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çʇʨʦʜʦʣʴʥʳʡè ʵʬʬʝʢʪ ɼ. ʄ. ʊʦʣʩʪʦʛʦ ʠ ʛʝʥʝʨʘʮʠʷ ʚʪʦʨʦʡ 

ʛʘʨʤʦʥʠʢʠ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ ʩʣʘʡʜʝʨʘ 

ʉʪʨʝʢʘʣʦʚ ɺ. ʅ. 
ʉʪʨʝʢʘʣʦʚ ɺ. ʅ. çʇʨʦʜʦʣʴʥʳʡè ʵʬʬʝʢʪ ɼ. ʄ. ʊʦʣʩʪʦʛʦ ʠ ʛʝʥʝʨʘʮʠʷ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ ʩʣʘʡʜʝʨʘ 

ʉʪʨʝʢʘʣʦʚ ɺʣʘʜʠʤʠʨ ʅʠʢʦʣʘʝʚʠʯ / Strekalov Vladimir Nikolaevich ï ʜʦʢʪʦʨ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ʢʘʬʝʜʨʘ ʬʠʟʠʢʠ,  

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʉʪʘʥʢʠʥè, ʛ. ʄʦʩʢʚʘ 

 
ɸʥʥʦʪʘʮʠʷ: ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʵʬʬʝʢʪʘ ɼ.ʄ. ʊʦʣʩʪʦʛʦ (ʠʟʥʘʯʘʣʴʥʦ ï ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʨʝʥʠʷ ʦʪ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʣʘʡʜʝʨʘ) ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʤʝʱʝʥʠʷʭ ʚ 

ʣʘʪʝʨʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʆʧʠʩʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʥʝʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʵʬʬʝʢʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ çʧʦʜʩʢʦʢʠè ʩʣʘʡʜʝʨʘ 

ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʝ ʧʨʦʬʠʣʷ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʨʦʩʪʳ ʠ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʣʝʛʢʦ ʥʘʙʣʶʜʘʝʤʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʝʥʠʝ, ʧʨʦʜʦʣʴʥʳʝ ʦʩʮʠʣʣʷʮʠʠ, ʤʘʣʳʝ ʢʦʣʝʙʘʥʠʷ ʧʦʣʟʫʥʘ 

(ʩʣʘʡʜʝʨʘ), ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʤʦʜʝʣʴ. 

 

ɺ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ []1  ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʬʬʝʢʪʘ ʊʦʣʩʪʦʛʦ [2,3] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʠʟʚʝʩʪʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ [4,5] ʦ ʪʦʤ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʩʠʣ ʪʨʝʥʠʷ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʳʭ (ʦʩʴ Z) ʦʩʮʠʣʣʷʮʠʷʭ ʩʣʘʡʜʝʨʘ ʩʚʷʟʘʥʦ ʩ 

ʵʬʬʝʢʪʦʤ ʚʩʧʣʳʪʠʷ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʦʙʨʘʙʦʪʘʥʥʦʡ ʥʘ ʩʪʘʥʢʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦʩʣʝʜʥʝʝ ʜʦʧʫʱʝʥʠʝ ʢʘʞʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʣʶʙʦʡ ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ 

ʩʪʘʥʦʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʩʮʠʣʣʷʪʦʨ ʩ ʚʳʥʫʞʜʘʶʱʠʡ ʩʠʣʦʡ (ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʚʦʜʷʪ 

ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʠʣʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʩʦʛʣʘʩʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ [4,5], ʪʨʫʱʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʤ ʧʨʦʬʠʣʝʤ ʩ ʘʤʧʣʠʪʫʜʦʡ 0Z , ʪʠʧʘ kXZHXZH C cos)( 01+== , 

ʛʜʝ 1CH  ï ʩʣʫʯʘʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ. ɼʣʷ ʟʘʤʝʪʥʦʡ ʚʝʣʠʯʠʥʳ 

ʵʬʬʝʢʪʘ ʊʦʣʩʪʦʛʦ ʥʘʜʦ (ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʦʧʪʠʯʝʩʢʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ), ʯʪʦʙʳ ʘʤʧʣʠʪʫʜʳ 

ʤʦʜʫʣʷʮʠʠ ʦʩʥʦʚʳ ʪʨʫʱʝʡʩʷ ʧʘʨʳ ʠ ʩʣʘʡʜʝʨʘ ʙʳʣʠ ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ 0Z , ʥʦ 

ʧʨʝʚʳʰʘʣʠ ʘʤʧʣʠʪʫʜʫ A  ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʣʘʡʜʝʨʘ. ʕʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʩʮʠʣʣʷʮʠʠ ʥʝ ʙʫʜʫʪ ʠʟʤʝʥʷʪʴ ʩʠʣʫ ʪʨʝʥʠʷ, ʝʩʣʠ ʭʦʪʷ ʙʳ ʦʜʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʯʝʥʴ ʛʣʘʜʢʘʷ (0)( =XZ , ʪʠʧʘ ʧʣʠʪʢʠ ʀʦʛʘʥʩʦʥʘ), ʘ ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʢʦʥʪʘʢʪ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝ ʥʘʨʫʰʘʝʪʩʷ.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ (ʠʣʠ 

ʩʚʷʟʘʥʥʫʶ ʩ ʥʠʤ ʵʬʬʝʢʪʠʚʥʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ []1 :  

( )210 cosAH kXHʉ +=           (1). 

ʏʪʦʙʳ ʧʝʨʝʡʪʠ ʢ ʦʧʠʩʘʥʠʶ çʧʨʦʜʦʣʴʥʦʛʦè ʵʬʬʝʢʪʘ ʊʦʣʩʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ, 

ʯʪʦ ʣʘʪʝʨʘʣʴʥʦ ʥʘʧʨʘʚʣʝʥʥʘʷ ʩʠʣʘ ( )00 cos)( j+W= tFtF  ʚʳʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ ʩʣʘʡʜʝʨʘ, ʪʨʝʙʫʷ ʧʨʦʚʝʩʪʠ ʟʘʤʝʥʫ  

)cos()( 00 j+W-=+Ý tXXtXXX . 

ɿʜʝʩʴ ʜʣʷ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʟ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ 
2

0

0
W

=
m

F
X , m  ï 

ʤʘʩʩʘ ʩʣʘʡʜʝʨʘ. ʊʦʛʜʘ ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʜʩʢʦʢʦʚ ʩʣʘʡʜʝʨʘ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ  
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[ ]( ) [ ]0
222

1

2

1 cos)(cos kXkXAHtkXkXAHH CC ++=++=          (2), 

ʛʜʝ ʫʯʪʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʩʣʫʯʘʡʥʳʭ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ 

ʧʨʦʬʠʣʷ ()XZ .  

ʈʘʩʩʤʦʪʨʠʤ ʤʘʣʳʝ ʘʤʧʣʠʪʫʜʳ ʦʩʮʠʣʣʷʮʠʡ, )(tXX >> . ʀʩʧʦʣʴʟʫʷ ʵʪʦ 

ʥʝʨʘʚʝʥʩʪʚʦ ʠ ʠʟʚʝʩʪʥʳʝ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʠʣʠ ʨʘʟʣʦʞʠʚ ʚ ʨʷʜ 

ʊʝʡʣʦʨʘ ʢʦʩʠʥʫʩ ʚ (2), ʧʦʣʫʯʠʤ  

[ ][ ] kXtkXkXkXtkXkXtkXkX 2sin)(cossin)(cos)(cos 222 -º-º+    (3), 

ʩʣʘʛʘʝʤʦʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʦʪʙʨʦʰʝʥʦ.  

ʇʨʝʦʙʨʘʟʦʚʘʚ ʢʚʘʜʨʘʪ ʢʦʩʠʥʫʩʘ ʠ ʧʦʜʩʪʘʚʠʚ )(tX ʚ ʷʚʥʦʤ ʚʠʜʝ, ʥʘʡʜʝʤ  

[ ] ( )[ ] ( )[ ]{ }00

2

0

222 2sin2sin
2

1
2cos

2

1

2

1
)(cos jwjww +W++-W-++º+ ttAkXtAɸtkXkX  (4).  

ɼʣʷ ʧʝʨʝʭʦʜʘ ʢ ʚʨʝʤʝʥʥʦʤʫ ʦʧʠʩʘʥʠʶ, ʢʘʢ ʠ ʚ []1, ʫʯʪʝʥʦ, ʯʪʦ tVX 0=  ʠ ʚʚʝʜʝʥʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ttkVkX w== 0 , 0V ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʣʘʡʜʝʨʘ.  

ɿʘʤʝʪʠʤ, ʯʪʦ (4) ʠʤʝʝʪ ʪʠʧʠʯʥʦ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʫʶ ʬʦʨʤʫ.  

ʋʩʨʝʜʥʷʷ (4) ʟʘ ʤʘʣʳʝ ʚʨʝʤʝʥʘ (ʚʨʝʤʷ ʢʦʥʢʨʝʪʥʦʛʦ ʠʟʤʝʨʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚʳʜʝʨʞʢʘ 

ʬʦʪʦʘʧʧʘʨʘʪʘ) ʧʦʣʫʯʘʝʤ  

[ ] ( )[ ]0
2

0

222 2sin
2

1

2

1

2

1
)(cos jw -W-++º+ tAkXAɸtkXkX         (5). 

ʊʝʧʝʨʴ ʢʚʘʜʨʘʪ ʵʢʚʠʚʘʣʝʥʪʥʦʡ (ʠʣʠ ʵʬʬʝʢʪʠʚʥʦʡ) ʰʝʨʦʭʦʚʘʪʦʩʪʠ  

( )[ ]0
22

0

22

1

2 2sin
2

1

2

1
jw -W-++= tAkXAHH C          (6). 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʩʣʫʯʘʝ çʨʝʟʦʥʘʥʩʘè w2=W , ʪʦ ʝʩʪʴ ʥʘ 

ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʝ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ ʚ (6) ʚʭʦʜʠʪ ʧʨʦʠʟʚʦʣʴʥʘʷ 

(ʫʧʨʘʚʣʷʝʤʘʷ) ʬʘʟʘ 0j, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʝ. ɽʸ ʠʟʤʝʥʝʥʠʝ ʤʦʞʝʪ 

ʫʤʝʥʴʰʘʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʡ ʯʣʝʥ ʠ ʜʘʞʝ ʠʟʤʝʥʷʪʴ ʝʛʦ ʟʥʘʢ. ʇʦʵʪʦʤʫ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ çʧʨʦʜʦʣʴʥʳʡè ʵʬʬʝʢʪ, ʧʨʠʚʦʜʷʱʠʡ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʠʣʳ ʪʨʝʥʠʷ, ʥʦ ʠ çʘʥʪʠʵʬʬʝʢʪè, ʫʤʝʥʴʰʘʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦʝ ʚʩʧʣʳʪʠʝ ʠ 

ʚʳʟʳʚʘʶʱʠʡ ʫʩʠʣʝʥʠʝ ʪʨʝʥʠʷ.  

ʕʬʬʝʢʪ, ʦʧʠʩʳʚʘʝʤʳʡ ʬʦʨʤʫʣʦʡ (6) ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʙʣʶʜʘʪʴʩʷ ʦʧʪʠʯʝʩʢʠʤʠ 

(ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʤʠ) ʤʝʪʦʜʘʤʠ ʧʦ ʥʝʙʦʣʴʰʠʤ ʚʝʨʪʠʢʘʣʴʥʳʤ ʧʦʜʩʢʦʢʘʤ ʥʘ ʯʘʩʪʦʪʝ 

W, ʥʦ ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʧʦ ʟʚʫʢʦʚʳʤ ʚʦʣʥʘʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʧʨʠ ʪʨʝʥʠʠ. 
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ɻɽʆʃʆɻʆ-ʄʀʅɽʈɸʃʆɻʀʏɽʉʂʀɽ  

ʇʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ. ɻʝʥʝʟʠʩ ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ 

ɻʝʨʘʩʠʤʦʚ ʉ. ɺ. 
ɻʝʨʘʩʠʤʦʚ ʉ. ɺ. ʇʦʯʚʦʦʙʨʘʟʦʚʘʥʠʝ. ɻʝʥʝʟʠʩ ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ 

ɻʝʨʘʩʠʤʦʚ ʉʝʨʛʝʡ ɺʠʢʪʦʨʦʚʠʯ / Gerasimov Sergey Viktorovich ï ʩʦʠʩʢʘʪʝʣʴ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʥʘʫʢ, ʘʛʨʦʥʦʤ, 

ʆʆʆ çʉʘʤʘʨʩʢʠʡ ʧʠʪʦʤʥʠʢè, ʛ. ʉʘʤʘʨʘ 

 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʨʥʳʭ ʠ ʦʩʘʜʦʯʥʳʭ 

ʧʦʨʦʜ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ çʊʝʦʨʠʠ ʦʙʱʝʡ ʛʨʘʚʠʪʘʮʠʠè, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʚʩʝ ʢʦʩʤʠʯʝʩʢʠʝ 

ʪʝʣʘ ʧʨʦʭʦʜʷʪ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʩʮʝʥʘʨʠʡ ʩʚʦʝʛʦ ʨʦʞʜʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ. ʇʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʨʥʳʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʦʜʠʥʘʢʦʚ ʥʘ ʚʩʝʭ ʧʣʘʥʝʪʘʭ ʚʦ ʚʩʝʭ ʫʛʦʣʢʘʭ 

ɺʩʝʣʝʥʥʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʪʤʦʩʬʝʨʘ ʟʚʝʟʜ, ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʛʨʘʥʠʪʳ, 

ʩʠʣʠʢʘʛʝʣʴ, ʤʝʪʘʩʠʣʠʢʘʪʳ, ʧʝʩʦʢ, ʛʣʠʥʳ, ʠʟʚʝʩʪʥʷʢ, ʤʘʛʤʘ. 
 

ɺʚʝʜʝʥʠʝ 
 

ɾʠʚʦʪʥʳʡ ʤʠʨ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʷʚʣʷʝʪʩʷ ʛʝʪʝʨʦʪʨʦʬʥʳʤ ʠ ʚʩʝʮʝʣʦ ʟʘʚʠʩʠʪ ʦʪ ʤʠʨʘ 

ʨʘʩʪʝʥʠʡ. ʈʘʩʪʝʥʠʷ ʢʘʢ ʘʚʪʦʪʨʦʬʳ ʭʦʪʷ ʠ ʠʩʧʦʣʴʟʫʶʪ ʵʥʝʨʛʠʶ ʉʦʣʥʮʘ ʧʨʠ ʩʠʥʪʝʟʝ 

ʧʣʘʩʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʥʦ ʜʝʣʘʪʴ ʵʪʦ ʤʦʛʫʪ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ: ʧʨʠ 

ʥʘʣʠʯʠʠ ʚʣʘʛʠ, ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ +10Áʉ (+5Áʉ) ʜʦ +35Á ʉ ʠ ʥʘʣʠʯʠʠ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʝʱʝʩʪʚ. ɺ ʚʦʜʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʨʘʩʪʚʦʨʝʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʴʥʳʭ 

ʩʦʣʝʡ, ʠ ʨʘʩʪʝʥʠʷʤ ʦʩʪʘʝʪʩʷ ʣʠʰʴ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʠʭ ʢʣʝʪʦʯʥʳʤʠ ʤʝʤʙʨʘʥʘʤʠ. 

ʉʣʦʞʥʝʝ ʧʨʠʭʦʜʠʪʩʷ ʨʘʩʪʝʥʠʷʤ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʤ ʥʘ ʩʫʰʝ, ʢʦʪʦʨʳʤ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʙʳʚʘʪʴ ʩʝʙʝ ʧʠʪʘʥʠʝ ʠʟ ʧʦʯʚʳ. ʅʘʙʦʨ ʠ ʢʦʣʠʯʝʩʪʚʦ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʘʭ ʟʘʚʠʩʠʪ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ 

ʧʦʨʦʜʳ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʨʦʙʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʯʚ, ʥʦ ʦʯʝʥʴ 

ʩʤʫʪʥʦ ʠ ʥʝʫʙʝʜʠʪʝʣʴʥʦ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦ ʛʝʥʝʟʠʩʝ ʩʘʤʠʭ ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ. ɺ 

ʦʙʨʘʟʦʚʘʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʯʚ ʫʯʘʩʪʚʫʶʪ ʜʚʝ ʧʦʨʦʜʳ ï ʧʝʩʦʢ ʠ ʛʣʠʥʳ. ʆʥʠ 

ʩʤʝʰʠʚʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʧʦʨʮʠʷʭ, ʠ ʦʪ ʧʨʦʮʝʥʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʦʩʣʝʜʥʠʭ 

ʧʦʯʚʳ ʜʝʣʷʪ ʥʘ ʣʝʛʢʠʝ ʠ ʪʷʞʝʣʳʝ (ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ), ʥʘ ʙʝʜʥʳʝ ʠ 

ʧʣʦʜʦʨʦʜʥʳʝ (ʧʦ ʠʦʥʦʧʦʛʣʦʱʘʶʱʠʤ ʩʧʦʩʦʙʥʦʩʪʷʤ), ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʠ 

ʙʝʩʩʪʨʫʢʪʫʨʥʳʝ ʠ ʪʘʢ ʜʘʣʝʝ. ʉʚʦʡʩʪʚʘ ʧʦʯʚ ʦʧʨʝʜʝʣʷʶʪ ʜʚʝ ʧʦʨʦʜʳ ï ʧʝʩʦʢ ʠ ʛʣʠʥʳ. 

ʂʘʢʦʚ ʛʝʥʝʟʠʩ ʵʪʠʭ ʧʦʨʦʜ?  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʝʩʢʘ, 

ʩʫʛʣʠʥʢʦʚ ʠ ʛʣʠʥ ʧʦʪʦʢʘʤʠ ʨʝʢ ʠ ʨʫʯʴʝʚ, ʥʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʵʪʠʭ ʧʦʨʦʜ ʥʝ 

ʦʙʲʷʩʥʷʝʪʩʷ. ʇʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʧʝʩʦʢ ʠ ʛʣʠʥʳ ʝʩʪʴ ʧʨʦʜʫʢʪ ʚʳʚʝʪʨʠʚʘʥʠʷ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʪʘʢʠʭ ʢʘʢ ʧʝʛʤʘʪʠʪʳ, ʛʨʘʥʠʪʳ ʠ ʛʥʝʡʩʳ, ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ 

ʠʩʪʠʥʥʳʤʠ. ɺʩʝ ʵʪʠ ʧʦʨʦʜʳ ʥʘ 60-65% ʩʦʩʪʦʷʪ ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠ ʥʘ 

30-35% ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ. ɽʩʣʠ ʙʳ ʧʨʦʠʩʭʦʜʠʣʦ ʚʳʚʝʪʨʠʚʘʥʠʝ, ʥʘʧʨʠʤʝʨ, 

ʛʨʘʥʠʪʦʚ, ʪʦ ʚʤʝʩʪʦ ʯʠʩʪʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʤʦʞʥʦ ʙʳʣʦ ʥʘʙʣʶʜʘʪʴ ʩʤʝʩʴ 

ʢʨʠʩʪʘʣʣʦʚ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠ ʢʚʘʨʮʘ. ɺʳʩʢʘʟʳʚʘʥʠʷ, ʯʪʦ ʧʦʣʝʚʳʝ ʰʧʘʪʳ ʤʝʥʝʝ 

ʩʪʦʡʢʠʝ, ʯʝʤ ʢʚʘʨʮ, ʧʦʵʪʦʤʫ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʦʥʠ ʦʙʨʘʟʫʶʪ ʛʣʠʥʳ, ʪʘʢʞʝ 

ʥʝʩʦʩʪʦʷʪʝʣʴʥʳ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʝʤʣʠ ʚʳʭʦʜʷʪ ʤʘʩʩʠʚʳ ʛʨʘʥʠʪʦʚ, ʥʦ ʦʥʠ ʥʝ ʧʦʭʦʞʠ 

ʥʘ ʛʫʙʢʫ ʚʩʣʝʜʩʪʚʠʝ ʙʳʩʪʨʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʘ ʷʚʣʷʶʪʩʷ ʤʦʥʦʣʠʪʥʳʤʠ, 

ʦʯʝʥʴ ʪʚʝʨʜʳʤʠ ʧʦʨʦʜʘʤʠ. ɽʩʣʠ ʚʩʝ ʞʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʝʩʦʢ ʠ ʛʣʠʥʳ ʷʚʣʷʶʪʩʷ 

ʧʨʦʜʫʢʪʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ ʛʨʘʥʠʪʦʚ, ʪʦ: ʚʦ-ʧʝʨʚʳʭ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʷʟʘʪʝʣʴʥʦ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʬʦʨʤʳ ʵʪʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʘ ʚʦ-ʚʪʦʨʳʭ ï ʚʳʚʝʪʨʠʚʘʥʠʝ, ʵʪʦ 

ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʧʦʨʦʜ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʯʘʩʪʳʭ ʠ ʨʝʟʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʝʢʘʷ 

ʛʨʘʥʠʪʥʘʷ ʩʢʘʣʘ ʦʯʝʥʴ ʩʠʣʴʥʦ ʥʘʛʨʝʚʘʝʪʩʷ ʜʥʝʤ ʠ ʦʭʣʘʞʜʘʝʪʩʷ ʥʦʯʴʶ, ʦʪ ʯʝʛʦ 
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ʥʘʯʠʥʘʝʪ ʩʳʧʘʪʴʩʷ. ʆʙʣʦʤʢʠ ʵʪʦʡ ʩʢʘʣʳ ʩʥʘʯʘʣʘ ʧʦʢʨʦʶʪ ʝʝ ʧʦʜʥʦʞʴʝ, ʘ ʟʘʪʝʤ 

ʩʢʨʦʶʪ ʝʝ ʧʦʣʥʦʩʪʴʶ. ʉʣʦʡ ʧʝʩʢʘ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ ʧʦʣʥʦʩʪʴʶ 

ʠʩʢʣʶʯʠʪ ʜʥʝʚʥʳʝ ʠ ʥʦʯʥʳʝ ʩʢʘʯʢʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʩʣʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ 

ʠʩʢʣʶʯʠʪ ʠ ʛʦʜʦʚʳʝ ʩʢʘʯʢʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʚʝʪʨʠʚʘʥʠʝ ʜʦʣʞʥʦ 

ʧʨʝʢʨʘʪʠʪʴʩʷ ʥʝ ʥʘʯʘʚʰʠʩʴ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʦʪʣʦʞʝʥʠʷ ʧʝʩʢʘ ʠ ʛʣʠʥʳ ʥʘ 

ʛʣʫʙʠʥʝ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʠ ʜʘʞʝ ʪʳʩʷʯ ʤʝʪʨʦʚ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦʪ 

ʧʝʩʦʢ ʥʘʥʝʩʣʠ ʨʝʢʠ, ʥʦ ʢʘʢʦʡ ʚʳʩʦʪʳ ʙʳʣʠ ʛʦʨʳ, ʧʝʩʦʢ ʦʪ ʢʦʪʦʨʳʭ ʟʘʩʳʧʘʣ ʧʦʣʦʚʠʥʫ 

ɸʬʨʠʢʠ ʠʣʠ ʧʦʢʨʳʚʘʝʪ ʚʩʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʧʣʠʪʳ ʩʣʦʝʤ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ 

(ʤʦʱʥʦʩʪʴ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʜʦʭʦʜʠʪ ʜʦ 22 ʢʤ)? 

ʂʦʥʝʯʥʦ, ʢ ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ ʝʱʝ ʦʪʥʦʩʷʪʩʷ ʠʟʚʝʩʪʥʷʢʠ, ʜʦʣʦʤʠʪʳ, ʛʠʧʩ, ʘʣʝʚʨʠʪʳ, 

ʤʝʨʛʝʣʠ ʠ ʪʘʢ ʜʘʣʝʝ, ʥʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʵʪʠʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʥʝ ʦʙʲʷʩʥʷʝʪʩʷ. 

ʄʦʱʥʦʩʪʴ ʠʟʚʝʩʪʥʷʢʦʚ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ ʚʘʨʴʠʨʫʝʪʩ ̫ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ ʜʦ 5 

ʢʠʣʦʤʝʪʨʦʚ, ʠ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ 19-22% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ [ʛ. ʵ.]. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʠʟʚʝʩʪʥʷʢʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʠʟ ʦʩʪʘʪʢʦʚ ʤʦʨʩʢʠʭ ʞʠʚʦʪʥʳʭ, ʥʦ 

ʵʪʦ ʘʙʩʦʣʶʪʥʦ ʥʝ ʪʘʢ. ʄʦʣʣʶʩʢʠ, ʢʦʨʘʣʣʳ, ʨʳʙʳ ʠ ʜʨʫʛʠʝ ʤʦʨʩʢʠʝ ʞʠʚʦʪʥʳʝ, ʜʘ ʠ 

ʚʩʝ ʤʣʝʢʦʧʠʪʘʶʱʠʝ ʠ ʧʪʠʮʳ, ʥʝ ʩʠʥʪʝʟʠʨʫʶʪ CaCO3, ʘ ʙʝʨʫʪ ʝʛʦ ʠʟ ʚʦʜʳ. ʀʟʚʝʩʪʥʷʢ, 

ʭʦʪʷ ʠ ʩʣʘʙʦ, ʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ. ʇʦʣʫʯʘʝʪʩʷ ʧʘʨʘʜʦʢʩ ï ʞʠʚʦʪʥʳʝ ʧʦʩʪʨʦʠʣʠ ʩʚʦʠ 

ʩʢʝʣʝʪʳ ʠʟ ʩʢʝʣʝʪʦʚ ʪʘʢʠʭ ʞʝ ʞʠʚʦʪʥʳʭ, ʞʠʚʰʠʭ ʨʘʥʝʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʠ ʧʝʨʚʳʝ, ʥʠ 

ʚʪʦʨʳʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʤʦʛʫʪ, ʥʦ ʢʠʣʦʤʝʪʨʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʩʦʟʜʘʪʴ 

ʩʤʦʛʣʠ. ʊʘʢ ʯʪʦ ʧʝʨʚʠʯʥʦ: ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʚʦʜʝ ʠʟʚʝʩʪʥʷʢ, ʧʦʰʝʜʰʠʡ ʥʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʨʘʢʫʰʢʠ, ʠʣʠ ʨʘʢʦʚʠʥʘ ʤʦʣʣʶʩʢʘ, ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʝʥʥʘʷ ʚ ʚʦʜʝ ʧʦʩʣʝ 

ʝʛʦ ʩʤʝʨʪʠ? ɸ ʦʩʪʘʪʢʠ ʢʘʢʠʭ ʞʠʚʦʪʥʳʭ ʦʪʣʦʞʠʣʠ ʜʦʣʦʤʠʪʳ, ʛʠʧʩ, ʤʝʨʛʝʣʠ? ʅʘ ʚʩʝ 

ʵʪʠ ʚʦʧʨʦʩʳ ʥʝʚʦʟʤʦʞʥʦ ʦʪʚʝʪʠʪʴ, ʦʧʠʨʘʷʩʴ ʥʘ ʪʝʦʨʠʶ çɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘè ʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ.  
 

ɸʥʘʣʠʟ ʠ ʦʙʩʫʞʜʝʥʠʷ 
 

ʏʪʦʙʳ ʦʪʩʣʝʜʠʪʴ ʛʝʥʝʟʠʩ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʷʪʴ ʧʨʦʮʝʩʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ɿʝʤʣʠ ʢʘʢ ʧʣʘʥʝʪʳ ʠ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʉʨʘʟʫ ʦʧʨʝʜʝʣʠʤʩʷ: 

ɺʩʝʣʝʥʥʘʷ ʚʝʯʥʘ ʠ ʙʝʩʢʦʥʝʯʥʘ, ʠ ʥʠʢʘʢʦʛʦ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ ʥʝ ʙʳʣʦ, ʦ ʯʝʤ ʛʦʚʦʨʠʪʩʷ 

ʚ ʩʪʘʪʴʝ çʀʥʜʫʢʪʠʚʥʳʡ ʠ ʜʝʜʫʢʪʠʚʥʳʡ ʚʟʛʣʷʜ ʥʘ ʪʝʦʨʠʶ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘè ʚ ʞʫʨʥʘʣʝ 

çʅʘʫʢʘ, ʪʝʭʥʠʢʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝè, ʚʳʧʫʩʢ ˉ5 2014 ʛʦʜʘ. ɺʩʝ ʢʦʩʤʠʯʝʩʢʠʝ ʪʝʣʘ 

ʧʨʦʭʦʜʷʪ ʦʜʠʥʘʢʦʚʳʡ ʮʠʢʣ ʨʘʟʚʠʪʠʷ. ɺ ʟʚʝʟʜʥʳʭ ʩʠʩʪʝʤʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʥʦʚʘʷ 

ʟʚʝʟʜʘ ʢʨʫʧʥʝʝ ʧʨʝʜʳʜʫʱʝʡ.  

ɺʩʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʪʦʛʦ, ʯʪʦ ʜʚʘ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣʘ ï ʜʚʝ ʧʣʘʥʝʪʳ, ʠʣʠ ʧʣʘʥʝʪʘ ʠ 

ʦʙʣʦʤʢʠ ʧʣʘʥʝʪʳ, ʠʣʠ ʜʚʘ ʦʙʣʦʤʢʘ ʧʣʘʥʝʪ (ʘʩʪʝʨʦʠʜʳ), ʜʚʠʛʘʷʩʴ ʧʦ ʩʚʦʠʤ ʦʨʙʠʪʘʤ ʩ 

ʢʦʩʤʠʯʝʩʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʤʦʛʫʪ 

ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʠʪʴʩʷ ʠʣʠ ʨʘʟʨʫʰʠʪʴʩʷ ʯʘʩʪʠʯʥʦ ʠ ʦʪ ʫʜʘʨʘ ʦʙʨʝʩʪʠ ʚʨʘʱʝʥʠʝ. ʏʝʤ 

ʙʳʩʪʨʝʝ ʪʝʣʦ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ, ʪʝʤ ʙʦʣʴʰʝʝ ʫʩʢʦʨʝʥʠʝ ʠʩʧʳʪʳʚʘʝʪ 

ʚʝʱʝʩʪʚʦ ʵʪʦʛʦ ʪʝʣʘ, ʪʝʤ ʙʦʣʴʰʫʶ ʤʘʩʩʫ ʵʪʦ ʪʝʣʦ ʦʙʨʝʪʘʝʪ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ 

m=aʄn/9,8 [1]. ʊʘʢ, ɹʝʣʳʝ ʢʘʨʣʠʢʠ ʠʤʝʶʪ ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʦʪ 0,2 ʜʦ 2 ʩʝʢʫʥʜ, ʧʨʠ 

ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʨʘʱʝʥʠʝ ʘʪʤʦʩʬʝʨʳ ʵʪʦʡ ʟʚʝʟʜʳ, ʘ ʥʝ ʝʛʦ ʷʜʨʘ. ɽʩʣʠ ʨʷʜʦʤ ʩ 

ʚʨʘʱʘʶʱʠʤʩʷ ʘʩʪʝʨʦʠʜʦʤ ʦʢʘʞʝʪʩʷ ʧʣʘʥʝʪʘ, ʩ ʢʦʪʦʨʦʡ ʦʥ ʩʤʦʞʝʪ çʩʪʷʥʫʪʴè 

ʘʪʤʦʩʬʝʨʫ ʠ ʚʩʝ ʝʝ ʩʧʫʪʥʠʢʠ, ʠʣʠ ʦʥ ʥʝʜʘʣʝʢʦ ʦʪʣʝʪʠʪ ʦʪ ʤʝʩʪʘ ʩʪʦʣʢʥʦʚʝʥʠʷ, ʪʦ 

ʟʘʛʦʨʠʪʩʷ ʥʦʚʘʷ ʟʚʝʟʜʘ. ɽʩʣʠ ʧʦʙʣʠʟʦʩʪʠ ʥʝ ʦʢʘʞʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʟʚʝʟʜʥʦʡ ʘʪʤʦʩʬʝʨʳ, ʪʦ ʚʨʘʱʘʶʱʠʡʩʷ ʘʩʪʝʨʦʠʜ ʩʪʘʥʝʪ 

ʏʝʨʥʦʡ ʜʳʨʦʡ ʠ ʙʫʜʝʪ ʝʶ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʥʘʩʦʙʠʨʘʝʪ ʠʟ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʝʱʝʩʪʚʘ ʥʘ ʘʪʤʦʩʬʝʨʫ, ʯʪʦʙʳ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʟʚʝʟʜʫ. ɸʩʪʨʦʥʦʤʳ ʯʘʩʪʦ 

ʥʘʙʣʶʜʘʶʪ, ʢʦʛʜʘ ʧʦʩʣʝ ʚʟʨʳʚʘ ʉʚʝʨʭʥʦʚʦʡ ʟʚʝʟʜʳ ʚʜʨʫʛ ʟʘʛʦʨʘʝʪʩʷ ʧʫʣʴʩʘʨ ʠʣʠ 

ʥʦʚʘʷ ʟʚʝʟʜʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʷʜʨʦ ʏʝʨʥʦʡ ʜʳʨʳ ʟʘʭʚʘʪʠʣʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ 

ʦʙʲʝʢʪ, ʨʘʟʜʨʦʙʠʣʦ ʝʛʦ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ (ʩʦʙʩʪʚʝʥʥʦ ʚʟʨʳʚ ʉʚʝʨʭʥʦʚʦʡ) ʠ ʠʟ 

ʦʙʣʘʢʘ ʵʪʠʭ ʯʘʩʪʠʮ ʦʙʨʘʟʦʚʘʣʦ ʩʝʙʝ ʘʪʤʦʩʬʝʨʫ (ʨʝʜʢʫʶ ʫ ʧʫʣʴʩʘʨʦʚ ʠʣʠ ʧʣʦʪʥʫʶ ʫ 

ʟʚʝʟʜ).  
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ʃʶʙʘʷ ʟʚʝʟʜʘ ʩʦʩʪʦʠʪ ʠʟ ʷʜʨʘ ʩ ʦʛʨʦʤʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ, ʘʪʤʦʩʬʝʨʳ, ʚ 

ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʷʪ ʪʝʨʤʦʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʠ ʧʫʩʪʦʪʳ ʤʝʞʜʫ ʥʠʤʠ. ʄʝʞʜʫ ʷʜʨʦʤ ʠ 

ʘʪʤʦʩʬʝʨʦʡ ʧʦʩʪʦʷʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʢʨʫʛʦʚʦʨʦʪ ʚʝʱʝʩʪʚʘ. ʄʝʪʝʦʨʠʪʳ, ʢʦʤʝʪʳ ʠ ʩʘʤʦ 

ʚʝʱʝʩʪʚʦ ʘʪʤʦʩʬʝʨʳ, ʧʨʠʪʷʛʠʚʘʷʩʴ ʷʜʨʦʤ, ʧʘʜʘʶʪ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ, ʛʜʝ ʠʟ-ʟʘ 

ʦʛʨʦʤʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ (ʘ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʷʜʨʘ 

ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʤʠʣʣʠʦʥʘ ʢʠʣʦʤʝʪʨʦʚ ʚ ʯʘʩ) ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʯʘʩʪʠʮʳ ʠ ʦʪʙʨʘʩʳʚʘʶʪʩʷ ʩ ʦʛʨʦʤʥʦʡ ʩʢʦʨʦʩʪʴʶ ʢ ʧʝʨʠʬʝʨʠʠ. ʕʪʦʪ ʧʦʪʦʢ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʵʣʝʢʪʨʦʥʦʚ, ʪʦ ʝʩʪʴ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ [1], 

ʚʨʝʟʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʟʚʝʟʜʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ. 

ʇʨʦʠʩʭʦʜʠʪ ʩʠʥʪʝʟ ʥʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʷʜʝʨʥʳʭ 

ʨʝʘʢʮʠʡ ʚʳʜʝʣʷʝʪʩʷ ʣʫʯʠʩʪʘʷ ʵʥʝʨʛʠʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʩʚʝʪʠʤʦʩʪʴ ʟʚʝʟʜʳ. ʀʤʝʥʥʦ 

ʧʦʵʪʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʘʪʤʦʩʬʝʨʳ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʉʦʣʥʮʘ. ɽʩʣʠ ʚ 

ʘʪʤʦʩʬʝʨʝ ʟʚʝʟʜʳ ʚʦʟʥʠʢʘʶʪ ʜʳʨʳ (ʧʷʪʥʘ), ʪʦ ʧʦʪʦʢ ʯʘʩʪʠʮ, ʥʝ ʥʘʭʦʜʷ ʧʨʝʧʷʪʩʪʚʠʷ, 

ʫʭʦʜʠʪ ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʕʪʦʪ ʧʦʪʦʢ ʥʘʟʳʚʘʝʪʩʷ çʩʦʣʥʝʯʥʳʤ ʚʝʪʨʦʤè. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʷʜʨʘ ʩʚʝʪʠʣʘ ʜʝʣʷʪʩʷ ʥʘ çʙʝʣʳʭ ʢʘʨʣʠʢʦʚè ï ʷʜʨʦ 

ʤʘʣʝʥʴʢʦʝ, ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʘʪʤʦʩʬʝʨʳ ʥʝʙʦʣʴʰʦʝ, ʵʣʝʢʪʨʦʥʳ ʚʨʝʟʘʶʪʩʷ ʩ ʦʛʨʦʤʥʦʡ 

ʩʢʦʨʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʩʧʝʢʪʨ ʩʚʝʯʝʥʠʷ ʩʤʝʱʝʥ ʚ ʩʠʥʶʶ ʦʙʣʘʩʪʴ; ʥʘ çʢʨʘʩʥʳʭ ʛʠʛʘʥʪʦʚè 

ï ʷʜʨʦ ʦʯʝʥʴ ʙʦʣʴʰʦʝ, ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʘʪʤʦʩʬʝʨʳ ʦʛʨʦʤʥʦʝ, ʧʦʵʪʦʤʫ ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ 

ʪʝʨʷʝʪ ʩʢʦʨʦʩʪʴ ʠʟ-ʟʘ ʧʨʠʪʷʞʝʥʠʷ ʝʛʦ ʷʜʨʦʤ, ʩʧʝʢʪʨ ʩʚʝʯʝʥʠʷ ʩʤʝʱʝʥ ʚ ʢʨʘʩʥʫʶ 

ʦʙʣʘʩʪʴ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʟʚʝʟʜʳ ʣʝʞʘʪ ʚ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ ʥʠʤʠ.  

ʉʦ ʚʨʝʤʝʥʝʤ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʷʜʨʘ ʟʚʝʟʜʳ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʝʛʦ ʵʥʝʨʛʠʷ 

ʧʦʩʪʦʷʥʥʦ ʪʨʘʪʠʪʩʷ ʥʘ ʨʘʩʱʝʧʣʝʥʠʝ ʠ ʨʘʟʛʦʥ ʚʝʱʝʩʪʚʘ ʤʝʪʝʦʨʠʪʦʚ, ʢʦʤʝʪ ʠ 

ʘʪʤʦʩʬʝʨʳ. ʆʪʪʘʣʢʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ çʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘè ʧʘʜʘʝʪ, ʘʪʤʦʩʬʝʨʘ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʷʜʨʫ, ʫʚʝʣʠʯʠʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ, ʟʚʝʟʜʘ ʧʝʨʝʭʦʜʠʪ ʚ ʬʘʟʫ 

ʛʘʟʦʚʦʛʦ ʛʠʛʘʥʪʘ. ʅʝʜʘʚʥʠʝ ʟʚʝʟʜʳ ï ʉʘʪʫʨʥ ʠ ʖʧʠʪʝʨ ʜʦ ʩʠʭ ʧʦʨ ʠʟʣʫʯʘʶʪ ʵʥʝʨʛʠʠ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʦʣʫʯʘʶʪ ʦʪ ʉʦʣʥʮʘ. ʇʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʠʭ ʘʪʤʦʩʬʝʨ ʨʘʚʝʥ 10 ʯʘʩʦʚ 38 

ʤʠʥʫʪ ʠ 9 ʯʘʩʦʚ 50 ʤʠʥʫʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋ ʢʘʞʜʦʛʦ ʠʤʝʝʪʩʷ ʙʦʣʝʝ ʰʝʩʪʠʜʝʩʷʪʠ 

ʩʧʫʪʥʠʢʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʟʚʝʟʜʥʦʤ ʧʨʦʰʣʦʤ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʷʜʨʘ ʦʩʝʜʘʶʪ ʩʥʘʯʘʣʘ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʟʘʪʝʤ ʩʨʝʜʥʷʷ ʯʘʩʪʴ ʪʘʙʣʠʮʳ 

ʄʝʥʜʝʣʝʝʚʘ, ʠ ʚ ʟʘʢʣʶʯʝʥʠʠ - ʣʝʛʢʠʝ ʤʝʪʘʣʣʳ ʠ ʥʝʤʝʪʘʣʣʳ. ɻʘʟʦʚʳʝ ʛʠʛʘʥʪʳ 

ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʧʣʘʥʝʪʫ ʪʠʧʘ çɺʝʥʝʨʘè.  

ɼʘʥʥʳʡ ʵʪʘʧ ʵʚʦʣʶʮʠʠ ʧʣʘʥʝʪʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʯʘʣʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʦʯʥʳʭ 

ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʄʦʱʥʘʷ ʘʪʤʦʩʬʝʨʘ, ʩʦʩʪʦʷʱʘʷ ʥʘ 96,5% ʠʟ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 3,5% 

ʘʟʦʪʘ, 0,015% ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ, 0,007% ʘʨʛʦʥʘ, 0,002% ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʘ ʪʘʢʞʝ CO, He, 

Ne, HCl, HF [ɿʘʩʦʚʘ], ʥʘʯʠʥʘʝʪ ʦʩʝʜʘʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʥʝʪʳ. ʇʨʦʠʩʭʦʜʠʪ ʵʪʦ ʥʝ 

ʧʨʠ ʧʦʤʦʱʠ ʤʦʨʩʢʠʭ ʞʠʚʦʪʥʳʭ, ʘ ʙʣʘʛʦʜʘʨʷ ʧʨʦʩʪʳʤ ʭʠʤʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ: ʉʘʆ + 

ʉʆ2 = ʉʘʉʆ3Ź ʠʣʠ ʉʘ(ʆʅ)2 + ʉʆ2 = ʉʘʉʆ3Ź + ʅ2ʆ, ʉʘ(ʆʅ)2 + H2SO4 = CaSO4Ź+ 2H2O, 

Mg(OH)2 + H2CO3 = MgCO3Ź+ 2H2O ʠ ʪʘʢ ʜʘʣʝʝ. ʃʝʛʢʠʝ ʤʝʪʘʣʣʳ: ʉʘ, ʄg, Na, Al, K, 

Li, Be ʠ ʜʨʫʛʠʝ, ʦʩʝʚʰʠʝ ʧʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʥʝʪʳ ʧʦʩʣʝʜʥʠʤʠ, ʥʘʭʦʜʷʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʚ ʦʢʩʠʜʥʦʡ ʬʦʨʤʝ. ʆʙʨʘʟʫʷ ʩ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʠ ʜʨʫʛʠʤʠ ʢʠʩʣʦʪʘʤʠ 

ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʠʣʠ ʩʪʦʡʢʠʝ ʩʦʣʠ, ʦʥʠ ʦʩʘʞʜʘʶʪ ʘʪʤʦʩʬʝʨʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʥʝʪʳ.  

ʋ ɿʝʤʣʠ ʙʳʣʘ ʥʝ ʤʝʥʝʝ ʧʣʦʪʥʘʷ ʘʪʤʦʩʬʝʨʘ, ʯʝʤ ʫ ɺʝʥʝʨʳ. ɺʝʩʴ ʝʝ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ 

ʟʘʣʝʛʘʝʪ ʩʝʡʯʘʩ ʫ ʥʘʩ ʧʦʜ ʥʦʛʘʤʠ ʚ ʚʠʜʝ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʜʦʭʦʜʠʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ. ʊʘʢ, ʄʦʩʢʦʚʩʢʘʷ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʥʝʡ ʦʙʣʘʩʪʠ 

ʣʝʞʘʪ ʥʘ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʠʪʝ ʪʦʣʱʠʥʦʡ 1,5 ʢʤ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʛʦʨʥʳʝ ʤʘʩʩʠʚʳ 

ʩʦʩʪʦʷʪ ʠʟ ʠʟʚʝʩʪʥʷʢʦʚ. ʀʟʚʝʩʪʥʷʢʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʧʣʠʪ, ʥʦ ʠʭ ʥʝʪ ʥʘ ʜʥʝ ʦʢʝʘʥʦʚ.  

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʦʩʘʞʜʝʥʠʝʤ ʘʪʤʦʩʬʝʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʥʝʪʳ ʧʨʦʠʩʭʦʜʠʣʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʪʘʢʠʭ ʢʘʢ ʛʨʘʥʠʪʳ, ʧʝʛʤʘʪʠʪʳ ʠ ʛʥʝʡʩʳ. 

ʉʦʣʴ ʢʘʞʜʦʛʦ ʤʝʪʘʣʣʘ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʠʥʝʨʘʣʘ. ɻʨʘʥʠʪ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʝʨʘʣʦʚ, ʨʘʟʣʠʯʥʳʭ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ʊʘʢ, ʩʝʨʳʝ 

ʛʨʘʥʠʪʳ ʩʦʜʝʨʞʘʪ ʧʣʘʛʠʦʢʣʘʟ (ʘʣʴʙʠʪ ï NaAlSi3O8), (ʘʥʦʨʪʠʪ ï CaAlSi3O8). ʆʩʥʦʚʥʫʶ 

ʤʘʩʩʫ ʨʦʟʦʚʳʭ ʛʨʘʥʠʪʦʚ ʩʦʩʪʘʚʣʷʶʪ ʢʘʣʠʝʚʳʝ ʧʦʣʝʚʳʝ ʰʧʘʪʳ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ ï 
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KɸlSi3O8. ɼʦʣʷ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʛʨʘʥʠʪʘʭ ʩʦʩʪʘʚʣʷʝʪ 60-65%. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ 

ʛʨʘʥʠʪʘʭ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ ʚ ʦʙʲʝʤʝ ʦʪ 25 ʜʦ 30%. ʕʪʦ 

ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʡ ʤʦʤʝʥʪ. ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʩʦʝʜʠʥʝʥʠʷ ʢʨʝʤʥʠʷ, ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ: 

ʵʪʦ ʤʝʪʘʩʠʣʠʢʘʪʳ ʣʠʪʠʷ, ʢʘʣʠʷ ʠ ʥʘʪʨʠʷ. ɼʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʪʚʦʨʠʤʫʶ ʩʦʣʴ ʧʝʨʝʚʝʩʪʠ ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʩʠʣʠʢʘʛʝʣʴ (SiO2) ʠʣʠ NaAlSi3O8, 

KAlSi 3O8. ʀʟ ʫʧʨʦʱʝʥʥʦʡ ʬʦʨʤʫʣʳ ʚʠʜʠʤ, ʯʪʦ ʦʙʨʘʟʫʝʪʩʷ ʜʚʘ ʤʠʥʝʨʘʣʘ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʦʧʦʨʮʠʠ: 

4NaSiO3 + AlCl3 = NaAlSi3O8 + SiO2 + 3NaCl + O2 

ʊʘʢ ʢʘʢ ʤʦʣʝʢʫʣʳ ʘʣʴʙʠʪʘ ʠʣʠ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʙʦʣʝʝ ʤʘʩʩʠʚʥʳʝ, ʪʦ ʠ ʦʙʲʝʤ ʚ 

ʛʨʘʥʠʪʘʭ ʦʥʠ ʟʘʥʠʤʘʶʪ ʦʪ 60 ʜʦ 65%. ʅʘ ʜʦʣʶ ʢʚʘʨʮʘ ʦʩʪʘʝʪʩʷ 25ï30%. ʇʦʥʷʪʥʦ, ʯʪʦ 

ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʛʨʘʥʠʪʘ ʧʨʦʠʩʭʦʜʠʣ ʥʝ ʚ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʵʪʦʤʫ ʦʥʠ ʩʦʜʝʨʞʘʪ 

5ï10% ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʙʠʦʪʠʪ ʠ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʩ ʠʭ ʩʣʦʞʥʳʤʠ 

ʬʦʨʤʫʣʘʤʠ, ʢʫʜʘ, ʢʨʦʤʝ ʘʣʶʤʠʥʠʷ ʠ ʩʠʣʠʢʘʛʝʣʷ, ʚʭʦʜʷʪ ʤʘʛʥʠʡ, ʞʝʣʝʟʦ, ʬʪʦʨ, ʪʠʪʘʥ, 

ʣʠʪʠʡ, ʤʘʨʛʘʥʝʮ, ʩʪʨʦʥʮʠʡ, ʙʘʨʠʡ, ʭʣʦʨ. ɺ ʬʦʨʤʫʣʝ ʝʩʪʴ ʝʱʝ ʦʜʥʦ ʦʯʝʥʴ ʩʪʦʡʢʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ï ʭʣʦʨʠʜ ʥʘʪʨʠʷ. ɺ ʤʦʨʩʢʦʡ ʚʦʜʝ ʚ ʩʨʝʜʥʝʤ ʨʘʩʪʚʦʨʝʥʦ 35 ʛʨʘʤʤʦʚ ʩʦʣʠ 

ʥʘ 1 ʣʠʪʨ, ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʝʪ NaCl. ʀʟ ʪʝʦʨʠʠ ʕʜʤʫʥʜʘ ɻʘʣʣʝʷ, 

ʚʳʩʢʘʟʘʥʥʦʡ ʚ 1715 ʛʦʜʫ, ʩʣʝʜʫʝʪ, ʯʪʦ ʩʦʣʴ ʤʦʨʩʢʦʡ ʚʦʜʳ ʙʳʣʘ ʩʤʳʪʘ ʩ ʤʘʪʝʨʠʢʘ. 

ɹʦʣʝʝ ʪʦʛʦ, ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʥʘʪʨʠʡ ʙʳʣ ʚʳʤʳʪ ʩʦ ʜʥʘ ʜʨʝʚʥʝʛʦ ʦʢʝʘʥʘ, ʘ ʭʣʦʨ 

ʠʟʚʝʨʛʥʫʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʚʫʣʢʘʥʘʤʠ. ʉʜʝʣʘʝʤ ʦʯʝʥʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ. ɺ 

ʦʜʥʦʤ ʣʠʪʨʝ ʤʦʨʩʢʦʡ ʚʦʜʳ ʨʘʩʪʚʦʨʝʥʦ 35 ʛʨ. ʩʦʣʠ. ɺ 1 ʢʤ
3
 ï 1ʭ10

12
 ʣ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚ 1 ʢʤ
3
 ʩʦʜʝʨʞʠʪʩʷ 35 ʤʣʥ ʪʦʥʥ NaCl. ʆʙʲʝʤʳ ʚʦʜʳ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʨʘʚʥʳ 1340,74 ʤʣʥ ʢʤ
3
, ʚʳʭʦʜʠʪ, ʯʪʦ ʚ ʚʦʜʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʨʘʩʪʚʦʨʝʥʦ 

46925,9ʭ10
12

 ʪ ʠʣʠ 21,6748 ʤʣʥ ʢʤ
3
 ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʩʫʰʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ ʛʘʣʠʪʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ. ɺʩʝ ʚʫʣʢʘʥʳ ʄʠʨʘ ʚʤʝʩʪʝ ʚʟʷʪʳʝ, ʩʘʤʠ ʥʝ ʠʤʝʶʪ 

ʠ ʜʝʩʷʪʦʡ ʯʘʩʪʠ ʵʪʦʛʦ ʦʙʲʝʤʘ. ʊʘʢ ʢʘʢ ʞʝ ʦʥʠ ʩʤʦʛʣʠ ʠʟʚʝʨʛʥʫʪʴ ʪʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʭʣʦʨʘ?  

ʀʟ ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ çʤʘʛʤʘʪʠʯʝʩʢʦʡè ʧʦʨʦʜʳ 

ʛʨʘʥʠʪʘ, ʨʘʚʥʦ ʢʘʢ ʠ ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ, ʧʨʦʠʩʭʦʜʠʣʦ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʤʝʪʘʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʩ ʩʦʣʷʤʠ ʘʣʶʤʠʥʠʷ. 

ʀʤʝʥʥʦ ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʩʦʣʠ ʣʠʪʠʷ, ʢʘʣʠʷ, ʥʘʪʨʠʷ ʜʘʶʪ ʩʠʣʠʢʘʛʝʣʴ ʜʣʷ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ, ʘ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʳʡ ʪʨʘʥʩʧʦʨʪ ʥʝʦʙʭʦʜʠʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ɼʘʞʝ ʝʩʣʠ ʨʘʩʧʣʘʚʠʪʴ ʯʠʩʪʳʡ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ, ʪʦ ʧʨʠ ʦʩʪʳʚʘʥʠʠ ʠʟ 

ʨʘʩʧʣʘʚʘ ʦʙʨʘʟʫʝʪʩʷ ʥʝ ʢʫʩʦʢ ʛʦʨʥʦʛʦ ʭʨʫʩʪʘʣʷ, ʘ ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ ʩ ʫʜʠʚʠʪʝʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʂʨʠʩʪʘʣʣʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʤʦʨʬʥʳʭ ʩʫʙʩʪʘʥʮʠʡ ʩʚʦʝʡ ʯʝʪʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʢʦʪʦʨʘʷ ʨʦʞʜʘʝʪʩʷ ʠ ʨʘʩʪʝʪ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʪʝʭ ʠʣʠ ʠʥʳʭ ʚʝʱʝʩʪʚ. ʀʟ ʨʘʩʧʣʘʚʘ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣ ʥʝʚʦʟʤʦʞʥʦ, ʪʝʤ 

ʙʦʣʝʝ ʥʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ ʚ ʦʜʥʦʤ ʤʝʩʪʝ, ʢʘʢ ʫ 

ʛʨʘʥʠʪʘ. ʈʘʩʧʣʘʚʳ ʦʯʝʥʴ ʛʫʩʪʳʝ. ʂʘʢ ʙʳ ʤʝʜʣʝʥʥʦ ʥʠ ʦʩʪʳʚʘʣʘ ʣʘʚʘ, ʠʟ ʥʝʝ ʚʩʝ ʨʘʚʥʦ 

ʧʦʣʫʯʠʪʩʷ ʦʙʩʠʜʠʘʥ ʠʣʠ ʙʘʟʘʣʴʪ. ʇʦʩʣʝʜʥʠʡ ʠʤʝʝʪ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʛʦʚʦʨʷ ʧʨʦʱʝ, ʵʪʦ ʥʝ ʢʨʠʩʪʘʣʣ, ʥʦ ʚ ʥʝʤ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚʢʣʶʯʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ. ʅʘʣʠʯʠʝ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʥʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʥʝ 

ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʤʘʛʤʝ. 

ʇʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʥʝʪʳ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʦʪʥʦʛʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʧʘʥʮʠʨʷ ʠʟ ʛʨʘʥʠʪʦʚ ʠ ʠʟʚʝʩʪʥʷʢʘ ʧʣʘʥʝʪʘ ʚʩʪʫʧʘʝʪ ʚ ʥʦʚʳʡ ʵʪʘʧ 

ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ï ʧʣʘʥʝʪʳ ʪʠʧʘ çɿʝʤʣʷè. ʕʪʦʪ ʵʪʘʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʯʘʣʦʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʛʨʦʤʥʳʭ ʤʘʩʩ ʧʝʩʢʦʚ ʠ ʛʣʠʥ.  

ʇʦ ʤʝʨʝ ʦʩʝʜʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʘʪʤʦʩʬʝʨʳ ʟʚʝʟʜʳ ʥʘ ʝʝ ʷʜʨʦ, ʦʙʨʘʟʫʝʪʩʷ 

ʤʦʥʦʣʠʪʥʘʷ ʧʣʦʪʥʘʷ ʧʣʘʥʝʪʘ, ʩʦʩʪʦʷʱʘʷ, ʧʦʜʦʙʥʦ ʩʣʦʝʥʦʤʫ ʧʠʨʦʛʫ, ʠʟ ʩʣʦʝʚ 

ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʪ ʪʷʞʝʣʳʭ ʚʦʟʣʝ ʷʜʨʘ ʜʦ ʣʝʛʢʠʭ ʥʘ ʧʝʨʠʬʝʨʠʠ. 

ʇʣʘʥʝʪʘ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʩʠʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚʥʫʪʨʠ ʩʘʤʦʛʦ ʪʝʣʘ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ çʋʩʪʦʡʯʠʚʳʭ ʦʨʙʠʪè [1], ʪʝʣʘ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʙʣʠʞʝ ʢ ʫʩʪʦʡʯʠʚʦʡ ʦʨʙʠʪʝ, ʜʚʠʞʫʪʩʷ ʙʳʩʪʨʝʝ, ʘ ʥʘ ʫʜʘʣʝʥʠʠ ï 
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ʤʝʜʣʝʥʥʝʝ. ɺʦʟʥʠʢʘʝʪ ʥʘʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʷʜʨʦʤ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʚʨʘʱʘʪʴʩʷ ʙʳʩʪʨʝʝ, 

ʠ ʚʥʝʰʥʠʤʠ ʩʣʦʷʤʠ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʨʘʱʘʪʴʩʷ ʤʝʜʣʝʥʥʝʝ. ɺ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ 

ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʩʣʦʝʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʦʥʠ ʥʘʯʠʥʘʶʪ ʪʝʨʝʪʴʩʷ, 

ʥʘʛʨʝʚʘʪʴʩʷ, ʨʘʩʧʣʘʚʣʷʪʴʩʷ, ʨʘʩʰʠʨʷʪʴʩʷ, ʚʦʟʥʠʢʘʝʪ ʤʘʛʤʘ. ɺʥʘʯʘʣʝ ʵʪʦ ʥʝʙʦʣʴʰʦʡ 

ʩʣʦʡ, ʥʦ ʧʦ ʤʝʨʝ ʚʦʚʣʝʯʝʥʠʷ ʚ ʥʝʛʦ ʚʩʝ ʥʦʚʳʭ ʤʘʩʩ ʦʥ ʨʘʟʦʛʨʝʚʘʝʪʩʷ, ʨʘʩʰʠʨʷʝʪʩʷ, 

ʧʣʘʥʝʪʘ ʥʘʯʠʥʘʝʪ çʪʨʝʱʘʪʴ ʧʦ ʰʚʘʤè, ʥʘʤʝʯʘʶʪʩʷ ʛʨʘʥʠʮʳ ʥʦʚʳʭ ʢʦʥʪʠʥʝʥʪʦʚ. ɺ 

ʵʪʦʪ ʧʝʨʠʦʜ ʠʟ ʥʝʜʨ ʟʝʤʣʠ ʚʳʜʘʚʣʠʚʘʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʥʝʢʦʪʦʨʳʭ ʩʣʦʝʚ, ʠʟ 

ʢʦʪʦʨʳʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʬʦʨʤʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. ɺʩʝ, ʯʪʦ ʥʝ ʫʩʧʝʣʦ ʚʳʜʘʚʠʪʴʩʷ, ʙʫʜʝʪ ʧʝʨʝʤʝʰʝʥʦ ʚ ʦʜʥʫ ʛʦʤʦʛʝʥʥʫʶ 

ʤʘʩʩʫ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʤʘʛʤʘ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʙʦʣʴʰʠʭ, ʪʨʫʱʠʭʩʷ ʜʨʫʛ ʦ ʜʨʫʛʘ ʤʘʩʩ 

ʚʝʱʝʩʪʚʘ ʧʣʘʥʝʪʘ ʦʙʨʝʪʘʝʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʯʝʛʦ ʝ ʝɦ ʥʝʪ ʫ ɺʝʥʝʨʳ). ɼʚʠʞʝʥʠʝ ʤʘʛʤʳ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʦʡʥʦ, ʪʘʢ ʢʘʢ ʷʜʨʦ ʚʨʘʱʘʝʪʩʷ ʙʳʩʪʨʝʝ, ʘ ʢʦʨʘ ʤʝʜʣʝʥʥʝʝ. ʉʦʛʣʘʩʥʦ 

ʚʩʝʤ ʟʘʢʦʥʘʤ ʬʠʟʠʢʠ, ʝʝ ʢʦʥʚʝʢʮʠʦʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚ ʧʨʠʥʮʠʧʝ [1]. 

ʉ ʨʘʩʧʣʘʚʣʝʥʠʝʤ ʚʩʝ ʥʦʚʳʭ ʩʣʦʝʚ ʠ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʩʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʪʝʨʷʶʪ ʢʠʩʣʦʨʦʜ, ʢʦʪʦʨʳʡ ʚ ʚʠʜʝ ʚʦʜʳ ʚʳʜʘʚʣʠʚʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ɿʝʤʣʷ 

ʨʘʟʜʫʚʘʝʪʩʷ, ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʧʣʠʪʳ ʨʘʟʜʚʠʛʘʶʪʩʷ, ʚʦʜʘ ʟʘʧʦʣʥʷʝʪ ʧʨʦʚʘʣʳ, 

ʦʙʨʘʟʫʝʪʩʷ ʄʠʨʦʚʦʡ ʦʢʝʘʥ, ʢʦʪʦʨʳʡ ʜʦ ʩʠʭ ʧʦʨ ʧʨʦʜʦʣʞʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ɻʨʘʥʠʪʳ, 

ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʜʦʩʪʘʪʦʯʥʦʡ ʛʣʫʙʠʥʝ ʠ ʧʦʜʚʝʨʞʝʥʥʳʝ ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ, 

ʥʘʯʠʥʘʶʪ ʧʣʘʚʠʪʴʩʷ. ɺʦʟʥʠʢʘʝʪ ʥʦʚʘʷ, ʚʦʠʩʪʠʥʫ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʧʦʨʦʜʘ ï ʙʘʟʘʣʴʪ, ʩ 

ʚʢʣʶʯʝʥʠʷʤʠ ʥʝ ʜʦ ʢʦʥʮʘ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ.  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʤʠʥʝʨʘʣʳ ʧʝʛʤʘʪʠʪ, ʛʨʘʥʠʪ ʠ ʛʥʝʡʩ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʥʠ 

ʩʦʩʪʦʷʪ ʠʟ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʛʨʫʧʧ ʢʨʠʩʪʘʣʣʦʚ, ʥʦ ʨʘʟʤʝʨʳ ʠʭ ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ. 

ʉʪʨʫʢʪʫʨʘ ʧʝʛʤʘʪʠʪʦʚ - ʧʦʣʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʢʨʫʧʥʦʟʝʨʥʠʩʪʘʷ, ʛʨʘʥʠʪʳ ʟʥʘʶʪ ʚʩʝ, 

ʘ ʛʥʝʡʩʳ - ʪʝ ʞʝ ʛʨʘʥʠʪʳ, ʪʦʣʴʢʦ ʦʯʝʥʴ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ. ɺʩʝ ʦʥʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ 

ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ, ʥʦ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʧʦʜ 

ʪʦʣʱʝʡ ʠʟʚʝʩʪʥʷʢʦʚ. ʇʦʚʝʨʭ ʢʘʨʙʦʥʘʪʦʚ ʪʘʢ ʞʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʥʦ 

ʧʨʠ ʤʝʥʴʰʠʭ ʜʘʚʣʝʥʠʷʭ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʆʜʠʥʘʢʦʚʳʡ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʛʣʠʥ ʠ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʥʘʪʦʣʢʥʫʣ ʫʯʝʥʳʭ ʥʘ ʤʳʩʣʴ, ʯʪʦ ʛʣʠʥʳ ʝʩʪʴ ʧʨʦʜʫʢʪ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ, ʥʦ ʵʪʦ ʥʝ ʪʘʢ. 
 

 
 

ʈʠʩ. 1. ɻʣʠʥʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠʟ ʩʣʘʙʳʭ ʨʘʩʪʚʦʨʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ 

ʧʨʦʩʘʯʠʚʘʥʠʠ ʚʦʜʳ ʩʢʚʦʟʴ ʚʳʚʝʪʨʝʥʥʳʝ ʧʦʨʦʜʳ. ʉʣʝʚʘ ʢʨʠʩʪʘʣʣʳ ʛʘʣʦʡʟʠʪʦʚʦʡ ʛʣʠʥʳ, 

ʢʦʪʦʨʳʝ ʨʘʩʪʫʪ ʚ ʚʦʜʝ, ʧʨʦʩʘʯʠʚʘʶʱʝʡʩʷ ʩʢʚʦʟʴ ʪʨʝʱʠʥʳ ʚ ʛʨʘʥʠʪʝ (ʵʣʝʢʪʨʦʥʥʘʷ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ: ʫʚʝʣʠʯʝʥʠʝ ʭ 3750). ʉʧʨʘʚʘ ʢʨʠʩʪʘʣʣʳ ʠʣʣʠʪʘ, ʨʘʩʪʫʱʠʝ ʚ ʧʦʨʘʭ 

ʧʝʩʯʘʥʠʢʘ  

(ʫʚʝʣʠʯʝʥʠʝ ʭ 16 000) 
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ʈʠʩ. 2. ɼʣʠʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʣʣʠʪʘ, ʧʨʠʢʨʝʧʣʝʥʥʳʝ ʢ ʟʝʨʥʫ ʧʝʩʯʘʥʠʢʘ. (ʋʚʝʣʠʯʝʥʠʝ ʭ 10 000; 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʩʜʝʣʘʥʘ ʧʨʠ ʧʦʤʦʱʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ) 

 

ʊʦ, ʯʪʦ ʧʝʩʢʠ ʠ ʛʣʠʥʳ ʥʝ ʷʚʣʷʶʪʩʷ ʵʣʶʚʠʘʣʴʥʳʤʠ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ, 

ʜʦʢʘʟʳʚʘʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠʭ ʧʣʘʩʪʳ ʤʦʛʫʪ ʟʘʣʝʛʘʪʴ ʠ ʚ ʪʦʣʱʘʭ ʢʘʨʙʦʥʘʪʦʚ, ʠ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʩ ʥʠʤʠ ʩʤʝʩʴ, ʥʘʟʳʚʘʝʤʫ  ʁ ʤʝʨʛʝʣʷʤʠ (ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʘʨʙʦʥʘʪʳ 

ʦʪʣʦʞʠʣʠʩʴ ʚ ʦʢʝʘʥʝ, ʘ ʧʝʩʢʠ - ʚ ʧʦʡʤʘʭ ʨʝʢ), ʠ ʚ ʪʦʣʱʘʭ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʛʜʝ ʧʣʘʩʪʳ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʯʝʨʝʜʫʶʪʩʷ ʩ ʧʣʘʩʪʘʤʠ ʛʣʠʥ ʠ ʢʘʨʙʦʥʘʪʦʚ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʧʝʩʢʘ ʠ ʛʣʠʥ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦ, ʧʦʚʩʝʤʝʩʪʥʦ, ʚ ʪʦʣʱʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. 

ɺʟʷʪʴ, ʢ ʧʨʠʤʝʨʫ, ʧʫʩʪʳʥʶ ʉʘʭʘʨʘ. ɺ ʝʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ 

ʦʛʨʦʤʥʳʝ ʩʢʦʧʣʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʥʘ ʧʣʦʱʘʜʠ 2,2 ʤʣʥ ʢʤ
2
, ʩ ʜʶʥʘʤʠ ʚʳʩʦʪʦʡ ʦʪ 

150 ʜʦ 300 ʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʜʦ 400 ʢʤ. ɽʩʪʴ ʚ ʉʘʭʘʨʝ ʠ ʪʚʝʨʜʳʝ ʧʦʨʦʜʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʘʨʙʦʥʘʪʘʤʠ ʠ ʜʘʞʝ ʛʨʘʥʠʪʘʤʠ, ʥʦ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʧʣʦʱʘʜʠ ʧʫʩʪʳʥʠ 

ʧʦʢʨʳʪʘ ʛʣʠʥʘʤʠ [4]. ʇʝʩʦʢ ʠ ʛʣʠʥʳ ʥʝ ʙʳʣʠ ʥʘʤʳʪʳ ʩ ʧʦʙʝʨʝʞʴʷ ʦʢʝʘʥʘ ʠʣʠ ʅʠʣʦʤ, 

ʢʘʢ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʘ ʥʘʧʨʦʪʠʚ, ʧʦʩʪʦʷʥʥʦ ʩʜʫʚʘʶʪʩʷ ʩ ʢʦʥʪʠʥʝʥʪʘ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʠʟ ʢʦʩʤʦʩʘ, ʥʦ ʤʝʥʴʰʝ ʠʭ ʦʪ ʵʪʦʛʦ ʥʝ 

ʩʪʘʥʦʚʠʪʩʷ. ɸʨʘʚʠʡʩʢʘʷ ʧʫʩʪʳʥʷ, ʟʘʥʠʤʘʶʱʘʷ ʧʦʯʪʠ ʚʝʩʴ ɸʨʘʚʠʡʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ, 

ʧʦʢʨʳʪʘ ʤʦʱʥʳʤʠ ʧʝʩʢʘʤʠ ʩ ʚʳʩʦʪʦʡ ʜʶʥ ʜʦ 250 ʤ. ʇʝʩʢʠ ʣʝʞʘʪ ʥʘ ʢʘʨʙʦʥʘʪʘʭ ʠ 

ʛʠʧʩʝ [5], ʧʨʠ ʚʳʚʝʪʨʠʚʘʥʠʠ ʢʦʪʦʨʳʭ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. 

ʏʘʩʪʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʢʘʢ ʘʨʭʝʦʣʦʛʠ ʧʨʦʚʦʜʷʪ ʨʘʩʢʦʧʢʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʦʜʦʚ. ɿʘʣʝʛʘʥʠʝ ʩʣʝʜʦʚ ʜʨʝʚʥʠʭ ʧʦʩʝʣʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʥʘ ʛʣʫʙʠʥʝ ʚ 

ʥʝʩʢʦʣʴʢʦ ʤʝʪʨʦʚ, ʧʨʠ ʵʪʦʤ ʨʫʩʣʘ ʨʝʢ ʧʨʦʭʦʜʠʪʴ ʪʘʤ ʥʝ ʤʦʛʣʠ.  
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ʈʠʩ. 3     ʈʠʩ. 4 

 

ʅʘ ʨʠʩʫʥʢʘʭ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʧʦʩʣʦʡʥʦʝ ʟʘʣʝʛʘʥʠʝ ʧʝʩʢʦʚ, ʚʠʜʥʳ ʚʢʣʶʯʝʥʠʷ 

ʢʘʨʙʦʥʘʪʦʚ ʠ ʛʫʤʫʩʦʚʳʡ ʩʣʦʡ. ʈʝʢʠ, ʢʘʢʠʤʠ ʙʳ ʧʦʣʥʦʚʦʜʥʳʤʠ ʦʥʠ ʥʠ ʙʳʣʠ, ʥʝ 

ʩʧʦʩʦʙʥʳ ʦʪʣʦʞʠʪʴ ʪʘʢʠʝ ʙʦʣʴʰʠʝ ʤʘʩʩʳ ʦʜʥʦʪʠʧʥʳʭ ʦʪʣʦʞʝʥʠʡ ʟʘ ʢʦʨʦʪʢʠʡ ʩʨʦʢ. 

ʈʫʩʣʘ ʨʝʢ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʣʝʩʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʛʜʝ ʫʟʢʠʝ ʜʣʠʥʥʳʝ ʢʦʩʳ ʧʝʩʢʘ 

ʧʦʨʦʡ ʠʤʝʶʪ ʚʝʨʪʠʢʘʣʴʥʫʶ ʛʨʘʥʠʮʫ ʩ ʛʣʠʥʦʡ. 

ɺ ʩʪʝʧʷʭ ʂʘʟʘʭʩʪʘʥʘ ʤʦʞʥʦ ʥʘʡʪʠ ʢʚʘʨʮʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʟʳʚʘʝʤʳʝ ʤʝʩʪʥʳʤʠ 

ʞʠʪʝʣʷʤʠ çʯʝʨʪʦʚʳʤʠ ʧʘʣʴʮʘʤʠè (ʨʠʩ. 5). 
 

 
 

ʈʠʩ. 5     ʈʠʩ. 6 
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ʇʦʜʦʙʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʦʚʨʘʛʘʭ ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 6), ʥʦ ʫʞʝ 

ʥʝ ʢʚʘʨʮʝʚʳʝ, ʘ ʢʘʨʙʦʥʘʪʥʳʝ. ʇʫʩʪʦʪʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʡ, ʟʘʧʦʣʥʷʝʪ 

ʠʟʚʝʩʪʥʷʢ, ʧʦʜʥʷʚʰʠʡʩʷ ʧʦ ʢʘʧʠʣʣʷʨʘʤ ʩʢʚʦʟʴ ʪʦʣʱʫ ʩʫʛʣʠʥʢʦʚ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʚʠʜʝ. 

ʆʜʥʦʪʠʧʥʳʝ ʤʦʥʦʣʠʪʥʳʝ ʪʷʞʝʣʳʝ ʩʫʛʣʠʥʢʠ ʚ ʦʚʨʘʛʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝ ʥʘʥʦʩʥʦʤ 

ʭʘʨʘʢʪʝʨʝ ʠʭ ʦʪʣʦʞʝʥʠʡ. ɺʩʝ ʨʠʩʫʥʢʠ ʧʦʢʘʟʳʚʘʶʪ ʥʝ ʵʣʶʚʠʘʣʴʥʳʝ ʠʣʠ 

ʘʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʚʦʟʥʠʢʰʠʝ ʧʨʠ ʚʳʚʝʪʨʠʚʘʥʠʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʛʨʘʥʠʪʦʚ, ʘ ʤʘʩʩʳ ʧʝʩʢʘ ʠ ʩʫʛʣʠʥʢʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʦʙʲʝʤʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. ʀʤʝʥʥʦ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ 

ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʶʪ ʧʝʩʢʠ, çʧʦʛʣʦʱʘʶʱʠʝè ʜʨʝʚʥʠʝ ʧʦʩʝʣʝʥʠʷ ʯʝʣʦʚʝʢʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʙʫʜʫʱʠʭ ʧʦʨʦʜ ʠ 

ʩʢʦʨʦʩʪʴ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ ʚ ʮʝʣʦʤ.  

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʘʩʩʳ ʧʝʩʢʘ ʠ ʛʣʠʥ ʦʙʨʘʟʫʶʪʩʷ ʥʝ ʚ ʪʦʣʱʝ ɿʝʤʣʠ, ʘ 

ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʩʚʝʨʭʫ, ʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʟʘʷʚʣʝʥʠʷ ʫʯʝʥʳʭ, ʯʪʦ ʚ ʛʦʜ ʥʘ ɿʝʤʣʶ 

ʚʳʧʘʜʘʝʪ ʙʦʣʝʝ 2000 ʪʦʥʥ ʤʝʪʝʦʨʠʪʦʚ, ʪʦ ʜʥʦ ʣʶʙʦʛʦ ʦʚʨʘʛʘ ʜʦʣʞʥʦ ʙʳʪʴ ʫʩʪʣʘʥʦ 

ʤʝʪʝʦʨʠʪʘʤʠ. ʗ ʦʙʩʣʝʜʦʚʘʣ ʥʝ ʦʜʠʥ ʦʚʨʘʛ, ʥʠ ʦʜʥʦʛʦ ʤʝʪʝʦʨʠʪʘ ʥʝ ʥʘʰʝʣ.  

ʉ ʠʟʤʝʥʝʥʠʝʤ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʧʦʨʦʜ ʤʝʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʵʪʦʤʫ 

ʧʦʨʦʜʳ ʨʘʟʣʠʯʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʚʝʣʠʯʠʥʝ ʢʨʠʩʪʘʣʣʦʚ, ʢʘʢ ʛʥʝʡʩʳ, ʛʨʘʥʠʪʳ, 

ʧʝʛʤʘʪʠʪʳ, ʥʦ ʠ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ʏʝʤ ʙʣʠʞʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʪʝʤ 

ʙʦʣʴʰʝ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʦʜʝʨʞʠʪʩʷ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ʂʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʩʤʝʩʠ ʩ ʘʣʶʤʦʩʠʣʠʢʘʪʘʤʠ (ʩʫʛʣʠʥʢʠ) ʢʘʢ ʚ ʛʨʘʥʠʪʘʭ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʦ 

ʚ ʯʠʩʪʦʤ ʚʠʜʝ, ʢʘʢ ʚ ʧʝʩʯʘʥʠʢʘʭ. ʋʧʨʦʱʝʥʥʫʶ ʠʦʥʥʫʶ ʬʦʨʤʫʣʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

Na2SiO3 Ÿ SiO3
2-
 + 2Na

+
. SiO3

2-
 Ÿ SiO2Ź + O

2- 

ʉʠʣʠʢʘʛʝʣʴ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʘʢ ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ, ʪʘʢ ʠ ʭʘʣʮʝʜʦʥ ï 

ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʪʦʥʢʦʚʦʣʦʢʥʠʩʪʫʶ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʢʚʘʨʮʘ. ʇʦʩʣʝʜʥʠʡ ʤʦʞʝʪ 

ʮʝʤʝʥʪʠʨʦʚʘʪʴ ʧʝʩʯʘʥʠʢʠ, ʢʘʨʙʦʥʘʪʳ ʠ ʜʨʫʛʠʝ ʧʦʨʦʜʳ. 
 

ɺʳʚʦʜ 
 

ʊʘʢ ʢʘʢ ʚʩʝ ʧʣʘʥʝʪʳ ʧʨʦʭʦʜʷʪ ʦʜʠʥʘʢʦʚʳʡ ʮʠʢʣ ʨʘʟʚʠʪʠʷ, ʪʦ ɿʝʤʣʷ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʧʣʘʥʝʪʫ ʪʠʧʘ çʄʘʨʩè, ʘ ʟʘʪʝʤ ʚ ʧʣʘʥʝʪʫ ʪʠʧʘ çʃʫʥʘè. ʇʦʩʣʝ ʨʘʟʦʛʨʝʚʘ ʠ 

ʨʘʟʙʫʭʘʥʠʷ ʤʘʛʤʘ ʥʘʯʥʝʪ ʦʩʪʳʚʘʪʴ, ʧʨʝʢʨʘʪʠʪʩʷ ʧʦʜʧʠʪʢʘ ʦʢʝʘʥʦʚ ʚʦʜʦʡ ʠʟ ʥʝʜʨ. 

ʇʦʩʪʝʧʝʥʥʦ ʥʘʯʥʝʪ ʧʝʨʝʩʳʭʘʪʴ ʄʠʨʦʚʦʡ ʦʢʝʘʥ, ʪʘʢ ʢʘʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚʦʜʘ ʧʦʩʪʦʷʥʥʦ ʨʘʟʣʘʛʘʝʪʩʷ (ʦʩʥʦʚʥʦʡ ʠ ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʢʠʩʣʦʨʦʜʘ 

ʥʘ ɿʝʤʣʝ). ʉ ʧʦʪʝʨʝʡ ʚʦʜʳ ʠʩʯʝʟʥʝʪ ʘʪʤʦʩʬʝʨʘ, ʨʝʟʢʦ ʧʦʥʠʟʠʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʥʘ 

ʧʦʣʶʩʘʭ ʦʩʪʘʥʫʪʩʷ ʥʝʙʦʣʴʰʠʝ ʰʘʧʢʠ ʣʝʜʥʠʢʦʚ. ʉ ʜʘʣʴʥʝʡʰʠʤ ʦʩʪʳʚʘʥʠʝʤ ʠ ʩʞʘʪʠʝʤ 

ʤʘʛʤʳ ʧʣʘʥʝʪʘ ʧʦʪʝʨʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʚʨʘʱʘʪʴʩʷ ʠ ʦʩʪʘʥʦʚʠʪʩʷ ʥʘʚʝʢʠ, ʢʘʢ ʃʫʥʘ.  

ɻʝʥʝʟʠʩ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʜʠʥʘʢʦʚ ʚʦ ʚʩʝʭ ʫʛʦʣʢʘʭ ɺʩʝʣʝʥʥʦʡ, ʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʪʦʤʫ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʠʣʠʢʘʪʥʳʝ ʠʣʠ ʢʘʨʙʦʥʘʪʥʳʝ ʤʝʪʝʦʨʠʪʳ ï ʯʘʩʪʠʮʳ 

ʨʘʟʨʫʰʝʥʥʳʭ ʧʣʘʥʝʪ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀ 

ʋʯʝʪ ʥʝʧʦʩʪʦʷʥʩʪʚʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʚʳʙʦʨʝ 

ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʀʩʘʝʚ ʀ. ʅ. 
ʀʩʘʝʚ ʀ. ʅ. ʋʯʝʪ ʥʝʧʦʩʪʦʷʥʩʪʚʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʚʳʙʦʨʝ ʩʠʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʀʩʘʝʚ ʀʛʦʨʴ ʅʠʢʦʣʘʝʚʠʯ / Isaev Igor Nikolaevith ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, 

ʢʘʬʝʜʨʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, 

ʅʠʞʥʝʪʘʛʠʣʴʩʢʠʡ ʬʠʣʠʘʣ ʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʅʠʞʥʠʡ ʊʘʛʠʣ 

 

ɸʥʥʦʪʘʮʠʷ: ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʪʘʪʴʷ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʶ ʧʨʠ ʤʝʥʷʶʱʠʭʩʷ ʧʘʨʘʤʝʪʨʘʭ ʤʝʭʘʥʠʟʤʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʪʦʯʥʦʩʪʴ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ, ʛʘʙʘʨʠʪʳ ʜʚʠʛʘʪʝʣʷ ʠ 

ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʨʝʜʫʢʪʦʨʘ.  

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʠʚʦʜʥʦʡ ʪʝʭʥʠʢʝ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ: 

Á ʪʦʯʥʦʩʪʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ; 

Á ʢʘʯʝʩʪʚʫ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʢʦʨʦʩʪʠ; 

Á ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

Á ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʦʤʝʥʪʘ ʚʨʘʱʝʥʠʷ; 

Á ʧʝʨʝʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ; 

Á ʚʳʩʦʢʦʡ ʜʠʥʘʤʠʢʝ.  

ʊʨʝʙʦʚʘʥʠʷ ʢ ʜʠʥʘʤʠʢʝ, ʪ. ʝ. ʧʦʚʝʜʝʥʠʶ ʧʨʠʚʦʜʘ ʚʦ ʚʨʝʤʝʥʠ, ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʚʩʝ 

ʫʩʢʦʨʷʶʱʠʭʩʷ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʙʦʪʢʠ, ʫʚʝʣʠʯʝʥʠʶ ʮʠʢʣʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʩʚʷʟʘʥʥʦʡ ʩ 

ʥʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥʳ. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʦʯʝʥʴ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʕʪʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʚʳʩʦʢʦʜʠʥʘʤʠʯʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʘ [1]. 

ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʦʪʥʦʩʠʪʩʷ ʩʝʨʚʦʧʨʠʚʦʜ, ʢʦʪʦʨʳʡ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʩʢʦʨʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʠʥʘʤʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʉʨʘʚʥʠʚʘʷ 

ʘʩʠʥʭʨʦʥʥʳʡ ʠ ʩʠʥʭʨʦʥʥʳʡ ʩʝʨʚʦʜʚʠʛʘʪʝʣʴ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʤʝʥʴʰʫʶ ʩʪʦʠʤʦʩʪʴ ʠ 

ʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ ʘʩʠʥʭʨʦʥʥʦʛʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʛʦ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʩʪʝʤʳ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ ʩʝʨʚʦʜʚʠʛʘʪʝʣʷʤʠ 

ʩʨʝʜʥʝʡ ʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 

ʅʘʟʚʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʧʨʠ ʫʩʣʦʚʠʠ ʚʳʙʦʨʘ, ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʨʘʟʫ ʚʩʝʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ, ʜʚʠʛʘʪʝʣʴ, 

ʨʝʜʫʢʪʦʨ) ʠ ʪʘʭʦʛʨʘʤʤʳ ʜʚʠʞʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚʳʧʦʣʥʠʪʴ ʨʘʩʯʝʪ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʜʣʷ ʤʝʭʘʥʠʟʤʘ ʩ ʟʘʜʘʥʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʪʦʯʥʦʩʪʴʶ ʠ 

ʥʘʜʝʞʥʦʩʪʴʶ ʩ ʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʩʨʝʜʩʪʚ ʠ ʚʨʝʤʝʥʠ. ʕʪʦ ʥʝʧʨʦʩʪʦ ʨʝʘʣʠʟʦʚʘʪʴ, 

ʢʦʛʜʘ ʧʘʨʘʤʝʪʨʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʥʝʧʦʩʪʦʷʥʥʳ, ʥʘʧʨʠʤʝʨ, ʚ ʨʦʙʦʪʘʭ, 

ʤʘʥʠʧʫʣʷʪʦʨʘʭ, ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʭ ʤʝʭʘʥʠʟʤʘʭ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥ 

ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʛʜʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʤʦʱʥʦʩʪʴ, ʤʦʤʝʥʪ ʠ 

ʩʢʦʨʦʩʪʴ ʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʨʝʜʫʢʪʦʨʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ 

ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ ʪʘʢʠʭ ʘʨʛʫʤʝʥʪʦʚ, ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʪʘʭʦʛʨʘʤʤʳ (ɜ) ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʨʝʜʫʢʪʦʨʘ (j), ʛʜʝ ʟʘ ʙʘʟʫ ʧʨʠʥʷʪʦ ʦʪʥʦʰʝʥʠʝ 

ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʤʝʭʘʥʠʟʤʘ ʠ ʜʚʠʛʘʪʝʣʷ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ [2] 

ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʠʚʦʜʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʘʩʠʥʭʨʦʥʥʦʛʦ ʩʝʨʚʦʧʨʠʚʦʜʘ, ʯʪʦ, ʢʘʢ ʫʢʘʟʘʥʦ ʨʘʥʝʝ, ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʚ ʥʘʰʝ ʚʨʝʤʷ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚ [2] ʧʦʣʫʯʝʥʘ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, ʩʚʷʟʳʚʘʶʱʘʷ ʫʧʨʘʚʣʷʝʤʳʝ ʠ 

ʥʝʫʧʨʘʚʣʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ. ʅʝʫʧʨʘʚʣʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ï ʚʝʣʠʯʠʥʳ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ 
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ʥʝ ʧʦʜʣʝʞʘʪ ʠʟʤʝʥʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ï ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʜʘʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ m, Ű, ‘, ʛʜʝ m ï ʩʪʝʧʝʥʴ ʥʘʛʨʝʚʘʥʠʷ ʜʚʠʛʘʪʝʣʷ (ʦʪʥʦʰʝʥʠʝ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʤʦʤʝʥʪʘ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ), † ̝̏̓̎̏̒̉̓̆̌̎̏̆ ̠̃̑̆̍ ̜̑́̂̏̓ (ʟʘ 

ʙʘʟʫ ʧʨʠʥʷʪʦ ʚʨʝʤʷ ʮʠʢʣʘ - ὸ̂), ‘ ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ (ʟʘ ʙʘʟʫ 

ʧʨʠʥʷʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʪʨʝʙʫʝʤʳʡ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʣʴʢʦ ʨʘʙʦʯʝʡ ʤʘʰʠʥʳ). 

ʉʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʚʠʩʠʤʳʤ ʠ ʦʪ ʤʘʭʦʚʳʭ ʤʘʩʩ ʤʝʭʘʥʠʟʤʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʥʘʤʠʯʝʩʢʠʤʠ, ʯʪʦ 

ʫʜʦʙʥʝʝ, ʯʝʤ ʩʨʘʚʥʝʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʩ ʥʦʤʠʥʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ 

ʜʚʠʛʘʪʝʣʷ ὓ̎ ̏ .̍ ʋʧʨʘʚʣʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʪ. ʝ. ʪʘʢʠʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʥʘʟʥʘʯʘʪʩɹʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʷʚʣʷʶʪʩʷ ’ ̉ Ὦȟ ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

’ ’̋†ȟὮ ὭὭ̂ϳ , 

ʛʜʝ ’̋ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʢʦʥʮʝ ʨʘʟʛʦʥʘ (ʟʘ ʙʘʟʦʚʫʶ ʩʢʦʨʦʩʪʴ ʧʨʠʥʠʤʘʝʪʩʷ 

ʝʝ ʟʥʘʯʝʥʠʝ, ʜʦʩʪʠʛʘʝʤʦʝ ʤʝʭʘʥʠʟʤʦʤ ʚ ʢʦʥʮʝ ʨʘʟʛʦʥʘ ʧʦ ʪʨʝʫʛʦʣʴʥʦʡ ʜʠʘʛʨʘʤʤʝ ʧʨʠ 

ʧʨʝʦʜʦʣʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʧʫʪʠ (Ὓ̂  ʟʘ ʙʘʟʦʚʦʝ ʚʨʝʤʷ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʪʨʝʫʛʦʣʴʥʦʡ 

ʪʘʭʦʛʨʘʤʤʳ ’=1, ʧʨʝʜʝʣʴʥʦʡ (ʧʨʷʤʦʫʛʦʣʴʥʦʡ) ’=0.5 ʠ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʡ πȢυ ’ ρ. 

ɹʘʟʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʯʠʩʣʘ Ὥ̂ ὐ̍ ὐ̅ϳ
Ȣ

, ʛʜʝ 

ὐ̍ ̍̏̍̆̎̓ ̗̉̎̆̑̉̉ ̖̍̆́̎̉̈̍́, ὐ̅ ̍̏̍̆̎̓ ̗̉̎̆̑̉̉ ̠̅̃̉̄́̓̆̌Ȣ ʇʘʨʘʤʝʪʨʳ ɜ ʠ j 

ʷʚʣʷʶʪʩʷ ʩʠʤʚʦʣʘʤʠ, ʠʟʦʙʨʘʞʘʶʱʠʤʠ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʠ ʩʢʦʨʦʩʪʴ, ʥʦ ʥʝ ʠʭ 

ʘʥʘʣʦʛʘʤʠ. ʅʘʧʨʠʤʝʨ, ʫʩʣʦʚʠʷ j = const ʠʣʠ ɜ = const ʥʝ ʦʟʥʘʯʘʶʪ, ʯʪʦ i = const ʠʣʠ 

̅‫ ÃÏÎÓÔ.  

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, ʦ ʢʦʪʦʨʦʡ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

ὃ  ά ’†ϳ ὄ ὄ ‘ Ὦϳ Ȣ ς’ ρ ‘ ρ ’ Ὦϳ ,  (1) 

ʛʜʝ  

ὄ ρ Ὦ’ ςὮ† ς’ ρϳ  
ɺ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʪʘ ʬʫʥʢʮʠʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 1: 
 

 
 

ʈʠʩ. 1. ʌʫʥʢʮʠʷ, ʩʚʷʟʳʚʘʶʱʘʷ ʟʘʜʘʥʥʳʝ ʠ ʫʧʨʘʚʣʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ 
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ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ὥ ὃὃ̂ϳ , ʛʜʝ ὃ̂ ά † ρ ρ †‘̒ . 

ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʙʨʘʟʫʶʱʘʷ ʟʘʤʢʥʫʪʦʝ ʤʥʦʞʝʩʪʚʦ, 

ʢʘʞʜʘʷ ʪʦʯʢʘ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʜʦʧʫʩʪʠʤʳʤ ʨʝʰʝʥʠʝʤ. ʆʜʥʘʢʦ ʪʦʣʴʢʦ ʪʦʯʢʠ, 

ʣʝʞʘʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʪ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 

ʟʘʜʘʥʠʶ. ʊʦʯʢʠ, ʣʝʞʘʱʠʝ ʚʳʰʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʣʝʢʪʨʦʧʨʠʚʦʜʫ ʩ 

ʧʝʨʝʛʨʝʚʦʤ ʜʚʠʛʘʪʝʣʷ, ʥʠʞʝ ï ʩ ʥʝʜʦʛʨʝʚʦʤ.  

ɺ ʘʙʩʦʣʶʪʥʦʤ ʚʳʨʘʞʝʥʠʠ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʚʠʛʘʪʝʣʴ ï 

ʨʘʙʦʯʘʷ ʤʘʰʠʥʘ ʠ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʩʚʷʟʘʥʳ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

a=ρφ
Ὓ̂
ὸ̂
ὐ̅ὐ̍
ὓ̎ ̏̍

   (2) 

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʩʠʩʪʝʤʳ ὥὮȟ’, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ 
ʫʩʣʦʚʠʷʤ ʟʘʜʘʥʠʷ, ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʥʝ ʤʦʛʫʪ ʚʳʙʠʨʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ ʤʥʦʞʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʪʦʯʢʫ, 

ʜʦʩʪʘʚʣʷʶʱʫʶ ʦʧʪʠʤʫʤ ʧʦʩʪʘʚʣʝʥʥʦʤʫ ʢʨʠʪʝʨʠʶ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʢʨʠʪʝʨʠʝʚ ʤʦʛʫʪ 

ʙʳʪʴ ʥʦʤʠʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʛʘʪʝʣʷ (ʤʦʱʥʦʩʪʴ, ʤʦʤʝʥʪ, ʩʢʦʨʦʩʪʴ), ʧʝʨʝʜʘʪʦʯʥʦʝ 

ʯʠʩʣʦ ʨʝʜʫʢʪʦʨʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʫʥʢʮʠʠ ὓ ὪὮȟ’, i= ὪὮȟ’, 

ɤ= ὪὮȟ’, P=ὪὮȟ’ ʠʟ [2], ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʜʣʷ ʩʝʨʚʦʧʨʠʚʦʜʘ ʯʝʨʝʟ ʟʘʚʠʩʠʤʦʩʪʴ 

ὐ̅ Ὧὓ̎ ̏.̍ ʂʦʵʬʬʠʮʠʝʥʪʳ k'=τȢτψρπ ʠ ŭ = 1.18 ʨʘʩʩʯʠʪʘʥʳ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʩʝʨʚʦʜʚʠʛʘʪʝʣʝʡ ʩʝʨʠʠ ST ʤʦʱʥʦʩʪʴʶ (55é 300) kW [3]. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʜʣʷ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 4ɸ: k'=χȢψυρπ ʠ ŭ = 1.198 ʠ 

ʜʚʠʛʘʪʝʣʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ɼ: k'=ρȢυχρπ ʠ ŭ = 1.145 ʘʥʘʣʦʛʠʯʥʦʡ ʤʦʱʥʦʩʪʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʩʝʨʚʦʧʨʠʚʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʨʘʞʝʥʠʷ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

ὓὮȟ’ = ὥ ϳ , ὭὮȟ’ Ὦὥ Ȣ ϳ , 

(3) 

’‫Ὦȟ ’ Ὦὥ Ȣ ϳ , P(j,ɜ) = Ὦ’ὥ Ȣ 

ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʝʢʦʪʦʨʳʭ ʬʫʥʢʮʠʡ ʧʦʟʚʦʣʠʪ 

ʧʦʢʘʟʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʨʠ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʭʘʥʠʟʤʘ. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʷ i= ὪὮȟ’, (ʘ) ï ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ (ʙ) ï 

ʣʠʥʠʠ ʫʨʦʚʥʷ ʵʪʦʡ ʬʫʥʢʮʠʠ. 
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ʘ) 

ʙ) 

 

ʈʠʩ. 2. ʇʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʨʝʜʫʢʪʦʨʘ 

 

ʀʟ ʘʥʘʣʠʟʘ ʵʪʦʛʦ ʨʠʩʫʥʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ πȢυ ’ ρ ̉ π
Ὦ Њ. ʂʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʟʘʚʠʩʠʪ ʦʪ ʩʝʨʠʠ ʩʝʨʚʦʜʚʠʛʘʪʝʣʝʡ ʠ ʟʘʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ m, Ű, ‘. ʅʘʧʨʠʤʝʨ, ʧʨʠ m = 0.8, Ű = 0.5, ‘ υ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ i = 
1.7 ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ɜ = 0.75 ʠ j = 2.5. ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ, ʢʘʢ 

ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ 

 ̂́̈̏̃̏̆ ̘̈̎́̆̎̉̆ Ὥ̂ ὐ̍ ὐ̅ϳ
Ȣ
). ʂʨʦʤʝ ʪʦʛʦ, ʦʜʥʦ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ ʤʦʞʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʟʥʳʤ ʟʥʘʯʝʥʠʷʤ ɜ ʠ j, ʪ. ʝ. ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (3), ʨʘʟʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ɺʟʘʠʤʦʩʚʷʟʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3: 
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(ʘ)      (ʙ) 

 

ʈʠʩ. 3. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ; 

(ʘ) ï ɜ = 0.75, (ʙ) ï j = 1 

 

ʅʘʧʨʠʤʝʨ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʨʠ 

ʨʘʙʦʪʝ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʪʩʷ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʵʪʦ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʧʝʨʝʜʘʯʝʡ, ʢʦʪʦʨʘʷ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʝʪ ʩʚʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʯʠʩʣʦ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʵʪʦ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʚʳʙʦʨʝ ʪʘʭʦʛʨʘʤʤʳ (ɜ) ʠ 

ʜʚʠʛʘʪʝʣʷ: M ï ʫʩʣʦʚʠʝ ʥʘʛʨʝʚʘʥʠʷ, P ï ʤʦʱʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, P ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʘʢʞʝ 

ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʘʤʦʪʦʨʤʦʟʷʱʠʭʩʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩʦ ʚʩʪʘʚʢʘʤʠ ʥʘ ʨʦʪʦʨʝ 

ɹʫʨʫʣʴʢʦ ʃ. ʂ.
1
, ʄʘʩʣʦʚ ɸ. ʅ.

2
 

ɹʫʨʫʣʴʢʦ ʃ. ʂ., ʄʘʩʣʦʚ ɸ. ʅ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʘʤʦʪʦʨʤʦʟʷʱʠʭʩʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩʦ ʚʩʪʘʚʢʘʤʠ ʥʘ ʨʦʪʦʨʝ 

1ɹʫʨʫʣʴʢʦ ʃʝʚ ʂʠʨʠʣʣʦʚʠʯ / Byrylko Lev Kirillovich ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ; 
2ʄʘʩʣʦʚ ɸʣʝʢʩʝʡ ʅʠʢʦʣʘʝʚʠʯ / Maslov Alexey Nikolayevich ï ʤʘʛʠʩʪʨʘʥʪ, 

ʢʘʬʝʜʨʘ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ 

 

ɸʥʥʦʪʘʮʠʷ: ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʘʤʦʪʦʨʤʦʟʷʱʝʛʦʩʷ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʩʪʘʚʢʦʡ ʥʘ ʨʦʪʦʨʝ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʩʘʤʦʪʦʨʤʦʟʷʱʝʛʦʩʷ ʜʚʠʛʘʪʝʣʷ, ʠ ʦʧʨʝʜʝʣʠʪʴ ʫʩʠʣʠʷ ʧʨʠʪʷʞʝʥʠʷ ʚ ʪʦʨʤʦʟʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʤʦʪʦʨʤʦʟʷʱʠʡʩʷ ʘʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʩʪʘʚʢʘ, ʪʷʛʦʚʦʝ ʫʩʠʣʠʝ.  
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 
 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʥʝʚʦʟʤʦʞʥʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʦʨʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʧʨʠʚʦʜʘ ʙʝʟ ʥʘʜʝʞʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʪʦʨʤʦʟʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʨʤʦʟʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʜʣʷ ʪʦʨʤʦʞʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʘʥʘʣʦʛʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʆʜʥʘʢʦ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ ʪʦʨʤʦʞʝʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʠʜʝʘʣʴʥʳʭ ʪʦʨʤʦʟʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ. 

ʇʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʩʦʟʜʘʥʠʷ ʢʦʤʧʘʢʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʪʦʨʤʦʟʦʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʭʝʤ ʪʦʨʤʦʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʪʴ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʙʳʩʪʨʳʡ ʠ 

ʪʦʯʥʳʡ ʦʩʪʘʥʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ [1, 2, 3]. ʇʨʠ 

ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʩʘʤʦʪʦʨʤʦʟʷʱʠʝʩʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ (ʉʕɼ). 

ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʵʪʠʭ ʜʚʠʛʘʪʝʣʷʭ ʧʨʠ ʠʭ ʧʫʩʢʝ, 

ʦʪʢʣʶʯʝʥʠʠ ʦʪ ʩʝʪʠ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʪʦʨʤʦʞʝʥʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ. ɺ ʥʘʩʪʦʷʱʝʡ 

ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣ̫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʫʢʘʟʘʥʥʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʵʪʠʭ ʜʚʠʛʘʪʝʣʝʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 
 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʘʚʠʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʛʣʫʙʦʢʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʭ. 

ɿʘʜʘʯʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʘ 

ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʘʤʦʪʦʨʤʦʟʷʱʠʭʩʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ.  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʘʤʦʪʦʨʤʦʟʷʱʠʭʩʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ 

ʷʚʣʷʝʪʩʷ ʠʭ ʤʥʦʛʦʵʪʘʧʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʦʤʤʫʪʘʮʠʝʡ ʩʪʘʪʦʨʥʳʭ ʮʝʧʝʡ 

ʠ ʪʦʨʤʦʟʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʘʩʠʥʭʨʦʥʥʳʭ ʩʘʤʦʪʦʨʤʦʟʷʱʠʭʩʷ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʦʭʚʘʪʳʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ: ʚʢʣʶʯʝʥʠʝ ʚʧʝʨʝʜ, ʨʘʟʨʳʚ 

ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʧʝʨʝʜ ʤʝʭʘʥʠʯʝʩʢʠʤ ʪʦʨʤʦʞʝʥʠʝʤ ʪʦʨʤʦʟʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʘ ʪʘʢ ʞʝ 

ʦʪʨʘʞʘʪʴ ʤʦʤʝʥʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʩʣʦʚʠʷʤʠ ʨʘʟʤʳʢʘʥʠʷ ʠ ʟʘʤʳʢʘʥʠʷ ʪʦʨʤʦʟʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. 
 

ʆʩʥʦʚʥʦʡ ʤʘʪʝʨʠʘʣ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 
 

ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʩʘʤʦʪʦʨʤʦʟʷʱʠʭʩʷ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʦʪ ʘʩʠʥʭʨʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʩʪʘʚʢʠ, 

ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʪʦʨʤʦʟʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʚʠʛʘʪʝʣʷ. ʋʧʨʘʚʣʝʥʠʝ ʪʦʨʤʦʟʦʤ ʚ 
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ʪʘʢʠʭ ʜʚʠʛʘʪʝʣʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʜʚʠʛʘʪʝʣʷ ʠ ʥʝ ʪʨʝʙʫʝʪ, 

ʢʘʢʠʭ ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʉʕɼ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ, ʢʘʢ ʚʣʠʷʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʜʚʠʛʘʪʝʣʝ ʥʘ 

ʪʷʛʦʚʳʝ ʫʩʠʣʠʷ ʪʦʨʤʦʟʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ 

ʉʕɼ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1). ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ ʚ ʵʪʦʡ 

ʩʠʩʪʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʥʝʧʦʜʚʠʞʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭŬ,ɓ, ʧʨʠʥʷʪʳ 

ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʨʦʪʦʨʘ 
ry  ʠ ʪʦʢʠ ʩʪʘʪʦʨʘ si . ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʪʨʘʞʝʥʳ 

ʫʨʘʚʥʝʥʠʷʤʠ (2) ʠ (3). ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʫʩʠʣʠʷ ʧʨʠʪʷʞʝʥʠʷ ʠ ʫʜʝʨʞʘʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʩʪʘʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʟʤʳʢʘʥʠʷ ʪʦʨʤʦʟʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤʧʦʥʝʥʪʥʳʤ ʫʨʘʚʥʝʥʠʝʤ (9). 
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ʛʜʝ:  

( ) sin(2 )ʠ ( ) cos(2 )= Ö Ö Ö Ö = Ö Ö Ö Ös m s mu t U f t u t U f ta bp p  ï ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʦʩʷʤ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ Ŭ,ɓ ɺ; 

ʵʤ, cM M  ï ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʜʚʠʛʘʪʝʣʷ, ʠ ʤʦʤʝʥʪ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʅÖʤ; 

Ŭ ɓ,s si i  ï ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʦʢʘ ʩʪʘʪʦʨʘ ʧʦ ʦʩʷʤ; 

Ŭ ɓ,r ry y  ï ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʨʦʪʦʨʘ ʧʦ ʦʩʷʤ; 

2/r rT L R¡=  ï ʧʦʩʪʦʷʥʥʘʷ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ;  

/r m rK L L=  ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʟʘʠʤʦʩʚʷʟʠ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ;  

2

1 2
¡= + Örr R R K  ï ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ; 

rL  ï ʧʦʣʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ; 

sL  ï ʧʦʣʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ;  

1R  ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʪʦʨʘ; 

2
¡R  ï ʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʦʪʦʨʘ; 

ʨ ï ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ ʜʚʠʛʘʪʝʣʷ;  

ɤ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ; 

J  ɻï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʚʘʣʫ ʜʚʠʛʘʪʝʣʷ. 
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ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚ ʧʨʠʢʣʘʜʥʦʤ ʧʘʢʝʪʝ çMatLab/Simulinkè, 

ʪʦʢʠ, ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ, ʤʦʤʝʥʪ ʠ ʩʢʦʨʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʦʧʝʨʘʪʦʨʥʦʡ ʬʦʨʤʝ, ʚʚʝʜʷ 

ʦʙʦʟʥʘʯʝʥʠʝ =
d

S
dt .

 ʊʦʛʜʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (1) ʧʨʠʤʝʪ ʚʠʜ: 

( )

( )

( ) ( )

( ) ( )

Ŭ Ŭ Ŭ ɓ 10

ɓ ɓ ɓ Ŭ 10

Ŭ 2 Ŭ ɓ

ɓ 2 ɓ Ŭ

( ) ɤ 1 ;

( ) ɤ 1 ;

1
ɤ 1

1
+ɤ 1

ë å õ
= + Ö + Ö Ö Ö Ö Ö + Öî æ ö
ç ÷î

î å õ
î = + Ö - Ö Ö Ö Ö Ö + Öæ ö
î ç ÷
ì
î

¡= Ö Ö - Ö Ö Ö Ö + Öî
î
î

¡= Ö Ö Ö Ö Ö Ö + Öî
í

r
s s r r p r S

r

r
s s r r p r S

r

r r s p r r

r

r r s p r r

r

K
i u t K z r ʊ S

T

K
i u t K z r ʊ S

T

R K i z T S
T

R K i z T S
T

y y

y y

y y

y y

 (4) 

ʘ ʫʨʘʚʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʚ ʚʠʜʝ: 

ʵʤ Ŭ ɓ ɓ Ŭ

3
( ),

2
= Ö Ö Ö Ö - Öp r r s r sM z K i iy y    (5) 

ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʧʨʠʤʝʪ ʚʠʜ: 

ʵʤ

ʵ

1
( ),= Ö -

Ö
cM M

J S
w     (6) 

ʊʦʨʤʦʟʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʉʕɼ ʩʦ ʚʩʪʘʚʢʘʤʠ ʥʘ ʨʦʪʦʨʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʚʦʝʦʙʨʘʟʥʦʛʦ ʨʦʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʩʠʣʘʤʠ ʧʨʠʪʷʞʝʥʠʷ ʠ ʫʜʝʨʞʘʥʠʷ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʫʩʠʣʠʡ 

ʧʨʠʪʷʞʝʥʠʷ ʠ ʫʜʝʨʞʘʥʠʷ ʠ ʠʭ ʚʝʣʠʯʠʥʳ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʉʕɼ [4]. ʕʪʦ ʩʢʘʟʳʚʘʝʪʩʷ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʥʘ ʜʚʠʞʝʥʠʠ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʧʫʩʢʝ ʠ ʪʦʨʤʦʞʝʥʠʠ ʉʕɼ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʫʩʠʣʠʡ ʚ ʪʦʨʤʦʟʥʦʤ ʫʩʪʨʦʡʩʪʚʝ.  

ʊʷʛʦʚʳʝ ʫʩʠʣʠʷ ʚ ʩʘʤʦʪʦʨʤʦʟʷʱʠʭʩʷ ʘʩʠʥʭʨʦʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ ʩ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʚʩʪʘʚʢʘʤʠ ʥʘ ʨʦʪʦʨʝ ʦʧʨʝʜʝʣʷʶʪ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʤʘʛʥʠʪʥʳʡ 

ʧʦʪʦʢ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʢʦʣʴʮʘ ʪʦʨʤʦʟʥʦʡ ʯʘʩʪʠ ʨʦʪʦʨʘ 
Tʌ ʠ ʯʘʩʪʴ ʦʩʥʦʚʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʩʪʘʪʦʨʘ 
Sʌ . 

ʇʦʵʪʦʤʫ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʚ ʪʦʨʤʦʟʥʦʡ ʯʘʩʪʠ ʉʕɼ ʦʧʨʝʜʝʣʷʶʪ 

ʢʘʢ ʩʫʤʤʫ: 

= +S ʊʌ ʌ ʌ     (8) 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 
2 2

ʪ
è ø= Ö +ê úʇʈ r rF k sy y     (9) 

ɻʜʝ 
ʪrsy  ï ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʚʦʢʨʫʛ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʛʦ ʢʦʣʴʮʘ ʨʦʪʦʨʘ, 

ʦʭʚʘʯʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʩʪʘʚʢʦʡ; 
ry  ï ʯʘʩʪʴ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʦʩʮʝʧʣʝʥʠʷ ʚ 

ʪʦʨʤʦʟʥʦʡ ʯʘʩʪʠ ʉʕɼ; k ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʪʦʨʤʦʟʥʦʡ ʯʘʩʪʠ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʧʝʨʚʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠ ʧʫʩʢʝ ʫʩʠʣʠʝ ʧʨʠʪʷʞʝʥʠʷ ʨʘʩʪʝʪ, ʦʜʥʘʢʦ 

ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ 
0F NPR¢
, ʪʦʨʤʦʟ ʝʱʝ ʟʘʤʢʥʫʪ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʝ 

ʫʩʠʣʠʷ ʧʨʠʪʷʞʝʥʠʷ ʦʥʦ ʩʪʘʥʝʪ ʨʘʚʥʳʤ ʩʠʣʝ ʥʘʯʘʣʴʥʦʛʦ ʩʞʘʪʠʷ ʧʨʫʞʠʥʳ, ʚʩʪʘʚʢʘ 

ʤʛʥʦʚʝʥʥʦ ʧʨʠʪʷʥʝʪʩʷ (ʧʨʠʤʝʨʥʦ ʟʘ 0,01 ʩ), ʪʝʤ ʩʘʤʳʤ ʨʘʩʪʦʨʤʦʟʠʚ ʜʚʠʛʘʪʝʣʴ. 
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ʊʦʨʤʦʟʥʦʡ ʤʦʤʝʥʪ ʩʪʘʥʝʪ ʨʘʚʥʳʤ ʥʫʣʶ, ʜʚʠʛʘʪʝʣʴ ʥʘʯʠʥʘʝʪ ʨʘʟʛʦʥʷʪʴʩʷ. ʉ ʵʪʦʛʦ 

ʤʦʤʝʥʪʘ ʥʘʯʠʥʘʝʪʩʷ ʚʪʦʨʦʡ ʵʪʘʧ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʫʩʠʣʠʷ ʧʨʠʪʷʞʝʥʠʷ ʩʦʙʣʶʜʘʝʪʩʷ 

ʩʣʝʜʫʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʦ: 

0 .F N cxPR² +  

ɻʜʝ ʩ ï ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ ʧʨʫʞʠʥʳ; ʭ ï ʚʝʣʠʯʠʥʘ ʩʞʘʪʠʷ ʧʨʫʞʠʥʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʦʥʝʯʥʦʤʫ ʟʥʘʯʝʥʠʶ ʨʘʙʦʯʝʛʦ ʚʦʟʜʫʰʥʦʛʦ ʟʘʟʦʨʘ 
xd. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʥʦʚʴ ʟʘʪʦʨʤʦʟʠʪʴ ʜʚʠʛʘʪʝʣʴ, ʜʦʩʪʘʪʦʯʥʦ ʦʪʢʣʶʯʠʪʴ ʝʛʦ ʦʪ ʩʝʪʠ. 

ʇʨʠ ʵʪʦʤ ʩʨʘʟʫ ʧʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʦʪ ʩʝʪʠ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʨʦʪʦʨʘ 

ʠʤʝʝʪ ʚʠʜ, ʢʘʢ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ: 
ʉM M= . ʋʩʠʣʠʝ 

ʫʜʝʨʞʘʥʠʷ ʧʨʠ ʵʪʦʤ ʩʧʘʜʘʝʪ, ʦʜʥʘʢʦ ʦʥʦ ʚʩʝ ʝʱʝ ʧʨʝʚʳʰʘʝʪ ʫʩʠʣʠʝ ʩʞʘʪʠʷ ʧʨʫʞʠʥʳ  

ʂʘʢ ʪʦʣʴʢʦ ʫʩʠʣʠʝ ʧʨʠʪʷʞʝʥʠʷ FPR ʩʪʘʥʝʪ ʨʘʚʥʦ 
0N cx+ , ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʩʪʘʚʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʫʞʠʥʳ ʟʘʤʢʥʝʪ ʪʦʨʤʦʟ, ʥʘʯʥʝʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʪʦʨʤʦʞʝʥʠʝ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʉʕɼ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʩʘʤʦʪʦʨʤʦʟʷʱʝʛʦʩʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

 

ʅʘ ʨʠʩ. 2, 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ M(t), ɤ(t), F(t), ʧʨʠ 

ʧʫʩʢʝ ʠ ʪʦʨʤʦʞʝʥʠʠ ʉʕɼ ʥʘ ʙʘʟʝ ɸʀʈ112ʄ4, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 
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ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ M(t), ɤ (t) ʧʨʠ ʧʫʩʢʝ ʠ ʪʦʨʤʦʞʝʥʠʠ ʉʕɼ 

 

 

ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʷʛʦʚʦʛʦ ʫʩʠʣʠʷ F(t) ʧʨʠ ʧʫʩʢʝ ʠ ʪʦʨʤʦʞʝʥʠʠ ʉʕɼ 

 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʫʩʢʝ ʠ ʪʦʨʤʦʞʝʥʠʠ ʙʫʜʝʪ 

ʦʙʫʩʣʘʚʣʠʚʘʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʩʭʝʤʳ ʟʘʤʝʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʦʤ 

ʪʦʨʤʦʟʥʦʡ ʣʝʥʪʳ ʠ ʫʧʨʫʛʦʩʪʴʶ ʪʦʨʤʦʟʥʦʡ ʧʨʫʞʠʥʳ. 
 

ɺʳʚʦʜʳ 
 

ʇʨʝʜʣʦʞʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʘʩʠʥʭʨʦʥʥʳʭ ʩʘʤʦʪʦʨʤʦʟʷʱʠʭʩʷ ʜʚʠʛʘʪʝʣʷʭ ʩʦ 

ʚʩʪʨʦʝʥʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʪʦʨʤʦʟʦʤ.  
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ʃʠʪʝʨʘʪʫʨʘ 

 

1. ɹʦʯʢʘʨʝʚ ʀ.ɺ. ɹʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʪʦʨʤʦʟʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 
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ʇʨʠʦʨʠʪʝʪʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ʜʣʷ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ 

ʫʛʥʝʪʘʝʤʳʭ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ 

ʂʦʨʝʣʴʩʢʠʡ ɼ. ʉ. 
ʂʦʨʝʣʴʩʢʠʡ ɼ. ʉ. ʇʨʠʦʨʠʪʝʪʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ ʜʣʷ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ ʫʛʥʝʪʘʝʤʳʭ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ 

ʂʦʨʝʣʴʩʢʠʡ ɼʝʥʠʩ ʉʝʨʛʝʝʚʠʯ / Korelskiy Denis Sergeevich ð ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʜʦʮʝʥʪ,  

ʢʘʬʝʜʨʘ ʛʝʦʵʢʦʣʦʛʠʠ, 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʫʥʠʚʝʨʩʠʪʝʪ çɻʦʨʥʳʡè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɸʥʥʦʪʘʮʠʷ: ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʜʝʰʠʬʨʦʚʦʯʥʳʝ ʧʨʠʟʥʘʢʠ ʧʦʯʚʝʥʥʦ-

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʇʨʦʠʟʚʝʜʝʥʦ ʚʳʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʥʜʝʢʩʦʚ 

ʜʣʷ ʟʘʜʘʯ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʯʚʘ, ʨʘʩʪʝʥʠʷ, ʫʛʥʝʪʝʥʠʝ, ʘʪʤʦʩʬʝʨʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, 

ʢʦʩʤʦʩʥʠʤʢʠ, ʤʦʥʠʪʦʨʠʥʛ. 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʚʷʟʘʥʦ ʩ ʨʝʘʢʮʠʝʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʵʢʦʩʠʩʪʝʤʳ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʮʝʩʩʘʤʠ ʧʨʠʨʦʜʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʦʞʘʨʦʚ, ʣʠʙʦ ʩ ʘʢʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʪʘʢʠʤʠ 

ʢʘʢ ʣʝʩʥʳʝ ʨʫʙʢʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʨʫʧʥʳʭ ʩʦʦʨʫʞʝʥʠʡ [1]. ʈʝʘʢʮʠʷ ʧʦʯʚʝʥʥʦ-

ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʦʩʪʝʧʝʥʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ, ʧʦ ʜʘʥʥʳʤ ʤʥʦʛʦʣʝʪʥʝʡ ʜʠʥʘʤʠʢʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʠʟ-ʟʘ ʥʘʣʦʞʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʤʘʩʢʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʠ ʚʣʠʷʥʠʷ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʮʠʢʣʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʦʪʨʘʞʘʶʱʠʝ ʨʝʘʢʮʠʠ ʧʨʠʨʦʜʥʳʭ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ, 

ʦʪʨʘʞʘʶʱʠʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. 

ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʠʟʤʝʥʝʥʠʠ ʧʦʣʝʡ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʙʠʦʤʘʩʩʳ ʠ ʫʭʫʜʰʝʥʠʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʢʦʩʠʩʪʝʤʳ. ʕʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʭʫʜʰʝʥʠʠ ʩʦʩʪʘʚʘ ʠ ʢʘʯʝʩʪʚʘ ʧʦʯʚ ʠ ʧʦʚʨʝʞʜʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʨʘʩʪʝʥʠʡ 

ʧʨʠ ʘʪʤʦʪʝʭʥʦʛʝʥʥʦʤ ʨʘʩʩʝʠʚʘʥʠʠ ʪʦʢʩʠʢʘʥʪʦʚ, ʚ ʧʦʪʝʨʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʢʦʥʪʨʦʣʷ 

ʥʘʜ ʧʦʪʦʢʘʤʠ ʚʦʜʳ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʠʟʤʝʥʝʥʠʶ ʤʠʛʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʦʯʚʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʧʦʚʳʰʝʥʠʠ ʠʭ ʚʳʥʦʩʘ ʠʟ ʵʢʦʩʠʩʪʝʤʳ. ʅʘ 

ʤʘʪʝʨʠʘʣʘʭ ʢʦʩʤʠʯʝʩʢʦʡ ʤʥʦʛʦʟʦʥʘʣʴʥʦʡ ʩʲʝʤʢʠ ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʩʤʝʱʝʥʠʝʤ 
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ʭʘʨʘʢʪʝʨʥʳʭ ʧʠʢʦʚ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ/ʠʣʠ ʩʜʚʠʛʦʤ ʚʩʝʡ ʢʨʠʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʷʨʢʦʩʪʠ. 

ʇʨʠ ʫʩʳʭʘʥʠʠ ʨʘʩʪʝʥʠʡ ʩʥʠʞʘʝʪʩʷ ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʚʦʜʦʡ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʚʦʜʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʫʩʠʣʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ 

ʦʪʨʘʞʘʪʝʣʴʥʳʭ ʢʘʯʝʩʪʚ ʧʦʯʚ ʠ ʫʩʳʭʘʶʱʝʛʦ ʪʨʘʚʷʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ. ʇʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʩʳʭʘʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʦ ʚʩʝʤ 

ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ. ʏʘʩʪʦ ʠʥʜʝʢʩʳ ʤʦʛʫʪ ʧʦʢʘʟʘʪʴ ʩʪʨʝʩʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʝʱʝ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʦ ʙʫʜʝʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴʩʷ ʚʠʟʫʘʣʴʥʦ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʦʩʥʦʚʥʳʤʠ ʨʝʢʦʤʝʥʜʫʝʤʳʤʠ ʠʥʜʝʢʩʘʤʠ ʷʚʣʷʶʪʩʷ: 

¶ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʨʘʟʥʦʩʪʥʳʡ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʠʥʜʝʢʩ NDVI (Normalised 

Difference Vegetation Index), ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʭʣʦʨʦʬʠʣʣʘ ʚʝʛʝʪʘʮʠʦʥʥʦ 

ʘʢʪʠʚʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; 

¶ ʠʥʜʝʢʩʳ ʩʦʜʝʨʞʘʥʠʷ ʧʠʛʤʝʥʪʦʚ ï ʢʘʨʦʪʠʥʦʠʜʳ ʠ ʘʥʪʦʮʠʘʥʠʥʳ: (Carotenoid 

Reflectance Index 1 ʠ Anthocyanin Reflectance Index), ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʶʪ ʧʠʛʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʫ ʫʛʥʝʪʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʥʝ 

ʫʯʠʪʳʚʘʶʪ ʭʣʦʨʦʬʠʣʣ; 

¶ ʠʥʜʝʢʩʳ ʜʣʷ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ (Normalized 

Difference Water Index ʠ ʪ.ʧ.). 

ʂʨʦʤʝ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ 

ʥʘ ʩʧʝʢʪʨʘʣʴʥʦ-ʦʪʨʘʞʘʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ çʧʦʯʚʘ-ʨʘʩʪʝʥʠʝè. ʆʩʥʦʚʥʦʡ 

ʦʙʣʠʢ ʢʨʠʚʳʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʦʨʦʚʦʡ ʩʠʩʪʝʤʳ çʧʦʯʚʘ-

ʨʘʩʪʝʥʠʝè ʧʦʣʫʯʘʶʪ ʦʪ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. ʅʘ ʥʠʭ ʯʝʪʢʦ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʟʦʥʳ, 

ʚ ʢʦʪʦʨʳʭ ʧʦʛʣʦʱʘʝʪ, ʦʪʨʘʞʘʝʪ ʠ ʠʟʣʫʯʘʝʪ ʨʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ. ʇʨʠ ʩʦʢʨʘʱʝʥʠʠ 

ʧʨʦʝʢʪʠʚʥʦʛʦ ʧʦʢʨʳʪʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ 

ʦʪ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ ʚʩʝ ʙʦʣʴʰʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʣʠʷʥʠʝʤ ʧʦʯʚʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʜʚʠʛʫ 

ʚʩʝʡ ʢʨʠʚʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʷʨʢʦʩʪʠ: ʫʚʝʣʠʯʝʥʠʝ ʚ ʚʠʜʠʤʦʡ ʯʘʩʪʠ 

ʩʧʝʢʪʨʘ, ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʚ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ, ʩʥʠʞʝʥʠʝ ʚ ʩʨʝʜʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʟʦʥʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚ ʜʘʣʴʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʟʦʥʝ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʘʢʣʘʜʳʚʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʫʛʥʝʪʝʥʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ; ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʠʪʴ ʜʦʣʶ ʫʯʘʩʪʠʷ ʠʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʦʙʱʝʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʯʠʩʣʝʥʠʝ ʧʦʯʚʝʥʥʦʡ ʣʠʥʠʠ ʧʦ ʜʘʥʥʳʤ 

ʦʪʨʘʞʝʥʠʷ ʧʦʯʚʳ ʚ ʢʨʘʩʥʦʡ ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʜʝʢʩʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʧʦʯʚ (ʥʘʧʨʠʤʝʨ, ʠʥʜʝʢʩʘ MOD09 ʠ 

ʪ.ʧ.). ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʧʨʠ ʯʨʝʟʚʳʯʘʡʥʦʤ ʫʨʦʚʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʩʠʩʪʝʤʫ, ʢʦʪʦʨʦʝ ʷʨʢʦ ʦʪʨʘʟʠʪʩʷ 

ʥʘ ʠʥʜʝʢʩʘʭ çʟʝʣʝʥʦʩʪʠè ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʧʦʵʪʦʤʫ ʚʣʠʷʥʠʝ ʠʭ ʥʘ ʢʘʨʪʠʥʫ ʚ 

ʮʝʣʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʣʠʙʦ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʪʢʨʳʪʳʭ ʫʯʘʩʪʢʦʚ 

ʚʥʝ ʧʝʨʠʦʜʦʚ ʚʝʛʝʪʘʮʠʠ ʠʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʥʠʟʢʠʤ ʧʨʦʝʢʪʠʚʥʳʤ ʧʦʢʨʳʪʠʝʤ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. 

ʂ ʪʨʝʪʴʝʤʫ ʫʨʦʚʥʶ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʥʜʝʢʩ ʩʦʜʝʨʞʘʥʠʷ ʘʟʦʪʘ ʚ 

ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ (Normalized Difference Nitrogen Index), ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʟʦʪʘ ʚ ʨʘʩʪʠʪʝʣʴʥʦʤ ʧʦʢʨʦʚʝ. ɸʟʦʪ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʙʝʣʢʦʚ, 

ʭʣʦʨʦʬʠʣʣʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʙʳʩʪʨʦʨʘʩʪʫʱʝʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʥʠʪʨʘʪʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ 

(ʠʟʙʳʪʦʢ ʦʨʛʘʥʠʢʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠʣʠ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ). ʀʥʜʝʢʩʳ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʚʠʜʝ ʣʠʛʥʠʥʘ ʠ 

ʮʝʣʣʶʣʦʟʳ (Dry or Senescent Carbon) ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʫʯʝʪʘ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

çʩʫʭʦʛʦè ʫʛʣʝʨʦʜʘ ʢʦʪʦʨʳʡ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʜʨʝʚʝʩʠʥʝ ʠ ʚ 

ʤʝʨʪʚʳʭ ʠʣʠ ʩʫʭʠʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʪʢʘʥʷʭ. ʋʚʝʣʠʯʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʝʪ 

ʦʪʨʘʞʘʪʴ ʧʨʦʮʝʩʩ çʩʪʘʨʝʥʠʷè ʠ ʦʪʤʠʨʘʥʠʷ ʨʘʩʪʝʥʠʡ. ɼʘʥʥʳʝ ʠʥʜʝʢʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʥʪʝʨʝʩ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʫʩʳʭʘʥʠʠ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʥʝ ʩʠʣʴʥʦ ʧʦʚʣʠʷʪʴ 
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ʥʘ ʦʙʱʫʶ ʢʘʨʪʠʥʫ, ʦʪʨʘʞʘʝʤʫʶ ʚʝʛʝʪʘʪʠʚʥʳʤʠ ʠʥʜʝʢʩʘʤʠ ʟʘ ʩʯʝʪ ʜʨʫʛʠʭ ʷʨʫʩʦʚ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʦʪ ʩʠʩʪʝʤʳ ʧʦʯʚʳ ʠ 

ʨʘʩʪʝʥʠʡ ʚ ʮʝʣʦʤ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʜʦʣʠ ʫʯʘʩʪʠʷ ʠʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʦʙʱʝʥʥʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʝʩʪʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʢʦʪʦʨʦʝ ʚʭʦʜʠʪ ʦʧʠʩʘʥʠʝ ʩʦʩʪʘʚʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʯʚ ʠ 

ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʘʣʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʪʦʙʨʘʞʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʠʟʚʝʩʪʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʦ-

ʦʪʨʘʞʘʪʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘ ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ. ʇʦʣʫʯʝʥʥʳʝ 

ʧʨʠʟʥʘʢʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʠ ʩʧʝʢʪʨʦʟʦʥʘʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 
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1ʂʦʨʥʝʚ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ / Kornev Vitaly Anatolôevich - ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ,  

ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 23 ʦʪʜʝʣʘ;  
2ʈʳʙʘʢʦʚ ʖʨʠʡ ʅʠʢʦʣʘʝʚʠʯ / Rybakov Jurij Nikolaevich - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʥʘʯʘʣʴʥʠʢ 23 ʦʪʜʝʣʘ; 
3ʍʘʨʣʘʤʦʚʘ ʆʣʴʛʘ ɼʤʠʪʨʠʝʚʥʘ / Kharlamova Olôga Dmitrievna - ʥʘʯʘʣʴʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ;  
4ʏʠʨʠʢʦʚ ʉʝʨʛʝʡ ʀʛʦʨʝʚʠʯ / ʉhirikov Sergey Igorevich - ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 23 ʦʪʜʝʣʘ, 

25 ɻʦʩʅʀʀ ʭʠʤʤʦʪʦʣʦʛʠʠ ʄʠʥʦʙʦʨʦʥʳ ʈʦʩʩʠʠ, ʛ. ʄʦʩʢʚʘ 

 

ɸʥʥʦʪʘʮʠʷ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʫʨʝʪʘʥʦʚ (ʇʋ), ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ 

ʧʦʣʠʫʨʝʪʘʥʦʚ (ʊʇʋ). ʅʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʊʇʋ ʠ 

ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʪʦʧʣʠʚ ʧʦʩʣʝ ʢʦʥʪʘʢʪʘ ʩ ʊʇʋ. ʆʧʨʝʜʝʣʝʥʳ ʩʪʦʡʢʦʩʪʴ ʊʇʋ ʢ 

ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʠ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʊʇʋ ʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʘʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʢʣʘʜʩʢʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʦʙʝʩʧʝʯʝʥʠʷ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ, 

ʚʢʣʶʯʘʷ ʨʘʡʦʥʳ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʦʣʳ, ʠʟʦʮʠʘʥʘʪʳ, ʧʨʝʧʦʣʠʤʝʨʳ, ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ 

ʧʦʣʠʫʨʝʪʘʥʳ, ʩʪʦʡʢʦʩʪʴ ʢ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ, ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ, ʵʣʘʩʪʠʯʥʳʝ 

ʨʝʟʝʨʚʫʘʨʳ, ʧʣʦʩʢʦʩʚʦʨʘʯʠʚʘʝʤʳʝ ʨʫʢʘʚʘ, ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʦʙʝʩʧʝʯʝʥʠʷ. 

 

ʂ ʧʦʣʠʫʨʝʪʘʥʘʤ (ʇʋ) ʦʪʥʦʩʷʪ ʦʙʰʠʨʥʳʡ ʢʣʘʩʩ ʧʦʣʠʤʝʨʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ, ʩʪʨʦʝʥʠʝʤ ʮʝʧʠ ʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʥʝʠʟʤʝʥʥʦ ʩʦʜʝʨʞʘʱʠʭ 

ʫʨʝʪʘʥʦʚʳʝ ʛʨʫʧʧʳ ïNHC(O)O-.  

ʍʠʤʠʷ ʇʋ ʜʝʪʘʣʴʥʦ ʠʟʣʦʞʝʥʘ ʚ ʤʦʥʦʛʨʘʬʠʠ [1].  

ʇʋ ʧʦʣʫʯʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʧʦʣʠʦʣʦʚ ʩ 

ʜʠʠʟʦʮʠʘʥʘʪʘʤʠ. ɼʣʷ ʩʠʥʪʝʟʘ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʫʨʝʪʘʥʦʚ (ʊʇʋ) ʥʝʦʙʭʦʜʠʤʳ 

http://elibrary.ru/contents.asp?issueid=1248570&selid=21251430
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ʜʠʦʣʳ ʠ ʜʠʠʟʦʮʠʘʥʘʪʳ. ʅʘʠʣʫʯʰʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʧʦʣʠʤʝʨʘ ʜʦʩʪʠʛʘʶʪʩʷ 

ʧʨʠ ʩʠʥʪʝʟʝ ʯʝʨʝʟ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʧʦʣʠʤʝʨʘ.  

ɾʝʩʪʢʠʝ ʙʣʦʢʠ (ʪʚʝʨʜʳʝ ʩʝʛʤʝʥʪʳ) ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʥʮʝʚʳʭ 

ʠʟʦʮʠʘʥʘʪʥʳʭ ʛʨʫʧʧ ʧʦʣʠʤʝʨʘ ʠ ʢʦʥʮʝʚʳʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠʣʠ ʘʤʠʥʦʛʨʫʧʧ ʘʛʝʥʪʦʚ 

ʨʦʩʪʘ ʮʝʧʠ. ɺʳʩʦʢʦʧʦʣʷʨʥʳʝ ʫʨʝʪʘʥʦʚʳʝ ʠʣʠ ʤʦʯʝʚʠʥʥʳʝ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʠʣʴʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʚʢʣʶʯʘʷ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, ʠ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʛʫʪ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʠʤʝʪʁ ʪʫ ʞʝ 

ʬʫʥʢʮʠʶ, ʯʪʦ ʠ ʧʦʧʝʨʝʯʥʳʝ ʩʚʷʟʠ ʚ ʚʫʣʢʘʥʠʟʦʚʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʥʘ ʦʩʥʦʚʝ ʢʘʫʯʫʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʙʢʠʝ ʩʝʛʤʝʥʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʠʙʢʦʩʪʴ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ, ʘ ʞʝʩʪʢʠʝ 

ʩʝʛʤʝʥʪʳ ʧʨʠʜʘʶʪ ʫʨʝʪʘʥʦʚʦʤʫ ʵʣʘʩʪʦʤʝʨʫ ʪʚʝʨʜʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʩʪʴ 

ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ. 

ʉʚʦʡʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʠʜʦʤ ʩʳʨʴʷ, ʫʩʣʦʚʠʷʤʠ ʨʝʘʢʮʠʠ ʠ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘʚʠʩʷʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʘʩʪʠʯʥʦʛʦ ʠ ʞʝʩʪʢʦʛʦ ʩʝʛʤʝʥʪʦʚ ʚ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ [3]. ʅʘʧʨʠʤʝʨ, ʪʚʝʨʜʦʩʪʴ ʊʇʋ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 50 ʝʜ. ʧʦ ʐʦʨʫ ɸ ʜʦ 74 ʝʜ. ʧʦ ʐʦʨʫ ɼ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʠʥʪʝʟʘ ʊʇʋ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ [4]. 

ʉʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʦʩʦʙʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʊʇʋ, ʦʪʣʠʯʘʶʱʠʝ ʝʛʦ ʦʪ ʜʨʫʛʠʭ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʷʚʣʷʶʱʠʝʩʷ ʧʨʝʜʧʦʩʳʣʢʦʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʨʝʜʤʝʪ 

ʧʨʠʤʝʥʠʤʦʩʪʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʦʙʝʩʧʝʯʝʥʠʷ:  

- ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ; 

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʩʪʠʨʘʥʠʶ; 

- ʵʣʘʩʪʠʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʟʛʠʙʫ;  

- ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ; 

- ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ (ʜʦ + 125 Áʉ); 

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ, ʢʠʩʣʦʪʘʤ ʠ ʦʟʦʥʫ;  

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʡʩʪʚʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʛʠʜʨʦʣʠʟʫ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʣʠʫʨʝʪʘʥʘ 

NESU L3284 ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʫʨʝʪʘʥʦʚʳʭ 

ʛʨʫʧʧ ïNHCOï ʥʘ ʦʩʥʦʚʝ ʩʣʦʞʥʳʭ ʧʦʣʠʵʬʠʨʦʚ. ɺʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʉ = ʆ ʚ 

ʩʣʦʞʥʦʵʬʠʨʥʳʭ ʛʨʫʧʧʘʭ, ʜʠʘʧʘʟʦʥ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 1724 ʩʤ-1 ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʧʦ 

ʙʠʙʣʠʦʪʝʢʝ ʩʧʝʢʪʨʦʚ HR Hummel Polymer and Additives ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʢʦʨʨʝʣʷʮʠʠ ʦʪ 77,8 % ʜʦ 91,4 % (ʩʦʚʤʝʩʪʥʦ ʩ ʆɸʆ çʄʀʇʇ - ʅʇʆ çʇʣʘʩʪʠʢè, 

ʀʚʘʥʝʥʢʦ ʊ. ɸ.). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʪʦʧʣʠʚ ʊʉ-1, ʈʝʛʫʣʷʨ-92, ɼ3 (ʈʠʩ.2) ʜʦ ʠ ʧʦʩʣʝ 

ʢʦʥʪʘʢʪʘ ʩ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤ ʧʦʣʠʫʨʝʪʘʥʦʤ NESU L3284 ʚ ʪʝʯʝʥʠʝ 360 ʯ (15 ʩʫʪʦʢ) 

ʧʨʠ 70 Áʉ ʤʝʪʦʜʦʤ ʥʘʣʦʞʝʥʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʣʠ ʦʪʩʫʪʩʪʚʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʧʦʣʦʩ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʛʨʫʧʧ ʘʪʦʤʦʚ ʉʅ-ʩʚʷʟʝʡ, ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʠ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʢʦʣʝʮ, ʘʣʢʠʣʴʥʳʭ ʛʨʫʧʧ (ʩʦʚʤʝʩʪʥʦ ʩ 15 ʦʪʜʝʣʦʤ ʌɸʋ ç25 

ɻʦʩʅʀʀ ʭʠʤʤʦʪʦʣʦʛʠʠ ʄʠʥʦʙʦʨʦʥʳ ʈʦʩʩʠʠè, ʇʨʠʚʘʣʝʥʢʦ ɸ. ʅ.). 
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ʈʠʩ. 1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʊʇʋ ʤʘʨʢʠ NESU L3284 ʥʘ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʝ 
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ʈʠʩ. 2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʪʦʧʣʠʚ ʊʉ-1, ʈʝʛʫʣʷʨ-92, ɼ3 ʜʦ ʠ ʧʦʩʣʝ ʢʦʥʪʘʢʪʘ ʩ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤ ʧʦʣʠʫʨʝʪʘʥʦʤ NESU L3284 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 32300-2013 (ISO 11998:2006) ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʊʇʋ 

ʥʘ ʧʨʠʙʦʨʝ çʂʦʥʩʪʘʥʪʘ ʋʀè ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ 

(ʈʠʩ.3), ʯʪʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʧʦʣʠʫʨʝʪʘʥ (ʊʇʋ ʤʘʨʢʠ NESU L3284) ʧʦ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʜʨʫʛʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʨʝʟʠʥʘ ʥʘ ʦʩʥʦʚʝ ʙʫʪʘʜʠʝʥ-ʥʠʪʨʠʣʴʥʦʛʦ ʢʘʫʯʫʢʘ ʠ ʧʦʣʠʵʪʠʣʝʥ, ʘ 

ʪʘʢʞʝ ʩʪʘʣʴ, ʘʣʶʤʠʥʠʡ ʠ ʥʠʢʝʣʝʚʳʡ ʪʚʝʨʜʦʩʧʣʘʚ, ʭʦʪʷ ʧʨʠ ʵʪʦʤ ʫʩʪʫʧʘʝʪ ʘʣʤʘʟʫ, 

ʢʝʨʘʤʠʢʝ, ʥʠʪʨʠʪʫ ʙʦʨʘ ʠ ʢʘʨʙʠʜʫ ʢʨʝʤʥʠʷ [5]. 
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ʉʪʦʡʢʦʩʪʴ ʊʇʋ ʢ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ (ʠʩʪʠʨʘʥʠʶ) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʧʦ ɻʆʉʊ 32300-2013 (ISO 11998:2006)

�¤�#�@�%���&������- 0,1
�Á�/���#�=���Á��- 0,4

Ni �/�����,���(�-�*�#����- 0,8
�»���/�,���#�=�&���A���,�������&�����t 1,1

�¿�(�#���>�/���#���&�t 1,3
�Ã�¿�Ä��L3290 NESU �t 4,0

�¶���,�
�������!�,���%�&���A���t 6,0
�¶���,���%���!�����t 6,9

�¤�#�%�������t 13,3

ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʦʢʨʳʪʠʷL (ʛ/ʤ2) ʥʘ ʧʨʠʙʦʨʝ 

çʂʦʥʩʪʘʥʪʘ ʋʀè ʠ ʩʪʦʡʢʦʩʪʠʢ ʠʩʪʠʨʘʥʠʶ 1/ L ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ

�»���/�,���/���
�(�,�����t 10,6

Sx W

A = ------------- , 

106

m1ïm2

L = ------------- ,

A

S ïʜʣʠʥʘ ʠʩʪʠʨʘʥʠʷ, ʤʤ

W ïh ʠʨʠʥʘ ʠʩʪʠʨʘʥʠʷ, ʤʤ

ɸ ïʧʣʦʱʘʜʴ ʠʩʪʠʨʘʥʠʷ, ʤ2

m1ïʠʩʭʦʜʥʘʷ ʤʘʩʩʘ ʧʣʘʩʪʠʥʢʠ, ʛ

m2ïʤʘʩʩʘ ʧʣʘʩʪʠʥʢʠ ʧʦʩʣʝ 200 

ʮʠʢʣʦʚ ʠʩʪʠʨʘʥʠʷ, ʛ

L ïʧʦʪʝʨʷ ʤʘʩʩʳ ʧʦʢʨʳʪʠʷ, ʛ/ʤ2

 
ʈʠʩ. 3. ʉʪʦʡʢʦʩʪʴ ʊʇʋ ʢ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʦʩʫ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

 

ʇʨʠʚʝʜʝʥʥʳʡ ʥʘ ʨʠʩ. 4 ʬʨʘʛʤʝʥʪ ʨʫʢʘʚʘ ʜʠʘʤʝʪʨʦʤ 150 ʤʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ 

ʆʆʆ çɹʘʣʪʠʢʌʣʝʢʩè ʙʳʣ ʠʩʧʳʪʘʥ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ɸʨʢʪʠʢʠ ʠ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ.  

  
 
ʈʠʩ. 4. ʀʩʧʳʪʘʥʠʷ ʵʣʘʩʪʠʯʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ, ʬʨʘʛʤʝʥʪʦʚ ʧʣʦʩʢʦʩʚʦʨʘʯʠʚʘʝʤʳʭ ʨʫʢʘʚʦʚ ʠ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʌɸʋ ç25 ɻʦʩʅʀʀ ʭʠʤʤʦʪʦʣʦʛʠʠ ʄʠʥʦʙʦʨʦʥʳ ʈʦʩʩʠʠè 

 

ʆʮʝʥʢʘ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʨʫʢʘʚʘ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ ʩʞʘʪʠʷ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʝ ʉʄ-60/75-250-ʊʍ.  

ʇʦʩʣʝ ʚʳʜʝʨʞʢʠ ʦʙʨʘʟʮʦʚ ʨʫʢʘʚʘ, ʩʣʦʞʝʥʥʦʛʦ ʧʝʪʣʝʡ, ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʩʞʘʪʠʷ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʫʩ 60 Áʉ ʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʢʘʤʝʨʝ ʮʝʣʦʩʪʥʦʩʪʴ ʥʘʨʫʞʥʦʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʢʨʳʪʠʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʨʫʢʘʚʘ ʥʝ ʥʘʨʫʰʠʣʘʩʴ ʢʘʢ ʜʦ, ʪʘʢ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʘʨʝʥʠʷ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

ɼʨʫʛʠʤ ʤʝʪʦʜʦʤ ʦʮʝʥʢʠ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʨʝʜʝʣʘ ʭʨʫʧʢʦʩʪʠ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʝʜʝʣ ʭʨʫʧʢʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʥʘʨʫʞʥʦʛʦ ʧʦʢʨʳʪʠʡ ʨʫʢʘʚʘ, ʢʘʢ 

ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʘʢ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʘʨʝʥʠʷ 

ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ - ʥʝ ʠʟʤʝʥʠʣʩʷ ï ʥʠʞʝ ʤʠʥʫʩ 60 Áʉ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʫʨʝʪʘʥʦʚ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ 
















































































