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ɸɺʀɸʎʀʆʅʅɸʗ ʀ ʈɸʂɽʊʅʆ-ʂʆʉʄʀʏɽʉʂɸʗ ʊɽʍʅʀʂɸ 

 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉʈʓɺʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʇʆʃʋʏɽʅʅʓʍ ʅɸ ʆʊʉɽʂɽ ʂɸʄɽʈʓ ʉɻʆʈɸʅʀʗ ʉ 

ʋɻʆʃʂʆɺʓʄʀ ʉʊɸɹʀʃʀɿɸʊʆʈɸʄʀ 

 

ɸ.ʅ. ʄʘʨʢʫʰʠʥ1, ɸ.ɺ. ɹʘʢʣʘʥʦʚ1, ɸ.ʈ. ɺʘʭʠʪʦʚ2 , ɻ.ʌ. ʉʘʣʠʤʟʷʥʦʚʘ2 
1ɸʆ çʂʘʟʘʥʩʢʦʝ ʤʦʪʦʨʦʩʪʨʦʠʪʝʣʴʥʦʝ  

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝè, ʂʘʟʘʥʴ 
2 çʂʘʟʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ  

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ-ʂɸʀè, ʂʘʟʘʥʴ 

 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʧʣʘʤʝʥʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʦʨʝʥʠʷ ʠ ʬʦʨʤʠʨʫʝʪ ʬʨʦʥʪ ʧʣʘʤʝʥʠ ʚ ʧʝʨʚʠʯʥʦʡ 

ʟʦʥʝ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ [1,2]. ʂʦʤʧʦʥʦʚʢʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʩ ʤʠʢʨʦʜʠʬʬʫ-

ʟʠʦʥʥʳʤ ʛʦʨʝʥʠʝʤ ʛʘʟʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʳ ʥʝ ʠʤʝʝʪ ʬʦʨʩʫ-

ʥʦʢ ʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʩʪʘʥʦʚʢʫ ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʫʯʘʩʪʢʝ ʫʛʦʣʢʦʚʳʭ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʜʣʷ ʚʳʭʦʜʘ ʛʘʟʘ[3].  

 
ʈʠʩ.1. ɺʠʜ ʥʘ ʦʪʩʝʢ ʩ ʪʨʝʤʷ ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ. 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʦʪʩʝʢ ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʝʭ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ. 

ɻʘʟ ʧʦʜʘʝʪʩʷ ʚ ʟʦʥʫ ʛʦʨʝʥʠʷ ʯʝʨʝʟ ʪʨʠ ʦʪʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʦʤ dʛ=2 ʤʤ. ʐʠ-

ʨʠʥʘ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʧʣʘʤʝʥʠ ʚ ʠʩʭʦʜʥʦʤ ʚʘʨʠʘʥʪʝ hʩʪ=40 ʤʤ ʧʨʠ ʰʠʨʠʥʝ 

ʢʘʥʘʣʘ ʦʪʩʝʢʘ ʚ ʜʘʥʥʦʤ ʩʝʯʝʥʠʠ 162 ʤʤ. ɺʳʩʦʪʘ ʦʪʩʝʢʘ 27 ʤʤ.  
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ʈʠʩ.2. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

1-ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, 2- ʚʦʟʜʫʭʦʜʫʚʢʘ, 3- ʪʝʧʣʦʦʙʤʝʥʥʠʢ, 4-

ʨʘʩʭʦʜʥʘʷ ʰʘʡʙʘ, 5-ʤʝʨʥʳʡ ʫʯʘʩʪʦʢ, 6- ʨʘʙʦʯʠʡ ʫʯʘʩʪʦʢ, 7- ʙʣʦʢ ʧʦʜ-

ʚʦʜʘ ʪʦʧʣʠʚʥʦʛʦ ʛʘʟʘ, 8-ʧʴʝʟʦʤʝʪʨ, 9 ï ʢʘʤʝʨʘ ʧʦʜʦʛʨʝʚʘ, 10-ʚʳʭʣʦʧ. 

 

ʀʩʧʳʪʘʥʠʷ ʜʘʥʥʦʛʦ ʦʪʩʝʢʘ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʨʠʩ.2. 

ɺʦʟʜʫʰʥʘʷ ʤʘʛʠʩʪʨʘʣʴ ʜʘʥʥʦʛʦ ʩʪʝʥʜʘ ʩʣʫʞʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʦʟʜʫʰ-

ʥʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʙʣʠʟʢʠʭ ʢ ʘʪʤʦʩʬʝʨʥʦʤʫ ʠ ʚʢʣʶʯʘʝʪ ʩʣʝ-

ʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʪʫʨʙʦʚʦʟʜʫʭʦʜʫʚʢʫ 2, ʷʚʣʷʶʱʫʶʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ, ʪʝʧʣʦʦʙʤʝʥʥʠʢ 3 ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʠ 

ʤʘʛʠʩʪʨʘʣʴ ʧʦʜʚʦʜʘ ʧʦʪʦʢʘ ʢ ʨʘʙʦʯʝʤʫ ʫʯʘʩʪʢʫ. ʂʘʥʘʣ 5 ʦʜʥʦʚʨʝʤʝʥ-

ʥʦ ʩʣʫʞʠʪ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʯʘʩʪʢʘ, ʚ ʢʦʪʦʨʦʤ ʫʩʪʘʥʦʚʣʝʥʘ 

ʧʷʪʠʪʦʯʝʯʥʘʷ ʛʨʝʙʝʥʢʘ ʠʟʤʝʨʝʥʠʷ ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʚʳʧʦʣʥʝʥʳ 4 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʦʪʚʝʨʩʪʠʷ ʠʟʤʝʨʝʥʠʷ ʩʪʘ-

ʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʫʯʘʩʪʢʝ ʧʨʝʜʫʩʤʦʪ-

ʨʝʥʦʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʪʦʢʘ, ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʪʝʨʤʦʧʘʨʦʡ ʛʨʫʧʧʳ ʍʂ. ɿʘ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʫʯʘʩʪʢʦʤ ʤʦʥʪʠʨʦʚʘʣʩʷ 

ʨʘʙʦʯʠʡ ʫʯʘʩʪʦʢ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʠʟ ʩʝʙʷ ʦʪʩʝʢ (ʈʠʩ.2). 

ʊʦʧʣʠʚʥʘʷ ʤʘʛʠʩʪʨʘʣʴ ʩʪʝʥʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʘʯʫ ʪʦʧʣʠʚʥʦʛʦ 

ʛʘʟʘ ʢ ʨʘʙʦʯʝʤʫ ʫʯʘʩʪʢʫ ʫʩʪʘʥʦʚʢʠ, ʢʘʤʝʨʝ ʧʦʜʦʛʨʝʚʘ 9 ʪʝʧʣʦʦʙʤʝʥ-

ʥʠʢʘ. ʇʦʜʘʯʘ ʪʦʧʣʠʚʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʙʘʣʣʦʥʦʚ 7. ɼʘʚʣʝ-

ʥʠʝ ʪʦʧʣʠʚʦʧʦʜʘʯʠ ʨʝʛʫʣʠʨʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ ʚʝʥʪʠʣʷ ʧʝʨʝʧʫʩʢʘ ʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʦʙʨʘʪʥʳʤ ʤʘʥʦʤʝʪʨʦʤ. ʅʘʩʪʨʦʡʢʘ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʫʩʪʘʥʦʚʢʠ ʧʦ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ ʚ ʨʘʙʦʯʠʡ 

ʫʯʘʩʪʦʢ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ U-ʦʙʨʘʟʥʦʛʦ ʜʠʬʤʘʥʦʤʝʪʨʘ8 ʧʫ-

ʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʜʨʦʩʩʝʣʴʥʦʡ ʟʘʩʣʦʥʢʦʡ. ʈʘʩʭʦʜ 

ʚʦʟʜʫʭʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʨʥʦʡ ʰʘʡʙʳ 4 

ʚʢʣʶʯʝʥʥʦʡ ʚ ʚʦʟʜʫʰʥʳʡ ʢʘʥʘʣ. 
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ʋʧʨʘʚʣʝʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʨʘʙʦʪʦʡ ʫʩʪʘʥʦʚʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʫʣʴʪʘ, 

ʥʘ ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʝʥʳ ʩʨʝʜʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʨʝʞʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷ [4]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʦʚ ʚʦʟʜʫʭʘ ʠ ʛʘʟʘ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʨʝʥʠʝ 

ʧʦʣʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʝʨʝʧʘʜʘ ʤʝʞʜʫ ʧʦʣʥʳʤ ʠ ʩʪʘʪʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʷʤʠ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʜʠʘʤʝʪʨʦʤ ɼ0=85 ʤʤ, ʧʝʨʝʜ ʦʪʩʝʢʦʤ ʠ ʥʘ ʤʝʨʥʦʤ ʫʯʘʩʪʢʝ ʛʘ-

ʟʦʚʦʡ ʤʘʛʠʩʪʨʘʣʠ ʜʠʘʤʝʪʨʦʤ ɼʛ= 4 ʤʤ (ʈʛ*,ʅʛ) ʩ ʧʦʤʦʱʴʶ ʤʘʥʦʤʝʪʨʦʚ ʠ 

ʚʦʜʷʥʳʭ ʧʴʝʟʦʤʝʪʨʦʚ. 

 
ʈʠʩ. 3. ɺʥʝʰʥʠʡ ʚʠʜ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. 

 

ʀʩʧʳʪʘʥʠʷ ʦʪʩʝʢʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʛʝʦʤʝʪʨʠʠ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʭʦʜʘʭ ʚʦʟʜʫʭʘ ʠ ʛʘʟʘ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʨʘʩʭʦʜʝ ʛʘʟʘ ʜʣʷ ʨʝʞʠʤʘ ʫʩʪʦʡʯʠʚʦʛʦ ʛʦʨʝʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʜʦ ʤʦʤʝʥʪʘ ʧʦʛʘʩʘʥʠʷ ʧʣʘʤʝʥʠ. ʊʘʢʞʝ, ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʭʦʜʝ ʚʦʟʜʫʭʘ ʧʨʦʚʦʜʠʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʘ ʛʘʟʘ [5]. ʐʠ-

ʨʠʥʘ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʠʟʤʝʥʷʣʘʩʴ (ʟʘ ʩʯʝʪ ʠʟʛʠʙʘ ʢʨʦʤʦʢ) ʚ ʧʨʝʜʝʣʘʭ 35é50 

ʤʤ (ʈʠʩ.3).  

 ɼʠʘʧʘʟʦʥ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʦʪʩʝʢʘ ʦʮʝʥʠʚʘʣʩʷ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ Ŭ. 

ʈʘʩʯʝʪ ʨʘʩʭʦʜʦʚ ʚʦʟʜʫʭʘ ʠ ʛʘʟʘ ʧʨʦʚʝʜʝʥ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ[6,7]: 
4* 10-ÖD-= ʅʈʈ ɺɺ ,      (1)

 */)( ɺʚɺ ʈʈ=lp ,      (2)
 

( )
*

*

3965,0

ɺ

ɺɺɺ
ɺ

ʊ

Fqʈ
G

ÖÖ
=

l

,     (3) 
4* 10-ÖD-= ɻɻɻ ʅʈʈ ,      (4)

 */)( ɻɻɻ ʈʈ=lp ,      (5)
 ( )

*

*

4569,0

ɻ

ɻɻɻ
ɻ

ʊ

Fqʈ
G

ÖÖ
=

l

,     (6) 

 ʇʨʠ ʨʘʩʯʝʪʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʪʝʭʠʦ-

ʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʧʨʦʧʘʥʘ (L0=15,63):  

0LG

G

ɻ

ɺ

Ö
=a       

(7)
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ Gʚ, Gʛ ʠ Ŭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʦ-

ʚʦʢ ʦʪʩʝʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʈʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʦʪʩʝʢʝ ʧʨʦʚʝʜʝʥ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

ʌʫʥʢʮʠʷ ʧʨʠʚʝʜʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʤʘʩʩʳ: 

. ( ) 2522,0
3965,0

*

=
ÖÖ

Ö
=

ʆʊʉʅ

ɺɺ

ɺ
Fʈ

ʊG
ql

 
ʛʜʝ ʆʊʉF -ʧʣʦʱʘʜʴ ʥʘ ʚʭʦʜʝ ʚ ʦʪʩʝʢ

 ʇʨʠʚʝʜʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʠʟ ʪʘʙʣʠʮ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

159,0=ɺl  
ʩʤʊV ɺɺʆʊʉɺ /8,493,18 *

.. =ÖÖ= l  
 

ʊʘʙʣʠʮʘ 1. 

 ʇʘʨʘʤʝʪʨʳ ʚʦʟʜʫʭʘ ʠ ʛʘʟʘ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʦʪʩʝʢʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. 
 ̄

n/n 

ʂʦʤʧʦʥʦʚʢʘ ɺʦʟʜʫʭ ɻʘʟ Ŭ ʋʩʪʦʡʯʠ-

ʚʦʩʪʴ ʛʦʨʝʥʠʷ ʈ*ʚ ʈʚ Gʚ ʈ*ʛ ʈʛ Gʛ 

ʢʛʩ/ʩʤ2 ʢʛʩ/ʩʤ2 ʛ/ʩ ʢʛʩ/ʩʤ2 ʢʛʩ/ʩʤ2 ʛ/ʩ 

1.1 

 

 

1.2 

 

1.3 

 

1.4 

ʀʩʭʦʜʥʘʷ 

hʩʪ=40ʤʤ 

 

 

 

1,040 

 

 

1,040 

 

1,042 

 

1,052 

1,040 

 

 

1,040 

 

1,041 

 

1,050 

75 

 

 

75 

 

85 

 

116 

1,323 

 

 

1,363 

 

1,283 

 

1,283 

1,267 

 

 

1,301 

 

1,238 

 

1,283 

1,88 

 

 

2,0 

 

1,61 

 

1,61 

2,5 

 

 

2,4 

 

3,4 

 

4,6 

ʫʩʪʦʡʯʠʚʦʝ 

ʛʦʨʝʥʠʝ 

 

ʩʨʳʚ ʚʝʨʭ. 

 

ʩʨʳʚ ʧʦʣʥʳʡ 

2.1 

 

2.2 

hʩʪ=35 ʤʤ 

 

 

1,040 

 

1,045 

1,039 

 

1,044 

85,4 

 

1,17 

1,332 

 

1,332 

1,270 

 

1,270 

1,9 

 

1,9 

2,9 

 

3,9 

ʫʩʪʦʡʯʠʚʦʝ 

 

ʩʨʳʚ ʚʝʨʭ, 

ʩʨʳʚ ʧʦʣʥʳʡ 

3.1 

 

3.2 

 

3.3 

hʩʪ=45 ʤʤ 

 

1,040 

 

1,049 

 

1,058 

1,040 

 

1,048 

 

1,056 

68,6 

 

90,0 

 

107 

1,318 

 

1,313 

 

1,313 

1,265 

 

1,260 

 

1,260 

1,85 

 

1,83 

 

1,83 

2,4 

 

3,2 

 

3,7 

ʫʩʪʦʡʯʠʚʦʝ 

 

ʩʨʳʚ ʚʝʨʭ 

 

ʩʨʳʚ ʧʦʣʥʳʡ 

4.1 

 

4.2 

 

 

4.3 

 

4.4 

 

4.5 

 

4.6 

hʩʪ=50 ʤʤ 

 

1,040 

 

1,049 

 

 

1,057 

 

1,033 

 

1,040 

 

1,040 

1,040 

 

1,048 

 

 

1,055 

 

1,032 

 

1,040 

 

1,040 

63,6 

 

80,1 

 

 

98,5 

 

37,0 

 

63,6 

 

63,6 

6,323 

 

1,323 

 

 

1,323 

 

1,323 

 

1,123 

 

1,038 

1,267 

 

1,267 

 

 

1,267 

 

1,267 

 

1,111 

 

1,037 

1,83 

 

1,88 

 

 

1,88 

 

1,88 

 

0,8 

 

0,11 

2,1 

 

2,7 

 

 

3,3 

 

1,2 

 

5,1 

 

3,7 

ʫʩʪʦʡʯʠʚʦʝ 

 

ʩʨʳʚ ʚʝʨʭ, 

ʩʨʳʚ ʧʦʣʥʳʡ 

 

ʩʨʳʚ ʧʦʣʥʳʡ 

 

ʩʨʳʚ ʚʝʨʭ 

 

ʩʨʳʚ ʧʦʣʥʳʡ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʨʘʥʠʮʝ ʙʝʜʥʦʛʦ ʩʨʳʚʘ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ Ŭ=3. ʅʘ ʨʝʞʠʤʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʦʣʴʰʠʤ ʟʥʘʯʝ-

ʥʠʷʤ Vʚ.ʦʪʩ.. ʙʝʜʥʳʡ ʩʨʳʚ ʧʣʘʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ Ŭ 

(ʪʘʙʣʠʮʘ 1). ɹʦʛʘʪʳʡ ʩʨʳʚ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ Ŭ=1,3. 

ʅʘ ʨʘʙʦʪʫ ʦʪʩʝʢʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʰʠʨʠʥʳ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ. ʉ 

ʫʤʝʥʴʰʝʥʠʝʤ hʩʪ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʛʘʩʘʥʠʶ ʧʣʘʤʝʥʠ ʧʨʠ ʫʚʝ-

ʣʠʯʝʥʠʠ Gʚ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ (ʨʠʩ.4). ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʦʧʨʝʜʝ-

ʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʦʨʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʥʝ ʬʦʨʤʘ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ, ʘ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ, ʦʙʪʝʢʘʶʱʝʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʳ[8].  

ʇʨʠ Gʚ=const ʫʚʝʣʠʯʝʥʠʝ Fʦʪʩ (ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ hʩʪ) ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ Vʚ.ʦʪʩ. 

 

ʈʠʩ.4 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʳʚʘ ʧʣʘʤʝʥʠ 

 

ʊʘʙʣʠʮʘ 2.  

ʆʧʠʩʘʥʠʝ ʤʘʨʢʝʨʦʚ ʛʨʘʬʠʢʘ ʩʨʳʚʘ ʧʣʘʤʝʥʠ 

 

ɺʳʚʦʜʳ  

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʦʪʩʝʢʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʛʨʘʥʠʮʝ ʙʝʜʥʦʛʦ ʩʨʳʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ 

ʚʦʟʜʫʭʘ 37é40. 

2. ʋʩʪʦʡʯʠʚʦʩʪʴ ʨʘʙʦʪʳ ʦʪʩʝʢʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʰʠʨʠʥʳ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʧʣʘʤʝʥʠ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠ-

ʯʝʥʠʠ ʚʳʩʦʪʳ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ. 

 

 

ʋʩʪʦʡʯʠʚʦʝ 

ʛʦʨʝʥʠʝ 

Gʛ=const Gʚ=const 

Gʛ=ʫʤʝʥʴʰʘʝʪʩʷ Gʚ=ʫʚʝʣʠʯʠʚʘʝʪʩʷ Gʚ=ʫʤʝʥʴʰʘʝʪʩʷ 

ʇʦʛʘʩʘʥʠʝ 

ʚʝʨʭ.ʨʷʜʘ 

ʇʦʣʥʳʡ 

ʩʨʳʚ 
ʇʦʣʥʳʡ ʩʨʳʚ 

ʇʦʛʘʩʘʥʠʝ 

ʚʝʨʭ.ʨʷʜʘ 

ʇʦʣʥʳʡ 

ʩʨʳʚ 

ƺ ȹ Ǐ ö ƶ  ʉ
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʘʨʢʫʰʠʥ ɸ. ʅ., ʎʳʛʘʥʦʚ ʅ. ɽ., ɹʘʢʣʘʥʦʚ ɸ.ɺ.ʋʣʫʯʰʝʥʠʝ ʵʤʠʩʩʠ-

ʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʠʘʧʨʦʠʟʚʦʜʥʦʛʦ ɻʊɼ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʢʨʦʬʘʢʝʣʴ-

ʥʦʛʦ ʛʦʨʝʥʠʷ ʚ ʫʢʦʨʦʯʝʥʥʦʡ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʀʟʚʝʩʪʠʷ ɺʫʟʦʚ. 

ɸʚʠʘʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘ. - 2013. - ˉ 4. - ʉ. 59-62. 

2. ʄʘʨʢʫʰʠʥ ɸ.ʅ. ɹʘʢʣʘʥʦʚ ɸ.ɺ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʤʝʰʝʥʠʷ ʚ ʢʦʤʙʠʥʠ-

ʨʦʚʘʥʥʦʤ ʛʦʨʝʣʦʯʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʤʘʣʦʵʤʠʩʩʠʦʥʥʦʡ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ɻʊɼ 

ɺʝʩʪʥʠʢ ʂɻʊʋ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ˉ1, 2013, ʩ 8-14. 

3. ʄʘʨʢʫʰʠʥ ɸ.ʅ., ʄʝʨʢʫʰʠʥ ɺ.ʂ., ɹʳʰʠʥ ɺ.ʄ., ɹʘʢʣʘʥʦʚ ɸ.ɺ. ʆʨ-

ʛʘʥʠʟʘʮʠʷ ʥʠʟʢʦʵʤʠʩʩʠʦʥʥʦʛʦ ʛʦʨʝʥʠʷ ʚ ʢʦʣʴʮʝʚʦʡ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ 

ɻʊɼ.ʀʟʚ. ʚʫʟʦʚ. ɸʚʠʘʮʠʦʥʥʘʷ ʪʝʭʥʠʢʘ.2009. ˉ 3. ʉ. 70-72. 

4. ɹʘʢʣʘʥʦʚ ɸ.ɺ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʢʦʥʚʝʨ-

ʪʠʨʦʚʘʥʥʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ɻʊɼ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ. ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ / ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ. ʂʘʟʘʥʴ, 2011. 

5. ɹʘʢʣʘʥʦʚ ɸ.ɺ., ʄʘʨʢʫʰʠʥ ɸ.ʅ., ʎʳʛʘʥʦʚ ʅ.ɽ.ɺʣʠʷʥʠʝ ʬʦʨʤʳ 

ʥʘʩʘʜʢʘ ʚʠʭʨʝʚʦʡ ʛʦʨʝʣʢʠ ʥʘ ʩʤʝʰʝʥʠʝ ʚ ʟʘʢʨʫʯʝʥʥʦʡ ʩʪʨʫʝ. ɺʝʩʪʥʠʢ 

ʂɻʊʋ ʠʤ. ɸ.ʅ. ʊʫʧʦʣʝʚʘ ˉ3, 2014, ʩ.13-18. 

6. ʄʘʨʢʫʰʠʥɸ.ʅ., ɹʘʢʣʘʥʦʚɸ.ɺ., ʉʘʣʠʤʟʷʥʦʚʘ ɻ.ʌ.ɺʣʠʷʥʠʝ ʨʘʩʭʦʜ-

ʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʨʦʥʪʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʛʦ ʧʦʣʷ ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

ɻʊʋ. ʀʟʚʝʩʪʠʷ ʩʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ.2016.ʊ.18.ˉ1-1.ʩ95-100.  

7. ʄʘʨʢʫʰʠʥɸ.ʅ., ɹʘʢʣʘʥʦʚɸ.ɺ., ʉʘʣʠʤʟʷʥʦʚʘ ɻ.ʌ.ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ 

ʧʦʪʝʨʠ ʚ ʩʝʨʠʡʥʦʡ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʤʥʦʛʦʬʦʨʩʫʥʦʯʥʦʡ ʢʘʤʝʨʝ ʩʛʦ-

ʨʘʥʠʷ ɻʊɼ.ʀʟʚʝʩʪʠʷ ʩʘʤʘʨʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ.2016.ʊ.18.ˉ1-1.ʩ.90-94.  

8. ʄʘʨʢʫʰʠʥ ɸ.ʅ., ɹʘʢʣʘʥʦʚ ɸ.ɺ., ʎʳʛʘʥʦʚ ʅ.ɽ. ɺʣʠʷʥʠʝ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʛʦʨʝʣʦʯʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ɻʊʋ, ʨʘ-

ʙʦʪʘʶʱʝʡ ʥʘ ʛʘʟʦʦʙʨʘʟʥʦʤ ʪʦʧʣʠʚʝ. ɺʝʩʪʥʠʢ ʉɻɸʋ ʠʤ. ʉ.ʇ. ʂʦʨʦʣʝʚʘ. 

ˉ3(27),ʏʘʩʪʴ 1, 2011, ʩ 35-38. 
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ɹɽɿʆʇɸʉʅʆʉʊʔ ɼɽʗʊɽʃʔʅʆʉʊʀ ʏɽʃʆɺɽʂɸ 

 

ʇʆɺʓʐɽʅʀɽ ɹɽɿʆʇɸʉʅʆʉʊʀ ɺɽɼɽʅʀʗ ʇʆɼɿɽʄʅʓʍ ʈɸɹʆʊ 

ɿɸ ʉʏɽʊ ʇʈʀʄɽʅɽʅʀʗ ɻɽʆʄɽʍɸʅʀʏɽʉʂʆɻʆ 

ʄʆʅʀʊʆʈʀʅɻɸ 

 

ʀʣʶʭʠʥ ɼʤʠʪʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʤʘʨʢʰʝʡʜʝʨʩʢʦʛʦ 

ʜʝʣʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʣʝʢʩʝʥʢʦ ɸʥʘʩʪʘʩʠʷ ɻʝʥʥʘʜʴʝʚʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʤʘʨʢʰʝʡʜʝʨʩʢʦʛʦ 

ʜʝʣʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 

ɺʝʜʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʨʘʙʦʪ ʣʶʙʦʛʦ ʨʦʜʘ ʩʦʧʨʷʞʝʥʦ ʩ ʥʘʨʫʰʝʥʠʷʤʠ 

ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʜʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ. ʉʣʝʜ-

ʩʪʚʠʝʤ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʤʠʤʦ ʦʯʝʚʠʜʥʦʡ ʦʧʘʩʥʦʩʪʠ ʢʘʢ ʣʦʢʘʣʴʥʳʭ, ʪʘʢ 

ʠ ʤʘʩʩʦʚʳʭ ʦʙʚʘʣʦʚ ʧʦʨʦʜʳ, ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦ-ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʩʜʚʠʞʝʥʠʷ 

ʚ ʚʳʰʝʣʝʞʘʱʝʤ ʤʘʩʩʠʚʝ. ʆʧʘʩʥʦʩʪʴ ʦʙʚʘʣʘ ʧʦʨʦʜʳ ʚ ʦʩʥʦʚʥʦʤ ʚʦʟʥʠʢʘʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʭʦʜʢʠ ʠ ʦʙʳʯʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ 

ʧʨʠ ʫʜʘʣʝʥʠʠ ʟʘʙʦʷ ʦʪ ʤʝʩʪʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʦʙʚʘʣʘ ʟʘ ʩʯʝʪ ʩʦʦʨʫʞʝʥʠʷ 

ʢʨʝʧʠ. ʆʧʘʩʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʜʚʠʞʝʥʠʡ ʤʘʩʩʠʚʘ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ 

ʜʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʩ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʠ ʟʘʯʘʩʪʫʶ ʠʭ 

ʚʝʣʠʯʠʥʘ ʥʘʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ. ɹʝʟʦʧʘʩʥʦʩʪʴ ʚʝʜʝʥʠʷ ʨʘʙʦʪ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʧʫ-

ʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʦʜʨʘʙʦʪʘʥʥʦʡ 

ʪʦʣʱʠ. 

ʅʘʠʙʦʣʴʰʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʜʚʠʞʝʥʠʡ ʤʘʩʩʠʚʘ 

ʠʤʝʶʪ ʥʘʪʫʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʝʛʦ ʩʤʝʱʝʥʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦ-

ʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʜʥʘʢʦ ʧʨʦʮʝʩʩ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʘʙʦʪ ʥʘ ʙʦʣʴ-

ʰʠʥʩʪʚʝ ʦʙʲʝʢʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʝʥ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʚ ʧʦʜʟʝʤʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʠ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʚʳʩʦ-

ʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʜʚʠʞʝʥʠʡ ʠ ʜʝʬʦʨ-

ʤʘʮʠʡ. ɺ ʫʩʣʦʚʠʷʭ ʧʦʜʟʝʤʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʦʣʫʯʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ ʚʚʠʜʫ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʚʥʫʪ-

ʨʝʥʥʠʭ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʙʦʪʳ ʟʘʯʘʩʪʫʶ ʦʩʣʦʞʥʷʶʪʩʷ 

ʪʝʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʜʦʣʞʥʳ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʚʳ-

ʨʘʙʦʪʢʘʭ. ʅʘʙʣʶʜʘʪʝʣʴʥʘʷ ʩʪʘʥʮʠʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʙʦʨ ʛʣʫʙʠʥʥʳʭ ʨʝʧʝʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʪʦʯʢʘʭ 

ʧʦʜʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ. ʆʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʨʝʧʝʨʦʚ ʷʚʣʷʶʪʩʷ ʤʘʨʢʰʝʡʜʝʨʩʢʠʝ 

ʟʘʤʝʨʳ. ʅʘ ʪʦʯʥʦʩʪʴ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʣʠʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʫʨʦʚʝʥʴ ʪʦʯʥʦʩʪʠ ʩʘʤʠʭ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʥʦ ʠ ʯʘʩʪʦʪʘ 
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ʟʘʢʣʘʜʢʠ ʥʘʙʣʶʜʘʝʤʳʭ ʪʦʯʝʢ ʠ ʠʭ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʦ 

ʩʤʝʱʝʥʠʷʭ ʧʦʜʨʘʙʦʪʘʥʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʦʩʪʘʪʦʯʥʦ 

ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ 

ʩ ʫʯʝʪʦʤ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠʭ ʧʦʣʫʯʝʥʠʷ ʧʦʢʘʞʝʪ ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʧʦ-

ʚʝʜʝʥʠʷ ʤʘʩʩʠʚʘ ʚ ʨʘʡʦʥʝ ʚʝʜʝʥʠʷ ʨʘʙʦʪ. ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʚʳʰʝʣʝʞʘʱʝʡ 

ʪʦʣʱʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ (ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ), ʣʠʙʦ ʧʨʠ 

ʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦʜ ʦʭʨʘʥʷʝʤʳʤʠ ʦʙʲʝʢʪʘʤʠ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʧʦʣʫʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʜʚʠʞʝʥʠʷʭ ʥʝ ʪʦʣʴʢʦ ʚ ʩʘʤʠʭ ʚʳʨʘʙʦʪʢʘʭ, ʥʦ ʠ 

ʚ ʧʦʜʨʘʙʦʪʘʥʥʦʤ ʤʘʩʩʠʚʝ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʚʳʨʘʙʦʪʦʢ ʧʦ ʚʝʨʪʠ-

ʢʘʣʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝ-

ʥʷʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʤʝʪʦʜʳ ʚʝʜʝʥʠʷ ʥʘʙʣʶʜʝʥʠʡ. 

 ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ɻʦʨʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʜʣʷ ʗʢʦʚʣʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʷ ʙʦʛʘʪʳʭ ʞʝʣʝʟʥʳʭ ʨʫʜ ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʩʪʘʥʮʠʠ ʧʨʝʜʧʦʣʘ-

ʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʢʨʝʧʣʝʥʥʳʭ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʩʪʘʭ ʛʣʫʙʠʥʥʳʭ 

ʨʝʧʝʨʦʚ. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʪʦ-

ʯʝʢ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʨʦʚʣʝ ʚʳʨʘʙʦʪʦʢ. ʅʘʙʣʶʜʝʥʠʷ ʧʦ 

ʧʦʜʦʙʥʳʤ ʨʝʧʝʨʘʤ ʥʝʵʬʬʝʢʪʠʚʥʳ ʧʦ ʧʨʠʯʠʥʝ ʥʘʣʠʯʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘʜ ʢʨʦʚʣʝʡ ʟʦʥ ʧʦʣʥʦʛʦ ʦʪʩʣʦʝʥʠʷ ʠ ʦʙʨʫʰʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ 5 ʤʝʪʨʦʚ ʧʦ ʚʝʨʪʠʢʘʣʠ. ɼʣʷ ʜʘʥʥʳʭ ʟʦʥ ʭʘʨʘʢʪʝʨʥʳ ʭʘʦʪʠʯ-

ʥʳʝ ʩʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʠʚʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʠʤʝʶʱʠʝ ʩʚʷʟʠ ʩ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʳʰʝ-

ʣʝʞʘʱʠʭ ʩʣʦʷʭ. ɿʘʢʨʝʧʣʝʥʠʝ ʨʝʧʝʨʦʚ ʚ ʟʦʥʘʭ ʦʪʩʣʦʝʥʠʷ ʠ ʦʙʨʫʰʝʥʠʷ ʩʘʤʦ 

ʧʦ ʩʝʙʝ ʟʘʪʨʫʜʥʝʥʦ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʚʠʜʫ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʧʦʨʦʜʳ, ʚʦʟʤʦʞʥʦ ʤʘʩʩʦʚʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʨʝʧʝʨʦʚ ʚʩʣʝʜʩʪʚʠʝ ʥʝʙʦʣʴʰʠʭ 

ʦʙʨʫʰʝʥʠʡ. ɺ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʛʣʫʙʠʥʥʳʝ ʨʝʧʝʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʚʝʨ-

ʪʠʢʘʣʴʥʳʭ ʚʦʩʩʪʘʶʱʠʭ ʩʢʚʘʞʠʥʘʭ. ʀʩʭʦʜʷ ʠʟ ʚʝʣʠʯʠʥʳ ʤʦʱʥʦʩʪʠ ʟʦʥʳ 

ʦʪʩʣʘʠʚʘʥʠʷ ʧʦʨʦʜ ʥʘ ʗʢʦʚʣʝʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʩʢʚʘʞʠʥʳ ʧʨʦʙʫʨʠʚʘ-

ʣʠʩʴ ʥʘ ʛʣʫʙʠʥʫ 9 ʤʝʪʨʦʚ. 

ʉʘʤ ʛʣʫʙʠʥʥʳʡ ʨʝʧʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʨʝʚʷʥʥʳʡ ʮʠʣʠʥʜʨ, ʚ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʝʨʝʭʦʜʷʱʠʡ ʥʘ ʢʦʥʫʩ. ɺʥʫʪʨʠ ʨʝʧʝʨʘ ʚʜʦʣʴ ʝʛʦ ʧʨʦʜʦʣʴʥʦʡ 

ʦʩʠ ʚʩʪʘʚʣʝʥʘ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʪʨʫʙʢʘ Ï 10 õ 20 ʤʤ ʩ ʬʠʢʩʠʨʫʶʱʠʤʠ ʰʘʡ-

ʙʘʤʠ ʥʘ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʪʦʨʮʝ ʜʝʨʝʚʷʥʥʦʛʦ ʪʝʣʘ ʨʝʧʝʨʘ (ʨʠʩʫʥʦʢ 1). ɺ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʨʫʙʢʠ ʨʝʧʝʨʘ ʧʨʦʩʚʝʨʣʝʥʦ ʩʢʚʦʟʥʦʝ ʦʪʚʝʨʩʪʠʝ Ï 3 õ 4 ʤʤ 

ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʩ ʨʝʧʝʨʦʤ. ɼʣʷ ʬʠʢʩʘʮʠʠ ʨʝʧʝʨʘ ʚ ʩʢʚʘʞʠʥʝ ʚ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʝʨʣʷʪʩʷ ʦʪʚʝʨʩʪʠʷ, ʚ ʢʦʪʦʨʳʝ ʧʨʦʧʫʩʢʘʶʪʩʷ ʧʨʦʚʦ-

ʣʦʢʠ ʦʪ ʨʘʩʧʫʱʝʥʥʦʛʦ ʪʨʦʩʘ. ɼʠʘʤʝʪʨ ʜʝʨʝʚʷʥʥʦʡ ʯʘʩʪʠ ʨʝʧʝʨʘ ʥʘ 10 õ 15 

ʤʤ ʤʝʥʴʰʝ ʜʠʘʤʝʪʨʘ ʩʢʚʘʞʠʥʳ. 
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ʉ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʜʚʠʞʝʥʠʡ ʨʝʧʝʨʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʤʝʪʦʜʦʤ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʨʝʧʝʨʳ ʦʩʥʘʱʝʥʳ ʧʨʦʚʦʣʦʯʥʦʡ 

ʩʚʷʟʴʶ ʩ ʚʳʨʘʙʦʪʘʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.  

 

ʈʠʩʫʥʦʢ 1 - ʂʦʥʩʪʨʫʢʮʠʷ ʛʣʫʙʠʥʥʦʛʦ ʨʝʧʝʨʘ: 

1 ï ʜʝʨʝʚʷʥʥʦʝ ʪʝʣʦ ʨʝʧʝʨʘ; 2 ï ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʪʨʫʙʢʘ; 3 ï 

ʦʧʦʨʥʘʷ ʰʘʡʙʘ (ʧʨʠʚʘʨʠʚʘʝʪʩʷ ʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʪʨʫʙʢʝ); 4 ï 

ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʩ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʪʨʫʙ-

ʢʦʡ; 5 ï ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʧʨʦʚʦʣʦʢʠ; 6 ï ʧʨʦʚʦʣʦʢʘ ʦʪ ʨʘʩʧʫ-

ʱʝʥʥʦʛʦ ʪʨʦʩʘ. 
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ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʚʝʣʠʯʠʥ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʛʣʫʙʠʥʥʳʭ ʨʝʧʝʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦ-

ʚʳʭ. ɹʘʟʦʚʳʝ ʨʝʧʝʨʳ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʚ ʢʨʘʝʚʳʭ ʚʳʨʘʙʦʪʢʘʭ, ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʷʤ. ɼʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʦʢ ʙʘʟʦʚʳʭ ʨʝʧʝʨʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʥʘʛʣʷʜʥʦ 

ʦʪʨʘʞʘʶʪ ʬʘʢʪʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʨʝʧʝʨʦʚ. ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩʫ-

ʥʦʢ 3) ʚʠʜʥʦ ʧʦʚʨʝʞʜʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʙʘʟʦʚʳʭ ʨʝʧʝʨʦʚ ʚ ʤʘʝ 2013 ʛʦʜʘ. 

1 

2 

3 

4 

5 6 

7 

ʈʠʩʫʥʦʢ 2 - ʉʢʚʘʞʠʥʘ, ʦʙʦʨʫʜʦʚʘʥʥʘʷ ʛʣʫʙʠʥʥʳʤ ʨʝʧʝʨʦʤ: 

1 ï ʩʢʚʘʞʠʥʘ; 2 ï ʛʣʫʙʠʥʥʳʡ ʨʝʧʝʨ; 3 ï ʧʨʦʚʦʣʦʯʥʘʷ ʩʚʷʟʴ ʩ ʨʝʧʝʨʦʤ; 4 

ï ʛʨʫʟ; 5 ï ʧʨʠʚʘʨʝʥʥʘʷ ʛʘʡʢʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ çʧʷʪʢʠè ʨʝʡʢʠ; 6 ï ʛʦʨʥʘʷ 

ʚʳʨʘʙʦʪʢʘ; 7  ï ʟʦʥʘ ʦʪʩʣʦʝʥʠʷ ʢʨʦʚʣʠ (ʤʦʱʥʦʩʪʴ ʵʪʦʡ ʟʦʥʳ º 4 ʤ). 
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ʈʠʩʫʥʦʢ 3 - ɻʨʘʬʠʢ ʩʤʝʱʝʥʠʷ ʙʘʟʦʚʦʛʦ ʨʝʧʝʨʘ 02 

 

 ʅʘ ʜʦʙʳʯʥʦʤ ʛʦʨʠʟʦʥʪʝ ʗʢʦʚʣʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ 

ʦʢʦʣʦ 52 ʥʘʙʣʶʜʘʝʤʳʭ ʨʝʧʝʨʘ ʠ 8 ʙʘʟʦʚʳʭ. ʇʦʩʢʦʣʴʢʫ ʧʣʘʥʦʚʳʝ ʢʦʦʨʜʠ-

ʥʘʪʳ ʨʝʧʝʨʦʚ ʦʧʨʝʜʝʣʝʥʳ ʠ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʧʨʠ 

ʚʝʜʝʥʠʠ ʨʘʙʦʪ, ʜʘʥʥʳʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫ-

ʯʠʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʜʨʘʙʘʪʳʚʘʝʤʦʡ ʪʦʣʱʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ ʩʭʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʚʝʜʝʥʠʷ ʦʙ 

ʠʥʳʭ ʚʠʜʘʭ ʜʝʬʦʨʤʘʮʠʡ, ʝʩʣʠ ʵʪʦ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʠʤʝʷ ʚʝʣʠʯʠʥʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʜʚʫʭ 

ʛʣʫʙʠʥʥʳʭ ʨʝʧʝʨʦʚ ʟʘ ʥʝʢʦʪʦʨʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʠ ʟʥʘʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʥʠʤʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʝʣʠʯʠʥʫ ʜʝʬʦʨʤʘʮʠʠ ʥʘʢʣʦʥʘ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʜʝ-

ʬʦʨʤʘʮʠʡ ʥʘʢʣʦʥʘ ʥʘ ʜʚʫʭ ʩʤʝʞʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʨʝʧʝʨʦʚ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʚʝʣʠʯʠʥʫ ʜʝʬʦʨʤʘʮʠʠ ʢʨʠʚʠʟʥʳ, ʢʦʪʦʨʘʷ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʛʨʘʥʠʯ-

ʥʳʡ ʧʘʨʘʤʝʪʨ ʧʨʠ ʫʩʣʦʞʥʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʥʘ ʦʙʲʝʢʪʘʭ ʩ ʚʳʩʦʢʠʤʠ ʪʨʝʙʦ-

ʚʘʥʠʷʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʧʠʩʳʚʘʝʤʘʷ ʩʭʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦ-

ʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʜʨʘʙʘʪʳʚʘʝʤʦʡ ʪʦʣʱʠ ʧʨʠ ʚʝʜʝʥʠʠ 

ʧʦʜʟʝʤʥʳʭ ʨʘʙʦʪ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʭʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟ-

ʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʝʝ ʚʥʝʜʨʝʥʠʝ, ʧʨʦʩʪʦʪʦʡ ʨʘʙʦʪ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʥʘʜʝʞʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʦʡ ʩʭʝʤʳ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶ-

ʱʠʭ ʚ ʧʦʜʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʩʩʠʚʘʭ, ʠ, ʧʨʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʠ ʧʨʘʚʠʣʴʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʫʤʝʥʴʰʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩ-

ʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʧʦʜʟʝʤʥʳʭ 

ʦʙʲʝʢʪʘʭ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɻʫʩʝʚ, ɺ.ʅ. ʆʮʝʥʢʘ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʜʨʘʙʦʪʘʥʥʦʛʦ 

ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʜʚʠʞʝʥʠʝʤ ʩʢʚʘ-

ʞʠʥʥʳʭ ʨʝʧʝʨʦʚ / ɺ.ʅ. ɻʫʩʝʚ // ʄʘʨʢʰʝʡʜʝʨʩʢʦʝ ʜʝʣʦ ʠ ʛʝʦʜʝʟʠʷ: 

ʄʝʞʚʫʟ.ʩʙ. - ʉʇʙ.:ʉʇɻɻʀ, 1993. - ʉ. 18-23. 
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ʪʝʭʥʦʛʝʥʥʳʤʠ ʚʦʜʦʧʨʦʚʦʜʷʱʠʤʠ ʪʨʝʱʠʥʘʤʠ ʧʦ ʜʘʥʥʳʤ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʗʢʦʚʣʝʚʩʢʦʛʦ ʨʫʜʥʠʢʘ / ɺ.ʅ. ɻʫʩʝʚ, 

ɼ.ɸ. ʀʣʶʭʠʥ, ɸ.ɻ. ɸʣʝʢʩʝʥʢʦ // ɿʘʧʠʩʢʠ ɻʦʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ. ï 2013. ï ʊ. 

204. ï ʉ. 74-81. 

3. ʀʣʶʭʠʥ ɼ.ɸ. ʇʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʟʦʥʳ ʚʦʜʦʧʨʦʚʦʜʷʱʠʭ ʪʨʝʱʠʥ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʗʢʦʚʣʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʦʛʘʪʳʭ ʞʝʣʝʟʥʳʭ ʨʫʜ / 

ɼ.ɸ. ʀʣʶʭʠʥ // ʂʘʥʜ. ʜʠʩ. 25.00.16 ï ʉʇʙ.: ɻʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, - 125 ʩ. 

 

ʆʇʓʊ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɻʀʈʆʉʂʆʇʀʏɽʉʂʆʁ ʉʊɸʅʎʀʀ 

SOKKIA  GYRO1X ʇʈʀ ʉʆɿɼɸʅʀʀ ʆʇʆʈʅʓʍ 

ʄɸʈʂʐɽʁɼɽʈʉʂʀʍ ʉɽʊɽʁ ɺ ʋʉʃʆɺʀʗʍ ʂʈɸʁʅɽɻʆ ʉɽɺɽʈɸ 

 

ʅʦʚʦʞʝʥʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ 

ʢ.ʪ.ʥ., ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʤʘʨʢʰʝʡʜʝʨʩʢʦʛʦ ʜʝʣʘ,  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

ɺʳʩʪʨʯʠʣ ʄʠʭʘʠʣ ɻʝʦʨʛʠʝʚʠʯ 

ʢ.ʪ.ʥ., ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʤʘʨʢʰʝʡʜʝʨʩʢʦʛʦ ʜʝʣʘ,  

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ɺ ʧʝʨʠʦʜ ʩ ʥʦʷʙʨʷ ʧʦ ʜʝʢʘʙʨʴ 2016 ʛ. ʩʦʪʨʫʜʥʠʢʘʤʠ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ 

ʛʝʦʤʝʭʘʥʠʢʠ ʠ ʧʨʦʙʣʝʤ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʨ-

ʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩ ʢʘʧʠʪʘʣʴʥʳʭ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ 

ʨʘʙʦʪ ʧʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʶ ʧʦʜʟʝʤʥʦʡ ʦʧʦʨʥʦʡ ʩʝʪʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʂʦʤʧʣʝʢʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ 

ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʩʣʫʞʙʳ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘ-

ʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʤʘʨʢ-

ʰʝʡʜʝʨʩʢʠʭ ʧʫʥʢʪʦʚ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʩʣʫʞʠʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʪʦʯʥʘʷ ʦʨʠʝʥʪʠʨʦʚʢʘ ʧʦʜʟʝʤ-

ʥʦʡ ʩʝʪʠ ʧʫʥʢʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʩʙʦʡʢʠ ʚʳʨʘʙʦʪʢʠ, ʧʨʦ-

ʭʦʜʠʤʦʡ ʚʩʪʨʝʯʥʳʤʠ ʟʘʙʦʷʤʠ. 

ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ çʀʥʩʪʨʫʢʮʠʠ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪè ʈɼ 07-603-03 [1], ʘ ʪʘʢʞʝ ʌʝʜʝʨʘʣʴ-

ʥʳʭ ʥʦʨʤ ʠ ʧʨʘʚʠʣ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ "ʇʨʘʚʠʣʘ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʧʨʠ ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ" [2] ʠ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʨʘʙʦʪʳ ʧʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʤʫ ʦʨʠʝʥʪʠ-

ʨʦʚʘʥʠʶ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ, ʘ ʪʘʢʞʝ ʧʨʦʣʦʞʝ-

ʥʠʝ ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʭʦʜʦʚ ʚ ʚʳʨʘʙʦʪʢʘʭ. 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʛʠʨʦʩʪʘʥʮʠʷ ʩʝʨʠʠ GYRO1X - 

ʩʦʚʨʝʤʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʘʥʠʠ Sokkia [3]. ɺ ʜʘʥʥʦʤ ʧʨʠʙʦʨʝ ʨʝʘʣʠʟʦ-

ʚʘʥʘ ʢʦʤʙʠʥʘʮʠʷ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʛʠʨʦʙʣʦʢʘ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ Sokkia SX. 
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ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1.  

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʨʦʩʪʘʥʮʠʠ GYRO1X. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʠʨʦʙʣʦʢʘ 

ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʀʟʤʝʨʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ 

ʊʦʯʥʦʩʪʴ 

15" (ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʢʦʛʜʘ 

ʟʨʠʪʝʣʴʥʘʷ ʪʨʫʙʘ ʩʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚ 

ʧʨʝʜʝʣʘʭ Ñ20ǋ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʥʘ ʠʩʪʠʥʥʳʡ ʩʝʚʝʨ) 

ɺʨʝʤʷ ʨʘʟʛʦʥʘ ʤʦʪʦʨʘ ʇʨʠʤʝʨʥʦ 60 ʩʝʢʫʥʜ 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɼʦ ʰʠʨʦʪʳ 75Á 

ʈʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʠʨʦʙʣʦʢʘ ʆʪ -20Á ʜʦ +50ÁC 

ʈʘʟʤʝʨʳ ʛʠʨʦʙʣʦʢʘ 145 x 186 x 416 ʤʤ 

ɺʝʩ ʛʠʨʦʙʣʦʢʘ 4.0 ʢʛ 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʭʝʦʤʝʪʨʘ 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ (ʉʂʆ 

ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ ʦʜʥʠʤ ʧʨʠʝʤʦʤ), " 
1 

ʋʚʝʣʠʯʝʥʠʝ, ʢʨʘʪ 30 

ʂʦʤʧʝʥʩʘʪʦʨ / ʜʠʘʧʘʟʦʥ," ʜʚʫʭʦʩʝʚʦʡ, Ñ6ǋ 

ɼʘʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ 

ʙʝʟ ʦʪʨʘʞʘʪʝʣʷ, ʤ 
1000 

ɼʘʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ 

ʥʘ ʦʜʥʫ ʧʨʠʟʤʫ, ʤ 
6000 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ 

ʙʝʟ ʦʪʨʘʞʘʪʝʣʷ, ʤʤ 
Ñ(2.0 + 2x10-6xD) 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ʥʘ 

ʧʨʠʟʤʫ, ʤʤ 
Ñ(1.5 + 2x10-6xD) 

ɺʨʝʤʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ 

(ʊʦʯʥʳʝ/ɹʳʩʪʨʳʝ/ʉʣʝʞʝʥʠʝ), ʩ 
0.9 

ʂʣʘʚʠʘʪʫʨʘ 25 ʢʣʘʚʠʰ 

ɼʠʩʧʣʝʡ 
ʎʚʝʪʥʦʡ ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʩʝʥ-

ʩʦʨʥʳʡ ʵʢʨʘʥ (240x320) 

ɿʘʱʠʪʘ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʧʳ-

ʣʠ, ʚʦʜʳ) 
IP65 

ɺʥʫʪʨʝʥʥʷʷ ʧʘʤʷʪʴ 500 Mb (ʚʢʣʶʯʘʷ ʧʘʤʷʪʴ ʜʣʷ ʧʨʦʛʨʘʤʤ) 

ʉʲʝʤʥʳʡ ʥʦʩʠʪʝʣʴ ʠʥʬʦʨʤʘʮʠʠ USB flash (ʜʦ 8 Gb) 

ʇʦʜʩʚʝʪʢʘ ʜʠʩʧʣʝʡ + ʩʝʪʢʘ ʥʠʪʝʡ + ʢʣʘʚʠʘʪʫʨʘ 

ʈʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ -20 - +50 

ɺʨʝʤʷ ʨʘʙʦʪʳ ʦʪ ʦʜʥʦʛʦ ʘʢʢʫʤʫʣʷ-

ʪʦʨʘ, ʯ 
ʦʢʦʣʦ 4 



17 

ɺʨʝʤʷ ʟʘʨʷʜʘ ʦʜʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦ-

ʨʘ, ʯ 
5.5 

ʄʘʩʩʘ (ʚʢʣʶʯʘʷ ʘʢʢʫʤʫʣʷʪʦʨ ʠ 

ʪʨʝʛʝʨ), ʢʛ 
6.9 

 

ʆʙʱʠʡ ʧʦʨʷʜʦʢ ʨʘʙʦʪʳ ʩ ʩʠʩʪʝʤʦʡ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

Sokkia GYRO1X ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: 

ü ʆʧʨʝʜʝʣʝʥʠʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʟʠʤʫʪʘ ʥʘ ʦʧʦʨʥʦʡ ʩʪʦʨʦʥʝ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ (ʩʪʦʨʦʥʝ ʩ ʠʟʚʝʩʪʥʳʤ ʜʠʨʝʢʮʠʦʥʥʳʤ ʫʛʣʦʤ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʩʪʥʦʡ ʧʦʧʨʘʚʢʠ. 

ü ʆʧʨʝʜʝʣʝʥʠʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʘʟʠʤʫʪʦʚ ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʪʦʨʦʥ 
ʧʦʜʟʝʤʥʦʡ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ. 

ü ʂʦʥʪʨʦʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʟʠʤʫʪʘ ʥʘ ʦʧʦʨʥʦʡ 
ʩʪʦʨʦʥʝ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ. 

ü ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʀʥʩʪʨʫʢʮʠʠé ʈɼ 07-603-03 [2], ʛʠʨʦ-

ʩʢʦʧʠʯʝʩʢʠʝ ʘʟʠʤʫʪʳ ʦʨʠʝʥʪʠʨʫʝʤʳʭ ʩʪʦʨʦʥ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʝʟʘʚʠʩʠʤʦ 

ʤʠʥʠʤʫʤ ʜʚʘʞʜʳ, ʧʨʠʯʝʤ ʚʪʦʨʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʧʦʩʣʝ ʚʳʢʣʶ-

ʯʝʥʠʷ ʙʣʦʢʘ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠ ʧʦʚʪʦʨʥʦʛʦ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʛʠʨʦʢʦʤʧʘʩʘ. 

 
ʈʠʩʫʥʦʢ 1. ɻʠʨʦʩʢʦʧʠʯʝʩʢʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ɼʦʧʫʩʪʠʤʘʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʦʧʨʝʜʝʣʝʥʠʷ-

ʤʠ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʟʠʤʫʪʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ: rmf 3= , ʛʜʝ mr 

ï ʉʂʇ ʝʜʠʥʠʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʟʠʤʫʪʘ (ʜʣʷ ʜʘʥʥʦʡ ʩʠ-
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ʩʪʝʤʳ ʜʦʧʫʩʪʠʤʘʷ ʨʘʟʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 45"). ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ 

ʫʢʘʟʘʥʥʳʡ ʜʦʧʫʩʢ ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʢʦʥʪʨʦʣʴ 

ʦʪʩʫʪʩʪʚʠʷ ʛʨʫʙʳʭ ʦʰʠʙʦʢ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʪʦʨʦʥ ʚ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥ ʘʥʘ-

ʣʠʟ ʪʦʯʥʦʩʪʠ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʠʨʦʩʪʦʨʦʥ. 

 
ʈʠʩʫʥʦʢ 2.  

ɻʠʨʦʩʢʦʧʠʯʝʩʢʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʚ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ 

 

ʂʨʦʤʝ ʨʘʙʦʪ ʧʦ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʤʫ ʦʨʠʝʥʪʠʨʦʚʘʥʠʶ, ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 

ʨʘʟʚʠʪʠʝ ʧʦʜʟʝʤʥʳʭ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʦʧʦʨʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʭʦʜʦʚ ʠ ʭʦʜʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʢʣʘʜʳʚʘʶʪʩʷ ʧʦ ʛʣʘʚʥʳʤ ʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʤ 

ʛʦʨʥʳʤ ʚʳʨʘʙʦʪʢʘʤ. ʆʙʳʯʥʦʡ ʧʨʘʢʪʠʢʦʡ ʧʨʠ ʤʘʨʢʰʝʡʜʝʨʩʢʦʤ ʦʙʝʩʧʝʯʝ-

ʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʭʦʜʦʚ ʥʘ ʩʝʢ-

ʮʠʠ ʩ ʛʠʨʦʩʢʦʧʠʯʝʩʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ (ʛʠʨʦʩʪʦʨʦʥʘʤʠ). 

ʋʩʪʘʥʦʚʢʘ ʧʨʠʙʦʨʘ ʠ ʚʠʟʠʨʥʳʭ ʮʝʣʝʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦʜ ʮʝʥʪʨʘʤʠ 

ʪʦʯʝʢ ʦʧʦʨʥʦʡ ʩʝʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ, ʯʪʦ ʧʦʟʚʦʣʠ-

ʣʦ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʩʪʨʫʠ ʚʦʟʜʫʭʘ ʚ ʚʳʨʘʙʦʪʢʘʭ ʥʘ ʪʦʯʥʦʩʪʴ ʮʝʥʪʨʠʨʦʚʘ-

ʥʠʷ ʠ ʜʦʩʪʠʯʴ ʦʰʠʙʢʠ ʮʝʥʪʨʠʨʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʠʛʥʘʣʦʚ ʚ ʧʨʝʜʝʣʘʭ 

Ñ1 ʤʤ. 
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ʈʠʩʫʥʦʢ 3. ʎʝʥʪʨʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ ʧʨʠ ʧʨʦʢʣʘʜʢʝ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʭʦʜʦʚ 

 

ɼʦʩʪʠʛʥʫʪʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʩʣʝʜʫʶ-

ʱʠʝ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪ: 

ü ʉʫʨʦʚʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʥʘʢʣʘʜʳʚʘʶʪ ʦʛʨʘ-
ʥʠʯʝʥʠʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʩʪʘʙʠʣʴʥʘʷ ʨʘʙʦʪʘ ʧʨʠʙʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʥʠʞʝ -

20Áʉ). 

ü ʏʝʨʝʜʦʚʘʥʠʝ ʪʝʧʣʳʭ ʠ ʭʦʣʦʜʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʚʳʨʘʙʦʪʢʘʭ ʦʢʘʟʳʚʘʣʦ 
ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʡ (ʠʤʝʣʦ ʤʝʩʪʦ ʟʘʠʥʜʝʚʝʥʠʝ ʦʙʲ-

ʝʢʪʠʚʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ ʠ ʧʨʠʟʤʝʥʥʳʭ ʦʪʨʘʞʘʪʝʣʝʡ). 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʢʘʟʘʥʥʳʝ ʣʦʢʘʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝ-

ʥʳ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʛʠʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʠʷ Sokkia GYRO1X ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʦʡ ʦʧʦʨʥʦʡ ʩʝʪʠ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ çʀʥʩʪʨʫʢʮʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʘʨʢʰʝʡ-

ʜʝʨʩʢʠʭ ʨʘʙʦʪè ʈɼ 07-603-03 [2].  

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚʢʫʧʝ ʩ ʥʘʢʦ-

ʧʠʚʰʠʤʩʷ ʦʧʳʪʦʤ ʠʟʤʝʨʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʝʝ ʜʘʣʴʥʝʡ-

ʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʣʦʞʥʳʭ ʧʦʜʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ ʈɼ 07-603-03 

[ʊʝʢʩʪ]. - ʄʦʩʢʚʘ, ʌɻʋʇ çʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʮʝʥʪʨ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ɻʦʩʛʦʨʪʝʭʥʘʜʟʦʨʘ ʈʦʩʩʠʠè, 2004. 

2. ʌʝʜʝʨʘʣʴʥʳʝ ʥʦʨʤʳ ʠ ʧʨʘʚʠʣʘ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩ-
ʥʦʩʪʠ "ʇʨʘʚʠʣʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʧʝʨʝʨʘʙʦʪʢʝ 
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ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ" ʫʪʚ. ʇʨʠʢʘʟʦʤ ʌʝʜʝʨʘʣʴʥʦʡ ʩʣʫʞʙʳ ʧʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʠ ʘʪʦʤʥʦʤʫ ʥʘʜʟʦʨʫ ʦʪ 11 ʜʝʢʘʙʨʷ 2013 

ʛʦʜʘ N 599. 

3. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʛʠʨʦʩʪʘʥʮʠʷ Sokkia GYRO1X. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝ-
ʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.geo-ndt.ru/pribor-7960-avtomaticheskaya-

girostanciya-sokkia-gyro1x.htm (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.02.17). 
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ʀʅʌʆʈʄɸʊʀʂɸ, ɺʓʏʀʉʃʀʊɽʃʔʅɸʗ ʊɽʍʅʀʂɸ ʀ 

ʋʇʈɸɺʃɽʅʀɽ 

 

ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʉʀʉʊɽʄɸ ɹʀɻʆʈ ʇʈʀʄɽʈ ʉʆɿɼɸʅʀʗ 

ʋʏɽɹʅʆɻʆ ʇɸʂɽʊɸ 

 

ʖʜʠʥ ɸʣʝʢʩʘʥʜʨ ɸʥʜʨʝʝʚʠʯ 

ʘʩʧʠʨʘʥʪ, ʉʠʙʠʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʵʨʦʢʦʩʤʠʯʝʩʢʠʡ  

ʋʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʷʨʩʢ. 

ʇʦʧʦʚ ɸʥʘʪʦʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ 

ʜʦʮʝʥʪ, ʉʠʙʠʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, 

ʂʨʘʩʥʦʷʨʩʢ. 

 

ɺʚʝʜʝʥʠʝ 

ʉʠʩʪʝʤʘ ɹʠɻʆʈ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʙʘʟ 

ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ (ʕʋ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʨʘʟʜʝʣʷʝʤʳʭ ʝʜʠʥʠʮ ʢʦʥʪʝʥʪʘ (ʊʈɽʂ) ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦ-

ʟʜʘʥʥʳʭ ʧʦʩʦʙʠʡ ʦʙʫʯʘʝʤʳʤʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʰʘ-

ʛʦʚʦʝ ʩʦʟʜʘʥʠʝ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʧʦ ʪʝʤʝ çʇʨʠʝʤʳ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʘʪʪʝʨʥʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷè ʚ ʩʠ-

ʩʪʝʤʝ ɹʠɻʆʈ. 

ʉʠʩʪʝʤʘ ɹʠɻʆʈ 

ɹʘʟʘ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʦʠʪ ʠʟ ʧʘʢʝʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪ-

ʥʦʩʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʠʩʮʠʧʣʠʥʝ (ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ). ʇʘʢʝʪ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʢʣʶʯʘʝʪ ʪʝʟʘʫʨʫʩ ʠ ʥʘʙʦʨ ʤʦʜʫʣʝʡ, ʚ ʢʦʪʦʨʦʤ ʠʤʝʶʪʩʷ ʧʦʜʤʥʦ-

ʞʝʩʪʚʘ ʦʩʥʦʚʥʳʭ (ʫʯʝʙʥʳʭ) ʠ ʪʝʩʪʦʚʳʭ ʤʦʜʫʣʝʡ.  

ʊʝʟʘʫʨʫʩ ʠʤʝʝʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʘʧʨʠʤʝʨ, ʤʦʛʫʪ ʙʳʪʴ ʚʳ-

ʜʝʣʝʥʳ ʫʨʦʚʥʠ ʜʠʩʮʠʧʣʠʥ, ʨʘʟʜʝʣʦʚ ʜʠʩʮʠʧʣʠʥ, ʠʭ ʧʦʜʨʘʟʜʝʣʦʚ ʠ ʵʣʝʤʝʥ-

ʪʦʚ. ʕʣʝʤʝʥʪ ʪʝʟʘʫʨʫʩʘ ï ʵʪʦ ʟʘʧʠʩʴ, ʚʢʣʶʯʘʶʱʘʷ ʪʝʨʤʠʥ ʠ ʝʛʦ ʢʨʘʪʢʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ.  

ɺ ʪʝʟʘʫʨʫʩʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʪʥʦʰʝʥʠʷ çʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦʥʷʪʠʝ ï ʦʧʨʝ-

ʜʝʣʷʶʱʝʝ ʧʦʥʷʪʠʝè, ʥʘʧʨʠʤʝʨ, ʚ ʵʣʝʤʝʥʪʝ ʪʝʟʘʫʨʫʩʘ 

çʊʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ - ʊʘʙʣʠʮʘ ʚ ʧʘʤʷʪʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ, ʫʩʪʘ-

ʥʘʚʣʠʚʘʶʱʘʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ IP-ʘʜʨʝʩʦʤ ʘʜʨʝʩʘʪʘ ʠ ʧʦʨʪʦʤ ʤʘʨʰʨʫ-

ʪʠʟʘʪʦʨʘè. ʆʧʨʝʜʝʣʷʝʤʳʡ ʪʝʨʤʠʥ çʊʘʙʣʠʮʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠè ʚʳʨʘʞʝʥ 

ʯʝʨʝʟ ʪʝʨʤʠʥʳ çʄʘʨʰʨʫʪʠʟʘʪʦʨè, çIP-ʘʜʨʝʩè ʠ çʇʦʨʪè.  

ʇʦʷʩʥʝʥʠʝ ʧʦʥʷʪʠʡ, ʠʭ ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʪʘʪʴʷʭ, 

ʥʘʟʳʚʘʝʤʳʭ ʦʩʥʦʚʥʳʤʠ ʤʦʜʫʣʷʤʠ (ʠʣʠ ʨʘʟʜʝʣʷʝʤʳʤʠ ʝʜʠʥʠʮʘʤʠ ʢʦʥʪʝʥ-

ʪʘ). ɺ ʦʜʥʦʤ ʤʦʜʫʣʝ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʦʧʠʩʘʥʠʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʪʝʤʘʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʧʦʥʷʪʠʡ. ʊʠʧʠʯʥʳʝ ʨʘʟʤʝʨʳ ʤʦʜʫʣʝʡ ʩʦʩʪʘʚʣʷʶʪ 

ʦʪ ʦʜʥʦʛʦ ʘʙʟʘʮʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʪʨʘʥʠʮ ʪʝʢʩʪʘ ʩ ʚʦʟʤʦʞʥʳʤʠ ʚʩʪʘʚʢʘʤʠ 

ʨʠʩʫʥʢʦʚ, ʬʦʪʦʛʨʘʬʠʡ, ʚʠʜʝʦʬʨʘʛʤʝʥʪʦʚ ʠ ʪ.ʧ.  

ʂʘʞʜʳʡ ʤʦʜʫʣʴ ʩʦʩʪʦʠʪ ʠʟ ʪʝʣʘ ʠ ʤʝʪʘʜʘʥʥʳʭ. ʄʝʪʘʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʩʦʙʦʡ ʩʧʝʮʠʬʠʢʘʮʠʶ, ʚʢʣʶʯʘʶʱʫʶ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʝ ʠ ʠʥʪʝʨ-
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ʬʝʡʩʥʳʝ ʘʪʨʠʙʫʪʳ. ʂ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʤ ʘʪʨʠʙʫʪʘʤ ʦʪʥʦʩʷʪʩʷ ʠʤʝʥʘ ʘʚʪʦ-

ʨʦʚ ʤʦʜʫʣʷ, ʜʘʪʳ ʥʘʧʠʩʘʥʠʷ ʤʦʜʫʣʷ ʠ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ, ʫʨʦʚʝʥʴ ʩʣʦʞ-

ʥʦʩʪʠ, ʜʘʥʥʳʝ ʦ ʩʝʨʪʠʬʠʢʘʮʠʠ ʤʦʜʫʣʷ ʠ ʪ.ʧ. ʀʥʪʝʨʬʝʡʩʥʳʝ ʘʪʨʠʙʫʪʳ 

ʩʣʫʞʘʪ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʩ ʜʨʫʛʠʤʠ ʤʦʜʫʣʷʤʠ ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʠʣʠʨʫʝʤʳʭ ʚʝʨʩʠʡ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ ʠ ʚʢʣʶʯʘʶʪ ʩʧʠʩʢʠ ʪʝʨʤʠʥʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʦʜʫʣʝ. ʊʝʨʤʠʥʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʧʦʥʷʪʠʷ, ʦʧʨʝʜʝ-

ʣʷʝʤʳʝ ʚ ʤʦʜʫʣʝ, ʥʘʟʳʚʘʶʪʩʷ ʚʳʭʦʜʥʳʤʠ ʠʣʠ ʧʨʦʩʪʦ ʚʳʭʦʜʘʤʠ ʤʦʜʫʣʷ. 

ʊʝʨʤʠʥʳ ʠ ʧʦʥʷʪʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʤʦʜʫʣʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʦʚ, 

ʥʘʟʳʚʘʶʪʩʷ ʚʭʦʜʥʳʤʠ ʠʣʠ ʚʭʦʜʘʤʠ ʤʦʜʫʣʷ.  

ʃʶʙʦʝ ʧʦʥʷʪʠʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚ ʩʧʠʩʢʘʭ ʚʳʭʦʜʦʚ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʫ-

ʣʝʡ. ʊʘʢʠʝ ʤʦʜʫʣʠ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʧʦ-

ʜʨʦʙʥʦʩʪʴʶ ʠ ʩʪʠʣʝʤ ʠʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʩʩʳʣʢʘʤʠ ʥʘ ʪʝ ʠʣʠ ʠʥʳʝ 

ʧʨʠʤʝʨʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʚʭʦʜʥʳʭ ʪʝʨʤʠ-

ʥʦʚ ʠ ʪ.ʜ. ʇʦʜʦʙʥʘʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʜʠʚʠ-

ʜʫʘʣʠʟʘʮʠʠ ʩʦʟʜʘʚʘʝʤʳʭ ʚʝʨʩʠʡ ʕʋ.  

ɺ ʣʶʙʦʤ ʠʟ ʤʦʜʫʣʝʡ ʩʠʩʪʝʤʳɹʠɻʆʈ ʚʦʟʤʦʞʥʳ ʩʩʳʣʢʠ ʥʘ ʜʦʢʫʤʝʥʪʳ, 

ʩʦʟʜʘʥʥʳʝ ʠ ʦʪʢʨʳʚʘʝʤʳʝ ʚ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. ʇʨʠʤʝʨʘʤʠ ʚʥʝʰʥʠʭ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ɹʠɻʆʈ ʜʦʢʫʤʝʥʪʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ HTML-ʬʘʡʣʳ, ʧʨʝʟʝʥʪʘ-

ʮʠʠ MicrosoftOffice, ʘʥʠʤʘʮʠʦʥʥʳʝ, ʟʚʫʢʦʚʳʝ ʠ ʚʠʜʝʦʬʨʘʛʤʝʥʪʳ ʨʘʟʣʠʯ-

ʥʳʭ ʬʦʨʤʘʪʦʚ ʠ ʪ.ʜ. 

ɸʚʪʦʨʩʢʘʷ ʧʦʜʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʚʪʦʨʘʤʠ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʣʫʞʠʪ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʦʜʫʣʝʡ, ʚʥʝʩʝʥʠʷ ʜʦʧʦʣʥʝʥʠʡ ʠ ʠʟʤʝʥʝʥʠʡ 

ʚ ɹʋʄ. ʆʩʥʦʚʦʡ ʘʚʪʦʨʩʢʦʡ ʧʦʜʩʠʩʪʝʤʳ ɹʠɻʆʈ ʷʚʣʷʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʡ ʨʝ-

ʜʘʢʪʦʨ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʤʦʜʫʣʝʡ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʧʦʜʤʥʦʞʝ-

ʩʪʚʦ ʷʟʳʢʘ XML  ʩ ʨʘʩʰʠʨʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʦʢʫʤʝʥʪʦʚ ʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʥʦʪʘʮʠʝʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʫʜʦʙʩʪʚʦ ʧʨʠʤʝʥʝʥʠʷ ʨʝʜʘʢ-

ʪʦʨʘ ʜʣʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʊʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ ʩʠʩʪʝʤʳ ɹʠɻʆʈ ʥʘʜʝʣʝʥ ʨʷʜʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ, ʦʙʣʝʛʯʘʶʱʠʭ ʨʘʙʦʪʫ ʘʚʪʦʨʦʚ ʫʯʝʙʥʳʭ ʠ ʪʝʩʪʦʚʳʭ ʤʦʜʫʣʝʡ. 

ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʬʫʥʢʮʠʡ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʚ 

ʪʝʢʩʪʝ ʧʦʥʷʪʠʡ, ʠʤʝʶʱʠʭʩʷ ʚ ʪʝʟʘʫʨʫʩʝ; ʚʢʣʶʯʝʥʠʝ ʚ ʯʠʩʣʦ ʨʘʟʨʝʰʝʥʥʳʭ 

ʩʠʤʚʦʣʦʚ ʥʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʪʘʥʜʘʨʪʝ 

Unicode (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʭ, ʢʦʪʦʨʳʝ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʰʨʠʬʪʘʭ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʤʧʴʶʪʝʨʘ); ʚʥʝʜʨʝʥʠʝ ʚ ʬʘʡʣʳ ʤʦʜʫʣʝʡ ʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘ-

ʞʝʥʠʡ ʠ ʪ.ʧ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʦʜʫʣʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ, 

ʥʝ ʩʚʷʟʘʥʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʥʠʢʘʢʠʤʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ ʜʦʛʦʚʦʨʝʥʥʦ-

ʩʪʷʤʠ, ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ XML -ʧʦʜʤʥʦʞʝʩʪʚʘ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʙʱʝʝ ʝʜʠʥʩʪʚʦ ʚʥʝʰʥʝʛʦ ʩʪʠʣʷ ʦʬʦʨʤʣʝʥʠʷ ʠ ʬʦʨʤʘʣʴ-

ʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʩʝʭ ʜʦʢʫʤʝʥʪʦʚ ɹʋʄ. 

ʂ ʬʫʥʢʮʠʷʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʤʝʪʘʜʘʥʥʳʭ ʤʦʜʫʣʝʡ ʠ ʧʦʣʫʯʝʥʠʝ ʛʠʧʝʨʪʝʢʩʪʘ.  

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʠʧʝʨʪʝʢʩʪʘ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʥʘʣʠʯʠʝ ʪʝʟʘʫʨʫ-

ʩʘ. ʇʫʩʪʴ T ï ʤʥʦʞʝʩʪʚʦ ʪʝʨʤʠʥʦʚ, ʦʙʦʟʥʘʯʘʶʱʠʭ ʧʦʥʷʪʠʷ, ʧʨʠʩʫʪʩʪʚʫʶ-
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ʱʠʝ ʚ ʪʝʟʘʫʨʫʩʝ. ʊʦʛʜʘ ʣʶʙʦʡ ʪʝʨʤʠʥ V iúT ʩʪʘʥʦʚʠʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʛʠ-

ʧʝʨʩʩʳʣʢʦʡ. ɺ ɹʠɻʆʈ ʧʨʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʤʦʜʫʣʷ ʨʝʘʣʠʟʦʚʘʥʘ ʧʦʜʩʚʝʪʢʘ 

ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʚ ʤʦʜʫʣʝ ʪʝʨʤʠʥʦʚ V iúT, ʧʦʵʪʦʤʫ ʘʚʪʦʨ ʤʦʜʫʣʷ ʜʦʣʞʝʥ 

ʣʠʰʴ ʫʢʘʟʘʪʴ, ʢ ʢʘʢʦʤʫ ʠʟ ʪʨʝʭ ʚʦʟʤʦʞʥʳʭ ʧʦʜʤʥʦʞʝʩʪʚ ʦʪʥʦʩʷʪʩʷ ʧʦʜ-

ʩʚʝʯʝʥʥʳʝ V i - ʢ ʧʦʜʤʥʦʞʝʩʪʚʫ ʚʳʭʦʜʥʳʭ, ʚʭʦʜʥʳʭ ʠʣʠ ʧʨʦʩʪʳʭ ʩʩʳʣʦʯ-

ʥʳʭ ʪʝʨʤʠʥʦʚ. ʇʨʠ ʫʢʘʟʘʥʠʠ ʚʳʭʦʜʥʦʛʦ ʪʝʨʤʠʥʘ ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʫʝʪ 

ʩʪʨʦʢʫ ʪʘʙʣʠʮʳ ʄ, ʚ ʢʦʪʦʨʦʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʫʢʘʟʘʥ-

ʥʳʤ ʪʝʨʤʠʥʦʤ ʠ ʘʜʨʝʩʦʤ ʨʝʜʘʢʪʠʨʫʝʤʦʛʦ ʤʦʜʫʣʷ. ʇʨʠ ʫʢʘʟʘʥʠʠ ʚʭʦʜʥʦʛʦ 

ʠʣʠ ʩʩʳʣʦʯʥʦʛʦ ʪʝʨʤʠʥʘ V i ʬʦʨʤʠʨʫʶʪʩʷ ʛʠʧʝʨʩʩʳʣʢʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝ-

ʤʫ ʵʣʝʤʝʥʪʫ ʪʝʟʘʫʨʫʩʘ ʠ ʯʝʨʝʟ ʧʦʩʨʝʜʩʪʚʦ ʪʘʙʣʠʮʳ ʄ ï ʢ ʤʦʜʫʣʷʤ, ʚ ʢʦʪʦ-

ʨʳʭ V i ʦʧʨʝʜʝʣʝʥ. ʃʶʙʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ɹʋʄ ʥʠʢʘʢ ʥʝ ʦʪʨʘʞʘʶʪʩʷ ʥʘ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʠʧʝʨʩʩʳʣʦʢ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʦʜʫʣʝʡ ʠ ʧʦʥʷʪʠʡ ʚʥʫʪʨʠ ɹʋʄ ʬʦʨʤʠʨʫʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ. ʆʪʜʝʣʴʥʳʝ 

ʧʦʜʩʚʝʯʝʥʥʳʝ, ʢʘʢ ʠ ʧʦʚʪʦʨʥʦ ʫʧʦʤʠʥʘʝʤʳʝ ʚ ʤʦʜʫʣʝ ʪʝʨʤʠʥʳV i ʘʚʪʦʨ 

ʤʦʜʫʣʷ ʚʧʨʘʚʝ ʥʝ ʧʨʝʚʨʘʱʘʪʴ ʚ ʛʠʧʝʨʩʩʳʣʢʠ. 

ʊʝʨʤʠʥʳ ʚ ʪʝʟʘʫʨʫʩʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʜʘʶʪʩʷ ʚ ʠʤʝʥʠʪʝʣʴʥʦʤ ʧʘʜʝʞʝ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʯʠʩʣʘ, ʚ ʪʝʢʩʪʝ ʤʦʜʫʣʷ ʦʥʠ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʚ ʜʨʫʛʠʭ 

ʛʨʘʤʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʘʭ. ɼʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʝʨʤʠʥʦʚ ʚ ʜʨʫʛʠʭ ʬʦʨʤʘʭ ʚ 

ʩʠʩʪʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠ-

ʟʘ. 

 

ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʫʯʝʙʥʦʛʦ ʧʘʢʝʪʘ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʧʘʢʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʚ ʘʚʪʦʨʩʢʫʶ ʧʦʜʩʠ-

ʩʪʝʤʫ ʥʘ ʧʘʥʝʣʠ ʥʘʚʠʛʘʮʠʠ (ʨʠʩ 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʘʚʪʦʨʩʢʦʡ ʧʦʜʩʠʩʪʝʤʳ ʥʘ ʧʘʥʝʣʠ ʥʘʚʠʛʘʮʠʠ. 

ɼʘʣʝʝ ʚʳʧʦʣʥʷʝʤ ʢʦʤʘʥʜʫ çʉʦʟʜʘʪʴ ʥʦʚʳʡ ʧʘʢʝʪè. ʆʪʢʨʳʚʘʝʪʩʷ ʦʢʥʦ 

ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʳʭ ʧʘʢʝʪʦʚ (ʨʠʩ. 2), ʚ ʥʝʤ ʫʢʘʟʳʚʘʝʪʩʷ ʥʘʠʤʝʥʦʚʘʥʠʝ ʢʫʨʩʘ, 

ʝʛʦ ʪʠʧ, ʘʚʪʦʨʳ ʠ ʢʘʪʘʣʦʛ ʨʘʩʧʦʣʦʞʝʥʠʷ (ʢʘʪʘʣʦʛ ʫʢʘʟʳʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴ-

ʥʳʡ). 
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ʈʠʩʫʥʦʢ 2 ï ʆʢʥʦ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʧʘʢʝʪʘ. 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʝʟʘʫʨʫʩʘ ʥʫʞʥʦ ʚʦʡʪʠ ʚ ʨʝʞʠʤ ʪʝʟʘʫʨʫʩʘ (ʠʢʦʥʢʘ ʊ) ʠ 

ʟʘʪʝʤ ʚ ʧʦʷʚʠʚʰʝʤʩʷ ʦʢʥʝ ʚʳʙʨʘʪʴ ʧʫʥʢʪ çʉʦʟʜʘʪʴ ʥʦʚʳʡ ʜʦʢʫʤʝʥʪè, ʯʪʦ 

ʚʳʟʳʚʘʝʪ ʦʢʥʦ ʥʦʚʦʛʦ ʬʘʡʣʘ ʪʝʟʘʫʨʫʩʘ (ʨʠʩ. 3). 

 
ʈʠʩʫʥʦʢ 3 ï ʆʢʥʦ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʪʝʟʘʫʨʫʩʘ. 

 

ɽʩʣʠ ʚ ʩʧʠʩʢʝ ʪʝʟʘʫʨʫʩʦʚ ʚʳʙʨʘʪʴ ʵʣʝʤʝʥʪ, ʪʦ ʦʪʢʨʦʝʪʩʷ ʬʦʨʤʘ ʨʝʜʘʢ-

ʪʠʨʦʚʘʥʠʷ ʪʝʟʘʫʨʫʩʘ (ʨʠʩ. 4). ʉ ʧʦʤʦʱʴʶ ʠʢʦʥʦʢ ʚʝʨʭʥʝʛʦ ʤʝʥʶ ʚʦʟʤʦʞʥʳ 

ʩʦʭʨʘʥʝʥʠʝ ʩʜʝʣʘʥʥʦʡ ʟʘʧʠʩʠ ʠʣʠ ʝʝ ʦʪʢʘʪ, ʩʦʟʜʘʥʠʝ ʛʠʧʝʨʪʝʢʩʪʦʚʳʭ ʩʩʳ-

ʣʦʢ ʠ ʨʷʜ ʜʨʫʛʠʭ ʦʧʝʨʘʮʠʡ, ʧʦʷʩʥʷʝʤʳʭ ʚʩʧʣʳʚʘʶʱʠʤ ʪʝʢʩʪʦʤ. 

 
ʈʠʩʫʥʦʢ 4 ï ʆʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʪʝʟʘʫʨʫʩʘ. 

 

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʥʘ ʩʪʨʘʥʠʮʫ çʋʯʝʙʥʳʝ ʤʦʜʫʣʠè ʜʣʷ ʜʦ-

ʙʘʚʣʝʥʠʷ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ʈʠʩʫʥʦʢ 5 ï ʇʘʥʝʣʴ ʥʘʚʠʛʘʮʠʠ. 

 

ɺ ʧʦʷʚʠʚʰʝʤʩʷ ʩʧʠʩʢʝ ʥʘʭʦʜʠʪʩʷ ʩʧʠʩʦʢ ʫʯʝʙʥʳʭ ʤʦʜʫʣʝʡ ʠ ʢʦʤʘʥʜʳ 

ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʠʤʠ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʫʯʝʙʥʦʛʦ ʤʦʜʫʣʷ ʥʫʞʥʦ ʟʘʜʘʪʴ ʫʨʦʚʝʥʴ 

ʩʣʦʞʥʦʩʪʠ, ʠʤʝʥʘ ʘʚʪʦʨʘ, ʤʦʜʫʣʷ ʠ ʬʘʡʣʘ. ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʳʡ ʤʦ-

ʜʫʣʴ ʧʦʷʚʠʪʩʷ ʚ ʦʙʱʝʤ ʩʧʠʩʢʝ. ʇʨʠ ʥʘʞʘʪʠʠ ʥʘ ʥʘʟʚʘʥʠʝ ʤʦʜʫʣʷ ʦʪʢʨʦʝʪʩʷ 

ʦʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʫʯʝʙʥʦʛʦ ʤʦʜʫʣʷ (ʨʠʩ. 6). ʅʘ ʣʝʚʦʡ ʧʘʥʝʣʠ ʦʢʥʘ ʝʩʪʴ 

ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʜʦʙʥʦʛʦ ʥʘʙʦʨʘ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 
ʈʠʩʫʥʦʢ 6 ï ʆʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʫʯʝʙʥʦʛʦ ʤʦʜʫʣʷ. 

 

ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʟʘʫʨʫʩʘ ʠ ʤʦʜʫʣʝʡ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʦʨʠ-

ʪʝʪʳ ʧʨʦʩʤʦʪʨʘ ʧʘʢʝʪʦʚ ʧʨʠ ʧʦʠʩʢʝ ʟʘʜʘʚʘʝʤʳʭ ʪʝʨʤʠʥʦʚ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ 

ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʛʦ ʫʧʦʤʠʥʘʥʠʷ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʪʝʨʤʠʥʘ ʚ ʥʝʩʢʦʣʴʢʠʭ ʧʘ-

ʢʝʪʘʭ. ʊʝʨʤʠʥ ʙʫʜʝʪ ʚʳʙʠʨʘʪʴʩʷ ʠʟ ʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʧʘʢʝʪʘ. 

ʋʩʪʘʥʦʚʢʘ ʧʨʠʦʨʠʪʝʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʧʫʥʢʪʘ çʇʨʠʦʨʠʪʝʪ-

ʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʠʩʢʘ ʪʝʨʤʠʥʦʚè ʥʘ ʣʝʚʦʡ ʩʪʨʘʥʠʮʝ ʧʘʥʝʣʠ ʥʘʚʠ-

ʛʘʮʠʠ (ʨʠʩ. 5). ʇʦʷʚʣʷʝʪʩʷ ʦʢʥʦ (ʨʠʩ. 7), ʚ ʢʦʪʦʨʦʤ ʜʣʷ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʥʘ 

ʚʳʙʨʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ ʪʨʝʭ ʧʘʢʝʪʦʚ. 

 
ʈʠʩʫʥʦʢ 7 ï ʆʢʥʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʧʨʠʦʨʠʪʝʪʦʚ ʧʦʠʩʢʘ ʪʝʨʤʠʥʦʚ. 
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ɿʘʢʣʶʯʠʪʝʣʴʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʢʝʪʘ ʩʪʘʥʦʚʷʪʩʷ ʟʘ-

ʧʦʣʥʝʥʠʝ ʘʥʥʦʪʘʮʠʠ, ʩʚʝʜʝʥʠʡ ʦʙ ʘʜʤʠʥʠʩʪʨʘʪʦʨʝ (ʚʣʘʜʝʣʴʮʝ ʧʘʢʝʪʘ) ʠ ʩʦ-

ʩʪʘʚʣʝʥʠʝ ʩʧʠʩʢʘ ʤʦʜʫʣʝʡ ʩ ʦʙʲʝʜʠʥʝʥʠʝʤ ʠʭ ʚ ʪʝʤʘʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ 

(ʛʣʘʚʳ). ʕʪʠ ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʚʳʙʦʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʫʥʢ-

ʪʦʚ, ʥʘ ʣʝʚʦʡ ʩʪʨʘʥʠʮʝ ʧʘʥʝʣʠ ʥʘʚʠʛʘʮʠʠ (ʨʠʩ. 5). 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

1. ʅʦʨʝʥʢʦʚ ʀ.ʇ. ʊʝʭʥʦʣʦʛʠʠ ʨʘʟʜʝʣʷʝʤʳʭ ʝʜʠʥʠʮ ʢʦʥʪʝʥʪʘ ʜʣʷ ʩʦ-

ʟʜʘʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʨʝʜ // ʀʥʬʦʨ-

ʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 2003, ˉ 8. 

2. ʅʦʨʝʥʢʦʚ ʀ.ʇ., ɿʠʤʠʥ ɸ.ʄ. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʨʘ-

ʟʦʚʘʥʠʠ ï ʄ.: ʀʟʜ-ʚʦ ʄɻʊʋ ʠʤ. ʅ.ʕ.ɹʘʫʤʘʥʘ, 2004. 

3. ʅʦʨʝʥʢʦʚ ʀ.ʇ., ʋʚʘʨʦʚ ʄ.ʖ. ɹʘʟʘ ʠ ʛʝʥʝʨʘʪʦʨ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝ-

ʩʫʨʩʦʚ // ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 2005, ˉ 9. 
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ʄɸʐʀʅʆʉʊʈʆɽʅʀɽ ʀ ʄɸʐʀʅʆɺɽɼɽʅʀɽ 

 

ʄʆɼɽʃʔ ʄɸʐʀʅʓ ʉ ʄɸʍʆɺʀʏʅʓʄ ɸʂʂʋʄʋʃʗʊʆʈʆʄ 

ʕʅɽʈɻʀʀ  

 

ɹʘʨʙʘʰʦʚ ʅ.ʅ. 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ (ʄɻʊʋ ʠ. ʅ.ʕ. ɹʘʫʤʘʥʘ) 

 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʰʠʥʳ ʨʘ-

ʙʦʪʘʶʪ ʥʘ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ. ʅʝʩʦʤʥʝʥʥʦ, ʯʪʦ ʧʨʠʯʠʥʘʤʠ ʩʥʠ-

ʞʝʥʠʷ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʤʘʰʠʥ ʷʚʣʷʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʥʘʛʨʫʟʢʠ, 

ʦʪʢʣʦʥʝʥʠʷ ʢʦʪʦʨʳʭ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʚʳʟʳʚʘʝʪ ʨʦʩʪ ʧʦʪʝʨʴ 

ʵʥʝʨʛʠʠ. ɼʨʫʛʦʡ ʧʨʠʯʠʥʦʡ ʨʦʩʪʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʧʨʠʥʫ-

ʜʠʪʝʣʴʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʩʪʘʥʦʚʢʠ ʤʘʰʠʥ. ɺ ʥʘʩʪʦʷ-

ʱʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʢʣʘʩʩ ʤʘʰʠʥ ʩ ʛʠʙʨʠʜʥʳʤʠ ʩʠʣʦʚʳʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʢʫʧʝʨʘʮʠʶ ʵʥʝʨʛʠʠ ʪʦʨʤʦʞʝ-

ʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʨʝʜʠ ʥʠʭ ʦʙʣʘʜʘʶʪ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʤʘʰʠʥʳ ʩ ʤʘʭʦʚʠʯʥʳʤ ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʵʥʝʨʛʠʠ, ʠʤʝʶʱʠʤ ʜʣʠʪʝʣʴʥʳʡ 

ʩʨʦʢ ʩʣʫʞʙʳ. ʋʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʤ ʵʥʝʨʛʠʠ ʚ ʤʘʭʦʚʠʯʥʦʤ ʘʢʢʫʤʫʣʷʪʦʨʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʝʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩ ʪʨʘʥʩʤʠʩʩʠʝʡ.  

ʆʩʥʦʚʦʡ ʩʦʟʜʘʥʠʷ ʤʝʪʦʜʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʤʘʰʠʥʳ ʩ ʤʘʭʦʚʠʯʥʳʤ ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʳʙʦʨ ʧʘ-

ʨʘʤʝʪʨʦʚ ʧʦ ʜʚʫʤ ʢʨʠʪʝʨʠʷʤ: ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʦʢʘʟʘʪʝʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʤʘʰʠʥ ʠʟʜʘʚʥʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʚʨʝʤʷ ʨʘʟʛʦʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʚʩʝʛʜʘ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʂʇɼ ʤʘʰʠʥʳ. ʅʘ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ ʩʫʱʝʩʪʚʫʝʪ ʦʜ-

ʥʦʟʥʘʯʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʜʝʣʴʥʳʤ ʨʘʩʭʦʜʦʤ ʵʥʝʨʛʠʠ ʠ ʂʇɼ. ɿʘʤʘʥʯʠʚʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʦʮʝʥʢʫ ʠ ʥʘ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. ʊʘʢʘʷ ʞʝ 

ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʠ ʧʨʠ ʦʮʝʥʢʝ ʪʦʢʩʠʯʥʦʩʪʠ ʚʳʧʫʩʢʥʳʭ ʛʘʟʦʚ ɼɺʉ. ʀ ʚ 

ɽʚʨʦʧʝ ʠ ʚ ɸʤʝʨʠʢʝ ʧʦʰʣʠ ʧʦ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʧʫʪʠ. ɹʳʣʠ ʨʝʛʣʘʤʝʥʪʠ-

ʨʦʚʘʥʳ ʨʝʞʠʤʳ ʨʘʙʦʪʳ, ʧʦ ʢʦʪʦʨʳʤ ʦʮʝʥʠʚʘʣʘʩʴ ʪʦʢʩʠʯʥʦʩʪʴ ʚʳʧʫʩʢʥʳʭ 

ʛʘʟʦʚ, ʪʦ ʝʩʪʴ ʙʳʣ ʩʦʟʜʘʥ ʥʘʙʦʨ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʭ ʨʝʞʠʤʦʚ ï ʪʘʢ ʥʘʟʳʚʘ-

ʝʤʳʝ ʝʚʨʦʧʝʡʩʢʠʡ ʠ ʘʤʝʨʠʢʘʥʩʢʠʡ ʝʟʜʦʚʦʡ ʮʠʢʣ, ʧʦ ʢʦʪʦʨʳʤ ʛʘʨʘʥʪʠʨʦʚʘ-

ʣʘʩʴ ʦʜʥʦʟʥʘʯʥʘʷ ʦʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ɼɺʉ. ʇʦ ʪʘʢʦʤʫ ʞʝ 

ʧʫʪʠ ʧʦʰʣʠ ʠ ʚ ʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʨʘʟʨʘʙʘʪʳʚʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʢʦʤʙʠʥʘʮʠʠ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʨʝʞʠʤʦʚ ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ ʜʣʷ 

ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʤʘʰʠʥ (ʨʠʩ.1). ɹʳʣ ʧʨʝʜ-

ʣʦʞʝʥ ʧʨʠʥʮʠʧ ʠʜʝʘʣʠʟʘʮʠʠ ʮʠʢʣʘ ñʨʘʟʛʦʥ ï ʪʦʨʤʦʞʝʥʠʝò, ʩʦʩʪʦʷʱʠʡ ʚ 

ʜʦʧʫʱʝʥʠʠ ʤʛʥʦʚʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʥʘʛʨʫʟʢʠ ʠ ʧʨʠʥʷʪʠʷ ʧʦʩʪʦʷʥʩʪʚʘ 

ʧʨʠʚʝʜʝʥʥʳʭ ʤʦʤʝʥʪʦʚ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʮʠʢʣʘ ʥʝ ʠʩʢʣʶʯʘʝʪ ʦʮʝʥʢʠ 

ʤʘʰʠʥʳ ʧʨʠ ʜʨʫʛʠʭ ʚʠʜʘʭ ʥʘʛʨʫʞʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ ʠʜʝʘʣʠʟʠʨʦʚʘʥ-

ʥʳʭ, ʥʦ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 
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1. ʇʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʠ ʩʨʘʚ-
ʥʝʥʠʝ ʚʘʨʠʘʥʪʦʚ ʤʘʰʠʥ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʢʘʭ ʧʦ ʢʨʫʪʷʱʝʤʫ ʤʦʤʝʥʪʫ;  

2. ʇʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪʳ ʜʠʥʘʤʠʯʥʦʩʪʠ ʤʘʰʠʥʳ ʠ ʵʢʦʥʦ-

ʤʠʯʥʦʩʪʠ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʝʸ 

ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʨʘʙʦʪʳ ʜʣʷ ʚʩʝʭ ʠʩ-

ʩʣʝʜʫʝʤʳʭ ʚʘʨʠʘʥʪʦʚ. 

ɼʦʧʫʱʝʥʠʝ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʚʝʜʝʥʥʳʭ ʤʦʤʝʥʪʦʚ ʩʠʣ ʠ ʤʦ-

ʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʠ ʫʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ ʨʘʙʦʪ ʧʨʠ ʨʘʟʛʦʥʝ ʠ ʪʦʨʤʦʞʝʥʠʠ  

( ) ( )
ʨʘʟʛ ʪʦʨʤ

A AS = S  

ʧʦʟʚʦʣʷʶʪ ʥʘʡʪʠ ʩʚʷʟʴ ʤʝʞʜʫ ʜʚʠʞʫʱʠʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʨʘʟʛʦʥʝ ʠ ʤʦ-

ʤʝʥʪʦʤ ʪʦʨʤʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʷʤʠ, ʧʨʦʭʦʜʠʤʳʤʠ ʧʨʠ ʨʘʟʛʦʥʝ 

ʨʘʟʛ ʧʝʨj j=  ʠ ʦʩʪʘʥʦʚʝ ʪʦʨʤj  ʚ ʚʠʜʝ 
( ) ( )ʨʘʟʛ ʪʦʨʤʨʘʟʛ ʪʦʨʤ
ʄ ʄj jS S=  

ʇʨʠ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʷʭ ʜʚʠʞʝʥʠʝ ʚ ʮʠʢʣʝ çʨʘʟʛʦʥ - ʪʦʨʤʦʞʝʥʠʝè 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʛʣʦʚʳʭ ʫʩʢʦʨʝʥʠʡ. 

( )
ʨʘʟʛ

ʨʘʟʛ

ʄ

J
e

S

S

= , 
( )

ʪʦʨʤ

ʪʦʨʤ

ʄ

J
e

S

S

= , 

ʛʜʝ JS - ʩʫʤʤʘʨʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ.
 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ maxw  ʚ ʮʠʢʣʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʟ ʫʩʣʦʚʠʷ 

ʨʘʚʝʥʩʪʚʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʩʫʤʤʘʨʥʦʡ ʨʘ-

ʙʦʪʳ ʧʨʠ ʨʘʟʛʦʥʝ 

( )
max

2
ʨʘʟʛ

A

J
w

S

S
=  

 

ɺʨʝʤʷ ʨʘʟʛʦʥʘ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥʳ, ʤʦʞʝʪ 

ʙʳʪʴ ʥʘʡʜʝʥʦ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

( )
max max

ʨʘʟʛ

ʨʘʟʛ ʨʘʟʛ

J

M

w w
t

e
S

S

= =  

 

ʆʮʝʥʢʫ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʥʝʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʮʠʢʣʘ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ ʨʝʞʠʤʦʤ, ʚ ʢʦʪʦʨʦʤ ʟʘʪʨʘʪʳ ʥʘ ʥʘʢʦʧʣʝʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʟʘ ʮʠʢʣ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʩʚʷʟʘʥʳ ʩ 

ʪʨʝʥʠʝʤ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʭ ʤʝʭʘʥʠʟʤʦʚ. ʎʠʢʣ çʨʘʟʛʦʥ ï ʪʦʨʤʦʞʝ-

ʥʠʝè ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʛʦʥʦʤ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʘʰʠʥʳ 

ʟʘ ʩʯʝʪ ʠʟʙʳʪʦʯʥʦʡ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʧʦ-

ʣʝʟʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɽʩʣʠ ʥʝ ʧʨʦʚʦʜʠʪʩʷ ʨʝʢʫʧʝʨʘʮʠʷ ʵʥʝʨʛʠʠ, ʪʦ ʪʦʨ-

ʤʦʞʝʥʠʝ ʤʘʰʠʥʳ ʚʳʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʠ ʩʥʠʞʝʥʠʝ ʮʠʢʣʦʚʦʛʦ 

ʂʇɼ  
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ʜʚ ʨʘʟʛ ʧʦʪʝʨʴ ʮʠʢʣ

ʮʠʢʣ
ʜʚ ʨʘʟʛ

( )

( )

ɸ ɸ

ɸ
h

-
=

. 

 ʀʩʧʦʣʴʟʫʷ ʜʦʧʫʱʝʥʠʝ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʂʇɼ 

ʮʠʢʣʘ çʨʘʟʛʦʥ ï ʪʦʨʤʦʞʝʥʠʝè, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʥʝʫʩʪʘʥʦʚʠʚʰʝʤʩʷ 

ʨʝʞʠʤʝ ʧʦʣʝʟʥʦ ʟʘʪʨʘʯʝʥʥʘʷ ʨʘʙʦʪʘ ʚ ʮʠʢʣʝ ʧʨʠʙʣʠʞʸʥʥʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʮʝʥʝʥʘ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʜʚʠʞʝʥʠʷ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʧʨʦʡ-

ʜʝʥʥʦʤ ʧʫʪʠ. ʕʢʦʥʦʤʠʯʥʦʩʪʴ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʚ ʮʠʢʣʝ çʨʘʟʛʦʥ ï ʪʦʨʤʦʞʝ-

ʥʠʝè ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʙʱʝʛʦ ʮʠʢʣʦʚʦʛʦ ʂʇɼ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ 

ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʷ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ ʟʘ ʮʠʢʣ ʢ ʟʘʪʨʘʯʝʥʥʦʡ ʜʚʠʛʘʪʝʣʝʤ ʨʘʙʦ-

ʪʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʛʦʥʘ. 

 

 (ɖʦʙ)ɦʮʠʢʣ = (ɸʧʦʣʝʟʥ)ʮʠʢʣ / (ɸʜʚ)ʨʘʟʛ . 

ʇʨʠ ʜʦʧʫʱʝʥʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʤʦʤʝʥʪʦʚ ʄʜʚ ʠ ʄʩʦʧʨ ʫʨʘʚʥʝʥʠʷ ʨʘʙʦʪ 

ʧʨʠʥʠʤʘʶʪ ʚʠʜ 
ʨʘʟʛ

ʜʚʜʚʨʘʟʛ,ɸM=j 

ʧʦʣ ʩʦʧʨ ʧʦʣ ʩʦʧʨ ʮʠʢʣɸ M= j
 

ʧʦʵʪʦʤʫ ʟʥʘʯʝʥʠʝ ʦʙʱʝʛʦ ʂʇɼ ʮʠʢʣʘ çʨʘʟʛʦʥ ï ʪʦʨʤʦʞʝʥʠʝè, ʫʯʠʪʳ-

ʚʘʶʱʝʛʦ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʠ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ, ʙʫʜʝʪ ʨʘʚʥʦ 

(ɖʦʙ)ɦʮʠʢʣ = Mʧʦʣʝʟʥ ű ʮʠʢʣ / (Mʜʚ űʨʘʟʛ ). 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʮʠʢʣʘ çʨʘʟʛʦʥ ï ʪʦʨ-

ʤʦʞʝʥʠʝè ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʦ, ʯʪʦ ʠʟ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʦʞʥʦ ʚʳ-

ʜʝʣʠʪʴ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ, ʦʮʝʥʠʚʘʝʤʳʝ ʦʙʳʯʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʂʇɼ ɖʤʝʭ. 

ʉ ʫʯʸʪʦʤ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʠ ʪʦʨʤʦʞʝʥʠʝ ʧʦʣʫʯʠʤ  

(ɖʦʙ)ɦʮʠʢʣʘ = ɖʮʠʢʣ ɖʤʝʭ . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʠʡ ʂʇɼ ʥʘ ʥʝʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʮʠʢʣʝ çʨʘʟʛʦʥ - 

ʪʦʨʤʦʞʝʥʠʝè ʨʘʚʝʥ ʧʨʦʠʟʚʝʜʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʂʇɼ, ʫʯʠʪʳʚʘʶʱʝʛʦ 

ʦʙʳʯʥʦ ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ, ʥʘ ʂʇɼ ʮʠʢʣʘ çʨʘʟʛʦʥ ï ʪʦʨʤʦʞʝʥʠʝè, ʫʯʠʪʳ-

ʚʘʶʱʝʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʯʸʪʘ ʂʇɼ ʚ ʮʠʢʣʝ çʨʘʟʛʦʥ - ʪʦʨʤʦʞʝʥʠʝè ʨʘʩ-

ʩʤʦʪʨʠʤ ʫʧʨʦʱʝʥʥʫʶ ʬʨʘʢʮʠʦʥʥʫʶ ʤʦʜʝʣʴ, ʧʨʠ ʫʩʣʦʚʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʧʨʝʚʳʰʝʥʠʷ ʤʦʤʝʥʪʘ ʪʦʨʤʦʞʝʥʠʷ ʥʘʜ ʜʨʫʛʠʤʠ ʄʪʦʨʤ e ʄʩʦʧʨ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʥʘʢʦʧʣʝʥʥʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʊmax ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʠʟʨʘʩʭʦʜʦʚʘʥʘ, ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʪʳ ʧʦʪʝʨʴ ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ ʨʘʙʦʪʫ ʠʟʙʳʪʦʯʥʦʛʦ ʤʦʤʝʥʪʘ ʧʨʠ ʨʘʟʛʦʥʝ  

ʄɆʨʘʟʛ = ʄʜʚ - ʄʩʦʧʨ , 

ʢʦʪʦʨʘʷ ʧʨʠ ʨʘʟʛʦʥʝ ʠʜʸʪ ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ȹʊ. 
ʨʘʟʛ

ʧʦʪʝʨʴ max ʨʘʟʛ

0

dA ʊ ʄ M

j

j jä ä=D = = Öñ
.

 

ʇʨʠ ʨʝʟʢʦʤ ʪʦʨʤʦʞʝʥʠʠ ʙʝʟ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʟʘʚʠʩʠʤʦʩʪʴ ʂʇɼ 

ʮʠʢʣʘ çʨʘʟʛʦʥ ï ʪʦʨʤʦʞʝʥʠʝè ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ (ʨʠʩ. 2) 
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ʜʚ ʮʠʢʣ

ʮʠʢʣ

ʜʚʜʚ ʮʠʢʣ

( d d )
1

( d )

M M M

MM

j j
h

j

ä ä-
= = -
ñ ñ

ñ
 = kʄ , 

ʛʜʝ kʄ = ʄʩʦʧʨ/ʄʜʚ ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʜʚʠʛʘʪʝʣʷ. 

 

ʈʝʢʫʧʝʨʘʮʠʷ ï ʧʝʨʝʚʦʜ ʵʥʝʨʛʠʠ ʪʦʨʤʦʞʝʥʠʷ ʚ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʤʘʭʦʚʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚʘʨʠʘʪʦ-

ʨʘ ï ʤʝʭʘʥʠʟʤʘ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʚʘʣʳ ʤʘʭʦʚʠʢʘ ʠ ʪʨʘʥʩʤʠʩʩʠʠ ʤʘʰʠʥʳ 

(ʨʠʩ. 3).  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʘʰʠʥʳ ʩ ʧʝ-

ʨʝʜʘʯʝʡ ʵʥʝʨʛʠʠ ʪʦʨʤʦʞʝʥʠʷ ʚ ʤʘʭʦʚʠʯʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ ʵʥʝʨʛʠʠ ʧʫʪʸʤ 

ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚʘʨʠʘʪʦʨʘ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨ-

ʛʠʠ ʠ ʧʦʪʨʝʙʠʪʝʣʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ ʧʨʠʤʝʥʝʥʠʝ 

ʙʝʩʩʪʫʧʝʥʯʘʪʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʩ ʧʝ-

ʨʝʤʝʥʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʬʠʨʤʳ çɻʘʨʨʝʪʪè 

(ʉʐɸ), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʚ ʤʘʭʦʚʠʯʥʦʤ ʘʢʢʫʤʫʣʷʪʦʨʝ ʟʘʧʘʩʘʝʪʩʷ ʙʦʣʴ-

ʰʘʷ ʯʘʩʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʪʦʨʤʦʞʝʥʠʷ, ʘ ʵʥʝʨʛʠʷ ʠʟ ʙʣʦʢʘ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ. 

ʅʘʠʤʝʥʴʰʠʝ ʧʦʪʝʨʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʤʘʰʠʥʳ 

ʙʫʜʫʪ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʚʩʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʪʨʘʥʩʤʠʩʩʠʠ ʤʘʰʠʥʳ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʤʘʭʦʚʠʢʘ. 

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ U21 = ɤ1 / ɤ2 

ʚʘʨʠʘʪʦʨʘ (ʨʠʩ. 3) ʙʫʜʝʪ ʦʧʪʠʤʘʣʴʥʳʤ, ʝʩʣʠ ʟʘʧʘʩ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʤʘʰʠʥʳ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʤʘʰʠʥʳ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ ʵʥʝʨʛʠʠ ʠʤʝʝʪ ʧʦʩʪʦʷʥ-

ʥʦʝ ʟʥʘʯʝʥʠʝ 

ʊɆ = ʊ1 + ʊ2 = const , 

ʛʜʝ ʊ1 = J1, (ɤ1)
2 /2, ʊ2 = J2 (ɤ2)

2 /2 ï ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʤʘʭʦʚʠʢʘ ʠ ʪʨʘʥʩʤʠʩʩʠʠ ʤʘʰʠʥʳ,  

ɤ2, ɤ1 ï ʫʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʚʘʣʦʚ ʪʨʘʥʩʤʠʩʩʠʠ ʠ ʤʘʭʦʚʠʢʘ, 

J1, J2, ï ʤʦʤʝʥʪʳ ʠʥʝʨʮʠʠ ʤʘʭʦʚʠʢʘ ʠ ʤʘʰʠʥʳ.  

ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʫʨʘʚʥʝʥʠʝ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʤʘʰʠʥʳ ʩ 

ʨʝʢʫʧʝʨʘʮʠʝʡ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ 

( ) ( ) ( )
22 2

2 21 1 2 2 max

2 2 2

JJ J ww w
+ =  

ɿʘʢʦʥ ʨʘʟʛʦʥʘ ʤʘʭʦʚʠʢʘ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʤʘʰʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʫʨʘʚʥʝʥʠʶ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʤʘʰʠʥʳ, ʢʦʪʦʨʦʝ ʧʨʠ ʜʦʧʫʱʝʥʠʠ ʧʦʩʪʦʷʥ-

ʩʪʚʘ ʤʦʤʝʥʪʘ ʪʦʨʤʦʞʝʥʠʷ ʠ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʤʘʭʦʚʠʢʘ J1 ʠ ʤʘʰʠʥʳ J2 

ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

( ) ( )
2 22

1 2 2max
1

J

J
w w w= +  



31 

ʠʣʠ ʩ ʫʯʸʪʦʤ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʤʝʥʪʦʚ ʠʥʝʨʮʠʠ ʤʘʭʦʚʠʢʘ 

J1 ʠ ʪʨʘʥʩʤʠʩʩʠʠ ʤʘʰʠʥʳ J2  

( )
( )
( )

2

21 2

1 1 2max max

1
J

J

ww

w w

è ø
= -é ù

é ùê ú

 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʝʛʦ ʫʨʘʚʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʙʝʟʨʘʟʤʝʨʥʫʶ ʟʘ-

ʚʠʩʠʤʦʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚʘ-

ʨʠʘʪʦʨʘ U12 / (U12)max ʚ ʬʫʥʢʮʠʠ ʦʪʥʦʰʝʥʠʷ ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʠ ʤʘʰʠʥʳ ʢ ʝʸ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ɤ2/(ɤ2)max ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ ʵʥʝʨ-

ʛʠʠ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.  

ɼʠʥʘʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥʳ ʧʨʠ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʪʦʨʤʦʞʝ-

ʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ, ʢʦʪʦʨʳʡ ʯʘʩʪʦ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 

( )
2

11

1 2

ʧʨ
ʧʨ ʧʨd dJ

M J
dt d

ww

j
S

S S

å õå õ
= +æ öæ ö

ç ÷ç ÷
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ʛʜʝ JʧʨɆ.= J1 +  (U21)
2 J2 ï ʩʫʤʤʘʨʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ 

ʤʘʰʠʥʳ, ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʚʘʣʫ ʤʘʭʦʚʠʢʘ,  

U21 = ɤ1 / ɤ2 = U(t) ï ʤʛʥʦʚʝʥʥʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚʘʨʠʘʪʦʨʘ 

ʤʝʞʜʫ ʚʘʣʘʤʠ ʪʨʘʥʩʤʠʩʩʠʠ ʠ ʤʘʭʦʚʠʢʘ,  

ʄʧʨɆ = ʄɆʪʦʨʤU12 ï ʩʫʤʤʘʨʥʳʡ ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʚʘʣʫ ʤʘʭʦʚʠʢʘ ʤʦʤʝʥʪ 

ʪʦʨʤʦʞʝʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ ʄʜʚ = 0.  

 ɺʳʨʘʞʝʥʠʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʦʡ ʬʦʨʤʝ ʠʤʝʝʪ ʚʠʜ 
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, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʟʘʢʦʥʦʤ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ U21(ɤ2) 

ʦʪ ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʠ ʤʘʰʠʥʳ ɤ2.  

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ U12 ʚʘʨʠʘʪʦʨʘ ʚ 

ʬʫʥʢʮʠʠ ʩʢʦʨʦʩʪʠ ɤ2, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʫʧʨʘʚʣʷʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ (ʨʠʩ. 

5), ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʤʘʰʠʥʳ ʩ ʤʘʭʦʚʠʯʥʳʤ ʘʢʢʫʤʫʣʷ-

ʪʦʨʦʤ ʵʥʝʨʛʠʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʨʘʥʝʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʘʰʠʥʳ. ʈʘʟʜʝʣʷʷ 

ʧʝʨʝʤʝʥʥʳʝ, ʧʦʣʫʯʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʢʦ-

ʪʦʨʦʛʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʪʦʨʤʦ-

ʞʝʥʠʠ 
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ʇʦʩʢʦʣʴʢʫ ʥʘʡʜʝʥʥʳʡ ʦʧʪʠʤʘʣʴʥʳʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʚʘʨʠʘʪʦʨʘ U(t) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʢʘʯ-

ʢʠ ʵʥʝʨʛʠʠ ʤʦʤʝʥʪʦʚ ʩʠʣ, ʪʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʘʨʠʘʪʦʨʦʤ ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ) ʩʢʦʨʦʩʪʠ ʤʘʰʠʥʳ (ʨʠʩ.5).  
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ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʪʝʢʫʱʝʡ ʩʢʦʨʦʩʪʠ ɤ2 ʚʘʣʘ ʪʨʘʥʩʤʠʩʩʠʠ ʤʦʞʥʦ ʧʦ-

ʩʪʨʦʠʪʴ ʟʘʤʢʥʫʪʫʶ ʩʠʩʪʝʤʫ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ U(ɤ2) = U(ɤ2 ʥʘʯ.) + 

kʫʩ ɤ2 . ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʣʝʜʫʝʪ ʥʘʯʠʥʘʪʴ ʩ 

ʨʘʩʯʸʪʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ kʫʩ ʉʋ ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʥʘʯʘʣʴʥʳʤ ʠ ʢʦʥʝʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʪʦʨʤʦʞʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʸ ʨʘʩʯʸʪʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʠ ʟʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʝʪʦʜʘʤʠ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʩʪʨʫʢʪʫʨʥʳʡ ʩʠʥʪʝʟ ʉʋ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʨʦʝ-

ʥʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʉʋ ʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʠʜʘ ʝʸ ʫʩʠʣʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʘ ʩʢʦʨʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʘʭʦʛʝʥʝʨʘʪʦʨ. 

ʉʦʟʜʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ ʉʋ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʠʧʘ ʧʨʦʛʨʘʤʤʠʨʫʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʝʛʦ ʫʧʨʘʚʣʷ-

ʶʱʠʡ ʩʠʛʥʘʣ ʚ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ. ʅʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʩʦʟʜʘʥʠʷ ʨʝʛʫ-

ʣʷʪʦʨʦʚ ʨʘʟʛʦʥʘ ʜʠʟʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʫʣʘʯʢʦʚʳʝ ʤʝʭʘʥʠʟʤʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʦʨʛʘʥ ʪʦʧʣʠʚʦ-

ʧʦʜʘʯʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʕɺʄ, ʥʘ ʢʦʪʦʨʫʶ ʤʦʞʥʦ 

ʚʦʟʣʦʞʠʪʴ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʵʪʦʛʦ ʜʠʢʪʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘʯʘʣʴʥʳʝ ʠ ʢʦʥʝʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʛʦʥʘ ʠ ʪʦʨ-

ʤʦʞʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʢʦʥʢʨʝʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʰʠʥʳ. ʇʦʵʪʦʤʫ ʚ ʢʘ-

ʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʉɸʈ ʦʪ ʵʣʝʤʝʥʪʘ ʢ ʵʣʝʤʝʥ-

ʪʫ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ. ɺʦʪ ʧʦʯʝʤʫ ʠ ʚ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʨʘʥʝʝ ʬʠʨʤʦʡ ñɻʘʨʨʝʪʪò.  

 

ɺʳʚʦʜʳ  
1. ɼʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʝʭʘʥʠʟʤʦʚ ʩ ʞʝʩʪʢʠʤʠ ʟʚʝʥʴʷʤʠ, ʢʦʪʦʨʫʶ 

ʧʦ ʝʸ ʩʚʦʡʩʪʚʘʤ ʩʣʝʜʫʝʪ ʥʘʟʳʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ, ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʘ ʠ ʜʘʸʪ 

ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠ ʚʳʙʦʨʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʥʩʤʠʩʩʠʠ 

ʤʘʰʠʥʳ, ʥʘʧʨʠʤʝʨ, ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ ʠ ʝʸ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʦ 

ʢʨʠʪʝʨʠʷʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʚ ʧʝʨʝʭʦʜ-

ʥʳʭ ʨʝʞʠʤʘʭ.  

2. ɸʥʘʣʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʘʰʠʥʳ ʩ ʨʝʢʫʧʝʨʘʮʠʝʡ ʵʥʝʨʛʠʠ 
ʧʦʟʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦ-

ʰʝʥʠʷ ʚʘʨʠʘʪʦʨʘ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʠ ʨʘʟʛʦʥʝ; 

3. ʇʨʠʤʝʥʝʥʠʝ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʥʝ 
ʪʦʣʴʢʦ ʩʦʭʨʘʥʠʪʴ ʚʳʩʦʢʠʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʤʘʰʠʥʳ, ʥʦ ʠ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʝʸ ʵʢʦʥʦʤʠʯʥʦʩʪʴ. 

4. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲ-
ʝʜʠʥʝʥʘ ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʤʘʰʠʥʳ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʦʪ 

ʵʣʝʤʝʥʪʘ ʢ ʵʣʝʤʝʥʪʫ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ. 
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ɺ ʮʝʧʠ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʦʙʨʘʪʠʤʳʡ ʤʦʪʦʨ-ʛʝʥʝʨʘʪʦʨ.  
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ʄɽʊɸʃʃʋʈɻʀʗ ʀ ʄɸʊɽʈʀɸʃʆɺɽɼɽʅʀɽ 

 

ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɸɺʊʆʂʃɸɺʅʆ-

ɻʀɼʈʆʄɽʊɸʃʃʋʈɻʀʏɽʉʂʆʁ ʇɽʈɽʈɸɹʆʊʂʀ ʋʇʆʈʅʓʍ 

ɿʆʃʆʊʆʉʆɼɽʈɾɸʑʀʍ ʇʀʈʀʊʅʆ-ɸʈʉɽʅʆʇʀʈʀʊʅʓʍ 

ʄɸʊɽʈʀɸʃʆɺ 

 

ʀʚʘʥʠʢ ʉʚʝʪʣʘʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʪʨʘʥʩʧʦʨʪʘ ʠ ʭʨʘ-

ʥʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɻʘʚʨʠʣʠʢ ɸʣʠʥʘ ɺʘʩʠʣʴʝʚʥʘ 

ʩʪʫʜʝʥʪ ʛʨ. ʉʊ-14, ʢʘʬʝʜʨʳ ʪʨʘʥʩʧʦʨʪʘ ʠ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʂʘʥ ɻʠʣʴ ʉʫʥ 

ʩʪʫʜʝʥʪ ʛʨ. ʉʊ-14, ʢʘʬʝʜʨʳ ʪʨʘʥʩʧʦʨʪʘ ʠ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ ʨʘʟʚʠʪʠʠ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʟʦʣʦʪʦʜʦʙʳ-

ʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʤʠʥʝ-

ʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʩʚʷʟʠ ʩ ʠʩʪʦʱʝʥʠʝʤ ʟʘʧʘʩʦʚ 

ʙʦʛʘʪʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʚ ʩʬʝʨʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʚʣʝʢʘʝʪʩʷ ʙʦʣʝʝ 

ʩʣʦʞʥʦʝ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʫʧʦʨʥʦʝ ʩʳʨʴʝ. ʊʦʥʢʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ 

ʟʦʣʦʪʘ ʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ - ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʧʨʠ-

ʯʠʥʘ ʫʧʦʨʥʦʩʪʠ ʟʦʣʦʪʳʭ ʨʫʜ. ʇʨʦʙʣʝʤʘ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠ ʫʧʦʨʥʦʛʦ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ, ʙʝʟ ʧʨʝʫʚʝʣʠʯʝʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʥʝʩʝʥʘ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ. ʇʦ ʦʮʝʥʢʝ ʵʢʩʧʝʨʪʦʚ, ʠʤʝʥʥʦ ʟʘ ʩʯʝʪ 

ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʚʦʚʣʝʯʝʥʠʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʫʧʦʨʥʳʭ ʟʦʣʦʪʳʭ ʠ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʧʣʘʥʠʨʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ 

ʦʩʥʦʚʥʦʡ ʧʨʠʨʦʩʪ ʜʦʙʳʯʠ ʟʦʣʦʪʘ ʚ ʤʠʨʝ. 

ʋʧʦʨʥʳʝ ʨʫʜʳ ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ: ʨʫʜʳ, ʚ ʢʦʪʦʨʳʭ 

ʟʦʣʦʪʦ ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩ ʢʚʘʨʮʝʤ; ʨʫʜʳ, ʚ ʢʦʪʦʨʳʭ ʟʦʣʦʪʦ ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩ 

ʩʫʣʴʬʠʜʘʤʠ. 

ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠʟ ʨʫʜ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʧʨʠʤʝʥʷʶʪ ʪʦʥʢʦʝ 

ʠʣʠ ʩʚʝʨʭʪʦʥʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʜʦʩʪʘʪʦʯʥʦʝ ʚʩʢʨʳʪʠʝ ʟʦ-

ʣʦʪʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʩʧʦʣʴʟʫʶʪ ʩʭʝʤʳ ʩ ʪʨʝʭʩʪʘʜʠʘʣʴʥʳʤ ʠʟʤʝʣʴʯʝʥʠʝʤ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʣʫʯʝʥʠʝ ʧʨʦʜʫʢʪʘ ʢʨʫʧʥʦʩʪʴʶ 90-95% ʢʣʘʩʩʘ - 0,04 ʤʤ. ʎʠ-

ʘʥʠʨʦʚʘʥʠʝ ʪʘʢʦʛʦ ʪʦʥʢʦʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʪ-

ʚʘʣʴʥʳʝ ʭʚʦʩʪʳ ʩ ʥʝʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ. ʆʜʥʘʢʦ ʚʩʣʝʜʩʪʚʠʝ 

ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʦʙʨʘʙʦʪʢʘ ʨʫʜ ʩ ʪʦʥʢʦʚʢʨʘʧʣʝʥ-

ʥʳʤ ʟʦʣʦʪʦʤ ʦʙʭʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʨʦʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʙʦʪʢʦʡ 

ʦʙʳʯʥʳʭ ʨʫʜ. ʉ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʚ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʚʝʜʫʪʩʷ ʙʦʣʴʰʠʝ ʨʘʙʦʪʳ ʧʦ ʚʥʝʜʨʝʥʠʶ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʤʝʪʦʜʘ ʩʘʤʦ-

ʠʟʤʝʣʴʯʝʥʠʷ ʟʦʣʦʪʳʭ ʨʫʜ. 
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çʋʧʦʨʥʦʩʪʴè ʨʫʜ ʚʪʦʨʦʡ ʢʘʪʝʛʦʨʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʩʫʪʩʪʚʠʝʤ ʘʩʩʦ-

ʮʠʠʨʦʚʘʥʥʦʛʦ ʩ ʩʫʣʴʬʠʜʘʤʠ ʟʦʣʦʪʘ ʥʝ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʪʦʥʢʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥ-

ʥʳʭ ʯʘʩʪʠʮ ʩʘʤʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʥʦ ʪʘʢʞʝ ʚ ʬʦʨʤʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʧʦʚʝʨʭʥʦʩʪʥʦʛʦè ʟʦʣʦʪʘ. ʉʧʦʩʦʙ-

ʥʦʩʪʴ ʞʝʣʝʟʘ ʦʙʨʘʟʦʚʳʚʘʪʴ ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩ ʥʝʢʦʪʦʨʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʸʪʢʠ ʤʠʥʝʨʘʣʦʚ ʞʝʣʝʟʘ, ʯʪʦ ʩʦ-

ʟʜʘʸʪ ʫʩʣʦʚʠʷ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʚ ʠʭ ʨʝʰʸʪʢʫ ʘʪʦʤʦʚ ʟʦʣʦʪʘ. ʇʨʠ 

ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩ ʚʳʩʦʢʠʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʩʨʦʜ-

ʩʪʚʦʤ ʢ ʩʝʨʝ, ʢ ʢʦʪʦʨʳʤ, ʧʦʤʠʤʦ ʤʝʜʠ, ʥʠʢʝʣʷ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ, ʪʘʢʞʝ 

ʦʪʥʦʩʠʪʩʷ ʟʦʣʦʪʦ. 

ɼʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʜʦʙʥʦʛʦ ʩʳʨʴʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʘʚʪʦʢʣʘʚʥʳʝ ʤʝʪʦʜʳ. ʂʘʧʠʪʘʣʴʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠ-

ʦʥʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘ-

ʚʠʩʷʪ ʦʪ ʨʝʞʠʤʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ - ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʄʝʪʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʫʧʦʨʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ ʩ 

ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʳʤ ʟʦʣʦʪʦʤ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʚʝʱʝʩʪʚʝʥʥʳʡ 

ʩʦʩʪʘʚ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ ʚʩʢʨʳʪʠʷ ʟʦʣʦʪʘ ʠʟ ʩʫʣʴʬʠʜʥʦʛʦ 

ʩʳʨʴʷ: ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ (ʦʙʞʠʛ), ʭʠʤʠʯʝʩʢʠʝ (ʚʳʱʝʣʘʯʠʚʘʥʠʝ), ʤʝʭʘʥʠ-

ʯʝʩʢʠʝ (ʠʟʤʝʣʴʯʝʥʠʝ); ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʜʘʥʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ. 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠʟ ʫʧʦʨʥʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘ-

ʱʠʭ ʨʫʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚʦ ʬʣʦʪʘʮʠʦʥʥʦʤ ʦʙʦʛʘʱʝʥʠʠ, ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʦʙʞʠ-

ʛʝ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʮʠʘʥʠʨʦʚʘʥʠʠ ʦʛʘʨʢʘ. ʏʘʩʪʦ 

ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʟʦʣʦʪʘ ʚ ʩʫʣʴʬʠʜʘʭ ʥʘʩʪʦʣʴʢʦ ʤʘʣʘ, ʯʪʦ ʪʦʥʢʦʝ ʠ ʜʘʞʝ 

ʩʚʝʨʭʪʦʥʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʥʝʦʙʭʦʜʠʤʦʡ 

ʩʪʝʧʝʥʠ ʚʩʢʨʳʪʠʷ. ʇʦʵʪʦʤʫ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʝ ʟʦʣʦʪʦ ʚʩʢʨʳʚʘʶʪ ʩ ʧʦʤʦ-

ʱʴʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ. ʇʨʠ ʵʪʦʤ ʩʫʣʴʬʠʜʳ ʦʢʠʩʣʷʶʪʩʷ ʠ ʧʨʝʚʨʘ-

ʱʘʶʪʩʷ ʚ ʧʦʨʠʩʪʫʶ ʭʦʨʦʰʦ ʧʨʦʥʠʮʘʝʤʫʶ ʜʣʷ ʮʠʘʥʠʩʪʳʭ ʨʘʩʪʚʦʨʦʚ ʤʘʩʩʫ 

ʦʢʠʩʣʦʚ. ʇʦʩʣʝʜʫʶʱʝʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʦʛʘʨʢʘ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ ʟʦʣʦʪʦ 

ʚ ʮʠʘʥʠʩʪʳʡ ʨʘʩʪʚʦʨ.  

ʆʢʠʩʣʝʥʠʝ ʧʠʨʠʪʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 450-500Áʉ. ʇʨʦʮʝʩʩ 

ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʠʨʨʦʪʠʥʘ 

ʧʦ ʨʝʘʢʮʠʠ (1), ʢʦʪʦʨʳʡ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʤʘʛʥʝʪʠʪʘ ʠ ʜʘʣʝʝ ʜʦ ʛʝʤʘʪʠʪʘ: 

 FeS2 + ʆ2 = FeS + SO2, (1) 

ʇʦʢʘʟʘʪʝʣʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʟʘʚʠʩʷʪ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʧʘʨʘʤʝʪ-

ʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʚʘʞʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʞʠʛʘ (ʥʠʞʝ 500Áʉ) ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʥʝʚʝ-

ʣʠʢʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʣʠʯʠʶ ʥʝ ʧʦʣʥʦʩʪʴʶ ʦʢʠʩʣʝʥʥʳʭ ʯʘʩʪʠʮ ʧʠ-

ʨʠʪʘ ʚ ʦʛʘʨʢʝ. ʎʠʘʥʠʨʦʚʘʥʠʝ ʪʘʢʦʛʦ ʦʛʘʨʢʘ ʙʫʜʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʟʦʣʦʪʘ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʛʦ 

ʚʩʢʨʳʪʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʝʚʳʰʘʶʱʠʭ 950Áʉ, ʚʦʟʤʦʞʥʦ ʯʘ-

ʩʪʠʯʥʦʝ ʦʧʣʘʚʣʝʥʠʝ ʦʛʘʨʢʘ ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦ-

ʧʣʘʚʢʠʭ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʩʤʝʩʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʠʨʨʦʪʠʥʘ ʠ ʤʘʛʥʝʪʠʪʘ. 
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ʇʦʷʚʣʝʥʠʝ ʨʘʩʧʣʘʚʘ ʚʝʜʝʪ ʢ ʩʧʝʢʘʥʠʶ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʣʫʯʝʥʠʶ ʧʣʦʪʥʳʭ 

ʤʘʣʦʧʦʨʠʩʪʳʭ ʦʛʘʨʢʦʚ, ʧʣʦʭʦ ʧʦʜʜʘʶʱʠʭʩʷ ʮʠʘʥʠʨʦʚʘʥʠʶ. ʆʧʪʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ ʧʠʨʠʪʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʚʝʱʝʩʪʚʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 500-700Áʉ. 

ʇʦʚʝʜʝʥʠʝ ʘʨʩʝʥʦʧʠʨʠʪʘ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʦʙʞʠʛʝ ʚʦ ʤʥʦʛʦʤ ʘʥʘ-

ʣʦʛʠʯʥʦ ʧʦʚʝʜʝʥʠʶ ʧʠʨʠʪʘ. ʀʥʪʝʥʩʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʘʨʩʝʥʦʧʠʨʠʪʘ ʥʘʯʠʥʘ-

ʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʠʤʝʨʥʦ 450Áʉ ʠ ʧʨʦʪʝʢʘʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʨʦʪʠʥʘ ʠ ʤʘʛʥʝʪʠʪʘ. ʇʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʘʭ ʚʳʰʝ 600Áʉ ʦʢʠʩʣʝʥʠʶ ʘʨʩʝʥʦʧʠʨʠʪʘ ʧʨʝʜʰʝʩʪʚʫʝʪ ʝʛʦ ʜʠʩʩʦʮʠʘ-

ʮʠʷ, ʛʘʟʦʦʙʨʘʟʥʳʡ ʤʳʰʴʷʢ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʪʨʝʭʦʢʠʩʠ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʣʝʪʫʯʝʩʪʴʶ. 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʧʝʨʝʨʘʙʦʪʢʠ ʫʧʦʨʥʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʧʠ-

ʨʠʪʥʦ-ʘʨʩʝʥʦʧʠʨʠʪʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʧʨʦʩʪ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʦʥ ʠʤʝʝʪ ʩʝʨʴ-

ʝʟʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: ʧʦʚʳʰʝʥʥʳʝ ʧʦʪʝʨʠ ʟʦʣʦʪʘ ʩ ʭʚʦʩʪʘʤʠ ʮʠʘʥʠʨʦʚʘʥʠʷ, 

ʪ.ʢ. ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʦʙʞʠʛ ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʯʘʩʪʠʯʥʳʤ ʩʧʝʢʘʥʠ-

ʝʤ ʤʘʪʝʨʠʘʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʦʣʦʪʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʜʦʩʪʫʧʥʳʤ ʜʝʡʩʪʚʠʶ ʮʠʘʥʠʩʪʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʪʝʨʷʝʪʩʷ ʩ ʭʚʦʩʪʘʤʠ ʮʠʘ-

ʥʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʥʦʩʦʤ ʯʘʩʪʠʮ ʟʦʣʦʪʘ ʚ ʤʳʰʴʷʢʦʚʠʩʪʳʝ ʚʦʟʛʦʥʳ; ʥʝʠʟ-

ʙʝʞʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʳʙʨʦʩʘʤʠ ʤʳʰʴʷʢʘ ʠ ʩʝʨʳ; 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʚʳʩʦʢʦʪʦʢʩʠʯʥʦʛʦ ʦʢʩʠʜʘ 

ʤʳʰʴʷʢʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʩʤʝʥʫ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʤʝʪʦʜʫ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦ-

ʪʘ ʠʟ ʫʧʦʨʥʳʭ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʧʨʠʭʦʜʷʪ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʦʭʨʘʥʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʦʪʩʫʪʩʪʚʠʝ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ʩʦʝʜʠʥʝʥʠʡ ʤʳʰʴʷʢʘ ʠ 

ʩʝʨʳ; ʚʳʚʦʜ ʤʳʰʴʷʢʘ ʚ ʚʠʜʝ ʤʘʣʦʪʦʢʩʠʯʥʦʛʦ ʘʨʩʝʥʘʪʘ ʞʝʣʝʟʘ, ʩʙʨʦʩ ʢʦʪʦ-

ʨʦʛʦ ʚʦʟʤʦʞʝʥ ʚ ʦʙʳʯʥʦʝ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ) ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʦʝ ʠʟ-

ʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ. ɺ ʧʝʨʝʨʘʙʦʪʢʝ ʫʧʦʨʥʦʛʦ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʤʠʥʠʨʫʶʪ ʤʝʪʦʜʳ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʠ ʘʚʪʦʢʣʘʚʥʦʛʦ 

ʚʩʢʨʳʪʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʮʠʘʥʠʨʦʚʘʥʠʝʤ ʪʚʝʨʜʳʭ ʦʩʪʘʪʢʦʚ. 

ɹʘʢʪʝʨʠʘʣʴʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʟʣʦʞʝʥʠʠ ʩʫʣʴʬʠʜʦʚ 

ʘʮʠʜʦʬʠʣʴʥʳʤʠ ʙʘʢʪʝʨʠʷʤʠ Thioba-cillus, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʠʟʚʣʝʯʝʥʠʝ ʟʦ-

ʣʦʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʚʳʰʝʥʦ ʚ ʜʝʩʷʪʢʠ ʧʨʦʮʝʥʪʦʚ. ʇʨʠ ʙʘʢʪʝʨʠʘʣʴʥʦʤ ʚʳ-

ʱʝʣʘʯʠʚʘʥʠʠ ʠʩʭʦʜʥʳʡ ʬʣʦʪʦʛʨʘʚʠʦʢʦʥʮʝʥʪʨʘʪ ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʨʝʧʫʣʴʧʘʮʠʶ ʚ ʦʙʦʨʦʪʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʩʦʣʝʡ ʧʠʪʘʥʠʷ 

(ʩʫʣʴʬʘʪ ʘʤʤʦʥʠʷ, ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʠ ʜʨ.) ʜʦ ʩʦʜʝʨʞʘʥʠʷ ʪʚʝʨʜʦʛʦ ʚ ʧʫʣʴʧʝ 

15%. ʇʨʠʛʦʪʦʚʣʝʥʥʘʷ ʧʫʣʴʧʘ ʧʦʜʘʝʪʩʷ ʚ ʯʘʥʳ ʙʠʦʦʢʠʩʣʝʥʠʷ ʩ ʤʝʭʘʥʠʯʝ-

ʩʢʠʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʠ ʘʵʨʘʮʠʝʡ. ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʘʨʩʝʥʦʧʠʨʠʪʘ ʧʦʩʣʝ 

60-120 ʯʘʩʦʚ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪ 80-90%. ʂʘʢ ʠʟ-

ʚʝʩʪʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʦʙ-

ʨʘʟʦʚʘʥʠʝ ʩʝʨʥʦʡ, ʘ ʪʘʢʞʝ ʤʳʰʴʷʢʦʚʦʡ ʢʠʩʣʦʪ ʧʦ ʨʝʘʢʮʠʷʤ (3) ʠ (4): 

2FʝS2 + 6ʆ2 = Fʝ2(Sʆ4)3 + S0 (2) 

S0 + 1,5ʆ2 + ʅ2ʆ = ʅ2Sʆ4 (3) 

4FʝAsS + 13ʆ2 + 6ʅ2ʆ = 4FʝSʆ4 + 4ʅ3ɸsʆ4 (4) 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʙʘʢʪʝʨʠʘʣʴʥʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʩʢʨʳʪʠʷ ʩʦʧʦʩʪʘʚʠʤʘ ʩ 

ʘʚʪʦʢʣʘʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʠ ʧʨʝʚʦʩʭʦʜʠʪ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʦʙʞʠʛ. ʆʜʥʘʢʦ, 

ʧʨʠ ʙʣʠʟʢʠʭ ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪʘʭ ʘʚʪʦʢʣʘʚʥʘʷ ʪʝʭ-

ʥʦʣʦʛʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʠʟʚʣʝʯʝʥʠʝʤ ʟʦʣʦʪʘ, ʪ.ʢ. ʘʚʪʦ-

ʢʣʘʚʥʦʝ ʚʩʢʨʳʪʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ. 

ɹʠʦʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʦʙʣʘʜʘʷ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʠ 

ʙʦʣʴʰʠʭ ʧʦʪʨʝʙʥʳʭ ʦʙʲʝʤʦʚ ʘʧʧʘʨʘʪʫʨʳ. 

ɸʚʪʦʢʣʘʚʥʘʷ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦ-

ʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʡ ʨʝʘʢʮʠʦʥʥʳʭ ʛʘʟʦʚ, ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʥʩʠʬʠʮʠʨʦ-

ʚʘʪʴ ʧʨʦʮʝʩʩ ʠ ʧʦʚʳʩʠʪʴ ʧʨʷʤʦʝ ʠʟʚʣʝʯʝʥʠʝ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ 

ʫʣʫʯʰʠʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠʭ ʠʟʚʣʝʯʝʥʠʷ, ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʘ-

ʟʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʦʣʝʝ ʧʨʦʩʪʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʧʫʣʴʧ ʠ ʧʨʦʤʳʚʢʫ ʦʩʘʜ-

ʢʦʚ. ʕʪʦ ʟʘʤʝʪʥʦ ʨʘʩʰʠʨʷʝʪ ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʦʚ ʟʘ ʩʯʝʪ 

ʚʦʚʣʝʯʝʥʠʷ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʧʦ-

ʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʠ ʧʦʣʫʧʨʦʜʫʢʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʰʣʘʢʦʚ, ʧʳʣʝʡ, 

ʢʝʢʦʚ, ʰʣʘʤʦʚ). ʇʨʠʤʝʥʝʥʠʝ ʘʚʪʦʢʣʘʚʥʦ-ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ ʠʩʢʣʶʯʘʝʪ ʧʦʪʝʨʠ ʟʦʣʦʪʘ ʩ ʧʳʣʴʶ ʠ ʫʩʪʨʘʥʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʦʨʫ-

ʞʝʥʠʷ ʩʣʦʞʥʳʭ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʩʠʩʪʝʤ. 

ɸʚʪʦʢʣʘʚʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʩ ʟʦʣʦ-

ʪʦʤ, ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʳʤ ʚ ʩʫʣʴʬʠʜʥʳʝ ʤʠʥʝʨʘʣʳ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʛʠʜʨʦ-

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (100-200Á ʉ) 

ʠ ʜʘʚʣʝʥʠʷʭ ʢʠʩʣʦʨʦʜʘ (1-20 aʪ.). ɻʝʪʝʨʦʛʝʥʥʳʡ ʧʨʦʮʝʩʩ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʩʫʣɹʬʠʜʘ ʩ ʫʯʘʩʪʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: ʨʘʩʪʚʦʨʝʥʠʝ 

(ʘʙʩʦʨʙʮʠʶ) ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʥʦʡ ʬʘʟʝ; ʜʠʬʬʫʟʠʶ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦ-

ʜʘ ʢ ʨʝʘʛʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ; ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʫʣʴʬʠʜʘ ʩ 

ʢʠʩʣʦʨʦʜʦʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ; ʦʙʨʘʪʥʫʶ ʜʠʬʬʫʟʠʶ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ ʚ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ. ʇʨʠ ʘʚʪʦʢʣʘʚʥʦʤ ʦʢʠʩʣʝʥʠʠ ʧʠʨʠʪʥʳʭ ʠ ʘʨʩʝ-

ʥʦʧʠʨʠʪʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʚ ʚʦʜʝ ʠ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʝʨʥʦʡ ʢʠʩʣʦ-

ʪʳ ʧʨʦʪʝʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ: 

 2FeS2 + 7,5O2 + 4ʅ2ʆ = Fʝ2ʆ3 + 4H2SO4 (5) 

 FeAsS + 3,5O2 + ʅ2ʆ ï FeAsO4 + H2SO4 (6) 

ɺʩʣʝʜʩʪʚʠʝ ʨʘʟʣʦʞʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʠʭ ʚ ʧʦʨʠʩʪʫʶ ʣʝʛ-

ʢʦ ʧʨʦʥʠʮʘʝʤʫʶ ʜʣʷ ʮʠʘʥʠʩʪʳʭ ʨʘʩʪʚʦʨʦʚ ʤʘʩʩʫ ʦʢʠʩʠ ʞʝʣʝʟʘ ʠ ʘʨʩʝʥʘʪʘ 

ʞʝʣʝʟʘ ʪʚʝʨʜʳʝ ʦʩʪʘʪʢʠ ʧʦʩʣʝ ʘʚʪʦʢʣʘʚʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʧʨʦʜʫʢʪ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʮʠʘʥʠʨʦʚʘʥʠʝʤ. ʆʙ-

ʨʘʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʥʦʡ ʩʝʨʳ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʦ. ʇʣʘʚʷʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫ-

ʨʝ ʚʳʰʝ 1120ʉ, ʩʝʨʘ ʦʙʚʦʣʘʢʠʚʘʝʪ ʯʘʩʪʠʮʳ ʝʱʝ ʥʝ ʦʢʠʩʣʠʚʰʠʭʩʷ 

ʩʫʣʴʬʠʜʦʚ, ʤʝʰʘʷ ʠʭ ʧʦʣʥʦʤʫ ʦʢʠʩʣʝʥʠʶ ʂʨʦʤʝ ʪʦʛʦ, ʩʝʨʘ ʣʝʛʢʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʝʪ ʩ ʮʠʘʥʠʜʦʤ, ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʨʘʩʭʦʜ. 

ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʢʣʘʚʥʦʛʦ ʦʢʠʩ-

ʣʠʪʝʣʴʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʩʫʣʴʬʠʜʥʦʛʦ ʩʳʨʴʷ, ʦʢʠʩ-

ʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʪʨʝʙʫʶʪ ʞʝʩʪʢʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɺʦ 

ʠʟʙʝʞʘʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ ʧʨʦʮʝʩʩ ʚʝʜʫʪ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (180-3000ʉ), ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʥʦʡ 
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ʩʝʨʳ ʜʦ ʩʫʣʴʬʘʪ-ʠʦʥʘ. ʊʘʢʦʡ ʨʝʞʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʦʝ ʦʢʠʩʣʝʥʠʝ ʩʫʣʴʬʠʜʦʚ ʠ ʚʩʢʨʳʪʠʝ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ ʥʠʤʠ ʟʦʣʦʪʘ, ʥʦ 

ʠ ʧʝʨʝʚʦʜ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʤʳʰʴʷʢʘ ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʘʨʩʝʥʘʪ ʞʝʣʝʟʘ, ʷʚʣʷ-

ʶʱʝʡʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʡ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʬʦʨʤʦʡ ʤʳʰʴ-

ʷʢʘ. ʆʜʥʘʢʦ, ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʚʤʝʩʪʝ ʩʦ ʩʣʦʞʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʝʣʘʶʪ 

ʤʘʣʦʧʨʠʝʤʣʝʤʦʡ ʪʝʭʥʦʣʦʛʠʶ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʳ-

ʱʝʣʘʯʠʚʘʥʠʠ, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʦʢʠʩʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʘʚʪʦʢʣʘʚʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʫʣʴʬʠʜʥʦʛʦ 

ʩʳʨʴʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʧʘʨʘʤʝʪʨʘʭ. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦ-

ʛʠʠ ʥʘ ʦʩʥʦʚʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ ʘʚʪʦʢʣʘʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʢʘʧʠʪʘʣʴ-

ʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʥʦ-

ʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (110-1500ʉ) ʘʚʪʦʢʣʘʚʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʠʟʚʣʝʯʝʥʠʠ ʟʦʣʦʪʘ ʚ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ 

ʮʠʢʣʝ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʭʣʦʨʠʜʦʚ, ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚ ʘʚʪʦʢʣʘʚʝ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʫʧʦʨʥʦʛʦ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. 

 
ʈʠʩʫʥʦʢ 1 - ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʘʚʪʦʢʣʘʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʫʧʦʨʥʦʛʦ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʧʠʨʠʪʥʦ-ʘʨʩʝʥʦʧʠʨʠʪʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. 

 

ɼʣʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʚʩʢʨʳʪʠʷ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʭ ʤʠʥʝʨʘʣʦʚ ʪʨʝʙʫ-

ʝʪʩʷ ʪʦʥʢʦʝ ʠ ʩʚʝʨʭʪʦʥʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ, ʛʜʝ 80% ʯʘʩʪʠʮ ʠʤʝʶʪ ʢʨʫʧʥʦʩʪʴ 

ʤʝʥʝʝ 10-15 ʤʢʤ. ʇʨʦʮʝʩʩ ʫʣʴʪʨʘʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʨʠʚʦʜʠʪ 
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ʢ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ, ʚʥʦʩʠʤʦʡ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ 

ʤʠʥʝʨʘʣʦʚ, ʧʦʚʳʰʘʝʪ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʱʝʣʘʯʠʚʘʥʠʶ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʪʜʝʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʧʫʣʴʧ ʧʦʩʣʝ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʉʚʝʨʭʪʦʥʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʠʩʭʦʜʥʦ-

ʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʜʦ ʯʘʩʪʠʮ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʦʯʝʥʴ ʥʠʟ-

ʢʠʝ ʩʢʦʨʦʩʪʠ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʧʦʵʪʦʤʫ ʧʨʦʮʝʩʩʳ ʩʛʫʱʝʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʠ 

ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ. ʇʨʦʙʣʝʤʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʪʘʢ-

ʞʝ ʫʩʫʛʫʙʣʷʝʪʩʷ ʧʨʠ ʨʘʙʦʪʝ ʩ ʧʫʣʴʧʘʤʠ, ʞʠʜʢʘʷ ʬʘʟʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝ-

ʥʘ ʚʷʟʢʠʤ ʩʦʣʝʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʮʝʥʪʨʘʤʠ 

ʧʨʦʜʦʣʞʘʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʘʚʪʦʢʣʘʚʥʦʤʫ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʫʧʦʨʥʳʭ ʟʦʣʦʪʦ-

ʩʦʜʝʨʞʘʱʠʭ ʨʫʜ ʠ ʢʦʥʮʝʥʪʨʘʪʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʦʚʳʭ ʘʚʪʦʢʣʘʚʥʦ-ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʥʦʛʦ ʩʳʨʴʷ, 

ʧʝʨʝʭʦʜʷ ʚ ʩʬʝʨʫ ʙʦʣʝʝ ʪʝʩʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʦʛʘʱʝʥʠʷ ʠ ʤʝʪʘʣ-

ʣʫʨʛʠʠ, ʩʧʦʩʦʙʥʳʭ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳ-

ʨʴʷ, ʥʦ ʠ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 
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ʊɽʍʅʆʃʆɻʀʗ, ʄɸʐʀʅʓ ʀ ʆɹʆʈʋɼʆɺɸʅʀɽ 

ʃɽʉʆɿɸɻʆʊʆɺʆʂ, ʃɽʉʅʆɻʆ ʍʆɿʗʁʉʊɺɸ, 

ɼɽʈɽɺʆʇɽʈɽʈɸɹʆʊʂʀ ʀ ʍʀʄʀʏɽʉʂʆʁ ʇɽʈɽʈɸɹʆʊʂʀ 

ɹʀʆʄɸʉʉʓ ɼɽʈɽɺɸ 

 

ɸʅɸʃʀɿ ʈɸɹʆʏʀʍ ʇʈʆʎɽʉʉʆɺ ʊɽʍʅʀʏɽʉʂʀʍ ʉʈɽɼʉʊɺ ɼʃʗ 

ʇʈʆʌʀʃɸʂʊʀʂʀ ʀ ʊʋʐɽʅʀʗ ʃɽʉʅʓʍ ʇʆɾɸʈʆɺ 

 

ʉʪʫʧʥʠʢʦʚ ɼʤʠʪʨʠʡ ʉʝʨʛʝʝʚʠʯ 

ɸʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʤʝʭʘʥʠʟʘʮʠʠ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʰʠʥ 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ 

 ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɻ.ʌ. ʄʦʨʦʟʦʚʘ, ʛ. ɺʦʨʦʥʝʞ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʣʝʩʥʦʤ ʭʦʟʷʡʩʪʚʝ, ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʧʨʦ-

ʙʣʝʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠ ʣʝʩʦʧʦʞʘʨʥʳʭ ʨʘʙʦʪ. ɼʣʷ 

ʵʪʠʭ ʨʘʙʦʪ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʝʩʥʳʝ ʧʣʫʛʠ ʇʂʃ-70, ʇʃ-1, ʇʂʃʅ-

500ɸ, ʇʃʆ-400, ʧʦʢʨʦʚʦʩʜʠʨʘʪʝʣʠ ʇɼʅ-1, ʣʝʩʥʳʝ ʬʨʝʟʳ ʠ ʬʨʝʟʝʨʥʳʝ ʧʦ-

ʣʦʩʦʧʨʦʢʣʘʜʳʚʘʪʝʣʠ ʇʌ-1, ʛʨʫʥʪʦʤʝʪʳ ɻʊ-3 ʠ ʜʨ. ʆʜʥʘʢʦ ʣʝʩʥʳʝ ʧʣʫʛʠ ʠ 

ʢʘʥʘʚʦʢʦʧʘʪʝʣʠ ʩʦʟʜʘʶʪ ʫʟʢʫʶ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʫʶ ʧʦʣʦʩʫ (1...2 ʤ), ʢʦʪʦ-

ʨʘʷ ʥʝ ʚʩʝʛʜʘ ʵʬʬʝʢʪʠʚʥʘ, ʘ ʬʨʝʟʝʨʥʳʝ ʧʦʣʦʩʦʧʨʦʢʣʘʜʳʚʘʪʝʣʠ ʠ ʛʨʫʥʪʦʤʝ-

ʪʳ ʵʥʝʨʛʦʝʤʢʠ ʠ ʤʘʣʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳ, ʪ.ʢ. ʬʨʝʟʝʨʫʶʪ ʟʘʜʝʨʥʝʣʫʶ ʧʦʯʚʫ 

ʠ ʘʛʨʝʛʘʪʠʨʫʶʪʩʷ ʩ ʪʨʘʢʪʦʨʘʤʠ ʩ ʭʦʜʦʫʤʝʥʴʰʠʪʝʣʝʤ. ʇʦʵʪʦʤʫ ʘʢʪʠʚʥʦ ʚʝ-

ʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʣʫʯʰʝʥʠʶ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ 

ʦʨʫʜʠʡ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʪʫʰʝʥʠʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ [1].  

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ, ʘ 

ʪʘʢʞʝ ʣʝʩʦʧʦʞʘʨʥʦʡ ʪʝʭʥʠʢʠ ʟʘʥʠʤʘʣʠʩʴ ʪʘʢʠʝ ʫʯʝʥʳʝ, ʢʘʢ: ʀ.ʄ. ɿʠʤʘ, 

ʊ.ʊ. ʄʘʣʶʛʠʥ, ɻ.ʅ. ʉʠʥʝʦʢʦʚ, ʖ.ɸ. ɼʦʙʨʳʥʠʥ, ɻ.ɸ. ʃʘʨʶʭʠʥ, ɺ.ɺ. ʏʝʨ-

ʥʳʰʦʚ, ɸ.ʀ. ɹʘʨʘʥʦʚ, ʀ.ʄ. ɹʘʨʪʝʥʝʚ, ɺ.ʀ. ʇʦʩʤʝʪʴʝʚ, ɺ.ʀ. ʂʘʟʘʢʦʚ, 

ʌ.ɺ. ʇʦʰʘʨʥʠʢʦʚ, ʇ.ʀ. ʇʦʧʠʢʦʚ, ʄ.ɺ, ɼʨʘʧʘʣʶʢ, ʇ.ʀ ʇʦʧʠʢʦʚ, ʇ.ʕ. 

ɻʦʥʯʘʨʦʚ, ɺ.ɺ. ɺʘʩʠʣʝʥʢʦ ʠ ʜʨ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʣʝʩ-

ʥʦʤ ʢʦʤʧʣʝʢʩʝ ʜʣʷ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ. 

ʃʝʩʦʧʦʞʘʨʥʳʡ ʘʛʨʝʛʘʪ ʬʨʝʟʝʨʥʳʡ ɸʃʌ-10 (ʨʠʩʫʥʦʢ 1) ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʟʘʛʨʘʜʠʪʝʣʴʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʧʦ-

ʣʦʩ ʚ ʩʚʝʪʣʦʭʚʦʡʥʳʭ ʣʝʩʘʭ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʚʳʩʦʭʰʠʭ ʧʝʩʯʘʥʳʭ ʧʦʯ-

ʚʘʭ. ɺʩʸ ʞʝ ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʘʛʨʝʛʘʪ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʙʨʫʩʥʠʯʥʳʭ 

ʠ ʜʘʞʝ ʯʝʨʥʠʯʥʳʭ ʪʠʧʘʭ ʣʝʩʘ. ʈʘʙʦʯʠʤ ʦʨʛʘʥʦʤ ʘʛʨʝʛʘʪʘ ʷʚʣʷʝʪʩʷ ʧʦʯʚʝʥ-

ʥʘʷ ʬʨʝʟʘ, ʢʦʪʦʨʘʷ ʥʘʚʝʰʠʚʘʝʪʩʷ ʥʘ ʪʨʘʢʪʦʨ ʄʊɿ-82 ʠʣʠ ɼʊ-75 ʚ ʪʝʯʝʥʠʝ 

15 ʤʠʥ, ʝʩʣʠ ʪʨʘʢʪʦʨʳ ʠʤʝʶʪ ʩʪʘʥʜʘʨʪʥʫʶ ʥʘʚʝʩʢʫ ʠ ʚʘʣ ʦʪʙʦʨʘ ʤʦʱʥʦ-

ʩʪʠ. ʉʠʩʪʝʤʘ ʟʘʱʠʪʳ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʜʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʚʘʪʴ ʙʝʟ ʧʦʣʦʤʦʢ 

ʥʦʞʝʡ ʧʦʣʥʦʪʝʣʳʝ (ʩʚʳʰʝ 6 ʩʤ) ʢʦʨʥʠ ʠ ʢʘʤʥʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʦʞʝ-

ʥʠʷ ʢʦʞʫʭʘ ʘʛʨʝʛʘʪ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʝʨʭʥʠʡ ʚʳʙʨʦʩ ʛʨʫʥʪʘ ʥʘ ʨʘʩʩʪʦ-

ʷʥʠʝ 10é13 ʤ, ʥʠʞʥʠʡ ʚʳʙʨʦʩ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 8é9 ʤ ʠ ʦʙʨʘʪʥʳʡ ʚʳʙʨʦʩ, 

ʢʦʛʜʘ ʚʩʷ ʤʘʩʩʘ ʛʨʫʥʪʘ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʧʦʣʦʩʝ ʰʠʨʠʥʦʡ 
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1,5é2,0 ʤ. ʇʦʩʣʝ ʦʜʥʦʛʦ ʧʨʦʭʦʜʘ ʘʛʨʝʛʘʪʘ ʩʦʟʜʘʝʪʩʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ 

ʙʦʨʦʟʜʘ ʛʣʫʙʠʥʦʡ ʜʦ 20 ʩʤ ʠ ʰʠʨʠʥʦʡ 70 ʩʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʛʨʫʥʪʘ ʠ ʫʩʣʦʚʠʡ ʧʝʨʝʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ ʝʛʦ ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ 

ʦʪ 1,3 ʜʦ 3,2 ʢʤ/ʯ [1, 2]. 

 
ʈʠʩʫʥʦʢ 1 ï ʃʝʩʦʧʦʞʘʨʥʳʡ ʘʛʨʝʛʘʪ ʬʨʝʟʝʨʥʳʡ ɸʃʌ-10 

 

ʇʦʣʦʩʦʧʨʦʢʣʘʜʳʚʘʪʝʣʴ ʬʨʝʟʝʨʥʳʡ ʇʌ-1 (ʨʠʩʫʥʦʢ 2) ʧʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʰʠʨʦʢʠʭ ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʟʘʛʨʘʜʠʪʝʣʴʥʳʭ 

ʧʦʣʦʩ ʢʘʢ ʤʝʨʳ, ʧʨʝʜʫʧʨʝʞʜʘʶʱʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʛʥʷ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʦʨʴʙʝ ʩ ʣʝʩʥʳʤʠ ʧʦʞʘʨʘʤʠ. ʇʦʣʦʩʦʧʨʦʢʣʘʜʳʚʘʪʝʣʴ 

ʇʌ-1 ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʝʩʯʘʥʳʭ, ʩʫʧʝʩʯʘʥʳʭ ʠ ʣʝʛʢʠʭ ʩʫʛʣʠʥʠʩʪʳʭ ʧʦʯʚʘʭ, 

ʘʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʘʤʠ ʢʣʘʩʩʘ 3, ʦʙʦʨʫʜʦʚʘʥʥʳʤʠ ʟʘʜʥʝʡ ʥʘʚʝʩʢʦʡ ʠ 

ʚʘʣʦʤ ʦʪʙʦʨʘ ʤʦʱʥʦʩʪʠ [3, 4, 5, 6]. 

ʇʦʣʦʩʦʧʨʦʢʣʘʜʳʚʘʪʝʣʴ ʇʌ-1 ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ 1, ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ 2, 

ʥʘʚʝʩʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 3, ʨʘʟʜʘʪʦʯʥʦʛʦ ʨʝʜʫʢʪʦʨʘ 4, ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʤʝʭʘ-

ʥʠʟʤʘ 5, ʟʘʱʠʪʥʦʛʦ ʢʦʞʫʭʘ 6, ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 7, ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʡ ʤʫʬ-

ʪʳ 8 ʠ ʦʧʦʨʥʦʛʦ ʢʘʪʢʘ 9. ɺ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʚʭʦʜʷʪ ʜʚʝ ʬʨʝʟʝʨʥʳʝ ʛʦʣʦʚʢʠ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ ʰʘʨʥʠʨʥʦ ʧʦʜʚʝʰʝʥʥʳʭ ʥʦʞʘ [1, 2]. 

 
ʈʠʩʫʥʦʢ 2 ï ʇʦʣʦʩʦʧʨʦʢʣʘʜʳʚʘʪʝʣʴ ʇʌ-1 
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ʈʘʙʦʪʘʝʪ ʧʦʣʦʩʦʧʨʦʢʣʘʜʳʚʘʪʝʣʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʜʚʠʞʝʥʠʠ 

ʘʛʨʝʛʘʪʘ ʬʨʝʟʳ ʚʨʘʱʘʶʪʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ, ʥʦʞʘ-

ʤʠ ʟʘʭʚʘʪʳʚʘʶʪ ʛʨʫʥʪ ʠ ʨʘʟʙʨʘʩʳʚʘʶʪ ʝʛʦ ʧʦ ʦʙʦʯʠʥʘʤ ʧʨʦʢʣʘʜʳʚʘʝʤʦʡ 

ʧʦʣʦʩʳ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʵʪʦʛʦ ʟʘʱʠʪʥʳʝ ʢʦʞʫʭʠ. 

ʊʨʘʢʪʦʨʥʳʡ ʛʨʫʥʪʦʤʝʪ ɻʊ-3 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʫʰʝʥʠʷ ʢʨʦʤʢʠ ʣʝʩʥʳʭ 

ʥʠʟʦʚʳʭ ʧʦʞʘʨʦʚ ʥʘ ʣʝʩʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩ ʧʝʩʯʘʥʳʤʠ ʠ ʩʫʧʝʩʯʘʥʳʤʠ ʧʦʯʚʘ-

ʤʠ. 

ɸʛʨʝʛʘʪʠʨʫʝʪʩʷ ʩ ʪʨʘʢʪʦʨʦʤ ʊ-150 ʂ. ɻʨʫʥʪʦʤʝʪ ɻʊ-3 (ʨʠʩʫʥʦʢ 3) ʩʦ-

ʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ 1, ʥʘʚʝʩʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 2, ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʡ ʤʫʬʪʳ 3, 

ʨʝʜʫʢʪʦʨʘ 4, ʢʘʨʜʘʥʥʦʛʦ ʚʘʣʘ 5, ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 6, ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʢʦʞʫʭʘ 

7, ʛʠʜʨʦʮʠʣʠʥʜʨʘ 8 ʠ ʦʧʦʨʥʦʛʦ ʢʘʪʢʘ 9. 

ʇʨʠʚʦʜ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʘʛʨʝʛʘʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ɺʆʄ ʪʨʘʢʪʦʨʘ 

ʯʝʨʝʟ ʨʝʜʫʢʪʦʨ, ʮʝʧʥʫʶ ʠ ʢʘʨʜʘʥʥʫʶ ʧʝʨʝʜʘʯʫ. ɻʨʫʥʪ, ʨʘʟʙʨʘʩʳʚʘʝʤʳʡ 

ʨʘʙʦʯʠʤ ʦʨʛʘʥʦʤ, ʤʦʞʝʪ ʚʳʙʨʘʩʳʚʘʪʴʩʷ ʣʠʙʦ ʥʘ ʧʨʘʚʫʶ, ʣʠʙʦ ʥʘ ʣʝʚʫʶ 

ʩʪʦʨʦʥʫ. ɼʘʣʴʥʦʩʪʴ ʤʝʪʘʥʠʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʫʩʪʘʥʦʚ-

ʢʠ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʢʦʞʫʭʘ [1, 2, 4]. 

 
ʈʠʩʫʥʦʢ 3 ï ɻʨʫʥʪʦʤʝʪ ɻʊ-3 

 

ʅʝʜʦʩʪʘʪʢʠ ʧʦʣʦʩʦʧʨʘʢʣʘʜʳʚʘʪʝʣʷ ʇʌ-1 ʠ ʛʨʫʥʪʦʤʝʪʘ ɻʊ-3 ʟʘʢʣʶʯʘ-

ʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʨʘʙʦʪʘʶʪ ʪʦʣʴʢʦ ʥʘ ʣʝʛʢʠʭ ʧʦʯʚʘʭ (ʧʝʩʯʘʥʳʭ ʠ ʩʫʧʝʩ-

ʯʘʥʳʭ), ʥʘ ʩʨʝʜʥʠʭ ʠ ʪʷʞʸʣʳʭ ʧʦʯʚʘʭ ʬʨʝʟʳ ʟʘʛʣʫʙʣʷʶʪʩʷ ʥʘ ʤʘʣʫʶ 

ʛʣʫʙʠʥʫ ʠ ʧʦʜʘʶʪ ʛʨʫʥʪ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʝ ʪʫʰʝʥʠʝ ʧʦʞʘʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʠʤʝʥʠʪʝʣʴ-

ʥʦ ʢ ʫʩʣʦʚʠʷʤ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʚʥʫʪʨʝʥʥʠʤ ʣʝʩʥʳʤ ʜʦʨʦʛʘʤ ʠ ʧʨʦʩʝʢʘʤ, 

ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʠʤʝʥʝʥʠʶ ʠʭ ʚʥʫʪʨʠ ʢʚʘʨʪʘʣʦʚ, ʛʜʝ ʤʘʩʩʘ ʢʦʨʥʝʡ, ʚʘ-

ʣʝʞʥʠʢʘ ʠ ʥʝʨʝʜʢʦ ʧʥʝʡ, ʤʝʰʘʶʱʠʭ ʧʨʠʙʣʠʟʠʪʴʩʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʦʛʘ-

ʩʠʪʴ ʢʨʦʤʢʫ ʦʛʥʷ, ʠʩʢʣʶʯʘʷ ʜʘʣʴʥʝʡʰʝʝ ʧʝʨʝʜʚʠʞʝʥʠʝ ʧʦʞʘʨʘ. ʂ ʪʦʤʫ ʞʝ 

ʛʨʫʥʪʦʤʝʪ ɻʊ-3 ʥʝ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴ ʤʥʦʛʦʢʨʘʪʥʦʝ ʧʦʜʥʦʚʣʝʥʠʝ ʤʠʥʝʨʘʣʠ-
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ʟʦʚʘʥʥʳʭ ʧʦʣʦʩ ʚ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʣʫʙʦʢʦʡ ʙʦʨʦʟʜʳ ʥʘ ʣʝʛʢʠʭ ʧʦʯ-

ʚʘʭ. 

ʊʘʢʞʝ ʢ ʯʠʩʣʫ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʭʦ-

ʪʷ ʇʌ-1 ʠ ɻʊ-3 ʷʚʣʷʶʪʩʷ ʛʨʫʥʪʦʤʝʪʘʪʝʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ, ʥʦ ʥʘʟʥʘʯʝʥʠʝ 

ʠʭ ʨʘʟʥʦʝ. ʇʦʣʦʩʦʧʨʦʢʣʘʜʳʚʘʪʝʣʴ ʇʌ-1 ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʟʘ-

ʨʘʥʝʝ ʧʨʝʜʫʧʨʝʞʜʘʶʱʝʛʦ ʤʝʨʦʧʨʠʷʪʠʷ, ʪ.ʝ. ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʧʨʦʪʠʚʦʧʦʞʘʨ-

ʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʣʦʩ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʧʨʦʜʚʠʞʝʥʠʶ ʦʛʥʷ, ʘ ɻʊ-3 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʫʰʝʥʠʷ ʢʨʦʤʢʠ ʦʛʥʷ ʫʞʝ ʚʦʟʥʠʢʰʝʛʦ ʠ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʧʦʞʘʨʘ. ʂ ʪʦʤʫ ʞʝ ʠ ʧʦʣʦʩʦʧʨʦʢʣʘʜʳʚʘʪʝʣʴ ʇʌ-1, ʠ ʛʨʫʥʪʦʤʝʪ ɻʊ-3 

ʥʘʢʨʳʚʘʶʪ ʧʨʠʣʝʛʘʶʱʠʝ ʧʦʣʦʩʳ ʤʘʣʦʡ ʪʦʣʱʠʥʦʡ ʛʨʫʥʪʘ, ʥʝ ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʝʡ ʥʘʜʝʞʥʦʛʦ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʪʨʘʚʳ ʠ ʣʝʩʥʦʡ ʧʦʜʩʪʠʣʢʠ, 

ʠʩʢʣʶʯʘʶʱʝʛʦ ʚʦʟʛʦʨʘʥʠʝ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʥʘʟʝʤʥʦʛʦ ʧʦʞʘʨʘ [5, 6]. 

ɺ 2014 ʛʦʜʫ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʦʞʘʨʥʳʡ ʛʨʫʥʪʦʤʝʪ-

ʧʦʣʦʩʦʧʨʦʢʣʘʜʳʚʘʪʝʣʴ (ʨʠʩʫʥʦʢ 4), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʪʫʰʝʥʠʷ ʥʠʟʦ-

ʚʳʭ ʧʦʞʘʨʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʟʘʱʠʪʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʣʦʩ. 

ʕʪʘ ʤʘʰʠʥʘ ʠʤʝʝʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʚʠʜʝ ʬʨʝʟʳ-ʤʝʪʘʪʝʣʷ ʠ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʘʣʘ ʠʟ ʨʘʟʨʳʭʣʝʥʥʦʛʦ ʧʦʯ-

ʚʦʛʨʫʥʪʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʨʘʤʝ ʚʧʝʨʝʜʠ ʬʨʝʟʳ-ʤʝʪʘʪʝʣʷ. ʄʝʭʘʥʠʟʤ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʚʘʣʘ ʠʟ ʨʘʟʨʳʭʣʝʥʥʦʛʦ ʧʦʯʚʦʛʨʫʥʪʘ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʜʚʫʭ 

ʩʬʝʨʠʯʝʩʢʠʭ ʜʠʩʢʦʚ ʜʣʷ ʚʳʨʝʟʘʥʠʷ ʧʦʯʚʝʥʥʳʭ ʧʣʘʩʪʦʚ ʠ ʩʜʚʠʛʘʥʠʷ ʠʭ ʢ 

ʮʝʥʪʨʫ ʧʨʦʭʦʜʘ ʘʛʨʝʛʘʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʴ ʨʘʙʦʪʳ ʚ 

ʫʩʣʦʚʠʷʭ ʛʨʫʥʪʦʚ, ʥʘʩʳʱʝʥʥʳʭ ʢʦʨʥʷʤʠ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠ-

ʪʝʣʴʥʦʩʪʠ ʠ ʫʧʣʦʪʥʝʥʥʳʭ ʩʚʷʟʥʳʭ ʧʦʯʚ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ ʧʦ-

ʣʦʩʦʧʨʦʢʣʘʜʳʚʘʪʝʣʷ [7, 8].  

ʅʝʜʦʩʪʘʪʢʦʤ ʧʦʞʘʨʥʦʛʦ ʛʨʫʥʪʦʤʝʪʘ-ʧʦʣʦʩʦʧʨʦʢʣʘʜʳʚʘʪʝʣʷ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʪʝʤ, ʯʪʦ ʨʝʜʫʢʪʦʨ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʡ ʧʝʨʝʜ ʬʨʝʟʦʡ-ʤʝʪʘʪʝʣʝʤ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʢ ʥʝʡ ʜʦʩʪʫʧ ʛʨʫʥʪʘ ʠ, 

ʪʝʤ ʩʘʤʳʤ, ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʰʠʥʳ ʚ ʮʝʣʦʤ. 

 
ʈʠʩʫʥʦʢ 4 ï ʇʦʞʘʨʥʳʡ ʛʨʫʥʪʦʤʝʪ-ʧʦʣʦʩʦʧʨʦʢʣʘʜʳʚʘʪʝʣʴ 

 

ʇʦʤʠʤʦ ʵʪʦʛʦ ʬʨʝʟʘ-ʤʝʪʘʪʝʣʴ ʥʝ ʟʘʱʠʱʝʥʘ ʩʥʠʟʫ ʦʪ ʫʜʘʨʦʚ ʦ ʧʨʝʧʷʪ-

ʩʪʚʠʷ ʚ ʚʠʜʝ ʧʥʝʡ ʠ ʢʦʨʥʝʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʥʘʜʝʞʥʦʩʪʴ. ʊʘʢʞʝ ʥʝʜʦʩʪʘʪʢʘʤʠ 


