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ɿʘʧʦʨʽʟʴʢʝ ʚʽʜʜʽʣʝʥʥʷ ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ 

ʽʥʩʪʠʪʫʪ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡè, ʤ. ɿʘʧʦʨʽʞʞʷ 

119 

ʃʠʪʚʠʥʷʢ ʆ. ʗ. ʐʘʨʫʚʘʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʦ-ʧʽʥʦʙʝʪʦʥʥʽ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ 

121 

ʄʘʨʯʝʥʢʦ ʄ. ɺ.
1
, ʄʦʩʽʯʝʚʘ ɯ. ɯ.

1
, ɸʥʽʩʢʽʥ ɸ. ɸ.

2
 ʂʦʝʬʽʮʽʻʥʪ ʧʦʧʝʨʝʯʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʛʨʫʥʪʽʚ ʷʢ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʧʘʨʘʤʝʪʨ
 

1
ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʆʜʝʩʘ  

2 
ʋʥʽʚʝʨʩʠʪʝʪ çʇʽʚʥʽʯè, ʤ ɺʘʨʘʞʜʽʥ, ʍʦʨʚʘʪʽʷ  

122 

ɹʫʨʷʢ ʉ. ɺ., ʂʦʨʟʘʯʝʥʢʦ ʄ. ʄ. ʉʢʣʘʜʥʽ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʙʫʜʽʚʥʠʮʪʚʘ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

124 

ʄʦʩʽʯʝʚʘ ɯ. ɯ., ʄʘʨʯʝʥʢʦ ʄ. ɺ., ʂʝʨʜʽʢʘʰʚʽʣʽ ɼ. ɺ., ɹʦʡʢʦ ʈ. ɯ. ʆʮʽʥʢʘ ʪʨʠʚʘʣʦʾ 

ʩʪʽʡʢʦʩʪʽ ʩʭʠʣʽʚ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʚʟʫʯʦʩʪʽ ʛʣʠʥʠʩʪʠʭ ʛʨʫʥʪʽʚ 

ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʆʜʝʩʘ 

126 

ʂʦʯʝʚʠʭ ʄ. ʆ. ʉʧʦʩʦʙʠ ʟʘʧʦʙʛ̔ʘʥʥʷ ʚʠʩʦʣʦʫʪʚʦʨʝʥʥʶ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʢʦʨʘʪʠʚʥʠʭ 

ʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ ʜʣʷ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

128 

ʄʽʢʫʣʽʯ ʆ. ɸ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʪʦʯʥʝʥʠʭ ʤʦʜʝʣʝʡ ʤʝʭʘʥʽʢʠ ʩʫʮʽʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʧʽʥʠʩʪʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 

129 
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10 

ʏʠʨʚʘ ʊ. ʃ.
1
, ʏʠʨʚʘ ɺ. ʄ.

2
, ʉʘʚʯʝʥʢʦ ɸ. ɸ.

3
, ʈʦʤʘʥʝʥʢʦ ʂ. ʄ.

4
 ʇ̔ ʜʚʠʱʝʥʥʷ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʢʦʣʦʥ ʧʣʘʚʘʣʴʥʦʛʦ ʙʘʩʝʡʥʫ
 

1 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

2 
ʊʆɺ çʇʨʠʜʥʽʧʨʦʚôʷè 

3
ɻɯʇ, ʊʆɺ çɺʠʘʢʦʥ ʋʢʨʘʠʥʘè 

4 
ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʨʠʚʠʡ ʨʛ̔ 

131 

ɻʦʥʯʘʨ ʆ. ɸ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʽʚ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

132 

ʐʘʨʠʡ ʆ. ʄ., ʂʦʨʟʘʯʝʥʢʦ ʄ. ʄ. ɸʥʘʣʽʟ ʧʨʠʯʠʥ ʧʦʯʘʪʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ  

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

133 

ɯʚʘʥʠʰʠʥ ɺ. ɸ.
1
, ɹʫʛʘʡ ɺ. ɻ.

2
 ʇʦʣʴʦʚʽ ʪʘ ʣʘʙʦʨʘʪʦʨʥʽ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ 

ʚʠʰʫʢʫʚʘʥʥʷ ʜʽʣʷʥʢʠ ʚ ʤʽʢʨʦʨʘʡʦʥʽ çʄʘʩʘʥʠè ʧʽʜ ʙʫʜʽʚʥʠʮʪʚʦ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʭ 

ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ 
1
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

2
ɿɸʊ çʏʝʨʥʽʛʽʚʙʫʜʨʦʟʚʽʜʫʚʘʥʥʷè, ʤ. ʏʝʨʥʽʛʽʚ 

134 

ɼʫʙʝʥʝʮʴ ɺ. ɻ., ʉʘʚʯʝʥʢʦ ʆ. ɺ., ɼʝʨʢʘʯ ʆ. ʃ. ɺʽʣʴʥʽ ʢʦʣʠʚʘʥʥʷ ʢʦʤʧʦʟʠʪʥʦʾ 

ʣʦʧʘʪʽ ʪʫʨʙʽʥʠ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

135 

ʂʘʡʜʘʰ ʄ. ɼ. ʏʠʩʝʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʛʥʫʯʢʠʭ ʥʠʪʦʢ ʽʟ ʟʦʩʝʨʝʜʞʝʥʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

137 

ɹʦʣʦʪʦʚ ʄ. ɻ., ʇʨʠʙʠʪʴʢʦ ɯ. ʆ., ʂʦʨʟʘʯʝʥʢʦ ʄ. ʄ. ʇʨʝʮʠʟʽʡʥʝ ʟʚʘʨʶʚʘʥʥʷ 

ʘʨʤʘʪʫʨʥʠʭ ʩʪʘʣʝʡ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

139 

ʇʘʚʣʝʥʢʦ ɺ. ɺ., ɿʘʚʘʮʴʢʠʡ ʉ. ɺ. ɺ̔ ʜʨʦʜʞʝʥʥʷ ʧʘʣʘʮʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʂ. ɻ. ʈʦʟʫʤʦʚʩʴʢʦʛʦ ʚ ɹʘʪʫʨʠʥʽ ʷʢ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʽʩʪʦʨʠʯʥʦʾ ʩʧʘʜʱʠʥʠ ʋʢʨʘʾʥʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

141 

ʉʘʚʝʥʢʦ ɺ. ɯ., ʂʣʶʻʚʘ ɺ. ɺ., ʇʘʣʴʯʠʢ ʉ. ʇ. ʗʚʠʱʘ ʝʥʪʨʦʧʽʾ ʽ ʩʠʥʝʨʛʽʾ ʷʢ ʚʧʣʠʚʦʚʽ 

ʬʘʢʪʦʨʠ ʚ ʝʬʝʢʪʠʚʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

145 

ɹʘʨʙʘʰ ʄ. ɯ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʤʽʪʠʚʽʚ ʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʨʦʙʽʚ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

146 

ɹʫʣʘʚʢʘ ʆ. ɯ., ʉʦʢʦʣʝʥʢʦ ʉ. ɺ., ʂʘʧʣʶʯʝʥʢʦ ʄ. ɸ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʥʦʛʨʘʬʽʯʥʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʚʠʨʦʙʥʠʯʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ 

ʊʘʣʴʥʽʚʩʴʢʠʡ ʙʫʜʽʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʢʦʣʝʜʞ ʋʤʘʥʩʴʢʦʛʦ ʅʋʉ, ʤ. ʊʘʣʴʥʝ 
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ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 
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ʉɽʂʎɯʗ 7  

çɽʂʆʃʆɻɯʗ, ʊɽʍʅʆɻɽʅʅɸ ɹɽɿʇɽʂɸ, ɽʅɽʈɻɽʊʀʂɸ ʊɸ 

ʈɽʉʋʈʉʆɿɹɽʈɽɾɽʅʅʗè 
 

ʐʪʝʧʘ ɺ. ʄ.
1
, ʄʦʨʛʦʣʴ ʆ. ɺ.

2
 ɺʠʢʦʨʠʩʪʘʥʥʷ ʫʜʦʩʢʦʥʘʣʝʥʠʭ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʘʜ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʝʣʝʢʪʨʦʪʝʭʥʦʣʦʛʽʡ ʚʦʜʦʦʯʠʱʝʥʥʷ 
1 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, ʤ. ʂʠʾʚ  

2 
ʇʦʣʽʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʇʽʥʩʴʢ, ʈʝʩʧʫʙʣʽʢʘ ɹʽʣʦʨʫʩʴ 

150 

ʄʦʣʯʘʥʦʚ ɺ. ʌ., ʊʢʘʯʝʥʢʦ ɸ. ɺ. ʇʦʩʪʘʥʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ 

ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʝʡ ʚ ʧʝʨʝʤʝʥʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ 

ɼʥʝʧʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʤ.ʂʘʤôʷʥʩʴʢʝ 

152 

ʂʦʚʘʣʴʦʚ ʆ. ɺ.
1
, ʂʦʚʘʣʴʦʚʘ ʉ. ʆ.
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ʉɽʂʎɯʗ 4  

çʊɽʍʅʆʃʆɻɯʏʅɯ ʇʈʆʎɽʉʀ ʊɸ ʉʀʉʊɽʄʀ ʍɯʄɯʏʅʆɰ, ʃɽɻʂʆɰ, 

ʇɽʈɽʈʆɹʅʆɰ ʊɸ ʍɸʈʏʆɺʆɰ ʇʈʆʄʀʉʃʆɺʆʉʊɯè 

 
ʋɼʂ: 687.057.21(075.8) 

ʆʨʣʦʚʩʴʢʠʡ ɹ.ɺ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ  

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ,  mlp-knutd@ukr.net 

ʆɹôɭʂʊʅʆ-ʆʈɯɽʅʊʆɺɸʅɽ ʇʈʆɽʂʊʋɺɸʅʅʗ ɼɯɸɻʈɸʄʀ ʆɹǋɭʂʊɯɺ ʄɸʐʀʅ 

ɼʃʗ ʉʊɯɹʂɯɺ ʂʃɸʉʋ 300 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʢʦʤʘʥʜ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʤʘʰʠʥʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʽʘʛʨʘʤʦʶ 

(ʮʠʢʣʦʛʨʘʤʦʶ, ʩʠʥʭʨʦʛʨʘʤʦʶ ʘʙʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʟʥʘʢʦʚʦʶ ʤʦʜʝʣʣʶ) ʚʟʘʻʤʦʜʽʾ 

ʨʦʙʦʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʤʽʞ ʩʦʙʦʶ, ʥʠʪʢʘʤʠ ʽ ʤʘʪʝʨʽʘʣʦʤ ʟʘ 1 ʮʠʢʣ ʨʦʙʦʪʠ (1 ʦʙʦʨʦʪ 

ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ). 

ɼʽʘʛʨʘʤʘ ʦʙʢ̒ʪʚ̔ ʤʘʰʠʥʠ (ʨʠʩ.1) ʮʝ ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʝʨʝʪʠʥʽʚ ʙʘʟʦʚʠʭ ʢʣʘʩʽʚ 

ʦʙôʻʢʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʘʙʦ ʥʝ ʤʘʶʪʴ ʟʘʛʘʣʴʥʦʛʦ ʧʨʝʜʢʘ. ʇʨʠ ʮʴʦʤʫ ʟʚôʷʟʢʠ ʦʙôʻʢʪʽʚ 

ʦʙʫʤʦʚʣʝʥʽ  

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʤʘʰʠʥʠ ʽ ʧʦʨʷʜʢʦʤ ʚʟʘʻʤʦʜʽʾ ʦʙôʻʢʪʽʚ ʜʚʦʭ ʙʘʟʦʚʠʭ 

ʢʣʘʩʽʚ ʊʦʦl=object ʪʘ RawMaterial=object ʤʽʞ ʩʦʙʦʶ ʟʘ 1 ʮʠʢʣ ʫʪʚʦʨʝʥʥʷ ʦʜʥʦʛʦ 

ʤʘʰʠʥʥʦʛʦ ʩʪʽʙʢʘ. ʇʦ ʘʥʘʣʦʛʽʾ ʙʫʜʫʶʪʴʩʷ  ʜʽʘʛʨʘʤʘ ʚʟʘʻʤʦʜʽʾ ʦʙôʻʢʪʽʚ ʽ ʜʣʷ ʽʥʰʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴ ʤʝʭʘʥʽʯʥʫ ʪʝʭʥʦʣʦʛʽʶ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʷʛʫ, ʚʟʫʪʪʷ ʽ 

ʽʥʰʠʭ ʚʠʨʦʙʽʚ ʘʙʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʟ ʤʘʪʝʨʽʘʣʽʚ ʣʝʛʢʦʾ ʽ ʪʝʢʩʪʠʣʴʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʌʦʨʤʘʣʽʟʦʚʘʥʠʤʠ ʦʙʦʚôʷʟʢʘʤʠ ʜʝʣʝʛʦʚʘʥʠʤʠ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʠʩʪʝʤʦʶ ʜʣʷ 

ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ ʨʦʙʦʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ Tool=object{ʦʙ̒ʢʪʥʠʡ ʪʠʧ} ʻ:    

1. ɻʦʣʢʘ (Needle=object) ï ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʛʦʣʢʦʚʦʾ ʥʠʪʢʠ (ʦʙôʻʢʪ ʩʫʩʽʜʥʴʦʛʦ ʙʘʟʦʚʦʛʦ 

ʢʣʘʩʫ) ʩʢʨʽʟʴ ʧʘʢʝʪ ʟʰʠʚʘʻʤʠʭ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʧʝʪʣʽ-ʥʘʧʫʩʢʫ.  

2. ʏʦʚʥʠʢ (Chuttle=object) ï ʜʣʷ ʟʘʭʦʧʣʝʥʥʷ ʧʝʪʣʽ-ʥʘʧʫʩʢʫ, ʧʝʨʝʧʣʝʪʝʥʥʷ ʯʦʚʥʠʢʦʚʦʾ 

ʥʠʪʢʠ (ʦʙôʻʢʪ ʩʫʩʽʜʥʴʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ) ʟ ʛʦʣʢʦʚʦʾ ʥʠʪʢʦʶ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʚʫʟʣʠʢʘ 

ʧʝʨʝʧʣʝʪʝʥʥʷ ʜʚʦʭ ʥʠʪʦʢ. 

3. ʅʠʪʢʦʧʨʠʪʷʛʫʚʘʯ (AttractThread=object ) ï ʜʣʷ ʧʦʜʘʚʘʥʥʷ ʩʧʦʯʘʪʢʫ ʥʠʪʢʫ ʛʦʣʮʽ, 

ʧʦʪʽʤ ʯʦʚʥʠʢʫ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʚʫʟʣʠʢʘ ʧʝʨʝʧʣʝʪʝʥʥʷ  i-ʛʦ ʩʪʽʙʢʘ, ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨ ʢʦʥʪʫʨʫ 

ʦʙʚʝʜʝʥʦʾ ʥʘʚʢʦʣʦ ʰʧʫʣʝ ʪʨʠʤʘʯʘ ʛʦʣʢʦʚʦʾ ʥʠʪʢʠ, ʟʘʪʷʛʫʚʘʥʥʷ ʫʪʚʦʨʝʥʦʛʦ ʚʫʟʣʠʢʘ ʫ 

ʩʝʨʝʜʠʥʫ ʧʘʢʝʪʫ ʟʰʠʚʘʻʤʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʦʙôʻʢʪ ʩʫʩʽʜʥʴʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ) ʽ ʧʦʜʘʪʠ ʟ 

ʙʦʙʽʥʠ ʛʦʣʢʦʚʫ ʥʠʪʢʫ ʜʦʚʞʠʥʦʶ ʩʧʦʞʠʪʦʶ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʮʴʦʛʦ ʩʪʽʙʢʘ.  

4. ɿʫʙʯʘʪʘ ʨʝʡʢʘ (BottomFoot=object) ï ʚʽʜʩʣʽʜʢʫʻ ʧʦʣʦʞʝʥʥʷ ʚʽʩʪʨʷ ʛʦʣʢʠ (ʦʙôʻʢʪ 

ʮʴʦʛʦ ʞ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ) ʚʽʜʥʦʩʥʦ ʚʝʨʭʥʴʦʾ ʧʦʚʝʨʭʥʽ ʧʘʢʝʪʫ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʠʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ ʧʨʠʪʠʩʢʥʦʶ ʣʘʧʢʦʶ (ʦʙôʻʢʪ ʮʴʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ) ʽ ʦʧʦʨʥʦʶ ʛʦʣʢʦʚʦʶ 

ʧʣʘʩʪʠʥʦʶ (ʦʙôʻʢʪ ʮʴʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ) ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʟʰʠʚʘʻʤʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʚʩʪʘʥʦʚʣʝʥʫ ʜʦʚʞʠʥʫ ʩʪʽʙʢʘ, ʢʦʣʠ ʚʽʩʪʨʷ ʛʦʣʢʠ ʚʠʡʜʝ ʽʟ ʤʘʪʝʨʽʘʣʫ (ʦʙôʻʢʪʘ ʩʫʤʽʞʥʦʛʦ 

ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ).     

5. ʇʨʠʪʠʩʢʥʘ ʣʘʧʢʘ (PresserFoot=object) ï ʧʨʠ ʘʢʪʠʚʥʦʤʫ ʨʦʙʦʯʦʤʫ ʧʨʦʮʝʩʽ ʧʦʩʪʽʡʥʦ 

ʚʟʘʻʤʦʜʽʶʪʴ ʪʽʣʴʢʠ ʟ ʦʙôʻʢʪʦʤ (Cloth=object) ʩʫʤʽʞʥʦʛʦ ʢʣʘʩʫ.  

6. ɻʦʣʢʦʚʘ ʧʣʘʩʪʠʥʘ (PlateNeedle=object) ï ʚʠʢʦʥʫʻ ʨʦʣʴ Ăʩʪʽʡʢʠò ʘ ʧʦʩʝʨʝʜʥʠʢʘ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʽ ʪʘʢʦʞ ʧʦʩʪʽʡʥʦ ʚʟʘʻʤʦʜʽʻ ʪʽʣʴʢʠ ʟ ʦʙôʻʢʪʦʤ (Cloth=object) 

ʩʫʤʽʞʥʦʛʦ ʢʣʘʩʫ ʽ ʧʝʨʽʦʜʠʯʥʦ ʟ BottomFoot=object)ï ʦʙôʻʢʪʦʤ ʩʚʦʛʦ ʢʣʘʩʫ. 

7. ʈʝʛʫʣʷʪʦʨ ʥʘʪʷʛʫʚʘʥʥʷ ʛʦʣʢʦʚʦʾ ʥʠʪʢʠ (SensorThread=object) ï ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ 

ʜʘʪʯʠʢʘ ʥʘʪʷʛʫʚʘʥʥʷ ʥʠʪʦʢ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʘʩʠʚʥʦʤʫ ʩʪʘʥʽ (ʫʚʽʤʢʥʝʥʠʡ) ʥʘ ʧʨʦʪʷʟʽ 

ʚʩʴʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʽ ʘʚʪʦʤʘʪʠʯʥʦ ʧʝʨʝʭʦʜʠʪʴ ʚ ʘʢʪʠʚʥʠʡ ʩʪʘʥ (ʥʝ ʟʘʪʠʩʢʫʻ ʛʦʣʢʦʚʫ 

ʥʠʪʢʫ ʩʧʦʞʠʪʫ ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʝʤ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʽ+1 ʩʪʽʙʢʘ) ʧʦ ʦʪʨʠʤʘʥʥʶ ʢʦʤʘʥʜʠ ʚʽʜ 
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ʚʫʟʣʠʢʘ ʽʟ ʥʠʪʦʢ ʽ ʤʘʪʝʨʽʘʣʫ (ʦʙôʻʢʪʽʚ ʩʫʤʽʞʥʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ) ʧʨʠ ʢʫʪʽ ʧʦʚʦʨʦʪʫ 

ʛʦʣʦʚʥʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ, ʢʦʣʠ ʮʝʡ ʚʫʟʣʠʢ ʧʨʠʧʠʥʷʻ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ Z-oʩʽ ʽ ʟʫʧʠʥʷʻʪʴʩʷ ʚ 

ʩʝʨʝʜʠʥʽ ʧʘʢʝʪʫ ʧʦʰʠʚʘʝʤʠʭ ʜʝʪʘʣʝʡ.  

ʌʦʨʤʘʣʽʟʦʚʘʥʠʤʠ ʦʙʦʚôʷʟʢʘʤʠ ʜʝʣʝʛʦʚʘʥʠʤʠ ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʠʩʪʝʤʦʶ ʜʣʷ 

ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ (ʦʙôʻʢʪʽʚ ʦʙʨʦʙʢʠ ʘʙʦ ʧʝʨʝʨʦʙʢʠ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽʡ 

ʤʘʰʠʥʽ) RawMaterial=object; {ʦʙǋʻʢʪʥʠʡ ʪʠʧ} ʻ: 

 
ʈʠʩ1. ï ɼʽʘʛʨʘʤʘ ʦʙǋʻʢʪʽʚ ʤʘʰʠʥ ʜʣʷ ʩʪʽʙʢʽʚ ʢʣʘʩʫ 300 

1. ɻʦʣʢʦʚʘ ʥʠʪʢʘ (ThreadNeedle=object) ï ʟ ʧʦʟʠʮʽʾ ʦʙǋʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ [1] 

ʮʝʡ ʦʙôʻʢʪ, ʷʢ ʽ ʽʥʰʽ ʦʙôʻʢʪʠ ʮʴʦʛʦ ʢʣʘʩʫ ʻ ʧʝʨʝʜʘʪʦʯʥʠʤʠ ʣʘʥʢʘʤʠ ʤʽʞ ʦʙôʻʢʪʘʤʠ 

ʩʫʤʽʞʥʦʛʦ ʙʘʟʦʚʦʛʦ ʢʣʘʩʫ Tool=object. ɻʦʣʢʦʚʘ ʥʠʪʢʘ ʻ ʧʨʫʞʥʦʶ ʣʘʥʢʦʶ, ʧʝʨʝʜʘʶʯʦʶ 

ʚʢʘʟʽʚʢʦʶ (1) ʜʣʷ Needle=object ï  ʧʨʦʚʝʩʪʠ ʧʝʪʣʶ ʩʢʨʽʟʴ ʤʘʪʝʨʽʘʣ, ʘ ʜʣʷ Chuttle=object 

ʚʢʘʟʽʚʢʦʶ (2) ʧʨʦ ʥʝʦʙʭʽʜʥʦʩʪʴ ʚʟʘʻʤʦʜʽʾ ʟ ʥʦʩʠʢʦʤ ʯʦʚʥʠʢʘ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʛʦʣʢʠ ʽʟ 

ʢʨʘʡʥʴʦʛʦ ʥʠʞʥʴʦʛʦ ʧʦʣʦʞʝʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ S0 = const. ʎʷ ʚʢʘʟʽʚʢʘ (2) ʧʝʨʝʜʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʨʽʘʣʫ, ʚ ʷʢʦʤʫ ʟʥʘʭʦʜʠʪʴʩʷ ʛʦʣʢʘ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʨʪʷ 

ʤʽʞ ʤʘʪʝʨʽʘʣʦʤ ʽ ʪʽʻʾ ʜʽʣʷʥʢʠ ʥʠʪʢʠ, ʷʢʠʡ ʪʠʤʯʘʩʦʚʦ ʧʨʠʭʦʚʘʥʠʡ ʚ ʜʦʚʛʦʤʫ  ʞʦʣʦʙʢʫ 

ʛʦʣʢʠ ʽ ʽʥʰʦʶ ʜʽʣʷʥʢʦʶ ʮʽʻʾ ʞ ʥʠʪʢʠ, ʩʪʠʢʘʻʤʠʡ ʟ ʤʘʪʝʨʽʘʣʦʤ ʟ ʧʨʦʪʠʣʝʞʥʦʶ ʚʽʜ ʜʦʚʛʦʛʦ 

ʞʦʣʦʙʢʘ ʙʦʢʫ ʩʪʝʨʞʥʷ ʛʦʣʢʠ. ɻʦʣʢʦʚʘ ʥʠʪʢʘ ʚʢʘʟʽʚʢʦʶ (3) ʧʝʨʝʜʘʻ ʜʣʷ 

AttractThread=object  ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʜʦʚʞʠʥʽ ʨʦʟʰʠʨʝʥʦʾ ʧʝʪʣʽ-ʥʘʧʫʩʢʘ ʽ 

ʚʪʷʛʫʚʘʥʥʽ ʚʫʟʣʠʢʘ ʧʝʨʝʧʣʝʪʝʥʥʷ ʽʟ ʜʚʦʭ ʥʠʪʦʢ ʚ ʤʘʪʝʨʽʘʣ ʟʥʠʟʫ. ɺʢʘʟʽʚʢʘ (4) ʬʦʨʤʫʻʪʴʩʷ 

ʜʣʷ SensorThread=object ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʜʘʯʽ ʥʠʪʢʠ ʜʣʷ ʽ+1 ʩʪʽʙʢʘ. 

2. ʏʦʚʥʠʢʦʚʘ ʥʠʪʢʘ (ThreadChuttle=object) ï ʜʝʣʝʛʫʻ ʩʚʦʾ ʦʙʦʚôʷʟʢʠ, ʷʢʽ 

ʽʥʢʘʧʩʫʣʽʨʦʚʘʥʽ ʚ ʦʙʦʚôʷʟʢʠ ThreadNeedle=object ʧʽʩʣʷ ʫʪʚʦʨʝʥʥʷ ʚʫʟʣʠʢʘ ʽʟ ʜʚʦʭ ʥʠʪʦʢ. 

3. ʊʢʘʥʠʥʘ (Cloth=object) ï  ̒ ʧʝʨʝʜʘʪʦʯʥʦʶ ʣʘʥʢʦʶ ʤʽʞ PresserFoot=object ʽ 

PlateNeedle=object, ʪʦʙʪʦ ʻ ʧʝʨʝʜʘʪʦʯʥʦʶ ʣʘʥʢʦʶ ʜʚʦʤʘ ʦʙôʻʢʪʘʤʠ ʩʫʤʽʞʥʦʛʦ ʙʘʟʦʚʦʛʦ 

ʢʣʘʩʫ. ɰʾ ʦʙʦʚôʷʟʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʜʣʷ ʩʠʩʪʝʤʠ ʫ ʩʧʠʩʢʫ ʜʽʶʯʠʭ ʚʢʘʟʽʚʦʢ 

(ʢʦʤʘʥʜ) ʛʦʣʮʽ, ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʫ, ʟʫʙʯʘʪʽʡ ʨʝʡʮʽ ʪʘ ʨʝʛʫʣʷʪʦʨʫ ʥʘʪʷʛʫʚʘʥʥʷ ʛʦʣʢʦʚʽʡ 

ʥʠʪʢʠ, ʘ ʩʘʤʝ: ʚʢʘʟʽʚʢʘ (1) ʜʣʷ ʛʦʣʢʠ ï ʧʨʦʚʝʩʪʠ ʩʢʨʽʟʴ ʤʘʪʝʨʽʘʣ ʛʦʣʢʦʚʫ ʥʠʪʢʫ ʫ ʚʠʛʣʷʜʽ 

ʩʠʤʝʪʨʠʯʥʦʾ ʧʝʪʣʽ ʽ ʢʦʣʠ ʚʦʥʘ ʜʦʩʷʛʥʝ ʤʘʢʩʠʤʘʣʴʥʽʡ ʜʦʚʞʠʥʽ, ʪʦʜʽ ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ ʛ̔ ʣʢʘ 

ʥʠʪʢʠ ʧʨʠʟʫʧʠʥʷʻʪʴʩʷ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʧʝʪʣʽ-ʥʘʧʫʩʢʘ; ʚʢʘʟʽʚʢʘ (2) ʜʣʷ ʥʠʪʢʦʧʨʠʪʷʛʫʚʘʯʘ 

ʽʥʢʘʧʩʫʣʽʨʦʚʘʥʘ ʚ AttractThread=object ; ʚʢʘʟʽʚʢʘ (3) ʟʫʙʯʘʪʦʾ ʨʝʡʢʠ ï ʧʝʨʝʤʽʱʝʥʥʷ 

Cloth=object ʥʘ ʟʘʜʘʥʫ ʜʦʚʞʠʥʫ ʩʪʽʙʢʘ, ʢʦʣʠ ʚʽʩʪʨʷ ʛʦʣʢʠ ʚʠʡʜʝ ʟ ʤʘʪʝʨʽʘʣʫ ʽ ʡʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʶ ʚʧʝʨʝʜ ʥʽʱʦ ʥʝ ʧʝʨʝʰʢʦʜʞʘʻ; ʚʢʘʟʽʚʢʘ (4) ʜʣʷ SensorThread=object ï 
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ʚʫʟʣʠʢ ʽʟ ʜʚʦʭ ʥʠʪʦʢ ʚʞʝ ʚʪʷʛʥʫʪʠʡ ʫʩʝʨʝʜʠʥʫ Cloth=object ʽ ʷʢʱʦ ʟʘʨʘʟ ʥʝ ʙʫʜʝ 

ʦʩʣʘʙʣʝʥʘ ʥʘʪʷʛʫʚʘʥʥʷ ThreadNeedle=object, ʪʦʜʽ ʥʝ ʽʟ ʯʦʛʦ ʙʫʜʝ ʦʪʨʠʤʫʚʘʪʠ ʥʘʩʪʫʧʥʠʡ 

ʩʪʽʙʦʢ ʘʙʦ ʛʦʣʢʦʚʘ ʥʠʪʢʘ ʦʙʽʨʚʝʪʴʩʷ.  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɹʫʯ ɻ. ʆʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʳʡ ʘʥʘʣʠʟ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ ʧʨʠʤʝʨʘʤʠ ʧʨʠʣʦʞʝʥʠʡ ʥʘ 

ʉ++  / ɻ. ɹʫʯ. ï ʄ.: çʀʟʜʘʪʝʣʴʩʪʚʦ ɹʠʥʦʤè, ʉʇʙ.: çʅʝʚʩʢʠʡ ʧʨʦʩʧʝʢʪè, 2000. ï 560 c. 
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ʏʫʣʻʻʚʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʠʨʝʢʪʦʨ ʅʊʎ 

ʇʨʠʚʘʪʥʝ ʘʢʮʽʦʥʝʨʥʝ ʪʦʚʘʨʠʩʪʚʦ çɿɸɺʆɼ ʇɯɺɼɽʅʂɸɹɽʃʔè, echuleeva@ukr.net 

ʇʣʘʚʘʥ ɺ.ʇ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, plavan.vp@knutd.com.ua 

ʄʆɼɽʃʖɺɸʅʅʗ ʊɽʇʃʆʌɯɿʀʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ʅɸʇʆɺʅʖɺɸʏɯɺ 

ʇʆɾɽɾʆɹɽɿʇɽʏʅʀʍ ʇʆʃɯʄɽʈʅʀʍ ʂʆʄʇʆɿʀʎɯʁ 

ʋ ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʧʦʞʝʞʦʙʝʟʧʝʯʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʦʣʝʬʽʥʽʚ ʷʢ 

ʥʘʧʦʚʥʶʚʘʯʽ-ʘʥʪʠʧʽʨʝʥʠ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʜʨʦʢʩʠʜʠ ʤʝʪʘʣʽʚ, ʟʦʢʨʝʤʘ, ʘʣʶʤʽʥʽʶ ʽ 

ʤʘʛʥʽʶ, ʤʘʛʥʝʟʠʪʠ ʽ ʛʽʜʨʦʤʘʛʥʝʟʽʪʠ, ʱʦ ʜʦʟʚʦʣʷ ̒ʟʙʽʣʴʰʠʪʠ ʚʦʛʥʝʩʪʽʡʢʽʩʪʴ ʟʘ ʨʘʭʫʥʦʢ 

ʧʦʛʣʠʥʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʘ, ʥʝʡʪʨʘʣʽʟʫʚʘʪʠ ʢʠʩʣʽ ʛʘʟʠ, ʟʥʠʟʠʪʠ ʜʠʤʦʫʪʚʦʨʝʥʥʷ 

[1, 2]. ʅʘʧʦʚʥʝʥʽ ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʾ ʟʘʟʚʠʯʘʡ ʧʝʨʝʨʦʙʣʷʶʪʴʩʷ ʧʨʠ ʧʽʜʚʠʱʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʧʽʜ ʯʘʩ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʜʘʶʪʴʩʷ ʪʝʧʣʦʚʠʤ ʚʧʣʠʚʘʤ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ 

ʧʦʞʝʞʽ.  

ʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʠʩʧʝʨʩʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ (ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ, 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ) ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʮʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʧʦʚʥʶʚʘʯʽ-ʘʥʪʠʧʽʨʝʥʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮ ̫1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʧʦʚʥʶʚʘʯʽʚ-ʘʥʪʠʧʽʨʝʥʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ɿʨʘʟʢʠ ʥʘʧʦʚʥʶʚʘʯʽʚ-ʘʥʪʠʧʽʨʝʥʽʚ 

Al(OH)3 Mg(OH)2 
Mg5(CO3)4(OH)2Ā4H2O; 

Mg3Ca(CO3)4 

1 2 3 4 5 

ʄʘʩʦʚʘ ʜʦʣʷ, % 

Mg(OH)2   > 93 > 93,2 98,96 

Al(OH)3 > 99,2 > 99,5    

SiO2 < 0,05 < 0,1 < 0,05 2,2 Ñ 0,2 0,67 

Fe2O3 < 0,035 < 0,03 < 0,5 0,12 Ñ 0,02 0,04 

Na2O < 0,6 < 0,4 < 0,05  < 0,05 

CaO    2,2 Ñ 0,2  

ʄʝʜʽʘʥʥʠʡ ʜʽʘʤʝʪʨʯʘʩʪʦʯʦʢ, ʤʢʤ: 

ï ʩʝʨʝʜʥʽʡ (D50) 1,5 3 3 3,7 1,4 

ï ʤʘʢʩʠʤʘʣʴʥʠʡ (D98) 3,6 18 20 12,5 8,35 

ï ʤʥ̔̔ ʤʘʣʴʥʠʡ (D10) 0,5 1 1 1,1 1,02 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʦʤ DSC ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩ ʧʣʘʚʣʝʥʥʷ ʰʤʘʪʦʯʢʘ ʤʝʪʘʣʫ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ ʚʝʨʭʥʽʡ ʧʦʚʝʨʭʥʽ 

ʟʨʘʟʢʘ ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʘ ʫʤʦʚʠ, ʱʦ ʬʦʨʤʘ ʽ ʧʣʦʱʘ ʢʦʥʪʘʢʪʥʦʾ ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʽ 

mailto:echuleeva@ukr.net
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ʟʨʘʟʢʘ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ.ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘʢʽ ʯʠʩʪʽ ʤʝʪʘʣʠ ʷʢ ʽʥʜʽʡ, ʮʠʥʢ ʽ ʘʣʶʤ̔ ʥʽʡ, ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ430, 693, 933 ʂ, ʚʽʜʧʦʚʽʜʥʦ. ɺʠʤʽʨʶʚʘʥʥʷ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʥʘ 

ʧʨʠʣʘʜʽ TGA/DSC 1 ʬʽʨʤʠ METTLERTOLEDO. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʥʘʯʝʥʥʷ ʪʘʥʛʝʥʩʽʚ ʢʫʪʽʚ 

ʥʘʭʠʣʫ ʜʦʪʠʯʥʠʭ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʨʠʚʦʾ ʧʣʘʚʣʝʥʥʷ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʤʝʪʘʣʫ (ʨʠʩ.1). 

ʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʥʪʠʧʽʨʝʥʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 2. 

 
ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩ. 1 ïʊʝʨʤʦʛʨʘʤʠ ʜʣʷ ʩʠʩʪʝʤʠ çʽʥʜʠʢʘʪʦʨʥʠʡ ʤʝʪʘʣ ïʚʠʧʨʦʙʫʚʘʥʠʡʟʨʘʟʦʢè:  

a) ʧʦ ln; ʙ) ʧʦ Zn; ʚ) ʧʦ Al 

ɺʠʤʽʨʶʚʘʥʘ ʪʝʨʤʦʘʥʘʣʽʟʘʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʥʴʦʾ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʤʘʪʝʨʽʘʣʫ ʽ 

ʪʝʧʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʥʴʦʛʦ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ: 

 Shktg / ,  (1) 

ʜʝ ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/ʤĀʂ;  

Ŭ ï ʢʫʪ ʥʘʭʠʣʫ ʣʽʥʽʡʥʦʾ ʜʽʣʷʥʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʨʠʚʦʾ ʧʣʘʚʣʝʥʥʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

çʪʝʧʣʦʚʠʡ ʧʦʪʽʢ (ɺʪ) ï ʪʝʤʧʝʨʘʪʫʨʘ (ʂ)è, ʛʨʘʜ.;  

k ï ʧʦʩʪʽʡʥʘ ʢʦʤʽʨʢʠ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʨʠʣʘʜʫ;  

h ï ʪʦʚʱʠʥʘ ʟʨʘʟʢʘ, ʤ;  

S ï ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ, ʤ
2
. 

ʊʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʘʣʠ ʥʘʩʪʫʧʥʦʶ ʟʘʣʝʞʥʽʩʪʶ [3]: 

  ɟɚ/Cpa , (2) 

ʜʝ ɚ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ɺʪ/ʤĀʂ;  

ʘ ï ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʤ
2
/ʩ;  

ʉʨ ï ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʨʘʟʢʘ (ʟ ʧʦʢʘʟʘʥʴ ʧʨʠʣʘʜʫ TGA/DSC 1), ɼʞ/ʢʛĀʂ;  

ɟ ï ʛʫʩʪʠʥʘ ʟʨʘʟʢʘ, ʢʛ/ʤ
3
. 

ʊʘʙʣʠʮʷ 2 ïʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʦʚʥʶʚʘʯʽʚ-ʘʥʪʠʧʽʨʝʥʽʚ 

ʅʘʧʦʚʥʶ-

ʚʘʯ-

ʘʥʪʠʧʽʨʝʥ 

ʊʝʤʧʝʨʘʪʫʨʘ, ʂ 

In 429 (156 ÁC) Zn 693 (420 ÁC) Al 933 (660 ÁC) 

ɚ, 

ɺʪ/ʤĀʂ, 

k=1,8 

ʘ, 

ʤ
2
/ʩ 

ʉʨ, 

ɼʞ/ʛĀʂ 

ɚ, 

ɺʪ/ʤĀʂ, 

k=1,8 

ʘ, 

ʤ
2
/ʩ 

ʉʨ, 

ɼʞ/ʛĀʂ 

ɚ, 

ɺʪ/ʤĬʂ, 

k=1,8 

ʘ, 

ʤ
2
/ʩ 

ʉʨ, 

ɼʞ/ʛĀʂ 

1 0,54 8,2Ĭ10
-8 

2,745 0,63 3,99Ĭ10
-8

 6,584 1,09 7,56Ĭ10
-8

 6,005 

2 0,42 8,1Ĭ10
-8

 2,164 0,48 3,55Ĭ10
-8

 5,626 1,08 9,12Ĭ10
-8

 4,934 

3 0,63 10,4Ĭ10
-8

 2,573 0,80 5,52Ĭ10
-8

 6,138 1,02 7,22Ĭ10
-8

 5,99 

4 0,72 9,1Ĭ10
-8

 3,338 0,87 4,63Ĭ10
-8

 7,96 0,9 6,67Ĭ10
-8

 5,726 

5 0,58 6,5Ĭ10
-8

 3,069 0,87 4,33Ĭ10
-8

 6,927 1,08 6,71Ĭ10
-8

 5,551 
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ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʧʦʞʝʞʦʙʝʟʧʝʯʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʚʠʟʥʘʯʠʣʠ, ʱʦ ʢʨʘʱʽ ʧʦʢʘʟʥʠʢʠ 

ʦʪʨʠʤʘʥʦ ʜʣʷ ʥʘʧʦʚʥʶʚʘʯʽʚ 1, 4, ʪʦʙʪʦ ʪʨʠʛʽʜʨʘʪʫ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʪʘ ʜʠʛʽʜʨʘʪʫ ʦʢʩʠʜʫ 

ʤʘʛʥʽʶ ʟ ʤʝʥʰʠʤ ʩʝʨʝʜʥʽʤ ʜʽʘʤʝʪʨʦʤ ʯʘʩʪʦʯʦʢ, ʘ ʟ ʥʠʭ ʢʨʘʱʝ ʥʘʧʦʚʥʶʚʘʯ 4. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʊʠʨʝʣʣʠ ɼʠʝʛʦ. ɸʥʪʠʧʠʨʝʥʳ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ [ʊʝʢʩʪ] / ɼʠʝʛʦ ʊʠʨʝʣʣʠ // The Chemical 

Journal.ï 2013. ï ˉ 1-2. ï ʉ. 42-45. 

2. ʆʙʟʦʨ ʤʠʥʝʨʘʣʴʥʳʭ ʘʥʪʠʧʠʨʝʥʦʚ-ʛʠʜʨʦʢʩʠʜʦʚ ʜʣʷ ʙʝʟʛʘʣʦʛʝʥʥʳʭ ʢʘʙʝʣʴʥʠʭ ʢʦʤʧʦʟʠʮʠʡ 

[ʊʝʢʩʪ] // ʂʘʙʝʣʴ-news. ï 2009. ï ˉ 8. ï ʉ. 41-43. 

3. ɻʨʝʣʣʴʤʘʥ ɺ. ʀʩʧʳʪʘʥʠʝ ʧʣʘʩʪʤʘʩʩ [ʊʝʢʩʪ] / ɺ. ɻʨʝʣʣʴʤʘʥ, ʉ. ɿʘʡʜʣʝʨ; ʧʝʨ. ʩ ʘʥʛʣ. ʧʦʜ ʨʝʜ. 

ɸ.ʗ. ʄʘʣʢʠʥʘ. ï ʉʇʙ.: ʇʨʦʬʝʩʩʠʷ, 2010. ï 716 ʩ. 
 

UDC 66.02.011:678.542 

Kolosov A.E., Dr . Sc., Professor 

Kolosova E.P., Ph. D., Vice Professor 

National Technical University of Ukraine çIgor Sikorsky Kyiv Polytechnic Instituteè,  

a-kolosov@ukr.net  

APPROACHES TO MODELING OF TECHNICAL MEANS FOR FORMATION OF 

CLASSICAL AND NANOMODIFIED POLYMER COM POSITES ON 

CONSTRUCTIONAL PURPOSE 

Modeling of technology and equipment for the formation of classical and nanomodified (NM) 

polymer composite materials (PCMs) of structural design allows to carry out the project and 

technological design of constructional products from classical and NM PCMs. 

Such simulations, especially in the application of low-frequency ultrasonic (US), can 

significantly save time and material resources in the manufacture of these materials. 

It is emphasized on the efficiency of use in the formation of these materials US. This area of 

research that is competitive in polymer material science, undoubtedly, needs its further 

development. 

The obtained results are the prerequisites for further research on the improvement of effective 

methods of modification of classical and NM liquid polymeric media and enhanced PCMs on 

their basis. The above-mentioned aspects are briefly reflected in the studies [1 - 16]. 
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CONSTRUCTIVE AND DEC ORATIVE CHARACTERIST ICS OF THE HUNGARIAN  

SOBOLCH-SOTMAR COSTUME FROM BEREZSKY REGION FOR MODERN 

In recent years, modern designs of clothing have been striving for originality and 

combination of unique and unusual clothing patterns. It has become possible thanks to the 

applied ethno elements, which make it possible to reveal consumersô preferences in self-

identification, respect for different traditions, and express oneôs own affiliations. 

The work focuses on thestudy of Hungarian national Sobolch-Sotmarcostume from 

Berezsky region, paying attention tothe traditions and features,thatweassociated with the 

production of modern clothesômodels based on ethno types distinction. The analysis made by the 

authors indicates the possibility to explore processes of formation, stylechange and ethnic 

characteristics thanks to the saved unique samples of garment and embroidery [1, 2]. 

The aim of work is to design a contemporary ensembles of clothing with ethno elements, 

which makesauthors pay special attention to the study of the constructive and decorative 

components of the daily and festive Hungarian folk costume responsible for the development and 

formation of the aesthetic tastes of the Hungarian. The work has systematized the types of 

construction of men's and women's clothing and presented them in the form of classification, has 

visualized the technicaltypology of Hungarian embroidery and generalized decoration of the 

women's and men's costumecomponents. 

Characteristics of women's and men's waists, upper shoulder clothes has allowed to define 

common and different features of the costume components, reveal differences in design and 

decorative construction of the Sobolch-Sotmarsuit in Berezsky region.It has been established that 

the costume components have a simple cut, direct and extended silhouette thanks to simple 

geometric shapes such as rectangle and trapezium at the base.The analysis of decorative features, 

namely: ornamental motifs, embroidery techniquesand others, has allowed to determine the types 

of embroidery and the main types of ornaments. Among the leading ornaments there have been 

identified: vegetative, zoomorphic, anthropomorphic and geometric.The structured artistic and 

colorful decoration of the components of the female and masculine costume has made it possible 

to determine the main areas of the ornamental motifsôarrangement in clothes with color scale 

focus. 

It has been determined that the Sobolch-Sotmarsuit from Berezsky region is balanced in the 

fullness of the embroideryandis sustained in terms of colorization and decoration; there is no 

over-saturation observed, which is typical of other Hungarianareas. Clothing modelsôsketches 

have been made on basis of structural analysis of the Hungarian daily and festive costume. 

Thesesketches are based on the imitation of a multi-layer folk costume, decoration of stylized 

embroidery, providing modern laconic cut.Using contemporary methods of artistic design (the 

method of association, analogy, stylization and combinatory) [3], a collection of 

womenclothesôensemble for festive and solemn events has been designed. 
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ʍʘʚʽʥ ɻ.ʃ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
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ʈʆɿʈɸʍʋʅʆʂ ɺɿɸɭʄʆɿɺôʗɿɸʅʀʍ ʊɽʇʃʆʆɹʄɯʅʅʀʍ ʉʀʉʊɽʄ ɿ 

ʋʈɸɿʋɺɸʅʅʗʄ ɿɸɹʈʋɼɽʅʅʗ ʇʆɺɽʈʍʅɯ ʊɽʇʃʆʇɽʈɽɼɸʏɯ 

ʈʦʟʛʣʷʥʫʪʦ ʟʘʜʘʯʫ ʨʦʟʨʘʭʫʥʢʫ ʚʟʘʻʤʦʟʚôʷʟʘʥʠʭ ʟʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʧʣʘʩʪʠʥʯʘʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ 

ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʩʠʩʪʝʤʠ ʧʦʩʣʽʜʦʚʥʦ ʽ ʧʘʨʘʣʝʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʘʧʘʨʘʪʽʚ, ʱʦ ʩʭʠʣʴʥʽ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʷʢʦʩʪʽ ʧʦʷʚʠ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʠʭ ʚʽʜʢʣʘʜʝʥʴ. ɼʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʜʣʷ ʧʣʘʩʪʠʥʯʘʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟ ʨʦʙʦʪʠ [1]. ʈʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʱʦʜʦ 

ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʢʣʘʜʝʥʴ ʧʨʠ ʚʟʘʻʤʦʟʚôʷʟʘʥʽʡ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ ʧʽʜʽʛʨʽʚʘʯʽʚ. ɿʘʷʚʣʝʥʘ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʨʘʭʦʚʫʻ ʯʘʩ ʧʦʷʚʠ ʟʘʙʨʫʜʥʝʥʥʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʫ ʪʝʧʣʦʥʦʩʽʾʚ 

ʪʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʣʘʩʪʠʥ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ.  

ʋ ʙʽʣʴʰʦʩʪʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʻ ʥʘʩʣʽʜʢʦʤ 

ʧʨʦʷʚʠ ʜʽʶʯʠʭ ʦʜʥʦʯʘʩʥʦ ʜʝʢʽʣʴʢʦʭ ʤʝʭʘʥʽʟʤʽʚ ʚʽʜʢʣʘʜʝʥʴ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʢʮʽʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʤʝʭʘʥʽʯʥʝ ʦʩʘʜʞʝʥʥʷ, ʢʦʨʦʟʽʷ ʽ ʭʽʤʽʯʥʘ 

ʨʝʘʢʮʽʷ. ʉʝʨʝʜ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʥʦʤʽʯʥʦʛʦ ʟʙʠʪʢʫ ʻ 

ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʪʘ ʦʩʘʜʞʝʥʥʷ ʟ ʨʦʟʯʠʥʽʚ, ʱʦ ʜʽʶʪʴ ʦʜʥʦʯʘʩʥʦ. 

ʏʠʩʣʝʥʥʽ ʤʦʜʝʣʽ ʨʦʟʛʣʷʜʘʶʪʴ ʧʦʷʚʫ ʽ ʟʨʦʩʪʘʥʥʷ ʚʽʜʢʣʘʜʝʥʴ ʷʢ ʬʫʥʢʮʽʶ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʦʣʝʡ, ʧʦʤʥʦʞʝʥʫ ʥʘ ʬʫʥʢʮʽʶ ɸʨʨʝʥʠʫʩʘ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ 

ʧʦʙʫʜʦʚʘ ʢʽʣʴʢʽʩʥʦʾ ʤʦʜʝʣʽ ʨʦʟʚʠʪʢʫ ʟʘʙʨʫʜʥʝʥʴ ʧʨʠ ʩʧʽʣʴʥʽʡ ʜʽʾ ʦʩʘʜʞʝʥʥʷ ʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʦʜʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʘʧʘʨʘʪʫ, ʘʣʝ ʽ ʜʣʷ ʩʠʩʪʝʤʠ ʘʧʘʨʘʪʽʚ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʽ 

ʧʦʩʣʽʜʦʚʥʦ ʽ, ʪʘʢʦʞ, ʧʝʨʝʚʽʨʢʘ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟ ʥʘʷʚʥʠʤʠ ʚ ʣʽʪʝʨʘʪʫʨʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʽ ʥʘʪʫʨʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ.  

ʉʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʤʦʞʣʠʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ 

ʪʝʧʣʦʦʙʤʽʥʫ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʧʣʦʦʙʤʽʥʥʦʛʦ ʘʧʘʨʘʪʫ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʱʦ ʜʦ ʧʝʨʝʜʙʘʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʩʠʩʪʝʤʠ 

ʧʣʘʩʪʠʥʯʘʪʠʭ ʧʽʜʽʛʨʽʚʘʯʽʚ ʮʫʢʨʦʚʦʛʦ ʩʦʢʫ ʧʝʨʝʜ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ [2]. ʅʘ ʧʽʜʩʪʘʚʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽ ʤʘʪʝʤʘʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʪʫʨʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʧʣʘʩʪʠʥʯʘʪʠʭ ʧʽʜʽʛʨʽʚʘʯʽʚ ʮʫʢʨʦʚʦʛʦ ʩʦʢʫ.  

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʪʝʦʨʝʪʠʯʥʘ ʤʦʜʝʣʴ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ  ʧʝʨʝʜʙʘʯʘʻ 

ʟʨʦʩʪʘʥʥʷ ʚʽʜʢʣʘʜʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʧʣʘʩʪʠʥʯʘʪʠʭ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ. ʅʘ ʦʩʥʦʚʽ 

ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽ ʦʜʥʦʛʦ ʘʧʘʨʘʪʫ, 

ʷʢʠʡ ʥʘʡʙʽʣʴʰ ʟʘʙʨʫʜʥʶʻʪʴʩʷ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʧʦʨʽʚʥʷʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤʠ ʽ 

ʥʘʪʫʨʥʠʤʠ, ʧʦʢʘʟʘʣʠ ʜʦʙʨʫ ʟʙʽʞʥʽʩʪʴ, ʱʦ ʜʦʢʘʟʫʻ ʢʦʨʝʢʪʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ 

ʧʝʨʝʜʙʘʯʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ ʽ ʤʦʞʣʠʚʽʩʪʴ ʾʾ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʊʈɸɭʂʊʆʈɯʁ ʍɸʈɸʂʊɽʈʅʀʍ ʊʆʏʆʂ ʇʈʆʉʊʆʈʆɺʀʍ 

ʄɽʍɸʅɯɿʄɯɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʄɸʐʀʅ ɻɸʃʋɿɽʁ ʃɽɻʂʆɰ 

ʇʈʆʄʀʉʃʆɺʆʉʊɯ 

ʋ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥʘʭ ʛʘʣʫʟʝʡ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʩʪʦʨʦʚʽ 

ʤʝʭʘʥʽʟʤʠ ʜʣʷ ʧʨʠʚʦʜʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ. ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʧʦʩʽʜʘʶʪʴ ʧʨʦʩʪʦʨʦʚʽ ʧôʷʪʠʣʘʥʢʦʚʽ 

ʢʨʠʚʦʰʠʧʥʦ-ʢʦʨʦʤʠʩʣʦʚʽ ʤʝʭʘʥʽʟʤʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʦʙʝʨʪʘʣʴʥʦʛʦ ʨʫʭʫ ʚʽʜʥʦʩʥʦ ʜʚʦʭ ʜʦʚʽʣʴʥʦ ʟʦʨʽʻʥʪʦʚʘʥʠʭ ʫ ʧʨʦʩʪʦʨʽ ʦʩʝʡ ʪʘ ʻ 

ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʧʨʦʩʪʦʨʦʚʠʤ ʪʨʠʣʘʥʢʦʚʠʤ ʤʝʭʘʥʽʟʤʘʤ ʟ ʧʝʨʝʜʘʪʥʠʤʠ ʚʘʞʝʣʷʤʠ, ʱʦ 

ʜʦʪʠʢʘʶʪʴʩʷ [1]. ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʩʪʦʨʦʚʠʡ ʧôʷʪʠʣʘʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ ʟ ʦʙʝʨʪʘʣʴʥʠʤʠ ʪʘ 

ʦʜʥʽʻʶ ʩʬʝʨʠʯʥʦʶ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʧʘʨʘʤʠ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʠʚʦʜʫ ʧʝʪʝʣʴʥʠʢʘ 

ʚ ʧʽʜʰʠʚʘʣʴʥʠʭ ʰʚʝʡʥʠʭ ʤʘʰʠʥʘʭ [2]. ʍʘʨʘʢʪʝʨʥʠʤʠ ʪʦʯʢʘʤʠ ʤʝʭʘʥʽʟʤʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʮʝʥʪʨʠ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ ʣʘʥʦʢ, ʮʝʥʪʨʠ ʤʘʩ ʣʘʥʦʢ, ʨʦʙʦʯʽ ʪʦʯʢʠ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʪʦʱʦ. 

ʋ ʨʦʙʦʪʽ [3] ʧʨʠ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʠʧʦʚʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʢʨʠʚʦʰʠʧʥʦ-

ʢʦʨʦʤʠʩʣʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʩʢʣʘʜʘʣʘʩʷ ʪʘ ʨʦʟʚôʷʟʫʚʘʣʘʩʷ ʩʠʩʪʝʤʘ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʫ ʚʠʛʣʷʜʽ ʢʘʥʦʥʽʯʥʠʭ ʨʽʚʥʷʥʴ ʜʚʦʭ ʩʬʝʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʪʘ ʦʜʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʢʦʣʘ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʜʚʦʭ ʢʘʥʦʥʽʯʥʠʭ ʨʽʚʥʷʥʴ ʩʬʝʨʠʯʥʦʾ 

ʧʦʚʝʨʭʥʽ ʜʽʩʪʘʚʘʣʠ ʛʝʦʤʝʪʨʠʯʥʝ ʤʽʩʮʝ ʮʝʥʪʨʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ, ʫʪʚʦʨʝʥʦʾ ʰʘʪʫʥʦʤ ʪʘ 

ʢʦʨʦʤʠʩʣʦʤ, ʫ ʚʠʛʣʷʜʽ ʢʦʣʘ, ʮʝʥʪʨ ʷʢʦʛʦ ʣʝʞʘʚ ʥʘ ʣʽʥʽʾ, ʱʦ ʟôʻʜʥʫʻ ʮʝʥʪʨʠ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʧʘʨ ʚʽʜʧʦʚʽʜʥʦ ʢʨʠʚʦʰʠʧʘ ʪʘ ʰʘʪʫʥʘ ʽ ʰʘʪʫʥʘ ʪʘ ʢʦʨʦʤʠʩʣʘ. 

ʇʨʠ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧôʷʪʠʣʘʥʢʦʚʦʛʦ ʢʨʠʚʦʰʠʧʥʦ-

ʢʦʨʦʤʠʩʣʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʩʭʝʤʘ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ [2], ʟʘ ʘʥʘʣʦʛʽʯʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʽʩʮʷ ʮʝʥʪʨʫ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ, ʫʪʚʦʨʝʥʦʾ ʰʘʪʫʥʦʤ ʪʘ 

ʢʦʨʦʤʠʩʣʦʤ, ʜʦʚʝʣʦʩʷ ʙʠ ʨʦʟʚôʷʟʫʚʘʪʠ ʩʠʩʪʝʤʫ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʫ ʫ 

ʚʠʛʣʷʜʽ ʢʘʥʦʥʽʯʥʠʭ ʨʽʚʥʷʥʴ ʩʬʝʨʠʯʥʦʾ ʪʘ ʪʦʨʦʾʜʘʣʴʥʦʾ ʧʦʚʝʨʭʦʥʴ. ʎʝ ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʥʝ ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʦʙʯʠʩʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʣʽʥʽʡ ʧʝʨʝʪʠʥʫ ʟʘʟʥʘʯʝʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʤʝʪʦʜʦʤ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤ ʥʝʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ, ʨʦʟʨʦʙʣʝʥʠʤ 

ɼʨʘʛʽʣʻʚʠʤ ɸ. ɺ., ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʣʽʥʽʾ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʦʥʴ ʜʦʚʞʠʥʦʶ ʜʫʛʠ 

ʪʘ ʟʚʝʜʝʥʥʽ ʩʘʤʦʾ ʟʘʜʘʯʽ ʜʦ ʟʘʜʘʯʽ ʂʦʰʽ [4]. 

ʉʢʣʘʜʝʤʦ ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʪʦʨʦʾʜʘʣʴʥʦʾ M1 ʪʘ ʩʬʝʨʠʯʥʦʾ M2 ʧʦʚʝʨʭʦʥʴ: 

T
vruvruRuvruRTvuM 1sin11sin1cos11sin11cos1cos11cos11:1,11 ; 

T
vRuvRuvRTPvuM 2sin22sin2cos22cos2cos22:2,22 0_2

. 

ɺʠʟʥʘʯʘʻʤʦ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʚʽʜ ʨʽʚʥʷʥʴ ʧʦʚʝʨʭʦʥʴ ʧʦ ʧʘʨʘʤʝʪʨʘʤ u1, v1, u2, v2: 
T

u uvruRuvruRTvuM 01cos1cos11cos11sin1cos11sin11:1,11 1
; 

T

v vruvruvrTvuM 1cos11sin1sin11cos1sin11:1,111
; 

T

u uvRuvRTvuM 02cos2cos22sin2cos22:2,22 2
; 

T

v vRuvRuvRTvuM 2cos22sin2sin22cos2sin22:2,22 2
; 

ʜʝ T1 ʪʘ T2 ï ʨʝʟʫʣʴʪʫʶʯʽ ʤʘʪʨʠʮʽ ʧʦʚʦʨʦʪʫ. 

ɺ ʢʦʞʥʽʡ ʪʦʯʮʽ ʣʽʥʽʾ ʧʝʨʝʪʠʥʫ ʧʦʚʝʨʭʦʥʴ ʚʠʟʥʘʯʠʤʦ ʦʜʠʥʠʯʥʠʡ ʚʝʢʪʦʨ n: 

2211

2211

2211

2211
:2,2,1,1

vuvu

vuvu

MMMM

MMMM
vuvun . 

ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʚʠʤʘʛʘʻ, ʱʦʙ ʧʦʭʽʜʥʘ ʚʽʜ ʨʽʚʥʷʥʴ ʧʦʚʝʨʭʦʥʴ ʧʦ ʜʦʚʞʠʥʽ ʜʫʛʠ 
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ʩʧʽʚʧʘʜʘʣʘ ʟ ʚʝʢʪʦʨʦʤ n: nM S1  ʪʘ nM S2 , ʘʙʦ nvMuM SvSu 1111 11 ; 

nvMuM SvSu 2222 22 . ʆʩʪʘʥʥʽ ʜʚʘ ʨʽʚʥʷʥʥʷ ʧʨʠʚʦʜʷʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ 

ʚʽʜʥʦʩʥʦ ʟʤʽʥʥʠʭ u1S, v1S, u2S, v2S ʧʦʩʣʽʜʦʚʥʠʤ ʤʥʦʞʝʥʥʷʤ ʥʘ M1u1, M1v1, M2u2, M2v2: 

11111

11111

1111111

1111111

vSvvSvu

uSuvSuu

MnvMMuMM

MnvMMuMM
; 

22222

22222

2222222

2222222

vSvvSvu

uSuvSuu

MnvMMuMM

MnvMMuMM
. 

ʈʦʟʚôʷʟʢʦʤ ʮʠʭ ʩʠʩʪʝʤ ʙʫʜʝ: 

11111111

111111

11111111

111111
1

uvvuvvuu

vuvuvv

MMMMMMMM

MMnMnMMM
su ; 

11111111

111111

11111111

111111
1

uvvuvvuu

uvuuuu

MMMMMMMM

MMnMnMMM
sv ; 

22222222

222222

22222222

222222
2

uvvuvvuu

vuvuvv

MMMMMMMM

MMnMnMMM
su ; 

22222222

222212

22222222

2222222
2

uvvuvvuu

uvuuuu

MMMMMMMM

MMnMnMMM
sv . 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʩʢʣʘʜʝʤʦ ʚʝʢʪʦʨ ʧʦʭʽʜʥʠʭ: 
T

YYYYsvYYYYsuYYYYsvYYYYsuYSD 4321432143214321 ,,,2,,,2,,,1,,,1:, . 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʣʽʥʽʾ ʧʝʨʝʪʠʥʫ ʧʦʪʨʽʙʥʘ ʧʦʯʘʪʢʦʚʘ ʪʦʯʢʘ, ʟ ʷʢʦʾ ʧʦʯʥʝʪʴʩʷ ʦʙʯʠʩʣʝʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʚʚʝʜʝʤʦ ʜʦʜʘʪʢʦʚʫ ʧʣʦʱʠʥʫ, ʷʢʫ ʟʘʜʘʤʦ ʫ ʚʠʛʣʷʜʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʢʦʣʘ ʨʘʜʽʫʩʦʤ ʜʦʚʞʠʥʠ ʢʦʨʦʤʠʩʣʘ: T
uRuRTPuM 02sin22cos22:23 0_2

. 

ʈʦʟʚôʷʟʫʶʯʠ ʩʧʽʣʴʥʦ ʨʽʚʥʷʥʥʷ: 2,221,11 vuMvuM  ʪʘ 2,2223 vuMuM  ʧʨʠ 

ʟʘʜʘʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʧʘʨʘʤʝʪʨʽʚ u1S, v1S, u2S, v2S, ʜʽʩʪʘʥʝʤʦ ʚʝʢʪʦʨ I ʧʦʯʘʪʢʦʚʠʭ 

ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʢʫʪʽʚ), ʷʢʽ 

ʚʠʟʥʘʯʘʪʠʤʫʪʴ ʧʦʯʘʪʢʦʚʫ ʪʦʯʢʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʙʯʠʩʣʝʥʴ ʜʽʩʪʘʥʝʤʦ ʰʫʢʘʥʫ ʣʽʥʽʶ ʧʝʨʝʪʠʥʫ 

ʧʦʚʝʨʭʦʥʴ ʫ ʚʠʛʣʷʜʽ: 
T

LRLLRPLLRP
545

0_2

45
1sin21sin1cos21cos1cos2: , 

ʜʝ L1 ï ʤʘʪʨʠʮʷ ʨʦʟʚôʷʟʢʽʚ (ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ u1S, v1S, u2S, v2S). 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʡ ʧʨʦʩʪʦʨʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ ʛʘʣʫʟʽ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʃʝʙʝʜʝʚ ʇ. ɸ. ʂʠʥʝʤʘʪʠʢʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ / ʇ. ɸ. ʃʝʙʝʜʝʚ ï ʄ.-ʃ. : 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1966. ï 280 ʩ. 
2. ʉʪʦʨʦʞʝʚ ɺ. ɺ. ʄʘʰʠʥʳ ʠ ʘʧʧʘʨʘʪʳ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ / ɺ. ɺ. ʉʪʦʨʦʞʝʚ ï ʄ. : 

ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɸʢʘʜʝʤʠʷè, 2010. ï 400 ʩ. 
3. ɼʚʦʨʞʘʢ ɺ. ʄ. ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʪʠʧʦʚʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ 

ʢʨʠʚʦʰʠʧʥʦ-ʢʦʨʦʤʠʩʣʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ // ʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 
ʪʘ ʩʠʩʪʝʤ: VII ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ. ʏʝʨʥʽʛʽʚ, 24-27 ʢʚʽʪʥʷ 2017 ʨ. ï 
ʏʝʨʥʽʛʽʚ: ʏʅʊʋ, 2017. ï ʊ. 2. ʉ. 12-14. 

4. ɻʝʡʯʫʢ ɺ. ʄ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʢʽʥʝʤʘʪʠʢʠ ʧʨʦʮʝʩʫ ʤʘʛʥʽʪʥʦ-ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ 
ʢʦʤʧʣʝʢʩʽʚ ʧʦʚʝʨʭʦʥʴ / ɺ. ʄ. ɻʝʡʯʫʢ // ʇʨʦʮʝʩʠ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. ï 2011. ï 
ˉ 10. ï ʉ. 99-112. 

 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2019è 
 

27 

ʋɼʂ 542.816:666.3 

ʇʘʱʝʥʢʦ ɹ.ʉ., ʘʩʠʩʪʝʥʪ 

ʃʠʪʚʠʥʝʥʢʦ ʆ.ɸ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʐʪʝʬʘʥ ɭ.ɺ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, hoykke@gmail.com 

ɯʅʌʆʈʄɸʎɯʁʅʆ-ɸʅɸʃɯʊʀʏʅɸ ʄɽʊʆɼʀʂɸ ɼʃʗ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɯ 

ʈʆɿʈɸʍʋʅʂʋ ʂʆʅʉʊʈʋʂʊʀɺʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʄɽʄɹʈɸʅʅʀʍ 

ʌɯʃʔʊʈʋɺɸʃʔʅʀʍ ɽʃɽʄɽʅʊɯɺ 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʤʝʤʙʨʘʥʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ (ʬʽʣʴʪʨʘʮʽʾ) ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ (ɼʉ) ʤʘʻ 
ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʚ ʨʦʙʦʪʽ ʨʽʟʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʣʝʛʢʦʾ, ʭʘʨʯʦʚʦʾ ʪʘ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ 
ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʉʢʣʘʜʥʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʧʦʢʠ ʥʝ ʜʦʟʚʦʣʷʻ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ 
ʫʟʘʛʘʣʴʥʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʨʦʟʨʦʙʮʽ ʻʜʠʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ 
ʚʨʘʭʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 
ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ ʟ ʤʝʪʦʶ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʨʦʟʨʘʭʫʥʢʫ 
ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʦʢʨʝʤʘ ʦʢʨʝʤʠʭ ʡʦʛʦ 
ʝʣʝʤʝʥʪʽʚ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 
ʤʝʤʙʨʘʥʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ, ʻ ʨʦʟʜʽʣʝʥʥʷ ɼʉ ʫ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʝʤʙʨʘʥʥʠʭ ʝʣʝʤʝʥʪʘʭ ʟ 
ʧʨʦʪʦʯʥʠʤʠ ʧʦʨʠʩʪʠʤʠ ʢʘʥʘʣʘʤʠ, ʱʦ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʭʘʨʯʦʚʽʡ 
ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʽʥʞʝʥʝʨʥʠʭ ʤʝʪʦʜʽʚ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ 
ʧʨʦʙʣʝʤʠ ʻ ʘʢʪʫʘʣʴʥʦʶ. ʋ ʧʨʦʮʝʩʽ ʤʝʤʙʨʘʥʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʨʽʟʥʠʭ ʨʝʯʦʚʠʥ 
ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʘʜʽʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʯʝʨʝʟ ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʧʦʩʪʫʧʦʚʝ ʫʱʽʣʴʥʝʥʥʷ ʰʘʨʫ 
ʦʩʘʜʫ ʥʘ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʘ. ʗʢ ʚʽʜʦʤʦ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ï ʮʝ ʦʜʠʥ ʟ 
ʦʩʥʦʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʠʡ ʚʨʘʭʦʚʫʻʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 
ʧʘʨʘʤʝʪʨʽʚ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ, ʪʦʤʫ ʻ ʥʝʦʙʭʽʜʥʠʤ ʚʠʟʥʘʯʝʥʥʷ ʪʠʭ ʦʩʥʦʚʥʠʭ 
ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ ʦʙʣʘʜʥʘʥʥʷ. ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʱʝ ʟʘʟʥʘʯʝʥʝ, 
ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʥʠʢʥʦʩʪʽ ʟ 
ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʜʽʘʤʝʪʨʽʚ ʧʦʨ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʫʱʽʣʴʥʝʥʥʷ ʰʘʨʫ ʦʩʘʜʫ.  
ʈʦʟʛʣʷʥʝʤʦ ʦʩʘʜ ʷʢ ʧʦʨʠʩʪʝ çʽʜʝʘʣʽʟʦʚʘʥʝè ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʘʩʪʠʥʦʢ 

ʧʝʚʥʦʛʦ ʜʽʘʤʝʪʨʫ ʪʘ ʬʦʨʤʠ (ʢʫʣʴʦʢ). ɿʛʽʜʥʦ ʪʝʦʨʽʾ ʉʣʽʭʪʝʨʘ, ʧʨʦʥʠʢʥʽʩʪʴ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ 
ʚʽʜ ʜʽʘʤʝʪʨʫ ʢʫʣʴʦʢ ʦʩʘʜʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʫʧʘʢʦʚʢʠ ʰʘʨʫ ʦʩʘʜʫ. ɼʘʥʘ ʤʝʪʦʜʠʢʘ 
ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ: 1) ʨʦʟʨʦʙʣʝʥʥʷ ʤʦʜʝʣʽ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ) ʧʨʠ 
ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʧʨʦʮʝʩʫ, ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʰʘʨʫ ʦʩʘʜʫ; 2) 
ʩʪʚʦʨʝʥʥʷ ʫʧʘʢʦʚʢʠ ʰʘʨʫ ʦʩʘʜʫ; 3) ʤʦʜʝʣʶʚʘʥʥʷ ʫʱʽʣʴʥʝʥʥʷ ʦʩʘʜʫ ʥʘ ʧʦʚʝʨʭʥʽ 
ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ; 4) ʦʙʨʦʙʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 
ʧʨʦʥʠʢʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʢʦʥʫ ɼʘʨʩʽ, ʌʽʢʘ, 
ʨʽʚʥʷʥʥʴ ʍʘʡʛʝʥʘ-ʇʫʘʟʝʡʣʷ, ʂʦʟʝʥʽ, ʬʦʨʤʫʣʠ ʉʽʤʧʩʦʥʘ ʪʘ ʪʝʦʨʽʾ ʉʣʽʭʪʝʨʘ). 
ʉʪʨʫʢʪʫʨʥʠʡ ʦʩʘʜ, ʱʦ ʚʠʥʠʢʘʻ ʥʘ ʧʦʚʝʨʭʥʽ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʤʦʜʝʣʶʻʪʴʩʷ, ʷʢ 

ʧʦʨʠʩʪʝ ʪʽʣʦ ʟ ʧʝʚʥʠʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ 
ʧʨʦʮʝʩʫ ʽ ʨʝʯʦʚʠʥ, ʱʦ ʨʦʟʜʽʣʷʶʪʴʩʷ, ʚʠʙʠʨʘʻʪʴʩʷ ʪʠʧ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʦʩʘʜʫ ʪʘ 
ʤʽʥʽʤʘʣʴʥʘ ʡʦʛʦ ʯʘʩʪʠʥʢʘ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ (ʨʠʩ. 1) ʟ ʧʝʚʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ (ʧʨʠ ʮʴʦʤʫ ʧʨʠʧʫʩʢʘʻʪʴʩʷ, ʱʦ ʦʩʘʜ ʦʜʥʦʨʽʜʥʠʡ ʧʦ ʚʩʴʦʤʫ ʩʚʦʻʤʫ ʦʙôʻʤʽ ï 
ʪʘʢ ʟʚʘʥʘ çʽʜʝʘʣʴʥʘè ʤʦʜʝʣʴ). 

    
ʘ) 

  
ʙ) 

ʈʠʩ. 1 ï ʄʦʜʝʣʴ ʰʘʨʫ ʦʩʘʜʫ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʤʙʨʘʥʠ: ʘ) ʤʽʥʽʤʘʣʴʥʘ ʯʘʩʪʠʥʢʘ ʦʩʘʜʫ;  ʙ) 

ʚʽʟʫʘʣʽʟʘʮʽʷ ʬʦʨʤʫʚʘʥʥʷ ʰʘʨʫ ʦʩʘʜʫ (ʬʘʡʣ ʫʧʘʢʦʚʢʠ ʦʩʘʜʫ)  
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ʈʠʩ. 2 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦ-ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʛʽʙʨʠʜʥʦʛʦ 

CAE ʢʦʤʧʣʝʢʩʫ (ʧʨʦʛʨʘʤʥʽ ʧʘʢʝʪʠ GiD ʪʘ PLAST 

ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʥʠʢʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʫ ʧʦʨ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʢʦʥʽʚ ɼʘʨʩʽ ʽ 

ʇʫʘʟʝʡʣʷ. ʇʦʨʷʜ ʟ ʧʦʨʠʩʪʽʩʪʶ ʜʣʷ ʦʧʠʩʫ ʧʦʨʠʩʪʦʛʦ ʪʽʣʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʬʝʢʪʠʚʥʽ 

ʜʽʘʤʝʪʨʠ ʯʘʩʪʠʥʦʢ dʬ ʽ dʧ ʧʦʨ. ɼʘʥʽ ʧʘʨʘʤʝʪʨʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʨʦʥʠʢʥʦʩʪʽ ʦʩʘʜʫ, ʷʢʠʡ ʦʙʨʘʭʦʚʫʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʣʠʯʠʥ ʦʪʨʠʤʘʥʠʭ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʫ ʛʽʙʨʠʜʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ CAE ʩʝʨʝʜʦʚʠʱʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ 

ʉʣʽʭʪʝʨʘ: 

 S
K

d
k

23,10
,  (1) 

ʜʝ ű ï ʩʪʨʫʢʪʫʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʩʘʜʫ (ʜʣʷ ʨʝʘʣʴʥʠʭ ʪʽʣ), 

d ï ʜʽʘʤʝʪʨ ʯʘʩʪʦʢ ʦʩʘʜʫ, ʤʤ (ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ); 

ʂS ï ʢʦʝʬʽʮʽʻʥʪ ʫʧʘʢʦʚʢʠ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʨʠʩʪʦʩʪʽ ʰʘʨʫ ʦʩʘʜʫ (ʟʘʜʘʻʪʴʩʷ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ). 

ʏʘʩʪʢʠ ʦʩʘʜʫ ʙʣʦʢʫʶʪʴ ʧʦʨʠ ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ 

ʟʘʢʫʧʦʨʢʠ, ʧʘʜʽʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʦʾ ʧʦʜʘʣʴʰʦʾ ʨʝʛʝʥʝʨʘʮʽʾ 

ʤʝʤʙʨʘʥʠ, ʱʦ ʚʽʜʦʙʨʘʞʝʥʦ ʥʘ ʛʨʘʬʽʢʘʭ (ʨʠʩ. 3,4).  

 
 

ʈʠʩ. 3 ï ɿʤʽʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʜʝʬʦʨʤʘʮʽʾ ʯʘʩʪʦʢ ʦʩʘʜʫ 

ʈʠʩ. 4 ï ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʫʣʴʪʨʘʬʽʣʴʪʨʘʮʽʾ ʚʽʜ ʯʘʩʫ 

ʈʦʟʨʦʙʣʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦ ʚʠʟʥʘʯʝʥʥʶ 

ʢʦʝʬʽʮʽʻʥʪʫ ʧʨʦʥʠʢʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʘʨʫ ʦʩʘʜʫ ʥʘ ʤʝʤʙʨʘʥʽ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʽ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʝʤʙʨʘʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʱʦ ʻ ʦʩʥʦʚʥʦʶ ʩʢʣʘʜʦʚʦʶ ʟʘʛʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ. 
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ʇɽʈɽɺɯʈʆʏʅʀʁ ʈʆɿʈɸʍʋʅʆʂ ɻɺʀʅʊʆɺʀʍ ʎʀʃɯʅɼʈʀʏʅʀʍ ʇʈʋɾʀʅ ɿɸ 

ʂʈʀʊɽʈɯɭʄ ɺʊʆʄʅʆɰ ʄɯʎʅʆʉʊɯ 

ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʚʪʦʤʣʝʥʽʩʪʴ ʚ ʡʤʦʚʽʨʥʽʩʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʚʠʧʘʜʢʦʚʠʤʠ ʚʚʘʞʘʶʪʴ ʩʧʝʢʪʨ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʜʝʪʘʣʴ ʪʘ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʜʝʪʘʣʽ. ʆʩʦʙʣʠʚʦ 

ʧʨʦʙʣʝʤʥʠʤ ʻ ʦʪʨʠʤʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ, ʩʝʨʝʜʥʴʦ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ ʘʙʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ) ʦʧʦʨʫ ʚʪʦʤʣʝʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, ʷʢʽ 

ʧʝʨʝʚʘʞʥʦ ʚʽʜʩʫʪʥʽ, ʘʙʦ ʤʘʶʪʴ ʩʫʧʝʨʝʯʣʠʚʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʛʨʘʥʠʮʽ ʚʪʦʤʣʝʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʨʠ 

ʢʨʫʯʝʥʥʽ, ʚʝʣʠʯʠʥʫ 1  ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ [1] ʚʠʟʥʘʯʘʪʠ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʟʘ 1 . 

ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʚʪʦʤʥʫ ʤʽʮʥʽʩʪʴ ʮʠʣʽʥʜʨʠʯʥʦʾ ʛʚʠʥʪʦʚʦʾ ʧʨʫʞʠʥʠ (ʎɻʇ) 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʠʧʦʚʫ ʤʝʪʦʜʠʢʫ ʧʝʨʝʭʦʜʫ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʪʦʤʣʝʥʦʩʪʽ ʚʽʜ 

ʤʘʪʝʨʽʘʣʫ 1  ʜʦ ʜʝʪʘʣʽ ɼ1 [2]: 

ʂ
ɼ

1
1 ,   (1) 

ʜʝ ʂ ï ʢʦʤʧʣʝʢʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʬʘʢʪʦʨʠ ʚʧʣʠʚʫ ʥʘ ʦʧʽʨ ʚʪʦʤʣʝʥʦʩʪʽ ʜʝʪʘʣʽ 

ʧʨʠ ʢʨʫʯʝʥʥʽ. 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʪʠʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʧʨʫʞʠʥʠ, ʾʾ ʤʘʩʰʪʘʙʥʠʡ ʬʘʢʪʦʨ, ʩʪʘʥ ʧʦʚʝʨʭʥʽ ʪʘ ʛʣʠʙʠʥʫ ʰʘʨʫ ʚʠʜʘʣʝʥʥʷ 

ʚʦʜʥʶ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʤʽʮʥʝʥʥʷ ʎɻʇ, ʘʥʽʟʦʪʨʦʧʽʶ ʚ ʟʤʽʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʪʦʤʣʝʥʦʩʪʽ ʥʘʚʝʜʝʥʘ ʚ [1-4]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʛʨʘʥʠʮʴ ʚʪʦʤʣʝʥʦʩʪʽ ʜʝʪʘʣʝʡ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʝ ʾʭ ʨʦʟʩʽʷʥʥʷ, 

ʦʩʦʙʣʠʚʦʩʪʽ ʷʢʦʛʦ ʚʠʚʯʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʘʥʠʭ ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʚʘʨʽʘʮʽʾ ʛʨʘʥʠʮʽ ʚʪʦʤʣʝʥʦʩʪʽ ʜʝʪʘʣʽ ʜʦʧʫʩʢʘʻʪʴʩʷ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ [1]: 
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11 maxɼ
,  (2) 

ʜʝ ɜŰmax ï ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʤʘʢʩʠʤʘʣʴʥʠʭ ʨʫʡʥʫʶʯʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ; 

1
ï ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʩʝʨʝʜʥʽʭ (ʚ ʤʝʞʘʭ ʦʜʥʽʻʾ ʧʣʘʚʢʠ) ʟʥʘʯʝʥʴ ʛʨʘʥʠʮʴ ʚʪʦʤʣʝʥʦʩʪʽ 

ʟʨʘʟʢʽʚ;  

ï ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʪʝʦʨʝʪʠʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ŬŰ, ʷʢʠʡ 

ʚʨʘʭʦʚʫʻ ʚʽʜʭʠʣʝʥʥʷ ʬʘʢʪʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ (ʚ ʛʨʘʥʠʮʷʭ ʜʦʧʫʩʢʽʚ). 

ɺ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ɜŰmax ʚʠʙʠʨʘʣʠ ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [2], ʘ, ʚʨʘʭʦʚʫʶʯʠ ʣʽʥʽʡʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʛʨʘʥʠʮʷʤʠ ʚʪʦʤʣʝʥʦʩʪʽ ʪʘ ʛʨʘʥʠʮʷʤʠ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ [3], ʧʨʠʧʫʩʢʘʻʤʦ, 

ʱʦ 
ɺ1
, ʜʝ 

ɺ
 ï ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʛʨʘʥʠʮʽ ʤʽʮʥʦʩʪʽ ʤʝʪʘʣʫ ʧʨʠ ʢʨʫʯʝʥʥʽ ʟʘ 

ʤʥʦʞʠʥʦʶ ʚʩʽʭ ʧʣʘʚʦʢ. ɼʣʷ ʧʦʢʨʘʱʝʥʠʭ ʘʙʦ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʩʪʘʣʝʡ ʟʥʘʯʝʥʥʷ 
ɺ

 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 0,03é0,04, ʜʣʷ ʩʪʘʣʝʡ ʟ ʪʝʨʤʽʯʥʦ ʟʤʽʮʥʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ï 0,05é0,07, 

ʜʣʷ ʣʝʛʦʚʘʥʠʭ ï 0,04é0,10. ɻʝʦʤʝʪʨʠʯʥʘ ʪʦʯʥʽʩʪʴ ʜʨʦʪʫ ʎɻʇ ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʩʽʷʥʥʷ 

ʟʥʘʯʝʥʴ ʛʨʘʥʠʮʽ ʚʪʦʤʣʝʥʦʩʪʽ. ɺ [5] ʥʘʚʝʜʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʜʣʷ ʚʠʙʦʨʫ  ʱʦʜʦ ʧʨʫʞʠʥʠ 

ʢʘʪʝʛʦʨʽʾ ɸ, ʷʢʫ ʚʠʛʦʪʦʚʣʷʣʠ ʽʟ ʩʧʝʮʽʘʣʴʥʦʶ ʦʙʨʦʙʢʦʶ ʧʦʚʝʨʭʥʽ ʜʨʦʪʫ, ʟ ʧʘʨʘʤʝʪʨʘʤʠ 

ʰʦʨʩʪʢʦʩʪʽ ʪʘ ʜʦʧʫʩʪʠʤʠʤʠ ʜʝʬʝʢʪʘʤʠ ʧʦʚʝʨʭʥʽ ʥʝ ʤʝʥʰʽ ʛʨʫʧʠ ʦʙʨʦʙʢʠ ɻ, ʟʘ 

ʛʨʘʥʠʯʥʠʤʠ ʚʽʜʭʠʣʝʥʥʷʤʠ ʜʽʘʤʝʪʨʫ ʚʽʜ ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʦʟʤʽʨʫ ï ʥʝ ʙʽʣʴʰʝ ʢʚʘʣʽʪʝʪʫ 11 

(ʜʣʷ d 3 ʤʤ ʚʽʜʭʠʣʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 60 ʤʢʤ).  
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ʈʝʞʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʎɻʇ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ. ʈʦʟʛʣʷʜʘʣʠ ʎʇɻ 

ʚ ʟʘʧʦʙʽʞʥʠʭ ʤʫʬʪʘʭ ʧʨʠʚʦʜʫ ʨʦʪʦʨʥʠʭ ʥʦʞʦʚʠʭ ʜʨʦʙʘʨʦʢ ʟ ʥʝʨʝʛʫʣʷʨʥʠʤ ʨʝʞʠʤʦʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʩʮʠʣʦʛʨʘʬʫʚʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʥʽ 

ʬʽʢʩʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ "Disco Application" ʪʘ ʟʙʝʨʽʛʘʣʠ ʫ 

ʚʠʛʣʷʜʽ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ ʫ ʬʦʨʤʘʪʽ (.txt) ʚ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ çMicrosoft Office Exel 2007è ʪʘ ʟʙʝʨʽʛʘʣʠʩʷ ʫ ʬʦʨʤʘʪʽ (.xlsx) ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʦʙʨʦʙʢʠ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʘʣʽʟʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʎɻʇ ʤʫʬʪʠ ʩʪʘʪʠʩʪʠʯʥʦ ʦʙʨʦʙʣʶʚʘʣʠ 

ʰʣʷʭʦʤ ʩʭʝʤʘʪʠʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʢʨʠʚʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʚʝʜʫʯʦʤʫ ʚʘʣʫ 

ʥʘʧʽʚʤʫʬʪʠ ʟʘ ʧʦʪʦʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʦʨʜʠʥʘʪ ʤʝʪʦʜʦʤ ʧʦʚʥʠʭ ʮʠʢʣʽʚ [6]. ʉʪʘʪʠʩʪʠʯʥʠʡ 

ʨʷʜ ʧʦʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʽ ʛʽʩʪʦʛʨʘʤʠ ʾʭ ʨʦʟʧʦʜʽʣʫ, ʚʠʜ ʷʢʦʾ 

ʜʦʟʚʦʣʷʚ ʘʧʨʽʦʨʽ ʧʨʠʡʥʷʪʠ ʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʥʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʚʠʧʘʜʢʦʚʠʭ 

ʟʥʘʯʝʥʴ ʥʘʚʘʥʪʘʞʝʥʴ ʪʘ ʦʙʯʠʩʣʠʪʠ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʝʢʚF  ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʡʦʛʦ ʚʘʨʽʘʮʽʾ. 

ɼʘʣʽ ʚʠʢʦʥʫʚʘʣʠ ʧʝʨʝʭʽʜ ʜʦ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʝʢʚ. ɺʨʘʭʦʚʫʶʯʠ 

ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʝʢʚF  ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ ʥʘʧʨʫʞʝʥʥʷʤ 

ʝʢʚ, ʜʦʧʫʩʢʘʻʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʦʧʽʨ ʚʪʦʤʣʝʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʘʤʧʣʽʪʫʜ 

ʥʘʧʨʫʞʝʥʴ ʘ ʧʨʠʡʤʘʪʠ ʨʽʚʥʠʤ ʢʦʝʬʽʮʽʻʥʪʫ ʚʘʨʽʘʮʽʾ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ F . 

ʅʘʜʽʡʥʽʩʪʴ ʎɻʇ ʟʘ ʡʤʦʚʽʨʥʽʩʪʶ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ )t(p  ʦʮʽʥʶʚʘʣʠ ʟʘ ʢʚʘʥʪʽʣʝʤ  

ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘ ʬʦʨʤʫʣʦʶ [7]: 
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ɼ
 ï ʢʦʝʬʽʮʽʻʥʪ ʙʝʟʧʝʢʠ ʟʘ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʛʨʘʥʠʮʽ 

ʚʪʦʤʣʝʥʦʩʪʽ ʪʘ ʘʤʧʣʽʪʫʜʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʎɻʇ. 

ʈʦʟʨʘʭʫʥʢʠ ʚʠʢʦʥʫʚʘʣʠ ʜʣʷ ʎɻʇ ʟʘʧʦʙʽʞʥʦʾ ʤʫʬʪʠ ʧʨʠʚʦʜʫ ʨʦʪʦʨʥʠʭ ʥʦʞʦʚʠʭ 

ʜʨʦʙʘʨʦʢ, ʘ ʩʘʤʝ: ʧʨʫʞʠʥʘ ʢʣʘʩʫ ɯ (ʙʝʟʚʽʜʤʦʚʥʠʡ ʥʘʨʦʙʽʪʦʢ ʥʝ ʤʝʥʰʝ 10
7
 ʮʠʢʣʽʚ 

ʥʘʚʘʥʪʘʞʝʥʥʷ), ʨʦʟʨʷʜʫ 1, ʟʘ ʚʠʜʦʤ ï ʦʜʥʦʞʠʣʴʥʘ, ʨʦʟʪʷʛʫ ʪʘ ʩʪʠʩʢʫ, ʧʦʟʠʮʽʾ 366 ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʠ: ʜʽʘʤʝʪʨ ʜʨʦʪʫ (ʧʨʫʪʢʘ) d =2 ʤʤ; ʟʦʚʥʽʰʥʽʡ ʜʽʘʤʝʪʨ ʧʨʫʞʠʥʠ D =14 

ʤʤ; ʤʘʪʝʨʽʘʣ ʧʨʫʪʢʘ ï ʣʝʛʦʚʘʥʘ, ʧʨʫʞʠʥʘ ʩʪʘʣʴ 50ʍʌɸ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʚʠʩʦʢʦʾ 

ʚʪʦʤʣʝʥʽʩʥʦʾ ʤʽʮʥʦʩʪʽ.  

ʆʪʨʠʤʘʣʠ pu -1,333, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘ [7] ʚʠʟʥʘʯʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ: 

),u(ʨ p 3331 0,908. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʅɯʊʈʆɻɽʅ- ʊɸ ʉʋʃʔʌʋʈ-ɺʄɯʉʅʀʍ ʈɯɼʂʀʍ 

ɼʆɹʈʀɺ ʅɸ ʂʆʈʆɿɯʁʅɯ ʈʋʁʅʋɺɸʅʅʗ ʄɸʃʆɺʋɻʃɽʎɽɺʆɰ ʉʊɸʃɯ 

ɺʽʜʦʤʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʩʧʨʠʷʶʪʴ ʢʦʨʦʟʽʡʥʦʤʫ ʨʫʡʥʫʚʘʥʥʶ ʤʝʪʘʣʽʚ. 

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʽ ʨʽʟʥʦʛʦ ʚʠʜʫ ʢʦʤʫʥʽʢʘʮʽʡ, 

ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʜʷʭ [1]. ʊʘʢ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʩʽʯʝʥʽ 

ʨʦʟʯʠʥʠ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ (ʘʤʦʥʽʶ ʩʫʣʴʬʘʪʫ ʪʘ ʥʽʪʨʦʬʦʩʢʠ), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʾʭ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ, ʩʧʨʠʯʠʥʷʶʪʴ ʽʥʪʝʥʩʠʚʥʽ ʣʦʢʘʣʴʥʽ ʢʦʨʦʟʽʡʥʽ ʧʦʰʢʦʜʞʝʥʥʷ 

ʩʪʘʣʝʡ 20 ʪʘ ʉʪ.3. ʐʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʧʨʠ ʮʴʦʤʫ ʩʷʛʘʻ 0,29-0,33 ʤʤ/ʨʽʢ ʽ ʻ ʚ 2,2-2,5 ʨʘʟʠ 

ʚʠʱʘ, ʥʽʞ ʫ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ [2]. ʇʨʦʚʝʜʝʥʽ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʦʮʝʩʽʚ ʢʦʨʦʟʽʾ 

ʪʘ ʢʦʨʦʟʽʡʥʦ-ʚʪʦʤʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʥʘ ʟʥʠʞʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʤʘʰʠʥ [3]. ɸʣʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʫ ʮʽʡ ʦʙʣʘʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʧʠʪʘʥʴ, ʱʦ 

ʧʦʪʨʝʙʫʶʪʴ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʨʽʜʢʦʛʦ ʤʽʥʝʨʘʣʴʥʦʛʦ ʜʦʙʨʠʚʘ ʂɸʉ ʪʘ ʂɸʉ-S ʥʘ 

ʢʦʨʦʟʽʡʥʽ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʩʪʘʣʽ 20 ʤʝʪʦʜʦʤ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʦʧʦʨʫ. 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʨʠʟʘʮʽʡʥʠʡ ʦʧʽʨ Rp ʚʠʤʽʨʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʚʦʭʝʣʝʢʪʨʦʜʥʦʛʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ [4], ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʭ ʽʜʝʥʪʠʯʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʟʽ ʩʪʘʣʽ 20. ʈʦʟʤʽʨʠ ʝʣʝʢʪʨʦʜʽʚ: ʜʽʘʤʝʪʨ ï 6 ʤʤ, ʜʦʚʞʠʥʘ ï 

30 ʤʤ, ʧʣʦʱʘ ʢʦʞʥʦʛʦ ʝʣʝʢʪʨʦʜʘ ï 6 ʩʤ
2
, ʚʽʜʩʪʘʥʴ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ï 7 ʤʤ. ɽʣʝʢʪʨʦʜʠ 

ʧʝʨʝʜ ʜʦʩʣʽʜʦʤ ʟʘʯʠʱʘʣʠ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʪʦʥʢʠʤ ʥʘʞʜʘʢʦʚʠʤ ʧʘʧʝʨʦʤ ʤʘʨʢʠ ʈ180, 

ʧʨʦʪʠʨʘʣʠ ʬʽʣʴʪʨʫʚʘʣʴʥʠʤ ʧʘʧʝʨʦʤ, ʜʘʣʽ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʚʠʪʨʠʤʫʚʘʣʠ ʚ ʝʢʩʠʢʘʪʦʨʽ ʽ, 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʚʠʤʽʨʶʚʘʥʥʷʤ, ʟʘʢʨʽʧʣʷʣʠ ʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʤʫ ʧʝʨʝʪʚʦʨʶʚʘʯʽ. 

ʇʝʨʝʙʽʛ ʧʨʦʮʝʩʽʚ ʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʯʘʨʫʥʮʽ ʫ ʧʝʨʰʽ ʛʦʜʠʥʠ ʚʽʜ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʤʘʚ ʜʦʩʪʘʪʥʴʦ ʭʘʦʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʦʤʫ ʧʝʨʽʦʜʠʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʦʧʦʨʫ 

Rp ʧʨʦʚʦʜʠʣʠ ʫ ʪʝʨʤʽʥ ʥʝ ʤʝʥʰʠʡ, ʥʽʞ ʧʨʦʮʝʩ ʧʝʨʝʡʜʝ ʫ ʩʪʘʮʽʦʥʘʨʥʠʡ ʨʝʞʠʤ.ʊʦʯʥʽʩʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ n = 5, ʟ 

ʡʤʦʚʽʨʥʽʩʪʶ 0,95, ʩʢʣʘʜʘʻ 5 %.ɼʠʥʘʤʽʢʫ ʟʤʽʥʠ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʦʧʦʨʫ Rp  ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʇʝʨʝʙʽʛ ʧʨʦʮʝʩʽʚ ʫ ʚʦʜʦʛʽʥʥʽʡ ʚʦʜʽ ʪʘ ʫ ʚʦʜʽ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʂɸʉ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ, ʘʣʝ ʻ ʽ ʩʧʽʣʴʥʽ 

ʭʘʨʘʢʪʝʨʥʽ ʨʠʩʠ. ɺ ʯʘʨʫʥʢʘʭ, ʧʦʯʠʥʘʶʯʠ ʟ ʜʨʫʛʦʾ 

ʜʦʙʠ ʚʽʜ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚʽʟʫʘʣʴʥʦ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʘʜʫ: ʫ ʚʦʜʽ ï 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʛʽʜʨʦʢʩʠʜʽʚ ʨʫʜʦʛʦ, ʫ ʚʦʜʽ ʟ 

ʜʦʙʨʠʚʘʤʠ ï ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ (ʤʦʞʣʠʚʦ ʤʘʛʥʝʪʠʪ). 

ʊʘʢʦʛʦ ʩʘʤʦʛʦ ʢʦʣʴʦʨʫ ʥʘʢʦʧʠʯʫʚʘʚʩʷ ʥʘʣʽʪ ʥʘ 

ʧʦʚʝʨʭʥʷʭ ʝʣʝʢʪʨʦʜʽʚ. 

ʉʧʽʣʴʥʽ ʨʠʩʠ ʧʨʦʮʝʩʽʚ ʧʨʦʷʚʠʣʠʩʷ ʫ ʚʠʩʦʢʠʭ 

ʧʦʢʘʟʥʠʢʘʭ ʦʧʦʨʫ ʥʘ ʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʝʥʴ, 

ʧʦʩʪʫʧʦʚʦʤʫ ʟʥʠʞʝʥʥʽ ʧʨʦʪʷʛʦʤ ʧʝʨʰʦʾ ʜʦʙʠ ʽ 

ʧʝʚʥʽʡ ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʘ 2-3 ʜʦʙʫ. ɼʦʜʘʚʘʥʥʷ 

ʩʫʣʴʬʫʨʚʤʽʩʥʦʾ ʩʧʦʣʫʢʠ ʧʨʠʟʚʝʣʦ ʜʦ ʥʝʟʥʘʯʥʦʛʦ 

ʈʠʩ. 1 ï ɿʘʣʝʞʥʽʩʪʴ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʦʧʦʨʫ ʩʪʘʣʽ 20 ʫ 

ʚʦʜʽ ʪʘ ʟ ʜʦʜʘʚʘʥʥʷʤ ʂɸʉ ʽ ʂɸʉ-

S ʚʽʜ ʪʝʨʤʽʥʫ ʚʠʧʨʦʙʫʚʘʥʴ 

mailto:syza7@ukr.net
mailto:kvashukj@ukr.net
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ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ ʥʘ ʧʦʯʘʪʢʫ, ʘʣʝ ʢʽʥʮʝʚʽ ʟʥʘʯʝʥʥʷ ʤʘʡʞʝ ʥʝ ʚʽʜʨʽʟʥʷʣʠʩʴ. 

ʐʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʦʜʽ ʽ ʚʦʜʽ ʟ ʜʦʙʨʠʚʘʤʠ ʥʘ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʽʜʨʽʟʥʷʣʘʩʴ ʤʘʡʞʝ ʫ ʜʚʘ ʨʘʟʠ ʪʘ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘʧʨʠʢʽʥʮʽ ʜʦ 4 ʨʘʟʽʚ.  

ɿʚʠʯʘʡʥʽ ʦʧʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʥʝ ʜʘʣʠ ʦʜʥʦʟʥʘʯʥʦʾ ʚʽʜʧʦʚʽʜʽ ʧʨʦ 

ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʽʡʢʦʛʦ ʰʘʨʫ ʚʽʜʢʣʘʜʝʥʴ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʢʦʨʦʟʽʡʥʠʤʠ 

ʫʰʢʦʜʞʝʥʥʷʤʠ. ʅʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʤʝʪʦʜ 

ʧʨʦʬʽʣʦʤʝʪʨʽʾ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʬʽʣʶ ʽ ʧʘʨʘʤʝʪʨʽʚ ʰʦʨʩʪʢʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʜʦ ʽ ʧʽʩʣʷ 

ʚʠʧʨʦʙʫʚʘʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʬʽʣʦʛʨʘʬʫ-ʧʨʦʬʽʣʦʤʝʪʨʫ ʤʦʜʝʣʽ 201. ʇʘʨʘʤʝʪʨʠ 

ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʟʘʧʠʩʫ ʧʨʦʬʽʣʦʛʨʘʤ ï 5õ14 ʢʣʘʩ ɻʆʉʊ 27964-88, ʢʨʠʪʝʨʽʡ ʦʮʽʥʢʠ ï Ra [5], 

ʧʦʭʠʙʢʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ Ñ 4%, ʰʚʠʜʢʽʩʪʴ ʪʨʘʩʫʚʘʥʥʷ ʧʨʦʬʽʣʦʛʨʘʬʫ ï 0,2 

ʤʤ/ʭʚ., ʨʘʜʽʫʩ ʛʦʣʢʠ ï 0,002
+0,002

 ʤʤ. 

ʃʽʚʘ ʯʘʩʪʠʥʘ ʧʨʦʬʽʣʦʛʨʘʬʠ (ʨʠʩ. 2) ʤʘʻ ʭʘʨʘʢʪʝʨʥʠʡ ʧʨʦʬʽʣʴ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʚʽʜ 

ʨʫʯʥʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ, ʩʝʨʝʜʥʷ ʚʠʩʦʪʘ ʧʦ ʚʝʨʰʠʥʘʭ ʩʪʘʥʦʚʠʪʴ 0,25 ʤʢʤ (Ra 0,25). ʇʨʘʚʘ 

ʯʘʩʪʠʥʘ ï ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʛʣʠʙʦʢʠʭ ʟʘʧʘʜʠʥ, ʨʦʟʤʽʱʝʥʥʷ ʚʝʨʰʠʥ ʥʝ ʤʘʻ ʩʠʩʪʝʤʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʽ ʪʘʢʘ ʢʦʤʙʽʥʘʮʽʷ ʥʝ ʧʨʠʪʘʤʘʥʥʘ ʞʦʜʥʦʤʫ ʤʝʪʦʜʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. 

 

ʈʠʩ. 2 ï ʇʨʦʬʽʣʦʛʨʘʤʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʫ, ʚʝʨʪʠʢʘʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ ʭ4 

ʂʨʽʤ ʪʦʛʦ, ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʛʣʠʙʠʥʘ ʟʘʧʘʜʠʥ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʚʠʪʨʠʤʢʠ ʫ 

ʚʦʜʦʛʽʥʥʽʡ ʚʦʜʽ ʙʫʣʘ ʟʥʘʯʥʦ ʤʝʥʰʦʶ ʥʽʞ ʫ ʙʽʣʴʰ ʘʛʨʝʩʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿ ʦʛʣʷʜʫ ʥʘ 

ʥʝʚʝʣʠʢʠʡ ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ ʥʝ ʤʦʞʥʘ ʚʧʝʚʥʝʥʦ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʚʽʜʤʽʥʥʽʩʪʴ ʭʘʨʘʢʪʝʨʫ 

ʢʦʨʦʟʽʾ ʚʽʜ ʩʫʮʽʣʴʥʦʾ, ʘʣʝ ʟʘ ʧʝʚʥʠʤʠ ʦʟʥʘʢʘʤʠ, ʧʨʦ ʷʢʽ ʤʠ ʟʛʘʜʫʚʘʣʠ ʨʘʥʽʰʝ, ʚʦʥʘ ʤʘʻ ʽ 

ʣʦʢʘʣʴʥʽ ʜʽʣʷʥʢʠ ʨʫʡʥʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʦʜʥʽ ʨʦʟʯʠʥʠ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʂɸʉ ʪʘ ʂɸʉ-S ʩʧʨʠʯʠʥʷʶʪʴ 

ʽʥʪʝʥʩʠʚʥʽ ʢʦʨʦʟʽʡʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʩʪʘʣʽ 20. ʐʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʚ 2-4 ʨʘʟʠ ʙʽʣʴʰʘ, ʥʽʞ ʫ 

ʚʦʜʦʛʽʥʥʽʡ ʚʦʜʽ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʩʪʘʣʽ 20 ʚ ʨʦʟʯʠʥʘʭ ʤʽʥʜʦʙʨʠʚ ʤʘʢʩʠʤʘʣʴʥʘ ʟʘ ʧʝʨʰʦʾ 

ʜʦʙʠ ʝʢʩʧʦʟʠʮʽʾ ʪʘ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʻʪʴʩʷ. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ 

ʚʽʜ ʯʘʩʫ ʝʢʩʧʦʟʠʮʽʾ ʟʫʤʦʚʣʝʥʠʡ ʧʦʩʪʫʧʦʚʠʤ ʬʦʨʤʫʚʘʥʥʷʤ ʥʘ ʟʨʫʡʥʦʚʘʥʽʡ ʧʦʚʝʨʭʥʽ ʩʪʘʣʽ 

ʟʘʭʠʩʥʠʭ ʰʘʨʽʚ ʧʘʩʠʚʘʮʽʡʥʦʾ ʧʨʠʨʦʜʠ. 
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ɹʣ̔ʝʡ ɺ.ɯ., ʤʘʛʽʩʪʨ 

ɹ̔ʣʝʡ-ʈʫʙʘʥ ʅ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʄʫʢʘʯʽʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, valjabiley@gmail.com 

ʌʆʈʄʋɺɸʅʅʗ ʉʀʃʋɽʊʅʆɻʆ ɺʀʈɯʐɽʅʅʗ ʇɸʃʔʊʆ ɾɯʅʆʏʀʍ ʋ 

ɺɿʗɭʄʆɿɺôʗɿʂʋ ɿ ʊɽʍʅʆʃʆɻɯʏʅʀʄʀ ɺʃɸʉʊʀɺʆʉʊʗʄʀ ʄɸʊɽʈɯɸʃɯɺ  

ʅʘ ʩʴʦʛʦʜʥʽ, ʥʘ ʨʠʥʢʫ ʰʚʝʡʥʠʭ ʚʠʨʦʙʽʚ ʟʘʪʨʝʙʫʚʘʥʦʶ ʟ ʙʦʢʫ ʩʧʦʞʠʚʘʯʽʚ ʻ ʾʭ ʚʠʩʦʢʘ 

ʷʢʽʩʪʴ, ʷʢʘ ʟʘʜʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ʩʧʦʞʠʚʯʠʭ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʅʘʡʙʽʣʴʰ 

ʙʘʞʘʥʠʤʠ, ʘ ʦʪʞʝ ʽ ʚʘʛʦʤʠʤʠ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʰʚʝʡʥʠʭ ʚʠʨʦʙʽʚ ʧʦʙʫʪʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʻ 

ʝʩʪʝʪʠʯʥʘ ʛʨʫʧʘ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʘ ʬʦʨʤʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʚʠʨʘʟʥʦʩʪʽ ʚʠʨʦʙʫ, 

ʮʽʣʽʩʥʦʩʪʽ ʢʦʤʧʦʟʠʮʽʾ, ʪʝʭʥʽʯʥʦʤʫ ʨʽʚʥʶ ʷʢʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʟʘʜʘʻʪʴʩʷ ʩʪʠʣʝʤ, ʩʠʣʫʝʪʦʤ, 

ʢʦʥʩʪʨʫʢʮʽʻʶ, ʭʫʜʦʞʥʴʦ-ʢʦʣʦʨʠʩʪʠʯʥʠʤ ʦʬʦʨʤʣʝʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ ʪʦʱʦ [1]. ʎʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʰʚʝʡʥʽ ʚʠʨʦʙʠ ʣʠʰʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʩʪʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʻ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʟʘ ʬʦʨʤʦʶ, 

ʨʽʟʥʷʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ, ʪʝʭʥʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʤʘʶʪʴ ʰʠʨʦʢʫ ʭʫʜʦʞʥʴʦ-

ʢʦʣʦʨʠʩʪʠʯʥʫ ʥʘʧʨʘʚʣʝʥʽʩʪʴ ʚ ʤʘʪʝʨʽʘʣʘʭ, ʬʫʨʥʽʪʫʨʽ, ʦʟʜʦʙʣʝʥʥʽ. ʉʘʤʫ ʣʠʰʝ ʢʦʥʩʪʨʫʢʮʽʶ 

ʚʠʨʦʙʫ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʚʦʻʨʽʜʥʫ ʪʝʭʥʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʚʠʨʦʙʫ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʚʟʘʻʤʦʟʚôʷʟʢʦʤ ʬʦʨʤʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʣʘʢʦʥʽʯʥʽʩʪʶ ʪʘ ʤʘʪʝʨʽʘʣʦʤ [2].  

ʌʦʨʤʘ ʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ʦʜʷʛʫ ʚ ʟʥʘʯʥʽʡ ʩʪʝʧʝʥʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʷʜʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʪʦ ʧʝʨʝʧʣʝʪʝʥʥʷ, ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʽ, ʪʦʚʱʠʥʘ, 

ʬʦʨʤʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʞʦʨʩʪʢʽʩʪʴ, ʜʨʘʧʽʨʫʚʘʥʥʷ ʪʘ ʽʥ. [2]. ʇʨʘʚʠʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʶʚʘʪʠ ʩʧʨʘʚʜʽ ʭʫʜʦʞʥʴʦ-ʛʘʨʤʦʥʽʡʥʽ ʬʦʨʤʠ 

ʚʠʨʦʙʫ, ʷʢʽ ʩʧʨʠʷʪʠʤʫʪʴ ʨʽʚʥʶ ʷʢʦʩʪʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʩʬʦʨʤʫʶʪʴ ʨʘʮʽʦʥʘʣʴʥʽ ʟʘʪʨʘʪʠ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʘʥʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ  

ɿʦʚʥʽʰʥʷ ʬʦʨʤʘ ʦʜʷʛʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʠʣʫʝʪʥʠʤʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʪʘ 

ʜʝʢʦʨʘʪʠʚʥʠʤʠ ʣʽʥʽʷʤʠ. ʉʠʣʫʝʪʥʽ ʣʽʥʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʧʦʨʮʽʾ, ʦʙôʻʤʥʫ ʬʦʨʤʫ ʦʜʷʛʫ ʪʘ 

ʾʾ ʟʦʚʥʽʰʥʽ ʨʠʩʠ. ʊʨʠ ʦʩʥʦʚʥʽ ʩʠʣʫʝʪʠ ï ʧʨʷʤʠʡ, ʧʨʠʣʝʛʣʠʡ ʪʘ ʥʘʧʽʚʧʨʠʣʝʛʣʠʡ ʩʪʘʣʠ 

ʢʣʘʩʠʯʥʠʤʠ ʥʘ ʧʨʦʪʷʟʽ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ; ʧʨʦʪʝ ʟ ʯʘʩʦʤ ʥʘ ʟʤʽʥʫ ʾʤ ʫʚʽʨʚʘʚʩʷ ʩʠʣʫʝʪ, ʱʦ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ çʚʽʣʴʥʦʾ ʬʦʨʤʠè.  

ɺʠʭʦʜʷʯʠ ʽʟ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʬʦʨʤʠ ʚʠʨʦʙʫ ʟ ʤʘʪʝʨʽʘʣʘʤʠ, ʘʚʪʦʨʘʤʠ ʩʪʘʚʠʣʦʩʴ ʟʘʚʜʘʥʥʷ 

ʥʘ ʧʨʠʢʣʘʜʽ ʤʘʪʝʨʽʘʣʽʚ ʧʘʣʴʪʦʚʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ, ʷʢʠʤ ʟʘʨʘʟ ʧʨʠʪʘʤʘʥʥʽ ʤʦʜʥʘ 

ʬʘʢʪʫʨʥʽʩʪʴ, ʢʦʣʦʨʠʩʪʠʢʘ, ʧʝʨʝʧʣʝʪʝʥʥʷ, çʮʽʢʘʚʠʡè ʚʦʣʦʢʥʠʩʪʠʡ ʩʢʣʘʜ, ʱʦ ʧʦʢʨʘʱʫʻ 

ʜʦʛʣʷʜ ʟʘ ʚʠʨʦʙʦʤ ʪʦʱʦ, ʩʬʦʨʤʫʚʘʪʠ ʩʠʣʫʝʪʥʽ ʚʠʨʽʰʝʥʥʷ ʞʽʥʦʯʠʭ ʧʘʣʴʪʦ ʥʘ ʦʩʥʦʚʽ 

ʜʦʩʣʽʜʞʝʥʴ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʪʝʨʽʘʣʽʚ. ɼʣʷ ʮʴʦʛʦ, ʚ ʨʦʙʦʪʽ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʤʠ ʻ ʪʦʥʢʦʩʫʢʦʥʥʽ ʚʦʚʥʷʥʽ ʪʢʘʥʠʥʠ ʪʘ ʜʨʘʧʠ, ʷʢʽ ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʥʫ ʛʨʫʧʫ 

ʪʢʘʥʠʥ ʜʣʷ ʞʽʥʦʯʠʭ ʧʘʣʴʪʦ. ʎʶ ʛʨʫʧʫ ʩʢʣʘʜʘʶʪʴ ʚʦʨʩʦʚʽ ʪʢʘʥʠʥʠ ʟ ʧʨʷʞʽ ʧʽʜʚʠʱʝʥʦʾ 

ʪʦʚʱʠʥʠ, ʪʢʘʥʠʥʠ, ʚʠʨʦʙʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʘʩʦʥʥʦʾ ʦʜʥʦʢʦʣʽʨʥʦʾ ʘʙʦ ʤʝʣʘʥʞʝʚʦʾ 

ʧʨʷʞʽ, ʷʢʘ ʥʘʜʘʻ ʾʤ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʦʾ ʨʝʣʴʻʬʥʦʾ ʧʦʚʝʨʭʥʽ. ʊʢʘʥʠʥʠ ʚʠʨʦʙʣʝʥʽ 

ʧʦʣʦʪʥʷʥʠʤ, ʩʘʨʞʝʚʠʤ, ʜʨʽʙʥʦ-ʚʽʟʝʨʫʥʯʘʪʠʤ ʽ ʩʢʣʘʜʥʠʤ (ʧʽʚʪʦʨʘ ʘʙʦ ʜʚʦʰʘʨʦʚʠʤ) 

ʧʝʨʝʧʣʝʪʝʥʥʷʤʠ. ɿʘ ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ ʽ ʭʘʨʘʢʪʝʨʫ ʦʙʨʦʙʢʠ ʧʝʨʝʚʘʞʘʶʪʴ ʪʢʘʥʠʥʠ 

ʛʣʘʜʢʦ ʬʘʨʙʦʚʘʥʽ,  ʤʝʣʘʥʞʝʚʽ, ʩʪʨʦʢʘʪʦ ʪʢʘʥʽ.  

ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʟʥʠ ʤʦʜʝʣʝʡ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʦʟʠʮʽʡʥʦʾ 

ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʪʘ ʩʠʣʫʝʪʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʦʪʨʝʙʫʻ ʚʽʜ ʢʦʥʩʪʨʫʢʪʦʨʘ-ʪʝʭʥʦʣʦʛʘ ʜʦʩʚʽʜʫ 

ʨʦʙʦʪʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʚ ʧʽʜʙʦʨʽ ʤʘʪʝʨʽʘʣʫ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ, ʷʢʽ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʠʤʦʛʘʤʠ ʩʧʦʞʠʚʘʯʘ ʪʘ ʦʩʥʦʚʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ.  

ʆʪʞʝ, ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʩʠʣʫʝʪʥʠʭ ʚʠʨʽʰʝʥʴ ʞʽʥʦʯʠʭ ʧʘʣʴʪʦ ʪʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

çʩʪʫʧʝʥʶ ʚʽʣʴʥʦʩʪʽè ʧʨʠʣʷʛʘʥʥʷ ʥʘ ʬʽʛʫʨʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʷʜ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʪʝʭʥʽʯʥʽ ʜʘʥʽ ʷʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʷ 1. 
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ʊʘʙʣʠʮʷ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʣʴʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʣʴʪʦʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 
ʇʝʨʝʧʣʝʪʝʥʥʷ 

ʊʦʚʱʠʥʘ 

ʤʘʪʝʨʽʘʣʫ, 

ʤʤ 

ʇʦʚʝʨʭʥʝʚʘ 

ʱʽʣʴʥʽʩʪʴ, 

ʛ/ʤ
2
 

ɿʦʙʨʘʞʝʥʥʷ 

ʊʄ 1: (ʛʣʘʜʢʦʬʘʨʙʦʚʘʥʠʡ, 

ʚʦʨʩʦʚʘʥʠʡ ʜʚʦʩʪʦʨʦʥʥʽʡ; 

ʩʠʨʦʚʠʥʥʠʡ ʩʢʣʘʜ: 75% - ʚʦʚʥʘ, 

15% - ʚʽʩʢʦʟʘ, 10% - ʇɸ) 

ʈʦʛʦʞʢʘ 2/2 1,63 377 

 

ʊʄ 2: (ʛʣʘʜʢʦʬʘʨʙʦʚʘʥʠʡ, 

ʚʦʨʩʦʚʘʥʠʡ  ʜʚʦʩʪʦʨʦʥʥʽʡ; 

ʩʠʨʦʚʠʥʥʠʡ ʩʢʣʘʜ: 75% - ʚʦʚʥʘ, 

15% - ʚʽʩʢʦʟʘ, 10% - ʇɸ) 

 

ʈʦʛʦʞʢʘ 2/2 

 

1,72 380 

 

ʊʄ 3: (ʛʣʘʜʢʦʬʘʨʙʦʚʘʥʠʡ, 

ʚʦʨʩʦʚʘʥʠʡ ʜʚʦʩʪʦʨʦʥʥʽʡ; 

ʩʠʨʦʚʠʥʥʠʡ ʩʢʣʘʜ: 75% - ʚʦʚʥʘ, 

25% - ʇɽ) 

 

ʈʦʛʦʞʢʘ 2/2 

 

1,65 392 

 

ʊʄ 4: (ʩʪʨʦʢʘʪʦʪʢʘʥʠʡ, 

ʚʦʨʩʦʚʘʥʠʡ ʦʜʥʦʩʪʦʨʦʥʥʽʡ 

çʛʫʩʷʯʘ ʣʘʧʢʘè;  ʩʠʨʦʚʠʥʥʠʡ 

ʩʢʣʘʜ: 75% - ʚʦʚʥʘ, 25% - ʇɽ) 

 

ʇʦʣʦʪʥʷʥʝ 

 

1,14 315 

 

ʊʄ 5: (ʩʪʨʦʢʘʪʦʪʢʘʥʠʡ 

ʜʚʦʭʰʘʨʦʚʠʡ, ʜʚʦʩʪʦʨʦʥʥʽʡ 

ʚʦʨʩʦʚʘʥʠʡ ʟ ʤʝʣʘʥʞʝʚʦʾ ʧʨʷʞʽ; 

ʩʠʨʦʚʠʥʥʠʡ ʩʢʣʘʜ: 80% - ʚʦʚʥʘ, 

20% - ʇɸ) 

ʇʦʩʠʣʝʥʘ 

ʩʘʨʞʘ 
1,71 464 

 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʧʨʷʤʢʽʚ ʤʦʜʥʠʭ ʪʝʥʜʝʥʮʽʡ ʚ ʧʘʣʴʪʦ ʞʽʥʦʯʠʭ, ʧʦʨʽʚʥʷʚʰʠ ʧʽʜʭʦʜʠ 

ʨʽʟʥʠʭ ʜʠʟʘʡʥʝʨʽʚ ʜʦ ʜʘʥʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʪʘ ʾʭ ʚʠʨʽʰʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʽ 

ʩʠʣʫʝʪʠ ʧʘʣʴʪʦ ʞʽʥʦʯʦʛʦ. ʅʘʰ ʧʨʠʥʮʠʧ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʦʩʣʽʜʞʝʥʥʽ ʥʦʚʠʭ ʪʝʢʩʪʠʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʫʞʝ ʽʩʥʫʶʯʠʤʠ ʘʥʘʣʦʛʘʤʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʩʠʣʫʝʪʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʘʣʴʪʦʚʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ (ʨʠʩ.1). 

 
 

ʈʠʩ. 1 ï ʇʨʦʧʦʟʠʮʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʩʣʽʜʞʝʥʠʭ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʬʦʨʤ 

ʩʠʣʫʝʪʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʚ ʧʘʣʴʪʦ ʞʽʥʦʯʦʤʫ 

ʆʪʞʝ, ʟʘ ʜʘʥʠʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʫʯʘʩʥʠʭ ʧʘʣʴʪʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʫ ʜʝʷʢʠʭ ʩʠʣʫʝʪʥʠʭ ʚʠʨʽʰʝʥʥʷʭ. 

ʅʘʨʘʟʽ, ʜʘʥʘ ʧʨʦʧʦʟʠʮʽʷ ʘʧʨʦʙʦʚʫʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʩʠʣʫʝʪʫ ʪʘ ʬʦʨʤʠ ʩʫʯʘʩʥʦʛʦ ʧʘʣʴʪʦ 

ʞʽʥʦʯʦʛʦ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ  
1. ɹʽʣʝʡ-ʈʫʙʘʥ, ʅ. ɺ. ʆʩʦʙʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʧʘʣʴʪʦʚʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ 

ʦʜʷʛʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ / ʅ. ɺ. ɹʽʣʝʡ-ʈʫʙʘʥ, ɺ. ɯ. 
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ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ (10-12 ʪʨʘʚʥʷ 2018 ʨ.). ï ʏʝʨʥʽʛʽʚ : ʏʅʊʋ, 2018. ï 

ʉ.64-66. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://dspace.msu.edu.ua: 8080/jspui/handle/123456789/2035 

2. ʂʦʙʣʷʢʦʚʘ ɽ. ɹ. ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʦʜʝʞʜʳ ʩ ʵʣʝʤʝʥʪʘʤʠ ʉɸʇʈ : ʫʯʝʙʥʠʢ / ʧʦʜ ʨʝʜ. 

ʂʦʙʣʷʢʦʚʦʡ. / ɽ. ɹ. ʂʦʙʣʷʢʦʚʘ, ɻ. ʉ. ʀʚʣʝʚʘ, ɺ. ɽ. ʈʦʤʘʥʦʚ.  ï ʄ. : ʂɼʋ, 2007. ï 464 ʩ.  
 

ʋɼʂ 655.3.026.22 

ɹʘʨʘʫʩʢʻʥʝ ʆ. ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, oksanalotototska@gmail.com 

ʇɸʂʆɺɸʅʅʗ ɿ ʌɸʂʊʋʈʅʀʍ ʄɸʊɽʈɯɸʃɯɺ, ɺʀɻʆʊʆɺʃɽʅʀʍ ʎʀʌʈʆɺʀʄ 

ɼʈʋʂʆʄ  

ʆʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʻ ʧʘʢʦʚʘʥʥʷ ʜʣʷ ʦʬʦʨʪʽʚ (ʷʢ ʚʠʜ ʩʫʚʝʥʽʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ) ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʜʠʟʘʡʥʝʨʩʴʢʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʩʧʝʢʪʽʚ. ʆʩʢʽʣʴʢʠ ʦʜʥʽʻʶ ʟ 

ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʧʘʢʦʚʘʥʥʷ, ʻ ʧʨʝʟʝʥʪʘʙʝʣʴʥʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ, ʪʦʤʫ 

ʙʫʣʦ ʦʙʨʘʥʦ ʪʨʠ ʚʠʜʠ ʜʠʟʘʡʥʝʨʩʴʢʦʛʦ ʧʘʧʝʨʫ Canson, ʘ ʩʘʤʝ: ʧʘʧʽʨ ʟʽ ʣʣʷʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

(300 ʛ/ʤ
2
); ʧʘʧʽʨ ʟʽ ʩʪʨʫʢʪʫʨʦʶ çʷʻʯʥʘ ʰʢʘʨʣʫʧʘè (300 ʛ/ʤ

2
); ʧʘʧʽʨ ʟ ʧʦʚʟʜʦʚʞʥʽʤʠ ʩʤʫʛʘʤʠ 

(300 ʛ/ʤ
2
). ʂʨʽʤ ʮʴʦʛʦ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʟʨʘʟʦʢ ʧʘʧʝʨʫ ʙʝʟ ʩʪʨʫʢʪʫʨʠ. 

ʇʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʤ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʙʽʣʠʟʥʠ ʧʘʧʝʨʫ ʧʦ ʉɯɽ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʙʫʣʦ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʦʤ ʥʘ ʦʬʽʩʥʦʤʫ ʧʘʧʝʨʽ 80 

ʛ/ʤ
2
. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ 

ʰʦʨʩʪʢʽʩʪʶ, ʙʽʣʠʟʥʦʶ ʧʘʧʝʨʫ ʪʘ ʦʧʪʠʯʥʦʶ ʛʫʩʪʠʥʦʶ ʚʽʜʙʠʪʢʘ, ʙʫʣʦ ʚʽʜʜʨʫʢʦʚʘʥʦ ʟʨʘʟʢʠ 

ʪʘ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʧʘʧʝʨʽ ʟ ʚʠʱʠʤ ʧʦʢʘʟʥʠʢʦʤ ʙʽʣʠʟʥʠ ʙʝʟ ʚʠʨʘʞʝʥʦʾ 

ʩʪʨʫʢʪʫʨʠ, ʥʘ ʧʘʧʝʨʽ ʟ ʥʠʟʴʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʙʽʣʠʟʥʠ ʽ ʰʦʨʩʪʢʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʦʚʘʥʦʤʫ 

ʧʘʧʝʨʽ (ʟ ʙʽʣʴʰʦʶ ʰʦʨʩʪʢʽʩʪʶ) ʟ ʤʝʥʰʦʶ ʙʽʣʠʟʥʦʶ. 

ʇʨʦʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʚʟʷʪʦ ʜʚʘ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʠ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʠʩʪʝʤʫ ʮʝ ʰʦʨʩʪʢʽʩʪʴ ʙʽʣʠʟʥʘ ʧʘʧʝʨʫ, ʤʦʜʝʣʽ ʷʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1 ï 4. 

  
ʈʠʩ. 1 ï ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ ʣʽʥʽʡʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦ ʢʦʣʴʦʨʫ Cyan 

ʈʠʩ. 2 ï ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ ʣʽʥʽʡʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦ ʢʦʣʴʦʨʫ Magenta 

 
 

ʈʠʩ. 3. ï ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ ʣʽʥʽʡʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦ ʢʦʣʴʦʨʫ Yellow 

ʈʠʩ. 4 ï ʇʦʚʝʨʭʥʷ ʚʽʜʛʫʢʫ ʣʽʥʽʡʥʦʾ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦ ʢʦʣʴʦʨʫ Key 

http://dspace.msu.edu.ua:%208080/jspui/handle/123456789/2035
mailto:oksanalotototska@gmail.com
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ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʠʟʘʡʥʝʨʩʴʢʝ ʨʽʰʝʥʥʷ ʱʦʜʦ ʦʬʦʨʤʣʝʥʥʷ ʥʘʜʧʠʩʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʨʘʬʪ-ʧʘʧʽʨ ʜʣʷ ʧʘʢʦʚʘʥʥʷ ʦʬʦʨʪʽʚ. 

 

ʈʠʩ. 5 ï ɺʘʨʽʘʥʪʠ ʜʠʟʘʡʥʫ ʧʘʢʦʚʘʴ ʥʘ ʢʨʘʬʪ-ʧʘʧʝʨʽ 

 

ʋɼʂ 667.4.002.62/66 

ʂʣʽʥʮʦʚ ʃ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʽʥʬʦʨʤʘʮʽʾ, ʙʽʟʥʝʩʫ ʽ ʧʨʘʚʘ çʏɯɯɹɯʇ ʽʤ. ʘʢʘʜʝʤʽʢʘ ɹʫʛʘʷè, lnklintsov@ukr.net 

ɽʂʆʅʆʄɯʏʅʀʁ ɼʈʆʊʆɺʀʁ ʊɽʈʄʆʇʃɸʉʊʀʌɯʂɸʊʆʈ ɼʃʗ ʊɽʂʉʊʋʈʋʖʏʀʍ 

ʄɸʐʀʅ ʅɽʉʇʈɸɺɾʅʔʆɻʆ ʂʈʋʏɽʅʅʗ 

ʉʫʯʘʩʥʽ ʤʘʰʠʥʠ ʥʝʩʧʨʘʚʞʥʴʦʛʦ ʢʨʫʯʝʥʥʷ ʤʘʶʪʴ ʪʝʨʤʦʧʣʘʩʪʠʬʽʢʘʪʦʨʠ ʜʚʦʭ ʪʠʧʽʚ ï 

ʦʤʽʯʥʦʛʦ ʪʘ ʢʦʥʜʝʥʩʘʮʽʡʥʦʛʦ ʥʘʛʨʽʚʫ. ɺʢʘʟʘʥʽ ʪʠʧʠ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʤʘʶʪʴ ʥʠʟʢʫ ʥʝʜʦʣʽʢʽʚ 

ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʜʦʚʛʠʡ ʧʝʨʽʦʜ 

ʨʦʟʽʛʨʽʚʫ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ, ʷʢʠʡ ʟʥʠʞʫʻ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʠ, 

ʚʝʣʠʢʘ ʜʦʚʞʠʥʘ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ, ʚʽʜ ʧʽʚʪʦʨʘ ʜʦ ʜʚʦʭ ʟ ʧʦʣʦʚʠʥʦʶ ʤʝʪʨʽʚ, ʷʢʘ ʚʠʢʣʠʢʘʻ 

ʜʦʚʛʠʡ ʧʝʨʽʦʜ ʥʘʢʦʧʠʯʝʥʥʷ ʢʨʫʪʢʠ ʫ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘʭ, ʘ ʟʘ ʮʝʡ ʯʘʩ ʥʝʢʦʥʜʠʮʽʡʥʘ ʥʠʪʢʘ 

ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʫ ʚʽʜʭʦʜʠ, ʱʦ ʟʙʽʣʴʰʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ.  

ʋʩʫʥʫʪʠ ʜʘʥʽ ʥʝʜʦʣʽʢʠ ʟʤʦʞʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʜʨʦʪʦʚʠʡ ʧʣʘʩʪʠʬʽʢʘʪʦʨ [1], ʪʝʦʨʝʪʠʯʥʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʙʦʪʠ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ, ʥʘʚʝʜʝʥʦ ʚ ʪʝʟʘʭ [2]. ʇʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʦʩʥʦʚʥʠʡ ʧʦʪʽʢ ʪʝʧʣʘ ʧʝʨʝʜʘʻʪʴʩʷ ʥʠʪʮʽ ʫ ʤʽʩʮʽ ʢʦʥʪʘʢʪʫ ʟ ʥʘʛʨʽʪʦʶ 

ʧʦʚʝʨʭʥʝʶ. ɿʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʢʦʥʪʘʢʪʽʚ  ʧʦ ʧʝʨʝʨʽʟʫ ʥʠʪʢʠ, ʚʠʢʣʠʢʘʻ ʚʽʜʧʦʚʽʜʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʽ ʟʤʝʥʰʫʻ ʜʦʚʞʠʥʫ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ. ɿʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ 

ʢʦʥʪʘʢʪʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʨʦʟʤʽʱʝʥʥʷʤ ʥʠʪʢʠ ʫ ʧʦʨʦʞʥʠʥʽ ʟôʻʜʥʘʥʠʭ ʤʽʞ ʩʦʙʦʶ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʜʨʦʪʽʚ, ʫʪʚʦʨʶʶʯʠʭ ʨʽʚʥʦʙʽʯʥʽ ʪʨʠʢʫʪʥʠʢ ʘʙʦ ʯʦʪʠʨʠʢʫʪʥʠʢ. ɼʨʦʪʠ 

ʥʘʛʨʽʚʘʶʪʴʩʷ ʝʣʝʢʪʨʠʯʥʠʤ ʩʪʨʫʤʦʤ ʨʝʛʫʣʴʦʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʜʽʣʷʥʮʽ ʢʦʥʪʘʢʪʫ ʟ 

ʥʠʪʢʦʶ. ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʥʦʰʝʥʥʷ ʧʦʚʝʨʭʥʽ ʜʨʦʪʽʚ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʟ ʥʠʪʢʦʶ, ʜʨʦʪʠ 

ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʧʦ ʤʽʨʽ ʟʥʦʰʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʨʚʦʧʨʠʚʦʜʽʚ.  

ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʜʦʚʞʠʥʠ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʽ 

ʧʨʷʤʠʡ ʭʽʜ ʥʠʪʢʠ. ɿʦʥʘ ʥʘʛʨʽʚʫ ʦʪʦʯʝʥʘ ʢʦʞʫʭʦʤ, ʧʽʜʢʣʶʯʝʥʠʤ ʜʦ ʩʠʩʪʝʤʠ ʚʽʜʩʤʦʢʪʫʚʘʥʥʷ 

ʧʘʨʽʚ. ʄʘʣʘ ʧʦʚʝʨʭʥʷ ʜʨʦʪʽʚ ʟʤʝʥʰʫʻ ʚʪʨʘʪʠ ʪʝʧʣʘ ʫ ʦʪʦʯʫʶʯʠʡ ʧʨʦʩʪʽʨ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʚʠʩʦʢʠʡ ʂʂɼ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʂʦʨʦʪʢʘ ʜʦʚʞʠʥʘ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʟʘʙʝʟʧʝʯʫʻ 

ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʥʘʢʦʧʠʯʝʥʥʷ ʢʨʫʪʢʠ ʚ ʟʦʥʽ ʧʣʘʩʪʠʬʽʢʘʮʽʾ, ʱʦ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʚʽʜʭʦʜʽʚ 

ʩʠʨʦʚʠʥʠ ʧʨʠ ʧʫʩʢʫ ʤʘʰʠʥʠ. ʇʨʘʢʪʠʯʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʝʨʮʽʡʥʦʩʪʽ ʥʘʛʨʽʚʫ ʜʦʟʚʦʣʷʻ 

ʣʽʢʚʽʜʫʚʘʪʠ ʧʝʨʽʦʜ ʜʦʚʛʦʛʦ ʨʦʟʽʛʨʽʚʫ ʤʘʰʠʥʠ, ʧʽʜʚʠʱʫʶʯʠ ʢʦʝʬʽʮʽʻʥʪ ʾʾ ʢʦʨʠʩʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ʑʝ ʦʜʥʠʤ ʧʦʟʠʪʠʚʥʠʤ ʤʦʤʝʥʪʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

mailto:lnklintsov@ukr.net
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ʪʝʨʤʦʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʻ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʫ ʘʪʤʦʩʬʝʨʫ ʮʝʭʫ. ʑʦ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʧʽʜʪʨʠʤʢʫ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʜʠʮʽʦʥʦʚʘʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʘʪʤʦʩʬʝʨʽ 

ʮʝʭʫ. ʅʘ ʧʨʠʢʣʘʜ, ʜʣʷ ʥʠʪʢʠ 2,2 ʪʝʢʩ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʪʝʢʩʪʫʨʫʚʘʥʥʷ 1200 ʤʝʪʨʽʚ ʥʘ ʭʚʠʣʠʥʫ, 

ʧʦ ʥʘʰʠʤ ʨʦʟʨʘʭʫʥʢʘʤ, ʝʢʦʥʦʤʽʷ ʪʝʧʣʘ ʥʘ ʥʘʛʨʽʚʘʥʥʷ ʥʠʪʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʪʘʢʦʛʦ ʪʠʧʫ  ʩʢʣʘʜʝ 87%, ʱʦ ʜʫʞʝ ʽʩʪʦʪʥʦ, ʟ ʦʛʣʷʜʫ ʥʘ ʪʝ, ʱʦ ʥʘʧʨʠʢʣʘʜ, 

ʪʽʣʴʢʠ ʂʠʪʘʡ ʚ 2010 ʨʦʮʽ ʚʠʧʫʩʪʠʚ 7680 ʪʠʩʷʯ ʪʦʥʥ ʪʝʢʩʪʫʨʦʚʘʥʠʭ ʥʠʪʦʢ.  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ˉ 102790, 12.08.2013 ʇʨʠʩʪʨʽʡ ʜʣʷ ʪʝʨʤʦʦʙʨʦʙʢʠ ʥʠʪʢʠ. // ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ 

ˉ102790. 2013. ɹʶʣ. ˉ 15. / ɺʣʘʩʥʠʢ ʂʣʽʥʮʦʚ ʃ.ʄ  

2. ʂʣʽʥʮʦʚ ʃ.ʄ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʦʙʤʝʥʘ ʚʨʘʱʘʶʱʝʝʩʷ ʥʠʪʠ ʩ 

ʦʢʨʫʞʘʶʱʠʤʠ ʝʝ ʥʘʛʨʝʪʠʤʠ ʩʪʝʨʞʥʷʤʠ. / ʃ.ʄ. ʂʣʽʥʮʦʚ // ʄʘʪʝʤʘʪʠʯʥʝ ʪʘ ʽʤʽʪʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ: ʟʙ.ʪʝʟ ʜʦʧ. ʉʴʦʤʦʾ ʤʽʞ. ʥʘʨ. ʥʘʫʢ.ʧʨʘʢʪ. ʢʦʥʬ. ʄʆɼʉ 2012 ï ʤ. ʏʝʨʥʽʛʽʚ ï 

ɾʫʢʽʥ, 2012. ï 110ï113ʩ. 
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ɹʫʨʷ ʆ. ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɻʨʘʱʝʥʢʦʚʘ ʄ. ʆ., ʘʩʧʽʨʘʥʪ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, marina_gr@i.ua 

ʐʦʛʝʥʦʚ ɺ. ʄ., ʜʦʢʪ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʝʢʦʣʦʛʽʾ ʛʽʨʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ ʽʤ. ɸ. ʂ. ʊʝʤʙʦʪʦʚʘ, ʤ. ʅʘʣʴʯʠʢ, ʈʦʩʽʷ 

ʊʈʀɹʆʃʆɻɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʄɸʊɽʈɸʃɯɺ ʅɸ ʆʉʅʆɺɯ 

ʂʆʇʆʃɯʄɽʈʋ ʉʋʃʔʌɸʈʀʃ ɹʉʇ-7, ɸʈʄʆɺɸʅʆɻʆ ɺʋɻʃɽʎɽɺʀʄ 

ɺʆʃʆʂʅʆʄ 

ɺʫʛʣʝʧʣʘʩʪʠʢʠ (ɺʇ) ʟʘʡʤʘʶʪʴ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ ʚʦʣʦʢʥʠʩʪʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ɺʇʂʄ) ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ ʨʽʚʥʶ 

ʤʽʮʥʦʩʪʥʠʭ ʽ ʧʨʫʞʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʤʘʣʽʡ ʧʦʚʟʫʯʦʩʪʽ, ʥʠʟʴʢʽʡ ʛʫʩʪʠʥʽ, ʪʝʨʤʦʩʪʽʡʢʦʩʪʽ, 

ʚʠʩʦʢʽʡ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ, ʥʠʟʴʢʦʤʫ ʢʦʝʬʽʮʽʻʥʪʫ ʪʝʨʪʷ, ʪʝʧʣʦ- ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ɿʘ 

ʢʦʤʧʣʝʢʩʦʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ɺʇ ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʫʶʪʴ ʪʨʘʜʠʮʽʡʥʽ ʩʪʘʣʽ, 

ʘʣʶʤʽʥʽʻʚʽ ʪʘ ʪʠʪʘʥʦʚʽ ʩʧʣʘʚʠ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʥʝʟʘʤʽʥʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʝʪʘʣʝʡ ʚʫʟʣʽʚ ʪʝʨʪʷ ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʦʩʦʙʣʠʚʦ ʪʠʭ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʝʟ ʟʤʘʱʫʚʘʥʥʷ [1].  

ʈʦʟʨʦʙʢʘ ɺʇ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʚôʷʞʫʯʠʭ (ʘʨʦʤʘʪʠʯʥʽ ʧʦʣʽʘʤʽʜʠ, 

ʧʦʣʽʩʫʣʴʬʦʥʠ, ʧʦʣʽʢʘʨʙʦʥʘʪʠ) ʪʘ ʜʠʩʢʨʝʪʥʠʭ (ʜʦʚʞʠʥʦʶ 0,75õ6,0 ʤʤ) ʚʠʩʦʢʦʤʽʮʥʠʭ 

ʚʫʛʣʝʮʝʚʠʭ ʚʦʣʦʢʦʥ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʽ ʇʂʄ ʟ ʧʦʢʨʘʱʝʥʠʤʠ 

ʪʨʠʙʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʦʩʥʦʚʥʠʭ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʂʄ, ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ ʦʩʥʦʚʽ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʦʧʦʣʽʤʝʨʫ ʩʫʣʴʬʘʨʠʣ ɹʉʇ-7, ʘʨʤʦʚʘʥʦʛʦ 

ʛʽʜʨʘʪʮʝʣʶʣʦʟʥʠʤ ʚʫʛʣʝʮʝʚʠʤ ʚʦʣʦʢʥʦʤ ʤʘʨʢʠ ʋʨʘʣ-ʅ-24/320 [2], ʦʩʥʦʚʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. ɺʤʽʩʪ ʚʦʣʦʢʥʘ ʩʢʣʘʜʘʚ 10õ30 ʤʘʩ. %. 

ʊʘʙʣʠʮʷ 1 ï ʆʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ  

ʇʦʢʘʟʥʠʢ ɿʥʘʯʝʥʥʷ  

ɻʫʩʪʠʥʘ, ʛ/ʩʤ
3 

1,43 

ʄʽʮʥʽʩʪʴ, ʄʇʘ 1500õ2000 

ʇʦʜʦʚʞʝʥʥʷ, % 1,0 

ʄʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʄʇʘ 6000õ8000 

ʇʨʠʛʦʪʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡ ʟʜʽʡʩʥʶʚʘʣʠ ʤʝʪʦʜʦʤ ʩʫʭʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʚ ʦʙʝʨʪʦʚʦʤʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ (0,12õ0,15 ʊʣ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʯʘʩʪʦʢ ʧʦ 
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ʤʝʪʦʜʠʮʽ [3]. ɿʨʘʟʢʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʛʦʪʦʚʣʷʣʠ ʫ ʚʠʛʣʷʜʽ ʮʠʣʽʥʜʨʽʚ ʜʽʘʤʝʪʨʦʤ 10 ʽ 

ʜʦʚʞʠʥʦʶ     10 ʤʤ. ʇʝʨʝʨʦʙʢʫ ʢʦʤʧʦʟʠʮʽʡ ʫ ʚʠʨʦʙʠ ʟʜʽʡʩʥʶʚʘʣʠ ʤʝʪʦʜʦʤ ʢʦʤʧʨʝʩʽʡʥʦʛʦ 

ʧʨʝʩʫʚʘʥʥʷ ʟʘ ʥʘʩʪʫʧʥʦ  ʁʪʝʭʥʦʣʦʛʽʻ:ʁ 

- ʪʘʙʣʝʪʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʧʽʜ ʪʠʩʢʦʤ 60 ʄʇʘ; 

- ʩʫʰʢʘ ʧʨʦʪʷʛʦʤ 90 ʭʚʠʣʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ=293õ303 ʂ; 

- ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ: ʟʘʚʘʥʪʘʞʝʥʥʷ ʧʨʠ ʊ=443 ʂ, ʚʠʪʨʠʤʢʘ ʙʝʟ ʪʠʩʢʫ ʧʨʠ ʊ=548 ʂ 

ʧʨʦʪʷʛʦʤ 5 ʭʚʠʣʠʥ ʪʘ ʚʠʪʨʠʤʢʘ ʧʽʜ ʪʠʩʢʦʤ 5 ʄʇʘ ʧʨʠ ʊ=548 ʂ ʧʨʦʪʷʛʦʤ 5 ʭʚʠʣʠʥ; 

ʨʦʟʧʨʝʩʫʚʘʥʥʷ ʧʨʠ ʊ=433 ʂ. 

ʊʨʠʙʦʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʤʧʦʟʠʮʽʡ ï ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ f ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʥʦʰʫʚʘʥʥʷ Ih ʚʠʚʯʘʣʠ ʚ ʫʤʦʚʘʭ ʪʝʨʪʷ ʙʝʟ ʟʤʘʱʫʚʘʥʥʷ ʥʘ ʜʠʩʢʦʚʽʡ ʤʘʰʠʥʽ ʪʝʨʪʷ ʉʄʎ ʧʨʠ 

ʧʠʪʦʤʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥ ̔0,6 ʄʇʘ,
  
ʰʚʠʜʢʦʩʪ̔ ʢʦʚʟʘʥʥʷ 1 ʤ/ʩ, ʰʣʷʭʫ ʪʝʨʪʷ 1000 ʤ ʧʦ ʩʪʘʣʽ 

45 (45õ48 HRC, Ra=0,32 ʤʢʤ).  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʛʨʘʬʽʢʫ (ʨʠʩ. 1). 

 

ʈʠʩ. 1 ï ɺʧʣʠʚ ʚʤʽʩʪʫ ʚʫʛʣʝʮʝʚʦʛʦ ʚʦʣʦʢʥʘ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʡʥʦʛʦ ʟʥʦʩʫ (1), 

ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ (2) ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʫ (3) ʂʄ ʥʘ ʦʩʥʦʚʽ ʢʦʧʦʣʽʤʝʨʫ ɹʉʇ-7 

ʇʨʠ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʚʠʧʨʦʙʫʚʘʥʴ ʨʦʟʨʦʙʣʝʥʽ ɺʇ ʧʝʨʝʚʝʨʰʫʶʪʴ ʙʘʟʦʚʠʡ ʧʦʣʽʤʝʨ ʟʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʥʦʰʫʚʘʥʥʷ ʚ 81,4 (ʥʘ 98,8 %) ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ ʚ 2,6 ʨʘʟʘ (ʥʘ 60,81 %), 

ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʨʠ ʩʪʠʨʘʥʥʽ ʟʨʘʟʢʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʨʪʽʣʘ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʣʽʚʢʘ ʧʝʨʝʥʦʩʫ, ʪʦʤʫ  ʪʝʨʪʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʝ ʧʦ ʩʪʘʣʽ, ʘ ʧʦ ʧʨʦʜʫʢʪʘʭ 

ʟʥʦʰʫʚʘʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʩʫʚʥʽ ʜʝʬʦʨʤʘʮʽʾ ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʧʣʽʚʢʠ, ʷʢʘ ʤʘʻ 

ʤʘʣʠʡ ʦʧʽʨ ʥʘ ʟʩʫʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʩʠʣʠ ʪʝʨʪʷ [4].  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʘʥʪʠʬʨʠʢʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʂʄ ʩʣʽʜʫʶʯʦʛʦ ʩʢʣʘʜʫ: 

- ʢʦʧʦʣʽʤʝʨ ʩʫʣʴʬʘʨʠʣ ɹʉʇ-7 ï 80 ʤʘʩʩ. % 

- ʚʦʣʦʢʥʦ ʤʘʨʢʠ ʋʨʘʣ-ʅ-24/320 ï 20 ʤʘʩʩ. %. 
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ʄʘʪʚʽʡʯʫʢ ʉ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʖʨʘʢ ʍ.ɯ., ʤʘʛʽʩʪʨ 

ʄʫʢʘʯʽʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, matviichuksss14@gmail.com 

ʆʉʆɹʃʀɺʆʉʊɯ ʈʆɿʈʆɹʂʀ ɾɸʂɽʊɯɺ ɾɯʅʆʏʀʍ ʅɸ ʆʉʅʆɺɯ ʉʊɺʆʈɽʅʅʗ 

ʂɸʊɸʃʆɻʋ ɺʐʀɺʅʀʍ ʈʋʂɸɺɯɺ 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ ʣʝʛʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ ʯʘʩʪʢʘ ʰʚʝʡʥʠʭ ʚʠʨʦʙʽʚ, ʱʦ 

ʚʽʜʰʠʚʘʶʪʴʩʷ ʥʘ ʚʽʪʯʠʟʥʷʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʜʣʷ ʚʽʪʯʠʟʥʷʥʦʛʦ ʨʠʥʢʫ, ʜʫʞʝ ʤʘʣʘ, ʙʽʣʴʰʘ 

ʯʘʩʪʠʥʘ ʧʨʦʜʫʢʮʽʾ ʥʘʜʭʦʜʠʪʴ ʽʟ ʟʘʢʦʨʜʦʥʫ. ʅʠʟʴʢʘ ʢʫʧʽʚʝʣʴʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʘʧʦʚʥʝʥʥʷ ʨʠʥʢʫ ʪʦʚʘʨʘʤʠ, ʷʢʽʩʪʴ ʷʢʠʭ ʯʘʩʪʦ ʙʘʞʘʻ ʙʫʪʠ ʢʨʘʱʦʶ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʚʣʘʩʥʫ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʫ ʧʨʦʜʫʢʮʽʶ, ʘ ʮʝ ʤʦʞʣʠʚʦ ʟʘ 

ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʷʛʫ. 

ʅʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘ ʧʨʠʥʮʠʧʦʚʦ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ʚʠʨʦʙʫ, ʚʠʢʦʥʫʶʪʴʩʷ ʨʦʙʦʪʠ ʟ ʨʦʟʨʦʙʢʠ ʢʦʥʩʪʨʫʢʮʽʾ ʥʦʚʦʾ ʤʦʜʝʣʽ ʪʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʾʾ 

ʩʧʦʞʠʚʯʠʭ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʦʜʷʛʫ ʟ ʚʰʠʚʥʠʤʠ ʨʫʢʘʚʘʤʠ ʚ ʤʦʜʝʣʴ ʙʽʣʴʰ 

ʫʥʽʢʘʣʴʥʫ ʤʦʞʣʠʚʝ ʟʘʚʜʷʢʠ ʤʦʜʝʣʶʚʘʥʥʶ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʦʜʷʛʫ: ʧʽʣʦʯʢʠ, ʩʧʠʥʢʠ, ʢʦʤʽʨʘ, 

ʨʫʢʘʚʘ.  

ʈʫʢʘʚ ï ʦʜʠʥ ʟ ʛʦʣʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʧʣʝʯʦʚʦʛʦ ʦʜʷʛʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʚʠʜ 

ʧʦʢʨʦʶ, ʬʦʨʤʫ ʚʠʨʦʙʫ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʦʜʥʠʤ ʪʝʥʜʝʥʮʽʷʤ. ʗʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʫʟʣʘ çʦʢʘʪ ʨʫʢʘʚʘ - ʧʨʦʡʤʘè ʚʠʟʥʘʯʘʶʪʴ ʝʨʛʦʥʦʤʽʢʫ ʪʘ ʥʘʜʽʡʥʽʩʪʴ 

ʚʠʨʦʙʫ ʚ ʮʽʣʦʤʫ. 

ɺʰʠʚʥʠʡ ʨʫʢʘʚ ʻ ʦʩʥʦʚʥʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʬʦʨʤʦʶ ʨʫʢʘʚʘ, ʦʩʢʽʣʴʢʠ ʚʩʽ ʽʥʰʽ ʧʦʢʨʦʾ ʻ 

ʧʦʭʽʜʥʠʤʠ ʚʽʜ ʚʰʠʚʥʦʛʦ ʪʘ  ʤʦʜʝʣʶʶʪʴʩʷ ʥʘ ʡʦʛʦ ʙʘʟʽ. ʄʝʪʦʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʰʠʚʥʦʛʦ ʨʫʢʘʚʘ ʻ ʟʤʽʥʘ ʧʨʦʡʤʠ ʪʘ ʨʦʟʤʽʨʽʚ ʨʫʢʘʚʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʝʩʢʽʟʫ 

ʤʦʜʝʣʽ. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʧʨʠ ʮʴʦʤʫ ʻ ʟʙʝʨʝʞʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʟʦʚʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

1) ʦʨʽʻʥʪʘʮʽʶ ʨʫʢʘʚʘ ʫ ʚʠʨʦʙʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʧʨʷʤʫ ʨʫʢʠ, ʪʦʙʪʦ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ 

ʤʦʥʪʘʞʥʠʭ ʪʦʯʦʢ ʧʨʦʡʤʠ ʽ ʦʢʘʪʘ ʫ ʦʙʣʘʩʪʽ ʚʝʨʰʠʥ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʟʛʠʥʽʚ ʨʫʢʘʚʽʚ; 

ʮʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʦʟʜʽʣʴʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʚʝʨʭʥʽʭ ʽ ʥʠʞʥʽʭ ʜʽʣʷʥʦʢ ʦʢʘʪʘ ʨʫʢʘʚʘ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʦʜʝʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚʝʨʭʥʽʭ ʽ ʥʠʞʥʽʭ ʜʽʣʷʥʦʢ ʧʨʦʡʤʠ; 

2) ʟʽʙʨʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʨʫʢʘʚʘ ʜʦ ʩʪʘʥʫ ʰʘʙʣʦʥʫ ʟ ʩʪʚʦʨʝʥʥʷʤ ʤʦʜʝʣʴʥʠʭ ʣʽʥʽʡ ʟʛʠʥʽʚ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʟ'ʻʜʥʘʥʥʷ ʤʦʥʪʘʞʥʠʭ ʪʦʯʦʢ ʧʦʜʦʚʞʥʽʭ ʟʨʽʟʽʚ ʨʫʢʘʚʘ, ʱʦ ʛʘʨʘʥʪʫʻ ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʝʨʝʢʦʩʽʚ ʽ ʟʘʢʨʫʯʫʚʘʥʥʷ ʨʫʢʘʚʘ ʚ ʛʦʪʦʚʦʤʫ ʚʠʨʦʙʽ [1]. 

ʇʠʪʘʥʥʷʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷ  ʧʨʦʮʝʩʽʚ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʣʝʯʦʚʦʛʦ ʦʜʷʛʫ 

ʧʨʠʩʚʷʪʠʣʠ ʫʚʘʛʫ ʙʘʛʘʪʦ ʥʘʫʢʦʚʮʽʚ, ʟʦʢʨʝʤʘ: ʉʣʘʚʽʥʩʴʢʘ ɸ.ʃ., ʇʨʦʮʠʢ ʂ. ʃ., ʎʠʤʙʘʣ ʊ.ɺ., 

ɺʦʜʟʽʥʩʴʢʘ ʆ. ɯ., ɿʘʭʘʨʢʝʚʠʯ ʆ. ɺ., ʂʫʟʥʻʮʦʚʘ ʅ.ɼ. 

ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʪʠʧʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʚʠʜʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʦʜʝʣʝʡ-ʘʥʘʣʦʛʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ-ʘʥʘʣʦʛʽʚ ʦʜʷʛʫ ʟʘ ʥʦʤʽʥʘʣʴʥʠʤʠ ʽ 

ʢʽʣʴʢʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ [2, 3]. 

ʍʘʨʘʢʪʝʨʠʟʫʶʯʠ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʚʠʨʦʙʫ: ʩʠʣʫʝʪ, ʧʦʢʨʽʡ ʨʫʢʘʚʘ, ʚʠʜ ʟʘʩʪʽʙʢʠ, 

ʭʘʨʘʢʪʝʨ ʯʣʝʥʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʜʝʪʘʣʝʡ ʽ ʪ.ʜ. ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʡʙʽʣʴʰ ʟʫʩʪʨʽʯʥʽ ʚʘʨʽʘʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʧʦʙʫʜʦʚʠ ʚʠʨʦʙʽʚ ʽ ʾʭ ʜʝʪʘʣʝʡ.  
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ʂʘʪʘʣʦʛ ʷʢ ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʜʥʦʪʠʧʥʽ ʘʙʦ ʧʨʠʙʣʠʟʥʦ ʦʜʥʦʪʠʧʥʽ ʚʠʨʦʙʠ  

ʜʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʥʘ ʦʩʥʦʚʽ ʝʨʛʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽ 

ʜʠʥʘʤʽʯʥʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʦʜʷʛʫ.  

ʂʘʪʘʣʦʛʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʠʡ ʨʦʟʤʽʨ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʧʨʠʟʥʘʯʝʥʥʷ 

ʢʘʪʘʣʦʛʫ, ʟʘʧʣʘʥʦʚʘʥʠʭ ʩʪʨʦʢʽʚ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʇʨʠ ʚʠʙʦʨʽ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʫʚʽʡʜʫʪʴ ʜʦ 

ʢʘʪʘʣʦʛʫ, ʩʣʽʜ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʧʝʨʩʧʝʢʪʠʚʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ.  

ʋ ʩʫʯʘʩʥʦʤʫ ʤʘʩʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʧʨʦʝʢʪʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʧʨʘʮʴʦʚʘʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʠʥʫʣʠʭ ʨʦʢʽʚ, ʘʙʦ ʩʪʚʦʨʝʥʽ ʘʚʪʦʨʦʤ ʧʦʚʥʽʩʪʶ ʦʩʦʙʠʩʪʦ, ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʧʨʘʮʴʦʚʘʥʦʛʦ ʽʥʰʠʤʠ ʤʘʪʝʨʽʘʣʫ. ɸʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʢʘʪʘʣʦʛʫ ʚʘʨʽʘʮʽʡ 

ʨʫʢʘʚʽʚ ʞʽʥʦʯʦʛʦ ʞʘʢʝʪʫ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ.  

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʠʢʣʘʜ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʚʪʦʨʘʤʠ ʢʘʪʘʣʦʛʫ ʨʫʢʘʚʽʚ ʨʽʟʥʠʭ 

ʚʠʜʽʚ ʤʦʜʝʣʶʚʘʥʴ ʜʣʷ ʞʘʢʝʪʫ ʩʪʠʣʶ ʐʘʥʝʣʴ. 

ʈʠʩ. 1 ï ʂʘʪʘʣʦʛ ʚʰʠʚʥʠʭ ʨʫʢʘʚʽʚ ʨʽʟʥʦʛʦ ʚʠʜʫ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʞʘʢʝʪʫ ʞʽʥʦʯʦʛʦ 
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ʆʉʆɹʃʀɺʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ʉɸʇʈ ɺ ʉʋʏɸʉʅʀʍ ʋʄʆɺɸʍ ʈʆɹʆʊʀ 

ʐɺɽʁʅʀʍ ʇɯɼʇʈʀɭʄʉʊɺ 

ʅʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʰʚʝʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʫʤʦʚʘʭ 

ʩʴʦʛʦʜʝʥʥʷ ʻ ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʟʦʢʨʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʜʷʛʫ (ʉɸʇʈ) [1,2], ʪʝʭʥʽʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʷʢʠʭ ʜʦʟʚʦʣʷʶʪʴ ʚʠʚʝʩʪʠ ʥʘ ʷʢʽʩʥʦ ʥʦʚʠʡ ʨʽʚʝʥʴ ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ 

ʚʠʨʦʙʽʚ ʪʘ ʨʦʟʨʦʙʢʫ ʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ. ʆʜʥʘʢ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ 

ʰʚʝʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʋʢʨʘʾʥʠ ʧʨʘʮʶʻ ʟʘ ʜʘʚʘʣʴʥʠʮʴʢʠʤʠ ʩʭʝʤʘʤʠ, ʪʦʙʪʦ ʦʪʨʠʤʫʻ 

ʛʦʪʦʚʠʡ ʧʘʢʝʪ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʨʦʟʨʦʙʣʝʥʦʾ ʬʽʨʤʦʶ-ʟʘʤʦʚʥʠʢʦʤ, ʟʘ ʷʢʦʶ ʟʜʽʡʩʥʶʻ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʚʝʡʥʠʭ ʚʠʨʦʙʽʚ ʥʘ ʙʘʟʽ ʩʚʦʾʭ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. ɺʽʪʯʠʟʥʷʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ ʩʧʽʚʧʨʘʮʽ ʟ ʧʘʨʪʥʝʨʘʤʠ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʣʠʰʝ ʦʢʨʝʤʽ 

ʚʠʜʠ ʨʦʙʽʪ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤʘʭ. ʊʦʤʫ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ 

ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉɸʇʈ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʦʜʷʛʫ, ʥʘ ʧʨʠʢʣʘʜʽ ʰʚʝʡʥʠʭ ʬʘʙʨʠʢ 

ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʦʙʣʘʩʪʽ.  

ʇʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ ʦʢʨʝʩʣʝʥʦʾ ʧʨʦʙʣʝʤʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ, ʷʢʽ ʬʽʨʤʠ-ʨʦʟʨʦʙʥʠʢʠ ʉɸʇʈ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʰʚʝʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʨʝʛʽʦʥʫ ʪʘ ʷʢʽ ʧʨʦʛʨʘʤʥʽ ʤʦʜʫʣʽ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʜʘʥʠʭ ʚʠʨʦʙʥʠʮʪʚʘʭ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʤʠ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʜʦʯʽʨʥʽʭ ʯʠ ʩʧʽʣʴʥʠʭ ʟ ʽʥʦʟʝʤʥʠʤʠ ʧʘʨʪʥʝʨʘʤʠ ʰʚʝʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ɿʘʢʘʨʧʘʪʪʷ ʟʽ 100% ʽʥʦʟʝʤʥʠʤʠ ʽʥʚʝʩʪʠʮʽʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʛʨʘʤʥʽ 

ʧʨʦʜʫʢʪʠ, ʷʢʽ ʙʫʣʠ ʥʘʜʘʥʽ ʬʽʨʤʦʶ-ʽʥʚʝʩʪʦʨʦʤ. ʎʝ ʉɸʇʈ ʟʘʢʦʨʜʦʥʥʠʭ ʬʽʨʤ-ʨʦʟʨʦʙʥʠʢʽʚ, 

ʪʘʢʠʭ ʷʢ Lectra systems (ʌʨʘʥʮʽʷ), Gerber (ʉʐɸ), Assist, Graf̔ s, Novo Cut systems 

(ʅʽʤʝʯʯʠʥʘ) ʪʦʱʦ. ʗʢ ʧʨʘʚʠʣʦ, ʧʨʦʛʨʘʤʥʽ ʤʦʜʫʣʽ, ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʚʠʨʦʙʥʠʮʪʚʘʭ ʟ 

ʽʥʦʟʝʤʥʠʤʠ ʽʥʚʝʩʪʠʮʽʷʤʠ, ʻ ʧʦʚʥʽʩʪʶ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʉɸʇʈ ʬʽʨʤʠ-ʽʥʚʝʩʪʦʨʘ. ʇʠʪʘʥʥʷ ʱʦʜʦ 

ʩʝʨʚʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʦʥʦʚʣʝʥʥʷ ʚʝʨʩʽʡ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʪʦʱʦ ʪʘʢʦʞ 

ʚʠʨʽʰʫʶʪʴʩʷ ʯʝʨʝʟ ʟʘʢʦʨʜʦʥʥʫ ʢʦʤʧʘʥʽʶ. ɼʦ ʧʨʠʢʣʘʜʫ, ʇɸʊ çʄʫʢʘʯʽʚʩʴʢʘ ʪʨʠʢʦʪʘʞʥʘ 

ʬʘʙʨʠʢʘ çʄʨʽʷè, ʤ. ʄʫʢʘʯʝʚʦ, ʷʢʘ ʻ ʙʽʣʴʰʝ ʜʝʩʷʪʠ ʨʦʢʽʚ ʜʦʯʽʨʥʽʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ 

ʣʠʪʦʚʩʴʢʦʛʦ ʽʥʚʝʩʪʦʨʘ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʦʛʨʘʤʥʽ ʤʦʜʫʣʽ, ʱʦ ʧʦʚʥʽʩʪʶ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʉɸʇʈ 

ɸʊ çʋʪʝʥʦʩ ʪʨʠʢʦʪʘʞʘʩè. ʊʘʢʘ ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʙʦʪʠ çʤʘʪʝʨʠʥʩʴʢʦʾè ʢʦʤʧʘʥʽʾ ʪʘ ʜʦʯʽʨʥʴʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʚʟʘʻʤʦʜʽʷʪʠ, ʤʽʥʽʤʽʟʫʚʘʪʠ ʧʦʤʠʣʢʠ ʧʨʠ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ ʪʦʱʦ. 

ɯʥʰʘ ʢʘʪʝʛʦʨʽʷ ʰʚʝʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʚ ʷʢʠʭ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

ʢʘʧʽʪʘʣʫ ʻ ʚʽʪʯʠʟʥʷʥʦʶ, ʘʣʝ ʧʨʘʮʶʻ ʟ ʽʥʦʟʝʤʥʠʤʠ ʧʘʨʪʥʝʨʘʤʠ ʥʘ ʢʦʥʪʨʘʢʪʥʽʡ ʦʩʥʦʚʽ, 

ʩʘʤʦʩʪʽʡʥʦ ʟʜʽʡʩʥʶʻ ʚʠʙʽʨ ʬʽʨʤʠ-ʨʦʟʨʦʙʥʠʢʘ ʉɸʇʈ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʧʨʠ ʮʴʦʤʫ ʪʘʢʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ, ʷʢ ʮ̔ ʥʘ, ʚhʠʜʢʽʩʪʴ ʨʦʙʦʪʠ ʉɸʇʈ, ʚʠʨʦʙʥʠʯʘ ʧʦʪʫʞʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʤʦʜʫʣʴʥʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʉɸʇʈ, ʤʦʞʣʠʚʽʩʪʴ ʟʯʠʪʫʚʘʥʥʷ ʜʘʥʠʭ ʟ ʽʥʰʠʭ ʉɸʇʈ, 

ʧʨʦʩʪʦʪʘ ʦʩʚʦʻʥʥʷ [3, 4]. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟ ʧʽʜʧʨʠʻʤʩʪʚ ʜʘʥʦʾ ʛʨʫʧʠ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚ ʧʨʘʮʶʻ ʟ ʧʨʦʛʨʘʤʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʫʢʨʘʾʥʩʴʢʦʛʦ ʨʦʟʨʦʙʥʠʢʘ ʉɸʇʈʃʝʛʧʨʦʤ - çJulivi CADè. ʎʝ ʪʘʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢ ʇɸʊ 

çɻʨʦʥʦ-ʊʝʢʩè, ʤ. ɺʠʥʦʛʨʘʜʽʚ, ɿɸʊ çʋʞʛʦʨʦʜʩʴʢʘ ʰʚʝʡʥʘ ʬʘʙʨʠʢʘ çʇʘʨʘʜʘè, ʤ. ʋʞʛʦʨʦʜ, 

ʊʆɺ çʄʫʢʘʯʽʚʩʴʢʘ ʰʚʝʡʥʘ ʬʘʙʨʠʢʘè, ʊʆɺ çɽʜʝʣʴʚʝʡʩ ï ʃʝʛʦè ʤ. ʄʫʢʘʯʝʚʦ, ʪʘ ʽʥʰʽ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʜʦʩʠʪʴ ʘʢʪʠʚʥʦ ʧʨʘʮʶʶʪʴ ʧʨʝʜʩʪʘʚʥʠʮʪʚʘ ʚʩʝʩʚʽʪʥʴʦ ʚʽʜʦʤʠʭ 

ʬʽʨʤ-ʨʦʟʨʦʙʥʠʢʽʚ ʉɸʇʈ ʜʣʷ ʰʚʝʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʘʢʽ ʷʢ Lectra systems (ʌʨʘʥʮʽʷ), 

Gerber (ʉʐɸ) ʪʘ ʽʥʰʽ, ʷʢʽ ʟʚʝʨʪʘʣʠʩʷ ʟ ʧʨʦʧʦʟʠʮʽʻʶ ʥʘʜʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ 

ʰʚʝʡʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ɿʘʢʘʨʧʘʪʪʷ. ʆʜʥʘʢ ʟʘ ʚʠʱʝʥʘʟʚʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʘ ʦʩʦʙʣʠʚʦ 
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ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ çʮʽʥʘ-ʷʢʽʩʪʴè, ʥʘʡʙʽʣʴʰ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʶ ʚʠʷʚʠʣʘʩʷ ʉɸʇʈ 

ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʢʘ. ɺʩʽ ʧʠʪʘʥʥʷ ʱʦʜʦ ʩʝʨʚʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʦʥʦʚʣʝʥʥʷ ʚʝʨʩʽʡ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʥʘʚʯʘʥʥʷ ʬʘʭʽʚʮʽʚ ʪʦʱʦ ʚʽʪʯʠʟʥʷʥʽ ʬʘʙʨʠʢʠ ʥʘʧʨʷʤʫ ʚʠʨʽʰʫʶʪʴ ʟ 

ʬʽʨʤʦʶ-ʨʦʟʨʦʙʥʠʢʦʤ ʉɸʇʈ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉɸʇʈ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʦʜʷʛʫ, ʪʦ 

ʰʚʝʡʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ɿʘʢʘʨʧʘʪʪʷ, ʟʘ ʨʘʭʫʥʦʢ ʩʧʝʮʠʬʽʢʠ ʨʦʙʦʪʠ ʟʘ ʜʘʚʘʣʴʥʠʮʴʢʠʤʠ 

ʩʭʝʤʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʡʯʘʩʪʽʰʝ ʪʘʢʽ ʧʽʜʩʠʩʪʝʤʠ, ʷʢ: 

- ʢʦʥʚʝʨʪʫʚʘʥʥʷ ʣʝʢʘʣ; 

- ʩʪʚʦʨʝʥʥʷ ʩʭʝʤ ʨʦʟʢʣʘʜʦʢ ʣʝʢʘʣ; 

- ʚʚʝʜʝʥʥʷ-ʚʠʚʝʜʝʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ ʽ ʟʙʝʨʽʛʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ (ʙʘʟʘ ʜʘʥʠʭ); 

- ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʫ. 

ɿʥʘʯʥʦ ʨʽʜʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜʩʠʩʪʝʤʠ ʚʚʝʜʝʥʥʷ ʣʝʢʘʣ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʛʽʪʘʡʟʝʨʘ, 

ʨʦʟʨʦʙʢʘ (ʫʪʦʯʥʝʥʥʷ) ʣʝʢʘʣ ʦʩʥʦʚʥʠʭ ʽ ʧʦʭʽʜʥʠʭ ʜʝʪʘʣʝʡ, ʛʨʘʜʘʮʽʷ ʣʝʢʘʣ. 

ʉʝʨʝʜ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʤʦʜʫʣʽʚ ʉɸʇʈ, ʟ ʷʢʠʤʠ ʧʨʘʮʶʶʪʴ ʥʘ ʰʚʝʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʨʝʛʽʦʥʫ, ʪʦ ʜʣʷ ʷʢʽʩʥʦʾ ʨʦʙʦʪʠ ʟ ʣʝʢʘʣʘʤʠ ʚʘʞʣʠʚʦʶ ʻ ʨʦʙʦʪʘ ʢʦʥʚʝʨʪʝʨʘ, 

ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʣʝʢʘʣʘ ʟ ʩʠʩʪʝʤʠ ʟʘʤʦʚʥʠʢʘ ʚ ʩʠʩʪʝʤʫ 

ʚʽʪʯʠʟʥʷʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ-ʚʠʨʦʙʥʠʢʘ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʚʠʛʣʷʜʽ. ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʻ ʥʘ ʚʩʽʭ 

ʚʠʨʦʙʥʠʮʪʚʘʭ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʜʘʚʘʣʴʥʠʮʴʢʠʤʠ ʩʭʝʤʘʤʠ ʽʟ ʟʘʢʦʨʜʦʥʥʠʤʠ ʬʽʨʤʘʤʠ. 

ʇʨʦʛʨʘʤʘ ʢʦʥʚʝʨʪʝʨ ʪʘʢʦʞ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʧʽʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʤʦʜʝʣʝʡ ʽʟ 

ʩʧʽʣʴʥʦʾ ʙʘʟʠ ʤʦʜʝʣʝʡ [2].  

ʊʘʢʦʞ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʦʙʦʪʘ ʟ ʜʘʥʠʤʠ ʧʽʜʩʠʩʪʝʤʘʤʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʦʙʣʘʩʪʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʜʽʘʣʦʛʦʚʦʤʫ ʨʝʞʠʤʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʧʨʦʮʝʩʫ ʪʘ ʢʦʨʠʛʫʚʘʪʠ ʡʦʛʦ ʭʽʜ [2]. 

ɺ ʩʚʽʪʣʽ ʢʦʤʧôʁ ʪʝʨʠʟʘʮʽʾ ʰʚʝʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʟʠʪʠʚʥʠʤ ʻ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, 

ʤʦʞʣʠʚʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ɸʉʂʊʇ (Computer Aided Manufacnuring (CAM)) ʪʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ɸʉʂɺ (Computer Integrated 

Manufacnuring (CIM)) [1-3]. ɺʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʠʭ ʩʠʩʪʝʤ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʦʨʛʘʥʽʟʘʮʽʶ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʦʩʥʦʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʽʥʰʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʧʽʜʨʦʟʜʽʣʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʦʢʨʝʤʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ɿʘʢʘʨʧʘʪʪʷ ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʟʚʘʥʽ ʚʠʱʝ ʩʠʩʪʝʤʠ, ʨʦʙʦʪʘ ʷʢʠʭ ʤʘʻ ʟʥʘʯʥʠʡ ʦʨʛʘʥʽʟʘʮʽʡʥʠʡ ʽ 

ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʉɸʇʈ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʰʚʝʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʻ 

ʥʝʦʙʭʽʜʥʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʧʨʦʝʢʪʥʠʭ ʨʦʙʽʪ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʝʩʫʨʩʽʚ ʥʘ ʜʘʥʦʤʫ ʚʠʨʦʙʥʠʯʦʤʫ ʝʪʘʧʽ. ʈʦʟʰʠʨʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʉɸʇʈ ʦʜʷʛʫ ʩʪʘʥʝ 

ʤʦʞʣʠʚʠʤ ʜʣʷ ʪʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʧʝʨʝʡʜʫʪʴ ʚʽʜ ʨʦʙʦʪʠ ʟʘ ʜʘʚʘʣʴʥʠʮʴʢʠʤʠ ʩʭʝʤʘʤʠ ʜʦ 

ʨʦʙʦʪʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʨʠʥʦʢ. 
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ɹʘʢʘʣʦʚ ɺ.ɻ., ʢʘʥʜ.ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʘʩʦʚ ɻ.ɺ., ʢʘʥʜ.ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, bakalow1972@ukr.net 

ʆʎɯʅʂɸ ʗʂʆʉʊɯ ʉʋʄɯʐɯ ʅɸʅʆʊʈʋɹʆʂ ɿ ɺôʗɿʂʆʖ ʉʂʃɸɼʆɺʆʖ 

ɺʽʜʦʤʦ, ʱʦ ʚ ʛʦʪʦʚʽʡ ʩʫʤʽʰʽ ʟ ʥʘʥʦʪʨʫʙʢʘʤʠ ʥʘʚʽʪʴ ʟʘʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 

ʝʣʝʤʝʥʪʘʨʥʽ ʦʙôʻʤʠ, ʟʘʡʥʷʪʽ ʯʘʩʪʠʥʢʘʤʠ ʪʽʣʴʢʠ ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ [1]. ʎʽ ʦʙôʻʤʠ 

ʦʜʝʨʞʘʣʠ ʨʽʟʥʽ ʥʘʡʤʝʥʫʚʘʥʥʷ: ʘʩʦʮʽʘʪʠ, ʘʛʣʦʤʝʨʘʪʠ, ʤʘʩʰʪʘʙʠ ʩʝʛʨʝʛʘʮʽʾ; ʟʥʘʯʝʥʥʷ ʮʠʭ 

ʦʙôʻʤʽʚ, ʾʭ ʨʦʟʧʦʜʽʣ ʫ ʩʫʤʽʰʽ ʚʠʟʥʘʯʘʻ ʾʾ ʷʢʽʩʪʴ. ʅʘʜʘʣʽ ʥʘʟʠʚʘʪʠʤʝʤʦ ʮʽ ʦʙôʻʤʠ 

ʘʩʦʮʽʘʪʘʤʠ, ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ ʥʝʩʪʽʡʢʠʡ ʾʭ ʭʘʨʘʢʪʝʨ ʫ ʯʘʩʽ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ. ɿʤʽʰʫʚʘʥʥʷ 

ʥʘʥʦʪʨʫʙʦʢ ʟ ʚôʷʟʢʦʶ ʩʢʣʘʜʦʚʦʶ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʨʦʮʝʩ ʜʽʣʝʥʥʷ 

ʘʩʦʮʽʘʪʽʚ ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʙʽʣʴʰ ʜʨʽʙʥʽ, ʘ ʪʘʢʦʞ ʨʦʟʧʦʜʽʣ ʾʭ ʚ ʦʙôʻʤʽ ʩʫʤʽʰʽ. 

ʇʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʨʦʟʧʦʜʽʣʽ ʘʩʦʮʽʘʪʽʚ ʚ ʦʙôʻʤʽ ʩʫʤʽʰʽ ʷʢʽʩʪʴ ʾʾ ʪʠʤ ʢʨʘʱʘ, ʯʠʤ ʤʝʥʰʝ 

ʦʙôʻʤʠ ʘʩʦʮʽʘʪʽʚ (Va) ʽ ʥʘʚʧʘʢʠ, ʯʠʤ ʛʽʨʰʘ ʩʫʤʽʰ, ʪʠʤ ʙʽʣʴʰʝ ʦʙôʻʤʠ (Va). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʤʽʰ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʦʙôʻʤʽʚ ʘʩʦʮʽʘʪʽʚ 

ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ű(Va). ʆʩʢʽʣʴʢʠ ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʦʜʥʦʟʥʘʯʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʨʴʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ (ʟʘʢʦʥʦʤ ʨʦʟʧʦʜʽʣʫ, ʜʠʩʧʝʨʩʽʻʶ, ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ), ʘ ʟʘ 

ʢʨʠʪʝʨʽʡ ʦʮʽʥʶʚʘʥʥʷ ʙʝʨʝʪʴʩʷ ʦʜʥʘ ʚʝʣʠʯʠʥʘ, ʪʦ ʟʘ ʪʘʢʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠʡʥʷʪʠ ʩʝʨʝʜʥʽʡ 

ʦʙôʻʤ ʘʩʦʮʽʘʪʫ [1]: 
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ʜʝ Va ,Vʯaʩ ,V  hï ʦʙôʻʤ ʘʩʦʮʽʘʪʫ, ʯʘʩʪʠʥʦʢ ʽ ʰʘʨʫ ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʚʩʽ ʦʙôʻʤʠ ʘʩʦʮʽʘʪʽʚ ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʽʚʥʽ ʩʝʨʝʜʥʴʦʤʫ ʦʙôʻʤʫ 

ʘʩʦʮʽʘʪʫ (aV ). ʊʦʜʽ ʚʩʷ ʩʫʤʽʰ ʤʦʞʝ ʙʫʪʠ ʨʦʟʜʽʣʝʥʘ ʥʘ ʢʦʤʽʨʢʠ ʦʙôʻʤʦʤ aV  ʪʘʢ, ʱʦʙ ʫ 

ʢʦʞʥʫ ʢʦʤʽʨʢʫ ʧʦʪʨʘʧʣʷʚ ʘʙʦ ʢʣʶʯʦʚʠʡ, ʘʙʦ ʫʤʦʚʥʠʡ ʢʦʤʧʦʥʝʥʪ. ʇʽʜ ʫʤʦʚʥʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʨʦʟʫʤʽʶʪʴʩʷ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʚʠʥʷʪʢʦʤ ʢʣʶʯʦʚʦʛʦ. ʊʦʜʽ ʯʠʩʣʦ ʢʦʤʽʨʦʢ 

ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʫʜʝ: 
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ʘ ʫʤʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ:  

 
aʫʤʥ

ʫʤ

ʫʤ
V

M
N

.

, (1.3) 

ʜʝ Mʢ, Mʫʤ ï ʤʘʩʘ ʢʣʶʯʦʚʦʛʦ ʡ ʫʤʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʽʜʧʦʚʽʜʥʦ;  

ɟʥ.ʢ, ɟʥ.ʫʤ ï ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ʢʣʶʯʦʚʦʛʦ ʡ ʫʤʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʦʩʣʽʜʢʫʻʤʦ, ʷʢ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʢʦʤʽʨʢʠ ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦ ʚʠʩʦʪʽ ʰʘʨʫ ʽ ʚ 

ʢʦʞʥʦʤʫ ʡʦʛʦ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ. ʂʽʣʴʢʽʩʪʴ ʢʦʤʽʨʦʢ ʢʣʶʯʦʚʦʛʦ ʡ ʫʤʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʨʽʚʝʥʴ ʰʘʨʫ ʚʽʜ x ʜʦ x+dx ʚ ʤʦʤʝʥʪ ʯʘʩʫ Ű  ʙʫʜʝ[1]: 
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ʜʝ ʩ(ʭ,Ű) ï ʯʘʩʪʢʘ ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʽʚʥʽ ʭ;  

nʨʽʚ ï ʯʠʩʣʦ ʨʽʚʥʽʚ ʫ ʰʘʨʽ, ʥʘ ʷʢʦʤʫ ʧʨʦʚʦʜʠʪʴʩʷ ʚʽʜʙʽʨ ʧʨʦʙ. 

ɺʥʘʩʣʽʜʦʢ ʚʽʜʩʫʪʥʦʩʪʽ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʩʠʣ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʘʧʘʨʘʪʫ, ʢʦʤʽʨʢʠ ʫ 

ʨʽʚʥʷʭ ʰʘʨʫ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚʠʧʘʜʢʦʚʦ. ʊʦʜʽ ʧʦʧʘʜʘʥʥʷ ʧʝʚʥʦʛʦ ʯʠʩʣʘ ʢʦʤʽʨʦʢ 

ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (y) ʚ ʧʨʦʙʫ ʦʙôʻʤʦʤ Vʧʨ, ʟʛʽʜʥʦ ʟ ʪʝʦʨʽʻʶ ʡʤʦʚʽʨʥʦʩʪʽ, ʧʽʜʢʦʨʷʻʪʴʩʷ 

ʛʽʧʝʨʛʝʦʤʝʪʨʠʯʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ: 
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ï ʯʠʩʣʦ ʧʦʻʜʥʘʥʴ ʟ Nʢ.ʭ ʧʦ ʫ. 

ɿʤʽʥʶʶʯʠ ʟʥʘʯʝʥʥʷ ʫ ʚʽʜ 0 ʜʦ Nʧʨ, ʧʦʙʫʜʫʻʤʦ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ 

ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʟʘ ʧʨʦʙʘʤʠ ʥʘ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʰʘʨʫ. ʇʽʜʩʫʤʫʚʘʚʰʠ ʬʫʥʢʮʽʶ 

ʨʦʟʧʦʜʽʣʫ ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʟʘ ʨʽʚʥʷʤʠ, ʦʜʝʨʞʠʤʦ ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ 

ʦʙôʻʤʥʦʾ ʯʘʩʪʢʠ ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʟʘ ʧʨʦʙʘʤʠ ʚ ʦʙôʻʤʽ ʩʫʤʽʰʽ (Pʢ.ʫ). ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʮʶ ʬʫʥʢʮʽʶ, ʚʠʟʥʘʯʠʤʦ ʩʝʨʝʜʥʶ ʤʘʩʦʚʫ ʯʘʩʪʢʫ ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ () ʽ ʢʦʝʬʽʮʽʻʥʪ 

ʚʘʨʽʘʮʽʾ (Vc): 
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ʈʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʴ (1.2-1.8) ʧʨʠ ʚʽʜʦʤʠʭ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ (ʤʘʩʽ, ʥʘʩʠʧʥʽʡ ʛʫʩʪʠʥʽ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʢʦʝʬʽʮʽʻʥʪʽ ʜʠʬʫʟʽʾ ʽ ʰʚʠʜʢʦʩʪʽ ʩʝʛʨʝʛʘʮʽʾ ʦʙôʻʤʫ ʧʨʦʙʠ) ʜʦʟʚʦʣʷʶʪʴ 

ʦʜʝʨʞʘʪʠ ʦʜʥʦʟʥʘʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʷʢ ʤʽʞ aV  ʽ , ʪʘʢ ʽ ʤʽʞ aV  ʽ Vc ʫ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ 

ʯʘʩʫ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʦʙôʻʤʫ ʘʩʦʮʽʘʪʫ (aV ), ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʥ ʩʫʤʽʰʽ, 

ʙʫʣʘ ʩʢʣʘʜʝʥʘ ʧʨʦʛʨʘʤʘ ʜʣʷ ʢʦʤʧôʶʪʝʨʘ (ʜʦʜʘʪʦʢ ɸ) ʟʽ ʩʧʠʩʢʦʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʽʚ (ʜʦʜʘʪʦʢ 

ɹ), ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʩʣʽʜʦʚʥʦʤʫ (ʽʪʝʨʘʮʽʡʥʦʤʫ) ʥʘʙʣʠʞʝʥʥʽ ʦʙʯʠʩʣʝʥʦʛʦ ʟʘ ʨʽʚʥʷʥʥʷʤʠ (1.2-

1.8) ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ (Vc,) ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʡʦʛʦ ʟʥʘʯʝʥʥʷʤ (Vc.e). 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʷʢʱʦ ʥʘʩʠʧʥʘ ʛʫʩʪʠʥʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʝʟʥʘʯʥʦ, ʪʦʙʪʦ ɟʥ.ʢåɟʥ.ʫʤ, ʘ 

ʩʝʛʨʝʛʘʮʽʷ ʽʥʛʨʝʜʽʻʥʪʽʚ ʫ ʩʫʤʽʰʽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ, ʪʦ ʨʽʚʥʷʥʥʷ (1.7) ʽ (1.8) ʟʚʦʜʷʪʴʩʷ ʜʦ 

ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʽ ʜʠʩʧʝʨʩʽʾ ʛʽʧʝʨʛʝʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʷʢʝ 

ʜʘʥʦ ʚ ʨʦʙʦʪʘʭ [1]. ʆʪʞʝ, ʨʽʚʥʷʥʥʷ (1.7) ʽ (1.8) ʧʨʠ ɟʥ.ʢåɟʥ.ʫʤ  ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ: 
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ʇʝʨʝʪʚʦʨʶʶʯʠ ʮʽ ʚʠʨʘʟʠ ʽ ʚʨʘʭʦʚʫʶʯʠ (1.2) ʽ (1.3), ʘ ʪʘʢʦʞ Nʢ+Nʫʤ>>Nʧʨ>>1 

ʦʜʝʨʞʠʤʦ: 
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ʜʝ ʉ0 ï ʜʽʡʩʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʣʶʯʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, %. 

ʆʜʝʨʞʘʥʝ ʥʘʤʠ ʨʽʚʥʷʥʥʷ (1.12) ʜʦʟʚʦʣʷʻ ʚ ʦʢʨʝʤʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ɟʥ.ʢåɟʥ.ʫʤ, 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʙʯʠʩʣʠʪʠ ʩʝʨʝʜʥʽʡ ʦʙôʻʤ ʘʩʦʮʽʘʪʫ aV ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘ ʢʦʤʧôʶʪʝʨʽ ʧʨʠ ʚʽʜʦʤʠʭ ʤʘʩʘʭ ʟʤʽʰʫʚʘʥʠʭ ʨʝʯʦʚʠʥ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ 

ʚʘʨʽʘʮʽʾ ʪʘ ʦʙôʻʤʽ ʧʨʦʙʠ, ʧʨʠ ʷʢʦʤʫ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʟʥʘʯʘʚʩʷ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʚʢʘʟʘʥʦʛʦ ʢʨʠʪʝʨʽʷ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʠ ʟʤʽʰʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ʪʘ 

ʥʘʥʦʪʨʫʙʦʢ (0.5%). ɯʟ ʟʨʘʟʢʽʚ ʚʠʛʦʪʦʚʣʷʣʠʩʴ ʰʣʽʬʠ ʽ ʨʦʙʠʣʠʩʴ ʬʦʪʦʛʨʘʬʽʾ. ʆʙʨʦʙʢʘ ʬʦʪʦʛʨʘʬʽʡ 

ʧʨʦʙ ʧʦʢʘʟʘʣʘ, ʱʦ ʩʝʨʝʜʥʽʡ ʦʙóʾʤ ʘʩʦʮʽʘʪʽʚ ʩʢʣʘʜʘʻ 50 ʤʢʤ.  ɺʢʘʟʘʥʝ ʟʥʘʯʝʥʥʷ ʟʥʘʯʥʦ ʚʠʱʝ 30 

ʤʢʤ ʽ ʚʢʘʟʫʻ, ʱʦ ʥʘʥʦʪʨʫʙʢʠ ʥʝʨʽʚʥʦʤʽʨʥʦ ʟʤʽʰʫʶʪʴʩʷ ʟ ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɹʘʢʘʣʦʚ ɺ.ɻ. ɿʤʽʰʫʚʘʯʽ ʜʣʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʩʫʤʽʰʽ / ɹʘʢʘʣʦʚ ɺ.ɻ., 

ʏʝʨʝʜʥʽʯʝʥʢʦ ʇ.ɯ., ɹʘʢʘʣʦʚ ʆ.ɺ. ï ʏʝʨʥʽʛʽʚ: ʏʅʊʋ, 2013. ï 159 ʩ. 
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ʉʝʤʽʥʩʴʢʠʡ ʆ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʠʰʢʦ ʄ.ɸ., ʘʩʧʽʨʘʥʪ 
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ʇɽʈʉʇɽʂʊʀɺʅɯ ʄɽʊʆɼʀ ɺʀɻʆʊʆɺʃɽʅʅʗ ɹɯʆʈʆɿʂʃɸɼʅʆɻʆ ʇʃɸʉʊʀʂʋ 

ʉʠʥʪʝʪʠʯʥʽ ʧʦʣʽʤʝʨʠ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʧʦʙʫʪʽ ʟʘʚʜʷʢʠ ʩʚʦʾʡ 

ʥʘʜʟʚʠʯʘʡʥʽʡ ʧʨʘʢʪʠʯʥʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʘ ʪʘʢʦʞ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʽ ʜʝʰʝʚʠʟʥʽ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʆʜʥʘʢ, ʥʝʛʘʪʠʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʘʢʪʠʚʥʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʣʘʩʪʠʢʽʚ ʩʪʘʻ 

ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ ʽ ʟʘʙʨʫʜʥʝʥʥʷ ʥʠʤʠ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʣʘʩʪʠʢʦʚʽ ʚʽʜʭʦʜʠ, 

ʚʢʨʠʚʘʶʯʠ ˇʨʫʥʪʠ ʽ ʚʦʜʦʡʤʠ, ʨʫʡʥʫʶʪʴ ʙʽʦʙʘʣʘʥʩ ʽ ʟʥʠʱʫʶʪʴ ʝʢʦʩʠʩʪʝʤʠ ʰʣʷʭʦʤ 

ʫʪʚʦʨʝʥʥʷ ʰʘʨʫ, ʱʦ ʙʣʦʢʫʻ ʧʨʦʥʠʢʥʝʥʥʷ ʩʚʽʪʣʘ, ʧʝʨʝʰʢʦʜʞʘʻ ʛʘʟʦʦʙʤʽʥʫ ʽ ʚʠʜʽʣʷʻ ʷʜʦʚʠʪʽ 

ʨʝʯʦʚʠʥʠ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱ, ʷʢ ʘʥʪʨʦʧʦʛʝʥʥʦ 

ʥʝʥʘʚʘʥʪʘʞʝʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʪʘʢ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ; ʟʥʠʞʝʥʥʷ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ 

ʽ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ; ʧʨʠʛʥʽʯʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʽ ʟʤʝʥʰʝʥʥʷ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʞʠʚʠʭ 

ʦʨʛʘʥʽʟʤʽʚ; ʟʘʛʠʙʝʣʽ ʪʚʘʨʠʥ ʚʥʘʩʣʽʜʦʢ ʧʦʪʨʘʧʣʷʥʥʷ ʧʣʘʩʪʠʢʫ ʜʦ ʩʠʩʪʝʤʠ ʪʨʘʚʣʝʥʥʷ. 

ɿʛʫʙʥʠʡ ʚʧʣʠʚ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʩʠʣʶʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʩʧʦʞʠʚʘʥʥʷ 

ʧʣʘʩʪʠʢʫ, ʘ ʪʘʢʦʞ ʪʨʠʚʘʣʠʤʠ (100 ʨʦʢʽʚ ʽ ʙʽʣʴʰʝ) ʪʝʨʤʽʥʘʤʠ ʡʦʛʦ ʙʽʦʢʦʥʚʝʨʩʽʾ. 

ʂʘʪʘʩʪʨʦʬʽʯʥʽʩʪʴ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʽ ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʫʧʠʥʠʪʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʩʠʥʪʝʪʠʯʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ ʰʣʷʭʦʤ ʾʭ ʚʪʦʨʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ ʟʫʤʦʚʠʣʠ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʧʣʘʩʪʠʢʽʚ ʷʢ ʟʘʤʽʥʫ ʪʨʘʜʠʮʽʡʥʠʤ ʧʣʘʩʪʠʢʘʤ. 

ʅʘʡʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ, ʷʢ ʩʠʨʦʚʠʥʘ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʧʣʘʩʪʠʢʽʚ, ʥʘʙʫʣʠ ʤʘʪʝʨʽʘʣʠ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ: ʮʝʣʶʣʦʟʘ ʽ ʢʨʦʭʤʘʣʴ. ɰʭ ʙʝʟʫʤʦʚʥʽ ʧʝʨʝʚʘʛʠ ʧʦʣʷʛʘʶʪʴ ʫ 

ʧʦʰʠʨʝʥʦʩʪʽ ʫ ʧʨʠʨʦʜʽ, ʝʢʦʣʦʛʽʯʥʦʩʪʽ, ʣʝʛʢʽʡ ʚʽʜʥʦʚʣʶʚʘʥʦʩʪʽ, ʙʽʦʢʦʥʚʝʨʩʽʾ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʥʝʰʢʽʜʣʠʚʠʭ (ʘ, ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ, ʽ ʢʦʨʠʩʥʠʭ) ʨʝʯʦʚʠʥ. ʎʝʣʶʣʦʟʘ ʽ ʢʨʦʭʤʘʣʴ ʩʭʦʞʽ ʤʽʞ 

ʩʦʙʦʶ ʤʘʪʝʨʽʘʣʠ. ɯ ʭʦʯʘ ʥʘʨʘʟʽ ʩʝʨʝʜ ʧʦʣʽʤʝʨʽʚ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʮʝʣʶʣʦʟʘ ʥʘʙʫʣʘ 

ʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʜʝʷʢʽ ʩʧʝʮʠʬʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʨʦʭʤʘʣʶ ʨʦʙʣʷʪʴ ʡʦʛʦ ʜʫʞʝ 

ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʧʣʘʩʪʠʢʫ [1]. ʊʘʢ, ʚʣʘʩʪʠʚʦʩʪʽ ʙʽʦʧʣʘʩʪʠʢʽʚ ʟ ʢʨʦʭʤʘʣʶ 
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ʣʝʛʢʦ ʤʦʜʠʬʽʢʫʶʪʴʩʷ ʧʨʠ ʦʙʨʦʙʮʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʘʨʽʶʚʘʪʠ ʨʽʚʥʝʤ ʨʦʟʯʠʥʥʦʩʪʽ ʚʠʨʦʙʽʚ ʫ 

ʚʦʜʽ ʪʘ ʰʚʠʜʢʽʩʪʶ ʾʭ ʨʦʟʢʣʘʜʘʥʥʷ ʚ ʫʤʦʚʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʦʞ, ʦʜʥʽʻʶ ʟ 

ʩʫʪʪʻʚʠʭ ʧʝʨʝʚʘʛ ʢʨʦʤʘʣʶ ʧʝʨʝʜ ʮʝʣʣʶʣʦʟʦʶ ʻ ʰʚʠʜʢʘ ʪʘ ʣʝʛʢʘ ʚʽʜʥʦʚʣʶʚʘʥʽʩʪʴ ʨʝʩʫʨʩʽʚ, 

ʜʣʷ ʡʦʛʦ ʦʪʨʠʤʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʦʜʝʨʞʘʪʠ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʮʝʣʣʶʣʦʟʠ ʪʘ 

ʢʨʦʭʤʘʣʶ, ʥʘ ʦʜʝʨʞʘʥʥʷ ʧʝʨʰʦʾ ʧʽʜʝ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʯʘʩʫ ʪʘ ʧʨʠʨʦʜʥʠʭ ʧʣʦʱ, ʯʝʨʝʟ 

ʧʦʚʽʣʴʥʽʰʠʡ ʨʽʩʪ ʜʝʨʝʚ, ʥʘʚʽʪʴ ʰʚʠʜʢʠʭ ʩʦʨʪʽʚ (ʘ ʜʝʨʝʚʠʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ 

ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʮʝʣʶʣʦʟʠ), ʥʘʚʽʜʤʽʥʫ ʚʽʜ ʢʨʦʭʤʘʣʝʚʤʽʩʪʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʤʦʞʫʪʴ ʜʘʚʘʪʠ 

ʫʨʦʞʘʡʥʽʩʪʴ ʢʦʞʝʥ ʨʽʢ. ʂʨʽʤ ʪʦʛʦ, ʙʽʦʧʣʘʩʪʠʢʠ ʟ ʢʨʦʭʤʘʣʶ ʣʝʛʢʦ ʧʝʨʝʪʨʘʚʣʶʶʪʴʩʷ ʞʠʚʠʤʠ 

ʦʨʛʘʥʽʟʤʘʤʠ, ʥʘʚʽʪʴ ʣʶʜʠʥʦʶ, ʙʝʟ ʰʢʦʜʠ ʜʣʷ ʾʭ ʟʜʦʨʦʚôʷ ʽ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ. ʇʨʦʜʫʢʪʠ 

ʙʽʦʢʦʥʚʝʨʩʽʾ ʢʨʦʭʤʘʣʴʥʠʭ ʧʦʣʽʤʝʨʽʚ ʫ ˇʨʫʥʪʽ ʚʠʩʪʫʧʘʶʪʴ ʫ ʷʢʦʩʪʽ ʜʦʙʨʠʚ ʜʣʷ ʨʦʩʣʠʥ [2]. 

ʂʨʦʭʤʘʣʴ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʪʚʝʨʜʠʤ ʽ ʢʨʠʭʢʠʤ ʫ ʚʠʩʫʰʝʥʦʤʫ ʩʪʘʥʽ ʘʙʦ ʥʘʚʽʪʴ ʧʨʠ ʤʘʣʦʤʫ 

ʚʤʽʩʪʽ ʚʦʜʠ ʥʠʞʯʝ 10 % ʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʠʡ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʷʢʽ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʝʨʤʦʬʦʨʤʦʚʘʥʥʠʭ ʘʙʦ ʬʦʨʤʦʚʘʥʠʭ ʚʠʨʦʙʘʭ ï ʣʠʩʪʘʭ ʘʙʦ 

ʧʣʽʚʢʘʭ. ʌʦʨʤʫʚʘʥʥʷ ʤʦʞʥʘ ʧʦʢʨʘʱʠʪʠ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʛʣʽʮʝʨʠʥ, ʱʦ 

ʟʜʘʪʥʠʡ ʟʥʠʞʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʢʨʦʭʤʘʣʶ ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ ʡʦʛʦ 

ʨʦʟʢʣʘʜʘʥʥʷ [3]. ɹʽʦʧʣʘʩʪʠʢ ʽʟ ʢʨʦʭʤʘʣʶ ʚʠʛʦʪʦʚʣʷʶʪʴ ʪʝʨʤʽʯʥʠʤ ʤʝʪʦʜʦʤ, 

ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʤ ʤʝʪʦʜʦʤ (ʝʢʩʪʨʫʟʽʻʶ) ʘʙʦ ʣʠʪʪʷʤ ʧʽʜ ʪʠʩʢʦʤ. 

ʅʘ ʩʴʦʛʦʜʥʽ, ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ, ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʤʝʪʦʜʦʤ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʦʧʣʘʩʪʠʢʫ ʚʠʷʚʣʷʻʪʴʩʷ ʝʢʩʪʨʫʟʽʷ. ɺʦʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʧʽʜʚʠʱʝʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʨʦʭʤʘʣʶ (ʜʦ 70 %) ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ 

ʩʫʪʪʻʚʦ ʧʝʨʝʚʠʱʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʜʝʢʩʪʨʠʥʽʟʘʮʽʾ ʢʨʦʭʤʘʣʶ (ʜʦ 140ʉ). ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʪʦʜʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʦʜʥʦʰʥʝʢʦʚʽ ʝʢʩʪʨʫʜʝʨʠ [4]. ɸʣʝ ʪʘʢʠʡ ʧʽʜʭʽʜ, ʟ 

ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʥʝ ʤʦʞʝ ʚʚʘʞʘʪʠʩʴ ʜʦʮʽʣʴʥʠʤ, ʪʦʤʫ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʚʦʰʥʝʢʦʚʠʭ ʝʢʩʪʨʫʜʝʨʽʚ [5]. ʇʨʠ ʮʴʦʤʫ ʰʥʝʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʧʽʣʴʥʦ ʦʙʝʨʪʦʚʠʤʠ ʽ 

ʚʟʘʻʤʦʟʘʯʝʧʣʝʥʠʤʠ ʘʙʦ ʥʝʚʟʘʻʤʦʟʘʯʝʧʣʝʥʠʤʠ. ʂʦʞʝʥ ʛʚʠʥʪ ʤʘʻ ʩʧʽʨʘʣʝʧʦʜʽʙʥʽ ʘʙʦ 

ʨʽʟʴʙʦʚʽ ʩʝʢʮʽʾ ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʚʽʜʥʦʩʥʦ ʛʣʠʙʦʢʫ ʩʝʢʮʽʶ ʧʦʜʘʯʽ ʟ ʥʘʩʪʫʧʥʦʶ ʢʦʥʽʯʥʦʶ 

ʧʝʨʝʭʽʜʥʦʶ ʩʝʢʮʽʻʶ ʽ ʧʦʨʽʚʥʷʥʦ ʥʝʛʣʠʙʦʢʦʶ ʧʦʩʪʽʡʥʦʶ ʩʝʢʮʽʻʶ [6]. 

ʄʝʪʦʜ ʝʢʩʪʨʫʟʽʾ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ ʫ ʩʦʙʽ ʚʩʽ ʩʪʘʜʽʾ ʦʙʨʦʙʢʠ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ 

ʙʽʦʨʦʟʢʣʘʜʥʦʛʦ ʧʣʘʩʪʠʢʫ ʟ ʢʨʦʭʤʘʣʶ ʽ, ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʚʠ̫ʚʣʷʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʠʤ 

ʪʘ ʧʨʦʛʨʝʩʠʚʥʠʤ, ʫ ʧʦʨʽʚʥʷʥʥʷ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʣʷʪʠ ʙʽʦʧʣʘʩʪʠʢʠ ʟ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʤʽʥʶʶʯʠ ʣʠʰʝ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʰʥʝʢʽʚ ʪʘ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʝʢʩʪʨʫʜʝʨʘ. ʂʨʽʤ ʮʴʦʛʦ, ʝʢʩʪʨʫʟʽʻʶ ʤʦʞʥʘ 

ʦʜʝʨʞʫʚʘʪʠ ʢʦʤʧʦʟʠʮʽʡʥʽ ʧʣʘʩʪʠʢʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ, ʧʦʨʷʜ ʟ ʙʽʦʨʦʟʢʣʘʜʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚʭʦʜʷʪʴ ʩʠʥʪʝʪʠʯʥʽ ʧʦʣʽʤʝʨʠ [7]. 

ʋ ʚʠʧʘʜʢʫ ʪʝʨʤʽʯʥʦʛʦ ʤʝʪʦʜʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʚʝʣʠʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʨʦʭʤʘʣʶ, ʷʢʠʡ 

ʟʤʽʰʫʻʪʴʩʷ ʟ ʚʦʜʦʶ, ʧʣʘʩʪʠʬʽʢʘʪʦʨʦʤ ʽ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʟʘʜʘʥʦʾ 

ʢʦʤʧʦʟʠʮʽʾ. ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʘʧʘʨʘʪʽ ʟ ʤʽʰʘʣʢʦʶ ʧʨʦʪʷʛʦʤ 10é30 ʭʚ. ʚ 

ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʝʢʩʪʨʠʥʽʟʘʮʽʶ ʢʨʦʭʤʘʣʶ. ʆʜʝʨʞʘʥʘ ʩʫʤʽʰ 

ʚʽʜʣʠʚʘʻʪʴʩʷ ʽ ʧʨʦʩʫʰʫʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʠʞʯʦʾ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʝʢʩʪʨʠʥʠʟʘʮʽʾ [8]. 

ɿʘʟʚʠʯʘʡ ʜʘʥʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʽʚʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ, ʭʦʯʘ ʽʩʥʫʻ 

ʨʝʘʣʴʥʘ ʧʝʨʩʧʝʢʪʠʚʘ ʡʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʣʷ ʨʦʟʰʠʨʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʚʠʨʦʙʽʚ. 

ʇʨʠ ʣʠʪʪʽ ʧʽʜ ʪʠʩʢʦʤ ʧʨʦʮʝʩ ʧʨʦʭʦʜʠʪʴ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʚʠʟʥʘʯʝʥʘ ʢʽʣʴʢʽʩʪʴ 

ʢʨʦʭʤʘʣʶ, ʧʦʧʝʨʝʜʥʴʦ ʧʝʨʝʤʽʰʘʥʘ ʟ ʜʦʧʦʤʽʞʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʫ ʧʨʝʩ-

ʬʦʨʤʫ, ʧʦʧʝʨʝʜʥʴʦ ʩʪʠʩʢʘʻʪʴʩʷ ʽ ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ 100Á ʉ. ɺʠʙʽʨ ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʪʠʩʢʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʤʧʦʟʠʮʽʾ ʤʘʪʝʨʽʘʣʫ. ɼʘʣʽ ʪʠʩʢ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʜʦ 10 ʨʘʟʽʚ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ), ʧʽʩʣʷ ʯʦʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʧʽʜʚʠʱʫʶʪʴ ʜʦ 200Á ʉ ʪʘ ʧʽʜʪʨʠʤʫʶʪʴ 

5é10 ʭʚ. ʇʦʪʽʤ ʧʨʝʩ-ʬʦʨʤʘ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʟ 

ʥʝʾ ʜʽʩʪʘʻʪʴʩʷ ʩʬʦʨʤʦʚʘʥʠʡ ʚʠʨʽʙ [9]. ʊʘʢʠʤ ʯʠʥʦʤ ʦʜʝʨʞʫʶʪʴʩʷ ʚʽʜʣʠʚʢʠ ʙʽʦʨʦʟʢʣʘʜʥʦʛʦ 

ʧʣʘʩʪʠʢʫ ʥʝʦʙʭʽʜʥʠʭ ʨʦʟʤʽʨʽʚ ʪʘ ʬʦʨʤʠ. 
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ɺ ʦʩʥʦʚʥʦʤʫ, ʜʘʥʠʤ ʤʝʪʦʜʦʤ ʚʠʛʦʪʦʚʣʷʶʪʴ ʚʠʨʦʙʠ, ʱʦ ʤʘʶʪʴ ʪʨʠʤʘʪʠ ʬʦʨʤʫ, 

ʥʘʧʨʠʢʣʘʜ, ʦʜʥʦʨʘʟʦʚʽ ʩʪʘʢʘʥʯʠʢʠ. ʋ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʩʰʪʘʙʘʭ, ʚʠʨʦʙʥʠʮʪʚʘ ʪʘʢʦʛʦ ʪʠʧʫ 

ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʽ, ʘʣʝ ʤʘʶʪʴ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ, ʪʘʢʽ ʷʢ ʚʝʣʠʢʘ ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʝʩ-

ʬʦʨʤ ʪʘ ʦʙʤʝʞʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʫ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʚʠʨʦʙʥʠʮʪʚ. 

ʅʝʚʧʠʥʥʝ ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʚʥʘʩʣʽʜʦʢ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʨʘʟʦʤ ʟ 

ʥʝʧʝʨʝʨʚʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʥʘʩʝʣʝʥʥʷ ʧʣʘʥʝʪʠ, ʚʠʤʘʛʘʻ ʚʞʠʚʘʥʥʷ ʥʝʚʽʜʢʣʘʜʥʠʭ ʜʽʻʚʠʭ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ʆʜʠʥ ʟʽ 

ʰʣʷʭʽʚ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʧʦʣʷʛʘʻ ʫ ʧʝʨʝʭʦʜʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʧʣʘʩʪʠʢʫ. 

ɯʩʥʫʻ ʨʝʘʣʴʥʘ ʧʝʨʩʧʝʢʪʠʚʘ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʽʩʥʫʶʯʠʭ ʪʘ ʨʦʟʨʦʙʮʽ ʧʦʪʝʥʮʽʡʥʦ ʥʦʚʠʭ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʘʥʦʛʦ ʪʠʧʫ ʤʘʪʝʨʽʘʣʫ. 
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ʉʊʈʋʂʊʋʈʅʆ-ʄɽʍɸʅɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʄôʗʉɸ, ʗʂ ʆɹ'ɭʂʊɸ ʇɽʈɽʈʆɹʂʀ 

ʋ ɺʆɺʏʂʋ 

ʇʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤôʷʩʦʨʽʟʘʣʴʥʠʭ ʚʦʚʯʢʽʚ (ʧʨʦʤʠʩʣʦʚʠʭ ʤ'ʷʩʦʨʫʙʦʢ) ʤʦʞʣʠʚʝ 

ʧʨʠ ʟʥʘʭʦʜʞʝʥʥʽ ʥʦʚʠʭ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ ʚ ʜʘʥʠʭ ʤʘʰʠʥʘʭ. ʅʘʤʠ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʙʦʯʠʡ ʰʥʝʢ ʚʦʚʯʢʘ ʚ ʢʦʞʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʧʦʜʘʻ ʩʠʨʦʚʠʥʫ ʥʝ ʧʦ ʚʩʽʡ 

ʧʣʦʱʽ ʨʝʰʽʪʢʠ ʨʽʟʘʣʴʥʦʛʦ ʚʫʟʣʘ, ʘ ʣʠʰʝ ʚ ʤʝʞʘʭ ʧʝʚʥʦʛʦ ʩʝʢʪʦʨʫ, ʷʢʠʡ ʚʽʜʨʘʭʦʚʫʻʪʴʩʷ ʚʽʜ 

ʢʽʥʮʷ ʚʠʪʢʘ ʰʥʝʢʫ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʬʘʢʪʠʯʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʦʚʯʢʘ ʱʦʥʘʡʤʝʥʰʝ ʫʜʚʽʯʽ 

ʤʝʥʰʘ ʟʘ ʤʘʢʩʠʤʘʣʴʥʫ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʫ. ɺ ʦʩʥʦʚʽ ʪʘʢʦʛʦ ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʣʝʞʘʪʴ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤôʷʩʥʦʾ ʩʠʨʦʚʠʥʠ, ʥʘʩʘʤʧʝʨʝʜ, ʢʦʤʧʨʝʩʽʡʥʽ. 

ʆʙˇʨʫʥʪʫʚʘʪʠ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʩʧʦʩʦʙʠ ʧʦʜʘʯʽ ʤ'ʷʩʘ ʜʦ ʨʽʟʘʣʴʥʦʛʦ ʚʫʟʣʘ ʚʦʚʯʢʽʚ 

ʤʦʞʥʘ ʣʠʰʝ ʧʨʠ ʥʘʣʝʞʥʦʤʫ ʚʨʘʭʫʚʘʥʥʽ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤôʷʩʥʦʾ ʩʠʨʦʚʠʥʠ. ʇʨʠ 

ʮʴʦʤʫ, ʚʽʜʧʦʚʽʜʥʦ, ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ ʩʪʘʻ ʧʠʪʘʥʥʷ ʢʦʨʝʢʪʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ 
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ʦʟʥʘʯʝʥʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤ'ʷʩʘ ʪʘ ʤôʷʩʥʠʭ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, ʥʘ ʜʘʥʠʡ ʯʘʩ ʚʽʜʩʫʪʥʽ 

ʚʠʯʝʨʧʥʽ ʚʽʜʦʤʦʩʪʽ ʟ ʜʘʥʦʛʦ ʧʨʦʙʣʝʤʥʦʛʦ ʧʠʪʘʥʥʷ ʚ ʢʦʥʪʝʢʩʪʽ ʦʟʥʘʯʝʥʦʾ ʟʘʜʘʯʽ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʦʚʯʢʽʚ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʫ ʜʽʾ ʚʦʚʯʢʘ (ʧʦʜʘʯʘ ʮʽʣʴʥʦʛʦ ʤ'ʷʩʘ ʰʥʝʢʦʤ, ʚʜʘʚʣʶʚʘʥʥʷ ʡʦʛʦ ʚ 

ʦʪʚʦʨʠ ʨʝʰʽʪʦʢ ʪʘ ʨʽʟʘʥʥʷ ʥʦʞʝʤ) ʜʦʮʽʣʴʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʫʣʷ ʦʩʴʦʚʦʛʦ ʩʪʠʩʢʘʥʥʷ ɽ 

(ʟʘʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʩʪʠʩʢʘʥʥʷ ʤ'ʷʩʘ ʧʨʠ ʧʦʜʘʯʽ ʡʦʛʦ ʰʥʝʢʦʤ), ʥʘʧʨʫʞʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ 

ʧʝʥʝʪʨʘʮʾ Ū0 (ʟʘʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʦʙʪʽʢʘʥʥʷ ʤôʷʩʦʤ ʧʝʨʝʤʠʯʦʢ ʧʦʤʽʞ ʦʪʚʦʨʘʤʠ ʨʝʰʽʪʦʢ) 

ʪʘ ʥʘʧʨʫʞʝʥʥʷ ʟʨʽʟʫ Ūʟʨ ʤ'ʷʩʘ (ʟʘʜʣʷ ʦʧʠʩʫ ʧʨʦʮʝʩʫ ʨʦʟʨʽʟʘʥʥʷ ʤ'ʷʩʘ ʨʽʟʘʣʴʥʠʤʠ 

ʦʢʨʘʡʢʘʤʠ ʦʪʚʦʨʽʚ ʨʝʰʽʪʦʢ, ʘ ʪʘʢʦʞ ʨʽʟʘʥʥʷ ʤ'ʷʩʘ ʣʝʟʘʤʠ ʥʦʞʘ). 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʜʫʣʷ ʦʩʴʦʚʦʛʦ ʩʪʠʩʢʘʥʥʷ, ʥʘʧʨʫʞʝʥʥʷ 

ʩʪʘʥʜʘʨʪʥʦʾ ʧʝʥʝʪʨʘʮʾ ʪʘ ʥʘʧʨʫʞʝʥʥʷ ʟʨʽʟʫ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʤôʷʩʥʦʾ ʩʠʨʦʚʠʥʠ, ʷʢʘ 

ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ ʫ ʚʦʚʯʢʘʭ. 

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʟʥʘʯʝʥʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤ'ʷʩʘ ʧʦʣʷʛʘʣʘ ʫ ʥʘʩʪʫʧʥʦʤʫ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʤʦʜʠʬʽʢʦʚʘʥʘ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʘ ʫʥʽʚʝʨʩʘʣʴʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʤʘʰʠʥʘ SANS CMT2503 (ʚʠʨʦʙʥʠʮʪʚʘ 

Shenzhen SANS Testing Machine Co., ʂʅʈ) ʣʘʙʦʨʘʪʦʨʽʾ ʤôʷʩʥʠʭ ʧʨʦʜʫʢʪʽʚ ɯʥʩʪʠʪʫʪʫ 

ʧʨʦʜʦʚʦʣʴʯʠʭ ʨʝʩʫʨʩʽʚ ʅɸɸʅ ʋʢʨʘʾʥʠ (ʤ. ʂʠʾʚ). ʋʥʽʚʝʨʩʘʣʴʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʤʘʰʠʥʘ 

SANS CMT2503 (ʨʠʩ. 1), ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʽʩʥʠʭ ʪʘ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺ ʥʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠʥʮʠʧ ʟʘʤʢʥʝʥʦʾ ʮʠʬʨʦʚʦʾ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʦʤʧôʁ ʪʝʨʘ, ʥʘ ʜʠʩʧʣʝʡ ʷʢʦʛʦ 

ʚʠʚʦʜʠʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʫ ʮʠʬʨʦʚʦʤʫ ʘʙʦ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ. ʇʨʠ ʮʴʦʤʫ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʘʚʪʦʤʘʪʠʯʥʦ ʦʙʨʦʙʣʷʶʪʴʩʷ ʪʘ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʧʘʤôʷʪʽ ʩʠʩʪʝʤʠ.  

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʥʘʩʘʜʢʠ ʟ ʽʥʜʝʥʪʦʨʘʤʠ: ʮʠʣʽʥʜʨʠʯʥʠʡ ʧʣʫʥʞʝʨ - ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ɽ; Magness-Teylor - ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ Ū0; Warner-Bratzler - ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ Ūʟʨ. ɺ 

ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʷʣʦʚʠʯʠʥʘ ɯ-ʛʦ ˇʘʪʫʥʢʫ, ʩʚʠʥʠʥʘ ʥʝʞʠʨʥʘ ʪʘ ʢʫʨʷʪʠʥʘ 

(ʬʽʣʝ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 24 Áʉ.  

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʩʠʨʦʚʠʥʫ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʧʽʜ ʽʥʜʝʥʪʦʨʘ (ʚʠʨʽʟʘʣʠ ʰʤʘʪʦʢ ʧʝʚʥʦʛʦ 

ʜʽʘʤʝʪʨʫ ʪʘ ʚʠʩʦʪʠ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ɽ; ʥʘʧʦʚʥʶʚʘʣʠ ʮʠʣʽʥʜʨʠʯʥʫ ʢʶʚʝʪʫ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ 

Ū0; ʚʠʨʽʟʘʣʠ ʰʤʘʪʦʢ ʧʝʚʥʦʾ ʰʠʨʠʥʠ ʪʘ ʪʦʚʱʠʥʠ ʽ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʧʽʜ ʽʥʜʝʥʪʦʨ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ Ūʟʨ ʪʘ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʾʾ ʧʽʜ ʪʨʘʚʝʨʩʦʶ, ʮʝʥʪʨʫʶʯʠ ʚʽʜʥʦʩʥʦ ʽʥʜʝʥʪʦʨʘ, ʧʽʩʣʷ 

ʯʦʛʦ ʚʤʠʢʘʣʠ ʧʨʠʚʦʜ. ʐʚʠʜʢʽʩʪʴ ʨʫʭʫ ʽʥʜʝʥʪʦʨʘ ʙʫʣʘ 1,67Ā10
-4

 ʤ/ʩ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ɽ ʪʘ 

3,33Ā10
-4

 ʤ/ʩ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ Ū0  ̔ Ūʟʨ . 

 

ʈʠʩ. 1. ï ʋʥʽʚʝʨʩʘʣʴʥʘ ʚʠʧʨʦʙʫʚʘʣʴʥʘ ʤʘʰʠʥʘ SANS CMT2503 
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ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 ï ʉʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤôʷʩʥʦʾ ʩʠʨʦʚʠʥʠ 

ʇʦʢʘʟʥʠʢ  ɺʠʜ ʤôʷʩʥʦʾ ʩʠʨʦʚʠʥʠ 

ʗʣʦʚʠʯʠʥʘ ʉʚʠʥʠʥʘ  ʂʫʨʷʪʠʥʘ  

ʄʦʜʫʣʴ ʦʩʴʦʚʦʛʦ ʩʪʠʩʢʘʥʥʷ ɽ, ʇʘĀ10
3
 456,91 144,58 108,77 

ʅʘʧʨʫʞʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ ʧʝʥʝʪʨʘʮʾ Ū0, ʇʘĀ10
3
 83,57 172,90 48,60 

ʅʘʧʨʫʞʝʥʥʷ ʟʨʽʟʫ Ūʟʨ, ʇʘĀ10
3
 277,7 467,89 141,24 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤôʷʩʥʦʾ 

ʩʠʨʦʚʠʥʠ, ʷʢʘ ʥʘʡʯʘʩʪʽʰʝ ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ ʫ ʚʦʚʯʢʘʭ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʠʡ ʤʦʜʫʣʴ 

ʦʩʴʦʚʦʛʦ ʩʪʠʩʢʘʥʥʷ ʚʣʘʩʪʠʚʠʡ ʷʣʦʚʠʯʠʥʽ (456,91 ʢʇʘ), ʜʣʷ ʩʚʠʥʠʥʠ ʪʘ ʢʫʨʷʪʠʥʠ ʚʽʥ 

ʧʨʠʡʤʘʻ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ (144,58 ʢʇʘ ʪʘ 108,77 ʢʇʘ ʚʽʜʧʦʚʽʜʥʦ).  

ʅʘʡʙʽʣʴʰʝ ʥʘʧʨʫʞʝʥʥʷ ʩʪʘʥʜʘʨʪʥʦʾ ʧʝʥʝʪʨʘʮʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʩʚʠʥʠʥʠ (172,90 

ʢʇʘ), ʪʦʜʽ ʷʢ ʜʣʷ ʷʣʦʚʠʯʠʥʠ ʪʘ ʢʫʨʷʪʠʥʠ 83,57 ʢʇʘ ʪʘ 48,60 ʢʇʘ ʚʽʜʧʦʚʽʜʥʦ. ɸʥʘʣʦʛʽʯʥʠʤ 

ʯʠʥʦʤ ʥʘʡʙʽʣʴʰʝ ʥʘʧʨʫʞʝʥʥʷ ʟʨʽʟʫ ʧʨʠ ʨʽʟʘʥʥʽ ʣʝʟʦʤ ʟ ʢʫʪʦʤ ʟʘʛʦʩʪʨʝʥʥʷ 90Á 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʩʚʠʥʠʥʠ (467,89 ʢʇʘ), ʪʦʜʽ ʷʢ ʜʣʷ ʷʣʦʚʠʯʠʥʠ - 277,7 ʢʇʘ, ʘ ʜʣʷ 

ʢʫʨʷʪʠʥʠ - 141,24ʢʇʘ.  

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ 

ʩʧʦʩʦʙʽʚ ʧʦʜʘʯʽ ʤ'ʷʩʘ ʜʦ ʨʽʟʘʣʴʥʦʛʦ ʚʫʟʣʘ ʚʦʚʯʢʽʚ. 

 

ʋɼʂ 664.6/.7 

ʇʝʪʨʫʰʘ ʆ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ɹʽʜʘʭ ɼ.ɺ., ʩʪʫʜʝʥʪʢʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, bidax97@gmail.com 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʊʆɼʋ ʆʎɯʅʂʀ ʈʀɿʀʂɯɺ çɸʅɸʃɯɿʋɺɸʅʅʗ ʇʈʀʏʀʅ ɯ 

ʅɸʉʃɯɼʂɯɺè ʅɸ ɽʊɸʇɯ ʇʈʆʉɯʖɺɸʅʅʗ ɹʆʈʆʐʅɸ 

ɺ ʥʘʰ ʯʘʩ ʚʩʽ ʭʘʨʯʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʝʣʠʢʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʚʠʨʦʙʥʠʮʪʚʫ ʷʢʽʩʥʦʾ, ʘ 

ʛʦʣʦʚʥʝ ï ʙʝʟʧʝʯʥʦʾ ʧʨʦʜʫʢʮʽʾ. ʅʘ ʢʦʞʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʯʠ ʚ ʢʦʤʧʘʥʽʾ ʻ ʧʝʚʥʽ ʨʠʟʠʢʠ, ʷʢʽ 

ʤʦʞʫʪʴ ʚ ʙʫʜʴ-ʷʢʫ ʭʚʠʣʠʥʫ ʟʫʧʠʥʠʪʠ ʚʩʝ ʧʽʜʧʨʠʻʤʩʪʚʦ. ɺʦʥʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʙʠʪʢʽʚ, 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʯʠ ʥʝʦʜʝʨʞʘʥʥʷ ʜʦʭʦʜʽʚ. ʈʠʟʠʢʠ ʜʣʷ ʭʘʨʯʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʫʪʴ ʙʫʪʠ 

ʙʽʦʣʦʛʽʯʥʠʤʠ ï ʧʣʽʩʥʷʚʽʥʥʷ, ʬʽʟʠʯʥʠʤʠ ï ʥʘʷʚʥʽʩʪʴ ʩʪʦʨʦʥʥʽʭ ʜʦʤʽʰʦʢ ʘʙʦ ʭʽʤʽʯʥʠʤʠ ï 

ʥʘʷʚʥʽʩʪʴ ʭʽʤʽʯʥʠʭ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ. ɺ ʄʽʞʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʽ ɼʉʊʋ 31010:2013 

çʂʝʨʫʚʘʥʥʷ ʨʠʟʠʢʦʤ. ʄʝʪʦʜʠ ʟʘʛʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫè  ʥʘʚʝʜʝʥʦ 30 ʚʠʜʽʚ ʤʝʪʦʜʽʚ, 

ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʨʠʟʠʢʠ [1]. ɺʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ. 

ɹʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʫ ʨʦʙʦʪʽ ʤʝʪʦʜ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ çɸʥʘʣʽʟʫʚʘʥʥʷ ʧʨʠʯʠʥ ʽ ʥʘʩʣʽʜʢʽʚè [1]. 

ʁʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʜʽʡʩʥʝʥʦ ʥʘ ʧʨʠʢʣʘʜʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʭʣʽʙʦʙʫʣʦʯʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʘ ʩʘʤʝ ï ʧʨʦʩʽʶʚʘʥʥʷ ʙʦʨʦʰʥʘ ʥʘ ʧʨʦʩʽʶʚʘʯʽ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ï 

ʄʇʄ-800. 

ɼʘʥʠʡ ʤʝʪʦʜ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʭʘʨʯʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ: ʤʝʪʦʜ 

ʽʜʝʥʪʠʬʽʢʫʻ, ʘʥʘʣʽʟʫʻ ʪʘ ʦʮʽʥʶʻ ʨʠʟʠʢ. çɸʥʘʣʽʟʫʚʘʥʥʷ ʧʨʠʯʠʥ ʽ ʥʘʩʣʽʜʢʽʚè ʧʦʻʜʥʫʻ 

ʘʥʘʣʽʟʫʚʘʥʥʷ ʜʝʨʝʚʘ ʚʽʜʤʦʚ ʪʘ ʘʥʘʣʽʟʫʚʘʥʥʷ ʜʝʨʝʚʘ ʧʦʜʽʡ. 

ʉʧʦʯʘʪʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʨʠʪʠʯʥʘ ʧʦʜʽʷ ï ʮʝ ʧʦʪʨʘʧʣʷʥʥʷ ʬʽʟʠʯʥʠʭ ʥʝʙʝʟʧʝʯʥʠʭ 

ʬʘʢʪʦʨʽʚ ʚ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʚ ʛʦʪʦʚʠʡ ʭʣʽʙʦʙʫʣʦʯʥʠʡ ʚʠʨʽʙ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʙʫʜʫʻʪʴʩʷ ʜʝʨʝʚʦ ʚʽʜʤʦʚ ʱʦʜʦ ʢʨʠʪʠʯʥʦʾ ʧʦʜʽʾ. ɼʣʷ ʜʘʥʦʛʦ ʧʨʠʢʣʘʜʫ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʽ 

ʬʘʢʪʦʨʠ: ʥʝʩʧʨʘʚʥʽʩʪʴ ʧʨʦʩʽʶʚʘʯʘ; ʥʝʷʢʽʩʥʘ ʩʠʨʦʚʠʥʘ; ʟʦʚʥʽʰʥʽ ʫʤʦʚʠ (ʨʠʩ.1). 

ɼʦ ʥʝʩʧʨʘʚʥʦʩʪʽ ʧʨʦʩʽʶʚʘʯʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʥʝʢʦʨʝʢʪʥʠʡ ʧʽʜʙʽʨ ʩʠʪʘ ï ʨʦʟʤʽʨ ʦʪʚʦʨʽʚ ʩʠʪʘ ʯʠ ʬʦʨʤʘ ʦʪʚʦʨʽʚ ʩʠʪʘ; 
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- ʧʦʰʢʦʜʞʝʥʥʷ ʤʝʪʘʣʝʚʦʾ ʩʽʪʢʠ ʩʠʪʘ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʧʨʦʧʫʩʢʘʥʥʷ ʜʦʤʽʰʦʢ, ʪʘ ʥʘʚʽʪʴ 

ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʤʝʪʘʣʽʯʥʠʭ ʜʦʤʽʰʦʢ; 

- ʥʝʩʧʨʘʚʥʽʩʪʴ ʤʘʛʥʽʪʥʦʾ ʧʘʩʪʢʠ. 

ɼʦ ʥʝʷʢʽʩʥʦʾ ʩʠʨʦʚʠʥʠ ʚʽʜʥʦʩʷʪʴʩʷ: ʚʝʣʠʯʠʥʘ ʧʦʤʦʣʫ, ʟʘʚʠʱʝʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʤʽʰʦʢ ʚ 

ʙʦʨʦʰʥʽ.  

ɼʦ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʚʽʜʥʦʩʷʪʴ: 

- ʣʁ ʜʩʴʢʠʡ ʬʘʢʪʦʨ ï ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʝʨʩʦʥʘʣʫ ʥʘ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ: ʡʦʛʦ ʛʽʛʽʻʥʘ ʪʘ 

ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ. 

- ʩʪʘʥ ʧʨʠʤʽʱʝʥʥʷ: ʥʝʮʽʣʽʩʥʽʩʪʴ ʦʙʣʠʮʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʧʨʠʤʽʱʝʥʴ ʪʘ ʥʘʷʚʥʽʩʪʴ 

ʰʢʽʜʥʠʢʽʚ (ʨʠʩ.1). 

 
ʈʠʩ.1 ï ɸʥʘʣʽʟʫʚʘʥʥʷ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʥʘ ʝʪʘʧʽ ʧʨʦʩʽʶʚʘʥʥʷ ʙʦʨʦʰʥʘ ʚ 

ʧʨʦʩʽʶʚʘʯʽ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ 

ʌʦʨʤʫʻʪʴʩʷ ʨʦʟʛʘʣʫʞʝʥʥʷ ʜʝʨʝʚʘ ʚʽʜʤʦʚ, ʧʽʩʣʷ ʯʦʛʦ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʥʘʩʣʽʜʢʽʚ (ʨʠʩ.2). ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʩʣʽʜʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʽʣʴʢʠ ʫ ʚʠʛʣʷʜʽ ʙʝʟʧʝʯʥʦʛʦ ʧʨʦʜʫʢʪʫ ʘʙʦ 

ʥʝʙʝʟʧʝʯʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɺʠʟʥʘʯʘʪʁʴ ʯʠ ʧʦʪʨʘʧʠʚ ʬʽʟʠʯʥʠʡ ʥʝʙʝʟʧʝʯʥʠʡ ʬʘʢʪʦʨ, ʷʢʱʦ 

çʅɯè ï ʧʨʦʜʫʢʪ ʙʝʟʧʝʯʥʠʡ. ʗʢʱʦ çʊɸʂè ï ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʧʠʪʘʥʥʷ çʏʠ 

ʤʝʪʘʣʽʯʥʠʡ ʬʽʟʠʯʥʠʡ ʥʝʙʝʟʧʝʯʥʠʡ ʬʘʢʪʦʨ?è. ʗʢʱʦ çʅɯè ï ʬʽʟʠʯʥʠʡ ʥʝʙʝʟʧʝʯʥʠʡ ʬʘʢʪʦʨ 

ʦʨʛʘʥʽʯʥʠʡ. ɺ ʜʚʦʭ ʚʠʧʘʜʢʘʭ ʩʪʘʚʣʷʪʴ ʥʘʩʪʫʧʥʝ ʧʠʪʘʥʥʷ çʏʠ ʙʫʜʝ ʤʦʞʣʠʚʽʩʪʴ ʧʦʙʘʯʠʪʠ 

ʧʨʘʮʽʚʥʠʢʦʤ ʌʅʌ ʥʘ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʘʭ?è. ʗʢʱʦ çʅɯè ï ʧʨʦʜʫʢʪ ʚʚʘʞʘʻʪʴʩʷ ʥʝʙʝʟʧʝʯʥʠʤ. 

ʗʢʦɦ çʊɸʂè ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʣʫʯʝʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʯʠ ʡʦʛʦ ʯʘʩʪʠʥ. ɸʣʝ, ʪʨʝʙʘ 

ʧʘʤôʷʪʘʪʠ ʧʨʦ ʪʝ, ʱʦ ʪʷʞʢʽʩʪʴ ʚʧʣʠʚʫ ʤʝʪʘʣʽʯʥʦʛʦ ʪʘ ʦʨʛʘʥʽʯʥʦʛʦ ʬʘʢʪʦʨʽʚ ʥʘ ʦʨʛʘʥʽʟʤ ʻ 

ʨʽʟʥʦʶ. ɸʜʞʝ ʦʨʛʘʥʽʢʘ ʥʝ ʥʘʥʝʩʝ ʪʽʣʝʩʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʦʨʛʘʥʽʟʤʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʤʝʪʘʣʽʯʥʦʛʦ. ʊʘʢʦʞ ʚʠʟʥʘʯʘʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʚʠʧʘʜʢʫ ʟʛʽʜʥʦ ʩʪʘʪʠʩʪʠʢʠ. 

 ʈʠʩ. 2 ï ɸʥʘʣʽʟʫʚʘʥʥʷ ʜʝʨʝʚʘ ʥʘʩʣʽʜʢʽʚ ʥʘ ʝʪʘʧʽ ʧʨʦʩʽʶʚʘʥʥʷ ʙʦʨʦʰʥʘ ʚ ʧʨʦʩʽʶʚʘʯʽ 

ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ 

ɿʦʚʥ̔ ʥh̔ ʫʤʦʚʠ

ʃʁ ʜʩɹʢʠʡ ʬʘʢʪʦʨ

ʉʪʘʥ ʧʨʠʤ̔ ʝɦʥʥ̫

ʅʝʚ̔ʜʧʦʚ̔ʜʥ̔ʩʪɹ 

ʧʝʨʩʦʥʘʣʫ ʥʘ 

ʨʦʙʦʯʦʤʫ ʤ̔ʩʮ̔

ɻ̔ʛ̔̒ʥʘ 

ʨʦʙ̔ʪʥʠʢʘ

ɿʦʚʥ̔h ʥ̔ʡ 

ʚʠʛʣ̫ʜ 

ʨʦʙ̔ʪʥʠʢʘ ʅʝʮ̔ʣ̔ʩʥ̔ʩʪɹ 

ʦʙʣʠʮʁ ʚʘʥʥ̫ 

ʧʦʚʝʨʭʦʥɹ 

ʧʨʠʤ̔ ʝɦʥɹ

ʅʘ̫ʚʥ̔ʩʪɹ 

ʢh̔ʜʥʠʢ̔ʚ

ʇʦʪʨʘʧʣ̫ʥʥ̫ ʌʅʌ

ʅɯ

ʊɸʂ

ʏʠ ʤʝʪʘʣ̔ʯʥʠʡ ʌʅʌ?

ʇʨʦʜʫʢʪ ʙʝʟʧʝʯʥʠʡ

ʊɸʂ

ʅɯ

ɺʠʜʠʤʠʡ?

ɺʠʜʠʤʠʡ?

ʊɸʂ

ɺʠʣʫʯʝʥʥ̫ ʥʘʧ̔ʚʬʘʙʨʠʢʘʪ̔ʚ ʯʠ ʡʦʛʦ ʯʘʩʪʠʥ

ʅɯ

ʅɽɹɽɿʇɽʏʅʀʁ ʇʈʆɼʋʂʊ!

ʊɸʂ

ɺʠʣʫʯʝʥʥ̫ ʥʘʧ̔ʚʬʘʙʨʠʢʘʪ̔ʚ ʯʠ ʡʦʛʦ ʯʘʩʪʠʥ

ʅɯ

ʅɽɹɽɿʇɽʏʅʀʁ ʇʈʆɼʋʂʊ!
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ʇʝʨʝʚʘʛʘʤʠ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ: 

1) ɼʘʻ ʟʤʦʛʫ ʘʥʘʣʽʟʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʧʦʜʽʾ ʧʦʷʚʠ ʥʝʙʝʟʧʝʯʥʦʛʦ 

ʬʘʢʪʦʨʘ. 

2) ɻʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʣʝʛʰʝ ʟʨʦʟʫʤʽʪʠ ʧʦʚʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʚʥʫʪʨʽʰʥʽ 

ʬʘʢʪʦʨʠ. 

3) ɭ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʢʦʞʥʦʛʦ ʥʘʩʣʽʜʢʫ. 

4) ʄʦʞʣʠʚʝ ʜʦʜʘʪʢʦʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʢʣʫ ɼʝʤʽʥʛʘ, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʩʪʽʡʥʝ ʧʦʣʽʧʰʝʥʥʷ ʢʦʞʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ.  

5) ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʠʪʠ ʢʦʨʠʛʫʚʘʣʴʥʽ ʜʽʾ ʱʦʜʦ ʢʦʞʥʦʾ ʚʽʜʤʦʚʠ. 

ʅʝʜʦʣʽʢʠ ʚ ʮʴʦʤʫ ʤʝʪʦʜʫ: 

1) ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ. 

2) ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʜʝʨʝʚʘ ʥʘʩʣʽʜʢʽʚ ʪʘ ʚʽʜʤʦʚ ʤʘʻ ʥʝʦʨʜʠʥʘʨʥʠʡ ʧʽʜʭʽʜ. 

3) ʄʝʪʦʜ ʻ ʪʨʠʚʘʣʠʤ. 

ʆʪʞʝ, ʩʫʪʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ï ʟʦʙʨʘʟʠʪʠ ʚʩʽ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʚ ʜʝʨʝʚʽ ʚʽʜʤʦʚ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʨʰʦʧʦʯʘʪʢʦʚʦʾ ʧʦʜʽʾ, ʪʘ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʪʠ ʚʩʽ ʤʦʞʣʠʚʽ 

ʥʘʩʣʽʜʢʠ. ʅʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʧʨʦʮʝʩ ʧʨʦʩʽʶʚʘʥʥʷ ʙʦʨʦʰʥʘ ï ʻ ʦʜʥʠʤ ʟ ʧʨʦʩʪʠʭ, ʘʣʝ ʮʝ ʥʝ 

ʪʘʢ. ɸʜʞʝ ʢʦʞʝʥ ʥʘʩʪʫʧʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʥʝ ʧʨʠʟʚʝʜʝ ʜʦ ʧʝʨʝʚʽʨʢʠ ʯʠ ʚʠʣʫʯʝʥʥʷ 

ʜʦʤʽʰʦʢ ʽʟ ʩʠʨʦʚʠʥʠ.  

ɿʘ ʨʘʭʫʥʦʢ ʪʘʢʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʨʦʟʛʣʷʜʫ ʧʨʠʯʠʥ ʪʘ ʥʘʩʣʽʜʢʽʚ, ʤʦʞʣʠʚʦ ʚ ʧʦʚʥʽʡ ʤʽʨʽ 

ʦʮʽʥʠʪʠ ʡ ʟʘʜʦʢʫʤʝʥʪʫʚʘʪʠ ʨʦʙʦʪʫ ʧʨʦʛʨʘʤ-ʧʝʨʝʜʫʤʦʚ ʪʘ ʩʬʦʨʤʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ 

ʢʦʨʠʛʫʚʘʣʴʥʽ ʜʽʾ. ɸʣʝ, ʪʨʝʙʘ ʧʘʤôʷʪʘʪʠ, ʱʦ ʤʝʪʦʜ ʥʝ ʻ ʛʘʨʘʥʪʦʤ ʙʝʟʧʝʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɼʉʊʋ IEC/ISO 31010:2013 ʂʝʨʫʚʘʥʥʷ ʨʠʟʠʢʦʤ. ʄʝʪʦʜʠ ʟʘʛʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ 

(IEC/ISO 31010:2009, IDT). ï ʏʠʥʥʠʡ ʚʽʜ 11.12.2013. ï ʂ: ʄʽʥʝʢʦʥʦʤʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ, 2015. ï 73ʩ. 
 

ʉʘʤʦʭʚʘʣʦʚʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ
 

ʆʣʽʡʥʠʢ ʉ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ
 

ʃʘʧʠʮʴʢʘ ʅ.ɺ., ʘʩʧʽʨʘʥʪ 

ʍʘʨʢʽʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʪʦʨʛʽʚʣʽ, nadegda.lapitskaja@gmail.com 

ʐʘʨʘʧʘ ʃ.ɺ., ʤʘʛʽʩʪʨ
 

ɹʦʥʜʘʨʝʥʢʦ ʄ.ʄ., ʤʘʛʽʩʪʨ
 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, lilkasarapa51@gmail.com 

ɺʇʃʀɺ ʐʈʆʊʋ ʇʃʆɼɯɺ ʐʀʇʐʀʅʀ ʅɸ ʊɽʍʅʆʃʆɻɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ 

ʇʐɽʅʀʏʅʆɻʆ ɹʆʈʆʐʅɸ 

ʇʨʦʙʣʝʤʦʶ ʩʴʦʛʦʜʝʥʥʷ ʻ ʥʝʧʨʘʚʠʣʴʥʝ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʚʞʠʚʘʥʥʷ ʚ ʾʞʫ çʨʘʬʽʥʦʚʘʥʠʭè 

ʧʨʦʜʫʢʪʽʚ [1], ʪʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʟʙʘʛʘʯʝʥʥʷ ʭʘʨʯʦʚʠʭ ʨʘʮʽʦʥʽʚ ʣʶʜʠʥʠ. ʍʣʽʙ ʟʘʡʤʘʻ ʦʜʥʝ 

ʟ ʧʨʦʚʽʜʥʠʭ ʤʽʩʮʴ ʚ ʭʘʨʯʫʚʘʥʥʽ ʥʘʩʝʣʝʥʥʷ ʚʩʴʦʛʦ ʩʚʽʪʫ. ɸʣʝ, ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ, ʤʘʻ 

ʥʝʟʙʘʣʘʥʩʦʚʘʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʙʽʣʢʽʚ, ʞʠʨʽʚ ʪʘ ʚʫʛʣʝʚʦʜʽʚ, ʱʦ ʧʦʟʠʮʽʦʥʫʻ ʡʦʛʦ ʷʢ 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʦʙôʻʢʪ ʜʣʷ ʟʙʘʛʘʯʝʥʥʷ.  

ɿʙʘʛʘʯʝʥʥʷ ʡʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʾ 

ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʟʦʢʨʝʤʘ ʚʪʦʨʠʥʥʠʭ ʧʨʦʜʫʢʪʽʚ ʦʣʽʻ-ʞʠʨʦʚʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʽʜʦʤʦ, ʱʦ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʽʩʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʨʦʚʠʥʠ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʡʦʛʦ ʩʢʣʘʜʫ. ɺʥʝʩʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʩʠʨʦʚʠʥʠ ʤʦʞʝ ʤʘʪʠ ʧʝʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʦʨʦʰʥʘ, ʱʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʜʝ ʤʘʪʠ ʚʧʣʠʚ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʷʢ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ, ʪʘʢ ʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʇʝʨʩʧʝʢʪʠʚʥʦʶ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʟʙʘʛʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʭʣʽʙʘ ʻ ʰʨʦʪ ʧʣʦʜʽʚ 

ʰʠʧʰʠʥʠ (ʐʇʐ), ʱʦ ʻ ʚʪʦʨʠʥʥʠʤ ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʚʽʜʧʦʚʽʜʥʦʾ ʦʣʽʾ. 
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ɺʨʘʭʦʚʫʶʯʠ ʙʘʛʘʪʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʐʇʐ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ ʟʥʘʯʥʠʡ ʡʦʛʦ ʚʧʣʠʚ ʥʘ 

ʦʩʥʦʚʥʫ ʩʠʨʦʚʠʥʫ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʭʣʽʙʘ. ʊʦʤʫ ʟ ʤʝʪʦʶ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʜʦʙʘʚʢʠ ʜʣʷ ʟʙʘʛʘʯʝʥʥʷ ʭʣʽʙʘ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʜʦʩʣʽʜʞʝʥʴ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʚʧʣʠʚʫ ʥʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʰʝʥʠʯʥʦʛʦ ʙʦʨʦʰʥʘ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʙʦʨʦʰʥʦ ʧʰʝʥʠʯʥʝ 1 ʩʦʨʪʫ ʪʘ ʩʫʤʽʰʽ ʡʦʛʦ ʟ 

ʐʇʐ. ʏʘʩʪʢʘ ʰʨʦʪʫ ʚ ʥʠʭ ʩʪʘʥʦʚʠʣʘ 3, 5 ʪʘ 7% ʚʽʜ ʤʘʩʠ ʙʦʨʦʰʥʘ. ɺʧʣʠʚ ʜʦʙʘʚʦʢ ʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʦʨʦʰʥʘ ʦʮʽʥʶʚʘʣʠ ʟʘ ʟʤʽʥʦʶ ʧʦʢʘʟʥʠʢʽʚ ʢʽʣʴʢʦʩʪʽ ʪʘ ʷʢʦʩʪʽ 

ʢʣʝʡʢʦʚʠʥʠ, ʘ ʪʘʢʦʞ ʟʘ ʚʧʣʠʚʦʤ ʜʦʙʘʚʢʠ ʥʘ ʧʦʢʘʟʥʠʢ çʯʠʩʣʦ ʧʘʜʽʥʥʷè. ʗʢʽʩʪʴ ʢʣʝʡʢʦʚʠʥʠ 

ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʨʦʟʪʷʞʥʦʩʪʽ, ʧʨʫʞʥʦʩʪʽ ʥʘ ʧʨʠʣʘʜʽ ɯɼʂ-5ʄ, ʨʦʟʧʣʠʚʘʥʥʷ 

ʢʫʣʴʢʠ ʢʣʝʡʢʦʚʠʥʠ ʧʨʦʪʷʛʦʤ 180 ʭʚ ʪʘ ʛʽʜʨʘʪʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ 

ʤʝʪʦʜʠʢʘʤʠ [2]. ʇʦʢʘʟʥʠʢ çʯʠʩʣʦ ʧʘʜʽʥʥʷè ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʣʘʜʫ 

Falling Number [3].  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʰʨʦʪʫ ʧʣʦʜʽʚ ʰʠʧʰʠʥʠ ʥʘ ʚʤʽʩʪ ʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʢʣʝʡʢʦʚʠʥʠ ʙʦʨʦʰʥʘ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1 ʘ-ʚ. 

 
ʘ) 

 
ʙ) 

 
ʚ) 

ʈʠʩ. 1 ï ɺʧʣʠʚ ʰʨʦʪʫ ʧʣʦʜʽʚ ʰʠʧʰʠʥʠ ʥʘ ʚʤʽʩʪ ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʣʝʡʢʦʚʠʥʠ: ʘ ï ʚʠʭʽʜ 

ʩʠʨʦʾ ʢʣʝʡʢʦʚʠʥʠ, ʙ ï ʨʦʟʪʷʞʥʽʩʪʴ, ʚ ï ʧʨʫʞʥʽʩʪʴ ʥʘ ʧʨʠʣʘʜʽ ɯɼʂ. 

ʗʢ ʚʠʜʥʦ ʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʘʥʠʭ, ʚʥʝʩʝʥʥʷ ʜʦʩʣʽʜʥʦʾ ʜʦʙʘʚʢʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 
ʢʽʣʴʢʦʩʪʽ ʽ ʷʢʦʩʪʽ ʢʣʝʡʢʦʚʠʥʠ ʧʰʝʥʠʯʥʦʛʦ ʙʦʨʦʰʥʘ. ʊʘʢ, ʚʥʝʩʝʥʥʷ ʰʨʦʪʫ ʫ ʜʦʩʣʽʜʥʦʤʫ 
ʽʥʪʝʨʚʘʣʽ ʜʦʟʫʚʘʥʴ ʟʥʠʞʫʻ ʚʤʽʩʪ ʩʠʨʦʾ ʢʣʝʡʢʦʚʠʥʠ ʥʘ 7,7é30,4% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 
ʢʦʥʪʨʦʣʝʤ. ʅʘ ʟʤʝʥʰʝʥʥʷ ʚʠʭʦʜʫ ʢʣʝʡʢʦʚʠʥʠ ʤʦʞʝ ʤʘʪʠ ʚʧʣʠʚ ʟʥʘʯʥʠʡ ʚʤʽʩʪ 
ʚʠʩʦʢʦʛʽʜʨʦʬʽʣʴʥʠʭ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ ʚ ʰʨʦʪʽ, ʱʦ ʟʜʘʪʥʽ ʧʦʛʣʠʥʘʪʠ ʪʘ ʫʪʨʠʤʫʚʘʪʠ ʚʦʣʦʛʫ 
ʫ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʩʪʚʦʨʶʶʯʠ ʢʦʥʢʫʨʝʥʮʽʶ ʙʽʦʧʦʣʽʤʝʨʘʤ ʙʦʨʦʰʥʘ ʚ ʧʦʛʣʠʥʘʥʥʽ ʚʦʣʦʛʠ. 
ʊʘʢʦʞ ʚʦʥʠ ʟʜʘʪʥʽ ʫʪʚʦʨʶʚʘʪʠ ʙʽʣʦʢ-ʧʦʣʽʩʘʭʘʨʠʜʥʽ ʢʦʤʧʣʝʢʩʠ ʟ ʙʽʣʢʦʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 
ʙʦʨʦʰʥʘ ʷʢʽ ʥʝ ʫʪʚʦʨʶʚʘʪʠʤʫʪʴ ʢʣʝʡʢʦʚʠʥʫ, ʱʦ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʾʾ ʢʽʣʴʢʦʩʪʽ ʚ 
ʩʠʩʪʝʤʘʭ ʽʟ ʰʨʦʪʦʤ.  
ɺʠʩʦʢʠʡ ʚʤʽʩʪ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʙʫʜʝ ʤʘʪʠ 

ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʢʣʝʡʢʦʚʠʥʠ. ɺʽʜʦʤʦ, ʱʦ ʚʟʘʻʤʦʜʽʷ ʘʩʢʦʨʙʽʥʦʚʦʾ 
ʢʠʩʣʦʪʠ ʟ ʙʽʣʢʘʤʠ ʙʦʨʦʰʥʘ ʚʠʢʣʠʢʘʻ ʟʤʽʮʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʙʽʣʢʘ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ 
ʜʠʩʫʣʴʬʽʜʥʠʭ ʟʘʚôʷʟʢʽʚ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʢʠʩʥʦʾ ʽʥʘʢʪʠʚʘʮʽʾ ʧʨʦʪʝʾʥʘʟʠ ʪʘ ʾʾ 
ʘʢʪʠʚʘʪʦʨʽʚ [4]. ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚ ʩʢʣʘʜʽ ʰʨʦʪʫ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ ʪʘʢʦʞ ʤʦʞʝ ʤʘʪʠ 
ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʢʣʝʡʢʦʚʠʥʠ ʟʘ ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʜʽʾ ʾʭ ʟ ʙʽʣʢʘʤʠ ʙʦʨʦʰʥʘ ʪʘ 
ʫʪʚʦʨʝʥʥʷʤ ʥʝʨʦʟʯʠʥʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ [5], ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 
ʨʦʟʪʷʞʥʦʩʪʽ ʢʣʝʡʢʦʚʠʥʠ ʥʘ 9,5é61,9% ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʨʘʟʢʦʤ ʙʝʟ ʜʦʙʘʚʦʢ. ɺʥʝʩʝʥʥʷ 
ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʰʨʦʪʫ ʨʦʙʠʪʴ ʢʣʝʡʢʦʚʠʥʫ ʢʦʨʦʪʢʦʨʚʘʥʦʶ ʽ ʢʨʠʭʢʦʶ, ʱʦ ʤʦʞʝ 
ʪʘʢʦʞ ʩʣʫʛʫʚʘʪʠ ʧʨʠʯʠʥʦʶ ʟʤʝʥʰʝʥʥʷ ʾʾ ʚʠʭʦʜʫ.  
ɺʽʜʙʫʚʘʻʪʴʩʷ ʽ ʧʦʢʨʘʱʝʥʥʷ ʾʾ ʷʢʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʥʷ 

ʧʨʫʞʥʦʩʪʽ ʥʘ 13,1é20,2%. ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʴ ʧʦʤʽʯʝʥʦ, ʱʦ ʟʘʙʘʨʚʣʝʥʥʷ 
ʢʣʝʡʢʦʚʠʥʠ ʧʨʠ ʚʥʝʩʝʥʥʽ ʰʨʦʪʫ ʧʣʦʜʽʚ ʰʠʧʰʠʥʠ ʟʤʽʥʶʻʪʴʩʷ ʚ ʩʧʝʢʪʨʽ ʢʦʣʴʦʨʽʚ ʚʽʜ 
ʩʚʽʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʧʨʦ ʚʧʣʠʚ 
ʚʥʝʩʝʥʠʭ ʽʟ ʰʨʦʪʦʤ ʧʦʣʽʬʝʥʦʣʽʚ ʪʘ ʘʥʪʦʮʽʘʥʽʚ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʢʮʽʾ ʾʭ ʟ ʙʽʣʢʘʤʠ ʙʦʨʦʰʥʘ ʪʘ 
ʫʪʚʦʨʝʥʥʷ ʥʝʨʦʟʯʠʥʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʣʴʦʨʫ. 
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ɼʘʥʽ ʱʦʜʦ ʫʢʨʽʧʣʶʶʯʦʾ ʜʽʾ ʜʦʩʣʽʜʥʦʾ ʜʦʙʘʚʢʠ ʙʫʣʠ ʧʽʜʪʚʝʨʜʞʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ʨʦʟʧʣʠʚʘʥʥʷ ʢʫʣʴʢʠ ʢʣʝʡʢʦʚʠʥʠ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʩʚʽʜʯʘʪʴ, ʱʦ ʢʫʣʴʢʠ 

ʢʣʝʡʢʦʚʠʥʠ ʽʟ ʰʨʦʪʦʤ ʧʣʦʜʽʚ 

ʰʠʧʰʠʥʠ ʧʨʠ ʚʽʜʣʝʞʫʚʘʥʥʽ 

ʤʘʶʪʴ ʤʝʥʰʠʡ ʥʘ 

15,5é34,2% ʜʽʘʤʝʪʨ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʨʘʟʢʦʤ ʙʝʟ 

ʜʦʙʘʚʦʢ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʜʘʥʽ 

ʱʦʜʦ ʫʢʨʽʧʣʝʥʥʷ ʢʣʝʡʢʦʚʠʥʠ 

ʟʘ ʨʘʭʫʥʦʢ ʚʥʝʩʝʥʥʷ ʜʦʙʘʚʢʠ. 

ɺʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʦʨʷʜ ʽʟ 

ʙʽʣʢʘʤʠ ʙʦʨʦʰʥʘ ʤʘʻ 

ʢʨʦʭʤʘʣʴ, ʪʘʢ ʷʢ ʚʽʥ ʻ ʦʜʥʠʤ 

ʽʟ ʩʪʨʫʢʪʫʨʦʫʪʚʦʨʶʚʘʯʽʚ ʪʽʩʪʘ 

ʽ ʤʘʻ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʡʦʛʦ 

ʢʦʥʩʠʩʪʝʥʮʽʶ. ɺʠʟʥʘʯʠʪʠ 

ʚʧʣʠʚ ʰʨʦʪʫ ʥʘ ʢʨʦʭʤʘʣʴ ʙʦʨʦʰʥʘ ʤʦʞʣʠʚʦ ʟʘ ʧʦʢʘʟʥʠʢʦʤ çʯʠʩʣʘ ʧʘʜʽʥʥʷè. ʊʦʤʫ 

ʥʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ (ʨʠʩ. 3). 

 ɿʛʽʜʥʦ ʟ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ, ʐʇʐ ʤʘʻ 

ʨʫʡʥʽʚʥʫ ʜʽʶ ʥʘ ʢʨʦʭʤʘʣʴ ʧʰʝʥʠʯʥʦʛʦ 

ʙʦʨʦʰʥʘ. ʊʘʢ çʯʠʩʣʦ ʧʘʜʽʥʥʷè ʙʦʨʦʰʥʷʥʦʾ 

ʩʠʩʪʝʤʠ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ 9,3é13,0% ʟʘʣʝʞʥʦ 

ʚʽʜ ʜʦʟʫʚʘʥʥʷ ʰʨʦʪʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʩʠʩʪʝʤʦʶ ʙʝʟ ʜʦʙʘʚʦʢ. ʊʘʢʘ ʜʽʷ ʐʇʐ ʥʘ 

ʢʨʦʭʤʘʣʴ ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʘ ʷʢ ʜʝʱʦ 

ʚʠʱʦʶ ʘʤʽʣʦʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʜʦʙʘʚʢʠ 

(8,3 ʤʛ ʢʨʦʭʤʘʣʶ/ʛʦʜ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 7,4 ʤʛ 

ʢʨʦʭʤʘʣʶ/ʛʦʜ ʫ ʧʰʝʥʠʯʥʦʛʦ ʙʦʨʦʰʥʘ), ʪʘʢ ʽ 

ʟ ʚʠʩʦʢʦʶ ʢʠʩʣʦʪʥʽʩʪʶ (41,0 ʛʨʘʜ), ʱʦ 

ʩʧʨʠʯʠʥʷʻ ʨʦʟʧʘʜʫ ʢʨʦʭʤʘʣʴʥʠʭ ʟʝʨʝʥ ʧʽʜ 

ʜʽʻʶ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ [6]. ʊʘʢʘ ʜʽʷ ʜʦʙʘʚʢʠ 

ʤʦʞʝ ʩʧʨʠʷʪʠ ʧʝʚʥʦʤʫ ʨʦʟʨʽʜʞʝʥʥʶ ʪʽʩʪʘ ʟ 

ʥʝʶ, ʘʣʝ ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʟʥʘʯʥʠʡ 

ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʾʾ ʥʘ ʙʽʣʢʠ ʙʦʨʦʰʥʘ, ʷʢʽ, ʷʢ 

ʚʽʜʦʤʦ, ʻ ʦʩʪʦʚʦʶ ʫʪʚʦʨʝʥʥʷ ʪʽʩʪʘ ʟ ʧʰʝʥʠʯʥʦʛʦ  

 
ʈʠʩ. 3 ï çʏʠʩʣʦ ʧʘʜʽʥʥʷè ʟʨʘʟʢʘ ʧʰʝʥʠʯʥʦʛʦ 

ʙʦʨʦʰʥʘ 1 ʩʦʨʪʫ: 1 ï ʢʦʥʪʨʦʣʴ (ʙʝʟ 

ʜʦʙʘʚʦʢ); 2, 3, 4 ï ʟ ʜʦʜʘʚʘʥʥʷʤ ʐʇʐ ʚ 

ʢʽʣʴʢʦʩʪʽ 3, 5 ʪʘ 7% ʚʽʜʧʦʚʽʜʥʦ 

ʙʦʨʦʰʥʘ (ʪʘʙʣ. ʪʘ ʨʠʩ. 1), ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʜʽʷ ʰʨʦʪʫ ʥʘ ʢʨʦʭʤʘʣʴ ʥʝ ʙʫʜʝ ʤʘʪʠ 

ʟʥʘʯʥʦʛʦ ʝʬʝʢʪʫ ʥʘ ʷʢʽʩʪʴ ʪʽʩʪʘ ʪʘ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʩʫʜʠʪʠ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʨʦʪʫ ʧʣʦʜʽʚ ʰʠʧʰʠʥʠ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʭʣʽʙʘ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ ʧʰʝʥʠʯʥʝ ʙʦʨʦʰʥʦ, ʚ ʷʢʦʩʪʽ ʧʦʣʽʧʰʫʚʘʯʘ 

ʦʢʠʩʥʦʾ ʜʽʾ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʥʘʤʠ ʧʣʘʥʫʻʪʴʩʷ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʡʦʛʦ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʞʠʪʥʴʦʛʦ ʙʦʨʦʰʥʘ ʪʘ ʩʫʤʽʰʽ ʡʦʛʦ ʟ ʧʰʝʥʠʯʥʠʤ, ʚʠʚʯʠʪʠ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ ʪʘ 

ʙʽʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʪʽʩʪʽ ʧʽʜ ʯʘʩ ʜʦʟʨʽʚʘʥʥʷ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʨʦʪʫ 

ʧʣʦʜʽʚ ʰʠʧʰʠʥʠ. ɼʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʜʦʙʘʚʢʠ ʥʘ ʭʘʨʯʦʚʫ ʽ ʙʽʦʣʦʛʽʯʥʫ ʮʽʥʥʽʩʪʴ ʭʣʽʙʘ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʍɸʈʏʆɺʀʍ ɺɯɼʍʆɼɯɺ ʗʂ ɺʊʆʈʀʅʅʆɰ ʉʀʈʆɺʀʅʀ  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʨʦʙʣʝʤʘ ʭʘʨʯʦʚʠʭ ʚʽʜʭʦʜʽʚ ʚʩʝ ʯʘʩʪʽʰʝ ʟʚʫʯʠʪʴ ʩʝʨʝʜ ʩʧʝʮʽʘʣʽʩʪʽʚ ʚ 

ʦʙʣʘʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ɸʜʞʝ ʘʩʦʨʪʠʤʝʥʪ ʧʨʦʜʫʢʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 

ʢʦʞʥʠʤ ʩʝʟʦʥʦʤ, ʘ ʧʠʪʘʥʥʷ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʚʩʝ ʱʝ ʩʪʦʾʪʴ ʥʘ ʤʽʩʮʽ. ʇʠʪʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʭʘʨʯʦʚʠʭ ʚʽʜʭʦʜʽʚ ʷʢ ʤʦʞʣʠʚʦʾ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ 

ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʯʘʩ. ʆʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʚʩʽʭ ʧʽʜʧʨʠʻʤʩʪʚ ʻ ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʭʘʨʯʦʚʠʭ ʚʽʜʭʦʜʽʚ ʚ ʧʨʦʮʝʩʽ ʚʩʴʦʛʦ ʭʘʨʯʦʚʦʛʦ ʣʘʥʮʶʛʘ ʜʦ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʭʘʨʯʦʚʠʭ ʚʽʜʭʦʜʽʚ ʷʢ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʥʝ ʜʫʞʝ ʧʦʧʫʣʷʨʥʝ ʩʝʨʝʜ 

ʫʢʨʘʾʥʩʴʢʠʭ ʧʽʜʧʨʠʻʤʮʽʚ. ɯ ʮʝ ʟʤʫʰʫʻ ʥʘʩ ʟʘʤʠʩʣʠʪʠʩʴ: ʯʦʤʫ? ɸʜʞʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʟʜʘʪʥʝ ʚʠʨʽʰʠʪʠ ʜʝʢʽʣʴʢʘ ʛʦʩʪʨʠʭ ʧʠʪʘʥʴ. ʇʦ-ʧʝʨʰʝ, ʩʢʦʨʦʪʠʪʴ 

ʥʘʢʦʧʠʯʝʥʥʷ ʭʘʨʯʦʚʠʭ ʚʽʜʭʦʜʽʚ ʥʘ ʟʦʚʥʽʰʥʽʡ ʪʝʨʠʪʦʨʽʾ; ʧʦ-ʜʨʫʛʝ, ʥʘ ʧʝʨʝʨʦʙʮʽ ʚʽʜʭʦʜʽʚ 

ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʧʨʠʙʫʪʢʦʚʠʡ ʥʘʧʨʷʤ ʜʽʷʣʴʥʦʩʪʽ. ɸʣʝ ʧʦʢʠ 

ʧʽʜʧʨʠʻʤʮʽ ʚʚʘʞʘʶʪʴ, ʱʦ ʢʨʘʱʝ ʚʽʜʧʨʘʚʣʷʪʠ ʚʽʜʭʦʜʠ ʥʘ ʥʝʟʘʢʦʥʥʝ ʟʥʠʱʝʥʥʷ [1]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ çʟʘʣʠʰʢʠ ʽ ʚʽʜʭʦʜʠè ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ: 

ï ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʨʤʽʚ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʚʘʨʠʥ; 

ï ʫʜʦʙʨʝʥʥʷ ʧʦʣʽʚ;  

ï ʧʦʚʪʦʨʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ;  

ï ʩʣʫʛʫʶʪʴ ʩʠʨʦʚʠʥʦʶ ʚ ʭʽʤʽʾ ʪʘ ʬʘʨʤʘʮʝʚʪʠʮʽ [2]. 

ʊʘʢ, ʤʘʢʫʭʘ ʚʽʜ ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ, ʚʠʩʽʚʢʠ ʽ ʙʫʨʷʢʦʚʠʡ ʞʦʤ ʻ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʙʽʢʦʨʤʽʚ. ʊʘʢʦʞ ʨʽʟʥʽ ʚʠʜʠ ʤʘʢʫʭʠ ʻ ʩʠʨʦʚʠʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʣʽʢʽʚ, ʱʦ ʧʦʢʨʘʱʫʶʪʴ ʨʦʙʦʪʫ ʧʝʯʽʥʢʠ ʪʘ ʤʦʟʢʫ. 

ɺʽʜʭʦʜʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʮʫʢʨʫ, ʥʘʧʨʠʢʣʘʜ ʞʦʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ 

ʧʨʝʩʫʚʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʚʽʜʞʠʤʘʶʪʴ, ʽ ʫ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʢʦʨʤʽʚ ʜʣʷ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ, ʽ ʱʦ ʮʽʢʘʚʦ, ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʙʽʦʨʝʘʢʪʦʨʽ.   

ʇʠʚʥʘ ʜʨʦʙʠʥʘ ʻ ʚʽʜʭʦʜʦʤ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʧʠʚʘ. ɿʘʚʜʷʢʠ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʤ 

ʧʝʨʝʨʦʙʢʠ ʟ ʜʨʦʙʠʥʠ ʦʪʨʠʤʫʶʪʴ ʧʦʚʥʦʮʽʥʥʠʡ ʧʨʦʜʫʢʪ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ 

ʪʚʘʨʠʥʥʠʮʪʚʽ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʧʽʜʛʦʜʽʚʣʽ ʨʠʙ ʘʙʦ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ. 

ʑʝ ʦʜʥʠʤ ʚʽʜʭʦʜʦʤ ʧʠʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ ʜʨʽʞʜʞʽ. ɼʘʥʠʡ ʝʣʝʤʝʥʪ ʻ ʚʘʞʣʠʚʠʤ ʫ 

ʬʘʨʤʘʮʝʚʪʠʯʥʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [3]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʭʘʨʯʦʚʠʭ ʚʽʜʭʦʜʽʚ ʷʢ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʻ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʪʘ, ʱʦ 

ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʦ, ʚʠʛʽʜʥʠʤ ʩʧʦʩʦʙʦʤ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʣʠʰʢʽʚ, ʱʦ ʧʨʠʩʫʪʥʽ ʥʘ ʚʩʽʭ 

ʚʠʨʦʙʥʠʮʪʚʘʭ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 
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ɿɸʇʆɹɯɾʅɯ ɿɸʍʆɼʀ ɺɯɼ ʉɸɹʆʊɸɾʋ ʅɸ ʍɸʈʏʆɺʀʍ ʇɯɼʇʈʀɭʄʉʊɺɸʍ 

ʇʠʪʘʥʥʷ ʢʦʥʢʫʨʝʥʮʽʾ ʤʽʞ ʚʠʨʦʙʥʠʢʘʤʠ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʩʴʦʛʦʜʥʽ ʧʦʩʪʘʻ ʜʦʩʠʪʴ 

ʛʦʩʪʨʦ ʽ ʥʝʨʽʜʢʦ ʧʝʨʝʭʦʜʠʪʴ ʟ ʜʦʙʨʦʯʝʩʥʦʾ ʚ ʥʝ ʜʦʙʨʦʯʝʩʥʫ, ʱʦ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʘʭʦʜʽʚ ʟʘʭʠʩʪʫ, ʷʢʽ ʜʦʟʚʦʣʷʪʴ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʦʮʽʥʠʪʠ ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʧʦʜʽʾ ʩʘʙʦʪʘʞʫ 

ʚ ʫʤʦʚʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ɺʠʩʦʢʘ ʢʦʥʢʫʨʝʥʮʽʷ ʥʘ ʨʠʥʢʫ ʩʧʨʠʯʠʥʶʻ ʩʠʪʫʘʮʽʾ ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʥʝ ʜʦʙʨʦʯʝʩʥʠʤʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, ʷʢʽ ʥʘʮʽʣʝʥʽ ʥʘ ʦʪʨʠʤʘʥʥʷ ʜʦʭʦʜʫ ʙʫʜʴ ʷʢʠʤ ʯʠʥʦʤ, ʟʘʭʦʜʽʚ ʩʘʙʦʪʘʞʫ ʯʠ 

ʪʝʨʦʨʠʟʤʫ ʘʥʘʣʦʛʽʯʥʠʤ ʚʠʨʦʙʥʠʢʽʚ. ɼʣʷ ʭʘʨʯʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ 

ʚʘʨʽʘʥʪʘʤʠ ʪʘʢʠʭ ʟʘʭʦʜʽʚ, ʮʝ: ʥʘʧʨʘʚʣʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʦ-ʢʦʥʢʫʨʝʥʪʘ ʬʝʡʢʦʚʦʛʦ 

ʧʨʘʮʽʚʥʠʢʘ ʟ ʫʤʠʩʣʦʤ ʨʝʘʣʽʟʘʮʽʾ ʩʘʙʦʪʘʞʫ ʰʣʷʭʦʤ ʧʩʫʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʟʙʦʶ ʨʦʙʦʪʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʣʽʥʽʾ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʤʦʞʣʠʚʠʭ ʟʘʭʦʜʽʚ ʩʘʙʦʪʘʞʫ ʥʘ ʩʚʽʪʦʚʦʤʫ ʨʽʚʥʽ ʨʦʟʨʦʙʣʝʥʠʡ 

ʜʦʢʫʤʝʥʪ PAS 96:2017 çGuide to protecting and defending food and drink from deliberate 

attackè (ʢʝʨʽʚʥʠʮʪʚʦ ʽʟ ʟʘʭʠʩʪʫ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʥʘʧʦʾʚ ʚʽʜ ʥʘʚʤʠʩʥʦʛʦ ʥʘʧʘʜʫ). 

ʍʘʨʯʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʚʠʥʥʽ ʚʠʷʚʣʷʪʠ, ʘʥʘʣʽʟʫʚʘʪʠ ʪʘ ʟʥʠʞʫʚʘʪʠ ʚʘʞʢʽʩʪʴ ʚʧʣʠʚʫ ʟʘʛʨʦʟ 

ʥʘ ̫ʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʩ̔ʪɹ ʧʨʦʜʫʢʮʽʾ. 

ɸʥʘʣʽʟ ʧʦʚʠʥʝʥ ʚʢʣʶʯʘʪʠ ʚʝʩʴ ʭʘʨʯʦʚʠʡ ʣʘʥʮʶʛ: ʚʽʜ ʦʪʨʠʤʘʥʥʷ ʩʠʨʦʚʠʥʠ ʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʚ ʪʦʨʛʽʚʝʣʴʥʠʭ ʤʝʨʝʞʘʭ. ɿʘ ʜʘʥʠʤ ʧʦʨʷʜʢʦʤ ʥʝʦʙʭʽʜʥʦ ʤʠʩʣʠʪʠ ʷʢ 

ʟʣʦʯʠʥʝʮʴ, ʱʦʙ ʡʦʛʦ ʧʝʨʝʤʦʛʪʠ, ʪʽʣʴʢʠ ʪʘʢ ʨʦʙʦʯʘ ʛʨʫʧʘ ʟʤʦʞʝ ʧʝʨʝʜʙʘʯʠʪʠ, ʷʢ ʽ ʜʝ 

ʥʘʩʪʫʧʥʠʡ ʢʨʦʢ ʢʦʥʢʫʨʝʥʪʽʚ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʽ ʚʞʠʚʘʪʠ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘʢʠʭ 

ʧʦʜʽʡ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʽʡ ʩʘʙʦʪʘʞʫ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʝʪʘʧʘʭ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʱʦ ʻ ʦʩʦʙʣʠʚʦ ʚʨʘʟʣʠʚʠʤʠ. ʅʘʧʨʠʢʣʘʜ ʤʽʩʮʷ, ʜʝ ʻ ʚʽʜʢʨʠʪʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʨʦʮʝʩʠ ʽ ʤʦʞʝ ʚʽʜʙʫʪʠʩʴ ʟʘʢʣʘʜʢʘ ʩʘʙʦʪʘʞʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʛʨʠʟʫʥʽʚ ʚ ʪʽʩʪʦ, ʮʚʷʭʽʚ ʪʘ ʛʘʡʦʢ 

ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʫʤʽʰʝʡ ʧʝʨʝʜ ʾʭ ʬʘʩʫʚʘʥʥʷʤ). 

ʂʦʦʨʜʠʥʫʶʯʠʩʴ ʜʘʥʦʶ ʤʝʪʦʜʦʣʦʛʽʻʶ, ʷʢ ʯʘʩʪʠʥʦʶ ʙʽʣʴʰ ʰʠʨʦʢʠʭ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʨʠʟʠʢʘʤʠ, ʚʠʨʦʙʥʠʢ ʧʦʚʠʥʝʥ ʦʮʽʥʠʪʠ ʨʠʟʠʢʠ ʟʘ ʧʨʠʥʮʠʧʘʤʠ ʅɸʉʉʈ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʧʦʪʝʥʮʽʡʥʠʤʠ ʨʠʟʠʢʘʤʠ ʩʘʙʦʪʘʞʫ, ʚʘʥʜʘʣʽʟʤʫ ʘʙʦ ʪʝʨʦʨʠʟʤʫ ʽ ʥʘʤʽʪʠʪʠ ʧʨʦʧʦʨʮʽʡʥʽ 

ʟʘʭʠʩʥʽ ʟʘʭʦʜʠ ʪʘ ʤʘʪʠ ʥʘ ʤʝʪʽ: 

- ʟʤʝʥʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ (ʚʠʧʘʜʢʦʚʽʩʪʴ) ʥʘʚʤʠʩʥʦʛʦ ʥʘʧʘʜʫ; 

- ʟʤʝʥʰʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʥʘʧʘʜʫ; 

- ʟʘʭʠʩʪʠʪʠ ʨʝʧʫʪʘʮʽʶ ʦʨʛʘʥʽʟʘʮʽʾ; 

- ʟʘʧʝʚʥʠʪʠ ʢʣʽʻʥʪʽʚ, ʧʨʝʩʫ ʪʘ ʛʨʦʤʘʜʩʴʢʽʩʪʴ, ʱʦ ʽʩʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʢʨʦʢʠ ʜʣʷ ʟʘʭʠʩʪʫ 

ʧʨʦʜʫʢʮʽʾ; 

- ʚʠʷʚʣʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʛʨʦʟ ʜʣʷ ʙʽʟʥʝʩʫ ʢʦʤʧʘʥʽʾ; 

- ʦʮʽʥʢʘ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʧʘʜʫ, ʨʦʟʛʣʷʜʘʶʯʠ ʤʦʪʠʚʘʮʽʶ ʤʘʡʙʫʪʥʴʦʛʦ ʥʘʧʘʜʥʠʢʘ, 

ʚʨʘʟʣʠʚʽʩʪʴ ʧʨʦʮʝʩʫ, ʤʦʞʣʠʚʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ, ʷʢʫ ʚʦʥʠ ʤʘʶʪʴ, ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʥʘʧʘʜʫ; 

- ʦʮʽʥʢʘ ʧʦʪʝʥʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʰʣʷʭʦʤ ʨʦʟʛʣʷʜʫ ʥʘʩʣʽʜʢʽʚ ʫʩʧʽʰʥʦʾ ʘʪʘʢʠ; 
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- ʚʠʟʥʘʯʘʪʠ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʟʘʛʨʦʟ, ʧʘʤôʷʪʘʶʯʠ, ʱʦ ʧʨʽʦʨʠʪʝʪ ʩʣʽʜ ʚʽʜʜʘʚʘʪʠ ʨʽʟʥʠʤ 

ʟʘʛʨʦʟʘʤ, ʧʦʨʽʚʥʶʶʯʠ ʾʭ ʚʽʨʦʛʽʜʥʽʩʪʴ ʪʘ ʚʧʣʠʚ; 

- ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʨʦʧʦʨʮʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʧʝʨʝʰʢʦʜʞʘʪʠ ʟʣʦʚʤʠʩʥʠʢʫ ʪʘ ʜʘʪʠ ʨʘʥʥʻ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ ʥʘʧʘʜ;  

- ʧʽʜʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʘ ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʛʣʷʥʫʪʠ 

ʧʨʽʦʨʠʪʝʪʠ. 

ɸʥʘʣʽʟ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʥʘʧʘʜʽʚ ʪʘ ʚʞʠʪʪʷ ʟʘʭʦʜʽʚ ʜʣʷ ʾʭ ʫʥʠʢʥʝʥʥʷ ʻ 

ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʭʘʨʯʦʚʦʾ ʛʘʣʫʟʽ, ʩʘʤʝ ʪʦʤʫ ʥʝʦʙʭʽʜʥʠʡ  ʜʝʪʘʣʴʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʚʩʽʭ ʚʨʘʟʣʠʚʠʭ ʝʪʘʧʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʘʭʦʜʽʚ, ʱʦ  

ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʧʦʜʽʾ ʩʘʙʦʪʘʞʫ ʯʠ ʪʝʨʦʨʠʟʤʫ. 

 

ʋɼʂ 664.955.2 

ʇʝʪʨʫʰʘ ʆ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɻʨʠʙʦʚʠʯ ʖ.ʉ., ʩʪʫʜʝʥʪʢʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, petrushaoo@ukr.net 

ɼʆʎɯʃʔʅɯʉʊʔ ʇɽʈɽɺɯʈʂʀ ɯʂʈʀ ʃʆʉʆʉɽɺʆɰ ʅɸ ʌɸʃʔʉʀʌɯʂɸʎɯʖ 

ɿʫʩʪʨʽʪʠ ʬʘʣʴʩʠʬʽʢʘʪ ʽʢʨʠ ʣʦʩʦʩʝʚʦʾ ʥʘ ʧʦʣʠʮʽ ʩʫʧʝʨʤʘʨʢʝʪʫ ʜʫʞʝ ʧʨʦʩʪʦ, ʦʩʢʽʣʴʢʠ 

ʽʢʨʘ ʜʦʩʠʪʴ ʜʦʨʦʛʠʡ ʧʨʦʜʫʢʪ, ʷʢʠʡ ʥʝ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠʩʷ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʪʦʤʫ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ 

ʟʙʠʪʢʫ, ʧʽʜʧʨʠʻʤʮʽ ʧʦʜʦʚʞʫʶʩʴ ʪʝʨʤʽʥʠ ʟʙʝʨʽʛʘʥʥʷ ʽʢʨʠ ʭʽʤʽʯʥʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʪʘ ʙʝʟʧʝʯʥʽʩʪʴ ʧʨʦʜʫʢʪʫ [1]. 

ʋ ʷʢʦʩʪʽ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʣʦʩʦʩʝʚʫ ʽʢʨʫ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʮʽʥʘ 

ʷʢʠʭ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʣʘʩʴ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʩʪʘʥʜʘʨʪʥʽ ʤʝʪʦʜʠʢʠ. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʤʝʪʦʜʠ: ʚʠʟʥʘʯʝʥʥʷ 

ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʩʦʣʽ, ʨʦʟʯʠʥʥʽʩʪʴ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 2 ʨʽʟʥʽ ʚʠʨʦʙʥʠʢʘ ʽʢʨʠ ʣʦʩʦʩʝʚʦʾ: ʊʆɺ çɼʘʣʴʨʠʙʘè (ˉ 1 ʪʘ ˉ 3) ʪʘ ʊʆɺ 

çʈʠʙʢʦʧʧʨʦʜʫʢʪè (ˉ 2). ɺʘʨʪʽʩʪʴ ʟʨʘʟʢʽʚ ʢʦʣʠʚʘʣʘʩʴ ʚʽʜ 100 ʜʦ 350 ʛʨʠʚʝʥʴ. ʅʘʡʜʦʨʦʞʯʠʡ 

ʟʨʘʟʦʢ ˉ 3, ʩʝʨʝʜʥʷ ʮʽʥʘ ʫ ʟʨʘʟʢʘ ˉ 2 ʪʘ ʥʘʡʜʝʰʝʚʰʠʡ ʟʨʘʟʦʢ ˉ 1. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʚʘ ʝʪʘʧʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽʢʨʠ ʣʦʩʦʩʝʚʦʾ ʥʘ ʬʘʣʴʩʠʬʽʢʘʪ: ʦʨʛʘʥʦʣʝʧʪʠʯʥʝ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʝ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʟʨʘʟʦʢ ˉ 1 

ʦʪʨʠʤʘʚ ʩʝʨʝʜʥʶ ʦʮʽʥʢʫ 4 ʙʘʣʠ ʟ 10 ʙʘʣʽʚ, ˉ 2 ʦʪʨʠʤʘʚ ʦʮʽʥʢʫ 6,8, ʘ ʟʨʘʟʦʢ ˉ 3 ʦʪʨʠʤʘʚ 

8,5. ʆʩʥʦʚʥʠʤ ʟʘʫʚʘʞʝʥʥʷʤ ʙʫʚ ʟʘʥʘʜʪʦ ʩʦʣʦʥʠʡ ʩʤʘʢ ʫ ʚʩʽʭ ʪʨʴʦʭ ʟʨʘʟʢʘʭ, ʘʣʝ ʟʦʚʥʽʰʥʽʡ 

ʚʠʛʣʷʜ  ̄2 ʪʘ  ̄3 ʟʨʘʟʢʽʚ ʙʫʣʠ ʥʘʙʘʛʘʪʦ ʢʨʘʱʠʤʠ, ʢʽʣʴʢʽʩʪʴ ʽʢʨʠʥʦʢ-ʣʦʧʘʥʮʽʚ ʤʝʥʰʘ, 

ʢʦʥʩʠʩʪʝʥʮʽʷ ʥʝ ʨʽʜʢʘ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʦʣʽʾ ʚ ʽʢʨʽ [2]. ʋ ʟʨʘʟʢʘ ˉ 3 

ʽʢʨʠʥʢʠ ʧʨʫʞʥʽ ʪʘ ʧʨʠ ʩʪʠʩʢʘʥʥʽ ʣʦʧʘʶʪʴʩʷ, ʫ ʟʨʘʟʢʽʚ ˉ 1 ʪʘ ˉ 2 ʽʢʨʠʥʢʠ ʚôʷʣʽ.  

ʉʝʨʝʜ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʫʣʦ ʦʙʨʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʨʦʟʯʠʥʝʥʥʷ. ʊʘʢʠʡ 

ʜʦʩʣʽʜ ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ʪʦʛʦ, ʱʦ ʧʝʨʝʚʽʨʠʪʠ ʥʘʷʚʥʽʩʪʴ ʞʝʣʘʪʠʥʦʚʠʭ ʽʢʨʠʥʦʢ, ʟ ʷʢʠʭ 

ʛʦʪʫʻʪʴʩʷ ʙʽʣʢʦʚʘ ʽʢʨʘ (ʽʤʽʪʘʮʽʷ ʯʝʨʚʦʥʦʾ ʣʦʩʦʩʝʚʦʾ). ɺʩʽ ʪʨʠ ʟʨʘʟʢʘ ʥʝ ʨʦʟʯʠʥʠʣʠʩʴ ʫ 

ʧʽʜʽʛʨʽʪʽʡ ʚʦʜʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʽʢʨʘ ʩʧʨʘʚʞʥʷ, ʘ ʥʝ ʽʤʽʪʦʚʘʥʘ. 

ɼʨʫʛʠʡ ʜʦʩʣʽʜ ʙʫʚ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʢʫʭʦʥʥʦʾ ʩʦʣʽ ʚ 

ʣʦʩʦʩʝʚʽʡ ʽʢʨʽ. ʎʝʡ ʧʦʢʘʟʥʠʢ ʥʦʨʤʫʻʪʴʩʷ ʟʘ ɼʉʊʋ 7442:2004 ʽ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 4,0 ʜʦ 6,0 % 

ʜʣʷ ɯ ʩʦʨʪʫ ʪʘ ʚʽʜ 4,0 ʜʦ 7,0 % ʜʣʷ ʜʨʫʛʦʛʦ ʩʦʨʪʫ ʣʦʩʦʩʝʚʦʾ ʽʢʨʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʢʨʘ ʟʨʘʟʢʘ ˉ 1 ʤʽʩʪʠʪʴ 5,7% ʩʦʣʽ, ʱʦ ʻ ʤʘʡʞʝ ʚʝʨʭʥʴʦʶ 

ʤʝʞʝʶ, ʘʣʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʥʦʨʤʠ. ɿʨʘʟʦʢ ˉ 2 ʤʽʩʪʠʪʴ 2% ʩʦʣʽ, ʱʦ ʥʝ ʻ ʥʦʨʤʦʶ, ʪʘ 

ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʪʝ, ʱʦ ʜʘʥʘ ʽʢʨʘ ʥʝ ʟʙʝʨʝʞʝ ʩʚʦʶ ʷʢʽʩʪʴ ʜʦ ʢʽʥʮʷ ʩʪʨʦʢʫ ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʙʫʜʝ ʥʝʙʝʟʧʝʯʥʦʶ ʜʣʷ ʚʞʠʚʘʥʥʷ [3]. ɿʨʘʟʦʢ ˉ3 ʤʽʩʪʠʪʴ 4,8% ʩʦʣʽ, ʱʦ ʻ ʥʦʨʤʦʶ. ɺʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʩʦʣʽ ʚ ʩʢʣʘʜʽ ʣʦʩʦʩʝʚʦʾ ʽʢʨʠ ʰʢʽʜʣʠʚʝ ʪʠʤ, ʱʦ ʚʝʣʠʢʘ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʦʨʛʘʥʽʟʤʽ 

ʣʶʜʠʥʠ ʧʨʦʚʦʢʫʻ ʧʦʨʫʰʝʥʥʷ ʥʠʨʦʢ ʪʘ ʧʨʦʮʝʩ ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʷʚʥʦʛʦ ʬʘʣʴʩʠʬʽʢʘʪʫ ʥʝ 

ʚʠʷʚʠʣʠ, ʙʫʣʠ ʩʤʘʢʦʚʽ ʨʦʟʙʽʞʥʦʩʪʽ; ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 
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ʚʠʷʚʠʣʦʩʴ, ʱʦ ʥʝ ʚʩʽ ʟʨʘʟʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʽ ʢʽʣʴʢʦʩʪʽ ʢʫʭʦʥʥʦʾ ʩʦʣʽ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ 

ʧʨʦ ʥʝ ʷʢʽʩʥʦ ʧʨʦʚʝʜʝʥʝ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʘʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
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ɺʀɹɯʈ ɯʅɻʈɽɼɯɭʅʊɯɺ ɼʃʗ ʇʈʀɻʆʊʋɺɸʅʅʗ ʇɯʉʆʏʅʆɻʆ ʅɸʇɯɺʌɸɹʈʀʂɸʊʋ 

ʅɸ ʆʉʅʆɺɯ ʈʆʉʃʀʅʅʆɰ ʉʀʈʆɺʀʅʀ 

ʆʜʥʽʻʶ ʟ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢʘ ʪʽʩʥʦ 

ʧʦʚôʷʟʘʥʘ ʟ ʪʫʨʙʦʪʦʶ ʩʧʦʞʠʚʘʯʽʚ ʧʨʦ ʚʣʘʩʥʝ ʟʜʦʨʦʚôʷ, ʻ ʨʦʟʨʦʙʢʘ ʨʝʮʝʧʪʫʨ ʢʦʥʜʠʪʝʨʩʴʢʠʭ 

ʚʠʨʦʙʽʚ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʧʨʦʜʫʢʪʽʚ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʛʽʜʨʦʛʝʥʽʟʦʚʘʥʠʭ ʞʠʨʽʚ [1, 2]. 

ʂʦʥʜʠʪʝʨʩʴʢʽ ʧʨʦʜʫʢʪʠ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʪʚʘʨʠʥʥʠʭ ʥʘʩʠʯʝʥʠʭ ʘʙʦ 

ʛʽʜʨʦʛʝʥʽʟʦʚʘʥʠʭ ʞʠʨʽʚ, ʷʻʮʴ ʽ ʪ.ʜ. ʻ ʧʦʧʫʣʷʨʥʠʤʠ ʥʝ ʪʽʣʴʢʠ ʩʝʨʝʜ ʚʝʛʘʥʽʚ, ʘʣʝ ʡ ʩʝʨʝʜ 

ʩʧʦʞʠʚʘʯʽʚ, ʱʦ ʤʘʶʪʴ ʧʨʦʙʣʝʤʠ ʟ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʶ, ʩʠʩʪʝʤʦʶ, ʥʘʜʤʽʨʥʦʶ ʚʘʛʦʶ ʪʘ ʽʥ. 

ɼʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʨʝʮʝʧʪʫʨʠ ʧʽʩʦʯʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʟ ʚʠʣʫʯʝʥʥʷʤ 

ʧʨʦʜʫʢʪʽʚ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʞʠʨʽʚ. ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʩʢʘʟʘʥʝ, 

ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʦʙʦʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʝʧʽʮʝʥʪʨʽ ʨʽʰʝʥʴ ʧʨʦʙʣʝʤ 

ʩʴʦʛʦʜʝʥʥʷ, ʧʦʚôʷʟʘʥʠʭ ʟʽ ʟʜʦʨʦʚʠʤ ʭʘʨʯʫʚʘʥʥʷʤ. 

ɼʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʱʦʜʦ ʨʦʟʨʦʙʢʠ ʨʝʮʝʧʪʫʨʠ ʧʽʩʦʯʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ [3] 

ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʫ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʧʣʠʚʫ ʥʦʚʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʪʘʢʠʭ ʷʢ 

ʩʦʥʷʰʥʠʢʦʚʦʾ ʦʣʽʾ (ʟʘʤʽʩʪʴ ʛʽʜʨʦʛʝʥʽʟʦʚʘʥʦʛʦ/ʧʝʨʝʝʩʪʝʨʠʬʽʢʦʚʘʥʦʛʦ ʞʠʨʫ), ʩʦʻʚʦʛʦ 

ʤʦʣʦʢʘ (ʟʘʤʽʩʪʴ ʤʝʣʘʥʞʫ) ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʩʪʘ ʪʘ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʙʥʠʭ ʚʠʧʽʯʦʢ ʚʩʪʘʥʦʚʣʝʥʦ ʪʘʢʦʞ ʚʧʣʠʚ ʩʫʭʦʛʦ (ʟʨʘʟʢʠ 1 ï

 3) ʪʘ ʨʽʜʢʦʛʦ ʩʦʻʚʦʛʦ ʤʦʣʦʢʘ (ʟʨʘʟʢʠ 4 ï 6) ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʽʩʪʘ ʪʘ ʷʢʽʩʪʴ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. 

ʉʦʻʚʝ ʤʦʣʦʢʦ ʜʦʜʘʚʘʣʦʩʴ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʤʫʣʴʛʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʾ ʦʣʽʾ. ʊʘʢ, ʩʫʭʝ ʩʦʻʚʝ 

ʤʦʣʦʢʦ ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ ʝʤʫʣʴʛʫʚʘʥʥʶ ʪʽʩʪʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʽʜʢʠʤ ʩʦʻʚʠʤ ʤʦʣʦʢʦʤ 

(ʨʠʩʫʥʦʢ 1, 2). ʂʨʽʤ ʪʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʜʢʦʛʦ ʩʦʻʚʦʛʦ ʤʦʣʦʢʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʜʤʽʨʥʦʾ ʪʚʝʨʜʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʥʘ ʜʨʫʛʫ ʜʦʙʫ ʟʙʝʨʽʛʘʥʥʷ, ʪʦʤʫ 

ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʟʨʘʟʢʽʚ ʽʟ ʩʫʭʠʤ 

ʩʦʻʚʠʤ ʤʦʣʦʢʦʤ ʫ ʩʢʣʘʜʽ. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʚ ʚʠʙʨʘʥʠʡ ʣʫʞʥʠʡ ʨʦʟʧʫʰʫʚʘʯ ʘʤʦʥʽʡ ((NH4)2CO3) ʪʘ ʣʫʞʥʦ-

ʢʠʩʣʦʪʥʽ ʨʦʟʧʫʰʫʚʘʯʽ ʧʦʜʚʽʡʥʦʾ ʜʽʾ: ʩʫʤʽʰ ʙʽʢʘʨʙʦʥʘʪʫ ʪʘ ʧʽʨʦʬʦʩʬʘʪʫ ʥʘʪʨʽʶ (NaHCO3 ʽ 

Na2H2P2O7) ʽ ʩʫʤʽʰ ʙʽʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʟ ʙʽʪʘʨʪʨʘʪʦʤ ʢʘʣʽʶ(NaHCO3 ʽ ʂ2C4H4O6). 

ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʨʦʟʧʫʰʫʚʘʯʘ ʥʘ 

ʝʣʘʩʪʠʯʥʽʩʪʴ ʪʽʩʪʘ, ʣʫʞʥʽʩʪʴ, ʚʦʣʦʛʽʩʪʴ ʪʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ [4]. 

ʊʘʢ, ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʤʦʥʽʶ ʚ ʟʨʘʟʢʫ 1, 4 ʪʽʩʪʦ ʚʠʭʦʜʠʣʦ ʥʝʝʣʘʩʪʠʯʥʝ, ʚʘʞʢʦ 

ʨʦʟʢʘʯʫʚʘʣʦʩʴ, ʚʽʜʜʽʣʷʚʩʷ ʞʠʨ (ʨʠʩ. 1, 2); ʧʽʩʣʷ ʚʠʧʽʢʘʥʥʷ ʧʦʚʝʨʭʥʷ ʚʠʭʦʜʠʣʘ ʙʫʛʨʠʩʪʦʶ, 

ʚʠʨʽʙ ʙʫʚ ʜʫʞʝ ʢʨʠʭʢʠʡ, ʚʘʞʢʦ ʚʠʡʤʘʚʩʴ ʽʟ ʬʦʨʤʠ, ʪʚʝʨʜʠʡ, ʟ ʥʝʟʥʘʯʥʠʤ ʧʦʙʽʯʥʠʤ 

ʧʨʠʩʤʘʢʦʤ (ʨʠʩʫʥʦʢ 3), ʘ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʯʠʥʢʠ ʟ ʚʘʨʝʥʥʷ ʚʽʜʯʫʚʘʚʩʴ ʟʘʧʘʭʫ 

ʘʤʽʘʢʫ ʫ ʥʘʯʠʥʮʽ. 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2019è 
 

58 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʤʽʰʽ ʙʽʢʘʨʙʦʥʘʪʫ ʽ ʧʽʨʦʬʦʩʬʦʪʫ ʥʘʪʨʽʶ ʚ ʟʨʘʟʢʫ 2, 5 

(ʨʠʩ. 1, 2) ʦʜʝʨʞʘʣʠ ʪʽʩʪʦ, ʱʦ ʤʘʻ ʥʝʥʘʙʘʛʘʪʦ ʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʟʨʘʟʢʘʤʠ 1, 4.  

ʅʘʡʢʨʘʱʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʽʩʪʘ ʫ ʟʨʘʟʢʘʭ 3, 6, ʚ ʷʢʠʭ, ʫ ʷʢʦʩʪʽ ʨʦʟʧʫʰʫʚʘʯʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʩʫʤʽʰ ʙʽʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʽ ʙʽʪʘʪʨʪʨʘʪʫ ʢʘʣʽʶ: ʪʽʩʪʦ ʚʠʡʰʣʦ 

ʝʣʘʩʪʠʯʥʠʤ, ʣʝʛʢʦ ʧʽʜʜʘʚʘʣʦʩʴ ʨʦʟʢʘʯʫʚʘʥʥʶ, ʞʠʨ ʥʝ ʚʽʜʜʽʣʷʚʩʷ. ʆʯʝʚʠʜʥʠʡ ʚʧʣʠʚ ʚ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʝʤʫʣʴʛʫʶʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʨʝʤʦʨʫ ʪʘʨʪʘʨʦ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʩʪʘ. 

ɹʫʣʠ ʚʠʟʥʘʯʝʥʽ ʪʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʷʢ ʚʦʣʦʛʽʩʪʴ ʪʘ ʣʫʞʥʽʩʪʴ [4]. ɿʚʝʜʝʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. ɺʦʣʦʛʽʩʪʴ ʪʽʩʪʘ ʟʨʘʟʢʽʚ 1 ʽ 3 ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʘʢʦʚʘ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʟʨʘʟʦʢ 2 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʚʦʣʦʛʽʩʪʶ ʟʘ ʨʘʭʫʥʦʢ 

ʚʦʣʦʛʦʫʪʨʠʤʫʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʧʽʨʦʬʦʩʬʘʪʫ ʥʘʪʨʽʶ. ʃʫʞʥʽʩʪʴ ʟʨʘʟʢʘ 2 ʧʝʨʝʚʠʱʫʻ ʣʫʞʥʽʩʪʴ 

ʟʨʘʟʢʘ 1, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʜʦʩʪʘʪʥʻ ʧʦʛʘʰʝʥʥʷ ʙʽʢʘʨʙʦʥʘʪʫ ʧʽʨʦʬʦʩʬʘʪʦʤ ʥʘʪʨʽʶ; 

ʥʘʪʦʤʽʩʪʴ ʫ ʟʨʘʟʢʘ 3 ʣʫʞʥʽʩʪʴ ʚʽʜʩʫʪʥʷ, ʪʘʢ ʷʢ ʙʽʪʘʨʪʨʘʪ ʢʘʣʽʶ ʧʦʚʥʽʩʪʶ ʧʦʛʘʰʘʻ 

ʙʽʢʘʨʙʦʥʘʪ ʥʘʪʨʽʶ ʚ ʭʦʜʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠʛʦʪʫʚʘʥʥʷ ʧʽʩʦʯʥʦʛʦ ʪʽʩʪʘ. 

 
ʈʠʩ. 1 ï ɺʠʛʣʷʜ ʨʦʟʢʘʪʘʥʦʛʦ ʪʽʩʪʘ ʟʨʘʟʢʽʚ 1, 2, 3: ʘ ï ʟ ʘʤʦʥʽʻʤ; ʙ ï ʟ ʩʫʤʽʰʰʶ NaHCO3 ʽ 

Na2H2P2O7; ʚ ï ʟ ʩʫʤʽʰʰʶ NaHCO3 ʽ ʂ2C4H4O6 

 
ʈʠʩ. 2 ï ɺʠʛʣʷʜ ʨʦʟʢʘʪʘʥʦʛʦ ʪʽʩʪʘ ʟʨʘʟʢʽʚ 4, 5, 6: ʘ ï ʟ ʘʤʦʥʽʻʤ; ʙ ï ʟ ʩʫʤʽʰʰʶ NaHCO3 ʽ 

Na2H2P2O7; ʚ ï ʟ ʩʫʤʽʰʰʶ NaHCO3 ʽ ʂ2C4H4O6 

 

ʈʠʩ. 3 ï ɺʠʛʣʷʜ ʛʦʪʦʚʠʭ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʟʨʘʟʢʽʚ 1, 2, 3: ʘ ï ʟ ʘʤʦʥʽʻʤ; ʙ ï ʟ ʩʫʤʽʰʰʶ 

NaHCO3 ʽ Na2H2P2O7; ʚ ï ʟ ʩʫʤʽʰʰʶ NaHCO3 ʽ ʂ2C4H4O6 
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ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ 

ʇʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ɿʘ ɼʉʊʋ 3781-98 

ɿʨʘʟʦʢ 1 ɿʨʘʟʦʢ 2 ɿʨʘʟʦʢ 3 

ʈʦʟʧʫʰʫʚʘʯ 

(NH4)2CO3 
NaHCO3 + 

Na2H2P2O7 

NaHCO3 + 

ʂ2C4H4O6 

ʃʫʞʥʽʩʪʴ 

ʧʝʯʠʚʘ,ʛʨʘʜ 

ʥʝ ʙʽʣʴʰʝ ʥʽʞ 2,0 1,0 1,3 0,0 

ɺʦʣʦʛʽʩʪʴ ʧʝʯʠʚʘ,% ʥʝ ʙʽʣʴʰʝ ʥʽʞ 15,5 8,2 12,35 9,0 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ 

ʥʘʡʢʨʘʱʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʪʘ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʚʽʜʨʽʟʥʷʚʩʷ ʟʨʘʟʦʢ 3, ʜʦ ʨʝʮʝʧʪʫʨʠ 

ʷʢʦʛʦ ʙʽʣʠ ʚʢʣʶʯʝʥʽ ʪʘʢʽ ʥʦʚʽ ʽʥʛʨʝʜʽʻʥʪʠ ʷʢ ʩʦʥʷʰʥʠʢʦʚʘ ʦʣʽʷ, ʩʫʭʝ ʩʦʻʚʝ ʤʦʣʦʢʦ ʪʘ 

ʨʦʟʧʫʰʫʚʘʯ ʧʦʜʚʽʡʥʦʾ ʜʽʾ, ʱʦ ʤʽʩʪʠʪʴ ʩʫʤʽʰ ʙʽʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʪʘ ʙʽʪʘʨʪʨʘʪʫ ʢʘʣʽʶ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʈʆɿʇʋʐʋɺɸʏɸ ʇʆɼɺɯʁʅʆɰ ɼɯɰ ɿ ʂʈɽʄʆʈʆʄ ʊɸʈʊɸʈʆ ʋ 

ɺʀɻʆʊʆɺʃɽʅʅɯ ʂɽʂʉɯɺ 

ʇʠʪʘʥʥʷ ʷʢʦʩʪʽ ʪʘ ʢʦʨʠʩʥʦʩʪʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʻ ʟʘʚʞʜʠ ʘʢʪʫʘʣʴʥʠʤ, ʘ ʦʩʪʘʥʥʽʤ 

ʯʘʩʦʤ ʫʚʘʛʘ ʩʧʦʞʠʚʘʯʽʚ ʚʩʝ ʙʽʣʴʰʝ ʧʨʠʜʽʣʷʻʪʴʩʷ ʩʘʤʝ ʢʦʨʠʩʥʦʩʪʽ ʧʨʦʜʫʢʪʽʚ. ʇʦʩʝʨʝʜ ʮʽʻʾ 

ʫʚʘʛʠ ʦʩʥʦʚʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʫ ʚʠʙʦʨʽ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʻ ʥʘʜʘʥʥʷ ʧʝʨʝʚʘʛʠ ʥʘʪʫʨʘʣʴʥʠʤ 

ʧʨʦʜʫʢʪʘʤ, ʷʢʽ ʥʝ ʤʽʩʪʷʪʴ ʭʽʤʽʯʥ ̔ʜʦʙʘʚʢʠ  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʤʽʥʠ ʬʦʩʬʘʪʽʚ ʫ ʩʢʣʘʜʽ 

ʨʦʟʧʫʰʫʚʘʯʽʚ ʧʦʜʚʽʡʥʦʾ ʜʽʾ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʝʢʩʽʚ. ɺʽʜʦʤʦ, ʱʦ ʙʝʟʢʦʥʪʨʦʣʴʥʝ 

ʩʧʦʞʠʚʘʥʥʷ ʬʦʩʬʘʪʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʨʫʰʝʥʴ ʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʦʨʛʘʥʽʟʤʽ. ʊʘʢ, ʟʘ 

ʥʘʜʤʽʨʥʦʛʦ ʥʘʜʭʦʜʞʝʥʥ ̫ ʬʦʩʬʦʨʫ ʚ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʤʦʞʝ ʧʽʜʚʠʱʫʚʘʪʠʩʷ ʨʽʚʝʥʴ 

ʚʠʚʝʜʝʥʥʷ ʢʘʣʴʮʽʶ, ʱʦ ʩʪʚʦʨʶʻ ʨʠʟʠʢ ʰʚʠʜʢʦʛʦ ʨʦʟʚʠʪʢʫ ʦʩʪʝʦʧʦʨʦʟʫ [1, 2]. ɼʦʙʘʚʢʘ 

ɽ 450 ï ʜʠʛʽʜʨʦʧʽʨʦʬʦʩʬʘʪ ʥʘʪʨʽʶ ʟʜʘʪʥʘ ʚʠʢʣʠʢʘʪʠ ʨʦʟʣʘʜʠ ʰʣʫʥʢʫ [1]. ʌʦʩʬʘʪʠ, ʱʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʦʙʘʚʢʠ ʚ ʙʘʛʘʪʴʦʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʘʭ, ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʫ ʜʽʪʝʡ 

ʪʘ ʶʥʘʢʽʚ ʪʘʢʽ ʥʝʙʘʞʘʥʽ ʧʩʠʭʽʯʥʽ ʨʝʘʢʮʽʾ ʷʢ ʛʽʧʝʨʘʢʪʠʚʥʽʩʪʴ, ʤʦʪʦʨʥʝ ʟʘʥʝʧʦʢʦʻʥʥʷ, 

ʽʤʧʫʣʴʩʠʚʥʽʩʪʴ, ʧʦʨʫʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʚʘʛʠ, ʽʥʦʜʽ ʧʽʜʚʠʱʝʥʘ ʘʛʨʝʩʠʚʥʽʩʪʴ. 

ɺʧʣʠʚ ʨʦʟʧʫʰʫʚʘʯʘ ʥʘ ʷʢʽʩʪʴ ʪʽʩʪʘ ʪʘ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʦʮʽʥʶʚʘʣʠ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʧʨʦʙʥʠʭ ʚʠʧʽʯʦʢ ʪʽʩʪʘ, ʱʦ ʧʨʠʛʦʪʦʚʘʥʽ ʽʟ ʙʦʨʦʰʥʘ, ʤʝʣʘʥʞʫ, ʦʣʽʾ, ʮʫʢʨʫ, 

ʝʩʝʥʮʽʾ, ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʧʫʰʫʚʘʯʘ (ʟʨʘʟʢʠ 2, 3, 4). ʂʦʥʪʨʦʣʴʥʠʡ ʟʨʘʟʦʢ (ʟʨʘʟʦʢ 1) ʙʫʚ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʟʘ ʨʝʮʝʧʪʫʨʦʶ ʢʝʢʩʫ "ɸʨʦʤʘʪʥʦʛʦ" [3] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʷʢʦʩʪʽ 

ʨʦʟʧʫʰʫʚʘʯʘ ʘʤʦʥʽʶ, ʘ ʚ ʷʢʦʩʪʽ ʞʠʨʦʚʦʾ ʩʠʨʦʚʠʥʠ ï ʤʘʨʛʘʨʠʥ. 
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ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʚʠʙʨʘʥʽ: ʣʫʞʥʠʡ ʨʦʟʧʫʰʫʚʘʯ ï ʘʤʦʥʽʡ ʚʫʛʣʝʢʠʩʣʠʡ; ʣʫʞʥʦ-

ʢʠʩʣʦʪʥʽ ʨʦʟʧʫʰʫʚʘʯʽ ï ʩʫʤʽʰ ʙʽʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʟ ʧʽʨʦʬʦʩʬʘʪʦʤ ʥʘʪʨʽʶ ʪʘ ʩʫʤʽʰ 

ʙʽʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʽ ʢʨʝʤʦʨʫ ʪʘʨʪʘʨʦ. 

ɹʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʧʣʠʚ ʭʽʤʽʯʥʠʭ ʨʦʟʧʫʰʫʚʘʯʽʚ ʥʘ ʝʣʘʩʪʠʯʥʽʩʪʴ ʪʽʩʪʘ, ʣʫʞʥʽʩʪʴ, 

ʚʦʣʦʛʽʩʪʴ. ʋ ʢʦʥʪʨʦʣʽ ʪʽʩʪʦ ʦʪʨʠʤʘʣʠ ʛʫʩʪʝ, ʢʨʠʭʢʝ, ʷʢʝ ʧʨʠʣʠʧʘʻ ʜʦ ʨʫʢ ʪʘ ʨʦʟʧʘʜʘʻʪʴʩʷ 

(ʟʨʘʟʦʢ 1, ʨʠʩ. 1 ʘ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʤʽʥʠ ʤʘʨʛʘʨʠʥʫ ʥʘ ʦʣʽʶ ʫ ʟʨʘʟʢʽʚ 2...4 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʠʧʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʨʦʟʧʫʰʫʚʘʯʘ ʦʜʝʨʞʘʣʠ ʨʽʟʥʫ ʢʦʥʩʠʩʪʝʥʮʽʶ ʪʽʩʪʘ. ʊʘʢ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʤʦʥʽʶ (ʟʨʘʟʦʢ 2, ʨʠʩ 1 ʙ) ʪʘ ʩʫʤʽʰʽ ʙʽʢʘʨʙʦʥʘʪʫ ʟ ʧʽʨʦʬʦʩʬʘʪʦʤ 

ʥʘʪʨʽʶ (ʟʨʘʟʦʢ 3, ʨʠʩ. 1 ʚ) ʪʽʩʪʦ ʚʠʡʰʣʦ ʪʷʛʫʯʝ ʪʘ ʛʫʩʪʝ, ʚʘʞʢʦ ʧʝʨʝʤʽʰʫʚʘʣʦʩʴ, ʘ ʫ 

ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʤʽʰʽ ʙʽʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʪʘ ʢʨʝʤʦʨʫ ʪʘʨʪʘʨʦ (ʟʨʘʟʦʢ 4, ʨʠʩ. 1 ʛ) 

ʚʠʡʰʣʦ ʛʣʘʜʢʝ, ʥʽʞʥʝ, ʝʣʘʩʪʠʯʥʝ ʪʽʩʪʦ. 

 
ʘ), ʙ) ï ʚʽʜʧʦʚʽʜʥʦ ʟʨʘʟʦʢ 1, 2, ʟ ʨʦʟʧʫʰʫʚʘʯʝʤ ʘʤʦʥʽʻʤ; 

ʚ) ʟʨʘʟʦʢ 3 ʟ ʨʦʟʧʫʰʫʚʘʯʝʤ ʙʽʢʘʨʙʦʥʘʪʦʤ ʽ ʧʽʨʦʬʦʩʬʘʪʦʤ ʥʘʪʨʽʶ; 

ʛ) ʟʨʘʟʦʢ 4 ʟ ʨʦʟʧʫʰʫʚʘʯʝʤ ʙʽʢʘʨʙʦʥʘʪʦʤ ʥʘʪʨʽʶ ʽ ʢʨʝʤʦʨ ʪʘʨʪʘʨʦ 

ʈʠʩ. 1 ï ɺʧʣʠʚ ʨʦʟʧʫʰʫʚʘʯʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʽʩʪʘ: ʟ ʤʘʨʛʘʨʠʥʦʤ (ʘ)  

ʪʘ ʟ ʨʦʩʣʠʥʥʦʶ ʦʣʽʻʶ (ʙ, ʚ, ʛ) 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʣʫʞʥʦʩʪʽ ʪʘ ʚʦʣʦʛʦʩʪʽ [4] ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1. 

ʃʫʞʥʽʩʪʴ ʚʩʽʭ ʟʨʘʟʢʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʴ, ʥʘʚʝʜʝʥʠʭ ʚ ɼʉʊʋ, ʫ ʟʨʘʟʢʘ 4 ʤʘʡʞʝ ʥʫʣʴʦʚʝ 

ʟʥʘʯʝʥʥʷ ʣʫʞʥʦʩʪʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʚʥʝ ʧʦʛʘʰʝʥʥʷ ʙʽʢʘʨʙʦʥʘʪʫ. ɺʦʣʦʛʽʩʪʴ ʟʨʘʟʢʽʚ ʪʝʞ 

ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ. 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʛʦʪʦʚʠʭ ʢʝʢʩʽʚ 

ʇʦʢʘʟʥʠʢ 

ʷʢʦʩʪʽ 

ɿʘ ɼʉʊʋ 

4505:2005 

ɿʨʘʟʦʢ 1 ɿʨʘʟʦʢ 2 ɿʨʘʟʦʢ 3 ɿʨʘʟʦʢ 4 

ʈʦʟʧʫʰʫʚʘʯ 

ɸʤʦʥʽʡ ɸʤʦʥʽʡ 

ɹʽʢʘʨʙʦʥʘʪ ʽ 

ʧʽʨʦʬʦʩʬʘʪ 

ʥʘʪʨʽʶ 

ɹʽʢʘʨʙʦʥʘʪ 

ʥʘʪʨʽʶ ʽ 

ʢʨʝʤʦʨ 

ʪʘʨʪʘʨʦ 

ʃʫʞʥʽʩʪʴ,ʛʨʘʜ 2,0 1,1 1,1 1,3 0,2 

ɺʦʣʦʛʽʩʪʴ,% 10...31 15,3 14,9 20,7 13,5 
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ɼʦʩʣʽʜʞʝʥʥʷ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʥʘʡʢʨʘʱʠʤʠ ʩʤʘʢʦʚʠʤʠ ʷʢʦʩʪʷʤʠ, ʘ ʪʘʢʦʞ ʢʦʣʴʦʨʦʤ ʚʽʜʨʽʟʥʷʚʩʷ ʟʨʘʟʦʢ 4 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʣʽʾ ʩʦʥʷʰʥʠʢʦʚʦʾ ʨʘʬʽʥʦʚʘʥʦʾ, ʩʦʜʠ ʭʘʨʯʦʚʦʾ ʪʘ ʢʨʝʤʦʨʫ ʪʘʨʪʘʨʦ: ʧʦʚʝʨʭʥʷ ʛʦʪʦʚʠʭ 

ʚʠʨʦʙʽʚ ʤʘʣʘ ʩʚʽʪʣʦ ʢʦʨʠʯʥʝʚʠʡ ʢʦʣ̔ ʨ ʟ ʥʘʷʚʥʽʩʪʶ ʪʨʽʱʠʥ ʽ ʨʦʟʨʠʚʽʚ, ʷʢʽ ʥʝ ʟʤʽʥʶʚʘʣʠ 

ʪʦʚʘʨʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ; ʟ ʧʨʠʻʤʥʠʭ ʘʨʦʤʘʪʦʤ, ʙʝʟ ʩʪʦʨʦʥʥʽʭ ʟʘʧʘʭʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ 

ʥʘʡʢʨʘʱʠʤ ʨʦʟʧʫʰʫʚʘʯʝʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʝʢʩʽʚ ʻ ʩʫʤʽʰ ʙʽʢʘʨʙʦʥʘʪʫ ʥʘʪʨʽʶ ʽ ʢʨʝʤʦʨʫ 

ʪʘʨʪʘʨʫ, ʪʘʢ ʷʢ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʨʦʟʧʫʰʫʚʘʯʘʤʠ ʧʦʢʨʘʱʫʻ ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʽʩʪʘ, ʡʦʛʦ ʝʣʘʩʪʠʯʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. ʂʨʽʤ ʪʦʛʦ, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʽʨʦʬʦʩʬʘʪʫ ʥʘʪʨʽʶ ʢʨʝʤʦʨ ʪʘʨʪʘʨʦ ʻ ʜʦʙʘʚʢʦʶ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʽ 

ʥʝ ʯʠʥʠʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ. 
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ʊɽʍʅʆʃʆɻɯʗ ɹʃʆʂʏɽʁʅʋ ɺ ʍɸʈʏʆɺɯʁ ʇʈʆʄʀʉʃʆɺʆʉʊɯ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘʚʜʷʢʠ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʦʤʫ ʣʘʥʮʶʛʫ ʧʦʩʪʘʯʘʥʥʷ, ʚʠʨʦʙʥʠʢʠ 

ʩʪʠʢʘʶʪʴʩʷ ʽʟ ʚʩʝ ʙʽʣʴʰʠʤ ʚʠʢʣʠʢʦʤ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʩʧʦʞʠʚʘʯʽʚ ʣʠʰʝ ʥʘʡʢʨʘʱʦʶ ʪʘ 

ʙʝʟʧʝʯʥʦʶ ʢʽʥʮʝʚʦʶ ʧʨʦʜʫʢʮʽʻʶ. ʇʨʦʜʫʢʪʠ ʭʘʨʯʫʚʘʥʥʷ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʨʽʟʥʠʤʠ 

ʜʠʩʪʨʠʙ'ʶʪʦʨʘʤʠ ʧʝʨʰ ʥʽʞ ʜʦʩʷʛʪʠ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ, ʱʦ, ʧʨʠʨʦʜʥʴʦ, ʚʠʢʣʠʢʘʻ ʙʽʣʴʰʝ 

ʧʠʪʘʥʴ, ʱʦʜʦ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʚʠʨʦʙʽʚ, ʱʦ ʧʦʪʝʥʮʽʡʥʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʢʣʠʢʘʥʥʷ ʧʨʦʜʫʢʮʽʾ. 

ɯʥʰʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʚʝʜʝʥʥʷ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ ʢʦʞʥʦʤʫ 

ʝʪʘʧʽ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʥʷ. ɹʝʟ ʮʠʭ ʟʘʭʦʜʽʚ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʚʪʨʘʪʠʪʠʩʷ ʽ ʩʫʪʪʻʚʦ 

ʧʦʨʫʰʠʪʠʩʷ ʽʤʽʜʞ ʙʨʝʥʜʫ. ʇʦʪʦʯʥʘ ʩʠʩʪʝʤʘ ʧʦʩʪʘʯʘʥʥʷ ʥʝ ʟʘʚʞʜʠ ʜʦʟʚʦʣʷʻ ʩʧʦʞʠʚʘʯʘʤ 

ʪʘ ʽʥʰʠʤ ʟʘʮʽʢʘʚʣʝʥʠʤ ʩʪʦʨʦʥʘʤ ʚʽʜʨʽʟʥʠʪʠ ʩʧʨʘʚʞʥʶ ʷʢʽʩʪʴ ʘʙʦ ʧʦʭʦʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ 

ʭʘʨʯʫʚʘʥʥʷ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ. ɹʝʟ ʧʨʠʩʚʦʻʥʥʷ ʮʽʣʴʦʚʠʭ ʜʘʥʠʭ ʜʣʷ ʮʠʭ ʧʨʦʜʫʢʪʽʚ ʪʨʝʪʽʤ 

ʩʪʦʨʦʥʘʤ ʚʘʞʢʦ ʧʝʨʝʚʽʨʠʪʠ, ʚ ʷʢʦʤʫ ʤʽʩʮʽ ʚ ʣʘʥʮʶʞʢʫ ʧʦʩʪʘʚʦʢ ʚʠʥʠʢʣʘ ʧʨʦʙʣʝʤʘ. ʅʘ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʻ ʧʦʪʝʥʮʽʡʥʝ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ï ʪʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ. 

ɹʣʦʢʯʝʡʥ ï ʮʝ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʘ ʪʘ ʙʘʛʘʪʦʨʽʚʥʝʚʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʥʘʜʽʡʥʦʛʦ ʦʙʣʽʢʫ ʨʽʟʥʠʭ ʘʢʪʠʚʽʚ. ʇʦʪʝʥʮʽʡʥʦ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʦʭʦʧʣʶʻ ʚʩʽ 

ʙʝʟ ʚʠʥʷʪʢʫ ʩʬʝʨʠ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʤʘʻ ʙʝʟʣʽʯ ʛʘʣʫʟʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ [1]. 

ʊʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʩʪʝʞʫʚʘʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ ʰʣʷʭʦʤ ʥʘʜʘʥʥʷ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʾʭʥʻ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʩʪʘʪʫʩ. 

ɿ ʨʝʘʣʽʟʘʮʽʻʶ ʙʣʦʢʯʝʡʥʫ ʚʩʽ ʫʯʘʩʥʠʢʠ ʣʘʥʮʶʛʘ ʧʦʩʪʘʯʘʥʥʷ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ 

(ʚʠʨʦʙʥʠʢʠ, ʧʦʩʪʘʯʘʣʴʥʠʢʠ, ʧʽʜʧʨʠʻʤʩʪʚʘ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʠʩʪʨʠʙ'ʶʪʦʨʠ, 

ʪʦʨʛʦʚʮʽ, ʨʝʛʫʣʶʶʯʽ ʦʨʛʘʥʠ ʪʘ ʩʧʦʞʠʚʘʯʽ) ʤʦʞʫʪʴ ʤʘʪʠ ʜʦʟʚʽʣ ʥʘ ʜʦʩʪʫʧ ʜʦ ʜʦʩʪʦʚʽʨʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʩʪʘʪʫʩ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʻ ʩʚʦʾ ʧʣʶʩʠ 

ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ: 
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ɺʠʨʦʙʥʠʢʠ: ʟ ʙʣʦʢʯʝʡʥ, ʙʫʜʴ-ʷʢʘ ʩʧʨʦʙʘ ʟʤʽʥʠʪʠ ʧʨʦʜʫʢʪ ʤʦʞʝ ʙʫʪʠ ʥʝʛʘʡʥʦ ʚʠʷʚʣʝʥʘ ʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʚʽʜʧʨʘʚʣʝʥʦ ʚʠʨʦʙʥʠʢʫ. ʎʝ ʚʠʷʚʣʝʥʥʷ ʧʦʪʽʤ ʟʘʧʦʙʽʛʘʻ ʧʦʜʽʙʥʠʤ ʽʥʮʠʜʝʥʪʘʤ 

ʟ ʨʦʟʧʦʚʩʶʜʞʫʚʘʯʝʤ. ʇʨʦʟʦʨʽʩʪʴ ʤʦʞʝ ʪʘʢʦʞ ʧʽʜʰʪʦʚʭʥʫʪʠ ʜʝʷʢʽ ʩʝʢʪʦʨʠ ʜʦ ʙʽʣʴʰ 

ʝʪʠʯʥʠʭ ʪʘ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʧʨʘʢʪʠʢ [2]. 

ɼʠʩʪʨʠʙ'ʶʪʦʨʠ: ʷʢʱʦ ʥʝʧʨʘʚʠʣʴʥʠʡ ʧʨʦʜʫʢʪ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʦʣʠʮʽ ʧʨʦʜʫʢʪʦʚʠʭ 

ʤʘʛʘʟʠʥʽʚ, ʡʦʛʦ ʤʦʞʥʘ ʣʝʛʢʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʪʘ ʚʠʜʘʣʠʪʠ. ʉʴʦʛʦʜʥʽ ʧʦʪʨʽʙʥʦ ʢʽʣʴʢʘ ʜʥʽʚ, 

ʥʘʚʽʪʴ ʪʠʞʥʽʚ, ʱʦʙ ʧʨʦʩʪʝʞʠʪʠ ʣʘʥʮʶʞʦʢ ʧʦʩʪʘʯʘʥʥʷ. ʊʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ ʜʦʟʚʦʣʷʻ 

ʥʝʛʘʡʥʦ ʚʠʪʷʛʪʠ ʜʘʥʽ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʫʥʠʢʥʫʪʠ ʚʠʩʦʢʠʭ ʚʠʪʨʘʪ ʥʘ ʚʠʜʘʣʝʥʥʷ ʮʽʣʠʭ ʧʘʨʪʽʡ, 

ʢʦʣʠ ʟʘʙʨʫʜʥʝʥʽ ʣʠʰʝ ʜʝʷʢʽ ʧʨʦʜʫʢʪʠ. 

ʉʧʦʞʠʚʘʯʽ: ʧʨʦʟʦʨʽʩʪʴ, ʷʢʫ ʥʘʜʘʻ ʙʣʦʢʯʝʡʥ, ʧʽʜʚʠʱʫʻ ʜʦʚʽʨʫ ʩʧʦʞʠʚʘʯʽʚ. ɺʦʥʠ ʤʘʶʪʴ 

ʛʘʨʘʥʪʽʶ ʪʦʛʦ, ʱʦ ʝʪʠʢʝʪʢʠ ʻ ʥʘʜʽʡʥʠʤʠ ʽ ʤʦʞʫʪʴ ʘʜʘʧʪʫʚʘʪʠ ʩʚʦʾ ʟʚʠʯʢʠ ʩʧʦʞʠʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʩʚʦʾʭ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʦʪʨʝʙ - ʧʝʨʝʚʘʛʠ ʧʦʭʦʜʞʝʥʥʷ, ʪʝʭʥʽʢʠ ʚʠʨʦʱʫʚʘʥʥʷ, ʪʦʱʦ. 

ʋ ʩʝʢʪʦʨʽ ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ ï ʮʝ ʩʧʨʘʚʞʥʷ ʟʥʘʭʽʜʢʘ. ɺʦʥʘ 

ʟʘʙʝʟʧʝʯʫʻ ʩʧʦʩʽʙ ʧʦʚʝʨʥʫʪʠ ʜʦʚʽʨʫ ʩʧʦʞʠʚʘʯʽʚ ʽ ʟʘʧʦʙʽʛʪʠ ʜʠʩʢʨʝʜʠʪʘʮʽʾ ʭʘʨʯʦʚʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʦʚʠʤʠ ʩʢʘʥʜʘʣʘʤʠ ʟ ʧʨʦʜʦʚʦʣʴʩʪʚʦʤ. 
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ɺʇʃʀɺ ʌɽʅʆʃʔʅʀʍ ʉʇʆʃʋʂ ɺʀʅʆɻʈɸɼʅʀʍ ʇʆʈʆʐʂɯɺ ʅɸ 

ʊʈʀɺɸʃɯʉʊʔ ɿɹɽʈɯɻɸʅʅʗ ɻʃɸɿʋʈɯ ʊɸ ɻʃɸɿʋʈʆɺɸʅʀʍ ɺʀʈʆɹɯɺ 

ʇʦʜʦʚʞʝʥʥʶ ʪʝʨʤʽʥʽʚ ʟʙʝʨʽʛʘʥʥʷ ʷʢ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ, ʪʘʢ ʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʧʨʠʩʚʷʯʝʥʦ ʯʠʤʘʣʦ ʧʨʘʮʴ ʥʘʫʢʦʚʮʽʚ ʽ ʧʨʘʢʪʠʢʽʚ [1]. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʦʤʦ ʙʘʛʘʪʦ 

ʩʧʦʩʦʙʽʚ (ʬʽʟʠʯʥʽ, ʭʽʤʽʯʥʽ, ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ) ʽ ʢʦʤʧʦʥʝʥʪʽʚ (ʢʦʥʩʝʨʚʘʥʪʠ, ʘʥʪʠʙʽʦʪʠʢʠ, 

ʪʦʱʦ), ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʫʧʦʚʽʣʴʥʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʩʫʚʘʥʥʷ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ɿ 

ʪʦʯʢʠ ʟʦʨʫ ʙʝʟʧʝʯʥʦʛʦ ʪʘ ʦʟʜʦʨʦʚʯʦʛʦ ʭʘʨʯʫʚʘʥʥʷ ʧʨʽʦʨʠʪʝʪ ʥʘʜʘʻʪʴʩʷ ʜʦʜʘʚʘʥʥʶ 

ʨʦʩʣʠʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʧʦʨʦʰʢʽʚ, ʝʢʩʪʨʘʢʪʽʚ, ʧʶʨʝ, ʧʘʩʪ ʪʦʱʦ), ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ 

ʩʧʨʠʯʠʥʷʶʪʴ ʰʢʽʜʣʠʚʦʾ ʜʽʾ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ. ɹʽʣʴʰʽʩʪʴ ʪʘʢʠʭ ʜʦʙʘʚʦʢ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 

ʤʽʩʪʷʪʴ ʚʠʩʦʢʫ ʢʽʣʴʢʽʩʪʴ ʧʦʣʽʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ, ʱʦ ʧʨʦʷʚʣʷʶʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʪʘ 

ʙʘʢʪʝʨʠʮʠʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʣʘʟʫʨʽ ʪʘʢʠʤ ʩʢʣʘʜʦʚʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʤʦʞʝ ʙʫʪʠ ʧʦʨʦʰʦʢ ʟ ʚʠʥʦʛʨʘʜʥʠʭ ʢʽʩʪʦʯʦʢ [2]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʣʘʟʫʨʽ ʪʘ ʛʣʘʟʫʨʦʚʘʥʠʭ ʚʠʨʦʙʽʚ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ. 

ɿʨʘʟʢʠ ʛʣʘʟʫʨʽ ʚʠʨʦʙʣʷʣʠ ʥʘ ʦʩʥʦʚʽ ʞʠʨʽʚ-ʘʣʴʪʝʨʥʘʪʽʚ ʢʘʢʘʦ ʤʘʩʣʘ ʣʘʫʨʠʥʦʚʦʛʦ 

(CEBES
TM

 MC) ʪʘ ʥʝʣʘʫʨʠʥʦʚʦʛʦ (çʆʣʽʚʽʷ ʛʣʘʟʫʨ ʣʶʢʩè) ʪʠʧʽʚ. ɺ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ 

ʛʣʘʟʫʨʽ ʯʘʩʪʠʥʫ ʢʘʢʘʦ ʧʦʨʦʰʢʫ ʟʘʤʽʥʶʚʘʣʠ ʚʠʥʦʛʨʘʜʥʠʤʠ ʧʦʨʦʰʢʘʤʠ ʚ ʢʽʣʴʢʦʩʪʽ 20,0 % 

ʪʘ 33,0 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʢʘʢʘʦ ʧʦʨʦʰʢʫ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʠʥʦʛʨʘʜʥʽ 

ʧʦʨʦʰʢʠ, ʚʠʨʦʙʣʝʥʽ ʽʟ ʚʪʦʨʠʥʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚʠʥʦʨʦʙʩʪʚʘ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ çʆʨʽʦʥè  

(ʤ. ʆʜʝʩʘ) ʧʽʜ ʪʦʨʛʦʚʦʶ ʤʘʨʢʦʶ çʆʣʝʦ ɺʽʪʘè. ɿʨʘʟʢʠ ʛʣʘʟʫʨʽ ʪʘ ʛʣʘʟʫʨʦʚʘʥʠʭ ʥʝʶ ʚʠʨʦʙʽʚ 

ʟʙʝʨʽʛʘʣʠ ʫ ʩʫʭʦʤʫ, ʯʠʩʪʦʤʫ ʚʝʥʪʠʣʴʦʚʘʥʦʤʫ ʧʨʠʤʽʱʝʥʥʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 18Ñ5 Áʉ ʽ 

ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʥʝ ʚʠʱʝ 75 % ʧʨʦʪʷʛʦʤ 12 ʤʽʩʷʮʽʚ. 
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ʆʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʣʘʟʫʨʽ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʝʥʩʦʨʥʦʛʦ ʤʝʪʦʜʫ ʦʮʽʥʢʠ ʷʢʦʩʪʽ. ʆʮʽʥʶʚʘʣʠ: ʢʦʣʽʨ, ʩʤʘʢ, ʟʘʧʘʭ, ʢʦʥʩʠʩʪʝʥʮʽʶ, ʩʪʨʫʢʪʫʨʫ. 

ʆʮʥ̔ʶʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʧôʷʪʜʝʩʷʪʠʙʘʣʴʥʦʶ ʰʢʘʣʦʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ 

ʚʘʛʦʤʦʩʪʽ ʢʦʞʥʦʛʦ ʧʦʢʘʟʥʠʢʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʝʨʰʽ ʦʟʥʘʢʠ ʧʩʫʚʘʥʥʷ ʟôʷʚʠʣʠʩʷ ʫ 

ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʘʭ ʛʣʘʟʫʨʽ ʧʽʩʣʷ ʜʝʚôʷʪʠ ʤʽʩʷʮʽʚ ʟʙʝʨʽʛʘʥʥʷ (ʛʘʨʘʥʪʦʚʘʥʠʡ ʪʝʨʤʽʥ 

ʟʙʝʨʽʛʘʥʥʷ ï 8 ʤʽʩʷʮʽʚ). ʋ ʛʣʘʟʫʨʽ ʥʘ ʦʩʥʦʚʽ ʣʘʫʨʠʥʦʚʦʛʦ ʞʠʨʫ CEBESTM MC 80 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʚʪʨʘʪʘ ʙʣʠʩʢʫ, ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʣʴʦʨʫ, ʥʘ ʧʦʚʝʨʭʥʽ ʤʦʥʦʣʽʪʫ 

ʩʪʘʣʠ ʧʦʤʽʪʥʽ ʧʣʷʤʠ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ. ʇʨʠ ʨʦʟʞʦʚʫʚʘʥʥʽ ʛʣʘʟʫʨ ʩʪʘʣʘ ʙʽʣʴʰ ʤôʷʢʦʶ, 

ʚʪʨʘʪʠʣʘ ʭʨʫʩʪʢʽʩʪʴ, ʥʘʙʫʣʘ ʩʘʣʠʩʪʦʛʦ ʧʨʠʩʤʘʢʫ ʪʘ ʥʝʧʨʠʻʤʥʦʛʦ ʟʘʧʘʭʫ. ʋ ʛʣʘʟʫʨʽ ʥʘ 

ʦʩʥʦʚʽ ʥʝʣʘʫʨʠʥʦʚʦʛʦ ʞʠʨʫ çʆʣʽʚʽʷ ʛʣʘʟʫʨ ʣʶʢʩè ʘʥʘʣʦʛʽʯʥʦ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʥʠʞʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʣʴʦʨʫ, ʧʦʷʚʘ ʧʣʷʤ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ, ʧʦʚʝʨʭʥʷ ʤʦʥʦʣʽʪʫ ʩʪʘʣʘ ʢʨʦʰʣʠʚʦʶ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʨʽʙʥʠʭ ʢʨʠʭʪ. ʇʨʠ ʨʦʟʞʦʚʫʚʘʥʥʽ ʛʣʘʟʫʨ ʩʪʘʣʘ ʜʫʞʝ ʤôʷʢʦʶ ʟ ʤʠʣʴʥʠʤ 

ʧʨʠʩʤʘʢʦʤ. ʇʦʛʽʨʰʝʥʥʷ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʛʣʘʟʫʨʽ ʚ 

ʧʨʦʮʝʩʽ ʟʙʝʨʽʛʘʥʥʷ, ʦʯʝʚʠʜʥʦ, ʧʦʚôʷʟʘʥʦ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʙʽʣʢʦʚʠʭ 

ʩʧʦʣʫʢ ʪʘ ʛʽʜʨʦʣʽʟʦʤ ʾʾ ʞʠʨʦʚʦʾ ʬʨʘʢʮʽʾ. ʊʦʙʪʦ ʟʤʽʥʘ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ, ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʢʦʥʩʠʩʪʝʥʮʽʾ ʛʣʘʟʫʨʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʢʪʠʚʽʟʘʮʽʶ ʫ ʥʽʡ ʧʨʦʮʝʩʽʚ ʤʽʛʨʘʮʽʾ ʞʠʨʽʚ. ɺʢʘʟʘʥʽ 

ʥʝʜʦʣʽʢʠ ʩʪʘʣʠ ʧʨʠʯʠʥʦʶ ʟʥʠʞʝʥʥʷ ʙʘʣʴʥʦʾ ʦʮʽʥʢʠ ʜʦ ʟʘʜʦʚʽʣʴʥʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ. 

ɿʨʘʟʢʠ ʛʣʘʟʫʨʽ ʟ ʯʘʩʪʢʦʚʦʶ ʟʘʤʽʥʦʶ ʢʘʢʘʦ ʧʦʨʦʰʢʽʚ ʚʠʥʦʛʨʘʜʥʠʤʠ ʧʦʨʦʰʢʘʤʠ ʤʘʣʠ 

ʚʠʩʦʢʽ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ. ʃʠʰʝ ʯʝʨʝʟ 12 

ʤʽʩʷʮʽʚ ʟʙʝʨʽʛʘʥʥʷ ʫ ʥʦʚʠʭ ʟʨʘʟʢʘʭ ʛʣʘʟʫʨʽ ʙʫʣʦ ʚʠʷʚʣʝʥʝ ʥʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʣʴʦʨʫ, ʩʤʘʢʫ ʪʘ ʘʨʦʤʘʪʫ. ʋ ʛʣʘʟʫʨʽ ʥʘ ʦʩʥʦʚʽ ʣʘʫʨʠʥʦʚʦʛʦ ʪʘ 

ʥʝʣʘʫʨʠʥʦʚʦʛʦ ʞʠʨʽʚ ʚʽʜʙʫʣʦʩʷ ʥʝʟʥʘʯʥʝ ʨʦʟʤôʷʢʰʝʥʥʷ ʪʘ ʢʨʠʰʢʫʚʘʪʽʩʪʴ, ʚʽʜʧʦʚʽʜʥʦ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʧʦʷʚʠ ʙʽʣʠʭ ʧʣʷʤ ʪʘ ʩʘʣʠʩʪʦʛʦ ʯʠ ʤʠʣʴʥʦʛʦ ʧʨʠʩʤʘʢʫ ʥʝ 

ʚʽʜʙʫʣʦʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʛʘʨʘʥʪʦʚʘʥʠʡ ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ ʛʣʘʟʫʨʽ ʩʪʘʥʦʚʠʪʴ 12 

ʤʽʩʷʮʽʚ. 

ʈʦʟʨʦʙʣʝʥʠʤʠ ʚʠʜʘʤʠ ʛʣʘʟʫʨʽ ʛʣʘʟʫʨʫʚʘʣʠ ʮʫʢʝʨʢʠ ʽʟ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʢʦʨʧʫʩʽʚ: 

ʛʨʠʣʴʷʞʥʠʤ ï çɹʘʪʦʥʯʠʢè (ʩʪʨʦʢ ʧʨʠʜʘʪʥʦʩʪʽ 4 ʤʽʩ.), ʞʝʣʝʡʥʠʤ ï çɺʝʩʥʷʥʘ ʢʘʧʝʣʴè (ʩʪʨʦʢ 

ʧʨʠʜʘʪʥʦʩʪʽ 2 ʤʽʩ. ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʪʘ 1 ʤʽʩ. ʫ ʣʽʪʥʽʡ ʧʝʨʽʦʜ), ʤʦʣʦʯʥʦ-ʞʝʣʝʡʥʠʤ ï 

çɼʝʩʝʨʪè (ʩʪʨʦʢ ʧʨʠʜʘʪʥʦʩʪʽ 4 ʤʽʩ.).  

ʉʚʽʞʦʚʠʨʦʙʣʝʥʽ ʮʫʢʝʨʢʠ, ʟʘʛʣʘʟʫʨʦʚʘʥʽ ʛʣʘʟʫʨôʶ ʥʘ ʦʩʥʦʚʽ ʣʘʫʨʠʥʦʚʦʛʦ ʞʠʨʫ, ʤʘʣʠ 

ʙʣʠʩʢʫʯʫ ʧʦʚʝʨʭʥʶ ʟ ʜʨʽʙʥʠʤʠ ʭʚʠʣʷʤʠ, ʙʝʟ ʧʨʦʙʣʠʩʢʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʪʘ ʙʦʢʦʚʠʭ ʨʝʙʨʘʭ, 

ʙʝʟ ʪʨʽʱʠʥ ʽ ʟʣʘʤʽʚ ʢʦʨʠʯʥʝʚʦʛʦ ʢʦʣʴʦʨʫ. ɻʣʘʟʫʨ ʥʘʥʦʩʠʣʘʩʴ ʪʦʥʢʠʤ ʰʘʨʦʤ. ʇʨʠ 

ʨʦʟʢʫʩʫʚʘʥʥʽ ʚʦʥʘ ʙʫʣʘ ʭʨʫʤʢʘ ʪʘ ʭʨʫʩʪʢʘ, ʩʤʘʢ ʽ ʟʘʧʘʭ ʚʽʜʧʦʚʽʜʘʣʠ ʨʝʮʝʧʪʫʨʥʦʤʫ ʩʢʣʘʜʫ 

ʮʫʢʝʨʦʢ.  

ʎʫʢʝʨʢʠ, ʛʣʘʟʫʨʦʚʘʥʽ ʛʣʘʟʫʨôʶ ʥʘ ʦʩʥʦʚʽ ʥʝʣʘʫʨʠʥʦʚʦʛʦ ʞʠʨʫ, ʪʘʢʦʞ ʤʘʣʠ ʢʦʨʠʯʥʝʚʠʡ 

ʢʦʣʽʨ, ʨʽʚʥʫ ʤʘʪʦʚʫ ʧʦʚʝʨʭʥʶ ʙʝʟ ʧʨʦʙʣʠʩʢʽʚ, ʪʨʽʱʠʥ, ʟʣʘʤʽʚ. ʉʤʘʢ ʽ ʟʘʧʘʭ ï ʚʣʘʩʪʠʚʽ 

ʨʝʮʝʧʪʫʨʥʦʤʫ ʩʢʣʘʜʫ. ʇʨʠ ʨʦʟʢʫʩʫʚʘʥʥʽ ʛʣʘʟʫʨ ʙʫʣʘ ʤôʷʢʦʶ, ʢʨʠʭʢʫʚʘʪʦʶ. 

ʇʝʨʰʽ ʦʟʥʘʢʠ ʧʩʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʟʙʝʨʽʛʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʯʝʨʝʟ ʜʚʘ ʤʽʩʷʮʽ ʫ 

ʮʫʢʝʨʢʘʭ, ʛʣʘʟʫʨʦʚʘʥʠʭ ʦʙʦʤʘ ʢʦʥʪʨʦʣʴʥʠʤʠ ʟʨʘʟʢʘʤʠ ʛʣʘʟʫʨʽ. ʋ ʮʫʢʝʨʢʘʭ, ʛʣʘʟʫʨʦʚʘʥʠʭ 

ʛʣʘʟʫʨôʶ ʥʘ ʦʩʥʦʚʽ ʣʘʫʨʠʥʦʚʦʛʦ ʞʠʨʫ, ʙʫʣʦ ʧʦʤʽʯʝʥʦ ʥʝʟʥʘʯʥʫ ʚʪʨʘʪʫ ʙʣʠʩʢʫ ʛʣʘʟʫʨʽ, 

ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʨʦʤʘʪʫ. ʋ ʮʫʢʝʨʢʘʭ çɺʝʩʥʷʥʘ ʢʘʧʝʣʴè ʪʘ çɼʝʩʝʨʪè ʧʦʯʘʣʦʩʷ 

ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʛʣʘʟʫʨʽ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʽʚ. ʋ ʮʫʢʝʨʢʘʭ çɼʝʩʝʨʪè ʢʨʽʤ ʚʢʘʟʘʥʠʭ ʜʝʬʝʢʪʽʚ 

ʤʘʣʦ ʤʽʩʮʝ ʥʝʟʥʘʯʥʝ ʨʦʟʤôʷʢʰʝʥʥʷ ʛʣʘʟʫʨʽ. ɺ ʢʽʥʮʽ ʪʨʝʪʴʦʛʦ ʤʽʩʷʮʷ ʟʙʝʨʽʛʘʥʥʷ ʫ ʮʫʢʝʨʢʘʭ 

çɺʝʩʥʷʥʘ ʢʘʧʝʣʴè ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʮʫʢʨʫ ʧʦ ʧʝʨʠʤʝʪʨʫ ʢʦʨʧʫʩʫ ʪʘ ʡʦʛʦ 

ʧʦʯʝʨʩʪʚʽʥʥʷ. ʇʦ ʟʘʢʽʥʯʝʥʥʶ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʮʫʢʝʨʢʠ, ʛʣʘʟʫʨʦʚʘʥʽ ʛʣʘʟʫʨôʶ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʚʠʥʦʛʨʘʜʥʠʭ ʧʦʨʦʰʢʽʚ, ʤʘʣʠ ʧʨʠʚʘʙʣʠʚʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ. ʇʦʯʘʣʦ 

ʚʽʜʙʫʚʘʪʠʩʷ ʥʝʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʤʘʢʦʘʨʦʤʘʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ɿʨʘʟʢʘʤʠ ʛʣʘʟʫʨʽ ʥʘ ʦʩʥʦʚʽ ʣʘʫʨʠʥʦʚʦʛʦ ʞʠʨʫ ʛʣʘʟʫʨʫʚʘʣʠ ʟʝʬʽʨ, ʤʘʨʤʝʣʘʜ ʪʘ ʧʘʩʪʠʣʫ, 

ʥʘ ʦʩʥʦʚʽ ʥʝʣʘʫʨʠʥʦʚʦʛʦ ʞʠʨʫ ï ʧʝʯʠʚʦ ʧʽʩʦʯʥʝ, ʧʨʷʥʠʢʠ, ʚʘʬʣʽ. ʇʨʦʜʫʢʮʽʷ, ʧʦʢʨʠʪʘ 
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ʛʣʘʟʫʨôʶ ʟ ʜʦʜʘʚʘʥʥʷʤ ʚʠʥʦʛʨʘʜʥʠʭ ʧʦʨʦʰʢʽʚ, ʚʽʜʨʽʟʥʷʣʘʩʴ ʚʠʱʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ, 

ʥʽʞ ʢʦʥʪʨʦʣʴʥʽ ʟʨʘʟʢʠ, ʟʘ ʨʘʭʫʥʦʢ ʤʝʥʰʦʾ ʢʨʠʰʢʫʚʘʪʦʩʪʽ, ʚʽʜʩʫʪʥʦʩʪʽ ʩʣʽʜʽʚ ʧʦʩʠʚʽʥʥʷ, 

ʟʙʝʨʝʞʝʥʥʷ ʩʤʘʢʫ ʽ ʘʨʦʤʘʪʫ. 

ɺʠʱʽ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʟʨʘʟʢʽʚ ʛʣʘʟʫʨʽ ʟ ʜʦʜʘʚʘʥʥʷʤ ʚʠʥʦʛʨʘʜʥʠʭ 

ʧʦʨʦʰʢʽʚ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʚʦʥʠ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʚʠʩʦʢʫ ʢʽʣʴʢʽʩʪʴ 

ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ. ʋʧʦʚʽʣʴʥʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʦʢʠʩʥʝʥʥʷ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʞʠʨʽʚ ʩʧʨʠʷʻ ʟʙʝʨʝʞʝʥʥʶ ʩʤʘʢʫ ʪʘ ʘʨʦʤʘʪʫ ʚʠʨʦʙʽʚ. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʰʢʽʚ ʟ ʚʠʥʦʛʨʘʜʥʠʭ ʢʽʩʪʦʯʦʢ ʚʟʘʤʽʥ ʯʘʩʪʢʠ ʢʘʢʘʦ 

ʧʦʨʦʰʢʘ ʫ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʣʘʟʫʨʽ ʜʦʟʚʦʣʷʻ ʧʦʜʦʚʞʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ 

ʛʣʘʟʫʨʽ ʪʘ ʛʣʘʟʫʨʦʚʘʥʠʭ ʥʝʶ ʚʠʨʦʙʽʚ. 
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ʯʘʩʪʠʥʘ ʚʠʨʦʙʣʝʥʘ ʟ ʽʤʧʦʨʪʥʠʭ ʢʦʥʴʷʯʥʠʭ ʩʧʠʨʪʽʚ. ʆʜʥʘʢ ʚ ʋʢʨʘʾʥʽ ʻ ʜʦʩʪʘʪʥʷ ʩʠʨʦʚʠʥʥʘ 
ʙʘʟʘ, ʟʦʢʨʝʤʘ, ʟʥʘʯʥʽ ʧʦʩʽʚʠ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ 
ʚʠʨʦʙʥʠʮʪʚʘ ʤʽʮʥʠʭ ʜʠʩʪʠʣʷʪʥʠʭ ʥʘʧʦʾʚ. ɸʥʘʣʦʛʽʯʥʘ ʧʨʦʜʫʢʮʽʷ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 
ʥʘ ʥʘʰʦʤʫ ʨʠʥʢʫ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʷ. ɺʽʜʧʦʚʽʜʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʻ ʦʨʛʘʥʽʟʘʮʽʷ 
ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʪʯʠʟʥʷʥʠʭ ʜʠʩʪʠʣʷʪʥʠʭ ʩʧʠʨʪʥʠʭ ʥʘʧʦʾʚ ʥʘ ʦʩʥʦʚʽ ʟʣʘʢʦʚʠʭ ʢʫʣʴʪʫʨ. 
ɺʽʜʦʤʦ, ʱʦ ʷʢʽʩʪʴ ʪʘ ʢʦʥʢʫʨʝʥʪʥʘ ʟʜʘʪʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 
ʩʦʙʽʚʘʨʪʦʩʪʽ ʩʠʨʦʚʠʥʠ ʪʘ ʾʾ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ.  
ɿʘ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʜʠʩʪʠʣʷʪʠ ʧʦʜʽʣʷʶʪʴ ʥʘ ʩʦʣʦʜʦʚʽ ʽ ʟʝʨʥʦʚʽ [1]. ʋ 

ʚʠʨʦʙʥʠʮʪʚʽ ʧʝʨʰʠʭ - ʧʨʦʮʝʩ ʛʽʜʨʦʣʽʟʫ ʧʦʣʽʤʝʨʽʚ ʩʠʨʦʚʠʥʠ (ʘ ʩʘʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʷʯʤʽʥʥʦʛʦ ʩʦʣʦʜʫ, ʨʽʜʰʝ ʞʠʪʥʴʦʛʦ), ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʚʣʘʩʥʠʭ ʬʝʨʤʝʥʪʽʚ ʩʠʨʦʚʠʥʠ. 
ʅʘʪʦʤʽʩʪʴ ʧʝʨʝʨʦʙʢʘ ʟʝʨʥʘ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʥʜʦʬʝʨʤʝʥʪʽʚ, ʥʘʩʘʤʧʝʨʝʜ, ʤʽʢʨʦʙʥʦʛʦ 
ʧʦʭʦʜʞʝʥʥʷ, ʪʦʤʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʟʝʨʥʦʚʠʭ 
ʜʠʩʪʠʣʷʪʽʚ ʚʨʘʭʦʚʫʶʪʴ ʚʘʨʪʽʩʪʴ ʷʢ ʦʩʥʦʚʥʦʾ ʩʠʨʦʚʠʥʠ, ʪʘʢ ʽ ʬʝʨʤʝʥʪʥʠʭ ʧʨʝʧʘʨʘʪʽʚ. 
ɺʽʜʦʤʦ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʧʝʨʝʨʦʙʢʠ ʟʝʨʥʦʚʦʾ ʩʠʨʦʚʠʥʠ 

ʩʧʦʩʦʙʠ ʚʠʨʦʙʥʠʮʪʚʘ ʦʮʫʢʨʝʥʦʛʦ ʩʫʩʣʘ ʧʨʠʥʮʠʧʦʚʦ ʧʨʦʚʘʜʷʪʴ ʧʨʠ çʞʦʨʩʪʢʠʭ ʨʝʞʠʤʘʭè 
(ʪʦʙʪʦ ʧʨʠ ʨʦʟʚʘʨʶʚʘʥʥʽ), ʽ çʤ`ʷʢʠʭ ʨʝʞʠʤʘʭè (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 
100 Áʉ). ʅʝʜʦʣʽʢʠ ʧʝʨʰʦʛʦ ʩʧʦʩʦʙʫ ʧʝʨʝʨʦʙʢʠ ʩʠʨʦʚʠʥʠ ʧʦʣʷʛʘʶʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 
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ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʧʨʘʮʶʻ ʧʽʜ ʪʠʩʢʦʤ; ʟʥʘʯʥʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪʘʭ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʩʫʩʣʘ; ʚʪʨʘʪʘʭ 
ʟʘʨʦʜʞʫʚʘʥʠʭ ʚʫʛʣʝʚʦʜʽʚ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʛʨʽʚʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʩʠ, 
ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʭʽʜ ʜʠʩʪʠʣʷʪʫ ʟ ʦʜʠʥʠʮʽ ʩʠʨʦʚʠʥʠ, ʱʦ ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ. ɺʣʘʩʥʝ, ʪʦʤʫ 
ʜʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʜʨʫʛʠʡ ʩʧʦʩʽʙ - ʧʨʠ çʤ`ʷʢʠʭ ʨʝʞʠʤʘʭè. 
ʆʜʝʨʞʘʥʥʷ ʦʮʫʢʨʝʥʦʛʦ ʩʫʩʣʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʩʧʦʩʦʙʽʚ: ʥʘʩʪʽʡʥʠʤ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʷʯʤʽʥʥʦʛʦ ʩʦʣʦʜʫ ʟ ʧʠʚʦʚʘʨʥʦʾ 
ʛʘʣʫʟʽ [2]; ʤʝʭʘʥʽʢʦ-ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ (ʥʘʡʙʽʣʴʰ ʜʦʩʢʦʥʘʣʦʛʦ), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 
ʚʽʪʯʠʟʥʷʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʟʝʨʥʦʚʦʾ ʩʠʨʦʚʠʥʠ [3]; çʍʦʣʦʜʥʦʛʦ ʟʘʪʠʨʘʥʥʷè, 
ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʦʮʫʢʨʝʥʦʛʦ ʩʫʩʣʘ ʚ ʅʽʤʝʯʯʠʥʽ ʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ʜʦ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʽʪʯʠʟʥʷʥʠʤʠ ʬʘʭʽʚʮʷʤʠ ʩʧʠʨʪʦʚʦʾ ʛʘʣʫʟʽ [4]. 
ɺ ʮʽʣʦʤʫ ʧʨʠ ʚʠʙʦʨʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʦʪʨʠʤʘʥʥʷ ʟʝʨʥʦʚʦʛʦ ʩʫʩʣʘ ʚʨʘʭʦʚʫʶʪʴ 

ʪʨʠ ʬʘʢʪʦʨʠ, ʘ ʩʘʤʝ: ʩʪʫʧʽʥʴ ʨʦʟʯʠʥʝʥʥʷ ʧʦʣʽʤʝʨʽʚ ʩʠʨʦʚʠʥʠ; ʤʘʢʩʠʤʘʣʴʥʝ ʟʙʝʨʝʞʝʥʥʷ 
ʚʣʘʩʥʦʾ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʝʨʥʘ; ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʜʣʷ ʜʽʾ 
ʤʽʢʨʦʙʥʠʭ ʘʤʽʣʘʟ, ʧʨʦʪʝʘʟ, ʮʠʪʘʟʘ.  
ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ [5, 6] ʜʦʟʚʦʣʷʻ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʥʘʩʪʽʡʥʠʡ ʩʧʦʩʽʙ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʷʢ ʥʝʦʩʚʽʪʣʝʥʦʛʦ, ʪʘʢ ʽ ʦʩʚʽʪʣʝʥʦʛʦ ʩʫʩʣʘ, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʚʠʨʦʙʣʝʥʥʷ 
ʟʝʨʥʦʚʠʭ ʜʠʩʪʠʣʷʪʽʚ, ʷʢʽ ʻ ʦʩʥʦʚʦʶ ʩʧʠʨʪʥʠʭ ʥʘʧʦʾʚ ʽʟ ʟʣʘʢʽʚ. 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʨʝʞʠʤʠ ʦʙʨʘʥʦʛʦ ʩʧʦʩʦʙʫ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ ʛʣʠʙʦʢʫ ʜʝʩʪʨʫʢʮʽʶ 

ʧʦʣʽʤʝʨʽʚ ʩʠʨʦʚʠʥʠ ʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʙʝʨʝʛʪʠ ʚʣʘʩʥʫ ʬʝʨʤʝʥʪʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ ʟʝʨʥʘ. ɺ 

ʮʽʣʦʤʫ, ʩʧʦʩʽʙ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʚʠʩʦʢʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʟʘʪʨʘʪʘʤʠ ʪʘ ʧʨʦʩʪʠʡ ʚ 

ʘʧʘʨʘʪʫʨʥʦʤʫ ʦʬʦʨʤʣʝʥʥʽ. 

ɼʦʩʣʽʜʞʝʥʥʷʤʠ ʧʦʢʘʟʘʥʦ, ʱʦ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʩʦʣʦʜʫ ʽ ʨʘʩʘ ʜʨʽʞʜʞʽʚ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ ʙʝʟʚʦʜʥʦʛʦ ʩʧʠʨʪʫ, ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʚʠʭʦʜʷʯʠ ʟ ʦʙʩʷʛʫ ʽ ʤʽʮʥʦʩʪʽ 

ʟʙʨʦʜʞʝʥʦʛʦ ʩʫʩʣʘ. ʇʽʜʪʚʝʨʜʞʝʥʘ ʨʘʥʽʰʝ ʚʠʷʚʣʝʥʘ ʯʽʪʢʘ ʟʘʣʝʞʥʽʩʪʴ ʟʥʠʞʝʥʥʷ ʚʠʭʦʜʫ 

ʩʧʠʨʪʫ ʧʨʠ ʧʦʛʽʨʰʝʥʥʽ ʷʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʯʤʽʥʥʦʛʦ ʩʦʣʦʜʫ, ʧʦʚ'ʷʟʘʥʘ ʟ ʥʝʜʦʩʪʘʪʥʴʦʶ 

ʘʢʪʠʚʥʽʩʪʶ ʚʣʘʩʥʠʭ ʬʝʨʤʝʥʪʽʚ ʩʠʨʦʚʠʥʠ ʽ ʥʝʧʦʚʥʠʤ ʧʝʨʝʭʦʜʦʤ ʢʨʦʭʤʘʣʶ ʚ ʟʙʨʦʜʞʫʚʘʥʥʽ 

ʮʫʢʨʠ, ʘ ʪʘʢʦʞ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʙʨʦʜʞʫʚʘʥʥʷ ʩʧʠʨʪʦʚʠʭ ʜʨʽʞʜʞʽʚ, 

ʤʝʪʘʙʦʣʽʟʤ ʷʢʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ ʥʘʢʦʧʠʯʝʥʥʷʤ ʝʪʘʥʦʣʫ [4]. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʠʩʪʠʣʷʮʽʾ ʪʘʢ, ʷʢ ʽ ʷʢʽʩʪʴ ʩʠʨʦʚʠʥʠ, ʥʘʣʝʞʠʪʴ ʜʦ ʚʠʟʥʘʯʘʣʴʥʠʭ 

ʯʠʥʥʠʢʽʚ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʇʨʷʤʘ ʧʝʨʝʛʦʥʢʘ (ʜʠʩʪʠʣʷʮʽʷ) 

ʧʦʣʷʛʘʻ ʚ ʢʦʥʮʝʥʪʨʫʚʘʥʥʽ ʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʫ ʟ ʥʘʧʨʘʚʣʝʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʩʢʣʘʜʫ ʣʝʪʢʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʷʢʽʩʪʴ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ.  

ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʥʮʠʧʫ ʜʽʾ ʚʩʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʠʩʪʠʣʷʮʽʾ ʫʤʦʚʥʦ ʤʦʞʥʘ 

ʧʦʜʽʣʠʪʠ ʥʘ ʜʠʩʪʠʣʷʮʽʡʥʽ ʫʩʪʘʥʦʚʢʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʽ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ. ɺʝʣʠʢʽ ʚʠʨʦʙʥʠʢʠ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʩʰʪʘʙʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʩʪʘʥʦʚʢʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ, 

ʥʘʪʦʤʽʩʪʴ, ʥʝʚʝʣʠʢʽ ʚʠʨʦʙʥʠʢʠ ʢʨʘʬʪʦʚʠʭ ʩʦʨʪʽʚ ʜʠʩʪʠʣʴʦʚʘʥʠʭ ʥʘʧʦʾʚ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʫʩʪʘʥʦʚʢʠ ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ ʟ ʜʚʦʢʨʘʪʥʦʶ ʯʠ ʪʨʠʢʨʘʪʥʦʶ ʧʝʨʝʛʦʥʢʦʶ. 

ʍʽʤʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʫʙʽ ʧʝʨʝʛʽʥʥʦʾ 

ʫʩʪʘʥʦʚʢʠ, ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʢʣʘʜ ʽ ʷʢʽʩʪʴ ʦʜʝʨʞʫʚʘʥʠʭ ʜʠʩʪʠʣʷʪʽʚ. ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʷʢ 

ʙʘʛʘʪʦʨʽʯʥʠʡ ʚʠʨʦʙʥʠʯʠʡ ʜʦʩʚʽʜ, ʪʘʢ ʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʛʘʣʫʟʽ ʢʦʥʴʷʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʦʪʨʠʤʘʥʥʷ ʜʠʩʪʠʣʷʪʽʚ ʟ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ [1, 7].  

ʊʘʢ, ʚ ʨʷʜʽ ʥʘʫʢʦʚʠʭ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʚʠʚʯʝʥʥʶ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʚ 

ʚʠʥʦʤʘʪʝʨʽʘʣʽ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʥʘʛʨʽʚʘʥʥʷ 

ʡʦʛʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʥʘʯʥʦ ʟʤʽʥʶʻʪʴʩʷ [7]. ʆʩʦʙʣʠʚʦ ʩʠʣʴʥʽ ʟʤʽʥʠ ʟʘʟʥʘʶʪʴ ʚʫʛʣʝʚʦʜʠ ʽ 

ʘʟʦʪʠʩʪʽ ʩʧʦʣʫʢʠ. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʪʨʠʚʘʣʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʚʠʥʘ ʚ ʥʴʦʤʫ 

ʟʥʠʞʫʻʪʴʩʷ ʚʤʽʩʪ ʘʤʽʥʦʢʠʩʣʦʪ ʽ ʤʦʥʦʮʫʢʨʽʚ ʽ ʧʽʜʚʠʱʫʶʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʣʴʜʝʛʽʜʽʚ, 

ʣʝʪʶʯʠʭ ʢʠʩʣʦʪ, ʚʠʱʠʭ ʩʧʠʨʪʽʚ ʽ ʬʫʨʬʫʨʦʣʫ. ʇʨʠʯʦʤʫ, ʮʽ ʟʤʽʥʠ ʧʦʩʠʣʶʶʪʴʩʷ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʥʘʛʨʽʚʘʥʥʷ.  

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʚʠʚʯʝʥʥʶ ʚʧʣʠʚʫ ʪʨʠʚʘʣʦʩʪʽ ʥʘʛʨʽʚʫ ʟʙʨʦʜʞʝʥʦʛʦ ʩʫʩʣʘ ʥʘ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʟʝʨʥʦʚʠʭ ʜʠʩʪʠʣʷʪʽʚ, ʧʦʢʘʟʘʚ ʾʭ ʩʫʪʪʻʚʫ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʙʽʦʭʽʤʽʯʥʦʤʫ 

ʩʢʣʘʜʽ ʚʽʜ ʚʠʥʦʤʘʪʝʨʽʘʣʽʚ, ʪʘ ʥʝ ʜʘʻ ʪʘʢʦʛʦ ʷʚʥʦʛʦ ʧʦʟʠʪʠʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 
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ʎʝ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚ ʭʦʜʽ ʦʨʛʘʥʦʣʝʧʪʠʯʥʦʾ ʦʮʽʥʢʠ ʟʨʘʟʢʽʚ, ʷʢʽ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʪʨʠʚʘʣʠʡ ʧʦʧʝʨʝʜʥʽʡ ʥʘʛʨʽʚ ʟʙʨʦʜʞʝʥʦʛʦ ʟʝʨʥʦʚʦʛʦ ʩʫʩʣʘ, ʦʩʦʙʣʠʚʦ ʜʚʦʛʦʜʠʥʥʠʡ, 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʦʜʝʨʞʫʚʘʥʦʛʦ ʜʠʩʪʠʣʷʪʫ - ʚ ʘʨʦʤʘʪʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʪʦʥ ʚʘʨʝʥʦʛʦ 

ʪʘ ʧʽʜʛʦʨʽʣʦʾ ʭʣʽʙʥʦʾ ʰʢʽʨʢʠ, ʥʝʚʣʘʩʪʠʚʽ ʜʘʥʦʤʫ ʚʠʜʫ ʧʨʦʜʫʢʪʫ [9]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʥʝ ʪʽʣʴʢʠ ʧʽʜʪʚʝʨʜʞʝʥʦ ʥʘʷʚʥʽʩʪʴ ʚ ʋʢʨʘʾʥʽ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟʝʨʥʦʚʠʭ ʜʠʩʪʠʣʷʪʽʚ, ʘ ʡ ʚʩʪʘʥʦʚʣʝʥʦ ʯʠʥʥʠʢʠ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʷʢʽʩʪʴ ʧʨʦʜʫʢʪʫ ʪʘ ʧʦʛʽʨʰʫʶʪʴ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ. 
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ʈɸɿʈɸɹʆʊʂɸ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʀʉʊɽʄ ʇʀʊɸʅʀʗ ʀ ʇʈɽɼɺɸʈʀʊɽʃʔʅʆʁ 

ʆʏʀʉʊʂʀ ʍʃʆʇʂɸ-ʉʓʈʎɸ ɺ ʆʏʀʉʊʀʊɽʃʗʍ ʂʈʋʇʅʆɻʆ ʉʆʈɸ 

ɻʣʘʚʥʘʷ ʬʫʥʢʮʠʷ ʧʠʪʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʦʯʠʩʪʠʪʝʣʝʡ ï ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʴ 

ʧʦʜʘʯʠ ʧʦʪʦʢʘ ʭʣʦʧʢʘ-ʩʳʨʮʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥʳ. 

ʇʠʪʘʪʝʣʴ ʦʯʠʩʪʠʪʝʣʷ ʢʨʫʧʥʦʛʦ ʩʦʨʘ ʩʦʜʝʨʞʠʪ ʦʙʳʯʥʦ ʪʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘ - 

ʩʦʙʩʪʚʝʥʥʦ ʧʠʪʘʪʝʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʘʨʳ ʣʦʧʘʩʪʥʳʭ ʚʘʣʠʢʦʚ; ʰʘʭʪʫ-ʥʘʢʦʧʠʪʝʣʴ, 

ʧʨʠʟʚʘʥʥʫʶ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʠʟʙʳʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘʚʘʝʤʦʛʦ ʭʣʦʧʢʘ-ʩʳʨʮʘ ʠ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʝʥʠʶ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ 

ʧʨʝʢʨʘʱʝʥʠʠ ʠʣʠ ʩʥʠʞʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʪʘʥʠʷ ʤʘʰʠʥʳ ʭʣʦʧʢʦʤ-ʩʳʨʮʦʤ; ʚʘʨʠʘʪʦʨ 

ʩʢʦʨʦʩʪʠ ʧʠʪʘʥʠʷ. 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ ʧʠʪʘʥʠʷ ʭʣʦʧʢʦʚʳʭ ʦʯʠʩʪʠʪʝʣʝʡ ʩʣʝʜʫʶʱʠʝ: 

ʆʙʝʩʧʝʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦ ʪʦʣʱʠʥʝ ʠ ʰʠʨʠʥʝ ʧʦʪʦʢʘ ʭʣʦʧʢʘ- ʩʳʨʮʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ 

ʤʘʰʠʥʫ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʚ ʢʦʤʧʣʝʢʩʝ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥʳ 

ʧʦ ʭʣʦʧʢʫ-ʩʳʨʮʫ ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʠʣʴʯʘʪʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʰʠʨʠʥʳ ʤʘʰʠʥʳ. 

ʉʠʩʪʝʤʘ ʧʠʪʘʥʠʷ ʥʝ ʜʦʣʞʥʘ ʧʦʚʨʝʞʜʘʪʴ ʚʦʣʦʢʥʦ ʠ ʩʝʤʝʥʘ ʭʣʦʧʢʘ, ʚʦʟʜʝʡʩʪʚʠʝ ʝʸ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʥʘ ʭʣʦʧʦʢ-ʩʳʨʝʮ ʥʝ ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ 

ʚʥʝʜʨʝʥʠʝʤ ʩʦʨʥʳʭ ʧʨʠʤʝʩʝʡ ʚʛʣʫʙʴ ʚʦʣʦʢʥʘ [1]. 
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ʅʘ ʧʠʪʘʪʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʚʦʟʣʦʞʠʪʴ ʬʫʥʢʮʠʠ ʧʦʜʛʦʪʦʚʢʠ ʭʣʦʧʢʘ-ʩʳʨʮʘ ʢ ʦʯʠʩʪʠʪʝʣʴʥʦʤʫ 

ʧʨʦʮʝʩʩʫ - ʨʘʟʫʢʨʫʧʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʯʘʩʪʠʮ ʠ ʢʦʤʢʦʚ ʭʣʦʧʢʘ-ʩʳʨʮʘ ʠ ʠʭ ʜʝʬʦʨʤʘʮʠʝʡ 

ʧʠʪʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʱʘʜʷʱʝʤ ʨʝʞʠʤʝ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʦʪʢʨʳʪʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʭʣʦʧʢʘ-ʩʳʨʮʘ, ʨʘʩʰʘʪʳʚʘʪʴ ʩʚʷʟʠ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʪʴ ʚʳʚʦʜ ʩʦʨʥʳʭ ʯʘʩʪʠʮ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʧʦ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʢ 1-3 ʛʨʫʧʧʘʤ, ʠʟ ʚʦʣʦʢʥʠʩʪʦʡ ʤʘʩʩʳ. 

ɺ ʩʠʣʫ ʚʪʦʨʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʨʘʩʧʦʨʥʳʭ 

ʫʩʠʣʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʠʪʘʶʱʠʝ ʚʘʣʠʢʠ ʠ ʷʚʣʷʶʱʠʭʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʫʩʣʦʚʠʡ ʧʨʦʯʥʦʩʪʠ ʣʦʧʘʩʪʥʳʭ ʚʘʣʠʢʦʚ ʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦ, ʩʦʭʨʘʥʥʦʩʪʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʥʝʝ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ [1], ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʜʝʬʦʨʤʘʮʠʶ ʩʣʦʷ 

ʫʩʣʦʚʥʳʤʠ, ʢʨʫʛʣʦʡ ʬʦʨʤʳ ʚʘʣʠʢʘʤʠ, ʘ ʭʣʦʧʦʢ-ʩʳʨʝʮ ʢʘʢ ʦʜʥʦʤʝʨʥʦ ʜʝʬʦʨʤʠʨʫʝʤʳʡ 

ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʇʫʘʩʩʦʥʘ ɔ=0, ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʭʝʤʝ ʧʨʠ ʪʦʤ ʞʝ ʫʩʣʦʚʠʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʦʪʦʢʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʧʠʩʘʪʴ ʜʝʬʦʨʤʘʮʠʶ ʭʣʦʧʢʘ-ʩʳʨʮʘ ʣʦʧʘʩʪʥʳʤʠ ʚʘʣʠʢʘʤʠ ʤʝʪʦʜʘʤʠ 

ʢʦʥʪʘʢʪʥʳʭ ʟʘʜʘʯ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ. 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʝʬʦʨʤʘʮʠʠ ʩʣʦʷ 

ʭʣʦʧʢʘ-ʩʳʨʮʘ ʣʦʧʘʩʪʷʤʠ ʚʘʣʠʢʦʚ. ʇʫʩʪʴ ʩʣʦʡ 

ʭʣʦʧʢʘ ʪʦʣʱʠʥʦʡ S ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʧʠʪʘʶʱʠʤ 

ʚʘʣʠʢʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʧ. ʣʦʧʘʩʪʝʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʝʛʦ ʦʢʨʫʞʥʦʩʪʠ, 

ʠ ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ 

ʣʦʧʘʩʪʷʤʠ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ  .  

ɼʠʘʤʝʪʨʳ ʚʘʣʠʢʦʚ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ D , ʘ 

ʤʝʞʮʝʥʪʨʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʯʝʨʝʟ A 

(ʨʠʩ.1). ʎʠʬʨʘʤʠ ʥʘʪʫʨʘʣʴʥʦʛʦ ʨʷʜʘ ʯʠʩʝʣ 

ʦʙʦʟʥʘʯʠʤ ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʣʦʧʘʩʪʝʡ - ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʦʙʨʘʪʥʦʤ ʦʯʝʨʝʜʥʦʩʪʠ ʠʭ 

ʚʩʪʫʧʣʝʥʠʷ ʚ ʢʦʥʪʘʢʪ ʩ ʧʨʦʜʫʢʪʦʤ - 1,2,3,...n. 

ʏʠʩʣʦ ʣʦʧʘʩʪʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʭʦʜʷʱʠʭʩʷ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʰʠʨʠʥʳ ʧʦʪʦʢʘ S ʠ ʩʧʦʩʦʙʥʳʭ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʩʣʦʡ ʭʣʦʧʢʘ-ʩʳʨʮʘ, 

ʧʝʨʝʤʝʥʥʦ ʠ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʜʚʘ ʟʥʘʯʝʥʠʷ 

                                            (1) 

ʛʜʝ ʩʦʛʣʘʩʥʦ [4] ʢʚʘʜʨʘʪʥʳʤʠ ʩʢʦʙʢʘʤʠ ʦʙʦʟʥʘʯʝʥʘ ʥʝʵʣʝʤʝʥʪʘʨʥʘʷ ʬʫʥʢʮʠʷ, ʨʘʚʥʘʷ 

ʥʘʠʙʦʣʴʰʝʤʫ ʮʝʣʦʤʫ ʯʠʩʣʫ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʤʫ ʩʪʦʷʱʝʝ ʚ ʩʢʦʙʢʘʭ ʯʠʩʣʦ, ʠ 

rmax=rmin+1                                                    (2) 

ʇʨʠʤʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʚʘʣʠʢʘ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʘ ʦʪʩʯʝʪ ʫʛʣʦʚ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʙʫʜʝʤ ʚʝʩʪʠ ʠʣʠ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ oy- i  ʜʣʷ i-ʡ ʣʦʧʘʩʪʠ, ʠʣʠ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʣʦʧʘʩʪʠ I ʚ ʤʦʤʝʥʪ ʢʘʩʘʥʠʷ ʩʣʦʷ ʭʣʦʧʢʘ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʚʝʣʠʯʠʥʦʡ  

                                                       (3) 

ʇʦʣʥʳʡ ʮʠʢʣ ʜʝʬʦʨʤʘʮʠʠ ʩʣʦʷ ʭʣʦʧʢʘ-ʩʳʨʮʘ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʣʦʧʘʩʪʝʡ ʥʘ ʧʠʪʘʶʱʝʤ ʚʘʣʠʢʝ ʟʘʚʝʨʰʘʝʪʩʷ ʪʦʛʜʘ, ʢʦʛʜʘ ʣʦʧʘʩʪʴ I ʧʝʨʝʭʦʜʠʪ ʠʟ ʧʦʣʦʞʝʥʠʷ 

, ʚ ʧʦʣʦʞʝʥʠʝ  , ʘ ʝʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʣʦʧʘʩʪʠ n. 

ɼʣʷ ʣʶʙʦʛʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʣʦʧʘʩʪʠ I ʜʝʬʦʨʤʘʮʠʷ ʩʣʦʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʝʛʦ ʦʩʠ, ʩʦʩʪʘʚʠʪ 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʚʥʝʜʨʝʥʠʷ 

ʣʦʧʘʩʪʝʡ ʚʘʣʠʢʘ ʚ ʧʦʪʦʢ ʭʣʦʧʢʘ-

ʩʳʨʮʘ 
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                         (4) 

ʆʙʦʟʥʘʯʠʤ   ʠ ʫʧʨʦʩʪʠʤ (4) 

                                         (5) 

ɼʣʷ ʩ -ʡ ʣʦʧʘʩʪʠ () ʙʫʜʝʤ ʠʤʝʪʴ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

                              (6) 

ʧʨʠʯʝʤ ʢ ʵʪʦʤʫ ʚʳʨʘʞʝʥʠʶ ʜʦʙʘʚʠʤ ʫʩʣʦʚʠʝ ʥʝ ʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ 

                                             (7) 

ʇʨʦʩʫʤʤʠʨʫʝʤ (6) ʜʣʷ ʚʩʝʭ ʣʦʧʘʩʪʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʥʳʭ ʢʦʥʪʘʢʪʦʚ ʩ 

ʭʣʦʧʢʦʤ-ʩʳʨʮʦʤ, ʜʦʧʫʩʪʠʚ, ʯʪʦ ʤʘʢʩʠʤʫʤʫ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʫʤʤʳ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʤʘʢʩʠʤʫʤ ʩʫʤʤʘʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʨʝʘʣʴʥʦʡ ʩʭʝʤʳ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʤʘʢʩʠʤʫʤ 

ʩʫʤʤʘʨʥʦʡ  ʨʘʩʧʦʨʥʦʡ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʝʡ ʚ ʩʠʩʪʝʤʝ. ʆʙʦʟʥʘʯʠʚ , ʧʦʣʫʯʠʤ 

ʚʳʨʘʞʝʥʠʝ 

         (8) 

ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʠ ʚ ʚʠʜʝ, ʫʜʦʙʥʦʤ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ. 

ʕʢʩʪʨʝʤʫʤ (8) ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʩʣʦʚʠʷ    

                                  (9) 

ʇʨʠ ʟʥʘʯʝʥʠʷʭ , ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ (9) ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʨʝʜʝʣʘʭ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʧʨʠʥʷʪʦʡ ʩʭʝʤʦʡ ʧʨʦʮʝʩʩʘ, ʪʦʯʢʠ ʵʢʩʪʨʝʤʫʤʘ ʙʫʜʫʪ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ  ʠ  , ʪ.ʢ 

 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʤʝʝʤ ʩ ʫʯʸʪʦʤ (7) 

                                                (10) 

ʅʘʡʜʝʥʥʳʝ ʤʘʢʩʠʤʫʤʳ ʬʫʥʢʮʠʠ (8) ʣʦʢʘʣʴʥʳʝ, ʚ ʮʠʢʣʝ ʜʝʬʦʨʤʘʮʠʠ ʠʭ ʜʚʘ ʠ ʦʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʢʦʤʫ ʧʦʣʦʞʝʥʠʶ ʧʠʪʘʶʱʠʭ ʚʘʣʠʢʦʚ, ʢʦʛʜʘ ʠʭ ʣʦʧʘʩʪʠ ʩʠʤʤʝʪʨʠʯʥʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʮʝʥʪʨʳ ʚʨʘʱʝʥʠʷ ʚʘʣʠʢʦʚ. ʕʪʦ ʚʠʜʥʦ ʠ ʠʟ ʪʘʙʣ.1, ʛʜʝ 

ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʭʝʤʳ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ  , ʧʨʠ n=3,4, 6 ʠ 

8;  A=210 mm; D=140 mm  ʠ S=180 mm 

ʊʘʙʣʠʮʘ 1 ï ʇʘʨʘʤʝʪʨʳ ʛʝʦʤʝʪʨʠʠ ʧʠʪʘʪʝʣʷ 

ʇʘʨʘʤʝʪʨʳ 
ʏʠʩʣʦ ʣʦʧʘʩʪʝʡ, n 

3 4 6 8 

 12
0
22'

 
12

0
22' 12

0
22' 12

0
22'

 

 120
0 

90
0 

60
0 

45
0 

            rp ,  1,294 1,726 2,589 3,452 

            rmin ,  1 1 2 3 

           rmax ,  2 2 3 4 

     rmin 17
0
38' 32

0
38' 17

0
38' 12

0
8' 

     rmax 77
0
38' 77

0
38' 47

0
38' 32

0
38' 

 max  rmin , mm 55 55 91,2 124 

        rmax , mm 40 69 95 130,3 

ʆʧʨʝʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʫʨʘʚʥʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʩʣʦʷ. ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʤʘʣʦʩʪʠ 

ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʪʝʣ, 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘʤʠ ʟʘʜʘʯʝ, ʪʝʦʨʠʷ ʫʧʨʫʛʦʩʪʠ ʜʘʝʪ ʜʣʷ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ W ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ɟ ʦʪ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ ʈ (ʬʦʨʤʫʣʘ ɹʫʩʩʠʥʝʩʢʘ) [3] 

                                              (11) 

ʛʜʝ ɽ ʠ ɔ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ;  

k - ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʦʙʱʘʶʱʠʭ ʩʚʦʡʩʪʚ. 

ʇʨʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʧʣʦʱʘʜʢʝ ʢʦʥʪʘʢʪʘ ʥʘʛʨʫʟʢʝ q ʬʦʨʤʫʣʘ ɹʫʩʩʠʥʝʩʢʘ ʧʨʠʥʠʤʘʝʪ 

ʠʥʪʝʛʨʘʣʴʥʳʡ ʚʠʜ: 

                                           (12) 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʠ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ q ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʝʢ ʢʘʢ ʚ ʧʣʦʱʘʜʢʝ 

ʢʦʥʪʘʢʪʘ, ʪʘʢ ʠ ʟʘ ʝʸ ʧʨʝʜʝʣʘʤʠ, ʠʣʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ w(ɟ) ʥʘʡʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʛʨʫʟʢʠ (ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ, ʪʨʝʙʫʶʱʘʷ ʨʝʰʝʥʠʷ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ). 

ʈʝʰʝʥʠʝ (12) ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ q=const ʧʝʨʝʤʝʱʝʥʠʝ 

ʪʦʯʝʢ ʧʣʦʱʘʜʢʠ ʨʘʟʣʠʯʥʦʝ; ʪʘʢ ʜʣʷ ʧʣʦʱʘʜʢʠ ʜʣʠʥʦʡ 2l ʠ ʰʠʨʠʥʦʡ 2b ʧʝʨʝʤʝʱʝʥʠʝ 

ʮʝʥʪʨʘ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ (ʤʘʢʩʠʤʘʣʴʥʫʶ) 

                                     (13) 

ʘ ʚʝʨʰʠʥ ʧʨʷʤʳʭ ʫʛʣʦʚ - ʚʝʣʠʯʠʥʫ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʫʶ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʝ ʩʚʦʜʠʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʢ ʘʥʘʣʠʟʫ ʩʣʦʞʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ, ʧʦʣʴʟʫʶʪʩʷ ʥʝʢʦʪʦʨʳʤ ʩʨʝʜʥʠʤ ʧʝʨʝʤʝʱʝʥʠʝʤ Wcp ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ q(F), ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʥʥʘʷ ʩʨʝʜʥʷʷ q. 

ʕʪʘ ʩʨʝʜʥʷʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʧʝʨʝʤʝʱʝʥʠʷ 

                                              (14) 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʠʤʝʝʪ ʚʠʜ 

                             (15) 

ʠ ʧʦʟʚʦʣʷʝʪ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʩʫʜʠʪʴ ʦ ʚʝʣʠʯʠʥʝ ʩʨʝʜʥʝʛʦ ʜʘʚʣʝʥʠʷ q. 

ʉʨʘʚʥʝʥʠʝ q ʩʦ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʦʡ ʜʘʚʣʝʥʠʷ, ʧʦʣʫʯʘʝʤʦʡ ʧʨʠW= const, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʭ 

ʟʥʘʯʝʥʠʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʇʦʵʪʦʤʫ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʘʩʧʦʨʥʳʝ ʫʩʠʣʠʷ ʧʦ ʟʥʘʯʝʥʠʷʤ Wʩʨ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʘʥʘʣʠʟ. 
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ɼʀʌʋɿɯʁʅɽ ɿɺɸʈʖɺɸʅʅʗ ʋ ɺɸʂʋʋʄɯ ʊʆʅʂʆʃʀʉʊʆɺʆɻʆ ʉʇʃɸɺʋ NiCr  

ʏɽʈɽɿ ɹɸʈôɭʈʅɽ ʇʆʂʈʀʊʊʗ ɿ Ni ʊɸ ɹɸɻɸʊʆʐɸʈʆɺɯ ʇʈʆʐɸʈʂʀ 

ʉʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʥʽʢʝʣʶ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʣʘʩʽʚ 

ʪʝʭʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʦʣʦʜʽʶʪʴ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ ʷʢ ʫ ʚʦʜʽ, ʪʘʢ ʽ ʧʨʠ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ, 

ʟʘʜʦʚʽʣʴʥʫ ʧʣʘʩʪʠʯʥʽʩʪʴ ʽ ʚôʷʟʢʽʩʪʴ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʣʝʡ 

ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ Ni ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʧʨʠ ʢʨʽʦʛʝʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʘʢ ʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʱʦ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ 1200 ÁC.  

ʉʢʣʘʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʟôʻʜʥʘʥʴ ʟ NiCr ʩʧʣʘʚʽʚ ʤʝʪʦʜʦʤ ʜʠʬʫʟʽʡʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʫ 

ʚʘʢʫʫʤʽ ʧʦʣʷʛʘʻ ʚ ʥʘʷʚʥʦʩʪʽ ʥʘ ʾʭ ʧʦʚʝʨʭʥʽ ʪʝʨʤʽʯʥʦ ʩʪʽʡʢʦʛʦ ʰʘʨʫ ʦʢʩʠʜʫ ʽ ʥʠʟʴʢʽʡ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʜʘʥʦʾ ʛʨʫʧʠ ʤʘʪʝʨʽʘʣʽʚ. ʗʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʤʽʞʥʠʭ ʧʨʦʰʘʨʢʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʞʘʨʦʤʽʮʥʠʭ ʥʽʢʝʣʝʚʠʭ 

ʩʧʣʘʚʽʚ ʪʝʨʤʽʯʥʦ ʩʪʽʡʢʦʾ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ, ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʽʜʚʠʱʝʥʽ ʨʝʞʠʤʠ 

ʟʚʘʨʶʚʘʥʥʷ. ʗʢ ʧʦʢʘʟʘʣʠ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʚʘʨʶʚʘʥʥʷ ʥʘ ʨʝʞʠʤʽ: ʊʟʚ = 1200 Áʉ, 

ʈʟʚ = 40 ʄʇʘ, tʟʚ = 20 ʭʚ. ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʫʪʚʦʨʝʥʥʷ ʷʢʽʩʥʦʛʦ ʟôʻʜʥʘʥʥʷ.  

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʦʢʠʩʣʝʥʥʶ ʧʦʚʝʨʭʥʶ ʟʨʘʟʢʽʚ ʟ NiCr ʩʧʣʘʚʫ ʧʦʢʨʠʚʘʣʠ ʰʘʨʦʤ ʥʽʢʝʣʶ 

ʪʦʚʱʠʥʦʶ 5 ï 7 ʤʢʤ. ɿʚʘʨʶʚʘʥʥʷ ʥʽʭʨʦʤʫ ʟ ʧʦʢʨʠʪʪʷʤ ʟ Ni ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ 

ʥʘʥʦʰʘʨʫʚʘʪʠʡ ʧʨʦʰʘʨʦʢ Al/Ni. ʇʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʜʠʬʫʟʽʡʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʙʫʣʠ 

ʥʘʩʪʫʧʥʽ: ʊʟʚ = 1100 Áʉ, ʈʟʚ = 40 ʄʇʘ, tʟʚ = 10 ʭʚ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʦʪʨʠʤʘʥʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʦʢʨʝʤʠʤʠ ʜʝʬʝʢʪʘʤʠ ʚ ʧʦʢʨʠʪʪʽ, ʚ ʩʝʨʝʜʥ ʁ ʯʘʩʪʠʥʫ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʤʽʛʨʘʮʽʷ ʧʦʨ (ʨʠʩ. 1). ʈʦʟʧʦʜʽʣ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʤʘʻ ʤʦʥʦʪʦʥʥʠʡ ʭʘʨʘʢʪʝʨ ʙʝʟ ʨʽʟʢʠʭ 

ʧʝʨʝʧʘʜʽʚ. ɼʠʬʫʟʽʡʥʽ ʧʨʦʮʝʩʠ ʽʜʫʪʴ ʜʝʱʦ ʟʘʛʘʣʴʤʦʚʘʥʦ. ɺʠʭʦʜʷʯʠ ʟ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʬʦʣʴʛʘ ʧʽʩʣʷ ʟʚʘʨʶʚʘʥʥʷ ʧʝʨʝʢʨʠʩʪʘʣʽʟʫʚʘʣʘʩʷ ʚ ʽʥʪʝʨʤʝʪʘʣʽʜ AlNi 3. ʍʨʦʤ ʟ ʦʩʥʦʚʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʧʨʦʥʠʢʘʻ ʥʘ ʚʩʶ ʪʦʚʱʠʥʫ ʧʨʦʰʘʨʢʫ, ʧʨʦʪʝ ʡʦʛʦ ʚʤʽʩʪ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 0,35Cr, % ʚʘʛ. ɸʣʶʤʽʥʽʡ ʟ ʧʨʦʰʘʨʢʫ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚ ʥʘʧʨʷʤʢʫ ʧʦʢʨʠʪʪʷ, ʜʝ 

ʡʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʪʘʥʦʚʠʪʴ 3,71 ï 4,35Al, % ʚʘʛ. 

  
ʘ) ʙ) 

ʈʠʩ. 1 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (ʘ) ʽ ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ (ʙ) ʟôʻʜʥʘʥʥʷ NiCr(Ni) ï Al /Ni ï NiCr(Ni), 

ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʨʝʞʠʤʽ: ʊʟʚ = 1100 Áʉ, ʈʟʚ = 40 ʄʇʘ, tʟʚ = 10 ʭʚ. 
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ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʘʨôʻʨʥʦʛʦ 

ʧʨʦʰʘʨʢʫ ʟ ʥʽʢʝʣʶ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʙʘʛʘʪʦʰʘʨʦʚʠʤ ʧʨʦʤʽʞʥʠʤʠ ʧʨʦʰʘʨʢʘʤʠ ʩʧʨʠʷʻ 

ʫʪʚʦʨʝʥʥʶ ʦʜʥʦʨʽʜʥʦʛʦ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ. 

 

ʋɼʂ 539.375.5:621.793.74 

ʂʦʧʠʣʦʚ ɺ.ɯ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʉʦʣʦʜʢʠʡ ʉ.ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʪ. ʚʠʢʣ. 

ʉʚʽʪʦʯ ɯ. ʆ., ʘʩʧʽʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè ʤ. ʂʠʾʚ  

ɿʅʆʉʆʉʊɯʁʂɯʉʊʔ ʅʀʂɽʃʔʍʈʆʄʆɺʀʍ ʇʃɸɿʄʆɺʀʍ ʇʆʂʈʀʊʊɯɺ ʇʈʀ 

ɿɸʉʊʆʉʋɺɸʅʅɯ ɿʆɺʅɯʐʅʔʆɻʆ ʄɸɻʅɯʊʅʆɻʆ ʇʆʃʗ 

ɺʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʢʝʨʘʤʽʯʥʠʭ ʧʣʘʟʤʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʻ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ʇʨʦʮʝʩ 

ʟʥʦʰʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʻʜʥʘʥʥʷ ʬʟ̔ʠʢʦ-ʤʝʭʘʥʯ̔ʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ ʧʘʨʠ 

ʪʝʨʪʷ, ʭʘʨʘʢʪʝʨʫ ʽ ʨʝʞʠʤʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʨʪʷ. ʐʠʨʦʢʝ ʚʞʠʚʘʥʥʷ ʚ ʪʷʞʢʠʭ ʫʤʦʚʘʭ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʥʘʭʦʜʷʪʴ ʧʣʘʟʤʦʚʽ ʧʦʢʨʠʪʪʷ, ʟʦʢʨʝʤʘ, ʽʟ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ NiïCrïBï

Si ʟ ʥʘʷʚʥʽʩʪʶ ʚ ʾʾ  ʦʙ'ʻʤʽ ʟʤʽʮʥʶʶʯʠʭ ʬʘʟ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʥʘʥʦʩʢʣʘʜʦʚʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ [1ï3]. 

ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʻ 

ʩʪʨʫʢʪʫʨʘ ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʷʢʘ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʪʦʢʽʚ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʧʣʘʟʤʠ. ʋʧʨʘʚʣʽʥʥʷ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ ʽ, ʦʪʞʝ, ʫʧʨʘʚʣʽʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʛʝʪʝʨʦʛʝʥʥʦʤʫ ʧʣʘʟʤʦʚʦʤʫ ʧʦʪʦʮʽ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʝ 

ʰʣʷʭʦʤ ʥʘʢʣʘʜʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ [4]. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʘʙʨʘʟʠʚʥʝ ʩʧʨʘʮʶʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʫʩʪʘʥʦʚʮʽ ʃʂʀ-3 

ʟʘ ʩʭʝʤʦʶ ʟʥʦʰʫʚʘʥʥʷ ʯʝʨʝʟ ʘʙʨʘʟʠʚʥʠʡ ʧʨʦʰʘʨʦʢ ʙʝʟ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ʅʘʷʚʥʽʩʪʴ ʟʤʽʮʥʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

(ʢʝʨʘʤʽʯʥʠʭ ʬʘʟ), ʟʘʚʜʷʢʠ ʚʠʩʦʢʠʤ ʨʽʚʥʷʤ ʪʚʝʨʜʦʩʪʽ, ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ, ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʣʘʚʣʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʪʷ 

ʢʦʚʟʘʥʥʷ, ʚʠʩʦʢʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʨʠ ʘʙʨʘʟʠʚʥʽʡ ʜʽʾ ʦʪʨʠʤʘʥʠʭ ʧʦʢʨʠʪʪʽʚ. ɼʦʩʣʽʜʞʝʥʥʷʤʠ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʢʨʘʱʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʦʢʨʠʪʪʷ ʽ ʟʤʝʥʰʝʥʥʷ ʛʨʘʜʽʻʥʪʫ ʧʦʢʘʟʥʠʢʘ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʚ 

ʧʦʢʨʠʪʪʽ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʝ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʤ ʽ ʽʥʪʝʥʩʠʚʥʽʰʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʽ 

ʧʨʠʩʢʦʨʝʥʥʷʤ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʦʢʨʠʪʪʷ. ʆʪʞʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘʷʚʥʝ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʣʘʟʤʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʫ ʮʽʣʦʤʫ. ʇʦʚʝʨʭʥʽ ʪʝʨʪʷ 

ʧʦʢʨʠʪʪʽʚ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʚʠʯʘʡʥʠʤ ʩʧʦʩʦʙʦʤ, ʧʽʩʣʷ ʚʠʧʨʦʙʦʚʫʚʘʥʴ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʛʣʠʙʦʢʠʭ ʩʣʽʜʽʚ ʘʙʨʘʟʠʚʥʦʾ ʜʽʾ ʦʢʩʠʜʽʚ ʽ ʚʽʜʰʘʨʫʚʘʥʥʷ ʯʘʩʪʠʥʠ ʧʦʢʨʠʪʪ.̫ ʑʦʜʦ 

ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʧʦʢʨʠʪʪʽʚ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʦʧʝʨʝʯʥʦʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ 

ʤʘʻʤʦ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʙʦʨʦʟʝʥ ʽ ʤʝʥʰʝ ʾʭ ʟʘʛʣʠʙʣʝʥʥʷ, ʚʽʟʫʘʣʴʥʦ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʚʽʜʰʘʨʫʚʘʥʥʷ ʤʝʪʘʣʽʯʥʠʭ ʯʘʩʪʠʥʦʢ. 

ɿʘʣʝʞʥʽʩʪʴ ʩʧʨʘʮʶʚʘʥʥʷ ʚʽʜ ʯʘʩʫ ʚʠʧʨʦʙʫʚʘʥʴ (ʰʣʷʭʫ ʪʝʨʪʷ) ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʝʤʧʽʨʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ: 

b

ʊLaG ,        (1) 

ʜʝ G ï ʩʧʨʘʮʶʚʘʥʥʷ ʧʦʢʨʠʪʪʷ, ʛ;  

Lʊ ï ʰʣʷʭ ʪʝʨʪʷ, ʤ;  

ʘ,b ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ʧʦʢʨʠʪʪʷ. 

ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʟʥʦʰʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ.1 ʽ ʪʘʙʣ. 1. 

ɺ ʮʽʣʦʤʫ ʚʠʷʚʣʝʥʦ, ʱʦ ʟʦʚʥʽʰʥʻ ʧʦʧʝʨʝʯʥʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʷʢʝ ʜʽʻ ʚ ʦʙʣʘʩʪʽ ʚʚʝʜʝʥʥʷ 

ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʛʘʟʦʚʠʡ ʧʦʪʽʢ, ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʧʨʦʮʝʩʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʚ 1,3 ï 1,5 ʨʘʟʠ. 
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ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʦʚʥʽʰʥʻ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʧʨʠ ʧʣʘʟʤʦʚʦʤʫ ʥʘʧʠʣʝʥʥʽ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʧʦ ʧʝʨʝʪʠʥʫ ʰʘʨʫ ʧʦʢʨʠʪʪʷ ʟʥʘʯʝʥʴ ʣʦʢʘʣʴʥʦʾ ʧʦʨʠʩʪʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ, ʧʦʢʨʘʱʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʟʤʝʥʰʫʻʪʴʩʷ ʛʨʘʜʽʻʥʪ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʚ ʧʦʢʨʠʪʪʽ. ɺʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʢʦʨʝʛʫʚʘʥʥʽ ʜʚʦʬʘʟʥʦʛʦ ʧʦʪʦʢʫ ʟʦʚʥʽʰʥʽʤ 

ʧʦʧʝʨʝʯʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʥʘʷʚʥʝ ʧʽʜʚʠʱʝʥʥʷ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ 

ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ, ʱʦ ʜʦʩʷʛʘʻ (25 ï 40)%. ɼʦʚʝʜʝʥʦ, ʱʦ ʧʨʠ ʧʣʘʟʤʦʚʦʤʫ ʧʦʨʦʰʢʦʚʦʤʫ 

ʥʘʧʠʣʝʥʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʨʦʩʪʘʥʥʷ ʩʪʽʡʢʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʜʦ ʘʙʨʘʟʠʚʥʦʛʦ ʩʧʨʘʮʶʚʘʥʥʷ  ʚ 1,4 ï 1,9 ʨʘʟʠ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʦʢʘʟʥʠʢʘʤʠ, ʱʦ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʚʠʯʘʡʥʠʤ ʩʧʦʩʦʙʦʤ. 

 
ʈʠʩ. 1 ï ʉʧʨʘʮʶʚʘʥʥʷ ʧʦʢʨʠʪʪʷ (G) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʣʷʭʫ ʪʝʨʪʷ (Lʊ) ʧʨʠ ʪʝʨʪʽ ʯʝʨʝʟ 

ʘʙʨʘʟʠʚʥʠʡ ʧʨʦʰʘʨʦʢ: 1 ï ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʢʦʨʝʛʫʶʯʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ; 2 ï ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʢʦʨʝʛʫʶʯʦʛʦ ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (50 ɻʮ); 3 ï ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʢʦʨʝʛʫʶʯʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʦʩʪʽʡʥʦʛʦ ʥʘʧʨʷʤʢʫ 

ʊʘʙʣʠʮʷ 1 ï ʇʘʨʘʤʝʪʨʠ ʫʪʚʦʨʝʥʥʷ ʧʦʢʨʠʪʪʷ ʽ ʢʦʝʬʽʮʽʻʥʪʠ, ʟʛʽʜʥʦ ʨʽʚʥʷʥʥʶ (1) 

ʂʦʝʬʽʮʽʻʥʪʠ 

 

ʇʘʨʘʤʝʪʨʠ ʫʪʚʦʨʝʥʥʷ ʧʦʢʨʠʪʪʷ  

 

a 

 

b 

ʇʦʢʨʠʪʪʷ, ʱʦ ʫʪʚʦʨʝʥʝ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʢʝʨʫʶʯʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ  

0,007 0,566 

ʇʦʢʨʠʪʪʷ, ʱʦ ʫʪʚʦʨʝʥʝ ʽʟ ʟʥʘʢʦʟʤʽʥʥʠʤ ɿʇʄʇ 0,001 0,796 

ʇʦʢʨʠʪʪʷ, ʱʦ ʫʪʚʦʨʝʥʝ ʽʟ ɿʇʄʇ ʧʦʩʪʽʡʥʦʛʦ 

ʥʘʧʨʷʤʢʫ 

0,002 0,661 
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ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʩʚʘʨʢʠ ʠʤ. ɽ.ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ 

ʇʆɺʓʐɽʅʀɽ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʉɺʆʁʉʊɺ ɻɸɿʆʊɽʈʄʀʏɽʉʂʀʍ 

ʇʆʂʈʓʊʀʁ ʕʃɽʂʊʈʆʂʆʅʊɸʂʊʅʆʁ ʆɹʈɸɹʆʊʂʆʁ 

ɹʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʦʯʥʷʶʱʠʭ ʟʘʱʠʪʥʳʭ (ʋɿʇ) 

ʧʦʢʨʳʪʠʡ ʵʢʦʥʦʤʠʢʘ ʋʢʨʘʠʥʳ ʥʝ ʚʳʡʜʝʪ ʠʟ ʢʨʠʟʠʩʘ ʦʩʪʨʦʛʦ ʜʝʬʠʮʠʪʘ ʤʝʪʘʣʣʘ, ʟʘʧʘʩʥʳʭ 

ʯʘʩʪʝʡ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʦʧʣʠʚʘ [1]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʢʨʳʪʠʡ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʪʘʣʝʡ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʠʭ ʠʟʥʦʩʦ - ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʟʘʤʝʥʳ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʙʦʣʝʝ ʜʝʰʝʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʩ ʧʦʢʨʳʪʠʷʤʠ [1]. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʥʘʥʝʩʝʥʠʷ ʋɿʇ ʷʚʣʷʝʪʩʷ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ 

ʥʘʧʳʣʝʥʠʝ (ɻʊʅ) [2]. ʄʝʪʦʜʳ ɻʊʅ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘʥʝʩʝʥʠʷ 

ʧʦʢʨʳʪʠʡ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ ʚʥʝʜʨʝʥʠʶ ʠʭ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ: ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʩʣʦʝʚ ʚ ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ ʪʦʣʱʠʥ ʩ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʩʚʦʡʩʪʚ. ɿʘʪʨʘʪʳ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʩʦʩʪʘʚʣʷʶʪ 15...20% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʥʦʚʴ ʠʟʛʦʪʦʚʣʷʝʤʳʤʠ ʜʝʪʘʣʷʤʠ, ʘ ʠʭ ʩʨʦʢ ʩʣʫʞʙ rʧʦʚʳʰʘʝʪʩʷ ʚ 2...3 ʨʘʟʘ. 

ʇʨʦʠʟʚʦʜʠʤʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʫʩʪʘʥʦʚʢʠ ɻʊʅ  ʠ ʥʘʧʳʣʷʝʤʳʝ ʤʘʪʝʨʠʘʣʳ 

ʜʘʁʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʘʪʴ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʝʪʘʣʝʡ ʨʘʟʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [2]. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ɻʊʅ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʧʦʢʨʳʪʠʷ ʠ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʨʠʩʪʦʩʪʴ 

[2]. ʇʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ ʠ ʧʦʨʠʩʪʦʩʪʴ ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ ʧʦʢʨʳʪʠʡ. ɺʦʟʤʦʞʥʳʤʠ 

ʧʫʪʷʤʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ɻʊʅ-ʧʦʢʨʳʪʠʡ ʷʚʣʷʝʪʩʷ ʠʟʳʩʢʘʥʠʝ ʥʦʚʳʭ ʧʨʠʝʤʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʩʦʚʝʨʰʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʢʘʯʦʢ ʚ ʩʚʦʡʩʪʚʘʭ ʧʦʢʨʳʪʠʡ.  

ʄʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ɻʊʅ-ʧʦʢʨʳʪʠʡ ʚʢʣʶʯʘʶʪ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʥʘʧʳʣʝʥʠʷ; ʟʘʤʝʥʫ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʟʘʱʠʪʥʳʤʠ ʛʘʟʘʤʠ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ; ʧʨʠʤʝʥʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘʛʨʝʚʘ ʠ ʜʨ. [3]. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʨʫʧʧʘ 

ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ɻʊʅ-ʧʦʢʨʳʪʠʡ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʫʧʨʦʯʥʷʶʱʝʡ 

ʦʙʨʘʙʦʪʢʦʡ [3-6]. ʉʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʠ ɻʊʅ-

ʧʦʢʨʳʪʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʝʭʘʥʦʪʝʨʤʠʯʝʩʢʦʡ ʫʧʨʦʯʥʷʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ (ʄʊʋʆ) [4]. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʧʦʩʣʝ ʄʊʋʆ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʨʦʣʴʶ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʨʘʟʚʠʪʠʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ çʟʘʣʝʯʠʚʘʥʠʶè ʧʦʨ [4].  

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʠ ʄʊʋʆ ʧʦʣʫʯʠʣʘ ʩʭʝʤʘ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ (ʕʂʆ) ʠʣʠ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʧʝʢʘʥʠʷ ʧʨʠ ʧʨʦʢʘʪʢʝ ʧʦʢʨʳʪʠʡ ʤʝʜʥʳʤ 

ʪʦʢʦʧʨʦʚʦʜʥʳʤ ʨʦʣʠʢʦʤ [4-6]. ʕʂʆ [5, 6] ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʙʝʩʧʦʨʠʩʪʳʭ ɻʊʅ-ʧʦʢʨʳʪʠʡ (ʨʠʩ. 1) ʩ ʧʨʦʯʥʦʩʪʴʶ ʩʮʝʧʣʝʥʠʷ 150-220 ʄʇʘ (ʪʘʙʣ. 1), 

ʩʦʭʨʘʥʷʷ ʠʩʭʦʜʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ ʠ ʧʦʚʳʰʘʷ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʳ. 

ʕʂʆ ʦʪʥʦʩʠʪʩʷ ʢ ʠʤʧʫʣʴʩʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʧʨʠʥʮʠʧʳ 

ʩʠʥʭʨʦʥʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʠʤʧʫʣʴʩʥʳʭ ʨʝʞʠʤʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

ʕʂʆ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʨʠ ʧʨʷʤʦʤ ʧʨʦʧʫʩʢʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ [5, 6] ʠ 
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ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʣʦʡ ʪʦʢʘ ʜʦ 15é30 ʢɸ ʩ ʚʨʝʤʝʥʝʤ ʠʤʧʫʣʴʩʘ ʠ ʧʘʫʟʳ 0,04é0,2 ʩ, 

ʚʪʦʨʠʯʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 1é6 ɺ, ʜʘʚʣʝʥʠʝʤ ʜʦ 100 ʄʇʘ, ʊʝʭʥʦʣʦʛʠʷ ʕʂʆ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʤʠʥʠʤʘʣʴʥʳʝ ʧʨʠʧʫʩʢʠ ʥʘ ʬʠʥʠʰʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ɻʊʅ-ʧʦʢʨʳʪʠʡ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʥʘ ʧʦʨʷʜʦʢ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʦ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʥʘʧʣʘʚʢʦʡ [4-6].  
 

ʂʣʘʩʩ ʆʧʠʩʘʥʠʝ % ʧʣʦʱʘʜʠ 

1 ʇʦʨʳ 15.39% 

2 ʆʩʥʦʚʘ 84.61% 

 

ʂʣʘʩʩ ʆʧʠʩʘʥʠʝ % ʧʣʦʱʘʜʠ 

1 ʇʦʨʳ 6.29% 

2 ʆʩʥʦʚʘ 93.71% 

ʘ)                                                                       ʙ) 
 

ʂʣʘʩʩ ʆʧʠʩʘʥʠʝ % ʧʣʦʱʘʜʠ 

1 ʇʦʨʳ 3.3% 

2 ʆʩʥʦʚʘ 96,87% 

 

ʂʣʘʩʩ ʆʧʠʩʘʥʠʝ % ʧʣʦʱʘʜʠ 

1 ʇʦʨʳ 1,11% 

2 ʆʩʥʦʚʘ 98,89% 

       
                                1            ʂʣʘʩʩʳ             2                                                     1           ʂʣʘʩʩʳ            2 

ʚ)                                                                            ʛ)  

ʈʠʩ. 1 ï ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ɻʊʅ-ʧʦʢʨʳʪʠʡ (ʘ, ʙ) ʠ ɻʊʅ-

ʧʦʢʨʳʪʠʡ ʧʦʩʣʝ ʕʂʆ (ʚ, ʛ). 

ʊʘʙʣʠʮʘ 1 ï ʆʧʪʠʤʘʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʩʮʝʧʣʝʥʠʷ (ůʩʮ), ʄʇʘ 

ůʩʮ ɻʊʅ-ʧʦʢʨʳʪʠʡ ʧʦʩʣʝ ʕʂʆ, ʄʇʘ ůʩʮ ɻʊʅ-ʧʦʢʨʳʪʠʡ, ʄʇʘ 

ʈʘʩʯʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ 

 

ʈʘʩʯʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ 

190 ï 200 170 ï 187 89 ï 95 72 - 78 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʮʝʧʣʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʠ 

ʥʘʧʳʣʝʥʥʳʭ ʧʦʢʨʳʪʠʡ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʄʊʋʆ, ʦʜʥʠʤ ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʕʂʆ.  
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ɿʄʆʏʋɺɸʅʅʗ ʄɽʊɸʃɽɺʀʍ ʇʆɺɽʈʍʆʅʔ ʇʈʀʇʆʗʄʀ ʇʈʀ ʅɸɻʈɯɺɸʅʅɯ ʊɸ 

ʇɸʗʅʅɯ ɺ ʊʃɯʖʏʆʄʋ ʈʆɿʈʗɼɯ 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʪʫʞʥʦʩʪʨʫʤʦʚʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʷʢ ʜʞʝʨʝʣʘ ʥʘʛʨʽʚʫ ʫ 

ʧʦʻʜʥʘʥʥʽ ʽʟ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʚʠʟʥʘʯʠʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʡʦʛʦ ʚ ʧʨʦʮʝʩʘʭ ʜʠʬʫʟʽʡʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʨʽʟʥʦʨʽʜʥʠʭ ʤʝʪʘʣʽʚ. ɼʦʩʚʽʜ 

ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʜʦʟʚʦʣʠʚ ʩʬʦʨʤʫʣʶʚʘʪʠ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ 

ʪʝʭʧʨʦʮʝʩʫ ʟʚʘʨʶʚʘʥʥʷ, ʚʠʙʦʨʫ ʨʝʞʠʤʽʚ ʪʘ ʫʤʦʚ ʛʦʨʽʥʥʷ ʨʦʟʨʷʜʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʫ ʨʷʜʽ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʽ ʚ 

ʧʨʦʮʝʩʘʭ ʧʘʷʥʥʷ ʤʝʪʘʣʽʚ. ʆʜʥʘʢ, ʥʝʜʦʩʪʘʪʥʷ ʚʠʚʯʝʥʽʩʪʴ ʮʠʭ ʧʨʦʮʝʩʽʚ ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʚʠʙʦʨʫ ʨʝʞʠʤʽʚ ʥʘʛʨʽʚʫ ʟʘʛʦʪʦʚʦʢ, ʚʠʙʦʨʫ ʛʘʟʦʚʠʭ ʪʘ 

ʽʥʰʠʭ ʟʘʭʠʩʥʠʭ ʩʝʨʝʜʦʚʠʱ ʽ ʫʤʦʚ ʛʦʨʽʥʥʷ ʨʦʟʨʷʜʫ. 

ʆʩʥʦʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʟʜʘʪʥʦʩʪʽ ʜʦ ʧʘʷʥʥʷ ʻ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟ'ʻʜʥʫʚʘʥʠʭ 

ʤʝʪʘʣʽʚ ʨʽʜʢʠʤ ʧʨʠʧʦʻʤ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʘʤʠ ʨʦʟʪʽʢʘʥʥʷ ʡʦʛʦ ʧʦ ʪʚʝʨʜʠʭ ʤʝʪʘʣʝʚʠʭ 

ʧʦʚʝʨʭʥʷʭ. ʆʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʦʮʝʩʫ ʧʘʷʥʥʷ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ, ʦʙʫʤʦʚʣʝʥʘ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʟ'ʻʜʥʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ 

ʧʨʠʧʦʶ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʧʘʷʥʥʷ ʫ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʻ ʥʘʷʚʥʽʩʪʴ ʤʽʞ ʘʥʦʜʦʤ ʨʦʟʨʷʜʫ ʪʘ ʢʘʪʦʜʦʤ, ʫ 

ʷʢʦʩʪʽ ʷʢʦʛʦ ʚʠʩʪʫʧʘʶʪʴ ʜʝʪʘʣʽ ʪʘ ʧʨʠʧʦʡ, ʽʩʥʫʻ ʟʥʘʯʥʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʣʝ, ʘ ʥʘ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʢʘʪʦʜʥʦʛʦ ʨʦʟʧʠʣʝʥʥʷ, ʱʦ ʟʤʽʥʶʻ ʩʢʣʘʜ ʤʝʪʘʣʝʚʠʭ 

ʧʦʚʝʨʭʦʥʴ. ʎʝ ʥʝ ʜʘʻ ʟʤʦʛʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʘʷʥʥʷ ʫ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʚʽʜʦʤʽ 

ʨʝʞʠʤʠ ʜʣʷ ʧʘʷʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʣʶʩʽʚ ʘʙʦ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʛʘʟʦʚʦʾ ʘʪʤʦʩʬʝʨʠ. 

ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʣʠ ʫʤʦʚʠ ʨʦʟʪʽʢʘʥʥʷ ʧʨʠʧʦʶ ʧʦ ʧʦʚʝʨʭʥʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ 20ʍ13, 40ʍʅ, 36ʅʍʊʖ, 12ʍ18ʅ10ʊ ʚ ʫʤʦʚʘʭ ʾʭ ʥʘʛʨʽʚʫ ʪʣʽʶʯʠʤ 

ʨʦʟʨʷʜʦʤ, ʱʦ ʛʦʨʠʪʴ ʫ ʩʝʨʝʜʦʚʠʱʽ ʧʦʰʠʨʝʥʠʭ ʛʘʟʽʚ ï ʘʨʛʦʥʫ ʪʘ ʘʟʦʪʫ. ʋ ʷʢʦʩʪʽ 

ʢʦʥʪʨʦʣʴʥʠʭ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʪʘʢʽ ʞ ʟʨʘʟʢʠ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʾʭ ʨʘʜʽʘʮʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʫ ʪʠʭ ʞʝ 

ʛʘʟʘʭ ʧʨʠ ʘʥʘʣʦʛʽʯʥʠʭ ʪʠʩʢʘʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʬʣʶʩʫ ʫ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʠʩʢʫ 

ʛʘʟʫ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʟʨʦʩʪʘʻ, ʧʦʯʠʥʘʶʯʠ ʟ 10é20
0
, ʧʨʠʯʦʤʫ ʧʨʠ ʥʠʟʴʢʠʭ ʪʠʩʢʘʭ ʢʫʪ 

ʟʤʦʯʫʚʘʥʥʷ ʧʨʠ ʥʘʛʨʽʚʽ ʫ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʤʝʥʰʝ, ʥʽʞ ʫ ʥʝʽʦʥʽʟʦʚʘʥʦʤʫ ʛʘʟʦʚʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ. ɯʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʠʩʢʫ ʛʘʟʫ ʫ ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʨʠ ʥʘʛʨʽʚʽ ʫ 

ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʟʨʦʩʪʘʻ ʰʚʠʜʰʝ, ʥʽʞ ʫ ʥʝʽʦʥʽʟʦʚʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʽ ʟʘ ʧʝʚʥʠʭ ʟʥʘʯʝʥʴ 

ʪʠʩʢʫ (0,5é1,33 ʢʇʘ) ʧʝʨʝʚʠʱʫʻ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ. 

mailto:bolotovgp@gmail.com


çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2019è 
 

76 

ʇʨʠ ʧʦʧʝʨʝʜʥʴʦʤʫ ʬʣʶʩʫʚʘʥʥʽ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʢʫʪʠ ʟʤʦʯʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʘ 

ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʧʨʘʢʪʠʯʥʦ ʟʙʽʛʘʶʪʴʩʷ ʽ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 20é30
0
. 

ʆʮʽʥʢʘ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʛʨʽʚʘʥʥʷ ʜʝʪʘʣʝʡ ʜʦ ʤʦʤʝʥʪʫ ʨʦʟʪʽʢʘʥʥʷ ʧʨʠʧʦʶ 

ʇʉʨ-72 ʩʚʽʜʯʠʪʴ, ʱʦ ʫ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ  ʚʦʥʘ ʪʘʢʦʞ ʟʨʦʩʪʘʻ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ ʛʘʟʫ.  
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʉʊɸʊʆʏʅʓʍ ʅɸʇʈʗɾɽʅʀʁ ɺ ʉʊɸʃʀ 18ʍɻʊ ʇʆʉʃɽ 

ɺɸʂʋʋʄʅʆɻʆ ʇʃɸɿʄɽʅʅʆɻʆ ʊɽʈʄʆʄʆʎʀʂʃʀʏɽʉʂʆɻʆ 

ɸɿʆʊʀʈʆɺɸʅʀʗ  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠ ʤʘʰʠʥ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʝʰʠʪʴ ʧʨʦʙʣʝʤʫ 

ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʜʝʪʘʣʝʡ ʠʟ ʩʪʘʣʠ ʠ ʩʧʣʘʚʦʚ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʚʘʢʫʫʤʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ, ʥʝʨʞʘʚʝʶʱʠʭ 

ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʧʦʩʣʝʜʫʶʱʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʬʦʨʤʠʨʫʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʳʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʩʣʦʡ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʛʣʫʭʠʭ ʠ 

ʩʢʚʦʟʥʳʭ ʦʪʚʝʨʩʪʠʷʭ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪʩʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ. ɺ ʧʨʦʮʝʩʩʝ 

ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʮʠʢʣʠʯʝʩʢʘʷ ʩʤʝʥʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ ʠʤʧʫʣʴʩʦʚ ʤʘʣʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ. 

ʌʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʫʩʪʘʥʦʚʢʠ çɺʀʇɸ-1è. 

ʆʙʨʘʙʦʪʢʫ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʩʤʝʩʠ ʛʘʟʦʚ ʘʟʦʪʘ ʠ ʘʨʛʦʥʘ (ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1) ʧʨʠ 

ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʤ ʨʝʞʠʤʝ (450Áʉ550Áʉ). ʇʨʦʮʝʩʩ ʥʘʩʳʱʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʢʘʤʝʨʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʘʢʫʫʤʥʦʛʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʛʨʝʚʘ. ʊʝʤʧʝʨʘʪʫʨʫ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ 

ʠʟʤʝʨʷʣʠ ʦʧʪʠʯʝʩʢʠʤ ʧʠʨʦʤʝʪʨʦʤ.  

ʀʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 

18 ʍɻʊ. ɺʘʢʫʫʤʥʦʤʫ ʧʣʘʟʤʝʥʥʦʤʫ ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʤʫ ʘʟʦʪʠʨʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʣʠ 

ʦʙʨʘʟʮʳ ʚ ʚʠʜʝ ʢʦʣʴʮʘ ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 1 ʤʤ. ʆʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʣʝ 

ʘʟʦʪʠʨʦʚʘʥʠʷ ʩʪʘʣʠ 18 ʍɻʊ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʴʮʘ ʩ ʨʘʟʨʝʟʦʤ. ɹʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʠʬʬʫʟʠʦʥʥʳʭ ʩʣʦʷʭ ʤʝʪʘʣʣʘ 

ʧʦʩʣʝ ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ. ɼʣʷ ʪʨʝʭ ʩʝʨʠʡ ʦʙʨʘʟʮʦʚ ʚ ʚʠʜʝ 

ʢʦʣʴʮʘ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʣʠ ʘʟʦʪʠʨʦʚʘʥʠʶ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ, 

ʠʩʩʣʝʜʦʚʘʣʠ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʴʶ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ 

18 ʍɻʊ ʚʦʟʥʠʢʘʶʪ ʩʞʠʤʘʶʱʠʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʝ, ʘ ʥʘ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ï ʨʘʩʪʷʛʠʚʘʶʱʠʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʛʦ ʘʟʦʪʠʨʦʚʘʥʠʷ. ʅʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ 

ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʮʠʢʣʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʜʝʪʘʣʝʡ. 

ʉʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʣʘʟʤʝʥʥʦʡ ʪʝʨʤʦʮʠʢʣʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʚʘʢʫʫʤʝ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʜʝʪʘʣʝʡ 

ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʘʙʨʘʟʠʚʥʳʭ ʩʨʝʜʘʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ 

ʬʦʨʤʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠʟʥʦʩʦʩʪʦʡʢʠʡ ʩʣʦʡ ʙʝʟ ʤʠʢʨʦʪʨʝʱʠʥ ʠ ʜʝʬʝʢʪʦʚ. 
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BLOCKING OF DIFFUSIO N PROCESSES DURING THE PRODUCTION AND 

OPERATION OF THERMOE LEMENTS  

Conventionally, Bi2Te3 is used for the manufacture of working elements of thermoelectric 

transducers. The feature of this semiconductor material is well-marked anisotropy of properties. 

Therefore, the diffusion and self-diffusion coefficient for Cu, which is used for the production of 

commutation plates of thermoelements, is extremely large. The high rate of diffusion of Cu in the 

direction of the cleavage plane is due to the low bond and large spaces between layers Te
(1)

 ï 

Te
(1)

. Therefore, a necessary condition for preventing the interdiffusion of Cu atoms and 

increasing the lifetime of thermoelectric transducers is the use of antidiffusion barrier layers. 

Among the commonly used materials for the antidiffusion barrier layers production are Cu, 

Ti, Cr, Ni, Sr, W and Mo. However, the authors [1] established that the optimum material for the 

barrier layer production on the surface of the copper commutation plate is chromium. 

Additionally the authors of work [2] propose to create a barrier layer of chromium, which is 

quite technologically applied to the surface of both ceramics and metal. Furthermore, the 

formation of chemically resistant chromium oxides in the interface area of the weld additionally 

enhances the blocking effect. Common methods of commutation of thermoelements provide for 

the creation of antidiffusion layers on the surfaces of semiconductor materials. Such technologies 

in most cases have a negative influence on the operation of thermoelements at high temperatures. 

It is caused by the temperature increases that leads to the transition layer increasing consisting of 

solid solutions. Since solid solutions have low mechanical strength, it is leads to the decrease of 

the contacts strength. 

There is method of creation of antidiffusion layer [3] on the surface of copper for blocking of 

diffusion processes during the production and operation of thermoelements was used. This 

method is based on the effect of metal atom penetration from the surface to macroscopic 

distances deep into the base at low temperatures (to 473 ʂ) in the conditions of ion bombardment 

of surface in glow discharge environment. The chromium layer of 2 microns was deposited by 

means of vacuum evaporation onto the copper surface treated mechanically beforehand. Then 

this layer was being bombarded with argon ions obtained in glow discharge plasma at pressure of 

argon of about 10-13.3 Pa. The treatment was produced by anomalous glow discharge of 500-

600 V on electrodes. The ion bombardment took 1 hour. Such treatment allows to create of 

chromium antidiffusion layer in the surface layer of copper of 30-50 microns thick [1]. This 

engineering solution allows to block the diffusion of copper into the semiconductor at a 

temperature-time conditions during the production of thermoelements and their operation 
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ʈɸɿʈɸɹʆʊʂɸ ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʄʆɼɽʃʀ ʀ ʇʈʆɻʈɸʄʄʅʆɻʆ 

ʆɹɽʉʇɽʏɽʅʀʗ ɼʃʗ ʆʇʊʀʄʀɿɸʎʀʀ ʈɽɾʀʄɸ ʕʃɽʂʊʈʆʂʆʅʊɸʂʊʅʆʁ 

ʆɹʈɸɹʆʊʂʀ ɻɸɿʆʊɽʈʄʀʏɽʉʂʀʍ ʇʆʂʈʓʊʀʁ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʠ ʜʦʨʦʛʦʚʠʟʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʕʂʆ) ʛʘʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʧʦʢʨʳʪʠʡ (ɻʊʅ-ʧʦʢʨʳʪʠʡ), ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʘʢʪʦʨʦʚ 

ʧʨʦʮʝʩʩʘ ʕʂʆ ɻʊʅ-ʧʦʢʨʳʪʠʡ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʝʪʘʣʠ ʠ ʧʦʢʨʳʪʠʷ, ʯʪʦ 

ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ 

ʚʩʝʚʦʟʤʦʞʥʳʝ ʘʩʧʝʢʪʳ ʪʝʭʥʦʣʦʛʠʠ ʕʂʆ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʨʷʜʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʫʧʨʦʱʝʥʠʡ: ʧʦʩʪʦʷʥʩʪʚʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ ʜʝʪʘʣʠ ʠ ʧʦʢʨʳʪʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʧʨʦʱʝʥʥʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʝʧʣʦʦʙʤʝʥʝ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʫʩʣʦʚʠʷʭ ʧʦʩʪʫʧʣʝʥʠʷ ʪʝʧʣʘ ʚ 

ʜʝʪʘʣʴ ʠ ʪ.ʜ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʕʂʆ ɻʊʅ-ʧʦʢʨʳʪʠʡ ʠ ʩʦʟʜʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʕʂʆ ɻʊʅ-ʧʦʢʨʳʪʠʡ. 

ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʝʪʘʣʠ ʩ ʧʦʢʨʳʪʠʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʥʘʤʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʜʝʪʘʣʠ ʩ ʧʦʢʨʳʪʠʝʤ: 1 ï ʜʝʪʘʣʴ, 2 ï ʧʦʢʨʳʪʠʝ, 3 ï ʵʣʝʢʪʨʦʜ, 4 ï ʩʨʝʜʘ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ. ʅʘ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʜʝʪʘʣʠ ʨʘʜʠʫʩʦʤ RC ʠ ʜʣʠʥʦʡ LC ʨʘʚʥʦʤʝʨʥʳʤ ʩʣʦʝʤ ʥʘʥʝʩʝʥʦ ʧʦʢʨʳʪʠʝ ʪʦʣʱʠʥʦʡ 

p cR R. ʇʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʜʝʪʘʣʴʶ ʠ ʥʘʥʦʩʠʤʳʤ ʧʦʢʨʳʪʠʝʤ (r = RC) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ IV ʨʦʜʘ. ʇʦ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʦʷ ʧʦʢʨʳʪʠʷ (r = 

Rp) ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ (ʵʣʝʢʪʨʦʜ) ʰʠʨʠʥʳ he. ʀʩʪʦʯʥʠʢ ʪʝʧʣʘ 

ʨʘʙʦʪʘʝʪ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦ ʚʨʝʤʝʥʝʤ ʠʤʧʫʣʴʩʘ ʠt  ʠ ʚʨʝʤʝʥʝʤ 

ʧʘʫʟʳ tn, ʢʦʪʦʨʳʝ ʮʠʢʣʠʯʥʦ ʯʝʨʝʜʫʶʪʩʷ. ɺʦ ʚʨʝʤʷ ʠʤʧʫʣʴʩʘ ʵʣʝʢʪʨʦʜ ʚʳʜʝʣʷʝʪ ʪʝʧʣʦ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ We, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʢʪʨʦʜʘ ʠ ʧʨʦʪʝʢʘʶʱʠʤ ʯʝʨʝʟ ʥʝʛʦ 

ʪʦʢʦʤ I. ɹʣʘʛʦʜʘʨʷ ʧʨʦʪʝʢʘʶʱʝʤʫ ʯʝʨʝʟ ʜʝʪʘʣʴ ʩ ʧʦʢʨʳʪʠʝʤ ʪʦʢʫ ʦʪ ʵʣʝʢʪʨʦʜʘ, ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʜʝʡʩʪʚʫʶʪ ʚʥʫʪʨʝʥʥʠʝ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʘ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ Wint, 

ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʩʠʥʭʨʦʥʥʦ ʩ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ. ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʝʪʘʣʠ ʠ ʥʘʧʳʣʝʥʥʦʤ 
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ʧʦʢʨʳʪʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʕʂʆ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʘʣʠ ʠ ʧʦʢʨʳʪʠʷ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ ʜʚʫʤʝʨʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʟʘʧʠʩʘʥʥʳʤ ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ: 

 
int

1
i i i i

T T T
C r W

t r r r z z
, (i=1,2) (1) 

ʛʜʝ ʊ(r, z, t) ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʝ,  

ɟi(T), Ci(T), ɚi(T) ï ʧʣʦʪʥʦʩʪʴ, ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʜʝʪʘʣʠ ʠ ʧʦʢʨʳʪʠʷ; 

int int , ,W W r z t  ï ʦʙʲʝʤʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʚʦʜʘ ʪʝʧʣʘ ʦʪ ʚʥʫʪʨʝʥʥʝʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʀʥʜʝʢʩʳ i = 1 ʧʨʠʥʘʜʣʝʞʘʪ ʤʘʪʝʨʠʘʣʫ ʜʝʪʘʣʠ, ʘ i = 2 ʤʘʪʝʨʠʘʣʫ ʧʦʢʨʳʪʠʷ. 

ɺʚʠʜʫ ʥʝʣʠʥʝʡʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ (1), ʥʝ ʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ 

ʧʦʩʪʘʥʦʚʢʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʚʦʟʤʦʞʥʦʩʪʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ 

ʦʛʨʘʥʠʯʝʥʳ. ɺʚʠʜʫ ʵʪʠʭ ʧʨʠʯʠʥ ʧʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʯʠʩʣʝʥʥʦ, ʤʝʪʦʜʦʤ 

ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ [2, 3]. ɼʣʷ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʫʨʘʚʥʝʥʠʷ (1) 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʧʷʪʠʪʦʯʝʯʥʘʷ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʩ ʜʚʫʭʩʣʦʡʥʦʡ ʥʝʷʚʥʦʡ 

ʩʭʝʤʦʡ ʧʦ ʚʨʝʤʝʥʠ. ʇʦʣʫʯʝʥʥʦʝ ʨʘʟʥʦʩʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʰʘʣʘʩʴ ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʢʠ, 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʩ ʤʝʪʦʜʦʤ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ [2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥ ʚʳʚʦʜ 

ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʘʥʘʣʦʛʘ ʫʨʘʚʥʝʥʠʷ (1) ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ. ɼʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʕʂʆ ɻʊʅ-ʧʦʢʨʳʪʠʡ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) CW. ɼʘʥʥʦʝ ʇʆ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʚʳʙʦʨʘ 
ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʕʂʆ ɻʊʅ-ʧʦʢʨʳʪʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʝʪʘʣʠ, ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʨʳʪʠʷ ʠ ʠʟʜʝʣʠʷ. ʇʆ CWTemp ʨʘʙʦʪʘʝʪ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ (ʆʉ) ʩʝʤʝʡʩʪʚʘ Windows NT/2000/XP/Vista ʠ ʦʙʣʘʜʘʝʪ ʨʘʟʚʠʪʳʤ ʛʨʘʬʠʯʝʩʢʠʤ 

ʠʥʪʝʨʬʝʡʩʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʆ CWTemp ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʥʦʚʥʳʤ ʢʦʥʮʝʧʮʠʷʤ 

ʨʘʙʦʪʳ ʚ ʧʨʦʛʨʘʤʤʘʭ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʆʉ Microsoft 

Windows ʠ ʥʝ ʚʳʟʳʚʘʝʪ ʩʣʦʞʥʦʩʪʝʡ ʧʨʠ ʦʩʚʦʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʇʆ CWTemp ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʕʂʆ ɻʊʅ-ʧʦʢʨʳʪʠʡ ʧʦʟʚʦʣʷʝʪ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ 

ʨʝʞʠʤʝ ʧʨʦʚʦʜʠʪʴ ʜʝʪʘʣʴʥʳʝ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ ʧʨʦʮʝʩʩʘ ʩ ʫʯʝʪʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʝʪʘʣʠ ʠ ʧʦʢʨʳʪʠʷ, ʠʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʕʂʆ ɻʊʅ-ʧʦʢʨʳʪʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʩʦʟʜʘʥʥʦʛʦ ʥʘ ʝʝ ʦʩʥʦʚʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʯʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ 

ʕʂʆ ɻʊʅ-ʧʦʢʨʳʪʠʡ ʠ ʦʧʨʝʜʝʣʝʥʳ ʝʛʦ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. 

 

ʈʠʩ. 2 ï ʂʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʕʂʆ ɻʊʅ-ʧʦʢʨʳʪʠʡ: 

ʜʝʪʘʣʴ ï ʩʪʘʣʴ 45, ʧʦʢʨʳʪʠʝ ï 40ʍ13, 

ʪʦʣʱʠʥʘ ʩʣʦʷ ï 0,5ʤʤ, ʪʦʢ 16 ʢɸ, 

ʜʘʚʣʝʥʠʝ 30 ʄʇʘ, ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʜʘ 

0,02 ʤ/ʩ, ʚʨʝʤʷ ʠʤʧʫʣʴʩʘ/ʚʨʝʤʷ 

ʧʘʫʟʳ ï 0,02/0,02 ʩ 
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ɺʃʀʗʅʀɽ ʊʆʃʑʀʅʓ ʇʆʂʈʓʊʀʗ ʕʃɽʂʊʈʆɼʆɺ ɼʃʗ ʇʆɼɺʆɼʅʆʁ ʉɺɸʈʂʀ 

ʅɸ ɻɽʆʄɽʊʈʀʏɽʉʂʀɽ ʇɸʈɸʄɽʊʈʓ ʉɺɸʈʅʆɻʆ ʐɺɸ 

ɼʣʷ ʧʦʜʚʦʜʥʦʡ ʩʚʘʨʢʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʤʦʥʪʫ ʢʦʨʧʫʩʦʚ 

ʩʫʜʦʚ ʥʘ ʧʣʘʚʫ, ʧʦʨʪʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʜʨʫʛʠʭ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʀʕʉ ʠʤ. ɽ.ʆ. ʇʘʪʦʥʘ ʨʘʟʨʘʙʦʪʘʥʳ ʵʣʝʢʪʨʦʜʳ ʕʇʉ-ɸʅ1 

[1]. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʢʘʢ ʧʨʠ 

ʦʜʥʦʧʨʦʭʦʜʥʦʡ, ʪʘʢ ʠ ʧʨʠ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʚʘʨʢʝ ʥʘ ʫʨʦʚʥʝ (ʥʝ ʤʝʥʝʝ): ůʊ = 330 ʄʇʘ, ůɺ = 

420 ʄʇʘ, ŭ = 12%, KCV-20 = 25 ɼʞ/ʩʤ
2
, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢʣʘʩʩʘ ɺ 

ʂʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʧʦʜʚʦʜʥʦʡ ʩʚʘʨʢʝ ANSI/AWS D3.6 [2]. ʋʯʠʪʳʚʘʷ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ 

ʚʦʜʦʣʘʟʘ-ʩʚʘʨʱʠʢʘ ʵʣʝʢʪʨʦʜʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʘʨʢʠ ʦʧʠʨʘʥʠʝʤ. ʇʨʠ ʵʪʦʤ, 

ʧʨʠ ʤʘʣʦʡ ʪʦʣʱʠʥʝ ʧʦʢʨʳʪʠʷ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʨʟʘʥʠʝ ʵʣʝʢʪʨʦʜʘ, ʘ ʧʨʠ ʙʦʣʴʰʦʡ ï 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʦʙʨʳʚʳ ʜʫʛʠ [3]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʦʣʱʠʥʳ ʵʣʝʢʪʨʦʜʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʦʨʝʥʠʷ ʜʫʛʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʤʝʪʘʣʣʘ 

ʰʚʘ ʧʨʠ ʩʚʘʨʢʝ ʥʘ ʪʦʢʘʭ 190é250 ɸ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʧʘʨʪʠʠ ʵʣʝʢʪʨʦʜʦʚ Ï4 ʤʤ ʩ ʜʠʘʤʝʪʨʘʤʠ ʧʦʢʨʳʪʠʷ 5.7, 6.2, 6.7 ʠ 7.2 ʤʤ. ʅʘʧʣʘʚʢʠ ʥʘ ʩʪʘʣʴ 

ʉʪ3 ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʛʣʫʙʠʥʝ 0,5ʤ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʙʘʩʩʝʡʥʝ ʙʝʟ ʫʯʘʩʪʠʷ ʚʦʜʦʣʘʟʘ-ʩʚʘʨʱʠʢʘ 

çʛʨʘʚʠʪʘʮʠʦʥʥʳʤè ʩʧʦʩʦʙʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ Kemppi PS5000. 

ɿʘʧʠʩʴ ʨʝʞʠʤʦʚ ʩʚʘʨʢʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ɸʥʘʣʠʟʘʪʦʨʘ ʩʚʘʨʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʚ ʧʨʦʛʨʘʤʤʝ IMS2007 [4]. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ:  

- ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʥʘʧʣʘʚʣʝʥʥʳʭ ʰʚʦʚ (ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, 

ʚʳʧʫʢʣʦʩʪʴ ʰʚʘ, ʰʠʨʠʥʘ ʰʚʘ ʠ ʛʣʫʙʠʥʘ ʧʨʦʚʘʨʘ, ʚʥʝʰʥʠʡ ʚʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʣʘʚʣʝʥʥʳʭ 

ʰʚʦʚ); 

- ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ (ʪʦʢ, ʥʘʧʨʷʞʝʥʠʝ, ʥʘʣʠʯʠʝ ʠ ʚʨʝʤʷ 

ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʚʘʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ). 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʰʚʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʧʦʧʝʨʝʯʥʳʤ ʤʘʢʨʦʰʣʠʬʘʤ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʠʟ ʥʘʧʣʘʚʣʝʥʥʳʭ ʚʘʣʠʢʦʚ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʧʨʦʛʨʘʤʤʘ Image-ProPlus 6.0. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʧʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʘʣʠʢʦʚ S (ʨʠʩ.1) ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʪʦʢʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʧʨʠ ʦʩʪʘʣʴʥʳʭ ʨʝʞʠʤʘʭ ʩʚʘʨʢʠ ʦʩʪʘʸʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ. 

ɺʳʧʫʢʣʦʩʪʴ ʰʚʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ (ʨʠʩ.2), ʘ ʛʣʫʙʠʥʘ ʧʨʦʚʘʨʘ ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩ.3).  

ɼʣʷ ʵʣʝʢʪʨʦʜʦʚ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʢʨʳʪʠʷ 6.2 ʠ 6.7 ʤʤ ʵʪʦ ʧʘʜʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 8-10%, ʘ ʜʣʷ 

ʵʣʝʢʪʨʦʜʦʚ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʢʨʳʪʠʷ 7.2 ʤʤ - ʦʢʦʣʦ 27-34% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʜʘʤʠ, 

ʜʠʘʤʝʪʨ ʧʦʢʨʳʪʠʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 5.7 ʤʤ. ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʰʚʘ ʥʦʩʠʪ ʩʣʦʞʥʳʡ 

ʭʘʨʘʢʪʝʨ - ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ, ʠ ʧʘʜʘʝʪ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʪʦʣʱʠʥʦʡ 7.2 ʤʤ (ʨʠʩ.4). ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʫʶ ʰʠʨʠʥʫ 

ʥʘʧʣʘʚʦʢ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʣʝʢʪʨʦʜʳ ʩ ʧʦʢʨʳʪʠʝʤ ʜʠʘʤʝʪʨʦʤ 6.7 ʤʤ. ɺʩʝ ʠʩʩʣʝʜʫʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ ʰʚʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʪʦʢʫ ʩʚʘʨʢʠ. 
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ʈʠʩ. 1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʰʚʘ 

ʦʪ ʜʠʘʤʝʪʨʘ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ 

ʪʦʢʘ 

 
ʈʠʩ. 2 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʧʫʢʣʦʩʪʠ ʰʚʘ ʦʪ 

ʜʠʘʤʝʪʨʘ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʪʦʢʘ 

 
ʈʠʩ. 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʫʙʠʥʳ ʧʨʦʚʘʨʘ ʦʪ 

ʜʠʘʤʝʪʨʘ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʪʦʢʘ 

 
ʈʠʩ. 4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʩʚʘʨʥʦʛʦ ʰʚʘ 

ʦʪ ʜʠʘʤʝʪʨʘ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʪʦʢʘ 

 

ʈʠʩ. 5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʘʨʠʘʮʠʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʫʛʝ 

 
ʈʠʩ. 6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ 

ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʦʪ ʪʦʢʘ ʜʫʛʠ ʠ 

ʜʠʘʤʝʪʨʘ. ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ɸʥʘʣʠʟ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʝʥʠʷ ʜʫʛʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʨʦʩʪʦʤ 

ʪʦʣɦʠʥʳ ʧʦʢʨʳʪʠʷ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʧʦ ʥʘʧʨʷʞʝʥʠʶ ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩ.5). ʊʘʢʞʝ 

ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ 

(ʨʠʩ.6), ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʠʭ ʠʩʯʝʟʥʦʚʝʥʠʷ. ʇʨʦʮʝʩʩ ʩʚʘʨʢʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 
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ʫʩʪʦʡʯʠʚʳʤ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʙʨʳʟʛʠʚʘʥʠʷ, 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʧʣʘʚʣʝʥʥʳʭ ʰʚʦʚ ʠʤʝʝʪ ʨʘʚʥʦʤʝʨʥʳʡ, ʤʝʣʢʦʯʝʰʫʡʯʘʪʳʡ ʚʠʜ. ʅʘʠʙʦʣʴʰʝʝ 

ʚʨʝʤʷ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʜʦʚ ʩ 

ʪʦʣʱʠʥʦʡ ʧʦʢʨʳʪʠʷ 5.7 ʤʤ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʧʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʘʣʠʢʦʚ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʡ, ʚʳʧʫʢʣʦʩʪʴ ʰʚʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʛʣʫʙʠʥʘ ʧʨʦʚʘʨʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʋʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʚʘʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʩ 

ʤʝʥʴʰʠʤ ʨʘʟʙʨʳʟʛʠʚʘʥʠʝʤ. ʂʦʣʠʯʝʩʪʚʦ ʠ ʦʙʱʝʝ ʚʨʝʤʷ ʢʦʨʦʪʢʠʭ ʟʘʤʳʢʘʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʠʭ ʠʩʯʝʟʥʦʚʝʥʠʷ.  
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SOLID -PHASE WELDING IN THE ELECTROSTATIC FIELD OF SILICON -GLASS-

SILICON WELDS  

Solid-phase welding is perspective for getting silicon-borosilicate glass welds in 

manufacturing of semiconductor pressure transducers in instrument making industry. It can be 

realized in air atmosphere, at low temperatures (for example, below the melting temperature of 

the silicon-aluminum eutectic), using small external cramping forces and by applying high 

voltage electrostatic field. The process includes heating materials with polished surfaces and 

applying high voltage to them. The ñplusò pole is fed to the silicon detail, the ñminusò poleï to 

the glass one [1]. 

The silicon capacitive pressure transducer as one of the main types of pressure transducers [2] 

consists of two silicon diaphragms bonded together by borosilicate glass which is necessary for 

improving non-conductive properties between capacitor plates. 

According to the work [1] uncompensated charges of oxide anions appear under the influence 

of electric field in the anodic area of the glass (
2

2 2 ONaONa ). They take part in silicon-

glass bond forming by oxidizing processes. Positively charged ions Na
+ 

go out to the negative 

electrode and are neutralized on the glass surface forming hydroxide layer on it. During 

following welding of the silicon-glass weld with the second diaphragm it etches the weld area, 

that is worsens the quality of welding. 

The authors of the work [3] offer to avoid the yield of sodium ions due to protective SiO2 

coating of the alkaline glass surface which is to be welded after welding with the surface of the 

first metal. Glass is placed between metal surfaces, they are pressed, then heated to welding 

temperature and the direct electric voltage is applied. Its polarity changes during welding 

process. However, the work [4] indicates that during the exposure of received bond under 

opposite polarity voltage the strength falls to 40%. 

mailto:sv.oleks@ukr.net
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According to the technology developed by us the welding of silicon-glass-silicon welds is 

realized in one welding due to applying negative potential to the side surface of glass by means of 

the clamp electrode and alternate supplying of electric welding voltage to each silicon-glass limit. 

Offered welding temperature is T = 673 ʂ, electric voltage action time is t = 60-1200 sec, 

current density peak is j = 10-50 ɛA/mm
2
. These parameters allow to achieve the toughness of 

both silicon-glass welds not less than 12 MPa ensuring the vacuum tightness about 

1 10
-10

 lĀmmHgĀsec
-1

. 
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THE IMPACT OF HAFNIU M ON THE PROPERTIES OF NICKEL ALLOY SM104  

The development of modern shipboard gas-turbine construction is characterized by a constant 

search for ways to increase the specific power and efficiency of turbine engines, which certainly 

leads to the need to increase the operating temperature at the turbine inlet. The temperature of the 

first turbine stage can reach 950 - 1050
o
ʉ. In this regard, improving the performance properties 

of heat-resistant nickel alloys is relevant. 

It is known that the addition of hafnium improves the performance characteristics of nickel 

alloys due to a favorable change in the morphology of carbides of the type M23C6, as well as their 

resistance to oxidation and high-temperature salt corrosion [2]. In addition, hafnium increases the 

proportion of the eutectic ɔô-phase, which optimizes the structure and increases the creep 

resistance [1, 3]. For example, additional alloying with hafnium alloys MAR-M200 and DS200 to 

2% wt. improves their performance properties [4]. A similar effect is observed with additional 

alloying with hafnium of the ɾʉ3ʃʉ alloy in an amount up to 0.9% wt. [5]. The alloying of nickel 

superalloys with hafnium also contributes to an increase in the thermal stability of the ɔô-phase by 

increasing the temperature of its complete dissolution in the ɔ- solid solution by more than 70 ÁC. 

However, a change in the matrix alloying system of the alloy affects the optimal concentration 

limits for alloying with hafnium and is the subject of additional research. 

In this regard, we set the local task of determining the effect of hafnium on the microstructure 

and performance properties of the standard heat-resistant nickel alloy SM104, which is widely 

used for the manufacture of modern gas-turbine engines. 

In this regard, we have produced SM104 alloys (basic composition and an alloy with 

additional doping with hafnium - further SM104Hf). Using spectral analysis, it was found that 

the concentration of alloying elements in the experimental composition with hafnium is at the 

following level (% wt.): 21.2 Cr; 10.35 ʉʦ; 1.4 Hf; 2.64 Al; 3.45 Ti; 0.66 Mo; 3.9 W; 0.3 Nb; 

0.03 Mn; 0.1 Fe; 0.08 ʉ; 0.008 Si; 0.003 S; 0.005 P; Ni ï base. The basic composition is 
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characterized by the absence of hafnium. The characteristic structure of the alloys is shown in 

Figure 1. 

  
ʘ) Ĭ 50 b) Ĭ 50 

Fig 1. ï The characteristic structure of the alloys SM104 (a) and SM104Hf (b). 

Measurements of the hardness of samples of experimental alloys showed that the hardness of 

the HRC alloy SM104 is within 35.4 ... 36.5 units, with an average of 35.8 units, and the alloy 

SM104Hf - 34.8 ... 36.0 units., with an average value of 34.7 units. Thus, the additional alloying 

of the SM104 alloy with hafnium slightly reduces its hardness. To determine the characteristics 

of heat resistance and limiting stress, samples were made from experimental alloys according to 

GOST 9651-84 / Per. 1: 2008 and GOST 10145-81 / Trans. 1: 2018 for stretching at operating 

temperatures. The test results are shown in table 1. 

Table 1. ï Mechanical properties of experimental alloys at a temperature of 900 
o
C. 

Alloy 
Sample 

number 

Limiting stress Mechanical tensile properties 

Weight, MPa Time, hours. Tensile Strength, MPa ŭ, % ,ɦ % 

SM104 
1 200 50 646 14 30 

2 200 50 642 8 21 

SM104Hf 
3 200 50 592 20 37 

4 200 50 653 14 35 

Thus, the additional alloying with a hafnium of a heat-resistant nickel alloy SM104 at a level 

of 1.4% by weight. increases its operational properties and may have a beneficial effect on its 

welding ability, which is extremely important and requires additional research. 

Conclusions. Additional alloying hafnium alloy SM104 at 1.4% by weight. positively affects 

its operational properties: 

1. Hafnium promotes the grinding of grains, ramparts their boundaries and increases the 

volume fraction of the ɔô-phase. 

2. An average of 3 - 5% decreases hardness and increases the plasticity of the alloy while 

maintaining short-term and long-term strength at 900 Üʉ. 
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THE WAYS OF SURFACE CLEANING AND ACTIVATION AT DIFFUSSION 

WELDING  

Innovation consists of combination of ultrasonic welding with diffusion welding. The welding 

process and chamber are supposed to take from diffusion welding, surface cleaning and 

activation ï from ultrasonic welding. 
Diffusion phenomenon is the process when close contact of surfaces results in the mixing of 

molecules and atoms of different substances with each other. Mutual penetration of substance 
small parts on molecular or atomic level is occurred and at the same time concentration of these 
substances in the joint layer becomes uniform automatically. Owing to this process, the method 
of diffusion welding had been developed [1]. 

However, surface preparation leads to the difficulties, caused by necessity of superclean, or 
juvenile, surfaces obtaining for the high quality of weld joint. 

During ultrasonic welding the permanent joint forms by mutual action on welded components 
of mechanical oscillations of high (ultrasonic) frequency and relatively compressive forces. 

The influence of mechanical oscillations of ultrasonic frequency on workpieces compressed 
by axial force causes the friction forces occurrence. Oscillations and pressure are passed on 
welded components through the special device. Oscillations result in shear of metal parts, surface 
film destruction and warming up of welded surfaces. Electromagnetic converter is the element of 
oscillatory system. Alternating voltage creates magnetize current in converter winding, which 
excites alternating magnetic field in converter material. At change of magnetic field strength 
value, the periodic dimensional change arises, while the frequency of elastic vibrations is equal 
to the current density. Vibration amplitude at the end of the wave-guide (top workpiece) at no-
load operation is 2040 Õm [2]. 

Because of ultrasonic oscillations, the shear deformations are created in the thin layers of 
surfaces, which destroy the surface films. Nodes of cohesion form, surface layers warm and, by 
the action of compressive force, deform plastically. Welded surfaces come closer to distance of 
action of interatomic forces, and strong weld joint occurs. 

The advantages of proposed technology are next: fast and qualitative surface cleaning; 
insignificant thermal influence on welded components, which ensures their minimal structural 
changes; using of low compressive forces (0.1-2.5 kN) leads to small dents; solid state welding 
without significant heating gives an opportunity to weld reactive metals; possibility of welding 
of very thin components appears. The drawback of this method is high cost of generators of high 
frequency and diffusive chamber.  

Theoretical analysis showed the possibility of using offered method for welding of 
heterogeneous metals, hard metals and brittle materials [3]. 

Particularly, during welding of heterogeneous metals, by giving to harder workpiece an axial 
oscillating motion with ultrasonic velocity and low amplitude the impact of surfaces occurs. 
Harder surface leaves impress on the soft one, and, as a result, maximum ideal rapprochement of 
surfaces and destruction of oxide films on the soft metal surface take place. Through impacts, the 
energy with some amount of heat appears and activates welded surfaces. 
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During welding of hard metals by the same technology, the microdestruction of surface 
irregularities and oxide films occurs. At the same time the heat energy emerges on the welded 
surfaces, which promote further activation of surfaces. 

Welding of brittle materials with hard ones is followed by the microshedding of surface parts 
by microledges of hard material, which allows to maximum rapprochement of surfaces. 

On the basis of literary analysis and own considerations it is possible to suggest about 
expediency of proposed method application at least for proof, denial or addition of combination 
diffusion welding with ultrasonic welding in practical use. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʉɺʆʁʉʊɺ ɸɹʈɸɿʀɺʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʅɸ 

ʉʇʆʉʆɹʅʆʉʊʔ ʂ ʉɸʄʆʋʇʈʆʏʅɽʅʀʖ ʀ ʀʅʊɽʅʉʀɺʅʆʉʊʔ 

ʀɿʅɸʐʀɺɸʅʀʗ ʉʊɸʃɽʁ ɺ ʈɸɿʃʀʏʅʆʄ ʉʊʈʋʂʊʋʈʅʆʄ ʉʆʉʊʆʗʅʀʀ 

ʆʜʥʠʤ ʠʟ ʫʩʣʦʚʠʡ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʦʡ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʘʙʨʘʟʠʚʥʦʛʦ 

ʠʟʥʘʰʠʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʠʟ ʥʠʭ ï ʪʚʸʨʜʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʝʥ, ʘ 

ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʫʧʨʦʯʥʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʥʘʰʠʚʘʥʠʷ. ʈʘʥʝʝ 

[1] ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʟʝʨʝʥ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ, ʦʛʥʝʫʧʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʘʙʨʘʟʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ (ʰʘʤʦʪʘ, ʤʫʣʣʠʪʘ, ʵʣʝʢʪʨʦʢʦʨʫʥʜʘ, ʢʘʨʙʦʨʫʥʜʘ). 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʝʧʝʥʠ ʩʘʤʦʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ 

ʜʝʪʘʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʘʙʨʘʟʠʚʘ ʅʘ 

ʢ ʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ (ʅʧʪʤ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʘʙʨʘʟʠʚʥʳʭ 

ʟʝʨʝʥ. ʕʪʦ ʦʪʥʦʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʟʥʘʯʠʤʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʠʩʪʝʤʳ çʫʩʣʦʚʠʷ 

ʠʟʥʘʰʠʚʘʥʠʷ ï ʤʘʪʝʨʠʘʣè ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʤʝʭʘʥʠʟʤ ʠ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʣʠ 20ʍ ʠ 20ʍ13 ʧʦʩʣʝ ʭʠʤʠʢʦ-

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʩʪʘʣʴ 140ʍ12ʌ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʩ ʚʳʩʦʢʠʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʘʫʩʪʝʥʠʪʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝ ï 70é90 %. ʆʧʨʝʜʝʣʷʣʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ 

ʠ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʘʙʨʘʟʠʚʥʳʭ ʟʝʨʝʥ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʪʝʧʝʥʴ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ [3] ʩʫʱʝʩʪʚʫʶʪ ʪʨʠ ʟʦʥʳ ʩ 

ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʟʥʘʰʠʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʅʘ/ʅʤ (ʨʠʩ. 1). 
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ʈʠʩ. 1 ï ʉʭʝʤʘ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʪʚʝʨʜʦʩʪʴʶ ʅʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʚʝʨʜʦʩʪʠ ʘʙʨʘʟʠʚʘ ʅʘ 

ʇʨʠ ʚʝʣʠʯʠʥʝ ʩʦʦʪʥʦʰʝʥʠ ̫ʅʘ/ʅʤ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʝʨʚʦʡ ʟʦʥʳ ʧʨʝʦʙʣʘʜʘʶʪ 

ʩʣʘʙʦ ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʦʮʝʩʩʳ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʩ ʤʦʥʦʪʦʥʥʳʤ ʧʝʨʝʭʦʜʦʤ 

ʢ ʤʘʣʦʮʠʢʣʦʚʦʤʫ ʫʩʪʘʣʦʩʪʥʦʤʫ (ʧʦʣʠʜʝʬʦʨʤʘʮʠʦʥʥʦʤʫ) ʧʨʦʮʝʩʩʫ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ. ɺʦ ʚʪʦʨʦʡ ʟʦʥʝ ʜʦʣʷ ʫʯʘʩʪʠʷ ʤʘʣʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ ʚ ʨʘʟʨʫʰʝʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʢ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʨʦʮʝʩʩʫ 

ʦʜʥʦʘʢʪʥʦʛʦ ʤʠʢʨʦʨʝʟʘʥʠʷ. ɺ ʧʨʝʜʝʣʘʭ ʪʨʝʪʴʝʡ ʟʦʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʚʝʨʜʦʩʪʠ ʘʙʨʘʟʠʚʘ ʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʊʘʢ, ʝʩʣʠ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʅʘ ʦʪ 12,3 ɻʇʘ (ʰʘʤʦʪ) ʜʦ 24,2 ɻʇʘ (ʵʣʝʢʪʨʦʢʦʨʫʥʜ) ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʚ 55 ʨʘʟ, ʪʦ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʘʙʨʘʟʠʚʘ ʜʦ 31 ɻʇʘ 

(ʢʘʨʙʦʨʫʥʜ) ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ï ʚ 1,4 ʨʘʟʘ. 

ɺ ʮʝʣʦʤ, ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʘʰʠʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝ ʅʘ/ʅʤ. ʆʜʥʘʢʦ, ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʥʘʰʠʚʘʥʠʷ ʩʣʝʜʫʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʝ ʥʘ ʠʩʭʦʜʥʫʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, ʢʘʢ ʵʪʦ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʨʘʥʝʝ, ʘ ʥʘ ʪʚʝʨʜʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ, ʧʨʠʦʙʨʝʪʝʥʥʫʶ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʥʘʰʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ï ʅʧʪʤ. ʆʩʦʙʝʥʥʦ, ʝʩʣʠ ʵʪʦ ʢʘʩʘʝʪʩʷ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʦʩʪʘʪʦʯʥʦʛʦ ʘʫʩʪʝʥʠʪʘ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʩʪʝʧʝʥʴ 

ʩʘʤʦʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʚ ʜʚʘ ʨʘʟʘ, ʪʦ ʝʩʪʴ ʫʚʝʣʠʯʠʚʘʪʴʩʷ 

ʦʪ 5-6 ɻʇʘ ʜʦ 12-12,5 ɻʇʘ. 

ɺ ʧʨʝʜʝʣʘʭ ʛʨʫʧʧʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʦʪʥʦʰʝʥʠʝ ʅʘ/ʅʧʪʤ ʠʟʤʝʥʷʝʪʩʷ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʨʠʩ. 2) ï ʦʪ 1,0 ʜʦ 2,8 ʨʘʟʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 125 ʨʘʟ [1].  

 
1 ï 140ʍ12; 2 ï 20ʍ, ʘʫʩʪʝʥʠʪ; 3 ï 20ʍ13; 4 ï 20ʍ, ʤʘʨʪʝʥʩʠʪ 

ʈʠʩ. 2 ï ʀʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʅʘ/ʅʧʪʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʟʥʘʰʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠ ʚʠʜʘ ʘʙʨʘʟʠʚʘ 
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ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʩʦʦʪʥʦʰʝʥʠʷ ʅʘ/ʅʧʪʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʩʪʘʣʝʡ, ʠʭ ʩʪʨʫʢʪʫʨʳ, ʚʠʜʘ ʠ ʪʚʝʨʜʦʩʪʠ ʘʙʨʘʟʠʚʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʧʨʝʜʝʣʘʭ ʛʨʫʧʧʳ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅʘ/ʅʧʪʤ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 1,0 ʜʦ 2,8 ʨʘʟʘ.  

ʉʧʠʩʦʢ ʩʩʳʣʦʢ 

1. ɸʥʜʨʫʱʝʥʢʦ ʄ.ʀ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʟʥʘʰʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʘʙʨʘʟʠʚʥʳʭ ʤʘʩʩ / ʄ.ʀ. 

ɸʥʜʨʫʱʝʥʢʦ, ʄ.ʖ. ʆʩʠʧʦʚ, ʈ.ɸ. ʂʫʣʠʢʦʚʩʢʠʡ, ɸ.ɽ. ʂʘʧʫʩʪʷʥ // ʆʣʴʚʽʡʩʴʢʠʡ ʬʦʨʫʤ ï 2017: ʍɯ 

ʤʽʞʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ., ʤ. ʄʠʢʦʣʘʾʚ: ʪʝʟʠ ʜʦʧ. ʊʨʠʙʦʣʦʛʽʷ / ʏʦʨʥʦʤ. ʅʘʮ. ʫʥ-ʪ ʽʤ. ʇʝʪʨʘ 

ʄʦʛʠʣʠ. ï ʄʠʢʦʣʘʾʚ: ɺʠʜ-ʚʦ ʏʅʋ, 2017. ï ʉ. 7-9. 

2. ɸʥʜʨʫʱʝʥʢʦ ʄ.ʀ., ʂʫʣʠʢʦʚʩʢʠʡ ʈ.ɸ., ɹʨʳʢʦʚ ʄ.ʅ., ɸʥʜʨʫʱʝʥʢʦ ɼ.ʄ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʤʝʭʘʥʠʟʤʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ ʪʚʝʨʜʦʩʪʝʡ ʘʙʨʘʟʠʚʘ ʠ 

ʠʟʥʘʰʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʦʙʣʝʤʳ ʪʨʠʙʦʣʦʛʠʠ (Problems of Tribology). ï 2009. ï ˉ1. ï ʉ. 6-12. 

3. ʊʝʥʝʥʙʘʫʤ ʄ.ʄ. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ / ʄ.ʄ. ʊʝʥʝʥʙʘʫʤ. ï ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1976. ï 271 ʩ. 
 

ʋɼʂ 621.91.002 

ʉʪʝʮʴʢʦ ɸ. ɭ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʄʘʥʴʢʦ ʆ. ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʪʝʮʽʚ ʗ. ɹ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʪ. ʚʠʢʣʘʜʘʯ 

ʋʢʨʘʾʥʩʴʢʘ ʘʢʘʜʝʤʽʷ ʜʨʫʢʘʨʩʪʚʘ, ʤ. ʃʴʚʽʚ, andrew73@ukr.net 

ʇʆɺɽʈʍʅɽɺɽ ɿʄɯʎʅɽʅʅʗ ɼɽʊɸʃɽʁ ʄɸʐʀʅ ʂʆʄʇʃɽʂʉʅʀʄ ʄɽʊʆɼʆʄ 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʨʝʩʫʨʩʫ ʪʘ ʡʦʛʦ ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ï ʦʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ 

ʢʦʥʩʪʨʫʢʪʦʨʽʚ, ʪʝʭʥʦʣʦʛʽʚ, ʤʝʪʘʣʦʟʥʘʚʮʽʚ ʽ ʤʝʪʨʦʣʦʛʽʚ. ʉʘʤʝ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʻ 

ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʽ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʪʘ ʩʢʣʘʜʘʥʥʷ ʚʫʟʣʽʚ ʤʘʰʠʥ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʠʡ (ʜʣʷ 

ʜʘʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ) ʩʪʘʥ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʜʠʬʫʟʽʡʥʠʭ ʰʘʨʽʚ ʜʝʪʘʣʝʡ ʤʘʰʠʥ 

ʚʽʜʥʦʚʣʝʥʠʭ ʢʦʤʧʣʝʢʩʥʠʤ ʤʝʪʦʜʦʤ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʽ ʜʠʬʫʟʽʡʥʦʛʦ ʭʨʦʤʫʚʘʥʥʷ. 

ɼʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʤʝʪʦʜ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʽ ʜʠʬʫʟʽʡʥʦʛʦ ʭʨʦʤʫʚʘʥʥʷ [1], [2], [3]. ɺʽʥ ʧʦʣʷʛʘʻ ʚ ʦʩʘʜʞʝʥʥʽ ʥʘ ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʦʚʘʥʫ 

ʧʦʚʝʨʭʥʶ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʥʽʢʝʣʴʢʦʙʘʣʴʪʬʦʩʬʦʨʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʧʦʢʨʠʪʪʷ (ʍʇ) ʫ 

ʚʦʜʷʥʦʤʫ ʨʦʟʯʠʥʽ ʚʠʟʥʘʯʝʥʠʭ ʨʝʮʝʧʪʫʨ ʽ ʜʠʬʫʟʽʡʥʦʤʫ ʭʨʦʤʫʚʘʥʥʽ ʟʘ ʧʨʠʡʥʷʪʠʤʠ 

ʨʝʞʠʤʘʤʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʫʪʚʦʨʶʻʪʴʩʷ 

ʜʠʬʫʟʽʡʥʠʡ ʰʘʨ. ʁʦʛʦ ʙʫʜʦʚʘ, ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʩʪʦʩʦʚʘʥʠʭ ʨʝʞʠʤʽʚ ʤʝʪʦʜʫ, ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʜʝʢʽʣʴʢʦʭ ʟʦʥ, ʨʦʙʦʯʦʶ ʽʟ ʷʢʠʭ ʻ ʟʦʚʥʽʰʥʷ ʢʦʤʧʦʟʠʪʥʘ ʟʦʥʘ, ʷʢʘ ʩʷʛʘʻ 250 ʤʢʤ. ʇʽʜ ʯʘʩ 

ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʤ ʤʝʪʦʜʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʥʽʚʝʨʩʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ, 

ʥʘʷʚʥʝ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ.  

ʇʨʦʚʽʚʰʠ ʢʦʤʧʣʝʢʩʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʟʽ ʩʪʘʣʽ 45 ʟ ʭʽʤʽʯʥʠʤ ʧʦʢʨʠʪʪʷʤ, 7-ʛʦʜʠʥʥʠʤ 

ʜʠʬʫʟʽʡʥʠʤ ʭʨʦʤʫʚʘʥʥʷʤ (ʧʨʠ 1050ęʉ) ʪʘ ʛʦʜʠʥʥʦʶ ʽʟʦʪʝʨʤʽʯʥʦʶ ʚʠʪʨʠʤʢʦʶ (ʧʨʠ 800ęʉ) 

ʦʪʨʠʤʫʻʤʦ ʤʦʨʬʦʣʦʛʽʶ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ ʙʽʣʴʰ ʨʦʟʚʠʥʫʪʫ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʟʦʥʠ 

(ʨʠʩ. 1). ʂʦʤʧʦʟʠʪʥʠʡ ʰʘʨ 1, ʪʦʚʱʠʥʦʶ ʜʦ 250 ʤʢʤ, ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʚʠʥʫʪʦʶ ʤʝʨʝʞʝʶ 

ʚʠʪʷʛʥʫʪʠʭ ʜʦ ʬʽʟʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʢʘʨʙʽʜʥʠʭ ʟʝʨʝʥ, ʷʢʽ ʨʦʟʤʽʱʝʥʽ ʚ ʤʘʪʨʠʮʽ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʭʨʦʤʫ ʚ Ŭ-ʟʘʣʽʟʽ. ʅʘ ʛʨʘʥʠʮʽ ʽʟ ʟʦʥʦʶ 2 ʮʽ ʟʝʨʥʘ ʟʨʦʩʣʠʩʷ ʚ ʩʫʮʽʣʴʥʝ ʧʘʩʤʦ 

ʢʘʨʙʽʜʽʚ. ʎʽʢʘʚʠʤ ʻ ʪʝ, ʱʦ ʢʘʨʙʽʜʥʽ ʟʝʨʥʘ ʥʝ ʧʦʚʥʽʩʪʶ ʧʨʦʥʠʟʫʶʪʴ ʟʦʥʫ 1, ʘ ʥʘ 30 ï 50 ʤʢʤ 

ʥʝ ʜʦʭʦʜʷʪʴ ʜʦ ʬʽʟʠʯʥʦʾ ʧʦʚʝʨʭʥʽ. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʟʦʥʠ ʤʘʻ 12 ɻʇʘ. 

ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʜʠʬʫʟʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 2) ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʷʚʥʽʩʪʴ ʧʨʠʧʦʚʝʨʭʥʝʚʦʾ 

ʟʦʥʠ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʭʨʦʤʫ ʚ Ŭ-ʟʘʣʽʟʽ, ʚ ʷʢʽʡ ʜʠʬʫʟʽʡʥʽ ʝʣʝʤʝʥʪʠ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʩʪʘʙʽʣʴʥʽ, ʪʘ ʧʽʢʦʚʠʤʠ (ʚʠʱʝ 50%) ʟʥʘʯʝʥʥʷʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʨʦʤʫ (ʚʽʜʧʦʚʽʜʥʦ ʧʘʜʽʥʥʷʤ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʮʠʭ ʤʽʩʮʷʭ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ) ʟʘ ʛʣʠʙʠʥʦʶ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʘʨʙʽʜʥʠʭ ʟʝʨʝʥ. 

ɻʦʤʦʛʝʥʥʘ ʟʦʥʘ 2 ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʭʨʦʤʫ ʚ Ŭ-ʟʘʣʽʟʽ ʭʘʨʘʢʪʝʨʥʘ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 
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ʚʤʽʩʪʫ Ni (ʜʦ 10%) ʪʘ ʉʦ (ʜʦ 3%). ʊʦʚʱʠʥʘ ʟʦʥʠ 2 ʻ ʚ 

ʩʝʨʝʜʥʴʦʤʫ 25ï40 ʤʢʤ. ʆʯʝʚʠʜʥʦ, ʱʦ ʥʽʢʝʣʴ ʚʽʜʪʽʩʥʷʻ 

ʚʫʛʣʝʮʴ ʟ ʧʽʜʧʦʚʝʨʭʥʝʚʦʾ ʟʦʥʠ, ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʚʠʪʷʛʥʫʪʠʭ ʢʘʨʙʽʜʥʠʭ ʟʝʨʝʥ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ 

ʚʽʜ ʛʨʘʥʠʮʽ ʟʦʥ 1 ʽ 2 ʚ ʙʽʢ ʬʽʟʠʯʥʦʾ ʧʦʚʝʨʭʥʽ. 

 

 

 

ʈʠʩ. 1  ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ, 

ʚʽʜʥʦʚʣʝʥʦʛʦ ʢʦʤʧʣʝʢʩʥʠʤ ʤʝʪʦʜʦʤ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʽ 

ʜʠʬʫʟʽʡʥʦʛʦ ʭʨʦʤʫʚʘʥʥʷ ʥʘ ʩʪʘʣʽ 45 ʟ ʧʦʧʝʨʝʜʥʽʤ Niï

CoïP ʧʦʢʨʠʪʪʷʤ. ʈʝʞʠʤʠ: ʊ=1050Áʉ, ʚʠʪʨʠʤʢʘ Ű=7 ʛʦʜ. 

(ʽʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ Ű=1 ʛʦʜ. ʧʨʠ ʊ=800Áʉ). 
 

 

ʈʠʩ. 2  ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʠʬʫʟʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʠʬʫʟʽʡʥʦʛʦ ʰʘʨʫ, 

ʚʽʜʥʦʚʣʝʥʦʛʦ ʢʦʤʧʣʝʢʩʥʠʤ ʤʝʪʦʜʦʤ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʽ ʜʠʬʫʟʽʡʥʦʛʦ ʭʨʦʤʫʚʘʥʥʷ ʥʘ ʩʪʘʣʽ 

45 ʟ ʭʽʤʽʯʥʦʶ NiïCoïP ʦʙʨʦʙʢʦʶ. ʈʝʞʠʤʠ: ʊ=1050Áʉ, ʚʠʪʨʠʤʢʘ Ű=7 ʛʦʜ. (ʽʟʦʪʝʨʤʽʯʥʘ 

ʚʠʪʨʠʤʢʘ Ű=1 ʛʦʜ. ʧʨʠ ʊ=800Áʉ) 

ʌʘʟʦʚʠʡ ʘʥʘʣʽʟ, ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʜʘʥʦʤʫ ʟʨʘʟʢʫ ʜʚʽʯʽ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʥʝʽʥʜʝʬʽʢʦʚʘʥʠʭ ʧʽʢʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʢʣʘʜʥʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʟʤʽʮʥʝʥʦʛʦ ʰʘʨʫ, 

ʥʘʷʚʥʽʩʪʴ. ɸʣʝ ʦʜʥʦʟʥʘʯʥʦ ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʪʫʪ Cr7C3 ʪʘ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ Ŭ-ʟʘʣ̔ʟʘ. 

ʆʪʞʝ, ʨʝʘʣʽʟʘʮʽʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʽ ʜʠʬʫʟʽʡʥʦʛʦ ʭʨʦʤʫʚʘʥʥʷ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʠʬʫʟʽʡʥʽ ʰʘʨʠ ʨʽʟʥʠʭ ʟʘ ʙʫʜʦʚʦʶ, 

ʪʦʚʱʠʥʦʶ ʪʘ ʪʚʝʨʜʽʩʪʶ. ʆʧʪʠʤʘʣʴʥʠʤʠ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʤʝʪʦʜʦʤ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʻ 

ʜʝʪʘʣʽ ʤʘʰʠʥ, ʚʠʛʦʪʦʚʣʝʥʽ ʽʟ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʝʨʝʜʥʴʦʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ. ʆʪʨʠʤʘʥʦ ʥʘ 

ʚʽʜʥʦʚʣʝʥʠʭ ʜʝʪʘʣʷʭ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʽ ʟʽ ʩʪʘʣʽ 45, ʜʠʬʫʟʽʡʥʽ ʰʘʨʠ, ʪʦʚʱʠʥʘ ʟʦʚʥʽʰʥʴʦʾ 

ʢʦʤʧʦʟʠʪʥʦʾ ʟʦʥʠ ʩʷʛʘʻ 250 ʤʢʤ, ʘ ʽʥʪʝʛʨʘʣʴʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ 12 ɻʇʘ. ʌʘʟʦʚʠʡ ʩʢʣʘʜ 

ʢʦʤʧʦʟʠʪʥʦʾ ʟʦʥʠ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʘʨʙʽʜʽʚ ʭʨʦʤʫ Cr23C6, Cr7C3 ʽ Ŭ-Fe(002). 

1 

2 

3 

4 
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ʅɸʅʆʉʊʈʋʂʊʋʈʋɺɸʅʅʗ ʇʈʆʄʀʉʃʆɺʀʍ ɼɽʌʆʈʄʆɺɸʅʀʍ ʉʊɸʃɽʁ 

ʇʽʜʚʠʱʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʬʦʨʤʦʚʘʥʠʭ ʩʪʘʣʝʡ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ 

ʧʝʨʝʜʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʇʊʆ), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʟʜʨʽʙʥʝʥʦʾ 

ʩʫʙʩʪʨʫʢʪʫʨʠ ʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ ʚʢʣʶʯʥʦ ʧʨʦʪʷʛʦʤ ʢʦʨʦʪʢʦʛʦ (ʜʦ 10 ʭʚ) ʯʘʩʫ ʚʠʪʨʠʤʢʠ [1, 2]. 

ɺ ʨʦʙʦʪʽ [3] ʚʩʪʘʥʦʚʣʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʧʦʣʽʛʦʥʽʟʘʮʽʡʥʦʾ ʩʫʙʩʪʨʫʢʪʫʨʠ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʜʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

(ʇʊʆ) ʪʝʭʥʽʯʥʦ ʯʠʩʪʠʭ ʟʘʣʽʟʘ ʽ ʥʽʢʝʣʶ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʧʨʦʚʝʜʝʥʥʽ ʭʦʣʦʜʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʽ 

ʩʪʘʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. 

ʇʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʣʽʛʦʥʽʟʘʮʽʡʥʦʾ ʩʫʙʩʪʨʫʢʪʫʨʠ ʩʪʘʣʝʡ 20; 45; ʋ8; 

40ʍ ʪʘ 12ʍ13 ʰʣʷʭʦʤ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʇʊʆ ʤʘʻ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʟʘʣʽʟʦ ʻ ʦʩʥʦʚʦʶ ʩʪʘʣʝʡ ʪʘ ʯʘʚʫʥʽʚ, ʷʢʽ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʢʣʘʜʘʶʪʴ 

ʙʣʠʟʴʢʦ 90 % ʟ ʫʩʽʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʪʝʭʥʽʮʽ ʽ ʧʦʙʫʪʽ, ʪʦʤʫ ʚ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʪʝʭʥʽʯʥʦ ʯʠʩʪʝ ʟʘʣʽʟʦ ʤʘʨʢʠ ʕ12 (ɻʆʉʊ 3836-83). 

ɺʽʜʧʘʣʝʥʽ ʟʨʘʟʢʠ ʪʝʭʥʽʯʥʦ ʯʠʩʪʦʛʦ ʟʘʣʽʟʘ ʧʽʜʜʘʚʘʣʠ ʨʽʟʥʠʤ ʚʠʜʘʤ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʥʘʩʪʫʧʥʽʡ ʇʊʆ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 500Áʉ ʟ ʚʠʪʨʠʤʢʦʶ ʜʦ 60-70 ʭʚ. 

ʋ ʧʽʜʩʫʤʢʫ ʟʘ ʦʧʪʠʤʘʣʴʥʠʡ ʚʠʜ ʜʝʬʦʨʤʘʮʽʾ ʦʙʨʘʥʦ ʢʦʤʙʽʥʫʚʘʥʥʷ ʭʦʣʦʜʥʦʾ ʜʠʥʘʤʽʯʥʦʾ 

ʥʘ 30% ʪʘ ʩʪʘʪʠʯʥʦʾ ʥʘ 30% ʜʝʬʦʨʤʘʮʽʡ (ʩʫʤʘʨʥʦ ʥʘ 60%), ʪʘʢ ʷʢ ʚʦʥʘ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʘʙʽʣʴʥʫ ʪʚʝʨʜʽʩʪʴ ʧʨʠ 500Áʉ ʧʨʠ ʚʠʪʨʠʤʮʽ ʜʦ 70 ʭʚ. ɼʘʣʽ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʩʘʤʝ ʮʝʡ ʩʧʦʩʽʙ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

ɺʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (ʆʂʈ), ʷʢʠʡ 

ʦʪʦʪʦʞʥʶʶʪʴ ʟ ʨʦʟʤʽʨʦʤ ʩʫʙʟʝʨʥʘ, ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ 20; 45; ʋ8 ʪʘ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ 40ʍ, 

12ʍ13 (ʪʘʙʣ. 1) ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ ʐʝʨʨʝʨʘ. 

ʊʘʙʣʠʮʷ 1 ï ʊʚʝʨʜʽʩʪʴ ʪʘ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʆʂʈ ʢʦʤʙʽʥʦʚʘʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʭ ʟʨʘʟʢʽʚ 

ʚʫʛʣʝʮʝʚʠʭ ʪʘ ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʜʦ ʪʘ ʧʽʩʣʷ ʧʝʨʝʜʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʄʘʨʢʘ ʩʪʘʣʽ ʊʚʝʨʜʽʩʪʴ HV5, ɻʇʘ ʉʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʆʂʈ, ʥʤ 

ʉʪʘʣʴ 20 1,97/2,28 145/190 

ʉʪʘʣʴ 40 2,24/2,44 110/180 

ʋ8 2,57/3,00 130/130 

40ʍ 1,86/2,52 130/120 

12ʍ13 2,02/2,83 120/110 

ʇʨʠʤʽʪʢʘ: ʋ ʯʠʩʝʣʴʥʠʢʫ ʚʢʘʟʘʥʦ ʪʚʝʨʜʽʩʪʴ ʪʘ ʨʦʟʤʽʨ ʆʂʈ ʧʽʩʣʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʘ ʫ 

ʟʥʘʤʝʥʥʠʢʫ ï ʧʽʩʣʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʪʝʨʤʦʦʙʨʦʙʢʠ ʧʨʠ 500Áʉ ʟ ʚʠʪʨʠʤʢʦʶ 60 ʭʚ. 
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʦʙʨʘʥʦʾ ʢʦʤʙʽʥʦʚʘʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟ ʥʘʩʪʫʧʥʦʶ ʇʊʆ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

500Áʉ ʧʨʦʪʷʛʦʤ 60 ʭʚ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰʠʡ ʨʦʟʤʽʨ ʩʫʙʟʝʨʥʘ, ʥʽʞ ʧʽʩʣʷ ʜʝʬʦʨʤʫʚʘʥʥʷ (ʩʪʘʣʽ 

20; 45) ʪʘ ʦʜʥʘʢʦʚʠʡ ʫ ʩʪʘʣʽ ʋ8, ʧʨʠ ʮʴʦʤʫ ʜʣʷ ʫʩʽʭ ʩʪʘʣʝʡ ʭʘʨʘʢʪʝʨʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʪʚʝʨʜʦʩʪʽ (ʥʘ 9é17%) ʧʽʩʣʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʇʊʆ (500Áʉ, 60 ʭʚ). ʋ 

ʣʝʛʦʚʘʥʠʭ ʩʪʘʣʝʡ ʨʦʟʤʽʨ ʩʫʙʟʝʨʝʥ ʧʽʩʣʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʇʊʆ ʤʝʥʰʠʡ, ʥʽʞ 

ʧʽʩʣʷ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʪʚʝʨʜʦʩʪʽ (ʥʘ 35é40%). 

ɺʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʽʜʥʦʩʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʩʫʙʟʝʨʝʥ, ʪʦʤʫ ʚʠʟʥʘʯʝʥʥʷ ʜʦʣʽ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʜʦʟʚʦʣʷʻ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ [4,5]. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʤʽʨʠ ʩʫʙʟʝʨʝʥ ʽ ʢʫʪʠ ʾʭ 

ʨʦʟʦʨʽʻʥʪʫʚʘʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʘʢʦʧʠʯʝʥʥʷ ʜʠʩʣʦʢʘʮʽʡ ʫ ʢʦʤʽʨʢʘʭ, ʘ ʢʫʪ ʨʦʟʦʨʽʻʥʪʫʚʘʥʥʷ 

ʩʫʙʟʝʨʝʥ ʱʝ ʚʠʟʥʘʯʘʻ ʪʝʨʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʫʙʛʨʘʥʠʮʴ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʷ 2 ï ɺʽʜʥʦʩʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʫʙʟʝʨʝʥ (ʯʠʩʝʣʴʥʠʢ, %) ʽ ʢʫʪʠ ʾʭ 

ʨʦʟʦʨʽʻʥʪʫʚʘʥʥʷ (ʟʥʘʤʝʥʥʠʢ, ʛʨʘʜ.) ʜʝʬʦʨʤʦʚʘʥʠʭ ʪʝʭʥʽʯʥʦ ʯʠʩʪʦʛʦ ʟʘʣʽʟʘ ʪʘ ʩʪʘʣʝʡ ʜʦ ʪʘ 

ʧʽʩʣʷ ʧʝʨʝʜʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʆʙʨʦʙʢʘ 
ʊʝʭʥʽʯʥʦ 

ʯʠʩʪʝ ʟʘʣʽʟʦ 
ʉʪʘʣʴ 20 ʉʪʘʣʴ 45 ʋ8 40ʍ 12ʍ13 

ʢʦʤʙʽʥʦʚʘʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ 54/1,40 17/0,04 15/0,04 28/0,14 37/0,05 18/0,08 

ʢʦʤʙʽʥʦʚʘʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʪʘ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ ʟ 

ʚʠʪʨʠʤʢʦʶ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʪʚʝʨʜʦʩʪʽ 

75/2,16 20/0,10 22/0,88 42/0,21 65/0,08 34/0,16 

ʢʦʤʙʽʥʦʚʘʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʪʘ ʪʝʨʤʽʯʥʘ ʦʙʨʦʙʢʘ 

ʧʨʦʪʷʛʦʤ 60 ʭʚ 

58/1,80 16/0,08 18/0,24 19/0,19 16/0,06 12/0,14 

ʅʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2 ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʢʦʤʙʽʥʦʚʘʥʘ ʜʝʬʦʨʤʘʮʽʷ ʪʘ ʥʘʩʪʫʧʥʘ ʇʊʆ, 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʚʝʨʜʦʩʪʽ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʫʙʟʝʨʝʥ ʱʦʥʘʡʤʝʥʰʝ ʥʘ 18% (ʩʪʘʣʴ 20), ʤʘʢʩʠʤʘʣʴʥʦ ʥʘ 89% (ʩʪʘʣʴ 

12ʍ13), ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ ʫ ʩʢʣʘʜʽ ʭʨʦʤʫ. ʂʫʪ ʨʦʟʦʨʽʻʥʪʫʚʘʥʥʷ ʩʫʙʟʝʨʝʥ 

ʩʪʘʣʝʡ ʩʫʪʪʻʚʦ ʙʽʣʴʰʠʡ ʧʽʩʣʷ ʇʊʆ, ʥʽʞ ʧʽʩʣʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ.  
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ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, r.kulikovski@ukr.net 

ʆʉʆɹʃʀɺʆʉʊɯ ɽʃɽʂʊʈʆɼʋɻʆɺʆɻʆ ɸɼʀʊʀɺʅʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʪʝʭʥʦʣʦʛʽʷ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʤʥʠʭ ʚʠʨʦʙʽʚ ʟ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʤʘʪʝʨʽʘʣʽʚ ʥʘʙʫʣʘ ʰʠʨʦʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʥʘʩʪʫʧʥʠʭ ʧʦʩʣʽʜʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ: ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʚʠʨʦʙʫ ʚ 

CAD ʩʠʩʪʝʤʽ; ʧʦʰʘʨʦʚʘ ʧʦʨʽʟʢʘ ʪʨʠʚʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʪʘ ʦʪʨʠʤʘʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʜʣʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ʥʘʥʝʩʝʥʥʷ ʰʘʨʽʚ; ʧʦʩʪ-ʦʙʨʦʙʢʘ ʚʠʨʦʙʫ. ɸʜʠʪʠʚʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʘʚʽʘ- ʪʘ ʘʝʨʦʢʦʩʤʽʯʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʙʫʜʽʚʥʠʮʪʚʽ, ʤʝʜʠʮʠʥʽ, ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ. 

ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʩʧʦʩʦʙʽʚ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʽʚ ʟ ʤʝʪʘʣʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʦʥʮʝʥʪʨʦʚʘʥʝ ʜʫʛʦʚʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ, ʚʠʜʽʣʷʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʜʫʛʦʚʦʛʦ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʜʨʦʪʫ (ʘʥʛʣ. ï wire and arc additive manufacturing (WAAM )). ɺʦʥʘ ʤʘʻ ʨʷʜ 

ʙʝʟʟʘʧʝʨʝʯʥʠʭ ʧʝʨʝʚʘʛ: 

- ʟʥʘʯʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ (ʜʦ 90 %), ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʘʟʝʨʥʠʤ (2é5 %) ʘʙʦ 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʤ (15é20 %) ʥʘʧʣʘʚʣʝʥʥʷʤ ʧʦʨʦʰʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

- ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʣʘʚʦʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

- ʥʠʟʴʢʘ ʧʦʨʠʩʪʽʩʪʴ ʤʝʪʘʣʫ ʚʠʨʦʙʫ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʝʭʥʦʣʦʛʽʷʤʠ ʘʜʠʪʠʚʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʠʪʨʘʪʥʠʡ ʧʦʨʦʰʦʢ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʦʙʤʝʞʝʥʴ ʱʦʜʦ ʨʦʟʤʽʨʽʚ ʚʠʨʦʙʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ; 

- ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ (ʜʦ 2,0é8,0 ʢʛ/ʛʦʜ); 

- ʚʽʜʥʦʩʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ ʤʦʙʽʣʴʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ; 

- ʪʝʭʥʦʣʦʛʽʯʥʦ ʟʨʽʣʠʡ ʧʨʦʮʝʩ ʟ ʤʦʞʣʠʚʽʩʪʶ ʡʦʛʦ ʧʦʚʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ; 

- ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʨʦʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺʦʜʥʦʯʘʩ, ʷʢ ʡ ʽʥʰʽ ʩʧʦʩʦʙʠ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʪʝʭʥʦʣʦʛʽʷ WAAM  ʥʝ ʧʦʟʙʘʚʣʝʥʘ 

ʨʷʜʫ ʽʩʪʦʪʥʠʭ ʥʝʜʦʣʽʢʽʚ: 

- ʥʠʟʴʢʘ ʪʦʯʥʽʩʪʴ ʪʘ ʭʘʨʘʢʪʝʨʥʘ ʩʪʫʧʽʥʯʘʩʪʘ ʬʦʨʤʘ ʧʦʚʝʨʭʥʽ; 

- ʥʘʷʚʥʽʩʪʴ ʘʥʽʟʦʪʨʦʧʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ, ʷʢʽ ʚʠʨʽʟʘʥʽ ʚʟʜʦʚʞ 

ʘʙʦ ʧʦʧʝʨʝʢ ʥʘʧʨʘʚʣʝʥʥʷ ʥʘʧʣʘʚʣʝʥʠʭ ʰʘʨʽʚ; 

- ʥʝʧʦʩʪʽʡʥʽʩʪʴ ʛʝʦʤʝʪʨʽʾ ʥʘʧʣʘʚʣʝʥʠʭ ʰʘʨʽʚ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʩʦʪʠ ʥʘʧʣʘʚʣʝʥʦʛʦ 

ʤʝʪʘʣʫ; 

- ʚʠʥʠʢʥʝʥʥʷ ʟʥʘʯʥʠʭ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ 

ʢʽʥʮʝʚʦʾ ʬʦʨʤʠ ʚʠʨʦʙʫ ʪʘ ʟʥʠʞʝʥʥʶ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʨʽʟʥʦʨʽʜʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨ ʚʟʜʦʚʞ ʩʪʽʥʢʠ ʚʠʨʦʙʫ. 

ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʶʯʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ 

ʧʨʦʮʝʩ WAAM, ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʚʠʤʦʛʘʤ, ʱʦʜʦ ʧʨʠʡʥʷʪʥʦʾ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 

ʚʠʨʦʙʽʚ. ɺʦʥʦ ʚʨʘʭʦʚʫʻ ʣʠʰʝ ʪʨʘʻʢʪʦʨʥʽ ʟʘʜʘʯʽ, ʷʢʽ ʥʘʢʣʘʜʘʶʪʴʩʷ ʥʘ ʽʥʩʪʨʫʤʝʥʪ. ʊʦʤʫ, 

ʱʦʨʘʟʫ ʧʦʪʨʽʙʥʘ ʨʝʪʝʣʴʥʘ ʧʽʜʛʦʪʦʚʢʘ ʪʨʠʤʽʨʥʦʾ ʤʦʜʝʣʽ ʜʦ çʧʦʨʽʟʢʠè ʥʘ ʰʘʨʠ ʚ CAM 

ʩʠʩʪʝʤʽ ʪʘ ʚʠʙʽʨ ʚʽʨʥʦʾ ʩʪʨʘʪʝʛʽʾ ʦʙʨʦʙʢʠ ʪʘ ʥʘʢʣʘʜʘʥʥʷ ʰʘʨʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʜʘʯʘ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ WAAM  ʻ 

ʘʢʪʫʘʣʴʥʦʶ. ɼʣʷ ʾʾ ʚʠʨʽʰʝʥʥʷ ʥʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ 

ʚʠʨʽʰʝʥʥʷʤ ʟʘʜʘʯ ʢʦʥʪʨʦʣ ʁ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ, ʧʣʘʚʣʝʥʥʷ ʪʘ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʠʩʘʜʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʨʦʙʣʝʤʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ 

ʤʝʪʘʣʫ ʰʚʘ ʡ ʬʦʨʤʦʶ ʥʘʧʣʘʚʣʝʥʠʭ ʰʘʨʽʚ ʚ ʩʢʣʘʜʥʠʭ ʪʝʨʤʦʮʠʢʣʽʯʥʠʭ ʫʤʦʚʘʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 
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ʋɼʂ 621.791.3 
ɹʦʣʦʪʦʚ ɻ.ʇ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɹʦʣʦʪʦʚ ʄ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʨʠʙʠʪʴʢʦ ɯ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʦʨʦʜʘʚʢʦ ɽ.ɯ., ʩʪʫʜʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, bolotovmg@gmail.com 

ʄʆɼɽʃʖɺɸʅʅʗ ʅɸʇʈʋɾɽʅʅʆɻʆ ʉʊɸʅʋ ʄɽʊɸʃʆ-ʂɽʈɸʄɯʏʅʀʍ ɿɺɸʈʅʀʍ 

ɿôɭɼʅɸʅʔ, ʆʊʈʀʄɸʅʀʍ ɼʀʌʋɿɯʁʅʀʄ ɿɺɸʈʖɺɸʅʅʗʄ ɺ ʊʃɯʖʏʆʄʋ ʈʆɿʈʗɼɯ 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ (ʅɼʉ) ʧʨʠ 

ʜʠʬʫʟʽʡʥʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʟôʻʜʥʘʥʴ ʽʟ ʨʽʟʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚ 

ʥʦʨʤʘʣʴʥʦʤʫ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʽ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ, ʽʥʽʮʽʡʦʚʘʥʦʤʫ ʚ ʧʦʨʦʞʥʠʩʪʦʤʫ ʢʘʪʦʜʽ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʙʘʟʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ANSYS v.16.0.  

ɼʦʩʣʽʜʞʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʜʣʷ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʠʭ (ɺʉʪ3ʩʧ+ʎʊʉ-19 ʯʝʨʝʟ ʤʝʪʘʣʝʚʠʡ 

ʧʨʦʰʘʨʦʢ ʙʨʦʥʟʠ ɹʨʙ-1 ʪʦʚʱʠʥʦʶ 0.2 ʤʤ) ʚʫʟʣʽʚ ʽʟ ʥʝʫʟʛʦʜʞʝʥʠʤʠ ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʊʘʢ, ʚʝʣʠʯʠʥʘ ʊʂʃʈ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨ ʟʨʘʟʢʽʚ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʦʶ 

ʪʘʢʦʶ, ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘ 13Ā10
6
 ʛʨʘʜ

-1
. ʄʦʜʝʣʶʚʘʣʠ ʅɼʉ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʜʠʬʫʟʽʡʥʦ-

ʟʚʘʨʥʠʭ ʥʝʫʟʛʦʜʞʝʥʠʭ ʟôʻʜʥʘʥʥʷʭ ʚ ʧʨʦʮʝʩʽ ʾʭ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ 200Áʉ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʚʘʨʶʚʘʥʥʷ (900Áʉ). ɺ ʷʢʦʩʪʽ ʤʦʜʝʣʝʡ ʙʫʣʠ ʦʙʨʘʥʽ ʚʫʟʣʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʜʽʘʤʝʪʨʦʤ 

10 ʤʤ, ʚʠʩʦʪʦʶ 15 ʤʤ ʪʘ ʜʽʘʤʝʪʨʦʤ 30ʤʤ, ʚʠʩʦʪʦʶ 30ʤʤ. 

ʉʢʣʘʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʜʠʬʫʟʽʡʥʦ-ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ ʽʟ ʥʝʫʟʛʦʜʞʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʦ ʷʢʠʭ 

ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʽ ʟôʻʜʥʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʨʽʟʢʽʡ ʚʽʜʤʽʥʥʦʩʪʽ ʾʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿʥʘʯʥʘ ʨʽʟʥʠʮʷ ʊʂʃʈ ʙʽʣʴʰʦʩʪʽ ʤʝʪʘʣʽʚ ʽ ʢʝʨʘʤʽʢʠ ʧʨʠ ʤʘʡʞʝ ʧʦʚʥʽʡ 

ʚʽʜʩʫʪʥʦʩʪʽ ʧʣʘʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʦʩʪʘʥʥʽʡ ʨʦʙʠʪʴ ʜʘʥʠʡ ʚʫʟʦʣ ʜʫʞʝ ʯʫʪʣʠʚʠʤ ʜʦ 

ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʷʢ ʚ ʧʨʦʮʝʩʽ ʥʘʛʨʽʚʘʥʥʷ ʧʽʜ ʟʚʘʨʶʚʘʥʥʷ, ʪʘʢ ʽ ʚ ʧʨʦʮʝʩʽ ʦʭʦʣʦʜʞʝʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʚ ʭʦʜʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʣʷ ʥʘʧʨʫʞʝʥʴ (ʨʠʩ. 1) ʪʘ ʝʧʶʨʠ ʝʢʚʽʚʘʣʝʥʪʥʠʭ 

ʥʘʧʨʫʞʝʥʴ (ʨʠʩ. 2) ʥʝʫʟʛʦʜʞʝʥʠʭ ʪʽʣ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚ ʅʊʈ ʽ ʚ ʊʈʇʂ ʩʚʽʜʯʘʪʴ, ʱʦ 

ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʽ ʟʚʘʨʥʽ ʟôʻʜʥʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʢʣʘʜʥʠʤ ʦʙôʻʤʥʠʤ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʤ ʩʪʘʥʦʤ ʽʟ ʧʦʤʽʪʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʨʦʟʧʦʜʽʣʫ ʧʦʣʽʚ ʥʘʧʨʫʞʝʥʴ ʚ ʟʦʥʽ 

ʩʪʠʢʘ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʟʦʥʽ ʩʪʠʢʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 

ʥʦʨʤʠ ʽ ʩʢʣʘʜʘʶʪʴ 339 ʄʇʘ ʜʣʷ ʅʊʈ ʪʘ 252 ʄʇʘ ʜʣʷ ʊʈʇʂ ʽ ʣʦʢʘʣʽʟʫʶʪʴʩʷ ʧʦ ʢʨʘʷʭ 

ʟʘʛʦʪʦʚʢʠ. ɯʟ ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ ʮʝʥʪʨʫ ʾʭ ʟʥʘʯʝʥʥʷ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʶʪʴʩʷ ʜʦ ʤʽʥʽʤʘʣʴʥʠʭ 

188é138 ʄʇʘ ʜʣʷ ʅʊʈ ʪʘ ʊʈʇʂ ʚʽʜʧʦʚʽʜʥʦ.  

 
ʘ) 

 
ʙ) 

ʈʠʩ. 1 ï ʇʦʣʝ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʩʪʠʢʫ ʚʫʟʣʘ ɺʉʪ3ʩʧ+ʎʊʉ-19 ʜʽʘʤʝʪʨʦʤ 10 ʤʤ 

ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʚ ʧʦʣʽ ʥʦʨʤʘʣʴʥʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ (ʘ) ʪʘ ʚ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʟ ʝʬʝʢʪʦʤ 

ʧʦʨʦʞʥʠʩʪʦʛʦ ʢʘʪʦʜʫ (ʙ) 
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ʈʠʩ. 2. ï ɽʧʶʨʠ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʧʦ ʩʪʠʢʫ ʚʫʟʣʘ ɺʉʪ3ʩʧ+ʎʊʉ-19 ʜʽʘʤʝʪʨʦʤ 

10 ʤʤ ʚʠʢʦʥʘʥʠʭ ʚ ʥʦʨʤʘʣʴʥʦʤʫ ʪʣʽʶʯʦʤʫ 

ʨʦʟʨʷʜʽ (1) ʪʘ ʚ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʽʟ 

ʧʦʨʦʞʥʠʩʪʠʤ ʢʘʪʦʜʦʤ (2). 

ɸʥʘʣʽʟ ʦʩʴʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʜʦ 700 ʉ, ʪʦʙʪʦ ʥʘ 200 Áʉ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʟʚʘʨʶʚʘʥʥʷ ʧʦʢʘʟʫʻ, ʱʦ ʾʭ ʨʦʟʧʦʜʽʣ ʚ 

ʤʘʪʝʨʽʘʣʘʭ ʥʦʩʠʪʴ ʤʘʡʞʝ ʨʽʚʥʦʤʽʨʥʠʡ ʭʘʨʘʢʪʝʨ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦ ʤʘʢʩʠʤʫʤʫ ʾʭ ʟʥʘʯʝʥʴ 

ʙʽʣʷ ʟʚʘʨʥʦʛʦ ʩʪʠʢʘ. ʎʝ ʢʽʣʴʢʽʩʥʦ ʽʣʶʩʪʨʫʻ ʝʧʶʨʘ ʦʩʴʦʚʠʭ ʪʝʨʤʦʥʘʧʨʫʞʝʥʴ, ʱʦ ʥʘʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 3. ʊʘʢʠʡ ʨʦʟʧʦʜʽʣ ʦʩʴʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʻ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʫ ʤʘʩʦʧʝʨʝʥʦʩʫ, ʦʩʢʽʣʴʢʠ ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʨʽʚʝʥʴ ʧʣʘʩʪʠʯʥʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʙʫʜʝ ʥʘʡʙʽʣʴʰʠʤ.  

 

ʈʠʩ. 3 ï ɽʧʶʨʠ ʦʩʴʦʚʠʭ 

ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ 

ʪʝʧʣʦʬʽʟʠʯʥʦ çʪʦʥʢʠʭè 

ʥʝʫʟʛʦʜʞʝʥʠʭ ʟôʻʜʥʘʥʴ ʚ 

ʧʣʘʟʤʽ ʅʊʈ (1) ʪʘ ʊʈʇʂ (2) 

ʆʪʨʠʤʘʥʽ ʝʧʶʨʠ ʦʩʴʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʦʤʫ ʟôʻʜʥʘʥʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʦʩʥʦʚʥʠʤ ʤʽʩʮʝʤ ʣʦʢʘʣʽʟʘʮʽʾ ʦʩʴʦʚʠʭ ʪʝʨʤʦʥʘʧʨʫʞʝʥʴ ʻ ʟʚʘʨʥʠʡ ʩʪʠʢ (ʤʝʪʘʣʝʚʠʡ 

ʧʨʦʰʘʨʦʢ) ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʚʥʽ -249é-282 ʄʇʘ ʜʣʷ ʊʈʇʂ ʪʘ 

ʅʊʈ ʚʽʜʧʦʚʽʜʥʦ. ʎʽ ʥʘʧʨʫʞʝʥʥʷ ʥʝ ʻ ʢʨʠʪʠʯʥʠʤʠ (ʨʫʡʥʽʚʥʠʤʠ) ʦʩʢʽʣʴʢʠ ʪʠʤʯʘʩʦʚʠʡ ʦʧʽʨ 

ʥʘ ʨʦʟʪʷʛ (ʩʪʠʩʢ) ʤʘʪʝʨʽʘʣʫ ʧʨʦʰʘʨʢʫ (ɹʨʙ-1) ʩʢʣʘʜʘʻ 600 ʄʇʘ. ɿʥʘʢ ʤʽʥʫʩ ʚʢʘʟʫʻ ʥʘ 

ʭʘʨʘʢʪʝʨ ʥʘʧʨʫʞʝʥʴ, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʩʪʠʩʢ, ʱʦ ʥʝ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʤʝʪʘʣʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʚ ʥʠʭ ʚʠʥʠʢʘʶʪʴ, ʚ ʦʩʥʦʚʥʦʤʫ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫ.  

ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʮʴʦʤʫ ʚ ʧôʻʟʦʢʝʨʘʤʽʮʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ -181 ʄʇʘ ʜʣʷ ʅʊʈ ʪʘ -108 ʄʇʘ ʜʣʷ ʊʈʇʂ.  

ʆʜʥʘʢ ʥʘʚʽʪʴ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʥʝʙʝʟʧʝʢʠ ʜʣʷ 

ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʦʛʦ ʚʫʟʣʘ, ʦʩʢʽʣʴʢʠ ʤʝʞʘ ʚʠʪʨʠʚʘʣʦʩʪʽ ʧôʻʟʦʢʝʨʘʤʽʢʠ ʥʘ 

ʩʪʠʩʢ ʩʢʣʘʜʘʻ 294 ʄʇʘ. ʄʝʪʘʣ ʧʽʜʜʘʻʪʴʩʷ ʜʽʾ ʥʘʧʨʫʞʝʥʴ ʨʦʟʪʷʛʫ, ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʷʢʠʭ, ʪʘʢʦʞ ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʚ ʦʙʣʘʩʪʽ ʩʪʠʢʘ ʽʟ ʨʦʟʢʨʠʪʪʷʤ ʙʽʣʷ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ. 

ɿʥʘʯʝʥʥʷ ʪʘʢʠʭ ʥʘʧʨʫʞʝʥʴ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 213 ʄʇʘ ʜʣʷ ʅʊʈ ʪʘ 182 ʄʇʘ ʜʣʷ ʊʈʇʂ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʪʘʢʦʤʫ ʟôʻʜʥʘʥʥʽ ʧʨʠ 

ʟʚʘʨʶʚʘʥʥʽ ʚ ʊʈʇʂ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 20é25%  ʥʠʞʯʝ ʥʽʞ ʚ ʅʊʈ. 
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ʉʝʣʠʚʝʨʩʪʦʚ ʀ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɿʘʢʦʨʘ ɽ.ɸ., ʘʩʧʠʨʘʥʪ 

ʍʝʨʩʦʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, sia04041972@gmail.com ; 

ʉʝʣʠʚʝʨʩʪʦʚʘ ʉ.ʈ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʍʝʨʩʦʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷ, ussr28031972@gmail.com 

ʍɸʈɸʂʊɽʈ ʈɸɿʈʋʐɽʅʀʗ ʄɸʊɽʈʀɸʃʆɺ ʇʈʀ ʉʂʃɽʈʆʄɽʊʈʀʈʆɺɸʅʀʀ 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʜʣʷ ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʠ ʧʦʢʨʳʪʠʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʢʣʝʨʦʤʝʪʨʠʠ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚʦ ʚʥʝʜʨʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʠʥʜʝʥʪʦʨʦʚ ʚ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʧʝʨʝʤʝʱʝʥʠʝʤ. ɺ ʦʩʥʦʚʥʦʤ 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʢʘʢ ʧʨʠ ʠʥʜʝʥʪʠʨʦʚʘʥʠʠ, 

ʪʘʢ ʠ ʧʨʠ ʩʢʣʝʨʦʤʝʪʨʠʨʦʚʘʥʠʠ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʪʚʝʨʜʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ 

ʨʘʟʤʝʨ ʦʪʧʝʯʘʪʢʘ ʣʠʙʦ ʰʠʨʠʥʘ ʮʘʨʘʧʠʥʳ [1].  

ʇʦʵʪʦʤʫ ʥʘʰʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ, ʦʧʨʝʜʝʣʷʪʴ 

ʥʝ ʪʦʣʴʢʦ ʪʚʝʨʜʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʙʨʘʟʠʚʥʦʤʫ ʠʟʥʘʰʠʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ, ʥʦ 

ʠ ʨʷʜ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʠʩʧʳʪʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ 

(ʧʦʣʥʦʤ ʨʘʟʨʫʰʝʥʠʠ ʦʙʨʘʟʮʦʚ): ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʪʝʢʫʯʝʩʪʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʣʘʩʪʠʯʥʦʩʪʠ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʩʢʣʝʨʦʤʝʪʨʠʨʦʚʘʥʠʠ ʠ ʣʶʙʦʤ ʩʪʘʪʠʯʝʩʢʦʤ 

ʤʝʪʦʜʝ ʠʩʧʳʪʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʨʘʟʥʠʮʳ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʅʘʯʘʣʦ ʜʚʠʞʝʥʠʷ ʠʥʜʝʥʪʦʨʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʧʨʫʛʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ, ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʠ ʥʘʯʘʣʦ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʫʧʨʦʯʥʝʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʣʦʢʘʣʴʥʳʤ ʨʘʟʨʫʰʝʥʠʝʤ 

ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʯʘʩʪʢʝ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʫʩʠʣʠʷ. ɽʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʚʩʝʭ 

ʩʪʘʜʠʷʭ ʨʘʟʨʫʰʝʥʠʷ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʫʩʠʣʠʝ ʩʢʣʝʨʦʤʝʪʨʠʠ ʧʦ ʢʦʪʦʨʦʤʫ ʦʧʨʝʜʝʣʷʪʩʷ ʚʩʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʯʥʦʩʪʠ, ʘ ʧʦ ʢʨʠʪʠʯʝʩʢʦʡ ʜʣʠʥʝ ʨʘʟʨʫʰʝʥʠʷ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ [2]. 

ʆʯʝʥʴ ʚʘʞʥʳʤ ʧʨʠ ʜʘʥʥʦʤ ʩʧʦʩʦʙʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʴ ʩʢʦʨʦʩʪʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ (ʩʢʦʨʦʩʪʴ ʩʢʣʝʨʦʤʝʪʨʠʠ). 

ʆʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʝʬʦʨʤʘʮʠʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʜʝʬʦʨʤʘʮʠʠ. ʏʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ, ʪʝʤ 

ʚʳʰʝ ʵʬʬʝʢʪ ʫʧʨʦʯʥʝʥʠʷ ʠ ʪʝʤ ʤʝʥʝʝ ʩʢʘʟʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ çʚʦʟʚʨʘʪʘè.  

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʬʠʢʩʘʮʠʶ 

ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʠʣʠʷ ʩʢʣʝʨʦʤʝʪʨʠʨʦʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʣʝʨʦʤʝʪʨ ʙʳʣ ʚʥʝʩʝʥ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʨʘʟʮʦʚ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʩ ʧʦʥʠʞʘʶʱʠʤ ʨʝʜʫʢʪʦʨʦʤ 1/137. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʚ ʰʠʨʦʢʦʤ 

ʧʨʝʜʝʣʝ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪ 0,005ʤʤ/ʤʠʥ ʜʦ 10ʤʤ/ʤʠʥ 

ʠ ʧʦʣʫʯʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʜʝʥʪʦʨʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʠʩʧʳʪʘʥʠʠ 

ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʪʘʣʝʡ ʩ ʪʚʝʨʜʦʩʪʴʶ 250 ʅɺ ʠʤʝʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʠʟʤʝʥʝʥʠʷ 

ʬʦʨʤʳ, ʨʘʟʤʝʨʘ ʠ ʫʩʠʣʠʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ, ʦʜʥʘʢʦ ʥʘʨʘʩʪʘʥʠʝ ʠ 

ʩʥʠʞʝʥʠʝ ʫʩʠʣʠʷ ʩʢʣʝʨʦʤʝʪʨʠʠ ʙʳʣʦ ʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ. ʇʨʠ ʠʩʧʳʪʘʥʠʠ 

ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ ʧʦ ʩʫʱʝʩʪʚʫ ʷʚʣʝʥʠʝ ʥʘʢʣʝʧʘ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ. ɹʦʣʴʰʠʝ 

ʵʬʬʝʢʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʟʘʢʘʣʝʥʥʳʭ ʩʪʘʣʝʡ ʠ ʜʠʬʬʫʟʠʦʥʥʦ-ʥʘʩʳʱʝʥʥʳʭ 

ʩʣʦʝʚ ʠ ʧʦʢʨʳʪʠʡ, ʠʩʧʳʪʘʥʠʝ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ɹʽʣʦʙʦʨʦʜʯʝʥʢʦ ɺ. ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʟʶʙʠʢ ɸ.ʈ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʍʦʤʠʯ ɯ.ɹ., ʩʪ. ʚʠʢʣʘʜʘʯ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, vbilko22@gmail.com 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɸɻʅɯʊʅʆɻʆ ʂɽʈʋɺɸʅʅʗ ʇʈʀ ʆʇʊʀʄɯɿɸʎɯɰ 

ʇɸʈɸʄɽʊʈɯɺ ɿɺɸʈʅʆɻʆ ʐɺɸ 

ʌʦʨʤʫʚʘʥʥʷ ʟ ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʤʠ ʟʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʽʮʥʦ-ʱʽʣʴʥʠʭ 

ʰʚʽʚ ʟʽ ʩʧʣʘʚʽʚ ʪʠʪʘʥʫ ʘʨʛʦʥʦ-ʜʫʛʦʚʠʤ ʟʚʘʨʶʚʘʥʥʷʤ ʥʝʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʚʠʤʘʛʘʻ 

ʞʦʨʩʪʢʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʥʝ ʣʠʰʝ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʫʛʠ, ʘʣʝ ʡ ʾʾ 

ʧʨʦʩʪʦʨʦʚʦʾ ʦʨʽʻʥʪʘʮʽʾ. 

ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʤʘʛʥʽʪʥʝ ʢʝʨʫʚʘʥʥʷ ʜʫʛʦʶ ʚ ʯʘʩʽ ʬʦʨʤʫʚʘʥʥʷ ʰʚʘ, 

ʦʩʢʽʣʴʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ ʧʨʘʢʪʠʯʥʦ ʙʝʟʽʥʝʨʮʽʡʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʷʢ ʧʨʦʧʣʘʚʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ ʜʫʛʠ, ʪʘʢ ʡ ʾʾ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʟʘʜʘʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʣʠʪʦʛʦ ʤʝʪʘʣʫ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʘʛʥʽʪʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻʪʴʩʷ ʟʚʘʨʶʚʘʥʥʷ 

ʥʝʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʧʦ ʧʦʧʝʨʝʜʥʴʦ ʫʢʣʘʜʝʥʦʤʫ ʫ ʨʦʟʨʦʙʢʫ ʢʨʘʡʦʢ ʧʨʠʩʘʜʢʦʚʦʤʫ ʜʨʦʪʽ, 

ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʥʥʷ ʟʘʜʘʥʦʛʦ ʥʘʧʣʘʚʥʦʛʦ ʰʘʨʫ ʤʝʪʘʣʫ. ɺʽʜʩʫʪʥʽʩʪʴ ʢʨʘʧʣʝʧʝʨʝʥʝʩʝʥʥʷ 

ʯʝʨʝʟ ʜʫʛʦʚʠʡ ʧʨʦʤʽʞʦʢ ʜʦʟʚʦʣʷʻ ʢʦʨʝʢʪʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʦʤʠʭ ʤʦʜʝʣʝʡ ʦʧʠʩʫ ʜʫʛʠ ʪʘ 

ʾʭ ʘʧʘʨʘʪʫ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ ʦʩʪʘʥʥʴʦʾ ʧʨʠ ʥʘʚʝʜʝʥʥʽ ʟʦʚʥʽʰʥʴʦʛʦ ʢʝʨʫʶʯʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ [1]. ʉʫʪʪʻʚʠʤ ʦʙʤʝʞʝʥʥʷʤ ʜʣʷ ʮʴʦʛʦ ʩʧʦʩʦʙʫ ʟʚʘʨʶʚʘʥʥʷ ʻ 

ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʟʚʘʨʥʦʛʦ ʚʫʟʣʘ ï ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʤʝʪʦʜ ʻ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ 

ʨʦʟʚʠʥʫʪʠʭ ʣʽʥʽʡʥʦ ʧʨʦʩʪʦʨʦʚʠʭ ʘʙʦ ʟ ʚʝʣʠʢʠʤ ʨʘʜʽʫʩʦʤ ʢʨʠʚʠʥʠ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ. 

ʇ̔ ʜ ʜʽʻʶ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟʘʚʜʷʢʠ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʽʡ ʩʠʣʽ ʦʩʴʦʚʘ ʩʠʤʝʪʨʽʷ 

ʧʦʨʫʰʫʻʪʴʩʷ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʢʫʪʦʚʝ ʟʽʪʢʥʝʥʥʷ ʧʣʘʟʤʦʚʠʭ ʧʦʪʦʢʽʚ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʘʥʦʤʘʣʴʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʦʣʷ ʜʫʛʠ. ʂʫʪʦʚʝ ʟʽʪʢʥʝʥʥʷ ʧʦʪʦʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʽʥʽʮʽʘʮʽʾ ʚʠʥʦʩʫ ʩʪʨʫʤʦʥʝʩʫʯʠʭ ʯʘʩʪʠʥʦʢ ʧʦʟʘ ʤʝʞʽ ʬʘʢʝʣʫ: ʨʦʟʚʠʚʘʻʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʫʛʠ, ʛʨʘʥʠʯʥʦ ʜʦ ʾʾ ʦʙʨʠʚʫ. ʇʽʜʚʠʱʝʥʽ ʚʠʪʨʘʪʠ ʟʘʭʠʩʥʦʛʦ ʛʘʟʫ ʫ ʧʝʚʥʽʡ ʤʽʨʽ 

(ʟʨʦʩʪʘʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʜʫʛʦʚʦʛʦ ʧʨʦʚʽʜʥʠʢʘ) ʢʦʤʧʝʥʩʫʶʪʴ ʮʝ ʷʚʠʱʝ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʢ̔ ʥʝʪʠʢʘ ʨʫʭʫ ʜʫʛʠ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʧʦʣʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʤʽʱʝʥʥʷ 

ʘʥʦʜʥʦʾ ʪʘ ʢʘʪʦʜʥʦʾ ʧʣʷʤ, ʘ ʪʘʢʦʞ ʚʣʘʩʥʝ ʩʪʦʚʧʘ ʜʫʛʠ (ʷʜʨʦ) ʪʘ ʧʣʘʟʤʦʚʦʛʦ ʬʘʢʝʣʘ.  

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʨʦʟʨʦʙʣʝʥʠʡ ʜʦʩʣʽʜʥʠʡ ʩʪʝʥʜ ʥʘ ʙʘʟʽ ʫʩʪʘʥʦʚʢʠ ɸ-874, 

ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʶ ʩʠʩʪʝʤʦʶ ʢʦʣʠʚʘʥʥʷ ʜʫʛʠ ʧʦʧʝʨʝʯʥʠʤ ʧʝʨʝʤʽʥʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ 

ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʘʨʛʦʥʦ-ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʥʝʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʪʠʪʘʥʫ 

ʪʦʚʱʠʥʦʶ 2é4ʤʤ. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʦʣʝʥʦʾʜʽʚ, ʢʦʞʝʥ ʟ 

ʷʢʠʭ ʤʘʻ 930 ʚʠʪʢʽʚ ʥʘ ʦʩʝʨʜʽ ʦʙôʻʤʦʤ 3210
4
ʤʤ

3
 ʟ ʚʠʭʽʜʥʠʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʧʦʣʷ ʦʙôʻʤʦʤ 

0,1310
4
ʤʤ

3
 (ʨʠʩ. 1). ʉʪʨʫʤ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ ʦʙʤʦʪʦʢ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʩʪʘʙʽʣʴʥʦʛʦ 

ʩʪʨʫʤʫ ʟ ʜʽʘʧʘʟʦʥʦʤ ʢʝʨʫʚʘʥʥʷ 0é10ɸ. ʂʦʤʫʪʘʮʽʷ ʩʪʨʫʤʫ ʥʘ ʩʦʣʝʥʦʾʜʠ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʯʝʨʝʟ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ ʫʤʬʦʨʤʝʨ, ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʷʢʦʛʦ ʟʘʜʘʻʪʴʩʷ ʦʧʦʨʥʦʶ 

ʫʩʪʘʚʢʦʶ ʪʘ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʽ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʟʚʦʨʦʪʥʠʤ ʟʚôʷʟʢʦʤ ʪʘʭʦʤʝʪʨʦʤ. ʈʝʛʫʣʶʚʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʯʘʩʪʦʪʫ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɼʣʷ 

ʟʥʝʰʢʦʜʞʝʥʥʷ ʽʩʢʨʦʫʪʚʦʨʝʥʥʷ ʢʽʣʴʮʷ ʫʤʬʦʨʤʝʨʘ ʟʘʰʫʥʪʦʚʘʥʽ ʻʤʥʦʩʪʷʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʷʢʦʩʪʽ ʢʦʤʫʪʘʪʦʨʘ ʩʪʨʫʤʫ ʫʤʬʦʨʤʝʨʘ ʟʥʽʤʘʻ ʪʠʧʦʚʫ ʧʨʦʙʣʝʤʫ ʢʦʤʧʝʥʩʘʮʽʾ ʚʧʣʠʚʫ 

ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʨʦʙʦʪʫ ʧʽʚ ʧʨʦʚʽʜʥʠʢʦʚʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ ʧʝʨʝʚʽʨʝʥʽ ʥʘ 

ʩʪʝʥʜʽ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʠʤʽʨʶʚʘʯʘ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʀʄʀ-1 ʫ ʟʘʟʦʨʽ ʤʽʞ ʢʝʨʥʘʤʠ ʪʘ 

ʤʘʛʥʽʪʦ-ʧʦʨʦʰʢʦʚʠʤ ʤʝʪʦʜʦʤ (ʨʠʩ. 2) ʫ ʧʨʦʩʪʦʨʦʚʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʣʦʱʠʥʘʭ. 
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ʉʠʩʪʝʤʘ ʫ ʤʽʞʢʝʨʥʦʚʦʤʫ ʟʘʟʦʨʽ ʚʦʣʦʜʽʻ ʧʨʘʢʪʠʯʥʦ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʤʽʞ ʩʪʨʫʤʦʤ 

ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ 0é10ɸ ʪʘ ʽʥʜʫʢʮʽʻʶ ʟʘʟʦʨʫ 0é3ʛĀɸ/ʩʤ ʪʘ  ʥʘʧʨʫʞʝʥʽʩʪʶ ʧʦʣʷ 

0é0,24ɸ/ʩʤ.  

ɼʠʥʘʤʽʯʥʘ çʪʷʛʦʚʘè ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʷ ʦʮʽʥʶʚʘʣʘʩʷ ʟʘ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʤʽʱʝʥʥʷ ʜʫʛʠ 

ʟ ʫʤʦʚʠ ʚʽʣʴʥʦʾ ʢʘʪʦʜʥʦʾ ʧʣʷʤʠ  ʟ ʦʩʴʦʚʦʶ ʩʠʤʝʪʨʽʻʶ ʱʦʜʦ ʘʥʦʜʥʦʾ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦ-

ʧʨʠʩʢʦʨʝʥʦʤʫ ʨʫʩʽ ʪʘ ʚʨʽʚʥʦʚʘʞʝʥʥʽ ʩʠʣʠ ʦʧʦʨʫ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʦʾ ʩʠʣʠ  

vj
g

v
scPF ʜoped 2;

2

2

 ʽ ʩʪʘʥʦʚʠʪʴ v=0.4é1,3ʤ/ʩ ʧʨʠ edF =3,7é4,4Ā10
-2
ʛ/ʩʤ. 

ɻʨʘʥʠʯʥʦ ʤʦʞʣʠʚʘ ʦʩʴʦʚʘ ʘʩʠʤʝʪʨʽʷ (ʭ0) ʘʢʪʠʚʥʠʭ ʧʣʷʤ ʦʮʽʥʶʚʘʣʘʩʷ ʚʽʜʧʦʚʽʜʥʦ 

t
ɯ

lH
ktgx

ʜ

ʜ sin)arcsin(lg max
0

  ʪʘ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʟʨʠʚʫ ʜʫʛʠ ; 

ʚʩʪʘʥʦʚʣʝʥʝ, ʱʦ ʧʨʠʧʫʩʪʠʤʠʡ ʢʫʪ ʚʽʜʭʠʣʝʥʥʷ ʜʫʛʠ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʟʘʜʘʥʦʾ 

ʰʠʨʠʥʠ ʰʚʘ ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ 33Ñ4
0
 (ʨʠʩ.3) ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ, ʦʮʽʥʝʥʦʾ ʷʢ 

2/3

2max

max

2

0

sin)(1

cos

t
I

lHk

tHl
v

ʜ

ʜ

ʜ  ʽ ʧʨʘʢʪʠʯʥʦ ʩʪʘʥʦʚʠʪʴ 0,6ʤ/ʩ. 

ʇʨʘʢʪʠʯʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʨʝʞʠʤʫ ʟʚʘʨʶʚʘʥʥʷ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʟʤʽʥʥʦʤʫ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ 

ʧʨʦʚʝʜʝʥʘ ʧʨʦʮʝʜʫʨʦʶ ʩʠʤʧʣʝʢʩʫ ʋʤʝʜʘ-ɯʯʽʢʘʚʘ [2] ʟʘ ʪʨɹ ʦʤʘ ʨʝʛʫʣʴʦʚʘʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ (ʬʘʢʪʦʨʘʤʠ) ʭ1 ï ʥʘʧʨʫʛʘ ʞʠʚʣʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʩʠʩʪʝʤʠ (U=0é40ɺ); ʭ2 ï 

ʩʪʨʫʤ ʥʘʤʘʛʥʽʯʫʚʘʥʥʷ (I=0é2ɸ); ʭ3 ï ʯʘʩʪʦʪʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ (f= 0é1ɻʮ). ʂʣʶʯʦʚʽ 

ʪʦʯʢʠ ʧʝʨʝʭʦʜʫ ʩʠʤʧʣʝʢʩʘ ʜʦ ʦʙʨʘʥʦʛʦ ʦʧʪʠʤʫʤʫ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʟʚʘʨʶʚʘʥʥʷ 

(ʨʠʩ.4,ʘ) ʩʪʘʥʦʚʣʷʪʴ: ʦhʚ 1 ï ʙʝʟ ʟʦʚʥʽʰʥʴʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ: ʰʦʚ 2 ï U=25ɺ; I=0,8ɸ; 

f=0,1ɻʮ; ʰʦʚ3 - U=20ɺ; I=1,5ɸ; f=0,2ɻʮ; ʰʦʚ4 - U=40ɺ; I=1,0ɸ; f=0,6ɻʮ. 

ʆʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʨʝʞʠʤʫ ʟʚʘʨʶʚʘʥʥʷ (ʨʠʩ.4,ʙ) ʩʪʘʥʦʚʣʷʪʴ: ɯʜ=180ɸ; Uʜ = 10ɺ; 

ʚʠʪʨʘʪʠ ʘʨʛʦʥʫ W = 80 ʧʦʜ. ʨʦʪʘʤʝʪʨʫ ʈʉ-5. 
 

 
   

ʈʠʩ.1 ï ɽʣʝʢʪʨʦ-

ʤʘʛʥʽʪʥʘ ʩʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ 

ʈʠʩ.2 ï ʈʦʟʧʦʜʽʣ 

ʤʘʛʥʽʪʥʠʭ ʣʽʥʽʡ 

ʈʠʩ.3 ï ɼʫʛʘ ʚ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ 
ʈʠʩ.4 ï ɿʚʘʨʥʽ ʰʚʠ 

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʧʦʧʝʨʝʯʥʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʪʠʪʘʥʫ ʟʘʙʝʟʧʝʯʫʻ 

ʦʪʨʠʤʘʥʥʷ ʟʚʘʨʥʠʭ ʰʚʽʚ ʟʘʜʘʥʠʭ ʛʝʦʤʝʪʨʽʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɻʘʛʝʥ ʖ. ɺ. ʉʚʘʨʢʘ ʤʘʛʥʠʪʦʫʧʨʘʚʣʷʝʤʦʡ ʜʫʛʦʡ. / ʖ. ɺ. ɻʘʛʝʥ, ɺ. ɼ. ʊʘʨʘʥ ï ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1970. ï 160 ʩ. 

2. Umeda T., Ichikawa A. ï Ind. Engig. Chem., Process Design and Development, 1971, v. 10, ˉ2 p. 

229 ï 236. 
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ʋɼʂ 539.4+620.1 

ɻʨʘʙʦʚʩʴʢʠʡ ɸ.ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ,  

ɹʦʥʜʘʨʝʮʴ ʆ.ɸ., ʤʦʣ. ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ ʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦ, bondarets.o@gmail.com 

ɼɽʌʆʈʄɸʎɯʁʅɯ ʆʉʅʆɺʀ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɼʆɺɻʆɺɯʏʅʆʉʊɯ 

ʂʆʅʉʊʈʋʂʎɯʁʅʀʍ ʄɸʊɽʈɯɸʃɯɺ 

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʚʠʥʠʢʘʶʪʴ ʨʦʟʩʽʷʥʽ 

ʤʽʢʨʦʜʝʬʝʢʪʠ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʜʝʛʨʘʜʘʮʽʶ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ï ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ, ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʪʦʱʦ. ɼʝʛʨʘʜʘʮʽʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʮʽʥʶʻʪʴʩʷ ʧʦʰʢʦʜʞʫʚʘʥʽʩʪʶ 

ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ ʥʘ ʚʽʜʨʠʚ ï D ʪʘ ʟʨʽʟ ï D , ʷʢ ʦʩʥʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ 

ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʜʝʪʘʣʝʡ ʦʙʣʘʜʥʘʥʥʷ. ɽʬʝʢʪʠʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʚʽʜʨʠʚ  ʪʘ ʟʨʽʟ 

 ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤʠ [1-3]: 

;
1 D

 ;
1 D

       (1) 

ʜʝ ů ʪʘ Ű ï ʽʩʪʠʥʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʚʽʜʨʠʚ ʪʘ ʟʨʽʟ ʚ ʤʘʪʝʨʽʘʣʽ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

01 /iD E E ;  
01 /iD G G  ï ʢʽʥʝʪʠʢʘ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 

ʚʽʜʨʠʚ ʪʘ ʟʨʽʟ; 0E , 0G  ï ʧʝʨʰʦʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ; iE , iG  ï ʚʝʣʠʯʠʥʠ 

ʧʦʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʥʘ ʚʽʜʨʠʚ ʪʘ ʟʨʽʟ. 

ɺ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʽ ʚʽʜʥʦʰʝʥʥʷ ʜʝʛʨʘʜʘʮʽʾ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ E  ʪʘ G  ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʧʨʫʞʥʦʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʦ ʨʫʡʥʫʚʘʥʥʷ:  

0 0
0 0; ;R R

i i

R R

E E G G
E E G G      (2) 

ʜʝ RE , RG  ï ʤʦʜʫʣʽ ʧʨʫʞʥʦʩʪʽ ʥʘ ʚʽʜʨʠʚ ʪʘ ʟʨʽʟ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ;  

ʽ
, 

 ̔
ï ʧʦʪʦʯʥʽ ʚʝʣʠʯʠʥʠ ʣʽʥʽʡʥʠʭ ʪʘ ʢʫʪʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ,  

R
, 

R.
 ï ʚʝʣʠʯʠʥʠ ʣʽʥʽʡʥʠʭ ʪʘ ʢʫʪʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʚ ʢʦʥʩʪʨʫʢʮʽʡʥʦʤʫ 

ʤʘʪʝʨʽʘʣʽ. 

ɺ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʽ ʚʝʣʠʯʠʥʠ ʩʪʝʧʝʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ 

ʚʠʧʘʜʢʫ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʚʽʜʨʠʚ  ʪʘ ʟʨʽʟ ; 

1 1 ( / )
;

1 1

i R 0 1;  
1 1 ( / )

;
1 1

i R
  0 1;  (3) 

ʜʝ 0 0 0 0( ) / , ( ) /R RE E E G G G  ï ʢʦʝʬʽʮʽʻʥʪʠ ʟʤʽʥʠ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʜʦ ʨʫʡʥʫʚʘʥʥʷ,  

,  ï ʢʦʝʬʽʮʽʻʥʪʠ ʚʧʣʠʚʫ ʧʣʘʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ŭ ʥʘ ʜʝʛʨʘʜʘʮʽʶ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʚʽʜʨʠʚ ʪʘ ʟʨʽʟ:  

2 4 215,7 10 6 10 ; 
2 4 210 14 10 .   (4) 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. Lemaitre J. A Course on Damage Mechanics / Lemaitre J. Second ed., Springer ï Berlin 

Heidelberg, 1996. ï p.228 

2. ʃʝʤʝʪʨ ɾ. ʂʦʥʪʠʥʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʦʚʨʝʞʜʝʥʠʷ [ʊʝʢʩʪ] / ʃʝʤʝʪʨ ɾ. //ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, 

ʪ. 108 ï ˉ 1 ï 1985 ï ʩ. 90-98 
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3. ɻʦʣʫʙ ɺ.ʇ. ʅʝʣʠʥʝʡʥʘʷ ʤʘʭʘʥʠʢʘ ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ [ʊʝʢʩʪ]/ ɺ.ʇ.ɻʦʣʫʙ // 

ʇʨʠʢʣʘʜʥʘʷ ʤʝʭʘʥʠʢʘ. ï 2000. ï ˉ3. ï ʩ.31 ï 66. 
 

ʋɼʂ 621.791.052:669.017.3 

ɹʝʨʜʥʢ̔ʦʚʘ ʆ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢ. ʩʧʽʚʨ. 

ɸʣʝʢʩʝʻʥʢʦ ɯ.ɯ. ʤʦʣ. ʥʘʫʢ ʩʧʽʚʨ. 

ʇʦʣʦʚʝʮʴʢʠʡ ɭ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɸʣʝʢʩʝʻʥʢʦ ʊ.ʆ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ, poloveckiy@gmail.com 

ʉʊʈʋʂʊʋʈɸ ʊɸ ʄɽʍɸʅɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ɺʀʉʆʂʆʄɯʎʅʆɰ ʉʊɸʃɯ 

ALFORM 620ʄ 

ɼʣʷ ʢʦʥʩʪʨʫʢʮʽʡ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚ ʜʘʥʠʡ ʯʘʩ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʚʠʩʦʢʦʤʽʮʥʽ ʥʠʟʴʢʦʣʝʛʦʚʘʥʽ ʩʪʘʣʽ. ʆʩʥʦʚʥʠʤ ʝʪʘʧʦʤ, ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ ʟ 

ʜʘʥʠʭ ʩʪʘʣʝʡ, ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, ʷʢʠʡ ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʤʧʣʝʢʩ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

(ʤʽʮʥʦʩʪʽ, ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ) 1 .  

ʉʪʨʫʢʪʫʨʫ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʚʠʩʦʢʦʤʽʮʥʦʾ ʩʪʘʣʽ alform 620ʄ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ ʩʚʽʪʣʦʚʦʾ, ʨʘʩʪʨʦʚʦʾ ʪʘ ʧʨʦʩʚʽʯʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. 

ʋʟʘʛʘʣʴʥʝʥʽ ʜʘʥʥʽ, ʱʦ ʦʪʨʠʤʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʩʪʨʫʢʪʫʨʥʠʤ ʩʢʣʘʜʦʚʠʤ, ʘ 

ʩʘʤʝ ʙʝʡʥʽʪʫ ʥʠʞʥʴʦʤʫ (ɹʥ), ʚʝʨʭʥʴʦʤʫ (ɹʚ), ʤʘʨʪʝʥʩʠʪʫ ʚʽʜʧʫʩʢʫ (ʄʚʽʜʧ) ʪʘ ʾʭ ʧʘʨʘʤʝʪʨʘʤ: 

ʦʙôʻʤʥʽʡ ʯʘʩʪʢʠ (Vʯ, %); ʨʦʟʤʽʨʘʤ ʧʘʢʝʪʽʚ (Dʧ) ʪʘ ʨʝʡʢʦʚʦʾ ʩʪʨʫʢʪʫʨʠ (hp); ʟʘʛʘʣʴʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʜʠʩʣʦʢʘʮʽʡ ( ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. ʇʦʢʘʟʘʥʦ, ʱʦ ʩʪʨʫʢʪʫʨʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʟ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʙʝʡʥʽʪʫ ʥʠʞʥʦɹʛʦ ʪʘ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʘʨʪʝʥʩʠʪʫ 

ʚʽʜʧʫʩʢʫ ʪʘ ʙʝʡʥʽʪʫ ʚʝʨʭʥʴʦʛʦ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʝʥʥʽ ʱʽʣʴʥʦʩʪʽ ʜʠʩʣʦʢʘʮʽʡ ʚ 

ʦʙôʻʤʽ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ. 

ʊʘʙʣʠʮʷ 1 ï ʉʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʧʘʨʘʤʝʪʨʠ ʩʪʨʫʢʪʫʨʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʩʪʘʣʽ 

alform 620ʄ 

ʉʪʨʫʢʪʫʨʥʽ ʩʢʣʘʜʦʚʽ 

 ɹʚ ɹʥ ʄʚʽʜʧ 

Vʯ, % 10 85 5 

Dʧ, ʤʢʤ 5é40 5é35 - 

HV, ʄʇʘ 2680é2800 2800é2900 - 

hp, ʤʢʤ 0,4é0,9  0,4é0,8  0,7é1,0 

 ʩʤ
-2

 3é4Ĭ10
10

  

ɼʣʷ ʦʮʽʥʢʠ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʩʪʘʣʽ alform 620ʄ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 

ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʤʝʪʘʣʫ ʧʨʠ ʩʪʘʪʠʯʥʠʭ ʪʘ ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʬʨʘʢʪʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʩʣʷ ʩʪʘʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʨʦʟʪʷʛ 

( ʊ=667ʄʇʘ; ɺ=716ʄʇʘ; 5=23,8%; =77,3%) ʧʦ ʟʦʥʘʤ ʟʣʘʤʫ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʝ: 

ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʚôʷʟʢʠʡ ʟ ʨʦʟʤʽʨʦʤ ʷʤʦʢ 1é10 ʤʢʤ (ʨʠʩ. 1 ʚ) ʫ ʚʩʽʭ ʟʦʥʘʭ ʧʦʚʝʨʭʥʽ 

ʨʫʡʥʫʚʘʥʥʷ, ʦʙôʻʤʥʘ ʯʘʩʪʢʘ ʚôʷʟʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʩʢʣʘʜʘʻ 100%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ 

ʤʽʮʥʽʩʪʴ ʪʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʤʝʪʘʣʫ. 

ʇʽʩʣʷ ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʫʜʘʨʥʠʡ ʚʠʛʠʥ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʧʨʦʙʫʚʘʥʴ 

(ʊʚʠʧʨ=+20; -20; -40 ʉ) ʫʜʘʨʥʘ ʚôʷʟʢʽʩʪʴ ʟʨʘʟʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʪʘʣʽ ʩʢʣʘʜʘʻ 

KCV=287é350ɼʞ/ʩʤ
2
. ɺ ʨʝʟʫʣʴʪʘʪʽ ʬʨʘʢʪʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʥʦ ʥʘʩʪʫʧʥʝ. ʇʨʠ 

ʧʝʨʝʭʦʜʽ ʚʽʜ ʊʚʠʧʨ= + 20 ʉ ʜʦ ʊʚʠʧʨ= - 20 ʉ ʪʘ ʊʚʠʧʨ= - 40 ʉ ʦʙ'ʻʤʥʘ ʯʘʩʪʢʘ (Vʯ) ʚôʷʟʢʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 100% (ʨʠʩ. 1 ʙ) ʜʦ 90é95% (ʨʠʩ. 1 ʛ) ʪʘ 80é95%, ʚʽʜʧʦʚʽʜʥʦ. 

ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʪʦʨʠʥʥʽ ʪʨʽʱʠʥʠ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʾʭ ʜʦʚʞʠʥʠ ʜʦ 300 ʤʢʤ 
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(ʨʠʩ. 1 ʜ), ʘʣʝ ʚôʷʟʢʠʡ ʪʠʧ ʨʫʡʥʫʚʘʥʥʷ ʧʨʝʚʘʣʶʻ, ʱʦ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʤʝʪʘʣʫ ʩʪʘʣʽ alform 620M. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ, ʙʫʣʠ ʚʠʢʦʥʘʥʽ 

ʘʥʘʣʽʪʠʯʥʽ ʦʮʽʥʢʠ ʧʦʢʘʟʥʠʢʘ ʤʽʮʥʦʩʪʽ (ůʪ) ʪʘ ʚôʷʟʢʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ (ʂ1ʉ) ʪʘ ʧʦʙʫʜʦʚʘʥʘ 

ʜʽʘʛʨʘʤʘ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʤʽʮʥʦʩʪʽ, ʨʠʩ. 1 ʘ 3, 4 . 
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  ʛ)     ʜ) 

ʈʠʩ. 1 ï ɿʤʽʥʘ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʟʤʽʮʥʝʥʥʷ (× ʪ) ʪʘ ʚôʷʟʢʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ (ʂ1ʩ) 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʚʠʩʦʢʦʤʽʮʥʦʾ ʩʪʘʣʽ alform 620M (ʘ) ʪʘ ʬʨʘʢʪʦʛʨʘʤʠ: ʚôʷʟʢʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ, ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʫʜʘʨʥʠʡ ʚʠʛʠʥ : ʙ) ʊʚʠʧʨ=+20 ʉ; ʛ) ʊʚʠʧʨ=-20 ʉ;   

ʜ) ʊʚʠʧʨ=-40 ʉ;) ʪʘ ʨʦʟʪʷʛ ʚ), Ĭ1550 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣ ̔ ʚʠʩʦʢʦʤʽʮʥʦʾ ʩʪʘʣʽ alform 620M ʬʦʨʤʫʻʪʴʩʷ  

ʜʨʽʙʥʦʟʝʨʥʠʩʪʘ ʩʪʨʫʢʪʫʨʘ, ʧʝʨʝʚʘʞʥʦ ʙʝʡʥʽʪʫ ʥʠʞʥʴʦʛʦ, ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʦʟʧʦʜʽʣʝʥʽ 

ʜʠʩʣʦʢʘʮʽʡʥʦʾ ʱʽʣʴʥʦʩʪʽ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʨʠʭʢʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʤʽʮʥʽʩʪʴ, ʧʣʘʩʪʠʯʥʽʩʪʴ) ʪʘ ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʤʝʪʘʣʫ. 
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1965. ï 226ʩ. 
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3. ʄʘʨʢʘʰʦʚʘ ʃ.ʀ. ɺʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʪʘʣʝʡ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʩʚʘʨʢʠ, ʥʘ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ / ʃ. ʀ. 

ʄʘʨʢʘʰʦʚʘ, ɺ. ɼ. ʇʦʟʥʷʢʦʚ, ɽ. ʅ. ɹʝʨʜʥʠʢʦʚʘ ʠ ʜʨ. // ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʚʘʨʢʘ. ï 2018. ï ˉ2. ï ʉ. 
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ʋɼʂ 621.791.14 

ɿʷʭʦʨ ɯ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɿʘʚʝʨʪʘʥʥʠʡ ʄ.ʉ. 

ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ.ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, zyakhor2@ukr.net  

ʊɽʄʇɽʈɸʊʋʈʅɯ ʋʄʆɺʀ ʌʆʈʄʋɺɸʅʅʗ ʊɸ ʉʊʈʋʂʊʋʈɸ ʈɯɿʅʆʈɯɼʅʀʍ 

ɿôɭɼʅɸʅʔ ɾɸʈʆʄɯʎʅʀʍ ʅɯʂɽʃɽɺʀʍ ʉʇʃɸɺɯɺ ʇʈʀ ɿɺɸʈʖɺɸʅʅɯ ʊɽʈʊʗʄ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʞʘʨʦʤʽʮʥʠʭ ʥʽʢʝʣʝʚʠʭ ʩʧʣʘʚʽʚ (ɾʅʉ) ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ 

ʥʘʜʽʡʥʽʩʪʴ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʜʝʪʘʣʝʡ ʘʚʽʘʮʽʡʥʠʭ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ (ɻʊɼ). ɼʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʠʩʢʽʚ ʽ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʠʩʧʝʨʩʽʡʥʦʟʤʽʮʥʝʥʽ ʩʧʣʘʚʠ ʥʘ 

ʦʩʥʦʚʽ ʥʽʢʝʣʶ ï ʜʝʬʦʨʤʦʚʘʥʽ, ʛʨʘʥʫʣʴʥʽ ʪʘ ʣʠʚʘʨʥʽ. ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʫʟʣʽʚ ʨʦʪʦʨʥʦʾ 

ʯʘʩʪʠʥʠ ʘʚʽʘʮʽʡʥʠʭ ɻʊɼ, ʟʦʢʨʝʤʘ ʤʦʥʦʢʦʣʽʩ (ʪ. ʟʚ. çʙʣʽʩʢʽʚè) ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʟʚʘʨʶʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ɾʅʉ ʟ ʚʤʽʩʪʦʤ ʟʤʽʮʥʶʶʯʦʾ ɔ'-ʬʘʟʠ 

(Ni3Al) ï 30é65%. ɿʦʢʨʝʤʘ, ʜʣʷ ʚʽʪʯʠʟʥʷʥʠʭ ʨʦʟʨʦʙʥʠʢʽʚ ʽ ʚʠʨʦʙʥʠʢʽʚ ʘʚʽʘʮʽʡʥʠʭ ɻʊɼ 

(ɼʇ ñɯʚʯʝʥʢʦ-ʇʨʦʛʨʝʩò, ɸʊ çʄʦʪʦʨ ʉʽʯè, ʤ. ɿʘʧʦʨʽʞʞʷ) ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ 

ʥʝʨʦʟôʻʤʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʜʠʩʢʽʚ ʟ ʣʦʧʘʪʢʘʤʠ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ɾʅʉ ï ʛʨʘʥʫʣʴʥʦʛʦ 

ɽʇ741ʅʇ ʪʘ ʣʠʚʘʨʥʦʛʦ ɺɾʃ12ʋ. 

ɾʘʨʦʤʽʮʥʽ ʣʠʚʘʨʥʽ ʪʘ ʛʨʘʥʫʣʴʥʽ ʥʽʢʝʣʝʚʽ ʩʧʣʘʚʠ ʥʘʣʝʞʘʪʴ ʜʦ ʪʘʢʠʭ, ʱʦ ʥʝ ʟʚʘʨʶʶʪʴʩʷ 

ʘʙʦ ʦʙʤʝʞʝʥʦ ʟʚʘʨʶʶʪʴʩʷ ʧʨʠ ʚʩʽʭ ʩʧʦʩʦʙʘʭ ʟʚʘʨʶʚʘʥʥʷ ʧʣʘʚʣʝʥʥʷʤ, ʦʩʢʽʣʴʢʠ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʭʠʣʴʥʽʩʪʶ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʨʽʱʠʥ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʪʘ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ ɾʅʉ ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʦʩʦʙʽʚ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʟôʻʜʥʘʥʥʷ, ʟʦʢʨʝʤʘ ʟʚʘʨʶʚʘʥʥʷ ʪʝʨʪʷʤ (ɿʊ). 

ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ɿʊ ʣʠʚʘʨʥʦʛʦ ɺɾʃ12ʋ ʪʘ ʛʨʘʥʫʣʴʥʦʛʦ ɽʇ741ʅʇ ʩʧʣʘʚʽʚ ʧʦʚôʷʟʘʥʘ 

ʟ ʥʠʟʢʦʶ ʧʨʦʙʣʝʤ, ʟʦʢʨʝʤʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ ʧʨʦʮʝʩʽʚ ʥʘʛʨʽʚʘʥʥʷ ʽ ʜʝʬʦʨʤʘʮʽʾ 

ʧʨʠʢʦʥʪʘʢʪʥʠʭ ʦʙôʻʤʽʚ ʤʘʪʝʨʽʘʣʽʚ, ʟʥʘʯʥʦʤʫ ʦʧʦʨʫ ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʽ ʰʠʨʦʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʽʥʪʝʨʚʘʣʘʤ ʢʨʠʭʢʦʩʪʽ ʮʠʭ ʩʧʣʘʚʽʚ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʽʥʪʝʨʚʘʣ ʜʝʬʦʨʤʫʚʘʥʥʷ 

(ʊɯɼ) ʩʧʣʘʚʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʦʶ ʊʨɔ' ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ɔ'-ʬʘʟʠ ʽ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʧʦʯʘʪʢʫ ʧʣʘʚʣʝʥʥʷ ʊʩʦʣʽʜʫʩ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙ'ʻʤʥʦʾ ʯʘʩʪʢʠ ɔ'-ʬʘʟʠ ʚ ʩʧʣʘʚʽ, ʊɯɼ 

ʟʚʫʞʫʻʪʴʩʷ ï ʟʥʘʯʝʥʥʷ ʊʩʦʣʽʜʫʩ ʟʥʠʞʫʻʪʴʩʷ, ʘ ʊʨɔ' ï ʧʽʜʚʠʱʫʻʪʴʩʷ. ʉʫʪʪʻʚʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʤʦʨʬʦʣʦʛʽʶ ɔ'-ʬʘʟʠ, ʻ ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫ 

ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʽ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ ʫ ʟʦʥʽ ʪʝʨʤʦʤʝʭʘʥʽʯʥʦʛʦ ʚʧʣʠʚʫ (ɿʊʄɺ) ʟôʻʜʥʘʥʴ. 

ɼʦʩʣʽʜʞʫʚʘʣʠ ʪʝʨʤʽʯʥʽ ʮʠʢʣʠ ʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʦʣʷ ʧʨʠ ɿʊ ʩʧʣʘʚʽʚ ɽʇ741ʅʇ ʽ ɺɾʃ12ʋ. 

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ï ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʬʘʟʦʚʠʭ ʟʤʽʥ ʩʧʣʘʚʽʚ ʫ ɿʊʄɺ 

ʚʽʜ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʮʠʢʣʫ ɿʊ, ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʘʭʦʜʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʫʪʚʦʨʝʥʥʶ ʪʨʽʱʠʥ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʜʝʬʝʢʪʥʦʩʪʽ ʪʘ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟôʻʜʥʘʥʴ. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ ʧʝʨʝʜʙʘʯʘʣʘ ʧʨʦʚʝʜʝʥʥʷ ɿʊ ʟʨʘʟʢʽʚ ɾʅʉ ʟ ʨʝʻʩʪʨʘʮʽʻʶ 

ʪʝʨʤʽʯʥʠʭ ʮʠʢʣʽʚ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ, ʧʨʦʚʝʜʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, 

ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʤʝʪʘʣʫ ʫ ʟʦʥʽ ʟôʻʜʥʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʦʜʝʣʴʥʠʭ ʟʨʘʟʢʘʭ ɾʅʉ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʦʥʦʢʦʣʽʩ ʘʚʽʘʮʽʡʥʠʭ ɻʊɼ (ʟʨʘʟʢʠ ɸʊ çʄʦʪʦʨ ʉʽʯè, ʤ. ɿʘʧʦʨʽʞʞʷ). ʄʽʢʨʦʩʪʨʫʢʪʫʨʫ 

ʟ'ʻʜʥʘʥʴ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʤʽʢʨʦʩʢʦʧʽ "Neophot- 32", ʨʘʩʪʨʦʚʦʤʫ ʝʣʝʢʪʨʦʥʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ 

JSM- 35ʉɸ, "Jeol", ʆɾɽ-ʤʽʢʨʦʟʦʥʜʽ JAMP-9500F, ñJeolò, EDS-ʘʥʘʣʽʟ ʚʠʢʦʥʫʚʘʣʠ ʥʘ 

ʫʩʪʘʥʦʚʮʽ "ɯNCA-450", Oxford ɯnstruments", ʚʠʤʽʨʶʚʘʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ï ʄ400, "LECO".  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ ʚʞʝ ʯʝʨʝʟ 1,5é2 ʩ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ 

ɿʊ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʧʝʨʝʚʠʱʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʣʴʚʫʩ ʊʨɔ' (ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ 

ʟʤʽʮʥʶʶʯʦʾ ɔ'-ʬʘʟʠ). ʄʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʪʠʢʫ ʧʝʨʝʚʠʱʫʻ ʊʩʦʣʽʜʫʩ, ʘʣʝ ʻ ʥʠʞʯʦʶ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʣʽʢʚʽʜʫʩ ʦʙʦʭ ʩʧʣʘʚʽʚ. ʐʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʘʥʥʷ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʜʽʷʭ 

ʧʨʦʮʝʩʫ ɿʊ ʧʝʨʝʚʠʱʫʻ 1000 Áʉ/ʩ, ʱʦ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʧʝʨʝʚʠʱʝʥʥʷʤ ʊʩʦʣʽʜʫʩ ʫ ʟʦʥʽ ʢʦʥʪʘʢʪʫ 

ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʧʣʘʚʣʝʥʥʷ ʛʨʘʥʠʮʴ ʟʝʨʝʥ, ʷʢʽ ʟʙʘʛʘʯʝʥʽ ʣʝʛʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟ 
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ʢʦʝʬʽʮʽʻʥʪʦʤ ʣʽʢʚʘʮʽʾ K>1 (Ti, Nb). ʐʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʤʝʪʘʣʫ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 1200-800Áʉ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 60 Áʉ/ʩ, ʱʦ ʧʦʚʠʥʥʦ ʦʙʫʤʦʚʠʪʠ ʟʤʽʥʫ 

ʤʦʨʬʦʣʦʛʽʾ ʟʤʽʮʥʶʶʯʦʾ ʬʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʘʢʦʶ ʚ ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣʽ ʟʚʘʨʶʚʘʥʠʭ 

ʩʧʣʘʚʽʚ. 

ɼʦʩʣʽʜʞʫʚʘʣʠ ʧʨʦʮʝʩ ʜʝʬʦʨʤʘʮʽʾ ʩʧʣʘʚʽʚ ɺɾʃ12ʋ ʽ ɽʇ 741ʅʇ ʧʨʠ ɿʊ ʫ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʈʥ. ɺʩʪʘʥʦʚʣʝʥʦ ʘʥʦʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ 

ʧʨʦʮʝʩʫ ʜʝʬʦʨʤʘʮʽʾ ʟ ʙʦʢʫ ʩʧʣʘʚʫ ɽʇ741ʅʇ. ʊʘʢ, ʧʨʠ ʟʥʘʯʝʥʥʷ ʈʥ ʤʝʥʰʝ 300 ʄʇʘ, 

ʫʢʦʨʦʯʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ; ʚ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ ʈʥ =300é500 ʄʇʘ 

ʟʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʦʩʘʜʢʠ ʚʽʜ ʪʠʩʢʫ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʣʽʥʽʡʥʦʶ ʬʫʥʢʮʽʻʶ, ʧʨʠ 

ʈÓ550ʄʇʘ ʦʩʘʜʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʨʦʮʝʩʫ ʦʩʘʜʢʠ ʚʩʽʭ 

ʩʧʣʘʚʽʚ, ʷʢʽ ʧʦʧʝʨʝʜʥʴʦ ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʘʚʪʦʨʘʤʠ, ʘ ʪʘʢʦʞ ʚʽʜʦʤʽ ʟ ʥʘʷʚʥʠʭ ʧʫʙʣʽʢʘʮʽʡ. 

ɼʦʩʣʽʜʞʫʚʘʣʠ ʩʪʨʫʢʪʫʨʫ ʤʝʪʘʣʫ ʧʦ ʣʽʥʽʾ ʟôʻʜʥʘʥʥʷ (ʃɿ) ʥʘ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʮʝʥʪʨʫ 

ʧʝʨʝʨʽʟʫ ʟʘʛʦʪʦʚʦʢ. ɺʩʪʘʥʦʚʣʝʥʦ ʩʫʪʪʻʚʫ ʚʽʜʤʽʥʥʽʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ 

ʧʦ ʃɿ ʫ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʧʝʨʝʨʽʟʫ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʚʝʥʮʽʡʥʦʛʦ ɿʊ. 

ɼʨʽʙʥʦʟʝʨʥʠʩʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʫ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʧʝʨʝʨʽʟʫ ʧʦʢʘʟʫʻ, ʱʦ ʧʨʦʮʝʩ 

ʜʝʬʦʨʤʘʮʽʾ ʤʝʪʘʣʫ ʚʽʜʙʫʚʘʚʩʷ ʚ ʨʝʞʠʤʽ ʜʠʥʘʤʽʯʥʦʾ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʪʚʝʨʜʦʬʘʟʥʠʡ ʭʘʨʘʢʪʝʨ ʬʦʨʤʫʚʘʥʥʷ ʟôʻʜʥʘʥʥʷ. ʋ ʯʘʩʪʠʥʽ ʧʝʨʝʨʽʟʫ ʥʘ ʚʽʜʩʪʘʥʽ 0,5é0,8 

ʨʘʜʽʫʩʘ ʟʘʛʦʪʦʚʦʢ ʥʘʷʚʥʽʩʪʴ ʩʤʫʛ ʟ ʥʘʜʟʚʠʯʘʡʥʦ ʜʨʽʙʥʠʤ ʟʝʨʥʦʤ (ʤʝʥʰʝ 1 ʤʢʤ), ʻ ʦʟʥʘʢʦʶ 

ʯʘʩʪʢʦʚʦʛʦ ʫʪʚʦʨʝʥʥʷ ʜʽʣʷʥʦʢ ʨʦʟʧʣʘʚʫ ʫ ʧʨʦʮʝʩʽ ɿʊ, ʷʢʽ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʫ ʧʨʦʮʝʩʽ 

ʦʭʦʣʦʜʞʝʥʥʷ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʫ ʧʦ ʃɿ ʥʘ ʚʽʜʩʪʘʥʽ 0,9é1,0 ʨʘʜʽʫʩʘ ʟʘʛʦʪʦʚʦʢ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʽʜʢʦʬʘʟʥʠʡ ʭʘʨʘʢʪʝʨ ʬʦʨʤʫʚʘʥʥʷ ʟôʻʜʥʘʥʥʷ ʫ ʧʝʨʠʬʝʨʽʡʥʽʡ ʯʘʩʪʠʥʽ ʧʝʨʝʨʽʟʫ 

ʟʘʛʦʪʦʚʦʢ, ʱʦ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʤʽʢʨʦʪʨʽʱʠʥ.  

ʈʽʟʥʦʨʽʜʥʽ ʟôʻʜʥʘʥʥʷ ʩʧʣʘʚʽʚ ɽʇ 741ʅʇ ʽ ɺɾʃ12ʋ, ʦʜʝʨʞʘʥʽ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʢʦʤʙʽʥʦʚʘʥʦʚʘʥʦʛʦ ɿʊ, ʤʘʶʪʴ ʫ ʟʦʥʽ ʟôʻʜʥʘʥʥʷ ʜʨʽʙʥʦʟʝʨʥʠʩʪʫ ʜʠʥʘʤʽʯʥʦ 

ʨʝʢʨʠʩʪʘʣʽʟʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ, ʘʥʘʣʦʛʽʯʥʫ ʪʘʢʽʡ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʧʝʨʝʨʽʟʫ ʟʘʛʦʪʦʚʦʢ 

ʧʨʠ ʢʦʥʚʝʥʮʽʡʥʦʤʫ ɿʊ. ʄʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʨʠ ʪʝʭʥʦʣʦʛʽʾ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ɿʊ ʫ 

ʧʨʦʮʝʩʽ ʧʦʩʪʫʧʦʚʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ ʦʙʝʨʪʘʥʥʷ ʧʣʘʩʪʠʬʽʢʦʚʘʥʠʡ ʤʝʪʘʣ ʽʟ ʮʝʥʪʨʘʣʴʥʦʾ 

ʯʘʩʪʠʥʠ ʧʝʨʝʨʽʟʫ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʫ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʽ ʧʦʚʥʽʩʪʶ ʬʦʨʤʫʻ ʧʝʨʝʭʽʜʥʫ 

ʟʦʥʫ ʟôʻʜʥʘʥʥʷ. ʋ ʩʪʨʫʢʪʫʨʽ ʤʝʪʘʣʫ ʧʦ ʃɿ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʽʣʷʥʦʢ ʟ ʥʘʜʟʚʠʯʘʡʥʦ 

ʜʨʽʙʥʠʤ ʟʝʨʥʦʤ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʰʚʠʜʢʽʡ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʧʣʘʚʫ. ʊʚʝʨʜʦʬʘʟʥʠʡ 

ʭʘʨʘʢʪʝʨ ʬʦʨʤʫʚʘʥʥʷ ʟôʻʜʥʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʤʽʢʨʦʪʨʽʱʠʥ. ʌʽʢʩʫʻʪʴʩʷ 

ʨʽʟʢʠʡ ʧʝʨʝʧʘʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦ ʃɿ, ʧʨʠ ʮʴʦʤʫ ʰʠʨʠʥʘ ʧʝʨʝʭʽʜʥʦʾ 

ʟʦʥʠ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 2 ʤʢʤ, ʪʦʙʪʦ ʧʨʦʰʘʨʦʢ ʽʟ ʟʤʽʥʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʝʣʝʤʝʥʪʽʚ 

ʣʦʢʘʣʽʟʫʻʪʴʩʷ ʫ ʟʦʥʽ ʟôʻʜʥʘʥʥʷ ʧʨʘʢʪʠʯʥʦ ʫ ʤʝʞʘʭ ʦʜʥʦʛʦ ʟʝʨʥʘ. 

ɼʦʩʣʽʜʞʫʚʘʣʠ ʟʤʽʥʫ ʤʦʨʬʦʣʦʛʽʾ ʟʤʽʮʥʶʶʯʦʾ ɔ'-ʬʘʟʠ ʚ ʟʦʥʽ ʟôʻʜʥʘʥʥʷ ʩʧʣʘʚʽʚ ɽʇ741ʅʇ 

ʽ ɺɾʃ12ʋ ʥʘ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʃɿ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩʪʢʠ ʟʤʽʮʥʶʶʯʦʾ ɔ'-ʬʘʟʠ ʦʙʦʭ 

ʩʧʣʘʚʽʚ ʧʦʚʥʽʩʪʶ ʨʦʟʯʠʥʷʶʪʴʩʷ ʫ ʟʦʥʽ ʜʠʥʘʤʽʯʥʦʾ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʯʘʩʪʢʦʚʦ ʫ ɿʊʄɺ. 

ɿʤʽʮʥʶʶʯʘ ɔ'-ʬʘʟʘ ʧʦʚʪʦʨʥʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʫ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʤʫ ʚʠʛʣʷʜʽ 

(ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʯʘʩʪʦʢ ï ʙʣʠʟʴʢʦ 20 ʥʤ). ʇʨʠ ʘʥʘʣʽʟʽ ʨʦʟʧʦʜʽʣʫ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʤʝʪʘʣʫ ʚ 

ʟʦʥʽ ʟ'ʻʜʥʘʥʥʷ ʽ ɿʊʄɺ ʚʩʪʘʥʦʚʣʝʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʜʽʣʷʥʦʢ ʽʟ ʧʦʥʠʞʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʤʽʮʥʦʩʪʽ ʪʘ ʥʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʤʝʪʘʣʫ ʫ ʟʦʥʽ ʟôʻʜʥʘʥʥʷ ʥʘ ʜʽʣʷʥʮʽ 

ʧʦʚʪʦʨʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʾ ɔ'-ʬʘʟʠ. ʈʦʟʧʦʜʽʣ ʧʦʢʘʟʥʠʢʽʚ ʪʚʝʨʜʦʩʪʽ ʢʦʨʝʣʶʻ ʽʟ 

ʟʤʽʥʦʶ ʤʦʨʬʦʣʦʛʽʾ ʟʤʽʮʥʶʶʯʦʾ ɔ'-ʬʘʟʠ ʚ ɿʊʄɺ ʥʘ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʃɿ ʽ ʫ ʟʥʘʯʥʦ ʤʝʥʰʽʡ 

ʤʽʨ̔ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʧʦʜʽʣʫ ʨʦʟʤʽʨʫ ʟʝʨʥʘ ʤʝʪʘʣʫ ʚ ʟʦʥʽ ʟôʻʜʥʘʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʘʣʛʦʨʠʪʤ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ 

ʟʚʘʨʶʚʘʥʥʷ, ʷʢʽʡ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʜʝʬʝʢʪʥʽʩʪʴ ʨʽʟʥʦʨʽʜʥʠʭ ʟôʻʜʥʘʥʴ ɾʅʉ ʟ ʚʤʽʩʪʦʤ 

ʟʤʽʮʥʶʶʯʦʾ ɔ'-ʬʘʟʠ 30é65% ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ɿʊ ʜʠʩʢʦʚʦʛʦ 

ʛʨʘʥʫʣʴʥʦʛʦ ʩʧʣʘʚʫ ɽʇ741ʅʇ ʽ ʣʦʧʘʪʦʯʥʦʛʦ ʣʠʚʘʨʥʦʛʦ ʩʧʣʘʚʫ ɺɾʃ12ʋ. 
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ɺʇʃʀɺ ʉʀʉʊɽʄʀ ʃɽɻʋɺɸʅʅʗ ʅɯʂɽʃɽɺʀʍ ʇʈʀʇʆɰɺ ʅɸ ɿʄʆʏʋɺɸʅʅʗ 

ʃʀɺɸʈʅʆɻʆ ɾɸʈʆʄɯʎʅʆɻʆ ʉʇʃɸɺʋ ɾʉ6ʋ 

ɾʘʨʦʤʽʮʥʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ Ni, ʉʦ ʽ Fe ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ 

ʞʘʨʦʤʽʮʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʘʚʽʘʮʽʡʥʠʭ, ʤʦʨʩʴʢʠʭ ʽ 

ʥʘʟʝʤʥʠʭ ʛʘʟʦʪʫʨʙʽʥʥʠʭ ʜʚʠʛʫʥʽʚ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ. ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ 

ʞʘʨʦʤʽʮʥʠʭ ʣʠʚʘʨʥʠʭ ʥʽʢʝʣʝʚʠʭ ʩʧʣʘʚʽʚ, ʱʦ ʟʥʘʭʦʜʠʪʴ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʩʧʣʘʚ 

ɾʉ6ʋ. ʁʦʛʦ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ - ʨʦʙʦʯʽ ʪʘ ʥʘʧʨʷʤʥʽ ʣʦʧʘʪʢʠ, ʘ ʪʘʢʦʞ ʩʝʢʮʽʡʥʽ ʣʦʧʘʪʢʠ 

ʩʦʧʣʦʚʦʛʦ ʘʧʘʨʘʪʫ ʘʚʽʘʮʽʡʥʠʭ ʪʫʨʙʽʥ ʽ ʝʥʝʨʛʦʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [1, 

2]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʨʦʟ'ʻʤʥʠʭ ʟ'ʻʜʥʘʥʴ ʟʽ ʩʧʣʘʚʫ ɾʉ6ʋ ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʝ ʚʘʢʫʫʤʥʝ ʧʘʷʥʥʷ ʥʽʢʝʣʝʚʠʤʠ ʧʨʠʧʦʷʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʚ ʷʢʦʩʪʽ 

ʜʝʧʨʝʩʘʥʪʽʚ ʙʦʨ ʽ ʢʨʝʤʥʽʡ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʧʨʠʧʦʾʚ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ 

ʢʦʨʦʪʢʦʯʘʩʥʦʾ ʤʽʮʥʦʩʪʽ, ʘʣʝ ʥʠʟʴʢʫ ʜʦʚʛʦʪʨʠʚʘʣʫ ʤʽʮʥʽʩʪʴ ʧʨʠ ʧʽʜʚʠʱʝʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ 

ʧʦʩʪʽʡʥʦ ʜʽʶʯʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʚʛʦʪʨʠʚʘʣʦʾ 

ʤʽʮʥʦʩʪʽ ʥʝʦʙʭʽʜʥʝ  ʩʪʚʦʨʝʥʥʷ ʧʨʠʧʦʾʚ ʥʘ ʦʩʥʦʚʽ ʥʽʢʝʣʶ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʙʦʨʫ ʪʘ ʢʨʝʤʥʽʶ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʘʜʛʝʟʽʡʥʦ-ʘʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ IV-V ʛʨʫʧ 

ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʧʣʦʱʫ ʨʦʟʪʽʢʘʥʥʷ ʥʽʢʝʣʝʚʠʭ ʧʨʠʧʦʾʚ Ni-Cr-Co(ʄʝ) ʧʦ ʦʩʥʦʚʥʦʤʫ 

ʤʝʪʘʣʫ - ʩʧʣʘʚʫ ɾʉ6ʋ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ.  

ɺ ʷʢʦʩʪʽ ʙʘʟʦʚʦʛʦ ʩʧʣʘʚʫ ʦʙʨʘʥʘ ʩʠʩʪʝʤʘ Ni-Cr-Co-(Me). ɿ ʦʛʣʷʜʫ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʞʘʨʦʩʪʽʡʢʦʩʪʽ ʽ ʞʘʨʦʤʽʮʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʥʘʙʣʠʞʝʥʥʷ ʩʢʣʘʜʫ ʧʨʠʧʦʶ ʜʦ 

ʩʢʣʘʜʫ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʙʘʟʦʚʠʡ ʩʧʣʘʚ ʜʦʜʘʪʢʦʚʦ ʣʝʛʫʚʘʣʠ ʘʣʶʤʽʥʽʻʤ, ʭʨʦʤʦʤ, 

ʚʦʣʴʬʨʘʤʦʤ, ʤʦʣʽʙʜʝʥʦʤ, ʪʠʪʘʥʦʤ ʪʘ ʥʽʦʙʽʻʤ. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʣʘʚʽʚ 

ʚʠʟʥʘʯʘʣʠ ʽʥʪʝʨʚʘʣʠ ʧʣʘʚʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ 

ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘ ʫʩʪʘʥʦʚʮʽ ɺɼʊɸ-8ʄ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʷʚʠʱ ʟʤʦʯʫʚʘʥʥʷ ʽ ʨʦʟʪʽʢʘʥʥʷ ʨʽʜʢʠʭ ʧʨʠʧʦʾʚ ʧʦ ʪʚʝʨʜʦʤʫ ʦʩʥʦʚʥʦʤʫ 

ʤʝʪʘʣʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʾʭ ʭʽʤʽʯʥʽ ʤʽʞʬʘʟʥʽ ʟʚ'ʷʟʢʠ ʽ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʧʘʷʥʥʽ. ʈʽʚʝʥʴ 

ʟʤʦʯʫʚʘʥʥʷ  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ  ʢʦʥʪʘʢʪʥʠʤ ʢʫʪʦʤ ɗ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ 

ʨʦʟʧʦʜʽʣʫ ʜʚʦʭ ʬʘʟ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʨʦʟʪʽʢʘʥʥʷ ʛʦʪʫʚʘʣʠ ʧʣʘʩʪʠʥʠ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʽ ʧʨʠʧʽʡ ʚ ʚʠʛʣʷʜʽ ʣʠʪʠʭ ʢʫʩʦʯʢʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʟʪʽʢʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʣʘʚʽʚ ʧʦ ʧʽʜʢʣʘʜʮʽ ʟ ʞʘʨʦʤʽʮʥʦʛʦ ʣʠʚʘʨʥʦʛʦ ʥʽʢʝʣʝʚʦʛʦ ʩʧʣʘʚʫ ɾʉ6ʋ 

ʧʨʦʚʦʜʠʣʠ ʚ ʚʘʢʫʫʤʥʽʡ ʧʝʯʽ ʟ ʨʘʜʽʘʮʽʡʥʠʤ ʥʘʛʨʽʚʦʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʽʚʫ ʜʣʷ ʢʦʞʥʦʛʦ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʨʠʧʦʾʚ ʙʫʣʘ ʚʠʱʦʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʫ ʣʽʢʚʽʜʫʩʫ ʽ ʚʽʜʧʦʚʽʜʘʣʘ Tʥ = (TL + 

30) ÁC, ʯʘʩ ʚʠʪʨʠʤʢʠ ʩʪʘʥʦʚʠʚ 5 ʭʚ. ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʟʨʘʟʢʠ ʟ ʧʨʠʧʦʻʤ ʨʽʟʘʣʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʘʩʪʠʥʽ ʽ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ ʛʦʪʫʚʘʣʠ ʤʽʢʨʦʰʣʽʬʠ. ɺʠʟʥʘʯʘʣʠ 

ʢʦʥʪʘʢʪʥʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʤʽʞ ʧʨʠʧʦʻʤ ʽ ʦʩʥʦʚʥʠʤ ʤʝʪʘʣʦʤ (ʨʠʩ. 1, ʘ, ʙ).  

 
ʘ)       ʙ) 

ʈʠʩ. 1 ï ʂʦʥʪʘʢʪʥʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠʧʦʶ ʟ ʘʜʛʝʟʽʡʥʦ-ʘʢʪʠʚʥʠʤ 

ʝʣʝʤʝʥʪʦʤ ʮʠʨʢʦʥʽʻʤ (ʘ) ʽ ʧʨʠ ʡʦʛʦ ʚʽʜʩʫʪʥʦʩʪʽ (ʙ) 
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ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʜʛʝʟʽʡʥʦ-ʘʢʪʠʚʥʦʛʦ 

ʝʣʝʤʝʥʪʫ ʚ ʧʨʠʧʦʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʽ ʟʙʽʣʴʰʝʥʥʷ 

ʧʣʦʱʽ ʨʦʟʪʽʢʘʥʥʷ ʧʨʠʧʦʶ.  

ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʜʛʝʟʽʡʥʦ-ʘʢʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʫ (ʘʙʦ ʡʦʛʦ ʚʽʜʩʫʪʥʦʩʪʽ) 

ʚʝʣʠʯʠʥʘ ʢʦʥʪʘʢʪʥʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥʦ ʥʘ ʟʨʘʟʢʘʭ 

(ʨʠʩ. 1, ʘ, ʙ).  

ɺ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʥʠʟʢʫ ʟʥʘʯʝʥʴ ʧʣʦʱ ʨʦʟʪʽʢʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʣʘʚʽʚ, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʦʙʨʦʙʣʷʣʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤ Statʽstica 10.0. ʇʦʙʫʜʦʚʘʥʘ ʧʦʚʝʨʭʥʷ 

ʧʣʦʱʽ ʨʦʟʪʽʢʘʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 2).  

 
ʈʠʩ. 2 ï ɿʘʣʝʞʥʽʩʪʴ ʧʣʦʱʽ ʨʦʟʪʽʢʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʧʨʠʧʦʾʚ ʧʦ ʧʽʜʢʣʘʜʮʽ ʟʽ 

ʩʧʣʘʚʫ ɾʉ6ʋ ʚʽʜ ʚʤʽʩʪʫ ʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʪʠʪʘʥʫ, ʥʽʦʙʽʶ, ʮʠʨʢʦʥʽʶ 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʨʦʟʪʽʢʘʥʥʷ 

ʜʦʙʘʚʦʢ ʥʽʦʙʽʶ ʪʘ ʪʠʪʘʥʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʪʠʪʘʥʫ ʯʠʥʠʪʴ ʙʽʣʴʰ ʟʥʘʯʥʠʡ 

ʚʧʣʠʚ ʥʘ ʧʣʦʱʫ ʨʦʟʪʽʢʘʥʥʷ. ʊʘʢ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʠʪʘʥʫ ʚ ʩʢʣʘʜʽ ʧʨʠʧʦʶ ʟ 5,0 ʜʦ 

7,5 % ʟʙʽʣʴʰʫʻ ʧʣʦʱʫ ʨʦʟʪʽʢʘʥʥʷ ʥʘ 15 %. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʠʪʘʥʫ (ʟʘ 

ʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ ʥʽʦʙʽʶ) ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫ. ɺ 

ʩʚʦʶ ʯʝʨʛʫ ʚʧʣʠʚ ʮʠʨʢʦʥʽʶ ʥʘ ʧʣʦʱʫ ʨʦʟʪʽʢʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʣʘʚʽʚ ʤʘʻ 

ʥʝʦʜʥʦʟʥʘʯʥʠʡ ʭʘʨʘʢʪʝʨ. ʊʘʢ ʜʦʜʘʚʘʥʥʷ ʜʦ 0,5-1,0 ʤʘʩ. % ʮʠʨʢʦʥʽʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʨʦʟʪʽʢʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʧʣʘʚʽʚ ʥʘ 15-16 %. ʇʨʦʪʝ ʧʦʜʘʣʴʰʝ 

ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʨʢʦʥʽʶ ʙʽʣʴʰʝ 1,5-2,0 ʤʘʩ. % ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʧʣʦʱʽ 

ʨʦʟʪʽʢʘʥʥʷ. ʇʨʠ ʯʦʤʫ ʮʝʡ ʚʧʣʠʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʣʷ ʧʨʠʧʦʾʚ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʪʠʪʘʥʫ. 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʨʢʦʥʽʶ ʽ ʩʫʤʘʨʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʠʪʘʥʫ ʟ ʥʽʦʙʽʻʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʨʦʟʪʽʢʘʥʥʷ ʽ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ. 
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ʂʫʣʽʥʽʯ M.ɺ., ʘʩʧʽʨʘʥʪ 

ʋʩʪʽʥʦʚ A.I ., ʜʦʢʪ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, maria.kravchuk@ukr.net 

ʈɽɸʂʎɯʁʅɽ ʇɸʗʅʅʗ ɸʃʖʄɯʅɯɭɺʀʍ ʉʇʃɸɺɯɺ ʐʃʗʍʆʄ ʃʆʂɸʃʔʅʆɻʆ 

ʈʆɿɯɻʈɯɺʋ ɿʆʅʀ ɿôɭɼʅɸʅʅʗ ɿɸ ɼʆʇʆʄʆɻʆʖ ɹɸɻɸʊʆʐɸʈʆɺʀʍ ʌʆʃʔɻ 

ɸʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʣʝʛʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʦʙʦʣʦʥʢʦʚʦʛʦ ʪʠʧʫ. ʆʩʢʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʰʢʦʜʞʝʥʽ, 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʨʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʦʙʦʣʦʥʢʠ ʰʣʷʭʦʤ, ʥʘʧʨʠʢʣʘʜ, 

ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʤʽʩʮʴ ʧʦʰʢʦʜʞʝʥʥʷ ʥʘʢʣʘʜʦʢ ʫ ʚʠʛʣʷʜʽ ʧʣʘʩʪʠʥ ʟ ʪʘʢʦʛʦ ʞ ʤʘʪʝʨʽʘʣʫ. 

ʊʨʘʜʠʮʽʡʥʦ ʥʝʨʦʟôʻʤʥʽ ʟôʻʜʥʘʥʥʷ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʦʪʨʠʤʫʶʪʴ ʤʝʪʦʜʦʤ ʟʚʘʨʶʚʘʥʥʷ 

ʪʘ ʧʘʷʥʥʷ. ɸʣʝ, ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʜʞʝʨʝʣ ʥʘʛʨʽʚʫ ʪʘ 

ʥʝʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʯʝʡ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʘʢʪʫʘʣʴʥʠʤ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ 

ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʰʣʷʭʦʤ ʣʦʢʘʣʴʥʦʛʦ 

ʨʦʟʽʛʨʽʚʫ ʟʦʥʠ ʟôʻʜʥʘʥʥʷʤ ʟʘ ʨʘʭʫʥʦʢ ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʘ ʪʘʢʠʭ, ʥʘʧʨʠʢʣʘʜ, ʷʢ 

ʙʘʛʘʪʦʰʘʨʦʚ ̔ʬʦʣʴʛʠ ʥʘ ʦʩʥʦʚʽ ʨʝʘʢʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɯʜʝʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 

ʟʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʨʝʘʢʮʽ ̫ʩʘʤʦʧʦʰʠʨʶʚʘʥʦʛʦ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʠʥʪʝʟʫ (ʉɺʉ) ʚ 

ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʪʝʧʣʦʫʪʚʦʨʝʥʥʷʤ, ʱʦ ʤʦʞʝ ʟʘʧʦʙʽʛʘʪʠ 

ʟʥʘʯʥʦʤʫ ʨʦʟʩʽʶʚʘʥʥʶ ʪʝʧʣʘ ʚ ʧʨʦʮʝʩʽ ʥʘʛʨʽʚʘʥʥʷ ʟʦʥʠ ʟôʻʜʥʘʥʥʷ ʜʦ ʥʝʦʙʭʽʜʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ ʟôʷʩʫʚʘʥʥʷ ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ ʫ ʚʠʧʘʜʢʫ ʧʘʷʥʥʷ ʘʣʶʤʽʥʽʻʚʠʭ 

ʧʣʘʩʪʠʥ ʚ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ ʧʨʠ ʣʦʢʘʣʴʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʟʦʥʠ 

ʟôʻʜʥʘʥʥʷ ʪʝʧʣʦʤ ʉɺʉ ʨʝʘʢʮʽʾ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʬʦʣʴʛʠ, ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ ʟʦʥʦʶ ʟôʻʜʥʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʝʧʣʦʚʠʡ ʦʙʤʽʥ 

ʤʽʞ ʷʢʠʤʠ ʦʧʠʩʫʚʘʣʠ ʨʽʚʥʷʥʥʷʤʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ [1]. ʇʨʠ 

ʮʴʦʤʫ ʚʨʘʭʦʚʫʚʘʣʠ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ çʥʘʛʨʽʚʘʯ-ʥʘʢʣʘʜʢʘ-

ʧʨʠʧʽʡ-ʦʙʦʣʦʥʢʘè ʽʩʥʫʶʪʴ ʥʝʽʜʝʘʣʴʥʽ ʪʝʧʣʦʚʽ ʢʦʥʪʘʢʪʠ. 

ʐʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʧʦʣʽʚ ʚ ʟʦʥʽ ʟôʻʜʥʘʥʥʷ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʜʣʷ ʨʦʟʧʣʘʚʣʝʥʥʷ ʧʨʠʧʦʶ ʤʘʩʘ ʥʘʛʨʽʚʘʯʘ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʝʷʢʫ ʢʨʠʪʠʯʥʫ 

ʚʝʣʠʯʠʥʫ ʜʣʷ ʟʘʜʘʥʦʛʦ ʧʨʠʧʦʶ ʪʘ ʪʦʚʱʠʥ ʘʣʶʤʽʥʽʻʚʠʭ ʧʣʘʩʪʠʥ, ʱʦ ʟôʻʜʥʫʶʪʴʩʷ, ʘ ʷʢʽʩʪʴ 

ʪʝʧʣʦʚʠʭ ʢʦʥʪʘʢʪʽʚ ʤʽʞ ʝʣʝʤʝʥʪʘʤʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʯʘʩ ʨʦʟʽʛʨʽʚʫ ʟʦʥʠ ʟôʻʜʥʘʥʥʷ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʧʨʠʧʦʶ. ʇʨʠ ʮʴʦʤʫ, ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʦʧʣʘʚʣʝʥʥʷ ʧʣʘʩʪʠʥʠ 

ʥʘʢʣʘʜʢʠ ʤʘʩʫ ʥʘʛʨʽʚʘʯʘ ʥʝʦʙʭʽʜʥʦ ʦʙʤʝʞʫʚʘʪʠ ʚʝʣʠʯʠʥʦʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʥʝ ʣʠʰʝ ʚʽʜ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʘʣʝ ʡ ʚʽʜ ʘʜʽʘʙʘʪʠʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠ 

ʷʢʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʢʮʽʷ ʉɺʉ ʚ ʥʘʛʨʽʚʘʯʽ.  

ʇʨʦʚʝʜʝʥʦ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʤʽʥ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʦʥʽ ʟôʻʜʥʘʥʥʷ ʚ 

ʧʨʦʮʝʩʽ ʧʘʷʥʥʷ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʣʘʩʪʠʥʘʭ, ʷʢʝ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʧʨʠ ʧʝʚʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʫ ʚ ʟʦʥʽ ʢʦʥʪʘʢʪʽʚ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʽ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʝʨʤʦʛʨʘʤʘʤʠ [2]. 

ʅʘ ʮʽʡ ʦʩʥʦʚʽ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʛʨʽʚʘʯʘ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʮʝʩʫ ʟôʻʜʥʘʥʥʷ 

ʘʣʶʤʽʥʽʻʚʠʭ ʧʣʘʩʪʠʥ ʩʧʣʘʚʫ ɸʄʛ6. ɸʥʘʣʽʟʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʻʜʥʘʥʥʷ ʥʘʢʣʘʜʢʠ ʜʦ 

ʘʣʶʤʽʥʽʻʚʦʾ ʦʙʦʣʦʥʢʠ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ.  
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ʄɽʍɸʅʆʇʃɸɿʄɽʅʅɸʗ ʆɹʈɸɹʆʊʂɸ ʄɽʊɸʃʃɸ 

ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʩʤʘʟʦʯʥʦ-

ʦʭʣʘʞʜʘʶʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ (COTC) ʚ ʨʘʜʠʢʘʣʴʥʦ-ʘʢʪʠʚʥʫʶ ʚʦʜʦʨʦʜʥʫʶ 

ʧʣʘʟʤʫ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦ ʷʨʢʦ ʚʳʨʘʞʝʥʦ, ʢʦʛʜʘ ʚ ʩʦʩʪʘʚ ʉʆʊʉ ʜʦʙʘʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʇʦʩʢʦʣʴʢʫ ʮʝʧʴ ʧʠʨʦʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʧʦʣʠʤʝʨʥʦʡ ʧʨʠʩʘʜʢʠ ʢ ʉʆʊʉ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʚʦʜʦʨʦʜʘ ʠ ʫʛʣʝʨʦʜʘ ʚ ʘʪʦʤʘʨʥʦʡ ʠ ʜʨʫʛʠʭ ʘʢʪʠʚʥʳʭ ʬʦʨʤʘʭ, ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ 

ʛʠʧʦʪʝʟʘ ʦʙ ʘʢʪʠʚʥʦʤ ʫʯʘʩʪʠʠ ʧʨʦʪʦʥʦʚ ʚ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ 

ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʝ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʝʨʤʘʥʝʥʪʥʦʡ ʢʘʨʙʦʥʠʟʘʮʠʠ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ 

ʠʥʩʪʨʫʤʝʥʪʘ.  

ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʢʦʥʪʘʢʪʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʘʣʘ ʠ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʤʝʪʘʣʣʘ, ʩʚʷʟʘʥʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʵʣʝʢʪʨʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʘʪʝʨʠʘʣʘ, ʚʦʟʥʠʢʘʶʱʝʡ ʚʩʣʝʜʩʪʚʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʇʦʢʘʟʘʥʘ ʨʝʰʘʶʱʘʷ ʨʦʣʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʢʘʢ ʬʘʢʪʦʨʘ, ʠʥʠʮʠʠʨʫʶʱʝʛʦ ʠ 

ʫʩʢʦʨʷʶʱʝʛʦ ʨʘʟʣʠʯʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʱʝʣʠ 

ʤʝʞʜʫ ʢʣʠʥʦʤ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʚʝʨʰʠʥʦʡ ʪʨʝʱʠʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʚʦʜʦʨʦʜʥʦʡ ʧʣʘʟʤʳ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʦʙʱʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʸʥʥʳʭ ʨʘʟʣʠʯʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʷʚʣʝʥʠʷʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʤʦʤʝʥʪ ʨʘʟʨʫʰʝʥʠʷ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ 

ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ ʤʝʪʘʣʣʘ ʚ ʉʆʊʉ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʩʦʚʦʢʫʧʥʦʛʦ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [1-3]. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʢʦʤʙʠʥʘʮʠʷ ʠʦʥʘ ʚʦʜʦʨʦʜʘ ʚ ʫʣʴʪʨʘʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʦʙʣʘʩʪʷʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʧʨʝʦʜʦʣʝʥʠʷ ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʩʨʝʜʳ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ 

ʜʝʪʘʣʝʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʪʠ ʧʨʦʮʝʩʩʳ ʥʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʯʠʩʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ, 

ʘ ʢʘʢ ʤʝʭʘʥʦʧʣʘʟʤʝʥʥʳʝ.  

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʤʝʭʘʥʦʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ ʥʝ ʪʦʣʴʢʦ ʠʤʝʝʪ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʟʜʝʣʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʳʰʝʥʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. 
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ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʩʚʘʨʢʠ ʠʤ.ɽ.ʆ.ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʠʥʳ, pwi_37@ukr.net 

ɺʓʉʆʂʆʕʌʌɽʂʊʀɺʅɸʗ ʊɽʍʅʆʃʆɻʀʗ ɸɿʆʊʅʆɼʋɻʆɺʆʁ ʉɺɸʈʂʀ 

ʄɽɼʅʓʍ ʇʆʃʆʉ ɼʃʗ ʇʆʉʃɽɼʋʖʑɽʁ ʇʈʆʂɸʊʂɽ 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʤʦʱʥʦʩʪʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʢʘʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʫʢʨʫʧʥʝʥʠʝ ʩʚʘʨʢʦʡ ʧʨʦʢʘʪʳʚʘʝʤʳʭ ʨʫʣʦʥʦʚ. 

ʆʩʥʦʚʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʩʚʘʨʢʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʤʘʣʳʭ ʠ 

ʩʨʝʜʥʠʭ ʪʦʣʱʠʥ (ʜʦ 10 ʤʤ) ʷʚʣʷʝʪʩʷ ʩʚʘʨʢʘ ʚ ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ ʛʘʟʦʚ. ʉʚʘʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʢʘʪʢʠ, ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʦhʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʫʩʠʣʝʥʠʝʤ, ʦʙʣʘʜʘʶʱʠʡ ʧʨʠ ʵʪʦʤ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʦʩʪʘʚʦʤ, ʙʣʠʟʢʠʤʠ ʢ ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣʣʫ. ʅʘʠʣʫʯʰʠʤ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʩʚʘʨʢʠ ʥʝʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ. 

ʇʨʠ ʩʚʘʨʢʝ ʤʝʜʠ ʠ ʝʝ ʩʧʣʘʚʦʚ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ ʠʩʧʦʣʴʟʫʶʪ ʘʨʛʦʥ, ʛʝʣʠʡ, ʘʟʦʪ 

ʠ ʠʭ ʩʤʝʩʠ. ɼʣʷ ʩʚʘʨʢʠ ʤʝʜʠ ʪʦʣʱʠʥʦʡ 4é5 ʤʤ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʘ ʩʚʘʨʢʘ ʚ ʘʨʛʦʥʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʪʠʚʠʨʫʶʱʠʭ ʬʣʶʩʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥ ʤʝʪʘʣʣʘ ʙʦʣʝʝ 6 

ʤʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʧʘʜʘʝʪ. ʊʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ 

ʜʫʛʠ, ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʚʘʨʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ. ɺʩʝ ʵʪʦ 

ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʝʛʦ ʥʝʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʘʨʦʯʥʦʡ ʜʫʛʠ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ 

ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ. ʊʘʢ ʧʣʦʪʥʦʩʪʴ ʘʨʛʦʥʘ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʫʶ 

ʟʘʱʠʪʥʫʶ ʦʙʦʣʦʯʢʫ ʥʘʜ ʟʦʥʦʡ ʩʚʘʨʢʠ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʭ ʝʛʦ ʨʘʩʭʦʜʘʭ, ʥʦ ʪʝʧʣʦʚʘʷ 

ʤʦʱʥʦʩʪʴ ʜʫʛʠ ʚ ʘʨʛʦʥʝ ʥʘʠʤʝʥʴʰʘʷ. ʅʘʠʙʦʣʝʝ ʤʦʱʥʦʝ ʪʝʧʣʦʚʣʦʞʝʥʠʝ ʜʘʝʪ ʜʫʛʘ ʚ ʛʝʣʠʠ, 

ʥʦ ʧʨʠ ʝʛʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʭʦʜ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʚ 2é3 ʨʘʟʘ. ʀʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʠ ʜʝʬʠʮʠʪʥʦʩʪʠ ʛʝʣʠʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʚʩʝʛʜʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

ʊʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʥʦʡ ʧʣʘʟʤʳ ʚ ʧʷʪʴ ʨʘʟ ʚʳʰʝ ʘʨʛʦʥʦʚʦʡ, ʯʪʦ ʜʝʣʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʟʦʪʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ ʩʚʘʨʦʯʥʦʛʦ 

ʥʘʛʨʝʚʘ ʘʟʦʪ ʘʙʩʦʨʙʠʨʫʝʪʩʷ ʞʠʜʢʦʡ ʤʝʜʴʶ [1] ʠ ʧʨʠ ʜʝʩʦʨʙʮʠʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʠʯʠʥʦʡ 

ʧʦʨʠʩʪʦʩʪʠ ʩʚʘʨʥʳʭ ʰʚʦʚ. ʀʟʙʝʞʘʪʴ ʧʦʨʠʩʪʦʩʪʠ ʦʪ ʘʟʦʪʘ ʤʦʞʥʦ ʧʫʪʝʤ ʩʚʷʟʳʚʘʥʠʷ ʝʛʦ ʚ 

ʤʝʪʘʣʣʝ ʰʚʘ ʚ ʩʪʦʡʢʠʝ ʥʠʪʨʠʜʳ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚ ʀʕʉ ʠʤ.ɽ.ʆ.ʇʘʪʦʥʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʀʥʩʪʠʪʫʪʦʤ çʎʚʝʪʤʝʪʦʙʨʘʙʦʪʢʘè ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʘʷ ʧʨʠʩʘʜʦʯʥʘʷ 

ʧʨʦʚʦʣʦʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʵʬʬʝʢʪʠʚʥʳʝ ʥʠʪʨʠʜʦʦʙʨʘʟʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠ ʨʘʩʢʠʩʣʠʪʝʣʠ. ʀʭ 
ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʨʦʚʦʣʦʢʝ ʥʝ ʧʨʝʚʳʰʘʣʦ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʦʣʫʯʝʥʠʝ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʤʝʪʘʣʣ ʰʚʘ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʚʦʡʩʪʚʘʤ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʜʝʥʪʠʯʝʥ ʩʚʘʨʠʚʘʝʤʦʡ ʤʝʜʠ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʘʟʦʪʥʦʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʤʝʜʥʳʭ ʧʦʣʦʩ ʫʩʧʝʰʥʦ ʦʩʚʦʝʥʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ɸʨʪʝʤʦʚʩʢʦʤ ʟʘʚʦʜʝ ʆʎʄ ʧʨʠ ʩʚʘʨʢʝ ʦʜʥʦʪʦʥʥʳʭ ʨʫʣʦʥʦʚ ʚ 

ʧʷʪʠʪʦʥʥʳʝ. ʉʚʘʨʠʚʘʣʠʩʴ ʧʦʣʦʩʳ ʤʝʜʠ ʪʦʣʱʠʥʦʡ 6,0 ʠ 7,3 ʤʤ ʚ ʪʨʘʚʣʝʥʦʤ ʠ ʥʝʪʨʘʚʣʝʥʦʤ 

ʩʦʩʪʦʷʥʠʷʭ. ɺ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʝʭʥʠʯʝʩʢʠʡ ʘʟʦʪ ʩʦʨʪ 1 (ɻʆʉʊ 

9298-74) ʐʚʳ ʚʳʧʦʣʥʷʣʠ ʦʜʥʦʜʫʛʦʚʳʤ ʩʧʦʩʦʙʦʤ ʙʝʟ ʨʘʟʜʝʣʢʠ ʢʨʦʤʦʢ, ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʧʦʜʦʛʨʝʚʘ ʧʦʣʦʩ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʣʠʥʠʠ 

ʩʪʳʢʦʚʢʠ ï ʩʚʘʨʢʠ. ʉʢʦʨʦʩʪ ɹ ʘʟʦʪʥʦʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʤʝʜʠ ʚ 2é2,5 ʨʘʟʘ ʚʳʰʝ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʘʨʛʦʥʦʜʫʛʦʚʦʡ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʩʠʣʳ ʪʦʢʘ ʚ 1,5é2 ʨʘʟʘ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʧʨʦʯʥʦʩʪʥʳʝ, ʧʣʘʩʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʚʘʨʠʚʘʝʤʦʡ ʤʝʜʠ ʠ ʧʦʣʫʯʝʥʥʳʭ ʩʚʘʨʥʳʭ ʰʚʦʚ. 
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ʊʘʙʣʠʮʘ 1 ï ʉʚʦʡʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʝʜʠ, ʚʳʧʦʣʥʝʥʥʳʭ ʘʟʦʪʥʦ-ʜʫʛʦʚʦʡ ʩʚʘʨʢʦʡ 

ʉʧʦʩʦʙ ʩʚʘʨʢʠ ʄʘʪʝʨʠʘʣ ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ 

ʋʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʦ-

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, 

ɟ,ʆʤĀʤʤ
2
/ʤ 

ʕʣʝʢʪʨʦ-

ʧʨʦʚʦʜʥʦʩʪʴ,  

% ʦʪ ɚ Cu ůʚ, ʄʇɸ
 

ŭ, % 

ɸʟʦʪʥʦʜʫʛʦʚʘʷ ʩ 

ʧʨʠʩʘʜʦʯʥʦʡ 

ʧʨʦʚʦʣʦʢʦʡ 

ʄʝʜʴ ʄ1, 

=ɻ7,3ʤʤ 

200-210 43-45,5 0,01775 100 

ʄʝʪʘʣʣ 

ʰʚʘ 

- ʧʦʩʣʝ 

ʩʚʘʨʢʠ 

 

 

195-200 

 

 

41,5-44,5 

 

 

0,01811 
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- ʧʦʩʣʝ 

ʧʨʦʢʘʪʢʠ 

ʜʦ 2 ʤʤ 

365-380 3,5-5,5 0,01857 95 

ɼʚʫʭʜʫʛʦʚʘʷ ʚ 

ʘʨʛʦʥʝ 

(ʊɸʅɼɽʄ) ʩ 

ʧʨʠʩʘʜʦʯʥʦʡ 

ʧʨʦʚʦʣʦʢʦʡ 

ʄʝʪʘʣʣ 

ʰʚʘ ʧʦʩʣʝ 

ʩʚʘʨʢʠ 

200-205 32.5-34 0,05286 35 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ, ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʧʣʘʩʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʘʨʥʳʭ ʰʚʦʚ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʘʟʦʪʥʦʜʫʛʦʚʦʡ ʩʚʘʨʢʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ ʩʚʦʡʩʪʚʘʤ ʩʚʘʨʠʚʘʝʤʦʡ 

ʤʝʜʠ. ʇʦʩʢʦʣʴʢʫ ʧʝʨʝʭʦʜ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʠʟ ʧʨʠʩʘʜʦʯʥʦʡ ʧʨʦʚʦʣʦʢʠ ʚ ʤʝʪʘʣʣ ʰʚʘ 

ʤʝʥʝʝ 0,05% ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʝʪʘʣʣʘ ʰʚʘ ʥʘ ʫʨʦʚʥʝ 95é98% ʦʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʤʝʜʠ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʚʦʡʩʪʚʘʤ ʩʚʘʨʥʳʭ ʰʚʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ 

ʧʦ ʨʘʥʝʝ ʧʨʠʤʝʥʷʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʘʨʛʦʥʦʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʩʘʜʦʯʥʦʡ 

ʧʨʦʚʦʣʦʢʠ ʤʘʨʢʠ ʄʅɾʂʊ5-1-0,2-0,2. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʝʪʘʣʣ ʰʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʤʝʜʠ ʧʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʘʟʦʪʥʦʜʫʛʦʚʦʡ ʩʚʘʨʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʦʣʦʩʳ ʩ 

ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʩʚʘʨʥʳʤʠ ʰʚʘʤʠ, ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʨʦʢʘʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʝʟ ʫʜʘʣʝʥʠʷ ʩʚʘʨʥʳʭ ʫʯʘʩʪʢʦʚ ʫ ʧʦʪʨʝʙʠʪʝʣʷ. ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʛʘʟʘ 

ʥʝʜʦʨʦʛʦʛʦ ʠ ʥʝʜʝʬʠʮʠʪʥʦʛʦ ʘʟʦʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʩʚʘʨʦʯʥʳʭ ʨʘʙʦʪ. 

ʉʧʠʩʦʢ ʩʩʳʣʦʢ 

1. ʂʦʩʪʝʥʢʦ ʖ.ʀ., ʂʘʣʠʥʶʢ ʅ.ʅ., ʃʘʪʘʰ ʖ.ɺ. [ʊʝʢʩʪ] // ʇʨʦʙʣʝʤʳ 

ʩʧʝʮʵʣʝʢʪʨʦʤʝʪʘʣʣʫʨʛʠʠ. ï 1984. ï ɺʳʧ. 21. ï ʉ. 74-78. 
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ʉɽʂʎɯʗ 6  

çʉʋʏɸʉʅɯ ɽʌɽʂʊʀɺʅɯ ʊɽʍʅʆʃʆɻɯɰ ʋ ɹʋɼɯɺʅʀʎʊɺɯ, 

ɸʈʍɯʊɽʂʊʋʈɯ ʊɸ ɼʀɿɸʁʅɯ. ʇʈʆɽʂʊʋɺɸʅʅʗ ɯ ʈʆɿɺʀʊʆʂ 

ʊɽʈʀʊʆʈɯʁè 
 

ʋɼʂ 624. 154  

ʅʠʢʠʪʝʥʢʦ ʄ.ʀ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɹʝʣʦʨʫʩʩʢʦʝ ʦʙʱʝʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʛʝʦʪʝʭʥʠʢʦʚ, michnikit@gmail.com 

ɼʫʙʘʪʦʚʢʘ ʀ.ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʏʇʋʇ çʄʦʥʦʨʘʢʫʨʩè, dip@monorakurs.by 

ʈɸʎʀʆʅɸʃʔʅʓɽ ʉɺɸʁʅʓɽ ʌʋʅɼɸʄɽʅʊʓ ɺ ʉʃʆɾʅʓʍ ɻʈʋʅʊʆɺʓʍ 

ʋʉʃʆɺʀʗʍ ʆɹʒɽʂʊɸ ɺ ɻ. ʄʀʅʉʂɽ  

ɿʜʘʥʠʝ ʩʧʦʨʪʠʚʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʦʛʦ ʠ ʪʦʨʛʦʚʦ-ʨʘʟʚʣʝʢʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʬʦʨʤʳ ʩ ʨʘʟʤʝʨʘʤʠ ʚ ʧʣʘʥʝ 120.0*302.0 ʤ ʧʨʠ ʦʙʱʝʡ ʚʳʩʦʪʝ 25 ʤ ʚʢʣʶʯʘʝʪ ʜʚʝ 

ʤʥʦʛʦʧʨʦʣʸʪʥʳʝ ʯʘʩʪʠ: ʦʜʥʦʵʪʘʞʥʫʶ ʩ ʩʝʪʢʦʡ ʢʦʣʦʥʥ 12.0*18.0 ʤ ʠ ʜʚʫʭʵʪʘʞʥʫʶ ʩ ʩʝʪʢʦʡ 

ʢʦʣʦʥʥ 9.0*12.0 ʤ ʥʘ ʧʝʨʚʦʤ ʵʪʘʞʝ ʠ 12.0*18.0 ʤ ʥʘ ʚʪʦʨʦʤ. ʂʘʨʢʘʩ ʦʜʥʦʵʪʘʞʥʦʛʦ ʦʙʲʸʤʘ 

ʨʝʰʸʥ ʚ ʩʙʦʨʥʦʤ ʚʘʨʠʘʥʪʝ. ɼʚʫʭʵʪʘʞʥʘʷ ʯʘʩʪʴ ʢʦʤʧʣʝʢʩʘ ʚʳʧʦʣʥʝʥʘ ʚ ʤʦʥʦʣʠʪʥʦʤ 

ʢʘʨʢʘʩʝ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʧʦʢʨʳʪʠʷ.  

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʷʪʥʦ ʟʘʩʪʨʦʡʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʦʩʥʦʚʘʥʠʠ 

ʬʫʥʜʘʤʝʥʪʦʚ  ʩʣʝʜʫʶʱʠʭ ʦʪʣʦʞʝʥʠʡ:  

- ʪʦʣʱʘ ʜʦ 5.7 ʤ ʥʘʩʳʧʥʦʛʦ ʛʨʫʥʪʘ ʠʟ ʩʫʧʝʩʠ ʠ ʧʝʩʢʦʚ ʨʘʟʥʦʡ ʢʨʫʧʥʦʩʪʠ ʧʨʠ ʜʘʚʥʦʩʪʠ 

ʠʭ ʦʪʩʳʧʢʠ ʚʥʠʟʫ ʜʦ 5 ʣʝʪ, ʚʚʝʨʭʫ ʩʦ ʩʚʝʞʝʡ ʦʪʩʳʧʢʦʡ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪ ʥʫʣʝʚʦʛʦ ʮʠʢʣʘ;  

- ʤʘʩʩʠʚ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʤʦʱʥʦʩʪʴʶ 0.4é4.9 ʤ ʚʢʣʶʯʘʝʪ ʩʫʛʣʠʥʢʠ 

ʣʝʩʩʦʚʠʜʥʳʝ ʧʣʘʩʪʠʯʥʳʝ ʠ ʪʫʛʦʧʣʘʩʪʠʯʥʳʝ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʩʫʧʝʩʝʡ ʠ ʣʠʥʟʘʤʠ ʧʝʩʢʦʚ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʚʣʘʞʥʦʩʪʠ;  

- ʦʟʸʨʥʦ-ʙʦʣʦʪʥʳʝ ʩʫʛʣʠʥʢʠ ʤʦʱʥʦʩʪʴʶ 0.9é14.4 ʤ ʩ ʧʨʠʤʝʩʷʤʠ ʩʫʧʝʩʝʡ ʠ ʧʝʩʢʦʚ 

ʚʣʘʞʥʳʭ ʠ ʚʦʜʦʥʘʩʳʱʝʥʥʳʭ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʟʘʣʝʛʘʶʪ ʣʠʥʟʳ ʠ ʩʣʦʠ ʦʨʛʘʥʠʢʠ (ʪʦʨʬʳ ʠ 

ʟʘʪʦʨʬʦʚʘʥʥʳʝ ʛʨʫʥʪʳ);  

- ʪʦʣʱʠ ʢʦʥʝʯʥʦ-ʤʦʨʝʥʥʳʭ ʧʝʩʢʦʚ ʦʪ ʧʳʣʝʚʘʪʳʭ ʜʦ ʛʨʘʚʝʣʠʩʪʳʭ ʩ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʩʪʝʧʝʥʴʶ ʚʦʜʦʥʘʩʳʱʝʥʠʷ (ʤʝʩʪʘʤʠ ʟʘʛʣʠʥʠʟʠʨʦʚʘʥʥʳʭ), ʘ ʪʘʢʞʝ ʪʦʣʱʠ ʤʦʨʝʥʥʳʭ 

ʩʫʧʝʩʝʡ ʩ ʢʨʫʧʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʠ ʧʨʦʩʣʦʡʢʘʤʠ ʧʝʩʢʦʚ.  

ɺ ʧʨʝʜʝʣʘʭ ʨʘʟʚʝʜʘʥʥʦʡ ʜʦ 20.0 ʤ ʛʣʫʙʠʥ rʤʘʩʩʠʚ ʛʨʫʥʪʦʚ ʥʘ ʫʯʘʩʪʢʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤ  ʠ ʦʪʥʦʩʠʪʩʷ ʢ III (ʩʣʦʞʥʦʡ)  ʢʘʪʝʛʦʨʠʠ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʧʨʦʝʢʪʥʦʝ ʨʝʰʝʥʠʝ (ɺʘʨʠʘʥʪʘ ˉ1) ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦ ʧʨʠʤʝʥʝʥʠʝ 

ʙʫʨʦʥʘʙʠʚʥʳʭ ʩʚʘʡ Ï 450 ʤʤ ʩ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʨʦʩʪʚʝʨʢʘʤʠ ʩ ʣʦʢʘʣʴʥʦʡ ʟʘʤʝʥʦʡ ʧʦʜ 

ʥʠʤʠ ʧʫʯʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ ʥʘ ʧʝʩʯʘʥʫʶ ʧʦʜʫʰʢʫ.  

ʇʦ ɺʘʨʠʘʥʪʫ ˉ2 ʜʣʷ ʦʜʥʦʵʪʘʞʥʦʡ ʯʘʩʪʠ ʟʜʘʥʠʷ ʧʦʜ ʢʦʣʦʥʥʳ ʢʘʨʢʘʩʘ ʙʳʣʠ ʧʨʠʥʷʪʳ 

ʥʘʙʠʚʥʳʝ ʬʫʥʜʘʤʝʥʪʳ ʚ ʚʠʜʝ ʰʪʘʤʧʦʚ - ʨʦʩʪʚʝʨʢʦʚ ʩ ʢʦʥʠʯʝʩʢʠʤʠ ʤʠʢʨʦʩʚʘʷʤʠ. ɼʣʷ 

ʜʚʫʭʵʪʘʞʥʦʡ ʯʘʩʪʠ - ʬʫʥʜʘʤʝʥʪʳ ʠʟ ʛʨʫʧʧ ʟʘʙʠʚʥʳʭ ʩʚʘʡ ʩʝʯʝʥʠʝʤ 30*30 ʩʤ ʜʣʠʥʦʡ 7-20 

ʤ ʩ ʤʦʥʦʣʠʪʥʳʤʠ ʨʦʩʪʚʝʨʢʘʤʠ ʠ ʩʣʦʝʤ ʥʝʫʧʣʦʪʥʸʥʥʦʛʦ ʥʘʩʳʧʥʦʛʦ ʛʨʫʥʪʘ ʧʦʜ ʠʭ 

ʧʦʜʦʰʚʘʤʠ. ʇʨʠ ʧʦʛʨʫʞʝʥʠʠ ʜʣʠʥʥʳʭ ʩʚʘʡ ʯʝʨʝʟ ʙʠʦʛʝʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʥʝʩʫʱʠʝ ʩʣʦʠ 

ʨʘʟʚʝʜʘʥʥʳʭ ʜʦ 20 ʤ ʛʣʫʙʠʥ ʩʢʚʘʞʠʥ ʦʢʘʟʘʣʦʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦ ʜʝʡʩʪʚʫʶʱʠʤ ʥʦʨʤʘʤ. 

ʊʘʢʞʝ ʚʳʧʦʣʥʝʥʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʛʨʫʞʸʥʥʳʭ ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʛʣʫʙʠʥʳ 

(ʥʠʞʝ ʙʠʦʛʝʥʥʳʭ ʪʦʣʱ) ʩʦʩʪʘʚʥʳʭ ʩʚʘʡ ʙʝʟ ʦʮʝʥʢʠ ʩʠʣ ʥʝʛʘʪʠʚʥʦʛʦ ʪʨʝʥʠʷ ʥʝ ʧʦʟʚʦʣʠʣʠ 

ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ ʧʨʦʝʢʪʥʳʭ ʚʜʘʚʣʠʚʘʶʱʠʭ ʫʩʠʣʠʡ, ʧʦʩʢʦʣʴʢʫ ʠʭ 

ʠʩʧʳʪʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ 1000 ʢʅ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʧʨʦʯʥʦʩʪʴʶ ʩʪʚʦʣʦʚ ʩʚʘʡ.  

ɺ ʠʪʦʛʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ɺʘʨʠʘʥʪ ˉ3 ʥʫʣʝʚʦʛʦ ʮʠʢʣʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʏʇʋʇ çʄʦʥʦʨʘʢʫʨʩè ʧʦ ʧʨʝʜʣʦʞʝʥʠʶ ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ ʠ ʨʝʘʣʠʟʫʝʤʳʡ ʥʘ 

mailto:pafedorov@gmail.com
mailto:spsidor@gmail.com
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ʦʙʲʝʢʪʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʆʥ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ 

ʚ ʢʘʯʝʩʪʚʝ ʥʝʩʫʱʝʡ ʥʘʩʳʧʥʫʶ ʛʨʫʥʪʦʚʫʶ ʪʦʣʱʫ ʩ ʫʣʫʯʰʝʥʠʝʤ ʝʝ ʩʚʦʡʩʪʚ ʧʫʪʸʤ 

ʜʨʝʥʠʨʦʚʘʥʠʷ ʛʨʫʥʪʦʚ ʠ ʠʭ ʦʧʨʝʩʩʦʚʢʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʥʠʯʝʩʢʠʭ ʥʘʙʠʚʥʳʭ ʩʚʘʡ [1, 2, 

3] ʚ ʩʢʚʘʞʠʥʘʭ, ʩʦʟʜʘʚʘʝʤʳʭ ʧʦʛʨʫʞʝʥʠʝʤ ʥʘ ʪʨʝʙʫʝʤʳʝ ʛʣʫʙʠʥʳ ʠʥʚʝʥʪʘʨʥʳʭ ʩʪʘʣʴʥʳʭ 

ʢʦʥʠʯʝʩʢʠʭ ʧʫʘʥʩʦʥʦʚ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʛʝʦʤʘʩʩʠʚʦʚ [4] ʧʦʜ ʧʦʣʘʤʠ ʛʣʠʥʠʩʪʳʝ ʛʨʫʥʪʳ 

ʚʦʢʨʫʛ ʩʢʚʘʞʠʥ, ʦʩʦʙʝʥʥʦ ʤʝʞʜʫ ʥʠʤʠ, ʧʦʚʳʰʘʶʪ ʩʚʦʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [5, 6, 7] ʟʘ 

ʩʯʸʪ ʫʧʣʦʪʥʝʥʠʷ ʛʨʫʥʪʦʚ ʢʦʥʠʯʝʩʢʠʤʠ ʧʫʘʥʩʦʥʘʤʠ, ʘ ʪʘʢʞʝ ʜʨʝʥʠʨʦʚʘʥʠʷ [7, 8] 

ʠʟʙʳʪʦʯʥʦʡ ʚʣʘʛʠ, ʧʦʛʣʦʱʘʝʤʦʡ ʩʫʭʦʡ ʙʝʪʦʥʥʦʡ ʩʤʝʩʴʶ ʩʪʚʦʣʦʚ ʩʚʘʡ, ʢʦʪʦʨʳʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʘʨʤʠʨʫʶʪ ʦʢʨʫʞʘʶʱʝʝ ʠʭ ʦʩʥʦʚʘʥʠʝ.  

ʇʨʠ ʚʜʘʚʣʠʚʘʥʠʠ ʢʦʥʠʯʝʩʢʦʡ ʩʚʘʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʜʦʣʴ ʝʸ ʥʘʢʣʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʨʘʩʧʦʨʥʳʝ ʫʩʠʣʠʷ, ʚʦʩʧʨʠʥʠʤʘʶʪʩʷ ʟʘ ʩʯʸʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʞʘʪʠʶ ʛʨʫʥʪʘ, ʧʦʵʪʦʤʫ ʥʘ 

ʥʠʞʥʠʡ ʝʸ ʢʦʥʝʮ ʧʨʠʭʦʜʠʪʩʷ ʥʝʙʦʣʴʰʘʷ ʦʩʪʘʪʦʯʥʘʷ ʜʦʣʷ ʫʩʠʣʠʷ ʩʞʘʪʠʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʚ ʦʩʥʦʚʘʥʠʠ ʪʘʢʠʭ ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ ʛʣʫʙʠʥʘ ʩʞʠʤʘʝʤʦʡ ʟʦʥʳ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʥʝ 

ʜʦʭʦʜʠʪ ʜʦ ʢʨʦʚʣʠ ʩʣʦʸʚ ʙʠʦʛʝʥʥʳʭ ʛʨʫʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʜʣʠʥʘʭ ʢʦʥʠʯʝʩʢʠʭ 

ʥʘʙʠʚʥʳʭ ʩʚʘʡ ʧʦ 8 ʤ ʠ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʠʭ ʢʦʣʠʯʝʩʪʚʦʤ ʚ ʩʦʩʪʘʚʝ ʨʦʩʪʚʝʨʢʦʚ ʧʦʜ ʢʦʣʦʥʥʳ 

ʢʘʨʢʘʩʘ (ʨʠʩ. 1), ʫʜʘʣʦʩʴ ʦʛʨʘʥʠʯʠʪʴʩʷ ʠʤʝʚʰʠʤʠʩʷ ʧʨʠ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʷʭ 

ʥʝʙʦʣʴʰʠʤʠ ʛʣʫʙʠʥʘʤʠ ʙʫʨʦʚʳʭ ʩʢʚʘʞʠʥ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤ ʟʦʥʜʠʨʦʚʘʥʠʝʤ.  

ʇʦʤʠʤʦ ʦʜʠʥʦʯʥʳʭ ʢʦʥʠʯʝʩʢʠʭ ʩʚʘʡ ʥʘ ʜʘʥʥʦʤ ʦʙʲʝʢʪʝ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʪʘʢʞʝ ʜʚʘ 

ʩʚʘʡʥʳʭ ʨʦʩʪʚʝʨʢʘ ʚ ʦʩʷʭ ʇ-39 ʠ ʊ-39 (ʨʠʩ.2). ɹʦʣʴʰʠʝ ʦʩʘʜʢʠ ʧʨʠ ʧʝʨʚʦʤ ʠʩʧʳʪʘʥʠʠ 

ʨʦʩʪʚʝʨʢʘ ʚ ʦʩʷʭ ʊ-39 ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʚʳʰʝʥʥʦʡ ʩʞʠʤʘʝʤʦʩʪʴʶ ʛʣʠʥʠʩʪʦʛʦ ʛʨʫʥʪʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʝʛʦ ʧʦʜʦʰʚʦʡ ʚʩʣʝʜʩʪʚʠʝ ʟʘʤʘʯʠʚʘʥʠʷ ʜʦʞʜʝʚʳʤʠ ʚʦʜʘʤʠ, ʘ ʪʘʢʞʝ  

ʚʜʦʣʴ ʩʪʚʦʣʦʚ ʩʚʘʡ ʟʘ ʩʯʸʪ ʢʦʥʪʘʢʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʦʩʥʦʚʘʥʠʷ 

ʧʨʠʰʣʦʩʴ ʧʨʠʤʝʥʠʪʴ ʦʧʨʝʩʩʦʚʢʫ ʛʨʫʥʪʘ ʧʦʜ ʧʦʜʦʰʚʦʡ ʨʦʩʪʚʝʨʢʘ ʧʫʪʸʤ ʟʘʢʘʯʢʠ ʚ ʜʚʘ 

ʫʨʦʚʥʷ (ʥʘ 0.5 ʤ ʠ 1.0 ʤ) ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʜʦʙʘʚʢʦʡ ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʉ-3 ʜʣʷ  

ʧʦʚʳʰʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʥʘʙʦʨʘ ʧʨʦʯʥʦʩʪʠ ʩʤʝʩʠ. ʇʦʚʪʦʨʥʦʝ ʠʩʧʳʪʘʥʠʝ 

ʵʪʦʛʦ ʨʦʩʪʚʝʨʢʘ ʧʦʢʘʟʘʣʦ ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʡ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʛʨʫʥʪʘ ʚ ʝʛʦ ʦʩʥʦʚʘʥʠʠ 

(ʨʠʩ.2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʘ ʨʦʩʪʚʝʨʢʘ ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʧʨʠʷʪʠʷ 

ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʥʠʭ ʧʨʦʝʢʪʥʳʭ ʚʜʘʚʣʠʚʘʶʱʠʭ ʥʘʛʨʫʟʦʢ. 

 

ʘ) 

ʈʠʩ. 1  ʉʭʝʤʳ ʨʘʩʧʦʣʦʞʝʥʠʷ: ʘ) ʩʚʘʡ ʧʦʜ 

ʨʦʩʪʚʝʨʢʦʤ; ʙ) ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ 

ʩʢʚʘʞʠʥʳ  ˉ54 ʩ ʛʘʙʘʨʠʪʘʤʠ ʨʦʩʪʚʝʨʢʘ 
 

ʙ) 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2019è 
 

111 

 
ʈʠʩ. 2  ɻʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʩʘʜʦʢ S ʨʦʩʪʚʝʨʢʦʚ ʦʪ ʚʜʘʚʣʠʚʘʶʱʠʭ ʫʩʠʣʠʡ P. 

ɺʳʚʦʜʳ 

1. ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʦʩʥʦʚʘʥʠʠ ʬʫʥʜʘʤʝʥʪʦʚ ʥʘ ʛʣʫʙʠʥʝ ʧʦʛʨʝʙʸʥʥʳʭ ʙʠʦʛʝʥʥʳʭ ʛʨʫʥʪʦʚ 

(ʟʘʪʦʨʬʦʚʘʥʥʳʭ, ʪʦʨʬʦʚ, ʤʝʨʛʝʣʝʡ ʠ ʜʨ.) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʙʝʛʘʪʴ ʠʭ ʨʘʟʣʦʞʝʥʠʷ ʟʘ ʩʯʸʪ 

ʜʦʩʪʫʧʘ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʠʣʠ ʧʦʛʨʫʞʝʥʠʷ ʯʝʨʝʟ ʥʠʭ ʟʘʙʠʚʥʳʭ ʩʚʘʡ. 

2. ʋʤʝʥʴʰʝʥʠʶ ʤʦʱʥʦʩʪʠ ʘʢʪʠʚʥʦʡ ʩʞʠʤʘʝʤʦʡ ʟʦʥʳ ʠ ʠʩʢʣʶʯʝʥʠʶ ʜʦʩʪʠʞʝʥʠʷ ʝʶ 

ʢʨʦʚʣʠ ʩʣʘʙʳʭ ʛʨʫʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ ʢʦʥʠʯʝʩʢʠʝ ʩʪʚʦʣʳ ʩʚʘʡ, ʧʨʠʯʸʤ ʪʘʢʘʷ ʠʭ ʬʦʨʤʘ ʟʘ 

ʩʯʸʪ ʨʘʩʧʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʣʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʨʫʥʪʘ ʩʞʘʪʠʶ ʚʜʦʣʴ ʙʦʢʦʚʳʭ ʥʘʢʣʦʥʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʠʩʢʣʶʯʘʝʪ ʨʘʟʚʠʪʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʪʨʝʥʠʷ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʩʣʦʸʚ ʩʠʣʴʥʦ 

ʩʞʠʤʘʝʤʳʭ ʛʨʫʥʪʦʚ ʧʦ ʜʣʠʥʝ ʩʪʚʦʣʦʚ. 

3. ʋʣʫʯʰʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ 

ʩʚʘʷʤʠ ʥʘʩʳʧʥʳʭ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʜʨʝʥʠʨʦʚʘʥʠʝ ʠ ʘʨʤʠʨʦʚʘʥʠʝ   

ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʠʯʝʩʢʠʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʩʫʭʠʭ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ, ʦʩʦʙʝʥʥʦ 

ʝʩʣʠ ʠʤʠ ʟʘʧʦʣʥʷʶʪʩʷ ʩʢʚʘʞʠʥʳ, ʩʦʟʜʘʚʘʝʤʳʝ ʩ ʚʳʪʝʩʥʝʥʠʝʤ ʛʨʫʥʪʘ ʚ ʩʪʦʨʦʥʳ.  

4. ɹʣʘʛʦʜʘʨʷ ʨʘʩʧʦʨʥʦʤʫ ʵʬʬʝʢʪʫ ʦʪ ʥʘʢʣʦʥʘ ʢʣʠʥʦʚʠʜʥʳʭ ʩʪʚʦʣʦʚ ʩʚʘʡ, ʦʩʦʙʝʥʥʦ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʛʨʫʥʪʦʚ ʫ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʩʦʨʘʟʤʝʨʥʦ ʫʚʝʣʠʯʝʥʥʦʤʫ ʩʚʝʨʭʫ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʩʪʚʦʣʦʚ) ʠ ʥʘʣʠʯʠʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ) ʩʣʦʸʚ ʛʨʫʥʪʘ, ʤʦʞʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʫʤʝʥʴʰʘʪʴ ʛʣʫʙʠʥʳ ʩʞʠʤʘʝʤʳʭ ʟʦʥ ʚ ʦʩʥʦʚʘʥʠʠ ʩʚʘʡʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ. 

5. ʇʣʠʪʥʳʝ ʬʫʥʜʘʤʝʥʪʳ ʪʘʢʞʝ ʨʘʮʠʦʥʘʣʴʥʦ ʚʳʧʦʣʥʷʪʴ ʢʣʠʥʦʚʠʜʥʦ ʩʫʞʘʶʱʠʤʠʩʷ ʚ 

ʪʨʘʥʰʝʷʭ ʠʣʠ ʚ ʧʨʠʷʤʢʘʭ ʩ ʥʘʢʣʦʥʦʤ ʠʭ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʩʧʦʨʘ ʚ ʩʪʦʨʦʥʫ 

ʛʨʫʥʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʜʘʚʘʪʴ ʥʘ ʛʨʫʥʪ ʯʘʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʞʘʪʠʶ ʧʨʠ ʝʛʦ 

ʧʨʠʨʦʜʥʦʤ ʩʣʦʞʝʥʠʠ ʚʤʝʩʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʠʛʨʫʟʘ ʙʘʣʣʘʩʪʦʤ ʦʙʨʘʪʥʦʡ ʟʘʩʳʧʢʠ 

(ʦʙʳʯʥʦ ʥʝʫʧʣʦʪʥʷʝʤʦʡ ʚ ʧʘʟʫʭʘʭ), ʥʦ ʠ ʫʤʝʥʴʰʘʪʴ ʛʣʫʙʠʥʳ ʩʞʠʤʘʝʤʳʭ ʟʦʥ ʚ ʦʩʥʦʚʘʥʠʠ 

ʟʘ ʩʯʸʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʠ ʛʨʫʥʪʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʝʛʦ ʘʨʤʠʨʦʚʘʥʠʠ ʛʝʦʩʝʪʢʘʤʠ ʠʣʠ 

ʛʝʦʨʝʰʸʪʢʘʤʠ ʥʠʞʝ ʧʦʜʦʰʚ ʬʫʥʜʘʤʝʥʪʦʚ. 

ʉʧʠʩʦʢ ʩʩʳʣʦʢ 
1. ʅʠʢʠʪʝʥʢʦ ʄ.ʀ. ʕʬʬʝʢʪʠʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʬʫʥʜʘʤʝʥʪʦʚ ʠʟ ʢʦʨʦʪʢʠʭ ʢʦʥʠʯʝʩʢʠʭ ʩʚʘʡ ʩ 
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ʂʈʀʊɽʈɯʁ ʉʊɯʂʆʉʊɯ ʂʆʅʉʆʃʔʅʀʍ ʉʊɸʃɽɺʀʍ ɼɺʆʉʊʋʇɯʅʏɸʉʊʀʍ 

ʂʆʃʆʅ ɯɿ ʇʃɸɺʅʆ-ɿʄɯʅʅʆʖ ɾʆʈʉʊʂɯʉʊʖ ʂʆɾʅʆɰ ʏɸʉʊʀʅʀ 

ʋ ʚʽʜʦʤʠʭ ʨʦʙʦʪʘʭ [1], ʦʪʨʠʤʘʥʽ ʟʘ ʤʝʪʦʜʦʤ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʽʡʢʽʩʪʴ ʧʨʫʞʥʠʭ 

ʩʪʘʣʝʚʠʭ ʢʦʣʦʥ ʜʚʦʪʘʚʨʦʚʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʘʨʘʙʦʣʽʯʥʠʤ ʟʘʢʦʥʦʤ.  

ʆʜʥʠʤ ʟ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʪʨʘʪ ʩʪʘʣʽ ʥʘ ʢʦʣʦʥʠ ʟʤʽʥʥʦʛʦ ʧʝʨʝʨʽʟʫ  ̒

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʘʤʘʭ ʢʦʣʦʥ ʽʟ ʟʤʽʥʥʠʤ ʧʝʨʝʨʽʟʦʤ ʧʦ ʚʠʩʦʪʽ ʟ ʨʽʟʥʠʤʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ 

ʟʤʽʥʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʜʘʪʠ ʩʪʽʡʢʽʩʪʴ ʩʢʣʘʜʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʢʦʣʦʥ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʨʝʨʽʟʫ ʧʦ ʜʦʚʞʠʥʽ ʢʦʣʦʥʠ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʥʦʩʪʽ ʜʽʾ 

ʧʦʚʟʜʦʚʞʥʽʭ ʩʠʣ ʧʦ ʚʠʩʦʪʽ ʢʦʣʦʥ. ɼʣʷ ʜʦʚʽʣʴʥʦʾ ʜʽʣʷʥʢʠ ʩʪʠʩʥʫʪʦ-ʟʽʛʥʫʪʦʾ ʢʦʣʦʥʠ 

ʧʝʨʝʤʽʱʝʥʥʷ ʤʘʶʪʴ ʚʠʛʣʷʜ. 
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ʈʦʟʛʣʷʥʫʪʘ ʩʪʽʡʢʽʩʪʴ ʜʚʦʩʪʫʧʽʥʯʘʩʪʦʾ ʧʨʫʞʥʦʾ ʩʪʘʣʝʚʦʾ  ʢʦʣʦʥʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʧʦ 

ʚʠʩʦʪʽ ʟ ʜʚʦʭ ʯʘʩʪʠʥ ʜʦʚʞʠʥʦʶ ʚʽʜʧʦʚʽʜʥʦ l1. l2, ʚʽʜʧʦʚʽʜʥʦ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʽʚ 

ʢʦʣʦʥ ʤʘʶʪʴ ʪʘʢʽ ʚʽʜʥʦʰʝʥʥʷ. 

 1 2 0 1 1 0 2 2 01 2; 1 / ; 1 /xn x xn x xn xy yI I I I I I . 
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ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʢʦʞʥʦʾ ʥʘʩʪʫʧʥʦʾ ʜʽʣʷʥʢʠ ʢʦʣʦʥʠ ʢʽʥʮʝʚʽ ʫʤʦʚʠ ʻ ʧʦʯʘʪʢʦʚʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʩʪʫʧʥʦʾ: 20 1 2 0 1 20 1n x xn nM M Q Q . ʂʨʠʪʝʨʽʡ ʩʪʽʡʢʦʩʪʽ ʢʦʣʦʥʠ 

ʟʘʧʠʩʫʻʪʴʩʷ ʟ ʫʤʦʚʠ ʨʽʚʥʦʩʪʽ ʟʛʠʥʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ ʚʽʣʴʥʦʤʫ ʢʽʥʮʽ. 
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DIRECTIONS OF ENHANCING THE ENERGY EFFICIENCY OF DOMESTIC 

BUILDINGS THROUGH  THE PERFORMANCE OF THERMOSANATION  

The essence of the complex thermo-modernization (thermosanation) of a multi-storey or 

private low-rise building consists in the development and further application of energy-efficient 

technical and technological means (methods and devices) that lead to a significant reduction of 

power consumption. 

Typically, complex thermo-modernization is implemented through additional insulation of the 

building with the mandatory modernization of its heating system. 

Insulating a building without modernizing the heating system often does not give a positive 

result in energy saving and often leads to a negative result - that is, to increase energy 

consumption. 

As a result, the optimistic option, with the inevitable increase in the cost of energy, payment 

for utilities is reduced, and the quality of their provision is improving. That is, the studied 

thermo-modernization can be considered as a modern advanced technology in construction. 

On the basis of experimental and numerical research and calculations, the justification of the 

developed technical solutions for increasing energy efficiency is presented and the effective 

design parameters and material of the research elements of the thermo-modernization system of 

residential buildings and structures that began to be used until the 90s of the last century are 

described. 

As a result of the eʭperimentally-numerous and calculated studies, effective design 

parameters and material for the eʭecution of pipelines for the central water heating system have 

been substantiated to significantly reduce the energy consumption of eʭisting buildings and 

structures of the Ukrainian housing stock.  

It is established that the deviation from the optimum sizes and effective materials for the 

eʭecution of the elements of the thermomodernization system, determined eʭperimentally and by 

calculation, leads to high thermal losses, the breaking of the bearing capacity of the eʭisting 

facade walls of the thermomodernized building. 

 No less negative consequence is the high hydraulic resistance in pipelines, the possibility of 

freezing in them of the heat coolant, and the thermal eʭpansion of pipelines and disruption of the 

integrity of the facade thermal insulation layer. 
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The minimum thickness of the facade thermal insulation layer is determined to be 50 mm for 

the temperature and operating conditions under study, as well as for the characteristics of the 

used materials, the geometry of the pipelines and the facade thermal insulation for the first 

temperature zone. 

Effective design parameters and material for the performance of thermal insulation are found. 

The resulting optimum thickness of the facade thermal insulation layer is 100 mm, and results in 

100 % protection against freezing of the pipelines, even if the coolant is completely stopped for 

more than 24 hours after the coolant ceases to flow.  

It is noted that, given the insignificant weight of the application of the facade insulation, there 

is no need to strengthen the load-bearing structures of the thermounderdetermined building.  

Fastenings of front thermal insulation and pipelines of two-pipe system of water heating are 

carried out with the help of glutinous miʭtures and çumbrella fastenersè. Thanks to this, a constant 

microclimate inside the premises is ensured, that is, comfortable working or living conditions. 

A number of innovative design and construction-technological solutions for the thermo-

modernization of residential buildings and structures that provide simultaneous modernization of 

the system of central water heating and facade heat insulation are offered. The distribution of the 

temperature field inside the building structure, the temperature on the surface of the facade heat 

insulation with variation of its thickness by different forms of execution of new seams, in which 

there are new pipelines of two-pipe system of central water heating, is investigated. 

In particular, it has been established that such placement of pipelines allows significantly (up 

to 74%) to reduce heat losses from these pipelines compared with their placement in the layer of 

facade insulation from the wall. The minimum thickness of the facade thermal insulation layer 

for the investigated temperature regime and operating conditions, as well as for the 

characteristics of the materials used, the geometry of the pipelines and the facade heat insulation, 

have been experimentally determined. 

The optimal value of the layer of the facade thermal insulation is obtained, which leads to 

100% protection against freezing of the pipelines, even at the complete stop of the coolant 

movement. It was established that the increase of the thickness of the facade insulation helps to 

further drain the building structure, which leads to improvement of the thermal characteristics of 

the thermo-modernized building. 

Modeling of effective parameters of pipelines of the central water heating system and thermal 

insulation of the facade for different climatic conditions. The results of the simulation are 

eʭpediently permissible in both Ukrainian and foreign organizations, which serve these buildings 

and structures. The obtained results eʭpand the geographic boundaries of the application of the 

developed technical solutions that emphasize the prospects of the research direction of 

thermomodernization and its eʭport orientation. 
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ɿʠʤʦʚʝʮʴ ɼ.ɺ., ʤʘʛʽʩʪʨ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, evsakhno@ukr.net 

ʊɽʇʃʆɺɯɿɯʁʅʀʁ ʄʆʅɯʊʆʈʀʅɻ ɽʅɽʈɻʆʆʑɸɼʅʆʉʊɯ ɹʋɼɯɺɽʃʔ ɯ 

ʉʇʆʈʋɼ 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ ʧʦʩʪʘʻ ʧʨʦʙʣʝʤʘ ʝʢʦʥʦʤʽʾ ʪʝʧʣʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʮʽʥʫ ʥʘ ʝʥʝʨʛʦʥʦʩʽʾ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʥʝʟʘʣʝʞʥʽʩʪʴ ʜʝʨʞʘʚʠ. 

ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʝʥʝʨʛʦʦʱʘʜʥʦʩʪʽ ʤʫʥʽʮʠʧʘʣʴʥʠʭ ʙʫʜʽʚʝʣʴ 

ʻ ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʜʽʡʩʥʦʩʪʽ, ʱʦ ʟʫʤʦʚʣʝʥʝ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ 

ʝʥʝʨʛʽʾ, ʾʾ ʮʽʥʦʶ, ʧʦʩʪʽʡʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʘʨʘʤʝʪʨʠ 

ʝʥʝʨʛʦʦʱʘʜʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʨʦʟʚʠʪʢʦʤ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʩʝʨʚʽʩʽʚ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʩʠʩʪʝʤʽ ʝʥʝʨʛʦʦʱʘʜʥʦʩʪʽ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʠʪʘʥʥʷ ʝʢʩʧʨʝʩ-ʦʮʽʥʢʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʥʘʙʫʚʘʻ ʧʝʨʰʦʯʝʨʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʦʤʫ 

ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʦʙʫʜʦʚʘ ʪʝʧʣʦʚʽʟʽʡʥʠʭ ʜʽʘʛʨʘʤ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʝʥʝʨʛʦʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙôʻʢʪʫ ʻ ʧʨʦʙʣʝʤʦʶ ʜʘʥʦʛʦ ʥʘʫʢʦʚʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʤʽʩʮʷ ʧʦʥʘʜʥʦʨʤʦʚʠʭ ʪʝʧʣʦʚʪʨʘʪ 

ʙʫʜʽʚʣʽ, ʜʘʶʯʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ ʧʨʘʚʠʣʴʥʫ ʤʦʜʝʨʥʽʟʘʮʽʶ ʽ ʚʠʡʪʠ ʥʘ ʨʦʟʫʤʥʠʡ ʨʽʚʝʥʴ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ [1, 2]. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʨʽʰʫʶʪʴʩʷ ʧʠʪʘʥʥʷ ʱʦʜʦ ʦʮʽʥʢʠ ʢʣʘʩʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʫʥʽʮʠʧʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ, ʟʦʢʨʝʤʘ 22 ʥʘʚʯʘʣʴʥʦʛʦ ʢʦʨʧʫʩʫ ʏʅʊʋ. ɺʽʜ ʷʢʽʩʥʦʛʦ ʚʠʨʽʰʝʥʥʷ 

ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ ʟʘʣʝʞʘʪʠʤʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʘʫʜʠʪʦʨʽʷʭ, ʱʦ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʷʢʽʩʪʴ ʨʦʙʦʪʠ 

ʚʠʢʣʘʜʘʯʽʚ ʪʘ ʩʪʫʜʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʝʢʦʥʦʤʽʶ ʜʝʨʞʘʚʥʠʭ ʢʦʰʪʽʚ ʥʘ ʦʧʘʣʶʚʘʥʥʷ ʙʫʜʽʚʣʽ ʚ 

ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ 

ʙʫʣʦ ʟʽʙʨʘʥʦ ʤʘʪʝʨʽʘʣʠ ʱʦʜʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʧʫʩʫ ʏʅʊʋ (ʪʘʙʣʠʮʷ 1), ʥʘ 

ʦʩʥʦʚʽ ʷʢʠʭ ʧʨʦʚʦʜʠʚʩʷ ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʙʫʜʽʚʣʽ ʟ ʧʦʜʘʣʴʰʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤ ʪʝʧʣʦʚʽʟʽʡʥʠʭ ʜʽʘʛʨʘʤ ʪʘ ʾʭ ʦʙʨʦʙʢʦʶ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʢʦʤʧʣʝʢʩʽ. 

ʊʘʙʣʠʮʷ 1 ï ɿʘʛʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʘʚʯʘʣʴʥʠʡ ʢʦʨʧʫʩ ˉ22 ʏʅʊʋ 

ɼʘʪʘ ʟʘʧʦʚʥʝʥʥʷ (ʯʠʩʣʦ, ʤʽʩʷʮʴ, ʨʽʢ) 17.01.2019 

ɸʜʨʝʩʘ ʙʫʜʽʚʣʽ ʤ. ʏʝʨʥʽʛʽʚ, ʚʫʣ. ɹʻʣʦʚʘ,4 

ʈʦʟʨʦʙʥʠʢ ʧʨʦʝʢʪʫ ʉʘʭʥʦ ɭ. ʖ. 

ʇʨʠʟʥʘʯʝʥʥʷ ʙʫʜʽʚʣʽ, ʩʝʨʽʷ ʥʝʞʠʪʣʦʚʘ 

ʇʦʚʝʨʭʦʚʽʩʪʴ 3-ʭ ʧʦʚʝʨʭʦʚʘ 

ʂʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ 

ʇʘʥʝʣʴʥʽ ʙʣʦʢʠ, ʦʙʣʠʮʴʦʚʘʥʽ ʢʝʨʘʤʽʯʥʦʶ ʧʣʠʪʢʦʶ; 

ʜʝʨʝʚôʷʥʠʡ ʜʘʭ ʧʦʢʨʠʪʠʡ ʨʫʙʝʨʦʡʜʦʤ, ʟ ʟʘʭʠʩʥʠʤ 

ʰʘʨʦʤ ʢʝʨʘʤʟʠʪʫ. ɺʽʢʥʘ ʤʝʪʘʣʦʧʣʘʩʪʠʢʦʚʽ ï 

ʘʫʜʠʪʦʨʽʾ 215,216,217, ʽʥʰʽ ï ʜʝʨʝʚôʷʥʽ. 
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ʆʩʥʦʚʥʠʤʠ ʝʪʘʧʘʤʠ ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʻ: 

1. ɺʥʫʪʨʽʰʥʷ ʟʡʦʤʢʘ - ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʡ ʝʪʘʧ, ʪʦʤʫ ʱʦ ʪʽʣʴʢʠ ʧʨʠ ʚʥʫʪʨʽʰʥʽʡ ʟʡʦʤʮʽ 

ʚʠʷʚʣʷʻʪʴʩʷ ʙʽʣʴʰʝ 90% ʜʝʬʝʢʪʽʚ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʦʨʫʰʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʩʧʦʨʫʜʞʝʥʥʷ 

ʙʫʜʠʥʢʫ, ʟʡʦʤʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʥʝ ʚʠʙʽʨʢʦʚʦ, ʘ ʢʦʞʥʦʾ ʩʪʽʥʠ (ʢʨʽʤ ʚʥʫʪʨʽʰʥʽʭ ʧʝʨʝʛʦʨʦʜʦʢ). 

2. ɿʦʚʥʽʰʥʷ ʟʡʦʤʢʘ ʧʦʪʨʽʙʥʘ ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʬʘʩʘʜʽʚ ʽ ʚ 

ʢʨʘʡʥʴʦʤʫ ʚʠʧʘʜʢʫ ʜʝʬʝʢʪʽʚ ʫʪʝʧʣʝʥʦʾ ʧʦʢʨʽʚʣʽ. 

3. ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ, ʧʦʣʷʛʘʻ ʚ ʢʦʤʧôʶʪʝʨʥʠʡ ʦʙʨʦʙʮʽ ʦʪʨʠʤʘʥʠʭ ʪʝʨʤʦʛʨʘʤ. ʇʽʩʣʷ 

ʦʙʨʦʙʢʠ ʪʝʨʤʦʛʨʘʤ ʥʘ ʥʠʭ ʯʽʪʢʦ ʚʠʜʥʦ ʤʽʩʮʷ ʜʝʬʝʢʪʽʚ, ʾʭ ʷʢʽʩʥʽ ʪʘ ʢʽʣʴʢʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

4. ʉʪʚʦʨʝʥʥʷ ʟʚʽʪʫ, ʜʝ ʬʘʭʽʚʝʮʴ ʦʙʨʦʙʣʷʻ ʢʣʘʩʠʬʽʢʘʮʽʶ ʜʝʬʝʢʪʽʚ, ʚʠʟʥʘʯʘʻ ʧʨʠʯʠʥʫ ʾʭ 

ʚʠʥʠʢʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʜʘʻ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʫʩʫʥʝʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʥʘʥʦ ʤʦʥʽʪʦʨʠʥʛ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʫʥʽʮʠʧʘʣʴʥʦʾ ʙʫʜʽʚʣʽ, 

ʚʠʟʥʘʯʝʥʦ ʢʦʤʧʣʝʢʩʥʽ ʧʦʢʘʟʥʠʢʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʪʨʠʤʘʥʦ ʢʣʘʩ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʾ ʩʧʦʨʫʜʠ. ɺʠʢʦʥʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʽʟʦʨʘ ʤʘʨʢʠ Testo 875v-1i (ʩʝʨʽʡʥʠʡ 

ʥʦʤʝʨ 20441348), ʟ ʦʙʨʦʙʢʦʶ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʧʨʦʛʨʘʤʽ IRSoft. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʦʩʥʦʚʥʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʚʽʢʥʘ ʪʘ ʙʘʪʘʨʝʾ ʢʦʨʧʫʩʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʟʘʭʦʜʽʚ ʟ ʝʥʝʨʛʦʟʘʭʠʩʪʫ [3]. ɿʛʽʜʥʦ ʟ ʪʘʙʣʠʮʽ 2 ʢʣʘʩ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ɺ. 

ʊʘʙʣʠʮʷ 2 ï ʂʦʤʧʣʝʢʩʥʽ ʧʦʢʘʟʥʠʢʠ 

ˉ 

ʧ/ʧ 
ʇʦʢʘʟʥʠʢʠ ʇʦʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʪʘ 

ʦʜʠʥʠʮʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ɿʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ 

1

. 

ʇʠʪʦʤʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ 

ʦʧʘʣʝʥʥʷ ʽ ʚʝʥʪʠʣʷʮʽʶ ʙʫʜʽʚʣʽ ʟʘ 

ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ 

ʛʦʜ)ʯ/(ʤʢɺʪq, 3  30,5 

2

. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʧʠʪʦʤʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʚʠʪʨʘʪʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʽ 

ʚʝʥʪʠʣʷʮʽʶ ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ 

ʂ)ɺʪ/(ʤ,q 3ʨ

ʦʧ
 0,321 

3

. 

ɺʠʪʨʘʪʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʽ 

ʚʝʥʪʠʣʷʮʽʶ ʙʫʜʽʚʣʽ ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ 

ʧʝʨʽʦʜ 

ʯ/ʛʦʜʢɺʪ,Qʛʦʜʦʧ
 294898,8 

4

. 

ʅʦʨʤʦʚʘ (ʙʘʟʦʚʘ) ʧʠʪʦʤʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʪʨʘʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

ʥʘ ʦʧʘʣʝʥʥʷ ʽ ʚʝʥʪʠʣʷʮʽʶ ʙʫʜʽʚʣʽ 

ʂ)ɺʪ/(ʤ,q 3ʪʨ

ʦʧ
 0,16 

5

. 
ʂʣʘʩ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ  ɺ 

6

. 
ʏʠ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʝʢʪ ʙʫʜʽʚʣʽ 

ʥʦʨʤʘʪʠʚʥʠʤ ʚʠʤʦʛʘʤ  ʪʝʧʣʦʟʘʭʠʩʪʫ 
 ʊʘʢ 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ: 
1. ʊʝʨʝʱʫʢ ʆ.ɯ. ʄʦʥʽʪʦʨʠʥʛ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ: ʄʦʥʦʛʨʘʬʽʷ/ ʆ.ɯ. 

ʊʝʨʝʱʫʢ, ɭ.ʖ. ʉʘʭʥʦ, ɼ.ɺ. ʄʘʨʛʘʩʦʚ, ʄ.ʄ. ʂʦʨʟʘʯʝʥʢʦ. ï ʏʝʨʥʽʛʽʚ: ʏʅʊʋ, 2018 ï 356ʩ. 

2. ʊʝʨʝʱʫʢ ʆ.ɯ. ʇʨʦʚʝʜʝʥʥʷ ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ/ 

ʊʝʨʝʱʫʢ ʆ.ɯ., ʉʘʭʥʦ ɭ.ʖ., ɹʫʨʝʥʽʥ ʆ.ɯ.// ʄʘʪʝʨʽʘʣʠ Vɯɯɯ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ 10-12 ʪʨʘʚʥʷ 2018 ʨ. çʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʩʠʩʪʝʤè, ʤ. ʏʝʨʥʽʛʽʚ: ʏʅʊʋ, 2018. ʊ2 ï ʉ.94-95. 

3. ʌʝʜʦʨʮʦʚ ʉ.ʆ. ʊʝʧʣʦʚʽʟʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʤ. ʏʝʨʥʽʛʦʚʘ // çʅʦʚʽʪʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʫ ʥʘʫʢʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ ʽ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽè: ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʽ ʩʪʫʜʝʥʪʽʚ (ʤ. ʏʝʨʥʽʛʽʚ, 11-12 ʢʚʽʪʥʷ 2018 ʨʦʢʫ) :ʪʝʟʠ ʜʦʧʦʚʽʜʝʡ. ï 

ʏʝʨʥʽʛʽʚ : ʏʝʨʥʽʛ. ʥʘʮ. ʪʝʭʥʦʣ. ʫʥ-ʪ, 2018. ï ʉ.226-228. 
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ɺʘʩʠʣʴʻʚ ɭ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʘʩʠʣʴʻʚ ʆ.ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, vas.eugene@gmail.com 

ɺʀɹɯʈ ʄɸʊɽʈɯɸʃʋ ɼʃʗ ɹɸɻɸʊʆʐɸʈʆɺʆɰ ɼɯɸʌʈɸɻʄʀ ʈʆɿʏʀʅʆʅɸʉʆʉɸ ɿ 

ʄɽʊʆʖ ʇɯɼɺʀʑɽʅʅʗ ɰɰ ɿʅʆʉʆʉʊɯʁʂʆʉʊɯ 

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʙʫʜʽʚʥʠʮʪʚʘ ʟʥʘʯʥʝ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʜʽʘʬʨʘʛʤʦʚʽ ʨʦʟʯʠʥʦʥʘʩʦʩʠ. 

ʎʝ ʚʽʜʙʫʣʦʩʷ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʥʠʟʢʠ ʧʝʨʝʚʘʛ, ʛʦʣʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ [1, 2]: 

ï ʧʣʫʥʞʝʨʥʦ-ʜʽʘʬʨʘʛʤʦʚʘ ʩʭʝʤʘ ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʚʠʩʦʢʫ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ ʪʝʭʥʽʢʠ; 

ï ʥʘʩʦʩʠ ʟʜʘʪʥʽ ʜʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ. 

ɸʣʝ ʜʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʻ ʪʘʢʦʞ ʥʝʜʦʣʽʢ: ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʛʫʤʦʚʦʾ 

ʜʽʘʬʨʘʛʤʠ, ʷʢʘ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 100 ʤʘʰʠʥʦ-ʛʦʜʠʥ. [3]. ʎʝʡ ʢʨʠʪʝʨʽʡ ʜʦʚʛʦʚʽʯʥʦʩʪʽ 

ʟʤʫʰʫʻ ʧʦʩʪʽʡʥʦ ʚʠʢʦʥʫʚʘʪʠ ʨʝʤʦʥʪʠ ʪʘ ʢʦʞʝʥ ʨʘʟ ʟʘʤʽʥʶʚʘʪʠ ʜʽʘʬʨʘʛʤʫ ʥʘ ʥʦʚʫ, ʱʦ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʟʤʫʰʫʻ ʚʠʪʨʘʯʘʪʠ ʢʦʰʪʠ ʥʘ ʥʦʚʠʡ ʨʦʙʦʯʠʡ ʦʨʛʘʥ, ʟʘ ʧʨʦʩʪʽʡ ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʪʘ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʟʘʨʦʙʽʪʥʫ ʧʣʘʪʥʶ ʨʝʤʦʥʪʥʠʢʽʚ. 

ɿʦʚʥʽʰʥʽ ʰʘʨʠ ʜʽʘʬʨʘʛʤʠ, ʷʢʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʩʝʨʝʜʦʚʠʱʝʤ, ʙʘʞʘʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʽʟ ʟʥʦʩʦʩʪʽʡʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʽʥ ʧʦʚʠʥʝʥ ʤʘʪʠ ʜʦʩʠʪʴ ʚʠʩʦʢʽ 

ʟʥʘʯʝʥʥʷ ʝʣʘʩʪʠʯʥʦʩʪʽ, ʤʘʪʠ ʧʽʜʚʠʱʝʥʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʦʢʠʩʣʝʥʥʷ, ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨ, ʚʠʩʦʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʦʚʞʝʥʥʷ, ʪʘ ʧʨʠʡʥʷʪʥʽ ʘʜʛʝʟʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʟʜʘʪʥʽʩʪʴ ʩʢʣʝʶʚʘʪʠʩʷ), 

ʱʦʙ ʫʥʠʢʥʫʪʠ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʪʝʨʪʷ ʤʽʞ ʰʘʨʘʤʠ ʜʽʘʬʨʘʛʤʠ ʪʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʦʢʨʘʱʝʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜ çʩʧʽʣʴʥʦʾè ʨʦʙʦʪʠ. ʊʦʙʪʦ ʢʦʞʥʠʡ ʩʫʤʽʞʥʠʡ ʰʘʨ ʜʽʘʬʨʘʛʤʠ 

ʧʦʚʠʥʝʥ ʟʤʝʥʰʫʚʘʪʠ ʥʝʜʦʣʽʢʠ ʰʘʨʫ, ʽʟ ʷʢʠʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦʪʠʢʘʻʪʴʩʷ.  

ʅʘʡʢʨʘʱʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ ʜʽʘʬʨʘʛʤʠ ʥʘ ʥʘʰʫ ʜʫʤʢʫ ʻ 

ʭʣʦʨʦʧʨʝʥʦʚʠʡ ʢʘʫʯʫʢ (ʧʦʣʽʭʣʦʨʦʧʨʝʥ). ʐʘʨ ʜʽʘʬʨʘʛʤʠ ʩʫʤʽʞʥʠʡ ʽʟ ʥʠʤ ʧʨʦʧʦʥʫʻʤʦ 

ʚʠʢʦʥʘʪʠ ʽʟ ʙʫʪʘʜʽʾʥʦʚʦʛʦ ʢʘʫʯʫʢʘ, ʷʢʠʡ ʤʘʻ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʘ ʩʫʤʽʞʥʠʡ ʟ 

ʥʠʤ ʱʝ ʟ ʙʽʣʴʰ ʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ï ʦʧʨʝʥʦʚʦʛʦ ʢʘʫʯʫʢʘ. 

ɺ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʛʦʣʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʻ ʩʪʠʨʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ 

ʜʽʘʬʨʘʛʤʠ ï ʚʠʢʦʥʘʻʤʦ ʘʥʘʣʽʟ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʠ ʧʨʦʧʦʥʫʻʤʦ ʢʘʥʜʠʜʘʪʘʤʠ 

ʥʘ ʮʝ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ çʄʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʩʪʠʨʘʥʥʶ ʧʨʠ ʢʦʯʝʥʥʽ ʟ 

ʧʨʦʢʦʚʟʫʚʘʥʥʷʤè ʟʘ ɻʆʉʊ 12251-77. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʘʥʝʩʝʤʦ ʜʦ ʪʘʙʣʠʮʽ. 

ʊʘʙʣʠʮʷ - ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ 

ʄʘʪʝʨʽʘʣ ʟʘʛʦʪʦʚʢʠ ɽʙʦʥʽʪ 

ʇʦʣʽʭʣʦʨʦ-

ʧʨʝʥʦʚʠʡ 

ʢʘʫʯʫʢ 

ɽʪʠʣʝʥ-

ʧʨʦʧʠʣʝʥʦ-

ʚʠʡ ʢʘʯʫʢ 

ʍʣʦʨʦʧ-

ʨʝʥʦʚʠʡ 

ʢʘʫʯʫʢ 

ʇʦʣʽʩʫʣʴ-

ʬʽʜʥʠʡ 

ʢʘʫʯʫʢ 

ʆʧʽʨ ʟʥʦʰʫʚʘʥʥʶ, ɼʞ/ʤʤį 140,7 957,5 359,5 414,2 293,2 

 

ʆʪʞʝ ʤʠ ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʦʢʘʟʥʠʢ ʦʧʦʨʫ ʟʥʦʰʫʚʘʥʥʶ ʰʘʨʫ ʧʨʦʝʢʪʦʚʘʥʦʾ 

ʜʽʘʬʨʘʛʤʠ ʽʟ ʧʦʣʽʭʣʦʨʦʧʨʝʥʦʚʦʛʦ ʢʘʫʯʫʢʘ ʻ ʚʠʱʠʤ ʟʘ ʧʦʢʘʟʥʠʢ ʦʧʦʨʫ ʟʥʦʩʫ ʽʥʰʠʭ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʦʤʫ ʦʩʪʘʪʦʯʥʦ ʨʝʢʦʤʝʥʜʫʻʤʦ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʟʘʟʥʘʯʝʥʠʭ 

ʫʤʦʚʘʭ ʩʘʤʝ ʮʝʡ ʤʘʪʝʨʽʘʣ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʊʝʭʥʽʢʘ ʙʫʜʽʚʥʠʮʪʚʘ: ʥʘʚʯ. ʧʦʩʽʙʥʠʢ / ɺ.ʃ. ɹʘʣʘʜʽʥʩʴʢʠʡ, ʆ.ʄ. ʃʽʚʽʥʩʴʢʠʡ, ʖ.ɼ. ɸʙʨʘʰʢʝʚʠʯ 

ʪʘ ʽʥ. ï ʂ.: ʂʅʋɹɸ, 2003. ï 368 ʩ. 

2. ʂʫʟʠʥʘ ʕ.ʅ. ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, ʉʧʨʘʚʦʯʥʠʢ, ʊ, 1, ʇʦʜ ʦʙʱ, ʨʝʜ, ʂʫʟʠʥʘ ʕ, ʅ, ï ʄ,: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1991, ï 486 ʩ. 

3. ʆʥʽʱʝʥʢʦ ʆ.ɻ. ʄʝʭʘʥʽʟʘʮʽʷ ʦʧʦʨʷʜʞʫʚʘʣʴʥʠʭ ʨʦʙʽʪ ʫ ʙʫʜʽʚʥʠʮʪʚʽ / [ʆʥʽʱʝʥʢʦ ʆ.ɻ. ʪʘ ʽʥ,] ï 

ʂ.: ʋʨʦʞʘʡ, 1998. ï 223 ʩ. 

mailto:pafedorov@gmail.com
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ɼʨʘʧʘʣʶʢ ʄ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʜʝʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ, drapalukmarina@meta.ua 

ʇʠʣʠʧʝʥʢʦ ɺ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʐʘʤʨʫʢ ʆ.ʇ., ʢʘʥʜ, ʧʩʠʭ. ʥʘʫʢ 

ɸʢʘʜʝʤʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʝʥʠʪʝʥʮʠʘʨʥʦʡ ʩʣʫʞʙʳ, ʏʝʨʥʠʛʦʚ, vpilip@ukr.net  

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʄʆɼʀʌʀʂɸʊʆʈɸ ʅɸ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʓɽ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɹɽʊʆʅʅʓʍ ʊʈʋɹ  

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʝʪʦʥʥʳʭ ʪʨʫʙ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʥʠʞʝʥʠʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ [1, 2]. ʇʦʚʳʩʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʘ 

ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʸʪ ʚʚʝʜʝʥʠʷ ʚ ʩʦʩʪʘʚ ʮʝʤʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʭʠʤʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʤʠʥʝʨʘʣʘʤʠ ʮʝʤʝʥʪʘ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ ʩ ʮʝʤʝʥʪʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʤʦʜʠʬʠʢʘʪʦʨʘ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʪʝʤ ʟʥʘʯʠʪʝʣʴʥʝʝ, ʯʝʤ ʪʦʥʴʰʝ ʧʣʝʥʢʠ 

ʤʦʜʠʬʠʢʘʪʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʟʸʨʝʥ ʮʝʤʝʥʪʘ ʠ ʘʵʨʦʩʠʣʘ ʠ 

ʠʥʪʝʥʩʠʚʥʝʝ ʩʠʣʳ ʧʦʣʷʨʠʟʘʮʠʠ. ʋ ʟʘʧʦʣʥʠʪʝʣʝʡ ʙʝʪʦʥʘ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʝʚʝʣʠʢʘ ʠ 

ʷʚʣʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ, ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʳ. ɺ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ, 

ʥʘʧʨʠʤʝʨ, ʫ ʮʝʤʝʥʪʘ ʠʣʠ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʷ, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʝʣʠʢʘ, ʧʦʵʪʦʤʫ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʧʨʦʮʝʩʩ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʳ ʙʝʪʦʥʘ.  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʦʣʝʢʫʣ ʤʦʜʠʬʠʢʘʪʦʨʘ ʩ ʯʘʩʪʠʮʘʤʠ ʮʝʤʝʥʪʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʦʢʨʳʚʘʝʪʩʷ ʪʦʥʢʠʤ ʩʣʦʝʤ ʧʦʣʠʤʝʨʘ, ʢʦʪʦʨʳʡ ʫʜʝʨʞʠʚʘʝʪʩʷ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʩʠʣʘʤʠ. 

ʀʩʪʦʯʥʠʢʦʤ ʵʪʠʭ ʩʠʣ ʷʚʣʷʶʪʩʷ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʝ ʩʚʷʟʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʝʤʝʥʪʘ ʠʣʠ ʚ 

ʤʝʞʬʘʟʥʦʤ ʩʣʦʝ. ʆʩʥʦʚʦʡ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʚʩʝʦʙʱʠʡ ʟʘʢʦʥ, 

ʚʳʨʘʞʘʶʱʠʡʩʷ ʚ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤ ʫʤʝʥʴʰʝʥʠʠ ʟʘʧʘʩʘ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʝ. 

ʉʪʨʝʤʷʩʴ ʩʥʠʟʠʪʴ ʩʚʦʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ ʠ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ, 

ʜʠʩʧʝʨʩʥʘʷ ʯʘʩʪʠʮʘ ʮʝʤʝʥʪʘ ʧʨʠʪʷʛʠʚʘʝʪ ʢ ʩʝʙʝ ʤʦʣʝʢʫʣʳ ʧʦʣʠʤʝʨʥʦʛʦ ʤʦʜʠʬʠʢʘʪʦʨʘ, 

ʠʤʝʶɦʠʝ ʜʠʧʦʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʩʠʣʦʚʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʘʢʪʠʚʥʳʤʠ 

ʮʝʥʪʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʮʝʤʝʥʪʘ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʜʠʧʦʣʠ ʧʦʣʠʤʝʨʘ, 

ʩʥʠʞʘʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʝʛʦ ʤʦʣʝʢʫʣ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʦʪʨʳʚ ʦʪ ʤʠʥʝʨʘʣʴʥʳʭ 

ʯʘʩʪʠʮ. ʇʦʩʢʦʣʴʢʫ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ, 

ʪʦ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʤʦʣʝʢʫʣ ʤʦʜʠʬʠʢʘʪʦʨʘ ʚ ʩʠʣʦʚʦʤ ʧʦʣʝ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ ʮʝʤʝʥʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʰʥʝʝ ʪʝʧʣʦʚʦʝ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ.  

ɺ ʧʨʦʮʝʩʩʝ ʪʚʝʨʜʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʳ ʙʝʪʦʥʘ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʘʪʘʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʜʦʣʞʘʶʱʝʡʩʷ ʛʠʜʨʘʪʘʮʠʠ 

ʟʸʨʝʥ ʮʝʤʝʥʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʲʸʤ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʚʩʣʝʜʩʪʚʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʦʙʦʜʥʦʡ ʠʟʚʝʩʪʠ ʩ ʘʵʨʦʩʠʣʦʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʙʲʸʤ ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʮʝʥʠʚʘʝʤʦʛʦ ʧʦʨʠʩʪʦʩʪʴʶ ʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʳ. ɺ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʭ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʮʝʤʝʥʪʥʦʡ ʤʘʪʨʠʮʳ ʙʝʪʦʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʛʠʜʨʦʢʩʠʜʘ 

ʢʘʣʴʮʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 %, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ: 
1. Brux G., Vacuum ï Concrete ï Verhahren ï Maschinen, ï Gerate ï und Personaleinat/ - (Zement 

und Beton), 1967, V., 339, SS. 11-12  

2. Hamski V. Crystallization from solution. / V.Hamski. ï L.: Nauka, 1987. ï v.150. 
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ʐʦʢʘʨʝʚ ɸ.ɺ. 

ɿʘʧʦʨʽʟʴʢʝ ʚʽʜʜʽʣʝʥʥʷ ɼʝʨʞʘʚʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ çɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡè, zvndibk@ukr.net  

ɺʇʈʆɺɸɼɾɽʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ʋʉʋʅɽʅʅʗ ʅɸɼʅʆʈʄɸʊʀɺʅʀʍ ʂʈɽʅɯɺ 

ɹʋɼʀʅʂɯɺ ɺ ʇʈɸʂʊʀʂʋ ɹʋɼɯɺʅʀʎʊɺɸ 

ɹʫʜʽʚʥʠʮʪʚʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʙʫʜʽʚʝʣʴ, ʩʧʦʨʫʜ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʋʢʨʘʾʥʠ ʚ ʙʽʣʴʰʦʩʪʽ 
ʚʠʧʘʜʢʘʭ ʚʝʜʝʪʴʩʷ ʚ ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚʘʭ. ɹʫʜʽʚʥʠʮʪʚʦ 
ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ɼʥʽʧʨʦɻɽʉ ʪʘ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʦʾ ʧʨʦʤʠʩʣʦʚʦʾ ʟʦʥʠ ʚʥʝʩʣʠ ʚʘʛʦʤʠʡ 
ʚʥʝʩʦʢ ʚ ʨʦʟʚʠʪʦʢ ʩʫʯʘʩʥʦʛʦ ʤʽʩʪʘ ɿʘʧʦʨʽʞʞʷ. ɸʣʝ ʰʠʨʦʢʽ ʢʦʣʘ ʥʘʫʢʦʚʮʽʚ, 
ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʽʚ ʪʘ ʙʫʜʽʚʥʠʢʽʚ ʥʘ ʪʦʡ ʯʘʩ ʥʝʜʦʩʪʘʪʥʴʦ ʙʫʣʠ ʟʥʘʡʦʤʽ ʟʽ ʩʧʝʮʠʬʽʢʦʶ 
ʙʫʜʽʚʥʠʮʪʚʘ ʥʘ ʣʝʩʦʚʠʭ ʧʨʦʩʽʜʘʶʯʠʭ ˇʨʫʥʪʘʭ, ʱʦ ʟʘʣʷʛʘʶʪʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤ. ɿʘʧʦʨʽʞʞʷ. 
ʊʦʤʫ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʥʝʦʙʭʽʜʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ, ʚʦʜʦʟʘʭʠʩʥʽ ʟʘʭʦʜʠ 
ʜʣʷ ʟʘʭʠʩʪʫ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʚʽʜ ʧʨʦʩʽʜʘʥʴ ˇʨʫʥʪʫ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʥʘ ʧʨʘʢʪʠʮʽ 
ʬʽʢʩʫʚʘʣʠʩʷ ʧʦʰʢʦʜʞʝʥʥʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʾʭ ʢʨʝʥʠ. 
ɼʣʷ ʧʽʜʡʦʤʫ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ ʙʫʜʽʚʝʣʴ ʟʘʚʦʜʫ çɿʘʧʦʨʽʞʩʪʘʣʴè, ʚ ʟʚôʷʟʢʫ ʟ 

ʥʝʨʽʚʥʦʤʽʨʥʠʤʠ ʧʨʦʩʽʜʘʥʥʷʤʠ, ʫ 30 ʨʦʢʠ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʢʣʠʥʦʚʽ 
ʭʦʤʫʪʠ ʪʘ ʛʽʜʨʘʚʣʽʯʥʽ ʜʦʤʢʨʘʪʠ. ʅʘʧʨʠʢʽʥʮʽ 40 ʨʦʢʽʚ, ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ 7 ʧʦʚʝʨʭʦʚʦʛʦ 
ʮʝʛʣʷʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʚ ʮʝʥʪʨʽ ʤʽʩʪʘ, ʙʫʚ ʟʘʬʽʢʩʦʚʘʥʠʡ ʡʦʛʦ ʢʨʠʪʠʯʥʠʡ ʥʘʭʠʣ. 
ʇʨʦʙʣʝʤʫ ʜʦʧʦʤʦʛʣʠ ʚʠʨʽʰʠʪʠ ʚʽʡʩʴʢʦʚʦʧʦʣʦʥʝʥʽ ʥʽʤʮʽ, ʷʢʽ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʧʦʜʘʪʠ ʚʦʜʫ ʚ 
ʯʘʩʪʠʥʫ ʦʩʥʦʚʠ ʙʫʜʠʥʢʫ, ʱʦ ʤʝʥʰ ʦʩʽʣʘ. 
ʋ ɼʇ ʅɼɯɹʂ ʥʘ ʧʨʦʪʷʟʽ 45 ʨʦʢʽʚ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʽ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʧʨʘʢʪʠʢʫ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʝʭʥʦʣʦʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚʠʩʦʪʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʱʦ ʜʦʟʚʦʣʠʣʦ 
ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʷʢʽʩʥʝ ʧʨʦʚʝʜʝʥʥʷ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʙʫʜʽʚʣʷʭ ʟ ʨʽʟʥʠʤʠ 
ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʩʭʝʤʘʤʠ ʽ ʚʠʢʦʥʫʚʘʪʠ ʟʘʭʠʩʪ ʝʢʩʧʣʫʘʪʦʚʘʥʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ. 
ɼʣʷ ʧʽʜʡʦʤʫ ʙʫʜʽʚʝʣʴ ʪʘ ʫʩʫʥʝʥʥʷ ʾʭ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʽ 

ʚʠʛʦʪʦʚʣʝʥʘ ʤʦʙʽʣʴʥʘ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʣʦʩʢʠʭ ʜʦʤʢʨʘʪʽʚ, 
ʛʽʜʨʦʧʨʠʚʦʜʽʚ, ʥʘʩʦʩʥʦʾ ʩʪʘʥʮʽʾ, ʧʫʣʴʪʘ ʫʧʨʘʚʣʽʥʥʷ. 
ɼʣʷ ʫʩʫʥʝʥʥʷ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ ʤʝʪʦʜʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʚʠʙʫʨʶʚʘʥʥʷ ˇʨʫʥʪʫ ʟ-ʧʽʜ ʧʽʜʦʰʚʠ ʬʫʥʜʘʤʝʥʪʽʚ ʚ ɿʘʧʦʨʽʟʴʢʦʤʫ ʚʽʜʜʽʣʝʥʥʽ ɼʇ ʅɼɯɹʂ 
ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʽʚʥʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʘ ʪʘʢʦʞ ʚʠʛʦʪʦʚʣʝʥʽ 
ʤʘʣʦʛʘʙʘʨʠʪʥʽ ʙʫʨʦʚʽ ʚʝʨʩʪʘʪʠ ʽ ʩʧʝʮʽʘʣʴʥʝ ʦʩʥʘʱʝʥʥʷ. 
ʇʦʯʠʥʘʶʯʠ ʟ 1987ʨ. ʩʧʝʮʽʘʣʽʩʪʘʤʠ ɿɺ ɼʇ ʅɼɯɹʂ ʙʫʣʠ ʫʩʫʥʝʥʽ ʥʘʜʥʦʨʤʘʪʠʚʥʽ ʢʨʝʥʠ 52 

ʙʫʜʠʥʢʽʚ ʪʘ ʩʧʦʨʫʜ, ʚ ʪ.ʯ. ʚ ʤʽʩʪʽ ɿʘʧʦʨʽʞʞʽ ï 24 ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʪʘ 5 ʜʠʤʦʚʠʭ ʪʨʫʙ. 
ʊʝʨʠʪʦʨʽʷ ʤ. ɿʘʧʦʨʽʞʞʷ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ 

ʫ ʟʚôʷʟʢʫ ʽʟ ʟʘʣʷʛʘʥʥʷʤ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʩʪʽʡʢʠʭ ʣʝʩʦʚʠʭ ˇʨʫʥʪʽʚ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʶ 
ʧʽʜʪʦʧʣʶʚʘʥʠʭ, ʟʩʫʚʦʥʝʙʝʟʧʝʯʥʠʭ, ʥʘʩʠʧʥʠʭ ʜʽʣʷʥʦʢ ʪʘ ʾʭ ʢʦʤʙʽʥʘʮʽʡ. ɼʣʷ ʪʝʨʠʪʦʨʽʾ 
ʤ. ɿʘʧʦʨʽʞʞʷ ʙʫʣʘ ʩʢʣʘʜʝʥʘ ʢʘʨʪʘ ˇʨʫʥʪʦʚʠʭ ʫʤʦʚ ʟ ʚʠʜʽʣʝʥʥʷʤ 14 ʟʦʥ, ʜʝ ʧʦʚʩʶʜʥʦ 
ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʣʝʩʦʚʠʭ ˇʨʫʥʪʽʚ ʧʦʪʫʞʥʽʩʪʶ ʚʽʜ 10é15 ʤ. (ʩʪʘʨʘ ʯʘʩʪʠʥʘ 
ʤʽʩʪʘ) ʜʦ 40ʤ (ʍʦʨʪʠʮʴʢʠʡ ʨʘʡʦʥ) ʪʘ ʚʽʜʧʦʚʽʜʥʠʤ ʧʦʪʝʥʮʽʘʣʴʥʠʤ ʧʨʦʩʽʜʘʥʥʷʤ ʧʨʠ ʾʭ 
ʟʘʤʦʯʫʚʘʥʥʽ 20é100 ʩʤ. ʈʘʥʽʰʝ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʪʝʨʠʪʦʨʽʾ ʚ ʦʩʥʦʚʥʦʤʫ 
ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʷʢ ʚʽʜʩʫʪʥʽʩʪʶ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ, ʪʘʢ ʽ ʛʣʠʙʦʢʠʤ ʾʭ 
ʟʘʣʷʛʘʥʥʷʤ (ʜʦ 30é50 ʤ). ʇʨʦʪʝ, ʧʦʯʠʥʘʶʯʠ ʟ 30 ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ, ʧʦʩʠʣʶʻʪʴʩʷ 
ʚʧʣʠʚ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʣʝʩʦʚʝ ʩʝʨʝʜʦʚʠʱʝ. ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʟʘʛʘʣʴʥʠʡ ʧʽʜʡʦʤ 
ʨʽʚʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ ʰʚʠʜʢʽʩʪʶ 0,2é1,0 ʤ/ʨʽʢ. ʪʘ 
ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʧʽʜʪʦʧʣʝʥʥʷ ʟʘʙʫʜʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ. ʉʴʦʛʦʜʥʽ ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ 
ʧʽʜʪʦʧʣʝʥʥʷ ʚ ʤ. ɿʘʧʦʨʽʞʞʷ ʩʢʣʘʜʘʻ 65,6 ʤʣʥ.ʤ

2
. 

ʇʦʯʠʥʘʶʯʠ ʟ 2010 ʨ. ʨʦʙʦʪʠ ʧʦ ʫʩʫʥʝʥʥʶ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ʚ ʤ. ɿʘʧʦʨʽʞʞʽ ʥʝ 
ʚʠʢʦʥʫʚʘʣʠʩʴ, ʧʨʠ ʮʴʦʤʫ ʧʨʦʙʣʝʤʘ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʟ 
ʥʘʜʥʦʨʤʘʪʠʚʥʠʤʠ ʢʨʝʥʘʤʠ ʩʪʘʚʘʣʘ ʚʩʝ ʛʦʩʪʨʽʰʦʶ. 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʪʨʠʤʘʥʥʷ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʥʘ ʥʘʣʝʞʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʨʽʚʥʽ ʪʘ 

ʩʠʩʪʝʤʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʙʫʜʠʥʢʽʚ, ʷʢʽ ʤʘʶʪʴ ʥʘʜʥʦʨʤʘʪʠʚʥʽ ʢʨʝʥʠ, ʩʧʝʮʽʘʣʽʩʪʘʤʠ 

ɿʘʧʦʨʽʟʴʢʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ɼʇ ʅɼɯɹʂ ʪʘ ʜʝʧʘʨʪʘʤʝʥʪʫ ʟ ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʠʤ 

ʛʦʩʧʦʜʘʨʩʪʚʦʤ ɿʘʧʦʨʽʟʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʟʘʪʚʝʨʜʞʝʥʘ çʇʨʦʛʨʘʤʘ ʟ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʜʝʬʦʨʤʘʮʽʷʤʠ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʚ ʤ. ɿʘʧʦʨʽʞʞʽ ʪʘ ʫʩʫʥʝʥʥʷ ʾʭ 

ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ʥʘ 2017-2021ʨʨ.è. ʆʙôʻʤ ʬʽʥʘʥʩʫʚʘʥʥʷ ʟ ʤʽʩʮʝʚʦʛʦ ʙʶʜʞʝʪʫ ʧʦ ʮʽʡ 

ʧʨʦʛʨʘʤʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚ ʨʦʟʤʽʨʽ 32240 ʪʠʩ.ʛʨʥ. 

ʇʨʦʛʨʘʤʘ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ ʨʦʙʽʪ: ʚʠʟʥʘʯʝʥʥʷ ʧʣʘʥʦʚʦ-ʚʠʩʦʪʥʦʛʦ ʧʦʣʦʞʝʥʥʷ 

ʙʣʦʢ-ʩʝʢʮʽʡ, ʫʩʪʘʥʦʚʣʝʥʥʷ ʮʠʢʣʽʯʥʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʙʫʜʽʚʣʷʤʠ, ʦʙʩʪʝʞʝʥʥʷ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʠʥʢʽʚ, ʨʦʟʨʦʙʢʘ ʧʨʦʝʢʪʥʦ-ʢʦʰʪʦʨʠʩʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ ʫʩʫʥʝʥʥʷ 

ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ʙʣʦʢ-ʩʝʢʮʽʡ, ʚʠʢʦʥʘʥʥʷ ʙʫʜʽʚʝʣʴʥʦ-ʤʦʥʪʘʞʥʠʭ ʨʦʙʽʪ ʧʦ ʫʩʫʥʝʥʥʶ 

ʢʨʝʥʽʚ ʙʫʜʠʥʢʽʚ.  

ɺʠʢʦʥʘʚʮʷʤʠ ʨʦʙʽʪ ʧʦ ʧʨʦʛʨʘʤʽ ʷʚʣʷʶʪʴʩʷ ɿʘʧʦʨʽʟʴʢʝ ʚʽʜʜʽʣʝʥʥʷ ɼʇ ʅɼɯɹʂ ʪʘ ʊʆɺ 

çɻʽʜʨʦʩʧʝʮʙʫʜè. ɼʝʧʘʨʪʘʤʝʥʪ ʟ ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʠʤ ʛʦʩʧʦʜʘʨʩʪʚʦʤ 

ɿʘʧʦʨʽʟʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ ʟʜʽʡʩʥʶʻ ʢʦʥʪʨʦʣʴ ʪʘ ʥʝʩʝ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʚʠʢʦʥʘʥʥʷ 

ʧʨʦʛʨʘʤʠ. 

ʈʦʙʦʪʠ ʟ ʚʠʤʽʨʶʚʘʥʥʷ ʧʣʘʥʦʚʦ-ʚʠʩʦʪʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʙʣʦʢ-ʩʝʢʮʽʡ 63 ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ 

ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʫ 2017ʨ. ʚ 5 ʨʘʡʦʥʘʭ ʤ. ɿʘʧʦʨʽʞʞʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟ 269 

ʜʝʚôʷʪʠʧʦʚʝʨʭʦʚʠʭ ʙʣʦʢ-ʩʝʢʮʽʡ 145 ʤʘʶʪʴ ʥʘʜʥʦʨʤʘʪʠʚʥʠʡ ʢʨʝʥ, ʘ 79 ʙʣʦʢ-ʩʝʢʮʽʡ 

ʟʽʪʢʥʫʣʠʩʴ ʤʽʞ ʩʦʙʦʶ, ʘʙʦ ʟ ʧʦʨʷʜ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʞʠʪʣʦʚʠʤʠ ʙʫʜʠʥʢʘʤʠ. ʋ 2017-2018ʨʨ. 

ʙʫʣʦ ʚʠʢʦʥʘʥʝ ʦʙʩʪʝʞʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 18 ʙʣʦʢ-ʩʝʢʮʽʡ ʪʘ ʨʦʟʨʦʙʣʝʥʦ 9 ʧʨʦʝʢʪʽʚ 

ʫʩʫʥʝʥʥʷ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ʙʫʜʠʥʢʽʚ. ʇʦʯʠʥʘʶʯʠ ʟ ɯɯɯ ʢʚʘʨʪʘʣʫ 2018ʨ. ʊʆɺ 

çɻʽʜʨʦʩʧʝʮʙʫʜè ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʨʦʙʦʪʠ ʧʦ ʫʩʫʥʝʥʥʶ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ʪʨʴʦʭ ʙʣʦʢ-

ʩʝʢʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʚʠʙʫʨʶʚʘʥʥʷ ˇʨʫʥʪʫ ʟ ʧʽʜʦʰʚʠ 

ʬʫʥʜʘʤʝʥʪʫ (ʨʠʩ. 1). ʄʘʢʩʠʤʘʣʴʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʝʨʭʘ ʜʝʚôʷʪʠʧʦʚʝʨʭʦʚʠʭ ʚʝʣʠʢʦʧʘʥʝʣʴʥʠʭ 

ʞʠʪʣʦʚʠʭ ʙʣʦʢ-ʩʝʢʮʽʡ ʚʽʜ ʚʝʨʪʠʢʘʣʽ ʜʦʨʽʚʥʶʚʘʣʠʩʴ 270é313 ʤʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʦʩʽʜʘʥʴ ʬʫʥʜʘʤʝʥʪʽʚ, ʙʣʦʢ-ʩʝʢʮʽʾ ʟʽʰʪʦʚʭʥʫʣʠʩʷ ʥʘ ʜʽʣʷʥʢʘʭ 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʰʚʽʚ. ʈʦʙʦʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʙʝʟ ʚʽʜʩʝʣʝʥʥʷ ʤʝʰʢʘʥʮʽʚ, ʧʨʠ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʤʫ ʩʫʧʨʦʚʦʜʽ ɿʘʧʦʨʽʟʴʢʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ɼʇ ʅɼɯɹʂ. 

 

ʈʠʩ. 1  ɺʠʢʦʥʘʥʥʷ ʙʫʨʦʚʠʭ ʨʦʙʽʪ ʥʘ ʦʙôʻʢʪʽ 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʩʫʧʨʦʚʽʜ ʤʘʚ ʥʘʩʪʫʧʥʽ ʩʢʣʘʜʦʚʽ: ʛʝʦʜʝʟʠʯʥʠʡ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ 

ʤʦʥʽʪʦʨʠʥʛ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʤʽʨʶʚʘʣʴʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ çʄʦʥʽʪʦʨʠʥʛè, ʦʮʽʥʢʘ 

ʚ ʧʨʦʮʝʩʽ ʚʠʨʽʚʥʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ, ʢʦʨʠʛʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʽʪʦʨʠʥʛʫ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʙʫʜʽʚʣʽ ʧʽʜ ʯʘʩ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʽ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʽʪ, ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʽʚ ʟʚʦʨʦʪʥʴʦʾ 

ʟʘʩʠʧʢʠ ʢʦʪʣʦʚʘʥʽʚ ʪʘ ʽʥ. 
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ʾʭ ʥʘʜʥʦʨʤʘʪʠʚʥʠʭ ʢʨʝʥʽʚ ʥʘ 2017-2021ʨʨ.è, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ ʟʘ ʫʯʘʩʪʶ ʽʥʚʝʩʪʦʨʘ, ʥʘʫʢʠ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ. 
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ʐɸʈʋɺɸʊɯ ɿɸʃɯɿʆɹɽʊʆʅʅʆ-ʇɯʅʆɹɽʊʆʅʅɯ ʇʃʀʊʀ ʇɽʈɽʂʈʀʊʊʗ 

ʐʘʨʫʚʘʪʽ ʟʘʣʽʟʦʙʝʪʦʥʥʦ-ʧʽʥʦʙʝʪʦʥʥʽ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ï ʮʝ ʽʥʥʦʚʘʮʽʡʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ, ʷʢʽ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʰʘʨ ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ, ʰʘʨ ʙʝʟʘʚʪʦʢʣʘʚʥʦʛʦ 

ʧʽʥʦʙʝʪʦʥʫ ʪʘ ʧʨʦʩʪʦʨʦʚʠʡ ʘʨʤʘʪʫʨʥʠʡ ʢʘʨʢʘʩ ʫ ʚʠʛʣʷʜʽ ʪʨʠʛʨʘʥʥʦʾ ʧʨʠʟʤʠ, ʷʢʠʡ ʦʙôʻʜʥʫʻ 

ʤʽʞ ʩʦʙʦʶ ʜʚʘ ʰʘʨʠ ʨʽʟʥʠʭ ʙʝʪʦʥʽʚ ʚ ʻʜʠʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʫ ʰʘʨʫʚʘʪʠʭ 

ʟʘʣʽʟʦʙʝʪʦʥʥʦ-ʧʽʥʦʙʝʪʦʥʥʠʭ ʧʣʠʪʘʭ ʧʝʨʝʢʨʠʪʪʷ ʪʨʴʦʭ ʚʠʜʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ 

ʨʽʟʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ, ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ, ʟʤʝʥʰʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʙʫʜʽʚʥʠʮʪʚʘ, 

ʧʦʢʨʘʱʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʧʦʨʫʜ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘʛʘʣʴʥʠʤ ʚʠʤʦʛʘʤ 

ʩʫʯʘʩʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ [1, 2]. 

ʆʜʥʘʢ, ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʘʨʫʚʘʪʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʦ-ʧʽʥʦʙʝʪʦʥʥʠʭ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ ʫ 

ʙʫʜʽʚʥʠʮʪʚʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʘʨʛʫʤʝʥʪʦʚʘʥʽ ʧʨʦʧʦʟʠʮʽʾ ʜʦ ʾʭ ʨʦʟʨʘʭʫʥʢʫ, ʷʢʽ ʧʦʚʠʥʥʽ 

ˇʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʩʫʤʽʩʥʫ ʨʦʙʦʪʫ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʘʞʢʦʛʦ 

ʙʝʪʦʥʫ, ʙʝʟʘʚʪʦʢʣʘʚʥʦʛʦ ʧʽʥʦʙʝʪʦʥʫ ʪʘ ʩʪʝʨʞʥʝʚʦʾ ʘʨʤʘʪʫʨʠ. ɺʘʨʪʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʽ ʥʘ ʪʝ, 

ʱʦ ʜʽʶʯʽ ʥʦʨʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ [3, 4] ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʘʭʫʥʢʦʚʦ ʦʮʽʥʠʪʠ ʪʽʣʴʢʠ 

ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʢʨʠʪʪʷ ʽ ʥʝ ʜʘʶʪʴ ʟʤʦʛʠ ʚʩʪʘʥʦʚʠʪʠ ʽʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ 

ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ, ʷʢʽ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʙʫʜʽʚʝʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʟ 

ʨʽʟʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1]. 

ʈʦʟʨʘʭʫʥʦʢ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʰʘʨʫʚʘʪʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʦ-ʧʽʥʦʙʝʪʦʥʥʠʭ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʤʦʤʝʥʪʫ ʟʛʠʥʫ, ʷʢʠʡ ʩʧʨʠʯʠʥʷʻ 

ʨʫʡʥʫʚʘʥʥʷ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ. ʎʝʡ ʛʨʘʥʠʯʥʠʡ ʤʦʤʝʥʪ ʟʛʠʥʫ ʜʦʮʽʣʴʥʦ 

ʚʠʟʥʘʯʘʪʠ ʽʟ ʫʤʦʚʠ ʨʽʚʥʦʚʘʛʠ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʫ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ 

ʰʘʨʫʚʘʪʦʾ ʟʘʣʽʟʦʙʝʪʦʥʥʦ-ʧʽʥʦʙʝʪʦʥʥʦʾ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ. ʇʨʠ ʮʴʦʤʫ, ʨʦʟʨʘʭʫʥʦʢ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʰʘʨʫʚʘʪʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʦ-ʧʽʥʦʙʝʪʦʥʥʠʭ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ ʧʨʦʚʦʜʷʪʴ ʥʘ ʦʩʥʦʚʽ 

ʛʽʧʦʪʝʟʠ ɹʝʨʥʫʣʣʽ ʱʦʜʦ ʧʣʦʩʢʠʭ ʧʝʨʝʨʽʟʽʚ ʪʘ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʚʘʞʢʦʛʦ 

ʙʝʪʦʥʫ, ʙʝʟʘʚʪʦʢʣʘʚʥʦʛʦ ʧʽʥʦʙʝʪʦʥʫ ʪʘ ʩʪʝʨʞʥʝʚʦʾ ʘʨʤʘʪʫʨʠ. ʆʢʨʽʤ ʮʴʦʛʦ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʤʧʣʝʢʩʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ ʧʨʠʡʤʘʻʪʴʩʷ ʜʚʦʣʽʥʽʡʥʘ (ʧʨʷʤʦʢʫʪʥʦ-

ʪʨʠʢʫʪʥʘ) ʝʧʶʨʘ ʥʘʧʨʫʞʝʥʴ ʩʪʠʩʢʫ ʙʝʟʘʚʪʦʢʣʘʚʥʦʛʦ ʧʽʥʦʙʝʪʦʥʫ ʪʘ ʚʨʘʭʦʚʫʻʪʴʩʷ ʪʝ, ʱʦ 

ʜʝʬʦʨʤʘʮʽʾ ʚʝʨʭʥʴʦʾ ʩʪʠʩʥʫʪʦʾ ʬʽʙʨʠ ʙʝʟʘʚʪʦʢʣʘʚʥʦʛʦ ʧʽʥʦʙʝʪʦʥʫ ʪʘ ʥʠʞʥʴʦʾ ʨʦʟʪʷʛʥʫʪʦʾ 

ʬʽʙʨʠ ʥʠʞʥʴʦʾ ʧʦʚʟʜʦʚʞʥʴʦʾ ʘʨʤʘʪʫʨʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʤʝʞʘʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʜʽʣʷʥʢʠ 

ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ [1]. 
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ʋʥʽʚʝʨʩʠʪʝʪ çʇʽʚʥʽʯè, ʤ ɺʘʨʘʞʜʽʥ, ʍʦʨʚʘʪʽʷ 

ʂʆɽʌɯʎɯɭʅʊ ʇʆʇɽʈɽʏʅʆɻʆ ʈʆɿʐʀʈɽʅʅʗ ɻʈʋʅʊɯɺ ʗʂ 

ɹɸɻɸʊʆʌɸʂʊʆʈʅʀʁ ʇɸʈɸʄɽʊʈ 

ɽʬʝʢʪʠʚʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʦʧʪʠʤʽʟʘʮʽʶ ʨʦʙʦʪʠ ʦʩʥʦʚ ʽ ʬʫʥʜʘʤʝʥʪʽʚ, ʱʦ 

ʤʽʥʽʤʽʟʫʻ ʝʢʦʣʦʛʽʯʥʠʡ ʚʧʣʠʚ ʥʘ ʽʩʥʫʶʯʫ ʤʽʩʪʦʙʫʜʽʚʥʫ ʩʝʨʝʜʫ. ɻʝʦʪʝʭʥʽʯʥʠʡ ʘʥʘʣʽʟ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʧʦʢʘʟʫʻ, ʱʦ ʾʭ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʧʦʚ'ʷʟʘʥʘ ʟ ˇʨʫʥʪʦʚʠʤʠ 

ʦʩʥʦʚʘʤʠ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʧʨʠʡʥʷʪʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ, ʙʘʟʦʚʠʭ ʧʝʨʝʜʫʤʦʚ ʽ 

ʧʨʠʧʫʱʝʥʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ çʦʩʥʦʚʘ - ʬʫʥʜʘʤʝʥʪè, ʘ ʪʘʢʦʞ ʧʨʠʨʦʜʥʦʶ ʤʽʥʣʠʚʽʩʪʶ 

ʜʝʬʦʨʤʘʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ˇʨʫʥʪʽʚ. ʉʚʦʶ ʨʦʣʴ ʚ ʮʴʦʤʫ ʚʽʜʽʛʨʘʻ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ɜ. ʋ 

ʨʦʟʨʘʭʫʥʢʘʭ ʦʩʽʜʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪ ɓ ʜʣʷ ʚʩʽʭ ʪʠʧʽʚ ˇʨʫʥʪʽʚ ʧʨʠʡʤʘʻʪʴʩʷ ʧʦʩʪʽʡʥʠʤ, ʭʦʯʘ ʚʽʥ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ ʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʤʽʥʥʠʤ. 

ʋ ʤʝʭʘʥʽʮʽ ˇʨʫʥʪʽʚ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʪʨʘʢʪʫʻʪʴʩʷ ʷʢ ʢʦʝʬʽʮʽʻʥʪ ʙʦʢʦʚʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʚʝʨʪʠʢʘʣʴʥʝ ʩʪʠʩʢʘʥʥʷ ˇʨʫʥʪʫ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʡʦʛʦ ʜʝʷʢʠʤ ʙʦʢʦʚʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʜʦʩʠʪʴ ʫʤʦʚʥʘ 

ʚʝʣʠʯʠʥʘ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʚʝʣʠʯʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʙʦʢʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʚʘʪʠ 

ʟʘ ʬʽʟʠʯʥʦʶ ʢʦʨʝʣʷʮʽʻʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʩʪʠʩʣʠʚʦʩʪʽ, 

ʚʠʟʥʘʯʝʥʠʭ ʫ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ [1, 2].  

ʆʩʽʜʘʥʥʷ ʬʫʥʜʘʤʝʥʪʫ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʩʪʘʜʽʾ ʜʝʬʦʨʤʫʚʘʥʥʷ ˇʨʫʥʪʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ, ʚ 

ʦʩʥʦʚʥʦʤʫ, ʫʱʽʣʴʥʝʥʥʷʤ, ʘ ʜʘʣʽ, ʧʦ ʤʽʨʽ ʜʦʩʷʛʥʝʥʥʷ ʷʢʦʛʦʩʴ ʛʨʘʥʠʯʥʦʛʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʧʦʧʝʨʝʯʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ çʥʝʩʫʯʦʛʦ ʩʪʦʚʧʘè ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʬʦʨʤʠ ʫʱʽʣʴʥʝʥʦʛʦ ʦʙôʻʤʫ 

ˇʨʫʥʪʫ. 

ɸʣʛʦʨʠʪʤ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʢʦʝʬʽʮʽʻʥʪʘ ʙʦʢʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʧʝʨʝʜʙʘʯʘʻ ʪʨʠ ʥʝʟʘʣʝʞʥʽ ʤʝʪʦʜʠʢʠ. 

ɺ ʷʢʦʩʪʽ ʧʝʨʰʦʛʦ ʧʨʠʡʥʷʪʦ, ʱʦ ˇʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ʧʨʫʯʘʻʪʴʩʷ ʟʦʚʥʽʰʥʴʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʶ ʟʘ ʩʭʝʤʦʶ ʦʜʥʦʦʩʥʦʛʦ ʩʪʠʩʥʝʥʥʷ çʥʝʩʫʯʦʛʦ ʩʪʦʚʧʘè ʟ ʤʦʞʣʠʚʽʩʪʶ ʡʦʛʦ 

ʦʙʤʝʞʝʥʦʛʦ ʙʦʯʢʦʧʦʜʽʙʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, ʩʪʠʩʥʫʪʦʛʦ ʥʘʚʢʦʣʠʰʥʽʤ ʤʘʩʠʚʦʤ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʙʦʢʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ: 

 
ʰ

a

SB

Hɺmax2
, (1) 

ʜʝ 2ɺmax ï ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʧʦʧʝʨʝʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ çʥʝʩʫʯʦʛʦ ʩʪʦʚʧʘè; 

Sh  ï ʦʩʽʜʘʥʥʷ ʰʪʘʤʧʫ; 

ʅʘ ï ʟʘʬʽʢʩʦʚʘʥʘ ʛʣʠʙʠʥʘ ʩʪʠʩʥʝʥʦʛʦ çʥʝʩʫʯʦʛʦ ʩʪʦʚʧʘè. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ, ʦʪʨʠʤʘʥʦʛʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʡʥʷʪʦʛʦ 

ʜʦʧʫʱʝʥʥʷ, ʙʣʠʟʴʢʘ ʜʦ ʟʥʘʯʝʥʥʷ   0,40 [2]. 

ɼʨʫʛʠʤ ʧʨʠʧʫʱʝʥʥʷʤ ʩʣʫʞʠʪʴ ʘʥʘʣʦʛʽʯʥʘ ʚʠʭʽʜʥʘ ʧʝʨʝʜʫʤʦʚʘ, ʟ ʪʽʻʶ ʣʠʰʝ ʨʽʟʥʠʮʝʶ, 
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ʱʦ çʥʝʩʫʯʠʡ ʩʪʦʚʧè ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙʤʝʞʝʥʦʛʦ, ʘʣʝ ʨʽʚʥʦʤʽʨʥʦʛʦ ʧʦ ʚʠʩʦʪʽ ʨʦʟʰʠʨʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʝʬʽʮʽʻʥʪ ʙʦʢʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʫ: 

                                             

ʰ

aʩʨ

SB

Hɺ2
                                                                  (2) 

ʜʝ 
n

ɺ
ɺ ʽ
ʩʨ

 ï ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʘ ʨʽʚʥʦʤʽʨʥʘ ʧʦ ʛʣʠʙʠʥʽ çʥʝʩʫʯʦʛʦ ʩʪʦʚʧʘè ʚʝʣʠʯʠʥʘ 

ʡʦʛʦ ʨʦʟʰʠʨʝʥʥʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʟʘ ʪʘʢʠʤ ʢʨʠʪʝʨʽʻʤ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ 

ʙʦʢʦʚʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʚʝʣʠʯʠʥʦʶ   0,30 [2]. 

ʊʨʝʪʽʡ ʧʽʜʭʽʜ ʧʦʢʘʟʫʻ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ ʧʦʰʘʨʦʚʦ ʧʦ ʛʣʠʙʠʥʽ çʥʝʩʫʯʦʛʦ 

ʩʪʦʚʧʘè. ʅʘ ʨʠʩ. 1,ʘ  ʥʘʚʝʜʝʥʦ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʚʽʜʥʦʩʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʦ ʛʣʠʙʠʥʽ 

ʦʩʥʦʚʠ ʰʪʘʤʧʽʚ. 

 
ʈʠʩ. 1 ï ɿʤʽʥʠ ʟʥʘʯʝʥʴ ʚʽʜʥʦʩʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʭ (ʘ), ʚʽʜʥʦʩʥʠʭ 

ʧʦʟʜʦʚʞʥʽʭ z (ʙ) ʜʝʬʦʨʤʘʮʽʡ ʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʧʝʨʝʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ  (ʚ) 

ʧʦ ʛʣʠʙʠʥʽ ʥʘʚʘʥʪʘʞʝʥʦʛʦ ʢʚʘʜʨʘʪʥʠʤ ʰʪʘʤʧʦʤ ʚʦʜʦʥʘʩʠʯʝʥʦʾ ʣʝʩʦʚʦʾ 

ʦʩʥʦʚʠ: ʪʦʯʢʠ ï ʰʪʘʤʧ ʧʣʦʱʝʶ 0,5 ʤ
2
, ʪʠʩʢ ʧʦ ʧʽʜʦʰʚʽ 0,3 ʄʇʘ  

ʠ ʢʨʫʞʝʯʢʠ - ʰʪʘʤʧ ʧʣʦʱʝʶ 1,0 ʤ
2
, ʪʠʩʢ ʧʦ ʧʽʜʦʰʚʽ 0,35 ʄʇʘ 

ɺʝʣʠʯʠʥʠ ʚʽʜʥʦʩʥʠʭ ʧʦʟʜʦʚʞʥʽʭ ʜʝʬʦʨʤʘʮʽʡ ʧʦ ʛʣʠʙʠʥʽ çʥʝʩʫʯʦʛʦ ʩʪʦʚʧʘè ʦʙʯʠʩʣʝʥʽ 

ʧʦʰʘʨʦʚʦ ʧʦ ʧʝʨʝʤʽʱʝʥʥʷʤ ʛʣʠʙʠʥʥʠʭ ʤʘʨʦʢ ʽ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1,ʙ. 

ʇʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ʚʽʜʧʦʚʽʜʥʠʭ ʚʝʣʠʯʠʥ ʟ ʨʠʩ. 1, ʘ, ʙ ʧʦʰʘʨʦʚʦ ʚʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ, ʝʧʶʨʠ ʟʤʽʥ ʷʢʠʭ ʧʦ ʛʣʠʙʠʥʽ çʥʝʩʫʯʦʛʦ ʩʪʦʚʧʘè ʚʽʜʦʙʨʘʞʝʥʽ ʥʘ 

ʨʠʩ. 1, ʚ [2]. 

ɹʘʟʘ ʯʠʩʣʝʥʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʩʪʠʩʣʠʚʦʩʪʽ 

ˇʨʫʥʪʦʚʠʭ ʦʩʥʦʚ ʧʦʢʘʟʫʻ, ʱʦ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʧʝʨʝʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʬʦʨʤʠ, ʨʦʟʤʽʨʽʚ, ʧʣʦʱʽ, ʛʣʠʙʠʥʠ ʟʘʢʣʘʜʝʥʥʷ ʽ ʪʠʩʢʫ ʧʦ ʧʽʜʦʰʚʽ ʬʫʥʜʘʤʝʥʪʽʚ; ʪʠʧʫ, 

ʬʽʟʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ˇʨʫʥʪʫ. ɺʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʚʝʣʠʯʠʥʠ 

ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʡʥʷʪʦʾ ʤʝʪʦʜʠʢʠ ʽ ʘʣʛʦʨʠʪʤʫ ʾʾ ʨʝʘʣʽʟʘʮʽʾ. 
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ʉʂʃɸɼʅɯ ɯʅɾɽʅɽʈʅʆ-ɻɽʆʃʆɻɯʏʅɯ ʋʄʆɺʀ ɹʋɼɯɺʅʀʎʊɺɸ 

ɿʘ ʜʫʤʢʦʶ ʬʘʭʽʚʮʽʚ [1] ʜʦ ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʥʘʣʝʞʘʪʴ ʜʽʣʷʥʢʠ, ʜʝ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚʠʪʢʫ ʩʪʘʪʠʯʥʠʭ ʘʙʦ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʛʨʫʥʪʘʭ ʚʠʥʠʢʘʶʪʴ ʜʦʜʘʪʢʦʚʽ 

ʜʝʬʦʨʤʘʮʽʾ, ʱʦ ʚʝʜʫʪʴ ʜʦ ʧʦʩʪʫʧʦʚʦʾ ʘʙʦ ʨʘʧʪʦʚʦʾ ʚʪʨʘʪʠ ʥʘʜʽʡʥʦʩʪʽ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙôʻʢʪʽʚ. 

ʊʘʢʽ ʫʤʦʚʠ ʧʦʰʠʨʝʥʽ ʤʘʡʞʝ ʥʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ʏʝʨʝʟ ʧʦʨʫʰʝʥʥʷ, ʷʢʽ ʧʦʩʪʽʡʥʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʠʨʦʜʥʽʡ ʨʽʚʥʦʚʘʟʽ, ʘ ʪʘʢʦʞ  ʚʥʘʩʣʽʜʦʢ 

ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ, ʥʘ ʪʝʨʠʪʦʨʽʾ ʙʘʛʘʪʴʦʭ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʩʪʽʡʢʝ ʧʽʜʪʦʧʣʝʥʥʷ ʟʥʘʯʥʠʭ ʪʝʨʠʪʦʨʽʡ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ - ʥʝʧʦʦʜʠʥʦʢʽ ʬʘʢʪʠ ʧʨʦʷʚʽʚ ʟʩʫʚʽʚ ʚ 

ʤʽʩʪʘʭ, ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ, ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʘʛʨʘʨʥʠʭ ʟʦʥʘʭ. 

ʋ ʩʚʽʪʦʚʦʤʫ ʚʠʤʽʨʽ ʋʢʨʘʾʥʫ ʚʚʘʞʘʶʪʴ ʢʨʘʾʥʦʶ ʧʦʤʽʨʥʠʭ ʟʘ ʧʨʦʷʚʦʤ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ, 

ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʜʥʘʢ ʧʨʦʪʷʛʦʤ ʰʝʩʪʠ ʨʦʢʽʚ ï ʟ 30.01.1997-

ʛʦ ʧʦ 01.01.2002 ʨʽʢ ï ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʠʥʠʢʣʠ 100 ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ (ʅʉ) 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʧʘʜʘʻ ʥʘ 1998 ʨʽʢ (42 ʅʉ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ), ʫ 1997 ʨʦʮʽ ʚʠʥʠʢʣʦ 20 ʅʉ, ʫ 1999-ʤʫ ï 18 ʅʉ, ʫ 2000-ʤʫ ï 6 ʅʉ, ʫ 2001-ʤʫ ï 

7 ʅʉ, ʫ 2002-ʤʫ ï 6 ʅʉ. ʅʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʅʉ ʛʝʦʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʱʦ ʚʠʥʠʢʣʠ 

ʧʨʦʪʷʛʦʤ 1997-2002 ʨʦʢʽʚ, ʧʨʠʧʘʜʘʻ ʩʘʤʝ ʥʘ ʟʩʫʚʠ (65%) ʽ ʧʽʜʪʦʧʣʝʥʥʷ (17%) [2]. 

ʋʤʦʚʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʟʩʫʚʽʚ, ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʽ ʰʪʫʯʥʠʭ ʫʤʦʚ, ʢʦʪʨʽ 

ʧʦʣʝʛʰʫʶʪʴ ʜʽʶ ʩʠʣ, ʧʦʨʫʰʫʶʯʠʭ ʨʽʚʥʦʚʘʛʫ ʤʘʩ ʛʨʫʥʪʽʚ. 

ɯʟ ʫʤʦʚ, ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʟʩʫʚʽʚ ʥʘ ʩʭʠʣʘʭ, ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʥʘʩʪʫʧʥʽ: 

ʢʣʽʤʘʪʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʘʡʦʥʫ; ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ; ʛʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ ʩʭʠʣʽʚ; ʨʦʟʚʠʪʦʢ 

ʩʫʧʫʪʥʽʭ ʝʢʟʦʛʝʥʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʷʚʠʱ (ʚʠʚʽʪʨʶʚʘʥʥʷ, ʷʨʦʫʪʚʦʨʝʥʥʷ, ʧʨʦʩʘʜʢʘ); 

ʦʩʦʙʣʠʚʦʩʪʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʫʥʪʽʚ; ʜʽʷʣʴʥʽʩʪʴ ʣʶʜʝʡ. 

ʇʝʨʽʦʜʠ ʫʪʚʦʨʝʥʥʷ ʟʩʫʚʽʚ ʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʩʫʚʥʠʭ ʨʫʭʽʚ ʥʘ ʩʭʠʣʘʭ ʩʧʽʚʧʘʜʘʶʪʴ ʟ 

ʧʝʨʽʦʜʘʤʠ ʟʘʪʷʞʥʠʭ ʜʦʱʽʚ, ʪʘʥʝʥʥʷʤ ʩʥʽʛʫ, ʪʦʤʫ ʱʦ ʮʝ ʩʧʨʠʷʻ ʟʥʘʯʥʦʤʫ ʽ ʛʣʠʙʦʢʦʤʫ 

ʧʨʦʤʦʢʘʥʥʶ ʽ ʥʘʩʠʯʝʥʥʶ ʚʦʜʦʶ ʛʨʫʥʪʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʩʧʨʘʚʣʷʶʪʴ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ ʨʽʯʦʢ 

ɼʝʩʥʘ, ʉʪʨʠʞʝʥʴ, ʉʥʦʚ ʪʘ ʆʩʪʝʨ. ɺʝʩʥʦʶ ʪʘ ʚʦʩʝʥʠ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʧʽʜʥʷʪʪʷ 

ʨʽʚʥʷ ʚʦʜʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʥʘ ʩʭʠʣʘʭ ʨʽʯʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʪʦʧʣʝʥʥʷ ʩʭʠʣʽʚ, ʘ ʽʥʦʜʽ 

ʟʥʘʯʥʠʭ ʤʽʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ. 

ɼʦʩʚʽʜ ʧʦʢʘʟʫʻ, ʱʦ ʽʥʞʝʥʝʨʥʘ ʽ ʛʦʩʧʦʜʘʨʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ ʣʶʜʠʥʠ ʯʘʩʪʦ ʩʘʤʘ ʩʪʚʦʨʶʻ 

ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʧʨʦʷʚʫ ʟʩʫʚʽʚ. ʇʽʜʨʽʟʢʘ ʩʭʠʣʽʚ, ʧʦʨʫʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʽ 

ʽʥʰʽ ʧʦʜʽʙʥʽ ʜʽʾ ʣʶʜʠʥʠ ʩʪʚʦʨʶʶʪʴ ʫʤʦʚʠ ʧʦʨʫʰʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʤʘʩ ʛʨʫʥʪʽʚ ʥʘ ʩʭʠʣʘʭ, 

ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʟʩʫʚʽʚ. 

ʇʨʠʨʦʜʥʽ ʽ ʰʪʫʯʥʽ ʫʤʦʚʠ, ʷʢʽ ʦʙʣʝʛʰʫʶʪʴ ʜʽʶ ʟʩʫʚʥʠʭ ʽ ʩʢʦʣʶʶʯʠʭ ʟʫʩʠʣʴ ʥʘ ʩʭʠʣʘʭ ʪʘ 

ʷʢʽ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʟʩʫʚʽʚ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʨʝʛʽʦʥʘʣʴʥʠʭ (ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʽʯʥʝ 

ʧʦʣʦʞʝʥʥʷ, ʛʝʦʤʦʨʬʦʣʦʛʽʷ, ʩʪʨʘʪʠʛʨʘʬʽʷ ʨʘʡʦʥʫ), ʘ ʯʘʩʪʠʥʫ ï ʜʦ ʤʽʩʮʝʚʠʭ, ʣʦʢʘʣʴʥʠʭ 

(ʧʽʜʤʠʚ, ʧʽʜʨʽʟʢʘ ʩʭʠʣʫ, ʧʦʨʫʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ, ʦʩʦʙʣʠʚʦʩʪʽ ʨʝʣʴʻʬʫ, ʢʣʽʤʘʪʠʯʥʽ 

ʫʤʦʚʠ). 

ɯʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʚʠʰʫʢʫʚʘʥʥʷ ʚʠʢʦʥʫʶʪʴ ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʪʘ ʦʮʽʥʢʠ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʝʨʠʪʦʨʽʾ (ʜʽʣʷʥʢʠ) ʙʫʜʽʚʥʠʮʪʚʘ ʜʣʷ: 

- ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʝʨʠʪʦʨʽʾ ʪʘ ʦʪʨʠʤʘʥʥʷ 

ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʨʦʝʢʪʽʚ ʙʫʜʽʚʥʠʮʪʚʘ ʪʦʱʦ;  
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- ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʧʽʜ ʜʽʻʶ ʧʨʠʨʦʜʥʠʭ ʽ ʪʝʭʥʦʛʝʥʥʠʭ 

ʬʘʢʪʦʨʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʚʧʣʠʚʽʚ ʥʘ ʝʣʝʤʝʥʪʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʩʧʦʩʦʙʽʚ ʜʦʩʷʛʥʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʩʪʘʥʫ ʮʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; 

- ʦʮʽʥʶʚʘʥʥʷ ʨʠʟʠʢʫ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʥʘ ʢʦʥʢʨʝʪʥʠʭ ʪʝʨʠʪʦʨʽʷʭ; 

- ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʝʢʪʽʚ ʟʘʭʠʩʪʫ ʪʝʨʠʪʦʨʽʡ ʪʘ ʦʢʨʝʤʠʭ ʦʙ'ʻʢʪʽʚ ʚʽʜ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʽ 

ʥʝʙʝʟʧʝʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɿʘ ʩʢʣʘʜʦʤ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʚʠʰʫʢʫʚʘʥʥʷ ʻ ʢʦʤʧʣʝʢʩʥʠʤʠ ʽ ʚʢʣʶʯʘʶʪʴ ʚʠʜʠ 

ʨʦʙʽʪ, ʷʢʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʚʠʚʯʝʥʥʷ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ, ʩʪʘʥʫ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʫʥʪʽʚ, 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʷʚʠʱ, ʘ ʪʘʢʦʞ ʥʘ ʨʦʟʨʦʙʣʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʧʨʦʛʥʦʟʽʚ ï ʧʦʰʫʢʦʚʦʛʦ ʽ ʥʦʨʤʘʪʠʚʥʦʛʦ. 

ɻʝʦʪʝʭʥʽʯʥʽ ʚʠʰʫʢʫʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ: 

- ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ, ʩʪʘʥʫ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʫʥʪʽʚ; 

- ʧʨʦʛʥʦʟ ʟʤʽʥ ʩʪʘʥʫ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʫʥʪʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ (ʟʚʦʣʦʞʝʥʥʷ, 

ʦʩʫʰʝʥʥʷ, ʪʝʨʤʽʯʥʽ ʚʧʣʠʚʠ, ʩʪʘʪʠʯʥʽ ʽ ʜʠʥʘʤʽʯʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ); 

- ʧʨʦʛʥʦʟʥʫ ʦʮʽʥʢʫ ʩʪʽʡʢʦʩʪʽ ʩʭʠʣʽʚ ʽ ʫʢʦʩʽʚ; 

- ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʽ 

ʩʪʚʦʨʝʥʥʷ ʰʪʫʯʥʠʭ ʛʝʦʪʝʭʥʽʯʥʠʭ ʤʘʩʠʚʽʚ ʛʨʫʥʪʽʚ; 

- ʨʦʟʨʦʙʣʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʽʟ ʚʣʘʰʪʫʚʘʥʥʷ ʦʩʥʦʚ, ʬʫʥʜʘʤʝʥʪʽʚ ʽ ʟʘʭʠʩʥʠʭ ʩʧʦʨʫʜ; 

- ʨʦʟʨʦʙʣʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʽ ʰʪʫʯʥʠʭ ʛʨʫʥʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʫ ʙʫʜʽʚʥʠʮʪʚʽ. 

ʃʘʙʦʨʘʪʦʨʥʽ ʨʦʙʦʪʠ ʚʠʢʦʥʫʶʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʡʥʠʭ, ʬʽʟʠʯʥʠʭ, ʤʽʮʥʽʩʥʠʭ, 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʽ ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʫʥʪʽʚ, ʘ ʪʘʢʦʞ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʛʨʫʥʪʦʚʠʭ ʚʦʜ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ, ʚʠʢʦʥʘʥʥʷ ʽʥʞʝʥʝʨʥʦ-

ʪʝʭʥʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʫʣʘʰʪʫʚʘʥʥʷ ʦʩʥʦʚ, ʬʫʥʜʘʤʝʥʪʽʚ, ʟʘʭʠʩʥʠʭ ʪʘ ʽʥʰʠʭ ʩʧʦʨʫʜ. 

ʉʢʣʘʜ ʽ ʦʙʩʷʛʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʨʦʙʽʪ ʫʩʪʘʥʦʚʣʶʶʪʴ, ʚʠʭʦʜʷʯʠ ʷʢ ʽʟ ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʚʠʰʫʢʫʚʘʥʴ, ʪʘʢ ʽ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʛʨʫʥʪʽʚ ʽʟ ʦʩʦʙʣʠʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʇʦʣʴʦʚʽ ʜʦʩʣʽʜʥʽ ʨʦʙʦʪʠ ʚʠʢʦʥʫʶʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʧʨʦ ʚʣʘʩʪʠʚʦʩʪʽ ʛʨʫʥʪʽʚ ʫ 

ʤʘʩʠʚʽ ʥʘ ʤʽʩʮʽ ʾʭ ʟʘʣʷʛʘʥʥʷ, ʟʘ ʥʝʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʤʝʪʦʜʘʤʠ; ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ (ʫʪʦʯʥʝʥʥʷ) ʧʝʨʝʭʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜ 

ʣʘʙʦʨʘʪʦʨʥʦʾ ʜʦ ʥʘʪʫʨʥʦʾ ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ ʧʽʜ ʯʘʩ ʙʫʜʽʚʥʠʮʪʚʘ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ 

ʧʽʜʚʠʱʝʥʦʛʦ ʨʽʚʥʷ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʪʘ ʫ ʨʘʡʦʥʘʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʛʨʫʥʪʽʚ ʽʟ ʦʩʦʙʣʠʚʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɻʝʦʪʝʭʥʽʯʥʽ ʚʠʰʫʢʫʚʘʥʥʷ ʫ ʧʨʦʮʝʩʽ ʙʫʜʽʚʥʠʮʪʚʘ ʟʜʽʡʩʥʶʶʪʴ ʜʣʷ: 

- ʚʠʟʥʘʯʝʥʥʷ ʬʘʢʪʠʯʥʦʾ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʪʫʨʥʽ 

ʧʘʣʽ; 

- ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʝʨʝʤʽʱʝʥʠʭ ʛʨʫʥʪʽʚ ʘʙʦ ʧʝʨʝʪʚʦʨʝʥʠʭ ʫ ʧʨʠʨʦʜʥʦʤʫ 

ʟʘʣʷʛʘʥʥʽ (ʫ ʪ.ʯ. ʢʦʥʪʨʦʣʴ ʫʱʽʣʴʥʝʥʥʷ); 

- ʨʦʟʢʦʥʩʝʨʚʘʮʽʾ ʦʙ'ʻʢʪʽʚ ʙʫʜʽʚʥʠʮʪʚʘ; 

- ʚʠʷʚʣʝʥʥʷ ʧʨʠʯʠʥ ʥʝʧʨʠʧʫʩʪʠʤʠʭ ʦʩʽʜʘʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʤʘʩʠʚʽʚ ʛʨʫʥʪʽʚ ʽ 

ʩʧʦʨʫʜʞʫʚʘʥʠʭ ʦʙ'ʻʢʪʽʚ. 

ɻʝʦʪʝʭʥʽʯʥʽ ʚʠʰʫʢʫʚʘʥʥʷ ʥʘ ʜʽʣʷʥʢʘʭ ʧʦʰʠʨʝʥʥʷ ʛʨʫʥʪʽʚ ʽʟ ʦʩʦʙʣʠʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

(ʧʨʦʩʽʜʥʽ, ʥʘʙʫʭʘʶʯʽ, ʩʣʘʙʢʽ, ʟʘʩʦʣʝʥʽ, ʝʣʶʚʽʘʣʴʥʽ, ʪʝʭʥʦʛʝʥʥʽ) ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ ʜʦ ʩʢʣʘʜʫ ʨʦʙʽʪ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʨʽʰʝʥʴ. 
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ʆʎɯʅʂɸ ʊʈʀɺɸʃʆɰ ʉʊɯʁʂʆʉʊɯ ʉʍʀʃɯɺ ɿ ɺʈɸʍʋɺɸʅʅʗʄ ʇʆɺɿʋʏʆʉʊɯ 

ɻʃʀʅʀʉʊʀʍ ɻʈʋʅʊɯɺ 

ʋ ʨʘʡʦʥʘʭ ʤʦʨʩʴʢʠʭ ʽ ʨʽʯʢʦʚʠʭ ʧʦʨʪʽʚ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʥʠʡ ʧʝʨʝʧʘʜ ʧʦʟʥʘʯʦʢ 

ʧʨʠʤʠʢʘʶʯʠʭ ʩʭʠʣʽʚ ʽ ʜʥʘ ʙʽʣʷ ʧʨʠʯʘʣʽʚ, ʱʦ ʩʪʚʦʨʶʻ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʧʨʦʷʚʫ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʟʫʯʦʩʪʽ ʛʣʠʥʠʩʪʠʭ ˇʨʫʥʪʽʚ. 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʠʚʘʣʦʾ ʤʽʮʥʦʩʪʽ ʛʣʠʥʠʩʪʠʭ ˇʨʫʥʪʽʚ çʧʣʘʰʢʘ ʧʦ 

ʧʣʘʰʮʽè, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʽʡʢʦʩʪʽ ʩʭʠʣʽʚ ʽ ʫʢʦʩʽʚ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡ ʧʦʚʟʫʯʦʩʪʽ, ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ, ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʥʝʧʨʘʚʠʣʴʥʦʾ ʾʾ ʦʮʽʥʢʠ ʪʘ, 

ʟʛʦʜʦʤ, ï ʜʦ ʘʚʘʨʽʡ ʟʚʝʜʝʥʠʭ ʥʘ ʪʘʢʠʭ ʩʭʠʣʘʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ. 

ɺ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʘ ʦʮʽʥʢʘ ʪʨʠʚʘʣʦʾ ʩʪʽʡʢʦʩʪʽ ʦʜʥʦʨʽʜʥʦʛʦ ʩʭʠʣʫ, ʱʦ ʧʨʠʤʠʢʘʻ ʜʦ 

ʧʨʠʯʘʣʫ ˉ1 ʧʦʨʪʫ ʇʽʚʜʝʥʥʠʡ ʪʝʨʠʪʦʨʽʾ ʆʜʝʩʴʢʦʛʦ ʧʨʠʧʦʨʪʦʚʦʛʦ ʟʘʚʦʜʫ. ˆʨʫʥʪʦʚʽ ʫʤʦʚʠ ʻ 

ʪʠʧʦʚʠʤʠ ʜʣʷ ʜʘʥʦʛʦ ʨʘʡʦʥʫ ʪʘ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʛʣʠʥʠ, ʚʘʧʥʷʢʫ, ʩʫʛʣʠʥʢʫ ʪʫʛʦʧʣʘʩʪʠʯʥʦʛʦ 

ʪʘ ʤʫʣʫ [1]. ʇʨʦʝʢʪʥʠʡ ʧʨʦʬʽʣʴ ʟʘʟʥʘʯʝʥʦʛʦ ʩʭʠʣʫ ʙʫʚ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʨʘʭʫʥʢʫ ʡʦʛʦ ʩʪʽʡʢʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ( ʠ ʩ) 

ʪʫʛʦʧʣʘʩʪʠʯʥʦʛʦ ʩʫʛʣʠʥʢʫ (ˇʨʫʥʪʫ ʦʩʥʦʚʠ), ʚʠʟʥʘʯʝʥʠʭ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʤʝʪʦʜʠʢʦʶ [2].  

ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʧʦʚʟʫʯʦʩʪʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʩʪʽʡʢʦʩʪʽ ʜʘʥʦʛʦ ʩʭʠʣʫ ʙʫʣʠ 

ʚʠʢʦʥʘʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʠʚʘʣʦʾ ʤʽʮʥʦʩʪʽ ˇʨʫʥʪʫ 

ʦʩʥʦʚʠ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ [3, 4], ʷʢʽ ʧʝʨʝʜʙʘʯʘʣʠ ʪʨʠ ʩʝʨʽʾ ʚʠʧʨʦʙʫʚʘʥʴ: 

ï ʩʝʨʽʷ ɯ: ʢʦʥʩʦʣʽʜʦʚʘʥʦ-ʥʝʜʨʝʥʦʚʘʥʝ (ʰʚʠʜʢʝ) ʟʨʫʰʝʥʥʷ ʟʨʘʟʢʽʚ ʥʝʧʦʨʫʰʝʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʫ ʧʨʠʣʘʜʽ ʦʜʥʦʧʣʦʱʠʥʥʦʛʦ ʟʨʽʟʫ ʤʦʜʝʣʽ ɺʉɺ-25 ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʩʪʠʪʫʪʫ 

çɻʽʜʨʦʧʨʦʝʢʪè ʟʘ ʩʭʝʤʦʶ ʙʝʟʧʝʨʝʨʚʥʦ ʟʨʦʩʪʘʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ 

2-3 ʤʤ/ʭʚ; 

ï ʩʝʨʽʷ ɯɯ: ʪʝ ʞ, ʟʨʘʟʢʽʚ ʧʦʨʫʰʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʪʦʜʦʤ çʧʣʘʰʢʘ ʧʦ ʧʣʘʰʮʽè ʧʦ 

ʥʝʟʤʦʯʝʥʽʡ ʧʦʚʝʨʭʥʽ ʟʨʽʟʫ, ʦʪʨʠʤʘʥʦʛʦ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʩʝʨʽʾ ɯ; 

ï ʩʝʨʽʷ ɯɯɯ: ʢʦʥʩʦʣʽʜʦʚʘʥʦ-ʜʨʝʥʦʚʘʥʝ (ʧʦʚʽʣʴʥʝ) ʟʨʫʰʝʥʥʷ ʟʨʘʟʢʽʚ ʥʝʧʦʨʫʰʝʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʚ ʧʨʠʣʘʜʽ ʦʜʥʦʧʣʦʱʠʥʥʦʛʦ ʟʨʽʟʫ ʤʦʜʝʣʽ ʇʉɻ-2ʄ ʢʦʥʩʪʨʫʢʮʽʾ ʽʥʩʪʠʪʫʪʫ 

çɻʽʜʨʦʧʨʦʝʢʪè ʟʘ ʧʨʠʩʢʦʨʝʥʠʤ ʤʝʪʦʜʦʤ ʧʨʦʬ. ʉ.ʉ. ɺ'ʷʣʦʚʘ ʟ ʚʠʪʨʠʤʘʥʥʷʤ ʢʦʞʥʦʛʦ 

ʩʪʫʧʝʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʉʊ/10 ʧʨʦʪʷʛʦʤ 60 ʭʚ, ʜʝ ʉʊï çʩʪʘʥʜʘʨʪʥʘè ʤʽʮʥʽʩʪʴ, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʩʝʨʽʾ ɯ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʽʚ ʩʝʨʽʾ ɯ ʙʫʣʦ ʦʪʨʠʤʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʉʊ ʠ ʉʊʩ ) çʩʪʘʥʜʘʨʪʥʦʾè ʘʙʦ 

ʫʤʦʚʥʦ-ʤʠʪʪʻʚʦʾ ʤʽʮʥʦʩʪʽ (ʉʊ), ʘ ʤʝʪʦʶ ʜʦʩʣʽʜʽʚ ʩʝʨʽʡ ɯɯ ʪʘ ɯɯɯ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʠ ʩ

) ʪʨʠʚʘʣʦʾ ʤʽʮʥʦʩʪʽ () ʛʣʠʥʠʩʪʦʛʦ ˇʨʫʥʪʫ ʟʘ ʜʚʦʤʘ ʚʢʘʟʘʥʠʤʠ ʤʝʪʦʜʘʤʠ.  

ɺʩʴʦʛʦ ʙʫʣʦ ʚʠʢʦʥʘʥʦ 54 ʚʠʧʨʦʙʫʚʘʥʥʷ (ʧʦ 18 ʢʦʞʥʦʾ ʩʝʨʽʾ) ʧʨʠ ʪʨʴʦʭ ʟʥʘʯʝʥʥʷʭ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʠʩʢʫ ʈ (0,1; 0,2 ʽ 0,3 ʄʇʘ) ʟ ʰʝʩʪʠʨʘʟʦʚʠʤ ʧʦʚʪʦʨʝʥʥʷʤ ʧʨʠ ʢʦʞʥʦʤʫ 

ʟʥʘʯʝʥʥʽ ʈ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʽ ʦʙʨʦʙʣʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 1 ʫ ʚʠʛʣʷʜʽ 

ʪʨʴʦʭ ʛʨʘʬʽʢʽʚ (1, 2 ʽ 3) ʟʘʣʝʞʥʦʩʪʽ ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʦʧʦʨʫ ʟʨʫʰʝʥʥʶ (ʥ) ʚʽʜ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʪʠʩʢʫ (ʈ). ʂʨʽʤ ʪʦʛʦ, ʥʘʚʝʜʝʥʦ ʛʨʘʬʽʢ 4 ʟʘʣʝʞʥʦʩʪʽ ʥ= f (P), ʦʪʨʠʤʘʥʠʡ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ [5] ʟʨʘʟʢʽʚ ʥʝʧʦʨʫʰʝʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʧʨʠʣʘʜʽ ʜʠʩʢʨʝʪʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʩʪʫʧʽʥʯʘʩʪʦ-ʨʝʣʘʢʩʫʶʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ.  
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ʈʠʩ. 1 ï ɻʨʘʬʽʢʠ ʟʘʣʝʞʥʦʩʪʽ 

ʥ
= f (P) ʩʫʛʣʠʥʢʫ ʪʫʛʦʧʣʘʩʪʠʯʥʦʛʦ: 1 ï ʧʦ ʜʦʩʣʽʜʘʤ ʩʝʨʽʾ I; 2 ï 

ʧʦ ʜʦʩʣʽʜʘʤ ʩʝʨʽʾ II; 3 ï ʧʦ ʜʦʩʣʽʜʘʤ ʩʝʨʽʾ III; 4 ï ʧʦ ʜʦʩʣʽʜʘʤ ʥʘ ʧʦʚʟʫʯʽʩʪʴ ʤʝʪʦʜʦʤ 

ʜʠʩʢʨʝʪʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʟ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʠʚʘʣʦʾ ʤʽʮʥʦʩʪʽ ( ʽ ʩ ) 

ʧʨʠʡʥʷʪʽ ʚ ʷʢʦʩʪʽ çʜʽʡʩʥʠʭè ʪʦʙʪʦ ʪʘʢʠʭ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʽʚ ʥʘ 

ʧʦʚʟʫʯʽʩʪʴ ʟʘ ʢʣʘʩʠʯʥʦʶ ʩʭʝʤʦʶ ʾʭ ʧʨʦʚʝʜʝʥʥʷ [4]. 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʽ ʚʝʣʠʯʠʥʠ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʧʘʩʫ ( ɿ
ʢ) ʩʪʽʡʢʦʩʪʽ ʨʦʟʛʣʷʥʫʪʦʛʦ ʩʭʠʣʫ ʤʝʪʦʜʦʤ ʢʨʫʛʣʦʮʠʣʽʥʜʨʠʯʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʢʦʚʟʘʥʥʷ ʧʦ ʩʧʨʦʱʝʥʽʡ ʬʦʨʤʫʣʽ ʈ.ʈ. ʏʫʛʘʻʚʘ [3].  

ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ɿ
ʢ=1,42; 1,21 ʽ 0,98 ʦʪʨʠʤʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʢʫʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ ʽ ʧʠʪʦʤʦʛʦ ʟʯʝʧʣʝʥʥʷ, ʚʠʟʥʘʯʝʥʠʭ ʟʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʩʝʨʽʾ ɯ, ɯɯ ʽ ɯɯɯ, ʚʽʜʧʦʚʽʜʥʦ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʧʘʩʫ ʨʦʟʛʣʷʥʫʪʦʛʦ ʩʭʠʣʫ (ɿ
ʢ), ʦʪʨʠʤʘʥʘ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʡʦʛʦ ʩʪʽʡʢʦʩʪʽ, ʚʠʢʦʥʘʥʦʛʦ ʪʠʤ ʞʝ ʤʝʪʦʜʦʤ, ʘʣʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

çʜʽʡʩʥʠʭè ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʠʚʘʣʦʾ ʤʽʮʥʦʩʪʽ ˇʨʫʥʪʫ ʦʩʥʦʚʠ, ʚʠʷʚʠʣʘʩʷ ʨʽʚʥʦʶ 0.87, 

ʱʦ ʥʘ 13% ʥʠʞʯʝ ʡʦʛʦ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʫ ʩʪʽʡʢʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʘʯʝʥʴ  ʽ ʩ , ʚʠʟʥʘʯʝʥʠʭ ʧʨʠʩʢʦʨʝʥʠʤ ʤʝʪʦʜʦʤ ʉ.ʉ. ɺ'ʷʣʦʚʘ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʜʦʧʫʩʪʠʤʫ ʧʦʭʠʙʢʫ ʚʠʢʦʥʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʘ ʦʮʽʥʶʻʪʴʩʷ 

ʚʝʣʠʯʠʥʦʶ 15%, ʧʨʠʩʢʦʨʝʥʠʡ ʤʝʪʦʜ ʧʨʦʬ. ʉ.ʉ. ɺ'ʷʣʦʚʘ ʩʣʽʜ ʚʠʟʥʘʪʠ ʮʽʣʢʦʤ ʧʨʠʡʥʷʪʥʠʤ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʪʨʠʚʘʣʦʾ ʩʪʽʡʢʦʩʪʽ ʩʭʠʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʜʝʬʦʨʤʘʮʽʡ ʧʦʚʟʫʯʦʩʪʽ ʛʣʠʥʠʩʪʠʭ ˇʨʫʥʪʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʾʭ ʦʩʥʦʚʠ. ʇʨʠ ʮʴʦʤʫ ʯʘʩ, 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʠʚʘʣʦʾ ʤʽʮʥʦʩʪʽ ʧʨʠʩʢʦʨʝʥʠʤ ʤʝʪʦʜʦʤ ʧʨʦʬ. 

ʉ.ʉ. ɺ'ʷʣʦʚʘ [4], ʚʠʷʚʣʷʻʪʴʩʷ ʩʫʪʪʻʚʦ ʤʝʥʰʝ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ çʜʽʡʩʥʠʭè 

ʟʥʘʯʝʥʴ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [5]. 
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ʉʇʆʉʆɹʀ ɿɸʇʆɹɯɻɸʅʅʗ ɺʀʉʆʃʆʋʊɺʆʈɽʅʅʖ ʅɸ ʇʆɺɽʈʍʅɯ 

ɼɽʂʆʈɸʊʀɺʅʀʍ ɹɽʊʆʅʅʀʍ ɺʀʈʆɹɯɺ ɼʃʗ ʆɻʆʈʆɼɾʋɺɸʃʔʅʀʍ 

ʂʆʅʉʊʈʋʂʎɯʁ  

ʉʫʯʘʩʥʠʡ ʜʠʟʘʡʥ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʩʢʣʘʜʥʦ ʫʷʚʠʪʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʝʢʦʨʘʪʠʚʥʠʭ ʙʝʪʦʥʥʠʭ ʣʠʮʴʦʚʠʭ ʚʠʨʦʙʽʚ ʫ ʚʠʛʣʷʜʽ ʙʣʦʢʽʚ ʪʘ ʮʝʛʣʠ ʜʣʷ ʟʚʝʜʝʥʥʷ ʧʘʨʢʘʥʽʚ 

ʪʘ ʚʣʘʰʪʫʚʘʥʥʷ ʬʘʩʘʜʽʚ ʙʫʜʽʚʝʣʴ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʾʭ ʜʦʚʛʦʚʽʯʥʽʩʪ,ʁ ʝʢʦʥʦʤʽʯʥʽʩʪʁ, 

ʝʢʦʣʦʛʽʯʥʦ  ʁ ʥʘʜʽʡʥʽʩʪʶ ʪʘ ʛʘʨʤʦʥʽʡʥʠʤ ʩʧʦʣʫʯʝʥʥʷʤ ʟ ʬʦʨʤʦʪʚʦʨʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʣʘʥʜʰʘʬʪʫ. ʃʠʮʴʦʚʽ ʙʝʪʦʥʥʽ ʚʠʨʦʙʠ ʚʠʢʦʥʫʶʪʴ ʦʜʥʦʯʘʩʥʦ ʢʦʥʩʪʨʫʢʮʽʡʥʫ ʪʘ 

ʦʙʣʠʮʶʚʘʣʴʥʫ ʬʫʥʢʮʽʾ, ʪʦʤʫ ʜʦ ʥʠʭ ʚʠʩʫʚʘʶʪʴʩʷ ʚʠʤʦʛʠ ʥʝ ʪʽʣʴʢʠ ʩʪʦʩʦʚʥʦ ʤʽʮʥʦʩʪʽ, 

ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ, ʘʣʝ ʡ ʟʙʝʨʽʛʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʽ ʜʝʢʦʨʘʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʩʪʘʥʥʻ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʽʩʪʶ ʟʘʙʘʨʚʣʝʥʥʷ ʽ ʚʽʜʩʫʪʥʽʩʪʶ 

ʚʠʩʦʣʦʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʽʚ. ɿʥʠʞʝʥʥʷ ʚʠʩʦʣʦʫʪʚʦʨʝʥʥʷ ʪʘ ʧʦʚôʷʟʘʥʦʛʦ ʟ ʥʠʤ 

ʨʫʡʥʫʚʘʥʥʷʤ ʟ ʯʘʩʦʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦ ʱʽʣʴʥʦʾ ʽ ʦʜʥʦʨʽʜʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʢʣʘʜʫ 

ʟʘʧʦʚʥʶʚʘʯʽʚ (ʛʨʘʥʽʪʥʦʛʦ ʚʽʜʩʽʚʫ, ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ), ʘ ʪʘʢʦʞ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʮʝʤʝʥʪʦʤ ʽ ʟʘʧʦʚʥʶʚʘʯʝʤ [1, 2]. ʇʽʜʚʠʱʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʙʝʪʦʥʫ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʢʨʝʤʥʝʟʝʤʠʩʪʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʫ ʚʠʛʣʷʜʽ ʤʝʣʝʥʦʛʦ ʧʽʩʢʫ ʥʘ ʟʘʤʽʥʫ ʜʦ 15% 

ʛʨʘʥʽʪʥʦʛʦ ʚʽʜʩʽʚʫ ʨʘʟʦʤ ʟ ʢʦʤʧʣʝʢʩʥʦʶ ʜʦʙʘʚʢʦʶ ʥʘ ʦʩʥʦʚʽ ʣʽʛʥʦʩʫʣʴʬʦʥʘʪʽʚ ʪʘ 

ʟʘʣʽʟʦʦʢʩʠʜʥʠʤʠ ʧʽʛʤʝʥʪʘʤʠ ʚ ʢʽʣʴʢʦʩʪʽ ʜʦ 4%, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ 

ʤʽʮʥʦʩʪʽ ʙʝʪʦʥʫ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 25%, ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ - ʜʦ 35 ʮʠʢʣʽʚ, ʟʤʝʥʰʝʥʥʷʤ 

ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʜʦ 6% [1]. ʊʘʢʦʞ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʶ ʚʠʩʦʣʽʚ ʥʘ ʧʦʚʝʨʭʥʽ  

ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʙʝʪʦʥʫ ʝʬʝʢʪʠʚʥʦʶ ʻ ʦʙôʻʤʥʘ ʛʽʜʨʦʬʦʙʽʟʘʮʽʷ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ 

ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʤʝʪʠʣʩʠʣʽʢʦʥʘʪʽʚ ʥʘʪʨʽʶ (ɻʂɾ-11ʅ) ʫ ʢʽʣʴʢʦʩʪʽ 

0,2é0,4% ʚʽʜ ʤʘʩʠ ʮʝʤʝʥʪʫ, ʱʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ ʜʦ 4%. ɺʽʜʢʨʠʪʫ 

(ʢʘʧʽʣʷʨʥʫ) ʧʦʨʠʩʪʽʩʪʴ ʙʝʪʦʥʫ ʤʦʞʥʘ ʟʥʠʟʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʘʤʽʥʠ ʯʘʩʪʠʥʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ 

(ʜʦ 10%) ʤʽʢʨʦʢʘʣʴʮʠʪʦʤ, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʻ ʡ ʬʫʥʢʮʽʾ ʥʘʧʦʚʥʶʚʘʯʘ, ʨʘʟʦʤ ʽʟ 

ʟʘʤʽʥʦʶ ʯʘʩʪʠʥʠ ʛʨʘʥʽʪʥʦʛʦ ʧʽʩʢʫ (ʜʦ 20%) ʜʦʣʦʤʽʪʦʚʠʤ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʦʙʤʝʞʠʪʠ ʚʤʽʩʪ 

ʣʫʛʽʚ ʫ ʩʢʣʘʜʽ ʮʝʤʝʥʪʫ ʜʦ 0,6%. ʄʽʮʥʽʩʪʴ ʪʘʢʠʭ ʙʝʪʦʥʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 25é40 ʄʇʘ, 

ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ. ʆʪʨʠʤʘʥʽ ʚʠʨʦʙʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦʶ 

ʷʩʢʨʘʚʽʩʪʶ ʪʘ ʩʚʽʪʣʦʪʦʶ ʪʦʥʫ ʽ ʨʽʚʥʦʤʽʨʥʠʤ ʟʘʙʘʨʚʣʝʥʥʷʤ ʧʦʚʝʨʭʥʽ [1]. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʟʥʠʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʩʦʣʦʫʪʚʦʨʝʥʥʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʾ ʛʽʜʨʦʬʦʙʽʟʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʢʨʠʣʦʚʠʭ ʽ ʢʨʝʤʥʽʡʦʨʛʘʥʽʯʥʠʭ ʜʠʩʧʝʨʩʽʡ [2]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ ʟʘʧʦʚʥʶʚʘʯʽʚ ʧʽʜʽʙʨʘʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʨʘʟʦʤ ʟ ʢʦʤʧʣʝʢʩʥʠʤʠ ʧʣʘʩʪʠʬʽʢʫʶʯʠʤʠ ʜʦʙʘʚʢʘʤʠ, ʘ ʪʘʢʦʞ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙôʻʤʥʦʾ ʘʙʦ ʧʦʚʝʨʭʥʝʚʦʾ ʛʽʜʨʦʬʦʙʽʟʘʮʽʾ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʧʦʨʠʩʪʦʩʪʽ ʽ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʟʘʛʨʦʟʠ ʫʪʚʦʨʝʥʥʷ ʚʠʩʦʣʽʚ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʦʣʴʦʨʦʚʠʭ ʙʝʪʦʥʥʠʭ ʚʠʨʦʙʽʚ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʾʭ ʤʽʮʥʦʩʪʽ ʪʘ ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʋʊʆʏʅɽʅʀʍ ʄʆɼɽʃɽʁ ʄɽʍɸʅɯʂʀ ʉʋʎɯʃʔʅʆɻʆ 

ʉɽʈɽɼʆɺʀʑɸ ɼʆ ɼʆʉʃɯɼɾɽʅʅʗ ʅɸʇʈʋɾɽʅʆɻʆ ʉʊɸʅʋ ʇɯʅʀʉʊʀʍ 

ɽʃɽʄɽʅʊɯɺ ʂʆʅʉʊʈʋʂʎɯʁ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʫʯʘʩʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʧʽʥʦʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʫ ʞʦʨʩʪʢʽʩʪʴ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʥʠʟʴʢʦʶ ʛʫʩʪʠʥʦʶ, ʟʜʘʪʥʽʩʪ ɹʧʦʛʣʠʥʘʪʠ ʝʥʝʨʛʽʶ ʫʜʘʨʫ ʪʘ ʚʽʙʨʘʮʽʶ, ʚʦʣʦʜʽʶʪʴ 

ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʟʚʫʢʦʧʦʛʣʠʥʘʥʥʷ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʾʭ 

ʤʽʮʥʦʩʪʽ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʟʘ ʜʽʾ ʟʤʽʥʥʦʛʦ ʫ ʯʘʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʦʟʧʦʜʽʣ ʜʝʬʦʨʤʘʮʽʡ ʫ ʧʽʥʠʩʪʠʭ 

ʤʘʪʝʨʽʘʣʘʭ ʥʝ ʤʦʞʥʘ ʢʦʨʝʢʪʥʦ ʦʧʠʩʘʪʠ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, 

ʦʩʢʽʣʴʢʠ ʟʘʟʥʘʯʝʥʽ ʨʽʚʥʷʥʥʷ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʜʝʬʦʨʤʘʮʽʾ, ʩʧʨʠʯʠʥʝʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʥʝʧʝʨʝʨʚʥʦ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʧʦ ʚʩʴʦʤʫ ʪʽʣʫ. ʊʦʤʫ ʢʣʘʩʠʯʥʘ ʪʝʦʨʽʷ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʤʘʪʝʨʽʘʣʽʚ ʫ ʤʘʢʨʦʤʘʩʰʪʘʙʽ, ʜʝ 

ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ ʨʦʟʤʽʨʦʤ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ.  

ɼʣʷ ʧʽʥʠʩʪʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʭʘʥʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʫ ʤʘʣʠʭ 

ʤʘʩʰʪʘʙʘʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʚʝʜʽʥʢʠ ʥʘ ʤʘʢʨʦʨʽʚʥʽ. ɼʣ̫ ʪʘʢʦʛʦ ʢʣʘʩʫ ʤʘʪʝʨʽʘʣʽʚ ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʤʽʨʥʦ-ʟʘʣʝʞʥʫ ʤʝʭʘʥʽʢʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʦʟʧʦʜʽʣ ʜʝʬʦʨʤʘʮʽʡ ʫ ʩʝʨʝʜʦʚʠʱʽ. ʊʘʢʘ ʪʝʦʨʽʷ ʧʦʚʠʥʥʘ ʥʝ ʪʽʣʴʢʠ 

ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ, ʘʣʝ ʽ ʜʘʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ 

ʢʣʘʩʠʯʥʽʡ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʾʭ ʚʧʣʠʚʫ. 

ʋ ʨʦʙʦʪʽ ʜʣʷ ʚʠʚʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʧʽʥʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟʘ ʜʽʾ 

ʟʤʽʥʥʦʛʦ ʫ ʯʘʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʘʧʘʨʘʪ ʤʦʤʝʥʪʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ð 

ʢʦʥʪʠʥʫʫʤ ʂʦʩʩʝʨʘ [1]. ʋ ʨʘʤʢʘʭ ʮʽʻʾ ʪʝʦʨʽʾ ʥʘ ʨʦʟʧʦʜʽʣ ʜʝʬʦʨʤʘʮʽʡ ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʚʧʣʠʚʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ, ʘ ʽ ʤʦʞʣʠʚʽ ʾʭ ʤʽʢʨʦʧʦʚʦʨʦʪʠ.  

ɼʣʷ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʥʦʛʦ ʫ ʯʘʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ 

ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʜʝʬʝʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʨʦʟʧʦʜʽʣ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʫ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʧʦʨʦʞʥʠʥʘʤʠ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʽ ʟ 

ʧʽʥʠʩʪʦʛʦ ʧʦʣʽʫʨʝʪʘʥʫ. ʎʝʡ ʤʘʪʝʨʽʘʣ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʩʪʘʣʝʚʠʭ ʧʦʧʝʨʝʜʥʴʦ-ʽʟʦʣʴʦʚʘʥʠʭ ʪʨʫʙ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ ʟʘʜʣʷ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʧʨʠ 

ʧʦʜʘʯʽ ʪʝʧʣʘ ʫ ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ, ʘ ʪʘʢʦʞ ʧʨʠ ʫʪʝʧʣʝʥʥʽ ʢʘʨʢʘʩʥʠʭ ʙʫʜʠʥʢʽʚ.  

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʠ ʩʧʽʥʝʥʦʛʦ ʧʦʣʽʫʨʝʪʘʥʫ (ʨʠʩ. 1, ʘ) ʪʘ ʡʦʛʦ ʜʽʘʛʨʘʤʠ ʩʪʠʩʢʫ 

(ʨʠʩ. 1, ʙ) ʫ ʨʦʙʦʪʽ ʧʽʥʠʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʤʦʜʝʣʶʚʘʣʠʩʷ ʫ ʚʠʛʣʷʜʽ ʩʫʢʫʧʥʦʩʪʽ ʩʪʽʣʴʥʠʢʦʚʠʭ 

ʩʪʨʫʢʪʫʨ (ʨʠʩ. 1, ʚ). ʇʨʠ ʮʴʦʤʫ ʧʨʠʡʤʘʣʦʩʷ, ʱʦ ʟʘ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʨʝʙʨʘ ʪʘʢʦʾ ʩʪʨʫʢʪʫʨʠ 

ʥʝ ʪʽʣʴʢʠ ʨʦʟʪʷʛʫʶʪʴʩʷ, ʘ ʽ ʧʦʚʝʨʪʘʶʪʴʩʷ, ʱʦ ʻ ʥʘʩʣʽʜʢʦʤ ʾʭ ʰʘʨʥʽʨʥʦʛʦ ʢʨʽʧʣʝʥʥʷ ʪʘ 

ʦʩʴʦʚʦʛʦ ʨʦʟʪʷʛʫʚʘʥʥʷ (ʨʠʩ. 1, ʚ). 

    
  ʘ)     ʙ)    ʚ) 

ʈʠʩ. 1 ï ɿʨʽʟ ʩʪʨʫʢʪʫʨʠ (50) ʘ), ʜʽʘʛʨʘʤʘ ʩʪʠʩʢʫ ʙ) ʪʘ ʤʦʜʝʣʴ ʚ) ʧʽʥʠʩʪʦʛʦ ʧʦʣʽʫʨʝʪʘʥʫ 
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ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟʘ ʥʝʩʪʘʮʽʦ-

ʥʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʤʦʤʝʥʪʥʦʛʦ ʢʦʥʪʠʥʫʫʤʫ ʂʦʩʩʝʨʘ [1]: 

 
,

,

,

,

ji j i i

kji ij jk j k k

X u

Y I
, (1) 

ʜʝ ( , ), ( , )i ku t tx x  ð ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʽʚ ʧʝʨʝʤʽʱʝʥʴ ʪʘ ʤʽʢʨʦʧʦʚʦʨʦʪʽʚ, 
1 2,x xx ; 

,i kX Y  ï ʢʦʤʧʦʥʝʥʪʠ ʚʝʢʪʦʨʘ ʤʘʩʦʚʠʭ ʩʠʣ ʪʘ ʤʦʤʝʥʪʥʠʭ ʟʫʩʠʣʴ; 

 ï ʛʫʩʪʠʥʘ; 

ɯ ï ʽʥʝʨʮʽʷ ʦʙʝʨʪʘʥʥʷ ʦʜʠʥʠʯʥʦʛʦ ʦʙôʻʤʫ; 

,ji ji  ð ʩʠʣʦʚʽ ʪʘ ʤʦʤʝʥʪʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʟʘʜʘʚʘʣʠʩʷ ʫ ʬʦʨʤʽ [2]: 

 
( ) ( ) ,

( ) ( ) ,

ji ji ij kk ij

ji ji ij kk ij

, (2) 

ʜʝ , , ,  ï ʧʨʫʞʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʫ ʫ ʢʦʥʪʠʥʫʫʤʽ ʂʦʩʩʝʨʘ; 

,  ï ʩʪʘʣʽ ʃʷʤʝ; 

,ij i j kji ku  ï ʥʝʩʠʤʝʪʨʠʯʥʠʡ ʪʝʥʟʦʨ ʜʝʬʦʨʤʘʮʽʡ; 

,ij i j  ï ʪʝʥʟʦʨ ʟʛʠʥʫ-ʢʨʫʯʝʥʥʷ; 

ijk ï ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʡ ʪʝʥʟʦʨ ʃʝʚʽ-ʏʽʚʽʪʘ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʫ ʦʙʣʘʩʪʽ ʌʫʨôʻ-ʟʦʙʨʘʞʝʥʴ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʜʣʷ ʢʦʥʪʠʥʫʫʤʫ ʂʦʩʩʝʨʘ 

ʤʝʪʦʜ ʛʨʘʥʠʯʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ [3], ʫ ʚʠʧʘʜʢʫ ʚʽʜʦʤʦʛʦ ʧʨʠʢʣʘʜʝʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʛʨʘʥʠʮʽ ʧʦʨʦʞʥʠʥʠ ʧʽʥʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʧʠʩʘʥʦ ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, 

ʫ ʷʢʠʭ ʚʠʦʢʨʝʤʣʝʥʦ ʚʧʣʠʚ ʦʙʝʨʪʘʣʴʥʦ-ʟʩʫʚʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ʅʘ ʦʩʥʦʚʽ ʯʠʩʣʦʚʠʭ ʨʦʟʚôʷʟʢʽʚ  

ʧʦʙʫʜʦʚʘʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʢʽʣʴʮʝʚʠʭ, ʨʘʜʽʘʣʴʥʠʭ ʪʘ 

ʤʦʤʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʛʨʘʥʠʮʽ ʜʝʬʝʢʪʫ ʪʘ ʫ ʩʝʨʝʜʦʚʠʱʽ. ʆʨʠʛʽʥʘʣʠ ʨʦʟʨʘʭʦʚʘʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʝʨʥʝʥʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ. 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʯʠʩʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʜʠʥʘʤʽʯʥʠʭ ʢʽʣʴʮʝʚʠʭ ʪʘ ʨʘʜʽʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʨʦʟʤʽʨʫ ʢʦʤʽʨʦʢ (ʧʦʨ) ʪʘ ʩʪʘʣʠʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ ʧʽʥʠʩʪʦʛʦ 

ʧʦʣʽʫʨʝʪʘʥʫ ʥʘ ʰʚʠʜʢʽʩʪʴ ʟʘʪʫʭʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʭʚʠʣʴ. ʆʪʨʠʤʘʥʽ ʯʠʩʣʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʪʘʢʦʞ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ 

ʧʨʫʞʥʦʩʪʽ.  

ʏʠʩʣʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʧʘʨʘʪʫ ʢʦʥʪʠʥʫʫʤʫ 

ʂʦʩʩʝʨʘ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. Eringen, A.C. Microcontinuum Field Theory. I. Foundations and Solids. / A. C. Eringen ï Springer, 

New York. ï 1999. 

2. Nowacki, W. The Linear Theory of Micropolar Elasticity. / Nowacki, W. ï Springer, New York. ï 

1974. 

3. Sulym, H. Investigation of the Dynamic Stress State of Foam Media in Cosserat Elasticity / 

ʅ. Sulym, ʆ. Mikulich, V. Shvabyuk // Mechanics and Mechanical Engineering. ï 22(3), 2018. ï 

ʈʈ. 739-750. 

 

 

 

 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2019è 
 

131 

ʋɼʂ 624.94.012.45 

ʏʠʨʚʘ ʊ.ʃ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, tetyana.chyrva@gmail.com 

ʏʠʨʚʘ ɺ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʊʆɺ çʇʨʠʜʥʽʧʨʦʚôʷè, vlad.chyrva@gmail.com 

ʉʘʚʯʝʥʢʦ ɸ.ɸ. 

ɻɯʇ, ʊʆɺ "ɺʠʘʢʦʥ ʋʢʨʘʠʥʘ", pridnepr.pr@gmail.com 

ʈʦʤʘʥʝʥʢʦ ʂ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, renkr83@gmail.com 

ʇɯɼɺʀʑɽʅʅʗ ʅɽʉʋʏʆɰ ɿɼɸʊʅʆʉʊɯ ʂʆʃʆʅ ʇʃɸɺɸʃʔʅʆɻʆ ɹɸʉɽʁʅʋ 

ɹʘʩʝʡʥʠ ʪʘ ʘʢʚʘʧʘʨʢʠ ʟʘʚʞʜʠ ʢʦʨʠʩʪʫʚʘʣʠʩʷ ʚʝʣʠʢʦʶ ʧʦʧʫʣʷʨʥʽʩʪʶ. ʂʦʞʥʘ ʣʶʜʠʥʘ 

ʟʥʘʻ ʧʨʦ ʢʦʨʠʩʪʴ ʪʘ ʧʝʨʝʚʘʛʠ ʟʘʥʷʪʴ ʚʦʜʥʠʤʠ ʚʠʜʘʤʠ ʩʧʦʨʪʫ. ɸʣʝ ʘʚʘʨʽʡʥʠʡ ʩʪʘʥ ʮʠʭ 

ʩʧʦʨʫʜ ʟʘʛʨʦʞʫʻ ʷʢ ʟʜʦʨʦʚôʶ ʪʘʢ, ʥʘʚʽʪʴ, ʽ ʞʠʪʪʶ ʡʦʛʦ ʚʽʜʚʽʜʫʚʘʯʽʚ. ʉʘʤʝ ʪʦʤʫ ʾʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʧʦʪʨʝʙʫʶʪʴ ʨʝʛʫʣʷʨʥʠʭ ʦʙʩʪʝʞʝʥʴ ʟ ʤʝʪʦʶ ʫʪʦʯʥʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ, ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʽ ʧʦʰʢʦʜʞʝʥʴ, ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʥʷ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʾ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʙʦ ʞ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʤʦʥʪʫ ʪʘ ʧʽʜʩʠʣʝʥʥʷ. 

ʉʧʦʨʫʜʘ 50-ʤʝʪʨʦʚʦʛʦ ʙʘʩʝʡʥʫ ʟʘʢʨʠʪʦʛʦ ʪʠʧʫ ʚ ʇʘʣʘʮʽ ʚʦʜʥʠʭ ʚʠʜʽʚ ʩʧʦʨʪʫ ʧʨʠ 

 ɼʖʉʐ ˉ1 ʤ. ʂʨʠʚʦʛʦ ʈʦʛʫ ʦʩʪʘʥʥʽ 40 ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʫʚʘʣʘʩʴ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ 

ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ. ɿʘ ʜʦʚʛʠʡ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʤʽʥʶʚʘʣʠʩʴ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ, 

ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʪʘ ʚʠʥʠʢʘʣʠ ʧʦʰʢʦʜʞʝʥʥʷ ʚ ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʫ ʚʠʛʣʷʜʽ ʪʨʽʱʠʥ, 

ʚʽʜʰʘʨʫʚʘʥʥʷ ʙʝʪʦʥʫ ʪʘ ʢʦʨʦʟʽʾ ʘʨʤʘʪʫʨʠ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤʠ ʦʙʩʪʘʚʠʥʘʤʠ, ʘʢʪʫʘʣʴʥʠʤ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ 

ʥʝʩʫʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʦʨʫʜʠ ʙʘʩʝʡʥʫ, ʘ ʪʘʢʦʞ ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʟʘʭʦʜʽʚ ʧʦ ʫʩʫʥʝʥʥʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʪʘ ʽʥʰʠʭ ʚʠʷʚʣʝʥʠʭ ʜʝʬʝʢʪʽʚ. 

ʄʝʪʦʶ ʧʨʦʚʝʜʝʥʠʭ ʟʘʭʦʜʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʪʘ ʜʝʬʝʢʪʽʚ ʚ ʢʦʣʦʥʘʭ ʪʘ 

ʥʘʜʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʾʭ ʫʩʫʥʝʥʥʷ, ʘ ʛʦʣʦʚʥʝ ð ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʩʧʦʨʫʜʠ ʪʘ ʙʝʟʧʝʢʠ ʚʽʜʚʽʜʫʚʘʯʽʚ. ʑʦʜʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʘʩʧʝʢʪʫ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ ð 

ʧʨʦʚʝʜʝʥʥʷ ʧʣʘʥʦʚʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʪʘ ʫʩʫʥʝʥʥʷ ʚʠʷʚʣʝʥʦʛʦ ʜʝʬʝʢʪʫ ʟʘʚʞʜʠ 

ʦʙʭʦʜʠʪʴʩʷ ʥʘʙʘʛʘʪʦ ʜʝʰʝʚʰʠʤ, ʥʽʞ ʣʽʢʚʽʜʘʮʽʷ ʘʚʘʨʽʾ. 

ʅʘ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʦʙʩʪʝʞʝʥʥʷ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʢʦʣʦʥ: 

- ʚʽʜʰʘʨʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ, ʦʛʦʣʝʥʥʷ ʽ ʢʦʨʦʟʽʷ ʘʨʤʘʪʫʨʥʠʭ ʩʪʝʨʞʥʽʚ ʜʦ 10% 

ʾʭ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ; 

- ʚʽʜʰʘʨʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ ʙʝʟ ʦʛʦʣʝʥʥʷ ʘʨʤʘʪʫʨʠ; 

- ʧʦʧʝʨʝʯʥʘ ʪʨʽʱʠʥʘ ʧʦ ʧʝʨʠʤʝʪʨʫ ʢʦʣʦʥʠ ʚ ʤʽʩʮʽ ʥʠʞʥʴʦʛʦ ʧʦʷʩʫ ʙʘʣʦʢ, ʷʢʽ ʟôʻʜʥʘʥʥʽ ʟ 

ʢʦʣʦʥʦʶ; 

- ʚʽʜʰʘʨʫʚʘʥʥʷ ʙʝʪʦʥʫ ʟ ʦʛʦʣʝʥʥʷʤ ʘʨʤʘʪʫʨʠ ʜʦ 30% ʧʝʨʝʨʽʟʫ ʢʦʣʦʥʠ ʚʠʩʦʪʦʶ 2,5 

ʤʝʪʨʽʚ; 

- ʢʦʨʦʟʽʷ ʤʝʪʘʣʝʚʦʾ ʦʙʦʡʤʠ ʟʘʣʽʟʦʙʝʪʦʥʥʦʾ ʢʦʣʦʥʠ ʜʦ 5%; 

- ʚʽʜʰʘʨʫʚʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʙʝʪʦʥʫ ʟ ʦʛʦʣʝʥʥʷʤ ʪʘ ʜʝʬʦʨʤʘʮʽʻʶ ʘʨʤʘʪʫʨʥʦʛʦ 

ʩʪʝʨʞʥʷ ʚ ʦʧʦʨʥʽʡ ʯʘʩʪʠʥʽ ʢʦʣʦʥʠ ʪʘ ʙʘʣʢʠ. 

ʅʘʡʥʝʙʝʟʧʝʯʥʽʰʠʤ ʜʝʬʝʢʪʦʤ, ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʻ ʚʽʜʰʘʨʫʚʘʥʥʷ ʙʝʪʦʥʫ ʟ ʦʛʦʣʝʥʥʷʤ 

ʘʨʤʘʪʫʨʠ ʜʦ 30%, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʦʙʚʘʣʝʥʥʷ ʜʘʭʫ ʧʣʘʚʘʣʴʥʦʛʦ ʙʘʩʝʡʥʫ.  

ɼʣʷ ʫʩʫʥʝʥʥʷ ʜʝʬʝʢʪʫ ʦʙʨʘʥʠʡ ʤʝʪʦʜ ʚʣʘʰʪʫʚʘʥʥʷ ʤʦʥʦʣʽʪʥʦʾ ʦʙʦʡʤʠ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ɺɯɼʍʆɼɯɺ ʊɽʇʃʆɽʅɽʈɻɽʊʀʂʀ ɼʃʗ ʆʊʈʀʄɸʅʅʗ 

ʂʆʄʇʆɿʀʎɯʁʅʀʍ ɺËʗɾʋʏʀʍ ʉʀʉʊɽʄ  

ʇʨʦʙʣʝʤʘ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʪʦʾʪʴ ʜʫʞʝ 

ʛʦʩʪʨʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʝʨʝʭʽʜ ʩʫʯʘʩʥʠʭ ʪʝʧʣʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ʊɽʉ) ʥʘ ʙʝʟʚʽʜʭʦʜʥʝ 

ʛʘʟʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ. ɿʘ ʦʜʥʫ ʜʦʙʫ ʥʘ ʊɽʉ ʤʦʞʝ ʩʧʘʣʶʚʘʪʠʩʷ ʜʦ 10 ʪʠʩ. ʪ ʚʫʛʽʣʣʷ, ʧʽʩʣʷ 

ʯʦʛʦ ʟʘʣʠʰʘʻʪʴʩʷ ʢʽʣʴʢʘ ʪʠʩ. ʪ ʰʣʘʢʫ ʽ ʟʦʣʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʱʦʨʽʯʥʦ ʚ ʋʢʨʘʾʥʽ ʫʪʚʦʨʶʻʪʴʩʷ 

ʙʣʠʟʴʢʦ 6 ʤʣʥ. ʪʦʥ ʟʦʣʦʰʣʘʢʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʷʢʽ ʟʘʡʤʘʶʪʴ ʚʝʣʠʢʽ ʧʣʦʱʽ ʟʝʤʝʣʴ. 

ɿʦʣʦʰʣʘʢʦʚʽ ʚʽʜʚʘʣʠ ʻ ʩʝʨʡʦʟʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʩʢʣʘʜʫʚʘʥʥʷ ʪʘʢʠʭ ʚʽʜʭʦʜʽʚ ʧʦʨʫʰʫʻ ʝʢʦʣʦʛʽʯʥʠʡ ʙʘʣʘʥʩ ʪʝʨʠʪʦʨʽʡ. 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʣʠ ʧʨʠ 

ʚʠʨʦʙʥʠʮʪʚʽ ʨʽʟʥʠʭ ʚʠʜʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ, ʚʽʜʦʤʦ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʦʣʠ ʷʢ ʢʦʤʧʦʥʝʥʪʫ ʥʝʦʨʛʘʥʽʯʥʠʭ ʚôʷʞʫʯʠʭ ʨʝʯʦʚʠʥ, ʷʢ ʜʦʙʘʚʢʠ ʜʦ ʙʝʪʦʥʽʚ.  ɹʫʣʦ  

ʚʩʪʘʥʦʚʣʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʣʠ ʷʢ ʩʠʨʦʚʠʥʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʦʜʠʬʽʢʫʶʯʠʭ 

ʜʦʙʘʚʦʢ- ʰʪʫʯʥʠʭ ʮʝʦʣʽʪʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ  

ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʚôʷʞʫʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʙʝʪʦʥʽʚ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ ʟ ʥʘʧʝʨʝʜ 

ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʉʠʥʪʝʟʦʚʘʥʽ ʩʧʦʣʫʢʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʜʦʙʘʚʢʘʤʠ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʾ, 

ʷʢʽ, ʟʤʽʥʶʶʯʠ ʩʢʣʘʜ ʧʨʦʜʫʢʪʽʚ ʪʚʝʨʜʽʥʥʷ ʚôʷʞʫʯʠʭ ʨʝʯʦʚʠʥ, ʚʧʣʠʚʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ. ɺʽʜʦʤʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʮʝʦʣʽʪʦʚʠʭ ʧʦʨʽʜ ʜʦ 

ʩʢʣʘʜʫ ʮʝʤʝʥʪʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʾʭ ʤʽʮʥʦʩʪʽ [1], ʜʦ ʧʨʠʩʢʦʨʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʛʽʜʨʘʪʘʮʽʾ C3S, ʉ3ɸ ʽ ʮʝʤʝʥʪʫ ʪʘ ʦʪʨʠʤʘʥʥʷ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʦʾ 

ʤʽʢʨʦʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ [2]. ɺʚʝʜʝʥʥʷ ʜʦ ʩʢʣʘʜʫ ʚôʷʞʫʯʠʭ ʨʝʯʦʚʠʥ ʮʝʦʣʽʪʦʚʠʭ ʬʘʟ 

ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʩʢʣʘʜ ʧʨʦʜʫʢʪʽʚ ʪʚʝʨʜʥʝʥʥʷ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ, ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʩʠʩʪʝʤʠ [3, 4]. 

ʄʦʜʠʬʽʢʘʮʽʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʚôʷʞʫʯʠʭ ʩʠʩʪʝʤ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʟʦʣʦʰʣʘʢʦʚʽ 

ʚʽʜʭʦʜʠ,  ʮʝʦʣʽʪʦʚʠʤʠ ʜʦʙʘʚʢʘʤʠ ʰʪʫʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʽ ʥʘ ʦʩʥʦʚʽ 

ʚʽʜʭʦʜʽʚ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʫʪʠʣʽʟʫʚʘʪʠ ʤʘʢʩʠʤʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʦʛʝʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʘʣʝ ʡ ʦʙʫʤʦʚʣʶʻ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʰʪʫʯʥʦʛʦ 

ʢʘʤʝʥʶ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʥʘʨʦʱʫʚʘʥʥʷ ʤʽʮʥʦʩʪʽ  ʥʝ ʣʠʰʝ ʚ ʧʽʟʥʽ, ʘʣʝ ʡ ʚ ʨʘʥʥʽ ʩʪʨʦʢʠ 

ʪʚʝʨʜʥʝʥʥʷ, ʪʘ ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʧʽʜʚʠʱʝʥʫ ʢʦʨʦʟʽʡʥʫ 

ʩʪʽʡʢʽʩʪʴ, ʤʦʨʦʟʦ- ʪʘ ʘʪʤʦʩʬʝʨʦʩʪʽʡʢʽʩʪʴ. 
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ɸʅɸʃɯɿ ʇʈʀʏʀʅ ʇʆʏɸʊʂʆɺʀʍ ɼɽʌʆʈʄɸʎɯʁ ʇɯɼʇɯʈʅʀʍ ʉʊɯʅ  

ʇʽʜʧʽʨʥʘ ʩʪʽʥʢʘ ï ʮʝ ʩʧʦʨʫʜʘ, ʱʦ ʫʪʨʠʤʫʻ ʤʘʩʠʚ ˇʨʫʥʪʫ ʚʽʜ ʦʙʨʫʰʝʥʥʷ. 

ɿʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʧʽʜʧʽʨʥʽ ʩʪʽʥʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʤʘʩʠʚʥʽ 

(ʛʨʘʚʽʪʘʮʽʡʥʽ) ʪʘ ʪʦʥʢʦʩʪʽʥʥʽ ʧʽʜʧʽʨʥʽ ʩʪʽʥʢʠ. ɿʘ ʨʘʭʫʥʦʢ ʚʣʘʩʥʦʾ ʚʘʛʠ ʤʘʩʠʚʥʽ ʩʪʽʥʢʠ ʩʪʽʡʢʽ 

ʜʦ ʟʩʫʚʽʚ ʪʘ ʚʪʨʘʪʠ ʨʽʚʥʦʚʘʛʠ. ʉʪʽʡʢʽʩʪʴ ʪʦʥʢʦʩʪʽʥʥʠʭ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʘʛʦʶ 

ʩʪʽʥʢʠ ʪʘ ˇʨʫʥʪʫ, ʷʢʠʡ ʧʨʘʮʶʻ ʷʢ ʦʜʥʝ ʮʽʣʝ ʟ ʥʝʶ, ʘʙʦ ʞ ʟʘ ʨʘʭʫʥʦʢ ʟʘʱʝʤʣʝʥʥʷ ʥʠʞʥʴʦʾ 

ʯʘʩʪʠʥʠ ʩʪʽʥʠ. ɼʦ ʦʛʦʨʦʜʞʫʶʯʠ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʢʦʞ ʚʽʜʥʦʩʷʪʴ ʩʪʽʥʠ ʧʽʜʚʘʣʽʚ ʽ ʟʘʛʣʠʙʣʝʥʠʭ 

ʯʘʩʪʠʥ ʙʫʜʽʚʝʣʴ, ʩʪʽʥʠ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜ. ʊʘʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʨʦʙʦʪʠ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʛʥʫʯʢʽ ʪʘ ʞʦʨʩʪʢʽ. 

ɾʦʨʩʪʢʠʤʠ ʚʚʘʞʘʶʪʴ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʧʽʜ ʜʽʻʶ ʪʠʩʢʫ ˇʨʫʥʪʫ ʟʘʟʥʘʶʪʴ ʥʝʟʥʘʯʥʦʛʦ ʟʛʠʥʫ 

ʘʙʦ ʤʘʡʞʝ ʟʦʚʩʽʤ ʥʝ ʟʛʠʥʘʶʪʴʩʷ, ʪʦʤʫ ʾʭ ʚʣʘʩʥʽ ʜʝʬʦʨʤʘʮʽʾ ʥʝ ʟʤʽʥʶʶʪʴ ʭʘʨʘʢʪʝʨ ʪʠʩʢʫ ʥʘ 

ʥʝʾ ˇʨʫʥʪʫ. ʊʘʢʽ ʩʧʦʨʫʜʠ ʟʘ ʟʚʠʯʘʡ ʚʠʛʦʪʦʚʣʷʶʪʴ ʟ ʟʘʣʽʟʦʙʝʪʦʥʫ, ʙʝʪʦʥʫ, ʢʘʤʝʥʶ. ɻʥʫʯʢʽ 

ʧʽʜʧʽʨʥʽ ʩʪʽʥʢʠ ʚʠʢʦʥʫʶʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟ ʤʝʪʘʣʝʚʦʛʦ ʘʙʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʰʧʫʥʪʫ, ʪʘʢʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʥʦʩʷʪʴ ʥʘʟʚʫ ï ʰʧʫʥʪʦʚʽ ʩʪʽʥʢʠ. ʇʨʠ ʜʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʦʥʠ ʟʛʠʥʘʶʪʴʩʷ. 

ɿʘ ʭʘʨʘʢʪʝʨʦʤ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʧʽʨʥʽ ʩʪʽʥʠ ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʧʨʠʣʝʛʣʠʤʠ ʩʧʦʨʫʜʘʤʠ 

ʪʘ ʧʽʜʧʽʨʥʽ ʩʪʽʥʠ, ʷʢʽ ʚʣʘʰʪʦʚʫʶʪʴ ʦʢʨʝʤʦ. 

ʇʨʠ ʦʙʨʘʥʥʽ ʪʠʧʫ ʪʘ ʚʣʘʰʪʫʚʘʥʥʽ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʩʭʠʣʫ. 

ɺ ʏʝʨʥʽʛʦʚʽ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ, ʧʨʠ ʦʙʩʪʝʞʝʥʥʽ ʷʢʠʭ ʚʠʷʚʣʝʥʽ ʧʦʯʘʪʢʦʚʽ 

ʜʝʬʦʨʤʘʮʽʾ. ʅʘʚʝʜʝʤʦ ʜʝʢʽʣʴʢʘ ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ, ʱʦ ʙʫʣʠ ʦʙʩʪʝʞʝʥʽ ʟ ʾʭ ʢʦʨʦʪʢʠʤ ʦʧʠʩʦʤ. 

1. ʇʽʜʧʽʨʥʘ ʩʪʽʥʢʘ ɯʣʣʽʥʩʴʢʦʛʦ ʤʦʥʘʩʪʠʨʷ. ʅʘ ʧʦʯʘʪʢʫ 2018 ʨ. ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʘʨʭʽʪʝʢʪʫʨʥʦ-ʽʩʪʦʨʠʯʥʠʡ ʟʘʧʦʚʽʜʥʠʢ çʏʝʨʥʽʛʽʚ ʩʪʘʨʦʜʘʚʥʽʡè, ɼʝʧʘʨʪʘʤʝʥʪ ʢʫʣʴʪʫʨʠ ʽ 

ʪʫʨʠʟʤʫ, ʥʘʮʽʦʥʘʣʴʥʦʩʪʝʡ ʪʘ ʨʝʣʽʛʽʡ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʜʝʨʞʘʜʤʽʥʽʩʪʨʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʘʨʭʝʦʣʦʛʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʩʪʝʞʝʥʥʷ ʧʘʛʦʨʙʘ ʙʽʣʷ ɭʣʝʮʴʢʦʛʦ ʤʦʥʘʩʪʠʨʷ ʚʩʪʘʥʦʚʠʣʠ 

ʬʘʢʪ ʝʨʦʟʽʾ ˇʨʫʥʪʫ ʚʥʘʩʣʽʜʦʢ ʷʢ ʚʽʜʩʫʪʥʦʩʪʽ ʜʨʝʥʘʞʥʦʾ ʩʠʩʪʝʤʠ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ, ʪʘʢ ʽ 

ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ (ʪʘʥʝʥʥʷ ʩʥʽʛʫ ʪʘ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ). ʉʠʣʴʥʘ ʟʣʠʚʘ ʱʦ ʚʽʜʙʫʣʘʩʷ 30 

ʯʝʨʚʥʷ 2018 ʨ. ʧʨʠʟʚʝʣʘ ʜʦ ʧʦʰʢʦʜʞʝʥʴ ʩʭʠʣʽʚ ʥʘ ɺʘʣʫ, ɹʦʣʜʠʥʽʡ ʛʦʨʽ ʪʘ ʥʘ ʧʘʛʦʨʙʽ ʙʽʣʷ 

ɭʣʝʮʴʢʦʛʦ ʤʦʥʘʩʪʠʨʷ. ʋʪʚʦʨʠʣʠʩʷ ʯʠʩʣʝʥʥʽ ʧʨʦʚʘʣʣʷ ʪʘ ʟʩʫʚʠ. ʗʢʽ ʧʦʰʢʦʜʠʣʠ ʯʘʩʪʠʥʫ 

ʧʽʜʧʽʨʥʦʾ ʩʪʽʥʠ. 

2. ʅʘ ʜʽʣʷʥʮʽ ʚʽʜ ʚʫʣ. ʄʘʨʪʠʥʘ ʅʝʙʘʙʠ ʜʦ ʢʦʣʝʛʽʫʤʫ ˉ 11 ʚ ʯʝʨʚʥ ̔2017 ʨ. ʙʫʣʦ 

ʚʣʘʰʪʦʚʘʥʦ ʙʝʪʦʥʥʫ ʧʽʜʧʽʨʥʫ ʩʪʽʥʢʫ. ɺ 2018 ʨʦʮʽ ʧʽʜ ʯʘʩ ʟʥʘʯʥʠʭ ʟʣʠʚʽʚ ʟôʷʚʠʣʠʩʷ 

ʧʦʯʘʪʢʦʚʽ ʜʝʬʦʨʤʘʮʽʾ ʙʝʪʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʽʥʠ. ʊʨʽʱʠʥʠ ʚʥʠʟʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʢʨʽʟʴ ʷʢʽ 

ʧʨʦʩʦʯʫʚʘʣʘʩʷ ʚʦʣʦʛʘ. 

3. ʇʽʜʧʽʨʥʘ ʩʪʽʥʢʘ ʧʦ ʚʫʣʠʮʽ ʂʦʮʶʙʠʥʩʴʢʦʛʦ. 13 ʣʠʧʥʷ 2017 ʨ. ʧʽʜ ʯʘʩ ʩʠʣʴʥʦʛʦ ʜʦʱʫ 

ʚʦʥʘ ʥʝ ʚʠʪʨʠʤʘʣʘ ʪʘ ʯʘʩʪʢʦʚʦ ʟʘʚʘʣʠʣʠʩʷ ʙʝʪʦʥʥʽ ʙʣʦʢʠ. 

ʗʢ ʧʦʢʘʟʫʶʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʽʜʧʽʨʥʠʤʠ ʩʪʽʥʘʤʠ, ʥʘʡʙʽʣʴʰʽ ʜʝʬʦʨʤʘʮʽʾ ʚʠʢʣʠʢʘʶʪʴ 

ʟʩʫʚʠ ˇʨʫʥʪʫ, ʚʥʘʩʣʽʜʦʢ ʟʚʦʣʦʞʝʥʥʷ ˇʨʫʥʪʫ. 

ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ: 

- ʩʪʚʦʨʠʪʠ ʻʜʠʥʫ ʙʘʟʫ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʥʝʙʝʟʧʝʯʥʠʤʠ ʜʽʣʷʥʢʘʤʠ; 

- ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʶ ʟʘ ʩʪʘʥʦʤ ʧʽʜʟʝʤʥʠʭ ʚʦʜ; 

- ʫʜʦʩʢʦʥʘʣʠʪʠ ʩʠʩʪʝʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʜʪʦʧʣʝʥʠʭ ʟʝʤʝʣʴ ʪʘ ʜʽʣʷʥʦʢ, ʫʨʘʞʝʥʠʭ ʟʩʫʚʘʤʠ, 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʦʙʽʚ GIS; 

- ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʜʨʝʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ; 

- ʪʽʩʥʘ ʩʧʽʚʧʨʘʮʷ ʟ ʥʘʩʝʣʝʥʥʷʤ. 
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ʋɼʂ 624-057(477.51) 

ɯʚʘʥʠʰʠʥ ɺ.ɸ., ʜʦʢʪ. ʛʝʦʣ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ivanishin2015@gmail.com 

ɹʫʛʘʡ ɺ.ɻ. ʥʘʯʘʣʴʥʠʢ ʚʽʜʜʽʣʫ 

ɿɸʊ çʏʝʨʥʽʛʽʚʙʫʜʨʦʟʚʽʜʫʚʘʥʥʷè, 691040@ukr.net 

ʇʆʃʔʆɺɯ ʊɸ ʃɸɹʆʈɸʊʆʈʅɯ ɯʅɾɽʅɽʈʅʆ-ɻɽʆʃʆɻɯʏʅɯ ɺʀʐʋʂʋɺɸʅʅʗ 

ɼɯʃʗʅʂʀ ɺ ʄɯʂʈʆʈɸʁʆʅɯ çʄɸʉɸʅʀè ʇɯɼ ɹʋɼɯɺʅʀʎʊɺʆ 

ɹɸɻɸʊʆʇʆɺɽʈʍʆɺʀʍ ɾʀʊʃʆɺʀʍ ɹʋɼʀʅʂɯɺ 

ɼʽʣʷʥʢʘ, ʷʢʘ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʏʝʨʥʽʛʦʚʘ. ʅʘ ʥʽʡ 

ʧʨʦʙʫʨʝʥʦ 12 ʩʚʝʨʜʣʦʚʠʥ, ʪʨʠ ʰʫʨʬʠ, ʚʠʢʦʥʘʥʦ ʩʪʘʪʠʯʥʝ ʟʦʥʜʫʚʘʥʥʷ ʚ 46-ʪʠ ʪʦʯʢʘʭ, 

ʚʽʜʽʙʨʘʥʦ 126 ʤʦʥʦʣʽʪʽʚ. ɺ ʣʘʙʦʨʘʪʦʨʽʾ ʚʠʚʯʝʥʦ ʤʝʞʽ ʪʝʢʫʯʦʩʪʽ ʪʘ ʢʦʥʩʠʩʪʝʥʮʽʷ ˇʨʫʥʪʽʚ ʚ 

327 ʟʨʘʟʢʘʭ, ʱʽʣʴʥʽʩʪʴ ï ʚ 126, ʧʨʠʨʦʜʥʘ ʚʦʣʦʛʽʩʪʴ ï ʚ 327, ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ ï ʚ 13. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʽʪ ʚʨʘʭʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʚʠʰʫʢʫʚʘʥʴ ʜʣʷ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʫ ʟʘʙʫʜʦʚʠ ɯɯɯ-ʦʾ ʯʝʨʛʠ ʤʽʢʨʦʨʘʡʦʥʫ çʄʘʩʘʥʠè. 

ɿʘ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʦʟʥʘʢʘʤʠ ʜʽʣʷʥʢʘ ʨʦʙʽʪ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʏʝʨʥʽʛʽʚʩʴʢʦ ï 

ɻʦʨʦʜʥʷʥʩʴʢʽʡ ʤʦʨʝʥʥʦ-ʟʘʥʜʨʦʚʽʡ ʨʽʚʥʠʥʽ ʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ɼʥʽʧʨʦʚʩʴʢʦ-

ɼʦʥʝʮʴʢʦʾ ʟʘʧʘʜʠʥʠ, ʚ ʧʨʠʚʦʜʦʨʦʟʜʽʣʴʥʽʡ ʯʘʩʪʠʥʽ ʨʽʢ ʉʪʨʠʞʥʷ ʪʘ ɹʽʣʦʫʩʘ, ʥʘʭʠʣʝʥʘ ʥʘ 

ʩʭʽʜ, ʤʘʻ ʘʙʩʦʣʶʪʥʽ ʚʽʜʤʽʪʢʠ ʟʝʤʣʽ ʚʽʜ 142,77 ʜʦ 144,5 ʤ. ʇʝʨʝʜ ʚʠʰʫʢʫʚʘʥʥʷʤʠ ʥʝ ʙʫʣʘ 

ʟʘʙʫʜʦʚʘʥʘ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʰʫʢʫʚʘʥʴ ʧʦʙʫʜʦʚʘʥʦ ʚʽʩʽʤ ʛʝʦʣʦʛʽʯʥʠʭ ʨʦʟʨʽʟʽʚ, 46 ʜʽʘʛʨʘʤ 

ʩʪʘʪʠʯʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʠʭ ʨʦʟʯʣʝʥʦʚʘʥʦ ʨʦʟʢʨʠʪʠʡ ʛʝʦʣʦʛʽʯʥʠʡ ʨʦʟʨʽʟ ʜʦ 

ʛʣʠʙʠʥʠ 18 ʤ, ʩʢʣʘʜʝʥʠʡ ʩʫʯʘʩʥʠʤʠ ʪʝʭʥʦʛʝʥʥʠʤʠ (ˇʨʫʥʪʦ-ʨʦʩʣʠʥʠʠʡ ʰʘʨ, ʥʘʩʠʧʥʽ 

ˇʨʫʥʪʠ) ʚʽʜʢʣʘʜʘʤʠ ʟ ʥʝʨʽʚʥʦʤʽʨʥʦʶ ʱʽʣʴʥʽʩʪʶ, ʙʫʜʽʚʝʣʴʥʠʤ ʩʤʽʪʪʷʤ, ʪʦʚʱʠʥʦʶ ʜʦ 2,5 ʤ, 

ʚʝʨʭʥʴʦ - ʽ ʩʝʨʝʜʥʴʦʯʝʪʚʝʨʪʠʥʥʠʤʠ ʪʘ ʥʝʦʛʝʥʦʚʠʤʠ ʚʽʜʢʣʘʜʘʤʠ.  

ʋ ʚʝʨʭʥʴʦʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʘʭ ʚʠʚʯʝʥʽ ʝʦʣʦ-ʜʝʣʶʚʽʘʣʴʥʽ ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ ʧʽʩʢʠ (ɯɻɽ-

2) ʪʘ ʩʫʧʽʩʢʠ (ɯɻɽ-3) ʧʨʠʯʦʨʥʦʤʦʨʩʴʢʦʛʦ ʛʦʨʠʟʦʥʪʫ (ʚʝʨʩʪʚʘ ɯɯ), ʝʣʶʚʽʘʣʴʥʽ ˇʨʫʥʪʠ 

ʜʝʬʽʥʽʚʩʴʢʦʛʦ ʛʦʨʠʟʦʥʪʫ(ɯɻɽ-4) (ʚʝʨʩʪʚʘ ɯɯɯ), ʝʦʣʦ-ʜʝʣʶʚʽʘʣʴʥʽ ˇʨʫʥʪʠ ʙʫʟʴʢʦʛʦ ʛʦʨʠʟʦʥʪʫ 

(ɯɻɽ-5) (ʚʝʨʩʪʚʘ ɯV), ʝʣʶʚʽʘʣʴʥʽ ˇʨʫʥʪʠ ʧʨʠʣʫʮʴʢʦʛʦ ʛʦʨʠʟʦʥʪʫ (ɯɻɽ-6) (ʚʝʨʩʪʚʘ V).  

ʋ ʩʝʨʝʜʥʴʦʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʘʭ ʚʠʟʥʘʯʝʥʽ ʬʣʶʚʽʦʛʣʷʮʽʘʣʴʥʽ ʩʫʛʣʠʥʢʠ 

ʪʫʛʦʧʣʘʩʪʠʯʥʦʾ ʢʦʥʩʠʩʪʝʥʮʽʾ (ɯɻɽ-7) ʜʥʽʧʨʦʚʩʴʢʦʛʦ ʛʦʨʠʟʦʥʪʫ ʪʘ ʪʝʢʫʯʦʧʣʘʩʪʠʯʥʦʾ 

ʢʦʥʩʠʩʪʝʥʮʽʾ (ɯɻɽ-7ʘ) (ʚʝʨʩʪʚʘ Vɯ), ʩʫʧʽʩʢʠ ʤôʷʢʦʧʣʘʩʪʠʯʥʽ ʩʠʥʶʚʘʪʦ-ʩʽʨʽ (ɯɻɽ-8) ʪʘ ʪʝʢʫʯʽ 

(ɯɻɽ-8ʘ) (ʚʝʨʩʪʚʘ Vɯɯ), ʤʦʨʝʥʥʽ ʱʽʣʴʥʽ ʩʫʧʽʩʢʠ (ɯɻɽ-9), ʩʫʧʽʩʢʠ ʦʟʝʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʽ ʱʽʣʴʥʽ 

(ɯɻɽ-9ʘ) (ʚʝʨʩʪʚʘ Vɯɯɯ), ʩʫʛʣʠʥʢʠ ʦʟʝʨʥʦ-ʣʴʦʜʦʚʠʢʦʚʽ (ɯɻɽ-10) (ʚʝʨʩʪʚʘ ɯʍ). 

ʅʝʦʛʝʥʦʚʽ ʚʽʜʢʣʘʜʠ, ʱʦ ʟʘʣʷʛʘʶʪʴ ʛʣʠʙʰʝ 17-18ʤ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʛʣʠʥʘʤʠ ʪʚʝʨʜʦʾ 

ʢʦʥʩʠʩʪʝʥʮʽʾ (ɯɻɽ-11) (ʚʝʨʩʪʚʘ ʍ).  

ɿʘʛʘʣʦʤ ʚʠʜʽʣʝʥʦ 15 ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʛʽʜʥʦ ʟ ɼʉʊʋ-ɹ.ɺ.2.1-96 (ɻʆʉʊ 

20522-96) ʽ ʧʝʨʝʚʽʨʝʥʦ ʟʘ ʦʮʽʥʢʦʶ ʧʨʦʩʪʦʨʦʚʦʾ ʟʤʽʥʠ ʛʨʘʥʠʮʴ ʪʘ ʯʠʩʣʘ ʧʣʘʩʪʠʯʥʦʩʪʽ, 

ʩʪʫʧʝʥʷ ʚʦʣʦʛʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪʘ ʱʽʣʴʥʦʩʪʽ, ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ 

ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʢʦʥʘʥʠʭ ʨʦʙʽʪ ʟʨʦʙʣʝʥʽ ʪʘʢʽ ʚʠʩʥʦʚʢʠ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ: 

1. ̂ ʨʫʥʪʠ ɯɻɽ-3-6 ʧʨʦʩʽʜʥʽ ʧʨʠ ʜʦʜʘʪʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

2. ˆʨʫʥʪʦʚʽ ʚʦʜʠ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʛʣʠʙʠʥʽ 4,2-8,1ʤ, ʧʨʠ ʽʥʪʝʥʩʠʚʥʠʭ ʘʪʤʦʩʬʝʨʥʠʭ 

ʦʧʘʜʘʭ ʽ ʪʘʥʝʥʽ ʩʥʽʛʫ ʤʦʞʫʪʴ ʧʽʜʥʷʪʠʩʷ ʜʦ ʛʣʠʙʠʥʠ 1,4ʤ ʜʦ ʧʨʠʯʦʨʥʦʤʦʨʩʴʢʦʛʦ 

ʛʦʨʠʟʦʥʪʫ (ɯɻɽ-2,3). ʇʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʠʥʢʽʚ ʤʦʞʣʠʚʘ ʟôʷʚʘ ʚʝʨʭʦʚʦʜʢʠ ʥʘ 

ˇʨʫʥʪʘʭ ɯɻɽ-4,6. 

3. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʙʫʜʽʚʝʣʴ, ʩʧʦʨʫʜ ʯʝʨʝʟ ʤʦʞʣʠʚʝ ʧʽʜʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʧʦʪʨʽʙʥʦ 

ʧʝʨʝʜʙʘʯʘʪʠ ʛʽʜʨʦʽʟʦʣʷʮʽʶ ʬʫʥʜʘʤʝʥʪʽʚ ʽ ʧʽʜʣʦʛ ʧʽʜʚʘʣʽʚ, ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʩʪʦʢʫ, ʦʙʣʘʰʪʫʚʘʥʥʷ ʚʦʜʦʥʝʩʫʯʠʭ ʢʦʤʫʥʽʢʘʮʽʡ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʚʪʨʘʪʠ ʚʦʜʠ. 
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ʋɼʂ 539.3:534.1 

ɼʫʙʝʥʝʮʴ ɺ. ɻ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʉʘʚʯʝʥʢʦ ʆ. ɺ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʝʨʢʘʯ ʆ. ʃ., ʘʩʠʩʪʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, derkach.oleh@gmail.com 

ɺɯʃʔʅɯ ʂʆʃʀɺɸʅʅʗ ʂʆʄʇʆɿʀʊʅʆɰ ʃʆʇɸʊɯ ʊʋʈɹɯʅʀ ɺɯʊʈʆɻɽʅɽʈɸʊʆʈɸ 

ʇʈʀ ɼɯɰ ɺɯɼʎɽʅʊʈʆɺʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ 

ʇʽʜʚʠʱʝʥʥʷ ʚʽʙʨʦʤʽʮʥʦʩʪʽ ʢʦʤʧʦʟʠʪʥʠʭ ʣʦʧʘʪʝʡ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ 

ʧʨʦʙʣʝʤʦʶ ʩʫʯʘʩʥʦʾ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ. ʆʜʥʠʤ ʽʟ ʟʘʩʦʙʽʚ ʟʤʝʥʰʝʥʥʷ ʚʽʙʨʦʥʘʧʨʫʞʝʥʦʩʪʽ 

ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 

ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʤʘʪʝʨʽʘʣʽ [1]. ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʙʨʦʤʽʮʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʣʦʧʘʪʝʡ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʽ ʨʦʟʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʠʭ 

ʪʝʦʨʽʡ ʨʦʟʨʘʭʫʥʢʫ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʧʨʘʮʶʶʯʠʭ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ, ʟʦʢʨʝʤʘ, ʧʨʠ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʨʦʟʨʘʭʫʥʢʫ ʚʣʘʩʥʠʭ ʢʦʣʠʚʘʥʴ ʢʦʤʧʦʟʠʪʥʦʾ ʣʦʧʘʪʽ ʚʝʨʪʠʢʘʣʴʥʦ-

ʦʩʴʦʚʦʛʦ ʅ-ʨʦʪʦʨʘ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ (ʨʠʩ. 1, ʘ), ʷʢʘ ʟʘʚʘʥʪʘʞʝʥʘ ʚʽʜʮʝʥʪʨʦʚʠʤʠ ʩʠʣʘʤʠ ʧʨʠ 

ʦʙʝʨʪʘʥʥʽ ʨʦʪʦʨʘ ʟ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ɋ. ɻʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʦʧʘʪʽ: ʜʦʚʞʠʥʘ L 

= 5 ʤ, ʭʦʨʜʘ 0.7 ʤ; ʧʨʦʬʽʣʴ ʣʦʧʘʪʽ NACA 0020. ʉʢʣʦʚʦʣʦʢʥʦ ʚ ʝʧʦʢʩʠʜʥʽʡ ʤʘʪʨʠʮʽ ʤʘʻ ʢʫʪ 

ʘʨʤʫʚʘʥʥʷ ɗ = 45Ü ʽ ʢʦʝʬʽʮʽʻʥʪ ʘʨʤʫʚʘʥʥʷ 0.7. ɼʦʚʞʠʥʘ ʪʨʘʚʝʨʩʠ LT = 4 ʤ.  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ ʣʦʧʘʪʽ ʨʦʪʦʨʘ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ (ʨʠʩ. 1, ʙ) 

ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʝʨʞʥʝʚʠʡ ʝʣʝʤʝʥʪ, ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʨʦʟʪʷʛ-ʩʪʠʩʢ, ʟʛʠʥ ʽ ʢʨʫʯʝʥʥʷ [2, c. 56]. 

 
a) 

 
ʙ) 

ʈʠʩ. 1 ï ɺʝʨʪʠʢʘʣʴʥʦ-ʦʩʴʦʚʠʡ ʨʦʪʦʨ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ ɺʕʋ-0020 (ʘ), 

ʡʦʛʦ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʘ ʤʦʜʝʣʴ (ʙ) 

ʇʨʠ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʚʣʘʩʥʽ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ ʣʦʧʘʪʝʡ ʟʘʣʝʞʘʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ 

ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ ɋ, ʱʦ ʫ ʨʦʟʨʘʭʫʥʢʘʭ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʪʨʠʮʽ ʚʽʜʮʝʥʪʨʦʚʦʾ ñʞʦʨʩʪʢʦʩʪʽò K . ʈʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʢʦʤʧʦʟʠʪʥʦʤʫ ʤʘʪʝʨʽʘʣʽ 

ʣʦʧʘʪʽ ʚʨʘʭʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʣʝʢʩʥʦʾ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ [1]. ʊʘʢʠʤ ʯʠʥʦʤ, 
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ʯʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʟʘʪʫʭʘʶʯʠʭ ʢʦʣʠʚʘʥʴ ʣʦʧʘʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʟʥʘʯʝʥʥʷ ɋ ʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

  0ĔĔK K M , (3) 

ʜʝ M ï ʤʘʪʨʠʮʷ ʤʘʩ,  
Ĕ iK K K  ï ʢʦʤʧʣʝʢʩʥʘ ʤʘʪʨʠʮʷ ʞʦʨʩʪʢʦʩʪʽ;  
Ĕ ï ʢʦʤʧʣʝʢʩʥʝ ʚʣʘʩʥʝ ʯʠʩʣʦ (ʢʚʘʜʨʘʪ ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ). 

ʏʘʩʪʦʪʠ ʚʽʣʴʥʠʭ ʟʘʪʫʭʘʶʯʠʭ ʢʦʣʠʚʘʥʴ ʜʠʩʠʧʘʪʠʚʥʦʾ ʣʦʧʘʪʽ ʧʨʠ ʜʽʾ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ 

ʚʠʟʥʘʯʝʥʦ ʟ ʨʦʟʚ'ʷʟʢʫ ʨʽʚʥʷʥʥʷ (5.80) ʜʣʷ ʟʘʜʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ ʨʦʪʦʨʘ 

ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ n (ʦʙ/ʭʚ), ʜʝ 30n . ɼʽʘʛʨʘʤʠ ʯʘʩʪʦʪ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2 (ʘ) 

ɸʝʨʦʜʠʥʘʤʽʯʥʝ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʥʝ ʚʨʘʭʦʚʘʥʦ. 

      
          ʘ)                                        ʙ)                          ʚ)                         ʛ) 

ʈʠʩ. 2 ï ɼʽʘʛʨʘʤʘ ʂʝʤʧʙʝʣʣʘ ʜʣʷ ʥʝʩʠʤʝʪʨʠʯʥʠʭ ʬʦʨʤ ʢʦʣʠʚʘʥʴ (ʘ),  

ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʣʦʧʘʪʽ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ (ʙ-ʛ) 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ [3]. 

ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ, ʦʜʝʨʞʘʥʠʭ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ, ʧʦʢʘʟʘʣʦ ʭʦʨʦʰʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʉʘʚʯʝʥʢʦ ɽ. ɺ. ʇʘʩʩʠʚʥʦʝ ʜʝʤʧʬʠʨʦʚʘʥʠʝ ʢʦʣʝʙʘʥʠʡ ʢʦʤʧʦʟʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ: ʤʦʥʦʛʨʘʬʠʷ. / 

ɽ. ɺ. ʉʘʚʯʝʥʢʦ. ï ʅʝʞʠʥ: ñɸʩʧʝʢʪ-ʇʦʣiʛʨʘʬò, 2006. ï 232 ʩ. 

2. ɼʫʙʝʥʝʮʴ ɺ.ɻ. ʆʩʥʦʚʠ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ: ʅʘʚʯ. ʧʦʩʽʙʥʠʢ. / ɺ. ɻ. ɼʫʙʝʥʝʮʴ, 

ɺ. ɺ. ʍʽʣʴʯʝʚʩʴʢʠʡ, ʆ.ɺ.ʉʘʚʯʝʥʢʦ. ï ʏʝʨʥʽʛʽʚ: ʏɼʊʋ, 2007. ï 348 ʩ. 

3. ɼʫʙʝʥʝʮʴ ɺ.ɻ. ʈʦʟʨʘʭʫʥʦʢ ʢʦʣʠʚʘʥʴ ʣʦʧʘʪʢʠ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʜʽʾ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ / ɺ. ɻ. ɼʫʙʝʥʝʮʴ, ʆ. ɺ. ʉʘʚʯʝʥʢʦ, ʅ. ʆ. ʎʘʶʢ. // ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ ʥʘʫʢʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ 

ʽ ʥʘʚʯʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ: ʟʙʽʨʥʠʢ ʪʝʟ ʜʦʧʦʚʽʜʝʡ. ï ʏʝʨʥʽʛʽʚ: ʏʅʊʋ, 2017. ï ʉ. 32-33. 
 

 

 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2019è 
 

137 

ʋɼʂ 624.07 

ʂʘʡʜʘʰ ʄ.ɼ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 0203kmdcn@gmail.com 

ʏʀʉɽʃʔʅʀʁ ʈʆɿʈɸʍʋʅʆʂ ɻʅʋʏʂʀʍ ʅʀʊʆʂ ɯɿ ɿʆʉɽʈɽɼɾɽʅʀʄ 

ʅɸɺɸʅʊɸɾɽʅʅʗʄ 

ɻʥʫʯʢʽ ʥʠʪʢʠ ʫ ʚʠʛʣʷʜʽ ʪʨʦʩʽʚ, ʢʘʥʘʪʽʚ ʪʘ ʣʘʥʮʶʛʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʷʢ ʥʝʩʫʯʽ ʝʣʝʤʝʥʪʠ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʩʧʦʨʫʜ. ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʢʣʘʜʝʥʦ ʚ 

ʦʩʥʦʚʫ ʜʣʷ ʤʝʭʘʥʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʚʦʜʽʚ ʧʦʚʽʪʨʷʥʠʭ ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ [1, 2], 

ʥʝʩʫʯʠʭ ʪʨʦʩʽʚ ʢʘʥʘʪʥʠʭ ʪʘ ʧʽʜʚʽʩʥʠʭ ʜʦʨʽʛ [3], ʚʘʥʪʦʚʠʭ ʤʦʩʪʽʚ ʪʦʱʦ. ʄʝʪʦʶ ʨʦʟʨʘʭʫʥʢʫ 

ʩʠʩʪʝʤ ʟ ʛʥʫʯʢʠʤʠ ʥʠʪʢʘʤʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʧʨʦʚʠʩʘʥʥʷ ʪʘ ʥʘʪʷʞʽʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʫʤʦʚ 

ʢʣʽʤʘʪʠʯʥʦʛʦ ʚʧʣʠʚʫ.  

ɺ ʧʨʘʢʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʜʝʣʽ ʧʝʨʝʚʘʞʥʦ ʜʣʷ ʧʦʣʦʛʦʾ ʥʠʪʢʠ, ʫ 

ʷʢʦʾ ʩʪʨʽʣʘ ʧʨʦʚʠʩʘʥʥʷ ʻ ʩʫʪʪʻʚʦ ʤʝʥʰʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʚʞʠʥʦʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʧʨʦʛʦʥʫ. ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʬʦʨʤʘ ʢʨʠʚʦʾ ʧʨʦʚʠʩʘʥʥʷ ʤʘʻ ʚʠʛʣʷʜ 

ʢʚʘʜʨʘʪʠʯʥʦʾ ʧʘʨʘʙʦʣʠ, ʘ ʩʠʣʘ ʪʷʞʽʥʥʷ ʥʠʪʢʠ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʥʝ ʧʦ ʾʾ ʜʦʚʞʠʥʽ, ʘ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʨʷʤʽʡ.ʊʘʢʽ ʧʨʠʧʫʱʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʦʚʽʣʴʥʫ ʪʦʯʥʽʩʪʴ ʪʘ 

ʦʪʨʠʤʘʪʠ ʨʽʰʝʥʥʷ ʚ ʟʨʫʯʥʽʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʘʥʘʣʽʪʠʯʥʽʡ ʬʦʨʤʽ [4].  

ʈʦʟʨʘʭʫʥʢʦʚʽ ʤʦʜʝʣʽ ʜʣʷ ʛʥʫʯʢʠʭ ʥʠʪʦʢ ʟ ʚʝʣʠʢʠʤ ʧʨʦʚʠʩʘʥʥʷʤ ʫ ʚʠʛʣʷʜʽ ʣʘʥʮʶʛʦʚʦʾ 

ʣʽʥʽʾ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʟʥʘʯʥʦ ʚ ʤʝʥʰʽʡ ʤʽʨʽ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʩʢʣʘʜʥʦʱʘʤʠ ʧʦʙʫʜʦʚʠ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ ʪʘ ʚʠʢʦʥʘʥʥʷʤ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ. ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʨʽʚʥʽ 

ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʨʽʰʝʥʥʷ ʪʘʢʦʛʦ ʟʘʚʜʘʥʥʷ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʯʠʩʝʣʴʥʦ-

ʘʥʘʣʽʪʠʯʥʦʛʦ ʩʧʦʩʦʙʫ ʤʝʭʘʥʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʦʜʥʦʨʽʜʥʦʾ ʛʥʫʯʢʦʾ ʥʠʪʢʠ.  

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʟʘʢʨʽʧʣʝʥʥʷ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʥʫʯʢʦʾ ʥʠʪʢʠ , ʷʢʘ ʟʘʟʥʘʻ ʜʽʾ 

ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʣʘʩʥʦʾ ʩʠʣʠ ʪʷʞʽʥʥʷ ʪʘ ʚʽʜ ʚʝʨʪʠʢʘʣʴʥʠʭ ʟʦʩʝʨʝʜʞʝʥʠʭ 

ʩʠʣ G1,G2,éGk, ʱʦ ʨʦʟʧʦʜʽʣʷʶʪʴ ʥʠʪʢʫ ʥʘ n ʜʽʣʷʥʦʢ, n = k +1.  

 

ʈʠʩ. 1. ï ʉʭʝʤʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʛʥʫʯʢʦʾ ʥʠʪʢʠ 

ʌʦʨʤʫ ʢʨʠʚʦʾ ʧʨʦʚʠʩʘʥʥʷ ʥʘ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ ʧʨʠʡʥʷʪʦ ʫ ʚʠʛʣʷʜʽ ʣʘʥʮʶʛʦʚʦʾ ʣʽʥʽʾ: 

    
2

1)( C
a

Cx
chaxy ,     (1) 

ʜʝ a ï ʧʘʨʘʤʝʪʨ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʩʢʣʘʜʦʚʦʶ ʥʘʪʷ-

ʞʽʥʥʷ ʥʠʪʢʠ H ʽ ʨʦʟʧʦʜʽʣʝʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʽʜ ʩʠʣ ʪʷʞʽʥʥʷ q: a = H/q; 

ʉ1,ʉ2 ï ʢʦʥʩʪʘʥʪʠ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ʂʦʥʩʪʘʥʪʘ ʉ1 ʥʘ ʢʦʞʥʽʡ ʜʽʣʷʥʮʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʫʤʦʚʠ: 0)(xy , ʜʝ ï x-

ʢʦʦʨʜʠʥʘʪʘ ʚʝʨʰʠʥʠ ʣʘʥʮʶʛʦʚʦʾ ʣʽʥʽʾ)(xy ʥʘ ʟʘʚʜʘʥʽʡ ʜʽʣʷʥʮʽ. ʂʦʥʩʪʘʥʪʠ ʉ2 ʜʣʷ ʧʝʨʰʦʾ ʪʘ 

ʦʩʪʘʥʥʴʦʾ ʜʽʣʷʥʦʢ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ, ʚʽʜʧʦʚʽʜʥʦ: 

mailto:kmdcn@gmail.
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 0)0(xy ; hlxy )( . 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ )(),...(),( 21 xyxyxy n
ʩʣʽʜ ʚʽʜʰʫʢʘʪʠ ʜʣʷ n-2 

ʜʽʣʷʥʦʢ ʢʦʥʩʪʘʥʪʠ ʉ2, ʜʣʷ n ʜʽʣʷʥʦʢ ï ʢʦʦʨʜʠʥʘʪʠ ŭ. ʂʨʽʤ ʪʦʛʦ, ʪʘʢʦʞ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ 

ʧʘʨʘʤʝʪʨ a. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʥʝʚʽʜʦʤʠʭ ʩʪʘʥʦʚʠʪʴ 2n-1. ɼʣʷ ʾʭ ʚʠʟʥʘʯʝʥʥʷ 

ʦʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (2) ʽ (3), ʱʦ ʫʢʣʘʜʘʶʪʴʩʷ ʜʣʷ ʪʦʯʦʢ 
kxxx ,..., 21
ʥʘ ʧʽʜʩʪʘʚʽ ʫʤʦʚ 

ʨʽʚʥʦʚʘʛʠ: 

0/)/)(()/)(( 1 qaGaxshaxsh jjjjj ,   (2) 

ʜʝ j = 1,2, ék;   

xj ï x-ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʨʠʢʣʘʜʝʥʥʷ ʟʦʩʝʨʝʜʞʝʥʦʾ ʩʠʣʠ Gj; 

ŭj ï x-ʢʦʦʨʜʠʥʘʪʘ ʚʝʨʰʠʥʠ ʣʘʥʮʶʛʦʚʦʾ ʣʽʥʽʾ )(xy j ; 

ʪʘ ʫʤʦʚ ʩʫʤʽʩʥʦʩʪʽ ʣʘʥʮʶʛʦʚʠʭ ʣʽʥʽʡ: 

 )()( 1 jjjj xyxy        (3) 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (2) ʽ (3) ʩʣʽʜ ʜʦʧʦʚʥʠʪʠ ʱʝ ʦʜʥʠʤ 

ʨʽʚʥʷʥʥʷʤ, ʱʦ ʚʠʟʥʘʯʘʻ, ʥʘʧʨʠʢʣʘʜ, ʧʦʚʥʫ ʜʦʚʞʠʥʫ ʧʽʜʚʽʰʝʥʦʾ ʥʠʪʢʠ L: 

                                 .)(1...)(1)(1 22

2

0

2

1

2

1

1

Ldxydxydxy

l

x

n

x

x

x

k

 (4) 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ n = k +1, ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʷʥʴ ʚ ʩʠʩʪʝʤʽ (2), (3), (4) ʜʦʨʽʚʥʶʻ 

ʢʽʣʴʢʦʩʪʽ ʥʝʚʽʜʦʤʠʭ 2n-1.  

ʈʝʘʣʽʟʘʮʽʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʢʣʘʜʽ ʜʣʷ ʩʠʩʪʝʤʠ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ: 401x ʤ, 802x ʤ, 6h ʤ, l = 120 ʤ, L = 125 ʤ, G1 = G2 = 100 H, q = 8 H/ʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʙʯʠʩʣʝʥʴ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʘʢʝʪʫ Mathcad ʦʪʨʠʤʘʥʦ: ŭ1 = 

69,3 ʤ, ŭ2 = 57,9 ʤ, ŭ3 = 47,1 ʤ, a = 51,9 ʤ, C2 = -100 ʤ. 

ʈʦʟʧʦʜʽʣ ʥʘʪʷʞʽʥʥʷ T ʥʘ ʢʦʞʥʽʡ -̔ʡ ʜʽʣʷʥʮʽ ʥʠʪʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʫʛʦʚʦʾ ʢʦʦʨʜʠʥʘʪʠ 

s ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

    ,
)/)(cos

)(
asAarctg

aq
sT

i

l     (5) 

ʜʝ ̔ = 1,2, én; 

Ai ï ʢʦʥʩʪʘʥʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ -̔ʾ ʜʽʣʷʥʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʯʘʪʢʦʚʦʾ ʫʤʦʚʠ 

0)( 1il xS ʧʨʠ ʽʥʪʝʛʨʫʚʘʥʥʽ  ʨʽʚʥʷʥʥʷ 

.)(1)( 2'

iil AdxyxS       (6) 
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ɹʦʣʦʪʦʚ ʄ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʨʠʙʠʪʴʢʦ ɯ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʦʨʟʘʯʝʥʢʦ ʄ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, bolotovmg@gmail.com 

ʇʈɽʎʀɿɯʁʅɽ ɿɺɸʈʖɺɸʅʅʗ ɸʈʄɸʊʋʈʅʀʍ ʉʊɸʃɽʁ ʈɯɿʅʆɻʆ ɼɯɸʄɽʊʈʋ 

ʇʨʠ ʟʚʝʜʝʥʽ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʟʘ ʤʦʥʦʣʽʪʥʦ-ʢʘʨʢʘʩʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʜʣʷ ʟôʻʜʥʘʥʥʷ 

ʘʨʤʘʪʫʨʥʠʭ ʩʪʝʨʞʥʽʚ ʪʘ ʟʘʢʣʘʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʞ ʩʦʙʦʶ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʙʫʣʠ ʜʫʛʦʚʽ ʧʨʦʮʝʩʠ ʟʚʘʨʶʚʘʥʥʷ ʧʣʘʚʣʝʥʥʷʤ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʫʯʥʦʛʦ ʜʫʛʦʚʦʛʦ, 

ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʪʘ ʚʘʥʥʦ-ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ, 

ʢʨʽʤ ʟʛʘʜʘʥʠʭ ʩʧʦʩʦʙʽʚ ʜʣʷ ʥʘʨʦʱʫʚʘʥʥʷ ʘʨʤʦʚʘʥʦʛʦ ʢʘʨʢʘʩʫ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʫʣʦ 

ʢʦʥʪʘʢʪʥʝ ʩʪʠʢʦʚʝ ʟʚʘʨʶʚʘʥʥʷ ʟ ʙʝʟʧʝʨʝʨʚʥʠʤ ʦʧʣʘʚʣʝʥʥʷʤ ʦʧʦʨʦʤ ʪʘ ʦʧʣʘʚʣʝʥʥʷʤ ʟ 

ʧʽʜʽʛʨʽʚʦʤ. ʊʨʠʚʘʣʠʡ ʪʝʨʤʽʥ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʚ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ 

ʙʫʜʽʚʥʠʮʪʚʘ ʜʦʟʚʦʣʠʚ ʚʠʜʽʣʠʪʠ ʨʷʜ ʡʦʛʦ ʧʝʨʝʚʘʛ, ʦʙʫʤʦʚʣʝʥʠʭ, ʧʝʨʰ ʟʘ ʚʩʝ, ʩʪʘʙʽʣʴʥʦʶ 

ʷʢʽʩʪʶ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ (ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʦʤʽʮʥʠʤ ʟ ʦʩʥʦʚʥʠʤ ʤʝʪʘʣʦʤ), ʧʨʦʮʝʩ ʣʝʛʢʦ 

ʘʚʪʦʤʘʪʠʟʫʻʪʴʩʷ, ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʪʨʘʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʢʨʽʤ ʮʴʦʛʦ ʥʝ ʧʦʪʨʝʙʫʻ 

ʟʚʘʨʶʚʘʣʴʥʠʢʽʚ ʟ ʚʠʩʦʢʦʶ ʢʚʘʣʽʬʽʢʘʮʽʻʶ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʚʘʨʶʚʘʥʥʷ ʩʪʠʢʦʚʠʭ ʰʚʽʚ ʪʠʧʫ ʉ1-ʂʦ ʘʨʤʘʪʫʨʥʠʭ ʩʪʝʨʞʥʽʚ 

ʜʽʘʤʝʪʨʦʤ 8é14 ʤʤ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʤʘʰʠʥʽ ʜʣʷ ʢʦʥʪʘʢʪʥʦʛʦ ʩʪʠʢʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʄʉ-

801 ʽʟ ʥʦʤʽʥʘʣʴʥʦʶ ʩʠʣʦʶ ʩʪʨʫʤʫ 8ʢɸ. ɿʚʘʨʶʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʷʢ ʥʘ ʞʦʨʩʪʢʠʭ, ʪʘʢ 

ʽ ʤôʷʢʠʭ ʨʝʞʠʤʘʭ, ʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢʠʭ ʚʠʟʥʘʯʘʣʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʊʘʢ, ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʦʧʣʘʚʣʝʥʥʷʤ ʥʘ ʤôʷʢʠʭ ʨʝʞʠʤʘʭ ʱʽʣʴʥʽʩʪʴ 

ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʨʘʟʢʽʚ, ʚʘʨʽʶʚʘʣʘʩʷ 

ʚ ʤʝʞʘʭ    jʟʚ = 10é60 ɸ/ʤʤ
2
,  ʯʘʩ ʽʟʦʪʝʨʤʽʯʥʦʾ ʚʠʪʨʠʤʢʠ ʩʢʣʘʜʘʚ tʟʚ = 8é12 ʩ. ɿʫʩʠʣʣʷ 

ʥʘʛʨʽʚʫ Fʥ = 10é20 ʄʇʘ, ʟʫʩʠʣʣʷ ʦʩʘʜʢʠ Fʦʩ = 100é150 ʄʇʘ. ʋʩʪʘʥʦʚʦʯʥʘ ʜʦʚʞʠʥʘ ʧʨʠ 

ʮʴʦʤʫ ʩʢʣʘʜʘʣʘ lʫʩʪ = 14é24 ʤʤ. ɿʚʘʨʶʚʘʥʥʷ ʥʘ ʞʦʨʩʪʢʠʭ ʨʝʞʠʤʘʭ ʟʜʽʡʩʥʶʚʘʣʠ ʽʟ ʜʝʷʢʠʤ 

ʧʽʜʚʠʱʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʚ ʤʝʞʘʭ jʟʚ = 60é160 ɸ/ʤʤ
2
, ʪʨʠʚʘʣʽʩʪʴ 

ʥʘʛʨʽʚʫ ʩʢʣʘʜʘʣʘ tʟʚ = 0,8é2 ʩ. ɿʫʩʠʣʣʷ ʥʘʛʨʽʚʫ ʪʘ ʦʩʘʜʢʠ, ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ, 

ʩʢʣʘʜʘʣʠ 10é20 ʄʇʘ ʪʘ  100é150 ʄʇʘ ʚʽʜʧʦʚʽʜʥʦ. ʋʩʪʘʥʦʚʦʯʥʘ ʜʦʚʞʠʥʘ ʪʘʢʦʞ 

ʟʘʣʠʰʘʣʘʩʷ ʥʝʟʤʽʥʥʦʶ lʫʩʪ = 14é24 ʤʤ.   

ʇʨʠ ʟʚʘʨʶʚʘʥʥʽ ʦʧʣʘʚʣʝʥʥʷʤ ʜʦ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʱʝ ʜʦʜʘʶʪʴʩʷ ʧʨʠʧʫʩʢ 

ʥʘ ʦʩʘʜʢʫ  æʦʩ ʪʘ ʦʧʣʘʚʣʝʥʥʷ æʦʧ. ʇʨʠʧʫʩʢ ʥʘ ʦʩʘʜʢʫ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʘʚ æʦʩ = 8é12 

ʤʤ, ʧʨʠʧʫʩʢ ʥʘ ʦʧʣʘʚʣʝʥʥʷ æʦʧ = 3é5 ʤʤ. ʇʝʨʝʜ ʟʚʘʨʶʚʘʥʥʷʤ ʪʦʨʮʽ ʪʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ, 

ʱʦ ʟʘʪʠʩʢʘʶʪʴʩʷ ʚ ʛʫʙʢʠ ʢʦʥʪʘʢʪʥʦʾ ʤʘʰʠʥʠ ʨʝʪʝʣʴʥʦ ʦʯʠʱʘʣʠʩʷ ʟ ʤʝʪʦʶ ʚʠʜʘʣʝʥʥʷ 

ʟʘʙʨʫʜʥʝʥʴ ʽ ʩʪʚʦʨʝʥʥʷ ʱʽʣʴʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʥʪʘʢʪʫ. 

 ʇʽʩʣʷ ʟʚʘʨʶʚʘʥʥʷ ʟʨʘʟʢʠ ʟôʻʜʥʘʥʴ ʧʽʜʜʘʚʘʣʠʩʷ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʥʘ ʨʦʟʪʷʛ ʥʘ ʨʦʟʨʠʚʥʽʡ 

ʤʘʰʠʥʽ ʄʈ-200. ʄʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʘʨʤʘʪʫʨʠ ʟʚʘʨʝʥʠʭ ʢʦʥʪʘʢʪʥʠʤ 

ʩʪʠʢʦʚʠʤ ʟʚʘʨʶʚʘʥʥʷʤ ʦʧʣʘʚʣʝʥʥʷʤ ʪʘ ʦʧʦʨʦʤ ʧʨʦʚʦʜʠʣʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʤʦʛʘʤʠ 

ɻʆʉʊ 10922-90. ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1.  

ʅʘʪʫʨʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʚʘʨʥʠʭ ʘʨʤʘʪʫʨʥʠʭ ʟʨʘʟʢʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤôʷʢʠʭ 

ʨʝʞʠʤʽʚ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʦʧʣʘʚʣʝʥʥʷʤ ʟ ʧʽʜʽʛʨʽʚʦʤ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰ ʷʢʽʩʥʝ ʟʚʘʨʥʝ 

ʟôʻʜʥʘʥʥʷ ʩʝʨʝʜ ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʞʠʤʽʚ. ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʪʘʢʠʭ ʟʨʘʟʢʽʚ ʩʢʣʘʜʘʻ 

639é685 ʄʇʘ, ʱʦ ʥʘ 10é15 % ʙʽʣʴʰʘ ʟʘ ʚʠʪʨʠʚʘʣʽʩʪʴ ʟʨʘʟʢʽʚ ʟʚʘʨʝʥʠʭ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʞʦʨʩʪʢʠʭ ʨʝʞʠʤʽʚ, ʪʘ ʥʘ 30é40 % ʙʽʣʴʰʘ ʟʘ ʧʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʟʨʘʟʢʽʚ, 

ʟʚʘʨʝʥʠʭ ʦʧʦʨʦʤ. ʈʫʡʥʫʚʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ ʧʦ ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣʫ ʥʘ ʟʥʘʯʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ 

ʟʚʘʨʥʦʛʦ ʰʚʘ (ʨʠʩ. 1, ʘ). 
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ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʘʨʤʘʪʫʨʥʦʾ ʩʪʘʣʽ ʥʘ ʨʦʟʨʠʚ 

ɼʽʘʤʝʪʨ 

ʟʨʘʟʢʘ, ʤʤ 

ɿʚʘʨʶʚʘʥʥʷ ʦʧʦʨʦʤ 

ʊʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ʨʦʟʨʠʚʫ ůʚ ʩʝʨ, ʄʇʘ 

ʞʦʨʩʪʢʽ ʨʝʞʠʤʠ ʍʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʤôʷʢʽ ʨʝʞʠʤʠ ʍʘʨʘʢʪʝʨ 

ʨʫʡʥʫʚʘʥʥʷ 

8 476 ʇʦ ɿʊɺ 319 ʇʦ ʰʚʫ 

10 496 ʇʦ ɿʊɺ 324 ʇʦ ʰʚʫ 

12 505 ʇʦ ɿʊɺ 327 ʇʦ ʰʚʫ 

14 518 ʇʦ ɿʊɺ 296 ʇʦ ʰʚʫ 

ɼʽʘʤʝʪʨ 

ʟʨʘʟʢʘ, ʤʤ 
ɿʚʘʨʶʚʘʥʥʷ ʦʧʣʘʚʣʝʥʥʷʤ 

ʊʠʤʯʘʩʦʚʠʡ ʦʧʽʨ ʨʦʟʨʠʚʫ ůʚ, ʄʇʘ 

ʞʦʨʩʪʢʽ ʨʝʞʠʤʠ ʍʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ ʤôʷʢʽ ʨʝʞʠʤʠ ʍʘʨʘʢʪʝʨ 

ʨʫʡʥʫʚʘʥʥʷ 

8 571 ʇʦ ɿʊɺ 652 ʇʦ ʦʩʥ. ʤʝʪ. 

10 564 ʇʦ ɿʊɺ 639 ʇʦ ʦʩʥ. ʤʝʪ. 

12 548 ʇʦ ɿʊɺ 685 ʇʦ ʦʩʥ. ʤʝʪ. 

14 581 ʇʦ ɿʊɺ 671 ʇʦ ʦʩʥ. ʤʝʪ. 

 

 

ʈʠʩ. 1 ï ɿʨʘʟʢʠ ʘʨʤʘʪʫʨʠ 

ʜʽʘʤʝʪʨʦʤ 14 ʤʤ ʟʚʘʨʝʥʽ 

ʢʦʥʪʘʢʪʥʠʤ ʩʪʠʢʦʚʠʤ 

ʟʚʘʨʶʚʘʥʥʷʤ ʦʧʣʘʚʣʝʥʥʷʤ 

ʥʘ ʤôʷʢʠʭ ʨʝʞʠʤʘʭ (ʘ), ʥʘ 

ʞʦʨʩʪʢʠʭ ʨʝʞʠʤʘʭ (ʙ), 

ʦʧʦʨʦʤ ʥʘ ʞʦʨʩʪʢʠʭ 

ʨʝʞʠʤʘʭ (ʚ) ʧʽʩʣʷ 

ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ 

ʨʦʟʨʠʚ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʞʦʨʩʪʢʠʭ ʨʝʞʠʤʽʚ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʦʧʣʘʚʣʝʥʥʷʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʷʢʦʛʦ 

ʟʥʠʞʝʥʥʷ ʤʽʮʥʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ. ɻʨʘʥʠʮʷ ʚʠʪʨʠʚʘʣʦʩʪʽ ʥʘ ʨʦʟʪʷʛ ʪʘʢʠʭ 

ʟʨʘʟʢʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 548é581 ʄʇʘ. ʈʫʡʥʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʧʦ ɿʊɺ ʽ 

ʥʦʩʠʪʴ ʢʨʠʭʢʠʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 2, ʙ). ɺʦʯʝʚʠʜʴ, ʯʘʩʪʢʦʚʘ ʚʪʨʘʪʘ ʧʣʘʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʧʦʚôʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʟʚʘʨʶʚʘʥʥʷ ʥʘ ʧʽʜʚʠʱʝʥʠʭ ʱʽʣʴʥʦʩʪʷʭ ʩʪʨʫʤʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʷʢʦʛʦ ʧʝʨʝʛʨʽʚʫ ʤʝʪʘʣʫ ʚ ʟʦʥʽ ʟôʻʜʥʘʥʥʷ ʽʟ ʧʦʷʚʦʶ ʢʨʠʭʢʠʭ ʜʽʣʷʥʦʢ 

ʟʥʝʤʽʮʥʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʠʭ ʨʦʩʪʦʤ ʟʝʨʥʘ ʚ ʟʦʥʽ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ (ʨʠʩ. 2, ʘ.) ɺʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʝʚʥʝ ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʤʝʪʘʣʫ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ.  

 

ʈʠʩ. 2 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ 

ʟʦʥʠ ʟôʻʜʥʘʥʥʷ ʘʨʤʘʪʫʨʠ, 

ʚʠʢʦʥʘʥʠʭ ʩʪʠʢʦʚʠʤ 

ʟʚʘʨʶʚʘʥʥʷʤ 

ʦʧʣʘʚʣʝʥʥʷʤ ʥʘ ʞʦʨʩʪʢʠʭ 

ʨʝʞʠʤʘʭ ʙʝʟ ʚʽʜʧʘʣʫ (ʘ) 

ʪʘ ʟ ʚʽʜʧʘʣʦʤ (ʙ), Ĭ 200 

ʨʘʟ 

ɼʦʩʷʛʪʠ ʨʽʚʥʦʤʽʮʥʦʩʪʽ ʪʘʢʠʭ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ ʚʜʘʣʦʩʷ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʦʩʣʽʜʫʶʯʦʾ ʪʝʨʤʦʦʙʨʦʙʢʠ ï ʚʽʜʧʘʣʫ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʘʢʪʠʚʘʮʽʾ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʠʭ 
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ʧʨʦʮʝʩʽʚ ʚ ʤʝʪʘʣʽ. ɺʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ ʤʝʪʘʣʫ ʥʘʙʣʠʞʝʥʦʾ ʜʦ 

ʰʚʘ ʟʦʥʠ ʚ ʩʪʦʨʦʥʫ ʾʭ ʧʦʜʨʽʙʥʝʥʥʷ ʽ, ʷʢ ʨʝʟʫʣʴʪʘʪ, ʟʥʠʞʝʥʥʷ ʯʠʩʝʣ ʪʚʝʨʜʦʩʪʽ (ʨʠʩ. 2, ʙ). ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʧʦʢʨʘʱʠʪʠ ʤʝʭʘʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʟôʻʜʥʘʥʴ. ʄʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ ʪʘʢʠʭ ʟʨʘʟʢʽʚ 

ʩʢʣʘʜʘʣʘ ʚʞʝ 612é644 ʄʇʘ. 

 

ʋɼʂ 711.4 (477.51) 

ʇʘʚʣʝʥʢʦ ɺ.ɺ., ʥʘʨʦʜʥʠʡ ʘʨʭʽʪʝʢʪʦʨ ʋʢʨʘʾʥʠ, ʜʦʮʝʥʪ 

ɿʘʚʘʮʴʢʠʡ ʉ.ɺ., ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, kaf.prom.byd@gmail.com 

ɺɯɼʈʆɼɾɽʅʅʗ ʇɸʃɸʎʆɺʆɻʆ ʂʆʄʇʃɽʂʉʋ ʂ. ɻ. ʈʆɿʋʄʆɺʉʔʂʆɻʆ ɺ 

ɹɸʊʋʈʀʅɯ ʗʂ ɸʈʍɯʊɽʂʊʋʈʅʆ-ɯʉʊʆʈʀʏʅʆɰ ʉʇɸɼʑʀʅʀ ʋʂʈɸɰʅʀ 

ɯʩʪʦʨʽʷ ɹʘʪʫʨʠʥʘ, ʷʢ ʛʝʪʴʤʘʥʩʴʢʦʾ ʩʪʦʣʠʮʽ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʟ 1669 ʨʦʢʫ ʢʦʣʠ ʥʘ 

ɻʣʫʭʽʚʩʴʢʽʡ ʨʘʜʽ ʢʦʟʘʮʴʢʘ ʩʪʘʨʰʠʥʘ ʨʘʟʦʤ ʟ ʛʝʪʴʤʘʥʦʤ ɼʝʤôʷʥʦʤ ɯʛʥʘʪʦʚʠʯʝʤ (1669-

1672ʨʨ.) ʦʙʨʘʣʠ ɹʘʪʫʨʠʥ ʛʝʪʴʤʘʥʩʴʢʦʶ ʨʝʟʠʜʝʥʮʽʻʶ. ɺʽʜʪʦʜʽ ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʫʢʨʽʧʣʝʥʴ ɹʘʪʫʨʠʥʩʴʢʦʾ ʬʦʨʪʝʮʽ, ʷʢʝ ʟʘʚʝʨʰʫʻʪʴʩʷ ʯʝʨʝʟ ʧôʷʪʥʘʜʮʷʪʴ ʨʦʢʽʚ ʥʦʚʠʤ 

ʛʝʪʴʤʘʥʦʤ ɯʚʘʥʦʤ ʉʘʤʦʡʣʦʚʠʯʝʤ (1672-1687ʨʨ.) [1]. 

ʅʘʡʚʠʱʦʛʦ ʨʦʟʚʠʪʢʫ ʤʽʩʪʦ ʜʦʩʷʛʘʻ ʟʘ ʛʝʪʴʤʘʥʩʪʚʘ ɯʚʘʥʘ ʄʘʟʝʧʠ (1687-1708ʨʨ.) 

[2].ʇʝʨʽʦʜ ʡʦʛʦ ʚʦʣʦʜʘʨʶʚʘʥʥʷ ʧʦʟʥʘʯʠʚʩʷ ʚ ʽʩʪʦʨʽʾ ɹʘʪʫʨʠʥʘ ʨʦʟʢʚʽʪʦʤ ʤʽʩʴʢʠʭ 

ʫʢʨʽʧʣʝʥʴ, ʙʫʜʫʚʘʥʥʷʤ ʭʨʘʤʽʚ, ʤʦʥʘʩʪʠʨʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʤʫʨʦʚʘʥʦʛʦ ʛʝʪʴʤʘʥʩʴʢʦʛʦ 

ʧʘʣʘʮʫ ʪʦʱʦ. ɼʨʫʛʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ɹʘʪʫʨʠʥʘ ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʧʝʨʽʦʜʦʤ ʪʠʤʯʘʩʦʚʦʛʦ 

ʚʽʜʨʦʜʞʝʥʥʷ ɻʝʪʴʤʘʥʱʠʥʠ, ʢʦʣʠ ʚ 1750 ʨʦʮʽ ʛʝʪʴʤʘʥʦʤ ʋʢʨʘʾʥʠ ʩʪʘʻ ʂʠʨʠʣʦ ɻʨʠʛʦʨʦʚʠʯ 

ʈʦʟʫʤʦʚʩʴʢʠʡ, ʷʢʠʡ ʚʽʜʥʦʚʣʶʻ ʩʪʦʣʠʯʥʠʡ ʩʪʘʪʫʩ ɹʘʪʫʨʠʥʘ ʽ ʨʦʟʙʫʜʦʚʫʻ ʡʦʛʦ [3]. 

ɺʦʩʝʥʠ 1764 ʨʦʢʫ ʽʤʧʝʨʘʪʨʠʮʷ ʂʘʪʝʨʠʥʘ ɯɯ ʫʩʫʚʘʻ ʂ. ʈʦʟʫʤʦʚʩʴʢʦʛʦ ʟ ʛʝʪʴʤʘʥʩʴʢʦʛʦ 

ʫʨʷʜʫ, ʩʢʘʩʦʚʫʻ ʛʝʪʴʤʘʥʩʪʚʦ ʽ ʨʦʟʧʦʯʠʥʘʻ ʨʽʰʫʯʫ ʙʦʨʦʪʴʙʫ ʽʟ ʟʘʣʠʰʢʘʤʠ ʧʦʣʽʪʠʯʥʦʾ 

ʘʚʪʦʥʦʤʽʾ ʃʽʚʦʙʝʨʝʞʥʦʾ ʋʢʨʘʾʥʠ. ɿʘ ʮʠʭ ʦʙʩʪʘʚʠʥ ʝʢʩ-ʛʝʪʴʤʘʥʫ ʙʫʣʦ ʬʘʢʪʠʯʥʦ ʟʘʙʦʨʦʥʝʥʦ 

ʚʽʜʚʽʜʫʚʘʪʠ ʙʘʪʴʢʽʚʱʠʥʫ. ɯ ʪʽʣʴʢʠ ʫ 1794 ʨʦʮʽ, ʢʦʣʠ ʧʦʣʽʪʠʯʥʽ ʧʨʠʩʪʨʘʩʪʽ ʚʛʘʤʫʚʘʣʠʩʷ, ʂ. 

ʈʦʟʫʤʦʚʩʴʢʠʡ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ɹʘʪʫʨʠʥʘ ʽ ʩʪʚʦʨʶʻ ʪʫʪ ʛʨʘʥʜʽʦʟʥʠʡ ʧʘʣʘʮʦʚʦ-ʧʘʨʢʦʚʠʡ 

ʘʥʩʘʤʙʣʴ ʟʘ ʧʨʦʝʢʪʦʤ ʦʜʥʦʛʦ ʟ ʧʨʦʚʽʜʥʠʭ ʘʨʭʽʪʝʢʪʦʨʽʚ ɭʚʨʦʧʠ ï ʏʘʨʣʴʟʘ ʂʘʤʝʨʦʥʘ. 

ʄʘʩʰʪʘʙʥʽ ʙʫʜʽʚʝʣʴʥʽ ʨʦʙʦʪʠ ʪʨʠʚʘʣʠ ʫʧʨʦʜʦʚʞ 1799-1802 ʨʦʢʽʚ [4]. 

ɸʨʭʽʪʝʢʪʫʨʘ ʤʫʨʦʚʘʥʦʾ ʪʨʠʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʧʘʣʘʮʫ ʚʠʨʽʰʝʥʘ ʚ ʩʪʠʣʽ ʢʣʘʩʠʮʠʟʤʫ 

(ʧʝʨʰʠʡ ʧʦʚʝʨʭ ʚ ʩʪʠʣʽ ʈʠʤʩʴʢʦʾ ʘʨʭʽʪʝʢʪʫʨʠ). ʄʘʪʝʨʽʘʣ ʩʪʽʥ ï ʮʝʛʣʘ, ʘ ʧʝʨʝʤʠʯʢʠ, 

ʢʦʣʦʥʠ, ʢʘʨʥʠʟʠ ʚʠʢʦʥʘʥʦ ʟ ʙʣʦʢʽʚ ʧʽʩʢʦʚʠʢʫ, ʧʨʠʚʝʟʝʥʦʛʦ ʟ ʅʦʚʛʦʨʦʜ-ʉʽʚʝʨʩʴʢʦʛʦ [5]. 

ʉʧʦʨʫʜʘ ʚ ʧʣʘʥʽ ʧʨʷʤʦʢʫʪʥʘ, ʟ ʨʠʟʘʣʽʪʘʤʠ ï ʨʦʪʦʥʜʘʤʠ ʚ ʮʝʥʪʨʽ ʚʠʜʦʚʞʝʥʠʭ ʙʦʢʦʚʠʭ 

ʬʘʩʘʜʽʚ. ʆʙ`ʻʤʥʦ-ʧʨʦʩʪʦʨʦʚʝ ʨʽʰʝʥʥʷ ʧʘʣʘʮʫ ʨʦʟʨʘʭʦʚʘʥʝ ʥʘ ʨʽʚʥʦʮʽʥʥʝ ʩʧʨʠʡʥʷʪʪʷ ʚʩʽʭ 

ʬʘʩʘʜʽʚ. ɻʦʣʦʚʥʠʡ ʬʘʩʘʜ ʟ ʚʦʩʴʤʠʢʦʣʦʥʥʠʤ ʛʨʝʢʦ-ʽʦʥʽʯʥʠʤ ʧʦʨʪʠʢʦʤ, ʧʽʜʥʷʪʠʡ ʜʦ ʨʽʚʥʷ 

ʜʨʫʛʦʛʦ ʧʦʚʝʨʭʫ. 

ɺ 1803 ʨʦʮʽ ʂʠʨʠʣʦ ʈʦʟʫʤʦʚʩʴʢʠʡ ʧʦʤʠʨʘʻ. ɾʦʜʝʥ ʟ ʡʦʛʦ ʥʘʱʘʜʢʽʚ ʥʝ ʞʠʚʝ ʚ ɹʘʪʫʨʠʥʽ. 

ɸʨʭʽʚʥʽ ʜʞʝʨʝʣʘ ʍɯʍ ʩʪʦʣʽʪʪʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʠʤʯʘʩʦʚʝ ʘʙʦ ʧʦʩʪʽʡʥʝ ʨʦʟʢʚʘʨʪʠʨʫʚʘʥʥʷ ʫ 

ʧʘʣʘʮʝʚʦʤʫ ʢʦʤʧʣʝʢʩʽ ʚʽʡʩʴʢʦʚʠʭ ʯʘʩʪʠʥ [4]. ɺ ʧʦʜʘʣʴʰʽ ʨʦʢʠ ʚʥʘʩʣʽʜʦʢ ʥʝʜʙʘʣʴʩʪʚʘ ʪʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʩʧʨʘʚʞʥʽʭ ʛʦʩʧʦʜʘʨʽʚ ʧʘʣʘʮʦʚʠʡ ʢʦʤʧʣʝʢʩ ʧʦʩʪʫʧʦʚʦ ʟʘʥʝʧʘʜʘʻ ʡ ʨʫʡʥʫʻʪʴʩʷ. 

ɯ ʪʽʣʴʢʠ ʫ 1911 ʨʦʮʽ ʥʘ ʚʠʤʦʛʫ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʨʦʟʧʦʯʘʣʘʩʴ ʨʝʩʪʘʚʨʘʮʽʷ ʧʘʣʘʮʫ [6]. ɿʘ 

ʜʦʨʫʯʝʥʥʷʤ ʇʝʪʝʨʙʫʨʟʴʢʦʾ ɸʢʘʜʝʤʽʾ ʤʠʩʪʝʮʪʚ ʘʨʭʽʪʝʢʪʦʨ ɸʥʜʨʽʡ ɭʚʛʝʥʦʚʠʯ ɹʽʣʦʛʨʫʜ [7] 

ʚʧʝʨʰʝ ʚʠʢʦʥʘʚ ʦʙʤʽʨʠ ʧʘʣʘʮʫ, ʨʦʟʨʦʙʠʚ ʧʨʦʝʢʪ ʨʝʩʪʘʚʨʘʮʽʾ (ʨʠʩ. 1), ʟʘ ʷʢʠʤ ʚ ʧʘʣʘʮʽ 

ʧʦʥʦʚʠʣʠ: ʧʦʢʨʽʚʣʶ ʪʘ ʢʫʧʦʣʠ ʨʠʟʘʣʽʪʽʚ ï ʨʦʪʦʥʜ, ʢʘʨʥʠʟʠ ʪʘ ʧʽʜʣʦʛʠ ʚ ʧʨʠʤʽʱʝʥʥʷʭ, 

ʚʽʜʥʦʚʠʣʠ ʪʝʨʘʩʫ ʪʠʣʴʥʦʛʦ ʬʘʩʘʜʫ. ɹʫʣʦ ʯʘʩʪʢʦʚʦ ʨʝʩʪʘʚʨʦʚʘʥʦ ʡ ʽʥʪʝʨôʻʨʠ ʟ ʧʦʟʦʣʦʯʝʥʠʤ 

ʨʽʟʴʙʣʝʥʥʷʤ, ʟʦʙʨʘʞʝʥʥʷʤ ʛʝʪʴʤʘʥʩʴʢʠʭ ʢʣʝʡʥʦʜʽʚ ʡ ʽʥʰʠʤʠ ʤʦʪʠʚʘʤʠ. 

ʈʦʙʦʪʠ ʧʦ ʚʽʜʨʦʜʞʝʥʥʶ ʘʨʭʽʪʝʢʪʫʨʠ ʧʘʣʘʮʫ ʧʨʦʜʦʚʞʫʚʘʣʠʩʴ ʜʦ 1913 ʨʦʢʫ. ɺ ʮʴʦʤʫ ʞ 

ʨʦʮʽ ʚ ʥʴʦʤʫ ʚʽʜʢʨʠʣʘʩʴ ʚʯʠʪʝʣʴʩʴʢʘ ʩʝʤʽʥʘʨʽʷ [8], ʧʦʪʽʤ ʚʽʥ ʙʫʚ ʧʝʨʝʜʘʥʠʡ ʚʽʡʩʴʢʦʚʦʤʫ 
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ʚʽʜʦʤʩʪʚʫ ʈʦʩʽʡʩʴʢʦʾ ʽʤʧʝʨʽʾ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʫ ʧʘʣʘʮʽ ʧʝʨʝʜʙʘʯʘʣʦʩʴ ʨʦʟʤʽʩʪʠʪʠ ʙʫʜʠʥʦʢ 

ʽʥʚʘʣʽʜʽʚ. 

ʈʝʩʪʘʚʨʘʮʽʡʥʽ ʨʦʙʦʪʠ ʙʫʣʠ ʧʦʥʦʚʣʝʥʽ ʧʽʩʣʷ ʜʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ, ʘʣʝ ʫʧʨʦʜʦʚʞ 

ʪʨʠʜʮʷʪʠ ʰʝʩʪʠ ʧʽʩʣʷʚʦʻʥʥʠʭ ʨʦʢʽʚ, ʧôʷʪʴ ʨʘʟʽʚ ʨʦʟʧʦʯʠʥʘʶʯʠʩʴ, ʥʽʢʦʣʠ ʥʝ 

ʟʘʚʝʨʰʫʚʘʣʠʩʴ. 

ʉʧʨʘʚʘ ʟʨʫʰʠʣʘ ʟ ʤʽʩʮʷ ʟ ʥʘʙʫʪʪʷʤ ʥʝʟʘʣʝʞʥʦʩʪʽ ʋʢʨʘʾʥʠ. ʊʘʢ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʥʦʚʠ 

ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 14 ʯʝʨʚʥʷ 1993 ʨʦʢʫ ˉ445 ʥʘ ʙʘʟʽ ɹʘʪʫʨʠʥʩʴʢʦʛʦ 

ʢʨʘʻʟʥʘʚʯʦʛʦ ʤʫʟʝʶ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ɼʝʨʞʘʚʥʠʡ ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʠʡ ʟʘʧʦʚʽʜʥʠʢ 

çɻʝʪʴʤʘʥʩʴʢʘ ʩʪʦʣʠʮʷè ʽ ʚ 1994 ʨʦʮʽ ʚʽʜʥʦʚʣʝʥʽ ʧʨʦʝʢʪʥʦ-ʚʠʰʫʢʫʚʘʣʴʥʽ ʨʦʙʦʪʠ ʢʠʾʚʩʴʢʠʤ 

ʽʥʩʪʠʪʫʪʦʤ çʋʢʨʧʨʦʝʢʪʨʝʩʪʘʚʨʘʮʽʷè ʟ ʧʨʠʩʪʦʩʫʚʘʥʥʷʤ ʧʘʣʘʮʫ ʧʽʜ ʽʩʪʦʨʠʯʥʠʡ ʤʫʟʝʡ. 

 

 

ɸʨʭʽʪʝʢʪʦʨ 

ɸ.ɹʽʣʦʛʨʫʜ 

ʈʠʩ. 1 ï ʇʨʦʝʢʪ ʨʝʩʪʘʚʨʘʮʽʾ ʧʘʣʘʮʫ 

ʂ. ʈʦʟʫʤʦʚʩʴʢʦʛʦ ʚ ɹʘʪʫʨʠʥʽ (1912 ï 1914 ʨʨ.) 

ʈʝʩʪʘʚʨʘʮʽʡʥʽ ʨʦʙʦʪʠ ʨʦʟʧʦʯʘʣʠʩʴ ʫ 1995 ʨʦʮʽ ʩʠʣʘʤʠ ɺɸʊ çʏʝʨʥʽʛʽʚʨʝʩʪʘʚʨʘʮʽʷ ï 

ʛʝʥʝʨʘʣʴʥʠʡ ʜʠʨʝʢʪʦʨ ɺôʷʣʠʡ ʖʨʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ. ɿʘʤʦʚʥʠʢ ï ʫʧʨʘʚʣʽʥʥʷ 

ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʜʝʨʞʘʜʤʽʥʽʩʪʨʘʮʽʾ. 

ɹʫʣʠ ʚʠʢʦʥʘʥʽ ʨʦʙʦʪʠ ʟ ʧʽʜʩʠʣʝʥʥʷ ʢʨʦʢʚʷʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʩʪʨʦʧʠʣʴʥʦʾ ʩʠʩʪʝʤʠ, 

ʚʽʜʨʝʤʦʥʪʦʚʘʥʦ ʧʦʢʨʽʚʣʶ ʟ ʦʮʠʥʢʦʚʘʥʦʾ ʩʪʘʣʽ, ʨʦʟʧʦʯʘʣʠʩʴ ʦʧʦʨʷʜʞʫʚʘʣʴʥʽ ʨʦʙʦʪʠ ʚ 

ʽʥʪʝʨôʻʨʘʭ. ɹʫʣʠ ʟʤʦʥʪʦʚʘʥʽ ʽ ʚʩʪʘʥʦʚʣʝʥʽ ʤʝʪʘʣʝʚʽ ʙʘʣʢʠ ʤʽʞʧʦʚʝʨʭʦʚʦʛʦ ʧʝʨʝʢʨʠʪʪʷ ʫ 

ʦʜʥʦʤʫ ʟ ʧʘʨʘʜʥʠʭ ʟʘʣʽʚ, ʷʢ ʧʝʨʝʜʙʘʯʘʣʦʩʷ ʫ ʧʨʦʝʢʪʽ ɸ. ɹʽʣʦʛʨʫʜʘ 1912-1914 ʨʦʢʫ. 

ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʜʦʚʛʦʩʪʨʦʢʦʚʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ ʨʝʩʪʘʚʨʘʮʽʡʥʠʭ ʨʦʙʽʪ ʟ ʚʽʜʥʦʚʣʝʥʥʷ 

ɹʘʪʫʨʠʥʩʴʢʦʛʦ ʧʘʣʘʮʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʏʝʨʥʽʛʽʚʩʴʢʘ ʦʙʣʘʩʥʘ ʜʝʨʞʘʚʥʘ 

ʘʜʤʽʥʽʩʪʨʘʮʽʷ (ʛʦʣʦʚʘ ï ɹʫʪʢʦ ʄ.ʇ.) ʚʠʡʰʣʘ ʟ ʧʨʦʧʦʟʠʮʽʻʶ ʜʦ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ 

ʧʨʦ ʨʦʟʨʦʙʢʫ ʢʦʤʧʣʝʢʩʥʦʾ ʧʨʦʛʨʘʤʠ ʟʙʝʨʝʞʝʥʥʷ ʧʘʤôʷʪʦʢ ɼʝʨʞʘʚʥʦʛʦ ʽʩʪʦʨʠʢʦ-

ʢʫʣʴʪʫʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ çɻʝʪʴʤʘʥʩʴʢʘ ʩʪʦʣʠʮʷè ʽ ʨʦʟʚʠʪʢʫ ʩʦʮʽʘʣʴʥʦʾ ʪʘ ʽʥʞʝʥʝʨʥʦ-

ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʤʪ. ɹʘʪʫʨʠʥʘ, ʷʢʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʣʘ ʟʘʪʚʝʨʜʞʝʥʘ 

ʧʦʩʪʘʥʦʚʦʶ ʋʨʷʜʫ ʚʽʜ 17.08.2002 ʨ. ʟʘ ˉ1123 ʽ ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʧʝʨʽʦʜ 2003-2005 ʨʦʢʽʚ ʪʘ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʫ ʜʦ 2009ʨ. ʟ ʢʦʰʪʦʨʠʩʦʤ 38,447 ʤʣʥ. ʛʨʥ. 

ɿʛʽʜʥʦ ʂʦʤʧʣʝʢʩʥʦʾ ʧʨʦʛʨʘʤʠ ʨʦʙʦʪʘ ʧʦ ʚʽʜʨʦʜʞʝʥʥʶ ʽʩʪʦʨʠʯʥʠʭ ʧʘʤôʷʪʦʢ ɼʝʨʞʘʚʥʦʛʦ 

ʟʘʧʦʚʽʜʥʠʢʘ çɻʝʪʴʤʘʥʩʴʢʘ ʩʪʦʣʠʮʷè ʨʦʟʧʦʯʘʣʦʩʴ ʫ 2003 ʨʦʮʽ. ʈʦʟʧʦʨʷʜʞʝʥʥʷʤ 

ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʜʝʨʞʘʜʤʽʥʽʩʪʨʘʮʽʾ ʚʽʜ 03.06.2003ʨ. ˉ186 ʙʫʚ ʟʘʪʚʝʨʜʞʝʥʦ ʩʢʣʘʜ 

ʢʦʦʨʜʠʥʘʮʽʡʥʦ-ʥʘʛʣʷʜʦʚʦʾ ʨʘʜʠ ʚ ʢʽʣʴʢʦʩʪʽ 9 ʦʩʽʙ. ɻʦʣʦʚʦʶ ʢʦʦʨʜʠʥʘʮʽʡʥʦ-ʥʘʛʣʷʜʦʚʦʾ 

ʨʘʜʠ ʧʨʠʟʥʘʯʝʥʦ ʟʘʩʪʫʧʥʠʢʘ ʛʦʣʦʚʠ ʦʙʣʜʝʨʞʘʜʤʽʥʽʩʪʨʘʮʽʾ ʄ.ʋ. ʃʽʪʚʽʥʦʚʘ. ʌʫʥʢʮʽʾ 
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ʟʘʤʦʚʥʠʢʘ ʧʦ ʦʙôʻʢʪʘʭ ɼʝʨʞʘʚʥʦʛʦ ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ ʧʦʢʣʘʜʝʥʦ ʥʘ 

ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ ʦʙʣʜʝʨʞʘʜʤʽʥʽʩʪʨʘʮʽʾ (ʥʘʯ. ʇʘʚʣʝʥʢʦ ɺ.ɺ.). 

ɼʦ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʨʦʙʽʪ ʙʫʣʠ ʚʽʜʥʝʩʝʥʽ ʥʘʩʪʫʧʥʽ (ʨʠʩ. 2): 

- ʨʝʩʪʘʚʨʘʮʽʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʧʘʣʘʮʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʩʘʜʠʙʠ ʂ. ʈʦʟʫʤʦʚʩʴʢʦʛʦ: 

ʙʫʜʽʚʣʽ ʧʘʣʘʮʫ ʟ ʧʽʜʚʝʜʝʥʥʷʤ ʜʦ ʥʴʦʛʦ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ; ʙʣʘʛʦʫʩʪʨʽʡ ʧʨʠʣʝʛʣʦʾ 

ʧʘʨʢʦʚʦʾ ʪʝʨʠʪʦʨʽʾ). 

- ʨʝʤʦʥʪ, ʨʝʩʪʘʚʨʘʮʽʷ ʪʘ ʫʧʦʨʷʜʞʝʥʥʷ ʩʘʜʠʙʠ ɺ.ʃ. ʂʦʯʫʙʝʷ: ʙʫʜʠʥʢʫ ʛʝʥʝʨʘʣʴʥʦʛʦ ʩʫʜʫ 

ʃʽʚʦʙʝʨʝʞʥʦʾ ʋʢʨʘʾʥʠ; ʙʣʘʛʦʫʩʪʨʽʡ ʧʨʠʣʝʛʣʦʾ ʧʘʨʢʦʚʦʾ ʪʝʨʠʪʦʨʽʾ (ʦʭʦʨʦʥʥʠʡ ˉ 1770). 

- ʨʝʩʪʘʚʨʘʮʽʷ ʢʦʤʧʣʝʢʩʫ ɺʦʩʢʨʝʩʝʥʩʴʢʦʾ ʮʝʨʢʚʠ: ʮʝʨʢʚʠ-ʫʩʠʧʘʣʴʥʠʮʽ ʂ. ʈʦʟʫʤʦʚʩʴʢʦʛʦ 

ʟ ʮʝʨʢʦʚʥʦ-ʧʨʠʭʦʜʩʴʢʦʶ ʰʢʦʣʦʶ (ʦʭʦʨʦʥʥʠʡ ˉ 883). 

 
ʘ) 

 
ʙ) 

 

ʚ) 
 

ʛ) 

ʈʠʩ. 2 ï ʇʝʨʰʦʯʝʨʛʦʚʽ ʦʙôʻʢʪʠ ʨʝʩʪʘʚʨʘʮʽʾ: ʘ) ʩʪʘʥ ʬʘʩʘʜʫ ʇʘʣʘʮʫ ʂ.ʈʦʟʫʤʦʚʩʴʢʦʛʦ ʚ 

1912 ʨ.; ʙ) ʚʽʜʨʝʩʪʘʚʨʦʚʘʥʠʡ ʇʘʣʘʮ (2009 ʨ); ʚ) ʙʫʜʠʥʦʢ ʛʝʥʝʨʘʣʴʥʦʛʦ ʩʫʜʫ ʃʽʚʦʙʝʨʝʞʥʦʾ 

ʋʢʨʘʾʥʠ (2010 ʨ.); ʛ) ɺʦʩʢʨʝʩʝʥʩʴʢʘ ʮʝʨʢʚʘ (2011 ʨ) 

ʇʨʦʝʢʪʠ ʥʘ ʨʝʩʪʘʚʨʘʮʽʶ ʧʘʤôʷʪʦʢ ʘʨʭʽʪʝʢʪʫʨʠ ʨʦʟʨʦʙʣʷʣʠʩʴ 

çʋʢʨʅɼɯʧʨʦʝʢʪʨʝʩʪʘʚʨʘʮʽʷè ʥʘ ʧʽʜʩʪʘʚʽ ʢʦʤʧʣʝʢʩʥʠʭ ʽʩʪʦʨʠʢʦ-ʘʨʭʽʪʝʢʪʫʨʥʠʭ, 

ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʪʘ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɹʫʣʦ ʟʘʥʦʚʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽ ʧʝʨʝʦʩʤʠʩʣʝʥʦ 

ʙʝʟʣʽʯ ʚʽʜʦʤʠʭ ʽ ʤʘʣʦʚʽʜʦʤʠʭ ʜʦʢʫʤʝʥʪʘʣʴʥʠʭ ʬʘʢʪʽʚ ʟ ʽʩʪʦʨʽʾ ɹʘʪʫʨʠʥʘ ʪʘ ʡʦʛʦ 

ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʧʘʤôʷʪʦʢ, ʱʦ ʤʽʩʪʠʣʠʩʷ ʚ ʧʝʨʰʦʜʞʝʨʝʣʘʭ ʘʨʭʽʚʽʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʪʘ 

ʄʦʩʢʚʠ. ɹʫʣʠ ʟʥʘʡʜʝʥʽ ʢʨʝʩʣʝʥʥʷ ɹʘʪʫʨʠʥʩʴʢʦʛʦ ʧʘʣʘʮʫ, ʷʢʽ ʟʥʘʭʦʜʠʣʠʩʷ ʚ 

ʘʨʭʽʚʦʩʭʦʚʠʱʘʭ ʈʦʩʽʡʩʴʢʦʛʦ ʤʫʟʝʶ ʘʨʭʽʪʝʢʪʫʨʠ ʽʤ. ɸ.ɺ. ʑʫʩʝʚʘ, ʟʘ ʧʽʜʧʠʩʦʤ 

çʧʨʦʞʝʢʪʠʨʦʚʘʣ ʘʨʭʠʪʝʢʪʦʨ ʏ. ʂʘʤʝʨʦʥè ʟ ʝʢʩʧʣʽʢʘʮʽʻʶ ʧʨʠʤʽʱʝʥʴ ʧʘʣʘʮʫ (ʬʨʘʥʮʫʟʴʢʦʶ 

ʪʘ ʨʦʩʽʡʩʴʢʦʶ ʤʦʚʘʤʠ). 

ʅʦʚʠʡ ʝʪʘʧ ʫ ʚʽʜʨʦʜʞʝʥʥʽ ɹʘʪʫʨʠʥʘ ʚʽʜʙʫʚʩʷ ʟʘ ʧʨʝʟʠʜʝʥʪʩʪʚʘ ɺ.ɸ. ʖʱʝʥʢʘ ʷʢʠʡ ʫ 

ʙʝʨʝʟʥʽ 2005 ʨʦʢʫ ʟʽʙʨʘʚ ʫ ɹʘʪʫʨʠʥʽ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʚʝʣʠʢʦʛʦ ʙʽʟʥʝʩʫ ʽ ʧʽʩʣʷ ʦʙʛʦʚʦʨʝʥʥʷ 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2019è 
 

144 

ʧʨʦʙʣʝʤʠ ʟʘʧʨʦʧʦʥʫʚʘʚ ʾʤ ʫʧʨʦʜʦʚʞ ʤʽʩʷʮʷ ʟʨʦʙʠʪʠ ʧʝʨʰʠʡ ʛʨʦʰʦʚʠʡ ʚʥʝʩʦʢ ʫ 

ʚʽʜʨʦʜʞʝʥʥʷ ɹʘʪʫʨʠʥʘ ï ʦʜʠʥ ʤʽʣʴʡʦʥ ʛʨʠʚʝʥʴ. ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʣʘʛʦʜʽʡʥʠʭ ʢʦʰʪʽʚ ʟ 

ʽʥʽʮʽʘʪʠʚʠ ɺ. ɸ. ʖʱʝʥʢʘ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʙʣʘʛʦʜʽʡʥʠʡ ʬʦʥʜ çɻʝʪʴʤʘʥʩʴʢʘ ʩʪʦʣʠʮʷè, 

ʢʝʨʽʚʥʠʢ ʄ. ʇ. ɹʫʪʢʦ. ʆʜʥʠʤ ʽʟ ʧʝʨʰʠʭ ʭʪʦ ʚʥʽʩ ʙʣʘʛʦʜʽʡʥʠʡ ʚʥʝʩʦʢ ʫ ʬʦʥʜ ʙʫʚ ʛʦʣʦʚʘ 

ʧʨʘʚʣʽʥʥʷ ɸʂɹ çɸʚʘʣʴè ʌ. ʐʧʠʛ. 

ɿ ʢʚʽʪʥʷ 2005 ʨʦʢʫ ʨʦʟʧʦʯʘʣʠʩʴ ʘʢʪʠʚʥʽ ʨʦʙʦʪʠ ʟ ʨʝʩʪʘʚʨʘʮʽʾ ʧʘʤôʷʪʦʢ ʘʨʭʽʪʝʢʪʫʨʠ 

ɹʘʪʫʨʠʥʘ ʽ ʧʦʣʽʧʰʝʥʥʷ ʽʥʞʝʥʝʨʥʦ ï ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʝʣʠʱʘ. ʈʦʙʦʪʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚʠʢʣʶʯʥʦ ʟʘ ʨʘʭʫʥʦʢ ʙʣʘʛʦʜʽʡʥʠʭ ʢʦʰʪʽʚ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʨʦʟʧʦʨʷʜʞʝʥʥʷʤʠ ʦʙʣʜʝʨʞʘʜʤʽʥʽʩʪʨʘʮʽʾ ʚʽʜ 06.05.2005 ʨ. ˉ119 çʇʨʦ 

ʦʨʛʘʥʽʟʘʮʽʶ ʚʠʢʦʥʘʥʥʷ ʢʦʤʧʣʝʢʩʥʦʾ ʧʨʦʛʨʘʤʠ ʟʙʝʨʝʞʝʥʥʷ ʧʘʤôʷʪʦʢ ʜʝʨʞʘʚʥʦʛʦ ʽʩʪʦʨʠʢʦ-

ʢʫʣʴʪʫʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ çɻʝʪʴʤʘʥʩʴʢʘ ʩʪʦʣʠʮʷè ʽ ʨʦʟʚʠʪʢʫ ʦʙôʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦʾ ʪʘ 

ʽʥʞʝʥʝʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʩʤʪ. ɹʘʪʫʨʠʥʘè ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʦʙʣʘʩʥʠʡ ʰʪʘʙ ʫ 

ʩʢʣʘʜʽ 26 ʯʦʣʦʚʽʢ. ɻʦʣʦʚʦʶ ʰʪʘʙʫ ʧʨʠʟʥʘʯʝʥʦ ʛʦʣʦʚʫ ʦʙʣʜʝʨʞʘʜʤʽʥʽʩʪʨʘʮʽʾ 

ɸʪʨʦʰʝʥʢʘ ɺ. ɸ., ʟʘʩʪʫʧʥʠʢʦʤ ʥʘʯʘʣʴʥʠʢʘ ʫʧʨʘʚʣʽʥʥʷ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ 

ʇʘʚʣʝʥʢʘ ɺ. ɺ. 

ʋʧʨʦʜʦʚʞ 2005-2008 ʨʨ. ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 84 ʟʘʩʽʜʘʥʥʷ ʰʪʘʙʫ ʥʘ ʷʢʠʭ ʨʦʟʛʣʷʜʘʣʘʩʷ 

ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʧʠʪʘʥʴ. ɿʘʛʘʣʦʤ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʥʠʭ, ʨʝʩʪʘʚʨʘʮʽʡʥʠʭ ʽ ʟʘʛʘʣʴʥʦ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʙʫʣʦ ʟʘʣʫʯʝʥʦ ʙʽʣʷ 

ʪʨʴʦʭ ʜʝʩʷʪʢʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʧʨʦʝʢʪʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʬʽʨʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʣʘʛʦʜʞʝʥʦʾ ʨʦʙʦʪʠ ʢʝʨʽʚʥʠʮʪʚʘ ʰʪʘʙʫ, ʙʽʣʴʰ ʥʽʞ 30 ʙʫʜʽʚʝʣʴʥʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʙʽʣʷ 600 ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʨʦʙʽʪʥʠʢʽʚ ʪʘ ʨʝʩʪʘʚʨʘʪʦʨʽʚ, ʢʦʰʪʠ ʚʠʜʽʣʝʥʽ ʧʦ 

ʬʘʢʪʫ ʥʘ ʨʝʤʦʥʪʥʦ-ʨʝʩʪʘʚʨʘʮʽʡʥʽ ʪʘ ʙʫʜʽʚʝʣʴʥʦ-ʤʦʥʪʘʞʥʽ ʨʦʙʦʪʠ ʙʫʣʠ ʦʩʚʦʻʥʽ ʫʧʨʦʜʦʚʞ 

2005-2009ʨʨ.. ɼʦʩʚʽʜ ʨʝʘʣʽʟʘʮʽʾ ʂʦʤʧʣʝʢʩʥʦʾ ʧʨʦʛʨʘʤʠ ʻ ʧʨʠʢʣʘʜʦʤ ʫʩʧʽʰʥʦʾ ʪʚʦʨʯʦʾ 

ʩʧʽʚʧʨʘʮʽ ʚʝʣʠʢʦʛʦ ʢʦʣʝʢʪʠʚʫ ʦʜʥʦʜʫʤʮʽʚ ʽ ʧʘʪʨʽʦʪʽʚ ʋʢʨʘʾʥʠ, ʩʧʨʷʤʦʚʘʥʦʾ ʥʘ ʜʦʩʷʛʥʝʥʥʷ 

ʛʦʣʦʚʥʦʾ ʤʝʪʠ ï ʽʜʝʾ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʻʜʥʘʥʥʷ ʫʢʨʘʾʥʮʽʚ ʚ ʥʝʟʘʣʝʞʥʽʡ ʽ ʩʫʚʝʨʝʥʥʽʡ ʜʝʨʞʘʚʽ. 

ʆʪʞʝ, ʚʽʜʨʦʜʞʝʥʠʡ ʧʘʣʘʮʦʚʦ-ʧʘʨʢʦʚʠʡ ʢʦʤʧʣʝʢʩ ʂ. ʈʦʟʫʤʦʚʩʴʢʦʛʦ ʻ ʦʙôʻʢʪʦʤ 

ʘʨʭʽʪʝʢʪʫʨʥʦ-ʽʩʪʦʨʠʯʥʦʾ ʩʧʘʜʱʠʥʠ ʋʢʨʘʾʥʠ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫ, ʘ ɹʘʪʫʨʠʥʩʴʢʠʡ 

ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʠʡ ʟʘʧʦʚʽʜʥʠʢ çɻʝʪʴʤʘʥʩʴʢʘ ʩʪʦʣʠʮʷè ʟ ʫʩʽʤʘ ʡʦʛʦ ʝʢʩʧʦʟʠʮʽʷʤʠ 

ʩʴʦʛʦʜʥʽ ʚʠʟʥʘʥʠʡ ʦʜʥʠʤ ʟ ʥʘʡʢʨʘʱʠʭ ʪʫʨʠʩʪʠʯʥʠʭ ʮʝʥʪʨʽʚ ʃʽʚʦʙʝʨʝʞʥʦʾ ʋʢʨʘʾʥʠ. 

ʄʽʩʪʦ ɹʘʪʫʨʠʥ ʚʽʜʽʛʨʘʣʦ ʚʠʟʥʘʯʥʫ ʨʦʣʴ ʚ ʽʩʪʦʨʽʾ ʟʘʨʦʜʞʝʥʥʷ ʫʢʨʘʾʥʩʴʢʦʛʦ 

ʜʝʨʞʘʚʦʪʚʦʨʝʥʥʷ. ɿʥʘʥʥʷ ʡʦʛʦ ʙʘʛʘʪʦʾ ʽʩʪʦʨʽʾ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʪʘ ʽʩʪʦʨʠʯʥʦʾ ʩʘʤʦʩʚʽʜʦʤʦʩʪʽ ʩʫʯʘʩʥʠʭ ʫʢʨʘʾʥʮʽʚ. 
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ʉʘʚʝʥʢʦ ɺ.ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʢʪʦʨ ʙʫʜʽʚʥʠʮʪʚʘ, ʜʦʮʝʥʪ 

ʂʣʶʻʚʘ ɺ.ɺ, ʘʩʠʩʪʝʥʪ 

ʇʘʣʴʯʠʢ ʉ.ʇ., ʘʩʧʽʨʘʥʪ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, savenkoknuba@gmail.com 

ʗɺʀʑɸ ɽʅʊʈʆʇɯɰ ɯ ʉʀʅɽʈɻɯɰ ʗʂ ɺʇʃʀɺʆɺɯ ʌɸʂʊʆʈʀ ɺ ɽʌɽʂʊʀɺʅɯʁ 

ɼɯʗʃʔʅʆʉʊɯ ɺʀʈʆɹʅʀʏʆɰ ʉʀʉʊɽʄʀ 

ʇʦʙʫʜʦʚʘ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʥʘ ʙʘʟʽ ʝʢʦʥʦʤʽʢʦ-

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʽʰʝʥʥʷ ʨʷʜʫ ʧʨʦʙʣʝʤ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʬʦʨʤʘʣʽʟʘʮʽʻʶ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ ʽ ʧʦʩʪʽʡʥʦʛʦ ʾʾ 

ʧʦʣʽʧʰʝʥʥʷ, ʷʢ ʚʠʤʘʛʘʶʪʴ ʤʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ. 

ʊʝʦʨʝʪʠʯʥʦ ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʦʙʫʜʫʚʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ. 

ʅʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʘʢʪʠʯʥʦʾ ʡʦʛʦ ʨʝʘʣʽʟʘʮʽʾ, ʦʙʫʤʦʚʣʝʥʦʾ, ʧʝʨʰ ʟʘ 

ʚʩʝ, ʥʝʜʦʩʪʘʪʥʽʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʫʩʽʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʠʪʘʥʴ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. 

ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʤʘʻ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʘ 

ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʢʦʞʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽ ʧʽʜʨʦʟʜʽʣʫ ʚ ʜʦʩʷʛʥʝʥʥʽ ʛʦʣʦʚʥʦʾ ʤʝʪʠ ʦʨʛʘʥʽʟʘʮʽʾ. ʊʦʤʫ 

ʛʣʦʙʘʣʴʥʘ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʨʽʰʝʥʥʷ 

ʧʠʪʘʥʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʜʘʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ 

ʥʝʦʙʭʽʜʥʽ ʜʘʥʥʽ ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʽ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. ʇʨʦʪʝ ʩʪʦʭʘʩʪʠʯʥʠʡ 

(ʡʤʦʚʽʨʥʽʩʥʠʡ) ʭʘʨʘʢʪʝʨ ʷʢ ʚʥʫʪʨʽʰʥʽʭ, ʪʘʢ ʽ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ ʚʥʦʩʷʪʴ ʧʝʚʥʫ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ (ʭʘʦʩ) ʚ ʜʽʾ ʚʠʨʦʙʥʠʯʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʽ ʬʦʨʤʫʶʪʴ ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʝʥʪʨʦʧʽʾ, ʷʢʘ 

ʩʪʘʻ ʧʨʠʯʠʥʦʶ ʚʪʨʘʪʠ ʩʠʥʝʨʛʽʯʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ʈʦʙʣʷʪʴʩʷ ʩʧʨʦʙʠ 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʮʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʩʪʝʤ, ʘʣʝ ʪʦʯʥʠʭ ʥʘʜʽʡʥʠʭ, ʦʜʥʦʟʥʘʯʥʠʭ 

ʤʝʪʦʜʽʚ ʧʦʢʠ ʱʦ ʥʝ ʽʩʥʫʻ, ʪʦʤʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʯʠ ʨʦʙʦʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʥʝ ʤʘʻ ʧʽʜʩʪʘʚ 

ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʨʽʰʝʥʥʷ. ʅʘʚʽʪʴ ʫ ʥʘʡʜʦʩʢʦʥʘʣʽʰʠʭ ʤʘʰʠʥ ʽʥʪʫʾʮʽʷ, ʷʢ 

ʧʽʜʢʘʟʢʘ ʟ ʥʝʙʘ, ʚʽʜʩʫʪʥʷ. ʃʶʜʠʥʘ ʞ ʷʢ ʥʘʡʜʦʩʢʦʥʘʣʽʰʝ ʪʚʦʨʽʥʥʷ ʇʨʠʨʦʜʠ ʥʘ ʙʘʟʽ ʩʚʦʛʦ 

ʜʦʩʚʽʜʫ, ʥʘʜʟʫʩʠʣʴ ʩʚʦʛʦ ʨʦʟʫʤʫ ʪʘ ʽʥʪʫʾʮʽʾ ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʚʠʥʥʘ 

ʧʨʠʡʤʘʪʠ ʽ ʧʨʠʡʤʘʻ ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʨʽʰʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʙʫʜʽʚʥʠʮʪʚʦʤ ʚ ʾʭ ʩʢʣʘʜ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʢʣʶʯʝʥʘ ʣʶʜʠʥʘ, ʷʢ ʣʘʥʢʘ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʫʩʽʻʾ ʩʠʩʪʝʤʠ ʽ ʨʝʘʣʽʟʘʮʽʶ ʬʫʥʢʮʽʾ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ, ʟʘʙʝʟʧʝʯʫʻ 

ʫʩʽʤ ʥʝʦʙʭʽʜʥʠʤ ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʽ ʦʙʤʝʞʝʥʦʩʪʽ ʨʝʩʫʨʩʽʚ, ɺʦʥʘ ʧʦʚʠʥʥʘ ʩʚʽʜʦʤʦ 

ʟʤʝʥʰʫʚʘʪʠ ʨʽʚʝʥʴ ʝʥʪʨʦʧʽʾ (ʭʘʦʩʫ) ʩʠʩʪʝʤʠ ʪʘ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʡ ʨʽʚʝʥʴ ʩʠʥʝʨʛʽʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʫʩʽʭ ʾʾ ʝʣʝʤʝʥʪʽʚ. 

ɹʝʟ ʛʣʠʙʦʢʦʛʦ ʚʠʚʯʝʥʥʷ ʮʠʭ ʢʦʥʮʝʧʪʫʘʣʴʥʠʭ ʦʩʥʦʚ ʚʘʞʢʦ ʟʘʧʨʦʝʢʪʫʚʘʪʠ ʽ ʪʠʤ ʙʽʣʴʰʝ 

ʩʪʚʦʨʠʪʠ ʜʦʩʢʦʥʘʣʫ ʤʦʜʝʣʴ.  

ɺʠʩʥʦʚʢʠ.  

1. ɹʝʟ ʯʽʪʢʦʛʦ ʫʩʚʽʜʦʤʣʝʥʥʷ ʩʪʦʭʘʩʪʠʯʥʦʩʪʽ ʪʘ ʽʻʨʘʨʭʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʽʩʥʫʚʘʥʥʷ ʽ 

ʚʟʘʻʤʦʜʽʾ ʩʦʮʽʘʣʴʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ ʥʝʤʦʞʣʠʚʦ ʧʨʦʚʦʜʠʪʠ ʨʝʘʣʴʥʠʭ ʜʦʩʪʦʚʽʨʥʠʭ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʨʝʘʣʴʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʟʜʽʡʩʥʝʥʥʷ ʬʘʢʪʦʨʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʡ ʘʥʘʣʽʟʫ 

2. ʊʽʣʴʢʠ ʥʘʫʢʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʧʨʦʛʨʘʤʠ ʽ ʢʦʤʧôʶʪʝʨʥʽ ʰʚʠʜʢʦʜʽʶʯʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ 

ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʚʠʩʦʢʦʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʽ ʜʫʭʦʚʥʠʭ ʣʶʜʝʡ (ʘ ʥʝ ʷʢʠʭʦʩʴ ʪʫʧʠʭ ʽ 

ʙʨʫʪʘʣʴʥʠʭ ʧʩʝʚʜʦ-ʫʨʘ-ʧʘʪʨʽʦʪʽʚ) ʤʦʞʫʪʴ ʦʭʦʧʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ 

ʧʘʨʘʤʝʪʨʽʚ ʟʥʘʯʫʱʠʭ ʧʨʦʮʝʩʽʚ, ʦʮʽʥʠʪʠ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʢʽʥʮʝʚʠʡ ʟʘʧʣʘʥʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ, 

ʥʘ ʤʦʥʽʪʦʨʠʥʛ ʫʩʽʭ ʧʨʦʮʝʩʽʚ ʽ ʾʭʥʻ ʨʝʛʫʣʶʚʘʥʥʷ. ʊʦʙʪʦ ʘʨʩʝʥʘʣ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʙʽʣʴʰʠʤ, ʥʽʞ ʢʽʣʴʢʽʩʪʴ ʧʽʜʢʦʥʪʨʦʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʩʠʩʪʝʤ. 

3. ʅʘ ʝʪʘʧʘʭ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ ʽ ʦʨʛʘʥʽʟʘʮʽʡ ʚʠʱʝ ʪʝʣʝʦʥʦʤʽʯʥʦʛʦ ʨʽʚʥʷ ʪʽʣʴʢʠ ʥʘʫʢʘ ʽ 

ʥʘʫʢʦʚʽ ʧʽʜʭʦʜʠ (ʘ ʥʝ ʣʠʩʷʯʘ ʢʦʨʫʤʧʦʚʘʥʘ ʭʠʪʨʽʩʪʴ ʽ ʧʽʜʩʪʫʧʥʽʩʪʴ ʛʨʦʰʦʚʠʭ ʤʽʰʢʽʚ, ʷʢʘ ʧʦ 
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ʩʫʪʽ ʩʪʘʻ ʛʘʣʴʤʦʤ ʧʨʦʛʨʝʩʫ ʚʠʨʦʙʥʠʯʠʭ ʩʠʣ ʽ ʚʽʜʥʦʩʠʥ) ʤʦʞʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʝʘʣʴʥʠʡ 

ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʩʦʮʽʘʣʴʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ.  

4. ʅʝʬʦʨʤʘʣʴʥʘ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʤʦʞʝ ʜʦʧʦʤʘʛʘʪʠ ʽ ʢʦʤʧʝʥʩʫʚʘʪʠ ʥʝʜʦʣʽʢʠ 

ʦʨʛʩʪʨʫʢʪʫʨʠ (ʪʠʤʯʘʩʦʚʽ) ʚ ʨʘʟʽ ʦʩʚʦʻʥʥʷ ʽ ʩʧʨʠʡʥʷʪʪʷ ʢʦʣʝʢʪʠʚʦʤ ʧʨʘʮʽʚʥʠʢʽʚ 

ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ, ʛʘʨʤʦʥʽʟʘʮʽʾ ʚʽʜʥʦʰʝʥʴ ʢʝʨʫʶʯʦʾ ʽ ʢʝʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. 

5. ʏʽʪʢʠʡ ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʡ ʚ ʽʥʪʝʨʝʩʘʭ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ (ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ 

ʧʨʦʧʠʩʘʥʠʭ ʚ ʧʦʩʘʜʦʚʠʭ ʽʥʩʪʨʫʢʮʽʷʭ). ʅʘʧʨʠʢʣʘʜ, ʟʘʭʚʦʨʽʣʦʛʦ ʤʦʥʪʘʞʥʠʢʘ, ʱʦʙ ʥʝ 

ʟʽʨʚʘʪʠ ʨʦʙʦʯʫ ʟʤʽʥʠ ʥʘ ʤʦʥʪʘʞʽ ʙʫʜʠʥʢʫ, ʤʦʞʝ ʧʽʜʤʽʥʠʪʠ ʪʠʤʯʘʩʦʚʦ ʤʘʡʩʪʝʨ, ʯʠ 

ʯʝʨʛʦʚʠʡ ʝʣʝʢʪʨʠʢ, ʷʢʱʦ ʤʘʻ ʚʽʜʧʦʚʽʜʥʫ ʢʚʘʣʽʬʽʢʘʮʽʶ ʽ ʤʦʪʠʚʘʮʽʶ. ʎʝ ʧʨʘʢʪʠʢʫʻʪʴʩʷ ʚ 

ʢʦʤʧʣʝʢʩʥʠʭ ʙʨʠʛʘʜʘʭ, ʜʝ ʯʣʝʥʠ ʙʨʠʛʘʜʠ ʤʘʶʪʴ ʧʦ ʢʽʣʴʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʽ ʤʦʪʠʚʦʚʘʥʽ ʟʘ 

ʩʫʤʽʱʝʥʥʷ ʧʨʦʬʝʩʽʡ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʝʪʠ ʚ ʫʩʪʘʥʦʚʣʝʥʽ ʩʪʠʩʣʽ ʪʝʨʤʽʥʠ. 

6. ʆʨʛʘʥʽʟʦʚʘʥʘ ʢʦʣʝʢʪʠʚʥʘ ʜʽʷ ʟʥʘʯʥʦ ʝʬʝʢʪʠʚʥʽʰʘ, ʥʽʞ ʨʦʟʨʽʟʥʝʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʜʽʾ 

ʦʢʨʝʤʠʭ ʧʨʘʮʽʚʥʠʢʽʚ. ʉʠʣʘ ʩʧʽʣʴʥʦʾ ʧʨʘʮʽ ʬʦʨʤʫʻ ʩʧʽʣʴʥʽ ʽʥʪʝʨʝʩʠ ʪʦʙʪʦ ʟʤʝʥʰʝʥʥʷ 

ʝʥʪʨʦʧʽʾ ʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʠʥʝʨʛʽʾ ʽ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʇʈʀʄɯʊʀɺɯɺ ɻɽʆʄɽʊʈɯɰ ʇʆɺɽʈʍʅɯ ʇʈʀ ʄʆɼɽʃʖɺɸʅʅɯ 

ʇʈʆʄʀʉʃʆɺʀʍ ɺʀʈʆɹɯɺ 

ɻʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʚʝʨʜʠʭ ʪʽʣ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʩʽ ʝʣʝʤʝʥʪʠ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ (ʪʚʝʨʜʦʪʽʣʴʥʦʤʫ ʪʘ ʧʦʚʝʨʭʥʝʚʦʤʫ) ʨʝʟʫʣʴʪʘʪʦʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʜʝʷʢʘ ʦʙʦʣʦʥʢʘ (ʘʙʦ ʜʝʢʽʣʴʢʘ ʦʙʦʣʦʥʦʢ), ʷʢʘ ʦʧʠʩʫʻ ʧʦʚʝʨʭʥʶ ʦʙôʻʢʪʫ, 

ʷʢʠʡ ʤʦʜʝʣʶʻʪʴʩʷ.  

ʉʪʚʦʨʝʥʽ ʧʦʚʝʨʭʥʽ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʦʜʠʬʽʢʫʶʪʴ, ʚʠʢʦʥʫʶʯʠ ʦʙʨʽʟʢʫ ʧʦ ʣʽʥʽʷʤ 

ʧʝʨʝʪʠʥʫ ʪʘ ʟ ʦʪʨʠʤʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟʙʠʨʘʶʪʴ ʦʙʦʣʦʥʢʫ. ɺ ʧʦʚʝʨʭʥʝʚʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ 

ʦʙʦʣʦʥʢʘ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʤʢʥʝʥʦʶ. ɺʦʥʘ ʤʦʞʝ ʚʽʜʦʙʨʘʞʘʪʠ ʣʠʰʝ ʛʦʣʦʚʥʫ 

ʯʘʩʪʠʥʫ ʦʙôʻʢʪʘ ʤʦʜʝʣʶʚʘʥʥʷ (ʨʠʩ. 1, ʘ). ʇʦʚʝʨʭʥʝʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʦʩʝʨʝʜʠʪʠ 

ʜʽʾ ʥʘ ʩʢʣʘʜʥʠʭ ʬʦʨʤʘʭ ʦʙôʻʢʪʫ ʽ ʪʦʤʫ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʢʫʟʦʚʽʚ ʽ ʧʣʘʥʝʨʽʚ ʣʽʪʘʢʘ [1]. 

ʇʨʠ ʪʚʝʨʜʦʪʽʣʴʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʨʦʙʦʪʘ ʟ ʩʘʤʦʛʦ ʧʦʯʘʪʢʫ ʡʜʝ ʟ ʦʙʦʣʦʥʢʘʤʠ, ʘ ʥʝ ʟ 

ʦʢʨʝʤʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. ʆʙʦʣʦʥʢʘ ʧʦʚʥʽʩʪʶ ʦʧʠʩʫʻ ʧʦʚʝʨʭʥʶ ʦʙôʻʢʪʫ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʘ 

ʚʽʜʦʢʨʝʤʣʶʻ ʾʭ ʚʥʫʪʨʽʰʥʽʡ ʦʙôʻʤ ʚʽʜ ʨʝʰʪʠ ʧʨʦʩʪʦʨʫ. ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʦʙʦʣʦʥʢʠ ʚ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʘʥʘʣʦʛʽʯʥʠʡ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʙôʻʢʪʫ ʤʦʜʝʣʶʚʘʥʥʷ [2]. ʉʪʚʦʨʝʥʫ 

ʟʘʛʦʪʦʚʢʫ ʦʙʦʣʦʥʢʠ ʤʦʜʝʣʶʻʤʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʫʣʝʚʠʭ ʦʧʝʨʘʮʽʡ ʥʘʜ ʪʽʣʘʤʠ. ʆʙôʻʤ ʪʽʣʘ, 

ʷʢʝ ʤʘʻ ʧʫʩʪʦʪʠ, ʦʙʤʝʞʝʥʦ ʢʽʣʴʢʦʤʘ ʦʙʦʣʦʥʢʘʤʠ ï ʟʦʚʥʽʰʥʴʦʶ ʪʘ ʚʥʫʪʨʽʰʥʽʤʠ. 

ʅʘ ʨʠʩ. 1, ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʙʫʜʦʚʘ ʣʽʥʽʾ ʟʘʚʘʨʥʦʛʦ ʰʚʘ (ʚʦʥʘ ʞ ʻ ʽ ʣʽʥʽʻʶ ʦʙʨʽʟʢʠ ʦʜʥʽʻʾ 

ʟ ʪʨʫʙ) ʧʨʠ ʟʘʜʘʥʠʭ ʜʽʘʤʝʪʨʘʭ ʦʙʦʭ ʪʨʫʙ ʪʘ ʢʫʪʽ ʾʭ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ (ʧʦʚʝʨʭʥʝʚʝ 

http://dx.doi.org/10.1016/s0166-3615(99)00034-2
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çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2019è 
 

147 

ʤʦʜʝʣʶʚʘʥʥʷ) ʪʘ ʪʚʝʨʜʦʪʽʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ ʧʦʙʫʜʦʚʠ ʪʦʩʢʘʥʩʴʢʦʛʦ ʦʨʜʝʨʫ 

(ʨʠʩ. 1, ʙ).   

 
    ʘ)       ʙ)   

ʈʠʩ. 1 ï ʇʦʙʫʜʦʚʘ ʨʦʟʛʦʨʪʢʠ ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʘ) ʪʘ ʪʚʝʨʜʦʪʽʣʴʥʝ ʙ) ʤʦʜʝʣʶʚʘʥʥʷ 

ʅʝʷʚʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʣʽʥʽʾ ʾʭ ʧʝʨʝʪʠʥʫ ʚ 

ʘʥʘʣʽʪʠʯʥʽʡ ʬʦʨʤʽ. 
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ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʙʫʜʽʚʝʣʴʥʘ ʛʘʣʫʟʴ ʋʢʨʘʾʥʠ ʜʝʤʦʥʩʪʨʫʻ ʧʦʩʪʫʧʦʚʝ ʟʨʦʩʪʘʥʥʷ. 

ʊʘʢ, ʟʘ ʧʽʜʩʫʤʢʘʤʠ ʩʽʯʥʷ-ʞʦʚʪʥʷ 2018 ʨʦʢʫ, ʦʙôʻʤʠ ʙʫʜʽʚʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ ʟʨʦʩʣʠ ʥʘ 6,4%. 

ʊʘ ʨʘʟʦʤ ʟ ʮʠʤ, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ ʟ ʧʠʪʘʥʴ ʧʨʘʮʽ, ʟʘ 2016-2018 

ʨʦʢʠ ʢʽʣʴʢʽʩʪʴ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʟʨʦʩʣʘ ʥʘ 32% [1]. ʆʩʦʙʣʠʚʫ ʪʨʠʚʦʛʫ 

ʚʠʢʣʠʢʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʤʝʨʪʝʣʴʥʦ ʪʨʘʚʤʦʚʘʥʠʭ ʜʦ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʪʨʘʚʤʦʚʘʥʠʭ ʚ ʋʢʨʘʾʥʽ. ʗʢʱʦ ʚ ʨʦʟʚʠʥʝʥʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ ʚʦʥʦ ʩʢʣʘʜʘʻ 1:800ï

1000, ʪʦ ʟʘʛʘʣʦʤ ʧʦ ʋʢʨʘʾʥʽ ʫ 2017 ʨ. ï 1:12, ʘ ʚ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ï 1:4. 

 ɿʘ ʪʘʢʠʭ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʪʷʞʢʦʩʪʽ ʥʘʩʣʽʜʢʽʚ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʩʣʽʜ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʷʪʠ ʘʥʘʣʽʟʫ ʚʠʨʦʙʥʠʯʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ. ʂʦʨʠʩʪʫʶʯʠʩʴ ʤʝʪʦʜʘʤʠ, ʯʽʪʢʦ 

ʢʣʘʩʠʬʽʢʦʚʘʥʠʤʠ ʃ.ʇ. ʇʨʠʩʷʞʥʦʶ [2], ʤʠ ʜʽʡʰʣʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʷʢ ʤʝʪʦʜʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʛʨʫʧʠ ʽʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʭ, ʪʘʢ ʽ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʷʢʽ ʻ ʧʝʚʥʠʤ ʜʦʧʦʚʥʝʥʥʷʤ ʧʝʨʰʠʭ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʩʣʽʜ ʧʨʠʜʽʣʠʪʠ ʤʦʥʦʛʨʘʬʽʯʥʦʤʫ ʤʝʪʦʜʫ. ʎʠʤ ʤʝʪʦʜʦʤ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, 

ʱʦ ʬʘʢʪʦʨʠ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʥʝʙʝʟʧʝʯʥʽ ʩʠʪʫʘʮʽʾ, ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʝʪʝʨʤʽʥʦʚʘʥʽʡ ʟʘʣʝʞʥʦʩʪʽ. 

ɼʦʩʣʽʜʞʝʥʥʶ ʧʽʜʣʷʛʘʶʪʴ ʦʢʨʝʤʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʯʠ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ, ʨʦʙʦʯʽ ʤʽʩʮʷ, ʚʝʨʩʪʘʪʠ ʪʘ 
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ʽʥ.. ʉʫʪʴ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʦʩʣʽʜʦʚʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʦʞʣʠʚʽ ʥʘʡʙʽʣʴʰ 

ʥʝʩʧʨʠʷʪʣʠʚʽ ʟʙʽʛʠ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʪʘ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ. ʇʨʠ ʤʦʥʦʛʨʘʬʽʯʥʦʤʫ ʤʝʪʦʜʽ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ. ɺʽʥ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʱʘʩʥʠʡ ʚʠʧʘʜʦʢ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ï 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ ʫʤʦʚʠ, ʦʙʩʪʘʚʠʥʠ ʽ ʧʨʠʯʠʥʠ ʧʦʜʽʾ, ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ. 

ʋ ʮʽʣʦʤʫ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʬʘʢʪʦʨʽʚ ʪʨʘʚʤʘʪʠʟʤʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʦʜʽʾ çʥʝʱʘʩʥʠʡ 

ʚʠʧʘʜʦʢè ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: ʥʝʱʘʩʥʠʡ ʚʠʧʘʜʦʢ ï ʟʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʯʘʩ ʽ ʤʽʩʮʝ 

ʧʨʠʛʦʜʠ  ï ʧʦʪʝʨʧʽʣʠʡ ï ʟʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʧʦʪʝʨʧʽʣʦʛʦ ï ʧʨʦʬʝʩʽʡʥʘ ʧʽʜʛʦʪʦʚʣʝʥʽʩʪʴ 

ï ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʠʡ ʬʘʢʪʦʨ ï ʩʪʘʥ ʧʦʪʝʨʧʽʣʦʛʦ ʚ ʤʦʤʝʥʪ ʥʝʱʘʩʥʦʛʦ ʚʠʧʘʜʢʫ ï ʩʦʮʽʘʣʴʥʽ 

ʬʘʢʪʦʨʠ ï ʤʦʨʘʣʴʥʦ-ʩʫʙôʻʢʪʠʚʥʠʡ ʬʘʢʪʦʨ ï ʧʦʚʝʜʽʥʢʘ ʧʦʪʝʨʧʽʣʦʛʦ ï ʥʝʙʝʟʧʝʯʥʠʡ 

ʚʠʨʦʙʥʠʯʠʡ ʬʘʢʪʦʨ ï ʪʝʭʥʽʯʥʠʡ ʬʘʢʪʦʨ ï ʧʨʠʨʦʜʥʽ ʬʘʢʪʦʨʠ ï ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʬʘʢʪʦʨʠ.  

ɼʦ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʝ, ʱʦ ʮʝʡ ʤʝʪʦʜ ʫʩʢʣʘʜʥʶʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʚʤʘʪʠʟʤʫ 

ʟʘʛʘʣʦʤ ʧʦ ʛʦʩʧʦʜʘʨʩʪʚʫ ʪʘ ʛʘʣʫʟʽ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʅɸʅʆʊɽʍʅʆʃʆɻɯʁ ɼʃʗ ʆɼɽʈɾɸʅʅʗ ʎɽʄɽʅʊʅʀʍ 

ʂʆʄʇʆɿʀʎɯʁʅʀʍ ʄɸʊɽʈɯɸʃɯɺ  

ʊʨʘʜʠʮʽʡʥʦ ʧʨʠʡʥʷʪʠʡ ʢʦʥʮʝʧʪʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʢʣʘʜʽʚ 

ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ ʧʝʨʝʜʙʘʯʘʻ ʨʝʛʫʣʶʚʘʥʥʷ ʤʘʢʨʦ-, 

ʤʝʟʦ- ʪʘ ʤʽʢʨʦʨʽʚʥʽʚ ʽʻʨʘʨʭʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʤʧʦʟʠʪʫ ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ [1]. ʅʘ ʩʴʦʛʦʜʥʽ ʮʝʡ ʧʽʜʭʽʜ ʩʝʙʝ ʚʠʯʝʨʧʘʚ, ʦʩʢʽʣʴʢʠ ʷʢʽʩʥʦʛʦ 

ʧʦʢʨʘʱʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʩʪʚʦʨʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ. 

ʊʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʪʨʝʙʘʤ ʩʴʦʛʦʜʝʥʥʷ ʪʘ ʚʠʤʦʛʘʤ ʜʦ 

ʩʫʯʘʩʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʚʢʣʶʯʠʪʠ ʚ ʢʦʤʧʦʟʠʮʽʡʥʫ ʧʦʙʫʜʦʚʫ ʤʘʪʝʨʽʘʣʫ ʥʘʥʦʨʽʚʥʝʤ ʪʘ ʩʠʩʪʝʤʥʦ, 

ʧʦʩʣʽʜʦʚʥʦ  ʨʝʛʫʣʶʚʘʪʠ ʚʩʽ ʨʦʟʤʽʨʥʽ ʩʢʣʘʜʦʚʽ ʽʻʨʘʨʭʽʯʥʦʛʦ ʣʘʥʮʶʛʘ [2].  

ɺ ʛʘʣʫʟʽ ʙʫʜʽʚʝʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʟ ʨʦʟʤʽʨʘʤʠ 

ʯʘʩʪʠʥʦʢ ʜʦ 100 ʥʤ ʟʘ ʦʩʪʘʥʥʽ 20 ʨʦʢʽʚ ʧʽʜʪʚʝʨʜʠʣʦ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʥʦʚʠʭ ʟʘ 

ʩʢʣʘʜʦʤ ʪʘ ʷʢʽʩʥʦ ʚʽʜʤʽʥʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʪʘ 

ʩʧʝʮʽʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʽʡ ʘʢʪʠʚʥʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʫ ʩʢʣʘʜʽ 

ʤʘʪʨʠʮʽ, ʟʦʢʨʝʤʘ ʮʝʤʝʥʪʥʦʾ [1].  

ɼʣʷ ʮʝʤʝʥʪʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴ ʽ ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʽ ʨʦʟʯʠʥʠ, 

ʟ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʥʘʥʦʦʙôʻʢʪʽʚ ʜʦʮʽʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʨʝʯʦʚʠʥ 

ʚʠʜʦʚʞʝʥʦʾ ʬʦʨʤʠ (ʥʘʥʦʪʨʫʙʢʠ, ʥʘʥʦʧʣʘʩʪʠʥʠ) ʟʘʚʜʷʢʠ ʾʭ ʫʥʽʢʘʣʴʥʦ ʚʠʩʦʢʠʤ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʚʠʩʦʢʽʡ ʧʦʚʝʨʭʥʝʚʽʡ ʝʥʝʨʛʽʾ ʪʘ ʟʜʘʪʥʦʩʪʽ ʚʠʩʪʫʧʘʪʠ ʚ ʨʦʣʽ 

ʮʝʥʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʥʦʚʦʫʪʚʦʨʝʥʴ ʟʘʜʘʥʦʾ ʤʦʨʬʦʣʦʛʽʾ, ʪʘʢ ʽ ʜʠʩʧʝʨʩʥʦʾ ʘʨʤʘʪʫʨʠ 

ʥʘʥʦʨʽʚʥʷ.  

ɹʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʦʙôʻʢʪʽʚ 

ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʮʝʤʝʥʪʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʯʠʥʽʚ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ.  

http://dsp.gov.ua/category/diyalnist
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ʅʘʥʦʨʝʯʦʚʠʥʠ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʝʦʯʠʱʝʥʠʤʠ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ, 

ʩʠʥʪʝʟʦʚʘʥʠʤʠ ʚ ɯʥʩʪʠʪʫʪʽ ʭʽʤʽʾ ʧʦʚʝʨʭʥʽ ʽʤ. ʏʫʡʢʘ (ʤ. ʂʠʾʚ). ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʜʽʘʤʝʪʨʦʤ ʚʽʜ 10... 40 ʥʤ, ʜʦʚʞʠʥʦʶ ʜʦ 2 ʤʢʤ, ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ 200...400 ʤ
2
/ʛ. ɺ 

ʮʝʤʝʥʪʥʫ ʤʘʪʨʠʮʶ ʥʘʥʦʪʨʫʙʢʠ ʚʚʦʜʠʣʠ ʚ ʜʠʩʧʝʨʩʽʾ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʦʾ ʨʝʯʦʚʠʥʠ 

ʘʥʽʦʥʥʦʛʦ ʪʠʧʫ. ɼʠʩʧʝʨʩʽʶ ʛʦʪʫʚʘʣʠ ʧʨʠ ʢʘʚʽʪʘʮʽʡʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʚ ʘʛʨʝʛʘʪʽ-

ʛʦʤʦʛʝʥʽʟʘʪʦʨʽ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 3000 ʭʚ
-1
. ʪʘ ʯʘʩʽ ʧʨʠʛʦʪʫʚʘʥʥʷ 3-5 ʭʚʠʣʠʥ. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʠʩʧʝʨʩʽʡ ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʘʟʝʨʥʦ-ʢʦʨʝʣʷʮʽʡʥʦʾ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ.  

ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʠʩʧʝʨʩʽʡ, ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ 

ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʥʘʥʦʪʨʫʙʦʢ ʚ ʜʠʩʧʝʨʩʽʾ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʥʘ ʨʽʚʥʽ 1ʤʘʩ. %. 

ɺʠʚʯʝʥʦ ʦʩʥʦʚʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʯʠʥʽʚ ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʥʘʥʦʜʦʙʘʚʢʠ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ 

ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 50-60%: ʤʽʮʥʦʩʪʽ, ʚʦʜʦʥʝʧʨʦʥʠʢʥʦʩʪʽ, ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ, ʘʜʛʝʟʽʡʥʦʾ 

ʤʽʮʥʦʩʪʽ, ʪʘ ʧʽʜʚʠʱʫʻ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʙʝʪʦʥʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʟʘʭʠʱʝʥʦʾ ʧʦʢʨʠʪʪʷʤ.  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. Middendorf B. Nanoscience and nanotechnology in cement materials / B. Middendorf, 

N. B. Singh // Cement International. ï 2008. ï ˉ 1 ï P. 56ï54. 

2. ʉʫʭʘʥʝʚʠʯ ʄ.ɺ. ʇʨʠʥʮʠʧʠ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʧʦʙʫʜʦʚʠ ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʮʝʤʝʥʪʽʚ, ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʤʽʢʨʦ- ʪʘ ʥʘʥʦʜʦʙʘʚʢʘʤʠ [ʊʝʢʩʪ] / ʄ.ɺ.ʉʫʭʘʥʝʚʠʯ // ɹʫʜʽʚʝʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʚʠʨʦʙʠ ʪʘ ʩʘʥʽʪʘʨʥʘ ʪʝʭʥʽʢʘ.- 2017.ï ˉ 58.ï ʉ.149-157. 
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ʐʪʝʧʘ ɺ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, shns1981@gmail.com  

ʄʦʨʛʦʣʴ ʆ.ɺ., ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

ʇʦʣʽʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʇʽʥʩʴʢ, ʈʝʩʧʫʙʣʽʢʘ ɹʽʣʦʨʫʩʴ,  

ɺʀʂʆʈʀʉʊɸʅʅʗ ʋɼʆʉʂʆʅɸʃɽʅʀʍ ʅɸʋʂʆɺʆ-ʊɽʍʅɯʏʅʀʍ ɿɸʉɸɼ 

ʅʆʈʄɸʊʀɺʅʆɰ ɹɸɿʀ ɽʃɽʂʊʈʆʊɽʍʅʆʃʆɻɯʁ ɺʆɼʆʆʏʀʑɽʅʅʗ 

ɯʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ ʝʣʝʢʪʨʦʪʝʭʥʦʣʦʛʽʡ ʚʦʜʦʦʯʠʱʝʥʥʷ ʤʦʞʥʘ 

ʚʠʟʥʘʯʠʪʠ, ʷʢ ʢʦʤʧʣʝʢʩ ʫ ʩʢʣʘʜʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʽʟ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ 

ʜʘʥʠʭ (ʉʋɹɼ), ʜʦʧʦʤʽʞʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʚ ʷʢʽʡ ʚʠʤʽʨʶʚʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʽʥʰʽ ʚʠʜʠ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʩʪʨʫʢʪʫʨʘ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ (ʢʚʘʟʽʥʘʪʫʨʘʣʴʥʦʾ) 

ʚʢʣʶʯʘʪʠʤʝ ʟʘʩʦʙʠ ʬʽʟʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʝʪʨʦʣʦʛʽʯʥʝ, ʤʘʪʝʤʘʪʠʯʥʝ, ʽʥʪʝʨʬʝʡʩʥʝ ʪʘ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʬʘʢʪʠʯʥʦ ʷʚʣʷʪʠʤʝ ʩʦʙʦʶ ʚʽʨʪʫʘʣʴʥʫ ʤʽʨʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʦʜʦʦʯʠʱʝʥʥʷ (ɺʄɽɺ) (ʨʠʩ. 1). 

 
ʈʠʩ. 1  ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʦʙʣʘʜʥʘʥʥʷ ɺʄɽɺ (ʪʝʭʥʦʣʦʛʽʯʥʝ çʷʜʨʦè) ʽʟ ʨʝʘʣʽʟʘʮʽʻʶ 

ʘʛʨʝʛʘʪʠʚʥʦʾ ʪʠʧʽʟʘʮʽʾ ʟʘ ʙʘʟʦʚʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚʦʜʦʦʯʠʱʝʥʥʷ: ɸɹʉ ï ʘʛʨʝʛʘʪʠ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʩʧʦʩʦʙʫ, ɸʌʍʉ ï ʘʛʨʝʛʘʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʩʧʦʩʦʙʫ, ɸʍʉ ï ʘʛʨʝʛʘʪʠ ʭʽʤʽʯʥʦʛʦ ʩʧʦʩʦʙʫ, 

ɸʄʉ ï ʘʛʨʝʛʘʪʠ ʤʝʭʘʥʽʯʥʦʛʦ ʩʧʦʩʦʙʫ, ʅʉ ï ʥʘʩʦʩ, ɭʃ ï ʻʤʥʽʩʪʴ-ʣʦʢʘʣʽʟʘʪʦʨ 

ʇʨʠ ʫʜʦʩʢʦʥʘʣʝʥʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʩʘʜ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʬʽʟʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʜʣʷ ʦʙʣʘʜʥʘʥʥʷ (ʜʠʚ. ʨʠʩ. 1), ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ 

ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ (ʮʝ ʧʦʥʘʜ 90% ʪʘʢʦʾ ʥʦʤʝʥʢʣʘʪʫʨʠ) [1]. ɿʘ 

ʥʦʨʤʘʪʠʚʥʠʡ ʙʘʟʠʩ ʧʨʠʡʥʷʪʦ ñʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ. ʉɸʇʈ. ʇʨʘʚʠʣʘ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʫʤʦʚʘʭ ʛʥʫʯʢʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ. ʂʈ 50-633-87ò. 

mailto:pafedorov@gmail.com
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ʅʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʦʜʦʦʯʠʱʝʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɺʄɽɺ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʟʛʽʜʥʦ ʚʠʤʦʛ ʉʅʽʇ 2.04.03-85 çʇʨʦʝʢʪʫʚʘʥʥʷ ʩʧʦʨʫʜ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜè ʪʘ 

ʜʦʢʫʤʝʥʪʽʚ, ʷʢʽ ʜʝʪʘʣʽʟʫʶʪʴ ʚʠʙʽʨ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ 

ʚʦʜʦʦʯʠʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʇʨʠ ʮʴʦʤʫ, ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʦʤʝʥʢʣʘʪʫʨʠ ʦʙʣʘʜʥʘʥʥʷ ɺʄɽɺ, ʧʦʯʘʪʢʦʚʦ ʫʤʦʚʥʦ 

ʟʜʽʡʩʥʝʥʦ ʧʦʜʽʣ ʦʙʣʘʜʥʘʥʥʷ ʥʘ (ʨʠʩ. 2): 

- ʪʘʢʝ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʘʙʨʫʜʥʶʚʘʯʽ; 

- ʪʘʢʝ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʬʫʥʢʮʽʡ. 

 
ʈʠʩ. 2  ʇʨʠʢʣʘʜ ʧʦʜʽʣʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʠʩʪʝʤʘʤʠ ʚʦʜʦʦʯʠʱʝʥʥʷ  

ʉʪʦʩʦʚʥʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʟʘʩʪʦʩʦʚʫʻ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʟʘʙʨʫʜʥʶʚʘʯʽ, ʪʦ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʽʤʽʪʘʮʽʡʥʠʤ ʰʣʷʭʦʤ 

ʦʪʨʠʤʘʥʠʡ ʝʬʝʢʪ ʚʦʜʦʦʯʠʱʝʥʥʷ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʟʘʪʨʘʪʘʭ ʥʘ ʡʦʛʦ ʜʦʩʷʛʥʝʥʥʷ (ʢʨʠʪʝʨʽʡ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ [2]) ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʩʧʦʣʫʢʠ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʪʘ ʜʽʶʪʴ ʥʘ 

ʟʘʙʨʫʜʥʶʚʘʯʽ (ʨʠʩ. 3). 

 
ʈʠʩ. 3  ʄʝʪʦʜʠʢʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ɺʄɽɺ (ʧʨʠ ʫʤʦʚʥʦ ʧʨʷʤʽʡ 

ʜʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʟʘʙʨʫʜʥʶʚʘʯʽ): ɼɼɿ ï ʜʦʤʽʥʫʶʯʠʡ ʜʠʥʘʤʽʯʥʠʡ ʟʘʙʨʫʜʥʶʚʘʯ  

ɺʩʪʘʥʦʚʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʟʛʽʜʥʦ ʟʘʣʝʞʥʦʩʪʝʡ 

ʉʅʽʇ 2.04.03-85 çʇʨʦʝʢʪʫʚʘʥʥʷ ʩʧʦʨʫʜ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜè ʪʘ ʽʥʰʠʭ ʙʘʟʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʽʚ [3]. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʐʪʝʧʘ ɺ. ʄ. ʆʮʽʥʢʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʽʚ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ / ɺ. ʄ. ʐʪʝʧʘ // ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ. ï ʂ.: ʅʋɹʽʇʋ. ï 2014. ï 

ɺʠʧ. 194. ï ʏʘʩʪʠʥʘ 3. ï ʉ. 259  ï 265. 
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2. ɼʦʥʯʝʥʢʦ ʄ. ʀ. ʆʯʠʩʪʢʘ ʨʘʩʪʚʦʨʦʚ ʦʪ ʜʠʩʧʝʨʩʥʳʭ ʧʨʠʤʝʩʝʡ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʢʦʘʛʫʣʷʮʠʠ. 2. 

ʆʩʘʞʜʝʥʠʝ ʛʣʠʥʠʩʪʳʭ ʧʨʠʤʝʩʝʡ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ, ʬʘʢʪʦʨʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ / ʄ.ʀ. ɼʦʥʯʝʥʢʦ, ʆ.ɻ. ʉʨʠʙʥʘʷ, ʌ.ʀ. ɻʦʥʯʘʨʦʚ, ɺ.ʅ. ʐʪʝʧʘ // ɺʽʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ñʍʇɯò. ï ʍʘʨʢʽʚ: ʅʊʋ ñʍʇɯò. ï 2009. ï ˉ 22. ï ʉ. 57-65. 

3. ɺʝʨʪʘʡ ʉ. ʇ. ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ / ʉ. ʇ. ɺʝʨʪʘʡ, 

ɺ. ʅ. ʐʪʝʧʘ, ɽ. ʀ. ʉʘʩʝʚʠʯ // ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ : ʥʘʫʯʥʳʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʞʫʨʥʘʣ.ï ʄʠʥʩʢ, ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2016.ï ˉ 4 (48). ï ʉ. 10-14. 
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ʊʢʘʯʝʥʢʦ ɸ.ɺ., ʤʘʛʠʩʪʨ 

ɼʥʝʧʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, v_molchanov@ukr.net 

ʇʆʉʊɸʅʆɺʂɸ ʀ ʈɽʐɽʅʀɽ ɻʈɸʅʀʏʅʆʁ ɿɸɼɸʏʀ ʌʀʃʔʊʈɸʎʀʀ 

ɾʀɼʂʆʉʊɽʁ ɺ ʇɽʈɽʄɽʅʅʆʁ ʇʆʈʀʉʊʆʁ ʉʈɽɼɽ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʠɦʭ ʞʠʜʢʦʩʪʝʡ 

ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʪʘʢ ʢʘʢ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ 

ʬʠʣʴʪʨʫʶʱʫʶ ʧʝʨʝʛʦʨʦʜʢʫ ʜʦʩʪʠʛʘʝʪʩ ̫ʧʦʣʥʦʝ ʠʟʚʣʝʯʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠʟ ʞʠʜʢʦʩʪʝʡ. 

ʆʜʥʘʢʦ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʝʡ ʚ ʢʘʥʘʣʘʭ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʬʠʣʴʪʨʘ [1]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʬʠʣʴʪʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ. ʇʨʠ ʬʠʣʴʪʨʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʯʝʨʝʟ ʩʣʦʡ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʨʠʩʪʘʷ ʩʨʝʜʘ 

ʬʠʣʴʪʨʫʶʱʝʡ ʧʝʨʝʛʦʨʦʜʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʝʝ ʧʦʨʠʩʪʦʩʪʠ. ʀʟʤʝʥʝʥʠʝ 

ʧʦʨʠʩʪʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʧʦʨ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʘʢ ʢʘʢ 

ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʚʤʝʩʪʝ ʩ ʞʠʜʢʦʩʪʴʶ ʧʨʦʥʠʢʘʶʪ ʚ ʧʦʨʳ ʢʘʥʘʣʦʚ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʟʘʚʠʩʘʶʪ ʚ ʥʠʭ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ, ʧʨʦʮʝʩʩ ʬʠʣʴʪʨʘʮʠʠ ʰʣʘʤʦʚʦʡ ʩʫʩʧʝʥʟʠʠ ʧʨʦʪʝʢʘʝʪ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʟʘʢʫʧʦʨʠʚʘʥʠʝʤ ʧʦʨ ʬʠʣʴʪʨʫʶʱʝʡ ʧʝʨʝʛʦʨʦʜʢʠ [2]. ʇʨʠ ʬʠʣʴʪʨʘʮʠʠ ʩ 

ʧʦʩʪʝʧʝʥʥʳʤ ʟʘʢʫʧʦʨʠʚʘʥʠʝʤ ʧʦʨ ʥʘ ʬʠʣʴʪʨʫʶʱʫʶ ʧʝʨʝʛʦʨʦʜʢʫ ʦʙʲʝʤʦʤ ʬW , ʤ
3
, ʚ 

ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʠʪʩʷ ʩʣʦʡ ʩʳʧʫʯʝʛʦ ʧʦʨʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʨʠʩʪʦʩʪʴʶ ʇ, ʥʝʧʨʝʨʳʚʥʦ 

ʧʦʩʪʫʧʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʞʠʜʢʦʩʪʴ ʩʦ ʩʢʦʨʦʩʪʴʶ ʞW , ʤ
3
 ʚ ʤʠʥʫʪʫ, ʚ ʢʦʪʦʨʦʡ 

ʩʦʜʝʨʞʘʪʩʷ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʤʘʩʩʦʡ ʟʢ, ʢʛ. ʇʦʩʪʫʧʘʶʱʠʝ ʩ ʞʠʜʢʦʩʪʴʶ ʚ ʧʦʨʳ ʢʘʥʘʣʦʚ 

ʬʠʣʴʪʨʫʶʱʝʡ ʧʝʨʝʛʦʨʦʜʢʠ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʟʘʚʠʩʘʶʪ ʠ ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʚ ʥʝʡ, ʘ 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʘʷ ʞʠʜʢʦʩʪʴ ʧʨʦʜʦʣʞʘʝʪ ʜʚʠʛʘʪʴʩʷ ʩ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ. ʊʚʝʨʜʳʝ ʯʘʩʪʠʮʳ, 

ʟʘʚʠʩʰʠʝ ʚ ʧʦʨʘʭ ʢʘʥʘʣʦʚ ʬʠʣʴʪʨʫʶʱʝʡ ʧʝʨʝʛʦʨʦʜʢʠ, ʠʟʤʝʥʷʶʪ ʝʝ ʧʦʨʠʩʪʦʩʪʴ ʠ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʘʮʠʠ. 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʧʦʨʠʩʪʦʩʪʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʨʠʨʦʩʪʫ ʤʘʩʩʳ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʚ ʧʦʨʠʩʪʦʤ ʩʣʦʝ ʬʠʣʴʪʨʫʶʱʝʡ ʧʝʨʝʛʦʨʦʜʢʠ ʦʙʲʝʤʦʤ ʬW , ʤ
3
, ʧʦʣʫʯʠʤ 

ʬW

dm
dʇ ʊ  (1) 

ʛʜʝ ï ʧʣʦʪʥʦʩʪʴ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ, ʢʛ/ʤ
3
. 

ʊʘʢ ʢʘʢ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʰʣʘʤʦʚʳʭ ʩʫʩʧʝʥʟʠʡ ʯʝʨʝʟ ʩʣʦʡ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʰʣʘʤʘ 

ʧʦʨʠʩʪʘʷ ʩʨʝʜʘ ʥʝʧʨʝʨʳʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʦ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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ʈʝʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ ʩʣʘʙʦ ʩʞʠʤʘʝʤʘ, ʧʦʵʪʦʤʫ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʤʦʞʥʦ 
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ʛʜʝ  ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʢʛ/ʤ
2
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ʊʘʢ ʢʘʢ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʩʫʩʧʝʥʟʠʠ ʯʝʨʝʟ ʧʦʨʠʩʪʳʡ ʩʣʦʡ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʜʚʠʞʝʥʠʝ 

ʧʨʦʪʝʢʘʝʪ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪʦ ʫʨʘʚʥʝʥʠʝ (4) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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 (5) 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (5) ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʟʘʜʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʝʡ ʯʝʨʝʟ ʩʣʦʡ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 

ʧʝʨʝʤʝʥʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʬʠʣʴʪʨʫʶʱʝʡ ʧʝʨʝʛʦʨʦʜʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʬʠʣʴʪʨʫʶʱʝʡ ʧʝʨʝʛʦʨʦʜʢʠ 

ʚʳʚʝʜʝʥʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʝʡ ʚ ʧʝʨʝʤʝʥʥʦʡ ʧʦʨʠʩʪʦʡ 

ʩʨʝʜʝ 
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ʊʘʢ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʫʶʱʝʡ ʧʝʨʝʛʦʨʦʜʢʠ ʚʦ ʚʨʝʤʷ 

ʧʨʦʮʝʩʩʘ ʬʠʣʴʪʨʘʮʠʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʧʨʝʜʩʪʘʚʠʤ ʝʛʦ ʢʘʢ ʬʫʥʢʮʠ ʁ

ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʈ(z, t) ʚ ʦʙʣʘʩʪʠ ʚʨʝʤʝʥʥʳʭ 0 Ò t Ò T ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 0 Ò z Ò L 

ʟʥʘʯʝʥʠʡ. ɿʘʜʘʚʘʷʩʴ ʥʘʯʘʣʴʥʳʤʠ ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

P (z, 0) = P1; P (0, t) = ʈ1; P (L, t) = ʈ2. (7) 

ʧʨʠʭʦʜʠʤ ʢ ʧʦʩʪʘʥʦʚʢʝ ʛʨʘʥʠʯʥʦʡ ʟʘʜʘʯʠ ʬʠʣʴʪʨʘʮʠʠ ʰʣʘʤʦʚʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʧʝʨʝʤʝʥʥʦʡ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ. 

ʈʝʰʝʥʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ (6) ʩ ʥʘʯʘʣʴʥʳʤʠ ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (7) 

ʦʩʫʱʝʩʪʚʣʷʝʤ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʯʪʦ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʠʩʢʦʤʳʡ ʥʘʙʦʨ ʯʠʩʝʣ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʢʘʭ 

ʜʠʩʢʨʝʪʥʦʛʦ ʤʥʦʞʝʩʪʚʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʠ ʠʟʫʯʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʬʠʣʴʪʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʯʝʨʝʟ ʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ. 
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ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ 

ʬʠʣʴʪʨʫʶʱʝʡ ʧʝʨʝʛʦʨʦʜʢʠ ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʟʘʢʦʥʘ ʚʳʚʝʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʝʡ ʚ ʧʝʨʝʤʝʥʥʦʡ ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ. 
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ʃɸɹʆʈɸʊʆʈʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ʆʏʀʑɽʅʅʗ ɻʆʉʇʆɼɸʈʉʔʂʆ-ʇʆɹʋʊʆɺʀʍ 

ʉʊɯʏʅʀʍ ɺʆɼ ʈɽɸɻɽʅʊʅʀʄ ʂʆʄʇʃɽʂʉʅʀʄ ʄɽʊʆɼʆʄ 

ɹʝʟʧʝʨʝʨʚʥʝ ʟʨʦʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ ʤʽʩʪ ʽ ʧʽʜʧʨʠʻʤʩʪʚ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʦʛʦ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ [1], ʱʦ ʨʦʙʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʨʦʟʨʦʙʢʫ 

ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʦʯʠʱʝʥʥʷ, ʟʦʢʨʝʤʘ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʛʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ. 

ʇʽʩʣʷ ʨʝʘʛʝʥʪʥʦʛʦ ʪʨʘʜʠʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚ ʫʤʦʚʘʭ ʜʽʶʯʦʾ ʢʘʥʘʣʽʟʘʮʽʡʥʦ-

ʦʯʠʩʥʦʾ ʩʪʘʥʮʽʾ ʤ. ʉʣʘʚʫʪʠʯ (ʋʢʨʘʾʥʘ) ʧʦʢʘʟʥʠʢ ʟʘʛʘʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ ï ʭʽʤʽʯʥʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ (ʍʉʂ) ï ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʡ ʩʢʠʜ (ɻɼʉ) ʫ 1,7 ʨʘʟʽʚ, 

ʥʽʪʨʠʪʠ ï ʫ 11 ʨʘʟʽʚ, ʬʦʩʬʘʪʠ ʽ ʟʘʣʽʟʦ ʚʽʜʧʦʚʽʜʥʦ ï ʫ 2,1 ʽ 1,5 ʨʘʟʽʚ [2]. ɿʘʛʘʣʴʥʦʜʝʨʞʘʚʥʘ 

ʧʨʦʛʨʘʤʘ çʇʠʪʥʘ ʚʦʜʘ ʋʢʨʘʾʥʠè ʥʘ ʧʝʨʽʦʜ 2011-2020 ʨʨ. ʚʠʟʥʘʻ ʧʦʪʨʝʙʫ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ 

ʨʦʟʨʦʙʦʢ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʧʦʜʘʣʴʰʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʥʦʨʤʘʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ ʱʦʜʦ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ ʽ ʷʢʦʩʪʽ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ 

ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʘʛʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʫ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʆʪʨʠʤʘʪʠ ʨʝʘʛʝʥʪʥʠʡ ʢʦʤʧʣʝʢʩ ʪʘ ʧʝʨʝʚʽʨʠʪʠ ʡʦʛʦ ʢʦʘʛʫʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʫʣʴʬʘʪʦʤ ʘʣʶʤʽʥʽʶ (111) . 

2. ɼʦʩʣʽʜʠʪʠ ʚʠʣʫʯʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʽʟ ʩʪʽʯʥʦʾ ʚʦʜʠ  ʨʝʘʛʝʥʪʥʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʟʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʢʦʥʪʘʢʪʫ. 

ɺ ʧʝʨʽʦʜ ʟ 01.04.2019 ʨ. ʧʦ 21.04.2019 ʨ. ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʜʦʩʣʽʜʥʦ-ʣʘʙʦʨʘʪʦʨʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʧʦʨʽʚʥʷʥʥʷ ʚʧʣʠʚʫ 1 % ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ (111) ʫ ʧʦʻʜʥʘʥʥʽ ʟ 0,5 

% ʨʦʟʯʠʥʦʤ  ʬʣʦʢʫʣʷʥʪʘ Flopam (Superflock C 490 MW) ʪʘ 1% ʨʦʟʯʠʥʦʤ ʨʝʘʛʝʥʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ (ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ (111): ʇʈʆɸʂɺɸ18) ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1 ʥʘ ʷʢʽʩʪʴ 

ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʤ. ʉʣʘʚʫʪʠʯ, ʂʠʾʚʩʴʢʘ ʦʙʣ. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʚʟʷʪʦ ʪʨʠ ʮʠʣʽʥʜʨʠ, ʦʙ'ʻʤʦʤ 1 ʣ. ɺ ʧʝʨʰʦʤʫ ï ʩʪʽʯʥʘ ʚʦʜʘ ʙʝʟ 

ʦʯʠʩʪʢʠ, ʢʦʥʪʨʦʣʴ, ʜʨʫʛʠʡ - 1 % ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ (111), ʜʦʟʘ 300 ʤʛ/ʣ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ 0,5 % ʨʦʟʯʠʥʦʤ  ʬʣʦʢʫʣʷʥʪʘ Flopam (Superflock C 490 MW), ʜʦʟʘ 0,5 ʤʛ/ʣ, 

ʪʨʝʪʽʡ - ʨʦʟʯʠʥʦʤ ʨʝʘʛʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ (111) : ʇʈʆɸʂɺɸ18) ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1, ʜʦʟʘ 200 ʤʛ/ʣ ʫ ʧʦʻʜʥʘʥʥʽ ʟ 0,5 % ʨʦʟʯʠʥʦʤ  ʬʣʦʢʫʣʷʥʪʘ Flopam 

(Superflock C 490 MW), ʜʦʟʘ 0,5 ʤʛ/ʣ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 1,2. ɼʦʟʘ ʬʣʦʢʫʣʷʥʪʘ ʚ ʦʙʦʭ ʪʘʙʣʠʮʷʭ 

ʦʜʥʘʢʦʚʘ 0,5 ʛ/ʤ
3
. 
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ʊʘʙʣʠʮʷ 1 - ɺʧʣʠʚ ʜʦʟʠ ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ (111) ʥʘ ʷʢʽʩʪʴ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ 

ʅʘʡʤʝʥʫ-

ʚʘʥʥʷ 

ʧʨʦʙ 

ɼʦ-ʟʘ, 

ʤʛ/ʣ
 

ʊʨʠ-ʚʘ-

ʣʽʩʪʴ, 

ʛʦʜ 

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʪʽʯʥʠʭ ʚʦʜ, ʤʛ/ʜʤ
3 

ɿʘʚʠʩʣ

ʽ ʨʝʯ. 

ʇʨʦʟʦ

ʨʽʩʪʴ 
ʍʉʂ 

ɸʟʦʪ 

ʘʤʦʥʽʡʥ

ʠʡ 

ʅʽʪ-

ʨʠʪʠ 

ɿʘʣʽʟʦ 

ʟʘʛʘʣʴ

ʥʝ 

ʌʦʩ-

ʬʘʪʠ 

ʅʽʪ-

ʨʘʪʠ 
ʨʅ 

ʎʠʣʽʥʜʨ 

 ̄1 

- 1,0 274,6 2,0 214,0 34,3 0,37 0,61 12,4 2,41 8,0 

ʎʠʣʽʥʜʨ 

 ̄2 

300 1,0 29,8 16,0 128,4 22,2 0,12 0,17 1,8 0,72 7,64 

ɽʬʝʢʪ 

ʦʯʠʩʪʢʠ,% 

  89,1  40,0 35,3 67,6 72,1 85,5 70,1  

 

ʊʘʙʣʠʮʷ 2 - ɺʧʣʠʚ ʜʦʟʠ ʨʝʘʛʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ ʷʢʽʩʪʴ ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ 

ʅʘʡʤʝʥʫ-

ʚʘʥʥʷ 

ʧʨʦʙ 

ɼʦʟʘ, 

ʤʛ/ʣ
 

ʊʨʠʚʘ-

ʣʽʩʪʴ, 

ʛʦʜ 

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʩʪʽʯʥʠʭ ʚʦʜ, ʤʛ/ʜʤ
3 

ɿʘʚʠʩʣʽ 

ʨʝʯ. 

ʇʨʦʟʦ

ʨʽʩʪʴ 
ʍʉʂ 

ɸʟʦʪ 

ʘʤʦʥʽʡʥ

ʠʡ 

ʅʽʪ-

ʨʠʪʠ 

ɿʘʣʽʟʦ 

ʟʘʛʘ-

ʣʴʥʝ 

ʌʦʩ-

ʬʘʪʠ 

ʅʽʪ-

ʨʠʪʠ 
ʨʅ 

ʎʠʣʽʥʜʨ 

 ̄1 

- 1,0 274,6 2,0 214,0 34,3 0,37 0,61 12,4 2,41 8,0 

ʎʠʣʽʥʜʨ 

 ̄3 

200 1,0 10,4 25,0 85,6 16,5 0,06 0,12 0,1 0,67 7,78 

ɽʬʝʢʪ 

ʦʯʠʩʪʢʠ,% 

  96,2  60,0 51,9 83,8 80,3 99,2 72,2  

ʇʨʠ ʤʝʥʰʦʤʫ ʜʦʟʫʚʘʥʥʽ ʩʫʤʽʰʽ ʨʝʘʛʝʥʪʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʫʣʴʬʘʪʦʤ ʘʣʶʤʽʥʽʶ (111) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʨʘʱʽʡ ʝʬʝʢʪ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ. ʉʫʪʪʻʚʦ ʟʙʽʣʴʰʠʣʘʩʴ ʧʨʦʟʦʨʽʩʪʴ ʚʦʜʠ, 

ʝʬʬʝʢʪ ʦʯʠʩʪʢʠ ʧʦ ʬʦʩʬʘʪʘʭ 99,2 %. ɽʬʝʢʪ ʦʯʠʩʪʢʠ ʧʦ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥʘʭ ï 95,2 %. 

ʊʘʢʦʞ ʧʦʢʨʘʱʠʣʘʩʴ ʦʯʠʩʪʢʘ ʧʦ ʛʨʫʧʽ ʘʟʘʪʫ: ʥʽʪʨʠʪʠ ï 83,8%, ʥʽʪʨʘʪʠ ï 72,2%, ʘʟʦʪ 

ʘʤʦʥʽʡʥʠʡ ï 51,9 %. 

ɺʠʩʥʦʚʢʠ 

1. ʆʪʨʠʤʘʥʦ ʟʘ ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʫ ʨʦʙʦʪʽ ʨʝʘʛʝʥʪʥʠʡ ʢʦʤʧʣʝʢʩ ʽ ʚʠʷʚʣʝʥʦ ʧʨʠ ʦʯʠʱʝʥʥʽ 

ʩʪʽʯʥʠʭ ʚʦʜ ʱʦʜʦ ʍʉʂ, ʘʟʦʪʘ ʘʤʦʥʽʡʥʦʛʦ, ʥʽʪʨʠʪʽʚ, ʬʦʩʬʘʪʽʚ, ʟʘʣʽʟʘ ʟʘʛʘʣʴʥʦʛʦ, ʡʦʛʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʜʦʚʦʜʠʪʴ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʜʦ ʨʽʚʥʷ ɻɼʉ, 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʫʣʴʬʘʪʦʤ ʘʣʶʤʽʥʽʶ (111).  

2. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʣʝʥʦ, ʱʦ ʨʝʘʛʝʥʪʥʠʡ ʢʦʤʧʣʝʢʩ, ʜʦʟʘ ʷʢʦʛʦ ʜʦʨʽʚʥʶʻ 

300 ʤʛ/ʜʤ
3
, ʜʦʟʘ ʬʣʦʢʫʣʷʥʪʫ Flopam (Superflock C 490 MW) ï 0,5 ʤʛ/ʣ, ʧʨʠ ʪʨʠʚʘʣʦʩʪʽ 

ʢʦʥʪʘʢʪʫ 1 ʛʦʜ.. ʝʬʝʢʪʠʚʥʦ ʚʠʜʘʣʷʻ ʟʘʙʨʫʜʥʝʥʥʷ ʟ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ 

ʤ. ʉʣʘʚʫʪʠʯʘ (ʋʢʨʘʾʥʘ). 
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ʋɼʂ 628.3166.094.3 

ʂʦʚʘʣʴʦʚ ʆ. ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʂʇ çʉʣʘʚʫʪʠʯ-ɺʦʜʦʢʘʥʘʣè, alexej.kovalov@gmail.com 

ʂʦʚʘʣʴʦʚʘ ʉ. ʆ., ʩʪʫʜʝʥʪʢʘ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, svitlayak@gmail.com

 

ɺʇʃʀɺ ʂɯʃʔʂʆʉʊɯ ʉʊɯʏʅʀʍ ɺʆɼ ʅɸ ʈʆɹʆʊʋ ʆʏʀʉʅʀʍ ʉʇʆʈʋɼ 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʽ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ 

ʨʽʟʥʠʭ ʤʽʩʪ ʋʢʨʘʾʥʠ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʠʩʪʝʤʫ ʦʯʠʩʪʢʠ.  

ʊʦʤʫ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʟʘʣʝʞʥʽʩʪʴ ʨʽʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʪʽʯʥʠʭ ʚʦʜ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʥʘ 

ʦʯʠʩʪʢʫ ʚʽʜ ʨʽʯʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʦʩʥʦʚʥʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. 

ʇʨʦʚʝʜʝʥʠʡ ʩʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʨʦʙʦʪʠ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʥʘ ʧʨʠʢʣʘʜʽ ʢʘʥʘʣʽʟʘʮʽʡʥʦ-

ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʤ. ʉʣʘʚʫʪʠʯʘ ʟʘ ʦʩʪʘʥʥʽ 5 ʨʦʢʽʚ.  

 

ʈʠʩ. 1 ï ɿʘʣʝʞʥʽʩʪʴ ʨʽʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʥʘ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ 

ʤ. ʉʣʘʚʫʪʠʯ ʟʘ 2014-2018 ʨʦʢʠ 

ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʤʝʥʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʩʪʦʢʽʚ ʥʘ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ 

ʤ. ʉʣʘʚʫʪʠʯ, ʂʠʾʚʩʴʢʘ ʦʙʣ.( ʛʨʘʬʽʢ 1). ɿʘ 5 ʨʦʢʽʚ ʨʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʜʭʦʜʞʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ 
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ʈʦʢʠɼʘʥʽ ʟ ʜʽʣʴʥʠʮʽ ʂʆʉ ʤ. ʉʣʘʚʫʪʠʯ
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ʟʤʝʥʰʠʣʘʩʴ ʥʘ 334160 ʤ
3
. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟʽ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʣʽʯʠʣʴʥʠʢʽʚ ʦʙʣʽʢʫ ʚʦʜʠ ʪʘ 

ʝʢʦʥʦʤʽʻʶ ʚʦʜʠ ʥʘʩʝʣʝʥʥʷʤ ʤ. ʉʣʘʚʫʪʠʯʘ. 

ʊʘʙʣʠʮʷ 1 ï ʉʝʨʝʜʥʴʦʨʽʯʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʩʥʦʚʥʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ 

ʈʦʢʠ ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʂʆʉ 

ʍʉʂ, 

ʤʛʆ/ʣ 

ɿʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ, 

ʤʛ/ʣ 

ɸʟʦʪ ʘʤʦʥʽʡʥʠʡ, 

ʤʛ/ʣ 

ʌʦʩʬʘʪʠ, 

ʤʛ/ʣ 

1 2 3 4 5 

2014 368,1 320,1 43,8 6,5 

2015 382,7 343,0 48,7 7,4 

2016 396,0 377,6 53,2 8,9 

2017 445,9 407,2 60.1 10,6 

2018 521,0 421,2 74,3 12,0 

ɿ ʪʘʙʣʠʮʽ 1 ʚʠʜʥʦ, ʱʦ ʧʦʯʠʥʘʶʯʠ ʟ 2014 ʨʦʢʫ ʧʦ 2018 ʨʽʢ ʚʢʣʶʯʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʩʪʫʧʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʥʘ ʚʭʦʜʽ ʜʦ ʂʆʉ, ʪʘʢʠʭ ʷʢ: 

ʍʉʂ, ʟʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ, ʘʟʦʪ ʘʤʦʥʽʡʥʠʡ, ʬʦʩʬʘʪʠ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʍʉʂ ʟʘ ʦʩʪʘʥʥʽ 5 ʨʦʢʽʚ 

ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 152,9 ʤʛʆ/ʣ, ʟʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ ʟʙʽʣʴʰʠʣʠʩʴ ʥʘ 101,1 ʤʛ/ʣ ʚʽʜʧʦʚʽʜʥʦ, ʘʟʦʪ 

ʘʤʦʥʽʡʥʠʡ ʥʘ 30,5 ʤʛ/ʣ, ʚʤʽʩʪ ʬʦʩʬʘʪʽʚ ʟʙʽʣʴʰʠʚʩʷ ʤʘʡʞʝ ʥʘ 50%. ɿʘ ʜʘʥʠʡ ʧʝʨʽʦʜ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ  ʱʦʨʽʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʩʪʽʯʥʠʭ ʥʘ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ 

(ʨʠʩ.1). 

ɼʘʥʥʘ ʪʝʥʜʝʥʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜʘʭ ʤ. ʉʣʘʚʫʪʠʯ, ʂʠʾʚʩʴʢʘ ʦʙʣ.  

ʇʦʜʽʙʥʘ ʪʝʥʜʝʥʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦ ʚʩʽʭ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʦʯʠʩʥʠʭ ʩʧʦʨʫʜʘʭ ʋʢʨʘʾʥʠ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ. 

ɺʠʩʥʦʚʢʠ:  
1. ʅʝʦʙʭʽʜʥʦ ʟʙʽʣʴʰʫʚʘʪʠ ʜʦʟʠ ʨʝʘʛʝʥʪʽʚ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʜʦʚʝʩʪʠ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʂʆʉ 

ʜʦ ʨʽʚʥʷ ɻɼʉ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ  ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʦʯʠʩʪʢʠ. 

2. ɼʣʷ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʙʽʦʣʦʛʽʯʥʦʾ ʦʯʠʩʪʢʠ, ʷʢʘ ʻ ʧʝʨʝʚʘʞʥʦ ʥʘ ʋʢʨʘʾʥʽ ʧʦʪʨʽʙʥʦ 

ʟʙʽʣʴʰʫʚʘʪʠ ʜʦʟʫ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ ʚ ʘʝʨʦʪʝʥʢʘʭ ʪʘ ʚʚʦʜʠʪʠ ʨʝʘʛʝʥʪʥʫ ʧʨʝʜʦʯʠʩʪʢʫ ʩʪʽʯʥʠʭ 

ʚʦʜ ʧʝʨʝʜ ʧʝʨʚʠʥʥʠʤʠ ʚʽʜʩʪʽʡʥʠʢʘʤʠ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʘ ʘʝʨʦʪʝʥʢ ʪʘ ʘʢʪʠʚʥʠʡ ʤʫʣ. 
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ʅʝʩʣʝʨʘ ʚ ʩʪʽʯʥʠʭ ʚʦʜʘʭ [ʊʝʢʩʪ]. ï ʂʠʾʚ: ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʋʢʨʘʾʥʠ, 1995. ï 10 ʩ. 

9. ʄɺɺ 081/12-0005-01. ʇʦʚʝʨʭʥʝʚʽ ʪʘ ʦʯʠʱʝʥʽ ʩʪʽʯʥʽ ʚʦʜʠ. ʄʝʪʦʜʠʢʘ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ 

ʤʘʩʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʝʥʠʭ ʦʨʪʦʬʦʩʬʘʪʽʚ ʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ (0,05-100 ʤʛ/ʜʤ
3
). 

 

ʋɼʂ 331.453 

ɸʥʪʦʰʢʽʥ ʆ.ɸ., ʚʠʢʣʘʜʘʯ 

ɹʘʨʜʽʷʥ ʈ.ʆ., ʩʪʫʜʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʋʢʨʘʾʥʠ, antoshkin@nuczu.edu.ua 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɽʃɽʂʊʈʆʉʊɸʊʀʏʅʆɻʆ ʇʆʃʗ ɼʃʗ ʆʉɸɼɾɽʅʅʗ ʇʀʃʋ 

ʇʦʷʚʦʶ ʧʠʣʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʙʘʛʘʪʦ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ï ʜʝʨʝʚʦʦʙʨʦʙʢʘ, 

ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʤʙʽʢʦʨʤʽʚ, ʚʠʜʦʙʫʪʦʢ 

ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʪʘ ʽʥ. ʇʠʣ ʫ ʟʘʚʠʩʣʦʤʫ ʩʪʘʥʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʥʘʚʢʦʣʠʰʥʻ  

ʩʝʨʝʜʦʚʠʱʝ ʽ ʟʜʦʨʦʚóʷ ʧʨʘʮʽʚʥʠʢʽʚ ʚʢʘʟʘʥʠʭ ʚʠʨʦʙʥʠʮʪʚ. ɸ ʥʘʜʚʝʣʠʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʛʦʨʶʯʠʭ ʚʠʜʽʚ ʧʠʣʫ ʤʦʞʝ ʩʧʨʦʚʦʢʫʚʘʪʠ ʚʠʙʫʭ. ʊʦʤʫ ʧʠʪʘʥʥʷʤ ʧʨʠʤʫʩʦʚʦʛʦ ʦʩʘʜʞʝʥʥʷ 

(ʚʠʜʘʣʝʥʥʷ) ʧʠʣʫ ʚʞʝ ʜʘʚʥʦ ʧʨʠʜʽʣʷʻʪʴʩʷ ʟʥʘʯʥʘ ʫʚʘʛʘ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʩʠʩʪʝʤʠ ʚʠʜʘʣʝʥʥʷ ʧʠʣʫ ï ʩʠʩʪʝʤʠ ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʘʩʧʽʨʘʮʽʾ. ɸʣʝ ʚʦʥʠ 

ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ ʚ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʦʮʝʜʫʨʠ ʤʦʥʪʫʚʘʥʥʷ ʪʘ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ ʪʘʢʽ ʩʠʩʪʝʤʠ ʤʘʣʦʝʬʝʢʪʠʚʥʽ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʦʢ 

ʧʠʣʫ, ʜʽʘʤʝʪʨ ʷʢʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 15 ʤʢʤ. 

ʉʘʤʝ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʠʣʫ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ 

ʘʣɹʪʝʨʥʘʪʠʚʥʽ ʤʝʪʦʜʠ: 

- ʘʢʫʩʪʠʯʥʠʡ; 

- ʫʣʴʪʨʘʟʚʫʢʦʚʠʡ; 

- ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʡ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʩʘʜʞʝʥʥʷ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ, ʩʭʝʤʘ 

ʷʢʦʾ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

  
ʈʠʩ. 1  ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ 

ʉʫʪʴ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʚʦʜʠʣʘʩʷ ʜʦ ʦʩʘʜʞʝʥʥʷ ʧʠʣʫ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤ ʤʝʪʦʜʦʤ. ɿʘ 

ʘʥʘʣʦʛʽʯʥʠʭ ʫʤʦʚ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ (ʩʘʤʦʩʪʽʡʥʝ 

ʦʩʘʜʞʝʥʥʷ ʯʘʩʪʦʢ ʧʽʜ ʜʽʻʶ ʩʠʣ ʟʝʤʥʦʛʦ ʪʷʞʽʥʥʷ). ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʦ ʧʦʨʽʚʥʷʥʦ ʤʽʞ 

ʩʦʙʦʶ. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʰʚʠʜʢʽʩʪʴ 

ʦʩʘʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʤʝʪʦʜʫ ʚ 1,3-1,7 ʨʘʟʠ ʚʠʱʝ. 

 

1 

2 3 

0  

4 

V 

1. ʄʦʜʝʣʴ ʧʨʠʤʽʱʝʥʥʷ, ʱʦ ʟʘʭʠʱʘʻʪʴʩʷ. 

2. ɼʞʝʨʝʣʦ ʩʚʽʪʣʘ. 

3. ʌʦʪʦʧʨʠʡʤʘʯ. 

4. ɽʣʝʢʪʨʦʩʪʘʪʠʯʥʠʡ ʧʦʚʽʪʨʷʦʯʠʩʥʠʢ ɻɺ-1. 

 

mailto:antoshkin@nuczu.edu.
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ʋɼʂ 621.928.9 

ʂʘʨʘʤʫʰʢʦ ɸ. ɺ., ʩʪ. ʚʠʢʣʘʜʘʯ 

ʇʦʜʫʬʘʣʘ ʊ. ʉ., ʩʪʫʜʝʥʪʢʘ 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, karamushko@opu.ua 

ʈʆɿʈɸʍʋʅʆʂ ɽʂʉʇʃʋɸʊɸʎɯʁʅʀʍ ʇʆʂɸɿʅʀʂɯɺ ʂʆʄɹɯʅʆɺɸʅʆɻʆ 

ʇʀʃʆɺʃʆɺʃʖʖʏʆɻʆ ɸʇɸʈɸʊɸ  

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʽ ʜʝʰʝʚʠʤ ʩʧʦʩʦʙʦʤ ʦʯʠʱʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʚʠʢʠʜʽʚ ʚʽʜ 

ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʻ ʾʭ ʤʝʭʘʥʽʯʥʝ ʦʯʠʱʝʥʥʷ ʫ ʩʫʭʠʭ ʘʧʘʨʘʪʘ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʫʧʝʥʷ ʫʣʦʚʣʶʚʘʥʥʷ ʪʘʢʠʭ ʘʧʘʨʘʪʽʚ ʻ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʧʠʣʦʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ, ʷʢʘ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʟʤʽʥʫ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʧʦʣʽʜʠʩʧʝʨʩʥʦʛʦ ʧʦʪʦʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʢʦʘʛʫʣʷʮʽʾ. ɯʥʰʠʤ ʟʘʩʦʙʦʤ ʙʦʨʦʪʴʙʠ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʘʪʤʦʩʬʝʨʠ ʻ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʮʠʨʢʫʣʶʶʯʠʭ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʛʘʟʽʚ ʚʽʜ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʠʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʣʶʯʠʪʠ ʚʪʨʘʪʠ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʥʠʤ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʠʣʦʚʣʦʚʣʶʶʯʦʾ ʩʠʩʪʝʤʠ ʻ ʜʞʝʨʝʣʦ ʧʠʣʫ, ʥʘʛʥʽʪʘʯ, 

ʧʠʣʦʚʣʦʚʣʶʚʘʯ, ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʚʣʦʚʣʝʥʦʛʦ ʧʠʣʫ ï ʙʫʥʢʝʨ. ʄʦʞʣʠʚʝ ʧʦʻʜʥʘʥʥʷ ʬʫʥʢʮʽʡ 

ʥʘʛʥʽʪʘʥʥʷ ʽ ʧʠʣʦʚʣʦʚʣʶʚʘʥʥʷ ʫ ʦʜʥʦʤʫ ʘʧʘʨʘʪʽ ï ʧʠʣʦʚʣʦʚʣʶʶʯʦʤʫ ʘʧʘʨʘʪʽ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʜʽʾ, ʫ ʷʢʦʤʫ ʚʝʥʪʠʣʷʪʦʨ ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʙʫʥʢʝʨʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʮʠʨʢʫʣʶʶʯʦʛʦ ʢʦʥʪʫʨʫ (ʨʠʩ.1) [1]. 

 

 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʧʠʣʦʚʣʦʚʣʶʶʯʦʛʦ ʘʧʘʨʘʪʫ (ʂʇɸ): 1 ï ʚʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ;  

2 ï ʨʦʙʦʯʝ ʢʦʣʝʩʦ ʚʝʥʪʠʣʷʪʦʨʫ; 3 ï ʱʽʣʠʥʘ ʜʣʷ ʚʽʜʚʦʜʫ ʟʘʧʠʣʝʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ;  

4 ï ʙʫʥʢʝʨ ʧʠʣʦʚʣʦʚʣʶʚʘʯʘ; 5 ï ʱʽʣʠʥʘ ʜʣʷ ʚʽʜʚʦʜʫ ʦʯʠʱʝʥʦʛʦ ʚʽʜ ʧʠʣʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ;  

6 ï ʚʠʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ; 7 ï ʢʦʨʧʫʩ ʚʝʥʪʠʣʷʪʦʨʫ  

ʇʠʣʦʛʘʟʦʚʘ ʩʫʤʽʰ ʚʠʪʨʘʪʦʶ Q0 (ʤ
3
/ʩ) ʟ ʤʘʩʦʶ ʧʠʣʫ ʄʚʭ (ʢʛ/ʩ) ʽ ʜʠʩʧʝʨʩʥʠʤ ʩʢʣʘʜʦʤ, 

ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʶ ʢʨʠʚʦʶ ʨʦʟʧʦʜʽʣʫ (ɼʂʈ) Nʚʭ = f(ȹ), ʯʝʨʝʟ ʚʭʽʜʥʠʡ 

ʧʘʪʨʫʙʦʢ 1 ʽ ʨʦʙʦʯʝ ʢʦʣʝʩʦ 2 ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʫ ʢʦʨʧʫʩ ʚʝʥʪʠʣʷʪʦʨʫ 7 ʽ ʥʘʙʫʚʘʻ ʢʨʠʚʦʣʽʥʽʡʥʫ 

ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ. ʇʽʜ ʜʽʻʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʯʘʩʪʠʥʢʠ ʧʠʣʫ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʥʘ ʧʝʨʠʬʝʨʽʾ 

ʢʦʨʧʫʩʫ ʚʝʥʪʠʣʷʪʦʨʫ 7 ʪʘ ʨʘʟʦʤ ʟ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʛʘʟʽʚ ʚʽʜʚʦʜʷʪʴʩʷ ʯʝʨʝʟ ʱʽʣʠʥʫ 3 ʚ 

ʙʫʥʢʝʨ ʧʠʣʦʚʣʦʚʣʶʚʘʯʘ 4, ʽʥʰʘ ʯʘʩʪʠʥʘ ʛʘʟʫ ʯʝʨʝʟ ʚʠʭʽʜʥʠʡ ʧʘʪʨʫʙʦʢ 6 ʚʠʚʦʜʠʪʴʩʷ ʟ 

ʥʘʛʥʽʪʘʯʘ ʧʠʣʦʚʣʦʚʣʶʚʘʯʘ. ɺ ʙʫʥʢʝʨʽ ʯʘʩʪʠʥʢʠ ʧʠʣʫ ʧʽʜ ʜʽʻʶ ʩʠʣ ʪʷʞʽʥʥʷ ʦʩʽʜʘʶʪʴ, ʘ 

ʦʯʠʱʝʥʝ ʧʦʚʽʪʨʷ ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʧʨʦʪʦʯʥʫ ʯʘʩʪʠʥʫ ʚʝʥʪʠʣʷʪʦʨʫ ʯʝʨʝʟ ʱʽʣʠʥʫ 5. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʂʇɸ, ʷʢ ʝʣʝʤʝʥʪʫ ʜʦʦʯʠʱʝʥʥʷ 

ʧʠʣʦʚʠʭ ʚʠʢʠʜʽʚ ʩʠʩʪʝʤʠ ʘʩʧʽʨʘʮʽʾ ʧʨʠʤʽʱʝʥʥʷ ʧʦʜʨʽʙʥʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2ï3, ʜʝ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʧʠʣʦʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʚʟʜʦʚʞ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ 

ʢʦʥʪʫʨʫ ʚʠʜʽʣʝʥʦ ʚ ʦʢʨʝʤʠʡ ʮʠʢʣ. 
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ʘ) ʙ) 

ʈʠʩ. 2ï ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʚʽʜʥʦʩʥʠʭ ʤʘʩ (ʘ) ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʩʘʜʞʝʥʥʷ ʧʠʣʫ ʫ ʙʫʥʢʝʨʽ (ʙ):  

1 ï ʤʘʩʘ ʧʠʣʫ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʢʦʨʧʫʩʽ ʥʘʛʥʽʪʘʯʘ; 2 ï ʤʘʩʘ ʧʠʣʫ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ ʟ ʢʦʨʧʫʩʫ 

ʥʘʛʥʽʪʘʯʘ ʫ ʙʫʥʢʝʨ; 3 ï ʤʘʩʘ ʧʠʣʫ, ʷʢʘ ʦʩʘʜʞʫʻʪʴʩʷ ʫ ʙʫʥʢʝʨʽ; 4 ï ʤʘʩʘ ʧʠʣʫ, ʷʢʘ ʥʘʜʭʦʜʠʪʴ 

ʟ ʙʫʥʢʝʨʫ ʫ ʢʦʨʧʫʩ ʥʘʛʥʽʪʘʯʘ; 5 ï ʤʘʩʘ ʧʠʣʫ, ʷʢʘ ʚʠʭʦʜʠʪʴ ʟ ʂʇɸ; n ï ʮʠʢʣ ʧʨʦʭʦʜʞʝʥʥʷ 

ʧʠʣʦʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʚʟʜʦʚʞ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʢʦʥʪʫʨʫ 

ʅʘ ʨʠʩ. 2 ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʧʝʨʽʦʜʠ ʨʦʙʦʪʠ ʂʇɸ: ʫ 1ï15 ʮʠʢʣʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʩʪʫʧʦʚʘ ʟʤʽʥʘ ʧʦʢʘʟʥʠʢʽʚ, ʫ ʮʠʢʣʘʭ 15ï30 ï ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʘʡʞʝ ʩʪʘʣʽ. ʊʘʢʦʞ ʫ 

ʤʝʞʘʭ ʮʠʭ ʮʠʢʣʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʥʘʡʙʽʣʴʰʽ ʢʦʣʠʚʘʥʥʷ ʫ ʜʠʩʧʝʨʩʥʦʤʫ ʩʢʣʘʜʽ 

ʧʠʣʦʚʦʾ ʤʘʩʠ ʽ ʾʭ ʧʦʩʪʫʧʦʚʝ ʟʥʠʢʥʝʥʥʷ (ʨʠʩ. 3). 

 
ʘ) 

  

ʙ) ʚ) 

ʈʠʩ. 3 ï ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʫ ʤʘʩʠ ʧʠʣʫ ʫ ʢʦʨʧʫʩʽ ʥʘʛʥʽʪʘʯʘ (ʘ) ʪʘ ʤʘʩʠ ʧʠʣʫ, 

ʷʢʘ ʧʦʪʨʘʧʣʷʻ ʫ ʙʫʥʢʝʨ (ʙ) ʽ ʧʦʚʝʨʪʘʻʪʴʩʷ ʟ ʥʴʦʛʦ (ʚ): 1, 2, 3, 4, 5, 6, 7 ï 0, 5, 10, 15, 20, 25, 

30 ʮʠʢʣʠ ʧʨʦʭʦʜʞʝʥʥʷ ʧʠʣʦʛʘʟʦʚʦʛʦ ʧʦʪʦʢʫ ʚʟʜʦʚʞ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʢʦʥʪʫʨʫ 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3 ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʤʽʥʫ ʜʠʩʧʝʨʩʥʦʛʦ ʩʢʣʘʜʫ ʧʠʣʫ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ 35 ʤʢʤ ʠ ʥʝʟʥʘʯʥʠʤ ʟʤʝʥʰʝʥʥʷʤ 

ʢʽʣʴʢʦʩʪʽ ʧʠʣʦʚʠʭ ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ 25 ʤʢʤ ʽ ʤʝʥʰʝ. ʇʠʣ ʟʘʟʥʘʯʝʥʠʭ ʬʨʘʢʮʽʡ ʤʦʞʝ ʙʫʪʠ 

ʚʣʦʚʣʝʥʠʡ ʟʘ ʨʘʭʫʥʦʢ ʢʽʣʴʢʘʨʘʟʦʚʦʛʦ ʧʨʦʭʦʜʞʝʥʥʷ ʥʠʤ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʢʦʥʪʫʨʫ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʂʘʨʘʤʫʰʢʦ ɸ. ɺ. ʆʯʠʩʪʢʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʧʳʣʠ ʚ ʘʧʧʘʨʘʪʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. / ɸ. ɺ. ʂʘʨʘʤʫʰʢʦ // The international journal Sustainable development. 

Year VIII . ï Volume 1/2018. ï PP. 68ï73. 
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ʄʘʢʩʠʤʦʚ ʄ.ʄ., ʘʩʧʠʨʘʥʪ  

ɼʘʚʳʜʦʚ ɺ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʜʝʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, davydov@opu.ua 

ʈɽʐɽʅʀɽ ʇʈʆɹʃɽʄʓ ʋʊʀʃʀɿɸʎʀʀ ʉɹʈʆɾɽʅʅʆɻʆ ʆʉʊɸʊʂɸ 

ɹʀʆɻɸɿʆɺʓʍ ʋʉʊɸʅʆɺʆʂ 

ʉʙʨʦʞʝʥʥʳʡ ʦʩʪʘʪʦʢ (ʉʆ) ï ʧʨʦʜʫʢʪ ʧʦʣʫʯʘʝʤʳʡ ʚ ʙʠʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʦʩʣʝ 

ʘʥʘʵʨʦʙʥʦʛʦ ʙʨʦʞʝʥʠʷ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʩʤʝʩʴ ʮʝʣʣʶʣʦʟʳ, ʛʝʤʠʮʝʣʣʶʣʦʟ, 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʫʛʣʝʚʦʜʦʚ, ʙʝʣʢʦʚ ʠ ʣʠʛʥʠʥʘ. ɼʦʣʷ ʉʆ ʦʪ ʠʩʭʦʜʥʦʡ ʙʠʦʤʘʩʩʳ ʥʝ 

ʤʝʥʝʝ 20% ʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʠʣʦʩʥʦʡ ʢʫʢʫʨʫʟʳ ʩʦʩʪʘʚʣʷʝʪ 50%. 

ʅʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʉʆ ʧʦʪʝʥʮʠʘʣʴʥʦ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤ ʙʠʦʫʜʦʙʨʝʥʠʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʛʦ ʚ ʵʪʦʤ ʢʘʯʝʩʪʚʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʷʜʦʤ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ ʢʘʢ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʫʰʝʥʠʷ ʠ 

ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʪʚʝʨʜʫʶ ʠ ʞʠʜʢʫʶ ʬʨʘʢʮʠʠ, ʨʘʟʙʘʚʣʝʥʠʝ ʚʦʜʦʡ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʭʨʘʥʝʥʠʷ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʙʫʥʢʝʨʘʭ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ ʩʧʝʮʪʝʭʥʠʢʠ ʜʣʷ ʚʥʝʩʝʥʠʷ ʙʠʦʫʜʦʙʨʝʥʠʷ 

ʥʘ ʧʦʣʷ; ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʧʝʨʝʚʦʟʢʫ.  

ɺ ʨʘʙʦʪʝ [1] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʉʆ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ 

ʢʦʤʧʦʩʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʨʘʥʝʥʠʝ ʉʆ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ ʩʚʷʟʘʥʦ ʩ ʧʦʪʝʨʝʡ ʘʟʦʪʘ. 

ʉʤʝʰʠʚʘʥʠʝ ʙʠʦʫʜʦʙʨʝʥʠʷ ʩ ʬʦʩʬʘʪʥʳʤ ʫʜʦʙʨʝʥʠʝʤ ʧʦʟʚʦʣʷʪ ʟʘʱʠʪʠʪʴ ʘʟʦʪʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ. 

ɺ ʨʘʙʦʪʝ [2] ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʠ ʜʣʷ ʜʦʤʘʰʥʝʛʦ ʩʢʦʪʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʞʠʛʘʪʴ ʉʆ ʚ ʧʠʨʦʣʠʟʥʦʡ ʧʝʯʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʙʳʩʪʨʦʛʦ 

ʧʠʨʦʣʠʟʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʤʝʪʘʥʘ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʧʦʣʫʯʘʝʤʦʡ ʠʟ ʙʠʦʛʘʟʘ ʚʳʜʝʣʷʝʤʦʛʦ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʝ ʢʫʢʫʨʫʟʥʦʡ ʙʠʦʤʘʩʩʳ ʩʦʙʨʘʥʥʦʡ ʩ 1 ʛʘ ʩʦʩʪʘʚʣʷʝʪ 127 ɻɼʞ. 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʙʨʦʞʝʥʥʦʛʦ ʦʩʪʘʪʢʘ. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

1 ʪʦʥʥʘ ʠʩʭʦʜʥʦʡ ʢʫʢʫʨʫʟʥʦʡ ʙʠʦʤʘʩʩʳ ʵʪʦ ï 1933.3275796745437354.59 NOHC . ʈʝʘʣʴʥʳʡ ʚʳʭʦʜ 

ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʘʥʦʚʢʠ (ʛʘʟ + ʉʆ) ï 10441922145671.220245.5 NOHC . ʊʚʝʨʜʳʡ ʦʩʪʘʪʦʢ ï 

889.3835821782.517109.1 NOHC  ʠʣʠ 373,3 ʢʛ. 

ʉʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʚ ʧʠʨʦʣʠʟʥʦʡ ʧʝʯʠ, ʩʦʩʪʘʚʠʪ 93,5 ɻɼʞ. ʀʟ ʥʠʭ 

49 ɻɼʞ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʛʘʟʦʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʚʝʨʛʘʷ ʩʙʨʦʞʝʥʥʳʡ ʦʩʪʘʪʦʢ ʦʙʨʘʙʦʪʢʝ ʚ ʧʠʨʦʣʠʟʥʦʡ ʧʝʯʠ, ʤʦʞʥʦ 

ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʵʥʝʨʛʠʠ ʥʘ 93,5 / 127 = 73%. ʋʪʠʣʠʟʘʮʠʷ ʪʦʣʴʢʦ ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʥʘ ʠʤʝʶʱʝʤʩʷ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʵʥʝʨʛʠʠ ʥʘ 49 / 127 = 38 %. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʠʨʦʣʠʟʘ ʭʦʨʦʰʦ ʧʦʜʜʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʶ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʠʟ 

ʩʙʨʦʞʝʥʥʦʛʦ ʦʩʪʘʪʢʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʮʝʣʳʡ ʨʷʜ ʚʪʦʨʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʨʘʩʩʤʦʪʨʝʥ ʚʘʨʠʘʥʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʚʳʨʘʙʘʪʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵ/ʵ ʥʘ ʫʞʝ ʠʤʝʶʱʝʤʩʷ ʦʙʦʨʫʜʦʚʘʥʠʠ.  

ʉʧʠʩʦʢ ʩʩʳʣʦʢ 
1. Bioslurry management and utilization and need for training [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / LE Thi Xuan 

Thu // Final report, Hanoi, September, 2015. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: 

http://www.snv.org/public/cms/sites/default/files/explore/download/bio-slurry_management_utilization_a

nd_need_for_training.pdf. 

2. About Bio-Slurry [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / Olah Limbah Jadi Berkah // Rumah Energi. 2015. ï 
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ʂʆʅʉʊʈʋʂʊʀɺʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ʉʊɺʆʈɽʅʅʗ ɽʈɻʆʅʆʄɯʏʅʀʍ ɯ 

ʈɽʉʋʈʉʆɿɹɽʈɯɻɸʖʏʀʍ ɺʀɼɯɺ ʂʅʀɾʂʆɺʆ-ɾʋʈʅɸʃʔʅʀʍ ʆɹʂʃɸɼʀʅʆʂ 

ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʟ ʚʠʤʦʛʘʤʠ ʜʦ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʬʘʢʪʦʨʽʚ - ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʨʠʥʢʦʚʦʾ ʢʦʥʢʫʨʝʥʮʽʾ 

ʫ ʧʦʣʽʛʨʘʬʽʯʥʽʡ ʛʘʣʫʟʽ, ʘ ʪʘʢʦʞ ʚʠʪʨʘʪʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʥʠʞʢʦʚʦ-ʞʫʨʥʘʣʴʥʦʾ ʧʨʦʜʫʢʮʽʾ 

ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʦʙʢʣʘʜʠʥʢʘʭ  ̔ʧʘʣʽʪʫʨʢʘʭ, ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʥʘʧʽʚʞʦʨʩʪʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʧʨʘʚ ʽʟ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ ʩʧʨʦʱʝʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʽʟ ʧʘʧʝʨʦʚʦʾ 

ʽ ʢʘʨʪʦʥʥʦʾ ʤʘʢʫʣʘʪʫʨʠ. ʇʘʣʽʪʫʨʥ ̔ʢʣʝʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʘʜʛʝʟʽʶ, ʧʣʘʩʪʠʯʥʽʩʪʴ  ʽ 

ʥʘʜʽʡʥʝ ʧʨʠʣʠʧʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʜʽʡʩʥʶʶʪʴ ʥʘʜʽʡʥʝ ʩʢʨʽʧʣʝʥʥʷ  ʢʥʠʞʢʦʚʠʭ ʪʘ 

ʞʫʨʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ʽʟ ʥʘʧʽʚʞʦʨʩʪʢʠʤʠ ʦʙʢʣʘʜʠʥʢʘʤʠ, ʱʦ ʟʙʝʨʽʛʘʶʪʴ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫ 

ʤʽʮʥʦʩʪʽ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽʡ ʩʪʽʡʢʦʩʪʽ ʚʽʜʦʤʠʭ ʞʦʨʩʪʢʠʭ ʦʧʨʘʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʚʠʩʦʢʦ ʚʠʪʨʘʪʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ [1]. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʨʛʦʥʦʤʽʯʥʠʭ ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ 

ʢʥʠʞʢʦʚʦ-ʞʫʨʥʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ ʻ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʙʢʣʘʜʠʥʦʢ, ʩʪʚʦʨʝʥʠʭ ʽʟ ʦʜʥʽʻʾ ʜʝʪʘʣ,̔ 

ʱʦ ʚʠʩʽʢʘʻʪʴʩʷ ʽʟ ʟʘʜʨʫʢʦʚʘʥʠʭ ʽ ʣʘʤʽʥʦʚʘʥʠʭ ʘʨʢʫʰʽʚ ʱʽʣʴʥʦʛʦ ʧʘʧʝʨʫ 250-350 ʛ/ʤ
2
, 

ʭʨʦʤ-ʝʨʟʘʮʫ ʦʜʥʦʰʘʨʦʚʦʛʦ ʢʨʝʡʜʫʚʘʥʥʷ, ʪʦʚʱʠʥʦʶ 0,6-1,2 ʤʤ ʪʘ ʽʥʰʠʭ ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ 

ʧʘʣʽʪʫʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʙʢʣʘʜʠʥʦʢ, ʪʦʱʦ. 

 
ʈʠʩ. 1 ï ʅʘʧʽʚʞʦʨʩʪʢʘ ʢʥʠʞʢʦʚʦ-ʞʫʨʥʘʣʴʥʘ ʦʙʢʣʘʜʠʥʢʘ:  

ʘ) ï ʨʦʟʛʦʨʪʢʘ ʦʙʢʣʘʜʠʥʢʠ: S ï ʰʠʨʠʥʘ ʨʦʟʛʦʨʪʢʠ, H ï ʚʠʩʦʪʘ ʨʦʟʛʦʨʪʢʠ, s ï ʰʠʨʠʥʘ 

ʦʙʢʣʘʜʠʥʢʠ, h ï ʚʠʩʦʪʘ ʦʙʢʣʘʜʠʥʢʠ, t ï ʪʦʚʱʠʥʘ ʢʦʨʽʥʮʷ ʦʙʢʣʘʜʠʥʢʠ; ɿʘʰʪʨʠʭʦʚʘʥʽ ʟʦʥʠ ï 

ʤʽʩʮʷ ʥʘʥʝʩʝʥʥʷ ʢʣʝʶ ʥʘ ʢʣʘʧʘʥʠ ʦʙʢʣʘʜʠʥʢʠ, 1, 2, 3, 4 ï ʙʽʛʠ (ʣʽʥʽʾ ʟʛʠʥʫ), :  

ʘ) ʦʙʢʣʘʜʠʥʢʘ ʟ ʧʨʠʢʣʝʻʥʠʤʠ ʢʣʘʧʘʥʘʤʠ, r1, r2, r3, r4 ï ʨʝʙʨʘ ʞʦʨʩʪʢʦʩʪʽ ʦʙʢʣʘʜʠʥʢʠ 

mailto:alekspalyuh@gmail.com
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ʅʘ ʨʠʩ. 1. ʟʦʙʨʘʞʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʩʧʨʦʱʝʥʦʾ ʥʘʧʽʚʞʦʨʩʪʢʦʾ ʦʙʢʣʘʜʠʥʢʠ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʨʦʟʛʦʨʪʢʠ ʟʘ ʨʦʟʤʽʨʘʤʠ ʨʦʟʛʦʨʥʫʪʦʾ ʦʙʢʣʘʜʠʥʢʠ (ʜʚʽ ʰʠʨʠʥʠ ʙʣʦʢʫ ʧʣʶʩ 

ʪʦʚʱʠʥʘ ʙʣʦʢʫ), ʘ ʪʘʢʦʞ ʜʚʦʭ ʢʣʘʧʘʥʽʚ ʧʦ ʧʝʨʝʜʥʴʦʤʫ ʦʙʨʽʟʫ ʧʝʨʰʦʾ ʽ ʜʨʫʛʦʾ ʩʪʦʨʽʥʦʢ 

ʦʙʢʣʘʜʠʥʢʠ ʪʘ ʜʚʦʭ ʢʣʘʧʘʥʽʚ ʧʦ ʚʝʨʭʥʴʦʤʫ ʪʘ ʥʠʞʥʴʦʤʫ ʦʙʨʽʟʽʚ ʦʙʢʣʘʜʠʥʢʠ, ʟʘʛʥʫʪʽ ʪʘ 

ʧʨʠʢʣʝʻʥʽ ʜʦ ʚʥʫʪʨʽʰʥʴʦʾ ʧʣʦʱʠʥʠ ʦʩʥʦʚʥʦʾ ʦʙʢʣʘʜʠʥʢʠ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʩʫʮʽʣʴʥʫ 

ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʦʙʢʣʘʜʠʥʢʠ ʙʝʟ ʫʪʚʦʨʝʥʥʷ ʥʘʧʫʩʢʽʚ ʫ ʤʽʩʮʷʭ ʩʪʠʢʽʚ ʚʩʽʭ ʢʣʘʧʘʥʽʚ, ʘ 

ʪʘʢʦʞ ʩʪʚʦʨʶʶʪʴ ʨʝʙʨʘ ʞʦʨʩʪʢʦʩʪʽ  ʧʦ ʧʝʨʠʤʝʪʨʫ ʦʙʢʣʘʜʠʥʢʠ.  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘʧʽʚʞʦʨʩʪʢʠʭ ʦʙʢʣʘʜʠʥʦʢ, ʱʦ ʫ ʧʨʠʢʣʘʜʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ 

ʧʦʜʚʽʡʥʠʭ ʰʘʨʽʚ ʮʝʣʶʣʦʟʥʦʛʦ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʘʧʝʨʫ Lumisilk (Stora Enso, ʌʽʥʣʷʥʜʽʷ) 

ʦʜʥʘʢʦʚʦʾ ʱʽʣʴʥʦʩʪʽ, ʩʢʣʝʻʥʠʭ ʤʽʞ ʩʦʙʦʶ,  ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʦʜʚʽʡʥʠʤʠ 

ʟʨʘʟʢʘʤʠ ʦʜʥʦʪʠʧʥʦʛʦ ʧʘʧʝʨʫ ʙʝʟ ʧʨʦʢʣʝʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʦʜʠʥʘʨʥʠʭ ʟʨʘʟʢʽʚ ʧʘʧʝʨʫ.  

ɼʣʷ ʧʨʦʢʣʝʶʚʘʥʥʷ ʟʘʩʪʦʩʦʚʘʥʽ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʤʘʨʢʠ ʧʘʣʽʪʫʨʥʠʭ ʢʣʝʾʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʢʥʠʞʢʦʚʦ-ʞʫʨʥʘʣʴʥʠʭ ʦʙʢʣʘʜʠʥʦʢ: 

PLAKAL  Batch 6602 (ʅʽʤʝʯʯʠʥʘ), ʪʝʨʤʦʢʣʝʡ Tecnomelt 3660 (ʅʽʤʝʯʯʠʥʘ), ʪʝʨʤʦʢʣʝʡ Swift 

therm 8026 (ʌʽʥʣʷʥʜʽʷ), ʜʠʩʧʝʨʩʽʷ ʧʦʣʽʚʽʥʽʣ-ʘʮʝʪʘʪʥʘ ʇɺɸɼ 51-ʇ (ʋʢʨʘʾʥʘ), ʜʠʩʧʝʨʩʽʷ 

ʧʦʣʽʚʽʥʽʣ-ʘʮʝʪʘʪʥʘ ʇɺɸɼ ɼʌ-51/15ɺ(ʋʢʨʘʾʥʘ). 

 

 
ʈʠʩ.2 ï ʇʦʢʘʟʥʠʢʠ ʤʽʮʥʦʩʪʽ ʜʣʷ ʟʨʘʟʢʽʚ ʦʙʢʣʘʜʠʥʦʢ ʽʟ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʘʧʝʨʫ 300 ʛ/ʤ

2
 

ɸʥʘʣʽʟ ʜʽʘʛʨʘʤʠ ʧʦʢʘʟʥʠʢʽʚ ʤʽʮʥʦʩʪʽ ʚʠʷʚʠʚ ʪʝʭʥʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʥʠʞʢʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʚʠʙʦʨʽ ʪʠʧʽʚ ʦʙʢʣʘʜʠʥʦʢ, ʷʢʽ ʤʘʶʪʴ ʧʦʜʚʽʡʥʫ 

ʧʨʦʢʣʝʻʥʫ ʪʦʚʱʠʥʫ ʦʜʥʦʪʠʧʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʧʽʨ, ʚʠʛʦʪʦʚʣʝʥʠʡ ʽʟ 

ʤʘʢʫʣʘʪʫʨʠ, ʟ ʥʠʞʯʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʤʘʩʠ, ʥʽʞ ʫ ʪʘʢʠʭ ʞʝ ʟʘ ʨʦʟʤʽʨʘʤʠ ʦʙʨʽʟʥʠʭ 

ʦʙʢʣʘʜʠʥʢʘʭ, ʱʦ ʩʧʨʠʷʻ ʝʢʦʥʦʤʽʾ ʚʠʩʦʢʦʷʢʽʩʥʦʛʦ ʧʘʧʝʨʫ ʽ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪʥʦʾ ʯʘʩʪʠʥʠ 

ʟʘʤʦʚʣʝʥʥʷ. 
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PLAKAL Batch 6602
Tecnomelt 3660

Smift therm 8028
˽ˤˢ˨ ˨̅ рмκмрˤ

˽ˤˢ˨-рм˽

10,52
10,52

10,52
10,52

10,52

12,33 12,33
12,33

12,33
12,33

13,21 13,89
13,79

15,79 16,08

0,88 1,56
1,46

3,46
3,75

˽͙͙ͦ͊ͤ͘͟͟ ͣ͜ͼͤͦͫͭ͜ ͙͙ͦ͒ͤ;͙ͤͻ ͍ͪ͊͘͘͟͜

˽͙͙ͦ͊ͤ͘͟͟ ͣ͜ͼͤͦͫͭ͜ ͍͚͙ͨͦ͒ͤ͜ͻ ͍ͪ͊͘͘͟͜

˽͙͙ͦ͊ͤ͘͟͟ ͣ͜ͼͤͦͫͭ͜ ͔ͫ͟͡Ί͙ͤͻ ͍ͪ͊͘͘͟͜

˾͙ͤ͘͜ͼΎ ͙͍ͨͦ͊ͤ͘͟͟͜ ͣ͜ͼͤͦͫͭ͜ ͍͚͙ͨͦ͒ͤ͜ͻ ͭ͊ ͔ͫ͟͡Ί͙ͤͻ ͍ͪ͊͘͘͟͜
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ɼʝʥʠʩʦʚʘ ʅ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʏʝʨʥʫʭʘ ɸ.ʉ., ʩʪʫʜʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, 4386793@gmail.com 

ɸʅɸʃɯɿ ʐʂɯɼʃʀɺʀʍ ʊɸ ʅɽɹɽɿʇɽʏʅʀʍ ʌɸʂʊʆʈɯɺ, ʑʆ ɺʀʗɺʃʗʖʊʔʉʗ ʇɯɼ 

ʏɸʉ ɺʀɻʆʊʆɺʃɽʅʅʗ ɼɽʈɽɺôʗʅʀʍ ɺʀʈʆɹɯɺ 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʨʝʚôʷʥʠʭ ʚʠʨʦʙʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 3 ʝʪʘʧʽʚ: 

ʣʽʩʦʟʘʛʦʪʽʚʣʷ, ʣʽʩʦʧʠʣʴʥʝ ʦʙʨʦʙʣʝʥʥʷ ʜʝʨʝʚʠʥʠ ʪʘ ʩʪʦʣʷʨʥʦ-ʤʝʙʣʝʚʝ ʚʠʨʦʙʥʠʮʪʚʦ. ʂʦʞʝʥ 

ʟ ʮʠʭ ʝʪʘʧʽʚ ʚʢʣʶʯʘʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ   ʮʽʣʦʶ 

ʥʠʟʢʦʶ ʥʝʙʝʟʧʝʢ ʜʣʷ ʧʨʘʮʶʶʯʠʭ [1]. 

ʃʽʩʦʟʘʛʦʪʽʚʝʣʴʥʽ ʨʦʙʦʪʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʧʨʦʮʝʩʽʚ: ʧʽʜʛʦʪʦʚʢʘ ʣʽʩʦʩʽʢʠ, 

ʨʦʟʙʠʚʘʥʥʷ ʥʘ ʜʽʣʷʥʢʠ ʜʣʷ ʚʠʨʫʙʢʠ, ʧʨʦʢʣʘʜʘʥʥʷ ʪʨʝʣʶʚʘʣʴʥʠʭ ʰʣʷʭʽʚ, ʚʠʨʫʙʢʘ ʣʽʩʫ, 

ʨʦʟʧʠʣʶʚʘʥʥʷ ʜʝʨʝʚʠʥʠ ʥʘ ʢʨʫʛʣʠʡ ʩʦʨʪʘʤʝʥʪ ʽ ʚʠʚʝʟʝʥʥʷ ʾʾ ʚ ʤʽʩʮʷ ʟʘʛʦʪʽʚʝʣʴ ʜʦ 

ʧʨʦʤʽʞʥʠʭ ʘʙʦ ʢʽʥʮʝʚʠʭ ʧʫʥʢʪʽʚ. ʈʫʙʘʶʪʴ ʣʽʩ ʨʫʯʥʠʤ ʽ ʤʝʭʘʥʽʯʥʠʤ ʩʧʦʩʦʙʘʤʠ. 

ʄʝʭʘʥʽʟʘʮʽʶ ʨʫʙʘʥʥʷ ʣʽʩʫ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʯʥʠʭ ʙʝʥʟʦʤʦʪʦʨʥʠʭ ʽ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʠʣʦʢ. ɼʣʷ ʦʙʨʫʙʫʚʘʥʥʷ ʛʽʣʦʢ ʽ ʩʫʯʢʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʠʩʢʦʚʽ ʽ ʣʘʥʮʶʛʦʚʽ 

ʨʫʯʥʽ ʝʣʝʢʪʨʠʯʥʽ ʧʠʣʢʠ, ʩʪʘʮʽʦʥʘʨʥʽ ʛʽʣʢʦʨʽʟʠ ʽ ʤʝʭʘʥʽʯʥʽ ʛʽʣʢʦʨʫʙʠ. ʆʩʥʦʚʥʠʤʠ 

ʥʝʙʝʟʧʝʢʘʤʠ ʧʽʜ ʯʘʩ ʣʽʩʦʟʘʛʦʪʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʻ (ʅʇɸʆʇ 02.0-1.04-05 ʇʨʘʚʠʣʘ ʦʭʦʨʦʥʠ 

ʧʨʘʮʽ ʜʣʷ ʧʨʘʮʽʚʥʠʢʽʚ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʣʽʩʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ): ʧʽʜʚʠʱʝʥʘ 

ʟʘʧʠʣʝʥʽʩʪʴ ʪʘ ʟʘʛʘʟʦʚʘʥʽʩʪʴ ʧʦʚʽʪʨʷ; ʧʽʜʚʠʱʝʥʘ ʘʙʦ ʧʦʥʠʞʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, 

ʧʦʚʝʨʭʦʥʴ ʧʨʠʤʽʱʝʥʥʷ, ʦʙʣʘʜʥʘʥʥʷ, ʤʘʪʝʨʽʘʣʽʚ; ʤʘʰʠʥʠ ʪʘ ʤʝʭʘʥʽʟʤʠ ʘʙʦ ʾʭ ʝʣʝʤʝʥʪʠ, ʘ 

ʪʘʢʦʞ ʚʠʨʦʙʠ, ʤʘʪʝʨʽʘʣʠ, ʟʘʛʦʪʦʚʢʠ ʪʦʱʦ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʘʙʦ ʦʙʝʨʪʘʶʪʴʩʷ; ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ 

ʨʫʡʥʫʶʪʴʩʷ; ʛʦʩʪʨʽ ʢʨʦʤʢʠ, ʟʘʜʠʨʢʠ, ʰʝʨʰʘʚʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʦʢ, ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ; ʬʽʟʠʯʥʽ (ʩʪʘʪʠʯʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ) ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʽ ʥʝʨʚʦʚʦ-ʧʩʠʭʽʯʥʽ 

ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ (ʧʝʨʝʥʘʧʨʫʞʝʥʥʷ ʘʥʘʣʽʟʘʪʦʨʽʚ, ʤʦʥʦʪʦʥʥʽʩʪʴ ʧʨʘʮʽ). 

ʈʦʟʧʠʣʶʶʪʴ ʜʝʨʝʚʠʥʫ ʥʘ ʢʨʫʛʣʦʧʠʣʷʣʴʥʠʭ, ʩʪʨʽʯʢʦʚʠʭ ʽ ʣʦʙʟʠʢʦʚʠʭ ʚʝʨʩʪʘʪʘʭ. ʋ ʷʢʠʭ 

ʨʽʟʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʻ ʚʽʜʧʦʚʽʜʥʦ ʜʠʩʢʦʚʘ ʧʠʣʢʘ, ʥʝʩʢʽʥʯʝʥʥʝ ʩʪʨʽʯʢʦʚʝ ʧʠʣʷʣʴʥʝ 

ʧʦʣʦʪʥʦ ʪʘ ʪʦʥʢʘ ʚʫʟʴʢʘ ʧʠʣʢʘ, ʷʢʘ ʤʦʞʝ ʨʫʭʘʪʠʩʴ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦ[2]. 

ʈʦʟʧʠʣʶʚʘʥʥʷ ʜʝʨʝʚôʷʥʠʭ ʟʘʛʦʪʦʚʦʢ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʮʽʣʦʶ ʥʠʟʢʦʶ ʰʢʽʜʣʠʚʠʭ ʪʘ 

ʥʝʙʝʟʧʝʯʥʠʭ ʬʘʢʪʦʨʽʚ ʢʨʽʤ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʜʽʶʪʴ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʽ ʨʽʚʥʽ ʰʫʤʫ, ʚʽʙʨʘʮʽʾ; 

ʧʽʜʚʠʱʝʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʨʦʙʦʯʦʾ ʟʦʥʠ; ʧʽʜʚʠʱʝʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʝʣʝʢʪʨʠʯʥʽʡ 

ʤʝʨʝʞʽ; ʥʝʜʦʩʪʘʪʥʷ ʦʩʚʽʪʣʝʥʽʩʪʴ ʨʦʙʦʯʦʾ ʟʦʥʠ. 

ʄʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ʜʝʨʝʚʠʥʠ ʟʜʽʡʩʥʶʶʪʴ ʥʘ ʣʽʩʦʧʠʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, 

ʜʝʨʝʚʦʦʙʨʦʙʥʠʭ ʟʘʚʦʜʘʭ, ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʽ ʚ ʜʝʨʝʚʦʦʙʨʦʙʥʠʭ ʮʝʭʘʭ ʨʽʟʥʠʭ 

ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʟʘʚʦʜʽʚ. ɼʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʘʙʦ ʜʦʚʝʜʝʥʥʷ ʪʦʚʱʠʥʠ 

ʧʠʣʦʤʘʪʝʨʽʘʣʫ ʜʦ ʧʦʪʨʽʙʥʠʭ ʨʦʟʤʽʨʽʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʪʨʫʛʘʣʴʥʽ ʚʝʨʩʪʘʪʠ. ɼʣʷ ʬʘʩʦʥʥʦʾ 

ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʘʙʦ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʢʦʥʪʫʨʽʚ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʨʽʟʥʠʭ 

ʧʨʦʬʽʣʽʚ, ʧʘʟʽʚ, ʛʨʝʙʝʥʽʚ, ʰʠʧʽʚ ʪʘ ʽʥ. ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʨʝʟʝʨʥʽ ʚʝʨʩʪʘʪʠ. ɼʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ 

ʦʩʦʙʣʠʚʦ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʢʦʧʽʶʚʘʣʴʥʽ ʚʝʨʩʪʘʪʠ. ɼʝʪʘʣʽ, ʱʦ ʤʘʶʪʴ 

ʬʦʨʤʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ, ʦʙʨʦʙʣʷʶʪʴ ʥʘ ʪʦʢʘʨʥʠʭ ʽ ʪʦʢʘʨʥʦ-ʢʦʧʽʶʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ [3] 

ʆʩʥʦʚʥʠʤʠ ʥʝʙʝʟʧʝʢʘʤʠ ʧʽʜ ʯʘʩ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʝʨʝʚʠʥʠ ʻ: ʤʘʰʠʥʠ ʪʘ ʤʝʭʘʥʽʟʤʠ 

ʘʙʦ ʾʭ ʝʣʝʤʝʥʪʠ, ʘ ʪʘʢʦʞ ʚʠʨʦʙʠ, ʤʘʪʝʨʽʘʣʠ, ʟʘʛʦʪʦʚʢʠ ʪʦʱʦ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʘʙʦ 

ʦʙʝʨʪʘʶʪʴʩʷ; ʧʽʜʚʠʱʝʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʝʣʝʢʪʨʠʯʥʽʡ ʤʝʨʝʞʽ; ʛʦʩʪʨʽ ʢʨʦʤʢʠ, ʟʘʜʠʨʢʠ, 

ʰʝʨʘhʚʽʩʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʦʢ, ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ.  
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