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ʈɸɹʆʏɸʗ ʇʈʆɻʈɸʄʄɸ ʇʆ ʆʉɺʆɽʅʀʖ ɼʀʉʎʀʇʃʀʅʓ 
 
 
 
ʎɽʃʀ ʀɿʋʏɽʅʀʗ ɼʀʉʎʀʇʃʀʅʓ: 

ɼʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʫʩʪʨʦʡʩʪʚʝ ɿʝʤʣʠ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ 
ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʝʝ ʥʝʜʨʘʭ ʠ ʚ ʙʠʦʩʬʝʨʝ. 

 
ɿɸɼɸʏʀ ʀɿʋʏɽʅʀʗ ɼʀʉʎʀʇʃʀʅʓ: 

ʉʪʫʜʝʥʪ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʫʤʤʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ 
ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʧʦ ʧʨʝʜʤʝʪʫ çɻʝʦʭʠʤʠʷ ʠ ʛʝʦʬʠʟʠʢʘ 
ʙʠʦʩʬʝʨʳè; ʟʥʘʪʴ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ɿʝʤʣʠ ʠ ʟʝʤʥʦʡ ʢʦʨʳ, 
ʧʦʥʠʤʘʪʴ ʨʦʣʴ ʵʢʟʦʛʝʥʥʳʭ ʠ ʵʥʜʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʚʠʪʠʠ 
ʟʝʤʥʦʡ ʢʦʨʳ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ; ʠʤʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ 
ʦʩʥʦʚʥʳʭ ʵʪʘʧʘʭ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʵʚʦʣʶʮʠʠ 
ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʠʨʘ ʧʨʦʰʣʦʛʦ, ʫʤʝʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʫʶ ʰʢʘʣʫ. 

 
 
 
 

˾͔͔͔͙͔͊ͫͨͪ͒ͤ͡ ͔͙ͭͪͯ͒ͦͣͦͫͭ͟ ͙͒ͫͼ͙͙ͨͤ͡· 
 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʯʝʙʥʳʤ ʧʣʘʥʦʤ: 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʜʠʩʮʠʧʣʠʥʳ 

ʦʙ
ʱ
ʠʡ
 ʆʙʲʝʤ ʟʘʥʷʪʠʡ ʚ ʘʢ. ʯʘʩʘʭ  

ʚʩʝʛʦ 
ʣʝʢ- 
ʮʠʡ 

ʣʘʙ. 
ʟʘʥ. 

ʧʨʘʢ 
ʟʘʥ. 

ʩʘʤ. 
ʨʘʙ. 

ʢ.ʨ. ʵʢʟ. ʟʘʯ. 

ɻʝʦʭʠʤʠʷ ʠ ʛʝʦʬʠʟʠʢʘ ʙʠʦʩʬʝʨʳ 180 138 42 96 - 42 ʢʨ6 6 5 
 

 

ɺ ʪʦʤ ʯʠʩʣʝ, ʧʦ ʩʝʤʝʩʪʨʘʤ: 
3 ʢʫʨʩ 4 ʢʫʨʩ 5 ʢʫʨʩ 

5 ʩʝʤʝʩʪʨ 6 ʩʝʤʝʩʪʨ 7 ʩʝʤʝʩʪʨ 8 ʩʝʤʝʩʪʨ 9 ʩʝʤʝʩʪʨ 10 ʩʝʤʝʩʪʨ 
ʣʝʢ ʣʘʙ ʧʨ ʣʝʢ ʣʘʙ ʧʨ ʣʝʢ ʣʘʙ ʧʨ ʣʝʢ ʣʘʙ ʧʨ ʣʝʢ ʣʘʙ ʧʨ ʣʝʢ ʣʘʙ ʧʨ 

18 40  24 56    
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ʊʝʤʘʪʠʯʝʩʢʠʡ ʧʣʘʥ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ 
 

ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʝʤʳ ɸʢ. 
ʯʘʩʦʚ 

1.  ɺʚʝʜʝʥʠʝ ʚ ʜʠʩʮʠʧʣʠʥʫ. ʇʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ. 3 
2.  ɿʝʤʣʷ ʢʘʢ ʧʣʘʥʝʪʘ 3 
3.  ʉʪʨʦʝʥʠʝ ʠ ʩʦʩʪʘʚ ʛʝʦʩʬʝʨ: ʤʘʛʥʠʪʦʩʬʝʨʘ, ʘʪʤʦʩʬʝʨʘ, 

ʛʠʜʨʦʩʬʝʨʘ, ʙʠʦʩʬʝʨʘ, ʦʢʝʘʥʠʯʝʩʢʘʷ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ 
ʢʦʨʘ, ʘʩʪʝʥʦʩʬʝʨʘ, ʤʘʥʪʠʷ ʚʥʝʰʥʝʝ ʠ ʚʥʫʪʨʝʥʥʝʝ ʷʜʨʦ 

3 

4.  ʈ-ʊ ʫʩʣʦʚʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʤʘʥʪʠʠ. 
ʄʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʝ ʩʠʩʪʝʤʳ ʠ ʧʨʦʮʝʩʩʳ. 3 

5.  ʉʪʨʦʝʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ. 3 
6.  ʃʘʥʜʰʘʬʪʥʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ, ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ. 3 
7.  ʆʨʦʛʝʥʝʟ ɿʝʤʣʠ. 2 
8.  ʆʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʙʠʦʩʬʝʨʳ. 2 

9.  ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʛʝʦʩʬʝʨ. 2 
10.  ʄʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. 2 
11.  ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʮʠʢʣʳ. 2 
12.  ʊʝʭʥʦʛʝʥʝʟ ʢʘʢ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʬʘʢʪʦʨ. 2 
13.  ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʝʛʦ ʘʥʦʤʘʣʠʠ. 2 
14.  ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 2 
15.  ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 2 
16.  ʄʝʪʦʜʳ ʢʘʨʪʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʙʠʦʩʬʝʨʝ. 4 

17.  ʉʦʚʨʝʤʝʥʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  2 
 ɺʉɽɻʆ: 42 

 
 

ʇʣʘʥ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ 
 

ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ ʪʝʤʳ ɸʢ. 
ʯʘʩʦʚ 

1.  ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠ ʧʨʠʝʤʳ ʧʦʣʫʯʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʦʡ 
ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʦʝʥʠʠ ɿʝʤʣʠ. 4 

2.  ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɿʝʤʣʠ. 4 
3.  ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ɿʝʤʣʠ. 4 
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4.  ʆʙʱʘʷ ʠ ʧʨʠʢʣʘʜʥʘʷ ʛʝʦʬʠʟʠʢʘ ʙʠʦʩʬʝʨʳ ɿʝʤʣʠ. 4 
5.  ʉʪʨʫʢʪʫʨʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ.  4 
6.  ʄʘʛʥʠʪʥʦʝ ʩʢʣʦʥʝʥʠʝ. ɸʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. 4 
7.  ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ɿʝʤʣʠ.  4 
8.  ʌʠʟʠʢʘ ʘʪʤʦʩʬʝʨʳ ʠ ʪʨʘʥʩʛʨʘʥʠʯʥʳʝ ʧʝʨʝʥʦʩʳ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 4 

9.  ɼʚʠʞʝʥʠʝ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ: ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ,  
ʩʫʙʜʫʢʮʠʷ ʠ ʩʧʨʝʜʠʥʛ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ. 4 

10.  ɺʣʠʷʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʚ ʦʢʝʘʥʝ ʥʘ 
ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ.  4 

11.  ɻʝʦʭʠʤʠʷ ʛʝʦʩʬʝʨʳ.  4 
12.  ʇʫʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʣʠʪʦʩʬʝʨʝ ʠ ʟʝʤʥʦʡ ʢʦʨʝ.  

13.  ɻʝʦʩʬʝʨʥʳʝ ʦʙʦʣʦʯʢʠ.  4 
14.  ʉʪʨʫʢʪʫʨʘ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʳ ʠ 

ʛʠʜʨʦʩʬʝʨʳ.  

15.  ʉʪʨʫʢʪʫʨʘ ʠ ʛʨʘʥʠʮʳ ʙʠʦʩʬʝʨʳ.  4 
16.  ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʴ ʙʠʦʩʬʝʨʳ.  4 
17.  ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʪʦʢʩʠʯʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ.  4 

18.  ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ 
ʧʨʦʚʠʥʮʠʠ. 4 

19.  ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʪʤʦʩʬʝʨʫ ʠ 
ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʦʙʣʝʤʳ. 4 

20.  ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʠʜʨʦʩʬʝʨʫ ʠ 
ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʦʙʣʝʤʳ. 4 

21.  ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 
ʢʦʤʧʦʥʝʥʪʫ ʙʠʦʩʬʝʨʳ . 4 

22.  ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʠ ʚ 
ʠʩʩʣʝʜʦʚʘʥʠʠ ʛʝʦʬʠʟʠʢʠ ɿʝʤʣʠ.   

23.  ɻʀʉ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʮʝʥʢʝ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 
ʛʝʦʩʬʝʨʝ. 4 

24.  ɻʀʉ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʦʩʬʝʨʝ.  

 ɺʉɽɻʆ: 4 
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ʉʆɼɽʈɾɸʅʀɽ ɼʀʉʎʀʇʃʀʅʓ 
 

ʊɽʄɸ 1: 
ʉʪʨʦʝʥʠʝ ɿʝʤʣʠ. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠ ʧʨʠʝʤʳ ʧʦʣʫʯʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʦʡ 
ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʦʝʥʠʠ ɿʝʤʣʠ. ʉʝʡʩʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʩʪʨʦʝʥʠʷ ɿʝʤʣʠ. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ʇʨʦʜʦʣʴʥʳʝ 
ʩʝʡʩʤʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ (P-ʚʦʣʥʳ) ʠ ʠʭ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
ʇʦʧʝʨʝʯʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ (S- ʠ L-ʚʦʣʥʳ). ʀʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʝ ʟʝʤʥʦʡ ʢʦʨʳ ʠ 
ʘʩʪʝʥʦʩʬʝʨʳ (ʤʘʥʪʠʠ). ʇʦʚʝʨʭʥʦʩʪʴ (ʨʘʟʜʝʣ) ʄʦʭʦʨʦʚʠʯʠʯʘ. ʀʟʤʝʥʝʥʠʝ 
ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʝ ʘʩʪʝʥʦʩʬʝʨʳ ʠ 
ʚʥʝʰʥʝʛʦ (ʞʠʜʢʦʛʦ) ʷʜʨʘ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʪʝʥʝʚʦʡ ʟʦʥʳ ʜʣʷ P-ʚʦʣʥ. 
ɻʨʘʥʠʮʘ ɻʫʪʪʝʥʙʝʨʛʘ. ɻʝʦʤʘʛʥʠʪʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ. 
 

ʊɽʄɸ 2: 
ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʛʝʦʣʦʛʠʠ. ɿʘʢʦʥ ʥʘʧʣʘʩʪʦʚʘʥʠʷ. 
ʋʩʪʘʥʦʚʣʝʥʠʝ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʩʣʦʷʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. 
ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɿʘʢʦʥ 
ʬʘʫʥʠʩʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ. ʐʢʘʣʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ (ʵʨʳ, 
ʧʝʨʠʦʜʳ, ʵʧʦʭʠ). ɽʩʪʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 
ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠʩʢʦʧʘʝʤʳʭ 
ʦʩʪʘʥʢʦʚ. 
 

ʊɽʄɸ 3: 
ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. ʂʦʥʚʝʢʪʠʚʥʳʝ ʧʦʪʦʢʠ ʚ ʞʠʜʢʦʤ 
ʷʜʨʝ. ʆʜʥʦʷʯʝʡʢʦʚʘʷ ʠ ʜʚʫʭʷʯʝʡʢʦʚʘʷ ʤʦʜʝʣʠ ʢʦʥʚʝʢʮʠʠ. ʉʪʨʫʢʪʫʨʘ 
ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʝʦʨʠʷ ʛʝʦʜʠʥʘʤʦ. ʕʚʦʣʶʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. 
ɺʝʢʦʚʳʝ ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʄʘʛʥʠʪʥʦʝ ʩʢʣʦʥʝʥʠʝ. ɼʠʥʘʤʠʢʘ 
ʠʟʤʝʥʝʥʠʷ ʜʠʧʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʠʯʠʥʳ 
ʦʩʣʘʙʣʝʥʠʷ ʜʠʧʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʄʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʷ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ɸʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ (ʦʙʣʘʩʪʠ ʩ ʘʥʦʤʘʣʴʥʦ 
ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʦʪʦʢʘ ʆɺʇ, ʦʙʣʘʩʪʠ ʩ ʦʙʨʘʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʧʦʪʦʢʘ 
ʆʆʇ, ʦʙʣʘʩʪʠ ʩ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʦʪʦʢʘ ʆʅʇ). ʀʥʚʝʨʩʠʠ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʘʣʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
 

ʊɽʄɸ 4: 
ʆʩʥʦʚʥʦʡ ʧʣʘʥ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʛʦʨʥʳʭ ʧʦʨʦʜ. 
ʀʥʪʨʫʟʠʚʥʳʝ ʠ ʵʬʬʫʟʠʚʥʳʝ ʧʦʨʦʜʳ. ʇʝʨʚʠʯʥʳʝ (ʠʟʚʝʨʞʝʥʥʳʝ) ʠ 
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ʚʪʦʨʠʯʥʳʝ (ʦʩʘʜʦʯʥʳʝ) ʛʦʨʥʳʝ ʧʦʨʦʜʳ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʦʨʥʳʭ ʧʦʨʦʜ 
ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʠ ʦʢʝʘʥʠʯʝʩʢʦʡ 
ʢʦʨʳ.  
 

ʊɽʄɸ 5: 
ɻʝʦʪʝʢʪʦʥʠʢʘ. ʆʩʥʦʚʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʣʠʪʦʩʬʝʨʥʳʝ ʧʣʠʪʳ. ʆʩʦʙʝʥʥʦʩʪʠ 
ʩʪʨʦʝʥʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ. ɼʚʠʞʝʥʠʝ 
ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ. ʗʚʣʝʥʠʝ ʩʫʙʜʫʢʮʠʠ. ʉʪʨʫʢʪʫʨʘ ʚʥʝʰʥʠʭ ʩʣʦʝʚ 
ʘʩʪʝʥʦʩʬʝʨʳ. ɻʣʫʙʦʢʦʬʦʢʫʩʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ɿʦʥʘ ɺʘʜʘʪʠ-ɹʝʥʴʦʬʬʘ. 
ʉʠʩʪʝʤʘ ʩʝʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ. ʉʧʨʝʜʠʥʛ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ. 
ʉʪʨʫʢʪʫʨʘ ʩʝʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ. ʊʨʘʥʩʬʦʨʤʥʳʝ ʨʘʟʣʦʤʳ. 
 

ʊɽʄɸ 6: 
ʆʨʦʛʝʥʝʟ. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʛʦʨ (ʛʦʨʳ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 
ʩʢʣʘʜʯʘʪʳʝ, ʩʙʨʦʩʦʚʦ-ʛʣʳʙʦʚʳʝ, ʛʦʨʩʪʦʚʳʝ ʛʦʨʳ). 
ɺʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʛʦʨʥʳʝ ʧʦʷʩʘ (ʧʦʷʩ ʋʦʰʠʪʦ, ɸʧʧʘʣʘʯʩʢʠʡ ʧʦʷʩ, 
ʋʨʘʣʴʩʢʠʡ ʧʦʷʩ, ʂʘʣʝʜʦʥʩʢʠʡ ʧʦʷʩ, ɻʝʨʮʠʥʩʢʠʡ ʧʦʷʩ). ʇʝʨʠʬʝʨʠʯʝʩʢʠʝ 
ʛʦʨʥʳʝ ʧʦʷʩʘ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʂʦʨʜʠʣʴʝʨʩʢʠʡ ʧʦʷʩ, 
ɸʥʜʠʡʩʢʠʡ ʧʦʷʩ, ʊʨʘʥʩʘʥʪʘʨʢʪʠʯʝʩʢʠʡ ʧʦʷʩ, ʊʘʩʤʘʥʦʚ ʧʦʷʩ). 
 

ʊɽʄɸ 7: 
ɺʫʣʢʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʊʠʧʳ ʚʫʣʢʘʥʦʚ. ɸʥʜʝʟʠʪʦʚʳʝ ʠ ʙʘʟʘʣʴʪʦʚʳʝ 
ʚʫʣʢʘʥʳ. ʈʠʬʪʦʚʳʡ ʚʫʣʢʘʥʠʟʤ. ʄʘʥʪʠʡʥʳʝ ʩʪʨʫʠ (ʧʣʶʤ) ʠ ʘʥʦʤʘʣʴʥʦ 
ʛʦʨʷʯʠʝ ʪʦʯʢʠ ʟʝʤʥʦʡ ʢʦʨʳ (ʠʩʣʘʥʜʩʢʘʷ, ʨʝʶʥʴʦʥʩʢʘʷ ʛʦʨʷʯʠʝ ʪʦʯʢʠ, 
ʛʦʨʷʯʘʷ ʪʦʯʢʘ ʂʠʪʦʚʦʛʦ ʭʨʝʙʪʘ). ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʢʨʦʚʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 
ʙʘʟʘʣʴʪʦʚ. ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʨʠʬʪʦʛʝʥʝʟ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ. ʆʙʨʘʟʦʚʘʥʠʝ ʦʩʪʨʦʚʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʜʫʛ. 
ʉʚʷʟʴ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʩʫʙʜʫʢʮʠʝʡ ʠ ʩʧʨʝʜʠʥʛʦʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 
ʧʣʠʪ. 
 

ʊɽʄɸ 8: 
ʇʦʥʷʪʠʝ ʣʘʥʜʰʘʬʪʘ ʠ ʣʘʥʜʰʘʬʪʥʘʷ ʜʠʥʘʤʠʢʘ. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ 
ʣʘʥʜʰʘʬʪʥʦʡ ʦʙʦʣʦʯʢʠ ɿʝʤʣʠ (ʛʝʪʝʨʦʭʨʦʥʥʦʩʪʴ, ʠʥʝʨʮʠʦʥʥʦʩʪʴ, 
ʪʨʘʥʟʠʪʠʚʥʦʩʪʴ, ʣʘʙʠʣʴʥʦʩʪʴ). ʕʚʦʣʶʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʣʘʥʜʰʘʬʪʥʦʡ 
ʦʙʦʣʦʯʢʠ ɿʝʤʣʠ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠʨʦʜʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʯʚʝʥʥʦ-
ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ (ʧʘʨʘʤʝʪʨʳ ʛʝʦʨʝʣʴʝʬʘ, ʘʣʴʙʝʜʦ ʠ ʠʟʣʫʯʘʶʱʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʩʪʦʷʥʥʳʡ ʠ ʩʝʟʦʥʥʳʡ ʩʥʝʞʥʦ-ʣʝʜʦʚʳʡ 
ʧʦʢʨʦʚ, ʧʦʯʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʢʣʶʯʘʷ ʚʣʘʞʥʦʩʪʴ, 
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ʵʚʘʧʦʪʨʘʥʩʧʠʨʘʮʠʷ, ʦʩʘʜʢʠ ʠ ʙʘʣʘʥʩ ʪʝʧʣʘ, ʘʵʨʦʟʦʣʠ ʠ ʛʘʟʳ). ʇʨʠʨʦʜʥʳʝ 
ʢʦʤʧʣʝʢʩʳ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʠʭ ʤʝʩʪʦ ʚ ʩʠʩʪʝʤʝ ʛʝʦʢʦʤʧʣʝʢʩʦʚ ɿʝʤʣʠ. 
ʇʦʥʷʪʠʝ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʣʘʥʜʰʘʬʪʦʚ) ʥʘ ʜʥʝ ʦʢʝʘʥʘ. 
ʊʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʠ ʘʢʚʘʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʊʨʠ ʪʠʧʘ ʛʝʦʮʠʢʣʦʚ 
(ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ, ʘʢʚʘʣʴʥʳʡ, ʘʢʚʘʣʴʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ). 
ʇʦʜʜʝʨʞʠʚʘʶʱʘʷ ʬʫʥʢʮʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʪʝʧʣʦʚʘʷ ʘʜʚʝʢʮʠʷ ʠ 
ʮʠʨʢʫʣʷʮʠʠ ʚ ʛʠʜʨʦ- ʠ ʘʪʤʦʩʬʝʨʝ. 
 

ʊɽʄɸ 9: 
ʊʝʥʜʝʥʮʠʠ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ. ʈʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ 
ʚʝʢʦʚʳʭ ʢʦʣʝʙʘʥʠʷʭ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʦʙʣʝʤʘ ʧʦʣʫʯʝʥʠʷ 
ʜʦʩʪʦʚʝʨʥʳʭ ʛʣʦʙʘʣʴʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʨʦʮʝʜʫʨʘ 
ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʘʨʭʠʚʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɽʩʪʝʩʪʚʝʥʥʳʝ 
ʚʘʨʠʘʮʠʠ ʢʣʠʤʘʪʘ. ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʣʘʥʜʰʘʬʪʘ ʥʘ ʠʟʤʝʨʝʥʠʷ 
ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʣʠʷʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʚ ʦʢʝʘʥʝ 
ʥʘ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʢʣʘʜ ʷʚʣʝʥʠʷ ʕʣʴ-
ʅʠʥʴʦ (ʦʩʣʘʙʣʝʥʠʝ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚʦʩʪʦʯʥʳʭ ʚʝʪʨʦʚ ʫ ʧʦʚʝʨʭʥʦʩʪʠ, 
ʟʘʧʘʜʥʳʭ ʚʝʪʨʦʚ ʥʘ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ ʠ ʧʦʜʲʝʤʘ ʤʘʩʩ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʚ 
ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ) ʚ ʠʟʤʝʥʝʥʠʝ (ʧʦʥʠʞʝʥʠʝ) ʛʣʦʙʘʣʴʥʦʡ 
ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɹʫʬʝʨʥʳʡ ʵʬʬʝʢʪ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ ʦʢʝʘʥʦʚ, 
ʜʝʤʧʬʠʨʫʶʱʠʡ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ (ʤʝʞʛʦʜʦʚʳʝ) ʚʘʨʠʘʮʠʠ ʩʨʝʜʥʝʡ 
ʛʣʦʙʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘʣʠʯʠʝ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ 11-ʣʝʪʥʝʤ ʮʠʢʣʦʤ 
ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ɺʣʠʷʥʠʝ ʥʘ ʢʣʠʤʘʪ 
ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʚʷʟʴ ʤʝʞʜʫ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʠʟʚʝʨʞʝʥʠʷʤʠ, 
ʚʳʙʨʦʩʘʤʠ ʚ ʩʪʨʘʪʦʩʬʝʨʫ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʧʳʣʠ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 
ʧʦʭʦʣʦʜʘʥʠʷʤʠ ʚ ʥʝʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʚʨʝʤʝʥʠ. ɺʣʠʷʥʠʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. ʇʘʨʥʠʢʦʚʳʡ 
ʵʬʬʝʢʪ. ɺʣʠʷʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ (ʜʠʦʢʩʠʜ 
ʫʛʣʝʨʦʜʘ, ʤʝʪʘʥ, ʭʣʦʨʬʪʦʨʫʛʣʝʚʦʜʦʨʦʜʳ) ʚ ʘʪʤʦʩʬʝʨʝ ʥʘ ʠʟʤʝʥʝʥʠʝ 
ʛʣʦʙʘʣʴʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ. 
 

ʊɽʄɸ 10: 
ʆʟʦʥʦʚʳʡ ʩʣʦʡ ɿʝʤʣʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ. ʄʝʪʦʜʳ 
ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ. ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ 
ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ. ʍʘʨʘʢʪʝʨ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʟʦʥ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 
ʠʟʣʫʯʝʥʠʷ. ɼʠʥʘʤʠʢʘ ʭʣʦʨʬʪʦʨʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʘʪʤʦʩʬʝʨʝ. 
ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʭʣʦʨʘ ʚ ʘʪʤʦʩʬʝʨʝ. ʆʙʨʘʟʦʚʘʥʠʝ çʨʝʟʝʨʚʫʘʨʦʚè 
ʭʣʦʨʘ ʚ ʚʠʜʝ ʥʠʪʨʘʪʦʚ ʭʣʦʨʘ ʚ ʘʪʤʦʩʬʝʨʝ. ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʨʦʣʴ ʦʢʩʠʜʘ 
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ʘʟʦʪʘ. ʉʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ. ɺʣʠʷʥʠʝ ʩʪʨʘʪʦʩʬʝʨʥʦʡ 
ʮʠʨʢʫʣʷʮʠʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʟʦʥʘ. 
 
 
 

ʉʇʀʉʆʂ ʈɽʂʆʄɽʅɼʋɽʄʆʁ ʃʀʊɽʈɸʊʋʈʓ: 
 

1. ʋʝʜʘ ʉ. ʅʦʚʳʡ ʚʟʛʣʷʜ ʥʘ ɿʝʤʣʶ. -ʄ.: ʄʠʨ, 1980. -342ʩ. 
2. ɼʝʡʪʮ ʈ.ʉ. ʅʦʚʘʷ ʛʣʦʙʘʣʴʥʘʷ ʪʝʢʪʦʥʠʢʘ (ʪʝʢʪʦʥʠʢʘ ʧʣʠʪ). -ʄ.: ʄʠʨ, 

1974. -224ʩ. 
3. ɸʨʤʘʥʜ ɸ.ɼ. ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʠ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. -ʄ.: ʅʘʫʢʘ, 1988. -197ʩ. 
4. ɸʨʤʘʥʜ ɸ.ɼ. ʅʘʫʢʘ ʦ ʣʘʥʜʰʘʬʪʝ. -ʄ.: ʄʳʩʣʴ, 1975. -452ʩ. 
5. ɹʫʜʳʢʦ ʄ.ʀ. ʀʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ. -ʃ.: ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 1974. -254ʩ. 
6. ʇʝʨʝʣʴʤʘʥ ɸ.ʀ. ɻʝʦʭʠʤʠʷ ʥʦʦʩʬʝʨʳ. -ʄ.: ʇʨʠʨʦʜʘ, 1972. -168ʩ. 
7. ʇʝʨʝʣʴʤʘʥ ɸ.ʀ. ɻʝʦʭʠʤʠʷ ʣʘʥʜʰʘʬʪʦʚ. -ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1975. -

245ʩ. 
8. ʈʷʙʯʠʢʦʚ ɸ.ʄ. ʉʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ ʛʝʦʩʬʝʨʳ. -ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 

1972. -178ʩ. 
 
 
 
 
 

ɺʆʇʈʆʉʓ ʀʊʆɻʆɺʆɻʆ ʂʆʅʊʈʆʃʗ: 
 

 

1. ʉʪʨʦʝʥʠʝ ɿʝʤʣʠ. 
2. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠ ʧʨʠʝʤʳ ʧʦʣʫʯʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʪʨʦʝʥʠʠ ɿʝʤʣʠ. 
3. ʉʝʡʩʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ ɿʝʤʣʠ.  
4. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. 
5. ʇʦʚʝʨʭʥʦʩʪʴ (ʨʘʟʜʝʣ) ʄʦʭʦʨʦʚʠʯʠʯʘ. 
6. ɻʨʘʥʠʮʘ ɻʫʪʪʝʥʙʝʨʛʘ. 
7. ɻʝʦʤʘʛʥʠʪʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
8. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʪʨʦʝʥʠʷ 

ʟʝʤʥʦʡ ʢʦʨʳ. 
9. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʛʝʦʣʦʛʠʠ.  
10. ɿʘʢʦʥ ʥʘʧʣʘʩʪʦʚʘʥʠʷ.  
11. ɿʘʢʦʥ ʬʘʫʥʠʩʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ. 
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12. ɿʘʢʦʥ ʥʘʧʣʘʩʪʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ 
ʩʣʦʷʭ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

13. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. 
14. ɿʘʢʦʥ ʬʘʫʥʠʩʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ.  
15. ʐʢʘʣʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ (ʵʨʳ, ʧʝʨʠʦʜʳ, ʵʧʦʭʠ). ɽʩʪʝʩʪʚʝʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
16. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠʩʢʦʧʘʝʤʳʭ ʦʩʪʘʥʢʦʚ. 
17. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. 
18. ʂʦʥʚʝʢʪʠʚʥʳʝ ʧʦʪʦʢʠ ʚ ʞʠʜʢʦʤ ʷʜʨʝ. ʆʜʥʦʷʯʝʡʢʦʚʘʷ ʠ ʜʚʫʭʷʯʝʡʢʦʚʘʷ 

ʤʦʜʝʣʠ ʢʦʥʚʝʢʮʠʠ. 
19. ʉʪʨʫʢʪʫʨʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  
20. ʊʝʦʨʠʷ ʛʝʦʜʠʥʘʤʦ.  
21. ʕʚʦʣʶʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. 
22. ɺʝʢʦʚʳʝ ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  
23. ʄʘʛʥʠʪʥʦʝ ʩʢʣʦʥʝʥʠʝ. 
24. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʜʠʧʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
25. ʀʥʚʝʨʩʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  
26. ʇʘʣʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
27. ʉʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ. 
28. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʀʥʪʨʫʟʠʚʥʳʝ ʠ ʵʬʬʫʟʠʚʥʳʝ ʧʦʨʦʜʳ. 
29. ʇʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ. 
30. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ. 
31. ɻʝʦʪʝʢʪʦʥʠʢʘ. ʆʩʥʦʚʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʣʠʪʦʩʬʝʨʥʳʝ ʧʣʠʪʳ. 
32. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʣʠʪʦʩʬʝʨʥʳʭ 

ʧʣʠʪ. 
33. ɼʚʠʞʝʥʠʝ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ.  
34. ʗʚʣʝʥʠʝ ʩʫʙʜʫʢʮʠʠ. 
35. ʉʪʨʫʢʪʫʨʘ ʚʥʝʰʥʠʭ ʩʣʦʝʚ ʘʩʪʝʥʦʩʬʝʨʳ.  
36. ɻʣʫʙʦʢʦʬʦʢʫʩʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 
37. ʉʠʩʪʝʤʘ ʩʝʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ. ʉʧʨʝʜʠʥʛ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ. 
38. ʉʪʨʫʢʪʫʨʘ ʩʝʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ.  
39. ʊʨʘʥʩʬʦʨʤʥʳʝ ʨʘʟʣʦʤʳ. 
40. ʆʨʦʛʝʥʝʟ. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʛʦʨ. 
41. ɺʫʣʢʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ.  
42. ʊʠʧʳ ʚʫʣʢʘʥʦʚ. ɸʥʜʝʟʠʪʦʚʳʝ ʠ ʙʘʟʘʣʴʪʦʚʳʝ ʚʫʣʢʘʥʳ. 
43. ʈʠʬʪʦʚʳʡ ʚʫʣʢʘʥʠʟʤ.  
44. ʆʙʨʘʟʦʚʘʥʠʝ ʦʩʪʨʦʚʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʜʫʛ. 
45. ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʢʨʦʚʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʙʘʟʘʣʴʪʦʚ. 
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46. ʉʚʷʟʴ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʩʫʙʜʫʢʮʠʝʡ ʠ ʩʧʨʝʜʠʥʛʦʤ 
ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ. 

47. ʇʦʥʷʪʠʝ ʣʘʥʜʰʘʬʪʘ ʠ ʣʘʥʜʰʘʬʪʥʘʷ ʜʠʥʘʤʠʢʘ.  
48. ʆʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʣʘʥʜʰʘʬʪʥʦʡ ʦʙʦʣʦʯʢʠ ɿʝʤʣʠ. 
49. ʕʚʦʣʶʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʣʘʥʜʰʘʬʪʥʦʡ ʦʙʦʣʦʯʢʠ ɿʝʤʣʠ. 
50. ʉʦʚʨʝʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠʨʦʜʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ. 
51. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʯʚʝʥʥʦ-

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ. 
52. ʇʨʠʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʠʭ ʤʝʩʪʦ ʚ ʩʠʩʪʝʤʝ 

ʛʝʦʢʦʤʧʣʝʢʩʦʚ ɿʝʤʣʠ. 
53. ʊʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʠ ʘʢʚʘʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ. 
54. ʇʦʜʜʝʨʞʠʚʘʶʱʘʷ ʬʫʥʢʮʠʷ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʪʝʧʣʦʚʘʷ ʘʜʚʝʢʮʠʷ ʠ 

ʮʠʨʢʫʣʷʮʠʠ ʚ ʛʠʜʨʦ- ʠ ʘʪʤʦʩʬʝʨʝ. 
55. ʊʝʥʜʝʥʮʠʠ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ. 
56. ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʣʘʥʜʰʘʬʪʘ ʥʘ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. 
57. ɺʣʠʷʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʚ ʦʢʝʘʥʝ ʥʘ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 
58. ɹʫʬʝʨʥʳʡ ʵʬʬʝʢʪ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ ʦʢʝʘʥʦʚ. ʗʚʣʝʥʠʝ ʕʣʴ-ʅʠʥʴʦ. 
59. ɺʣʠʷʥʠʝ ʥʘ ʢʣʠʤʘʪ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
60. ɺʣʠʷʥʠʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ. 
61. ʇʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ. 
62. ɺʣʠʷʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʘʪʤʦʩʬʝʨʝ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ. 
63. ʆʟʦʥʦʚʳʡ ʩʣʦʡ ɿʝʤʣʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ. 
64. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ.  
65. ɽʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ. 
66. ʍʘʨʘʢʪʝʨ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʟʦʥ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
67. ɼʠʥʘʤʠʢʘ ʭʣʦʨʬʪʦʨʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʘʪʤʦʩʬʝʨʝ.  
68. ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʭʣʦʨʘ ʚ ʘʪʤʦʩʬʝʨʝ. 
69. ʉʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ.  
70. ɺʣʠʷʥʠʝ ʩʪʨʘʪʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʦʟʦʥʘ. 
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ɻʦʨʙʫʥʦʚ ʆ.ɺ.  
ɻʝʦʭʠʤʠʷ ʠ ʛʝʦʬʠʟʠʢʘ ʙʠʦʩʬʝʨʳ 

ʈʘʙʦʯʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʩʝʭ ʬʦʨʤ ʠ ʚʠʜʦʚ ʦʙʫʯʝʥʠʷ, ʧʦ 
ʩʧʝʮʠʘʣʴʥʦʩʪʠ çɹʠʦʵʢʦʣʦʛʠʷè 

 

ʇʦʜʧʠʩʘʥʦ ʢ ʧʝʯʘʪʠ: 
ʊʠʨʘʞ: 
ɿʘʢʘʟ ˉ: 
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ʋɼʂ   639.3 

 

É ɹʦʨʦʜʠʥ ɸ.ʃ. ɻʝʦʭʠʤʠʷ ʠ ʛʝʦʬʠʟʠʢʘ ʙʠʦʩʬʝʨʳ: ʋʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ  

ʧʦʩʦʙʠʝ. ʄʦʜʫʣʴ 1. / ʉʝʨ. ʉʠʩʪʝʤʘ ʚʫʟʦʚʩʢʦʡ ʫʯʝʙʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ïʄ.: 

ʄɻʋʊʋ, 2009. -68ʩ. ʀʟʜ. 2-ʝ, ʜʦʧʦʣʥʝʥ. 

 

ʆʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʘ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ ʠ ʚʝʨʩʪʢʘ: ɻʦʨʙʫʥʦʚ ɸ.ɺ. 

 

ʈʘʩʩʤʦʪʨʝʥʦ ʥʘ ʟʘʩʝʜʘʥʠʠ ʢʘʬʝʜʨʳ çɹʠʦʵʢʦʣʦʛʠʠ ʠ ʠʭʪʠʦʣʦʛʠʠè ʄɻʋʊʋ 

ʧʨʦʪʦʢʦʣ ˉ7 ʦʪ 19.04.2009ʛ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʫʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʦʩʦʙʠʷ. 
 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʀʥʩʪʠʪʫʪʦʤ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʈɸʆ. 

 

ʆʙʫʯʝʥʠʝ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ʩʪʨʦʠʪʩʷ ʧʦ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʡ ʩʠʩʪʝʤʝ. ʇʦʜ 

ʫʯʝʙʥʳʤ ʤʦʜʫʣʝʤ ʧʦʥʠʤʘʝʪʩʷ ʮʝʣʦʩʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ 

ʦʙʲʝʜʠʥʝʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ, ʠʩʧʦʣʥʠʪʝʣʴʩʢʘʷ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʘʷ ʯʘʩʪʠ.  

ʉʫʱʥʦʩʪʴ ʤʦʜʫʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ 

ʦʩʚʦʝʥʠʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʠ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʦʡ. 
 

ʋʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʩʝʭ ʬʦʨʤ ʠ ʚʠʜʦʚ 

ʦʙʫʯʝʥʠʷ, ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ  020803 - ɹʠʦʵʢʦʣʦʛʠʷ  
 

 

ɸʚʪʦʨ (ʩʦʩʪʘʚʠʪʝʣʴ): ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨ ɹʦʨʦʜʠʥ ɸ.ʃ. 

 

 

ʈʝʮʝʥʟʝʥʪʳ:   

ʜ.ʙ.ʥ., ʧʨʦʬ.  ɸʤʙʨʦʩʠʤʦʚʘ ʅ.ɸ. (ɸʟʅʀʀʈʍ) 

ʜ.ʙ.ʥ.,  ʟʘʚ. ʩʝʢʪʦʨʦʤ ʄʠʢʦʜʠʥʘ ɽ.ɺ. (ɺʅʀʈʆ) 

 

 

ʈʝʜʘʢʪʦʨ:  ʂʦʥʦʚʘʣʦʚʘ ʃ.ʌ. 
 

 

 

 

É ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ, 2009. 

109004, ʄʦʩʢʚʘ, ɿʝʤʣʷʥʦʡ ʚʘʣ, 73. 

ʢʘʬʝʜʨʘ "ɹʠʦʵʢʦʣʦʛʠʠ ʠ ʀʭʪʠʦʣʦʛʠʠ", 2009. 

117452, ʄʦʩʢʚʘ, ʫʣ. ɹʦʣʦʪʥʠʢʦʚʩʢʘʷ, 15.  ʪʝʣ: (499) 317-2936, 317-2927 
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ʇʋʊɽɺʆɼʀʊɽʃʔ ʇʆ ʄʆɼʋʃʔʅʆʁ ʉʊʈʋʂʊʋʈɽ ɼʀʉʎʀʇʃʀʅʓ 

 

ɻɽʆʍʀʄʀʗ ʀ ɻɽʆʌʀɿʀʂɸ ɹʀʆʉʌɽʈʓ 

 ɼʠʩʮʠʧʣʠʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ  ʨʷʜ ʤʦʜʫʣʝʡ, ʧʦʜʣʝʞʘʱʠʭ ʦʩʚʦʝʥʠʶ. 

ʇʝʨʝʯʝʥʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʫʣʝʡ ʧʦʢʘʟʘʥʘ ʥʠʞʝ:  
 

 

 

 

ʄʝʪʦʜʠʢʘ ʤʦʜʫʣʴʥʦ-ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. ʇʫʪʝʚʦʜʠʪʝʣʴ ʧʦ ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʜʠʩʮʠʧʣʠʥʳ. ʈʘʙʦʯʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʦ ʦʩʚʦʝʥʠʶ ʜʠʩʮʠʧʣʠʥʳ. ʈʫʙʝʞʥʳʡ ʢʦʥʪʨʦʣʴ: ʈʂ 1 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʥʘʧʠʩʘʥʠʶ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ; ʈʂ 2 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʥʘʧʠʩʘʥʠʶ ʢʫʨʩʦʚʦʡ ʨʘʙʦʪʳ. ʃʘʙʦʨʘʪʦʨʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ. ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʣʠʪʝʨʘʪʫʨʘ. ʆʙʦʙʱʘʶʱʠʡ (ʠʪʦʛʦʚʳʡ) 

ʢʦʥʪʨʦʣʴ 

ʋʯ-ʄʇ 

ʇʨʝʜʤʝʪ, ʠʩʪʦʨʠʷ ʠ ʟʘʜʘʯʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʠ 

ʩʦʩʪʘʚʝ ɿʝʤʣʠ. ɺʚʦʜʥʳʝ ʧʦʣʦʞʝʥʠʷ. ʗʜʨʦ ʠ ʤʘʥʪʠʷ. ɿʝʤʥʘʷ ʢʦʨʘ. 

ʆʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ (ʩʪʨʦʝʥʠʝ, ʨʝʣʴʝʬ). ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʢʦʨʳ. ʂʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ (ʩʪʨʦʝʥʠʝ, ʨʝʣʴʝʬ). ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ɿʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʂʣʘʨʢʠ ʠ ʬʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʂʣʘʨʢʠ ʟʝʤʥʦʡ ʢʦʨʳ (ʣʠʪʦʩʬʝʨʳ). ʄʝʩʪʥʳʝ 

ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ. ʂʣʘʨʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʯʚ, 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ, ʚʦʜ. ʀʭ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʤʳ. 

ʇʨʠʨʦʜʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʚʝʯʘʶʱʠʝ ʨʘʡʦʥʘʤ ʠ ʫʟʣʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺʪʦʨʠʯʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ. 

ʋʯ-ʇʇ 

ʄʦʜʫʣʴ 1 

ʄʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʤʠʛʨʘʮʠʠ. ɺʠʜʳ ʠ 

ʪʠʧʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺʠʜʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʊʠʧʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ 

ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ɺʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ. 

ɺʥʝʰʥʠʝ ʬʘʢʪʦʨʳ. ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. 

ʆʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʠʛʨʘʮʠʠ. ʇʝʨʝʥʦʩ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ. ɸʵʨʦʟʦʣʴʥʳʡ 

ʧʝʨʝʥʦʩ. ɼʠʬʬʫʟʠʷ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. 

ɺʝʜʫʱʠʝ ʵʣʝʤʝʥʪʳ. ɺʪʦʨʦʝ ʧʨʘʚʠʣʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ. ʆʙ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʵʚʦʣʶʮʠʠ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ 

ʙʘʨʴʝʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʙʘʨʴʝʨʳ. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʙʘʨʴʝʨʘʭ. ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʃʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʄʝʪʦʜʳ ʛʝʦʬʠʟʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʥʫʪʨʝʥʥʝʤ ʩʪʨʦʝʥʠʠ ʟʝʤʣʠ, ʦ ʝʝ ʩʚʦʡʩʪʚʘʭ ʠ ʦ ʬʘʟʦʚʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚʝʱʝʩʪʚʘ. ʉʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʡ ʤʝʪʦʜ. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

ɻʝʦʤʘʛʥʠʪʥʳʡ ʤʝʪʦʜ. ɻʝʦʪʝʨʤʠʷ. ʊʝʦʨʠʷ ʨʝʰʝʪʦʯʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʈʘʜʠʘʮʠʦʥʥʳʡ ʠ ʵʢʩʠʪʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ. ɻʠʧʦʪʝʟʳ, 

ʦʙʲʷʩʥʷʶʱʠʝ ʧʨʠʨʦʜʫ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ. ʌʝʨʨʦʤʘʛʥʠʪʥʘʷ ʛʠʧʦʪʝʟʘ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʛʠʧʦʪʝʟʳ. ɻʠʧʦʪʝʟʘ ʜʠʥʘʤʦ. 

ʋʯ-ʇʇ 
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ɻʜʝ:  ʋʯ-ʄʇ ï ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ; 

 ʋʯ-ʇʇ ï ʫʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ. 

 ɺʘʰʝ ʪʝʢʫʱʝʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʟʘʪʝʥʝʥʦ ʩʝʨʳʤ ʮʚʝʪʦʤ. 

 

 

ʕʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ. ʆʙʱʠʝ 

ʩʚʝʜʝʥʠʷ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ. ʃʘʥʜʰʘʬʪʳ ʩʫʰʠ. 

ʋʨʦʚʥʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (1-8). ɺʦʜʥʳʝ ʣʘʥʜʰʘʬʪʳ. ʋʨʦʚʥʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

(1-6). ɿʘʢʦʥʳ ʧʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ ʠ ʨʘʟʚʠʪʠʷ ʚ 

ʥʠʭ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ɻʝʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. ʇʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ. ʉʚʷʟʴ ʤʝʞʜʫ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʨʝʜʝʣʘʭ ʣʘʥʜʰʘʬʪʘ. ʃʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʘʭ. ʕʥʝʨʛʝʪʠʢʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: 

ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʨʘʜʠʦʛʝʥʥʦʡ, ʛʨʘʚʠʛʝʥʥʦʡ ʠ ʜʨ. ɺʠʜʦʚ ʵʥʝʨʛʠʠ ʚ ʦʙʱʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ. 

ʋʯ-ʇʇ 
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ʇʨʠʥʮʠʧʳ ʢʦʤʧʣʝʢʩʥʦʡ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʙʠʦʩʬʝʨʝ. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʬʝʨʳ. 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʮʝʥʢʝ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʮʝʥʢʝ ʙʠʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʝʸ ʠʟʤʝʥʝʥʠʡ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʠ 

ʝʸ ʠʟʤʝʥʝʥʠʡ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʝʝ ʠʟʤʝʥʝʥʠʡ. 

ʇʨʠʥʮʠʧʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠ ʚʚʝʜʝʥʠʝ ʥʦʚʳʭ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʩʦʙʩʪʚʝʥʥʦ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ. ʕʢʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʝʨʤʠʥʳ ʠ 

ʧʦʥʷʪʠʷ. ʇʦʥʷʪʠʷ ʦ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ ʠ ʙʘʨʴʝʨʘʭ. ʇʦʥʷʪʠʝ ʦ 

ʥʦʦʩʬʝʨʝ ʠ ʪʝʭʥʦʛʝʥʝʟʝ. 

ʋʯ-ʇʇ 
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ɺʳʜʝʨʞʢʘ ʠʟ ʤʝʪʦʜʠʢʠ ʤʦʜʫʣʴʥʦ-ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ ʟʥʘʥʠʡ 

 

ʄʠʥʠʤʘʣʴʥʘʷ ʩʫʤʤʘ ʙʘʣʣʦʚ ʧʦ ʚʩʝʤ ʤʦʜʫʣʷʤ ʜʠʩʮʠʧʣʠʥʳ (ʙʝʟ ʠʪʦʛʦʚʦʛʦ 

ʢʦʥʪʨʦʣʷ) ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʝʪ 60 ʙʘʣʣʦʚ. 

ɽʩʣʠ ʩʪʫʜʝʥʪ ʥʝ ʥʘʙʨʘʣ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʘʣʣʦʚ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ 

ʤʦʜʫʣʶ ʜʠʩʮʠʧʣʠʥʳ (ʤʦʜʫʣʴ ʧʨʠʟʥʘʥ ʥʝ ʠʟʫʯʝʥʥʳʤ), ʪʦ ʦʥ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʢ 

ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʝ ʟʥʘʥʠʡ (ʵʢʟʘʤʝʥʫ ʠʣʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤʫ ʟʘʯʝʪʫ).  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʫʜʝʥʪʫ ʥʘʟʥʘʯʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʝʥʴ, ʢʦʛʜʘ ʦʥ 

ʩʤʦʞʝʪ ʫʩʪʥʦ ʠʣʠ ʧʠʩʴʤʝʥʥʦ ʩʜʘʪʴ ʚʝʜʫʱʝʤʫ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʦʪʜʝʣʴʥʳʝ ʪʝʤʳ 

ʤʦʜʫʣʷ ʠʣʠ ʧʨʦʡʪʠ ʧʦʚʪʦʨʥʦ ʨʫʙʝʞʥʳʡ ʢʦʥʪʨʦʣʴ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʩʪʫʜʝʥʪʫ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ. 

ɽʩʣʠ ʥʘʙʨʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ ʧʦ ʤʦʜʫʣʶ ʙʫʜʝʪ ʩʥʦʚʘ ʤʝʥʴʰʝ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ, ʪʦ ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ʦʮʝʥʢʫ 

çʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ʠ ʦʪʯʠʩʣʷʝʪʩʷ ʟʘ ʥʝʫʩʧʝʚʘʝʤʦʩʪʴ.  

ɽʩʣʠ ʙʘʣʣʦʚ ʥʘʙʨʘʥʦ ʜʦʩʪʘʪʦʯʥʦ, ʪʦ ʤʦʜʫʣʴ ʧʨʠʟʥʘʝʪʩʷ ʠʟʫʯʝʥʥʳʤ ʠ 

ʩʪʫʜʝʥʪ ʜʦʧʫʩʢʘʝʪʩʷ ʢ ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʝ ʟʥʘʥʠʡ. 

ʉʪʫʜʝʥʪ, ʥʝ ʩʜʘʚʘʚʰʠʡ ʚʦʚʨʝʤʷ ʪʝʢʫʱʠʡ ʢʦʥʪʨʦʣʴ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʫʚʘʞʠʪʝʣʴʥʳʭ ʧʨʠʯʠʥ), ʧʦʣʫʯʘʝʪ 0 ʙʘʣʣʦʚ.  

ʇʦ ʫʩʤʦʪʨʝʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʝʤʫ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥ ʥʦʚʳʡ ʩʨʦʢ (ʚ 

ʪʝʯʝʥʠʝ ʜʦ ʜʚʫʭ ʥʝʜʝʣʴ) ʩ ʚʳʩʪʘʚʣʝʥʠʝʤ ʨʝʡʪʠʥʛʘ ʩ ʧʦʥʠʞʘʶʱʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʦʢʘ ʩʜʘʯʠ ʦʪ ʥʘʟʥʘʯʝʥʥʦʡ ʜʘʪʳ. 

ʉʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ "ʟʘʯʝʪ", ʝʩʣʠ ʦʥ ʥʘʙʨʘʣ ʥʝ ʤʝʥʝʝ 60 

ʙʘʣʣʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʢʫʱʝʛʦ ʠ ʨʫʙʝʞʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʇʦʩʣʝ ʯʝʛʦ ʦʥ 

ʜʦʧʫʩʢʘʝʪʩʷ ʢ ʠʪʦʛʦʚʦʤʫ ʢʦʥʪʨʦʣʶ (ʵʢʟʘʤʝʥ ʠʣʠ ʟʘʯʝʪ). 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ 

ʜʠʩʮʠʧʣʠʥʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʟ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʠ ʚʳʧʦʣʥʝʥʠʝʤ ʚʩʝʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʫʯʝʙʥʳʤ ʛʨʘʬʠʢʦʤ, ʜʘʥʥʘʷ ʜʠʩʮʠʧʣʠʥʘ 

ʩʯʠʪʘʝʪʩʷ ʦʩʚʦʝʥʥʦʡ. 
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ʂʈɸʊʂʀʁ ʉʃʆɺɸʈʔ ʆʉʅʆɺʅʓʍ ʇʆʅʗʊʀʁ ʀ 
ʊɽʈʄʀʅʆɺ 

 

ɻʝʦʬʠʟʠʢʘ - ʢʦʤʧʣʝʢʩ ʥʘʫʢ, ʠʟʫʯʘʶʱʠʭ ʩʪʨʦʝʥʠʝ ɿʝʤʣʠ, ʝʝ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʝʝ ʦʙʦʣʦʯʢʘʭ. ɺʳʜʝʣʷʶʪ ʬʠʟʠʢʫ ʊʚʝʨʜʦʡ 

ɿʝʤʣʠ (ʩʝʡʩʤʦʣʦʛʠʷ, ʛʝʦʤʘʛʥʝʪʠʟʤ, ʛʨʘʚʠʤʝʪʨʠʷ ʠ ʪ.ʜ.); ʛʠʜʨʦʬʠʟʠʢʫ ʠ ʬʠʟʠʢʫ 

ʘʪʤʦʩʬʝʨʳ. 

ɻʝʦʭʠʤʠʷ - ʥʘʫʢʘ, ʠʟʫʯʘʶʱʘʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ɿʝʤʣʠ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʚ 

ʥʝʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʩʬʝʨʘʭ, ʟʘʢʦʥʳ 

ʧʦʚʝʜʝʥʠʷ, ʩʦʯʝʪʘʥʠʷ ʠ ʤʠʛʨʘʮʠʠ (ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʩʩʝʷʥʠʷ), ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ. 

ɻʠʜʨʦʩʬʝʨʘ - ʵʪʦ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʧʨʝʨʳʚʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ, 

ʚʢʣʶʯʘʶʱʘʷ ʚʦʜʳ ʦʢʝʘʥʦʚ, ʤʦʨʝʡ, ʦʟʝʨ ʠ ʨʝʢ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʚʦʜʳ, 

ʩʦʙʨʘʥʥʳʝ ʚ ʚʠʜʝ ʚʝʯʥʳʭ ʩʥʝʛʦʚ ʠ ʣʴʜʘ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʚʦʜʳ 

ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʄʦʭʦ (ʄ) - ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʟʝʤʥʦʡ ʢʦʨʦʡ ʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʝʡ (ʧʨʝʜʣʦʞʝʥʦ 

ʧʨʦʚʦʜʠʪʴ ʧʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʛʨʘʥʠʮʝ ʄʦʭʦʨʦʚʠʯʠʯʘ, ʧʦ ʠʤʝʥʠ ʫʯʝʥʦʛʦ, 

ʠʟʫʯʘʚʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ). 

ʂʣʘʨʢ - ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʢʘʢ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʚ ʮʝʣʦʤ, 

ʪʘʢ ʠ ʚ ʝʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʢʨʫʧʥʳʭ ʯʘʩʪʷʭ (ʧʦ ʠʤʝʥʠ ʫʯʝʥʦʛʦ ʌ.ʋ. ʂʣʘʨʢʘ, 

ʟʘʥʠʤʘʚʰʝʛʦʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʧʝʨʚʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʝʤʥʦʡ ʢʦʨʳ). 

ɸʪʦʤʥʳʝ ʢʣʘʨʢʠ - ʚʝʣʠʯʠʥʘ ʧʦʢʘʟʳʚʘʶʱʘʷ, ʢʘʢʦʡ ʧʨʦʮʝʥʪ ʩʦʩʪʘʚʣʷʶʪ ʘʪʦʤʳ 

ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ ʠʭ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. 

ʆʙʲʝʤʥʳʝ ʢʣʘʨʢʠ - ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢʦʡ ʧʨʦʮʝʥʪ ʚ ʦʙʲʝʤʥʦʤ ʚʳʨʘʞʝʥʠʠ (ʚ 

ʨʘʩʯʝʪ ʙʝʨʫʪʩʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʧʦʣʷ ʘʪʦʤʦʚ) ʟʘʥʠʤʘʝʪ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʚ 

ʦʙʲʝʤʝ ʚʩʝʡ ʣʠʪʦʩʬʝʨʳ. 

ʂʣʘʨʢ ʢʦʥʮʝʥʪʨʘʮʠʠ - ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʤʝʩʪʥʦʛʦ ʢʣʘʨʢʘ 

ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʢʣʘʨʢʫ ʟʝʤʥʦʡ ʢʦʨʳ ʵʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ. 

ɹʠʦʬʠʣʴʥʦʩʪʴ - ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʢ ʠʭ ʢʣʘʨʢʫ ʚ ʟʝʤʥʦʡ ʢʦʨʝ; ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ. 

ɺʪʦʨʠʯʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ - ʧʦʣʷ, ʦʙʲʝʜʠʥʷʶʱʠʝ ʚʪʦʨʠʯʥʳʝ 

ʦʨʝʦʣʳ ʨʘʩʩʝʷʥʠʷ (ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʦʢʦʣʦ ʚʳʚʝʪʨʠʚʘʶʱʠʭʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʦʪʜʝʣʴʥʳʭ ʪʝʣ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʟʦʥ ʨʘʩʩʝʷʥʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ) ʩ ʟʦʥʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ, 

ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʟʘ ʩʯʝʪ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦʨʦʜ ʩ ʠʭ ʧʦʚʳʰʝʥʥʳʤ ʬʦʥʦʚʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ. 
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ʊɽʄɸ 1: ʇʨʝʜʤʝʪ, ʠʩʪʦʨʠʷ ʠ ʟʘʜʘʯʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 
ʛʝʦʭʠʤʠʠ 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

 

ɺ ʢʫʨʩʝ ʛʝʦʭʠʤʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ (ʯʘʱʝ ʠʦʥʦʚ) ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ. ɺʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʩʘʤʠʭ ʘʪʦʤʦʚ (ʠʦʥʦʚ), ʚʥʝʰʥʠʝ ð 

ʟʘʚʠʩʷʪ ʦʪ ʫʩʣʦʚʠʡ ʩʨʝʜʳ, ʚʢʣʶʯʘʷ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʢʘʢ ʠʟʫʯʘʝʤʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʵʣʝʤʝʥʪʦʚ, ʩʦʟʜʘʶʱʠʭ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʥʘʭʦʜʷʪʩʷ. 

ʆʯʝʥʴ ʯʘʩʪʦ ʛʝʦʭʠʤʠʶ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʭʠʤʠʶ ɿʝʤʣʠ. ɺ ʵʪʦʤ 

ʦʧʨʝʜʝʣʝʥʠʠ ʝʩʪʴ ʜʦʣʷ ʠʩʪʠʥʳ. ʅʦ ʝʩʪʴ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʭʠʤʠʝʡ ʠ ʛʝʦʭʠʤʠʝʡ. ʇʨʦʩʪʦʝ ʧʝʨʝʥʝʩʝʥʠʝ ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʥʘ ʧʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ɿʝʤʣʝ ʥʝ ʧʦʟʚʦʣʠʪ ʥʠ ʦʙʲʷʩʥʠʪʴ ʠʭ 

ʠʩʪʠʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʦʣʦʯʢʘʭ, ʥʠ ʜʘʪʴ ʧʨʦʛʥʦʟ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʘʢʠʭ-ʪʦ ʠʟʤʝʥʠʚʰʠʭʩʷ ʫʩʣʦʚʠʡ. ɸ.ʀ. ʇʝʨʝʣʴʤʘʥ ʜʘʞʝ ʦʩʦʙʦ 

ʦʪʤʝʯʘʝʪ (1990) ʨʘʟʣʠʯʠʷ çʭʠʤʠʯʝʩʢʦʛʦè ʠ çʛʝʦʭʠʤʠʯʝʩʢʦʛʦè ʤʳʰʣʝʥʠʡ. ʏʝʤ 

ʞʝ ʦʙʲʷʩʥʷʶʪʩʷ ʦʪʣʠʯʠʷ ʧʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ɿʝʤʣʝ, ʘ ʪʦʯʥʝʝ ð 

ʜʘʞʝ ʚ ʦʪʜʝʣʴʥʳʭ ʝʝ ʦʙʦʣʦʯʢʘʭ, ʦʪ ʠʭ ʧʦʚʝʜʝʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ? 

ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ɺ ʣʘʙʦʨʘʪʦʨʠʷʭ ʦʙʳʯʥʦ ʥʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʳ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʡ ʩ ʨʘʚʥʳʤʠ ʤʦʣʷʨʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʣʝʤʝʥʪʦʚ. ɺ 

ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʜʝʨʞʘʥʠʝ ʦʜʥʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʣʣʠʘʨʜʳ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ 

ʜʨʫʛʠʭ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʫ ʯʘʩʪʠ ʠʟ ʥʠʭ ʦʩʪʘʶʪʩʷ ʥʝʨʝʘʣʠʟʦʚʘʥʥʳʤʠ ʤʥʦʛʠʝ 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʊʘʢ, ʵʣʝʤʝʥʪʳ ʩ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʯʘʩʪʦ ʥʝ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʯʠʩʣʦ ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʧʦʧʘʜʘʷ ʚ ʚʠʜʝ 

ʧʨʠʤʝʩʝʡ (ʟʘʢʦʥʦʤʝʨʥʳʭ ʠ ʩʣʫʯʘʡʥʳʭ) ʚ çʯʫʞʠʝè ʤʠʥʝʨʘʣʳ. 

ɺʦ-ʚʪʦʨʳʭ, ʤʥʦʛʠʝ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, 

ʦʩʚʝʱʝʥʥʦʩʪʴ ʠ ʜʨ., ʚ ʫʩʣʦʚʠʷʭ ʟʝʤʥʦʡ ʢʦʨʳ ʦʛʨʘʥʠʯʝʥʳ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʫʟʢʠʤʠ 

ʨʘʤʢʘʤʠ, ʯʝʤ ʪʝ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ. ʈʘʟʥʠʮʘ ʙʫʜʝʪ ʦʩʦʙʝʥʥʦ 

ʙʦʣʴʰʦʡ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʚʩʶ ʟʝʤʥʫʶ ʢʦʨʫ, ʘ ʪʦʣʴʢʦ ʝʝ ʚʥʝʰʥʶʶ ʯʘʩʪʴ 

ð ʙʠʦʩʬʝʨʫ, ʚ ʢʦʪʦʨʦʡ ʦʙʠʪʘʶʪ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʠʤʝʥʥʦ ʵʪʘ ʩʬʝʨʘ ɿʝʤʣʠ. 

ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʤʠʛʨʘʮʠʠ ʚʝʜʝʪ ʢ 

ʦʛʨʘʥʠʯʝʥʠʶ ʧʨʦʷʚʣʝʥʠʷ ʤʥʦʛʠʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ. 

ɺ-ʪʨʝʪʴʠʭ, ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

ʥʘʭʦʜʷʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʩʦʣʝʡ (ʤʠʥʝʨʘʣʦʚ) ʠʣʠ ʨʘʩʪʚʦʨʦʚ, ʥʦ ʠ ʦʙʨʘʟʫʶʪ 

ʜʦʚʦʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ð ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʩʪʦʡʯʠʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ. ʇʦʢʘ ʵʣʝʤʝʥʪʳ ʦʩʪʘʶʪʩʷ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ, 

ʦʥʠ ʥʝ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ. ɼʣʷ ʵʪʦʛʦ ʜʦʣʞʥʳ ʙʳʪʴ 

ʨʘʟʨʫʰʝʥʳ ʬʦʨʤʳ ʩʦʚʤʝʩʪʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʚ 



 

 9 

ʫʩʣʦʚʠʷʭ ʦʪʜʝʣʴʥʳʭ ʦʙʦʣʦʯʝʢ ɿʝʤʣʠ ʜʦʚʦʣʴʥʦ ʫʩʪʦʡʯʠʚʳ. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʦʛʜʘ ʥʝ ʧʨʦʠʩʭʦʜʷʪ 

ʨʝʘʢʮʠʠ ʪʦʣʴʢʦ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɺ ʥʠʭ 

ʫʯʘʩʪʚʫʶʪ (ʭʦʪʷ ʠ ʚ ʨʘʟʣʠʯʥʦʡ ʤʝʨʝ) ʦʯʝʥʴ ʤʥʦʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. (ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʂʣʘʨʢʘ-ɺʝʨʥʘʜʩʢʦʛʦ ʚ ʢʘʞʜʦʤ ʧʨʠʨʦʜʥʦʤ ʦʙʲʝʢʪʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ.) ʂʦʥʝʯʥʦ ʞʝ, ʥʝ ʚʩʝ ʦʥʠ, ʚ ʧʨʷʤʦʤ 

ʩʤʳʩʣʝ, ʫʯʘʩʪʚʫʶʪ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. ʄʥʦʛʠʝ ʠʟ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʫʩʢʦʨʷʶʪ ʠʣʠ ʟʘʤʝʜʣʷʶʪ ʨʝʘʢʮʠʠ, ʜʨʫʛʠʝ ï ʩʦʟʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʱʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʝ ʠ ʪ.ʧ. ʫʩʣʦʚʠʷ, ʯʘʩʪʴ ʠʟ ʥʠʭ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʥʦʚʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʚʠʜʝ ʟʘʢʦʥʦʤʝʨʥʳʭ ʠ ʩʣʫʯʘʡʥʳʭ ʧʨʠʤʝʩʝʡ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʩʢʘʟʘʥʥʦʤʫ ʦ ʥʘʫʢʝ çʛʝʦʭʠʤʠʷè, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥʘ 

ʠʟʫʯʘʝʪ ʚʩʶ ʠʩʪʦʨʠʶ ʘʪʦʤʦʚ (ʠʦʥʦʚ) ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ɿʝʤʣʠ. ʀʤʝʥʥʦ 

ʪʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʣ ʛʝʦʭʠʤʠʠ ʝʝ ʦʩʥʦʚʘʪʝʣʴ ð ʚʝʣʠʯʘʡʰʠʡ ʫʯʝʥʳʡ 

ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ ɺʝʨʥʘʜʩʢʠʡ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʭʠʤʠʷ ʢʘʢ ʯʘʩʪʴ ʦʙʱʝʡ 

ʛʝʦʭʠʤʠʠ ʟʘʥʠʤʘʝʪʩʷ ʠʟʫʯʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʚʝʨʭʥʝʡ ʦʙʦʣʦʯʢʝ ɿʝʤʣʠ, 

ʥʘʩʝʣʝʥʥʦʡ ʞʠʚʦʪʥʳʤʠ ʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ,ð ʙʠʦʩʬʝʨʝ. ʆʜʥʦʡ ʠʟ 

ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʦʡ ʦʙʦʣʦʯʢʠ ʷʚʣʷʝʪʩʷ ʥʝʨʘʟʨʳʚʥʘʷ ʩʚʷʟʴ ʠ 

ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʥʝʞʠʚʦʡ (ʧʦ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʤʫ, 

çʢʦʩʥʦʡè) ʤʘʪʝʨʠʠ. ʆʙ ʫʢʘʟʘʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʩʣʝʜʫʝʪ ʧʦʩʪʦʷʥʥʦ ʧʦʤʥʠʪʴ, 

ʫʩʪʘʥʘʚʣʠʚʘʷ ʦʩʥʦʚʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʵʪʫ ʫʥʠʢʘʣʴʥʫʶ ʦʙʦʣʦʯʢʫ. 

ɺʩʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʚ ʙʠʦʩʬʝʨʝ ʧʨʦʠʩʭʦʜʷʪ ʠʣʠ ʩ ʫʯʘʩʪʠʝʤ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ, ʠʣʠ ʚ ʩʨʝʜʝ, ʩʦʟʜʘʥʥʦʡ ʧʦʜ ʠʭ ʚʣʠʷʥʠʝʤ. ʕʪʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʟʘʢʦʥʦʚ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʠ ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʠʚʘʝʪ ʦʪʣʠʯʠʝ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʙʠʦʩʬʝʨʝ, ʦʪ ʨʝʘʢʮʠʡ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʘ 

ʪʘʢʞʝ ʦʪ ʨʝʘʢʮʠʡ, ʠʜʫʱʠʭ ʚ ʜʨʫʛʠʭ ʦʙʦʣʦʯʢʘʭ ʠ ʷʜʨʝ ɿʝʤʣʠ. 

ʀʟʫʯʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʙʠʦʩʬʝʨʝ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʘʤʳʝ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʝʝ ʚ ʮʝʣʦʤ. ʆʜʥʘʢʦ ʙʠʦʩʬʝʨʘ ð ʦʯʝʥʴ ʥʝʦʜʥʦʨʦʜʥʘʷ ʩʠʩʪʝʤʘ. ɺʥʝʰʥʠʝ 

ʬʘʢʪʦʨʳ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʝʝ ʧʨʝʜʝʣʘʭ 

ʢʘʢ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʪʘʢ ʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ð ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ.  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʤʠʛʨʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʪʜʝʣʴʥʳʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʯʘʩʪʷʭ 

ʙʠʦʩʬʝʨʳ ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ ʯʘʩʪʠ. ʕʪʦ ʜʦʣʞʥʳ 

ʙʳʪʴ ʩʚʦʝʦʙʨʘʟʥʳʝ çʙʣʦʢʠè ʠʣʠ çʢʠʨʧʠʯʠʢʠè, ʩʦʭʨʘʥʷʶʱʠʝ ʦʩʥʦʚʥʫʶ 

ʦʩʦʙʝʥʥʦʩʪʴ ʙʠʦʩʬʝʨʳ (ʝʝ ʙʠʦʢʦʩʥʦʩʪʴ) ʠ ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʚʥʝʰʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ.  

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʨʦʜʥʳʝ çʢʠʨʧʠʯʠʢʠè ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʝʱʝ 

ʦʜʥʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ð ʦʙʲʝʜʠʥʷʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ, 

ʠ ʵʪʠ ʦʙʲʝʜʠʥʝʥʠʷ ʪʘʢʞʝ ʜʦʣʞʥʳ ʧʨʝʜʩʪʘʚʣʷʪʴ ʝʜʠʥʫʶ ʧʨʠʨʦʜʥʫʶ ʩʠʩʪʝʤʫ. 

ʊʦʣʴʢʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ, ʠʟʫʯʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʢʘʢ ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, ʪʘʢ ʠ ʚ ʠʭ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʜʠʥʝʥʠʷʭ, 

ʫʩʪʘʥʦʚʠʪʴ ʦʩʥʦʚʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. ɹʝʟ ʟʥʘʥʠʷ ʠ ʫʯʝʪʘ ʵʪʠʭ 

ʟʘʢʦʥʦʚ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʦ ʚʩʪʫʧʘʪʴ ʚ ʧʨʦʪʠʚʦʨʝʯʠʷ 



 

 10 

ʩ ʧʨʠʨʦʜʦʡ. 

ʆʧʳʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʪʘʢʦʛʦ ʠʟʫʯʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʷʚʣʷʝʪʩʷ ʣʘʥʜʰʘʬʪʥʳʡ ʫʨʦʚʝʥʴ. ʇʨʠ ʵʪʦʤ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʣʘʥʜʰʘʬʪʳ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ çʢʠʨʧʠʯʠʢʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʙʠʦʩʬʝʨʫè. ʉʘʤʠ ʞʝ ʣʘʥʜʰʘʬʪʳ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ, ç...ʪʘʢʦʝ 

ʞʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʧʦʥʷʪʠʝ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʢʘʢ "ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ", 

"ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ", "ʧʦʯʚʘ", "ʤʠʥʝʨʘʣ"è. ʗʚʣʷʷʩʴ ʙʠʦʢʦʩʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, 

ʣʘʥʜʰʘʬʪʳ ʚʧʦʣʥʝ ʦʪʚʝʯʘʶʪ ʧʝʨʚʦʤʫ ʪʨʝʙʦʚʘʥʠʶ ʫʩʣʦʚʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ 

ʙʠʦʩʬʝʨʳ ʥʘ ʦʪʜʝʣʴʥʳʝ ʙʣʦʢʠ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ ʦʪʚʝʯʘʶʪ ʠ ʚʪʦʨʦʤʫ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ: ʠʭ ʦʙʲʝʜʠʥʝʥʠʝ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʤʠʛʨʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʫʨʦʚʥʷʭ, ʜʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʊʘʢ, ʚʦʟʤʦʞʥʦ ʦʙʲʝʜʠʥʝʥʠʝ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʦʙʣʘʜʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʚʠʜʘ ʤʠʛʨʘʮʠʠ, ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʦʛʝʥʥʳʭ ʠ ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʇʨʠ ʵʪʦʤ ʦʙʝ ʛʨʫʧʧʳ ʣʘʥʜʰʘʬʪʦʚ 

ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʦ ʩʚʦʠʤʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʜʦʙʥʦʝ 

ʦʙʲʝʜʠʥʝʥʠʝ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠ ʧʨʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʨʘʙʦʪʘʭ, ʚʳʜʝʣʷʷ, 

ʥʘʧʨʠʤʝʨ, ʩʨʝʜʠ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʪʦʣʴʢʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʠ ʪ.ʜ. 

ʉ ʫʯʝʪʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʘʪʤʦʩʬʝʨʥʫʶ 

ʤʠʛʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ, ʣʘʥʜʰʘʬʪʳ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ, ʥʘʧʨʠʤʝʨ, ʚ ʪʘʢʠʝ 

ʛʨʫʧʧʳ: 1 ð ʧʦʜʚʝʨʞʝʥʥʳʝ ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ, 2 ð ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʝ 

ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ, 3-ʝ ʩʦʚʨʝʤʝʥʥʳʤ ʦʪʣʦʞʝʥʠʝʤ ʵʦʣʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʩʝ ʦʥʠ 

ʙʫʜʫʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʩʫʱʝʩʪʚʫʶʪ ʩʚʦʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. ʇʦʜʦʙʥʳʝ 

ʧʨʠʤʝʨʳ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ.  

ʎʝʥʪʨʦʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʩʯʠʪʘʶʪʩʷ ʧʦʯʚʳ, ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʙʠʦʢʦʩʥʫʶ ʩʠʩʪʝʤʫ. ɼʣʷ ʠʭ ʚʝʨʭʥʝʛʦ 

ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʭʘʨʘʢʪʝʨʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʀʟʫʯʝʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʭʦʜʠʪʴ ʢ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʝ ʠ ʚ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʭʠʤʠʷ ʜʦʚʦʣʴʥʦ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ 

ʧʦʯʚʦʚʝʜʝʥʠʝʤ ʠ ʛʝʦʭʠʤʠʝʡ ʧʦʯʚ. 

ʉʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʠ ʞʠʚʦʪʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ 

ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʠ, ʦʪʯʘʩʪʠ,ð ʧʦʯʚʦʧʦʜʩʪʠʣʘʶʱʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. ɹʝʟ 

ʠʟʫʯʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʣʘʥʜʰʘʬʪʘ ʯʘʩʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʢʨʝʪʥʦʤ 

ʣʘʥʜʰʘʬʪʝ ʚ ʮʝʣʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʭʠʤʠʷ ʪʝʩʥʝʡʰʠʤ 

ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʘ ʩ ʛʠʜʨʦʭʠʤʠʝʡ ʠ ʛʠʜʨʦʛʝʦʭʠʤʠʝʡ, ʠʟʫʯʘʶʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʩ ʙʠʦʛʝʦʭʠʤʠʝʡ, ʛʝʦʭʠʤʠʝʡ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ 

ʚʳʚʝʪʨʠʚʘʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ ʠ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʭ ʙʠʦʢʦʩʥʳʝ ʧʨʠʨʦʜʥʳʝ ʪʝʣʘ (ʧʦʯʚʳ, ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, 

ʧʦʜʟʝʤʥʳʝ ʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ) ʥʝ ʷʚʣʷʶʪʩʷ ʢʘʢʠʤʠ-ʪʦ ʦʙʦʩʦʙʣʝʥʥʳʤʠ 
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ʩʠʩʪʝʤʘʤʠ. ɺʩʝ ʦʥʠ ʪʝʩʥʝʡʰʠʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʙʦʣʝʝ ʩʣʦʞʥʦʡ 

ʩʠʩʪʝʤʝ ð ʙʠʦʩʬʝʨʝ. ʀʭ çʨʘʩʯʣʝʥʝʥʠʝè ʠ çʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝè ʠʟʫʯʝʥʠʝ 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʶʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ. 

ɼʝʣʘʝʪʩʷ ʵʪʦ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʦʟʥʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʵʪʠʭ ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʋʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦ ʤʥʦʛʠʭ ʠ 

ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʟʣʠʯʥʳʭ ʧʦʟʠʮʠʡ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝ ʪʦʣʴʢʦ 

ʢʦʤʬʦʨʪʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʥʦ ʜʘʞʝ ʚʳʞʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʨʝʜʳ ʧʨʦʞʠʚʘʥʠʷ ʞʠʚʦʪʥʳʭ ʠʣʠ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʨʘʩʪʝʥʠʡ.  

ɽʩʣʠ ʤʳ ʥʘʯʥʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʢʫ ʩʨʝʜʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ, ʜʘ ʝʱʝ ʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʘʪʦʤʥʦ-ʠʦʥʥʦʤ ʫʨʦʚʥʝ ʠ ʩ ʫʯʝʪʦʤ ʬʦʨʤ 

ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ,ð ʵʪʦ ʙʫʜʝʪ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʫʩʣʦʚʠʡ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ. ɽʝ ʧʨʦʚʝʜʝʥʠʝ ð ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ 

ʧʝʨʝʜ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʝʡ. ʊʘʢʫʶ ʦʮʝʥʢʫ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ, ʧʦʜʭʦʜʷ ʩ 

ʛʣʦʙʘʣʴʥʳʭ ʧʦʟʠʮʠʡ. ʇʨʠ ʵʪʦʤ ʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʩʜʝʣʘʥʘ ʠʩʭʦʜʷ ʠʟ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʤʠʛʨʘʮʠʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ ʚ ʮʝʣʦʤ. 

 ʇʝʨʚʘʷ ʯʘʩʪʴ ʦʮʝʥʢʠ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʘʤʳʭ ʦʙʰʠʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʙʫʜʫʪ ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʚʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʨʝʧʝʨʳ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʞʠʟʥʠ, ʧʦʜʦʙʥʦʡ ʪʦʡ, ʢʦʪʦʨʘʷ ʝʩʪʴ ʥʘ ɿʝʤʣʝ. ʀ ʚʦʪ ʟʜʝʩʴ ʤʳ ʧʦʜʭʦʜʠʤ 

ʢ ʚʪʦʨʦʡ ʯʘʩʪʠ ʵʪʦʡ ʦʮʝʥʢʠ ð ʢʦʩʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ (ʘ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʢʦʤʬʦʨʪʥʦʩʪʠ) ʞʠʟʥʠ 

(ʘʥʘʣʦʛʠʯʥʦʡ ʪʦʡ, ʯʪʦ ʨʘʟʚʠʣʘʩʴ ʥʘ ɿʝʤʣʝ) ʥʘ ʜʨʫʛʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ. 

ʕʪʘ ʯʘʩʪʴ ʛʣʦʙʘʣʴʥʦʡ ʦʮʝʥʢʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʟʥʠ 

ʥʘ ɿʝʤʣʝ ʪʦʣʴʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʯʠʥʘʝʪ ʠʤʝʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʇʦ 

ʤʝʨʝ ʦʙʞʠʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʥʘ ʙʫʜʝʪ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʪʴ. 

ʆʮʝʥʢʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʧʨʦʚʦʜʠʪʩʷ ʠ 

ʧʨʠ ʙʦʣʝʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʞʠʟʥʠ ʦʨʛʘʥʠʟʤʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ʙʠʦʩʬʝʨʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʯʘʩʪʝʡ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʚʩʝʛʦ ʙʨʘʪʴ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ ʠʣʠ ʠʭ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʩ 

ʫʯʝʪʦʤ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ.  

ʆʧʳʪ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʲʝʜʠʥʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ 

ʫʜʦʙʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʤ ʫʨʦʚʥʷʤ. ɺ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʛʫʪ ʦʮʝʥʠʚʘʪʴʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʩʣʦʚʠʡ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ, 

ʥʘʧʨʠʤʝʨ ʚ ʧʦʯʚʘʭ, ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʠ ʪ.ʜ. 

ʇʨʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʦʨʛʘʥʠʟʤʦʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʠʣʠ ʠʭ ʩʦʦʙʱʝʩʪʚ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 

ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʫʩʪʦʷʚʰʠʭʩʷ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ (ʘ ʵʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ) ʥʝʣʴʟʷ ʛʦʚʦʨʠʪʴ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʪʦʣʴʢʦ ʜʣʷ 

ʦʜʥʠʭ ʚʠʜʦʚ, ʥʝ ʢʘʩʘʷʩʴ ʜʨʫʛʠʭ. ʉʣʠʰʢʦʤ ʚʝʣʠʢʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ, ʠ 

ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʜʥʠʭ ʠʟ ʥʠʭ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ 
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ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʨʫʛʠʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʝʨʝʭʦʜʠʤ ʢ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʘʤʠ. ʆʥʘ, 

ʢʘʢ ʠ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ, ʪʘʢʞʝ ʤʦʞʝʪ ʦʮʝʥʠʚʘʪʴʩʷ ʩ ʨʘʟʥʳʭ 

ʩʪʦʨʦʥ, ʚʧʣʦʪʴ ʜʦ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʠ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʡ. ɺ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʛʝʦʭʠʤʠʠ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʤʠʛʨʘʮʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʝ. 

ʏʘʩʪʦ ʨʘʟʜʝʣʷʶʪ ʚʥʫʪʨʠʚʠʜʦʚʫʶ ʠ ʤʝʞʚʠʜʦʚʫʶ ʩʚʷʟʠ. ʇʨʦʩʣʝʞʠʚʘʪʴ ʠʭ 

ʤʦʞʥʦ, ʥʘʯʠʥʘʷ ʦʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ (ʨʦʞʜʝʥʠʷ) ʦʨʛʘʥʠʟʤʘ ʠ ʢʦʥʯʘʷ ʝʛʦ ʩʤʝʨʪʴʶ 

ʠ ʨʘʟʣʦʞʝʥʠʝʤ. 

ʏʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ ʫʜʝʣʷʝʪʩʷ 

ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʦʨʛʘʥʠʟʤʘʤʠ ʠ ʩʨʝʜʦʡ ʠʭ ʦʙʠʪʘʥʠʷ, ʚʢʣʶʯʘʷ 

ʦʪʜʝʣʴʥʳʝ ʮʠʢʣʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʵʣʝʤʝʥʪʦʚ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʪʘʢʞʝ 

ʨʘʟʙʠʨʘʶʪʩʷ ʩ ʧʦʟʠʮʠʠ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʩʘʤʠ ʵʣʝʤʝʥʪʳ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ, ʯʪʦ ʧʨʠʜʘʝʪ ʦʩʦʙʫʶ 

ʩʣʦʞʥʦʩʪʴ ʠʭ ʧʝʨʝʤʝʱʝʥʠʶ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʨʘʟʜʝʣʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ ʷʚʣʷʝʪʩʷ 

ʙʠʦʛʝʦʭʠʤʠʷ. ɺ ʥʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʠ ʝʛʦ ʠʟʤʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʤʝʥʷʶʱʠʤʠʩʷ ʫʩʣʦʚʠʷʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʪʠʭ 

ʦʨʛʘʥʠʟʤʦʚ. ʀʟʫʯʝʥʠʶ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣ 

ɺ.ʀ.ɺʝʨʥʘʜʩʢʠʡ. 

ɺʩʝ ʠʟʣʦʞʝʥʥʦʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʭʠʤʠʷ, ʷʚʣʷʷʩʴ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʛʝʦʭʠʤʠʝʡ, ʬʦʨʤʠʨʫʝʪʩʷ çʥʘ ʩʪʳʢʝè ʮʝʣʦʛʦ ʨʷʜʘ ʥʘʫʢ. ʀʭ 

ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʚʠʪʠʝ ʦʪʜʝʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʵʪʦʡ 

ʥʦʚʦʡ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʡ ʜʣʷ ʚʳʞʠʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʘʫʢʠ. 

 

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ 

 

ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʭʠʤʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʛʝʦʭʠʤʠʠ ð ʥʘʫʢʠ XX ʩʪʦʣʝʪʠʷ. ɺʨʝʤʷ ʨʦʞʜʝʥʠʷ 

ʛʝʦʭʠʤʠʠ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʠ ʙʦʣʝʝ ʪʦʯʥʦ ð ʵʪʦ 1908ð1911 ʛʛ. ʄʝʩʪʦʤ ʝʝ 

ʨʦʞʜʝʥʠʷ ʩʯʠʪʘʝʪʩʷ ʄʦʩʢʦʚʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʝʛʦ ʢʘʬʝʜʨʘ ʤʠʥʝʨʘʣʦʛʠʠ, 

ʢʦʪʦʨʦʡ ʚ ʪʝ ʛʦʜʳ ʨʫʢʦʚʦʜʠʣ ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ. ɺ ʯʠʩʣʝ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ 

ʛʝʦʭʠʤʠʠ ʥʝʣʴʟʷ ʥʝ ʥʘʟʚʘʪʴ ʘʩʧʠʨʘʥʪʘ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʘʢʘʜʝʤʠʢʘ ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʠ ʥʦʨʚʝʞʩʢʦʛʦ ʫʯʝʥʦʛʦ ɺ.ʄ. ɻʦʣʴʜʰʤʠʜʪʘ. 

ʆʬʦʨʤʣʝʥʠʶ ʛʝʦʭʠʤʠʠ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʥʘʫʢʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʨʘʙʦʪʳ ʤʥʦʛʠʭ ʫʯʝʥʳʭ, ʢʦʪʦʨʳʭ ʩʥʘʯʘʣʘ ʥʘʟʳʚʘʣʠ ʥʘʪʫʨʘʣʠʩʪʘʤʠ. ʀʟ ʠʭ ʯʠʩʣʘ 

ʚʳʰʣʠ ʤʥʦʛʠʝ ʛʝʦʣʦʛʠ, ʵʢʦʣʦʛʠ, ʬʠʟʠʢʠ, ʭʠʤʠʢʠ ʠ ʤʘʪʝʤʘʪʠʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʠʤʠ, ʠ ʩʦʟʜʘʣʠ ʪʦʪ ʥʘʫʯʥʳʡ ʬʫʥʜʘʤʝʥʪ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʯʘʣʘ 

ʩʪʨʦʠʪʴʩʷ ʛʝʦʭʠʤʠʷ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʛʝʦʭʠʤʠʠ ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʟʘʣʦʞʝʥʠʝ 

ʥʝʤʝʮʢʠʤʠ ʫʯʝʥʳʤʠ ɻ.ʈ.ʂʠʨʭʛʦʬʦʤ ʠ ʈ.ɺ.ɹʫʥʟʝʥʦʤ (1859) ʦʩʥʦʚ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʀʤʝʥʥʦ ʵʪʦʪ ʤʝʪʦʜ ʥʘ ʤʥʦʛʠʝ ʛʦʜʳ ʩʪʘʣ ʦʩʥʦʚʥʳʤ ʧʨʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʨʘʟʚʠʪʠʶ 

ʛʝʦʭʠʤʠʠ. ʈʘʟʚʠʪʠʝ ʛʝʦʭʠʤʠʠ ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʳʤ ʙʝʟ ʚʳʜʘʶʱʝʛʦʩʷ 
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ʦʪʢʨʳʪʠʷ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʳʤ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʢʦʥʘ (1869) ʠ ʙʝʟ ʮʝʣʦʡ ʩʝʨʠʠ 

ʦʪʢʨʳʪʠʡ, ʧʦʟʚʦʣʠʚʰʠʭ ʧʨʝʜʩʪʘʚʠʪʴ ʩʪʨʦʝʥʠʝ ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ. ʉʨʝʜʠ ʵʪʠʭ 

ʦʪʢʨʳʪʠʡ ʚʘʞʥʳʤʠ ʚʝʭʘʤʠ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 1896 ʛ. ï ʦʪʢʨʳʪʠʝ  ɸ.ɸ. 

ɹʝʢʢʝʨʝʣʝʤ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ; 1897 ʛ. ï ʦʪʢʨʳʪʠʝ ɼʞ.ɼ. ʊʦʤʩʦʥʦʤ ʵʣʝʢʪʨʦʥʘ; 

1898 ʛ. ï ʦʪʢʨʳʪʠʝ ʩʠʣʴʥʦ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʘʜʠʷ ʠ ʧʦʣʦʥʠʷ) ʇ.ʂʶʨʠ 

ʠ ʄ.ʂʶʨʠ-ʉʢʣʦʜʦʚʩʢʦʡ; 1911 ʛ. ï ʦʪʢʨʳʪʠʝ ʕ. ʈʝʟʝʨʬʦʨʜʦʤ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʠ 

ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʘʪʦʤʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʶ ʛʝʦʭʠʤʠʠ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʥʘʫʢʠ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ 

ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʘʞʝ ʧʝʨʚʳʤʠ ʩʦʙʩʪʚʝʥʥʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʊʘʢ, ʚ 1815 ʛ. ʘʥʛʣʠʡʩʢʠʡ ʤʠʥʝʨʘʣʦʛ ɺ.ʌʠʣʣʠʧʩ ʥʘʯʘʣ 

ʦʧʨʝʜʝʣʷʪʴ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʜʝʩʷʪʠ ʵʣʝʤʝʥʪʦʚ. ɺ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʵʪʠ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʬʨʘʥʮʫʟʘʤʠ ʕʣʠ ʜʝ ɹʝʤʦʥʦʤ 

ʠ ɸ. ɼʦʙʨʵ. ʆʜʥʘʢʦ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʱʝ ʥʝ ʷʚʣʷʣʠʩʴ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʦʚʦʡ ʥʘʫʢʠ. ʇʦʟʞʝ, ʚ 1889 ʛ., ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʭʠʤʠʯʝʩʢʦʡ 

ʩʣʫʞʙʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʉʐɸ ʌ.ʋ. ʂʣʘʨʢʦʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʯʪʠ 

ʪʳʩʷʯʠ ʪʦʯʥʳʭ ʘʥʘʣʠʟʦʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʦʪʦʙʨʘʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʙʳʣʘ 

ʩʦʩʪʘʚʣʝʥʘ ʧʝʨʚʘʷ ʩʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʩʨʝʜʥʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʝʤʥʦʡ ʢʦʨʳ. 

ʈʘʙʦʪʳ ʧʦ ʫʪʦʯʥʝʥʠʶ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠʩʴ 

ʌ.ʋ. ʂʣʘʨʢʦʤ ʜʦʣʛʠʝ ʛʦʜʳ, ʘ ʧʦʣʫʯʝʥʥʳʝ ʠʤ ʮʠʬʨʳ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʣʦ ʠʟʤʝʥʠʣʠʩʴ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ ʠ ʩʦʭʨʘʥʠʣʠ ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ɼʝʷʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʚʳʩʦʢʦ ʦʮʝʥʠʚʘʣʘʩʴ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʘʤʠ ʛʝʦʭʠʤʠʠ. ɺʝʣʠʯʠʥʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦ ʧʨʝʜʣʦʞʝʥʠʶ 

ʘʢʘʜʝʤʠʢʘ ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʩʪʘʣʠ ʥʘʟʳʚʘʪʴ çʢʣʘʨʢʘʤʠè. 

ʇʝʨʚʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʳʣʠ ʦʪʢʨʳʪʳ ɺ.ʀ. 

ɺʝʨʥʘʜʩʢʠʤ, ɸ.ɽ. ʌʝʨʩʤʘʥʦʤ ʠ ɺ.ʄ. ɻʦʣʴʜʰʤʠʜʪʦʤ, ʢʦʪʦʨʳʭ ʤʳ ʩʯʠʪʘʝʤ 

ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʘʤʠ ʛʝʦʭʠʤʠʠ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʧʨʠʥʘʜʣʝʞʠʪ ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʤʫ, 

ʛʝʥʠʘʣʴʥʝʡʰʝʤʫ ʫʯʝʥʦʤʫ, ʢʦʪʦʨʦʛʦ ʧʦ ʨʘʟʥʦʩʪʦʨʦʥʥʦʩʪʠ ʟʥʘʥʠʡ ʤʦʞʥʦ 

ʩʨʘʚʥʠʪʴ ʨʘʟʚʝ ʯʪʦ ʩ ʃʝʦʥʘʨʜʦ ʜʘ ɺʠʥʯʠ. ɹʝʩʩʧʦʨʥʦ ʝʛʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʪʮʦʤ 

ʛʝʦʭʠʤʠʠ. ɺʩʝ ʩʜʝʣʘʥʥʦʝ ʠʤ ʚ ʥʘʫʢʝ ʥʘʩʪʦʣʴʢʦ ʧʦʨʘʞʘʝʪ, ʯʪʦ ʝʩʣʠ ʙʳ ʥʝ 

ʦʯʝʚʠʜʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʥ ʩʫʱʝʩʪʚʦʚʘʣ ʠ ʢ ʪʦʤʫ ʞʝ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ, ʤʦʞʥʦ ʙʳʣʦ 

ʙʳ ʧʦʜʫʤʘʪʴ, ʯʪʦ ʨʘʙʦʪʘʣ ʙʦʣʴʰʦʡ ʢʦʣʣʝʢʪʠʚ ʪʘʣʘʥʪʣʠʚʳʭ ʫʯʝʥʳʭ, 

ʧʦʜʧʠʩʳʚʘʚʰʠʭʩʷ ʦʜʥʠʤ ʧʩʝʚʜʦʥʠʤʦʤ ɺʝʨʥʘʜʩʢʠʡ. 

ɽʛʦ ʪʨʫʜʳ ʥʝʣʴʟʷ ʦʪʥʦʩʠʪʴ ʢ ʧʨʦʩʪʦ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ (ʯʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ 

ʫʞʝ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦ ʙʳ ʝʛʦ ʢʘʢ ʛʝʥʠʷ) ð ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ ʩʦʟʜʘʚʘʣ ʥʦʚʳʝ 

ʥʘʫʢʠ. ʂʨʦʤʝ ʛʝʦʭʠʤʠʠ ʦʥ ʟʘʣʦʞʠʣ ʦʩʥʦʚʳ ʨʘʜʠʦʛʝʦʣʦʛʠʠ, ʙʠʦʛʝʦʭʠʤʠʠ, 

ʥʘʫʢʦʚʝʜʝʥʠʷ, ʫʯʝʥʠʡ ʦ ʙʠʦʩʬʝʨʝ ʠ ʥʦʦʩʬʝʨʝ,.ʤʝʨʟʣʦʪʦʚʝʜʝʥʠʠ, 

ʛʠʜʨʦʛʝʦʭʠʤʠʠ, ʛʝʥʝʪʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʦʛʠʠ, ʩʠʤʤʝʪʨʠʠ ʠ ʜʠʩʩʠʤʤʝʪʨʠʠ ʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣʘʭ. 

ɺʝʨʥʘʜʩʢʠʡ ʙʳʣ ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʠ ʫʯʘʩʪʥʠʢʦʤ ʨʷʜʘ ʵʢʩʧʝʜʠʮʠʡ (ʈʠʩ. 1). 

ʊʘʢ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʠʤ ʧʦʠʩʢ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʚʝʣ ʢ ʦʪʢʨʳʪʠʶ ʚ 

ʌʝʨʛʘʥʝ ʚ 1916 ʛ. ʧʝʨʚʦʛʦ ʚ ʩʪʨʘʥʝ ʊʶʷ-ʄʫʶʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʨʘʥʦʚʳʭ 

ʨʫʜ. ɸ ʝʱʝ ʟʘ 6 ʣʝʪ ʜʦ ʵʪʦʛʦ ʥʘ ʦʙʱʝʤ ʩʦʙʨʘʥʠʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʦʥ ʧʨʝʜʩʢʘʟʘʣ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʴʶ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ. ʅʦ ʫʞʝ ʚ 1922 ʛ. 

ɺʝʨʥʘʜʩʢʠʡ ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʯʝʣʦʚʝʯʝʩʪʚʦ ʦ ʚʝʨʦʷʪʥʦʤ ʩʘʤʦʫʥʠʯʪʦʞʝʥʠʠ ʧʨʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ. ɸʢʘʜʝʤʠʢ ɸ.ʃ. ʗʥʰʠʥ ʧʠʩʘʣ: çʕʪʦ ʙʳʣ 

ʧʝʨʚʳʡ ʚ ʤʠʨʝ ʧʨʦʪʝʩʪ ʧʨʦʪʠʚ ʚʦʟʤʦʞʥʳʭ ʚ ʙʫʜʫʱʝʤ ʘʪʦʤʥʳʭ ʚʦʡʥè. 

 
ʈʠʩ. 1 ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ (1863-1945) 

 

ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʨʛʘʥʠʟʘʪʦʨʩʢʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ɺʝʨʥʘʜʩʢʦʛʦ. ʇʦ 

ʝʛʦ ʠʥʠʮʠʘʪʠʚʝ ʠ ʧʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʩʦʟʜʘʚʘʣʠʩʴ ɸʢʘʜʝʤʠʷ ʥʘʫʢ ʋʢʨʘʠʥʳ 

(ʦʥ ʙʳʣ ʝʝ ʧʝʨʚʳʤ ʧʨʝʟʠʜʝʥʪʦʤ) ʠ ʂʦʤʠʩʩʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ ʈʦʩʩʠʠ, ʠʥʩʪʠʪʫʪʳ ʛʝʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ, 

ʈʘʜʠʝʚʳʡ, ʂʝʨʘʤʠʯʝʩʢʠʡ, ʆʧʪʠʯʝʩʢʠʡ. ʆʥ ʦʩʥʦʚʘʣ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʫʶ 

ʣʘʙʦʨʘʪʦʨʠʶ, ʩʦʟʜʘʣ ʢʦʤʠʩʩʠʠ ʧʦ ʠʟʦʪʦʧʘʤ, ʫʨʘʥʫ, ʠʟʫʯʝʥʠʶ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ, 

ʠʩʪʦʨʠʠ ʟʥʘʥʠʡ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

ɺ.ʀ.ɺʝʨʥʘʜʩʢʠʡ ʚʣʘʜʝʣ ʚʩʝʤʠ ʩʣʘʚʷʥʩʢʠʤʠ, ʨʦʤʘʥʩʢʠʤʠ ʠ ʛʝʨʤʘʥʩʢʠʤʠ 

ʷʟʳʢʘʤʠ, ʧʨʠʯʝʤ ʚ ʪʘʢʦʡ ʤʝʨʝ, ʯʪʦ, ʙʫʜʫʯʠ ʟʘ ʛʨʘʥʠʮʝʡ, ʧʠʩʘʣ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ 

ʥʘ ʷʟʳʢʝ ʪʦʡ ʩʪʨʘʥʳ, ʚ ʢʦʪʦʨʦʡ ʞʠʣ ʚ ʵʪʦ ʚʨʝʤʷ. 

ɽʱʝ ʥʘ ʪʨʝʪʴʝʤ ʢʫʨʩʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ɺʝʨʥʘʜʩʢʠʡ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʧʦ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ, ʘ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʫ ʥʝʛʦ ʩʪʘʥʦʚʠʪʩʷ ɺʘʩʠʣʠʡ 

ɺʘʩʠʣʴʝʚʠʯ ɼʦʢʫʯʘʝʚ. ʆʩʥʦʚʥʳʝ ʞʝ ʝʛʦ ʪʨʫʜʳ ʦ ʙʠʦʩʬʝʨʝ ʙʳʣʠ ʥʘʧʠʩʘʥʳ, 

ʢʦʛʜʘ ʝʤʫ ʙʳʣʦ ʫʞʝ ʟʘ 60. ʇʦʨʘʟʠʪʝʣʴʥʦʝ ʥʘʫʯʥʦʝ ʜʦʣʛʦʣʝʪʠʝ! 

ʈʘʙʦʪʳ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʧʨʝʜʦʧʨʝʜʝʣʠʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ, ʢʘʢ 

ʦʞʠʜʘʝʪʩʷ, ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʠ 

ʟʘʨʫʙʝʞʥʳʝ ʵʥʮʠʢʣʦʧʝʜʠʠ ʥʘʟʳʚʘʶʪ ʝʛʦ ʪʚʦʨʮʦʤ ʫʯʝʥʠʷ ʦ ʙʠʦʩʬʝʨʝ. ʇʝʨʚʦʡ 

ʦʙʦʙʱʘʶʱʝʡ ʨʘʙʦʪʦʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʝʛʦ ʤʦʥʦʛʨʘʬʠʷ çɹʠʦʩʬʝʨʘè (1926), 

ʚ ʢʦʪʦʨʦʡ ʜʘʥʘ ʜʦʚʦʣʴʥʦ ʧʦʣʥʘʷ ʢʘʨʪʠʥʘ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʙʠʦʩʬʝʨʝ.  

ɺ ʨʘʙʦʪʘʭ ɺʝʨʥʘʜʩʢʦʛʦ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʣʠʷʥʠʶ ʥʘ ʪʝʯʝʥʠʝ 

ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʘ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚ, ʧʨʠʨʦʜʥʳʭ 

ʚʦʜ, ʘʪʤʦʩʬʝʨʳ; ʦʥ ʞʝ ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʥʘ ʧʦʷʚʣʝʥʠʝ ʚ ʙʠʦʩʬʝʨʝ ʥʦʚʳʭ 

ʪʝʭʥʦʛʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʈʘʙʦʪʳ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʧʦʣʦʞʠʣʠ ʥʘʯʘʣʦ ʧʣʘʥʦʤʝʨʥʦʤʫ ʠʟʫʯʝʥʠʶ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʆʙʦʙʱʘʷ ʧʝʨʚʳʝ ʨʘʙʦʪʳ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ɺʝʨʥʘʜʩʢʠʡ ʧʠʩʘʣ: çʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʨʛʘʥʠʟʤʦʚ ʢʦʣʝʙʣʝʪʩʷ 

ʝʜʚʘ ʣʠ ʥʝ ʤʝʥʝʝ, ʯʝʤ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚè. ʆʜʥʘʢʦ ʫʯʝʥʠʝ ʦ ʙʠʦʩʬʝʨʝ ʠ 

ʥʝʠʟʙʝʞʥʦʩʪʠ ʝʝ ʧʝʨʝʭʦʜʘ ʚ ʥʦʦʩʬʝʨʫ ʥʝ ʙʳʣʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʮʝʥʝʥʦ 

ʩʦʚʨʝʤʝʥʥʠʢʘʤʠ.  
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ɻʝʥʠʘʣʴʥʦʩʪʴ ʤʥʦʛʠʭ ʨʘʟʨʘʙʦʪʦʢ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʦʮʝʥʝʥʘ ʪʦʣʴʢʦ 

ʩʝʡʯʘʩ. ʂ ʩʦʞʘʣʝʥʠʶ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʝʛʦ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫʞʝ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʤʦʥʦʛʨʘʬʠʡ, ʥʘʯʘʣʘ ʧʫʙʣʠʢʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ 70-ʭ ʛʦʜʘʭ, ʘ 

ʤʥʦʛʠʝ ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʜʦ ʩʠʭ ʧʦʨ. ʕʪʦʤʫ ʤʝʰʘʣʠ ʮʝʥʟʫʨʘ ʠ, ʚʝʨʦʷʪʥʦ, ʪʦ, ʯʪʦ 

ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ ʙʳʣ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʠ ʯʣʝʥʦʤ ʎʂ ʧʘʨʪʠʠ ʢʘʜʝʪʦʚ. 

ʉʝʡʯʘʩ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʚʳʧʫʩʢʝ 17 ʪʝʤʘʪʠʯʝʩʢʠʭ ʪʦʤʦʚ ʧʦʣʥʦʛʦ 

ʩʦʙʨʘʥʠʷ ʩʦʯʠʥʝʥʠʡ ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʛʦ. ɻʣʘʚʥʳʤ ʨʝʜʘʢʪʦʨʦʤ ʩʝʨʠʠ ʷʚʣʷʝʪʩʷ 

ʘʢʘʜʝʤʠʢ ɸ.ʃ. ʗʥʰʠʥ. ɺ 1992 ʛ. ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʧʨʦʬ. ɺ.ɺ.ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ 

ʚʳʰʝʣ ʧʝʨʚʳʡ ʪʦʤ: çʊʨʫʜʳ ʧʦ ʙʠʦʛʝʦʭʠʤʠʠ ʠ ʛʝʦʭʠʤʠʠ ʧʦʯʚè. ʋ ʰʠʨʦʢʦʡ 

ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʘʙʦʪʘʤʠ 

ʛʝʥʠʘʣʴʥʝʡʰʝʛʦ ʫʯʝʥʦʛʦ. 

ɺʧʝʨʚʳʝ ʢʫʨʩ ʥʦʚʦʡ ʥʘʫʢʠ ð ʛʝʦʭʠʤʠʠ ʙʳʣ ʧʨʦʯʠʪʘʥ ʚ ʄʦʩʢʚʝ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ ʅʘʨʦʜʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɸ.ʃ.ʐʘʥʷʚʩʢʦʛʦ ɸ.ɽ.ʌʝʨʩʤʘʥʦʤ (ʈʠʩ. 

2). ʀʤ ʞʝ ʚ 1933ð 1939 ʛʛ. ʙʳʣʠ ʚʧʝʨʚʳʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʯʝʪʳʨʝʭ ʪʦʤʘʭ 

çɻʝʦʭʠʤʠʠè ʜʘʥʥʳʝ ʦ ʤʠʛʨʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ 

ʦʙʲʷʩʥʝʥʠʝʤ ʧʨʠʯʠʥ (ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ), ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʠʭ. 

ʕʪʘ ʧʨʝʢʨʘʩʥʝʡʰʘʷ, ʥʘʫʯʥʘʷ ʚ ʩʘʤʦʤ ʚʳʩʦʢʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ ʢʥʠʛʘ ʥʘʧʠʩʘʥʘ 

ʥʘʩʪʦʣʴʢʦ ʪʘʣʘʥʪʣʠʚʦ, ʯʪʦ ʤʦʞʝʪ ʯʠʪʘʪʴʩʷ ʟʘʧʦʝʤ. ɽʝ ʟʥʘʯʝʥʠʝ ʥʝ ʧʨʦʧʘʣʦ ʩ 

ʛʦʜʘʤʠ, ʘ ʤʥʦʛʠʝ ʠʟ ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʥʝʡ ʧʦʣʦʞʝʥʠʡ ʪʦʣʴʢʦ ʩʝʡʯʘʩ ʥʘʯʠʥʘʶʪ 

ʧʦʣʫʯʘʪʴ ʨʘʟʚʠʪʠʝ. 

 
ʈʠʩ. 2 ɸ.ɽ. ʌʝʨʩʤʘʥ (1883-1945) 

 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʩʢʣʘʜ ʫʤʘ, ʧʨʝʜʘʥʥʦʩʪʴ ʥʘʫʢʝ ʠ ʦʛʨʦʤʥʘʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ɸ.ɽ.ʌʝʨʩʤʘʥʘ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ɺ.ʀ.ɺʝʨʥʘʜʩʢʠʤ, 

ʘʩʧʠʨʘʥʪʫʨʫ ʫ ʢʦʪʦʨʦʛʦ ʠ ʧʨʦʭʦʜʠʪ ɸ.ɽ.ʌʝʨʩʤʘʥ. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ 

ʧʨʦʬʝʩʩʦʨʩʢʦʤʫ ʟʚʘʥʠʶ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʛʦ ʦʥ ʩ ʮʝʣʴʶ 

ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʚʳʝʟʞʘʝʪ ʚ 1907ð 1909 ʛʛ. ʚ ɸʚʩʪʨʠʶ, ɻʝʨʤʘʥʠʶ, 

ʌʨʘʥʮʠʶ, ʀʪʘʣʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʌʝʨʩʤʘʥ ʥʝ ʪʦʣʴʢʦ ʠʟʫʯʘʝʪ ʤʥʦʛʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʚʳʰʘʝʪ ʢʚʘʣʠʬʠʢʘʮʠʶ, ʥʦ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪ ʠ ʠʟʜʘʝʪ ʩ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʦʤ ɺ. ɻʦʣʴʜʰʤʠʜʪʦʤ (ʥʝ ʛʝʦʭʠʤʠʢʦʤ) ʢʣʘʩʩʠʯʝʩʢʫʶ 

ʜʚʫʭʪʦʤʥʫʶ ʤʦʥʦʛʨʘʬʠʶ ʦʙ ʘʣʤʘʟʘʭ çDer Duamantè, ʛʦʪʦʚʠʪ ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ ʠ 

ʩʦʙʠʨʘʝʪ ʤʘʪʝʨʠʘʣ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʦʰʝʜʰʠʡ ʚ ʝʱʝ ʦʜʥʫ ʠʤʝʶʱʫʶ ʜʦ ʩʠʭ ʧʦʨ 

ʙʦʣʴʰʦʝ ʥʘʫʯʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʥʦʛʨʘʬʠʶ ð çʇʝʛʤʘʪʠʪʳè. 

ɿʘ ʨʘʙʦʪʳ ʧʦ ʤʠʥʝʨʘʣʦʛʠʠ ɸʣʝʢʩʘʥʜʨ ɽʚʛʝʥʴʝʚʠʯ ʚ 1909 ʛ. ʫʜʦʩʪʦʝʥ 
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ʟʦʣʦʪʦʡ ʤʝʜʘʣʠ, ʚ 1919 ʛ. ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʬʝʩʩʦʨʦʤ ʇʝʪʨʦʛʨʘʜʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʘʢʘʜʝʤʠʢʦʤ. ɿʘ ʩʚʦʶ ʞʠʟʥʴ ʦʥ ʙʳʣ ʯʣʝʥʦʤ ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ 

ʦʙʱʝʩʪʚ ʠ ʢʦʤʠʩʩʠʡ, ʜʠʨʝʢʪʦʨʦʤ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠ ʠʥʩʪʠʪʫʪʦʚ, 

ʫʯʘʩʪʚʦʚʘʣ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʜʠʮʠʷʭ ʚ ʂʨʳʤ, ʉʠʙʠʨʴ, ʥʘ ʂʘʚʢʘʟ, ʚ 

ʍʠʙʠʥʳ, ʥʘ ʋʨʘʣ, ɸʣʪʘʡ. ʇʨʠ ʵʪʦʤ ʦʥ ʫʩʧʝʣ ʚʥʝʩʪʠ ʦʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 

ʛʝʦʭʠʤʠʠ ʠ ʛʝʦʣʦʛʠʠ ʚ ʮʝʣʦʤ, ʦʧʫʙʣʠʢʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʝʢʨʘʩʥʳʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ, ʥʦ ʠ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʝ, ʘ ʪʘʢʞʝ 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʢʥʠʛʠ. 

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʘʭ ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʫʜʝʣʝʥʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ 

ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʠʭ ʩʪʨʦʝʥʠʝʤ, ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ð ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʠʦʥʦʚ. 

ʀʤʝʥʥʦ ʵʪʠ ʨʘʙʦʪʳ ʚʤʝʩʪʝ ʩ ʨʘʙʦʪʘʤʠ ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʛʦ ʠ ɺ.ʄ.ɻʦʣʴʜʰʤʠʜʪʘ 

(ʈʠʩ. 3) ʩʦʩʪʘʚʠʣʠ ʬʫʥʜʘʤʝʥʪ ʛʝʦʭʠʤʠʠ.  

 
ʈʠʩ. 3 ɺ.ʄ. ɻʦʣʴʜʰʤʠʜʪ (1888-1947) 

 

ɺ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʌʝʨʩʤʘʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣ ʪʘʢʠʝ ʧʦʥʷʪʠʷ, ʢʘʢ 

çʟʘʨʷʜè ʠ çʨʘʜʠʫʩ ʠʦʥʘè. ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʚʝʜʝʥʠʝ ʠʤ ʪʝʨʤʠʥʘ 

çʪʝʭʥʦʛʝʥʝʟè (1922), ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʯʝʣʦʚʝʯʝʩʪʚʘ ʠ ʥʘʯʘʣʦ ʠʟʫʯʝʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ɹʝʟ ʵʪʠʭ ʨʘʙʦʪ ʥʝʣʴʟʷ ʛʦʚʦʨʠʪʴ 

ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. 

ʃʫʯʰʠʝ ʨʘʙʦʪʳ ɺ.ʄ. ɻʦʣʴʜʰʤʠʜʪʘ ʩʚʷʟʘʥʳ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʨʘʟʤʝʨʦʚ 

ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ. ʄʦʞʥʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʝʛʦ ʠʜʝʡ ʥʘʯʘʣʦʩʴ ʙʫʨʥʦʝ ʠ ʧʣʦʜʦʪʚʦʨʥʦʝ ʨʘʟʚʠʪʠʝ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ, ʧʝʨʚʳʡ ʟʘʢʦʥ ʢʦʪʦʨʦʡ ʙʳʣ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʠʤ. ɺ 1929 ʛ. 

ɻʦʣʴʜʰʤʠʜʪ ʧʝʨʝʝʟʞʘʝʪ ʠʟ ʅʦʨʚʝʛʠʠ ʚ ɻʝʪʪʠʥʛʝʥ ʠ ʚʦʟʛʣʘʚʣʷʝʪ ʨʘʙʦʪʳ ʚ 

ʠʥʩʪʠʪʫʪʝ ʩ ʥʦʚʝʡʰʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʅʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʦʚʘʷ ʥʘʫʯʥʘʷ 

ʰʢʦʣʘ. ʆʜʥʘʢʦ ʧʨʠʰʝʜʰʠʡ ʢ ʚʣʘʩʪʠ ʬʘʰʠʟʤ ʚʳʥʫʞʜʘʝʪ ʪʘʣʘʥʪʣʠʚʝʡʰʝʛʦ 

ʫʯʝʥʦʛʦ ʵʤʠʛʨʠʨʦʚʘʪʴ. ɹʝʟ ʣʠʜʝʨʘ ʠ ʥʦʚʝʡʰʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝ ʜʘʝʪ ʜʦʣʞʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʦʣʴʢʦ ʯʪʦ ʟʘʨʦʜʠʚʰʝʡʩʷ ʥʘʫʢʠ. ɺ ʅʦʨʚʝʛʠʠ ɺ.ʄ. 

ɻʦʣʴʜʰʤʠʜʪ ʧʦʧʘʜʘʝʪ ʚ ʢʦʥʮʣʘʛʝʨʴ, ʦʪʢʫʜʘ ʙʝʞʠʪ ʚ ʐʚʝʮʠʶ, ʘ ʟʘʪʝʤ ʚ 

ɸʥʛʣʠʶ. ɺʩʝ ʵʪʦ ʧʦʜʦʨʚʘʣʦ ʝʛʦ ʟʜʦʨʦʚʴʝ ʠ ʚ ʚʦʟʨʘʩʪʝ 59 ʣʝʪ ʚ 1947 ʛ. ʦʥ 
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ʩʢʦʥʯʘʣʩʷ. 

ʇʦʜ ʚʣʠʷʥʠʝʤ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʠ ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʚ ʉʉʉʈ ʚʦʟʥʠʢʘʝʪ 

ʟʘʤʝʯʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ʛʝʦʭʠʤʠʢʦʚ (ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚ, ʂ.ɸ. ɺʣʘʩʦʚ, ɸ.ʌ. 

ʂʘʧʫʩʪʠʥʩʢʠʡ, ɸ.ɸ. ʉʘʫʢʦʚ, ɼ.ʀ. ʑʝʨʙʘʢʦʚ, ɺ.ɺ. ʑʝʨʙʠʥʘ ʠ ʜʨ.). ɹʳʩʪʨʦʝ 

ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʠʭ ʨʘʟʨʘʙʦʪʦʢ ʧʨʠʚʦʜʠʪ ʢ 

ʨʘʟʚʝʪʚʣʝʥʠʶ ʛʝʦʭʠʤʠʠ. 

ʇʦʩʣʝ ʤʦʥʦʛʨʘʬʠʠ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʦ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʥʘʯʠʥʘʝʪ ʩʚʦʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʥʘʫʢʘ ʛʠʜʨʦʛʝʦʭʠʤʠʷ (ʆ.ɸ. ɸʣʝʢʠʥ ʠ ʜʨ.). 

ɺʦʟʥʠʢʘʝʪ ʫʯʝʥʠʝ ʦ ʛʝʦʭʠʤʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʅ.ʀ. 

ʉʘʬʨʦʥʦʚ, ɸ.ʇ. ʉʦʣʦʚʦʚ, ɺ.ɸ. ʉʦʢʦʣʦʚ, ɹ.ʃ. ʌʣʝʨʦʚ, ʄ.ʌ. ɿʝʥʠʥ ʠ ʜʨ.). 

ʅʘʯʠʥʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʛʝʦʭʠʤʠʠ ʨʫʜ, ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ 

ʧʦʨʦʜ (ɸ.ʇ. ɿʘʚʘʨʠʮʢʠʡ, ʗ.ɺ. ʉʘʤʦʡʣʦʚ, ʃ.ɺ. ʇʫʩʪʦʚʘʣʦʚ, ɸ.ɺ. ʂʘʟʘʢʦʚ ʠ ʜʨ.), 

ʛʝʦʭʠʤʠʠ ʧʨʦʮʝʩʩʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʀ.ʀ. ɻʠʥʟʙʫʨʛ, ɹ.ɹ. ʇʦʣʳʥʦʚ ʠ ʜʨ.). 

ʇʦʩʣʝ ʩʤʝʨʪʠ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʠ ɸ.ɽ. ʌʝʨʩʤʘʥʘ (1945) ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʧʘʜ ʚ ʨʘʟʚʠʪʠʠ ʥʘʫʢʠ, ʚ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʭ ʠʥʩʪʠʪʫʪʘʭ ʠ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʢʫʨʩ ʛʝʦʭʠʤʠʠ ʧʝʨʝʩʪʘʶʪ ʯʠʪʘʪʴ. 

ʉʢʘʟʳʚʘʶʪʩʷ ʪʘʢʞʝ ʨʝʧʨʝʩʩʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʢʦ ʤʥʦʛʠʤ ʫʯʝʥʳʤ ʚ 30-50-ʝ ʛʦʜʳ. 

ʆʜʥʘʢʦ ʩ ʢʦʥʮʘ 60-ʭ ʛʦʜʦʚ ʥʘʯʠʥʘʝʪʩʷ ʥʦʚʳʡ ʵʪʘʧ ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ 

ʨʘʟʚʝʪʚʣʝʥʠʷ ʛʝʦʭʠʤʠʠ.  

ʅʘʨʷʜʫ ʩ ʥʦʚʳʤʠ ʨʘʙʦʪʘʤʠ ʩʦʨʘʪʥʠʢʦʚ ʦʩʥʦʚʘʪʝʣʝʡ ʵʪʦʡ ʥʘʫʢʠ 

ʧʦʷʚʣʷʶʪʩʷ ʧʫʙʣʠʢʘʮʠʠ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʀʜʝʪ ʫʛʣʫʙʣʝʥʥʦʝ ʠʟʫʯʝʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʟʝʤʥʦʡ ʢʦʨʳ. 

ɹʦʣʴʰʘʷ ʨʘʙʦʪʘ ʚ ʵʪʠ ʛʦʜʳ ʧʨʦʚʦʜʠʪʩʷ ɸ.ɸ. ɹʝʫʩʦʤ, ɻ.ɺ. ɺʦʡʪʢʝʚʠʯʝʤ, ɹ.ɸ. 

ɻʘʚʨʫʩʝʚʠʯʝʤ, ʉɺ. ɻʨʠʛʦʨʷʥʦʤ, ɺ.ɺ ʠ ɻ.ɺ. ɼʦʙʨʦʚʦʣʴʩʢʠʤʠ, ɺ.ɸ. ɾʘʨʠʢʦʚʳʤ, 

ʅ.ʉ. ʂʘʩʠʤʦʚʳʤ, ɽ.ʄ. ʂʚʷʪʢʦʚʩʢʠʤ, ʅ.ʇ. ʃʘʚʝʨʦʚʳʤ, ʂ.ʀ. ʠ ɺ.ʂ. ʃʫʢʘʰʝʚʳʤʠ, 

ɼ.ɸ. ʄʠʥʝʝʚʳʤ, ɸ.ɽ. ʄʠʨʦʰʥʠʢʦʚʳʤ, A.M. ʅʠʢʘʥʦʨʦʚʳʤ, A.M. 

ʆʚʯʠʥʥʠʢʦʚʳʤ, ʃ.ʅ. ʆʚʯʠʥʥʠʢʦʚʳʤ, ɺ.ʇ. ʇʘʨʥʘʯʝʚʳʤ, ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʦʤ, 

ɽ.ɺ. ʇʦʩʦʭʦʚʳʤ, ɸ.ɹ. ʈʦʥʦʚʳʤ, ɻ.ɹ. ʉʚʝʰʥʠʢʦʚʳʤ, ʃ.ɺ. ʊʘʫʩʦʥʦʤ, ɸ.ʀ. 

ʊʫʛʘʨʠʥʦʚʳʤ, ʇ.ɸ. ʋʜʦʜʦʚʳʤ, ʅ.ʀ. ʍʠʪʘʨʝʚʳʤ, ʉ.ʃ. ʐʘʨʮʝʚʳʤ, ɸ.ʃ. 

ʗʥʰʠʥʳʤ, ɸ.ɸ. ʗʨʦʰʝʚʩʢʠʤ, ʘʚʪʦʨʦʤ ʵʪʦʛʦ ʫʯʝʙʥʠʢʘ. ɹʝʟ ʨʘʙʦʪ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʚʨʝʤʝʥʥʫʶ ʛʝʦʭʠʤʠʶ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʝ ʥʦʚʦʡ ʚʝʪʚʠ ð ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. 

ʈʘʟʚʠʪʠʶ ʛʝʦʭʠʤʠʠ ʟʘ ʨʫʙʝʞʦʤ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʨʘʙʦʪʳ ʌ.ʋ. ʂʣʘʨʢʘ (ʈʠʩ. 

4), ɺ.ʄ. ɻʦʣʴʜʰʤʠʜʪʘ, ʘ ʪʘʢʞʝ ʧʨʝʧʦʜʘʚʘʥʠʝ ʚ ʇʨʘʛʝ ʠ ʇʘʨʠʞʝ ʚ 20-ʝ ʛʦʜʳ 

ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ. ʅʝʣʴʟʷ ʥʝ ʚʩʧʦʤʥʠʪʴ ʪʘʢʠʭ ʫʯʝʥʳʭ, ʢʘʢ ʇ. ʅʠʛʣʣʠ, ɻ. 

ʍʘʚʝʰʠ, ɺ. ʠ ʅ. ʅʦʜʜʘʢʠ, ʗ. ʄʠʷʢʠ, ʉ. ɸʨʨʝʥʠʫʩ, ʍ.ʂ. ʖʨʠ, ɹ. ʄʝʡʩʦʥ, X. 

ʈʝʩʣʝʨ, X. ʃʘʥʛʝ, ʂ. ʊʫʨʝʢʴʷʥ, ʂ. ɺʝ-ʜʝʧʦʣʴ, ʕ. ɼʝʛʝʥʩ, ʂ. ʈʘʥʢʘʤʘ. 
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ʈʠʩ. 4 ʌ.ʋ. ʂʣʘʨʢ (1847-1931) 

 

ɺ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʤʠʛʨʘʮʠʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʙʠʦʩʬʝʨʝ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʩʚʷʟʘʪʴ ʪʘʢʦʝ ʛʣʦʙʘʣʴʥʦʝ 

ʧʦʥʷʪʠʝ, ʢʘʢ ʙʠʦʩʬʝʨʘ, ʩ ʚʣʠʷʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʜʘʞʝ ʢʨʫʧʥʳʭ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʘʛʨʘʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʯʝʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʨʦʣʴ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʫʜʦʙʥʝʝ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʪʝʨʠʠ. ʕʪʦ ʪʘʢʞʝ 

ʧʦʩʣʫʞʠʣʦ ʝʱʝ ʦʜʥʦʡ ʧʨʠʯʠʥʦʡ ʰʠʨʦʢʦʛʦ ʧʨʠʚʣʝʯʝʥʠʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʛʝʦʭʠʤʠʶ ʜʦʩʪʠʞʝʥʠʡ ʩʤʝʞʥʦʡ ʥʘʫʢʠ ð ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ ʢʘʢ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʥʘʫʢʠ 

ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ 40ð50-ʭ ʛʦʜʘʭ ʥʘʰʝʛʦ ʩʪʦʣʝʪʠʷ ʚ ʩʝʨʠʠ ʨʘʙʦʪ ɹ.ɹ. 

ʇʦʣʳʥʦʚʘ, ʘ ʧʝʨʚʦʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʣʦʞʝʥʠʝ ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ ʩʜʝʣʘʥʦ 

ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʦʤ ʚ 1955 ʛ. (çʆʯʝʨʢʠ ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘè). ʉ 1951 ʛ. 

ʧʨʝʧʦʜʘʚʘʥʠʝ ʥʦʚʦʡ ʥʘʫʢʠ ʥʘʯʘʣʦʩʴ ʥʘ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʄɻʋ.  

ʆʯʝʥʴ ʤʥʦʛʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ ʩʜʝʣʘʥʦ ʧʨʦʬʝʩʩʦʨʘʤʠ 

ʄ.ɸ. ʠ ʅ.ʌ. ɻʣʘʟʦʚʩʢʠʤʠ, ɺ.ɺ. ʠ ɻ.ɺ. ɼʦʙʨʦʚʦʣʴʩʢʠʤʠ, ʅ.ʉ. ʂʘʩʠʤʦ-ʚʳʤ, ɺ.ʄ. 

ʇʠʪʫʣʴʢʦ, ʅ.ɸ. ʈʦʩʣʷʢʦʚʳʤ, ʖ.ɽ. ʉʘʝʪʦʤ, ɻ.ɹ. ʉʚʝʰʥʠʢʦʚʳʤ, ɺ.ɸ. ʉʥʳʪʢʦ, 

ʅ.ʇ.ʉʦʣʥʮʝʚʦʡ, ɽ.ʇ. ʉʦʨʦʢʠʥʦʡ, ɹ.ɸ. ʉʫʜʦʚʳʤ, ʊ.ʊ. ʊʘʡʩʘʝʚʳʤ, ʅ.ʂ. ʏʝʨʪʢʦ ʠ 

ʜʨ. ɸʚʪʦʨʦʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʰʠʨʦʢʦ ʚʥʝʜʨʷʪʴ ʫʯʝʥʠʝ ʦ ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ ʚ ʧʨʘʢʪʠʢʫ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ; ʙʳʣʠ ʠʟʜʘʥʳ ʧʝʨʚʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʢʘʨʪʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʣʘʥʜʰʘʬʪʦʚ. 

ʀʪʦʛʠ ʤʥʦʛʦʣʝʪʥʠʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʧʦʜʚʝʜʝʥʳ ʥʘ ʧʝʨʚʦʤ (1982) ʠ ʚʪʦʨʦʤ (1986) ʚʩʝʩʦʶʟʥʳʭ ʩʦʚʝʱʘʥʠʷʭ ʧʦ 

ʧʨʦʙʣʝʤʝ çɻʝʦʭʠʤʠʷ ʣʘʥʜʰʘʬʪʦʚ ʧʨʠ ʧʦʠʩʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʠ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè. ʉʦʚʝʱʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʅʦʚʦʨʦʩʩʠʡʩʢʝ ʥʘ ʙʘʟʝ ʦʪʜʝʣʘ ʛʝʦʭʠʤʠʠ ʙʠʦʩʬʝʨʳ (ʩʪʘʚʰʝʛʦ ʧʦʟʞʝ ʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʛʝʦʭʠʤʠʠ ʙʠʦʩʬʝʨʳ ʈʦʩʪʦʚʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ). ɺʘʞʥʝʡʰʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪ ʚ ʥʝʤ ʩʚʷʟʘʥʳ 
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ʩ ʧʨʦʙʣʝʤʘʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ ʠ ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ. ʆʨʛʘʥʠʟʘʪʦʨʘʤʠ 

ʩʦʚʝʱʘʥʠʡ ʙʳʣʠ ɸʅ ʉʉʉʈ ʠ ʄʠʥʠʩʪʝʨʩʪʚʦ ʛʝʦʣʦʛʠʠ ʉʉʉʈ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʣʘʥʜʰʘʬʪʘʭ, ʦʪʤʝʯʘʝʪʩʷ ʚ ʧʦʯʚʘʭ. ʅʘʯʘʣʦ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʥʘʫʢʠ ð 

ʧʦʯʚʦʚʝʜʝʥʠʷ ð ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʠʤʝʥʝʤ ʧʨʦʬ. ɺ.ɺ.ɼʦʢʫʯʘʝʚʘ (ʈʠʩ. 5), ʢʦʪʦʨʳʡ ʚ 

1879 ʛ. ʚʦʟʛʣʘʚʠʣ ʢʘʬʝʜʨʫ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʚ ʇʝʪʝʨʙʫʨʛʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ. çɺ ʠʩʪʦʨʠʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʚ ʈʦʩʩʠʠ ʚ ʪʝʯʝʥʠʝ XIX ʚ. ʥʝʤʥʦʛʦ 

ʥʘʡʜʝʪʩʷ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥʳ ʥʘʨʷʜʫ ʩ ʥʠʤ ʧʦ ʚʣʠʷʥʠʶ, 

ʢʘʢʦʝ ʦʥʠ ʦʢʘʟʘʣʠ ʥʘ ʭʦʜ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ, ʧʦ ʛʣʫʙʠʥʝ ʠ ʦʨʠʛʠʥʘʣʴʥʦʩʪʠ ʠʭ 

ʦʙʦʙʱʘʶʱʝʡ ʤʳʩʣʠ.  

 
ʈʠʩ. 5 ɺ.ɺ. ɼʦʢʫʯʘʝʚ (1846-1903) 

 

ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ɼʦʢʫʯʘʝʚ ʷʚʠʣʩʷ çʛʣʘʚʦʡ ʮʝʣʦʡ ʰʢʦʣʳ ʨʫʩʩʢʠʭ ʫʯʝʥʳʭè - 

ʧʠʩʘʣ ʚ 1903 ʛ., ʧʦʩʣʝ ʩʤʝʨʪʠ ʵʪʦʛʦ ʪʘʣʘʥʪʣʠʚʝʡʰʝʛʦ ʫʯʝʥʦʛʦ, ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ. 

ɺ ʯʠʩʣʝ ʫʯʝʥʠʢʦʚ ɺ.ɺ.ɼʦʢʫʯʘʝʚʘ, ʢʨʦʤʝ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ð ʧʦʯʚʦʚʝʜʳ ʂ.ɼ. 

ɻʣʠʥʢʘ, ʅ.ʄ. ʉʠʙʠʨʮʝʚ, ɻ.ʅ. ɺʳʩʦʮʢʠʡ, ʛʝʦʛʨʘʬʳ ɸ.ʅ. ʂʨʘʩʥʦʚ ʠ ɻ.ʅ. 

ʊʘʥʬʠʣʴʝʚ, ʧʝʪʨʦʛʨʘʬ ʌ.ʖ. ʃʝʚʠʥʩʦʥ-ʃʝʩʩʠʥʛ. 

ɺ.ɺ. ɼʦʢʫʯʘʝʚ ʨʘʟʨʘʙʦʪʘʣ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʯʚʝ ʢʘʢ 

ʦʙ ʦʩʦʙʦʡ ʙʠʦʢʦʩʥʦʡ ʩʠʩʪʝʤʝ (çʝʩʪʝʩʪʚʝʥʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʤ ʪʝʣʝè), 

ʚʦʟʥʠʢʘʶʱʝʡ ʠ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʮʝʣʦʛʦ ʨʷʜʘ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʬʘʢʪʦʨʦʚ. ʆʥʦ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʦʡ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʧʦʯʚʦʚʝʜʝʥʠʷ.  

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ɼʦʢʫʯʘʝʚʳʤ ʧʨʠʥʮʠʧʳ 

ʢʘʨʪʦʛʨʘʬʠʠ ʧʦʯʚ. ʈʘʟʚʠʪʠʝ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʚʷʟʘʥʦ ʩ ʠʤʝʥʘʤʠ ʝʛʦ ʫʯʝʥʠʢʦʚ 

ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ. ʉʨʝʜʠ ʥʠʭ ʥʝʣʴʟʷ ʥʝ ʚʩʧʦʤʥʠʪʴ ʂ.ʂ. ɻʝʜʨʦʡʮʘ, ʢʦʪʦʨʳʡ ʚʚʝʣ 

ʚ ʧʨʘʢʪʠʢʫ ʧʦʯʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʘʥʘʣʠʟʦʚ. ʆʯʝʥʴ ʤʥʦʛʦ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ 

ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ ʩʜʝʣʘʣ ɹ.ɹ.ʇʦʣʳʥʦʚ (ʈʠʩ. 6). 
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ʈʠʩ. 6 ɹ.ɹ. ʇʦʣʳʥʦʚ (1877-1952) 

 

ɺʘʞʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʟʚʠʚʰʠʝ ʧʦʯʚʦʚʝʜʝʥʠʝ, ʙʳʣʠ ʩʜʝʣʘʥʳ ʫʯʝʥʳʤʠ 

ʜʨʫʛʠʭ ʩʪʨʘʥ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʘʤʝʨʠʢʘʥʩʢʠʡ ʧʦʯʚʦʚʝʜ ɽ.ɺ. ɻʠʣʴʛʘʨʜ 

(1883-1916); ʥʝʤʝʮʢʠʝ ð ʕ. ʈʘʤʘʥʥ (1853-1926), ʕ. ɹʣʘʥʢ (1877-1955), ɺ.ʃ. 

ʂʫʙʠʝʥʳ (1897-1970), ʘʥʛʣʠʯʘʥʠʥ ɼʞ. 

ʄʠʣʥ, ʘʚʩʪʨʘʣʠʡʮʳ ɼʞ. ʇʨʝʩʢʦʪʪ, ʉ. ʉʪʠʬʝʥʩ ʠ ʜʨ. ʆʯʝʥʴ ʙʳʩʪʨʦ 

ʧʦʯʚʦʚʝʜʝʥʠʝ, ʚʦʟʥʠʢʰʝʝ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ. 

ɹʝʟ ʥʝʛʦ ʩʪʘʣʠ ʥʝʤʳʩʣʠʤʳ ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʵʢʦʣʦʛʠʠ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʯʘʣʦʩʴ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʦʯʚʘʭ.  

ʊʦʣʯʢʦʤ ʜʣʷ ʵʪʦʛʦ ʧʦʩʣʫʞʠʣʦ ʨʘʟʚʠʪʠʝ ʧʦʠʩʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʦ ʚʪʦʨʠʯʥʳʤ ʣʠʪʦʭʠʤʠʯʝʩʢʠʤ ʦʨʝʦʣʘʤ. ʇʫʙʣʠʢʫʝʪʩʷ 

ʨʷʜ ʥʘʫʯʥʳʭ ʤʦʥʦʛʨʘʬʠʡ ʠ ʫʯʝʙʥʠʢʦʚ (ɸ.ɸ. ʉʘʫʢʦʚ, 1963; ʂ.ʀ. ʠ ɺ.ʂ. 

ʃʫʢʘʰʝʚʳ, 1967; ʅ.ʀ. ʉʘʬʨʦʥʦʚ, 1971; ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, 1973, 1974; ɸ.ɸ. ɹʝʫʩ, 

ʉɺ. ɻʨʠʛʦʨʷʥ, 1975; ʄ.ʀ. ʊʦʣʩʪʦʡ, 1976; ɽ.ʄ. ʂʚʷʪʢʦʚ-ʩʢʠʡ, 1977; ɺ.ɸ. 

ɸʣʝʢʩʝʝʥʢʦ, ɻ.ɺ. ɺʦʡʪʢʝʚʠʯ, 1979; ɺ.ʃ. ɹʘʨʩʫʢʦʚ, ʉɺ. ɻʨʠʛʦʨʷʥ, ʃ.ʅ. 

ʆʚʯʠʥʥʠʢʦʚ 1981; ɸ. ʇ. ʉʦʣʦʚʦʚ, 1985; ʉ ɺ. ɻʨʠʛʦʨʷʥ, ɺ. ʀ. ʄʦʨʦʟʦʚ, 1985; 

ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, 1989).  

ʇʦʟʞʝ ʠʟʫʯʝʥʠʝ ʛʝʦʭʠʤʠʠ ʧʦʯʚ ʩʪʘʣʦ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ 

ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ ʩʝʨʠʶ ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʭ 

ʨʘʙʦʪ ɺ.ɺ. ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ ʧʦ ʛʣʦʙʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʠ 

ʙʠʦʩʬʝʨʝ ʚ ʮʝʣʦʤ, ʙʝʟ ʢʦʪʦʨʳʭ ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʨʝʰʝʥʠʝ ʵʪʠʭ 

ʧʨʦʙʣʝʤ. ʊʨʫʜʳ ɺ.ɺ. ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ ʠ ʄ.ɸ. ɻʣʘʟʦʚʩʢʦʡ (ʈʠʩ. 7), ʥʝʩʦʤʥʝʥʥʦ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʪʘʥʦʚʣʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. 
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ʈʠʩ. 7 ʄ.ɸ. ɻʣʘʟʦʚʩʢʘʷ 

 

ʇʦʩʣʝ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʭ ʨʘʙʦʪ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʙʳʣʦ ʦʯʝʥʴ ʤʥʦʛʦ 

ʩʜʝʣʘʥʦ ʚ ʨʘʟʚʠʪʠʠ ʙʠʦʛʝʦʭʠʤʠʠ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʨʛʘʥʠʟʤʦʚ, ʦʩʦʙʝʥʥʦ ʨʘʩʪʝʥʠʡ, ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʣʠ ʨʘʙʦʪʳ ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, ɽ.ɽ. ɹʝʣʷʢʦʚʦʡ, ɸ.ɸ. ɹʝʫʩʘ, 

ɸ.ʇ.ɺʠʥʦʛʨʘʜʦʚʘ, ʃʀ. ɻʨʘʙʦʚʩʢʦʡ, ɺ. ɺ. ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ, ʕ.ʌ. ɾʙʘʥʦʚʘ, 

ɺ.ɸ.ɿʘʛʦʩʢʠʥʘ, ɽ.ʇ. ɿʘʭʘʨʦʚʘ, ɺ,ʇ. ʀʚʘʥʯʠʢʦʚʘ, ʇ.ɺ. ʀʚʘʰʦʚʘ, ɸ.ʃ. 

ʂʦʚʘʣʝʚʩʢʦʛʦ, ɺ.ʂ. ʃʫʢʘʰʝʚʘ, ɼ.ʇ. ʄʘʣʶʛʠ, ɹ.ʌ. ʄʠʮʢʝʚʠʯʘ, ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ, 

ɺ.ɺ. ʇʦʣʠʢʘʨʧʦʯʢʠʥʘ, ʊ.ʊ. ʊʘʡʩʘʝʚʘ, P.M. ʊʘʣʠʧʦʚʘ, ʉ.ʄ.ʊʢʘʣʠʯʘ ʠ ʜʨ. 

ʕʢʦʣʦʛʠʷ ʪʘʢʞʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʦʣʦʜʘʷ ʥʘʫʢʘ. ʉʘʤʦ ʩʣʦʚʦ çʵʢʦʣʦʛʠʷè 

ʚʧʝʨʚʳʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʝʤʝʮʢʠʤ ʙʠʦʣʦʛʦʤ ʕ. ɻʝʢʢʝʣʝʤ ʚ 1886 ʛ. ʆʥʦ 

ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʜʚʫʭ ʛʨʝʯʝʩʢʠʭ ʩʣʦʚ oicos (ʜʦʤ) ʠ logos (ʥʘʫʢʘ). ʂ ʯʠʩʣʫ ʧʝʨʚʳʭ 

ʵʢʦʣʦʛʦʚ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʏ.ɼʘʨʚʠʥʘ.  

ʂʨʦʤʝ ʟʥʘʤʝʥʠʪʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ çʇʨʦʠʩʭʦʞʜʝʥʠʝ ʚʠʜʦʚè (1859) 

ʫ ʥʝʛʦ ʠʤʝʝʪʩʷ ʨʷʜ ʨʘʙʦʪ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʫʯʝʥʠʶ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʦʨʛʘʥʠʟʤʦʚ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʛʝʦʛʨʘʬʠʠ ʨʘʩʪʝʥʠʡ, ʫʯʝʥʠʷ ʦ ʞʠʟʥʝʥʥʳʭ ʬʦʨʤʘʭ, 

ʟʝʤʣʝʚʝʜʝʥʠʷ ʠ ʢʣʠʤʘʪʦʣʦʛʠʠ, ʯʪʦ ʚ ʩʫʤʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʥʦʚʳ ʵʢʦʣʦʛʠʠ, ʙʳʣ 

ʥʝʤʝʮʢʠʡ ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʴ ɸʣʝʢʩʘʥʜʨ ɻʫʤʙʦʣʜʪ (1769-1859). 

ɺ ʨʷʜ ʦʩʥʦʚʘʪʝʣʝʡ ʵʢʦʣʦʛʠʠ ʨʘʩʪʝʥʠʡ ʚʭʦʜʷʪ: ʘʤʝʨʠʢʘʥʩʢʠʡ ʙʦʪʘʥʠʢ 

ɸ.ɻʨʝʡ (1810ð1888), ʰʚʝʡʮʘʨʩʢʠʝ ʙʦʪʘʥʠʢʠ ʜʝ ʂʘʥʜʦʣʴ: ʦʪʝʮ (1778-1841) ʠ 

ʩʳʥ (1806-1903), ʥʝʤʝʮʢʠʡ ʙʦʪʘʥʠʢ ɸ. ʕʥʛʣʝʨ (1844-1930).  

ʅʝʣʴʟʷ ʪʘʢʞʝ ʥʝ ʚʩʧʦʤʥʠʪʴ ʄʝʙʠʫʩʘ, ʧʨʝʜʣʦʞʠʚʰʝʛʦ ʚ 1877 ʛ. ʪʝʨʤʠʥ 

çʙʠʦʮʝʥʦʟè. ʉʨʝʜʠ ʧʝʨʚʳʭ ʨʘʙʦʪ ʧʦ ʩʪʘʥʦʚʣʝʥʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʵʢʦʣʦʛʠʠ ð ʪʨʫʜ ʕʣʪʦʥʘ çAnimal ecologyè (1927). 

ɺ ʥʘʯʘʣʝ ʥʳʥʝʰʥʝʛʦ ʚʝʢʘ ʩʦʟʜʘʶʪʩʷ ɹʨʠʪʘʥʩʢʦʝ (1913) ʠ ɸʤʝʨʠʢʘʥʩʢʦʝ 

(1916) ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʙʱʝʩʪʚʘ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʥʘʯʠʥʘʝʪʩʷ ʚʳʧʫʩʢ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʞʫʨʥʘʣʦʚ: çJournal of ecologyè (1913), çEcologyè (1920), 

çEcologycal monographsè (1931) ʠʜʨ. ɺ 1970 ʛ. ɸʅ ʉʉʉʈ ʥʘʯʠʥʘʝʪ ʠʟʜʘʚʘʪʴ 

ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ çʕʢʦʣʦʛʠʷè. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʯʠʥʘʝʪʩʷ ʙʫʨʥʦʝ 

ʨʘʟʚʠʪʠʝ ʵʢʦʣʦʛʠʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. 
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ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʠ, ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʙʠʦʩʬʝʨʝ, ʧʨʠʚʝʣʘ ʢ ʩʦʟʜʘʥʠʶ ʥʘʫʢʠ 

çʵʢʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʭʠʤʠʷè ʉʣʝʜʫʝʪ ʝʱʝ ʨʘʟ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʫʩʧʝʭʘʤ ʚ ʨʘʟʚʠʪʠʠ ʪʘʢʠʭ ʥʘʫʢ, ʢʘʢ 

ʛʝʦʭʠʤʠʷ ʣʘʥʜʰʘʬʪʘ, ʙʠʦʛʝʦʭʠʤʠʷ, ʵʢʦʣʦʛʠʷ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʘʤ ʧʦ ʠʟʫʯʝʥʠʶ 

ʚʪʦʨʠʯʥʳʭ ʛʝʦʭʠʤʠʥʝʩʢʠʭ ʦʨʝʦʣʦʚ ʨʘʩʩʝʷʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ.  

ʏʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʝʝ ʩʪʘʥʦʚʣʝʥʠʝ ʦʢʘʟʘʣʠ ʨʘʙʦʪʳ ʥʘʰʠʭ 

ʪʘʣʘʥʪʣʠʚʝʡʰʠʭ ʩʦʚʨʝʤʝʥʥʠʢʦʚ ʄ.ɸ. ɻʣʘʟʦʚʩʢʦʡ, ɺ.ɺ., ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ, ɸ.ʀ. 

(), ʇʝʨʝʣʴʤʘʥʘ (ʈʠʩ. 8, ʈʠʩ. 9). 

 
ʈʠʩ. 8 ɺ. ɺ. ɼʦʙʨʦʚʦʣʴʩʢʠʡ 

 

 
ʈʠʩ. 9 ʇʝʨʝʣʴʤʘʥ (1912ð1998) ʩʦ ʩʚʦʠʤ ʫʯʝʥʠʢʦʤ ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, 

 

 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʦ ʪʝʤʝ: 
 

1. ɾʘʨʠʢʦʚ ɺ.ɸ. ʆʩʥʦʚʳ ʬʠʟʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. / ʉʝʨ: 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʫʯʝʙʥʠʢ. ïʄ.: ʅʘʫʢʘ, ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2005. -656ʩ.   ʀʟʜ. 2-ʝ, ʠʩʧʨ. ʠ ʜʦʧʦʣʥ.   

2. ʊʨʫʭʠʥ ɺ.ʀ., ʇʦʢʘʟʝʝʚ ʂ.ɺ., ʂʫʥʠʮʳʥ ɺ.ɽ. ʆʙʱʘʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 
ʛʝʦʬʠʟʠʢʘ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. / ʉʝʨ.: ʂʣʘʩʩʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ 

ʫʯʝʙʥʠʢ. ïʄ.:  ʌʀɿʄɸʊʃʀʊ, 2005. -572ʩ.    
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3. ɼʫʙʨʦʚ ɸ.ʇ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʬʠʟʠʢʘ. ʇʦʣʷ. ɿʝʤʣʷ. ʏʝʣʦʚʝʢ ʠ ʂʦʩʤʦʩ. ï
ʄ.: ʌʦʣʠʫʤ, 2009. -176ʩ.   

4. ɻʝʦʬʠʟʠʢʘ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. // ʇʦʜ ʨʝʜ. ɺ.ʂ. ʍʤʝʣʝʚʩʢʦʛʦ. ïʄ.:  ʂɼʋ, 

320ʩ 2008. -320ʩ.   

6. ʆʣʝʥʯʝʥʢʦ ɺ.ɺ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʟʘʜʘʯʠ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʬʠʟʠʢʠ. ïʄ.: 

URSS, 2007. -46ʩ. 
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2007. -140ʩ. 
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2007. -128ʩ. 
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1981. -136ʩ. 
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-224ʩ. 
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ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: 
 

1. ʏʪʦ ʪʘʢʦʝ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʭʠʤʠʷ? ʏʝʤ ʦʥʘ ʟʘʥʠʤʘʝʪʩʷ? 

2. ʈʘʩʩʢʘʞʠʪʝ ʧʨʦ ʩʪʘʥʦʚʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ, ʢʘʢ ʥʘʫʢʠ. 

3. ʅʘʟʦʚʠʪʝ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʭʠʤʠʠ ʠ ʠʭ ʛʣʘʚʥʳʝ ʨʘʙʦʪʳ 
(ʟʘʩʣʫʛʠ) ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 
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ʊɽʄɸ 2: ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʠ ʩʦʩʪʘʚʝ ɿʝʤʣʠ 

 

ɺʚʦʜʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʷʤʳʭ ʜʘʥʥʳʭ ʦ ʛʣʫʙʠʥʥʦʤ ʩʪʨʦʝʥʠʠ, ʘ ʟʥʘʯʠʪ, ʠ 

ʦ ʩʦʩʪʘʚʝ ɿʝʤʣʠ ʥʝʪ, ʧʦʵʪʦʤʫ ʙʦʣʴʰʠʥʩʪʚʦ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ 

ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ ʚ ʨʘʟʣʠʯʥʦʡ ʤʝʨʝ ʦʙʦʩʥʦʚʘʥʥʳʭ ʛʠʧʦʪʝʟ. ʏʘʩʪʴ ʠʭ ʙʘʟʠʨʫʝʪʩʷ 

ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʟʘʢʦʥʝ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ. 
ʆʙʱʘʷ ʤʘʩʩʘ ɿʝʤʣʠ ʩʯʠʪʘʝʪʩʷ ʨʘʚʥʦʡ 5,974*10

27
 ʛ, ʝʝ ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ 

ð 5,517Ñ0,04 ʛ/ʩʤ
3
, ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʝʨʭʥʶʶ 

ʦʙʦʣʦʯʢʫ,ð 2,8 ʛ/ʩʤ
3
. ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ ʛʣʫʙʠʥʥʳʝ ʯʘʩʪʠ ʧʣʘʥʝʪʳ ʦʪʣʠʯʘʶʪʩʷ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʩʦʩʪʘʚʘ ʠʣʠ 

ʬʘʟʦʚʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʚʝʱʝʩʪʚʘ. 

 
ʈʠʩ. 10 ʉʪʨʦʝʥʠʝ ʠ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ɿʝʤʣʠ 

 

ʄʥʦʛʦ ʜʘʥʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʩʪʨʦʝʥʠʷ ɿʝʤʣʠ ʧʦʣʫʯʝʥʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ʆʥʦ 

ʧʦʟʚʦʣʠʣʦ ʚʦ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʤʦʜʝʣʷʭ ʨʘʟʜʝʣʠʪʴ ʧʣʘʥʝʪʫ ʥʘ ʪʨʠ ʛʣʘʚʥʳʝ ʯʘʩʪʠ: 

ʜʚʝ ʦʙʦʣʦʯʢʠ (ʟʝʤʥʫʶ ʢʦʨʫ, ʠʣʠ ʣʠʪʦʩʬʝʨʫ, ʠ ʤʘʥʪʠʶ) ʠ ʷʜʨʦ (ʈʠʩ. 10). ʂ 
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ʟʝʤʥʦʡ ʢʦʨʝ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪ ʝʱʝ ʘʪʤʦʩʬʝʨʫ ʠ ʛʠʜʨʦʩʬʝʨʫ. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ 

ʥʠʭ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ (ʊʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʦʣʦʯʝʢ ʠ ʷʜʨʘ ɿʝʤʣʠ 

ʅʘʟʚʘʥʠʝ 

ʦʙʦʣʦʯʢʠ (ʷʜʨʘ) 
ʄʦʱʥʦʩʪʴ, 

ʢʤ 
ʆʙʲʝʤ,    

ʭ 10
27

 ʩʤ
3 

ʉʨʝʜʥʷʷ 

ʧʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ
3 

ʄʘʩʩʘ,  

ʭ 10
27
ʛ 
ʄʘʩʩʘ, 

% 

ɸʪʤʦʩʬʝʨʘ (ʩʦ 

ʩʪʨʘʪʦʩʬʝʨʦʡ) 50-80 å0,008 
1,2*10

-3
 

2*10
-6 

0,000005 0,00009 

ɻʠʜʨʦʩʬʝʨʘ (ʚ 

ʩʨʝʜʥʝʤ) 
3,8 0,00137 1,03 0,00141 0,024 

ʃʠʪʦʩʬʝʨʘ 30 0,015 2,8 0,043 0,7 

ʄʘʥʪʠʷ 2870 0,892 4,5 4,054 67,8 

ʗʜʨʦ 3471 0,175 10,7 1,876 31,5 

ɿʝʤʣʷ ʚ ʮʝʣʦʤ 6371 1,083 5,527 5,974 100 

 

ʗʜʨʦ ʠ ʤʘʥʪʠʷ 

 

ʗʜʨʦ. ʉʦʛʣʘʩʥʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʥʝʰʥʷʷ ʯʘʩʪʴ 

ʷʜʨʘ ð ʜʦ ʛʣʫʙʠʥ 5000 ʢʤ ð ʞʠʜʢʘʷ, ʚʥʫʪʨʝʥʥʷʷ ð ʪʚʝʨʜʘʷ, ʩ ʧʣʦʪʥʦʩʪʴʶ 

12ð13 ʛ/ʩʤ
3
. ʇʦ ʦʜʥʦʡ ʠʟ ʛʠʧʦʪʝʟ ʷʜʨʦ ʩʦʩʪʦʠʪ ʠʟ Fe ʠ Ni ʚ ʩʦʦʪʥʦʰʝʥʠʠ 9:1. ɺ 

ʚʠʜʝ ʧʨʠʤʝʩʠ ʚ ʥʝʤ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ Si, ʉ, ɸ1, ʆ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʳʭ 

ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 1%. ʊʘʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʩʪʘʚʫ ʞʝʣʝʟʥʳʭ ʤʝʪʝʦʨʠʪʦʚ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʠʤʝʩʝʡ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚʦ 

ʚʥʝʰʥʝʤ ʷʜʨʝ. 
ʉʫʱʝʩʪʚʫʝʪ ʛʠʧʦʪʝʟʘ (ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʯʘʩʪʠ ʝʝ ʦʙʦʩʥʦʚʘʥʠʷ ʣʝʞʠʪ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʢʦʩʤʦʩʝ) ʦ ʛʠʜʨʠʜʥʦʤ ʠ ʢʘʨʙʠʜʥʦʤ ʩʦʩʪʘʚʘʭ 

ʚʥʫʪʨʝʥʥʝʛʦ ʷʜʨʘ. ʀʭ ʨʘʟʣʦʞʝʥʠʝ ʚʦ ʚʥʝʰʥʝʤ ʷʜʨʝ ʜʘʝʪ ʩʚʦʙʦʜʥʳʝ ʤʝʪʘʣʣʳ 

(Fe, Ni, Co) ʠ ʛʘʟʳ (ʅ ʠ ʉʅ4), ʢʦʪʦʨʳʝ ʤʠʛʨʠʨʫʶʪ ʚ ʚʝʨʭʥʠʝ ʦʙʦʣʦʯʢʠ. ʄʝʪʘʣʣʳ 

ʧʦ ʵʪʦʡ ʛʠʧʦʪʝʟʝ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʥʠʞʥʝʡ ʤʘʥʪʠʠ. 

ɺ ʩʤʝʩʠ ʩ ʥʠʤʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʣʞʥʳ ʩʫʱʝʩʪʚʦʚʘʪʴ ʩʠʣʠʢʘʪʳ ʠ ʦʢʩʠʜʳ.  

ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ɸ.ʌ. ʂʘʧʫʩʪʠʥʩʢʦʛʦ, ʦʛʨʦʤʥʦʝ ʜʘʚʣʝʥʠʝ, 

ʩʫʱʝʩʪʚʫʶʱʝʝ ʚ ʷʜʝʨʥʦʡ ʟʦʥʝ ɿʝʤʣʠ, ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʦʩʦʙʣʝʥʠʶ ʷʜʝʨ 

ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʦʪ ʵʣʝʢʪʨʦʥʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʦʙʱʫʶ çʵʣʝʢʪʨʦʥʥʫʶ ʧʣʘʟʤʫè. ʇʨʠ 

ʪʘʢʦʤ ʨʘʟʚʠʪʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʩʯʝʟʘʶʪ 

ʠ ʷʜʨʦ ʦʙʨʘʟʫʝʪ çʟʦʥʫ ʥʫʣʝʚʦʛʦ ʭʠʤʠʟʤʘè. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʤʘʥʪʠʠ, ʧʦ ʵʪʦʡ 

ʛʠʧʦʪʝʟʝ, ʵʣʝʢʪʨʦʥʳ çʚʜʘʚʣʠʚʘʶʪʩʷè ʚʦ ʚʥʫʪʨʝʥʥʠʝ, ʥʝʟʘʧʦʣʥʝʥʥʳʝ ʦʨʙʠʪʘʣʠ. 

ɺʦʟʥʠʢʘʝʪ ʟʦʥʘ çʚʳʨʦʞʜʝʥʥʦʛʦ ʭʠʤʠʟʤʘè, ʚ ʢʦʪʦʨʦʡ ʧʨʠ ʩʠʣʠʢʘʪʥʦʤ ʩʦʩʪʘʚʝ 

ʚʝʱʝʩʪʚʦ ʙʣʠʟʢʦ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʆʙʳʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʨʦʷʚʣʷʶʪʩʷ ʫ ʵʣʝʤʝʥʪʦʚ ʪʦʣʴʢʦ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʤʘʥʪʠʠ ʠ ʟʝʤʥʦʡ ʢʦʨʝ. 

ʅʠʞʥʷʷ ʤʘʥʪʠʷ. ɻʨʘʥʠʮʘ ʵʪʦʡ ʦʙʦʣʦʯʢʠ ʩ ʷʜʨʦʤ ʧʨʦʭʦʜʠʪ ʥʘ ʛʣʫʙʠʥʝ 

2900 ʢʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʝʝ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʶʪ ʦʢʩʠʜʳ: 
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ʧʝʨʠʢʣʘʟ (MgO), ʩʪʠʰʦʚʠʪ (SiO2), ʢʦʨʫʥʜ (ɸ12ʆ3), ʚʶʩʪʠʪ (FeO), ʰʧʠʥʝʣʠ 

[(Mg,Fe)Al2O4], ʭʦʪʷ ʚʦʟʤʦʞʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʬʘʥʘʪʦʚ (Mg,Fe,Mn)
2
Al

2
[Si04]

3
. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʘʭ 

ð ʩʚʦʝʦʙʨʘʟʥʳʭ ʢʘʥʘʣʘʭ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ ʟʝʤʥʫʶ ʢʦʨʫ ʩ 

ʥʠʞʥʝʡ ʤʘʥʪʠʝʡ. 
ʇʝʨʝʭʦʜʥʘʷ ʟʦʥʘ. ʆʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 400ð1000 ʢʤ ʠ, ʧʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʠʤʝʝʪ ʩʠʣʠʢʘʪʥʳʡ ʩʦʩʪʘʚ. ɽʝ ʙʦʣʴʰʘʷ 

ʧʣʦʪʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʪʠʰʦʚʠʪʘ, ʰʧʠʥʝʣʠ ʠ 

ʧʝʨʠʢʣʘʟʘ. 
ɺʝʨʭʥʷʷ ʤʘʥʪʠʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʦ ʩʦʩʪʘʚʝ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ, ʢʨʦʤʝ 

ʠʤʝʶʱʠʭʩʷ ʩʚʝʜʝʥʠʡ ʦ ʩʦʩʪʘʚʝ ʤʝʪʝʦʨʠʪʦʚ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʪʨʝʙʫʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʚʳʭʦʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʦʜ, ʦʪʥʦʩʠʤʳʭ ʢ ʵʪʦʡ 

ʦʙʦʣʦʯʢʝ ɿʝʤʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʩʝʥʦʣʠʪʦʚ ʚ ʠʥʪʨʫʟʠʷʭ ʛʣʫʙʠʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʯʠʪʘʝʪ, ʯʪʦ ʧʦ ʩʦʩʪʘʚʫ ʚʝʨʭʥʷʷ ʤʘʥʪʠʷ (ʘ 

ʝʝ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʧʨʦʭʦʜʠʪ ʚ ʩʨʝʜʥʝʤ ʥʘ ʛʣʫʙʠʥʝ 400 ʢʤ) ʘʥʘʣʦʛʠʯʥʘ 

ʢʘʤʝʥʥʳʤ ʤʝʪʝʦʨʠʪʘʤ-ʭʦʥʜʨʠʪʘʤ. ɺ ʥʝʡ ʦʢʦʣʦ 40% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʣʠʚʠʥ, 30% 

ʥʘ ʧʠʨʦʢʩʝʥʳ, 10ð12% ʥʘ ʞʝʣʝʟʦ-ʥʠʢʝʣʝʚʳʡ ʩʧʣʘʚ, ʘ ʦʩʪʘʣʴʥʫʶ ʯʘʩʪʴ 

ʩʦʩʪʘʚʣʷʶʪ ʧʣʘʛʠʦʢʣʘʟʳ ʠ ʪʨʦʠʣʠʪ (FeS).  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʤʘʥʪʠʡʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʤʝʶʪ ʛʘʟʳ ʨʠʬʪʦʚʳʭ ʟʦʥ. ɺ 

ʠʭ ʩʦʩʪʘʚʝ, ʢʨʦʤʝ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʉʆ, ʅ
2
, ʉʅ

4
, 

ʷʚʣʷʶʱʠʝʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʨʝʟʢʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʋʩʨʝʜʥʝʥʦ, 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʥʪʠʠ, %, ʧʨʠʤʝʨʥʦ ʩʣʝʜʫʶʱʠʡ: 
SiO2........43-46;   TiO2............0,3-0,7; 

MgO.......37-42;   Na2O...........0,3-0,6; 

FeO........6-8,2;   Cr2O3 .........0,4-0,5; 

A12O3 .....3,7-5,1;   NiO.............0,2-0,3; 

CuO........2,5-3,0;   MnO............0,13-0,14; 

Fe2O3 .....0,4-1,5;   K2O.............0,10-0,13; 

CaO......ʦʢʦʣʦ 0,01; 

 

 

ɿʝʤʥʘʷ ʢʦʨʘ 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

ɺʝʨʭʥʷʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ çʟʝʤʥʘʷ ʢʦʨʘè. ɺʤʝʩʪʝ ʩ 

ʘʪʤʦʩʬʝʨʦʡ ʠ ʛʠʜʨʦʩʬʝʨʦʡ ʟʥʘʯʠʪʝʣʴʥʘʷ ʝʝ ʯʘʩʪʴ ʟʘʩʝʣʝʥʘ ʨʘʟʣʠʯʥʳʤʠ 

ʦʨʛʘʥʠʟʤʘʤʠ, ʘ ʧʦʪʦʤʫ ʦʥʘ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʙʠʦʩʬʝʨʳ ʠ ʝʡ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ.  

ɻʨʘʥʠʮʫ ʤʝʞʜʫ ʟʝʤʥʦʡ ʢʦʨʦʡ ʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʝʡ ʧʨʝʜʣʦʞʝʥʦ ʧʨʦʚʦʜʠʪʴ 

ʧʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʛʨʘʥʠʮʝ ʄʦʭʦʨʦʚʠʯʠʯʘ, ʠʣʠ, ʧʨʦʱʝ, ʄʦʭʦ (ʯʘʩʪʦ 

ʦʙʦʟʥʘʯʘʶʪ ʙʫʢʚʦʡ ʄ). ʅʘʟʚʘʥʠʝ ʩʚʦʝ ʦʥʘ ʧʦʣʫʯʠʣʘ ʧʦ ʠʤʝʥʠ ʫʯʝʥʦʛʦ, 

ʠʟʫʯʘʚʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. ɺ 1909 ʛ. ʧʦʩʣʝ ʍʦʨʚʘʪʩʢʦʛʦ 
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ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʥ ʦʪʤʝʪʠʣ, ʯʪʦ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 40 ʢʤ ʩʢʦʨʦʩʪʴ ʚʦʣʥ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 6,5 ʜʦ 8 ʢʤ/ʯ.  

ʇʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʤʘʪʝʨʠʢʘʭ 

ʛʨʘʥʠʮʘ ʄʦʭʦ ʦʙʳʯʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 30 ʜʦ 80 ʢʤ, ʘ ʥʘ ʜʥʝ 

ʦʢʝʘʥʦʚ ð ʦʪ 5 ʜʦ 15 ʢʤ. ʅʘʠʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʢʦʨʳ ʜʦ 75ð80 ʢʤ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʫʯʘʩʪʢʦʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚ ʨʠʬʪʦʚʳʭ ʟʦʥʘʭ ʛʨʘʥʠʮʘ ʄʦʭʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʨʘʞʝʥʘ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʚʳʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʝʝ ʥʝʩʢʦʣʴʢʦ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʟʝʤʥʦʡ ʢʦʨʳ ʥʝ ʚʩʝʛʜʘ ʦʜʠʥʘʢʦʚʦ 

ʜʦʩʪʦʚʝʨʥʦ. 
ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ 

ʘʩʠʤʤʝʪʨʠʯʥʦʩʪʴ, ʦʪʨʘʞʝʥʠʝ ʢʦʪʦʨʦʡ ʚʠʜʥʦ ʫʞʝ ʚ ʨʝʣʴʝʬʝ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʦʚʦʣʴʥʦ ʯʝʪʢʦ ʚʳʜʝʣʷʶʪʩʷ ʝʝ ʜʚʝ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ð ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ 

(ʤʘʪʝʨʠʢʦʚʘʷ) ʠ ʦʢʝʘʥʠʯʝʩʢʘʷ. ʇʣʦʱʘʜʴ ʧʦʩʣʝʜʥʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʩʫʤʤʘʨʥʫʶ ʧʣʦʱʘʜʴ ʚʩʝʭ ʤʘʪʝʨʠʢʦʚ. 
ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʤʦʱʥʦʩʪʠ ʢʦʨʳ ʤʘʪʝʨʠʢʦʚʦʛʦ ʠ ʦʢʝʘʥʠʯʝʩʢʦʛʦ 

ʪʠʧʦʚ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʟʣʠʯʥʳ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʥʝ ʫʯʠʪʳʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ 

ʚʦʜʳ (ʈʠʩ. 11). 

 
ʈʠʩ. 11 ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ 

 

 

ʆʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ (ʩʪʨʦʝʥʠʝ, ʨʝʣʴʝʬ) 

 

ʉʪʨʦʝʥʠʝ ʠ ʩʦʩʪʘʚ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʙʦʣʝʝ ʧʨʦʩʪʳ. ʆ.ɻ. ʉʦʨʦʭʪʠʥ ʠ 

ʉ.ɸ. ʋʰʘʢʦʚ (1991) ʧʨʝʜʩʪʘʚʣʷʶʪ ʝʝ ʢʘʢ ʚʝʨʭʥʠʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʩʣʦʡ 

ʤʘʥʪʠʠ, ʧʝʨʝʢʨʳʪʳʡ ʪʦʥʢʠʤ ʩʣʦʝʤ ʧʝʣʘʛʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ. ʇʦ ʚʝʨʪʠʢʘʣʠ ʝʝ 

ʤʦʞʥʦ ʨʘʩʯʣʝʥʠʪʴ ʥʘ ʪʨʠ ʯʘʩʪʠ ð ʩʣʦʷ: ʥʠʞʥʠʡ, ʩʨʝʜʥʠʡ ʠ ʚʝʨʭʥʠʡ. 
ʅʠʞʥʠʡ ʩʣʦʡ. ɽʛʦ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʠʟ ʛʘʙʙʨʦ, 

ʚʢʣʶʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʢʨʫʧʥʳʭ ʪʨʘʥʩʬʦʨʤʥʳʭ ʨʘʟʣʦʤʘʭ. ʅʘ ʠʭ 

ʢʨʫʪʳʭ ʩʢʣʦʥʘʭ ʩ ʧʦʤʦʱʴʶ ʜʨʘʛ ʧʦʜʥʠʤʘʣʠʩʴ ʠ ʦʙʨʘʟʮʳ ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʛʦ 
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ʩʦʩʪʘʚʘ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʥʠ ʦʪʨʘʞʘʶʪ ʩʦʩʪʘʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʙʠʨʘʝʤʦʛʦ ʩʣʦʷ, 

ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʛʘʙʙʨʦ-ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʤ. ʉʫʜʷ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, 

ʦʙʱʘʷ ʤʦʱʥʦʩʪʴ ʥʠʞʥʝʛʦ ʩʣʦʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2 ʜʦ 5 ʢʤ. 
ʉʨʝʜʥʠʡ ʩʣʦʡ. ɽʛʦ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʜʫʰʝʯʥʳʤʠ ʣʘʚʘʤʠ 

ʪʦʣʝʠʪʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʇʦʜ ʥʠʤʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʠʞʥʷʷ 

ʯʘʩʪʴ ʩʣʦʷ ʩ ʜʘʡʢʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ. ʆʧʠʩʳʚʘʝʤʳʡ ʩʣʦʡ 

ʜʦʚʦʣʴʥʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʝʩʪʘʭ ʚʳʭʦʜʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ. ʆʙʳʯʥʦ ʪʘʢʠʝ ʫʯʘʩʪʢʠ ʧʨʠʤʳʢʘʶʪ ʢ ʛʨʝʙʥʷʤ 

ʩʨʝʜʠʥʥʦʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ ʠ ʦʧʝʨʷʶʱʠʭ ʠʭ ʪʨʘʥʩʬʦʨʤʥʳʭ ʨʘʟʣʦʤʦʚ. 

ʆʙʨʘʟʮʳ ʦʪʙʠʨʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʜʨʘʛ, ʧʦʜʚʦʜʥʳʭ ʦʙʠʪʘʝʤʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʠʟ 

ʢʝʨʥʘ ʩʢʚʘʞʠʥ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʫʨʝʥʠʷ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʩʣʦʷ (ʝʛʦ ʝʱʝ 

ʥʘʟʳʚʘʶʪ ʙʘʟʘʣʴʪʦʚʳʤ) ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 

1,5 ʢʤ. 
ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʜʚʫʭ ʥʠʞʥʠʭ ʩʣʦʝʚ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ (ʪ.ʝ. 

ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʡ ʝʝ ʯʘʩʪʠ) ʦʢʦʣʦ 2,9 ʛ/ʩʤ
3
, ʘ ʤʘʩʩʘ 6,4 Å 1024 ʛ. 

ɺʝʨʭʥʠʡ ʩʣʦʡ. ɽʛʦ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʝʱʝ ʠ ʦʩʘʜʦʯʥʳʤ. ʆʩʥʦʚʘʥʠʝʤ ʩʣʦʷ 

ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ ʪʦʥʢʠʝ, ʥʝʚʳʜʝʨʞʘʥʥʳʝ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ, ʤʝʪʘʣʣʦʥʦʩʥʳʝ 

ʦʩʘʜʢʠ ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. ʉʨʝʜʥʷʷ ʯʘʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʦʷ ʦʯʝʥʴ ʯʘʩʪʦ ʩʣʘʛʘʝʪʩʷ ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʩʘʜʢʘʤʠ ʠ ʣʠʰʴ 

ʠʥʦʛʜʘ ʚ ʨʘʟʨʝʟʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ. 
ʂ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʣʦʷ ʥʘ ʫʯʘʩʪʢʘʭ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʢʦʥʪʠʥʝʥʪʦʚ, ʦʪʥʦʩʷʪ 

ʙʝʩʢʘʨʙʦʥʘʪʥʳʝ ʢʨʘʩʥʳʝ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʛʣʠʥʳ. ɹʣʠʞʝ ʢ ʢʦʥʪʠʥʝʥʪʘʤ ʚ ʩʦʩʪʘʚʝ 

ʵʪʦʡ ʯʘʩʪʠ ʩʣʦʷ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʥʦʩʠʤʦʛʦ ʩ ʩʫʰʠ. 

ʆʩʦʙʝʥʥʦ ʚʝʣʠʢʘ ʦʥʘ ʚʙʣʠʟʠ ʜʝʣʴʪ ʙʦʣʴʰʠʭ ʨʝʢ ʠ ʥʘ ʤʘʪʝʨʠʢʦʚʳʭ ʩʢʣʦʥʘʭ. 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʦʩʘʜʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʚʦʜʥʦʡ 

ʪʦʣʱʝʡ ʦʢʝʘʥʦʚ, ʩʦʩʪʘʚʣʷʶʪ ʦʨʛʘʥʦʛʝʥʥʳʝ (ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʢʨʝʤʥʠʩʪʳʝ) ʦʩʘʜʢʠ. 
ɺ ʩʨʝʜʥʝʤ ʦʙʱʘʷ ʤʦʱʥʦʩʪʴ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,5 ʢʤ ʠ ʪʦʣʴʢʦ ʚʙʣʠʟʠ 

ʢʦʥʪʠʥʝʥʪʦʚ ʦʥʘ ʚʦʟʨʘʩʪʘʝʪ, ʜʦʩʪʠʛʘʷ 10-15 ʢʤ. ʊʘʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ 

ʩʚʷʟʘʥʦ ʩ ʷʚʣʝʥʠʝʤ ʣʘʚʠʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ (ɸ.ʇ. ʃʠʩʠʮʠʥ, 1984), ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʪʝʨʨʠʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʥʦʩʠʤʳʡ ʩ ʢʦʥʪʠʥʝʥʪʦʚ, ʦʪʣʘʛʘʝʪʩʷ ʚ 

ʧʨʠʙʨʝʞʥʳʭ ʫʯʘʩʪʢʘʭ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʝʨʭʥʠʡ ʩʣʦʡ ʥʝ ʚʩʝʛʜʘ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʦʩʪʘʚʝ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ. 
ʆʙʲʝʤ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʦʩʘʜʦʯʥʳʡ ʩʣʦʡ ʚ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʢʦʪʣʦʚʠʥʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 133 ʤʣʥ. ʢʤ
3
, ʘ 

ʤʘʩʩʘ ð ʦʢʦʣʦ 0,1 Å 1024 ʛ. ʆʙʲʝʤ ʦʩʘʜʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʰʝʣʴʬʘʭ ʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʩʢʣʦʥʘʭ,ð ʧʦʨʷʜʢʘ 190 ʤʣʥ. ʢʤ
3
, ʯʪʦ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʤʘʩʩʫ 

ʩʦʩʪʘʚʣʷʝʪ (0,4-0,45) Å 1024 ʛ (ʃʠʩʠʮʠʥ, ʈʦʥʦʚ, ʗʥʠʰʝʚʩʢʠʡ). 
ʈʝʣʴʝʬ. ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʚʦʜʳ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʘʷ ʩ ʨʝʣʴʝʬʦʤ ʜʥʘ ʦʢʝʘʥʦʚ, 

ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪ ʥʝ ʤʝʥʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʤʦʚ, ʯʝʤ ʩʦʩʪʘʚ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʣʴʝʬʦʤ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʭʦʜ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʦʝʚ ʢʦʨʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ ʜʥʘ ʦʢʝʘʥʘ.  

ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʷʚʣʷʶʪʩʷ ʘʙʠʩʩʘʣʴʥʳʝ ʢʦʪʣʦʚʠʥʳ 

ʛʣʫʙʠʥʦʡ ʜʦ 6-6,5 ʢʤ; ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʝ ʭʨʝʙʪʳ (ʛʣʫʙʠʥʳ ʜʦ 2,5 ʢʤ, ʘ ʚ 

ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʦʥʠ ʜʘʞʝ ʚʳʭʦʜʷʪ ʠʟ-ʧʦʜ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ), ʨʘʩʯʣʝʥʝʥʥʳʝ 
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ʛʣʫʙʦʢʠʤʠ ʨʠʬʪʦʚʳʤʠ ʜʦʣʠʥʘʤʠ; ʛʣʫʙʦʢʦʚʦʜʥʳʝ (ʩʚʳʰʝ 6 ʢʤ) ʞʝʣʦʙʘ, 

ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʦʩʪʨʦʚʥʳʭ ʜʫʛ. 
ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ ʦ ʧʦʜʚʦʜʥʳʭ ʦʢʨʘʠʥʘʭ ʤʘʪʝʨʠʢʦʚ, ʫʞʝ 

ʠʩʧʳʪʳʚʘʶʱʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʫʶ ʪʝʭʥʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ, ʢʦʪʦʨʘʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ, ʚʝʨʦʷʪʥʦ, ʙʫʜʝʪ ʚʩʝ ʚʦʟʨʘʩʪʘʪʴ. ɽʝ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʟʘʛʨʷʟʥʝʥʠʝ ʦʩʘʜʢʦʚ ʨʘʟʣʠʯʥʳʤʠ ʧʦʣʣʶʪʘʥʪʘʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʩ 

ʢʦʥʪʠʥʝʥʪʦʚ. ɺ ʠʭ ʯʠʩʣʝ ʥʘʭʦʜʷʪʩʷ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʝ ʠʤʝʶʱʠʝ 

ʧʨʠʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʧʨʦʷʚʣʝʥʠʝ ʠʭ ʪʦʢʩʠʯʥʦʩʪʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʝʣʴʝʬʦʤ ʯʘʩʪʠ ʜʥʘ 

ʦʢʝʘʥʘ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʢʦʥʪʠʥʝʥʪʘʤ. ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʟʦʥʳ ʚʳʜʝʣʷʶʪʩʷ: ʰʝʣʴʬ 

(ʤʘʪʝʨʠʢʦʚʘʷ ʦʪʤʝʣʴ), ʢʦʥʪʠʥʝʥʪʘʣʴʥʴʥʳʡ (ʤʘʪʝʨʠʢʦʚʳʡ) ʩʢʣʦʥ ʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʝ (ʤʘʪʝʨʠʢʦʚʦʝ) ʧʦʜʥʦʞʴʝ. 
ʆʙʣʘʩʪʴ ʰʝʣʴʬʘ, ʧʨʠʤʳʢʘʷ ʢ ʩʫʰʝ, ʦʙʳʯʥʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 200 

ʤ ʠ ʩʣʘʙʦ ʥʘʢʣʦʥʝʥʘ ʚ ʩʪʦʨʦʥʫ ʦʢʝʘʥʘ. ɽʝ ʰʠʨʠʥʘ ʤʝʥʷʝʪʩʷ ʦʪ ʧʝʨʚʳʭ 

ʢʠʣʦʤʝʪʨʦʚ ʜʦ ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ (ʚʜʦʣʴ ʩʠʙʠʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʃʝʜʦʚʠʪʦʛʦ 

ʦʢʝʘʥʘ). ʀʥʦʛʜʘ ʰʝʣʴʬ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʙʣʦʢʠ ʛʣʫʙʦʢʠʤʠ 

ʜʝʧʨʝʩʩʠʷʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʙʝʨʝʛʫ. 
ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩʢʣʦʥ ð ʢʨʫʪʦʡ (3-7Á) ʫʩʪʫʧ, ʷʚʣʷʶʱʠʡʩʷ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʰʝʣʴʬʘ. ʅʘʠʙʦʣʴʰʠʝ ʛʣʫʙʠʥʳ ʧʦ ʢʨʘʶ ʩʢʣʦʥʘ ʜʦʭʦʜʷʪ ʧʦ 3 ʢʤ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʩʢʣʦʥʘ ʦʙʳʯʥʦ ʠʟʨʝʟʘʥʘ ʛʣʫʙʦʢʠʤʠ ʢʘʥʴʦʥʘʤʠ (ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 

ʜʦ 60 ʢʤ) ʠ ʤʝʣʢʠʤʠ ʣʦʞʙʠʥʘʤʠ. ʉʯʠʪʘʶʪ, ʯʪʦ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ 

ʵʨʦʟʠʝʡ ʤʫʪʴʝʚʳʭ ʧʦʪʦʢʦʚ. 
ʂʦʥʪʠʥʝʥʪʘʣʴʥʦʝ ʧʦʜʥʦʞʴʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʦʛʦ-ʥʘʢʣʦʥʥʫʶ 

ʚʦʣʥʠʩʪʫʶ ʨʘʚʥʠʥʫ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʟʦʥʫ, ʩʦʝʜʠʥʷʶʱʫʶ 

ʧʦʜʚʦʜʥʳʝ ʦʢʨʘʠʥʳ ʤʘʪʝʨʠʢʦʚ ʩ ʦʢʝʘʥʠʯʝʩʢʠʤ ʜʥʦʤ. 
ʅʝʩʢʦʣʴʢʦ ʦʙʦʩʦʙʣʝʥʥʦ ʚ ʤʠʨʦʚʦʤ ʦʢʝʘʥʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʠ ʦʢʨʘʠʥʥʳʝ ʤʦʨʷ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʧʣʦʩʢʠʝ ʠ ʢʦʪʣʦʚʠʥʥʳʝ. ʂ ʧʝʨʚʳʤ ʦʪʥʦʩʷʪʩʷ ɸʟʦʚʩʢʦʝ, ɹʘʨʝʥʮʝʚʦ, ʂʘʨʩʢʦʝ, 

ɹʝʣʦʝ, ɹʘʣʪʠʡʩʢʦʝ, ʉʝʚʝʨʥʦʝ, ʢʦ ʚʪʦʨʳʤ ð ʏʝʨʥʦʝ, ʉʨʝʜʠʟʝʤʥʦʝ, ɹʝʨʠʥʛʦʚʦ, 

ʆʭʦʪʩʢʦʝ, ʗʧʦʥʩʢʦʝ. 

 

ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ 

ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʩ ʨʝʣʴʝʬʦʤ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʭʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʥʘ ʦʢʝʘʥʦʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʦʝʚ ʢʦʨʳ, 

ʘ ʟʥʘʯʠʪ, ʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʦʩʘʜʢʦʚ (ʈʠʩ. 12).  

ʊʘʢ, ʚ ʘʙʠʩʩʘʣʴʥʳʭ ʦʙʣʘʩʪʷʭ, ʥʘʠʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ ʦʪ ʙʝʨʝʛʘ, ʧʦʜ ʪʦʣʱʝʡ 

ʚʦʜʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʝʨʭʥʠʡ ʩʣʦʡ ʢʦʨʳ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘʠʙʦʣʝʝ ʪʦʥʢʠʤʠ ʦʩʘʜʢʘʤʠ ð ʧʦʣʠʛʝʥʥʳʤʠ ʢʨʘʩʥʳʤʠ ʦʢʝʘʥʠʯʝʩʢʠʤʠ 

ʛʣʠʥʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠʩʷ ʢʘʢ ʩʣʘʙʦʞʝʣʝʟʠʩʪʳʝ ʠ ʩʣʘʙʦʤʘʨʛʘʥʮʦʚʠʩʪʳʝ. ɺ 

ʛʣʠʥʘʭ ʠ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʚʩʪʨʝʯʘʶʪʩʷ ʞʝʣʝʟʠʩʪʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʢʦʥʢʨʝʮʠʠ. 

ʀʭ ʥʘʠʙʦʣʴʰʠʝ ʩʢʦʧʣʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʯʘʩʪʷʭ ʊʠʭʦʛʦ ʠ 

ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʦʚ. ɺʩʝʛʦ ʥʘ ʜʦʣʶ ʧʦʣʠʛʝʥʥʳʭ ʢʨʘʩʥʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʛʣʠʥ 

ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 36% ʧʣʦʱʘʜʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. 
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ʈʠʩ. 12 ʂʘʨʪʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʨʩʢʠʭ ʦʩʘʜʢʦʚ (ʧʦ ʢʘʨʪʝ çʆʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʚ ʄʠʨʦʚʦʤ 

ʦʢʝʘʥʝè ʠʟ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʪʣʘʩʘ ʤʠʨʘ, 1964).  

ʆʩʘʜʢʠ: 1 ð ʪʝʨʨʠʛʝʥʥʳʝ; 2 ð ʦʨʛʘʥʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ; 3 ð ʦʨʛʘʥʦʛʝʥʥʳʝ ʢʨʝʤʥʠʩʪʳʝ; 

4 ð ʢʨʘʩʥʳʝ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʛʣʠʥʳ ʩ ʢʦʪʦʨʳʤ ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʳ ʨʘʟʣʠʯʠʷ ʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʮʝʣʦʛʦ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. 

 

ɽʱʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ ʦʢʝʘʥʘ (47%) ʟʘʥʠʤʘʶʪ 

ʦʨʛʘʥʦʛʝʥʥʳʝ ʦʩʘʜʢʠ. ʀʟ ʥʠʭ ʦʢʦʣʦ 36,6% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʢʘʨʙʦʥʘʪʥʳʝ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʬʦʨʘʤʠʥʠʬʝʨʦʚʳʝ, ʢʦʨʘʣʣʦʚʳʝ ʠ 

ʨʘʢʫʰʝʯʥʳʝ. ʆʢʦʣʦ 10% ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʥʷʪʦ ʢʨʝʤʥʠʩʪʳʤʠ ʦʨʛʘʥʦʛʝʥʥʳʤʠ 

ʦʩʘʜʢʘʤʠ. ʇʨʠʤʝʨʥʦ 14% ʧʣʦʱʘʜʠ ʜʥʘ ʦʢʝʘʥʘ ʧʦʢʨʳʪʦ ʪʝʨʨʠʛʝʥʥʳʤʠ 

ʦʩʘʜʢʘʤʠ, ʘ ʥʘ ʧʦʜʥʷʪʠʷʭ ʠ ʧʠʢʘʭ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ ʦʙʥʘʞʘʶʪʩʷ 

ʙʘʟʘʣʴʪʳ ʩʨʝʜʥʝʛʦ ʩʣʦʷ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ. 
ʅʘʠʙʦʣʝʝ ʯʘʩʪʦʡ ʩʤʝʥʦʡ ʩʦʩʪʘʚʘ ʦʩʘʜʢʦʚ ʥʘ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ 

ʦʪʣʠʯʘʶʪʩʷ ʧʦʜʚʦʜʥʳʝ ʦʢʨʘʠʥʳ ʤʘʪʝʨʠʢʦʚ, ʠʩʧʳʪʳʚʘʶʱʠʝ ʢ ʪʦʤʫ ʞʝ 

ʥʘʠʙʦʣʴʰʫʶ ʪʝʭʥʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ ʦʢʝʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʝʥ ʠ 

ʦʪʣʠʯʘʝʪʩʷ ʷʚʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʦʢʝʘʥʠʯʝʩʢʠʭ ʛʣʠʥ ʠ ʦʨʛʘʥʦʛʝʥʥʳʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʳʭ ʦʩʘʜʢʦʚ. ʆʜʥʘʢʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʨʘʟʣʠʯʠʠ ʦʩʘʜʢʦʚ. 

 

ʂʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ (ʩʪʨʦʝʥʠʝ, ʨʝʣʴʝʬ) 

 

ʇʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʪʨʦʝʥʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ ɿʝʤʣʠ ʚʝʩʴʤʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʢʝʘʥʠʯʝʩʢʦʡ. ʆʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʘ. 

ʆʜʥʘʢʦ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʜʦʧʫʩʢʘʤʠ ʝʝ, ʢʘʢ ʠ ʦʢʝʘʥʠʯʝʩʢʫʶ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʪʨʠ ʩʣʦʷ: ʚʝʨʭʥʠʡ ð ʦʩʘʜʦʯʥʳʡ, ʘ ʩʨʝʜʥʠʡ ʠ ʥʠʞʥʠʡ ʩʦʩʪʦʷʪ ʠʟ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ.  

ʇʦ ʜʘʥʥʳʤ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʦʨʦʩʪʴ ʚʦʣʥ ʚ ʦʩʘʜʦʯʥʦʤ ʩʣʦʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʛʣʫʙʠʥʦʡ ʦʪ 2-3 ʜʦ 4,5-5,5 ʢʤ/ʩ. ɺ ʩʨʝʜʥʝʤ ʩʣʦʝ 
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ʩʢʦʨʦʩʪʴ ʦʙʳʯʥʦ ʢʦʣʝʙʣʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 6-6,5 ʢʤ/ʩ, ʘ ʚ ʥʠʞʥʝʤ ʦʪ 6,6 ʜʦ 7,0 

ʢʤ/ʩ. ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ 

ʧʦʟʚʦʣʠʣʦ ʨʘʟʜʝʣʠʪʴ ʜʚʘ ʥʠʞʥʠʭ ʩʣʦʷ; ʨʘʟʜʝʣ ʤʝʞʜʫ ʥʠʤʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ 

ʛʨʘʥʠʮʳ ʂʦʥʨʘʜʘ. 
ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʙʨʘʪʴ ʟʘ ʦʩʥʦʚʫ ʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʪʦ 

ʥʘ ʧʣʘʪʬʦʨʤʘʭ ʧʦʜ ʦʩʘʜʦʯʥʳʤ ʩʣʦʝʤ ʯʘʩʪʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝ ʜʚʘ, ʘ ʪʨʠ ʩʣʦʷ. 

ɺ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʷʭ ʢʘʨʪʠʥʘ ʙʳʚʘʝʪ ʝʱʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ: ʯʠʩʣʦ 

çʩʝʡʩʤʠʯʝʩʢʠ ʦʪʣʠʯʘʶʱʠʭʩʷè ʩʣʦʝʚ ʚ ʥʠʭ ʝʱʝ ʙʦʣʴʰʝ ʠ ʚ ʦʪʜʝʣʴʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ. 
ʅʠʞʥʠʡ ʩʣʦʡ. ɽʛʦ ʛʨʘʥʠʮʳ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ. ʍʦʪʷ ʩʣʦʡ ʠ ʥʘʟʳʚʘʝʪʩʷ ʙʘʟʘʣʴʪʦʚʳʤ, ʦʥ ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ ʧʦʭʦʞ ʥʘ ʵʪʠ 

ʧʦʨʦʜʳ ʧʦ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʦʣʘʛʘʝʪ, ʯʪʦ ʦʥ ʩʦʩʪʦʠʪ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩʨʝʜʥʝʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʜʦ ʘʤʬʠʙʦʣʦʚʦʡ ʠʣʠ ʜʘʞʝ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ (ʊʝʡʣʦʨ, 

ʄʘʢ ʃʝʥʥʘʥ, 1988 ʠ ʜʨ.). 
ʅʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʩʚʝʨʭʛʣʫʙʦʢʘʷ ʩʢʚʘʞʠʥʘ ʧʝʨʝʩʝʢʣʘ ʛʨʘʥʠʮʫ 

ʂʦʥʨʘʜʘ, ʧʨʠ ʵʪʦʤ ʩʤʝʥʳ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʦʪʤʝʯʝʥʦ ʥʝ ʙʳʣʦ. ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʦʙʲʷʩʥʷʶʪ ʨʘʟʫʧʣʦʪʥʝʥʠʝʤ ʧʦʨʦʜ, ʯʪʦ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ 

ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. 
ʉʨʝʜʥʠʡ ʩʣʦʡ. ʆʙʳʯʥʦ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʝʛʦ ʥʘʟʳʚʘʶʪ ʛʨʘʥʠʪʥʳʤ. 

ʇʦ ʩʦʩʪʘʚʫ ʦʥ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʥʳʤ ʘʥʘʣʦʛʦʤ ʛʨʘʥʠʪʦʚ, ʭʦʪʷ ʚ ʥʝʤ ʧʨʝʦʙʣʘʜʘʶʪ 

ʧʦʨʦʜʳ ʛʨʘʥʠʪʦʛʥʝʡʩʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʧʦʜʯʠʥʝʥʥʦʩʪʴʶ ʙʘʟʘʣʴʪʦʠʜʦʚ.  

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʩʨʝʜʥʠʡ ʩʦʩʪʘʚ ʛʨʘʥʠʪʥʦʛʦ ʩʣʦʷ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʦʢ ʢ ʛʨʘʥʦʜʠʦʨʠʪʘʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ 

ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʨʦʜʳ ʯʘʩʪʦ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʚʧʣʦʪʴ ʜʦ ʘʤʬʠʙʦʣʠʪʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʝʩʪʴ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘʟʳʚʘʪʴ ʩʨʝʜʥʠʡ ʩʣʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ 

ʛʨʘʥʠʪʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ. ɺʦʟʨʘʩʪ ʧʦʨʦʜ ʩʣʦʷ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʜʦʢʝʤʙʨʠʡʩʢʠʡ. ɻʨʘʥʠʪʥʳʡ ʩʣʦʡ ʠʟʫʯʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʥʦ ʥʘ ʜʨʝʚʥʠʭ ʱʠʪʘʭ, 

ʘ ʪʘʢʞʝ ʧʦ ʦʙʨʘʟʮʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʠ ʩ ʧʦʤʦʱʴʶ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 
ɺʝʨʭʥʠʡ ʩʣʦʡ. ʅʘ ʜʨʝʚʥʠʭ ʱʠʪʘʭ ʦʥ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʚ ʢʨʘʝʚʳʭ ʧʨʦʛʠʙʘʭ 

ʧʣʘʪʬʦʨʤ ʝʛʦ ʤʦʱʥʦʩʪʴ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʜʦ 15 ʢʤ. ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʩʣʦʷ ʥʘ 

ʧʣʘʪʬʦʨʤʘʭ 2-3 ʢʤ. ʇʦ ʩʦʩʪʘʚʫ ʚ ʥʝʤ ʧʨʝʦʙʣʘʜʘʶʪ ʛʣʠʥʠʩʪʳʝ, ʧʝʩʯʘʥʳʝ ʠ 

ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʦʝ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʘʟʨʝʟʝ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʵʚʘʧʦʨʠʪʦʚ (ʭʠʤʠʯʝʩʢʠʝ, ʚ ʮʝʣʦʤ 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʝ ʦʩʘʜʢʠ) ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʇʦʨʦʜʳ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ 

ʠʟʫʯʝʥʥʳʭ. 

ʈʝʣʴʝʬ. ʈʝʣʴʝʬʦʤ ʤʘʪʝʨʠʢʦʚ ʚ ʝʱʝ ʙʦʣʴʰʝʡ ʤʝʨʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʩ 

ʦʢʝʘʥʠʯʝʩʢʠʤ ʜʥʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚʳʭʦʜʷʱʠʭ ʚ 

ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʨʘʡʦʥʝ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʆʪ ʥʝʛʦ ʞʝ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ 

ʢʦʤʧʣʝʢʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ 

ʣʘʥʜʰʘʬʪʘʤ ʢʦʥʢʨʝʪʥʳʭ ʩʦʦʙʱʝʩʪʚ ʞʠʚʦʪʥʳʭ. 
ʈʘʩʩʤʘʪʨʠʚʘʷ ʚʝʨʪʠʢʘʣʴʥʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ, ʩʣʝʜʫʝʪ 
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ʦʪʤʝʪʠʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʛʠʧʩʦʛʨʘʬʠʯʝʩʢʫʶ ʢʨʠʚʫʶ, ʧʦʩʪʨʦʝʥʥʫʶ ʚ 1883 ʛ. ɸ. 

ʃʘʧʧʦʨʘʥʦʤ ʠ ʧʦʟʜʥʝʝ ʫʪʦʯʥʷʚʰʫʶʩʷ ʨʷʜʦʤ ʫʯʝʥʳʭ (ʈʠʩ. 13). ʇʦ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʦʩʠ ʥʘ ʥʝʡ ʥʘʥʝʩʝʥʳ ʚʳʩʦʪʳ (ʛʣʫʙʠʥʳ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʨʦʚʥʶ ʤʦʨʷ, ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ð ʧʣʦʱʘʜʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʵʪʠʭ ʚʳʩʦʪʘʭ ʥʘ ʤʘʪʝʨʠʢʘʭ ʠ ʚ 

ʦʢʝʘʥʝ. ʂʘʢ ʚʠʜʥʦ (ʈʠʩ. 13), ʥʘ ʤʘʪʝʨʠʢʘʭ ʥʘʠʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʨʘʟʚʠʪʠʷ (ʙʝʟ 

ʫʯʝʪʘ ʤʘʪʝʨʠʢʦʚʦʡ ʦʪʤʝʣʠ) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʳ ʦʪ 1000 ʜʦ 2000 ʤ. 

 
ʈʠʩ. 13 ɻʠʧʩʦʤʝʪʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ 

 

ʕʪʠ ʪʝʨʨʠʪʦʨʠʠ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪʩʷ ʢ ʥʠʟʢʦʛʦʨʴʶ. ʅʘʯʠʥʘʷ ʩ ʫʢʘʟʘʥʥʳʭ 

ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʦʢ, ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʙʣʠʞʝʥʳ ʦʪʜʝʣʴʥʳʝ ʤʦʟʘʠʯʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʙʣʦʢʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ 

ʵʪʠʭ ʞʝ ʨʘʡʦʥʘʭ ʦʙʳʯʥʦ ʤʠʥʠʤʘʣʴʥʘ ʤʦʱʥʦʩʪʴ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʘ ʛʦʨʥʳʭ 

ʧʦʨʦʜʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʧʦʯʚ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʚʣʠʷʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʙʦʣʝʝ ʯʘʩʪʦʡ ʠ 

ʢʦʥʪʨʘʩʪʥʦʡ ʩʤʝʥʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ. 

 

ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ 

ʈʝʟʢʦ ʚʳʨʘʞʝʥʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʭʦʨʦʰʦ ʚʠʜʥʘ 

ʫʞʝ ʧʨʠ ʦʜʥʦʤ ʚʟʛʣʷʜʝ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʫ ʤʘʪʝʨʠʢʦʚ. ʏʝʨʝʜʦʚʘʥʠʝ 

ʙʣʦʢʦʚ, ʩʣʦʞʝʥʥʳʭ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤʠ ʠ ʨʘʟʥʦʪʠʧʥʳʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ, 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʠ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʚʦʣʴʥʦ 

ʧʝʩʪʨʫʶ ʤʦʟʘʠʢʫ. ɺ ʮʝʣʦʤ ʚ ʢʦʨʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʠʧʘ, ʢʘʢ ʠ ʚʦʦʙʱʝ ʚ 

ʟʝʤʥʦʡ ʢʦʨʝ, ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʪ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ. ʆʜʥʘʢʦ 3/4 ʚʩʝʡ 

ʧʣʦʱʘʜʠ ʩʫʰʠ ʧʦʢʨʳʪʦ ʦʩʘʜʦʯʥʳʤʠ ʪʦʣʱʘʤʠ. ʀʭ ʦʙʱʠʡ ʦʙʲʝʤ ʧʦ ʨʘʟʥʳʤ 

ʧʦʜʩʯʝʪʘʤ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 3,7*10
8
 ʜʦ 13*10

8
 ʢʤ

3
. 

ʇʨʠ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʜʝʣʝʥʠʠ ʩʨʝʜʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʢʠʩʣʳʝ, ʦʩʥʦʚʥʳʝ ʠ ʱʝʣʦʯʥʳʝ. ʉʨʝʜʠ ʚʳʭʦʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʥʪʨʫʟʠʚʥʳʭ 

ʧʦʨʦʜ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʪ ʢʠʩʣʳʝ, ʘ ʩʨʝʜʠ ʵʬʬʫʟʠʚʥʳʭ ð ʦʩʥʦʚʥʳʝ. ʇʣʦʱʘʜʴ, 

ʟʘʥʠʤʘʝʤʘʷ ʱʝʣʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 0,5%. ɸ.ʅ. ɿʘʚʘʨʠʮʢʠʡ 
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ʩʨʘʚʥʠʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʉʉʉʈ 

ʠ ʉʐɸ (ʊʘʙʣʠʮʘ 2). ʕʪʘ ʪʘʙʣʠʮʘ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʦʙ ʦʙʱʝʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. 
ʊʘʙʣʠʮʘ 2 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, % 

ʀʥʪʨʫʟʠʚʥʳʝ 

ʧʦʨʦʜʳ 

ʊʝʨʨʠʪʦʨʠʷ 
ʕʬʬʫʟʠʚʥʳʝ 

ʧʦʨʦʜʳ 

ʊʝʨʨʠʪʦʨʠʷ 

ʙʳʚʰʝʛʦ 

ʉʉʉʈ 
ʉʐɸ 

ʙʳʚʰʝʛʦ 

ʉʉʉʈ 
ʉʐɸ 

ʂʠʩʣʳʝ  48,7 35  ʂʠʩʣʳʝ  13,5 12,5 

ʆʩʥʦʚʥʳʝ  2,3 5 ʆʩʥʦʚʥʳʝ 35,1 45 

ʑʝʣʦʯʥʳʝ 0,4 -    

 

ɺʳʚʝʪʨʠʚʘʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʠʭ ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʚʝʣʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ.  

ʄʦʞʥʦ ʙʳʣʦ ʙʳ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʦʩʪʘʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 

ʘʥʘʣʦʛʠʯʝʥ, ʥʦ ʧʨʠ ʚʳʚʝʪʨʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʦʩʘʜʦʯʥʳʭ ʧʨʦʠʩʭʦʜʠʣ ʚʳʥʦʩ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʩ ʚʦʜʘʤʠ ʚ ʦʢʝʘʥ (Na, ʂ ʠ ʜʨ.), ʘ 

ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ (ʠʭ ʩʦʝʜʠʥʝʥʠʡ) ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʘʩʴ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʪʠʧʘʭ ʧʦʨʦʜ (ʈʠʩ. 14). ɺʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦʡ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʙʳʣʘ ʨʦʣʴ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ. 

 
ʈʠʩ. 14 ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʠʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ 
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ɺʩʝ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚʝʱʝʩʪʚ ʚ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʛʣʘʚʥʳʝ ʛʨʫʧʧʳ: 

ʛʣʠʥʠʩʪʳʝ, ʧʝʩʯʘʥʳʝ ʠ ʢʘʨʙʦʥʘʪʥʳʝ. ʅʘ ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ 95-99% 

ʦʙʱʝʡ ʤʘʩʩʳ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʘ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʃ.ɹ. ʈʫʭʠʥ 

ʦʧʨʝʜʝʣʠʣ ʢʘʢ 5:3:2. 
ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʧʝʨʝʢʨʳʪʘ ʧʦʯʚʘʤʠ. 

ʄʦʱʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʩʣʦʷ ʪʘʢʞʝ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʣʴʝʬʦʤ. ɺʩʝ 

ʥʘʠʤʝʥʴʰʠʝ ʚʝʣʠʯʠʥʳ (ʘ ʯʘʩʪʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʪʩʫʪʩʪʚʠʝ) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʛʦʨʥʳʭ ʨʘʡʦʥʦʚ. 

 

ɿʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 
ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ 

 

ʃʶʙʘʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ (ʣʠʪʦʩʬʝʨʘ, ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʛʦʨʥʳʭ 

ʧʦʨʦʜ, ʧʦʯʚʳ ʠ ʪ.ʜ.) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʠ ʨʘʟʙʨʦʩʦʤ ʵʪʠʭ ʟʥʘʯʝʥʠʡ. ʀʥʘʯʝ 

ʛʦʚʦʨʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʢʨʝʪʥʦʡ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʧʦʜʯʠʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʘʢʦʥʫ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʊʘʢʠʭ ʟʘʢʦʥʦʚ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ. 
ɺ ʛʝʦʭʠʤʠʠ (ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ) ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʘʥʘʣʠʟʦʚ ʧʨʦʙ. ɺ ʩʫʤʤʝ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʳʙʦʨʢʫ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʢʦʥʢʨʝʪʥʫʶ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʵʣʝʤʝʥʪʘ (ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ) ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ, ʤʳ 

ʚʩʝʛʜʘ ʦʛʨʘʥʠʯʝʥʳ ʯʠʩʣʦʤ ʧʨʦʙ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʪʦʛʦ, ʯʪʦ ʚ 

ʩʚʦʠʭ ʧʦʩʪʨʦʝʥʠʷʭ ʤʳ ʤʦʞʝʤ ʛʦʚʦʨʠʪʴ ʣʠʰʴ ʦ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʦʜʥʦʤʫ ʠʟ 

ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʪ.ʝ. ʦʙ ʘʧʧʨʦʢʩʠʤʘʮʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʜʚʫʤ ʟʘʢʦʥʘʤ: 

ʥʦʨʤʘʣʴʥʦʤʫ ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʦʤʫ (ʣʦʛʥʦʨʤʘʣʴʥʦʤʫ). 
ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʝʩʣʠ ʚ ʠʟʫʯʘʝʤʦʡ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ (ʩʦʝʜʠʥʝʥʠʷ, 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʪ.ʜ.) ʚʣʠʷʝʪ 

ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʩʣʫʯʘʡʥʳʭ (ʧʦʜ ʩʣʫʯʘʡʥʳʤʠ ʧʦʥʠʤʘʶʪʩʷ ʧʨʠʯʠʥʳ, ʥʝ 

ʧʦʜʜʘʶʱʠʝʩʷ ʫʯʝʪʫ), ʨʘʚʥʦʚʝʨʦʷʪʥʳʭ ʠ ʥʝʟʘʚʠʩʠʤʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʬʘʢʪʦʨʦʚ, 

ʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʚʝʣʠʯʠʥ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ. ʅʘʤ 

ʧʨʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʯʘʩʪʦ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ: ʜʠʩʧʝʨʩʠʶ, ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʬʦʥʦʚʦʝ 

ʩʦʜʝʨʞʘʥʠʝ, ʘ ʯʘʩʪʦ ð ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ. 
ɼʠʩʧʝʨʩʠʷ (S

2
) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʝʨʫ ʨʘʩʩʝʠʚʘʥʠʷ ʚʝʣʠʯʠʥ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʬʦʥʘ, ʘ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ (S) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʨʝʥʴ 

ʢʚʘʜʨʘʪʥʳʡ ʠʟ ʚʳʙʦʨʦʯʥʦʡ ʜʠʩʧʝʨʩʠʠ. ʆʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
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ʛʜʝ: N ð ʯʠʩʣʦ ʧʨʦʙ ʚ ʚʳʙʦʨʢʝ;  

ʍi ð ʦʪʜʝʣʴʥʳʝ (ʦʜʠʥʦʯʥʳʝ) ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʨʦʙʘʭ;  

X ð ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ. 
 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ (V) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʶ ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʢ ʩʨʝʜʥʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʠ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ 

ʚʝʣʠʢʦ ʨʘʩʩʝʠʚʘʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ: 

 

ʌʦʥʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ (ʉʬ) ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ X  (ʉʬ = X). 

ɻʨʘʬʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʷʚʣʷʶʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ (ʈʠʩ. 15). ʀʭ ʚʠʜ ʟʘʚʠʩʠʪ ʦʪ ʩʨʝʜʥʝʛʦ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ S ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʙʨʦʩ ʩʣʫʯʘʡʥʳʭ ʩʦʜʝʨʞʘʥʠʡ 

Xj ʚʦʢʨʫʛ ʩʨʝʜʥʝʛʦ (X). ʏʝʤ ʚʳʰʝ ʚʝʣʠʯʠʥʘ S, ʪʝʤ ʙʦʣʴʰʝ ʨʘʟʙʨʦʩ ʠ ʪʝʤ 

ʧʦʣʦʞʝ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʚʘʷ. 
ʇʨʠʚʝʜʝʥʥʦʝ ʩʝʤʝʡʩʪʚʦ ʢʨʠʚʳʭ (ʈʠʩ. 15) ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ S = 1, 2 ʠ 4. ɺʩʝ ʢʨʠʚʳʝ ʠʤʝʶʪ ʦʜʠʥ ʤʘʢʩʠʤʫʤ 

(X), ʦʪʚʝʯʘʶʱʠʡ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʝʤʫʩʷ ʟʥʘʯʝʥʠʶ ʦʪʜʝʣʴʥʳʭ 

ʩʦʜʝʨʞʘʥʠʡ ð ʤʦʜʝ. ʆʥ ʞʝ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʟʥʘʯʝʥʠʝ 

ʬʦʥʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, X ʠʟ-ʟʘ ʩʠʤʤʝʪʨʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʚʧʘʜʘʝʪ 

ʩ ʤʝʜʠʘʥʦʡ ð ʟʥʘʯʝʥʠʝʤ, ʜʝʣʷʱʠʤ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦʧʦʣʘʤ. 

 
ʈʠʩ. 15 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʨʝʜʥʝʛʦ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (S) 

 

ɽʩʣʠ ʦʜʥʘ ʠʟ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʨʝʟʢʦ ʧʨʝʚʘʣʠʨʫʝʪ, ʪʦ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʫʜʝʪ 
ʦʙʫʩʣʦʚʣʝʥ ʝʝ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ.  

ʉ ʪʘʢʠʤ ʷʚʣʝʥʠʝʤ ʤʳ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʝʤʩʷ, ʢʦʛʜʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʩʠʩʪʝʤʘʭ. 

ʀʤʠ ʤʦʛʫʪ ʙʳʪʴ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʧʦʯʚʦʧʦʜʩʪʠʣʘʶʱʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, 

ʚʦʜʳ, ʧʦʯʚʳ ʠʣʠ ʨʘʩʪʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʣʘʥʜʰʘʬʪʘ, 

ʦʪʜʝʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ ʠ ʪ.ʜ.  

ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʯʘʱʝ ʚʩʝʛʦ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠʙʣʠʞʝʥʠʝ (ʪ.ʝ. 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ) ʢ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ʇʨʠ ʵʪʦʤ 

ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʩʘʤʠ ʩʦʜʝʨʞʘʥʠʷ, ʘ ʠʭ ʣʦʛʘʨʠʬʤʳ. ʉʨʝʜʥʝʝ 
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ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ð ʧʦ ʬʦʨʤʫʣʝ 

 

ɿʘ ʬʦʥʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ (ʉʬ) ʧʨʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʦʤ ʟʘʢʦʥʝ 

ʧʨʠʥʠʤʘʝʪʩʷ ʚʝʣʠʯʠʥʘ, ʨʘʚʥʘʷ ant lg X. 

 

 

ʂʣʘʨʢʠ ʠ ʬʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

 

ʂʣʘʨʢʠ ʟʝʤʥʦʡ ʢʦʨʳ (ʣʠʪʦʩʬʝʨʳ) 

 

ʀʟ ʟʘʢʦʥʘ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʦ ʚʩʝʦʙʱʝʤ ʨʘʩʩʝʷʥʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʤʳ ʟʥʘʝʤ, ʯʪʦ ʚʦ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʘʭ, ʞʠʚʳʭ ʠ ʢʦʩʥʳʭ, ʝʩʪʴ 

ʚʩʝ ʵʣʝʤʝʥʪʳ. ʆʜʥʘʢʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʦʥʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ ʥʝʦʜʠʥʘʢʦʚʦ ʠ 

ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʰʘʪʴ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ ʩ çʦʪʢʨʳʪʳʤʠ ʛʣʘʟʘʤʠè, ʥʫʞʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʥʘʪʴ ʩʦʜʝʨʞʘʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʥʪʝʨʝʩʫʶʱʝʡ ʥʘʩ ʩʠʩʪʝʤʝ ʠʣʠ ʚ ʦʪʜʝʣʴʥʦʤ ʦʙʲʝʢʪʝ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʥʳʝ, ʵʪʘʣʦʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʜʦʙʥʳʭ 

ʩʠʩʪʝʤʘʭ ʠʣʠ ʦʙʲʝʢʪʘʭ. ʂ ʯʠʩʣʫ ʦʩʦʙʦ ʚʘʞʥʳʭ ʠʟ ʥʠʭ ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʥʝʩʝʥʳ 

ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʘʪʤʦʩʬʝʨʘ, ʧʦʯʚʳ, ʨʘʩʪʝʥʠʷ. 

ʅʘ ʜʦʣʶ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠʭʦʜʠʪʩʷ ʧʦʜʘʚʣʷʶʱʘʷ ʤʘʩʩʘ ʙʠʦʩʬʝʨʳ. ʆʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʫ ʦʩʥʦʚʫ, ʥʘ ʢʦʪʦʨʦʡ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦʯʚʳ, ʨʘʩʪʠʪʝʣʴʥʳʝ ʠ 

ʞʠʚʦʪʥʳʝ ʦʨʛʘʥʠʟʤʳ. ʆʥʠ ʞʝ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʚʝʨʭʥʠʝ ʯʘʩʪʠ ʣʘʥʜʰʘʬʪʦʚ; ʚ ʠʭ ʧʨʝʜʝʣʘʭ 

ʨʘʩʧʦʣʦʞʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʚʦ 

ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʟʚʠʪʠʝ ʯʝʣʦʚʝʯʝʩʪʚʘ. ɺʩʝ ʵʪʦ ʠ ʦʙʫʩʣʦʚʠʣʦ 

ʧʝʨʚʦʦʯʝʨʝʜʥʦʝ ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʇʝʨʚʦʡ ʦʙʲʝʢʪʠʚʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʟʝʤʥʦʡ ʢʦʨʳ ʩʪʘʣʦ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʢʘʟʳʚʘʶʱʝʝ, 

ʢʘʢʦʡ ʧʨʦʮʝʥʪ ʦʪ ʤʘʩʩʳ ʟʝʤʥʦʡ ʢʦʨʳ ʩʦʩʪʘʚʣʷʝʪ ʤʘʩʩʘ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʕʪʠ 

ʚʝʣʠʯʠʥʳ ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚ 1869 ʛ. ʜʣʷ ʜʝʩʷʪʠ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʌ.ʋ. ʂʣʘʨʢʦʤ: 

 

ʆ Si Al - Fe Ca Mg ʂ Na Ti P 

46,28 28,02 8,14 5,58 3,27 2,77 2,47 2,43 0,33 0,10 

 

ʇʦʟʞʝ, ʚ 1908 ʛ. ʦʥ ʦʧʫʙʣʠʢʦʚʘʣ ʙʦʣʝʝ ʧʦʣʥʫʶ ʩʚʦʜʢʫ. ʇʨʠ ʵʪʦʤ ʚ ʤʘʩʩʫ 

ʟʝʤʥʦʡ ʢʦʨʳ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʛʠʜʨʦʩʬʝʨʘ ʠ ʘʪʤʦʩʬʝʨʘ. ʊʘʢ ʢʘʢ ʧʦʩʣʝʜʥʠʝ 

ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʫʤʤʝ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʫʶ ʯʘʩʪʴ ʤʘʩʩʳ ʪʚʝʨʜʦʡ ʢʦʨʳ, ʪʦ 
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ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʠ ʦʪʨʘʞʘʶʪ ʩʦʩʪʘʚ ʠʤʝʥʥʦ 

ʟʝʤʥʦʡ ʢʦʨʳ. ʉʚʦʜʢʘ, ʩʜʝʣʘʥʥʘʷ ʌ.ʋ. ʂʣʘʨʢʦʤ, ʧʦʩʪʦʷʥʥʦ ʫʪʦʯʥʷʝʪʩʷ ʠ 

ʜʦʧʦʣʥʷʝʪʩʷ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʝʥʦ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. 
ʋʯʠʪʳʚʘʷ ʙʦʣʴʰʠʝ ʟʘʩʣʫʛʠ ʌ.ʋ. ʂʣʘʨʢʘ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʧʝʨʚʳʭ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʝʤʥʦʡ ʢʦʨʳ, ɸ.ɽ. ʌʝʨʩʤʘʥ 
ʧʨʝʜʣʦʞʠʣ ʥʘʟʳʚʘʪʴ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʢʘʢ ʚ ʟʝʤʥʦʡ 

ʢʦʨʝ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʚ ʝʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʢʨʫʧʥʳʭ ʯʘʩʪʷʭ, çʢʣʘʨʢʦʤè.  

ʄʘʩʩʦʚʳʝ ʢʣʘʨʢʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ 

ʟʝʤʥʦʡ ʢʦʨʝ ʦʪ ʝʝ ʦʙʱʝʡ ʤʘʩʩʳ, ʧʦʣʫʯʠʣʠ ʦʯʝʥʴ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʪʘʢ 

ʢʘʢ ʦʪʨʘʞʘʶʪ ʥʘʠʙʦʣʝʝ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ 

ʚʘʞʥʝʡʰʝʡ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʦʙʦʣʦʯʢʝ.  

ʆʜʥʘʢʦ, ʚʳʧʦʣʥʷʷ ʨʘʩʯʝʪʳ, ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʠ ʥʝʢʦʪʦʨʳʭ 

ʧʨʦʮʝʩʩʘʭ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠʜʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʪʦʤʦʚ, ʘ ʠʭ ʯʠʩʣʦ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʩʩʦʚʳʤ ʢʣʘʨʢʘʤ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʫʜʦʙʥʝʝ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʘʪʦʤʥʳʤʠ ʢʣʘʨʢʘʤʠ, ʧʦʢʘʟʳʚʘʶʱʠʤʠ, ʢʘʢʦʡ ʧʨʦʮʝʥʪ ʩʦʩʪʘʚʣʷʶʪ ʘʪʦʤʳ 

ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʪ ʠʭ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ʕʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʙʳʣʠ 

ʩʜʝʣʘʥʳ ɸ.ɽ. ʌʝʨʩʤʘʥʦʤ ʠ ʇ.ʅ. ʏʠʨʚʠʥʩʢʠʤ.  

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʣʠʪʦʩʬʝʨʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʙʲʝʤʥʳʝ ʢʣʘʨʢʠ. ʆʥʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʢʘʢʦʡ ʧʨʦʮʝʥʪ ʚ ʦʙʲʝʤʥʦʤ ʚʳʨʘʞʝʥʠʠ (ʚ ʨʘʩʯʝʪ ʙʝʨʫʪʩʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʧʦʣʷ ʘʪʦʤʦʚ) ʟʘʥʠʤʘʝʪ ʜʘʥʥʳʡ ʵʣʝʤʝʥʪ ʚ ʦʙʲʝʤʝ ʚʩʝʡ 

ʣʠʪʦʩʬʝʨʳ. 
ɺ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥʘʭ ʯʘʩʪʦ ʩʦʜʝʨʞʘʥʠʝ ʚʳʨʘʞʘʝʪʩʷ ʚ çʤʣʥ

-1
è, çʛ/ʪè, çʤʣʨʜ

-

1
è. ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʝʜʠʥʠʮʘʤʠ ʠ ʤʘʩʩʦʚʳʤʠ ʧʨʦʮʝʥʪʘʤʠ ʧʨʠʚʦʜʠʪʩʷ 

ʥʠʞʝ (ʊʘʙʣʠʮʘ 3). 

ʊʘʙʣʠʮʘ 3 

ʕʢʚʠʚʘʣʝʥʪʳ 

ʄʘʩʩʦʚʳʝ, 

% 

ʄʣʥ. 

ʠʣʠ ʛ/ʛ 

ʄʘʩʩʦʚʳʝ, 

% 

ʄʣʥ. 

ʠʣʠ ʛ/ʪ 
ʄʣʨʜ. 

ʄʘʩʩʦʚʳʝ, 

% 

ʄʣʥ. 

ʠʣʠ ʛ/ʛ 
ʄʣʨʜ. 

1 10000 1 Å 10
-3

 10 - 1 Å 10
-6

 0,01 10 

0,1 1000 1 Å 10
-4

 1 1000 1 Å 10
-7 

0,001 1 

0,01 100 1 Å 10
-s
 0,1 100 1 Å 10

-8
 0,0001 0,1 

 

ʆʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ 

ʢʦʨʝ. ʅʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʨʘʟʫ ʚʠʜʥʳ (ʊʘʙʣʠʮʘ 3), ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʜʨʫʛʠʭ ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸ.ɽ. ʌʝʨʩʤʘʥ ʧʨʝʜʣʦʞʠʣ ʜʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʛʨʘʬʠʢ, ʥʘ ʢʦʪʦʨʦʤ ʧʦ ʦʩʠ 

ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʳ ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʵʣʝʤʝʥʪʦʚ, ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ð 

ʣʦʛʘʨʠʬʤʳ ʘʪʦʤʥʳʭ ʢʣʘʨʢʦʚ, ʘ ʜʚʝ ʢʨʠʚʳʝ ʩʦʝʜʠʥʷʶʪ çʯʝʪʥʦè ʠ çʥʝʯʝʪʥʦè 

ʘʪʦʤʥʳʝ ʵʣʝʤʝʥʪʳ. 

ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ ʨʘʟʜʝʣʠʣ ʵʣʝʤʝʥʪʳ ʧʦ ʜʝʢʘʜʘʤ, ʚʳʜʝʣʠʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʢʘʞʜʫʶ ʵʣʝʤʝʥʪʳ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ çʧʦ ʜʝʩʷʪʢʘʤè: ʚ ʧʝʨʚʫʶ 

ʪʝ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʙʦʣʴʰʝ 10%, ʚʦ ʚʪʦʨʫʶ ð ʦʪ 1 ʜʦ 10%, ʚ ʪʨʝʪʴʶ ð ʦʪ 
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0,1 ʜʦ 1% ʠ ʪ.ʜ. (ʊʘʙʣʠʮʘ 4). 

ʊʘʙʣʠʮʘ 4 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʧʦ ʧʝʨʚʳʤ ʜʝʢʘʜʘʤ 

ɺ.ʀ.ɺʝʨʥʘʜʩʢʦʛʦ 

ɼʝʢʘʜʳ 

ʏʠʩʣʦ 

ʵʣʝʤʝʥʪʦʚ ʧʦ 

ʘʪʦʤʥʳʤ 

ʢʣʘʨʢʘʤ 

ʉʫʤʤʘ 

ʤʘʩʩʦʚʳʭ 

ʢʣʘʨʢʦʚ 

ʏʠʩʣʦ 

ʵʣʝʤʝʥʪʦʚ ʧʦ 

ʘʪʦʤʥʳʤ 

ʢʣʘʨʢʘʤ 

ʉʫʤʤʘ 

ʘʪʦʤʥʳʭ 

ʢʣʘʨʢʦʚ 

I 2 75,13 3 86,75 

I + II 9 98,13 9 98,86 

I + II + III 15 99,61 12 99,69 

I + II + III + IV 26 99,94 18 99,97 

I + II + III + IV + V 38 99,99 31 99,99 

 

ʈʘʟʜʝʣʝʥʠʝ ʧʦ ʜʝʢʘʜʘʤ ʩʜʝʣʘʥʦ ʩ ʫʯʝʪʦʤ ʤʘʩʩʦʚʳʭ ʠ ʘʪʦʤʥʳʭ ʢʣʘʨʢʦʚ, 

ʢʦʪʦʨʳʝ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʠʣʠʩʴ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʥʦ ʚ ʮʝʣʦʤ ʢʘʨʪʠʥʘ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦʭʨʘʥʠʣʠʩʴ ʧʦʣʥʦʩʪʴʶ.  

ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʧʦʜʨʦʙʥʝʝ: 
 

1. ʕʣʝʤʝʥʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʆʜʥʠʭ 

ʠʟ ʥʠʭ ʚ ʤʠʣʣʠʘʨʜ ʤʠʣʣʠʘʨʜʦʚ ʨʘʟ (ʦʪ n Å 10 ʜʦ n Å 10
-16
) ʙʦʣʴʰʝ, ʯʝʤ ʜʨʫʛʠʭ. ʅʘ 

ʜʦʣʶ ʪʦʣʴʢʦ ʆ ʠ Si ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 70% ʤʘʩʩʳ ʟʝʤʥʦʡ ʢʦʨʳ. ɽʩʣʠ ʢ ʥʠʤ 

ʜʦʙʘʚʠʪʴ ʝʱʝ ʰʝʩʪʴ ð Al, fe, Ca, Mg, ʂ, Na, ʪʦ ʠʭ ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʩʦʩʪʘʚʠʪ 

ʦʢʦʣʦ 98% ʤʘʩʩʳ ʢʦʨʳ. ɼʦʙʘʚʠʚ ʢ ʥʠʤ ʝʱʝ 29 ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʦʣʫʯʠʤ ʧʨʠʙʘʚʢʫ ʚʩʝʛʦ ʙʦʣʝʝ 1%, ʧʨʠ ʵʪʦʤ ʜʦʣʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ (ʧʦ 
ʯʠʩʣʫ) ʚʩʝʭ ʦʩʪʘʚʰʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʠʪ ʣʠʰʴ ʧʝʨʚʳʝ ʩʦʪʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʦʚ 

ʤʘʩʩʳ ʟʝʤʥʦʡ ʢʦʨʳ. 
ɽʩʣʠ ʫʯʠʪʳʚʘʪʴ ʦʙʲʝʤʳ ʘʪʦʤʦʚ, ʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʩʪʘʥʝʪ ʝʱʝ ʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʦʡ. 
ʄʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʛʨʫʧʧʠʨʦʚʘʣʠʩʴ ʩ 

ʫʯʝʪʦʤ ʠʭ ʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ. ʊʘʢ, ʠʥʦʛʜʘ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ, 

ʥʘʟʳʚʘʶʪʩʷ ʜʝʚʷʪʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʣʠʪʦʩʬʝʨʝ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ: ʆ, Si, Al, Fe, Ca, ʂ, Na, Mg, Ti. ʅʘ ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ 99,5% ʤʘʩʩʳ 

ʟʝʤʥʦʡ ʢʦʨʳ. 
ʕʣʝʤʝʥʪʳ ʩ ʤʘʩʩʦʚʳʤ ʢʣʘʨʢʦʤ ʤʝʥʴʰʝ 1 Å 10

-2 
% ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ 

ʨʝʜʢʠʤʠ. ʆʜʥʘʢʦ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ, ʢ ʨʝʜʢʠʤ, ʜʦʣʞʥʦ ʦʪʥʦʩʠʪʴʩʷ ʙʦʣʝʝ 70% 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠʟʚʝʩʪʥʳʭ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ʗʩʥʘ ʙʝʩʩʤʳʩʣʝʥʥʦʩʪʴ ʪʘʢʦʛʦ 

ʥʘʟʚʘʥʠʷ. ʅʦ, ʜʘʞʝ ʫʤʝʥʴʰʠʚ ʝʱʝ ʚ 100 ʨʘʟ ʧʦʨʦʛʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ (ʜʦ 1 Å 10
-

4
%), ʤʳ ʜʦʣʞʥʳ ʙʫʜʝʤ ʙʦʣʝʝ 1/3 ʵʣʝʤʝʥʪʦʚ ʩʯʠʪʘʪʴ ʨʝʜʢʠʤʠ. ʉʦʚʝʨʰʝʥʥʦ 

ʜʨʫʛʦʡ ʩʤʳʩʣ ʚ ʵʪʦ ʧʦʥʷʪʠʝ ʚʢʣʘʜʳʚʘʣ ɸ.ʀ. ɻʠʥʟʙʫʨʛ, ʦʪʥʦʩʠʚʰʠʡ ʢ ʨʝʜʢʠʤ 

ʵʣʝʤʝʥʪʳ, ʤʘʣʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʯʝʣʦʚʝʯʝʩʪʚʦʤ. ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ 

ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʩʪʦʨʦʞʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʪʝʨʤʠʥʫ çʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳè. 
ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʫʧʦʪʨʝʙʠʤ (ʦʩʦʙʝʥʥʦ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ) ʠ 
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ʪʝʨʤʠʥ çʤʠʢʨʦʵʣʝʤʝʥʪʳè. ʇʝʨʝʣʴʤʘʥ ʨʝʢʦʤʝʥʜʫʝʪ (1979) ʫʧʦʪʨʝʙʣʷʪʴ ʝʛʦ 

ʪʦʣʴʢʦ ʩ ʫʢʘʟʘʥʠʝʤ ʢʦʥʢʨʝʪʥʦʡ ʧʨʠʨʦʜʥʦʡ ʩʠʩʪʝʤʳ. ʊʘʢ, ɸ1 ð ʤʠʢʨʦʵʣʝʤʝʥʪ ʚ 

ʦʨʛʘʥʠʟʤʘʭ ʠ ʤʘʢʨʦʵʣʝʤʝʥʪ ʚ ʣʠʪʦʩʬʝʨʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥʦ ʙʨʘʪʴ 1 Å 10
-2 

%. 
 

2. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʩʨʝʜʥʝʥʥʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚʳʜʝʣʷʶʪʩʷ 

ʵʣʝʤʝʥʪʳ, ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʱʠʝ ð ʠʟʙʳʪʦʯʥʳʝ ʠ ʩ ʦʩʦʙʦ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ð ʥʝʜʦʩʪʘʪʦʯʥʳʝ. 
ʂ ʠʟʙʳʪʦʯʥʳʤ ʦʪʥʦʩʷʪʩʷ ʆ, Al, Si, Fe, Ba, Th. ʅʝʩʢʦʣʴʢʦ ʫʩʣʦʚʥʦ ʢ ʥʠʤ 

ʠʥʦʛʜʘ ʧʨʠʯʠʩʣʷʶʪ ʂ, Ca, Pb. ʆʙʲʷʩʥʠʪʴ ʠʭ ʠʟʙʳʪʦʯʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʢʘʢʦʡ-ʣʠʙʦ ʦʜʥʦʡ ʚʘʞʥʝʡʰʝʡ ʧʨʠʯʠʥʦʡ ʧʦʢʘ ʥʝ ʫʜʘʣʦʩʴ. ʄʦʞʥʦ ʪʦʣʴʢʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ɸ1 ʠ ʂ ʚʩʝ ʦʥʠ ʠʤʝʶʪ ʯʝʪʥʳʝ ʘʪʦʤʥʳʝ ʥʦʤʝʨʘ, ʘ 

ʘʪʦʤʥʳʝ ʤʘʩʩʳ ʙʦʣʴʰʠʥʩʪʚʘ ʢʨʘʪʥʳ ʯʝʪʳʨʝʤ. 
ʂ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʦʪʥʦʩʷʪʩʷ ʨʝʟʢʦ ʜʝʬʠʮʠʪʥʳʝ ʠʥʝʨʪʥʳʝ ʛʘʟʳ ʅʝ, Ne, ʂʛ, 

ʍʝ, ɸʛ, ʘ ʪʘʢʞʝ Li, Be, ɺ. ʄʘʣʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʙʣʘʛʦʨʦʜʥʳʭ ʛʘʟʦʚ 

ʦʙʲʷʩʥʷʝʪʩʷ ʜʚʫʤʷ ʛʠʧʦʪʝʟʘʤʠ. ʇʝʨʚʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʧʦʩʪʦʷʥʥʳʡ ʦʪʪʦʢ ʦʪ 

ɿʝʤʣʠ ð ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʛʝʣʠʝʚʦʝ ʜʳʭʘʥʠʝ ɿʝʤʣʠè. ʕʪʘ ʛʠʧʦʪʝʟʘ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʩʨʝʜʠ ʛʝʦʭʠʤʠʢʦʚ, ʥʘʯʠʥʘʷ ʩ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʠ ɸ.ɽ. 

ʌʝʨʩʤʘʥʘ. ʇʦ ʚʪʦʨʦʡ ʛʠʧʦʪʝʟʝ ʝʱʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʣʘʥʝʪʳ ʠʥʝʨʪʥʳʝ ʛʘʟʳ 

ʦʪʪʝʩʥʷʣʠʩʴ ʦʪ ʩʛʫʱʘʚʰʠʭʩʷ ʯʘʩʪʠʮ (ʢʘʢ ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʭʚʦʩʪʘʭ ʧʣʘʥʝʪ) ʠ 

ʙʳʣʠ ʜʝʬʠʮʠʪʥʳʤʠ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ. 
 

3. ʅʠʟʢʠʝ ʢʣʘʨʢʠ Li, Be, ɺ ʦʙʳʯʥʦ ʦʙʲʷʩʥʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠʭ ʘʪʦʤʥʳʭ ʷʜʝʨ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ. 

ɺʝʜʫʱʠʤ ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ ʟʝʤʥʦʡ ʢʦʨʳ ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜ. ɽʛʦ 

ʤʘʩʩʦʚʳʡ ʢʣʘʨʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 46,28ð49%, ʘʪʦʤʥʳʡ ð 53,3%, ʘ 

ʦʙʲʝʤʥʳʡ 92%. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʟʝʤʥʫʶ ʢʦʨʫ ʢʠʩʣʦʨʦʜʥʦʡ ʩʬʝʨʦʡ. ɺ 

ʙʠʦʩʬʝʨʝ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʦʣʴ ʛʠʜʨʦʩʬʝʨʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʅ ʠ ʆ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʝʱʝ ʙʦʣʴʰʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ. ʆʥ ʞʝ 

ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʦʨʛʘʥʠʟʤʦʚ, ʘ 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʙʠʦʩʬʝʨʝ ʩʯʠʪʘʝʪʩʷ ʧʨʦʜʫʢʪʦʤ 

ʬʦʪʦʩʠʥʪʝʟʘ. 

ʇʦ ʠʤʝʶʱʠʤʩʷ ʨʘʩʯʝʪʘʤ (ʀ.ʌ. ʈʝʡʤʝʨʩ, 1990) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʚʦʙʦʜʥʳʡ ʢʠʩʣʦʨʦʜ ʦʙʨʘʟʫʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 1,55*10
9
ʪ/ʛʦʜ, ʘ ʨʘʩʭʦʜʫʝʪʩʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 2,16*10
10

 ʪ/ʛʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʡʯʘʩ ʨʘʩʭʦʜ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ 

ʚ ʥʦʦʩʬʝʨʝ ʙʦʣʝʝ ʯʝʤ ʚ 10 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ. ɽʩʪʴ ʥʘʜ ʯʝʤ 

ʟʘʜʫʤʘʪʴʩʷ ʵʢʦʣʦʛʘʤ! 

ɽʱʝ ʦʜʥʘ ʦʩʦʙʝʥʥʦʩʪʴ: ʚ ʟʝʤʥʦʡ ʢʦʨʝ, 92% ʦʙʲʝʤʘ ʢʦʪʦʨʦʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʜʦʣʶ ʢʠʩʣʦʨʦʜʘ, ʧʨʝʦʙʣʘʜʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʙʝʩʢʠʩʣʦʨʦʜʥʳʝ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʦʙʩʪʘʥʦʚʢʠè. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʣʠʪʦʩʬʝʨʳ 

ʦʪʩʫʪʩʪʚʫʝʪ ʩʚʦʙʦʜʥʳʡ ʢʠʩʣʦʨʦʜ. ɼʘʞʝ ʚ ʙʠʦʩʬʝʨʝ ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ 

ʟʦʥ ʩ çʙʝʩʢʠʩʣʦʨʦʜʥʳʤʠè ʛʣʝʝʚʦʡ ʠ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʘʤʠ.  

ʀʥʦʛʜʘ ʠʭ ʨʘʟʤʝʨʳ ʩʪʦʣʴ ʚʝʣʠʢʠ, ʯʪʦ ʧʨʦʨʳʚ ʚ ʘʪʤʦʩʬʝʨʫ H2S ʠʟ ʪʘʢʠʭ 

ʟʦʥ ʤʦʞʝʪ ʩʪʘʪʴ ʢʘʪʘʩʪʨʦʬʦʡ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʘʩʰʪʘʙʘ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʢ ʦʜʥʦʡ 

ʠʟ ʪʘʢʠʭ ʟʦʥ ʦʪʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʇʨʠʢʘʩʧʠʡ. ʅʫʞʥʦ ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʳʚʘʪʴ 
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ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ (ʚ ʯʘʩʪʥʦʩʪʠ, ʜʦʙʳʯʫ ʥʝʬʪʠ ʠ ʛʘʟʘ), ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʠʭ ʧʨʦʨʳʚʦʚ H2S. 
 

4. ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʫʙʳʚʘʝʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʠ ʘʪʦʤʥʳʭ ʤʘʩʩ. ʊʘʢ, ʠʟ 

ʰʝʩʪʠ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ 98% ʦʙʲʝʤʘ ʢʦʨʳ, ʥʘʠʙʦʣʴʰʠʡ ʧʦʨʷʜʢʦʚʳʡ 

ʥʦʤʝʨ 20, ʘ ʥʘʠʙʦʣʴʰʘʷ ʘʪʦʤʥʘʷ ʤʘʩʩʘ ð 40 (ʉʘ). ʆ ʨʝʟʢʦʤ ʧʨʝʦʙʣʘʜʘʥʠʠ 

ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ ʩʨʝʜʥʷʷ ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʟʝʤʥʦʡ ʢʦʨʳ, 

ʨʘʚʥʘʷ 17,25. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚʩʧʦʤʥʠʤ, ʯʪʦ ʘʪʦʤʥʘʷ ʤʘʩʩʘ As ʨʘʚʥʘ 74,92, Sr ð 

87,62, Cd ð 112,41, W ð 183,8, Hg - 200,5, Pb - 207,2 ʠ U - 238,2. ɺ ʙʠʦʩʬʝʨʝ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʚʝʨʭʥʠʡ ʩʣʦʡ ʟʝʤʥʦʡ ʢʦʨʳ ʩ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʴʶ ʛʠʜʨʦʩʬʝʨʳ 

ʠ ʘʪʤʦʩʬʝʨʳ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʳʨʘʞʝʥʦ ʝʱʝ ʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʦ. 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʦʟʚʦʣʠʣʘ ʘʚʪʦʨʫ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ 

ʚʘʞʥʳʡ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ ʚʳʚʦʜ: 

ʧʨʦʮʝʩʩ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʨʦʠʩʭʦʜʠʣ ʚ ʩʨʝʜʝ 

ʩ ʨʝʟʢʠʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʝʛʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘʜ ʪʷʞʝʣʳʤʠ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʩʪʘʥʦʚʷʪʩʷ ʧʦʥʷʪʥʳʤʠ ʪʦʢʩʠʯʥʦʩʪʴ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

ʧʨʠ ʠʭ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ çʙʠʦʣʦʛʠʯʝʩʢʘʷ ʚʘʞʥʦʩʪʴè ʵʣʝʤʝʥʪʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʠʥʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. 
 

5. ɺ ʪʘʙʣʠʮʝ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ ʵʣʝʤʝʥʪʳ ʩ ʯʝʪʥʳʤʠ ʧʦʨʷʜʢʦʚʳʤʠ 

ʥʦʤʝʨʘʤʠ ʠ ʯʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʘʪʦʤʥʦʡ ʤʘʩʩʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ, ʯʝʤ ʨʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʥʝʯʝʪʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʘʪʦʤʥʦʡ ʤʘʩʩʳ. ʕʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʠʪʘʣʴʷʥʮʝʤ 

ɻ. ʆʜʜʦ ʠ ʘʤʝʨʠʢʘʥʮʝʤ ɺ. ɻʘʨʢʠʥʩʦʤ ʠ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ʆʜʜʦðɻʘʨʢʠʥʩʘ. 

ɺʩʝʛʦ ʞʝ ʤʘʩʩʦʚʳʝ ʢʣʘʨʢʠ ʯʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʫʤʤʝ ʙʦʣʝʝ 86%. 
 

6. ʆʩʦʙʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʦʪʣʠʯʘʶʪʩʷ ʵʣʝʤʝʥʪʳ, ʘʪʦʤʥʘʷ 

ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʢʨʘʪʥʘ ʯʝʪʳʨʝʤ: ʆ (16), Mg (24), Si (28), ʉʘ (40). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʝʩʣʠ ʙʳ ʥʝ ʫʜʘʣʝʥʠʝ ʩ ɿʝʤʣʠ ʅʝ, Ne, Ar, ʪʦ ʠʭ ʢʣʘʨʢʠ 

ʙʳʣʠ ʙʳ ʥʝʩʨʘʚʥʝʥʥʦ ʙʦʣʴʰʠʤʠ. 
 

7. ʉʨʝʜʠ ʠʟʦʪʦʧʦʚ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʦʙʳʯʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʪʝ, ʤʘʩʩʦʚʦʝ 

ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʢʨʘʪʥʦ ʯʝʪʳʨʝʤ. ʆʩʦʙʦ ʥʘʛʣʷʜʥʦ ʵʪʦ ʚʳʛʣʷʜʠʪ ʥʘ ʧʨʠʤʝʨʝ 

ʢʠʩʣʦʨʦʜʘ ʠ ʩʝʨʳ (ʟʥʘʯʝʥʠʷ ʫʢʘʟʘʥʳ ʚ ʧʨʦʮʝʥʪʘʭ): 
16
ʆ - 99,75

 32
S - 95,1

 

17
ʆ - 0,04

 34
S - 4,22

 

18
ʆ - 0,20

 33
S - 0,75

 

 36
S - 0,02

 

 

8. ʋ ʥʝʯʝʪʥʳʭ ʠ ʯʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʯʘʣʘ ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ 

ʥʘʠʙʦʣʴʰʠʝ ʢʣʘʨʢʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʰʝʩʪʳʭ ʧʦ ʧʦʨʷʜʢʦʚʦʤʫ ʥʦʤʝʨʫ ʵʣʝʤʝʥʪʦʚ: 

ʫ ʥʝʯʝʪʥʳʭ ð ʅ (1), N (7), ɸ1 (13), ʂ (19), ʄn (25); ʫ ʯʝʪʥʳʭ ð ʆ (8), Si (14), 

ʉʘ (20), Fe (26). ʆʙʲʷʩʥʝʥʠʷ ʵʪʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʢʘ ʥʝʪ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʨʘʩʩʤʦʪʨʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʥʝʡ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʪ ʣʝʛʢʠʝ 

ʵʣʝʤʝʥʪʳ ʩ ʯʝʪʥʳʤʠ ʧʦʨʷʜʢʦʚʳʤʠ ʥʦʤʝʨʘʤʠ ʠ ʘʪʦʤʥʳʤʠ ʤʘʩʩʘʤʠ, 
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ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʟʦʪʦʧʘʤʠ ʪʠʧʘ 4n ʩ ʫʩʪʦʡʯʠʚʳʤʠ ʷʜʨʘʤʠ ʠ ʫʜʝʨʞʠʚʘʶʱʠʝʩʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʦʣʝʤ ɿʝʤʣʠ. 
 
 

ʄʝʩʪʥʳʝ ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʟʝʤʥʫʶ ʢʦʨʫ ʚ ʩʨʝʜʥʝʤ, ʙʝʟ ʫʯʝʪʘ ʦʪʜʝʣʴʥʳʭ 

ʨʝʛʠʦʥʦʚ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦʨʦʜ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʘ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʮʝʣʦʤ ʰʝʣ ʥʘ ɿʝʤʣʝ ʚ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʤʝʥʥʦ ʵʪʠʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ.  

ʆʜʥʘʢʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʚ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ ʧʦʨʦʜ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʥʝʢʦʪʦʨʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʭ ʧʨʝʜʝʣʘʭ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ 

ʦʪ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʠ ʦʪ ʢʣʘʨʢʘ 

ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʮʝʣʦʤ. 

ʏʪʦʙʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʙʱʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʠʭ 

ʨʝʛʠʦʥʦʚ, ʙʳʣʦ ʚʚʝʜʝʥʦ ʪʘʢʦʝ ʧʦʥʷʪʠʝ, ʢʘʢ ʤʝʩʪʥʳʝ, ʠʣʠ ʨʝʛʠʦʥʘʣʴʥʳʝ, ʢʣʘʨʢʠ. 

ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ 

ʢʦʨʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ʠ ʤʦʛʫʪ ʙʳʪʴ ʤʘʩʩʦʚʳʤʠ, ʘʪʦʤʥʳʤʠ, ʦʙʲʝʤʥʳʤʠ. 

ʏʘʩʪʥʳʝ ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʤʦʛʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʢʨʫʧʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ ʢʘʢ ʈʫʩʩʢʘʷ ʧʣʘʪʬʦʨʤʘ, ʋʨʘʣ, ʂʘʚʢʘʟ, 

ɸʣʪʘʡ ʠ ʜʨ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ʧʦ ʚʝʣʠʯʠʥʘʤ ʤʝʩʪʥʳʭ ʢʣʘʨʢʦʚ ʦʪʜʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʋʨʘʣʘ ʧʦʚʳʰʝʥʳ ʟʥʘʯʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʣʘʨʢʦʚ Mg, Ni, ʜʣʷ 

ɸʣʪʘʷ ð Pb, Ag, ʜʣʷ ɼʞʫʥʛʘʨʩʢʦʛʦ ɸʣʘʪʘʫ ʠ ʂʘʨʘʪʘʫ ð ʈʔ ʠ Zn. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʧʦʜʯʝʨʢʥʫʪʴ ʠʭ ʦʪʣʠʯʠʝ ʦʪ 

ʩʨʝʜʥʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʠʪʦʩʬʝʨʳ, ɺʝʨʥʘʜʩʢʠʤ ʚ 1937 ʛ. ʙʳʣʦ ʚʚʝʜʝʥʦ 

ʪʘʢʦʝ ʧʦʥʷʪʠʝ, ʢʘʢ ʢʣʘʨʢ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ 

ʤʝʩʪʥʦʛʦ ʢʣʘʨʢʘ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʢʣʘʨʢʫ ʟʝʤʥʦʡ ʢʦʨʳ ʵʪʦʛʦ ʞʝ 

ʵʣʝʤʝʥʪʘ. 
 

ʂʣʘʨʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʯʚ, ʦʢʝʘʥʠʯʝʩʢʠʭ 
ʦʩʘʜʢʦʚ, ʚʦʜ. ʀʭ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʤʳ 

 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. ʇʦ ʤʘʩʩʝ ʵʪʠ ʧʦʨʦʜʳ ʩʦʩʪʘʚʣʷʶʪ 

ʧʦʜʘʚʣʷʶʱʫʶ ʯʘʩʪʴ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʙʠʦʩʬʝʨʳ. ɽʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʚʦʣʶʮʠʶ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ (ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ) ʩʦʩʪʘʚʘ ʩʨʝʜʳ ʝʛʦ ʦʙʠʪʘʥʠʷ, ʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ 

ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʥʥʦ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ 

ʦʧʨʝʜʝʣʷʣʦ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʝʨʚʳʭ ʦʨʛʘʥʠʟʤʦʚ 

(ʩʦʩʪʘʚʦʤ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʚ ʧʨʠʥʮʠʧʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʩʦʩʪʘʚ ʙʦʣʴʰʝʡ 

ʯʘʩʪʠ ʙʠʦʩʬʝʨʳ, ʪʘʢ ʢʘʢ ʟʘ ʩʯʝʪ ʵʪʠʭ ʧʦʨʦʜ ʚ ʦʩʥʦʚʥʦʤ ʬʦʨʤʠʨʦʚʘʣʠʩʴ 
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ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, ʦʩʘʜʢʠ ʠ ʧʦʯʚʳ).  

ʈʘʟʣʠʯʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʜʝʣʴʥʳʭ ʪʠʧʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʠʟʫʯʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤʠ ʚʝʜʫʱʠʤʠ ʛʝʦʭʠʤʠʢʘʤʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʨʘʟʨʘʙʦʪʘʥʦ ʜʦʚʦʣʴʥʦ ʩʪʨʦʡʥʦʝ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʫʯʝʥʠʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ 

ʧʦʨʦʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨ ʠʜʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ: 

ʋʣʴʪʨʘʦʩʥʦʚʥʳʝŸʆʩʥʦʚʥʳʝŸʂʠʩʣʳʝ (ʧʦʨʦʜʳ) 

ɺ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ (ʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʪʘʜʠʠ 

ʧʨʦʪʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ) ʩʦʙʩʪʚʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʦʙʨʘʟʫʶʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʯʝʪʥʦ-ʘʪʦʤʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ. ɸʪʦʤʥʳʝ 

ʤʘʩʩʳ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ ʢʨʘʪʥʳ ʯʝʪʳʨʝʤ. ɿʥʘʯʝʥʠʷ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʩʦʢʠ ʠ ʵʥʝʨʛʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʦʙʨʘʟʫʝʤʳʭ ʤʠʥʝʨʘʣʦʚ (ʬʦʨʩʪʝʨʠʪ ð 17574, ʩʣʶʜʘ 

ð 12560, ʧʦʣʝʚʳʝ ʰʧʘʪʴ 10048 ʢɼʞ). ʆʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʦʪʚʝʯʘʶʱʠʤʠ 

ʵʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʷʚʣʷʶʪʩʷ Mg, Si, ʆ, Ti, Fʝ, Ni, Cr. Pt, Ru, Os, C, S, Ca (ʫ 

ʧʦʜʯʝʨʢʥʫʪʳʭ ʘʪʦʤʥʳʝ ʤʘʩʩʳ ʢʨʘʪʥʳ 4). 

ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʘʜʠʷ ʧʨʦʪʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʭʦʜʠʣʘ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ 

ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ ʩʫʣʴʬʠʜʳ, ʢʘʨʙʠʜʳ, ʫʛʣʝʨʦʜ. ɺ ʫʩʣʦʚʠʷʭ ʙʠʦʩʬʝʨʳ 

ʤʠʥʝʨʘʣʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ, ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʨʘʟʨʫʰʘʶʪʩʷ. 

ʉʦʩʪʘʚʣʷʶʱʠʝ ʠʭ ʵʣʝʤʝʥʪʳ ʥʘʯʠʥʘʶʪ ʧʝʨʝʭʦʜʠʪʴ ʚ ʨʘʩʪʚʦʨʳ, ʩʪʘʥʦʚʷʩʴ ʦʩʦʙʦ 

ʜʦʩʪʫʧʥʳʤʠ ʞʠʚʳʤ ʦʨʛʘʥʠʟʤʘʤ. 

ɺʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʪʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʠʟʦʤʦʨʬʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʚ ʤʠʥʝʨʘʣʘʭ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ. ʊʘʢ ʢʘʢ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ ʦʩʥʦʚʥʳʭ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʦ ʧʨʠ ʚʳʚʝʪʨʠʚʘʥʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʫʩʣʦʚʠʷʭ ʙʠʦʩʬʝʨʳ 

ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ ʩʪʘʥʦʚʷʪʩʷ ʩʨʘʟʫ ʮʝʣʳʝ ʛʨʫʧʧʳ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ð ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ. 

ʇʦ ʤʝʨʝ ʧʘʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ (ʩʪʘʜʠʷ ʤʝʟʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ) ʚ ʧʦʨʦʜʘʭ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ SiO2 ð ʥʘʯʠʥʘʶʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ 

ʛʨʘʥʠʪʦʠʜʳ. ʇʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʨʦʣʴ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ (Mg
2+

, Fe
2+

, 

Ca
2+

) ʠ ʚʦʟʨʘʩʪʘʝʪ ʦʜʥʦʚʘʣʝʥʪʥʳʭ (Na
+
, K

+
). ʆʪʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʜʠʝʡ ʧʨʦʪʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʠʜʝʪ ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩ ʤʝʥʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʕʂ ʠ ʠʦʥʥʳʤʠ 

ʧʦʪʝʥʮʠʘʣʘʤʠ ʂʘʨʪʣʝʜʞʘ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʢʠʩʣʳʤ ʧʦʨʦʜʘʤ ʝʱʝ ʧʨʦʜʦʣʞʘʶʪ ʧʨʝʦʙʣʘʜʘʪʴ ʯʝʪʥʦ-

ʘʪʦʤʥʳʝ ʵʣʝʤʝʥʪʳ (ʆ, Si), ʥʦ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʥʝʯʝʪʥʦ-ʘʪʦʤʥʳʭ (ɸ1, ʂ, 

Na), ʫʩʣʦʞʥʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ. 

ɸʥʘʣʠʟʠʨʫʷ ʚ ʮʝʣʦʤ ʢʣʘʨʢʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʝʩʤʦʪʨʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʪʣʠʯʠʷ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ, ʦʩʥʦʚʥʳʭ ʠ ʢʠʩʣʳʭ ʧʦʨʦʜ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʭ ʢʣʘʨʢʦʚ ʙʣʠʟʢʠ ʢ ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʥʳʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʣʘʨʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ. ʆʜʥʘʢʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʚʘʞʥʳ (ʥʝ ʤʝʥʝʝ, ʯʝʤ ʘʙʩʦʣʶʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʞʜʦʛʦ ʠʟ 
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ʵʣʝʤʝʥʪʦʚ) ʚʦʟʤʦʞʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ, 

ʚʳʟʚʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʝʱʝ ʚ çʧʨʘʨʝʛʠʦʥʝè ʢʦʥʢʨʝʪʥʳʭ 

ʪʠʧʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ.  

ʏʪʦʙʳ ʨʘʩʩʤʦʪʨʝʪʴ ʪʘʢʠʝ ʢʦʣʝʙʘʥʠʷ ʠ ʠʭ ʚʝʨʦʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʞʠʚʳʝ 

ʦʨʛʘʥʠʟʤʳ, ʘʚʪʦʨʦʤ ʦʧʨʝʜʝʣʷʣʩʷ ʘʙʩʦʣʶʪʥʳʡ ʨʘʟʙʨʦʩ ʩʦʜʝʨʞʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ 

ʵʣʝʤʝʥʪʘ. ʆʥ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʣʘʨʢʦʚʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʜʥʦʛʦ ʪʠʧʘ, ʢ 

ʤʠʥʠʤʘʣʴʥʦʤʫ ʢʣʘʨʢʦʚʦʤʫ ʩʦʜʝʨʞʘʥʠʶ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʫ, ʝʩʪʝʩʪʚʝʥʥʦ, ʫʞʝ 

ʜʨʫʛʦʡ ʪʠʧ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. 

ʏʝʤ ʚʳʰʝ ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʪʘʢʦʛʦ ʨʘʟʙʨʦʩʘ, ʪʝʤ ʢ ʙʦʣʴʰʠʤ 

ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʣʝʙʘʥʠʷʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʞʠʚʳʝ 

ʦʨʛʘʥʠʟʤʳ (ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʛʦʚʦʨʠʤ ʥʝ ʦ ʢʦʥʢʨʝʪʥʳʭ ʠʭ ʚʠʜʘʭ, ʘ ʦ ʞʠʟʥʠ ʥʘ 

ɿʝʤʣʝ ʢʘʢ ʪʘʢʦʚʦʡ). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʰʝʥʠʷ Cmax/Cmin 

ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʦʨʛʘʥʠʟʤʳ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʦʣʴʢʦ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʠʣʠ 

ʦʯʝʥʴ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʦʢʨʫʞʘʶʱʝʡ (ʧʠʪʘʶʱʝʡ) ʩʨʝʜʝ ʢʦʥʢʨʝʪʥʦʛʦ 

ʵʣʝʤʝʥʪʘ.  

ʕʪʦ ʷʚʣʝʥʠʝ ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʩʪʝʥʠʷʤ ʚ 

ʩʚʷʟʠ ʩ ʧʦʠʩʢʘʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʊʘʢ, ʨʷʜ ʨʘʩʪʝʥʠʡ 

ʧʨʦʠʟʨʘʩʪʘʝʪ ʪʦʣʴʢʦ ʥʘʜ ʨʫʜʘʤʠ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʩʦʪʥʠ ʪʳʩʷʯʠ ʨʘʟ 

ʚʳʰʝ, ʯʝʤ ʚʦ ʚʤʝʱʘʶʱʠʭ ʠʭ ʧʦʨʦʜʘʭ.  

ɼʨʫʛʠʝ ʨʘʩʪʝʥʠʷ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʵʪʠʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʠʣʠ ʧʦʛʠʙʣʠ, ʠʣʠ 

ʧʨʠʦʙʨʝʣʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝʭʘʨʘʢʪʝʨʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʛʦʚʦʨʠʪʴ ʦ 

ʧʨʦʮʝʩʩʘʭ ʤʫʪʘʮʠʠ. ʀʭ ʥʘʯʘʣʦʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ) ʚ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʞʠʟʥʠ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʧʦʷʚʣʝʥʠʝ ʦʨʛʘʥʠʟʤʦʚ, ʞʠʚʫʱʠʭ ʧʨʠ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ (ʥʠʟʢʠʭ) 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ʈʘʟʙʨʦʩ 

ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ Cmax/Cmin ʜʣʷ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʚʝʣʠʯʠʥʳ, ʙʣʠʟʢʦʡ ʢ ʝʜʠʥʠʮʝ, ʜʦ 4250. 

(ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʪʦʯʥʝʥʠʠ ʢʣʘʨʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʫʢʘʟʘʥʥʳʝ 

ʚʝʣʠʯʠʥʳ ʤʦʛʫʪ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʠʪʴʩʷ, ʥʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʥʝ ʙʫʜʫʪ ʥʦʩʠʪʴ 

ʛʣʦʙʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦʭʨʘʥʷʪʩʷ.)  

ʈʷʜ ʧʦʣʫʯʝʥʥʳʭ ʮʠʬʨ ʥʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʦʪʜʝʣʴʥʘʷ ʚʳʙʦʨʢʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʥʝʡ ʟʥʘʯʝʥʠʡ Cmax/Cmin ʧʦʜʯʠʥʷʝʪʩʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʌʦʥʦʚʦʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ ʦʪʥʦʰʝʥʠʷ, ʨʘʚʥʫʶ 13 

ʧʨʠ çʤʠʥʠʤʘʣʴʥʦ ʘʥʦʤʘʣʴʥʳʭè ʟʥʘʯʝʥʠʷʭ 127 ʠ 1,3. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ. 

ɺ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʧʦʧʘʜʘʶʪ 13 ʵʣʝʤʝʥʪʦʚ ʩ Cmax/Cmin > 127; ʚʦ ʚʪʦʨʫʶ, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ,ð 45 ʵʣʝʤʝʥʪʦʚ ʩ ʨʘʟʙʨʦʩʦʤ ʟʥʘʯʝʥʠʡ Cmax/Cmin ʦʪ 80 ʜʦ 

2,19, ʘ ʚ ʪʨʝʪʴʶ ʛʨʫʧʧʫ ð 9 ʵʣʝʤʝʥʪʦʚ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʜʘʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʦʪ 2 

ʜʦ 1.  

ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ Cmax/Cmin ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 13 ʩʣʝʜʫʶʱʠʭ 
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ʵʣʝʤʝʥʪʦʚ: Th (4250), ɺʘ (4000), U (3000), ʂ (1200), Rb (850), ʉʛ (800), Ni (500), 

Sr (465), ʉʝ (322), ʉʦ (150), La (140), Nd (140), Mg (127). ʇʝʨʚʳʝ ʪʨʠ ʠʟ ʥʠʭ 

ʚʳʜʝʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦ ʙʦʣʴʰʠʤ ʘʙʩʦʣʶʪʥʳʤ ʨʘʟʙʨʦʩʦʤ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ 

ʜʘʞʝ ʚ ʵʪʦʡ ʘʥʦʤʘʣʴʥʦʡ ʛʨʫʧʧʝ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ Th 

(ʪʦʨʠʷ) ʠ U (ʫʨʘʥʘ) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʠʩʣʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʘ 

ʤʠʥʠʤʘʣʴʥʳʝ ð ʜʣʷ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ ɸ.ɸ. 

ʉʤʳʩʣʦʚʘ ʦʪʤʝʯʘʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝ ʱʝʣʦʯʥʳʭ ʩʝʨʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʵʣʝʤʝʥʪʘʤʠ U ʠ Th.  

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ 

ʧʦʨʦʜ ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʙʦʠʭ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʙʦʣʴʰʠʭ 

ʠʥʪʝʨʚʘʣʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʪʠʥʥʳʡ ʨʘʟʙʨʦʩ ʤʝʩʪʥʳʭ ʢʣʘʨʢʦʚ U ʠ Th 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʝʱʝ ʙʦʣʴʰʝ.  

ɺ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜʘʭ ʵʪʠ ʵʣʝʤʝʥʪʳ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʘʩʩʝʷʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʘʭ, ʚ ʵʬʬʫʟʠʚʥʳʭ ð ʚ ʚʫʣʢʘʥʠʯʝʩʢʦʤ 

ʩʪʝʢʣʝ, ʘ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʬʬʫʟʠʚʥʳʭ ʧʦʨʦʜ ʦʥʠ ʯʘʩʪʦ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʥʘ ʛʨʘʥʠʮʘʭ ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ ʠ ʚ ʤʠʢʨʦʪʨʝʱʠʥʘʭ. ʇʨʠ 

ʵʪʦʤ ʦʙʘ ʤʝʪʘʣʣʘ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʧʦʜʚʠʞʥʳʤʠ ʠ ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ 

ʚʳʱʝʣʘʯʠʚʘʶʪʩʷ, ʩʪʘʥʦʚʷʩʴ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʢʣʘʨʢ ɺʘ (ʙʘʨʠʷ) ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʩʨʝʜʥʠʭ ʧʦ ʩʦʩʪʘʚʫ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʘ ʤʠʥʠʤʘʣʴʥʳʡ ð ʜʣʷ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʪʨʠ ʵʣʝʤʝʥʪʘ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝ ʪʦʣʴʢʦ 

ʥʠʞʝ çʣʠʥʠʠ ʞʠʟʥʠè, ʥʦ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʩʩʦʚʳʤʠ ʯʠʩʣʘʤʠ ʦʪ 137 (ɺʘ) ʜʦ 

238 (U) ʧʨʠ ʩʨʝʜʥʝʡ ʘʪʦʤʥʦʡ ʤʘʩʩʝ ʟʝʤʥʦʡ ʢʦʨʳ 17,25, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ 

ʨʝʛʠʦʥʘʭ, ʩʣʦʞʝʥʥʳʭ ʢʠʩʣʳʤʠ, ʘ ʦʪʯʘʩʪʠ ʠ ʩʨʝʜʥʠʤʠ ʧʦʨʦʜʘʤʠ, ʩʦʟʜʘʚʘʣʠʩʴ 

ʚʝʩʴʤʘ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩ ʨʝʟʢʦ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʫʜʘʣʝʥʥʳʭ ʦʪ çʣʠʥʠʠ ʞʠʟʥʠè ʪʷʞʝʣʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ.  

ɺ ʢʠʩʣʳʭ ʧʦʨʦʜʘʭ ʪʘʢʞʝ ʨʝʟʢʦ ʧʦʚʳʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʂ, Rb, ʘ ʚ ʩʨʝʜʥʠʭ 

ð ʦʩʦʙʦ ʪʷʞʝʣʳʭ ʉʝ, La ʠ Nd. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʚ ʨʝʛʠʦʥʘʭ ʩ ʪʘʢʠʤʠ 

ʧʦʨʦʜʘʤʠ ʥʦʨʤʘʣʴʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʤʦʛʣʠ ʥʝ ʚʩʝ ʦʨʛʘʥʠʟʤʳ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʳ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ, ʦʜʥʘʢʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʭ ʤʘʩʩʦʚʳʝ ʯʠʩʣʘ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʠ ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʙʣʠʟʠ ʦʪ çʣʠʥʠʠ ʞʠʟʥʠè. 

ɹʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʢʣʘʨʢʦʚ ʵʣʝʤʝʥʪʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʧʝʨʚʦʡ ʛʨʫʧʧʳ 

ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ ʦʢʘʟʘʣ ʥʝʩʦʤʥʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʥʘ 

çʧʨʠʚʳʢʘʥʠʝè ʦʨʛʘʥʠʟʤʦʚ (ʚ ʮʝʣʦʤ, ʘ ʥʝ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ) ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘʯʘʣʦ ʫʛʨʦʞʘʪʴ ʨʘʟʚʠʪʠʶ ʞʠʟʥʠ, ʦʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʯʨʝʟʚʳʯʘʡʥʦ 

ʚʳʩʦʢʠʤ ð ʧʨʝʚʳʰʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʣʘʨʢʠ ʵʣʝʤʝʥʪʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʭ ʨʘʟʙʨʦʩʫ, ʪ.ʝ. ʚ ʩʦʪʥʠ ʪʳʩʷʯ ʨʘʟ.  

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚʳʟʚʘʣʠ ʤʫʪʘʮʠʶ ʠʣʠ 

ʚʳʤʠʨʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʦʨʛʘʥʠʟʤʦʚ, ʦʥʠ ʜʦʣʞʥʳ ʦʭʚʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ 

ʪʝʨʨʠʪʦʨʠʠ, ʘ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʦʪʜʝʣʴʥʳʤʠ ʨʫʜʥʳʤʠ ʪʝʣʘʤʠ. ɺ ʧʨʠʨʦʜʝ 

ʧʦʜʦʙʥʳʭ ʷʚʣʝʥʠʡ ʥʝ ʙʳʣʦ. 
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ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʚʝʣʠʯʠʥʳ ʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʤʘʣʦʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʦʷʥʥʦ ʫʪʦʯʥʷʶʪʩʷ ʨʘʟʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ.  

ɽʩʣʠ ʚʟʷʪʴ ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʧʦ 

ʜʘʥʥʳʤ ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ, ʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ Cmax/Cmin ʧʦʣʫʯʠʤ 

ʪʘʢʦʡ ʨʷʜ: Th (3600), U (1944), ɺʘ(83ʆ), Ni (250), ʂ (111), Rb (100), Sr (80), Gr 

(80), Mg (46), Co (40).  

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʥʝʝ ʧʨʠʚʝʜʝʥʥʳʤʠ, ʦʪʤʝʯʘʶʪʩʷ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ: ʠʟ çʩʪʘʨʦʛʦè ʨʷʜʘ ʚʳʰʣʠ ʣʘʥʪʘʥʦʠʜʳ (ʠʭ ʢʣʘʨʢʠ ʧʨʦʜʦʣʞʘʶʪ 

ʫʪʦʯʥʷʪʴʩʷ), ʘ ʥʝʩʢʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ ʠʟʤʝʥʠʣʠ ʩʚʦʝ ʤʝʩʪʦ ʚ ʛʨʫʧʧʝ. ʕʪʦ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʳʚʦʜʦʚ ʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʷʚʣʝʥʠʠ. 

ʂ ʵʣʝʤʝʥʪʘʤ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʟʙʨʦʩʦʤ ʢʣʘʨʢʦʚʳʭ 

ʩʦʜʝʨʞʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʪʥʝʩʝʥʳ ʩʣʝʜʫʶʱʠʝ: Se 

(1), J (1), S (1), Bi (1,43), ɸʠ (1,5), Ge (1,5), Si (1,69), Hg (1,8), As (2). ʇʦʩʢʦʣʴʢʫ 

ʪʦʣʴʢʦ ʪʨʠ ʧʝʨʚʳʭ ʵʣʝʤʝʥʪʘ ʚ ʨʷʜʫ ʦʪʥʦʩʷʪʩʷ ʢ ʩʦʙʩʪʚʝʥʥʦ ʘʥʦʤʘʣʴʥʳʤ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚʳʙʦʨʢʝ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫʪʦʯʥʝʥʠʝ ʢʣʘʨʢʦʚ 

ʚʥʝʩʝʪ ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʨʝʪʴʶ ʛʨʫʧʧʫ ʵʣʝʤʝʥʪʦʚ. ɽʩʣʠ ʚʟʷʪʴ ʦʪʥʦʰʝʥʠʝ 

ʢʣʘʨʢʦʚ Cmax/Cmin ʧʦ ɺʠʥʦʛʨʘʜʦʚʫ, ʪʦ ʠʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʳ ʜʦʣʞʥʳ 

çʫʡʪʠè Bi ʠ Hg ʩ ʦʪʥʦʰʝʥʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳʤʠ 10 ʠ 8, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʬʦʥʦʚʦʡ ʚʝʣʠʯʠʥʳ ʦʪʥʦʰʝʥʠʷ ʢʣʘʨʢʦʚ (ʦʥʘ ʨʘʚʥʘ 13). 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʵʣʝʤʝʥʪʳ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʛʨʫʧʧʘʤ, 

ʜʦʚʦʣʴʥʦ ʯʝʪʢʦ ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʨʷʜʫ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʯʪʦ ʩʘʤʦ ʧʦ 

ʩʝʙʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʩʪʦ ʩʣʫʯʘʡʥʦʩʪʴʶ), ʘ ʦʩʦʙʝʥʥʦ ʧʦ ʚʝʣʠʯʠʥʘʤ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ ʠ ʧʦʪʝʥʮʠʘʣʦʚ ʠʦʥʠʟʘʮʠʠ (ʈʠʩ. 16). 

 
ʈʠʩ. 16 ɺʝʣʠʯʠʥʳ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ (ʘ) ʠ ʧʦʪʝʥʮʠʘʣʦʚ ʠʦʥʠʟʘʮʠʠ (ʙ) ʫ ʵʣʝʤʝʥʪʦʚ, 

ʚʳʜʝʣʷʝʤʳʭ ʚ ʛʨʫʧʧʳ I ʠ III ʧʦ ʟʥʘʯʝʥʠʷʤ ʘʙʩʦʣʶʪʥʦʛʦ ʨʘʟʙʨʦʩʘ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʞʠʟʥʴ, ʥʘʯʘʚʰʘʷʩʷ ʥʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ɿʝʤʣʠ, 

ʜʦʣʞʥʘ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʦʯʝʥʴ ʥʝʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ.  

ʇʝʨʚʳʝ ʤʫʪʘʮʠʠ ʦʨʛʘʥʠʟʤʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʚ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʥʥʦ ʵʪʦʡ ʛʨʫʧʧʳ 

ʠʣʠ ʵʣʝʤʝʥʪʦʚ ʩ ʙʣʠʟʢʠʤʠ ʢ ʥʠʤ ʟʥʘʯʝʥʠʷʤʠ ʦʪʥʦʰʝʥʠʷ Cmax/Cmin. ʋʜʘʣʝʥʥʦʩʪʴ 

ʦʪ çʣʠʥʠʠ ʞʠʟʥʠè ʧʨʠ ʵʪʦʤ ʤʦʛʣʘ ʥʝ ʠʛʨʘʪʴ ʨʝʰʘʶʱʝʡ ʨʦʣʠ. 

ʆʩʘʜʦʯʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ (ʠʭ ʤʠʥʝʨʘʣʳ), ʧʦʧʘʚ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʫʩʣʦʚʠʷ (ʚ ʙʠʦʩʬʝʨʫ), ʩʪʘʣʠ çʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷè ʢ ʥʦʚʳʤ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ 

ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʅʘʯʘʣʠʩʴ ʧʨʦʮʝʩʩʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʦʥʠ ʙʳʣʠ 

ʥʝʦʜʠʥʘʢʦʚʳʤʠ. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʱʫʶ ʩʭʝʤʫ ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʤʦʩʪʠ ʠ ʧʦʚʝʜʝʥʠʷ 

ʤʠʥʝʨʘʣʦʚ, ʧʦʧʘʚʰʠʭ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʦʙʦʣʦʯʢʠ ɿʝʤʣʠ, ʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʜʨʦʙʣʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ (ʤʠʥʝʨʘʣʦʚ), ʚʝʜʫʱʝʝ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʠʭ ʜʠʩʧʝʨʩʥʦʩʪʠ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʝʥʠʷ ʤʠʥʝʨʘʣʦʚ, 

ʩʦʨʙʮʠʠ ʠ ʜʨʫʛʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʠ ʜʨʦʙʣʝʥʠʠ ʜʦ ʢʦʣʣʦʠʜʥʳʭ ʨʘʟʤʝʨʦʚ ʧʝʩʯʠʥʢʠ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ʦʙʲʝʤʦʤ 1 ʤʤ
3
 ʩʫʤʤʘʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʯʘʩʪʠʮ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

60 000 ʨʘʟ. ʉʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʛʠʧʩʘ (CaSO4 Å 2H2O) ʧʨʠ ʜʨʦʙʣʝʥʠʠ ʦʪ 0,5 ʜʦ 

0,1 ʤʢʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 4 ʜʦ 12%, ʘ ʙʘʨʠʪʘ (BaSO4 ʜʦ 80% (ɸ.ʀ. ʇʝʨʝʣʴʤʘʥ, 

1989). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʨʦʙʣʝʥʠʝ ʧʦʨʦʜ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʠʩʪʠʥʥʳʭ ʠ 

ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʙʦʩʦʙʣʝʥʠʶ ʯʘʩʪʠʮ ʩ ʨʘʟʣʠʯʥʦʡ ʫʜʝʣʴʥʦʡ ʤʘʩʩʦʡ, 

ʚʳʜʝʣʝʥʠʶ ʨʘʩʪʚʦʨʦʚ ʠ ʛʘʟʦʚ ʠʟ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ. ʇʨʠ ʵʪʦʤ ʭʠʤʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ, ʥʘʭʦʜʠʚʰʠʝʩʷ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ, ʥʘʯʠʥʘʶʪ ʧʝʨʝʭʦʜʠʪʴ ʤʠʥʠʤʫʤ 

ʚ ʪʨʠ ʥʦʚʳʝ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ. ʄʠʛʨʘʮʠʷ ʚ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʧʦʜʯʠʥʷʝʪʩʷ ʩʚʦʠʤ 

ʟʘʢʦʥʘʤ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠʭ 

ʩʦʝʜʠʥʝʥʠʡ) ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ.  

ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʤʥʦʛʠʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʨʘʥʝʝ ʥʘʭʦʜʠʚʰʠʝʩʷ 

ʚʤʝʩʪʝ, ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʧʦʨʦʟʥʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ, ʘ ʠʥʦʛʜʘ ʠ ʚ 

ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʙʠʦʩʬʝʨʳ. ɺ ʧʨʦʮʝʩʩʝ ʤʠʛʨʘʮʠʠ, ʦʪ ʤʘʪʝʨʠʥʩʢʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʜʦ ʦʩʘʜʦʯʥʳʭ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʴʩʷ ʚ ʢʦʨʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʧʦʯʚʘʭ, ʠʣʘʭ, ʚʦʜʘʭ, 

ʘʪʤʦʩʬʝʨʝ ʠ, ʢʦʥʝʯʥʦ ʞʝ, ʚ ʦʨʛʘʥʠʟʤʘʭ, ʢʫʜʘ ʦʥʠ ʧʦʧʘʜʘʶʪ ʠʟ ʚʩʝʭ ʵʪʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ. 

ʅʘ ʢʦʥʪʠʥʝʥʪʘʭ ʦʩʥʦʚʥʳʤʠ ʪʚʝʨʜʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, 

ʩʣʫʞʘʱʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ ʩʦ ʚʨʝʤʝʥʠ 

ʧʦʷʚʣʝʥʠʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʷʚʣʷʣʠʩʴ ʩʘʤʠ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ ʠ ʧʦʯʚʳ. ɺʘʞʥʝʡʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʟʥʠ, ʠʟʤʝʥʠʚʰʠʭʩʷ ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ,ð 

ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ 

ʧʦʯʚ, ʘ ʪʘʢʞʝ ʜʦʩʪʫʧʥʦʩʪʴ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ. 
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ɼʦʩʪʫʧʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʣʘʛʘʶʱʠʭ ʤʠʥʝʨʘʣʳ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʨʛʘʥʠʟʤʘʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʤʠʥʝʨʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʙʠʦʩʬʝʨʳ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʪʦʢ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʵʥʝʨʛʠʝʡ, ʪʠʧʦʤ ʭʠʤʠʯʝʩʢʦʡ 

ʩʚʷʟʠ, ʟʥʘʯʝʥʠʷʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʕʂ), ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ ʠ 

ʚʘʣʝʥʪʥʦʩʪʷʤʠ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʵʪʠ ʨʝʰʝʪʢʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʙʠʦʩʬʝʨʳ ʧʨʝʦʙʣʘʜʘʝʪ 

ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʠʥʝʨʘʣʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʦʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʳ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʢʣʘʨʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʧʦʯʚ, ʩʣʝʜʫʝʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʪʦ, ʫʚʝʣʠʯʠʣʩʷ ʣʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʘʙʩʦʣʶʪʥʳʡ ʨʘʟʙʨʦʩ 

ʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʠʥʝʥʪʦʚ (Cmax/Cmin).  

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʙʩʦʣʶʪʥʦʛʦ ʨʘʟʙʨʦʩʘ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ, ʚʦ 

ʩʢʦʣʴʢʦ ʨʘʟ ʦʥ ʩʪʘʣ ʙʦʣʴʰʝ ʘʙʩʦʣʶʪʥʦʛʦ ʨʘʟʙʨʦʩʘ ʢʣʘʨʢʦʚ ʵʪʠʭ ʞʝ ʵʣʝʤʝʥʪʦʚ 

ʧʨʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʪʦʣʴʢʦ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ɼʣʷ ʵʪʦʛʦ ʚʝʣʠʯʠʥʫ 

ʘʙʩʦʣʶʪʥʦʛʦ ʨʘʟʙʨʦʩʘ ʢʣʘʨʢʦʚ ʚ ʧʦʨʦʜʘʭ ʢʦʥʪʠʥʝʥʪʦʚ (ʩ ʫʯʝʪʦʤ ʦʩʥʦʚʥʳʭ 

ʪʠʧʦʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ) ʩʣʝʜʫʝʪ ʨʘʟʜʝʣʠʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʘʙʩʦʣʶʪʥʦʛʦ ʨʘʟʙʨʦʩʘ 

ʢʣʘʨʢʦʚ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ. ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʟʚʘʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʨʘʟʙʨʦʩʦʤ ʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ. 

ʏʝʤ ʙʦʣʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʢʦʥʪʠʥʝʥʪʘʭ, ʪʝʤ ʙʦʣʴʰʝʝ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʵʪʠ ʵʣʝʤʝʥʪʳ ʤʦʛʣʠ 

ʦʢʘʟʘʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʚʦʟʤʦʞʥʫʶ ʤʫʪʘʮʠʶ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʧʨʦʞʠʚʘʶʱʠʭ 

ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ. ʂʦʥʝʯʥʦ ʞʝ, ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʢʘʢʠʝ ʵʪʦ ʵʣʝʤʝʥʪʳ 

ð ʣʝʛʢʠʝ ʠʣʠ ʪʷʞʝʣʳʝ ʠ ʢʘʢ ʜʘʣʝʢʦ ʦʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʪʘʙʣʠʮʝ ʄʝʥʜʝʣʝʝʚʘ 

ʦʪ çʣʠʥʠʠ ʞʠʟʥʠè. 

ʉʨʘʚʥʠʚʘʷ ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʥʳ ʠʣʠ 

ʤʘʢʩʠʤʘʣʴʥʳʝ, ʠʣʠ ʤʠʥʠʤʘʣʴʥʳʝ ʠʭ ʟʥʘʯʝʥʠʷ.  

ɼʣʷ ʯʘʩʪʠ ʵʣʝʤʝʥʪʦʚ (Al, As, Cs, Hg, Mo, S, Sb, Si, Sn) ʠ ʪʝ, ʠ ʜʨʫʛʠʝ 

ʟʥʘʯʝʥʠʷ ʢʣʘʨʢʦʚ ʧʨʠʫʨʦʯʝʥʳ ʥʝ ʢ ʤʘʛʤʘʪʠʯʝʩʢʠʤ, ʘ ʢ ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʘʩʴ 

ʜʠʩʧʝʨʩʠʷ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʪʘʢʠʭ ʢʨʫʧʥʳʭ ʧʨʠʨʦʜʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʷʭ, ʢʘʢ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʩʣʘʛʘʶʱʠʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʠʥʝʥʪʦʚ. 

ɺʝʣʠʯʠʥʘ ʘʙʩʦʣʶʪʥʦʛʦ ʨʘʟʙʨʦʩʘ ʦʪʥʦʰʝʥʠʷ Cmax/Cmin > 100 ʚ ʦʩʘʜʦʯʥʳʭ 

ʧʦʨʦʜʘʭ ʩʪʘʣʘ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 16 ʵʣʝʤʝʥʪʦʚ. ʂ 13-ʪʠ ʨʘʥʝʝ ʚʳʷʚʣʝʥʥʳʤ ʜʣʷ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʜʦʙʘʚʠʣʠʩʴ Li (132), Na(101) ʠ N(166). C ʦʪʥʦʰʝʥʠʝʤ 

ʤʝʥʝʝ Cmax/Cmin < 2 ʦʩʪʘʣʩʷ ʦʜʠʥ ʵʣʝʤʝʥʪ ð Bi, ʘ ʩ Cmax/Cmin < 10 ð ʰʝʩʪʴ 

ʵʣʝʤʝʥʪʦʚ ð Bi (1,43), W (3,67), ɸu (6), ɺʛ (6,2), ʈ (6,47), Zn (8,67).  

ɹʝʟ ʫʯʝʪʘ ʧʦʯʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʢʣʘʨʢ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ 

ʫʪʦʯʥʷʪʴʩʷ, ʢ ʵʪʦʡ ʞʝ ʪʨʫʧʧʝ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ Ag (2,9), J (4), Be (6). ʀ ʝʩʣʠ ʚ 
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ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʘʙʩʦʣʶʪʥʳʡ ʨʘʟʙʨʦʩ ʙʳʣ 

ʤʝʥʴʰʝ 10, ʧʨʝʚʳʰʘʣʦ 30, ʪʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠʭ ʯʠʩʣʦ 

ʩʦʢʨʘʪʠʣʦʩʴ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ. 

ʅʘ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʤʦʚ ʚ ʧʝʨʠʦʜ ʚʳʭʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʠʥʝʥʪʦʚ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʜʦʣʞʥʳ ʙʳʣʠ ʦʢʘʟʘʪʴ ʵʣʝʤʝʥʪʳ ʩ 

ʨʘʟʙʨʦʩʦʤ, ʨʝʟʢʦ ʚʦʟʨʦʩʰʠʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʩʦʜʝʨʞʘʥʠʡ. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʙʦʣʴʰʝ 10 

ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʢʦʥʪʠʥʝʥʪʘ (ʚ ʩʢʦʙʢʘʭ 

ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʟʙʨʦʩʘ): Nb (32), ʊʘ (20), N (20), Hg 

(7,2), S (12), Se (12), ɺ (10), ʉʦ (10), J (10). 

ʅʘʠʙʦʣʴʰʠʡ ʨʘʟʙʨʦʩ ʢʣʘʨʢʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʢʦʥʪʠʥʝʥʪʝ ʭʦʪʷ ʠ 

ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ð ʊʘ ʠ Nb (ʩ ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʦʡ 92 ʠ 180), ʫʜʘʣʝʥʥʳʭ ʦʪ çʣʠʥʠʠ ʞʠʟʥʠè, ʥʦ ʦʥ ʩʚʷʟʘʥ ʥʝ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ, ʘ ʩ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʠʭ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ.  

ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʧʦʨʦʜʘʭ 

ʢʦʥʪʠʥʝʥʪʘ ʉʦ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʉʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʊʘ ʠ Nb 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ çʣʠʥʠʠ ʞʠʟʥʠè ʠ ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʚʧʦʣʥʝ ʤʦʛʣʦ ʩʪʘʪʴ ʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʤʫʪʘʮʠʠ 

ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʯʝʤ ʠʟʤʝʥʝʥʠʝ ʢʣʘʨʢʦʚ ʊʘ ʠ Nb. 

ʈʘʟʜʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʪʫʪʠ ʚ ʛʣʠʥʘʭ ʠ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʘʭ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʠ ʚ ʧʝʩʯʘʥʠʢʘʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʚʝʣʘ ʢ 

ʪʦʤʫ, ʯʪʦ ʘʙʩʦʣʶʪʥʳʡ ʨʘʟʙʨʦʩ ʢʣʘʨʢʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʪʫʪʠ ʚ ʧʦʨʦʜʘʭ 

ʢʦʥʪʠʥʝʥʪʘ ʫʚʝʣʠʯʠʣʩʷ ʩ 1,8 ʜʦ 13 (ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ). ɽʩʣʠ ʞʝ ʫʯʝʩʪʴ ʠ 

ʢʣʘʨʢ ʧʦʯʚ (ʧʦ ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʫ), ʪʦ ʦʥ ʩʪʘʥʝʪ ʨʘʚʥʳʤ 22.  

ʋʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʪʷʞʝʣʦʡ ʠ ʫʜʘʣʝʥʥʦʡ ʦʪ çʣʠʥʠʠ ʞʠʟʥʠè 

ʨʪʫʪʠ ʚ ʛʣʠʥʘʭ ʠ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʘʭ (ʥʘ ʠʭ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 1/2 ʤʘʩʩʳ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ) ʚ 5 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʨʢʦʤ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚ 13 ʨʘʟ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʩʯʘʥʠʢʘʤʠ, ʚʧʦʣʥʝ ʤʦʛʣʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʨʘʟʚʠʪʠʠ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʧʝʨʝʢʨʳʪʳʭ ʛʣʠʥʠʩʪʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. 

ʀʟ-ʟʘ ʚʦʟʨʦʩʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ S ʠ Se ʚ ʛʣʠʥʘʭ ʠ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʘʭ 

ʜʦʚʦʣʴʥʦ ʩʫʱʝʩʪʚʝʥʥʦ (ʚ 12 ʨʘʟ, ʘ ʩ ʫʯʝʪʦʤ ʧʦʯʚ ʚ 60 ʨʘʟ) ʫʚʝʣʠʯʠʣʩʷ ʨʘʟʙʨʦʩ 

ʩʦʜʝʨʞʘʥʠʡ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʢʦʥʪʠʥʝʥʪʘ. ʆʙʘ ʦʥʠ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʨʪʫʪʴ, 

ʚʭʦʜʠʣʠ ʚ ʪʨʝʪʴʶ ʛʨʫʧʧʫ ʵʣʝʤʝʥʪʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʟʙʨʦʩʦʤ ʩʨʝʜʥʠʭ 

ʩʦʜʝʨʞʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʈʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠ ʘʙʩʦʣʶʪʥʦʛʦ ʨʘʟʙʨʦʩʦʚ ʩʨʘʟʫ 

ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʵʪʦʡ ʛʨʫʧʧʳ ʥʝ ʤʦʛʣʦ ʥʝ ʩʢʘʟʘʪʴʩʷ ʥʘ ʨʘʟʚʠʪʠʠ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ. 

ɺ ʛʣʠʥʘʭ ʠ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʳ ʢʣʘʨʢʦʚʳʝ 

ʩʦʜʝʨʞʘʥʠʷ ʝʱʝ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ (N ʠ ɺ) ʠʟ ʦʪʣʠʯʘʶʱʠʭʩʷ ʥʘʠʙʦʣʴʰʠʤ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʨʘʟʙʨʦʩʦʤ ʚ ʧʦʨʦʜʘʭ ʢʦʥʪʠʥʝʥʪʦʚ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ɺ ð ʚ 33 ʨʘʟʘ, N ð ʚ 100 ʨʘʟ). ʅʝʩʦʤʥʝʥʥʦ, ʯʪʦ ʵʪʦ 



 

 49 

ʪʘʢʞʝ ʜʦʣʞʥʦ ʙʳʣʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʨʘʟʚʠʪʠʠ ʞʠʟʥʠ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʪʠʥʝʥʪʦʚ. 

ɺʩʝ ʠʟʣʦʞʝʥʥʦʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʠʟʤʝʥʝʥʠʝ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʨʦʠʟʦʰʣʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʩʘʜʦʯʥʳʭ ʛʣʠʥʠʩʪʳʭ 

ʧʦʨʦʜ. ʀʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʤʦʛʣʦ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʤʫʪʘʮʠʡ ʠ ʚʳʤʠʨʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ ʚ 

ʠʪʦʛʝ ʤʦʛʣʠ ʦʢʘʟʘʪʴ Hg, S, Se, N ʠ ɺ. 

ʇʦʯʚʳ. ʇʦʯʚʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ 

ʙʠʦʢʦʩʥʫʶ ʩʠʩʪʝʤʫ. ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʧʦʯʚʘʭ ʩʦʜʝʨʞʘʪʩʷ ʚ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʘʭ (ʙʠʦʛʝʥʥʘʷ ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ), ʤʠʥʝʨʘʣʘʭ, ʚʦʜʥʳʭ (ʧʦʯʚʝʥʥʳʭ) 

ʨʘʩʪʚʦʨʘʭ (ʚ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ), ʛʘʟʦʚʳʭ ʩʤʝʩʷʭ.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ 

ʦʙʳʯʥʦ ʫʯʠʪʳʚʘʶʪʩʷ ʚʩʝ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʩʫʤʤʝ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ. ʆʜʥʘʢʦ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʬʦʨʤʘʤʠ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʠʟʚʝʩʪʥʦ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʯʚ ʚ ʨʘʚʥʠʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʥʳʭ 

ʩʪʨʘʥ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʫʛʦʜʴʷʤ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʤʥʦʛʠʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʩʪʘʣʦ 

ʟʘʚʠʩʝʪʴ ʦʪ ʤʝʪʦʜʦʚ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ.  

ɺʩʝ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʫʩʪʘʥʦʚʠʪʴ ʩʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʯʚ, ʜʦ ʠʭ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʩʪʘʣʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʊʝʭʥʦʛʝʥʥʦʝ ʞʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʯʚ ʟʘʭʚʘʪʳʚʘʝʪ ʚʩʝ ʥʦʚʳʝ ʪʝʨʨʠʪʦʨʠʠ.  

ʉʝʡʯʘʩ ʢ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʛʝʦʭʠʤʠʢʘʤʠ, ʦʪʥʦʩʠʪʩʷ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ (ʤʝʩʪʥʳʝ ʢʣʘʨʢʠ) ʠ ɿʝʤʣʠ ʚ ʮʝʣʦʤ. ʅʝ 

ʩʜʝʣʘʚ ʵʪʦʛʦ ʚ ʩʘʤʳʝ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ, ʤʳ ʥʝ ʪʦʣʴʢʦ ʧʦʪʝʨʷʝʤ ʛʨʦʤʘʜʥʫʶ 

ʥʘʫʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʦ ʠ ʥʝ ʩʤʦʞʝʤ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʛʨʘʤʦʪʥʳʝ 

ʧʨʦʝʢʪʳ ʨʘʟʚʠʪʠʷ ʮʝʣʳʭ ʨʝʛʠʦʥʦʚ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʢʘʪʘʩʪʨʦʬʝ. 

ɹʦʣʴʰʘʷ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʦʯʚʘʭ ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ (ʦʩʦʙʝʥʥʦ ʜʣʷ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ) ɸ.ʇ. 

ɺʠʥʦʛʨʘʜʦʚʳʤ. 
ʉʨʘʚʥʠʚʘʷ ʢʣʘʨʢʠ ʧʦʯʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʫʶ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʩʨʝʜʥʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʣʘʨʢʦʚ ʵʪʠʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. 
ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʠʦʢʦʩʥʦʩʪʴʶ ʧʦʯʚ. ɺʩʝ ʞʝ ʦʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʦʨʛʘʥʠʟʤʦʚ ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʪʩʷ (ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʧʦʛʣʦʱʘʝʪ) ʥʝ ʢ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʣʠ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ, ʘ ʢ ʢʘʢʠʤ-ʪʦ ʩʨʝʜʥʠʤ ʝʝ ʟʥʘʯʝʥʠʷʤ. ɺʦʟʤʦʞʥʦ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʠʩʢʣʶʯʝʥʠʷ, ʥʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʢʣʘʨʢʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʧʦʯʚ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʠʥʝʥʪʦʚ ʙʫʜʫʪ 

ʫʪʦʯʥʝʥʳ. 
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ʀʥʪʝʨʝʩʥʦ, ʯʪʦ çʩʢʣʦʥʥʦʩʪʴ ʧʦʯʚ ʢ ʫʩʨʝʜʥʝʥʠʶè ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʤʘʩʰʪʘʙʝ ʚʩʝʡ ɿʝʤʣʠ (ʯʪʦ ʚʠʜʥʦ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʢʣʘʨʢʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʧʦʯʚ), ʥʦ ʠ ʚ ʧʦʯʚʘʭ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ 

(ʈʠʩ. 17). 

ɺʦʜʳ. ɾʠʜʢʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʚʦʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ 

ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʳ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʩʥʳʝ ʚʦʜʳ ʢʦʥʪʠʥʝʥʪʦʚ. ɺ ʦʙʝʠʭ ʛʨʫʧʧʘʭ ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ (ʢʣʘʨʢʠ) ʙʦʣʴʰʠʥʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʨʘʟʚʠʪʠʷ ʞʠʟʥʠ ʚ ʆʢʝʘʥʝ ʙʳʣʘ ʦʪʣʠʯʥʦʡ ʦʪ 

ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ, ʛʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʣʠʯʠʝ ʚʦʜʥʦʡ 

ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʙʦʣʴʰʠʥʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ 

ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ ʬʦʨʤʝ ð ʚ ʠʦʥʥʳʭ ʨʘʩʪʚʦʨʘʭ.  

ʂʘʢ ʚʠʜʥʦ (ʈʠʩ. 17), ʢʨʦʤʝ ʠʦʥʦʚ ʚ ʦʢʝʘʥʠʯʝʩʢʦʡ ʚʦʜʝ ʨʘʩʪʚʦʨʝʥʳ ʛʘʟʳ, ʘ 

ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʣʣʦʠʜʳ ʠ ʦʪʜʝʣʴʥʳʝ ʤʦʣʝʢʫʣʳ 

ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. ʇʝʨʚʠʯʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜ ʆʢʝʘʥʘ ʥʝʠʟʚʝʩʪʥʘ, ʥʦ 

ʚʧʦʣʥʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʥʠ ʙʳʣʠ ʤʝʥʝʝ ʩʦʣʝʥʳʤʠ. ʂʦʩʚʝʥʥʳʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ ʤʠʛʨʘʮʠʷ ʤʥʦʛʠʭ ʚʠʜʦʚ ʤʦʨʩʢʠʭ ʨʳʙ ʥʘ 

ʥʝʨʝʩʪ ʚ ʧʨʝʩʥʳʝ ʚʦʜʳ ʨʝʢ ʠ ʦʟʝʨ. 

 
ʈʠʩ. 17 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʬʦʥʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ Ag (ʘ) ʠ ʈʔ (ʙ) ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʠ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʠʭ ʧʦʯʚʘʭ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ (ʧʦ ʜʘʥʥʳʤ ɺ.ɺ. ɼʴʷʯʝʥʢʦ):  

1 ð ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ; 2 ð ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ; 3, 4 ð ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʤʝʣʦʚʦʛʦ, ʶʨʩʢʦʛʦ, 

ʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʦʚ; 5 ð ʧʘʣʝʦʟʦʡʩʢʠʝ ʛʨʘʥʘʪʦʠʜʳ; 6 ð ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ ʠ ʛʥʝʡʩʳ 

ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʘʤʬʠʙʦʣʠʪʦʚ ʠ ʤʨʘʤʦʨʦʚ ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ; 7 ð ʩʦʜʝʨʞʘʥʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʝ; 8 ð ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʧʦʯʚʝ 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦ ʧʦʩʪʫʧʣʝʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʆʢʝʘʥ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ (ʚʳʥʦʩ ʩ ʢʦʥʪʠʥʝʥʪʦʚ, ʧʦʜʚʦʜʥʳʝ ʛʠʜʨʦʪʝʨʤʳ ʠ 

ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ) ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʤʥʝʥʠʝ, ʯʪʦ ʢʘʪʠʦʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʧʦʩʪʫʧʘʶʪ ʩ ʤʘʪʝʨʠʢʦʚ, ʘ ʘʥʠʦʥʳ ð ʧʨʠ ʠʟʚʝʨʞʝʥʠʠ ʚʫʣʢʘʥʦʚ ʢʘʢ ʯʝʨʝʟ 

ʘʪʤʦʩʬʝʨʫ, ʪʘʢ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʦʨʩʢʫʶ ʚʦʜʫ. ʇʦ ʨʘʩʯʝʪʘʤ ɺ.ʄ. 

ɻʦʣʴʜʰʤʠʜʪʘ ʟʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠʩʪʦʨʠʶ ɿʝʤʣʠ ʥʘ 1 ʢʛ ʦʢʝʘʥʠʯʝʩʢʦʡ ʚʦʜʳ 

ʧʨʠʰʣʦʩʴ 600 ʛ ʚʳʚʝʪʨʠʚʰʠʭʩʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʦʥ 

ʦʧʨʝʜʝʣʠʣ, ʢʘʢʦʡ ʧʨʦʮʝʥʪ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʣʠʯʝʩʪʚʫ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʆʢʝʘʥʝ ʩʦʩʪʘʚʣʷʶʪ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʧʨʠʚʥʝʩʝʥʥʳʝ ʠʟ ʨʘʟʣʦʞʠʚʰʠʭʩʷ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʢʦʥʪʠʥʝʥʪʦʚ (ʊʘʙʣʠʮʘ 5). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʟʣʦʞʝʥʥʦʝ ʤʥʝʥʠʝ. 
ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʚʦʜʘʭ ʆʢʝʘʥʘ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʦ ʪʘʣʘʩʩʦʬʠʣʲʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ. ʇʦʩʣʝʜʥʷʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʆʢʝʘʥʝ ʠ 

ʟʝʤʥʦʡ ʢʦʨʝ (ʈʠʩ. 18).  

 
ʈʠʩ. 18 ʊʘʣʣʦʩʦʬʠʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ (ʧʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʫ) 

 

ɼʣʷ ʉ1 ʦʥʦ ʨʘʚʥʦ 111, ʜʣʷ ɺʛ ð 30, Na ð 0,42, ʈ ð 6 Å 10
-5
, ɺʘ ð 3 Å 10

-5
, 

Fe ð 4,3 Å 10
-8

. ʕʣʝʤʝʥʪʳ ʩ ʚʳʩʦʢʦʡ ʪʘʣʘʩʩʦʬʠʣʴʥʦʩʪʴʶ ʜʦʣʴʰʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʚʦʜʘʭ ʆʢʝʘʥʘ. ʊʘʢ, ʉ1, ʧʦʧʘʚ ʚ ʆʢʝʘʥ, ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʪʚʦʨʝ ʙʦʣʝʝ 300 ʤʣʥ. ʣʝʪ, 

Na ʦʢʦʣʦ 190 ʤʣʥ. ʣʝʪ, a Fe ʤʝʥʝʝ 600 ʣʝʪ. 
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ʊʘʙʣʠʮʘ 5 

ɹʘʣʘʥʩ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʆʢʝʘʥʝ 

ʂʦʣʠʯʝʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ, ʛ/ʢʛ 

ʚʦʜʳ 

ʂʘʪʠʦʥʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ 
ɸʥʠʦʥʦʛʝʥʥʳʝ 

ʵʣʝʤʝʥʪʳ 

Na Mg ʂ ʉʘ Rb Cs ʘ S ɺ 

ʇʨʠʚʥʝʩʝʥʦ 16,8 12,6 15 21,6 0,2 0,006 0,29 0,3 1,8 

ʅʘʭʦʜʠʪʩʷ ʚ 

ʆʢʝʘʥʝ 
10,7 1,3 0,37 0,42 0,0002 0,000002 19,3 0,88 4,6 

ʇʨʦʮʝʥʪʥʦʝ 

ʦʪʥʦʰʝʥʠʝ 
64 10 2,5 1,9 0,1 0,03 6650 293 256 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʢʝʘʥʠʯʝʩʢʘʷ ʚʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʘʩʪʚʦʨ, ʥʝ ʥʘʩʳʱʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʧʘʜʝʥʠʝ 

ʚ ʦʩʘʜʦʢ ʠʟ ʧʝʨʝʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʤ ʦʧʨʝʜʝʣʝʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚ ʚʦʜʘʭ ʙʦʣʴʰʠʥʩʪʚʘ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ.  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʝʪ ʦʩʘʞʜʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʦʧʫʩʢʘʥʠʷ ʯʘʩʪʠʮ, ʩʦʨʙʮʠʠ ʠ ʙʠʦʛʝʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ. ʕʪʠ ʪʨʠ ʦʩʥʦʚʥʳʭ ʚʠʜʘ 

ʠʟʚʣʝʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠʭ ʩʦʝʜʠʥʝʥʠʡ) ʠʟ ʚʦʜ ʪʝʩʥʦ ʧʝʨʝʧʣʝʪʝʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʥʝʦʜʠʥʘʢʦʚʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʆʢʝʘʥʘ.  

ʇʦ ʜʘʥʥʳʤ ʘʢʘʜʝʤʠʢʘ ɸ.ʇ. ʃʠʩʠʮʠʥʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʙʠʦʛʝʥʥʦʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʛʫʤʠʜʥʳʭ ʦʙʣʘʩʪʷʭ. ɸ 

ʚʦʦʙʱʝ ʟʦʦʧʣʘʥʢʪʦʥʦʤ ʟʘ 20 ʩʫʪʦʢ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪʩʷ ʚʦʜʳ ʆʢʝʘʥʘ ʜʦ 

ʛʣʫʙʠʥʳ 500 ʤ. (ʊʝʧʝʨʴ ʚʩʧʦʤʥʠʤ, ʯʪʦ ʧʦʜ ʧʣʝʥʢʦʡ ʥʝʬʪʠ ʚ ʚʦʜʘʭ ʧʨʦʧʘʜʘʝʪ 

ʞʠʟʥʴ, ʯʪʦ ʟʦʦʧʣʘʥʢʪʦʥ ʛʠʙʥʝʪ ʦʪ ʷʜʦʭʠʤʠʢʘʪʦʚ, ʠ ʧʨʝʜʩʪʘʚʠʤ ʠʣʣʶʟʦʨʥʦʩʪʴ 

ʩʘʤʦʦʯʠʱʝʥʠʷ ʆʢʝʘʥʘ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʢ ʝʛʦ ʟʘʛʨʷʟʥʝʥʠʶ). 

ʊʨʠ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ ʠʟʚʣʝʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠʭ 

ʩʦʝʜʠʥʝʥʠʡ) ʠʟ ʚʦʜ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ, ʛʣʫʙʠʥʳ ʚʦʜʥʦʛʦ ʩʣʦʷ ʠ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ 

ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʊʘʢ, ʘʥʘʣʠʟʳ ʚʦʜ ʧʦʢʘʟʘʣʠ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʤʝʜʠ ʫ ʐʦʪʣʘʥʜʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʠ ʚ ɸʜʨʠʘʪʠʯʝʩʢʦʤ ʤʦʨʝ 

ʦʢʦʣʦ 6 ʤʢʛ/ʣ, ʚ ʃʘ-ʄʘʥʰʝ ð 12, ʫ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʉʐɸ ð 16, ʘ ʚ 

ʀʨʣʘʥʜʩʢʦʤ ʤʦʨʝ ð 27 ʤʢʛ/ʣ. ʋ ʨʷʜʘ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ (ʦʩʦʙʝʥʥʦ ʫ 

ʧʦʛʣʦʱʘʝʤʳʭ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ) ʧʨʝʜʝʣʳ ʪʘʢʠʭ ʢʦʣʝʙʘʥʠʡ ʝʱʝ ʙʦʣʴʰʝ, ʘ 

ʜʣʷ ʉ, N, ʆ, ʈ, S ʠ Si ʦʥʠ ʜʦʩʪʠʛʘʶʪ ʪʨʝʭ ʧʦʨʷʜʢʦʚ (Goldberg, 1957). 

ɺʦʟʨʘʩʪʘʝʪ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ ʚʟʚʝʩʝʡ, ʚʳʥʦʩʠʤʳʭ ʨʝʢʘʤʠ ʚ ʆʢʝʘʥ ʧʨʠ 

ʦʩʚʦʝʥʠʠ ʣʶʜʴʤʠ ʪʝʨʨʠʪʦʨʠʡ, ʠʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʦʩʪʘʚʣʷʶʪ ʢʦʣʣʦʠʜʥʳʝ 

ʯʘʩʪʠʮʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʦʟʤʦʞʥʦ 

ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʘʭ ʆʢʝʘʥʘ, ʪ.ʝ. ʢʣʘʨʢʦʚʳʭ 

ʩʦʜʝʨʞʘʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʩʪʘʚ ʚʦʜʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɺʝʨʦʷʪʥʦʩʪʴ ʵʪʦʛʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʷʝʪʩʷ ʩʦʩʪʘʚ ʚʦʜ, ʧʦʩʪʫʧʘʶʱʠʭ 

ʩ ʢʦʥʪʠʥʝʥʪʦʚ, ʥʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʥʷʝʪʩʷ 
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ʧʨʠʨʦʜʥʦʝ ʧʨʦʪʝʢʘʥʠʝ ʚʩʝʭ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʧʨʦʮʝʩʩʘ ʠʟʚʣʝʯʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʦʢʝʘʥʠʯʝʩʢʠʭ ʚʦʜ. 

ʉʝʡʯʘʩ ʝʱʝ ʪʨʫʜʥʦ ʩʢʘʟʘʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʤʫʪʘʮʠʷ ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʨʝʟʫʣʴʪʘʪʦʤ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʆʢʝʘʥ. ʆʜʥʘʢʦ ʤʠʛʨʘʮʠʷ ʤʥʦʛʠʭ ʠʟ ʥʠʭ 

ʠʟ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ ʚ ʙʦʣʝʝ ʯʠʩʪʳʝ ʭʦʨʦʰʦ ʚʠʜʥʘ ʥʘ ʧʨʠʤʝʨʝ ʏʝʨʥʦʛʦ ʤʦʨʷ. 

ʇʦʢʘ ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʪʝʭʥʦʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʧʨʝʩʥʳʭ ʚʦʜ ʢʦʥʪʠʥʝʥʪʦʚ. ʅʦ ʧʨʠʨʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʢʦʥʪʠʥʝʥʪʦʚ ʦʯʝʥʴ ʚʝʣʠʢʠ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʞʠʟʥʴ ʦʨʛʘʥʠʟʤʦʚ ʚ ʵʪʠʭ ʚʦʜʘʭ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʥʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʧʦʷʚʣʝʥʠʝ ʚ ʚʦʜʘʭ ʪʝʭʥʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʝ ʠʤʝʶʱʠʭ ʘʥʘʣʦʛʦʚ 

ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʆʪʣʠʯʠʷ ʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦʜ ʆʢʝʘʥʘ ʦʪ 

ʢʣʘʨʢʦʚ ʧʨʝʩʥʳʭ ʚʦʜ ʢʦʥʪʠʥʝʥʪʦʚ (ʨʝʢ) ʜʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ 

ʵʣʝʤʝʥʪʦʚ ʥʝʩʫʱʝʩʪʚʝʥʥʳ. ɽʩʣʠ ʞʝ ʫʯʠʪʳʚʘʪʴ ʠ ʧʦʜʟʝʤʥʳʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ 

ʚʦʜʳ, ʪʦ ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʘʭ ʆʢʝʘʥʘ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ 

ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʨʝʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʠʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʟʥʳʭ ʪʠʧʘʭ ʚʦʜ ʢʦʥʪʠʥʝʥʪʦʚ. 

ʇʦʨʦʜʳ ʠ ʦʩʘʜʢʠ ʜʥʘ ʆʢʝʘʥʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜ ʆʢʝʘʥʘ ʜʦʚʦʣʴʥʦ 

ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʩʦʩʪʘʚʦʤ ʧʦʨʦʜ ʠ ʠʣʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʧʦʜʚʦʜʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʠ ʩʘʤʠ ʧʦʨʦʜʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪ ʫʩʣʦʚʠʷ 

ʞʠʟʥʠ ʠ ʨʘʟʚʠʪʠʷ ʤʥʦʛʠʭ ʤʦʨʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʨʦʜ ʠ ʦʩʘʜʢʦʚ ʜʥʘ 

ʆʢʝʘʥʘ.  

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʢʣʘʨʢʦʚ ʩʚʷʟʘʥʘ ʩ ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ 

ʛʣʠʥʘʤʠ, ʘ ʤʠʥʠʤʘʣʴʥʳʭ ð ʩ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ ʠ ʢʘʨʙʦʥʘʪʥʳʤʠ 

ʦʩʘʜʢʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʩʦʙʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʦʪʣʦʞʝʥʠʠ ʦʩʘʜʢʦʚ ʩʚʷʟʘʥʘ ʩ ʧʨʦʮʝʩʩʘʤʠ ʩʦʨʙʮʠʠ ʵʣʝʤʝʥʪʦʚ 

ʛʣʠʥʠʩʪʳʤʠ ʢʦʣʣʦʠʜʘʤʠ. 

ɸʙʩʦʣʶʪʥʳʡ ʨʘʟʙʨʦʩ ʢʣʘʨʢʦʚ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʠ ʦʩʘʜʢʘʭ 

ʜʥʘ ʆʢʝʘʥʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1,5 ʜʦ 6000. ʈʘʟʙʨʦʩ ʙʦʣʴʰʝ 1000 ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 

ʯʝʪʳʨʝʭ ʵʣʝʤʝʥʪʦʚ: ɺʘ (5750), Sr (2000), Th (1750), U (1300). ɺ ʛʨʫʧʧʫ ʩ 

ʘʙʩʦʣʶʪʥʳʤ ʨʘʟʙʨʦʩʦʤ ʢʣʘʨʢʦʚ, ʧʨʝʚʳʰʘʶʱʠʤ 100, ʚʭʦʜʷʪ ʝʱʝ 10 ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ: ʉʝ (690), ʂ (625), Rb (550), ʉ1 (350), Nd (280), La (230), ʉʦ (214), Y 

(180), ʉʛ (145), Li (114), ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʢ ʣʘʥʪʘʥʦʠʜʘʤ.  

ʉʫʜʷ ʧʦ ʫʚʝʣʠʯʠʚʰʝʤʫʩʷ ʘʙʩʦʣʶʪʥʦʤʫ ʨʘʟʙʨʦʩʫ ʢʣʘʨʢʦʚ ʯʝʪʳʨʝʭ ʧʝʨʚʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʠʭ ʜʠʩʧʝʨʩʠʷ, ʦʪʣʠʯʘʚʰʘʷʩʷ ʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜʘʭ, ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚʦʟʨʦʩʣʘ. ʆʜʥʘʢʦ ʥʝʙʦʣʴʰʦʡ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʣʠʷʥʠʝ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʘ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʤʦʚ. 

ɸʙʩʦʣʶʪʥʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʢʣʘʨʢʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʝʥʝʝ 2 ʦʩʪʘʣʩʷ 

ʪʦʣʴʢʦ ʫ ʟʦʣʦʪʘ, ʤʝʥʝʝ 4 ð ʫ ʧʷʪʠ ʵʣʝʤʝʥʪʦʚ: ɸʠ (1,5), Ag (2,2), Sn (3), N (3,3), 

Se (3,4); ʤʝʥʝʝ 10 -ʫ ʙʦʣʝʝ 20 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʈʘʟʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʘʙʩʦʣʶʪʥʦʛʦ ʨʘʟʙʨʦʩʘ ʢʣʘʨʢʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʚ ʧʦʨʦʜʘʭ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ ʥʝ ʙʳʣʦ ʩʣʫʯʘʡʥʳʤ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʟʣʠʯʠʝʤ ʨʷʜʘ 
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ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʵʣʝʤʝʥʪʦʚ ʦʙʝʠʭ ʛʨʫʧʧ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʢʣʘʨʢʦʚ ʵʣʝʤʝʥʪʦʚ ʧʦʨʦʜ ʠ ʦʩʘʜʢʦʚ 

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʘʟʚʠʪʠʝ ʞʠʟʥʠ ʚ ʆʢʝʘʥʝ, ʫʩʪʘʥʦʚʣʝʥ ʜʣʷ ʧʷʪʠ ʵʣʝʤʝʥʪʦʚ: ʉ1 (40), 

ɺ (23), ʄʦ (18), ɺʛ (15), J (10). ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʙʨʦʩʘ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ) ʜʣʷ ʧʝʨʚʳʭ ʯʝʪʳʨʝʭ ʵʣʝʤʝʥʪʦʚ ʩʚʷʟʘʥʦ ʩ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʠʭ ʩʨʝʜʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʘʭ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʡʦʜʘ ʫʤʝʥʴʰʠʣʘʩʴ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʯʪʦ ʪʘʢʞʝ 

ʫʚʝʣʠʯʠʣʦ ʨʘʟʙʨʦʩ ʢʣʘʨʢʦʚ, ʥʦ ʚʨʷʜ ʣʠ ʦʢʘʟʘʣʦ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʞʠʟʥʠ. 

ʈʝʟʢʦʝ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉ1, ɺ, ʄʦ ʠ ɺʛ ʚ 

ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʘʭ ʆʢʝʘʥʘ ʤʦʛʣʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʟʚʠʪʠʷ 

ʧʨʠʜʦʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʕʪʦʤʫ ʧʨʦʮʝʩʩʫ ʜʦʣʞʥʦ ʙʳʣʦ ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʫʞʝ 

ʦʪʤʝʯʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʚ ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʘʭ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʪʘʢʠʭ 

ʪʷʞʝʣʳʭ ʠ ʫʜʘʣʝʥʥʳʭ ʦʪ çʣʠʥʠʠ ʞʠʟʥʠè ʵʣʝʤʝʥʪʦʚ, ʢʘʢ Pb, Tl, Ba, Hg, Hf ʠ ʜʨ. 

ɺ ʧʦʣʴʟʫ ʚʳʩʢʘʟʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ ʰʠʨʦʢʦʝ ʧʣʦʱʘʜʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʢʝʘʥʠʯʝʩʢʠʭ ʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ. 

ɾʠʚʦʝ ʚʝʱʝʩʪʚʦ. ʄʘʩʩʘ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʢʨʘʡʥʝ ʤʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʘʩʩʦʡ ʟʝʤʥʦʡ ʢʦʨʳ. ɺ ʩʚʦʝ ʚʨʝʤʷ ʦʯʝʥʴ ʦʙʨʘʟʥʦ ʵʪʦ ʧʦʢʘʟʘʣ ɻʦʣʴʜʰʤʠʜʪ. 

ɿʝʤʥʫʶ ʢʦʨʫ ʦʥ ʩʦʧʦʩʪʘʚʣʷʣ ʩ ʢʘʤʝʥʥʦʡ ʯʘʰʝʡ ʤʘʩʩʦʡ ʦʢʦʣʦ 9 ʢʛ, ʧʦʤʝʱʝʥʥʫʶ 

ʚ ʥʝʡ ʚʦʜʫ (ʤʝʥʴʰʝ 0,5 ʢʛ) ð ʩ ʛʠʜʨʦʩʬʝʨʦʡ, ʣʝʞʘʱʫʶ ʚ ʥʝʡ ʤʦʥʝʪʢʫ ð ʩ 

ʘʪʤʦʩʬʝʨʦʡ, ʘ ʧʦʯʪʦʚʫʶ ʤʘʨʢʫ ð ʩ ʤʘʩʩʦʡ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ. ʀ ʚʩʝ ʞʝ, ʧʦ 

ʨʘʩʯʝʪʘʤ ʇʝʨʝʣʴʤʘʥʘ, ʟʘ ʧʦʩʣʝʜʥʠʝ 500 ʤʣʥ. ʣʝʪ (ʥʘʯʠʥʘʷ ʩ ʦʨʜʦʚʠʢʘ) 

ʩʫʤʤʘʨʥʘʷ ʝʞʝʛʦʜʥʘʷ ʧʨʦʜʫʢʮʠʷ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʝʚʳʰʘʝʪ ʤʘʩʩʫ ʟʝʤʥʦʡ 

ʢʦʨʳ.  

ʊʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʚʦʤ 

ʚʝʱʝʩʪʚʝ ʯʨʝʟʚʳʯʘʡʥʦ ʪʨʫʜʥʦ. ʆʜʥʘʢʦ ʢʣʘʨʢʠ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʩʪʦʷʥʥʦ 

ʫʪʦʯʥʷʶʪʩʷ. ʇʨʠ ʵʪʦʤ ʟʘ ʦʩʥʦʚʫ ʙʝʨʝʪʩʷ ʬʠʪʦʤʘʩʩʘ, ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʥʘʜ 

ʟʦʦʤʘʩʩʦʡ. ɸ ʪʘʢ ʢʘʢ ʥʘ ʩʫʰʝ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʧʦ ʤʘʩʩʝ ʷʚʣʷʶʪʩʷ ʜʝʨʝʚʴʷ, ʪʦ 

ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʢʣʘʨʢʦʚ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʟʘʜʘʯʘ ʚʦ ʤʥʦʛʦʤ ʩʚʦʜʠʪʩʷ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʨʝʚʝʩʠʥʳ. ɼʘʥʥʳʝ ʦ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʥʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ (ʧʦ ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʫ ʩ 

ʜʦʧʦʣʥʝʥʠʷʤʠ ʠ ʠʩʧʨʘʚʣʝʥʠʷʤʠ ɺ.ɺ. ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ, ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ ʠ ʜʨ.) 

ʫʜʦʙʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚ ʚʠʜʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʪʘʙʣ. 2.6. 

ʇʦʣʫʯʝʥʥʳʡ ʟʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʘʪʝʨʠʘʣ ʦ ʩʦʜʝʨʞʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʘʭ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʫʪʦʯʥʝʥʠʝ ʢʣʘʨʢʦʚ ʮʝʣʦʛʦ ʨʷʜʘ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʫʣʴʪʨʘʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ʀʭ ʩʦʜʝʨʞʘʥʠʝ ʦʙʳʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚ ʟʦʣʝ (ʤʠʥʝʨʘʣʴʥʘʷ ʯʘʩʪʴ ʦʨʛʘʥʠʟʤʦʚ), ʘ ʟʘʪʝʤ ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʞʠʚʦʝ 

ʚʝʱʝʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʚʦʜʘ. ʀʥʦʛʜʘ ʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʧʨʝʚʳʰʘʝʪ 99% ʤʘʩʩʳ (ʤʝʜʫʟʳ).  

ʏʝʪʳʨʝ ʵʣʝʤʝʥʪʘ, ʦʪʥʝʩʝʥʥʳʝ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ ʢ 

ʘʢʪʠʚʥʳʤ ʚʦʟʜʫʰʥʳʤ ʤʠʛʨʘʥʪʘʤ (ʆ, ʅ, ʉ, N), ʩʦʩʪʘʚʣʷʶʪ 98% ʤʘʩʩʳ ʚʩʝʭ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʅʘ ʜʦʣʶ ʤʠʢʨʦ- ʠ ʫʣʴʪʨʘʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʚʩʝʭ ʚ ʩʫʤʤʝ) 

ʧʨʠʭʦʜʠʪʩʷ ʤʝʥʴʰʝ 0,1%. ʆʜʥʘʢʦ ʨʦʣʴ ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʘʟʚʠʪʠʠ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʝʣʠʢʘ. ʀ ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʵʪʦʡ ʛʣʘʚʝ, ʠʟʤʝʥʝʥʠʝ ʠʭ 
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ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʤʦʛʣʦ ʧʦʚʣʠʷʪʴ ʥʘ ʵʚʦʣʶʮʠʶ 

ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ. 

ʇʦ ʧʨʝʜʣʦʞʝʥʠʶ ʇʝʨʝʣʴʤʘʥʘ, ʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʢ ʠʭ ʢʣʘʨʢʫ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʙʳʣʦ 

ʥʘʟʚʘʥʘ ʙʠʦʬʠʣʴʥʦʩʪʴʶ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ. ɹʦʣʴʰʘʷ ʙʠʦʬʠʣʴʥʦʩʪʴ ʦʪʤʝʯʘʝʪʩʷ ʫ 

ʉ (780), N (160), ʅ (70), ʆ (1,5) ʠ ʉ1 (1,1), ʤʠʥʠʤʘʣʴʥʘʷ ð ʫ Al, Fe, T1. 

ʆʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʟʦʣʝ, ʪ.ʝ. ʚ 

ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʥʢʨʝʪʥʦʛʦ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʢ ʩʦʜʝʨʞʘʥʠʶ ʵʪʦʛʦ ʞʝ 

ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʝ (ʨʝʞʝ ʚ ʛʦʨʥʦʡ ʧʦʨʦʜʝ) ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ɺʧʝʨʚʳʝ ʨʘʩʯʝʪʳ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʚʝʣ ɹ.ɹ. 

ʇʦʣʳʥʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪʩʷ ʨʷʜʳ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʪʦʨʳʭ (ʠ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʠʭ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ) ʚ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ ʠ ʧʠʪʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʠʭ ʩʦʩʪʦʷʥʠʷ (ʘ ʜʣʷ ʨʘʩʪʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʛʦʜʦʚʫʶ 

ʧʨʦʜʫʢʮʠʶ), ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʜʝʬʠʮʠʪʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ ʪʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʪʦʨʳʭ ʚ 

ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ ʠ ʧʠʪʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ ʞʝ ʵʬʬʝʢʪʫ, ʥʘʟʳʚʘʶʪ 

ʠʟʙʳʪʦʯʥʳʤʠ.  

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʠʟʙʳʪʦʯʥʳʤʠ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʢʦʥʢʨʝʪʥʳʭ ʫʯʘʩʪʢʦʚ 

ʙʠʦʩʬʝʨʳ (ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ). ʊʘʢ, ʚ ɺʦʩʪʦʯʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʚ ʜʦʣʠʥʝ 

ʨʝʢʠ ʋʨʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠ 

ɺ.ɺ. ʂʦʚʘʣʴʩʢʦʛʦ ʚ ʧʦʯʚʘʭ ʠ ʚʦʜʘʭ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʨʝʟʢʦ ʧʦʚʳʰʝʥʥʳʝ 

ʩʦʜʝʨʞʘʥʠʷ Sr ʠ ɺʘ (ʠʟʙʳʪʦʯʥʳʝ ʵʣʝʤʝʥʪʳ) ʠ ʧʦʥʠʞʝʥʥʳʝ ʉʘ ʠ J (ʜʝʬʠʮʠʪʥʳʝ 

ʵʣʝʤʝʥʪʳ). ɺ ʨʝʟʫʣʴʪʘʪʝ, ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʟʘʙʦʣʝʚʘʥʠʶ ʞʠʚʦʪʥʳʭ (ʥʠʟʢʘʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʧʣʦʜʦʚʠʪʦʩʪʴ, ʠʩʢʨʠʚʣʝʥʠʝ ʧʦʟʚʦʥʦʯʥʠʢʘ, ʚʳʧʘʜʝʥʠʝ ʟʫʙʦʚ ʠ 

ʰʝʨʩʪʠ) ʠ ʣʶʜʝʡ (ʠʩʢʨʠʚʣʝʥʠʝ ʧʦʟʚʦʥʦʯʥʠʢʘ, ʣʦʤʢʦʩʪʴ ʢʦʩʪʝʡ, ʦʧʫʭʘʥʠʝ 

ʩʫʩʪʘʚʦʚ). ɺ ʢʦʩʪʷʭ ʙʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʦʜʝʨʞʘʥʠʝ Sr ʙʳʣʦ ʚ 5ð8 ʨʘʟ ʚʳʰʝ, 

ʯʝʤ ʚ ʢʦʩʪʷʭ ʟʜʦʨʦʚʳʭ. 

ɼʣʷ ʨʷʜʘ ʨʘʡʦʥʦʚ (ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʂʘʨʘʪʘʫ) ʜʝʬʠʮʠʪʥʳʤ 

ʷʚʣʷʝʪʩʷ F. ʄʥʦʛʠʝ ʨʘʡʦʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʜʘʣʝʥʥʳʝ ʦʪ ʤʦʨʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʜʝʬʠʮʠʪʦʤ J. 

ʆʜʥʘʢʦ, ʛʦʚʦʨʷ ʦ ʜʝʬʠʮʠʪʥʳʭ ʠ ʠʟʙʳʪʦʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘʭ ʜʣʷ 

ʢʦʥʢʨʝʪʥʳʭ ʫʯʘʩʪʢʦʚ ʙʠʦʩʬʝʨʳ, ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ ʠ ʥʝʦʜʠʥʘʢʦʚʫʶ ʧʦʪʨʝʙʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʵʣʝʤʝʥʪʘʭ.  

ɼʣʷ ʦʜʥʠʭ ʚʠʜʦʚ ʦʧʨʝʜʝʣʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʨʝʜʝ ʧʨʦʞʠʚʘʥʠʷ (ʧʠʪʘʥʠʷ) ʤʦʞʝʪ ʙʳʪʴ ʥʦʨʤʘʣʴʥʦʡ, ʘ ʜʣʷ ʜʨʫʛʠʭ ð 

ʠʟʙʳʪʦʯʥʦʡ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʦʨʛʘʥʠʟʤʳ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʜʘʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʨʘʡʦʥʝ ʷʚʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʡ, ʧʦʩʪʝʧʝʥʥʦ ʚʳʪʝʩʥʷʶʪ ʪʝ 

ʚʠʜʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʥʘ ʥʝʜʦʩʪʘʪʦʯʥʘ ʠʣʠ ʠʟʙʳʪʦʯʥʘ.  

ʉ ʧʦʜʦʙʥʳʤ ʷʚʣʝʥʠʝʤ ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʠ ʧʨʠ ʘʥʪʨʦʧʦʛʝʥʥʦʤ 

ʟʘʛʨʷʟʥʝʥʠʠ, ʢʦʛʜʘ ʥʘ ʟʘʛʨʷʟʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʥʘʯʠʥʘʶʪ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʪʴ 

ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʠʜʳ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠʣʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. 
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ʇʨʠʨʦʜʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ 
ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

ɺ ʧʨʝʜʝʣʘʭ ʟʝʤʥʦʡ ʢʦʨʳ ʚʩʪʨʝʯʘʶʪʩʷ ʫʯʘʩʪʢʠ ʩ ʨʝʟʢʦ ʧʦʚʳʰʝʥʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ ʠ ʨʝʞʝ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʦʚ ʠ 

ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ. ʋʯʘʩʪʢʠ, ʛʜʝ ʩʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʢʦʣʠʯʝʩʪʚʫ, 

ʢʘʯʝʩʪʚʫ, ʬʦʨʤʘʤ ʥʘʭʦʞʜʝʥʠʷ ʠ ʫʩʣʦʚʠʷʤ ʟʘʣʝʛʘʥʠʷ ʧʨʠ ʜʘʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʢʦʥʲʶʥʢʪʫʨʝ ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʘʟʳʚʘʶʪʩʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʊʘʙʣʠʮʘ 6). 
ʊʘʙʣʠʮʘ 6 

ɻʨʫʧʧʠʨʦʚʢʘ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ ʤʘʩʰʪʘʙʫ ʟʘʧʘʩʦʚ, ʪ 

ʇʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʥʝ ʠʤʝʶʱʠʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʧʨʦʤ. ʟʥʘʯʝʥʠʷ 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʤʝʣʢʠʝ ʩʨʝʜʥʠʝ ʢʨʫʧʥʳʝ ʫʥʠʢʘʣʴʥʳʝ 

I. ʏʝʨʥʳʝ ʤʝʪʘʣʣʳ 

ɾʝʣʝʟʥʳʝ ʨʫʜʳ n-10
6
 n*10

7
 n*10

8
 n*10

9
 n*10

10
 

ʄʘʨʛʘʥʮʝʚʳʝ ʨʫʜʳ n-10
4
 n*10

5
 n*10

6
 n*10

7
 n*10" 

Ti ʚ ʢʦʨʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ (ʚ 

ʤʝʪʘʣʣʝ) 

n-10
4
 n*10

5
 n*10

6
 n*10

7
 n*10" 

Ti ʚ ʨʦʩʩʳʧʷʭ (ʚ ʤʝʪʘʣʣʝ) n*10
3
 n*10

4
 n*10

5
 n*10

6
 n*10

7
 

ʉʛ (ʚ ʭʨʦʤʠʪʝ) n*10
4
 n*10

5
 n*10

6
 n*10

7
 n*10" 

II. ʎʚʝʪʥʳʝ ʠ ʨʝʜʢʠʝ ʤʝʪʘʣʣʳ 

ʉu, Pb, Zn (ʚ ʤʝʪʘʣʣʝ) n*10
3
 n*10

4
 n*10

5
 n*10ʝ n*10

7
 

AI ʠ ʄʜ (ʩʳʨʴʝ): ʘ) 

ʙʦʢʩʠʪʳ, ʤʘʛʥʝʟʠʪʳ 

ʙ) ʥʝʬʝʣʠʥʳ, ʘʣʫʥʠʪʳ, 

ʢʘʨʥʘʣʣʠʪʳ 

n*10
4
 

n*10
5
 

n*10
5
 

n*10
6
 

n*10
6
 

n*10
7
 

n*10
7
 

n*10
8
 

n*10
8
 n*10

9
 

Se, W, Mo, Sb, V, Zr, U, 

Nb, ʨʝʜʢʠʝ ʟʝʤʣʠ 

ʮʝʨʠʝʚʦʡ ʛʨʫʧʧʳ (ʚ 

ʤʝʪʘʣʣʝ) 

n*10
2
 n*10

3
 n*10

4
 n*10

5
 n*10

6
 

U, Th, Hg, Be (ʚ ʤʝʪʘʣʣʝ) n*10 n*10
2
 n*10

3
 n*10

4
 n*10

5
 

ʉʦ (ʚ ʩʦʙʩʪʚʝʥʥʦ 

ʢʦʙʘʣʴʪʦʚʳʭ ʨʫʜʘʭ), ʊʘ (ʚ 

ʪʘʥʪʘʣʠʪʝ), ʨʝʜʢʠʝ ʟʝʤʣʠ 

ʠʪʪʨʠʝʚʦʡ ʛʨʫʧʧʳ, Ag, Bi 

(ʚ ʤʝʪʘʣʣʝ) 

n n*10 n*10
2
 n*10

3
 n*10

4
 

ɸʠ, Pt (ʚ ʤʝʪʘʣʣʝ) 
- 

n*10
-1

 

ʠ ʤʝʥʝʝ 
n n*10 n*10

2
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ɺʩʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: ʨʫʜʥʳʝ 

(ʤʝʪʘʣʣʠʯʝʩʢʠʝ), ʥʝʨʫʜʥʳʝ (ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ), ʛʦʨʶʯʠʝ (ʢʘʫʩʪʦʙʠʦʣʠʪʳ), 

ʛʠʜʨʦʤʠʥʝʨʘʣʴʥʳʝ.  

ɺ ʧʝʨʚʦʡ ʛʨʫʧʧʝ - ʧʨʦʤʳʰʣʝʥʥʫʶ ʮʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʫʜʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʠ ʠʟʦʤʦʨʬʥʦʡ ʬʦʨʤʘʭ, ʚʦ 

ʚʪʦʨʦʡ ð ʩʘʤʠ ʤʠʥʝʨʘʣʳ, ʚ ʪʨʝʪʴʝʡ ð ʩʣʦʞʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 
ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʬʦʨʤʝ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʠ ʤʠʥʝʨʘʣʦʚ (ʪʚʝʨʜʳʭ ʠ 

ʞʠʜʢʠʭ), ʚ ʯʝʪʚʝʨʪʦʡ ʛʨʫʧʧʝ ð ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʶʪ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʡ 

ʩʤʳʩʣ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʭʠʤʠʠ (ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ), 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ð ʵʪʦ ʢʨʫʧʥʳʝ ʩʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʪ.ʝ. ʢʨʫʧʥʳʝ 

ʧʨʠʨʦʜʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʪʠʧʘʤ ʛʦʨʥʳʭ ʧʦʨʦʜ. 
ʅʝʦʙʭʦʜʠʤʦ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʩʪʘʚʦʤ ʧʦʨʦʜ, ʚʤʝʱʘʶʱʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʘʚʣʠʚʘʶʪʩʷ ʤʥʦʛʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʩʩʦʮʠʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʘ ʯʘʩʪʦ ʜʘʞʝ ʩʘʤ ʪʠʧ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
ɼʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʟʘʧʘʩʳ (ʢʦʣʠʯʝʩʪʚʦ) ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʥʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ, ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʠʭ ʢʦʣʠʯʝʩʪʚʫ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤʫ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʦ ʤʥʦʛʦ ʤʠʣʣʠʦʥʦʚ ʨʘʟ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʟʘʧʘʩʳ ʦʜʥʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ 

ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʜʨʫʛʠʭ ð ʚ ʩʨʝʜʥʠʭ ʠ ʨʝʞʝ ð 

ʚ ʤʝʣʢʠʭ. ʊʘʢ, 91% ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʞʝʣʝʟʘ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ ʢʨʫʧʥʝʡʰʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ; 60% ʟʘʧʘʩʦʚ ʩʫʨʴʤʳ ʥʘʭʦʜʠʪʩʷ ʚ ʩʨʝʜʥʠʭ ʧʦ ʟʘʧʘʩʘʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ; 24% ʟʘʧʘʩʦʚ ʩʚʠʥʮʘ ð ʚ ʤʝʣʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʧʨʠʤʝʨʳ ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʶʪ ʨʘʟʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʢ ʩʦʚʤʝʩʪʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʧʨʝʜʝʣʘʭ 

ʢʨʘʡʥʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦ ʨʘʟʤʝʨʘʤ ʫʯʘʩʪʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ. ʇʦ ʤʥʝʥʠʶ ʨʷʜʘ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʚʦʡʩʪʚʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʥʦ ʠ ʠʭ ʢʣʘʨʢʘʤʠ ʜʣʷ ʟʝʤʥʦʡ ʢʦʨʳ.  

ɸʥʦʤʘʣʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʭʦʪʷ ʠ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ (ʦʙʳʯʥʦ ʜʦ 100 ʢʤ
2
), ʠʟ-ʟʘ 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʢʘʟʳʚʘʶʪ ʚʝʩʴʤʘ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ. ʀʤʝʥʥʦ ʚ ʨʘʡʦʥʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʊʘʙʣʠʮʘ 7) ʚʳʷʚʣʝʥʳ ʨʘʩʪʝʥʠʷ-ʠʥʜʠʢʘʪʦʨʳ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʠʭ ʩʨʝʜʝ. 

ʊʘʙʣʠʮʘ 7 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ, % 

ʄʝʪʘʣʣ 

 

ʂʨʫʧʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʨʝʜʥʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʄʝʣʢʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ ɿʘʧʘʩʳ ɼʦʙʳʯʘ ʂʦʣʠʯʝʩʪʚʦ ɿʘʧʘʩʳ ɼʦʙʳʯʘ ʂʦʣʠʯʝʩʪʚʦ ɿʘʧʘʩʳ ɼʦʙʳʯʘ 

Fe 13 91 81 22 5 8 65 4 11 
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ʉu 4 66 64 17 26 23 79 8 13 

ʈʔ 2 39 29 10 37 39 88 24 32 

Zn 3 54 42 14 32 42 83 14 16 

W 3 72 50 8 19 22 89 9 28 

Mo 4 51 40 16 37 27 80 12 33 

Sb 8 36 45 48 60 47 44 4 8 

Hg 8 77 82 23 16 17 69 7 1 

Co 11 82 39 33 15 51 56 3 10 

ɸu 13 85 70 39 13 19 48 2 11 

ʉʨʝʜʥʝʝ 7 65 54 23 26 30 70 9 16 

 

ʅʘʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʨʘʩʪʝʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʟʢʦ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʕʣʝʤʝʥʪʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʧʦʧʘʜʘʶʪ 

ʠ ʚ ʞʠʚʦʪʥʳʝ ʦʨʛʘʥʠʟʤʳ, ʦʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʭ (ʵʣʝʤʝʥʪʦʚ) ʚʦʟʜʝʡʩʪʚʠʝ 

ʦʩʪʘʚʘʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʫʯʝʥʥʳʤ. ɽʩʣʠ ʞʝ ʚ ʮʝʣʦʤ ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʨʘʟʚʠʪʠʝ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ, ʪʦ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʦʥʠ ʥʝ ʤʦʛʣʠ ʦʢʘʟʘʪʴ ʨʝʰʘʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. 

ʂʨʦʤʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʳʜʝʣʷʶʪʩʷ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʠ ʪʦʯʢʠ (ʟʦʥʳ) 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʆʥʠ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʢʦʧʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʠʭ 

ʟʘʧʘʩʦʚ ʠʣʠ ʩʣʦʞʠʚʰʝʡʩʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʦʥʴʶʢʪʫʨʳ ʠʭ ʨʘʟʨʘʙʦʪʢʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʘ. 

 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʚʝʯʘʶʱʠʝ ʨʘʡʦʥʘʤ ʠ ʫʟʣʘʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

 

ʉʫʱʝʩʪʚʫʝʪ ʜʘʚʥʦ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʛʨʫʧʧ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʨʦʷʚʣʝʥʠʡ ʠ ʪʦʯʝʢ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʈʷʜʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʫʟʣʦʚ ʠ ʨʘʡʦʥʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 
ʈʘʩʩʤʘʪʨʠʚʘʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʭʠʤʠʠ ʪʝʨʨʠʪʦʨʠʠ, ʟʘʥʠʤʘʝʤʳʝ 

ʨʘʡʦʥʘʤʠ ʠ ʫʟʣʘʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʤʦʞʥʦ (ʩʫʤʤʠʨʫʷ 

ʚʩʝ ʨʘʥʝʝ ʠʟʣʦʞʝʥʥʦʝ) ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʦʩʝʜʥʠʭ ʫʯʘʩʪʢʦʚ 

ʟʝʤʥʦʡ ʢʦʨʳ ʮʝʣʳʤ ʨʷʜʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʆʩʥʦʚʥʳʤʠ ʠʟ ʥʠʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʩʣʝʜʫʶʱʠʝ: 
1. ʆʙʠʣʠʝ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʨʘʟʥʳʭ ʧʦ ʨʘʟʤʝʨʘʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʫʜʥʳʭ ʪʝʣ, ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʦʢʨʫʞʘʶʱʠʭ ʠʭ 
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ʧʝʨʚʠʯʥʳʭ ʦʨʝʦʣʦʚ; 

2. ʅʘʣʠʯʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʟʘʯʘʪʦʯʥʦʛʦ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʟʦʥʳ ʠ ʪʦʯʢʠ ʨʘʩʩʝʷʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ 

ʥʝʧʨʦʤʳʰʣʝʥʥʦʡ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʝʡ 

ʬʦʥ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʮʝʣʦʛʦ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ; 

3. ʇʦʷʚʣʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ (ʚ ʨʘʟʣʠʯʥʦʡ 
ʤʝʨʝ) ʬʦʥʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʨʦʜʘʭ ʵʣʝʤʝʥʪʦʚ-

ʠʥʜʠʢʘʪʦʨʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ; 

4. ʅʘʣʠʯʠʝ ʟʦʥ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʵʣʝʤʝʥʪʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ; 

5. ɹʦʣʴʰʦʝ ʯʠʩʣʦ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ-

ʠʥʜʠʢʘʪʦʨʦʚ. 

 

ʋʯʘʩʪʢʠ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʚʳʷʚʣʝʥʥʳʝ ʧʨʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʷʪʴ ʦʪʜʝʣʴʥʦ. ʆʥʠ 

ʥʘʟʳʚʘʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ ʠ ʨʘʡʦʥʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʈʠʩ. 19). 

 
ʈʠʩ. 19 ʇʦʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ (ʧʦ ʊ.ɻ. ʉʢʫʙʣʦʚʫ ʠ ʜʨ.): 

1 ð ʟʦʥʳ ʧʨʠʚʥʦʩʘ; 2 ð ʟʦʥʳ ʚʳʥʦʩʘ; 3, 4 ð ʦʩʝʚʳʝ ʣʠʥʠʠ ʩʦʙʩʪʚʝʥʥʦ ʟʦʥ ʧʨʠʚʥʦʩʘ ʠ 

ʚʳʥʦʩʘ; 5 ð ʛʨʘʥʠʪʳ 

 

ɺʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʦʨʝʦʣʦʚ (ʘʥʦʤʘʣʠʡ) ʧʦ ʤʘʩʰʪʘʙʫ ʠʭ 

ʧʨʦʷʚʣʝʥʥʦʩʪʠ ʩʪʘʚʠʣʩʷ ʝʱʝ ʅ.ʀ. ʉʘʬʨʦʥʦʚʳʤ (1957), ʀʀ. ɻʠʥʟʙʫʨʛʦʤ (1957), 

ʂ.ʅ. ʄʫʢʘʥʦʚʳʤ (1957). ʃ.ɺ. ʊʘʫʩʦʥ (1968-1977) ʫʢʘʟʳʚʘʣ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʳʜʝʣʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʦʨʝʦʣʦʚ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʝʜʠʥʠʮ, ʯʝʤ 

ʧʝʨʚʠʯʥʳʝ ʦʨʝʦʣʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɻ.ʄ. ɻʫʥʜʦʙʠʥ (1980) ʦʙʦʩʥʦʚʘʣ ʚʳʜʝʣʝʥʠʝ 

ʧʦʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʆʣʴʭʦʚʩʢʦʛʦ ʠ ʍʘʧʯʝʨʘʥʛʠʥʩʢʦʛʦ 
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ʨʫʜʥʳʭ ʫʟʣʦʚ (ʦʥ ʥʘʟʚʘʣ ʠʭ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʦʨʝʦʣʘʤʠ), ʩʚʷʟʘʥʥʳʭ ʩ 

ʭʘʧʯʝʨʘʥʛʠʥʩʢʠʤ ʧʣʫʪʦʥʦʤ (ʈʠʩ. 20).  

 

 
ʈʠʩ. 20 ʇʦʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʠʙʜʝʥʘ ʆʣʴʭʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ: 

1 ð ʛʨʘʥʠʪʦʠʜʳ; 2, 3, 4 ð ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʠʙʜʝʥʘ ʦʪ ʚʳʩʰʠʭ ʟʥʘʯʝʥʠʡ (2) ʢ ʥʠʟʰʠʤ (4); 

5 ð ʟʦʥʳ ʨʘʟʣʦʤʦʚ 

 

ʇʝʨʚʠʯʥʳʝ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʠʭ ʫʟʣʦʚ, ʦʙʦʩʥʦʚʘʥʥʦ ʚʳʜʝʣʷʣʠʩʴ ʌ.ʃ. 

ɼʫʤʣʝʨʦʤ ʧʦ ʜʘʥʥʳʤ, ʩʦʙʨʘʥʥʳʤ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʠ ʖʞʥʦʡ 

ɹʦʣʛʘʨʠʠ. 
ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʫʧʥʳʝ (ʜʦ 100 

ʢʤ
2
) ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʚ ʢʦʨʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʩ ʢʨʘʡʥʝ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʥʠ, ʥʝʩʦʤʥʝʥʥʦ, 

ʚʣʠʷʶʪ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʪʠʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʨʭʥʠʭ ʷʨʫʩʘʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ, ʛʜʝ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʞʠʚʳʤ ʦʨʛʘʥʠʟʤʘʤ. 

 
 

ɺʪʦʨʠʯʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ 

 

ʇʨʦʮʝʩʩʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜ ʠ ʨʫʜ ʧʦʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʟʣʦʚ ʠ ʨʘʡʦʥʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʜ ʥʠʤʠ ʚʪʦʨʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʣʝʡ 

ʨʘʩʩʝʷʥʠʷ, ʦʙʲʝʜʠʥʷʶʱʠʭ ʚʪʦʨʠʯʥʳʝ ʦʨʝʦʣʳ ʨʘʩʩʝʷʥʠʷ (ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ 

ʦʢʦʣʦ ʚʳʚʝʪʨʠʚʘʶʱʠʭʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʪʜʝʣʴʥʳʭ ʪʝʣ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʟʦʥ ʨʘʩʩʝʷʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ) ʩ ʟʦʥʘʤʠ ʧʦʚʳʰʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʟʘ ʩʯʝʪ ʚʳʚʝʪʨʠʚʘʥʠʷ 

ʧʦʨʦʜ ʩ ʠʭ ʧʦʚʳʰʝʥʥʳʤ ʬʦʥʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ 

ʚʳʜʝʣʷʶʪʩʷ ʣʠʪʦʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ, ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ 

ʘʪʤʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ (ʈʠʩ. 21, ʈʠʩ. 22). 
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ʈʠʩ. 21 ʃʠʪʦʭʠʤʠʯʝʩʢʦʝ ʧʦʣʝ ʨʘʩʩʝʷʥʠʷ ʛʨʫʧʧʳ ʨʪʫʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: 

I ð ʣʠʪʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʚ ʧʦʯʚʘʭ; II ðʤʝʩʪʦʨʦʞʜʝʥʠʷ (1 ð ʉʘʭʘʣʠʥʩʢʦʝ, 2 ð 

ɼʘʣʴʥʝʝ, 3 ð ʂʘʩʢʘʜʥʦʝ, 4 ð ɿʘʧʦʨʦʞʩʢʦʝ, 5 ð ɹʝʣʦʢʘʤʝʥʥʦʝ, 6 ð ʌʠʥʘʨʩʢʦʝ); III ð 

ʧʨʦʷʚʣʝʥʠʷ ʢʠʥʦʚʘʨʠ ʠ ʪʦʯʢʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

 
 

 
ʈʠʩ. 22 ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʧʦʣʝ ʨʘʩʩʝʷʥʠʷ ʛʨʫʧʧʳ ʨʪʫʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ:  

I ð ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʚ ʧʦʯʚʘʭ; II ð ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ ʚ 

ʨʘʩʪʝʥʠʷʭ; III ð ʢʦʥʪʫʨ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ; IV ð ʤʝʩʪʦʨʦʞʜʝʥʠʷ (1 ð 

ʉʘʭʘʣʠʥʩʢʦʝ, 2 ð ɼʘʣʴʥʝʝ, 3 ð ʂʘʩʢʘʜʥʦʝ, 4 ð ɿʘʧʦʨʦʞʩʢʦʝ, 5 ð ɹʝʣʦʢʘʤʝʥʥʦʝ, 6 ð 

ʌʠʥʘʨʩʢʦʝ); V ð ʧʨʦʷʚʣʝʥʠʷ ʢʠʥʦʚʘʨʠ ʠ ʪʦʯʢʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʪʦʨʠʯʥʳʭ ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ ʦʙʲʷʩʥʷʶʪʩʷ, ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫʥʘʩʣʝʜʦʚʘʥʠʝʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʝʨʚʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʣʝʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ð ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʢʨʝʪʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʪʦʨʠʯʥʳʭ ʧʦʣʝʡ: 
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ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʦ ʪʝʤʝ: 
 

1. ɾʘʨʠʢʦʚ ɺ.ɸ. ʆʩʥʦʚʳ ʬʠʟʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. / ʉʝʨ: 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʫʯʝʙʥʠʢ. ïʄ.: ʅʘʫʢʘ, ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2005. -656ʩ.   ʀʟʜ. 2-ʝ, ʠʩʧʨ. ʠ ʜʦʧʦʣʥ.   

2. ʊʨʫʭʠʥ ɺ.ʀ., ʇʦʢʘʟʝʝʚ ʂ.ɺ., ʂʫʥʠʮʳʥ ɺ.ɽ. ʆʙʱʘʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 
ʛʝʦʬʠʟʠʢʘ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. / ʉʝʨ.: ʂʣʘʩʩʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ 

ʫʯʝʙʥʠʢ. ïʄ.:  ʌʀɿʄɸʊʃʀʊ, 2005. -572ʩ.    

3. ɼʫʙʨʦʚ ɸ.ʇ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʬʠʟʠʢʘ. ʇʦʣʷ. ɿʝʤʣʷ. ʏʝʣʦʚʝʢ ʠ ʂʦʩʤʦʩ. ï
ʄ.: ʌʦʣʠʫʤ, 2009. -176ʩ.   

4. ɻʝʦʬʠʟʠʢʘ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. // ʇʦʜ ʨʝʜ. ɺ.ʂ. ʍʤʝʣʝʚʩʢʦʛʦ. ïʄ.:  ʂɼʋ, 

320ʩ 2008. -320ʩ.   
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URSS, 2007. -46ʩ. 
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2007. -140ʩ. 
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2007. -128ʩ. 
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10. ɼʝʡʪʮ ʈ.ʉ. ʅʦʚʘʷ ʛʣʦʙʘʣʴʥʘʷ ʪʝʢʪʦʥʠʢʘ (ʪʝʢʪʦʥʠʢʘ ʧʣʠʪ). -ʄ.: ʄʠʨ, 1974. 

-224ʩ. 

11. ɸʨʤʘʥʜ ɸ.ɼ. ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʠ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 
ʩʠʩʪʝʤ. -ʄ.: ʅʘʫʢʘ, 1988. -197ʩ. 

12. ɸʨʤʘʥʜ ɸ.ɼ. ʅʘʫʢʘ ʦ ʣʘʥʜʰʘʬʪʝ. -ʄ.: ʄʳʩʣʴ, 1975. -452ʩ. 

13. ʇʝʨʝʣʴʤʘʥ ɸ.ʀ. ɻʝʦʭʠʤʠʷ ʥʦʦʩʬʝʨʳ. -ʄ.: ʇʨʠʨʦʜʘ, 1972. -168ʩ. 

14. ʇʝʨʝʣʴʤʘʥ ɸ.ʀ. ɻʝʦʭʠʤʠʷ ʣʘʥʜʰʘʬʪʦʚ. -ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1975. -245ʩ. 

15. ʈʷʙʯʠʢʦʚ ɸ.ʄ. ʉʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ ʛʝʦʩʬʝʨʳ. -ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 

1972. -178ʩ. 

 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: 
 

1. ʈʘʩʩʢʘʞʠʪʝ ʦ ʩʪʨʦʝʥʠʠ ʠ ʩʦʩʪʘʚʝ ɿʝʤʣʠ. 
2. ʈʘʩʩʢʘʞʠʪʝ ʧʨʦ ʷʜʨʦ ʠ ʤʘʥʪʠʶ ɿʝʤʣʠ. 
3.  ʏʪʦ ʪʘʢʦʝ ɿʝʤʥʘʷ ʢʦʨʘ? 

4. ʏʪʦ ʪʘʢʦʝ ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ? ʆʧʨʝʜʝʣʠʪʝ ʩʦʩʪʘʚ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. 
5. ʏʪʦ ʪʘʢʦʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ? ɽʸ ʩʪʨʦʝʥʠʝ ʠ ʨʝʣʴʝʬ. 
6. ʏʪʦ ɺʳ ʟʥʘʝʪʝ ʦ ʟʘʢʦʥʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 
ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ? ʅʘʟʦʚʠʪʝ ʠʭ. 

7. ʏʪʦ ʪʘʢʦʝ ʢʣʘʨʢʠ ʟʝʤʥʦʡ ʢʦʨʳ?  
8. ʂʘʢʠʤʠ ʙʳʚʘʶʪ ʢʣʘʨʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʨʦʜ, ʦʩʘʜʢʦʚ ʠ ʚʦʜ? 
9. ʈʘʩʩʢʘʞʠʪʝ ʦ ʧʨʠʨʦʜʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʷʭ. 
10. ʏʪʦ ʪʘʢʦʝ ʚʪʦʨʠʯʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ? 
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ʃɸɹʆʈɸʊʆʈʅʓɽ (ʇʈɸʂʊʀʏɽʉʂʀɽ) ɿɸʅʗʊʀʗ 

 

ɺʳʧʦʣʥʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʢ ʚʳʧʦʣʥʝʥʠʶ 

ʩʣʝʜʫʶʱʠʭ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʚ ʘʫʜʠʪʦʨʠʷʭ 

ʢʘʬʝʜʨʳ: 

 

ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

1. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠ ʧʨʠʝʤʳ ʧʦʣʫʯʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʪʨʦʝʥʠʠ ɿʝʤʣʠ. 

2. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʟʦʥʘ ʚ ʘʪʤʦʩʬʝʨʝ. ɼʠʥʘʤʠʢʘ 

ʭʣʦʨʬʪʦʨʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʘʪʤʦʩʬʝʨʝ. 
  

ʆʙʫʯʘʝʤʳʡ ʜʦʣʞʝʥ ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʫʯʘʝʤʦʡ 

ʜʠʩʮʠʧʣʠʥʳ. 

 

 

 

 

ʊɽʂʋʑʀʁ ʂʆʅʊʈʆʃʔ ʊɽʆʈɽʊʀʏɽʉʂʀʍ ɿʅɸʅʀʁ ʇʆ 
ʄʆɼʋʃʖ 

 

ɺʳʙʝʨʠʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʘ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ ʦʜʠʥ ʠʟ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ. 

 

1) ʂʘʢʘʷ ʠʟ ʵʪʠʭ ʩʬʝʨ ʩʣʫʞʠʪ ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ: 

a) ʛʠʜʨʦʩʬʝʨʘ  
b) ʘʪʤʦʩʬʝʨʘ 

c) ʤʘʥʪʠʷ 

d) ʙʠʦʬʝʨʘ 

2) ʅʘ ʢʘʢʠʝ çʙʣʦʢʠè ʫʩʣʦʚʥʦ ʨʘʟʙʠʚʘʝʪ ʙʠʦʩʬʝʨʫ ʛʝʦʭʠʤʠʷ: 

a) ʙʠʦʮʝʥʦʟʳ  
b) ʙʠʦʛʝʦʮʝʥʦʟʳ 

c) ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ 

d) ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

3) ʏʪʦ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ: 

a) ʧʦʯʚʘ  
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b) ʬʣʦʨʘ ʠ ʬʘʫʥʘ 

c) ʢʣʠʤʘʪ 

d) ʚʦʜʦʝʤʳ 

4) ʂʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʛʝʦʭʠʤʠʠ: 

a) ɺ.ʄ.ɻʦʣʴʜʰʤʠʜʪ  
b) ɸ.ɽ.ʌʝʨʩʤʘʥ 

c) ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ  

d) ɼ.ʀ.ʄʝʥʜʝʣʝʝʚ 

5)  ɺ ʯʝʩʪʴ ʢʦʛʦ ʥʘʟʳʚʘʶʪ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: 

a) ɸ.ɽ.ʌʝʨʩʤʘʥʘ  
b) ʌ.ʋ. ʂʣʘʨʢʘ 

c) ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ 

d) ʄ.ʂʶʨʠ-ʉʢʣʦʜʦʚʩʢʦʡ 

6) ʃʠʪʦʩʬʝʨʘ ï ʵʪʦ: 

a) ʚʦʜʥʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ  
b) ʢʘʤʝʥʥʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ 

c) ʚʦʟʜʫʰʥʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ 

d) ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ 

7) ʎʝʥʪʨʘʣʴʥʦʝ ʷʜʨʦ ɿʝʤʣʠ ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʩʪʦʠʪ ʠʟ: 

a) ʘʣʶʤʠʥʠʷ  
b) ʢʘʣʴʮʠʷ ʠ ʢʨʝʤʥʠʷ 

c) ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ 

d) ʤʘʨʛʘʥʮʘ ʠ ʫʨʘʥʘ 

8) ʇʣʦʪʥʦʩʪʴ ʷʜʨʘ ɿʝʤʣʠ ʩʦʩʪʘʚʣʷʝʪ: 

a) ʦʪ 2 ʜʦ 4 ʛ/ʩʤ 3  
b) ʦʪ 7 ʜʦ 11 ʛ/ʩʤ 3 

c) ʦʪ 4 ʜʦ 5 ʛ/ʩʤ 3 

d) ʦʪ 13 ʜʦ 16 ʛ/ʩʤ 3 

9) ɻʨʘʥʠʮʘ ʄʦʭʦʨʦʚʠʯʠʯʘ ï ʵʪʦ ʛʨʘʥʠʮʘ ʤʝʞʜʫ: 

a) ʣʠʪʦʩʬʝʨʦʡ ʠ ʙʠʦʩʬʝʨʦʡ  
b) ʘʪʤʦʩʬʝʨʦʡ ʠ ʣʠʪʦʩʬʝʨʦʡ 

c) ʤʘʥʪʠʝʡ ʠ ʷʜʨʦʤ 

d) ʤʘʥʪʠʝʡ ʠ ʟʝʤʥʦʡ ʢʦʨʦʡ 

10) ʂʘʢʠʝ ʜʚʝ ʩʪʨʫʢʪʫʨʳ ʚʳʜʝʣʷʶʪ ʚ ʟʝʤʥʦʡ ʢʦʨʝ: 

a) ʛʦʨʥʫʶ ʠ ʨʘʚʥʠʥʥʫʶ  
b) ʤʘʪʝʨʠʢʦʚʫʶ ʠ ʦʢʝʘʥʠʯʝʩʢʫʶ 
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c) ʵʥʜʦʛʝʥʥʫʶ ʠ ʵʢʟʦʛʝʥʥʫʶ 

d) ʦʩʘʜʦʯʥʫʶ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʫʶ 

11) ɹʠʦʩʬʝʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ: 

a) ʣʠʪʦʩʬʝʨʦʡ, ʛʠʜʨʦʩʬʝʨʦʡ ʠ ʘʪʤʦʩʬʝʨʦʡ  
b) ʣʠʪʦʩʬʝʨʦʡ, ʪʨʦʧʦʩʬʝʨʦʡ ʠ ʤʘʥʪʠʝʡ 

c) ʠʦʥʦʩʬʝʨʦʡ, ʛʠʜʨʦʩʬʝʨʦʡ ʠ ʷʜʨʦʤ 

d) ʦʟʦʥʦʚʳʤ ʩʣʦʝʤ, ʤʘʥʪʠʝʡ ʠ ʤʝʟʦʩʬʝʨʦʡ 

12) ʅʘ ʩʢʦʣʴʢʦ ʩʣʦʝʚ ʜʝʣʷʪ ʦʢʝʘʥʠʯʝʢʫʶ ʢʦʨʫ: 

a) ʥʘ 2-3  
b) ʥʘ 3-4 

c) ʥʘ 4 

d) ʥʘ 5 
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ɹʦʨʦʜʠʥ ɸ.ʃ. 

ɻʝʦʭʠʤʠʷ ʠ ʛʝʦʬʠʟʠʢʘ ʙʠʦʩʬʝʨʳ 

ʋʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ  
ʄʦʜʫʣʴ 1 

 

ʇʦʜʧʠʩʘʥʦ ʢ ʧʝʯʘʪʠ: 

ʊʠʨʘʞ: 

ɿʘʢʘʟ ˉ: 





 

 2 

ʋɼʂ   639.3 

 

É ɹʦʨʦʜʠʥ ɸ.ʃ. ɻʝʦʭʠʤʠʷ ʠ ʛʝʦʬʠʟʠʢʘ ʙʠʦʩʬʝʨʳ: ʋʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ  

ʧʦʩʦʙʠʝ. ʄʦʜʫʣʴ 2. / ʉʝʨ. ʉʠʩʪʝʤʘ ʚʫʟʦʚʩʢʦʡ ʫʯʝʙʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ïʄ.: 

ʄɻʋʊʋ, 2009. -80ʩ. ʀʟʜ. 2-ʝ, ʜʦʧʦʣʥʝʥ. 

 

ʆʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʘ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ ʠ ʚʝʨʩʪʢʘ: ɻʦʨʙʫʥʦʚ ɸ.ɺ. 

 

ʈʘʩʩʤʦʪʨʝʥʦ ʥʘ ʟʘʩʝʜʘʥʠʠ ʢʘʬʝʜʨʳ çɹʠʦʵʢʦʣʦʛʠʠ ʠ ʠʭʪʠʦʣʦʛʠʠè ʄɻʋʊʋ 

ʧʨʦʪʦʢʦʣ ˉ7 ʦʪ 19.04.2009ʛ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʫʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʦʩʦʙʠʷ. 
 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʀʥʩʪʠʪʫʪʦʤ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʈɸʆ. 

 

ʆʙʫʯʝʥʠʝ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ʩʪʨʦʠʪʩʷ ʧʦ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʡ ʩʠʩʪʝʤʝ. ʇʦʜ 

ʫʯʝʙʥʳʤ ʤʦʜʫʣʝʤ ʧʦʥʠʤʘʝʪʩʷ ʮʝʣʦʩʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ 

ʦʙʲʝʜʠʥʝʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ, ʠʩʧʦʣʥʠʪʝʣʴʩʢʘʷ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʘʷ ʯʘʩʪʠ.  

ʉʫʱʥʦʩʪʴ ʤʦʜʫʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ 

ʦʩʚʦʝʥʠʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʠ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʦʡ. 
 

ʋʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʩʝʭ ʬʦʨʤ ʠ ʚʠʜʦʚ 

ʦʙʫʯʝʥʠʷ, ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ  020803 - ɹʠʦʵʢʦʣʦʛʠʷ  
 

 

ɸʚʪʦʨ (ʩʦʩʪʘʚʠʪʝʣʴ): ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨ ɹʦʨʦʜʠʥ ɸ.ʃ. 

 

 

ʈʝʮʝʥʟʝʥʪʳ:   

ʜ.ʙ.ʥ., ʧʨʦʬ.  ɸʤʙʨʦʩʠʤʦʚʘ ʅ.ɸ. (ɸʟʅʀʀʈʍ) 

ʜ.ʙ.ʥ.,  ʟʘʚ. ʩʝʢʪʦʨʦʤ ʄʠʢʦʜʠʥʘ ɽ.ɺ. (ɺʅʀʈʆ) 

 

 

ʈʝʜʘʢʪʦʨ:  ʂʦʥʦʚʘʣʦʚʘ ʃ.ʌ. 
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ʇʋʊɽɺʆɼʀʊɽʃʔ ʇʆ ʄʆɼʋʃʔʅʆʁ ʉʊʈʋʂʊʋʈɽ ɼʀʉʎʀʇʃʀʅʓ 

 

ɻɽʆʍʀʄʀʗ ʀ ɻɽʆʌʀɿʀʂɸ ɹʀʆʉʌɽʈʓ 

 ɼʠʩʮʠʧʣʠʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ  ʨʷʜ ʤʦʜʫʣʝʡ, ʧʦʜʣʝʞʘʱʠʭ ʦʩʚʦʝʥʠʶ. 

ʇʝʨʝʯʝʥʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʫʣʝʡ ʧʦʢʘʟʘʥʘ ʥʠʞʝ:  
 

 

 

 

ʄʝʪʦʜʠʢʘ ʤʦʜʫʣʴʥʦ-ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. ʇʫʪʝʚʦʜʠʪʝʣʴ ʧʦ ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʜʠʩʮʠʧʣʠʥʳ. ʈʘʙʦʯʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʦ ʦʩʚʦʝʥʠʶ ʜʠʩʮʠʧʣʠʥʳ. ʈʫʙʝʞʥʳʡ ʢʦʥʪʨʦʣʴ: ʈʂ 1 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʥʘʧʠʩʘʥʠʶ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ; ʈʂ 2 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʥʘʧʠʩʘʥʠʶ ʢʫʨʩʦʚʦʡ ʨʘʙʦʪʳ. ʃʘʙʦʨʘʪʦʨʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ. ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʣʠʪʝʨʘʪʫʨʘ. ʆʙʦʙʱʘʶʱʠʡ (ʠʪʦʛʦʚʳʡ) 

ʢʦʥʪʨʦʣʴ 

ʋʯ-ʄʇ 

ʇʨʝʜʤʝʪ, ʠʩʪʦʨʠʷ ʠ ʟʘʜʘʯʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʠ 

ʩʦʩʪʘʚʝ ɿʝʤʣʠ. ɺʚʦʜʥʳʝ ʧʦʣʦʞʝʥʠʷ. ʗʜʨʦ ʠ ʤʘʥʪʠʷ. ɿʝʤʥʘʷ ʢʦʨʘ. 

ʆʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ (ʩʪʨʦʝʥʠʝ, ʨʝʣʴʝʬ). ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʢʦʨʳ. ʂʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ (ʩʪʨʦʝʥʠʝ, ʨʝʣʴʝʬ). ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ɿʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʂʣʘʨʢʠ ʠ ʬʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʂʣʘʨʢʠ ʟʝʤʥʦʡ ʢʦʨʳ (ʣʠʪʦʩʬʝʨʳ). ʄʝʩʪʥʳʝ 

ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ. ʂʣʘʨʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʯʚ, 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ, ʚʦʜ. ʀʭ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʤʳ. 

ʇʨʠʨʦʜʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʚʝʯʘʶʱʠʝ ʨʘʡʦʥʘʤ ʠ ʫʟʣʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺʪʦʨʠʯʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ. 

ʋʯ-ʇʇ 

ʄʦʜʫʣʴ 1 

ʄʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʤʠʛʨʘʮʠʠ. ɺʠʜʳ ʠ 

ʪʠʧʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺʠʜʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʊʠʧʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ 

ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ɺʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ. 

ɺʥʝʰʥʠʝ ʬʘʢʪʦʨʳ. ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. 

ʆʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʠʛʨʘʮʠʠ. ʇʝʨʝʥʦʩ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ. ɸʵʨʦʟʦʣʴʥʳʡ 

ʧʝʨʝʥʦʩ. ɼʠʬʬʫʟʠʷ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. 

ɺʝʜʫʱʠʝ ʵʣʝʤʝʥʪʳ. ɺʪʦʨʦʝ ʧʨʘʚʠʣʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ. ʆʙ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʵʚʦʣʶʮʠʠ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ 

ʙʘʨʴʝʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʙʘʨʴʝʨʳ. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʙʘʨʴʝʨʘʭ. ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʃʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʄʝʪʦʜʳ ʛʝʦʬʠʟʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʥʫʪʨʝʥʥʝʤ ʩʪʨʦʝʥʠʠ ʟʝʤʣʠ, ʦ ʝʝ ʩʚʦʡʩʪʚʘʭ ʠ ʦ ʬʘʟʦʚʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚʝʱʝʩʪʚʘ. ʉʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʡ ʤʝʪʦʜ. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

ɻʝʦʤʘʛʥʠʪʥʳʡ ʤʝʪʦʜ. ɻʝʦʪʝʨʤʠʷ. ʊʝʦʨʠʷ ʨʝʰʝʪʦʯʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʈʘʜʠʘʮʠʦʥʥʳʡ ʠ ʵʢʩʠʪʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ. ɻʠʧʦʪʝʟʳ, 

ʦʙʲʷʩʥʷʶʱʠʝ ʧʨʠʨʦʜʫ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ. ʌʝʨʨʦʤʘʛʥʠʪʥʘʷ ʛʠʧʦʪʝʟʘ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʛʠʧʦʪʝʟʳ. ɻʠʧʦʪʝʟʘ ʜʠʥʘʤʦ. 

ʋʯ-ʇʇ 

ʄʦʜʫʣʴ 2 
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ɻʜʝ:  ʋʯ-ʄʇ ï ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ; 

 ʋʯ-ʇʇ ï ʫʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ. 

 ɺʘʰʝ ʪʝʢʫʱʝʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʟʘʪʝʥʝʥʦ ʩʝʨʳʤ ʮʚʝʪʦʤ. 

 

 

ʕʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ. ʆʙʱʠʝ 

ʩʚʝʜʝʥʠʷ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ. ʃʘʥʜʰʘʬʪʳ ʩʫʰʠ. 

ʋʨʦʚʥʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (1-8). ɺʦʜʥʳʝ ʣʘʥʜʰʘʬʪʳ. ʋʨʦʚʥʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

(1-6). ɿʘʢʦʥʳ ʧʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ ʠ ʨʘʟʚʠʪʠʷ ʚ 

ʥʠʭ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ɻʝʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. ʇʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ. ʉʚʷʟʴ ʤʝʞʜʫ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʨʝʜʝʣʘʭ ʣʘʥʜʰʘʬʪʘ. ʃʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʘʭ. ʕʥʝʨʛʝʪʠʢʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: 

ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʨʘʜʠʦʛʝʥʥʦʡ, ʛʨʘʚʠʛʝʥʥʦʡ ʠ ʜʨ. ɺʠʜʦʚ ʵʥʝʨʛʠʠ ʚ ʦʙʱʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ. 

ʋʯ-ʇʇ 

ʄʦʜʫʣʴ 3 

ʇʨʠʥʮʠʧʳ ʢʦʤʧʣʝʢʩʥʦʡ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʙʠʦʩʬʝʨʝ. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʬʝʨʳ. 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʮʝʥʢʝ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʮʝʥʢʝ ʙʠʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʝʸ ʠʟʤʝʥʝʥʠʡ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʠ 

ʝʸ ʠʟʤʝʥʝʥʠʡ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʝʝ ʠʟʤʝʥʝʥʠʡ. 

ʇʨʠʥʮʠʧʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠ ʚʚʝʜʝʥʠʝ ʥʦʚʳʭ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʩʦʙʩʪʚʝʥʥʦ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ. ʕʢʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʝʨʤʠʥʳ ʠ 

ʧʦʥʷʪʠʷ. ʇʦʥʷʪʠʷ ʦ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ ʠ ʙʘʨʴʝʨʘʭ. ʇʦʥʷʪʠʝ ʦ 

ʥʦʦʩʬʝʨʝ ʠ ʪʝʭʥʦʛʝʥʝʟʝ. 

ʋʯ-ʇʇ 

ʄʦʜʫʣʴ 4 
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ɺʳʜʝʨʞʢʘ ʠʟ ʤʝʪʦʜʠʢʠ ʤʦʜʫʣʴʥʦ-ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ ʟʥʘʥʠʡ 

 

ʄʠʥʠʤʘʣʴʥʘʷ ʩʫʤʤʘ ʙʘʣʣʦʚ ʧʦ ʚʩʝʤ ʤʦʜʫʣʷʤ ʜʠʩʮʠʧʣʠʥʳ (ʙʝʟ ʠʪʦʛʦʚʦʛʦ 

ʢʦʥʪʨʦʣʷ) ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʝʪ 60 ʙʘʣʣʦʚ. 

ɽʩʣʠ ʩʪʫʜʝʥʪ ʥʝ ʥʘʙʨʘʣ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʘʣʣʦʚ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ 

ʤʦʜʫʣʶ ʜʠʩʮʠʧʣʠʥʳ (ʤʦʜʫʣʴ ʧʨʠʟʥʘʥ ʥʝ ʠʟʫʯʝʥʥʳʤ), ʪʦ ʦʥ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʢ 

ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʝ ʟʥʘʥʠʡ (ʵʢʟʘʤʝʥʫ ʠʣʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤʫ ʟʘʯʝʪʫ).  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʫʜʝʥʪʫ ʥʘʟʥʘʯʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʝʥʴ, ʢʦʛʜʘ ʦʥ 

ʩʤʦʞʝʪ ʫʩʪʥʦ ʠʣʠ ʧʠʩʴʤʝʥʥʦ ʩʜʘʪʴ ʚʝʜʫʱʝʤʫ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʦʪʜʝʣʴʥʳʝ ʪʝʤʳ 

ʤʦʜʫʣʷ ʠʣʠ ʧʨʦʡʪʠ ʧʦʚʪʦʨʥʦ ʨʫʙʝʞʥʳʡ ʢʦʥʪʨʦʣʴ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʩʪʫʜʝʥʪʫ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ. 

ɽʩʣʠ ʥʘʙʨʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ ʧʦ ʤʦʜʫʣʶ ʙʫʜʝʪ ʩʥʦʚʘ ʤʝʥʴʰʝ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ, ʪʦ ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ʦʮʝʥʢʫ 

çʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ʠ ʦʪʯʠʩʣʷʝʪʩʷ ʟʘ ʥʝʫʩʧʝʚʘʝʤʦʩʪʴ.  

ɽʩʣʠ ʙʘʣʣʦʚ ʥʘʙʨʘʥʦ ʜʦʩʪʘʪʦʯʥʦ, ʪʦ ʤʦʜʫʣʴ ʧʨʠʟʥʘʝʪʩʷ ʠʟʫʯʝʥʥʳʤ ʠ 

ʩʪʫʜʝʥʪ ʜʦʧʫʩʢʘʝʪʩʷ ʢ ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʝ ʟʥʘʥʠʡ. 

ʉʪʫʜʝʥʪ, ʥʝ ʩʜʘʚʘʚʰʠʡ ʚʦʚʨʝʤʷ ʪʝʢʫʱʠʡ ʢʦʥʪʨʦʣʴ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʫʚʘʞʠʪʝʣʴʥʳʭ ʧʨʠʯʠʥ), ʧʦʣʫʯʘʝʪ 0 ʙʘʣʣʦʚ.  

ʇʦ ʫʩʤʦʪʨʝʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʝʤʫ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥ ʥʦʚʳʡ ʩʨʦʢ (ʚ 

ʪʝʯʝʥʠʝ ʜʦ ʜʚʫʭ ʥʝʜʝʣʴ) ʩ ʚʳʩʪʘʚʣʝʥʠʝʤ ʨʝʡʪʠʥʛʘ ʩ ʧʦʥʠʞʘʶʱʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʦʢʘ ʩʜʘʯʠ ʦʪ ʥʘʟʥʘʯʝʥʥʦʡ ʜʘʪʳ. 

ʉʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ "ʟʘʯʝʪ", ʝʩʣʠ ʦʥ ʥʘʙʨʘʣ ʥʝ ʤʝʥʝʝ 60 

ʙʘʣʣʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʢʫʱʝʛʦ ʠ ʨʫʙʝʞʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʇʦʩʣʝ ʯʝʛʦ ʦʥ 

ʜʦʧʫʩʢʘʝʪʩʷ ʢ ʠʪʦʛʦʚʦʤʫ ʢʦʥʪʨʦʣʶ (ʵʢʟʘʤʝʥ ʠʣʠ ʟʘʯʝʪ). 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ 

ʜʠʩʮʠʧʣʠʥʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʟ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʠ ʚʳʧʦʣʥʝʥʠʝʤ ʚʩʝʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʫʯʝʙʥʳʤ ʛʨʘʬʠʢʦʤ, ʜʘʥʥʘʷ ʜʠʩʮʠʧʣʠʥʘ 

ʩʯʠʪʘʝʪʩʷ ʦʩʚʦʝʥʥʦʡ. 
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ʂʈɸʊʂʀʁ ʉʃʆɺɸʈʔ ʆʉʅʆɺʅʓʍ ʇʆʅʗʊʀʁ ʀ 
ʊɽʈʄʀʅʆɺ 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʠʛʨʘʮʠʷ (ʤʝʭʘʥʦʛʝʥʝʟ) - ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤ ʠʭ ʥʘʭʦʞʜʝʥʠʷ. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʤʠʛʨʘʮʠʷ - ʚʢʣʶʯʘʝʪ ʤʠʛʨʘʮʠʶ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʝʝ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʜʣʷ ʪʘʢʠʭ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ 

ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʛʘʟʦʚʳʝ ʩʤʝʩʠ. ʂ ʥʝʡ ʞʝ ʦʪʥʝʩʝʥʳ ʜʠʬʬʫʟʠʷ, ʧʨʦʮʝʩʩʳ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ, ʷʚʣʝʥʠʝ ʠʟʦʤʦʨʬʠʟʤʘ, ʧʨʦʮʝʩʩʳ ʩʦʨʙʮʠʠ 

ɹʠʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ - ʦʙʲʝʜʠʥʷʝʪ ʚʩʶ ʤʠʛʨʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴʶ ʦʨʛʘʥʠʟʤʦʚ (ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ). 
ʊʝʭʥʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ - ʤʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʟʚʘʥʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʣʶʜʝʡ. 

ʇʝʨʚʳʡ ʪʠʧ ʤʠʛʨʘʮʠʠ - ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. 

ɺʪʦʨʦʡ ʪʠʧ ʤʠʛʨʘʮʠʠ - ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʘ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʝʛʦ ʥʘʭʦʞʜʝʥʠʷ. 

ʊʨʝʪʠʡ ʪʠʧ ʤʠʛʨʘʮʠʠ - ʦʙʲʝʜʠʥʷʝʪ ʜʚʘ ʧʨʝʜʳʜʫʱʠʭ ʠ ʩʦʩʪʦʠʪ ʚ ʧʝʨʝʤʝʱʝʥʠʠ 

ʵʣʝʤʝʥʪʦʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤ ʠʭ ʥʘʭʦʞʜʝʥʠʷ. 

ʈʘʜʠʦʣʠʟ ʚʦʜʳ - ʧʨʦʮʝʩʩ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʝʝ ʨʘʟʣʦʞʝʥʠʝ ʥʘ ʅ ʠ ʆ. 

ʈʘʜʠʦʣʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ - ʧʨʦʮʝʩʩ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʨʘʟʨʳʚʫ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʫʛʣʝʨʦʜʦʤ (ʉðʉ), ʫʛʣʝʨʦʜʦʤ ʠ ʚʦʜʦʨʦʜʦʤ (ʉðʅ), ʘ ʪʘʢʞʝ ʫʛʣʝʨʦʜʦʤ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʆʙʷʟʘʪʝʣʴʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

ʷʚʣʷʶʪʩʷ ʚʦʜʦʨʦʜ ʠ ʤʝʪʘʥ. 

ɼʠʬʬʫʟʠʦʥʥʘʷ ʤʠʛʨʘʮʠʷ - ʵʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮ (ʢʦʣʣʦʠʜʦʚ, ʤʦʣʝʢʫʣ, 

ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ) ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʙʠʦʩʬʝʨʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʙʳʚʘʥʠʷ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ.  

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ - ʚ ʠʭ ʧʨʝʜʝʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʜʦʚʦʣʴʥʦ ʨʝʟʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʟʘʪʝʤ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ 

ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʠ ʦʩʘʞʜʝʥʠʝ (ʢʦʥʮʝʥʪʨʘʮʠʷ) ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʙʠʦʩʬʝʨʳ 

ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ð ʧʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ. ʆʙʘ ʪʠʧʘ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ: ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ - ʛʨʘʜʠʝʥʪ 

ʙʘʨʴʝʨʘ, ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʙʘʨʴʝʨʘ. 

ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ - ʥʘ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ. 

ʂɹʇ - ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʫ ʨʘʩʪʝʥʠʡ 
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ʊɽʄɸ 1: ʄʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʤʠʛʨʘʮʠʠ 

 

ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ 

ʙʠʦʩʬʝʨʝ, ʦʙʨʘʟʫʶʪ ʨʘʟʣʠʯʥʳʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳʝ ʩʠʩʪʝʤʳ, 

ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ çʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷè. ʉʦʩʪʘʚʣʷʶʱʠʝ ʠʭ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ 

ʩʦʚʤʝʩʪʥʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʢʘʢ ʚ ʩʘʤʦʡ ʙʠʦʩʬʝʨʝ, ʪʘʢ ʠ ʚʳʭʦʜʠʪʴ ʟʘ ʝʝ ʧʨʝʜʝʣʳ.  

ʂʨʦʤʝ ʪʦʛʦ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ 

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʨʘʩʧʘʜʘ ʩ ʦʙʲʝʜʠʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʥʦʚʳʝ ʬʦʨʤʳ ʩʦʚʤʝʩʪʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʙʠʦʩʬʝʨʝ 

ʥʘʭʦʜʷʪʩʷ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʦ ʚ ʩʦʩʪʦʷʥʠʠ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʠ ʷʚʣʷʝʪʩʷ ʠʭ 

ʤʠʛʨʘʮʠʝʡ. ʇʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʧʦʯʪʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ʥʝ ʪʦʣʴʢʦ ʧʦʩʪʦʷʥʥʦ 

ʧʦʩʪʫʧʘʝʪ ʠʟ ʤʘʥʪʠʠ ʠ ʢʦʩʤʦʩʘ ʚ ʙʠʦʩʬʝʨʫ, ʥʦ ʠ ʤʠʛʨʠʨʫʝʪ ʠʟ ʥʝʝ ʢʘʢ ʚ 

ʛʣʫʙʠʥʥʳʝ ʟʦʥʳ ʟʝʤʥʦʡ ʢʦʨʳ, ʪʘʢ ʠ ʚ ʢʦʩʤʦʩ (ʈʠʩ. 1). 

 
ʈʠʩ. 1 ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʮʠʢʣ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ 
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ʀʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. ʃʶʙʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʢʘʢʦʡ-ʣʠʙʦ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʟʘʪʨʘʯʝʥʥʦʡ ʵʥʝʨʛʠʠ, ʬʦʨʤʳ ʢʦʪʦʨʦʡ ʤʦʛʫʪ ʙʳʪʴ ʜʦʚʦʣʴʥʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳ: ʪʝʧʣʦ, ʩʚʝʪ, ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ʪ.ʜ. ʀʟʚʝʩʪʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, 

ʨʘʩʭʦʜʫʝʤʦʡ ʥʘ ɿʝʤʣʝ, ʜʦʚʦʣʴʥʦ ʤʘʣʦʯʠʩʣʝʥʥʳ ʠ, ʧʦ ɸ.ɸ. ʉʘʫʢʦʚʫ, ʤʦʛʫʪ ʙʳʪʴ 

ʩʚʝʜʝʥʳ ʚ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ:  

1) ʵʥʝʨʛʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ;  
2) ʢʦʩʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ;  
3) ʵʥʝʨʛʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ;  
4) ʪʝʧʣʦʪʘ ʛʣʫʙʠʥ ʟʝʤʥʦʛʦ ʰʘʨʘ. 

 

ʕʥʝʨʛʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʩʩʣʦʝʥʠʠ ɿʝʤʣʠ ʥʘ 

ʦʙʦʣʦʯʢʠ, ʢʦʛʜʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʝʛʢʠʝ ʘʪʦʤʳ ʩʣʘʛʘʶʪ ʚʝʨʭʥʠʝ ʦʙʦʣʦʯʢʠ, ʘ 

ʪʷʞʝʣʳʝ ð ʷʜʨʦ. ʉ ʵʪʦʡ ʵʥʝʨʛʠʝʡ ʩʚʷʟʘʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚʝʱʝʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ. 

ʈʦʣʴ ʢʦʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʤʠʛʨʘʮʠʶ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʢʦʩʤʠʯʝʩʢʘʷ ʣʫʯʠʩʪʘʷ 

ʵʥʝʨʛʠʷ, ʧʦʧʘʜʘʶʱʘʷ ʥʘ ɿʝʤʣʶ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʘ ʢ ʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʳʭ 

ʣʫʯʝʡ. ɽʶ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʧʣʦʚʳʝ ʨʝʞʠʤʳ ʆʢʝʘʥʘ ʠ ʘʪʤʦʩʬʝʨʳ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʛʨʦʤʥʳʭ ʤʘʩʩ ʚʦʜʳ ʠ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ. 

 ʉ ʵʥʝʨʛʠʝʡ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʩʚʷʟʘʥ ʠ ʧʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʛʘʟʘʤʠ ʘʪʤʦʩʬʝʨʳ ʚʦʟʥʠʢʘʶʪ 

ʥʝʡʪʨʦʥʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ. ʊʘʢ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ 

ʣʫʯʝʡ ʘʟʦʪ ʘʪʤʦʩʬʝʨʳ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʫʛʣʝʨʦʜ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʠʟʦʪʦʧ 

ʚʦʜʦʨʦʜʘ ʪʨʠʪʠʡ (
3
ʅ ʠʣʠ ʊ). ɺ ʧʨʦʮʝʩʩʝ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʢʦʩʤʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ, ʦʙʨʘʟʫʶʪʩʷ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ 
10
ɺʝ, 

22
Na, 

26
A1, 

ʟʚ
ʉ1. 

ʉ ʵʥʝʨʛʠʝʡ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ ʤʥʦʛʠʝ ʫʯʝʥʳʝ ʩʚʷʟʳʚʘʶʪ 

ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ ʧʨʝʜʧʦʣʘʛʘʣ, ʯʪʦ ʚʩʷ 

ʠʣʠ ʧʦʯʪʠ ʚʩʷ ʚʥʫʪʨʝʥʥʷʷ ʪʝʧʣʦʪʘ ɿʝʤʣʠ ʠʤʝʝʪ ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʡʯʘʩ ʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʫʤʤʘʨʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʜʝʣʝʥʥʦʡ 

ʠʤʠ ʵʥʝʨʛʠʠ ʟʘ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠʩʪʦʨʠʶ ɿʝʤʣʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʩʧʣʘʚʣʝʥʠʷ 

ʤʘʩʩʳ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʕʥʝʨʛʠʶ ʦʩʪʘʪʦʯʥʦʡ ʪʝʧʣʦʪʳ ʛʣʫʙʠʥ ʟʝʤʥʦʛʦ ʰʘʨʘ ʦʜʥʠ ʫʯʝʥʳʝ 

ʩʚʷʟʳʚʘʶʪ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʜʨʫʛʠʝ ð ʩ ʦʩʪʘʪʦʯʥʦʡ ʪʝʧʣʦʪʦʡ 

ʟʚʝʟʜʳ (ɸ.ɸ. ʉʘʫʢʦʚ). ɺʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʚʝʨʭʥʠʝ ʦʙʦʣʦʯʢʠ ɿʝʤʣʠ ʧʦʣʫʯʘʶʪ 

ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʠʟ ʛʣʫʙʠʥ ʧʣʘʥʝʪʳ, ʠ ʩ ʥʝʶ ʩʚʷʟʘʥʳ ʦʯʝʥʴ ʤʥʦʛʠʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʷʶʪ ʵʥʝʨʛʠʶ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʦʜʥʘʢʦ ʧʨʘʚʠʣʴʥʝʝ ʙʳʣʦ ʙʳ ʛʦʚʦʨʠʪʴ ʦ ʧʨʦʷʚʣʝʥʠʠ ʨʘʥʝʝ ʥʘʢʦʧʣʝʥʥʦʡ ʵʥʝʨʛʠʠ 

ʞʠʚʳʤ ʚʝʱʝʩʪʚʦʤ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʀʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʯʘʩʪʴ 

ʵʣʝʤʝʥʪʦʚ ʦʪʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʵʪʠ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʡʪʠ ʚ ʘʪʤʦʩʬʝʨʫ ʠ 
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ʛʠʜʨʦʩʬʝʨʫ ʠʣʠ ʦʙʨʘʟʦʚʘʪʴ ʥʦʚʳʝ ʤʠʥʝʨʘʣʳ, ʠʣʠ ʞʝ ʚ ʚʠʜʝ ʠʟʦʤʦʨʬʥʳʭ 

ʧʨʠʤʝʩʝʡ ʠ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚʦʡʪʠ ʢʘʢ ʚ ʥʦʚʳʝ, ʪʘʢ ʠ ʚ ʨʘʥʝʝ 

ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʤʠʥʝʨʘʣʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʦʜʚʠʞʝʢ ʠ ʵʨʦʟʠʠ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʥʘ 

ʛʣʫʙʠʥʝ ʧʦʨʦʜʳ ʧʦʧʘʜʘʶʪ ʚ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʙʠʦʩʬʝʨʳ, ʛʜʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʭ ʵʣʝʤʝʥʪʳ ʠ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʘʛʝʥʪʘʤʠ 

ʚʳʚʝʪʨʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʨʘʟʣʦʞʝʥʠʷ 

ʦʨʛʘʥʠʟʤʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʧʘʜʘʶʪ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʠ ʤʝʪʘʥ, ʘ ʟʘ ʩʯʝʪ 

ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʩʠʥʪʝʟʘ ð ʢʠʩʣʦʨʦʜ.  

ʇʨʦʜʦʣʞʘʶʱʠʡʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩ ʨʘʩʧʘʜʘ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʫʧʣʝʥʠʶ ʚ ʘʪʤʦʩʬʝʨʫ ʛʝʣʠʷ ʠ ʘʨʛʦʥʘ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʩʚʷʟʘʥʦ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʦʜʝ. 

ʃʝʛʢʦ ʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʝʨʝʭʦʜʷʪ ʚ ʛʠʜʨʦʩʬʝʨʫ, ʥʘʭʦʜʷʩʴ ʚ ʬʦʨʤʝ 

ʠʩʪʠʥʥʳʭ ʠ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ 

ʢʦʥʪʠʥʝʥʪʦʚ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʦʩʘʜʢʠ ʚ 

ʩʪʘʜʠʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʜʠʘʛʝʥʝʟʘ, ʤʠʥʫʷ ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʧʝʨʝʭʦʜ ʚ ʛʠʜʨʦʩʬʝʨʫ. 

ʀʟ ʘʪʤʦʩʬʝʨʳ ʨʷʜ ʢʦʤʧʦʥʝʥʪʦʚ ʫʜʘʣʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʚʨʝʤʝʥʠ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ð ʢʠʩʣʦʨʦʜ (ʧʨʠ ʧʨʦʮʝʩʩʘʭ ʦʢʠʩʣʝʥʠʷ ʞʝʣʝʟʘ, 

ʤʘʨʛʘʥʮʘ, ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ; ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʳ ʠ ʪ.ʜ.), ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ 

(ʦʙʨʘʟʦʚʘʥʠʝ ʫʛʣʷ, ʥʝʬʪʠ, ʨʘʩʩʝʷʥʥʦʛʦ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʢʘʨʙʦʥʘʪʦʚ), ʘʟʦʪ (ʟʘ ʩʯʝʪ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʷʜʘ ʙʘʢʪʝʨʠʡ ʠ 

ʦʙʨʘʟʦʚʘʥʠʡ ʦʢʩʠʜʦʚ ʘʟʦʪʘ), ʚʦʜʦʨʦʜ ʠ ʛʝʣʠʡ (ʫʜʘʣʝʥʠʝ ʠʟ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʧʦʣʷ ɿʝʤʣʠ). ʀʟ ʘʪʤʦʩʬʝʨʳ ʫʜʘʣʷʶʪʩʷ ʠ ʢʦʣʣʦʠʜʥʳʝ ʯʘʩʪʠʮʳ (ʘʵʨʦʟʦʣʠ), 

ʧʦʧʘʚʰʠʝ ʚ ʥʝʝ ʠʟ ʢʦʩʤʦʩʘ (ʢʦʩʤʠʯʝʩʢʘʷ ʧʳʣʴ), ʣʠʪʦʩʬʝʨʳ ʠ ʛʠʜʨʦʩʬʝʨʳ. 

ʂʦʤʧʦʥʝʥʪʳ, ʫʜʘʣʝʥʥʳʝ ʠʟ ʘʪʤʦʩʬʝʨʳ, ʦʙʨʘʟʫʶʪ ʩʦʝʜʠʥʝʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. 

ɺ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʧʘʜʘʶʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʚʦʜʦʨʦʜ ʠ ʛʝʣʠʡ. ʇʦʩʣʝʜʥʝʛʦ, ʧʦ ʜʘʥʥʳʤ ɹ. ʄʝʡʩʦʥʘ, ʚ ʘʪʤʦʩʬʝʨʝ ʦʩʪʘʣʦʩʴ 

ʤʝʥʴʰʝ 0,1 ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ, ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʧʨʠ ʨʘʜʠʦʘʢʪʠʚʥʦʤ ʨʘʩʧʘʜʝ ʚ 

ʪʝʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ (106 ʣʝʪ). ʀʟ ʢʦʩʤʦʩʘ ʚ ʘʪʤʦʩʬʝʨʫ, ʘ ʟʘʪʝʤ ʠ 

ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʧʘʜʘʶʪ ʢʦʩʤʠʯʝʩʢʘʷ ʧʳʣʴ ʠ ʤʝʪʝʦʨʠʪʳ. ʄʘʩʩʘ ʚʩʝʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʢʦʩʤʦʩʘ ʟʘ ʛʦʜ, ʢʦʣʝʙʣʝʪʩʷ, ʧʦ ʜʘʥʥʳʤ 

ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ, ʦʪ 400 ʜʦ 4000 ʪ. 

ɺʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʠʚʰʠʝ ʚ ʨʘʩʪʚʦʨʳ ʧʨʠ ʚʳʚʝʪʨʠʚʘʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʟ 

ʘʪʤʦʩʬʝʨʳ, ʢʦʩʤʦʩʘ, ʧʨʠ ʧʦʜʚʦʜʥʳʭ ʠʟʚʝʨʞʝʥʠʷʭ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ, ʧʦʩʪʝʧʝʥʥʦ ʚʤʝʩʪʝ ʩ ʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʧʝʨʝʭʦʜʷʪ ʚ ʦʩʘʜʢʠ, ʦʙʨʘʟʫʶʱʠʝ ʥʦʚʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. ʆʩʘʜʢʠ ʦʪʣʘʛʘʶʪʩʷ ʚ 

ʦʪʢʨʳʪʳʭ ʤʦʨʩʢʠʭ ʚʦʜʦʝʤʘʭ, ʦʟʝʨʘʭ, ʘ ʪʘʢʞʝ ʚʳʧʘʜʘʶʪ ʠʟ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʚʳʧʘʜʝʥʠʝ ʚʝʱʝʩʪʚ ʚ ʦʩʘʜʦʢ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʤʝʥʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɺ ʩʣʫʯʘʝ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠʜʝʪ ʥʝ ʪʦʣʴʢʦ 

ʫʧʣʦʪʥʝʥʠʝ, ʥʦ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʪʘʢ ʠ ʨʘʩʩʝʷʥʠʝ ʵʣʝʤʝʥʪʦʚ. 

ɺʦ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʦʨʦʜʘʭ ʪʘʢʞʝ ʧʨʦʜʦʣʞʘʶʪʩʷ ʧʨʦʮʝʩʩʳ 

ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʪʘʢʠʝ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ 
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ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʜ, ʢʘʢ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʩʪʘʨʝʥʠʝ ʢʦʣʣʦʠʜʦʚ, ʛʠʜʨʘʪʘʮʠʷ ʠ 

ʜʝʛʠʜʨʘʪʘʮʠʷ, ʨʦʩʪ ʢʦʥʢʨʝʮʠʡ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ, ʫʩʪʦʡʯʠʚʳʭ ʚ ʜʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʤʠʥʝʨʘʣʦʚ. ʈʘʥʥʠʝ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʠʟʤʝʥʠʚʰʠʭʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʘ ʪʘʢʞʝ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʩʪʚʦʨʦʚ ʠ ʛʘʟʦʚ, ʧʨʦʥʠʢʘʶʱʠʭ ʚ ʧʦʨʦʜʳ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʘʛʤʳ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʜ, ʚʧʣʦʪʴ ʜʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʤʦʛʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʚʘʣʦʚʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ, ʪʘʢ ʠ ʩ 

ʧʨʠʚʥʝʩʝʥʠʝʤ ʚʝʱʝʩʪʚʘ (ʦʙʳʯʥʦ ʢʦʥʪʘʢʪʦʚʳʡ ʤʝʪʘʤʦʨʬʠʟʤ). ʇʨʠ ʵʪʦʤ 

ʚʦʟʤʦʞʥʘ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʠʭ ʨʘʩʩʝʷʥʠʝ. ɿʥʘʯʠʪʝʣʴʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʣʘʚʣʝʥʠʝ ʧʦʨʦʜ, ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʦʚ, ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ ʠ ʛʘʟʦʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʝʨʝʭʦʜ ʧʦʨʦʜ ʚ 

ʨʘʩʧʣʘʚʣʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʟʤʦʞʝʥ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʨʘʩʪʚʦʨʝʥʠʷ ʚʦ 

ʚʥʝʜʨʠʚʰʠʭʩʷ ʨʘʩʧʣʘʚʘʭ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʮʠʢʣ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ 

(ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʨʘʩʧʣʘʚʦʚ Ÿ ʚʳʚʝʪʨʠʚʘʥʠʝ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʯʘʩʪʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʠ ʛʠʜʨʦʩʬʝʨʫ Ÿ ʩʝʜʠʤʝʥʪʘʮʠʷ ʠ ʜʠʘʛʝʥʝʟ Ÿ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ, ʚʧʣʦʪʴ ʜʦ ʧʣʘʚʣʝʥʠʷ ʧʦʨʦʜ) ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʩʥʦʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ 

ʪʘʢʠʤ ʧʫʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʨʫʛʦʚʦʨʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ.  

 
ʈʠʩ. 2 ʂʨʫʛʦʚʦʨʦʪ ʬʦʩʬʦʨʘ 

ɺ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʟʝʤʣʝʜʝʣʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ 

ʚʳʥʦʩ ʬʦʩʬʦʨʘ ʠʟ ʛʣʫʙʠʥ ʦʢʝʘʥʘ ʥʝ ʢʦʤʧʝʥʩʠʨʫʝʪ ʦʩʘʞʜʝʥʠʝ ʵʣʝʤʝʥʪʘ ʧʨʠ ʝʛʦ ʩʥʦʩʝ ʩ ʩʫʰʠ 

 

ʆʜʥʘʢʦ, ʚ ʧʨʦʮʝʩʩʝ ʤʠʛʨʘʮʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʠ ʤʝʣʢʠʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ 

ʮʠʢʣʳ. ʋʯʘʩʪʚʫʷ ʚ ʥʠʭ, ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʤʠʥʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ çʩʪʫʧʝʥʠè 

ʦʩʥʦʚʥʦʛʦ ʮʠʢʣʘ. ʉʣʫʯʘʠ ʤʠʛʨʘʮʠʠ ʚ ʦʜʥʦʤ ʠʟ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʮʠʢʣʦʚ 
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ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʳ ʰʪʨʠʭʦʚʦʡ 

ʣʠʥʠʝʡ. 
ɺʩʧʦʤʥʠʤ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʚʣʠʷʥʠʠ 

ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʤʠʛʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ ʚʩʝ ʵʣʝʤʝʥʪʳ ʙʠʦʩʬʝʨʳ ʠʣʠ 

çʧʨʦʰʣʠè ʯʝʨʝʟ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʠʣʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚ ʩʨʝʜʝ, ʩʚʦʡʩʪʚʘ 

ʢʦʪʦʨʦʡ ʦʙʫʩʣʦʚʣʝʥʳ ʵʪʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. ʀʤʝʥʥʦ ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʦʩʦʙʦ 

ʚʳʜʝʣʷʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʵʣʝʤʝʥʪʦʚ. 

 
ʈʠʩ. 3 ʂʨʫʛʦʚʦʨʦʪ ʚʦʜʳ (ʤʤ) ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʚ ʢʘʞʜʦʤ ʨʝʟʝʨʚʫʘʨʝ, ʢʤ

3 
(ʚ ʩʢʦʙʢʘʭ ð 

ʧʨʦʮʝʥʪ ʦʪ ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ) 

 

ʀʥʦʛʜʘ ʦʙʦʩʦʙʣʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʨʫʛʦʚʦʨʦʪ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠʣʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʢʨʫʛʦʚʦʨʦʪʦʚ ʜʣʷ ʬʦʩʬʦʨʘ ʠ ʚʦʜʳ ʧʦʢʘʟʘʥʳ 

ʚʳʰʝ (ʈʠʩ. 2, ʈʠʩ. 3). 

 
 

ɺʠʜʳ ʠ ʪʠʧʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

 

ɺʠʜʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ɸ.ʀ. ʇʝʨʝʣʴʤʘʥ (1979) ʚʳʜʝʣʠʣ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʤʠʛʨʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ:  

1) ʤʝʭʘʥʠʯʝʩʢʫʶ;  

2) ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʫʶ;  

3) ʙʠʦʛʝʥʥʫʶ;  

4) ʪʝʭʥʦʛʝʥʥʫʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʩʦʮʠʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 
 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʤʠʛʨʘʮʠʷ (ʤʝʭʘʥʦʛʝʥʝʟ) ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʦʝ 
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ʧʝʨʝʤʝʱʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤ ʠʭ ʥʘʭʦʞʜʝʥʠʷ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʝʨʝʤʝʱʘʶʪʩʷ ʦʙʣʦʤʢʠ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʠ 

ʘʪʤʦʩʬʝʨʝ, ʚʦʜʳ ʨʝʢ, ʛʘʟʳ ʘʪʤʦʩʬʝʨʳ ʠ ʪ.ʜ. 
ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʤʠʛʨʘʮʠʷ ʚʢʣʶʯʘʝʪ ʤʠʛʨʘʮʠʶ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʝʝ 

ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʜʣʷ ʪʘʢʠʭ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ 

ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʛʘʟʦʚʳʝ ʩʤʝʩʠ. ʂ ʥʝʡ ʞʝ ʦʪʥʝʩʝʥʳ ʜʠʬʬʫʟʠʷ, ʧʨʦʮʝʩʩʳ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ, ʷʚʣʝʥʠʝ ʠʟʦʤʦʨʬʠʟʤʘ, ʧʨʦʮʝʩʩʳ ʩʦʨʙʮʠʠ. 
ɹʠʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʦʙʲʝʜʠʥʷʝʪ ʚʩʶ ʤʠʛʨʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴʶ ʦʨʛʘʥʠʟʤʦʚ (ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ). 
ʊʝʭʥʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʳʟʚʘʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʣʶʜʝʡ. ɽʝ ʨʦʣʴ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʠ ʚʦ ʤʥʦʛʦʤ ʦʥʘ ʢʦʥʪʨʦʣʠʨʫʝʪ 

ʧʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. 

ʊʠʧʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʢ ʧʨʦʮʝʩʩʘʤ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʩʫʱʥʦʩʪʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʚʠʜʝʪʴ 

ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ. ʆʜʥʘʢʦ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʧʨʠʭʦʜʠʪʩʷ ʫʜʝʣʷʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʬʦʨʤʘʤ ʥʘʭʦʞʜʝʥʠʷ ʤʠʛʨʠʨʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʢʘʢ ʯʘʩʪʦ ʦʪ ʵʪʦʛʦ ʟʘʚʠʩʠʪ ʜʦʩʪʫʧʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʦʨʛʘʥʠʟʤʘʤ. ʉʚʷʟʳʚʘʷ ʧʝʨʝʤʝʱʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʬʦʨʤʘʤʠ ʠʭ 

ʥʘʭʦʞʜʝʥʠʷ, ʘʚʪʦʨ ʚʳʜʝʣʷʝʪ (1989) ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʤʠʛʨʘʮʠʠ. 
ʇʝʨʚʳʡ ʪʠʧ ʤʠʛʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʧʝʨʝʭʦʜ ʵʣʝʤʝʥʪʘ ʠʟ 

ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʳ ʚ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʦʛʦ ʪʠʧʘ 

ʤʠʛʨʘʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʭʦʜʘ ʵʣʝʤʝʥʪʦʚ ʠʟ ʦʜʥʦʡ 

ʬʦʨʤʳ ʚ ʜʨʫʛʫʶ. ɺʧʝʨʚʳʝ ʪʘʢʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʙʳʣ ʧʨʠʚʝʜʝʥ ɹ.ɹ. ʇʦʣʳʥʦʚʳʤ 

ʜʣʷ ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʳ: 

ʂɹʇ=ʈ/ʇ, 

ʛʜʝ:  

ʂɹʇ ð ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ;  

ʈ ð ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʟʦʣʝ ʨʘʩʪʝʥʠʷ;  

ʇ ð ʩʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʘʭ (ʧʦʨʦʜʘʭ), ʥʘ ʢʦʪʦʨʳʭ 

ʧʨʦʠʟʨʘʩʪʘʝʪ ʨʘʩʪʝʥʠʝ. 
 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʮʝʩʩ (ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʧʝʨʝʤʝʱʝʥʠʷ) ʯʘʩʪʦ ʠʛʨʘʝʪ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʧʨʠʨʦʜʥʦʡ ʠ 

ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʷʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʂɹʇ > 1, ʠʜʝʪ ʚʳʙʦʨʦʯʥʦʝ 

çʧʝʨʝʢʘʯʠʚʘʥʠʝè ʵʣʝʤʝʥʪʦʚ ʠʟ ʧʦʯʚ.  

ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʦʪʤʠʨʘʥʠʠ ʨʘʩʪʝʥʠʡ ʤʠʥʝʨʘʣʴʥʘʷ ʯʘʩʪʴ ʦʧʘʜʘ ʚ 

ʧʦʜʩʪʠʣʢʝ ʣʝʩʦʚ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʯʝʤ ʥʠʞʝʣʝʞʘʱʠʝ ʧʦʯʚʝʥʥʳʝ ʛʦʨʠʟʦʥʪʳ. ɼʘʞʝ ʪʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʭ 

ʨʝʛʠʦʥʘʭ ʵʪʘ ʨʘʟʥʠʮʘ ʤʦʞʝʪ ʠʟʤʝʨʷʪʴʩʷ ʚ ʤʠʣʣʠʦʥʘʭ ʪʦʥʥ ʤʝʪʘʣʣʦʚ. 
ʇʦʩʣʝ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʢʘʪʘʩʪʨʦʬʳ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 

ʧʝʨʝʰʣʘ ʚ ʙʠʦʛʝʥʥʫʶ ʬʦʨʤʫ (ʚ ʨʘʩʪʝʥʠʷʭ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʡʦʥʝ ʘʚʘʨʠʠ, 
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ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʠʣʘʩʴ ʜʘʣʴʥʦʩʪʴ ʠʭ ʤʠʛʨʘʮʠʠ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʵʪʦ 

ʯʨʝʟʚʳʯʘʡʥʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʢʘʪʘʩʪʨʦʬʳ. 

ʆʜʥʘʢʦ ʥʝ ʙʳʣʘ ʫʯʪʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʝʱʝ ʦʜʥʦʛʦ ʩʢʦʨʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤ 

ʥʘʭʦʞʜʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʘ ʦʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʯʘʚʰʠʭʩʷ ʧʦʞʘʨʦʚ ʧʝʨʝʰʣʠ ʚ 

ʢʦʣʣʦʠʜʥʫʶ ʬʦʨʤʫ (ʘʵʨʦʟʦʣʠ). ʇʨʠ ʵʪʦʤ ʜʘʣʴʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʤʠʛʨʘʮʠʠ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʨʝʟʢʦ ʚʦʟʨʦʩʣʠ, ʘ ʩʘʤʘ ʤʠʛʨʘʮʠʷ ʧʝʨʝʰʣʘ ʚ ʩʣʝʜʫʶʱʠʡ ʪʠʧ. 
ɺʪʦʨʦʡ ʪʠʧ ʤʠʛʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʘ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʝʛʦ ʥʘʭʦʞʜʝʥʠʷ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʦʛʦ ʪʠʧʘ ʤʠʛʨʘʮʠʠ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʫʢʘʟʘʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʘʵʨʦʟʦʣʝʡ ʚ ʘʪʤʦʩʬʝʨʝ, ʦʙʣʦʤʢʦʚ ʤʠʥʝʨʘʣʦʚ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʠʣʠ ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 
ʉʦ ʚʪʦʨʳʤ ʪʠʧʦʤ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʪʘʢʞʝ ʙʳʚʘʶʪ ʩʚʷʟʘʥʳ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʘʪʘʩʪʨʦʬʳ. ʊʘʢ, ʚ ʢʦʥʮʝ 1993 ʛ. ʚ ʀʥʜʠʠ ʥʘʩʪʫʧʘʶʱʝʝ ʤʦʨʝ 

ʟʘʪʦʧʠʣʦ ʫʯʘʩʪʦʢ ʧʣʦʜʦʨʦʜʥʦʡ ʟʝʤʣʠ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 2000 ʛʘ ʩʨʦʢʦʤ ʥʘ 15 

ʯʘʩʦʚ. ʇʨʠ ʵʪʦʤ ʥʝ ʪʦʣʴʢʦ ʙʳʣʠ ʩʥʝʩʝʥʳ ʜʘʤʙʳ ʠ ʧʣʦʜʦʨʦʜʥʳʡ ʩʣʦʡ ʧʦʯʚ ʩ 

ʫʨʦʞʘʝʤ ʧʰʝʥʠʮʳ ʠ ʭʣʦʧʯʘʪʥʠʢʘ, ʥʦ ʧʝʨʝʤʝʱʘʶʱʠʝʩʷ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ 

(ʤʦʨʩʢʘʷ ʚʦʜʘ) ʟʘʤʝʥʠʣʠ ʧʨʝʩʥʳʝ ʧʦʯʚʝʥʥʳʝ ʨʘʩʪʚʦʨʳ, ʚʳʟʚʘʚ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚ. 

ʇʨʠʯʠʥʘʤʠ ʵʪʦʛʦ ʥʘʚʦʜʥʝʥʠʷ ʄʘʭʠʨ ɹʭʘʪ (1994) ʩʯʠʪʘʝʪ ʫʥʠʯʪʦʞʝʥʠʝ 

ʧʨʠʙʨʝʞʥʳʭ ʤʘʥʛʨʦʚʳʭ ʨʦʱ ʧʘʩʫʱʠʤʩʷ ʩʢʦʪʦʤ, ʨʘʟʨʘʙʦʪʢʫ ʥʘ ʧʦʙʝʨʝʞʴʝ 

ʧʝʩʯʘʥʳʭ ʢʘʨʴʝʨʦʚ, ʫʥʠʯʪʦʞʝʥʠʝ ʤʘʣʳʭ ʨʝʢ. 
ʊʨʝʪʠʡ ʪʠʧ ʤʠʛʨʘʮʠʠ ʦʙʲʝʜʠʥʷʝʪ ʜʚʘ ʧʨʝʜʳʜʫʱʠʭ ʠ ʩʦʩʪʦʠʪ ʚ 

ʧʝʨʝʤʝʱʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤ ʠʭ ʥʘʭʦʞʜʝʥʠʷ, ʥʘʧʨʠʤʝʨ 

ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, ʨʘʩʪʚʦʨʷʶʱʠʭ ʤʠʥʝʨʘʣʳ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʧʝʨʝʭʦʜ ʠʟ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʳ ʚ ʙʠʦʛʝʥʥʫʶ ʧʨʠ ʤʦʱʥʦʤ 

ʯʝʭʣʝ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʪ.ʜ. 
ʕʪʦʪ ʪʠʧ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʚ 

ʙʠʦʩʬʝʨʝ. ɽʛʦ ʟʥʘʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʦʩʦʙʦ ʚʘʞʥʳʤ, ʢʦʛʜʘ ʭʦʪʷʪ ʧʨʦʩʣʝʜʠʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʠʡ ʧʫʪʴ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠʭ ʩʦʝʜʠʥʝʥʠʡ). 

ʊʘʢʠʝ ʧʦʩʪʨʦʝʥʠʷ ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʜʣʷ ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʫʪʝʡ 

ʪʦʢʩʠʯʥʳʭ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. 
ʊʘʢ, ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʚʳʰʝ ʧʨʠʤʝʨʝ ʩ ʤʠʛʨʘʮʠʝʡ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ 

ʨʘʡʦʥʝ ʏʝʨʥʦʙʳʣʷ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʦʠʟʦʡʜʝʪ ʠʭ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʘʪʤʦʩʬʝʨʥʳʡ ʧʝʨʝʥʦʩ ʠ ʦʯʝʨʝʜʥʦʡ ʧʝʨʝʭʦʜ ʚ ʙʠʦʛʝʥʥʫʶ ʬʦʨʤʫ ʠʟ ʢʦʣʣʦʠʜʥʦʡ. 

ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ 

ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ (ʯʝʨʝʟ ʣʝʛʢʠʝ ʚ ʢʨʦʚʴ) ʣʠʙʦ ʥʘʢʦʧʣʝʥʠʝ ʠʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʘʭ, ʟʘʪʝʤ ʜʘʣʴʥʷʷ ʪʝʭʥʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ 

(ʧʝʨʝʚʦʟʢʘ ʧʨʦʜʫʢʪʦʚ) ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤʳ. 
ɺʝʩʴʤʘ ʠʥʪʝʨʝʩʥʦ ʧʨʦʩʣʝʜʠʪʴ ʧʫʪʴ ʧʨʠʨʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʪʦʨʠʷ ð ʦʜʥʦʛʦ 

ʠʟ ʜʚʫʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. 

ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʚ ʧʨʠʨʦʜʝ ʤʠʥʝʨʘʣ ʪʦʨʠʷ ð ʤʦʥʘʮʠʪ (Th, Ge, 

La)PO4 ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʨʝʢʘʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʦʩʪʫʧʝʥ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 150 ʢʤ (ʚʪʦʨʦʡ ʪʠʧ ʤʠʛʨʘʮʠʠ) ʦʪ ʩʦʜʝʨʞʘʱʠʭ ʝʛʦ ʛʦʨʥʳʭ 

ʧʦʨʦʜ. ɿʘʪʝʤ ʦʥ ʥʘʯʠʥʘʝʪ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʪʚʦʨʷʪʴʩʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʨʅ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʛʠʜʨʦʣʠʟʘʮʠʷ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʦʨʠʷ (Th (ʆʅ)
3+

, Th (OH)2
2+

, Th(OH)4Á).  
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ʇʨʦʜʫʢʪʳ ʛʠʜʨʦʣʠʟʘ ʣʝʛʢʦ ʩʦʨʙʠʨʫʶʪʩʷ ʢʦʣʣʦʠʜʘʤʠ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ, ʛʠʜʨʦʢʩʠʜʦʚ Fe, Mg, Al (H.A. ʊʠʪʘʝʚʘ, 1992). ʂʦʥʮʝʥʪʨʘʮʠʷ Th ʚʦ 

ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮʘʭ ʧʦʚʳʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʯʥʳʤʠ ʚʦʜʘʤʠ ʚ ʪʳʩʷʯʠ 

ʨʘʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ Th ʦʪ ʚʳʚʝʪʨʠʚʰʠʭʩʷ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʜʦ ʆʢʝʘʥʘ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ) ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʤʝʥʷʶʪʩʷ ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʤʠʛʨʘʮʠʦʥʥʦʤ ʧʦʪʦʢʝ ʵʪʦʛʦ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʣʠʰʴ ʥʘ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʥ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ, ʪ.ʝ. ʚ ʬʦʨʤʝ, ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʜʣʷ 

ʦʨʛʘʥʠʟʤʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʝʛʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʘ: ʦʪ n*10
-10

 ʜʦ 

n*10
-8

 ʛ/ʣ. 
ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʯʠʥʳ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ, ʪʘʢ ʢʘʢ ʠʭ ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʫʩʠʣʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʦʜʥʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʨʫʛʠʭ ʚ 

ʧʨʝʜʝʣʘʭ ʜʘʞʝ ʥʝʙʦʣʴʰʦʛʦ ʫʯʘʩʪʢʘ. ɹʝʟ ʟʥʘʥʠʷ ʧʨʠʯʠʥ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ 

ʯʘʩʪʦ ʥʝʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ 

ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʧʦʯʚʘʭ, ʚʦʜʘʭ, ʨʘʩʪʝʥʠʷʭ ʠ ʞʠʚʦʪʥʳʭ.  

ɺʩʝ ʧʨʠʯʠʥʳ ʤʠʛʨʘʮʠʠ ɸ.ɽ. ʌʝʨʩʤʘʥ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʣ ʥʘ ʚʥʫʪʨʝʥʥʠʝ, 

ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʘʪʦʤʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʠ ʚʥʝʰʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʦʙʩʪʘʥʦʚʢʫ ʤʠʛʨʘʮʠʠ. 

 
 

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 
ʟʝʤʥʦʡ ʢʦʨʝ 

 

ɺʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ 

 

ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ (ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ) ʩʚʦʡʩʪʚʘ ʠʦʥʦʚ. ʕʪʫ ʛʨʫʧʧʫ 

ʬʘʢʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʧʨʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʚʠʜʝ 

ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ. ʊʘʢʘʷ ʤʠʛʨʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʠ ʪʠʧʠʯʥʘ ʜʣʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ, ʛʘʟʦʚʳʭ 

ʩʤʝʩʝʡ, ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ. ʊʘʢ ʢʘʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʛʨʫʧʧʘ ʬʘʢʪʦʨʦʚ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʘʤʠ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ, ʝʝ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʥʝ ʢ ʪʦʯʥʳʤ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʢʦʥʩʪʘʥʪʘʤ, ʘ ʢ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. 

ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʂʘʨʪʣʝʜʞʘ. ʇʦ 

ʝʛʦ ʟʥʘʯʝʥʠʶ, ʦʧʨʝʜʝʣʷʝʤʦʤʫ ʦʪʥʦʰʝʥʠʝʤ ʟʘʨʷʜʘ ʠʦʥʘ (ʚʘʣʝʥʪʥʦʩʪʠ) ʢ ʝʛʦ 

ʨʘʜʠʫʩʫ, ʫʤʥʦʞʝʥʥʦʤʫ ʥʘ 10, ʝʩʣʠ ʦʥ ʚʳʨʘʞʘʝʪʩʷ ʚ ʥʘʥʦʤʝʪʨʘʭ [Z/(10Rj), ʛʜʝ Z 

ð ʟʘʨʷʜ; Rj ð ʨʘʜʠʫʩ ʠʦʥʘ, ʥʤ], ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ (ʠʭ ʠʦʥʳ) ʦʙʲʝʜʠʥʷʶʪʩʷ 

ʚ ʪʨʠ ʛʨʫʧʧʳ ʩ ʚʝʣʠʯʠʥʦʡ ʧʦʪʝʥʮʠʘʣʘ: ʧʝʨʚʘʷ ð ʜʦ 3; ʚʪʦʨʘʷ ð ʦʪ 3 ʜʦ 12; 

ʪʨʝʪʴʷ ð ʙʦʣʴʰʝ 12. ɺʩʝ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʠʩʪʠʥʥʳʝ ʨʘʩʪʚʦʨʳ, ʩʦʝʜʠʥʷʪʴʩʷ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, 

ʘ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ð ʧʦ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ ʠ 

ʨʘʩʧʣʘʚʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ (ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ) ʵʥʝʨʛʠʝʡ ʠʭ 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ. ʆʥʘ, ʧʦ ɸ.ɽ. ʌʝʨʩʤʘʥʫ, ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʦʥʦʚ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʘʣʝʥʪʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ. ʀʦʥʳ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʕʂ ʨʘʥʴʰʝ ʚʳʧʘʜʘʶʪ ʠʟ ʨʘʩʪʚʦʨʦʚ ʠ ʦʙʳʯʥʦ ʧʝʨʚʳʤʠ ʦʙʨʘʟʫʶʪ ʩʦʝʜʠʥʝʥʠʷ ʚ 

ʭʦʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʘʛʤʳ. ʇʨʠ ʧʨʦʮʝʩʩʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʦʥʠ, ʢʘʢ ʤʝʥʝʝ 

ʧʦʜʚʠʞʥʳʝ, ʯʘʱʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʵʣʶʚʠʠ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʤʠʛʨʘʮʠʠ ʦʪ ʨʘʜʠʫʩʘ ʠʦʥʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠ ʩʚʦʙʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʜʠʫʩʘ ʜʘʣʴʥʦʩʪʴ ʤʠʛʨʘʮʠʠ 

ʚʦʟʨʘʩʪʘʝʪ, ʘ ʧʨʠ ʜʠʬʬʫʟʠʠ, ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʘʝʪʩʷ. 

ɺ ʨʘʩʪʚʦʨʘʭ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʦʥʦʚ ʤʦʞʝʪ ʧʝʨʝʥʦʩʠʪʴʩʷ ʠ ʚ ʚʠʜʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥʠ ʦʙʳʯʥʦ ʥʝʜʦʩʪʫʧʥʳ ʤʥʦʛʠʤ 

ʞʠʚʳʤ ʦʨʛʘʥʠʟʤʘʤ. ʆʜʥʘʢʦ ʜʦʚʦʣʴʥʦ ʩʢʦʨʦ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʯʠʥʘʝʪʩʷ 

ʧʝʨʚʠʯʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʨʘʩʪʚʦʨʝ ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ 

ʟʘ ʩʯʝʪ ʠʭ ʦʪʨʳʚʘ ʠʟ ʚʥʝʰʥʝʡ ʩʬʝʨʳ ʢʦʤʧʣʝʢʩʘ. ʉ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʠʛʨʘʮʠʠ, ʪ.ʝ. ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʙʘʨʴʝʨʘʭ, ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚʪʦʨʠʯʥʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʦʥʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚ ʨʘʩʪʚʦʨʝ ʧʦʷʚʷʪʩʷ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʠʦʥʦʚ ʣʠʛʘʥʜʳ 

ʠʟ ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʳ ʠ ʩʘʤ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʴ. 

ɺʩʝ ʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʦʣʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ 

ʚ ʚʠʜʝ ʧʨʦʩʪʳʭ ʠʦʥʦʚ, ʘ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ ʚ ʪʘʢʫʶ 

ʬʦʨʤʫ ʧʝʨʝʭʦʜʠʪ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʵʣʝʤʝʥʪʦʚ. ɼʘʣʴʥʝʡʰʘʷ ʤʠʛʨʘʮʠʷ 

ʧʨʦʩʪʳʭ ʠʦʥʦʚ (ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʘʭ) ʥʘʯʠʥʘʝʪ ʧʦʜʯʠʥʷʪʴʩʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʠʭ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʩʘʤʠ 

ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʚʩʝʭ ʦʨʛʘʥʠʟʤʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʪʣʦʞʝʥʠʷ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʠʦʥʦʚ 

ʵʣʝʤʝʥʪʦʚ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʦʩʪʫʧʘʶʱʠʭ ʩʝʡʯʘʩ ʪʝʭʥʦʛʝʥʥʳʤ ʧʫʪʝʤ ʚ 

ʙʠʦʩʬʝʨʫ. ʈʘʥʴʰʝ ʜʨʫʛʠʭ ʜʦʣʞʥʳ ʧʨʝʢʨʘʪʠʪʴ ʩʚʦʙʦʜʥʫʶ ʤʠʛʨʘʮʠʶ ʠʦʥʳ ʩ 

ʤʘʣʳʤʠ ʨʘʜʠʫʩʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʧʦʣʘʛʘʷ ʠʦʥʳ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʠʭ ʨʘʜʠʫʩʦʚ (n*10
-8 

ʥʤ), ʧʦʣʫʯʠʤ ʩʭʝʤʘʪʠʯʝʩʢʠʡ ʨʷʜ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʤʠʛʨʠʨʦʚʘʚʰʠʭ ʚ ʚʠʜʝ ʧʨʦʩʪʳʭ 

ʠʦʥʦʚ (ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, 1974): 
 

Ni
3+

 (0,35) Ÿ Cr
6+

 (0,52) Ÿ ʉʛ
3+

 (0,64) Ÿ ʉʦ
3+

 (0,64) ŸW
e+

 (0,65) Ÿ Sn
4+

 (0,67) Ÿ Fe
3+

 

(0,67) Ÿ ʄʦ
4+

 (0,68) ŸAs
3+

 (0,69) Ÿ Ni
2+
(0,74) Ÿ Mg

2+
(0,74) Ÿ Co

2+
 (0,78) Ÿ Fe

2+
 

(0,8) Ÿ Cu
2+

 (0,8) Ÿ Zn
2+

 (0,83) Ÿ Sb
3+

 (0,9) Ÿ Cu
+
 (0,96) Ÿ Cd

2+
 (0,99) Ÿ Sn

2+
 (1,02) 

Ÿ Hg
2+

 (1,12) Ÿ Ag
+
 (1,13) Ÿ Bi

3+
 (1,2) Ÿ Pb

2+
 (1,26) Ÿ J

-
 (2,2) 

 

ʆʜʥʘʢʦ ʥʘ ʤʠʛʨʘʮʠʶ ʠʦʥʦʚ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʠ ʠʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʜʘʣʴʥʦʩʪʴ 

ʤʠʛʨʘʮʠʠ ʠʦʥʦʚ, ʧʦ ɸ.ɽ. ʌʝʨʩʤʘʥʫ (1958), ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʟʥʘʯʝʥʠʶ ʕʂ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʕʂ ʠʦʥʦʚ, ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʥʠʤʘʝʤʦʤʫ ʧʦʣʦʞʝʥʠʶ ʜʣʷ Sb
3+

, Cu
+
, Bi

3+
, Pb

2+
. ʊʘʢ ʢʘʢ 

ʩʫʨʴʤʘ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʕʂ (4,0), ʝʝ ʩʣʝʜʫʝʪ ʧʝʨʝʤʝʩʪʠʪʴ ʚʣʝʚʦ, ʧʦʩʪʘʚʠʚ ʤʝʞʜʫ 
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As
3+ 

(R=0,69; ʕʂ=4,3) ʠ Ni
2+

 (R=0,74; ʕʂ=2,18). ɺʠʩʤʫʪ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʤʝʩʪʠʪʴ ʤʝʞʜʫ Fe
2+

 (R=0,8; ʕʂ=2,12) ʠ Cu
2+

 (R=0,8; ʕʂ=2,10).  

ʅʘ ʥʦʚʦʤ ʤʝʩʪʝ ʚʠʩʤʫʪ ʙʫʜʝʪ ʨʘʩʧʦʣʦʞʝʥ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ, ʨʘʜʠʫʩ ʠ 

ʕʂ ʢʦʪʦʨʳʭ ʥʘ 1/3 ʤʝʥʴʰʝ, ʯʝʤ ʫ ʚʠʩʤʫʪʘ. ɽʩʣʠ ʞʝ ʦʩʥʦʚʥʦʡ ʩʯʠʪʘʪʴ ʨʦʣʴ ʕʂ, 

ʪʦ ʚʠʩʤʫʪ ʜʦʣʞʝʥ ʨʘʩʧʦʣʦʞʠʪʴʩʷ ʤʝʞʜʫ ʩʫʨʴʤʦʡ, ʟʘʥʷʚʰʝʡ ʥʦʚʦʝ ʤʝʩʪʦ, ʠ 

ʥʠʢʝʣʝʤ. ʋ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʩʚʠʥʮʘ ʕʂ ʨʘʚʝʥ 1,65, ʦʜʥʘʢʦ ʧʦʚʳʰʝʥʥʘʷ ʘʢʪʠʚʥʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ ʠʦʥʘ ʈʔ
2+
, ʧʦ ʜʘʥʥʳʤ ɸ.ɽ. ʌʝʨʩʤʘʥʘ, ʦʪʚʝʯʘʝʪ ʧʦʚʳʰʝʥʠʶ ʵʪʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʦ 1,85. ʕʪʦ ʟʘʩʪʘʚʣʷʝʪ ʧʦʩʪʘʚʠʪʴ ʩʚʠʥʝʮ ʤʝʞʜʫ Cd
2+

 (R=0,99; 

ʕʂ=2,0) ʠ Sn
2+

 (R=l,02; ʕʂ=1,8). ʆʜʥʦʚʘʣʝʥʪʥʘʷ ʤʝʜʴ, ʠʤʝʶʱʘʷ ʕʂ=0,7, 

ʜʦʣʞʥʘ ʧʝʨʝʤʝʩʪʠʪʴʩʷ ʚʧʨʘʚʦ, ʟʘʥʷʚ ʤʝʩʪʦ ʤʝʞʜʫ ʨʪʫʪʴʶ (ʕʂ=1,7) ʠ ʩʝʨʝʙʨʦʤ 

(ʕʂ=0,6).  

ɺ ʚʳʚʝʜʝʥʥʦʤ ʨʷʜʫ ʜʘʣʴʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʠʦʥʦʚ ʚʩʪʨʝʯʘʝʪʩʷ ʛʨʫʧʧʘ 

ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʠʦʥʳ ʨʘʟʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ: ʥʠʢʝʣʴ (Ni
3+ 
ʠ Ni

2+
), ʭʨʦʤ 

(Cr
6+

 ʠ ʉʛ
3+
), ʢʦʙʘʣʴʪ (ʉʦ

3+
 ʠ ʉʦ

2+
), ʦʣʦʚʦ (Sn

4+
 ʠ Sn

2+
), ʞʝʣʝʟʦ (Fe

3+
 ʠ Fe

2+
), 

ʚʠʩʤʫʪ (Bi
5+

 ʠ Bi
3+

), ʤʝʜʴ (ʉu
2+

 ʠ ʉu
+
). ʀʦʥʳ ʭʨʦʤʘ ʦʙʝʠʭ ʚʘʣʝʥʪʥʦʩʪʝʡ 

ʦʙʣʘʜʘʶʪ ʤʘʣʳʤʠ ʨʘʜʠʫʩʘʤʠ ʠ ʙʦʣʴʰʠʤʠ ʕʂ. ʕʪʦ, ʘ ʪʘʢʞʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʝʛʦ ʚ ʢʦʤʧʣʝʢʩʥʳʭ ʠʦʥʘʭ ʧʦʟʚʦʣʷʝʪ ʦʙʦʠʤ ʠʦʥʘʤ ʥʘʭʦʜʠʪʴʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʤʝʩʪʝ ʠ ʩʪʦʷʪʴ ʚ ʥʘʯʘʣʝ ʨʷʜʘ. ʋ ʠʦʥʦʚ ʦʣʦʚʘ ʚ ʧʨʠʨʦʜʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʚʘʣʝʥʪʥʦʩʪʴ, ʨʘʚʥʘʷ ʯʝʪʳʨʝʤ, ʠ ʪʦʣʴʢʦ ʚ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʠʭ ʤʠʥʝʨʘʣʘʭ ð ʛʝʨʮʝʥʙʝʨʛʠʪʝ (SnS) ʠ ʪʠʣʣʠʪʝ (SnS Å PbS) 

ð ʝʛʦ ʚʘʣʝʥʪʥʦʩʪʴ ʨʘʚʥʘ ʜʚʫʤ. ɼʚʫʭ- ʠ ʪʨʝʭʚʘʣʝʥʪʥʦʝ ʞʝʣʝʟʦ ʚʩʪʨʝʯʘʝʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ ʯʘʩʪʦ; ʘʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʜʣʷ ʠʦʥʦʚ 

ʤʝʜʠ. 

ʋ ʚʠʩʤʫʪʘ ʚʩʝ ʦʩʥʦʚʥʳʝ ʤʠʥʝʨʘʣʳ ʩʦʜʝʨʞʘʪ ʪʨʝʭʚʘʣʝʥʪʥʳʡ ʠʦʥ, ʘ 

ʧʷʪʠʚʘʣʝʥʪʥʳʡ ʚʠʩʤʫʪ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʢʨʘʡʥʝ ʨʝʜʢʦ, ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ. ʊʦʯʥʦ ʪʘʢ ʞʝ, ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʤʦʛʫʪ ʧʦʷʚʣʷʪʴʩʷ ʩʦʝʜʠʥʝʥʠʷ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʥʠʢʝʣʷ, 

ʧʨʠʯʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, Ni
3+

 ʚʩʪʨʝʯʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʉʦ
3+
. ʊʘʢʠʝ ʫʩʣʦʚʠʷ ʚ 

ʙʠʦʩʬʝʨʝ ʯʘʱʝ ʚʦʟʥʠʢʘʶʪ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʩʚʦʙʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʤʥʦʛʠʝ ʤʠʥʝʨʘʣʳ ʦʙʨʘʟʫʶʪʩʷ ʠʟ 

ʠʦʥʦʚ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ çʦʩʥʦʚʥʦʡ ʠʦʥè ʢʘʢ ʙʳ ʚʳʟʳʚʘʝʪ 

ʩʦʦʩʘʞʜʝʥʠʝ ʜʨʫʛʠʭ, ʜʘʣʴʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʢʦʪʦʨʳʭ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʙʙʣʴʰʘʷ 

ʠʣʠ ʢʦʪʦʨʳʝ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʝʱʝ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʩʪʚʦʨʘʭ. 

ʊʘʢ, ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʦʩʦʣʝʡ ʤʝʜʠ ʦʜʥʦʚʘʣʝʥʪʥʦʡ çʧʨʝʢʨʘʱʘʝʪè 

ʤʠʛʨʘʮʠʶ ʥʝʜʠʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʤʳʰʴʷʢʘ ʠ ʩʫʨʴʤʳ (Cu,2Sb4S13 ʠ ʜʨ.), 

ʘ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʉu
+
 ʚʳʟʳʚʘʝʪ ʦʩʘʞʜʝʥʠʝ ʠʦʥʦʚ ʚʠʩʤʫʪʘ ʠ ʦʣʦʚʘ 

(CuBiS2, Cu6Bi4S9; Cu2FeSnS4 ʠ ʜʨ.). ɺʤʝʩʪʝ ʩʦ ʩʚʠʥʮʦʤ ʤʦʛʫʪ ʦʩʘʞʜʘʪʴʩʷ 

ʚʠʩʤʫʪ, ʦʣʦʚʦ, ʩʫʨʴʤʘ (Pb5Sb4S1t; Pb,3Sb7S23; Pb2Bi2S5; Pb6Bi2S9; Pb5Sn3Sb2Su ʠ 

ʜʨ.). ʆʙʨʘʟʦʚʘʥʠʶ ʩʦʚʤʝʩʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʩʝʜʩʪʚʦ ʚ 

ʤʠʛʨʘʮʠʦʥʥʦʤ ʨʷʜʫ ʤʝʜʠ, ʚʠʩʤʫʪʘ, ʩʚʠʥʮʘ ʠ ʦʣʦʚʘ. 

ɹʦʣʴʰʦʝ ʯʠʩʣʦ çʯʫʞʠʭè ʠʦʥʦʚ ʤʦʞʝʪ ʠʟʦʤʦʨʬʥʦ ʚʦʡʪʠ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʤʠʥʝʨʘʣʦʚ (ʥʘʧʨʠʤʝʨ, ʩʝʨʝʙʨʦ ʚ 

ʛʘʣʝʥʠʪ), ʘ ʯʘʩʪʴ ð ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ 

ʤʠʥʝʨʘʣʦʚ. ʀʤʠ ʤʦʛʫʪ ʙʳʪʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ 
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ʤʠʥʝʨʘʣʳ, ʥʘʧʨʠʤʝʨ ʜʦʣʦʤʠʪ, ʚ ʨʝʰʝʪʢʫ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʠʟʦʤʦʨʬʥʦ ʚʦʡʪʠ Zn 

ʚʤʝʩʪʦ Mg. 

ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʪʫʪʴ, ʟʘʥʠʤʘʶʱʘʷ ʚ ʤʠʛʨʘʮʠʦʥʥʦʤ ʨʷʜʫ 

ʤʝʩʪʦ ʤʝʞʜʫ ʦʣʦʚʦʤ ʠ ʤʝʜʴʶ, ʩʧʦʩʦʙʥʘ ʤʠʛʨʠʨʦʚʘʪʴ ʚ ʛʘʟʦʦʙʨʘʟʥʦʡ ʬʦʨʤʝ, 

ʧʦʵʪʦʤʫ ʦʥʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʧʦʨʦʜʘʭ ʚ ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʯʘʱʝ, ʯʝʤ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʤʠʛʨʘʮʠʦʥʥʦʤ ʨʷʜʫ. ʄʝʩʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʨʷʜʫ ʤʳʰʴʷʢʘ ʠ 

ʩʫʨʴʤʳ ʪʘʢʞʝ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʝʪʫʯʝʩʪʴʶ ʩʦʝʜʠʥʝʥʠʡ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʦʤʝ ʦʩʥʦʚʥʦʛʦ ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʨʷʜʘ, ʧʦʨʷʜʦʢ 

ʦʩʘʞʜʝʥʠʷ ʠʦʥʦʚ ʚ ʢʦʪʦʨʦʤ ʟʘʢʦʥʦʤʝʨʥʦ ʩʚʷʟʘʥ ʩ ʠʭ ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ ʠ ʕʂ, 

ʩʫʱʝʩʪʚʫʝʪ ʧʦʙʦʯʥʳʡ ʨʷʜ (ɸʣʝʢʩʝʝʥʢʦ, 1974). ʇʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʥʝʤ 

ʦʙʫʩʣʦʚʣʝʥʦ çʩʦʫʯʘʩʪʠʝʤè ʚ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʦʚ, ʠʟʦʤʦʨʬʥʳʤ ʚʭʦʞʜʝʥʠʝʤ ʚ 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʠ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʤʠʥʝʨʘʣʳ, ʘ ʪʘʢʞʝ ʣʝʪʫʯʝʩʪʴʶ.  

ɺʳʜʝʣʝʥʥʳʡ ʨʷʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪ 

ʟʦʥʘʣʴʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʠʭ ʚʳʧʘʜʝʥʠʠ ʠʟ ʨʘʩʪʚʦʨʦʚ 

(ʨʘʩʧʣʘʚʦʚ) ʧʦʜ ʚʣʠʷʥʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʠʛʨʠʨʫʶʱʠʭ ʠʦʥʦʚ. 
ɺʳʷʚʠʚ ʟʦʥʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ, ʦʪʚʝʯʘʶʱʫʶ 

ʨʘʩʩʯʠʪʘʥʥʦʤʫ ʨʷʜʫ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʪʣʦʞʝʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʠʩʭʦʜʠʣʦ ʠʟ ʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʨʘʩʧʣʘʚʦʚ), ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʠ ʝʛʦ ʨʘʟʤʝʨʳ. 
ʉʣʝʜʫʝʪ ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚʳʚʝʜʝʥʥʳʡ ʨʷʜ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʠʭ ʩʚʦʙʦʜʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ (ʠʥʬʠʣʴʪʨʘʮʠʠ) ʚ ʚʠʜʝ ʠʦʥʦʚ. ʇʨʠ ʠʭ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʘʯʠʚʘʥʠʠ 

ʯʝʨʝʟ ʧʦʯʚʳ (ʘ ʵʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʟʚʠʪʳʡ ʚ ʧʨʠʨʦʜʝ ʧʨʦʮʝʩʩ) ʧʦʙʦʯʥʳʡ ʨʷʜ 

ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʠʦʥʦʚ. ʀʭ ʦʩʘʞʜʝʥʠʝ, ʦʪʣʠʯʘʶʱʝʝʩʷ ʦʪ 

ʦʩʥʦʚʥʦʛʦ ʨʷʜʘ, ʦʙʲʷʩʥʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʮʝʩʩʘʤʠ ʩʦʨʙʮʠʠ.  

ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʵʪʠʭ ʠʦʥʦʚ ʚ ʧʦʙʦʯʥʦʤ ʨʷʜʫ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʫʯʝʪʦʤ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʯʚʝʥʥʳʭ 

ʢʦʣʣʦʠʜʦʚ, ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ. 
ʉʚʦʡʩʪʚʘ ʩʚʷʟʠ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʫʩʠʣʠʷʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʠʭ ʨʘʟʨʫʰʝʥʠʝ. ʏʝʤ ʷʨʯʝ 

ʦʥʠ ʚʳʨʘʞʝʥʳ, ʪʝʤ ʫʩʪʦʡʯʠʚʝʝ ʤʠʥʝʨʘʣʳ ʠ ʪʝʤ ʧʦʟʞʝ ʧʨʦʷʚʷʪʩʷ ʩʦʙʩʪʚʝʥʥʳʝ 

ʤʠʛʨʘʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ. 
ʉʚʷʟʴ ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ 

ʦʪʥʦʩʷʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʠ ʵʥʝʨʛʠʷ ʝʛʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ. ʉʚʦʡʩʪʚʘ ʩʚʷʟʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʜʘʪʣʠʚʦʩʪʴʶ 

ʤʠʥʝʨʘʣʦʚ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʚʳʚʝʪʨʠʚʘʥʠʶ, ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ.  

ʅʘʠʙʦʣʴʰʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʦʙʳʯʥʦ ʦʙʣʘʜʘʶʪ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʙʦʣʴʰʦʡ ʵʥʝʨʛʠʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʧʣʦʭʦ ʚʳʨʘʞʝʥʥʦʡ ʩʧʘʡʥʦʩʪʴʶ ʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʚʝʨʜʦʩʪʴʶ. ʋʯʠʪʳʚʘʷ ʩʧʦʩʦʙʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʧʨʦʪʠʚʦʩʪʦʷʪʴ 

ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʨʘʟʨʫʰʝʥʠʷʤ, ɸ.ɸ. ʂʫʭʘʨʝʥʢʦ ʧʨʠʚʦʜʠʪ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʷʜ ʜʘʣʴʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʚʦ ʬʨʘʢʮʠʠ ʙʦʣʴʰʝ 0,1 ʤʤ 

(ʊʘʙʣʠʮʘ 1). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʨʷʜʘ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʦʙʳʯʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦʙ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ 
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ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 
ʊʘʙʣʠʮʘ 1 

ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʨʷʜ ʜʘʣʴʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʤʠʥʝʨʘʣʦʚ 

ɼʘʣʴʥʦʩʪʴ 

ʤʠʛʨʘʮʠʠ 
ʄʠʥʝʨʘʣʳ 

ʄʘʣʘʷ ʂʠʥʦʚʘʨʴ, ʘʨʩʝʥʦʧʠʨʠʪ, ʚʦʣʴʬʨʘʤʠʪ, ʧʠʨʠʪ, 

ʰʝʝʣʠʪ, ʦʣʠʚʠʥ, ʘʚʛʠʪ, ʛʠʧʝʨʩʪʝʥ, ʙʘʨʠʪ, 

ʛʨʦʩʩʫʣʷʨ, ʘʥʜʨʘʜʠʪ, ʬʣʶʦʨʠʪ, ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, 

ʜʠʦʧʩʠʜ, ʢʦʣʫʤʙʠʪ, ʘʢʪʠʥʦʣʠʪ, ʵʧʠʜʦʪ 

ʋʤʝʨʝʥʥʘʷ ʄʘʛʥʝʪʠʪ, ʘʧʘʪʠʪ, ʩʬʝʥ, ʘʣʴʤʘʥʜʠʥ, ʩʪʘʚʨʦʣʠʪ, 

ʘʥʘʪʘʟ, ʤʦʥʘʮʠʪ, ʜʠʩʪʝʥ, ʢʘʩʩʠʪʝʨʠʪ, ʘʥʜʘʣʫʟʠʪ, 

ʟʦʣʦʪʦ, ʣʠʤʦʥʠʪ 

ɺʳʩʦʢʘʷ ʍʨʦʤʰʧʠʥʝʣʠʜʳ, ʠʣʴʤʝʥʠʪ, ʛʝʤʘʪʠʪ, ʣʝʡʢʦʢʩʝʥ, 

ʦʩʴʤʠʩʪʳʡ ʠʨʠʜʠʡ, ʪʦʧʘʟ, ʨʫʪʠʣ, ʪʫʨʤʘʣʠʥ, 

ʧʣʘʪʠʥʘ, ʮʠʨʢʦʥ, ʢʦʨʫʥʜ, ʘʣʤʘʟ 

 

ʆʪʤʝʯʘʷ, ʯʪʦ ʩʚʷʟʴ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʝʜʠʥʝʥʠʠ ʚʦ ʤʥʦʛʦʤ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʨʝʜʳ, ɸ.ɸ. ʉʘʫʢʦʚ ʚʩʝ ʵʣʝʤʝʥʪʳ ʨʘʟʜʝʣʠʣ ʧʦ ʪʝʨʤʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʥʘ ʰʝʩʪʴ ʛʨʫʧʧ:  

1 ð ʣʝʪʫʯʠʝ, ʣʝʛʢʦʤʠʛʨʠʨʫʶʱʠʝ ʛʘʟʳ (ʅʝ, ɸʛ, ʆ ʠ ʜʨ.) ʩ ʥʠʟʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʝʨʝʭʦʜʘ ʠʟ ʦʜʥʦʡ ʬʘʟʳ ʚ ʜʨʫʛʫʶ;  

2 ð ʧʦʜʚʠʞʥʳʝ ʤʝʪʘʣʣʦʠʜʳ (ʈ, Cl, F, S, J), ʦʙʨʘʟʫʶʱʠʝ ʣʝʛʢʦʣʝʪʫʯʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ;  

3 ð ʱʝʣʦʯʥʳʝ ʠ ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ ʩ ʪʨʫʜʥʦʣʝʪʫʯʠʤʠ 

ʦʢʩʠʜʘʤʠ ʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʛʘʣʦʛʝʥʦʚ;  

4 ð ʣʝʪʫʯʠʝ ʤʝʪʘʣʣʳ (Hg, In, Tl, Bi);  

5 ð ʦʙʳʯʥʳʝ ʤʝʪʘʣʣʳ (Fe, Pb, Co, Ni ʠ ʜʨ.), ʥʝʣʝʪʫʯʠʝ ʚ ʫʩʣʦʚʠʷʭ ʟʝʤʥʦʡ 

ʢʦʨʳ, ʥʦ ʠʥʦʛʜʘ ʦʙʨʘʟʫʶʱʠʝ ʜʦʚʦʣʴʥʦ ʣʝʛʢʦʣʝʪʫʯʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʤʝʪʘʣʣʦʠʜʘʤʠ;  

6 ð ʪʨʫʜʥʦʣʝʪʫʯʠʝ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʦ ʜʘʶʱʠʝ ʥʝʢʦʪʦʨʳʝ 

ʣʝʪʫʯʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʛʨʫʧʧʘ Pt, W). 
 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ɸ.ɸ. ʉʘʫʢʦʚʳʤ ʩʚʷʟʴ ʤʠʛʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʥʝ ʪʦʣʴʢʦ 

ʧʨʠʨʦʜʥʳʭ, ʥʦ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɽʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʛʥʦʟʝ 

ʠʟʤʝʥʝʥʠʡ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʥʘ ʤʠʛʨʘʮʠʶ 

ʤʦʛʫʪ ʚʣʠʷʪʴ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ, ʥʦ ʧʨʠ ʠʭ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʩʝʛʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʠʜʝʪ ʤʠʛʨʘʮʠʷ. ʊʘʢ, ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʠʩʣʦʨʦʜʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ (ʦʢʩʠʜʳ, ʢʘʨʙʦʥʘʪʳ, ʤʥʦʛʠʝ ʩʫʣʴʬʘʪʳ) ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ, ʯʝʤ 

ʩʫʣʴʬʠʜʳ. 
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ɻʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʘʪʦʤʦʚ. ʆʥʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʚʳʚʝʪʨʠʚʘʥʠʠ ʠ ʩʝʜʠʤʝʥʪʘʮʠʠ: 

ʢʘʞʜʳʡ ʘʪʦʤ ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʩ ʩʠʣʦʡ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʝʛʦ ʤʘʩʩʝ. 
ʈʘʜʠʦʘʢʪʠʚʥʳʡ ʨʘʩʧʘʜ ʷʜʝʨ ʘʪʦʤʦʚ. ʆʥ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʦʪ ʠʩʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʠʛʨʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʟʝʤʥʦʡ ʢʦʨʝ ʠʟʚʝʩʪʥʦ 17 ʜʦʣʛʦʞʠʚʫʱʠʭ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ. ʀʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʠʟʦʪʦʧ 
87

Rb. ɽʛʦ 

ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʣʠʪʦʩʬʝʨʝ ð 4,16-10
-3

% (ʢʣʘʨʢ ʵʣʝʤʝʥʪʘ Rb ʨʘʚʥʷʝʪʩʷ 

1,5 Å 10
-2
%). ɿʘ ʥʠʤ, ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʠʜʫʪ ʠʟʦʪʦʧʳ 

232
Th (1,3 Å 10

-3
%), 

40
ʂ(3 Å 10

-4
%), 

238
U (2,5 Å 10

-4
%). ʇʨʠʨʦʜʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʨʫʜʥʳʝ ʩʢʦʧʣʝʥʠʷ ʦʙʨʘʟʫʶʪ ʪʦʣʴʢʦ 
238

U ʠ 
232

Th. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ, ʚʦ-ʧʝʨʚʳʭ, ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ 

ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʊʘʢ, ʧʨʠ ʨʘʩʧʘʜʝ 
238

U ʧʦʷʚʣʷʶʪʩʷ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ Th , Ra, Rn, At , Bi ʠ 

ʜʨ. ɺʦ-ʚʪʦʨʳʭ, ʦʙʨʘʟʫʶʪʩʷ ʩʪʘʙʠʣʴʥʳʝ ʠʟʦʪʦʧʳ. ʀʭ ʥʘʟʳʚʘʶʪ ʢʦʥʝʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʨʘʩʧʘʜʘ. ɺ ʨʷʜʘʭ ʧʨʠʨʦʜʥʦʛʦ ʨʘʩʧʘʜʘ 
235

U, 
238

U ʠ 
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Th ʢʦʥʝʯʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʶʪʩʷ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ ʩʚʠʥʮʘ (
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ʈʔ, 

207
Pb, 

208
Pb) ʠ 

ʛʝʣʠʷ (
4
ʅʝ). ɻʝʣʠʡ ʙʳʩʪʨʦ ʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʠʛʨʠʨʫʝʪ ʚ ʬʦʨʤʝ ʛʘʟʦʚʳʭ 

ʩʤʝʩʝʡ, ʘ ʩʚʠʥʝʮ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʥʦʩʷʪ ʢ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʤ 

ʤʝʪʘʣʣʘʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʤʠʛʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 
ʇʨʦʮʝʩʩʳ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʤʥʦʛʠʝ 

ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ 

ʥʘʭʦʞʜʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʙʠʦʛʝʥʥʫʶ. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʜʠʦʘʢʪʠʚʥʳʡ 

ʨʘʩʧʘʜ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʫʞʝ ʢʘʢ ʚʥʝʰʥʠʡ ʬʘʢʪʦʨ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. 

 

ɺʥʝʰʥʠʝ ʬʘʢʪʦʨʳ 

ʕʪʠ ʬʘʢʪʦʨʳ ʤʠʛʨʘʮʠʠ ʦʙʫʩʣʘʚʣʠʚʘʶʪʩʷ ʩʨʝʜʦʡ, ʦʢʨʫʞʘʶʱʝʡ 

ʤʠʛʨʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʠʟ ʥʠʭ. 
ʈʘʜʠʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʳ. ʆʪʤʝʯʘʷ ʦʛʨʦʤʥʳʡ ʵʬʬʝʢʪ, ʩʚʷʟʘʥʥʳʡ 

ʩ ʥʠʯʪʦʞʥʦʡ ʤʘʩʩʦʡ ʚʝʱʝʩʪʚʘ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ, ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ 

ʝʱʝ ʚ 1910 ʛ. ʫʢʘʟʳʚʘʣ ʥʘ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʥʘ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʝʜʩʢʘʟʳʚʘʣ ʧʦʷʚʣʝʥʠʝ ʥʦʚʦʡ ʥʘʫʢʠ ð 

ʨʘʜʠʦʛʝʦʣʦʛʠʠ. ʊʦʛʜʘ ʞʝ ʦʥ ʧʨʝʜʩʢʘʟʘʣ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʥʘ ʨʘʟʚʠʪʠʝ 

ʦʙʱʝʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʞʠʟʥʠ. 
ɺ ʙʠʦʩʬʝʨʝ ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʯʘʩʪʠʮ 

ʠʣʠ ʬʦʪʦʥʦʚ ʩ ʘʪʦʤʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ. ʊʝʯʝʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ, ʚʦ-ʧʝʨʚʳʭ, ʦʪ ʤʘʩʩʳ, 

ʟʘʨʷʜʘ ʠ ʵʥʝʨʛʠʠ ʧʨʦʥʠʢʘʶʱʠʭ ʯʘʩʪʠʮ. ɺʦ-ʚʪʦʨʳʭ, ʦʥ (ʧʨʦʮʝʩʩ) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʣʦʪʥʦʩʪʴʶ, ʩʨʝʜʥʠʤ ʠʦʥʠʟʘʮʠʦʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʦʙʣʫʯʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʘʪʦʤʥʳʤ ʥʦʤʝʨʦʤ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʵʣʝʤʝʥʪʦʚ (ʅ.ɸ. ʊʠʪʘʝʚʘ, 1992). 
ʊʷʞʝʣʳʝ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ (Ŭ-ʯʘʩʪʠʮʳ ð ʷʜʨʘ ʛʝʣʠʷ, ʧʨʦʪʦʥʳ, 

ʜʝʡʪʨʦʥʳ ʠ ʪ.ʜ.), ʪʦʨʤʦʟʷʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʦʙʦʣʦʯʢʘʤʠ ʘʪʦʤʦʚ ʦʙʣʫʯʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʠʦʥʠʟʠʨʫʶʪ ʠ ʚʦʟʙʫʞʜʘʶʪ ʵʪʠ 
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ʘʪʦʤʳ ʠ ʦʙʨʘʟʫʝʤʳʝ ʠʤʠ ʤʦʣʝʢʫʣʳ. 
ʕʣʝʢʪʨʦʥʳ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ (ɓ-ʯʘʩʪʠʮʳ) ʠʩʧʳʪʳʚʘʶʪ ʨʘʩʩʝʷʥʠʝ 

ʥʘ ʵʣʝʢʪʨʦʥʘʭ ʠ ʷʜʨʘʭ ʦʙʣʫʯʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʪʝʨʷʶʪ ʩʚʦʶ 

ʵʥʝʨʛʠʶ, ʠʦʥʠʟʠʨʫʶʪ ʘʪʦʤʳ ʠ ʚʳʟʳʚʘʶʪ ʪʦʨʤʦʟʥʦʝ ʨʝʥʪʛʝʥʦʚʩʢʦʝ 

(ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ) ʠʟʣʫʯʝʥʠʝ. 
ʌʦʪʦʥʳ ʛʘʤʤʘ- ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʛʣʦʱʘʶʪʩʷ ʟʘ ʩʯʝʪ ʪʨʝʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʣʫʯʘʝʤʦʤ ʚʝʱʝʩʪʚʝ: ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʨʘʩʩʝʷʥʠʷ ʥʘ 

ʵʣʝʢʪʨʦʥʘʭ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʷʚʣʝʥʠʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʦʥʠʟʘʮʠʝʡ. 
ʇʦʪʦʢ ʥʝʡʪʨʦʥʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʷʜʨʘʤʠ ʘʪʦʤʦʚ, ʚʳʟʳʚʘʷ ʠʭ ʜʝʣʝʥʠʝ 

ʠ ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ. 
ʗʜʨʘ ʦʪʜʘʯʠ (ʦʩʪʘʪʢʠ ʘʪʦʤʦʚ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ) ʚʳʟʳʚʘʶʪ ʠʦʥʠʟʘʮʠʶ ʠ ʚʦʟʙʫʞʜʝʥʠʝ ʤʦʣʝʢʫʣ. ʇʨʠ 

ʧʦʩʪʝʧʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʤʦʛʫʪ ʚʩʪʫʧʘʪʴ ʚ ʦʙʳʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ. 
ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʩʣʝʜʩʪʚʠʷ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠʦʙʨʝʪʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠ ʪʨʝʙʫʶʪ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʚ ʢʫʨʩʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʜʝʡʩʪʚʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʂ ʚʘʞʥʝʡʰʠʤ ʠʟ ʥʠʭ ʦʪʥʦʩʠʪʩʷ ʨʘʜʠʦʣʠʟ ʚʦʜʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʩʦʙʦʡ ʝʝ ʨʘʟʣʦʞʝʥʠʝ ʥʘ ʅ ʠ ʆ. ɺʝʨʥʘʜʩʢʠʡ ʧʠʩʘʣ: çʇʦ-ʚʠʜʠʤʦʤʫ, 

ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠʛʨʘʶʪ ʦʯʝʥʴ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʩʪʨʫʢʪʫʨʝ ʟʝʤʥʦʡ 

ʢʦʨʳ. ʆʩʦʙʝʥʥʦ ʚʘʞʝʥ ʧʨʦʮʝʩʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʩʧʘʜʝʥʠʝʤ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʚʩʶʜʫ 

ʧʨʦʥʠʢʘʶʱʝʡ ʚ ʟʝʤʥʫʶ ʢʦʨʫ, ʚʩʶ ʝʝ ʪʚʝʨʜʫʶ ʤʘʪʝʨʠʶ...è. 
ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʘʪʦʤʘʨʥʳʡ ʚʦʜʦʨʦʜ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʤʥʦʛʠʝ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦʝʜʠʥʷʝʪʩʷ ʩ 

ʩʝʨʦʡ, ʘʟʦʪʦʤ, ʬʪʦʨʦʤ. ʂʠʩʣʦʨʦʜ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʦʢʠʩʣʠʪʝʣʝʤ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʟʘ ʩʯʝʪ ʢʠʩʣʦʨʦʜʘ, ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʧʨʠ ʨʘʜʠʦʣʠʟʝ, ʧʨʦʠʩʭʦʜʠʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʢʠʩʣʝʥʠʝ ʥʝʬʪʠ, ʠʜʝʪ ʛʝʤʘʪʠʪʠʟʘʮʠʷ (ʦʙʨʘʟʦʚʘʥʠʝ Fe2O3) 

ʛʦʨʥʳʭ ʧʦʨʦʜ.  

ʂʨʦʤʝ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ, ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʦʙʣʫʯʝʥʠʝ ʚʦʜʳ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ (ʅ2ʆʛ), ʷʚʣʷʶʱʝʡʩʷ ʩʣʘʙʦʡ 

ʜʚʫʭʦʩʥʦʚʥʦʡ ʢʠʩʣʦʪʦʡ. ʆʙʨʘʟʫʶʪʩʷ ʪʘʢʞʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ (ʆʅ
-
) ʠ 

ʛʠʜʨʦʢʩʦʥʠʡ (ʅ3ʆ
+
). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʜʠʦʣʠʟʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʚʦʟʥʠʢʘʝʪ 

ʨʝʟʢʦ ʥʝʨʘʚʥʦʚʝʩʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʩ ʩʠʣʴʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ. 

ʇʨʠ ʵʪʦʤ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʦʙʨʘʟʫʶʪʩʷ ʘʪʦʤʘʨʥʳʝ Cl, Br, J. ʈʘʩʪʚʦʨʝʥʥʳʡ ʚ 

ʥʠʭ (ʚʦʜʘʭ) ʘʟʦʪ ʦʙʨʘʟʫʝʪ ʥʠʪʨʠʪʳ, ʥʠʪʨʘʪʳ, ʘʤʤʠʘʢ. ɺ ʟʘʣʝʞʘʭ ʢʘʣʠʡʥʳʭ 

ʩʦʣʝʡ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʩʚʦʙʦʜʥʳʡ ʚʦʜʦʨʦʜ. 
ʅʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʧʨʦʜʫʢʪʦʚ ʨʘʜʠʦʣʠʟʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠʦʥʠʟʘʮʠʠ. ʆʙʳʯʥʦ ʦʥʘ ʩʚʷʟʘʥʘ ʩ ʧʦʪʦʢʦʤ Ŭ-ʯʘʩʪʠʮ. ʇʦ ʜʘʥʥʳʤ 

ʀ.ʌ. ɺʦʚʢʘ, ʧʦʣʫʯʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʧʨʦʜʫʢʪʦʚ ʨʘʜʠʦʣʠʟʘ ʚ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʚ ʨʘʡʦʥʘʭ ʫʨʘʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʘ 

ʩʦʪʥʠ ʠ ʪʳʩʷʯʠ ʣʝʪ. 
ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʜʠʦʣʠʟ ʚʦʜʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ 

ʧʨʦʮʝʩʩʳ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟʤʝʥʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 
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ʫʩʣʦʚʠʡ) ʦʪʥʦʩʷʪʩʷ ʢ ʚʘʞʥʳʤ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. 
ʈʘʜʠʦʣʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʳʚʫ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʫʛʣʝʨʦʜʦʤ (ʉðʉ), ʫʛʣʝʨʦʜʦʤ ʠ ʚʦʜʦʨʦʜʦʤ (ʉðʅ), ʘ ʪʘʢʞʝ ʫʛʣʝʨʦʜʦʤ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʆʙʷʟʘʪʝʣʴʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ 

ʷʚʣʷʶʪʩʷ ʚʦʜʦʨʦʜ ʠ ʤʝʪʘʥ. ʉʘʤ ʤʝʪʘʥ (ʉʅ4) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʘ-ʯʘʩʪʠʮ 

ʧʦʣʠʤʝʨʠʟʫʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʞʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ ʧʨʠʨʦʜʥʳʭ ʟʘʣʝʞʘʭ 

ʛʘʟʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʉʆ2 ʠ ʪʘʢʠʝ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ ʉʆ, 

ʬʦʨʤʘʣʴʜʝʛʠʜ, ʩʠʥʠʣʴʥʘʷ ʢʠʩʣʦʪʘ. ʀʟ ʙʝʥʟʦʣʘ ʦʙʨʘʟʫʝʪʩʷ ʬʝʥʦʣ. 
ʈʘʜʠʦʣʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ð ʧʨʦʮʝʩʩ, ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ 

ʨʘʟʚʠʪʳʡ ʚ ʙʠʦʩʬʝʨʝ. ʈʘʩʯʝʪʳ ʀ.ʌ. ɺʦʚʢʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʚ 
ʧʘʣʝʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ɼʥʝʧʨʦʚʩʢʦ-ɼʦʥʝʮʢʦʡ ʚʧʘʜʠʥʳ ʧʨʝʦʙʨʘʟʦʚʘʥʦ 5% 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 
ʈʘʜʠʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʩʚʷʟʘʥʳ ʩ 

ʠʦʥʠʟʘʮʠʝʡ ʠ ʚʦʟʙʫʞʜʝʥʠʝʤ ʤʦʣʝʢʫʣ. ɺ ʢʨʠʩʪʘʣʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ð ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʩʣʦʢʘʮʠʡ ʠ ʚʘʢʘʥʪʥʳʭ ʤʝʩʪ ʚʥʝʜʨʝʥʠʷ. ʅʘ 

ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʩʝʛʦ ʜʦ 6000 ʘʪʦʤʦʚ, ʧʨʦʥʠʢʘʶʱʠʝ 

ʯʘʩʪʠʮʳ ʚʳʟʳʚʘʶʪ ʧʣʘʚʣʝʥʠʝ ʤʠʥʝʨʘʣʦʚ. ɺ ʩʫʤʤʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʤʠʥʝʨʘʣʦʚ, ʚʦʟʨʘʩʪʘʝʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʘʜʩʦʨʙʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʣʣʦʠʜʦʚ. ɺʩʝ ʵʪʦ ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʤʠʛʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ. 
ɺʦʟʜʝʡʩʪʚʠʝ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʩʚʷʟʳʚʘʝʪʩʷ 

ʩ ʠʦʥʠʟʘʮʠʝʡ ʠ ʚʦʟʙʫʞʜʝʥʠʝʤ ʘʪʦʤʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʦʙʣʫʯʝʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʦʩʪʨʳʝ ʧʦʨʘʞʝʥʠʷ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʦʙʣʫʯʝʥʠʠ ʜʦʟʘʤʠ, 

ʧʨʝʚʳʰʘʶʱʠʤʠ 0,5 ɿʚ (1 ʟʠʚʝʨʪ ʨʘʚʥʷʝʪʩʷ 100 ʙʵʨ), ʠ ʭʨʦʥʠʯʝʩʢʠʝ. ʇʦʩʣʝʜʥʠʝ 

ʩʚʷʟʘʥʳ ʩ ʜʣʠʪʝʣʴʥʳʤ ʦʙʣʫʯʝʥʠʝʤ ʜʦʟʘʤʠ ʤʝʥʝʝ 0,5ɿʚ. 
ʇʨʠ ʦʩʪʨʳʭ ʧʦʨʘʞʝʥʠʷʭ ʚʦʟʥʠʢʘʝʪ ʣʫʯʝʚʘʷ ʙʦʣʝʟʥʴ, ʧʨʠʚʦʜʷʱʘʷ ʢ 

ʩʤʝʨʪʝʣʴʥʦʤʫ ʠʩʭʦʜʫ, ʧʨʠ ʭʨʦʥʠʯʝʩʢʠʭ ð ʪʘʢʞʝ ʚʦʟʤʦʞʥʘ ʣʫʯʝʚʘʷ ʙʦʣʝʟʥʴ ʠ 

ʧʦʨʘʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʦʚ. ʆʩʦʙʦ ʚʳʜʝʣʷʶʪʩʷ ʦʪʜʘʣʝʥʥʳʝ ʵʬʬʝʢʪʳ, 

ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʯʝʨʝʟ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ. ʇʦʨʘʞʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʘʨʥʦʡ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʟʦʡ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʟʘ ʢʘʢʦʡ ʩʨʦʢ 

ʦʥʘ ʧʦʣʫʯʝʥʘ: ʟʘ ʩʫʪʢʠ ʠʣʠ ʜʝʩʷʪʠʣʝʪʠʷ. 
ʆʪʜʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʦʨʛʘʥʠʟʤʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʣʳʭ ʜʦʟ ʦʙʣʫʯʝʥʠʡ, ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ 

(ʚʝʨʦʷʪʥʦʩʪʥʳʭ). ʇʦ ʅ.ɸ. ʊʠʪʘʝʚʦʡ, ʩʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʷʪʴ ʩʦʤʘʪʠʯʝʩʢʠʝ 

ð ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʧʫʭʦʣʠ ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ð ʚʨʦʞʜʝʥʥʳʝ ʫʨʦʜʩʪʚʘ ʠ 

ʥʘʨʫʰʝʥʠʷ, ʧʝʨʝʜʘʚʘʝʤʳʝ ʧʦ ʥʘʩʣʝʜʩʪʚʫ. ʉʝʡʯʘʩ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʦʙʣʫʯʝʥʠʠ ʣʶʜʝʡ ʜʦʟʘʤʠ ʜʦ 0,05 ɿʚ ʚ ʛʦʜ ʩʦʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʦʪʩʫʪʩʪʚʫʶʪ. 
ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʫʞʝ ʥʘʢʦʧʣʝʥ ʤʘʪʝʨʠʘʣ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʩʦʦʙʱʝʩʪʚ 

ʦʨʛʘʥʠʟʤʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʠʦʥʠʟʠʨʫʶʱʝʤʫ ʦʙʣʫʯʝʥʠʶ. 

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʣʠʯʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʢ ʦʙʣʫʯʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ (P.M. 

ɸʣʝʢʩʘʭʠʥ, 1982). ʊʘʢ, ʧʘʧʦʨʦʪʥʠʢʠ, ʤʭʠ, ʣʠʰʘʡʥʠʢʠ, ʧʦʯʚʝʥʥʳʝ ʛʨʠʙʳ 

ʚʳʜʝʨʞʠʚʘʶʪ ʜʦʟʳ ʜʦ 10 000 ɻʨ (1 ɻʨʝʡ
:
 1 ɼʞ/ʢʛ=100 ʨʘʜ), ʘ ʜʨʝʚʝʩʥʘʷ 
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ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ (ʦʩʦʙʝʥʥʦ ʭʚʦʡʥʳʝ) ʧʦʛʠʙʘʝʪ ʧʨʠ ɼʦʟʝ 12 ɻʨ. 
ʉʨʝʜʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʙʦʣʴʰʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʦʙʣʫʯʝʥʠʶ 

ʦʙʣʘʜʘʶʪ ʥʘʩʝʢʦʤʳʝ. ʄʫʭʠ-ʜʨʦʟʦʬʠʣʳ ʚʳʜʝʨʞʠʚʘʶʪ ʜʦʟʳ ʜʦ 850 ɻʨ, ʘ 

ʚʘʞʥʝʡʰʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʞʠʚʦʪʥʳʝ ʦʪ 3 ʜʦ 15 ɻʨ, ʧʪʠʮʳ ð ʜʦ 25-30 

ɻʨ. (ʂʘʢ ʙʳ ʙʝʟʜʫʤʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʥʝ ʩʜʝʣʘʣʦ ɿʝʤʣʶ 

ʧʣʘʥʝʪʦʡ ʥʘʩʝʢʦʤʳʭ!) 
ʈʘʟʣʠʯʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʙʣʫʯʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʠ ʷʜʝʨʥʳʭ ʚʟʨʳʚʘʭ, ʢʨʫʧʥʳʭ 

ʘʚʘʨʠʷʭ ʥʘ ɸʕʉ ʠ ʪ.ʜ. ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʠʜʳ ʫʛʥʝʪʘʶʪʩʷ ʠ ʠʩʯʝʟʘʶʪ. ʆʩʪʘʚʰʠʝʩʷ 

ʞʝ ʚʠʜʳ ʤʦʛʫʪ ʥʘʯʘʪʴ ʙʫʨʥʦ ʨʘʟʚʠʚʘʪʴʩʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, 

ʫʥʠʯʪʦʞʝʥʠʝʤ ʢʦʥʢʫʨʝʥʪʦʚ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʪʝʤ, ʯʪʦ ʫ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ 

ʦʙʣʫʯʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʦʟ ʩʪʠʤʫʣʠʨʫʝʪ ʨʷʜ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʦʙʣʫʯʝʥʠʝ ʩʧʦʩʦʙʥʦ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʠʪʴ 

ʩʦʩʪʘʚ ʦʨʛʘʥʠʟʤʦʚ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʠʪʴ ʚ 

ʥʠʭ ʭʦʜ ʚʘʞʥʝʡʰʝʛʦ ʚʠʜʘ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ð ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ. 
ʊʝʤʧʝʨʘʪʫʨʘ. ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʙʠʦʩʬʝʨʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʤʠʛʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʩʪʚʦʨʘʭ, ʧʦʚʳʰʘʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʚʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʵʣʝʤʝʥʪʦʚ 

ʧʨʠ ʠʟʦʤʦʨʬʥʳʭ ʟʘʤʝʱʝʥʠʷʭ. ʆʜʥʘʢʦ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʫʩʠʣʝʥʠʝ ʤʠʛʨʘʮʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ. ʂ ʯʠʩʣʫ 

ʧʦʜʦʙʥʳʭ ʷʚʣʝʥʠʡ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʠʦʛʝʥʥʫʶ ʤʠʛʨʘʮʠʶ. 
ɼʘʚʣʝʥʠʝ. ʕʪʦʪ ʬʘʢʪʦʨ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʠʛʨʘʮʠʶ 

ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʧʣʘʚʘʭ, ʨʘʩʪʚʦʨʘʭ ʠ ʛʘʟʦʚʳʭ ʩʤʝʩʷʭ. ʉ ʠʟʤʝʥʝʥʠʝʤ ʜʘʚʣʝʥʠʷ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟʤʝʥʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ; ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ ʜʘʞʝ ʥʘʧʨʘʚʣʝʥʠʡ ʪʝʯʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʇʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʟʦʤʦʨʬʥʦʤʫ 

ʚʭʦʞʜʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʚ ʯʫʞʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ.  

ɺ ʧʨʠʥʮʠʧʝ ʨʦʣʴ ʜʘʚʣʝʥʠʷ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʘʢ: ʧʦʚʳʰʝʥʠʝ 

ʜʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦʚʝʩʠʷ, ʧʨʠʚʝʜʝʪ ʢ ʩʤʝʱʝʥʠʶ 

ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ. ʅʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʚ 

ʧʨʝʜʝʣʘʭ ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ ʟʝʤʥʦʡ ʢʦʨʳ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʙʠʦʩʬʝʨʝ) ʨʝʟʢʦʛʦ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʋʯʠʪʳʚʘʪʴ ʵʪʦʪ ʬʘʢʪʦʨ 

ʤʠʛʨʘʮʠʠ ʦʙʳʯʥʦ ʩʣʝʜʫʝʪ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ, ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 
ʉʪʝʧʝʥʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ. ʄʠʛʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʩʧʣʘʚʘʭ ʠ ʨʘʩʪʚʦʨʘʭ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴʶ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʡ ʜʠʩʩʦʮʠʘʮʠʠ ʚʝʱʝʩʪʚʘ. ʆʥʘ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʨʘʩʪʚʦʨʷʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʠ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ʇʦ ʤʥʝʥʠʶ ɸ.ɸ. ʉʘʫʢʦʚʘ (1966), ʩʪʝʧʝʥʴʶ ʠʦʥʠʟʘʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʘʜʝʥʠʷ ʚʝʱʝʩʪʚ ʚ ʦʩʘʜʦʢ (ʵʣʝʤʝʥʪʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʠʦʥʥʦʡ ʬʦʨʤʝ, ʙʳʩʪʨʝʝ ʧʝʨʝʭʦʜʷʪ ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ). 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ. ʕʪʦʪ ʬʘʢʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʢʠʩʣʦʪʥʦʩʪʴ (ʱʝʣʦʯʥʦʩʪʴ) ʩʨʝʜʳ ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʢʦʥʪʨʦʣʠʨʫʝʪ ʦʩʘʞʜʝʥʠʝ 

ʠʟ ʨʘʩʪʚʦʨʦʚ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʦʘʛʫʣʷʮʠʶ ʢʦʣʣʦʠʜʦʚ. ɺʣʠʷʥʠʝ ʨʅ ʥʘ 
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ʤʠʛʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʜʦʚʦʣʴʥʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʜʣʷ ʟʦʥʳ ʛʠʧʝʨʛʝʥʝʟʘ. 
ʀʟʤʝʥʝʥʠʝ ʱʝʣʦʯʥʦʩʪʠ ʩʨʝʜʳ ʚʣʠʷʝʪ ʠ ʥʘ ʧʦʩʪʫʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʩʪʝʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ (ʢʠʩʣʘʷ ʩʨʝʜʘ) 

ʫʤʝʥʴʰʘʝʪʩʷ ʢʘʪʠʦʥʦʦʙʤʝʥʥʘʷ ʝʤʢʦʩʪʴ ʠ ʧʦʚʳʰʘʝʪʩʷ ʘʥʠʦʥʦʦʙʤʝʥʥʘʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ (Bear, 1954), ʯʪʦ ʪʦʣʴʢʦ ʦʪ ʠʟʤʝʥʝʥʠʷ ʱʝʣʦʯʥʦʩʪʠ ʩʨʝʜʳ ʤʦʞʝʪ 

ʚʜʚʦʝ ʠʟʤʝʥʠʪʴʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʘʩʪʝʥʠʷʭ ʮʠʥʢʘ. 
ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ ʚʣʠʷʝʪ ʥʘ ʧʦʜʚʠʞʥʦʩʪʴ 

ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʭ, ʨʘʩʪʚʦʨʷʷʩʴ ʚ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ, ʦʙʨʘʟʫʶʪ 

ʢʘʪʠʦʥʳ, ʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʨʅ ʦʥʠ ʦʙʳʯʥʦ ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ ʚ ʬʦʨʤʝ 

ʛʠʜʨʦʢʩʠʜʦʚ ʠʣʠ ʦʩʥʦʚʥʳʭ ʩʦʣʝʡ. ʉ ʧʦʜʦʙʥʳʤ ʷʚʣʝʥʠʝʤ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʨʠ 

ʤʠʛʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʦʪ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜʥʳʭ ʪʝʣ. ɺ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʵʣʝʤʝʥʪʳ, 

ʦʙʣʘʜʘʶʱʠʝ ʘʤʬʦʪʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʤʦʛʫʪ ʩʥʦʚʘ ʧʝʨʝʡʪʠ ʚ ʨʘʩʪʚʦʨʠʤʦʝ 

ʩʦʩʪʦʷʥʠʝ ʠ ʦʙʨʘʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʘʥʠʦʥʳ.  

ʋʢʘʟʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʨʅ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʠʣʠ ʦʩʘʞʜʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʝʚʦʟʤʦʞʥʦ, 

ʪʘʢ ʢʘʢ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʥʷʶʱʠʝʩʷ 

ʬʘʢʪʦʨʳ. ʇʨʠʙʣʠʞʝʥʥʳʝ ʢ ʧʨʠʨʦʜʥʳʤ ʫʩʣʦʚʠʷʤ ʟʥʘʯʝʥʠʷ ʨʅ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ 

(ʊʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 

ɿʥʘʯʝʥʠʷ ʨʅ ʦʩʘʞʜʝʥʠʷ ʛʠʜʨʦʢʩʠʜʦʚ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʨʘʟʙʘʚʣʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ (0,025-0,0025 ʄ) 

ʕʣʝʤʝʥʪ pʅ ʕʣʝʤʝʥʪ pH ʕʣʝʤʝʥʪ PH ʕʣʝʤʝʥʪ PH 
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ʑʝʣʦʯʥʦʩʪʴʶ ʩʨʝʜʳ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʛʨʘʮʠʷ ʛʣʠʥʦʟʝʤʘ ʠ 

ʢʨʝʤʥʝʟʝʤʘ: ʧʨʠ ʨʅ = 5-9 ʧʝʨʚʳʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʩʪʚʦʨʠʤ, ʘ ʚʪʦʨʦʡ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʜʚʠʞʥʳʤ. ʉ ʠʟʤʝʥʝʥʠʝʤ ʢʠʩʣʦʡ ʩʨʝʜʳ ʥʘ ʱʝʣʦʯʥʫʶ ʤʥʦʛʠʝ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʤʝʥʷʶʪ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ: 

Fe
3+

 + V
4+

 Ÿ Fe
2+

 + V
5+

; 2Fe
2+

 + U
6+

 Ÿ 2Fe
3+

 + U
4+

. 

 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ. ɺʩʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʮʝʧʠ 

çʦʢʠʩʣʠʪʝʣʴðʚʦʩʩʪʘʥʦʚʠʪʝʣʴè. ʇʨʠ ʨʝʰʝʥʠʠ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʜʥʦʡ 

ʤʠʛʨʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʟʥʘʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-



 

 25 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɼʣʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ (ʩʦʦʪʥʦʰʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʩʝʨʳ, ʦʢʩʠʜʦʚ (II) ʠ (III), ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʤʧʣʝʢʩ ʤʠʥʝʨʘʣʦʚ ʞʝʣʝʟʘ, ʵʣʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʝ 

ʠʟʤʝʨʝʥʠʷ). 

ʇʦ ʤʥʝʥʠʶ ʄ.ʌ. ʉʪʘʱʫʢʘ (1968), ʠʟʫʯʘʚʰʝʛʦ ʵʪʦʪ ʚʦʧʨʦʩ, ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʳʝ ʜʘʥʥʳʝ ʦʙ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʜʝʪʘʣʴʥʳʭ ʤʠʥʝʨʘʣʦʛʦ-

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʩʠʣʳ ʧʨʠʨʦʜʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ. ʕʪʠ ʩʠʣʳ 

ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ʀʤʠ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ. ɸ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʩʦʨʙʮʠʠ ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ: 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʣʣʦʠʜʘʤʠ ʧʦʛʣʦʱʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʠʦʥʳ ʠ ʤʦʣʝʢʫʣʳ. 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʦʙʩʪʘʥʦʚʢʘ. ʄʠʛʨʘʮʠʷ ʤʥʦʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ, 

ʦʧʨʝʜʝʣʷʝʤʦʡ ʨʝʞʠʤʦʤ ʩʝʨʳ ʠ ʢʠʩʣʦʨʦʜʘ. ʆʢʠʩʣʠʪʝʣʴʥʘʷ (ʢʠʩʣʦʨʦʜʥʘʷ) 

ʦʙʩʪʘʥʦʚʢʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʢʘʪʠʦʥʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʤʝʥʥʦʡ 

ʚʘʣʝʥʪʥʦʩʪʠ (Fe, Mn, ʉʦ) ʠ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʘʥʠʦʥʦʛʝʥʥʳʭ (V, Mo, 

Se, S, U, Re). ɺ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʛʣʝʝʚʦʡ ʦʙʩʪʘʥʦʚʢʝ ʫʩʢʦʨʷʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ 

ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʯʚ: ʘʣʶʤʦ- ʠ ʬʝʨʨʦʩʠʣʠʢʘʪʦʚ; ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʤʠʛʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʪʠʦʥʦʛʝʥʥʳʭ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ð ʘʥʠʦʥʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ɺ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʝ H2S ʚʩʪʫʧʘʝʪ ʚ 

ʨʝʘʢʮʠʶ ʩ ʤʝʪʘʣʣʘʤʠ, ʦʙʳʯʥʦ ʚʳʟʳʚʘʷ ʠʭ ʦʩʘʞʜʝʥʠʝ ʠʟ ʨʘʩʪʚʦʨʦʚ. 

ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʦʙʩʪʘʥʦʚʦʢ ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʨʦʬʠʣʶ ʧʦʯʚ. ɺ ʮʝʣʦʤ ʠʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ʢʠʩʣʦʨʦʜʘ-ʩʝʨʳ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ (ʢʠʩʣʦʨʦʜʥʦʛʦ, ʛʣʝʝʚʦʛʦ, 

ʩʝʨʦʚʦʜʦʨʦʜʥʦʛʦ). 

ɾʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʤʦʚ. ʄʠʛʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʥʝ 

ʛʠʧʝʨʛʝʥʝʟʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴʶ ʦʨʛʘʥʠʟʤʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʡ ʦʩʚʦʙʦʞʜʘʶʪʩʷ ʠʟ ʩʦʝʜʠʥʝʥʠʡ ʢʠʩʣʦʨʦʜ, ʘʟʦʪ, ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʤʠʛʨʘʮʠʶ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ ʤʝʪʘʣʣʳ.  

ʆʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʚʳʜʝʣʷʝʤʳʝ ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʡ, ʨʘʟʨʫʰʘʶʪ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ ʤʥʦʛʠʭ ʤʠʥʝʨʘʣʦʚ (ʜʘʞʝ ʛʣʠʥ), ʩʧʦʩʦʙʩʪʚʫʷ 

ʧʝʨʝʭʦʜʫ ʵʣʝʤʝʥʪʦʚ ʠʟ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʳ ʚ ʨʘʩʪʚʦʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʣʠʯʥʳʝ 

ʨʘʩʪʝʥʠʷ ʚʳʙʦʨʦʯʥʦ ʘʢʢʫʤʫʣʠʨʫʶʪ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʧʨʠ ʦʧʘʜʝ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʛʫʤʫʩʦʚʦʤ ʛʦʨʠʟʦʥʪʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʟʜʝʣʝʥʠʝ ʠʟʦʪʦʧʦʚ, ʥʘʢʦʧʣʝʥʠʝ ʠ ʨʘʩʩʝʷʥʠʝ 

ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʆʩʦʙʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʠʛʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʦʢʘʟʳʚʘʶʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʩ 

ʨʘʟʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢ, ʙʘʢʪʝʨʠʠ ʨʦʜʘ 

Ferrobacillus ʩʧʦʩʦʙʥʳ ʧʝʨʝʚʦʜʠʪʴ ʠʦʥʳ Fe (II) ʚ ʠʦʥʳ Fe (III), ʘ ʚʳʧʘʜʘʶʱʠʝ ʠʟ 

ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʳ Fe (III) ʫʤʝʥʴʰʘʶʪ ʚ ʥʝʤ (ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʩʦʨʙʮʠʠ) 

ʩʦʜʝʨʞʘʥʠʝ As, So, V ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ɹʘʢʪʝʨʠʠ ʨʦʜʘ Thiobacillus ʦʢʠʩʣʷʶʪ 
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ʩʫʣʴʬʠʜʳ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ. 

ɺ ʩʣʫʯʘʝ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʦʚ, ʧʝʨʝʭʦʜʷʱʠʭ ʚ ʨʘʩʪʚʦʨ, ʤʦʞʝʪ ʚʦʟʨʘʩʪʠ ʚ ʥʝʩʢʦʣʴʢʦ 

ʪʳʩʷʯ ʨʘʟ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʇ. ʊʨʫʜʠʥʛʝʨʘ (P. Trudinger, 1971) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʙʘʢʪʝʨʠʘʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ ʨʷʜʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʯʘʩʪʦ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʨʫʜʝ ʧʠʨʠʪʘ. ʅʘʧʨʠʤʝʨ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʨʠʪʘ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʮʠʥʢʘ ʠʟ ʩʬʘʣʝʨʠʪʘ (ZnS) ʠ ʤʦʣʠʙʜʝʥʘ ʠʟ ʤʦʣʠʙʜʝʥʠʪʘ (MoS2) ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʦʯʪʠ ʚ 10 ʨʘʟ. 

ʇʨʠʨʦʜʘ ʧʨʦʮʝʩʩʘ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʧʦʢʘ ʝʱʝ 

ʩʣʘʙʦ ʠʟʫʯʝʥʘ, ʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʛʦ ʩʢʦʨʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʙʳʩʪʨʦʪʳ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʨʘʟʤʝʨʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʦʪ ʱʝʣʦʯʥʦ-

ʢʠʩʣʦʪʥʳʭ ʠ ʢʠʩʣʦʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʩʨʝʜʳ. 

ʂʦʤʧʣʝʢʩ ʪʠʧʦʤʦʨʬʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʠʦʥʦʚ ʚ ʧʦʯʚʘʭ ʠ ʚʦʜʘʭ. ʂ 

ʪʠʧʦʤʦʨʬʥʳʤ, ʧʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʫ (1975), ʦʪʥʦʩʷʪʩʷ çʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʵʣʝʤʝʥʪʳ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʤʠʛʨʠʨʫʶʱʠʝ ʠ ʥʘʢʘʧʣʠʚʘʶʱʠʝʩʷ ʚ 

ʣʘʥʜʰʘʬʪʝè. ʅʘʙʦʨ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʦʤʦʨʬʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʛʠʝ 

ʫʩʣʦʚʠʷ ʤʠʛʨʘʮʠʠ ʠ ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʨʷʜʘ ʤʝʪʘʣʣʦʚ. 

ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʂ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʫʯʘʝʤʳʭ ʫʯʘʩʪʢʦʚ. ɿʜʝʩʴ ʦʪʤʝʪʠʤ, ʯʪʦ ʵʪʠ 

ʫʩʣʦʚʠʷ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʶʪ, ʚ ʢʘʢʦʡ ʬʦʨʤʝ (ʤʠʥʝʨʘʣʴʥʘʷ, ʠʩʪʠʥʥʳʝ ʠʣʠ 

ʢʦʣʣʦʠʜʥʳʝ ʨʘʩʪʚʦʨʳ) ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʫʯʘʩʪʢʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʦʙʣʘʜʘʶʱʘʷ 

ʤʠʛʨʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. 
 
 

ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ 
ʙʠʦʩʬʝʨʝ 

 

ʆʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʣʠʯʠʝ ʝʝ 

ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʳ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʵʣʝʤʝʥʪʦʚ, 

ʧʨʦʮʝʩʩʳ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʦʙʫʩʣʘʚʣʠʚʘʝʤʦʝ ʠʤʠ ʥʘʢʦʧʣʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ (ʚʢʣʶʯʘʷ ʧʦʯʚʝʥʥʫʶ) ʠ ʛʠʜʨʦʩʬʝʨʝ (ʩ ʝʝ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʴʶ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʢʠʩʣʦʨʦʜʥʘʷ 

ʦʙʩʪʘʥʦʚʢʘ. ʈʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʟʤʦʚ (ʚʪʦʨʘʷ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ɹʀʂ), ʥʘʦʙʦʨʦʪ, 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʛʣʦʱʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʧʨʝʜʝʣʘʭ 

ʙʠʦʩʬʝʨʳ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʦʙʩʪʘʥʦʚʦʢ (ʛʣʝʝʚʦʡ ʠ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ). 

ʋʢʘʟʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʦʩʪʦʷʥʥʘʷ ʩʤʝʥʘ ʦʪʤʝʨʰʠʭ ʦʨʛʘʥʠʟʤʦʚ ʥʦʚʳʤʠ 

ʨʘʩʪʫʱʠʤʠ ʚʣʠʷʶʪ ʥʘ ʭʦʜ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. ɺ 
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ʨʝʟʫʣʴʪʘʪʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, ʣʶʙʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʞʠʚʦʛʦ 

ʚʝʱʝʩʪʚʘ, ʣʠʙʦ ʚ ʩʨʝʜʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʪʦʨʦʡ ʦʙʫʩʣʦʚʣʝʥʳ ʵʪʠʤ 

ʞʠʚʳʤ ʚʝʱʝʩʪʚʦʤ. 

ʍʦʜʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʦʙʩʪʘʥʦʚʦʢ. ɽʝ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʢ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʩʬʝʨʳ. ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʧʦʯʚʘʭ 

ʣʘʥʜʰʘʬʪʦʚ ʩʫʰʠ ʯʘʩʪʦ ʩ ʛʣʫʙʠʥʦʡ ʩʤʝʥʷʝʪʩʷ ʛʣʝʝʚʦʡ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʟʢʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ (ʈʠʩ. 4). 

 
ʈʠʩ. 4 ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʣʘʥʜʰʘʬʪʝ ʚ ʮʝʣʦʤ: 

1 ð ʤʠʥʝʨʘʣʳ ʛʣʠʥ; 2 ð ʤʠʥʝʨʘʣʳ ʧʝʩʢʦʚ ʠ ʦʙʣʦʤʢʠ ʧʦʨʦʜ; 3 ð ʧʨʦʯʠʝ ʢʦʤʧʦʥʝʥʪʳ 

 

ɺ ʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʘʭ (ʧʨʫʜʘʭ, ʟʘʣʠʚʘʭ, ʦʟʝʨʘʭ, ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ) 

ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ, ʚʳʜʝʣʷʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʩʠʥʪʝʟʘ ʆ2, ʥʘʩʳʱʘʶʪ ʚʝʨʭʥʠʝ 

ʛʦʨʠʟʦʥʪʳ ʚʦʜʳ ʩʚʦʙʦʜʥʳʤ (ʨʘʩʪʚʦʨʝʥʥʳʤ) ʢʠʩʣʦʨʦʜʦʤ ʠ ʬʦʨʤʠʨʫʶʪ ʚ ʥʠʭ 

ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʦʙʩʪʘʥʦʚʢʫ. ɺ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʵʪʠʭ ʣʘʥʜʰʘʬʪʦʚ ʨʘʟʣʘʛʘʶʱʝʝʩʷ 

ʥʘ ʜʥʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʪ ʢʠʩʣʦʨʦʜ, ʯʘʩʪʦ ʩʦʟʜʘʚʘʷ ʚ ʠʣʘʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʛʣʝʝʚʫʶ ʠʣʠ ʩʝʨʦʚʦʜʦʨʦʜʥʫʶ ʦʙʩʪʘʥʦʚʢʫ. 

ʊʝʥʜʝʥʮʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʚ ʧʨʠʥʮʠʧʝ 

ʭʘʨʘʢʪʝʨʥʘ ʠ ʜʣʷ ʙʠʦʩʬʝʨʳ ʚ ʮʝʣʦʤ. ɺ ʝʝ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ, ʛʜʝ ʟʘ ʩʯʝʪ 

ʬʦʪʦʩʠʥʪʝʟʘ ʥʘʢʦʧʠʣʩʷ ʢʠʩʣʦʨʦʜ, ʧʨʝʦʙʣʘʜʘʝʪ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʢʠʩʣʦʨʦʜʥʘʷ 

ʦʙʩʪʘʥʦʚʢʘ. ɺ ʥʠʞʥʠʭ ʞʝ ʯʘʩʪʷʭ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʭʦʨʦʥʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʘʥʘʵʨʦʙʥʳʝ ʧʨʦʮʝʩʩʳ, ʩʦʟʜʘʝʪʩʷ ʨʝʟʢʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʩʨʝʜʘ ʩ ʩʫʣʴʬʠʜʘʤʠ, H2S, ʉʅ ʠ ʪ.ʜ.  

ɸʥʘʣʠʟʠʨʫʷ ʦʧʠʩʘʥʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ, ɸ.ʀ. ʇʝʨʝʣʴʤʘʥ ʚʳʚʝʣ ʩʣʝʜʫʶʱʝʝ 

ʧʨʘʚʠʣʦ: 

ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʟʜʘʣʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʨʝʟʢʦ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʤʝʥʷʶʱʝʡʩʷ ʩ 

ʛʣʫʙʠʥʦʡ ʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ. 
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ʀʟʫʯʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ 

ʵʣʝʤʝʥʪʦʚ ʟʘʥʠʤʘʣʠʩʴ ʤʥʦʛʠʝ ʫʯʝʥʳʝ. ɺ ʠʭ ʯʠʩʣʝ ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ, ɺ.ɺ. 

ɼʦʢʫʯʘʝʚ, ɹ.ɹ. ʇʦʣʳʥʦʚ, ɺ.ʈ. ɺʠʣʴʷʤʝ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʇʝʨʝʣʴʤʘʥ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʟʘʢʦʥ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ, ʢʦʪʦʨʳʡ ʧʦ 

ʧʨʘʚʫ ʩʣʝʜʫʝʪ ʥʘʟʚʘʪʴ ʝʛʦ ʠʤʝʥʝʤ: 

|ʚ ʭʦʜʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʘʪʦʤʳ ʧʦʛʣʦʱʘʶʪʩʷ ʞʠʚʳʤ 

ʚʝʱʝʩʪʚʦʤ ʠ ʟʘʨʷʞʘʶʪʩʷ ʵʥʝʨʛʠʝʡ. ʇʦʢʠʜʘʷ ʞʠʚʦʝ ʩʫʱʝʩʪʚʦ, ʦʥʠ ʦʪʜʘʶʪ 

ʥʘʢʦʧʣʝʥʥʫʶ ʵʥʝʨʛʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʅʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ɿʘ ʩʯʝʪ ʬʦʪʦʩʠʥʪʝʟʘ ʚ 

ʧʦʜʘʚʣʷʶʱʝʡ ʯʘʩʪʠ ʣʘʥʜʰʘʬʪʦʚ ʩʫʰʠ, ʘ ʪʘʢʞʝ ʚ ʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʠʜʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ, ʝʛʦ ʨʘʟʣʦʞʝʥʠʝ ʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩʦʭʨʘʥʷʝʪʩʷ ʠ 

ʟʘʭʦʨʦʥʷʝʪʩʷ. 

ʅʘ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʬʦʪʦʩʠʥʪʝʟ ʦʪʩʫʪʩʪʚʫʝʪ (ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʠʣʳ, ʧʦʜʟʝʤʥʳʝ 

ʚʦʜʳ), ʦʙʨʘʟʦʚʘʥʠʝ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʥʦ 

ʩʦʟʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʣʠʙʦ ʦʪʤʝʨʰʝʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʣʠʙʦ ʜʨʫʛʠʭ 

ʦʨʛʘʥʠʟʤʦʚ. ʅʘ ʪʘʢʠʭ ʫʯʘʩʪʢʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʜʥʘʢʦ ʠ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʥʝ ʚʩʝ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ʨʘʟʣʘʛʘʝʪʩʷ, ʯʘʩʪʴ ʝʛʦ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʟʘʭʦʨʦʥʷʝʪʩʷ. 

ɿʘʭʦʨʦʥʷʶʱʝʝʩʷ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʝʦʭʠʤʠʯʝʩʢʠʡ 

ʘʢʢʫʤʫʣʷʪʦʨ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. ɺʳʰʝ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʯʪʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʘʢʘʧʣʠʚʘʶʱʝʛʦʩʷ ʚ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3,8 Å 10
15

 ʪ (ʃ.ɻ. ʋʠʢʩʦʥ, 1958; ʕ. ɼʝʛʝʥʩ, 1965). ɼʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ ɼʝʛʝʥʩ ʧʨʠʚʦʜʠʪ ʪʘʢʠʝ ʜʘʥʥʳʝ: ʝʩʣʠ ʦʩʘʜʦʯʥʳʡ ʩʣʦʡ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʠʪʴ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʪʦ ʝʛʦ ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʠʪ 1000 ʤ. ʇʨʠ 

ʵʪʦʤ 20 ʤ ʫʢʘʟʘʥʥʦʛʦ ʩʣʦʷ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ; ʠʟ ʥʠʭ 

ʦʢʦʣʦ 5 ʩʤ ð ʫʛʣʝʤ, ʯʫʪʴ ʙʦʣʴʰʝ 1 ʤʤ ð ʥʝʬʪʴʶ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʪʦʥʢʦ ʨʘʩʩʝʷʥʘ ʚ ʛʣʠʥʘʭ, ʠʟʚʝʩʪʥʷʢʘʭ ʠ ʧʝʩʯʘʥʠʢʘʭ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʩʘʜʦʯʥʳʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʧʝʨʚʠʯʥʦ ʥʘʢʘʧʣʠʚʘʣʘʩʴ ʚ ʧʦʯʚʘʭ ð ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ 

ʛʫʤʫʩʘ. ʅʘ ʝʛʦ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ 85-90% ʦʙʱʝʛʦ ʟʘʧʘʩʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 

ʧʦʯʚ. ɺ ʩʦʩʪʘʚ ʛʫʤʫʩʘ ʚʭʦʜʷʪ ʛʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʬʫʣʴʚʦʚʳʝ ʢʠʩʣʦʪʳ ʠ 

ʛʫʤʘʪʳ. ʇʨʠ ʵʪʦʤ 10ð15% ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʦʯʚ ʩʦʩʪʘʚʣʷʶʪ ʙʝʣʢʠ, 

ʘʤʠʥʦʢʠʩʣʦʪʳ, ʫʛʣʝʚʦʜʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʞʠʨʳ, ʩʤʦʣʳ, ʣʠʛʥʠʥ, 

ʧʠʛʤʝʥʪʳ (ɺ.ɽ. ɸʨʪʝʤʴʝʚ, 1993). ʆʪ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚʦ 

ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʥʠʤʠ ʦʙʨʘʟʫʶʪ ʜʦʚʦʣʴʥʦ 

ʫʩʪʦʡʯʠʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʩʦʚʤʝʩʪʥʦ ʤʠʛʨʠʨʫʶʪ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. 

ʇʦ ʜʘʥʥʳʤ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ 

ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʧʦʯʚʘʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʩʦʪʝʥ ʜʦ ʪʳʩʷʯ ʣʝʪ. ɹʦʣʴʰʝ ʚʩʝʛʦ 

ʛʫʤʫʩʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʯʝʨʥʦʟʝʤʘʭ. ɺ ʠʭ ʤʝʪʨʦʚʦʤ ʩʣʦʝ ʥʘ 1 ʛʘ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ 

ʜʦʭʦʜʠʪ ʜʦ 700 ʪ. ɺ ʤʦʨʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠʟ ʧʦʯʚ ʚʳʥʦʩʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʨʝʢʘʤʠ, ʛʜʝ ʠʭ ʨʘʩʪʚʦʨʝʥʥʘʷ ʯʘʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 60ð90% ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ. 

ʇʦ ʧʫʪʠ ʤʠʛʨʘʮʠʠ ʯʘʩʪʴ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʛʫʤʫʩʘ ʩʣʫʞʠʪ ʧʠʪʘʥʠʝʤ ʜʣʷ 

ʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ (A. Spitzy, V. Jtterkot, 1991). ʄʘʩʩʦʚʦʝ ʦʩʘʞʜʝʥʠʝ 
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ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʠ ʚʟʚʝʰʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘʯʠʥʘʝʪʩʷ ʥʘ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ ʚ ʟʦʥʝ ʩʤʝʰʠʚʘʥʠʷ ʧʨʝʩʥʳʭ ʚʦʜ ʢʦʥʪʠʥʝʥʪʘ ʩ 

ʤʦʨʩʢʠʤʠ. ʅʘ ʵʪʠʭ ʞʝ ʙʘʨʴʝʨʘʭ ʦʪʤʝʯʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʠ, Zn, Ni, Cr, Pb. 

ɼʘʥʥʳʡ ʬʘʢʪʦʨ ʧʦʩʣʫʞʠʣ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ 

ʤʠʛʨʘʮʠʠ ʩ ʢʦʥʪʠʥʝʥʪʦʚ ʤʝʪʘʣʣʦʚ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. ɺ ʮʝʣʦʤ ʞʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ, ʩʥʦʩʠʤʳʭ ʨʝʢʘʤʠ ʩ ʢʦʥʪʠʥʝʥʪʦʚ, ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʦʡ ʙʫʜʫʱʝʡ ʥʝʬʪʠ. 

ɿʘʢʘʥʯʠʚʘʷ ʢʨʘʪʢʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʠʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʤʦʞʥʦ ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʠʪʴ ʧʝʨʝʭʦʜ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠʟ çʢʦʩʥʦʡ ʤʘʪʝʨʠʠè ʚ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ ʠ, ʥʘʦʙʦʨʦʪ, ʠʟ ʙʠʦʛʝʥʥʦʡ 

ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʦʩʥʳʝ. ɺʩʝ ʵʪʦ ʧʝʨʚʳʡ ʪʠʧ ʤʠʛʨʘʮʠʠ. 

ʀʟʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ð ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʚ ʙʠʦʛʝʦʭʠʤʠʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʝʤʫ ʫʜʝʣʷʝʪʩʷ ʠ ʚʦ ʤʥʦʛʠʭ 

ʜʨʫʛʠʭ ʥʘʫʢʘʭ: ʦʙʱʝʡ ʛʝʦʭʠʤʠʠ, ʘʛʨʦʭʠʤʠʠ, ʧʦʯʚʦʚʝʜʝʥʠʠ ʠ ʪ.ʜ. ɺ ʛʝʦʭʠʤʠʠ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʦʨʛʘʥʠʟʤʘʤʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʩʦʙʝʥʥʦʩʪʠ ʙʠʦʛʝʥʥʳʭ (ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ) ʙʘʨʴʝʨʦʚ. 

ʏʘʩʪʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʟʫʯʘʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʘʭ ʠ ʠʭ (ʵʣʝʤʝʥʪʦʚ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʯʘʩʪʷʭ ʵʪʠʭ 

ʦʨʛʘʥʠʟʤʦʚ. ʇʦʩʪʘʚʣʝʥʥʳʝ ʚʦʧʨʦʩʳ ʨʝʰʘʶʪʩʷ ʩ ʧʦʟʠʮʠʡ ʨʘʟʥʳʭ ʥʘʫʢ: 

ʛʝʦʭʠʤʠʠ, ʙʠʦʭʠʤʠʠ, ʤʝʜʠʮʠʥʳ, ʚʝʪʝʨʠʥʘʨʠʠ ʠ ʪ.ʜ. ʇʨʦʙʣʝʤʦʡ ʧʝʨʝʤʝʱʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʤʝʩʪʝ ʩ ʩʦʩʪʘʚʣʷʶʱʠʤ ʠʭ ʞʠʚʦʪʥʳʤ ʦʨʛʘʥʠʟʤʦʤ 

ʟʘʥʠʤʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʥʘʫʢʠ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʛʝʦʭʠʤʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʛʝʦʭʠʤʠʷ. 
 

ʆʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʠʛʨʘʮʠʠ 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʢʘʩʘʣʠʩʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʪʦʣʴʢʦ ʩʚʦʙʦʜʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠʩʪʠʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʠʛʨʘʮʠʷ ʚ ʪʘʢʦʡ ʬʦʨʤʝ ʦʢʘʟʳʚʘʝʪ 

ʚʘʞʥʝʡʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʞʠʚʦʪʥʳʤʠ ʠ 

ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. ʆʜʥʘʢʦ ʠ ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʮʠʢʣʝ ʤʠʛʨʘʮʠʠ 

ʚʝʱʝʩʪʚ ʚ ʮʝʣʦʤ, ʠ ʚ ʧʝʨʝʤʝʱʝʥʠʠ ʘʪʦʤʦʚ ʚ ʧʨʝʜʝʣʘʭ ʙʠʦʩʬʝʨʳ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦ ʤʘʩʩʝ ʵʣʝʤʝʥʪʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ. 

ʇʝʨʝʥʦʩ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʠʛʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʩʚʷʟʘʥ ʚ ʦʩʥʦʚʥʦʤ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʚʦʜʦʪʦʢʘʤʠ ʠʣʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʩ ʨʝʢʘʤʠ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʨʤ ʧʝʨʝʥʦʩʘ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʝʢʘʭ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ 

(ʈʠʩ. 5).  

ʂʘʢ ʚʠʜʥʦ, ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʥʳʭ ʧʦʪʦʢʘʭ ʧʨʝʦʙʣʘʜʘʝʪ ʚʪʦʨʦʡ ʪʠʧ 

ʤʠʛʨʘʮʠʠ ð ʧʝʨʝʤʝʱʝʥʠʝ (ʚʦʣʦʯʝʥʠʝ ʧʦ ʜʥʫ) ʦʙʣʦʤʢʦʚ ʤʠʥʝʨʘʣʦʚ ʠ ʚʟʚʝʩʠ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ. 

ʆʩʦʙʦ ʚʝʣʠʢʘ ʨʦʣʴ ʤʠʛʨʘʮʠʠ ʚ ʚʠʜʝ ʚʟʚʝʩʠ (ʤʝʣʴʯʘʡʰʠʭ ʦʙʣʦʤʢʦʚ ʠ ʫʞʝ 

ʦʩʝʚʰʠʭ ʢʦʣʣʦʠʜʦʚ). ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʥʳʭ ʧʦʪʦʢʘʭ ʚ ʚʠʜʝ 
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ʤʝʭʘʥʠʯʝʩʢʦʡ ʚʟʚʝʩʠ ʧʝʨʝʥʦʩʠʪʩʷ, ʧʦ ʜʘʥʥʳʤ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʀʭ ʦʩʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʙʘʨʴʝʨʘʭ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʧʫʪʠ ʤʠʛʨʘʮʠʠ. ʇʝʨʝʤʝʱʝʥʠʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ ʢʦʣʣʦʠʜʦʚ ʚ ʦʩʥʦʚʥʦʤ 

(ʧʦ ʤʘʩʩʝ ʦʩʘʞʜʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ) ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʱʝʣʦʯʥʦʩʪʴʶ ʚʦʜ. 

 
ʈʠʩ. 5 ʌʦʨʤʳ ʧʝʨʝʥʦʩʘ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʘʜʢʦʚ (ʧʦ ʅ.ʄ. ʉʪʨʘʭʦʚʫ):  

1 ð ʤʠʥʝʨʘʣʳ ʛʣʠʥ; 2ð ʤʠʥʝʨʘʣʳ ʛʣʠʥ ʠ ʦʙʣʦʤʢʠ ʧʦʨʦʜ; 3 ð ʧʨʦʯʠʝ ʢʦʤʧʦʥʝʥʪʳ 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʚ ʨʝʢʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ (ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, 

ɺ.ɺ. ɼʘʥʯʝʚ ɺ.ɺ. ʌʣʝʨʦʚ ɺ.ɽ., 1973).  

ʈʝʢʘ ʂʘʨʘʪʘʣ, ʚʧʘʜʘʶʱʘʷ ʩ ʶʛʘ ʚ ʦʟʝʨʦ ɹʘʣʭʘʰ, ʚ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ 

ʧʝʨʝʩʝʢʘʝʪ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ 

ɼʞʫʥʛʘʨʩʢʦʛʦ ɸʣʘʪʘʫ. ʊʘʤ ʞʝ ʥʘ ʝʝ ʙʝʨʝʛʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʨʫʜʥʠʢ ʊʝʢʝʣʠ ʠ 

ʦʙʦʛʘʪʠʪʝʣʴʥʘʷ ʬʘʙʨʠʢʘ. ɺʩʝ ʵʪʦ ʦʙʫʩʣʦʚʠʣʦ ʨʝʟʢʦʝ ʦʙʦʛʘʱʝʥʠʝ ʚʦʜ ʚ 

ʚʝʨʭʦʚʴʷʭ ʨʝʢʠ Pb, Zn, Fe. ʂʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʩʚʠʥʮʘ ʚ ʵʪʦʤ ʨʘʡʦʥʝ 

ʧʨʝʚʳʩʠʣʦ ʝʛʦ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʆʢʝʘʥʝ ʚ 10 000 ʨʘʟ; ʨʅ ʚʦʜ ʧʨʠ ʵʪʦʤ 

ʢʦʣʝʙʘʣʩʷ ʦʪ 6,4 ʜʦ 7 (ʊʘʢʠʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʠʥʮʘ ʧʦ ʜʘʥʥʳʤ N. Jkeda 

ʦʪʤʝʯʘʣʠʩʴ ʪʦʣʴʢʦ ʚ ʚʦʜʘʭ ʛʦʨʷʯʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʗʧʦʥʠʠ).  

ʆʜʥʘʢʦ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 7 ʢʤ ʦʪ ʟʦʥʳ ʦʙʦʛʘʱʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʈʔ ʫʤʝʥʴʰʠʣʦʩʴ ʚ 1000 ʨʘʟ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʭʦʜʘ 

ʚʦʜʳ ʠ ʧʨʠ ʪʝʭ ʞʝ ʟʥʘʯʝʥʠʷʭ ʨʅ. ɽʱʝ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʷ ʈʔ ʥʠ 

ʨʘʟʫ ʥʝ ʧʨʝʚʳʩʠʣʘ ʚʝʣʠʯʠʥʳ 5 Å 10
-2

 ʤʛ/ʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʧʨʠ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ ʫʞʝ ʥʘ ʧʝʨʚʳʭ 
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ʢʠʣʦʤʝʪʨʘʭ ʦʥ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ, ʯʪʦ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʚʦʜʘʤʠ ʅ.ʄ. 

ʉʪʨʘʭʦʚʘ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ ʦʙʣʦʤʢʠ ʤʠʥʝʨʘʣʦʚ Pb, Zn ʠ Fe ʚ ʟʦʥʝ ʦʙʦʛʘʱʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʪ 46% ʚʝʩʘ ʰʣʠʭʦʚʦʡ ʧʨʦʙʳ ʠʟ ʨʝʯʢʠ. ʆʙʳʯʥʦ ʪʘʢʠʝ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʳʭ ʪʝʣ. ʅʘ ʧʦʩʣʝʜʫʶʱʫʶ ʤʠʛʨʘʮʠʶ 

ʵʪʠʭ ʦʙʣʦʤʢʦʚ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʘʣʠ ʧʨʦʮʝʩʩʳ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʠʩʪʠʨʘʥʠʷ. 

ʄʠʥʝʨʘʣʳ Zn ʠʩʯʝʟʘʶʪ ʩʨʘʟʫ ʞʝ ʟʘ ʟʦʥʦʡ ʧʦʩʪʫʧʣʝʥʠʷ (ʦʙʦʛʘʱʝʥʠʷ) ʦʙʣʦʤʢʦʚ 

ʚ ʨʝʯʢʫ. ʄʠʥʝʨʘʣʳ Fe (ʧʠʨʠʪ, ʣʠʤʦʥʠʪ ʠ ʜʨ.) ʫʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 150 ʢʤ ʦʪ ʟʦʥʳ 

ʧʦʩʪʫʧʣʝʥʠʷ ʣʠʰʴ ʠʟʨʝʜʢʘ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʰʣʠʭʦʚʳʭ ʧʨʦʙʘʭ ð ʚ ʚʠʜʝ 

ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ. ʆʙʣʦʤʢʠ ʤʠʥʝʨʘʣʦʚ Pb (ʛʘʣʝʥʠʪ, ʮʝʨʫʩʩʠʪ, ʘʥʛʣʝʟʠʪ) 

ʠʩʯʝʟʘʶʪ ʚ ʰʣʠʭʘʭ ʧʨʠʤʝʨʥʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 200 ʢʤ ʦʪ ʟʦʥʳ ʧʦʩʪʫʧʣʝʥʠʷ. 

ɺʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʨʝʢʠ ʥʝʦʜʥʦʨʦʜʝʥ. ɺ ʧʨʝʜʝʣʘʭ ʧʝʨʚʳʭ 30 ʢʤ ʦʪ 

ʟʦʥʳ ʦʙʦʛʘʱʝʥʠʷ ʚ ʛʦʨʥʦʤ ʨʘʡʦʥʝ ʊʷʥʴ-ʐʘʥʷ ʧʝʨʝʧʘʜ ʚʳʩʦʪ ʩʦʩʪʘʚʣʷʝʪ 1030 

ʤ; ʜʘʣʝʝ, ʚ ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ ʇʨʠʙʘʣʭʘʰʴʷ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ 300 ʢʤ ʦʥ 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 460 ʤ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʙʣʦʤʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʤʠʥʝʨʘʣʦʚ ʦʩʝʜʘʝʪ ʩʨʘʟʫ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʫʢʣʦʥʘ ʨʝʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʘʣʴʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʦʙʣʦʤʢʦʚ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʠʭ ʩʦʩʪʘʚʘ, ʥʦ ʠ 

ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ. 

ʀʟʫʯʝʥʠʝ ʪʦʥʢʦʡ ʬʨʘʢʮʠʠ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʦʙʦʛʘʱʝʥʳ ʈʔ ʠ Zn ʬʨʘʢʮʠʠ ʦʪ 0,5 ʜʦ 0,25 ʤʤ ʠ ʤʝʥʴʰʝ ð 0,07 ʤʤ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʧʝʨʚʦʡ ʠʟ ʥʠʭ ʩʚʷʟʘʥʦ ʚ ʦʩʥʦʚʥʦʤ ʩ ʠʟʤʝʣʴʯʝʥʠʝʤ ʦʙʣʦʤʢʦʚ 

ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʚʪʦʨʦʡ, ʚʝʨʦʷʪʥʦ, ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ 

ʩʳʛʨʘʣʦ ʦʩʘʞʜʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʘ.  

ʉʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʈb ʚʦ ʬʨʘʢʮʠʠ ʤʝʥʴʰʝ 0,07 ʤʤ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,7 ʚ 

ʟʦʥʝ ʧʦʩʪʫʧʣʝʥʠʷ ʜʦ 7 Å 10
-3
% ʫ ʚʧʘʜʝʥʠʷ ʨʝʢʠ ʚ ʦʟʝʨʦ, ʜʣʷ Zn ʵʪʠ ʚʝʣʠʯʠʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 1,75 ʠ 5 Å 10
-2
%. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʈb ʚʦ ʬʨʘʢʮʠʠ 0,25-

0,5 ʤʤ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʦʪ 0,14 ʜʦ 1,3 Å 10
-2

%, a Zn ð ʦʪ 0,95 ʜʦ 

4- 10
-2
%. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʣʷ ʪʦʥʢʠʭ ʬʨʘʢʮʠʡ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʫʪʠ ʠʭ ʤʠʛʨʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʧʨʠ ʯʨʝʟʚʳʯʘʡʥʦ ʩʠʣʴʥʦʤ ʦʙʦʛʘʱʝʥʠʠ ʚʦʜ ʈb ʠ Zn 

ʚʳʥʦʩ ʤʝʪʘʣʣʦʚ ʚ ʙʘʩʩʝʡʥ ʩʚʷʟʘʥ ʚ ʦʩʥʦʚʥʦʤ ʩ ʧʝʨʝʥʦʩʦʤ ʤʝʣʢʦʦʙʣʦʤʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʪʦʥʢʦʡ ʚʟʚʝʩʠ. 

ʅ.ʄ. ʉʪʨʘʭʦʚ ʩʯʠʪʘʝʪ, ʯʪʦ V, Cr, Ni, Co, Be, Ga ʠ Zn ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜʦʪʦʢʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʟʫʶʪ ʨʘʩʪʚʦʨʦʚ. ʋ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ Fe, Mn, 

P, Pb, Ba, Cu, Sr, ʨʦʣʴ ʨʘʩʪʚʦʨʦʚ ʚ ʧʝʨʝʥʦʩʝ ʨʝʢʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ ʨʝʣʴʝʬʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʚʦʜʥʦʤ 

ʧʦʪʦʢʝ ʨʘʩʪʚʦʨʝʥʥʦʡ ʠ ʚʟʚʝʰʝʥʥʦʡ ʯʘʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ 

ʩʦʩʪʘʚʦʤ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʧʦʯʚ ʙʘʩʩʝʡʥʘ ʚʦʜʦʩʙʦʨʘ, ʘ ʪʘʢʞʝ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ. 

ɸʵʨʦʟʦʣʴʥʳʡ ʧʝʨʝʥʦʩ  

ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʘʵʨʦʟʦʣʴʥʳʡ ʧʝʨʝʥʦʩ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ 

ʙʠʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ. ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʜʩʯʝʪʘʤ ɺ.ɺ. 

ɼʦʙʨʦʚʦʣʴʩʢʦʛʦ (1983), ʚ ʚʦʟʜʫʭʝ (ʙʝʟ ʪʝʭʥʦʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ) ʥʘʭʦʜʷʪʩʷ 

ʪʳʩʷʯʠ ʪʦʥʥ ʪʘʢʠʭ ʤʝʪʘʣʣʦʚ, ʢʘʢ Zn, Cu, Mn, Cr, Pb, V, Ni, ʘ ʪʘʢʞʝ ʦʩʦʙʦ 
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ʪʦʢʩʠʯʥʦʛʦ As; ʩʦʪʥʠ ʪʦʥʥ ð Se, Hg, Sb. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʥʠ ʩʚʷʟʘʥʳ ʩ 

ʘʵʨʦʟʦʣʷʤʠ. ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʧʨʠʨʦʜʥʳʭ ʘʵʨʦʟʦʣʝʡ ð 

ʢʦʥʪʠʥʝʥʪʳ, ʘ ʪʦʯʥʝʝ ð ʧʦʯʚʳ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʘʵʨʦʟʦʣʝʡ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ ʜʦ 2 ʢʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ɿʝʤʣʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʳʣʴ ʚ ʩʨʝʜʥʝʤ ʜʝʨʞʠʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ 4ð7 ʩʫʪʦʢ, ʘ 

ʚʦʦʙʱʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʵʨʦʟʦʣʝʡ ʢʦʣʝʙʣʝʪʩʷ ʧʦ 

ʜʘʥʥʳʤ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪ 1 ʜʦ 40 ʩʫʪʦʢ (ɸʙʨʘʤʦʚʩʢʠʡ ʠ ʜʨ., 1876; Fransis, 

1970). 

ʅʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʵʨʦʟʦʣʝʡ, ʧʦʜʥʷʚʰʠʭʩʷ ʥʘ ʚʳʩʦʪʳ ʙʦʣʝʝ 7 ʢʤ, 

ʧʦʧʘʜʘʝʪ ʚ ʩʪʨʫʡʥʳʝ ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ, ʢʦʪʦʨʳʝ ʧʝʨʝʥʦʩʷʪ ʯʘʩʪʠʮʳ ʥʘ 

ʨʘʩʩʪʦʷʥʠʷ ʩʚʳʰʝ 5 ʪʳʩ. ʢʤ. ʂʦʣʣʦʠʜʳ, ʧʦʧʘʚʰʠʝ ʚ ʩʪʨʘʪʦʩʬʝʨʫ, ʤʦʛʫʪ ʥʝ 

ʦʩʘʞʜʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʜʦ 14 ʣʝʪ. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ 

ʘʵʨʦʟʦʣʝʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ. ʇʦ ʜʘʥʥʳʤ ɸ.ʀ. ʃʠʩʠʮʠʥʘ (1978), ʠʭ 

ʦʩʘʞʜʘʶʱʘʷʩʷ ʤʘʩʩʘ ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʦʪ 2ð32 

ʤʛ/ʩʤ
2 
ʟʘ 100 ʣʝʪ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʦʤ ʇʝʨʝʣʴʤʘʥʘ ʥʘʢʦʧʣʝʥʠʝ ʚ ʙʠʦʩʬʝʨʝ 

ʢʦʣʣʦʠʜʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʚ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʣʘʥʜʰʘʬʪʘʭ ʟʨʝʣʳʭ ʩʪʘʜʠʡ ʚʣʘʞʥʳʭ ʪʨʦʧʠʢʦʚ ʧʦʯʪʠ 

100% ʧʦʯʚ ʠ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʢʦʣʣʦʠʜʦʚ ʠ ʤʝʪʘʢʦʣʣʦʠʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ. ʆʜʥʘʢʦ ʠʟ ʣʘʥʜʰʘʬʪʦʚ ʚʣʘʞʥʳʭ ʪʨʦʧʠʢʦʚ ʚʳʥʦʩ ʢʦʣʣʦʠʜʦʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʤʠʥʠʤʘʣʝʥ. ɺ ʧʫʩʪʳʥʷʭ ʞʝ, ʛʜʝ ʚʳʥʦʩ ʘʵʨʦʟʦʣʝʡ ʤʦʛ ʙʳ ʙʳʪʴ ʦʯʝʥʴ 

ʙʦʣʴʰʠʤ, ʢʦʣʣʦʠʜʦʚ ʤʝʥʴʰʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʭ ʧʨʠʨʦʜʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʩ ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʢʦʥʪʠʥʝʥʪʦʚ 

ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʢʦʥʪʨʘʩʪʥʳʤ. ʍʦʪʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʳʣʴʥʳʭ ʙʫʨʴ ʠʟ ʧʫʩʪʳʥʴ ʚʳʥʦʩʠʪʩʷ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʦʣʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʅ.ʄ. ʉʪʨʘʭʦʚ (1963) ʧʨʠʚʦʜʠʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʂʘʥʘʨʩʢʠʝ 

ʦʩʪʨʦʚʘ, ʥʘ ʢʦʪʦʨʳʭ ʚ 1863 ʛ. ʚʳʧʘʣʦ 3 944 000 ʤ
3
 ʧʳʣʠ, ʧʝʨʝʥʝʩʝʥʥʦʡ ʠʟ 

ʧʫʩʪʳʥʠ ʉʘʭʘʨʳ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʵʪʦʡ ʧʳʣʠ ʩʦʩʪʘʚʣʷʣʠ ʢʦʣʣʦʠʜʳ. ʅʦ 

ʩʦʠʟʤʝʨʠʤʳʝ ʢʦʣʠʯʝʩʪʚʘ ʘʵʨʦʟʦʣʝʡ ʚʳʥʦʩʠʣʠʩʴ ʚ 70-ʭ ʛʦʜʘʭ ʥʘʰʝʛʦ ʚʝʢʘ 

ʜʘʣʝʢʦ ʥʝ ʠʟ ʧʫʩʪʳʥʥʳʭ ʨʝʛʠʦʥʦʚ (ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʠ ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʢʨʘʷ, 

ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ). 

ʀ ʚʩʝ ʞʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʱʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʝʨʝʥʦʩʘ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘʜ 

ʢʦʥʪʠʥʝʥʪʘʤʠ, ʚʳʜʝʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʦʪʣʦʞʝʥʠʷ ʵʦʣʦʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʧʳʣʝʚʠʜʥʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʀʤʝʥʥʦ ʵʪʠ 

ʯʘʩʪʠʮʳ ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʘʵʨʦʟʦʣʝʡ ʧʨʠʨʦʜʥʦʛʦ ʛʝʥʝʟʠʩʘ.  

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʫʯʘʩʪʢʦʚ ʦʪʣʦʞʝʥʠʷ ʪʘʢʠʭ ʘʵʨʦʟʦʣʝʡ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʩʦʪʝʥ ʢʠʣʦʤʝʪʨʦʚ ʧʨʠ ʤʦʱʥʦʩʪʠ ʵʦʣʦʚʳʭ ʪʦʣʱ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʚ ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʘʭ ʨʦʣʴ ʵʦʣʦʚʦʛʦ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚ 

(ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʦʪʣʦʞʝʥʠʷ) ʩʪʘʥʦʚʠʪʩʷ ʚʝʜʫʱʝʡ ʚ ʧʨʠʨʦʜʥʦʤ ʧʨʦʮʝʩʩʝ 

ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. 
 



 

 33 

ɼʠʬʬʫʟʠʷ 

 

ɼʠʬʬʫʟʠʦʥʥʘʷ ʤʠʛʨʘʮʠʷ ð ʵʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʯʘʩʪʠʮ (ʢʦʣʣʦʠʜʦʚ, 

ʤʦʣʝʢʫʣ, ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ) ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʠ ʙʠʦʩʬʝʨʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʙʳʚʘʥʠʷ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ.  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʠ ʨʘʟʚʠʪʠʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʜʠʬʬʫʟʠʷ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ. ɺʦ ʤʥʦʛʦʤ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʠ ʦʩʦʙʝʥʥʦ ʧʦʜʟʝʤʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʠ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʞʠʜʢʠʭ ʚʝʱʝʩʪʚ. 
ɺ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʦʙʳʯʥʦ ʚʳʜʝʣʷʶʪ ʪʨʠ ʚʠʜʘ ʜʠʬʬʫʟʠʠ:  

1) ʧʦʚʝʨʭʥʦʩʪʥʫʶ; 

2) ʚʜʦʣʴ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʥʝʡ; 

3) ʩʢʚʦʟʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ.  

 

ʇʝʨʚʳʡ ʚʠʜ ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪ ʠʥʬʠʣʴʪʨʘʮʠʶ, ʢʦʪʦʨʘʷ ʧʨʦʪʝʢʘʝʪ 

ʙʦʣʝʝ ʙʳʩʪʨʦ ʠ ʧʨʝʚʦʩʭʦʜʠʪ ʜʠʬʬʫʟʠʶ ʧʦ ʤʘʩʩʝ ʤʠʛʨʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ. ʉʘʤʘ 

ʜʠʬʬʫʟʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʦʨʙʮʠʠ ʤʠʥʝʨʘʣʘʤʠ ʚʝʱʝʩʪʚ ʠʟ 

ʤʠʛʨʠʨʫʶʱʝʛʦ ʧʦʪʦʢʘ, ʦʪ çʨʝʣʴʝʬʘ ʢʨʠʩʪʘʣʣʦʚè. ɽʝ ʟʥʘʯʝʥʠʝ ʚ ʧʨʠʨʦʜʥʦʡ ʠ 

ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ.  

ɼʠʬʬʫʟʠʷ ʚʜʦʣʴ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʥʝʡ, ʧʦ ʤʥʝʥʠʶ ʅ.ʀ. ʉʘʬʨʦʥʦʚʘ (1963), 

ʩʚʷʟʘʥʘ ʩ çʚʦʣʦʩʥʦ-ʧʣʝʥʦʯʥʳʤʠè ʚʦʜʘʤʠ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. 

ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʙʠʦʩʬʝʨʳ ʦʥʘ ʚʩʪʨʝʯʘʝʪʩʷ ʥʝ ʪʘʢ ʫʞ ʯʘʩʪʦ, ʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʦʣʠ ʪʝʭʥʦʛʝʥʝʟʘ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʚʠʜʘ ʤʠʛʨʘʮʠʠ ʤʦʞʝʪ 

ʚʦʟʨʘʩʪʠ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʠ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʙʫʜʫʪ ʙʦʣʴʰʝ ʫ 

ʵʣʝʤʝʥʪʦʚ ʩ ʤʘʣʳʤʠ ʨʘʟʤʝʨʘʤʠ ʨʘʜʠʫʩʦʚ. ɼʠʬʬʫʟʠʷ ʩʢʚʦʟʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʨʝʰʝʪʢʠ ʚʦʟʤʦʞʥʘ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʨʝʰʝʪʢʠ ʠʤʝʶʪ ʜʝʬʝʢʪʳ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʥʘʣʠʯʠʠ ʵʣʝʤʝʥʪʦʚ ʩ ʤʘʣʳʤʠ ʨʘʜʠʫʩʘʤʠ. 
ɺ ʮʝʣʦʤ ʨʦʣʴ ʜʠʬʬʫʟʠʠ ʚ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ. ɺ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʣʠʪʦʩʬʝʨʳ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʮʝʩʩ ʦʢʘʟʳʚʘʶʪ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ (ʢʣʠʚʘʞ, ʨʘʩʩʣʘʥʮʝʚʘʥʠʝ, ʩʣʦʠʩʪʦʩʪʴ ʠ ʪ.ʧ.) ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʤʠʛʨʘʮʠʷ. ʆʜʥʘʢʦ ʝʩʣʠ ʜʠʬʬʫʥʜʠʨʫʶʱʠʡ ʨʘʩʪʚʦʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʩʨʝʜʦʡ, ʧʨʦʠʩʭʦʜʠʪ (ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ) ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ. ɺʦʦʙʱʝ ʞʝ ʦʥʘ ʤʘʣʘ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ (ɻʨʠʛʦʨʷʥ, ʗʥʠʰʝʚʩʢʠʡ, 1968) ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ, 

ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʚʠʥʮʘ ʠʟ ʛʦʨʷʯʠʭ ʚʦʜ ʚ 

ʧʦʨʦʜʳ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʚ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ ʧʦʪʨʝʙʫʶʪʩʷ ʜʝʩʷʪʢʠ ʪʳʩʷʯʝʣʝʪʠʡ. 

 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ 

 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʠʣʠ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ 

ʧʨʠʨʦʜʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʙʠʦʩʬʝʨʝ. ʆʥʠ ʧʨʦʠʩʭʦʜʷʪ ʚ ʠʣʘʭ, ʫʚʣʘʞʥʝʥʥʳʭ ʧʦʯʚʘʭ, 

ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ. ʀʭ ʨʦʣʴ ʨʝʟʢʦ ʚʦʟʨʦʩʣʘ ʚ ʨʘʡʦʥʘʭ ʟʘʭʦʨʦʥʝʥʠʷ ʙʳʪʦʚʳʭ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʛʜʝ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʧʦʥʷʪʠʡ ʦʙ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 
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ʧʨʦʮʝʩʩʘʭ ʥʝʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʠ ʧʝʨʝʭʦʜʘ ʚ ʨʘʩʪʚʦʨʳ 

ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ. 
ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʠʨʦʜʥʳʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ 

ʠʟʫʯʝʥʳ ʜʣʷ ʫʯʘʩʪʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʫʣʴʬʠʜʳ. ʅʘ ʧʨʠʤʝʨʝ ʪʘʢʠʭ ʫʯʘʩʪʢʦʚ ʠ 

ʨʘʩʩʤʦʪʨʠʤ ʩʫʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʠʥ ʠʟ ʩʫʣʴʬʠʜʦʚ (ʨʷʜ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʯʠʪʘʝʪ, ʯʪʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ 

ʤʠʥʝʨʘʣʦʚ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴʶ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ) ʩʪʘʥʦʚʠʪʩʷ 

ʢʘʪʦʜʦʤ, ʘ ʜʨʫʛʦʡ ð ʘʥʦʜʦʤ. ɿʘ ʩʯʝʪ ʨʘʟʥʠʮʳ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʩʠʩʪʝʤʝ ʩʫʣʴʬʠʜ I 

ð ʩʫʣʴʬʠʜ II (ʦʙʷʟʘʪʝʣʴʥʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ) ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʥʦʩ 

ʵʣʝʢʪʨʦʥʦʚ ʩ ʘʥʦʜʘ ʥʘ ʢʘʪʦʜ: 
ʅʘ ʘʥʦʜʝ: MeS - 2ʝ Ÿ ʄʝ

2+
 + S

0
; 

ʅʘ ʢʘʪʦʜʝ: MeS + 2ʝ Ÿ Me
0
 + S

2-
. 

 

ʇʨʠ ʵʪʦʤ ʚ ʢʠʩʣʳʭ ʚʦʜʘʭ (ʧʨʠ ʨʅ < 5) ʘʥʠʦʥʳ ʩʝʨʳ, ʩʦʝʜʠʥʷʷʩʴ ʩ 

ʚʦʜʦʨʦʜʦʤ, ʦʙʨʘʟʫʶʪ ʩʝʨʦʚʦʜʦʨʦʜ, ʢʦʪʦʨʳʡ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʚʦʜʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ɺ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʦʙʩʪʘʥʦʚʢʝ (ʧʨʠ ʨʅ >10) ʦʙʨʘʟʫʝʪʩʷ ʘʥʠʦʥ (HS
-
), ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʤʦʞʝʪ ʩʪʘʪʴ 

ʠʩʪʦʯʥʠʢʦʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʀʦʥʳ ʠ ʥʝʡʪʨʘʣʴʥʳʝ ʘʪʦʤʳ ʤʝʪʘʣʣʦʚ, 

ʧʦʷʚʠʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʤʦʛʫʪ ʧʦʩʪʫʧʘʪʴ ʚ 

ʨʘʩʪʚʦʨ ʠʣʠ ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʢʘʪʦʜʝ.  

ʆʙʳʯʥʦ ʠʜʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʘʥʦʜʘ, ʘ ʢʘʪʦʜ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʜʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 
ʇʦ ʜʘʥʥʳʤ ɻ.ɹ. ʉʚʝʰʥʠʢʦʚʘ (1958, 1967, 1982), ʉ.ʃ. ʐʚʘʨ-ʮʝʚʘ (1963), 

ʃ.ʂ.ʗʭʦʥʪʦʚʦʡ ʠ ɸ.ʇ. ɻʨʫʜʝʚʘ (1978), ʧʨʦʮʝʩʩʳ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʦʜʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʯʝʨʝʟ ʩʫʣʴʬʠʜʩʦʜʝʨʞʘʱʠʝ ʛʦʨʥʳʝ 

ʧʦʨʦʜʳ, ʠʣʳ. 

 
 

ɺʝʜʫʱʠʝ ʵʣʝʤʝʥʪʳ. ɺʪʦʨʦʝ ʧʨʘʚʠʣʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ 

 

ɺ ʯʠʩʣʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʦʤʧʣʝʢʩ ʪʠʧʦʤʦʨʬʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʦʥʦʚ ʚ 

ʧʦʯʚʘʭ ʠ ʚʦʜʘʭ. ʕʪʠ ʵʣʝʤʝʥʪʳ (ʠʭ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ çʚʝʜʫʱʠʤʠè) ʦʧʨʝʜʝʣʷʶʪ 

ʫʩʣʦʚʠʷ ʤʠʛʨʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʩʘʤʳʭ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ. ʊʘʢ, 

ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʙʠʦʩʬʝʨʳ ʚ ʮʝʣʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʦʤ, 

ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʠ ʩʝʨʦʡ.  

ɺ ʦʢʝʘʥʝ ʪʠʧʦʤʦʨʬʥʳʤʠ ʷʚʣʷʶʪʩʷ ʆ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʚʦʜʝ, Na
+
, ʉl

-
; ʚ 

ʪʘʝʞʥʳʭ ʙʦʣʦʪʘʭ ð Fe
2+

, H
+
, ʄn

2+
; ʚ ʟʦʥʘʭ ʟʘʩʦʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʨʦʰʝʥʠʝʤ 

ʟʝʤʝʣʴ, ð ʉʘ
2+

, Na
+
, ʉl

-
, SO4

2-
 ʠ ʪ.ʜ. 

ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʚʝʜʫʱʠʤ ʵʣʝʤʝʥʪʘʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʩʚʦʝʦʙʨʘʟʠʝ ʦʪʜʝʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʪʦʨʳʤ ʧʨʘʚʠʣʦʤ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ: 
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ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʜʫʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʠʤʝʶʱʠʤʠ ʚʳʩʦʢʠʝ ʢʣʘʨʢʠ, ʘʢʪʠʚʥʦ ʤʠʛʨʠʨʫʶʱʠʤʠ ʠ ʥʘʢʘʧʣʠʚʘʶʱʠʤʠʩʷ 

ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ. 

 
 

ʆʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʵʚʦʣʶʮʠʠ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ 
ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʰʣʘ ʧʦʩʪʝʧʝʥʥʘʷ ʵʚʦʣʶʮʠʷ ʧʨʦʮʝʩʩʦʚ 

ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺʦ ʤʥʦʛʦʤ ʦʥʘ ʩʚʷʟʘʥʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʦʣʠ 

ʦʪʜʝʣʴʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʊʘʢ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ 

ʠʟʤʝʥʝʥʠʝ ʨʦʣʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʧʣʦʪʳ, ʚʳʜʝʣʷʝʤʦʝ ʧʨʠ ʨʘʜʠʦʘʢʪʠʚʥʦʤ ʨʘʩʧʘʜʝ, ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ð 

ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʨʘʩʧʘʜʘ ʯʘʩʪʠ 
235

U ʠ 
40
ʂ.  

ʈʷʜ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʪʥʦʩʠʪʩʷ ʢ 

çʚʳʤʝʨʰʠʤè. ɿʘ 4,6 ʤʣʨʜ. ʣʝʪ ʢʦʣʠʯʝʩʪʚʦ 
235

U ʫʤʝʥʴʰʠʣʦʩʴ ʚ 30 ʨʘʟ, ʘ 
40
ʂ ð ʚ 

12. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘ ɿʝʤʣʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʨʷʜʳ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ, 

ʨʦʜʦʥʘʯʘʣʴʥʠʢʘʤʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʥʝʧʪʫʥʠʡ (Np) ʠ ʵʡʥʰʪʝʡʥʠʡ (Es). 

ʈʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣʠ ʩʜʝʣʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʦʛʣʦ 

ʚʳʜʝʣʷʪʴʩʷ ʛʨʦʤʘʜʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ. ʀ ʚʦʪ ʚ 1972 ʛ. ʥʘ ʫʨʘʥʦʚʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʆʢʣʦ (ʕʢʚʘʪʦʨʠʘʣʴʥʘʷ ɸʬʨʠʢʘ) ʧʦ ʘʥʦʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʷʤ 

ʠʟʦʪʦʧʦʚ 
235

U ʠ 
238

U ʠ ʧʨʦʜʫʢʪʘʤ ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ (ʠʟʦʪʦʧʘʤ ʍʝ, Nd, Sm, Ru) 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʢʦʣʦ 2 ʤʣʨʜ. ʣʝʪ ʥʘʟʘʜ ʚ ʫʨʘʥʦʚʳʭ ʨʫʜʘʭ ʥʘʯʘʣʘʩʴ 

ʧʨʠʨʦʜʥʘʷ ʷʜʝʨʥʘʷ ʨʝʘʢʮʠʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʘʙʦʪʫ 

ʧʨʠʨʦʜʥʦʛʦ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ. ʆʥʘ ʧʨʦʜʦʣʞʘʣʘʩʴ ʦʢʦʣʦ 500 ʪʳʩ. ʣʝʪ ʠ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʦʪʝʢʘʣʘ ʙʝʟ ʚʟʨʳʚʦʚ.  

ʉʘʤ ʬʝʥʦʤʝʥ çʧʨʠʨʦʜʥʦʛʦ ʨʝʘʢʪʦʨʘè ʝʱʝ ʧʦʣʥʦʩʪʴʶ ʥʝ ʦʙʲʷʩʥʝʥ. ʇʦ 

ʜʘʥʥʳʤ ʖ.ɸ. ʐʫʢʦʣʶʢʦʚʘ, ʦʥ ʚʳʜʝʣʠʣ ʩʪʦʣʴʢʦ ʞʝ ʪʝʧʣʘ, ʩʢʦʣʴʢʦ ʧʦʣʫʯʘʝʪʩʷ 

ʝʛʦ ʟʘ ʛʦʜ ʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʤʦʱʥʦʡ ɸʕʉ. ʉʢʦʣʴʢʦ ʙʳʣʦ ʧʦʜʦʙʥʳʭ çʧʨʠʨʦʜʥʳʭ 

ʨʝʘʢʪʦʨʦʚè ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʟʘʛʘʜʢʦʡ. 

ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʠʛʨʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʦʢʘʟʘʣʠ 

ʧʦʷʚʠʚʰʠʝʩʷ ʥʘ ɿʝʤʣʝ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʠ ʧʨʦʮʝʩʩʳ ʬʦʪʦʩʠʥʪʝʟʘ. ʆʥʠ ʧʨʠʚʝʣʠ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʚʝʨʭʥʠʭ ʦʙʦʣʦʯʢʘʭ ʪʘʢʦʛʦ ʩʠʣʴʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ, ʢʘʢ 

ʩʚʦʙʦʜʥʳʡ ʢʠʩʣʦʨʦʜ, ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʚ ʘʪʤʦʩʬʝʨʝ ʩʦʜʝʨʞʘʥʠʷ ʉʆ2. ɺ ʧʦʩʣʝʜʥʝʝ 

ʩʪʦʣʝʪʠʝ ʚ ʯʠʩʣʦ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʚʦʰʣʘ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʨʘʪʢʦ, ʢʘʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʤʝʥʷʶʱʠʭʩʷ ʬʘʢʪʦʨʦʚ ʰʣʘ 

ʵʚʦʣʶʮʠʷ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʘʢʦʝ ʚʣʠʷʥʠʝ ʵʪʦ 

ʤʦʛʣʦ ʦʢʘʟʘʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʤʦʚ. 

ʂ ʦʜʥʦʤʫ ʠʟ ʧʝʨʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ɿʝʤʣʝ 

ʦʪʥʦʩʠʪʩʷ ʠʭ ʚʝʨʪʠʢʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ. ʇʦ 
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ʤʥʝʥʠʶ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʠʤʝʥʥʦ ʦʥʘ ʧʨʠʚʝʣʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʷʜʨʘ ʠ 

ʦʙʦʣʦʯʝʢ, ʦʙʚʦʣʘʢʠʚʘʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ. ʀʭ ʧʣʦʪʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʛʣʫʙʠʥʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ 

ʟʝʤʥʦʡ ʢʦʨʳ ʚʦʟʥʠʢʣʠ:  

1) ʨʝʟʢʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʣʝʛʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ;  
2) ʙʦʣʴʰʦʡ ʘʙʩʦʣʶʪʥʳʡ ʨʘʟʙʨʦʩ ʩʦʜʝʨʞʘʥʠʡ Th, Ba, U, Pb, Cr, Ni, Sr;  

3) ʤʘʣʳʡ ʨʘʟʙʨʦʩ ʩʦʜʝʨʞʘʥʠʡ S, Se, J, Bi, Hg, As, Ge;  

4) ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 

 

ʇʦʣʘʛʘʷ ʚʩʣʝʜ ʟʘ ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʤ, ʯʪʦ ʞʠʟʥʴ ʧʦʷʚʠʣʘʩʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʣʘʥʝʪʳ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʝʝ: ʧʝʨʚʳʝ 

ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʨʘʟʚʠʚʘʣʠʩʴ ʠ ʧʨʠʩʧʦʩʘʙʣʠʚʘʣʠʩʴ ʢ ʫʩʣʦʚʠʷʤ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʥʠʭ ʪʦʢʩʠʯʥʳ.  

ʆʩʦʙʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ʞʠʟʥʠ ʦʢʘʟʘʣʠ ʪʝ ʵʣʝʤʝʥʪʳ, 

ʨʘʟʙʨʦʩ ʩʦʜʝʨʞʘʥʠʡ ʢʦʪʦʨʳʭ ʙʳʣ ʤʘʣ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʷʭ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʫʩʣʦʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚ ʮʝʣʦʤ ʝʝ 

ʨʘʟʚʠʪʠʶ ʚ ʢʘʪʘʨʭʝʝ (4,3ð3,5 ʤʣʨʜ. ʣʝʪ ʥʘʟʘʜ). 

ʉʪʘʥʦʚʣʝʥʠʝ ʆʢʝʘʥʘ (ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʚʦʜ), 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʤʝʩʪʦ ʨʝʟʢʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʣʘʙʦʢʠʩʣʦʨʦʜʥʦʡ ʘʪʤʦʩʬʝʨʳ ʠ 

ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʨʠʚʝʣʠ ʢ ʨʘʟʚʠʪʠʶ ʪʘʢʠʭ 

ʬʘʢʪʦʨʦʚ ʤʠʛʨʘʮʠʠ, ʢʘʢ ʚʦʜʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʘʪʤʦʩʬʝʨʥʳʡ ʠ ʚʦʜʥʳʡ 

ʧʝʨʝʥʦʩ.  

ʈʝʟʢʦ ʚʦʟʨʦʩʣʘ ʨʦʣʴ ʙʠʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɺ ʩʫʤʤʝ ʚʩʝ ʵʪʦ ʧʨʠʚʝʣʦ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ, ʧʝʨʚʳʭ ʧʦʯʚ. ʇʨʠ ʵʪʦʤ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʚʦʟʨʦʩʣʠ ʘʙʩʦʣʶʪʥʳʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩʳ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʪʘʢʠʭ, ʢʘʢ ʉ1, ɺ, Mo, Br, J. ʕʪʦ ʤʦʛʣʦ ʩʪʘʪʴ 

ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʵʚʦʣʶʮʠʠ ʦʨʛʘʥʠʟʤʦʚ ʠ, ʚʦʟʤʦʞʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ð 

ʚʦʜʥʳʭ.  

ʉ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 

ʫʚʝʣʠʯʠʣʩʷ ʨʘʟʙʨʦʩ ʩʦʜʝʨʞʘʥʠʡ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʙʠʦʩʬʝʨʳ ʆ, ʉ, ʅ, S, 

Se, J, N, Hg. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʤʦʛʣʠ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʚʦʣʶʮʠʠ ʦʨʛʘʥʠʟʤʦʚ ʚ 

ʘʨʭʝʝ (3,5ð2,5 ʤʣʨʜ. ʣʝʪ ʥʘʟʘʜ). 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʧʨʦʪʝʨʦʟʦʝ (2,5ð1,7 ʤʣʨʜ. ʣʝʪ ʥʘʟʘʜ) ʥʘʯʘʣʩʷ ʦʜʠʥ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʜʣʷ ʙʠʦʩʬʝʨʳ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ð ʬʦʪʦʩʠʥʪʝʟ, ʧʨʠʚʝʜʰʠʡ, ʧʦ 

ʤʥʝʥʠʶ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚ ʨʠʬʝʝ (1,7ð0,7 ʤʣʨʜ. ʣʝʪ ʥʘʟʘʜ) ʢ ʩʦʟʜʘʥʠʶ 

ʢʠʩʣʦʨʦʜʥʦʡ ʘʪʤʦʩʬʝʨʳ. ɺʝʨʦʷʪʥʦ, ʚʦ ʤʥʦʛʦʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʥʷʶʱʝʡʩʷ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʠʬʝʝ ʧʦʷʚʠʣʠʩʴ ʞʠʚʦʪʥʳʝ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʳʤʠ ʙʳʣʠ ʝʝ ʩʪʦʣʢʥʦʚʝʥʠʷ 

ʩ ʢʨʫʧʥʳʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʪʝʣʘʤʠ. ʀʭ ʨʝʟʫʣʴʪʘʪʦʤ ʜʦʣʞʥʦ ʙʳʣʦ ʩʪʘʪʴ ʨʝʟʢʦʝ, 

ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʦʣʠ ʚʪʦʨʦʛʦ ʪʠʧʘ ʤʠʛʨʘʮʠʠ (ʘʪʤʦʩʬʝʨʥʳʡ ʧʝʨʝʥʦʩ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʠ ʢʦʣʣʦʠʜʥʦʡ ʬʦʨʤʘʭ). ʇʨʠ ʵʪʦʤ ʚʩʷ 

ʘʪʤʦʩʬʝʨʘ ʤʦʛʣʘ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʝʜʠʥʦʝ ʧʳʣʝʚʦʝ ʦʙʣʘʢʦ. ʆʥʦ ʩʫʱʝʩʪʚʝʥʥʦ 
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ʫʤʝʥʴʰʘʣʦ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ. ʕʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʣʞʥʦ ʙʳʣʦ ʧʨʠʚʝʩʪʠ ʢ ʧʦʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʧʣʦʪʴ ʜʦ 

ʥʘʩʪʫʧʣʝʥʠʷ ʦʣʝʜʝʥʝʥʠʷ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʪʝʯʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʙʠʦʩʬʝʨʳ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʬʦʪʦʩʠʥʪʝʟʘ (ʧʝʨʚʳʡ ʪʠʧ ʤʠʛʨʘʮʠʠ). 

ʋʢʘʟʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ ʚ ʪʠʧʘʭ ʠ ʚʠʜʘʭ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʤʦʛʣʠ ʧʨʠʚʦʜʠʪʴ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦʤʫ (ʤʠʣʣʠʦʥʳ ʣʝʪ) 

ʚʳʤʠʨʘʥʠʶ ʠ ʤʫʪʘʮʠʷʤ ʬʣʦʨʳ ʠ ʬʘʫʥʳ. ʆʥʠ ʜʦʣʞʥʳ ʙʳʣʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʭʚʘʪʠʪʴ ʚʩʶ ʙʠʦʩʬʝʨʫ, ʥʦ ʩʪʝʧʝʥʴ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʚ ʨʘʟʥʳʭ 

ʯʘʩʪʷʭ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʤʦʛʣʘ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ. 

ɽʩʣʠ ʩʦʩʪʘʚ ʤʝʪʝʦʨʠʪʦʚ ʨʝʟʢʦ ʦʪʣʠʯʘʣʩʷ ʦʪ ʩʦʩʪʘʚʘ ʟʝʤʥʦʡ ʢʦʨʳ, 

ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʚ ʥʝʤ ʧʨʝʦʙʣʘʜʘʣʠ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʩ ʤʘʣʳʤ ʘʙʩʦʣʶʪʥʳʤ 

ʨʘʟʙʨʦʩʦʤ ʚ ʢʦʨʝ, ʪʦ ʩʢʦʨʦʩʪʴ ʚʳʤʠʨʘʥʠʷ ʠ ʤʫʪʘʮʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ 

ʜʦʣʞʥʳ ʙʳʣʠ ʚʦʟʨʘʩʪʘʪʴ, ʢʘʢ ʦʪ ʧʦʣʫʯʝʥʠʷ ʷʜʦʚ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʦʝ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴʩʷ ʩ ʛʠʧʦʪʝʟʦʡ ʃ. ɸʣʴʚʘʨʝʩʘ ʠ 

ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦ çʚʝʣʠʢʦʤ ʤʝʣʦʚʦʤ ʚʳʤʠʨʘʥʠʠè (ʚ ʪʦʤ ʯʠʩʣʝ 

ʜʠʥʦʟʘʚʨʦʚ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ɿʝʤʣʠ ʩ ʛʠʛʘʥʪʩʢʠʤ ʤʝʪʝʦʨʠʪʦʤ, 

ʩʦʜʝʨʞʘʥʠʝ ʠʨʠʜʠʷ ʚ ʢʦʪʦʨʦʤ ʚ ʪʳʩʷʯʠ ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʩʦʜʝʨʞʘʥʠʝ ʝʛʦ ʚ 

ʣʠʪʦʩʬʝʨʝ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʦʙʦʛʘʱʝʥʠʷ ʠʨʠʜʠʝʤ ʚ ʜʝʩʷʪʢʠ 

ʠ ʩʦʪʥʠ ʨʘʟ ʦʩʘʜʢʦʚ, ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʵʪʦ ʚʨʝʤʷ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝʪ ʜʘʥʥʳʭ 

ʜʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʠʭ (ʢʣʘʨʢʦʚʳʭ) ʩʦʜʝʨʞʘʥʠʡ ʠʨʠʜʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʇʦ ʜʘʥʥʳʤ ʇʝʨʝʣʴʤʘʥʘ, ʠʨʠʜʠʝʚʳʝ ʘʥʦʤʘʣʠʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʘ ʛʨʘʥʠʮʝ 

ʚʝʥʜʘ ʠ ʢʝʤʙʨʠʷ (570 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ), ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ (248 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ), ʚ 

ʪʫʨʦʥʝ (90 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ), ʵʦʮʝʥʝ (40 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ). ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʚ 

ʢʘʤʝʥʥʳʭ ʤʝʪʝʦʨʠʪʘʭ ʠʨʠʜʠʷ ʩʦʜʝʨʞʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʣʠʪʦʩʬʝʨʝ, ʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʩʚʷʟʘʪʴ ʵʪʠ ʘʥʦʤʘʣʠʠ ʩ ʢʨʫʧʥʳʤʠ 

ʢʦʩʤʠʯʝʩʢʠʤʠ ʢʘʪʘʩʪʨʦʬʘʤʠ.  

ʇʦʩʣʝʜʩʪʚʠʷʤʠ ʪʘʢʠʭ ʢʘʪʘʩʪʨʦʬ ʤʦʛʣʠ ʙʳʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʟʚʠʪʠʠ 

ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʘʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷʤ, ʦʪʤʝʯʘʝʤʳʤ 

ʚ ʧʨʝʜʝʣʘʭ ʘʥʦʤʘʣʠʡ, ʦʪʚʝʯʘʶʱʠʭ ʨʫʜʥʳʤ ʨʘʡʦʥʘʤ, ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʠ 

ʦʪʜʝʣʴʥʳʤ ʨʫʜʥʳʤ ʪʝʣʘʤ. ʕʪʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʢʘʪʘʩʪʨʦʬʳ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʨʘʟʤʝʨʦʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ, ʤʦʛʣʠ ʙʳʪʴ ʠʩʯʝʟʥʦʚʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʦʨʛʘʥʠʟʤʦʚ (ʠʥʦʛʜʘ ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʳʝ), ʠʭ ʤʫʪʘʮʠʠ, 

ʧʦʷʚʣʝʥʠʝ ʦʨʛʘʥʠʟʤʦʚ-ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʠ ʜʝʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

XX ʚʝʢ ʥʘʰʝʡ ʵʨʳ ʠ ʦʩʦʙʝʥʥʦ ʝʛʦ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʟʥʘʤʝʥʦʚʘʣʠʩʴ 

ʨʝʟʢʦ ʚʦʟʨʦʩʰʝʡ ʪʝʭʥʦʛʝʥʥʦʡ (ʩʦʮʠʘʣʴʥʦʡ) ʤʠʛʨʘʮʠʝʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʆʥʘ ʩʪʘʣʘ ʩʦʠʟʤʝʨʠʤʦʡ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʤʠʛʨʘʮʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ 

ʙʠʦʩʬʝʨʝ.  

ʂ ʝʝ ʧʦʩʣʝʜʩʪʚʠʷʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʚ ʪʳʩʷʯʫ ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʤʠ ʠʭ ʢʣʘʨʢʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ, ʠ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ, ʟʘʭʚʘʪʳʚʘʶʱʠʭ ʩʦʪʥʠ ʪʳʩʷʯ 

ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ (ʥʘʧʨʠʤʝʨ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ).  
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ɺ ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʥʦʤʘʣʠʷʭ (ʘ ʠʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʢʘʢ 

ʨʝʛʠʦʥʘʣʴʥʦʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʬʦʥʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʚ ʪʝʭʥʦʛʝʥʥʳʭ ʠ 

ʦʪʯʘʩʪʠ ʚ ʧʨʠʨʦʜʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ) ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʛʦʨʘʟʜʦ ʥʠʞʝ ʠ ʧʦʢʘ ʣʠʰʴ ʥʝ ʙʦʣʝʝ ʯʝʤ ʚʜʚʦʝ ʧʨʝʚʦʩʭʦʜʠʪ ʬʦʥ. 

ʇʦʩʣʝʜʩʪʚʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʫʯʝʪʦʤ 

ʠʟʣʦʞʝʥʥʦʛʦ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʧʦʩʣʝʜʩʪʚʠʷʤ ʢʦʩʤʠʯʝʩʢʠʭ ʢʘʪʘʩʪʨʦʬ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʚʦʣʶʮʠʷ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʚ ʠʪʦʛʝ ʦʢʘʟʘʣʘ ʠ ʧʨʦʜʦʣʞʘʝʪ ʦʢʘʟʳʚʘʪʴ ʚʝʩʴʤʘ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʚʦʣʶʮʠʶ ʦʨʛʘʥʠʟʤʦʚ. 
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ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: 
 

1. ʏʪʦ ʪʘʢʦʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʤʠʛʨʘʮʠʡ? 
2. ʂʘʢʠʝ ʚʳ ʟʥʘʝʪʝ ʚʠʜʳ ʠ ʪʠʧʳ ʤʠʛʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ? 
3. ʂʘʢʠʝ ʬʘʢʪʦʨʳ ʤʠʛʨʘʮʠʠ ʭʠʤʵʣʝʤʝʥʪʦʚ ʚ ɿʝʤʥʦʡ ʢʦʨʝ ʚʘʤ ʠʟʚʝʩʪʥʳ? 
4. ʈʘʩʩʢʘʞʠʪʝ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: 

a. ʚ ʙʠʦʩʬʝʨʝ; 
b. ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʠʛʨʘʮʠʷʭ; 
c. ʧʨʠ ʜʠʬʬʫʟʠʠ. 

5. ʂʘʢʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʤʠʛʨʘʮʠʠ 
ʭʠʤʵʣʝʤʝʥʪʦʚ? 

 

 

 

 

ʊɽʄɸ 2: ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

 

ʊʝʨʤʠʥ çʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳè ʙʳʣ ʧʨʝʜʣʦʞʝʥ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʦʤ ʚ 

1961ʛ. ɺ ʧʨʝʜʝʣʘʭ ʙʦʣʴʰʠʥʩʪʚʘ ʙʘʨʴʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʜʦʚʦʣʴʥʦ ʨʝʟʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʟʘʪʝʤ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ 

ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʠ ʦʩʘʞʜʝʥʠʝ (ʢʦʥʮʝʥʪʨʘʮʠʷ) ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʙʠʦʩʬʝʨʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ð 

ʧʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ. ʀ ʪʝ, ʠ ʜʨʫʛʠʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʫʯʘʩʪʢʘʭ ʠʟʤʝʥʝʥʠʷ 

ʬʘʢʪʦʨʦʚ ʤʠʛʨʘʮʠʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩʤʝʥʘ ʬʘʢʪʦʨʦʚ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʩʤʝʥʘ 

ʦʜʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʜʨʫʛʦʡ ʦʙʫʩʣʘʚʣʠʚʘʶʪʩʷ ʧʨʠʨʦʜʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʢʨʝʪʥʦʛʦ ʫʯʘʩʪʢʘ ʙʠʦʩʬʝʨʳ. ɺʦ ʚʪʦʨʦʤ ð ʪʘʢʘʷ ʩʤʝʥʘ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʙʘ ʪʠʧʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʇʝʨʝʣʴʤʘʥʦʤ ʥʘ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ: ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ. 

ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʝʪʘʣʴʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʪʦʣʴʢʦ ʜʣʷ ʵʪʦʛʦ 

ʢʣʘʩʩʘ ʙʘʨʴʝʨʦʚ, ʘ ʪʦʯʥʝʝ, ʜʣʷ ʩʣʫʯʘʷ ʦʩʘʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʤʠʛʨʠʨʫʶʱʠʭ ʚ ʠʦʥʥʦʡ ʬʦʨʤʝ ʚ ʚʦʜʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʠ ʱʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ.  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʯʘʩʪʢʠ ʨʝʟʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʠʛʨʘʮʠʠ. ʆʥʠ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʳ ʩʦ ʚʪʦʨʳʤ 
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ʪʠʧʦʤ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʚ ʧʨʝʜʝʣʘʭ ʙʠʦʩʬʝʨʳ ð ʯʘʱʝ ʚʩʝʛʦ ʩ 

ʤʠʛʨʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʠʣʠ ʢʦʣʣʦʠʜʥʦʡ ʬʦʨʤʝ. ʇʝʨʝʤʝʱʝʥʠʝ 

ʢʦʣʣʦʠʜʦʚ ʠ ʤʠʥʝʨʘʣʦʚ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʚʦʟʜʫʰʥʦʡ ʠ ʚʦʜʥʦʡ ʩʨʝʜʘʭ, ʘ 

ʪʘʢʞʝ ʥʘ ʛʨʘʥʠʮʝ ʩʨʝʜ (ʩʢʘʪʳʚʘʥʠʝ ʦʙʣʦʤʢʦʚ ʧʦ ʩʢʣʦʥʘʤ). 

ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ ʜʨʫʛʠʭ, ʩʚʷʟʘʥʳ ʚ 

ʦʩʥʦʚʥʦʤ ʩ ʧʝʨʚʳʤ ʪʠʧʦʤ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦ ʩʚʦʝʡ ʩʫʪʠ ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʢʦʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʠ 

ʞʠʚʦʪʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. ʕʪʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʙʠʦʩʬʝʨʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʅʘʢʦʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʩʦʝʜʠʥʝʥʠʡ) ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʙʘʨʴʝʨʘʭ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʘʥʦʤʘʣʴʥʳʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʥʘ ʙʘʨʴʝʨʝ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʶʪ, ʦʙʨʘʟʫʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɼʦ ʥʝʜʘʚʥʝʛʦ 

ʚʨʝʤʝʥʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʦʮʝʩʩʳ ʙʳʣʠ ʪʦʣʴʢʦ ʧʨʠʨʦʜʥʳʤʠ.  

ʉʝʡʯʘʩ ʪʝʭʥʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʜʦʩʪʠʛʣʠ ʪʘʢʠʭ ʤʘʩʰʪʘʙʦʚ, ʯʪʦ ʠ ʥʘ 

ʧʨʠʨʦʜʥʳʭ, ʠ ʥʘ ʪʝʭʥʦʛʝʥʥʳʭ ʙʘʨʴʝʨʘʭ ʧʦʜ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʟʤʦʞʥʦ 

ʥʘʢʦʧʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʩʦʝʜʠʥʝʥʠʡ) ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʊʘʢ ʬʦʨʤʠʨʫʶʪʩʷ ʪʝʭʥʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ð ʤʝʪʘʣʣʦʚ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʝ 

ʪʦʣʴʢʦ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʦʙʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʥʘ 

ʙʘʨʴʝʨʝ, ʥʦ ʠ ʚʝʣʠʯʠʥʦʡ ʩʘʤʠʭ ʙʘʨʴʝʨʦʚ. ʇʦ ʵʪʦʤʫ ʢʨʠʪʝʨʠʶ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥ 

ʚʳʜʝʣʠʣ ʤʘʢʨʦ-, ʤʝʟʦ- ʠ ʤʠʢʨʦʙʘʨʴʝʨʳ.  

ʂ ʧʝʨʚʳʤ ʠʟ ʥʠʭ ʦʥ ʦʪʥʝʩ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʰʠʨʠʥʦʡ ʜʦ ʧʝʨʚʳʭ 

ʢʠʣʦʤʝʪʨʦʚ ʠ ʜʣʠʥʦʡ ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ. ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʙʘʨʴʝʨʦʚ ʷʚʣʷʶʪʩʷ 

ʩʦʚʨʝʤʝʥʥʳʝ ʠ ʜʨʝʚʥʠʝ ʟʦʥʳ ʩʤʝʰʠʚʘʥʠʷ ʧʨʝʩʥʳʭ ʨʝʯʥʳʭ ʚʦʜ ʩ ʩʦʣʝʥʳʤʠ 

ʤʦʨʩʢʠʤʠ. 

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʤʝʟʦʙʘʨʴʝʨʦʚ ʜʦʭʦʜʠʪ ʜʦ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ ʧʨʠ 

ʰʠʨʠʥʝ ʜʦ ʩʦʪʝʥ ʤʝʪʨʦʚ. ʀʭ ʧʨʠʤʝʨʦʤ ʷʚʣʷʶʪʩʷ ʢʨʘʝʚʳʝ ʟʦʥʳ ʙʦʣʦʪ, ʛʜʝ 

ʦʪʣʘʛʘʶʪʩʷ ʤʥʦʛʠʝ ʵʣʝʤʝʥʪʳ, ʩʥʦʩʠʤʳʝ ʩ ʚʦʜʦʨʘʟʜʝʣʦʚ. 

ʈʘʟʤʝʨʳ ʤʠʢʨʦʙʘʨʴʝʨʦʚ ʢʦʣʝʙʣʶʪʩʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ ʜʦ 

ʧʝʨʚʳʭ ʤʝʪʨʦʚ. ʉʚʦʝʦʙʨʘʟʥʳʝ ʤʠʢʨʦʙʘʨʴʝʨʳ ʚʦʟʥʠʢʘʶʪ ʥʘ ʦʪʜʝʣʴʥʦ 

ʨʘʟʣʘʛʘʶʱʠʭʩʷ ʥʘ ʜʥʝ ʚʦʜʦʝʤʘ ʨʘʢʦʚʠʥʘʭ ʠʣʠ ʨʳʙʘʭ. ʀʭ ʪʘʢʞʝ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʚ ʨʦʜʥʠʢʘʭ, ʥʘ ʤʝʩʪʝ ʚʳʭʦʜʘ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʛʣʝʝʚʳʭ ʚʦʜ, 

ʠʟ ʢʦʪʦʨʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʦʪʣʘʛʘʝʪʩʷ 

ʦʢʠʩʣʠʚʰʝʝʩʷ ʪʨʝʭʚʘʣʝʥʪʥʦʝ ʞʝʣʝʟʦ Fe(OH)3. 

ʀʥʦʛʜʘ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʙʘʨʴʝʨʫ ʧʦʩʪʫʧʘʶʪ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

(ʩʦʝʜʠʥʝʥʠʷ) ʠʟ ʨʘʟʥʳʭ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʚʦʟʥʠʢʘʶʪ 

ʤʥʦʛʦʩʪʦʨʦʥʥʠʝ ʙʘʨʴʝʨʳ. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʦʜʥʦ ʤʝʩʪʦ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʦʙʨʘʟʫʝʪʩʷ ʠʤʝʥʥʦ 

ʟʘ ʩʯʝʪ ʩʣʠʷʥʠʷ ʵʪʠʭ ʧʦʪʦʢʦʚ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʤʥʦʛʦʩʪʦʨʦʥʥʠʭ, ʥʦ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʙʘʨʴʝʨʦʚ. ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʥʘʣʦʞʝʥʠʝ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 
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ʙʘʨʴʝʨʦʚ. 

ʀʥʦʛʜʘ ʙʘʨʴʝʨʳ ʨʘʟʜʝʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʦʩʪʫʧʘʶʱʠʭ ʢ ʥʠʤ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ. ɽʩʣʠ ʦʥʠ ʧʨʦʜʚʠʛʘʶʪʩʷ ʚ 

ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʘʧʨʠʤʝʨ ʧʦ ʛʨʘʥʠʮʝ ʧʦʯʚ ʠ ʧʦʜʩʪʠʣʘʶʱʠʭ 

ʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʪʦ ʛʦʚʦʨʷʪ ʦ ʣʘʪʝʨʘʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ. ʇʨʠ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʩʣʘʙʦʥʘʢʣʦʥʥʦʤ ʧʨʦʜʚʠʞʝʥʠʠ ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ 

(ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʩʚʝʨʭʫ ʚʥʠʟ ʠʣʠ ʩʥʠʟʫ ʚʚʝʨʭ) ʬʦʨʤʠʨʫʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ, 

ʠʣʠ ʨʘʜʠʘʣʴʥʳʝ ʙʘʨʴʝʨʳ. 

ʉʘʤʦ ʧʦʣʦʞʝʥʠʝ ʙʘʨʴʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʫʧʘʶʱʝʛʦ ʢ ʥʝʤʫ 

ʤʠʛʨʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ. ɽʩʣʠ ʙʘʨʴʝʨ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʥʦ ʤʝʜʣʝʥʥʝʝ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜ, ʪʦ ʧʝʨʝʜ ʙʘʨʴʝʨʦʤ 

ʚ ʚʦʜʘʭ ʧʦʚʳʰʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (B.C. ɻʦʣʫʙʝʚ, ɸ.ʀ. 

ʇʝʨʝʣʴʤʘʥ). ʉʘʤ ʞʝ ʤʠʛʨʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʪʘʢʞʝ ʤʦʞʝʪ ʧʝʨʝʜʚʠʛʘʪʴʩʷ, ʦʙʳʯʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʠʣʠ ʧʦʜ ʫʛʣʦʤ ʢ ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʙʘʨʴʝʨʫ.  

ʉ ʧʦʜʦʙʥʳʤ ʷʚʣʝʥʠʝʤ ʧʨʠʭʦʜʠʪʩʷ ʯʘʩʪʦ ʚʩʪʨʝʯʘʪʴʩʷ, ʢʦʛʜʘ ʨʫʩʣʘ ʨʝʢ 

ʧʦʩʪʝʧʝʥʥʦ ʤʝʥʷʶʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠ ʚʧʘʜʝʥʠʠ ʚ ʤʦʨʷ ʠ ʦʟʝʨʘ. ʇʨʠ ʵʪʦʤ ʥʘ 

ʙʘʨʴʝʨʘʭ ʬʦʨʤʠʨʫʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (ɸʣʝʢʩʝʝʥʢʦ, 1992). 

ɺʦʦʙʱʝ ʞʝ ʧʦʥʷʪʠʝ ʦ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ 

ʚʘʞʥʝʡʰʠʭ ʚ ʛʝʦʭʠʤʠʠ. ʀʟʫʯʝʥʠʝ ʪʘʢʠʭ ʙʘʨʴʝʨʦʚ ʥʘʯʘʣʦʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʜʘʚʥʦ, ʠ ʤʥʦʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʥʘ ʥʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʝʱʝ 

ʥʝ ʚʳʷʚʣʝʥʳ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ. ʂ ʯʠʩʣʫ 

ʚʘʞʥʝʡʰʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʈʠʩ. 6) ʦʪʥʦʩʠʪʩʷ ʛʨʘʜʠʝʥʪ ʙʘʨʴʝʨʘ.  

 
ʈʠʩ. 6 ʇʘʨʘʤʝʪʨʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ (ʧʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʫ):  

1,2 ð ʥʘʧʨʘʚʣʝʥʠʝ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ ʠ ʧʦʩʣʝ ʙʘʨʴʝʨʘ; 3 ð 

ʦʙʣʘʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʥʘ ʙʘʨʴʝʨʝ; L ð ʜʣʠʥʘ ʙʘʨʴʝʨʘ; ʪ, ʠ ʪʛ ð ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ ʠ ʧʦʩʣʝ ʙʘʨʴʝʨʘ 

 

ʆʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (ʇʝʨʝʣʴʤʘʥ, 1989): 

G=dm/dl ʠʣʠ G=(m1ð m2)/L, 

ʛʜʝ:  

m1 ð ʯʠʩʣʦʚʦʝ ʚʳʨʘʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʦʜʥʦʛʦ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʟʤʝʥʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʙʘʨʴʝʨʝ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚ ʤʠʛʨʘʮʠʦʥʥʦʤ ʧʦʪʦʢʝ ʧʝʨʝʜ ʙʘʨʴʝʨʦʤ.  

ʀʤ ʤʦʛʫʪ ʙʳʪʴ ʚʝʣʠʯʠʥʳ ʨʅ, t, P, Eh, ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ 

ʢʠʩʣʦʨʦʜʘ, ʠʣʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʪ.ʜ.; 

m2 ð ʯʠʩʣʦʚʦʝ ʚʳʨʘʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʵʪʦʛʦ ʞʝ ʧʦʢʘʟʘʪʝʣʷ ʚ 
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ʤʠʛʨʘʮʠʦʥʥʦʤ ʧʦʪʦʢʝ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ ʙʘʨʴʝʨʘ; 

L ð ʤʦʱʥʦʩʪʴ (ʰʠʨʠʥʘ) ʙʘʨʴʝʨʘ. 

 

ɺʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʘ ʙʘʨʴʝʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʚ ʛʨʘʜʫʩʘʭ/ʤ; ʨʅ/ʤ; 

Eh/ʤ ʠ ʜʨ. 

ɽʱʝ ʦʜʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ 

ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʙʘʨʴʝʨʘ S (ɸ.ʀ. ʇʝʨʝʣʴʤʘʥ), ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

S=m1/m2. 

ʊʘʢ ʢʘʢ ʚ ʠʪʦʛʝ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʙʘʨʴʝʨʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʬʦʨʤʠʨʫʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ, ʪʦ ʦ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʙʘʨʴʝʨʘ ʤʦʞʥʦ 

ʩʫʜʠʪʴ ʠ ʧʦ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ: 

ʢ=ʩʘ/ʩʬ, 

ʛʜʝ:  

ʉʘ ð ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʘʥʦʤʘʣʠʠ;  

ʉʬ ð ʬʦʥʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʣʘʥʜʰʘʬʪʝ (ʦʧʨʝʜʝʣʝʥʥʦʤ ʪʠʧʝ ʛʦʨʥʳʭ 

ʧʦʨʦʜ, ʧʦʯʚ, ʦʩʘʜʢʦʚ, ʚʦʜ, ʨʘʩʪʝʥʠʡ ʠ ʪ.ʜ.), ʘʥʘʣʦʛʠʯʥʦʤ ʣʘʥʜʰʘʬʪʫ, ʚ 

ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʙʘʨʴʝʨ. 

 

ʆʙʳʯʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠʭ 

ʩʦʝʜʠʥʝʥʠʡ) ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʛʨʘʜʠʝʥʪʘ ʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʥʘ ʙʘʨʴʝʨʝ (h) ʙʳʣʘ ʚʳʚʝʜʝʥʘ 

ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

21

21

aa

CC
Kh

, 

ʛʜʝ:  

ʂ ð ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ çʠʥʝʨʪʥʦʡè ʤʘʩʩʳ (ʧʦʯʚ, ʦʩʘʜʢʦʚ, 

ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʪ.ʜ.), ʥʘ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ;  

ʉ1, ʉ2 ð ʩʦʜʝʨʞʘʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʤʠʛʨʘʮʠʦʥʥʦʤ ʧʦʪʦʢʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ ʠ ʧʦʩʣʝ ʙʘʨʴʝʨʘ;  

ʘ1, ʘ2 ð ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʚʝʱʝʩʪʚ, ʤʠʛʨʠʨʫʶʱʠʭ ʚ ʧʦʪʦʢʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦ ʠ ʧʦʩʣʝ ʙʘʨʴʝʨʘ. 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʳ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ 

ʵʣʝʤʝʥʪʘ ʥʘ ʙʘʨʴʝʨʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʝʛʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʤʠʛʨʠʨʫʶʱʠʭ 

ʧʦʪʦʢʘʭ. ɽʩʣʠ ʜʘʥʥʳʡ ʫʯʘʩʪʦʢ ʷʚʣʷʝʪʩʷ ʙʘʨʴʝʨʦʤ ʪʦʣʴʢʦ ʜʣʷ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ (ʩʦʝʜʠʥʝʥʠʡ), ʘ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʩʦʝʜʠʥʝʥʠʡ) ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʪʦ ʜʘʞʝ 

ʧʨʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʤʠʛʨʠʨʫʶʱʝʤ ʧʦʪʦʢʝ 

ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʙʘʨʴʝʨʝ ʤʦʞʝʪ ʩʦ ʚʨʝʤʝʥʝʤ ʩʪʘʪʴ ʦʯʝʥʴ ʚʳʩʦʢʦʡ, ʚʧʣʦʪʴ 
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ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ. 

ʋʢʘʟʘʥʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʯʘʱʝ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʙʘʨʴʝʨʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʩʣʝʜʫʝʪ ʧʨʠ ʵʪʦʤ ʫʜʝʣʷʪʴ ʬʦʨʤʘʤ ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʤʠʛʨʘʮʠʦʥʥʦʤ ʧʦʪʦʢʝ, ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʘʤʦʡ 

ʩʨʝʜʳ ʤʠʛʨʘʮʠʠ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ (ʩʦʝʜʠʥʝʥʠʡ) ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ. 

ʇʨʠʥʮʠʧ ʪʦʨʤʦʞʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ (ʧʨʠʥʮʠʧ ʇʝʨʝʣʴʤʘʥʘ). ɺ 

ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʘʭ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʧʨʠʨʦʜʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, 

ʩʦʜʝʨʞʠʪʩʷ ʨʷʜ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʩʪʫʧʘʪʴ ʚ ʭʠʤʠʯʝʩʢʠʝ 

ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʦʩʘʞʜʘʪʴʩʷ ʥʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ.  

ʅʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʩʪʦʣʴʢʦ ʤʥʦʛʦ, ʯʪʦ ʠʭ 

ʭʚʘʪʘʝʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʨʝʘʢʮʠʡ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʚ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʝ ʷʚʣʷʶʪʩʷ ʠʟʙʳʪʦʯʥʳʤʠ. ʅʘʧʨʠʤʝʨ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʪʘʢʠʤ 

ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜ. ɽʛʦ ʩʦʜʝʨʞʘʥʠʝ ʥʝ ʣʠʤʠʪʠʨʫʝʪ ʧʨʦʪʝʢʘʥʠʝ 

ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ, ʠ ʦʥ ʧʨʦʜʦʣʞʘʝʪ ʦʩʪʘʚʘʪʴʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʛʘʟʦʚ ʚ 

ʘʪʤʦʩʬʝʨʝ.  

ɺ ʩʠʩʪʝʤʘʭ ʢʠʩʣʳʭ ʤʘʛʤ ʠʟʙʳʪʦʯʝʥ SiO2. ɽʛʦ ʭʚʘʪʘʝʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʭ 

ʨʝʘʢʮʠʡ ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʦʥ ʝʱʝ ʦʩʪʘʝʪʩʷ, ʚʳʜʝʣʷʷʩʴ ʚ ʚʠʜʝ ʢʚʘʨʮʘ. ʂ 

ʜʝʬʠʮʠʪʥʳʤ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʵʣʝʤʝʥʪʘʤ ʦʪʥʦʩʷʪʩʷ ʪʝ, ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʢʦʪʦʨʳʭ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʚʩʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳʝ ʨʝʘʢʮʠʠ. 

ʕʣʝʤʝʥʪʳ, ʠʟʙʳʪʦʯʥʳʝ ʚ ʦʜʥʦʡ ʧʨʠʨʦʜʥʦʡ ʩʠʩʪʝʤʝ, ʤʦʛʫʪ ʙʳʪʴ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʚ ʜʨʫʛʦʡ. ʊʘʢ, ʚ ʛʣʫʙʠʥʘʭ ɿʝʤʣʠ ʩʪʘʥʦʚʠʪʩʷ ʜʝʬʠʮʠʪʥʳʤ ʆ2, ʘ 

ʚ ʦʩʥʦʚʥʳʭ ʤʘʛʤʘʭ ð SiO2. 

ɺ 1941 ʛ. ʇʝʨʝʣʴʤʘʥ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʧʨʠʥʮʠʧ ʪʦʨʤʦʞʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ, ʫʯʠʪʳʚʘʶʱʠʡ ʥʘʣʠʯʠʝ ʚ ʩʠʩʪʝʤʝ ʠʟʙʳʪʦʯʥʳʭ ʠ ʥʝʜʦʩʪʘʪʦʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: 

ʝʩʣʠ ʚ ʩʠʩʪʝʤʝ ʦʜʠʥ ʠʟ ʨʝʘʛʝʥʪʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʦʣʠʯʝʩʪʚʝ, 

ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʨʝʘʢʮʠʡ, ʪʦ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʣʠʰʴ ʪʝ ʨʝʘʢʮʠʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʩʨʦʜʩʪʚʦ. 

ʉʫʱʥʦʩʪʴ ʧʨʠʥʮʠʧʘ ʝʛʦ ʘʚʪʦʨ ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʠʤʝʨʦʤ, ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʤ ʠʟ ʢʫʨʩʘ ʭʠʤʠʠ. ɽʩʣʠ ʢ ʨʘʩʪʚʦʨʫ ʩ ʨʘʚʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʉl
-
 ʠ J- 

ʜʦʙʘʚʣʷʪʴ ʧʦ ʢʘʧʣʷʤ AgNO3 (ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʥ ʙʫʜʝʪ ʜʝʬʠʮʠʪʥʳʤ 

ʨʝʘʛʝʥʪʦʤ), ʪʦ ʩʥʘʯʘʣʘ ʥʘʯʥʝʪ ʦʩʘʞʜʘʪʴʩʷ AgJ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ AgCl. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʝʘʢʮʠʷ ʦʩʘʞʜʝʥʠʷ AgJ çʪʦʨʤʦʟʠʪè ʦʩʘʞʜʝʥʠʝ AgCl, ʪʘʢ 

ʢʘʢ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ J ʰʣʦ ʙʳ ʦʩʘʞʜʝʥʠʝ AgCl. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʦ ʤʝʨʝ 

ʨʘʩʭʦʜʦʚʘʥʠʷ J, ʢʦʥʮʝʥʪʨʘʮʠʷ Ag
+
 ʚ ʨʘʩʪʚʦʨʝ ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ (ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

AgJ ð ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ). ʅʘʩʪʫʧʠʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʚʤʝʩʪʝ ʩ AgJ ʩʪʘʥʝʪ 

ʦʩʘʞʜʘʪʴʩʷ AgCl. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʫʜʝʪ ʠʟʨʘʩʭʦʜʦʚʘʥ ʚʝʩʴ J
-
 (ʠʦʥʳ ʧʝʨʝʡʜʫʪ ʚ 

ʦʩʘʜʦʢ), ʥʘʯʥʝʪʩʷ ʦʩʘʞʜʝʥʠʝ ʯʠʩʪʦʛʦ AgCl. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩ 

ʧʦʣʥʦʛʦ ʨʘʩʭʦʜʦʚʘʥʠʷ ʠʦʥʦʚ ʚ ʩʠʩʪʝʤʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ð ʠʭ ʥʦʚʳʝ 

ʧʦʨʮʠʠ ʧʦʩʪʫʧʘʶʪ ʠʟʚʥʝ. ʉʦʟʜʘʝʚʘʝʤʘʷ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʙʩʪʘʥʦʚʢʘ ʜʣʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʧʨʠʥʮʠʧʘ ʪʦʨʤʦʞʝʥʠʷ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʘʷ, ʯʝʤ 
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ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚʳʰʝ ʜʨʦʙʥʦʛʦ ʦʩʘʞʜʝʥʠʷ. 

ɺʝʨʦʷʪʥʦ, ʩ ʜʝʡʩʪʚʠʝʤ ʧʨʠʥʮʠʧʘ ʪʦʨʤʦʞʝʥʠʷ ʩʚʷʟʘʥʳ ʥʝʢʦʪʦʨʳʝ 

ʧʘʨʘʛʝʥʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʥʘ ʤʥʦʛʦʩʪʦʨʦʥʥʠʭ ʙʘʨʴʝʨʘʭ. 

 

 

ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

 

ʅʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʨʛʘʥʠʟʤʦʚ. 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʠ ʞʠʚʦʪʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. ʇʨʠ ʵʪʦʤ ʧʦʩʣʝ ʠʭ 

ʦʪʤʠʨʘʥʠʷ (ʘ ʞʠʟʥʴ ʦʪʜʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʦʪ ʯʘʩʦʚ ʜʦ 

ʩʪʦʣʝʪʠʡ) ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʚʰʠʝʩʷ ʵʣʝʤʝʥʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʩʨʘʟʫ ʚʦʚʣʝʢʘʶʪʩʷ ʚ 

ʧʨʦʮʝʩʩ ʤʠʛʨʘʮʠʠ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ. 

ɺʦʟʤʦʞʥʳ ʠ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʤʝʨʰʠʭ ʦʨʛʘʥʠʟʤʦʚ. ʊʦʛʜʘ ʥʘʢʦʧʠʚʰʠʝʩʷ ʚ 

ʥʠʭ ʵʣʝʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʥʳʤʠ ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ ʣʝʪ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 

ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʣʝʞʘʭ ʫʛʣʷ, ʪʦʨʬʝ, ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ, ʨʘʩʩʝʷʥʥʦʤ ʚ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʦʙʱʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʧʨʦʮʝʩʩʘ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʦʨʛʘʥʠʟʤʘʤʠ. ɹʠʦʤʘʩʩʘ ʨʘʩʪʝʥʠʡ ʧʨʠʤʝʨʥʦ ʚ 1000 ʨʘʟ ʙʦʣʴʰʝ ʟʦʦʤʘʩʩʳ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʘʷ ʤʘʩʩʘ ʚʝʱʝʩʪʚ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ 

ʙʘʨʴʝʨʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʨʘʩʪʝʥʠʷʤʠ.  

ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʞʠʚʦʪʥʳʤʠ 

ʦʨʛʘʥʠʟʤʘʤʠ, ʘ ʦʩʦʙʝʥʥʦ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʷ ʯʘʩʪʦ ʠʤʝʶʪ ʦʩʦʙʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʣʶʜʝʡ. ʂ ʩʦʞʘʣʝʥʠʶ, ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʢʠʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʟʫʯʝʥʳ ʚ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʡ ʤʝʨʝ. 

ɺʧʝʨʚʳʝ ʧʨʦʙʣʝʤʘ ʤʘʩʩʦʚʦʛʦ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʨʦʮʝʩʩʘ ʥʘʢʦʧʣʝʥʠʷ ʠʤʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʘ 

ʧʦʜʥʷʪʘ ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʤ. ɺ 1921ð1922 ʛʛ. ʦʥ ʧʠʩʘʣ: çʂʘʢʦʚ ʩʦʩʪʘʚ ʞʠʚʦʛʦ 

ʚʝʱʝʩʪʚʘ? ɿʥʘʝʤ ʣʠ ʤʳ ʝʛʦ ʠ ʤʦʞʝʤ ʣʠ ʛʦʚʦʨʠʪʴ ʦ ʥʝʤ ʪʘʢ ʞʝ, ʢʘʢ ʦ ʩʦʩʪʘʚʝ, 

ʥʘʧʨʠʤʝʨ, ʤʠʥʝʨʘʣʦʚ ʠʣʠ ʛʦʨʥʳʭ ʧʦʨʦʜ?è ʇʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʵʪʠ 

ʚʦʧʨʦʩʳ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʜʘʥʦ, ʘ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʙʣʝʤʳ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʨʝʟʢʦ ʫʚʝʣʠʯʠʣʘʩʴ. ɹʝʟ ʠʟʫʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʦʨʛʘʥʠʟʤʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʦʙʱʘʷ ʤʘʩʩʘ ʩʫʭʦʛʦ, ʦʙʝʟʚʦʞʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ 

ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʤ ʧʦʜʩʯʝʪʘʤ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 2400 Å 10
9
 ʪ. ʀʟ 

ʥʠʭ 3,3 Å 10
9
 ʪ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʙʠʦʤʘʩʩʫ ʆʢʝʘʥʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʟʝʤʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ ʚ ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʩʫʰʠ ʜʘʣʝʢʦ ʥʝ ʦʜʥʦʨʦʜʥʦ, ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 6.2, ʩʦʩʪʘʚʣʝʥʥʦʡ ʧʦ 
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ʜʘʥʥʳʤ ɺ.ɸ. ʂʦʚʜʳ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʵʪʫ ʪʘʙʣʠʮʫ, ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʦʜʠʥʘʢʦʚʫʶ ʙʠʦʤʘʩʩʫ 

ʤʦʛʫʪ ʠʤʝʪʴ ʩʘʤʳʝ ʨʘʟʣʠʯʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠ ʜʘʞʝ ʠʭ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ 

ʤʦʞʝʪ ʦʯʝʥʴ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʫʞʝ ʚʳʷʚʣʝʥʳ (ʪ.ʝ. ʥʘʭʦʜʷʪʩʷ 

ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʦʚ) ʧʦʯʪʠ ʚʩʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɼ.ʀ. 

ʄʝʥʜʝʣʝʝʚʘ. ʀ ʭʦʪʷ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʤʦʞʥʦ ʚ ʮʝʣʦʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʫʯʘʩʪʢʘʭ ʙʠʦʩʬʝʨʳ ʩ 

ʙʦʣʴʰʝʡ ʙʠʦʤʘʩʩʦʡ ʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʦʩʥʦʚʥʘʷ 

ʤʘʩʩʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɼʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʙʠʦʤʘʩʩʳ (ʊʘʙʣʠʮʘ 3) ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʦʣʴʢʦ ʦʙ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʚʝʱʝʩʪʚ, 

ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ 

(ʝʱʝ ʥʝ ʟʘʭʦʨʦʥʝʥʥʳʭ) ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ.  

ʊʘʙʣʠʮʘ 3 

ʉʫʤʤʘʨʥʘʷ ʨʘʩʪʠʪʝʣʴʥʘʷ ʙʠʦʤʘʩʩʘ ʩʫʰʠ 

ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʡ ɺʝʣʠʯʠʥʘ, ʪ/ʛʘ 

ʊʨʦʧʠʯʝʩʢʠʝ ʠ ʩʫʙʪʨʦʧʠʯʝʩʢʠʝ ʧʫʩʪʳʥʠ 2,5 

ʉʫʙʙʦʨʝʘʣʴʥʳʝ ʠ ʧʦʣʷʨʥʳʝ ʧʫʩʪʳʥʠ, ʟʘʩʦʣʝʥʥʳʝ 

ʧʦʯʚʳ 
2,5-5,0 

ʊʫʥʜʨʘ 12,5-25 

ʃʝʩʦʪʫʥʜʨʘ ʜʦ 50 

ʉʪʝʧʠ, ʩʘʚʘʥʥʳ, ʧʘʤʧʳ, ʤʘʥʛʨʦʚʳʝ ʟʘʨʦʩʣʠ 12,5-150 

ʊʘʡʛʘ ʜʦ 400 

ʃʠʩʪʚʝʥʥʳʝ ʣʝʩʘ ʩʨʝʜʥʝʡ ʧʦʣʦʩʳ 400-500 

ʊʨʦʧʠʯʝʩʢʠʝ ʣʝʩʘ 500-1700 

 

ɼʘʥʥʳʝ ʦ ʝʞʝʛʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʫʰʠ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦʙ ʦʙʱʝʡ 

ʩʢʦʨʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʚʩʝʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʙʘʨʴʝʨʘʭ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʟʦʥʘʭ ʢʦʥʪʠʥʝʥʪʦʚ 

(ʊʘʙʣʠʮʘ 4).  

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘʠʙʦʣʴʰʘʷ ʤʘʩʩʘ ʚʝʱʝʩʪʚ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʟʘ ʛʦʜ ʥʘ ʧʨʠʨʦʜʥʳʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ ʚ 

ʣʘʥʜʰʘʬʪʘʭ ʣʝʩʦʚ. ʉ ʵʪʠʤ ʷʚʣʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʙʦʣʴʰʦʝ ʦʯʠʱʘʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ (ʠʟʚʣʝʯʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ) ʣʝʩʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ (ɻ.ɹ. ʇʘʫʣʶʢʷʚʠʯʶʩ). 

ʃʘʥʜʰʘʬʪʳ ʩ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʢʘʢ ʟʦʥʳ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ.  
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ʉʘʭʘʨʥʘʷ ʩʚʝʢʣʘ 7,65 14,7 ʅʠʜʝʨʣʘʥʜʳ 

ʄʘʩʣʠʯʥʘʷ 

ʧʘʣʴʤʘ 
- 19,5 

ʅʠʛʝʨʠʷ 

ʉʘʭʘʨʥʳʡ 

ʪʨʦʩʪʥʠʢ 
17,25 67 

ɻʘʚʘʡʩʢʠʝ 

ʦʩʪʨʦʚʘ 

ʂʫʣʴʪʫʨʳ 

ʚʦʜʦʨʦʩʣʝʡ 
- 45,3 

ʗʧʦʥʠʷ 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚ ʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ ʚ ʆʢʝʘʥʝ ʝʱʝ 

ʙʦʣʝʝ ʥʝʨʘʚʥʦʤʝʨʥʘʷ. ɺ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡʦʥʘʭ ʠ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʜʥʷʪʠʷ 

ʛʣʫʙʠʥʥʳʭ ʚʦʜ, ʦʙʦʛʘʱʝʥʥʳʭ ʧʠʪʘʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʦʥʘ ʛʦʨʘʟʜʦ ʚʳʰʝ, 

ʯʝʤ ʚ ʚʦʜʘʭ (ʫʜʘʣʝʥʥʳʭ ʦʪ ʩʫʰʠ) ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʦʷʩʘ. ʊʘʢ, ʚ ʉʝʚʝʨʥʦʤ ʤʦʨʝ 

ʝʞʝʛʦʜʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʚʥʘ ʧʨʠʤʝʨʥʦ 8 ʪ/ʛʘ, ʚ ʨʘʡʦʥʝ ʂʘʣʠʬʦʨʥʠʠ ð 13 

ʪ/ʛʘ, ʘ ʚ ʫʜʘʣʝʥʠʠ ʦʪ ʢʦʥʪʠʥʝʥʪʦʚ ʦʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʝʩʷʪʢʠ, ʘ ʠʥʦʛʜʘ ʠ ʩʦʪʥʠ 

ʨʘʟ. 

ɺʳʜʝʣʷʝʤʫʶ ʦʪʜʝʣʴʥʦ ʟʦʦʤʘʩʩʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʚʦʝʦʙʨʘʟʥʳʡ 

(ʧʦʜʚʠʞʥʳʡ) ʙʘʨʴʝʨ. ɺʣʠʷʥʠʝ ʵʪʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʥʘ ʦʙʱʫʶ 

ʤʠʛʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ ʠ ʥʘ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʛʦʨʘʟʜʦ 

ʤʝʥʴʰʝ, ʯʝʤ ʙʘʨʴʝʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʪʝʥʠʷʤʠ. ʆʜʥʘʢʦ ʥʘ ʞʠʟʥʴ ʣʶʜʝʡ 

ʞʠʚʦʪʥʳʝ ʦʨʛʘʥʠʟʤʳ ʦʢʘʟʳʚʘʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ, ʧʦʩʢʦʣʴʢʫ 

ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 90ð95% ʥʘʟʝʤʥʦʡ ʟʦʦʤʘʩʩʳ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ 

ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʆʪʥʦʰʝʥʠʝ ʟʦʦʤʘʩʩʳ ʪʨʘʚʦʷʜʥʳʭ ʢ ʟʦʦʤʘʩʩʝ 

ʧʣʦʪʦʷʜʥʳʭ ʚʩʝʛʜʘ ʙʣʠʟʢʦ ʢ 100, ʘ ʥʘʠʙʦʣʴʰʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʨʘʚʦʷʜʥʳʭ 

ʦʪʤʝʯʘʝʪʩʷ ʚ ʣʘʥʜʰʘʬʪʘʭ ʪʨʘʚʷʥʠʩʪʳʭ ʬʦʨʤʘʮʠʡ ʪʨʦʧʠʯʝʩʢʦʛʦ ʧʦʷʩʘ. 

ʆʙʱʘʷ ʟʦʦʤʘʩʩʘ ʜʠʢʠʭ ʪʨʘʚʦʷʜʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʦʙʳʯʥʦ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪ 25 ʜʦ 0,005 ʪ/ʢʤ
2
. ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʟʦʦʤʘʩʩʳ ʦʪʤʝʯʝʥʘ ʚ 

ʣʘʥʜʰʘʬʪʘʭ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʨʢʘ ʚ ʂʦʥʛʦ, ʤʠʥʠʤʘʣʴʥʘʷ ð ʚ ʧʫʩʪʳʥʷʭ ʉʘʭʘʨʳ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʠ ʇʨʠʢʘʩʧʠʡʩʢʠʭ ʩʪʝʧʷʭ ʈʦʩʩʠʠ ʩ ʩʘʡʛʦʡ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

0,35 ʪ/ʢʤ
2
. 

ɿʦʦʤʘʩʩʘ ʧʪʠʮ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʢʦʣʝʙʣʝʪʩʷ ʚ ʦʯʝʥʴ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʦʪ 0,4 ʜʦ 120 ʢʛ/ʢʤ
2 

(ʊʘʙʣʠʮʘ 6). ɿʦʦʤʘʩʩʘ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʪʨʘʚʷʥʠʩʪʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʧʦʜʩʪʠʣʢʠ ʩʘʚʘʥʥʳ ʚ ʧʝʨʠʦʜ ʜʦʞʜʝʡ 

ʜʦʩʪʠʛʘʝʪ 25 ʪ/ʢʤ
2
. ʆʜʥʘʢʦ ʦʙʳʯʥʦ ʚ ʣʘʥʜʰʘʬʪʘʭ ʣʫʛʦʚ ʠ ʩʪʝʧʝʡ ʦʥʘ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 1 ʪ/ʢʤ
2
.  

ʊʘʙʣʠʮʘ 6 

ʆʙʱʘʷ ʟʦʦʤʘʩʩʘ ʧʪʠʮ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ  

(ʧʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ) 

ʃʘʥʜʰʘʬʪʳ ɿʦʦʤʘʩʩʘ, ʢʛ/ʢʤ
2
 

ʇʨʠʙʨʝʞʥʳʝ ʚʝʨʝʩʢʦʚʳʝ (ʎʝʥʪʨʘʣʴʥʘʷ 

ɽʚʨʦʧʘ) 
0,4 - 0,6 

ʍʚʦʡʥʳʝ ʣʝʩʘ (ʉʝʚʝʨʥʘʷ ɽʚʨʦʧʘ) 20-24 

ʉʘʚʘʥʥʘ (ɸʬʨʠʢʘ) 20-50 
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ʉʤʝʰʘʥʥʳʝ ʣʝʩʘ (ʉʝʚʝʨʥʘʷ ɽʚʨʦʧʘ) 55-60 

ʃʠʩʪʚʝʥʥʳʝ ʣʝʩʘ (ʎʝʥʪʨʘʣʴʥʘʷ ɽʚʨʦʧʘ) 110-120 

 

ɿʦʦʤʘʩʩʘ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ (ʘ ʵʪʦ ʪʘʢʞʝ ʧʦʜʚʠʞʥʳʡ ʪʝʭʥʦʛʝʥʥʳʡ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʙʘʨʴʝʨ) ʥʘ ʪʝʭʥʦʛʝʥʥʳʭ ʣʫʛʦʚʳʭ ʣʘʥʜʰʘʬʪʘʭ ɿʘʧʘʜʥʦʡ 

ɽʚʨʦʧʳ ʜʦʩʪʠʛʘʝʪ 125 ʪ/ʢʤ
2
. ɺ ʧʨʠʨʦʜʥʳʭ ʩʪʝʧʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʦʥʘ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ 5 ʪ/ʢʤ
2
. ɿʦʦʤʘʩʩʘ ʜʦʤʘʰʥʠʭ ʧʪʠʮ ʦʙʳʯʥʦ ʢʦʣʝʙʣʝʪʩʷ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʚʠʜʘ ʠ ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʡ, ʦʪ 5 ʜʦ 130 ʢʛ/ʢʤ
2
. 

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʞʠʚʦʪʥʳʝ ʦʨʛʘʥʠʟʤʳ ʆʢʝʘʥʘ, ʪʦ ʠʭ ʟʦʦʤʘʩʩʘ ʪʘʢʞʝ 

ʢʦʣʝʙʣʝʪʩʷ ʚ ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ 

ʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʚʨʝʤʝʥʠ ʛʦʜʘ.  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʳʣʘʚʣʠʚʘʝʤʳʝ ʨʳʙʳ ʠ ʙʝʩʧʦʟʚʦʥʦʯʥʳʝ. 

ʀʭ ʦʙʱʘʷ ʛʦʜʦʚʘʷ ʤʘʩʩʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 36 ʤʣʥ. ʪ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʨʷʜʢʘ 30 ʤʣʥ. 

ʪ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʳʣʦʚʣʝʥʥʫʶ ʨʳʙʫ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʜʦʚʦʣʴʥʦ ʯʝʪʢʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʦʙʱʝʡ ʟʦʦʤʘʩʩʦʡ ʙʝʥʪʦʩʘ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʣʦʚʣʝʥʥʦʡ ʨʳʙʳ 

(ʊʘʙʣʠʮʘ 7).  

ʊʘʙʣʠʮʘ 7 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʚʝʣʠʯʠʥʘ ʤʘʩʩʳ ʙʝʥʪʦʩʘ ʠ ʚʳʣʦʚʣʝʥʥʦʡ ʨʳʙʳ 

ʄʦʨʝ 
ʄʘʩʩʘ ʙʝʥʪʦʩʘ, 

ʢʛ/ʛʘ 

ʄʘʩʩʘ ʚʳʣʦʚʣʝʥʥʦʡ ʨʳʙʳ, 

ʢʛ/ʛʘ 

ʉʨʝʜʠʟʝʤʥʦʝ 100 1,5 

ɹʝʣʦʝ 200 1,2 

ɹʘʣʪʠʡʩʢʦʝ 330 6,0 

ɹʘʨʝʥʮʝʚʦ 1000 4,5 

ʗʧʦʥʩʢʦʝ 1750 28,8 

ɸʟʦʚʩʢʦʝ 3210 80,0 

ʉʝʚʝʨʥʦʝ 3460 24,5 

 

ʄʘʩʩʘ ʙʝʥʪʦʩʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ  ʙʳʩʪʨʦ ʩʦʢʨʘʱʘʝʪʩʷ ʠ ʩ ʛʣʫʙʠʥʳ 

4000 ʤ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʢʛ/ʛʘ. ɺ ʧʨʝʩʥʳʭ ʚʦʜʦʝʤʘʭ ʩ ʚʥʝʩʝʥʠʝʤ 

ʫʜʦʙʨʝʥʠʡ ʠ ʢʦʨʤʦʚ ʩ 1 ʛʘ ʚ ʛʦʜ ʚʳʣʘʚʣʠʚʘʶʪ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʤʠʨʘ ʦʪ 2 ʪ ʜʦ 

15 ʪ ʨʳʙʳ.  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʢʦʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʜʦʣʶ ʧʷʪʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

(ʆ, ʉ, ʅ, N, ʉʘ) ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 98% ʤʘʩʩʳ ʩʨʝʜʥʝʛʦ ʯʝʣʦʚʝʢʘ. ɽʩʣʠ 

ʩʦʧʦʩʪʘʚʠʪʴ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʩ ʢʣʘʨʢʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʝʤʥʦʡ ʢʦʨʳ, ʪʦ 

ʧʦʣʫʯʠʪʩʷ ʢʘʨʪʠʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʠʞʝ (ʊʘʙʣʠʮʘ 8). 
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ʊʘʙʣʠʮʘ 8 

ɼʘʥʥʳʝ ʦ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠ 

ʢʣʘʨʢʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʕʣʝʤʝʥʪ 

ʂʣʘʨʢ, %, 

ʟʝʤʥʦʡ 

ʢʦʨʳ 

ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʦʨʛʘʥʠʟʤʝ, % 

0 49 61,3 

ʉ 0,35 22,8 

ʅ 1 99 

N 0,04 2,5 

ʉʘ 3,2 1,4 

ʈ 0,12 1,11 

S 0,04 0,19 

ʂ 2,5 0,19 

Na 2,5 0,14 

ʉl 0,017 0,13 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʚ 

ʯʝʣʦʚʝʯʝʩʢʦʤ ʦʨʛʘʥʠʟʤʝ ʠ ʢʣʘʨʢʦʚʳʤ ʩʦʜʝʨʞʘʥʠʷʤ ʠʤʝʝʪʩʷ ʙʦʣʴʰʦʝ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ. ɽʩʣʠ ʞʝ ʩʜʝʣʘʪʴ ʧʝʨʝʩʯʝʪ ʥʘ ʤʠʥʝʨʘʣʴʥʫʶ (ʟʦʣʴʥʫʶ) ʯʘʩʪʴ ʚ 

ʦʨʛʘʥʠʟʤʝ, ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʜʣʷ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʩʪʘʥʝʪ ʝʱʝ ʙʦʣʴʰʠʤ. 

 

ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʥʘ 
ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ 

 

ʅʘʢʦʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʙʘʨʴʝʨʘʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʧʨʦʮʝʩʩ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʤʘʭ, ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ.  

ʉʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʞʠʚʳʝ 

ʦʨʛʘʥʠʟʤʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ. ʕʪʠ 

ʬʘʢʪʦʨʳ ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʪʨʠ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: 
1) ɺʥʫʪʨʝʥʥʠʝ, ʙʠʦʭʠʤʠʯʝʩʢʠʝ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʘ ʦʨʛʘʥʠʟʤʦʚ; 

2) ɺʥʝʰʥʠʝ, ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʫʩʣʦʚʠʷʤʠ 

ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ (ʧʨʦʠʟʨʘʩʪʘʥʠʷ) ʦʨʛʘʥʠʟʤʦʚ; 

3) ɺʥʫʪʨʝʥʥʠʝ, ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʚʦʡʩʪʚʘʤʠ ʠʦʥʦʚ, 
ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ. 

 

ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

ɺʣʠʷʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʦʨʛʘʥʠʟʤʘʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʟʫʯʝʥʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ. ʆʪʤʝʪʠʤ 

ʚʘʞʥʝʡʰʠʝ ʠʟ ʥʠʭ. 
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ɺʦ-ʧʝʨʚʳʭ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ ʭʘʨʘʢʪʝʨʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. ɺ ʩʚʦʝ ʚʨʝʤʷ ʜʘʞʝ ʧʨʝʜʧʦʣʘʛʘʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʨʛʘʥʠʟʤʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ. ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ ʚ ʨʘʟʥʳʭ ʚʠʜʘʭ 

ʨʘʩʪʝʥʠʡ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʚ 2ð5 

ʨʘʟ (ɸʣʝʢʩʝʝʥʢʦ ʠ ʜʨ., 1992).  

ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʫ ʨʘʩʪʝʥʠʡ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʜʘʞʝ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ð ʦʙʳʯʥʦʝ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʧʨʝʚʳʰʘʝʪʩʷ ʚ 

ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʨʘʟ. ʊʘʢ, ʥʘ ʘʥʦʤʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʚ ʨʘʡʦʥʝ ʛ. ʂʘʤʝʥʩʢʘ-ʐʘʭ-

ʪʠʥʩʢʦʛʦ, ʛʜʝ ʨʝʟʢʦ ʧʦʚʳʰʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ Zn ʚ ʧʦʯʚʘʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, 

ʩʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʟʦʣʝ ʣʠʩʪʴʝʚ ʚʷʟʘ 6,8 Å 10
-3 
%, ʜʫʙʘ 17,3 Å 

10
-3 
%, ʘ ʪʦʧʦʣʷ 73 Å 10

-3 
%. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʞʠʚʦʪʥʳʭ, ʦʩʦʙʝʥʥʦ ʩ 

ʫʯʝʪʦʤ ʩʢʝʣʝʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʦʪʣʠʯʘʝʪʩʷ ʝʱʝ ʙʦʣʴʰʝ, ʠʥʦʛʜʘ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ. ʊʘʢ, ʩʢʝʣʝʪ ʨʷʜʘ ʬʦʨʘʤʠʥʠʬʝʨ ʩʦʩʪʦʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʠʟ ʉʘʉʆ3, 

ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʜʠʦʣʷʨʠʡ ð ʠʟ SiO2, ʘ ʨʘʜʠʦʣʷʨʠʡ ʦʪʨʷʜʘ Acantharia ð ʠʟ 

SrSO4.  

ɺ ʦʨʛʘʥʠʟʤʝ ʢʦʨʥʝʥʦʞʝʢ ʢʩʝʥʦʬʠʦʬʦʨʘ ʩʦʜʝʨʞʘʪʩʷ ʛʨʘʥʝʣʣʳ BaSO4. 

ʏʠʩʣʦ ʧʦʜʦʙʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʦʜʠʪʴ ʜʦʚʦʣʴʥʦ ʜʦʣʛʦ. ʆʩʦʙʦ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʦʨʛʘʥʠʟʤʦʚ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʠ ʜʝʢʦʥʮʝʥʪʨʘʪʦʨʦʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʦʙʳʯʥʦ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ). ɺ ʧʝʨʚʳʭ, ʜʘʥʥʳʡ 

ʵʣʝʤʝʥʪ ʚʩʝʛʜʘ (ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʠʣʠ ʧʨʦʜʫʢʪʘʭ 

ʧʠʪʘʥʠʷ) ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʟʢʦ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʘ ʚʦ ʚʪʦʨʳʭ ð ʚ 

ʧʦʥʠʞʝʥʥʳʭ. 
ɺʦ-ʚʪʦʨʳʭ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʨʘʟʣʠʯʥʘ ʚ ʨʘʟʥʳʭ 

ʦʨʛʘʥʘʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ (ʈʠʩ. 7). ʀʥʦʛʜʘ ʚ ʦʜʥʦʤ ʠ ʪʦʤ 

ʞʝ ʞʠʚʦʪʥʦʤ ʦʨʛʘʥʠʟʤʝ ʦʥʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʪʢʘʥʝʡ ʤʦʛʫʪ ʚʳʟʚʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʞʠʚʦʤ ʦʨʛʘʥʠʟʤʝ ʜʘʞʝ ʤʠʥʝʨʘʣʦʚ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʮʝʣʦʛʦ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ. 
ʆʙʨʘʟʦʚʘʥʠʝ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʦʙʫʩʣʦʚʣʝʥʦ, ʧʦ ʤʥʝʥʠʶ ʨʷʜʘ ʫʯʝʥʳʭ, ʥʝʢʦʪʦʨʳʤʠ ʪʠʧʘʤʠ ʤʦʣʝʢʫʣ ʠ 

ʭʘʨʘʢʪʝʨʦʤ ʠʭ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʪʢʘʥʷʭ. ʀʭ ʢʦʥʢʨʝʪʥʳʡ ʪʠʧ ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʠʣʠ ʚʥʝʰʥʝʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʢʝʣʝʪʘ.  

 
ʈʠʩ. 7 ʉʦʜʝʨʞʘʥʠʝ ʈb ʠ ʉu ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʉʘʩʳʨʘ (ʂʘʨʘʪʘʫ): 

1 - ʣʠʩʪʴʷ; 2 - ʯʝʨʝʥʢʠ ʣʠʩʪʴʝʚ; 3 - ʧʣʦʜʦʥʦʩʷʱʠʡ ʧʦʙʝʛ; 4 ð ʩʝʤʝʥʘ  
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ɼʣʷ ʮʝʣʣʶʣʦʟʳ ʠ ʧʝʢʪʠʥʦʚ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦ ʩʪʝʥʢʘʤ ʢʣʝʪʢʠ ʚ 

ʨʘʩʪʝʥʠʷʭ ʢʘʣʴʮʠʪʘ; ʙʝʣʦʢ ʢʦʥʭʠʘʣʠʥ ʩʚʷʟʘʥ ʚ ʨʘʢʦʚʠʥʘʭ ʤʦʣʣʶʩʢʦʚ ʩ 

ʢʘʣʴʮʠʪʦʤ ʙʝʣʦʢ ʢʦʣʣʘʛʝʥ ð ʩ ʆʅ-ʘʧʘʪʠʪʦʤ ʚ ʢʦʩʪʷʭ ʧʦʟʚʦʥʦʯʥʳʭ. ʅʝʢʦʪʦʨʳʝ 

ʙʝʣʢʠ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʷʜʝʨ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʢʘʨʙʦʥʘʪʦʚ, ʩʫʣʴʬʘʪʦʚ, 

ʢʨʝʤʥʝʟʝʤʘ ʠ ʜʘʞʝ ʤʘʛʥʝʪʠʪʘ. 

   ɺ-ʪʨʝʪʴʠʭ, ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʦʨʛʘʥʝ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ 

ʝʛʦ (ʦʨʛʘʥʘ) ʨʘʟʚʠʪʠʷ ʠ ʚʦʟʨʘʩʪʘ. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ 

ʜʣʷ ʨʘʩʪʝʥʠʡ ʚ ʩʚʷʟʠ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʠʩʢʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʚ ʚʘʩʠʣʴʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚ 3ð4 ʨʘʟʘ (ʈʠʩ. 8). ɺ ʩʪʘʨʳʭ ʙʝʨʝʟʘʭ ʩʦʜʝʨʞʘʥʠʝ 

ʮʠʥʢʘ ʚ ʣʠʩʪʴʷʭ ʚ 1,5 ʨʘʟʘ, ʚ ʚʝʪʚʷʭ ʚ 2 ʨʘʟʘ, ʘ ʚ ʢʦʨʝ ʚ 1,5 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ 

ʤʦʣʦʜʳʭ (ɿʘʭʘʨʦʚ, 1969). 

 
ʈʠʩ. 8 ʉʦʜʝʨʞʘʥʠʝ ʈʔ ʚ ʚʘʩʠʣʴʢʝ ʚ ʨʘʟʣʠʯʥʳʝ ʬʝʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʟʳ ʨʘʟʚʠʪʠʷ (ʂʘʨʘʪʘʫ): 

I ð ʥʘʜ ʨʫʜʥʦʡ ʟʦʥʦʡ; II ð ʥʘʜ ʙʝʟʨʫʜʥʳʤ ʫʯʘʩʪʢʦʤ; ʬʝʥʦʬʘʟʳ: ɸ ð ʟʘʮʚʝʪʘʥʠʝ; ɹ ð 

ʮʚʝʪʝʥʠʝ; ɺ ð ʦʪʮʚʝʪʘʥʠʝ; ɻ ð ʦʙʨʘʟʦʚʘʥʠʝ ʩʝʤʷʥ; ɼ ð ʩʦʟʨʝʚʘʥʠʝ ʩʝʤʷʥ 

 

ɸʥʘʣʦʛʠʯʥʳʭ ʜʘʥʥʳʭ ʦ ʞʠʚʦʪʥʳʭ ʧʦʢʘ ʤʝʥʴʰʝ, ʥʦ ʜʦʩʪʦʚʝʨʥʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʩʢʝʣʝʪʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʷʭ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ ʨʘʟʚʠʪʠʷ (ʚʦʟʨʘʩʪʘ) ʵʪʠʭ 

ʞʠʚʦʪʥʳʭ. ʇʨʠ ʵʪʦʤ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʦ ʠ ʬʦʨʤʘ 

ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʄʥʦʛʠʝ ʵʣʝʤʝʥʪʳ ʠʟ ʨʘʩʪʚʦʨʦʚ ʠ ʩʣʦʞʥʳʭ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʷʪ ʚ ʤʠʥʝʨʘʣʴʥʫʶ ʬʦʨʤʫ (ʦʙʳʯʥʦ ʚ 

ʩʢʝʣʝʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ). 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʦʥʢʨʝʪʥʳʭ ʚʠʜʘʭ ʦʨʛʘʥʠʟʤʦʚ ʤʥʦʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʥʠʤʠ ʚ ʦʨʛʘʥʠʟʤʘʭ (ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, 1969). ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 

ʦʨʛʘʥʠʟʤʝ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʜʨʫʛʦʛʦ.  

ɻʦʚʦʨʷ ʦʙ ʵʪʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʥʘ ʦʙʲʷʩʥʷʝʪʩʷ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʴʶ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ, ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ 

ʠʦʥʦʚ ʧʦʛʣʦʱʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ (ʧʦʩʣʝʜʥʝʝ ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ 

ʬʘʢʪʦʨʦʚ). ʊʘʢ, ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʷʤʠ ʈʔ ʠ ʄʦ ʚ ʨʘʩʪʝʥʠʷʭ ʤʦʞʝʪ 

ʦʙʲʷʩʥʷʪʴʩʷ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʥʝʙʦʣʴʰʠʭ 

(ʬʦʥʦʚʳʭ) ʧʦʩʪʫʧʣʝʥʠʷʭ ʈʔ ʚ ʨʘʩʪʝʥʠʝ ʚ ʥʝʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʦʜʝʨʞʘʥʠʝ ʄʦ 

(ʈʠʩ. 9).  
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ʈʠʩ. 9 . çʆʪʨʠʮʘʪʝʣʴʥʘʷè ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʤʦʣʠʙʜʝʥʦʚʘʷ ʘʥʦʤʘʣʠʷ ʥʘʜʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʊʝʣʴʤʘʥʩʢʠʤ: 

1 ð ʠʟʚʝʩʪʥʷʢʠ; 2 ð ʨʫʜʦʚʤʝʰʘʶʰʠʝ ʜʦʣʦʤʠʪʳ; 3 ð ʛʨʘʥʠʪʳ; 4 ð ʜʠʘʙʘʟʦʚʳʝ ʧʨʦʬʠʨʠʪʳ; 

5 ð ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ; 6 ð ʢʦʥʪʫʨ ʘʥʦʤʘʣʠʠ; 7-10 ð ʤʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙ ʠ ʩʦʜʝʨʞʘʥʠʷ, 

%, ʚ ʧʨʦʙʘʭ ʤʦʣʠʙʜʝʥʘ (7 ð ʤʝʥʴʰʝ 5 Å 10-4, 8 ð 5 Å 10-4, 9 ð n Å 10-3, 10 ð n Å 10-2); 11 ð 

ʵʣʝʤʝʥʪʳ ʟʘʣʝʛʘʥʠʷ ʧʦʨʦʜ 

 

ʅʝʩʢʦʣʴʢʦ ʫʧʨʦʱʝʥʥʦ ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʘʢ: ʤʦʣʠʙʜʝʥ ʚʭʦʜʠʪ ʚ 

ʩʦʩʪʘʚ ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʛʨʫʧʧʳ ʬʝʨʤʝʥʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ ʢʣʝʪʦʢ, ʘ 

ʩʚʠʥʝʮ ʠʭ ʠʥʛʠʙʠʨʫʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʩʦʜʝʨʞʘʥʠʡ ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʝʥʠʠ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ 

ʥʦʨʤʘʣʴʥʦʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʥʘ ʪʦʢʩʠʯʥʳʡ ʩʚʠʥʝʮ 

ʫʩʠʣʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʝʨʤʝʥʪʦʚ.  

ʀʟʙʳʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʩʚʠʥʮʘ ʚ ʨʘʩʪʝʥʠʝ (ʫ ʚʠʜʦʚ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʨʘʟʥʳʝ) ʥʘʨʫʰʘʝʪ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʟʘʢʦʥʦʤʝʨʥʳʝ ʩʚʷʟʠ, ʨʘʟʚʠʪʠʝ 

ʦʨʛʘʥʠʟʤʘ ʩʪʘʥʦʚʠʪʩʷ ʫʛʥʝʪʝʥʥʳʤ, ʠ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʠʙʜʝʥʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʨʘʩʪʝʥʠʶ, ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʯʠʥʘʝʪ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʪʴʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʷʤʠ ʵʪʠʭ ʤʝʪʘʣʣʦʚ (ʉʫʣʪʘʥʦʚ, ɸʣʝʢʩʝʝʥʢʦ, 1970). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ ʧʦʷʚʣʷʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʘʥʦʤʘʣʠʠ ʤʦʣʠʙʜʝʥʘ ʚ ʨʘʩʪʝʥʠʷʭ ʥʘʜ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ 

(ʈʠʩ. 9) ʠ ʥʘʜ ʫʯʘʩʪʢʘʤʠ ʩ ʪʝʭʥʦʛʝʥʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʦʯʚ ʩʚʠʥʮʦʤ. 

ʂʘʢ ʝʱʝ ʦʜʥʫ ʧʦʜʦʙʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʩʚʷʟʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʨʘʩʪʝʥʠʷʭ (ʠʟʫʯʘʣʠʩʴ ʧʦʣʳʥʴ ʠ ʪʘʚʦʣʛʘ) Be ʠ Bi, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʠ ʦʢʩʠʜʘʤʠ ʂ, Na ʠ Si ð ʩ ʜʨʫʛʦʡ. ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Be ʠ Bi 

ʚ ʧʦʯʚʘʭ, ʘ ʟʘʪʝʤ ʚ ʨʘʩʪʝʥʠʷʭ ʧʨʠʚʝʣʦ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʦʢʩʠʜʦʚ ʚ ʟʦʣʝ ʨʘʩʪʝʥʠʡ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʢ ʦʙʱʝʤʫ ʧʦʚʳʰʝʥʠʶ ʟʦʣʴʥʦʩʪʠ 
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(ʈʠʩ. 10). ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʠʪʘʶʱʝʡ ʩʨʝʜʝ ʂ, Na, Si ʠ ʬʦʨʤʳ 

ʥʘʭʦʞʜʝʥʠʷ ʦʩʪʘʚʘʣʠʩʴ ʧʨʝʞʥʠʤʠ. 

 
ʈʠʩ. 10  ʈʘʧʨʝʜʝʣʝʥʠʝ Be, Mo, Bi ʠ ʠʟʤʝʥʝʥʠʝ ʟʦʣʴʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʷ ʂ2ʆ, Na2O, SiO2 ʚ 

ʟʦʣʝ ʪʘʚʦʣʛʠ ʥʘʜ ʨʫʜʥʦʡ ʟʦʥʦʡ (1) ʠ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ (2) 

 

ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʩʚʷʟʴ ʤʝʞʜʫ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʦʨʛʘʥʠʟʤʘʭ 

ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʦʙʫʩʣʦʚʣʝʥʘ ʭʠʤʠʯʝʩʢʠʤʠ (ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ) ʩʚʦʡʩʪʚʘʤʠ ʠʦʥʦʚ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʢ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ ʬʘʢʪʦʨʦʚ. ʀʟ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʵʪʦʛʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʍʝʨʜ ʂʘʨʝʨ (1935) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʠʟʫʯʘʝʤʦʡ ʙʦʣʴʰʦʡ 

ʛʨʫʧʧʝ ʨʘʩʪʝʥʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʧʦʛʣʦʱʝʥʠʠ ʠʤʠ ʩʝʨʳ ʠ 

ʩʝʣʝʥʘ, ʦʪʥʦʰʝʥʠʝ ʧʦʛʣʦʱʝʥʥʦʡ ʩʝʨʳ ʢ ʩʝʣʝʥʫ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʠʟʤʝʥʥʳʤ ʫ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʠʜʦʚ. ɽʩʣʠ ʞʝ ʤʳ ʩʨʘʚʥʠʤ ʦʩʥʦʚʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʦʥʳ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʫʚʠʜʠʤ, ʯʪʦ ʦʥʠ ʦʯʝʥʴ 

ʙʣʠʟʢʠ (ʊʘʙʣʠʮʘ 9). 
ʊʘʙʣʠʮʘ 9 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʦʥʦʚ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʕʣʝʤʝʥʪ 

ɻʝʦʭʠʤʠ-

ʯʝʩʢʘʷ 

ʚʘʣʝʥʪ-

ʥʦʩʪʴ 

ʈʘʜʠʫʩ 

ʠʦʥʘ, 

ɸ 

ʕʥʝʨʛʝʪʠ-

ʯʝʩʢʠʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ 

ɺʕʂ 

ʇʦʪʝʥ-

ʮʠʘʣ 

ʂʘʨʪ-

ʣʝʜʞʘ 

ʕʣʝʢʪʨʦʦʪ-

ʨʠʮʘʪʝʣʴ-

ʥʦʩʪʴ 

ʇʦʪʝʥʮʠʘʣ ʠʦ-

ʥʠʟʘʮʠʠ ʜʦ ʦʜ-

ʥʦʚʘʣʝʥʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ 

S 
+4 1,74 1,15 0,57 1,15 - 10,3 

+6 0,34 0,57 - 17,65 350 - 

Se 
-2 1,9 1,1 0,55 1,05 - 9,75 

+6 0,35 - - 17,14 375 - 

ʉʘ +2 1,06 1,69 0,84 1,88 135 6,11 
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Sr +2 1,27 1,53 0,77 1,58 125 5,69 

ɺʘ +2 1,43 1,35 0,67 1,40 115 5,8 

 

ʅʝ ʪʦʣʴʢʦ ʧʨʠ ʠʟʙʳʪʢʝ ʚ ʣʘʥʜʰʘʬʪʝ ʩʪʨʦʥʮʠʷ, ʥʦ ʠ ʧʨʠ ʦʙʷʟʘʪʝʣʴʥʦʤ 

ʥʝʜʦʩʪʘʪʢʝ ʢʘʣʴʮʠʷ ʚ ʢʦʩʪʷʭ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ (ʚʢʣʶʯʘʷ ʯʝʣʦʚʝʢʘ) 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ, ʚ 5ð8 ʨʘʟ (ɸ.ʀ. ʇʝʨʝʣʴʤʘʥ, 1972), ʚʦʟʨʘʩʪʘʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʦʥʮʠʷ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʪʷʞʝʣʘʷ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 

çʫʨʦʚʩʢʘʷ ʙʦʣʝʟʥʴè. ʇʦʜʦʙʠʝ ʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʠʭ ʤʝʪʘʣʣʦʚ (ʩʤ. ʪʘʙʣ. 

6.9) ʷʚʥʦ ʥʝ ʩʣʫʯʘʡʥʦʝ. ɿʘʤʝʱʘʶʪʩʷ ʵʣʝʤʝʥʪʳ ʩ ʙʣʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ɽʱʝ ʦʜʠʥ ʧʨʠʤʝʨ: ʚ ʨʘʢʦʚʠʥʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʣʣʶʩʢʦʚ ʂʘʩʧʠʡʩʢʦʛʦ 

ʤʦʨʷ (ʂ.ʄ. ʉʫʣʪʘʥʦʚ, ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, 1970) ʧʦʚʩʝʤʝʩʪʥʦ ʦʪʤʝʯʘʝʪʩʷ ʯʝʪʢʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʷʤʠ Sr ʠ ɺʘ.  

ʆʙʳʯʥʦ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʘ ʠʣʠʩʪʳʭ 

ʛʨʫʥʪʘʭ ʚ Cardium du le Lam = + 0,81. ʅʦ ʜʘʞʝ ʥʘ ʧʝʩʯʘʥʳʭ ʦʩʘʜʢʘʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʦʪʥʠ ʨʘʟ ʤʝʥʴʰʝ ɺʘ, ʯʝʤ ʠʣʳ (ʘ ʚ ʚʦʜʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʡʥʝ 

ʤʘʣʦ ð ʧʨʠʤʝʨʥʦ ʚ 200 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʩʪʨʦʥʮʠʷ), ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ 

ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʟʥʘʯʠʤʳʤ, ʦʧʫʩʢʘʷʩʴ ʚʩʝʛʦ ʜʦ +0,54 ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ 

ʧʨʦʙ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʚʤʝʩʪʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʵʣʝʤʝʥʪʳ ʩ 

ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʠʭ ʠʦʥʳ (ʊʘʙʣʠʮʘ 9). 

ɺ-ʧʷʪʳʭ, ʫ ʤʥʦʛʠʭ ʦʨʛʘʥʠʟʤʦʚ ʷʨʢʦ ʚʳʨʘʞʝʥ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʙʘʨʴʝʨ 

ʥʘʢʦʧʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʝ ʠʟ ʥʠʭ, ʫ ʢʦʪʦʨʳʭ ʦʥ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʧʨʠ ʨʝʟʢʦʤ ʧʦʚʳʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʠʪʘʶʱʝʡ ʩʨʝʜʝ ʠʣʠ ʚ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ ʧʦʛʠʙʘʶʪ. ɼʝʪʘʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ 

ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʪʝʥʠʷʤʠ ʧʦʩʚʷʱʝʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʙʦʪʳ ɸ.ʃ. ʂʦʚʘʣʝʚʩʢʦʛʦ. 

ʃʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʜʠʥʘʢʦʚʳʭ ʯʘʩʪʷʭ ʨʘʩʪʝʥʠʷ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʭ 

ʧʨʦʠʟʨʘʩʪʘʥʠʷ. ɺ ʦʩʥʦʚʥʦʤ ʯʝʨʝʟ ʨʘʩʪʝʥʠʷ ʩʢʘʟʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʚʦʪʥʳʭ 

ʦʨʛʘʥʠʟʤʘʭ, ʚʢʣʶʯʘʷ ʯʝʣʦʚʝʢʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʚʣʠʷʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʳʯʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʥʳ 

ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʆʜʥʘʢʦ ʩʧʝʮʠʘʣʴʥʦ 

ʧʨʦʚʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʫʯʠʪʳʚʘʝʤʳʝ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʘʥʜʰʘʬʪʦʚ (ɸʣʝʢʩʝʝʥʢʦ, 1990), 

ʚʣʠʷʶʪ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʠʥʦʛʜʘ ʠʤʝʶʪ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʪʦʛʜʘ ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʩʫʤʤʘʨʥʳʡ 

ʵʬʬʝʢʪ ʧʦʚʳʰʝʥʥʦʛʦ (ʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʥʠʞʝʥʥʦʛʦ) ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʩʪʝʥʠʷʭ. 

ʂʨʘʪʢʦ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ: 

1. ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʢʦʨʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʥʝ 



 

 55 

ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢ ʠʟʤʝʥʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʝʥʠʷʭ (ʊʘʙʣʠʮʘ 10). 

ʊʘʙʣʠʮʘ 10 

ʌʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ, n*10
-3 
%, ʤʝʪʘʣʣʦʚ ʚ ʟʦʣʝ ʧʦʣʳʥʠ ʥʘʜ ʨʘʟʣʠʯʥʳʤʠ 

ʧʦʨʦʜʘʤʠ (ɼʞʫʥʛʘʨʩʢʠʡ ɸʣʘʪʘʫ) 

ɻʦʨʥʳʝ ʧʦʨʦʜʳ 
ʏʠʩʣʦ 

ʧʨʦʙ 
ʈʔ Zn ʉʠ ʄʦ 

ʉʣʘʥʮʳ 

ʨʫʜʦʚʤʝʱʘʶʱʝʡ ʩʚʠʪʳ 
51 8 30 50 3 

ɼʠʘʙʘʟʦʚʳʝ ʧʦʨʬʠʨʠʪʳ 24 1,4 14 9,6 1,3 

ɻʨʘʥʠʪʳ 97 1,9 13 3,9 1,1 

ʕʬʬʫʟʠʚʥʦ-

ʪʫʬʬʦʛʝʥʥʳʝ ʧʦʨʦʜʳ 
112 2 19 10 2 

 

2. ɺʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ 

ʨʝʣʴʝʬ. ɺ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʵʪʦʪ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ 

ʦʢʘʟʳʚʘʝʪ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʨʷʜʘ ʤʝʪʘʣʣʦʚ 

ʨʘʩʪʝʥʠʷʤʠ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʥʳʡ ʨʘʡʦʥ ʚ 

ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ (ʊʘʙʣʠʮʘ 11). ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʬʦʥʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʛ ʠ ʉʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʧʨʦʠʟʦʰʣʦ 

ʠʟʤʝʥʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʠʭ ʩʦʜʝʨʞʘʥʠʡ ʚ ʨʘʩʪʝʥʠʠ. ʆʩʦʙʝʥʥʦ ʙʦʣʴʰʠʤ 

ʩʪʘʣ ʨʘʟʙʨʦʩ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʠ ʚ ʫʩʣʦʚʠʷʭ ʚʳʨʦʚʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʯʪʦ ʩʨʘʟʫ ʞʝ ʩʢʘʟʘʣʦʩʴ ʥʘ ʫʚʝʣʠʯʝʥʠʠ ʝʛʦ ʘʥʦʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʤ ʬʦʥʦʚʦʤ (ʊʘʙʣʠʮʘ 11). ʏʠʩʣʦ ʧʦʜʦʙʥʳʭ 

ʧʨʠʤʝʨʦʚ ʯʨʝʟʚʳʯʘʡʥʦ ʚʝʣʠʢʦ. 

ʊʘʙʣʠʮʘ 11 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ Cr ʠ ʉʛ ʚ ʟʦʥʝ ʙʘʷʣʳʯʘ ʠʟ ʣʘʥʜʰʘʬʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʪʦʣʴʢʦ 

ʧʦ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ (ʎʝʥʪʨʘʣʴʥʳʡ ʂʘʟʘʭʩʪʘʥ) 

ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ 
ʕʣʝʤʝʥʪ 

ʉʦʜʝʨʞʘʥʠʝ, ʧ Å 10 
3
% 

ʬʦʥʦʚʦʝ 

ʘʥʦʤʘʣʴʥʦʝ ʜʣʷ 

ʝʜʠʥʠʯʥʳʭ 

ʧʨʦʙ 

ɺʳʨʦʚʥʝʥʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ 
ʉʛ 

0,002 0,006 

ɼʦʣʠʥʦʦʙʨʘʟʥʦʝ 

ʧʦʥʠʞʝʥʠʝ 
0,001 0,0036 

ʉʢʣʦʥ ʧʣʦʩʢʦʩʪʥʦʛʦ 

ʩʤʳʚʘ 
ʉʠ 

0,007 0,013 

ɺʳʨʦʚʥʝʥʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ 
0,008 0,04 

 

3. ɺ 1988 ʛ. ʙʳʣ ʚʚʝʜʝʥ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʣʘʥʜʰʘʬʪʦʚ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʜʫʰʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ 
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(ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, 1989). ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʣʘʥʜʰʘʬʪʘʭ, 

ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ, ʠ ʚ ʣʘʥʜʰʘʬʪʘʭ ʩ ʦʪʣʦʞʝʥʠʝʤ 

ʵʦʣʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʮʝʣʦʛʦ 

ʨʷʜʘ ʤʝʪʘʣʣʦʚ.  

ʇʨʦʮʝʩʩʳ ʪʝʭʥʦʛʝʥʝʟʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʪʨʘʩʪʥʦʩʪʠ 

ʵʪʠʭ ʦʪʣʠʯʠʡ. ʊʘʢ, ʚ ʨʘʡʦʥʝ ʅʦʚʦʨʦʩʩʠʡʩʢʘ ʚ ʨʘʩʪʝʥʠʷʭ 

ʣʘʥʜʰʘʬʪʦʚ ʩ ʦʪʣʦʞʝʥʠʝʤ ʵʦʣʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʝʭʥʦʛʝʥʥʦʡ 

ʧʨʠʨʦʜʳ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʧʦʚʳʰʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Pb, Zn ʠ ʜʨʫʛʠʭ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. 

4. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚ ʣʘʥʜʰʘʬʪʝ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʳ ʦʙʳʯʥʦ 
ʥʝ ʬʠʢʩʠʨʫʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ (ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʧʦʯʚʝʥʥʳʭ 

ʛʘʟʦʚ, ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʘʟʘʭ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʘ, 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪ.ʜ.), ʥʦ ʥʘ ʢʦʪʦʨʳʝ ʯʫʪʢʦ ʨʝʘʛʠʨʫʶʪ ʨʘʩʪʝʥʠʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʠ ʧʨʦʯʠʭ ʦʜʠʥʘʢʦʚʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʪʩʷ ʨʘʩʪʠʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʘʩʩʦʮʠʘʮʠʠ. ʀ ʚ 

ʵʪʠʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʷʜʘ 

ʵʣʝʤʝʥʪʦʚ ʠ ʩʪʝʧʝʥʠ ʠʭ ʨʘʟʙʨʦʩʘ (ʜʠʩʧʝʨʩʠʠ) ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʚʠʜʝ ʨʘʩʪʝʥʠʡ (ʊʘʙʣʠʮʘ 12) 

ʊʘʙʣʠʮʘ 12 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʷʜʘ ʤʝʪʘʣʣʦʚ ʚ ʟʦʣʝ ʢʦʚʳʣʷ ʠʟ ʣʘʥʜʰʘʬʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʪʦʣʴʢʦ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ ʠ ʢʦʤʧʣʝʢʩʘʤʠ (ʎʝʥʪʨʘʣʴʥʳʡ 

ʂʘʟʘʭʩʪʘʥ) 

ɸʩʩʦʮʠʘʮʠʷ, 

ʢʦʤʧʣʝʢʩ 
ʕʣʝʤʝʥʪ 

ʏʠʩʣʦ 

ʧʨʦʙ 

ʉʦʜʝʨʞʘʥʠʝ, % 

ʬʦʥʦʚʦʝ 

ʘʥʦʤʘʣʴʥʦʝ 

ʜʣʷ 

ʝʜʠʥʠʯʥʳʭ 

ʧʨʦʙ 

ʊʘʚʦʣʛʦ- 

ʧʦʣʳʥʥʦ- 

ʟʣʘʢʦʚʘʷ 

ʈʔ 

235 

0,005 0,023 

ʄʦ 0,0002 0,0017 

ʉʠ 0,01 0,093 

ɺʘ 0,088 0,379 

ʂʫʩʪʘʨʥʠʢʦʚʦ-

ʟʣʘʢʦʚʳʡ 

ʈʔ 

675 

0,005 0,014 

ʄʦ 0,0004 0,0027 

ʉʠ 0,011 0,092 

ɺʘ 0,085 0,184 

 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʙʠʦʛʝʦʭʠʤʠʠ ʛʦʩʧʦʜʩʪʚʦʚʘʣʦ ʤʥʝʥʠʝ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʙʫʜʪʦ ʙʳ ʦʧʨʝʜʝʣʷʣʦʩʴ 

ʩʪʝʧʝʥʴʶ ʵʚʦʣʶʮʠʠ, ʚ ʢʦʪʦʨʦʡ ʦʨʛʘʥʠʟʤʳ ʧʦʩʪʝʧʝʥʥʦ ʦʩʚʦʙʦʞʜʘʣʠʩʴ ʦʪ 

ʤʥʦʞʝʩʪʚʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ ʥʫʞʜʘʣʠʩʴ ʣʠʰʴ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʷʭ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ɺ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ (St. Thyssen, 1942) ʚʩʪʨʝʯʘʣʠʩʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ 
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ʦ ʩʚʷʟʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩ ʚʝʣʠʯʠʥʦʡ ʠʦʥʦʚ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʤʘʪʝʨʠʘʣ ʦ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʘʭ ʧʦʛʣʦʱʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʭ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʥʝ ʪʦʣʴʢʦ ʧʦʧʘʜʘʝʪ ʚ 

ʦʨʛʘʥʠʟʤʳ ʚ ʠʦʥʥʦʡ ʬʦʨʤʝ, ʥʦ ʠ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʥʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʦʥʦʚ. 

ɼʣʷ ʨʘʩʪʝʥʠʡ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (ʂɹʇ). ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʟʦʣʝ 

ʨʘʩʪʝʥʠʡ ʢ ʩʦʜʝʨʞʘʥʠʶ ʵʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ ʚ ʧʠʪʘʶʱʝʡ ʩʨʝʜʝ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʙʠʦʩʬʝʨʳ ʚ ʮʝʣʦʤ ʠ ʜʣʷ 

ʦʪʜʝʣʴʥʦʛʦ ʚʠʜʘ ʨʘʩʪʝʥʠʡ, ʢʘʢ ʚ ʙʠʦʩʬʝʨʝ, ʪʘʢ ʠ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʨʝʛʠʦʥʝ.  

ʅʘʠʙʦʣʝʝ ʦʙʱʫʶ (ʙʠʦʩʬʝʨʥʫʶ) ʠʥʬʦʨʤʘʮʠʶ ʜʘʝʪ ʂɹʇ ʨʘʩʪʝʥʠʡ ʚ 

ʙʠʦʩʬʝʨʝ. ʆʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʨʘʩʪʝʥʠʷʭ ʢ ʢʣʘʨʢʫ ʣʠʪʦʩʬʝʨʳ. ʇʨʘʚʠʣʴʥʝʝ ʙʳʣʦ ʙʳ ʙʨʘʪʴ ʢʣʘʨʢʠ 

ʧʦʯʚ, ʥʦ ʠʤʝʶʱʠʝʩʷ ʩʝʡʯʘʩ ʜʘʥʥʳʝ ʦ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ 

ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳ.  

ʆʜʥʫ ʠʟ ʧʝʨʚʳʭ ʧʦʣʥʳʭ ʩʚʦʜʦʢ ʦ ʂɹʇ ʩʜʝʣʘʣ ʉʄ. ʊʢʘʣʠʯ ʚ 1969 ʛ. ʇʦʟʞʝ 

ʦʥʘ ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʪʦʯʥʷʣʘʩʴ. ɼʘʥʥʳʝ ʧʦʩʣʝʜʥʝʛʦ ʫʪʦʯʥʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ɺ.ɺ. ɼʦʙʨʦʚʦʣʴʩʢʠʤ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ 

ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʛʨʘʬʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 4.6. ʕʪʦʪ ʛʨʘʬʠʢ 

ʦʪʨʘʞʘʝʪ ʩʚʷʟʴ ʂɹʇ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ (ʕʂ) ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. 

ʂʘʢ ʚʠʜʥʦ (ʈʠʩ. 11), ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʙʠʦʣʦʛʠʯʝʩʢʦʝ 

ʥʘʢʦʧʣʝʥʠʝ.  

 
ʈʠʩ. 11 ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ: ǒ ï ʠʦʥʳ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ; Ǐ ï ʠʦʥʳ ʩ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʦʙʱʝʤ ʚʠʜʝ ʩʚʷʟʴ 

ʤʝʞʜʫ ʥʘʢʦʧʣʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʦʥʦʚ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʨʦʣʠ ʠʦʥʦʚ ʚ ʧʠʪʘʥʠʠ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʘʣʠʯʠʝ 

ʨʷʜʘ ʦʙʱʠʭ ʟʘʢʦʥʦʚ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʚ ʢʦʩʥʦʡ ʯʘʩʪʠ 

ʙʠʦʩʬʝʨʳ, ʪʘʢ ʠ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ.ɸʥʘʣʠʟ ʛʨʘʬʠʢʘ (ʈʠʩ. 11) ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʠʪʴ ʪʨʠ ʧʦʣʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʢʦʧʣʝʥʠʷ:  

1) ʥʦʨʤʘʣʴʥʦʛʦ (ʝʛʦ ʩʦʩʪʘʚʣʷʝʪ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ 
ʵʣʝʤʝʥʪʦʚ);  

2) ʧʦʚʳʰʝʥʥʦʛʦ (ʈ, ɺ, ʄʦ, Ge);  

3) ʧʦʥʠʞʝʥʥʦʛʦ (Tl, Hg, Se, F).  

 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʕʂ ʠ ʂɹʇ ʫ ʵʣʝʤʝʥʪʦʚ, ʦʪ 

ʥʦʩʷʱʠʭʩʷ ʢ ʧʦʣʶ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ, ʥʝ ʪʦʣʴʢʦ ʟʥʘʯʠʤ, ʥʦ ʠ ʜʦʚʦʣʴʥʦ 

ʚʳʩʦʢ: ʛ = ð0,74. 

ʇʦʷʚʣʝʥʠʝ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʧʦʣʝʡ ʥʘʢʦʧʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ 

ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʨʦʣʴʶ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʩ ʙʦʣʝʝ ʛʣʦʙʘʣʴʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, 

ʚʧʣʦʪʴ ʜʦ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʨʝʙʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʫʛʣʫʙʣʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ (ʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʙʘʨʴʝʨʘʭ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʦʝʥʠʷ ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. 

 

 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʦ ʪʝʤʝ: 
 

1. ɾʘʨʠʢʦʚ ɺ.ɸ. ʆʩʥʦʚʳ ʬʠʟʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. / ʉʝʨ: 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʫʯʝʙʥʠʢ. ïʄ.: ʅʘʫʢʘ, ʀʟʜʘʪʝʣʴʩʪʚʦ 

ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2005. -656ʩ.   ʀʟʜ. 2-ʝ, ʠʩʧʨ. ʠ ʜʦʧʦʣʥ.   

2. ʊʨʫʭʠʥ ɺ.ʀ., ʇʦʢʘʟʝʝʚ ʂ.ɺ., ʂʫʥʠʮʳʥ ɺ.ɽ. ʆʙʱʘʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 
ʛʝʦʬʠʟʠʢʘ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. / ʉʝʨ.: ʂʣʘʩʩʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ 

ʫʯʝʙʥʠʢ. ïʄ.:  ʌʀɿʄɸʊʃʀʊ, 2005. -572ʩ.    

3. ɼʫʙʨʦʚ ɸ.ʇ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʬʠʟʠʢʘ. ʇʦʣʷ. ɿʝʤʣʷ. ʏʝʣʦʚʝʢ ʠ ʂʦʩʤʦʩ. ï
ʄ.: ʌʦʣʠʫʤ, 2009. -176ʩ.   

4. ɻʝʦʬʠʟʠʢʘ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. // ʇʦʜ ʨʝʜ. ɺ.ʂ. ʍʤʝʣʝʚʩʢʦʛʦ. ïʄ.:  ʂɼʋ, 

320ʩ 2008. -320ʩ.   

6. ʆʣʝʥʯʝʥʢʦ ɺ.ɺ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʟʘʜʘʯʠ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʬʠʟʠʢʠ. ïʄ.: 

URSS, 2007. -46ʩ. 

7. ʊʨʫʰʥʠʢʦʚ ʕ.ɹ. ʆʩʥʦʚʳ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʚ ʛʝʦʬʠʟʠʢʝ. ïʄ.: URSS, 

2007. -140ʩ. 

8. ʉʠʣʘʝʚ ɺ.ɸ. ʄʝʥʝʜʞʤʝʥʪ ʚ ʛʝʦʬʠʟʠʢʝ ʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʠ. ïʄ.: URSS, 

2007. -128ʩ. 

9. ʊʦʣʩʪʦʡ ʄ.ʀ. ɺʦʧʨʦʩʳ ʧʨʠʢʣʘʜʥʦʡ ʛʝʦʭʠʤʠʠ ʠ ʧʝʪʨʦʬʠʟʠʢʠ. ïʄ.: URSS, 

1981. -136ʩ. 

10. ʋʝʜʘ ʉ. ʅʦʚʳʡ ʚʟʛʣʷʜ ʥʘ ɿʝʤʣʶ. -ʄ.: ʄʠʨ, 1980. -342ʩ. 



 

 59 

11. ɼʝʡʪʮ ʈ.ʉ. ʅʦʚʘʷ ʛʣʦʙʘʣʴʥʘʷ ʪʝʢʪʦʥʠʢʘ (ʪʝʢʪʦʥʠʢʘ ʧʣʠʪ). -ʄ.: ʄʠʨ, 1974. 

-224ʩ. 

12. ɸʨʤʘʥʜ ɸ.ɼ. ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʠ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 
ʩʠʩʪʝʤ. -ʄ.: ʅʘʫʢʘ, 1988. -197ʩ. 

13. ɸʨʤʘʥʜ ɸ.ɼ. ʅʘʫʢʘ ʦ ʣʘʥʜʰʘʬʪʝ. -ʄ.: ʄʳʩʣʴ, 1975. -452ʩ. 

14. ɹʫʜʳʢʦ ʄ.ʀ. ʀʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ. -ʃ.: ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ, 1974. -254ʩ. 

15. ʇʝʨʝʣʴʤʘʥ ɸ.ʀ. ɻʝʦʭʠʤʠʷ ʥʦʦʩʬʝʨʳ. -ʄ.: ʇʨʠʨʦʜʘ, 1972. -168ʩ. 

16. ʇʝʨʝʣʴʤʘʥ ɸ.ʀ. ɻʝʦʭʠʤʠʷ ʣʘʥʜʰʘʬʪʦʚ. -ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1975. -245ʩ. 

17. ʈʷʙʯʠʢʦʚ ɸ.ʄ. ʉʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʘ ʛʝʦʩʬʝʨʳ. -ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 

1972. -178ʩ. 

 

 

ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: 
 

1. ʏʪʦ ʪʘʢʦʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ? 

2. ʏʪʦ ʪʘʢʦʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ? 

3. ʂʘʢʠʝ ɺʳ ʟʥʘʝʪʝ ʬʘʢʪʦʨʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 
ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ? ʆʭʘʨʘʢʪʝʨʠʟʫʡʪʝ ʢʘʞʜʳʡ ʠʟ ʥʠʭ. 

 

 

 

 

ʊɽʄɸ 3: ʄʝʪʦʜʳ ʛʝʦʬʠʟʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʥʫʪʨʝʥʥʝʤ ʩʪʨʦʝʥʠʠ ɿʝʤʣʠ, ʦ ʝʝ 
ʩʚʦʡʩʪʚʘʭ ʠ ʦ ʬʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʚʝʱʝʩʪʚʘ 

 

ʉʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʡ ʤʝʪʦʜ 

ʉʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʡ ʤʝʪʦʜ ʥʝ ʪʦʣʴʢʦ ʩʘʤʳʡ ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʚ ʛʝʦʬʠʟʠʢʝ, 

ʥʦ ʠ ʩʘʤʳʡ ʜʦʨʦʛʦʡ ʧʦ ʩʪʦʠʤʦʩʪʠ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ. ɼʦʩʪʘʪʦʯʥʦ ʫʢʘʟʘʪʴ, ʯʪʦ ʥʘ 

ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʟʘʪʨʘʯʠʚʘʝʪʩʷ 85% ʩʨʝʜʩʪʚ, ʟʘʪʨʘʯʠʚʘʝʤʳʭ ʚʦʦʙʱʝ 

ʥʘ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ.  

ɺ ʩʪʘʥʦʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʩʝʡʩʤʦʤʝʪʨʠʠ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚʥʝʩʣʠ ʨʫʩʩʢʠʝ ʠ 

ʩʦʚʝʪʩʢʠʝ ʫʯʝʥʳʝ: ɹ.ɹ. ɻʦʣʠʮʳʥ, ɺ.ʉ. ɺʦʶʮʢʠʡ, ɻ.ɸ. ɻʘʤʙʫʨʮʝʚ, ɸ.ʀ. 

ɿʘʙʦʨʦʚʩʢʠʡ, ʖ.ʅ. ɻʦʜʠʥ, ʖ.ɺ. ʈʠʟʥʠʯʝʥʢʦ, ʄ.ʂ. ʇʦʣʰʢʦʚ, ɸ.ʄ. ɽʧʠʥʘʪʴʝʚʘ, 

ʀ.ʀ. ɻʫʨʚʠʯ, ʃ.ɸ. ʈʷʙʠʥʢʠʥ, ɽ.ʌ. ʉʘʚʘʨʝʥʩʢʠʡ ʠ ʜʨ. 

ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʟʫʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʣʥ ʚ ʣʠʪʦʩʬʝʨʝ, ʪ.ʝ. ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʙʣʠʟʦʢ ʢ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ, 

ʠʟʫʯʘʶʱʠʤ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʦʪ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʝʡʩʤʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʡ 
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ʠʩʪʦʯʥʠʢ ʢʦʣʝʙʘʥʠʡ - ʟʝʤʣʝʪʨʷʩʝʥʠʝ, ʘ ʚ ʩʝʡʩʤʦʤʝʪʨʠʠ - ʠʩʢʫʩʩʪʚʝʥʥʳʡ - ʚʟʨʳʚ 

ʚ ʥʝʛʣʫʙʦʢʦʡ ʩʢʚʘʞʠʥʝ.  

ɼʦ ʦʙʲʷʚʣʝʥʠʷ ʤʦʨʘʪʦʨʠʷ ʥʘ ʠʩʧʳʪʘʥʠʷ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ ʚ 1988 ʛ. 

ʛʝʦʬʠʟʠʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʚʦʣʥʫ ʦʪ 

ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ. ɺʦʣʥʘ, ʚʦʟʙʫʞʜʝʥʥʘʷ ʚʟʨʳʚʦʤ, ʜʦʩʪʠʛʘʷ ʛʨʘʥʠʮ ʠʟʤʝʥʝʥʠʷ 

ʩʢʦʨʦʩʪʝʡ, ʘ ʪʦʯʥʝʝ, ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ (ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʥʘ 

ʩʢʦʨʦʩʪʴ v), ʦʪʨʘʞʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʩʝʨʠʠ ʩʝʡʩʤʦʛʨʘʬʦʚ - ʧʨʠʙʦʨʦʚ, ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ ʢʦʣʝʙʘʥʠʷ ʧʦʯʚʳ ʠ 

ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʠʭ.  

ɺʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ ʦʪ ʧʫʥʢʪʘ ʚʟʨʳʚʘ ʜʦ ʢʘʞʜʦʛʦ ʩʝʡʩʤʦʛʨʘʬʘ 

ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʛʨʘʬʠʢʘʭ ʚ ʚʠʜʝ ʢʨʠʚʳʭ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪ ʛʦʜʦʛʨʘʬʘʤʠ. 

ɻʦʜʦʛʨʘʬ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʠʤʝʝʪ ʛʠʧʝʨʙʦʣʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʢʨʠʚʠʟʥʘ ʢʦʪʦʨʦʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ v1.  

ɿʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʛʣʫʙʠʥʫ ʟʘʣʝʛʘʥʠʷ ʛʨʘʥʠʮʳ ʩʨʝʜ. 

ʊʘʢ ʢʘʢ ʧʫʪʴ ʚʦʣʥʳ 2S  v1 tA, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, S h l2 22( / ) , ʪʦʛʜʘ: 

h  ( / ) ( / )v t lA1
2 22 2 ,  

ʛʜʝ:  

h - ʛʣʫʙʠʥʘ ʛʨʘʥʠʮʳ;  

v1 - ʩʢʦʨʦʩʪʴ ʚʦʣʥ ʚ ʧʦʢʨʳʚʘʶʱʝʡ ʩʨʝʜʝ; 

tA - ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʳ ʚ ʪʦʯʢʫ ɸ; 

l - ʫʜʘʣʝʥʠʝ ʪʦʯʢʠ ɸ ʦʪ ʧʫʥʢʪʘ ʚʟʨʳʚʘ; 

2S - ʜʣʠʥʘ ʧʫʪʠ ʚʦʣʥʳ.  

 

ʅʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʧʫʥʢʪʘ ʚʟʨʳʚʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʧʘʜʝʥʠʷ 

ʧʨʷʤʦʡ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʫ ʥʠʞʝʣʝʞʘʱʝʡ ʩʨʝʜʳ ʩʦ ʩʢʦʨʦʩʪʴʶ v2 ʚʦʟʥʠʢʘʝʪ 

ʧʨʝʣʦʤʣʝʥʥʘʷ ʚʦʣʥʘ, ʦʧʝʨʝʞʘʶʱʘʷ ʦʪʨʘʞʝʥʥʫʶ, ʝʩʣʠ v2>v1. ɻʦʜʦʛʨʘʬ ʚʦʣʥʳ, 

ʧʨʝʣʦʤʣʝʥʥʦʡ ʥʘ ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʝ, ʧʨʷʤʦʣʠʥʝʝʥ. 

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʨʘʙʦʪ ʧʦ ʩʝʡʩʤʦʨʘʟʚʝʜʢʝ ʷʚʣʷʝʪʩʷ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ, ʘ 

ʢʨʦʤʝ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜʠʢʘ ʟʦʥʜʠʨʦʚʘʥʠʷ. ɼʝʪʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʦʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʡʩʤʦʛʨʘʬʦʚ ʥʘ ʧʨʦʬʠʣʝ. ʏʝʤ ʯʘʱʝ ʦʥʠ 

ʨʘʩʧʦʣʦʞʝʥʳ, ʪʝʤ, ʚ ʦʙʱʝʤ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʛʦʜʦʛʨʘʬ.  

ɻʣʫʙʠʥʥʦʩʪʴ ʨʘʙʦʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʘ ʢʦʣʝʙʘʥʠʡ. 

ʗʜʝʨʥʳʡ ʚʟʨʳʚ, ʘ ʪʝʤ ʙʦʣʝʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ - ʵʪʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʩʘʤʳʝ ʩʠʣʴʥʳʝ 

ʠʩʪʦʯʥʠʢʠ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʚʪʦʨʠʪʴ ʩ ʧʦʤʦʱʴʶ ʪʨʦʪʠʣʦʚʦʛʦ ʟʘʨʷʜʘ, 

ʟʘʣʦʞʝʥʥʦʛʦ ʚ ʩʢʚʘʞʠʥʫ. ɽʩʣʠ ʚʨʝʤʷ ʷʜʝʨʥʦʛʦ ʚʟʨʳʚʘ ʠʟʚʝʩʪʥʦ ʠ ʢ ʥʝʤʫ ʤʦʞʥʦ 

ʧʦʜʛʦʪʦʚʠʪʴʩʷ, ʪʦ ʪʦʯʥʦʝ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝʠʟʚʝʩʪʥʦ. 

ʇʦʵʪʦʤʫ ʩʝʡʩʤʦʛʨʘʬʳ ʥʘ ʩʝʡʩʤʦʩʪʘʥʮʠʷʭ ʜʦʣʞʥʳ ʨʘʙʦʪʘʪʴ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ ʤʦʥʠʪʦʨʠʥʛʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ. ʊʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ 

ʦʞʠʜʘʪʴ ʧʦʣʫʯʝʥʠʝ ʫʥʠʢʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʣʫʙʠʥʥʦʤ ʩʪʨʦʝʥʠʠ ʥʘʰʝʡ 

ʧʣʘʥʝʪʳ. 
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ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʟʫʯʝʥʠʠ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠʣʠ ʚ ʝʝ ʥʝʜʨʘʭ. ɿʘʜʘʯʘ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʙʳʣʘ ʨʝʰʝʥʘ ʚ ʦʙʱʝʤ ʚʠʜʝ ʚ XVIII ʚʝʢʝ ʬʨʘʥʮʫʟʩʢʠʤ 

ʤʘʪʝʤʘʪʠʢʦʤ ɸ.ʂʣʝʨʦ (1713-1765 ʛ.ʛ.).  

ʆʥ ʚʧʝʨʚʳʝ ʚʳʚʝʣ ʬʦʨʤʫʣʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʣʶʙʦʡ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʝ ʵʣʣʠʧʩʦʠʜʘ ʚʨʘʱʝʥʠʷ ʧʨʠ ʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʠʣʳ 

ʪʷʞʝʩʪʠ (ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ) ʫ ʧʦʣʶʩʘ ʠ ʥʘ ʵʢʚʘʪʦʨʝ. ʌʦʨʤʫʣʘ 

ʂʣʝʨʦ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʠʤʝʝʪ ʚʠʜ:  

g = gʵ + (gʧ - gʵ) sin
2

,  

ʛʜʝ:  

g, gʵ, gʧ  - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʜʘʥʥʦʡ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʳ , ʥʘ ʵʢʚʘʪʦʨʝ ʠ ʥʘ ʧʦʣʶʩʝ.  

 

ɺ 20-ʭ ʛʦʜʘʭ ʥʘʰʝʛʦ ʚʝʢʘ ʙʳʣʘ ʚʳʚʝʜʝʥʘ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʬʦʨʤʫʣʘ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʫʨʦʚʥʝ ʤʦʨʷ, ʢʦʪʦʨʦʡ ʠ ʧʦʣʴʟʫʶʪʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ: 

g = 978,049 (1+ 0,0052894 sin
2

 - 0,0000059  sin
2
2 )  

 

ʀʟ ʵʪʦʡ ʬʦʨʤʫʣʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʦʨʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ 

ɿʝʤʣʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 978 ʩʤ/ʩ
2
 ʥʘ ʵʢʚʘʪʦʨʝ ʜʦ 983 ʩʤ/ʩ

2 
ʥʘ ʧʦʣʶʩʘʭ. ʆʜʥʘʢʦ 

ʵʪʠ ʟʥʘʯʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʵʣʣʠʧʩʦʠʜʘ ʚʨʘʱʝʥʠʷ ʩʦ ʩʞʘʪʠʝʤ 1/297, 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʬʘʢʪʠʯʝʩʢʠ ʠʟʤʝʨʷʝʤʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʷʤʠ ʧʣʦʪʥʦʩʪʠ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ɿʝʤʣʶ.  

ɺ ʛʨʘʚʠʨʘʟʚʝʜʢʝ ʚʳʚʝʜʝʥʘ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʝʚʳʰʝʥʠʷ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʚ ʩʣʫʯʘʝ ʢʦʥʪʨʘʩʪʘ ʧʣʦʪʥʦʩʪʠ ʙʣʦʢʦʚ (ʈʠʩ. 12).  

ʅ
1 12

 
ʈʠʩ. 12 ɺʥʝʜʨʝʥʠʝ ʙʣʦʢʘ ʩ ʢʦʥʪʨʘʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

 

ɽʩʣʠ ʚʥʫʪʨʠ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ ʅ ʩ ʧʣʦʪʥʦʩʪʴʶ 1 

ʠʤʝʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʙʣʦʢʘ ʩ ʧʣʦʪʥʦʩʪʴʶ 2, ʪʦ ʘʤʧʣʠʪʫʜʘ ʘʥʦʤʘʣʠʠ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʥʘʜ ʵʪʠʤ ʙʣʦʢʦʤ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 g = 2 f ( 2 - 1)ʅ ,  

ʛʜʝ:  

f - ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʢʦʪʦʨʘʷ ʚ ʩʠʩʪʝʤʝ CGSE  

ʨʘʚʥʘ 6,67 10
-8

 ʩʤ
3
ʛ 

-1
ʩ 

-2 
= 6,67 10

-11
 ʅ ʤ 

2
ʢʛ 

-2
 (ʩʠʩʪʝʤʘ ʉʀ).  
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ɺʝʣʠʯʠʥʘ f ʚʧʝʨʚʳʝ ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʂʘʚʝʥʜʠʰʝʤ (1797 ʛ.). ʏʠʩʣʝʥʥʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʨʘʚʥʘ ʩʠʣʝ ʧʨʠʪʷʞʝʥʠʷ ʜʚʫʭ ʝʜʠʥʠʯʥʳʭ ʪʦʯʝʯʥʳʭ 

ʤʘʩʩ, ʨʘʟʜʝʣʝʥʥʳʭ ʝʜʠʥʠʯʥʳʤ ʠʥʪʝʨʚʘʣʦʤ (ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʜʚʫʭ ʤʘʩʩ ʚ 1 ʛ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʩʤ (CGSE), ʠʣʠ ʜʚʫʭ ʤʘʩʩ ʚ 1 ʢʛ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 1 ʤ (ʉʀ)). 

ɿʥʘʯʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ (ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ) ʠʟʤʝʨʷʶʪʩʷ 

ʛʨʘʚʠʤʝʪʨʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʥʘ ʧʨʠʥʮʠʧʝ ʢʦʤʧʝʥʩʘʮʠʠ ʠʟʤʝʥʝʥʠʡ ʧʨʠʪʷʞʝʥʠʷ 

ʤʘʩʩʳ ʤʘʷʪʥʠʢʘ ʛʨʘʚʠʤʝʪʨʘ ʫʧʨʫʛʠʤʠ ʩʠʣʘʤʠ ʟʘʢʨʫʯʝʥʥʦʡ ʢʚʘʨʮʝʚʦʡ ʥʠʪʠ, ʥʘ 

ʢʦʪʦʨʦʡ ʧʦʜʚʝʰʝʥ ʵʪʦʪ ʤʘʷʪʥʠʢ. ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘʟʝʤʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ 

ʛʨʘʚʠʤʝʪʨʘ ʢ ʠʟʤʝʥʝʥʠʷʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʦʯʝʥʴ ʚʳʩʦʢʘ. ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʦʥ ʩʧʦʩʦʙʝʥ ʠʟʤʝʨʷʪʴ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ 0,01 ʤɻʘʣ (10
-5
ʩʤ/ʩ

2
).  

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ ʩ ʛʨʘʚʠʤʝʪʨʦʤ ʥʦʩʷʪ ñʦʪʥʦʩʠʪʝʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨò, ʪ.ʝ. ʩ ʵʪʠʤ ʧʨʠʙʦʨʦʤ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʧʫʥʢʪʝ. ʇʦʵʪʦʤʫ ʚʩʝ ʪʦʯʢʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 

ñʧʨʠʚʷʟʳʚʘʶʪʩʷò ʢ ñʦʧʦʨʥʦʤʫ ʧʫʥʢʪʫò, ʛʜʝ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʝʥʦ 

ʜʨʫʛʠʤ ʩʧʦʩʦʙʦʤ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʤʘʷʪʥʠʢʦʚʦʛʦ ʧʨʠʙʦʨʘ.  

ʉʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ ʩʲʝʤʢʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʨʝʜʧʦʩʳʣʢʝ, ʯʪʦ 

ʚʩʝ ʧʨʠʪʷʛʠʚʘʶʱʠʝ ʤʘʩʩʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚʥʫʪʨʠ ʩʬʝʨʦʠʜʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʦ 

ʬʦʨʤʫʣʝ ʂʣʝʨʦ ʨʘʩʩʯʠʪʘʥʳ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʆʜʥʘʢʦ 

ʨʝʘʣʴʥʦ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʤʘʩʩ, ʢʦʪʦʨʳʝ ʠʩʢʘʞʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ ʩʬʝʨʦʠʜʝ (ʨʝʣʴʝʬ, ʥʘʣʠʯʠʝ ʛʠʜʨʦʩʬʝʨʳ, 

ʠʤʝʶʱʝʡ ʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ, ʯʝʤ ʪʚʝʨʜʘʷ ɿʝʤʣʷ). ʇʦʵʪʦʤʫ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ 

ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʩʯʝʪʦʤ ʠ ʚʥʝʩʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʧʨʘʚʦʢ 

(ʨʝʜʫʢʮʠʡ) ʚ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ. ʂ ʪʘʢʠʤ ʨʝʜʫʢʮʠʷʤ ʦʪʥʦʩʷʪʩʷ: 

a) ʧʦʧʨʘʚʢʘ ʥʘ ʚʳʩʦʪʫ, ʫʯʠʪʳʚʘʶʱʘʷ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʮʝʥʪʨʘ 
ɿʝʤʣʠ; ʧʦʧʨʘʚʢʘ ʧʨʠʚʦʜʠʪ ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢ ʫʨʦʚʥʶ ʤʦʨʷ, ʥʝ ʫʯʠʪʳʚʘʷ 

ʤʘʩʩʳ ʧʦʨʦʜ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʠ ʫʨʦʚʥʝʤ 

ʤʦʨʷ, ʦʥʘ ʢʘʢ ʙʳ ʧʝʨʝʥʦʩʠʪ ʪʦʯʢʫ ʠʟʤʝʨʝʥʠʷ ʚʥʠʟ ñʧʦ ʚʦʟʜʫʭʫò ʚ ʩʣʫʯʘʝ ʩʫʰʠ 

ʠʣʠ ʚʚʝʨʭ ñʧʦ ʚʦʟʜʫʭʫò - ʚ ʩʣʫʯʘʝ ʤʦʨʷ. ʇʦʵʪʦʤʫ ʵʪʘ ʧʦʧʨʘʚʢʘ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ 

ñʧʦʧʨʘʚʢʘ ʟʘ ñʩʚʦʙʦʜʥʳʡ ʚʦʟʜʫʭòò, ʠʣʠ ʨʝʜʫʢʮʠʷ ʌʘʷ. ʆʥʘ ʨʘʚʥʘ gʬ = 

0,3086 ʅ, ʛʜʝ ʚʳʩʦʪʘ (ʛʣʫʙʠʥʘ) ʅ ʠʟʤʝʨʷʝʪʩʷ ʚ ʤʝʪʨʘʭ. ɿʥʘʢ (-) ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʩʫʰʠ, ʘ ʟʥʘʢ (+) - ʜʣʷ ʤʦʨʷ; 

b) ʧʦʧʨʘʚʢʘ ʥʘ ʚʣʠʷʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʘʩʩ, ʟʘʢʣʶʯʝʥʥʳʭ ʤʝʞʜʫ 
ʫʨʦʚʥʝʤ, ʥʘ ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ, ʠ ʚʳʩʦʪʦʡ ʪʦʯʢʠ ʠʟʤʝʨʝʥʠʷ. ʕʪʘ 

ʧʦʧʨʘʚʢʘ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ñʧʦʧʨʘʚʢʠ ʥʘ ʚʣʠʷʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʣʦʷò, ʠʣʠ 

ʨʝʜʫʢʮʠʠ ɹʫʛʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʝʝ ʚʚʝʜʝʥʠʷ ʢʘʢ ʙʳ ʫʜʘʣʷʝʪʩʷ ʧʨʠʪʷʞʝʥʠʝ ʤʘʩʩ 

ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʠʟʤʝʨʝʥʠʷ ʠ ʧʨʠʚʝʜʝʥʠʷ. ʕʪʘ ʧʦʧʨʘʚʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: gʙ = 2 f H = 0,0419 H, ʪ.ʝ. ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ ʬʦʨʤʫʣʦʡ ʜʣʷ 

ʦʮʝʥʢʠ ʘʥʦʤʘʣʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʫʪʩʪʚʠʷ ʧʣʦʩʢʦʛʦ ʙʣʦʢʘ ʩ ʢʦʥʪʨʘʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʣʘʩʴ ʚʳʰʝ. ʉʤʳʩʣ ʟʥʘʢʘ ʚ ʵʪʦʡ ʬʦʨʤʫʣʝ ʪʦʪ ʞʝ, 

ʯʪʦ ʠ ʜʣʷ ʨʝʜʫʢʮʠʠ ʌʘʷ; 

c) ʧʦʧʨʘʚʢʘ ʥʘ ʨʝʣʴʝʬ ʦʢʨʫʞʘʶʱʝʡ ʤʝʩʪʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʘʷ ʧʨʠʪʷʞʝʥʠʝ 
ʚʩʝʭ ʬʦʨʤ ʚʥʝʰʥʝʛʦ ʨʝʣʴʝʬʘ. ʕʪʘ ʧʦʧʨʘʚʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʝʩʪʠ ʟʥʘʯʝʥʠʝ ʩʠʣʳ 

ʪʷʞʝʩʪʠ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʢ ʪʘʢʦʤʫ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʙʳ, ʝʩʣʠ ʙʳ ʧʦʜ ʪʦʯʢʦʡ 
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ʨʘʩʧʦʣʘʛʘʣʩʷ ʨʦʚʥʳʡ ʩʣʦʡ ʤʘʩʩ ʙʝʟ ʚʳʩʪʫʧʦʚ ʠ ʚʧʘʜʠʥ. ʇʦʧʨʘʚʢʘ ʥʘ ʨʝʣʴʝʬ 

ʚʩʝʛʜʘ ʫʤʝʥʴʰʘʝʪ ʥʘʙʣʶʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, 

ʥʘʭʦʜʠʪʩʷ ʣʠ ʚʙʣʠʟʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʦʯʢʠ ʚʦʟʚʳʰʝʥʥʦʩʪʴ ʠʣʠ ʚʧʘʜʠʥʘ. 

ʊʝʭʥʠʯʝʩʢʠ ʧʦʧʨʘʚʢʘ ʥʘ ʨʝʣʴʝʬ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʦʨʤ 

ʨʝʣʴʝʬʘ ʩʝʨʠʝʡ ʧʨʠʟʤ ʠʣʠ ʮʠʣʠʥʜʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠ ʩʠʣʘ ʪʷʞʝʩʪʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʇʦʩʣʝ ʚʥʝʩʝʥʠʷ ʧʦʧʨʘʚʦʢ ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʘʥʦʤʘʣʠʷ ɹʫʛʝ, 

ʢʦʪʦʨʘʷ ʜʣʷ ʩʫʰʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

g = gʥ-go+gʬ-gʙ-gʪ,  

ʛʜʝ:  

gʥ, go, gʬ, gʙ, gʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʙʣʶʜʝʥʥʦʝ, ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʷ, 

ʧʦʧʨʘʚʢʠ ʌʘʷ, ɹʫʛʝ ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ.  

 

ʈʘʩʯʝʪ g ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʠʟʤʝʨʝʥʠʷ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. ɸʥʦʤʘʣʠʠ 

ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʣʦʪʥʦʩʪʝʡ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʜ ʩ ʧʦʚʳʰʝʥʥʦʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʧʣʦʪʥʦʩʪʴʶ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ - ʦ ʜʝʬʠʮʠʪʝ ʤʘʩʩʳ, 

ʪ.ʝ. ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʨʦʜ ʩ ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ.  

ʀʟ ʬʦʨʤʫʣ ʜʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʘʥʦʤʘʣʠʠ ʚʠʜʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʠʨʦʜʳ ʘʥʦʤʘʣʠʠ ʥʝʦʜʥʦʟʥʘʯʥʘ.  

ʅʘʧʨʠʤʝʨ, ʦʜʥʘ ʠ ʪʘ ʞʝ ʚʝʣʠʯʠʥʘ ʘʥʦʤʘʣʠʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʢʘʢ 

ʙʦʣʴʰʠʤ ʢʦʥʪʨʘʩʪʦʤ ʧʣʦʪʥʦʩʪʠ ʤʝʞʜʫ ʘʥʦʤʘʣʴʥʳʤ ʪʝʣʦʤ ʠ ʚʤʝʱʘʶʱʠʤʠ 

ʧʦʨʦʜʘʤʠ, ʪʘʢ ʠ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʴʶ ʘʥʦʤʘʣʴʥʦʛʦ ʪʝʣʘ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʦʛʦ ʞʝ 

ʢʦʥʪʨʘʩʪʘ ʧʣʦʪʥʦʩʪʠ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʯʘʱʝ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʠʨʫʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

 

ɻʝʦʤʘʛʥʠʪʥʳʡ ʤʝʪʦʜ 

ɺ ʣʶʙʦʡ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚʥʫʪʨʠ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʚ ʦʢʨʫʞʘʶʱʝʤ 

ʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʝʡʩʪʚʫʶʪ ʤʘʛʥʠʪʥʳʝ ʩʠʣʳ. ʅʘʰʘ ʧʣʘʥʝʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʛʠʛʘʥʪʩʢʠʡ ʤʘʛʥʠʪ, ʥʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʵʪʦʛʦ ʤʘʛʥʠʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʚʝʣʠʢʘ - ʦʢʦʣʦ 0,01 ɸ/ʤ.  

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʤʦʞʥʦ ʫʢʘʟʘʪʴ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʧʦʣʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ 

ʜʦʩʪʠʛʘʝʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 10-20 ɸ/ʤ, ʘ ʩ ʧʦʤʦʱʴʶ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʫʜʘʝʪʩʷ 

ʜʦʩʪʠʯʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 1000-2000 ɸ/ʤ. 

ɺʥʝʰʥʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ ʧʦ ʬʦʨʤʝ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʙʣʠʟʢʦ ʢ ʧʦʣʶ 

ʜʠʧʦʣʷ - ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʛʦ ʤʘʛʥʠʪʘ. ʎʝʥʪʨ ʜʠʧʦʣʷ ɿʝʤʣʠ 

ʩʤʝʱʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʝʚʝʨʥʦʛʦ ʠ ʖʞʥʦʛʦ ʧʦʣʶʩʦʚ, ʧʦʵʪʦʤʫ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʠ ʤʘʛʥʠʪʥʳʝ ʧʦʣʶʩʘ ʥʝ ʩʦʚʧʘʜʘʶʪ.  

ʉʝʚʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʣʶʩ ʨʘʩʧʦʣʦʞʝʥ ʚʙʣʠʟʠ ʖʞʥʦʛʦ 

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʶʩʘ, ʠ ʥʘʦʙʦʨʦʪ. ʆʩʴ ʜʠʧʦʣʷ ʩʤʝʱʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 
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ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʥʘ ʫʛʦʣ 11
ʦ
26ô, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʖʞʥʳʡ ʤʘʛʥʠʪʥʳʡ ʧʦʣʶʩ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʙʣʠʟʠ ʉʝʚʝʨʥʦʡ ɻʨʝʥʣʘʥʜʠʠ (74
ʦ
ʩ.ʰ., 100

ʦ
ʟ.ʜ.), ʘ ʉʝʚʝʨʥʳʡ - ʥʘ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ɿʝʤʣʠ ʂʦʨʦʣʝʚʳ ɺʠʢʪʦʨʠʠ ʚ ɸʥʪʘʨʢʪʠʜʝ 

(68
ʦ
ʶ.ʰ., 145

ʦ 
ʚ.ʜ.).  

ɼʠʧʦʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʧʨʝʜʝʣʷʝʪ ʝʱʝ ʦʜʥʫ ʝʛʦ 

ʦʩʦʙʝʥʥʦʩʪʴ. ɺʩʣʝʜʩʪʚʠʝ ʟʘʤʢʥʫʪʦʛʦ (ʦʪ ʦʜʥʦʛʦ ʧʦʣʶʩʘ ʜʦ ʜʨʫʛʦʛʦ) ʭʘʨʘʢʪʝʨʘ 

ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʫ ñʤʘʛʥʠʪʥʳʭ ʣʦʚʫʰʝʢò 

ʜʣʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʧʦʷʚʣʷʶʱʠʭʩʷ ʚ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʣʠ ʦʢʨʫʞʘʶʱʠʝ 

ɿʝʤʣʶ ʧʦʷʩʘ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʘʮʠʠ, ʠʣʠ ʟʦʥʳ ɺʘʥ-ɸʣʣʝʥʘ, ʟʘʧʦʣʥʝʥʥʳʝ 

ʠʦʥʘʤʠ ʘʪʤʦʩʬʝʨʥʳʭ ʛʘʟʦʚ ʠ ʵʣʝʤʝʥʪʘʨʥʳʤʠ ʯʘʩʪʠʮʘʤʠ.  

ʇʦʷʩʘ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʘʮʠʠ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ 1958 ʛ. ʩʦʚʝʪʩʢʠʤʠ 

ʫʯʝʥʳʤʠ ʉ.ʅ. ɺʝʨʥʦʚʳʤ ʠ ɸ.ɽ. ʏʫʜʘʢʦʚʳʤ ʠ ʘʤʝʨʠʢʘʥʩʢʠʤ ʫʯʝʥʳʤ ɼ. ɺʘʥ-

ɸʣʣʝʥʦʤ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʥʝʰʥʝʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʨʦʚʦʜʥʠʢʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ.  

ʆʜʥʦ ʠʟ ʪʘʢʠʭ ʚʦʟʤʫʱʝʥʠʡ - ʧʦʣʷʨʥʳʝ ʩʠʷʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʚʝʯʝʥʠʝʤ 

ʛʘʟʦʚ ʚ ʤʝʟʦʩʬʝʨʝ, ʥʘ ʚʳʩʦʪʝ 80-150 ʢʤ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʧʦ 

ʧʦʷʩʘʤ ɺʘʥ-ɸʣʣʝʥʘ ʧʦʯʪʠ ʤʛʥʦʚʝʥʥʦ (ʟʘ ʜʦʣʠ ʩʝʢʫʥʜʳ) ʧʝʨʝʜʘʶʪʩʷ ʦʪ ʦʜʥʦʡ 

ʚʦʟʙʫʞʜʝʥʥʦʡ ʧʦʣʷʨʥʦʡ ʦʙʣʘʩʪʠ ʢ ʜʨʫʛʦʡ, ʯʝʤ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʯʪʠ ʩʠʥʭʨʦʥʥʳʝ 

ʚʩʧʳʰʢʠ ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ ʚ ɸʨʢʪʠʢʝ ʠ ɸʥʪʘʨʢʪʠʢʝ.  

ʄʘʢʩʠʤʘʣʴʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 

ʧʦʣʶʩʘʭ (0,008-0,009 ɸ/ʤ), ʘ ʤʠʥʠʤʘʣʴʥʘʷ - ʥʘ ʵʢʚʘʪʦʨʝ (0,005 ɸ/ʤ). ʉ 

ʫʜʘʣʝʥʠʝʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʨʝʟʢʦ ʫʙʳʚʘʝʪ 

(ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʫʙʫ ʨʘʩʩʪʦʷʥʠʷ). ʇʨʠ ʵʪʦʤ ʤʝʞʜʫ ʧʦʩʪʦʷʥʥʳʤ 

ʛʝʦʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʠ ʩʠʣʦʚʳʤ ʧʦʣʝʤ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʨʝʜʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʦʙʨʘʟʫʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʘʷ ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ. 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʥʳʤ, ʧʦʵʪʦʤʫ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ, ʥʦ ʠ ʧʦʣʦʞʝʥʠʝʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

(ʈʠʩ. 13). ɺʦ ʚʥʝʰʥʝʤ ʧʦʣʝ ʵʪʦʪ ʚʝʢʪʦʨ ʊ ʥʘʧʨʘʚʣʝʥ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢ 

ʤʘʛʥʠʪʥʦʡ ʩʠʣʦʚʦʡ ʣʠʥʠʠ L ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʦʞʝʥ 

ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʅ ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ z ʩʦʩʪʘʚʣʷʶʱʠʝ: T H z2 2 .  

ʃʠʥʠʷ ʧʝʨʝʩʝʯʝʥʠʷ ʵʪʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʝʦʠʜʘ 

ʥʘʟʳʚʘʝʪʩʷ ʤʘʛʥʠʪʥʳʤ ʤʝʨʠʜʠʘʥʦʤ S, ʘ ʫʛʦʣ, ʦʙʨʘʟʫʝʤʳʡ ʠʤ ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ 

ʤʝʨʠʜʠʘʥʦʤ N, - ʫʛʣʦʤ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ D. 

ʋʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʚʝʢʪʦʨʘ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘʟʳʚʘʝʪʩʷ ʫʛʣʦʤ 

ʤʘʛʥʠʪʥʦʛʦ ʥʘʢʣʦʥʝʥʠʷ I ʠ ʩʚʷʟʘʥ ʩ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʚʝʢʪʦʨʘ ʧʨʦʩʪʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ tg I = z/H.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʟʦʙʨʘʞʘʶʪ ʥʘ ʢʘʨʪʘʭ, 

ʛʜʝ ʨʘʚʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ (T, z ,H) ʦʙʨʘʟʫʶʪ ʠʟʦʜʠʥʘʤʳ, ʨʘʚʥʳʝ 

ʫʛʣʳ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ - ʠʟʦʛʦʥʳ, ʘ ʨʘʚʥʳʝ ʫʛʣʳ ʤʘʛʥʠʪʥʦʛʦ ʥʘʢʣʦʥʝʥʠʷ - 

ʠʟʦʢʣʠʥʳ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚ ʮʝʣʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʶʩʘʤ. ʆʢʦʣʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʵʢʚʘʪʦʨʘ ʧʨʦʭʦʜʠʪ ʠʟʦʜʠʥʘʤʘ 
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ʤʠʥʠʤʘʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ - ʜʠʥʘʤʠʯʝʩʢʠʡ ʵʢʚʘʪʦʨ, ʚ ʧʨʝʜʝʣʘʭ 

ʢʦʪʦʨʦʛʦ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ z ʨʘʚʥʘ ʥʫʣʶ.  

 
ʈʠʩ. 13 ʕʣʝʤʝʥʪʳ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ: 

ʘ - ʫʯʘʩʪʦʢ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ; ʚ - ʚʝʨʪʠʢʘʣʴʥʘʷ ʧʣʦʩʢʦʩʪʴ 

 

ʀʟʦʢʣʠʥʳ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʥʫʣʷ ʜʦ 90
ʦ
. ʆʥʠ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ 

ʧʨʦʩʣʝʞʠʚʘʪʴʩʷ ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʦʙʥʦ ʧʘʨʘʣʣʝʣʷʤ. ʅʫʣʝʚʘʷ 

ʠʟʦʢʣʠʥʘ ʥʘʟʳʚʘʝʪʩʷ ʤʘʛʥʠʪʥʳʤ ʵʢʚʘʪʦʨʦʤ ʠ ʧʨʦʭʦʜʠʪ ʚ ʧʨʝʜʝʣʘʭ ɸʬʨʠʢʠ ʠ 

ɸʟʠʠ ʦʢʦʣʦ 10
ʦ
ʩ.ʰ. ʠ ʚ ʧʨʝʜʝʣʘʭ ʖʞʥʦʡ ɸʤʝʨʠʢʠ - ʦʢʦʣʦ 15

ʦ
ʶ.ʰ. 

ʀʟʦʛʦʥʳ ʩʭʦʜʷʪʩʷ ʚ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʘʭ ɿʝʤʣʠ. ʇʦ ʬʦʨʤʝ ʦʥʠ 

ʥʘʧʦʤʠʥʘʶʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʨʠʜʠʘʥʳ, ʘ ʥʫʣʝʚʘʷ ʠʟʦʛʦʥʘ ʥʘʟʳʚʘʝʪʩʷ - 

ʥʫʣʝʚʳʤ ʤʘʛʥʠʪʥʳʤ ʤʝʨʠʜʠʘʥʦʤ. ʃʠʥʠʷ ʥʫʣʝʚʦʛʦ ʩʢʣʦʥʝʥʠʷ ʦʙʨʘʟʫʝʪ ʧʝʪʣʶ ʚ 

ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ, ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ ʪʘʢʞʝ ʤʘʢʩʠʤʫʤ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ. ʊʘʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ 

ʘʥʦʤʘʣʠʡ. ʀʭ ʨʘʟʤʝʨʳ ʩʦʩʪʘʚʣʷʶʪ ʪʳʩʷʯʠ ʢʤ, ʧʦʵʪʦʤʫ ʷʩʥʦ, ʯʪʦ ʠʭ ʧʨʠʨʦʜʘ 

ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ɿʝʤʣʠ ʚ ʮʝʣʦʤ. 

ʄʥʦʛʦʣʝʪʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʫʩʪʘʥʦʚʠʣʠ ʝʛʦ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ. ʊʘʢ, ʜʘʞʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʦʪʤʝʯʘʝʪʩʷ 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ, ʦʙʳʯʥʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʘʚʠʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʩʫʪʦʯʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʧʦʣʦʞʝʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ ʠ ʥʘʟʳʚʘʶʪʩʷ ʩʫʪʦʯʥʳʤʠ 

ʚʘʨʠʘʮʠʷʤʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʕʪʠ ʚʘʨʠʘʮʠʠ ʥʝʚʝʣʠʢʠ, ʧʦʵʪʦʤʫ ʦʥʠ 

ʠʟʤʝʨʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʦʡ ʝʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ - ʛʘʤʤʦʡ (1  = 1,257 10
-7

 ɸ/ʤ).  

ʉʦʣʥʝʯʥʦʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʚ ʪʝʯʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʜʥʷ 

ʦʢʘʟʳʚʘʝʪ ʠʦʥʠʟʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʣʦʠ ʠʦʥʦʩʬʝʨʳ. ʇʝʨʝʤʝʱʝʥʠʷ ʤʘʩʩ 

ʠʦʥʦʚ ʚ ʠʦʥʦʩʬʝʨʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʣʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠ ʢʦʥʚʝʢʮʠʝʡ 

ʚʦʟʜʫʭʘ, ʧʨʠʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʟʜʝʩʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ ʠ ʣʦʢʘʣʴʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʜʝʬʦʨʤʠʨʫʶʱʠʭ ʦʩʥʦʚʥʦʝ ʜʠʧʦʣʴʥʦʝ ʧʦʣʝ. ɸʤʧʣʠʪʫʜʘ 

ʚʘʨʠʘʮʠʡ ʚ ʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʵʢʚʘʪʦʨʝ; ʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ ʚ 

ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʤʝʥʷʝʪʩʷ ʥʘ 20-30 , ʘ ʚ ʧʦʣʷʨʥʳʭ - 
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ʜʦ 200-300 , ʘ ʩʢʣʦʥʝʥʠʝ - ʥʘ 10-15ô.  

ɼʝʬʦʨʤʘʮʠʷ ʜʠʧʦʣʴʥʦʛʦ ʧʦʣʷ ʚʦ ʚʨʝʤʷ ʩʫʪʦʯʥʳʭ ʚʘʨʠʘʮʠʡ ʥʘʩʪʦʣʴʢʦ 

ʚʝʣʠʢʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʜʘʞʝ ʢ ʩʤʝʱʝʥʠʶ ʧʦʣʦʞʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ. 

ɺʝʣʠʯʠʥʘ ʪʘʢʠʭ ʩʤʝʱʝʥʠʡ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʜʦʩʪʠʛʘʝʪ 100 ʢʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʨʝʜʥʝʛʦ ʧʦʣʦʞʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʶʩʘ. 

ɽʱʝ ʙʦʣʴʰʫʶ ʘʤʧʣʠʪʫʜʫ ʠʤʝʶʪ ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʩʧʳʰʢʘʤʠ ʩʦʣʥʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʀʟʤʝʥʝʥʠʷ ʚ ʠʦʥʦʩʬʝʨʝ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤʠ ʚʩʧʳʰʢʘʤʠ, ʧʨʠʚʦʜʷʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦ ʘʤʧʣʠʪʫʜʝ ʚʘʨʠʘʮʠʷʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ - ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʛʨʘʜʫʩʦʚ ʧʦ ʩʢʣʦʥʝʥʠʶ ʠ ʜʦ ʪʳʩʷʯ ʛʘʤʤ ʧʦ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʕʪʠ 

ʥʝʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʘʨʠʘʮʠʠ ʧʦʣʷ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʦʣʷʨʥʳʤʠ ʩʠʷʥʠʷʤʠ, 

ʫʭʫʜʰʝʥʠʝʤ ʠʣʠ ʧʨʝʢʨʘʱʝʥʠʝʤ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ ʠ ʥʘʟʳʚʘʶʪʩʷ 

ʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ. 

ʄʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ ʩ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ 

ʦʢʦʣʦʟʝʤʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʘ ʫʜʘʣʝʥʠʠ 100-200 ʪʳʩ.ʢʤ ʦʪ ɿʝʤʣʠ ʧʦʣʝ 

ʥʘʩʪʦʣʴʢʦ ʦʩʣʘʙʝʚʘʝʪ, ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ ʩʦʠʟʤʝʨʠʤʳʤ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ 

ʢʦʩʤʠʯʝʩʢʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ; ʵʪʘ ʛʨʘʥʠʮʘ ʥʘʟʳʚʘʝʪʩʷ ʤʘʛʥʠʪʦʧʘʫʟʦʡ, ʘ 

ʦʛʨʘʥʠʯʠʚʘʝʤʦʝ ʝʶ ʦʢʦʣʦʟʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ - ʤʘʛʥʠʪʦʩʬʝʨʦʡ. 

ʂʦʨʧʫʩʢʫʣʷʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʉʦʣʥʮʘ ʩʦʟʜʘʝʪ ʩʦʣʥʝʯʥʳʡ ʚʝʪʝʨ, 

ʷʚʣʷʶʱʠʡʩʷ ʠʩʪʦʯʥʠʢʦʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ 

ʥʝʩʢʦʣʴʢʦ ʛʘʤʤ. ɺʦ ʚʨʝʤʷ ʚʩʧʳʰʝʢ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʚʦʟʨʘʩʪʘʝʪ; ʧʨʠ ʚʩʪʨʝʯʝ ʝʛʦ ʩ ʤʘʛʥʠʪʦʩʬʝʨʦʡ ʦʙʨʘʟʫʝʪʩʷ 

ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʜʝʬʦʨʤʠʨʫʶʱʘʷ ʤʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ.  

ʆʪʢʣʦʥʷʷʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ, ʦʥʠ ʦʙʨʘʟʫʶʪ ʜʣʠʥʥʳʡ 

ʰʣʝʡʬ, ʜʦʩʪʠʛʘʶʱʠʡ ʃʫʥʳ, ʘ ʤʘʛʥʠʪʦʩʬʝʨʘ ʧʨʠʦʙʨʝʪʘʝʪ ʘʩʠʤʤʝʪʨʠʯʥʫʶ 

ʬʦʨʤʫ. ʕʪʠ ʜʝʬʦʨʤʘʮʠʠ ʤʘʛʥʠʪʦʩʬʝʨʳ ʠ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, 

ʪ.ʢ. ʧʨʠ ʵʪʦʤ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʘʥʝʪʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʤʘʩʩʳ 

ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ. ʀʟʤʝʥʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʣʦʝʚ ʠʦʥʦʩʬʝʨʳ ʧʨʠʚʦʜʠʪ ʢ 

ʫʭʫʜʰʝʥʠʶ ʠʭ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʜʠʦʚʦʣʥʘʤ ʠ 

ʦʙʱʝʤʫ ʫʭʫʜʰʝʥʠʶ ʨʘʜʠʦʩʚʷʟʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ. 

ʇʨʦʮʝʩʩʳ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʝʱʝ ʦʜʥʠʤ ʧʦʣʝʤ ɿʝʤʣʠ - 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʜʘʥʥʳʤ, ʫ ʠʦʥʦʚ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ 

ʠʦʥʦʩʬʝʨʳ ʧʨʝʦʙʣʘʜʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ 

ʣʠʪʦʩʬʝʨʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʘʨʷʜʦʚ, ʘ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ 

ʠʦʥʦʩʬʝʨʝ ʠʥʜʫʮʠʨʫʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ ʚ ʪʚʝʨʜʦʡ ʦʙʦʣʦʯʢʝ ɿʝʤʣʠ.  

ɺ ʮʝʣʦʤ ʠʦʥʦʩʬʝʨʘ ʦʙʨʘʟʫʝʪ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ ʩʬʝʨʠʯʝʩʢʠʡ 

ʢʦʥʜʝʥʩʘʪʦʨ, ʚ ʢʦʪʦʨʦʤ ʠʦʥʦʩʬʝʨʘ ʦʙʣʘʜʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʘ ʣʠʪʦʩʬʝʨʘ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʩʪʘʪʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʟʘʨʷʜʘʤʠ. ʈʦʣʴ ʠʟʦʣʷʪʦʨʘ 

ʚʳʧʦʣʥʷʶʪ ʧʣʦʪʥʳʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ. ɺʝʣʠʯʠʥʘ ʟʘʨʷʜʘ ʵʪʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ - ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ 

ʘʪʤʦʩʬʝʨʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 100 ɺ/ʤ, ʘ ʚ ʛʨʦʟʦʚʫʶ ʧʦʛʦʜʫ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ. 
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ʇʨʠʨʦʜʘ ʘʪʤʦʩʬʝʨʥʦ-ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʷʟʘʥʘ 

ʩ ʠʦʥʠʟʘʮʠʝʡ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ. 

ʇʝʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʧʦʣʶ ʧʨʠʜʘʶʪ ʤʦʱʥʳʝ ʚʩʧʣʝʩʢʠ 

ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠ ʚʩʧʳʰʢʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ. ʕʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʚʩʧʳʰʢʠ ʩʦʟʜʘʶʪ ʥʝʦʜʥʦʨʦʜʥʫʶ ʠʦʥʠʟʘʮʠʶ ʚ 

ʘʪʤʦʩʬʝʨʝ ɿʝʤʣʠ ʥʘ ʚʳʩʦʪʝ ʦʢʦʣʦ 100-300 ʢʤ, ʘ ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚʳʩʦʪʥʳʤʠ ʚʝʪʨʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʟʝʤʥʦʡ ʢʦʨʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʣʠʪʦʩʬʝʨʝ ʚʦʟʥʠʢʘʶʪ ʪʝʣʣʫʨʠʯʝʩʢʠʝ ʪʦʢʠ. ʕʣʝʢʪʨʦʜʳ, 

ʚʢʦʧʘʥʥʳʝ ʚ ʧʦʯʚʫ ʠ ʩʦʝʜʠʥʝʥʥʳʝ ʩ ʘʤʧʝʨʤʝʪʨʦʤ, ʦʙʳʯʥʦ ʨʝʛʠʩʪʨʠʨʫʶʪ 

ʪʝʣʣʫʨʠʯʝʩʢʠʝ ʪʦʢʠ ʩʠʣʦʡ ʦʢʦʣʦ 100 ʤɸ, ʘ ʚ ʧʝʨʠʦʜʳ ʚʦʟʤʫʱʝʥʠʡ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦ 2,5 ɸ. ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʪʝʣʣʫʨʠʯʝʩʢʠʭ ʪʦʢʦʚ 2 

ɸ/ʢʤ
2
.  

ʂʨʦʤʝ ʪʦʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʦʩʪʦʷʥʠʝʤ ʘʪʤʦʩʬʝʨʥʦ-ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ, ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʣʦʢʘʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʩʪʦʷʥʥʳʝ ʠ 

ʧʝʨʝʤʝʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ, ʚʳʟʚʘʥʥʳʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʊʝʣʣʫʨʠʯʝʩʢʠʝ ʪʦʢʠ ʦʙʳʯʥʦ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ, 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʦʚ ʥʘ ʉʦʣʥʮʝ ʠ ʚ 

ʠʦʥʦʩʬʝʨʝ. ɺ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ (ʜʝʩʷʪʢʠ, 

ʩʦʪʥʠ ʣʝʪ) ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɿʝʤʣʠ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʩʢʣʦʥʝʥʠʷ ʠ ʤʘʛʥʠʪʥʦʛʦ 

ʥʘʢʣʦʥʝʥʠʷ ʚ ʃʦʥʜʦʥʝ ʠ ʇʘʨʠʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 350 ʣʝʪ 

ʚʘʨʠʘʮʠʠ ʜʦʩʪʠʛʘʶʪ 30
ʦ 
ʧʦ ʩʢʣʦʥʝʥʠʶ ʠ 10

ʦ
 ʧʦ ʥʘʢʣʦʥʝʥʠʶ. ʕʪʠ ʧʣʘʚʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʶʪ 

ʜʝʩʷʪʢʦʚ ʛʘʤʤ ʠ ʥʘʟʳʚʘʶʪʩʷ ʚʝʢʦʚʳʤʠ ʚʘʨʠʘʮʠʷʤʠ. ʀʭ ʠʟʫʯʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 

ʫʯʘʩʪʢʘʭ ɿʝʤʣʠ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʝʱʝ ʦʜʥʫ ʬʦʨʤʫ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

ʊʘʢ, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʝʛʦ ʘʥʦʤʘʣʠʠ ʧʣʘʚʥʦ ʧʝʨʝʤʝʱʘʶʪʩʷ ʥʘ ʟʘʧʘʜ 

ʧʨʠʤʝʨʥʦ ʚ ʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʥʘʟʳʚʘʝʪʩʷ ʟʘʧʘʜʥʳʤ ʜʨʝʡʬʦʤ. ʉʢʦʨʦʩʪʴ ʜʨʝʡʬʘ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʘʷ - 

ʦʢʦʣʦ 0,18
ʦ
 ʚ ʛʦʜ. ʇʨʠ ʵʪʦʡ ʩʢʦʨʦʩʪʠ ʥʘʙʣʶʜʘʝʤʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʥʦʤʘʣʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʚʝʨʰʠʪ ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʚʦʢʨʫʛ ɿʝʤʣʠ ʧʨʠʤʝʨʥʦ ʟʘ 1800 ʣʝʪ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʫʪʦʯʥʳʭ ʚʘʨʠʘʮʠʡ ʠ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ 

ʠʟʣʫʯʝʥʠʝʤ ʉʦʣʥʮʘ, ʚʝʢʦʚʳʝ ʚʘʨʠʘʮʠʠ ʠ ʟʘʧʘʜʥʳʡ ʜʨʝʡʬ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʦʯʝʚʠʜʥʦ, ʦʙʫʩʣʦʚʣʝʥʳ ʛʣʫʙʠʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʥʝʜʨʘʭ 

ɿʝʤʣʠ. ʇʦ ʧʦʜʩʯʝʪʘʤ, ʩ ʚʥʝʰʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʦʩʥʦʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʉʦʣʥʮʝ, ʩʚʷʟʘʥʦ ʦʢʦʣʦ 6% ʧʦʣʥʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʅʘ ʜʦʣʶ ʚʥʫʪʨʝʥʥʠʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠʨʦʜʘ ʢʦʪʦʨʳʭ, ʢ ʩʦʞʘʣʝʥʠʶ, ʠʟʫʯʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʧʨʠʭʦʜʠʪʩʷ 

ʦʢʦʣʦ 94% ʠʟʤʝʨʷʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʦ 
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ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʤ ʧʦʣʷ. ʄʝʨʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ, ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʩʠʣʝ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʣʦʞʠʪʴ ʢ 

ʤʘʛʥʠʪʫ, ʯʪʦʙʳ ʫʜʝʨʞʘʪʴ ʝʛʦ ʚ ʧʦʣʦʞʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʚʥʝʰʥʝʤʫ 

ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʯʠʩʣʝʥʠʡ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, 

ʧʨʦʚʦʜʠʤʳʭ ʩ 1829 ʛʦʜʘ, ʝʛʦ ʟʥʘʯʝʥʠʝ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 3,7 10
-25

 ɸ/ʤ
2
ʛʦʜ, ʠʣʠ 0,04% ʚ ʛʦʜ. ɽʩʣʠ ʵʪʦ ʫʤʝʥʴʰʝʥʠʝ ʙʫʜʝʪ 

ʧʨʦʜʦʣʞʘʪʴʩʷ ʝʱʝ 1200 ʣʝʪ, ʪʦ ʛʝʦʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠʩʯʝʟʥʝʪ. 

ʀʟʤʝʥʯʠʚʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ - ʩʫʪʦʯʥʳʝ ʠ ʚʝʢʦʚʳʝ ʚʘʨʠʘʮʠʠ, 

ʟʘʧʘʜʥʳʡ ʜʨʝʡʬ - ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʚʪʦʨʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʥʦʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʢʘʨʪ, ʧʦʵʪʦʤʫ ʥʘ ʢʘʨʪʘʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʦʙʳʯʥʦ ʫʢʘʟʘʥ ʛʦʜ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʢʘʟʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷ. ʇʨʦʙʣʝʤʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʦʪʥʦʩʠʪʩʷ ʢ ʨʷʜʫ ʩʣʦʞʥʳʭ ʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʝʰʝʥʥʳʭ. 

  

ɻʝʦʪʝʨʤʠʷ 

ɻʝʦʪʝʨʤʠʷ ʜʘʝʪ ʚʘʞʥʝʡʰʫʶ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ 

ʧʦʥʠʤʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʦʩʬʝʨʘʭ ʠ ʜʣʷ 

ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠʢʠ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ - ʚ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʠʟʫʯʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ. ʅʦ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳ ʠ 

ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʛʝʦʪʝʨʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʥʠ ʩʚʷʟʘʥʳ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʩ ʦʮʝʥʢʦʡ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʵʥʝʨʛʝʪʠʢʝ, ʪʝʧʣʦʩʥʘʙʞʝʥʠʠ, ʢʦʤʤʫʥʘʣʴʥʦʤ ʠ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʘ ʩ ʜʨʫʛʦʡ - 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʝʦʪʝʨʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ 

ʢʦʥʪʠʥʝʥʪʘʭ ʠ ʥʘ ʘʢʚʘʪʦʨʠʷʭ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʢʦ-

ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʝʧʣʦʚʦʝ ʧʦʣʝ ɿʝʤʣʠ ʧʝʨʚʳʤ ʠʟ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʨʠʚʣʝʢʣʦ 

ʚʥʠʤʘʥʠʝ ʯʝʣʦʚʝʢʘ. ʉʘʤʳʝ ʙʫʨʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ - 

ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ - ʩʳʛʨʘʣʠ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʝʣʠʛʠʦʟʥʳʭ 

ʤʠʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʩʪʨʦʝʥʠʠ ʤʠʨʘ. ɼʨʫʛʘʷ ʬʦʨʤʘ ʛʝʦʪʝʨʤʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ - ʛʦʨʷʯʠʝ ʠʩʪʦʯʥʠʢʠ - ʩ ʥʝʟʘʧʘʤʷʪʥʳʭ ʚʨʝʤʝʥ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʯʝʣʦʚʝʢʦʤ ʜʣʷ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʙʳʪʦʚʳʭ ʥʫʞʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʧʣʦʚʦʝ ʧʦʣʝ 

ɿʝʤʣʠ ʦʢʘʟʘʣʦʩʴ ʧʝʨʚʳʤ ʦʙʲʝʢʪʦʤ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʦʧʝʨʝʜʠʚ ʜʘʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʚʳʨʘʟʠʚʰʝʝʩʷ ʚ 

ʠʟʦʙʨʝʪʝʥʠʠ ʢʦʤʧʘʩʘ ʢʠʪʘʡʩʢʠʤʠ ʤʦʨʝʧʣʘʚʘʪʝʣʷʤʠ.  

ʅʦ ʠ ʧʨʝʜʤʝʪʦʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʧʣʦʚʦʝ ʧʦʣʝ ɿʝʤʣʠ ʪʦʞʝ ʩʪʘʣʦ 

ʨʘʥʴʰʝ ʚʩʝʭ ʜʨʫʛʠʭ ʧʦʣʝʡ. ʅʘʯʘʣʦʤ ʵʪʦʡ ʩʪʘʜʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʠʟʚʝʨʞʝʥʠʝʤ ɺʝʟʫʚʠʷ ʚ 73 ʛ. ʜʦ ʥ.ʵ. ʇʣʠʥʠʷ-ʉʪʘʨʰʝʛʦ, ʧʦʛʠʙʰʝʛʦ ʧʨʠ ʵʪʦʤ ʠ 

ʩʪʘʚʰʝʛʦ ʧʝʨʚʦʡ ʚ ʠʩʪʦʨʠʠ ʞʝʨʪʚʦʡ ʥʘʫʯʥʦʛʦ ʵʥʪʫʟʠʘʟʤʘ. ʅʦ ʚʦʟʤʦʞʥʦ, ʯʪʦ 

ʥʘʯʘʣʦ ʵʪʦʛʦ ʵʪʘʧʘ ʩʣʝʜʫʝʪ ʦʪʦʜʚʠʥʫʪʴ ʝʱʝ ʜʘʣʴʰʝ, ʚ ʪʨʝʪʠʡ ʚʝʢ ʜʦ ʥ.ʵ., ʢʦʛʜʘ 

ʚʝʣʠʢʠʡ ʬʠʣʦʩʦʬ ʕʤʧʝʜʦʢʣ, ʫʝʜʠʥʠʚʰʠʩʴ, ʧʦʩʝʣʠʣʩʷ ʥʘ ʩʢʣʦʥʝ ʕʪʥʳ, ʚ ʙʘʰʥʝ, 

ʢʦʪʦʨʘʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʘ ʥʘʟʚʘʥʘ "ʊʦʨʨʝ ʜʝʣʴ ʌʠʣʦʩʦʬʦ" (ɹʘʰʥʷ ʬʠʣʦʩʦʬʘ). 

ʄʥʦʛʦ ʚʝʢʦʚ ʩʧʫʩʪʷ ʥʘ ʵʪʦʤ ʤʝʩʪʝ ʙʳʣʘ ʩʦʟʜʘʥʘ ʦʜʥʘ ʠʟ ʠʪʘʣʴʷʥʩʢʠʭ 

ʚʫʣʢʘʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʝʨʚʘʪʦʨʠʡ; ʵʪʦʪ ʬʘʢʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ 
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ʥʘʫʢʠ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʚ ʛʝʦʪʝʨʤʠʶ ʙʳʣʠ ʚʚʝʜʝʥʳ ʧʦʩʣʝ ʠʟʦʙʨʝʪʝʥʠʷ 

ɻ.ɻʘʣʠʣʝʝʤ ʪʝʨʤʦʤʝʪʨʘ ʚ ʥʘʯʘʣʝ XVII ʚʝʢʘ. ʋʞʝ ʧʝʨʚʳʝ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʰʘʭʪʘʭ ʠ ʨʫʜʥʠʢʘʭ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʚʝʩʴ ʛʦʜ ʥʝʠʟʤʝʥʥʘ ʠ ʯʪʦ ʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ. 

ʅʘ ʵʪʦ ʩʚʦʝʦʙʨʘʟʠʝ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ ʰʘʭʪ ʦʙʨʘʱʘʣʠ ʚʥʠʤʘʥʠʝ ʘʥʛʣʠʡʩʢʠʡ 

ʬʠʟʠʢ ʈ.ɹʦʡʣʴ ʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚ. ɺ ʩʚʦʝʤ ʪʨʘʢʪʘʪʝ "ʆ ʚʦʣʴʥʦʤ ʜʚʠʞʝʥʠʠ 

ʚʦʟʜʫʭʘ, ʚ ʨʫʜʥʠʢʘʭ ʧʨʠʤʝʯʝʥʥʦʤ" ʄ.ɺ.ʃʦʤʦʥʦʩʦʚ ʧʠʩʘʣ: "...ɺʦʟʜʫʭ ʚ 

ʨʫʜʥʠʢʘʭ ʚʦ ʚʩʷʢʦʝ ʚʨʝʤʷ ʮʝʣʦʛʦ ʛʦʜʘ ʩʦʭʨʘʥʷʝʪ ʨʘʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ" 

(ʪ.ʝ.ʪʝʤʧʝʨʘʪʫʨʫ). 

ʌʘʢʪ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʛʣʫʙʠʥʦʡ ʜʘʣ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʥʘʫʯʥʳʭ ʢʦʩʤʦʛʦʥʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ, ʧʝʨʚʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʠʣʘʩʴ ʘʪʝʠʩʪʠʯʝʩʢʘʷ 

ʛʠʧʦʪʝʟʘ ʂʘʥʪʘ-ʃʘʧʣʘʩʘ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʛʠʧʦʪʝʟʝ ʠʩʪʦʨʠʷ ʧʣʘʥʝʪʳ 

ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʢʘʢ ʝʝ ʦʩʪʳʚʘʥʠʝ ʠʟ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʦʟʜʥʝʡʰʠʝ ʨʘʩʯʝʪʳ, ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ɿʝʤʣʠ 

ʜʦʣʞʥʦ ʙʳʣʦ ʩʦʩʪʘʚʣʷʪʴ ʦʢʦʣʦ 3Ā10
31
ɼʞ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʘ ʛʠʧʦʪʝʟʘ ʚʦʰʣʘ ʚ 

ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʜʨʫʛʠʤʠ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʘʤʠ ʠ ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʦ ʚʦʟʨʘʩʪʝ ɿʝʤʣʠ, ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʩʪʳʚʘʥʠʷ ʟʝʤʥʦʛʦ ʰʘʨʘ. 

ɺ 1868 ʛ. ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʘʥʛʣʠʡʩʢʦʛʦ ʬʠʟʠʢʘ ʋ.ʊʦʤʩʦʥʘ (ʣʦʨʜʘ ʂʝʣʴʚʠʥʘ) 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʩʢʚʘʞʠʥʘʭ, ʰʘʭʪʘʭ ʠ ʨʫʜʥʠʢʘʭ ʙʳʣʠ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʢʘʞʜʳʝ 100 ʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 2,5Á-3,5Áʉ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚʳʷʩʥʠʣʘʩʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʛʝʦʪʝʨʤʠʠ - 

ʧʨʠʨʦʜʳ ʚʥʫʪʨʠʟʝʤʥʦʛʦ ʪʝʧʣʘ, ʪʝʨʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ, ʛʣʫʙʠʥʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʜʨʦʪʝʨʤ. 

ɺ ɿʝʤʣʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʪʘʢ ʢʘʢ ʝʝ ʦʙʦʣʦʯʢʠ 

ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. 

ɺ ʷʜʨʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ, ʜʣʷ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʢʦʥ ɺʠʜʝʤʘʥʘ-ʌʨʘʥʩʘ ʦ ʧʨʷʤʦʡ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ (k) ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ 

( ): 

k = B(b/e)
2
ĀTĀ , 

 

ʛʜʝ:  

b - ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ;  

ʝ - ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ;  

ʊ - ʪʝʤʧʝʨʘʪʫʨʘ;  

ɺ - ʧʦʩʪʦʷʥʥʘʷ, ʨʘʚʥʘʷ 2,5 ʜʣʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠ 3 - ʜʣʷ ʤʝʪʘʣʣʦʚ.  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʷʜʨʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʘ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʦʙ ʝʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʉʣʦʞʥʝʝ ʦʙʩʪʦʠʪ ʜʝʣʦ ʩ 
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ʚʳʯʠʩʣʝʥʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʠʣʠʢʘʪʥʦʡ ʦʙʦʣʦʯʢʠ ɿʝʤʣʠ. ɿʜʝʩʴ ʫʞʝ ʥʝ 

ʧʨʠʤʝʥʠʤ ʟʘʢʦʥ ɺʠʜʝʤʘʥʘ-ʌʨʘʥʩʘ, ʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ɼʣʷ ʣʠʪʦʩʬʝʨʳ 

ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʨʝʰʝʪʦʯʥʘʷ ʯʘʩʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

 

ʊʝʦʨʠʷ ʨʝʰʝʪʦʯʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ʊʝʦʨʠʷ ʨʝʰʝʪʦʯʥʦʡ (ʬʦʥʦʥʥʦʡ) ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʜʠʵʣʝʢʪʨʠʢʦʚ ʨʘʟʚʠʪʘ ʚ ʪʨʫʜʘʭ ɼʝʙʘʷ (1914), ʇʘʡʝʨʣʩʘ (1956), ʃʝʡʙʬʨʠʜʘ 

(1954), ʇʦʤʝʨʘʥʯʫʢʘ (1944). ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦʨʠʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʨʝʰʝʪʢʘʭ.  

ʊʘʢ, ʧʦ ɼʝʙʘʶ, ʚ ʢʨʠʩʪʘʣʣʘʭ ʩ ʢʦʥʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʩʫʱʝʩʪʚʫʝʪ 

ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʥʦʨʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʕʥʝʨʛʠʷ ʢʘʞʜʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ 

ʢʦʣʝʙʘʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʦʡ, ʦʥʘ ʜʦʣʞʥʘ ʦʧʨʝʜʝʣʷʪʴʩʷ ʮʝʣʳʤ 

ʯʠʩʣʦʤ ʢʚʘʥʪʦʚ, ʠʣʠ ʬʦʥʦʥʦʚ. ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʙʤʝʥ ʵʥʝʨʛʠʷʤʠ ʚ "ʬʦʥʦʥʥʦʤ ʛʘʟʝ". ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʪʦʛʜʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʣʠʥʝ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʬʦʥʦʥʦʚ ʠ ʠʭ ʩʢʦʨʦʩʪʠ. ɺ 

ʨʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʬʦʥʦʥʳ ʨʘʩʩʝʠʚʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʘʩʩʝʠʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʜʨʫʛʦʤ ʬʦʥʦʥʝ.  

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳ ʧʨʦʮʝʩʩʳ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʪʨʝʤʷ 

ʬʦʥʦʥʘʤʠ: ʦʜʠʥ ʬʦʥʦʥ ʘʥʥʠʛʠʣʠʨʫʝʪ ʠ ʨʦʞʜʘʶʪʩʷ ʜʚʘ ʜʨʫʛʠʭ, ʣʠʙʦ ʜʚʘ ʬʦʥʦʥʘ 

ʠʩʯʝʟʘʶʪ ʠ ʨʦʞʜʘʝʪʩʷ ʪʨʝʪʠʡ. ɽʩʪʴ ʜʚʘ ʪʠʧʘ ʪʨʝʭʬʦʥʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ: 

ʥʦʨʤʘʣʴʥʳʝ (N-ʧʨʦʮʝʩʩʳ), ʚ ʢʦʪʦʨʳʭ ʠʤʧʫʣʴʩ ʩʦʭʨʘʥʷʝʪʩʷ, ʠ ʧʨʦʮʝʩʩʳ 

ʧʝʨʝʙʨʦʩʘ (U-ʧʨʦʮʝʩʩʳ), ʚ ʢʦʪʦʨʳʭ ʠʤʧʫʣʴʩ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ. ʇʝʨʚʳʝ ʥʝ ʜʘʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʢʣʘʜʘ ʚ ʪʝʧʣʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʥʦ ʤʝʥʷʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʬʦʥʦʥʦʚ, ʪʦʛʜʘ ʢʘʢ ʚʪʦʨʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʠʚʘʶʪ ʠ ʦʧʨʝʜʝʣʷʶʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚ ʠʜʝʘʣʴʥʦʤ ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʨʠʩʪʘʣʣʝ.  

ɺ ʪʝʦʨʠʠ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʜʝʙʘʝʚʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʊD), ʢʦʪʦʨʘʷ 

ʨʘʟʜʝʣʷʝʪ ʠʥʪʝʨʚʘʣʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʪ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ. ɼʣʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʊD ʩʦʩʪʘʚʣʷʝʪ 900-600Áʉ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʦʨʷʜʢʘ 600Áʉ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ɿʝʤʣʝ ʥʘ ʛʣʫʙʠʥʘʭ 30-50 ʢʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠʟʤʝʥʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʬʦʥʦʥʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʫʨʦʯʝʥʦ ʢ ʩʘʤʦʤʫ ʚʝʨʭʥʝʤʫ ʩʣʦʶ ʣʠʪʦʩʬʝʨʳ.  

ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (T>>TD) ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

(1/ʊ). ʉ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ (T<TD) ʦʥʘ ʚʦʟʨʘʩʪʘʝʪ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʧʘʜʘʝʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ (ʊ
3
) ʚ ʦʙʣʘʩʪʠ ʦʯʝʥʴ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʢʦʪʦʨʳʝ ʥʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ɿʝʤʣʠ.  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʣʠʷʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʬʦʥʦʥʥʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʦ ʚ 

ʚʝʨʭʥʠʭ ʩʣʦʷʭ, ʛʜʝ ʜʦʤʠʥʠʨʫʝʪ ʜʝʡʩʪʚʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʝʰʝʪʦʯʥʘʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʜʦʣʞʥʘ ʧʘʜʘʪʴ ʩ ʛʣʫʙʠʥʦʡ. ɺ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʩʣʦʷʭ, ʛʜʝ 

ʧʨʝʚʘʣʠʨʫʝʪ ʵʬʬʝʢʪ ʜʘʚʣʝʥʠʷ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʜʦʣʞʥʘ ʚʦʟʨʘʩʪʘʪʴ. ʕʪʠ 
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ʨʘʟʥʳʝ ʪʝʥʜʝʥʮʠʠ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʧʦʷʚʣʝʥʠʝ ʤʠʥʠʤʫʤʘ ʥʘ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ, ʧʨʠʫʨʦʯʝʥʥʦʛʦ ʢ ʚʝʨʭʥʠʤ ʩʣʦʷʤ ʚʝʨʭʥʝʡ 

ʤʘʥʪʠʠ. 

ʇʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʜʣʷ ʠʥʪʝʨʚʘʣʘ ʪʝʤʧʝʨʘʪʫʨ 

ʦʪ 20  ʜʦ 700 ʉ (ʌ.ɹʝʨʯ, ʂ.ʂʘʚʘʜʘ), ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʧʦʨʦʜ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʫʙʳʚʘʝʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦʯʪʠ ʢʘʢ 1/ʊ; ʧʨʠ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦʨʦʜʳ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʢ ʫʨʦʚʥʶ ʥʫʣʝʚʦʡ ʧʦʨʠʩʪʦʩʪʠ, ʪʘʢ ʢʘʢ 

ʧʦʨʠʩʪʦʩʪʴ ʠ ʚʣʘʛʦʥʘʩʳʱʝʥʥʦʩʪʴ ʦʯʝʥʴ ʚʣʠʷʶʪ ʥʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 

ʇʨʠʯʠʥʘ ʫʤʝʥʴʰʝʥʠʷ ʬʦʥʦʥʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠ ʊ>TD ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʝʰʝʪʦʯʥʦʝ ʨʘʩʩʝʠʚʘʥʠʝ ʬʦʥʦʥʦʚ ʪʝʤ ʙʦʣʴʰʝ, 

ʯʝʤ ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʦʪ ʠʭ ʩʨʝʜʥʠʭ ʧʦʣʦʞʝʥʠʡ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʦʪ ʬʘʢʪ, ʯʪʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʝʣ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʠʭ ʘʪʦʤʦʚ, ʙʦʣʴʰʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʝʣ ʩ ʪʷʞʝʣʳʤʠ ʘʪʦʤʘʤʠ, ʩʣʘʙʦ ʤʝʞʜʫ ʩʦʙʦʡ ʩʚʷʟʘʥʥʳʤʠ. 

ɺʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʩʜʝʣʘʥʳ ʜʣʷ ʙʝʟʜʝʬʝʢʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʈʘʟʣʠʯʥʳʝ ʜʝʬʝʢʪʳ (ʪʦʯʝʯʥʳʝ, ʧʨʠʤʝʩʥʳʝ, ʠʟʦʪʦʧʠʯʝʩʢʠʝ), ʘ ʪʘʢʞʝ ʛʨʘʥʠʮʳ ʚ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʝʣʘʭ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʨʘʩʩʝʠʚʘʥʠʷ ʬʦʥʦʥʦʚ, ʪ.ʝ. ʫʤʝʥʴʰʝʥʠʝʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʝʬʝʢʪʘʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, ʪʘʢ ʢʘʢ ʦʧʨʝʜʝʣʷʶʱʠʤ ʷʚʣʷʝʪʩʷ 

ʨʘʩʩʝʠʚʘʥʠʝ ʬʦʥʦʥʦʚ ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʙʨʦʩʘ. ʅʦ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ, 

ʢʦʛʜʘ ʚʣʠʷʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʙʨʦʩʘ ʙʳʩʪʨʦ ʧʘʜʘʝʪ, ʟʘʤʝʪʥʦ ʩʢʘʟʳʚʘʶʪʩʷ 

ʜʝʬʝʢʪʳ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʨʘʩʩʫʞʜʝʥʠʡ ʦ ʨʝʰʝʪʦʯʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠʚʝʜʝʤ 

ʵʤʧʠʨʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʙʘʟʘʣʴʪʦʚ, ʩʚʷʟʳʚʘʶʱʠʝ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʫ: 

k  3,1/T  ʧʨʠ ʊ>573 K  

k  1,15/T ʧʨʠ ʊ<573 K 

 

ʈʘʜʠʘʮʠʦʥʥʳʡ ʠ ʵʢʩʠʪʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ 

ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʥʝʜʨʘʭ ɿʝʤʣʠ (>1200 C) ʩʪʘʥʦʚʷʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʜʚʘ ʜʨʫʛʠʭ ʤʝʭʘʥʠʟʤʘ ʪʝʧʣʦʧʝʨʝʜʘʯʠ: ʨʘʜʠʘʮʠʦʥʥʳʡ ʠ 

ʵʢʩʠʪʦʥʥʳʡ. ʈʘʜʠʘʮʠʦʥʥʳʡ ʪʝʧʣʦʧʝʨʝʥʦʩ ʩʚʷʟʘʥ ʩ ʣʫʯʠʩʪʳʤ ʪʝʧʣʦʦʙʤʝʥʦʤ, 

ʪ.ʝ. ʩ ʧʝʨʝʜʘʯʝʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ. ʈʘʜʠʘʮʠʦʥʥʘʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʥʠʯʪʦʞʥʦ ʤʘʣʘ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 100-200 ʢʤ ʠ ʩʪʘʥʦʚʠʪʩʷ 

ʩʨʘʚʥʠʤʦʡ ʩ ʬʦʥʦʥʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ, ʧʨʝʚʦʩʭʦʜʷ 

ʜʘʞʝ ʝʝ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ, ʥʦ ʫʙʳʚʘʷ ʚ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ʠʟ-ʟʘ ʨʦʩʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚʝʱʝʩʪʚʦʤ. 

ʕʢʩʠʪʦʥʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ (ʧʦ ʪʝʨʤʠʥʫ "ʵʢʩʠʪʦʥ", ʪ.ʝ. ʢʚʘʥʪ 

ʚʦʟʙʫʞʜʝʥʠʷ) ʩʚʷʟʘʥʘ ʩ ʚʦʟʙʫʞʜʝʥʠʝʤ ʵʣʝʢʪʨʦʥʘ ʠ "ʜʳʨʢʠ" ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ 

ʢʚʘʥʪʘ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʧʨʝʚʳʰʘʝʪ ʵʥʝʨʛʠʶ ʩʚʷʟʠ. ʕʢʩʠʪʦʥʥʘʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʨʘʜʠʘʮʠʦʥʥʘʷ, ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʘ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪ.ʝ. ʚ ʣʠʪʦʩʬʝʨʝ. ʅʦ ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 
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500 ʢʤ ʵʢʩʠʪʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʜʘʞʝ ʧʨʝʚʳʰʘʝʪ ʨʘʜʠʘʮʠʦʥʥʫʶ ʠ ʙʳʩʪʨʝʝ 

ʨʘʩʪʝʪ ʩ ʛʣʫʙʠʥʦʡ. 

ɽʱʝ ʨʘʟ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʥʘʤ ʚʘʞʥʦ ʟʥʘʪʴ ʬʦʥʦʥʥʫʶ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʨʦʜ. ɼʚʘ ʞʝ ʜʨʫʛʠʭ ʚʠʜʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʝʣʴʟʷ 

ʠʛʥʦʨʠʨʦʚʘʪʴ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ 

ɿʝʤʣʠ ʢʘʢ ʧʣʘʥʝʪʳ. 

ɻʦʚʦʨʷ ʦ ʤʝʭʘʥʠʟʤʘʭ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʪʘʢʦʡ ʚʘʞʥʳʡ 

ʜʣʷ ɿʝʤʣʠ ʧʨʦʮʝʩʩ, ʢʘʢ ʢʦʥʚʝʢʮʠʷ, ʪ.ʝ. ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʩʘʤʠʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ɿʝʤʣʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʚʦʜʘ, ʧʘʨ, ʤʘʛʤʘ ʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʳ. ʕʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʠ, ʦʙʣʘʜʘʷ ʙʦʣʴʰʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ, 

ʧʨʠ ʩʚʦʝʤ ʜʚʠʞʝʥʠʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʶʪ ʛʣʫʙʠʥʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʩʦʟʜʘʚʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ.  

ɽʩʣʠ ʪʝʧʣʦʧʝʨʝʥʦʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʩʝʤʝʩʪʥʦ, ʛʜʝ 

ʩʫʱʝʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ, ʪʦ ʧʝʨʝʥʦʩ ʢʦʥʚʝʢʮʠʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʪʘʤ, ʛʜʝ ʠʤʝʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʢʦʥʚʝʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʛʜʝ ʧʨʦʷʚʣʷʶʪʩʷ ʨʘʟʣʦʤʥʘʷ 

ʪʝʢʪʦʥʠʢʘ, ʚʫʣʢʘʥʠʟʤ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ʅʦ ʜʘʞʝ ʚ ʩʪʘʙʠʣʴʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʘʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʧʝʨʝʥʦʩ ʚ 

ʚʝʨʭʥʝʡ ʘʢʪʠʚʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʟʦʥʝ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʛʝʦʪʝʨʤʠʯʝʩʢʦʝ ʧʦʣʝ ʥʝʚʦʟʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʦʣʴʢʦ 

ʣʠʰʴ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʝʜʨ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠʥʳ 

ʠʟʤʝʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʯʘʩʪʦ ʠ ʦʪ ʰʠʨʦʪʳ ʤʝʩʪʥʦʩʪʠ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʦʨʤʠʨʦʚʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʦ ʛʣʫʙʠʥʝ, ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʛʝʦʪʝʨʤʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ (grad T). 

ɻʝʦʪʝʨʤʠʯʝʩʢʠʡ ʛʨʘʜʠʝʥʪ ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨʥʦʡ ʚʝʣʠʯʠʥʦʡ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʚʳʨʘʞʝʥʠʷ: 

   grad T = i dT/dx + j dT/dy + k dT/dz. 

ʇʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (ʠʣʠ, ʢʘʢ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ, "ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ") 

- ʵʪʦ ʩʘʤʘʷ ʠʥʬʦʨʤʘʪʠʚʥʘʷ ʛʝʦʪʝʨʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʪʘʢ ʢʘʢ ʦʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʦʱʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʧʦʪʝʨʴ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ.  

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʜʨʫʛʠʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ, 

ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʠʩʪʦʯʥʠʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʝʡ, ʥʘʧʨʠʤʝʨ, ʩ 

ʚʝʣʠʯʠʥʘʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ( g) ʠ ʤʘʛʥʠʪʥʳʭ ( T) ʘʥʦʤʘʣʠʡ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʭʦʜʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠ ʵʪʠ ʘʥʦʤʘʣʠʠ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʨʘʟʜʝʣʴʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʛʝʦʪʝʨʤʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʵʪʠʭ ʚʝʣʠʯʠʥ: 

q = -k (idT/dx + jdT/dy + kdT/dz). 

ʊʝʧʣʦʚʦʡ ʧʦʪʦʢ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ ʠʟʤʝʨʷʝʪʩʷ ʚ ʙʫʨʦʚʳʭ ʩʢʚʘʞʠʥʘʭ, 

ʢʦʪʦʨʳʝ, ʚʦ-ʧʝʨʚʳʭ, ʧʨʠʛʦʜʥʳ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʚʦʝʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʩʦʩʪʦʷʥʠʶ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʥʘʭʦʜʠʣʠʩʴ "ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ" ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 
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ʙʫʨʝʥʠʷ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 30-50 ʜʥʝʡ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʪʝʧʣʦʚʳʝ ʚʦʟʤʫʱʝʥʠʷ, 

ʚʳʟʚʘʥʥʳʝ ʧʨʦʮʝʩʩʘʤʠ ʙʫʨʝʥʠʷ ʠ ʧʨʦʤʳʚʢʠ, ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʩʝʠʚʘʶʪʩʷ, ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʙʣʠʟʢʦʡ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʠʭ 

ʧʦʨʦʜ. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ 

ʠ ʚ ʦʢʝʘʥʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ (ʘ ʵʪʦ ʙʦʣʝʝ 30 ʪʳʩ. ʧʫʥʢʪʦʚ), 

ʚʳʧʦʣʥʝʥʦ ʩ ʧʦʤʦʱʴʶ "ʨʘʟʜʝʣʴʥʦʡ ʤʝʪʦʜʠʢʠ", ʪ.ʝ. ʠʟʤʝʨʝʥʠʡ ʛʝʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʕʪʦʪ ʤʝʪʦʜ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʚʘ 

ʠʩʪʦʯʥʠʢʘ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʤʝʪʦʜʠʯʝʩʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʤ, ʘ 

ʧʦʪʦʤʫ ʠ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ.  

ɺ ʨʘʡʦʥʘʭ ʩ ʚʳʩʦʢʠʤʠ ʪʝʧʣʦʚʳʤʠ ʧʦʪʦʢʘʤʠ, ʥʘʧʨʠʤʝʨ ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʦʙʣʘʩʪʷʭ, ʜʝʣʘʣʠʩʴ ʧʦʧʳʪʢʠ ʧʨʷʤʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʧʦʤʦʱʴʶ 

ʪʝʧʣʦʤʝʨʦʚ. ʂ ʩʦʞʘʣʝʥʠʶ, ʠʭ ʥʠʟʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʧʣʦʤʝʨʳ ʚ ʦʙʣʘʩʪʷʭ ʩʦ ʩʨʝʜʥʠʤʠ ʠ ʥʠʟʢʠʤʠ ʪʝʧʣʦʚʳʤʠ 

ʧʦʪʦʢʘʤʠ. 

ʇʦʚʝʜʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ɿʝʤʣʠ (ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ, ʤʘʛʥʠʪʥʦʛʦ, 

ʪʝʧʣʦʚʦʛʦ ʠ ʜʨ.) ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʛʦʨʥʳʭ ʧʦʨʦʜ 

(ʧʣʦʪʥʦʩʪʴʶ,  ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʫʧʨʫʛʦʩʪʴʶ ʠ ʧʨ.), 

ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʈʦʣʴ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʬʘʢʪʦʨʦʚ ʥʝʦʜʠʥʘʢʦʚʘ. ɼʘʚʣʝʥʠʝ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʛʣʫʙʠʥʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʛʝʥʝʨʘʮʠʠ ʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ.  

ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʡʦʥʘʭ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʘ ʭʘʨʘʢʪʝʨ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ.  ʆʩʦʙʝʥʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʠʟʤʝʥʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʞʜʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʠ ʜʨʫʛʠʤʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʧʦʣʷʤʠ ʜʦʣʞʥʳ ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʝʩʥʳʝ ʩʚʷʟʠ. ʆʥʠ 

ʦʩʥʦʚʳʚʘʶʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʪʠʭ ʧʦʣʝʡ ʢ ʢʦʣʝʙʘʥʠʷʤ 

ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʣʠʪʦʣʦʛʦ-

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʭʘʨʘʢʪʝʨʦʤ 

ʟʘʣʝʛʘʥʠʷ, ʘ ʩ ʜʨʫʛʦʡ - ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʠʟʤʝʥʷʶʱʝʡʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʝʣʠʯʠʥʦʡ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. 

 

 

ɻʠʧʦʪʝʟʳ, ʦʙʲʷʩʥʷʶʱʠʝ ʧʨʠʨʦʜʫ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ 

ʌʝʨʨʦʤʘʛʥʠʪʥʘʷ ʛʠʧʦʪʝʟʘ 

ʇʦ ʨʘʩʯʝʪʘʤ ʩʦʜʝʨʞʘʥʠʝ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʩʣʠʰʢʦʤ ʤʘʣʦ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʜʥʘʢʦ ʩ ʛʣʫʙʠʥʦʡ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʚʦʟʨʘʩʪʘʝʪ, ʦʩʦʙʝʥʥʦ ʚ ʷʜʨʝ, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ - ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ. ʅʘʣʠʯʠʝ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʠ ʰʘʨʦʦʙʨʘʟʥʘʷ 

ʬʦʨʤʘ ʷʜʨʘ ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤʠ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʛʠʧʦʪʝʟʳ ʧʦʩʪʦʷʥʥʦʛʦ 
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ʤʘʛʥʠʪʘ.  

ʇʦ ʵʪʦʡ ʛʠʧʦʪʝʟʝ ʷʜʨʦ ɿʝʤʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʝ ʪʝʣʦ, 

ʩʦʟʜʘʶʱʝʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʜʠʧʦʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ
1
. ʆʜʥʘʢʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʷʜʨʘ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʦ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʧʨʝʚʳʰʘʶʱʝʡ ʟʜʝʩʴ 2000
ʦ
ʉ, ʯʪʦ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʥʝ ʪʦʣʴʢʦ ʪʦʯʢʠ ʂʶʨʠ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʶʪ, ʥʦ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 1535 ʠ 1453
ʦ
ʉ).  

ʋʯʠʪʳʚʘʷ ʜʘʚʣʝʥʠʝ ʚ ʷʜʨʝ ɿʝʤʣʠ, ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ ʥʝʢʦʪʦʨʦʝ ʧʦʚʳʰʝʥʠʝ 

ʪʦʯʢʠ ʂʶʨʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʞʝʣʝʟʘ ʜʦ 780
ʦ
ʉ, ʥʦ ʚʩʝ ʨʘʚʥʦ ʵʪʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʥʘʤʥʦʛʦ ʥʠʞʝ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʷʜʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʢʘʟʘʥʦ 

ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚʥʝʰʥʝʛʦ ʷʜʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʚ ʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʥʝʠʟʚʝʩʪʥʳ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʭ ʧʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ 

ʥʝʚʦʟʤʦʞʥʦ. ʌʝʨʨʦʤʘʛʥʠʪʥʘʷ ʛʠʧʦʪʝʟʘ ʥʝ ʜʘʝʪ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩʳ ʦ ʪʦʤ, ʢʘʢʠʝ 

ʬʘʢʪʦʨʳ ʤʦʛʣʠ ʥʘʤʘʛʥʠʪʠʪʴ ʷʜʨʦ ɿʝʤʣʠ
2
 , ʯʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʝʢʦʚʳʝ ʚʘʨʠʘʮʠʠ 

ʠ ʠʟʤʝʥʝʥʠʷ ʧʦʣʷʨʥʦʩʪʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʛʠʧʦʪʝʟʳ 

ɺʥʝʰʥʝʝ ʷʜʨʦ, ʥʘʭʦʜʷʩʴ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʙʳʩʪʨʝʝ ʨʝʘʛʠʨʫʝʪ ʥʘ 

ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʥʝʤʫ ʩʠʣʳ, ʯʝʤ ʪʚʝʨʜʳʝ ʤʘʥʪʠʷ ʠ ʟʝʤʥʘʷ ʢʦʨʘ. ʇʦʵʪʦʤʫ 

ʚʝʢʦʚʳʝ ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʤʝʥʥʦ ʩ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʚ ʷʜʨʝ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʪʨʝʙʫʝʪʩʷ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʦʨʷʜʢʘ 10
9
ɸ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʪ.ʝ. ʨʘʟʥʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘ ñʩʧʘʷʭò ʨʘʟʥʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʥʘ ʛʨʘʥʠʮʝ ʤʘʥʪʠʠ ʠ ʷʜʨʘ, ʛʜʝ ʩʫʱʝʩʪʚʫʶʪ ʫʯʘʩʪʢʠ ʩ ʨʘʟʣʠʯʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ. ʆʜʥʘʢʦ ʚ ʵʪʦʡ ʛʠʧʦʪʝʟʝ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʜʦʩʪʘʪʦʯʥʘ ʣʠ ʩʠʣʘ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʥʝ ʦʙʲʷʩʥʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʧʦʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦʣʷ ʠ ʜʨʫʛʠʝ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ. 

ɻʠʧʦʪʝʟʘ ʜʠʥʘʤʦ 

ɹʦʣʝʝ ʨʘʟʨʘʙʦʪʘʥʘ (ʩ ʫʯʘʩʪʠʝʤ ʘʢʘʜ. ʗ.ʀ. ʌʨʝʥʢʝʣʷ) ʛʠʧʦʪʝʟʘ ʜʠʥʘʤʦ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʢʝ - ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʝ ʧʨʦʚʦʜʷʱʝʡ 

ʞʠʜʢʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʛʠʧʦʪʝʟʝ ʚ ʷʜʨʝ ɿʝʤʣʠ ʚʦʟʥʠʢʘʶʪ ʢʦʣʴʮʝʚʳʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʪʦʢʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʦʡ 

ʢʦʥʚʝʢʮʠʠ ʚʦ ʚʥʝʰʥʝʤ ʷʜʨʝ.  

ɺ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʚʥʝʰʥʝʛʦ ʷʜʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʥʠʷ ʦ ʧʦʜʦʰʚʫ ʤʘʥʪʠʠ 

ʩʢʦʨʦʩʪʴ ʢʦʥʚʝʢʮʠʠ ʩʥʠʞʘʝʪʩʷ, ʘ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ, ʥʘ ʛʨʘʥʠʮʝ ʩ ʩʫʙʲʷʜʨʦʤ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʠ ʢʦʥʪʨʘʩʪʳ ʚ ʩʢʦʨʦʩʪʷʭ ʪʝʯʝʥʠʡ ʧʨʠʚʦʜʷʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʤʢʥʫʪʳʭ ʪʦʨʦʠʜʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʙʦʣʴʰʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ (ʦʢʦʣʦ 5 ɺ/ʤ), ʢʦʪʦʨʳʝ ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʝʡ ʬʦʨʤʳ ʥʝ ʚʳʭʦʜʷʪ ʟʘ 

                                           
1
 ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʝ ʥʘʤʘʛʥʠʯʝʥʥʦʛʦ ʰʘʨʘ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʝʤ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʜʠʧʦʣʷ, ʧʦʤʝʱʝʥʥʦʛʦ ʚ ʮʝʥʪʨ 

ʰʘʨʘ. 
2
 ʇʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ ʧʦʩʪʝʧʝʥʥʦ ʫʪʨʘʯʠʚʘʝʪ ʩʚʦʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ 
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ʧʨʝʜʝʣʳ ʷʜʨʘ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʪʠʭ ʧʦʣʝʡ ʩ ʢʦʥʚʝʢʪʠʚʥʳʤʠ ʧʦʪʦʢʘʤʠ ʠ ʪʝʯʝʥʠʷʤʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʷʜʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʷʜʨʝ ʢʦʣʴʮʝʚʳʭ ʪʦʢʦʚ ʰʠʨʦʪʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ.  

ʆʜʥʘʢʦ ʢʦʨʠʦʣʠʩʦʚʘ ʩʠʣʘ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʧʨʠʚʦʜʠʪ ʢ ʫʩʨʝʜʥʝʥʠʶ ʵʪʠʭ 

ʧʦʣʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʤʤʘʨʥʦʛʦ ʧʦʣʷ, ʙʣʠʟʢʦʛʦ ʢ ʜʠʧʦʣʴʥʦʤʫ, ʩ ʦʩʴʶ, 

ʧʨʠʙʣʠʞʘʶʱʝʡʩʷ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʤʦʝ ʛʝʦʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʠʨʫʶʱʠʤ ʧʨʠ ʩʣʦʞʝʥʠʠ ʜʚʫʭ ʥʝʨʘʚʥʳʭ ʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ.  

ɺʘʨʠʘʮʠʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʪʝʯʝʥʠʡ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʘʤʠ ʪʦʛʦ, ʯʪʦ ʦʜʥʦ ʠʟ 

ʛʝʥʝʨʠʨʫʝʤʳʭ ʧʦʣʝʡ ʜʦʤʠʥʠʨʫʝʪ (ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʷʨʥʦʩʪʴ ʛʝʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ); ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʝ (ʠ 

ʧʦʣʷʨʥʦʩʪʴ) ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ, ʩ ʯʝʤ ʠ ʩʚʷʟʘʥʳ ʠʥʚʝʨʩʠʠ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʷʜʨʘ ʩʧʦʩʦʙʥʦ ʚʳʟʚʘʪʴ ʪʘʢʞʝ 

ʤʠʛʨʘʮʠʶ ʧʦʣʶʩʦʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʣʷ, ʘ ʦʙʱʝʝ ʦʪʩʪʘʚʘʥʠʝ ʪʝʯʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʷʜʨʘ ʦʪ ʚʨʘʱʝʥʠʷ ʤʘʥʪʠʠ ʦʙʲʷʩʥʷʝʪ ʟʘʧʘʜʥʳʡ ʜʨʝʡʬ ʧʦʣʷ. 

ʇʨʠʚʝʜʝʥʥʳʡ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʜʥʦʡ ʠʟ ʤʦʜʝʣʝʡ ʄɻɼ-ʛʝʥʝʨʘʪʦʨʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʘʤʦʚʦʟʙʫʞʜʝʥʠʝ ʚ ʷʜʨʝ ɿʝʤʣʠ - ʫʩʠʣʝʥʠʝ ʩʣʘʙʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʜʠʧʦʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʜʠʥʘʤʦ. ʊʘʢʠʤ 

ʥʘʯʘʣʴʥʳʤ ʧʦʣʝʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʛʣʠ ʩʣʫʞʠʪʴ ʩʣʘʙʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ 

ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ɻʠʧʦʪʝʟʘ ʜʠʥʘʤʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʪʝʧʣʦʚʫʶ ʢʦʥʚʝʢʮʠʶ ʚʦ ʚʥʝʰʥʝʤ ʷʜʨʝ. 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʥʚʝʢʮʠʠ ʚ ʷʜʨʝ 

ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʤʝʭʘʥʠʟʤʘ: ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʨʘʩʧʘʜ ʠ ʚʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝ ʨʦʩʪ ʩʫʙʲʷʜʨʘ: ʧʦʪʝʥʮʠʘʣʴʥʦʡ (ʧʨʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ) ʠ ʩʢʨʳʪʦʡ (ʟʘ ʩʯʝʪ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚʝʱʝʩʪʚʘ ʠʟ ʞʠʜʢʦʛʦ ʚ 

ʪʚʝʨʜʦʝ ʩʦʩʪʦʷʥʠʝ). ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʠʦʵʣʝʤʝʥʪʦʚ ʚ ʷʜʨʝ ʦʯʝʥʴ ʥʠʟʢʘ (ʚ 1000 

ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʟʝʤʥʦʡ ʢʦʨʝ), ʧʦʵʪʦʤʫ ʚʢʣʘʜ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʧʦʜʯʠʥʝʥʥʳʡ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ (ʪʝʣʣʫʨʠʯʝʩʢʦʛʦ) ʧʦʣʝʡ 

ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʠʝ ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ - ʜʣʷ ʧʦʠʩʢʦʚ ʨʫʜ.  

ʉʢʦʧʣʝʥʠʝ ʨʫʜ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ: ʞʝʣʝʟʘ, ʪʠʪʘʥʘ, ʥʠʢʝʣʷ ʠ ʜʨ. 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʥʦʤʘʣʠʡ. ʂʨʫʧʥʘʷ ʘʥʦʤʘʣʠʷ ʩʦʧʨʦʚʦʞʜʘʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʞʝʣʝʟʥʳʭ ʨʫʜ ʥʘ ʶʛʝ ʈʦʩʩʠʠ - ʂʫʨʩʢʫʶ ʤʘʛʥʠʪʥʫʶ ʘʥʦʤʘʣʠʶ (ʂʄɸ). 

ʆʙʥʘʨʫʞʝʥʠʝ ʵʪʦʡ ʘʥʦʤʘʣʠʠ ʩʦʙʩʪʚʝʥʥʦ ʠ ʧʨʠʚʝʣʦ ʢ ʦʪʢʨʳʪʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɺ ʧʨʝʜʝʣʘʭ ʂʄɸ ʤʘʛʥʠʪʥʘʷ ʩʪʨʝʣʢʘ ʦʪʢʣʦʥʷʝʪʩʷ ʪʘʢ ʨʝʟʢʦ, ʯʪʦ ʝʝ ñʩʝʚʝʨʥʳʡò 

ʢʦʥʝʮ ʯʘʩʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʧʘʜ, ʚʦʩʪʦʢ ʠ ʜʘʞʝ ʶʛ, ʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʜʦʩʪʠʛʘʝʪ 0,01-0,03 ɸ/ʤ, ʯʪʦ ʚ 2-3 ʨʘʟʘ ʚʳʰʝ ʦʙʱʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ.  

ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʵʪʦʡ ʘʥʦʤʘʣʠʠ ʠ ʨʘʟʤʝʨʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʞʝʣʝʟʠʩʪʳʭ 

ʢʚʘʨʮʠʪʦʚ ʦʛʨʦʤʥʳ - ʦʥʘ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʥʘ 600 ʢʤ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʠ ʥʘ 400 ʢʤ ʩ 
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ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʦʙʰʠʨʥʳʝ ʠ ʠʥʪʝʥʩʠʚʥʳʝ ʘʥʦʤʘʣʠʠ 

ʚʩʪʨʝʯʘʶʪʩʷ ʦʯʝʥʴ ʨʝʜʢʦ. ʏʘʱʝ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʣʦʢʘʣʴʥʳʤʠ ʠ 

ʥʝʙʦʣʴʰʠʤʠ ʧʦ ʘʤʧʣʠʪʫʜʝ ʘʥʦʤʘʣʠʷʤʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ ʪʝ ʠʣʠ ʠʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. ʉ 

ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʡ ʩʲʝʤʢʠ ʭʦʨʦʰʦ ʚʳʜʝʣʷʶʪʩʷ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʨʫʙʢʠ, ʩ 

ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ.  

ʈʝʛʠʩʪʨʘʮʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʚʳʷʚʠʪʴ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʨʫʜ. ʅʘʧʨʠʤʝʨ, ʭʦʨʦʰʦ ʚʳʷʚʣʷʶʪʩʷ ʩʫʣʴʬʠʜʥʳʝ 

ʟʘʣʝʞʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʷʪ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ, ʟʦʥʳ ʮʠʨʢʫʣʷʮʠʠ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʠ ʜʨ. 

 

 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʣʠʪʝʨʘʪʫʨʘ ʧʦ ʪʝʤʝ: 
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ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: 
 

1. ʂʘʢʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺʘʤ ʠʟʚʝʩʪʥʳ? 

2. ʈʘʩʩʢʘʞʠʪʝ ʦʙ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʘʭ ʢʘʞʜʦʛʦ ʠʟ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 
ʠʩʩʣʝʜʦʚʘʥʠʷ. 

3. ʂʘʢ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ɿʝʤʥʦʡ ʤʘʛʥʝʪʠʟʤ? 

 

 

 

ʃɸɹʆʈɸʊʆʈʅʓɽ (ʇʈɸʂʊʀʏɽʉʂʀɽ) ɿɸʅʗʊʀʗ 

 

ɺʳʧʦʣʥʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʢ ʚʳʧʦʣʥʝʥʠʶ 

ʩʣʝʜʫʶʱʠʭ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʚ ʘʫʜʠʪʦʨʠʷʭ 

ʢʘʬʝʜʨʳ: 

 

ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

1. ʉʪʨʫʢʪʫʨʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɸʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. 

2. ʄʘʛʥʠʪʥʦʝ ʩʢʣʦʥʝʥʠʝ. 
  

ʆʙʫʯʘʝʤʳʡ ʜʦʣʞʝʥ ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʫʯʘʝʤʦʡ 

ʜʠʩʮʠʧʣʠʥʳ. 

 

 

 

ʊɽʂʋʑʀʁ ʂʆʅʊʈʆʃʔ ʊɽʆʈɽʊʀʏɽʉʂʀʍ ɿʅɸʅʀʁ ʇʆ 
ʄʆɼʋʃʖ 

 

ɺʳʙʝʨʠʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʘ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ ʦʜʠʥ ʠʟ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ. 

 

1) ʅʘ ʩʢʦʣʴʢʦ ʩʣʦʝʚ ʜʝʣʷʪ ʢʦʥʪʠʥʝʥʪʘʣʴʥʫʶ ʢʦʨʫ: 

a) ʥʘ 2 ʠ ʙʦʣʝʝ  
b) ʥʘ 3 ʠ ʙʦʣʝʝ 

c) ʥʘ 4 ʠ ʙʦʣʝʝ 

d) ʥʘ 5 ʠ ʙʦʣʝʝ 
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2) ʂʘʢʠʝ ʧʦʨʦʜʳ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʟʝʤʥʦʡ ʢʦʨʝ: 

a) ʦʩʘʜʦʯʥʳʝ  
b) ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 

c) ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

d) ʚʫʣʢʘʥʠʯʝʩʢʠʝ 

3) ʂʘʢʠʝ ʧʦʨʦʜʳ ʟʘʥʠʤʘʶʪ Ĳ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ: 

a) ʦʩʘʜʦʯʥʳʝ  
b) ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 

c) ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

d) ʚʫʣʢʘʥʠʯʝʩʢʠʝ 

4) ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʟʝʤʥʦʡ ʢʦʨʝ: 

a) ʢʠʩʣʦʨʦʜ ʠ ʞʝʣʝʟʦ  
b) ʞʝʣʝʟʦ ʠ ʥʠʢʝʣʴ 

c) ʘʣʶʤʠʥʠʡ ʠ ʢʨʝʤʥʠʡ 

d) ʢʨʝʤʥʠʡ ʠ ʢʠʩʣʦʨʦʜ 

5) ʇʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʦʪʣʠʯʘʶʪʩʷ ʵʣʝʤʝʥʪʳ, ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʢʦʪʦʨʳʭ 
ʢʨʘʪʥʘ: 

a) ʜʚʫʤ  
b) ʪʨʝʤ 

c) ʯʝʪʳʨʝʤ 

d) ʧʷʪʠ 

6) ʂʣʘʨʢ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʦ ʦʪʥʦʰʝʥʠʝ: 

a) ʤʘʩʩʳ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʦʙʱʝʡ ʤʘʩʩʝ ʟʝʤʥʦʡ 
ʢʦʨʳ 

 

b) ʤʝʩʪʥʦʛʦ ʢʣʘʨʢʘ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʢʣʘʨʢʫ 

ʟʝʤʥʦʡ ʢʦʨʳ ʵʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ 

c) ʧʨʦʮʝʥʪʘ ʘʪʦʤʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʠʭ ʦʙʱʝʤʫ 
ʯʠʩʣʫ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

d) ʦʙʲʝʤʘ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʦʙʱʝʤʫ ʦʙʲʝʤʫ 

ʟʝʤʥʦʡ ʢʦʨʳ 

7) ʂʘʢʦʡ ʵʣʝʤʝʥʪ ʥʘʠʙʦʣʝʝ ʪʘʣʣʘʩʦʬʠʣʝʥ: 

a) ʥʘʪʨʠʡ  
b) ʢʘʣʠʡ 

c) ʭʣʦʨ 

d) ʢʠʩʣʦʨʦʜ 

8) ʂʣʘʨʢ ʢʘʢʦʛʦ ʵʣʝʤʝʥʪʘ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʛʠʜʨʦʩʬʝʨʝ: 

a) ʚʦʜʦʨʦʜ  
b) ʢʠʩʣʦʨʦʜ 
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c) ʭʣʦʨ 

d) ʥʘʪʨʠʡ 

9) ɹʠʦʬʠʣʴʥʦʩʪʴ ï ʵʪʦ ʦʪʥʦʰʝʥʠʝ: 

a) ʤʘʩʩʳ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʦʙʱʝʡ ʤʘʩʩʝ ʟʝʤʥʦʡ 
ʢʦʨʳ 

 

b) ʤʝʩʪʥʦʛʦ ʢʣʘʨʢʘ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʢʣʘʨʢʫ 

ʟʝʤʥʦʡ ʢʦʨʳ ʵʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ 

c) ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʚʦʤ 
ʚʝʱʝʩʪʚʝ ʢ ʠʭ ʢʣʘʨʢʫ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

d) ʦʙʲʝʤʘ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʢ 
ʦʙʱʝʤʫ ʦʙʲʝʤʫ ʟʝʤʥʦʡ ʢʦʨʳ 

10) ʅʘʠʙʦʣʴʰʘʷ ʙʠʦʬʠʣʴʥʦʩʪʴ ʫ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 

a) K, Na, Ca, Cl  
b) He, Ne, Ar 

c) ʆ, ʅ, ʉ, N 

d) Fe, Al, Ni 

11) ʂʦʵʬʬʠʮʠʝʥʪ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ - ʵʪʦʦʪʥʦʰʝʥʠʝ: 

a) ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʚʦʤ 
ʚʝʱʝʩʪʚʝ ʢ ʠʭ ʢʣʘʨʢʫ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

 

b) ʦʙʲʝʤʘ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʢ 
ʦʙʱʝʤʫ ʦʙʲʝʤʫ ʟʝʤʥʦʡ ʢʦʨʳ 

c) ʧʨʦʮʝʥʪʘ ʘʪʦʤʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʠʭ ʦʙʱʝʤʫ 
ʯʠʩʣʫ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

d) ʩʦʜʝʨʞʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʟʦʣʝ ʞʠʚʦʛʦ 
ʦʨʛʘʥʠʟʤʘ, ʢ ʩʦʜʝʨʞʘʥʠʶ ʵʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʝ 

12) ʂʘʢʠʝ ʠʟ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʠʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʤʠʛʨʠʨʫʶʪ ʠʟ ʘʪʤʦʩʬʝʨʳ ʚ 

ʢʦʩʤʦʩ: 

a) ʆ ʠ ʅ  
b) He ʠ ʅ 

c) K ʠ Na 

d) Fe ʠ Al 
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ɹʦʨʦʜʠʥ ɸ.ʃ. 

ɻʝʦʭʠʤʠʷ ʠ ʛʝʦʬʠʟʠʢʘ ʙʠʦʩʬʝʨʳ 

ʋʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ  
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ʇʦʜʧʠʩʘʥʦ ʢ ʧʝʯʘʪʠ: 

ʊʠʨʘʞ: 

ɿʘʢʘʟ ˉ: 





 

 2 

ʋɼʂ   639.3 

 

É ɹʦʨʦʜʠʥ ɸ.ʃ. ɻʝʦʭʠʤʠʷ ʠ ʛʝʦʬʠʟʠʢʘ ʙʠʦʩʬʝʨʳ: ʋʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ  

ʧʦʩʦʙʠʝ. ʄʦʜʫʣʴ 3. / ʉʝʨ. ʉʠʩʪʝʤʘ ʚʫʟʦʚʩʢʦʡ ʫʯʝʙʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ïʄ.: 

ʄɻʋʊʋ, 2009. -72ʩ. ʀʟʜ. 2-ʝ, ʜʦʧʦʣʥʝʥ. 

 

ʆʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʘ, ʢʦMnʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ ʠ ʚʝʨʩʪʢʘ: ɻʦʨʙʫʥʦʚ ɸ.ɺ. 

 

ʈʘʩʩʤʦʪʨʝʥʦ ʥʘ ʟʘʩʝʜʘʥʠʠ ʢʘʬʝʜʨʳ çɹʠʦʵʢʦʣʦʛʠʠ ʠ ʠʭʪʠʦʣʦʛʠʠè ʄɻʋʊʋ 

ʧʨʦʪʦʢʦʣ ˉ7 ʦʪ 19.04.2009ʛ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʫʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʦʩʦʙʠʷ. 
 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʀʥʩʪʠʪʫʪʦʤ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʈɸʆ. 

 

ʆʙʫʯʝʥʠʝ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ʩʪʨʦʠʪʩʷ ʧʦ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʡ ʩʠʩʪʝʤʝ. ʇʦʜ 

ʫʯʝʙʥʳʤ ʤʦʜʫʣʝʤ ʧʦʥʠʤʘʝʪʩʷ ʮʝʣʦʩʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ 

ʦʙʲʝʜʠʥʝʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ, ʠʩʧʦʣʥʠʪʝʣʴʩʢʘʷ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʘʷ ʯʘʩʪʠ.  

ʉʫʱʥʦʩʪʴ ʤʦʜʫʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ 

ʦʩʚʦʝʥʠʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʠ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʦʡ. 
 

ʋʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʩʝʭ ʬʦʨʤ ʠ ʚʠʜʦʚ 

ʦʙʫʯʝʥʠʷ, ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ  020803 - ɹʠʦʵʢʦʣʦʛʠʷ  
 

 

ɸʚʪʦʨ (ʩʦʩʪʘʚʠʪʝʣʴ): ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨ ɹʦʨʦʜʠʥ ɸ.ʃ. 

 

 

ʈʝʮʝʥʟʝʥʪʳ:   

ʜ.ʙ.ʥ., ʧʨʦʬ.  ɸʤʙʨʦʩʠʤʦʚʘ ʅ.ɸ. (ɸʟʅʀʀʈʍ) 

ʜ.ʙ.ʥ.,  ʟʘʚ. ʩʝʢʪʦʨʦʤ ʄʠʢʦʜʠʥʘ ɽ.ɺ. (ɺʅʀʈʆ) 

 

 

ʈʝʜʘʢʪʦʨ:  ʂʦʥʦʚʘʣʦʚʘ ʃ.ʌ. 
 

 

 

 

É ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ, 2009. 

109004, ʄʦʩʢʚʘ, ɿʝʤʣʷʥʦʡ ʚʘʣ, 73. 

ʢʘʬʝʜʨʘ "ɹʠʦʵʢʦʣʦʛʠʠ ʠ ʀʭʪʠʦʣʦʛʠʠ", 2009. 

117452, ʄʦʩʢʚʘ, ʫʣ. ɹʦʣʦʪʥʠʢʦʚʩʢʘʷ, 15.  ʪʝʣ: (499) 317-2936, 317-2927 



 

 3 

ʇʋʊɽɺʆɼʀʊɽʃʔ ʇʆ ʄʆɼʋʃʔʅʆʁ ʉʊʈʋʂʊʋʈɽ ɼʀʉʎʀʇʃʀʅʓ 

 

ɻɽʆʍʀʄʀʗ ʀ ɻɽʆʌʀɿʀʂɸ ɹʀʆʉʌɽʈʓ 

 ɼʠʩʮʠʧʣʠʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ  ʨʷʜ ʤʦʜʫʣʝʡ, ʧʦʜʣʝʞʘʱʠʭ ʦʩʚʦʝʥʠʶ. 

ʇʝʨʝʯʝʥʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʫʣʝʡ ʧʦʢʘʟʘʥʘ ʥʠʞʝ:  
 

 

 

 

ʄʝʪʦʜʠʢʘ ʤʦʜʫʣʴʥʦ-ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. ʇʫʪʝʚʦʜʠʪʝʣʴ ʧʦ ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʜʠʩʮʠʧʣʠʥʳ. ʈʘʙʦʯʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʦ ʦʩʚʦʝʥʠʶ ʜʠʩʮʠʧʣʠʥʳ. ʈʫʙʝʞʥʳʡ ʢʦʥʪʨʦʣʴ: ʈʂ 1 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʥʘʧʠʩʘʥʠʶ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ; ʈʂ 2 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʥʘʧʠʩʘʥʠʶ ʢʫʨʩʦʚʦʡ ʨʘʙʦʪʳ. ʃʘʙʦʨʘʪʦʨʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ. ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʣʠʪʝʨʘʪʫʨʘ. ʆʙʦʙʱʘʶʱʠʡ (ʠʪʦʛʦʚʳʡ) 

ʢʦʥʪʨʦʣʴ 

ʋʯ-ʄʇ 

ʇʨʝʜʤʝʪ, ʠʩʪʦʨʠʷ ʠ ʟʘʜʘʯʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʠ 

ʩʦʩʪʘʚʝ ɿʝʤʣʠ. ɺʚʦʜʥʳʝ ʧʦʣʦʞʝʥʠʷ. ʗʜʨʦ ʠ ʤʘʥʪʠʷ. ɿʝʤʥʘʷ ʢʦʨʘ. 

ʆʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ (ʩʪʨʦʝʥʠʝ, ʨʝʣʴʝʬ). ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʢʦʨʳ. ʂʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ (ʩʪʨʦʝʥʠʝ, ʨʝʣʴʝʬ). ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ɿʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʂʣʘʨʢʠ ʠ ʬʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʂʣʘʨʢʠ ʟʝʤʥʦʡ ʢʦʨʳ (ʣʠʪʦʩʬʝʨʳ). ʄʝʩʪʥʳʝ 

ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ. ʂʣʘʨʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʯʚ, 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ, ʚʦʜ. ʀʭ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʤʳ. 

ʇʨʠʨʦʜʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʚʝʯʘʶʱʠʝ ʨʘʡʦʥʘʤ ʠ ʫʟʣʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺʪʦʨʠʯʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ. 

ʋʯ-ʇʇ 

ʄʦʜʫʣʴ 1 

ʄʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʤʠʛʨʘʮʠʠ. ɺʠʜʳ ʠ 

ʪʠʧʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺʠʜʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʊʠʧʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ 

ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ɺʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ. 

ɺʥʝʰʥʠʝ ʬʘʢʪʦʨʳ. ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. 

ʆʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʠʛʨʘʮʠʠ. ʇʝʨʝʥʦʩ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ. ɸʵʨʦʟʦʣʴʥʳʡ 

ʧʝʨʝʥʦʩ. ɼʠʬʬʫʟʠʷ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. 

ɺʝʜʫʱʠʝ ʵʣʝʤʝʥʪʳ. ɺʪʦʨʦʝ ʧʨʘʚʠʣʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ. ʆʙ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʵʚʦʣʶʮʠʠ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ 

ʙʘʨʴʝʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʙʘʨʴʝʨʳ. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʙʘʨʴʝʨʘʭ. ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʃʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʄʝʪʦʜʳ ʛʝʦʬʠʟʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʥʫʪʨʝʥʥʝʤ ʩʪʨʦʝʥʠʠ ʟʝʤʣʠ, ʦ ʝʝ ʩʚʦʡʩʪʚʘʭ ʠ ʦ ʬʘʟʦʚʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚʝʱʝʩʪʚʘ. ʉʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʡ ʤʝʪʦʜ. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

ɻʝʦʤʘʛʥʠʪʥʳʡ ʤʝʪʦʜ. ɻʝʦʪʝʨʤʠʷ. ʊʝʦʨʠʷ ʨʝʰʝʪʦʯʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʈʘʜʠʘʮʠʦʥʥʳʡ ʠ ʵʢʩʠʪʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ. ɻʠʧʦʪʝʟʳ, 

ʦʙʲʷʩʥʷʶʱʠʝ ʧʨʠʨʦʜʫ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ. ʌʝʨʨʦʤʘʛʥʠʪʥʘʷ ʛʠʧʦʪʝʟʘ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʛʠʧʦʪʝʟʳ. ɻʠʧʦʪʝʟʘ ʜʠʥʘʤʦ. 

ʋʯ-ʇʇ 
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 4 

 

 

 

ɻʜʝ:  ʋʯ-MN ï ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ; 

 ʋʯ-ʇʇ ï ʫʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ. 

 ɺʘʰʝ ʪʝʢʫʱʝʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʟʘʪʝʥʝʥʦ ʩʝʨʳʤ ʮʚʝʪʦʤ. 

 

 

ʕʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ. ʆʙʱʠʝ 

ʩʚʝʜʝʥʠʷ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ. ʃʘʥʜʰʘʬʪʳ ʩʫʰʠ. 

ʋʨʦʚʥʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (1-8). ɺʦʜʥʳʝ ʣʘʥʜʰʘʬʪʳ. ʋʨʦʚʥʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

(1-6). ɿʘʢʦʥʳ ʧʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ ʠ ʨʘʟʚʠʪʠʷ ʚ 

ʥʠʭ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ɻʝʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. ʇʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ. ʉʚʷʟʴ ʤʝʞʜʫ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʨʝʜʝʣʘʭ ʣʘʥʜʰʘʬʪʘ. ʃʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʘʭ. ʕʥʝʨʛʝʪʠʢʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: 

ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʨʘʜʠʦʛʝʥʥʦʡ, ʛʨʘʚʠʛʝʥʥʦʡ ʠ ʜʨ. ɺʠʜʦʚ ʵʥʝʨʛʠʠ ʚ ʦʙʱʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ. 

ʋʯ-ʇʇ 
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ʇʨʠʥʮʠʧʳ ʢʦʤʧʣʝʢʩʥʦʡ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʙʠʦʩʬʝʨʝ. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʬʝʨʳ. 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʮʝʥʢʝ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʮʝʥʢʝ ʙʠʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʝʸ ʠʟʤʝʥʝʥʠʡ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʠ 

ʝʸ ʠʟʤʝʥʝʥʠʡ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʝʝ ʠʟʤʝʥʝʥʠʡ. 

ʇʨʠʥʮʠʧʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠ ʚʚʝʜʝʥʠʝ ʥʦʚʳʭ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʩʦʙʩʪʚʝʥʥʦ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ. ʕʢʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʝʨʤʠʥʳ ʠ 

ʧʦʥʷʪʠʷ. ʇʦʥʷʪʠʷ ʦ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ ʠ ʙʘʨʴʝʨʘʭ. ʇʦʥʷʪʠʝ ʦ 

ʥʦʦʩʬʝʨʝ ʠ ʪʝʭʥʦʛʝʥʝʟʝ. 

ʋʯ-ʇʇ 
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ɺʳʜʝʨʞʢʘ ʠʟ ʤʝʪʦʜʠʢʠ ʤʦʜʫʣʴʥʦ-ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ ʟʥʘʥʠʡ 

 

ʄʠʥʠʤʘʣʴʥʘʷ ʩʫʤʤʘ ʙʘʣʣʦʚ ʧʦ ʚʩʝʤ ʤʦʜʫʣʷʤ ʜʠʩʮʠʧʣʠʥʳ (ʙʝʟ ʠʪʦʛʦʚʦʛʦ 

ʢʦʥʪʨʦʣʷ) ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʝʪ 60 ʙʘʣʣʦʚ. 

ɽʩʣʠ ʩʪʫʜʝʥʪ ʥʝ ʥʘʙʨʘʣ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʘʣʣʦʚ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ 

ʤʦʜʫʣʶ ʜʠʩʮʠʧʣʠʥʳ (ʤʦʜʫʣʴ ʧʨʠʟʥʘʥ ʥʝ ʠʟʫʯʝʥʥʳʤ), ʪʦ ʦʥ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʢ 

ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʝ ʟʥʘʥʠʡ (ʵʢʟʘʤʝʥʫ ʠʣʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤʫ ʟʘʯʝʪʫ).  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʫʜʝʥʪʫ ʥʘʟʥʘʯʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʝʥʴ, ʢʦʛʜʘ ʦʥ 

ʩʤʦʞʝʪ ʫʩʪʥʦ ʠʣʠ ʧʠʩʴʤʝʥʥʦ ʩʜʘʪʴ ʚʝʜʫʱʝʤʫ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʦʪʜʝʣʴʥʳʝ ʪʝʤʳ 

ʤʦʜʫʣʷ ʠʣʠ ʧʨʦʡʪʠ ʧʦʚʪʦʨʥʦ ʨʫʙʝʞʥʳʡ ʢʦʥʪʨʦʣʴ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʩʪʫʜʝʥʪʫ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ. 

ɽʩʣʠ ʥʘʙʨʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ ʧʦ ʤʦʜʫʣʶ ʙʫʜʝʪ ʩʥʦʚʘ ʤʝʥʴʰʝ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ, ʪʦ ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ʦʮʝʥʢʫ 

çʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ʠ ʦʪʯʠʩʣʷʝʪʩʷ ʟʘ ʥʝʫʩʧʝʚʘʝʤʦʩʪʴ.  

ɽʩʣʠ ʙʘʣʣʦʚ ʥʘʙʨʘʥʦ ʜʦʩʪʘʪʦʯʥʦ, ʪʦ ʤʦʜʫʣʴ ʧʨʠʟʥʘʝʪʩʷ ʠʟʫʯʝʥʥʳʤ ʠ 

ʩʪʫʜʝʥʪ ʜʦʧʫʩʢʘʝʪʩʷ ʢ ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʝ ʟʥʘʥʠʡ. 

ʉʪʫʜʝʥʪ, ʥʝ ʩʜʘʚʘʚʰʠʡ ʚʦʚʨʝʤʷ ʪʝʢʫʱʠʡ ʢʦʥʪʨʦʣʴ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʫʚʘʞʠʪʝʣʴʥʳʭ ʧʨʠʯʠʥ), ʧʦʣʫʯʘʝʪ 0 ʙʘʣʣʦʚ.  

ʇʦ ʫʩʤʦʪʨʝʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʝʤʫ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥ ʥʦʚʳʡ ʩʨʦʢ (ʚ 

ʪʝʯʝʥʠʝ ʜʦ ʜʚʫʭ ʥʝʜʝʣʴ) ʩ ʚʳʩʪʘʚʣʝʥʠʝʤ ʨʝʡʪʠʥʛʘ ʩ ʧʦʥʠʞʘʶʱʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʦʢʘ ʩʜʘʯʠ ʦʪ ʥʘʟʥʘʯʝʥʥʦʡ ʜʘʪʳ. 

ʉʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ "ʟʘʯʝʪ", ʝʩʣʠ ʦʥ ʥʘʙʨʘʣ ʥʝ ʤʝʥʝʝ 60 

ʙʘʣʣʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʢʫʱʝʛʦ ʠ ʨʫʙʝʞʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʇʦʩʣʝ ʯʝʛʦ ʦʥ 

ʜʦʧʫʩʢʘʝʪʩʷ ʢ ʠʪʦʛʦʚʦʤʫ ʢʦʥʪʨʦʣʶ (ʵʢʟʘʤʝʥ ʠʣʠ ʟʘʯʝʪ). 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ 

ʜʠʩʮʠʧʣʠʥʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʟ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʠ ʚʳʧʦʣʥʝʥʠʝʤ ʚʩʝʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʫʯʝʙʥʳʤ ʛʨʘʬʠʢʦʤ, ʜʘʥʥʘʷ ʜʠʩʮʠʧʣʠʥʘ 

ʩʯʠʪʘʝʪʩʷ ʦʩʚʦʝʥʥʦʡ. 
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ʂʈɸʊʂʀʁ ʉʃʆɺɸʈʔ ʆʉʅʆɺʅʓʍ ʇʆʅʗʊʀʁ ʀ 
ʊɽʈʄʀʅʆɺ 

 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ ð ʵʪʦ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʟʘʢʦʥʦʤʝʨʥʦ 

ʩʦʯʝʪʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʤʠʛʨʘʮʠʝʡ 

ʵʣʝʤʝʥʪʦʚ; ʜʝʣʷʪʩʷ ʥʘ ʣʘʥʜʰʘʬʪʳ ʩʫʰʠ ʠ ʘʢʚʘʣʲʥʳʝ (ʚʦʜʥʳʝ). ʇʦʩʣʝʜʥʠʝ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʣʘʥʜʰʘʬʪʳ ʆʢʝʘʥʘ (ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ) ʠ 

ʘʢʚʘʣʴʥʳʝ ʣʘʥʜʰʘʬʪʳ ʢʦʥʪʠʥʝʥʪʦʚ (ʨʝʢ, ʚʦʜʦʭʨʘʥʠʣʠʱ, ʦʟʝʨ ʠ ʪ.ʜ.). 

ʄʝʞʙʘʨʴʝʨʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ - ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʝʜʠʥʳʤ 

ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʦʜʠʥʘʢʦʚʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ ʧʦ ʭʦʜʫ ʤʠʛʨʘʮʠʠ. ɹʘʨʴʝʨʳ ʤʦʛʫʪ 

ʙʳʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ (ʦʜʥʦʛʦ ʢʣʘʩʩʘ), ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ. 

ɸʙʠʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ - ʦʪʣʠʯʘʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ (ʯʘʩʪʦ ʪʦʣʴʢʦ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʧʦʩʦʙʥʦʛʦ 

ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʤ ʦʪʩʫʪʩʪʚʠʝʤ ʙʠʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʠʭ (ʵʣʝʤʝʥʪʦʚ) ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ (ɹʀʂ). 

ɹʠʦʛʝʥʥʳʝ (ʧʨʠʨʦʜʥʳʝ) ʣʘʥʜʰʘʬʪʳ - ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʵʣʝʤʝʥʪʦʚ, ʘ ʚʝʜʫʱʠʤ ʚʠʜʦʤ ʠʭ 

ʤʠʛʨʘʮʠʠ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʙʠʦʛʝʥʥʳʡ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ 

ʤʠʛʨʘʮʠʠ ʚ ʵʪʠʭ ʣʘʥʜʰʘʬʪʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʛʨʘʶʪ ʚʪʦʨʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ. 

ʊʝʭʥʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ - ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ 

ʵʣʝʤʝʥʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʥʘʨʫʰʝʥ, ʘ ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʠʜʦʤ ʤʠʛʨʘʮʠʠ 

ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʛʝʥʥʘʷ (ʩʦʮʠʘʣʴʥʘʷ), ʘʥʘʣʦʛʦʚ ʢʦʪʦʨʦʡ (ʧʦ ʢʦMnʣʝʢʩʫ 

ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ, ʩʚʦʡʩʪʚʘʤ ʠʭ ʪʝʭʥʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʜʘʣʴʥʦʩʪʠ ʤʠʛʨʘʮʠʠ) ʚ ʧʨʠʨʦʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ - r ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʪʝʨʨʠʪʦʨʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʟʘ ʧʨʝʜʝʣʘʤʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʟʘʥʷʪʳʝ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ; 

ʘʚʪʦʟʘʧʨʘʚʦʯʥʳʤʠ ʩʪʘʥʮʠʷʤʠ; ʢʘʨʴʝʨʘʤʠ ʠ ʰʘʭʪʘʤʠ ʩ ʧʦʩʪʨʦʡʢʘʤʠ, 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʫʯʘʩʪʢʘʤʠ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʛʘʟʘ, ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ; ʘʵʨʦʧʦʨʪʘʤʠ ʠ ʘʵʨʦʜʨʦʤʘʤʠ, ʘ ʪʘʢʞʝ ʦʪʚʘʣʘʤʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʫ ʰʘʭʪ, 

ʢʘʨʴʝʨʦʚ ʠ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ. 

ʅʝʡʪʨʘʣʴʥʳʡ ʩʣʦʡ - ʧʦʜʦʰʚʘ ʩʣʦʷ ʩʝʟʦʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ɻʝʣʠʦʪʝʨʤʦʟʦʥʘ - ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʩʣʦʡ, ʛʜʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. 
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ʊɽʄɸ 1: ʕʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 
ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʤʘʩʰʪʘʙʘ ʵʣʝʤʝʥʪʘʨʥʳʝ 

ʣʘʥʜʰʘʬʪʳ ʤʦʞʥʦ ʦʙʲʝʜʠʥʷʪʴ ʧʦ ʢʘʢʠʤ-ʣʠʙʦ, ʦʙʳʯʥʦ ʦʩʥʦʚʥʳʤ, ʧʨʠʟʥʘʢʘʤ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ ð ʵʪʦ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦ ʩʦʯʝʪʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʤʠʛʨʘʮʠʝʡ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʢʘʞʜʫʶ ʪʘʢʫʶ ʘʩʩʦʮʠʘʮʠʶ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʦ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʘʨʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʇʨʠ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʨʘʙʦʪʘʭ ʵʪʠ ʘʩʩʦʮʠʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʥʝʩʢʦʣʴʢʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʫʞʝ 

ʩ ʦʙʲʝʜʠʥʝʥʠʝʤ ʧʦʜʦʙʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢ, ʥʘ ɿʘʧʘʜʥʦʤ ʂʘʚʢʘʟʝ ʧʨʠ 

ʨʘʙʦʪʘʭ ʚ ʤʘʩʰʪʘʙʝ 1:500 000 ʙʳʣʦ ʚʳʷʚʣʝʥʦ 2 ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʘ, ʚ 

ʤʘʩʰʪʘʙʝ 1:200 000 ð 6, ʘ ʧʨʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʚ ʤʘʩʰʪʘʙʝ 1:100 000 ð 10. 

ʕʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʨʠʩ. 5.1. 

ʇʨʠ ʩʲʝʤʢʝ ʚ ʤʘʩʰʪʘʙʝ 1:500 000 (ʈʠʩ. 1, ʘ) ʥʘ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʪʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (ʫʯʘʩʪʦʢ ʦʙʚʝʜʝʥ ʜʚʦʡʥʳʤʠ ʣʠʥʠʷʤʠ) ʙʳʣʦ 

ʚʳʜʝʣʝʥʦ 2 ʙʠʦʛʝʥʥʳʭ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʭ ʣʝʩʥʳʭ ʣʘʥʜʰʘʬʪʘ ʩ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʳʤ ʢʣʘʩʩʦʤ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ (ʣʘʥʜʰʘʬʪ ˉ 7) ʠ ʩ 

ʢʠʩʣʳʤ, ʧʝʨʝʭʦʜʥʳʤ ʢ ʢʘʣʴʮʠʝʚʦʤʫ ʢʣʘʩʩʫ (ˉ 10). 

ʇʨʠ ʩʲʝʤʢʝ ʚ ʤʘʩʰʪʘʙʝ 1:200 000 (ʈʠʩ. 1, ʙ) ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ 

ʦʪʨʘʞʝʥʠʷ ʨʝʣʴʝʬʘ ʥʘ ʪʦʡ ʞʝ ʪʝʨʨʠʪʦʨʠʠ ʚʳʜʝʣʠʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʣʘʥʜʰʘʬʪʳ: 

ʵʣʶʚʠʘʣʴʥʳʝ (ˉ 8, 9), ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʝ (ˉ 3, 6), ʪʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʝ (ˉ 4, 

7). ʇʦʯʚʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʣʘʩʩʘʤʠ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʧʨʠ ʜʝʪʘʣʠʟʘʮʠʠ ʩʪʘʣʠ 

ʠʤʝʪʴ ʤʦʟʘʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. 

ʉʲʝʤʢʘ ʚ ʤʘʩʰʪʘʙʝ 1:100 000 (ʈʠʩ. 1, ʚ) ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʝʪʘʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʣʷʝʪʩʷ 

ʪʨʘʥʩʩʫʧʝʨʘʢʚʘʣʴʥʳʡ ʣʘʥʜʰʘʬʪ (ˉ 1). ʉʨʝʜʠ ʣʝʩʦʚ ʚʳʜʝʣʠʣʠʩʴ ʣʘʥʜʰʘʬʪʳ 

ʨʝʜʢʦʣʝʩʠʡ (ˉ 6, 7), ʣʫʛʦʚ (ˉ 8, 9) ʠ ʛʦʨʥʳʭ ʩʪʝʧʝʡ (ˉ 10). ʋʚʝʣʠʯʠʣʘʩʴ 

ʤʦʟʘʠʯʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʣʘʥʜʰʘʬʪʦʚ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʜʠʥʝʥʠʷ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʣʘʥʜʰʘʬʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʝ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʨʘʙʦʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ 

ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʦʠʩʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ɺʩʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ ʜʝʣʷʪʩʷ ʥʘ ʣʘʥʜʰʘʬʪʳ ʩʫʰʠ ʠ ʘʢʚʘʣʲʥʳʝ 

(ʚʦʜʥʳʝ). ʇʦʩʣʝʜʥʠʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʣʘʥʜʰʘʬʪʳ ʆʢʝʘʥʘ 
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(ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ) ʠ ʘʢʚʘʣʴʥʳʝ ʣʘʥʜʰʘʬʪʳ ʢʦʥʪʠʥʝʥʪʦʚ (ʨʝʢ, ʚʦʜʦʭʨʘʥʠʣʠʱ, 

ʦʟʝʨ ʠ ʪ.ʜ.). 

 
ʈʠʩ. 1 ʌʨʘʛʤʝʥʪʳ ʢʘʨʪ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ (ʧʦ ʜʘʥʥʳʤ ɺ.ɸ. 

ɸʣʝʢʩʝʝʥʢʦ ʠ ʀ.ʖ. ʄʘʪʘʩʦʚʦʡ): ʘ - 1:500 000, ʙ - 1:200 000, ʚ - 1:100 000  

 

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʠʩʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʙʳʩʪʨʝʡʰʝʛʦ ʚʳʷʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ 1982 ʛ. ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʚʳʜʝʣʷʪʴ ʤʝʞʙʘʨʴʝʨʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ. 

 ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʝʜʠʥʳʤ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʠ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʝʞʜʫ ʜʚʫʤʷ ʦʜʠʥʘʢʦʚʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ ʧʦ ʭʦʜʫ 

ʤʠʛʨʘʮʠʠ. ɹʘʨʴʝʨʳ ʤʦʛʫʪ ʙʳʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ (ʦʜʥʦʛʦ ʢʣʘʩʩʘ), 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ. 

ʂʘʢ ʧʨʠʤʝʨ, ʨʘʩʩʤʦʪʨʠʤ ʤʝʞʙʘʨʴʝʨʥʳʝ ʣʘʥʜʰʘʬʪʳ ʦʜʥʦʡ ʠʟ ʨʝʢ. ʀʭ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʦʩʥʦʚʥʳʤ ʚʠʜʦʤ ʤʠʛʨʘʮʠʠ, ʥʦ 

ʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʬʦʨʤʦʡ ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ 

ʤʠʛʨʘʮʠʦʥʥʦʤ ʧʦʪʦʢʝ ʠ ʦʩʘʞʜʘʶʱʠʭʩʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʙʘʨʴʝʨʘʭ. ɽʩʣʠ ʥʘʩ 
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ʠʥʪʝʨʝʩʫʶʪ ʧʦʣʣʶʪʘʥʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ ʠ ʦʩʘʞʜʘʶʱʠʝʩʷ 

ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ, ʪʦ ʤʝʞʙʘʨʴʝʨʥʳʝ ʣʘʥʜʰʘʬʪʳ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʷʪʴ 

ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʙʘʨʴʝʨʘʤʠ.  

ɼʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʦʧʨʦʙʦʚʘʥʠʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʣʴʢʦ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ. 

ɽʩʣʠ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʣʶʪʘʥʪʦʚ ʦʙʥʘʨʫʞʝʥʳ ʣʠʰʴ ʥʘ ʙʘʨʴʝʨʝ 

ʄ3, ʪʦ ʠʩʪʦʯʥʠʢ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʨʝʯʢʫ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʣʘʥʜʰʘʬʪʘ, 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʙʘʨʴʝʨʘʤʠ ʄ2 ʠ ʄ3 (ʈʠʩ. 2). 

 
ʈʠʩ. 2 ʄʝʞʙʘʨʴʝʨʥʳʝ ʣʘʥʜʰʘʬʪʳ ʚ ʨʝʢʝ:  

1 ð ʨʝʢʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʝʝ ʪʝʯʝʥʠʷ; ʙʘʨʴʝʨʳ: 2ð ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʠʨʦʜʥʳʡ, 3 ð 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʪʝʭʥʦʛʝʥʥʳʡ (ʧʣʦʪʠʥʘ), 4 ð ʩʝʨʦʚʦʜʦʨʦʜʥʳʡ; 5 ð ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ 

 

ɽʩʣʠ ʧʦʣʣʶʪʘʥʪʳ (ʥʘʧʨʠʤʝʨ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ) ʤʠʛʨʠʨʫʶʪ ʚ ʬʦʨʤʝ 

ʨʘʩʪʚʦʨʦʚ ʠ ʦʩʘʞʜʘʶʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ H2S, ʦʧʨʦʙʦʚʘʥʠʝ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʥʘ ʩʝʨʦʚʦʜʦʨʦʜʥʳʭ ʙʘʨʴʝʨʘʭ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʪʦʣʴʢʦ ʥʘ ʚʪʦʨʦʤ 

ʩʝʨʦʚʦʜʦʨʦʜʥʦʤ ʙʘʨʴʝʨʝ (ɺ2), ʠʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʣʘʥʜʰʘʬʪʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʙʘʨʴʝʨʘʤʠ ɺ, ʠ ɺ2 (ʈʠʩ. 2). 

ʆʯʝʥʴ ʯʘʩʪʦ ʧʦʣʣʶʪʘʥʪʳ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʝʨʨʠʪʦʨʠʠ ʤʠʛʨʠʨʫʶʪ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʭʦʜʠʪʩʷ ʚʳʜʝʣʷʪʴ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʤʝʞʙʘʨʴʝʨʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʏʘʩʪʠʯʥʦ ʦʥʠ 

ʤʦʛʫʪ ʚʟʘʠʤʥʦ ʧʝʨʝʢʨʳʚʘʪʴ ʜʨʫʛ ʜʨʫʛʘ (ʠʤʝʥʥʦ ʪʘʢʦʡ ʩʣʫʯʘʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʈʠʩ. 2). 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ (ʩʫʰʠ, ʘʢʚʘʣʴʥʳʝ, 

ʤʝʞʙʘʨʴʝʨʥʳʝ) ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʨʠʨʦʜʥʳʝ (ʙʠʦʛʝʥʥʳʝ ʠ ʘʙʠʦʛʝʥʥʳʝ) ʠ 

ʪʝʭʥʦʛʝʥʥʳʝ. ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʣʘʥʜʰʘʬʪʦʚ ʧʨʠʥʷʪʦ ʚ ʨʷʜʝ ʦʩʥʦʚʥʳʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ. 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ 

 

ʃʘʥʜʰʘʬʪʳ ʩʫʰʠ 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʘʥʜʰʘʬʪʦʚ ʩʦʩʪʘʚʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʠʟʫʯʝʥʠʷ ʤʝʥʷʶʱʠʭʩʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʧʦʣʫʯʠʚʰʠʭ ʚ 
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ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʟʚʘʥʠʝ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ, ʄ.ɸ. 

ɻʣʘʟʦʚʩʢʦʡ, ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ. ʂʘʞʜʘʷ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʩʚʦʠ 

ʥʝʜʦʩʪʘʪʢʠ. ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʘʚʪʦʨʦʤ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʨʷʜʝ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ (ʊʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1 

ʉʭʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʩʫʰʠ (ʧʦ ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ) 

ʂʣʘʩ

ʩʠʬʠ

ʢʘ-

ʮʠʦʥ-

ʥʳʝ 

ʫʨʦʚ-

ʥʠ 

ɺʝʜʫʱʠʝ ʧʨʠʟʥʘʢʠ 

ʦʙʲʝʜʠʥʝʥʠʷ  ʛʝʦʭʠ-

ʤʠʯʝʩʢʠʭ  

ʣʘʥʜʰʘʬʪʦʚ ʥʘ 

ʜʘʥʥʦʤ ʫʨʦʚʥʝ 

ʃʘʥʜʰʘʬʪʳ, ʦʙʲʝʜʠʥʷʝʤʳʝ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ 

I 
ʇʨʝʦʙʣʘʜʘʥʠʝ ʚʝʜʫ-
ʱʝʛʦ ʚʠʜʘ ʤʠʛʨʘʮʠʠ 

ɹʠʦʛʝʥʥʳʝ ʊʝʭʥʦʛʝʥʥʳʝ 
ɸʙʠʦʛʝʥʥʳ

ʝ 

II 

ʆʩʦʙʝʥʥʦʩʪʠ 

ʚʝʜʫʱʝʛʦ ʚʠʜʘ 

ʤʠʛʨʘʮʠʠ 

1. ʃʝʩʘ  

2. ʉʪʝʧʠ 

3. ʇʫʩ-
ʪʳʥʠ 

4. ʊʫʥʜʨʳ 

ʠ ʚʝʨʭʦ-
ʚʳʝ ʙʦ-

ʣʦʪʘ  

5. ʇʨʠ-
ʤʠʪʠʚʥʳʝ 

ʧʫʩʪʳʥʠ 

ʃʝʩʘ: 

ʃʠʩʪʚʝʥ-

ʥʳʝ 
ʩʤʝʰʘʥ-

ʥʳʝ  

ʭʚʦʡʥʳʝ 

ʃʝʩʘ 

ʣʠʩʪ-

ʚʝʥʥʳʝ 
ʜʫʙʦʚʦ

-ʛʨʘ-

ʙʦʚʳʝ 
ʦʣʴʭʦ-

ʚʳʝ  

ʪʦʧʦ-
ʣʝʚʳʝ 

ʠ ʪ.ʜ. 

1. ʇʨʦ-

ʤʳʰ- 

2. ʃʝʩʦ-
ʪʝʭʥʠ-

ʯʝʩʢʠʝ 

3. ʅʘʩʝ-
ʣʝʥʥʳʝ 

ʧʫʥʢʪʳ 

4. ɼʦ-
ʨʦʞʥʳʝ 

5. ɺʦʝʥ-

ʥʳʝ ʚʝ-
ʜʦʤʩʪʚʘ 

ʉʝʣʴ-

ʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥ-
ʥʳʝ:  

ʩ ʩʝʝʚʦ-

ʦʙʦʨʦʪʘʤʠ 
ʦʜʥʦ-

ʣʝʪʥʠʭ 

ʢʫʣʴʪʫʨ; 
ʩ ʩʝʝʚʦ-

ʦʙʦʨʦʪʘʤʠ 

ʤʥʦʛʦʣʝʪ-
ʥʠʭ ʢʫʣʴ-

ʪʫʨ;  

ʞʠʚʦʪʥʦ-
ʚʦʜʯʝʩʢʠʝ 

ʄʥʦʛʦʣʝʪ-

ʥʠʭ ʢʫʣʴ-

ʪʫʨ:  
Åʩʘʜʳ  

Å ʚʠʥʦ-

ʛʨʘʜʥʠʢʠ  
Å ʯʘʡʥʳʝ 

ʧʣʘʥʪʘʮʠʠ 

Å ʷʛʦʜʥʳʝ 
ʧʣʘʥʪʘʮʠʠ  

Å ʦʨʝʭʦʚʳʝ 

ʧʣʘʥʪʘʮʠʠ 

ʆʜʥʦ-

ʣʝʪʥʠʭ 

ʢʫʣʴʪʫʨ:  
Å ʤʝʣʠʦʨʠ-

ʨʫʝʤʳʝ 

Å ʥʝʤʝʣʠʦ-
ʨʠʨʫʝʤʳʝ 

ʄʝʣʠʦʨʠ-

ʨʫʝʤʳʝ: 

Å ʦʩʫʰʘʝʤʳʝ 
Å ʦʨʦʰʘʝʤʳʝ 

Å ʧʝʨʠʦʜʠ-

ʯʝʩʢʠ 
ʟʘʣʠʚʘʝʤʳʝ 

ʃʝʜʥʠʢʠ 

III 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʯʚ 

(ʯʘʩʪʠ ʣʘʥʜʰʘʬʪʘ ʩ 
ʥʘʠʙʦʣʴʰʠʤ 

ʥʘʧʨʷʞʝʥʠʝʤ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ} 

1. ʉ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʙ-

ʩʪʘʥʦʚʢʦʡ (ʩʚʦʙʦʜʥʳʤ 
02)  

2. ʉ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʛʣʝʝʚʦʡ ʦʙʩʪʘʥʦʚʢʦʡ (ʙʝʟ 
ʩʚʦʙʦʜʥʦʛʦ 02 ʠ ʅ5)  

3. ʉ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ 

ʦʙʩʪʘʥʦʚʢʦʡ 
 

1.ʉʠʣʴʥʦʢʠʩʣʳʝ 

(ʨʅ<3) 
2. ʂʠʩʣʳʝ ʠ ʩʣʘʙʦ-

ʢʠʩʣʳʝ (ʨʅ 3-6,5)  

3. ʅʝʡʪʨʘʣʴʥʳʝ ʠ ʩʣʘ-
ʙʦʱʝʣʦʯʥʳʝ (ʨʅ 6,5-

8,5)  

4. ʉʠʣʴʥʦʱʝʣʦʯʥʳʝ 
(ʨʅ>8,5) 

ʉ ʨʘʟʣʠʯʥʳʤ ʥʘʙʦ-

ʨʦʤ ʪʠʧʦʤʦʨʬʥʳʭ 
ʚʦʜʥʳʭ ʤʠʛʨʘʥʪʦʚ 

H*;AI*+;  

ft1*; ʉʘʘ+; Na+; 
K+; SO2"  ʜʨ. 

ʉ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘ-

ʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 
 

ɺʩʝʛʦ 21 ʢʣʘʩʩ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ (ʧʦ ɸ.ʀ.ʇʝʨʝʣʴʤʘʥʫ) 

IV 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʜ-

ʟʝʤʥʳʭ (ʛʨʫʥʪʦʚʳʭ) ʠ 
ʣʝʜʥʠʢʦʚʳʭ ʚʦʜ 

1. ʉ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚ-

ʢʦʡ (ʩʚʦʙʦʜʥʳʤ ʆ2)  
2. ʉ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʛʧʝʝʚʦʡ ʦʙʩʪʘʥʦʚʢʦʡ (ʙʝʟ 

ʩʚʦʙʦʜʥʦʛʦ ʆ ʠ HS)  
3. ʉ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʦʙ-

ʩʪʘʥʦʚʢʦʡ 

1. ʉʠʣʴʥʦʢʠʩʣʳʝ (ʨʅ<3)  

2. ʂʠʩʣʳʝ ʠ ʩʣʘʙʦʢʠʩʣʳʝ 
(ʨʅ 3-6,5)  

3. ʅʝʡʪʨʘʣʴʥʳʝ ʠ ʩʣʘ-

ʙʦʱʝʣʦʯʥʳʝ (ʨʅ 6,5-8,5)  
4. ʉʠʣʴʥʦʱʝʣʦʯʥʳʝ 

(ʨʅ>8,5) 

ʉ ʨʘʟʣʠʯʥʳʤ ʥʘʙʦʨʦʤ ʪʠʧʦʤʦʨʬʥʳʭ ʚʦʜ-

ʥʳʭ ʤʠʛʨʘʥʪʦʚ 

V 
ʆʩʦʙʝʥʥʦʩʪʠ ʚʦʟʜʫʰ-

ʥʦʡ ʤʠʛʨʘʮʠʠ 

ʇʦʜʚʝʨʞʝʥʳ ʚʦʟʜʫʰʥʦʡ ʵʨʦ-

ʟʠʠ 

ʅʝ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʫʰʥʦʡ 

ʵʨʦʟʠʠ 

ʉ ʩʦʚʨʝʤʝʥʥʳʤ ʦʪʣʦʞʝʥʠʝʤ ʵʦʣʦʚʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ 

VI 
ʆʪʥʦʰʝʥʠʝ ʢ ʤʥʦʛʦ-
ʣʝʪʥʝʡ ʤʝʨʟʣʦʪʝ 

ʉ ʦʪʩʫʪʩʪʚʠʝʤ 
ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʳ 

ʉ ʦʩʪʨʦʚʥʳʤ ʨʘʟʚʠ-
ʪʠʝʤ ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʳ 

ʉ ʨʘʟʚʠʪʠʝʤ ʧʨʝ-
ʨʳʚʠʩʪʦʡ ʤʥʦʛʦ-

ʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ 

ʠ ʉʦ ʩʧʣʦʰʥʳʤ ʨʘʟʚʠʪʠʝʤ ʤʥʦʛʦʣʝʪʥʝʡ 
ʤʝʨʟʣʦʪʳ 

VII 

ɻʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ 

1. ʈʘʚʥʠʥʥʳʝ ʦʙʣʘʩʪʠ 

2. ʅʠʟʢʦʛʦʨʴʝ ʠ 

ʩʨʝʜʥʝʛʦʨʴʝ  

3. ɺʳʩʦʢʦʛʦʨʥʳʝ 
ʦʙʣʘʩʪʠ 

ʈʘʚʥʠʥʥʳʝ ʦʙʣʘʩʪʠ:  

Å ʵʣʶʚʠʘʣʴʥʳʝ  

Å ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʝ  

Å ʪʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʝ  
Å ʪʨʘʥʩʩʫʧʝʨʘʢʚʘʣʴʥʳʝ 

ʕʣʶʚʠʘʣʴʥʳʝ:  

Å ʦʩʪʨʦʚʝʨʰʠʥʥʳʝ  

Å ʧʣʦʩʢʦʚʝʨʰʠʥʥʳʝ 

VIII 

ʆʩʦʙʝʥʥʦʩʪʠ 

ʧʦʩʪʦʷʥʥʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʠʩ-
ʪʦʯʥʠʢʘ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʫʧʘʶ-

ʱʠʭ ʚ ʣʘʥʜʰʘʬʪ 
(ʧʦʯʚʦ-ʧʦʜʩʪʠʣʘʶʱʠʝ 

ʧʦʨʦʜʳ) 

1 ʆʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ 

2. ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦ-

ʨʦʜʳ  
3. ʀʥʪʝʥʩʠʚʥʦ ʤʝʪʘ-

ʤʦʨʬʠʟʦʚʘʥʳʝ ʧʦ-

ʨʦʜʳ 

ʆʩʘʜʦʯʥʳʝ ʧʦ-

ʨʦʜʳ:  

Å ʢʘʨʙʦʥʘʪʥʳʝ 
Å ʪʝʨʨʠʛʝʥʥʳʝ 

Å ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨ-

ʨʠʛʝʥʥʳʝ 

ʂʘʨʙʦʥʘʪʥʳʝ 

ʧʦʨʦʜʳ: 

Å ɼʦʣʦʤʠʪʦʚʳʝ 
Å ʠʟʚʝʩʪʢʦʚʳʝ ʩ 

ʢʦʥʢʨʝʮʠʷʤʠ 

ʩʠʜʝʨʠʪʘ 

 ʀʟʚʝʩʪʢʦʚʳʝ ʧʦʨʦʜʳ:  

Å ʩʠʣʫʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʦʙʦʛʘʱʝʥʥʳʝ ʈʔ  

Å ʜʝʚʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʦʙʦʛʘʱʝʥʥʳʝ Mn, 
ʠ ʪ.ʜ. 

 

ʅʘ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʫʯʠʪʳʚʘʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʣʘʥʜʰʘʬʪʥʦ-
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ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʤ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝʤ ʪʝʨʨʠʪʦʨʠʡ, ʟʘʥʠʤʘʶʱʠʭ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ. ʆʥʘ 

ʧʦʟʚʦʣʷʝʪ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʦʮʝʥʠʪʴ ʨʦʣʴ ʦʪʜʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʤʠʛʨʘʮʠʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ 

ʦʩʥʦʚʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʠ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ (ɺ.ɺ.ɼʴʷʯʝʥʢʦ, 1996) ʠ ʘʛʨʦʣʘʥʜʰʘʬʪʦʚ 

ʶʛʘ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ (ɺ.ʅ.ʉʝʨʠʢʦʚ, 1997). 

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʟ ʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʝʨʝʜʝʣʳʚʘʥʠʷ ʟʘʤʝʥʷʪʴ ʦʪʜʝʣʴʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ 

ʧʨʠʟʥʘʢʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʨʦʚʥʷʭ ʠ ʜʘʞʝ ʚʚʦʜʠʪʴ ʥʦʚʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ 

ʫʨʦʚʥʠ. ʊʘʢ, ʫʞʝ ʧʦʩʣʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠʟʜʘʥʠʷ (ʧʦʜ ʨʝʜ. ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ) 

ʧʝʨʚʳʭ ʢʘʨʪ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʧʦʷʚʠʣʘʩʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʝʜʝʥʠʷ ʚ 

ʧʨʝʜʣʘʛʘʝʤʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʴ ʘʪʤʦʩʬʝʨʥʦʡ (ʚʦʟʜʫʰʥʦʡ) ʤʠʛʨʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʨʦʚʥʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʥʘʣʠʯʠʝ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ. 

ʇʝʨʚʳʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ 

ʅʘ ʵʪʦʤ (ʩʘʤʦʤ ʚʳʩʦʢʦʤ) ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʩʦʛʣʘʩʥʦ ʥʘʫʯʥʳʤ 

ʨʘʟʨʘʙʦʪʢʘʤ ɸ.ʀ.ʇʝʨʝʣʴʤʘʥʘ, ʧʨʝʜʣʦʞʝʥʦ ʫʯʠʪʳʚʘʪʴ ʦʩʥʦʚʥʳʝ ʬʦʨʤʳ 

ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʦʪʜʝʣʴʥʳʝ ʣʘʥʜʰʘʬʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ 

ʢ ʜʘʥʥʦʤʫ ʫʨʦʚʥʶ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʦʙʣʘʜʘʥʠʷ ʚ ʥʠʭ ʦʩʥʦʚʥʦʛʦ ʚʠʜʘ 

ʤʠʛʨʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚ ʪʨʠ ʛʨʫʧʧʳ: ʙʠʦʛʝʥʥʳʝ, ʘʙʠʦʛʝʥʥʳʝ ʠ 

ʪʝʭʥʦʛʝʥʥʳʝ. 

ɸʙʠʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ (ʯʘʩʪʦ ʪʦʣʴʢʦ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤ) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʧʦʩʦʙʥʦʛʦ 

ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʤ ʦʪʩʫʪʩʪʚʠʝʤ ʙʠʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʠʭ (ʵʣʝʤʝʥʪʦʚ) ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ (ɹʀʂ). ʂ ʪʘʢʠʤ ʣʘʥʜʰʘʬʪʘʤ 

ʦʪʥʦʩʷʪʩʷ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ɸʥʪʘʨʢʪʠʜʳ ʠ ɻʨʝʥʣʘʥʜʠʠ, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʠ 

ʧʦʢʨʳʪʳʝ ʣʝʜʥʠʢʘʤʠ ʭʨʝʙʪʳ ʠ ʚʝʨʰʠʥʳ ʛʦʨ.  

ɺ ʧʨʝʜʝʣʘʭ ʜʘʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʭʘʥʠʯʝʩʢʘʷ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʘʷ ʤʠʛʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ, ʭʦʪʷ ʚ ʥʠʭ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʧʨʦʜʫʢʪʳ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʵʣʝʤʝʥʪʦʚ ʩʦʩʝʜʥʠʭ ʠʣʠ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʥʘ 

ʠʭ ʤʝʩʪʝ ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ (ʦʨʛʘʥʦʛʝʥʥʳʝ ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ; 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʠʝ ʙʘʢʪʝʨʠʠ ʚ ʧʨʠʟʝʤʥʦʤ ʚʦʟʜʫʭʝ, ʚʦʜʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʝʜʥʠʢʦʚ; ʢʠʩʣʦʨʦʜʥʘʷ ʘʪʤʦʩʬʝʨʘ). 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʘʙʠʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʚʩʝ ʙʦʣʴʰʝ ʧʦʧʘʜʘʝʪ ʵʣʝʤʝʥʪʦʚ ʟʘ 

ʩʯʝʪ ʧʨʦʜʫʢʪʦʚ ʪʝʭʥʦʛʝʥʝʟʘ. ʊʘʢ, ʚʦ ʣʴʜʘʭ ɸʥʪʘʨʢʪʠʜʳ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ, ʘ ʜʫʩʪ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʜʘʞʝ ʚ 

ʧʝʯʝʥʠ ʧʠʥʛʚʠʥʦʚ. ʅʘ ʣʝʜʥʠʢʘʭ ʕʣʴʙʨʫʩʘ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʊʳʨʥʳʘʫʟʩʢʠʡ 

ʢʦʤʙʠʥʘʪ. ɼʘʞʝ ʚ ʩʘʤʳʭ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʯʘʩʪʷʭ ɸʥʪʘʨʢʪʠʜʳ ʠ ɻʨʝʥʣʘʥʜʠʠ ʠ 



 

 13 

ʥʘ ʚʳʩʦʢʦʛʦʨʥʳʭ ʣʝʜʥʠʢʘʭ ʥʘʯʠʥʘʝʪ ʚʩʝ ʘʢʪʠʚʥʝʝ ʧʨʦʷʚʣʷʪʴʩʷ ʪʝʭʥʦʛʝʥʥʘʷ 

(ʩʦʮʠʘʣʴʥʘʷ) ʤʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʟʜʝʩʴ ʫʚʝʣʠʯʠʣʦʩʴ 

ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʚʨʝʤʝʥʥʳʭ ʠ ʧʦʩʪʦʷʥʥʳʭ ʥʘʫʯʥʳʭ ʩʪʘʥʮʠʡ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʛʦʚʦʨʠʪʴ ʦ ʧʦʚʩʝʤʝʩʪʥʦ ʥʘʯʠʥʘʶʱʝʤʩʷ ʧʝʨʝʭʦʜʝ ʘʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚ 

ʪʝʭʥʦʛʝʥʥʳʝ. 

ɹʠʦʛʝʥʥʳʝ (ʧʨʠʨʦʜʥʳʝ) ʣʘʥʜʰʘʬʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʵʣʝʤʝʥʪʦʚ, ʘ ʚʝʜʫʱʠʤ ʚʠʜʦʤ ʠʭ 

ʤʠʛʨʘʮʠʠ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʙʠʦʛʝʥʥʳʡ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ 

ʤʠʛʨʘʮʠʠ ʚ ʵʪʠʭ ʣʘʥʜʰʘʬʪʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʛʨʘʶʪ ʚʪʦʨʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ.  

ʆʜʥʘʢʦ ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʙʠʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʩ ʢʨʫʪʳʤʠ 

ʩʢʣʦʥʘʤʠ, ʛʜʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ (ʧʦ ʤʘʩʩʝ ʤʠʛʨʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ) ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʤʠʛʨʘʮʠʷ ʤʦʞʝʪ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʪʴ ʥʘʜ ʙʠʦʛʝʥʥʦʡ, ʘ ʪʘʢʞʝ ʯʘʩʪʴ ʧʨʠʤʠʪʠʚʥʦ-

ʧʫʩʪʳʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʀ ʚʩʝ ʞʝ ʠʭ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʢ ʙʠʦʛʝʥʥʳʤ ʧʦ 

ʥʘʣʠʯʠʶ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʙʠʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʠʩʧʳʪʳʚʘʝʪ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʶʱʝʝ ʘʥʪʨʦʧʦʛʝʥʥʦʝ (ʪʝʭʥʦʛʝʥʥʦʝ) 

ʚʦʟʜʝʡʩʪʚʠʝ. ʇʦʜ ʝʛʦ ʚʣʠʷʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʭʥʦʛʝʥʥʦʝ 

ʧʦʩʪʫʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʠʜʝʪ ʠ ʠʭ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʚʳʥʦʩ ʠʟ ʙʠʦʛʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ.  

ʊʘʤ, ʛʜʝ ʙʠʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʩʦʩʝʜʩʪʚʫʶʪ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʫʛʦʜʴʷʤʠ, ʦʩʥʦʚʥʘʷ 

ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʥʦʩʠʪʩʷ ʩ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʧʦʩʪʫʧʘʪʴ ʪʝʭʥʦʛʝʥʥʳʤ ʧʫʪʝʤ ʠ ʚ ʚʠʜʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʧʨʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʠ ʧʦʜʟʝʤʥʦʤ ʩʪʦʢʘʭ), ʘ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ. 

ʊʝʭʥʦʛʝʥʥʳʡ ʚʳʥʦʩ ʵʣʝʤʝʥʪʦʚ ʠʟ ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʠʣʠ ʩʦʧʨʦʚʦʞʜʘʝʪ ʦʪʜʝʣʴʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʊʘʢ, ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʚʳʨʫʙʢʝ ʣʝʩʦʚ ʣʘʥʜʰʘʬʪʳ ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ 

ʙʠʦʛʝʥʥʳʤʠ, ʭʦʪʷ ʠʟ ʥʠʭ ʦʪʪʦʨʛʘʝʪʩʷ (ʚʳʚʦʟʠʪʩʷ) ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ 

ʵʣʝʤʝʥʪʦʚ.  

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝ ʚʳʨʫʙʢʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠ ʧʦʜʟʝʤʥʳʡ 

ʩʪʦʢʠ ʚʦʜ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʚʠʜʝ ʠʩʪʠʥʥʳʭ ʠ ʢʦʣʣʦʠʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʪʝʭʥʦʛʝʥʥʳʡ ʚʳʥʦʩ ʵʣʝʤʝʥʪʦʚ ʠʟ 

ʣʘʥʜʰʘʬʪʦʚ ʧʨʠʚʝʣ ʝʱʝ ʠ ʢ ʫʩʠʣʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʧʨʠʨʦʜʥʦʛʦ ʚʳʥʦʩʘ. 

ɺ ʶʞʥʳʭ ʨʘʡʦʥʘʭ ʩʪʨʘʥʳ, ʜʘʞʝ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʨʘʟʚʠʪʠʠ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ, ʧʦ ʢʘʤʝʥʠʩʪʳʤ ʙʘʣʢʘʤ ʝʱʝ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʣʘʥʜʰʘʬʪʳ ð 

ʢʫʩʦʯʢʠ ʙʳʚʰʠʭ ʩʪʝʧʝʡ. ʆʜʥʘʢʦ ʠʟ ʥʠʭ ʠʜʝʪ ʪʝʭʥʦʛʝʥʥʳʡ ʚʳʥʦʩ ʵʣʝʤʝʥʪʦʚ: ʚ 

ʟʘʩʫʰʣʠʚʳʝ ʛʦʜʳ ʟʜʝʩʴ ʢʦʩʷʪ ʪʨʘʚʳ ʠ ʚʳʚʦʟʷʪ ʩʝʥʦ. 

ʉʚʦʝʦʙʨʘʟʥʳʡ ʪʝʭʥʦʛʝʥʥʳʡ ʚʳʥʦʩ ʵʣʝʤʝʥʪʦʚ ʠʟ ʧʦʯʚ ʠ ʠʣʦʚ ʙʠʦʛʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʙʳʚʘʝʪ ʩʚʷʟʘʥ ʩʦ ʩʣʠʚʦʤ ʢʠʩʣʳʭ ʰʘʭʪʥʳʭ ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʊʘʢʠʝ ʚʦʜʳ ʨʘʩʪʚʦʨʷʶʪ ʤʥʦʛʠʝ ʧʨʠʨʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʷʩʥʝʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʧʦʩʪʝʧʝʥʥʦʤʫ ʧʝʨʝʭʦʜʫ ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚ ʪʝʭʥʦʛʝʥʥʳʝ ʠ ʢʦ ʚʩʝ 

ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʢʦʨʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʦʩʬʝʨʳ. 
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ʊʝʭʥʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʢʨʫʛʦʚʦʨʦʪ ʵʣʝʤʝʥʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʥʘʨʫʰʝʥ, ʘ ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʠʜʦʤ 

ʤʠʛʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʛʝʥʥʘʷ (ʩʦʮʠʘʣʴʥʘʷ), ʘʥʘʣʦʛʦʚ ʢʦʪʦʨʦʡ (ʧʦ ʢʦMnʣʝʢʩʫ 

ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ, ʩʚʦʡʩʪʚʘʤ ʠʭ ʪʝʭʥʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʜʘʣʴʥʦʩʪʠ ʤʠʛʨʘʮʠʠ) ʚ ʧʨʠʨʦʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. 

ʇʣʦʱʘʜʠ, ʟʘʥʠʤʘʝʤʳʝ ʪʝʭʥʦʛʝʥʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ, ʥʝʧʨʝʨʳʚʥʦ 

ʚʦʟʨʘʩʪʘʶʪ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʙʠʦʛʝʥʥʳʭ ʠ ʘʙʠʦʛʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ. ɺ ʧʨʝʜʝʣʘʭ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʝ ʪʦʣʴʢʦ ʧʨʦʞʠʚʘʝʪ 

ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ ɿʝʤʣʠ, ʥʦ ʠ ʚʳʨʘʱʠʚʘʝʪʩʷ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ.  

ʊʝʭʥʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʷʚʣʷʶʪʩʷ ʠ ʠʩʪʦʯʥʠʢʘʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, 

ʜʦʙʳʚʘʝʤʦʛʦ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʩʝ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ. ʀʤʝʥʥʦ ʩʦʩʪʦʷʥʠʝʤ 

ʪʝʭʥʦʛʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʦʤʬʦʨʪʥʦʩʪʴ 

ʧʨʦʞʠʚʘʥʠʷ, ʘ ʚʦ ʤʥʦʛʦʤ ʠ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ. 

ɺ ʩʚʷʟʠ ʩʦ ʚʩʝʤ ʵʪʠʤ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʪʝʭʥʦʛʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ. 

ɺʪʦʨʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ 

ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʣʘʥʜʰʘʬʪʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʙʠʦʛʝʥʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ. 

ɹʠʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʙʠʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʨʦʣʴʶ ʙʠʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴʶ 

ʧʝʨʝʭʦʜʘ ʵʣʝʤʝʥʪʦʚ ʚ ʬʦʨʤʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʩʥʦʚʥʦʤʫ ʚʠʜʫ ʤʠʛʨʘʮʠʠ. ɺ 

ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ð ʵʪʦ ʩʢʦʨʦʩʪʴ ʧʝʨʝʭʦʜʘ ʵʣʝʤʝʥʪʦʚ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʳ ʚ ʙʠʦʛʝʥʥʫʶ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʫʯʠʪʳʚʘʝʪʩʷ ʠ ʩʢʦʨʦʩʪʴ ʦʙʨʘʪʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʦʪʤʠʨʘʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʨʘʟʣʦʞʝʥʠʝ ʨʘʩʪʝʥʠʡ (ʠʭ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ), ʧʦʩʪʫʧʘʶʱʠʭ ʧʦʩʣʝ ʦʧʘʜʘ ʠ 

ʦʪʤʠʨʘʥʠʷ ʚ ʧʦʯʚʫ. ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʪʘʢʦʛʦ ʫʯʝʪʘ ʩʣʫʞʘʪ 

ʚʝʣʠʯʠʥʳ ʦʙʱʝʡ ʙʠʦʤʘʩʩʳ (ɹ) ʠ ʝʞʝʛʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ (ʇ). 

ʇʦ ʠʟʤʝʥʝʥʠʶ ʦʪʥʦʰʝʥʠʷ ʙʠʦʤʘʩʩʳ ʢ ʝʞʝʛʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʨʝʜʠ 

ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʧʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʫ, ʚʳʜʝʣʷʶʪʩʷ ʧʷʪʴ ʦʩʥʦʚʥʳʭ 

ʛʨʫʧʧ:  

1) ʣʝʩʘ;  
2) ʩʪʝʧʠ (ʣʫʛʘ ʠ ʩʘʚʘʥʥʳ);  
3) ʧʫʩʪʳʥʠ;  
4) ʪʫʥʜʨʳ ʠ ʚʝʨʭʦʚʳʝ ʙʦʣʦʪʘ;  
5) ʧʨʠʤʠʪʠʚʥʳʝ ʧʫʩʪʳʥʠ.  
 

ʀʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʦʙʳʯʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʣʠʤʘʪʦʤ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʛʨʫʧʧʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʜʨʘʟʜʝʣʷʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂ = lgn / lgB. ʃʘʥʜʰʘʬʪʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʂ, ʥʦ ʨʘʟʣʠʯʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʝʞʝʛʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʦʙʱʝʡ ʙʠʦʤʘʩʩʳ 

ʦʙʨʘʟʫʶʪ ʩʝʤʝʡʩʪʚʘ. ɺ ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʠʭ ʦʙʳʯʥʦ ʪʨʠ: ʩʝʚʝʨʥʦʝ, 
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ʩʨʝʜʥʝʝ ʠ ʶʞʥʦʝ. ʆʜʥʘʢʦ, ʢʘʢ ʫʢʘʟʳʚʘʝʪ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥ, ʢʨʠʪʝʨʠʠ ʚʳʜʝʣʝʥʠʷ 

ʩʝʤʝʡʩʪʚ ʧʦʜʣʝʞʘʪ ʫʪʦʯʥʝʥʠʶ. 

ʆʧʳʪ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ (ʜʘʞʝ ʧʨʠ ʨʘʙʦʪʘʭ ʚ ʤʘʩʰʪʘʙʝ 1:500 000, ʥʝ ʛʦʚʦʨʷ ʫʞʝ ʦ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ) ʧʨʠʚʝʜʝʥʥʦʛʦ ʜʝʣʝʥʠʷ ʙʠʦʛʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʙʳʚʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʕʪʦ ʚʠʜʥʦ ʭʦʪʷ ʙʳ ʠʟ ʪʦʛʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʠʡ 

ʪʘʢʩʦʥ çʩʝʤʝʡʩʪʚʦè ʚʢʣʶʯʘʝʪ ʚʩʝ ʢʘʨʧʘʪʩʢʦ-ʢʘʚʢʘʟʩʢʠʝ ʣʝʩʘ. ɸ ʩʨʝʜʠ ʥʠʭ 

ʜʦʚʦʣʴʥʦ ʯʝʪʢʦ ʚʳʜʝʣʷʶʪʩʷ, ʜʘʞʝ ʧʨʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʭʚʦʡʥʳʝ ʠ 

ʣʠʩʪʚʝʥʥʳʝ. ʍʚʦʡʥʳʝ ʞʝ ʣʝʩʘ ʜʦʚʦʣʴʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ   

ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʢʨʫʛʦʚʦʨʦʪʫ ʦʪ ʣʠʩʪʚʝʥʥʳʭ (ʊʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 

ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ɹʀʂ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ ʣʠʩʪʚʝʥʥʳʭ ʠ ʭʚʦʡʥʳʭ 

ʣʝʩʦʚ 

ʇʦʢʘʟʘʪʝʣʴ 
ʃʝʩʘ 

ʣʠʩʪʚʝʥʥʳʝ ʭʚʦʡʥʳʝ 

ɹʠʦʤʘʩʩʘ, ʪ/ʛʘ 500-600 100-300 

ʉʪʨʫʢʪʫʨʘ ʙʠʦʤʘʩʩʳ ʧʦ ʯʘʩʪʷʤ, %:   

          Å ʟʝʣʝʥʘʷ 1-1,5 4-5 

          Å ʤʥʦʛʦʣʝʪʥʷʷ ʥʘʜʟʝʤʥʘʷ 74-81 72-74 

          Å ʧʦʜʟʝʤʥʘʷ 17-26 22-23 

ʆʧʘʜ:   

          Å % ʦʪ ʙʠʦʤʘʩʩʳ 2 1,4 

          Å ʪ/ʛʘ 10-12 1,4-4.2 

 

ʇʨʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʧʨʝʜʝʣʘʭ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʨʝʛʠʦʥʦʚ, ʟʘʥʷʪʳʭ ʣʝʩʘʤʠ, ʚʳʜʝʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʦʩʥʦʚʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ. ʊʘʢ, ʥʘ ɿʘʧʘʜʥʦʤ 

ʂʘʚʢʘʟʝ (ʦʥ ʚʭʦʜʠʪ ʚ ʂʘʚʢʘʟʩʢʦ-ʂʘʨʧʘʪʩʢʦʝ ʩʝʤʝʡʩʪʚʦ ʣʝʩʥʳʭ ʣʘʥʜʰʘʬʪʦʚ) 

ʪʦʣʴʢʦ ʩʨʝʜʠ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʚʳʜʝʣʷʶʪʩʷ ʜʫʙʦʚʳʝ, ʙʫʢʦʚʳʝ, ʙʫʢʦʚʦ-

ʛʨʘʙʦʚʳʝ. 

ɿʝʣʝʥʘʷ ʤʘʩʩʘ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʩʥʦʚʫ ʦʧʘʜʘ, ʫ ʣʠʩʪʚʝʥʥʳʭ ʜʝʨʝʚʴʝʚ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʨʦʜ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʨʘʟʣʠʯʥʘ ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʜʝʨʝʚʴʝʚ ʭʚʦʡʥʳʭ ʧʦʨʦʜ. ʕʪʦ ʨʘʟʣʠʯʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʘʞʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʝʨʝʚʴʷ ʧʨʦʠʟʨʘʩʪʘʶʪ ʨʷʜʦʤ, ʥʘʜ 

ʦʜʥʠʤʠ ʠ ʪʝʤʠ ʞʝ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ (ʊʘʙʣʠʮʘ 3).  

ʊʘʙʣʠʮʘ 3 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ, ʧ Å 10 *%, ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʣʝ ʭʚʦʠ ʠ ʣʠʩʪʴʷʭ ʥʝʢʦʪʦʨʳʭ 

ʜʝʨʝʚʴʝʚ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʦʜʠʥʘʢʦʚʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʝʤ 

ʈʘʩʪʝʥʠʝ Mn ʂ ʉʠ Ti V Zr ɺʘ Sr Pb Zn 

ʇʠʭʪʘ 386 6,4 6 111,5 1,6 3,1 62 33 1,9 9,5 

ɻʨʘʙ 692 5 6,4 19,5 1,9 5 71 43,3 1,8 5,5 

ɹʫʢ 500 5,4 8,4 83 1 3 68 24 1,4 15,1 

ɼʫʙ 975 9,3 8,6 204 2,1 6,5 100 17 2,4 8,5 
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ɺ ʥʝʡ ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʦʚ ʦʢʦʣʦ 200 ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙ 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʣʝʥʦʡ ʯʘʩʪʠ 

ʦʧʘʜʘ ʜʝʨʝʚʴʝʚ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ 

ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʣʘʥʜʰʘʬʪʝ ʩʤʝʰʘʥʥʳʭ ʣʝʩʦʚ ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ. 

ʀʟ ʵʪʠʭ ʜʘʥʥʳʭ (ʊʘʙʣʠʮʘ 3) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʣʠʩʪʴʷʭ (ʭʚʦʝ) ʨʷʜʦʤ 

ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʜʝʨʝʚʴʝʚ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ ʩʦʜʝʨʞʘʥʠʝ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ (ʠ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʭ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ) ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ Zn ʚ ʣʠʩʪʴʷʭ ʙʫʢʘ 

ʧʦʯʪʠ ʚ 3 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʣʠʩʪʴʷʭ ʛʨʘʙʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ Sr. 

ɽʱʝ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʵʪʦ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ (ʊʘʙʣʠʮʘ 4), 

ʛʜʝ ʧʨʠʚʝʜʝʥʘ ʤʘʩʩʘ ʤʝʪʘʣʣʦʚ, ʝʞʝʛʦʜʥʦ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʧʦʯʚʫ ʩ ʟʝʣʝʥʳʤ 

ʦʧʘʜʦʤ ʚ ʣʠʩʪʚʝʥʥʳʭ ʠ ʭʚʦʡʥʳʭ (ʧʠʭʪʦʚʳʭ) ʣʝʩʘʭ. 

ʊʘʙʣʠʮʘ 4 

ʄʘʩʩʘ ʤʝʪʘʣʣʦʚ, ʢʛ, ʝʞʝʛʦʜʥʦ ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʟʝʣʝʥʳʤ ʦʧʘʜʦʤ ʚ ʧʦʯʚʫ ʣʝʩʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʧʣʦʱʘʜʠ 1 ʛʘ 

ʆʩʥʦʚʥʘʷ ʧʦʨʦʜʘ 

ʜʝʨʝʚʴʝʚ ʚ 

ʣʘʥʜʰʘʬʪʝ 

Mn Ni ʉʠ "ʇ V Zr ɺʘ Sr Pb Zn 

ʇʠʭʪʘ 10 0,18 0,17 3,1 0,04 0,09 1,7 0,9 0,05 0,27 

ɻʨʘʙ 76,1 0,55 0,7 2,1 0,21 0,55 7,8 4,76 0,2 0,6 

ɼʫʙ 106,1 1,02 0,95 22,4 0,23 0,72 11 1,87 0,26 0,94 

 

ʇʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʧʨʠʨʦʜʥʳʭ 

(ʙʠʦʛʝʥʥʳʭ) ʣʘʥʜʰʘʬʪʘʭ. ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚ 

ʧʦʣʴʟʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʝʝ ʜʨʦʙʥʦʛʦ ʜʝʣʝʥʠʷ ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ 

ʚʪʦʨʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʩ ʫʢʨʫʧʥʝʥʠʝʤ ʤʘʩʰʪʘʙʘ ʨʘʙʦʪ. ʇʨʠ ʵʪʦʤ 

ʦʩʥʦʚʦʡ ʨʘʟʜʝʣʝʥʠʷ ʜʦʣʞʥʳ ʦʩʪʘʚʘʪʴʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʙʠʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʙʦʪʘʭ ʚ ʤʘʩʰʪʘʙʝ 1:50 000 ʠ ʢʨʫʧʥʝʝ 

ʦʪʜʝʣʴʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʫʨʦʚʥʝ ʦʙʲʝʜʠʥʷʪʴ ʚ ʦʜʠʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʢʦMnʣʝʢʩʦʚ ʠʣʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʫʯʝʩʪʴ ʚ ʢʘʞʜʦʤ 

ʚʳʜʝʣʝʥʥʦʤ ʣʘʥʜʰʘʬʪʝ ʦʙʱʫʶ ʙʠʦʤʘʩʩʫ, ʝʞʝʛʦʜʥʫʶ ʧʨʦʜʫʢʮʠʶ, ʩʢʦʨʦʩʪʴ 

ʨʘʟʣʦʞʝʥʠʷ ʦʧʘʜʘ ʠ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʤʝʥʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʦʪʨʘʞʘʝʪ ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʥʝʥʠʷ ʱʝʣʦʯʥʦʩʪʠ ʧʦʯʚ, ʠʭ ʩʦʣʝʚʦʛʦ 

ʙʘʣʘʥʩʘ, ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʫʛʣʝʢʠʩʣʦʪʳ, ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʤʝʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʝʱʝ 

ʦʜʥʠʤ ʚʘʞʥʝʡʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʫʯʘʩʪʢʠ ʙʠʦʩʬʝʨʳ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʯʚ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʤʝʥʦʡ ʨʘʩʪʠʪʝʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, 

ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʪʘʢʞʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ 
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ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʝ ʚ ʮʝʣʦʤ ʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʨʦʷʚʣʝʥʠʝʤ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʵʬʬʝʢʪʘ (ʊʘʙʣʠʮʘ 5, ʊʘʙʣʠʮʘ 6). 

ʊʘʙʣʠʮʘ 5 

ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʟʦʣʝ ʢʦʚʳʣʷ ʠʟ ʣʘʥʜʰʘʬʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ 

ʪʦʣʴʢʦ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ (ʎʝʥʪʨʘʣʴʥʳʡ ʂʘʟʘʭʩʪʘʥ) 

ʈʘʩʪʠʪʝʣʴʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ 

ʕʣʝ-

ʤʝʥʪ 

ʏʠʩʣʦ 

ʧʨʦʙ 

ʇʨʦ-ʮʝʥʪ 

ʆʙʥʘʨʫ-

ʞʝʥʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ (ʤʘʩʩʦʚʳʝ ʜʦʣʠ), 

ʘʥʦʤʘʣʴʥʦʝ, ʜʣʷ ʨʘʟʥʦʛʦ ʯʠʩʣʘ 

ʢʦʨʨʝʣʠʨʫʶʱʠʭ ʧʨʦʙ, % 

ʌʦʥʦ-

ʚʦʝ 
9 2-3 

ɽʜʠʥʠʯ-

ʥʘʷ 

ʇʦʣʳʥʥʦ- 

ʟʣʘʢʦʚʘʷ 

ʈb 235 100 0,005 0,011 0,017 0,023 

ʄʦ 235 94 0,002 0,0005 0,001 0,0017 

ɺʘ 235 100 0,088 0,185 0,282 0,379 

ʂʫʩʪʘʨʥʠʢʦʚʦ- 

ʟʣʘʢʦʚʘʷ 

ʈb 675 100 0,005 0,008 0,011 0,014 

ʄʦ 675 91 0,0004 0,0011 0,0016 0,0027 

ɺʘ 675 100 0,085 0,118 0,151 0,184 

 

ʊʘʙʣʠʮʘ 6 

ʀʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʄʦ ʠ Mn ʚ ʧʦʯʚʘʭ ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʚʢʘʟʘ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʪʦʣʴʢʦ ʧʦ ʩʦʩʪʘʚʫ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʃʘʥʜʰʘʬʪ ʕʣʝʤʝʥʪ ʏʠʩʣʦ ʧʨʦʙ 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ 95% (ʤʘʩʩʦʚʳʝ 

ʜʦʣʠ), % 

ɸʣʴʧʠʡʩʢʠʭ ʣʫʛʦʚ ʄʦ 46 0,45 Ñ 0,09 

ʍʚʦʡʥʳʭ ʣʝʩʦʚ ʄʦ 42 0,27 Ñ 0,04 

ʃʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ Mn 49 125,3 Ñ24,6 

ʃʫʛʦʚ Mn 27 54,4 Ñ4,1 

 

ʊʘʢ, ʧʦ ʜʘʥʥʦʡ ʩʭʝʤʝ ʧʨʠ ʨʘʙʦʪʘʭ ʚ ʤʘʩʰʪʘʙʝ 1:25 000 ʚ ʧʨʝʜʝʣʘʭ 

ʂʘʟʘʭʩʢʦʛʦ ʤʝʣʢʦʩʦʧʦʯʥʠʢʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʥʘ ʚʪʦʨʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ 

ʫʨʦʚʥʝ ʣʘʥʜʰʘʬʪʳ ʧʦʣʳʥʥʦ-ʟʣʘʢʦʚʳʭ ʠ ʢʫʩʪʘʨʥʠʢʦʚʦ-ʟʣʘʢʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʵʪʠʭ ʧʨʝʜʝʣʘʭ (ʧʨʠ ʚʩʝʭ ʧʨʦʯʠʭ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ) ʦʜʥʦ ʠ 

ʪʦ ʞʝ ʨʘʩʪʝʥʠʝ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (ʊʘʙʣʠʮʘ 

5). 

ʇʨʠ ʩʤʝʥʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʠ ʚ ʧʦʯʚʘʭ, ʜʘʞʝ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʧʨʠʟʥʘʢʠ ʦʜʠʥʘʢʦʚʳ. ʕʪʦ ʥʘʙʣʶʜʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʨʷʜʝ 

ʣʘʥʜʰʘʬʪʦʚ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʚʢʘʟʘ.  

ɺ ʧʦʯʚʘʭ, ʨʘʟʚʠʪʳʭ ʥʘ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʛʥʝʡʩʘʭ ʚ ʚʳʩʦʢʦʛʦʨʥʳʭ 

ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʘʣʴʧʠʡʩʢʠʭ ʣʫʛʦʚ, ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʄʦ 

ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʧʦʯʚʘʭ ʪʘʢʠʭ ʞʝ ʣʘʥʜʰʘʬʪʦʚ, ʟʘʥʷʪʳʭ ʭʚʦʡʥʳʤʠ 

ʣʝʩʘʤʠ. ʉʦʜʝʨʞʘʥʠʝ ʄn ʚ ʧʦʯʚʘʭ ʥʘ ʪʝʨʨʠʛʝʥ-ʥʳʭ ʧʦʨʦʜʘʭ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ 

ʩʨʝʜʥʝʛʦʨʥʳʭ ʪʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ 

ʧʨʝʚʦʩʭʦʜʠʪ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʘʭ ʘʥʘʣʦʛʠʯʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʟʘʥʷʪʳʭ 

ʣʫʛʘʤʠ (ʊʘʙʣʠʮʘ 6). 
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ʊʝʭʥʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʙʠʦʛʝʥʥʳʝ, ʩʣʝʜʫʝʪ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʝʜʫʱʝʛʦ ʚʠʜʘ ʤʠʛʨʘʮʠʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʝʜʫʱʝʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʦʪʜʝʣʴʥʳʝ 

ʪʝʭʥʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ, 

ʧʨʦʤʳʰʣʝʥʥʳʝ, ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʝ, ʣʘʥʜʰʘʬʪʳ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 

(ʩʝʣʠʪʝʙʥʳʝ), ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʜʦʝʤʦʚ, ʜʦʨʦʞʥʳʝ ʣʘʥʜʰʘʬʪʳ. 

ʂ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʣʘʥʜʰʘʬʪʘʤ ʦʪʥʦʩʷʪʩʷ ʟʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʦʣʝʚʦʜʩʪʚʝ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ (ʨʘʟʣʠʯʥʳʝ ʧʦʤʝʱʝʥʠʷ ʠ 

ʦʢʨʫʞʘʶʱʘʷ ʠʭ ʪʝʨʨʠʪʦʨʠʷ, ʚʳʛʦʥʳ, ʧʘʩʪʙʠʱʘ), ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ (ʩʘʜʳ, 

ʚʠʥʦʛʨʘʜʥʠʢʠ, ʯʘʡʥʳʝ ʠ ʷʛʦʜʥʳʝ ʧʣʘʥʪʘʮʠʠ ʠ ʪ.ʜ.). ʆʜʥʘʢʦ ʚʦ ʚʩʝʭ ʵʪʠʭ 

ʣʘʥʜʰʘʬʪʘʭ ʧʨʠ ʧʨʝʦʙʣʘʜʘʶʱʝʤ ʟʥʘʯʝʥʠʠ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʧʨʦʜʦʣʞʘʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʵʣʝʤʝʥʪʦʚ, ʠ ʝʛʦ ʨʦʣʴ ʠʥʦʛʜʘ 

ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ.  

ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʚʦʚʣʝʢʘʝʤʳʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʚ ʪʝʭ ʯʘʩʪʷʭ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ 

ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʚʳʚʦʟʷʪʩʷ ʩ ʫʨʦʞʘʝʤ. ʂ ʪʘʢʠʤ ʯʘʩʪʷʤ ʦʙʳʯʥʦ ʦʪʥʦʩʷʪʩʷ 

ʢʦʨʥʠ, ʣʠʩʪʴʷ, ʙʦʪʚʘ ʦʚʦʱʝʡ ʠ ʪ.ʧ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ 

ʦʙʫʩʣʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʤʠ ʦʧʨʝʜʝʣʷʶʱʫʶ 

ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʤʠʛʨʘʮʠʠ ʝʝ ʪʝʭʥʦʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ: 

Á ɽʞʝʛʦʜʥʦ ʩ ʧʣʦʱʘʜʠ 1 ʛʘ ʚʳʚʦʟʠʪʩʷ ʩ ʫʨʦʞʘʝʤ ʦʪ 20 000 ʜʦ 52 000 ʢʛ 

ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʝ ʠ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʩʪʚʦʨʘʤʠ. ɺ ʙʝʟʚʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ 

(ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ) ʝʞʝʛʦʜʥʦ ʩ 1 ʛʘ ʫʜʘʣʷʝʪʩʷ ʜʦ 10 000 

ʢʛ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

Á ʉʨʝʜʠ ʧʦʩʪʦʷʥʥʦ ʚʳʥʦʩʠʤʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʨʝʟʢʦ 

ʧʨʝʦʙʣʘʜʘʶʪ ʙʠʦʬʠʣʴʥʳʝ (ʆ, ʂ, N, P, Ca, Mg, Al, Si, S, Mn, Fe ʠ ʜʨ.). ɺ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʳʚʦʟʷʪʩʷ ʩ ʫʨʦʞʘʝʤ ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ, 

ʪʘʢʞʝ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʝ. 

Á ɽʞʝʛʦʜʥʦ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʚʥʦʩʠʪʩʷ ʪʝʭʥʦʛʝʥʥʳʤ 

ʧʫʪʝʤ ʜʦ 600 ʢʛ/ʛʘ ʵʣʝʤʝʥʪʦʚ ʚ ʚʠʜʝ ʤʠʥʝʨʘʣʦʚ, ʘ ʯʘʩʪʦ ʠ ʚ ʬʦʨʤʝ 

ʪʝʭʥʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʥʝ ʠʤʝʶʱʠʭ ʧʨʠʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ. ʉʨʝʜʠ 

ʵʣʝʤʝʥʪʦʚ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʥʦʩʠʤʳʭ ʚ ʧʦʯʚʫ ʩ ʫʜʦʙʨʝʥʠʷʤʠ, 

ʧʨʝʦʙʣʘʜʘʶʪ N, ʈ, ʂ; ʠʟ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ð ɺ, ʄn, ʄʦ ʠ ʉʠ. 

Á ʊʝʭʥʦʛʝʥʥʳʤ ʧʫʪʝʤ ʧʦʜ ʦʪʜʝʣʴʥʳʝ ʢʫʣʴʪʫʨʳ ʚʥʦʩʠʪʩʷ ʜʦ 40 ʪ/ʛʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ (ʥʘʚʦʟ, ʪʦʨʬ, ʨʘʟʣʠʯʥʳʝ ʢʦMnʦʩʪʘ). ɺ ʵʪʠʭ 

ʫʜʦʙʨʝʥʠʷʭ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘʭʦʜʠʪʩʷ ʥʝ ʚ 

ʤʠʥʝʨʘʣʴʥʦʡ, ʘ ʚ ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʝ. 

Á ʅʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦ ʧʦʩʪʫʧʘʝʪ 

ʧʨʠ ʠʟʥʦʩʝ ʨʘʟʣʠʯʥʳʭ ʤʘʰʠʥ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʠʟ ʦʩʪʘʚʣʷʝʤʳʭ 

ʚ ʣʘʥʜʰʘʬʪʘʭ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʤʫʩʦʨ). 

Á ʄʘʩʩʘ ʵʣʝʤʝʥʪʦʚ, ʚʦʚʣʝʢʘʝʤʳʭ ʚ ʧʦʣʥʳʡ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ, ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʘʩʩʦʡ ʵʣʝʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ. 

Á ɺʝʨʭʥʠʡ ʛʦʨʠʟʦʥʪ ʧʦʯʚ ʙʦʣʴʰʠʥʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 
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ʣʘʥʜʰʘʬʪʦʚ ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʤʫ ʪʝʭʥʦʛʝʥʥʦʤʫ ʤʝʭʘʥʠʯʝʩʢʦʤʫ 

ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʧʨʠ ʧʝʨʝʧʘʭʠʚʘʥʠʠ ʧʦʯʚ. 

 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʜʦʢʘʟʳʚʘʶʪ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʩʨʝʜʠ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ. ʀʭ ʜʘʣʴʥʝʡʰʝʝ ʜʝʣʝʥʠʝ (ʢʘʢ ʠ ʜʝʣʝʥʠʝ ʥʘ ʵʪʦʤ ʫʨʦʚʥʝ 

ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ) ʜʦʣʞʥʦ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʫʯʝʪʦʤ 

ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. ʂ 

ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʝʜʫʶʱʠʝ: 

Á ʩʦʜʝʨʞʘʥʠʝ ʠ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠ 

ʠʭ ʩʦʝʜʠʥʝʥʠʡ), ʝʞʝʛʦʜʥʦ ʚʳʥʦʩʠʤʳʭ ʟʘ ʩʯʝʪ ʪʝʭʥʦʛʝʥʝʟʘ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʣʦʱʘʜʠ ʣʘʥʜʰʘʬʪʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʦʪʥʦʰʝʥʠʝ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ, ʚʦʚʣʝʢʘʝʤʳʭ ʚ ʜʘʥʥʦʤ ʣʘʥʜʰʘʬʪʝ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ; 

Á ʩʦʜʝʨʞʘʥʠʝ ʠ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠ 

ʠʭ ʩʦʝʜʠʥʝʥʠʡ), ʧʦʩʪʫʧʘʶʱʠʭ ʟʘ ʩʯʝʪ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʧʣʦʱʘʜʴ ʣʘʥʜʰʘʬʪʦʚ; 

Á ʪʝʭʥʦʛʝʥʥʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ (ʧʨʠʚʦʜʷʱʝʝ ʢ ʠʭ 

ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʚʳʥʦʩʫ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ) ʚ ʪʝʭ 

ʯʘʩʪʷʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʦʙʳʯʥʦ ʵʪʦ 

ʧʦʯʚʳ). 

 

ʋʯʠʪʳʚʘʷ ʫʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ, ʨʘʟʣʠʯʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʣʘʥʜʰʘʬʪʳ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʣʘʥʜʰʘʬʪʳ, ʟʘʥʠʤʘʝʤʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʦʣʝʪʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ, ʩʤʝʥʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʝʚʦʦʙʦʨʦʪʘ; ʣʘʥʜʰʘʬʪʳ ʩ ʤʥʦʛʦʣʝʪʥʠʤʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʠ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʝ. 

ʅʝʩʦʤʥʝʥʥʦ, ʚ ʧʨʝʜʝʣʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʤʠʛʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʘʷ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʦʯʚ, ʘ ʪʘʢʞʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠ ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʠ ʵʪʦʡ ʤʠʛʨʘʮʠʠ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʵʪʦʡ ʛʣʘʚʝ ʜʘʣʴʰʝ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʥʘʠʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʟʘʥʠʤʘʶʪ ʣʘʥʜʰʘʬʪʳ ʩ 

ʩʝʚʦʦʙʦʨʦʪʦʤ ʦʜʥʦʣʝʪʥʠʭ ʢʫʣʴʪʫʨ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ 

ʵʪʠʭ ʣʘʥʜʰʘʬʪʦʚ ʫʜʘʣʷʝʪʩʷ ʪʝʭʥʦʛʝʥʥʳʤ ʧʫʪʝʤ ʚ ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʝ ʧʨʠ ʫʙʦʨʢʝ 

ʫʨʦʞʘʷ. ʇʨʠ ʵʪʦʤ ʥʘ ʶʛʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʩ ʦʜʥʦʛʦ ʛʝʢʪʘʨʘ, ʟʘʥʷʪʦʛʦ 

ʟʝʨʥʦʚʳʤʠ ʢʫʣʴʪʫʨʘʤʠ, ʝʞʝʛʦʜʥʦ ʩʦʙʠʨʘʶʪ: ʟʝʨʥʘ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ð ʦʪ 1,9 

ʜʦ 4,3 ʪ; ʩʦʣʦʤʳ ð ʦʪ 4 ʜʦ 7,5 ʪ; ʢʫʢʫʨʫʟʳ ð ʜʦ 8 ʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩ ʧʣʦʱʘʜʠ 1 

ʛʘ ʝʞʝʛʦʜʥʦ ʚʳʚʦʟʠʪʩʷ ʩ ʟʝʨʥʦʤ ʧʰʝʥʠʮʳ ʦʢʦʣʦ 10 ʢʛ ʘʟʦʪʘ, ʧʨʠʤʝʨʥʦ 1,4 ʢʛ 

ʦʢʩʠʜʦʚ ʬʦʩʬʦʨʘ ʠ ʦʢʦʣʦ 2 ʢʛ ʦʢʩʠʜʦʚ ʢʘʣʠʷ, ʩ ʩʦʣʦʤʦʡ ð ʧʨʠʤʝʨʥʦ ʧʦ 3 ʢʛ 

ʘʟʦʪʘ ʠ ʦʢʩʠʜʦʚ ʢʘʣʠʷ ʠ ʧʦ 0,4 ʢʛ ʦʢʩʠʜʦʚ ʬʦʩʬʦʨʘ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ ʢʘʞʜʳʡ ʛʦʜ ʠʟ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʩ 

ʩʝʚʦʦʙʦʨʦʪʦʤ ʦʜʥʦʣʝʪʥʠʭ ʢʫʣʴʪʫʨ ʚʤʝʩʪʝ ʩ ʫʨʦʞʘʝʤ ʚʳʚʦʟʷʪʩʷ ʤʥʦʛʠʝ 

ʤʝʪʘʣʣʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʩʦʪʳʝ ʠ ʪʳʩʷʯʥʳʝ ʜʦʣʠ 

ʧʨʦʮʝʥʪʦʚ. ʊʘʢ, ʩ 1 ʛʘ ʫʙʠʨʘʝʪʩʷ ʠ ʚʳʚʦʟʠʪʩʷ ʩ ʟʝʨʥʦʤ ʠ ʩʦʣʦʤʦʡ ʧʰʝʥʠʮʳ, ʛ: 
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ʄn ð 600, ɺʘ ð 300, Ti ð 200, Zn ð 100, ʉu - 30. 

ʊʝʭʥʦʛʝʥʥʳʤ ʧʫʪʝʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʣʘʥʜʰʘʬʪʳ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ 

(ʫʜʦʙʨʝʥʠʷ) ʚʥʦʩʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʘʟʦʪ, ʢʘʣʠʡ ʠ ʬʦʩʬʦʨ. ʅʘʧʨʠʤʝʨ, çʧʦʜ 

ʧʰʝʥʠʮʫè ʦʙʳʯʥʦ ʚʥʦʩʷʪ ʚ ʨʘʩʯʝʪʝ ʥʘ 1 ʛʘ: 20ð60 ʢʛ ʘʤʤʠʘʯʥʦʡ ʩʝʣʠʪʨʳ ð 

NH4NO3; 30ð90 ʢʛ ʧʨʦʩʪʦʛʦ ʩʫʧʝʨʬʦʩʬʘʪʘ ð CaSO4 + ʉʘ(ʅ2ʈʆ)2 ʠ 30ð60 ʢʛ 

ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ ð ʂʉ1 ʠ K2SO4.  

ʆʙʳʯʥʦ ʞʝ ʚ ʣʘʥʜʰʘʬʪʳ ʩ ʩʝʚʦʦʙʦʨʦʪʦʤ ʦʜʥʦʣʝʪʥʠʭ ʢʫʣʴʪʫʨ ʥʘ 1 ʛʘ 

ʚʥʦʩʷʪʩʷ 150ð600 ʢʛ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʜʦ 50 000 ʢʛ ʦʨʛʘʥʠʯʝʩʢʠʭ, ʚ 

ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʝ. ɺ 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʚ ʣʘʥʜʰʘʬʪʘʭ ʩ ʟʝʨʥʦʚʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʚʦʚʣʝʢʘʝʪʩʷ 

ʩʦʚʩʝʤ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʀʭ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʩʚʷʟʘʥʘ ʩ ʢʦʨʥʷʤʠ ʨʘʩʪʝʥʠʡ. 

ɺ ʣʘʥʜʰʘʬʪʘʭ ʩ ʦʚʦʱʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʦʙʱʘʷ ʤʘʩʩʘ ʧʨʦʜʫʢʮʠʠ, 

ʚʳʨʘʱʝʥʥʦʡ ʠ ʚʳʚʝʟʝʥʥʦʡ ʟʘ ʧʨʝʜʝʣʳ ʣʘʥʜʰʘʬʪʘ, ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʩʣʫʯʘʝ ʩ ʟʝʨʥʦʚʳʤʠ ʢʫʣʴʪʫʨʘʤʠ. ʊʘʢ, ʩ 1 ʛʘ ʚ ʩʨʝʜʥʝʤ ʫʙʠʨʘʶʪ, ʪ: ʦʛʫʨʮʦʚ ð 

ʩʚʳʰʝ 10, ʤʦʨʢʦʚʠ ʠ ʪʦʤʘʪʦʚ ð ʩʚʳʰʝ 20, ʢʘʨʪʦʬʝʣʷ ð ʦʢʦʣʦ 30, ʘ ʢʘʧʫʩʪʳ ð 

ʩʚʳʰʝ 50. ʇʨʠ ʵʪʦʤ ʩ ʚʳʨʘʱʝʥʥʦʡ ʢʘʧʫʩʪʦʡ ʚʳʚʦʟʷʪʩʷ ʩʦʪʥʠ ʛʨʘʤʤʦʚ Ti ʠ Sr ʠ 

ʜʝʩʷʪʢʠ ʛʨʘʤʤʦʚ Zn, ʉu, ʄn, ɺʘ, Zr. 

ʂʦʣʠʯʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʦʚʣʝʢʘʝʤʳʭ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʡ 

ʢʨʫʛʦʚʦʨʦʪ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ, ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, 

ʯʝʤ ʧʨʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨʘʭ. ʊʘʢ, ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʧʦʤʠʜʦʨʦʚ ʝʞʝʛʦʜʥʘʷ 

ʧʨʦʜʫʢʮʠʷ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ) ʢʦʣʝʙʣʝʪʩʷ ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ ʦʪ 

4000 (ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʫʜʦʙʨʝʥʠʡ) ʜʦ 9700 (ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʜʦʟʘʭ ʫʜʦʙʨʝʥʠʡ) 

ʢʛ/ʛʘ, ʧʨʠʯʝʤ ʥʘ ʜʦʣʶ ʧʣʦʜʦʚ ʧʨʠʭʦʜʠʪʩʷ ʚʩʝʛʦ 35ð54%.  

ʅʦ ʜʘʞʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʠʟ 

ʧʦʯʚʳ ʩ ʧʣʦʜʘʤʠ ʚʳʥʦʩʠʪʩʷ ʜʦ 42% ʚʩʝʛʦ ʢʘʣʠʷ, ʧʦʛʣʦʱʘʝʤʦʛʦ ʨʘʩʪʝʥʠʷʤʠ, 

ʩʚʳʰʝ 30% ʬʦʩʬʦʨʘ ʠ ʘʟʦʪʘ, ʘ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʝʣʝʟʘ ʠ 

ʘʣʶʤʠʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʷʜʝ ʭʦʟʷʡʩʪʚ ʩ ʧʦʣʝʡ ʚʳʚʦʟʠʪʩʷ ʢʘʢ ʢʦʨʤ ʩʢʦʪʫ 

ʠ ʙʦʪʚʘ ʧʦʤʠʜʦʨʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʪʘʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʪʚʳ ʤʦʞʝʪ ʩʪʘʪʴ 

ʧʦʚʩʝʤʝʩʪʥʳʤ, ʠ ʥʘ ʧʦʣʷʭ ʧʦʤʠʜʦʨʦʚ ʚ ɹʀʂ ʙʫʜʫʪ ʚʦʚʣʝʢʘʪʴʩʷ ʪʦʣʴʢʦ 

ʵʣʝʤʝʥʪʳ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ. 

ʂʦʣʠʯʝʩʪʚʦ ʭʣʦʧʢʘ-ʩʳʨʮʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʩ 1 ʛʘ, ʦʙʳʯʥʦ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2000 

ʜʦ 4500 ʢʛ. ɸ ʜʣʷ ʝʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʥʘ 1 ʛʘ ʣʘʥʜʰʘʬʪʦʚ ʭʣʦʧʢʦʚʳʭ ʧʣʘʥʪʘʮʠʡ 

ʚʥʦʩʠʪʩʷ ʩʚʳʰʝ 240 ʢʛ ʘʟʦʪʘ, 150 ʢʛ ʦʢʩʠʜʘ ʢʘʣʠʷ ʠ ʩʚʳʰʝ 130 ʢʛ ʦʢʩʠʜʘ 

ʬʦʩʬʦʨʘ. 

ɺʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʚʦ-ʧʝʨʚʳʭ, ʦ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʦʙʦʩʦʙʣʝʥʠʷ ʣʘʥʜʰʘʬʪʦʚ ʩ ʩʝʚʦʦʙʦʨʦʪʘʤʠ ʦʜʥʦʣʝʪʥʠʭ ʢʫʣʴʪʫʨ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦʟʚʦʣʷʝʪ ʤʘʩʰʪʘʙ ʨʘʙʦʪ, ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʠʪʴ 

ʣʘʥʜʰʘʬʪʳ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʚʳʨʘʱʠʚʘʶʪʩʷ ʭʣʦʧʯʘʪʥʠʢ, ʦʚʦʱʥʳʝ ʠ 

ʟʝʨʥʦʚʳʝ ʢʫʣʴʪʫʨʳ (ʈʠʩ. 3). 



 

 21 

 
ʈʠʩ. 3 ʉʭʝʤʘ ʦʙʲʝʜʠʥʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʚʪʦʨʦʤ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ 

 

ʂ ʣʘʥʜʰʘʬʪʘʤ ʩ ʤʥʦʛʦʣʝʪʥʠʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ 

ʦʪʥʦʩʷʪʩʷ ʩʘʜʳ, ʚʠʥʦʛʨʘʜʥʠʢʠ, ʯʘʡʥʳʝ, ʷʛʦʜʥʳʝ ʠ ʦʨʝʭʦʚʳʝ ʧʣʘʥʪʘʮʠʠ. ʀʟ ʥʠʭ 

ʪʘʢʞʝ ʩ ʫʨʦʞʘʝʤ ʚʳʚʦʟʷʪʩʷ ʵʣʝʤʝʥʪʳ ʚ ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʝ, ʘ ʩ ʫʜʦʙʨʝʥʠʷʤʠ ʠ 

ʩʨʝʜʩʪʚʘʤʠ ʭʠʤʠʯʝʩʢʦʡ ʙʦʨʴʙʳ ʩ ʚʨʝʜʠʪʝʣʷʤʠ, ʙʦʣʝʟʥʷʤʠ ʠ ʩʦʨʥʷʢʘʤʠ 

ʚʥʦʩʷʪʩʷ ð ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ. ʏʘʩʪʴ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 

ʚʦʚʣʝʢʘʝʪʩʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ, ʧʦʩʢʦʣʴʢʫ ʧʦʯʚʳ ʣʘʥʜʰʘʬʪʦʚ ʩ 

ʤʥʦʛʦʣʝʪʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʯʘʩʪʠʯʥʦʤʫ ʧʝʨʝʧʘʭʠʚʘʥʠʶ. 

ʆʜʥʘʢʦ ʤʝʞʜʫ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ ʩ ʦʜʥʦʣʝʪʥʠʤʠ ʠ 

ʤʥʦʛʦʣʝʪʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʠʤʝʶʪʩʷ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ. ʊʘʢ, 

ʫʨʦʞʘʡʥʦʩʪʴ ʩʘʜʦʚ ʥʘ ʶʛʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3500 

ʢʛ/ʛʘ (ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʥʘ ʤʠʥʝʨʘʣʴʥʫʶ, ʟʦʣʴʥʫʶ ʯʘʩʪʴ ð 35 ʢʛ/ʛʘ), ʧʨʠʯʝʤ ʪʘʢʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ ʥʝ ʷʚʣʷʝʪʩʷ ʝʞʝʛʦʜʥʦʡ, ʘ ʧʦʚʪʦʨʷʝʪʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʣʝʪ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʘʥʜʰʘʬʪʘʭ ʩ ʤʥʦʛʦʣʝʪʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ 

ʥʘʜʟʝʤʥʦʡ ʠ ʚʩʷ ʧʦʜʟʝʤʥʘʷ ʯʘʩʪʴ ʨʘʩʪʝʥʠʡ ʥʝ ʚʳʚʦʟʠʪʩʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚ 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʟʜʝʩʴ ʚʦʚʣʝʢʘʝʪʩʷ ʥʝʩʨʘʚʥʝʥʥʦ ʙʦʣʴʰʝʝ (ʧʦ ʤʘʩʩʝ) 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʣʘʥʜʰʘʬʪʳ ʦʪʣʠʯʘʶʪʩʷ ʪʘʢʞʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠ ʩʦʩʪʘʚʫ 

ʚʥʦʩʠʤʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʧʝʩʪʠʮʠʜʦʚ. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ɺ.ʅ. ʂʦʨʯʘʛʠʥʘ, 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʙʦʨʴʙʳ ʩ ʚʨʝʜʠʪʝʣʷʤʠ ʠ ʙʦʣʝʟʥʷʤʠ ʨʘʩʪʝʥʠʡ ʚ 

ʣʘʥʜʰʘʬʪʘʭ ʩ ʦʜʥʦʣʝʪʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʚʥʦʩʠʪʩʷ ʚ 1,5ð3 ʨʘʟʘ ʤʝʥʴʰʝ ʥʘ 

ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ, ʯʝʤ ʚ ʣʘʥʜʰʘʬʪʘʭ ʩ ʤʥʦʛʦʣʝʪʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ.  

ʅʝʦʙʭʦʜʠʤʦ ʧʨʠ ʵʪʦʤ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʥʦʛʦʣʝʪʥʠʭ ʢʫʣʴʪʫʨ 

ʚ ʧʦʯʚʳ ʣʘʥʜʰʘʬʪʦʚ ʦʙʳʯʥʦ ʚʥʦʩʠʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʤʝʜʠ ʠ ʞʝʣʝʟʘ 
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(ʥʘʧʨʠʤʝʨ, ʧʨʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʯʚ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʚʩʝ 

ʚʠʥʦʛʨʘʜʥʠʢʠ ʧʦʧʘʣʠ ʚ ʟʦʥʳ ʢʦʥʪʨʘʩʪʥʳʭ ʤʝʜʥʳʭ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ). 

ʆʪʣʠʯʘʶʪʩʷ ʣʘʥʜʰʘʬʪʳ ʠ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚ: ʚ ʣʘʥʜʰʘʬʪʘʭ ʩ ʤʥʦʛʦʣʝʪʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʧʝʨʝʧʘʭʠʚʘʶʪʩʷ ʪʦʣʴʢʦ 

ʫʯʘʩʪʢʠ ʤʝʞʜʫʨʷʜʠʡ. 

ɾʠʚʦʪʥʦʚʦʜʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ ʠʤʝʶʪ ʨʷʜ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ʇʣʦʱʘʜʴ ʠʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʯʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʠ ʢʨʘʡʥʝ ʙʳʩʪʨʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ 

ʫʩʣʦʚʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʤʠʛʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʚ ʠʭ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ ʩʦʩʪʦʷʪ ʠʟ ʪʘʢʠʭ 

ʨʘʟʥʦʨʦʜʥʳʭ, ʥʦ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ ʯʘʩʪʝʡ, ʢʘʢ ʧʘʩʪʙʠʱʘ, 

ʚʳʛʦʥʳ, ʨʘʟʣʠʯʥʳʝ ʧʦʤʝʱʝʥʠʷ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʟʜʘʥʠʷ. 

ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʧʦʩʪʫʧʘʶʪ ʚ ʵʪʠ ʣʘʥʜʰʘʬʪʳ ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʝ ʩ ʢʦʨʤʘʤʠ, ʘ ʚʳʥʦʩʷʪʩʷ ʢʘʢ ʚ ʙʠʦʛʝʥʥʦʡ ʠ ʤʠʥʝʨʘʣʴʥʦʡ 

ʬʦʨʤʘʭ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʦʩʪʦʷʥʥʦ ʚ ʧʦʯʚʳ ʣʘʥʜʰʘʬʪʦʚ ʩ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʤʠ ʬʝʨʤʘʤʠ ʚʥʦʩʷʪʩʷ ʚ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ: ʉ, ʈ, N, 

S, ʂ, ʉʘ, Al, Mg. 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʣʘʥʜʰʘʬʪʘʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʝʥ ʠ ʭʘʨʘʢʪʝʨʝʥ ʣʠʰʴ ʜʣʷ ʧʘʩʪʙʠʱ (ʣʫʛʦʚ). ɺ 

ʵʪʠ ʯʘʩʪʠ ʣʘʥʜʰʘʬʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʫʧʘʝʪ ʠ ʚ 

ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ ð ʧʨʠ ʚʥʝʩʝʥʠʠ ʫʜʦʙʨʝʥʠʡ. ʇʦʯʚʳ ʥʘ ʧʘʩʪʙʠʱʘʭ ʠʥʦʛʜʘ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʝʨʝʧʘʭʠʚʘʥʠʶ (ʥʦ ʥʝ ʝʞʝʛʦʜʥʦʤʫ). 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʨʠ 

ʜʝʪʘʣʠʟʘʮʠʦʥʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʤʝʝʪ ʨʷʜ 

ʦʩʦʙʝʥʥʦʩʪʝʡ. ʊʘʢ, ʣʘʥʜʰʘʬʪʳ ʜʦʣʞʥʳ ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʚʦ-ʧʝʨʚʳʭ, ʧʦ 

ʥʘʙʦʨʫ ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʦʷʥʥʦ ʚʥʦʩʠʤʳʭ ʠ ʚʳʚʦʟʠʤʳʭ ʠʟ 

ʣʘʥʜʰʘʬʪʘ; ʚʦ-ʚʪʦʨʳʭ, ʧʦ ʤʘʩʩʝ ʵʣʝʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ɹʀʂ; ʚ-ʪʨʝʪʴʠʭ, ʧʦ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʪʝʭʥʦʛʝʥʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚ. 

ɼʣʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʉʅɻ ʥʘ ʧʣʦʱʘʜʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʦʣʝʪʥʠʭ ʢʫʣʴʪʫʨ ʤʦʞʥʦ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, 

ʦʙʦʩʦʙʠʪʴ ʩʣʝʜʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʩ 

ʩʝʚʦʦʙʦʨʦʪʘʤʠ:  

1) ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ;  
2) ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ;  
3) ʭʣʦʧʯʘʪʥʠʢʘ.  
 

ʅʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʤʥʦʛʦʣʝʪʥʠʤʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ 

ʚʦʟʤʦʞʥʦ ʦʙʦʩʦʙʣʝʥʠʝ ʣʘʥʜʰʘʬʪʦʚ, ʟʘʥʷʪʳʭ:  

1) ʩʘʜʘʤʠ;  
2) ʚʠʥʦʛʨʘʜʥʠʢʘʤʠ;  
3) ʯʘʡʥʳʤʠ ʧʣʘʥʪʘʮʠʷʤʠ;  
4) ʷʛʦʜʥʳʤʠ ʧʣʘʥʪʘʮʠʷʤʠ;  
5) ʦʨʝʭʦʚʳʤʠ ʧʣʘʥʪʘʮʠʷʤʠ.  
 

ʆʪʜʝʣʴʥʳʝ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʤʦʞʥʦ 
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ʦʙʲʝʜʠʥʷʪʴ ʚ ʩʣʝʜʫʶʱʠʝ:  

1) ʧʘʩʪʙʠʱʘ, ʪʝʭʥʦʛʝʥʥʳʝ ʣʫʛʘ ʠ ʚʳʛʦʥʳ;  
2) ʪʝʨʨʠʪʦʨʠʠ, ʟʘʥʷʪʳʝ ʧʦʜʩʦʙʥʳʤʠ ʧʦʤʝʱʝʥʠʷʤʠ. 

 

ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦʯʚʳ ʚ ʥʠʭ (ʢʘʢ ʠ ʚ 

ʙʠʦʛʝʥʥʳʭ) ʧʨʦʜʦʣʞʘʶʪ ʠʩʧʳʪʳʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ.  

ʇʨʠ ʵʪʦʤ, ʚ ʫʢʘʟʘʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʛʝʦʭʠʤʠʯʝʩʢʠ ʥʘʠʤʝʥʝʝ 

ʘʢʪʠʚʥʳʝ ʧʦʯʚʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʫʩʪʳʥʥʳʭ ʨʘʡʦʥʦʚ. 

ʇʦʩʣʝʜʥʝʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʦʩʚʦʝʥʠʠ 

ʧʦʩʪʫʧʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʨʮʠʠ ʚʦʜʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦ ʨʝʟʫʣʴʪʘʪ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʝʥʠʝ ʨʘʥʝʝ 

ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʇʦ ʜʘʥʥʦʤʫ ʧʨʠʟʥʘʢʫ ʚʩʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʤʝʣʠʦʨʠʨʫʝʤʳʝ ʠ ʥʝʤʝʣʠʦʨʠʨʫʝʤʳʝ.  

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʦʙʳʯʥʦ ʠʤʝʝʪ ʚʦʜʥʘʷ ʤʠʛʨʘʮʠʷ. ʉ ʝʝ ʫʯʝʪʦʤ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʣʠʯʘʪʴ ʦʨʦʰʘʝʤʳʝ, ʦʩʫʰʘʝʤʳʝ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʟʘʣʠʚʘʝʤʳʝ 

ʣʘʥʜʰʘʬʪʳ. ʂ ʧʦʩʣʝʜʥʠʤ ʦʪʥʦʩʷʪʩʷ ʨʠʩʦʚʳʝ ʯʝʢʠ. 

ʅʘ ʦʩʫʰʘʝʤʳʭ ʟʝʤʣʷʭ ʠʟʤʝʥʝʥʠʝ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʯʘʩʪʦ ʚʳʟʳʚʘʝʪ ʩʤʝʥʫ 

ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ɺ ʦʩʫʰʝʥʥʳʭ ʪʦʨʬʷʥʠʢʘʭ ʚʤʝʩʪʦ 

ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʛʣʝʝʚʳʭ ʥʘʯʠʥʘʶʪ ʧʨʝʦʙʣʘʜʘʪʴ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʦ ʜʘʥʥʳʤ ɺ.ʂ. ʃʫʢʘʰʝʚʘ (1983), ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʩʫʰʝʥʠʷ ʯʘʩʪʴ ʧʨʠʨʦʜʥʳʭ ʩʫʧʝʨʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚ 

ɹʝʣʦʨʫʩʩʠʠ ʧʝʨʝʰʣʘ ʚ ʪʝʭʥʦʛʝʥʥʳʝ ʩ ʷʚʥʳʤʠ ʯʝʨʪʘʤʠ ʵʣʶʚʠʘʣʴʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ. 

ʅʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ ʦʙʲʝʤ ʧʦʣʫʯʘʝʤʦʡ ʝʞʝʛʦʜʥʦ ʧʨʦʜʫʢʮʠʠ ʚʦʟʨʘʩʪʘʝʪ 

ʚ 4ð5 ʨʘʟ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠ ʟʝʤʣʠ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʢʦʣʦ 13% ʧʣʦʱʘʜʠ ʧʘʰʝʥ, 

ʜʘʶʪ ʙʦʣʝʝ 50% ʤʠʨʦʚʦʛʦ ʫʨʦʞʘʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʥʠʭ ʧʨʦʠʩʭʦʜʠʪ 

ʥʘʠʙʦʣʴʰʠʡ ʪʝʭʥʦʛʝʥʥʳʡ ʚʳʥʦʩ ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʝ. 

ʆʜʥʘʢʦ ʦʨʦʰʝʥʠʝ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʪʦʨʠʯʥʦʤʫ ʟʘʩʦʣʝʥʠʶ ʧʦʯʚ. 

ʋʢʘʟʘʥʥʦʤʫ ʧʨʦʮʝʩʩʫ ʚ ʤʠʨʝ ʧʦʜʚʝʨʞʝʥʦ ʜʦ 40% ʚʩʝʭ ʦʨʦʰʘʝʤʳʭ ʟʝʤʝʣʴ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʟʘʩʦʣʝʥʠʷ ʠʛʨʘʶʪ ʪʘʢʠʝ ʧʨʠʨʦʜʥʳʝ ʬʘʢʪʦʨʳ, ʢʘʢ 

ʩʫʭʦʡ ʢʣʠʤʘʪ, ʥʝʙʦʣʴʰʘʷ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʧʦʚʳʰʝʥʥʘʷ 

ʩʪʝʧʝʥʴ ʠʭ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʪ.ʜ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʩʦʣʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʯʚ, ʘ 

ʥʘʢʦʧʠʚʰʠʝʩʷ ʚ ʥʠʭ ʵʣʝʤʝʥʪʳ ʧʨʝʧʷʪʩʪʚʫʶʪ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʅʘʠʙʦʣʴʰʠʡ ʚʨʝʜ ʵʢʦʥʦʤʠʢʝ ʧʨʠʥʦʩʠʪ 

ʟʘʩʦʣʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʊʘʢ, ʫʞʝ ʧʨʠ ʩʣʘʙʦʤ ʟʘʩʦʣʝʥʠʠ 

ʧʦʯʚ ʫʨʦʞʘʡʥʦʩʪʴ ʭʣʦʧʯʘʪʥʠʢʘ ʠ ʧʰʝʥʠʮʳ ʩʥʠʞʘʝʪʩʷ ʥʘ 50ð60%, ʢʫʢʫʨʫʟʳ ʥʘ 

40ð50%, ʘ ʷʯʤʝʥʷ ʥʘ 30ð40%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʦʭʠʤʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʨʦʰʘʝʤʳʭ ʣʘʥʜʰʘʬʪʦʚ ʜʦʣʞʥʦ ʫʜʝʣʷʪʴʩʷ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ. 

ɺ ʧʝʨʠʦʜʠʯʝʩʢʠ ʟʘʣʠʚʘʝʤʳʭ ʣʘʥʜʰʘʬʪʘʭ ʧʦʯʚʳ ʚʦ ʚʨʝʤʷ ʧʦʢʨʳʪʠʷ ʚʦʜʦʡ 

ʩʪʘʥʦʚʷʪʩʷ ʧʦʜʦʙʥʳ ʠʣʘʤ ʚ ʨʝʢʘʭ ʠʣʠ ʧʦʯʚʘʤ ʧʦʡʤ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 
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ʧʦʩʣʝʜʥʠʭ ʩʨʦʢ ʟʘʣʠʚʘ ʟʝʤʝʣʴ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʧʘʚʦʜʢʘʤʠ ʠ ʜʦʚʦʣʴʥʦ 

ʧʨʦʜʦʣʞʠʪʝʣʝʥ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʣʘʥʜʰʘʬʪʳ ʚʥʦʩʠʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʜʦʙʨʝʥʠʡ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ. 

ʇʨʠʤʝʨʥʘʷ ʩʭʝʤʘ ʦʙʲʝʜʠʥʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ 

ʚʪʦʨʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʧʨʠʚʝʜʝʥʘ ʈʠʩ. 3. ɿʜʝʩʴ ʫʢʘʟʘʥʳ ʪʦʣʴʢʦ 

ʦʩʥʦʚʥʳʝ ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʉʅɻ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ. ʉ 

ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʚʠʜʘ ʚʳʨʘʱʠʚʘʝʤʳʭ ʢʫʣʴʪʫʨ, ʪʝʭʥʦʣʦʛʠʠ 

ʚʳʨʘʱʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ ʤʝʣʠʦʨʘʮʠʠ, ʥʝʩʦʤʥʝʥʥʦ, ʧʦʷʚʷʪʩʷ ʥʦʚʳʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʭʝʤʝ ʫʯʪʝʥʳ ʠ ʧʨʠʨʦʜʥʳʝ 

(ʚ ʦʩʥʦʚʥʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʝ) ʬʘʢʪʦʨʳ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. ʀʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʙʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʇʦ ʜʘʥʥʳʤ ʘʚʪʦʨʘ ʠ ɺ.ʅ.ʉʝʨʠʢʦʚʘ, ʚ ʧʦʯʚʘʭ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʛʝʥʝʟʘ ʯʘʱʝ ʧʨʦʠʩʭʦʜʠʪ 

ʦʙʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʬʦʥʦʚʦʛʦ (ʩʨʝʜʥʝʛʦ) ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ, ʘ ʥʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʘʥʦʤʘʣʠʡ. ʊʘʢʠʝ ʘʥʦʤʘʣʠʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʜʘʞʝ ʦʢʦʣʦ ʢʨʫʧʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ.  

ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʧʝʨʝʧʘʭʠʚʘʥʠʝʤ ʟʝʤʝʣʴ. 

ɺʳʷʚʣʝʥʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ (ʤʘʩʰʪʘʙ ʨʘʙʦʪ 1:500 000) ʘʥʦʤʘʣʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʨʝʛʠʦʥʦʚ ʠ ʥʘʣʠʯʠʝʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ʊʘʢ, ʚ ʧʨʝʜʝʣʘʭ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠʨʦʜʥʳʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʚ 

ʧʦʯʚʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚʳʷʚʠʣʠʩʴ ʧʨʠ ʤʦʱʥʦʩʪʠ ʪʦʣʱ, 

ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʫʜʦʥʦʩʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʪ 200 ʜʦ 1000 ʤ (ʈʠʩ. 

4). ɺʳʜʝʣʝʥʠʝ ʘʥʦʤʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʩʥʦʚʝ, ʧʦʣʦʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 

ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ (ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, ɺ.ɸ. ʃʠʭʘʯʝʚ, 

ɸ.ɺ. ɿʘʡʮʝʚ ʠ ʜʨ.).  

 
ʈʠʩ. 4 ʉʚʷʟʴ ʧʨʠʨʦʜʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʚ ʧʦʯʚʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʩ ʨʫʜʦʥʦʩʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ (ʥʘ ʧʨʠʤʝʨʝ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ): 

1 ð ʨʘʟʣʦʤʳ ɼʦʥʝʮʢʦʡ ʩʠʩʪʝʤʳ; 2ð ʨʘʟʣʦʤʳ ʚʠʭʨʝʚʦʡ ʩʠʩʪʝʤʳ; 3 ð ʢʦʥʪʫʨʳ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ; 4 ð ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ 
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ɺ ʧʨʝʜʝʣʘʭ ʯʘʩʪʠ ʘʥʦʤʘʣʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ, ʢʦʪʦʨʳʤʠ 

ʙʳʣʠ ʧʝʨʝʩʝʯʝʥʳ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ ʩ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʠ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʝʪʘʣʣʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʘʥʦʤʘʣʠʠ ʚ ʧʦʯʚʘʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩʚʷʟʴ 

ʚʳʷʚʣʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ ʚ ʨʝʛʠʦʥʝ. 

ɺ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʘʥʦʤʘʣʠʡ ʚ ʧʦʯʚʘʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʩʚʷʟʘʥʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʊʘʤʘʥʠ. ʂʘʢ ʠ ʧʨʝʜʳʜʫʱʠʝ, ʵʪʠ ʘʥʦʤʘʣʠʠ ʭʦʪʷ ʠ ʩʣʘʙʦʢʦʥʪʨʘʩʪʥʳʝ, ʥʦ ʯʝʪʢʦ 

ʚʳʜʝʣʷʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʩʥʦʚʳ, ʢʦʛʜʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʣʘʥʜʰʘʬʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʠ ʟʥʘʯʝʥʠʷ ʬʦʥʦʚʳʭ ʠ ʘʥʦʤʘʣʴʥʳʭ 

ʩʦʜʝʨʞʘʥʠʡ ʤʝʪʘʣʣʦʚ. 

ʌʦʥʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʨʘʟʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚʝʩʴʤʘ ʨʘʟʣʠʯʥʦ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʪʝʭʥʦʛʝʥʥʳʤʠ, ʪʘʢ ʠ ʧʨʠʨʦʜʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʀʟ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ 

ʦʩʥʦʚʥʳʤʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʤʝʣʠʦʨʘʮʠʶ ʠ ʟʘʤʝʥʫ ʦʜʥʠʭ ʣʘʥʜʰʘʬʪʦʚ ʜʨʫʛʠʤʠ.  

ʀʟ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʵʪʠʭ ʣʘʥʜʰʘʬʪʦʚ, ʦʪʤʝʪʠʤ ʚʦʟʜʫʰʥʫʶ ʵʨʦʟʠʶ, ʨʝʣʴʝʬ ʠ 

ʩʦʩʪʘʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʊʘʢ, ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʳʭ ʚʝʪʨʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʦʢʘʟʳʚʘʝʪ 

ʚʦʟʜʫʰʥʘʷ ʵʨʦʟʠʷ.  

ɽʝ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʚʳʜʫʚʘʥʠʝ ʥʘʠʙʦʣʝʝ ʣʝʛʢʠʭ ʯʘʩʪʠʮ ʧʦʯʚ, ʥʝ 

ʩʚʷʟʘʥʥʳʭ ʩ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʙʦʛʘʱʝʥʠʝ ʧʦʯʚ 

ʯʘʩʪʠʮʘʤʠ, ʩʦʨʙʠʨʦʚʘʚʰʠʤʠ ʤʝʪʘʣʣʳ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʵʪʠʭ ʤʝʪʘʣʣʦʚ ʚ ʚʝʨʭʥʝʤ ʧʦʯʚʝʥʥʦʤ ʛʦʨʠʟʦʥʪʝ. ɺʳʜʫʚʘʥʠʶ ʣʝʛʢʠʭ ʯʘʩʪʠʮ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʝʞʝʛʦʜʥʳʝ ʧʝʨʝʧʘʭʠʚʘʥʠʷ ʠ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ, ʟʘʥʷʪʳʝ ʪʦʣʴʢʦ 

ʧʘʰʥʷʤʠ. 

ʈʘʩʩʤʦʪʨʝʥʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʧʦʯʚ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʝʣʴʝʬʦʤ. ʅʘ 

ʶʛʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʦʥʦ, ʦʭʚʘʪʳʚʘʷ ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ (ʈʠʩ. 5), 

ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʧʦʜʥʷʪʠʡ ð ʚ ʵʣʶʚʠʘʣʴʥʳʭ ʠ 

ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʘʭ (ʊʘʙʣʠʮʘ 7). 

 
ʈʠʩ. 5 ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʠʥʮʘ ʚ ʧʦʯʚʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʶʛʘ 

ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ: 

1 ð ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ ʤʝʥʝʝ 1,7 Å 10
3
 %; 2ð ʪʦ ʞʝ, ʙʦʣʝʝ 1,7-10

4 
% 
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ʊʘʙʣʠʮʘ 7 

ʆʙʦʛʘʱʝʥʠʝ ʤʝʪʘʣʣʘʤʠ ʚʝʨʭʥʝʛʦ 30-ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʩʣʦʷ ʧʦʯʚ ʵʣʶʚʠʘʣʴʥʳʭ ʠ 

ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʘʰʝʥ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ, ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʥʝʧʦʜʚʝʨʞʝʥʥʳʤʠ (ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ) 

ʃʘʥʜʰʘʬʪ 
ʏʠʩʣʦ 

ʥʘʙʣʶʜʝʥʠʡ 
ʄʝʪʘʣʣ 

ʀʟʤʝʥʝʥʠʝ ʬʦʥʦʚʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ,      

n Å 10
-3

% 

ʋʚʝʣʠʯʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ, 

ʪ/ʢʤ
2
 

ʕʣʶʚʠʘʣʴʥʳʡ 201 

Ph 

ʆʪ 1,3 ʜʦ 2,6 7,8 

ʊʨʘʥʩʵʣʶʚʠ-

ʘʣʴʥʳʡ 
828 ʆʪ 1,4 ʜʦ 2 3,6 

ʕʣʶʚʠʘʣʴʥʳʡ 201 

Ni 

ʆʪ 3,9 ʜʦ 4,9 6 

ʊʨʘʥʩʵʣʶʚʠ-

ʘʣʴʥʳʡ 
828 ʆʪ 4,2 ʜʦ 4,6 2,4 

 

ʂʨʦʤʝ ʈʔ ʠ Ni, ʟʘ ʩʯʝʪ ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ ʚ ʧʦʯʚʘʭ ʨʝʛʠʦʥʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʦʟʨʦʩʣʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʠ, Zn, ʉʛ, Mn. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʩʣʫʯʘʝ ʧʣʦʱʘʜʴ, ʧʦʜʚʝʨʞʝʥʥʘʷ ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40 000 ʢʤ
2
, 

ʪʦ ʧʦʣʫʯʠʪʩʷ, ʯʪʦ ʚ ʝʝ ʧʨʝʜʝʣʘʭ ʥʘʢʦʧʠʣʦʩʴ, ʪ: ʉʠ ð ʦʢʦʣʦ 72 000, Ni ð 84 000, 

Zn ð ʩʪʦʣʴʢʦ ʞʝ, ʈʔ ð 96 000, ʉʛ - 264 000, Mn -872 000. 

ɽʱʝ ʙʦʣʴʰʠʤ ʷʚʣʷʝʪʩʷ ʚʳʥʦʩ ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʧʦʧʘʜʘʶʱʠʭ ʩ ʫʜʦʙʨʝʥʠʷʤʠ. ʊʘʢ, ʧʨʠ ʘʵʨʦʟʦʣʴʥʦʤ ʧʝʨʝʥʦʩʝ ʩʣʦʷ ʤʦʱʥʦʩʪʴʶ 

ʚʩʝʛʦ 1 ʤʤ ʚ ʚʦʟʜʫʭ ʩ 1 ʛʘ ʧʦʜʥʠʤʘʝʪʩʷ ʧʨʠʤʝʨʥʦ, ʢʛ: N ð 76, ʈ - 24, ʂ - 80. 

ɺ ʟʦʥʘʭ ʦʙʦʛʘʱʝʥʠʷ ʧʦʯʚ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʟʘ ʩʯʝʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ ʤʝʪʘʣʣʳ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʣʠʰʴ ʚ ʚʝʨʭʥʝʤ, ʧʘʭʦʪʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʤʦʱʥʦʩʪʴʶ ʜʦ 30 ʩʤ. ʕʪʦ ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʘʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʘʥʘʣʠʟʘʤʠ ʧʦʯʚ ʠʟ ʢʝʨʥʘ ʩʢʚʘʞʠʥ ʠ ʰʫʨʬʦʚ (ʈʠʩ. 6). 

 
ʈʠʩ. 6 ʆʙʦʛʘʱʝʥʠʝ ʚʝʨʭʥʝʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʯʚ ʤʝʜʴʶ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ 

ʶʞʥʳʭ ʨʘʡʦʥʦʚ (ʘ) ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʪʘʢʦʚʳʤʠ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ (ʙ), ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ 

ɸ, ɺ1, ɺ2, ʉ1, ʉ2, ð ʦʧʨʦʙʦʚʘʥʥʳʝ ʛʦʨʠʟʦʥʪʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ 

 

ɺʣʠʷʥʠʝ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠ ʧʨʠ ʘʵʨʦʟʦʣʴʥʦʤ ʚʳʥʦʩʝ, ʠ ʧʨʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʠ. ʉʥʘʯʘʣʘ 

ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʷʜʘ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ 

ʩʦʧʨʷʞʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ (ʦʪ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ð ʵʣʶʚʠʘʣʴʥʳʭ ʜʦ ʣʘʥʜʰʘʬʪʦʚ 
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ʧʦʜʥʦʞʠʡ ð ʪʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʭ) ʚ ʩʣʫʯʘʝ ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ (ʊʘʙʣʠʮʘ 8). 

ʊʘʙʣʠʮʘ 8 

ʀʟʤʝʥʝʥʠʝ ʬʦʥʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, n Å 10
-1

% ʧʦ ʤʘʩʩʝ, ʨʷʜʘ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ 

ʩʦʧʨʷʞʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʫʰʥʦʡ 

ʵʨʦʟʠʠ 

ʃʘʥʜʰʘʬʪ 
ʏʠʩʣʦ 

ʧʨʦʙ 

ʍʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ (ʘʪʦʤʥʘʷ ʤʘʩʩʘ) 

ʈʔ  

(207) 

Zn 

(65,3) 

Cu 

(63,5) 

Ni  

(58,7) 

Mn 

(54,9) 

ʕʣʶʚʠʘʣʴʥʳʡ 196 2,6 6 5 4,9 67,9 

ʊʨʘʥʩʵʣʶʚʠʘʣʴʥʳʡ 241 2 5,3 4,8 4,6 61,4 

ʊʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʡ 77 1,8 4,9 4,5 4,6 56,7 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ 

ʥʘ ʚʦʜʦʨʘʟʜʝʣʘʭ, % 

- 144 122 111 106 109 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʚʦ-ʧʝʨʚʳʭ, ʚ ʧʦʯʚʘʭ ʵʣʶʚʠʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

(ʛʜʝ ʚ ʥʘʠʙʦʣʴʰʝʡ ʤʝʨʝ ʧʨʦʷʚʠʣʦʩʴ ʚʳʜʫʚʘʥʠʝ ʧʦʯʚ) ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ ʥʘʠʙʦʣʴʰʝʝ; ʚʦ-ʚʪʦʨʳʭ, ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʥʘʢʦʧʣʝʥʠʶ ʙʦʣʝʝ 

ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ, ʪ.ʝ. ʯʝʤ ʚʳʰʝ ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʵʣʝʤʝʥʪʦʚ, ʪʝʤ ʦʥʠ ʪʨʫʜʥʝʝ 

ʚʳʜʫʚʘʶʪʩʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ. 

ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʳʝ 

ʯʘʩʪʠʮʳ ʧʦʩʪʝʧʝʥʥʦ ʦʧʫʩʢʘʶʪʩʷ ʚʥʠʟ ʢʘʢ ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚ (ʵʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ 

ʠʟ ʈʠʩ. 6), ʪʘʢ ʠ ʧʦ ʩʢʣʦʥʫ ʚ ʩʦʧʨʷʞʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ (ʊʘʙʣʠʮʘ 9). ɺ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚʳʷʚʣʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʵʣʝʤʝʥʪʦʚ ʩ ʙʦʣʴʰʝʡ ʘʪʦʤʥʦʡ ʤʘʩʩʦʡ ʫ ʧʦʜʥʦʞʠʷ ʩʢʣʦʥʦʚ. ʕʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʭʝʤʝ ʤʠʛʨʘʮʠʠ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ. 

ʊʘʙʣʠʮʘ 9 

ʀʟʤʝʥʝʥʠʝ ʬʦʥʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, n Å 10
-3

% ʧʦ ʤʘʩʩʝ, ʨʷʜʘ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ 

ʩʦʧʨʷʞʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʭ 

ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ 

ʃʘʥʜʰʘʬʪ 
ʏʠʩʣʦ 

ʧʨʦʙ 

ʍʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ (ʘʪʦʤʥʘʷ ʤʘʩʩʘ) 

ʈʔ  

(207) 

Zn  

(65,3) 

Cu  

(63,5) 

Ni  

(58,7) 

Mn  

(54,9) 

ʕʣʶʚʠʘʣʴʥʳʡ 66 1,3 4,9 4,0 3,9 55,9 

ʊʨʘʥʩʵʣʶʚʠʘʣʴʥʳʡ 396 1,4 4,8 4,2 4,0 55,8 

ʊʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʡ 77 1,8 4,9 4,5 4,3 56,7 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʣʣʦʚ ʫ 

ʧʦʜʥʦʞʠʷ ʩʢʣʦʥʦʚ, % 

- 138 102 112 110 101 

 

ʅʝʩʦʤʥʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʥʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʘʭ ʨʘʟʣʠʯʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʦʢʘʟʳʚʘʝʪ ʠ ʩʦʩʪʘʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ 



 

 28 

(ʧʦʯʚʦʧʦʜʩʪʠʣʘʶʱʠʭ) ʛʦʨʥʳʭ ʧʦʨʦʜ.  

ɺ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʪʘʢʦʝ ʚʣʠʷʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʚʦʢʫʧʥʦʩʪʠ ʝʱʝ 

ʤʥʦʛʠʭ ʧʨʠʯʠʥ, ʛʣʘʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʝ: ʤʦʱʥʦʩʪʴ 

ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ, ʢʦʥʢʨʝʪʥʫʶ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ 

ʣʘʥʜʰʘʬʪʘ, ʢʣʠʤʘʪ, ʛʣʫʙʠʥʫ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ.  

ʂʦʥʝʯʥʦ, ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ (ʠ ʜʘʞʝ ʚ ʨʘʡʦʥʘʭ ʦʜʥʦʛʦ ʨʝʛʠʦʥʘ) ʤʳ 

ʚʩʪʨʝʯʘʝʤʩʷ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʇʦʵʪʦʤʫ 

ʫʩʪʘʥʦʚʠʪʴ ʦʙʱʠʝ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʦʯʚʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʦʪ ʩʦʩʪʘʚʘ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ 

ʧʦʢʘ ʥʝʚʦʟʤʦʞʥʦ. ʉʣʝʜʫʝʪ ʪʦʣʴʢʦ ʟʥʘʪʴ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʧʦʨʦʜ.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʶʛʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʚ 100% ʩʣʫʯʘʝʚ ʥʘʜ 

ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʣʠʤʘʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚ ʧʦʯʚʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʩʦʜʝʨʞʘʥʠʝ ʈb ʧʨʝʚʳʰʘʝʪ ʢʣʘʨʢʦʚʦʝ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʪʝʨʨʠʪʦʨʠʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʟʘ ʧʨʝʜʝʣʘʤʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʟʘʥʷʪʳʝ ʧʨʦʤʳʰʣʝʥʥʳʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ; ʘʚʪʦʟʘʧʨʘʚʦʯʥʳʤʠ ʩʪʘʥʮʠʷʤʠ; ʢʘʨʴʝʨʘʤʠ ʠ ʰʘʭʪʘʤʠ ʩ 

ʧʦʩʪʨʦʡʢʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ; ʫʯʘʩʪʢʘʤʠ ʜʦʙʳʯʠ ʥʝʬʪʠ, 

ʛʘʟʘ, ʧʦʜʟʝʤʥʳʭ ʚʦʜ; ʘʵʨʦʧʦʨʪʘʤʠ ʠ ʘʵʨʦʜʨʦʤʘʤʠ, ʘ ʪʘʢʞʝ ʦʪʚʘʣʘʤʠ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʫ ʰʘʭʪ, ʢʘʨʴʝʨʦʚ ʠ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ (ʈʠʩ. 7).  

 
ʈʠʩ. 7 ʉʭʝʤʘ ʦʙʲʝʜʠʥʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʚʪʦʨʦʤ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ 

 

ʈʦʣʴ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʵʣʝʤʝʥʪʦʚ ʚ ʵʪʠʭ ʣʘʥʜʰʘʬʪʘʭ 

ʤʠʥʠʤʘʣʴʥʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʦ ʥʝʤ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ. 

ʇʝʨʚʳʡ ʠʟ ʥʠʭ ð ʥʘʭʦʞʜʝʥʠʝ ʩʨʝʜʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ çʨʝʣʠʢʪʦʚʳʭ 

ʧʷʪʝʥè ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʥʘ ʵʪʦʤ ʤʝʩʪʝ 

(ʥʘʧʨʠʤʝʨ, ʢʫʩʦʯʝʢ ʩʪʝʧʠ ʠʣʠ ʦʪʜʝʣʴʥʳʝ ʜʝʨʝʚʴʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʥʦ-

ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʢʦʤʙʠʥʘʪʘ). ʊʘʢʠʝ ʨʝʣʠʢʪʦʚʳʝ ʣʘʥʜʰʘʬʪʳ ʠʩʧʳʪʳʚʘʶʪ 

ʦʛʨʦʤʥʦʝ ʪʝʭʥʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʘ ʟʘʥʠʤʘʝʤʳʝ ʠʤʠ ʧʣʦʱʘʜʠ ʩʦʩʪʘʚʣʷʶʪ 

ʤʘʢʩʠʤʫʤ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʦʪ ʧʣʦʱʘʜʝʡ ʚʢʣʶʯʘʶʱʠʭ ʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ.  

ʇʦʩʪʝʧʝʥʥʦ ʧʦʜ ʪʝʭʥʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʥʠ ʠʣʠ ʠʩʯʝʟʘʶʪ, ʠʣʠ 

ʧʝʨʝʭʦʜʷʪ ʚ ʩʘʜʳ, ʮʚʝʪʥʠʢʠ ʠ ʪ.ʧ. ʀʤʝʥʥʦ ʵʪʠ ʩʘʜʳ ʠ ʮʚʝʪʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʚʪʦʨʦʡ ʩʣʫʯʘʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɹʀʂ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ, 
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ʢʦʪʦʨʳʡ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʠʨʦʜʥʦʛʦ ʠ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥ. ɺʳʚʦʟ ʵʣʝʤʝʥʪʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʝ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʩʝʭ 

ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʘ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ð ʝʱʝ ʧʦ ʯʠʩʣʫ ʠ ʨʘʟʥʦʦʙʨʘʟʠʶ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʧʨʠʦʨʠʪʝʪʥʳʭè 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʘ ʯʘʩʪʦ ʠ ʧʦ ʬʦʨʤʝ ʠʭ ʥʘʭʦʞʜʝʥʠʷ. ʊʘʢ, ʟʘʚʦʜʳ ʠ 

ʬʘʙʨʠʢʠ, ʧʦʩʪʘʚʣʷʷ ʟʘ ʧʨʝʜʝʣʳ ʣʘʥʜʰʘʬʪʘ ʩʚʦʶ ʧʨʦʜʫʢʮʠʶ, ʚʳʜʝʣʷʶʪ ʚ 

ʘʪʤʦʩʬʝʨʫ ʮʝʣʳʡ ʨʷʜ ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʘʵʨʦʟʦʣʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʣʣʶʪʘʥʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʝ 

ʠʤʝʶʱʠʭ ʧʨʠʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ), ʧʦʩʪʫʧʘʶʱʠʭ ʟʘ ʧʨʝʜʝʣʳ ʣʘʥʜʰʘʬʪʦʚ ʩ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʪʦʢʦʤ ʠ ʫʞʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚʦʜʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ.  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʣʘʥʜʰʘʬʪʦʚ ʟʘʚʦʜʦʚ ʠ ʬʘʙʨʠʢ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ (ʠʭ 

ʩʦʝʜʠʥʝʥʠʷ) ʟʘʚʦʟʷʪʩʷ ʚ ʚʠʜʝ ʩʳʨʴʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʬʠʣʷ ʧʨʝʜʧʨʠʷʪʠʷ 

ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ 

ʥʘʭʦʞʜʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʢʘ ʦ ʟʘʛʨʷʟʥʝʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʛʦʚʦʨʷʪ ʚ 

ʩʣʫʯʘʷʭ ʧʦʩʪʫʧʣʝʥʠʷ ʧʦʣʣʶʪʘʥʪʦʚ ʢʘʢ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʆʜʥʘʢʦ ʚʘʞʥʝʡʰʝʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʫʪʠʣʠʟʘʮʠʷ ʩʘʤʠʭ ʧʨʦʜʫʢʪʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʣʝ ʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʢʣʘʜʳʚʘʪʴ ʩʨʝʜʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʝʝ ʧʦʩʣʝʜʫʶʱʝʡ 

ʫʪʠʣʠʟʘʮʠʠ ʚ ʨʘʡʦʥʘʭ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ. ʆʙ ʵʪʦʤ ʧʠʩʘʣ ʖ.ɸ. ɾʜʘʥʦʚ ʚ 

1991 ʛ. ʉʘʤʠ ʞʝ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʢʘʢ ʠʩʪʦʯʥʠʢʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩʨʝʜʳ, ʫʜʘʣʝʥʥʦʡ ʦʪ ʥʠʭ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʪʝʭʥʦʛʝʥʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ 

ʤʠʛʨʘʮʠʠ. 

ɺ ʣʘʥʜʰʘʬʪʘʭ ʨʘʟʣʠʯʥʳʭ ʰʘʭʪ, ʨʫʜʥʠʢʦʚ ʠ ʢʘʨʴʝʨʦʚ ʚʚʦʟ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (ʠʭ ʩʦʝʜʠʥʝʥʠʡ) ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣ. ʆʙʳʯʥʦ ʠʭ ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʝʪʩʷ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʰʘʭʪ, ʨʫʜʥʠʢʦʚ ʠ ʪ.ʜ. ʉʘʤʠ 

ʞʝ ʣʘʥʜʰʘʬʪʳ ʷʚʣʷʶʪʩʷ ʧʦʩʪʘʚʱʠʢʘʤʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʩʩ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʠ ʠʟʦʤʦʨʬʥʦʡ 

ʬʦʨʤʘʭ (ʚʢʣʶʯʘʷ ʥʝʬʪʴ, ʜʦʙʳʚʘʶʱʫʶʩʷ ʥʘ ʨʷʜʝ ʰʘʭʪ).  

ʀʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʣʘʥʜʰʘʬʪʦʚ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʢʘʢ ʧʦʙʦʯʥʳʝ 

ʧʨʦʜʫʢʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʪʫʧʘʶʪ ʚ ʜʨʫʛʠʝ ʣʘʥʜʰʘʬʪʳ ʚ ʚʠʜʝ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ (ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʦʪʢʘʯʢʝ ʚʦʜ), ʘ ʪʘʢʞʝ ʢʦʣʣʦʠʜʥʦʡ (ʯʘʩʪʠʯʥʦ ʚ ʚʠʜʝ 

ʘʵʨʦʟʦʣʝʡ) ʠ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʬʦʨʤʘʭ. 

ʃʘʥʜʰʘʬʪʳ ʦʪʚʘʣʦʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ 

ʦʙʳʯʥʦ ʩʦʟʜʘʶʪʩʷ ʥʘ ʤʝʩʪʝ ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʝʱʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʩʩ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʦ ʤʥʦʛʦʤ ʦʥʠ ʧʦʜʦʙʥʳ ʟʦʥʘʤ 

ʩʦʮʠʘʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ ʚ ʣʘʥʜʰʘʬʪʘʭ 

ʦʪʚʘʣʦʚ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʵʣʝʤʝʥʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʭ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʧʨʠʨʦʜʥʳʤ ʘʩʩʦʮʠʘʮʠʷʤ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʧʦʧʘʚʰʠʝ ʚ ʦʪʚʘʣʳ, ʥʘʭʦʜʷʪʩʷ ʚ 

ʫʩʣʦʚʠʷʭ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʭ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʤʠʥʝʨʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʦʪʚʘʣʳ, ʦʙʨʘʟʦʚʘʣʘʩʴ ʚ 
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ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʧʘʚ ʚ ʢʠʩʣʦʨʦʜʥʫʶ ʦʙʩʪʘʥʦʚʢʫ, ʦʥʠ ʥʘʯʠʥʘʶʪ 

ʦʢʠʩʣʷʪʴʩʷ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦ ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʛʦ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʩʫʣʴʬʠʜʦʚ ð ʧʠʨʠʪʘ: 

2FeS2 + 7O2 +2H2OŸ2FeSO4 + 2H2SO4, 

4FeSO4 + ʆ2 + 10H2OŸ4Fe[OH]3 + 4H2SO4, 

4Fe[OH]3Ÿ4FeO[OH] + 4 H2O. 

 

ʇʦʣʫʯʘʶʱʘʷʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʥʘʯʠʥʘʝʪ 

ʨʝʘʛʠʨʦʚʘʪʴ ʠ ʩ ʧʦʨʦʜʘʤʠ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʦʪʚʘʣʦʚ, ʠ ʩ 

ʩʫʣʴʬʠʜʘʤʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. ʆʜʥʠʤ ʠʟ ʧʨʦʜʫʢʪʦʚ ʵʪʠʭ ʨʝʘʢʮʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʷʜʦʚʠʪʳʡ ʩʝʨʦʚʦʜʦʨʦʜ: FeS2 + H2SO4ðFeSO4 + H2Sŷ+ S. 

ʏʘʩʪʴ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʠʜʝʪ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ, ʢʦʪʦʨʦʛʦ ʦʢʘʟʳʚʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʦʟʛʦʨʘʥʠʷ ʫʛʣʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪʚʘʣʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʦʨʝʥʠʷ 

ʦʪʚʘʣʦʚ ʚ ʘʪʤʦʩʬʝʨʫ ʚʳʜʝʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʷʜʦʚʠʪʳʭ ʛʘʟʦʚ (ʉʆ, 

H2S ʠ ʜʨ.) ʠ ʘʵʨʦʟʦʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʚʘʣʦʚ ʥʘ ʩʦʩʝʜʥʠʝ ʣʘʥʜʰʘʬʪʳ ð ʩʦʟʜʘʥʠʝ ʥʘ ʥʠʭ ʧʦʯʚ ʠ ʧʦʩʘʜʢʘ 

ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʝʥʠʡ. 

ʃʘʥʜʰʘʬʪʳ ʘʚʪʦʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ ʟʘʥʠʤʘʶʪ ʥʝʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ, 

ʥʦ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʧʨʠʚʥʦʩʘ ʚ ʧʨʝʜʝʣʳ ʠʭ ʪʝʨʨʠʪʦʨʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦ ʩʦʩʪʘʚʫ 

ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʥʠʭ ʚ ʜʨʫʛʠʝ ʣʘʥʜʰʘʬʪʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʉʨʝʜʠ 

ʧʦʩʣʝʜʥʠʭ, ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʪ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʩʚʠʥʝʮ. ʋ ʩʦʪʨʫʜʥʠʢʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʠʣʠ ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʪʠʭ ʣʘʥʜʰʘʬʪʘʭ, ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. ɼʝʪʘʣʴʥʳʤ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʪʝʨʨʠʪʦʨʠʠ ʘʚʪʦʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ ʧʦʢʘ ʥʝ 

ʧʦʜʚʝʨʛʘʣʠʩʴ. 

ʃʘʥʜʰʘʬʪʳ ʥʝʬʪʝ (ʛʘʟʦ-, ʚʦʜʦ-) ʧʨʦʤʳʩʣʦʚ ʧʦ ʨʷʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʙʣʠʟʢʠ ʢ ʣʘʥʜʰʘʬʪʘʤ ʘʚʪʦʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ. ɺ ʥʠʭ ʪʘʢʞʝ ʧʦʩʪʫʧʘʝʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ 

ʧʦʯʚʘʭ, ʥʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʣʘʥʜʰʘʬʪʦʚ ʘʚʪʦʟʘʧʨʘʚʦʯʥʳʭ ʩʪʘʥʮʠʡ, ʟʜʝʩʴ ʦʩʪʘʝʪʩʷ 

ʤʥʦʛʦ ʤʝʪʘʣʣʦʚ ʦʪ ʠʟʥʘʰʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʦʪ ʦʙʠʣʠʷ 

ʦʙʳʯʥʦ ʦʩʪʘʚʣʷʝʤʳʭ ʥʘ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʤʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʪʨʫʙ ʠ ʜʨʫʛʦʛʦ ʤʝʪʘʣʣʦʣʦʤʘ. 

ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʬʪʴ ʠ ʛʘʟ ʜʦʙʳʚʘʶʪʩʷ ʠʟ 

ʩʢʚʘʞʠʥ. ʆʜʥʘʢʦ ʝʱʝ ʩʦʭʨʘʥʠʣʠʩʴ ʠ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʧʨʦʡʜʝʥʥʳʝ ʜʣʷ ʪʘʢʦʛʦ 

ʩʧʦʩʦʙʘ ʜʦʙʳʯʠ ʥʝʬʪʠ. 

ʊʝʨʨʠʪʦʨʠʠ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʚʝʜʝʪʩʷ ʜʦʙʳʯʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʣʘʥʜʰʘʬʪʦʚ ʥʝʬʪʝ-(ʛʘʟʦ-) ʧʨʦʤʳʩʣʦʚ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʤ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʣʘʥʜʰʘʬʪʳ ʩ 

ʜʦʙʳʯʝʡ ʧʠʪʴʝʚʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜ.  

ʆʯʝʥʴ ʯʘʩʪʦ ʚʩʝ ʵʪʠ ʣʘʥʜʰʘʬʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ 

ʢʦʣʠʯʝʩʪʚʘʤʠ ʚʦʜʳ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʥʷʪʠʶ 

ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʟʘʩʦʣʝʥʠʶ ʧʦʯʚ. ʇʦʢʘ ʫʢʘʟʘʥʥʳʝ 

ʣʘʥʜʰʘʬʪʳ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ. 
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ʃʘʥʜʰʘʬʪʳ ʘʵʨʦʧʦʨʪʦʚ ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ 

ʪʝʨʨʠʪʦʨʠʡ, ʚʦ ʤʥʦʛʦʤ ʩʚʷʟʘʥʥʳʤ ʩʦ ʩʛʦʨʘʥʠʝʤ ʪʦʧʣʠʚʘ ʠ ʠʟʥʦʩʦʤ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʢʦʣʦ ʘʵʨʦʧʦʨʪʦʚ, ʚʳʥʦʩʠʤʳʭ ʟʘ ʧʨʝʜʝʣʳ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʩʦʟʜʘʶʪʩʷ ʥʦʚʳʝ ʥʝʙʦʣʴʰʠʝ ʧʦʩʝʣʝʥʠʷ. ʀʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʘʤʠʭ ʘʵʨʦʧʦʨʪʦʚ, ʧʦʢʘ 

ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʠʟ ʚʳʜʝʣʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʣʘʥʜʰʘʬʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʟʘ 

ʝʛʦ ʧʨʝʜʝʣʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠʭ ʩʦʝʜʠʥʝʥʠʡ), ʥʦ ʠ ʧʦ ʩʦʩʪʘʚʫ ʩʘʤʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʜʝʣʘʝʪ ʧʨʘʚʦʤʦʯʥʳʤ ʚʩʝ ʨʘʩʩʤʦʪʨʝʥʥʦʝ ʚʳʜʝʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ. ʊʘʢʘʷ ʜʝʪʘʣʴʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʜʦʣʞʥʘ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʥʦʚʳʝ, ʟʘʚʠʩʷʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, 

ʠʟ ʢʦʪʦʨʳʭ ʚʥʝʰʥʠʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʣʘʥʜʰʘʬʪʦʚ ʠ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ. 

ʃʝʩʦʪʝʭʥʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ ʦʙʲʝʜʠʥʷʶʪ ʫʯʘʩʪʢʠ ʧʣʦʱʘʜʥʳʭ 

ʣʝʩʦʧʦʩʘʜʦʢ, ʚʳʨʫʙʢʠ ʣʝʩʦʚ (ʣʝʩʦʨʘʟʨʘʙʦʪʦʢ), ʣʝʩʥʳʭ ʧʣʘʥʪʘʮʠʡ ʠ 

ʣʝʩʦʟʘʱʠʪʥʳʭ ʧʦʣʦʩ, ʥʘʭʦʜʷʱʠʭʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ (ʈʠʩ. 8).  

 
ʈʠʩ. 8 ʉʭʝʤʘ ʦʙʲʝʜʠʥʝʥʠʷ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʚʪʦʨʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ 

ʫʨʦʚʥʝ 

 

ʉʨʝʜʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʝʩʢʦʣʴʢʦ ʦʙʦʩʦʙʣʝʥʥʦ ʩʪʦʷʪ 

ʣʘʥʜʰʘʬʪʳ ʣʝʩʦʨʘʟʨʘʙʦʪʦʢ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʪʝʭʥʦʛʝʥʥʳʤ ʚʳʚʦʟʦʤ ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʚ ʧʦʯʚʳ ʵʪʠʭ ʣʘʥʜʰʘʬʪʦʚ ʧʦʧʘʜʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ (ʚʝʪʢʠ, ʢʫʩʪʘʨʥʠʢ, ʣʝʩʥʦʡ ʧʦʜʨʦʩʪ), ʩʨʫʙʣʝʥʥʳʭ, ʥʦ ʥʝ 

ʚʳʚʦʟʠʤʳʭ ʩ ʫʯʘʩʪʢʦʚ ʣʝʩʦʨʘʟʨʘʙʦʪʦʢ.  

ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʚ ʧʝʨʚʳʝ ʛʦʜʳ ʚʦʚʣʝʢʘʝʪʩʷ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʵʣʝʤʝʥʪʦʚ, ʯʝʤ ʚ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʣʝʩʘʭ. ʆʜʥʘʢʦ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʫʤʫʩʦʚʳʭ ʢʠʩʣʦʪ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʨʘʩʪʠʪʝʣʴʥʳʭ 
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ʦʩʪʘʪʢʦʚ, ʠʟ ʧʦʯʚ ʚʦʟʤʦʞʝʥ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʳʥʦʩ ʥʝʢʦʪʦʨʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʘʥʜʰʘʬʪʳ ʣʝʩʦʨʘʟʨʘʙʦʪʦʢ ʧʦʩʪʫʧʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ (ʠʭ ʩʦʝʜʠʥʝʥʠʡ), ʥʝ ʭʘʨʘʢʪʝʨʥʳʭ (ʠ ʜʘʞʝ 

ʯʫʞʜʳʭ) ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʤ ʣʝʩʘʤ. ʕʪʦ ʨʘʟʣʠʯʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ 

ʤʫʩʦʨ, ʧʨʦʜʫʢʪʳ ʠʟʥʦʩʘ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʠ ʜʨ. ɺ ʩʚʦʝʤ 

ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʠʠ ʣʘʥʜʰʘʬʪʳ ʣʝʩʦʨʘʟʨʘʙʦʪʦʢ ʤʦʛʫʪ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪʴ 

ʚ ʙʠʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʙʦʣʦʪ, ʩʪʝʧʝʡ ʠ ʣʝʩʦʚ. 

ʏʘʩʪʦ ʥʘ ʤʝʩʪʝ ʣʝʩʦʨʘʟʨʘʙʦʪʦʢ ʚʝʜʝʪʩʷ ʧʦʩʘʜʢʘ ʥʦʚʳʭ ʣʝʩʦʚ, ʪ.ʝ. 

ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʘʥʜʰʘʬʪʦʚ ʧʣʦʱʘʜʥʳʭ ʣʝʩʦʧʦʩʘʜʦʢ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʦʥʠ ʯʘʱʝ ʚʩʝʛʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʨʝʜʠ ʙʠʦʛʝʥʥʳʭ ʣʝʩʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʵʪʠʭ 

ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ. ʀʭ ʩʦʟʜʘʥʠʶ, ʢʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʝʜʰʝʩʪʚʫʝʪ ʚʳʨʫʙʢʘ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʣʝʩʦʚ, ʪ.ʝ. 

ʪʝʭʥʦʛʝʥʥʳʡ ʚʳʥʦʩ ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʝ. ʇʨʠ ʵʪʦʤ 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʚʳʚʦʟʠʤʳʭ ʩ ʧʣʦʱʘʜʠ ʚ 1 ʛʘ (ʙʠʦʤʘʩʩʘ), ʦʙʳʯʥʦ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 100 ʜʦ 600 ʪ.  

ʆʩʥʦʚʥʳʤʠ ʚʳʚʦʟʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʢʨʦʤʝ ʆ, ʉ, ʠ ʅ) ʷʚʣʷʶʪʩʷ N, ʂ, 

ʉʘ, ʈ, Mg, Si, Al, Mn, Fe, Na, S, Cl. ʀʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʤʠʥʝʨʘʣʴʥʦʡ (ʟʦʣʴʥʦʡ) 

ʯʘʩʪʠ ʚʳʚʦʟʠʤʦʡ ʙʠʦʤʘʩʩʳ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʜʦ ʜʝʩʷʪʢʦʚ ʧʨʦʮʝʥʪʦʚ 

ʠ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʨʦʜʳ ʚʳʚʦʟʠʤʦʛʦ ʣʝʩʘ ʠ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʂʨʦʤʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʟʦʣʴʥʦʡ 

ʯʘʩʪʠ ʫʜʘʣʷʝʤʦʡ ʙʠʦʤʘʩʩʳ ʚ ʩʦʪʳʭ ʠ ʪʳʩʷʯʥʳʭ ʜʦʣʷʭ ʧʨʦʮʝʥʪʘ ʩʦʜʝʨʞʘʪʩʷ Ni, 

Cu, Ti, V, Zn, Zr, Ba, Sr ʠ ʜʨ. 

ʇʦʩʣʝ ʚʳʚʦʟʘ ʣʝʩʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʣʘʥʠʨʦʚʢʘ ʪʝʨʨʠʪʦʨʠʠ, ʚʢʣʶʯʘʶʱʘʷ ʚ 

ʩʝʙʷ ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʘ ʠʥʦʛʜʘ (ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʚ ʛʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʨʨʘʩ) ʠ ʧʦʯʚʦʧʦʜʩʪʠʣʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɿʘʪʝʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʘʜʢʘ ʥʦʚʦʛʦ ʣʝʩʘ ʩʝʤʝʥʘʤʠ ʠ ʩʘʞʝʥʮʘʤʠ, ʪ.ʝ. ʚ ʣʘʥʜʰʘʬʪ 

ʧʨʠʚʥʦʩʠʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʝ. ʇʦʩʘʜʢʘ 

ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʥʝʩʝʥʠʝʤ ʫʜʦʙʨʝʥʠʡ (ʧʦʩʪʫʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ 

ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ), ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʮʝʩʩ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʘʥʜʰʘʬʪ ʧʨʝʢʨʘʱʘʝʪʩʷ (ʭʦʪʷ ʠʥʦʛʜʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʚʥʦʩʷʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʧʦʜʢʦʨʤʢʠ) ʜʦ ʩʦʟʨʝʚʘʥʠʷ ʣʝʩʘ, ʢʦʪʦʨʦʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʳʯʥʦ ʯʝʨʝʟ ʜʝʩʷʪʢʠ, ʘ ʠʥʦʛʜʘ ʠ ʩʦʪʥʠ ʣʝʪ. 

ʆʯʝʥʴ ʙʣʠʟʢʠ ʢ ʣʘʥʜʰʘʬʪʘʤ ʧʣʦʱʘʜʥʳʭ ʣʝʩʦʧʦʩʘʜʦʢ ʣʘʥʜʰʘʬʪʳ ʣʝʩʥʳʭ 

ʧʣʘʥʪʘʮʠʡ, ʚ ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʧʣʘʥʪʘʮʠʠ, ʷʚʣʷʶʱʠʝʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʳʨʴʷ 

ʜʣʷ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʢʦʤʙʠʥʘʪʦʚ, ʠ ʧʣʘʥʪʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʣʝʩʦʚ. 

ʆʧʳʪ ʨʘʙʦʪ ʥʘ ʶʛʝ ʈʦʩʩʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʢ ʯʠʩʣʫ çʩʢʦʨʦʩʧʝʣʳʭè ʤʦʛʫʪ 

ʦʪʥʦʩʠʪʴʩʷ ʠ ʦʙʳʯʥʳʝ ʪʦʧʦʣʝʚʳʝ ʣʝʩʘ, çʩʦʟʨʝʚʘʶʱʠʝ ʜʦ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʳʨʴʶ 

ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʳʭ ʢʦʤʙʠʥʘʪʦʚè ʧʨʠʤʝʨʥʦ ʟʘ 16 ʣʝʪ.  

ʇʨʠ ʧʦʜʙʦʨʝ ʧʦʨʦʜ ʨʘʩʪʝʥʠʡ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʣʝʩʦʚ, ʧʦ ʜʘʥʥʳʤ 

ɺ.ʂ.ʃʫʢʘʰʝʚʘ, ʭʦʨʦʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʜʣʠʥʘ ʛʦʜʦʚʦʛʦ ʧʦʙʝʛʘ ʩʚʳʰʝ 3 

ʤ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʧʦʩʘʜʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʣʝʩʦʚ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʥʘ 

ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʐʚʝʮʠʠ, ʘ, ʧʦ ʤʥʝʥʠʶ ʬʠʥʩʢʠʭ ʫʯʝʥʳʭ, ʚ ʠʭ ʩʪʨʘʥʝ 

ʪʘʢʠʝ ʣʝʩʘ ʧʦʟʚʦʣʷʪ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʟʘʤʝʥʠʪʴ 3ð4 ʤʣʥ. ʪ 

ʠʤʧʦʨʪʠʨʫʝʤʦʡ ʥʝʬʪʠ. ʇʨʦʮʝʩʩ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʝʡ ʩ ʧʦʩʘʜʢʘʤʠ 



 

 33 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʣʝʩʦʚ ʦʪʨʘʞʘʝʪ, ʚʝʨʦʷʪʥʦ, ʦʙʲʝʢʪʠʚʥʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʙʫʜʝʪ 

ʧʨʦʜʦʣʞʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ. 

ʇʦʜʙʦʨ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʨʦʜ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʣʝʩʥʳʭ ʧʣʘʥʪʘʮʠʡ 

ʚʳʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʪʣʠʯʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʢʨʫʛʦʚʦʨʦʪʝ ʵʪʠʭ 

ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʘʥʜʰʘʬʪʘʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʣʝʩʦʚ 

ʧʨʦʚʦʜʠʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ ʠ ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʜʢʦʨʤʦʢ. 

ɺʩʝ ʵʪʦ ʚ ʩʫʤʤʝ ʦʙʫʩʣʦʚʠʣʦ ʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʩʨʝʜʠ 

ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʭ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ (ʈʠʩ. 8). 

ʃʝʩʦʧʦʣʦʩʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʣʘʥʜʰʘʬʪʦʚ ʧʣʦʱʘʜʥʳʭ ʣʝʩʦʧʦʩʘʜʦʢ 

ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʚʳʨʫʙʦʢ, ʥʝʦʙʳʯʥʳʤ ʜʣʷ ʣʝʩʦʚ ʧʦʜʙʦʨʦʤ 

ʜʝʨʝʚʴʝʚ (ʠ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʥʘ ʤʝʩʪʝ 

ʣʝʩʦʧʦʣʦʩ), ʘ ʛʣʘʚʥʦʝ ð ʥʝʙʦʣʴʰʦʡ ʰʠʨʠʥʦʡ ʣʝʩʦʧʦʩʘʜʦʢ. 

ʆʪʩʫʪʩʪʚʠʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʚʳʨʫʙʦʢ ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʘʜʝʥʠʶ ʠʟ ʩʭʝʤʳ 

ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʧʝʨʚʦʛʦ ʟʚʝʥʘ, ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʜʣʷ ʧʣʦʱʘʜʥʳʭ 

ʣʝʩʦʧʦʩʘʜʦʢ, ð ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʳʥʦʩʘ ʠʟ ʣʘʥʜʰʘʬʪʦʚ ʵʣʝʤʝʥʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʙʠʦʛʝʥʥʦʡ ʬʦʨʤʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʧʝʨʚʳʝ ʛʦʜʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʣʝʩʦʧʦʩʘʜʦʢ ʚ 

ʧʦʯʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʤʝʥʴʰʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʠʥʠʤʘʣʝʥ 

ʚʳʥʦʩ ʚʦʜʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʠ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʉ ʚʠʜʦʤ ʨʘʩʪʝʥʠʡ ʩʚʷʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʨʷʜʦʚ ʧʦʪʨʝʙʣʝʥʠʷ 

ʠ ʚʦʟʚʨʘʪʘ ʵʣʝʤʝʥʪʦʚ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ 

ʵʣʝʤʝʥʪʦʚ ʚ ʮʝʣʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʝʩʦʧʦʣʦʩʘʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʩʘʜʢʠ 

ʬʨʫʢʪʦʚʳʭ ʜʝʨʝʚʴʝʚ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʠʟ-ʟʘ ʝʞʝʛʦʜʥʦʛʦ ʚʳʚʦʟʘ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʧʣʦʜʘʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʨʫʛʦʚʦʨʦʪ ʥʘʨʫʰʘʝʪʩʷ, ʘ ʣʝʩʦʧʦʣʦʩʳ ʧʦ 

ʨʷʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʣʘʥʜʰʘʬʪʘʤ ʩʘʜʦʚ. 

ʆʪ ʣʘʥʜʰʘʬʪʦʚ ʣʝʩʥʳʭ ʧʣʘʥʪʘʮʠʡ ʣʝʩʦʧʦʣʦʩʳ ʦʪʣʠʯʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʦʪʩʫʪʩʪʚʠʝʤ ʝʞʝʛʦʜʥʦʡ ʪʝʭʥʦʛʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʥʝʩʝʥʠʷ 

ʧʦʜʢʦʨʤʦʢ. ʅʝʙʦʣʴʰʘʷ ʰʠʨʠʥʘ ʣʝʩʦʧʦʣʦʩ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ ʚʣʠʷʥʠʷ ʥʘ 

ʵʪʦʪ ʣʘʥʜʰʘʬʪ ʩʦʩʝʜʥʠʭ ʣʘʥʜʰʘʬʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʪʝʭʥʦʛʝʥʥʳʤʠ, 

ʪʘʢ ʠ ʧʨʠʨʦʜʥʳʤʠ.  

ɽʩʣʠ ʣʝʩʦʧʦʣʦʩʳ ʨʘʩʧʦʣʦʞʝʥʳ ʩʨʝʜʠ ʧʦʣʝʡ (ʥʘʠʙʦʣʝʝ ʯʘʩʪʦʝ ʷʚʣʝʥʠʝ), ʪʦ 

ʚ ʥʠʭ ʧʦʧʘʜʘʶʪ ʫʜʦʙʨʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʦʪʜʝʣʴʥʳʭ 

ʨʘʩʪʝʥʠʡ ʥʘ ʩʦʩʝʜʥʠʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʙʦʨʴʙʳ ʩ ʙʦʣʝʟʥʷʤʠ ʚʳʨʘʱʠʚʘʝʤʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʫʥʠʯʪʦʞʝʥʠʷ ʚʨʝʜʠʪʝʣʝʡ ʠ ʩʦʨʥʷʢʦʚ. 

ʆʩʦʙʝʥʥʦ ʤʥʦʛʦ ʧʦʧʘʜʘʝʪ ʚ ʣʘʥʜʰʘʬʪʳ ʣʝʩʦʧʦʣʦʩ ʫʜʦʙʨʝʥʠʡ ʠ ʧʝʩʪʠʮʠʜʦʚ ʧʨʠ 

ʚʥʝʩʝʥʠʠ ʠʭ ʥʘ ʧʦʣʷ ʩ ʧʦʤʦʱʴʶ ʘʚʠʘʮʠʠ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʣʝʩʦʧʦʣʦʩʳ ʦʢʘʟʳʚʘʶʪ ʪʘʢʞʝ ʩʦʩʝʜʥʠʝ 

ʧʨʠʨʦʜʥʳʝ ʣʘʥʜʰʘʬʪʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʣʝʩʦʧʦʣʦʩʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʝ 

ʯʠʩʣʦ ʨʘʩʪʝʥʠʡ, çʧʝʨʝʤʝʩʪʠʚʰʠʭʩʷè ʠʟ ʩʦʩʝʜʥʠʭ ʣʘʥʜʰʘʬʪʦʚ. ʊʘʢ, ʚ ʥʝʢʦʪʦʨʳʭ 

ʣʝʩʦʧʦʣʦʩʘʭ ʥʘ ʶʛʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ ʦʪʤʝʯʝʥʦ ʩʚʦʝʦʙʨʘʟʥʦʝ 

çʦʩʪʝʧʥʝʥʠʝè. 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ 

ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ ʦʪ ʤʠʛʨʘʮʠʠ ʚʦ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʠ ʜʘʞʝ ʚ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦʩʪʦʷʱʠʭ ʢ ʥʠʤ 

ʣʘʥʜʰʘʬʪʘʭ ʩʘʜʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 
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ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʣʝʩʥʳʭ ʧʣʘʥʪʘʮʠʡ) ʤʦʞʝʪ 

ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪʴ ʚ ʣʘʥʜʰʘʬʪʳ ʦʙʳʯʥʳʭ ʣʝʩʦʚ. 

ʇʨʠ ʩʨʝʜʥʝʤʘʩʰʪʘʙʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʯʘʩʪʦ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʙʦʣʝʝ ʜʨʦʙʥʦʝ ʜʝʣʝʥʠʝ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ, 

ʟʘ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ ʙʨʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ (ʈʠʩ. 8). 

ʊʝʭʥʦʛʝʥʥʳʝ ʜʦʨʦʞʥʳʝ ʣʘʥʜʰʘʬʪʳ ʦʙʲʝʜʠʥʷʶʪ ʜʦʨʦʛʠ ʠ 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʠʭ ʜʨʝʥʘʞʥʳʝ ʩʠʩʪʝʤʳ. ɿʦʥʳ ʦʪʯʫʞʜʝʥʠʷ ʚʜʦʣʴ ʜʦʨʦʛ 

ʷʚʣʷʶʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ. ʆʥʠ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʧʨʠʨʦʜʥʳʤ 

(ʥʘʧʨʠʤʝʨ, ʩʪʝʧʠ) ʠʣʠ ʪʝʭʥʦʛʝʥʥʳʤ (ʦʛʦʨʦʜʳ), ʠʩʧʳʪʳʚʘʶʱʠʤ ʧʦʩʪʦʷʥʥʫʶ ʠ 

ʩʚʦʝʦʙʨʘʟʥʫʶ ʪʝʭʥʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ. ɼʦʨʦʛʠ ʥʝ ʠʤʝʶʪ ʥʠʢʘʢʠʭ ʧʨʠʨʦʜʥʳʭ 

ʘʥʘʣʦʛʦʚ ʠ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʝʨʝʩʝʢʘʝʤʳʭ ʠʤʠ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʧʦ ʥʘʙʦʨʫ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʩʦʝʜʠʥʝʥʠʡ) ʠ ʬʦʨʤʘʤ ʠʭ 

ʥʘʭʦʞʜʝʥʠʷ, ʧʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʩʦʩʝʜʥʠʤʠ ʣʘʥʜʰʘʬʪʘʤʠ, ʘ ʪʘʢʞʝ ʧʦ ʤʠʛʨʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʩʘʤʦʛʦ ʣʘʥʜʰʘʬʪʘ. 

ʃʘʥʜʰʘʬʪʳ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ, ʚʦ-ʧʝʨʚʳʭ, ʧʦ çʵʢʨʘʥʠʨʫʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶè, ʪ.ʝ. ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʤʠʛʨʘʮʠʠ (ʦʙʤʝʥʫ ʵʣʝʤʝʥʪʘʤʠ) ʤʝʞʜʫ ʜʚʫʤʷ ʯʘʩʪʷʤʠ 

ʣʘʥʜʰʘʬʪʦʚ, ʨʘʟʜʝʣʷʝʤʳʭ ʜʦʨʦʛʦʡ, ʚʦ-ʚʪʦʨʳʭ, ʧʦ ʥʘʙʦʨʫ ʵʣʝʤʝʥʪʦʚ, 

çʧʦʩʪʘʚʣʷʝʤʳʭè ʠʤʠ ʚ ʩʦʩʝʜʥʠʝ ʣʘʥʜʰʘʬʪʳ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʜʝʣʝʥʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʯʠʪʳʚʘʪʴ ʪʠʧ ʧʦʢʨʳʪʠʷ ʜʦʨʦʛ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ. ʀʤʝʥʥʦ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪ 

ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʬʠʢʫ ʠ ʩʘʤʠʭ ʜʦʨʦʛ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʦʩʝʜʥʠʝ 

ʣʘʥʜʰʘʬʪʳ (ʈʠʩ. 9). ɺ ʧʨʘʢʪʠʢʝ ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʧʦʢʘ 

ʫʜʝʣʷʝʪʩʷ ʥʝ ʩʘʤʠʤ ʜʦʨʦʞʥʳʤ ʣʘʥʜʰʘʬʪʘʤ, ʘ ʠʭ ʚʣʠʷʥʠʶ ʥʘ ʩʦʩʝʜʥʠʝ 

ʣʘʥʜʰʘʬʪʳ. 

 
ʈʠʩ. 9 ʉʭʝʤʘ ʦʙʲʝʜʠʥʝʥʠʷ ʜʦʨʦʞʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʚʪʦʨʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ 

 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ (ʥʘʧʨʠʤʝʨ, ʚ ʟʘʧʦʚʝʜʥʠʢʘʭ, ʚ ʯʘʩʪʠ ʛʦʨʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ) ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʝ ʣʘʥʜʰʘʬʪʦʚ ʦʪʥʦʩʷʪʩʷ ʪʨʦʧʳ. ʇʨʠ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʥʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʝʰʝʭʦʜʥʳʝ (ʦʙʳʯʥʦ 

ʪʫʨʠʩʪʠʯʝʩʢʠʝ) ʠ ʪʨʦʧʳ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʚʴʶʢʘʤʠ (ʭʦʟʷʡʩʪʚʝʥʥʳʝ). ʇʨʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʝ ʪʨʦʧʘʤ, ʘ ʠʭ 

ʚʣʠʷʥʠʶ ʥʘ ʦʢʨʫʞʘʶʱʠʝ ʣʘʥʜʰʘʬʪʳ. 

ʃʘʥʜʰʘʬʪʳ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ (ʩʝʣʠʪʝʙʥʳʝ ʣʘʥʜʰʘʬʪʳ) ð ʵʪʦ 

ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʞʠʣʳʭ ʟʜʘʥʠʡ, ʧʨʠʫʩʘʜʝʙʥʳʭ ʫʯʘʩʪʢʦʚ, 
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ʛʦʨʦʜʩʢʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʟʦʥ ʦʪʜʳʭʘ ʠ ʨʝʢʨʝʘʮʠʠ (ʩʘʜʳ, ʩʢʚʝʨʳ, 

ʧʘʨʢʠ ʠ ʜʨ.) (ʈʠʩ. 10).  

 
ʈʠʩ. 10 ʉʭʝʤʘ ʦʙʲʝʜʠʥʝʥʠʷ ʣʘʥʜʰʘʬʪʦʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʥʘ ʚʪʦʨʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ 

ʫʨʦʚʥʝ 

 

ʆʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʣʘʥʜʰʘʬʪʦʚ ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʫʞʝ ʚʳʜʝʣʝʥʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʊʘʢ, ʛʦʨʦʜʩʢʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʚʦ ʤʥʦʛʦʤ ʧʦʜʦʙʥʳ ʢʘʢ ʙʳ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʝʥʥʳʤ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʣʘʥʜʰʘʬʪʘʤ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʤʝʭʘʥʠʟʤʦʤ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʣʘʥʜʰʘʬʪʘ.  

ʉʘʜʳ, ʧʘʨʢʠ, ʟʦʥʳ ʦʪʜʳʭʘ ʠ ʨʝʢʨʝʘʮʠʠ ʙʣʠʟʢʠ ʢ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʤ 

ʣʘʥʜʰʘʬʪʘʤ, ʘ ʧʨʠʫʩʘʜʝʙʥʳʝ ʫʯʘʩʪʢʠ, ʧʦ ʦʩʥʦʚʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʠʚʥʦʩʘ ʠ ʚʳʥʦʩʘ ʵʣʝʤʝʥʪʦʚ, ʧʦʜʦʙʥʳ ʦʛʦʨʦʜʘʤ ʠ ʩʘʜʘʤ, 

ʦʪʥʦʩʠʤʳʤ ʢ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʣʘʥʜʰʘʬʪʘʤ. ʆʜʥʘʢʦ ʩʝʣʠʪʝʙʥʳʝ 

ʣʘʥʜʰʘʬʪʳ, ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʧʦʯʪʠ ʧʦʣʥʳʝ ʘʥʘʣʦʛʠ ʩʨʝʜʠ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʦʙʲʝʜʠʥʠʪʴ ʩ ʢʘʢʠʤʠ-ʪʦ ʜʨʫʛʠʤʠ 

ʪʝʭʥʦʛʝʥʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ ʥʝʚʦʟʤʦʞʥʦ. 

ʃʘʥʜʰʘʬʪʳ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʦʙʣʘʜʘʶʪ ʮʝʣʳʤ ʨʷʜʦʤ ʧʨʠʩʫʱʠʭ 

ʪʦʣʴʢʦ ʠʤ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʭʦʜ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʵʪʠʭ 

ʣʘʥʜʰʘʬʪʘʭ. ʊʘʢ, ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʚ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʘʭ ʚʳʰʝ, ʯʝʤ ʚ ʦʢʨʫʞʘʶʱʠʭ ʣʘʥʜʰʘʬʪʘʭ. ʕʪʦ ʩʚʷʟʘʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʩ 

ʪʝʭʥʦʛʝʥʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚʦʜʳ (ʧʦʣʠʚ ʫʣʠʮ, ʧʨʠʫʩʘʜʝʙʥʳʭ ʫʯʘʩʪʢʦʚ, ʧʘʨʢʦʚ; 

ʧʨʦʩʘʯʠʚʘʥʠʝ ʠ ʘʚʘʨʠʡʥʳʝ ʧʨʦʨʳʚʳ ʧʠʪʴʝʚʳʭ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʩʪʦʯʥʳʭ ʚʦʜ), 

ʘ ʚʦ-ʚʪʦʨʳʭ,ð ʩ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʧʣʦʱʘʜʝʡ, ʩ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʩʧʘʨʝʥʠʝ. 

ʉʝʣʠʪʝʙʥʳʝ ʣʘʥʜʰʘʬʪʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʢʨʫʞʘʶʱʠʭ ʥʝ ʪʦʣʴʢʦ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʥʦ ʠ ʠʭ ʩʦʩʪʘʚʦʤ, ʧʨʠʯʝʤ ʭʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʩʪʘʚʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʷʚʣʷʝʪʩʷ ʤʦʟʘʠʯʥʦʩʪʴ. ʊʘʢ, ʚ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʢʨʫʧʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʮʝʥʪʨʘ, 

ʦʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚ 3ð5 ʨʘʟ, ʩʦʜʝʨʞʘʥʠʝ ʩʫʣʴʬʘʪʦʚ ð ʚ 100ð

160 ʨʘʟ, ʢʦʣʠʯʝʩʪʚʦ ʩʫʤʤʘʨʥʦʛʦ Na ʠ ʂ ð ʚ 300 ʨʘʟ, ʘ ʭʣʦʨʠʜʦʚ ð ʚ 10 000 ʨʘʟ. 

ʉʦʜʝʨʞʘʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʚʦʜʘʭ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʦʚ 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʪʘʨʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, 

ʥʘʯʘʚʰʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʢʨʫʛ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʉʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʠ ʧʦʯʚʳ ʛʦʨʦʜʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʦʪ ʧʦʯʚ 

ʩʦʩʝʜʥʠʭ ʩ ʥʠʤʠ ʠ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʥʘ ʠʭ ʤʝʩʪʝ ʣʘʥʜʰʘʬʪʦʚ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʪʘʨʳʭ ʛʦʨʦʜʘʭ ʧʝʨʚʠʯʥʳʭ ʧʦʯʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʚʦʦʙʱʝ (ʦʥʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʟʘʭʦʨʦʥʝʥʥʳʤ), ʘ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʯʚʳ ʚ ʪʘʢʠʭ ʛʦʨʦʜʘʭ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʤʝʩʴ ʧʨʠʚʝʟʝʥʥʳʭ ʧʦʯʚ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤ, ʙʳʪʦʚʳʤ ʠ 

ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʫʩʦʨʦʤ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʪʦʢʩʠʯʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ) ʯʘʩʪʦ ʧʦʚʳʰʝʥʦ; ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ð 

ʤʦʟʘʠʯʥʦ.  

ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ 

ʛʦʨʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʦʩʪʘʚʘ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʥʠʭ ʛʦʨʦʜʩʢʦʛʦ ʤʫʩʦʨʘ 

(ʩʪʨʦʠʪʝʣʴʥʦʛʦ, ʙʳʪʦʚʦʛʦ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ). ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ʀ.ʂ. ʅʝʞʜʘʥʦʚʦʡ 

ʠ ɺ.ʀ. ʉʫʝʪʠʥʘ, ʫʚʝʣʠʯʝʥʠʝ ʚ ʧʦʯʚʘʭ ʃʝʥʠʥʛʨʘʜʘ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʠ ʮʠʥʢʘ 

ʩʚʷʟʘʥʦ ʩ ʥʘʣʠʯʠʝʤ ʚ ʥʠʭ ʦʙʣʦʤʢʦʚ ʢʠʨʧʠʯʝʡ, ʘ ʥʠʢʝʣʷ ð ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʰʣʘʢʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʘʭ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ 

ʩʦʩʪʘʚʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʦʩʪʫʧʠʚʰʠʭ ʠʟ ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜ, ʠʟ ʘʪʤʦʩʬʝʨʳ (ʧʨʷʤʦʝ ʚʳʧʘʜʝʥʠʝ ʠʟ ʜʳʤʦʚ ʠ ʧʦʩʪʫʧʣʝʥʠʝ ʩ ʘʪʤʦʩʬʝʨʥʳʤʠ 

ʦʩʘʜʢʘʤʠ) ʠ ʧʫʪʝʤ ʧʨʦʩʪʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʦʪ ʟʦʥ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʆʪ ʩʦʩʝʜʥʠʭ ʣʘʥʜʰʘʬʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʠ ʛʦʨʦʜʩʢʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, 

ʢʦʪʦʨʫʶ ʦʙʳʯʥʦ ʧʦʜʙʠʨʘʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʞʠʚʘʝʤʦʩʪʠ ʚ ʥʦʚʳʭ 

ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʊʘʢ, ʚʦ ʤʥʦʛʠʭ ʶʞʥʳʭ ʛʦʨʦʜʘʭ 

ʦʩʥʦʚʥʳʤʠ ʜʝʨʝʚʴʷʤʠ ʷʚʣʷʶʪʩʷ ʪʦʧʦʣʷ, ʭʦʪʷ ʩʨʝʜʠ ʩʦʩʝʜʥʠʭ ʧʨʠʨʦʜʥʳʭ, 

ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʪʦʧʦʣʝʚʳʝ ʣʝʩʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ.  

ɻʦʨʦʜʩʢʘʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʷʝʪʩʷ ʠ ʧʦ ʢʦʤʧʣʝʢʩʫ 

ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʚ ʥʝʡ ʵʣʝʤʝʥʪʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʟʦʣʝ ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ, 

ʧʨʦʠʟʨʘʩʪʘʶʱʝʛʦ ʚʜʦʣʴ ʫʣʠʮ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʠ ʚ 

ʟʦʥʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʝ 

ʈb ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʪ ʦʙʳʯʥʦʝ. 

ʍʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʣʘʜʘʝʪ ʠ ʧʨʠʟʝʤʥʘʷ ʘʪʤʦʩʬʝʨʘ ʛʦʨʦʜʦʚ. 

ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ɾ. ɼʝʪʨʠ, ʚ ʘʪʤʦʩʬʝʨʫ ʛʦʨʦʜʘ ʃʦʩ-ɸʥʜʞʝʣʝʩʘ ʚ ʪʝʯʝʥʠʝ ʪʦʣʴʢʦ 

ʦʜʥʠʭ ʩʫʪʦʢ ʧʦʩʪʫʧʘʝʪ, ʪ: ʫʛʣʝʚʦʜʦʨʦʜʦʚ ð 1320,5; ʘʮʝʪʘʣʴʜʝʛʠʜʦʚ ð 60,5; 

ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʟʦʚ ʠ ʧʘʨʦʚ ð 127,5; ʦʢʩʠʜʦʚ ʘʟʦʪʘ ð 634,5; ʦʢʩʠʜʦʚ 

ʩʝʨʳ ð 496; ʫʛʘʨʥʦʛʦ ʛʘʟʘ ð 5068; ʦʩʪʘʣʴʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʟʦʚ ð 5; 

ʘʵʨʦʟʦʣʝʡ ð 89. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʣʠʪʝʙʥʳʡ ʣʘʥʜʰʘʬʪ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʦʩʝʜʥʠʭ ʠʣʠ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʥʘ ʝʛʦ ʤʝʩʪʝ 

ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʥʦ ʠ ʦʪ ʚʩʝʭ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʉʚʦʝʦʙʨʘʟʥʳʝ 

ʫʩʣʦʚʠʷ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 

ʧʨʠʚʝʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʣʠʰʴ ʜʣʷ ʩʝʣʠʪʝʙʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʩʦʩʪʘʚʘ ʧʦʯʚ, ʚʦʜ, ʨʘʩʪʝʥʠʡ ʠ ʧʨʠʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ. 

ʈʘʟʜʝʣʝʥʠʝ ʣʘʥʜʰʘʬʪʦʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ 
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ʧʨʠʟʥʘʢʘ ʩʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʣʘʥʜʰʘʬʪʳ: ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ; ʛʦʨʦʜʦʚ ʨʝʛʠʦʥʘʣʴʥʦʛʦ (ʢʨʘʝʚʦʛʦ, ʦʙʣʘʩʪʥʦʛʦ) 

ʟʥʘʯʝʥʠʷ; ʛʦʨʦʜʦʚ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʧʦʩʝʣʢʦʚ, ʩʪʘʥʠʮ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 

ʩʪʘʥʮʠʡ; ʨʫʜʥʠʢʦʚ, ʰʘʭʪ, ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ; ʢʫʨʦʨʪʦʚ; ʭʫʪʦʨʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʝʜʫʱʝʛʦ 

(ʪʝʭʥʦʛʝʥʥʦʛʦ) ʚʠʜʘ ʤʠʛʨʘʮʠʠ ʚ ʚʳʜʝʣʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʧʨʘʚʦʤʝʨʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʜʝʣʝʥʠʷ. 

ʆʙʲʝʤ ʟʘʚʦʟʠʤʳʭ ʚ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʦʚʘʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʞʠʪʝʣʝʡ, 

ʪ.ʝ. ʦʪ ʨʘʟʤʝʨʦʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. ʕʪʦʪ ʞʝ ʧʦʢʘʟʘʪʝʣʴ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠ 

ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (ʢʘʢ ʦʙʱʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ ʣʠʯʥʦʛʦ), 

ʷʚʣʷʶʱʝʛʦʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʣʘʥʜʰʘʬʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ: ʧʳʣʠ ʦʪ ʠʟʥʦʩʘ ʧʦʢʨʳʰʝʢ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʪʨʦʣʣʝʡʙʫʩʦʚ; ʢʦʣʝʩ ʠ 

ʨʝʣʴʩʦʚ ʪʨʘʤʚʘʝʚ; ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʘʚʪʦʤʦʙʠʣʝʡ.  

ʆʪ ʯʠʩʣʘ ʞʠʪʝʣʝʡ ʟʘʚʠʩʠʪ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ, ʚʥʦʩʠʤʳʭ ʚ ʣʘʥʜʰʘʬʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʦʨʤʘʣʴʥʦʡ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʵʪʠʤ ʞʝ 

ʧʦʢʘʟʘʪʝʣʝʤ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʫʜʘʣʷʝʤʳʭ ʠʟ ʣʘʥʜʰʘʬʪʘ ʦʪʭʦʜʦʚ, 

ʩʪʝʧʝʥʴ ʠʭ ʦʯʠʩʪʢʠ ʠ ʩʧʦʩʦʙʳ ʟʘʭʦʨʦʥʝʥʠʷ (ʫʪʠʣʠʟʘʮʠʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʨʘʟʤʝʨ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ (ʯʠʩʣʦ ʞʠʪʝʣʝʡ) ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʙʘʣʘʥʩ 

ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʝ. 

ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʦʩʪʘʚ ʚʚʦʟʠʤʦʛʦ ʚ ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ ʩʳʨʴʷ, 

ʩʧʦʩʦʙʳ ʝʛʦ ʦʙʨʘʙʦʪʢʠ, ʦʙʲʝʤ ʦʪʭʦʜʦʚ, ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʦʬʠʣʷʤʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʧʫʥʢʪʝ. ʏʘʩʪʦ ʧʨʦʬʠʣʴ ʦʩʥʦʚʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʠ ʥʘ ʩʠʩʪʝʤʫ ʦʯʠʩʪʢʠ ʠ ʩʧʦʩʦʙ ʟʘʭʦʨʦʥʝʥʠʷ ʦʪʭʦʜʦʚ ʩʦ ʚʩʝʛʦ ʛʦʨʦʜʘ ʠʣʠ ʠʟ ʝʛʦ 

ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʪʦʨʳʤ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ, ʷʚʣʷʝʪʩʷ ʧʨʦʬʠʣʴ ʧʨʝʜʧʨʠʷʪʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʵʪʠʭ ʧʫʥʢʪʘʭ. 

ʂ ʣʘʥʜʰʘʬʪʘʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʦʪʥʦʩʷʪʩʷ ʛʦʨʦʜʘ ʩ ʥʘʩʝʣʝʥʠʝʤ ʦʢʦʣʦ ʤʠʣʣʠʦʥʘ ʞʠʪʝʣʝʡ (ʠ ʚʳʰʝ). ʇʦʜʩʯʝʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʦʙʱʠʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʪʝʣʠ ʛʦʨʦʜʘ 

ʩ ʤʠʣʣʠʦʥʥʳʤ ʥʘʩʝʣʝʥʠʝʤ ʝʞʝʩʫʪʦʯʥʦ ʚʳʜʝʣʷʶʪ ʚ ʘʪʤʦʩʬʝʨʫ ʦʢʦʣʦ 0,5 ʤʣʥ. ʤ
3
 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ 1200 ʤ
3
 ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ ʩʝʢʨʝʪʘ ʧʦʪʦʚʳʭ ʞʝʣʝʟ.  

ɿʘʚʦʟ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʦʚʘʨʦʚ ʚ ʪʘʢʠʭ 

ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚ ʠ ʟʘʚʠʩʠʪ ʙʦʣʴʰʝ ʦʪ ʯʠʩʣʘ ʞʠʪʝʣʝʡ, ʯʝʤ 

ʦʪ ʧʨʠʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʦʥʳ, ʚ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʛʦʨʦʜ. ɺʩʝ ʙʦʣʝʝ 

ʧʨʠʙʣʠʞʘʶʪʩʷ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʢ ʪʠʧʦʚʳʤ (ʩʪʘʥʜʘʨʪʥʳʤ) ʩʠʩʪʝʤʳ ʦʯʠʩʪʢʠ 

ʛʦʨʦʜʩʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʩʧʦʩʦʙʳ ʫʪʠʣʠʟʘʮʠʠ ʪʚʝʨʜʳʭ ʛʦʨʦʜʩʢʠʭ ʦʪʭʦʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ, ʩʚʷʟʘʥʥʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ 

ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʝʤ ʞʠʪʝʣʝʡ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ, ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʦʙʱʝʛʦ, 

ʯʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʪʣʠʯʠʡ. 

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʛʦʨʦʜʦʚ ʩ ʥʘʩʝʣʝʥʠʝʤ ʙʦʣʝʝ ʦʜʥʦʛʦ ʤʠʣʣʠʦʥʘ ʞʠʪʝʣʝʡ 

ʦʪʣʠʯʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʝʜʧʨʠʷʪʠʷ 

ʧʠʱʝʚʦʡ, ʭʠʤʠʯʝʩʢʦʡ, ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʝʜʧʨʠʷʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʙʨʘʙʦʪʢʦʡ ʤʝʪʘʣʣʦʚ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ.  
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ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʪʘʢʠʭ 

ʛʦʨʦʜʘʭ ʩʦʩʪʘʚ ʠ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʢʘʢ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚ 

ʛʦʨʦʜʩʢʦʡ ʣʘʥʜʰʘʬʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʳ ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʥʘ ʦʜʥʦʛʦ ʞʠʪʝʣʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʲʝʜʠʥʝʥʠʝ 

ʛʦʨʦʜʦʚ ʩ ʥʘʩʝʣʝʥʠʝʤ ʩʚʳʰʝ 1 ʤʣʥ. ʞʠʪʝʣʝʡ ʚ ʦʪʜʝʣʴʥʳʡ ʪʠʧ ʣʘʥʜʰʘʬʪʦʚ 

ʠʤʝʝʪ ʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. 

ʃʘʥʜʰʘʬʪʳ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 

ʛʦʨʦʜʘ ʩ ʥʘʩʝʣʝʥʠʝʤ ʙʦʣʝʝ 300ð500 ʪʳʩ. ʞʠʪʝʣʝʡ. ɺ ʵʪʠʭ ʛʦʨʦʜʘʭ ʨʘʟʚʠʪʠʝ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʙʩʪʚʝʥʥʦ 

ʪʝʭʥʦʛʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ ʵʣʝʤʝʥʪʦʚ, ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʩ ʫʯʝʪʦʤ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʧʨʦʬʠʣʷ ʦʩʥʦʚʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ʅʘʧʨʠʤʝʨ, ʦʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʚʳʜʝʣʷʪʴ ʛʦʨʦʜʘ, ʛʜʝ ʚ ʦʩʥʦʚʥʦʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʠʣʠ ʮʝʤʝʥʪʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɽʱʝ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʦʢʘʟʳʚʘʶʪ 

ʢʨʫʧʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʣʘʥʜʰʘʬʪʘʭ ʤʝʩʪʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʧʦʩʝʣʢʘʭ, ʩʪʘʥʠʮʘʭ, 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʪʘʥʮʠʷʭ ʠ ʛʦʨʦʜʘʭ ʩ ʥʘʩʝʣʝʥʠʝʤ ʧʨʠʤʝʨʥʦ ʜʦ 300 ʪʳʩ. 

ʞʠʪʝʣʝʡ). ʇʦʵʪʦʤʫ ʧʨʠ ʜʝʪʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

(ʦʩʦʙʝʥʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ) 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʣʘʥʜʰʘʬʪʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʜʨʘʟʜʝʣʷʪʴ ʧʦ ʪʦʤʫ ʞʝ 

ʧʨʠʥʮʠʧʫ, ʯʪʦ ʠ ʣʘʥʜʰʘʬʪʳ ʛʦʨʦʜʦʚ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

ɺ ʦʪʜʝʣʴʥʳʝ ʣʘʥʜʰʘʬʪʳ ʚʳʜʝʣʷʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʫ ʨʫʜʥʠʢʦʚ, ʰʘʭʪ, ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ, ʚ ʢʦʪʦʨʳʭ 

ʤʠʛʨʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʤʝʨʝ ʧʨʦʬʠʣʝʤ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʯʝʤ ʯʠʩʣʦʤ ʞʠʪʝʣʝʡ. ʉʳʨʴʝ, ʜʦʙʳʚʘʝʤʦʝ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʝ ʥʘ ʵʪʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʩʪʦʷʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʢʘʢ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ, ʪʘʢ ʠ ʚ ʩʦʩʝʜʥʠʝ ʣʘʥʜʰʘʬʪʳ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʜʦʙʳʚʘʝʤʦʝ (ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʝ) ʩʳʨʴʝ. ʊʘʢ, ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʷʶʪʩʷ ʣʘʥʜʰʘʬʪʳ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʫ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʨʫʜʥʠʢʦʚ, ʫ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ, 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʳ, ʠ ʜʨ. 

ʆʩʦʙʦ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʣʘʥʜʰʘʬʪʳ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, 

ʦʪʥʦʩʠʤʳʭ ʢ ʢʫʨʦʨʪʘʤ. ɺ ʠʭ ʧʨʝʜʝʣʘʭ ʪʝʭʥʦʛʝʥʥʘʷ ʤʠʛʨʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʮʝʩʩʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʥʦʨʤʘʣʴʥʫʶ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʯʠʩʣʘ ʞʠʪʝʣʝʡ, ʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʘ. ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʪʠʭ 

ʣʘʥʜʰʘʬʪʦʚ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʨʦʣʴ ʚ ʤʠʛʨʘʮʠʠ ʦʩʥʦʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ. 

ʃʘʥʜʰʘʬʪʳ ʭʫʪʦʨʦʚ ʟʘʥʠʤʘʶʪ ʩʨʝʜʠ ʦʩʪʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʳ ʥʘʠʤʝʥʴʰʫʶ ʧʣʦʱʘʜʴ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʢ 

ʙʳ ʧʝʨʝʭʦʜ ʦʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʣʝʩʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʢ ʣʘʥʜʰʘʬʪʘʤ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʩ ʜʦʚʦʣʴʥʦ ʠʥʪʝʥʩʠʚʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʢʨʫʛʦʚʦʨʦʪʦʤ 

ʵʣʝʤʝʥʪʦʚ. ʆʪ ʣʘʥʜʰʘʬʪʦʚ ʢʫʨʦʨʪʦʚ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʨʝʟʢʦ ʧʦʥʠʞʝʥʥʳʤ 

ʯʠʩʣʦʤ ʞʠʪʝʣʝʡ, ʤʝʥʴʰʝʡ ʨʦʣʴʶ ʪʨʘʥʩʧʦʨʪʘ ʚ ʪʝʭʥʦʛʝʥʥʦʤ ʧʨʠʚʥʦʩʝ 

ʵʣʝʤʝʥʪʦʚ ʠ ʩʚʦʝʦʙʨʘʟʥʳʤ ʨʘʟʚʠʪʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʵʣʝʤʝʥʪʦʚ, 
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ʧʨʠʙʣʠʞʘʶʱʝʛʦʩʷ ʢ ʢʨʫʛʦʚʦʨʦʪʫ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ. 

ʇʨʠʨʦʜʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʤʠʛʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ (ʦʩʦʙʝʥʥʦ 

ʩʚʷʟʘʥʥʳʝ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ), ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʨʘʟʜʝʣʝʥʠʠ ʣʘʥʜʰʘʬʪʦʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʭʦʜ ʤʠʛʨʘʮʠʡ 

ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʧʘʚʰʠʭ, ʦʩʦʙʝʥʥʦ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʛʦʜʘ, ʚ ʣʘʥʜʰʘʬʪʳ 

ʊʘʰʢʝʥʪʘ ʠ ʀʨʢʫʪʩʢʘ, ʚʦ ʤʥʦʛʦʤ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ. ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʢʘʨʪ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʣʘʥʜʰʘʬʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʚʦʜʷʪʩʷ ʚ ʦʜʥʦʡ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʝ, ʘ ʢʨʦʤʝ ʪʦʛʦ ʚʣʠʷʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʘʭ ʥʝʩʨʘʚʥʝʥʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠʨʦʜʥʳʭ. ʋʯʠʪʳʚʘʷ ʚʩʝ ʵʪʦ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʧʦʩʣʝ ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʣʠʪʝʙʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʨʘʟʜʝʣʷʪʴ ʠʭ 

(ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ) ʩ ʫʯʝʪʦʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʊʨʝʪʠʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ 

ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʚʩʝ ʣʘʥʜʰʘʬʪʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʯʚʘʭ. ɺ 

ʧʦʯʚʘʭ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʥʘʧʨʷʞʝʥʠʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠʯʝʤ ʝʛʦ ʤʘʢʩʠʤʫʤ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʛʫʤʫʩʦʚʦʛʦ 

ʛʦʨʠʟʦʥʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʚʦʝʦʙʨʘʟʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ.  

ʇʦʯʚʳ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʝʡʰʝʝ ʟʚʝʥʦ, ʩʚʷʟʳʚʘʶʱʝʝ 

ʧʦʜʩʪʠʣʘʶʱʠʝ ʧʦʨʦʜʳ ʠ ʬʫʥʪʦʚʳʝ ʚʦʜʳ (ʪ.ʝ. ʧʦʩʪʦʷʥʥʳʝ ʠ ʦʩʥʦʚʥʳʝ 

ʧʨʠʨʦʜʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʣʘʥʜʰʘʬʪ) ʩ ʧʨʠʟʝʤʥʦʡ 

ʘʪʤʦʩʬʝʨʦʡ ʠ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. 

ɺ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʧʦʯʚʳ ʦʩʪʘʶʪʩʷ ʠʭ ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʥʦʡ 

ʯʘʩʪʴʶ. ʀʤʝʥʥʦ ʚ ʥʠʭ ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦʝ ʧʝʨʝʧʣʝʪʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʧʨʠʨʦʜʥʦʡ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʯʚʳ 

ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʦʩʪʘʶʪʩʷ ʟʚʝʥʦʤ, ʩʚʷʟʳʚʘʶʱʠʤ ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ 

(ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ) ʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʩ ʧʨʠʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʦʡ ʠ ʞʠʚʳʤʠ 

ʦʨʛʘʥʠʟʤʘʤʠ. 

ʇʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʢʘʢ ʨʝʞʠʤ ʢʠʩʣʦʨʦʜʘ ʠ ʩʝʨʳ (ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʦʙʩʪʘʥʦʚʢʠ), ʱʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʝ ʫʩʣʦʚʠʷ ʠ ʥʘʙʦʨ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʠʧʦʤʦʨʬʥʳʭ 

(ʥʘʠʙʦʣʝʝ ʧʦʜʚʠʞʥʳʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʙʦʣʴʰʠʤ ʢʣʘʨʢʦʤ) ʵʣʝʤʝʥʪʦʚ. 

ɺ ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʦʙʩʪʘʥʦʚʢʠ:  

1) ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʦ ʩʚʦʙʦʜʥʳʤ ʢʠʩʣʦʨʦʜʦʤ;  
2) ʛʣʝʝʚʘʷ, ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʙʝʟ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ;  

3) ʩʝʨʦʚʦʜʦʨʦʜʥʘʷ.  
 

ʑʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʝ ʫʩʣʦʚʠʷ ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʩʠʣʴʥʦʢʠʩʣʳʝ (ʨʅ < 3), ʢʠʩʣʳʝ ʠ ʩʣʘʙʦʢʠʩʣʳʝ (ʨʅ=3...6,5), ʥʝʡʪʨʘʣʴʥʳʝ ʠ 

ʩʣʘʙʦʱʝʣʦʯʥʳʝ (ʨʅ=6,5...8,5), ʩʠʣʴʥʦʱʝʣʦʯʥʳʝ (ʨʅ > 8,5). 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʥʘʙʦʨ ʪʠʧʦʤʦʨʬʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʚʩʧʦʤʥʠʪʴ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʡ ʃʀ. ʇʝʨʝʣʴʤʘʥʦʤ ʧʨʠʥʮʠʧ ʧʦʜʚʠʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʩʦʩʪʦʷʱʠʡ ʚ ʪʦʤ, ʯʪʦ ʨʦʣʠ ʵʣʝʤʝʥʪʘ ʠ ʣʘʥʜʰʘʬʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʛʦ 
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ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʩʨʝʜʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʤʠʛʨʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʠʧʦʤʦʨʬʥʳʝ 

ʵʣʝʤʝʥʪʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʚʦʜʥʳʭ ʚʳʪʷʞʢʘʭ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ 

ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʯʚ. ʉ ʫʯʝʪʦʤ ʱʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʭ ʫʩʣʦʚʠʡ, 

ʇʝʨʝʣʴʤʘʥʦʤ ʙʳʣ ʚʳʜʝʣʝʥ 21 ʢʣʘʩʩ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

(ʊʘʙʣʠʮʘ 10). 

ʊʘʙʣʠʮʘ 10 

ʆʩʥʦʚʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʢʣʘʩʩʳ ʧʦʯʚ ʠ ʜʨʫʛʠʭ ʙʠʦʢʦʩʥʳʭ ʩʠʩʪʝʤ (ʧʦ ʜʘʥʥʳʤ 

ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ) 

ʑʝʣʦʯʥʦ-

ʢʠʩʣʦʪʥʳʝ 

ʫʩʣʦʚʠʷ 

ʊʠʧʦʤʦʨʬʥʳʝ 

ʚʦʜʥʳʝ 

ʤʠʛʨʘʥʪʳ 

ʊʠʧʦʤʦʨʬʥʳʝ ʚʦʟʜʫʰʥʳʝ ʤʠʛʨʘʥʪʳ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ 

02  

(ʦʢʠʩʣʠʪʝʣʴʥʘʷ 

ʦʙʩʪʘʥʦʚʢʘ) 

ʉʆʛ,  

ʯʘʩʪʠʯʥʦ ʉʅ4 

(ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥ

ʘʷ ʦʙʩʪʘʥʦʚʢʘ ʙʝʟ 

H2S) 

H2S 

(ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥ

ʘʷ ʦʙʩʪʘʥʦʚʢʘ ʩ 

H2S) 

ʉʠʣʴʥʦ-

ʢʠʩʣʳʝ 
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) 
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ʛʣʝʝʚʳʡ (ʅ
+
 - Fe

2+
) 

 

 

XVIII. ʂʠʩʣʳʡ 

ʩʫʣʴʬʠʜʥʳʡ 

 

 

V. ʂʠʩʣʳʡ, 

ʧʝʨʝʭʦʜʥʳʡ ʢ 

ʢʘʣʴʮʠʝʚʦʤʫ (ʅ
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ʉʘ
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ʅʝʡʪʨʘʣʴ-

ʥʳʝ ʠ 

ʩʣʘʙʦʱʝʣʦʯ-

ʥʳʝ 

 

 

ʉʘ
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+
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) VI. ʂʘʣʴʮʠʝʚʳʡ 

(ʉʘ
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) VII. 

ʂʘʣʴʮʠʝʚʦ-

ʥʘʪʨʠʝʚʳʡ (ʉʘ
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+
) 

XIII. ʂʘʨʙʦʥʘʪʥʳʡ 

ʛʣʝʝʚʳʡ (Ca
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-

Fe
2+

) 

XIX. ʅʝʡʪʨʘʣʴʥʳʡ 

ʢʘʨʙʦʥʘʪʥʳʡ, 

ʩʫʣʴʬʠʜʥʳʡ 

ʆ", Na
+
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2
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ʉʘ
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IX. ʉʦʣʝʥʦʩʥʳʡ (Na
+
, 

a-so4
2
-) 

VIII. ɻʠʧʩʦʚʳʡ 

XIV. ʉʦʣʝʥʦʩʥʳʡ 

ʛʣʝʝʚʳʡ XV. 

ɻʠʧʩʦʚʳʡ ʛʣʝʝʚʳʡ 

XX. ʉʦʣʝʥʦʩʥʳʡ 

ʩʫʣʴʬʠʜʥʳʡ (Na
+
 - 

H2S) 

ʉʠʣʴʥʦ-

ʱʝʣʦʯʥʳʝ 

ʆʅ", Na
+
, ʅʉ03, 

Sr2 

X. ʉʦʜʦʚʳʡ (Na
+
 - 

ʆʅ") 

XVI. ʉʦʜʦʚʳʡ 

ʛʣʝʝʚʳʡ 

XXI. ʉʦʜʦʚʳʡ 

ʩʝʨʦʚʦʜʦʨʦʜʥʳʡ 

(Na
+
 - ʆʅ" - H2S) 

 

ʆʧʳʪ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚ ʥʠʭ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʠʩʣʦʪ, ʢʦʪʦʨʳʤ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʘʥʜʰʘʬʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʪʘʢʦʝ ʞʝ 

ʚʥʠʤʘʥʠʝ, ʢʘʢ ʠ ʪʠʧʦʤʦʨʬʥʳʤ ʵʣʝʤʝʥʪʘʤ. 

ʏʝʪʚʝʨʪʳʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ 

ʅʘ ʜʘʥʥʦʤ ʫʨʦʚʥʝ (ʘ ʦʥ ʫʯʠʪʳʚʘʝʪʩʷ ʥʝ ʧʨʠ ʚʩʝʭ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ) ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 
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ʣʘʥʜʰʘʬʪʦʚ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʠʭ ʥʘʭʦʞʜʝʥʠʷ) ʚ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʇʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠʟʤʝʥʝʥʠʷ ʚ ʜʨʫʛʠʭ ʯʘʩʪʷʭ ʣʘʥʜʰʘʬʪʘ 

ʤʦʛʫʪ ʩʢʘʟʘʪʴʩʷ ʯʝʨʝʟ ʜʦʚʦʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʥʘʧʨʠʤʝʨ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʣʠ ʥʘʣʠʯʠʝʤ ʚ 

ʧʦʯʚʘʭ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʣʘʥʜʰʘʬʪʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʧʦʩʪʫʧʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ ʚʦʜ ʚ ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʛʦʨʠʟʦʥʪʳ ʧʦʯʚ.  

ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ, ʝʩʣʠ ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ ʥʝ ʜʦʩʪʘʶʪ ʜʦ ʟʘʛʨʷʟʥʝʥʥʳʭ ʚʦʜ, ʪʦ 

ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʠ ʣʠʪʦʭʠʤʠʯʝʩʢʦʛʦ (ʧʦʯʚʝʥʥʦʛʦ), ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʧʨʦʙʦʚʘʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʙʫʜʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʜʘʥʥʳʝ ʦ ʥʘʣʠʯʠʠ 

ʟʘʛʨʷʟʥʝʥʠʷ (ʧʦʢʘ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʚʩʝ ʞʝ ʥʝ ʧʦʩʪʫʧʷʪ ʚ ʨʘʩʪʝʥʠʷ ʠ 

ʚʝʨʭʥʠʝ ʧʦʯʚʝʥʥʳʝ ʛʦʨʠʟʦʥʪʳ). 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʝʭʥʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, 

ʥʝʦʙʭʦʜʠʤʦ ʠʭ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʨʦʙʦʚʘʥʠʝ. ʆʜʥʘʢʦ ʦʧʨʦʙʦʚʘʥʠʝ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ ʪʦʣʴʢʦ ʦʜʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʥʝ ʜʘʝʪ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʪʘʢʦʝ 

ʦʧʨʦʙʦʚʘʥʠʝ ʥʫʞʥʦ ʧʨʦʚʦʜʠʪʴ ʚ ʧʨʝʜʝʣʘʭ ʚʩʝʛʦ ʠʟʫʯʘʝʤʦʛʦ ʫʯʘʩʪʢʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʚʚʝʜʝʥʠʷ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ. 

ɺ ʦʧʨʝʜʝʣʝʥʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ 

ʭʦʨʦʰʦ ʩʚʷʟʘʥʳ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʝʜʝʥʠʝ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʪʝʤ ʙʦʣʝʝ ʯʪʦ ʜʦʚʦʣʴʥʦ 

ʯʘʩʪʦ (ʥʘʧʨʠʤʝʨ, ʥʘ ʦʨʦʰʘʝʤʳʭ ʟʝʤʣʷʭ) ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʧʦʩʪʫʧʘʶʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʵʪʠ ʚʦʜʳ. (ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʚ ʦʨʦʩʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ.) ɺ 

ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʦʧʝʨʘʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʙʳʩʪʨʝʝ ʚʩʝʛʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤ ʦʧʨʦʙʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʰʠʙʦʢ 

ʥʫʞʥʳ ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʘʚʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʢʘʞʜʦʤ ʣʘʥʜʰʘʬʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʚʚʝʜʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. ʆʥ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʭ ʩʦʩʪʘʚʦʤ) ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ (ʠʣʠ) ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ. ʇʨʠ ʵʪʦʤ ʢ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʚʦʜʘʤ 

ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʠʝ ʨʫʯʴʠ ʠ ʨʦʜʥʠʢʠ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, 

ʟʘʥʠʤʘʶʱʠʝ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʪʜʝʣʴʥʦ, ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʣʘʥʜʰʘʬʪʳ. 

ʇʷʪʳʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ 

ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʙʠʦʛʝʥʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ 

ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʟʜʫʰʥʦʡ (ʘʪʤʦʩʬʝʨʥʦʡ) ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʨʘʡʦʥʘʭ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʘʭ ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ (ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʪʦʢʩʠʯʥʳʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ) ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʠʤʝʥʥʦ 
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ʘʪʤʦʩʬʝʨʥʘʷ ʤʠʛʨʘʮʠʷ. ʉ ʫʯʝʪʦʤ ʝʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʧʷʪʦʤ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʷʪʴ ʣʘʥʜʰʘʬʪʳ:  

1) ʧʦʜʚʝʨʞʝʥʥʳʝ ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ;  
2) ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʝ ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ;  
3) ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʦʪʣʦʞʝʥʠʝʤ ʵʦʣʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

ʇʦʯʚʳ ʚ ʟʦʥʘʭ ʦʪʣʦʞʝʥʠʷ ʵʦʣʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʳʯʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʊʘʢ, ʚ ɼʞʫʥʛʘʨʩʢʦʤ ɸʣʘʪʘʫ ʚ 

ʧʦʯʚʘʭ ʥʘ ʵʦʣʦʚʳʭ ʩʫʛʣʠʥʢʘʭ ʩʦʜʝʨʞʘʥʠʝ ʩʚʠʥʮʘ (3 Å 10
-4
%) ʧʨʠʤʝʨʥʦ ʚ 3 ʨʘʟʘ, 

ʘ ʮʠʥʢʘ (1 Å 10
-3
%) ʚ 5 ʨʘʟ ʥʠʞʝ ʩʨʝʜʥʝʛʦ ʜʣʷ ʧʦʯʚ. 

ʐʝʩʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ 

ʅʘ ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʬʘʢʪʦʨʳ ʤʠʛʨʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʥʘʣʠʯʠʝʤ (ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ) ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ. ʅʘʣʠʯʠʝ ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʳ ʚʦ ʤʥʦʛʦʤ ʠʟʤʝʥʷʝʪ ʭʦʜ ʠ ʩʢʦʨʦʩʪʠ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʠ ʚ ʩʝʟʦʥʥʦ-ʪʘʣʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ çʛʦʨʥʳʝ ʧʦʨʦʜʳ ð ʩʝʟʦʥʥʦ-

ʪʘʣʳʝ ʛʦʨʠʟʦʥʪʳè. ʇʨʠ ʵʪʦʤ ʦʙʳʯʥʦ ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ ɸ ʠ ʦʩʥʦʚʘʥʠʝ 

ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ ʛʦʨʠʟʦʥʪʘ ɺ2 ʦʙʝʜʥʝʥʳ ʣʝʛʢʦʧʦʜʚʠʞʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʘ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʝ ɺ. 

ʆʧʳʪ ʨʘʙʦʪ ʚ ʨʘʡʦʥʘʭ ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʟʚʠʪʠʝʤ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ 

ʧʦʢʘʟʘʣ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʦʙʲʝʜʠʥʝʥʠʷ ʣʘʥʜʰʘʬʪʦʚ ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʚ 

ʩʣʝʜʫʶʱʠʝ ʯʝʪʳʨʝ ʛʨʫʧʧʳ:  

1) ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ;  
2) ʩ ʝʝ ʦʩʪʨʦʚʥʳʤ ʨʘʟʚʠʪʠʝʤ;  
3) ʩ ʧʨʝʨʳʚʠʩʪʳʤ ʨʘʟʚʠʪʠʝʤ;  

4) ʩ ʰʠʨʦʢʠʤ ʧʣʦʱʘʜʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ. 
 

ʉʝʜʴʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ 

ʅʘ ʩʝʜʴʤʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʣʘʥʜʰʘʬʪʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ 

ʫʯʝʪʦʤ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʛʠʦʥʦʚ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ 

ʧʨʠ ʨʘʙʦʪʘʭ ʚ ʛʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʜʝʣʷʪʴ ʣʘʥʜʰʘʬʪʳ:  

1) ʨʘʚʥʠʥʥʳʭ ʦʙʣʘʩʪʝʡ; 

2) ʥʠʟʢʦʛʦʨʴʷ ʠ ʩʨʝʜʥʝʛʦʨʴʷ; 

3) ʚʳʩʦʢʦʛʦʨʥʳʭ ʦʙʣʘʩʪʝʡ.  

 

ʕʪʠ ʣʘʥʜʰʘʬʪʳ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ, 

ʦʧʨʝʜʝʣʷʶʱʝʡʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʠʣʘʤʠ ʛʨʘʚʠʪʘʮʠʠ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʩʝ ʚʳʜʝʣʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ: 

Á ʵʣʶʚʠʘʣʴʥʳʝ (ʚʦʜʦʨʘʟʜʝʣʴʥʳʝ);  
Á ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʝ (ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ ʩʢʣʦʥʦʚ);  
Á ʪʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʝ (ʥʠʞʥʠʭ ʯʘʩʪʝʡ ʩʢʣʦʥʦʚ);  
Á ʪʨʘʥʩʩʫʧʝʨʘʢʚʘʣʴʥʳʝ, ʥʘ ʫʯʘʩʪʢʘʭ ʩʢʣʦʥʦʚ ʥʘʜʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 
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(ʩʶʜʘ ʞʝ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʧʦʡʤʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ);  

Á ʩʫʧʝʨʘʢʚʘʣʴʥʳʝ (ʥʘʜʚʦʜʥʳʝ) ʠ ʩʫʙʘʢʚʘʣʴʥʳʝ (ʧʦʜʚʦʜʥʳʝ).  
 

ʇʦ ʤʥʝʥʠʶ ʄ.ɸ. ɻʣʘʟʦʚʩʢʦʡ, ʧʦ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʣʷʪʴ ʩʣʝʜʫʶʱʠʝ ʣʘʥʜʰʘʬʪʳ: 

1) ʵʣʶʚʠʘʣʴʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʥʠʞʥʠʭ "ʯʘʩʪʷʭ 

ʩʢʣʦʥʦʚ ʠ ʩʫʭʠʭ ʣʦʞʙʠʥ; 

2) ʘʢʢʫʤʫʣʷʪʠʚʥʦ-ʵʣʶʚʠʘʣʴʥʳʝ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʤʝʩʪʥʳʤ ʟʘʤʢʥʫʪʳʤ 

ʧʦʥʠʞʝʥʠʷʤ ʩ ʛʣʫʙʦʢʠʤ ʫʨʦʚʥʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ; 

3) ʪʨʘʥʩʘʢʚʘʣʴʥʳʝ, ʚʢʣʶʯʘʶʱʠʝ ʨʝʢʠ ʠ ʧʨʦʪʦʯʥʳʝ ʦʟʝʨʘ, 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʜʝʣʴʪʦʚʳʝ ʙʦʣʦʪʘ; 

4) ʘʢʚʘʣʴʥʳʝ, ʢ ʢʦʪʦʨʳʤ ʢʨʦʤʝ ʥʝʧʨʦʪʦʯʥʳʭ ʦʟʝʨ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʠ 

ʤʦʨʷ. 

 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʩʝʜʴʤʦʤ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʠ ʜʣʷ ʧʨʠʨʦʜʥʳʭ, ʠ ʜʣʷ 

ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. 
 

ɺʦʩʴʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ 

ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʚ ʦʩʥʦʚʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʦʞʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʤʠʛʨʘʮʠʠ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʚ ʜʘʥʥʳʡ 

ʣʘʥʜʰʘʬʪ ʦʪ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ.  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʠ ʧʦʯʚʦʧʦʜʩʪʠʣʘʶʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʩʣʫʞʘʱʠʭ ʛʣʘʚʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʫʧʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ.  

ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʪʝʭʥʦʛʝʥʥʳʝ ʣʘʥʜʰʘʬʪʳ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʩʦʟʜʘʥʥʳʤ ʵʢʨʘʥʦʤ ʤʝʞʜʫ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ ʠ ʦʩʪʘʣʴʥʳʤʠ ʯʘʩʪʷʤʠ 

ʣʘʥʜʰʘʬʪʘ (ʥʘʧʨʠʤʝʨ, ʯʘʩʪʴ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʩʪʦʡʥʠʢʦʚ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʦʩʴʤʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ ʦʙʲʝʜʠʥʝʥʠʝ 

ʣʘʥʜʰʘʬʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʢʦʨʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʥʘ ʢʦʪʦʨʳʭ ʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʯʚʳ.  

ɼʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. ʆʧʳʪ ʨʘʙʦʪ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʩʝ ʦʩʥʦʚʥʳʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʦʙʲʝʜʠʥʠʪʴ ʚ ʪʨʠ ʛʨʫʧʧʳ: 

ʢʘʨʙʦʥʘʪʥʳʝ, ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʠ ʪʝʨʨʠʛʝʥʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. ʊʘʢʦʝ 

ʦʙʲʝʜʠʥʝʥʠʝ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʙʦʣʴʰʠʤ ʚʣʠʷʥʠʝʤ ʥʘ 

ʢʘʨʙʦʥʘʪʥʦʩʪʴ ʠ ʱʝʣʦʯʥʦʩʪʴ ʧʦʯʚ. 

ɽʩʣʠ ʦʪʜʝʣʴʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʪʦʣʱʠ (ʛʦʨʠʟʦʥʪʳ, ʩʚʠʪʳ) ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 

ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ (ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʦ ʠʣʠ 

ʧʦʥʠʞʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ) ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʨʦʜ, ʪʦ ʵʪʠ ʪʦʣʱʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘʜ ʥʠʤʠ ʣʘʥʜʰʘʬʪʳ ʚʳʜʝʣʷʶʪʩʷ ʦʩʦʙʦ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 

ʢʨʦʤʝ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʫʯʠʪʳʚʘʝʪʩʷ (ʯʘʩʪʠʯʥʦ) ʠ ʠʭ ʚʦʟʨʘʩʪ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 
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ʪʘʢʦʛʦ ʜʝʣʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʚʣʠʷʥʠʝʤ ʘʥʦʤʘʣʴʥʳʭ ʪʦʣʱ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʠ ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʥʠʭ ʨʘʩʪʝʥʠʷʭ. 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʚʦʩʴʤʦʤ 

ʫʨʦʚʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʜʝʣʷʪʴ ʣʠʰʴ ʥʘ ʢʠʩʣʳʝ ʠ ʦʩʥʦʚʥʳʝ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ 

ʦʪʜʝʣʴʥʦ ʚʳʜʝʣʷʪʴ ʠʥʪʝʥʩʠʚʥʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʧʦʨʦʜʳ. 

ʇʨʠ ʜʝʪʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʯʘʩʪʦ 

ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʜʨʦʙʥʦʝ ʜʝʣʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʫʯʝʪʦʤ ʠʭ ʤʠ-ʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʚʦʩʴʤʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. 
 

 

ɺʦʜʥʳʝ ʣʘʥʜʰʘʬʪʳ 

 

ɺʦʜʥʳʝ (ʘʢʚʘʣʴʥʳʝ) ʣʘʥʜʰʘʬʪʳ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʦʩʦʙʫʶ ʨʦʣʴ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʧʨʝʩʥʦʚʦʜʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʨʦʰʝʥʠʝ ʟʝʤʝʣʴ, ʩʥʘʙʞʝʥʠʝ ʥʘʩʝʣʝʥʥʳʭ 

ʧʫʥʢʪʦʚ, ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʧʠʪʴʝʚʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʦʡ. 

ɺʦʜʥʳʝ ʣʘʥʜʰʘʬʪʳ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʤʥʦʛʠʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ 

ʚʘʞʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʘʨʪʝʨʠʷʤʠ. ʀʭ ʨʘʮʠʦʥʘʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʠ ʦʭʨʘʥʘ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʥʠʭ ʠʟʤʝʥʝʥʠʷʤʠ ʪʨʝʙʫʶʪ 

ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʚʘʞʥʳ ʜʣʷ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ.  

ʈʘʩʯʝʪʳ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʣʝʜʫʶʱʝʤ ʪʳʩʷʯʝʣʝʪʠʠ 

ʧʦʪʨʝʙʣʝʥʠʝ ʧʨʝʩʥʦʡ ʚʦʜʳ ʨʝʟʢʦ ʚʦʟʨʘʩʪʝʪ, ʧʨʠʯʝʤ ʥʘʤʥʦʛʦ ʫʚʝʣʠʯʠʪʩʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʚʦʜʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʜʦ ʢʦʥʮʘ ʥʝ ʨʘʟʨʘʙʦʪʘʥʘ ʥʠ ʜʣʷ ʙʦʣʴʰʠʭ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʚʦʜʦʝʤʦʚ, ʥʠ ʚ ʮʝʣʦʤ ʜʣʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʆʜʥʘʢʦ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ (ɺ.ɸ. 

ɸʣʝʢʩʝʝʥʢʦ, ɸ.ɼ. ʍʦʚʘʥʩʢʠʡ) ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʰʝʩʪʴ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ 

ʫʨʦʚʥʝʡ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. 
 

ʇʝʨʚʳʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ 

ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʚʦʜʥʳʝ ʣʘʥʜʰʘʬʪʳ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʣʘʥʜʰʘʬʪʳ ʩʫʰʠ, 

ʦʙʲʝʜʠʥʷʶʪʩʷ ʩ ʫʯʝʪʦʤ ʦʩʥʦʚʥʳʭ ʬʦʨʤ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʠ ʚ ʜʚʝ ʛʨʫʧʧʳ: 

ʧʨʠʨʦʜʥʳʝ (ʙʠʦʛʥʝʥʥʳʝ) ʠ ʪʝʭʥʦʛʝʥʥʳʝ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʫʶ 

ʫʩʣʦʚʥʦʩʪʴ ʪʘʢʦʛʦ ʜʝʣʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʜʘʞʝ ʩʘʤʳʝ ʫʜʘʣʝʥʥʳʝ ʦʪ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʝʛʠʦʥʦʚ ʫʯʘʩʪʢʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

ʠʩʧʳʪʳʚʘʶʪ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʝʝ çʪʝʭʥʦʛʝʥʥʦʝ ʜʘʚʣʝʥʠʝè. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢ 

ʪʝʭʥʦʛʝʥʥʳʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʪʥʦʩʠʪʴ ʪʦʣʴʢʦ ʚʦʜʦʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ð ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʢʘʥʘʣʳ ʠ ʧʨʫʜʳ. ʆʟʝʨʘ, ʨʝʢʠ, 
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ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʤʦʨʷ, ʘ ʪʘʢʞʝ ʄʠʨʦʚʦʡ ʦʢʝʘʥ ʩ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʝʛʦ 

ʤʦʨʷʤʠ ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʠʨʦʜʥʳʤ (ʙʠʦʛʝʥʥʳʤ) ʣʘʥʜʰʘʬʪʘʤ. 

ʉʨʝʜʠ ʪʝʭʥʦʛʝʥʥʳʭ ʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘʠʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ 

ʟʘʥʠʤʘʶʪ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʇʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʦʥʠ ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʠ ʢ ʙʠʦʛʝʥʥʳʤ ʣʘʥʜʰʘʬʪʘʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʚʦʜʦʭʨʘʥʠʣʠʱ ʩʦʟʜʘʥʦ ʧʫʪʝʤ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʘʷ ʤʠʛʨʘʮʠʷ 

ʵʣʝʤʝʥʪʦʚ, ʧʨʦʠʩʭʦʜʠʚʰʘʷ ʚ ʨʝʢʘʭ ʚ ʚʠʜʝ ʤʝʭʘʥʠʯʝʩʢʠ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ 

ʯʘʩʪʠʮ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ, ʘ ʪʘʢʞʝ ʢʦʣʣʦʠʜʥʳʭ ʠ ʠʩʪʠʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʪʘʣʘ 

ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʝʭʥʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʯʪʦ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪ 

ʣʘʥʜʰʘʬʪʳ ʚʦʜʦʭʨʘʥʠʣʠʱ ʦʪ ʧʨʠʨʦʜʥʳʭ. ʃʘʥʜʰʘʬʪʳ ʚʦʜʦʭʨʘʥʠʣʠʱ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʣʘʥʜʰʘʬʪʘʤʠ ʦʟʝʨ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʝʡ ʚʥʫʪʨʠʛʦʜʦʚʦʡ 

ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʚʦʜ (ʥʘʧʨʠʤʝʨ, ʥʘ ʎʠʤʣʷʥʩʢʦʤ ʦʥʘ ʜʦʩʪʠʛʘʝʪ 6 

ʤ, ʥʘ ʂʫʡʙʳʰʝʚʩʢʦʤ ð 7 ʤ, ʘ ʥʘ ʂʨʘʩʥʦʷʨʩʢʦʤ ð 18 ʤ) ʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ 

ʚʦʜʦʦʙʤʝʥʦʤ. 

ʉʣʦʞʥʦʝ ʧʝʨʝʧʣʝʪʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʵʪʠʭ ʚʦʜʦʝʤʘʭ, ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʶʱʠʤʩʷ ʦʪ ʦʞʠʜʘʝʤʳʭ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʊʘʢ, ʚʦʜʦʭʨʘʥʠʣʠʱʘ 

ʟʘʠʣʠʚʘʶʪʩʷ ʠ ʟʘʙʦʣʘʯʠʚʘʶʪʩʷ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʛʥʠʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʦʜʦʨʦʩʣʝʡ, ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʭʦʨʦʰʦ ʧʨʦʛʨʝʚʘʝʤʳʭ ʤʝʣʢʦʚʦʜʥʳʭ 

ʙʘʩʩʝʡʥʘʭ ʠ ʩʥʦʩʠʤʳʭ ʚ ʧʨʠʧʣʦʪʠʥʥʳʝ ʫʯʘʩʪʢʠ, ʚʦʟʥʠʢʘʝʪ ʙʝʩʢʠʩʣʦʨʦʜʥʘʷ 

ʛʣʝʝʚʘʷ ʦʙʩʪʘʥʦʚʢʘ.  

ʇʦʯʚʳ ʣʘʥʜʰʘʬʪʦʚ ʩʫʰʠ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʚʦʜʦʭʨʘʥʠʣʠʱʘʤ, 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʟʘʩʦʣʝʥʠʶ. ʀʥʦʛʜʘ ʚʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʩʨʦʢʘ ʜʘʞʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʝʟʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ \ ʚʦʜʦʭʨʘʥʠʣʠʱ ʚ ʜʚʘðʪʨʠ ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʝʢʪʠʨʫʝʤʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʩʢʘʟʘʥʥʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʦʜʦʭʨʘʥʠʣʠʱ. 

ʇʨʠ ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʤ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ ʜʘʥʥʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʜʝʣʷʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʨʘʟʤʝʨʦʚ (ʦʙʲʝʤʘ ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 

ʥʠʭ ʚʦʜʳ). ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʪʘʢ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʫʜʳ, ʢʘʢ ʠ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʩʢʫʩʩʪʚʝʥʥʳʝ 

ʚʦʜʦʝʤʳ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠʣʠ (ʯʪʦ ʙʳʚʘʝʪ ʯʘʱʝ) ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʫʛʣʫʙʣʝʥʠʷʭ. ɺ 

ʩʚʷʟʠ ʩ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʤʩʷ ʧʨʫʜʦʚʳʤ ʭʦʟʷʡʩʪʚʦʤ ʠʥʪʝʥʩʠʚʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʨʫʜʦʚ ʚʝʜʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʧʨʠʨʦʜʥʳʭ ʟʦʥʘʭ 

ʩʪʨʘʥʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʱʝʝ ʠʭ ʯʠʩʣʦ ʧʨʝʚʳʰʘʝʪ 100 000. ʉʨʝʜʠ ʥʠʭ 

ʧʨʝʦʙʣʘʜʘʶʪ ʥʝʙʦʣʴʰʠʝ ʧʨʫʜʳ ʩ ʧʣʦʱʘʜʴʶ ʟʝʨʢʘʣʘ ʚʦʜ ʥʝ ʙʦʣʴʰʝ ʥʝʩʢʦʣʴʢʠʭ 

ʛʝʢʪʘʨʦʚ. ʀʭ ʧʠʪʘʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʦ ʩ ʪʘʷʥʠʝʤ ʩʥʝʛʦʚ ʠ ʜʦʞʜʷʤʠ. ʆʙʳʯʥʦ 

ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʨʦʰʝʥʠʷ, ʚʦʜʦʧʦʷ ʩʢʦʪʘ, ʘ ʚʙʣʠʟʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 

ʩʣʫʞʘʪ ʤʝʩʪʦʤ ʦʪʜʳʭʘ ʞʠʪʝʣʝʡ. ʉʦ ʚʨʝʤʝʥʝʤ ʧʨʫʜʳ ʩʪʘʨʝʶʪ, ʧʨʦʠʩʭʦʜʠʪ ʠʭ 

ʟʘʠʣʠʚʘʥʠʝ ʠ ʧʦʣʥʦʝ ʟʘʨʘʩʪʘʥʠʝ ʚʦʜʥʦ-ʙʦʣʦʪʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ʉʨʦʢʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʫʜʦʚ (ʙʝʟ ʠʭ ʦʯʠʩʪʢʠ): ʚ ʨʘʚʥʠʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʤʥʦʛʦ ʙʦʣʝʝ 

50 ʣʝʪ, ʘ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʩʝʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ð 10 ʣʝʪ. 

ɺ ʧʨʫʜʘʭ, ʩʦʟʜʘʚʘʝʤʳʭ ʜʣʷ ʨʘʟʚʝʜʝʥʠʷ ʨʳʙʳ, ʥʝ ʪʦʣʴʢʦ ʧʨʦʚʦʜʠʪʩʷ 
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ʯʠʩʪʢʘ, ʥʦ ʯʘʩʪʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʤʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʠʭ ʧʦʩʪʫʧʣʝʥʠʝ ʩ ʢʦʨʤʘʤʠ ʠ ʫʜʦʙʨʝʥʠʷʤʠ ʚ ʣʘʥʜʰʘʬʪ), ʘ ʪʘʢʞʝ ʚʠʜʦʚʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʫʜʦʚʦʡ ʬʣʦʨʳ ʠ ʬʘʫʥʳ. ʇʨʠ ʵʪʦʤ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ (ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ) ʦʙʩʪʘʥʦʚʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʫʜʦʚ ʤʦʞʝʪ 

ʠʟʤʝʥʠʪʴʩʷ ʚʦ ʤʥʦʛʦ ʨʘʟ. ɼʣʷ ʝʝ ʫʚʝʣʠʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ 

ʙʘʣʘʥʩʘ ʵʣʝʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʫʜʦʚʦʤ ʢʨʫʛʦʚʦʨʦʪʝ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ 

ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʦʥʢʨʝʪʥʳʤ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ.  

ʉʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʫʜʦʚ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʟʘʪʨʘʪʘʭ ʥʘ ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʝʣʘʝʪ 

ʠʟʫʯʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʣʘʥʜʰʘʬʪʘʭ ʧʨʫʜʦʚ ʦʜʥʦʡ ʠʟ 

ʘʢʪʫʘʣʴʥʝʡʰʠʭ ʟʘʜʘʯ ʧʨʠʢʣʘʜʥʦʡ ʛʝʦʭʠʤʠʠ ʣʘʥʜʰʘʬʪʘ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʦʣʝʝ ʜʨʦʙʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ 

ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʢʘʨʪ) ʣʘʥʜʰʘʬʪʳ 

ʧʨʫʜʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʨʳʙʦʚʦʜʥʳʝ ʠ ʨʳʙʦʧʨʦʠʟʚʦʜʷʱʠʝ. ɺ 

ʧʝʨʚʳʝ - ʚʳʧʫʩʢʘʶʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ ʤʘʣʴʢʦʚ ʨʳʙ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 

ʦʪʣʘʚʣʠʚʘʶʪʩʷ ʜʣʷ ʧʝʨʝʩʝʣʝʥʠʷ. ɺʦʜʳ ʠʟ ʵʪʠʭ ʧʨʫʜʦʚ ʝʞʝʛʦʜʥʦ (ʘ ʠʥʦʛʜʘ ʠ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʛʦʜ) ʩʣʠʚʘʶʪʩʷ, ʧʦʩʣʝ ʯʝʛʦ ʛʨʫʥʪʳ (ʧʦʜʩʦʭʰʠʡ ʠʣ) 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʧʝʨʝʧʘʭʠʚʘʥʠʶ. ɺ ʨʳʙʦʧʨʦʠʟʚʦʜʷʱʠʭ ʧʨʫʜʘʭ ʝʞʝʛʦʜʥʳʭ ʩʣʠʚʦʚ 

ʚʦʜʳ ʠ ʧʝʨʝʧʘʭʠʚʘʥʠʷ ʛʨʫʥʪʦʚ ʥʝʪ. 

ɺ ʣʘʥʜʰʘʬʪʳ ʢʘʥʘʣʦʚ ʩʧʝʮʠʘʣʴʥʳʡ ʪʝʭʥʦʛʝʥʥʳʡ ʧʨʠʚʥʦʩ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʦʪʩʫʪʩʪʚʫʝʪ, ʣʠʰʴ ʠʥʦʛʜʘ ʥʘ ʤʘʣʦʧʨʦʪʷʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʚʦʜʳ 

ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʢʘʥʘʣʦʚ ʜʦʙʘʚʣʷʶʪ ʫʜʦʙʨʝʥʠʷ. ʆʜʥʘʢʦ ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʚʦʜʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʣʘʥʜʰʘʬʪʦʚ ʦʯʝʥʴ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʫʜʦʙʨʝʥʠʷ, ʩʥʦʩʠʤʳʝ ʩ ʧʦʣʝʡ, ʦʩʦʙʝʥʥʦ ʦʨʦʰʘʝʤʳʭ.  

ɺ ʣʘʥʜʰʘʬʪʘʭ ʩʫʜʦʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ (ʦʙʳʯʥʦ ʚ ʬʦʨʤʝ ʪʘʢʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʢ ʥʝʬʪʴ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ) ʧʦʧʘʜʘʝʪ ʟʘ ʩʯʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʪʝʭʥʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʥʘʣʳ ʠʩʧʳʪʳʚʘʶʪ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʧʦʚʪʦʨʷʝʤʳʭ ʨʘʙʦʪʘʭ ʧʦ ʫʛʣʫʙʣʝʥʠʶ ʠ ʨʘʩʰʠʨʝʥʠʶ ʠʭ ʨʫʩʣʘ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʨʝʜʠ 

ʣʘʥʜʰʘʬʪʦʚ ʢʘʥʘʣʦʚ ʚʳʜʝʣʷʶʪʩʷ ʤʝʣʠʦʨʘʪʠʚʥʳʝ ʠ ʩʫʜʦʭʦʜʥʳʝ. ʆʥʠ 

ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʨʘʩʭʦʜʫ ʚʦʜʳ, ʦʩʦʙʝʥʥʦʩʪʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʯʠʩʪʢʠ ʬʘʨʚʘʪʝʨʘ. 

ɼʝʡʩʪʚʫʶʱʠʝ ʢʘʥʘʣʳ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʣʘʥʜʰʘʬʪʳ ʩʫʰʠ, ʧʦ 

ʢʦʪʦʨʳʤ ʦʥʠ ʧʨʦʣʦʞʝʥʳ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, 

ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʟʘʩʦʣʝʥʠʝ ʧʦʯʚ, ʘ ʚ ʙʠʦʛʝʥʥʳʭ 

ʣʘʥʜʰʘʬʪʘʭ ʩʫʰʠ ð ʝʱʝ ʠ ʩʤʝʥʫ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. ɿʘʙʨʦʰʝʥʥʳʝ 

ʢʘʥʘʣʳ ʙʳʩʪʨʦ ʟʘʨʘʩʪʘʶʪ ʠ, ʧʨʦʡʜʷ ʩʪʘʜʠʶ ʙʦʣʦʪ, ʧʝʨʝʭʦʜʷʪ ʚ ʦʙʳʯʥʳʝ 

ʣʘʥʜʰʘʬʪʳ ʩʫʰʠ. ʆʜʥʘʢʦ ʩʚʦʝʦʙʨʘʟʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚ ʨʝʣʴʝʬʝ ʦʥʠ 

ʥʘʧʦʤʠʥʘʶʪ ʦ ʩʝʙʝ ʩʦʪʥʠ ʣʝʪ. 

ʇʨʠʨʦʜʥʳʝ (ʙʠʦʛʝʥʥʳʝ) ʣʘʥʜʰʘʬʪʳ ʥʘ ʧʝʨʚʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ 

ʫʨʦʚʥʝ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʠ ʦʢʝʘʥʠʯʝʩʢʠʝ. ʆʥʠ ʚʦ 

ʤʥʦʛʦʤ ʦʪʣʠʯʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʩʪʫʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʥʳʝ ʙʘʩʩʝʡʥʳ, ʘ 

ʪʘʢʞʝ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʠʣʘʭ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʩʨʝʜʠ ʚʥʫʪʨʠ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʜʝʣʷʪʴ ʤʦʨʷ, ʦʟʝʨʘ, ʨʝʢʠ, ʘ ʩʨʝʜʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ð ʚʥʫʪʨʝʥʥʠʝ 
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ʤʦʨʷ, ʦʢʨʘʠʥʥʳʝ ʤʦʨʷ ʠ ʩʦʙʩʪʚʝʥʥʦ ʦʢʝʘʥʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ. 
 

ɺʪʦʨʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʘʥʜʰʘʬʪʦʚ ʩʫʰʠ ʚ ʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʘʭ (ʠ ʥʝ ʪʦʣʴʢʦ ʚ 

ʧʨʠʨʦʜʥʳʭ, ʥʦ ʠ ʚ ʪʝʭʥʦʛʝʥʥʳʭ) ʨʦʣʴ ʙʠʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʠ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʘ. 

ʇʦʵʪʦʤʫ ʥʘ ʜʘʥʥʦʤ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʚ ʦʩʥʦʚʫ ʦʙʲʝʜʠʥʝʥʠʷ ʚʩʝʭ 

ʣʘʥʜʰʘʬʪʦʚ ʧʦʣʦʞʝʥʳ ʙʠʦʤʘʩʩʘ ʠ ʝʞʝʛʦʜʥʘʷ ʧʨʦʜʫʢʮʠʷ, ʢʦʪʦʨʳʝ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʠʜʦʚʳʤ ʩʦʩʪʘʚʦʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʉ ʫʯʝʪʦʤ ʵʪʠʭ 

ʬʘʢʪʦʨʦʚ ʠ ʧʨʦʚʦʜʠʪʩʷ ʜʝʣʝʥʠʝ ʣʘʥʜʰʘʬʪʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʟʜʝʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ 

ʚʪʦʨʦʤ ʫʨʦʚʥʝ ʨʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʚʳʜʝʣʝʥʠʷ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʎʠʤʣʷʥʩʢʦʤ 

ʚʦʜʦʭʨʘʥʠʣʠʱʝ. ɿʜʝʩʴ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʚʳʜʝʣʝʥʳ ʣʘʥʜʰʘʬʪʳ 

ʧʣʘʥʢʪʦʥʥʳʭ ʚʦʜʦʨʦʩʣʝʡ (ʥʠʟʢʦ-, ʩʨʝʜʥʝ-, ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʝ) ʠ 

ʪʨʦʩʪʥʠʢʦʚʳʭ ʬʦʨʤʘʮʠʡ.  

ʆʪʣʠʯʠʷ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʜʘʞʝ ʩʨʝʜʠ ʙʣʠʟʢʠʭ ʜʨʫʛ ʜʨʫʛʫ ʣʘʥʜʰʘʬʪʦʚ 

ʧʣʘʥʢʪʦʥʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳ. ʊʘʢ, ʥʘ ʂʘʣʘʯʩʢʦʤ ʠ ʏʠʨʩʢʦʤ 

ʫʯʘʩʪʢʘʭ ʧʨʦʜʫʢʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ 1 ʤ
2
 ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 

364 ʪ, ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ð 766 ʪ, ʘ ʥʘ ʧʨʠʰʶʪʠʥʥʦʤ ð 1440 ʪ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ, ʢʘʢ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʥʘ ʜʨʫʛʠʭ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʝʞʝʛʦʜʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʥʝ ʪʦʣʴʢʦ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ, ʥʦ ʠ ʥʘʥʦʩʠʪ ʝʤʫ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʱʝʨʙ, ʧʦʩʢʦʣʴʢʫ ʚʦ ʚʨʝʤʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʚʦʜʦʨʦʩʣʝʡ 

ʩʦʢʨʘʱʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜʝ ʢʠʩʣʦʨʦʜʘ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʛʠʙʝʣʠ ʨʳʙ.  

ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʭʦʜʝ ʚʦʜʦʨʦʩʣʠ ʤʦʛʣʠ ʙʳ ʩʪʘʪʴ ʧʦʩʪʘʚʱʠʢʘʤʠ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʨʤʦʚʳʭ ʜʦʙʘʚʦʢ ʜʣʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. ʅʦ ʜʣʷ ʵʪʦʛʦ 

ʥʫʞʥʦ ʨʝʰʠʪʴ ʜʚʝ ʟʘʜʘʯʠ (ʚʧʦʣʥʝ ʧʦʩʠʣʴʥʳʝ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ 

ʥʘʫʢʠ) ð ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʝʰʝʚʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʚʦʜʦʨʦʩʣʝʡ ʠ ʠʭ ʠʟʚʣʝʯʝʥʠʝ ʠʟ 

ʚʦʜʦʭʨʘʥʠʣʠʱ. ʋʥʠʯʪʦʞʝʥʠʝ ʞʝ ʚʦʜʦʨʦʩʣʝʡ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʤʦʞʝʪ ʠʤʝʪʴ ʝʱʝ ʭʫʜʰʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ. 

ʈʘʟʜʝʣʝʥʠʝ ʥʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ ʧʨʠʨʦʜʥʳʭ ʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚʝʜʝʪʩʷ 

ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. ʊʘʢ, ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ɼʦʥʘ ʚʳʜʝʣʝʥʳ ʣʘʥʜʰʘʬʪʳ:  

1. ʩʦʦʙʱʝʩʪʚ ʧʣʘʥʢʪʦʥʥʳʭ ʚʦʜʦʨʦʩʣʝʡ;  
2. ʪʨʦʩʪʥʠʢʦʚʳʭ ʬʦʨʤʘʮʠʡ;  
3. ʦʟʝʨʥʦ-ʢʘʤʳʰʦʚʦ-ʨʦʛʦʟʦʚʦ-ʪʨʦʩʪʥʠʢʦʚʳʭ ʬʦʨʤʘʮʠʡ.  

 

ʉ ʣʘʥʜʰʘʬʪʘʤʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʘ ʪʦʯʥʝʝ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ 

ʚ ʠʭ ʧʨʝʜʝʣʘʭ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʚʷʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʢʘʢ ʚ ʚʦʜʝ, ʪʘʢ ʠ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ. ʀʤʝʥʥʦ ʧʦ ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʘʢʚʘʣʴʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʪʨʝʪʴʝʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ. 
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ʊʨʝʪʠʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ 

ʉʨʝʜʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʚʦʜʘʭ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʳʜʝʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʦʯʝʪʘʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʡ, 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʛʣʝʝʚʦʡ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʦʙʩʪʘʥʦʚʦʢ.  

ʀʥʦʛʜʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʠʟʤʝʥʷʝʪʩʷ ʜʘʞʝ ʚ 

ʨʘʟʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʚʦʜʥʦʡ ʪʦʣʱʠ. ʅʘʠʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʩ ʘʪʤʦʩʬʝʨʦʡ, ʠ ʧʨʠʜʦʥʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʚʦʜʥʦʡ ʪʦʣʱʠ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʫʯʠʪʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ 

ʦʙʩʪʘʥʦʚʦʢ ʚ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. 

ʋʞʝ ʩʘʤʦ ʠʟʤʝʥʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʢʚʘʣʴʥʳʝ ʣʘʥʜʰʘʬʪʳ. ʊʘʢ, 

ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ɼʦʥʘ ʙʝʩʢʠʩʣʦʨʦʜʥʘʷ ʛʣʝʝʚʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʠʣʘʭ ʚʦʟʥʠʢʘʝʪ 

ʧʦʩʣʝ ʚʧʘʜʝʥʠʷ ʚ ʥʝʝ ʦʯʝʥʴ ʟʘʛʨʷʟʥʝʥʥʦʡ ʨʝʢʠ ʉʝʚʝʨʩʢʠʡ ɼʦʥʝʮ. 

ʊʘʙʣʠʮʘ 11 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʣʘʥʜʰʘʬʪʦʚ ʪʨʝʪʴʝʛʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ ʨʝʢʠ ɼʦʥ 

ʆʙʩʪʘʥʦʚʢʘ ʚ 

ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ 

ʏʠʩʣʦ 

ʧʨʦʙ 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 95%,   

 ʧ -10
3 
% ʧʦ ʤʘʩʩʝ 

Zn ʉʠ Ni Mn ʉʦ ʉʛ Y Yb Ga 

ʂʠʩʣʦʨʦʜʥʘʷ 27 6,8+3,0 1,7Ñ0,6 1,1 Ñ0,5 21Ñ4 <0,1 4,7Ñ1,6 1,1Ñ0,2 0,14Ñ0,04 0,57Ñ0,18 

ɻʣʝʝʚʘʷ 18 4,3+1,2 2,0Ñ0,6 1,7Ñ0,6 36Ñ11 0,7Ñ0,3 6,3Ñ1,8 1,4Ñ0,2 0,19Ñ0,04 0,67Ñ0,2 

ʉʝʨʦʚʦʜʦʨʦʜʥʘʷ 42 10,0Ñ2,5 3,5+0,6 2,6Ñ0,6 37Ñ6 1,0Ñ0,2 10,7Ñ1,6 1,7Ñ0,2 0,26Ñ0,03 1,2Ñ0,2 

 

ʉ ʠʟʤʝʥʝʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʦʠʩʭʦʜʠʪ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʠʣʘʭ (ʘ ʟʘʪʝʤ ʠ ʚ ʨʘʩʪʝʥʠʷʭ) ʮʝʣʦʛʦ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ, ʚʢʣʶʯʘʷ 

ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. ʕʪʦ ʧʦʜʪʚʝʨʜʠʣʠ ʜʝʪʘʣʴʥʳʝ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ɼʦʥʘ (ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, ɸ.ɼ. ʍʦʚʘʥʩʢʠʡ), ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ (ʊʘʙʣʠʮʘ 11, ʊʘʙʣʠʮʘ 12). 

ʊʘʙʣʠʮʘ 12 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʣʝ ʪʨʦʩʪʥʠʢʘ ʣʘʥʜʰʘʬʪʦʚ ʪʨʝʪʴʝʛʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ ʨʝʢʠ ɼʦʥ 

ʆʙʩʪʘʥʦʚʢʘ 
ʏʠʩʣʦ 

ʧʨʦʙ 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 95%, 

ʧ -10
3 
% ʧʦ ʤʘʩʩʝ 

Mn ʄ ʉʠ V Zn ʈʔ 

ʆʢʠʩʣʠʪʝʣʴʥʘʷ 14 250Ñ70 1,5Ñ0,4 4,6+1,0 0,8Ñ0,03 5,3Ñ2,8 1,2+0,4 

ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ 

ʛʣʝʝʚʘʷ 
24 160Ñ40 2,4Ñ0,4 5,2Ñ0,8 2,5Ñ0,8 16,1+6,5 3,4+0,8 

ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ 

ʩʝʨʦʚʦʜʦʨʦʜʥʘʷ 
21 230160 2,8+0,8 6,0Ñ1,0 1,9Ñ0,4 25,3Ñ9,4 5,3+1,3 
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ʏʝʪʚʝʨʪʳʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ 

ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʦʙʲʝʜʠʥʝʥʠʝ ʣʘʥʜʰʘʬʪʦʚ ʧʨʦʚʦʜʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʠʧʦʤʦʨʬʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʣʘʭ ʠ ʚʦʜʘʭ. 

ɽʱʝ ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ ʦʪʤʝʯʘʣ, ʯʪʦ ʫ ʠʣʦʚ ʩʫʱʝʩʪʚʫʝʪ ʛʣʫʙʦʢʘʷ ʘʥʘʣʦʛʠʷ 

ʩ ʧʦʯʚʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʯʝʪ ʪʠʧʦʤʦʨʬʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʣʘʭ (ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʧʦʯʚʘʤʠ) ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʆʜʥʘʢʦ ʚ 

ʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʘʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʣʘʥʜʰʘʬʪʦʚ ʩʫʰʠ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʪʠʧʦʤʦʨʬʥʳʝ ʵʣʝʤʝʥʪʳ ʥʝ ʪʦʣʴʢʦ ʚ ʚʦʜʥʳʭ ʚʳʪʷʞʢʘʭ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʥʦ 

ʠ ʚ ʩʘʤʠʭ ʚʦʜʘʭ. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʫʩʣʦʚʠʷ, ʫʯʠʪʳʚʘʝʤʳʝ ʥʘ ʵʪʦʤ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ, ʚʣʠʷʶʪ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʠʣʘʭ ʨʝʢʠ ɼʦʥ, ʷʩʥʦ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ (ʊʘʙʣʠʮʘ 13). 

ʊʘʙʣʠʮʘ 13 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʠʣʘʭ ʣʘʥʜʰʘʬʪʦʚ ʯʝʪʚʝʨʪʦʛʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ ʨʝʢʠ ɼʦʥ 

ʂʣʘʩʩ 

ʣʘʥʜʰʘʬʪʘ 

ʏʠʩʣʦ 

ʧʨʦʙ 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 95%, ʧ -10
3 

% ʧʦ ʤʘʩʩʝ 

Zn ʉʠ ʄ ʈʔ V ʉʦ ʉʛ Ga 

ʅʉ03, ʉʘ
2+

 14 < 1 1,5Ñ0,5 1,2Ñ0,4 1,1Ñ0,2 6,3Ñ1,6 0,5Ñ0,2 5,9Ñ1,7 0,7Ñ 0,3 

ʉʘ
2+

, Na
+
 31 7,0Ñ3,1 2,2Ñ0,6 2,0+0,6 1,5Ñ0,2 7,1Ñ1,3 1,1Ñ0,4 7,5Ñ1,4 0,9Ñ 0,2 

HCʆʟ, SO4
J-
, 

ʉʘ
2+

, Na
+
 

21 3,1Ñ0,8 1,7Ñ0,6 0,8Ñ0,4 0,9Ñ0,2 3,6Ñ1,0 0,5Ñ0,2 2,6Ñ0,9 0,4Ñ0,1 

 

ʇʷʪʳʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ 

ʅʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʨʦʚʥʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝ ʚʦʜʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʚ ʦʩʥʦʚʥʦʤ ʤʝʭʘʥʠʯʝʩʢʫʶ ʤʠʛʨʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʊʘʙʣʠʮʘ 14). 

ʊʘʙʣʠʮʘ 14 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʠʣʘʭ ʣʘʥʜʰʘʬʪʦʚ ʧʷʪʦʛʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʛʦ ʫʨʦʚʥʷ ʨʝʢʠ ɼʦʥ 

ʃʘʥʜʰʘʬʪ 
ʏʠʩʣʦ 

ʧʨʦʙ 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ %ʋ 

ʤʘʩʩʝ , ʧ -10
3 
% ʧʦ ʤʘʩʩʝ 

Zn ʉʠ ʄ V ʉʦ 

ʊʨʘʥʩʵʨʦʟʠʦʥʥʳʝ 27 3,0+0,8 1,4+0,4 1,3Ñ0,5 6,1 Ñ1,6 0,57+0,2 

ʊʨʘʥʩʘʢʚʘʣʴʥʳʝ 25 2,9Ñ0,8 1,8+0,5 1,3Ñ0,5 1,8+1,0 0,70Ñ0,2 

ʊʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʝ 33 1,0 1,5+0,3 0,9+0,3 5,0Ñ0,9 <0,1 

 

ʅʘ ʜʘʥʥʦʤ ʫʨʦʚʥʝ ʯʝʪʢʦ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʝʯʥʳʝ ʣʘʥʜʰʘʬʪʳ. 

Á ʪʨʘʥʩʵʨʦʟʠʦʥʥʳʝ ð ʫʯʘʩʪʢʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʤʳʚʘ ʙʝʨʝʛʦʚ ʠ 

ʧʦʩʪʫʧʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ; 

Á ʪʨʘʥʩʘʢʚʘʣʴʥʳʝ ð ʫʯʘʩʪʢʠ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ 
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ʧʝʨʝʥʦʩʘ ʤʘʪʝʨʠʘʣʘ; 

Á ʪʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ð ʫʯʘʩʪʢʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ 

ʦʪʣʦʞʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠ ʧʝʨʝʥʦʩʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

ɼʣʷ ʣʘʥʜʰʘʬʪʦʚ ʦʟʝʨ (ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʤʦʨʝʡ) ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʨʦʚʥʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʘʢ ʥʘ ʜʥʝ ʚʦʜʦʝʤʦʚ, ʪʘʢ ʠ ʥʘ ʝʛʦ ʙʝʨʝʛʘʭ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʜʝʣʷʶʪʩʷ ʪʘʢʠʝ ʣʘʥʜʰʘʬʪʳ ʚʦʜʦʝʤʦʚ: 

Á ʘʙʨʘʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ð ʫʯʘʩʪʢʠ ʚʜʦʣʴ ʚʳʩʦʢʠʭ ʢʨʫʪʳʭ 

ʙʝʨʝʛʦʚ, ʨʘʟʤʳʚ ʢʦʪʦʨʳʭ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʚʦʜʦʝʤ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ; 

Á ʥʝʡʪʨʘʣʴʥʳʝ ð ʫʯʘʩʪʢʠ ʫ ʧʦʣʦʛʠʭ ʙʝʨʝʛʦʚ ʩʦ ʩʣʘʙʦʡ ʘʙʨʘʟʠʝʡ, 

ʧʨʠʚʦʜʷʱʝʡ ʚ ʦʩʥʦʚʥʦʤ ʢ ʥʠʚʝʣʠʨʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ; 

Á ʘʢʚʘʣʴʥʦ-ʩʫʧʝʨʘʢʚʘʧʴʥʳʝ ð ʫʯʘʩʪʢʠ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʟʘʪʦʧʣʷʝʤʳʝ ʚʦ 

ʚʨʝʤʷ ʧʦʜʥʷʪʠʷ ʫʨʦʚʥʷ ʚʦʜ ʚ ʚʦʜʦʝʤʝ; 

Á ʪʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ð ʫʯʘʩʪʢʠ ʦʪʣʦʞʝʥʠʷ ʪʚʝʨʜʦʛʦ ʩʪʦʢʘ ʨʝʢ ʠ 

ʢʨʫʧʥʳʭ ʙʘʣʦʢ ʩ ʚʨʝʤʝʥʥʳʤʠ ʚʦʜʥʳʤʠ ʧʦʪʦʢʘʤʠ; 

Á ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ (ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʫʯʘʩʪʢʠ ʚʦʜʦʝʤʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ 
ʧʨʦʠʩʭʦʜʠʪ ʦʪʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʘ). 

 

ʐʝʩʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʡ ʫʨʦʚʝʥʴ 

ʅʘ ʜʘʥʥʦʤ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʦʙʲʝʜʠʥʝʥʠʝ ʚʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʪʠʧʦʤ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʆʙʲʝʜʠʥʝʥʥʳʝ ʧʦ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʩʭʝʤʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʯʘʩʪʢʠ, ʧʦʢʨʳʪʳʝ ʚʦʜʦʡ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʨʦʠʩʭʦʜʷʱʠʤʠ 

ʚ ʥʠʭ ʪʝʭʥʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ, 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʪʠʧʦʤʦʨʬʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʠʧʦʤ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ.  

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʟʜʘʶʪ ʚ ʧʨʝʜʝʣʘʭ ʪʘʢʠʭ ʣʘʥʜʰʘʬʪʦʚ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʠʛʨʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʚ 

ʘʥʘʣʦʛʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ ʩʫʱʝʩʪʚʫʶʪ ʘʥʘʣʦʛʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʤʠʛʨʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʚ 

ʨʘʚʥʦʟʥʘʯʥʳʭ ʯʘʩʪʷʭ ʪʘʢʠʭ ʣʘʥʜʰʘʬʪʦʚ (ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʚʦʜʳ, 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ ʠ ʜʨ.) ʜʦʣʞʥʦ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤ.  

ʅʘʙʣʶʜʘʶʱʠʝʩʷ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ ʦʪʣʠʯʠʷ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʲʷʩʥʷʶʪʩʷ ʠʭ ʥʝʦʜʠʥʘʢʦʚʳʤ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʚʦʜʳ. ʏʘʰʝ ʚʩʝʛʦ ʪʘʢʠʝ ʦʪʢʣʦʥʝʥʠʷ (ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ) 

ʩʚʷʟʘʥʳ ʩ ʪʝʭʥʦʛʝʥʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʝʱʝ ʨʘʟ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʦʩʦʙʝʥʥʦ ʤʦʨʩʢʠʭ, ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʪʦʯʥʝʥʠʷ. 

ʆʜʥʘʢʦ ʨʘʙʦʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʝʪʦʜʠʢʝ, ʧʦʟʚʦʣʷʶʪ 

ʩʦʩʪʘʚʣʷʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʝ ʢʘʨʪʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʠ ʥʘ ʠʭ 
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ʦʩʥʦʚʝ ʚʳʜʝʣʷʪʴ ʘʥʦʤʘʣʠʠ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʷʪʴ ʪʝʭʥʦʛʝʥʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ. 
 
 

ɿʘʢʦʥʳ ʧʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ 
ʠ ʨʘʟʚʠʪʠʷ ʚ ʥʠʭ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ɺʳʰʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʙʠʦʢʦʩʥʳʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʙʠʦʩʬʝʨʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʤʠʛʨʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠʭ ʩʦʝʜʠʥʝʥʠʡ). ʂʘʢ ʠ 

ʙʠʦʩʬʝʨʘ ʚ ʮʝʣʦʤ, ʦʥʠ ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʦ ʚʨʝʤʝʥʝʤ ʨʘʟʣʠʯʥʳʝ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʨʦʜʥʳʤʠ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ.  

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʷʤʠ 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʣʘʥʜʰʘʬʪʘ ʠ ʤʝʞʜʫ ʩʘʤʠʤʠ ʣʘʥʜʰʘʬʪʘʤʠ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʚ ʣʘʥʜʰʘʬʪʘʭ ʠ ʠʭ 

ʩʦʦʙʱʝʩʪʚʘʭ ʟʘʢʦʥʦʤʝʨʥʦ, ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʘʢʦʥʘʤ. ɺʝʨʦʷʪʥʦ, ʠʭ ʜʦʩʪʘʪʦʯʥʦ 

ʤʥʦʛʦ.  

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʪʠʭ ʟʘʢʦʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʘʥʘʣʠʟʝ ʠʤʝʶʱʝʡʩʷ 

ʠʥʬʦʨʤʘʮʠʠ ʩʦʙʣʶʜʘʪʴ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ: 

Á ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʘʶʱʠʝ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ, ʜʦʣʞʥʳ ʙʳʪʴ ʢʦʤʧʣʝʢʩʥʳʤʠ; 

Á ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ, ʥʦ ʠ ʚ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʷʭ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʢʨʫʧʥʳʝ ʧʣʘʥʝʪʘʨʥʳʝ (ʙʠʦʩʬʝʨʥʳʝ) 

ʩʪʨʫʢʪʫʨʳ. ʃʠʰʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ 

ʟʘʢʦʥʳ, ʘ ʥʝ ʠʤʝʪʴ ʭʘʨʘʢʪʝʨ ʯʘʩʪʥʳʭ ʧʦʣʦʞʝʥʠʡ; 

Á ʠʩʩʣʝʜʫʝʤʘʷ ʙʠʦʩʬʝʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʠʩʧʳʪʳʚʘʶʱʠʭ 

ʨʘʟʥʦʦʙʨʘʟʥʫʶ (ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʬʦʨʤʝ ʚʦʟʜʝʡʩʪʚʠʷ) ʘʥʪʨʦʧʦʛʝʥʥʫʶ 

ʥʘʛʨʫʟʢʫ; 

Á ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʳ ʜʦʣʞʥʳ ʥʘʡʪʠ ʧʦʣʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʥʘ 

ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ ʙʠʦʩʬʝʨʳ, ʚ ʜʨʫʛʠʭ ʩʪʨʫʢʪʫʨʘʭ, ʫʜʘʣʝʥʥʳʭ ʦʪ 

ʦʩʥʦʚʥʦʛʦ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

ʆʧʠʩʳʚʘʝʤʳʝ ʚ ʵʪʦʡ ʛʣʘʚʝ ʟʘʢʦʥʳ ʨʘʟʚʠʪʠʷ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʙʘʟʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʜʚʫʭ ʙʠʦʩʬʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʆʜʥʘ ʠʟ ʥʠʭ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ 

ʢʨʫʧʥʝʡʰʠʤ ʠ ʦʛʨʘʥʠʯʝʥʥʘʷ ʚʦʜʦʨʘʟʜʝʣʦʤ ʉʨʝʜʥʝʨʫʩʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʥʘ 

ʩʝʚʝʨʝ, ʂʘʚʢʘʟʩʢʠʤ ʭʨʝʙʪʦʤ ʥʘ ʶʛʝ, ʏʝʨʥʳʤ ʠ ɸʟʦʚʩʢʠʤ ʤʦʨʷʤʠ ʥʘ ʟʘʧʘʜʝ ʠ 

ʂʘʩʧʠʡʩʢʠʤ ð ʥʘ ʚʦʩʪʦʢʝ, ʦʭʚʘʪʳʚʘʝʪ ʶʛ ʈʦʩʩʠʠ ʠ ʋʢʨʘʠʥʳ. ɺʪʦʨʘʷ ʩʪʨʫʢʪʫʨʘ 

ð ʇʨʠʯʝʨʥʦʤʦʨʩʢʘʷ. ʀʭ ʦʙʱʘʷ ʧʣʦʱʘʜʴ ð ʩʚʳʰʝ 500 000 ʢʤ
2
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ʋʢʘʟʘʥʥʳʡ ʨʝʛʠʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʨʠʨʦʜʥʳʭ 

ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʛʦʨʳ, ʨʘʚʥʠʥʳ, ʧʦʡʤʳ ʨʝʢ, ʣʝʩʘ, ʩʪʝʧʠ, 

ʧʦʣʫʧʫʩʪʳʥʠ ʠ ʪ.ʜ.). ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʯʨʝʟʚʳʯʘʡʥʦ ʨʘʟʥʦʨʦʜʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʦʛʝʥʝʟʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝ ʪʦʣʴʢʦ 

ʧʨʠʨʦʜʥʳʭ, ʥʦ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ.  

ɺ ʝʛʦ ʧʨʝʜʝʣʘʭ ʥʘʭʦʜʷʪʩʷ ʪʘʢʠʝ ʢʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʮʝʥʪʨʳ, ʢʘʢ 

ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʂʨʘʩʥʦʜʘʨ, ʉʪʘʚʨʦʧʦʣʴ, ɺʦʣʛʦʜʦʥʩʢ, ʂʘʤʝʥʩʢ-ʐʘʭʪʠʥʩʢʠʡ, 

ʅʦʚʦʨʦʩʩʠʡʩʢ, ʅʝʚʠʥʥʦʤʳʩʩʢ, ɺʣʘʜʠʢʘʚʢʘʟ, ɻʨʦʟʥʳʡ ʠ ʜʨ. ʅʘʭʦʜʷʱʠʝʩʷ ʚ ʥʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʠʤʠ ʚ ʭʠʤʠʯʝʩʢʦʡ, ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ, 

ʥʝʬʪʷʥʦʡ ʠ ʮʝʤʝʥʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʠ 

ʘʪʦʤʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 

ɺ ʨʘʚʥʠʥʥʳʭ ʨʘʡʦʥʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ (ʥʘʧʨʠʤʝʨ, ʚ ʈʦʩʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ) ʜʦ 80% ʚʩʝʡ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʶʪ ʧʘʰʥʠ, ʩʘʜʳ, ʚʠʥʦʛʨʘʜʥʠʢʠ, ʧʘʩʪʙʠʱʘ 

ʠ ʚʳʛʦʥʳ, ʦʪʥʦʩʠʤʳʝ ʢ ʪʝʭʥʦʛʝʥʥʳʤ ʘʛʨʦʣʘʥʜʰʘʬʪʘʤ. ʅʘ ʵʪʦʡ ʞʝ ʪʝʨʨʠʪʦʨʠʠ 

ʥʘʭʦʜʷʪʩʷ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʘʢʚʘʣʴʥʳʝ ʣʘʥʜʰʘʬʪʳ. ɺ ʠʭ ʯʠʩʣʝ 

ʢʨʫʧʥʳʝ ʨʘʚʥʠʥʥʳʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ð ʎʠʤʣʷʥʩʢʦʝ, ʂʨʘʩʥʦʜʘʨʩʢʦʝ, 

ɺʝʩʝʣʦʚʩʢʦʝ ʠ ʜʨ., ʘ ʪʘʢʞʝ ʪʘʢʠʝ ʢʘʥʘʣʳ, ʢʘʢ ɺʦʣʛʦ-ɼʦʥʩʢʦʡ, ʊʝʨʩʢʦ-ʂʫʤʩʢʠʡ, 

ʂʫʤʩʢʦ-ʄʘʥʳʯʩʢʠʡ. 

ʀʟʫʯʝʥʠʝ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʝʜʠʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ 

ʤʝʪʦʜʠʢʝ, ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʦʣʝʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʦʪʙʦʨʦʤ ʧʦʯʚ, ʠʣʦʚ ʠ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʧʦ ʩʝʪʢʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʩʰʪʘʙʫ 1:500 000 ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʅʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩʝʪʴ ʦʪʙʦʨʘ ʧʨʦʙ ʫʤʝʥʴʰʘʣʘʩʴ ʜʦ 20x50 ʤ. ɺʩʝ ʧʨʦʙʳ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʠ ʯʘʩʪʠʯʥʦ ʭʠʤʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʘʤ. 

ʅʘ ʤʥʦʛʠʭ ʫʯʘʩʪʢʘʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ 

(ʧʦʣʥʳʡ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ) ʥʘʯʠʥʘʷ ʩ 1978 ʛ. ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ɸ 

ʩʲʝʤʢʘ ʚʩʝʛʦ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʜʚʘʞʜʳ (ʩ ʧʝʨʝʨʳʚʦʤ ʚ 10 

ʣʝʪ) ʚ ʤʘʩʰʪʘʙʝ 1:500 000. ʕʪʦ ʙʳʣ ʧʝʨʚʳʡ ʚ ʩʪʨʘʥʝ ʨʝʛʠʦʥʘʣʴʥʳʡ 

ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʳʭ ʚʳʚʦʜʦʚ ʘʚʪʦʨʦʤ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ, ʢʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʤ ʠ ʧʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʚ ʖʞʥʦʤ ʠ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ, ʘ ʪʘʢʞʝ ʚ 

ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʥʦʤ ɺʴʝʪʥʘʤʝ. ʇʦʤʠʤʦ ʵʪʦʛʦ ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʠ ʬʦʥʜʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʤʥʦʛʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ʆʙʦʙʱʝʥʠʝ ʠ ʦʩʤʳʩʣʠʚʘʥʠʝ ʚʩʝʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ 

ʠʟʣʘʛʘʝʤʳʝ ʚ ʵʪʦʡ ʛʣʘʚʝ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʟʘʢʦʥʳ*, ʦʪʨʘʞʘʶʱʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʙʠʦʩʬʝʨʝ. 
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ʩʦʜʝʨʞʘʥʠʝ (ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ), ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʬʦʨʤʳ 

ʥʘʭʦʞʜʝʥʠʷ ʚ ʙʠʦʩʬʝʨʝ ʚ ʮʝʣʦʤ ʠʣʠ ʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʝ ʙʠʦʢʦʩʥʳʭ ʩʠʩʪʝʤʘʭ 

(ʪʝʣʘʭ).  

ɺ ʪʝʭ ʩʣʫʯʘʷʭ (ʧʨʠ ʛʣʦʙʘʣʴʥʳʭ, ʢʦʩʤʠʯʝʩʢʠʭ, ʢʦʩʤʦʛʦʥʠʯʝʩʢʠʭ ʠ ʪ.ʧ. 

ʧʦʩʪʨʦʝʥʠʷʭ), ʢʦʛʜʘ ʠʟʫʯʘʝʪʩʷ ʚʩʷ ʙʠʦʩʬʝʨʘ, ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʢʣʘʨʢʦʚʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʣʠʪʦ-, ʘʪʤʦ-, 

ʛʠʜʨʦʩʬʝʨʘʭ ʠ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ. ɽʩʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʥʦʨʤʘʣʴʥʦʝ, ʪʦ ʢʣʘʨʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʨʝʜʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ.  

ʆʩʥʦʚʥʳʤʠ ʬʦʨʤʘʤʠ ʥʘʭʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ: ʤʠʥʝʨʘʣʴʥʘʷ, ʠʟʦʤʦʨʬʥʘʷ, 

ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʛʘʟʦʚʳʝ ʩʤʝʩʠ, ʢʦʣʣʦʠʜʥʘʷ ʠ ʩʦʨʙʠʨʦʚʘʥʥʘʷ, ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʨʘʩʧʣʘʚʳ, ʙʠʦʛʝʥʥʘʷ, ʩʦʩʪʦʷʥʠʝ ʨʘʩʩʝʷʥʠʷ, ʪʝʭʥʦʛʝʥʥʘʷ, ʥʝ ʠʤʝʶʱʘʷ 

ʧʨʠʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʥʝʝ.  

ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʨʘʟʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʦʥʠ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʰʴ ʢʘʢ ʥʝʦʙʭʦʜʠʤʳʝ ʪʦʯʢʠ ʦʪʩʯʝʪʘ, ʢʘʢ ʩʚʦʝʦʙʨʘʟʥʳʝ ʨʝʧʝʨʳ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʫʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ 

ʨʝʰʘʶʪʩʷ ʥʘ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʫʨʦʚʥʝ, ʪʦ ʧʦʷʚʣʷʝʪʩʷ ʥʘʩʪʦʷʪʝʣʴʥʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ. 

ʉʘʤʦ ʚʳʜʝʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʦʙʦʩʦʙʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʙʠʦʩʬʝʨʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʨʘʟʣʠʯʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʚʥʝʰʥʠʭ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʫʯʠʪʳʚʘʝʤʳʭ ʥʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʚʳʰʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʭ ʫʨʦʚʥʷʭ. ʕʪʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʣʠʯʠʷ 

ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʣʘʥʜʰʘʬʪʘʭ. 

ɽʩʣʠ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʥʘ ʚʩʝʭ 

ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ, ʦʢʘʟʳʚʘʶʪ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʮʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʤʠʛʨʘʮʠʶ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʪʦ ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ 

ʣʘʥʜʰʘʬʪʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʭʦʪʷ ʙʳ ʧʦ ʦʜʥʦʤʫ ʧʨʠʟʥʘʢʫ, ʫʯʠʪʳʚʘʝʤʦʤʫ 

ʪʦʣʴʢʦ ʧʨʠ ʨʘʙʦʪʘʭ ʚ ʤʘʩʰʪʘʙʝ ʥʝ ʢʨʫʧʥʝʝ 1:500 000, ʧʨʝʚʳʩʠʪ ʤʥʦʛʠʝ ʩʦʪʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʳʤ, ʯʪʦ ʜʘʞʝ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʝʚʦʟʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʢʠʝ-ʣʠʙʦ ʵʪʘʣʦʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʣʘʥʜʰʘʬʪʳ. ʊʝʤ ʙʦʣʝʝ ʠʭ ʥʝʚʦʟʤʦʞʥʦ ʜʘʞʝ ʧʨʝʜʩʪʘʚʠʪʴ ʜʣʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʛʜʘ ʠʟʫʯʘʶʪ ʦʪʜʝʣʴʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʣʘʥʜʰʘʬʪʳ, ʘ ʥʝ ʠʭ ʘʩʩʦʮʠʘʮʠʠ. 

ɺʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʤʠʛʨʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʚ ʵʪʦʡ ʠ 

ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ. ʀʥʦʛʜʘ ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʜʝʡʩʪʚʫʝʪ ʚ 

ʢʦʥʢʨʝʪʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ (ʣʘʥʜʰʘʬʪʝ) ʦʜʥʦʥʘʧʨʘʚʣʝʥʦ, ʥʘʧʨʠʤʝʨ 

ʫʩʠʣʠʚʘʝʪ ʚʳʥʦʩ ʢʘʢʦʛʦ-ʣʠʙʦ ʵʣʝʤʝʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʜʘʥʥʦʤ ʣʘʥʜʰʘʬʪʝ ʙʫʜʝʪ ʧʦʥʠʞʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ.  

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʟ-ʟʘ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ 

ʨʝʟʢʦ ʫʚʝʣʠʯʠʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺʦʟʤʦʞʥʳ ʩʣʫʯʘʠ, 

ʢʦʛʜʘ ʚʦʟʜʝʡʩʪʚʠʷ ʦʜʥʠʭ ʬʘʢʪʦʨʦʚ ʥʠʚʝʣʠʨʫʶʪʩʷ ʜʨʫʛʠʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʤʦʞʝʪ ʙʳʪʴ ʠ 
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ʨʝʟʢʦ ʦʪʣʠʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʡ. 

ʀʟʫʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʝ ʚ ʮʝʣʦʤ ʤʦʞʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʩʚʝʩʪʠʩʴ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ, ʪʘʢ ʢʘʢ 

ʧʦ ʤʘʩʩʝ ʦʥʠ ʨʝʟʢʦ ʜʦʤʠʥʠʨʫʶʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʣʘʥʜʰʘʬʪʦʚ.  

ʏʪʦʙʳ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʪʦʣʴʢʦ ʚ ʧʦʯʚʘʭ ʦʪʜʝʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ, 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʠ ʚ ʚʦʜʘʭ ʣʘʥʜʰʘʬʪʦʚ. ʀʤʝʥʥʦ ʪʘʢʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʘʚʪʦʨʦʤ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʅʀʀ ɻʝʦʭʠʤʠʠ ʙʠʦʩʬʝʨʳ ʠ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʵʪʦʡ ʢʥʠʛʝ 

ʚ ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ. 
 

ʇʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ 
ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʫʞʝ ʨʘʟʙʠʨʘʣʦʩʴ ʧʦʚʝʜʝʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʤʠʛʨʘʮʠʠ. ɺ ʜʦʙʘʚʣʝʥʠʝ ʢ ʵʪʠʤ ʜʘʥʥʳʤ ʨʘʩʩʤʦʪʨʠʤ ʦʙʦʙʱʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦ 

ʧʦʚʝʜʝʥʠʠ ʮʝʣʦʛʦ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʚ ʧʨʝʜʝʣʘʭ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʦʚ. 

ɺ ʙʠʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʎʝʥʪʨʘʣʴʥʦʛʦ ʠ ɺʦʩʪʦʯʥʦʛʦ ʂʘʚʢʘʟʘ (ʛʜʝ 

ʤʦʱʥʦʩʪʴ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʤʘʣʘ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʠʭ ʩʦʩʪʘʚ ʦʢʘʟʳʚʘʶʪ ʛʦʨʥʳʝ ʧʦʨʦʜʳ) ʚʣʠʷʥʠʝ ʩʤʝʥʳ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʥʘ 

ʩʦʜʝʨʞʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ. ʆʜʥʘʢʦ ʠ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ 

ʩʪʝʧʝʥʴ ʦʪʣʠʯʠʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ 

ʤʥʦʛʠʭ ʣʘʥʜʰʘʬʪʦʚ 10ð15% (ɺ.ɺ.ɼʴʷʯʝʥʢʦ, 1995). 

ʇʝʨʝʭʦʜ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʣʘʥʜʰʘʬʪʦʚ ʚ ʪʝʭʥʦʛʝʥʥʳʝ (ʩʘʜʳ, 

ʚʠʥʦʛʨʘʜʥʠʢʠ, ʧʘʰʥʠ) ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʩʧʝʨʩʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʘʣʣʦʚ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝ ʬʦʥʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ W, Ti, Mn ʠ Ag ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʄʦ, ʉʠ, V, Li. ʇʨʠ ʵʪʦʤ ʚʣʠʷʥʠʝ ʪʠʧʦʤʦʨʬʥʳʭ 

ʢʘʪʠʦʥʦʚ ʥʘ ʧʦʚʝʜʝʥʠʝ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ, ʯʝʤ 

ʘʥʠʦʥʦʚ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʣʠʷʥʠʷ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʂʘʚʢʘʟʘ ʦʥʦ ʜʦʚʦʣʴʥʦ ʚʝʣʠʢʦ. ʊʘʢ, ʧʦʯʚʳ ʣʘʥʜʰʘʬʪʦʚ ʚʳʩʦʢʦʛʦʨʴʷ ʦʪʣʠʯʘʶʪʩʷ 

ʚʳʩʦʢʠʤ ʬʦʥʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ W, Sn, Ni, Cr, Mn ʠ ʥʠʟʢʠʤ ʄʦ. ɺ ʣʘʥʜʰʘʬʪʘʭ 

ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʛʦʨʴʷ ʧʦʥʠʞʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʠ, Sn, Ni, V, Li; ʚ ʧʨʝʜʛʦʨʥʳʭ 

ʨʘʚʥʠʥʘʭ ʧʦʚʳʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʄʦ. 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʉʠ, Ag, W, Ni, V, ʉʛ, Ga ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʯʚ 

ʧʣʦʩʢʦʚʝʨʰʠʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʈb ʠ Zn 

ʦʪʣʠʯʘʶʪʩʷ ʧʦʯʚʳ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʭ, ʘ ʉʠ ð ʪʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ. 

ʉʫʤʤʘʨʥʦʝ ʚʣʠʷʥʠʝ ʚʩʝʭ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʧʨʠʚʝʣʦ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʨʘʟʣʠʯʠʡ ʚ ʬʦʥʦʚʳʭ (ʩʨʝʜʥʠʭ) ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʧʦʯʚʘʭ ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 
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ʦʜʥʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʥʠʚʝʣʠʨʦʚʘʥʠʶ ð ʜʨʫʛʠʭ (ʈʠʩ. 11).  

 
ʈʠʩ. 11 ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʥʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʨʷʜʘ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʘʭ ʨʘʟʣʠʯʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ:  

1 ð ʙʠʦʛʝʥʥʳʡ ʵʣʶʚʠʘʣʴʥʳʡ ʣʘʥʜʰʘʬʪ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʩ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʴʮʠʝʚʳʤ 

ʢʣʘʩʩʦʤ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʥʘ ʪʨʠʘʩʦʚʳʭ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ; 2ð 

ʙʠʦʛʝʥʥʳʡ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʡ ʣʘʥʜʰʘʬʪ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʩ ʢʠʩʣʳʤ, ʧʝʨʝʭʦʜʥʳʤ ʢ 

ʢʘʣʴʮʠʝʚʦʤʫ ʢʣʘʩʩʦʤ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʥʘ ʥʝʦʛʝʥʦʚʳʭ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

 

ʇʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ ʚʳʷʚʠʣʘʩʴ ʠ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʚʝʜʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ 

ʦʩʥʦʚʥʳʭ ʨʘʩʪʝʥʠʷʭ ʂʘʚʢʘʟʘ (ʈʠʩ. 12). 

 
ʈʠʩ. 12 ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʥʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʟʦʣʝ ʣʠʩʪʴʝʚ 

ʜʫʙʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ: 

1 ð ʙʠʦʛʝʥʥʳʡ ʪʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʡ ʣʘʥʜʰʘʬʪ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʩ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-

ʢʘʣʴʮʠʝʚʳʤ ʢʣʘʩʩʦʤ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʥʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ; 2ð 

ʙʠʦʛʝʥʥʳʡ ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʡ ʣʘʥʜʰʘʬʪ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʩ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʢʘʣʳʰʝʚʳʤ 

ʢʣʘʩʩʦʤ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʥʘ ʥʝʦʛʝʥʦʚʳʭ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʝ ʬʘʢʪʦʨʳ ʤʠʛʨʘʮʠʠ, ʫʯʠʪʳʚʘʝʤʳʝ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ, ʦʢʘʟʳʚʘʶʪ ʥʘ ʧʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 
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ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦ ʥʘ ʧʨʠʤʝʨʝ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʟ ʥʠʭ ð ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ (ɺ.ɸ. 

ɸʣʝʢʩʝʝʥʢʦ, ʃ.ʇ. ɸʣʝʢʩʝʝʥʢʦ, ɺ.ʅ.ʉʝʨʠʢʦʚ, 1993, 1995).  

ʇʝʨʝʚʦʜʫ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʩʪʝʧʝʡ ʠ ʣʫʛʦʚ ʚ ʧʘʰʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʝʥʜʝʥʮʠʷ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ ʧʦʯʚʘʭ Zn, Pb, Ni, V, Mo. ɼʘʣʴʥʝʡʰʠʡ ʧʝʨʝʭʦʜ 

ʙʦʛʘʨʥʳʭ ʧʘʰʝʥ ʚ ʦʨʦʰʘʝʤʳʝ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʟʘʣʠʚʘʝʤʳʝ (ʨʠʩʦʚʳʝ ʯʝʢʠ) 

ʧʨʠʚʦʜʠʪ ʚ ʨʝʛʠʦʥʝ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʉʛ, ɺʘ, V, Pb, Zn ʧʨʠ ʯʘʩʪʦʤ 

ʚʳʥʦʩʝ Ni ʠ ʉʠ. 

ʅʘ ʧʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ ʧʘʰʝʥ ʧʨʦʜʦʣʞʘʶʪ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʠ ʧʨʠʨʦʜʥʳʝ ʬʘʢʪʦʨʳ. ʊʘʢ, ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʩʦʧʨʷʞʝʥʥʳʭ ʧʦʣʝʚʦʜʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ 

(ʵʣʶʚʠʘʣʴʥʳʝ ð ʪʨʘʥʩʵʣʶʚʠʘʣʴʥʳʝ ð ʪʨʘʥʩʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ð 

ʪʨʘʥʩʩʫʧʝʨʘʢʚʘʣʴʥʳʝ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʉʠ, Zn, Pb, Ba, Mn, V, ʉʛ, Ti 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʧʦʯʚʘʭ ʪʨʘʥʩʩʫʧʝʨʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ; Zn, Mn, V, ʉʛ, ɺʘ 

ð ʚ ʧʦʯʚʘʭ ʧʘʰʝʥ ʩ ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʦ-ʥʘʪʨʠʝʚʳʤ ʢʣʘʩʩʦʤ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ; Pb, 

Cr, Ni, Mn, ʉʠ, Zn, V ð ʚ ʧʦʯʚʘʭ ʵʣʶʚʠʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʧʦʜʚʝʨʞʝʥʥʳʭ 

ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ. 

ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʦʢʘʟʳʚʘʝʪ ʠ ʩʦʩʪʘʚ 

ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ. ʊʘʢ, Pb ʠ Zn, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʧʦʯʚʘʭ ʥʘʜ ʣʠʤʘʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʷʭ ʩ ʧʨʠʨʦʜʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ, ʩʫʤʤʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ, 

ʧʨʠʚʦʜʠʪ ʢ ʥʠʚʝʣʠʨʦʚʘʥʠʶ ʨʘʟʣʠʯʠʡ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʦʜʥʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʚʦʟʨʘʩʪʘʥʠʶ ʨʘʟʣʠʯʠʡ ʜʣʷ ʜʨʫʛʠʭ. 

ʀʟʤʝʥʝʥʠʝ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʠ ʢ 

ʩʤʝʥʝ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʞʝʣʝʟʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʬʦʨʤʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ ʩ 

ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʛʣʝʝʚʦʡ ʦʙʩʪʘʥʦʚʢʦʡ, ʧʨʠ ʩʤʝʥʝ ʧʦʩʣʝʜʥʝʡ ʥʘ ʢʠʩʣʦʨʦʜʥʫʶ 

ʧʝʨʝʭʦʜʠʪ ʚ ʢʦʣʣʦʠʜʥʫʶ, ʘ ʟʘʪʝʤ ʚ ʤʠʥʝʨʘʣʴʥʫʶ ʬʦʨʤʫ. 

ʇʨʠ ʪʝʭʥʦʛʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʚ ʘʢʚʘʣʴʥʳʭ 

ʣʘʥʜʰʘʬʪʘʭ. ʊʘʢ, ʧʦʷʚʣʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʝʢʝ 

ɼʦʥ, ʦʢʦʣʦ ʈʦʩʪʦʚʘ, ʣʘʥʜʰʘʬʪʦʚ ʩ ʛʣʝʝʚʦʡ ʦʙʩʪʘʥʦʚʢʦʡ ʚ ʠʣʘʭ ʠ ʧʨʠʜʦʥʥʦʤ 

ʩʣʦʝ ʚʦʜʳ ʧʨʠʚʝʣʦ ʢ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʚ ʠʣʘʭ ʮʝʣʦʛʦ ʨʷʜʘ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʇʨʠ ʵʪʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʝʜʥʠʤʠ ʣʘʥʜʰʘʬʪʘʤʠ ʜʣʷ 

ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʚʦʟʨʦʩʣʘ ʨʦʣʴ ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ. 

ʏʠʩʣʦ ʧʨʠʤʝʨʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ (ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʙʠʦʩʬʝʨʳ) ʥʘ 

ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʦʙʩʪʘʥʦʚʢʘʭ, ʯʨʝʟʚʳʯʘʡʥʦ ʚʝʣʠʢʦ. ɺʩʝ ʠʟʣʦʞʝʥʥʦʝ ʚʳʰʝ ʧʦʩʣʫʞʠʣʦ 

ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʬʦʨʤʫʣʠʨʦʚʢʠ ʩʣʝʜʫʶʱʝʛʦ ʟʘʢʦʥʘ: 

ɻʝʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠʭ ʩʦʝʜʠʥʝʥʠʡ) ʚ ʙʠʦʩʬʝʨʝ 

(ʩʦʜʝʨʞʘʥʠʝ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʘ ʯʘʩʪʦ ʠ ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ ʚ ʦʪʜʝʣʴʥʳʭ 

ʯʘʩʪʷʭ ʣʘʥʜʰʘʬʪʦʚ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʙʠʦʩʬʝʨʳ. 
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ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʟʘʢʦʥʘ ʚʳʪʝʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʩʣʝʜʩʪʚʠʷ, ʚʘʞʥʳʝ ʜʣʷ 

ʨʘʟʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʧʨʦʙʣʝʤ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʦʠʩʢʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ: 

1. ʇʦʚʝʜʝʥʠʝ ʚʝʱʝʩʪʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʙʠʦʩʬʝʨʫ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʫʯʘʩʪʢʘ ʙʠʦʩʬʝʨʳ, ʚ ʢʦʪʦʨʳʡ ʦʥʠ 

ʧʦʧʘʜʘʶʪ. 

2. ʌʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʜʥʦʤ ʣʘʥʜʰʘʬʪʝ ʤʦʛʫʪ 
ʧʨʝʚʦʩʭʦʜʠʪʴ ʘʥʦʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʚ ʜʨʫʛʠʭ 

ʣʘʥʜʰʘʬʪʘʭ. 
 

ʉʚʷʟʴ ʤʝʞʜʫ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʨʝʜʝʣʘʭ 
ʣʘʥʜʰʘʬʪʘ 

ʈʘʟʣʠʯʥʳʝ ʯʘʩʪʠ ʣʘʥʜʰʘʬʪʘ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʕʪʘ ʠʭ 

ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʠʣʘ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʦʭʚʘʪʠʚʰʠʝ ʪʦʣʴʢʦ ʦʜʥʫ ʯʘʩʪʴ ʣʘʥʜʰʘʬʪʘ, ʜʦʣʞʥʳ ʧʦʩʪʝʧʝʥʥʦ ʩʢʘʟʘʪʴʩʷ ʚʦ 

ʚʩʝʭ ʝʛʦ ʯʘʩʪʷʭ (ʷʨʫʩʘʭ). ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʝ ʠ ʝʝ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʩʫʪʩʪʚʠʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ, ʘʢʚʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʘʭ ʠ ʣʘʥʜʰʘʬʪʘʭ ʩʫʰʠ ʧʦʜʪʚʝʨʜʠʣ 

ʚʳʩʢʘʟʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʠ ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʟʘʢʦʥ: 

ʀʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʰʝʜʰʠʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ (ʷʨʫʩʝ) ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʣʘʥʜʰʘʬʪʘ, ʩʢʘʞʫʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʯʘʩʪʷʭ ʵʪʦʛʦ ʣʘʥʜʰʘʬʪʘ ʟʘ 

ʩʯʝʪ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ 

 

ʈʘʩʩʤʦʪʨʠʤ ʜʝʡʩʪʚʠʝ ʜʘʥʥʦʛʦ ʟʘʢʦʥʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʤʝʨʘʭ. ʉʥʘʯʘʣʘ 

ʧʨʦʩʪʝʡʰʠʡ ʩʣʫʯʘʡ: ʚ ʣʘʥʜʰʘʬʪʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʨʦʜʥʳʭ ʠʣʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩʫʱʝʩʪʚʝʥʥʦ (ʚʳʰʝ ʬʦʥʦʚʳʭ ʩʝʟʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ) 

ʫʚʝʣʠʯʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʪʦʚʳʭ ʚʦʜ. (ʌʦʥʦʚʳʝ, ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʦʙʳʯʥʳʤʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʝʨʠʦʜʦʚ ʠ ʥʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʠʟʤʝʥʝʥʠʷ ʚ ʣʘʥʜʰʘʬʪʝ.) ʊʘʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʳʟʳʚʘʝʪ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ, ʠ, ʢʘʢ ʪʦʣʴʢʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʝʛʦ ʜʦ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʝʪ ʤʝʥʴʰʝ 

ʚʳʩʦʪʳ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʥʷʪʠʷ, ʥʘʯʠʥʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʠʩʧʘʨʝʥʠʝ ʚʦʜʳ ʠ 

ʟʘʩʦʣʝʥʠʝ ʚʝʨʭʥʝʛʦ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʯʚ. ʇʨʠ ʵʪʦʤ ʚ ʧʦʯʚʘʭ ʧʨʦʠʩʭʦʜʠʪ 

ʩʤʝʥʘ ʪʠʧʦʤʦʨʬʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʦʙʳʯʥʦ ʉʘ
2+
, ʅʉʆ3

-
 ʥʘ Na

+
, ʉɻ, SO4

2-
). 

ʏʘʩʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʟʘʩʦʣʝʥʠʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʨʷʜʘ 

ʤʝʪʘʣʣʦʚ (Pb, Zn, Cr, V, ʉʠ, Ni). ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʣʘʥʜʰʘʬʪʝ 

ʥʘʯʠʥʘʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʙʠʦʤʘʩʩʘ ʨʘʩʪʝʥʠʡ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʟʘʩʦʣʝʥʠʠ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʩʦʩʪʘʚ ʧʘʨʦʚ ʚʦʜʳ ʠ ʵʣʝʤʝʥʪʦʚ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʧʨʠʟʝʤʥʫʶ ʘʪʤʦʩʬʝʨʫ ʟʘ ʩʯʝʪ 

ʪʨʘʥʩʧʠʨʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʟʘʩʦʣʝʥʠʷ ʯʘʩʪʠʮʳ ʩʦʣʝʡ ʤʦʛʫʪ 

ʧʦʧʘʜʘʪʴ ʚ ʚʦʟʜʫʭ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʦʯʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʝʱʝ ʨʘʟ, ʯʪʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʮʝʩʩ ʠʜʝʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʟʘ ʩʯʝʪ ʢʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ð 

ʧʨʠʨʦʜʥʳʭ ʠʣʠ ʪʝʭʥʦʛʝʥʥʳʭ ð ʧʨʦʠʟʦʰʣʦ ʠʩʭʦʜʥʦʝ ʧʦʜʥʷʪʠʝ ʫʨʦʚʥʷ 
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ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 

ʋʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʨʦʜʥʦʛʦ ʠʣʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʨʨʠʪʦʨʠʠ. ʊʘʢʠʤ 

ʧʨʠʨʦʜʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʤʦʛʫʪ ʙʳʪʴ ʦʧʦʣʟʥʠ. 

ʂʘʢ ʧʨʠʤʝʨ ʪʝʭʥʦʛʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʩʧʘʭʠʚʘʥʠʝ 

ʛʨʠʚʠʩʪʦʡ ʧʦʡʤʳ. ɺ ʫʩʣʦʚʠʷʭ ʅʠʞʥʝʛʦ ɼʦʥʘ, ʝʩʣʠ ʧʘʰʥʠ ʧʦʩʣʝ ʨʘʩʧʘʭʠʚʘʥʠʷ 

ʧʝʨʝʩʪʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʪʦ ʥʘ ʚʳʨʦʚʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʷʚʣʷʶʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ çʩʦʨʥʳʝè ʨʘʩʪʝʥʠʷ: ʮʠʢʣʘʭʝʥʘ ʜʫʨʥʠʰʥʠʢʦʣʠʩʪʥʘʷ, ʘʤʙʨʦʟʠʷ, 

ʜʦʥʥʠʢ ʠ ʪ.ʧ. ʀ ʜʘʞʝ ʯʝʨʝʟ ʜʝʩʷʪʠʣʝʪʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʚ 

ʣʘʥʜʰʘʬʪʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ ʧʦʚʳʰʝʥʥʳʭ ʠ ʧʦʥʠʞʝʥʥʳʭ 

ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ. ʉ ʧʨʦʠʩʭʦʜʷʱʠʤ ʠʟʤʝʥʝʥʠʝʤ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠʟʤʝʥʷʝʪʩʷ ɹʀʂ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ. 

ɿʘʢʦʥ ʜʝʡʩʪʚʫʝʪ ʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʠʟʤʝʥʝʥʠʷ ʥʘʯʠʥʘʶʪʩʷ ʚ ʚʝʨʭʥʠʭ 

ʷʨʫʩʘʭ. ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʧʨʠʤʝʨ, ʨʘʟʚʠʪʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʣʘʥʜʰʘʬʪʘʭ ʫ 

ʢʦʞʝʚʝʥʥʦʛʦ ʟʘʚʦʜʘ ʚ ʂʨʘʩʥʦʜʘʨʝ. ɿʘʚʦʜ ʚʳʙʨʘʩʳʚʘʝʪ ʚ ʘʪʤʦʩʬʝʨʫ ʩʝʨʫ ʚ 

ʧʦʚʳʰʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɽʝ ʠʟʙʳʪʦʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʶ ʚ ʨʘʩʪʝʥʠʷʭ ʮʝʣʦʛʦ 

ʨʷʜʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʩʢʦʨʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʜʘʣʝʥʥʦʩʪʠ ʩʦʟʜʘʥʥʦʛʦ 

ʢʨʫʧʥʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ð ʎʠʤʣʷʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʂ 1976 ʛ. ʚ 

ʧʨʠʜʝʣʴʪʦʚʦʤ ʨʘʡʦʥʝ ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʣʘʥʜʰʘʬʪʘʤʠ 

ʙʦʣʦʪ ʠ ʣʫʛʦʚ ʠʟʤʝʥʠʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʧʨʠʯʝʤ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ 

ʧʦʩʣʝʜʥʠʭ. ʆʜʥʘʢʦ ʙʣʠʞʝ ʢ ʚʦʜʦʭʨʘʥʠʣʠʱʫ, ʚ ʨʘʡʦʥʝ ɼʦʥ-ɸʢʩʘʡʩʢʦʛʦ ʟʘʡʤʠʱʘ 

ʧʣʦʱʘʜʴ ʙʦʣʦʪ ʩʦʢʨʘʪʠʣʘʩʴ ʜʦʚʦʣʴʥʦ ʨʝʟʢʦ, ʠ ʟʘʤʝʪʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ 

ʛʘʣʦʬʠʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ. ɽʱʝ ʙʣʠʞʝ ʢ ʚʦʜʦʭʨʘʥʠʣʠʱʫ ʦʩʪʝʧʥʝʥʠʝ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʦ: ʣʘʥʜʰʘʬʪʳ ʙʦʣʦʪ ʩʪʘʣʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʠ, ʘ ʥʘ ʣʫʛʘʭ ʪʨʘʚʦʩʪʦʡ 

ʟʣʘʢʦʚ ʠʟʨʷʜʠʣʩʷ ʠ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʨʘʟʚʠʣʠʩʴ çʦʜʥʦʣʝʪʢʠ ʩʪʝʧʥʦʡ ʵʢʦʣʦʛʠʠè, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʜʥʦʣʝʪʥʠʝ ʢʦʩʪʨʳ. 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʧʨʠʤʝʨʝ ʠʟʤʝʥʝʥʠʷ ʚ ʣʘʥʜʰʘʬʪʘʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ 

ʚʥʦʚʴ ʩʦʟʜʘʥʥʦʤʫ ʪʝʭʥʦʛʝʥʥʦʤʫ, ʦʪʤʝʯʘʶʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʢʦʣʦ 100 ʢʤ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʢʨʝʪʥʦʡ ʧʘʨʳ (ʘʢʚʘʣʴʥʳʡðʩʫʧʝʨʘʢʚʘʣʴʥʳʡ) 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ. ʆʙʳʯʥʦ ʞʝ ʫʢʘʟʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʥʴʰʝ. ʊʘʢ, 

ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʟʘʤʝʥʘ ʧʨʝʜʛʦʨʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʣʫʛʦʚ ʠ ʩʪʝʧʝʡ ʧʘʰʥʷʤʠ ʚ 

ʇʨʝʜʢʘʚʢʘʟʴʝ ʚʳʟʚʘʣʘ ʟʘʤʝʪʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʩʦʩʝʜʥʠʭ ʣʘʥʜʰʘʬʪʘʭ ʪʦʣʴʢʦ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʚ ʩʦʪʥʠ ʤʝʪʨʦʚ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʚʳʨʘʟʠʣʠʩʴ ʚ ʧʦʷʚʣʝʥʠʠ ʚ 

ʪʨʘʚʦʩʪʦʝ ʛʨʘʥʠʯʥʳʭ ʣʝʩʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʪʘʢʠʭ ʥʝʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʥʠʭ 

ʨʘʩʪʝʥʠʡ, ʢʘʢ ʧʳʨʝʡ ʧʦʣʟʫʯʠʡ, ʤʦʨʢʦʚʴ ʜʠʢʘʷ, ʙʝʨʝʛʦʚʦʡ ʢʦʩʪʝʨ, ʣʘʙʘʟʥʠʢ ʠ ʜʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʣʘʥʜʰʘʬʪʘ ʚʳʟʚʘʣʦ ʚ ʩʦʩʝʜʥʠʭ 

ʠʟʤʝʥʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʟʘ ʩʯʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʩʦʩʪʘʚʝ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʗʚʣʝʥʠʝ ʵʪʦ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ ʇʨʝʜʢʘʚʢʘʟʴʝ. 

ɺ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʧʨʠʤʝʨʝ ʩ ʨʘʩʧʘʭʠʚʘʥʠʝʤ ʛʨʠʚʠʩʪʦʡ ʧʦʡʤʳ 

ʠʪʦʛʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʧʨʦʠʩʭʦʜʷʱʠʝ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʠʚʝʜʰʝʛʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 
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ʥʦʚʦʛʦ ʣʘʥʜʰʘʬʪʘ, ʚʳʟʚʘʣʠ ʠʟʤʝʥʝʥʠʷ ʠ ʚ ʧʨʠʣʝʛʘʶʱʠʭ ʣʘʥʜʰʘʬʪʘʭ. ʊʘʢ, ʚ 

ʥʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʣʠ ʨʘʩʪʠʪʝʣʴʥʳʝ ʛʨʫʧʧʠʨʦʚʢʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʧʦʥʠʞʝʥʠʡ ʚ ʨʝʣʴʝʬʝ: ʦʩʦʢʠ, ʩʫʩʘʢ ʟʦʥʪʠʯʥʳʡ ʠ ʪ.ʜ. 

ʇʦʜʦʙʥʳʭ ʧʨʠʤʝʨʦʚ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʭ ʜʝʡʩʪʚʠʝ ʵʪʦʛʦ ʟʘʢʦʥʘ, ʦʯʝʥʴ 

ʤʥʦʛʦ, ʠ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʢ ʯʠʩʣʫ ʧʦʩʣʝʜʩʪʚʠʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʭʦʜʘ ʤʠʛʨʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ. 

ʆʩʥʦʚʥʳʤʠ ʩʣʝʜʩʪʚʠʷʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʟʘʢʦʥʘ ʤʦʞʥʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʝ: 

1. ʅʝʣʴʟʷ ʟʘʤʝʥʠʪʴ ʦʜʥʠ ʠʣʠ ʛʨʫʧʧʫ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʜʨʫʛʠʤʠ, ʥʝ 

ʚʳʟʚʘʚ ʠʟʤʝʥʝʥʠʡ ʚ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʚ ʩʦʩʝʜʥʠʭ 

ʣʘʥʜʰʘʬʪʘʭ, ʜʘʞʝ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ. 

2. ʈʝʚʦʣʶʮʠʦʥʥʳʝ (ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ) ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ ʙʠʦʩʬʝʨʳ ʧʦʩʪʝʧʝʥʥʦ ʚʳʟʳʚʘʶʪ ʵʚʦʣʶʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʦʩʝʜʥʠʭ ʫʯʘʩʪʢʘʭ. 

 

ɹʝʟ ʫʯʝʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʠ ʧʨʝʜʳʜʫʱʝʛʦ ʟʘʢʦʥʦʚ ʠ ʩʣʝʜʩʪʚʠʡ, 

ʚʳʪʝʢʘʶʱʠʭ ʠʟ ʥʠʭ, ʥʝʚʦʟʤʦʞʥʦ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʠʩʧʨʘʚʣʝʥʠʷʤʠ ʦʰʠʙʦʢ, 

ʷʚʠʚʰʠʭʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʦʚ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʙʝʟ ʫʯʝʪʘ 

ʫʢʘʟʘʥʥʳʭ ʟʘʢʦʥʦʚ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʥʦʩʷʪʩʷ 

ʧʨʦʝʢʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʢʨʫʧʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱ ʚ ʨʘʚʥʠʥʥʳʭ ʯʘʩʪʷʭ ʩʪʨʘʥʳ, ʧʦ 

ʩʧʣʦʰʥʦʡ ʨʫʙʢʝ ʣʝʩʘ ʥʘ ʂʘʚʢʘʟʝ ʠ ʪ.ʜ. 

 

 
 

ʃʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʘʭ 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʨʘʟʚʠʪʠʝ ʞʠʟʥʠ ʚ ʮʝʣʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ɿʝʤʣʝ 

ʚ ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʟʙʨʦʩʦʚ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʈʘʟʚʠʪʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ (ʠ ʠʭ 

ʢʦʥʢʨʝʪʥʳʭ ʩʦʦʙʱʝʩʪʚ), ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʘʭ ʙʠʦʩʬʝʨʳ, 

ʦʛʨʘʥʠʯʝʥʦ ʨʘʟʙʨʦʩʦʤ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʫʞʝ ʛʦʨʘʟʜʦ 

ʤʝʥʴʰʠʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʵʪʦʤʫ ʫʯʘʩʪʢʫ ʙʠʦʩʬʝʨʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʘʟʚʠʪʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʠ ʠʭ ʩʦʦʙʱʝʩʪʚ ʙʦʣʴʰʦʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʵʪʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʭ ʜʦʩʪʫʧʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘʤ ʚ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ. ɺ ʩʫʤʤʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ (ʧʠʪʘʥʠʷ) ʦʨʛʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʘʤʠʭ ʦʨʛʘʥʠʟʤʦʚ ʧʨʠʚʝʣʠ, ʚʦ-ʧʝʨʚʳʭ, ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʚʠʜʝ ʠ, ʚʦ-

ʚʪʦʨʳʭ, ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʞʜʦʤ ʠʟ 

ʵʪʠʭ ʚʠʜʦʚ. 

ɽʱʝ ʚ 30-ʝ ʛʦʜʳ ʥʘʰʝʛʦ ʩʪʦʣʝʪʠʷ ʘʥʛʣʠʡʩʢʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʍʝʨʜ-

ʂʘʨʨʝʨ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʦʯʚʘʭ Se 
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çʧʝʨʝʜʘʶʪʩʷè ʩʥʘʯʘʣʘ ʨʘʩʪʝʥʠʷʤ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʤ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ, ʘ ʟʘʪʝʤ ð 

ʩʲʝʜʘʶʱʠʤ ʠʭ ʞʠʚʦʪʥʳʤ, ʚʳʟʳʚʘʷ ʫ ʥʠʭ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʙʦʣʝʟʥʠ, ʚʧʣʦʪʴ ʜʦ 

ʩʤʝʨʪʝʣʴʥʳʭ ʠʩʭʦʜʦʚ. 

ʆʯʝʥʴ ʚʘʞʥʳʤ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʦʢʘʟʘʣʦʩʴ ʪʦ, ʯʪʦ ʜʣʷ ʣʝʯʝʥʠʷ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʨʫ. ɽʝ ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʢ ʙʳ ʥʝʡʪʨʘʣʠʟʦʚʘʣʘ 

ʩʝʣʝʥʦʚʦʝ ʦʪʨʘʚʣʝʥʠʝ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʤʦʛʦ ʩʝʣʝʥʘ. ʕʪʦ 

ʥʘʪʘʣʢʠʚʘʣʦ ʥʘ ʤʳʩʣʴ ʦ ʚʘʞʥʦʩʪʠ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ Se/S. 

ʇʦʟʞʝ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʛʝʦʭʠʤʠʢʘʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʘʥʦʤʘʣʴʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʷʭ ʩ ʨʝʟʢʠʤ ʠʟʙʳʪʢʦʤ ʚ 

ʧʦʯʚʘʭ Sr ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʠʚʘʝʪʩʷ çʫʨʦʚʩʢʘʷ ʙʦʣʝʟʥʴè, ʥʦ ʚ ʩʢʝʣʝʪʝ ʞʠʚʦʪʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʷ ʯʝʣʦʚʝʢʘ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ Sr 

(ɸ.ʀ.ʇʝʨʝʣʴʤʘʥ, 1972). ɸ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʡ Ca/Sr ʠ 

Ba/Sr. ɺ ʤʘʪʝʨʠʘʣʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʫʩʤʦʪʨʝʪʴ ʥʝ ʪʦʣʴʢʦ ʪʦʢʩʠʯʥʫʶ ʨʦʣʴ 

Sr, ʯʪʦ ʙʳʣʦ ʩʨʘʟʫ ʞʝ ʦʪʤʝʯʝʥʦ, ʥʦ ʠ ʚʘʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʘʚʪʦʨʦʤ ʧʨʦʚʦʜʠʣʠʩʴ ʩʧʝʮʠʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ (ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, 1965ð1997). ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʩʫʱʝʩʪʚʫʶʪ ʜʦʚʦʣʴʥʦ ʯʝʪʢʘʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ. ʇʨʠ ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ, 

ʯʪʦ ʦʙʳʯʥʦ ʩʚʷʟʘʥʦ ʩʦ ʩʤʝʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ, ʵʪʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʠʟʤʝʥʷʶʪʩʷ, ʚʳʟʳʚʘʷ ʜʨʫʛʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʘʭ ʠ ʟʘʙʦʣʝʚʘʥʠʷ. ʆʙʦʙʱʘʷ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʟʘʢʦʥ: 

ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʵʪʠʭ ʦʨʛʘʥʠʟʤʘʭ, ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʙʦʣʝʟʥʷʤʠ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʟʘʢʦʥʘ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʨʘʟʫ ʞʝ ʜʘʣʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. ʅʘʧʨʠʤʝʨ, ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠ 

ʧʦʠʩʢʘʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʨʝʟʢʦ 

ʫʤʝʥʴʰʘʶʱʝʤʫʩʷ ʦʪʥʦʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʄʦ/Pb ʚ ʨʘʩʪʝʥʠʷʭ ʜʘʞʝ ʧʨʠ 

ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʥʘʥʦʩʦʚ. ʇʦ ʵʪʦʤʫ ʞʝ ʧʨʠʟʥʘʢʫ ʥʘʠʙʦʣʝʝ 

ʯʝʪʢʦ ʚʳʷʚʣʷʶʪʩʷ ʠ ʫʯʘʩʪʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʩʚʠʥʮʦʤ. 

ʇʦ ʠʟʤʝʥʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʚ ʟʦʣʝ ʨʘʩʪʝʥʠʡ ʉʠ ʠ ʄʦ 

ʚʧʝʨʚʳʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, 1965) ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʧʝʨʝʢʨʳʪʳʤʠ ʨʳʭʣʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, 

ʪ.ʝ. ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʜʚʫʤʷ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʣʘʥʜʰʘʬʪʘʤʠ 

(ʈʠʩ. 13).  
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ʈʠʩ. 13 ʀʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʢ ʤʦʣʠʙʜʝʥʫ ʚ ʟʦʣʝ ʪʘʚʦʣʛʠ ʥʘʜ ʨʘʟʣʠʯʥʳʤʠ 

ʧʦʨʦʜʘʤʠ (ɼʞʫʥʛʘʨʩʢʠʡ ɸʣʘʪʘʫ): 1 ð ʵʬʬʫʟʠʦʥʥʦ-ʪʫʬʦʛʝʥʥʳʝ; 2ð ʛʨʘʥʠʪʳ; 3 ð ʢʨʠʚʘʷ 

ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʰʝʥʠʷ; 4 ð ʥʦʤʝʨ ʧʨʦʙʳ 

 

ʇʦʟʜʥʝʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʨʘʩʪʝʥʠʷʭ ʤʝʞʜʫ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʧʨʝʜʝʣʷʣʘʩʴ ʛʨʘʥʠʮʘ 

ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ ʧʦʜ ʥʘʥʦʩʘʤʠ, ʪ.ʝ. ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʣʘʥʜʰʘʬʪʘʤʠ. 

 

 

 

ʕʥʝʨʛʝʪʠʢʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: 
ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʨʘʜʠʦʛʝʥʥʦʡ, ʛʨʘʚʠʛʝʥʥʦʡ ʠ ʜʨ. ʚʠʜʦʚ 

ʵʥʝʨʛʠʠ ʚ ʦʙʱʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʥʫʪʨʠʟʝʤʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʚʳʜʝʣʝʥʠʶ, 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʣʠ ʧʦʛʣʦʱʝʥʠʶ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ.  

ʂ ʧʝʨʚʠʯʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ ʦʪʥʦʩʷʪʩʷ:  

Á ʥʘʯʘʣʴʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʪʝʧʣʦʪʘ ɿʝʤʣʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʛʨʝʚʘʥʠʝʤ 

ʧʨʠ ʘʢʢʨʝʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʠʟ ʧʨʦʪʦʧʣʘʥʝʪʥʦʛʦ ʦʙʣʘʢʘ, ʘ 

ʪʘʢʞʝ ʠʭ ʥʘʯʘʣʴʥʳʤ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝʤ;  

Á ʠʟʤʝʥʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ ɿʝʤʣʠ ʚ 

ʧʨʦʮʝʩʩʝ ʧʣʦʪʥʦʩʪʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʝʝ ʚʝʱʝʩʪʚʘ;  

Á ʠʟʤʝʥʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʝʚʨʘʱʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʣʠʚʥʦʛʦ ʪʨʝʥʠʷ;  

Á ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʚʥʫʪʨʠʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʨʘʩʧʘʜʝ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʛʣʦʱʝʥʠʠ ɿʝʤʣʝʡ ʚʥʝʰʥʝʛʦ 

ʥʝʡʪʨʠʥʥʦʛʦ ʧʦʪʦʢʘ.  
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ʇʦʤʠʤʦ ʵʪʠʭ ʚʥʫʪʨʠʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʝʱʝ ʦʪʤʝʪʠʪʴ 

ʵʥʝʨʛʠʶ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʘʜʘʶʱʝʛʦ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

ɸʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʵʪʦʡ ʵʥʝʨʛʠʠ ʦʛʨʦʤʥʘ: ʦʥʘ ʚ 10 ʪʳʩ. ʨʘʟ ʧʨʝʚʳʰʘʝʪ 

ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠʟ ʥʝʜʨ, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 340 ɺʪ/ʤ
2
, ʠʣʠ 5,5Ā10

24
 

ɼʞ/ʛʦʜ. ʆʜʥʘʢʦ 40% ʵʪʦʡ ʵʥʝʨʛʠʠ ʩʨʘʟʫ ʞʝ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʧʦʩʣʝ ʨʷʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʘʪʤʦʩʬʝʨʝ, ʛʠʜʨʦʩʬʝʨʝ ʠ 

ʙʠʦʩʬʝʨʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʙʦʣʝʝ ʜʣʠʥʥʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʥʘʛʨʝʚʘʶʱʝʝ ʵʪʠ 

ʛʝʦʩʬʝʨʳ, ʘ ʟʘʪʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ (98%) ʠʟʣʫʯʘʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʢʦʩʤʦʩ. 

ʃʠʰʴ 2% ʵʪʦʡ ʵʥʝʨʛʠʠ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʟʝʤʥʦʡ 

ʢʦʨʳ ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʠʭ ʚ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, ʘ ʪʘʢʞʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ 

ʦʨʛʘʥʠʯʝʩʢʦʤ ʚʝʱʝʩʪʚʝ ʠ ʚ ʛʦʨʶʯʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʚ ʦʯʝʥʴ ʤʘʣʦʡ ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʝʱʝ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʦʥʠʢʘʝʪ ʚ ʥʝʜʨʘ. ʆʜʥʘʢʦ 

ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʦʧʨʝʜʝʣʷʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʘʤʦʛʦ ʚʝʨʭʥʝʛʦ 

ʩʣʦʷ ʟʝʤʥʦʡ ʢʦʨʳ, ʘ ʵʪʦ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʣʶʙʳʭ ʨʘʩʯʝʪʦʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʣʠʪʦʩʬʝʨʳ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʤʝʥʷʝʪʩʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʥʩʦʣʷʮʠʠ. ʅʘʧʨʠʤʝʨ, ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʧʨʦʠʩʭʦʜʷʪ 

ʩʫʪʦʯʥʳʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ - ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʚ 

ʪʝʯʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʵʧʦʭ - ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. ʊʦʣʱʠʥʘ ʩʣʦʷ 

ʩʫʪʦʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 0,9-1,2 ʤ, ʪ.ʝ. ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʪʦʣʴʢʦ ʥʘ 

ʧʦʯʚʝʥʥʳʡ ʩʣʦʡ, ʘ ʩʝʟʦʥʥʳʭ - ʜʦʩʪʠʛʘʝʪ 18-40 ʤ. ʇʦʜʦʰʚʘ ʩʣʦʷ ʩʝʟʦʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʥʘʟʳʚʘʝʪʩʷ "ʥʝʡʪʨʘʣʴʥʳʤ ʩʣʦʝʤ", ʘ ʩʘʤ ʩʣʦʡ, ʛʜʝ ʧʨʦʷʚʣʷʝʪʩʷ 

ʚʣʠʷʥʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʥʘʟʚʘʥ ʛʝʣʠʦʪʝʨʤʦʟʦʥʦʡ.  

ʅʠʞʝ ʛʝʣʠʦʪʝʨʤʦʟʦʥʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʛʝʦʪʝʨʤʦʟʦʥʘ - ʵʪʦ ʩʣʦʡ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʛʝʦʪʝʨʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ. ʅʘ ʛʣʫʙʠʥʘʭ ʥʠʞʝ 

"ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʣʦʷ" ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʡ ʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʝʤʝʥ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ.  

ʉʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʝʨʥʦ ʪʦʣʴʢʦ ʜʣʷ ʧʨʠʥʷʪʦʡ ʪʦʯʥʦʩʪʠ ʥʘʰʝʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ɽʩʣʠ 

ʪʦʯʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ ʫʚʝʣʠʯʠʪʩʷ ʥʘ ʧʦʨʷʜʦʢ, ʪʦ ʪʦʣʱʠʥʫ ʛʝʣʠʦʪʝʨʤʦʟʦʥʳ ʪʦʞʝ 

ʧʨʠʜʝʪʩʷ ʧʝʨʝʩʤʘʪʨʠʚʘʪʴ. ɼʣʷ ʧʨʦʙʣʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ɿʝʤʣʠ ʠ ʛʣʫʙʠʥʥʳʭ ʪʝʧʣʦʧʦʪʝʨʴ ʠʥʩʦʣʷʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ. 

ʄʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʚ ʠʩʪʦʨʠʯʝʩʢʠʭ ʤʘʩʰʪʘʙʘʭ ʚʨʝʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʩʪʘʚʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ, ʘ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ - ʤʝʥʷʣʘʩʴ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 50Áʉ. 

ʅʘ ʧʨʦʪʦʧʣʘʥʝʪʥʦʡ ʩʪʘʜʠʠ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʷʚʣʷʣʘʩʴ 

ʵʥʝʨʛʠʷ ʘʢʢʨʝʮʠʠ ʭʦʣʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʪʦʧʣʘʥʝʪʥʦʛʦ ʛʘʟʦʧʳʣʝʚʦʛʦ ʦʙʣʘʢʘ. 

ɺʳʩʢʘʟʘʥʥʘʷ ʚ ʢʦʥʮʝ 40-ʭ ʛʦʜʦʚ ʆ.ʖ.ʐʤʠʜʪʦʤ ʠ ʌ.ʍʦʡʣʦʤ, ʵʪʘ ʛʠʧʦʪʝʟʘ 

ʦʢʘʟʘʣʘʩʴ ʥʘ ʨʝʜʢʦʩʪʴ ʧʣʦʜʦʪʚʦʨʥʦʡ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʦʙʲʷʩʥʝʥʠʠ ʤʝʭʘʥʠʟʤʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʥʝʪ, ʥʦ ʪʘʢʞʝ ʠ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ ʥʘ 

ʧʣʘʥʝʪʥʦʡ ʩʪʘʜʠʠ ʝʝ ʨʘʟʚʠʪʠʷ. ɺʝʣʠʯʠʥʘ ʵʥʝʨʛʠʠ ʘʢʢʨʝʮʠʠ ʦʛʨʦʤʥʘ - 23Ā10
31

 

ɼʞ. ʏʘʩʪʴ ʵʪʦʡ ʵʥʝʨʛʠʠ (ʧʨʠʤʝʨʥʦ 15%) ʫʰʣʘ ʥʘ ʫʧʨʫʛʦʝ ʩʞʘʪʠʝ ʚʝʱʝʩʪʚʘ ʚ 

ʟʝʤʥʳʭ ʥʝʜʨʘʭ, ʥʦ ʠ ʦʩʪʘʚʰʝʡʩʷ ʵʥʝʨʛʠʠ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʟʦʛʨʝʚʘ ɿʝʤʣʠ.  



 

 63 

ʇʦ ʦʮʝʥʢʘʤ ɺ.ʉ.ʉʘʬʨʦʥʦʚʘ, ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʜʣʠʣʩʷ 10
8
 ʣʝʪ, 

ʧʦʵʪʦʤʫ ʵʥʝʨʛʠʷ ʘʢʢʨʝʮʠʠ ʥʝ ʨʘʩʧʣʘʚʠʣʘ ʟʝʤʥʦʝ ʚʝʱʝʩʪʚʦ ʧʦʣʥʦʩʪʴʶ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʝʜʨ ʧʦʚʳʰʘʣʘʩʴ ʧʦʩʪʝʧʝʥʥʦ ʠ ʜʦʩʪʠʛʣʘ ʢ ʢʦʥʮʫ ʧʨʦʪʦʧʣʘʥʝʪʥʦʛʦ 

ʧʝʨʠʦʜʘ 1500Áʉ ʥʘ ʛʣʫʙʠʥʝ 500 ʢʤ ʚ ʤʘʥʪʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʠʯʥʘʷ ʵʥʝʨʛʠʷ 

ʩʳʛʨʘʣʘ ʩʚʦʶ ʛʣʘʚʥʫʶ ʨʦʣʴ ʚ ʤʣʘʜʝʥʯʝʩʢʦʤ ʚʦʟʨʘʩʪʝ ʧʣʘʥʝʪʳ. 

ɺʢʣʘʜ ʨʘʜʠʦʛʝʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʦʙʱʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʪʘʢʞʝ 

ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ɿʘ ʧʝʨʚʳʝ 200 ʤʣʥ. ʣʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɿʝʤʣʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʘʣʠʩʴ ʢʦʨʦʪʢʦʞʠʚʫʱʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʠʟʦʪʦʧʳ, 

ʚʳʜʝʣʷʶʱʠʝ ʟʘʤʝʪʥʫʶ ʜʦʣʶ ʪʝʧʣʘ ʧʨʠ ʨʘʩʧʘʜʝ: 
26

Al, 
10

Be, 
60

Fe, 
36
Cl, ʠʤʝʶʱʠʝ 

ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ 10
6
-10

7
 ʣʝʪ. ɿʘʤʝʪʥʦ ʫʤʝʥʴʰʠʣʦʩʴ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʜʦʣʛʦʞʠʚʫʱʠʭ ʠʟʦʪʦʧʦʚ: 
87

Rb, 
115

In, 
148

Sm, 
235

U, 
238

U, 
232
Th ʠ 

40
ʂ. ʀʟ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʟʦʪʦʧʦʚ ʪʨʠ ʧʦʩʣʝʜʥʠʭ ʜʘʶʪ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʩʦʚʨʝʤʝʥʥʳʡ 

ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ, ʪʘʢ ʢʘʢ ʠʭ ʵʥʝʨʛʠʷ ʩʧʦʥʪʘʥʥʦʛʦ ʨʘʩʧʘʜʘ ʚ 10
3
-10

4
 ʨʘʟ ʚʳʰʝ 

ʵʥʝʨʛʠʠ ʨʘʩʧʘʜʘ ʦʩʪʘʣʴʥʳʭ ʠʟʦʪʦʧʦʚ.  

ʆʙʱʠʡ ʚʢʣʘʜ ʨʘʜʠʦʛʝʥʥʦʡ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ (0,4-2,0)Ā10
31

 ɼʞ. 

ɺʳʜʝʣʝʥʠʝ ʨʘʜʠʦʛʝʥʥʦʛʦ ʪʝʧʣʘ ʩʧʨʦʚʦʮʠʨʦʚʘʣʦ ʧʨʦʮʝʩʩ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʛʝʦʩʬʝʨ, ʪ.ʝ. ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʷʜʨʘ, 

ʤʘʥʪʠʠ ʠ ʟʝʤʥʦʡ ʢʦʨʳ. 

ʅʘʠʙʦʣʴʰʘʷ ʵʥʝʨʛʠʷ, ʚʳʜʝʣʠʚʰʘʷʩʷ ʟʘ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ 

ɿʝʤʣʠ, ʩʚʷʟʘʥʘ ʩ ʧʨʦʮʝʩʩʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʟʝʤʥʦʛʦ ʷʜʨʘ. ʇʦ ʦʮʝʥʢʘʤ ʨʘʟʥʳʭ 

ʘʚʪʦʨʦʚ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ (1,45-4,60)Ā10
31

 ɼʞ. ʇʠʢ ʚʳʜʝʣʝʥʠʷ ʛʨʘʚʠʛʝʥʥʦʡ ʵʥʝʨʛʠʠ 

ʧʨʠʭʦʜʠʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʘ ʧʝʨʠʦʜ (2-3)Ā10
9
 ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ, ʢʦʛʜʘ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʦʪʦʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʙʣʦʢʠ, ʘ ʟʘʪʝʤ ʜʦʣʷ ʛʨʘʚʠʛʝʥʥʦʡ 

ʵʥʝʨʛʠʠ ʧʘʜʘʣʘ, ʭʦʪʷ ʩʝʡʯʘʩ, ʚʝʨʦʷʪʥʦ, ʦʥʘ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ ʨʘʜʠʦʛʝʥʥʦʡ 

ʵʥʝʨʛʠʠ. 

ʆʮʝʥʢʠ ʵʥʝʨʛʠʠ   ʧʨʠʣʠʚʥʦʛʦ   ʪʨʝʥʠʷ  ʜʘʶʪ  ʟʥʘʯʝʥʠʷ (0,3-0,4)Ā10
31

 ɼʞ, ʠ 

ʩʦʛʣʘʩʫʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʫʙʣʠʢʘʮʠʡ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ ʢʘʞʜʳʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʤʝʥʷʣʘʩʴ ʚʦ 

ʚʨʝʤʝʥʠ. ʊʘʢ, ʚʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʟʘ ʩʯʝʪ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ ʠ ʧʨʠʣʠʚʥʦʛʦ 

ʪʨʝʥʠʷ ʧʨʝʦʙʣʘʜʘʣʦ ʥʘʜ ʵʥʝʨʛʠʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʣʠʰʴ ʥʘ 

ʩʘʤʳʭ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ɿʝʤʣʠ. ʅʦ ʫʞʝ ʯʝʨʝʟ ʤʠʣʣʠʘʨʜ ʣʝʪ ʧʦʩʣʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʥʝʪʳ ʚʝʜʫʱʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʝʤʥʦʛʦ ʷʜʨʘ ʠ ʧʦʜʯʠʥʝʥʥʳʡ ʝʤʫ ʧʨʦʮʝʩʩ ʧʣʦʪʥʦʩʪʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʘʥʪʠʠ. 

ʕʚʦʣʶʮʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʥʪʝʥʩʠʚʥʦʝ ʚʳʜʝʣʝʥʠʝ ʘʢʢʨʝʮʠʦʥʥʦʡ, 

ʧʨʠʣʠʚʥʦʡ ʠ ʨʘʜʠʦʛʝʥʥʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʟʘʤʝʜʣʝʥʥʦʩʪʴ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠʚʝʣʠ ʢ ʨʘʟʦʛʨʝʚʫ ʥʝʜʨ ʧʣʘʥʝʪʳ, ʯʪʦ ʤʦʛʣʦ ʚʳʟʚʘʪʴ ʧʣʘʚʣʝʥʠʝ 

ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ. ʆʥʠ ʠʥʪʝʥʩʠʚʥʦ ʥʘʯʘʣʠ ʪʦʥʫʪʴ ʚ ʩʠʣʫ ʩʚʦʝʡ ʙʦʣʴʰʝʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʣʠʢʘʪʥʳʤ ʚʝʱʝʩʪʚʦʤ ʠ ʦʙʨʘʟʦʚʘʣʠ ʷʜʨʦ ɿʝʤʣʠ. 

ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ ʷʜʨʘ ʝʱʝ ʙʦʣʴʰʝ ʧʦʚʳʩʠʣʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʥʝʜʨʘʭ, ʯʪʦ 

ʧʨʠʚʝʣʦ ʫʞʝ ʢ ʧʣʘʚʣʝʥʠʶ ʙʘʟʘʣʴʪʦʚ ʠ ʠʟʣʠʷʥʠʶ ʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ, ʘ 

ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʶ ʚ ʚʝʨʭʥʠʝ ʛʝʦʩʬʝʨʳ, ʛʜʝ ʧʨʦʜʦʣʞʠʣʩʷ ʧʨʦʮʝʩʩ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ʕʪʦ ʦʙʫʩʣʦʚʠʣʦ ʨʘʩʩʣʦʝʥʠʝ ʤʘʥʪʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 
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ʣʠʪʦʩʬʝʨʳ, ʘʩʪʝʥʦʩʬʝʨʳ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ ʟʝʤʥʦʡ ʢʦʨʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʞʠʟʥʠ ʧʣʘʥʝʪʳ ʧʨʦʠʩʭʦʜʠʣ ʝʝ 

ʨʘʟʦʛʨʝʚ, ʥʦ ʩ ʥʘʯʘʣʦʤ ʘʢʪʠʚʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪ.ʝ. 3,7 ʤʣʨʜ. ʣʝʪ, 

ʛʦʨʘʟʜʦ ʠʥʪʝʥʩʠʚʥʝʝ ʩʪʘʣʠ ʧʨʦʠʩʭʦʜʠʪʴ ʪʝʧʣʦʧʦʪʝʨʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʚʳʨʘʚʥʠʚʘʥʠʶ ʩʢʦʨʦʩʪʝʡ ʪʝʧʣʦʛʝʥʝʨʘʮʠʠ ʠ ʪʝʧʣʦʧʦʪʝʨʴ. 

ɻʝʥʝʨʠʨʫʝʤʘʷ ɿʝʤʣʝʡ ʵʥʝʨʛʠʷ ʥʝ ʩʨʘʟʫ ʠʟʣʫʯʘʝʪʩʷ ʚ ʢʦʩʤʦʩ. ɿʝʤʣʷ - ʵʪʦ 

ʥʠʟʢʦʪʝʧʣʦʧʨʦʚʦʜʥʦʝ ʪʝʣʦ, ʧʦʵʪʦʤʫ ʵʥʝʨʛʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʷʜʨʘ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʘʷ ʢʦʥʜʫʢʪʠʚʥʳʤ ʧʫʪʝʤ, ʝʱʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʜʦʩʪʠʛʣʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʧʣʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʚ ʤʘʥʪʠʠ, 

ʩʦʠʟʤʝʨʠʤʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʨʦʪʝʢʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʵʪʦʤʫ 

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʵʥʝʨʛʠʷ ʠʟʣʫʯʘʝʪʩʷ ʧʦʩʣʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʢʦʪʦʨʳʝ ʦʥʘ, ʩʦʙʩʪʚʝʥʥʦ, ʠ ʚʳʟʳʚʘʝʪ. 

ʇʨʦʮʝʩʩʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʙʦʪʫ ʜʝʬʦʨʤʘʮʠʡ 

ʩʢʘʣʳʚʘʥʠʷ ʠ ʩʞʘʪʠʷ (ʨʘʩʪʷʞʝʥʠʷ), ʘ ʪʘʢʞʝ ʨʘʙʦʪʫ ʬʘʟʦʚʳʭ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚʝʱʝʩʪʚʘ. ʏʘʩʪʴ ʵʪʦʡ ʵʥʝʨʛʠʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʨʝʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʪʝʧʣʦ, ʟʘʪʝʤ ʪʝʨʷʝʪʩʷ ɿʝʤʣʝʡ, ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ 

ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ, ʧʝʨʝʭʦʜʠʪ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʣʘʪʝʥʪʥʳʡ ʟʘʧʘʩ. ʕʪʦʪ ʟʘʧʘʩ ʪʦʞʝ 

ʤʦʞʝʪ ʚʳʜʝʣʠʪʴʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ɼʝʬʦʨʤʘʮʠʠ ʩʢʘʣʳʚʘʶʱʝʛʦ ʪʠʧʘ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʚʠʜʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʪʝʯʝʥʠʷ ʠ ʥʘʨʫʰʝʥʠʷ ʩʧʣʦʰʥʦʩʪʠ ʩʨʝʜʳ, ʦʨʦ- ʠ ʵʧʝʡʨʦʛʝʥʝʟʘ, ʩʢʣʘʜʯʘʪʦʩʪʠ, ʪ.ʝ. 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʪʠʧʦʚ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʵʪʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʧʠʪʘʶʱʘʷ ʠʭ ʵʥʝʨʛʠʷ ʯʘʩʪʠʯʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʩʚʦʙʦʜʥʫʶ ʵʥʝʨʛʠʶ 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʟʨʳʚʘ, ʯʘʩʪʠʯʥʦ - ʚ ʩʢʨʳʪʫʶ ʪʝʧʣʦʪʫ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʟʣʦʤʥʳʭ ʟʦʥʘʭ ʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ, ʥʘʧʨʠʤʝʨ ʨʫʜ. ɻʣʘʚʥʳʡ ʞʝ 

ʚʠʜ ʪʨʘʥʩʬʦʨʤʘʮʠʠ - ʵʪʦ ʧʝʨʝʭʦʜ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʪʨʝʥʠʷ 

(ʬʨʠʢʮʠʦʥʥʦʝ ʪʝʧʣʦ). ʌʨʠʢʮʠʦʥʥʦʝ ʪʝʧʣʦ ʥʝ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʜʚʠʞʝʥʠʷ, ʥʦ ʷʚʣʷʝʪʩʷ ʠʭ ʦʙʷʟʘʪʝʣʴʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʠ ʚʳʟʳʚʘʝʪ ʥʘʛʨʝʚʘʥʠʝ ʠ 

ʜʘʞʝ ʧʣʘʚʣʝʥʠʝ ʪʚʝʨʜʳʭ ʟʝʤʥʳʭ ʧʦʨʦʜ.  

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʜʘʚʘʣʠ ʬʨʠʢʮʠʦʥʥʦʤʫ ʪʝʧʣʫ ʛʣʘʚʥʫʶ ʨʦʣʴ 

ʢʘʢ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʠʩʪʦʯʥʠʢʫ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 

ʧʦʤʥʠʪʴ, ʯʪʦ ʵʪʦʪ ʚʠʜ ʪʝʧʣʘ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʨʝʘʢʮʠʝʡ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʟʝʤʥʳʭ 

ʤʘʩʩ, ʧʨʦʠʩʭʦʜʷʱʫʶ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʚʠʯʥʦʛʦ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ. 

ʉʘʤʳʡ ʷʨʢʠʡ ʚʠʜ ʨʝʘʢʮʠʠ ʟʝʤʥʳʭ ʤʘʩʩ ʥʘ ʥʘʧʨʷʞʝʥʠʷ - ʵʪʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʇʦʯʪʠ ʚʩʷ ʵʥʝʨʛʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʝʨʭʥʠʭ 100 ʢʤ 

ɿʝʤʣʠ, ʪ.ʝ. ʚ ʪʦʥʢʦʡ "ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʝʥʢʝ". ʋʧʨʫʛʠʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ 

ʧʦʩʪʝʧʝʥʥʦ ʟʘʪʫʭʘʶʪ, ʚʳʟʳʚʘʷ ʥʘʛʨʝʚʘʥʠʝ ʧʦʛʣʦʱʘʶʱʝʡ ʧʣʘʩʪʠʯʥʦʡ ʩʨʝʜʳ ʠ 

ʪʨʝʥʠʝ ʚʦ ʚʥʦʚʴ ʦʙʨʘʟʫʶʱʠʭʩʷ ʨʘʟʣʦʤʘʭ. ʆʙʘ ʵʪʠ ʵʬʬʝʢʪʘ ʚʳʟʳʚʘʶʪ ʥʝʢʦʪʦʨʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ, ʯʪʦ ʫʯʠʪʳʚʘʝʪʩʷ ʚ 

ʙʘʣʘʥʩʦʚʳʭ ʨʘʩʯʝʪʘʭ.  

ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩʝʡʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʷʚʣʷʝʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʦ ʚʨʝʤʝʥʠ. ʄʳ ʭʦʨʦʰʦ ʟʥʘʝʤ, ʯʪʦ 95% ʵʪʦʡ 

ʵʥʝʨʛʠʠ ʚʳʜʝʣʷʝʪʩʷ ʚ ʜʚʫʭ ʧʦʜʚʠʞʥʳʭ ʧʦʷʩʘʭ ɿʝʤʣʠ: ʚ ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʠ 

ɸʣʴʧʠʡʩʢʦ-ɻʠʤʘʣʘʡʩʢʦʤ, ʟʘʥʠʤʘʶʱʠʭ ʣʠʰʴ 5% ʪʝʨʨʠʪʦʨʠʠ ʧʣʘʥʝʪʳ. ʉʨʝʜʥʷʷ 
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ʤʦʱʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʝʨʠʦʜʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʥʠʞʝ, ʯʝʤ ʚ ʪʝʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʦʪʨʝʟʢʦʚ 

ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʦʮʝʥʢʠ ʵʬʬʝʢʪʘ ʩʝʡʩʤʠʯʥʦʩʪʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʠʩʪʦʨʠʯʝʩʢʠʡ ʧʝʨʠʦʜ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʪ 

3Ā10
17 
(ɹ. ɻʫʪʝʥʙʝʨʛ ʠ ʂ.ʈʠʭʪʝʨ) ʜʦ 10

19
 ɼʞ/ʛʦʜ (ʃ. ʂʥʦʧʦʬʬ), ʤʦʛʫʪ ʙʳʪʴ 

ʩʠʣʴʥʦ ʟʘʚʳʰʝʥʥʳʤʠ ʠ ʥʝ ʜʦʣʞʥʳ ʙʝʟʦʛʦʚʦʨʦʯʥʦ ʚʢʣʶʯʘʪʴʩʷ ʚ 

ʛʝʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ. 

ʊʘʢʘʷ ʞʝ ʨʝʟʢʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʦʮʝʩʩʘ ʩʢʣʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ʀʟʫʯʘʷ 

ʝʛʦ ʤʝʪʦʜʘʤʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʄ.ɺ. ɻʣʘʟʦʚʩʢʠʡ ʠ ɸ.ɺ.ʄʠʭʘʡʣʦʚʘ 

ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ 75% ʦʙʱʝʛʦ ʵʬʬʝʢʪʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʩʚʷʟʘʥʦ ʩ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʝʡ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʪ.ʝ. ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ 

ʠ ʦʙʲʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʪʝʣ. ʆʮʝʥʢʠ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʵʪʦʛʦ ʚʠʜʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʣʠʦʮʝʥʯʝʪʚʝʨʪʠʯʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʦʩʪʘʚʣʷʶʪ 1,8Ā10
17

 ɼʞ/ʛʦʜ, 

ʧʨʠʯʝʤ 90% ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʧʦʜʚʠʞʥʳʭ ʢʘʡʥʦʟʦʡʩʢʠʭ 

ʛʝʦʩʠʥʢʣʠʥʘʣʷʭ. 

ʄʳ ʜʦʣʞʥʳ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʩʢʘʣʳʚʘʶʱʠʭ ʜʝʬʦʨʤʘʮʠʡ ʟʘ ʚʩʶ ʠʩʪʦʨʠʶ ɿʝʤʣʠ ʥʝʚʦʟʤʦʞʥʘ. ʄʦʞʥʦ, 

ʦʜʥʘʢʦ, ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʵʪʦʪ ʚʠʜ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚʥʦʩʠʪ ʤʘʣʳʡ ʚʢʣʘʜ ʚ 

ʥʘʙʣʶʜʘʝʤʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ. 

ʈʘʙʦʪʘ ʬʘʟʦʚʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʟʝʤʥʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʧʣʦʪʥʦʩʪʠ, ʩʦʚʝʨʰʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ 

ʩʯʝʪ ʛʨʘʚʠʛʝʥʥʦʡ ʵʥʝʨʛʠʠ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʩ ʵʪʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʚʷʟʘʥʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʄʦʭʦʨʦʚʠʯʠʯʘ, ʚʦʣʥʦʚʦʜʘ ʥʘ ʛʣʫʙʠʥʘʭ 400-1000 

ʢʤ ʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʠ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʷʜʨʦʤ ʠ ʤʘʥʪʠʝʡ. ʇʨʠʨʦʜʘ ʵʪʠʭ 

ʧʝʨʝʭʦʜʦʚ ʩʝʡʯʘʩ ʝʱʝ ʥʝ ʷʩʥʘ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʘ ʵʪʦʪ ʩʯʝʪ ʥʝʩʢʦʣʴʢʦ ʤʥʝʥʠʡ: ʦ ʧʝʨʝʭʦʜʝ ʩʠʣʠʢʘʪʦʚ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ (ʛʠʧʦʪʝʟʘ ʃʦʜʦʯʥʠʢʦʚʘ-ʈʘʤʟʘʷ), ʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʢʠʩʣʦʚ 

ʞʝʣʝʟʘ ʫʛʣʝʨʦʜʦʤ (ɼʞ. ʀʨʠʷʤʘ), ʦ ʬʘʟʦʚʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʧʝʨʝʭʦʜʘʭ ʥʘ 

ʛʨʘʥʠʮʘʭ ʚʦʣʥʦʚʦʜʘ ʠ ʄʦʭʦ (ɺ.ɸ.ʄʘʛʥʠʮʢʠʡ).  

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʣʫʙʠʥʥʳʭ 

ʛʝʦʩʬʝʨ ʦʮʝʥʠʚʘʶʪʩʷ ʚ (1,6-2,2)Ā10
31 
ɼʞ. ʂ ʪʦʡ ʞʝ ʛʨʫʧʧʝ ʧʨʦʮʝʩʩʦʚ ʦʪʥʦʩʷʪʩʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ: ʤʝʪʘʤʦʨʬʠʟʤ ʠ ʛʠʧʝʨʛʝʥʝʟ. 

ʇʨʦʛʨʝʩʩʠʚʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʷʚʣʷʝʪʩʷ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʨʳʪʳʡ ʨʝʟʝʨʚ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ.  

ʊʘʢʫʶ ʞʝ ʨʦʣʴ ʠʛʨʘʶʪ ʠ ʧʨʦʮʝʩʩʳ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʚ 

ʦʩʘʜʢʘʭ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ. ʆʜʥʘʢʦ ʫʜʝʣʴʥʳʡ ʵʬʬʝʢʪ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣ. ʆʥ ʥʝ ʧʨʝʚʳʰʘʝʪ 10
5
 

ɼʞ/ʢʛ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚʝʣʠʯʠʥʘʤʠ ʧʣʦʪʥʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʜʝʩʷʪʳʝ ʠʣʠ 

ʜʘʞʝ ʩʦʪʳʝ ʜʦʣʠ ʤɺʪ/ʤ
2
. ʅʘʧʨʦʪʠʚ, ʧʨʦʮʝʩʩʳ ʛʠʧʝʨʛʝʥʝʟʘ - ʦʢʠʩʣʝʥʠʝ, 

ʛʠʜʨʘʪʘʮʠʷ, ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʛʠʜʨʦʣʠʟ - ʠʤʝʶʪ ʵʢʟʦʪʝʨʤʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤʠ ʞʝ ʚʝʣʠʯʠʥʘʤʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ, ʪ.ʝ. 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʭʦʜ ʨʝʟʝʨʚʘ ʵʥʝʨʛʠʠ ʚ ʧʦʜʚʠʞʥʫʶ ʯʘʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ. ʊʦ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʝʨʝʧʣʘʚʣʝʥʠʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʪʦʣʱ ʠʣʠ 
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ʧʨʠ ʠʭ ʨʝʛʨʝʩʩʠʚʥʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ.  

ʇʨʦʤʝʞʫʪʦʯʥʦʡ ʬʦʨʤʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʩʦʚʨʝʤʝʥʥʦʝ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ɿʝʤʣʠ, ʪ.ʝ. ʟʘʧʘʩ ʪʝʧʣʘ ʚ ʝʝ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʩʬʝʨʘʭ. ʉʫʤʤʠʨʫʷ ʚʢʣʘʜ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʣʫʯʘʝʤ ʦʛʨʦʤʥʫʶ 

ʚʝʣʠʯʠʥʫ ʩʢʨʳʪʦʛʦ ʨʝʟʝʨʚʘ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ɿʝʤʣʠ - 9Ā10
31

 ɼʞ, ʯʪʦ ʚ ʪʨʠ 

ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʦʮʝʥʢʫ ʩʫʤʤʘʨʥʦʡ ʛʝʥʝʨʘʮʠʠ. ʊʘʢʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʛʦʚʦʨʠʪ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʦʮʝʥʢʠ ʨʦʣʠ ʠ ʛʝʥʝʨʘʮʠʠ ʪʝʧʣʘ ʠ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ ʚ 

ʩʢʨʳʪʳʭ ʬʦʨʤʘʭ. 

ʈʘʩʭʦʜʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ ʧʦʜʜʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ 

ʠʟʤʝʨʝʥʠʶ, ʪʘʢ ʢʘʢ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʠʜʦʚ ʧʦʪʝʨʠ ɿʝʤʣʝʡ ʝʝ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ: ʚ ʚʠʜʝ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʠ ʚ 

ʚʠʜʝ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʚʳʥʦʩʘ ʪʝʧʣʘ ʧʨʠ ʚʫʣʢʘʥʠʟʤʝ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʕʪʠ ʜʚʘ ʚʘʞʥʝʡʰʠʭ ʛʝʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘ ʤʳ ʙʫʜʝʤ ʥʠʞʝ 

ʦʙʩʫʞʜʘʪʴ ʦʯʝʥʴ ʧʦʜʨʦʙʥʦ, ʧʦʢʘ ʞʝ ʚ ʨʘʤʢʘʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ 

ʧʦʜʩʯʠʪʘʝʤ ʚʝʣʠʯʠʥʫ ʦʙʱʠʭ ʪʝʧʣʦʧʦʪʝʨʴ ɿʝʤʣʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʛʦ 

ʰʘʨʘ ʢʨʘʡʥʝ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʥʦ ʤʳ ʚʧʨʘʚʝ ʜʣʷ ʙʘʣʘʥʩʦʚʳʭ ʨʘʩʯʝʪʦʚ ʦʧʝʨʠʨʦʚʘʪʴ 

ʩʨʝʜʥʝʡ ʝʛʦ ʚʝʣʠʯʠʥʦʡ. ʇʦ ʧʦʩʣʝʜʥʠʤ ʦʮʝʥʢʘʤ ʦʥ ʩʦʩʪʘʚʣʷʝʪ 56 ʠ 78 ʤɺʪ/ʤ
2
, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʢʦʥʪʠʥʝʥʪʦʚ ʠ ʦʢʝʘʥʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʳʡ ʚʳʥʦʩ 

ʵʥʝʨʛʠʠ ʢʦʥʜʫʢʪʠʚʥʳʤ ʧʫʪʝʤ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ 3,1Ā10
13

 ɺʪ, ʠʣʠ 10
21

 

ɼʞ/ʛʦʜ. ɿʘ ʚʝʩʴ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ɿʝʤʣʠ ʧʣʘʥʝʪʘ ʦʪʜʘʣʘ ʚ 

ʤʠʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 0,45Ā10
31

 ɼʞ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʢʦʥʚʝʢʪʠʚʥʳʡ ʚʳʥʦʩ 

ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʯʘʩʪʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ - ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʦʙʣʘʩʪʷʭ ʧʝʨʝʭʦʜʥʳʭ ʟʦʥ ʠ ʚ ʨʠʬʪʦʚʳʭ ʟʦʥʘʭ ʢʦʥʪʠʥʝʥʪʦʚ ʠ ʦʢʝʘʥʦʚ. ʇʦʩʣʝ 

ʦʪʢʨʳʪʠʷ ʛʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 60000 ʢʤ ʧʨʠʰʣʦʩʴ ʧʝʨʝʩʤʦʪʨʝʪʴ ʧʨʝʞʥʠʝ ʦʮʝʥʢʠ ʨʦʣʠ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʚʳʥʦʩʘ ʪʝʧʣʘ ʠʟ ʟʝʤʥʳʭ ʥʝʜʨ, ʪʘʢ ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʭʨʝʙʪʘʭ ʠʟ ʠʭ ʮʝʥʪʨʘʣʴʥʳʭ ʜʦʣʠʥ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʛʨʫʟʢʘ ʤʘʛʤʳ ʠ ʪʝʨʤʘʣʴʥʳʭ 

ʚʦʜ. 

ʇʦ ʨʘʩʯʝʪʘʤ ɹ.ɻ.ʇʦʣʷʢʘ, ʚʳʥʦʩ ʪʝʧʣʘ ʚʫʣʢʘʥʠʟʤʦʤ ʩʫʰʠ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 

(0,38-13,2)Ā10
18

 ɼʞ/ʛʦʜ, ʛʠʜʨʦʪʝʨʤʘʤʠ ʩʫʰʠ - (1,9-2,8)Ā10
18

 ʠ ʩʨʝʜʠʥʥʦ-

ʦʢʝʘʥʠʯʝʩʢʠʤʠ ʭʨʝʙʪʘʤʠ - (0,44-3,46)Ā10
18

 ɼʞ/ʛʦʜ. ʕʪʠ ʦʮʝʥʢʠ ʤʦʱʥʦʩʪʠ, 

ʦʜʥʘʢʦ, ʥʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʮʝʥʠʪʴ ʦʙʱʠʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʧʣʦʧʦʪʝʨʠ ʟʘ 

ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʣʘʥʝʪʳ, ʪʘʢ ʢʘʢ ʢʦʥʚʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ 

ʤʝʥʷʣʘʩʴ ʚʦ ʚʨʝʤʝʥʠ - ʧʝʨʠʦʜʳ ʨʝʟʢʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʚʫʣʢʘʥʠʟʤʘ ʩʤʝʥʷʣʠʩʴ 

ʧʝʨʠʦʜʘʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʘʩʩʠʚʥʦʩʪʠ; ʪʦ ʞʝ ʤʦʞʥʦ, ʚʝʨʦʷʪʥʦ, ʩʢʘʟʘʪʴ ʠ ʦ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʟ ʵʪʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʧʨʠ ʧʦʜʩʯʝʪʝ ʦʙʱʠʭ 

ʪʝʧʣʦʧʦʪʝʨʴ ʦʧʝʨʠʨʫʶʪ ʠʭ ʤʦʱʥʦʩʪʴʶ.  

ʆʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʚʳʥʦʩʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ 

ʙʦʣʴʰʝ, ʯʝʤ ʤʦʱʥʦʩʪʴ ʢʦʥʚʝʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʤʦʱʥʦʩʪʴ 

ʩʫʤʤʘʨʥʳʭ ʪʝʧʣʦʧʦʪʝʨʴ ɿʝʤʣʠ. ʆʥʘ ʨʘʚʥʘ 4,2Ā10
13

 ɺʪ, ʠʣʠ 1,3Ā10
21 
ɼʞ/ʛʦʜ, ʯʪʦ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʘʝʪ ʚʝʣʠʯʠʥʫ 0,5Ā10
31

 ɼʞ. ʕʪʘ ʮʠʬʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ 

ʦʙʱʝʝ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʝ ʚ ɿʝʤʣʝ ʟʘ ʚʩʶ ʝʝ ʠʩʪʦʨʠʶ ʠ ʚ ʪʨʠ ʨʘʟʘ ʥʠʞʝ 
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ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʷ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʰʘ ʧʣʘʥʝʪʘ ʝʱʝ ʦʯʝʥʴ 

ʜʘʣʝʢʘ ʦʪ "ʪʝʧʣʦʚʦʡ ʩʤʝʨʪʠ". 

 ʄʳ ʜʦʣʞʥʳ ʷʩʥʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʣʷʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ ʝʱʝ ʜʘʣʝʢʘ ʦʪ ʨʘʟʨʝʰʝʥʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʥʝʟʥʘʥʠʝ ʚʩʝʛʦ ʣʠʰʴ ʦʜʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʚʦʜʠʪ ʢ ʢʘʞʫʱʝʤʫʩʷ ʜʠʩʙʘʣʘʥʩʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʦʣʴ 

ʛʝʦʪʝʨʤʠʠ ʚ ʧʦʟʥʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ɿʝʤʣʠ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʷʶʱʝʡ, ʘ ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʙʝʟ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʧʣʦʚʦʤ ʧʦʣʝ ʤʳ ʥʝ ʨʝʰʠʤ 

ʦʩʥʦʚʥʫʶ ʟʘʜʘʯʫ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʛʝʦʣʦʛʠʠ - ʧʦʟʥʘʥʠʝ ʵʚʦʣʶʮʠʠ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. 
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ɺʦʧʨʦʩʳ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʷ: 
 

1. ʏʪʦ ʚʭʦʜʠʪ ʚ ʧʦʥʷʪʠʝ çʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 
ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚè? 

2. ʂʘʢ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ? 

3. ʃʘʥʜʰʘʬʪʳ ʩʫʰʠ: ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʫʨʦʚʥʠ. 

4. ɺʦʜʥʳʝ ʣʘʥʜʰʘʬʪʳ: ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʳʝ ʫʨʦʚʥʠ. 

5. ɿʘʢʦʥʳ ʧʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ. 

6. ʏʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʵʥʝʨʛʝʪʠʢʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ? 

 

 

 

ʃɸɹʆʈɸʊʆʈʅʓɽ (ʇʈɸʂʊʀʏɽʉʂʀɽ) ɿɸʅʗʊʀʗ 

 

ɺʳʧʦʣʥʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʢ ʚʳʧʦʣʥʝʥʠʶ 

ʩʣʝʜʫʶʱʠʭ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʚ ʘʫʜʠʪʦʨʠʷʭ 

ʢʘʬʝʜʨʳ: 

 

ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ 

1. ɺʣʠʷʥʠʝ ʮʠʨʢʫʣʷʮʠʠ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʚ ʦʢʝʘʥʝ ʥʘ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʪʝMnʝʨʘʪʫʨʳ.  

2. ɺʣʠʷʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ. 
  

ʆʙʫʯʘʝʤʳʡ ʜʦʣʞʝʥ ʟʥʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʫʯʘʝʤʦʡ 

ʜʠʩʮʠʧʣʠʥʳ. 
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ʊɽʂʋʑʀʁ ʂʆʅʊʈʆʃʔ ʊɽʆʈɽʊʀʏɽʉʂʀʍ ɿʅɸʅʀʁ ʇʆ 
ʄʆɼʋʃʖ 

 

ɺʳʙʝʨʠʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʘ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ ʦʜʠʥ ʠʟ 

ʧʨʝʜʣʘʛʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ. 

 

1) ʉʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: 

a) 3  
b) 4 

c) 5 

d) 6 

2) ʉʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: 

a) 3  
b) 4 

c) 5 

d) 6 

3) ʇʝʨʝʤʝʱʝʥʠʝ ʵʣʝʤʝʥʪʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʝʛʦ ʥʘʭʦʞʜʝʥʠʷ: ʥʘʟʳʚʘʝʪʩʷ 

a) ʧʝʨʚʳʤ ʪʠʧʦʤ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ  
b) ʚʪʦʨʳʤ ʪʠʧʦʤ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

c) ʪʨʝʪʴʠʤ ʪʠʧʦʤ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

d) ʯʝʪʚʝʨʪʳʤ ʪʠʧʦʤ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

4) ʂʘʢʦʡ ʪʠʧ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʙʠʦʩʬʝʨʝ: 

a) ʧʝʨʚʳʡ ʪʠʧ  
b) ʚʪʦʨʦʡ ʪʠʧ 

c) ʪʨʝʪʠʡ ʪʠʧ 

d) ʯʝʪʚʝʨʪʳʡ ʪʠʧ 

5) ʂʘʢʦʡ ʬʘʢʪʦʨ ʤʠʛʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤ: 

a) ʨʘʜʠʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʳ  
b) ʪʝMnʝʨʘʪʫʨʘ 

c) ʜʘʚʣʝʥʠʝ 

d) ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ 

6) ʂʘʢʦʡ ʬʘʢʪʦʨ ʤʠʛʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʠʤ: 

a) ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʘʪʦʤʦʚ  
b) ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʨʘʩʧʘʜ ʷʜʝʨ ʘʪʦʤʦʚ 

c) ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ (ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ) ʩʚʦʡʩʪʚʘ 

ʠʦʥʦʚ 

d) ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʦʨʦʜʥʳʭ ʠʦʥʦʚ 

7) ʏʪʦ ʪʘʢʦʝ ʪʠʧʦʤʦʨʬʥʳʝ ʵʣʝʤʝʥʪʳ: 

a) ʵʣʝʤʝʥʪʳ, ʠʤʝʶʱʠʤʠ ʚʳʩʦʢʠʝ ʢʣʘʨʢʠ, ʘʢʪʠʚʥʦ  
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ʤʠʛʨʠʨʫʶʱʠʤʠ ʠ ʥʘʢʘʧʣʠʚʘʶʱʠʤʠʩʷ ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ 

b) ʵʣʝʤʝʥʪʳ, ʠʤʝʶʱʠʤʠ ʥʠʟʢʠʝ ʢʣʘʨʢʠ, ʘʢʪʠʚʥʦ 

ʤʠʛʨʠʨʫʶʱʠʤʠ ʠ ʥʝʥʘʢʘʧʣʠʚʘʶʱʠʤʠʩʷ ʚ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

c) ʵʣʝʤʝʥʪʳ, ʠʤʝʶʱʠʤʠ ʚʳʩʦʢʠʝ ʢʣʘʨʢʠ, ʥʝ 

ʤʠʛʨʠʨʫʶʱʠʤʠ ʠ ʥʘʢʘʧʣʠʚʘʶʱʠʤʠʩʷ ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ 

d) ʵʣʝʤʝʥʪʳ, ʠʤʝʶʱʠʤʠ ʥʠʟʢʠʝ ʢʣʘʨʢʠ, ʥʝ 

ʤʠʛʨʠʨʫʶʱʠʤʠ ʠ ʥʘʢʘʧʣʠʚʘʶʱʠʤʠʩʷ ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ 

8) ʇʝʨʚʳʝ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʨʘʟʚʠʚʘʣʠʩʴ ʠ ʧʨʠʩʧʦʩʘʙʣʠʚʘʣʠʩʴ ʢ ʫʩʣʦʚʠʷʤ ʩ 
ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʙʠʦʩʬʝʨʝ: 

a) ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ  
b) ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ 

c) ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ 

d) ʠʥʝʨʪʥʳʭ ʵʣʝʤʝʥʪʦʚ 

9) ʌʦʪʦʩʠʥʪʝʟ, ʢʘʢ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʣʷ ʙʠʦʩʬʝʨʳ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ, 
ʥʘʯʘʣʩʷ: 

a) 5-4 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ  
b) 4-3,5 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ  

c) 2,5-1,7 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ 

d) 1 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ 

10) ʊʝʨʤʠʥ çʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳè ʙʳʣ ʧʨʝʜʣʦʞʝʥ: 

a) ɺ.ʄ.ɻʦʣʴʜʰʤʠʜʪʦʤ  
b) ɸ.ɽ.ʌʝʨʩʤʘʥʦʤ 

c) ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʤ 

d) ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʦʤ 

11) ʅʘ ʢʘʢʠʝ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ 

ʙʠʦʩʬʝʨʳ: 

a) ʚʥʝʰʥʠʝ ʠ ʚʥʫʪʨʝʥʥʠʝ  
b) ʧʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ 

c) ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʢʦʩʥʳʝ 

d) ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ 

12) ʉʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ ʙʠʦʩʬʝʨʳ: 

a) 3  
b) 4 

c) 5 

d) 6 
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ɹʦʨʦʜʠʥ ɸ.ʃ. 

ɻʝʦʭʠʤʠʷ ʠ ʛʝʦʬʠʟʠʢʘ ʙʠʦʩʬʝʨʳ 

ʋʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ  
ʄʦʜʫʣʴ 3 

 

ʇʦʜʧʠʩʘʥʦ ʢ ʧʝʯʘʪʠ: 

ʊʠʨʘʞ: 

ɿʘʢʘʟ ˉ: 
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ʋɼʂ   639.3 

 

É ɹʦʨʦʜʠʥ ɸ.ʃ. ɻʝʦʭʠʤʠʷ ʠ ʛʝʦʬʠʟʠʢʘ ʙʠʦʩʬʝʨʳ: ʋʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ  

ʧʦʩʦʙʠʝ. ʄʦʜʫʣʴ 4. / ʉʝʨ. ʉʠʩʪʝʤʘ ʚʫʟʦʚʩʢʦʡ ʫʯʝʙʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ïʄ.: 

ʄɻʋʊʋ, 2009. -72ʩ. ʀʟʜ. 2-ʝ, ʜʦʧʦʣʥʝʥ. 

 

ʆʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʘ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ ʠ ʚʝʨʩʪʢʘ: ɻʦʨʙʫʥʦʚ ɸ.ɺ. 

 

ʈʘʩʩʤʦʪʨʝʥʦ ʥʘ ʟʘʩʝʜʘʥʠʠ ʢʘʬʝʜʨʳ çɹʠʦʵʢʦʣʦʛʠʠ ʠ ʠʭʪʠʦʣʦʛʠʠè ʄɻʋʊʋ 

ʧʨʦʪʦʢʦʣ ˉ7 ʦʪ 19.04.2009ʛ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚ ʢʘʯʝʩʪʚʝ ʫʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʦʩʦʙʠʷ. 
 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʀʥʩʪʠʪʫʪʦʤ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʈɸʆ. 

 

ʆʙʫʯʝʥʠʝ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ʩʪʨʦʠʪʩʷ ʧʦ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʡ ʩʠʩʪʝʤʝ. ʇʦʜ 

ʫʯʝʙʥʳʤ ʤʦʜʫʣʝʤ ʧʦʥʠʤʘʝʪʩʷ ʮʝʣʦʩʪʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ 

ʦʙʲʝʜʠʥʝʥʳ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ, ʠʩʧʦʣʥʠʪʝʣʴʩʢʘʷ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʘʷ ʯʘʩʪʠ.  

ʉʫʱʥʦʩʪʴ ʤʦʜʫʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤ 

ʦʩʚʦʝʥʠʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʦ ʜʘʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʠ ʨʘʙʦʯʝʡ ʧʨʦʛʨʘʤʤʦʡ. 
 

ʋʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʚʩʝʭ ʬʦʨʤ ʠ ʚʠʜʦʚ 

ʦʙʫʯʝʥʠʷ, ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ  020803 - ɹʠʦʵʢʦʣʦʛʠʷ  
 

 

ɸʚʪʦʨ (ʩʦʩʪʘʚʠʪʝʣʴ): ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨ ɹʦʨʦʜʠʥ ɸ.ʃ. 

 

 

ʈʝʮʝʥʟʝʥʪʳ:   

ʜ.ʙ.ʥ., ʧʨʦʬ.  ɸʤʙʨʦʩʠʤʦʚʘ ʅ.ɸ. (ɸʟʅʀʀʈʍ) 

ʜ.ʙ.ʥ.,  ʟʘʚ. ʩʝʢʪʦʨʦʤ ʄʠʢʦʜʠʥʘ ɽ.ɺ. (ɺʅʀʈʆ) 

 

 

ʈʝʜʘʢʪʦʨ:  ʂʦʥʦʚʘʣʦʚʘ ʃ.ʌ. 
 

 

 

 

É ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ, 2009. 

109004, ʄʦʩʢʚʘ, ɿʝʤʣʷʥʦʡ ʚʘʣ, 73. 

ʢʘʬʝʜʨʘ "ɹʠʦʵʢʦʣʦʛʠʠ ʠ ʀʭʪʠʦʣʦʛʠʠ", 2009. 
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ʇʋʊɽɺʆɼʀʊɽʃʔ ʇʆ ʄʆɼʋʃʔʅʆʁ ʉʊʈʋʂʊʋʈɽ ɼʀʉʎʀʇʃʀʅʓ 

 

ɻɽʆʍʀʄʀʗ ʀ ɻɽʆʌʀɿʀʂɸ ɹʀʆʉʌɽʈʓ 

 ɼʠʩʮʠʧʣʠʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ  ʨʷʜ ʤʦʜʫʣʝʡ, ʧʦʜʣʝʞʘʱʠʭ ʦʩʚʦʝʥʠʶ. 

ʇʝʨʝʯʝʥʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʫʣʝʡ ʧʦʢʘʟʘʥʘ ʥʠʞʝ:  
 

 

 

 

ʄʝʪʦʜʠʢʘ ʤʦʜʫʣʴʥʦ-ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ. ʇʫʪʝʚʦʜʠʪʝʣʴ ʧʦ ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʜʠʩʮʠʧʣʠʥʳ. ʈʘʙʦʯʘʷ 

ʧʨʦʛʨʘʤʤʘ ʧʦ ʦʩʚʦʝʥʠʶ ʜʠʩʮʠʧʣʠʥʳ. ʈʫʙʝʞʥʳʡ ʢʦʥʪʨʦʣʴ: ʈʂ 1 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʥʘʧʠʩʘʥʠʶ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʳ; ʈʂ 2 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʥʘʧʠʩʘʥʠʶ ʢʫʨʩʦʚʦʡ ʨʘʙʦʪʳ. ʃʘʙʦʨʘʪʦʨʥʦ-

ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ. ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʣʠʪʝʨʘʪʫʨʘ. ʆʙʦʙʱʘʶʱʠʡ (ʠʪʦʛʦʚʳʡ) 

ʢʦʥʪʨʦʣʴ 

ʋʯ-ʄʇ 

ʇʨʝʜʤʝʪ, ʠʩʪʦʨʠʷ ʠ ʟʘʜʘʯʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʦʝʥʠʠ ʠ 

ʩʦʩʪʘʚʝ ɿʝʤʣʠ. ɺʚʦʜʥʳʝ ʧʦʣʦʞʝʥʠʷ. ʗʜʨʦ ʠ ʤʘʥʪʠʷ. ɿʝʤʥʘʷ ʢʦʨʘ. 

ʆʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ (ʩʪʨʦʝʥʠʝ, ʨʝʣʴʝʬ). ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʠʯʝʩʢʦʡ 

ʢʦʨʳ. ʂʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ (ʩʪʨʦʝʥʠʝ, ʨʝʣʴʝʬ). ʉʦʩʪʘʚ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ɿʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʂʣʘʨʢʠ ʠ ʬʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʂʣʘʨʢʠ ʟʝʤʥʦʡ ʢʦʨʳ (ʣʠʪʦʩʬʝʨʳ). ʄʝʩʪʥʳʝ 

ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ. ʂʣʘʨʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʯʚ, 

ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ, ʚʦʜ. ʀʭ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʤʳ. 

ʇʨʠʨʦʜʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʚʝʯʘʶʱʠʝ ʨʘʡʦʥʘʤ ʠ ʫʟʣʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺʪʦʨʠʯʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ ʨʘʩʩʝʷʥʠʷ. 

ʋʯ-ʇʇ 

ʄʦʜʫʣʴ 1 

ʄʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʮʠʢʣʳ ʤʠʛʨʘʮʠʠ. ɺʠʜʳ ʠ 

ʪʠʧʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺʠʜʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʊʠʧʳ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ 

ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ɺʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ. 

ɺʥʝʰʥʠʝ ʬʘʢʪʦʨʳ. ʅʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. 

ʆʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʠʛʨʘʮʠʠ. ʇʝʨʝʥʦʩ ʩ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ. ɸʵʨʦʟʦʣʴʥʳʡ 

ʧʝʨʝʥʦʩ. ɼʠʬʬʫʟʠʷ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ. 

ɺʝʜʫʱʠʝ ʵʣʝʤʝʥʪʳ. ɺʪʦʨʦʝ ʧʨʘʚʠʣʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ. ʆʙ ʦʩʦʙʝʥʥʦʩʪʷʭ 

ʵʚʦʣʶʮʠʠ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ 

ʙʘʨʴʝʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʙʘʨʴʝʨʳ. ʆʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʙʘʨʴʝʨʘʭ. ɹʠʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʃʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʄʝʪʦʜʳ ʛʝʦʬʠʟʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʥʫʪʨʝʥʥʝʤ ʩʪʨʦʝʥʠʠ ʟʝʤʣʠ, ʦ ʝʝ ʩʚʦʡʩʪʚʘʭ ʠ ʦ ʬʘʟʦʚʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚʝʱʝʩʪʚʘ. ʉʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʡ ʤʝʪʦʜ. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

ɻʝʦʤʘʛʥʠʪʥʳʡ ʤʝʪʦʜ. ɻʝʦʪʝʨʤʠʷ. ʊʝʦʨʠʷ ʨʝʰʝʪʦʯʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

ʈʘʜʠʘʮʠʦʥʥʳʡ ʠ ʵʢʩʠʪʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʪʝʧʣʦʧʝʨʝʜʘʯʠ. ɻʠʧʦʪʝʟʳ, 

ʦʙʲʷʩʥʷʶʱʠʝ ʧʨʠʨʦʜʫ ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ. ʌʝʨʨʦʤʘʛʥʠʪʥʘʷ ʛʠʧʦʪʝʟʘ. 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʛʠʧʦʪʝʟʳ. ɻʠʧʦʪʝʟʘ ʜʠʥʘʤʦ. 

ʋʯ-ʇʇ 

ʄʦʜʫʣʴ 2 
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ɻʜʝ:  ʋʯ-ʄʇ ï ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ; 

 ʋʯ-ʇʇ ï ʫʯʝʙʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ. 

 ɺʘʰʝ ʪʝʢʫʱʝʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʟʘʪʝʥʝʥʦ ʩʝʨʳʤ ʮʚʝʪʦʤ. 

 

 

ʕʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ. ʆʙʱʠʝ 

ʩʚʝʜʝʥʠʷ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ. ʃʘʥʜʰʘʬʪʳ ʩʫʰʠ. 

ʋʨʦʚʥʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (1-8). ɺʦʜʥʳʝ ʣʘʥʜʰʘʬʪʳ. ʋʨʦʚʥʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

(1-6). ɿʘʢʦʥʳ ʧʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʣʘʥʜʰʘʬʪʘʭ ʠ ʨʘʟʚʠʪʠʷ ʚ 

ʥʠʭ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ɻʝʦʭʠʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. ʇʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ. ʉʚʷʟʴ ʤʝʞʜʫ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʨʝʜʝʣʘʭ ʣʘʥʜʰʘʬʪʘ. ʃʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʘʭ. ʕʥʝʨʛʝʪʠʢʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: 

ʦʮʝʥʢʘ ʚʢʣʘʜʘ ʨʘʜʠʦʛʝʥʥʦʡ, ʛʨʘʚʠʛʝʥʥʦʡ ʠ ʜʨ. ɺʠʜʦʚ ʵʥʝʨʛʠʠ ʚ ʦʙʱʠʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ. 

ʋʯ-ʇʇ 

ʄʦʜʫʣʴ 3 

ʇʨʠʥʮʠʧʳ ʢʦʤʧʣʝʢʩʥʦʡ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʙʠʦʩʬʝʨʝ. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʬʝʨʳ. 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʮʝʥʢʝ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ. ʉʧʝʮʠʬʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʮʝʥʢʝ ʙʠʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʝʸ ʠʟʤʝʥʝʥʠʡ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʠ 

ʝʸ ʠʟʤʝʥʝʥʠʡ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʝʝ ʠʟʤʝʥʝʥʠʡ. 

ʇʨʠʥʮʠʧʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠ ʚʚʝʜʝʥʠʝ ʥʦʚʳʭ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʩʦʙʩʪʚʝʥʥʦ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ. ʕʢʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʝʨʤʠʥʳ ʠ 

ʧʦʥʷʪʠʷ. ʇʦʥʷʪʠʷ ʦ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ ʠ ʙʘʨʴʝʨʘʭ. ʇʦʥʷʪʠʝ ʦ 

ʥʦʦʩʬʝʨʝ ʠ ʪʝʭʥʦʛʝʥʝʟʝ. 

ʋʯ-ʇʇ 

ʄʦʜʫʣʴ 4 
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ɺʳʜʝʨʞʢʘ ʠʟ ʤʝʪʦʜʠʢʠ ʤʦʜʫʣʴʥʦ-ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ ʟʥʘʥʠʡ 

 

ʄʠʥʠʤʘʣʴʥʘʷ ʩʫʤʤʘ ʙʘʣʣʦʚ ʧʦ ʚʩʝʤ ʤʦʜʫʣʷʤ ʜʠʩʮʠʧʣʠʥʳ (ʙʝʟ ʠʪʦʛʦʚʦʛʦ 

ʢʦʥʪʨʦʣʷ) ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʝʪ 60 ʙʘʣʣʦʚ. 

ɽʩʣʠ ʩʪʫʜʝʥʪ ʥʝ ʥʘʙʨʘʣ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʘʣʣʦʚ ʧʦ ʢʘʢʦʤʫ-ʣʠʙʦ 

ʤʦʜʫʣʶ ʜʠʩʮʠʧʣʠʥʳ (ʤʦʜʫʣʴ ʧʨʠʟʥʘʥ ʥʝ ʠʟʫʯʝʥʥʳʤ), ʪʦ ʦʥ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʢ 

ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʝ ʟʥʘʥʠʡ (ʵʢʟʘʤʝʥʫ ʠʣʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤʫ ʟʘʯʝʪʫ).  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʫʜʝʥʪʫ ʥʘʟʥʘʯʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʝʥʴ, ʢʦʛʜʘ ʦʥ 

ʩʤʦʞʝʪ ʫʩʪʥʦ ʠʣʠ ʧʠʩʴʤʝʥʥʦ ʩʜʘʪʴ ʚʝʜʫʱʝʤʫ ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʦʪʜʝʣʴʥʳʝ ʪʝʤʳ 

ʤʦʜʫʣʷ ʠʣʠ ʧʨʦʡʪʠ ʧʦʚʪʦʨʥʦ ʨʫʙʝʞʥʳʡ ʢʦʥʪʨʦʣʴ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʩʪʫʜʝʥʪʫ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ. 

ɽʩʣʠ ʥʘʙʨʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ ʧʦ ʤʦʜʫʣʶ ʙʫʜʝʪ ʩʥʦʚʘ ʤʝʥʴʰʝ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ, ʪʦ ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ ʦʮʝʥʢʫ 

çʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦè ʠ ʦʪʯʠʩʣʷʝʪʩʷ ʟʘ ʥʝʫʩʧʝʚʘʝʤʦʩʪʴ.  

ɽʩʣʠ ʙʘʣʣʦʚ ʥʘʙʨʘʥʦ ʜʦʩʪʘʪʦʯʥʦ, ʪʦ ʤʦʜʫʣʴ ʧʨʠʟʥʘʝʪʩʷ ʠʟʫʯʝʥʥʳʤ ʠ 

ʩʪʫʜʝʥʪ ʜʦʧʫʩʢʘʝʪʩʷ ʢ ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʝ ʟʥʘʥʠʡ. 

ʉʪʫʜʝʥʪ, ʥʝ ʩʜʘʚʘʚʰʠʡ ʚʦʚʨʝʤʷ ʪʝʢʫʱʠʡ ʢʦʥʪʨʦʣʴ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʫʚʘʞʠʪʝʣʴʥʳʭ ʧʨʠʯʠʥ), ʧʦʣʫʯʘʝʪ 0 ʙʘʣʣʦʚ.  

ʇʦ ʫʩʤʦʪʨʝʥʠʶ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʝʤʫ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʥʘʯʝʥ ʥʦʚʳʡ ʩʨʦʢ (ʚ 

ʪʝʯʝʥʠʝ ʜʦ ʜʚʫʭ ʥʝʜʝʣʴ) ʩ ʚʳʩʪʘʚʣʝʥʠʝʤ ʨʝʡʪʠʥʛʘ ʩ ʧʦʥʠʞʘʶʱʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʦʢʘ ʩʜʘʯʠ ʦʪ ʥʘʟʥʘʯʝʥʥʦʡ ʜʘʪʳ. 

ʉʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʧʦ ʜʠʩʮʠʧʣʠʥʝ "ʟʘʯʝʪ", ʝʩʣʠ ʦʥ ʥʘʙʨʘʣ ʥʝ ʤʝʥʝʝ 60 

ʙʘʣʣʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʢʫʱʝʛʦ ʠ ʨʫʙʝʞʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʇʦʩʣʝ ʯʝʛʦ ʦʥ 

ʜʦʧʫʩʢʘʝʪʩʷ ʢ ʠʪʦʛʦʚʦʤʫ ʢʦʥʪʨʦʣʶ (ʵʢʟʘʤʝʥ ʠʣʠ ʟʘʯʝʪ). 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ 

ʜʠʩʮʠʧʣʠʥʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʟ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʠ ʚʳʧʦʣʥʝʥʠʝʤ ʚʩʝʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʫʯʝʙʥʳʤ ʛʨʘʬʠʢʦʤ, ʜʘʥʥʘʷ ʜʠʩʮʠʧʣʠʥʘ 

ʩʯʠʪʘʝʪʩʷ ʦʩʚʦʝʥʥʦʡ. 
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ʂʈɸʊʂʀʁ ʉʃʆɺɸʈʔ ʆʉʅʆɺʅʓʍ ʇʆʅʗʊʀʁ ʀ 
ʊɽʈʄʀʅʆɺ 

ʇʆʅ - ʧʦʢʘʟʘʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. 

ɸʪʤʦʩʬʝʨʘ ð ʛʘʟʦʚʘʷ ʦʙʦʣʦʯʢʘ, ʩʦʩʪʦʷʱʘʷ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʘʟʦʪʘ ʠ ʢʠʩʣʦʨʦʜʘ ʩ 

ʧʨʠʤʝʩʷʤʠ ʚʦʜʷʥʳʭ ʧʘʨʦʚ, ʫʛʣʝʢʠʩʣʦʛʦ, ʘ ʪʘʢ ʞʝ ʨʝʜʢʠʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʛʘʟʦʚ. 

ɻʠʜʨʦʩʬʝʨʘ ð ʚʦʜʥʘʷ ʦʙʦʣʦʯʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. ɺʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʚʦʜʳ ʦʢʝʘʥʦʚ, ʤʦʨʝʡ, ʨʝʢ, ʘ ʪʘʢʞʝ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʥʘʩʳʱʘʶʱʠʝ ʛʦʨʥʳʝ 

ʧʦʨʦʜʳ. 

ʃʠʪʦʩʬʝʨʘ ð ʢʘʤʝʥʥʘʷ ʦʙʦʣʦʯʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʷʪʩʷ ʛʨʘʥʠʪʳ, ʙʘʟʘʣʴʪʳ, ʩʣʘʥʮʳ, ʧʝʩʯʘʥʠʢʠ, ʠʟʚʝʩʪʥʷʢʠ ʠ ʪ.ʜ. 

ɿʝʤʥʘʷ ʢʦʨʘ ð ʥʝʦʜʥʦʨʦʜʥʘʷ ʧʦ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʩʦʩʪʘʚʫ ʚʝʨʭʥʷʷ 

ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ, ʚʢʣʶʯʘʶʱʘʷ ʣʠʪʦʩʬʝʨʫ, ʛʠʜʨʦʩʬʝʨʫ, ʘʪʤʦʩʬʝʨʫ. 

ʄʘʥʪʠʷ ð ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ, ʨʘʩʧʦʣʘʛʘʶʱʘʷʩʷ ʤʝʞʜʫ ʟʝʤʥʦʡ ʢʦʨʦʡ ʠ ʷʜʨʦʤ. ɽʝ 

ʛʨʘʥʠʮʘ ʩ ʢʦʨʦʡ ʧʨʦʭʦʜʠʪ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʄʦʭʦʨʦʚʠʯʠʯʘ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʪʷʞʝʣʳʭ ʤʠʥʝʨʘʣʦʚ, ʙʦʛʘʪʳʭ ʤʘʛʥʠʝʤ ʠ ʞʝʣʝʟʦʤ. 

ɺʳʚʝʪʨʠʚʘʥʠʝ ð ʧʨʦʮʝʩʩ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʫʩʣʦʚʠʷʤ ʙʠʦʩʬʝʨʳ ʤʠʥʝʨʘʣʦʚ ʠ 

ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʛʣʫʙʠʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉʝʜʠʤʝʥʪʘʮʠʷ ð ʦʙʨʘʟʦʚʘʥʠʝ ʚʩʝʭ ʚʠʜʦʚ ʦʩʘʜʢʦʚ (ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʝ) ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʦʢʫʧʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʙʠʦʩʬʝʨʝ. 

ɼʠʘʛʝʥʝʟ ð ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʦʩʘʜʢʦʚ ʚ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. 

ʕʧʠʛʝʥʝʟ ð ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʛʦʨʥʦʡ ʧʦʨʦʜʝ.  

ʂʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ð ʵʪʦ ʨʳʭʣʳʝ ʧʨʦʜʫʢʪʳ ʠʟʤʝʥʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦʜ ʧʦʯʚʦʡ ʟʘ ʩʯʝʪ ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʥʝʝ ʨʘʩʪʚʦʨʦʚ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ð ʵʪʦ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ (ʠʭ ʩʦʝʜʠʥʝʥʠʷ), ʧʦ 

ʠʟʤʝʥʝʥʠʷʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʘʭ ʚʝʜʫʪʩʷ ʧʦʠʩʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʐʣʠʭ ð ʢʦʥʮʝʥʪʨʘʪ ʪʷʞʝʣʳʭ ʤʠʥʝʨʘʣʦʚ, ʧʦʣʫʯʘʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʤʳʚʢʠ 

ʨʳʭʣʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʠʟʤʝʣʴʯʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʣʠ ʢʘʢʠʭ-

ʣʠʙʦ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ʂʣʘʨʢʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ (ʢʣʘʨʢ) ð ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʢʘʢʦʡ-ʣʠʙʦ ʝʝ ʯʘʩʪʠ ʠʣʠ ɿʝʤʣʝ ʚ ʮʝʣʦʤ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (ʕʂ) - ʚʚʝʜʝʥʳ ʚ ʥʘʫʢʫ ɸ.ɽ. ʌʝʨʩʤʘʥʦʤ, 

ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʚʝʣʠʯʠʥʘʭ ʨʘʜʠʫʩʦʚ ʠʦʥʦʚ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʚʘʞʥʝʡʰʠʤ ʧʦʥʷʪʠʷʤ ʚ 

ʛʝʦʭʠʤʠʠ; ʚʝʣʠʯʠʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ, ʫʤʥʦʞʠʚ ʠʭ ʥʘ 1071,74, ʧʦʣʫʯʘʝʤ 

ʢʠʣʦʜʞʦʫʣʠ ʂɼʞ - ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʠʦʥʘ. 

ʕʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ð ʵʪʦ ʵʥʝʨʛʠʷ, ʩ ʢʦʪʦʨʦʡ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʜʘʥʥʳʤ 

ʘʪʦʤʦʤ ʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʘʪʦʤʘʤʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ (ʂʭ) - ʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʦʩʪʘʪʢʝ ʚʦʜʳ ʢ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʚʦʜʦʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜʘʭ, ʠʣʠ ʦʪʥʦʰʝʥʠʝ ʢ ʢʣʘʨʢʫ ʟʝʤʥʦʡ ʢʦʨʳ; ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. 
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ʊɽʄɸ 1: ʇʨʠʥʮʠʧʳ ʢʦʤʧʣʝʢʩʥʦʡ ʵʢʦʣʦʛʦ-
ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

 

ʇʨʠ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʭʦʜʘ ʙʠʦʩʬʝʨʳ ʚ ʥʦʦʩʬʝʨʫ 

ʧʨʦʙʣʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʕʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʶʱʠʤ 

ʟʘʛʨʷʟʥʝʥʠʝʤ ʙʠʦʩʬʝʨʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

ɹʝʟ ʦʙʲʝʢʪʠʚʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʥʝʚʦʟʤʦʞʥʦ ʠ ʧʨʠʥʷʪʠʝ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʭʨʘʥʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 

ʨʘʮʠʦʥʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʚʳʤ ʰʘʛʦʤ ʜʣʷ ʨʘʟʫʤʥʦʛʦ ʚʝʜʝʥʠʷ ʭʦʟʷʡʩʪʚʘ, 

ʩʦʛʣʘʩʫʶʱʝʛʦʩʷ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʦʡ, ʩʣʦʞʠʚʰʝʡʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʝʜʳʜʫʱʝʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʜʦʣʞʥʘ ʙʳʪʴ ʦʮʝʥʢʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʠʥʪʝʨʝʩʫʶʱʝʤ ʥʘʩ ʨʘʡʦʥʝ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʠʟʫʯʘʝʤʦʛʦ ʨʘʡʦʥʘ ʚʳʙʠʨʘʝʪʩʷ ʤʘʩʰʪʘʙ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʪʘʢʦʡ ʦʮʝʥʢʠ. ʉʘʤʘ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʪʝʥʜʝʥʮʠʶ ʨʘʟʚʠʪʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʙʳʪʴ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ. ɺʝʩʴ ʦʧʳʪ ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ 

ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ (ʘ ʪʦʯʥʝʝ ʙʠʦʩʬʝʨʳ) ʜʦʣʞʥʘ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦʵʪʘʧʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʯʘʪʴ ʩ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ, ʘ ʟʘʪʝʤ ʧʝʨʝʡʪʠ ʢ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ. ʇʦʩʣʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʟʫʯʘʝʤʦʛʦ ʨʝʛʠʦʥʘ ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʢ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʧʦʩʣʝʜʩʪʚʠʡ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʕʪʘ ʨʘʙʦʪʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʨʘʟʜʝʣʝʥʘ ʥʘ ʢʘʯʝʩʪʚʝʥʥʫʶ (ʝʝ 

ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʥʴʰʝ) ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ð ʟʘʚʝʨʰʘʶʱʫʶ. 

ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʥʢʨʝʪʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʜʘʞʝ ʝʩʣʠ ʵʪʦ 

ʢʨʫʧʥʳʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʥʘ ʙʠʦʩʬʝʨʫ ʚ ʮʝʣʦʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ɹʠʦʩʬʝʨʘ ʩʣʠʰʢʦʤ ʚʝʣʠʢʘ ʠ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʝʡ 

ʪʝʭʥʦʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ 

ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʫʯʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʥʢʨʝʪʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʩʣʝʜʫʝʪ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʠʦʩʬʝʨʫ ʠ ʷʚʣʷʶʱʠʭʩʷ (ʢʘʢ ʠ ʦʥʘ) ʙʠʦʢʦʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʝʱʝ ʨʘʟ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʷ ʙʠʦʩʬʝʨʘ, ʧʨʝʜʩʪʘʚʣʷʷ 

ʩʦʙʦʡ ʛʨʦʤʘʜʥʫʶ ʧʨʠʨʦʜʥʫʶ ʙʠʦʢʦʩʥʫʶ ʩʠʩʪʝʤʫ, ʥʝ ʷʚʣʷʝʪʩʷ ʯʝʤ-ʪʦ 
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ʥʝʠʟʤʝʥʥʦ ʧʦʩʪʦʷʥʥʳʤ. ʕʪʦ ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʳʚʘʝʪʩʷ ʜʘʥʥʳʤʠ 

ʧʘʣʝʦʥʪʦʣʦʛʠʠ, ʠʩʪʦʨʠʯʝʩʢʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ. ɺʦ ʤʥʦʛʦʤ ʠʟʤʝʥʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʙʠʦʩʬʝʨʝ, ʩʚʷʟʘʥʳ ʩ ʵʚʦʣʶʮʠʝʡ ʟʝʤʥʦʡ ʢʦʨʳ.  

ɿʘ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʫʚʝʣʠʯʠʣʘʩʴ ʤʦʱʥʦʩʪʴ ʛʨʘʥʠʪʥʦʛʦ 

ʩʣʦʷ, ʫʤʝʥʴʰʠʣʩʷ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʚʦʟʨʦʩʣʘ 

ʨʦʣʴ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʪ.ʜ. ʀʟʤʝʥʠʣʠʩʴ ʜʘʞʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʟʝʤʥʦʡ ʢʦʨʳ, 

ʪ.ʝ. ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ çʢʦʥʮʝʥʪʨʘʮʠʷ Ÿ 

ʨʘʩʩʝʷʥʠʝè. ʅʘʠʙʦʣʴʰʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʪʦʤ ʧʦʣʫʯʝʥʘ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ʇʦ ʤʥʝʥʠʶ ʅ.ʇ. ʃʘʚʝʨʦʚʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʨʘʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʥʘʯʘʣʦʩʴ ʪʦʣʴʢʦ ʧʦʩʣʝ ʩʨʝʜʥʝʛʦ ʘʨʭʝʷ. ʕʪʦ ʷʚʣʝʥʠʝ ʤʦʛʣʦ ʦʢʘʟʘʪʴ ʙʦʣʴʰʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʚʝʨʭʥʠʭ ʦʙʦʣʦʯʝʢ ɿʝʤʣʠ, ʪʘʢ ʢʘʢ ʫʨʘʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʜʚʫʭ (U ʠ Th) ʧʨʠʨʦʜʥʳʭ ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭʩʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʦʩʪʘʣʴʥʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʫʣʴʪʨʘʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʅ.ɸ. ʊʠʪʘʝʚʘ, 1992). ɽʱʝ ʦʜʠʥ ʧʨʠʤʝʨ 

ð ʤʘʛʥʠʡ: ʚ ʧʦʩʣʝʧʘʣʝʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʧʨʦʠʟʦʰʝʣ ʧʨʦʮʝʩʩ ʟʘʪʫʭʘʥʠʷ 

ʜʦʣʦʤʠʪʦʦʙʨʘʟʦʚʘʥʠʷ.  

ɼʦʣʦʤʠʪʳ (CaMg[CO3]2), ʷʚʣʷʶʱʠʝʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ 

ʧʦʨʦʜʘʤʠ ʚ ʧʨʦʪʝʨʦʟʦʝ, ʧʦʩʪʝʧʝʥʥʦ ʚʳʪʝʩʥʷʣʠʩʴ ʠʟ ʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʢʘʣʴʮʠʪʘ 

(ʉʘʉʆ3). ʕʪʦ ʪʘʢʞʝ, ʥʝʩʦʤʥʝʥʥʦ, ʩʢʘʟʳʚʘʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʥʘ ʩʦʩʪʘʚʝ ʚʝʨʭʥʠʭ 

ʦʙʦʣʦʯʝʢ, ʥʦ ʠ ʥʘ ʨʘʟʚʠʪʠʠ ʦʨʛʘʥʠʟʤʦʚ. ʇʦʜʦʙʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʤʥʦʛʦ. 

ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʚ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ɿʝʤʣʠ ʧʨʦʠʩʭʦʜʠʣʠ 

ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʥʦʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʬʦʨʤʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʛʘʟʦʚʳʭ ʩʤʝʩʝʡ, ʚ ʤʠʥʝʨʘʣʴʥʦʡ 

ʬʦʨʤʝ. ʀʥʦʛʜʘ ʵʪʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʙʳʣʠ ʦʭʚʘʯʝʥʳ ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ, ʜʦʚʦʣʴʥʦ 

ʙʦʣʴʰʠʝ ʫʯʘʩʪʢʠ ʧʣʘʥʝʪʳ, ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ð ʚʩʷ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ. ɹʝʟʫʩʣʦʚʥʦ, 

ʚʩʝ ʵʪʦ ʠʟʤʝʥʷʣʦ ʠ ʦʙʱʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ. ʆʜʥʘʢʦ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ 

ʛʦʚʦʨʠʪʴ ʦ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʦʣʫʯʠʚʰʠʤ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʧʨʠʨʦʜʝ ʧʦʩʪʝʧʝʥʥʳʤ (ʚʦ 

ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ) ʪʝʯʝʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʣʶʜʝʡ ʩ 

ʛʣʦʙʘʣʴʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ. ʆʜʥʘʢʦ, ʝʩʣʠ ʥʝ 

ʫʯʠʪʳʚʘʪʴ ʜʦʚʦʣʴʥʦ ʨʝʜʢʠʝ ʧʣʘʥʝʪʘʨʥʳʝ ʧʨʠʨʦʜʥʳʝ ʢʘʪʘʩʪʨʦʬʳ, ʩʢʦʨʦʩʪʴ 

ʪʝʭʥʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʨʝʟʢʦ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʧʨʠʨʦʜʥʳʭ. ʇʨʠ ʵʪʦʤ 

ʤʥʦʛʠʝ ʦʨʛʘʥʠʟʤʳ ʥʝ ʤʦʛʫʪ ʧʨʠʩʧʦʩʦʙʠʪʴʩʷ ʢ ʥʦʚʳʤ ʫʩʣʦʚʠʷʤ. ʊʦʛʜʘ 

ʥʘʯʠʥʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʤʫʪʘʮʠʠ ʠ ʚʳʤʠʨʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʠ 

ʨʘʩʪʝʥʠʡ. 
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ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʙʠʦʩʬʝʨʝ 

 

ʀʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʙʠʦʩʬʝʨʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʝʣʠʢʦʝ ʤʥʦʞʝʩʪʚʦ. ʅʘʟʦʚʝʤ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʥʠʭ:  

Á ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʦʤʘʜʥʦʛʦ (ʩʨʘʚʥʠʤʦʛʦ ʩ ʧʣʘʥʝʪʘʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 
ʨʝʢ) ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʧʦʯʚ;  

Á ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʮʝʣʦʛʦ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘ 
ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʚ ʧʦʯʚʘʭ, ʚʦʜʘʭ, ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ;  

Á ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʢʘʢ ʚ ʨʝʛʠʦʥʘʣʴʥʦʤ, ʪʘʢ ʠ 
ʧʣʘʥʝʪʘʨʥʦʤ ʧʣʘʥʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʪʝʭʥʦʛʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚ 

ʘʪʤʦʩʬʝʨʝ ʉʆ2, ʨʷʜʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʬʨʝʦʥʦʚ, ʦʟʦʥʘ, ʘ ʪʘʢʞʝ ʩʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʛʠʛʘʥʪʩʢʠʭ ʚʦʜʦʭʨʘʥʠʣʠʱ, ʦʩʫʰʝʥʠʝʤ ʙʦʣʦʪ ʠ 

ʫʥʠʯʪʦʞʝʥʠʝʤ ʣʝʩʦʚ ʠ ʪ.ʜ.  

 

ʕʪʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠʚʦʜʷʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢ 

ʙʦʣʝʟʥʷʤ, ʤʫʪʘʮʠʷʤ ʠ ʛʠʙʝʣʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʅʝ 

ʦʙʦʰʣʠ ʩʪʦʨʦʥʦʡ ʦʥʠ ʠ ʯʝʣʦʚʝʢʘ. 

ʅʝʚʦʣʴʥʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʚʦʟʤʦʞʥʦ ʣʠ ʧʦ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʝ ʦʮʝʥʠʪʴ 

ʩʪʦʣʴ ʨʘʟʣʠʯʥʳʝ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʧʦʩʣʝʜʩʪʚʠʷʤ ʪʝʭʥʦʛʝʥʥʳʝ (ʘ ʞʝʣʘʪʝʣʴʥʦ ʠ 

ʧʨʠʨʦʜʥʳʝ) ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʙʠʦʩʬʝʨʝ, ʠ ʝʩʣʠ ʚʦʟʤʦʞʥʦ, ʪʦ ʢʘʢ? 

ʏʪʦʙʳ ʦʪʚʝʪʠʪʴ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ, ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʙʠʦʩʬʝʨʝ. ʇʦʜʭʦʜʷ ʢ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ ʩ ʧʦʟʠʮʠʡ ʤʠʛʨʘʮʠʠ ð ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʣʦʞʝʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚʩʝ ʚʘʞʥʝʡʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʚʠʜʘ: 

1) ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠʭ ʩʦʝʜʠʥʝʥʠʡ) ʚ 
ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʙʠʦʩʬʝʨʳ; 

2) ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠ ʜʘʞʝ ʚʠʜʦʚ 
ʩʦʝʜʠʥʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʬʦʨʤʝ ʠʭ ʥʘʭʦʞʜʝʥʠʷ) ʚ 

ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʙʠʦʩʬʝʨʳ; 

3) ʧʦʷʚʣʝʥʠʝ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʪʝʭʥʦʛʝʥʥʳʭ 
ʩʦʝʜʠʥʝʥʠʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʶʱʠʭ ʧʨʠʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ ʠʣʠ ʥʝ 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʘʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ; 

4) ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʩʩ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 
(ʦʥʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʚʠʜʳ ʩʦʝʜʠʥʝʥʠʡ) ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

 

ɺʩʝ ʯʝʪʳʨʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʠʜʘ ʠʟʤʝʥʝʥʠʡ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʢʘʯʝʩʪʚʝʥʥʦ, ʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʠʣʘʩʴ ʨʝʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʚ ʥʝʡ ʧʨʠʨʦʜʥʳʭ ʠ, ʯʪʦ ʦʩʦʙʦ ʚʘʞʥʦ, ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʩʥʦʚʝ ʩ ʧʦʟʠʮʠʡ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ 
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ʵʣʝʤʝʥʪʦʚ (ʠʭ ʩʦʝʜʠʥʝʥʠʡ). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʶʙʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʡ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ, ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʫʯʝʪʦʤ 

ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʘʢʠʝ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʨʘʟʣʠʯʥʳʝ ʷʚʣʝʥʠʷ, ʢʘʢ ʟʘʛʨʷʟʥʝʥʠʝ 

ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʟʘʛʨʷʟʥʝʥʠʝ ʨʝʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʙʨʦʩʘ 

ʩʪʦʯʥʳʭ ʚʦʜ, ʚʳʨʫʙʢʫ ʣʝʩʦʚ ʠ ʪ.ʜ. 
 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ 
ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʬʝʨʳ 

 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʮʝʥʢʝ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ 

ʇʨʠ ʦʮʝʥʢʝ ʣʶʙʦʛʦ ʷʚʣʝʥʠʷ ʠʣʠ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʩʘʤʳʭ 

ʦʙʱʠʭ ʪʨʝʙʦʚʘʥʠʡ. ʆʪʤʝʪʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: 

Á ʆʮʝʥʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʲʝʢʪʠʚʥʦʡ, ʘ ʩ ʵʪʠʤ ʩʘʤʳʤ ʧʨʦʩʪʳʤ 

ʪʨʝʙʦʚʘʥʠʝʤ ʩʚʷʟʘʥʳ ʠ ʜʚʘ ʧʦʩʣʝʜʫʶʱʠʭ. 

Á ɽʩʣʠ ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʲʝʢʪʠʚʥʦ, ʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠ 

ʘʥʘʣʦʛʠʯʥʳʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʡ. ʉ ʚʳʧʦʣʥʝʥʠʝʤ 

ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʩʚʷʟʘʥ ʤʦʥʠʪʦʨʠʥʛ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɽʩʣʠ ʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʥʠʢʘʢʠʭ ʧʦʩʣʝʜʫʶʱʠʭ ʠʟʤʝʥʝʥʠʡ, ʪʦ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʚʪʦʨʥʦʡ ʦʮʝʥʢʠ ʜʦʣʞʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʪʴ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʚʦʡ. ɽʩʣʠ ʞʝ (ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʫʩʣʦʚʠʷ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ) ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʣʠʯʘʶʪʩʷ, ʪʦ ʦʪʣʠʯʠʷ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʠʟʤʝʥʝʥʠʷʤʠ, ʧʨʦʠʩʰʝʜʰʠʤʠ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʟʘ ʧʝʨʠʦʜ 

ʤʝʞʜʫ ʧʝʨʚʦʡ ʠ ʧʦʩʣʝʜʫʶʱʠʤʠ ʦʮʝʥʢʘʤʠ ʩʦʩʪʦʷʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʠʟʫʯʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʙʠʦʩʬʝʨʳ. 

Á ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʦʮʝʥʢʫ 

ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦ ʝʜʠʥʦʡ 

ʤʝʪʦʜʠʢʝ. ʕʪʘ ʤʝʪʦʜʠʢʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʦʮʝʥʢʠ ʚ 

ʝʜʠʥʳʭ ʦʙʱʝʧʨʠʥʷʪʳʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʪʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

Á ʈʝʘʣʠʟʘʮʠʷ ʪʨʝʭ ʧʨʝʜʳʜʫʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦʯʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʦʣʥʝʥʠʶ ʝʱʝ ʦʜʥʦʛʦ: ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʦʜʠʤʦʡ ʦʮʝʥʢʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʙʠʦʩʬʝʨʳ (ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʣʘʥʜʰʘʬʪʘ, ʠʣʠ ʠʭ 

ʛʨʫʧʧʳ) ʜʦʣʞʥʳ ʙʳʪʴ ʢʦʥʢʨʝʪʥʳʤʠ, ʣʝʛʢʦ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ 

ʚʦʩʧʨʠʷʪʠʷ, ʥʘʛʣʷʜʥʳʤʠ. 
 
 

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʮʝʥʢʝ ʙʠʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢʘʩʘʶʪʩʷ ʦʮʝʥʢʠ ʣʶʙʳʭ ʷʚʣʝʥʠʡ ʠʣʠ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʚʦʜʠʤʦʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ. ʆʜʥʘʢʦ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʬʝʨʳ ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ ʝʱʝ ʮʝʣʦʛʦ ʨʷʜʘ 



 

 12 

ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʢʨʘʪʢʦ ʚʘʞʥʝʡʰʠʝ ʠʟ ʥʠʭ: 
 

1. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʠ ʩʘʤʘ ʙʠʦʩʬʝʨʘ, ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʩʣʦʞʥʳʤʠ ʙʠʦʢʦʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʣʶʙʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʦʜʠʤʳʭ ʜʣʷ ʦʮʝʥʢʠ 

ʙʠʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʝʤ ʙʦʣʝʝ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʩʘʤʦʡ ʙʠʦʩʬʝʨʳ ʠʣʠ 

ʝʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ. ɺʩʝ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ ʙʠʦʛʝʥʥʫʶ ʬʦʨʤʫ 

ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʩʥʦʛʦ 

(ʥʝʞʠʚʦʛʦ) ʚʝʱʝʩʪʚʘ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠ ʣʶʙʦʡ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʙʠʦʢʦʩʥʳʭ ʩʠʩʪʝʤ (ʜʘʞʝ ʧʨʠ 

ʧʦʜʩʯʝʪʝ ʦʙʱʠʭ ʤʘʩʩ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ) ʙʠʦʛʝʥʥʘʷ ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ 

ʜʦʣʞʥʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʦʪʜʝʣʴʥʦ. ʆʜʥʘʢʦ ʚ ʩʦʩʪʘʚʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʣʘʥʜʰʘʬʪʦʚ (ʘ ʧʨʠ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʬʝʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʠʤʝʥʥʦ ʚ ʥʠʭ) ʥʘʭʦʜʷʪʩʷ ʠ ʪʘʢʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʦʙʦʩʦʙʣʷʶʱʠʝʩʷ ʙʠʦʢʦʩʥʳʝ ʩʠʩʪʝʤʳ, ʢʘʢ ʧʦʯʚʳ, ʧʦʜʟʝʤʥʳʝ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʚʦʜʳ, ʘʪʤʦʩʬʝʨʘ. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʜʦʣʞʥʳ ʧʦʜʚʝʨʛʘʪʴʩʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ. ɺʩʝ ʵʪʦ ʚ ʩʫʤʤʝ ʪʨʝʙʫʝʪ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ 

ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ 

ʙʠʦʩʬʝʨʳ. 

ʆʪʩʫʪʩʪʚʠʝ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʫʯʝʥʠʶ 

ʚʤʝʩʪʦ ʦʙʲʝʢʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ð ʜʝʟʠʥʬʦʨʤʘʮʠʠ. ʆʩʦʙʝʥʥʦ ʙʦʣʴʰʠʝ 

ʦʰʠʙʢʠ ʤʦʛʫʪ ʧʦʷʚʠʪʴʩʷ ʧʨʠ ʦʮʝʥʢʝ ʧʦʩʣʝʜʩʪʚʠʡ ʥʝʜʘʚʥʦ ʥʘʯʘʚʰʠʭʩʷ 

ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʩʢʦʨʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʚ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʣʘʥʜʰʘʬʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʢʦ ʨʘʟʣʠʯʥʦʡ. ʀʟʫʯʝʥʠʝ ʪʦʣʴʢʦ 

ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʤʦʞʝʪ ʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʧʦ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʧʨʠʥʷʪʳ 

ʥʝʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʦ ʥʘ ʩʘʤʦʤ ʧʨʦʩʪʦʤ ʧʨʠʤʝʨʝ. 

ʅʘ ʥʦʚʦʤ ʭʠʤʠʯʝʩʢʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʪʩʪʦʡʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʝʨʝʛʦʨʦʞʝʥʥʳʡ ʜʘʤʙʦʡ ʦʚʨʘʛ. ɸʥʘʣʠʟ ʧʦʯʚ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʚ ʣʘʥʜʰʘʬʪʘʭ, 

ʦʢʨʫʞʘʶʱʠʭ ʦʪʩʪʦʡʥʠʢ, ʧʨʦʚʝʜʝʥʥʳʡ ʯʝʨʝʟ ʜʚʘ ʛʦʜʘ ʧʦʩʣʝ ʧʫʩʢʘ ʧʝʨʚʦʡ 

ʦʯʝʨʝʜʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʝ ʜʘʣ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʙʝʩʧʦʢʦʡʩʪʚʘ. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʦʩʣʝʜʫʶʱʠʭ ʯʘʩʪʝʡ ʧʨʝʜʧʨʠʷʪʠʷ ʙʳʣʠ ʟʘʧʦʣʥʝʥʳ ʧʦʜʦʙʥʳʝ 

ʦʪʩʪʦʡʥʠʢʠ ʥʘ ʩʦʩʝʜʥʠʭ ʫʯʘʩʪʢʘʭ. ʉʦʩʪʘʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʫʨʝʥʠʝʤ ʩʢʚʘʞʠʥ, ʥʝ ʠʟʫʯʘʣʩʷ.  

ɽʱʝ ʯʝʨʝʟ ʪʨʠ ʛʦʜʘ ʚ ʣʘʥʜʰʘʬʪʘʭ ʫ ʧʝʨʚʦʛʦ ʦʪʩʪʦʡʥʠʢʘ ʙʳʣʘ ʦʪʤʝʯʝʥʘ 

ʩʤʝʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʇʦʚʪʦʨʥʦ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ 

ʯʨʝʟʚʳʯʘʡʥʫʶ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʠ ʨʘʩʪʝʥʠʡ ʨʷʜʦʤ ʪʦʢʩʠʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʦʪʩʪʦʡʥʠʢʝ. ɿʘ 

ʧʷʪʴ ʣʝʪ ʧʨʦʠʟʦʰʣʠ: ʧʦʩʪʝʧʝʥʥʳʡ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ʬʫʥʪʦʚʳʭ ʚʦʜ; 

ʠʭ ʧʨʦʩʘʯʠʚʘʥʠʝ ʧʦ ʢʘʧʠʣʣʷʨʘʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ; ʠʩʧʘʨʝʥʠʝ ʚʦʜ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʘ ʠʩʧʘʨʠʪʝʣʴʥʦʤ ʙʘʨʴʝʨʝ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ; ʥʘʢʦʧʣʝʥʠʝ ʵʪʠʭ ʚʝʱʝʩʪʚ 

ʨʘʩʪʝʥʠʷʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʭ ʚʠʜʳ ʧʦʛʠʙʣʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʪʦʨʠʯʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʙʩʪʘʥʦʚʢʠ ʥʘʯʘʣʠʩʴ 

ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʨʘʙʦʪʳ ʧʦ ʧʝʨʝʫʩʪʨʦʡʩʪʚʫ ʦʪʩʪʦʡʥʠʢʦʚ-ʥʘʢʦʧʠʪʝʣʝʡ, ʘ ʙʦʣʴʰʘʷ 

ʯʨʝʟʚʳʯʘʡʥʦ ʟʘʛʨʷʟʥʝʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʩʪʘʣʘ ʩʘʤʘ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʜʣʷ ʩʦʩʝʜʥʠʭ ʣʘʥʜʰʘʬʪʦʚ. ɽʩʣʠ ʙʳ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʙʳʣʘ 
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ʩʨʘʟʫ ʧʨʦʚʝʜʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʘʥʘʣʠʟʦʤ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʦʪʤʝʯʝʥʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ. 

 

2. ʄʝʪʦʜʠʢʘ ʨʘʙʦʪ ʧʦ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʙʠʦʩʬʝʨʳ 

ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʦʪ ʵʢʩʧʨʝʩʩʥʦʡ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ. ɺ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠ ʪʝʭ ʞʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘʭ ʜʦʣʞʥʘ ʙʳʪʴ ʜʘʥʘ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʦʣʴʢʦ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʧʦʷʚʣʷʶʪʩʷ: ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʨʘʙʦʪ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʰʣʳʭ ʣʝʪ; ʧʨʘʢʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʤʦʥʠʪʦʨʠʥʛʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʘʪʠʪʩʷ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʩʨʝʜʩʪʚ ʥʘ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ ʩ ʦʞʠʜʘʝʤʳʤ ʨʘʟʚʠʪʠʝʤ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʥʦʚʳʭ ʧʦʨʪʦʚ, ʥʝʬʪʝ- ʠ ʛʘʟʦʧʨʦʚʦʜʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʪʘʢʠʝ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʥʘ ʶʛʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʯʘʩʪʦ ʚʳʧʦʣʥʷʶʪ ʠʭ ʣʶʜʠ ʙʝʟ ʜʦʩʪʘʪʦʯʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʦ 

ʤʝʪʦʜʠʢʘʤ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʩʪʘʚʣʝʥʥʳʤ ʟʘʜʘʯʘʤ, ʠʣʠ ʚʦʦʙʱʝ ʙʝʟ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʪʦʜʠʢ.  

ʀʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʨʘʙʦʪ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ, ʘ ʪʝʤ ʙʦʣʝʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʥʝʚʦʟʤʦʞʥʦ. ɸ ʠʤʝʥʥʦ ʪʘʢʠʝ ʟʘʜʘʯʠ ʙʫʜʫʪ 

ʧʦʩʪʘʚʣʝʥʳ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʀ ʧʨʠʜʝʪʩʷ ʚʳʧʦʣʥʷʪʴ 

ʩʥʦʚʘ ʪʫ ʨʘʙʦʪʫ, ʢʦʪʦʨʘʷ ʫʞʝ ʙʳʣʘ ʦʧʣʘʯʝʥʘ, ʥʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʪʨʝʙʦʚʘʥʠʶ. 
 

3. ʇʦ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʦʣʞʥʘ ʩʦʙʣʶʜʘʪʴʩʷ 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʘʷ 

ʠʩʢʣʶʯʝʥʠʝ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʧʨʘʚʠʣʴʥʳʤ ʚʳʙʦʨʦʤ ʨʘʡʦʥʘ ʨʘʙʦʪ ʠ 

ʤʘʩʰʪʘʙʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʠ ʨʘʙʦʪ ʧʦ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, 1989, 1990):  

Á ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʙʦʪʳ ʚ ʤʘʩʰʪʘʙʝ 1:500 000 ð 1:200 000 (ʦʯʝʥʴ 

ʨʝʜʢʦ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʮʝʥʢʠ ʚ ʙʦʣʴʰʠʭ ʙʠʦʩʬʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ 

ʤʘʩʰʪʘʙ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʙʦʪ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ ʜʦ 1:1 000 000 ð 

1:2 000 000);  

Á ʩʨʝʜʥʝʤʘʩʰʪʘʙʥʳʝ ʨʘʙʦʪʳ (1:100 000 - 1:50 000);  

Á ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʨʘʙʦʪʳ (1:25 000 ð 1:10 000);  

Á ʨʝʞʠʤʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʩ 

ʤʘʩʰʪʘʙʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʨʫʧʥʝʝ 1:10 000. 

 

ʅʝʩʢʦʣʴʢʦ ʦʙʦʩʦʙʣʝʥʥʦ, ʦʙʦʙʱʘʷ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʛʣʦʙʘʣʴʥʫʶ ʦʮʝʥʢʫ 

ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʢʘʢ ʜʣʷ ʚʩʝʡ ʙʠʦʩʬʝʨʳ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʜʣʷ ʦʯʝʥʴ 
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ʙʦʣʴʰʠʭ ʨʝʛʠʦʥʦʚ, ʥʘʧʨʠʤʝʨ ʪʝʨʨʠʪʦʨʠʠ ʚʩʝʡ ʈʦʩʩʠʠ. ʄʘʩʰʪʘʙ ʪʘʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʳʯʥʦ ʤʝʥʴʰʝ 1:5 000 000. 

ʇʨʠ ʨʘʙʦʪʝ ʧʦ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʦʩʦʙʝʥʥʦ ʚ ʥʦʚʳʭ 

ʨʝʛʠʦʥʘʭ) ʥʘʯʠʥʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʩ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʙʦʪ, ʧʦʩʪʝʧʝʥʥʦ 

ʧʝʨʝʭʦʜʷ ʦʪ ʦʜʥʦʡ ʩʪʘʜʠʠ ʢ ʜʨʫʛʦʡ.  

ɺ ʚʠʜʝ ʠʩʢʣʶʯʝʥʠʡ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

Á ʩʨʝʜʥʝʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʨʘʥʴʰʝ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʚ ʥʦʚʳʭ ʨʘʡʦʥʘʭ, ʥʘ ʧʣʦʱʘʜʷʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚʙʣʠʟʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʠʣʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ; 

Á ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʘʥʦʤʘʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ, ʚʳʷʚʣʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ ʧʝʨʚʦʡ ʩʪʘʜʠʠ; 

Á ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʨʘʙʦʪʳ ʤʦʞʥʦ ʥʘʯʠʥʘʪʴ ʩ ʨʝʞʠʤʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʩ ʦʮʝʥʢʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ. 

 

ʅʘʨʫʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷ ʩʪʘʜʠʡʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʰʠʙʢʘʤ. ʊʘʢ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʜʘʪʴ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʟʘʧʦʚʝʜʥʠʢʘ, 

ʛʨʘʥʠʯʘʱʝʛʦ ʩ ʨʷʜʦʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɼʣʷ ʫʜʝʰʝʚʣʝʥʠʷ ʪʘʢʦʡ 

ʦʮʝʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʪʦʣʴʢʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 

ʘʥʘʣʠʟʦʤ ʧʦʯʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʘʥʘʣʠʟʦʚ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʦʧʨʝʜʝʣʷʣʦʩʴ ʬʦʥʦʚʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʣʶʪʘʥʪʦʚ ʠ ʚʳʷʚʠʣʠʩʴ ʫʯʘʩʪʢʠ ʩ ʠʭ ʘʥʦʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ. 

ɺʩʝ ʘʥʦʤʘʣʠʠ, ʚʳʷʚʣʝʥʥʳʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʠʩʳʚʘʝʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʭʦʜʠʣʠʩʴ ʟʘ ʧʨʝʜʝʣʘʤʠ ʟʘʧʦʚʝʜʥʠʢʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʥʦʨʤʘʣʴʥʦʡ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʥʘ ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ. ʆʜʥʘʢʦ 

ʧʨʦʚʝʜʝʥʠʝ ʪʦʣʴʢʦ ʧʝʨʚʳʭ ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʳʭ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʨʘʙʦʪ ʚ 

ʨʝʛʠʦʥʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ, ʦʭʚʘʯʝʥʥʘʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʧʦʧʘʜʘʝʪ ʚ ʢʦʥʢʨʝʪʥʫʶ ʘʥʦʤʘʣʠʶ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʚʝʩʴʤʘ 

ʪʦʢʩʠʯʥʳʤʠ ʧʦʣʣʶʪʘʥʪʘʤʠ. (ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʧʦʯʚ ʧʦ 

ʙʦʣʴʰʠʥʩʪʚʫ ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʦʣʣʶʪʘʥʪʦʚ ʦʪʩʫʪʩʪʚʦʚʘʣʠ.)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʯʝʥʴ ʟʘʛʨʷʟʥʝʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʘ 

ʧʨʠʟʥʘʥʘ ʢʘʢ ʥʦʨʤʘʣʴʥʳʡ ʬʦʥ. ʀʩʧʨʘʚʣʝʥʠʝ ʵʪʦʡ ʦʰʠʙʢʠ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʣʝʪ 

ʧʦʩʣʝ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʩʜʝʣʘʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʘʜʠʡʥʦʩʪʠ. 
 

4. ʇʨʠ ʦʛʨʘʥʠʯʝʥʠʠ ʧʣʦʱʘʜʝʡ ʫʯʘʩʪʢʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʝʢʪʠʨʫʝʪʩʷ 

ʧʨʦʚʝʜʝʥʠʝ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʥʝʦʙʭʦʜʠʤʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʦʡ ʤʠʛʨʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʢʘʨʪ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʩʰʪʘʙʘ 
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ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʜʫʰʥʦʡ 

ʤʠʛʨʘʮʠʠ.  

ʈʝʣʴʝʬʦʤ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ 

ʧʦʜʟʝʤʥʦʛʦ ʩʪʦʢʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʠʣʫʯʰʠʤʠ ʛʨʘʥʠʮʘʤʠ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ 

ʚʦʜʦʨʘʟʜʝʣʳ ʠ ʦʙʣʘʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʩʢʣʶʯʘʝʪʩʷ çʨʘʟʨʝʟʘʥʠʝè ʘʥʦʤʘʣʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʝʜʠʥʳʤ ʧʨʠʨʦʜʥʳʤ ʧʦʪʦʢʦʤ 

ʤʠʛʨʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʳʜʫʚʘʥʠʠ ʧʦʯʚ ʠʣʠ ʚ ʦʙʣʘʩʪʷʭ ʦʪʣʦʞʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʩʩ ʵʦʣʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʞʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʛʨʘʥʠʮʳ ʨʘʡʦʥʦʚ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʨʘʙʦʪ ʥʝ ʧʝʨʝʩʝʢʘʣʠ ʵʪʠ ʦʙʣʘʩʪʠ. 

ɺ ʦʙʣʘʩʪʷʭ ʩ ʠʥʪʝʥʩʠʚʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʛʨʘʥʠʮʳ 

ʨʘʡʦʥʦʚ ʨʘʙʦʪ (ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ) ʤʦʞʥʦ 

ʦʛʨʘʥʠʯʠʚʘʪʴ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤʠ ʛʨʘʥʠʮʘʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʪʘʢʠʭ 

ʨʝʛʠʦʥʘʭ ʪʝʭʥʦʛʝʥʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠʭ ʩʦʝʜʠʥʝʥʠʡ) ʚ 

ʣʘʥʜʰʘʬʪʳ ʠ ʠʭ ʤʠʛʨʘʮʠʷ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʘʥʘʣʦʛʠʯʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ. ʈʘʟʚʠʪʠʝ ʞʝ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʰʣʦ ʪʦʣʴʢʦ ʧʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ ʫʢʘʟʘʥʠʷʤ ʙʝʟ ʚʩʷʢʦʛʦ ʫʯʝʪʘ ʧʨʠʨʦʜʥʳʭ 

ʫʩʣʦʚʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʥʷʣʦʩʴ ʥʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʛʨʘʥʠʮʘʭ. ʉʢʘʟʘʥʥʦʝ 

ʚʠʜʥʦ ʠʟ ʈʠʩ. 1, ʛʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʂʨʘʩʥʦʜʘʨʩʢʠʤ ʢʨʘʝʤ ʠ 

ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʴʶ ʭʦʨʦʰʦ çʦʪʙʠʚʘʝʪʩʷè ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʧʘʭʦʪʥʦʤ 

ʛʦʨʠʟʦʥʪʝ ʧʦʯʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ.  

 
ʈʠʩ. 1 ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʥʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʛʨʘʥʠʮʝ ʩʦʧʨʷʞʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ (ʧʦ 

ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, ɺ.ʅ.ʉʝʨʠʢʦʚʫ) 

 

ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠʢʘʢʠʭ ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʛʨʘʥʠʮʝ ʥʝ ʦʪʤʝʯʝʥʦ. ʈʘʟʥʠʮʘ 

ʚ ʩʦʜʝʨʞʘʥʠʷʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥʘ ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʝʤʝʣʴ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʚʥʦʩʠʤʳʭ ʫʜʦʙʨʝʥʠʡ. 
 

5. ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʦʮʝʥʢʠ ʪʝʨʨʠʪʦʨʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʳ ʦʪ ʤʘʩʰʪʘʙʘ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ 

ʪʘʢʞʝ ʦʪ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʨʘʟʣʠʯʥʳʭ ʦʮʝʥʠʚʘʝʤʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. 
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ʕʪʦ ʪʨʝʙʦʚʘʥʠʝ ʜʦʣʞʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʪʴ ʧʨʠ ʦʮʝʥʢʝ 

ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʳʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʙʦʣʝʝ ʢʨʫʧʥʦʤ ʤʘʩʰʪʘʙʝ ʥʘ 

ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʝʨʨʠʪʦʨʠʠ, ʜʦʣʞʥʳ, ʢʘʢ ʚ ʤʘʪʨʝʰʢʝ, ʦʨʛʘʥʠʯʝʩʢʠ 

çʚʢʣʘʜʳʚʘʪʴʩʷ ʚ ʙʦʣʝʝ ʤʝʣʢʠʡ ʤʘʩʰʪʘʙè. ɺʦ-ʚʪʦʨʳʭ, ʙʝʟ ʚʩʷʢʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʙʦʪ (ʘ ʦʯʝʥʴ ʯʘʩʪʦ ʠʭ ʩʪʦʠʤʦʩʪʴ ʙʳʚʘʝʪ ʩʦʧʦʩʪʘʚʠʤʦʡ ʩʦ 

ʩʪʦʠʤʦʩʪʴʶ ʦʮʝʥʢʠ ʪʝʨʨʠʪʦʨʠʡ) ʤʦʞʥʦ ʙʫʜʝʪ çʩʙʠʚʘʪʴè ʢʘʨʪʳ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʩʦʚʤʝʩʪʥʦ ʠʣʠ ʩʨʘʚʥʠʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʟʣʠʯʥʳʭ (ʜʘʞʝ ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ) 

ʪʝʨʨʠʪʦʨʠʡ. 

 

6. ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʛʣʷʜʥʦʡ 

ʬʦʨʤʦʡ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ 

ʩʧʝʮʠʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʜʝʣʘʪʴ ʚʳʚʦʜʳ ʠ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʧʦʣʣʶʪʘʥʪʦʚ, ʠ ʦʙ ʦʙʱʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʠ ʦ ʩʦʭʨʘʥʥʦʩʪʠ 

(ʠʩʯʝʟʥʦʚʝʥʠʠ) ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʠ 

ʦʙ ʦʩʪʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ, ʜʦʣʞʥʘ ʚʳʥʦʩʠʪʴʩʷ ʥʘ ʝʜʠʥʫʶ, ʦʙʱʫʶ ʜʣʷ ʚʩʝʭ 

ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʫ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʣʫʯʰʝʡ ʦʩʥʦʚʦʡ ʜʣʷ ʪʘʢʠʭ ʮʝʣʝʡ ʷʚʣʷʶʪʩʷ ʢʘʨʪʳ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ. ʆʥʠ, ʧʨʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʜʠʥʘʢʦʚʳʭ 

ʪʨʝʙʦʚʘʥʠʷʭ, ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʦʩʪʘʚʣʝʥʥʳʤ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʟʘʜʘʯʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʨʪʳ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʫʞʝ ʩʘʤʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʪʨʘʞʝʥʠʝ 

ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʟʫʯʘʝʤʳʭ ʨʝʛʠʦʥʦʚ. 
 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʠ ʝʸ 
ʠʟʤʝʥʝʥʠʡ 

 

ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʥʘʯʠʥʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʣʝʜʫʝʪ ʩ ʝʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʦʚʝʜʝʥʠʝ ʵʪʠʭ ʨʘʙʦʪ 

ʜʦʣʞʥʦ ʜʘʪʴ ʦʙʱʫʶ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʙʠʦʩʬʝʨʳ. ɹʦʣʝʝ 

ʯʝʤ 20-ʣʝʪʥʠʡ ʦʧʳʪ ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʉʝʚʝʨʥʳʡ ɺʴʝʪʥʘʤ, 

ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ, ʶʛ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠ ʋʢʨʘʠʥʳ, ʉʝʚʝʨʥʳʡ 

ʂʘʚʢʘʟ), ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʩʥʦʚʦʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ.  

ʂʘʨʪʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʦʙʲʝʢʪʠʚʥʦ ʠ ʢʦʤʧʣʝʢʩʥʦ ʦʪʨʘʞʘʶʪ 

ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʧʝʨʠʦʜ ʠʭ ʩʦʩʪʘʚʣʝʥʠʷ. ʂʦʤʧʣʝʢʩʥʦʩʪʴ ʪʘʢʦʡ 

ʦʮʝʥʢʠ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʤʝʪʦʜʠʢʦʡ ʨʘʙʦʪ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʪʦʨʳʭ ʫʯʠʪʳʚʘʶʪʩʷ 

ʢʘʢ ʦʩʦʙʝʥʥʦʩʪʠ çʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠè, ʪʘʢ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ (ʙʦʪʘʥʠʯʝʩʢʠʝ), 

ʧʦʯʚʝʥʥʳʝ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʘʪʤʦʩʬʝʨʥʳʝ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ ʙʠʦʩʬʝʨʳ. ʆʙʲʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʢʠ ʪʘʢʞʝ ʟʘʣʦʞʝʥʘ ʚ 

ʤʝʪʦʜʠʢʫ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪ.ʝ. ʥʘ ʢʘʞʜʦʤ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ 
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ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʤʝʯʘʶʪʩʷ ʚʩʝ ʠʟʤʝʥʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʚʳʟʳʚʘʪʴʩʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʣʘʥʜʰʘʬʪʦʚ ʫʯʪʝʥʳ ʩʣʦʞʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʚʷʟʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʙʠʦʢʦʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʣʘʥʜʰʘʬʪ ʠ ʦʧʨʝʜʝʣʷʶʱʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ (ʠʭ ʩʦʝʜʠʥʝʥʠʡ).  

ʋʯʪʝʥʳ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʝʧʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ (ʷʨʫʩʘʭ) ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʟʘʢʦʥʦʤ ʨʘʟʚʠʪʠʷ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʣʘʥʜʰʘʬʪʝ. ʊʘʢ, 

ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʝʥʥʳʭ ʚʦʜ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʠʟʤʝʥʝʥʠʝ ʠʭ 

ʩʦʩʪʘʚʘ) ʧʨʠʚʦʜʠʪ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʦʩʪʘʚʝ ʧʦʯʚ, ʘ ʟʘʪʝʤ ʠ ʢ 

ʠʟʤʝʥʝʥʠʶ ʘʩʩʦʮʠʘʮʠʡ ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʥʠʭ ʨʘʩʪʝʥʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʦʚʦʜʠʤʦʡ ʥʘ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʩʥʦʚʝ. 

1. ʉʦʩʪʘʚʠʚ ʢʘʨʪʫ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ, ʩʣʝʜʫʝʪ ʧʝʨʝʭʦʜʠʪʴ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʢʦʥʢʨʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʠʟʫʯʘʝʤʦʤ ʨʝʛʠʦʥʝ. 

ʕʪʠ ʪʝʥʜʝʥʮʠʠ ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ, ʚʦ-ʧʝʨʚʳʭ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʪʝʢʘʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʜʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʊʘʢ, ʩʨʝʜʠ ʜʦʚʦʣʴʥʦ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʡʤʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʥʘ ʶʛʝ ʝʚʨʦʧʝʡʩʢʦʡ 

ʯʘʩʪʠ ʈʦʩʩʠʠ ʚʳʷʚʠʣʠʩʴ ʣʘʥʜʰʘʬʪʳ ʩ ʪʠʧʦʤʦʨʬʥʳʤʠ ʠʦʥʘʤʠ Na
+
, ʉl
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ʪ.ʝ. ʣʘʥʜʰʘʬʪʳ ʩ ʟʘʩʦʣʝʥʥʳʤʠ ʧʦʯʚʘʤʠ. ʏʘʩʪʴ ʠʭ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʦʥʘʭ 

ʦʨʦʰʝʥʠʷ. ɽʩʪʴ ʣʠ ʪʝʥʜʝʥʮʠʷ ʢ ʟʘʩʦʣʝʥʠʶ ʧʨʠ ʨʘʟʚʠʪʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʨʦʰʝʥʠʷ? ʇʦʩʣʝ ʧʦʜʩʯʝʪʦʚ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ: ʥʘ 

ʥʝʦʨʦʰʘʝʤʳʭ ʧʦʡʤʝʥʥʳʭ ʟʝʤʣʷʭ 4% ʣʘʥʜʰʘʬʪʦʚ ʧʦʜʚʝʨʞʝʥʳ ʟʘʩʦʣʝʥʠʶ, ʘ ʥʘ 

ʦʨʦʰʘʝʤʳʭ (ʧʨʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʥʝʠʟʤʝʥʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʘʭ) ð ʩʚʳʰʝ 50%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʚʠʪʠʷ ʟʘʩʦʣʝʥʠʷ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʝ ʦʨʦʰʝʥʠʷ ʚ ʨʝʛʠʦʥʝ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʦʩʥʦʚʘʥʥʦ ʧʣʘʥʠʨʦʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ 

ʧʦʩʣʝʜʫʶʱʠʭ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʨʘʙʦʪ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʥʫʞʥʦ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʦʨʦʰʝʥʠʷ ʧʦʡʤʝʥʥʳʭ ʟʝʤʝʣʴ. 

2. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʣʠʙʦ ʧʦʩʣʝʜʩʪʚʠʡ ʢʘʢʠʭ-

ʣʠʙʦ ʪʝʭʥʦʛʝʥʥʳʭ ʠʣʠ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʢʘʨʪʘʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ, 

ʥʝʦʙʳʯʥʳʝ ʜʣʷ ʜʘʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʀʭ ʥʘʟʳʚʘʶʪ ʘʥʦʤʘʣʴʥʳʤʠ. 

ʀʥʦʛʜʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠʣʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʘʥʦʤʘʣʴʥʳʝ 

ʣʘʥʜʰʘʬʪʳ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʟʦʥʳ. ɺʳʜʝʣʝʥʠʝ ʪʘʢʠʭ 

ʣʘʥʜʰʘʬʪʦʚ ʠ ʟʦʥ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʪʝʨʨʠʪʦʨʠʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʦʧʫʪʥʦ ʩ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʤʦʞʝʪ (ʠ ʜʦʣʞʝʥ) ʨʝʰʘʪʴʩʷ ʮʝʣʳʡ ʨʷʜ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʟʘʜʘʯ. ʊʘʢ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʧʝʯʘʪʠ ʯʘʩʪʦ ʧʦʷʚʣʷʶʪʩʷ 

ʧʫʙʣʠʢʘʮʠʠ ʦ ʝʩʪʝʩʪʚʝʥʥʦʤ (ʧʨʠʨʦʜʥʦʤ) ʩʘʤʦʦʯʠʱʝʥʠʠ ʮʝʣʳʭ ʨʝʛʠʦʥʦʚ. 

ɸʥʘʣʠʟ ʢʘʨʪʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ (ʤʘʩʰʪʘʙ 1:500 

000) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʢʦʣʦ 90% ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʝʭʥʦʛʝʥʥʳʝ (ʚ 
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ʦʩʥʦʚʥʦʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ) ʣʘʥʜʰʘʬʪʳ. ɺ ʥʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʷ ʤʠʛʨʘʮʠʷ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆ ʢʘʢʦʤ 

ʞʝ ʩʘʤʦʦʯʠʱʝʥʠʠ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʧʨʠ ʪʘʢʦʤ ʧʦʣʦʞʝʥʠʠ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ? 

ʆʧʳʪ ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʩʥʦʚʝ, ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʤʦʞʥʦ ʜʘʚʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʧʣʘʥʠʨʫʝʤʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʚʳʨʫʙʢʝ ʣʝʩʦʚ ʠ 

ʩʦʟʜʘʥʠʶ ʥʘ ʠʭ ʤʝʩʪʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʄʦʞʥʦ ʥʘ ʦʩʥʦʚʝ 

ʢʘʨʪʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʧʣʘʥʠʨʦʚʘʪʴ ʦʩʚʦʝʥʠʝ ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʦʚʦʜʠʪʴ ʨʘʩʩʝʣʝʥʠʝ ʙʝʞʝʥʮʝʚ ʠ ʧʝʨʝʩʝʣʝʥʮʝʚ ʠ ʪ.ʜ. 

3. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʚʪʦʨʥʦʡ ʦʮʝʥʢʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʠ (ʯʪʦ ʷʚʣʷʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʥʘʯʘʣʦʤ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ) ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʝʨʚʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪ.ʝ. ʧʝʨʝʭʦʜʠʪʴ ʢ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠʨʦʜʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʠʚʰʠʭ ʚ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ 

ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʊʘʢ, ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ (ʦʪ ʥʘʯʘʣʘ ʜʝʡʩʪʚʠʷ ʜʦ 

ʚʨʝʤʝʥʠ ʧʦʩʣʝʜʥʝʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ) ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʣʠ ʞʝ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʮʝʩʩʦʚ, ʥʘʯʘʚʰʠʭ ʩʚʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. 

ʅʘʧʨʠʤʝʨ, ʚʚʝʜʝʥʠʝ ʚ ʜʝʡʩʪʚʠʝ ʚ ʧʦʡʤʝ ʨʝʢʠ ʥʦʚʳʭ ʦʪʩʪʦʡʥʠʢʦʚ 

ʭʠʤʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ ʧʨʠʚʝʣʦ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʧʦʜʟʝʤʥʳʭ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʨʘʟʚʠʪʠʷ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʣʘʥʜʰʘʬʪʝ ʧʦʩʪʝʧʝʥʥʦ ʠʟʤʝʥʝʥʠʷ ʦʭʚʘʪʠʣʠ ʧʦʯʚʳ, ʘ ʟʘʪʝʤ 

ʩʢʘʟʘʣʠʩʴ ʠ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʙʣʠʞʘʡʰʠʭ ʧʦʡʤʝʥʥʳʭ ʣʝʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʛʠʙʝʣʠ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʦʧʦʣʝʡ ʚʦʟʥʠʢʣʠ ʣʘʥʜʰʘʬʪʳ 

ʨʝʜʢʦʣʝʩʠʡ, ʘ ʟʘʪʝʤ ʠʟʤʝʥʠʣʦʩʴ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʤʝʞʜʫ ʣʝʩʘʤʠ ʠ ʩʪʝʧʷʤʠ ʟʘ 

ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʣʦʱʘʜʝʡ, ʟʘʥʷʪʳʭ ʣʝʩʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʵʪʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʧʦʩʣʝʜʩʪʚʠʡ 

ʚʚʝʜʝʥʠʷ ʚ ʩʪʨʦʡ ʥʦʚʳʭ ʦʪʩʪʦʡʥʠʢʦʚ. 

ʂʘʯʝʩʪʚʝʥʥʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʩʫʤʤʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʜʝʡʩʪʚʦʚʘʚʰʠʭ ʤʝʞʜʫ ʜʚʫʤʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ɼʣʷ ʵʪʦʛʦ ʧʦ ʜʘʥʥʳʤ ʩʨʘʚʥʝʥʠʷ ʢʘʨʪ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʚ ʨʝʛʠʦʥʝ ʚ ʫʢʘʟʘʥʥʳʡ 

ʧʝʨʠʦʜ ʥʦʚʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʛʨʘʥʠʮ ʤʝʞʜʫ 

ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʤʠ ʣʘʥʜʰʘʬʪʘʤʠ. (ʇʦʩʣʝʜʥʝʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʚʠʪʠʝ 

ʦʜʥʠʭ ʣʘʥʜʰʘʬʪʦʚ ʟʘ ʩʯʝʪ ʜʨʫʛʠʭ.)  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʢʘʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʢʨʝʪʥʦ ʦʮʝʥʠʪʴ ʨʦʣʴ ʢʘʞʜʦʛʦ ʠʟ ʬʘʢʪʦʨʦʚ ʚ ʧʨʦʠʩʰʝʜʰʝʤ ʠʟʤʝʥʝʥʠʠ 

ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʭʦʪʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʟʥʘʯʝʥʠʝ ʚʝʜʫʱʠʭ 

ʬʘʢʪʦʨʦʚ. ʊʘʢ, ʥʘ ʂʘʚʢʘʟʝ ʟʘ 10 ʣʝʪ ʦʪʤʝʯʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʝʡ, ʟʘʥʷʪʳʭ 

ʣʝʩʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ. ʇʨʦʠʟʦʰʣʦ ʵʪʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘ ʩʯʝʪ ʚʦʟʨʘʩʪʘʥʠʷ 

ʧʣʦʱʘʜʝʡ ʧʘʰʝʥ, ʩʘʜʦʚ, ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʧʦʞʘʨʦʚ ʠ ʚʳʨʫʙʢʠ ʣʝʩʦʚ.  

ʀʟ-ʟʘ ʚʳʨʫʙʢʠ ʚʥʫʪʨʠ ʣʝʩʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʣʘʥʜʰʘʬʪʳ 

ʣʝʩʦʚ. ʉʦʟʜʘʥʠʝ ʨʠʩʦʚʳʭ ʯʝʢʦʚ ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʦ ʣʘʥʜʰʘʬʪʳ ʧʣʘʚʥʝʡ ʚ 

ɿʘʧʘʜʥʦʤ ʇʨʝʜʢʘʚʢʘʟʴʝ ʠ ʪ.ʜ. ʊʘʢʘʷ ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʡ ʠ ʥʘʟʳʚʘʝʪʩʷ 
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ʢʘʯʝʩʪʚʝʥʥʦʡ. ʆʥʘ ʢʦʥʢʨʝʪʥʦ (ʭʦʪʷ ʠ ʥʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ) ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʦʩʣʝʜʩʪʚʠʷ ʨʘʟʚʠʪʠʷ ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʨʦʜʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. 

ʏʘʩʪʦ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʝʝ ʠʟʤʝʥʝʥʠʡ 

ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʙʳʚʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠ ʪʨʝʙʫʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʵʪʠʭ ʷʚʣʝʥʠʡ. 
 
 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʠ ʝʸ 
ʠʟʤʝʥʝʥʠʡ 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʉʦʚʨʝʤʝʥʥʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʬʝʨʳ ʜʦʣʞʥʘ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʩ çʤʝʨʦʡ ʠ ʚʝʩʦʤè. ʈʘʟʥʦʦʙʨʘʟʠʝ ʧʦʩʣʝʜʩʪʚʠʡ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʨʝʙʫʝʪ ʢʨʦʤʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʫʯʝʪʘ 

ʧʨʦʠʩʰʝʜʰʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʦʛʥʦʟʘ ʥʦʚʳʭ, ʦʞʠʜʘʝʤʳʭ, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʧʦʜʭʦʜʘ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ 

ʧʝʨʝʧʣʝʪʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ.  

ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʜʣʷ ʙʠʦʩʬʝʨʳ ʭʘʨʘʢʪʝʨʥʦ ʪʝʩʥʝʡʰʝʝ ʧʝʨʝʧʣʝʪʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʠ ʩʦʙʩʪʚʝʥʥʦ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʠʛʨʘʮʠʠ ʢʦʩʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʙʠʦʛʝʥʥʦʡ ʤʠʛʨʘʮʠʝʡ, ʷʚʣʷʶʱʝʡʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʨʘʙʦʪʳ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʠʦʩʬʝʨʘ ʫʩʢʦʨʝʥʥʦ 

ʧʝʨʝʭʦʜʠʪ ʚ ʥʦʦʩʬʝʨʫ ð ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, ʥʦʚʦʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ. ɺ ʥʝʡ ʚʧʝʨʚʳʝ ʯʝʣʦʚʝʢ ʩʪʘʥʦʚʠʪʩʷ 

ʢʨʫʧʥʝʡʰʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʠʣʦʡ.  

ɺ ʥʦʦʩʬʝʨʝ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʥʘʯʠʥʘʝʪ ʠʛʨʘʪʴ ʪʝʭʥʦʛʝʥʥʘʷ ʩʦʮʠʘʣʴʥʘʷ 

ʤʠʛʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʯʝʤ ʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʦʙʦʩʦʙʣʝʥʥʦ, ʘ ʧʝʨʝʧʣʝʪʘʝʪʩʷ ʩ 

ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʦʩʚʘʠʚʘʝʤʳʭ ʠ ʫʞʝ 

ʦʩʚʦʝʥʥʳʭ ʨʘʡʦʥʘʭ ʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ʅʘʯʠʥʘʪʴʩʷ ʦʥʠ ʜʦʣʞʥʳ (ʢʘʢ ʠ ʧʨʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ) ʩ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ (1:2000000ð1:200000) ʨʘʙʦʪ, ʜʘʶʱʠʭ ʦʙʱʫʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ. ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʘʪʦʤʥʦ-ʠʦʥʥʦʤ ʫʨʦʚʥʝ ʩ 

ʫʯʝʪʦʤ ʬʦʨʤ ʠʭ ʥʘʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʛʦ, ʠʟʤʝʥʯʠʚʦʛʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʙʠʦʩʬʝʨʳ. 

ʆʧʳʪ ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʙʠʦʩʬʝʨʳ ʥʘ ʧʣʘʥʝʪʝ, 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʠ ʦʪʚʝʯʘʶʱʠʤ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʦʢʨʫʞʘʶʱʝʡ ʥʘʩ ʩʨʝʜʝ ʥʘ 

ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʩʥʦʚʝ. 
 



 

 20 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩ ʪʦʯʢʠ 
ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʥʘʩ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʨ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ, ʧʦ ʥʝʜʦʧʫʱʝʥʠʶ ʝʝ ʟʘʛʨʷʟʥʝʥʠʷ ʢʦʥʢʨʝʪʥʳʤʠ 

ʧʦʣʣʶʪʘʥʪʘʤʠ ʠʣʠ ʝʝ ʫʣʫʯʰʝʥʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʢʦʥʪʨʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʣʘʥʜʰʘʬʪʦʚ.  

ʅʘʯʠʥʘʷ ʩ ʵʪʠʭ ʟʥʘʯʝʥʠʡ, ʜʘʣʴʥʝʡʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʣʶʪʘʥʪʦʚ ʜʦʣʞʥʘ 

ʩʯʠʪʘʪʴʩʷ ʥʝʧʨʠʝʤʣʝʤʦʡ. ʊʘʢʠʝ ʢʦʥʪʨʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʜʦʣʞʥʳ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʜʣʷ ʧʦʯʚ, ʚʦʟʜʫʭʘ, ʧʦʜʟʝʤʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʨʘʩʪʝʥʠʡ 

(ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʫʧʦʪʨʝʙʣʷʝʤʳʭ ʚ ʧʠʱʫ). 

ʂʦʥʝʯʥʦ ʞʝ, ʜʣʷ ʢʘʞʜʦʛʦ ʟʘʛʨʷʟʥʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʦʥʠ ʜʦʣʞʥʳ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʦʪʜʝʣʴʥʦ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʨʘʟʚʠʪʠʷ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʣʘʥʜʰʘʬʪʝ, ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʢʘʢʦʡ-ʣʠʙʦ ʯʘʩʪʠ ʣʘʥʜʰʘʬʪʘ, ʥʝʩʦʤʥʝʥʥʦ, ʦʪʨʘʟʠʪʩʷ ʥʘ ʚʩʝʭ ʝʛʦ ʯʘʩʪʷʭ. 

ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʧʨʠʨʦʜʥʫʶ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ 

ʟʘʪʷʥʫʪʴʩʷ ʥʘ ʛʦʜʳ. ɿʘʛʨʷʟʥʝʥʠʝ ʞʝ ʪʘʢʦʡ ʯʘʩʪʠ ʣʘʥʜʰʘʬʪʘ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʥʘ ʩʦʩʪʦʷʥʠʠ (ʠ ʜʘʞʝ ʩʫʱʝʩʪʚʦʚʘʥʠʠ) 

ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʷ ʯʝʣʦʚʝʢʘ, ʛʦʨʘʟʜʦ ʨʘʥʴʰʝ. ʕʪʘ ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʙʠʦʩʬʝʨʳ ʠ ʩʜʝʣʘʣʘ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʪʘʥʦʚʣʝʥʠʝ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʝʝ ʯʘʩʪʝʡ ʢʦʥʪʨʦʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʠʚʰʠʭ ʥʘʟʚʘʥʠʝ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʇɼʂ). 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ, ʟʘʛʨʷʟʥʷʶʱʠʭ ʙʠʦʩʬʝʨʫ, 

ʚʚʦʜʠʣʠʩʴ ʢʘʢ ʥʦʨʤʠʨʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ. ɽʜʠʥʳʝ ʇɼʂ ʙʳʣʠ 

ʚʚʝʜʝʥʳ ʚ ʩʚʦʝ ʚʨʝʤʷ ʠ ʜʣʷ ʪʘʢʦʡ ʛʨʦʤʘʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʢʘʢ ʉʉʉʈ, ʘ ʟʘʪʝʤ ʠ 

ʈʦʩʩʠʠ. ʏʘʩʪʴ ʠʟ ʥʠʭ ʚʚʦʜʠʣʘʩʴ ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʚ 

ʜʘʥʥʦʤ ʤʝʩʪʝ. ɺ ʥʠʭ ʫʯʠʪʳʚʘʣʦʩʴ ʧʨʝʜʝʣʴʥʦ ʙʝʟʚʨʝʜʥʦʝ ʜʣʷ ʯʝʣʦʚʝʢʘ 

ʩʦʜʝʨʞʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʭʥʦʛʝʥʥʳʭ, ʥʝ 

ʠʤʝʶʱʠʭ ʧʨʠʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ. 

ʂʨʦʤʝ ʇɼʂ ʙʳʣʠ ʚʚʝʜʝʥʳ ʠ ʜʨʫʛʠʝ (ʪʦʞʝ ʥʦʨʤʠʨʫʶʱʠʝ) ʧʦʢʘʟʘʪʝʣʠ, 

ʥʘʧʨʠʤʝʨ, ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʚʳʙʨʦʩ (ʇɼɺ) ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʦʪʜʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʇʨʝʚʳʰʝʥʠʝ ʇɼɺ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʩʣʝʜʫʶʱʝʤʫ ʧʨʝʚʳʰʝʥʠʶ ʇɼʂ ʚ ʩʨʝʜʝ, ʦʢʨʫʞʘʶʱʝʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʠʩʪʦʯʥʠʢ ʟʘʛʨʷʟʥʝʥʠʷ.  

ʆʜʥʘʢʦ, ʨʘʟʨʘʙʘʪʳʚʘʷ ʦʙʱʠʝ ʜʣʷ ʦʛʨʦʤʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʇɼɺ, ʥʝ 

ʫʯʠʪʳʚʘʣʠʩʴ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʠʩʪʦʨʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ (ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ) ʨʘʟʚʠʪʠʷ, ʭʦʪʷ ʙʳ ʟʘ ʧʦʩʣʝʜʥʠʝ ʤʠʣʣʠʦʥʳ 

ʣʝʪ, ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʟʘʛʨʷʟʥʷʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʞʝ ʩ ʦʜʥʠʤ 

ʠʟ ʟʘʢʦʥʦʚ ʨʘʟʚʠʪʠʷ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʙʠʦʩʬʝʨʝ ʧʦʚʝʜʝʥʠʝ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʢʦʥʮʝʥʪʨʘʮʠʷ, ʨʘʩʩʝʷʥʠʝ, ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ), 

ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʛʝʥʝʟʘ ʚ ʙʠʦʩʬʝʨʫ, ʘ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʠ 

ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʢʨʝʪʥʳʤʠ ʣʘʥʜʰʘʬʪʥʦ-
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ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʟʘʛʨʷʟʥʷʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʇɼɺ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ ʩʦʚʤʝʩʪʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʇɼɺ ʚ ʮʝʣʦʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ çʩʨʝʜʥʝ-ʚʳʜʫʤʘʥʥʫʶ 

ʥʦʨʤʠʨʫʶʱʫʶ ʚʝʣʠʯʠʥʫè, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʣʘ ʙʳ ʦʛʨʘʥʠʯʠʪʴ ʚʳʙʨʦʩʳ ʜʦ 

ʢʦʥʮʝʥʪʨʘʮʠʡ, ʥʝ ʧʨʠʚʦʜʷʱʠʭ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ ʧʨʝʚʳʰʝʥʠʶ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ ʇɼʂ. 

ɼʣʷ ʣʶʜʝʡ ʪʷʞʝʣʳʝ, ʘ ʛʣʘʚʥʦʝ ð ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʩʢʘʟʳʚʘʶʱʠʝʩʷ 

ʧʦʩʣʝʜʩʪʚʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʙʳʯʥʦ ʩʚʷʟʘʥʳ ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʦʪʨʘʚʣʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭʝ ʠ ʧʠʪʴʝʚʦʡ ʚʦʜʝ. ʆʜʥʘʢʦ ʵʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʯʘʩʪʷʭ ʙʠʦʩʬʝʨʳ ʩʦʭʨʘʥʷʶʪʩʷ 

ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʊʝʭʥʠʢʘ ʦʯʠʱʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʘ, ʘ ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʨʦʜʥʳʭ ʠ ʜʘʞʝ ʥʝʢʦʪʦʨʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʣʘʥʜʰʘʬʪʦʚ 

ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʝʥ ʧʨʦʮʝʩʩ ʩʘʤʦʦʯʠʱʝʥʠʷ. 

ɻʦʨʘʟʜʦ ʜʦʣʴʰʝ ʩʦʭʨʘʥʷʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʧʦʯʚʘʭ, ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʩʘʤʠ ʤʦʛʫʪ ʩʪʘʪʴ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʳ, ʚʦʜʳ, ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚʩʝʛʜʘ ʫʜʝʣʷʝʪʩʷ ʚʦʧʨʦʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇɼʂ ʜʣʷ ʧʦʯʚ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ, ʜʘ ʠ ʵʢʦʣʦʛʠʠ ʚʦʦʙʱʝ, ʇɼʂ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʠʰʴ ʢʘʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ-ʦʨʠʝʥʪʠʨʳ. ɺʝʨʦʷʪʥʦ, ʦʥʠ ʥʝʦʙʭʦʜʠʤʳ ʚ ʩʪʨʘʥʘʭ ʩ ʥʠʟʢʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʥʦʚʳʭ ʨʝʛʠʦʥʘʭ. 

ʆʜʥʘʢʦ ʠʭ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʯʘʩʪʦ ʥʝʚʦʟʤʦʞʥʦ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ. ʆʪʤʝʪʠʤ ʪʦʣʴʢʦ 

ʚʘʞʥʝʡʰʠʝ ʠʟ ʥʠʭ: 

Å ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʠʭ ʥʘʩʪʦʷʱʝʤ ʚʠʜʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʥʦʨʤʳ ʩʦʜʝʨʞʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʩʨʝʜʝ, 

ʦʢʨʫʞʘʶʱʝʡ ʯʝʣʦʚʝʢʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʥ ʤʦʞʝʪ ʩʯʠʪʘʪʴ ʙʝʟʦʧʘʩʥʳʤ ʩʚʦʝ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʪʝʭ ʫʯʘʩʪʢʘʭ ʙʠʦʩʬʝʨʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʵʪʠ ʇɼʂ ʦʧʨʝʜʝʣʝʥʳ. 

ʇʨʠ ʵʪʦʤ ʧʦʜ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʨʦʞʠʚʘʥʠʝ ʠʣʠ ʪʦʣʴʢʦ 

ʥʘʭʦʞʜʝʥʠʝ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʚ ʨʘʡʦʥʘʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʵʪʠ ʇɼʂ ʦʧʨʝʜʝʣʝʥʳ. 

ʇʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠ ʚʦʜʳ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʇɼʂ. 

ʆʜʥʘʢʦ ʥʘʜʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʇɼʂ ʩʪʘʣʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ 

ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ɸ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʦʩʪʦʚʝʨʥʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʧʦʩʣʝʜʩʪʚʠʷ ʤʥʦʛʠʭ ʚʠʜʦʚ ʟʘʛʨʷʟʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʠʣʠʢʦʟʘ) ʧʨʦʷʚʣʷʶʪʩʷ ʯʝʨʝʟ 

ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʚ ʟʘʛʨʷʟʥʝʥʥʦʡ ʟʦʥʝ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʟʜʥʦ ʩʢʘʟʳʚʘʶʱʠʭʩʷ ʧʦʩʣʝʜʩʪʚʠʡ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝ ʤʦʛʣʦ ʙʳʪʴ 

ʫʯʪʝʥʦ. ʇʦʣʦʞʝʥʠʝ ʫʩʫʛʫʙʣʷʝʪʩʷ ʝʱʝ ʪʝʤ, ʯʪʦ ʤʥʦʛʠʭ ʚʠʜʦʚ ʟʘʛʨʷʟʥʝʥʠʷ 

ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʟʘʜ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ, ʘ ʥʘ ʥʝʢʦʪʦʨʳʝ ʥʝ ʦʙʨʘʱʘʣʦʩʴ 

ʚʥʠʤʘʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. 

ʇʦʩʣʝʜʩʪʚʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʪʘʢʠʤʠ ʧʦʣʣʶʪʘʥʪʘʤʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʢʘʞʫʪʩʷ ʪʦʣʴʢʦ 

ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʧʦʢʦʣʝʥʠʷʭ. ʄʥʦʛʠʝ ʠʟ ʪʘʢʠʭ ʚʝʱʝʩʪʚ, ʘ ʪʝʤ ʙʦʣʝʝ ʠʭ ʦʧʘʩʥʳʝ 
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ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʘʞʝ ʥʝ ʤʦʛʣʠ ʙʳʪʴ ʫʯʪʝʥʳ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʇɼʂ, ʭʦʪʷ ʵʪʠ 

ʚʝʱʝʩʪʚʘ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʢ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʧʦʣʣʶʪʘʥʪʘʤ. 

ʉʢʘʟʘʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʇɼʂ ʪʦʣʴʢʦ ʢʘʢ ʦʜʠʥ ʠ ʯʘʩʪʦ ʥʝ 

ʩʘʤʳʡ ʚʘʞʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʙʳʩʪʨʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʨʛʘʥʠʟʤ 

ʥʝʢʦʪʦʨʳʭ (ʠ ʜʘʣʝʢʦ ʥʝ ʩʘʤʳʭ ʦʧʘʩʥʳʭ) ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

Å ʉʦʚʝʨʰʝʥʥʦ ʥʝ ʷʩʥʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʯʪʝʥʳ ʚ ʇɼʂ ʧʦʩʣʝʜʩʪʚʠʷ 

ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ ʨʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʘ ʪʝʤ 

ʙʦʣʝʝ ʠʭ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ), ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘʩʩʦʮʠʘʮʠʷ ʦʩʥʦʚʥʳʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟʚʝʩʪʥʘ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʘʩʩʦʮʠʘʮʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʙʨʘʟʫʶʱʠʭ ʢʨʫʧʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ, ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚ ʦʩʥʦʚʥʦʤ ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʚ ʧʝʨʠʦʜ ʟʘʛʨʷʟʥʝʥʠʷ. ʆʜʥʘʢʦ, ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʯʝʩʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʩʦʚʤʝʩʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʪʠʭ ʧʦʣʣʶʪʘʥʪʦʚ, ʢ ʪʦʤʫ ʞʝ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʝʪ ʜʘʞʝ ʨʘʙʦʪ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʱʠʭ ʩʫʤʤʘʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʤʳ ʛʨʫʧʧʳ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʥʦʤʘʣʴʥʳʤʠ (ʧʦʚʳʰʝʥʥʳʤʠ ʠ ʧʦʥʠʞʝʥʥʳʤʠ) 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ. 

ʈʷʜ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʧʦʩʣʝʜʥʠʭ ʚ ʩʨʝʜʝ (ʠʣʠ 

ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ), ʟʘʤʝʱʘʝʪʩʷ ʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ. ʇʨʠ ʵʪʦʤ 

ʚʦʟʥʠʢʘʶʪ ʤʥʦʛʠʝ ʜʦʚʦʣʴʥʦ ʪʷʞʝʣʳʝ ʙʦʣʝʟʥʠ ʫ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ 

(ʚʢʣʶʯʘʷ ʯʝʣʦʚʝʢʘ) ʦʨʛʘʥʠʟʤʦʚ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʩ 

ʵʪʠʭ ʧʦʟʠʮʠʡ ʷʚʣʷʶʪʩʷ ʧʘʨʳ ʵʣʝʤʝʥʪʦʚ ʉʘðSr, Ba; SðSe. ʊʘʢ, ʋʨʦʚʩʢʘʷ 

ʙʦʣʝʟʥʴ (ʧʦʨʘʞʝʥʠʝ ʩʢʝʣʝʪʘ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ð ʠʩʢʨʠʚʣʝʥʠʝ 

ʧʦʟʚʦʥʦʯʥʠʢʘ, ʧʦʨʘʞʝʥʠʝ ʩʫʩʪʘʚʦʚ, ʣʦʤʢʦʩʪʴ ʢʦʩʪʝʡ, ʚʳʧʘʜʝʥʠʝ ʟʫʙʦʚ ʠ ʪ.ʜ.) 

ʭʘʨʘʢʪʝʨʥʘ ʣʠʰʴ ʜʣʷ ʨʘʡʦʥʦʚ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉʘ ʧʨʠ ʠʟʙʳʪʢʝ ɺʘ ʠ 

ʦʩʦʙʝʥʥʦ Sr. 

ɺ ʨʘʡʦʥʘʭ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʦʯʚʘʭ Se, ʧʝʨʝʭʦʜʷʱʝʛʦ ʚ 

ʨʘʩʪʝʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʦʪʨʘʚʣʝʥʠʝ ʵʪʠʤ ʵʣʝʤʝʥʪʦʤ, ʧʦʣʫʯʠʚʰʝʝ 

ʥʘʟʚʘʥʠʝ ʘʣʢʘʣʦʟ. ʆʜʥʘʢʦ ʚʥʝʩʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʝʨʳ (ʠ ʜʘʞʝ ʛʠʧʩʘ) ʚ 

ʧʦʯʚʳ ʩ ʪʝʤ ʞʝ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʣʝʥʘ ʫʤʝʥʴʰʠʣʦ ʩʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ 

ʚʳʨʘʱʝʥʥʦʤ ʥʘ ʵʪʠʭ ʧʦʯʚʘʭ ʟʝʨʥʝ ʩ 12 ʜʦ 4 ʤʛ/ʢʛ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʟʝʨʥʝ 

ʩʝʣʝʥʘ ʦʢʦʣʦ 12 ʤʛ/ʢʛ ʧʦʝʜʘʶʱʠʝ ʝʛʦ ʢʨʳʩʳ, ʢʨʦʣʠʢʠ, ʢʨʫʧʥʳʡ ʨʦʛʘʪʳʡ ʩʢʦʪ, 

ʣʦʰʘʜʠ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ ʫʤʠʨʘʣʠ. ɺʩʢʨʳʪʠʝ ʧʦʢʘʟʘʣʦ ʧʦʨʘʞʝʥʠʝ 

ʧʝʯʝʥʠ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ð ʧʦʯʝʢ, ʩʝʨʜʮʘ ʠ ʩʝʣʝʟʝʥʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʛʝʦʭʠʤʠʯʝʩʢʠ ʧʦʜʦʙʥʳʭ ʜʨʫʛ ʜʨʫʛʫ ʵʣʝʤʝʥʪʦʚ 

ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ) 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ, ʪʘʢ ʢʘʢ ʦʜʥʘ ʠ ʪʘ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʜʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʪʦʢʩʠʯʥʦʡ, ʘ ʚ ʜʨʫʛʠʭ ð ʩʦʚʝʨʰʝʥʥʦ 

ʙʝʟʚʨʝʜʥʦʡ. ʀ ʵʪʦ ʪʦʞʝ ʙʳʣʦ ʙʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʚ ʇɼʂ, ʠʥʘʯʝ ʚʦʟʤʦʞʥʳ 

ʙʦʣʴʰʠʝ ʦʰʠʙʢʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʝʥʫʞʥʳʤ ʟʘʪʨʘʪʘʤ ʠ ʟʘʙʦʣʝʚʘʥʠʷʤ ʣʶʜʝʡ. 

ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʪʨʝʙʣʝʥʠʝ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ 

ʦʨʛʘʥʠʟʤʘʤʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 

ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʦʨʛʘʥʠʟʤʘʭ. ʆʯʝʥʴ ʯʝʪʢʦ ʵʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʳʣʠ 
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ʚʳʷʚʣʝʥʳ ʚ ʨʘʩʪʝʥʠʷʭ ʜʣʷ ʈb, ʉʠ ʠ Mo; Be, Bi ʠ ʂ, Na, Si. 

ʇʦʩʪʫʧʣʝʥʠʝ ʚ ʦʨʛʘʥʠʟʤ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʥʳʭ (ʠʣʠ ʧʦʥʠʞʝʥʥʳʭ) 

ʩʦʜʝʨʞʘʥʠʷʭ ʦʜʥʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʙʳ çʥʘʩʣʝʜʫʝʪʩʷè ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 

ʧʦ ʪʨʦʬʠʯʝʩʢʦʡ ʮʝʧʠ ʠ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʝʟʥʷʤʠ ʦʨʛʘʥʠʟʤʦʚ. ʕʪʦ 

ʰʠʨʦʢʦ ʨʘʟʚʠʪʦʝ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʝʥʠʝ ʪʘʢʞʝ ʩʦʚʝʨʰʝʥʥʦ ʥʝ 

ʦʪʨʘʞʝʥʦ ʚ ʇɼʂ, ʭʦʪʷ ʦʢʘʟʳʚʘʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʨʛʘʥʠʟʤʳ. 

ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʦʝ, ʩ ʧʦʟʠʮʠʠ ʩʦʚʤʝʩʪʥʦʛʦ ʪʦʢʩʠʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʜʝʣʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦʡ 

ʨʘʟʨʘʙʦʪʢʫ ʇɼʂ ʜʣʷ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʦʪʜʝʣʴʥʳʝ ʨʘʡʦʥʳ (ʠ 

ʜʘʞʝ ʮʝʣʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʚʠʥʮʠʠ) ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʠʣʠ ʧʦʥʠʞʝʥʥʳʤʠ 

ʤʝʩʪʥʳʤʠ ʬʦʥʦʚʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ. 

Å ʊʦʢʩʠʯʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʠʭ ʩʦʝʜʠʥʝʥʠʡ) ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʥʦ ʠ ʦʪ ʬʦʨʤʳ, ʘ ʯʘʩʪʦ ʠ ʦʪ ʚʠʜʘ ʠʭ ʥʘʭʦʞʜʝʥʠʷ ʚ ʙʠʦʩʬʝʨʝ. 

ʊʘʢ, ʚ ʧʦʯʚʘʭ ʙʦʣʴʰʠʥʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʤʠʥʝʨʘʣʴʥʦʡ 

ʬʦʨʤʝ. ʇʨʠ ʵʪʦʤ ʯʝʤ ʪʨʫʜʥʝʝ ʤʠʥʝʨʘʣ ʨʘʩʪʚʦʨʠʤ, ʪʝʤ ʤʝʥʝʝ ʜʦʩʪʫʧʥʳ ʜʣʷ 

ʦʨʛʘʥʠʟʤʦʚ ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʛʦ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʥʴʰʝ 

ʠʭ ʪʦʢʩʠʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʚʝʜʝʥʠʝ ʥʘʪʨʠʷ. ɹʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʠ 

ʪʦʢʩʠʯʥʳʤ ʦʥ ʙʫʜʝʪ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʘ ʥʝ ʚ 

ʤʠʥʝʨʘʣʘʭ. ʆʜʥʘʢʦ ʠ ʚ ʨʘʟʥʳʭ ʤʠʥʝʨʘʣʘʭ ʩʪʝʧʝʥʴ ʝʛʦ ʜʦʩʪʫʧʥʦʩʪʠ ʙʫʜʝʪ 

ʨʘʟʣʠʯʥʦʡ: ʚ ʛʘʣʠʪʝ (NaCl) ð ʜʦʩʪʫʧʝʥ, ʘ ʚ ʞʘʜʝʠʪʝ (NaAlSi2O6) ð 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʦʩʪʫʧʝʥ. ʇʦʜʦʙʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʦʯʝʥʴ ʤʥʦʛʦ. 

ʋʯʝʩʪʴ ʚ ʇɼʂ ʚʩʝ ʬʦʨʤʳ, ʘ ʪʝʤ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʳʝ ʚʠʜʳ, ʚ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʷʪʩʷ ʵʣʝʤʝʥʪʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʤʥʦʛʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʱʝʣʦʯʥʦʩʪʴʶ ʩʨʝʜʳ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʝʱʝ 

ʮʝʣʳʤ ʨʷʜʦʤ ʠʟʤʝʥʷʶʱʠʭʩʷ ʚ ʙʠʦʩʬʝʨʝ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. 

Å ʇʨʠʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʪʣʠʯʘʝʪʩʷ ʢʨʘʡʥʝʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ (ʘ ʢʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, 

ʣʶʙʦʡ ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ, ʧʦʧʘʜʘʶʱʠʡ ʚ ʦʨʛʘʥʠʟʤ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʬʦʨʤʝ ʥʘʭʦʞʜʝʥʠʷ ʤʦʞʝʪ ʩʪʘʪʴ ʪʦʢʩʠʯʥʳʤ). 

ɻʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʘʚ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʘ 

ʥʠʭ (ʠ ʟʘ ʩʯʝʪ ʥʠʭ) ʧʦʯʚ, ʚʦʜ, ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʂ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ, ʘ ʪʦʯʥʝʝ, ʢ ʚʧʦʣʥʝ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʢʨʝʪʥʳʭ ʧʦʨʦʜʘʭ 

ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ (ʦʪ ʧʨʦʩʪʝʡʰʠʭ ʜʦ ʚʳʩʰʠʭ) 

çʧʨʠʚʳʢʣʠè, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʟʘ ʤʠʣʣʠʦʥ ʣʝʪ (ʯʝʪʚʝʨʪʠʯʥʳʡ ʧʝʨʠʦʜ). ɺ 

ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʭ ʪʘʢʦʝ ʧʨʠʚʳʢʘʥʠʝ ʠ ʵʚʦʣʶʮʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʥʝ ʦʜʠʥ, ʘ 

ʤʥʦʛʠʝ ʤʠʣʣʠʦʥʳ ʣʝʪ. 

ʂʘʢ ʧʨʠʤʝʨ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʟʢʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʪʣʠʯʠʡ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʫʯʘʩʪʢʠ ʙʠʦʩʬʝʨʳ ʩ 

ʢʘʨʙʦʥʘʪʥʳʤʠ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ. ɺ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ 

ʉʛ ʩʦʜʝʨʞʠʪʩʷ ʚ 100, ʘ ʉʦ ʚ 1500 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ. 

ʆʪʣʠʯʘʶʪʩʷ ʵʪʠ ʧʦʨʦʜʳ, ʭʦʪʷ ʠ ʥʝ ʩʪʦʣʴ ʢʦʥʪʨʘʩʪʥʦ, ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʜʨʫʛʠʭ 
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ʵʣʝʤʝʥʪʦʚ. 

ɺʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʪʣʠʯʠʷ ʠ ʤʝʞʜʫ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ 

ʛʦʨʥʳʭ ʧʦʨʦʜ. ʂʦʥʝʯʥʦ ʞʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ, ʧʦʣʫʯʠʚʰʠʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ, ʧʨʠʚʝʣʠ ʢ 

ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʦʪʙʦʨʫ ʚ ʠʭ ʧʨʝʜʝʣʘʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ʊʘʢ, ʧʦ 

ʥʘʙʣʶʜʝʥʠʷʤ ʉ.ʄ. ʊʢʘʣʠʯʘ, ʥʘ ʉʘʭʘʣʠʥʝ ʥʘʜ ʫʛʣʝʥʦʩʥʳʤʠ ʧʣʘʩʪʘʤʠ 

ʧʨʦʠʟʨʘʩʪʘʶʪ ʣʠʩʪʚʝʥʥʳʝ ʦʣʴʭʦʚʦ-ʙʝʨʝʟʦʚʳʝ ʣʝʩʘ, ʘ ʥʘʜ ʚʤʝʱʘʶʱʠʤʠ ʠʭ 

ʧʦʨʦʜʘʤʠ ð ʭʚʦʡʥʳʝ, ʥʘʜ ʢʠʤʙʝʨʣʠʪʘʤʠ ʚ ʉʠʙʠʨʠ ʧʨʦʠʟʨʘʩʪʘʶʪ 

ʣʠʩʪʚʝʥʥʠʯʥʳʝ ʠ ʦʣʴʭʦʚʥʠʢʠ ʥʘ ʬʦʥʝ ʣʠʰʘʡʥʠʢʦʚʳʭ ʨʝʜʢʦʣʝʩʠʡ (ɸ.ʅ. 

ʃʫʢʘʯʝʚʘ, 1960). ʇʦʜʦʙʥʳʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʦʯʝʥʴ ʤʥʦʛʦ. 

ɸ ʪʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʇɼʂ ʜʚʫʭ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʦʯʚʘʭ ð ʉʦ ʠ ʉʛ. ɼʣʷ ʉʦ ʦʥʘ ʨʘʚʥʘ 0,005%, ʜʣʷ ʉʛ ð 0,01%. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʠʭ ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ ʩʦʩʪʘʚʣʷʶʪ 0,015 ʠ 0,16%. 

ʇʨʠʨʦʜʘ ʧʝʨʝʯʝʨʢʠʚʘʝʪ ʵʪʠ ʇɼʂ ʜʣʷ ʨʘʡʦʥʦʚ ʩ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ, 

ʛʜʝ ʦʙʣʦʤʢʠ ʢʦʨʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʜʘʞʝ ʚ ʧʦʯʚʝʥʥʦʤ ʛʦʨʠʟʦʥʪʝ ʉ ʜʦʣʞʥʳ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʯʘʛʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʅʦ ʩʨʘʚʥʠʤ ʵʪʠ ʞʝ ʇɼʂ 

ʩ ʢʣʘʨʢʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱʘʭ: ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,00001 ʠ 

0,0011%, ʠ ʢʘʨʪʠʥʘ ʨʝʟʢʦ ʠʟʤʝʥʠʪʩʷ. ʉʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜʘʭ 

ʉʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ 500 ʨʘʟ ʤʝʥʴʰʝ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ, ʘ ʉʛ ð ʧʦʯʪʠ ʚ 10 

ʨʘʟ. 

ɺʨʷʜ ʣʠ ʥʦʨʤʘʣʴʥʦ ʙʫʜʫʪ ʨʘʟʚʠʚʘʪʴʩʷ ʦʨʛʘʥʠʟʤʳ, ʝʩʣʠ ʚ ʧʦʯʚʝʥʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ ɸ ʠ ɺ ʩʦʜʝʨʞʘʥʠʝ ʉʦ ʙʫʜʝʪ ʚ 500 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʛʦʨʠʟʦʥʪʝ ʉ. 

(ʇɼʂ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʠʤʝʥʥʦ ʪʘʢʫʶ ʢʘʨʪʠʥʫ.) ʂ ʪʦʤʫ ʞʝ ʥʫʞʥʦ ʫʯʝʩʪʴ, ʯʪʦ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʧʦ ʚʝʨʪʠʢʘʣʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʙʦʣʴʰʝ ʧʝʨʚʳʭ ʜʚʫʭ 

ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ. ɺʦ ʚʩʝʭ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʤʝʥʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ (ʧʫʩʪʴ 

ʭʦʪʴ ʥʝ ʪʘʢ ʢʦʥʪʨʘʩʪʥʦ) ʝʱʝ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʭʠʤʠʠ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʚʳʙʨʘʪʴ ʜʣʷ ʚʩʝʭ ʫʯʘʩʪʢʦʚ ʙʠʦʩʬʝʨʳ ʠʣʠ ʜʘʞʝ ʜʣʷ ʪʘʢʦʡ ʙʦʣʴʰʦʡ ʩʪʨʘʥʳ, ʢʘʢ 

ʈʦʩʩʠʷ, ʝʜʠʥʳʝ ʇɼʂ ʥʝʚʦʟʤʦʞʥʦ, ʘ ʙʝʟʦʪʚʝʪʩʪʚʝʥʥʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʥʘ 

ʧʨʝʜʣʘʛʘʝʤʳʝ ʮʠʬʨʳ ʙʝʟ ʫʯʝʪʘ ʢʦʥʢʨʝʪʥʦʡ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʦʩʣʦʞʥʝʥʠʷʤ, ʚʧʣʦʪʴ ʜʦ 

ʢʘʪʘʩʪʨʦʬ. 

Å ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʷ 

ʯʝʣʦʚʝʢʘ, ʥʝʪ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ çʧʦʣʝʟʥʳʭè ʠ çʚʨʝʜʥʳʭè. ɼʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʤʘ ʥʝʦʙʭʦʜʠʤʳ ʚʩʝ ʵʣʝʤʝʥʪʳ, ʥʦ ʪʦʣʴʢʦ ʧʨʠ ʠʭ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠ ʬʦʨʤʘʭ ʥʘʭʦʞʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ 

ʙʠʦʩʬʝʨʳ. ʇʨʠ ʵʪʦʤ? ʦʜʥʠ ʵʣʝʤʝʥʪʳ ʥʫʞʥʳ ʚ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʜʨʫʛʠʝ 

ð ʚ ʤʝʥʴʰʠʭ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʵʣʝʤʝʥʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʠʞʝ ʣʠʥʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʜʘʞʝ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʯʝʥʴ ʙʳʩʪʨʦ ʩʪʘʥʦʚʷʪʩʷ 

ʪʦʢʩʠʯʥʳʤʠ. 

ʈʝʟʢʦ ʧʦʥʠʞʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʘʢʞʝ ʚʳʟʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ 

ʙʦʣʝʟʥʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʷ ʯʝʣʦʚʝʢʘ. ɺʩʧʦʤʥʠʤ ʠʦʜ, ʬʪʦʨ ʠ ʨʷʜ 

ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʝʜʦʩʪʘʪʦʢ ʢʦʪʦʨʳʭ ʫʞʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʦʙʳʜʝʥʥʦʡ ʞʠʟʥʠ 

(ʬʪʦʨʠʨʦʚʘʥʠʝ ʚʦʜʳ ʠ ʟʫʙʥʦʡ ʧʘʩʪʳ, ʠʦʜʠʨʦʚʘʥʠʝ ʩʦʣʠ ʠ ʪ.ʜ.). 
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ʆʮʝʥʠʚʘʷ ʢʘʢ ʪʦʢʩʠʯʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʪʘʢ ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ ʦ ʚʣʠʷʥʠʠ ʥʘ ʦʨʛʘʥʠʟʤʳ ʚʝʣʠʯʠʥ ʘʙʩʦʣʶʪʥʦʛʦ 

ʨʘʟʙʨʦʩʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ ʧʦʩʣʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠ ʧʦʯʚ.  

ʉʫʱʝʩʪʚʝʥʥʦʝ ʪʝʭʥʦʛʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ 

ʨʘʟʚʠʪʠʠ ʦʨʛʘʥʠʟʤʦʚ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: Bi (1,43), Ag (2,9), W (3,67), I 

(4), Be (6), Au (6), Br (6,2), P (6,47), Zn (8,67). ɺ ʩʢʦʙʢʘʭ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ 

ʘʙʩʦʣʶʪʥʦʛʦ ʨʘʟʙʨʦʩʘ ʜʣʷ ʢʘʞʜʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʦʨʤʠʨʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʜʚʝ ʮʠʬʨʳ ð ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ 

ʤʠʥʠʤʘʣʴʥʘʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ. ʆʥʠ ʜʦʣʞʥʳ ʦʛʨʘʥʠʯʠʚʘʪʴ ʚʝʣʠʯʠʥʳ 

ʩʦʜʝʨʞʘʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʩʣʦʚʠʷ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʦʨʛʘʥʠʟʤʦʚ. 

Å ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʩʝ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʙʠʦʩʬʝʨʝ ʥʘʯʠʥʘʶʪ 

ʠʛʨʘʪʴ ʪʝʭʥʦʛʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʝ ʠʤʝʶʱʠʝ ʧʨʠʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ. 

ʊʦʢʩʠʯʥʦʩʪʴ ʠ ʚʨʝʤʷ ʝʝ ʧʨʦʷʚʣʝʥʠʷ ʜʣʷ ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʝʱʝ ʥʝ ʠʟʚʝʩʪʥʳ. ʇʦʢʘ 

ʷʩʥʦ, ʯʪʦ ʦʥʠ çʯʫʞʜʳ ʢʦʥʢʨʝʪʥʳʤ ʧʨʠʨʦʜʥʳʤ ʫʩʣʦʚʠʷʤè, ʯʪʦ ʠʭ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʜʜʘʝʪʩʷ ʫʯʝʪʫ (ʠ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʝʣʘʪʴ), ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʘʟʣʦʞʝʥʠʷ ʠ 

ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʩʣʝʜʫʝʪ ʠʟʫʯʘʪʴ. ʅʘʚʝʨʥʦʝ, ʫʞʝ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʧʨʠʤʝʨʦʤ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʬʨʝʦʥʘ ʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʤʦʱʥʦʩʪʴ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ, ʘ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ð ʥʘ ʚʳʞʠʚʘʥʠʝ ʦʨʛʘʥʠʟʤʦʚ. ɼʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʪʝʭʥʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʇɼʂ ʥʝʪ ʠ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʠʭ 

ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ. 

Å ʇɼʂ ʫʯʠʪʳʚʘʶʪ ʪʦʢʩʠʯʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʠʭ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʯʝʣʦʚʝʢʫ. ʇʨʠ ʵʪʦʤ ʥʝ ʙʝʨʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʠʭ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʨʫʛʠʝ ʦʨʛʘʥʠʟʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʠʢʨʦ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ 

ʙʠʦʩʬʝʨʘ ð ʵʪʦ ʦʩʦʙʘʷ ʙʠʦʢʦʩʥʘʷ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʠ 

ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʳ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʠ ʢʦʩʥʦʝ (ʤʠʥʝʨʘʣʴʥʦʝ) ʚʝʱʝʩʪʚʦ. 

ʀʟʤʝʥʝʥʠʷ ʢʦʩʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʢʦʥʮʝʥʪʨʘʮʠʡ, ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ, 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʪ.ʜ.), ʧʨʦʠʩʰʝʜʰʠʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʡʦʥʝ, 

ʥʝʩʦʤʥʝʥʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʘ ʢʘʢʠʭ-ʪʦ (ʤʦʞʝʪ ʙʳʪʴ, ʥʝʤʥʦʛʠʭ ʠʟ ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʵʪʦʤ ʨʘʡʦʥʝ) ʦʨʛʘʥʠʟʤʘʭ. ʀʤʠ ʤʦʛʫʪ ʙʳʪʴ ʚʠʨʫʩʳ, ʙʘʢʪʝʨʠʠ, ʨʘʩʪʝʥʠʷ, ʛʨʠʙʳ 

ʠʣʠ ʞʠʚʦʪʥʳʝ.  

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʣʶʜʝʡ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚ ʧʝʨʚʦʝ ʚʨʝʤʷ 

ʙʝʟʚʨʝʜʥʳʤʠ. ʅʦ ʛʠʙʝʣʴ ʠʣʠ ʤʫʪʘʮʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʦʨʛʘʥʠʟʤʦʚ 

ʙʝʟʫʩʣʦʚʥʦ ʩʢʘʞʫʪʩʷ ʥʘ ʦʩʪʘʣʴʥʳʭ ʦʨʛʘʥʠʟʤʘʭ.  

ɺ ʙʠʦʩʬʝʨʝ ʚʩʝ ʦʨʛʘʥʠʟʤʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʯʝʣʦʚʝʢ ʩʦʩʪʘʚʣʷʝʪ 

ʯʘʩʪʴ ʙʠʦʩʬʝʨʳ. ɺʳʜʝʣʝʥʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʇɼʂ ʪʦʣʴʢʦ ʜʣʷ ʯʝʣʦʚʝʢʘ ð ʧʦ ʢʨʘʡʥʝ 

ʤʝʨʝ ʙʝʩʩʤʳʩʣʝʥʥʦ.  

ɿʘʛʨʷʟʥʷʷ ʙʠʦʩʬʝʨʫ ʠʣʠ ʝʝ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʠ ʨʘʡʦʥʳ ʚʝʱʝʩʪʚʘʤʠ, 

ʚʳʟʳʚʘʶʱʠʤʠ ʩʤʝʨʪʴ, ʙʦʣʝʟʥʠ ʠ ʤʫʪʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʥʦ 

ʙʝʟʚʨʝʜʥʳʤʠ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʧʝʨʚʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʤʳ 

ʩʦʟʜʘʝʤ ʜʣʷ ʣʶʜʝʡ ʙʦʤʙʫ ʟʘʤʝʜʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʈʘʥʴʰʝ ʠʣʠ ʧʦʟʞʝ ʵʪʘ ʙʦʤʙʘ 
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ʚʟʦʨʚʝʪʩʷ. 
 
 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
ʠ ʝʝ ʠʟʤʝʥʝʥʠʡ 

ɺʳʩʪʫʧʘʷ ʟʘ ʦʛʨʘʥʠʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʵʢʦʣʦʛʦʚ ʇɼʂ, ʩʣʝʜʫʝʪ ʧʨʝʜʣʦʞʠʪʴ ʚʤʝʩʪʦ ʥʠʭ ʥʦʚʳʝ, ʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʜʦʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʊʘʢʠʤʠ ʥʦʨʤʠʨʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʦʚ 

ʤʦʛʫʪ ʠ ʜʦʣʞʥʳ ʩʣʫʞʠʪʴ ʤʝʩʪʥʳʝ ʬʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʧʦʯʚʘʭ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, ʦʩʥʦʚʥʳʭ ʚʠʜʘʭ ʜʠʢʦʨʘʩʪʫʱʠʭ 

ʨʘʩʪʝʥʠʡ ʚ ʢʦʥʢʨʝʪʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʘʭ.  

ʆʧʨʝʜʝʣʷʪʴ ʤʝʩʪʥʳʝ ʬʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʩʣʝʜʫʝʪ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʣʘʥʜʰʘʬʪʘʭ, ʘʥʘʣʦʛʠʯʥʳʭ ʠʟʫʯʘʝʤʳʤ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʦʜʚʝʨʛʰʠʭʩʷ 

ʪʝʭʥʦʛʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʕʪʦ ʜʦʣʞʥʦ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʪʝʭʥʦʛʝʥʝʟʘ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʨʠʨʦʜʥʳʭ ʬʦʥʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʆʧʨʝʜʝʣʷʷ 

ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʥʦʨʤʠʨʫʶʱʠʡ ʧʦʢʘʟʘʪʝʣʴ, ʤʦʞʥʦ ʦʙʲʝʜʠʥʷʪʴ ʦʪʜʝʣʴʥʳʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ ʚ ʛʨʫʧʧʳ. 

ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʤʝʩʪʥʳʭ ʬʦʥʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʣʝʜʫʝʪ 

ʧʦʜʚʝʨʛʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ. ʕʪʦ ʪʨʝʙʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʦʥʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ, ʪʘʢ ʢʘʢ ʧʨʠ 

ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʚʣʠʷʥʠʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ʬʦʥʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʥʘʣʠʟʦʚ ʧʨʦʙ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʥʝʫʯʪʝʥʥʳʭ, ʘ 

ʧʦʪʦʤʫ ʠ ʥʝ ʠʩʢʣʶʯʝʥʥʳʭ ʠʟ ʧʦʜʩʯʝʪʦʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʢʘʢ ʧʨʠʨʦʜʥʦʛʦ, ʪʘʢ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʝʥʝʟʠʩʘ. 

ʇʨʠʤʝʨʦʤ ʜʦʚʦʣʴʥʦ ʢʨʫʧʥʦʡ ʙʠʦʩʬʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʖʞʥʦ-ʈʫʩʩʢʘʷ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʉʨʝʜʥʝʨʫʩʩʢʦʡ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ 

ʇʨʠʚʦʣʞʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʷʤʠ, ʩ ʶʛʘ ð ɹʦʣʴʰʠʤ ʂʘʚʢʘʟʩʢʠʤ ʭʨʝʙʪʦʤ, ʘ ʩ 

ʶʛʦ-ʟʘʧʘʜʘ ʠ ʶʛʦ-ʚʦʩʪʦʢʘ ʪʘʢʠʤʠ ʦʙʣʘʩʪʷʤʠ ʥʘʢʦʧʣʝʥʠʷ, ʢʘʢ ɸʟʦʚʩʢʦʝ, ʏʝʨʥʦʝ 

ʠ ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʷ. ʄʝʥʴʰʝʡ ʙʠʦʩʬʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʷʚʣʷʝʪʩʷ 

ʇʨʠʯʝʨʥʦʤʦʨʩʢʘʷ, ʪʝʨʨʠʪʦʨʠʷ ʢʦʪʦʨʦʡ ʦʛʨʘʥʠʯʝʥʘ ʂʝʨʯʝʥʩʢʠʤ ʧʨʦʣʠʚʦʤ, 

ɹʦʣʴʰʠʤ ʂʘʚʢʘʟʩʢʠʤ ʭʨʝʙʪʦʤ, ɹʟʳʙʩʢʠʤ ʭʨʝʙʪʦʤ ʠ ʏʝʨʥʳʤ ʤʦʨʝʤ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʙʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʦʧʨʦʙʦʚʘʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ ʅʦʚʦʨʦʩʩʠʡʩʢʦʛʦ ʅʀʀ ʛʝʦʭʠʤʠʠ ʙʠʦʩʬʝʨʳ. ɺʝʩʴʤʘ 

ʩʚʦʝʦʙʨʘʟʥʳʤʠ ʙʠʦʩʬʝʨʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʷʚʣʷʶʪʩʷ ʋʨʘʣʴʩʢʠʝ ʛʦʨʳ, ʊʠʙʝʪ, 

ʉʝʚʝʨʥʳʡ ʂʘʚʢʘʟ. 

ʊʘʢ ʢʘʢ ʫʪʚʝʨʞʜʝʥʠʝ ʤʝʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʦʨʤʠʨʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʫʯʝʪʦʤ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ 

ʜʝʣʝʥʠʷ, ʪʦ ʧʝʨʚʦʝ ʠʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʞʥʦ ʜʝʣʘʪʴ ʜʣʷ 

ʢʨʫʧʥʳʭ ʦʙʣʘʩʪʝʡ, ʢʨʘʝʚ, ʨʝʩʧʫʙʣʠʢ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʤʝʩʪʥʳʭ ʬʦʥʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ 

ʙʦʣʴʰʠʭ ʨʝʛʠʦʥʦʚ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʘʭ ʩʧʝʮʠʘʣʴʥʳʭ 

ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʢʘ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝ ʤʝʩʪʥʳʝ ʬʦʥʦʚʳʝ, ʘ ʢʣʘʨʢʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ɿʝʤʣʠ ʚ 
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ʮʝʣʦʤ.  

ʍʦʪʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʜʣʷ ʦʮʝʥʢʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ 

ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ ʥʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʚʧʦʣʥʝ ʢʦʨʨʝʢʪʥʳʤ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʠʚʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʤʝʥʪʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʟʝʤʥʘʷ ʞʠʟʥʴ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ (ʪʦʯʥʝʝ, 

ʜʦʥʦʦʩʬʝʨʥʦʤ) ʵʪʘʧʝ ʝʝ ʨʘʟʚʠʪʠʷ. 
 

ʇʨʠʥʮʠʧʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʠ ʚʚʝʜʝʥʠʝ ʥʦʚʳʭ ʵʢʦʣʦʛʦ-
ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʧʦ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʝ, ʢʘʯʝʩʪʚʝʥʥʘʷ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʩʥʦʚʝ. ʇʨʠ ʵʪʦʤ ʚ ʧʦʣʝʚʦʡ ʧʝʨʠʦʜ 

ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʧʨʦʚʦʜʠʪʩʷ ʦʪʙʦʨ ʧʨʦʙ ʠʟ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ 

ʣʘʥʜʰʘʬʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʢʝ.  

ɺʩʝ ʧʨʦʙʳ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʥʘ ʢʦʤʧʣʝʢʩ 

ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʘʩʩʦʮʠʘʮʠʠ ʚ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʢʨʫʧʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʝʭ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʞʠʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʚ ʧʨʦʙʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝ. 

ɽʩʣʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʧʝʨʚʳʝ, ʪʦ ʧʨʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʩʥʘʯʘʣʘ ʩʣʝʜʫʝʪ ʩʨʘʚʥʠʪʴ ʤʝʩʪʥʳʝ ʬʦʥʦʚʳʝ 

ʩʦʜʝʨʞʘʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʜʣʷ ʚʩʝʭ ʯʘʩʪʝʡ ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʣʘʥʜʰʘʬʪʦʚ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʩ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʬʦʥʦʚʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

(ʤʝʩʪʥʳʤʠ ʇɼʂ) ʠʣʠ ʢʣʘʨʢʦʚʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ.  

ʄʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʤʝʩʪʥʳʝ ʬʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʇɼʂ, ʝʜʠʥʳʤʠ ʜʣʷ ʚʩʝʡ ʩʪʨʘʥʳ, ʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʥʝʠʟʙʝʞʥʳ ʚʩʝ ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʦʰʠʙʢʠ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʨʘʟʜʝʣʘʭ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʤʝʩʪʥʳʝ 

ʬʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʨʝʛʠʦʥʘʣʴʥʳʭ (ʢʣʘʨʢʦʚʳʭ). ɺ ʩʣʫʯʘʝ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʦʪʣʠʯʠʷ ʩʪʘʚʠʪʩʷ ʚʦʧʨʦʩ ʦ ʚʳʜʝʣʝʥʠʠ ʩʧʝʮʠʬʠʯʝʩʢʦʡ 

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ 

ʜʝʣʝʥʠʠ ʪʝʨʨʠʪʦʨʠʡ, ʠ ʦ ʩʧʝʮʠʬʠʯʝʩʢʦʤ ʩʥʘʙʞʝʥʠʠ ʥʘʩʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘʤʠ 

ʧʠʪʘʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʪʘʢʠʝ ʩʣʫʯʘʠ ʢʨʘʡʥʝ ʨʝʜʢʠ. 

ɻʦʨʘʟʜʦ ʯʘʱʝ ʤʝʩʪʥʳʝ ʬʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʚʳʰʝʥʳ ʠʣʠ ʧʦʥʠʞʝʥʳ 

(ʥʝʟʥʘʯʠʪʝʣʴʥʦ). ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʪʝʥʜʝʥʮʠʠ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʡʦʥʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʜʝʡʩʪʚʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ. ʋʢʘʟʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʢʨʘʡʥʝ ʚʘʞʥʘ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʟʚʠʪʠʷ 

ʨʝʛʠʦʥʦʚ.  

ʊʘʢ, ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʚ ʧʦʯʚʘʭ ʉʛ ʠ ʄʧ (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 
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ʊʘʤʘʥʩʢʦʤ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʡʦʥʝ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʈʦʩʩʠʠ) 

ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʠʦʨʠʪʝʪʥʦ ʟʘʛʨʷʟʥʷʶʱʠʭ ʙʠʦʩʬʝʨʫ 

ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʥʝ ʪʦʣʴʢʦ ʥʝ ʙʫʜʝʪ ʦʧʘʩʥʳʤ, ʥʦ ʜʘʞʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʇʦʚʳʰʝʥʥʘʷ ʞʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʈb ʚ ʧʦʯʚʘʭ ʉʦʯʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʜʦʣʞʥʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʩʝʨʴʝʟʥʦʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ ʧʦʩʣʝʜʩʪʚʠʷʭ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚ ʨʝʛʠʦʥʝ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʈb ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʇʨʠʤʝʨʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ 

ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ. 

ʉʣʝʜʫʶʱʘʷ ʨʘʙʦʪʘ, ʢʦʪʦʨʫʶ ʥʘʜʦ ʚʳʧʦʣʥʠʪʴ ʧʨʠ ʧʝʨʚʠʯʥʦʡ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ,ð ʵʪʦ ʦʮʝʥʢʘ 

ʚʳʷʚʣʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ.  

ɼʣʷ ʧʝʨʚʠʯʥʦʡ ʦʮʝʥʢʠ ʵʪʠʭ ʘʥʦʤʘʣʠʡ ʧʨʝʜʣʦʞʝʥ (ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ, 1994, 

1998) ʧʦʢʘʟʘʪʝʣʴ ʘʙʩʦʣʶʪʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ (ʇɸʅ) ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʧʦʢʘʟʳʚʘʶʱʠʡ, ʢʘʢʘʷ ʤʘʩʩʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ (ʝʛʦ 

ʩʦʝʜʠʥʝʥʠʡ) ʥʘʢʦʧʠʣʘʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʢʘʢ ʧʨʠʨʦʜʥʳʭ, 

ʪʘʢ ʠ ʪʝʭʥʦʛʝʥʥʳʭ) ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ 

ʨʝʛʠʦʥʘʣʴʥʦʝ ʬʦʥʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ.  

ɺʤʝʩʪʦ ʬʦʥʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʥʥʳʭ) ʤʦʞʥʦ ʙʨʘʪʴ 

ʢʣʘʨʢʦʚʦʝ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʇɼʂ. ʇʦʢʘʟʘʪʝʣʴ ʘʙʩʦʣʶʪʥʦʛʦ 

ʥʘʢʦʧʣʝʥʠʷ ʤʦʞʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ (ʪ/ʢʤ
2
) ʜʣʷ ʧʦʯʚ, ʚʦʜ, ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, 

ʨʘʩʪʝʥʠʡ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʦʧʨʝʜʝʣʝʥʠʷ ʇɸʅ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʤʘʩʰʪʘʙʝ 1:500 000 

ʚʙʣʠʟʠ ʦʜʥʦʛʦ ʠʟ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʩʪʝʧʥʦʡ ʯʘʩʪʠ 

ʈʦʩʩʠʠ, ʚ ʧʦʯʚʘʭ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʜʨʫʛ ʜʨʫʛʘ 

ʘʥʦʤʘʣʠʠ Pb, Zn, Ti, Cu, V, Ga ʠ ʉʛ (ʈʠʩ. 2). ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʘʥʦʤʘʣʠʡ 

ʩʦʩʪʘʚʣʷʝʪ ʢʤ
2
- ʈb ð 103, Zn - 200, ʉʠ - 105, Ga - 450, V - 75, Ti - 65, Cr - 150. 

ɸʥʦʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ ʛʣʫʙʠʥʫ 30 ʩʤ. 

 
ʈʠʩ. 2 ʉʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ (ʚʙʣʠʟʠ ʛʦʨʦʜʦʚ): 

1 ð ʛʦʨʦʜ; 2ð ʨʝʢʠ; 3 ð ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ 
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ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʘʥʦʤʘʣʴʥʦʛʦ 

ʫʯʘʩʪʢʘ ʟʘ ʩʯʝʪ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʧʦʯʚʘʭ ʥʘʢʦʧʠʣʦʩʴ ʚ ʦʩʥʦʚʥʦʤ ʚ 

ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʝ, ʪ: ʉʠ ð 840 ʈb - 824, Zn - 2080, Ti - 1040, Cr - 1200. 

ʇʦʢʘʟʘʪʝʣʠ ʘʙʩʦʣʶʪʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʨʘʚʥʳ, ʪ/ʢʤ
2
: Ti ð 16; Zn ð 10,4; Pb, Cr, 

V ʠ ʉʠ - 8; a Ga - 4,8 (ʊʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʚ ʧʨʝʜʝʣʘʭ ʪʝʭʥʦʛʝʥʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʚʙʣʠʟʠ ʢʨʫʧʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʮʝʥʪʨʘ 

ʕʣʝʤʝʥʪ 

ʇʣʦʱʘʜʴ 

ʘʥʦʤʘʣʠʠ, 

ʢʤ
2
 

ʇʨʝʚʳʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʬʦʥʦʚʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʣʘʥʜʰʘʬʪʘʭ, nÅ10
-3

% 

ʊʝʭʥʦʛʝʥʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘ

ʷ ʵʣʝʤʝʥʪʦʚ, ʪ 

ʇɸʅ, 

ʪ/ʢʤ
2
 
ʇʆʅ 

ʈb 103 1 824 8 8000 

Zn 200 1,3 2080 10,4 2080 

Ti 65 2 1040 16 35 

ʉʛ 150 1 1200 8 400 

V 75 1 600 8 800 

Ga 450 0,5 2160 4,8 1600 

ʉu 105 1 840 8 4000 

 

ʏʪʦʙʳ ʫʟʥʘʪʴ ʚʝʣʠʯʠʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʵʣʝʤʝʥʪʘ (ʵʪʦ ʚʘʞʥʦ ʜʣʷ ʧʨʠʥʷʪʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʤʝʨ ʙʳʩʪʨʦʛʦ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʤʝʜʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ 

ʟʘʛʨʷʟʥʝʥʠʷ ʢʘʞʜʳʤ ʠʟ ʧʦʣʣʶʪʘʥʪʦʚ), ʩʣʝʜʫʝʪ ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ð ʇʆʅ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʩʪʥʦʝ ʦʪ 

ʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʘʙʩʦʣʶʪʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʥʘ ʬʦʥʦʚʦʝ (ʢʣʘʨʢʦʚʦʝ) 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʯʚʘʭ: 

ʇʆʅ = ʇɸʅ/ʉʬ. 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʠʤʝʨʘ ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʵʪʦʡ ʬʦʨʤʫʣʝ ʟʥʘʯʝʥʠʷ 

ʇʆʅ ʧʨʠʚʝʜʝʥʳ ʚʳʰʝ (ʊʘʙʣʠʮʘ 1). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʤʝʪʘʣʣʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʨʷʜ: TiŸZnŸ(Pb, Cr, V, ʉu)ŸGa. ʇʨʠ ʵʪʦʤ ʥʘ 

ʧʝʨʚʦʤ ʤʝʩʪʝ ʩʪʦʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʝʨʪʥʳʡ ʚ ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ Ti. ʆʜʥʘʢʦ ʝʩʣʠ 

ʫʯʠʪʳʚʘʪʴ ʬʦʥʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʦʧʨʝʜʝʣʷʪʴ ʇʆʅ, ʪʦ ʨʷʜ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʟʥʘʯʝʥʠʡ, ʧʨʠʤʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: ʈbŸʉuŸZnŸGaŸVŸCrŸTi.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʠʟʫʯʘʝʤʦʤ ʨʘʡʦʥʝ ʥʫʞʥʦ ʦʙʨʘʱʘʪʴ ʥʘʠʙʦʣʴʰʝʝ 

ʚʥʠʤʘʥʠʝ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʈb, ʉu ʠ Zn. ʅʘ ʵʪʠ ʵʣʝʤʝʥʪʳ ʠ 
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ʚʳʟʳʚʘʝʤʳʝ ʠʤʠ ʟʘʙʦʣʝʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʱʘʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠ ʧʨʠ 

ʤʝʜʠʢʦ-ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ 

ʤʝʨʦʧʨʠʷʪʠʡ. 

 

 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʩʦʙʩʪʚʝʥʥʦ 
ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʥʷʪʠʷ 

 

ɾʠʟʥʴ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʧʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʪʦʣʴʢʦ ʥʘ ʪʦʥʢʦʡ 

ʧʣʝʥʦʯʥʦʡ ʦʙʦʣʦʯʢʝ ɿʝʤʣʠ. ɽʝ ʤʘʩʩʘ ʤʝʥʴʰʝ 0,1% ʤʘʩʩʳ ɿʝʤʣʠ, ʘ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʝ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʦʩʥʦʚʥʦʤ ʩʛʨʫʧʧʠʨʦʚʘʣʠʩʴ ʚ 

ʤʠʥʝʨʘʣʳ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ. 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʛʣʘʚʳ ʜʘʶʪʩʷ ʧʦʥʷʪʠʷ ʦʙ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘʭ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʯʝʪʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʥʝʨʘʣʘʭ, ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʩʘʤʠʭ 

ʤʠʥʝʨʘʣʦʚ, ʜʦʩʪʫʧʥʦʩʪʴ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ. 

ʆʙʦʣʦʯʢʠ ʟʝʤʥʦʛʦ ʰʘʨʘ. ɿʝʤʣʷ, ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʜʘʥʥʳʤ, ʩʦʩʪʦʠʪ ʠʟ 

ʨʘʜʘ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ, ʦʙʣʝʛʘʶʱʠʭ ʦʜʥʘ ʜʨʫʛʫʶ ʠ ʚʝʩʴʤʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʆʩʥʦʚʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʘʪʤʦʩʬʝʨʘ, 

ʛʠʜʨʦʩʬʝʨʘ, ʣʠʪʦʩʬʝʨʘ, ʤʘʥʪʠʷ. 

ɸʪʤʦʩʬʝʨʘ ð ʛʘʟʦʚʘʷ ʦʙʦʣʦʯʢʘ, ʩʦʩʪʦʷʱʘʷ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʘʟʦʪʘ ʠ 

ʢʠʩʣʦʨʦʜʘ ʩ ʧʨʠʤʝʩʷʤʠ ʚʦʜʷʥʳʭ ʧʘʨʦʚ, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʨʝʜʢʠʭ ʠ 

ʙʣʘʛʦʨʦʜʥʳʭ ʛʘʟʦʚ. 

ɻʠʜʨʦʩʬʝʨʘ ð ʚʦʜʥʘʷ ʦʙʦʣʦʯʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʨʠʨʦʜʥʳʭ ʚʦʜ. ɺʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʚʦʜʳ ʦʢʝʘʥʦʚ, ʤʦʨʝʡ, ʨʝʢ, ʘ ʪʘʢʞʝ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʥʘʩʳʱʘʶʱʠʝ ʛʦʨʥʳʝ 

ʧʦʨʦʜʳ. 

ʃʠʪʦʩʬʝʨʘ ð ʢʘʤʝʥʥʘʷ ʦʙʦʣʦʯʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʛʨʘʥʠʪʳ, ʙʘʟʘʣʴʪʳ, ʩʣʘʥʮʳ, ʧʝʩʯʘʥʠʢʠ, ʠʟʚʝʩʪʥʷʢʠ ʠ ʪ.ʜ. 

ɿʝʤʥʘʷ ʢʦʨʘ ð ʥʝʦʜʥʦʨʦʜʥʘʷ ʧʦ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʠ ʩʦʩʪʘʚʫ 

ʚʝʨʭʥʷʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ, ʚʢʣʶʯʘʶʱʘʷ ʣʠʪʦʩʬʝʨʫ, ʛʠʜʨʦʩʬʝʨʫ, ʘʪʤʦʩʬʝʨʫ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʝʤʥʦʡ ʢʦʨʳ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʘʚ 

ʪʚʝʨʜʦʡ ʟʝʤʥʦʡ ʢʦʨʳ (ʣʠʪʦʩʬʝʨʳ). ʅʘ ʜʦʣʶ ʛʠʜʨʦʩʬʝʨʳ ʧʨʠʭʦʜʷʪʩʷ ʝʜʠʥʠʮʳ 

ʧʨʦʮʝʥʪʦʚ, ʘ ʘʪʤʦʩʬʝʨʳ ð ʩʦʪʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʘ ʦʪ ʤʘʩʩʳ ʣʠʪʦʩʬʝʨʳ. 

ʄʘʥʪʠʷ ð ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ, ʨʘʩʧʦʣʘʛʘʶʱʘʷʩʷ ʤʝʞʜʫ ʟʝʤʥʦʡ ʢʦʨʦʡ ʠ 

ʷʜʨʦʤ. ɽʝ ʛʨʘʥʠʮʘ ʩ ʢʦʨʦʡ ʧʨʦʭʦʜʠʪ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʄʦʭʦʨʦʚʠʯʠʯʘ, ʢʦʪʦʨʘʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʟʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ð ʩ 6,6-7,7 ʜʦ 7,9ð8,2 ʢʤ/ʩ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥʘ 

ʩʦʩʪʦʠʪ ʠʟ ʪʷʞʝʣʳʭ ʤʠʥʝʨʘʣʦʚ, ʙʦʛʘʪʳʭ ʤʘʛʥʠʝʤ ʠ ʞʝʣʝʟʦʤ. 

ɹʠʦʩʬʝʨʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʛʦʚʦʨʷ ʦ ʙʠʦʩʬʝʨʝ, ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʦʩʦʙʫʶ 

ʦʙʦʣʦʯʢʫ ɿʝʤʣʠ, ʚ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʶʪ ʞʠʚʳʝ (ʞʠʚʦʪʥʳʝ ʠ ʨʘʩʪʠʪʝʣʴʥʳʝ) 

ʦʨʛʘʥʠʟʤʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʠʭ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. ɺ 

ʙʠʦʩʬʝʨʫ ʚʭʦʜʷʪ ʥʘʩʝʣʝʥʥʳʝ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʘʪʤʦʩʬʝʨʘ, ʛʠʜʨʦʩʬʝʨʘ, 

ʯʘʩʪʴ ʣʠʪʦʩʬʝʨʳ. ɹʠʦʩʬʝʨʘ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʝʡ ʠʟ ʠʟʚʝʩʪʥʳʭ ʙʠʦʢʦʩʥʳʭ 

ʩʠʩʪʝʤ. 
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ɺʳʚʝʪʨʠʚʘʥʠʝ ð ʧʨʦʮʝʩʩ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʢ ʫʩʣʦʚʠʷʤ ʙʠʦʩʬʝʨʳ 

ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʛʣʫʙʠʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʥʦ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʚ ʢʦʪʦʨʦʡ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʵʪʠ ʧʦʨʦʜʳ, ʤʠʥʝʨʘʣʳ ʧʨʠ ʠʭ ʧʦʧʘʜʘʥʠʠ ʚ ʟʦʥʫ ʚʳʚʝʪʨʠʚʘʥʠʷ.  

ɹʦʣʴʰʫʶ ʨʦʣʴ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʮʝʩʩʝ ʠʛʨʘʶʪ ʞʠʚʦʪʥʳʝ ʠ 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ. ʋʩʣʦʚʥʦ ʚʳʚʝʪʨʠʚʘʥʠʝ ʨʘʟʜʝʣʷʶʪ ʥʘ: ʬʠʟʠʯʝʩʢʦʝ, 

ʭʠʤʠʯʝʩʢʦʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʝ. ɺ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʦʜʥʦʛʦ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʠʧʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ. 

ʉʝʜʠʤʝʥʪʘʮʠʷ ð ʦʙʨʘʟʦʚʘʥʠʝ ʚʩʝʭ ʚʠʜʦʚ ʦʩʘʜʢʦʚ (ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʝ) ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʦʢʫʧʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʙʠʦʩʬʝʨʝ. 

ɼʠʘʛʝʥʝʟ ð ʧʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʦʩʘʜʢʦʚ ʚ ʛʦʨʥʳʝ ʧʦʨʦʜʳ (ʩʤ. ʥʠʞʝ). 

ʕʧʠʛʝʥʝʟ ð ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʛʦʨʥʦʡ 

ʧʦʨʦʜʝ. ʈʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʠ ʜʘʞʝ ʩʘʤ ʪʝʨʤʠʥ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʪʨʘʢʪʫʝʪʩʷ ʥʝʦʜʥʦʟʥʘʯʥʦ. 

ʄʝʪʘʤʦʨʬʠʟʤ ʛʦʨʥʳʭ ʧʦʨʦʜ ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʥʝʥʠʷ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʟʘ ʧʨʝʜʝʣʘʤʠ ʟʦʥ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʚ ʙʦʣʝʝ ʛʣʫʙʠʥʥʳʭ ʟʦʥʘʭ). 

ʉʪʝʧʝʥʴ ʠʟʤʝʥʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʜʘʚʣʝʥʠʝʤ ʠ 

ʩʦʜʝʨʞʘʥʠʝʤ ʚʝʱʝʩʪʚ, ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʙʳʯʥʦ 

ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʤʝʪʘʤʦʨʬʠʟʤʘ: ʨʝʛʠʦʥʘʣʴʥʳʡ, ʢʦʥʪʘʢʪʦʚʳʡ ʠ 

ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤ. ɺʩʝ ʦʥʠ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʄʠʥʝʨʘʣ ð ʵʪʦ, ʧʦ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʤʫ, ʬʠʟʠʯʝʩʢʠ ʠʣʠ ʭʠʤʠʯʝʩʢʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʦʜʫʢʪ ʟʝʤʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʭʠʤʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. 

ɻʦʨʥʳʝ ʧʦʨʦʜʳ ð ʧʣʦʪʥʳʝ ʠʣʠ ʨʳʭʣʳʝ ʘʛʨʝʛʘʪʳ, ʩʣʘʛʘʶʱʠʝ ʟʝʤʥʫʶ 

ʢʦʨʫ. ʆʥʠ ʤʦʛʫʪ ʩʦʩʪʦʷʪʴ ʠʟ ʦʜʥʦʨʦʜʥʳʭ ʠ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʦʙʣʦʤʢʦʚ 

ʜʨʫʛʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʉʨʝʜʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʳʜʝʣʷʶʪʩʷ ʤʘʛʤʘʪʠʯʝʩʢʠʝ, 

ʦʩʘʜʦʯʥʳʝ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ. 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ð ʵʪʦ ʧʦʨʦʜʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʠʟ ʤʘʛʤʳ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʝ ʦʭʣʘʞʜʝʥʠʷ ʠ ʟʘʪʚʝʨʜʝʚʘʥʠʷ. ʆʩʪʳʚʰʠʝ ʥʘ ʛʣʫʙʠʥʝ ʥʘʟʳʚʘʶʪʩʷ 

ʠʥʪʨʫʟʠʚʥʳʤʠ, ʘ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʣʠʚʘʥʠʷ ʨʘʩʧʣʘʚʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ð ʵʬʬʫʟʠʚʥʳʤʠ. 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʢʨʝʤʥʝʟʝʤʘ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʢʠʩʣʳʝ (80ð60% SiO2), ʩʨʝʜʥʠʝ (ʦʢʦʣʦ 60% SiO2) ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ (ʤʝʥʝʝ 

45% SiO2). 

ʆʩʘʜʦʯʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ð ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ ʠʟ ʚʦʜ; ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ; ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʛʨʫʧʧʳ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ: ʛʣʠʥʠʩʪʳʝ, ʧʝʩʯʘʥʳʝ ʠ 

ʢʘʨʙʦʥʘʪʥʳʝ. ʆʥʠ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 95 ʜʦ 99% ʦʙʱʝʡ ʤʘʩʩʳ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʟʘʥʠʤʘʝʤʳʭ ʠʤʠ ʦʙʲʝʤʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 5:3:2. 

ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ð ʵʪʦ ʧʦʨʦʜʳ, ʧʨʝʪʝʨʧʝʚʰʠʝ 
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ʠʟʤʝʥʝʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʤʦʨʬʠʟʤʘ. ʂ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ 

ʦʪʥʦʩʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʣʘʥʮʳ, ʛʥʝʡʩʳ, ʨʦʛʦʚʠʢʠ, ʩʢʘʨʥʳ ʠ ʪ.ʧ. 

ʂʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʧʦ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʫ,ð ʵʪʦ ʨʳʭʣʳʝ ʧʨʦʜʫʢʪʳ 

ʠʟʤʝʥʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʦʜ ʧʦʯʚʦʡ ʟʘ ʩʯʝʪ ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ 

ʥʝʝ ʨʘʩʪʚʦʨʦʚ. ɼʣʷ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ 

ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʠ ʛʠʜʨʘʪʘʮʠʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʠʦʛʝʥʥʦʡ ʘʢʢʫʤʫʣʷʮʠʠ 

ʵʣʝʤʝʥʪʦʚ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʩʪʝʥʠʡ (ʇʝʨʝʣʴʤʘʥ, 1989). 

ʇʦʣʝʟʥʦʝ ʠʩʢʦʧʘʝʤʦʝ ð ʧʨʠʨʦʜʥʦʝ ʚʝʱʝʩʪʚʦ, ʧʨʠʛʦʜʥʦʝ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʨʝʜʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʚʳʜʝʣʷʶʪʩʷ ʨʫʜʥʳʝ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʛʦʨʶʯʠʝ (ʢʘʫʩʪʦʙʠʦʣʠʪʳ), 

ʛʠʜʨʦʤʠʥʝʨʘʣʴʥʳʝ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ð ʫʯʘʩʪʢʠ ʟʝʤʥʦʡ ʢʦʨʳ, 

ʤʠʥʝʨʘʣʴʥʦʝ ʚʝʱʝʩʪʚʦ ʢʦʪʦʨʳʭ ʧʦ ʢʦʣʠʯʝʩʪʚʫ, ʢʘʯʝʩʪʚʫ ʠ ʫʩʣʦʚʠʷʤ ʟʘʣʝʛʘʥʠʷ 

ʧʨʠ ʜʘʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʢʦʥʲʶʥʢʪʫʨʝ ʧʨʠʛʦʜʥʦ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʈʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʛʝʥʝʟʠʩʝ, ʤʦʨʬʦʣʦʛʠʠ, ʚʝʱʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʠ 

ʧʨʠʤʝʥʝʥʠʠ ʨʫʜ.  

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʧʦ 

ʢʦʪʦʨʳʤ ʚʳʜʝʣʷʶʪʩʷ ʵʥʜʦʛʝʥʥʳʝ (ʩʚʷʟʘʥʳ ʩ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʝʡ ɿʝʤʣʠ), 

ʵʢʟʦʛʝʥʥʳʝ (ʩʚʷʟʘʥʳ ʩ ʚʥʝʰʥʝʡ ʵʥʝʨʛʠʝʡ ʉʦʣʥʮʘ) ʠ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʉʨʝʜʠ ʧʝʨʚʳʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠ 

ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʝ, ʚ ʦʩʥʦʚʥʦʤ ð ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʦʜʚʠʞʝʥʠʝʤ ʥʘʛʨʝʪʳʭ ʚʦʣ. ʉʨʝʜʠ ʵʢʟʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʚʳʜʝʣʷʶʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʦʙʳʯʥʦ ʦʥʠ ʩʚʷʟʘʥʳ ʩ 

ʢʦʨʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ) ʠ ʦʩʘʜʦʯʥʳʝ. ʆʩʘʜʦʯʥʳʝ, ʦʙʨʘʟʫʶʪʩʷ ʪʝʣʘʤʠ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʤʠ 

ʦʩʘʜʢʘʤʠ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ð ʵʪʦ ʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ (ʠʭ 

ʩʦʝʜʠʥʝʥʠʷ), ʧʦ ʠʟʤʝʥʝʥʠʷʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʨʘʟʥʳʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʷʭ 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʣʘʥʜʰʘʬʪʘ) ʚʝʜʫʪʩʷ ʧʦʠʩʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʩʥʦʚʥʳʤ 

ʭʠʤʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ, ʩʣʘʛʘʶʱʠʤ ʪʝʣʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʥʘʟʳʚʘʶʪ 

ʧʨʷʤʳʤʠ.  

ʀʥʜʠʢʘʪʦʨʳ, ʥʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʫ ʪʝʣ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʥʦ 

ʯʘʩʪʦ ʷʚʣʷʶʱʠʝʩʷ çʩʧʫʪʥʠʢʘʤʠè ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʣʠ ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʥʠʤʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ, ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʢʦʩʚʝʥʥʳʭ 

ʠʥʜʠʢʘʪʦʨʦʚ. 

ʐʣʠʭ ð ʢʦʥʮʝʥʪʨʘʪ ʪʷʞʝʣʳʭ ʤʠʥʝʨʘʣʦʚ, ʧʦʣʫʯʘʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʤʳʚʢʠ ʨʳʭʣʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʠʟʤʝʣʴʯʝʥʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʣʠ 

ʢʘʢʠʭ-ʣʠʙʦ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ʂʣʘʨʢʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ (ʢʣʘʨʢ) ð ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ 
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ʵʣʝʤʝʥʪʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʢʘʢʦʡ-ʣʠʙʦ ʝʝ ʯʘʩʪʠ ʠʣʠ ɿʝʤʣʝ ʚ ʮʝʣʦʤ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ) ʨʝʰʝʪʢʘ ð ʟʘʢʦʥʦʤʝʨʥʘʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʟʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʘʪʦʤʘʤʠ, ʠʦʥʘʤʠ, ʤʦʣʝʢʫʣʘʤʠ, 

ʟʘʧʦʣʥʷʶʱʠʤʠ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʉʭʝʤʘʪʠʯʝʩʢʠ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. 

ɸʪʦʤʥʳʝ (Ra) ʠ ʠʦʥʥʳʝ (Ri) ʨʘʜʠʫʩʳ ʚʳʨʘʞʘʶʪ ʨʘʟʤʝʨʳ ʨʘʜʠʫʩʦʚ 

ʥʝʩʢʦʣʴʢʦ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʭ ʰʘʨʦʚʠʜʥʳʭ ʘʪʦʤʦʚ ʠ ʠʦʥʦʚ. ɼʣʷ ʠʭ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʠʦʥʥʦʛʦ 

(ʘʪʦʤʥʦʛʦ) ʨʘʜʠʫʩʘ ʠ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʢʘʭ. ʅʘ 

ʦʩʥʦʚʝ ʮʝʣʦʛʦ ʨʷʜʘ ʩʧʝʮʠʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʤʝʨʳ F
-
, ʆ

2-
 

ʠ ʝʱʝ ʥʝʩʢʦʣʴʢʠʭ ʠʦʥʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ.  

ʈʘʩʯʝʪʳ ʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʜʘʣʠ ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʠʝ ʜʨʫʛ ʢ ʜʨʫʛʫ 

ʚʝʣʠʯʠʥʳ. ʀʤʠ ʫʩʧʝʰʥʦ ʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʦʩʪʨʦʝʥʠʷʭ ʠ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʝʡʰʠʭ ʧʨʦʮʝʩʩʦʚ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʠ 

ʛʝʦʭʠʤʠʠ ɺ.ʄ. ɻʦʣʴʜʰʤʠʜʪ ʠ ɸ.ɽ. ʌʝʨʩʤʘʥ, ʘ ʚʩʣʝʜ ʟʘ ʥʠʤʠ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʛʝʦʭʠʤʠʢʦʚ. ʀ ʭʦʪʷ ʨʘʜʠʫʩʳ ʠʦʥʦʚ ʥʝ ʷʚʣʷʶʪʩʷ ʪʦʯʥʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʢʦʥʩʪʘʥʪʘʤʠ, ʚʩʝ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʛʝʦʭʠʤʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʚʦʜʳ 

ʝʝ ʦʩʥʦʚʘʪʝʣʝʡ ʦʙ ʦʛʨʦʤʥʦʤ, ʦʧʨʝʜʝʣʷʶʱʝʤ ʟʥʘʯʝʥʠʠ ʵʪʠʭ ʚʝʣʠʯʠʥ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʪʨʫʢʪʫʨ ʩ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʴʶ, ʘ ʪʘʢʞʝ 

ʢʦʥʮʝʧʮʠʶ ʠʦʥʥʦ-ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ ɺ.ʀ. ʃʝʙʝʜʝʚʘ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ, 

ʢʘʪʠʦʥʳ ʜʦʣʞʥʳ ʙʳʪʴ ʙʦʣʴʰʝ ʘʥʠʦʥʦʚ; ʦʙʲʝʤʳ, ʟʘʥʠʤʘʝʤʳʝ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

ʢʠʩʣʦʨʦʜʦʤ (ʩʝʡʯʘʩ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʥ ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ 92% ʝʝ ʦʙʲʝʤʘ), ʜʦʣʞʥʳ 

ʨʝʟʢʦ ʫʤʝʥʴʰʘʪʴʩʷ; ʧʦʜ ʩʦʤʥʝʥʠʝ ʩʪʘʚʠʪʩʷ ʪʝʦʨʠʷ ʧʣʦʪʥʝʡʰʝʡ ʫʧʘʢʦʚʢʠ 

ʚʝʱʝʩʪʚʘ ʠ ʪ.ʜ. 

ɺʝʣʠʯʠʥʳ ʨʘʜʠʫʩʦʚ ʠʦʥʦʚ ʟʘʢʦʥʦʤʝʨʥʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʪʘʙʣʠʮʝ ʄʝʥʜʝʣʝʝʚʘ: ʚ ʧʨʝʜʝʣʘʭ ʛʨʫʧʧ ʦʥʠ ʚʦʟʨʘʩʪʘʶʪ 

ð ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ; ʚ ʨʷʜʘʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʘʣʝʥʪʥʦʩʪʠ 

ʢʘʪʠʦʥʘ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʘʣʝʥʪʥʦʩʪʠ ʘʥʠʦʥʘ ʚʦʟʨʘʩʪʘʶʪ; ʧʦ 

ʜʠʘʛʦʥʘʣʠ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʨʘʟʤʝʨʳ (ʧʨʘʚʠʣʦ ʜʠʘʛʦʥʘʣʴʥʳʭ ʨʷʜʦʚ ɸ.ɽ. 

ʌʝʨʩʤʘʥʘ). ʂʨʦʤʝ ʪʦʛʦ, ʚʝʣʠʯʠʥʳ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʷʶʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ. 

ʀʦʥʥʳʝ ʨʘʜʠʫʩʳ ʚʟʷʪʳ ʟʘ ʦʩʥʦʚʫ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʪʘʢʠʭ ʚʘʞʥʝʡʰʠʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ ʠʦʥʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʂʘʨʪʣʝʜʞʘ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʝʨʩʤʘʥʘ. ʆʥʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ, ʠʭ ʪʚʝʨʜʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ 

ʢʠʧʝʥʠʷ. ʀʤʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʠ ʵʥʝʨʛʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ 

ʤʠʥʝʨʘʣʦʚ. ʆʪ ʨʘʜʠʫʩʦʚ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ, ʠʭ ʤʠʛʨʘʮʠʦʥʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʟʦʥʘʣʴʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʦʥʦʚ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʜʘʥʥʳʤ ʠʦʥʦʤ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʦ ʨʘʚʥʦ 3, 4, 6, 8. ʆʙʳʯʥʦ ʵʪʦ ʯʠʩʣʦ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ 

ʤʝʥʴʰʝ ʨʘʟʣʠʯʘʶʪʩʷ ʨʘʜʠʫʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʠʦʥʦʚ. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʨʘʜʠʫʩʘʭ ʠʦʥʦʚ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʢʘʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʨʘʚʥʷʝʪʩʷ 
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12. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠ ʨʘʟʤʝʨʳ ʠʦʥʦʚ ʚ ʢʦʥʢʨʝʪʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʢʘʭ 

ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ. ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʯʠʩʣʦʤ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʦʥʦʚ. 

ʇʦʣʷʨʠʟʘʮʠʷ (ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʝʬʦʨʤʠʨʫʝʤʦʩʪʴ ʘʪʦʤʦʚ 

ʠʣʠ ʠʦʥʦʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. 

ʆʙʳʯʥʦ ʨʘʟʣʠʯʘʶʪ ʘʢʪʠʚʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ (Ŭ) ð ʩʧʦʩʦʙʥʦʩʪʴ ʠʦʥʦʚ 

ʜʝʬʦʨʤʠʨʦʚʘʪʴ çʯʫʞʠʝè ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʦʣʦʯʢʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʵʪʦʤ ʠʩʧʳʪʳʚʘʶʪ 

ʧʘʩʩʠʚʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ, ʠʣʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴ (ɓ). ɺʝʣʠʯʠʥʘ ʜʝʬʦʨʤʘʮʠʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʮʝʣʳʤ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: 

1) ʨʘʟʤʝʨʳ ʠʦʥʥʳʭ (ʘʪʦʤʥʳʭ) ʨʘʜʠʫʩʦʚ ð ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ 

ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ; 

2) ʚʘʣʝʥʪʥʦʩʪʴ (ʟʘʨʷʜ ʠʦʥʘ) ð ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʘʢʪʠʚʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ; 

3) ʪʠʧ ʩʪʨʦʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ ð ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ 

ʯʠʩʣʘ, ʪ.ʝ. ʩʠʤʤʝʪʨʠʠ ʨʝʰʝʪʢʠ, ʷʚʣʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʦʩʣʘʙʝʚʘʝʪ. 

 

ʉʫʤʤʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʘʢʪʠʚʥʦʡ ʠ ʧʘʩʩʠʚʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʧʦ ɸ.ɽ. 

ʌʝʨʩʤʘʥʫ, ʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ: 

Á ʫʤʝʥʴʰʘʝʪ ʨʘʜʠʫʩʳ ʠʦʥʦʚ, ʩʙʣʠʞʘʝʪ ʫʟʣʦʚʳʝ ʨʘʩʩʪʦʷʥʠʷ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ, ʪʝʤ ʩʘʤʳʤ ʫʢʨʝʧʣʷʝʪ ʨʝʰʝʪʢʠ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʵʥʝʨʛʠʠ; 

Á ʧʦʥʠʞʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ, ʪʝʤʧʝʨʘʪʫʨʫ ʠʭ ʢʠʧʝʥʠʷ, 
ʧʣʘʚʣʝʥʠʷ ʠ ʩʫʙʣʠʤʘʮʠʠ, ʧʦʚʳʰʘʝʪ ʣʝʪʫʯʝʩʪʴ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ; 

Á ʫʚʝʣʠʯʠʚʘʝʪ ʮʚʝʪʥʦʩʪʴ, ʥʝʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʤʝʪʘʣʣʠʯʥʦʩʪʴ ʦʢʨʘʩʢʠ 
ʩʦʝʜʠʥʝʥʠʡ; 

Á ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʦʪ ʠʦʥʥʦʡ ʩʚʷʟʠ ʢ ʜʨʫʛʠʤ ʝʝ ʪʠʧʘʤ; 
Á ʫʩʠʣʠʚʘʝʪ ʬʦʪʦʭʠʤʠʯʝʩʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʷʨʠʟʘʮʠʷ ʜʝʣʘʝʪ ʩʦʝʜʠʥʝʥʠʷ ʤʝʥʝʝ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ 

ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʫʩʠʣʠʚʘʝʪ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʨʷʜ ʩʚʦʡʩʪʚ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ (ʦʢʨʘʩʢʘ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ). 

ɸʪʦʤʥʳʡ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘ ð ʯʘʩʪʥʦʝ ʦʪ ʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʘʪʦʤʥʦʡ 

ʤʘʩʩʳ ʵʣʝʤʝʥʪʘ ʥʘ ʝʛʦ ʧʣʦʪʥʦʩʪʴ (ʦʙʲʝʤ, ʟʘʥʠʤʘʝʤʳʡ 1 ʤʦʣʝʤ ʵʣʝʤʝʥʪʘ ʚ 

ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ). ʕʪʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ʚ ʛʝʦʭʠʤʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ. ʆʜʥʘʢʦ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʩʣʫʞʠʣʘ 

ʦʩʥʦʚʦʡ ʜʣʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʈʠʩ. 3). 
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ʈʠʩ. 3 ʂʨʠʚʘʷ ʘʪʦʤʥʳʭ ʦʙʲʝʤʦʚ 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (ʕʂ), ʚʚʝʜʝʥʥʳʝ ʚ ʥʘʫʢʫ ɸ.ɽ. 

ʌʝʨʩʤʘʥʦʤ, ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʚʝʣʠʯʠʥʘʭ ʨʘʜʠʫʩʦʚ ʠʦʥʦʚ ʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʚʘʞʥʝʡʰʠʤ ʧʦʥʷʪʠʷʤ ʚ ʛʝʦʭʠʤʠʠ. ʀʭ ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʳʤ ʌʝʨʩʤʘʥʦʤ ʬʦʨʤʫʣʘʤ, ʢʦʪʦʨʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʛʩʪʨʝʤʦʚ 

ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 
ɽʩʣʠ ʞʝ ʨʘʟʤʝʨʳ ʨʘʜʠʫʩʦʚ ʚʳʨʘʞʘʪʴ ʚ ʥʘʥʦʤʝʪʨʘʭ, ʪʦ ʬʦʨʤʫʣʳ ʙʫʜʫʪ 

ʚʳʛʣʷʜʝʪʴ ʪʘʢ: 

 
ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ð ʚʝʣʠʯʠʥʳ ʙʝʟʨʘʟʤʝʨʥʳʝ, ʦʜʥʘʢʦ, 

ʫʤʥʦʞʠʚ ʠʭ ʥʘ 1071,74, ʧʦʣʫʯʘʝʤ ʢʠʣʦʜʞʦʫʣʠ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʪʦ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʘʡ ʵʥʝʨʛʠʠ (ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʠʦʥʘ), ʢʦʪʦʨʳʡ ʚʥʦʩʠʪʩʷ 

ʢʘʞʜʳʤ ʠʦʥʦʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ. 

ʇʦʩʣʝ ʩʤʝʨʪʠ ʌʝʨʩʤʘʥʘ (1945) ʥʘʩʪʫʧʠʣ ʜʦʚʦʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ 

ʧʝʨʠʦʜ çʨʝʚʠʟʠʡè ʠ ʜʘʞʝ çʥʝʧʨʠʷʪʠʷè ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʤ ʛʝʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ.  

ɸʥʘʣʠʟʠʨʫʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʦʚʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʫʚʝʨʝʥʥʦ ʛʦʚʦʨʠʪʴ, 

ʯʪʦ ʕʂ ʷʚʣʷʶʪʩʷ (ʢʘʢ ʠ ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʠʭ ʨʘʩʯʝʪʘ) ʢʘʢ ʙʳ 

çʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠè ʧʦʢʘʟʘʪʝʣʷʤʠ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦ, 

ʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʥʷʪʠʷ ʩʫʪʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ 
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ʠʦʥʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ, ʘ ʢʘʪʠʦʥʳ ʣʝʛʢʦ ʧʝʨʝʭʦʜʷʪ ʚ ʧʨʠʨʦʜʥʳʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, 

ʪ.ʝ. ʩʪʘʥʦʚʷʪʩʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʦʪ 3 ʜʦ 12 

ʦʙʨʘʟʫʶʪʩʷ ʩʣʦʞʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʠʦʥʳ, ʧʣʦʭʦʨʘʩʪʚʦʨʷʝʤʳʝ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ. ɽʩʣʠ ʧʦʪʝʥʮʠʘʣ ʂʘʨʪʣʝʜʞʘ ʙʦʣʴʰʝ 12, ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ 

ʢʠʩʣʦʨʦʜʦʩʦʜʝʨʞʘʱʠʝ ʠ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʝ ʘʥʠʦʥʳ ʪʠʧʘ ʉʆ3
2-

 ʠ SO4
2-

. 

ʂʨʝʤʥʠʡ ʠ ʤʦʣʠʙʜʝʥ ʯʘʩʪʦ ʚʳʜʝʣʷʶʪ ʚ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʛʨʫʧʧʫ (Z/Ri=9,5... 12). 
ʇʦ ʚʝʣʠʯʠʥʝ ʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʣʝʛʢʦ ʫʩʪʘʥʦʚʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

ʠʦʥʦʚ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʠʭ ʧʦʚʝʜʝʥʠʝ ʚ ʙʠʦʩʬʝʨʝ. ʏʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ, ʯʪʦ, 

ʟʥʘʷ ʠʦʥʥʳʝ ʧʦʪʝʥʮʠʘʣʳ, ʤʦʞʥʦ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʦʧʨʝʜʝʣʠʪʴ 

ʧʦʚʝʜʝʥʠʝ ʛʠʜʨʘʪʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʱʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʭ 

ʫʩʣʦʚʠʡ (ʊʘʙʣʠʮʘ 2). ʕʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʩʦʙʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʩʚʷʟʠ ʩ 

ʪʝʭʥʦʛʝʥʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ʨʝʜʢʠʤʠ ʠ ʨʘʩʩʝʷʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 
ʊʘʙʣʠʮʘ 2 

ʉʚʷʟʠ ʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʦʩʘʞʜʘʝʤʦʝʤʦʩʪʠ ʛʠʜʨʘʪʦʚ ʧʨʠ ʨʘʟʥʳʭ ʨʅ (ʧʦ 

ɸ.ɽ. ʌʝʨʩʤʘʥʫ) 

ʕʣʝʤʝʥʪ Zr Tn
+4

 Ce
4+

 Se Yb Dy Tb 

ʂʘʨʪʣʴ 4,6 3,6 3,9 3,6 3,0 2,8 2,7 

pʅ 2 - 3,5 - - - - 

ʕʣʝʤʝʥʪ Y Sm Gd Nd Pr Ce
+3

 U
+3

 Mg 

ʂʘʨʪʣʴ 2,8 2,65 2,7 2,6 2,6 2,5 2,5 2,6 

ʨʅ 6,8 - - 7,0 - 7,4 8,4 10,5 

 

ʀʦʥʳ ʩ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ 

ʧʦʣʷʨʠʟʘʪʦʨʘʤʠ ʜʨʫʛʠʭ ʠʦʥʦʚ, ʢʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʥʠʭ ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʝʥ ʧʨʦʮʝʩʩ 

ʛʠʜʨʘʪʘʮʠʠ. 
ʕʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ð ʵʪʦ ʵʥʝʨʛʠʷ, ʩ ʢʦʪʦʨʦʡ ʧʨʠʪʷʛʠʚʘʶʪʩʷ 

ʜʘʥʥʳʤ ʘʪʦʤʦʤ ʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʥʳ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʘʪʦʤʘʤʠ. ɺ 

ʩʦʚʨʝʤʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʵʪʦ ʧʦʥʷʪʠʝ ʙʳʣʦ ʚʚʝʜʝʥʦ ʚ ʥʘʫʢʫ ʚ 1932 ʛ. ʃ. 

ʇʦʣʠʥʛʦʤ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠ ʘʙʩʦʣʶʪʥʳʭ 

ʚʝʣʠʯʠʥ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ. ɸ.ʉ. ʇʦʚʘʨʝʥʥʳʭ ʧʨʝʜʣʦʞʠʣ ʜʣʷ ʵʪʦʛʦ 

ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ: 

 
ʛʜʝ:  

Jn ð ʧʦʪʝʥʮʠʘʣ ʠʦʥʠʟʘʮʠʠ ʘʪʦʤʘ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʘʣʝʥʪʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ;  

n ð ʚʘʣʝʥʪʥʦʩʪʴ ʠʦʥʘ;  

Fð ʩʨʦʜʩʪʚʦ ʢ ʵʣʝʢʪʨʦʥʫ. 
 

ʇʦ ʨʘʟʥʠʮʝ ʚʝʣʠʯʠʥ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʠʦʥʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʴ 

ʢʦʚʘʣʝʥʪʥʦʡ ʠ ʠʦʥʥʦʡ ʩʚʷʟʠ ʚ ʦʙʨʘʟʫʝʤʦʤ ʠʤʠ ʩʦʝʜʠʥʝʥʠʠ. ʀʩʭʦʜʷ ʠʟ ʩʤʳʩʣʘ, 

ʚʢʣʘʜʳʚʘʝʤʦʛʦ ʚ ʧʦʥʷʪʠʝ çʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴè, ʩʣʝʜʫʝʪ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ 

ʨʘʟʥʦʩʪʴ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʝ, 

ʪʝʤ ʙʦʣʴʰʝ ʜʦʣʷ ʠʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʦʛʦ ʤʝʥʷʝʪʩʷ 
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ʮʝʣʳʡ ʨʷʜ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ 

ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʨʛʘʥʠʟʤʦʚ.  

ɼʣʷ ʙʳʩʪʨʦʛʦ ʨʘʩʯʝʪʘ ʜʦʣʠ ʠʦʥʥʦʡ ʠ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʩʪʘʚʣʝʥʥʫʶ ɸ.ʉ. ʇʦʚʘʨʝʥʥʳʭ ʥʦʤʦʛʨʘʤʤʫ. ʊʘʢ, 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʂ = 100, ʉ1 ð 460, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʩʪʘʚʠʪ 360. ʇʦ 

ʥʦʤʦʛʨʘʤʤʝ (ʈʠʩ. 4) ʦʧʨʝʜʝʣʷʝʤ, ʯʪʦ ʚ ʵʪʦʤ ʩʦʝʜʠʥʝʥʠʠ ʠʦʥʥʘʷ ʩʚʷʟʴ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 70%, ʘ ʢʦʚʘʣʝʥʪʥʘʷ ð 30%. 

 
ʈʠʩ. 4 ʅʦʤʦʛʨʘʤʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʠʦʥʥʦʡ ʠ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʚ ʙʠʥʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ (ʧʦ ɸ.ʉ. ʇʦʚʘʨʝʥʥʳʭ) 

 

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʨʘʟʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʦʙʱʝʝ ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʣʘʢʦ ʩʤʝʱʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʘʪʦʤʘ ʩ 

ʙʦʣʴʰʝʡ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴʶ. ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʩʤʝʰʝʥʠʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʟʥʦʩʪʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʠ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʦʣʷʨʥʦʡ ʤʦʣʝʢʫʣʳ. 

ɺʝʱʝʩʪʚʘ, ʦʙʨʘʟʫʝʤʳʝ ʪʘʢʠʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʦʙʳʯʥʦ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʧʣʘʚʣʝʥʠʷ ʠ ʢʠʧʝʥʠʷ. ʀʭ ʨʘʩʪʚʦʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʨʘʩʧʘʜʦʤ ʥʘ ʠʦʥʳ, ʯʝʤʫ ʦʯʝʥʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʷʨʥʦʩʪʴ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʢʦʥʮʝʧʮʠʷ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʦʚʠʪʴ ʪʦʣʴʢʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʦʥʥʦʡ ʠ ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʝʡ 

ʚ ʢʨʠʩʪʘʣʣʘʭ. ʆʰʠʙʢʘ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʣʫʯʘʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʤʥʦʛʦ- ʠ 

ʨʘʟʥʦʚʘʣʝʥʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʉʘʤʠ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ 

ʟʘʢʦʥʦʤʝʨʥʦ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʪʘʙʣʠʮʝ 

ʄʝʥʜʝʣʝʝʚʘ: ʚ ʥʘʯʘʣʝ ʧʝʨʠʦʜʦʚ ʦʥʠ ʤʘʣʳ (ʪʠʧʠʯʥʳʝ ʤʝʪʘʣʣʳ), ʘ ʚ ʢʦʥʮʝ ʚʝʣʠʢʠ 

(ʪʠʧʠʯʥʳʝ ʥʝʤʝʪʘʣʣʳ), ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʳʭ ʧʦʜʛʨʫʧʧ ʦʥʠ ʫʤʝʥʴʰʘʶʪʩʷ ʩ 

ʨʦʩʪʦʤ ʟʘʨʷʜʘ ʷʜʨʘ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ 

ʤʥʦʛʠʤʠ ʛʝʦʭʠʤʠʢʘʤʠ. ʂʘʢ ʫʞʝ ʫʢʘʟʳʚʘʣʦʩʴ, ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ 

ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ɺ.ʄ. ɻʦʣʴʜʰʤʠʜʪʘ. ɺʳʜʝʣʝʥʥʳʝ ʠʤ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʪʨʘʞʘʶʪ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʦʷʭ (ʩʬʝʨʘʭ) ɿʝʤʣʠ; ʩʠʜʝʨʦʬʠʣʴʥʳʝ ʠ ʭʘʣʴʢʦʬʠʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʝʡ ʧʣʘʥʝʪʳ; ʣʠʪʦʬʠʣʴʥʳʝ ð ʜʣʷ ʣʠʪʦʩʬʝʨʳ ʠ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʤʘʥʪʠʠ; ʘʪʤʦʬʠʣʴʥʳʝ ð ʜʣʷ ʘʪʤʦʩʬʝʨʳ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʘʪʦʤʥʳʭ ʦʙʲʝʤʦʚ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦ ʛʝʦʩʬʝʨʘʤ. ʆʜʥʘʢʦ 

ʤʥʦʛʠʝ ʵʣʝʤʝʥʪʳ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺ.ʄ. ɻʦʣʴʜʰʤʠʜʪʘ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢ 

ʥʝʩʢʦʣʴʢʠʤ ʛʨʫʧʧʘʤ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɾʝʣʝʟʦ, ʥʘʭʦʜʷʩʴ ʫ çʤʠʥʠʤʫʤʘè ʢʨʠʚʦʡ, 

ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʜʝʨʦʬʠʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ, ʘ ʪʘʢ ʢʘʢ ʵʪʦ çʥʠʩʭʦʜʷʱʘʷ ʚʝʪʚʴ 

ʢʨʠʚʦʡè, ʪʦ ʦʥʦ ʤʦʞʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʣʠʪʦʬʠʣʴʥʳʤ. ʊʘʢʠʭ ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʦʯʝʥʴ ʤʥʦʛʦ, ʵʪʦ ʦʪʨʘʞʘʝʪ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʨʠʨʦʜʝ, ʥʦ ʩʦʟʜʘʝʪ 

ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʆʧʨʝʜʝʣʝʥʥʳʝ 

ʪʨʫʜʥʦʩʪʠ ʩʚʷʟʘʥʳ ʠ ʩ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ. 

ɹʦʣʝʝ ʜʨʦʙʥʦʝ ʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ 

(ʊʘʙʣʠʮʘ 3), ʚ ʢʦʪʦʨʦʡ ʵʣʝʤʝʥʪʳ ʨʘʟʜʝʣʝʥʳ ʥʘ ʰʝʩʪʴ ʛʨʫʧʧ.  

ɺ ʧʝʨʚʫʶ (ʙʣʘʛʦʨʦʜʥʳʝ ʛʘʟʳ) ʠ ʚʪʦʨʫʶ (ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ) 

ʦʙʲʝʜʠʥʝʥʳ 12 ʵʣʝʤʝʥʪʦʚ, ʜʫʰ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʘʤʦʨʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʠ ʥʝ 

ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ.  

ʂ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ (ʮʠʢʣʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ) ʦʪʥʝʩʝʥʦ ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ 

ʵʣʝʤʝʥʪʦʚ ð 44, ʚʩʝ ʦʥʠ ʫʯʘʩʪʚʫʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʘʭ.  

ɺ ʯʝʪʚʝʨʪʫʶ ʛʨʫʧʧʫ ʦʙʲʝʜʠʥʝʥʳ 11 ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʚ ʣʠʪʦʩʬʝʨʝ 

ʭʘʨʘʢʪʝʨʥʦ ʩʦʩʪʦʷʥʠʝ ʨʘʩʩʝʷʥʠʷ.  

ɺ ʧʷʪʦʡ ʛʨʫʧʧʝ ʥʘʭʦʜʷʪʩʷ 7 ʩʠʣʴʥʦ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʰʝʩʪʦʡ ð 15 ʵʣʝʤʝʥʪʦʚ ʨʝʜʢʠʭ ʟʝʤʝʣʴ. 

ʊʘʙʣʠʮʘ 3 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ (ʧʦ ʜʘʥʥʳʤ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ) 

ʅʘʟʚʘʥʠʝ ʛʨʫʧʧʳ ʕʣʝʤʝʥʪʳ n 

ɹʣʘʛʦʨʦʜʥʳʝ ʛʘʟʳ ʅʝ, ˉ, ɸʛ, ʂʛ, ʍʝ 5 

ɹʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ Ru, Rh, Pd, (Os), Ir, Pt, Au 7 

ʎʠʢʣʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ 

H, Be, B, C, N,0, F, Na, Mg, AJ, Si, P, 

S, ʆ, ʂ, ʉʘ, Ti, V, (Cr), Mn, Fe, Co, 

(Ni), Cu, Zn, (Ge), As, Se, Sr, (Zr), Mo, 

Ag, Cd, (Sn), Sb, (ʊʝ), Ba, (Hf), (W), 

(Re), (Hg), (71), (Pb), (Bi) 

44 

ʈʘʩʩʝʷʥʥʳʝ ʵʣʝʤʝʥʪʳ U,Sc,Ga,Br,(Rb)1Y,{Nb)1ln,l,Cs1Ta 11 

ʕʣʝʤʝʥʪʳ ʩʠʣʴʥʦ 

ʨʘʜʠʦʘʢʪʠʚʥʳʝ 

Po, Rn, Ra, Ac, Th, Pa, U 
7 

ʕʣʝʤʝʥʪʳ ʨʝʜʢʠʭ 

ʟʝʤʝʣʴ 

U, Ce, Pr, Nd, Pm, Sm, Eu, Gd, To, Dy, 

Ho, Er, Tm, Yb, ʐ 
15 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʙʦʣʝʝ ʫʜʦʙʥʘ, ʯʝʤ ʨʘʥʝʝ 

ʨʘʩʩʤʦʪʨʝʥʥʘʷ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ. ʕʪʦʤʫ ʦʩʦʙʝʥʥʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʜʝʣʝʥʠʝ ʛʨʫʧʧ ʮʠʢʣʠʯʝʩʢʠʭ, ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠ ʨʘʩʩʝʷʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ɽʱʝ ʙʦʣʝʝ ʧʨʠʤʝʥʠʤʦʡ ʜʦʣʞʥʘ ʩʪʘʪʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʙʠʦʩʬʝʨʳ ʠ 

ʥʦʦʩʬʝʨʳ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ. 

ɺ ʦʩʥʦʚʫ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʦʞʝʥʳ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ 
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ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʠʦʩʬʝʨʝ ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ (ʈʠʩ. 5).  

ʉʥʘʯʘʣʘ ʚʩʝ ʵʣʝʤʝʥʪʳ ʇʝʨʝʣʴʤʘʥ ʨʘʟʜʝʣʠʣ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʤʠʛʨʠʨʫʶʱʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚ ʨʘʩʪʚʦʨʘʭ. ɺʦʟʜʫʰʥʳʭ 

ʤʠʛʨʘʥʪʦʚ ʚʩʝʛʦ 11 ʠ ʠʟ ʥʠʭ ʪʦʣʴʢʦ 5 ʦʪʥʦʩʷʪʩʷ ʢ ʘʢʪʠʚʥʳʤ.  

ɺʦʜʥʳʝ ʤʠʛʨʘʥʪʳ ʨʘʟʜʝʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʤʠʛʨʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ 

(KJ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ ʝʱʝ ʮʝʣʳʡ ʨʷʜ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʝʨʝʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ:  

 ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʘʪʠʦʥʳ ʠ ʘʥʠʦʥʳ;  

 ʧʦʩʪʦʷʥʥʘʷ ʠʣʠ ʧʝʨʝʤʝʥʥʘʷ ʚʘʣʝʥʪʥʦʩʪʴ;  

 ʧʦʜʚʠʞʥʦʩʪʴ (ʠʣʠ ʞʝ ʠʥʝʨʪʥʦʩʪʴ ʠ ʦʩʘʞʜʝʥʠʝ ʥʘ ʙʘʨʴʝʨʘʭ) ʚ 
ʦʢʠʩʣʠʪʝʣʴʥʦʡ, ʛʣʝʝʚʦʡ ʠʣʠ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʘʭ;  

 ʠʥʪʝʥʩʠʚʥʦʩʪʴ (ʠʥʝʨʪʥʦʩʪʴ) ʤʠʛʨʘʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ 
ʱʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ;  

 ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ;  

 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʥʘʭʦʞʜʝʥʠʝ ʚ ʩʘʤʦʨʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ;  

 ʨʦʣʴ ʙʠʦʛʝʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʚ ʠʩʪʦʨʠʠ ʵʣʝʤʝʥʪʘ. 

 

  
ʈʠʩ. 5 ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʛʠʧʝʨʛʝʥʥʦʡ ʤʫʪʘʮʠʠ (ʧʦ 

ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʫ) 
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ʄʝʭʘʥʠʯʝʩʢʘʷ ʜʝʥʫʜʘʮʠʷ ð ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʛʦʜʦʚʦʛʦ ʨʘʩʭʦʜʘ ʚʟʚʝʰʝʥʥʳʭ 

ʯʘʩʪʠʮ. ɺ ʛʝʦʣʦʛʠʠ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʠ ɸ.ʅ. ɿʘʚʘʨʠʮʢʦʛʦ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪʩʷ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʫʯʝʙʥʠʢʦʚ ʧʦ ʛʝʦʭʠʤʠʠ. 

ɼʠʬʬʫʟʠʦʥʥʘʷ ʤʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚʦʟʤʦʞʥʘ ʚ ʛʘʟʘʭ, 

ʞʠʜʢʦʩʪʷʭ, ʢʦʣʣʦʠʜʘʭ, ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʤʝʱʝʥʠʝ 

ʯʘʩʪʠʮ (ʢʦʣʣʦʠʜʦʚ, ʤʦʣʝʢʫʣ, ʘʪʦʤʦʚ, ʠʦʥʦʚ) ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʙʳʚʘʥʠʷ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʜʠʬʬʫʟʠʠ:  

1 ð ʧʦʚʝʨʭʥʦʩʪʥʫʶ, ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʶʱʫʶ ʠʥʬʠʣʴʪʨʘʮʠʶ ʠ 

ʩʚʷʟʘʥʥʫʶ ʩ ʘʜʩʦʨʙʮʠʝʡ;  

2 ð ʚʜʦʣʴ ʚʥʫʪʨʝʥʥʠʭ ʛʨʘʥʝʡ, ʠʜʫʱʫʶ ʧʨʠ ʙʦʣʴʰʠʭ ʜʘʚʣʝʥʠʷʭ; 

3 ð ʩʢʚʦʟʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʝʪʢʠ, ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʠʭ 

ʜʝʬʝʢʪʘʤʠ. 

 

ʉʢʦʨʦʩʪʴ ʠ ʜʘʣʴʥʦʩʪʴ ʜʠʬʬʫʟʠʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʨʘʟʤʝʨʘʤ 

ʜʠʬʬʫʥʜʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʠ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʪʝʤʧʝʨʘʪʫʨʝ ʩʨʝʜʳ, 

ʜʘʚʣʝʥʠʶ ʠ ʨʘʟʥʠʮʝ ʢʦʥʮʝʥʪʨʘʮʠʡ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ɸ.ʉ. ʃʦʧʫʭʦʚʘ 

ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʨʝʦʣʘ ʩʚʠʥʮʘ 

ʤʦʱʥʦʩʪʴʶ ʚ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʪʨʝʙʫʝʪʩʷ ʩʚʳʰʝ 

10 000 ʣʝʪ.  

ʂʣʠʚʘʞ ʠ ʨʘʩʩʣʘʥʮʝʚʘʥʠʝ ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʥʘ ʧʦʨʷʜʦʢ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʬʬʫʥʜʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ ʩʦ 

ʩʨʝʜʦʡ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ. 

ʀʥʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʤʠʛʨʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ð ʧʨʝʦʙʣʘʜʘʶʱʠʡ 

ʩʧʦʩʦʙ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʣʠʪʦʩʬʝʨʝ. ʇʨʦʠʩʭʦʜʠʪ ʧʨʠ 

çʩʚʦʙʦʜʥʦʤ ʧʨʦʩʘʯʠʚʘʥʠʠè ʨʘʩʪʚʦʨʦʚ ʧʦ ʦʩʣʘʙʣʝʥʥʳʤ ʟʦʥʘʤ. ʇʨʠ ʧʨʦʯʠʭ 

ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʜʘʣʴʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʠʦʥʦʚ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʭ 

ʨʘʜʠʫʩʘʤ ʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ 

ʌʝʨʩʤʘʥʘ. 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʜʝʥʫʜʘʮʠʷ - ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʛʦʜʦʚʦʛʦ ʨʘʩʭʦʜʘ ʚʟʚʝʰʝʥʥʳʭ 

ʯʘʩʪʠʮ ʚ ʩʪʚʦʨʝ ʨʝʢʠ (ʪ) ʢ ʧʣʦʱʘʜʠ ʙʘʩʩʝʡʥʘ (ʢʤ
2
). 

ʍʠʤʠʯʝʩʢʘʷ ʜʝʥʫʜʘʮʠʷ ð ʦʪʥʦʰʝʥʠʝ ʛʦʜʦʚʦʛʦ ʨʘʩʭʦʜʘ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʪʚʦʨʝ ʨʝʢʠ (ʪ) ʢ ʧʣʦʱʘʜʠ ʙʘʩʩʝʡʥʘ (ʢʤ
2
). ʀʟʤʝʨʷʝʪʩʷ, 

ʢʘʢ ʠ ʤʝʭʘʥʠʯʝʩʢʘʷ ʜʝʥʫʜʘʮʠʷ, ʜʣʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʙʘʩʩʝʡʥʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ (ʂʭ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʚʚʝʜʝʥ ɸ.ʀ. 

ʇʝʨʝʣʴʤʘʥʦʤ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ 

ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʦʩʪʘʪʢʝ ʚʦʜʳ ʢ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʚʦʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ, ʠʣʠ 

ʦʪʥʦʰʝʥʠʝ ʢ ʢʣʘʨʢʫ ʟʝʤʥʦʡ ʢʦʨʳ: 

 
ʛʜʝ:  

ʄʭ ð ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʭ ʚ ʚʦʜʝ, ʛ/ʣ;  
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ʘ ð ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʳ, ʛ/ʣ;  

nʭ ð ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʭ ʚ ʚʦʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ, ʠʣʠ ʢʣʘʨʢ, % ʧʦ 

ʤʘʩʩʝ. 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʦʜʥʦʡ ʤʠʛʨʘʮʠʠ ʤʦʞʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʜʣʷ ʟʦʥʳ 

ʛʠʧʝʨʛʝʥʝʟʘ ʚ ʮʝʣʦʤ (ʊʘʙʣʠʮʘ 4), ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʠ ʪ.ʜ.  

ɻʣʝʝʚʘʷ ʦʙʩʪʘʥʦʚʢʘ ð ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʙʝʩʩʝʨʦʚʦʜʦʨʦʜʥʘʷ ʦʙʩʪʘʥʦʚʢʘ. 

ɽʝ ʧʦʢʘʟʘʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ çʫʛʣʝʚʦʜʦʨʦʜʳ, ʨʘʩʪʚʦʨʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, Fe
2+

, H2è (ɸ.ʀ.ʇʝʨʝʣʴʤʘʥ, 1989). ɻʦʨʥʳʝ ʧʦʨʦʜʳ ʠ ʧʦʯʚʳ ʚ ʛʣʝʝʚʦʡ 

ʦʙʩʪʘʥʦʚʢʝ ʧʨʠʥʠʤʘʶʪ ʙʝʣʫʶ, ʩʠʟʫʶ, ʩʝʨʫʶ ʠ ʟʝʣʝʥʫʶ ʦʢʨʘʩʢʫ. ʇʨʠ ʧʝʨʝʭʦʜʝ 

ʚ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʦʙʩʪʘʥʦʚʢʫ (ʪ.ʝ. ʧʨʠ ʜʦʩʪʫʧʝ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ) ʦʢʨʘʩʢʘ 

ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʙʫʨʫʶ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ Fe
2+

 ʚ Fe
3+

. 
ʊʘʙʣʠʮʘ 4 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʟʦʥʳ ʛʠʧʝʨʛʝʥʝʵʘ 

ʕʣʝʤʝʥʪ 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ 
ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʦʜʥʦʡ 

ʤʠʛʨʘʮʠʠ ʂx 

ʚʦʜʘʭ (Mx (ʧʦ 

ʉ.ʃ. ʐʚʘʨʮʝʚʫ), 

ʛ/ʣ 

ʟʝʤʥʦʡ ʢʦʨʝ (ʧʦ 

ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʫ), 

% 

Cl 4.7*10
-2

 1,7*10
-2

 644 

ɺʛ 1.83*10
-4

 2,1*10
-4

 203 

I 1,61*10
-5

 4*10
-5

 99 

ʄg 1,86*10
-2

 1,87 2,3 

ʉʘ 4,3* 10
-2

 2,96 3,3 

Na 4,55*10
-2

 2,5 4.2 

F 4,5*10
-4

 6.6*10
-2

 1,6 

Zn 3,4*10
-5

 8.3* 10
-3

 0,94 

Sr 1,85-10
-4 

3,4*10 1,2 

Mo 2.06 *10
-6

 1,1*10
-4

 4,4 

ʂ 4,59 *10
-3

 2,5 0,43 

P 5,75*10
-5

 9,3*10
-2

 0,14 

ʄn 4,94*10
-5

 0,1 0,11 

Ni 3,31*10
-6

 5,8*10"
3
 0,13 

ʉu 5,58*10
-6

 4,7*10
3
 0,27 

Fe 5.47*10
-4

 4,56 0,02 

AI 2,79*10
-4

 8,05 0,008 

Ti 1,07*10
-5

 0,45 0,005 

ʉʛ 2,9*10
-6

 8,3*10
-3

 0.08 

V 2,06*10
-6

 9*10
-3

 0,05 

Zr 1,3*10
-6

 1,7*10
-2

 0,017 

Th 4,2*10
-7

 1,3*10
-3

 0,07 

 
ʉʝʨʦʚʦʜʦʨʦʜʥʘʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʣʠʯʠʝʤ H2S, HS
-
, S

2-
 ʠ ʭʘʨʘʢʪʝʨʥʳʤ ʟʘʧʘʭʦʤ ʩʝʨʦʚʦʜʦʨʦʜʘ. ʎʚʝʪ ʧʦʨʦʜ ð 
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ʯʝʨʥʳʡ, ʩʝʨʳʡ, ʨʝʞʝ ʟʝʣʝʥʳʡ. ʄʥʦʛʠʝ ʤʝʪʘʣʣʳ ʦʙʨʘʟʫʶʪ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ 

ʩʫʣʴʬʠʜʳ. 
ʆʢʠʩʣʠʪʝʣʴʥʘʷ ʢʠʩʣʦʨʦʜʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʩʚʦʙʦʜʥʦʛʦ (ʘʪʤʦʩʬʝʨʥʦʛʦ ʠʣʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ) ʢʠʩʣʦʨʦʜʘ. ʆʩʘʜʦʯʥʳʝ 

ʧʦʨʦʜʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʢʠʩʣʦʨʦʜʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʦʢʨʘʰʝʥʳ ʦʙʳʯʥʦ ʚ 

ʞʝʣʪʦʶ, ʙʫʨʫʶ ʠ ʢʨʘʩʥʫʶ ʦʢʨʘʩʢʫ, ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ Fe (III). 

 

ʕʢʦʣʦʛʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʪʝʨʤʠʥʳ ʠ ʧʦʥʷʪʠʷ 

 

ɾʠʟʥʴ ʦʨʛʘʥʠʟʤʦʚ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ 

ʦʢʨʫʞʘʶʱʠʤ ʠʭ ʢʦʩʥʳʤ ʚʝʱʝʩʪʚʦʤ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʢʘʢ ʠ ʩʘʤʘ ʞʠʟʥʴ 

ʚʩʝʭ ʦʨʛʘʥʠʟʤʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʤʠʛʨʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɽʛʦ 

ʠʟʫʯʝʥʠʝ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʨʷʜʘ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʨʤʠʥʦʚ ʠ ʧʦʥʷʪʠʡ. ʏʘʩʪʴ 

ʦʩʥʦʚʥʳʭ ʠʟ ʥʠʭ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʠʞʝ. 

ɹʠʦʢʦʩʥʳʝ ʩʠʩʪʝʤʳ ð ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʤʘʪʝʨʠʷ (ʢʦʩʥʦʝ ʚʝʱʝʩʪʚʦ) ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. 

ɼʣʷ ʥʠʭ (ʢʦʩʥʦʛʦ ʠ ʞʠʚʦʛʦ ʚʝʱʝʩʪʚʘ) ʭʘʨʘʢʪʝʨʥʳ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠ 

ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ, ʚʤʝʩʪʝ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʝʜʠʥʦʝ ʮʝʣʦʝ. 

ʆʪʢʨʳʪʠʝ ʧʝʨʚʳʭ ʙʠʦʢʦʩʥʳʭ ʩʠʩʪʝʤ (ʧʦʯʚʳ) ʩʚʷʟʘʥʦ ʩ ʨʘʙʦʪʘʤʠ ɺ.ɺ. 

ɼʦʢʫʯʘʝʚʘ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʫʯʝʥʠʷ ʦ ʙʠʦʢʦʩʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʦʜʦʣʞʠʣ ɺ. 

ʀ. ɺʝʨʥʘʜʩʢʠʡ. 

ʂ ʙʠʦʢʦʩʥʳʤ ʩʠʩʪʝʤʘʤ, ʢʨʦʤʝ ʫʞʝ ʥʘʟʚʘʥʥʳʭ ʧʦʯʚ, ʦʪʥʦʩʷʪʩʷ ʠʣʳ, 

ʧʨʠʨʦʜʥʳʝ ʚʦʜʳ, ʣʘʥʜʰʘʬʪʳ ʚ ʮʝʣʦʤ ʠ ʪ.ʜ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʠʦʢʦʩʥʳʝ 

ʩʠʩʪʝʤʳ ʠʩʧʳʪʳʚʘʶʪ ʩʠʣʴʥʦʝ ʠ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʝʝ ʪʝʭʥʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ʇʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʙʠʦʢʦʩʥʳʭ ʩʠʩʪʝʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʭ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʪʦʣʴʢʦ ʧʨʠʨʦʜʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. 

ʇʦʯʚʳ ð ʙʠʦʢʦʩʥʘʷ ʩʠʩʪʝʤʘ. ʇʦ ɺ.ɺ. ɼʦʢʫʯʘʝʚʫ, ʵʪʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ, 

ʝʩʪʝʩʪʚʝʥʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʝ ʪʝʣʦ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʩʦʚʦʢʫʧʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ: ʛʨʫʥʪʘ, ʢʣʠʤʘʪʘ, ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʚʦʟʨʘʩʪʘ 

ʩʪʨʘʥʳ, ʘ ʦʪʯʘʩʪʠ ʠ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ. ʂ ʫʢʘʟʘʥʥʳʤ ʧʷʪʠ ʬʘʢʪʦʨʘʤ ʙʳʣʠ 

ʜʦʙʘʚʣʝʥʳ ʝʱʝ ʜʚʘ: ʚʦʜʘ (ʧʦʯʚʝʥʥʘʷ ʠ ʛʨʫʥʪʦʚʘʷ) ʠ ʭʦʟʷʡʩʪʚʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʯʝʣʦʚʝʢʘ (ɺ.ɺ. ɼʦʙʨʦʚʦʣʴʩʢʠʡ, 1989). ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʜʦʙʘʚʣʝʥʠʡ 

ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʧʨʝʜʣʦʞʠʣ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ: 

ʇ=f (ʇʆ+ʈʆ+ɾʆ+ʕʂ+ʈ+ɺ+ɼʏ )t, 

ʛʜʝ:  

ʇ ð ʧʦʯʚʳ;  

ʇʆ ð ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʦʨʛʘʥʠʟʤʳ;  

ʈʆ ð ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʨʛʘʥʠʟʤʳ;  

ɾʆ ð ʞʠʚʦʪʥʳʝ ʦʨʛʘʥʠʟʤʳ;  

ʕʂ ð ʵʣʝʤʝʥʪʳ ʢʣʠʤʘʪʘ;  

ʈ ð ʨʝʣʴʝʬ; 

ɺ ð ʚʦʜʘ;  
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ɼʏ ð ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ;  

t ð ʚʨʝʤʷ. 

 

ɻʫʤʫʩ ð ʩʣʦʞʥʳʡ ʢʦʤʧʣʝʢʩ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʦʯʚʳ. ʆʙʨʘʟʫʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʧʨʦʜʫʢʪʦʚ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ. ʀʤʝʝʪ ʪʝʤʥʫʶ ʦʢʨʘʩʢʫ. ʉʦʩʪʦʠʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʛʫʤʠʥʦʚʳʭ ʠ ʬʫʣʴ-ʚʦʢʠʩʣʦʪ ʠ ʛʫʤʠʥʘ. ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʩʯʠʪʘʝʪ, ʯʪʦ ʤʝʞʜʫ ʥʠʤʠ ʩʫʱʝʩʪʚʫʶʪ ʧʦʩʪʝʧʝʥʥʳʝ ʧʝʨʝʭʦʜʳ.  

ɻʫʤʫʩ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʢʘʢ ʉ, ʅ, ʆ, N. ɺ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʩʦʜʝʨʞʠʪ S, ʈ, ʉʘ, ʂ. ɺ ʛʫʤʫʩʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʯʝʤ ʙʦʣʴʰʝ ʚ ʧʦʯʚʝ ʛʫʤʫʩʘ, ʪʝʤ ʦʙʳʯʥʦ 

ʙʦʣʴʰʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. 

ɻʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ð ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʠ 

ʱʝʣʦʯʘʭ. ʎʚʝʪ ʯʝʨʥʳʡ. ʉʪʨʫʢʪʫʨʘ ʦʢʦʥʯʘʪʝʣʴʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. 
ʌʫʣʴʚʦʢʠʩʣʦʪʳ ð ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ. ɺ ʚʳʩʫʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʤʝʶʪ ʙʫʨʦʚʘʪʦ-ʞʝʣʪʳʡ ʮʚʝʪ 

(ʦʪ ʣʘʪ. Fulvus ð ʞʝʣʪʳʡ). ʈʘʟʨʫʰʘʶʪ ʤʥʦʛʠʝ ʤʠʥʝʨʘʣʳ ʠ ʦʙʨʘʟʫʶʪ 

ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʢʘʪʠʦʥʘʤʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ Fe (III). 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʬʫʣʴʚʘʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠ ʩʣʘʙʳʭ 

ʨʘʩʪʚʦʨʘʭ ʢʠʩʣʦʪ. 
ɻʫʤʠʥ ð ʯʘʩʪʴ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ 

ʥʠ ʚ ʦʜʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ. 
ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʯʚ ð ʟʘ ʦʩʥʦʚʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʫʶ ʝʜʠʥʠʮʫ 

ʢʦʪʦʨʦʡ ɼʦʢʫʯʘʝʚ ʧʨʠʥʷʣ ʛʝʥʝʪʠʯʝʩʢʠʝ ʪʠʧʳ ʧʦʯʚ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʬʘʢʪʦʨʦʚ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (ɺ.ɺ, 

ɼʦʙʨʦʚʦʣʴʩʢʠʡ, 1989). ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʚʳʜʝʣʝʥʦ ʧʦʨʷʜʢʘ 100 ʪʠʧʦʚ 

ʨʘʟʣʠʯʥʳʭ ʧʦʯʚ. 
ʊʠʧʳ ʧʦʯʚ ð ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ:  

1) ʩʧʦʩʦʙʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʥʠʭ ʠ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ 
ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ;  

2) ʦʜʥʦʪʠʧʥʦʩʪʴʶ ʨʘʟʣʦʞʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠ 
ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ;  

3) ʘʥʘʣʦʛʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʤʠʛʨʘʮʠʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ ʚʝʱʝʩʪʚ;  
4) ʧʦʜʦʙʥʳʤ ʩʪʨʦʝʥʠʝʤ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ;  
5) ʦʜʥʦʪʠʧʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. 

 

ʊʠʧʳ ʧʦʯʚ ʧʦ ʩʪʝʧʝʥʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʯʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʦʜʪʠʧʳ. ʊʘʢ, ʯʝʨʥʦʟʝʤ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʦʜʚʠʜʳ: 

ʦʙʳʢʥʦʚʝʥʥʳʡ, ʶʞʥʳʡ ʠ ʪ.ʜ. ʅʠʞʝ ʢʨʘʪʢʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʘʞʥʝʡʰʠʝ ʪʠʧʳ 

ʧʦʯʚ ʩ ʫʯʝʪʦʤ ʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 
ʇʦʯʚʝʥʥʳʡ ʧʨʦʬʠʣʴ ð ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʧʦʯʚʝʥʥʦʡ ʪʦʣʱʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʝʝ ʟʘʢʦʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʝʨʭʫ ʚʥʠʟ, ʥʘʧʦʤʠʥʘʶʱʝʝ 

ʩʣʦʠʩʪʦʩʪʴ ʟʘ ʩʯʝʪ ʩʤʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ.  
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ʂʘʢ ʧʨʠʤʝʨ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʬʠʣʴ ʧʦʯʚ ʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ:  

ɼ, ð ʣʝʩʥʘʷ ʧʦʜʩʪʠʣʢʘ,  

ɸ1 ð ʛʫʤʫʩʦʚʳʡ ʛʦʨʠʟʦʥʪ,  

ɸ2 ð ʛʦʨʠʟʦʥʪ ʚʳʤʳʚʘʥʠʷ (ʵʣʶʚʠʘʣʴʥʳʡ),  

ɸ3 ð ʛʦʨʠʟʦʥʪ ʚʤʳʚʘʥʠʷ (ʠʣʣʶʚʠʘʣʴʥʳʡ), 

ʉ ð ʤʘʪʝʨʠʥʩʢʘʷ ʧʦʯʚʦʦʙʨʘʟʫʶʱʘʷ ʛʦʨʥʘʷ ʧʦʨʦʜʘ,  

D ð ʧʦʯʚʦʧʦʜʩʪʠʣʘʶʱʘʷ ʧʦʨʦʜʘ.  

 

ɺ.ɺ. ɼʦʙʨʦʚʦʣʴʩʢʠʡ ʨʝʢʦʤʝʥʜʫʝʪ ʚʳʜʝʣʷʪʴ ʝʝ ʧʨʠ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ 

ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ. 
ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʠʧʦʚ ʧʦʯʚ. ʆʜʠʥ ʠʟ ʧʦʩʣʝʜʥʠʭ ʦʙʟʦʨʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʠʧʦʚ ʧʦʯʚ ʙʳʣ ʩʜʝʣʘʥ ʜʣʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʝʚʨʦʘʟʠʘʪʩʢʦʛʦ ʤʘʪʝʨʠʢʘ ɺ.ɺ. ɼʦʙʨʦʚʦʣʴʩʢʠʤ (1989). ʊʘʢ ʢʘʢ ʧʨʠ ʣʘʥʜʰʘʬʪʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʠʧʦʚ 

ʧʦʯʚ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ, ʠʩʧʦʣʴʟʫʝʤ ʵʪʦʪ ʦʙʟʦʨ. 
ʇʦʯʚʳ ʘʨʢʪʠʯʝʩʢʠʭ ʠ ʪʫʥʜʨʦʚʳʭ ʣʘʥʜʰʘʬʪʦʚ ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 4% ʩʫʰʠ 

ʠ ʦʢʦʣʦ 10% ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ (ʈʠʩ. 6). ʄʦʱʥʦʩʪʴ ʠʭ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ 

ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠʥʳ ʩʝʟʦʥʥʦʛʦ ʦʪʪʘʠʚʘʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʠ ʢʦʣʝʙʣʝʪʩʷ 

ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ 160 ʩʤ. ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʚʝʨʭʥʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 5%, ʘ ʛʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ 

ʬʫʣʴʚʦʢʠʩʣʦʪʘʤʠ. ʇʦʯʚʳ ʩʣʘʙʦʢʠʩʣʳʝ. ʅʘ ʥʠʟʢʠʭ ʪʝʨʨʘʩʘʭ ʠ ʚ ʰʠʨʦʢʠʭ 

ʜʝʣʴʪʘʭ ʨʝʢ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠʤʦʨʩʢʠʭ ʩʦʣʦʥʯʘʢʦʚ, ʘ ʚ ʚʝʨʭʥʝʤ 

ʛʦʨʠʟʦʥʪʝ ʧʦʯʚ ʦʩʪʨʦʚʦʚ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ ʧʦʚʳʰʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ, ʚʢʣʶʯʘʷ Sr. 

 
ʈʠʩ. 6 ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʠʧʦʚ ʧʦʯʚ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʘ ʝʚʨʦʘʟʠʘʪʩʢʦʛʦ ʤʘʪʝʨʠʢʘ: 

 1 ð ʪʫʥʜʨʦʚʳʝ ʠ ʘʨʢʪʠʯʝʩʢʠʝ; 2ð ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʝ; 3 ð ʩʝʨʳʝ ʣʝʩʥʳʝ; 4 ð 

ʯʝʨʥʦʟʝʤʳ; 5 ð ʙʫʨʳʝ ʣʝʩʥʳʝ 

 

























































ʄɽʊʆɼʀʏɽʉʂʀɽ ʋʂɸɿɸʅʀʗ 
ʇʆ ɺʓʇʆʃʅɽʅʀʖ ʂʆʅʊʈʆʃʔʅʆʁ ʈɸɹʆʊʓ 

 
 
ɺ ʪʝʪʨʘʜʠ ʚ ʢʣʝʪʢʫ ʩʣʝʜʫʝʪ ʧʠʩʘʪʴ ʯʝʨʝʟ ʩʪʨʦʢʫ. ʉʪʨʘʥʠʮʳ ʨʘʙʦʪʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩ 

ʧʦʣʷʤʠ ʠ ʧʨʦʥʫʤʝʨʦʚʘʥʳ, ʚʦʧʨʦʩʳ ʯʝʪʢʦ ʚʳʜʝʣʝʥʳ, ʧʦʜʯʝʨʢʥʫʪʳ. ʅʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ 
ʥʦʤʝʨ ʚʘʨʠʘʥʪʘ, ʥʦʤʝʨʘ ʢʦʥʪʨʦʣʴʥʳʭ ʚʦʧʨʦʩʦʚ, ʘ ʚ ʩʢʦʙʢʘʭ ʠʭ ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ.  

ɺ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪʘʭ ʦʪʚʝʪʳ ʜʦʣʞʥʳ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʩʭʝʤʘʤʠ ʠ ʨʠʩʫʥʢʘʤʠ. ɺ 
ʢʦʥʮʝ ʨʘʙʦʪʳ ʧʨʠʚʦʜʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʣʠʪʝʨʘʪʫʨʘ, ʩʪʘʚʠʪʩʷ ʜʘʪʘ ʠ ʧʦʜʧʠʩʴ. 

ʂʦʥʪʨʦʣʴʥʘʷ ʨʘʙʦʪʘ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʦʪʚʝʪʳ ʥʘ 5 ʚʦʧʨʦʩʦʚ. ɺʦʧʨʦʩʳ ʩʚʦʝʛʦ 
ʚʘʨʠʘʥʪʘ ʩʪʫʜʝʥʪ ʚʳʙʠʨʘʝʪ ʠʟ ʧʨʠʣʘʛʘʝʤʦʡ ʪʘʙʣʠʮʳ ʧʦ ʩʚʦʝʤʫ ʰʠʬʨʫ.  

 
 
ɺʘʨʠʘʥʪʳ ʢʦʥʪʨʦʣʴʥʳʭ ʨʘʙʦʪ (ʧʦ ʧʦʩʣʝʜʥʝʡ ʮʠʬʨʝ ʥʦʤʝʨʘ ʩʪʫʜʝʥʯʝʩʢʦʛʦ ʙʠʣʝʪʘ) 

 
ɺʘʨʠʘʥʪ 0 1 2 3 4 5 6 7 8 9 

ˉˉ 
ʚʦʧʨʦʩʦʚ 

1 2 3 4 5 6 7 8 9 10 
11 12 13 14 15 16 17 18 19 20 
21 22 23 24 25 26 27 28 29 30 
31 32 33 34 35 36 37 38 39 40 
41 42 43 44 45 46 47 48 49 50 

 
 

ɺʦʧʨʦʩʳ ʢ ʢʦʥʪʨʦʣʴʥʦʡ ʨʘʙʦʪʝ: 
 

1. ʉʪʨʦʝʥʠʝ ɿʝʤʣʠ. 
2. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʠ ʧʨʠʝʤʳ ʧʦʣʫʯʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʦʝʥʠʠ 

ɿʝʤʣʠ. 
3. ʉʝʡʩʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ ɿʝʤʣʠ. ʆʩʥʦʚʥʳʝ ʪʠʧʳ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ. 
4. ʇʦʚʝʨʭʥʦʩʪʴ (ʨʘʟʜʝʣ) ʄʦʭʦʨʦʚʠʯʠʯʘ. 
5. ɻʨʘʥʠʮʘ ɻʫʪʪʝʥʙʝʨʛʘ. 
6. ɻʝʦʤʘʛʥʠʪʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
7. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ. 
8. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʠʥʮʠʧʳ ʛʝʦʣʦʛʠʠ. ɿʘʢʦʥ ʥʘʧʣʘʩʪʦʚʘʥʠʷ. ɿʘʢʦʥ 

ʬʘʫʥʠʩʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ. 
9. ɿʘʢʦʥ ʥʘʧʣʘʩʪʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʩʣʦʷʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. 
10. ɿʘʢʦʥ ʬʘʫʥʠʩʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ. ʐʢʘʣʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ (ʵʨʳ, 

ʧʝʨʠʦʜʳ, ʵʧʦʭʠ). ɽʩʪʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 
ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠʩʢʦʧʘʝʤʳʭ ʦʩʪʘʥʢʦʚ. 

11. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. 
12. ʂʦʥʚʝʢʪʠʚʥʳʝ ʧʦʪʦʢʠ ʚ ʞʠʜʢʦʤ ʷʜʨʝ. ʆʜʥʦʷʯʝʡʢʦʚʘʷ ʠ ʜʚʫʭʷʯʝʡʢʦʚʘʷ ʤʦʜʝʣʠ 

ʢʦʥʚʝʢʮʠʠ. 
13. ʉʪʨʫʢʪʫʨʘ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʝʦʨʠʷ ʛʝʦʜʠʥʘʤʦ. ʕʚʦʣʶʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɿʝʤʣʠ. 
14. ɺʝʢʦʚʳʝ ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʄʘʛʥʠʪʥʦʝ ʩʢʣʦʥʝʥʠʝ. 
15. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʜʠʧʦʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 







ʉʇʀʉʆʂ ʈɽʂʆʄɽʅɼʋɽʄʆʁ ʃʀʊɽʈɸʊʋʈʓ. 
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ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʩʪʚʦ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ
ʄʆʉʂʆɺʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊ ʊɽʍʅʆʃʆɻʀʁ ʀ ʋʇʈɸɺʃɽʅʀʗ

ʕʂɿɸʄɽʅɸʎʀʆʅʅʓʁ  ɹʀʃɽʊ  ˉ 1

ʧʦ ʜʠʩʮʠʧʣʠʥʝ  
ʜʣʷ ʩʪʫʜʝʥʪʦʚ  3,4 ʢʫʨʩʘ, ʩʧʝʮʠʘʣʴʥʦʩʪʴ 020803 ʬʘʢʫʣʴʪʝʪʘ ʊʄ

1

2

ɹʠʣʝʪ ʨʘʩʩʤʦʪʨʝʥ ʠ ʫʪʚʝʨʞʜʝʥ ʥʘ ʟʘʩʝʜʘʥʠʠ ʢʘʬʝʜʨʳ " 15 " ʷʥʚʘʨʷ 2007 ʛ.

ɿʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ____________________

ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʩʪʚʦ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ
ʄʆʉʂʆɺʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊ ʊɽʍʅʆʃʆɻʀʁ ʀ ʋʇʈɸɺʃɽʅʀʗ

ʕʂɿɸʄɽʅɸʎʀʆʅʅʓʁ  ɹʀʃɽʊ  ˉ 2

ʧʦ ʜʠʩʮʠʧʣʠʥʝ  
ʜʣʷ ʩʪʫʜʝʥʪʦʚ  3,4 ʢʫʨʩʘ, ʩʧʝʮʠʘʣʴʥʦʩʪʴ 020803 ʬʘʢʫʣʴʪʝʪʘ ʊʄ

1

2

ɹʠʣʝʪ ʨʘʩʩʤʦʪʨʝʥ ʠ ʫʪʚʝʨʞʜʝʥ ʥʘ ʟʘʩʝʜʘʥʠʠ ʢʘʬʝʜʨʳ " 15 " ʷʥʚʘʨʷ 2007 ʛ.

ɿʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ____________________

ʌʝʜʝʨʘʣʴʥʦʝ ʘʛʝʥʩʪʚʦ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ
ʄʆʉʂʆɺʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊ ʊɽʍʅʆʃʆɻʀʁ ʀ ʋʇʈɸɺʃɽʅʀʗ

ʕʂɿɸʄɽʅɸʎʀʆʅʅʓʁ  ɹʀʃɽʊ  ˉ 3

ʧʦ ʜʠʩʮʠʧʣʠʥʝ  
ʜʣʷ ʩʪʫʜʝʥʪʦʚ  3,4 ʢʫʨʩʘ, ʩʧʝʮʠʘʣʴʥʦʩʪʴ 020803 ʬʘʢʫʣʴʪʝʪʘ ʊʄ

1

2

ɹʠʣʝʪ ʨʘʩʩʤʦʪʨʝʥ ʠ ʫʪʚʝʨʞʜʝʥ ʥʘ ʟʘʩʝʜʘʥʠʠ ʢʘʬʝʜʨʳ " 15 " ʷʥʚʘʨʷ 2007 ʛ.

ɿʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ____________________

ɺʣʠʷʥʠʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ.

ɻʝʦʭʠʤʠʷ ʠ ʛʝʦʬʠʟʠʢʘ ʙʠʦʩʬʝʨʳ

ɻʝʦʭʠʤʠʷ ʠ ʛʝʦʬʠʟʠʢʘ ʙʠʦʩʬʝʨʳ

ɹʫʬʝʨʥʳʡ ʵʬʬʝʢʪ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ ʦʢʝʘʥʦʚ. ʗʚʣʝʥʠʝ ʕʣʴ-ʅʠʥʴʦ.

ɺʝʢʦʚʳʝ ʚʘʨʠʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʄʘʛʥʠʪʥʦʝ ʩʢʣʦʥʝʥʠʝ.

ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʣʘʥʜʰʘʬʪʘ ʥʘ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ.

ɺʣʠʷʥʠʝ ʥʘ ʢʣʠʤʘʪ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.

ɺʣʠʷʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʘʪʤʦʩʬʝʨʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ.

ɻʝʦʭʠʤʠʷ ʠ ʛʝʦʬʠʟʠʢʘ ʙʠʦʩʬʝʨʳ



















ʊʝʩʪʦʚʳʝ ʚʦʧʨʦʩʳ 
ʧʦ ʢʫʨʩʫ çɻʝʦʭʠʤʠʷ ʠ ʛʝʦʬʠʟʠʢʘ ʙʠʦʩʬʝʨʳè 

 
 

1) ʂʘʢʘʷ ʠʟ ʵʪʠʭ ʩʬʝʨ ʩʣʫʞʠʪ ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠ: 
a) ʛʠʜʨʦʩʬʝʨʘ  
b) ʘʪʤʦʩʬʝʨʘ 
c) ʤʘʥʪʠʷ 
d) ʙʠʦʬʝʨʘ 

2) ʅʘ ʢʘʢʠʝ çʙʣʦʢʠè ʫʩʣʦʚʥʦ ʨʘʟʙʠʚʘʝʪ ʙʠʦʩʬʝʨʫ ʛʝʦʭʠʤʠʷ: 
a) ʙʠʦʮʝʥʦʟʳ  
b) ʙʠʦʛʝʦʮʝʥʦʟʳ 
c) ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʣʘʥʜʰʘʬʪʳ 
d) ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

3) ʏʪʦ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ: 
a) ʧʦʯʚʘ  
b) ʬʣʦʨʘ ʠ ʬʘʫʥʘ 
c) ʢʣʠʤʘʪ 
d) ʚʦʜʦʝʤʳ 

4) ʂʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʛʝʦʭʠʤʠʠ: 
a) ɺ.ʄ.ɻʦʣʴʜʰʤʠʜʪ  
b) ɸ.ɽ.ʌʝʨʩʤʘʥ 
c) ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ  
d) ɼ.ʀ.ʄʝʥʜʝʣʝʝʚ 

5)  ɺ ʯʝʩʪʴ ʢʦʛʦ ʥʘʟʳʚʘʶʪ ʚʝʣʠʯʠʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 
ʵʣʝʤʝʥʪʦʚ: 
a) ɸ.ɽ.ʌʝʨʩʤʘʥʘ  
b) ʌ.ʋ. ʂʣʘʨʢʘ 
c) ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ 
d) ʄ.ʂʶʨʠ-ʉʢʣʦʜʦʚʩʢʦʡ 

6) ʃʠʪʦʩʬʝʨʘ ï ʵʪʦ: 
a) ʚʦʜʥʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ  
b) ʢʘʤʝʥʥʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ 
c) ʚʦʟʜʫʰʥʘʷ ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ 
d) ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ 

7) ʎʝʥʪʨʘʣʴʥʦʝ ʷʜʨʦ ɿʝʤʣʠ ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʩʦʩʪʦʠʪ ʠʟ: 
a) ʘʣʶʤʠʥʠʷ  
b) ʢʘʣʴʮʠʷ ʠ ʢʨʝʤʥʠʷ 
c) ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ 
d) ʤʘʨʛʘʥʮʘ ʠ ʫʨʘʥʘ 

8) ʇʣʦʪʥʦʩʪʴ ʷʜʨʘ ɿʝʤʣʠ ʩʦʩʪʘʚʣʷʝʪ: 
a) ʦʪ 2 ʜʦ 4 ʛ/ʩʤ 3  
b) ʦʪ 7 ʜʦ 11 ʛ/ʩʤ 3 
c) ʦʪ 4 ʜʦ 5 ʛ/ʩʤ 3 
d) ʦʪ 13 ʜʦ 16 ʛ/ʩʤ 3 

9) ɻʨʘʥʠʮʘ ʄʦʭʦʨʦʚʠʯʠʯʘ ï ʵʪʦ ʛʨʘʥʠʮʘ ʤʝʞʜʫ: 
a) ʣʠʪʦʩʬʝʨʦʡ ʠ ʙʠʦʩʬʝʨʦʡ  
b) ʘʪʤʦʩʬʝʨʦʡ ʠ ʣʠʪʦʩʬʝʨʦʡ 
c) ʤʘʥʪʠʝʡ ʠ ʷʜʨʦʤ 
d) ʤʘʥʪʠʝʡ ʠ ʟʝʤʥʦʡ ʢʦʨʦʡ 













ʇɸʉʇʆʈʊ ʅɸ ʋʏɽɹʅʆ-ʄɽʊɽʈʀɸʃʔʅʋʖ ɹɸɿʋ 
 

ˉ ʅʘʠʤʝʥʦʚʘʥʠʝ ʊʠʧ, ʤʘʨʢʘ ʂʦʣ-ʚʦ ʅʘʠʤʝʥʦʚʘʥʠʝ ʣʘʙ. ʨʘʙʦʪʳ 
1 ɺʠʜʝʦʬʠʣʴʤʳ 6 ʥʘ ʚʩʝʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʷʭ 
2 ʂʦʤʧʴʶʪʝʨ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 5 ʥʘ ʚʩʝʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʷʭ 
3 ʉʣʘʡʜʳ ʠ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʷ  100 ʥʘ ʚʩʝʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʷʭ 
4 ɼʠʘʧʨʦʝʢʪʦʨ  1 ʥʘ ʚʩʝʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʷʭ 
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