝ ʩʝʨʧʝʥʪʠʥ - Naʅ2ʈʆ4Å2ʅ2ʆ = 1:1 ʩʦʜʝʨʞʘʥʠʝ ʫʩʚʦʷʝʤʦʡ ʈ2ʆ5 ( ʚ ʮʠʪʨʘʪʝ 

ʘʤʤʦʥʠʷ) ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʝ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʨʘʩʪʠʨʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʠʜʨʘʪʘʮʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʜʦʙʘʚʢʠ Naʅ2ʈʆ4Å2ʅ2ʆ.  

ʕʪʦ ʧʦʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʈʌɸ (ʨʠʩ. 2). ʇʦ ʜʘʥʥʳʤ ʈʌɸ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 

ʩʦʭʨʘʥʷʶʪʩʷ ʤʘʢʩʠʤʫʤʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʝʨʧʝʥʪʠʥʘ (d = 0,734; 0,362; 0.250 ʥʤ;) ʠ 

ʜʠʛʠʜʨʦʬʦʩʬʘʪʘ ʢʘʣʠʷ (d=0,505; 0,369; 0,229ʥʤ), ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʷʭ 1:1,25; 1:1,5 ʠ 1:2  

ʠʩʯʝʟʘʝʪ ʬʘʟʘ ʜʠʛʠʜʨʦʬʦʩʬʘʪʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʯʘʩʪʠʯʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʭ ʬʘʟ (d = 0,290; 0,203; 0,387 ʥʤ)  ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʩʝʨʧʝʥʪʠʥʘ ʩ ʜʠʛʠʜʨʦʬʦʩʬʘʪʦʤ  ʢʘʣʠʷ (ʨʠʩ. 2.).  

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʝ ʠ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ (ʄʍɸ)  ʩ ʜʦʙʘʚʢʦʡ ʢʠʩʣʦʡ ʩʦʣʠ KH2PO4 ʠʣʠ NaH2PO4 2H2O  

ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʧʝʥʪʠʥʘ ʧʨʝʪʝʨʧʝʚʘʶʪ ʠʟʤʝʥʝʥʠʷʤ (ʨʠʩ. 3). ʇʨʠ ʄʍɸ ʩ ʢʠʩʣʳʤʠ ʩʦʣʷʤʠ  

ʨʘʟʤʝʨʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʯʘʩʪʠʮ ʢʦʣʝʙʣʶʪʩʷ ʩ KH2PO4 -7,1 ʤʢʤ. (ʨʠʩ.4 (1); ʩ NaH2PO4 2H2O ï 

16,6 ʤʢʤ (ʨʠʩ.4(2)).  ʇʦʩʣʝ ʄʍɸ ʚ ʩʠʩʪʝʤʝ ʩʝʨʧʝʥʪʠʥ : NaH2PO4 Ā 2H2O  ʫʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʄʍɸ ʩʝʨʧʝʥʪʠʥʘ ʩ ʜʦʙʘʚʢʦʡ ʢʠʩʣʳʭ ʩʦʣʝʡ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʦʙʨʘʟʫʝʪʩʷ 

ʩʪʝʢʣʦʦʙʨʘʟʥʘʷ ʬʘʟʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ,  ʢʚʘʟʠʞʠʜʢʦʩʪʴ (SiO2 nH2O) (ʨʠʩ. 3 (3)). ɼʘʥʥʳʝ ʀʂʉ 
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ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʧʨʦʠʩʭʦʜʷʪ ʢʘʢ ʬʘʟʦʚʳʝ, ʪʘʢ ʠ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ. 

ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʦʪ ʚ ʦʙʣʘʩʪʠ 465,3; 502,3; 546,5; 536,0; 514,0; 436,2 ʩʤ
-1 

ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ
 
ʆ2ʈʆǋ2 - ʛʨʫʧʧʳ, ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʦʪ 928,2; 

881,4; 954,1; 957,3 ʩʤ
-1
, ʭʘʨʘʢʪʝʨʥʳʝ ʈʆ2(ʅ2)-ʛʨʫʧʧʝ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʧʦʷʚʣʷʶʪʩʷ 

ʩʠʤʤʝʪʨʠʯʥʳʝ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʯʘʩʪʦʪ 1046,8; 1080,5;1046,0 ʩʤ
-1
, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʨʩʪʚʫʶʪ ʈʆ2 - ʛʨʫʧʧʝ, ʘ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 1615,5; 1274,2; 1615,8 ʩʤ
-1
 

ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ ʈ ï ʆʅ ʛʨʫʧʧʳ. 

 

   
 

           1            2           3               4 

 

1 - ʄɸ (ʤʝʭʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ) ʩʝʨʧʝʥʪʠʥʘ; 2-ʄʍɸ ʩʝʨʧʝʥʪʠʥʘ ʩ ʂH2PO4;  3-ʄʍɸ 

ʩʝʨʧʝʥʪʠʥʘ ʩ NaH2PO4 2H2O; 4- ʢʚʘʟʠʞʠʜʢʦʩʪʥʘʷ ʬʘʟʘ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ 

(ʏʘʡʢʠʥʘ ʄ.ɺ. ʄʝʭʘʥʦʭʠʤʠʷ ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʧʘʪʠʪʦʚ. - ʅʦʚʦʩʠʙʠʨʩʢ,  2002. ï 

102 c.) 

ʈʠʩʫʥʦʢ 3 - ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʩʪʨʫʢʪʫʨʳ ʄʍɸ ʩʝʨʧʝʥʪʠʥʘ  ʩ ʜʦʙʘʚʢʦʡ ʢʠʩʣʳʭ ʩʦʣʝʡ ʠ  ʢʚʘʟʠʞʠʜʢʦʩʪʥʘʷ ʬʘʟʘ (1 ʤʢʤ.) 

 

 

ʜʦʣʷ, % ʜʦʣʷ, % 

 
                                                                                                                        

r, ʤʢʤ 

1.  ʄʍɸ ʩʝʨʧʝʥʪʠʥʘ ʩ KH2PO4 
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r, ʤʢʤ 

2. ʄʍɸ ʩʝʨʧʝʥʪʠʥʘ ʩ NaH2PO4 2H2O 

ʈʠʩʫʥʦʢ 4 ï ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ (ʄʍɸ) ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ 

ʩʝʨʧʝʥʪʠʥ - KH2PO4 (1),  ʩʝʨʧʝʥʪʠʥ - NaH2PO4 Ā 2H2O  (2) 

 

  ʅʘ ʀʂ-ʩʧʝʢʪʨʝ ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ 680,2; 1125,9; 1158;9; 

3206,3 ʩʤ
-1
, ʘ ʥʘ ʜʠʬʬʨʘʢʪʦʛʨʘʤʤʝ - ʤʘʢʩʠʤʫʤʳ d-0,736; 0,342; 0,243 ʥʤ., ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

Si(ʅʈʆ4)2, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʧʦ ʩʭʝʤʝ:   SiO2 +  2Naʅ2ʈʆ4  = Si(ʅʈʆ4)2  +  2NaOH. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʝʨʧʝʥʪʠʥʘ  ʠ ʮʝʦʣʠʪʘ ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʦʧʳʪʘʭ ʧʦ ʧʦʛʣʦʱʝʥʠʶ Mn (II ) ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (60; 500; 1000 ʤʢʛ/ʜʤ
3
) ʠ 
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ʦʧʨʝʜʝʣʝʥʠʶ  ʩʪʝʧʝʥʠ ʩʦʨʙʮʠʠ ( %) ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʴʝʤʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʪʚʝʨʜʦʝ : ʞʠʜʢʦʝ = 1:100; 1:200; 1:300.  

ɼʘʥʥʳʝ ʨʠʩ.5 (1) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ MnSO4     ʩʪʝʧʝʥʴ 

ʩʦʨʙʮʠʠ ʨʘʩʪʸʪ, ʧʨʠʯʸʤ ʩ ʜʦʙʘʚʢʦʡ ʅ3PO4   ʩʪʝʧʝʥʴ ʩʦʨʙʮʠʠ ʩʚʦʡʩʪʚʘ ʥʘʠʙʦʣʴʰʘʷ ï 82% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʩʝʨʧʝʥʪʠʥʦʤ (53%) .  ʊʘʢʘʷ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʊ:ɾ (ʨʠʩ. 5 (2)) ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʄʍɸ ʦʙʨʘʟʮʘ ʩ ʨʘʩʪʚʦʨʦʤ  

MnSO4  (ʨʠʩ.5 (3)). 
 

1  
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    Ű, ʤʠʥ 

3 
1  ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʝʨʧʝʥʪʠʥ; 2   ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʝʨʧʝʥʪʠʥ (ʩ ʅ3PO4) 

ʈʠʩʫʥʦʢ 5 -  ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʩʦʨʙʮʠʠ ʩʝʨʧʝʥʪʠʥʘ  ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ MnSO4 ʨʘʩʪʚʦʨʘ (1), 
ʦʪ  ʊ:ɾ (2) ʠ  ʚʨʝʤʝʥʠ (3)  ʚ ʩʪʘʪʠʯʝʩʢʠʭ   ʫʩʣʦʚʠʷʭ 

 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʩʦʨʙʮʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʩʝʨʧʝʥʪʠʥʘ  ʚ 

ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 80%, ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ - 50%.   

ʋ ʮʝʦʣʠʪʘ ʥʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʩʦʨʙʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ Mn (II)  ʚ ʨʘʩʪʚʦʨʝ (ʉMn
2+

 =500 ʤʢʛ/ʜʤ
3
) (ʨʠʩ.6). 

 

 

 

 

ʈʠʩʫʥʦʢ 6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʩʦʨʙʮʠʠ ʮʝʦʣʠʪʘ ʦʪ ʚʨʝʤʝʥʠ ʚ ʩʪʘʪʠʯʝʩʢʠʭ (1), 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (2) 

 

 

ɺʟʘʠʤʥʦʝ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʤʝʩʠ ʥʘ ʧʨʦʮʝʩʩ ʄʍɸ ʮʝʦʣʠʪʘ ʚʳʷʚʣʷʝʪʩʷ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ ʘʤʦʨʬʠʟʘʮʠʠ  (ʨʠʩ. 7). ʀʟ ʨʠʩ. 7 

ʩʣʝʜʫʝʪ, ʯʪʦ ʬʘʟʘ ʢʚʘʨʮʘ  ʭʦʪʷ ʩʘʤʘ ʤʝʜʣʝʥʥʦ ʘʤʦʨʬʠʟʠʨʫʝʪʩʷ (ɸm =23%), ʥʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʘʛʨʝʛʘʮʠʶ ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʄʍɸ, ʩʪʝʧʝʥʴ ʘʤʦʨʬʠʟʘʮʠʠ ʮʝʦʣʠʪʘ ʩʦʩʪʘʚʣʷʶʪ ʚʳʰʝ 38%.  
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1-ʮʝʦʣʠʪ; 2-ʢʚʘʨʮ. 

 

  ʈʠʩʫʥʦʢ 7  ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ 

ʘʤʦʨʬʠʟʘʮʠʠ ʦʪ ʚʨʝʤʝʥʠ (ʄʍɸ ʮʝʦʣʠʪʘ 

NaH2PO4 ʠ ʢʚʘʨʮʘ) 

 
2  ʛʨʘʜ 

 

  

Ǔ - NaH2PO4, Å -ʢʚʘʨʮ;  *- ʮʝʦʣʠʪ.  

1  ʠʩʭʦʜʥʳʡ ʮʝʦʣʠʪ;  2  NaH2PO4; 3  ʄʍɸ  ʮʝʦʣʠʪ ʩ NaH2PO4;   4   ʮʝʦʣʠʪ ʧʦʩʣʝ ʩʦʨʙʮʠʠ;  5 ʮʝʦʣʠʪ ʧʦʩʣʝ 

ʨʝʛʝʥʝʨʘʮʠʠ 

                                                                                    
ʈʠʩʫʥʦʢ  8 ï ʐʪʨʠʭ-ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ (1)  ʠ ʀʂʉ (2) ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʠ ʄʍɸ ʮʝʦʣʠʪʘ  

ʀʟʫʯʝʥ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʮʝʦʣʠʪʘ.  ʇʦ ʜʘʥʥʳʤ ʈʌɸ 

ʩʦʭʨʘʥʷʶʪʩʷ ʤʘʢʩʠʤʫʤʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʮʝʦʣʠʪʘ d = 3,19; 2,71; 2,47 ʥʤ Ā10
-1
ʥʤ; ʢʚʘʨʮʘ ʩ d = 

4,23; 3,30; 2,49Ā10
-1
ʥʤ. ʇʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʠ ʩʦʨʙʮʠʠ ʦʥʠ ʠʩʯʝʟʘʶʪ ʯʘʩʪʠʯʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʭ ʬʘʟ (ʨʠʩ. 8 (1)). 
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ʅʘ ʀʂ-ʩʧʝʢʪʨʝ (ʨʠʩ.8 (2)) ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʮʝʦʣʠʪʘ ʧʦʣʦʩʳ 

ʜʠʛʠʜʨʦʬʦʩʬʘʪʘ ʥʘʪʨʠʷ ʠʩʯʝʟʘʶʪ, ʧʦʩʣʝ ʩʦʨʙʮʠʠ  ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʧʦʣʦʩʳ 

ʩʦʭʨʘʥʠʣʠʩʴ.  ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 648,6 ʩʤ
-1

 ʦʪʥʝʩʝʥʳ ʢ ʩʠʤʤʝʪʨʠʯʥʳʤ ʚʘʣʝʥʪʥʳʤ 

ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ Si-O-Al  ʩʚʷʟʝʡ. ɺʳʩʦʪʳ  ʯʘʩʪʦʪʳ  ʢʦʣʝʙʘʥʠʷ (1068,0;  1129,1) 

ʩʤ
-1

 ʩʦʢʨʘʱʘʪʁʩ,̫ ʧʨʠ 1607,9 ʩʤ
-1

 ʧʦʣʦʩʘ ʩʣʘʙʝʝʪ.  

ʅʘ ʨʠʩʫʥʢʝ 8 (2) ʧʦʢʘʟʘʥʦ ʯʪʦ ʧʦʩʣʝ ʨʝʛʝʥʝʨʘʮʠʠ ʮʝʦʣʠʪʘ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ ʩʦʭʨʘʥʷʪʁʩʷ, ʦʥʠ ʰʠʨʦʢʠʝ ʠ ʩʣʘʙʳʝ. ʅʦ ʚʤʝʩʪʝ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤʠ 

ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ  AlO
-
 (616,0; 796) ʩʤ

-1
  ʧʦʷʚʣʷʪʁʩʷ ʩʣʘʙʳʝ ʧʦʣʦʩʳ, ʢʦʪʦʨʳʝ 

ʦʪʥʦʩʷʪʩʷ ʢ Si-O-Al ʩʚʷʟʘʤ. ʅʝʢʦʪʦʨʳʝ ʯʘʩʪʦʪʳ (1002,9; 1358,6) ʩʤ
-1

 ʧʦʩʣʝ ʨʝʛʝʥʝʨʘʮʠʠ ʥʝ 

ʥʘʙʣʶʜʘʶʪʩʷ, ʠʤʝʶʪʩʷ ʩʠʣʴʥʳʝ ʧʦʣʦʩʳ ʩ ʯʘʩʪʦʪʘʤʠ  (1136,4; 1097,4) ʩʤ
-1

. 

ʕʣʝʢʪʨʦʥʥʦ- ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʦʙʨʘʟʮʦʚ ʮʝʦʣʠʪʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩ. 9, 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʛʣʫʙʦʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʮʝʦʣʠʪʘ. ɺ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʮʝʦʣʠʪʝ (ʨʠʩ. 9ʘ) 

ʚʠʜʥʳ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʟʝʨʥʘ  ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ (ʘʥʠʟʦʪʨʦʧʥʳʝ ʯʘʩʪʠʮʳ),  ʚ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʮʝʦʣʠʪʝ (ʨʠʩ. 9ʙ)  ʢʨʦʤʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ  ʧʦʷʚʣʷʝʪʩʷ ʦʜʥʦʨʦʜʥʘʷ  ʠʟʦʪʨʦʧʥʘʷ 

ʞʠʜʢʘʷ ʬʘʟʘ (ʙʦʣʴʰʠʝ ʦʙʴʝʤʥʳʝ ʫʛʣʫʙʣʝʥʠʷ). ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ 

ʩʪʝʢʣʦʦʙʨʘʟʥʦʡ ʬʘʟʳ, ʚ ʢʦʪʦʨʘ ̫ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʝʨʝʭʦʜʠʪ  ʚ ʞʠʜʢʫ  ʁʬʘʟʫ  (ʜʣʠʥʥʳʝ 

ʧʘʣʦʯʢʠ ʥʘ ʨʠʩ. 9 - ʪɻʦ ʜʝʬʝʢʪʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ).   

 

 
 

ʘ) ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʡ 

ʮʝʦʣʠʪ 

 
 

ʙ) ʄʍɸ ʮʝʦʣʠʪ ʩ 

NaH2PO4 

 
 

ʚ  ʧʦʩʣʝ ʩʦʨʙʮʠʠ 

 
 

ʛ  ʧʦʩʣʝ 
ʨʝʛʝʥʝʨʘʮʠʠ 

ʈʠʩʫʥʦʢ 9 ï ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

 ʩʪʨʫʢʪʫʨʳ ʄʍɸ ʮʝʦʣʠʪʘ ʩ NaH2PO4 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʭʠʤʠʟʤʘ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʩʠʣʠʢʘʪʘ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʢʣʠʥʦʧʪʠʣʦʣʠʪ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʜʝʢʘʪʠʦʥʠʨʦʚʘʥʠʶ ʠ ʜʝʘʣʶʤʠʥʠʨʦʚʘʥʠʶ ʙʝʟ ʟʘʤʝʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ. ʇʦʚʳʰʝʥʠʝ ʩʠʣʠʢʘʪʥʦʛʦ ʤʦʜʫʣʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʷʚʣʝʥʠʝ ʘʢʪʠʚʥʳʭ ʢʠʩʣʦʪʥʳʭ 

ʮʝʥʪʨʦʚ: ʧʨʠ ʜʝʡʩʪʚʠʠ ʢʠʩʣʦʪʳ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʦʠʩʭʦʜʠʪ ʦʙʤʝʥʥʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ 

ʢʘʪʠʦʥʘʤʠ ʮʝʦʣʠʪʘ ʠ ʧʨʦʪʦʥʘʤʠ ʢʠʩʣʦʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʥʦʡ ʬʦʨʤʳ. ʉ ʧʦʚʳʰʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ ʘʣʶʤʠʥʘʪʥʘʷ ʬʦʨʤʘ ʧʦʣʫʯʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʘʣʶʤʠʥʠʷ ʠʟ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʚ ʦʙʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʪʘʢʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʧʦ ʧʦʚʦʜʫ ʩʦʭʨʘʥʝʥʠʝ Al-Si ïʦʩʪʦʚʘ  Mg, Al  ï 

ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠ ʢʠʩʣʦʪʥʦʡ ʘʢʪʠʚʘʮʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʀʂʉ, ʈʌɸ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʝʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ: ʘʥʠʦʥʳ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ (H2PO4
-
) ʩ ʤʦʣʝʢʫʣʘʤʠ ʅ2ʆ 

ʠ  ʢʘʪʠʦʥʘʤʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʥʫʪʨʠ  Al-Si-ʦʩʪʦʚʘ ʮʝʦʣʠʪʘ, ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ  ʚʦʜʥʦ - ʬʦʩʬʘʪʥʳʝ ʩʪʝʢʣʘ (ʧʦʣʠʤʝʨ) ʩ ʅ- ʧʨʦʪʦʥʘʤʠ, ʧʨʠ ʩʦʨʙʮʠʠ 

ʦʙʤʝʥʠʚʘʶʱʠʝʩʷ ʩ ʠʦʥʘʤʠ  Mn (II) ʧʦ ʩʭʝʤʝ: 
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              (ʮʝʦʣʠʪ)                                             (ʚʦʜʥʦ - ʬʦʩʬʘʪʥʳʝ ʩʪʝʢʣʦ) 

ʀʟ ʧʨʠʚʝʜʸʥʥʦʡ ʩʭʝʤʳ ʩʣʝʜʫʝʪ, ʯʪʦ  ʵʪʠ ʧʨʝʚʨʘʱʝʥʠʷ, ʦʯʝʚʠʜʥʦ, ʫʩʢʦʨʷʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ, ʧʦʷʚʣʷʶʪʩʷ ʧʨʦʪʦʥʳ  ʚʦʜʦʨʦʜʘ,  ʪʝʤ ʩʘʤʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʦʙʤʝʥʥʫʶ ʸʤʢʦʩʪʴ ʮʝʦʣʠʪʘ. ʆʙ ʵʪʦʤ  ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ ʧʦ ʩʦʨʙʮʠʠ 

ʠʦʥʦʚ Mn (ʨʠʩ. 9), ʘ ʠʦʥʳ Mn (II) ʩʦʨʙʠʨʫʶʪʩʷ ʢʘʢ ʟʘ ʩʯʸʪ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʟʘ 

ʩʯʸʪ ʦʙʤʝʥʘ ʩ  ʅ-ʧʨʦʪʦʥʘʤʠ. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʝʨʧʝʥʪʠʥʦʚ ʠ ʮʝʦʣʠʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʩ 

ʜʦʙʘʚʢʦʡ ʢʠʩʣʳʭ ʩʦʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʦʣʫʯʝʥʠʷ ʜʝʰʸʚʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʨʙʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ  ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʪʚʘʣʴʥʳʭ ʬʦʩʬʦʨʠʪʦʚ (< 5% ʈ2ʆ5), 

ʪʘʢ ʠ Si-ʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʬʦʩʬʦʨʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ.   

ʋʩʪʘʥʦʚʣʝʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʨʙʝʥʪʦʚ ʠ ʦʧʨʝʜʝʣʝʥʘ ʩʪʝʧʝʥʴ 

ʩʦʨʙʮʠʠ: ʩʪʘʪʠʯʝʩʢʘʷ ʝʤʢʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʝʨʧʝʥʪʠʥʘ ʩʦʩʪʘʚʣʷʝʪ  ʩʚʳʰʝ 80% 

ʧʨʦʪʠʚ 50% ʫ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ; ʮʝʦʣʠʪ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ ʚ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ Ŭʜʠʥ = 95%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʩʝʨʧʝʥʪʠʥʦʚ ʠ ʮʝʦʣʠʪʦʚ ʬʦʩʬʦʨʥʦʡ 

ʢʠʩʣʦʪʦʡ ʠ ʝʝ ʩʦʣʷʤʠ ʚ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʜʝʰʝʚʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʨʙʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʩ ʫʜʦʙʨʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠʟ ʩʝʨʧʝʥʪʠʥʘ. 
 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ʂʫʘʥʳʰʝʚʘ ɻ.ʉ., ɹ.ɼ.ɹʘʣʛʳʰʝʚʘ. ʂʩʝʨʦʛʝʣʠ  ʞʝʣʝʟʘ ʠ ʘʣʶʤʠʥʠʷ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ. // ʄʘʪʝʨʠʘʣʳ 
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ʎʝʥʪʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

ebekturov@mail.ru 
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ʩʨʝʜʫ-ʚʦʜʫ ʠ ʨʘʟʜʝʣʝʥʥʳʭ ʩʪʝʢʣʷʥʥʳʤ ʬʠʣʴʪʨʦʤ, ʠʩʢʣʶʯʘʶʱʝʤ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʢʦʥʪʘʢʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʀʟʫʯʝʥʳ ʩʠʩʪʝʤʳ ʧʦʣʠʘʢʨʠʣʦʚʘʷ (ʧʦʣʠʤʝʪʘʢʨʠʣʦʚʘʷ) ʢʠʩʣʦʪʳ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ 
ʧʦʣʠʦʩʥʦʚʘʥʠʷ (ʧʦʣʠʵʪʠʣʝʥʠʤʠʥ, ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ, ʧʦʣʠʘʢʨʠʣʘʤʠʜ) ʩ ʜʨʫʛʦʡ. ɺ ʵʪʦʤ 
ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʝʡ. ʅʘʧʨʠʤʝʨ, 
ʜʣʷ ʩʠʩʪʝʤʳ ʛʝʣʴ ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ (ʛ-ʇɸʂ)- ʛʝʣʴ ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʘ (ʛ-ʇʕʀ), 
ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʙʫʭʘʥʠʷ (ʂʥ) ʇɸʂ ʚʦʟʨʘʩʪʘʝʪ ʩ 22 ʜʦ 46. ɽʩʣʠ ʚʟʷʪʴ ʙʦʣʝʝ ʩʣʘʙʦʝ 
ʧʦʣʠʦʩʥʦʚʘʥʠʝ, ʢʘʢ ʧʦʣʠʘʢʨʠʣʘʤʠʜ, ʂʥ ʧʦʣʠʢʠʩʣʦʪʳ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 22 ʜʦ 33 (ʪʘʙʣ.1). 
ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʠʜʨʦʛʝʣʷʤʠ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 2 ʜʦ 20 ʩʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʫʭʘʥʠʝ ʛʠʜʨʦʛʝʣʷ 
ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʀʟʤʝʨʝʥʠʷ 
ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʣʝ ʜʚʫʭ ʥʝʜʝʣʴ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʚʦʜʝ. 

ʊʘʙʣʠʮʘ 1 

ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʷ ʇɸʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘ ʜʠʩʪʘʥʮʠʠ  

 ʚʪʦʨʦʛʦ ʛʝʣʷ 

 

 ̄ ɻʝʣʴ 1 ʂʥ
0 

ɻʝʣʴ 2 ʂʥ 

1 ʛ-ʇɸʂ 68 ʛ-ʇʕʀ 80 

2 ʛ-ʇɸʂ 45 ʛ-ʇʕʀ 64 

3 ʛ-ʇɸʂ 22 ʛ-ʇʕʀ 49 

4 ʛ-ʇɸʂ 22 ʛ-ʇɸɸ 33 

5 ʛ-ʇɸʂ 62 ʛ-ʇɸɸ 98 

6. ʛ-ʇɸʂ 18 ʛ-ʇɺʇɼ 27 

7 ʛ-ʇɸʂ 18 ʇ2ʄ5ɺʈʫ 45 

8 ʛ-ʇʄɸʂ 22 ʛ-ʇʕʀ 42 

9 ʛ-ʇɸʂNa 180 ʛ-ʇ2ʄ5ɺPy 168 

 

ʛʜʝ ʂʥ
0
 ï ʠʩʭʦʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʙʫʭʘʥʠʷ ʛʝʣʷ ʇɸʂ (ʇʄɸʂ) 

ʂʥ ï ʢʦʥʝʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʙʫʭʘʥʠʷ ʛʝʣʷ ʇɸʂ (ʇʄɸʂ) 

 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʫʭʘʥʠʷ ʛʝʣʷ ʧʦʣʠʢʠʩʣʦʪʳ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʠʦʥʠʟʘʮʠʝʡ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʭʦʜʘ ʧʨʦʪʦʥʦʚ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ 

ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ [3]. ʇʦʤʝʱʝʥʠʝ ʧʦʣʠʦʩʥʦʚʘʥʠʷ ʚ ʚʦʜʫ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʨʅ ʩʨʝʜʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʠʦʥʠʟʘʮʠʶ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʦʣʠʢʠʩʣʦʪ. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʯʘʩʪʴ ʢʘʨʙʦʢʩʠʣʘʪ ʠʦʥʦʚ ʛʝʣʷ 

ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʠ NH2
+
ï ʛʨʫʧʧ ʛʝʣʷ ʧʦʣʠʵʪʠʣʝʥʠʤʠʥʘ ʦʩʪʘʶʪʩʷ ʙʝʟ ʧʨʦʪʠʚʦʠʦʥʥʦʛʦ 

ʦʢʨʫʞʝʥʠʷ. ʇʦʷʚʣʝʥʠʝ ʦʜʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʳʭ COOľ ʛʨʫʧʧ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʦʪʪʘʣʢʠʚʘʥʠʶ ʤʝʞʜʫ ʟʚʝʥʴʷʤʠ ʛʠʜʨʦʛʝʣʷ ʇɸʂ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʥʘʙʫʭʘʥʠʶ. 

ɽʩʣʠ ʚʟʷʪʴ ʩʠʩʪʝʤʫ, ʛʜʝ ʦʙʘ ʧʦʣʠʤʝʨʘ ʟʘʨʷʞʝʥʳ, ʥʘʧʨʠʤʝʨ, ʧʦʣʠʘʢʨʠʣʘʪ ʥʘʪʨʠʷ ï 

ʛʠʜʨʦʭʣʦʨʠʜ ʧʦʣʠ-2-ʤʝʪʠʣ-5-ʚʠʥʠʣʧʠʨʠʜʠʥʘ, ʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʙʫʭʘʥʠʷ ʇɸʂNa 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ (ʪʘʙʣʠʮʘ 1, ˉ 6). 

ʉʠʩʪʝʤʳ ʛʠʜʨʦʛʝʣʴ ʧʦʣʠʢʠʩʣʦʪʳ-ʣʠʥʝʡʥʳʝ ʧʦʣʠʦʩʥʦʚʘʥʠ̫ . 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʧʦʜʦʙʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʩʠʩʪʝʤʘʭ ʛʝʣʴ - 

ʣʠʥʝʡʥʳʡ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ ʨʘʟʜʝʣʝʥʳ ʜʠʘʣʠʟʥʦʡ ʤʝʤʙʨʘʥʦʡ, 

ʧʨʦʥʠʮʘʝʤʦʡ ʜʣʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʠ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʜʣʷ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ 

ʠʦʥʦʚ [4, 5]. ʀʟʫʯʝʥʳ ʩʠʩʪʝʤʳ ʛʝʣʴ ʧʦʣʠʢʠʩʣʦʪʳ ʇɸʂ (ʇʄɸʂ) ï ʣʠʥʝʡʥʳʝ ʧʦʣʠʦʩʥʦʚʘʥʠʷ: 

ʧʦʣʠʵʪʠʣʝʥʠʤʠʥ (ʇʕʀ), ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ (ʇɺʇɼ), ʧʦʣʠʜʠʤʝʪʠʣʘʢʨʠʣʘʤʠʜ (ʇɼʄɸɸ), 

ʧʦʣʠʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜ (ʇʀʇɸɸ), ʩʦʧʦʣʠʤʝʨ ʘʢʨʠʣʘʤʠʜ ï ʘʢʨʠʣʦʚʘʷ ʢʠʩʣʦʪʘ (ɸɸ-ɸʂ, 

95õ5), ʧʦʣʠʜʠʤʝʪʠʣʘʤʠʥʦʵʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇɼʄɸʕʄɸ), ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ (ʇʕɻ). 

ɺ ʪʘʙʣʠʮʘʭ 2 ʠ 3 ʧʨʠʚʝʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʝʡ ʧʦʣʠʢʠʩʣʦʪ ʜʦ ʠ 

ʧʦʩʣʝ ʧʦʤʝʱʝʥʠʷ ʨʘʩʪʚʦʨʘ ʣʠʥʝʡʥʦʛʦ ʧʦʣʠʦʩʥʦʚʘʥʠʷ ʚ ʚʝʨʭʥʝʝ ʦʪʜʝʣʝʥʠʝ ʷʯʝʡʢʠ.  
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ʀʟ ʪʘʙʣʠʮ 2 ʠ 3 ʚʠʜʥʦ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʙʫʭʘʥʠʷ ʧʦʣʠʢʠʩʣʦʪʳ ʩʠʣʴʥʦ 

ʚʦʟʨʘʩʪʘʝʪ. ʈʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʫʭʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ 

ʜʠʩʩʦʮʠʘʮʠʠ ʧʦʣʠʢʠʩʣʦʪʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʢʮʝʧʪʦʨʦʚ ʧʨʦʪʦʥʘ ʠʟ ʟʘ ʧʝʨʝʥʦʩʘ ʧʨʦʪʦʥʦʚ ʥʘ 

ʘʪʦʤʳ ʘʟʦʪʘ ʠʣʠ ʢʠʩʣʦʨʦʜʘ ʧʦʣʠʦʩʥʦʚʘʥʠʡ [3]. 

ɿʜʝʩʴ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩʠʩʪʝʤ ʛʝʣʴ ʧʦʣʠʢʠʩʣʦʪʳ ï ʛʝʣʴ ʧʦʣʠʦʩʥʦʚʘʥʠʷ ʜʣʷ ʩʠʩʪʝʤ 

ʛʝʣʴ ʇʄɸʂ ï ʟʘʨʷʞʝʥʥʦʝ ʧʦʣʠʦʩʥʦʚʘʥʠʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ çʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘè (ʪʘʙʣ. 

3, ˉ6). 

 

ʊʘʙʣʠʮʘ 2 

ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʷ ʇɸʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʥʝʡʥʳʭ ʧʦʣʠʦʩʥʦʚʘʥʠʡ 

 

 ̄
ɻʠʜʨʦʛʝʣʴ 

ʧʦʣʠʢʠʩʣʦʪʳ 
ʂʥ

0 
ʂʥ

 ʃʠʥʝʡʥʦʝ 

ʧʦʣʠʦʩʥʦʚʘʥʠʝ 

ʄʦʣʝʢʫʣʷʨʥʘʷ 

ʤʘʩʩʘ 

ʧʦʣʠʦʩʥʦʚʘʥʠʷ 

1 ʛ ïʇɸʂ 23 142 ɸɸ-ɸʂ 6 000 000 

2 ʛ-ʇɸʂ 23 113 ʇɼʄɸɸ 430 000 

3 ʛ-ʇɸʂ 22 92 ʇʕɻ 600 000 

4 ʛ-ʇɸʂ 20 88 ʇɼʄɸʕʄɸ 510 000 

5 ʛ-ʇɸʂ 23 63 ʇʀʇɸɸ 260 000 

6 ʛ-ʇɸʂ 30 76 ʇɺʇɼ 360 000 

7 ʛ-ʇɸʂ 69 127 ʇɺʇɼ 360 000 

8 ʛ-ʇɸʂ 69 120 ʇʕʀ 40 000 

 

ʊʘʙʣʠʮʘ 3 

ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʷ ʇʄɸʂ  

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʥʝʡʥʳʭ ʧʦʣʠʦʩʥʦʚʘʥʠʡ 

 

 ̄
ɻʠʜʨʦʛʝʣʴ 

ʧʦʣʠʢʠʩʣʦʪʳ 
K

0
ʥ Kʥ 

ʃʠʥʝʡʥʦʝ 

ʧʦʣʠʦʩʥʦʚʘʥʠʝ 

ʄʦʣʝʢʫʣʷʨʥʘʷ 

ʤʘʩʩʘ 

ʧʦʣʠʦʩʥʦʚʘʥʠʷ 

1 ʛ ï ʇʄɸʂ 150 382 ʇʕɻ 600 000 

2 ʛ ï ʇʄɸʂ  150 339 ʇɺʇɼ 360 000 

3 ʛ ï ʇʄɸʂ  150 319 ʇʀʇɸɸ 260 000 

4 ʛ ï ʇʄɸʂ  150 261 ʇ4ɺʈy 60 000 

5 ʛ ï ʇʄɸʂ  150 323 ɸɸ-ɸʂ 6 000 000 

6 ʛ ï ʇʄɸʂ  150 127 ʇɼʄɼɸɸʍ 240 000 

 

ʂʥ
0 

- ʠʩʭʦʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʷ ʧʦʣʠʘʢʨʠʣʦʚʦʡ (ʧʦʣʠʤʝʪʘʢʨʠʣʦʚʦʡ) 

ʢʠʩʣʦʪʳ; 

ʂʥ
 
ī ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʷ ʧʦʣʠʘʢʨʠʣʦʚʦʡ (ʧʦʣʠʤʝʪʘʢʨʠʣʦʚʦʡ) ʢʠʩʣʦʪʳ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʥʝʡʥʦʛʦ ʧʦʣʠʦʩʥʦʚʘʥʠʷ. 

 

ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʣʠʥʝʡʥʳʡ ʤʘʢʨʦʠʦʥ ʧʨʦʡʜʝʪ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ, ʪʦ ʦʙʨʘʟʫʝʪʩʷ 

ʠʥʪʝʨʧʦʣʠʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʛʠʜʨʦʛʝʣʷ ʩ ʣʠʥʝʡʥʳʤ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʤ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ 

ʢʦʥʪʨʘʢʮʠʝʡ ʛʠʜʨʦʛʝʣʷ, ʯʪʦ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʥʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʨʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ ʜʘʣʴʥʦʜʝʡʩʪʚʠʷ 

ʥʝ ʪʦʣʴʢʦ ʚ ʩʠʩʪʝʤʘʭ ʛʠʜʨʦʛʝʣʴ ʧʦʣʠʢʠʩʣʦʪʳ ï ʛʠʜʨʦʛʝʣʴ ʧʦʣʠʦʩʥʦʚʘʥʠʷ, ʥʦ ʪʘʢʞʝ ʚ 

ʩʠʩʪʝʤʘʭ ʛʠʜʨʦʛʝʣʴ ʧʦʣʠʢʠʩʣʦʪʳ ï ʣʠʥʝʡʥʦʝ ʧʦʣʠʦʩʥʦʚʘʥʠʝ. 

ʉʠʩʪʝʤ r ʣʠʥʝʡʥʘʷ ʧʦʣʠʢʠʩʣʦʪʘ ï ʛʠʜʨʦʛʝʣʴ ʧʦʣʠʦʩʥʦʚʘʥʠʷ ʠ ʣʠʥʝʡʥʘʷ 

ʧʦʣʠʢʠʩʣʦʪʘ-ʣʠʥʝʡʥʳʝ ʧʦʣʠʦʩʥʦʚʘʥʠʷ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʵʬʬʝʢʪ 

ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʨʦʩʪʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʷ, ʥʦ ʠ ʚ ʠʟʤʝʥʝʥʠʠ 
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ʚʷʟʢʦʩʪʠ ʣʠʥʝʡʥʦʛʦ ʧʦʣʠʤʝʨʘ. ɹʳʣʘ ʠʟʤʝʨʝʥʘ ʧʨʠʚʝʜʝʥʥʘʷ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ ʇɸʂ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʛʝʣʝʡ ʧʦʣʠʦʩʥʦʚʘʥʠʡ (ʧʦʣʠʜʠʤʝʪʠʣʘʤʠʥʦʵʪʠʣʤʝʪʘʢʨʠʣʘʪʘ, ʧʦʣʠ-4-

ʚʠʥʠʣʧʠʨʠʜʠʥʘ, ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ, ʧʦʣʠʚʠʥʠʣʢʘʧʨʦʣʘʢʪʘʤʘ ʠ ʧʦʣʠʘʢʨʠʣʘʤʠʜʘ), 

ʦʪʜʝʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦʣʫʧʨʦʥʠʮʘʝʤʦʡ ʤʝʤʙʨʘʥʦʡ (ʊʘʙʣ. 4). ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ ʇɸʂ ʨʘʩʪʝʪ  ʧʨʠʤʝʨʥʦ ʦʪ 22 ʜʣ/ʛ ʜʦ 30 ʜʣ/ ʛ. 

 

ʊʘʙʣʠʮʘ 4 

 ʀʟʤʝʥʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʡ ʚʷʟʢʦʩʪʠ ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ  

(ʄ=450
.
10

3
, ʉ=0,04 ʛ/ʜʣ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʩʥʦʚʥʳʭ ʛʠʜʨʦʛʝʣʝʡ 

 

ˉ ʧ/ʧ 0
ʧʨʠʚ., ʜʣ/ʛ ʧʨʠʚ., ʜʣ/ʛ ʛʝʣʴ 

1. 22,3 27,5 ʇɼʄɸʕʄɸ 

2. 22,8 30,5 ʇ4ɺʈʫ 

3. 23,1 29,5 ʇɺʇɼ 

4. 23,5 32,5 ʇɺʂʣ 

5. 22,9 31,1 ʇɸɸʤ 
0
ʧʨʠʚ. ï ʠʩʭʦʜʥʘʷ ʧʨʠʚʝʜʝʥʥʘʷ ʚʷʟʢʦʩʪʴ  

ʧʨʠʚ. ï ʢʦʥʝʯʥʘʷ ʧʨʠʚʝʜʝʥʥʘʷ ʚʷʟʢʦʩʪʴ 

 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʪʠʧʠʯʥʘʷ ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʚʷʟʢʦʩʪʠ ʇɸʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʛʠʜʨʦʛʝʣʷ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ.  

 

  
 

ʈʠʩʫʥʦʢ 1 - ʀʟʤʝʥʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʡ ʚʷʟʢʦʩʪʠ 

ʨʘʩʪʚʦʨʘ ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 

ʩʦ ʚʨʝʤʝʥʝʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʣʷ ʇɺʇɼ 

ʈʠʩʫʥʦʢ 2 - ʂʨʠʚʘʷ ʪʠʪʨʦʚʘʥʠʷ 

ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ 

 

ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʷʟʢʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ ʚ 

ʪʝʯʝʥʠʝ ʯʘʩʘ. 

ʊʘʢʦʡ ʞʝ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʩʠʩʪʝʤ ʣʠʥʝʡʥʘʷ ʇɸʂ ï ʣʠʥʝʡʥʳʝ ʧʦʣʠʦʩʥʦʚʘʥʠʷ 

(ʧʦʣʠʜʠʤʝʪʠʣʘʤʠʥʦʵʪʠʣʤʝʪʘʢʨʠʣʘʪ, ʧʦʣʠ-4-ʚʠʥʠʣʧʠʨʠʜʠʥ, ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ, 

ʧʦʣʠʜʠʤʝʪʠʣʘʢʨʠʣʘʤʠʜ, ʩʦʧʦʣʠʤʝʨ ʘʢʨʠʣʘʤʠʜʘ ʠ ʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ),  ʪʘʢʞʝ ʦʪʜʝʣʝʥʥʳʭ 

ʧʦʣʫʧʨʦʥʠʮʘʝʤʦʡ ʤʝʤʙʨʘʥʦʡ (ʊʘʙʣ. 4). 

ʀʟ ʪʘʙʣʠʮʳ 4 ʚʠʜʥʦ, ʯʪʦ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ ʇɸʂ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʣʠʦʩʥʦʚʘʥʠʡ, ʢʨʦʤʝ 

ʩʦʧʦʣʠʤʝʨʘ ɸɸ/ɸɸʤ ʪʘʢʞʝ ʨʘʩʪʝʪ ʦʪ ʧʨʠʤʝʨʥʦ 22 ʜʦ 30 ʜʣ/ʛ. 

ɿʘʤʝʪʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʚʷʟʢʦʩʪʠ, ʢʘʢ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʝʡ 

ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʜʠʩʩʦʮʠʘʮʠʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʦʣʠʢʠʩʣʦʪʳ ʩ ʧʝʨʝʥʦʩʦʤ ʧʨʦʪʦʥʘ 

ʥʘ ʛʝʪʝʨʦʘʪʦʤʳ ʧʦʣʠʦʩʥʦʚʘʥʠʡ. 
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ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʘ ʢʨʠʚʘʷ ʪʠʪʨʦʚʘʥʠʷ ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ ʨʘʩʪʚʦʨʦʤ ʱʝʣʦʯʠ 

(NaOH). 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʦʥʝʯʥʦʡ ʚʷʟʢʦʩʪʠ ʇɸʂ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʣʠʥʝʡʥʳʭ ʠ ʩʰʠʪʳʭ 

ʧʦʣʠʦʩʥʦʚʘʥʠʡ (ʪʘʙʣ. 3, 4) ʩ ʚʷʟʢʦʩʪʴʶ ʯʘʩʪʠʯʥʦ ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʦʡ ʧʦʣʠʢʠʩʣʦʪʳ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʜʦʣʠ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧ ʚ ʢʣʫʙʢʝ ʧʦʣʠʢʠʩʣʦʪʳ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʥʝʡʥʳʭ ʠ ʩʰʠʪʳʭ ʧʦʣʠʦʩʥʦʚʘʥʠʡ. ʇʨʠʚʝʜʝʥʥʘʷ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ ʇɸʂ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʛʝʣʝʡ ʠ ʣʠʥʝʡʥʳʭ ʇɺʈʫ, ʇɼʄɸʕʄɸ, ʇɸɸʤ, ʇɺʇɼ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ~ 22,0 ʜʦ 30,0 

ʜʣ/ʛ. ʊʘʢʘʷ ʚʝʣʠʯʠʥʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʧʦʣʠʢʠʩʣʦʪʳ ʱʝʣʦʯʴʶ ʜʦ Ŭå0,20 (ʈʠʩ. 

2). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʧʦʣʠʢʠʩʣʦʪʳ, ʥʝʩʫʱʠʭ 

ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʡ ʟʘʨʷʜ (ʉʆʆ
ð 
) ʥʝʚʝʣʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʦʙʱʠʤ ʯʠʩʣʦʤ ʠ ʨʘʚʥʘ 

ʧʨʠʤʝʨʥʦ 0,2. 

 

ʊʘʙʣʠʮʘ 4 

 ʀʟʤʝʥʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʡ ʚʷʟʢʦʩʪʠ ʧʦʣʠʘʢʨʠʣʦʚʦʡ ʢʠʩʣʦʪʳ 

(ʄ=450
.
10

3
, ʉ=0,04 ʛ/ʜʣ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʥʝʡʥʳʭ ʧʦʣʠʦʩʥʦʚʘʥʠʡ 

 

ˉ ʧ/ʧ 0
ʧʨʠʚ., ʜʣ/ʛ ʧʨʠʚ., ʜʣ/ʛ ʣʠʥʝʡʥʦʝ ʧʦʣʠʦʩʥʦʚʘʥʠʝ 

1. 23,5 36,0 ʇɼʄɸʕʄɸ 

2. 22,8 30,5 ʇ4ɺʈʫ 

3. 23,9 30,5 ʇɺʇɼ 

4. 23,7 31,0 ʇɼʄɸɸ 

5. 22,9 58,0 ɸɸ/ɸɸʤ (5:95) 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʛʠʜʨʦʛʝʣʝ ʠʣʠ ʢʣʫʙʢʝ ʚʦʟʥʠʢʘʝʪ 

ʥʝʥʫʣʝʚʦʡ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʟʘʨʷʜ. 

ɺʟʘʠʤʥʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʦʜʥʦʠʤʝʥʥʳʭ ʟʘʨʷʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʩʪʨʝʤʣʝʥʠʶ ʦʪʜʘʣʠʪʴʩʷ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʦʙʲʸʤʝ ʛʝʣʷ ʠʣʠ ʢʣʫʙʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʜʥʦʠʤʝʥʥʳʝ ʟʘʨʷʜʳ ʩʦʙʠʨʘʶʪʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʣʷ ʠʣʠ ʢʣʫʙʢʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʦʥʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ [6]. ɺʦʟʤʦʞʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʧʨʦʪʦʥʦʚ ʩ ʉʆʆʅ ʛʨʫʧʧ ʥʘ ʉʆʆ
ð

 

ʛʨʫʧʧʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʦʥʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ. 

ʆʪʪʘʣʢʠʚʘʥʠʝ ʦʜʥʦʠʤʝʥʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʥʦʟʘʨʷʞʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʛʝʣʝʡ ʠʣʠ ʢʣʫʙʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʥʘʙʫʭʘʥʠʶ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚ ʩʣʫʯʘʝ ʛʠʜʨʦʛʝʣʝʡ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʘʙʫʭʘʥʠʷ, ʘ ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʳʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʣʫʙʢʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ 

ʧʦʣʠʤʝʨʘ. 

ʇʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʟʥʦʨʦʜʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʠʣʠ ʛʠʜʨʦʛʝʣʝʡ 

ʩʦʙʣʶʜʘʝʪʩʷ ʣʦʢʘʣʴʥʦʝ ʫʩʣʦʚʠʝ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ: ʛʠʜʨʦʛʝʣʴ-ʛʠʜʨʦʛʝʣʴ, ʛʠʜʨʦʛʝʣʴ-ʣʠʥʝʡʥʳʡ ʧʦʣʠʤʝʨ, ʣʠʥʝʡʥʳʡ 

ʧʦʣʠʤʝʨ-ʣʠʥʝʡʥʳʡ ʧʦʣʠʤʝʨ ʦʩʪʘʶʪʩʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳʤʠ ʪʦʣʴʢʦ ʚ ʮʝʣʦʤ [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʢʘʢ ʚ ʨʦʩʪʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʝʡ, ʪʘʢ ʠ ʚ ʠʟʤʝʥʝʥʠʠ ʚʷʟʢʦʩʪʠ ʣʠʥʝʡʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʠʤʝʨ-ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤʘʭ. 
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ɺʧʝʨʚʳʝ ʠʟ Eurotia ceratoides L. ʚʳʜʝʣʝʥʳ ʥʦʚʳʝ ʣʠʛʥʘʥʦʚʳʝ ʠ ʥʝʦʣʠʛʥʘʥʦʚʳʝ ʚʝʱʝʩʪʚʘ. ʉʪʨʫʢʪʫʨʳ 

ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʤʧʣʝʢʩʦʤ ʦʜʥʦʤʝʨʥʳʭ ʠ ʜʚʫʤʝʨʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

 

ʇʨʠʨʦʜʥʳʝ ʣʠʛʥʘʥʳ ʧʨʦʷʚʣʷʶʪ ʨʘʟʣʠʯʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ [1], ʚʢʣʶʯʘʷ 

ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʫʶ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ, ʘʥʪʠʤʘʣʷʨʠʡʥʫʶ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʠʭ 

ɸʄʈ ʬʦʩʬʦʜʠʵʩʪʝʨʘʟ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʘʮʠʠ ʢʨʦʚʷʥʦʡ ʧʣʘʩʪʠʥʢʠ, 

ʘʥʪʠʣʝʡʢʝʤʠʯʝʩʢʫʶ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʠ ʮʠʪʦʪʦʢʩʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪ 

ʨʘʩʢʦʣʘ ɼʅʂ [2-8], ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʠʥʪʝʨʝʩ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʟ ʢʘʟʘʭʩʪʘʥʩʢʠʭ 

ʚʠʜʦʚ Eurotia ceratoides (ʪʝʨʝʩʢʝʥ ʨʦʛʦʚʠʜʥʳʡ) ʠ Eurotia Ewersmanniana (ʪʝʨʝʩʢʝʥ 

ʕʚʝʨʩʤʘʥʘ), ʩʝʤʝʡʩʪʚʘ Chenopodeaceae [9]. 

 

ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ ʈɸɹʆʊʓ 

ɺʝʱʝʩʪʚʦ 1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʝʪʣʦ-ʞʝʣʪʦʝ ʘʤʦʨʬʥʦʝ ʚʝʱʝʩʪʚʦ, ʩ ʪ. ʨʘʟʣʦʞʝʥʠʷ 

195,2 Üʉ ʠ Rf 0,49 (ʭʣʦʨʦʬʦʨʤ:ʤʝʪʘʥʦʣ, 9.3:0.7). 

ɺ ʀʂ ʩʧʝʢʪʨʝ ʚʝʱʝʩʪʚʘ 1 ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʆʅ ʛʨʫʧʧʳ (3474 cʤ
-1

), 

ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ (1592 ï1424 cʤ
-1
), ʩʠʛʥʘʣʳ ʜʣʷ ʘʩʩʠʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʠ ʉïʆïʉ ʚ 

ʦʙʣʘʩʪʠ (1125-1229 ʩʤ
-1
), ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ  ʉïʆʅ ʚ ʦʙʣʘʩʪʠ (1033 ʩʤ

-1
), ʘ ʪʘʢʞʝ ʉɸrïʆʅ ʚ 

ʦʙʣʘʩʪʠ (3008 ʩʤ
-1

). 

 ɺ ʋʌ ʩʧʝʢʪʨʝ ʧʨʦʧʠʩʘʥʳ ʤʘʢʩʠʤʫʤʳ ʧʨʠ 235,6 ʥʤ (log Ů = 7.34) ʠ 273,6 ʥʤ (log Ů = 

6.94); [Ŭ]
25

D + 0.05 (c 0.039, ʄʝʆʅ). 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʧʠʢ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ HR-EIMS m/z 418.1616 (ʄ
+
, 19), 210 (16), 180 (64), 

137 (100), 121 (12) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʨʫʪʪʦ- ʬʦʨʤʫʣʝ C22H26O8.  

ʄʝʪʦʜʘʤʠ ʦʜʥʦʤʝʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 
1
H- ʠ 

13
C- ʗʄʈ ʚʝʱʝʩʪʚʦ 1 ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʢʘʢ  

9ʘ ʛʦʤʦʣʠʛʥʘʥ ʵʧʠ-ʩʝʨʠʠ [10].  

ɺ 
1
H ʗʄʈ ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʣʠʩʴ ʩʠʛʥʘʣʳ ʉʅ ʛʨʫʧʧ ʚ ʦʙʣʘʩʪʠ  ŭH 3.05 ʠ 3.11 ʤ.ʜ. ʚ ʚʠʜʝ 

ʤʫʣʴʪʠʧʣʝʪʘ ʜʣʷ H-8, H-8'; ʧʨʦʪʦʥʳ ʧʨʠ ʉ-7 ʧʦʣʦʞʝʥʠʠ ʚ ʦʙʣʘʩʪʠ ŭ 4.11 (br.s) ʠ 4.76 ʤ.ʜ. (br.s, 

C-7'); ʤʝʪʠʥʥʳʡ ʧʨʦʪʦʥ ʅ-9 ʚ ʦʙʣʘʩʪʠ ŭ 4.97 ʤ.ʜ. (br.s) (ʪʘʙʣʠʮʘ 1, ʨʠʩʫʥʦʢ 1); ʤʝʪʠʣʝʥʦʚʳʝ 

ʛʨʫʧʧʳ  ʧʨʠ ʉ-9 ʧʨʦʧʠʩʘʥʳ ʚ ʦʙʣʘʩʪʠ  ŭ 4.31 (dd, J = 11.6, 6.3 ɻʮ, H-9'a) ʠ 3.96 ʤ.ʜ. (dd,   J = 

11.6, 4.7 ɻʮ, H-9'b), ʘ ʪʘʢʞʝ ŭ 3.89 (dd, J = 12.0, 4.0 ɻʮ, 9a-Ha) ʠ 3.46 ʤ.ʜ. (dd, J = 12.0, 9.0 ɻʮ, 

9a-Hb). ʇʨʦʪʦʥʳ ʅ-2 ʧʨʦʧʠʩʳʚʘʶʪʩʷ ʧʨʠ  ŭ 6.94 ʤ.ʜ. ʚ ʚʠʜʝ ʫʰʠʨʝʥʥʦʛʦ ʩʠʥʛʣʝʪʘ (ʨʠʩʫʥʦʢ 

19), 6.83 (d, J = 8.0 ɻʮ, H-5) ʠ 6.72 ʤ.ʜ. (br.d, J = 8.0 ɻʮ, H-6) ʜʣʷ 1,3,4-ʪʨʠʟʘʤʝʱʝʥʥʳʭ 

ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ ʣʠʛʥʘʥʦʚ. ɼʣʷ 1,3,4,5-ʪʝʪʨʘʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʣʴʥʳʭ ʢʦʣʝʮ ʧʨʦʪʦʥʳ H-2', 

H-6' ʧʨʠ ŭ 6.62 ʤ.ʜ. (s). 

ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʣʠʷʥʠʝ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʧʦʣʝʚʦʛʦ ʵʬʬʝʢʪʘ ʦʩʝʚʦʡ 

ʘʨʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ C-7' ʧʦʣʦʞʝʥʠʠ ʥʘ ʧʨʦʪʦʥ ʅ-7, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʘʙʦʤ ʧʦʣʝ 

ʩʧʝʢʪʨʘ ʧʨʠ ŭH 4.11 ʤ.ʜ., ʪʦʛʜʘ ʢʘʢ ʩʠʛʥʘʣ ʧʨʦʪʦʥʘ H-7' ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʠʣʴʥʦʤ ʧʦʣʝ ʠ 

ʟʘʥʠʤʘʝʪ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ [11-12].  
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ʄʝʪʦʜʦʤ DEPT ʚ ʗʄʈ - ʩʧʝʢʪʨʝ ʦʙʥʘʨʫʞʝʥʳ 3ʉʅ3, 2ʉʅ2, 10ʉʅ ʠ 7 ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ɺ 
1
H-

1
H COSY-45

0
 ʩʧʝʢʪʨʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ  ʚʝʱʝʩʪʚʦ 1 ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʬʫʨʦʬʫʨʘʥʦʚʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ, ʧʝʨʚʳʡ ʢʠʩʣʦʨʦʜ ʢʦʨʨʝʣʠʨʫʝʪ ʩ  ʧʨʦʪʦʥʘʤʠ Oï
9a

CH2ï
9
CH(O)ï

8
CHï

7
CHï ʠ ʜʨʫʛʦʡ Oï

9Ë
CH2ï

8Ë
CHï

7Ë
CH(O)ï , ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʘʪʦʤʘ (C-9a) ʚ ʩʪʨʫʢʪʫʨʝ ʣʠʛʥʘʥʘ. ɼʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʙʳʣʦ 

ʜʦʢʘʟʘʥʦ ʜʚʫʤʝʨʥʳʤ ʩʧʝʢʪʨʦʤ HMBC ʤʝʞʜʫ H-9 ʠ C-7, C-8, C-9a; ʘ ʪʘʢʞʝ ʜʚʫʭ  9a-Ha, 9a-Hb 

ʠ C-8 ʠ C-9. 

NOESY- cʧʝʢʪʨ ʧʦʢʘʟʳʚʘʝʪ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʧʨʦʪʦʥʘʤʠ H-7' ʩ H-8' ʠ H-9, H-7 ʩ Ha-9a 

ʠ Hb-9a, ʯʪʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʪʦʥʦʚ H-7', H-8' ʠ H-9 ʥʘ 

ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʢʘʢ ʦʙʩʫʞʜʝʥʦ ʚʳʰʝ ʜʣʷ H-7'). ʇʨʦʷʚʣʝʥʠʝ CH ʧʨʦʪʦʥʘ ʧʨʠ ŭH 4.97 ʤ.ʜ. 

ʚʝʱʝʩʪʚʘ 1 ʩʣʝʜʫʝʪ ʠʟ-ʟʘ ʧʨʷʤʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʵʬʬʝʢʪʘ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ 

(ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ) ʚ C-7 ʧʦʣʦʞʝʥʠʠ [13].  

ʇʨʦʪʦʥ ʅ-9 ʚ ʘʮʝʪʦʧʨʦʠʟʚʦʜʥʦʤ (1ʘ) ʧʨʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠ ŭ 6.06 ʤ.ʜ., ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʜʝʡʩʪʚʠʝ ʧʨʷʤʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʵʬʬʝʢʪʘ ʘʮʝʪʦʛʨʫʧʧʳ ʥʘ H-9.  

ʄʝʪʦʜʦʤ ʅʄɺʉ ʢʦʨʨʝʣʷʮʠʠ ʦʧʨʝʜʝʣʝʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʚʫʭ ʘʨʠʣʴʥʳʭ ʛʨʫʧʧ, ʛʜʝ 

ʧʦʢʘʟʘʥʘ ʢʦʨʨʝʣʷʮʠʷ  ʧʨʦʪʦʥʦʚ H-7' ʩ C-1', C-2'/ C-6', ʠ H-7 ʩ C-1, C-2 ʠ C-6. ʂʘʢ ʦʪʤʝʯʝʥʦ 

ʚʳʰʝ, ʩʜʚʠʛ C-1' (ŭ 131.2) ʚ ʚʝʨʭʥʶʶ ʦʙʣʘʩʪʴ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʘʢʩʠʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʘʨʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʚ C-7' ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ C-1 (ŭ 134.3 ʤ.ʜ.) ʜʣʷ ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʘʨʠʣʴʥʦʛʦ 

ʢʦʣʴʮʘ ʚ C-7 [13].  

ʆʙʣʘʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʧʨʦʪʦʥʘ ʅ-7 ʧʨʠ ŭ 4.11 ʤ.ʜ. ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʜʨʫʛʠʝ ʘʢʩʠʘʣʴʥʳʝ 

ʧʨʦʪʦʥʳ ʙʝʥʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ [11-12] ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ 1,3-ʜʠʘʢʩʠʘʣʴʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʩ ʘʢʩʠʘʣʴʥʦ-ʨʘʩʧʦʣʦʞʝʥʥʦʡ CH2OH ʛʨʫʧʧʦʡ ʚ C-9. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ 
1
H ʠ 

13
C-ʗʄʈ ʘʪʦʤʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ 

ʤʦʞʥʦ ʧʦʜʪʚʝʨʜʠʪʴ, ʯʪʦ ʦʜʠʥ ʠʟ ʘʨʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ï ʪʨʠʤʝʪʦʢʩʠʬʝʥʠʣ [14], ʨʘʩʧʦʣʦʞʝʥ 

ʚ ʉ-7 ʥʘ ʦʩʥʦʚʘʥʠʠ ʅʄɺʉ ʢʦʨʨʝʣʷʮʠʠ (ʢʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ). ʈʘʩʧʦʣʦʞʝʥʠʝ ʆʅ ʛʨʫʧʧ ʫ C-3 ʠ 

C-4 ʚʪʦʨʦʛʦ ʘʨʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʜʦʢʘʟʘʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 
1
H ʗʄʈ ʜʘʥʥʳʭ, ʩʠʛʥʘʣʦʚ ʧʨʦʪʦʥʦʚ ʠ 

ʂʉʉɺ ʚ  
1
H ʗʄʈ, ʘ ʪʘʢʞʝ HMBC ʢʦʨʨʝʣʷʮʠʡ.  

ʇʨʠʩʫʪʩʪʚʠʝ ʪʨʝʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʘʮʠʣʠʨʦʚʘʥʠʝʤ 

ʚʝʱʝʩʪʚʘ 1 (Ac2O/ Pyr) ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥʦ ʘʮʝʪʦʧʨʦʠʟʚʦʜʥʦʝ 1ʘ. ɺ 
1
H-ʗʄʈ 

ʩʧʝʢʪʨʝ ʚʝʱʝʩʪʚʘ 1ʘ ʦʙʥʘʨʫʞʝʥʦ ʪʨʠ ʤʝʪʠʣʘ ʘʮʝʪʦʢʩʠ- ʛʨʫʧʧ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʩʦʝʜʠʥʝʥ rʢ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤʫ ʢʦʣʴʮʫ ʨʝʟʦʥʠʨʫʶʪ ʚ ʦʙʣʘʩʪʠ ŭ 2.12 ʠ 2.22 ʤ.ʜ. ʠ ʦʜʥʘ ʤʝʪʠʣʴʥʘʷ ʛʨʫʧʧʘ, 

ʢʦʪʦʨʘʷ ʨʝʟʦʥʠʨʫʝʪ ʚ ʦʙʣʘʩʪʠ ŭ 1.96 ʤ.ʜ.. ɺ NOESY ʩʧʝʢʪʨʝ ʤʝʪʠʣʳ ʘʮʝʪʦʛʨʫʧʧ  ŭ 2.12 ʠ 2.22 

ʤ.ʜ.  ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʤʝʞʥʦʩʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʡ. ʊʘʢ, 

ʘʮʠʣʠʨʦʚʘʥʠʝ ʩʪʘʣʦ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʜʚʠʛʘ ʧʨʦʪʦʥʘ H-9 ʩ ŭ 4.97 ʤ.ʜ. ʢ ŭ 6.06 ʤ.ʜ.. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨʫ ʚʝʱʝʩʪʚʘ 1 ʩʣʝʜʫʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ  3', 4', 5'- 

ʪʨʠʤʝʪʦʢʩʠ-7, 9':7', 9- ʜʠʵʧʦʢʩʠʣʠʛʥʘʥ-3, 4, 9a- ʪʨʠʦʣ ʠʣʠ ʈʘʷʣʠʥʦʣ. ɺʝʱʝʩʪʚʦ ʷʚʣʷʝʪʩʷ 

ʥʦʚʳʤ, ʥʝ ʦʧʠʩʘʥʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʩʦʝʜʠʥʝʥʠʝʤ ʠ ʚʳʜʝʣʝʥʦ ʠʟ Eurotia ceratoides. 
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ʄʦʣʝʢʫʣʷʨʥʳʡ ʧʠʢ ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ HR-EIMS ʚʝʱʝʩʪʚʘ 1ʘ ʩ  m/z 544 (ʄ
+
, 5), 502 (7), 484 

(4), 460 (7), 387 (4), 179 (100), 131 (90), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʨʫʪʪʦ- ʬʦʨʤʫʣʝ C28H32O11.  

ʉʠʨʠʥʛʘʨʝʟʠʥʦʣ (2) - ʋʌ-ʩʧʝʢʪʨ (MeOH, max, ʥʤ):  235.6 (7.34), 273.6 (6.94); 

ʀʂ-ʩʧʝʢʪʨ (KBr, ɜmax, cʤ
-1

 ) 3474 br, cʤ
-1

, 1592.4 - 1424.2 cʤ
-1

; 
1
H- ʗʄʈ: (CDCl3,  ʤ.ʜ.): ŭ 3,87 (ʆʉʅ3); ŭ 3,09 (m, ʅ-8ǋ/H-8); 4,74 (d, J=, H-7ǋ/H-7); 4,09-

4,28 (m, H-9/H-9ǋ); 

 
13

C- ʗʄʈ: (CDCl3,  ʤ.ʜ.): 131,9 (C-1); 102,8 (C-2); 147,2 (C-3); 137,8 (C-4); 147,2 (C-5); 

102,7 (C-6); 86,1 (C-7); 54.4 (C-8); 72.1 (C-9); 131,9 (C-1 ); 102,5 (C-2 ); 147,0 (C-3 ); 137,8 (C-

4 ); 147,2 (C-5 ); 102,7 (C-6 ); 85,9 (C-7 ); 54,3 (C-8); 56,2; 56,3; 56,4ʭ2 (OCH3);  
ʄʘʩʩ-ʩʧʝʢʪʨ  m/z 418.1616 [M

+
] [15]. 

ɼʝʛʠʜʨʦʜʠʢʦʥʠʬʝʨʠʣʦʚʳʡ ʘʣʴʜʝʛʠʜ (3) ï [Ŭ]
25

D + 20.0 (c 0.1, MeOH), ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʟʣʦʞʝʥʠʷ 205 - 207 Üʉ; 
1
H- ʗʄʈ: (CDCl3, , ʤ.ʜ., J/ɻʮ):  3,70 (1ʅ, m, H-8), 3,88 (3H, s, OMe), 3,94 (3H, s, OMe), 

3,96 (2H, 3,94, ʅ-9), 5,65 (1ʅ, d, J=7,9, H-7), 5,70 (1H, s, ʘʨʦʤʘʪ. ʆʅ), 6,61 (1ʅ, dd, J=17,5; 8,5 

ɻʮ, H-8'), 6,90 (3H, H-2,ʅ-5,ʅ-6), 7,05 (1H, d, J=1,3, H-2ǋ), 7,13 (1H, d, J=1,3, H-6ǋ), 7,40 (1H, d, 

J=17,5, H-7ǋ), 9,65 (1H, d, J=8,5, CHO); 
13

C- ʗʄʈ: 135,4 (C-1); 109,6 (C-2); 148,0 (C-3); 146,5 (C-4); 115,0 (C-5); 119,0 (C-6); 88,1 

(C-7); 53,5 (C-8); 64,0 (C-9); 130,5 (C-1 ); 111,8 (C-2 ); 145,0 (C-3 ); 152,8 (C-4 ); 128,5 (C-5 ); 

114,2 (C-6 ); 154,5 (C-7 ); 126,5 (C-8 ); 193,5(C-9 ); 56,2; 56,1(OCH3); 

ʄʘʩʩ-ʩʧʝʢʪʨ (ʕʋ, 70 ʵɺ),  m/z 356 [M
+
] (40), 338 (50), 323 (35), 151 (40), 137 (100) [16]. 

ɼʠʛʠʜʨʦʜʝʛʠʜʨʦʜʠʢʦʥʠʬʝʨʠʣʦʚʳʡ ʩʧʠʨʪ (4) ï [Ŭ]
25

D + 5.5 (c 0.18, MeOH), 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ  209 ï 211 Üʉ; 
1
H- ʗʄʈ: (CDCl3, , ʤ.ʜ., J/ɻʮ): 6,93 (1ʅ, d, J=1,83, H-2); 6,90 (1ʅ, dd, J=8,09; 1,83, H-6); 

6,86 (1ʅ, d, J=8,09, H-5); 6,67 (1H, s, H-2ǋ), 6,65 (1H, s, H-6ǋ); 5,54 (1ʅ, d, J=7,48, H-7); 3,94 (1ʅ, 

dd, J=10,91; 4,42, H-9a); 3,88 (1ʅ, dd, J=10,91; 6,02, H-9b), 3,87 (1H, s, OH-9); 3,85 (1H,s, OH-

9ǋ); 3,68 (2H, t, J=6,41, H-9ǋ); 3,59 (1H, m, H-8); 2,66 (2H, t, H-7ǋ); 1,87 (2H, m, H-8ǋ);  
13

C- ʗʄʈ: 135,0 (C-1); 109,8 (C-2); 148,2 (C-3); 146,8 (C-4); 115,1 (C-5); 118,4 (C-6); 87,01 

(C-7); 54,9 (C-8); 68,1 (C-9); 129,0 (C-1 ); 115,0 (C-2 ); 141,8 (C-3 ); 145,2 (C-4 ); 140,8 (C-5 ); 

114,7 (C-6 ); 35,2 (C-7 ); 31,8 (C-8 ); 69,1(C-9 ); 55,9; 56,0(OCH3);  

 ʄʘʩʩ-ʩʧʝʢʪʨ (ʕʋ, 70 ʵɺ),  m/z 360. [M
+
] [17]. 

ɼʝʛʠʜʨʦʜʠʢʦʥʠʬʝʨʠʣʦʚʳʡ ʩʧʠʨʪ (5) - ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ 210 ï 212 Üʉ; 
 13

C- ʗʄʈ: 137,6 (C-1); 108,3 (C-2); 148,1 (C-3); 146,5 (C-4); 114,1 (C-5); 118,7 (C-6); 87,1 

(C-7); 53,6 (C-8); 64,0 (C-9); 131,2 (C-1 ); 110,5 (C-2 ); 144,5 (C-3 ); 153,4 (C-4 ); 127,6 (C-5 ); 

114,1 (C-6 ); 131,1 (C-7 ); 126,7 (C-8 ); 63,7(C-9 ); 56,0; 56,2 (OCH3) [18].   
 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚ ʣʠʛʥʘʥʦʚʦʛʦ ʩʪʨʦʝʥʠʷ ʠʟ Eurotia ceratoides ʠ Eurotia 

Ewersmanniana ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ɺʕɾʍ (JAI LC-908W), ʤʘʨʢʠ JAI Gel. SH.043-15-SIL ʩ 

ʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ 5% ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʵʬʠʨ. 

ɺʦʟʜʫʰʥʦ-ʩʫʭʫʶ ʥʘʜʟʝʤʥʫʶ ʤʘʩʩʫ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʨʘʩʪʝʥʠʡ ʨʦʜʘ Eurotia (1 ʢʛ) 

ʟʘʣʠʚʘʶʪ ʤʝʪʘʥʦʣʦʤ,  ʥʘʩʪʘʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʪʳʨʝ 

ʨʘʟʘ ʦʙʨʘʙʘʪʳʚʘʶʪ ʤʝʪʘʥʦʣʦʤ, ʬʠʣʴʪʨʫʶʪ ʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ. 

ʇʦʣʫʯʝʥʥʳʡ ʤʝʪʘʥʦʣʴʥʳʡ ʵʢʩʪʨʘʢʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʵʢʩʪʨʘʛʠʨʫʶʪ ʵʪʠʣʘʮʝʪʘʪʦʤ, 

ʭʣʦʨʦʬʦʨʤʦʤ ʠ ʥ-ʙʫʪʘʥʦʣʦʤ.  

ʕʪʠʣʘʮʝʪʘʪʥʳʡ ʵʢʩʪʨʘʢʪ ʩʤʝʰʠʚʘʶʪ ʩ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʫʛʣʝʤ (ʫʜʘʣʷʶʪ ʦʩʪʘʪʢʠ 

ʭʣʦʨʦʬʠʣʦʚ, ʩʤʦʣ ʠ ʜʨʫʛʠʭ ʣʠʧʦʬʠʣʴʥʳʭ ʚʝʱʝʩʪʚ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʧʝʪʨʦʣʝʡʥʳʤ 

ʵʬʠʨʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʪʨʘʢʪʳ ʭʨʦʤʘʪʦʛʨʘʬʠʨʫʶʪ ʤʝʪʦʜʦʤ VLC, ʠʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʶʝʥʪʘ ʩʠʩʪʝʤʫ ʨʘʩʪʚʦʨʦʚ ʧʝʪʨʦʣʝʡʥʳʡ ʵʬʠʨ:ʵʪʠʣʘʮʝʪʘʪ, ʭʣʦʨʦʬʦʨʤ:ʤʝʪʘʥʦʣ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ, ʧʦʣʫʯʘʶʪ 14 ʬʨʘʢʮʠʡ ʧʦʜ ʫʩʣʦʚʥʳʤ ʥʘʟʚʘʥʠʝʤ ɸ-ʅ. 

ʌʨʘʢʮʠʶ ɻ ʧʝʨʝʭʨʦʤʘʪʦʛʨʘʬʠʨʫʶʪ ʥʘ ʩʠʣʠʢʘʛʝʣʝ ʩʤʝʩʴʶ ʭʣʦʨʦʬʦʨʤ:ʤʝʪʘʥʦʣ, ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʩ ʧʦʣʫʯʝʥʠʝʤ 19 ʦʙʲʝʜʠʥʝʥʥʳʭ ʬʨʘʢʮʠʡ. 
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ʀʟ ʬʨʘʢʮʠʠ 19 ʤʝʪʦʜʦʤ ɺʕɾʍ ʩ ʧʦʜʚʠʞʥʦʡ ʬʘʟʦʡ 5% ʠʟʦʧʨʦʧʠʣʦʚʳʡ ʵʬʠʨ ʚʳʜʝʣʝʥʳ 

ʚʝʱʝʩʪʚʘ ʣʠʛʥʘʥʦʚʦʛʦ ʩʪʨʦʝʥʠʷ. ʇʷʪʴ ʧʠʢʦʚ ʦʪʦʙʨʘʥʳ ʧʨʠ 28.7 ʤʠʥ, 22 ʤʠʥ, 40 ʤʠʥ, 43 ʤʠʥ, 

36 ʤʠʥ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳʜʝʣʝʥʳ 1 (12.3 ʤʛ), 2 (6.7 ʤʛ), 3 (3.9 ʤʛ) ʠ 4 (2.1 ʤʛ), 5 (5.0 ʤʛ) 

ʚʝʱʝʩʪʚʘ. 

 

ʊʘʙʣʠʮʘ 1  
1
H- ʠ 

13
C ʗʄʈ- ʩʧʝʢʪʨʳ ʚʝʱʝʩʪʚʘ 1 ʠ 1ʘ ʧʨʠ 500 Mɻʮ 

 
(
1
H) ʠ 150 Mɻʮ (

13
C) ʚ CDCl3;  

ŭ ʤ.ʜ., J ʚ ɻʮ 

 

ʉ ɺʝʱʝʩʪʚʦ 1 ɺʝʱʝʩʪʚʦ 1ʘ 

ŭ (ʅ) J ʚ ɻʮ ŭ (ʉ) ŭ (ʅ) J ʚ ɻʮ ŭ (ʉ) 

1 -  134.3 -  136.1 

2 6.94 br.s 108.3 6.95 m 122.4 

3 -  146.6 -  150.7 

4 -  144.8 -  139.3 

5 6.83 d (8.0) 114.1 6.93 d (8.08) 111.3 

1 2 3 4 5 6 7 

6 6.72 br.d (8.0) 118.7 6.88
 

br.d (8.0) 119.0 

7 4.11
 

br.s 87.0 4.58 m 80.8 

8 3.05 br.s 54.5 3.04 br.s 54.3 

9 4.97
 

br.s 72.5 6.06 br.s 73.8 

9a-Ha 3.89 dd, 12.0, 4.0) 60.5 4.43 dd, (11.2, 6.0) 62.6 

9a-Hb 3.46 dd (12.0, 9.0) 60.5 4.21 dd, (11.2, 3.5) 62.6 

1' -  131.2 -  132.0 

2' 6.62 s 102.5 6.49 br.s 102.6 

3' -  153.3 -  153.3 

4' -  137.6 -  137.2 

5' -  153.4 -  153.3 

6' 6.62 s 102.5 6.50 br.s 102.6 

7' 4.76 br.s 85.8 4.69 d (6.0) 85.8 

8' 3.11 br.s 54.4 3.04 d (6.0) 54.4 

9'a 

9'b 

4.31 

3.96 

dd (11.6, 6.3) 

dd (11.6, 4.7) 

 

72.0 

4.25 

3.89 

dd (10.5, 6.2) 

dd (10.5, 4.0) 

 

72.0 

 

OMe 

 

3.87 

 55.9 

56.2x2 

3.72 

3.78 

 56.0x2 

55.9 

OAc    1.96  20.7 

OAc    2.22  20.8 

OAc    2.19  21.1 
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ʂɸʊɸʃʀɿɸʊʆʈʓ ʉʊɽʈɽʆʉɽʃɽʂʊʀɺʅʆɻʆ ɻʀɼʈʀʈʆɺɸʅʀʗ  

ɸʎɽʊʀʃɽʅʆɺʓʍ ʉʇʀʈʊʆɺ 
 

ɾʘʢʩʠʙʘʝʚ ʄ.ɾ., ʇʘʢ ɸ.ʄ. 

ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  ɸʣʤʘʪʳ 

ɸʆ çʀʥʩʪʠʪʫʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʪʘʣʠʟʘ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ ʠʤ. ɼ.ɺ.ʉʦʢʦʣʴʩʢʦʛʦè, ɸʣʤʘʪʳ 
 

ʀʟʫʯʝʥʦ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ 11-ʛʝʢʩʘʜʝʮʠʥ-1-ʦʣʘ ʥʘ 10% Cu/ɔ-ɸl2O3, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ 

ʦʢʩʠʜʦʤ ʠʪʪʨʠʷ (0,5-10 % Y), ʧʦʜ ʧʦʚʳʰʝʥʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ. ʇʨʠ 8 ʄʇʘ ʠ 393 - 413 ʂ ʥʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ (0,5 ï 5 % Y) ʚʳʭʦʜ ʮʠʩ- 11- ʛʝʢʩʘʜʝʮʝʥ-1-ʦʣʘ ʩʦʩʪʘʚʣʷʝʪ 100%, ʘ ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ ʩʦʢʨʘʱʘʝʪʩʷ ʚ 6,75-16,8 ʨʘʟʘ. ʆʙʩʫʞʜʝʥʳ ʧʨʠʯʠʥʳ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʠʜʨʠʨʦʚʘʥʠʷ ʧʨʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ. ɸʮʝʪʠʣʠʨʦʚʘʥʠʝʤ ʮʠʩ-11-ʛʝʢʩʘʜʝʮʝʥ-1-ʦʣʘ ʧʦʣʫʯʝʥ ʮʠʩ-11-ʛʝʢʩʘʜʝʮʝʥʠʣ-1-ʘʮʝʪʘʪ, 

ʷʚʣʷʶʱʠʡʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʦʣʦʚʦʛʦ ʬʝʨʦʤʦʥʘ ʢʣʝʚʝʨʥʦʡ ʩʦʚʢʠ, ʢʦʪʦʨʳʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ 

ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʧʦʩʘʜʢʘʭ ʩʘʭʘʨʥʦʡ ʩʚʸʢʣʳ, ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ ʠ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ 

ʮʠʩ-11-ʛʝʢʩʘʜʝʮʝʥʠʣʘʮʝʪʘʪ ʧʨʦʷʚʠʣ ʚʳʩʦʢʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʙʳʣ ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ ʚʥʝʜʨʝʥʠʶ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ (ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ). 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ ʬʝʨʦʤʦʥʦʚ ʚʨʝʜʥʳʭ ʥʘʩʝʢʦʤʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʥʘʩʝʢʦʤʳʭ ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʩʨʦʢʦʚ  ʧʨʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ  [1,2], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ, ʘ ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʠʥʩʝʢʪʠʮʠʜʦʚ. ʎʝʥʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʝʨʦʤʦʥʦʚ ʟʘʢʣʶʯʘʶʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʠʭ ʜʝʡʩʪʚʠʷ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ [1].  

ʉʘʤʦʡ ʩʣʦʞʥʦʡ ʠ ʪʦʥʢʦʡ ʩʪʘʜʠʝʡ ʩʠʥʪʝʟʘ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪʦʚ ʠʣʠ 

ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʬʝʨʦʤʦʥʦʚ ʥʘʩʝʢʦʤʳʭ- ʚʨʝʜʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʝ 

ʛʠʜʨʠʨʦʚʘʥʠʝ ʜʣʠʥʥʦʮʝʧʦʯʥʳʭ ʘʮʝʪʠʣʝʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ  ʚ ʮʠʩ - ʦʣʝʬʠʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʷʚʣʷʶʱʠʝʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠʣʠ ʧʦʣʫʧʨʦʜʫʢʪʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʬʝʨʦʤʦʥʦʚ.  

ɻʠʜʨʠʨʦʚʘʥʠʝ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʤʝʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʣʠʤʠʪʠʨʫʝʪʩʷ 

ʘʢʪʠʚʘʮʠʝʡ ʚʦʜʦʨʦʜʘ [3]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʚʩʝ ʬʘʢʪʦʨʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʧʦʚʳʰʝʥʠʶ 
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ʢʦʣʠʯʝʩʪʚʘ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʛʦ  

ʚʦʜʦʨʦʜʘ ʙʫʜʫʪ ʫʚʝʣʠʯʠʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ.  

ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʤʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ ʠ ʠʭ ʘʥʘʣʠʟʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʩʠʣʝʥʠʝ ʜʦʥʦʨʥʳʭ ʩʚʦʡʩʪʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʣʶ ʜʘʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʘʮʝʪʠʣʝʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʳʭʣʝʥʠʶ ʪʨʦʡʥʦʡ ʩʚʷʟʠ, 

ʥʝʢʦʪʦʨʦʤʫ ʫʢʨʝʧʣʝʥʠʶ ʵʪʠʣʝʥʦʚʦʡ ʩʚʷʟʠ ʠ ʧʦʚʳʰʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʛʠʜʨʠʨʦʚʘʥʠʷ [4]. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʢ 10% Cu/ɔ-ɸl2O3, ʚʳʙʨʘʥ ʦʢʩʠʜ ʠʪʪʨʠʷ, 

ʫʯʠʪʳʚʘʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʜʦʥʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʠʪʪʨʠʷ (ʕ.ʆ.Y ï 1,2) [5], ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ 

ʦʢʩʠʜʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʦʚʳʰʘʶʪ ʜʠʩʧʝʨʩʥʦʩʪʴ ʤʝʜʠ ʠ 

ʫʚʝʣʠʯʠʚʘʶʪ ʩʧʠʣʣʦʚʝʨ ʚʦʜʦʨʦʜʘ [6,7]. ʂʘʪʘʣʠʟʘʪʦʨʳ ʧʨʠʛʦʪʦʚʣʝʥʳ ʩʦʛʣʘʩʥʦ [8].                                                  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʠʝ ʨʘʙʦʪʳ ʥʝʠʟʚʝʩʪʥʳ. ʅʘ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʩ 0,5 - 5% Y ʧʦʜ ʜʘʚʣʝʥʠʝʤ 

ʚʦʜʦʨʦʜʘ 8 ʄʇʘ ʧʨʠ 393 ï 413 ʂ  11-ʛʝʢʩʘʜʝʮʠʥ-1-ʦʣ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ ʮʠʩ-11-ʛʝʢʩʘʜʝʮʝʥ-1-

ʦʣ ʩʦ 100 %-ʥʳʤ ʚr ʭʦʜʦʤ. ʈʝʘʢʮʠʷ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ. ʅʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʨʝʘʢʮʠʠ: ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ 

ʩ 0,5 % ʠʪʪʨʠʷ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʧʦʥʠʞʘʝʪʩʷ ʚ 16,8 ʨʘʟ, ʩ 1% Y - ʚ 9 ʨʘʟ, ʩ 3% Y ï ʚ 7,5 ʨʘʟ, ʩ 5% 

Y ʚʨʝʤʷ ʨʝʘʢʮʠʠ  ʩʥʠʞʘʝʪʩʷ ʚ 6,75 ʨʘʟ.  

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʯʠʥʳ ʧʦʚʳʰʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ  ʧʦʩʣʝʜʥʠʭ ʤʝʪʦʜʘʤʠ ɹʕʊ, ʪʝʨʤʦʜʝʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ, ʈʌɸ, 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ [9]. ʕʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ 

ʤʝʪʦʜʦʤ ʩʲʝʤʢʠ ʥʘ ʧʨʦʩʚʝʪ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʤʝʜʠ ʨʘʟʤʝʨʦʤ 40 ï 60 Ȕ ʠ ʧʣʦʪʥʳʝ, ʥʝ ʧʨʦʟʨʘʯʥʳʝ ʜʣʷ ʧʫʯʢʘ 

ʵʣʝʢʪʨʦʥʦʚ ʦʙʨʘʟʦʚʘʥʠʷ, ʜʦʩʪʠʛʘʶʱʠʝ 2000 - 3000 Ȕ. ʇʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʦʢʩʠʜʘʤʠ 

ʠʪʪʨʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʛʦ ʧʦʚʳʰʝʥʠʷ ʜʠʩʧʝʨʩʥʦʩʪʠ, ʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʢʨʫʧʥʳʭ ʧʣʦʪʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʫʚʝʣʠʯʝʥʠʶ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ 

[9]. ʂʘʪʘʣʠʟʘʪʦʨʳ 10% Cu/ɔ-ɸl2O3, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʢʩʠʜʦʤ ʠʪʪʨʠʷ, ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʜʝʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʦʪ 1,1 ʩʤ
3
/ʛ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ 0,5 

ʠ 1 %  Y ʜʦ 0,8 ʩʤ
3
/ʛ ʚ ʩʣʫʯʘʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ 7 ʠ 10 % ʠʪʪʨʠʷ [9]. 

ʇʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʦʢʩʠʜʦʤ ʠʪʪʨʠʷ 10 % Cu/ɔ-ɸl2O3 ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʥʠʞʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ 90 ʤ
2
/ʛ ʜʣʷ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ  ʜʦ 74 ʤ

2
/ʛ ʜʣʷ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ 5 % ʠʪʪʨʠʷ ʠ ʜʦ 38 ʤ
2
/ʛ  ʚ ʩʣʫʯʘʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 10 % ʠʪʪʨʠʷ [9]. 

ʇʦʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʦʥʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʝʥʦʢ ʦʢʩʠʜʘ ʠʪʪʨʠʷ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʥʦʩʠʪʝʣʝ ʠ ʤʝʜʠ, 

ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʘʜʩʦʨʙʮʠʠ ʘʟʦʪʘ [9]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʤʝʜʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʢʩʠʜʦʤ ʠʪʪʨʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʜʠʩʧʝʨʩʥʦʩʪʠ ʯʘʩʪʠʮ 

ʤʝʜʠ, ʢʦʣʠʯʝʩʪʚʦ ʜʝʩʦʨʙʠʨʦʚʘʥʥʦʛʦ  ʚʦʜʦʨʦʜʘ ʠʟ ʦʙʨʘʟʮʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ ʨʘʟʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʠʪʪʨʠʷ ʨʘʟʣʠʯʘʝʪʩʷ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʚʝʣʠʯʠʥʘ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝ ʨʘʩʪʝʪ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ, ʘ ʜʘʞʝ ʧʦʥʠʞʘʝʪʩʷ (ʚʝʣʠʯʠʥʫ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʜʠ ʘʚʪʦʨʳ ʥʝ ʩʤʦʛʣʠ ʠʟʤʝʨʠʪʴ), ʥʦ ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʤʦʞʝʪ ʩʦʢʨʘʱʘʪʴʩʷ ʚ 16,8 ʨʘʟ.  

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʘʢʪʠʚʥʦʩʪʴʶ  ʢʘʪʘʣʠʟʘʪʦʨʦʚ  ʩʝʨʠʠ 10 % 

Cu + Y2O3 /ɔ-ɸl2O3 ʧʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ 11-ʛʝʢʩʘʜʝʮʠʥ-1-ʦʣʘ ʩ ʜʘʥʥʳʤʠ ʈʌɸ.  ʇʨʠ ʥʠʟʢʦʤ 

ʩʦʜʝʨʞʘʥʠʠ  ʠʪʪʨʠʷ (0,5 ï 1 % Y) ʦʪʤʝʯʘʝʪʩʷ ʚʩʧʣʝʩʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʣʠʥʠʡ 

ʤʝʜʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʠʢʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʝʜʠ, 

ʯʪʦ ʠ ʚʳʟʳʚʘʝʪ ʥʝʢʦʪʦʨʳʡ ʨʦʩʪ ʘʢʪʠʚʥʦʩʪʠ [9]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʠʟʫʯʝʥʠʷ ʨʝʘʢʮʠʠ 

ʜʠʩʩʦʮʠʘʪʠʚʥʦʡ ʭʝʤʦʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʥʘ ʤʝʜʠ ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ ʚ [10] 

ʧʨʝʜʣʦʞʝʥʘ ʛʠʧʦʪʝʟʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʦʡ ʢʣʶʯʝʚʘʷ ʨʦʣʴ ʜʦʥʦʨʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ Y2O3 

(ʠ Eu2O3) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʥʠʞʝʥʠʠ ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠʟ ʘʪʦʤʘ ʤʝʜʠ. ʆʙʣʝʛʯʘʝʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʡ ʧʝʨʝʥʦʩ ʩ ʤʝʜʠ ʥʘ ʚʦʜʦʨʦʜ ʩ ʟʘʩʝʣʝʥʠʝʤ ʨʘʟʨʳʭʣʷʶʱʝʡ ʦʨʙʠʪʘʣʠ ʚʦʜʦʨʦʜʘ, 

ʧʦʵʪʦʤʫ ʚʦʜʦʨʦʜ ʣʝʛʯʝ, ʪʦ ʝʩʪʴ ʩ ʤʝʥʴʰʠʤ ʙʘʨʴʝʨʦʤ  ʜʠʩʩʦʮʠʠʨʫʝʪ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ 

ʩʢʦʨʦʩʪʠ ʛʠʜʨʠʨʦʚʘʥʠʷ, ʪ.ʝ. ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʠʜʨʠʨʦʚʘʥʠʷ 

ʘʮʝʪʠʣʝʥʦʚʳʭ  ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʤʝʜʠ, ʦʯʝʚʠʜʥʦ, ʷʚʣʷʝʪʩʷ ʧʦʥʠʞʝʥʠʝ ʨʘʙʦʪʳ  ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ 

ʠʟ ʘʪʦʤʘ ʤʝʜʠ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʜʦʥʦʨʥʳʤ ʤʦʜʠʬʠʢʘʪʦʨʦʤ, ʢʦʛʜʘ ʤʝʜʴ ʜʝʢʦʨʠʨʫʝʪʩʷ 
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Y2O3 [10]. ʕʬʬʝʢʪ ʧʦʥʠʞʝʥʠʷ ʨʘʙʦʪʳ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠʟ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʧʨʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʜʦʥʦʨʥʦʡ ʜʦʙʘʚʢʦʡ ʜʦʢʘʟʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [11]. ɺ [11] 

ʠʟʫʯʝʥ ʩʠʥʪʝʟ ʘʤʤʠʘʢʘ ʥʘ Ru/MgO, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ Cs2O. ʈʝʘʢʮʠʷ ʣʠʤʠʪʠʨʫʝʪʩʷ 

ʘʢʪʠʚʘʮʠʝʡ ʘʟʦʪʘ. ʈʘʙʦʪʘ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ ʠʟ ʘʪʦʤʘ ʨʫʪʝʥʠʷ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʨʫʪʝʥʠʷ 

Cs2O ʧʦʥʠʞʘʝʪʩʷ ʥʘ 0,8 eV [11], ʧʨʠ ʵʪʦʤ ʨʘʩʪʝʪ ʩʢʦʨʦʩʪʴ ʩʠʥʪʝʟʘ ʘʤʤʠʘʢʘ.  

 

ʊʘʙʣʠʮʘ 1  

ɻʠʜʨʠʨʦʚʘʥʠʝ 11 ï ʛʝʢʩʘʜʝʮʠʥ-1-ʦʣʘ ʥʘ 10 %   Cu/ɔ-ɸl2O3 ʢʘʪʘʣʠʟʘʪʦʨʝ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ 

ʦʢʩʠʜʦʤ ʠʪʪʨʠʷ (0,5-10 % Y) ʧʦʜ ʜʘʚʣʝʥʠʝʤ  ʚʦʜʦʨʦʜʘ 8 ʄʇʘ 

ʉʦʜʝʨʞʘʥʠʝ Y 

ʚ ʢʘʪ., % ʤʘʩʩ. 
ʊ, ʂ 

Ű, 

ʤʠʥ 

ʉʦʩʪʘʚ  ʢʘʪʘʣʠʟʘʪʘ  (ɻɾʍ), % 

ʮʠʩ - 11-

ʛʝʢʩʘʜʝ-

ʮʝʥ-1-ʦʣ 

ʪʨʘʥʩ - 11- 

ʛʝʢʩʘʜʝʮʝʥ-1-

ʦʣ 

ʛʝʢʩʘʜʝʢʘʥʦʣ 

11- 

ʛʝʢʩʘʜʝʮʠʥ-1-

ʦʣ 

0 393 135 100 - - - 

0,5 393 8 100 - - - 

1 373 25 100 - - - 

393 15 100 - - - 

413 12 100 - - - 

3 373 25 98 - - 2 

393 18 100 - - - 

413 15 100 - - - 

5 373 30 100 - - - 

393 20 100 - - - 

413 15 100 - - - 

7 373 35 97 - - 3 

393 25 92 8 - - 

413 20 92 - 8 - 

10 373 40 95 5 - - 

393 30 ~100 ʩʣʝʜʳ - - 

413 25 100 - - - 

 

ʇʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ ʘʮʝʪʠʣʝʥʦʚʦʛʦ ʩʧʠʨʪʘ ʥʘ ʤʝʜʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ, ʩʦʜʝʨʞʘʱʝʤ 0,5 ï 5 

% ʠʪʪʨʠʷ, ʧʨʦʜʫʢʪʦʤ ʛʠʜʨʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʮʠʩ-ʦʣʝʬʠʥʦʚʳʡ ʩʧʠʨʪ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʮʠʩ-ʦʣʝʬʠʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʠʥʭʨʦʥʥʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʜʚʫʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʢ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʪʨʦʡʥʦʡ ʩʚʷʟʠ [12]. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʝʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʜʠʛʠʜʨʠʜʥʳʡ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʮʝʩʩ ʩʠʥʭʨʦʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʢ ʪʨʦʡʥʦʡ ʩʚʷʟʠ 

[12]. ʆʙʨʘʟʦʚʘʥʠʝ ʪʨʘʥʩ - ʦʣʝʬʠʥʦʚʦʛʦ ʩʧʠʨʪʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʥʘʣʠʯʠʠ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʠʪʪʨʠʷ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 7 ʠ 10 % ʠʪʪʨʠʷ (ʪʘʙʣʠʮʘ). ʉʦʛʣʘʩʥʦ [13], ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʠʦʥʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʨʷʜʦʤ ʩ ʫʛʣʝʨʦʜʦʤ ʧʨʠ ʜʚʦʡʥʦʡ 

ʩʚʷʟʠ, ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʵʣʝʢʪʨʦʥʦʚ ʵʪʠʣʝʥʦʚʦʡ ʩʚʷʟʠ ʢ ʵʪʦʤʫ ʫʛʣʝʨʦʜʫ, ʦʙʨʘʟʫʝʪʩʷ 

ʧʩʝʚʜʦʦʜʠʥʘʨʥʘʷ ʩʚʷʟʴ, ʚʦʢʨʫʛ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʚʨʘʱʘʪʴʩʷ ʟʘʤʝʩʪʠʪʝʣʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʪʨʘʥʩ - ʦʣʝʬʠʥ. 

 ʀʟ ʮʠʩ-11-ʛʝʢʩʘʜʝʮʝʥ-1-ʦʣʘ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝʤ ʧʦ [14] ʧʦʣʫʯʝʥ  ʮʠʩ-11-ʛʝʢʩʘʜʝʮʝʥʠʣ-1-

ʘʮʝʪʘʪ, ʷʚʣʷʶʱʠʡʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʧʦʣʦʚʦʛʦ ʬʝʨʦʤʦʥʘ ʢʣʝʚʝʨʥʦʡ ʩʦʚʢʠ, 

ʤʥʦʛʦʷʜʥʦʛʦ ʚʨʝʜʠʪʝʣʷ, ʫʥʠʯʪʦʞʘʶʱʝʛʦ ʣʠʩʪʴʷ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ, ʭʣʦʧʯʘʪʥʠʢʘ, ʢʘʧʫʩʪʳ, 

ʢʘʨʪʦʬʝʣʷ, ʢʫʢʫʨʫʟʳ, ʣʶʮʝʨʥʳ. ʆʙʨʘʟʮʳ ʮʠʩ-11-ʛʝʢʩʘʜʝʮʝʥʠʣ-1-ʘʮʝʪʘʪʘ  V ʠ VI ʥʘʥʦʩʠʣʠʩʴ 

ʥʘ ʨʝʟʠʥʦʚʳʝ ʜʠʩʧʝʥʩʝʨʳ, ʢʦʪʦʨʳʝ ʧʦʤʝʱʘʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʢʣʘʜʳʰʘ, ʩʤʘʟʘʥʥʦʛʦ ʢʣʝʝʤ 

çʇʝʩʪʠʬʠʢʩè, ʚ ʣʦʚʫʰʢʝ ʪʠʧʘ çɸʪʪʨʘʢʦʥ ɸɸè ʩ ʫʯʝʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 390 ʩʤ
2
. ʀʩʧʳʪʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʪʨʫʜʥʠʢʘʤʠ ɸʣʤʘʪʠʥʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʯʝʪʳʨʝʭ 
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ʧʦʚʪʦʨʥʦʩʪʷʭ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʥʘʠʙʦʣʝʝ ʘʪʪʨʘʢʪʠʚʥʳʤ ʜʣʷ ʢʣʝʚʝʨʥʦʡ ʩʦʚʢʠ 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʝʮ V, ʚ ʩʨʝʜʥʝʤ ʥʘ ʣʦʚʫʰʢʫ ʧʨʠʭʦʜʠʪʩʷ 15 - 24 ʙʘʙʦʯʢʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʧʳʪʘʥʠʡ ʧʦʣʫʯʝʥʘ ʨʝʢʦʤʝʥʜʘʮʠʷ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʬʝʨʦʤʦʥʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ (ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ).  

ɺʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʘʥ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʧʦʣʫʧʨʦʜʫʢʪʘ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʣʦʚʦʛʦ 

ʬʝʨʦʤʦʥʘ ʢʣʝʚʝʨʥʦʡ ʩʦʚʢʠ, ʤʥʦʛʦʷʜʥʦʛʦ ʚʨʝʜʠʪʝʣʷ. 

2. ʉʠʥʪʝʟʠʨʦʚʘʥ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʧʦʣʦʚʦʛʦ ʬʝʨʦʤʦʥʘ ʢʣʝʚʝʨʥʦʡ ʩʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʳ ʝʛʦ 

ʧʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʧʨʦʜʫʢʪ ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ 

ʚʥʝʜʨʝʥʠʶ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. 
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ʋɼʂ  547.972  

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ  ʂʀʉʃʆʊʅʆɻʆ ʉʆʉʊɸɺɸ ʅɽʂʆʊʆʈʓʍ 

ʈɸʉʊɽʅʀʁ ʈʆɼɸ ʂʃʀʄɸʂʆʇʊɽʈɸ (ʙʘʣʳϨ ʢϺʟ - Climacoptera) 
 

ʂʠʧʯʘʢʙʘʝʚʘ ɸ.ʂ., ʅʳʢʤʫʢʘʥʦʚʘ ʄ.ʄ., ɾʝʢʩʝʥʛʘʣʠʢʳʟʳ ɸ., 

ɽʩʢʘʣʠʝʚʘ ɹ.ʂ., ɹʫʨʘʰʝʚʘ ɻ.ʐ. 
ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʣʴ-ʌʘʨʘʙʠ 

 
ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʤʠʥʦ-, ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘʜʟʝʤʥʳʭ ʤʘʩʩ ʚʦʩʴʤʠ 

ʚʠʜʦʚ ʂʣʠʤʘʢʦʧʪʝʨ (ʙʘʣʳץ ʢᴇʟ - Climacoptera), ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʂʘʟʘʭʩʪʘʥʝ: ʂ.ʰʝʨʩʪʠʩʪʦʡ (C.lanata), 

ʂ.ʘʨʘʣʴʩʢʦʡ (C.aralensis), ʂ.ʪʫʧʦʣʠʩʪʦʡ (C.obtusfolia), ʂ.ʧʦʛʨʦʥʠʯʥʦʡ (C.affinis), ʂ.ʤʷʩʠʩʪʦʡ (C.crassa), 

ʂ.ʬʝʨʛʘʥʩʢʦʡ (C.ferganica), ʂ.ʩʫʧʨʦʪʠʚʥʦʣʠʩʪʦʡ (C.brachiata) ʠ ʂ.ʪʦʣʩʪʦʚʘʪʦʡ (C.subcrassa). 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʯʘʩʪʴ  ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʧʦʩʪʫʧʘʝʪ ʚ 

ʈʝʩʧʫʙʣʠʢʫ ʂʘʟʘʭʩʪʘʥ ʠʟ ʩʪʨʘʥ ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʣʘʚʥʦʡ ʮʝʣʴʶ 

ʦʪʨʘʩʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʂ 

ʷʚʣʷʝʪʩʷ ʧʣʘʥʦʤʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʝʩʧʫʙʣʠʢʠ ʦʪ ʠʤʧʦʨʪʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʙʩʪʚʝʥʥʳʝ ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʧʦʪʝʥʮʠʘʣ.   
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʘʢʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʨʘʩʰʠʨʷʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʠʭ ʜʝʰʝʚʠʟʥʦʡ, ʢʦʤʧʣʝʢʩʥʳʤ ʣʝʯʝʙʥʳʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʦʨʛʘʥʠʟʤ, ʤʘʣʦʡ 

ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʙʝʟ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ʇʦ ʜʘʥʥʳʤ 

ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʚ ʙʣʠʞʘʡʰʠʝ 10 ʣʝʪ, ʜʦʣʷ ʬʠʪʦʧʨʝʧʘʨʘʪʦʚ ʚ 

ʦʙʲʝʤʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 60%. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʫʪʝʡ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʚʳʜʝʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʠʟ 

ʨʘʩʪʝʥʠʡ. /1/ 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʩʰʠʨʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʢʦʨʘʩʪʫʱʠʭ ʨʘʩʪʝʥʠʡ, 

ʰʠʨʦʢʦ ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʟʘʩʦʣʝʥʥʳʭ ʠ ʟʘʩʫʰʣʠʚʳʭ ʧʦʯʚʘʭ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʠ 

ʘʜʘʧʪʠʨʦʚʘʚʰʠʭʩʷ ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ.  

ʈʘʩʪʝʥʠʷ ʨʦʜʘ Climacoptera (ʂʣʠʤʘʢʦʧʪʝʨʘ) ʥʘʩʯʠʪʳʚʘʶʪ 23 ʚʠʜʦʚ, ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʚʩʪʨʝʯʘʝʪʩʷ 14 ʚʠʜʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʭ ʠʟʜʘʚʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʢʫʩʪʘʨʥʦʡ ʜʦʙʳʯʠ ʩʦʜʳ. 

ʂʘʟʘʭʩʪʘʥʩʢʠʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ ʨʦʜʘ Climacoptera (ʂʣʠʤʘʢʦʧʪʝʨʘ) ʥʝ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʬʠʪʦʧʨʝʧʘʨʘʪʦʚ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʤʠʥʦ-,  ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʚʦʩʴʤʠ ʚʠʜʦʚ ʂʣʠʤʘʢʦʧʪʝʨ (ʙʘʣʳϨ ʢϺʟ ï Climacoptera)  ʂ.ʰʝʨʩʪʠʩʪʦʡ (C.lanata), ʂ.ʘʨʘʣʴʩʢʦʡ 

(C.aralensis), ʂ.ʪʫʧʦʣʠʩʪʦʡ (C.obtusfolia), ʂ.ʧʦʛʨʦʥʠʯʥʦʡ (C.affinis), ʂ.ʤʷʩʠʩʪʦʡ (C.crassa), 

ʂ.ʬʝʨʛʘʥʩʢʦʡ (ferganica), ʂ.ʩʫʧʨʦʪʠʚʥʦʣʠʩʪʦʡ (C.brachiata) ʠ ʂ.ʪʦʣʩʪʦʚʘʪʦʡ (C.subcrassa). 

ɸʤʠʥʦʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʤʦʣʝʢʫʣʳ ʙʝʣʢʘ. ɺʩʝʛʦ ʚ ʧʨʠʨʦʜʝ 

ʥʘʡʜʝʥʦ ʦʢʦʣʦ 300 ʘʤʠʥʦʢʠʩʣʦʪ, ʦʜʥʘʢʦ, ʚ ʩʦʩʪʘʚ ʙʝʣʢʦʚ ʚʭʦʜʠʪ ʣʠʰʴ 20, ʧʦʣʫʯʠʚʰʠʭ 

ʥʘʟʚʘʥʠʝ ʙʝʣʢʦʚʳʭ ʠʣʠ ʧʨʦʪʝʠʥʦʛʝʥʥʳʭ, ʘʤʠʥʦʢʠʩʣʦʪ. ɹʝʣʢʦʚʳʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ Ŭ-

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ: ʥʘʣʠʯʠʝʤ ʢʘʨʙʦʢʩʠʣʴʥʦʡ 

ʠ ʘʤʠʥʥʦʡ ʛʨʫʧʧ. ʇʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʨʘʟʣʠʯʘʶʪ ʟʘʤʝʥʠʤʳʝ ʠ ʥʝʟʘʤʝʥʠʤʳʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ. ʅʝʟʘʤʝʥʠʤʳʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʷʚʣʷʝʪʩʷ: ʚʘʣʠʥ, ʣʝʡʮʠʥ, ʤʝʪʠʦʥʠʥ, 

ʬʝʥʠʣʘʣʘʥʠʥ, ʪʨʝʦʥʠʥ, ʪʨʠʬʪʦʬʘʥ, ʣʠʟʠʥ. ʊʨʝʦʥʠʥ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʩʠʥʪʝʟʘ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʣʠʧʠʜʦʚ, ʫʛʣʝʚʦʜʦʚ. ʎʠʩʪʝʠʥ, ʮʠʩʪʠʥ ʠ ʤʝʪʠʦʥʠʥ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʝʨʳ ʚ ʪʢʘʥʷʭ ʠ ʦʨʛʘʥʘʭ. ʇʨʠ ʥʝʜʦʩʪʘʪʢʝ ʪʨʠʧʪʦʬʘʥʘ ʟʘʤʝʜʣʷʝʪʩʷ ʬʫʥʢʮʠʷ 

ʧʦʣʦʚʳʭ ʞʝʣʝʟ. 

   ɾʠʨʥʳʝ ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʣʠʧʦʧʨʦʪʝʠʜʦʚ ʢʣʝʪʦʯʥʳʭ 

ʤʝʤʙʨʘʥ ʠ ʫʯʘʩʪʚʫʶʪ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʨʷʜʘ ʚʘʞʥʝʡʰʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʣʝʪʢʝ.  

 ʅʘʠʙʦʣʴʰʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʪʤʝʯʘʝʪʩʷ ʫ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩ ʜʚʫʤʷ ʠ ʙʦʣʝʝ 

ʜʚʦʡʥʳʤʠ ʩʚʷʟʷʤʠ. ʀʤʝʥʥʦ ʢ ʪʘʢʠʤ ʥʝʥʘʩʳʱʝʥʥʳʤ ʞʠʨʥʳʤ ʢʠʩʣʦʪʘʤʠ ʦʪʥʦʩʷʪʩʷ ʣʠʥʦʣʝʚʘʷ, 

ʣʠʥʦʣʝʥʦʚʘʷ, ʘʨʘʭʠʜʦʥʦʚʘʷ ʢʠʩʣʦʪʳ /2/. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʤ ʦʢʠʩʣʝʥʠʠ ʘʨʘʭʠʜʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ï ʧʨʦʩʪʦʛʣʘʥʜʠʥʦʚ, 

ʪʨʦʤʙʦʢʩʘʥʦʚ, ʣʝʡʢʦʪʨʠʝʥʦʚ. ʇʨʦʩʪʦʛʣʘʥʠʜʠʥʳ, ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ 

ʙʠʦʨʝʛʫʣʷʪʦʨʳ ʤʥʦʛʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʝʨʜʝʯʥʦ- 

ʩʦʩʫʜʠʩʪʫʶ, ʜʳʭʘʪʝʣʴʥʫʶ, ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʠ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ. ʀʭ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʣʝʯʝʥʠʷ 

ʛʠʧʝʨʪʦʥʠʠ, ʙʨʦʥʭʠʘʣʴʥʦʡ ʘʩʪʤʳ, ʪʨʦʤʙʦʟʦʚ ʩʦʩʫʜʦʚ, ʷʟʚʳ ʞʝʣʫʜʢʘ ʠ ʚ ʛʠʥʝʢʦʣʦʛʠʠ. 

ʊʨʦʤʙʦʢʩʘʥʳ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʩ ʧʨʦʮʝʩʩʘʤʠ ʪʨʦʤʙʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʨʦʚʝʪʚʦʨʝʥʠʠ, 

ʣʝʡʢʦʪʨʠʝʥʳ ʫʯʘʩʪʚʫʶʪ ʚ ʘʣʣʝʨʛʠʯʝʩʢʠʭ (ʘʥʘʬʠʣʘʢʪʠʯʝʩʢʠʭ) ʨʝʘʢʮʠʷʭ ʦʨʛʘʥʠʟʤʘ /3/. 

ʅʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʧʨʝʜʫʧʨʝʞʜʘʶʪ ʨʘʟʚʠʪʠʝ ʘʪʝʨʦʩʢʣʝʨʦʟʘ, ʧʦʥʠʞʘʶʪ 

ʩʚʝʨʪʳʚʘʝʤʦʩʪʴ ʢʨʦʚʠ ʠ ʫʤʝʥʴʰʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʦʤʙʦʦʙʨʘʟʦʚʘʥʠʷ. ʆʥʠ  ʧʦʚʳʰʘʶʪ 

ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʨʛʘʥʠʟʤʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʝʛʦ ʢ ʠʥʬʝʢʮʠʷʤ, ʧʨʝʜʫʧʨʝʞʜʘʶʪ ʨʘʟʚʠʪʠʝ 

ʤʥʦʛʠʭ ʢʦʞʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘʥʥʳʭ ʢʠʩʣʦʪ ʧʨʝʜʫʧʨʝʞʜʘʪʴ 

ʜʝʡʩʪʚʠʝ ʚʝʱʝʩʪʚ, ʚʳʟʳʚʘʶʱʠʭ ʨʘʟʚʠʪʠʷ ʦʧʫʭʦʣʝʡ /4/. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ. 

ɸʥʘʣʠʟ ʘʤʠʥʦʢʠʩʣʦʪ. 1 ʛ ʚʝʱʝʩʪʚʘ ʛʠʜʨʦʣʠʟʫʶʪ ʚ 5 ʤʣ 6ʅ HCl ʧʨʠ 105
0
ʉ ʚ ʘʤʧʫʣʘʭ, 

ʟʘʧʘʷʥʥʳʭ ʧʦʜ ʘʨʛʦʥʦʤ, ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʛʠʜʨʦʣʠʟʘʪ ʪʨʠʞʜʳ ʚʳʧʘʨʠʚʘʶʪ 




