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ʆʇʈɽɼɽʃɽʅʀɽ ɺʃʀʗʅʀʗ ɼɸɺʃɽʅʀʗ ʅɸ ʈɸʉʍʆɼ ʈɸɹʆʏɽʁ 

ɾʀɼʂʆʉʊʀ ʇʈʀ ʉʊɽʅɼʆɺʓʍ ʀʉʇʓʊɸʅʀʗʍ ɻʀɼʈʆʉʒɽʄʅʀʂɸ 

 

ʅ.ʉ. ʃʝʦʥʪʴʝʚ  

 ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʫʣʘ 

 

ʈʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʫʨʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʩʚʷʟʘʥʦ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜ. ʉʨʝʜʠ ʥʠʭ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʙʫʨʝʥʠʷ. ʆʜʥʘʢʦ 

ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʩʦʧʨʷʞʝʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ ʨʷʜʘ ʩʣʦʞʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʦʜʚʦʜʘ ʚʳʩʦʢʦʥʘʧʦʨʥʦʡ ʚʦʜʳ ʢ ʚʨʘʱʘʶʱʝʡʩʷ ʙʫʨʦʚʦʡ 

ʢʦʣʦʥʥʝ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʩʲʝʤʥʠʢʦʚ. 

ʆʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʷ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʟʨʫʰʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʩʪʨʫʠ ʚʦʜʳ ʩʦʚʤʝʩʪʥʦ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. ʇʨʠ 

ʵʪʦʤ ʟʘʜʘʯʘ ʧʦʜʘʯʠ ʚʦʜʳ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʚ ʙʫʨʦʚʫʶ ʢʦʣʦʥʥʫ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʩʲʝʤʥʠʢʘ. 

ɻʠʜʨʦʩʲʝʤʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʝʨʝʜʘʯʠ ʚʳʩʦʢʦʥʘʧʦʨʥʦʡ ʚʦʜʳ ʦʪ 

ʧʠʪʘʶʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʥʫʪʨʴ ʚʨʘʱʘʶʱʝʡʩʷ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ ʧʨʠ ʙʫʨʝʥʠʠ 

ʛʦʨʥʳʭ ʧʦʨʦʜ [1, 2]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʛʠʜʨʦʩʲʝʤʥʠʢʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʩʪʝʥʜ ʠ ʧʨʦʠʟʚʝʜʝʥʳ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ. 
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ʉʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʛʠʜʨʦʩʲʝʤʥʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʩʪʨʫʢʮʠʶ, 

ʨʘʟʤʝʱʝʥʥʫʶ ʥʘ ʤʘʩʩʠʚʥʦʡ ʩʚʘʨʥʦʡ ʨʘʤʝ ʠ ʩʦʩʪʦʷʱʫʶ ʠʟ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, 

ʩʦʝʜʠʥʝʥʥʦʛʦ ʧʦʩʨʝʜʩʪʚʦʤ ʢʫʣʘʯʢʦʚʦʡ ʤʫʬʪʳ ʩ ʪʨʝʭʩʪʫʧʝʥʯʘʪʳʤ ʨʝʜʫʢʪʦʨʦʤ, 

ʚʳʭʦʜʥʦʡ ʚʘʣ ʢʦʪʦʨʦʛʦ ʯʝʨʝʟ ʮʝʧʥʫʶ ʤʫʬʪʫ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʚʘʣ ʩʦʝʜʠʥʝʥ ʩ 

ʚʭʦʜʥʳʤ ʬʣʘʥʮʝʤ ʛʠʜʨʦʩʲʝʤʥʠʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʧʳʪʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ 

ʛʠʜʨʦʩʲʝʤʥʠʢ ɻʀʉ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʆʆʆ çɹɽʃʈɸ-ʎʝʥʪʨè ʧʦ ʟʘʢʘʟʫ ʬʠʨʤʳ 

Geo&Sea (ʨʠʩ. 1). ɻʠʜʨʦʩʲʝʤʥʠʢ ʨʘʙʦʪʘʝʪ ʚ ʤʘʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʩ 

ʤʦʨʩʢʠʤ ʢʣʠʤʘʪʦʤ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ +5 Áʉ ʜʦ + 45 Áʉ [3]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ 

ʨʘʩʭʦʜ ʚʦʜʳ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʚʥʫʪʨʠ ʛʠʜʨʦʩʲʝʤʥʠʢʘ, 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ʚ ʟʦʥʝ 

ʫʧʣʦʪʥʝʥʠʷ 0,848 ʤ/ʩ ʥʘ ʤʘʥʞʝʪʥʳʭ ʫʧʣʦʪʥʝʥʠʷʭ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ Kʪ 

ʨʘʚʥʳʤ 0,1. ɿʘʤʝʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ ʚ ʧʨʝʜʝʣʘʭ 

ʊʥ = 8Áʉ ʠ 20Áʉ, ʘ ʪʘʢ ʞʝ ʩ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘ ʚʳʭʦʜʝ ʊʢ = 50 Áʉ ʠ 70 

Áʉ. ɼʘʚʣʝʥʠʝ ʚʦʜʳ ʠʟʤʝʥʷʣʦʩ ɹʦʪ 0 ʜʦ 36 ʄʇʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʘ Qɺ ʦʪ 

ʜʘʚʣʝʥʠʷ ʈ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. ˉ1. 

 

ʊʘʙʣʠʮʘ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʘ ʦʪ ʜʘʚʣʝʥʠʷ 

ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ 
ˉ 

ʩʝʨʠʠ 

ʦʧʳʪʦʚ 

ʉʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ, 

ʤ/ʩ 

ʂʦʵʬʬʠ-

ʮʠʝʥʪ 

ʪʨʝʥʠʷ 

ʅʘʯʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, 

Áʉ 

ʂʦʥʝʯʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ,  

Áʉ 

ɼʘʚʣʝʥʠʝ, 

ʄʇʘ 

ʈʘʩʭʦʜ 

ʚʦʜʳ, ʣ/ʩ 

1 0,848 0,1 8 50 

0 0,000 

4 0,014 

8 0,027 

12 0,036 

16 0,050 

20 0,068 

24 0,081 

28 0,086 

32 0,088 

36 0,090 

2 0,848 0,1 8 70 

0 0,000 
4 0,009 
8 0,018 
12 0,025 
16 0,034 
20 0,046 
24 0,055 
28 0,058 
32 0,060 
36 0,061 

3 0,848 0,1 20 50 

0 0,000 

 4 0,019 

 8 0,038 

 12 0,051 
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16 0,070 

 20 0,095 

 24 0,114 

 28 0,120 

 32 0,124 

 36 0,127 

 

4 0,848 0,1 20 70 

0 0,000 

 4 0,0114 

 8 0,0228 

 12 0,0304 

 16 0,0418 

 20 0,057 

 24 0,0684 

 28 0,0722 

 32 0,0741 

 36 0,076 

  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʩʤ. ʪʘʙʣ. 1) 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʨʘʩʭʦʜʘ Qɺ ʦʪ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʈ (ʨʠʩ. 2). 

ʘ) 

 
ʙ) 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʨʘʩʭʦʜʘ BQ ʦʪ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʈ: 

ʘ)ʊʥ = 8 Áʉ; ʙ) ʊʥ = 20 Áʉ. 

 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʚʦʜʳ ʈ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʜʳ Qɺ. ʇʨʠʯʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʩʭʦʜʘ ʚʦʜʳ ʨʘʟʣʠʯʥʘ. ʊʘʢ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʦʪ 0 ʜʦ 20 ʄʇʘ, ʨʘʩʭʦʜ 

ʫʚʝʣʠʯʠʚʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0 ʜʦ 0,095 ʣ/ʩ, ʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʪ 20 ʜʦ 36 ʄʇʘ 

ʨʘʩʭʦʜ ʫʚʝʣʠʯʠʣʩʷ ʜʦ 0,127 ʣ/ʩ, ʪ.ʝ. ʚʩʝʛʦ ʥʘ 0,03 ʣ/ʩ. ʊʘʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʦʜʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

Qɺ = f(ʈ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʊʥ ʠ ʊʢ: 

ʜʣʷ ʊʥ = 8 Áʉ ʠ ʊʢ = 50 Áʉ       Qɺ  = 0,01Ŀ ʈ ï 0,005;                            (1) 

ʜʣʷ ʊʥ = 8 Áʉ ʠ ʊʢ = 70 Áʉ     Qɺ  = 0,007Ŀ ʈ ï 0,005;                         (2) 

ʜʣʷ ʊʥ = 20 Áʉ ʠ ʊʢ = 50 Áʉ     Qɺ  = 0,015Ŀ ʈ ï 0,005;                           (3) 

ʜʣʷ ʊʥ = 20 Áʉ ʠ ʊʢ = 70 Áʉ     Qɺ  = 0,009Ŀ ʈ ï 0,004;                          (4) 

ʀʥʜʝʢʩ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʜʘʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʩʦʩʪʘʚʠʣ R = 0,958, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʘʥʥʳʭ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɹʨʝʥʥʝʨ ɺ.ɸ., ɾʘʙʠʥ ɸ.ɹ., ʇʫʰʢʘʨʝʚ ɸ.ɽ., ʑʝʛʦʣʝʚʩʢʠʡ ʄ.ʄ. 

ɻʠʜʨʦʩʪʨʫʡʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɻʠʜʨʦʘʙʨʘʟʠʚʥʦʝ ʨʝʟʘʥʠʝ 

ʛʦʨʥʳʭ ʧʦʨʦʜ // ʄ.: ʀʟʜ-ʚʦ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʦʨʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, 2003. - 279 ʩ.: ʠʣ. 

2. ɹʨʝʥʥʝʨ ɺ.ɸ., ɾʘʙʠʥ ɸ.ɹ., ʇʫʰʢʘʨʝʚ ɸ.ɽ., ʑʝʛʦʣʝʚʩʢʠʡ ʄ.ʄ. 

ɻʠʜʨʦʩʪʨʫʡʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɻʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʝ 

ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ // ʄ.: ʀʟʜ-ʚʦ ɸɻʅ, 2000. - 343 ʩ. 
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3. ʃʝʦʥʪʴʝʚ ʅ.ʉ., ʇʫʰʢʘʨʝʚ ɸ.ɽ., ɻʦʣʦʚʠʥ ʂ.ɸ., ʃʝʞʝʙʦʢʦʚ ɸ.ɺ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʛʠʜʨʦʩʲʝʤʥʠʢʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʛʠʜʨʦʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ // ʀʟʚʝʩʪʠʷ ʊʫʣɻʋ. ʅʘʫʢʠ ʦ ɿʝʤʣʝ. - 

ɺʳʧ. 2. - ʊʫʣʘ, 2012. ʉ. 231-237. 

 

ʄɽʊʆɼʀʂɸ ʈɸʉʏɽʊʆɺ ɻɽʆʄɽʊʈʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʀ 

ʈɽɾʀʄʆɺ ʈɸɹʆʊʓ ɻʀɼʈʆʉʒɽʄʅʀʂʆɺ 

 

ʅ.ʉ. ʃʝʦʥʪʴʝʚ, ɸ.ɽ. ʇʫʰʢʘʨʝʚ, ʂ.ɸ. ɻʦʣʦʚʠʥ  

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʫʣʘ 

 

ɿʘ ʦʩʥʦʚʫ ʤʝʪʦʜʠʢʠ ʧʨʠʥʷʪʘ çʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʛʠʜʨʦʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ɻʉʎ) ʠʥʩʪʨʫʤʝʥʪʘ, 

ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ɻʉʎ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷè ʧʨʝʜʣʦʞʝʥʥʘʷ ɻʦʣʦʚʠʥʳʤ ʂ.ɸ. [1; 2] 

ʧʨʠ ʵʪʦʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʨʘʩʯʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʛʠʜʨʦʩʲʝʤʥʠʢʦʚ. 

 ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴ: 

- ʥʝʦʙʭʦʜʠʤʳʡ ʜʠʘʤʝʪʨ ʟʘʢʨʝʧʣʷʝʤʦʛʦ ʤʘʩʩʠʚʘ DM, ʤ; 

- ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʤʦʱʥʦʩʪʴ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ N, ɺʪ (ʚʳʙʠʨʘʝʪʩʷ ʠʟ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʷʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ɻʉʎ); 

- ʜʘʚʣʝʥʠʝ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʈ, ʇʘ (ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ï ʧʨʠʥʠʤʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʣʷ ʧʨʠʤʝʥʷʝʤʦʛʦ ʥʘʩʦʩʥʦʛʦ 

ʙʣʦʢʘ); 

- ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʉ, ʄʇʘ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʫʧʣʦʪʥʝʥʠʡ TK ; 

- ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʊʅ ʠ ʊʂ . 

 ʈʘʩʯʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ɻʉʎ ʠʥʩʪʨʫʤʝʥʪʘ ï ʤʦʥʠʪʦʨʘ ʦʩʥʘʱʝʥʥʦʛʦ 

ʦʜʥʦʡ ʩʪʨʫʝʬʦʨʠʤʨʫʶʱʝʡ ʥʘʩʘʜʢʦʡ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʚ ʤʦʥʠʪʦʨʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʩʪʨʫʝʬʦʨʤʠʨʫʶʱʠʭ ʥʘʩʘʜʦʢ (k ï ʯʠʩʣʦ ʩʪʨʫʝʬʦʨʤʠʨʫʶʱʠʭ ʥʘʩʘʜʦʢ) 

ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ Vʂ, ʤ/ʩ 

ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ ʚ k ʨʘʟ. 

 ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʨʠʥʠʤʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʚʦʜʦʮʝʤʝʥʪʥʦʡ ʩʫʩʧʝʥʟʠʠ ɟ = 2000 

ʢʛ/ʤ
3
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʩʩʦʚʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʚʦʜʳ ʠ ʮʝʤʝʥʪʘ 1:1. 

 ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ɻʉʎ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ: 

- ʜʠʘʤʝʪʨ ʩʪʨʫʝʬʦʨʤʠʨʫʝʱʝʡ ʥʘʩʘʜʢʠ d0, ʤ; 

- ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ n, ʩ
-1
; 

- ʨʘʮʠʦʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ Vʂ, ʤ/ʩ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ ʦʙʲʝʤʘ ʟʘʢʨʝʧʣʷʝʤʦʛʦ ʤʘʩʩʠʚʘ G, ʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ɻʉʎ ʛʦʨʥʳʭ ʧʦʨʦʜ E); 

- ʜʠʘʤʝʪʨ ʚʘʣʘ D, ʤ; 

- ʨʘʩʭʦʜ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ QB, ʣ/ʩ. 
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 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʷʪʠ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (d0, n, Vʂ, D, QB) 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʦʚʤʝʩʪʥʦ ʧʷʪʴ ʫʨʘʚʥʝʥʠʡ, ʘ ʠʤʝʥʥʦ: 

- ʫʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʘ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʲʝʤʘ ʙʫʨʦʚʦʛʦ ʩʪʘʚʘ, ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ ʦʙʲʝʤʘ ʟʘʢʨʝʧʣʷʝʤʦʛʦ ʤʘʩʩʠʚʘ ʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ɻʉʎ ʛʦʨʥʳʭ ʧʦʨʦʜ; 

- ʫʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʘ ʜʠʘʤʝʪʨʘ ʟʘʢʨʝʧʣʷʝʤʦʛʦ ʤʘʩʩʠʚʘ; 

- ʫʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʪʨʝʙʣʷʝʤʦʡ ɻʉʎ 

ʠʥʩʪʨʫʤʝʥʪʦʤ; 

- ʫʨʘʚʥʝʥʠʝ (4.) ʨʘʩʯʝʪʘ ʚʘʣʘ, ʤ; 

- ʫʨʘʚʥʝʥʠʝ (3.) ʨʘʩʯʝʪʘ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ. 

 ʇʨʷʜʦʢ ʨʘʩʯʝʪʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 1. ʆʧʨʝʜʝʣʷʝʤ ʜʠʘʤʝʪʨ ʩʪʨʫʝʬʦʨʤʠʨʫʝʱʝʡ ʥʘʩʘʜʢʠ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ 

ʟʘʧʠʪʘʪʴ ʧʨʠʥʷʪʳʡ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʥʘʩʦʩʥʳʡ ʙʣʦʢ: 

1,5
0,019P

N

0
d = .      (1) 

 2. ʆʢʨʫʛʣʷʝʤ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ d0 ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʤʝʥʴʰʝʛʦ ʠʟ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʷʜʘ ʟʥʘʯʝʥʠʡ: (0,0010; 0,0015; 0,0020; 0,0025; 0,0030; 0,0035; 

0,0040; 0,0045; 0,0050; 0,0055; 0,0060; 0,0065; 0,0070) ʤ. 

 3. ʆʧʨʝʜʝʣʷʝʤ ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ ʧʦ ʫʨʘʚʥʝʥʠʶ: 
1,52

0 P0,019dN =        (2) 

 4. ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ d0, ʨʝʰʘʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ:  

.

î
î
í

îî
ì

ë

=

=

.
nʉV

dʈ
1,09D

;n0,16dV

0,070,250,37

1,25

0

1,03

ʄ

0,100,55

0ʂ

     (3) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (3) ʦʧʨʝʜʝʣʷʝʤ ʜʚʘ 

ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʘ ʧʨʦʮʝʩʩʘ ɻʉʎ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʘ ʠʤʝʥʥʦ: ʯʘʩʪʦʪʫ 

ʚʨʘʱʝʥʠʷ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ n, ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ Vʂ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠʨʘʱʝʥʠʷ ʦʙʲʝʤʘ ʟʘʢʨʝʧʣʷʝʤʦʛʦ 

ʤʘʩʩʠʚʘ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ɻʉʎ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

5. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʠ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (3) ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ n ʠ Vʂ ʚʳʭʦʜʷʪ ʟʘ ʨʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ ʧʨʠʤʝʥʷʝʤʦʛʦ ʙʫʨʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʣʠʙʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʜʠʘʤʝʪʨ 

ʟʘʢʨʝʧʣʷʝʤʦʛʦ ʤʘʩʩʠʚʘ DM, ʣʠʙʦ ʚʳʙʨʘʪʴ ʩʣʝʜʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 

ʤʦʱʥʦʩʪʠ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ N ʠʟ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʷʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ɻʉʎ ʠ ʧʦʚʪʦʨʠʪʴ ʨʘʩʯʝʪ ʩ ʧ. 1. 

6. ʈʘʩʩʯʠʪʳʚʘʝʤ ʨʘʩʭʦʜ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ Qʨʞ ʯʝʨʝʟ ʟʥʘʯʝʥʠʷ d0: 

./2
4

2
0 rp P

d
Q=       (4) 

7. ʇʨʠʥʠʤʘʝʤ ʨʘʩʭʦʜ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʦʩʯʠʪʘʥʥʳʡ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ 

ɻʉʎ Qʨʞ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʘ QB ʠ ʨʝʰʘʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʠʟʚʝʩʪʥʳʭ V, D. 

î
î

í

î
î

ì

ë

=

ÖÖ
ÖÖ=

.
60

;0035,0
282,1

843,0253,0418,1

n

V
D

T

PTV
KQ

K

H

Tɺ

p

   (5) 
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8. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʢʦʥʩʪʨʫʢʮʠʷ ʛʠʜʨʦʩʲʝʤʥʠʢʘ ʟʘʜʘʥʘ ʧʦ ʫʩʣʦʚʠʶ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʭʦʜ QB ʧʦ ʬʦʨʤʫʣʝ (4). 

ʉʨʘʚʥʠʚʘʝʤ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʭʦʜ QB  ʩ Qʨʞ. ɽʩʣʠ QB  ʤʝʥʴʰʝ Qʨʞ, ʪʦ ʙʝʨʝʪʩʷ Qʨʞ  

ʠ ʧʝʨʝʩʯʠʪʳʚʘʝʤ ʜʠʘʤʝʪʨ ʚʘʣʘ. ɽʩʣʠ ʙʦʣʴʰʝ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ 

ʜʠʘʤʝʪʨ ʚʘʣʘ ʠ ʧʦʚʪʦʨʠʪʴ ʨʘʩʯʝʪ. 

9. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʚʦʜʘ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʚ ʛʠʜʨʦʩʲʝʤʥʠʢʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ [3], ʜʣʷ ʢʦʪʦʨʦʡ 

ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʠʟ ʧ.4 ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʦʚ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʛʠʜʨʦʩʲʝʤʥʠʢʦʚ: 
485,0736,0175,0 P041,0 VKN Tr ÖÖÖ=     (6) 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ɻʉʎ ʠʥʩʪʨʫʤʝʥʪʘ, ʨʝʞʠʤʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ɻʉʎ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠʢʣʘʜʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1.  ɻʦʣʦʚʠʥ, ʂʦʥʩʪʘʥʪʠʥ ɸʣʝʢʩʘʥʜʨʦʚʠʯ. ʆʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʦʟʜʘʥʠʝ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʛʠʜʨʦʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ ʥʝʫʩʪʦʡʯʠʚʳʭ ʧʦʨʦʜ ʚ ʛʦʨʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ : ʘʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥ. ʩʪʝʧʝʥʠ ʜ-ʨʘ 

ʪʝʭʥ. ʥʘʫʢ: (05.05.06) / ʊʫʣ. ʛʦʩ. ʫʥ-ʪ. - ʊʫʣʘ, 2007. - 38 ʩ. 

2.  ɻʦʣʦʚʠʥ ʂ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʤʘʩʩʠʚʦʚ 

ʥʝʫʩʪʦʡʯʠʚʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʝʪʦʜʦʤ ʛʠʜʨʦʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ: 

ʄʦʥʦʛʨʘʬʠʷ / ɺ.ɸ. ɹʨʝʥʥʝʨ, ʂ.ɸ. ɻʦʣʦʚʠʥ, ɸ.ɽ. ʇʫʰʢʘʨʝʚ. ï ʊʫʣʘ, ʀʟʜïʚʦ ʊʫʣɻʋ, 

2007 ʛ., 206 ʩ.: ʠʣ. 

3. ʃʝʦʥʪʴʝʚ ʅ.ʉ., ʇʫʰʢʘʨʝʚ ɸ.ɽ., ɻʦʣʦʚʠʥ ʂ.ɸ., ʃʝʞʝʙʦʢʦʚ ɸ.ɺ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʛʠʜʨʦʩʲʝʤʥʠʢʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʫʩʪʘʥʦʚʢʘʭ ʛʠʜʨʦʩʪʨʫʡʥʦʡ ʮʝʤʝʥʪʘʮʠʠ // ʀʟʚʝʩʪʠʷ ʊʫʣɻʋ. ʅʘʫʢʠ ʦ ɿʝʤʣʝ. - 

ɺʳʧ. 2. - ʊʫʣʘ, 2012. ʉ. 231-237. 

 

 

ʉʋɹɼ çʂʅʀɻɸ ʇʈʀɽʄʅʓʍ ʀʉʇʓʊɸʅʀʁ ʄʋɿʓʂɸʃʔʅʆʁ 

ʐʂʆʃʓè 

 

ʄʘʢʩʠʤʦʚ ʇ.ɽ. 

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ. 

ʛ. ʊʫʣʘ 

 

ɺ 2010 ʛʦʜʫ ʚʩʪʫʧʠʣ ʚ ʩʠʣʫ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ 210-ʌɿ çʆʙ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʫʩʣʫʛè. ɺ ʥʝʤ 

ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ 

ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʫʩʣʫʛ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʦ ʦʩʪʨʦ ʚʩʪʘʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʚʦʜʘ ʤʥʦʛʠʭ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠ 

ʤʫʥʠʮʠʧʘʣʴʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ ʫʩʣʫʛ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʚʠʜ. ɺ ʯʘʩʪʥʦʩʪʠ, 
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ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʝʙ-ʨʝʩʫʨʩʘ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʧʦʩʪʫʧʘʶʱʠʤʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʤʫʟʳʢʘʣʴʥʳʝ ʰʢʦʣʳ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʨʳʥʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʪ ʧʨʦʜʫʢʪʘ, 

ʢʦʪʦʨʳʡ ʙʳ ʮʝʣʠʢʦʤ ʦʪʚʝʯʘʣ ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʜʘʥʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʤʥʦʛʦ ʣʠʰʥʝʛʦ, ʠ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʠʤʝʣ ʧʨʠʝʤʣʝʤʫʶ ʩʪʦʠʤʦʩʪʴ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʨʝʩʫʨʩ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ ʧʨʦʩʤʦʪʨʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʩʪʫʧʘʶʱʠʤʠ ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʤʫʟʳʢʘʣʴʥʦʡ ʰʢʦʣʳ. ʈʝʟʫʣʴʪʘʪ ï  

ʫʩʢʦʨʝʥʠʝ ʠ ʦʙʣʝʛʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ɺʘʞʥʦ, ʯʪʦ ʵʪʦʪ 

ʩʧʦʩʦʙ ʧʨʦʩʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʥʘʩʳʱʝʥ, ʥʦ ʥʝ ʧʝʨʝʛʨʫʞʝʥ ʩʦʜʝʨʞʘʥʠʝʤ ʠ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʶʜʞʝʪʥʳʤ ʚʘʨʠʘʥʪʦʤ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʬʠʥʘʥʩʦʚʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʜʘʥʥʦʛʦ ʨʝʩʫʨʩʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʚʩʝʤ ʧʨʝʜʲʷʚʣʷʝʤʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʩʦʟʜʘʪʴ ɹɼ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ 

¶ ʩʦʟʜʘʪʴ ʧʨʠʢʣʘʜʥʫʶ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ɹɼ 

¶ ʨʝʘʣʠʟʦʚʘʪʴ ʜʦʩʪʫʧ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ɹɼ ʘʙʠʪʫʨʠʝʥʪʘʤ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʩʪʘʣʘ ʉʋɹɼ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦ 

ʩʦʟʜʘʥʠʶ ʚʝʙ-ʨʝʩʫʨʩʘ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʧʦʩʪʫʧʘʶʱʠʤʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʫʱʥʦʩʪʝʡ ʙʳʣ ʫʯʪʝʥ ʧʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ 

ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʚʳʩʪʘʚʣʝʥʠʷ ʦʮʝʥʦʢ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦ 

ʟʘʯʠʩʣʝʥʠʠ. ʇʦʩʪʫʧʘʶʱʠʡ ʧʨʠʭʦʜʠʪ ʚ ʰʢʦʣʫ, ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʚʩʪʫʧʠʪʝʣʴʥʳʭ 

ʠʩʧʳʪʘʥʠʡ. ʆʥ ʩʜʘʝʪ ʵʢʟʘʤʝʥʳ, ʧʦʩʣʝ ʯʝʛʦ ʝʤʫ ʚʳʩʪʘʚʣʷʶʪ ʦʮʝʥʢʠ. ʂʦʤʠʩʩʠʷ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʮʝʥʦʢ, ʥʘ ʢʦʥʢʫʨʩʥʦʡ ʦʩʥʦʚʝ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ 

ʧʦʩʪʫʧʘʶʱʝʛʦ  ʠ ʜʘʝʪ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢ ʟʘʯʠʩʣʝʥʠʶ ʥʘ ʩʧʝʮʠʘʣʴʥʦʩʪʴ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʦʤ ʫʨʦʚʥʝ ʜʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʦʷʪ 

ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʩʫʱʥʦʩʪʝʡ: çʇʦʩʪʫʧʘʶʱʠʡè, çʆʮʝʥʢʠ ʧʦ ʦʩʥʦʚʥʳʤ 

ʧʨʝʜʤʝʪʘʤè ʠ çʆʮʝʥʢʠ ʧʦ ʩʧʝʮʠʘʣʴʥʦʤʫ ʧʨʝʜʤʝʪʫè - ʠ ʯʝʪʳʨʝʭ ʩʫʱʥʦʩʪʥʳʭ 

ʦʧʨʝʜʝʣʷʶʱʠʭ: çʅʘʣʠʯʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʫ ʧʦʩʪʫʧʘʶʱʝʛʦè, çʄʫʟʳʢʘʣʴʥʘʷ 

ʰʢʦʣʘè, çʉʧʝʮʠʘʣʴʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷè ʠ çʈʝʰʝʥʠʝ ʢʦʤʠʩʩʠʠè. 

ɿʥʘʷ ʧʨʠʥʮʠʧ ʧʨʦʚʝʜʝʥʠʷ ʚʩʪʫʧʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʠʤʝʷ ʜʦʩʪʘʪʦʯʥʳʡ 

ʩʧʠʩʦʢ ʩʫʱʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʧʦʩʣʝʜʥʠʤʠ. ʈʘʩʩʤʦʪʨʝʚ ʩʚʷʟʠ ʠ ʦʙʲʝʜʠʥʠʚ ʚʩʝ ʩʫʱʥʦʩʪʠ ʚ ʦʜʥʫ ʩʭʝʤʫ, 

ʧʦʣʫʯʠʣʠ ʦʙʱʫʶ ʤʦʜʝʣʴ, ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ɹɼ ʧʦ ʩʪʘʥʜʘʨʪʫ IDEF1X 

(ʈʠʩʫʥʦʢ 1). 
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˽ͦ ͫͭͯ ͨ͊Ό̈́ ͙͔

ID_Abitur 

̅͊ ͙ͣ ͙͡Ύ (O) 
ˮͣ Ύ (O) 
˻ͭ;͔͍ͫͭ  ͦ(O) 
ˤͦͪ͊ͫ͘  ͭ(O) 
ˢ͔͒ͪ  ͫ(O) 
ID_Specializ (O) (FK)
ID_Instrument (O) (FK)
ID_Shkola (O) (FK)
ID_Reshenia (O) (FK)

˿ͨ ͼ͔͙͊͡Έͤͦͫ Έͭ ͨͦ ͫͭͯ ͔ͨͤ͡ Ύ͙

ID_Specializ 

˿ͨ ͼ͔͙͊͡Έͤͦͫ Έͭ (O) 

˹͙͊͡;͙  ͔͙ͤ ͫͭͪ ͔ͯͣͤͭ͊ ͯ ͨͦ ͫͭͯ ͨ͊Ό̈́ ͔͎ͦ

ID_Instrument 

ˮͤ ͫͭͪ ͔ͯͣͤ  ͭ(O) 

˸ͯ͘·͊͟͡Έͤ Ύ͊ ́ͦ͊͟͡

ID_Shkola 

˹͍͙͔͊͊ͤ͘ (O) 
ˢ͔͒ͪ  ͫ(O) 

˾͔΄͔ ͙ͤ  ͔ͦ͟ ͙ͣ ͙ͫͫ ͙

ID_Reshenia 

˾͔΄͔ ͙ͤ  ͔(O) 

ͼ˻͔ͤ͟  ͙ͦͨ  ͦͫ ͍ͤͦͤͦͣ  ͯͪͨ ͔͔͒ͣ ͭͯ

ID_Abitur (FK)

˿͡ ͻͯ (O) 
˽͊ ΎͣͭΈ (O) 
˾͙ͭͣ (O) 

ͼ˻͔ͤ͟  ͙ͦͨ  ͫͨ ͼ͔͙͊͡Έͤͦͣ  ͯͪͨ ͔͔͒ͣ ͭͯ

ID_Abitur (FK)

˿ͨ ͼ͔ ͨͪ ͔͔͒ͣ  ͭ(O) 

ˮ͒ ͯͭ

˿͒ Ό͊ͭ Ή͔͊ͣ͘͟ ·ͤ

˽ͦͯ͡;͊Όͭ

ˮͣ Ό͔ͭ

˽ͦ ͯ͡;͊Όͭ

˽ͦͯ͡;͊Όͭ

 

 

ʈʠʩʫʥʦʢ 1. ʀʥʬʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɹɼ. 

 

ʉʚʷʟʠ ʤʝʞʜʫ ʩʫʱʥʦʩʪʴʶ çʇʦʩʪʫʧʘʶʱʠʝè ʠ ʩʫʱʥʦʩʪʷʤʠ çʉʧʝʮʠʘʣʴʥʦʩʪʴ 

ʧʦʩʪʫʧʣʝʥʠʷè, çʄʫʟʳʢʘʣʴʥʘʷ ʰʢʦʣʘè, çʅʘʣʠʯʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʫ ʧʦʩʪʫʧʘʶʱʝʛʦè 

ʠ çʈʝʰʝʥʠʝ ʢʦʤʠʩʩʠʠè ʦʜʠʥ ʢʦ ʤʥʦʛʠʤ.  

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ: 

¶ ʥʘ ʦʜʥʫ ʩʧʝʮʠʘʣʴʥʦʩʪʴ ʤʦʛʫʪ ʧʨʝʪʝʥʜʦʚʘʪʴ  ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʥʝʩʢʦʣʴʢʦ ʞʝʣʘʶʱʠʭ;  

¶ ʚ ʦʜʥʫ ʰʢʦʣʫ ʤʦʞʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʩʪʫʧʘʪʴ ʤʥʦʞʝʩʪʚʦ 

ʞʝʣʘʶʱʠʭ;  

¶ ʦʜʠʥʘʢʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʫ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʪʫʧʘʶʱʠʭ;  

¶ ʢʦʤʠʩʩʠʷ ʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʠ ʨʝʢʦʤʝʥʜʘʮʠʶ ʢ 

ʟʘʯʠʩʣʝʥʠʶ ʥʘ ʩʧʝʮʠʘʣʴʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʦʜʠʥʘʢʦʚʦ ʢʦ 

ʚʩʝʤ ʧʦʩʪʫʧʘʶʱʠʤ. 

ʉʚʷʟʠ ʤʝʞʜʫ ʩʫʱʥʦʩʪʴʶ çʇʦʩʪʫʧʘʶʱʠʝè ʠ ʩʫʱʥʦʩʪʷʤʠ çʆʮʝʥʢʠ ʧʦ 

ʦʩʥʦʚʥʳʤ ʧʨʝʜʤʝʪʘʤ ʚ ʤʫʟʳʢʘʣʴʥʦʡ ʰʢʦʣʝè ʠ çʆʮʝʥʢʠ ʧʦ ʩʧʝʮʠʘʣʴʥʦʤʫ 

ʧʨʝʜʤʝʪʫ ʚ ʤʫʟʳʢʘʣʴʥʦʡ ʰʢʦʣʝè ʦʜʠʥ ʢ ʦʜʥʦʤʫ, ʯʪʦ ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

ʨʝʘʣʠʟʫʝʪʩʷ, ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʩʚʷʟʠ ʦʜʠʥ ʢʦ ʤʥʦʛʠʤ. 

ʉʪʨʫʢʪʫʨʘ ʉʋɹɼ  ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʙʘʟʫ ʜʘʥʥʳʭ, ʭʨʘʥʷʱʫʶʩʷ ʥʘ ʩʝʨʚʝʨʝ, 

ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʠ 

ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʠʥʬʦʨʤʘʮʠʠ ʭʨʘʥʷʱʝʡʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 

ʉʭʝʤʘʪʠʯʝʩʢʠ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ɹɼ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ MySQL, ʚ ʩʚʷʟʠ ʩ 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʧʨʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʥʘʩʪʨʦʡʢʝ ʠ ʨʘʙʦʪʝ ʩ ʥʝʡ. 
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ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ ʧʦ ʚʥʝʩʝʥʠʶ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠ ʧʨʦʩʤʦʪʨʘ ʭʨʘʥʷʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʙʳʣ ʨʝʢʦʤʝʥʜʦʚʘʥ ʩʢʨʠʧʪʦʚʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ PHP. 

 

˽ͦ Έ͍͔ͦ͊ͭ͘͡͡Έ
(ͨͦͫͭͯ ͨ͊Ό̈́ ͙͚)

˽ͦ Έ͍͔ͦ͊ͭ͘͡͡Έ͙ͫ͟  ͚
͙͔͔͚ͤͭͪͫͅ

SQ
L-
͔ͫ
͍ͪ
͔ͪ ˽ͪ ͎ͦͪ͊ͣͣ ,͊ ͒ Ύ͡ 

͍͔͒ͦ͋͊ͤ͡ Ύ͙ 
͒͊ͤͤ·ͻ

˽ͦ Έ͍͔ͦ͊ͭ͘͡͡Έ
(͙ͫͦͭͪͯ͒ͤ  ́ͦ͟͟ ·͡)

 
 

ʈʠʩʫʥʦʢ 2. ʉʪʨʫʢʪʫʨʘ ʉʋɹɼ. 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ, ʭʨʘʥʷʱʘʷʩʷ ʚ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ɹɼ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʌʝʜʝʨʘʣʴʥʦʛʦ ɿʘʢʦʥʘ 

ˉ152-ʌɿ çʆ ʟʘʱʠʪʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭè. ʂʘʢ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ï ʚʦʟʤʦʞʥʦ 

ʨʘʟʤʝʱʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʢʘʩʘʶʱʝʡʩʷ ʪʦʣʴʢʦ ʪʝʭ ʧʦʩʪʫʧʘʶʱʠʭ, ʢʦʪʦʨʳʝ ʜʘʜʫʪ 

ʧʠʩʴʤʝʥʥʦʝ ʩʦʛʣʘʩʠʝ ʥʘ ʪʦ, ʯʪʦ ʠʭ ʜʘʥʥʳʝ ʙʫʜʫʪ ʭʨʘʥʠʪʴʩʷ ʚ ʩʝʪʠ Internet. 

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʛʨʘʥʠʯʠʪʴ ʜʦʩʪʫʧ ʢ ʧʨʦʩʤʦʪʨʫ ʜʘʥʥʳʭ ʦ ʧʦʩʪʫʧʘʶʱʝʤ 

ʪʦʣʴʢʦ ʩʘʤʦʤʫ ʧʦʩʪʫʧʘʶʱʝʤʫ. ɼʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʚʘʠʚʘʪʴ ʢʘʞʜʦʤʫ 

ʘʙʠʪʫʨʠʝʥʪʫ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ. ʇʨʘʚʘ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ʠ 

ʠʟʤʝʥʝʥʠʝ (ʫʜʘʣʝʥʠʝ), ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʨʦʛʦ ʨʘʟʛʨʘʥʠʯʝʥʳ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʰʢʦʣ, ʧʦʵʪʦʤʫ ʩʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ, ʠ ʫʯʠʪʳʚʘʝʪ, ʯʪʦ ʚ ʨʘʟʥʳʭ ʰʢʦʣʘʭ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʝʜʤʝʪʳ ʠ ʠʭ ʥʘʠʤʝʥʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʘʚʘ ʜʦʩʪʫʧʘ ʢ 

ʠʟʤʝʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʠ, ʭʨʘʥʷʱʝʡʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʨʘʟʛʨʘʥʠʯʝʥʳ ʧʦ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʜʘʥʥʳʭ ʰʢʦʣʝ.  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ 

ʤʫʟʳʢʘʣʴʥʦʡ ʰʢʦʣʳ ʧʦ ʚʥʝʩʝʥʠʶ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʝʡ, ʠ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʦʩʪʫʧʘʶʱʝʛʦ, ʧʦ ʧʨʦʩʤʦʪʨʫ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʨʝʟʫʣʴʪʘʪʘʭ ʩʜʘʥʥʳʭ ʵʢʟʘʤʝʥʦʚ. 

ʇʦʣʴʟʦʚʘʪʝʣʴ (ʩʦʪʨʫʜʥʠʢʠ ʤʫʟʳʢʘʣʴʥʦʡ ʰʢʦʣʳ) ʟʘʧʦʣʥʷʝʪ ʚʨʫʯʥʫʶ 

ʣʠʯʥʳʝ ʜʘʥʥʳʝ ʧʦʩʪʫʧʘʶʱʝʛʦ, ʚʳʙʠʨʘʝʪ ʠʟ ʩʧʠʩʢʘ ʜʘʥʥʳʝ ʦ ʩʧʝʮʠʘʣʠʪʝʪʝ ʠ 

ʚʚʦʜʠʪ ʦʮʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʪʫʧʘʶʱʠʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ʩʣʫʭ, ʧʘʤʷʪʴ, ʨʠʪʤ ʠ ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʝʜʤʝʪ). ɼʘʣʝʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʪʧʨʘʚʣʷʝʪ 

ʜʘʥʥʳʝ ʚ ɹɼ. 
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ʇʦʣʴʟʦʚʘʪʝʣʴ (ʧʦʩʪʫʧʘʶʱʠʡ), ʟʘʡʜʷ ʚ web-ʙʨʘʫʟʝʨʝ ʥʘ ʩʘʡʪ ʤʫʟʳʢʘʣʴʥʦʡ 

ʰʢʦʣʳ ʚ ʬʦʨʤʫ çʧʦʠʩʢ ʨʝʟʫʣʴʪʘʪʘ ʧʨʠʝʤʥʳʭ ʠʩʧʳʪʘʥʠʡè ʚʚʦʜʠʪ ʚ ʩʪʨʦʢʫ 

ʚʚʦʜʘ ʩʚʦʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʚʳʜʘʥʥʳʡ ʝʤʫ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ, ʠ 

ʥʘʞʠʤʘʝʪ ʥʘ ʢʥʦʧʢʫ ʧʦʠʩʢ. ʇʨʦʛʨʘʤʤʘ ʚʳʧʦʣʥʷʝʪ ʟʘʧʨʦʩ ʧʦ ʚʳʙʦʨʢʠ ʜʘʥʥʳʭ 

ʠʟ ɹɼ. ɺʳʧʦʣʥʠʚ ʧʦʠʩʢ, ʧʨʦʛʨʘʤʤʘ ʬʦʨʤʠʨʫʝʪ ʦʪʯʝʪ ʠ ʦʪʦʙʨʘʞʘʝʪ ʨʝʟʫʣʴʪʘʪ 

ʟʘʧʨʦʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʫʧʘʶʱʝʤʫ ʙʦʣʴʰʝ ʥʝ ʧʨʠʜʝʪʩʷ ʠʜʪʠ ʚ ʰʢʦʣʫ ʠ 

ʫʟʥʘʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʦʥ ʤʦʞʝʪ ʦʟʥʘʢʦʤʠʪʩʷ ʩ ʥʠʤʠ, ʠʤʝʷ ʚʳʭʦʜ ʚ ʠʥʪʝʨʥʝʪ, ʠ 

ʥʘʭʦʜʷʩʴ ʜʘʞʝ ʚ ʜʨʫʛʦʡ ʩʪʨʘʥʝ. ʈʝʩʫʨʩ ʫʜʦʙʝʥ ʠ ʧʨʘʢʪʠʯʝʥ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʠ ʫʧʨʦʱʘʝʪ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʩʪʫʧʣʝʥʠʠ, 

ʦʙʣʝʛʯʘʝʪ ʞʠʟʥʴ ʢʘʢ ʧʦʩʪʫʧʘʶʱʠʤ, ʪʘʢ ʠ ʨʘʙʦʪʥʠʢʘʤ ʫʯʨʝʞʜʝʥʠʷ.  

ʈʘʟʨʘʙʦʪʯʠʢʠ ʧʦʜʦʙʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝ ʩʦʟʜʘʶʪ ʨʝʰʝʥʠʡ, 

ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʩʳʣʘʷʩʴ ʥʘ ʘʜʘʧʪʘʮʠʶ 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʩʪʨʫʢʪʫʨʳ 

ʦʨʛʘʥʠʟʘʮʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ.  

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ. ɺ ʨʘʤʢʘʭ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʜʥʝʚʥʠʢʦʚ ʠ ʞʫʨʥʘʣʦʚ; 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʠ ʫʯʝʙʥʳʭ 

ʧʣʘʥʘʭ, ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤʘʭ ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ, ʧʨʝʜʤʝʪʦʚ, ʜʠʩʮʠʧʣʠʥ, ʛʦʜʦʚʳʭ 

ʢʘʣʝʥʜʘʨʥʳʭ ʫʯʝʙʥʳʭ ʛʨʘʬʠʢʘʭ; ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʨʝʤʝʥʠ ʠ 

ʤʝʩʪʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʮʝʨʪʦʚ, ʢʦʥʢʫʨʩʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʦ ʩʧʠʩʢʦʤ 

ʫʯʘʩʪʥʠʢʦʚ, ʘʥʦʥʩʳ ʜʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ; ʩʦʟʜʘʥʠʝ ʥʦʪʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʠ 

ʨʝʘʣʠʟʘʮʠʷ ʜʦʩʪʫʧʘ ʢ ʥʝʡ, ʚʠʜʝʦ ʤʘʩʪʝʨ-ʢʣʘʩʩʳ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. http://base.consultant.ru/cons/ 

2. http://digital-edu.info/vyp/2/ 

 

 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʈʕʉ 

ɼʃʗ ɸʅɸʃʀɿɸ ʕʄʉ 

 

ɸ.ɺ.ʄʘʩʘʣʴ 

ɹʘʣʪʠʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ 

ʛ.ʂʘʣʠʥʠʥʛʨʘʜ 

 

 ʇʨʠʤʝʥʷʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ (ʕʄʉ) ʦʩʥʦʚʘʥʳ ʥʘ 

ʦʪʙʦʨʦʯʥʳʭ ʤʦʜʝʣʷʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʚʢʣʘʜʘ (ʄɼɺ) ʠ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ 

(ʈʕʉ). ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ  ʘʥʘʣʠʟʘ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʟʘʜʘʯʘʭ ʕʄʉ ʷʚʣʷʶʪʩʷ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʠ ʚ 

ʧʨʘʢʪʠʢʫ ʥʦʚʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʚ 

ʪʦʞʝ ʚʨʝʤʷ ʧʨʦʩʪʳʭ, ʧʨʠʤʝʥʠʤʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ, 
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ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʕʄʉ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʠʟʚʝʩʪʥʳʭ ʤʦʜʝʣʷʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈʕʉ ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʧʝʢʪʨʘ ʦʩʥʦʚʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩ ʫʯʸʪʦʤ ʚʥʝʧʦʣʦʩʥʳʭ ʠ ʦʧʠʩʘʥʠʷ ʯʘʩʪʦʪʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ 

ʦʩʥʦʚʥʦʛʦ ʢʘʥʘʣʘ ʧʨʠʸʤʘ ʩ ʫʯʸʪʦʤ ʩʦʩʝʜʥʠʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʠ ʦʩʠ ʦʨʜʠʥʘʪ. 

ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʠʤʝʶʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʦʪʜʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʠ ʜʣʷ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʳ ʩʧʝʢʪʨʘ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ  ʤʦʜʝʣʝʡ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʝʨʘʪʦʨʳ ʚʝʪʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦʤ ʫʯʘʩʪʢʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ 

ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʡ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʦʚ ʧʨʠʸʤʘ, ʘ ʪʘʢʞʝ ʥʘ ʨʝʘʣʠʟʘʮʠʶ 

ʵʪʘʧʦʚ ʯʘʩʪʦʪʥʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʦʤʝʭ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʤʦʜʝʣʝʡ 

ʧʦʙʦʯʥʳʭ ʠʟʣʫʯʝʥʠʡ ʠ ʧʦʙʦʯʥʳʭ ʢʘʥʘʣʦʚ ʧʨʠʸʤʘ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʬʦʨʤʘ ʠ 

ʠʟʤʝʥʝʥʠʝ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʡ ʥʘ ʛʘʨʤʦʥʠʢʘʭ, ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʰʠʨʠʥʘ 

ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʢʘʥʘʣʦʚ ʧʨʠʸʤʘ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʵʪʘʧ ʯʘʩʪʦʪʥʦʡ ʦʮʝʥʢʠ ʧʦʤʝʭ ʠ 

ʧʦʟʚʦʣʷʝʪ ʚʝʩʴʤʘ ʧʨʠʙʣʠʞʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʧʦʤʝʭ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʄɼɺ ʕʄʉ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʝʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ. ʆʜʥʘʢʦ ʪʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʫʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚʚʠʜʫ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʤʝʥʷʝʤʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʨʝʘʣʠʟʘʮʠʶ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ 

ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʕʄʉ. 

ɺ ʩʪʘʪʴʝ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʡ ʠ 

ʢʘʥʘʣʦʚ ʧʨʠʸʤʘ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ  ʯʘʩʪʦʪʥʦ-ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʦʪʥʦʡ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʦʚ ʧʨʠʸʤʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʟʣʫʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʛʠʙʘʶʱʝʡ 

ʦʩʥʦʚʥʦʛʦ ʩ ʫʯʸʪʦʤ ʚʥʝʧʦʣʦʩʥʳʭ ʠʟʣʫʯʝʥʠʡ ʠ ʧʦʙʦʯʥʳʭ ʠʟʣʫʯʝʥʠʡ ʥʘ 

ʛʘʨʤʦʥʠʢʘʭ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʦʪʥʦʡ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʛʠʙʘʶʱʝʡ 

ʦʩʥʦʚʥʦʛʦ ʩ ʫʯʸʪʦʤ ʩʦʩʝʜʥʠʭ ʢʘʥʘʣʦʚ ʧʨʠʸʤʘ ʠ ʧʦʙʦʯʥʳʭ ʢʘʥʘʣʦʚ ʧʨʠʸʤʘ. ɺ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʦʜʝʣʷʭ ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʢʦʚ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʥʝ ʦʛʨʘʥʠʯʝʥʦ ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ ʜʣʠʥʳ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʮʠʢʣʘ, ʪʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʩʧʝʢʪʨʦʚ ʠʟʣʫʯʝʥʠʡ, ʫʯʠʪʳʚʘʝʪʩʷ ʰʠʨʠʥʘ 

ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʦʙʦʯʥʳʭ ʠʟʣʫʯʝʥʠʡ ʥʘ ʛʘʨʤʦʥʠʢʘʭ ʠ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ 

ʧʦʙʦʯʥʳʭ ʢʘʥʘʣʦʚ ʧʨʠʸʤʘ.  

ɺ [1] ʧʨʝʜʣʦʞʝʥ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʝʪʦʜ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʦʤʝʭ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʫʯʝʩʪʴ ʯʘʩʪʦʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʣʫʯʝʥʠʡ ʧʝʨʝʜʘʪʯʠʢʘ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʦʪʥʦʡ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʧʨʠʸʤʥʠʢʘ. ɺʦʧʨʦʩʘʤ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʪʦʜʦʚ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʕʄʉ, ʨʘʟʚʠʚʘʶʱʠʭ ʠ 

ʜʦʧʦʣʥʷʶʱʠʭ ʧʦʜʭʦʜ [1], ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [2,3]. ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʘʣʛʦʨʠʪʤ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʕʄʉ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚʳʰʝ 

ʯʘʩʪʦʪʥʦ-ʦʛʨʘʥʠʯʝʥʥʳʭ ʤʦʜʝʣʷʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈʕʉ ʨʘʩʩʤʦʪʨʝʥ ʚ [2].  
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ʇʨʝʜʣʘʛʘʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈʕʉ, ʘ ʪʘʢʞʝ 

ʘʣʛʦʨʠʪʤʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʕʄʉ ʥʘ ʯʘʩʪʦʪʥʦ-ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʤʦʜʝʣʷʭ ʈʕʉ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ ʠ ʠʤʝʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ 

ˉ2012618790 çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʘʥʘʣʠʟʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠè ʠ ˉ2012618789 çɸʥʘʣʠʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʚ ʛʨʫʧʧʠʨʦʚʢʝ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚè. ʇʨʝʜʣʘʛʘʝʤʳʝ 

ʤʝʪʦʜʳ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʩʦʩʪʘʚʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ çɸʥʘʣʠʟ ʕʄʉ ʚ ʣʦʢʘʣʴʥʦʡ ʛʨʫʧʧʠʨʦʚʢʝ ʈʕʉè, 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʞʝ ʙʣʦʢ ʣʦʢʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʤʦʜʫʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʨʫʧʧʠʨʦʚʢʠ ʈʕʉ, ʙʣʦʢ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ, ʠʥʪʝʨʬʝʡʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺʦʧʨʦʩʘʤ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʩʚʷʱʝʥʘ 

ʨʘʙʦʪʘ [4] ʠ ʜʨ. 
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ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠ 

ʧʨʠʤʝʥʝʥʠʷ ʙʠʦʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ: ʧʠʪʘʥʠʝ ʤʦʙʠʣʴʥʦʡ 
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ʵʣʝʢʪʨʦʥʠʢʠ; ʧʠʪʘʥʠʝ ʘʚʪʦʥʦʤʥʳʭ ʘʧʧʘʨʘʪʦʚ; ʤʝʜʠʮʠʥʩʢʠʝ ʠʤʧʣʘʥʪʠʨʫʝʤʳʝ 

ʫʩʪʨʦʡʩʪʚʘ; ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʘʞʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ɹʊʕ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʯʥʳʭ ʩʠʩʪʝʤ, ʩʧʦʩʦʙʥʳʭ ʩʪʘʙʠʣʴʥʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʆʜʥʠʤ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʯʥʦʡ 

ʩʠʩʪʝʤʳ ʚ ʙʠʦʪʦʧʣʠʚʥʦʤ ʵʣʝʤʝʥʪʝ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʠʦʥʦʜʦʚ ʧʫʪʝʤ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʠʦʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ.   ɺʳʙʦʨ ʤʘʪʨʠʮʳ ʜʣʷ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ ï ʚʘʞʥʝʡʰʠʡ ʤʦʤʝʥʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʩʪʘʙʠʣʴʥʦʛʦ ʙʠʦʘʥʦʜʘ ʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʷʪ 

ʜʦʣʛʦʚʨʝʤʝʥʥʘʷ ʨʘʙʦʪʘ,  ʩʧʝʢʪʨ ʦʢʠʩʣʷʝʤʳʭ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʤ ʩʫʙʩʪʨʘʪʦʚ ʠ  

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʘʪʨʠʮʘ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ 

ʨʷʜʫ ʪʨʝʙʦʚʘʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ: ʥʝʪʦʢʩʠʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʡʩʪʚʠʶ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʭʦʨʦʰʘʷ ʘʜʩʦʨʙʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʦʚʦʛʦ ʵʣʝʢʪʨʦʜʘ, 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʩʫʙʩʪʨʘʪʘ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ. ʄʥʦʛʦʦʙʝʱʘʶʱʠʤ 

ʤʝʪʦʜʦʤ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʣʝʪʦʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʚ 

ʢʨʠʦʛʝʣʴ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ʇɺʉ). ʇɺʉ ʭʠʤʠʯʝʩʢʠ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠ 

ʩʪʘʙʠʣʝʥ, ʥʝʪʦʢʩʠʯʝʥ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʢʣʝʪʦʢ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʆʜʥʘʢʦ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʘ 

ʛʨʘʬʠʪʦʚʳʭ ʵʣʝʢʪʨʦʜʘʭ ʇɺʉ ʤʘʣʦ ʧʨʠʛʦʜʝʥ, ʪʘʢ ʢʘʢ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʛʝʣʴ 

ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ. ʅʦʚʳʤ ʨʝʰʝʥʠʝʤ ʧʨʠ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʠʦʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ N-ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ 

(N-ɺʇ) ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʇɺʉ [1], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʠʚʠʥʠʣʦʚʛʦ ʩʧʠʨʪʘ ʢʘʢ ʤʘʪʨʠʮʳ ʜʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʘʢʝʪʘ ʙʠʦʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʢʣʝʪʦʢ ʙʘʢʪʝʨʠʡ Gluconobacter 

oxydans ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʚ ʤʦʜʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ (ʇɺʉ) 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʦʚʦʛʦ ʘʥʦʜʘ.  

 ʇʨʦʚʝʜʝʥʘ ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʙʘʢʪʝʨʠʡ Gluconobacter oxydans ʚ ʇɺʉ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ N-ʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʦʜʘ. 

ɼʦʣʛʦʚʨʝʤʝʥʥʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʙʠʦʘʥʦʜʦʚ ʩʦʩʪʘʚʠʣʘ 5-7 ʩʫʪʦʢ. ɺʳʷʚʣʝʥʦ, ʯʪʦ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʙʠʦʘʥʦʜʦʚ ʚ ʤʘʢʝʪʝ ɹʊʕ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʛʣʶʢʦʟʳ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʜʠʘʪʦʨʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 2,6-

ʜʠʭʣʦʨʬʝʥʦʣʠʥʜʦʬʝʥʦʣʘ (2,6-ɼʍʌʀʌ) ʥʝʦʙʭʦʜʠʤʦ ʩʦʜʝʨʞʘʥʠʝ 

ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ 3 ï 13 ʤʛ/ʩʤ
2
 ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. ɼʘʣʴʥʝʡʰʝʝ 

ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʤʘʩʩʳ (20-27 ʤʛ/ʩʤ
2
) ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʛʝʥʝʨʠʨʫʝʤʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ʛʣʶʢʦʟʳ 

ʢʣʝʪʢʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʣʝʥʢʠ ʭʠʤʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʇɺʉ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʠʬʬʫʟʠʠ ʩʫʙʩʪʨʘʪʘ ʠ ʤʝʜʠʘʪʦʨʘ ʢ 

ʢʣʝʪʢʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʛʝʥʝʨʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 30-130 ʤʠʥʫʪ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠʘʪʦʨʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

2,6-ɼʍʌʀʌ ʚ ʘʥʦʣʠʪʝ ʥʘ ʚʝʣʠʯʠʥʫ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʤʘʢʝʪʝ ɹʊʕ ʥʘ 
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ʦʩʥʦʚʝ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʙʘʢʪʝʨʠʡ Gluconobacter oxydans ʚʘʨʴʠʨʦʚʘʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʝʜʠʘʪʦʨʘ ʚ ʘʥʦʣʠʪʝ ʦʪ 20ʤʢʄ ʜʦ 190 ʤʢʄ. ʉʫʙʩʪʨʘʪʦʤ 

ʙʠʦʦʢʠʩʣʝʥʠʷ ʷʚʣʷʣʘʩʴ ʛʣʶʢʦʟʘ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʘʥʦʣʠʪʝ 10ʤʄ). ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʝ ʟʘʤʢʥʫʪʦʡ ʮʝʧʠ ʧʨʠ ʚʥʝʰʥʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 150 ʢʆʤ 

(ʨʠʩ. 1). 

ʂʦʥʮʝʥʪʨʘʮʠʷ 2,6-ɼʍʌʀʌ, ʤʢʤʦʣʴ/ʣ
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ʈʠʩ.1 ɿʘʚʠʩʠʤʦʩʪʴ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠʘʪʦʨʘ 

2,6-ɼʍʌʀʌ. 

ɺ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʜʠʘʪʦʨʘ 2,6-ɼʍʌʀʌ ʦʪ 20 ʜʦ 80 ʤʢʄ 

ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝ ʚʝʣʠʯʠʥʳ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩ 90Ñ5 ʜʦ 

180Ñ10 ʤɺ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʛʝʥʝʨʠʨʫʝʤʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ 250Ñ10 ʤɺ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 2,6- ɼʍʌʀʌ ʚ ʘʥʦʣʠʪʝ 

110-130 ʤʢʄ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʜʠʘʪʦʨʘ ʚ ʘʥʦʣʠʪʝ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʚʝʣʠʯʠʥʳ ʛʝʥʝʨʠʨʫʝʤʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 2,6-

ɼʍʌʀʌ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʣʝʪʢʠ ʙʘʢʪʝʨʠʡ [2]. 

ʆʮʝʥʢʘ ʤʦʱʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʢʝʪʘ ɹʊʕ ʩ ʙʠʦʘʥʦʜʦʤ ʥʘ ʦʩʥʦʚʝ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʙʘʢʪʝʨʠʡ Gluconobacter oxydans ʧʦʢʘʟʘʣʘ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ (ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʢ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʜʘ), ʨʘʟʚʠʚʘʝʤʘʷ ɹʊʕ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʨʠʣʦʞʝʥʥʦʤ ʚʥʝʰʥʝʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ 70 ʢʆʤ (ʨʠʩ.2) ʠ ʩʦʩʪʘʚʣʷʝʪ 2 ʤɺʪ/ʤ
2
. 

 
 

ʈʠʩ. 2 - ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ɹʊʕ ʦʪ ʚʥʝʰʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʙʘʢʪʝʨʠʡ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʩʧʝʥʟʠʠ ʢʣʝʪʦʢ ʚ ʘʥʦʣʠʪʝ ʚʥʫʪʨʝʥʥʝʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʩʥʠʞʘʝʪʩʷ ʚ 1,6 ʨʘʟ, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʜʝʣʴʥʘʷ 

ʤʦʱʥʦʩʪʴ ʙʠʦʪʦʧʣʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʦʟʨʘʩʪʘʝʪ ʚ 30 ʨʘʟ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ɺ.ɸ. ɸʣʬʝʨʦʚ, ʅ.ʄ. ʌʠʣʘʪʦʚʘ, ʃ.ɼ. ɸʩʫʣʷʥ, ʀ.ɺ. ɹʣʦʭʠʥ, ɸ.ɸ. ɻʦʨʷʯʝʚʘ. 
ʇʦʣʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʛʦ ʨʝʮʝʧʪʦʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʙʠʦʩʝʥʩʦʨʘ, 
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ʉʇʆʉʆɹʓ ɿɸʂʈɽʇʃɽʅʀʗ ɻʆʈʅʓʍ ʇʆʈʆɼ 

 

ɸ.ʇ. ʅʘʟʘʨʦʚ  

 ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ.ʊʫʣʘ  

 

ɺʝʜʝʥʠʝ ʧʨʦʭʦʜʯʝʩʢʠʭ ʨʘʙʦʪ ʦʩʣʦʞʥʝʥʦ ʚ ʫʯʘʩʪʢʘʭ ʥʝʫʩʪʦʡʯʠʚʳʭ ʠ 

ʦʙʚʦʜʥʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. ʉʫʱʝʩʪʚʫʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʪʚʦʜʘ ʚʦʜʳ 

ʧʦ ʜʨʝʥʘʞʥʳʤ ʢʘʥʘʚʘʤ ʠʣʠ ʦʪʢʘʯʢʘ ʚʦʜʳ ʥʘʩʦʩʘʤʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦʛʦ ʦʪʚʦʜʘ ʚʦʜʳ ʧʨʦʭʦʜʢʫ ʩʪʨʝʤʷʪʩʷ ʚʝʩʪʠ ʥʘ ʧʦʜʲʝʤ. 

ʅʝʤʘʣʳʝ ʧʨʦʙʣʝʤʳ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʚʝʜʝʥʠʠ ʧʨʦʭʦʜʢʠ ʚ ʫʩʣʦʚʠʷʭ  ʩʠʣʴʥʦʡ 

ʥʘʧʦʨʥʦʡ ʚʦʜʳ, ʘ ʪʘʢ ʞʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʪʚʦʣʦʚ ʠʣʠ ʥʘʢʣʦʥʥʳʭ ʛʦʨʥʳʭ 

ʚʳʨʘʙʦʪʦʢ, ʛʜʝ ʦʪʚʦʜ ʚʦʜʳ ʦʪ ʟʘʙʦʷ ʧʦ ʫʢʣʦʥʫ ʥʝʚʦʟʤʦʞʝʥ, ʘ ʫʩʪʨʦʡʩʪʚʦ 

ʟʫʤʧʬʦʚ (ʢʦʣʦʜʮʝʚ) ʜʣʷ ʦʪʢʘʯʢʠ ʚʦʜʳ ʥʘʩʦʩʘʤʠ ʟʘʪʨʫʜʥʝʥʦ.  

ʇʨʠ ʥʘʩʳʱʝʥʠʠ ʚʦʜʦʡ ʠʣʠʩʪʳʭ, ʧʝʩʯʘʥʳʭ ʠ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʟʘʙʦʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ ʠ ʚʦʟʤʦʞʝʥ ʚʳʥʦʩ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʠʟ ʧʦʜ 

ʟʘʪʷʞʢʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʣʳʚʫʥ. 

ɼʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʫʯʘʩʪʢʦʚ ʩʦ ʩʣʦʞʥʳʤʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ ʥʫʞʥʦ ʩʦʟʜʘʪʴ  ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʭʦʜʢʫ ʚʳʨʘʙʦʪʢʠ ʤʦʞʥʦ 

ʙʳʣʦ ʙʳ ʚʝʩʪʠ ʦʙʳʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʱʠʪʦʚʳʤ, ʢʦʤʙʘʡʥʦʚʳʤ, ʩʧʣʦʰʥʦʛʦ 

ʟʘʙʦʷ, ʠ ʜʨ. ʇʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʟʘʢʨʝʧʣʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʳʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ. ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʟʘʤʦʨʘʞʠʚʘʥʠʝ ʛʦʨʥʳʭ 

ʧʦʨʦʜ, ʚʦʜʦʧʦʥʠʞʝʥʠʝ, ʟʘʢʨʝʧʣʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʚʷʟʳʚʘʶʱʠʤʠ ʨʘʩʪʚʦʨʘʤʠ, 

ʭʠʤʠʯʝʩʢʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʛʦʨʥʳʭ 

ʧʦʨʦʜ.     ʉʧʝʮʠʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚ ʩʣʘʙʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ 

ʷʚʣʷʝʪʩʷ ʢʝʩʩʦʥʥʳʡ ʩʧʦʩʦʙ. ʉʫʪʴ ʝʛʦ ʚ ʪʦʤ, ʯʪʦ ʚ ʦʛʨʘʞʜʝʥʥʦʡ ʨʘʙʦʯʝʡ ʟʦʥʝ, 
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ʛʜʝ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʭʦʜʯʝʩʢʠʝ ʨʘʙʦʪʳ, ʥʘʛʥʝʪʘʶʪ ʩʞʘʪʳʡ ʚʦʟʜʫʭ, ʢʦʪʦʨʳʡ 

ʚʳʪʝʩʥʷʝʪ ʚʦʜʫ ʠʟ ʤʘʩʩʠʚʘ ʛʨʫʥʪʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʩʪʠ ʨʘʙʦʪʫ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʫʭʦʤ ʟʘʙʦʝ, ʣʠʙʦ ʩʦʟʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʜʘʚʣʝʥʠʷ ʚʨʝʤʝʥʥʘʷ 

ʢʨʝʧʴ. ʂ ʪʦʤʫ ʞʝ ʜʘʚʣʝʥʠʝ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʙʦʯʝʡ ʟʦʥʳ ʜʣʷ 

ʧʦʣʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʚʦʜʳ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʚʦʜʳ .ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ 

ʩʧʦʩʦʙʦʤ, ʦʙʷʟʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

ʘʚʘʨʠʡʥʳʡ ʰʣʶʟ, ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʝ (ʘʚʘʨʠʡʥʳʝ) ʧʝʨʝʤʳʯʢʠ, 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʵʢʨʘʥ, ʘʚʘʨʠʡʥʳʡ ʧʦʤʦʩʪ. ʊʘʢ ʢʘʢ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʚʦʟʤʦʞʥʦ ʘʢʪʠʚʥʦʝ ʚʦʟʛʦʨʘʥʠʝ 

ʧʨʝʜʤʝʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʦʥʥʝʣʝ   ɼʨʫʛʠʤ ʩʧʝʮʠʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ ʚʝʜʝʥʠʷ 

ʨʘʙʦʪ ʚ ʥʝʫʩʪʦʡʯʠʚʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʷʚʣʷʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʝ ʫʧʨʦʯʥʝʥʠʝ.  

ʂ ʦʙʱʠʤ ʥʝʜʦʩʪʘʪʢʘʤ ʦʧʠʩʘʥʥʳʭ ʩʧʦʩʦʙʦʚ ʚʝʜʝʥʠʷ ʧʨʦʭʦʜʯʝʩʢʠʭ ʨʘʙʦʪ 

ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʠ ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʩʣʫʞʠʚʘʶʱʝʤʫ ʧʝʨʩʦʥʘʣʫ, ʚʳʟʚʘʥʥʳʝ ʩʣʦʞʥʦʩʪʴʶ 

ʦʙʩʣʫʞʠʚʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʧʘʩʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʨʘʙʦʪʳ. 

ʉʦʚʨʝʤʝʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʦʩʪʘ ʦʙʲʸʤʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʧʦʚʳʰʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʙʦʪʘʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ 

ʫʩʪʨʦʡʩʪʚʝ ʪʦʥʥʝʣʝʡ, ʢʘʙʝʣʴʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʘ ʪʘʢ ʞʝ ʧʨʦʢʣʘʜʢʘ ʠʥʞʝʥʝʨʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʙʦʣʴʰʠʭ ʛʣʫʙʠʥ ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʜʘʥʠʡ ʩʦʟʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʇʨʠ 

ʚʝʜʝʥʠʠ ʨʘʙʦʪ ʚ ʥʝʫʩʪʦʡʯʠʚʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʢʨʝʧʣʝʥʠʷ. ɺʘʨʠʘʥʪʦʤ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʩʪʨʫʡʥʘʷ ʮʝʤʝʥʪʘʮʠʷ, ʩʤʳʩʣ ʝʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʩʫʩʧʝʥʟʠʦʥʥʦʡ 

ʚʦʜʥʦʮʝʤʝʥʪʥʦʡ ʩʪʨʫʠ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʛʦʨʥʦʡ 

ʧʦʨʦʜʳ ʚ ʤʘʩʩʠʚʝ ʙʝʟ ʩʦʟʜʘʥʠʷ ʚ ʥʝʤ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

 

 

ʆɹʆɹʑɽʅʅɸʗ ɿɸɺʀʉʆʄʆʉʔ ʈɸʉʏɽʊɸ ʇʆʈʆɼʆɹɽʊʆʅʅʓʍ 

ʂʆʅʉʊʈʋʂʎʀʁ 

 

ɸ.ʇ. ʅʘʟʘʨʦʚ 

 ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ.ʊʫʣʘ  

 

ɼʣʷ ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʧʨʠʥʷʪ ʟʘ ʦʩʥʦʚʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣ 

ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ɻʉʎ 

ʤʝʪʦʜʦʤ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʪʨʫʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʣʘʥʠʨʦʚʘʣʠʩʴ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʨʘʟʣʠʯʥʳʭ ʚʣʠʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʬʘʢʪʦʨʦʚ) ʠ 

ʫʩʣʦʚʠʡ. ʅʘʠʙʦʣʴʰʠʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʣʫʯʝʥʠʝ 
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ʦʙʦʙʱʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩ ʠʟʚʝʩʪʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʜʠʘʤʝʪʨ ʟʘʢʨʝʧʣʷʝʤʦʛʦ ʤʘʩʩʠʚʘ ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ɻʉʎ 

ʤʝʪʦʜʦʤ jet 2 ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʜʘʚʣʝʥʠʠ ʚʦʟʜʫʭʘ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʜʠʘʤʝʪʨ ʟʘʢʨʝʧʣʷʝʤʦʛʦ ʤʘʩʩʠʚʘ D  ʟʘʚʠʩʠʪ ʦʪ 

ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: ʩʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ 

ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ Vʇ, ʜʘʚʣʝʥʠʝ ʚʦʜʦʮʝʤʝʥʪʥʦʡ ʩʫʩʧʝʥʟʠʠ P0, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 

ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ n, ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʩʪʨʫʝʬʦʨʤʠʨʫʶʱʝʡ ʥʘʩʘʜʢʠ 
0

d , 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʉ, ʜʘʚʣʝʥʠʠ ʚʦʟʜʫʭʘ ʈʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʜʠʘʤʝʪʨʦʤ ʟʘʢʨʝʧʣʷʝʤʦʛʦ ʤʘʩʩʠʚʘ ʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ɻʉʎ ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

 

   ʉ)n,,V,P,d,d,f(ʈD ʧoʚ0ʚ= ,    

 

ʛʜʝ 
0

D  - ʜʠʘʤʝʪʨ ʧʠʣʦʪʥʦʡ ʩʢʚʘʞʠʥʳ, ʤ, 
0

d  - ʜʠʘʤʝʪʨ ʩʪʨʫʝʬʦʨʤʠʨʫʝʱʝʡ 

ʥʘʩʘʜʢʠ, ʤ,dʚ- ʜʠʘʤʝʪʨ ʚʦʟʜʫʰʥʦʡ ʥʘʩʘʜʢʠ , ʤ, ʈ - ʜʘʚʣʝʥʠʝ ʚʦʜʦʮʝʤʝʥʪʥʦʡ 

ʩʫʩʧʝʥʟʠʠ, ʄʇʘ, ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʈʚ, ʄʇʘ, Vʇ - ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ, ʤ/ʩ, n  - ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ, ʩ
-1
, ʉ - 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʄʇʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʜʠʘʤʝʪʨ 

ʟʘʢʨʝʧʣʷʝʤʦʛʦ ʤʘʩʩʠʚʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʨʦʝʥʠʶ ʢʨʠʚʳʭ, ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʪʦʨʳʤʠ 

ʥʝ ʩʦʚʩʝʤ ʫʜʦʙʥʦ. ʅʝʫʜʦʙʩʪʚʦ ʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʤʠ ʢʨʠʚʳʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʨʘʟʨʦʟʥʝʥʥʳʝ ʯʘʩʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʩʚʷʟʳʚʘʶʱʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʝ 

ʧʝʨʝʤʝʥʥʳʝ (ʧʘʨʘʤʝʪʨʳ) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʝ 

ʦʙʲʝʜʠʥʝʥʳ ʦʙʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ʠ ʥʝ ʤʦʛʫʪ ʜʘʪʴ ʧʦʣʥʦʡ ʦʪʯʝʪʣʠʚʦʡ ʢʘʨʪʠʥʳ 

ʧʨʦʮʝʩʩʘ ɻʉʎ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʦʙʱʘʶʱʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ ʠʟʳʩʢʘʪʴ ʛʨʘʬʦʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʭ 

ʧʦʟʚʦʣʠʪ ʦʙʦʙʱʠʪʴ ʦʙʲʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʠʭ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ. 

ɺ ʪʘʙʣ. 1 ʫʢʘʟʘʥʳ ʜʠʘʧʘʟʦʥʳ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ 

ɻʉʎ. 

ʊʘʙʣʠʮʘ 1. 

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ  

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ 

ɼʘʚʣʝʥʠʝ ʚʦʜʦʮʝʤʝʥʪʥʦʡ ʩʫʩʧʝʥʟʠʠ - ʈ, ʄʇʘ 40 ï 60 

ɼʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ïʈʚ, ʄʇʘ 2,5-4 

ɼʠʘʤʝʪʨ ʩʪʨʫʝʬʦʨʤʠʨʫʶʱʝʡ ʥʘʩʘʜʢʠ - od , ʤ 0,002 ï 0,003 

ɼʠʘʤʝʪʨ ʚʦʟʜʫʰʥʦʡ ʥʘʩʘʜʢʠ- dʚ, ʤ 0,005-0,020 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ - V, ʤ/ʩ 0,0017 ï 0,0083 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʙʫʨʦʚʦʡ ʢʦʣʦʥʥʳ - n , ʩ
-1
 0,167- 0,500 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ - ʉ, ʄʇʘ 0,006 ï 0,064 
 

ʏʘʩʪʴ ʢʨʠʪʝʨʠʝʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ 

ʤʝʥʷʣʠʩʴ. ʂ ʯʠʩʣʫ ʥʝʠʟʤʝʥʷʝʤʳʭ ʬʘʢʪʦʨʦʚ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ: ɟ,
0

D , dʚ ʠm. 
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ʆʙʨʘʙʦʪʢʘ ʤʘʩʩʠʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜʦʤ ʤʥʦʞʝʩʪʚʝʥʥʦʡ 

ʨʝʛʨʝʩʩʠʠ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʦʙʦʙʱʝʥʥʫʶ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʜʠʘʤʝʪʨʘ 

ʟʘʢʨʝʧʣʷʝʤʦʛʦ ʤʘʩʩʠʚʘ: 

0,410,260,37

ʇ

1,29

0

1,14

ʦ

nʉ

dʈ
0,72D

V

ʈʚ
20,0

=    

 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʌʆʈʄʆɺʂʀ ʂʆʃʔʎɽɺʓʍ 

ʆɹɽʏɸɽʂ ʀɿ ɸʃʖʄʀʅʀɽɺʓʍ ʉʇʃɸɺʆɺ ʀ ʅɽʈɾɸɺɽʖʑɽʁ 

ʉʊɸʃʀ 

 

ʅʘʟʘʨʦʚ ʂ.ɸ.  

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ.ʊʫʣʘ  

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʦʩʥʘʩʪʢʘ, ʩʦʜʝʨʞʘʱʘʷ 

ʰʪʘʤʧ ʜʣʷ ʚʳʨʫʙʢʠ ʟʘʛʦʪʦʚʦʢ, ʰʪʘʤʧ ʜʣʷ ʬʦʨʤʦʚʢʠ ʦʙʝʯʘʝʢ, ʰʪʘʤʧ ʜʣʷ 

ʦʙʨʝʟʢʠ ʬʣʘʥʮʝʚ ʥʘ ʦʙʝʯʘʡʢʝ. 

ɺʩʝ ʪʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʧʨʝʩʩʝ 

RYE-25, ʠʤʝʶʱʝʛʦ ʤʘʢʩʠʤʘʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʠʣʫ 250 ʢʅ. ʇʨʝʩʩ ʠʤʝʝʪ 

ʤʘʥʦʤʝʪʨ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 10 ʢʅ. ʉʢʦʨʦʩʪʴ ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʧʦʣʟʫʥʘ ʩʦʩʪʘʚʠʣʘ 40 

ʤʤ/ʩ. 

ɼʣʷ ʠʩʧʳʪʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ 

ʤʘʪʝʨʠʘʣʳ: ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ A5 ʠ ɸʄʛ2 (ɻʆʉʊ 21631-76), ʢʦʨʨʦʟʠʦʥʥʦ-

ʩʪʦʡʢʠʡ ʩʧʣʘʚ ʍ18ʅ10ʊ (ɻʆʉʊ 16523-89). ʀʩʧʳʪʳʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʣʠʩʪʳ ʪʦʣʱʠʥʦʡ 0,5 ʤʤ ʚ ʧʦʣʫʥʘʛʘʨʪʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ɺʳʨʫʙʢʫ - ʧʨʦʙʠʚʢʫ ʢʦʣʴʮʝʚʳʭ ʟʘʛʦʪʦʚʦʢ ʩ ʥʘʨʫʞʥʳʤ ʠ ʚʥʫʪʨʝʥʥʠʤ 

ʜʠʘʤʝʪʨʘʤʠ, 58 ʠ 12 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʠʟʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʰʪʘʤʧʘ ʩ 

ʟʘʦʩʪʨʝʥʥʳʤʠ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʢʨʦʤʢʘʤʠ ʥʘ ʫʧʨʫʛʦʤ ʵʣʝʤʝʥʪʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ 

ʩʦʙʦʡ ʧʣʘʩʪʠʥʫ, ʚʳʧʦʣʥʝʥʥʫʶ ʠʟ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʟʠʥʳ ʠʣʠ ʧʦʣʠʫʨʝʪʘʥʘ. ɺʩʝ 

ʧʣʘʩʪʠʥʳ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʪʦʣʱʠʥʦʡ 15 ʤʤ (ʨʝʟʠʥʘ) ʠ 10 ʤʤ (ʧʦʣʠʫʨʝʪʘʥ). 

ʎʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʧʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ, ʚʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʝʞʠʤʦʚ 

ʙʝʟʜʝʬʝʢʪʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ [1].  

ʇʝʨʚʳʝ ʦʧʳʪʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʝʣʠ ʥʘ ʦʧʝʨʘʮʠʷʭ ʚʳʨʫʙʢʠ ʟʘʛʦʪʦʚʦʢ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʥʝʨʞʘʚʝʶʱʠʭ ʩʧʣʘʚʦʚ. ʃʠʩʪ ʩ ʨʘʟʤʝʨʘʤʠ 90*90 ʤʤ ʫʢʣʘʜʳʚʘʣʠ 

ʥʘ ʫʧʨʫʛʫʶ ʧʣʘʪʬʦʨʤʫ ʠ ʟʘʪʝʤ ʯʝʨʝʟ ʚʳʨʫʙʥʦʡ ʧʫʘʥʩʦʥ ʧʨʠʢʣʘʜʳʚʘʣʠ ʢ ʥʝʤʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʠʣʫ P,  ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ ʚʳʨʫʙʢʠ ʢʦʣʴʮʝʚʦʡ ʟʘʛʦʪʦʚʢʠ. 

ɺʳʨʫʙʢʘ ʘʣʶʤʠʥʠʝʚʳʭ ʟʘʛʦʪʦʚʦʢ ʧʦʪʨʝʙʦʚʘʣʘ ʩʠʣʫ ʚ 20 ʢʅ ʧʨʠ ʫʧʦʨʝ ʥʘ 

ʨʝʟʠʥʦʚʫʶ ʧʣʘʪʬʦʨʤʫ.  
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ɿʘʛʦʪʦʚʢʠ ʠʟ ʣʠʩʪʦʚ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʧʦʣʠʫʨʝʪʘʥʦʚʦʡ 

ʧʣʘʪʬʦʨʤʝ. ʂʘʯʝʩʪʚʦ ʟʘʛʦʪʦʚʦʢ ʦʢʘʟʘʣʦʩʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʙʝʟ ʟʘʫʩʝʥʮʝʚ 

ʥʘ ʝʝ ʚʥʫʪʨʝʥʥʝʤ ʠ ʥʘʨʫʞʥʦʤ ʢʦʥʪʫʨʘʭ. 

ɺʪʦʨʦʡ ʵʪʘʧ ʠʩʧʳʪʘʥʠʡ ʢʘʩʘʣʩʷ ʚʳʪʷʞʢʠ ï ʬʦʨʤʦʚʢʠ ʦʙʝʯʘʡʢʠ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʰʪʘʤʧʝ ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʨʠʞʠʤʳ 

ʜʣʷ ʥʘʨʫʞʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʣʘʥʮʝʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʢʣʘʜʦʢ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʬʣʘʥʮʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʇʨʠʞʠʤʥʳʝ ʚʪʫʣʢʠ ʰʪʘʤʧʘ ʩ 

ʧʦʣʠʨʦʚʘʥʥʦʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʧʠʨʘʣʠʩʴ ʥʘ ʧʦʣʠʫʨʝʪʘʥʦʚʳʝ ʙʫʬʝʨʳ. 

ʇʝʨʚʘʷ ʧʨʦʚʝʨʢʘ ʙʳʣʘ ʥʘ ʘʣʶʤʠʥʠʝʚʳʭ ʦʙʨʘʟʮʘʭ. ʌʦʨʤʦʚʢʫ ʦʙʝʯʘʡʢʠ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʙʝʟ ʧʨʠʞʠʤʦʚ, ʩ ʦʜʥʠʤ ʥʘʨʫʞʥʳʤ, ʩ ʦʜʥʠʤ ʚʥʫʪʨʝʥʥʠʤ ʠ ʩ 

ʦʙʦʠʤʠ ʧʨʠʞʠʤʘʤʠ. ɺʳʷʚʠʣʠ: ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʪʩʷ ʩʢʣʘʜʢʠ ʥʘ 

ʥʘʨʫʞʥʦʤ ʬʣʘʥʮʝ, ʘ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʬʣʘʥʮʝ ï ʨʘʜʠʘʣʴʥʳʝ ʪʨʝʱʠʥʳ ʚʦ ʚʪʦʨʦʤ  

ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʪʩʷ ʨʘʜʠʘʣʴʥʳʝ ʪʨʝʱʠʥʳ ʪʦʣʴʢʦ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʬʣʘʥʮʝ. ɺʦ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʣ ʦʙʨʳʚ ʚʥʫʪʨʝʥʥʠʭ ʬʣʘʥʮʝʚ. ʕʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʧʨʠʞʠʤ ʩ ʧʦʣʠʫʨʝʪʘʥʦʚʳʤ ʙʫʬʝʨʦʤ ʩʦʟʜʘʚʘʣ ʩʣʠʰʢʦʤ ʙʦʣʴʰʫʶ ʩʠʣʫ 

ʜʣʷ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ. ʉʠʣʘ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʳʣʘ ʥʝ ʙʦʣʝʝ 

10 ʢʅ. ʇʨʠ ʚʳʪʷʞʢʝ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʩʠʣʘ ʧʨʠʞʠʤʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 150 ʢʅ, 

ʘ ʬʦʨʤʦʚʢʠ ï 30 ʢʅ.  

ʇʨʠ ʨʘʩʯʝʪʘʭ ʟʘʛʦʪʦʚʢʠ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʥʝʧʦʜʚʠʞʥʦʡ ʩʨʝʜʥʝʡ 

ʣʠʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʦʚʢʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʠʪʴ ʵʪʫ 

ʛʠʧʦʪʝʟʫ ʥʘ ʟʘʛʦʪʦʚʢʠ ʙʳʣʘ ʥʘʥʝʩʝʥʘ ʜʝʣʠʪʝʣʴʥʘʷ ʩʝʪʢʘ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʣʘ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʜʚʠʥʫʪʦʡ ʪʝʦʨʠʠ. ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʣʠʥʠʠ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝ ʧʨʝʚʳʰʘʣʘ 0,5 ʤʤ (ʧʨʦʚʝʨʝʥʦ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ ʤʠʢʨʦʩʢʦʧʝ), ʢʦʪʦʨʘʷ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʥʝʢʦʪʦʨʦʡ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʬʦʨʤʦʚʢʠ ʠʟʤʝʨʷʣʘʩʴ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʦʙʝʯʘʡʢʠ ʚ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘʠʙʦʣʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ʥʘʙʣʶʜʘʣʠ ʥʘ ʚʝʨʰʠʥʝ ʢʫʧʦʣʘ ʦʙʝʯʘʡʢʠ, 

ʢʦʪʦʨʦʝ ʥʝ ʧʨʝʚʳʰʘʣʦ 15% ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʪʦʣʱʠʥʳ.  

ɸʥʘʣʠʟ ʩʢʣʘʜʦʢ ʠ ʪʨʝʱʠʥ ʥʘ ʬʣʘʥʮʘʭ ʧʨʠ ʚʳʪʷʞʢʝ ʙʝʟ ʧʨʠʞʠʤʘ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʥʘ ʥʘʨʫʞʥʦʤ ʬʣʘʥʮʝ ʦʙʝʯʘʡʢʠ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠʤʝʨʥʦ 20 ʩʢʣʘʜʦʢ ʰʠʨʠʥʦʡ - 

3 ʤʤ  ʚʳʩʦʪʦʡ - 1 ʤʤ ʠ ʜʣʠʥʥʦʡ - 4 ʤʤ, ʘ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʬʣʘʥʮʝ ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʠʤʝʨʥʦ 7 ʪʨʝʱʠʥ ʰʠʨʠʥʦʡ ʜʦ 1,5 ʤʤ ʠ ʛʣʫʙʠʥʦʡ ʜʦ 2  ʤʤ. ʊʘʢ ʢʘʢ 

ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʱʠʥ ʠ ʩʢʣʘʜʦʢ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʘʥʠʟʦʪʨʦʧʠʠ ʤʘʪʝʨʠʘʣʘ (ʜʣʷ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 4, 8, 16 ʠ ʪ.ʜ.), ʪʦ ʝʛʦ ʙʫʜʝʤ 

ʩʯʠʪʘʪʴ ʠʟʦʪʨʦʧʥʳʤ [2]. 

ʆʙʨʝʟʢʘ ʬʣʘʥʮʝʚ ʦʙʝʯʘʡʢʠ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʚʳʨʫʙʢʦʡ ʟʘʛʦʪʦʚʦʢ 

ʥʘ ʫʧʨʫʛʦʡ ʧʣʘʪʬʦʨʤʝ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʢʦʣʴʮʝʚʦʡ ʧʫʘʥʩʦʥ ʩ ʦʩʪʨʳʤʠ 

ʢʨʦʤʢʘʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʦʨʧʫʩ ʦʙʝʯʘʡʢʠ ʚʭʦʜʠʣ ʚʥʫʪʨʴ ʧʫʘʥʩʦʥʘ, ʘ 

ʬʣʘʥʮʳ ʫʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʫʧʨʫʛʫʶ ʧʣʘʪʬʦʨʤʫ. ʇʦʩʣʝ ʚʳʨʫʙʢʠ ʦʙʝʯʘʡʢʘ 

ʫʜʘʣʷʣʘʩʴ ʠʟ ʧʫʘʥʩʦʥʘ ʩ ʧʦʤʦʱʴʶ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʝʨʞʥʷ. ʊʘʢʘʷ ʩʭʝʤʘ ʚʳʨʫʙʢʠ 

ʜʘʚʘʣʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʨʝʟʫ ʠ ʬʦʨʤʘ ʦʙʝʯʘʡʢʠ ʥʝ ʠʩʢʘʞʘʣʘʩʴ. 
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ʩʠʣʳ ʧʨʠʞʠʤʦʚ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰʥʝʤ ʬʣʘʥʮʘʭ ʩʦʟʜʘʚʘʣʠ ʦʜʠʥʘʢʦʚʦʝ 

ʜʘʚʣʝʥʠʝ. 
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ʊɽʍʅʆʃʆɻʀʗ ʅɸɿɽʄʅʆɻʆ ʃɸɿɽʈʅʆɻʆ ʉʂɸʅʀʈʆɺɸʅʀʗ. 

ʉʀʉʊɽʄʓ ʀ ʇʈʀʃʆɾɽʅʀʗ. 

 

ɺ.ʀ. ʅʠʟʘʤʦʚ  

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ.ʊʫʣʘ  

 

ʂʨʘʪʢʦʝ ʠʟʣʦʞʝʥʠʝ 

ʅʘʟʝʤʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ï ʵʪʦ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʚ ʦʙʣʘʩʪʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʢʦʪʦʨʘʷ ʣʝʛʢʦ ʠ ʧʨʦʩʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʦ ʩʪʨʦʝʥʠʷʭ, ʤʝʭʘʥʠʟʤʘʭ, ʦʙʲʝʢʪʘʭ ʠ ʪ.ʜ. ʂʘʞʜʘʷ ʪʦʯʢʘ ʦʧʠʩʳʚʘʝʪʩʷ ʝʸ 

ʧʦʣʦʞʝʥʠʝʤ (x, y, z)  ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ (i) ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. ʕʪʘ ʩʪʘʪʴʷ 

ʦʧʠʩʳʚʘʝʪ ʪʝʭʥʦʣʦʛʠʶ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʧʦʚʝʩʪʚʫʝʪ ʦ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʳʥʢʝ. 

 

ɺʚʝʜʝʥʠʝ 

ʊʝʭʥʦʣʦʛʠʷ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ï ʵʪʦ ʥʦʚʳʡ ʵʬʬʝʢʪʠʚʥʳʡ 

ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʙʲʝʢʪʳ ʠ ʮʝʣʳʝ ʧʝʡʟʘʞʠ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʥʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʨʝʜʩʪʘʚʠʣʠ ʨʘʟʣʠʯʥʳʝ 

ʩʠʩʪʝʤʳ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠ ʚ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɺ 

ʮʝʣʦʤ ʢʘʞʜʫʶ ʪʘʢʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ: ʩʙʦʨ 

ʜʘʥʥʳʭ, ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʦʧʠʩʳʚʘʝʪ ʨʘʟʣʠʯʥʳʝ 

ʩʠʩʪʝʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʳʥʢʝ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʧʝʨʚʳʝ ʜʚʘ ʵʪʘʧʘ. 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ  

ʊʘʭʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʧʨʦʚʦʜʷʱʠʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʩ ʦʜʥʦʡ ʩʪʘʥʮʠʠ ʨʘʩʩʪʦʷʥʠʡ ʠ ʫʛʣʦʚ. ʉʠʩʪʝʤʳ 

ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʘʢʦʤ ʧʨʠʥʮʠʧʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʨʳʥʢʝ (ʪʘʙʣ.1). 
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3D-ʢʦʦʨʜʠʥʘʪʳ 

ʊʘʭʝʦʤʝʪʨ 

ʃʘʟʝʨʥʳʡ 

ʢʨʦʤʢʦʠʩʢʘʪʝʣʴ 

ʃʘʟʝʨʥʳʡ 

ʣʦʢʘʪʦʨ 

ʃʘʟʝʨʥʳʡ 

ʩʢʘʥʝʨ 

ɼʘʣʴʥʦʩʪʴ 

ʜʝʡʩʪʚʠʷ 2-5000 ʤ 0,4-50 ʤ 1-50 ʤ 1-800 ʤ 

ʊʦʯʥʦʩʪʴ >0,5 ʤʤ >0,05 ʤʤ >0,05 ʤʤ >5 ʤʤ 

ʏʘʩʪʦʪʘ 0,2-10 ɻʮ 1000 ɻʮ 1000 ɻʮ >1000 ɻʮ 

 

ʇʨʠʥʮʠʧ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʊʘʭʝʦʤʝʪʨʠʯʝʩʢʠʝ ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ ʧʨʝʦʙʨʘʟʦʚʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʲʝʢʪʳ ʚ 

ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ ʩ ʯʘʩʪʦʪʦʡ 1000 ɻʮ ʠ ʙʦʣʝʝ. ɼʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʠʟʤʝʨʷʝʪʩʷ 

ʦʜʥʦ ʥʘʢʣʦʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ (sô) ʠ ʜʚʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʫʛʣʘ (w1 ʠ w2) (ʨʠʩ.1). 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

 

ʂʨʦʤʝ ʪʦʛʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ (i) ʦʪʨʘʞʝʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʢʘʞʜʫʶ ʪʦʯʢʫ ʚ ʤʝʩʪʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ (SCS). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʯʝʪʚʝʨʪʳʤ ʠʟʤʝʨʝʥʠʝʤ, 

ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʯʝʥʴ ʚʘʞʥʘ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʧʣʦʪʥʦʤ ʤʥʦʞʝʩʪʚʝ ʪʦʯʝʢ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʢʘʥʠʨʫʝʤʳʡ ʦʙʲʝʢʪ. 

 

ʊʠʧʳ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʠʭ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ 

ʉʠʩʪʝʤʳ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ, ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʪʠʧʘ: 

1) ʂʘʤʝʨʘ-ʩʢʘʥʝʨ ï ʧʦʟʚʦʣʷʝʪ ʩʢʘʥʠʨʦʚʘʪʴ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʦʣʝ ʟʨʝʥʠʷ 

(40x40
0
). ʅʘʧʨʠʤʝʨ, CYRA 2500 (LEICA) ʠʣʠ ILRIS 3D (OPTECH). 

2) ʇʘʥʦʨʘʤʥʳʡ ʩʢʘʥʝʨ ï ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʪʘʢʦʛʦ ʩʢʘʥʝʨʘ ʧʦʣʥʦʩʪʴʶ ʧʦʧʘʜʘʝʪ 

ʦʢʨʫʞʘʶʱʘʷ ʝʛʦ ʩʨʝʜʘ, ʠʩʢʣʶʯʘʷ ʩʘʤ ʧʨʠʙʦʨ ʠ ʰʪʘʪʠʚ. ʕʪʦʪ ʩʢʘʥʝʨ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʲʝʤʦʢ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ, ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʦʮʠʬʨʦʚʢʠ 

ʢʦʤʥʘʪ ʠ ʜʘʞʝ ʮʝʣʳʭ ʟʜʘʥʠʡ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 
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Imager 5003 (ZOLLER & FROHLICH) ʠʣʠ CALLIDUS (CALIDUS 

PRECISION). 

3) ɻʠʙʨʠʜʥʳʡ ʩʢʘʥʝʨ ï ʠʤʝʝʪ ʦʜʥʫ ʦʩʴ, ʚʦʢʨʫʛ ʢʦʪʦʨʦʡ ʝʛʦ ʙʝʟ ʦʛʨʘʥʠʯʝʥʠʡ 

ʤʦʞʥʦ ʚʨʘʱʘʪʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʚʪʦʨʫʶ ʦʩʴ ʚʨʘʱʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʠʟʤʝʥʷʪʴ ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʨʠʙʦʨʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʜʦ 60
0
.  ɺ ʵʪʫ ʛʨʫʧʧʫ ʩʢʘʥʝʨʦʚ ʚʭʦʜʷʪ GS 200 (MENSI) ʠ LMS Z360 

(RIEGL). 

 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʂʘʞʜʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʧʨʝʜʣʘʛʘʝʪ ʫʥʠʢʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʦʡ ʩʢʘʥʝʨʦʤ ʠʥʬʦʨʤʘʮʠʠ. ʄʥʦʞʝʩʪʚʦ ʪʦʯʝʢ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʭʨʘʥʷʪʩʷ ʚ ʩʧʝʮʠʬʠʯʝʩʢʦʤ ʬʦʨʤʘʪʝ 

ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʢʣʠʝʥʪʳ ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʠʪ ʯʠʪʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʦʙʨʘʥʥʫʶ ʫʩʪʨʦʡʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʶ. 

ʉʙʦʨ ʜʘʥʥʳʭ ʩʦ ʩʢʘʥʝʨʘ IMAGER 5003 ʬʠʨʤʳ ZOLLER & FROHLICH 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ LRC-SERVER, ʟʘʧʫʩʢʘʝʤʦʡ ʠʟ-ʧʦʜ 

MS-WINDOWS. ɺ ʭʦʜʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʟʜʘʝʪʩʷ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ .zfs ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʤʝʨʦʤ ʜʦ 1ɻʙ (ʚʳʩʦʯʘʡʰʝʝ ʨʘʟʨʝʰʝʥʠʝ). ʉʥʠʤʦʢ, 

ʧʦʣʫʯʝʥʥʳʡ ʩʢʘʥʠʨʦʚʘʥʠʝʤ, ʤʦʞʥʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʫ LR-

VIEWER. ʇʝʨʝʜ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠʩʭʦʜʥʳʡ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝ .zfs 

ʢʦʥʚʝʨʪʠʨʫʶʪ ʩ ʧʦʤʦʱʴʶ ʫʪʠʣʠʪʳ LARA-CONVERT ʚ ʬʦʨʤʘʪ ZFC. 

ʂʦʥʝʯʥʳʡ ʵʪʘʧ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʤʦʱʥʝʡʰʝʡ ʧʨʦʛʨʘʤʤʝ LFM-

Light-Form-Modeler. 

 

ʕʪʘʧʳ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʇʨʦʮʝʩʩ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ: ʩʙʦʨ ʜʘʥʥʳʭ, ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ. 

 

ʉʙʦʨ ʜʘʥʥʳʭ 

ʉʙʦʨ ʜʘʥʥʳʭ ʩʘʤ ʧʦ ʩʝʙʝ ʪʘʢʞʝ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ. ʆʙʲʝʢʪ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʨʘʟʤʝʨʦʚ, ʩʢʘʥʠʨʫʝʪʩʷ ʟʘ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʠʝʤʦʚ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ, 

ʦʧʠʩʘʥʥʳʭ 3D-ʢʦʦʨʜʠʥʘʪʘʤʠ (x,y,z) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ 

(i). ʆʙʲʝʜʠʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʥʦʞʝʩʪʚ ʪʦʯʝʢ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʣʠʙʦ ʤʝʪʦʜʦʤ ʧʝʨʝʜʘʯʠ ʪʦʯʝʢ, ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʥʘʪʫʨʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚʦ ʤʥʦʞʝʩʪʚʘʭ ʪʦʯʝʢ. ɹʦʣʝʝ ʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʧʝʨʝʜʘʯʠ ʪʦʯʝʢ. ʆʥ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ:  

- ʆʪʩʫʪʩʪʚʠʝ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʥʘ ʩʥʠʤʢʘʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʩʢʘʥʠʨʦʚʘʥʠʝʤ; 

- ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. 
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ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʆʪʩʢʘʥʠʨʦʚʘʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʜʝʬʝʢʪʳ. ʀʩʢʘʞʝʥʥʳʝ 

ʪʦʯʢʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʞʠʚʦʪʥʳʭ ʠʣʠ 

ʣʶʜʝʡ, ʩʣʫʯʘʡʥʦ ʦʢʘʟʘʚʰʠʭʩʷ ʚ ʩʢʘʥʠʨʫʝʤʦʡ ʦʙʣʘʩʪʠ. ʆʥʠ ʦʙʨʘʟʫʶʪ ʣʠʙʦ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʯʝʨʥʳʝ ʜʳʨʳè (ʦʙʣʘʩʪʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʠʥʬʦʨʤʘʮʠʠ), ʣʠʙʦ 

ʤʥʠʤʳʝ ʦʙʲʝʢʪʳ. ʕʪʦʪ ʵʬʬʝʢʪ ʥʘʟʳʚʘʝʪʩʷ çʭʚʦʩʪ ʢʦʤʝʪʳè. 

ʇʦʩʣʝ ʠʩʢʣʶʯʝʥʠʷ ʠʩʢʘʞʝʥʥʳʭ ʪʦʯʝʢ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʠʜʝʪ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 

- ɺʳʷʚʣʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ, ʪʘʢʠʭ ʢʘʢ 

ʧʣʦʩʢʦʩʪʠ, ʮʠʣʠʥʜʨʳ, ʩʬʝʨʳ, ʢʦʥʫʩʳ ʠ ʪ.ʜ. 

- ʇʝʨʝʩʝʯʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

- ʅʘʣʦʞʝʥʠʝ ʦʪʩʢʘʥʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʮʠʬʨʦʚʳʝ ʩʥʠʤʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʦʨʪʦʬʦʪʦʩʥʠʤʢʦʚ 

- ʕʢʩʧʦʨʪ ʦʪʩʢʘʥʠʨʦʚʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ ʚ ʜʨʫʛʠʝ ʧʨʦʛʨʘʤʤʳ (CAD, 

data base ʠ ʜʨ.) 

 

ɺʠʟʫʘʣʠʟʘʮʠʷ 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ: 

- ʄʥʦʞʝʩʪʚʦ ʪʦʯʝʢ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʯʝʨʥʦ-ʙʝʣʳʭ ʠʣʠ ʮʚʝʪʥʳʭ 3D-

ʧʨʦʝʢʮʠʷʭ 

- ʆʨʪʦʬʦʪʦʩʥʠʤʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʲʝʜʠʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʩʥʠʤʢʦʚ 

(ʪʦʯʝʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ) ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʤʥʦʞʝʩʪʚ ʪʦʯʝʢ (ʛʝʦʤʝʪʨʠʷ) 

- ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʘʥʝʨʦʚ 

ʇʨʦʠʟʚʦʜʠʪʝʣ

 ɹ

ʋʩʪʨʦʡʩʪʚ

ʦ ʊʠʧ ʫʩʪʨʦʡʩʪʚʘ 

ʏʘʩʪʦʪ

ʘ 

ɼʘʣʴʥʦʩʪ

ʴ 

ʜʝʡʩʪʚʠʷ ʊʦʯʥʦʩʪʴ 

CYRA (USA) HDS 3000 

ʇʘʥʦʨʘʤʥʳʡ 

ʩʢʘʥʝʨ 1000ɻʮ >100ʤ 

6ʤʤ ʥʘ 

50ʤ 

MENSI 

(France) GS 200 

ɻʠʙʨʠʜʥʳʡ 

ʩʢʘʥʝʨ 5000ɻʮ 700ʤ 

3ʤʤ ʥʘ 

100ʤ 

OPTECH ILRIS-3D ʂʘʤʝʨʘ-ʩʢʘʥʝʨ 2000ɻʮ 800ʤ 

3ʤʤ<100ʤ

; 

1-

3ʩʤ>100ʤ 

RIEGL LMS Z360 

ɻʠʙʨʠʜʥʳʡ 

ʩʢʘʥʝʨ 8000ɻʮ 800ʤ 5ʤʤ 

Z & F 

IMAGER 

5003 

ʇʘʥʦʨʘʤʥʳʡ 

ʩʢʘʥʝʨ 500ʢɻʮ 52ʤ 5ʤʤ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʉʠʩʪʝʤʳ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʳʥʢʝ, ï ʩʠʩʪʝʤʳ ʩ ʚʳʩʦʯʘʡʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. 
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ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʤʛʥʦʚʝʥʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩʙʦʨ ʜʘʥʥʳʭ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʚʩʸ 

ʝʱʸ ʦʩʪʘʝʪʩʷ ʧʨʦʮʝʩʩʦʤ, ʪʨʝʙʫʶʱʠʤ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʨʝʤʝʥʠ. ʂʣʠʝʥʪʳ ʞʝʣʘʶʪ, ʯʪʦʙʳ ʜʘʥʥʳʡ ʵʪʘʧ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʪʘʣ 

ʝʱʝ ʙʦʣʝʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʠ ʙʳʩʪʨʳʤ. 

ʊʦʯʥʦʩʪʴ ʣʘʟʝʨʥʳʭ ʩʠʩʪʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʚʝʨʷʶʪ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʧʨʦʚʝʨʦʢ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 

 

  

 ɸʅɸʃʀɿ ʈɽʉʋʈʉʆʉɹɽʈɽɻɸʖʑʀʍ ʄɽʈʆʇʈʀʗʊʀʁ ʇʈʀ 

ʆʍʃɸɾɼɽʅʀʀ ɻʆʊʆɺʆɻʆ ʇʈʆɼʋʂʊɸ ɺ ʊɽʇʃʆʕʅɽʈɻɽʊʀʏɽʉʂʀʍ 

ʉʀʉʊɽʄɸʍ  ʇʈʆʀɿɺʆɼʉʊɺɸ ʎɽʄɽʅʊʅʆɻʆ ʂʃʀʅʂɽʈɸ 

 

ɸ.ɺ. ʅʠʢʦʣʘʝʚ, ʊ.ʉ. ʃʶʙʦʚʘ  

ʌɻɹʆʋ ɺʇʆ çʅʀʋ ʄʕʀè, 

 ʛ. ʉʤʦʣʝʥʩʢ 

 

ʆʙʞʠʛ ʢʣʠʥʢʝʨʘ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦ- ʠ ʤʘʪʝʨʠʘʣʦʸʤʢʦʡ ʩʪʘʜʠʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʤʝʥʪʘ. ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʠʡ ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʤʦʢʨʦʤ ʩʧʦʩʦʙʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤ ʚ ʈʦʩʩʠʠ.  

ʇʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ ʚʦ 

ʚʨʘɦʘʶʱʠʭʩʷ ʧʝʯʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ʀʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʩʪʨʫʶ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʳʩʢʘʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 

ɺʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦʣʫʯʝʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʦʭʣʘʞʜʝʥʠʝ. ʀʟ ʟʦʥʳ ʦʭʣʘʞʜʝʥʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʧʝʯʝʡ ʢʣʠʥʢʝʨ ʚʳʭʦʜʠʪ ʩ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 1100 - 1300
0
ʉ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʠ ʦʭʣʘʞʜʝʥʠʝ ʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʚ ʭʦʣʦʜʠʣʴʥʠʢʘʭ.  

ʆʭʣʘʞʜʝʥʠʝ ʢʣʠʥʢʝʨʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ, 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʨʘʟʤʘʣʳʚʘʝʤʦʩʪʴ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʢʘʯʝʩʪʚʦ 

ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʥʝʛʦ ʮʝʤʝʥʪʘ.  

ɺʩʝ ʭʦʣʦʜʠʣʴʥʠʢʠ ʢʣʠʥʢʝʨʘ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʦʩʥʦʚʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ [1]: 

1) ʚʦʟʚʨʘʱʝʥʠʝ ʚʦʟʤʦʞʥʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʧʣʦʪʳ ʢʣʠʥʢʝʨʘ ʚ ʧʝʯʴ ʩʦ 

ʚʪʦʨʠʯʥʳʤ ʚʦʟʜʫʭʦʤ;  

2) ʥʘʠʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʢʣʠʥʢʝʨʘ ʧʨʠ ʥʘʠʤʝʥʴʰʠʭ 

ʵʥʝʨʛʦʟʘʪʨʘʪʘʭ ʠ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʷʭ. 

ɺ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʨʘʙʦʪʳ ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ ʩ ʨʘʟʤʝʨʘʤʠ 135x4,5 ʤ, ʨʘʙʦʪʘʶʱʝʡ ʥʘ ʛʘʟʫ 

ʊʶʤʝʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʈʘʩʯʝʪ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʩʪʘʪʴʠ ʨʘʩʭʦʜʘ. 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʚʠʜʥʦ, ʯʪʦ ʙʦʣʴʰʠʡ ʨʘʩʭʦʜ ʪʝʧʣʦʪʳ ʠʜʝʪ ʥʘ ʠʩʧʘʨʝʥʠʝ 
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ʚʦʜʳ ʠʟ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ (31,29%), ʠ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʩ ʢʣʠʥʢʝʨʦʤ, ʧʦʢʠʜʘʶʱʠʤ 

ʧʝʯʴ (16,63%),  ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʩ ʫʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ (15,09%). 

ɼʣʷ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʧʨʠʤʝʥʝʥʠʷ  ʜʚʫʭ ʚʠʜʦʚ 

ʦʭʣʘʞʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚ ʮʝʣʷʭ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʨʴ ʪʝʧʣʘ ʩ ʢʣʠʥʢʝʨʦʤ: 

ʙʘʨʘʙʘʥʥʦʛʦ ʠ ʢʦʣʦʩʥʠʢʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʦʚ. 

ɹʘʨʘʙʘʥʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʧʦ ʫʩʪʨʦʡʩʪʚʫ ʠ 

ʩʘʤʳʤ ʩʪʘʨʳʤ ʪʠʧʦʤ ʭʦʣʦʜʠʣʴʥʠʢʘ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʙʘʨʘʙʘʥ ʜʠʘʤʝʪʨʦʤ 2,5-6,0 ʤ ʠ ʜʣʠʥʦʡ 20-100 ʤ, ʚʨʘʱʘʶʱʠʡʩʷ ʥʘ ʙʘʥʜʘʞʘʭ ʠ 

ʦʧʦʨʥʳʭ ʨʦʣʠʢʘʭ ʩ ʯʘʩʪʦʪʦʡ 3-6 ʦʙ/ʤʠʥ [2]. ʂʣʠʥʢʝʨ ʠʟ ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ 

ʯʝʨʝʟ ʟʘʛʨʫʟʦʯʥʫʶ ʰʘʭʪʫ ʧʦʧʘʜʘʝʪ ʚ ʭʦʣʦʜʠʣʴʥʠʢ, ʚʳʭʦʜʷ ʠʟ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ 200-350
0
ʉ. 

ʂʦʣʦʩʥʠʢʦʚʳʝ ʭʦʣʦʜʠʣʴʥʠʢʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʙʦʪʘʶʪ ʧʦ 

ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ - ʦʭʣʘʞʜʝʥʠʝ ʢʣʠʥʢʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʦʩʘʩʳʚʘʥʠʝʤ ʚʦʟʜʫʭʘ ʩʢʚʦʟʴ ʝʛʦ ʩʣʦʡ. ʂʦʣʦʩʥʠʢʦʚʳʝ ʭʦʣʦʜʠʣʴʥʠʢʠ ʠʤʝʶʪ 

ʢʦʣʦʩʥʠʢʦʚʫʶ ʨʝʰʝʪʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʦʪʜʝʣʴʥʳʭ ʢʦʣʦʩʥʠʢʦʚ. ʍʦʣʦʜʥʳʡ 

ʚʦʟʜʫʭ ʧʦʜʘʝʪʩʷ ʧʦʜ ʨʝʰʝʪʢʫ ʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʣʦʡ ʢʣʠʥʢʝʨʘ, ʦʭʣʘʞʜʘʷ 

ʧʦʩʣʝʜʥʠʡ ʜʦ 50-80 
0
ʉ [3].  

 ɹʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʪʝʧʣʦʚʳʭ ʙʘʣʘʥʩʦʚ ʜʘʥʥʳʭ ʪʠʧʦʚ ʭʦʣʦʜʠʣʴʥʠʢʦʚ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʝʯʠ ʟʘʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʟʤʝʨʦʚ. 

 ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʦʣʦʜʠʣʴʥʠʢʦʚ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ, ʚʳʭʦʜʷʱʝʛʦ 

ʠʟ ʧʝʯʠ, ʧʫʪʝʤ ʥʘʛʨʝʚʘ ʚʪʦʨʠʯʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʨʦʜʫʚʘʝʤʦʛʦ ʯʝʨʝʟ ʥʝʛʦ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʪʝʧʣʦʚʳʭ ʙʘʣʘʥʩʦʚ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʝʯʴ ʠ ʭʦʣʦʜʠʣʴʥʠʢ ʠ ʧʨʦʚʝʜʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʙʘʨʘʙʘʥʥʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ 

ʩʥʠʞʘʝʪ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ 1,6 %, ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʩ ʢʣʠʥʢʝʨʦʤ ʥʘ 85,4 %, 

ʧʦʚʳʰʘʝʪ ʪʝʧʣʦʚʦʡ ʂʇɼ ʫʩʪʘʥʦʚʢʠ ʥʘ 1,6%. 

ʇʨʠʤʝʥʝʥʠʝ ʢʦʣʦʩʥʠʢʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʩʥʠʞʘʝʪ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ 4,9 

%, ʧʦʪʝʨʠ ʩ ʢʣʠʥʢʝʨʦʤ ʥʘ 96,5%, ʧʦʚʳʰʘʝʪ ʪʝʧʣʦʚʦʡ ʂʇɼ ʫʩʪʘʥʦʚʢʠ ʥʘ 5,2 %.  

 ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠ ʠʭ ʘʥʘʣʠʟʘ ʚʠʜʥʦ, ʯʪʦ ʫʩʪʘʥʦʚʢʘ 

ʢʦʣʦʩʥʠʢʦʚʦʛʦ ʭʦʣʦʜʠʣʴʥʠʢʘ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʢʣʠʥʢʝʨʘ, ʚʳʭʦʜʷʱʝʛʦ ʠʟ 

ʚʨʘʱʘʶʱʝʡʩʷ ʧʝʯʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʨʘʙʘʥʥʳʤ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʠ ʧʦʪʝʨʠ ʪʝʧʣʦʪʳ ʩ ʫʭʦʜʷʱʠʤ ʢʣʠʥʢʝʨʦʤ. 

 ɼʣʷ ʧʝʯʠ ʩ ʜʘʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʙʳʣ ʧʦʜʦʙʨʘʥ ʢʦʣʦʩʥʠʢʦʚʳʡ 

ʭʦʣʦʜʠʣʴʥʠʢ çɺʦʣʛʘè ʩ ʨʘʟʤʝʨʘʤʠ ʢʦʣʦʩʥʠʢʦʚʦʡ ʨʝʰʝʪʢʠ: ʜʣʠʥʘ 16,6 ʤ, 

ʰʠʨʠʥʘ 2,8 ʤ, ʧʣʦʱʘʜʴ ʨʝʰʝʪʢʠ 46,48 ʤ
2
. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʣʦʩʥʠʢʦʚʦʛʦ 

ʭʦʣʦʜʠʣʴʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ, 

ʧʦʢʠʜʘʶʱʝʛʦ ʧʝʯʴ,  ʩ  1250
o
C ʜʦ 50

o
C ʠ ʚʝʨʥʫʪʴ ʯʘʩʪʴ ʪʝʧʣʦʪʳ ʢʣʠʥʢʝʨʘ ʚ ʧʝʯʴ 

ʩʦ ʚʪʦʨʠʯʥʳʤ ʚʦʟʜʫʭʦʤ ʩ tʚ
ʚʪ

 = 352,27
o
C.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʄɽʊʆɼʀʂɸ ɺʓɹʆʈɸ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ  

ʇʆ ʋʇʈɸɺʃɽʅʀʖ ʇʈʆɽʂʊɸʄʀ 

ʊʈɸʅʉʇʆʈʊʅʆɻʆ ʄɸʐʀʅʆʉʊʈʆɽʅʀʗ 

 

ɼ.ʀ. ʆʚʯʠʥʥʠʢʦʚ  

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʊʫʣʘ 

 

ɺʩʝ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʤʠʨʝ ʧʨʠʦʙʨʝʪʘʶʪ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʝʢʪʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠʟʚʘʥʥʳʝ ʧʦʤʦʯʴ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʧʨʦʝʢʪʦʚ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʚ ʩʨʦʢ, ʚ ʨʘʤʢʘʭ 

ʙʶʜʞʝʪʦʚ, ʧʣʘʥʠʨʦʚʘʪʴ ʨʠʩʢʠ ʠ ʚʳʧʦʣʥʷʪʴ ʜʨʫʛʠʝ, ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʝ ʬʫʥʢʮʠʠ.  

ʆʜʥʠʤ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʝʢʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʥʝʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʣʥʦʮʝʥʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʦʧʝʨʘʪʠʚʥʳʝ ʨʘʩʯʝʪʳ. 

ʆʯʝʥʴ ʚʘʞʥʦ, ʯʪʦʙʳ ʚʳʙʨʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʜʦʚʣʝʪʚʦʨʷʣʦ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʤʘʥʜʳ ʧʨʦʝʢʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʦʣʥʫʶ ʠ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʧʦʜʜʝʨʞʢʫ ʠ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ.  

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʠ ʚʳʙʦʨʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʷʚʣʷʶʪʩʷ:  

ī ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ;  

ī ʋʨʦʚʥʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ; 

ī ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ;  

ī ʄʝʭʘʥʠʟʤ ʧʣʘʥʠʨʦʚʘʥʠʷ;  

ī ʆʙʝʩʧʝʯʝʥʠʝ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ.  

ɽʩʣʠ ʚʩʝ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʨʝʜʧʨʠʷʪʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʪʦ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʵʣʝʤʝʥʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʦʝ ʪʨʝʙʦʚʘʥʠʝ ʚ ʦʪʜʝʣʴʥʦʩʪʠ:  

 

1. ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʇʝʨʚʦʝ, ʥʘ ʯʪʦ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʨʦʛʨʘʤʤʦʡ 

ʵʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ. ʇʨʠ ʚʳʙʦʨʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʪʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʚʚʦʜʠʪʴ ʠ ʧʨʦʩʤʘʪʨʠʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ: 

ī ɻʠʙʢʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʵʢʨʘʥʥʳʭ ʬʦʨʤ;  

ī ɼʦʩʪʫʧʥʦʩʪʴ ʩʠʩʪʝʤʳ ʧʦʤʦʱʠ;  
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ī ʋʜʦʙʩʪʚʦ ʩʨʝʜʩʪʚ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ;  

ī ʅʘʣʠʯʠʝ ʤʘʩʪʝʨʦʚ ʠ ʰʘʙʣʦʥʦʚ.  

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʧʨʦʩʪʦʪʳ ʦʩʚʦʝʥʠʷ ʧʨʦʛʨʘʤʤʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠ ʦʮʝʥʠʚʘʪʴʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʧʘʨʘʤʝʪʨʘʤ: 

ī ʃʝʛʢʦʩʪʴ ʠʟʫʯʝʥʠʷ;  

ī ʃʝʛʢʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ;  

ī ʅʘʣʠʯʠʝ ʩʠʩʪʝʤʳ ʤʘʢʨʦʩʦʚ (ʬʦʨʤʫʣ);  

ī ɻʠʙʢʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʝʢʩʪʥʦʛʦ ʧʦʠʩʢʘ;  

ī ʆʙʫʯʘʶʱʠʝ ʧʨʦʛʨʘʤʤʳ.  

 

2. ʋʨʦʚʥʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ 

ɺ ʣʶʙʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʝʢʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʫʨʦʚʥʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʜʦʣʞʝʥ ʙʳʪʴ ʚʳʙʨʘʥ ʪʘʢʦʡ, 

ʯʪʦʙʳ ʦʥ ʦʙʣʝʛʯʠʣ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʮʝʧʦʯʢʠ, ʛʜʝ 

ʝʛʦ ʧʨʠʤʝʥʷʶʪ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʫʨʦʚʥʷ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ: 

ī ʨʫʢʦʚʦʜʠʪʝʣʠ - ʚʳʩʰʝʝ ʨʫʢʦʚʦʜʩʪʚʦ (ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ), ʥʘ 

ʫʨʦʚʥʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ, ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʩʪʴ 

ʧʨʦʝʢʪʦʚ;  

ī ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʝʥʝʜʞʝʨʳ, ʧʨʦʬʝʩʩʠʦʥʘʣʳ, ʟʘʥʠʤʘʶʱʠʝʩʷ 

ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʠ ʢʦʥʪʨʦʣʝʤ ʧʨʦʝʢʪʦʚ;  

ī ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ - ʤʝʥʝʜʞʝʨʳ ʧʨʦʝʢʪʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʥʘ 

ʤʝʩʪʘʭ. 

ʊʘʢ ʢʘʢ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʘʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ, ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʪʦʞʝ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ.  

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʚʳʩʰʝʛʦ ʨʫʢʦʚʦʜʩʪʚʘ ʚʘʞʥʳ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʢʘʢ ʣʝʛʢʦʩʪʴ ʚ ʧʨʠʤʝʥʝʥʠʠ, ʧʨʦʮʝʜʫʨʳ ʜʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ "ʩʚʝʨʭʫ ʚʥʠʟ", ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʦʙʦʙʱʝʥʥʳʝ ʦʪʯʝʪʳ. ɼʣʷ 

ʨʫʢʦʚʦʜʠʪʝʣʝʡ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʚʘʞʥʝʝ ʤʦʱʥʦʩʪʴ ʚʨʝʤʝʥʥʦʛʦ, 

ʩʪʦʠʤʦʩʪʥʦʛʦ ʠ ʨʝʩʫʨʩʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ, ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ, ʘ ʥʘ ʫʨʦʚʥʝ ʦʧʝʨʘʮʠʡ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʨʦʩʪʦʪʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʘʛʣʷʜʥʦʩʪʴ ʠ ʣʝʛʢʦʩʪʴ ʠʟʫʯʝʥʠʷ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʧʨʠ ʚʳʙʦʨʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʥʫʞʥʦ ʠʩʭʦʜʠʪʴ ʠʟ 

ʪʨʝʙʦʚʘʥʠʡ ʚʩʝʭ ʫʨʦʚʥʝʡ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʠʝʨʘʨʭʠʠ. 

 

3. ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ 

ʉ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʪʘʣʠ 

ʜʝʣʘʪʴ ʙʦʣʴʰʠʡ ʘʢʮʝʥʪ ʥʘ ʦʙʣʝʛʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʘʚʠʛʘʮʠʠ 

ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ. 
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ʋʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ ʜʦʣʞʥʦ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʨʘʟʚʠʪʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ 

ʜʦʩʪʫʧʫ ʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʛʨʫʧʧʠʨʦʚʢʝ, ʦʙʲʝʜʠʥʝʥʠʶ, 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʶ ʠ ʘʜʘʧʪʘʮʠʠ ʜʘʥʥʳʭ ʧʨʦʝʢʪʘ.  

ɼʦʩʪʫʧ ʠ ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʥʦʛʦʧʨʦʝʢʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʠ ʧʦʨʪʬʝʣʝʤ ʧʨʦʝʢʪʦʚ, ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʦʩʪʫʧʝ ʢ ʜʘʥʥʳʤ ʨʘʟʣʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʩʠʩʪʝʤ 

(ERP - ʧʣʘʥʠʨʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʜʨ.) ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ 

ʩʦʚʤʝʩʪʠʪʴ ʵʪʠ ʜʘʥʥʳʝ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʧʨʦʝʢʪʘʭ.  

ʈʘʟʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʝʢʪʘʭ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. ɺ ʩʣʦʞʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ (ʉʋɹɼ), ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʳʩʪʨʳʤ ʠ ʥʘʜʝʞʥʳʤ 

ʜʦʩʪʫʧʦʤ ʢ ʜʘʥʥʳʤ.  

ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʘʥʥʳʝ ʭʨʘʥʷʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ ʠʣʠ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʙʘʟʘʭ ʜʘʥʥʳʭ, ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʩʠʩʪʝʤ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʨʝʜʩʪʚ ʨʝʧʣʠʢʘʮʠʠ.  

ɻʨʫʧʧʠʨʦʚʢʘ ʠʥʬʦʨʤʘʮʠʠ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʦʣʠ ʚ ʧʨʦʝʢʪʥʦʡ ʢʦʤʘʥʜʝ, ʫʯʘʩʪʥʠʢʘʤ ʧʨʦʝʢʪʘ 

ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʫʧ ʢ ʨʘʟʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʙʱʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʯʘʩʪʦ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʝʞʠʤ ʨʘʙʦʪʳ, ʢʦʛʜʘ ʜʣʷ ʦʜʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦʩʪʫʧʥʦ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʯʝʤ ʦʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʝʜʠʥʠʮʫ 

ʚʨʝʤʝʥʠ. ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʚʘʞʥʦ ʧʦʩʪʨʦʠʪʴ ʥʘʜʝʞʥʫʶ 

ʩʠʩʪʝʤʫ ʤʘʥʠʧʫʣʷʮʠʠ ʜʘʥʥʳʤʠ, ʯʪʦʙʳ ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʛʨʫʧʧʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʚʦʠʤʠ ʟʥʘʥʠʷʤʠ ʠ ʦʧʳʪʦʤ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʦʪʯʝʪʦʚ ʚ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʠʩʪʝʤʘʭ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ OLAP (On-Line Analytical Processing). ɺ OLAP ʩʠʩʪʝʤʘʭ 

ʠʥʬʦʨʤʘʮʠʷ ʦʨʛʘʥʠʟʫʝʪʩʷ ʚ ʛʨʫʧʧʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʬʦʨʤʘʪʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʥʫʞʥʳʤ ʜʘʥʥʳʤ.  

ɸʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʠ ʘʜʘʧʪʘʮʠʷ 

ʆʪʜʝʣʴʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʥʝ ʜʦʣʞʥʳ ʩʘʤʠ ʟʘʧʫʩʢʘʪʴ ʧʨʦʮʝʜʫʨʳ OLAP-

ʘʥʘʣʠʟʘ ʠʣʠ ʬʦʨʤʠʨʦʚʘʪʴ ʟʘʧʨʦʩʳ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʘʥʥʳʤʠ. ɺ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʞʥʘ ʚʭʦʜʠʪʴ ʩʠʩʪʝʤʘ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʙʳ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʬʫʥʢʮʠʶ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʭ ʭʨʘʥʝʥʠʷ.  

ɸʜʤʠʥʠʩʪʨʘʪʦʨ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʠʥʬʦʨʤʘʮʠʠ 

ʦʪʜʝʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʚʳʚʦʜ ʜʘʥʥʳʭ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʟʘʧʨʦʩʦʚ, ʩʦʩʪʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ, ʰʘʙʣʦʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʦʪʯʝʪʦʚ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʪʨʝʙʦʚʘʥʠʷʤʠ.  

ɼʘʥʥʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʧʦʚʨʝʤʝʥʥʳʭ ʩʝʛʤʝʥʪʦʚ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʚ ʩʠʩʪʝʤʥʳʝ ʠʝʨʘʨʭʠʠ. ʆʯʝʥʴ 

ʫʜʦʙʥʳʤ ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ.  
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ʆʙʲʝʜʠʥʝʥʠʝ (ʩʫʤʤʠʨʦʚʘʥʠʝ) ʜʘʥʥʳʭ 

ʄʥʦʛʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʜʠʥʷʪʴ ʜʘʥʥʳʝ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ. ʊʘʢʘʷ ʬʫʥʢʮʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʦʣʝʡ 

(ʪʝʢʩʪʦʚʳʝ, ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʝ, ʧʦʣʷ ʜʣʷ ʟʘʧʠʩʠ ʜʘʪ ʠ ʪ.ʜ.). ɼʘʥʥʳʝ ʚ ʵʪʠʭ ʧʦʣʷʭ 

ʤʦʛʫʪ ʩʦʨʪʠʨʦʚʘʪʴʩʷ, ʬʠʣʴʪʨʦʚʘʪʴʩʷ, ʛʨʫʧʧʠʨʦʚʘʪʴʩʷ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʦʙʲʝʜʠʥʝʥʠʷ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʮʝʥʥʦʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʠ ʩʦʩʪʘʚʣʝʥʠʷ ʦʪʯʝʪʦʚ.  

 

 

4. ʄʝʪʦʜʳ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ɺ ʧʨʦʮʝʩʩʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ, ʛʜʝ ʥʝʪʦʯʥʦʩʪʠ ʠ 

ʥʝʩʦʙʣʶʜʝʥʠʝ ʚʩʝʭ ʫʩʣʦʚʠʡ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦʡ 

ʨʘʙʦʪʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. 

ʉʧʠʩʦʢ ʦʩʥʦʚʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ: 

ī ʉʦʟʜʘʥʠʝ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʘ;  

ī ʆʧʠʩʘʥʠʝ WBS ʩʪʨʫʢʪʫʨʳ (ʜʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʩʣʫʞʠʪ ʜʣʷ ʨʘʟʙʠʚʢʠ 

ʚʩʝʛʦ ʦʙʲʝʤʘ ʨʘʙʦʪ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʚ ʧʨʦʝʢʪʝ, ʥʘ ʦʜʥʦʨʦʜʥʳʝ 

ʯʘʩʪʠ, ʥʘʟʳʚʘʝʤʳʝ ʧʘʢʝʪʘʤʠ ʨʘʙʦʪ); 

ī ʆʧʠʩʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʘʣʝʥʜʘʨʝʡ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ;  

ī ɺʚʦʜ ʠ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʨʝʩʫʨʩʘʤ; 

ī ʆʧʠʩʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʠ ʨʘʙʦʯʠʭ ʩʤʝʪ, ʛʨʘʬʠʢʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʩʪʦʠʤʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ;  

ī ɺʚʦʜ ʠ ʭʨʘʥʝʥʠʝ ʚʘʞʥʳʭ ʧʨʦʝʢʪʥʳʭ ʜʘʪ ʠ ʚʝʭ;  

ī ʉʦʩʪʘʚʣʝʥʠʝ ʨʘʩʧʠʩʘʥʠʷ ʨʘʙʦʪ ʧʨʦʝʢʪʘ; 

ī ʈʝʩʫʨʩʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ;  

ī ʈʘʩʯʝʪ ʙʶʜʞʝʪʦʚ ʧʨʦʝʢʪʦʚ;  

ī ʇʦʜʩʯʝʪ ʟʘʪʨʘʯʝʥʥʦʛʦ ʥʘ ʨʘʙʦʪʫ ʚʨʝʤʝʥʠ (ʚʨʝʤʝʥʥʳʝ ʛʨʘʬʠʢʠ);  

ī ʉʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʘʪʫʩʝ ʨʘʙʦʪ ʠ ʧʝʨʝʩʤʦʪʨ ʢʘʣʝʥʜʘʨʥʳʭ ʧʣʘʥʦʚ;  

ī ɺʚʦʜ ʬʘʢʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ;  

ī ʇʦʜʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʤʥʦʛʠʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʧʨʦʷʚʠʪʴ ʞʝʣʘʥʠʝ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʘʤʦʤ ʧʨʦʜʫʢʪʝ ʠʣʠ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʩʣʝʜʫʶʱʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ: 

ī ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʝʡ ʨʠʩʢʘ;  

ī ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʨʠʩʢʘ;  

ī ʈʘʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʩʤʷʛʯʝʥʠʶ ʨʠʩʢʘ;  

ī ʇʣʘʥʠʨʦʚʘʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ ʨʠʩʢʘ;  

ī ʀʟʤʝʥʝʥʠʝ ʜʝʡʩʪʚʠʷ ʢʦʥʪʨʦʣʷ.  

ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʟʘʜʫʤʘʪʴʩʷ ʥʘʜ ʚʦʧʨʦʩʦʤ ʢʘʢʠʝ ʜʘʥʥʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ, ʩʯʠʪʘʪʴ ʠʣʠ 

ʚʳʚʦʜʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ? ʄʦʞʝʪ ʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʵʪʠʤʠ ʜʘʥʥʳʤʠ, ʫʜʦʚʣʝʪʚʦʨʷʷ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʝʜʧʨʠʷʪʠʡ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ?  
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ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʜʦʩʪʘʪʦʯʥʳʤʠ ʣʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 

ʦʙʣʘʜʘʶʪ ʧʨʦʛʨʘʤʤʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʯʪʦʙʳ ʧʨʘʚʠʣʴʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʩʦʩʪʘʚʣʷʪʴ 

ʢʘʣʝʥʜʘʨʥʳʝ ʧʣʘʥʳ? ɽʩʪʴ ʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʚʳʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ? ʉʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠ ʛʨʘʬʠʢ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʛʨʘʬʠʢʫ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ? ʇʨʘʚʠʣʴʥʳʤ ʣʠ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʘ ʩ 

ʫʯʝʪʦʤ ʦʙʲʝʤʘ ʨʘʙʦʪ? ʕʪʠ ʚʦʧʨʦʩʳ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʳʤʠ. 

ʇʦʯʪʠ ʚʦ ʚʩʝʭ ʧʦʧʫʣʷʨʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʝʩʧʝʯʝʥʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʫʪʠ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ. ʆʜʥʘʢʦ ʢʘʞʜʳʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʨʘʟʨʘʙʦʪʘʣ ʩʚʦʠ 

ʩʦʙʩʪʚʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʪʠʭ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʤʦʜʝʣʝʡ ʨʘʩʯʝʪʘ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʚʳʛʦʜʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʦʩʥʦʚʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠʣʠ, 

ʥʘʦʙʦʨʦʪ, ʫʭʫʜʰʠʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ.  

 

5. ʆʙʝʩʧʝʯʝʥʠʝ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʢʣʠʝʥʪ ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ 

ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʩʰʠʨʷʷ ʢʨʫʛ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʤʝʶʱʠʭ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ, ʠ 

ʧʦʚʳʰʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʠʩʪʝʤʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʣʝʛʣʦ ʚ ʦʩʥʦʚʫ 

ʧʦʷʚʣʝʥʠʷ ʨʘʟʨʘʙʦʪʦʢ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. 

ʆʙʝʩʧʝʯʝʥʥʳʡ Web-ʪʝʭʥʦʣʦʛʠʷʤʠ ʫʣʫʯʰʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʜʘʥʥʳʤ ʠ 

ʢʦʦʧʝʨʘʮʠʷ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʠʣʠ ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ. ʅʘʣʠʯʠʝ Web-ʙʨʘʫʟʝʨʘ 

ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʯʝʨʝʟ Internet ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʤʘʣʦʚʘʞʥʳʤ 

ʜʦʩʪʦʠʥʩʪʚʦʤ ʜʣʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʘʤʠ.  

ɼʣʷ ʤʥʦʛʠʭ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʚʳʙʦʨʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʜʜʝʨʞʢʘ ʩʠʩʪʝʤʦʡ Web-ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʰʣʦ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʚ 

ʩʧʠʩʢʝ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʇʦʜʜʝʨʞʢʘ 

Web ʜʦʣʞʥʘ ʟʘʥʠʤʘʪʴ ʣʠʜʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʚ ʩʧʠʩʢʝ ʥʘʠʚʘʞʥʝʡʰʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ ʦʙʣʘʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʅʦ ʵʪʦʤʫ ʢʨʠʪʝʨʠʶ ʥʝ ʩʪʦʠʪ ʧʨʠʜʘʚʘʪʴ 

ʩʣʠʰʢʦʤ ʚʝʩʦʤʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦʙʳ ʥʝ ʧʦʟʚʦʣʠʪʴ ʝʤʫ ʜʠʢʪʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʙʦʨʘ 

ʠ ʧʨʝʥʝʙʨʝʛʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʣʠ ʨʘʩʯʝʪʥʳʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ.  

ɹʫʜʫʱʠʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʠ ʚʟʚʝʰʠʚʘʪʴ ʚʩʝ ʦʪʩʪʫʧʣʝʥʠʷ ʦʪ ʪʨʝʙʦʚʘʥʠʡ. ɺ 

ʨʘʚʥʦʚʝʩʠʠ ʜʦʣʞʥʳ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: ʥʘʩʢʦʣʴʢʦ ʚʳʩʦʢʘ 

ʦʮʝʥʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ ʠ ʥʘʩʢʦʣʴʢʦ ʥʦʚʳ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʝʤ 

ʪʝʭʥʦʣʦʛʠʠ. ɹʫʜʫʱʠʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʩʦʧʦʩʪʘʚʣʷʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʪʠʚ ʜʦʩʪʦʠʥʩʪʚ ʫʞʝ ʧʨʦʚʝʨʝʥʥʳʭ ʠ 

ʥʘʜʝʞʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʥʦ ʧʨʝʜʦʩʪʝʨʝʞʝʥʠʝ - 

ʯʘʩʪʦ ʥʦʚʠʥʢʠ ʤʦʛʫʪ ʢʘʟʘʪʴʩʷ ʙʦʣʴʰʝ ʚʧʝʯʘʪʣʷʶʱʠʤʠ, ʯʝʤ ʩʦʜʝʨʞʘʪʝʣʴʥʳʤʠ. 

ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʦʪʩʣʝʞʠʚʘʪʴ. 
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1) ʆʚʯʠʥʥʠʢʦʚ ɼ.ʀ. ʂʚʘʣʠʤʝʪʨʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʝʢʪʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ // ɹʫʜʫʱʝʝ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

ʈʦʩʩʠʠ: ʄʘʪʝʨʠʘʣʳ ʧʷʪʦʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ çɹʋɼʋʑɽɽ ʄɸʐʀʅʆʉʊʈʆɽʅʀʗ ʈʆʉʉʀʀè: ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ. 

ʄʦʩʢʚʘ: ʀʟʜ-ʚʦ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, 2012. 

2) ʆʚʯʠʥʥʠʢʦʚ ɼ.ʀ. ɺʥʝʜʨʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʝʢʪʘʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ // 

ɺʝʩʪʥʠʢ ʊʫʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ: 

ʧʨʦʙʣʝʤʳ, ʠʜʝʠ, ʨʝʰʝʥʠʷ: ʄʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɸʇʀʈ-16è: ʩʙʦʨʥʠʢ ʜʦʢʣʘʜʦʚ. ʊʫʣʘ: ʀʟʜ-ʚʦ ʊʫʣɻʋ, 2011. 212 ï 

216 ʩ. 

 

ʇʆɺʓʐɽʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ɺʆɿʄʆɾʅʆʉʊɽʁ ʄʎʉ ʇʋʊɽʄ 

ʇʈʀʄɽʅɽʅʀʗ ʈɸɿʃʀʏʅʓʍ ɺʀɼʆɺ ʉʊʆʃʆɺ ʀ ʋʉʊʈʆʁʉʊɺ 

ɸɺʊʆʄɸʊʀʏɽʉʂʆʁ ʉʄɽʅʓ ʀʅʉʊʈʋʄɽʅʊʆɺ 

 

ɼ.ʉ. ʆʜʠʥʦʯʥʠʢʦʚ 

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʫʣʘ 

 

ɿʘʜʘʯʝʡ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʩʥʦʚʥʳʭ ʘʩʧʝʢʪʦʚ 

ʧʦʚʳʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʥʦʛʦʮʝʣʝʚʳʭ ʩʪʘʥʢʦʚ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʪʦʣʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʄʎʉ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠ  

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʮʝʥʪʨʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʩʠʩʪʝʤʦʡ 

ʏʇʋ. 

ʉʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʩʪʘʥʢʦʩʪʨʦʝʥʠʷ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 

ʤʦʜʫʣʴʥʳʭ ʢʦʤʧʦʥʦʚʦʢ, ʧʦʚʳʰʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʥʢʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʤʧʦʥʦʚʦʢ ʷʚʣʷʶʪʩʷ ʩʪʦʡʢʘ, ʩʪʦʣ, ʰʧʠʥʜʝʣʴʥʳʡ 

ʫʟʝʣ, ʫʩʪʨʦʡʩʪʚʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʉʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʪʦʝʢ: 

- ʥʝʧʦʜʚʠʞʥʘʷ, 

- ʧʦʜʚʠʞʥʘʷ ʩʪʦʡʢʘ ʧʦ ʦʜʥʦʡ ʦʩʠ, 

- ʧʦʜʚʠʞʥʘʷ ʩʪʦʡʢʘ ʧʦ ʜʚʫʤ ʦʩʷʤ, 

- ʩʪʦʡʢʠ ʧʦʨʪʘʣʴʥʦʛʦ ʪʠʧʘ. 

 ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩʪʦʣʦʚ, ʦʪʚʝʯʘʶʱʠʭ 

ʨʘʟʣʠʯʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʭ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʰʪʘʪʥʳʝ ʠ 

ʩʝ̡ʤʥʳʝ ʩʪʦʣʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʰʪʘʪʥʳʝ ʩʪʦʣʳ: ʩʪʦʣ, 

ʠʤʝʶʱʠʡ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʣʴʢʦ ʧʦ ʦʩʠ ʍ,  ʢʨʝʩʪʦʚʳʡ ʩʪʦʣ, ʥʘʢʣʦʥʥʦ-
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ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ ʠ ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ. ʉʲʝʤʥʳʝ ʩʪʦʣʳ ʙʳʚʘʶʪ ʧʦʚʦʨʦʪʥʳʝ ʠ 

ʥʘʢʣʦʥʥʦ-ʧʦʚʦʨʦʪʥʳʝ. 

ʇʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʩʪʘʥʢʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚʦʤ ʏʇʋ, ʩʦ 

ʩʨʝʜʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʘʯʠ ʟʘʛʦʪʦʚʦʢ (ʟʘʛʨʫʟʯʠʢʦʤ ʩʪʦʣʦʚ-ʩʧʫʪʥʠʢʦʚ, 

ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʠʣʠ ʨʦʙʦʪʦʤ). ʋʩʪʘʥʦʚʢʘ ʟʘʛʦʪʦʚʦʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ ʩʪʘʥʢʘ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢ ʢʘʢ ʩʘʤʘ 

ʫʩʪʘʥʦʚʢʘ, ʟʘʢʨʝʧʣʝʥʠʝ ʟʘʛʦʪʦʚʢʠ, ʩʥʷʪʠʝ ʦʙʨʘʙʦʪʘʥʥʦʡ ʜʝʪʘʣʠ ʚʳʧʦʣʥʷʶʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʦ ʥʘ ʩʪʘʥʢʝ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ. ʕʪʦ ʥʝ ʚʩʝʛʜʘ ʫʜʦʙʥʦ ʠ ʙʝʟʦʧʘʩʥʦ, ʢʨʦʤʝ 

ʪʦʛʦ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʟʘʧʘʩ ʟʘʛʦʪʦʚʦʢ, ʟʘʨʘʥʝʝ ʟʘʢʨʝʧʣʝʥʥʳʭ ʚ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʭ ʚʥʝ ʩʪʘʥʢʘ. ʉʪʦʠʤʦʩʪʴ ʞʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʦʯʥʦʛʦ ʧʦʚʦʨʦʪʥʦʛʦ 

ʩʪʦʣʘ ʦʯʝʥʴ ʚʝʣʠʢʘ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ ʪʘʢʠʭ ʩʪʦʣʦʚ ʥʘ ʦʜʥʦʤ ʩʪʘʥʢʝ 

ʥʝʞʝʣʘʪʝʣʴʥʦ, ʪ.ʢ. ʚʝʜʝʪ ʢ ʫʜʦʨʦʞʘʥʠʶ ʩʪʘʥʢʘ, ʫʩʣʦʞʥʷʝʪ ʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ 

ʨʝʤʦʥʪ. 

ʂʘʞʜʳʡ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʥʦʛʦʮʝʣʝʚʳʭ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʮʝʥʪʨʦʚ 

ʦʩʥʘʱʘʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʩʤʝʥʫ 

ʠʥʩʪʨʫʤʝʥʪʘ. 

ʇʨʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʤʝʥʳ 

ʠʥʩʪʨʫʤʝʥʪʦʚ  ʠʩʧʦʣʴʟʫʶʪ  ʩʠʩʪʝʤʳ  ʫʩʪʨʦʡʩʪʚ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʶʱʠʝ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʘ: ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʤʘʛʘʟʠʥ (ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʧʘʩʘ ʨʝʞʫʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʟʘʛʦʪʦʚʦʢ) ʠ 

ʫʩʪʨʦʡʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ 

ʤʘʛʘʟʠʥʘ ʚ ʰʧʠʥʜʝʣʴ ʩʪʘʥʢʘ ʠ ʦʙʨʘʪʥʦ).  

ɺ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʳʭ ʩʪʘʥʢʘʭ ʠʩʧʦʣʴʟʫʶʪ ʤʘʛʘʟʠʥʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʩʤʝʥʳ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʈʘʟʣʠʯʘʶʪ ʜʠʩʢʦʚʳʝ (ʙʘʨʘʙʘʥʥʳʝ) ʠ ʮʝʧʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʘʛʘʟʠʥʳ. 

ɼʠʩʢʦʚʳʝ ʤʘʛʘʟʠʥʳ ʩʣʫʞʘʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʠʥʩʪʨʫʤʝʥʪʦʚ (ʜʦ 30 ʰʪ.). ʄʘʛʘʟʠʥʳ ʫʚʝʣʠʯʝʥʥʦʡ ʚʤʝʩʪʠʤʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʜʝʣʘʪʴ ʮʝʧʥʳʤʠ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʮʝʧʠ ʜʘʞʝ ʙʦʣʴʰʦʡ 

ʚʤʝʩʪʠʤʦʩʪʠ (100 ʰʪ. ʠ ʙʦʣʝʝ) ʤʘʛʘʟʠʥ ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ ʢʦʤʧʘʢʪʥʳʤ. ʇʨʠ 

ʵʪʦʤ ʝʛʦ ʤʦʞʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʚʝʨʪʠʢʘʣʴʥʦ, ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠ ʥʘʢʣʦʥʥʦ. 

ʀʟ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʢʦʤʧʦʥʦʚʢʠ ʩʪʘʥʢʦʚ ʦʢʘʟʳʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʢʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʕʪʦʪ ʬʘʢʪʦʨ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢ ʢʘʢ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ ʤʦʜʫʣʴʥʳʭ ʢʦʤʧʦʥʦʚʦʢ, ʜʦʩʪʠʛʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʪʨʫʜʦʝʤʢʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʷʪʠʢʦʦʨʜʠʥʘʪʥʳʭ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʮʝʥʪʨʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʚʩʪʨʦʝʥʥʳʤ ʥʘʢʣʦʥʥʦ-ʧʦʚʦʨʦʪʥʳʤ ʩʪʦʣʦʤ ʠ ʩʠʩʪʝʤʦʡ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʘʚʪʦʦʧʝʨʘʪʦʨ ʠ 

ʤʘʛʘʟʠʥ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 30 ʧʦʟʠʮʠʡ. ɼʘʥʥʳʝ ʩʪʘʥʢʠ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʥʘ ʩʤʝʥʫ ʠʥʩʪʨʫʤʝʥʪʘ,  

ʧʝʨʝʟʘʢʨʝʧʣʝʥʠʝ ʠ ʙʘʟʠʨʦʚʘʥʠʝ ʜʝʪʘʣʠ. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʝʨʩʦʥʘʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ 

(ʇʕɺʄ) ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʫʨʦʚʥʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʦʪ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 5 ɻʮ ï 2 ʢɻʮ 

ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 25 ɺ/ʤ, ʘ ʧʦ ʤʘʛʥʠʪʥʳʤ ʧʦʣʷʤ ï 250 ʥʊʣ. 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʯʘʩʪʦʪʘ 50 ɻʮ ʚʭʦʜʠʪ ʚ ʧʦʣʦʩʫ ʯʘʩʪʦʪ 5 ɻʮ ï 2 ʢɻʮ. ʕʪʘ 

ʯʘʩʪʦʪʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʬʦʥʦʚʳʤ ʫʨʦʚʥʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ. ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʜʦʧʫʩʪʠʤʳʤ ʬʦʥʦʚʳʤ ʫʨʦʚʥʷʤ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʯʘʩʪʦʪʳ 

50 ɻʮ ʚ ʧʦʤʝʱʝʥʠʷʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʪʝʭʥʠʢʠ, ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʠʥʳʝ (ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʞʝʩʪʢʠʝ). 

ʉʦʛʣʘʩʥʦ ʧ. 5.3. ʇʨʠʣʦʞʝʥʠʷ 3 ʢ ʉʘʥʇʠʅ 2.2.2/2.4.1340-03 ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ (ʕʄʇ) ʦʪ 

ɺɼʊ ʇʕɺʄ ʚ ʧʦʤʝʱʝʥʠʷʭ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʬʦʥʦʚʦʛʦ ʕʄʇ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʯʘʩʪʦʪʳ 50 ɻʮ, ʚ ʢʦʪʦʨʳʭ ʫʨʦʚʥʠ ʕʄʇ ʚ ʜʠʘʧʘʟʦʥʝ 5 ɻʮ ï 2 ʢɻʮ ʧʨʝʚʳʰʘʶʪ 

ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ, ʠʟʤʝʨʝʥʠʷ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ 

ʉʀ ʧʦ ʧ. 2.3 ʥʘʩʪʦʷʱʝʛʦ ʇʨʠʣʦʞʝʥʠʷ 3 ʢ ʇʨʘʚʠʣʘʤ. 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʫʥʢʪʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʦʪ ʇʕɺʄ ʚ ʧʦʤʝʱʝʥʠʷʭ ʩ ʚʳʩʦʢʠʤ ʬʦʥʦʚʳʤ ʫʨʦʚʥʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ (50 ɻʮ), ʚ ʢʦʪʦʨʳʭ 

ʫʨʦʚʥʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʝʡ ʚ ʜʠʘʧʘʟʦʥʝ 5 ɻʮ ï 2 ʢɻʮ ʧʨʝʚʳʰʘʶʪ ʥʦʨʤʳ, 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʩʪʚʦ ʠʟʤʝʨʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʜʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ 

ʧʦʣʦʩʝ ʯʘʩʪʦʪ 45 ɻʮ ï 55 ɻʮ ʠ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 5 ɻʮ ï 2 ʢɻʮ ʩ ʚʳʨʝʟʘʥʥʦʡ 

ʧʦʣʦʩʦʡ 45 ɻʮ ï 55 ɻʮ. 

http://www.stroitelstvo-new.ru/stanki/mnogooperacionnye/stoly.shtml
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ʋʨʦʚʥʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʇʕɺʄ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʜʦʧʫʩʪʠʤʳʤʠ, ʝʩʣʠ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 45 

ɻʮ ï 55 ɻʮ ʦʥʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʪʠʤʳʭ ʜʣʷ ʥʘʩʝʣʝʥʠʷ: ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʕʇ 

500 ɺ/ʤ ʠ ʠʥʜʫʢʮʠʠ ʄʇ 5 ʤʢʊʣ, ʘ ʚ ʦʩʪʘʚʰʝʡʩʷ ʯʘʩʪʠ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ 5 ɻʮ ï 2 

ʢɻʮ ï ʥʦʨʤʘʪʠʚʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʉʦʛʣʘʩʥʦ ʧ. 5.4 ʇʨʠʣʦʞʝʥʠʷ 3 ʢ ʇʨʘʚʠʣʘʤ ʜʦʧʫʩʢʘʝʪʩʷ ʜʣʷ ʨʘʟʜʝʣʴʥʦʡ 

ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʘʩʪʦʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʚʘ 

ʦʪʜʝʣʴʥʳʭ ʧʨʠʙʦʨʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʝʪ ʕʄʇ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 5 

ɻʮ ï 2 ʢɻʮ, ʘ ʜʨʫʛʦʡ ï ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʝ 50 ɻʮ ʚ ʧʦʣʦʩʝ ʰʠʨʠʥʦʡ ° 5 

ɻʮ. ɺ ʢʘʯʝʩʪʚʝ ʫʨʦʚʥʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ, ʩʦʟʜʘʚʘʝʤʳʭ 

ʇʕɺʄ, ʩʣʝʜʫʝʪ ʙʨʘʪʴ ʘʙʩʦʣʶʪʥʫʶ ʨʘʟʥʠʮʫ ʚ ʧʦʢʘʟʘʥʠʷʭ ʵʪʠʭ ʧʨʠʙʦʨʦʚ. ʆʥʘ ʥʝ 

ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ. ʇʦʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʥʝ 

ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ ʜʦʧʫʩʪʠʤʳʭ ʫʨʦʚʥʝʡ ʜʣʷ ʥʘʩʝʣʝʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʫʤʤʘʨʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʙʦʠʭ ʧʨʠʙʦʨʦʚ ʥʝ 

ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʚʝʣʠʯʠʥʳ 20%, ʢʦʪʦʨʘʷ ʫʢʘʟʘʥʘ ʚ ʧ. 2.1. ʇʨʠʣʦʞʝʥʠʷ 3 ʢ 

ʇʨʘʚʠʣʘʤ. 

ʇʦʩʤʦʪʨʠʤ, ʥʫʞʥʦ ʣʠ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʳʨʝʟʘʪʴ ʧʦʣʦʩʫ ʯʘʩʪʦʪ 45 ɻʮ ï 

55 ɻʮ. 

ʆʪʤʝʪʠʤ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ, ʢʦʪʦʨʳʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʜʠʘʧʘʟʦʥʘ 5 ɻʮ ï 2 

ʢɻʮ. 

 

 
 

ʈʠʩ.  1.  ɿʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ (ɺ/ʤ) ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ ʜʠʘʧʘʟʦʥʘ 5 

ɻʮ ï 2 ʢɻʮ 

ʊʘʢ ʢʘʢ ʧʨʠʙʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʛʦ ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪʦ ʥʘʭʦʜʠʤ ʵʪʦ ʟʥʘʯʝʥʠʝ ʥʘ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʦ ʬʦʨʤʫʣʝ: 
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n

E
E i
ʢʚʩʨ

ä
=. ,  

ʛʜʝ ʢʚʩʨE .  - ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ; 

iE  - ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ; 

n  ï ʯʠʩʣʦ ʥʘʙʣʶʜʝʥʠʡ; 

( )ʤɺɽ ʢʚʩʨ /296
10

657105326321240900 2222222222

1.. =
+++++++++

=

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧ. 5.4 ʇʨʠʣʦʞʝʥʠʷ 3 ʢ ʇʨʘʚʠʣʘʤ ʚ ʢʘʯʝʩʪʚʝ ʫʨʦʚʥʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʇʕɺʄ, ʩʣʝʜʫʝʪ ʙʨʘʪʴ ʘʙʩʦʣʶʪʥʫʶ ʨʘʟʥʠʮʫ 

ʤʝʞʜʫ ʟʥʘʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʠ ʟʥʘʯʝʥʠʝʤ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʯʘʩʪʦʪʝ 50 ɻʮ ʚ ʧʦʣʦʩʝ ʰʠʨʠʥʦʡ 5°  ɻʮ. 

ʇʦʵʪʦʤʫ ʚʳʯʪʝʤ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 

50 ɻʮ. 

( )ʤɺɽɽ ʢʚʩʨ /604900296501.. =-=- , 

ʛʜʝ 50E  - ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 50ɻʮ. 

ɼʘʣʝʝ ʥʘʡʜʝʤ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʥʝ ʩʯʠʪʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʥʘ ʯʘʩʪʦʪʝ 50 ɻʮ 

( )ʤɺɽ ʢʚʩʨ /84
9

657105326321240 222222222

2.. =
++++++++

= . 

ɼʣʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: 

 

 

ʈʠʩ. 2. ɿʥʘʯʝʥʠʷ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʥʊʣ) ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ 

ʜʠʘʧʘʟʦʥʘ 5 ɻʮ ï 2 ʢɻʮ 
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ʅʘʡʜʝʤ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

( )ʤʢʊʣɺ ʢʚʩʨ 01,0
8

000001,00003,0 22222222

1.. =
+++++++

= , 

ʛʜʝ ʢʚʩʨɺ .  - ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; 

ɺʳʯʪʝʤ ʠʟ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʥʘ ʯʘʩʪʦʪʝ 50 ɻʮ 

( )ʤʢʊʣɺɺ ʢʚʩʨ 02,003,001,0501.. =-=- , 

ʛʜʝ 50ɺ  - ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʯʘʩʪʦʪʝ 50ɻʮ. 

ʊʝʧʝʨʴ ʥʘʡʜʝʤ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ, ʥʝ ʫʯʠʪʳʚʘʷ 

ʟʥʘʯʝʥʠʝ ʠʥʜʫʢʮʠʠ ʥʘ ʯʘʩʪʦʪʝ 50 ɻʮ. 

( )ʤʢʊʣɺ ʢʚʩʨ 004,0
7

000001,000 2222222

2.. =
++++++

=  

ʈʝʟʫʣʴʪʘʪ ʘʥʘʣʦʛʠʯʝʥ ʨʝʟʫʣʴʪʘʪʫ ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʦʵʪʦʤʫ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʘʙʩʦʣʶʪʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ 

ʟʥʘʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ (ʠʥʜʫʢʮʠʠ) ʠ ʟʥʘʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 

50 ɻʮ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, 

ʚʳʯʠʩʣʝʥʥʦʡ ʩ ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 50 ɻʮ, ʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʚʳʯʠʩʣʝʥʥʦʡ ʙʝʟ ʫʯʝʪʘ 

ʟʥʘʯʝʥʠʷ ʥʘ ʯʘʩʪʦʪʝ 50 ɻʮ. ʕʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʟʘʢʦʥʘʤ. 

ʇʦʵʪʦʤʫ ʩʨʘʚʥʠʚʘʪʴ ʩ ʥʦʨʤʦʡ ʵʪʫ ʘʙʩʦʣʶʪʥʫʶ ʨʘʟʥʠʮʫ ʥʝʣʴʟʷ. 

ɽʩʣʠ ʤʳ ʦʪʤʝʪʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʦʯʢʠ ʥʘ ʛʨʘʬʠʢʘʭ ʠ ʟʘʥʦʚʦ ʧʨʦʚʝʜʝʤ 

ʚʳʯʠʩʣʝʥʠʷ, ʪʦ ʤʳ ʫʚʠʜʠʤ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʡ ( )ii BE , ʪʝʤ ʤʝʥʴʰʝ 

ʨʘʟʥʠʮʘ ʤʝʞʜʫ ( )1..1.. ʢʚʩʨʢʚʩʨ ɺE  ʠ ( )2..2.. ʢʚʩʨʢʚʩʨ ɺE . 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ (ʠʥʜʫʢʮʠʠ), ʚʳʯʠʩʣʝʥʥʦʝ ʩ 

ʫʯʝʪʦʤ ʯʘʩʪʦʪʳ 50 ɻʮ ʚ ʜʠʘʧʘʟʦʥʝ 5 ɻʮ ï 2 ʢɻʮ, ʙʫʜʝʪ ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʚʥʦ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, 

ʚʳʯʠʩʣʝʥʥʦʤʫ ʙʝʟ ʫʯʝʪʘ ʯʘʩʪʦʪʳ 50 ɻʮ ʚ ʪʦʤ ʞʝ ʜʠʘʧʘʟʦʥʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʝʣʴʟʷ ʩʨʘʚʥʠʚʘʪʴ ʩ ʥʦʨʤʦʡ ʘʙʩʦʣʶʪʥʫʶ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ 

ʟʥʘʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʚʳʯʠʩʣʝʥʥʦʡ ʚ ʜʠʘʧʘʟʦʥʝ 5 ɻʮ ï 2 ʢɻʮ ʩ ʫʯʝʪʦʤ 

ʯʘʩʪʦʪʳ 50 ɻʮ, ʠ ʟʥʘʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 50 ɻʮ. ʇʦʵʪʦʤʫ ʚʳʨʝʟʘʪʴ 

ʯʘʩʪʦʪʫ 50 ɻʮ ʚ ʧʦʣʦʩʝ ʰʠʨʠʥʦʡ ° 5 ɻʮ ʷʚʣʷʝʪʩʷ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʉʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʠ ʥʦʨʤʘʪʠʚʳ ʉʘʥʇʠʅ 

2.2.2/2.4.1340-03; 

2. ʉʘʥʠʪʘʨʥʦ-ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʘʚʠʣʘ ʠ ʥʦʨʤʘʪʠʚʳ ʉʘʥʇʠʅ 

2.1.8/2.2.4.2620-10. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʕʌʌɽʂʊɸ ɹʓʉʊʈʆɻʆ ɻʆʈɽʅʀʗ ɺʄɽʉʊʆ 

ɼɽʊʆʅɸʎʀʀ ɺɺ ʇʈʀ ʇʆɼɻʆʊʆɺʂɽ ɻʆʈʅʆɻʆ ʄɸʉʉʀɺɸ ʂ 

ʕʂʉʂɸɺɸʎʀʀ 

 

ɸ.ɺ. ʇʘʥʢʨʘʪʦʚ  

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʛ. ʊʫʣʘ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʷʚʣʝʥʠʝ ʚʟʨʳʚʥʦʛʦ ʛʦʨʝʥʠʷ, ʘ ʪʘʢ ʞʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʵʪʦʛʦ ʢʦʤʧʦʥʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʞʠʜʢʠʝ 

ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʧʨʠʤʝʥʝʥʠʷ. 

 

ʉʝʛʦʜʥʷ ʚ ʈʦʩʩʠʠ ʙʦʣʝʝ 70% ʪʚʝʨʜʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʜʦʙʳʚʘʝʪʩʷ 

ʢʘʨʴʝʨʘʤʠ ʠ ʧʨʠ ʵʪʦʤ ʜʦʤʠʥʠʨʫʶʱʘʷ ʯʘʩʪʴ (ʜʦ 60%) ʨʘʩʭʦʜʦʚ ʥʘ ʝʛʦ ʜʦʙʳʯʫ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʫʰʝʥʠʝ ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʵʥʝʨʛʠʝʡ ʚʟʨʳʚʘ 

ʦʩʪʘʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʧʦʩʦʙʦʤ 

ʧʦʜʛʦʪʦʚʢʠ ʧʦʨʦʜ ʢ ʵʢʩʢʘʚʘʮʠʠ. ʆʜʥʘʢʦ ʨʦʩʪ ʩʪʦʠʤʦʩʪʠ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʠ 

ʩʨʝʜʩʪʚ ʚʟʨʳʚʘʥʠʷ ʟʘʩʪʘʚʣʷʝʪ ʛʦʨʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠʩʢʘʪʴ ʧʫʪʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ 

ʥʘ ʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ. 

ɺ ʫʩʣʦʚʠʷʭ ʞʝ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʦʥʠʞʝʥʠʷ ʛʦʨʥʳʭ 

ʨʘʙʦʪ ʥʘ ʨʷʜʝ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ 

ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʘ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʩʥʠʞʝʥʠʷ 

ʩʪʦʠʤʦʩʪʠ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʆʪ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ 

ʤʘʩʩʠʚʘ ʨʫʜ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠʭ ʜʦʙʳʯʠ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʨʘʙʦʪʳ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʦʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʨʘʙʦʪʳ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. [1] 

ʋʣʫʯʰʝʥʠʝ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʵʥʝʨʛʠʝʡ ʚʟʨʳʚʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʨʷʤʦʡ (ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʩʳʨʴʝʚʳʭ) ʠ ʢʦʩʚʝʥʥʦʡ (ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ 

ʤʘʪʝʨʠʘʣʦʚ) ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʠʨʝ ʠʤʝʶʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʂ.ʇ.ɼ. ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ. ʂʘʞʜʦʝ ʠʟ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʥʦʩʠʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʩʪʠʥʥʦʡ ʢʘʨʪʠʥʳ ʪʘʢʦʛʦ 

ʩʣʦʞʥʦʛʦ ʷʚʣʝʥʠʷ ʢʘʢ ʚʟʨʳʚ ʠ ʧʨʦʮʝʩʩ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʩʩʠʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜ. 

ɺʦ ʚʨʝʤʷ ʧʦʩʝʱʝʥʠʷ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʚʳʩʪʘʚʢʠ ʢʘʨʴʝʨʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ Hillhead 2010 ʚ ʠʶʥʝ 2010 ʛ.  ʫʯʘʩʪʥʠʢʠ ʧʨʦʛʨʘʤʤʳ ï ʨʦʩʩʠʡʩʢʠʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʧʦʜʯʝʨʢʥʫʣʠ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʩʣʘʙʳʭ ʯʘʩʪʝʡ ʧʨʦʮʝʩʩʘ ʜʦʙʳʯʠ 

ʛʦʨʥʦʡ  ʧʦʨʦʜʳ ʚ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. 

ʈʦʩʩʠʡʩʢʠʝ ʫʯʝʥʳʝ ʪʘʢ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʦʨʠʪʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ: 

http://solbycenter.ru/portfolio/zavershilas-poezdka-na-hillhead-2010/
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- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ 

ʚʟʨʳʚʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ; 

- ʨʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʚʟʨʳʚʘ ʚ ʛʦʨʥʦʡ ʧʦʨʦʜʝ, ʤʝʭʘʥʠʟʤʘ 

ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʚʟʨʳʚʝ, ʩʧʦʩʦʙʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʥʳʤ 

ʜʝʡʩʪʚʠʝʤ ʚʟʨʳʚʘ; 

- ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʪʠʧʦʚ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ,  ʜʣʷ ʛʦʨʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ; 

- ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. 

- ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʧʨʠ ʚʝʜʝʥʠʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ 

- ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʚʝʜʝʥʠʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʥʘ ʤʝʩʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; 

- ʩʦʟʜʘʥʠʝ ʧʫʥʢʪʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʥʘ ʛʦʨʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ.  

ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʧʫʥʢʪʳ ʩʦʩʪʘʚʣʷʶʪ ʥʝʤʘʣʫʶ ʯʘʩʪʴ ʨʘʩʭʦʜʦʚ, 

ʩʢʘʟʳʚʘʶʱʠʭʩʷ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ɹɺʈ, ʘ ʟʥʘʯʠʪ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʪ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʈʘʟʣʠʯʥʳʝ ʥʦʨʤʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ 

ʚʟʨʳʚʯʘʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʢʣʘʜʳʚʘʶʪ ʨʘʟʥʦʛʦ ʨʦʜʘ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʝʩʴ 

ʢʦʤʧʣʝʢʩ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ.  

ʂʨʦʤʝ ʪʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʚʟʨʳʚʘ ʪʨʝʙʫʝʪ ʦʨʛʘʥʠʟʘʮʠʠ 

ʟʘʱʠʪʥʳʭ ʟʦʥ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʵʬʬʝʢʪ ʥʘ ʨʝʞʠʤʝ 

ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ (ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʷʤ ʚʨʝʤʝʥʠ ʥʘ ʚʳʚʦʜ ʪʝʭʥʠʢʠ ʩ ʫʯʘʩʪʢʘ 

ʠ ʧʨʦʯʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʙʦʪ ʧʦ ʟʦʥʝ ʨʘʟʣʸʪʘ ʢʫʩʢʦʚ ʠ ʪ.ʜ.). 

ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʘ ʚʟʨʳʚʥʦʛʦ ʛʦʨʝʥʠʷ ʚʟʘʤʝʥ ʧʨʠʚʳʯʥʦʡ ʜʝʪʦʥʘʮʠʠ ʠ 

ʚʟʨʳʚʘ, ʘ ʪʘʢ ʞʝ ʧʨʠʤʝʥʝʥʠʝ ʚʝʱʝʩʪʚ, ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʦʛʦ ʥʝ ʷʚʣʷʶʪʩʷ 

ʚʟʨʳʚʯʘʪʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʥʦ ʩʧʦʩʦʙʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴ çʤʷʛʢʦʝè ʥʘʛʨʫʞʝʥʠʝ 

ʧʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ. ʊʘʢʦʡ ʚʠʜ ʧʦʜʛʦʪʦʚʢʠ ʚʳʝʤʦʯʥʦʛʦ ʙʣʦʢʘ ʢ ʵʢʩʢʘʚʘʮʠʠ, 

ʥʘʧʨʠʤʝʨ, ʪʨʝʱʠʥʦʚʘʪʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʠʪ ʩʣʝʜʦʚʘʪʴ ʧʨʠʥʮʠʧʫ çʥʝ ʜʨʦʙʠ 

ʥʠʯʝʛʦ ʣʠʰʥʝʛʦ ʚ ʤʘʩʩʠʚʝ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜè, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʧʨʦʜʫʢʮʠʠ. 

ɺʟʨʳʚʥʦʝ ʛʦʨʝʥʠʝ ð ʦʜʥʘ ʠʟ ʬʦʨʤ ʚʟʨʳʚʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚ 

ʨʘʟʣʠʯʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʩ ʜʦʟʚʫʢʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ (ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ ʤ/ʩ). ɺʦʟʥʠʢʘʝʪ ʧʨʠ ʧʦʜʞʠʛʘʥʠʠ ʚʟʨʳʚʯʘʪʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠʣʠ ʧʨʠ ʚʟʨʳʚʥʦʤ ʠʤʧʫʣʴʩʝ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ.  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʣʘʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʤʘʩʩʦʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ ʠ ʠʩʭʦʜʥʳʤ 

ʚʝʱʝʩʪʚʦʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʠ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʚʟʨʳʚʥʦʤ ʛʦʨʝʥʠʠ ʚʦʟʥʠʢʘʶʪ ʜʘʚʣʝʥʠʷ ʦʪ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ (ʛʘʟʳ, ʘʵʨʦʟʦʣʠ) ʜʦ 

ʩʦʪʝʥ ʪʳʩʷʯ ʢʇʘ (ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ). ʇʨʠ 

ʧʨʦʛʨʝʩʩʠʚʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʚ ʟʘʤʢʥʫʪʦʤ ʦʙʲʸʤʝ, ʧʨʦʮʝʩʩ 

ʫʩʢʦʨʷʝʪʩʷ, ʚʧʝʨʝʜʠ ʧʣʘʤʝʥʠ ʚʦʟʥʠʢʘʶʪ ʚʦʣʥʳ ʩʞʘʪʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʟʨʳʚʥʦʝ 

http://www.mining-enc.ru/v/vzryvchatye-veschestva/
http://www.mining-enc.ru/v/vzryvchatye-veschestva/
http://www.mining-enc.ru/v/vzryvnoj-impuls/
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ʛʦʨʝʥʠʝ ʤʦʞʝʪ ʧʝʨʝʡʪʠ ʩʥʘʯʘʣʘ ʚ ʥʠʟʢʦʩʢʦʨʦʩʪʥʫʶ, ʘ ʟʘʪʝʤ ʚ ʥʦʨʤʘʣʴʥʫʶ 

ʜʝʪʦʥʘʮʠʶ. 

ʄʦʱʥʦʩʪʴ ɺɺ, ʭʘʨʘʢʪʝʨ ʜʝʡʩʪʚʠʷ ʛʘʟʦʚ ʚʟʨʳʚʘ ʠ ʩʪʝʧʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɼʣʷ ʠʣʣʶʩʪʨʘʮʠʠ 

ʚʣʠʷʥʠʷ ʩʢʦʨʦʩʪʠ ʚʟʨʳʚʯʘʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʥʘ ʤʦʱʥʦʩʪʴ ɺɺ ʩʨʘʚʥʠʤ ʚʟʨʳʚ 

ʟʘʨʷʜʘ ʜʳʤʥʦʛʦ ʧʦʨʦʭʘ ʤʘʩʩʦʡ 1 ʢʛ ʠ ʜʣʠʥʦʡ 1 ʤ ʠ ʪʘʢʦʛʦ ʞʝ ʟʘʨʷʜʘ ʘʤʤʦʥʠʪʘ 

ʇɾɺ-20. ʋʜʝʣʴʥʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ (ʪʝʧʣʦʪʘ ʚʟʨʳʚʘ 1 ʢʛ ɺɺ) ʧʦʨʦʭʘ 

ʩʦʩʪʘʚʣʷʝʪ 665 ʢʢʘʣ (2,79 ʄɼʞ) ʠ ʘʤʤʦʥʠʪʘ ʇɾɺ-20 ï 728 ʢʢʘʣ (3,35 ʄɼʞ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ, ʠʣʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, 

ʵʪʠ ɺɺ ʨʘʟʣʠʯʘʶʪʩʷ ʤʘʣʦ, ʦʜʥʘʢʦ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʨʳʚʥʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʨʦʭʘ ʠ ʘʤʤʦʥʠʪʘ ʚʝʩʴʤʘ ʨʘʟʣʠʯʥʳ: ʜʣʷ ʧʦʨʦʭʘ ʦʥʘ ʨʘʚʥʘ ʚ 

ʩʨʝʜʥʝʤ 200 ʤ/ʩ, ʜʣʷ ʘʤʤʦʥʠʪʘ 3300 ʤ/ʩ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʱʥʦʩʪʴ ʚʟʨʳʚʘ 1 ʢʛ: 

ʇʦʨʦʭʘ  

 
ɸʤʤʦʥʠʪʘ 

 
ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʟʨʳʚʯʘʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʤʦʱʥʦʩʪʠ ɺɺ 

ʠʟʤʝʨʷʝʪʩʷ ʠ ʭʘʨʘʢʪʝʨ ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʨʠ ʩʢʦʨʦʩʪʠ 

ʚʟʨʳʚʥʦʛʦ ʛʦʨʝʥʠʷ ʟʘʨʷʜʘ ʚ ʰʧʫʨʝ 100-122 ʤ/ʩ ʜʘʚʣʝʥʠʝ ʛʘʟʦʚ ʥʘʨʘʩʪʘʝʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ. 

ʂʦʛʜʘ ʵʪʦ ʜʘʚʣʝʥʠʝ ʧʨʝʚʳʩʠʪ ʧʨʦʯʥʦʩʪʴ ʧʦʨʦʜʳ, ʪʦ ʚ ʥʘʠʙʦʣʝʝ ʩʣʘʙʳʭ 

ʤʝʩʪʘʭ ʦʙʨʘʟʫʶʪʩʷ ʪʨʝʱʠʥʳ. ɻʘʟʳ ʚʟʨʳʚʘ, ʧʨʦʥʠʢʘʷ ʚ ʪʨʝʱʠʥʳ, ʨʘʩʢʘʣʳʚʘʶʪ 

ʧʦʨʦʜʫ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʨʫʧʥʳʝ ʢʫʩʢʠ, ʦʪʨʳʚʘʶʪ ʠ ʦʪʙʨʘʩʳʚʘʶʪ ʠʭ ʦʪ ʤʘʩʩʠʚʘ. 

ɽʩʣʠ ʟʘʨʷʜ ɺɺ ʚ ʰʧʫʨʝ ʜʝʪʦʥʠʨʫʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ 

ʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ, ʪʦ ʜʘʚʣʝʥʠʝ ʛʘʟʦʚ ʥʘʨʘʩʪʘʝʪ ʙʳʩʪʨʦ ʠ ʙʫʜʝʪ ʧʨʠ ʵʪʦʤ ʩʪʦʣʴ 

ʚʝʣʠʢʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʩʠʪ ʧʨʦʯʥʦʩʪʴ ʧʦʨʦʜʳ ʜʘʞʝ ʚ ʥʘʠʙʦʣʝʝ ʢʨʝʧʢʠʭ 

ʝʸ ʤʝʩʪʘʭ. ʇʦʵʪʦʤʫ ʧʦʨʦʜʘ ʙʫʜʝʪ ʨʘʟʙʠʪʘ ʪʨʝʱʠʥʘʤʠ ʥʘ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʢʫʩʢʦʚ 

ʙʦʣʝʝ ʤʝʣʢʠʭ, ʯʝʤ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ. ɺʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʚʟʨʳʚʘ ʠ 

ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʛʘʟʦʚ ʚʟʨʳʚʘ ʠʭ ʜʝʡʩʪʚʠʝ ʥʘ ʩʪʝʥʢʠ ʰʧʫʨʘ ʠʤʝʝʪ 

ʭʘʨʘʢʪʝʨ ʢʦʨʦʪʢʦʛʦ ʩʠʣʴʥʦʛʦ ʫʜʘʨʘ, ʜʨʦʙʷʱʝʛʦ ʧʦʨʦʜʫ. [2]  

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʠ 

ʨʘʟʚʠʪʠʠ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʩʝʚʳʭ ʞʠʜʢʠʭ ɺɺ 

(ɾɺɺ). ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ɾɺɺ ï ʵʪʦ ʩʤʝʩʠ, ʚ ʢʦʪʦʨʳʭ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʥʘ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʧʨʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʷʚʣʷʝʪʩʷ ʞʠʜʢʦʩʪʴʶ ʠ ʢʦʣʠʯʝʩʪʚʘ ʘʙʩʦʨʙʝʥʪʘ, 

ʝʩʣʠ ʦʥ ʧʨʠʩʫʪʩʪʚʫʝʪ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠʜʘʪʴ ʟʘʨʷʜʫ ʚʠʜ ʩʫʭʦʛʦ 

ʚʝʱʝʩʪʚʘ.  

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ, ʜʘʥʥʦʤʫ ʚ ʩʚʦʸ ʚʨʝʤʷ ʇ. ʇʘʩʢʘʣʝʤ [5], ʢ 

ʩʤʝʩʝʚʳʤ ɾɺɺ, ʠʟ ʯʠʩʣʘ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ 

ɺɺ: 

- ʦʢʩʠʣʠʢʚʠʪʳ; 

- ʧʘʥʢʣʘʩʪʠʪʳ; 
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ʘ ʪʘʢ ʞʝ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ: 

- ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ; 

- ʞʠʜʢʠʭ ʥʠʪʨʦʧʘʨʘʬʠʥʦʚ;  

- ʛʠʜʨʘʪʘ ʛʠʜʨʘʟʠʥʘ; 

- ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. 

ɾɺɺ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʠʭ ʩʦʩʪʘʚ (ʜʚʫʭ ʠʣʠ 

ʙʦʣʝʝ), ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʚʠʜʘ: 

- ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʝʚʟʨʳʚʯʘʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; 

- ʩʦʩʪʦʷʱʠʭ ʠʟ ʚʟʨʳʚʯʘʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; 

- ʩʦʩʪʦʷʱʠʭ ʠʟ ʥʝʚʟʨʳʚʯʘʪʳʭ ʠ ʚʟʨʳʚʯʘʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ɺʳʙʠʨʘʷ ɾɺɺ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʟʨʳʚʯʘʪʳʭ ʨʘʙʦʪ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚ ʩʝʛʦʜʥʷʰʥʠʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʡ ʚʩʝʛʦ 

ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ɾɺɺ ʧʝʨʚʦʛʦ ʪʠʧʘ. ʆʙʨʘʱʝʥʠʝ ʩ ʥʝʚʟʨʳʚʯʘʪʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʨʘʙʦʪ ʠ ʩʥʠʞʘʝʪ ʠʭ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʟʘ ʩʯʸʪ ʪʦʛʦ, ʯʪʦ, ʢʘʢ 

ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʦʦʨʫʞʝʥʠʝ ʩʢʣʘʜʦʚ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʚʟʨʳʚʯʘʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢ ʞʝ ʩʧʝʮʪʨʘʥʩʧʦʨʪ, ʚʦʝʥʠʟʠʨʦʚʘʥʥʘʷ ʦʭʨʘʥʘ, 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʨʘʟʨʝʰʝʥʠʷ, ʘ ʪʘʢ ʞʝ ʤʥʦʛʦʝ ʜʨʫʛʦʝ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʧʨʠ 

ʦʙʨʘʱʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ɺʄ. 

ʇʨʠ ʵʪʦʤ ʤʦʱʥʦʩʪʴ ɾɺɺ (ʨʘʩʪʚʦʨʦʚ), ʢʘʢ ʠ ʞʠʜʢʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ɺɺ, 

ʧʦ ʤʥʦʛʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʝʪʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʨʷʜʦʚ, ʚʳʰʝ, ʯʝʤ ʟʘʨʷʜʦʚ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ɺɺ ʧʨʠ 

ʦʜʠʥʘʢʦʚʳʭ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʦʚ ʠ ʩʢʦʨʦʩʪʠ ʠʭ ʜʝʪʦʥʘʮʠʠ.  

ɾɺɺ, ʩʦʩʪʦʷʱʠʝ ʠʭ ʥʝʚʟʨʳʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʦʢʠʩʣʠʪʝʣʷ ʠ ʛʦʨʶʯʝʛʦ), 

ʠʟ ʢʦʪʦʨʳʭ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʠʥ ï ʞʠʜʢʠʡ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʠ 

ʟʘʧʘʪʝʥʪʦʚʘʥʳ ʠʟʚʝʩʪʥʳʤ ʬʠʟʠʢʦʤ ʠ ʭʠʤʠʢʦʤ ɻʝʨʤʘʥʦʤ ʐʧʨʝʥʛʝʣʝʤ ʚ 1871. 

[4] ʅʦʚʠʟʥʘ ʪʘʢʠʭ ɾɺɺ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʥʝʚʟʨʳʚʯʘʪʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʧʝʨʝʤʝʰʠʚʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʝ ʫʧʦʪʨʝʙʣʝʥʠʷ. ʂʦʤʧʦʥʝʥʪʳ 

ʚʟʨʳʚʯʘʪʳʭ ʩʤʝʩʝʡ ʐʧʨʝʥʛʝʣʷ (ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ) ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ 

ʚʟʨʳʚʘʶʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʟʦʧʘʩʥʦ. 

ʆʢʩʠʣʠʢʚʠʪʳ ï ʵʪʦ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʛʦʨʶʯʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ, ʧʨʦʧʠʪʘʥʥʦʛʦ ʞʠʜʢʠʤ ʚʦʟʜʫʭʦʤ (ʠʣʠ ʞʠʜʢʠʤ ʢʠʩʣʦʨʦʜʦʤ, ʯʪʦ 

ʛʦʨʘʟʜʦ ʵʬʬʝʢʪʠʚʥʝʝ).  

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʦʢʩʠʣʠʢʚʠʪʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʭ ʮʝʣʠʢʦʤ ʠʟ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ, ʪʘʢ ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ ʧʦʛʣʦʪʠʪʝʣʷ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʨʬ, ʪʨʘʚʫ, ʦʧʠʣʢʠ, ʩʦʣʦʤʫ, ʢʘʤʳʰ, ʮʝʣʣʶʣʦʟʥʳʝ ʦʪʭʦʜʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʪ.ʧ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʩʚʦʡʩʪʚʦ ʦʢʩʠʣʠʢʚʠʪʦʚ ï ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʭ ʧʝʨʝʚʦʟʢʠ ʠ ʭʨʘʥʝʥʠʷ, ʜʘʞʝ ʚ ʩʣʫʯʘʝ 

ʧʨʠʙʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʢ ʛʦʨʶʯʝʤʫ ʢʦʤʧʦʥʝʥʪʫ, ʠʭ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʪʝʧʣʫ ʠ ʧʣʘʤʝʥʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʢʦʛʜʘ ʧʦʨʠʩʪʦʝ ʚʝʱʝʩʪʚʦ ʥʝ ʩʦʜʝʨʞʠʪ 

ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ, ʠʥʦʛʜʘ ʩʣʫʞʘʱʠʭ ʟʘʪʨʘʚʢʦʡ ʜʣʷ ʚʟʨʳʚʥʦʛʦ ʛʦʨʝʥʠʷ ʠ, ʥʘʢʦʥʝʮ, 

ʦʪʩʫʪʩʪʚʠʝ ʦʧʘʩʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʟʘʨʷʜʘ ɺɺ, ʪʘʢ ʢʘʢ ʟʘʨʷʜ ʧʦ ʠʩʪʝʯʝʥʠʠ 30-

40 ʤʠʥ ʪʝʨʷʝʪ ʞʠʜʢʠʡ ʢʠʩʣʦʨʦʜ ʠ ʩʪʘʥʦʚʠʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʠʥʝʨʪʥʳʤ. 

ʅʦ ʚ ʨʘʙʦʪʝ ʩ ʜʘʥʥʳʤʠ ʚʠʜʘʤʠ ɺɺ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʥʝʛʘʪʠʚʥʳʝ ʤʦʤʝʥʪʳ:  
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- ʩʣʠʰʢʦʤ ʢʦʨʦʪʢʦʝ çʚʨʝʤʷ ʞʠʟʥʠè ʟʘʨʷʜʘ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʧʦʙʣʠʟʦʩʪʠ ʟʘʚʦʜʘ ʞʠʜʢʦʛʦ ʢʠʩʣʦʨʦʜʘ.  

ʇʨʠ ʵʪʦʤ ʦʙʲʸʤ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʘʚʦʜʘ.  

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦ ɾɺɺ, ʘ ʪʘʢ ʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʟʨʳʚʥʦʛʦ ʛʦʨʝʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɾɺɺ, ʠʟʚʝʩʪʥʳʝ ʩ XIX -XX ʚʚ. ʠ ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʦ ʥʘ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪʘʭ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ XX ʚ., ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʢʨʦʤʝ ɾɺɺ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʦʢʩʠʜʘ ʜʠʘʟʦʪʘ. 

2. ʄʥʦʛʠʝ ɾɺɺ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʝʟʦʧʘʩʥʦ ʠʟʛʦʪʦʚʣʷʪʴ ʠʟ 

ʥʝʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʝʩʪʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʠ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ ʠ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪʘʭ. 

3. ɾʠʜʢʠʝ ɺɺ ʤʦʞʥʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʤʧʫʣʴʩʦʤ ʪʦʢʘ, 

ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʘʢʪʫʘʣʝʥ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʧʨʠʙʦʨʦʚ ʠ/ʠʣʠ ʩʠʩʪʝʤ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʸʞʥʦʝ ʟʘʤʝʜʣʝʥʥʦʝ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʜʝʩʷʪʢʦʚ 

(ʩʦʪʝʥ) ʟʘʨʷʜʦʚ ɾɺɺ. [3] 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʘʢʮʠʠ ʚʟʨʳʚʥʦʛʦ 

ʛʦʨʝʥʠʷ, ʪʦ ʢ ʦʱʫʪʠʤʳʤ ʜʦʩʪʦʠʥʩʪʚʘʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ: 

- ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚ ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ; 

- ʦʪʩʫʪʩʪʚʠʝ ʦʧʘʩʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʟʘʨʷʜʘ ɺɺ; 

- ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʙʫʨʦʚʟʨʳʚʥʳʭ 

ʨʘʙʦʪ. 

ʅʦ ʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʩʪʦʨʦʥʳ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

- ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ ʤʝʪʦʜʘ ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʤʦʞʥʦ 

ʥʝʩʪʘʙʠʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ; 

- ʧʨ̫ʤʘʷ ʩʚʷʟʴ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʟʘʣʝʛʘʥʠʷ; 

- ʩʣʠʰʢʦʤ ʢʦʨʦʪʢʦʝ çʚʨʝʤʷ ʞʠʟʥʠè ʟʘʨʷʜʘ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʧʦʙʣʠʟʦʩʪʠ ʟʘʚʦʜʘ ʞʠʜʢʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

ʆʜʥʘʢʦ ʧʨʦʚʝʜʝʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʧʳʪʥʦʤʫ ʠ ʣʘʙʦʨʘʪʦʨʥʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʥʦʛʦ ʛʦʨʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ɾɺɺ, ʜʘʩʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʧʦʥʷʪʠʝ ʩʧʝʮʠʬʠʢʠ ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʷʚʣʝʥʠʷ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʚ 

ʫʩʣʦʚʠʷʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1) ʉ.ɼ. ɺʠʢʪʦʨʦʚ, ɺ.ʄ. ɿʘʢʘʣʠʥʩʢʠʡ ï ʆʩʥʦʚʳ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʫʰʝʥʠʷ 

ʚʳʩʦʢʠʭ ʫʩʪʫʧʦʚ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʚʟʨʳʚʘʤʠ. 

2) ʇ.ʗ. ʊʘʨʘʥʦʚ, ɸ.ɻ. ɻʫʜʟʴ ï ʈʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʟʨʳʚʦʤ. 

3) ɸ.ɸ. ɼʦʙʨʳʥʠʥ, ʀ.ɸ. ɼʦʙʨʳʥʠʥ ï ɾʠʜʢʠʝ ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʠ 

4) ʃ. ɺʝʥʥʝʥ, ʕ. ɹʶʨʣʦ, ɸ. ʃʘʢʦʨʰʝ ï ʇʦʨʦʭʘ ʠ ʚʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ 

5) ʇ. ʇʘʩʢʘʣʴ ï ɺʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ, ʧʦʨʦʭʘ, ʙʦʝʚʳʝ ʛʘʟʳ. 
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ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏʀ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʋʉʊʈʆʁʉʊɺ ʈɽʃɽʁʅʆʁ 

ɿɸʑʀʊʓ ʉʀʃʆɺʓʍ ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ ʉʀʉʊɽʄ 

ʇʈʆʄʓʐʃɽʅʅʆɻʆ ʕʃɽʂʊʈʆʉʅɸɹɾɽʅʀʗ ɺ ʋʉʃʆɺʀʗʍ ʈɽɾʀʄɸ 

ʉʃʆɾʅʆʁ ʅɽʉʀʄʄɽʊʈʀʀ 

 

ɽ.ɸ. ʇʘʥʦʚʘ, ɸ.ɺ. ʄʘʣʘʬʝʝʚ, ɸ.ɸ. ʈʝʜʴʢʦʚ, ʈ.ʐ. ʂʫʪʣʫʙʘʝʚ  

ʌɻɹʆʋ ɺʇʆ çʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘè. 

ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ 

 

ɺ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ. 

ʂʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ ʤʦʛʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʥʝʧʦʣʥʦʬʘʟʥʳʤ ʩʨʘʙʘʪʳʚʘʥʠʝʤ 

ʚʳʢʣʶʯʘʪʝʣʝʡ. ʂ ʪʦʤʫ ʞʝ ʚ ʩʝʪʷʭ ʥʘʧʨʷʞʝʥʠʝʤ 220ʢɺ ʠ ʚʳʰʝ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʬʘʟʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʩʝʪʠ. ɺʦʟʥʠʢʘʝʪ 

ʘʚʘʨʠʡʥʘʷ ʩʠʪʫʘʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ ʩʦʯʝʪʘʝʪʩʷ ʩ ʦʙʨʳʚʦʤ, ʪ.ʝ. 

ʚʦʟʥʠʢʘʝʪ ʩʣʦʞʥʦʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʨʝʞʠʤ. ɼʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ 

ʚ ʩʝʪʠ ʩ ʵʬʬʝʢʪʠʚʥʦ ʟʘʟʝʤʣʝʥʥʦʡ ʥʝʡʪʨʘʣʴʶ, ʩʦʟʜʘʶʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʫʩʣʦʚʠʷ ʧʨʠ ʨʘʟʨʳʚʝ ʬʘʟʳ ʧʠʪʘʶʱʝʡ ʣʠʥʠʠ ʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ ʝʝ ʥʘ ʟʝʤʣʶ 

ʩʦ ʩʪʦʨʦʥʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʊʦʢʠ ʚ ʪʘʢʠʭ ʨʝʞʠʤʘʭ ʦʢʘʟʳʚʘʶʪʩʷ ʩʦʠʟʤʝʨʠʤʳʤʠ ʩ ʪʦʢʘʤʠ ʚ 

ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʩʝʪʠ, ʦʜʥʘʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʥʝʩʠʤʤʝʪʨʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ. ʋʩʪʨʦʡʩʪʚʘ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ (ʈɿ), ʦʪʩʪʨʦʝʥʥʳʝ ʧʦ 

ʨʝʞʠʤʫ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʜʣʠʪʝʣʴʥʦʤʫ  ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʘʚʘʨʠʠ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʵʪʦ ʚʝʜʝʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʱʝʨʙʫ, ʘ ʠʤʝʥʥʦ, ʢ ʩʥʠʞʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʚ ʣʶʙʳʭ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʨʝʞʠʤʘʭ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʠʭ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ. ʈʘʩʯʝʪʳ ʪʦʢʦʚ 

ʩʣʦʞʥʦʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʨʝʞʠʤʘ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʚʳʙʦʨʘ ʫʩʪʘʚʦʢ ʈɿ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʣʦʢʘʣʠʟʦʚʘʪʴ ʤʝʩʪʦ ʘʚʘʨʠʠ, ʧʨʝʜʦʪʚʨʘʪʠʚ ʥʘʨʫʰʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʚʩʝʡ 

ʩʠʩʪʝʤʳ. ʈʘʩʯʝʪ ʠ ʘʥʘʣʠʟ  ʪʘʢʠʭ ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʦʚ ʥʝʚʦʟʤʦʞʥʳ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ). 

ʅʘ ʢʘʬʝʜʨʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʄɻʊʋ ʠʤ. 

ɻ.ʀ. ʅʦʩʦʚʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ çʂʦʤʧʣʝʢʩ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʞʠʤʥʦʛʦ ʘʥʘʣʠʟʘ ʂɸʊʈɸʅ 6.0è. ɺ ʜʘʥʥʦʤ ʇʆ 

ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ ʈɿ ʚ ʨʘʟʣʠʯʥʳʭ ʘʚʘʨʠʡʥʳʭ 

ʨʝʞʠʤʘʭ ʩ ʫʯʝʪʦʤ ʣʦʛʠʢʠ ʠʭ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʩʭʝʤʳ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʝʤ ʈɿ, ʚ ʭʦʜʝ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʮʝʣʦʤ, ʂɸʊʈɸʅ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʣʶʙʦʛʦ 
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ʘʚʘʨʠʡʥʦʛʦ ʨʝʞʠʤʘ ʚ ʩʣʦʞʥʦʟʘʤʢʥʫʪʳʭ ʩʠʩʪʝʤʘʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

 

 

ʌʀɿʀʂɸ ɹɸʈɹʆʊɸɾʅʆɻʆ ʇɽʈɽʄɽʐʀɺɸʅʀʗ 

ɺ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʈɽɸʂʊʆʈɸʍ 

 

ʉ.ɺ. ʇʘʥʯʝʥʢʦ, ʊ.ɺ.  ʐʠʨʦʢʠʭ  

ʌʠʣʠʘʣ ʄʕʀ ʚ ʛ. ʉʤʦʣʝʥʩʢʝ, 

ʛ.ʉʤʦʣʝʥʩʢ 

 

ɹʘʨʙʦʪʘʞʥʳʝ ʧʨʦʮʝʩʩʳ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʝʨʝʥʦʩ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʘʭ ʟʘ ʩʯʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʆʮʝʥʢʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ ʜʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʦʯʝʚʠʜʥʦ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʥʚʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ, ʪʘʢ ʢʘʢ ʤʝʭʘʥʠʟʤ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʦʙʲʝʤʘ ʨʝʘʢʪʦʨʘ. ʅʘʧʨʠʤʝʨ, ʚ [1] ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ  ʂ = 4Ŀ10
ï5

 ʤ/ʩ  ʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʝʥʝʪʨʘʮʠʦʥʥʦʡ ʪʝʦʨʠʠ 

ʍʠʛʙʠ, ʛʜʝ ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʢʨʠʪʝʨʠʡ ʐʝʨʚʫʜʘ Sh = 6,6. ɺ ʩʪʘʪʴʝ ʍʫʘʥʛʘ [2] ʧʦ 

ʟʘʤʝʨʘʤ ʤʘʩʩʦʧʝʨʝʜʘʯʠ ʧʨʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʧʫʟʳʨʴʢʦʚ 

ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ  ʂ = 5Ŀ10
ï5

 ʤ/ʩ, ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʦʨʠʝʡ ʧʨʦʥʠʢʥʦʚʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʦʨʠʷ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʚʝʩʴʤʘ ʙʣʠʟʢʠʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ. ɿʜʝʩʴ, 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʙʘʨʙʦʪʘʞ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʤʘʩʩʦʦʪʜʘʯʠ ʥʘ 4 

ʧʦʨʷʜʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʝʡ. ʆʜʥʘʢʦ, ʚ ʦʙʲʝʤʝ ʨʝʘʢʪʦʨʦʚ 

ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʠ ʤʘʩʩʳ ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʚʥʝʡ [3,4].  

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʝʜʘʯʫ ʤʘʩʩʳ ʚ ʧʦʪʦʢʝ. ʄʘʩʩʦʧʝʨʝʥʦʩ ʚ ʜʚʠʞʫʱʝʡʩʷ ʩʨʝʜʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 
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ʇʨʠ ʧʝʨʝʭʦʜʝ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʜʚʠʞʫʱʫʶʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ v ʧʦʩʣʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʘʝʤ: ɝ = ʭ + ɡŰ 
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ʇʦʣʘʛʘʝʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ 

ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʦʷʥʥʘ. 

Aconst
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xx
.       (3) 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ ʩ ʫʯʝʪʦʤ ʜʦʧʫʱʝʥʠʡ ʠʤʝʝʪ ʚʠʜ: 
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r = 0,       C = C0 ,   ʪʦʛʜʘ ʉ2 = ʉ0. 

 

ʉʨʝʜʥʷʷ ʧʦ ʩʝʯʝʥʠʶ ʧʦʪʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 
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ʇʦʪʦʢ ʤʘʩʩʳ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ:  
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ʇʝʨʝʭʦʜʷ ʢ ʫʨʘʚʥʝʥʠʶ ʧʝʨʝʥʦʩʘ ʚ ʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, 

ʧʦʣʫʯʘʝʤ: 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ 

ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʬʦʨʤʝ: 

D

R
D m
ʵʬ

48

22u
=  ,           

222 2
2 2

2

1 1
, Re

192 192 192

ʵʬm m
ʵʬ

D dd
D Sc

D D D

u u n

n

å õ
= = =æ ö

ç ÷
           (8) 

 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʝʡ ʠʤʝʝʪ 

ʟʥʘʯʝʥʠʝ: 
10/ 10ʵʬD Dº .   

ɼʣʷ ʞʠʜʢʦʩʪʠ  Sc å 10
3
. ʇʦʵʪʦʤʫ, ʜʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʈʝʡʥʦʣʴʜʩʘ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʬʬʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤʠ [5,6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʥʦʩ ʚ ʦʙʲʝʤʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʝʚʳʰʘʝʪ ʤʦʣʝʢʫʣʷʨʥʫʶ 

ʜʠʬʬʫʟʠʶ ʚʦ ʤʥʦʛʦ ʨʘʟ ʟʘ ʩʯʝʪ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʦʙʲʝʤʝ. ɸʚʪʦʨʘʤʠ ʧʦʣʫʯʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʥʦʩʘ, ʫʯʠʪʳʚʘʶʱʘʷ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚ 

ʦʙʲʝʤʝ [7]. 

ʆʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʧʨʠ ʙʘʨʙʦʪʘʞʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ 

ʜʘʝʪ: 

gh
W

W
ʚ

g

l
u

6,1~ .        (9) 

ʇʨʠ h = dʚ = 1,6 ʤʤ = 1,6Ŀ10
ï3

 ʤ = 0,16 ʩʤ,   ɡʚ ~ 0,3 ʤ/ʩ, g = 10 ʤ/ʩ
2
,   Wg = 

1,2Ŀ10
ï2

 ʤ/ʩ, ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʦʪʦʞʜʝʩʪʚʣʷʝʤʘʷ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʤʘʩʩʦʦʙʤʝʥʘ, ʨʘʚʥʘ    ʩʤWl /  25,0= .  

ʕʪʠ ʟʥʘʯʝʥʠʷ ʩʦʚʧʘʜʘʶʪ ʩ ʜʘʥʥʳʤʠ ʧʦ ʘʵʨʦʪʝʥʢʘʤ, ʙʠʦʨʝʘʢʪʦʨʘʤ, 

ʨʝʘʢʪʦʨʘʤ ʩ ʧʣʦʪʥʳʤ ʩʣʦʝʤ ʩ ʬʠʣʴʪʨʘʮʠʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʙʘʨʙʦʪʠʨʦʚʘʥʠʠ 

ʛʘʟʘʤʠ[3,4].  
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ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʘʤʠ [7] ʠ ʩʦʧʦʩʪʘʚʣʝʥʥʳʤʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ, 

ʧʦʜʦʙʥʳʤʠ (9) ʜʣʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʧʣʘʚʘ ʩʦʣʝʡ.  

ʀʟ (9) ʩʣʝʜʫʝʪ ʢʨʠʪʝʨʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʢʨʠʪʝʨʠʷ ʐʝʨʚʫʜʘ, ʢʦʪʦʨʳʡ 

ʟʘʚʠʩʠʪ ʦʪ ʢʨʠʪʝʨʠʷ ʈʝʡʥʦʣʴʜʩʘ ʚ ʩʪʝʧʝʥʠ İ, ʠ ʢʨʠʪʝʨʠʷ ʐʤʠʜʪʘ ʚ ʩʪʝʧʝʥʠ İ, 

ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ ʨʝʘʢʪʦʨʦʚ. ʕʪʦ ʝʱʝ ʨʘʟ ʜʦʢʘʟʳʚʘʝʪ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʧʦʜʭʦʜʘ.  

ɿʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʚʨʘʱʝʥʠʷ ʞʠʜʢʦʩʪʠ  ʚ ʩʣʫʯʘʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʫʟʳʨʴʢʦʚ ʙʘʨʙʦʪʠʨʫʶʱʝʛʦ ʛʘʟʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦʪʝʟʫ ʦʙ 

ʦʙʲʝʤʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʙʘʨʙʦʪʘʞʘ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʥʦʩʘ ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʘʭ.  
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h=90 ʤʤ - ʵʢʩʧʝʨʠʤʝʥʪ h=90 ʤʤ - ʨʘʩʯʝʪ 
h=70 ʤʤ - ʵʢʩʧʝʨʠʤʝʥʪ h=70 ʤʤ - ʨʘʩʯʝʪ 
h=50 ʤʤ - ʵʢʩʧʝʨʠʤʝʥʪ h=50 ʤʤ - ʨʘʩʯʝʪ 
h=10 ʤʤ - ʵʢʩʧʝʨʠʤʝʥʪ h=10 ʤʤ - ʨʘʩʯʝʪ 

l ,ɺʪ/(ʤ*ʂ) 

V/S,  ʤ/ʯ 

 

ʈʠʩ. 1.ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʠʭ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʧʦ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʇʨʘʥʜʪʣʷ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʤʝʞʜʫ ʧʫʟʳʨʴʢʦʤ ʠ 

ʞʠʜʢʦʩʪʴʶ ʠʜʝʪ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʧʨʠ ʫʯʘʩʪʠʠ ʧʨʦʮʝʩʩʦʚ ʤʘʩʩʦʧʝʨʝʜʘʯʠ, ʪʦ 

ʝʝ ʩʢʦʨʦʩʪʴ, ʙʣʘʛʦʜʘʨʷ ʚʦʟʜʝʡʩʪʚʠʶ ʢʦʥʚʝʢʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʦʙʲʝʤʝ ʠʟ-ʟʘ ʦʙʲʝʤʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʞʠʜʢʦʩʪʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʜʫʪ ʤʥʦʛʦ ʠʥʪʝʥʩʠʚʥʝʡ. 
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ʊɽʇʃʆʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʈʋɼʅʓʍ ʄɸʊɽʈʀɸʃʆɺ  

ɺ ɸʉʇɽʂʊɽ ʆɹʆɹʑɽʅʅʆɻʆ ʆʇʀʉɸʅʀʗ 

                            

ʇʘʥʯʝʥʢʦ ʉ.ɺ.  

ʌʠʣʠʘʣ ʄʕʀ ʚ ʛ. ʉʤʦʣʝʥʩʢʝ, 

ʛ.ʉʤʦʣʝʥʩʢ 

 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ ʚ ʧʦʨʦʜʘʭ, ʧʦʜʦʙʥʳʤ ʬʦʩʬʦʨʠʪʘʤ, ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʦʥʦʥʦʚ, ʘ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʨʘʚʥʦʚʝʩʠʷ 

ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʛʨʘʜʠʝʥʪʝ ʪʝʤʧʝʨʘʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ. ʇʦʩʢʦʣʴʢʫ ʬʦʥʦʥʳ ʦʧʨʝʜʝʣʷʶʪ ʵʥʝʨʛʠʶ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ʫʟʣʦʚ ʨʝʰʝʪʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʷʚʣʷʷʩʴ ʢʚʘʟʠʯʘʩʪʠʮʘʤʠ, ʧʦʩʪʦʣʴʢʫ ʦʥʠ  

ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ 

ʪʝʣ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ ʬʦʥʦʥʦʚ. ʌʦʥʦʥʳ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ çʬʦʥʦʥʥʳʡ ʛʘʟè, ʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ [1,2]: 

  l = 
1

3
 Cv Wf  l f  = 

1

3
 Cv Wf

2
 tf , ʘ = 

1

3
 Wf l f  = 

1

3
 Wf

2
  tf,        (1)               

ʛʜʝ  Cv - ʦʙʲʝʤʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ  ʪʚʝʨʜʦʛʦ  ʪʝʣʘ ; Wf      -   ʩʢʦʨʦʩʪʴ  

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ   ʫʧʨʫʛʦʡ  ʚʦʣʥʳ; l f , tf   -   ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ  ʧʨʦʙʝʛʘ  ʠ  

ʚʨʝʤʷ  ʨʝʣʘʢʩʘʮʠʠ  ʬʦʥʦʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.                                                                                                    

 ʕʪʠ ʚʳʨʘʞʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʳ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ, ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʠ ʘʤʦʨʬʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʚʘʥʪʦʚʦ - ʤʝʭʘʥʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ 

ʬʦʥʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʣʠʥʘ ʧʨʦʙʝʛʘ ʬʦʥʦʥʦʚ  l f  ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʝʷʥʠʷ ʥʘ 

ʛʨʘʥʠʮʘʭ ʢʨʠʩʪʘʣʣʦʚ, ʜʝʬʝʢʪʦʚ ʨʝʰʝʪʢʠ, ʩʦʩʪʦʷʥʠʷ ʘʤʦʨʬʥʦʩʪʠ ʩʪʨʫʢʪʫʨ, ʘ 

ʪʘʢʞʝ ʦʪ ʨʘʩʩʝʷʥʠʷ ʥʘ ʜʨʫʛʠʭ ʬʦʥʦʥʘʭ. ʇʦʩʣʝʜʥʠʡ ʤʝʭʘʥʠʟʤ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ. ʈʘʩʩʝʷʥʠʝ ʬʦʥʦʥʦʚ ʥʘ ʬʦʥʦʥʘʭ  ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʚʠʩʠʤʦʩʪʠ[3], ʛʜʝ  l f ~  T
 -1
. ɼʣʷ ʢʚʘʟʠʦʜʥʦʨʦʜʥʳʭ ʧʦʨʦʜ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʬʦʥʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʝʨʝʥʦʩʘ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʥʘ ʫʨʦʚʥʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʫʩʨʝʜʥʝʥʥʳʝ ʬʦʥʦʥʥʳʝ 

ʤʠʢʨʦʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ  l f , tf  ʯʝʨʝʟ ʤʘʢʨʦʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ  ʘ,  Wf ,  ʛʜʝ                             

       l f = 3ʘ / Wf ;     tf = 3ʘ / Wf
2
 .                                 (2) 
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ʀʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʢʦʨʦʩʪʷʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ[3]  ʤʦʞʥʦ ʦʙʦʙʱʠʪʴ ʟʥʘʯʝʥʠʷ  l f  ,  tf  (ʪʘʙʣʠʮʘ 1)  ʥʘ ʫʨʦʚʥʝ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ ʠ ʨʘʟʤʝʨʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʝʥ ʚ ʧʦʨʦʜʘʭ ʤʝʥʷʝʪʩʷ ʜʣʠʥʘ ʧʨʦʙʝʛʘ ʬʦʥʦʥʦʚ ʠ ʚʨʝʤʷ 

ʨʝʣʘʢʩʘʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ 

ʩʪʨʫʢʪʫʨʳ ʠ ʥʘʣʠʯʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʤʘʪʝʨʠʘʣʝ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚ ʦʙʟʦʨʝ ʧʦ ʩʚʦʡʩʪʚʘʤ ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ  [4]. ʊʘʢ ʢʘʢ ʜʣʠʥʘ 

ʧʨʦʙʝʛʘ ʬʦʥʦʥʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʊʌʉ 

ʤʘʪʝʨʠʘʣʘ, ʪʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʧʨʦʙʝʛʘ ʚʦʟʨʘʩʪʘʝʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʨʦʜ (ʛʣʠʥʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʛʜʝ l º 1.01 ɺʪ/(ʤK), ʘ º 5*10
-7
 ʤ

2
/ʩ ; ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʛʜʝ  l º 3.5 

ɺʪ/(ʤK),  ʘ º 14*10
-7
 ʤ

2
/ʩ ).   

ʊʘʙʣʠʮʘ  1. ɼʣʠʥʘ ʧʨʦʙʝʛʘ ʠ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʬʦʥʦʥʦʚ ʦʪʜʝʣʴʥʳʭ                        

ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʦʩʬʦʨʠʪʥʳʭ ʧʦʨʦʜ 

ʇʦʨʦʜʘ l f , ¡ tf Ö 10
13

 , c 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʚʘʨʮ      9.6  Ñ  0.3    1.7  Ñ  0.06 

ʇʦʨʦʜʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ       

ʬʫʥʜʘʤʝʥʪʘ 
     7.7  Ñ  0.3    1.1  Ñ  0.05 

ʇʝʩʯʘʥʠʢ      5.7  Ñ  0.3         2.9  Ñ  0.2 

ʂʘʨʙʦʥʘʪʥʳʝ  ʦʪʣʦʞʝʥʠʷ      5.0  Ñ  0.3    1.5  Ñ  0.1 

ɻʣʠʥʳ      3.9  Ñ  0.35    2.2  Ñ  0.25 

ʇʣʘʚʣʝʥʳʡ (ʘʤʦʨʬʥʳʡ) ʢʚʘʨʮ      4.2  Ñ  0.15    0.75Ñ  0.03 

 

ɺʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʬʦʥʦʥʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʦʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢ ʘʤʦʨʬʥʦʡ. ɼʣʷ ʛʣʠʥʠʩʪʳʭ, ʢʘʨʙʦʥʘʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ 

ʪʘʢʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚʳʟʚʘʥʘ ʥʘʣʠʯʠʝʤ ʛʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ.                                                                                                                                

 ʊʝʧʣʦʝʤʢʦʩʪʴ ʪʚʝʨʜʳʭ ʪʝʣ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʭʦʨʦʰʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ ɼʝʙʘʷ   Cv  = 3R f (ʊ/qD), ʛʜʝ - qD  - ʪʝʤʧʝʨʘʪʫʨʘ  ɼʝʙʘʷ.                                     

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ɼʝʙʘʷ (ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʨʫʜ ʠ ʧʦʨʦʜ Ó 500 - 1000 ʂ) , ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʠʟʤʝʥʷʶʪʩʷ ʩʣʘʙʦ, 

ʧʦʵʪʦʤʫ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ  l ~ 1/ T .        

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʝʣ ʧʨʠ ʚʳʩʦʢʠʭ ʠ 

ʥʦʨʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ ʩʚʷʟʘʥʦ 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʧʨʦʙʝʛʘ ʬʦʥʦʥʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʘʤʦʨʬʥʳʭ ʪʝʣ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ  ʪʝʤʧʝʨʘʪʫʨʳ  [4]. 

ʊʌʉ  ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʝʣ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʟʝʨʝʥ, ʠʤʝʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʠ ʘʤʦʨʬʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʟʥʘʯʝʥʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʚʝʨʜʳʭ ʨʫʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʪʨʘʞʘʶʪ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʧʦʚʝʜʝʥʠʷ ʨʫʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʣʷʶʱʠʭ.  ʊʘʙʣʠʮʘ 3.  

ʚʢʣʶʯʘʝʪ ʜʘʥʥʳʝ ʧʦ ʬʦʩʬʦʨʠʪʥʳʤ ʨʫʜʘʤ, ʛʜʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ  
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P2O5, ʤʝʥʷʝʪʩʷ ʪʠʧ ʧʦʨʦʜʳ, ʝʝ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʪʨʦʛʦʡ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ  ʊʌʉ  ʦʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ,  ʠ ʵʪʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʡ ʠʩʭʦʜ.  

ʇʦʵʪʦʤʫ ʦʪʳʩʢʘʥʠʝ ʦʙʦʙʱʘʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʳ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʝʜʤʝʪʦʤ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʷ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʦʙʱʘʶʱʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʶʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ[5].   

 

ʊʘʙʣʠʮʘ 2. ʂʦʵʬʬʠʮʠʝʥʪʳ  ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ  ʨʫʜ  ʚ  ʟʘʚʠʩʠʤʦʩʪʠ  ʦʪ  

ʩʪʨʫʢʪʫʨʳ                   

 

ʉʪʨʫʢʪʫʨʘ 
l , Bʪ /(ʤʂ) 

t = 20
0  
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ɺʈɽʄɽʅʀ ɼʃʗ ʇʈɸɺʀʃ 

ʆɹʅɸʈʋɾɽʅʀʗ ʉɽʊɽɺʆɻʆ ʇʈʆʉʃʋʐʀɺɸʅʀʗ 

 

ɺ.ɺ. ʇʦʜʪʦʧʝʣʴʥʳʡ 

ɹʘʣʪʠʡʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʨʳʙʦʧʨʦʤʳʩʣʦʚʦʛʦ ʬʣʦʪʘ 

ʛ. ʂʘʣʠʥʠʥʛʨʘʜ 

 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʩʝʪʝʚʳʭ ʘʪʘʢ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʩʥʠʬʬʠʥʛ, ʪʦ 

ʝʩʪʴ ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʩʝʪʠ. ɽʛʦ ʜʦʩʪʘʪʦʯʥʦ ʪʷʞʝʣʦ ʦʙʥʘʨʫʞʠʪʴ. ʄʝʪʦʜʳ ʧʦʠʩʢʘ 

ʩʝʪʝʚʦʛʦ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʧʦʜʦʟʨʝʚʘʝʤʳʡ ʚ ʧʨʦʩʣʫʰʠʚʘʥʠʠ ʫʟʝʣ ʩ ʮʝʣʴʶ ʚʳʟʚʘʪʴ ʦʪʚʝʪʥʫʶ ʨʝʘʢʮʠʶ, 

ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ 

ʚ ʩʝʪʠ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʝʥ ʤʝʪʦʜ ʪʝʩʪʦʚʦʛʦ ʦʧʨʦʩʘ ʧʦʜʦʟʨʝʚʘʝʤʳʭ ʭʦʩʪʦʚ 

ʧʘʢʝʪʘʤʠ ICMP. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʤʦʜʠʬʠʢʘʮʠʠ ʪʘʙʣʠʮʳ ARP, 

ʧʦʜʦʟʨʝʚʘʝʤʳʡ ʩʝʪʝʚʦʡ ʫʟʝʣ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʦʧʨʦʩʝ ʦʪʚʝʪʠʪ, ʠ ʵʪʦ ʙʫʜʝʪ 

ʷʚʣʷʪʴʩʷ ʘʥʦʤʘʣʠʝʡ. ʆʜʥʘʢʦ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝʥʘʜʝʞʝʥ, ʧʦʩʢʦʣʴʢʫ 

ʤʦʜʠʬʠʮʠʨʫʝʤʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʚʠʨʪʫʘʣʠʟʠʨʦʚʘʪʴ. ɼʨʫʛʦʡ ʤʝʪʦʜ ʘʥʘʣʦʛʠʯʝʥ 

ʧʝʨʚʦʤʫ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʚʤʝʩʪʦ ICMP-ʧʘʢʝʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ARP-

ʧʘʢʝʪʳ. ɺ ʪʨʝʪʴʝʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʢʪʠʚʥʳʡ ʘʥʘʣʠʟ DNS-ʪʨʘʬʬʠʢʘ ʩʝʪʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʧʦʜʦʟʨʝʥʠʠ 

ʧʨʠʩʫʪʩʪʚʠʷ ʧʨʦʩʣʫʰʠʚʘʶʱʝʛʦ ʭʦʩʪʘ ʚ ʩʝʪʠ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʥʝ ʪʦʣʴʢʦ ʬʘʢʪʦʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦ ʚʦʟʤʦʞʥʦʡ ʝʛʦ ʨʘʙʦʪʝ (ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʘʨʢʝʨʳ ʧʨʦʪʦʢʦʣʦʚ), ʥʦ ʠ ʪʝ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʢʦʩʚʝʥʥʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦ ʥʘʯʘʣʝ ʩʢʨʳʪʦʡ ʘʪʘʢʠ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ 

ʥʝʢʦʪʦʨʳʝ ʫʪʦʯʥʷʶʱʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʙʳ ʧʦʜʪʚʝʨʞʜʘʣʠ ʠʣʠ ʦʧʨʦʚʝʨʛʘʣʠ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʨʦʚʝʜʝʥʠʠ ʩʝʪʝʚʦʛʦ ʩʥʠʬʬʠʥʛʘ. ʇʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ  

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ 

ʥʝʡʨʦʩʝʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʘʪʘʢʠ.  

ʇʨʠ ʥʘʣʘʞʠʚʘʥʠʠ ʩʥʠʬʬʠʥʛʘ ʪʨʝʙʫʝʪʩʷ ʠʟʥʘʯʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʘʟʚʝʜʢʠ (ʧʦʠʩʢ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʃɺʉ) ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʚʥʝʜʨʝʥʠʝ ʚ ʚʳʙʨʘʥʥʫʶ ʩʝʪʴ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʨʢʝʨʦʚ ʧʨʠʩʫʪʩʪʚʠʷ ʨʘʟʚʝʜʢʠ, 

ʢʦʪʦʨʘʷ ʙʳʚʘʝʪ ʩʢʨʳʪʦʡ, ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʣʘʛʠ TCP SYN, TCP RST, 

ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʪʝʩʪʠʨʫʶʱʝʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʚ 

ʩʝʪʴ ʩ ʮʝʣʴʶ ʜʦʩʪʫʧʘ ʢ ʚʥʫʪʨʝʥʥʝʤʫ ʪʨʘʬʠʢʫ ʪʨʝʙʫʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʘʢʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ(ʚʥʝʜʨʝʥʠʝ) ʥʘ ʫʟʣʳ ʩʝʪʠ (ʥʘʧʨʠʤʝʨ, ARP-spoofing), ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʩʦʙʳʪʠʝʤ, ʫʢʘʟʳʚʘʶʱʝʤ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʢʘʢ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʦʩʣʫʰʠʚʘʥʠʷ, 

ʪʘʢ ʠ ʘʢʪʠʚʥʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʘʪʘʢʠ. ɼʣʷ ʬʠʢʩʠʨʦʚʘʥʠʷ ʩʘʤʦʡ ʩʪʘʜʠʠ 
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ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʚʝʨʢʫ ʥʘ ʟʘʜʝʨʞʢʫ (latency), ʟʘʤʝʨ 

ʚʨʝʤʝʥʠ ʦʪʚʝʪʘ ʥʘ ʩʪʘʥʜʘʨʪʥʳʝ ping-ʧʘʢʝʪʳ, ʘʢʪʠʚʥʳʡ ʧʦʠʩʢ ʩʝʪʝʚʦʡ ʢʘʨʪʳ 

ʢʣʠʝʥʪʘ ʚ ʨʝʞʠʤʝ ʧʨʦʩʣʫʰʠʚʘʥʠʷ çpromiscuous modeè. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʪʘʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʦʤ ʢʦʤʧʨʦʤʝʪʘʮʠʠ, 

ʚʢʣʶʯʘʶʱʠʤ ʩʣʝʜʫʶʱʠʝ ʨʝʙʨʘ (ʧʝʨʝʭʦʜʳ ʦʪ ʦʜʥʦʛʦ ʵʪʘʧʘ ʘʪʘʢʠ ʢ ʩʣʝʜʫʶʱʝʤʫ 

ʟʘ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ): ʨʘʟʚʝʜʢʘ, ʚʥʝʜʨʝʥʠʝ, ʢʘʢ ʨʝʘʣʠʟʘʮʠʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʨʫʰʝʥʠʷ, ʧʨʦʥʠʢʥʦʚʝʥʠʷ, ʵʩʢʘʣʘʮʠʠ, ʠ ʧʨʦʩʣʫʰʠʚʘʥʠʝ, ʪʦ 

ʝʩʪʴ ʥʘʥʝʩʝʥʠʝ ʫʱʝʨʙʘ. ʆʜʥʘʢʦ, ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʫ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʚ ʩʝʪʴ ʛʨʘʬ ʢʦʤʧʨʦʤʝʪʘʮʠʠ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʜʚʝ ʩʪʘʜʠʠ: 

ʨʘʟʚʝʜʢʫ ʠ ʩʦʙʩʪʚʝʥʥʦ ʧʨʦʩʣʫʰʠʚʘʥʠʝ. ʇʨʠ ʵʪʦʤ ʨʘʟʚʝʜʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʘʧʠʩʷʤ ʚ ʞʫʨʥʘʣʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠ ʪʦʛʜʘ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ ʩʦʢʨʘʱʘʝʪʩʷ  

ʉʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʢʘʞʜʦʡ ʩʪʘʜʠʠ, ʢʦʩʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʨʦʩʣʫʰʠʚʘʥʠʷ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʘʚʠʣ ʥʝʡʨʦʩʝʪʠ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʫʚʝʨʝʥʥʦʩʪʠ ʚ 

ʥʘʣʠʯʠʠ ʧʘʩʩʠʚʥʦʛʦ ʩʥʠʬʬʠʥʛʘ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʨʝʤʷ ʩʪʘʜʠʡ ʘʪʘʢʠ ʙʝʟ 

ʫʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʫʩʧʝʰʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʟʚʝʜʢʠ ʠ ʚʥʝʜʨʝʥʠʷ, ʪʘʢ ʢʘʢ 

ʧʨʠ ʜʘʥʥʦʤ ʪʠʧʝ ʘʪʘʢʠ ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʫʞʝ ʫʩʧʝʰʥʦ ʧʨʦʝʜʝʥʳ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ ʵʪʘʧʳ. ɺʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʩʪʠ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʪʘʜʠʠ ʩʘʤʦʛʦ ʧʨʦʩʣʫʰʠʚʘʥʠʷ, ʛʜʝ ʜʣʠʪʝʣʴʥʦʩʪʴ ʘʪʘʢʠ ʚʦʟʤʦʞʥʦ 

ʟʘʜʘʪʴ ʢʘʢ ʢʦʥʪʨʦʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʳʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢ ʤʦʞʝʪ 

ʜʦʩʪʠʯʴ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʮʝʣʠ. ʅʘʯʘʣʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʤʦʞʝʪ ʩʦʚʧʘʜʘʪʴ 

ʩ ʚʨʝʤʝʥʝʤ ʬʠʢʩʘʮʠʠ ʢʦʩʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʧʘʩʩʠʚʥʦʛʦ 

ʧʨʦʩʣʫʰʠʚʘʥʠʷ. ʉʘʤ ʧʨʦʮʝʩʩ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʤʦʞʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʝʨʳʚʘʪʴʩʷ 

ʠ ʚʦʟʦʙʥʦʚʣʷʪʴʩʷ, ʧʦʵʪʦʤʫ ʚ ʢʦʥʪʨʦʣʴʥʳʡ ʧʝʨʠʦʜ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʦʣʴʢʦ ʚʨʝʤʷ 

ʧʨʦʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ. ʌʘʢʪʠʯʝʩʢʠ, ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʦ ʚʨʝʤʝʥʠ ʘʪʘʢʠ 

ʦʮʝʥʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ ʟʘʱʠʱʝʥʥʦʩʪʠ ʫʞʝ ʢʦʤʧʨʦʤʝʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʠ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʩʪʝʧʝʥʴ ʫʩʧʝʰʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʜʦʩʪʠʞʝʥʠʷ ʩʚʦʠʭ ʮʝʣʝʡ. ʆʙʱʝʝ ʚʨʝʤʷ ʘʪʘʢʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʚʥʝʜʨʝʥʠʷ ʪʦʛʜʘ ʦʧʨʝʜʝʣʷʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

T1 = t1 * P1, ʛʜʝ  

t1 ð ʦʞʠʜʘʝʤʦʝ ʚʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ ʘʪʘʢʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ; 

P1 ð ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʘʪʘʢʠ ʧʨʠ ʩʪʘʜʠʠ ʚʥʝʜʨʝʥʠʷ.  

ɺʨʝʤʷ ʘʪʘʢʠ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʥʦʤ ʠ ʨʘʩʧʦʟʥʘʥʥʦʤ ʚʥʝʜʨʝʥʠʠ ʚ ʩʝʪʴ 

ʦʧʨʝʜʝʣʷʪʩʷ ʪʘʢ: 

T2 =t2 * (1 ð P1) * P2 , ʛʜʝ  

t2 ð ʦʞʠʜʘʝʤʦʝ ʚʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ ʘʪʘʢʠ ʧʨʠ ʥʘʣʠʯʠʠ ʚʥʝʜʨʝʥʠʠ ʚ ʩʝʪʴ; 

P2 ð ʚʝʨʦʷʪʥʦʩʪʴ ʫʩʧʝʰʥʦʛʦ ʟʘʚʝʨʰʝʥʠʷ ʘʪʘʢʠ ʧʨʠ ʥʘʣʠʯʠʠ ʚʥʝʜʨʝʥʠʠ ʚ 

ʩʝʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ, ʚ 

ʥʘʙʦʨ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʩʝʪʠ ʚʦʟʤʦʞʥʦ ʚʥʝʩʪʠ ʨʘʟʣʠʯʥʳʝ 

ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʚʨʝʤʝʥʠ ʢʘʢ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠʣʠ ʦʧʨʦʚʝʨʞʝʥʠʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʪʘʢʠ. ʇʨʘʚʠʣʘ ʩ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʤʦʛʫʪ ʙʳʪʴ ʚʳʚʝʜʝʥʳ ʚ 
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ʦʪʜʝʣʴʥʳʡ ʩʣʦʡ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʦʩʥʦʚʥʦʤʫ ʥʘʙʦʨʫ ʧʨʘʚʠʣ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤʫ 

ʥʘ ʨʘʙʦʪʫ ʩ ʩʦʙʩʪʚʝʥʥʦ ʩʙʦʨʦʤ ʢʦʩʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʦʩʣʫʰʠʚʘʥʠʷ. 
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ʆʩʥʦʚʥʦʝ ʫʩʣʦʚʠʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ð ʵʪʦ 

ʩʦʟʜʘʥʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʭʝʤ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʙʣʘʩʪʝʡ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʥʘʠʚʳʛʦʜʥʝʡʰʠʭ ʟʥʘʯʝʥʠʷʭ ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʨʘʟʤʝʨʦʚ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʠ ʚʦʧʨʦʩʳ ʨʝʰʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʘʨʠʘʥʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ. ɺʘʞʥʦ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʧʪʠʤʘʣʴʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʮʝʣʦʤ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʥʘ 

ʙʘʟʝ ʦʧʪʠʤʘʣʴʥʳʭ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʝʛʦ ʫʟʣʦʚ, ʪʘʢ ʢʘʢ ʧʨʠ ʫʚʷʟʢʝ ʚ ʢʦʤʧʣʝʢʩʝ 

ʦʪʜʝʣʴʥʳʝ ʫʟʣʳ ʤʦʛʫʪ ʫʪʨʘʯʠʚʘʪʴ ʟʥʘʯʝʥʠʷ ʩʚʦʠʭ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʄʠʥʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʡ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʦʜʥʦʨʘʟʦʚʦʡ ʥʘʠʙʦʣʴʰʝʡ 

ʥʘʛʨʫʟʢʝ ʠ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʚʦ ʚʨʝʤʝʥʠ ʥʘʛʨʫʟʢʘʭ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ; ʧʨʠ 

ʵʪʦʤ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʤʝʩʪʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʜʦʣʴʥʦ-ʩʞʘʪʳʭ ʠ 

ʣʠʩʪʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʮʝʣʦʤ. ʇʨʠ ʵʪʦʤ, ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ, ʜʝʬʦʨʤʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʩʪʨʝʤʷʪʩʷ ʢ ʧʨʝʜʝʣʴʥʳʤ. ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʩʦʚʨʝʤʝʥʥʳʝ 

ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʨʝʘʣʠʟʫʶʱʠʝ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (SolidWorks, APM WinMachine ʠ ʪ.ʧ.). 



55 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ). 

ʌʠʟʠʯʝʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʄʂʕ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʠʣʠ ʣʶʙʘʷ 

ʢʦʥʪʠʥʫʘʣʴʥʘʷ ʩʨʝʜʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ 

ï ʜʠʩʢʨʝʪʥʳʭ (ʢʦʥʝʯʥʳʭ) ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ.  

ɺ ʢʘʞʜʦʤ ʂʕ ʧʦʚʝʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʪʜʝʣʴʥʦʛʦ 

ʥʘʙʦʨʘ ʚʳʙʨʘʥʥʳʭ ʬʫʥʢʮʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʚ 

ʫʢʘʟʘʥʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʦʩʥʦʚʫ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ ʜʣʷ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʝʥ ʤʝʪʦʜ 

ʥʘʧʨʷʞʝʥʠʡ ʠʣʠ ʤʝʪʦʜ ʧʝʨʝʤʝʱʝʥʠʡ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʝʪʦʜ ʧʝʨʝʤʝʱʝʥʠʡ, 

ʪʦ ʚʥʫʪʨʠ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ 

ʦʧʠʩʳʚʘʶʪʩʷ ʥʘʙʦʨʦʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʫʥʢʮʠʡ, ʦʙʳʯʥʦ ʧʦʣʠʥʦʤʘʤʠ ʦʪ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʢʠ. ʇʦʜʩʪʘʥʦʚʢʘ ʚ ʵʪʠ ʬʫʥʢʮʠʠ ʢʦʦʨʜʠʥʘʪ ʫʟʣʦʚʳʭ ʪʦʯʝʢ 

ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ʧʝʨʝʤʝʱʝʥʠʷ u(x) ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ 

ʵʣʝʤʝʥʪʘ ʚ ʫʧʨʫʛʦʡ ʦʙʣʘʩʪʠ ʯʝʨʝʟ ʥʝʠʟʚʝʩʪʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʝʛʦ ʫʟʣʦʚʳʭ ʪʦʯʝʢ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʥʘʥʦʩʠʪʴ ʂʕ ʩʝʪʢʫ ʥʘ ʤʦʜʝʣʴ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ, ʥʦ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ.  

ɿʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʄʂʕ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʠ ʜʣʷ ʩʣʫʯʘʝʚ ʫʧʨʫʛʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʠ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʄʂʕ ʚʳʟʳʚʘʝʪ ʪʨʫʜʥʦʩʪʠ 

ʧʨʠ  ʦʧʨʝʜʝʣʝʥʠʠ ʣʦʢʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʙʣʦʢʦʤ ʥʘʛʨʫʟʦʢ, ʨʝʘʣʠʟʫʝʤʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩ ʫʯʝʪʦʤ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ. 

ʅʘ ʢʘʬʝʜʨʝ ʇʊʄʠʆ ʚʝʜʝʪʩʷ ʥʘʫʯʥʘʷ ʨʘʙʦʪʘ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʣʘʚʥʳʭ ʙʘʣʦʢ ʤʦʩʪʦʚʳʭ ʢʨʘʥʦʚ. ʎʝʣʴ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʅɼʉ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʭ 

ʤʦʜʝʣʝʡ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʢʨʘʥʘʤ: ɺ 2 ʪ. ʊ. 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʛʨʫʟʦʢ. 

ʆʩʥʦʚʳ ʨʘʩʯʝʪʘ ʢʨʘʥʦʚ, ʠʭ ʧʨʠʚʦʜʦʚ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ / ɺ.ʀ. 
ɹʨʘʫʜʝ, ʄ.ʄ. ɻʦʭʙʝʨʛ, ʀ.ɽ. ɿʚʷʛʠʥ ʠ ʜʨ.; ʇʦʜ ʦʙʱ. ʨʝʜ. ʄ.ʄ. ɻʦʭʙʝʨʛʘ. ï ʃ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ. ʃʝʥʠʥʛʨ. ʦʪʜʝʣʝʥʠʝ, 1988. ï 536 ʩ. 
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ɸʅɸʃʀɿ ɸʕʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʂʈɸʅʆɺʓʍ 

ʂʆʅʉʊʈʋʂʎʀʁ ɼʃʗ ʆʎɽʅʂʀ ɺʆɿɼɽʁʉʊɺʀʗ  

ɺɽʊʈʆɺʓʍ ʅɸɻʈʋɾɽʅʀʁ 
 

ʈʝʜʴʢʠʥ ɸ. ɺ.  

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʫʣʘ 

 

ʆʙʝʩʧʝʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʙʘʰʝʥʥʳʭ ʢʨʘʥʦʚ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʨʘʙʦʯʠʤʠ 

ʦʧʝʨʘʮʠʷʤʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʪʝʧʝʥʴ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʘʥʘ, ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠʥʠʤʘʶʪ ʢʘʢ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʥʘʛʨʫʟʢʠ ʦʪ ʜʝʡʩʪʚʠʷ ʛʨʫʟʘ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʠ 

ʥʝʥʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘʛʨʫʞʝʥʠʷ ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, 

ʥʘʨʫʰʝʥʠʠ ʦʧʦʨʥʦʛʦ ʢʦʥʪʫʨʘ ʠ ʪ.ʜ.  

ʊʘʢ ʢʘʢ ʩʚʦʙʦʜʥʦ ʩʪʦʷʱʠʝ ʢʨʘʥʳ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚʥʝ ʟʜʘʥʠʡ, ʪʦ ʦʥʠ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʟʦʧʘʩʥʫʶ ʨʘʙʦʪʫ ʚ ʣʶʙʫʶ ʧʦʛʦʜʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʚʝʪʨʝʥʫʶ. 

ʇʨʝʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʝʪʨʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʘ ʙʝʟʦʧʘʩʥʘʷ ʨʘʙʦʪʘ ʢʨʘʥʘ, 

ʦʧʨʝʜʝʣʷʝʪ ʚʝʪʨʦʚʫʶ ʥʘʛʨʫʟʢʫ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʥʝʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ 

ʢʨʘʥ ʨʘʩʩʯʠʪʳʚʘʶʪ ʥʘ ʜʘʚʣʝʥʠʝ ʚʝʪʨʘ ʧʨʠ ʰʪʦʨʤʝ, ʙʫʨʝ ʠʣʠ ʫʨʘʛʘʥʝ [1]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ 

ʙʘʰʝʥʥʳʭ ʢʨʘʥʦʚ ʟʘʪʨʘʛʠʚʘʶʪ ʚʦʧʨʦʩʳ ʤʥʦʛʠʭ ʥʘʫʢ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʤʝʪʝʦʨʦʣʦʛʠʠ, ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʘʵʨʦʜʠʥʘʤʠʢʠ, 

ʜʠʥʘʤʠʢʠ ʤʘʰʠʥ ʠ ʢʨʘʥʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʜʨ.  
ʉʠʣʫ, ʩ ʢʦʪʦʨʦʡ ʥʘʙʝʛʘʶʱʠʡ ʧʦʪʦʢ ʜʝʡʩʪʚʫʝʪ ʥʘ ʪʝʣʦ, ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʜʚʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ: ʥʘʧʨʘʚʣʝʥʥʫʶ ʚʜʦʣʴ ʩʢʦʨʦʩʪʠ v ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ ʩʠʣʫ x, 

ʥʘʟʳʚʘʝʤʫʶ ʣʦʙʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʢ v ʩʠʣʫ y, 

ʥʘʟʳʚʘʝʤʫʶ ʧʦʜʲʝʤʥʦʡ ʩʠʣʦʡ. ʃʦʙʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Cx, ʩʣʘʛʘʝʪʩʷ ʠʟ ʩʠʣ ʜʘʚʣʝʥʠʷ ʠ ʩʠʣ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ. ʆʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʠʩʳʚʘʶʱʠʤ ʧʝʨʝʭʦʜ ʦʪ 

ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ, ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ [2]: 

,
v

Vl
Re=  

ʛʜʝ V ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʫʱʝʛʦʩʷ ʧʦʪʦʢʘ; l ï ʭʘʨʘʢʪʝʨʥʳʡ ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ 

(ʥʘʧʨʠʤʝʨ, ʜʠʘʤʝʪʨ ʪʨʫʙʳ); ɜ ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ. ʉʫʱʝʩʪʚʫʝʪ 

ʢʨʠʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Reʢʨ, ʪʘʢʦʝ, ʯʪʦ ʧʨʠ Re < Reʢʨ  ʧʦʪʦʢ ʙʫʜʝʪ 

ʣʘʤʠʥʘʨʥʳʤ, ʘ ʧʨʠ Re > Reʢʨ - ʪʫʨʙʫʣʝʥʪʥʳʤ. 

ʊʘʢ ʢʘʢ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦʟʜʫʭʘ ʠʤʝʝʪ ʥʝʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, ʪʦ ʯʠʩʣʦ 

ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ. ʈʘʩʩʤʦʪʨʠʤ 

ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Cx(Re) 

ʜʣʷ ʮʠʣʠʥʜʨʘ ʩ ʢʨʫʛʦʚʳʤ ʩʝʯʝʥʠʝʤ. ɿʘʚʠʩʠʤʦʩʪʴ Cx(Re) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ ʨʠʩ. 1. 

ʀʟ ʨʠʩ. 1,ʘ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ, Re>10
3
 ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʦʟʨʘʩʪʘʥʠʝ Cx, ʩʚʷʟʘʥʥʦʝ ʩ ʪʫʨʙʫʣʠʟʘʮʠʝʡ ʩʪʨʫʠ ʟʘ ʮʠʣʠʥʜʨʦʤ. 
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ʘ)                                                                ʙ) 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ Cx(Re) ʜʣʷ ʪʝʣʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ 

 

ɼʘʚʣʝʥʠʝ ʚ ʦʙʨʘʟʫʶʱʝʡʩʷ ʟʘ ʪʝʣʦʤ ʚʠʭʨʝʚʦʡ ʦʙʣʘʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ 

ʧʦʥʠʞʝʥʥʳʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʠʣ ʜʘʚʣʝʥʠʷ ʦʪʣʠʯʥʘ ʦʪ 

ʥʫʣʷ.ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʣʦʙʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʆʜʥʘʢʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ Re>10
5
 ʠ ʚʳʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʢʦ ʧʘʜʘʝʪ. ʕʪʦ ʷʚʣʝʥʠʝ, 

ʥʘʟʳʚʘʝʤʦʝ òʢʨʠʟʠʩʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷò, ʩʚʷʟʘʥʦ ʩ ʪʫʨʙʫʣʠʟʘʮʠʝʡ ʧʦʛʨʘʥʠʯʥʦʛʦ 

ʩʣʦʷ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʟʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨ ʦʙʪʝʢʘʥʠʷ ʪʝʣʘ ʚʦʟʜʫʭʦʤ.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʚʩʝʛʦ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʠ ʜʠʘʤʝʪʨʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʝʪʦʜʠʢʝ [3], 

ʚʳʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ Cx(Re), ʢʦʪʦʨʘʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1,ʙ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʘ, ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ Cx(Re) ʠʤʝʝʪ ʩʭʦʞʫʶ ʬʦʨʤʫ ʩ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1,ʘ. ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʚ 

ʧʨʝʜʝʣʘʭ 10
2
<Re<10

5
, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʦʙʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʢʨʘʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʟʤʝʨʥʦʩʪʷʤ ʪʠʧʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ ʘʪʘʢʠ ʚʝʪʨʦʚʳʤ ʧʦʪʦʢʦʤ, ʧʨʦʠʩʭʦʜʠʪ 

ʩʤʝʝɦʥʠʝ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʥʘʢʣʦʥʝ ʮʠʣʠʥʜʨʘ ʢʨʫʛʦʚʦʡ ʬʦʨʤʳ 

ʝʛʦ ʩʝʯʝʥʠʝ ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʵʣʣʠʧʩʘ (ʩʤ. ʨʠʩ. 1,ʙ). ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʧʘʩʘ 

ʢʘʢ ʩʦʙʩʪʚʝʥʥʦʡ, ʪʘʢ ʠ ʛʨʫʟʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʣʦʙʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 10
2
<Re<10

5
 ʠʤʝʝʪ ʫʚʝʣʠʯʝʥʥʦʝ ʥʘ 5 ï 10% ʟʥʘʯʝʥʠʝ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʦʨʤʳ ʨʘʩʯʝʪʘ ʢʨʘʥʦʚ ʥʘ ʚʝʪʨʦʚʫʶ ʥʘʛʨʫʟʢʫ ʦʩʥʦʚʘʥʳ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ, ʫʯʠʪʳʚʘʶʱʠʭ ʣʦʙʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʠʟʤʝʥʝʥʠʝ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʚʳʩʦʪʝ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʠ ʥʘʚʝʪʨʝʥʥʫʶ 

ʧʣʦʱʘʜʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʜʝʡʩʪʚʠʠ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʬʝʨʤʝʥʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʩʪʨʝʣʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʙʘʰʥʠ ʣʠʙʦ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʢʨʘʥʘ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʫʯʝʩʪʴ ʟʘʪʝʥʝʥʥʳʝ ʫʯʘʩʪʢʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʧʦʜʚʝʨʞʝʥʳ ʚʝʪʨʦʚʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʇʨʠ ʥʝʙʦʣʴʰʠʭ ʧʦʚʦʨʦʪʘʭ ʩʪʨʝʣʳ ʣʠʙʦ 

ʜʨʫʛʠʭ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʩʦʩʪʘʚʥʦʡ ʬʦʨʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʪʨʦʚʦʛʦ ʥʘʧʦʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʥʘʚʝʪʨʝʥʥʦʡ ʧʣʦʱʘʜʠ, ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʭʦʜʘ ʟʘʪʝʥʝʥʥʳʭ 

ʫʯʘʩʪʢʦʚ ʚ ʥʘʚʝʪʨʝʥʥʳʝ.  
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ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʤʝʥʪʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʩʪʨʝʣʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʚʨʘʱʝʥʠʷ ʢʨʘʥʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʩʯʝʪʥʳʤ 

ʧʫʪʝʤ ʧʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʠʣʘʤ, ʠʟʚʝʩʪʥʳʤ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩʪʨʝʣʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʙʝʟ ʫʯʝʪʘ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʵʪʠ ʵʣʝʤʝʥʪʳ. ʈʘʩʯʝʪ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʨʘʥʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʠʤʝʶʱʠʭ ʩʣʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʠ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʩʪʫʧʝʥʯʘʪʳʝ ʩʪʨʝʣʦʚʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʩ ʨʘʟʣʠʯʥʳʤ ʥʘʙʦʨʦʤ ʩʝʯʝʥʠʡ ʪʨʫʙʯʘʪʳʭ 

ʨʘʩʢʦʩʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ. 

ʌʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ ʪʘʢʞʝ ʥʝʩʝʪ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʠ ʠʩʧʦʣʥʝʥʠʝʤ ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʨʘʥʘ. ʃʶʙʳʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʘʩʰʪʘʙʥʦʡ ʤʦʜʝʣʠ 

ʢʨʘʥʘ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ. ɼʨʫʛʠʤ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʝʪʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʦʙʳʯʥʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʨʫʙʝ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʩʪʚʦ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʦ ʚʳʩʦʪʝ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘʛʨʫʞʝʥʠʷ ʢʨʘʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʪʨʫʙʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʩʦʟʜʘʥʠʷ ʪʦʣʩʪʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʩ ʜʣʠʥʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʧʦʨʷʜʢʘ 50 ï 100 ʤ, ʯʪʦ 

ʚʣʝʯʝʪ ʫʜʦʨʦʞʘʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪ.ʢ. ʩʫʱʝʩʪʚʫʝʪ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʫʩʪʘʥʦʚʦʢ. 

ɸʣʴʪʝʨʥʘʪʠʚʘ ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʝʪʦʜʠʢʝ ʧʦ ɻʆʉʊ ʜʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ 

ʩʫʱʝʩʪʚʫʝʪ ʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ). ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʩʯʝʪʝ ʘʵʨʦʜʠʥʘʤʠʢʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, 

ʨʘʩʯʝʪʝ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ ʟʜʘʥʠʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ 

ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʠ ʠ ʪ.ʜ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʣʦʙʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʪʝʣʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 

ʦʙʲʝʤʦʚ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ: ʥʘ ʚʭʦʜʝ ï ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʥʘʧʨʘʚʣʝʥʥʘʷ ʧʦ 

ʥʦʨʤʘʣʠ ʢ ʛʨʘʥʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ; 

ʥʘ ʚʳʭʦʜʝ ï ʜʘʚʣʝʥʠʝ 0 ʇʘ (ʨʠʩ. 2).  

ʅʘ ʨʠʩ. 2. ʧʦʢʘʟʘʥʳ ʣʠʥʠʠ ʪʦʢʘ, ʠʟ ʢʦʪʦʨʳʭ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʝʙʦʣʴʰʦʤ 

ʟʥʘʯʝʥʠʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ (Re~10) ʚʝʪʨʦʚʦʡ ʧʦʪʦʢ ʣʘʤʠʥʘʨʥʳʡ. ʋʚʝʣʠʯʝʥʠʝ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʧʨʠʚʦʜʠʪ ʢ ʪʫʨʙʫʣʠʟʘʮʠʠ ʚʦʟʜʫʰʥʳʭ ʩʪʨʫʡ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʟʘʚʠʭʨʝʥʠʡ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʦʢʨʫʞʘʶʱʝʝ ʠʩʩʣʝʜʫʝʤʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʤʦʜʝʣʠʨʫʝʪʩʷ 

ʧʦʚʝʜʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʪʦʪʠʧʘ ʠʟʜʝʣʠʷ. 

ʉʘʤʘ ʞʝ ʢʦʥʩʪʨʫʢʮʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʦʩʪʴʶ ʚ ʤʦʜʝʣʠ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʈʘʩʯʝʪ ʥʘ ʦʩʥʦʚʝ ʄʂʕ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʩ ʤʝʥʴʰʝʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, 

ʪʘʢ ʢʘʢ ʜʣʷ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʥʦʤʘʩʰʪʘʙʥʘʷ ʤʦʜʝʣʴ ʠʟʜʝʣʠʷ. 

 



59 

 

 

 
 

ʈʠʩ. 2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʫʨʙʫʣʝʥʪʥʳʭ ʚʠʭʨʝʡ  

ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʪʝʣʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ 

 

ʇʦʜʛʦʪʦʚʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʚʣʠʷʥʠʷ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ 

ʥʘ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʶ ʙʘʰʝʥʥʦʛʦ ʢʨʘʥʘ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʅʘ 

ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʩʪʨʦʠʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʥʦʣʠʪʥʘʷ ʤʦʜʝʣʴ ʙʘʰʝʥʥʦʛʦ ʢʨʘʥʘ ʙʝʟ ʫʯʝʪʘ 

ʪʦʥʢʦʩʪʝʥʥʦʩʪʠ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ɼʘʣʝʝ, ʧʨʦʠʟʚʦʜʷʪ 

ʚʳʯʠʪʘʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʤʦʥʦʣʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʙʘʰʝʥʥʦʛʦ ʢʨʘʥʘ 

ʠʟ ʦʙʲʝʤʘ ʤʦʜʝʣʠ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʨʠʩ. 3,ʘ).  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʟʘʛʦʪʦʚʢʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʧʦʣʦʩʪʴʶ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʝʪ ʢʦʥʩʪʨʫʢʮʠʶ ʢʨʘʥʘ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʘʜʘʥʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʧʦʣʫʯʝʥʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʙʫʜʫʪ ʧʨʠʩʚʦʝʥʳ ʩʚʦʡʩʪʚʘ ʨʝʘʣʴʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʙʘʰʝʥʥʦʛʦ ʢʨʘʥʘ ʠ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ. ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ 

ʩʝʪʢʘ ʩʪʨʦʠʪʩʷ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ ʥʘ ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ 

ʯʘʩʪʝʡ (ʨʠʩ. 3,ʙ). ʈʘʟʤʝʨ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ 

ʧʦʣʦʩʪʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʩʪʘʮʠʦʥʘʨʥʳʡ ʙʘʰʝʥʥʳʡ ʢʨʘʥ.  

 

Re ~ 10
 

CX = 2,71 

Re ~ 10
3 

CX = 1,28 
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ʘ)                                                            ʙ) 

ʈʠʩ. 3. ʆʙʲʤyʥʘʷ ʤʦʜʝʣʴ (ʘ) ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ  

ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ(ʙ) ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʪʝʢʘʥʠʷ ʪʝʣʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 2, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʦʙʪʝʢʘʥʠʠ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʘʥʘ ʚʝʪʨʦʚʳʝ ʧʦʪʦʢʠ ʧʨʠʦʙʨʝʪʘʶʪ ʬʦʨʤʫ 

ʪʫʨʙʫʣʝʥʪʥʳʭ ʟʘʚʠʭʨʝʥʠʡ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʢʘʟʳʚʘʷ ʜʘʚʣʝʥʠʝ ʥʘ ʟʘʪʝʥʝʥʥʳʝ 

ʫʯʘʩʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʵʪʦʤʫ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʨʫʪʷʱʝʛʦ 

ʤʦʤʝʥʪʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘ ʙʘʰʥʶ ʢʨʘʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʟʘʪʝʥʝʥʥʳʝ ʫʯʘʩʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚʚʠʜʫ ʝʝ 

ʩʣʦʞʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʜʘʥʥʳʤ 

ʤʝʪʦʜʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʚʦʧʨʦʩʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʘʵʨʦʜʠʥʘʤʠʢʠ 

ʢʨʘʥʦʚʳʭ ʫʩʪʘʥʦʚʦʢ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʪ.ʢ. ʫʯʠʪʳʚʘʶʪʩʷ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʄʂʕ ʜʘʝʪ ʪʦʯʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʧʨʘʚʠʣ ʧʦʩʪʨʦʝʥʠʷ ʦʙʲʝʤʥʳʭ ʩʝʪʦʢ, ʟʘʜʘʥʠʠ 

ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʚʳʙʦʨʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

 

1. ɺʘʡʥʩʦʥ ɸ.ɸ. ʇʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʰʠʥʳ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ ʧʦ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʇʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʝ, ʩʪʨʦʠʪʝʣʴʥʳʝ, ʜʦʨʦʞʥʳʝ ʤʘʰʠʥʳ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʝè. ï 4-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1989. ï 

536ʩ. 

2. ʇʦʚʭ ʀ.ʃ. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ / ʀ.ʃ. ʇʦʚʭ. ï 

ʀʟʜ. 3-ʝ. ï ʃ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1974. ï 479 ʩ. 

3. ɻʆʉʊ 1451-77. ʂʨʘʥʳ ʛʨʫʟʦʧʦʜʲʝʤʥʳʝ. ʅʘʛʨʫʟʢʘ ʚʝʪʨʦʚʘʷ. ï ɺʚʝʜ. 01.01.78. 

ï ʄ.: ɻʦʩʩʪʘʥʜʘʨʪ ʉʉʉʈ: ʀʟʜ-ʚʦ ʩʪʘʥʜʘʨʪʦʚ, 1977. ï 19 ʩ. 

 



61 

 

ʀʄʀʊɸʎʀʆʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɽʍɸʅʀɿʄɸ ʇʆɼʒɪʄɸ 

ʉʊʈɽʃʆɺʆɻʆ ʉɸʄʆʍʆɼʅʆɻʆ ʂʈɸʅɸ 

 

ʈʝʜʴʢʠʥ ɸ.ɺ. , ɹʦʣʴʰʘʢʦʚ ɺ.ɹ.  

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʫʣʘ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʨʝʣʦʚʳʭ ʩʘʤʦʭʦʜʥʳʭ ʢʨʘʥʦʚ ʩ ʪʝʣʝʩʢʦʧʠʯʝʩʢʦʡ ʩʪʨʝʣʦʡ ʩ ʛʠʜʨʦʧʨʠʚʦʜʦʤ. ʆʥ 

ʧʦʟʚʦʣʷʝʪ ʢʨʘʥʫ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʩ ʙʦʣʴʰʠʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʠ ʣʫʯʰʝ ʤʘʥʝʚʨʠʨʦʚʘʪʴ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ [1]. 

ʉʦʟʜʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʘʰʠʥ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʩʯʸʪʘ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ, ʥʦ ʠ ʥʘʭʦʞʜʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʩʪʨʝʣʦʚʳʭ ʩʘʤʦʭʦʜʥʳʭ 

ʢʨʘʥʦʚ, ʩʚʷʟʘʥʦ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ 

ʫʧʨʫʛʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʦʜʘ ʠ ʢʨʘʥʘ ʚ ʮʝʣʦʤ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʭʝʤ ʤʝʭʘʥʠʟʤʦʚ ʧʦʜʲʝʤʘ ʛʨʫʟʘ ʠ 

ʧʦʚʦʨʦʪʘ ʧʣʘʪʬʦʨʤʳ ʩʪʨʝʣʦʚʳʭ ʩʘʤʦʭʦʜʥʳʭ ʢʨʘʥʦʚ (ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʤʝʭʘʥʠʟʤʘ ʧʦʜʲʸʤʘ (ʧʦʚʦʨʦʪʘ) 

 

ʈʘʩʩʤʦʪʨʠʤ ʣʠʥʝʡʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʛʠʜʨʦʤʦʪʦʨʦʚ ʧʨʠʚʦʜʘ 

ʛʨʫʟʦʚʦʡ ʣʝʙʸʜʢʠ ʠ ʧʨʠʚʦʜʘ ʧʦʚʦʨʦʪʘ ʧʣʘʪʬʦʨʤʳ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʧʦʣʦʞʝʥʘ 

ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ. 

ʋʨʘʚʥʝʥʠʝ ʨʘʩʭʦʜʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʘ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

ʨʘʚʝʥʩʪʚʘ ʧʨʠʨʘʱʝʥʠʡ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʘ ʠ ʪʨʝʙʫʝʤʦʛʦ 

ʨʘʩʭʦʜʘ ʛʠʜʨʦʤʦʪʦʨʘ 

,
)(

dt

pd

E

V
prWprk

ɼ
ɼʤɼʥʥ

D
Ö+DÖ+DWÖ=DÖ-gDÖ  

ʛʜʝ rʥ, rʤ ī ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʪʝʯʝʢ ʞʠʜʢʦʩʪʠ ʚ ʥʘʩʦʩʝ ʠ ʛʠʜʨʦʤʦʪʦʨʝ; V ī ʦʙʲʝʤ 

ʞʠʜʢʦʩʪʠ ʚ ʤʘʛʠʩʪʨʘʣʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ; E ī ʧʨʠʚʝʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ 
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ʦʙʲʝʤʥʦʡ ʫʧʨʫʛʦʩʪʠ ʞʠʜʢʦʩʪʠ; p1 ī ʜʘʚʣʝʥʠʝ ʚ ʤʘʛʠʩʪʨʘʣʠ ʥʘʛʥʝʪʘʥʠʷ; kʥ ī 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʥʘʩʦʩʘ ʧʦ ʨʘʩʭʦʜʫ. 

ʉ ʫʯʸʪʦʤ ʫʪʝʯʝʢ ʞʠʜʢʦʩʪʠ ʦʙʦʙʱʸʥʥʘʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʥʘʩʦʩʘ ʟʘʧʠʰʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

,ʥʥʥʥ ʨrkQ Ö-Ö= g  

ʛʜʝ Qʥ ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ; pʥ ï ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʚ 

ʥʘʩʦʩʝ; ɔ ï ʧʘʨʘʤʝʪʨ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʩʦʩʘ. 

ʇʨʝʦʙʨʘʟʫʷ ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʥʘʩʦʩʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʟʚʝʥʘ 

,)(/)()( ʥʥʥ kssQsW == g  

ʛʜʝ Qʥ(s), ɔ(s) ï ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʃʘʧʣʘʩʫ ʨʘʩʭʦʜʘ Qʥ ʠ ʫʛʣʘ ɔʥ. 

ʇʦʣʘʛʘʷ p2 = const, ʘ ȹp2 = 0 ʠ ʨʝʰʘʷ ʫʨʘʚʥʝʥʠʷ ʩʦʚʤʝʩʪʥʦ ʧʨʠ dɋ / dt = 

d(ȹɋ) /dt ʠ f = 0, ʧʨʝʜʩʪʘʚʠʤ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʛʠʜʨʦʧʨʠʚʦʜʘ ʚ ʪʘʢʦʤ ʚʠʜʝ: 

,gg DÖ=DW+W¡DÖ+W¡¡DÖÖ WkTTT ʤʤʛ  

ʛʜʝ Tʛ ī ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ, ʫʯʠʪʳʚʘʶʱʘʷ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʞʠʤʘʝʤʦʩʪʠ ʞʠʜʢʦʩʪʠ, Tʤ ī ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ 

ʚʨʝʤʝʥʠ, ʫʯʠʪʳʚʘʶʱʘʷ ʠʥʝʨʮʠʦʥʥʦʩʪʴ ʨʦʪʦʨʘ ʛʠʜʨʦʤʦʪʦʨʘ ʠ ʥʘʛʨʫʟʢʠ, 

ɺ ʣʠʥʝʡʥʦʤ ʥʝʦʜʥʦʨʦʜʥʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʠ Tʤ < 4ĀTʛ, 

ʧʦʵʪʦʤʫ ʝʛʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʝʱʝ ʪʘʢ: 

;22 gx g DÖ=DW+W¡DÖÖÖ+W¡¡DÖ WkTT ʢʢʢ  

ʇʨʝʦʙʨʘʟʫʷ ʧʦ ʃʘʧʣʘʩʫ ʧʨʠ ʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʫʨʘʚʥʝʥʠʝ, 

ʧʦʣʫʯʠʤ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʛʠʜʨʦʧʨʠʚʦʜʘ ʤʝʭʘʥʠʟʤʘ ʧʦʜʲʸʤʘ (ʧʦʚʦʨʦʪʘ) 

ʦʪ ʧʘʨʘʤʝʪʨʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʩʦʩʘ ʢ ʫʛʣʦʚʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʚʘʣʘ ʛʠʜʨʦʤʦʪʦʨʘ 

ʚ ʚʠʜʝ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʠ ʠʥʪʝʛʨʠʨʫʶʱʝʛʦ ʟʚʝʥʴʝʚ 
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ʇʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʢʨʘʥʦʚʦʡ ʫʩʪʘʥʦʚʢʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʭʘʥʠʟʤʘ 

ʧʦʜʲʝʤʘ ʧʨʠʤʝʥʝʥʘ ʤʦʜʝʣʴ ʩ ʜʚʫʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ, ʚ ʢʦʪʦʨʦʡ ʜʚʝ ʤʘʩʩʳ 

ʩʚʷʟʘʥʳ ʫʧʨʫʛʠʤʠ ʠ ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʩʚʷʟʷʤʠ. ɼʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ ʧʨʠ ʧʦʜʲʸʤʝ 

ʛʨʫʟʘ ʩ ʧʦʜʭʚʘʪʦʤ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ: 

))()((
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--+-= # , 

ʛʜʝ ʭ ī ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʫʟʘ; xʢ ï ʧʝʨʝʤʝʱʝʥʠʝ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʩʪʨʝʣʳ 

ʢʨʘʥʘ; t ī ʚʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ; mʛ ī ʤʘʩʩʘ ʛʨʫʟʘ ʠ ʛʨʫʟʦʟʘʭʚʘʪʥʦʛʦ 

ʦʨʛʘʥʘ; 

mʢ = mʩ + mʛ, ʛʜʝ mʩ ī ʤʘʩʩʘ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʩʪʨʝʣʳ ʢʨʘʥʘ ʠ ʢʘʥʘʪʘ; k ï 

ʞʸʩʪʢʦʩʪʴ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʩʪʨʝʣʳ ʢʨʘʥʘ; c ï ʞʝʩʪʦʢʦʩʪʴ ʢʘʥʘʪʥʦʛʦ 

ʧʦʣʠʩʧʘʩʪʘ; P ī ʫʩʠʣʠʝ ʧʦʜʲʝʤʘ ʛʨʫʟʘ. 

ʇʨʝʦʙʨʘʟʫʷ ʧʦ ʃʘʧʣʘʩʫ ʧʨʠ ʥʫʣʝʚʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʫʨʘʚʥʝʥʠʝ, 

ʧʦʣʫʯʠʤ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʤʦʙʠʣʴʥʦʛʦ ʢʨʘʥʘ: 
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ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʛʨʫʟʦʚʦʛʦ ʙʘʨʘʙʘʥʘ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ 

ʫʩʠʣʠʪʝʣʴʥʦʛʦ ʟʚʝʥʘ, ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 

,
2

)()( ʢʢʙ
ʙʙ

ndD
sksW

Ö+
==

 

ʛʜʝ Dʙ ï ʜʠʘʤʝʪʨ ʛʨʫʟʦʚʦʛʦ ʙʘʨʘʙʘʥʘ; dʢ ï ʜʠʘʤʝʪʨ ʢʘʥʘʪʘ; nʢ ï ʩʨʝʜʥʝʝ ʯʠʩʣʦ 

ʩʣʦʸʚ ʥʘʚʠʚʢʠ ʢʘʥʘʪʘ ʥʘ ʙʘʨʘʙʘʥ. 

ɼʠʥʘʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʤʝʭʘʥʠʟʤʘ ʧʦʜʲʸʤʘ ʩʘʤʦʭʦʜʥʦʛʦ ʢʨʘʥʘ ʩ 

ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʘ ʠ ʥʘʩʳʱʝʥʠʷ ʧʦ ʜʘʚʣʝʥʠʶ 

ʧʠʪʘʥʠʷ, ʧʨʝʜʩʪʘʚʠʤ ʩʪʨʫʢʪʫʨʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʦʡ (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʝʭʘʥʠʟʤʘ ʧʦʜʲʸʤʘ ʩʘʤʦʭʦʜʥʳʭ ʢʨʘʥʦʚ  

ʩ ʫʯʸʪʦʤ ʧʦʣʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʨʘʩʧʦʣʘʛʘʝʤʦʡ ʤʦʱʥʦʩʪʠ ʛʠʜʨʦʧʨʠʚʦʜʘ 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʧʦʩʪʨʦʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʤʝʭʘʥʠʟʤʘ ʧʦʜʲʸʤʘ ʩ ʛʠʜʨʦʧʨʠʚʦʜʦʤ. ʈʝʘʣʠʟʘʮʠʷ ʠʭ ʥʘ ʕɺʄ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʧʦʣʫʯʠʪʴ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ. ʇʦ 

ʘʤʧʣʠʪʫʜʥʦ-ʬʘʟʦʚʳʤ ʯʘʩʪʦʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ɸʌʏʍ) ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ 

ʪʘʢʠʭ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ, ʢʘʢ ʟʘʧʘʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʧʦ 

ʬʘʟʝ, ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ, ʯʘʩʪʦʪʘ ʩʨʝʟʘ ʠ ʪ.ʜ.[2]  

ʇʦʜʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʩʠʥʪʝʟʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʘʧʨʠʦʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʙʝʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʦʮʝʥʢʠ ʚʭʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʨʦʭʦʞʜʝʥʠʝ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʯʝʨʝʟ 

ʣʠʥʝʡʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʥʝʣʠʥʝʡʥʳʝ ʙʝʟʳʥʝʨʮʠʦʥʥʳʝ ʟʚʝʥʴʷ ʜʦʩʪʘʪʦʯʥʦ 

ʭʦʨʦʰʦ ʧʦʜʜʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʪʦʡ ʞʝ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ, ʢʘʢʦʡ ʦʙʣʘʜʘʝʪ ʤʦʜʝʣʴ 

ʠʩʭʦʜʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʊɽʍʅʆʃʆɻʀʗ ʇʆɺʓʐɽʅʀʗ ɹɽɿʆʇɸʉʅʆʉʊʀ ʂʈɸʅɸ  

ɺ ʋʉʃʆɺʀʗʍ ɺʓʉʆʂʀʍ ɺɽʊʈʆɺʓʍ ʅɸɻʈʋɿʆʂ 

 

ʈʝʜʴʢʠʥ ɸ.ɺ., ʈʦʛʦʚ ʅ.ɼ.  

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʛ. ʊʫʣʘ 

 

ʉʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʘʰʝʥʥʦʛʦ ʢʨʘʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʟʘʜʘʯʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʝʤʦʡ ʚʝʣʠʯʠʥʳ ʚ 

ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ. ɺ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʚʭʦʜʷʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ:  

 ʟʘʜʘʪʯʠʢ  ʵʣʝʤʝʥʪ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡ ʪʨʝʙʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʧʨʦʮʝʩʩʘ, 

ʟʘʢʦʥ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʠʣʠ ʧʦʨʷʜʦʢ ʚʦʟʜʝʡʩʪʚʠʷ ʩʠʛʥʘʣʦʚ ʚ ʭʦʜʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʟʘʜʘʪʯʠʢ ʨʘʙʦʪʘʝʪ ʚ ʘʩʠʥʭʨʦʥʥʦʤ ʨʝʞʠʤʝ ʦʙʤʝʥʘ 

ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ; 

 ʩʠʩʪʝʤʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ  ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʟʚʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʥʘʯʝʥʠʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ, 

ʦʪʚʝʯʘʶʱʝʤ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʫʧʨʘʚʣʝʥʠʷ; 

 ʢʦʥʪʨʦʣʣʝʨ (ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢ ʥʝʤʫ)  ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʠʥʪʝʨʬʝʡʩʥʳʭ ʠ ʦʧʝʨʘʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʢʨʘʥʘ ʧʨʠ ʛʨʫʟʦʚʦʤ ʥʘʛʨʫʞʝʥʠʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʰʪʘʪʥʦʡ ʩʠʩʪʝʤʦʡ ʩʦʩʪʦʷʱʝʡ ʠʟ ʛʨʫʧʧʳ ʜʘʪʯʠʢʦʚ 

çʆʛʨʘʥʠʯʠʪʝʣʴ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠè, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ, ʙʣʦʢʘ ʠʥʜʠʢʘʮʠʠ [1]. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʦʧʝʨʘʪʦʨʦʤ-

ʢʨʘʥʦʚʱʠʢʦʤ ʠʩʭʦʜʷ ʠʟ ʧʦʢʘʟʘʥʠʡ ʠʥʜʠʢʘʪʦʨʦʚ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʘʰʝʥʥʦʛʦ ʢʨʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ.  

ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʙʘʰʝʥʥʦʛʦ ʢʨʘʥʘ [2] ʩʦʜʝʨʞʠʪ 

ʥʘʙʦʨ ʜʘʪʯʠʢʦʚ, ʵʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʢʨʘʥʘ, ʙʣʦʢ ʚʠʟʫʘʣʴʥʦʡ ʠʥʜʠʢʘʮʠʠ, ʰʠʥʫ ʜʘʥʥʳʭ ʠ ʘʧʧʘʨʘʪʫʨʫ 

ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ (ʨʠʩ. 1).  

ʆʩʥʦʚʥʳʝ ʠʥʪʝʛʨʠʨʫʝʤʳʝ ʜʘʪʯʠʢʠ  ʜʘʪʯʠʢ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʜʘʪʯʠʢ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʦʪ ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ, 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ: ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʜʘʪʯʠʢ ʚ 

ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʧʦʚʦʨʦʪʘ ʙʘʰʥʠ ʠʣʠ ʨʘʩʧʦʣʦʞʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʦʩʠ ʧʦʚʦʨʦʪʘ ʢʨʘʥʘ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʜʘʪʯʠʢ ʢʨʫʪʷʱʝʛʦ 
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ʤʦʤʝʥʪʘ ʥʘ ʙʳʩʪʨʦʭʦʜʥʳʡ ʚʘʣ ʨʝʜʫʢʪʦʨʘ ʧʦʚʦʨʦʪʘ ʙʘʰʥʠ, ʪ.ʝ. ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ 

ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʤʝʭʘʥʠʟʤʘ ʧʦʚʦʨʦʪʘ. ʕʪʦ ʩʚʷʟʘʥʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ 

ʪʝʤ, ʯʪʦ ʧʦʥʠʞʝʥʥʳʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʙʳʩʪʨʦʭʦʜʥʦʤ ʚʘʣʫ ʨʝʜʫʢʪʦʨʘ ʙʫʜʝʪ 

ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʤʦʤʝʥʪʘ ʩʥʷʪʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʩʠ ʚʨʘʱʝʥʠʷ ʢʨʘʥʘ. 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢʨʘʥʘ 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʝʝ ʜʝʰʝʚʦʛʦ ʜʘʪʯʠʢʘ ʩ 

ʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʝʪ 

ʚʝʨʦʷʪʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦʢʘʟʘʥʠʡ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

ʚʩʣʝʜʩʪʚʠʝ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʚ ʤʝʭʘʥʠʟʤʘʭ ʨʝʜʫʢʪʦʨʘ ʠ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʞʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʘʨʠʨʦʚʢʠ 

ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʘ. ɺʳʙʦʨ ʪʠʧʘ ʜʘʪʯʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʘʥʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʩʪʘʥʦʚʢʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʘʪʯʠʢʠ ʩ ʟʘʣʦʞʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ. 

ʀʟ ʦʧʠʩʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʩʭʝʤʳ ʷʩʥʦ, ʯʪʦ ʚ ʣʶʙʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʢʨʘʥʘ ʚʝʜʫʱʠʭ ʢ ʧʦʪʝʨʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪ ʩʠʛʥʘʣ ʥʘ ʘʧʧʘʨʘʪʫʨʫ ʫʧʨʘʚʣʝʥʠʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ɸʧʧʘʨʘʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʠʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʤʫʬʪʫ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʚ 

ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ ʤʝʭʘʥʠʟʤʘ ʧʦʚʦʨʦʪʘ ʢʨʘʥʘ, ʚ ʨʘʟʨʳʚ ʤʝʞʜʫ ʪʦʨʤʦʟʦʤ ʠ 

ʨʝʜʫʢʪʦʨʦʤ ʧʦʚʦʨʦʪʘ ʢʨʘʥʘ. 


