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ʅʆʈʄɸʊʀɺʅʓɽ ʉʉʓʃʂʀ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʩʳʣʢʠ ʥʘ ʩʣʝʜʫʶʱʠʝ ʩʪʘʥʜʘʨʪʳ: 

 

ʉʊ ʈʂ 2.21-2019 ɻʉʀ ʈʂ ʇʦʨʷʜʦʢ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʠ ʫʪʚʝʨʞʜʝʥʠʷ ʪʠʧʘ 

ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ; 

ʉʊ ʈʂ 2.4-2019 ɻʉʀ ʈʂ ʇʦʚʝʨʢʘ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. ʆʨʛʘʥʠʟʘʮʠʷ ʠ ʧʦʨʷʜʦʢ 

ʧʨʦʚʝʜʝʥʠʷ. 

ʉʊ ʈʂ 2.1-2018 ɻʉʀ ʈʂ ʄʝʪʨʦʣʦʛʠʷ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ; 

ʉʊ ʈʂ 2.3-2019 ɻʉʀ ʈʂ ʕʪʘʣʦʥʳ ʝʜʠʥʠʮ ʚʝʣʠʯʠʥ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, 

ʧʦʨʷʜʦʢ ʩʦʟʜʘʥʠʷ, ʫʪʚʝʨʞʜʝʥʠʷ, ʭʨʘʥʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ; 

ʉʊ ʈʂ 2.15-2018 ɻʉʀ ʈʂ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ; 

ɻʆʉʊ 7.32-2017. ʆʪʯʝʪ ʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ. ʉʪʨʫʢʪʫʨʘ ʠ ʧʨʘʚʠʣʘ 

ʦʬʦʨʤʣʝʥʠʷ. 

ɻʆʉʊ 7.1-2003 ʉʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʦʚ ʧʦ ʠʥʬʦʨʤʘʮʠʠ, ʙʠʙʣʠʦʪʝʯʥʦʤʫ ʠ 

ʠʟʜʘʪʝʣʴʩʢʦʤʫ ʜʝʣʫ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʘʷ ʟʘʧʠʩʴ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ. 

ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʧʨʘʚʠʣʘ ʩʦʩʪʘʚʣʝʥʠʷ. 

ɻʆʉʊ 8.009-84 ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡ. 

ʅʦʨʤʠʨʫʝʤʳʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

 

5 

 

ʆɹʆɿʅɸʏɽʅʀʗ ʀ ʉʆʂʈɸʑɽʅʀʗ 

 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠ 

ʩʦʢʨʘʱʝʥʠʷ: 

ɸ ï ʧʦʚʝʨʭʥʦʩʪʴ ʤ2; ʢʦʵʬʬʠʮʠʝʥʪ;  
aï ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʤ2/ʤ3; ʢʦʵʬʬʠʮʠʝʥʪ; 

B, b ï ʢʦʵʬʬʠʮʠʝʥʪ; ʰʠʨʠʥʘ (ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ), ʤ; 

D ï ʜʠʘʤʝʪʨ, ʤ; ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʤ2/ʩ; 

d ï ʨʘʟʤʝʨ (ʜʠʘʤʝʪʨ) ʥʘʩʘʜʢʠ, ʢʘʧʣʠ, ʩʪʨʫʠ, ʤ; 

ɽ   ï ʢʦʥʩʪʘʥʪʘ ɻʝʥʨʠ, ʇʘ; 

F ï ʧʦʚʝʨʭʥʦʩʪʴ, ʤ2; ʩʠʣʘ ʅ; 

f ï ʧʣʦʱʘʜʴ, ʤ2; 

ʂ, k - ʢʦʵʬʬʠʮʠʝʥʪ; 

L, l ï ʧʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ, ʤ3/(ʤ2ʯ); ʜʣʠʥʘ, ʤ; 

ʅ ï ʚʳʩʦʪʘ, ʤ; 

h ï ʨʘʟʤʝʨ, ʤ; 

h0 ï ʢʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ (ʂʋɾ), ʤ; 

mʢ ï ʧʘʨʘʤʝʪʨ; 

N ï ʤʦʱʥʦʩʪʴ, ɺʪ; 

n ï ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ, ʩ-1; 

ʈ ï ʜʘʚʣʝʥʠʝ, ʇʘ; 

Dʈ ï ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʇʘ;  

Q ï ʨʘʩʭʦʜ, ʤ3/ʩ; 

R, r - ʨʘʜʠʫʩ, ʤ; ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ɼʞ/(ʤʦʣʴÖʛʨʘʜ); 

S ï ʧʣʦʱʘʜʴ, ʤ2; 

t ï ʰʘʛ ʨʘʟʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʤ/ʤ; ʚʨʝʤʷ, ʩ; 

U, u ï ʩʢʦʨʦʩʪʴ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ, ʠʩʪʠʥʥʘʷ), ʤ/ʩ; 

V ï ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ), ʤ3/ʩ; ʦʙʲʝʤ, ʤ3; 

ʕ ï ʵʥʝʨʛʠʷ ʜʠʩʩʠʧʘʮʠʠ, ɺʪ/ʢʛ; 

W ï ʩʢʦʨʦʩʪʴ, ʤ/ʩ; 

ʭ ï ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ, ʢʛ/ʢʛ; 

a ï ʫʛʦʣ, ʛʨʘʜ; ʢʦʵʬʬʠʮʠʝʥʪ; 

b ï  ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ, ʤ/ʩ; ʫʛʦʣ, ʛʨʘʜ; 

ɔ ï ʫʜʝʣʴʥʳʡ ʚʝʩ, ʅ/ʤ3; 

d  ï ʪʦʣʱʠʥʘ, ʤ;    

e  ï ʧʦʨʦʟʥʦʩʪʴ;  

q  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ;  

l ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ; ʨʘʩʩʪʦʷʥʠʝ, ʤ; 

m  ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, ʇʘÖʩ; ʢʦʵʬʬʠʮʠʝʥʪ; 

n  ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, ʤ2/ʩ; ʩʢʦʨʦʩʪʴ, ʤ/ʩ; 

x  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ;  

r  ï ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3; 

s  ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʅ/ʤ; 
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t  ï ʚʨʝʤʷ, ʩ;   

j  ï ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ, ʤ3/ʤ3; 

y ï ʢʦʦʨʜʠʥʘʪʘ; 

w ïʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʩ-1; 

 

ʏʠʩʣʘ: 

 

n

dWÖ
=Re  ï ʈʝʡʥʦʣʴʜʩʘ; 

s

r dW
We

2

= ï ɺʝʙʝʨʘ; 

D
Sc

n
= ï ʐʤʠʜʪʘ; 

ɻS ʚ

ɻ

t
Sh

D

b Ö
= ï ʐʝʨʚʫʜʘ. 

 

ʀʥʜʝʢʩʳ: 

 

ʘʧ ï ʘʧʧʘʨʘʪ; 

ʚ ï ʚʝʨʪʠʢʘʣʴʥʳʡ; ʚʠʭʨʴ; 

ʚʨ ï ʚʨʘʱʝʥʠʷ; 

ʚʭ ï ʚʭʦʜʷʱʠʡ; 

ʚʳʭ ï ʚʳʭʦʜʷʱʠʡ 

ʛ ï ʛʘʟʘ; ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ; 

D ï ʜʠʬʬʫʟʠʦʥʥʳʡ; 

ʜ ï ʜʠʥʘʤʠʯʝʩʢʠʡ; 

ʞ ï ʞʠʜʢʦʩʪʴ; 

ʢ ï ʢʦʥʝʯʥʘʷ; ʢʘʧʣʷ; 

ʢʨ ï ʢʨʠʪʠʯʝʩʢʠʡ; 

ʣʦʧ ï ʣʦʧʘʩʪʴ; 

L ï ʦʨʦʰʘʝʤʳʡ; 

ʤ ï ʤʦʣʝʢʫʣʷʨʥʳʡ; 

ʥ ïʥʘʩʘʜʢʘ; 

ʦʙ ï ʦʙʦʜʘ; 

ʧʣ ï ʧʣʝʥʢʘ;  

ʨ ï ʨʘʜʠʘʣʴʥʳʡ; 

ʩ ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ; ʩʫʭʦʡ; 

s ï ʩʝʯʝʥʠʝ; 

ʩʣ ï ʩʣʦʡ; 

ʩʪʨ ï ʩʪʨʫʷ; 

ʩʨ ï ʩʨʝʜʥʠʡ; 

ʪʨ ï ʪʨʫʙʘ; ʪʨʝʥʠʝ; 

ʵ ï ʵʞʝʢʮʠʷ; 

ʵʢʚ ï ʵʢʚʠʚʘʣʝʥʪʥʳʡ; 
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ʷʯ ï ʷʯʝʡʢʘ. 

 

ɸʧʧʘʨʘʪʳ: 

 

ɺʅ ï ʩʦ ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ; 

ɺʇʃ ï ʩ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ; 

ʇʅ ï ʩ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ; 

ʈʇʅ ï ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ; 

ʌʅ ï ʩ ʬʦʥʪʘʥʠʨʫʶʱʝʡ ʥʘʩʘʜʢʦʡ; 

ʎʅ ï ʩ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʥʘʩʘʜʢʦʡ;  

ʈʇɺʂʚ ï ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ 

ʢʚʘʜʨʘʪʥʦʡ ʬʦʨʤʳ; 

ʈʇɺʂʨ - ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ 

ʢʨʫʛʣʦʡ ʬʦʨʤʳ. 
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ɺɺɽɼɽʅʀɽ 

 

ʆʮʝʥʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʰʘʝʤʦʡ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʳ. ɸʥʘʣʠʟ 

ʢʦʥʩʪʨʫʢʮʠʡ ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʘʧʧʘʨʘʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʥʮʠʧʘʭ ʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ ʛʘʟ-

ʞʠʜʢʦʩʪʴ. ʉʶʜʘ ʦʪʥʦʩʷʪʩʷ ʧʣʝʥʦʯʥʳʝ ʠ ʬʦʨʩʫʥʦʯʥʳʝ ʘʧʧʘʨʘʪʳ, ʨʝʘʣʠʟʫʶʱʠʝ 

ʧʣʝʥʦʯʥʳʡ ʠ ʨʘʩʧʳʣʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ, 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʥʘʩʘʜʦʯʥʳʝ ʠ ʪʘʨʝʣʴʯʘʪʳʝ ʘʧʧʘʨʘʪʳ, ʠʤʝʶʱʠʝ ʙʘʨʙʦʪʘʞʥʳʡ 

ʨʝʞʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʟ, ʘʧʧʘʨʘʪʳ ʫʜʘʨʥʦ-ʠʥʝʨʮʠʦʥʥʦʛʦ ʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʜʝʡʩʪʚʠʷ, ʨʝʘʣʠʟʫʶʱʠʝ ʫʜʘʨʥʳʡ ʠ ʮʝʥʪʨʦʙʝʞʥʳʡ ʤʝʭʘʥʠʟʤʳ ʦʩʘʞʜʝʥʠʷ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʩʢʨʫʙʙʝʨʳ ɺʝʥʪʫʨʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʢʦʨʦʩʪʥʦʤ ʨʝʞʠʤʝ 

ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [1-7]. 

ʆʩʥʦʚʥʫʶ ʜʦʣʶ ʘʧʧʘʨʘʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ 

ʩʦʩʪʘʚʣʷʶʪ ʥʘʩʘʜʦʯʥʳʝ ʠ ʪʘʨʝʣʴʯʘʪʳʝ ʘʧʧʘʨʘʪʳ. ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʘʩʘʜʦʯʥʳʭ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʘʭ.  

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ 

ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʧʦʩʪʦʷʥʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʀʟ-ʟʘ ʦʩʥʦʚʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ, 

ʧʨʠʩʫʱʝʛʦ ʥʝʨʝʛʫʣʷʨʥʳʤ ʥʘʩʘʜʢʘʤ ï ʧʦʚʳʰʝʥʥʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʘʥʥʳʝ ʥʘʩʘʜʢʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʟʘʤʝʥʷʶʪʩʷ ʥʘ ʨʝʛʫʣʷʨʥʳʝ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʥʘʩʘʜʢʠ ʩ ʛʦʬʨʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʚʩʝʚʦʟʤʦʞʥʳʤ 

ʨʠʬʣʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʥʘ ʩʝʛʤʝʥʪʥʦ ʨʝʛʫʣʷʨʥʫʶ ʨʫʣʦʥʥʫʶ ʥʘʩʘʜʢʫ, ʨʝʛʫʣʷʨʥʫʶ 

ʥʘʩʘʜʢʫ ʚ ʚʠʜʝ ʟʠʛʟʘʛʦʦʙʨʘʟʥʦʡ ʣʝʥʪʳ, ʧʦʤʝʱʝʥʥʦʡ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʳʤʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʠ ʜʨ. [8,9]. ʀʩʧʦʣʴʟʫʝʤʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʥʘʩʘʜʢʠ ʨʘʙʦʪʘʶʪ ʪʦʣʴʢʦ ʩ ʯʠʩʪʳʤʠ ʛʘʟʘʤʠ ʠ ʞʠʜʢʦʩʪʷʤʠ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʠʟʚʝʩʪʥʦ ʦ ʧʨʠʤʝʥʝʥʠʠ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ (ʈʇʅ), ʚ ʢʦʪʦʨʳʭ ʥʘʩʘʜʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʚʥʦʤʝʨʥʦ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʰʘʛʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʚ ʦʙʲʝʤʝ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ. ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ ʦʙ ʫʩʧʝʰʥʦʤ 

ʧʨʠʤʝʥʝʥʠʠ ʘʧʧʘʨʘʪʦʚ ʈʇʅ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ɾʌ ʊʆʆ «ʂʘʟʬʦʩʬʘʪ» (ʅɼʌɿ) ʠ 

ɸʆ çɸʢʪʶʙʠʥʩʢʠʡ ʟʘʚʦʜ ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡè [10-14]. 

ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʤʳ ʷʚʠʣʦʩɹ ʦʪʩʫʪʩʪʚʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ ʠ 

ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʢ ʚʳʧʦʣʥʝʥʠʶ ʨʘʙʦʪʳ ʷʚʠʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʦʚ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ 

ʚʨʘʱʘʶʱʝʡʩʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʢʨʫʛʣʦʡ (ʈʇɺʂʨ) ʠ ʢʚʘʜʨʘʪʥʦʡ (ʈʇɺʂʚ) 

ʬʦʨʤʳ.  

ʆʙʦʩʥʦʚʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʘʧʧʘʨʘʪʦʚ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʦʣʫʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʝʞʠʤʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʳʚʦʜʘ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ ʠʥʞʝʥʝʨʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ.  

ʉʚʝʜʝʥʠʷ ʦ ʧʣʘʥʠʨʫʝʤʦʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʨʘʟʨʘʙʦʪʢʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ 

ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ ʦʩʥʦʚʘʥʘ ʥʘ ʥʘʫʯʥʳʭ 

ʦʪʢʨʳʪʠʷʭ [15,16] ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʢʠ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʷʭ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

ʨʘʟʨʘʙʦʪʢʠ. 

ʉʚʝʜʝʥʠʷ ʦ ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ 

ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ ʧʨʦʚʝʜʝʥʳ ʧʘʪʝʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʪʨʘʥʘʤ ʉʉʉʈ ʠ 

ʈʦʩʩʠʠ, ʂʘʟʘʭʩʪʘʥʫ, ʉʐɸ, ʌʨʘʥʮʠʠ, ɻʝʨʤʘʥʠʠ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʗʧʦʥʠʠ ʥʘ 

ʛʣʫʙʠʥʫ ʩʚʳʰʝ ʩʦʨʦʢʘ ʣʝʪ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʧʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʥʘʣʦʛʦʚ ʧʦ ʪʘʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ, ʢʘʢ ʥʘʜʝʞʥʦʩʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʘʭ ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʉʚʝʜʝʥʠʷ ʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʨʘʙʦʪʳ. ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʬʠʮʠʘʣʴʥʘʷ ʪʝʨʤʠʥʦʣʦʛʠʷ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʤʝʪʨʦʣʦʛʠʠ. ɺ ʧʨʦʮʝʩʩʝ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠʙʦʨʳ, ʧʨʦʰʝʜʰʠʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʧʦʚʝʨʢʫ ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠ ʠʥʞʝʥʝʨʥʳʤ ʮʝʣʷʤ ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ ʠ 

ʦʪʚʝʯʘʶʱʠʝ çɿʘʢʦʥʫ ʦʙ ʦʙʝʩʧʝʯʝʥʠʠ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡè. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʠʢʠ ʚʳʧʦʣʥʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ çɿʘʢʦʥʫ ʦʙ ʦʙʝʩʧʝʯʝʥʠʠ ʝʜʠʥʩʪʚʘ ʠʟʤʝʨʝʥʠʡè. ɺ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʝʜʠʥʠʮʳ 

ʠʟʤʝʨʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʝ ʉʀ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ʇʨʦʮʝʩʩʳ ʪʝʧʣʦʤʘʩʩʦʙʤʝʥʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ 

ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʭʠʤʠʯʝʩʢʦʡ, 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ, 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʝʡ ʂʘʟʘʭʩʪʘʥʘ. ʀʟʫʯʝʥʠʝ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʥʘʫʯʥʦʡ ʰʢʦʣʝ ʘʢʘʜʝʤʠʢʘ 

ɹʘʣʘʙʝʢʦʚʘ ʆ.ʉ. ʧʦ ʧʨʦʮʝʩʩʘʤ ʠ ʘʧʧʘʨʘʪʘʤ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠ ʵʪʦʤ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʚʘ ʧʦʜʭʦʜʘ - ʨʝʞʠʤʥʳʡ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ.  

ʆʧʨʝʜʝʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʦʚ [17] ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʬʘʟ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ [18].  

ʆʧʨʝʜʝʣʷʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʶʪʩʷ 

ʨʘʟʤʝʨʳ, ʬʦʨʤʳ ʠʣʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʦʥʪʘʢʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʆʥ 

ʦʩʥʦʚʘʥ ʥʘ ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʙʣʘʛʦʜʘʨʷ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʤʫ 
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ʚʳʙʦʨʫ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʪʫʨʙʫʣʠʟʠʨʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʠʭ 

ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ, ʤʦʞʥʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʦʚ ʠʟʤʝʥʠʪʴ ʨʝʞʠʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʟ. ʇʨʠʤʝʨʦʤ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʥʳʡ 

ʢʣʘʩʩ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ [19] ʠ ʢʨʫʧʥʦʜʳʨʯʘʪʳʤʠ 

ʧʨʦʚʘʣʴʥʳʤʠ ʪʘʨʝʣʢʘʤʠ. ɼʘʣʴʥʝʡʰʠʤ ʨʘʟʚʠʪʠʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ 

ʷʚʠʣʦʩʴ ʩʦʟʜʘʥʠʝ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʚʠʭʨʝʚʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʪʦʢʦʚ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʳʭ ʥʘʩʘʜʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʠʝ ʩʦʚʝʨʰʘʶʪ ʚʠʙʨʘʮʠʦʥʥʳʝ [20] ʠʣʠ ʚʨʘʱʘʪʝʣʴʥʳʝ 

ʜʚʠʞʝʥʠʷ [21]. 

ʅʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʨʘʟʨʘʙʦʪʘʥ r

ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

[22] (ʇʨʠʣʦʞʝʥʠʝ ɸ) ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ (ʇʨʠʣʦʞʝʥʠʝ ɹ) ʦʩʴʶ ʚʨʘʱʝʥʠʷ. ɺ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʧʧʘʨʘʪʘ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ 

ʦʙʦʜʦʤ [23]. ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʨʘʥʝʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʧʧʘʨʘʪʦʚ [24], ʘ ʠʤʝʥʥʦ ʙʳʩʪʨr ʡ ʠʟʥʦʩ ʩʪʨʫʥʳ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ 

ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʳʡ ʦʪʙʨʦʩ 

ʞʠʜʢʦʩʪʠ ʢ ʩʪʝʥʢʘʤ ʘʧʧʘʨʘʪʘ. ʆʜʥʘʢʦ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʧʧʘʨʘʪʘ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ 

ʦʙʦʜʦʤ ʦʪʩʫʪʩʪʚʫʶʪ.   

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ 

ʤʘʩʩʦʦʙʤʝʥʘ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʩʯʝʪʘ, ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ BR24992882 çʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʩ ʫʣʫʯʰʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʝʛʠʦʥʝè, ʘ ʪʘʢʞʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʛʦʩʙʶʜʞʝʪʥʦʡ ʅʀʈ ɹ-21-01-05 ʖʂʋ ʠʤ. ʄ.ɸʫʵʟʦʚʘ çʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷè ʥʘ 2021ï2025 ʛʛ.  

ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʘʩʴ ʣʘʙʦʨʘʪʦʨʥʘ ̫

ʫʩʪʘʥʦʚʢʘ ʩ ʘʧʧʘʨʘʪʦʤ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ 

ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʠʩʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ 

ʤʘʩʩʦʦʙʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʦʡ ʷʚʠʣʠʩʴ ʤʝʪʦʜʳ ʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʦʣʫʯʝʥʠʷ ʦʧʳʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʘʩʩʦʦʙʤʝʥʘ ʚ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ, 

ʧʦʣʫʯʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʩʦʦʙʤʝʥʘ, ʩʦʟʜʘʥʠʝ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ, ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʚʥʝʜʨʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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- ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ ʚ 

ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ 

ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ ʠ ʧʦʣʫʯʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʞʠʜʢʦʡ ʬʘʟʳ; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ), ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ) ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ 

ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʝʞʠʤʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʣʫʯʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ) ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʣʫʯʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ; 

- ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʤʘʩʩʦʦʙʤʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ. ʇʨʠ 

ʵʪʦʤ:  

- ʧʨʠʥʠʤʘʷ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʛʘʟʘ ʚ ʦʙʲʝʤʝ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʟʚʠʣʠʩʪʳʤ ʢʘʥʘʣʘʤ, ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʟʥʦʩʪʠ ʥʘʩʘʜʢʠ ʚ ʩʝʯʝʥʠʠ ʘʧʧʘʨʘʪʘ, ʠʭ ʦʙʲʝʤʥʦʡ ʧʦʨʦʟʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ; 

- ʠʩʭʦʜʷ ʠʟ ʙʘʣʘʥʩʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʣʦʧʘʩʪʠ 

ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʝʝ 

ʚʨʘʱʝʥʠʷ; 

- ʠʩʭʦʜʷ ʠʟ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ ʚ ʦʙʲʝʤʝ 

ʚʨʘʱʘʶʱʠʭʩʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ 

ʦʙʦʜʦʤ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ; 

- ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʜʨʦʙʣʝʥʠʷ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ, ʜʚʠʞʫʱʝʡʩʷ ʧʦ 

ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʣʦʧʘʩʪʷʤ ʠ ʦʙʦʜʫ ʚʦ ʚʨʘʱʘʶʱʝʤʩʷ ʥʘʩʘʜʦʯʥʦʤ ʵʣʝʤʝʥʪʝ ʥʘ 

ʩʪʨʫʡʢʠ ʠ ʢʘʧʣʠ ʩ ʫʯʝʪʦʤ ʚʠʭʨʝʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʟ, ʠ ʠʩʭʦʜʷ ʠʟ 

ʘʥʘʣʠʟʘ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʞʠʜʢʦʡ ʬʘʟʳ, ʧʦʣʫʯʝʥʳ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ, ʜʠʘʤʝʪʨʘ ʩʪʨʫʡ 

ʠ ʨʘʟʤʝʨʘ ʢʘʧʝʣʴ; 

- ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥ r ʢʦʥʩʪʨʫʢʮʠʠ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʟʘʱʠʱʝʥʥʳʝ ʧʘʪʝʥʪʘʤʠ ʈʂ [22,23]. 
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ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ 

ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʤʘʩʩʦʦʙʤʝʥʘ ʭʦʨʦʰʦ 

ʠ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ, ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʥʘʫʯʥʳʤʠ ʨʘʙʦʪʥʠʢʘʤʠ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʫʯʝʙʥʳʭ ʠʥʩʪʠʪʫʪʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ çʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡè (ʇʨʠʣʦʞʝʥʠʝ ɺ), ʢʦʪʦʨʘʷ ʧʨʠʥʷʪʘ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ɸʆ çɸʢʪʶʙʠʥʩʢʠʡ 

ʟʘʚʦʜ ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡè. ʇʦʣʫʯʝʥ r ʘʢʪ ʚʥʝʜʨʝʥʠʷ (ʇʨʠʣʦʞʝʥʠʝ ɻ) ʠ 

ʩʧʨʘʚʢʘ (ʇʨʠʣʦʞʝʥʠʝ ɼ). 

ʈʝʟʫʣʴʪʘʪʳ ʅʀʈ ʧʦ ʩʦʟʜʘʥʠʶ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ ʠ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʝʢʮʠʦʥʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʥʷʪʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɸʧʧʘʨʘʪʳ ʩ ʧʦʜʚʠʞʥʦʡ ʠ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʦʡ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ» (ʇʨʠʣʦʞʝʥʠʝ ɽ). 

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʚʳʚʦʜʦʚ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʷʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʢʠ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ, ʷʚʣʝʥʠʡ 

ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ, ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʘ 

ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʅʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

- ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ, ʠʭ 

ʦʙʲʝʤʥʦʡ ʧʦʨʦʟʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ; 

- ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʢʠ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ 

ʣʦʧʘʩʪʷʤʠ; 

- ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ; 

- ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ, ʜʠʘʤʝʪʨʘ 

ʩʪʨʫʡ ʠ ʨʘʟʤʝʨʘ ʢʘʧʝʣʴ; 

- ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʠ 

ʞʠʜʢʦʡ ʬʘʟʘʭ. 

 

 

 

  



 
 

 

13 

 

1 ʉʆɺʈɽʄɽʅʅʆɽ ʇʈɽɼʉʊɸɺʃɽʅʀɽ ɺʆʇʈʆʉɸ 

ɻʀɼʈʆɼʀʅɸʄʀʂʀ ʀ ʄɸʉʉʆʆɹʄɽʅɸ ɺ ʅɸʉɸɼʆʏʅʓʍ 

ʊɽʇʃʆʄɸʉʉʆʆɹʄɽʅʅʓʍ ɸʇʇɸʈɸʊɸʍ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʨʷʜʫ ʩ ʪʘʨʝʣʴʯʘʪʳʤʠ ʧʦʣʫʯʠʣʠ 

ʥʘʩʘʜʦʯʥʳʝ ʛʘʟʦʦʯʠʩʪʥʳʝ ʘʧʧʘʨʘʪʳ.   

ʇʦ ʪʠʧʫ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʭ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ 

ʥʝʨʝʛʫʣʷʨʥʳʝ (ʭʘʦʪʠʯʝʩʢʠʝ) ʩʪʘʮʠʦʥʘʨʥʳʝ ʥʘʩʘʜʢʠ, ʨʝʛʫʣʷʨʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʥʘʩʘʜʢʠ, ʧʦʜʚʠʞʥʳʝ ʥʘʩʘʜʢʠ ʠ ʨʝʛʫʣʷʨʥʳʝ ʧʦʜʚʠʞʥʳʝ ʥʘʩʘʜʢʠ. 

 

1.1 ʂʦʥʩʪʨʫʢʮʠʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʥʝʨʝʛʫʣʷʨʥʦʡ 

(ʭʘʦʪʠʯʝʩʢʦʡ) ʩʪʘʮʠʦʥʘʨʥʦʡ ʥʘʩʘʜʢʦʡ ʠ ʨʝʛʫʣʷʨʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʥʘʩʘʜʢʦʡ 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʥʘʩʘʜʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚ ʢʘʯʝʩʪʚʝ ʥʘʩʘʜʢʠ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʫʩʢʦʚʦʡ ʢʚʘʨʮ, ʢʦʢʩ ʠ ʘʜʛʝʟʠʪ [25]. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʥʘʩʘʜʢʘ ʚ ʚʠʜʝ ʢʦʣʝʮ ʈʘʰʠʛʘ ʷʚʠʣʘʩʴ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʨʘʟʚʠʪʠʠ ʥʘʩʘʜʦʯʥʳʭ 

ʘʧʧʘʨʘʪʦʚ. ʂʦʣʴʮʘ ʚʳʧʦʣʥʷʣʠʩʴ ʚʳʩʦʪʦʡ ʨʘʚʥʦʡ ʠʭ ʥʘʨʫʞʥʦʤʫ ʜʠʘʤʝʪʨʫ. 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʫʞʠʣʘ ʢʝʨʘʤʠʢʘ, ʬʘʨʬʦʨ, ʩʪʘʣʴ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʤʝʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʦʣʴʮʝʚʦʡ ʥʘʩʘʜʢʠ 

ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʨʫʛʠʭ ʥʘʩʘʜʦʢ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʪʘʢʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ, ʢʘʢ ʢʦʣʴʮʘ ʇʘʣʣʷ, ʢʦʣʴʮʘ ʈʘʣʫ, ʢʦʣʴʮʘ ɹʷʣʝʮʢʦʛʦ, ʂʦʣʴʮʘ 

Hiflow, HY-PAK, ʢʦʣʴʮʘ PSL ʠ ʪ.ʜ. [9, ʩ. 64; 26]. 

ʂʦʥʩʪʨʫʢʮʠʠ ʥʝʨʝʛʫʣʷʨʥʳʭ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʦʷʥʥʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʪʦʛʥʫʪʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʘʜʢʠ ʨʘʟʣʠʯʥʳʤʠ ʪʫʨʙʫʣʠʟʠʨʫʶʱʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʠʣʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʚʳʩʦʪʳ ʠ ʰʠʨʠʥʳ ʥʘʩʘʜʦʯʥʦʛʦ 

ʪʝʣʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʝ ʥʝʨʝʛʫʣʷʨʥʳʝ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʥʘʩʘʜʢʠ CMR No2, Hiflow ring, VSP ring, Poll ring, INTALOX , 

NOR-PAC, Hackette, DINP AC, ENVIPAC [8, c.16; 27-29]. 

ʄʠʥʠʢʦʣʴʮʝʚʳʝ ʥʘʩʘʜʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʣʴʮʝʚʳʤʠ ʥʘʩʘʜʢʘʤʠ 

ʦʪʣʠʯʘʶʪʩʷ ʤʝʥʴʰʠʤ ʦʪʥʦʰʝʥʠʝʤ ʚʳʩʦʪʳ ʵʣʝʤʝʥʪʘ ʥʘʩʘʜʢʠ ʢ ʝʸ ʜʠʘʤʝʪʨʫ. ʂ 

ʤʠʥʠʢʦʣʴʮʝʚʳʤ ʥʘʩʘʜʢʘʤ ʦʪʥʦʩʷʪʩʷ ʥʘʩʘʜʢʠ R-Pac, Glitsch 304, CMR ring, 

Glitsch CMR ring, McPac ring, ʤʠʥʠʢʦʣʴʮʝʚʘʷ ʥʘʩʘʜʢʘ MICHM-X, ʥʘʩʘʜʢʘ ʚ 

ʬʦʨʤʝ ʢʦʣʝʮ ʄʸʙʠʫʩʘ, ʤʠʥʠʢʦʣʴʮʝʚʘʷ ʥʘʩʘʜʢʘ NT-1 ʠ ʜʨ. [9, ʩ.67; 30-32]. ʇʨʠ 

ʵʪʦʤ, ʚʦ ʚʨʝʤʷ ʟʘʧʦʣʥʝʥʠʷ ʘʧʧʘʨʘʪʘ ʤʠʥʠʢʦʣʴʮʝʚʦʡ ʥʘʩʘʜʢʦʡ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʘʤʦʦʨʠʝʥʪʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʥʘʩʘʜʢʠ 

ʚ ʘʧʧʘʨʘʪʝ (ʢʦʛʜʘ ʦʩʠ ʵʣʝʤʝʥʪʦʚ ʢʦʣʴʮʝʚʳʭ ʥʘʩʘʜʦʢ ʚʝʨʪʠʢʘʣʴʥʳ ʠʣʠ ʩʦʩʪʘʚʣʷʶʪ 

ʩ ʚʝʨʪʠʢʘʣʴʶ ʥʝʙʦʣʴʰʦʡ ʫʛʦʣ). ʊʘʢʘʷ ʦʨʠʝʥʪʘʮʠʷ ʤʠʥʠʢʦʣʴʮʝʚʳʭ ʥʘʩʘʜʦʢ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʟʘʩʪʦʡʥʳʭ ʟʦʥ ʚ ʢʦʥʪʘʢʪʥʦʤ 

ʘʧʧʘʨʘʪʝ ʠ ʙʦʣʝʝ ʧʦʣʥʦʮʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʩʘʜʦʯʥʳʭ ʪʝʣ. 

ʂʨʦʤʝ ʢʦʣʴʮʝʚʳʭ ʥʘʩʘʜʦʢ, ʧʦʣʫʯʠʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʘʢʞʝ 

ʩʝʜʣʦʦʙʨʘʟʥʘʷ ʥʘʩʘʜʢʘ. ʇʨʦʩʪʝʡʰʘʷ ʩʝʜʣʦʦʙʨʘʟʥʘʷ ʥʘʩʘʜʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʯʝʪʚʝʨʪʴ ʪʦʥʢʦʩʪʝʥʥʦʛʦ ʪʦʨʘ [9, ʩ.69]. ʈʘʟʚʠʪʠʝ ʜʘʥʥʦʛʦ ʪʠʧʘ ʥʘʩʘʜʦʢ ʧʦʰʣʦ ʧʦ 
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ʧʫʪʠ ʦʩʥʘʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘʩʘʜʦʢ ʧʝʨʬʦʨʘʮʠʝʡ, ʨʠʬʣʝʥʠʝʤ, ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʪʦʣʱʠʥʳ ʩʪʝʥʦʢ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʩʪʤʘʩʩʳ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ (ʚʤʝʩʪʦ 

ʢʝʨʘʤʠʢʠ). ʉʝʜʣʦʦʙʨʘʟʥʳʝ ʥʘʩʘʜʢʠ ʠʟ ʤʝʪʘʣʣʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʫʢʦʣʴʮʘ ʩ ʧʝʨʬʦʨʘʮʠʝʡ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩ ʦʪʦʛʥʫʪʳʤʠ 

ʣʝʧʝʩʪʢʘʤʠ, ʚʳʜʘʚʣʝʥʥʳʤʠ ʜʫʛʘʤʠ ʠ ʪ.ʜ. ʂ ʩʝʜʣʦʦʙʨʘʟʥʳʤ ʥʘʩʘʜʢʘʤ ʦʪʥʦʩʷʪʩʷ 

ʥʘʩʘʜʢʠ Super saddle, Hiflow saddle, Intalox Saddle, Nutter ring, RMSR metal, 

Interpack, Metal conjugated ring [8, ʩ.17; 9, ʩ.69].  

ʆʪʜʝʣʴʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʨʝʛʫʣʷʨʥʳʭ ʥʘʩʘʜʦʢ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʀʥʞʝʥʝʨʥʦ-ʚʥʝʜʨʝʥʯʝʩʢʠʤ ʮʝʥʪʨʦʤ çʀʥʞʝʭʠʤè, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʜʚʫʤʷ, ʪʨʝʤʷ ʠʣʠ ʯʝʪʳʨʴʤʷ ʠʟʦʛʥʫʪʳʤʠ ʧʦʣʦʩʘʤʠ, ʩʤʝʱʝʥʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ [33-38]. ʂʨʘʷ ʥʘʩʘʜʢʠ ʠʟʦʛʥʫʪʳ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʣʦʪʥʦʛʦ ʧʨʠʣʝʛʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʞʠʜʢʦʩʪʴ, ʦʤʳʚʘʶʱʘʷ ʵʣʝʤʝʥʪʳ ʥʘʩʘʜʢʠ, ʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʥʠʭ 

ʚ ʚʠʜʝ ʧʣʝʥʢʠ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʛʝʦʤʝʪʨʠʷ ʥʘʩʘʜʢʠ ʠʤʝʝʪ 

ʛʣʘʜʢʠʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʠ ʥʝ ʩʦʜʝʨʞʠʪ ʣʦʤʘʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 

ʪʦʨʯʘʱʠʭ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʮʝʥʪʨʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʢʘʧʝʣʴ ʠ ʩʪʨʫʡ. ʇʣʝʥʦʯʥʳʡ ʭʘʨʘʢʪʝʨ ʩʪʦʢʘ ʞʠʜʢʦʩʪʠ ʩ ʵʣʝʤʝʥʪʦʚ ʥʘʩʘʜʢʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʤʘʩʩʦʦʙʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʫʥʦʩʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɻʝʦʤʝʪʨʠʷ ʥʘʩʘʜʢʠ ʪʘʢʦʚʘ, ʯʪʦ ʢʦʥʪʘʢʪ ʝʝ ʩʦʩʝʜʥʠʭ ʵʣʝʤʝʥʪʦʚ 

ʠʤʝʝʪ ʧʦʯʪʠ ʪʦʯʝʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʙʣʦʢʠʨʦʚʘʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʩʘʜʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʩʪʦʡʥʳʭ ʟʦʥ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʢʦʥʪʘʢʪʝ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʙʦʣʴʰʠʤ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʩʣʫʯʘʝ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ ʧʨʠʤʝʩʝʡ, ʩʢʣʦʥʥʳʭ ʢ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʷ ʪʚʝʨʜʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʘʜʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʫʤʝʥʴʰʘʶʪʩʷ ʩʚʦʙʦʜʥʦʝ ʩʝʯʝʥʠʝ ʢʦʣʦʥʥʳ, ʩʚʦʙʦʜʥʳʡ ʦʙʲʝʤ ʠ ʫʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʩʘʜʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʝʝ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʘʩʘʜʢʠ çʀʥʞʝʭʠʤè ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʣʠʩʪʘ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ. ʅʘʣʠʯʠʝ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʝʡ ʪʫʨʙʫʣʠʟʘʮʠʠ ʩʪʝʢʘʶʱʝʡ ʧʣʝʥʢʠ 

ʞʠʜʢʦʩʪʠ, ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʩ ʥʝʙʦʣʴʰʦʡ ʧʣʦʪʥʦʩʪʴʶ ʦʨʦʰʝʥʠʷ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʵʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 

ʥʘʩʘʜʢʠ. ɼʦʩʪʘʪʦʯʥʦ ʥʝʩʣʦʞʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘʩʘʜʢʠ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʝʝ ʤʝʪʦʜʦʤ ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʥʝʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʠ çʀʥʞʝʭʠʤ-2002è ʦʙʨʘʟʦʚʘʥʘ ʪʨʝʤʷ 

ʠʟʦʛʥʫʪʳʤʠ ʧʦʣʦʩʘʤʠ, ʩʤʝʱʝʥʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʂʨʘʷ ʥʘʩʘʜʢʠ 

ʠʟʦʛʥʫʪʳ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʣʦʪʥʦʛʦ ʧʨʠʣʝʛʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʨʫʛ ʢ 

ʜʨʫʛʫ. ɼʦʩʪʘʪʦʯʥʦ ʥʝʩʣʦʞʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘʩʘʜʢʠ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʝʝ 

ʤʝʪʦʜʦʤ ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʥʝʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʠ çʀʥʞʝʭʠʤ 2003-ʄè ʦʙʨʘʟʦʚʘʥʘ ʯʝʪʳʨʴʤʷ 
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ʠʟʦʛʥʫʪʳʤʠ ʧʦʣʦʩʘʤʠ, ʧʦʧʘʨʥʦ ʯʝʨʝʟ ʦʜʥʫ ʩʤʝʱʝʥʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ [9, ʩ.80]. 

ʉʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʥʘʩʘʜʢʠ, ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʦʜʥʦʟʥʘʯʥʦ ʦʪʥʝʩʪʠ ʢ ʪʦʤʫ 

ʠʣʠ ʠʥʦʤʫ ʪʠʧʫ ʥʘʩʳʧʥʳʭ ʥʘʩʘʜʦʢ. ʂ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʘʩʘʜʢʠ ʚ ʬʦʨʤʝ 

ʚʠʥʪʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʨʦʟʝʪʢʫ ʊʝʣʣʝʨʘ ʠ ʩʭʦʞʠʝ ʩ ʥʝʡ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʩʘʜʢʠ 

Dinpack, Snowflake, Starpak, ʥʘʩʘʜʢʠ ʚ ʚʠʜʝ ʧʦʣʳʭ ʰʘʨʦʚ, ʥʘʧʨʠʤʝʨ ʍʘʢʝʪʪʝ, 

ʊʦʧ-ʇʘʢ, Polyhedral hollow ball [8, ʩ.14] ʠ ʜʨ. 

ʀʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʨʝʛʫʣʷʨʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʥʘʩʘʜʢʠ ʥʘʯʘʣʘʩʴ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʢʦʣʴʮʝʚʫʶ ʥʘʩʘʜʢʫ ï ʢʦʣʴʮʘ ʈʘʰʠʛʘ, ʢʦʣʴʮʘ ʇʘʣʣʷ ʩʪʘʣʠ ʫʢʣʘʜʳʚʘʪʴ ʚ 

ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ ʧʨʘʚʠʣʴʥʳʤʠ ʨʷʜʘʤʠ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʘʥʘʣʦʚ, ʦʪʢʨʳʪʳʭ ʜʣʷ ʧʨʦʭʦʜʘ ʛʘʟʘ, ʠ ʩʚʦʜʠʪʩʷ ʢ 

ʤʠʥʠʤʫʤʫ ʢʦʣʠʯʝʩʪʚʦ ʟʦʥ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘʜʝʨʞʢʘ ʞʠʜʢʦʩʪʠ. ʂ 

ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʨʝʛʫʣʷʨʥʳʭ ʥʘʩʘʜʦʢ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʫʶ 

ʥʘʩʘʜʢʫ [39] ʠ ʭʦʨʜʦʚʫʶ ʥʘʩʘʜʢʫ [8, ʩ.,15]. ʇʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʘʷ ʥʘʩʘʜʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʨʪʠʢʘʣʴʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʚ ʢʦʥʪʘʢʪʥʳʡ ʘʧʧʘʨʘʪ ʩ 

ʥʝʙʦʣʴʰʠʤ ʟʘʟʦʨʦʤ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʣʠʩʪʳ. ʍʦʨʜʦʚʘʷ 

ʥʘʩʘʜʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʩʢʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʚ ʘʧʧʘʨʘʪ ʚʝʨʪʠʢʘʣʴʥʦ, ʥʦ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʥʝʩʢʦʣʴʢʦ ʷʨʫʩʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʦʚʝʨʥʫʪ ʥʘ ʫʛʦʣ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʝʜʥʠʭ ʧʦ ʚʳʩʦʪʝ ʷʨʫʩʦʚ [40, 41].  

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʚ ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ 

ʢʦʥʪʘʢʪʥʳʭ ʘʧʧʘʨʘʪʘʭ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʘʜʦʢ. ʊʘʢ ʧʦʷʚʠʣʠʩʴ ʨʝʛʫʣʷʨʥʳʝ ʥʘʩʘʜʢʠ ʩ 

ʛʦʬʨʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʚʩʝʚʦʟʤʦʞʥʳʤ ʨʠʬʣʝʥʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴ ʩʪʘʣʴ. ɼʣʷ ʣʫʯʰʝʛʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ 

ʩʣʦʝ ʥʘʩʘʜʢʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʟʘʩʪʦʡʥʳʭ ʟʦʥ, ʵʣʝʤʝʥʪʳ ʥʘʩʘʜʢʠ ʩʪʘʣʠ ʦʩʥʘʱʘʪʴ 

ʦʪʚʝʨʩʪʠʷʤʠ, ʱʝʣʷʤʠ, ʧʘʟʘʤʠ ʠ ʪ.ʜ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʩʘʜʢʠ ʠʟ ʛʦʬʨʠʨʦʚʘʥʥʳʭ ʧʦʜ ʫʛʣʦʤ ʢ ʚʝʨʪʠʢʘʣʠ ʧʣʘʩʪʠʥ. ʂ 

ʪʘʢʠʤ ʥʘʩʘʜʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʘʩʘʜʢʠ Koch IY [42], ʥʘʩʘʜʢʠ Mellapak, Montz 

A1, Montz A2, Montz A3, Montz B1 ʠ.ʪ.ʜ. [8, ʩ.16].  

ʀʥʞʝʥʝʨʥʦ-ʚʥʝʜʨʝʥʯʝʩʢʠʤ ʮʝʥʪʨʦʤ çʀʥʞʝʭʠʤè ʨʘʟʨʘʙʦʪʘʥʳ ʩʝʛʤʝʥʪʥʦ 

ʨʝʛʫʣʷʨʥʘʷ ʨʫʣʦʥʥʘʷ ʥʘʩʘʜʢʘ çʀʥʞʝʭʠʤè [9, ʩ.80], ʚ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʩʜʚʦʝʥʥʘʷ ʣʝʥʪʘ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʛʦʬʨʳ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʥʘ ʩʪʦʨʦʥʘʭ 

ʛʦʬʨʦʚ ʚʳʧʦʣʥʝʥʳ ʣʝʧʝʩʪʢʠ ʚ ʚʠʜʝ ʢʨʫʛʦʚʳʭ ʩʝʛʤʝʥʪʦʚ, ʧʨʠ ʵʪʦʤ ʭʦʨʜʳ 

ʩʝʛʤʝʥʪʦʚ ʩʤʝʞʥʳʭ ʩʪʦʨʦʥ ʛʦʬʨʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʫʛʣʦʤ ʜʨʫʛ ʢ ʜʨʫʛʫ; 

ʨʝʛʫʣʷʨʥʘʷ ʨʫʣʦʥʥʘʷ ʛʦʬʨʠʨʦʚʘʥʥʘʷ ʥʘʩʘʜʢʘ ʩʦʩʪʦʠʪ ʠʟ ʧʘʢʝʪʦʚ, ʥʘʙʨʘʥʥʳʭ ʠʟ 

ʛʦʬʨʠʨʦʚʘʥʥʳʭ ʣʠʩʪʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʦʜʠʥ ʥʘʜ ʜʨʫʛʠʤ ʩʣʦʷʤʠ, ʦʪʣʠʯʘʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʳʡ ʧʘʢʝʪ ʚ ʩʣʦʝ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʘ, ʘ ʦʩʪʘʣʴʥʳʝ 

ʧʘʢʝʪʳ ʨʘʟʤʝʱʝʥʳ ʚ ʚʠʜʝ ʜʦʣʝʡ ʢʦʘʢʩʠʘʣʴʥʳʭ ʮʠʣʠʥʜʨʦʚ, ʧʨʠ ʵʪʦʤ ʛʦʬʨʳ 

ʣʠʩʪʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ, ʘ ʚ ʩʤʝʞʥʳʭ ʣʠʩʪʘʭ ʧʘʢʝʪʘ 

ʚʳʧʦʣʥʝʥʳ ʧʝʨʝʢʨʝʩʪʥʦ; ʨʝʛʫʣʷʨʥʘʷ ʥʘʩʘʜʢʘ  IRG ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʢʝʪ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʦ ʛʦʬʨʠʨʦʚʘʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ. ɻʦʬʨʳ 

ʧʣʘʩʪʠʥ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʫʛʣʦʤ ʢ ʛʦʨʠʟʦʥʪʫ. ʇʘʢʝʪ ʩʦʩʪʘʚʣʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ ʛʦʬʨʳ ʩʦʩʝʜʥʠʭ ʧʣʘʩʪʠʥ ʨʘʩʧʦʣʦʞʝʥʳ ʧʝʨʝʢʨʝʩʪʥʦ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥ 

ʩʦʟʜʘʥʳ ʬʠʛʫʨʥʳʝ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚ ʚʠʜʝ ʚʳʧʫʢʣʦʩʪʝʡ; ʨʝʛʫʣʷʨʥʘʷ ʥʘʩʘʜʢʘ BIM 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʢʝʪʳ ʛʦʬʨʠʨʦʚʘʥʥʳʭ ʣʠʩʪʦʚ. ʃʠʩʪʳ ʫʣʦʞʝʥʳ ʚ ʩʤʝʞʥʳʭ 

ʩʣʦʷʭ ʧʝʨʝʢʨʝʩʪʥʦ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʦʚ ʚʳʧʦʣʥʝʥʳ ʤʠʢʨʦʛʦʬʨʳ ʠ ʣʝʧʝʩʪʢʠ 

[43,44].  

ʀʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʠ (ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ 

ʣʝʥʪʳ, ʧʦʤʝʱʝʥʥʳʝ ʤʝʞʜʫ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ) 

ʜʣʷ ʢʦʣʦʥʥʳʭ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ [45], ʧʘʢʝʪʥʦ-ʚʠʭʨʝʚʦʡ ʥʘʩʘʜʢʠ ʇɺʅ, 

ʢʦʪʦʨʘʷ ʫʩʪʨʦʝʥʘ ʧʦ ʧʨʠʥʮʠʧʫ ʫʣʴʷ, ʯʴʠ ʷʯʝʡʢʠ ʦʙʨʘʟʦʚʘʥʳ ʦʪʜʝʣʴʥʳʤʠ 

ʣʝʧʝʩʪʢʘʤʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ [46], ʨʝʛʫʣʷʨʥʘʷ ʥʘʩʘʜʢʘ ʩ ʵʬʬʝʢʪʦʤ ʵʞʝʢʪʠʨʦʚʘʥʠʷ 

[47], ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʠ ʠʟ ʩʦʧʣʦʦʙʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ [48], ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ 

ʥʘʩʘʜʢʘ ʩ ʪʨʝʫʛʦʣʴʥʳʤ ʠ ʪʨʘʧʝʮʠʝʚʠʜʥʳʤ ʛʦʬʨʦʤ [49].    

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʛʫʣʷʨʥʳʭ ʥʘʩʘʜʦʢ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ 

ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʸʥʢʠ ʞʠʜʢʦʩʪʠ, ʘ ʩʘʤʘ ʥʘʩʘʜʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʝʜʠʥʳʝ ʙʣʦʢʠ. ʆʜʥʘʢʦ, ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʥʝ ʜʣʷ ʚʩʝʭ ʥʘʩʘʜʦʢ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 

ʨʘʙʦʪʝ [50] ʦʧʠʩʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʫʛʦʣʢʦʚʦʡ ʥʘʩʘʜʢʠ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʙʣʦʢʠ ʠʟ ʫʛʦʣʢʦʚʦʛʦ ʧʨʦʬʠʣʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʚ ʢʦʣʦʥʥʳʡ ʘʧʧʘʨʘʪ ʚ 

ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ, ʧʨʠʯʝʤ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʫʛʦʣʢʦʚ ʧʘʨʘʣʣʝʣʴʥʳ ʚʝʢʪʦʨʫ 

ʛʨʘʚʠʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʥʘ ʜʘʥʥʦʡ ʥʘʩʘʜʢʝ ʚ ʢʘʯʝʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʧʦʧʝʨʝʤʝʥʥʦ ʚʳʩʪʫʧʘʝʪ ʪʦ ʧʣʸʥʢʘ ʞʠʜʢʦʩʪʠ, ʪʦ ʢʘʧʣʠ 

ʞʠʜʢʦʩʪʠ ʚʤʝʩʪʝ ʩʦ ʩʪʨʫʷʤʠ ʞʠʜʢʦʩʪʠ, ʩʪʝʢʘʶʱʠʝ ʩ ʚʳʰʝʣʝʞʘʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʥʘʩʘʜʢʠ ʥʘ ʥʠʞʝʣʝʞʘʱʠʝ. ɺ ʨʘʙʦʪʝ [51] ʦʧʠʩʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʜʚʫʪʘʚʨʦʚʦʡ 

ʥʘʩʘʜʢʠ. ʆʥʘ ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʜʚʫʪʘʚʨʦʚʦʛʦ ʧʨʦʬʠʣʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʚ 

ʥʘʩʘʜʦʯʥʳʡ ʘʧʧʘʨʘʪ ʧʦʜ ʫʛʣʦʤ 450. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʜʚʫʪʘʚʨʦʚʦʡ 

ʥʘʩʘʜʢʠ ʦʪ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʪʠʧʦʚ ʥʘʩʘʜʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʨʘʙʦʪʘʝʪ ʚ 

ʵʤʫʣʴʩʠʦʥʥʦʤ ʨʝʞʠʤʝ. ʇʨʠ ʵʪʦʤ ʛʘʟ ʙʘʨʙʦʪʠʨʫʝʪ ʯʝʨʝʟ ʩʣʦʡ ʥʘʩʘʜʢʠ, ʦʙʨʘʟʫʷ 

ʤʥʦʞʝʩʪʚʦ ʧʫʟʳʨʝʡ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʠ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʠ ʩ 

ʵʬʬʝʢʪʦʤ ʵʞʝʢʪʠʨʦʚʘʥʠʷ. ʅʘʩʘʜʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʢʝʪʳ ʛʦʬʨʠʨʦʚʘʥʥʳʭ 

ʣʠʩʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʦ, ʚʝʨʰʠʥʘʤʠ ʛʦʬʨ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʇʨʠ ʵʪʦʤ 

ʦʙʨʘʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʭ ʢʘʥʘʣʦʚ ʜʣʷ ʛʘʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʞʠʜʢʦʩʪʴ 

ʧʝʨʝʪʝʢʘʝʪ ʩ ʚʳʩʪʫʧʘ ʛʦʬʨ ʦʜʥʦʛʦ ʣʠʩʪʘ ʚʦ ʚʧʘʜʠʥʫ ʛʦʬʨ ʩʦʩʝʜʥʝʛʦ ʣʠʩʪʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʦʩʢʦʡ ʩʪʨʫʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʜʘʥʥʦʡ ʥʘʩʘʜʢʠ ʧʨʦʮʝʩʩʳ 

ʤʘʩʩʦʦʙʤʝʥʘ ʧʨʦʠʩʭʦʜʷʪ ʤʝʞʜʫ ʧʦʪʦʢʦʤ ʛʘʟʘ, ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʩʪʨʫʷʤʠ 

ʞʠʜʢʦʩʪʠ. ɺ ʀʚʘʥʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʘʢʝʪʥʘʷ ʚʠʭʨʝʚʘʷ ʥʘʩʘʜʢʘ [52], ʨʘʙʦʪʘʶʱʘʷ ʚ 

ʫʩʪʦʡʯʠʚʦʤ ʵʤʫʣʴʩʠʦʥʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʛʘʟʘ (ʧʘʨʘ) ʦʪ 2,5 ʜʦ 5,5 ʤ/ʩ. 

ʇʨʠ ʵʪʦʤ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ [53-55], ʧʨʠ ʜʚʠʞʝʥʠʠ ʛʘʟʘ ʯʝʨʝʟ ʩʣʦʡ ʜʘʥʥʦʡ 

ʥʘʩʘʜʢʠ, ʠʤʝʝʪ ʤʝʩʪʦ ʟʘʢʨʫʯʠʚʘʥʠʝ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ, ʘ ʪʘʢʞʝ ʢ ʩʝʧʘʨʘʮʠʠ ʢʘʧʝʣʴ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʥʝʦʙʳʯʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʮʝʧʥʦʡ ʥʘʩʘʜʢʠ, ʦʧʠʩʘʥʥʦʡ ʚ 

ʨʘʙʦʪʘʭ [56,57]. ɼʘʥʥʘʷ ʥʘʩʘʜʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʚʝʰʝʥʥʳʝ ʚ ʢʦʣʦʥʥʦʤ 

ʘʧʧʘʨʘʪʝ ʮʝʧʠ, ʧʦ ʢʦʪʦʨʳʤ ʩʪʝʢʘʝʪ ʧʣʸʥʢʘ ʞʠʜʢʦʩʪʠ. ɼʚʠʞʫʱʠʡʩʷ 

ʧʨʦʪʠʚʦʪʦʢʦʤ ʛʘʟ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʩʪʝʢʘʶʱʝʡ ʧʦ ʮʝʧʷʤ 

ʧʣʸʥʢʦʡ ʞʠʜʢʦʩʪʠ. 
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ʆʙʱʠʤ ʧʨʠʩʫʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʪʘʮʠʦʥʘʨʥʳʭ ʥʝʨʝʛʫʣʷʨʥʳʭ ʠ ʨʝʛʫʣʷʨʥʳʭ 

ʥʘʩʘʜʦʢ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʧʦʜʚʝʨʞʝʥʳ ʟʘʨʘʩʪʘʥʠʶ ʪʚʝʨʜʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʪʘʮʠʦʥʘʨʥʳʝ ʥʝʨʝʛʫʣʷʨʥʳʝ ʥʘʩʘʜʢʠ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. 

  

1.2 ʂʦʥʩʪʨʫʢʮʠʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ  

ɸʧʧʘʨʘʪʘʤ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ (ʈʇʅ) ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʦʚ ʩ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ (ʇʅ), ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ 

ʘʧʧʘʨʘʪʳ ʩʦ ʚʟʚʝʰʝʥʥʦʡ, ʬʦʥʪʘʥʠʨʫʶʱʝʡ ʥʘʩʘʜʢʦʡ ʠ ʩ ʮʠʨʢʫʣʠʨʫʶʱʝʡ 

ʥʘʩʘʜʢʦʡ [19, ʩ.28], ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʭʘʨʘʢʪʝʨʦʤ ʜʚʠʞʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. 

ɺ ʘʧʧʘʨʘʪʘʭ ʩʦ ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ (ɺʅ) ʵʣʝʤʝʥʪʳ ʥʘʩʘʜʢʠ ʥʘʭʦʜʷʩʴ ʚʦ 

ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʦʚʝʨʰʘʶʪ ʭʘʦʪʠʯʥʳʝ ʠ ʧʫʣʴʩʘʮʠʦʥʥʳʝ ʜʚʠʞʝʥʠʷ. ɺ 

ʦʙʲʝʤʝ ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʩʣʦʷ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʠ ʜʣʠʥʘ ʧʫʪʠ ʧʨʦʙʝʛʘ ʢʘʞʜʦʛʦ 

ʵʣʝʤʝʥʪʘ ʥʘʩʘʜʢʠ ʥʦʩʷʪ ʨʘʚʥʦʚʝʨʦʷʪʥʳʡ ʠ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ [19, ʩ.31; 58]. 

ʅʘʨʷʜʫ ʩ ʦʙʱʝʠʟʚʝʩʪʥʳʤʠ ʠ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ɺʅ ʠʤʝʶʪʩʷ ʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʚ ʢʦʪʦʨʳʭ ʩ ʧʦʤʦʱʴʶ ʧʨʠʝʤʦʚ ʧʨʦʜʦʣʴʥʦ-

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʣʫʯʰʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʚʟʚʝʰʠʚʘʥʠʷ ʠ 

ʩʪʨʫʢʪʫʨʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʘʧʧʘʨʘʪʦʚ ʇʅ ʫʜʝʣʷʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʷʤ 

ʪʘʨʝʣʦʢ ʚ ʚʠʜʝ ʫʩʝʯʝʥʥʦʛʦ ʢʦʥʫʩʘ ʠʣʠ ʘʧʧʘʨʘʪʘʤ ʢʦʥʫʩʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ [19, 

ʩ.33; 59]. ɺ ʪʘʨʝʣʢʘʭ ʘʧʧʘʨʘʪʦʚ ʧʝʨʬʦʨʠʨʦʚʘʥʘ ʪʦʣʴʢʦ ʯʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʙʳʯʥʦ ʵʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʥʠʞʥʝʛʦ ʦʩʥʦʚʘʥʠʷ ʢʦʥʫʩʘ. ʀʟ-ʟʘ ʩʫʞʝʥʠʷ ʩʝʯʝʥʠʷ 

ʪʘʨʝʣʢʠ, ʩʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ ʯʝʨʝʟ ʥʝʝ ʥʝʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʚ ʦʙʳʯʥʳʭ 

ʨʝʰʝʪʢʘʭ, ʧʦʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʬʦʥʪʘʥʠʨʦʚʘʥʠʝ ʥʘʩʘʜʢʠ ʥʘʜ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ 

ʯʘʩʪʴʶ ʪʘʨʝʣʢʠ (ʘʧʧʘʨʘʪʳ ʌʅ). ʅʘ ʥʝʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʧʝʨʠʬʝʨʠʷʭ ʪʘʨʝʣʢʠ 

ʩʣʦʡ ʥʘʩʘʜʢʠ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʫʩʘ ʩʢʘʪʳʚʘʝʪʩʷ ʚʥʠʟ. ʅʘʩʘʜʢʘ 

ʩʦʚʝʨʰʘʝʪ ʚ ʮʝʥʪʨʝ ʘʧʧʘʨʘʪʘ ʚʦʩʭʦʜʷʱʝʝ ʬʦʥʪʘʥʠʨʫʶʱʝʝ ʜʚʠʞʝʥʠʝ, ʘ ʫ ʩʪʝʥʦʢ 

ï ʥʠʩʭʦʜʷʱʝʝ [19, ʩ.33; 58, ʩ.10]. 

ɺ ʘʧʧʘʨʘʪʘʭ ʩ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʥʘʩʘʜʢʦʡ ʠ ʢʨʫʛʦʚʳʤ ʜʚʠʞʝʥʠʝʤ ʥʘʩʘʜʢʠ 

ʮʠʨʢʫʣʠʨʫʶʱʝʝ ʠʣʠ ʢʨʫʛʦʚʦʝ ʜʚʠʞʝʥʠʝ ʟʘʣʦʞʝʥʦ ʚ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʦʚʘʥʥʦ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʘʢʪʦʚ (ʟʦʥ), 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ. ʎʠʨʢʫʣʷʮʠʷ ʥʘʩʘʜʦʢ ʚ ʵʪʠʭ ʘʧʧʘʨʘʪʘʭ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʚʠʞʝʥʠʷ ʥʘʩʘʜʢʠ ʧʦ ʮʠʨʢʫʣʷʮʠʦʥʥʦʤʫ ʢʦʥʪʫʨʫ, ʢʦʪʦʨʳʡ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʘʧʧʘʨʘʪʝ ʌʅ [19, ʩ.34; 58, ʩ.10].  

ɺ ʨʘʙʦʯʝʡ ʟʦʥʝ ʘʧʧʘʨʘʪʦʚ ʩ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʥʘʩʘʜʢʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʩʭʦʜʷʱʝʝ ʜʚʠʞʝʥʠʝ ʥʘʩʘʜʢʠ, ʘ ʚʦʟʚʨʘʪ ʥʘʩʘʜʢʠ ʥʘ ʨʝʰʝʪʢʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʪʨʘʥʩʧʦʨʪʥʦʝ ʪʨʘʢʪʳ (ʢʘʥʘʣʳ) ʠ ʟʦʥʳ. 

ɸʧʧʘʨʘʪʳ ʎʅ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʩ ʚʥʫʪʨʝʥʥʠʤʠ (ʚ ʢʦʨʧʫʩʝ ʘʧʧʘʨʘʪʘ) ʠ 

ʥʘʨʫʞʥʳʤʠ ʮʠʨʢʫʣʷʮʠʦʥʥʳʤʠ (ʪʨʘʥʩʧʦʨʪʥʳʤʠ) ʪʨʘʢʪʘʤʠ. 

ɺ ʘʧʧʘʨʘʪʘʭ ʇʅ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʥʘʩʘʜʦʯʥʳʝ ʪʝʣʘ, ʬʦʨʤʘ 

ʢʦʪʦʨʳʭ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ ʧʦʪʦʢʦʚ ʚ 

ʨʘʙʦʯʝʡ ʟʦʥʝ. ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʥʠʤ ʷʚʣʷʶʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 
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ʠʥʪʝʥʩʠʚʥʦʡ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʦʚ ʠ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ 

ʘʧʧʘʨʘʪʘ, ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʩʣʦʷ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʩʢʦʢʘ ʛʘʟʘ 

ʠ ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʠʟʢʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʥʝ ʟʘʙʠʚʘʪʴʩʷ ʪʚʝʨʜʳʤʠ 

ʧʨʠʤʝʩʷʤʠ. ʄʘʪʝʨʠʘʣ ʥʘʩʘʜʢʠ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʦʡʢʦʩʪʠ ʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʩʨʝʜʝ [19, ʩ.44]. 

ʌʦʨʤʘ ʥʘʩʘʜʢʠ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʟʚʝʰʠʚʘʥʠʷ ʠ 

ʥʘʠʙʦʣʴʰʠʡ ʜʠʘʧʘʟʦʥ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʩʘʜʦʢ ɺʅ, ʌʅ ʠ ʎʅ 

ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʩʬʝʨʠʯʝʩʢʠʝ ʪʝʣʘ [19, ʩ.44].  

ʉ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʪʝʣʘ (ʰʘʨʳ) 

ʚʳʧʦʣʥʷʶʪʩʷ ʩʦ ʩʢʚʦʟʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ, ʩʥʘʙʞʘʶʪʩʷ ʣʦʧʘʩʪʷʤʠ ʢʘʧʣʝʚʠʜʥʦʡ 

ʠʣʠ ʪʦʨʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ, ʘ ʩʧʣʦʰʥʘʷ ʰʘʨʦʚʘʷ ʥʘʩʘʜʢʘ - ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʥʳʭ 

ʫʧʨʫʛʦʡ ʧʨʠʩʪʘʚʢʦʡ ʧʦʣʦʚʠʥʦʢ, ʩʦ ʩʢʚʦʟʥʳʤʠ ʢʘʥʘʣʘʤʠ, ʤʠʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, 

ʘ ʪʘʢʞʝ ʩ ʨʠʩʢʘʤʠ ʠ ʛʦʬʨʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʰʠʧʘʤʠ ʠ ʠʛʣʘʤʠ [58, ʩ.22]. ʅʘ 

ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʞʝ ʢʦʣʴʮʝʚʳʝ ʥʘʩʘʜʢʠ ʩ ʛʣʘʜʢʦʡ ʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʢʫʙʠʢʠ, ʢʦʥʫʩʳ, ʪʦʨʳ, ʧʠʨʘʤʠʜʳ. ʂ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʢʦʣʴʮʝʚʳʭ 

ʥʘʩʘʜʦʢ ʦʪʥʦʩʷʪʩʷ ʥʘʩʘʜʦʯʥʳʝ ʪʝʣʘ ʚ ʚʠʜʝ ʧʦʣʫʢʦʣʝʮ, ʩʧʣʦʰʥʳʭ ʪʨʫʙ ʠ 

ʮʠʣʠʥʜʨʦʚ ʩ ʪʫʨʙʫʣʠʟʘʪʦʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ. ʇʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʪʘʢʞʝ ʩʣʦʞʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʤʝʥʪʦʚ ʥʘʩʘʜʢʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʚʟʘʠʤʥʦ-

ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʜʠʩʢʦʚ, ʧʦʣʦʩ, ʰʠʧʦʚ, ʢʦʣʝʮ, ʧʨʦʧʝʣʣʝʨʦʚ ʠ ʜʚʦʡʥʦʡ ʩʧʠʨʘʣʠ. 

ʀʤʝʶʪʩʷ ʧʦʣʳʝ ʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʝ ʥʘʩʘʜʦʯʥʳʝ ʪʝʣʘ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʚʥʫʪʨʠ 

ʢʦʪʦʨʳʭ ʧʦʤʝʱʝʥʳ ʪʝʣʘ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ [19, ʩ.44]. 

ʉʦʟʜʘʥʠʝ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʦʙʲʝʤʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʘʧʧʘʨʘʪʘ ʷʚʠʣʦʩʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʘʧʧʘʨʘʪʘʤ ʩʦ ʚʟʚʝʰʝʥʥʦʡ 

ʥʘʩʘʜʢʦʡ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʪʨʝʭʬʘʟʥʦʛʦ ʩʣʦʷ ʪʨʝʙʦʚʘʣʘʩʴ 

ʟʘʪʨʘʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. ʇʨʠ ʵʪʦʤ, ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, 

ʨʦʣʴ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘʩʘʜʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʝ ʙʳʣʘ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʠʟʫʯʝʥʘ. ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ 

ʘʧʧʘʨʘʪʘʤ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʨʝʛʫʣʷʨʥʦʝ ʨʘʟʤʝʱʝʥʠʝ 

ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʥʮʠʧʘ ʧʨʦʜʦʣʴʥʦ-ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʚ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʠʭʨʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩʣʦʷ ʠ ʧʨʠ ʵʪʦʤ ʠʤʝʪʴ ʤʘʣʦʝ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ [19, ʩ.38]. 

ʈʝʛʫʣʷʨʥʦʝ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʠ ʚ 

ʘʧʧʘʨʘʪʘʭ ʈʇʅ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʜʦʩʪʠʞʝʥʠʷ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʪʦʢʦʚ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ. 

ɺ ʵʪʠʭ ʘʧʧʘʨʘʪʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʮʠʧ ʧʨʦʜʦʣʴʥʦ-ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʨʝʘʣʠʟʫʝʤʳʡ ʨʝʛʫʣʷʨʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ ʥʘʩʘʜʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʫʜʘʝʪʩʷ ʧʦʣʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʚʠʭʨʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʤʘʣʳʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. 

ʈʘʚʥʦʤʝʨʥʦʝ ʠ ʨʝʛʫʣʷʨʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʜʚʠʞʥʳʭ ʥʘʩʘʜʦʢ ʚ ʘʧʧʘʨʘʪʘʭ ʈʇʅ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ ʚ ʦʙʲʝʤʝ ʨʘʙʦʯʝʡ ʟʦʥʳ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 
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ʘʧʧʘʨʘʪʦʚ ʩ ʈʇʅ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʚ ʥʠʭ ʨʝʞʠʤʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʠʥʬʘʟʥʦʛʦ ʨʝʞʠʤʘ), ʟʘʚʠʩʷʱʝʛʦ ʦʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʥʘʩʘʜʦʯʥʳʭ ʪʝʣ ʠ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [19, ʩ.38]. 

ʇʦ ʭʘʨʘʢʪʝʨʫ ʬʦʨʤʠʨʫʝʤʳʭ ʚʠʭʨʝʡ ʥʘʩʘʜʦʯʥʳʝ ʪʝʣʘ ʤʦʛʫʪ ʙʳʪʴ 

ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʥʘ ʪʝʣʘ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤʠ (ʪʦʨʦʠʜʘʣʴʥʳʤʠ) ʚʠʭʨʷʤʠ, ʠʤʝʶʱʠʝ 

ʧʝʨʠʦʜ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤʠ ʚʠʭʨʷʤʠ, ʠʤʝʶʱʠʝ ʧʦʣʫʧʝʨʠʦʜ ʠ 

ʧʝʨʠʦʜ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ. ʂ ʪʝʣʘʤ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʦʪʥʦʩʷʪʩʷ ʭʦʨʦʰʦ 

ʦʙʪʝʢʘʝʤʳʝ ʵʣʝʤʝʥʪʳ ʰʘʨʳ, ʢʦʥʫʩʳ, ʪʝʣʘ ʢʘʧʣʝʚʠʜʥʦʡ ʬʦʨʤʳ. ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ 

ʦʪʥʦʩʷʪʩʷ ʧʣʦʭʦ ʦʙʪʝʢʘʝʤʳʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʪʝʣʘ ʩ ʢʨʫʛʣʦʡ, ʢʚʘʜʨʘʪʥʦʡ, 

ʪʨʝʫʛʦʣʴʥʦʡ, ʭ-ʦʙʨʘʟʥʦʡ ʠ ʪ.ʜ. ʬʦʨʤʦʡ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ [19, ʩ.56]. 

ɺ ʨʘʙʦʪʝ [19, ʩ.56] ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʘʧʧʘʨʘʪʦʚ ʩ ʈʇʅ ʧʦ 

ʩʦʟʜʘʚʘʝʤʦʡ ʚ ʥʠʭ ʚʠʭʨʝʚʦʡ ʩʪʨʫʢʪʫʨʝ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʭʚʘʪʳʚʘʝʪ ʦʩʥʦʚʥʳʝ 

ʬʦʨʤʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ ʧʦʪʦʢʦʚ: ʚʠʭʨʝʚʦʝ 

ʜʚʠʞʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʥʘʩʘʜʦʯʥʳʭ ʪʝʣ, ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʳʭ 

ʚ ʦʙʲʝʤʝ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ; ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ, ʦʩʣʦʞʥʝʥʥʦʝ ʚʠʙʨʘʮʠʝʡ 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʠ ʧʣʘʩʪʠʥʯʘʪʳʭ ʩʧʠʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ; ʚʠʭʨʝʚʦʝ ʜʚʠʞʝʥʠʝ, 

ʦʩʣʦʞʥʝʥʥʦʝ ʚʨʘʱʝʥʠʝʤ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʣʦʢʘʣʴʥʦʡ ʟʘʢʨʫʪʢʦʡ ʧʦʪʦʢʘ ʚ 

ʟʦʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʡ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʚʠʭʨʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʥʘʩʘʜʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʩʪʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ ï ʰʘʨʳ, ʧʣʘʩʪʠʥʳ, ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʪʝʣʘ ʩ ʢʨʫʛʣʳʤ, 

ʢʚʘʜʨʘʪʥʳʤ, ʭ-ʦʙʨʘʟʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ [60,61]. ɸʧʧʘʨʘʪʳ, ʨʝʘʣʠʟʫʶʱʠʝ 

ʚʠʭʨʝʚʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʦʚ, ʦʩʣʦʞʥʝʥʥʫʶ ʚʠʙʨʘʮʠʝʡ ʧʣʘʩʪʠʥʯʘʪʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʠ ʫʪʷʞʝʣʝʥʥʳʤʠ ʢʦʥʮʘʤʠ ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ [62], ʩ 

ʧʣʘʩʪʠʥʯʘʪʳʤʠ ʧʨʫʞʠʥʥʳʤʠ (ʩʧʠʨʘʣʴʥʳʤʠ) ʵʣʝʤʝʥʪʘʤʠ [63].  

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʧʧʘʨʘʪʘʤ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩʦʟʜʘʥʳ 

ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʦʚ ʩ ʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ [24], ʩ  ʥʘʩʘʜʢʦʡ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ, ʨʘʟʨʝʟʘʥʥʳʭ ʥʘ ʩʝʢʪʦʨʘ 

ʠ ʧʦʚʝʨʥʫʪʳʭ ʧʦʜ ʫʛʣʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ [64], ʚʨʘʱʘʶʱʝʡʩʷ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʠ ʥʝʧʦʜʚʠʞʥʳʤʠ ʩʝʪʯʘʪʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʜʣʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʣʝʪʘ ʢʘʧʝʣʴ [65], ʩ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʣʘʩʪʠʥʯʘʪʳʤʠ 

ʣʦʧʘʩʪʷʤʠ ʥʘ ʩʧʠʮʘʭ [66], ʩ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ɸʧʧʘʨʘʪʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʚʠʭʨʝʚʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦʪʦʢʦʚ, ʦʩʣʦʞʥʝʥʥʫʶ 

ʚʨʘʱʝʥʠʝʤ ʧʣʘʩʪʠʥʯʘʪʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [61, c.40; 67], ʘ 

ʣʦʢʘʣʴʥʘʷ ʟʘʢʨʫʪʢʘ ʧʦʪʦʢʦʚ ʚ ʟʦʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʡ ʚ ʨʘʙʦʪʝ [68]. 

 

1.3 ʄʝʪʦʜʳ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʤʘʩʩʦʦʙʤʝʥʘ ʚ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ 

ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʩʯʝʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ 

ʥʘʩʘʜʢʦʡ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʘ ʟʘʪʝʤ ʦʪʤʝʪʠʤ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʦʚ ʩ ʚʨʘʱʘʶʱʝʡʩʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ [69]. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʧʧʘʨʘʪʦʚ ʩ ʢʦʣʝʙʣʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ 

ʩʪʨʫʥ ʩʦ ʩʚʦʙʦʜʥʦ ʥʘʩʘʞʝʥʥʳʤʠ ʰʘʨʘʤʠ [70,71] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʵʪʠʭ ʘʧʧʘʨʘʪʘʭ 

ʜʦʩʪʠʛʘʶʪʩʷ ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ ʧʦ ʛʘʟʫ (ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʜʦ 7,0 ʤ/ʩ) ʠ 

ʞʠʜʢʦʩʪʠ (ʧʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ ʜʦ 100 ʤ3/ʤ2ʯ),  ʧʨʠ ʵʪʦʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 500-1000 ʇʘ ʥʘ 1,0 ʤ ʚʳʩʦʪʳ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ ʪʨʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘ: 

ʢʘʧʝʣʴʥʳʡ ʨʝʞʠʤ, ʨʝʞʠʤ ʨʘʟʚʠʪʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʨʝʞʠʤ ʟʘʭʣʝʙʳʚʘʥʠʷ. 

ʈʝʞʠʤ ʨʘʟʚʠʪʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʘʧʧʘʨʘʪʘ ʩ 

ʢʦʣʝʙʣʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʘʟʦʞʠʜʢʦʩʪʥʳʤ ʩʣʦʝʤ, 

ʩʦʩʪʦʷʱʠʤ ʠʟ ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ ʚʠʭʨʝʡ.  

ɺ ʨʘʙʦʪʘʭ [72] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ, ʚ ʢʦʪʦʨʦʤ 

ʵʣʝʤʝʥʪʳ ʥʘʩʘʜʢʠ ʞʝʩʪʢʦ ʥʘʩʘʞʝʥʳ ʥʘ ʩʪʨʫʥʳ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʩʚʝʨʭʫ ʢ 

ʢʨʝʧʝʞʥʦʡ ʨʝʰʝʪʢʝ, ʘ ʥʠʞʥʠʝ ʢʦʥʮʳ ʩʪʨʫʥ ʩʚʦʙʦʜʥʦ ʧʨʦʧʫʩʢʘʣʠʩʴ ʯʝʨʝʟ 

ʦʪʚʝʨʩʪʠʷ ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʨʝʰʝʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʩʘʜʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʰʘʨʳ ʠʟ ʧʦʨʠʩʪʦʡ ʨʝʟʠʥʳ ʜʠʘʤʝʪʨʦʤ 40ʤʤ ʠ ʧʣʦʪʥʦʩʪʴʶ 650 

ʢʛ/ʤ3. ʉʪʨʫʥʳ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʛʠʙʢʦʡ ʧʨʦʚʦʣʦʢʠ ʠ ʨʘʟʤʝʱʝʥʳ ʧʦ ʚʝʨʰʠʥʘʤ 

ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 100 ʤʤ. ʈʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʥʘʩʘʜʢʠ ʥʘ ʩʪʨʫʥʝ ʧʦ ʚʝʨʪʠʢʘʣʠ 120 ʤʤ, ʧʨʠʯʝʤ ʥʘ ʩʦʩʝʜʥʠʭ 

ʩʪʨʫʥʘʭ ʵʣʝʤʝʥʪʳ ʥʘʩʘʜʢʠ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʘ ʧʦʣʦʚʠʥʫ ʰʘʛʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ 

ʈʇʅ: ʧʣʝʥʦʯʥʦʡ, ʧʝʨʝʭʦʜʥʦʡ, ʨʘʟʚʠʪʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʙʨʳʟʛʦʫʥʦʩʘ. ɼʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʦʡ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ: 
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ʂʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ɼʣʷ ʨʘʩʯʝʪʘ ʚʳʩʦʪʳ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ ʜʘʥʦ ʚʳʨʘʞʝʥʠʝ: 
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ʘ ʜʣʷ ʨʘʩʯʝʪʘ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ:  
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ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 
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ɼʣʷ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ [73] 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʦʣʫʯʝʥʳ 

ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: 

 
)1( fʈʈ ʩ +D=D ,     (1.7) 

ʛʜʝ:  

ʚ

ʛʛ
ʚc

t

ʅW
P Ö=D

2

0

2

2e

r
xq ,      (1.8) 

 

ʟʜʝʩʴ 1,1=x  ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʦʩʢʦʡ ʧʣʘʩʪʠʥʳ; 

qʚ- ʧʘʨʘʤʝʪʨ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘʩʘʜʢʠ ʥʘ 
ʩʪʨʫʥʝ ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ:  
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ɼʣʷ ʵʞʝʢʮʠʦʥʥʦʛʦ ʠ ʬʦʨʩʫʥʦʯʥʦʛʦ ʚʘʨʠʘʥʪʘ ʘʧʧʘʨʘʪʘ ʈʇʅ [74] ʧʦʣʫʯʝʥʳ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: 

 

ʞʩ ʈʈʈ D+D=D ,     (1.10) 

 

ʜʣʷ ʵʞʝʢʮʠʦʥʥʦʛʦ ʚʘʨʠʘʥʪʘ  
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ʜʣʷ ʬʦʨʩʫʥʦʯʥʦʛʦ ʚʘʨʠʘʥʪʘ 
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ɿʜʝʩʴ ʥʨʧ xxx ,, - ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʘʟʦʚʳʭ ʧʘʪʨʫʙʢʦʚ, ʨʝʰʝʪʦʢ ʠ 

ʥʘʩʘʜʢʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʩʘʜʢʠ ʜʘʥʦ ʚʳʨʘʞʝʥʠʝ: 
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ʛʚʥ 121,026,0 qqx ,    (1.13) 

 

ʛʜʝ -ʛʚqq, ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ ʜʣʷ ʵʞʝʢʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʫʨʘʚʥʝʥʠʝ (1.10) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ɺ ʨʘʙʦʪʘʭ [60,61,75,76] ʜʣʷ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ 

ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʨʠʥʷʪ ʝʜʠʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: 
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ʛʜʝ )/177,0()/(
65,0

ʚtʝʭʨʚtʂ ʚʚpLʚLL Ö-ÖÖ= qqx - ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ ʧʨʠ ʙʦʣʴʰʠʭ ʧʣʦʪʥʦʩʪʷʭ ʦʨʦʰʝʥʠʷ; 
2,0

Re1,0 ʞʨʚL ÖÖÖ= qqx -  ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ 

ʧʨʠ ʧʣʦʪʥʦʩʪʷʭ ʦʨʦʰʝʥʠʷ ʜʦ 100 ʤ3/ʤ2ʯ [75,76];    
0,1

0,677 ReL ʚ p ʞx q q=  - ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʣʷ ʰʘʨʦʚʦʡ ʥʘʩʘʜʢʠ [60, ʩ.43]. 

ɺʦ ʚʩʝʭ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ [61, c.100; 77] ʜʣʷ 

ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠʥʷʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, 

ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʫʨʘʚʥʝʥʠʠ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ 

ʦʜʥʦʤʝʨʥʦʤ ʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʜʚʠʞʝʥʠʠ ʝʛʦ ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʦʙʲʝʤʝ ʦʜʥʦʡ 

ʷʯʝʡʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ: 
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ɼʣʷ ʧʣʦʩʢʠʭ ʧʣʘʩʪʠʥ [73, ʩ.156] ʧʣʝʥʦʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʂʋɾ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

 
22

/ ʛʧʣʧʣ tʚh d= ,      (1.17) 

 

ʛʜʝ dʧʣ ï ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥ: 
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æ
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ʧʣ ,    (1.18) 

 

ɿʜʝʩʴ m=0,32 ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ; a- ʫʛʦʣ ʥʘʢʣʦʥʘ. 

ʂʘʧʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʂʋɾ ʠʤʝʝʪ ʚʠʜ: 
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ɺh ,    (1.19) 

 

ɼʣʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʚʠʙʨʠʨʫʶʱʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ ʧʨʠ 

ʙʦʣʴʰʠʭ ʥʘʛʨʫʟʢʘʭ ʧʦ ʞʠʜʢʦʩʪʠ [76, ʩ.112] ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʚʳʨʘʞʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ [75, ʩ.84], ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʦʛʠʠ: 
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=0 ,      (1.20) 

 

ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ: 
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ʛʜʝ xL ʠ xʩ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʨʦʰʘʝʤʦʛʦ ʠ ʩʫʭʦʛʦ ʘʧʧʘʨʘʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʘʧʧʘʨʘʪʘ ʩ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ 

ɺ=0,65; ʜʣʷ ʘʧʧʘʨʘʪʘ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ɺ=0,52; ʜʣʷ ʘʧʧʘʨʘʪʘ ʩ ʰʘʨʦʚʦʡ 

ʥʘʩʘʜʢʦʡ ɺ=0,545 [60, ʩ.46]. 

ʈʘʩʯʝʪ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʥʘʩʘʜʢʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʙʘʣʘʥʩʦʚʦʡ ʬʦʨʤʫʣʝ. 
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h01ej ,      (1.22) 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʜʣʷ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ, ʠʩʭʦʜʷ ʠʟ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ 

[73, ʩ.156]: 
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ʛʜʝ ɺ = 
3

0

2

1 ö
ö

÷

õ

æ
æ

ç

å
Ö

- e

q

j

j ʚ
ʰ ʌʉ  - ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʘʧʝʣʴ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ:  
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ɼʣʷ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʧʨʠ ʙʦʣʴʰʠʭ 

ʧʣʦʪʥʦʩʪʷʭ ʦʨʦʰʝʥʠʷ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ [76, ʩ.112] ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:  
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ʛʜʝ ʜʠʘʤʝʪʨ ʢʘʧʝʣʴ: 

54,08,0

4,014,06,0

26,0

1

Lʛ

ʞʧʣ

L

ʢʢ
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ɺd
r

srd

x
Ö= .    (1.26) 

 

ɼʣʷ ʘʧʧʘʨʘʪʘ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʧʨʠ ʧʣʦʪʥʦʩʪʷʭ ʦʨʦʰʝʥʠʷ ʜʦ 100 

ʤ3/ʤ2ʯ [75, ʩ.85] ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:  
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ʛʜʝ ʜʠʘʤʝʪʨ ʢʘʧʝʣʴ 
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ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʝʜʠʥʦʛʦ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʘʚʪʦʨʦʤ [60, ʩ.62] 

ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ: 
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ʛʜʝ 
ʛs
ɺb ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʦʧʳʪʥʳʤ ʧʫʪʝʤ, 

ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ ʜʣ ̫
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ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ 
ʛs
ɺb = 

1/4
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; 

ʪʨʫʙʯʘʪʦʛʦ ʧʫʯʢʘ ʩ ʢʨʫʛʣʳʤʠ ʪʨʫʙʘʤʠ 
ʛs
ɺb = 

1/4
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1

j
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å õ
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;  

ʰʘʨʦʚʦʡ ʥʘʩʘʜʢʠ 
ʛs
ɺb = 

1/4

7,97
1

j

j

å õ
æ ö
-ç ÷

. 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʧʨʝʜʣʦʞʝʥʦ [76, 

ʩ.113] ʫʨʘʚʥʝʥʠʝ:  
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ɸʚʪʦʨʦʤ [72, ʩ.24] ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ: 
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ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʂʢ ʠ ʂʧʣ =7,96 ʠ 7,66, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ:  
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ɼʣʷ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʠʙʨʠʨʫʶʱʝʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ [61, 

c.151] ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ 

ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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- ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʠʭʨʝʡ ʚ ʦʨʦʰʘʝʤʦʤ ʩʣʦʝ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʠ, ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ; 
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- ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʠʭʨʝʡ ʚ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʤ ʩʣʦʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʞʠʜʢʦʡ 

ʬʘʟʝ. 

ɺ ʨʘʙʦʪʝ [19, ʩ.140] ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʚʨʘʱʘʶʱʝʡʩʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʢʨʫʛʣʦʡ (ʈʇɺʂʨ) ʠ ʢʚʘʜʨʘʪʥʦʡ (ʈʇɺʂʚ) 

ʬʦʨʤʳ. 
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ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʫʭʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ:  
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ʛʜʝ xC  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʫʭʦʡ ʥʘʩʘʜʢʠ; ʅ ï ʚʳʩʦʪʘ ʥʘʩʘʜʦʯʥʦʡ 

ʟʦʥʳ, ʤ; tʚ  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʥʘʩʘʜʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʤ; rʛ ï ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ, ʢʛ/ʤ
3; Wʛ ï ʩʢʦʨʦʩʪʴ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʤ/ʩ; e0 

ï ʧʦʨʦʟʥʦʩʪʴ ʥʘʩʘʜʢʠ, ʤ2/ʤ2. 

ɺ ʫʨʘʚʥʝʥʠʠ (1.35) ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʫʭʦʡ ʥʘʩʘʜʢʠ ʠʤʝʝʪ ʚʠʜ: 

 

xC  = ,
Re

Re
5,0

ʛ

ʮ

1 öö
÷

õ
ææ
ç

å
+ÖÖ pbK qq       (1.36) 

 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ  K1  ʜʣʷ ʘʧʧʘʨʘʪʘ ʈʇɺʂʨ K1=0,76, ʜʣʷ ʈʇɺʂʚ   K1=0,74;  Reʮ - 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

Reʮ = 
ʛ

2

n

bnSÖ
.       (1.37) 

ɿʜʝʩʴ   b ï ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʥʘʩʘʜʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʤ; nS  ï ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ 

ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩ-1, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

 

nS= ,
2p

wʚʨ
       (1.38) 

ʛʜʝ  ʚʨw  - ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʩ-1), ʨʘʩʩʯʠʪʳʚʘʝʤʦʝ ʧʦ 

ʬʦʨʤʫʣʝ 

 

 wʚʨ = ɺʚʨ Ö
aar

arr

tgSRmR

KSWW

ÖÖÖ+

ÖÖÖ-Ö

sin2

sin)(
2

ʛ

2

ʞʞ

2

ʛʛ ,    (1.39) 

 

ʚ ʢʦʪʦʨʦʡ ɺʚʨ - ʢʦʵʬʬʠʮʠʝʥʪ: ʜʣʷ ʘʧʧʘʨʘʪʘ ʈʇɺʂʨ  ɺʚʨ= 30/e;  ʜʣʷ ʘʧʧʘʨʘʪʘ 

ʈʇɺʂʚ  ɺʚʨ=21,2/e. 

ɺ ʨʘʙʦʪʝ [78] ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʦʩʪʘʚʣʷʶʱʠʭ ʫʨʘʚʥʝʥʠʷ (1.39) ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʝʝ ʫʧʨʦʱʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ: 

 

 
mR

SɻW
ʚʨ

2

sin
2

ar
w

ÖÖ
º GG ,     (1.40) 

ʚ ʢʦʪʦʨʦʤ: 

ʜʣʷ ʈʇɺʂʨ  
4

2
ʚ

Sʵ
p
=  ʠ 

2

ʚ
R= ; 
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ʜʣʷ ʈʇɺʂʚ  2
ʚSɻ =     ʠ  

2

2ʚ
R= . 

 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Reʛ ʚʳʯʠʩʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ: 

 

Reʛ = 
ʛ

ʛ

n

ʵʢʚdW Ö
,      (1.41) 

ʚ ʢʦʪʦʨʦʡ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʥʘʩʘʜʢʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʟʘʚʠʩʠʤʦʩʪʷʤ: 

ʜʣʷ ʘʧʧʘʨʘʪʘ ʈʇɺʂʨ: 

dʵʢʚ. = 
4

0 5

2 2
t t b

b b

b pÖ -

+

p d

p d

 

 ( , )
,      (1.42) 

 

ʜʣʷ ʘʧʧʘʨʘʪʘ ʈʇɺʂʚ:  

dʵʢʚ. = 
4

2

2 2
t t b

b b

b pÖ -

+

 d

d( )
,     (1.43) 

ʛʜʝ  d ï ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ, ʤ. 

ɺʭʦʜʷʱʠʡ ʚ ʫʨʘʚʥʝʥʠʝ (1.36) ʢʦʵʬʬʠʮʠʝʥʪ qʚ ʠʤʝʝʪ ʚʠʜ: 

 

q
p

b
b

k

t

m b
= +

Ö

Ö
+

å

ç
æ

õ

÷
ö

è

ê
é

ø

ú
ù0 85 015

2

4
1, , sin ,    (1.44) 

 

ʛʜʝ ʧʘʨʘʤʝʪʨ mk ʜʣʷ ʩʠʤʤʝʪʨʠʯʥʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʠʭʨʝʡ: 

 

m ek
t bb= -
-

2 2 1, ( )
/ .      (1.45) 

 

ʂʦʵʬʬʠʮʠʝʥʪ  qʨ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

q e ep kp= / 0 ,     (1.46) 

 

ʚ ʢʦʪʦʨʦʡ ʧʦʨʦʟʥʦʩʪʴ ʥʘʩʘʜʢʠ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

e0 0

2

1= - Ö
å

ç

æ
æ

õ

÷

ö
öK

b

t p

,       (1.47) 

 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʂ0 ʜʣʷ ʘʧʧʘʨʘʪʘ ʈʇɺʂʨ  ʂ0= 0,785;  ʜʣʷ ʈʇɺʂʚ  ʂ0= 1. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʨʦʰʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ 

ʬʦʨʤʫʣʝ (1.15), ʚ ʢʦʪʦʨʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʨʦʰʘʝʤʦʡ ʥʘʩʘʜʢʠ 

ʠʤʝʝʪ ʚʠʜ: 
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xL = ,
Re

Re
Re

ʛ

ʞn

ʮ2

m

pbK öö
÷

õ
ææ
ç

å
ÖÖÖ qq      (1.48) 

 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪ ʂ2, n ʠ m ʜʣʷ ʘʧʧʘʨʘʪʘ ʈʇɺʂʨ ʂ2= 0,1; n=0,53; m=0,5; ʜʣʷ 

ʈʇɺʂʚ ʂ2= 0,104; n = 0,51; m=0,5. 

ʂʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ, ʫʜʝʨʞʠʚʘʝʤʦʡ ʚ ʘʧʧʘʨʘʪʝ h0 ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ 

ʬʦʨʤʫʣʝ (1.16). ɺʭʦʜʷʱʠʝ ʚ ʬʦʨʤʫʣʫ ʩʦʩʪʘʚʣʷʶʱʠʝ hʧʣ ʠ hk ʧʦ ʫʨʘʚʥʝʥʠʶ (1.17) 

ʠ (1.19). ʊʦʣʱʠʥʫ ʧʣʝʥʦʢ ʞʠʜʢʦʩʪʠ ʥʘ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ 

ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

 
3/1
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ɻʘʦʩʦʜʝʨʞʘʥʠʝ ʩʣʦʷ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ (1.22), ʚ ʢʦʪʦʨʦʡ ʦʙʲʝʤʥʘʷ 

ʧʦʨʦʟʥʦʩʪʴ ʥʘʩʘʜʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʷʤ:  

ʜʣʷ ʈʇɺʂʨ:  

e
p d

= -
Ö

1
2

2

 R

t tb p

,      (1.50) 

ʜʣʷ ʈʇɺʂʚ: 

2

b

2

1
ptt

b

Ö
-=
d

e        (1.51) 

 

ɺ ʫʨʘʚʥʝʥʠʷʭ (1.50) ʠ (1.51)   d - ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʤ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

bʛs = ɺʛ 

4/1
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Ö-
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njd

ex U
D L ,     (1.52) 

 

ʛʜʝ   Dʛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ, ʤ
2/ʩ; Uʛ = Wʛ /j̫ ʯ ï ʠʩʪʠʥʥʘʷ 

ʩʢʦʨʦʩʪʴ ʚ ʷʯʝʡʢʝ, ʤ/ʩ; j̫ ʯ = 1 - hk /tʚ ï ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ  ʩʣʦʷ ʚ ʷʯʝʡʢʝ.  ʆʧʳʪʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ɺʛ ʜʣʷ ʘʧʧʘʨʘʪʘ ʈʇɺʂʨ  ɺʛ= 6,64 /(1-e)1/4;  ʜʣʷ ʘʧʧʘʨʘʪʘ ʈʇɺʂʚ  ɺʛ= 

6,4 /(1-e)1/4. 

ɺ ʢʨʠʪʝʨʠʘʣʴʥʦʤ ʚʠʜʝ ʨʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 
* * 3/4 1/2

ʛ ʛ ʛ ʛ
Re ,Sh A Sc= Ö Ö        (1.53) 
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- ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʠʭʨʝʡ ʚ ʦʨʦʰʘʝʤʦʤ ʩʣʦʝ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʠ;  *

ʛ
Sh
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= bʛsÖtʚ/Dʛ ʠ  
*

ʛ
Re =UʛÖtʚ/nʛ - ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʯʠʩʣʘ ʐʝʨʚʫʜʘ ʠ ʈʝʡʥʦʣʴʜʩʘ, 

ʦʪʥʝʩʝʥʥʳʝ ʢ ʚʳʩʦʪʝ ʷʯʝʡʢʠ tʚ; Sc = nʛ / Dʛ  - ʯʠʩʣʦ ʐʤʠʜʪʘ. 

ʆʙʨʘʙʦʪʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ  bʛs ʠʩʩʣʝʜʫʝʤʳʭ ʘʧʧʘʨʘʪʦʚ, ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʦʧʳʪʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ɺʛ ʚ ʫʨʘʚʥʝʥʠʠ (1.52): ʜʣʷ ʘʧʧʘʨʘʪʘ ʈʇɺʂʨ   ɺʛ = 6,64/(1-e)1/4; ʜʣʷ 

ʘʧʧʘʨʘʪʘ ʈʇɺʂʚ ɺʛ = 6,4/(1-e)1/4 . 

 

1.4 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘʩʘʜʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʥʘʩʘʜʦʯʥʳʭ ʘʧʧʘʨʘʪʘʭ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʝ, 

ʥʝʬʪʝʭʠʤʠʠ, ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨ. ɺʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʢʦʥʩʪʨʫʢʮʠʡ 

ʨʘʟʜʝʣʷʶʪ ʥʘ ʥʝʨʝʛʫʣʷʨʥʳʝ (ʭʘʦʪʠʯʝʩʢʠʝ) ʩʪʘʮʠʦʥʘʨʥʳʝ ʥʘʩʘʜʢʠ, ʨʝʛʫʣʷʨʥʳʝ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʥʘʩʘʜʢʠ, ʧʦʜʚʠʞʥʳʝ ʥʘʩʘʜʢʠ ʠ ʨʝʛʫʣʷʨʥʳʝ ʧʦʜʚʠʞʥʳʝ ʥʘʩʘʜʢʠ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʨʝʛʫʣʷʨʥʳʭ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʦʪʦʛʥʫʪʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʘʜʢʠ ʨʘʟʣʠʯʥʳʤʠ ʪʫʨʙʫʣʠʟʠʨʫʶʱʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʠʣʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʚʳʩʦʪʳ ʠ ʰʠʨʠʥʳ ʥʘʩʘʜʦʯʥʦʛʦ 

ʪʝʣʘ. 

ʈʝʛʫʣʷʨʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʥʘʩʘʜʢʠ ʠʤʝʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʢʘʥʘʣʦʚ, ʦʪʢʨʳʪʳʭ ʜʣʷ ʧʨʦʭʦʜʘ ʛʘʟʘ ʠ, ʧʨʠ ʵʪʦʤ, ʩʚʦʜʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ 

ʢʦʣʠʯʝʩʪʚʦ ʟʦʥ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘʜʝʨʞʢʘ ʞʠʜʢʦʩʪʠ. ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʛʫʣʷʨʥʳʭ ʥʘʩʘʜʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʛʦʬʨʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʝʨʬʦʨʘʮʠʷ ʠ ʚʩʝʚʦʟʤʦʞʥʳʝ ʨʠʬʣʝʥʠʷ. 

ʈʝʛʫʣʷʨʥʳʝ ʥʘʩʘʜʢʠ ʠʤʝʶʪ ʙʣʦʯʥʦʝ, ʧʘʢʝʪʥʦʝ ʠ ʨʫʣʦʥʥʦʝ ʠʩʧʦʣʥʝʥʠʝ. 

ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʨʝʛʫʣʷʨʥʳʭ ʠ ʨʝʛʫʣʷʨʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʥʘʩʘʜʦʢ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʠʩʪʳʝ ʛʘʟ 

ʠ ʞʠʜʢʦʩʪʴ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʢʣʦʥʥʳ ʢ ʟʘʨʘʩʪʘʥʠʶ ʪʚʝʨʜʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ.  

ʇʦʜʚʠʞʥʳʝ ʥʘʩʘʜʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʟʣʠʯʘʶʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʠʭ ʜʚʠʞʝʥʠʷ ʚ 

ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʢʘʢ 

ʘʧʧʘʨʘʪʳ ʩʦ ʚʟʚʝʰʝʥʥʦʡ, ʬʦʥʪʘʥʠʨʫʶʱʝʡ ʥʘʩʘʜʢʦʡ ʠ ʩ ʮʠʨʢʫʣʠʨʫʶʱʝʡ 

ʥʘʩʘʜʢʦʡ. ɹʣʘʛʦʜʘʨʷ ʭʘʦʪʠʯʥʳʤ, ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʠ ʧʫʣʴʩʘʮʠʦʥʥʳʤ ʜʚʠʞʝʥʠʷʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ, 

ʦʜʥʘʢʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʧʦʜʲʝʤ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʜʜʝʨʞʘʥʠʝ 

ʠʭ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʳʝ. 

ʈʝʛʫʣʷʨʥʘʷ ʧʦʜʚʠʞʥʘʷ ʥʘʩʘʜʢʘ, ʚ ʢʦʪʦʨʦʡ ʥʘʩʘʜʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʨʝʛʫʣʷʨʥʦ 

ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʰʘʛʦʤ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʧʨʠ ʵʪʦʤ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʚʦʜʠʤʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ 

ʚʠʭʨʝʚʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʦʙʝʩʧʝʯʠʪʴ ʚʠʙʨʘʮʠʦʥʥʦʝ ʠʣʠ ʚʨʘʱʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ, ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʧʧʘʨʘʪʦʚ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʢʨʫʛʣʦʡ ʠ 

ʢʚʘʜʨʘʪʥʦʡ ʬʦʨʤʳ (ʈʇɺʂʨ ʠ ʈʇɺʂʚ) [61, c.43; 79]. ʇʨʠ ʨʘʙʦʪʝ ʪʘʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʚʠʜʫ ʤʘʣʦʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ ʩʦ ʩʪʨʫʥʦʡ, 

ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʚʨʘʱʝʥʠʠ ʩʠʣʘ ʪʨʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʠʟʥʦʩʫ ʩʪʨʫʥʳ 

ʠ ʝʝ ʨʘʟʨʫʰʝʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʙʨʳʟʛʠʚʘʝʤʘʷ ʩʦ ʩʚʦʙʦʜʥʳʭ ʣʦʧʘʩʪʝʡ ʞʠʜʢʦʩʪʴ 

ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʥʘ ʩʪʝʥʢʠ ʘʧʧʘʨʘʪʘ ʠ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ 

ʧʨʦʚʦʜʠʤʳʭ ʧʨʦʮʝʩʩʘʭ. 

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʦ ʫʩʪʘʥʦʚʠʪʴ ʢʦʣʴʮʝʚʳʝ ʦʙʦʜʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʩʚʦʙʦʜʥʳʭ ʢʦʥʮʘʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʣʦʧʘʩʪʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʩʘʜʢʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ 

ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

- ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ ʚ 

ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ 

ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ ʠ ʧʦʣʫʯʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʞʠʜʢʦʡ ʬʘʟʳ; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ), ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ) ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ 

ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʝʞʠʤʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʣʫʯʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ) ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʦʣʫʯʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ; 

- ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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2 ʆʇʀʉɸʅʀɽ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆʁ ʋʉʊɸʅʆɺʂʀ ʀ 

ʄɽʊʆɼʀʂ ɼʃʗ ʇʈʆɺɽɼɽʅʀʗ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ 

ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

2.1 ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ  

ʅʘ ʨʠʩʫʥʢʝ 2.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʥʘʩʘʜʢʦʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʣʘ 

ʤʦʜʝʣʴ ʘʧʧʘʨʘʪʘ ʢʚʘʜʨʘʪʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ (340x340 ʤʤ) 1, 

ʟʘʢʨʝʧʣʝʥʥʫʶ ʥʘ ʢʨʳʰʢʝ ʩʙʦʨʥʦʡ ʝʤʢʦʩʪʠ 10, ʚʝʥʪʠʣʷʪʦʨ 2, ʢʘʣʦʨʠʬʝʨ 4, ʥʘʩʦʩ 

8, ʥʘʧʦʨʥʫʶ ʝʤʢʦʩʪʴ 7 ʜʣʷ ʧʦʜʘʯʠ ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʪʘʢʪʥʫʶ ʟʦʥʫ 

ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ ʦʨʦʩʠʪʝʣʴ 5, ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʝʤʢʦʩʪʴ 9. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʰʠʙʝʨʦʤ 3, ʘ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ 

ʚʝʥʪʠʣʝʤ 6. 

ʇʦʪʦʢ ʚʦʟʜʫʭʘ, ʥʘʛʥʝʪʘʝʤʳʡ ʚʝʥʪʠʣʷʪʦʨʦʤ 2, ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʢʘʣʦʨʠʬʝʨ 4 

ʠ ʩʙʦʨʥʫʶ ʝʤʢʦʩʪʴ 10 ʚ ʢʦʣʦʥʥʳʡ ʘʧʧʘʨʘʪ 1 ʩʝʯʝʥʠʝʤ 340ʭ340 ʤʤ ʠ ʚʳʩʦʪʦʡ 

ʨʘʙʦʯʝʡ ʟʦʥʳ 1,3 ʤ.  ɿʘʪʝʤ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʩʣʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ, 

ʦʨʦʰʘʝʤʳʡ ʞʠʜʢʦʩʪʴʶ, ʧʦʩʪʫʧʘʶʱʝʡ ʯʝʨʝʟ ʦʨʦʩʠʪʝʣʴ 5, ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ 

ʘʪʤʦʩʬʝʨʫ. ʈʘʩʭʦʜ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʰʠʙʝʨʦʤ 3 ʧʦ ʧʦʢʘʟʘʥʠʷʤ 

ʩʪʘʥʜʘʨʪʥʦʡ ʜʠʘʬʨʘʛʤʳ ʩ ʜʠʬʤʘʥʦʤʝʪʨʦʤ. ʆʨʦʰʘʶʱʘʷ ʞʠʜʢʦʩʪʴ ʠʟ ʥʠʞʥʝʡ 

ʝʤʢʦʩʪʠ ʘʧʧʘʨʘʪʘ 10 ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʝʤʢʦʩʪʴ 9 ʥʘʩʦʩʦʤ 8 ʧʦʜʘʝʪʩʷ ʚ 

ʥʘʧʦʨʥʳʡ ʙʘʢ 7, ʦʪʢʫʜʘ ʯʝʨʝʟ  ʦʨʦʩʠʪʝʣʴ 5 ʧʦʩʪʫʧʘʝʪ ʥʘ ʦʨʦʰʝʥʠʝ.  ʈʘʩʭʦʜ ʚʦʜʳ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʚʝʥʪʠʣʝʤ 6 ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʨʦʪʘʤʝʪʨʘ. 

ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥ ʥʘʛʨʝʚ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ 

ʢʘʣʦʨʠʬʝʨʝ 4, ʘ ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʦʨʦʰʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʥʘʧʦʨʥʦʡ ʝʤʢʦʩʪʠ 7. 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ: 

ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

ï ʩʢʦʨʦʩʪʴ ʛʘʟʘ wʛ - 1õ5 ʤ/ʩ; 

ï ʧʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ L -10õ75 ʤ3/ʤ2Ŀʯ; 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ tʚʦʟʜ= 20÷120 0ʉ. 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

ï  h ʘʛ ʤʝʞʜʫ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦ ʚʝʨʪʠʢʘʣʠ tʚ/dʦʙ ï 3,5; 

ï  h ʘʛ ʤʝʞʜʫ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ tʨ/dʦʙ - 2; 

ï ʨʘʟʤʝʨ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ: dʦʙ = 0,05 ʤ. 
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1 - ʘʧʧʘʨʘʪ ʩ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ; 2ï ʚʝʥʪʠʣʷʪʦʨ; 3 ï ʰʠʙʝʨ; 4 ï 

ʢʘʣʦʨʠʬʝʨ; 5 ï ʦʨʦʩʠʪʝʣʴ; 6 ï ʚʝʥʪʠʣʴ; 7 - ʥʘʧʦʨʥʘʷ ʝʤʢʦʩʪʴ ʜʣʷ ʧʦʜʘʯʠ 

ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʠ; 8 ï ʥʘʩʦʩ; 9 - ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʝʤʢʦʩʪʴ; 10 - ʩʙʦʨʥʘʷ 

ʝʤʢʦʩʪʴ. 

 

ʈʠʩʫʥʦʢ 2.1 - ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ 

 

2.2 ʄʝʪʦʜʠʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

2.2.1 ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʩʘʜʦʢ ʧʨʦʚʝʜʝʥʦ ʥʘ ʫʩʪʘʥʦʚʢʝ (ʨʠʩʫʥʦʢ 2.1), ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʦʡ ʩʪʨʦʙʦʩʢʦʧʠʯʝʩʢʠʤ ʪʘʭʦʤʝʪʨʦʤ [61, ʩ.37]. 

ʄʝʪʦʜ ʩʪʨʦʙʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʙʝʩʢʦʥʪʘʢʪʥʳʤ, ʪ.ʝ. 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʲʝʢʪʳ ʠ 

ʥʘʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ. ɺ ʨʘʙʦʯʝʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ, ʵʣʝʤʝʥʪʳ 

ʥʘʩʘʜʢʠ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʩʪʨʫʥʘʭ, ʩʦʚʝʨʰʘʣʠ ʚʨʘʱʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʦʚ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ. ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʜʚʠʞʝʥʠʝʤ ʠ ʥʝʦʙʭʦʜʠʤʳʝ 

ʟʘʤʝʨʳ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʦʩʚʝʪʠʪʝʣʷ ʠ ʪʘʭʦʤʝʪʨʘ. 
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ʊʘʭʦʤʝʪʨ ʩʪʨʦʙʦʩʢʦʧʠʯʝʩʢʦʡ 2ʊʉʪ32-456 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʥʦʩʥʦʡ 

ʧʨʠʙʦʨ ʩ ʦʩʚʝʪʠʪʝʣʝʤ, ʩʦʟʜʘʶʱʠʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʚʩʧʳʰʢʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠ ʯʘʩʪʦʪʦʡ. 

ʅʘʙʣʶʜʘʷ ʧʨʠ ʧʦʤʦʱʠ ʪʘʭʦʤʝʪʨʘ ʚʨʘʱʘʶʱʠʝʩʷ ʠʣʠ ʚʠʙʨʠʨʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ ʥʘʩʘʜʢʠ, ʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʩʪʨʦʙʦʩʢʦʧʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚ ʩʦʩʪʦʷʥʠʠ ʢʘʞʫʱʝʡʩʷ ʥʝʧʦʜʚʠʞʥʦʩʪʠ ʠʣʠ ʟʘʤʝʜʣʝʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ. ʊʘʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʮʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʝʛʦ 

ʜʚʠʞʝʥʠʷ ʠ ʨʘʙʦʪʳ. 

ʆʩʥʦʚʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʪʘʭʦʤʝʪʨʘ ʧʨʠ ʧʠʪʘʥʠʠ ʧʨʠʙʦʨʘ ʦʪ ʩʝʪʠ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝʤ 220ɺ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ 

(20°5)0 ʉ ʥʝ ʧʨʝʚʳʰʘʝʪ °0,5% ʦʪ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʠʟʤʝʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʧʦʜʜʠʘʧʘʟʦʥʘ ʰʢʘʣʳ. 

 

2.2.2 ʄʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʨʷʣʦʩʴ ʯʘʰʝʯʥʳʤ ʤʘʥʦʤʝʪʨʦʤ ʠ 

ʧʨʦʚʝʨʷʣʦʩʴ ʥʘʢʣʦʥʥʳʤ ʤʠʢʨʦʤʘʥʦʤʝʪʨʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʥʘʩʘʜʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʝʪʦʜʦʤ çʦʪʩʝʯʢʠè ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʟʘʢʨʳʪʠʠ ʰʠʙʝʨʘ ʥʘ ʛʘʟʦʚʦʤ ʪʨʘʢʪʝ ʠ 

ʚʝʥʪʠʣʷ ʥʘ ʣʠʥʠʠ ʧʦʜʘʯʠ ʚʦʜʳ ʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʤʝʨʝʥʠʝʤ ʦʙʲʝʤʘ ʩʪʝʢʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ ʤʝʨʥʦʡ ʝʤʢʦʩʪʴʶ [3, ʩ.333]. 

ɻʘʟʦʩʦʜʝʨʞʘʥʠʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ 

ʞʠʜʢʦʩʪʠ ʫʜʝʨʞʠʚʘʝʤʦʡ ʥʘʩʘʜʢʦʡ ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ ʢ ʦʙʲʝʤʫ 

ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ. 

 

2.2.3 ʄʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʠ 

ʞʠʜʢʦʡ ʬʘʟʘʭ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ 

ʫʩʪʘʥʦʚʢʘ ʙʳʣʘ ʫʢʦʤʧʣʝʢʪʦʚʘʥʘ ʨʪʫʪʥʳʤʠ ʪʝʨʤʦʤʝʪʨʘʤʠ ʠ ʧʩʠʭʨʦʤʝʪʨʘʤʠ 

ɸʩʩʤʘʥʘ ʩ ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,10ʉ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʦʪʥʝʩʝʥʥʳʭ ʢ 

ʩʝʯʝʥʠʶ ʘʧʧʘʨʘʪʘ  bʛs ʠʣʠ ʢ ʝʛʦ ʦʙʲʝʤʫ  bʛv, ʠʩʧʦʣʴʟʦʚʘʣʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʫʶ 

ʤʝʪʦʜʠʢʫ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʘ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʚ 

ʚʦʟʜʫʭ [79]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ  bʛs ʠ  bʛv ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: 
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ɺ ʫʨʘʚʥʝʥʠʠ (2.1) ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʧʨʦʮʝʩʩʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʫʨʘʚʥʝʥʠʶ: 
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ɺ ʫʨʘʚʥʝʥʠʷʭ (2.1)·(2.3): gʛ  ï ʫʜʝʣʴʥʳʡ ʚʝʩ ʚʦʟʜʫʭʘ, ʅ/ʤ
3; Dʭ  = ʭʢ - ʭʥ ï  

ʨʘʟʥʦʩʪʴ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʡ, ʢʛ/ʢʛ; ʈ0 ï  ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʦ 

ʙʘʨʦʤʝʪʨʫ, ʇʘ; M H O2
 ï ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʚʦʜʳ, ʢʛ/ʤʦʣʴ; R ï ʛʘʟʦʚʘʷ 

ʧʦʩʪʦʷʥʥʘʷ, ɼʞ/(ʤʦʣʴÖʛʨʘʜ); ʊʢ ï  ʪʝʤʧʝʨʘʪʫʨʘ, 
0ʂ; ʈ* ï ʨʘʚʥʦʚʝʩʥʦʝ ʜʘʚʣʝʥʠʝ 

ʚʦʜʷʥʳʭ ʧʘʨʦʚ, ʇʘ; ʈʥ ʠ ʈʢ ï ʧʘʨʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʚ ʚʦʟʜʫʭʝ, 

ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʩʫʭʦʛʦ ʠ ʤʦʢʨʦʛʦ ʪʝʨʤʦʤʝʪʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʦ 

ʠ ʧʦʩʣʝ ʘʧʧʘʨʘʪʘ, ʇʘ. 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʚʦʟʜʫʭʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʜʠʘʛʨʘʤʤʝ iïx 

ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ [80,81], ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʣʠ [82] ʧʦ ʫʨʘʚʥʝʥʠʷʤ: 

 

ʭʥ = ;622,0
ʥ0

ʥ

PP

P

-
Ö       (2.4) 

 

ʭʢ = 
ʢ0

ʢ622,0
PP

P

-
Ö .      (2.5) 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʧʨʦʚʝʜʝʥʦ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʘʙʩʦʨʙʮʠʠ ʩʨʝʜʥʝ - ʠ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʦʚ ʧʦ 

ʥʠʞʝʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ. 

ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʦʤ ʨʘʩʪʚʦʨʘ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘʩʦʩʦʤ ʯʝʨʝʟ ʵʞʝʢʪʦʨ   ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʮʠʨʢʫʣʷʮʠʷ ʚʦʜʳ ʠʟ ʙʘʢʘ 9 (ʨʠʩʫʥʦʢ 2.1). ʉ ʧʦʤʦʱʴʶ ʵʞʝʢʪʦʨʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʥʘʩʳʱʝʥʠʝ ʚʦʜʳ ʢʠʩʣʦʨʦʜʦʤ, ʧʦʩʪʫʧʘʶʱʠʤ ʠʟ ʙʘʣʣʦʥʘ. ʅʝʧʨʝʨʳʚʥʘʷ 

ʮʠʨʢʫʣʷʮʠʷ ʞʠʜʢʦʩʪʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʨʘʚʥʦʤʝʨʥʦʤʫ ʥʘʩʳʱʝʥʠʶ ʚʩʝʛʦ ʦʙʲʝʤʘ 

ʚʦʜʳ. ʇʨʦʮʝʩʩ ʥʘʩʳʱʝʥʠʷ ʜʣʠʣʩʷ 30-40 ʤʠʥ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ 30-35 ʤʛ/ʣ, ʯʪʦ ʚ ʪʨʠ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ, 

ʨʘʚʥʦʚʝʩʥʫʶ ʩ ʚʦʟʜʫʭʦʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʝ ʜʦ ʠ ʧʦʩʣʝ ʘʧʧʘʨʘʪʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ 

ɺʠʥʢʣʝʨʘ [83] ʠ ʩ ʧʦʤʦʱʴʶ ʢʠʩʣʦʨʦʜʦʤʝʨʘ ʤʘʨʢʠ ʂʃ-115. 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʧʝʨʝʜʘʯʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʧʨʠʨʘʚʥʝʥʥʦʛʦ ʢ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʤʘʩʩʦʦʪʜʘʯʠ (ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʩʩʦʧʝʨʝʥʦʩʫ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʞʠʜʢʦʡ ʬʘʟʝ), ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʨʘʙʦʪʘʭ 

[84-89]. 

ʄʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʟʜʫʭʝ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʫʨʘʚʥʝʥʠʶ: 
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ʛʜʝ J ï ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʟʜʫʭʝ ʚ % ʧʦ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʫ; 

gO2
 ʠ 

ʚʦʟʜ.
g  ï ʫʜʝʣʴʥʳʝ ʚʝʩʘ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʟʜʫʭʘ, ʅ/ʤ3. 

ʈʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʟʘʢʦʥʫ ɻʝʥʨʠ: 

 

p = EÖ x*       (2.7) 

 

ɿʜʝʩʴ ʭ* ï ʨʘʚʥʦʚʝʩʥʘʷ ʤʦʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʘ, ʂʤʦʣʴ/ ʂʤʦʣʴ; ʨ   

ï ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʥʘʜ ʨʘʩʪʚʦʨʦʤ, ʇʘ; ɽ   ï ʢʦʥʩʪʘʥʪʘ ɻʝʥʨʠ, 

ʇʘ. 

ɼʘʥʥʳʝ ʧʦ ʢʦʥʩʪʘʥʪʝ ɻʝʥʨʠ ʜʣʷ ʢʠʩʣʦʨʦʜʘ ʚʟʷʪʳ ʠʟ ʨʘʙʦʪʳ [3, ʩ.24]. 

ʇʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʩʪʚʦʨʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʫʨʘʚʥʝʥʠʶ: 
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ʛʜʝ P B Pan= +D  ï ʧʦʣʥʦʝ ʜʘʚʣʝʥʠʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʚ ʘʧʧʘʨʘʪʝ, ʇʘ; ɺ ï 

ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʇʘ; DPan  ï ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʚ ʘʧʧʘʨʘʪʝ, ʇʘ. 

ʈʘʚʥʦʚʝʩʥʘʷ ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʘʤ: 
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ʉʨʝʜʥʷʷ ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʧʨʦʮʝʩʩʘ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʘʢ 

ʩʨʝʜʥʝʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʫʨʘʚʥʝʥʠʶ: 
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 .     (2.11) 

 

ʏʠʩʣʦ ʝʜʠʥʠʮ ʧʝʨʝʥʦʩʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 
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.       (2.12) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʧʝʨʝʜʘʯʠ ʂʦʭ, ʧʨʠʨʘʚʥʝʥʥʳʡ ʢ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʠ ʦʪʥʝʩʝʥʥʳʡ ʢ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʘʧʧʘʨʘʪʘ bʞs 

ʨʘʩʩʯʠʪʘʥ ʧʦ ʫʨʘʚʥʝʥʠʶ: 
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ʂʦʭ = bʞs = ʞʞ ʚʭ ʚʳʭ
( )

.x

cp

Q NQ x x

F x F

Ö-
=

ÖD
     (2.13) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ, ʦʪʥʝʩʝʥʥʳʡ ʢ ʦʙʲʝʤʫ ʨʘʙʦʯʝʡ ʟʦʥʳ ʘʧʧʘʨʘʪʘ, 

ʦʧʨʝʜʝʣʠʤ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

bʞv = ʞ

ʨ.ʟ.

x
Q N

V

Ö
.       (2.14) 

 

ɺ ʫʨʘʚʥʝʥʠʷʭ (2.20) ʠ (2.21) Qʞ ï ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ, ʤ
3/ʯ; F   ï ʧʣʦʱʘʜʴ 

ʩʝʯʝʥʠʷ ʘʧʧʘʨʘʪʘ, ʤ2; 
ʨ.ʟ.

V ï ʦʙʲʝʤ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʤ3. 
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3 ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʀ ʇɸʈɸʄɽʊʈʓ 

ɼɺʀɾɽʅʀʗ ʅɸʉɸɼʂʀ ɺ ɸʇʇɸʈɸʊɽ ʉ ɺʈɸʑɸʖʑʀʄʀʉʗ 

ʅɸʉɸɼʆʏʅʓʄʀ ʕʃɽʄɽʅʊɸʄʀ 

 

3.1 ʂʦʥʩʪʨʫʢʮʠʷ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ 

ʠ ʨʘʩʯʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʘʜʢʠ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʚʨʘʱʘʶʱʘʷʩʷ ʥʘʩʘʜʢʘ ʩ 

ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ (ɺʇʃ) (ʨʠʩʫʥʦʢ 3.1). 

 

  
 

ʘ) ʚ) 

 
ʙ) 

 

ʘ) ï ʦʙʱʠʡ ʚʠʜ ʥʘʩʘʜʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ; ʙ) ï ʚʠʜ ʩʚʝʨʭʫ; ʚ) ï ʨʘʟʨʝʟ 

ʥʘʩʘʜʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʘʢʩʦʥʦʤʝʪʨʠʠ. 1 - ʦʩʴ; 2 - ʚʪʫʣʢʘ; 3 ï ʪʨʫʙʯʘʪʳʡ ʵʣʝʤʝʥʪ; 

4 - ʥʘʢʣʦʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʣʦʧʘʩʪʠ; 5 - ʢʦʣʴʮʝʚʦʡ ʦʙʦʜ; 6 - ʦʛʨʘʥʠʯʠʪʝʣʠ. 

 

ʈʠʩʫʥʦʢ 3.1- ɺʨʘʱʘʶʱʘʷʩʷ ʥʘʩʘʜʢʘ ɺʇʃ 

 

ʅʘʩʘʜʢʘ ʚʢʣʶʯʘʝʪ ʦʩʴ 1, ʥʘ ʢʦʪʦʨʦʡ ʟʘʢʨʝʧʣʝʥʘ ʚʪʫʣʢʘ 2. ɺʦʢʨʫʛ ʚʪʫʣʢʠ 

ʚʨʘɦʘʝʪʩʷ ʪʨʫʙʯʘʪʳʡ ʵʣʝʤʝʥʪ 3. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʷ ʚʪʫʣʢʠ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʣʫʞʘʪ ʦʛʨʘʥʠʯʠʪʝʣʠ 6. ʅʘʢʣʦʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ 
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ʣʦʧʘʩʪʠ 4 ʦʜʥʠʤ ʢʦʥʮʦʤ ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʯʘʪʦʛʦ ʵʣʝʤʝʥʪʘ, ʘ 

ʜʨʫʛʠʤ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʴʮʝʚʦʛʦ ʦʙʦʜʘ 5. 

ʇʨʠ ʨʘʙʦʪʝ ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ ʛʘʟʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʥʘʢʣʦʥʥʳʝ ʣʦʧʘʩʪʠ, 

ʧʨʠʚʦʜʷ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʥʘʩʘʜʦʯʥʳʡ ʵʣʝʤʝʥʪ. ʇʦʩʪʫʧʘʶʱʘʷ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʘʩʘʜʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʞʠʜʢʦʩʪʴ ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʢ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʜʘ, ʢʦʪʦʨʳʡ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʬʘʢʝʣʘ ʨʘʩʧʳʣʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʘʜʢʠ ʨʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʘʟ ʜʚʠʞʝʪʩʷ ʯʝʨʝʟ 

ʥʘʩʘʜʢʫ ʧʦ ʠʟʚʠʣʠʩʪʳʤ ʢʘʥʘʣʘʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʥʘʩʘʜʦʯʥʳʤʠ ʪʝʣʘʤʠ. ʉʝʯʝʥʠʝ 

ʵʪʠʭ ʢʘʥʘʣʦʚ ʥʝ ʧʦʩʪʦʷʥʥʦ ʧʦ ʚʳʩʦʪʝ ʘʧʧʘʨʘʪʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʢʦʨʦʩʪʴ ʛʘʟʘ 

ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʥʘʩʘʜʦʯʥʳʭ ʘʙʩʦʨʙʝʨʦʚ 

ʠʩʭʦʜʷʪ ʠʟ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʛʘʟʘ, ʢʦʪʦʨʫʶ ʥʘʭʦʜʷʪ ʜʝʣʝʥʠʝʤ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ 

ʛʘʟʘ ʥʘ ʩʨʝʜʥʝʝ ʩʝʯʝʥʠʝ ʢʘʥʘʣʦʚ [3, ʩ.328]. 

ɼʣʷ ʥʘʩʘʜʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʥʘʩʘʜʢʦʡ [3, ʩ.328] ʧʣʦʱʘʜʴ 

ʩʝʯʝʥʠʷ ʢʦʣʦʥʥʳ S (ʤ2), ʚʳʩʦʪʘ ʥʘʩʘʜʢʠ H (ʤ) ʠ ʝʝ ʩʚʦʙʦʜʥʳʡ ʦʙʲʝʤ Ů. ʊʦʛʜʘ 

ʦʙʲʝʤ ʧʫʩʪʦʪ ʚ ʥʘʩʘʜʢʝ, ʪ.ʝ. ʦʙʲʝʤ ʢʘʥʘʣʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʜʚʠʞʝʪʩʷ ʛʘʟ, ʩʦʩʪʘʚʣʷʝʪ 

SHŮ (ʤ3). ʉʨʝʜʥʷʷ ʜʣʠʥʘ ʢʘʥʘʣʦʚ (ʜʣʠʥʘ ʧʫʪʠ ʛʘʟʘ) ʨʘʚʥʘ Hk (ʟʜʝʩʴ k ï 

ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʠʟʚʠʣʠʩʪʦʩʪʴ ʢʘʥʘʣʦʚ). ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʘʥʘʣʦʚ 

ʩʦʩʪʘʚʣʷʝʪ: 

 

ʢʘʥ

S H S
S

H k k

e eÖ Ö Ö
= =

Ö
     (3.1) 

 

ɺʝʣʠʯʠʥʫ S , 
ʢʘʥ

S kw e= =  ʨʘʚʥʫʶ ʦʪʥʦʰʝʥʠʶ ʩʨʝʜʥʝʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʣʦʚ ʢ 

ʩʝʯʝʥʠʶ ʢʦʣʦʥʥʳ, ʥʘʟʳʚʘʶʪ ʞʠʚʳʤ ʩʝʯʝʥʠʝʤ ʥʘʩʘʜʢʠ [3 ʩ.328].  

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʛʘʟʘ: 

 

0ʛ ʛ

ʢʘʥ

V V w k
w

S Sw e

Ö
= = =

Ö
,     (3.2) 

 

ʛʜʝ  0 ʛ
w V S= - ʩʢʦʨʦʩʪʴ ʛʘʟʘ, ʦʪʥʝʩʝʥʥʘʷ ʢʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ ʢʦʣʦʥʥʳ. 

ʆʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ k=1, ʪʦʛʜʘ ɤ= Ů ʠ ʫʨʘʚʥʝʥʠʝ (3.2) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 

0
w

w
e

=         (3.3) 

 

ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʥʘʩʘʜʢʠ ʦʧʨʝʜʝʣʠʤ ʢʘʢ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ 

ʢʘʥʘʣʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʜʚʠʞʝʪʩʷ ʛʘʟ [3, ʩ.328]: 
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ʥ

ʵʢʚ
ʘ

d
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= ,      (3.4) 

 

ʛʜʝ e - ʦʙʲʝʤʥʘʷ ʧʦʨʦʟʥʦʩʪʴ ʥʘʩʘʜʢʠ; ʘʥ ï ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʩʘʜʢʠ ʚ 

ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʘʧʧʘʨʘʪʘ. 

ɼʣʷ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʥʘʤʠ ʧʦʣʫʯʝʥʳ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʟʥʦʩʪʠ ʚ ʩʝʯʝʥʠʠ ʘʧʧʘʨʘʪʘ, ʦʙʲʝʤʥʦʡ 

ʧʦʨʦʟʥʦʩʪʠ ʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ ʥʘʩʘʜʢʠ [90]. 

ʇʦʨʦʟʥʦʩʪʴ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ʚ ʩʝʯʝʥʠʠ ʘʧʧʘʨʘʪʘ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʯʝʡʢʘ ʥʘʩʘʜʢʠ ʚ ʩʝʯʝʥʠʠ ʘʧʧʘʨʘʪʘ ʨʘʟʤʝʨʦʤ 

tʨʭtʨ. 

 
ʈʠʩʫʥʦʢ 3.2 - ʗʯʝʡʢʘ ʥʘʩʘʜʢʠ ʚ ʩʝʯʝʥʠʠ ʘʧʧʘʨʘʪʘ 

 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʧʦʨʦʟʥʦʩʪʴ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ʚ ʩʝʯʝʥʠʠ ʘʧʧʘʨʘʪʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

 

‐ ρ ̞̌

̠̘
,        (3.5) 

 

ʛʜʝ Ὓ̞  ̌ï ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʩʘʜʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʤ2; Ὓ̠ -̘ ʧʣʦʱʘʜʴ ʷʯʝʡʢʠ 

ʥʘʩʘʜʢʠ, ʤ2. 

ʇʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚʨʘʱʘʶʱʝʛʦʩʷ ʥʘʩʘʜʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

 

Ὓ̞̌ Ὓ̓̑ Ὓ̌̏̐ Ὓ̏ .̂       (3.6) 

 

ɿʜʝʩʴ  

ʧʣʦʱʘʜʴ ʪʨʫʙʳ (ʩ ʫʯʝʪʦʤ ʜʠʩʢʘ) 

 

Ὓ̓̑
Ͻ̓̑

         (3.7) 

 

ʧʣʦʱʘʜʴ ʣʦʧʘʩʪʝʡ 

 

Ὓ̌̏̐ ψϽὦϽὧέίθϽὰ        (3.8) 
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ʧʣʦʱʘʜʴ ʦʙʦʜʘ 

 

Ὓ̏̂ “ϽὨ̏ Ͻ̂̏‏  ̂       (3.9) 

 

ɺ ʫʨʘʚʥʝʥʠʷʭ (3.7) ï (3.9) Ὠ̓  ̑ï ʜʠʘʤʝʪʨ ʪʨʫʙʳ, ʤ; ὦ ʠ ὰ ï ʰʠʨʠʥʘ ʠ ʜʣʠʥʘ 

ʣʦʧʘʩʪʠ, ʤ;  θ-ʫʛʦʣ ʥʘʢʣʦʥʘ ʣʦʧʘʩʪʠ; Ὠ̏  ̂ï ʜʠʘʤʝʪʨ ʦʙʦʜʘ, ʤ; ‏ ï ʪʦʣʱʠʥʘ ʦʙʦʜʘ, 
ʤ. 

ʇʣʦʱʘʜʴ ʷʯʝʡʢʠ ʥʘʩʘʜʢʠ: 

 

Ὓ̠̘ ὸ̑,         (3.10) 

 

ʛʜʝ ὸ̑ ï ʨʘʜʠʘʣʴʥʳʡ ʰʘʛ ʤʝʞʜʫ ʦʩʷʤʠ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʵʣʝʤʝʥʪʘʤʠ. 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚʩʝʭ ʚʝʣʠʯʠʥ ʚ ʬʦʨʤʫʣʫ (3.5) ʠʤʝʝʤ: 

 

‐ ρ
ȟ Ͻ̓̑ ϽϽ Ͻθ Ͻ̏Ͻ̂

̑
     (3.11) 

 

 

ʅʘ ʨʠʩʫʥʢʝ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʯʝʡʢʘ ʥʘʩʘʜʢʠ ʚ ʦʙʲʝʤʝ ʘʧʧʘʨʘʪʘ ʨʘʟʤʝʨʦʤ 

tʨʭtʨʭtʚ. 

 

 
 

ʈʠʩʫʥʦʢ 3.3 - ʗʯʝʡʢʘ ʥʘʩʘʜʢʠ ʚ ʦʙʲʝʤʝ ʘʧʧʘʨʘʪʘ 

 

ʆʙʲʝʤʥʘʷ ʧʦʨʦʟʥʦʩʪʴ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

 

‐ ρ ̞̌

̠̘
        (3.12) 
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ʆʙʲʝʤ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚʨʘʱʘʶʱʝʛʦʩʷ ʥʘʩʘʜʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

 

ὠ̞̌ ὠ̓̑ ὠ̌̏̐ ὠ̏ .̂       (3.13) 

 

ɿʜʝʩʴ  

ʦʙʲʝʤ ʪʨʫʙʳ (ʩ ʫʯʝʪʦʤ ʜʠʩʢʘ) 

 

ὠ̓̑
Ͻ̓̑
Ͻὸ̃         (3.14) 

 

ʦʙʲʝʤ ʣʦʧʘʩʪʝʡ 

 

ὠ̌̏̐ ψϽὦϽὧέίθϽὰϽ̌‏ ̏ ̐       (3.15) 

 

ʦʙʲʝʤ ʦʙʦʜʘ 

 

ὠ̏̂ “ϽὨ̏ Ͻ̂̏‏ Ͻ̂Ὤ̏  ̂       (3.16) 

 

ʆʙʲʝʤ ʷʯʝʡʢʠ ʥʘʩʘʜʢʠ: 

 

ὠ̠̘ ὸ̑Ͻὸ̃,         (3.17) 

 

ʛʜʝ ὸ̃ ï ʚʝʨʪʠʢʘʣʴʥʳʡ ʰʘʛ ʤʝʞʜʫ ʚʨʘʱʘʶʱʠʤʠʩʷ ʵʣʝʤʝʥʪʘʤʠ. 

ʇʦʜʩʪʘʚʣʷʷ ʬʦʨʤʫʣʳ (3.14) ï (3.16) ʚ ʫʨʘʚʥʝʥʠʝ (3.5), ʘ ʟʘʪʝʤ ʚ (3.12), 

ʧʦʣʫʯʠʤ: 

 

 ‐ ρ
ȟ Ͻ̓Ͻ̑̃ Ͻ ϽϽ̌̏̐ȟ Ͻ̏Ͻ̂̏Ͻ̂̏̂

̓Ͻ̑̃
     (3.18) 

 

ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ (3.4). 

ʋʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

 

ὥ̎ ̞̌
̎

̠̘
         (3.19) 

ʋʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚʨʘʱʘʶʱʝʛʦʩʷ ʥʘʩʘʜʦʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

 

Ὓ̞̌
̎ Ὓ̓̑

̎ Ὓ̌̏̐
̎ Ὓ̏̂

̎       (3.20) 

 

ɿʜʝʩʴ  

ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʪʨʫʙʳ  
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Ὓ̓̑
̎ “ϽὨ̓ Ͻ̑ὸ̃         (3.21) 

ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʣʦʧʘʩʪʝʡ 

 

Ὓ̌̏̐
̎ ρφϽὦϽὰ        (3.22) 

 

ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʦʙʦʜʘ 

 

Ὓ̏̂
̎ ςϽ“ϽὨ̏ Ͻ̂Ὤ̏  ̂.       (3.23) 

 

ʇʦʜʩʪʘʚʣʷʷ ʬʦʨʤʫʣʳ (3.18) ʠ (3.19), ʩ ʫʯʝʪʦʤ (3.21) ï (3.23), ʚ ʫʨʘʚʥʝʥʠʝ 

(3.4), ʧʦʣʫʯʠʤ: 

 

Ὠ̞ ̋̃
Ͻ̓Ͻ̑̃ ȟ Ͻ̓Ͻ̑̃ Ͻ ϽϽ̌̏̐ȟ Ͻ̏Ͻ̂̏Ͻ̂̏̂

ȟ Ͻ̓Ͻ̑̃ ϽϽ ȟ Ͻ̏Ͻ̂̏̂
     (3.24) 

 

ʅʘ ʨʠʩʫʥʢʘʭ 3.4 ʠ 3.5 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʧʦʣʫʯʝʥʥʳʤ 

ʫʨʘʚʥʝʥʠʷʤ. 

 

ʕ
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ʣ
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ʳ
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ʨ
 
 

d
ʵ
ʢ
ʚ

, 
ʤ

 

 
ɺʝʨʪʠʢʘʣʴʥʳʡ ʰʘʛ tʚ/dʦʙ, ʤ/ʤ 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: tp=2dʦʙ; dʦʙ = 50 ʤʤ. 

 

ʈʠʩʫʥʦʢ 3.4 - ɿʘʚʠʩʠʤʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ ʨʝʛʫʣʷʨʥʦʡ 

ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ 
ʵʢʚ

d  ʦʪ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘʩʘʜʢʠ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ tʚ/Ὠ̏  ̂
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 ʈʘʜʠʘʣʴʥʳʡ ʰʘʛ tʨ/dʦʙ, ʤ/ʤ 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: tʚ= 3,5dʦʙ.; dʦʙ = 50 ʤʤ 

 

ʈʠʩʫʥʦʢ 3.5 - ɿʘʚʠʩʠʤʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ ʨʝʛʫʣʷʨʥʦʡ 

ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ 
ʵʢʚ

d  ʦʪ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘʩʘʜʢʠ ʚ 

ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ tʨ/Ὠ̏  ̂

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.4 ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʫʙ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ tʚ/dʦʙ ʦʪ 2 ʜʦ 5, ʪʘʢʞʝ ʢʘʢ ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʰʘʛʦʚ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʫʙ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ tʨ/dʦʙ ʦʪ 1,5 ʜʦ 2 (ʨʠʩʫʥʦʢ 3.5) 

ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥ 
ʵʢʚ

d  ʨʘʩʪʫʪ. ʕʪʦ ʦʯʝʚʠʜʥʦ, ʪʘʢ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ 

ʜʠʘʤʝʪʨʘ ʦʪ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʫʙ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ. 

ɻʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ ʨʝʛʫʣʷʨʥʦʡ 

ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ʦʪ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘʩʘʜʢʠ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʨʠʩʫʥʢʠ 3.4 ʠ 3.5) ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʊʘʢʠʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʠ ʜʦʩʪʠʛʘʝʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʘʜʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. 

 

3.2 ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʨʘʩʯʝʪ 

ɺ ʨʘʙʦʪʘʭ [61, c.42], [67, ʩ.50] ʠ [91] ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʢʨʫʛʣʦʡ ʬʦʨʤʳ (ʈʇɺʂʨ), ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ 

ʢʨʫʛʣʳʝ ʧʣʘʩʪʠʥʳ, ʨʘʟʨʝʟʘʥʥʳʝ ʥʘ 8 ʪʨʝʫʛʦʣʴʥʳʭ ʩʝʢʪʦʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 
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ʚʨʘʱʝʥʠʷ. ʂʘʞʜʳʡ ʩʝʢʪʦʨ ʙʳʣ ʧʦʚʝʨʥʫʪ ʥʘ ʫʛʦʣ 450 ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ 

ʧʣʘʩʪʠʥʳ. 

ʇʨʠ ʨʘʙʦʪʝ ʘʧʧʘʨʘʪʦʚ ʈʇɺʂʨ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚʚʠʜʫ ʤʘʣʦʡ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ ʩʦ ʩʪʨʫʥʦʡ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʚʨʘʱʝʥʠʠ ʩʠʣʘ ʪʨʝʥʠʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʠʟʥʦʩʫ ʩʪʨʫʥʳ ʠ ʝʝ ʨʘʟʨʫʰʝʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʘʟʙʨʳʟʛʠʚʘʝʤʘʷ ʩʦ ʩʚʦʙʦʜʥʳʭ ʣʦʧʘʩʪʝʡ ʞʠʜʢʦʩʪʴ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʦʪʙʨʘʩʳʚʘʝʪʩʷ ʥʘ ʩʪʝʥʢʠ ʘʧʧʘʨʘʪʘ ʠ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʚʦʜʠʤʳʭ ʧʨʦʮʝʩʩʘʭ. 

ʇʦʧʳʪʢʘ ʦʛʨʘʥʠʯʠʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʢʘʧʝʣʴ ʞʠʜʢʦʩʪʠ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩ ʧʦʤʦʱʴʶ ʥʝʧʦʜʚʠʞʥʳʭ ʩʝʪʯʘʪʳʭ ʧʝʨʝʛʦʨʦʜʦʢ ʧʨʠʚʝʣʘ ʢ ʫʩʣʦʞʥʝʥʠʶ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʩʘʜʢʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʝʝ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ. ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʢʦʣʴʮʝʚʳʝ ʦʙʦʜʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʚʦʙʦʜʥʳʭ ʢʦʥʮʘʭ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʣʦʧʘʩʪʝʡ.  

ʅʘ ʨʠʩʫʥʢʘʭ 3.6 ʠ 3.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʘʩʪʦʪʳ 

ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʦʢ ɺʇʃ ʠ ʈʇɺʂʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʠ ʧʣʦʪʥʦʩʪʠ 

ʦʨʦʰʝʥʠʷ [92]. 
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ʉʢʦʨʦʩʪʴ ʛʘʟʘ Wʛ, ʤ/ʩ 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʚʨʘʱʘʶʱʘʷʩʷ ʥʘʩʘʜʢʘ ɺʇʃ: tʚ= 3,5dʦʙ; tp=2dʦʙ; dʦʙ = 50 ʤʤ; 

ʚʨʘʱʘʶʱʘʷʩʷ ʥʘʩʘʜʢʘ ʈʇɺʂʨ:  tʚ= 3,5d; tp=2d; d = 80 ʤʤ; L=25 ʤ3/ʤ2ʯ. ʂʨʠʚʳʝ ï 

ʨʘʩʯʝʪ; ʪʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪ. 1 ʠ 2 - wʚʨ ʥʘʩʘʜʦʢ ɺʇʃ ʠ ʈʇɺʂʨ. 

 

ʈʠʩʫʥʦʢ 3.6 - ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ wʚʨ ʚʨʘʱʘʶʱʠʭʩʷ ʥʘʩʘʜʦʢ 

ɺʇʃ ʠ ʈʇɺʂʨ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ Wʛ 
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ʇʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ L, ʤ3/ʤ2ʯ 

 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 3.6. Wʛ=4 ʤ/ʩ. ʂʨʠʚʳʝ ï ʨʘʩʯʝʪ; ʪʦʯʢʠ ï 

ʵʢʩʧʝʨʠʤʝʥʪ. 1 ʠ 2 - wʚʨ ʥʘʩʘʜʦʢ ɺʇʃ ʠ ʈʇɺʂʨ. 

 

ʈʠʩʫʥʦʢ 3.7 - ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ wʚʨ ʚʨʘʱʘʶʱʠʭʩʷ ʥʘʩʘʜʦʢ 

ɺʇʃ ʠ ʈʇɺʂʨ ʦʪ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ L 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʦʢ ɺʇʃ ʠ 

ʈʇɺʂʨ ʨʘʩʪʫʪ (ʨʠʩʫʥʦʢ 3.6). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʨʘʩʪʝʪ ʜʠʥʘʤʠʯʝʩʢʠʡ ʥʘʧʦʨ ʛʘʟʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʣʦʧʘʩʪʠ 

ʚʨʘʱʘʶʱʠʭʩʷ ʥʘʩʘʜʦʢ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʣʷ 

ʥʘʩʘʜʢʠ ʈʇɺʂʨ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʥʘʩʘʜʢʠ ɺʇʃ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʧʣʦʱʘʜʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʪʨʫʙʯʘʪʦʛʦ ʵʣʝʤʝʥʪʘ ʩ ʚʪʫʣʢʦʡ ʚ ʥʘʩʘʜʢʝ ɺʇʃ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʣʦʱʘʜʴ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ ʠ ʩʪʨʫʥʳ ʚ 

ʈʇɺʂʨ. ʇʨʠ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʩʠʣʘ ʪʨʝʥʠʷ, 

ʧʨʠʚʦʜʷʱʘʷ ʢ ʪʦʨʤʦʞʝʥʠʶ ʚʨʘʱʝʥʠʷ ʫ ʥʘʩʘʜʢʠ ɺʇʃ ʚʳʰʝ.     

ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʘʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ (ʨʠʩʫʥʦʢ 3.7) ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʥʘʩʘʜʦʢ. ʆʙʲʷʩʥʝʥʠʝʤ ʵʪʦʤʫ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʛʘʟʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʝʣʠʯʠʥʳ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ, ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ʞʠʜʢʦʩʪʠ ʫʪʷʞʝʣʷʝʪ ʠʭ, ʧʨʠʚʦʜʷ ʢ ʩʥʠʞʝʥʠʶ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. 

ɹʘʣʘʥʩ ʩʠʣ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʣʦʧʘʩʪʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʥʘʩʘʜʦʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʠʤʝʝʪ ʚʠʜ [93]: 
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ɿʜʝʩʴ: Fʮʙ ï ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʅ; Fʜʛ - ʩʠʣʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʅ; Fʜʞ- ʩʠʣʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ, ʅ; Fʩʦʧʨ ï ʩʠʣʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʅ. 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (3.26) ʦʪʥʦʩʠʪʝʣʴʥʦ  w, ʧʦʣʫʯʠʤ: 

 
2 2

ʛ ʞ ʞ

2

ʛ

( ) sin

2 sin

ʛ
W W S K

mR R S tg

r r a
w

r a a

Ö - Ö Ö Ö
=

+ Ö Ö Ö
      (3.27) 

 

ʋʨʘʚʥʝʥʠʝ (3.27) ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʝʜʠʥʠʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɺ ʩʣʦʝ 

ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ʥʘʜʦ ʫʯʝʩʪʴ ʦʙʲʝʤʥʫʶ ʧʦʨʦʟʥʦʩʪʴ ʥʘʩʘʜʢʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʤʝʝʤ: 
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ʛʜʝ ɺʚʨ=1,7 ï ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʠʩʧʦʣʴʟʫʝʤ ʠʟʚʝʩʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ: 

 

ὲ
̃̑

ẗ
      (3.29) 

 

ʇʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʡ 
ʚʨ
w  ʥʝ ʧʨʝʚʳʰʘʝʪ Ñ9% ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʥʝʥʠʷ: Wɻ = 2-5ʤ/ʩ; L = 15-75ʤ3/ʤ2.ʯ; tʚ = (1÷5)dʦʙ; tʨ =(1,5÷4)dʦʙ; a=45ʦ. 

 

3.3 ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʡ ʠ 

ʞʠʜʢʦʡ ʬʘʟ ʠ ʨʘʩʯʝʪ ʦʩʥʦʚʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʘʧʧʘʨʘʪʘ  DʈL ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ Wɻ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʣʦʪʥʦʩʪʷʭ ʦʨʦʰʝʥʠʷ L, ʧʨʦʚʝʜʝʥʥʳʝ ʚʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ 

ʬʦʪʦʩʲʝʤʢʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʚ ʦʩʥʦʚʥʦʤ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʦʡ ʘʧʧʘʨʘʪʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʳ ʪʨʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘ: ʧʣʝʥʦʯʥʦ-ʢʘʧʝʣʴʥʳʡ, ʢʘʧʝʣʴʥʳʡ ʠ ʙʨʳʟʛʦʫʥʦʩʘ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʞʠʤʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ [61, ʩ.60]. 

ʅʘ ʨʠʩʫʥʢʘʭ 3.8 ʠ 3.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠ 
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ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ ʥʘʩʘʜʦʢ ɺʇʃ ʠ ʈʇɺʂʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʠ 

ʧʣʦʪʥʦʩʪʠ  

 

 
ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 3.6. L=25 ʤ3/ʤ2ʯ. ʂʨʠʚʳʝ ï ʨʘʩʯʝʪ; ʪʦʯʢʠ ï 

ʵʢʩʧʝʨʠʤʝʥʪ. 1 ʠ 2 - DʈL, 3 ʠ 4 - h0 ʥʘʩʘʜʦʢ ɺʇʃ ʠ ʈʇɺʂʨ; 5 - j ʥʘʩʘʜʢʠ ɺʇʃ. 

 

ʈʠʩʫʥʦʢ 3.8 - ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ DʈL, 

ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʶʱʝʡ ʞʠʜʢʦʩʪʠ h0 ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ j ʦʪ ʩʢʦʨʦʩʪʠ 

ʛʘʟʘ Wʛ 

 

 
 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 3.6. Wʛ=4 ʤ/ʩ. ʂʨʠʚʳʝ ï ʨʘʩʯʝʪ; ʪʦʯʢʠ ï 

ʵʢʩʧʝʨʠʤʝʥʪ. 1 ʠ 2 - DʈL; 3 ʠ 4  - h0 ʥʘʩʘʜʦʢ ɺʇʃ ʠ ʈʇɺʂʨ; 5 - j ʥʘʩʘʜʢʠ ɺʇʃ. 

 

ʈʠʩʫʥʦʢ 3.9 - ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ DʈL, 

ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʶʱʝʡ ʞʠʜʢʦʩʪʠ h0 ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ  ʩʣʦʷ j ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʦʨʦʰʝʥʠʷ L 



 
 

 

48 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 3.8 ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʨʦʩʪʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. 

ʈʦʩʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʷʩʥʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʫʜʝʨʞʘʥʠʶ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʞʠʜʢʦʩʪʠ ʚ ʦʙʲʝʤʝ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʙʫʶʪʩʷ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ 

ʵʥʝʨʛʠʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʩ ʚʨʘʱʘʶʱʝʡʩʷ 

ʥʘʩʘʜʢʦʡ. ɿʥʘʯʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ ʜʣʷ ʥʘʩʘʜʢʠ ɺʇʃ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʈʇɺʂʨ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʦʙʲʝʤʝ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ɺʇʃ ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʥʘʩʘʜʢʝ ʈʇɺʂʨ ʯʘʩʪʴ ʞʠʜʢʦʩʪʠ ʦʪʙʨʘʩʳʚʘʝʪʩʷ 

ʥʘ ʩʪʝʥʢʠ ʘʧʧʘʨʘʪʘ ʠ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʝ ʜʨʦʙʣʝʥʠʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʟʥʘʯʝʥʠʷ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʥʠʞʘʶʪʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʝʨʞʠʚʘʝʤʦʡ ʚ ʥʘʩʘʜʢʝ ʞʠʜʢʦʩʪʠ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʦʙʲʝʤʝ 

ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ ʥʘ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩʫʥʦʢ 3.9) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʶʪʩʷ. ʕʪʦ ʦʯʝʚʠʜʥʦ, ʪʘʢ ʢʘʢ ʨʘʩʪʝʪ ʧʨʠʪʦʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ ʝʝ ʟʘʜʝʨʞʢʠ, ʘ ʵʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʶ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ. 

ʀʟ ʨʠʩʫʥʢʘ 3.9 ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʠ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʥʘʩʘʜʢʠ ɺʇʃ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ 

ʜʣʷ ʈʇɺʂʨ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʣʫʯʰʠʤʠ ʫʩʣʦʚʠʷʤʠ ʟʘʜʝʨʞʢʠ ʠ ʜʨʦʙʣʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʚ ʥʘʩʘʜʢʝ ɺʇʃ ʧʦ ʩʨʘʚʥʝʥʠʶ ʈʇɺʂʨ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘʤʠ ʧʨʦʚʝʜʝʥʳ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʧʧʘʨʘʪʘ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʥʘʩʘʜʦʯʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʨʠʩʫʥʢʠ 

3.10 ʠ 3.11). ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʠʩʫʥʢʘʭ ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ 

ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ [94] . 
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ɺʝʨʪʠʢʘʣʴʥʳʡ ʰʘʛ tʚ/dʦʙ, ʤ/ʤ 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: tp=2dʦʙ; dʦʙ = 50 ʤʤ; Wʛ=4 ʤ/ʩ; L=25 ʤ3/ʤ2ʯ. ʂʨʠʚʳʝ ï 

ʨʘʩʯʝʪ; ʪʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪ. 1 - DʈL; 2 - dʵʢʚ. 

 

ʈʠʩʫʥʦʢ 3.10 - ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ DʈL ʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ 
ʵʢʚ

d  ʥʘʩʘʜʢʠ ɺʇʃ ʦʪ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʥʘʩʘʜʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ tʚ/Ὠ̏  ̂
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ʈʘʜʠʘʣʴʥʳʡ ʰʘʛ tʨ/dʦʙ, ʤ/ʤ 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 3.10. tʚ= 3,5dʦʙ. 1 - DʈL; 2 - dʵʢʚ. 

 

ʈʠʩʫʥʦʢ 3.11 - ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ DʈL ʠ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ 
ʵʢʚ

d  ʥʘʩʘʜʢʠ ɺʇʃ ʦʪ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʥʘʩʘʜʢʠ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ tʨ/Ὠ̏  ̂
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 3.10 ʠ 3.11 ʟʥʘʯʝʥʠʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ ʚ 

ʜʠʘʧʘʟʦʥʘʭ ʠʟʤʝʥʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʨʘʜʠʘʣʴʥʳʭ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʚʨʘʱʘʶʱʠʭʩʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʪʫʪ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʰʘʛʦʚ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʥʘʠʤʝʥʴʰʠʝ 

ʵʥʝʨʛʦʟʘʪʨʘʪʳ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. ɺʦ-ʧʝʨʚʳʭ, ʫʩʪʘʥʦʚʢʘ ʥʘʩʘʜʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʛʘʙʘʨʠʪʦʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʨʦʩʪʫ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ 

ʘʧʧʘʨʘʪʘ ʠ ʫʩʪʘʥʦʚʢʝ ʙʦʣʝʝ ʤʦʱʥʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʪ.ʝ. ʫʚʝʣʠʯʝʥʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, 

ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʰʘʛʘʤʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʨʘʜʠʘʣʴʥʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ ʧʦʩʚʷʱʝʥʳ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ. ʆʥʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 

ʯʪʦ ʪʘʢʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʬʦʨʤʘ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʨʘʩʩʪʦʷʥʠʷ (ʠʣʠ ʙʝʟʨʘʟʤʝʨʥʳʡ ʰʘʛ) ʤʝʞʜʫ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʧʘʨʘʪʦʚ.  

ʌʦʨʤʘ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɿʘ ʩʬʝʨʠʯʝʩʢʠʤʠ (ʰʘʨʳ) ʠ ʢʨʫʛʣʳʤʠ ʥʘʩʘʜʦʯʥʳʤʠ ʪʝʣʘʤʠ 

(ʚʨʘʱʘʶʱʘʷʩʷ ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʢʨʫʛʣʦʡ ʠ ʢʚʘʜʨʘʪʥʦʡ ʬʦʨʤʳ) ʦʙʨʘʟʫʶʪʩʷ 

ʩʠʤʤʝʪʨʠʯʥʳʝ (ʪʦʨʦʠʜʘʣʴʥʳʝ) ʚʠʭʨʠ ʦʙʣʘʜʘʶʱʠʝ ʧʝʨʠʦʜʦʤ ʜʚʠʞʝʥʠʷ. ɿʘ 

ʧʣʘʩʪʠʥʘʤʠ, ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʪʝʣʘʤʠ ʩ ʢʨʫʛʣʳʤ, ʢʚʘʜʨʘʪʥʳʤ, ʪʨʝʫʛʦʣʴʥʳʤ ʠ 

ʪ.ʜ. ʩʝʯʝʥʠʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʩʠʤʤʝʪʨʠʯʥʳʡ ʩʨʳʚ ʚʠʭʨʝʡ, ʦʪʣʠʯʠʝʤ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʟʘ ʧʝʨʠʦʜ ʜʚʠʞʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʜʚʘ ʚʠʭʨʷ, ʧʦʧʝʨʝʤʝʥʥʦ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʙʦʢʦʚʳʭ ʩʪʦʨʦʥ ʥʘʩʘʜʦʯʥʦʛʦ ʪʝʣʘ.    

ʄʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʡ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠ ʦʙʪʝʢʘʥʠʠ 

ʜʠʩʢʨʝʪʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʭʦʜʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʪʚʝʨʜʳʭ ʪʝʣ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʥʘʫʯʥʦʤ ʦʪʢʨʳʪʠʠ ʚ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʢʠ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʘʩʘʜʦʯʥʳʤʠ ʪʝʣʘʤʠ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʞʝʥʠʝ ʪʘʢʦʛʦ ʤʦʤʝʥʪʘ, 

ʢʦʛʜʘ ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ ʠ ʚʨʝʤʷ ʠʭ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ 

ʥʘʩʘʜʦʯʥʳʤʠ ʪʝʣʘʤʠ ʩʦʚʧʘʜʘʝʪ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʣʠʷʥʠʝ ʚʠʭʨʝʡ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʨʦʩʪʦʤ ʤʦʱʥʦʩʪʠ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʠʭʨʝʡ. ʕʪʦʪ ʨʝʞʠʤ 

ʨʘʙʦʪʳ ʥʘʟʚʘʥ ʩʠʥʬʘʟʥʳʤ ʨʝʞʠʤʦʤ ʠʣʠ ʨʝʞʠʤʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʘʩʘʜʦʯʥʳʝ ʪʝʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʷʭ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʚʝʥʩʪʚʦ ʚʨʝʤʝʥʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʨʝʤʝʥʠ 

ʜʚʠʞʝʥʠʷ ʠʭ ʦʪ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʜʨʫʛʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ ʚʳʥʫʞʜʝʥʥʳʡ ʩʨʳʚ 

ʥʝ ʟʘʚʝʨʰʠʚʰʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʠʭʨʝʡ (ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʥʝʝ ʦʧʪʠʤʘʣʴʥʦʛʦ), 

ʣʠʙʦ ʜʚʠʞʫʱʠʝʩʷ ʚʠʭʨʠ ʦʪ ʵʣʝʤʝʥʪʦʚ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʞʝ ʧʦ ʧʦʪʦʢʫ 

ʜʦʩʪʠʛʘʶʪ ʥʘʩʘʜʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʳʰʝ ʧʦ ʧʦʪʦʢʫ, ʢʦʛʜʘ ʟʘ ʥʠʤʠ 

ʫʞʝ ʧʨʦʠʟʦʰʝʣ ʦʪʨʳʚ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚʠʭʨʝʡ (ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʴʰʠʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʩʠʥʬʘʟʥʳʡ ʨʝʞʠʤ ʥʘʨʫʰʘʝʪʩʷ. 
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ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

(ʨʠʩʫʥʦʢ 3.10 ʢʨʠʚʘʷ 1) ʦʧʪʠʤʘʣʴʥʳʤ ʰʘʛʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʜʦʩʪʠʞʝʥʠʝ 

ʩʠʥʬʘʟʥʦʛʦ ʨʝʞʠʤʘ ʷʚʣʷʝʪʩʷ  tʚ= 3,5dʦʙ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʘ ʢʨʠʚʦʡ DʈL= f(tʚ) ʠʤʝʝʪʩʷ 

ʵʢʩʪʨʝʤʫʤ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʦʚʳʰʝʥʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʥʝʨʛʠʠ ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʩʚʷʟʘʥʦ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʨʳʚʦʤ ʚʠʭʨʝʡ ʟʘ ʮʝʧʦʯʢʦʡ 

ʵʣʝʤʝʥʪʦʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʚʠʭʨʝʡ ʠ 

ʚʳʪʝʢʘʶʱʫʶ ʠʟ ʵʪʦʛʦ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʵʥʝʨʛʠʠ. 

ʇʨʠ ʥʘʨʫʰʝʥʠʠ ʩʠʥʬʘʟʥʦʛʦ ʨʝʞʠʤʘ ʚ ʨʘʙʦʪʝ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʥʠʞʘʝʪʩʷ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʚʠʭʨʝʡ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʦʙʲʝʤʝ ʨʘʙʦʯʝʡ ʟʦʥʳ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʥʫʞʜʝʥʥʦʛʦ ʩʨʳʚʘ ʚʠʭʨʝʡ, ʥʝ ʟʘʚʝʨʰʠʚʰʠʭ ʮʠʢʣ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʘ ʪʝʣʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʳʰʝ ʧʦ ʧʦʪʦʢʫ, ʚʠʭʨʷʤʠ, ʦʪʦʨʚʘʚʰʠʤʠʩʷ ʩ 

ʥʠʞʝʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʧʦʪʦʢʫ ʪʝʣ. ʅʘ ʧʦʣʫʯʝʥʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʰʘʛʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʝʞʜʫ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʝʥʴʰʝ ʠ ʙʦʣʴʰʝ 3,5dʦʙ 

ʧʨʠʚʦʜʷʪ ʢ ʥʘʨʫʰʝʥʠʶ ʩʠʥʬʘʟʥʦʛʦ ʨʝʞʠʤʘ. 

ɺʘʞʥʦʩʪʴ ʫʯʝʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʘʭ.  ɺ ʥʘʫʯʥʦʤ ʦʪʢʨʳʪʠʠ ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ ʚ ʦʜʥʦʤ ʨʷʜʫ ʨʘʜʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʢʨʠʪʠʯʝʩʢʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʥʘʩʘʜʦʯʥʳʤʠ ʪʝʣʘʤʠ, 

ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʠʭʨʝʡ ʩ ʯʘʩʪʦʪʦʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ 

ʨʘʟʤʝʨʘ ʦʙʪʝʢʘʝʤʳʭ ʪʝʣ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʤʝʥʝʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʯʘʩʪʦʪʫ ʩʨʳʚʘ ʚʠʭʨʝʡ ʦʧʨʝʜʝʣʷʝʪ ʥʝ 

ʨʘʟʤʝʨ ʦʙʪʝʢʘʝʤʳʭ ʪʝʣ, ʘ ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʩʦʩʝʜʥʠʤʠ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʵʣʝʤʝʥʪʘʤʠ. ʏʝʤ ʤʝʥʴʰʝ ʟʘʟʦʨ, ʪʝʤ ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʨʳʚʘ ʚʠʭʨʝʡ. ʈʦʩʪ ʯʠʩʣʘ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʠʭʨʝʡ ʧʨʠ ʤʘʣʳʭ 

ʚʝʣʠʯʠʥʘʭ ʟʘʟʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ. 

ʅʘ ʨʠʩʫʥʢʝ 3.11 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʪ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʜʠʘʧʘʟʦʥʝ 

tʨ/Ὠ̏  ̂ ʦʪ 1,5 ʜʦ 2 ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʠ ʩ ʜʘʣʴʥʝʡʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʰʘʛʦʚ ʵʪʦ 

ʩʥʠʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʧʣʘʚʥʦ.  

ʂʨʠʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʰʘʛ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʚʥʦʤ tʨ/Ὠ̏ =̂2. ʇʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʯʘʩʪʦʪʘ 
ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʠʭʨʝʡ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʩʦʩʝʜʥʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ.  ʇʨʠ ʤʘʣʳʭ ʚʝʣʠʯʠʥʘʭ ʟʘʟʦʨʘ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʚʠʭʨʝʡ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʇʦʩʣʝ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʰʘʛʘ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʡʢʘ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʠʭʨʝʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʶʱʠʤ ʯʘʩʪʦʪʫ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ ʷʚʣʷʝʪʩʷ 

ʨʘʟʤʝʨ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʯʘʩʪʦʪʫ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʧʦʣʫʯʝʥʘ ʨʘʩʯʝʪʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʕʥʝʨʛʠʷ, 
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ʧʦʜʚʦʜʠʤʘʷ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ ʚ ʛʘʟʦʦʯʠʩʪʥʦʡ ʘʧʧʘʨʘʪ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʚʠʭʨʝʡ, ʥʘ ʪʨʝʥʠʝ ʚ ʧʘʨʝ ʦʩʴ-ʚʪʫʣʢʘ ʠ ʪʨʝʥʠʝ ʛʘʟʘ 

ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ ʥʘ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʥʘ ʜʨʦʙʣʝʥʠʝ 

ʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʢʘʧʣʠ, ʘ ʪʘʢʞʝ ʥʘ ʚʨʘʱʝʥʠʝ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʠ 

ʟʘʪʨʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʳ ʧʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ [3, ʩ.337]: 
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ [95-97] ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ Ὄ ὸ̃ϳ . ʅʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʧʨʘʚʦʤʝʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʥʦʰʝʥʠʷ Ὄ Ὠ̞ ̋̃ϳ , ʪʘʢ ʢʘʢ ʚʝʣʠʯʠʥʘ dʵʢʚ ʫʯʠʪʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ, ʥʦ ʠ ʨʘʜʠʘʣʴʥʦʛʦ ʰʘʛʘ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʨʦʰʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦʣʫʯʝʥʦ ʨʘʩʯʝʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
L
x: 
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ʛʜʝ ɺʨ=0,212 ï ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ.  

ɺ ʫʨʘʚʥʝʥʠʠ (3.31) 
ʚ
q - ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʪʝʧʝʥʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɼʣʷ ʝʛʦ ʚʳʯʠʩʣʝʥʠʷ 

ʧʨʝʜʣʦʞʝʥʘ ʬʦʨʤʫʣʘ [19, ʩ.62]: 
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ʛʜʝ ʯʠʩʣʦ ʉʪʨʫʭʘʣʷ Sl=0,15; mk ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʥʠʞʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʠʭʨʝʡ ʚ ʧʦʪʦʢʝ: 

 

ά πȟυτϽρ Ὡ ̃ ̏̂ϳ        (3.33) 

 

ʂʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ ʚ 

ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ qp  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [19, ʩ.65]: 
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ʀʤʧʫʣʴʩʥʳʝ ʵʣʝʤʝʥʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʜʥʦʤ ʨʷʜʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ 

ʦʙʪʝʢʘʝʤʦʤʫ ʧʦʪʦʢʫ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʠʭʨʝʡ ʩ ʤʘʩʰʪʘʙʘʤʠ l. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʩʣʫʯʘʷ ʜʣʷ ʜʠʩʢʨʝʪʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʪʝʣ ʚ ʦʜʥʦʤ ʨʷʜʫ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʦʙʪʝʢʘʝʤʦʤʫ ʧʦʪʦʢʫ: ʧʨʠ tp>2dʦʙ l=dʦʙ; ʧʨʠ tp<2dʦʙ   l= tp-

dʦʙ. 
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ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ: 
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ɿʜʝʩʴ nS  - ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩ-1. 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʧʦ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʧʦ ʞʠʜʢʦʡ ʬʘʟʝ Reʞ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ 
ʞ

U  = L/3600 - ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʤ/ʩ. 

ɺ ʦʨʦʰʘʝʤʦʤ ʘʧʧʘʨʘʪʝ ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʫʨʘʚʥʝʥʠʶ (3.30) 

ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ (ʨʠʩʫʥʢʠ 3.8-3.11) ʩʦʩʪʘʚʠʣʘ °15%. 

ʂʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ, ʫʜʝʨʞʠʚʘʝʤʦʡ ʚ ʘʧʧʘʨʘʪʝ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ ʩʣʦʷ. ɺ 

ʦʨʦʰʘʝʤʳʭ ʘʧʧʘʨʘʪʘʭ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ ʫʜʝʨʞʠʚʘʝʤʦʡ ʥʘʩʘʜʢʦʡ ʦʪʥʦʩʷʪʩʷ 

ʢ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂʦʣʠʯʝʩʪʚʦ 

ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʪʘʪʠʯʝʩʢʦʡ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ, ʧʨʠʯʝʤ ʩʪʘʪʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʦʡ ʠ 

ʤʘʪʝʨʠʘʣʦʤ ʥʘʩʘʜʢʠ, ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘʤʠ ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʠ, ʪʦʛʜʘ ʢʘʢ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ [3, 

ʩ.333].  

ʅʘʤʠ ʜʣʷ ʚʳʚʦʜʘ ʫʨʘʚʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʩʪʠ, ʫʜʝʨʞʠʚʘʝʤʦʡ ʚ ʘʧʧʘʨʘʪʝ, 

ʢʘʢ ʠ ʚ ʨʘʙʦʪʘʭ [68 ʩ.70, 97 ʩ.76], ʠʩʧʦʣʴʟʦʚʘʥ ʫʧʨʦʱʝʥʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʠʟʚʝʩʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʞʜʫ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʚʝʣʠʯʠʥʦʡ 

ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ, ʫʜʝʨʞʠʚʘʝʤʦʡ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ [98]: 
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ʆʪʩʶʜʘ ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ 

(ʂʋɾ) ʚ ʘʧʧʘʨʘʪʝ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
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ʛʜʝ ɺh=0,476 ï ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 
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ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʫʨʘʚʥʝʥʠʶ (3.39) ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ (ʨʠʩʫʥʢʠ 3.8-3.9) ʩʦʩʪʘʚʠʣʘ °14%. 

ɻʘʟʦʩʦʜʝʨʞʘʥʠʝ ʩʣʦʷ ʦʧʨʝʜʝʣʠʤ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ, 

ʟʘʥʷʪʦʛʦ ʛʘʟʦʤ Vʛ, ʢ ʦʙʱʝʤʫ ʦʙʲʝʤʫ ʩʣʦʷ Vʩʣ [61, ʩ.97]: 
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VVV

V

V --
== ʛj      (3.40) 

 

ɿʜʝʩʴ Vʩʣ=ʅÖSʘʧ ï ʦʙʲʝʤ ʩʣʦʷ; Vʞ=hʦÖSʘʧ ï ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ 

ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ; Vʥ=Vʥ.ʵ.Ö n  ɻï ʦʙʲʝʤ ʥʘʩʘʜʢʠ (Vʥ.ʵ ïʦʙʲʝʤ ʥʘʩʘʜʦʯʥʦʛʦ 

ʵʣʝʤʝʥʪʘ; n  ɻï ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ). ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʦʚ 

ʩʣʦʷ, ʞʠʜʢʦʩʪʠ ʠ ʥʘʩʘʜʢʠ ʚ ʫʨʘʚʥʝʥʠʝ (3.40) ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

H

ho-=ej      (3.41) 

ɿʜʝʩʴ e - ʦʙʲʝʤʥʘʷ ʧʦʨʦʟʥʦʩʪʴ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ. 

 

3.4 ʉʪʨʫʢʪʫʨʘ ʧʦʪʦʢʦʚ ʠ ʨʘʩʯʝʪ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʞʠʜʢʦʡ 

ʬʘʟʳ 

ɺ ʧʨʦʪʠʚʦʪʦʯʥʦʤ ʘʧʧʘʨʘʪʝ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʧʦʩʪʫʧʘʝʪ ʩʥʠʟʫ ʠ ʜʚʠʞʝʪʩʷ 

ʚʚʝʨʭ. ɾʠʜʢʦʩʪʴ ʧʦʜʘʝʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ ʠ ʩʪʝʢʘʝʪ ʚʥʠʟ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʲʝʤʝ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ, 

ʩʦʩʪʦʷʱʝʡ ʠʟ ʨʝʛʫʣʷʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʨʘʱʘʶʱʠʭʩʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʩʣʝʜʫʝʤʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʦʙʦʜʘ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʩʚʦʙʦʜʥʳʭ ʢʦʥʮʘʭ ʣʦʧʘʩʪʝʡ. ʇʦʵʪʦʤʫ, 

ʧʦʩʪʫʧʘʶʱʘʷ ʥʘ ʵʣʝʤʝʥʪ ʥʘʩʘʜʢʠ ʞʠʜʢʦʩʪʴ ʚʥʘʯʘʣʝ ʧʦʧʘʜʘʝʪ ʥʘ ʣʦʧʘʩʪʠ, ʘ ʟʘʪʝʤ 

ʚ ʚʠʜʝ ʧʣʝʥʢʠ ʜʚʠʞʝʪʩʷ ʢ ʧʝʨʠʬʝʨʠʠ, ʜʦʩʪʠʛʘʝʪ ʦʙʦʜʘ, ʠʟʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʝ ʠ ʥʘ ʩʨʝʟʝ ʦʙʦʜʘ ʜʨʦʙʠʪʩʷ [99]. 

ʀʟʚʝʩʪʥʦ [100], ʯʪʦ ʚ ʬʦʨʩʫʥʢʘʭ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʨʘʩʧʳʣʠʪʝʣʝʤ ʧʣʝʥʢʘ 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʚʨʘʱʝʥʠʠ ʜʠʩʢʘ ʠʣʠ ʙʘʨʘʙʘʥʘ, ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʦʩʪʴ ʢʦʪʦʨʦʛʦ 

ʧʦʜʘʝʪʩʷ ʞʠʜʢʦʩʪʴ. ʇʣʝʥʢʘ ʧʨʠ ʩʪʝʢʘʥʠʠ ʩ ʢʨʦʤʦʢ ʜʠʩʢʘ ʠʣʠ ʙʘʨʘʙʘʥʘ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʡ ʠ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʢʘʧʣʠ. ʋʩʪʘʥʦʚʣʝʥʦ [100, ʩ.111], ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʨʝʞʠʤʘ ʨʘʩʧʳʣʠʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʨʘʩʭʦʜʘ. 

ʇʨʠ ʤʘʣʳʭ ʨʘʩʭʦʜʘʭ ʞʠʜʢʦʩʪʠ (ʧʝʨʚʳʡ ʨʝʞʠʤ ʨʘʩʧʳʣʠʚʘʥʠʷ) ʥʘ ʧʝʨʠʬʝʨʠʠ 

ʜʠʩʢʘ (ʙʘʨʘʙʘʥʘ) ʦʙʨʘʟʫʝʪʩʷ ʞʠʜʢʦʝ ʢʦʣʴʮʦ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʩʪʥʳʝ 

ʚʦʟʤʫʱʝʥʠʷ. ɺʦʟʤʫʱʝʥʥʳʡ ʫʯʘʩʪʦʢ ʢʦʣʴʮʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʦʪʨʦʩʪʦʢ, ʢʦʪʦʨʳʡ 

ʚʳʪʷʛʠʚʘʝʪʩʷ ʚ ʩʬʝʨʠʯʝʩʢʫʶ ʛʦʣʦʚʢʫ ʩ ʪʦʥʢʦʡ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʧʝʨʝʤʳʯʢʦʡ. ʕʪʘ 

ʛʦʣʦʚʢʘ ʦʪʜʝʣʷʝʪʩʷ, ʦʙʨʘʟʫʷ ʧʝʨʚʫʶ ʢʘʧʣʶ, ʘ ʧʝʨʝʤʳʯʢʘ ʨʘʩʧʘʜʘʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʣʢʠʭ ʢʘʧʝʣʝʢ-ʩʧʫʪʥʠʢʦʚ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʚʪʦʨʦʡ ʨʝʞʠʤ ʨʘʩʧʳʣʠʚʘʥʠʷ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʨʦʩʪʢʠ ʥʘ ʢʦʣʴʮʝ ʧʨʠʥʠʤʘʶʪ ʬʦʨʤʫ ʜʣʠʥʥʳʭ ʥʠʪʝʡ. ʅʘ 

ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʝʨʠʬʝʨʠʠ ʜʠʩʢʘ (ʙʘʨʘʙʘʥʘ) ʥʠʪʠ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ 
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ʢʘʧʣʠ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʭ ʨʘʟʤʝʨʦʚ, ʘ ʪʦʥʢʠʝ ʧʝʨʝʤʳʯʢʠ ʤʝʞʜʫ ʥʠʤʠ ï ʥʘ 

ʙʦʣʝʝ ʤʝʣʢʠʝ ʢʘʧʣʠ-ʩʧʫʪʥʠʢʠ. 

ʂʦʛʜʘ ʥʠʪʠ ʥʝ ʤʦʛʫʪ ʧʨʦʧʫʩʪʠʪʴ ʚʩʶ ʞʠʜʢʦʩʪʴ ʠʟ ʢʦʣʴʮʘ ʥʘ ʢʨʦʤʢʝ, ʵʪʦ 

ʢʦʣʴʮʦ ʩʙʨʘʩʳʚʘʝʪʩʷ ʩ ʢʨʦʤʢʠ, ʦʙʨʘʟʫʷ ʧʣʝʥʢʫ. ʅʘʩʪʫʧʘʝʪ ʪʨʝʪʠʡ ʨʝʞʠʤ 

ʨʘʩʧʳʣʠʚʘʥʠʷ, ʢʦʛʜʘ ʧʣʝʥʢʘ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʢʘʧʣʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ.  

ɾʠʜʢʦʩʪʥʦʝ ʢʦʣʴʮʦ, ʦʙʨʘʟʫʶʱʝʝʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʦʙʦʜʘ 

ʠʩʩʣʝʜʫʝʤʦʡ ʥʘʩʘʜʢʠ, ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʘʣʠʟʫʝʪ ʤʝʭʘʥʠʟʤʳ, ʦʧʠʩʘʥʥʳʝ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʠʩʢʘʤ ʠ ʙʘʨʘʙʘʥʘʤ.   

ʀʟʚʝʩʪʥʦ [101], ʯʪʦ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʡ ʧʣʝʥʢʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʵʣʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʠ 

ʫʨʘʚʥʝʥʠʝʤ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʪʨʫʜʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʘʭ [100, ʩ.125-129] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʚʷʟʠ ʩ ʤʘʣʦʡ ʪʦʣʱʠʥʦʡ ʧʣʝʥʢʠ, 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʵʣʝʤʝʥʪʘ (ʜʠʩʢʘ, ʙʘʨʘʙʘʥʘ), 

ʥʝʙʦʣʴʰʠʤʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤʠ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʩʢʦʨʦʩʪʠ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʨʘʜʠʘʣʴʥʳʤʠ, ʵʪʫ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʠ ʩʚʝʩʪʠ 

ʝʝ ʢ ʫʨʘʚʥʝʥʠʶ ʜʚʠʞʝʥʠʷ: 
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ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: 
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ʛʜʝ Jr  - ʨʘʜʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʢʦʨʦʩʪʠ, ʤ/ʩ; x - ʦʩʝʚʘʷ ʢʦʦʨʜʠʥʘʪʘ ʥʘ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (3.42) ʚʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 
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ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʦʙʦʟʥʘʯʝʥʠʡ ʫʨʘʚʥʝʥʠʝ (3.42) ʟʘʧʠʰʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʆʪʢʫʜʘ ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ: 
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ʇʦʜʩʪʘʚʣʷʷ (3.47) ʚ ʫʨʘʚʥʝʥʠʝ (3.44), ʧʦʣʫʯʠʤ: 
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ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (3.46) ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠʤʝʝʪ ʚʠʜ: 
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ç ÷
      (3.49) 

 

ɺʝʣʠʯʠʥʘ y1 ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ ʚ ʩʣʦʝ ʨʘʚʝʥ 

ʨʘʩʭʦʜʫ ʞʠʜʢʦʩʪʠ ʥʘ ʥʘʩʘʜʦʯʥʦʤ ʵʣʝʤʝʥʪʝ. 

 
1 2 3 2

ʞ ʚʨ 2 3

1 1

ʞ0

2  sin
2

Q r d

y r w x y
p x a x y y y

m

å õ
= Ö Ö Ö Ö Ö -æ ö

ç ÷
ñ .    (3.50) 

 

ʇʨʦʚʝʜʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʧʦʣʫʯʠʤ: 

 
2 3 3

ʞ ʚʨ 1

ʞ

2 sin

3
Q

p r w a y

m

Ö Ö Ö Ö
= .      (3.51) 

 

ɺ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʩʘʜʢʠ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ, 

ʧʦʧʘʚʰʝʡ ʥʘ ʣʦʧʘʩʪʠ, ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʦʜʘ.  

ʆʙʦʟʥʘʯʠʚ: 

1 1
;

ʦʙ

ʧʣ
d x y= Ö         (3.52) 

 

r = Öx a1 sin ;        (3.53) 

 

ʞ ʦʙ
,Q U S=         (3.54) 

 

ʠ ʧʨʦʚʦʜʷ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ 

ʞʠʜʢʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʵʣʝʤʝʥʪʘ: 
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U S
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m
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p r w a
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      (3.55) 

 

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʣʦʧʘʩʪʝʡ 2

ʣʦʧ
8 r SpÖ Ö =,  ʠ ʟʘʤʝʥʷʷ ʞ

ʞ
ʞ

m
n

r
= , 

ʧʦʣʫʯʠʤ: 
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1/3

ʞ ʞ ʦʙ

2

ʚʨ

3

2 sin

ʦʙ

ʧʣ

ʣʦʧ

U S

S

n
d

w a

å õÖ Ö Ö
=æ öæ öÖ Ö Öç ÷

      (3.56) 

 

ɺ ʫʨʘʚʥʝʥʠʠ (3.56) ʦʙʦʟʥʘʯʠʤ 
S

ʣʦʧ

ʦʙ
S

B
S

= , ʪʦʛʜʘ ʦʥʦ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʨʠʤʝʪ 

ʚʠʜ: 

 
1/3

ʞ ʞ s

2

ʚʨ

3

2 sin

ʦʙ

ʧʣ

U Bn
d

w a

å õÖ Ö Ö
=æ öæ öÖ Öç ÷

      (3.57) 

 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ [100, ʩ.123] ʚ ʬʦʨʩʫʥʢʘʭ ʩ ʚʨʘʱʘʶʱʠʤʩʷ 

ʨʘʩʧʳʣʠʪʝʣʝʤ ʚ ʚʠʜʝ ʜʠʩʢʘ ʠʣʠ ʙʘʨʘʙʘʥʘ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʧʣʝʥʢʘ 

ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʘʷ, ʜʦʩʪʠʛʘʷ ʢʨʦʤʦʢ, ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʡ ʠ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ 

ʢʘʧʣʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʧʣʝʥʢʘ ʞʠʜʢʦʩʪʠ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʦʪʨʦʩʪʢʠ ʩʦ 

ʩʬʝʨʠʯʝʩʢʦʡ ʛʦʣʦʚʢʦʡ (ʤʘʣʳʡ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ), ʥʘ ʜʣʠʥʥʳʝ ʥʠʪʠ (ʩʨʝʜʥʠʡ 

ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ) ʠ ʩʙʨʘʩʳʚʘʝʪʩʷ ʩʘʤʘ ʧʣʝʥʢʘ (ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ). ʇʨʠ 

ʚʩʝʭ ʨʘʩʭʦʜʘʭ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʦʙʨʘʟʫʶʪʩʷ ʢʘʧʣʠ, ʘ ʠʟ ʪʦʥʢʠʭ ʧʝʨʝʤʳʯʝʢ 

ʤʝʣʢʠʝ ʢʘʧʣʠ-ʩʧʫʪʥʠʢʠ. 

ɺʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʨʘʙʦʪʦʡ ʠʩʩʣʝʜʫʝʤʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʧʣʦʪʥʦʩʪʝʡ ʦʨʦʰʝʥʠʷ ʦʪ 15 ʜʦ 75 ʤ3/ʤ2ʯ ʠ ʩʢʦʨʦʩʪʝʡ ʛʘʟʘ 3-5 ʤ/ʩ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʥʝʝ ʭʘʨʘʢʪʝʨʝʥ ʚʪʦʨʦʡ ʨʝʞʠʤ ʨʘʩʧʳʣʠʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʥʠʪʝʡ.  

ʀʟʚʝʩʪʥʦ [100, ʩ.125-129], ʯʪʦ ʧʨʠ ʠʩʪʝʯʝʥʠʠ ʞʠʜʢʦʩʪʠ ʚ ʚʠʜʝ ʩʪʨʫʠ ʥʘ ʝʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚʜʦʣʴ ʩʪʨʫʠ. ʇʨʠʯʝʤ 

ʨʘʩʧʘʜ ʚʳʟʳʚʘʝʪʩʷ ʚʦʣʥʘʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʦ ʥʘʨʘʩʪʘʶʱʫʶ ʚʦ 

ʚʨʝʤʝʥʠ ʘʤʧʣʠʪʫʜʫ. ʆʧʨʝʜʝʣʠʤ ʜʣʠʥʫ ʪʘʢʦʡ ʚʦʣʥʳ. 

ʇʨʠʤʝʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʷʪ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠ 

ʯʠʩʣʝ ɺʝʙʝʨʘ  Weʩʪʨ <<1 [100, ʩ.125-129]. ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʢʚʘʜʨʘʪ ʠʥʢʨʝʤʝʥʪʘ 

ʢʦʣʝʙʘʥʠʡ ʠʤʝʝʪ ʚʠʜ: 

 
2 2 3

0
,i ʩʪʨZ m We m= Ö -        (3.58) 

 

ʚ ʢʦʪʦʨʦʤ  m - ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ: 
2

ʩʪʨ
m r

p

l
= Ö .       (3.59) 

 

ɿʜʝʩʴ rʩʪʨ - ʨʘʜʠʫʩ ʩʪʨʫʠ; l- ʜʣʠʥʘ ʚʦʣʥʳ. 

ʉʦʛʣʘʩʥʦ [100, ʩ.125-129], ʧʨʠ Weʩʪʨ ­ 0  Z i0
2  ­ 0.  ʊʦʛʜʘ ʠʟ (3.58) ʠʤʝʝʤ: 
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ʛʜʝ Uʩʪʨ - ʩʢʦʨʦʩʪʴ ʩʪʨʫʠ ʞʠʜʢʦʩʪʠ, ʤ/ʩ; 

ʀʟ ʫʩʣʦʚʠʡ (3.59) ʠ (3.60) ʦʧʨʝʜʝʣʠʤ ʜʣʠʥʫ ʚʦʣʥʳ: 
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ʛ

2

ʩʪʨU

ps
l

r
=

Ö
.       (3.61) 

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʠʥʘ ʥʝʨʘʩʧʘʚʰʝʡʩʷ ʩʪʨʫʠ ʜʣʷ ʤʘʣʦʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ [100, ʩ.125-129] ʧʦ ʬʦʨʤʫʣʝ:  
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ɺ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ Weʩʪʨ <<1, ʤʦʞʥʦ ʧʨʠʥʷʪʴ Lcº l. ʊʦʛʜʘ ʠʟ (3.61) ʠ (3.62) 

ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʣʫʯʠʤ: 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʝʭʦʜʘ ʦʪ ʢʘʧʝʣʴʥʦʛʦ ʠʩʪʝʯʝʥʠʷ ʢ ʩʪʨʫʡʥʦʤʫ 

ʧʨʠ ʨʘʩʧʳʣʠʚʘʥʠʠ ʞʠʜʢʦʩʪʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʜʠʩʢʘʤʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ 

[100, ʩ.125-129] ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʫʩʘ ʩʪʨʫʠ: 
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ʦʪʢʫʜʘ ʜʠʘʤʝʪʨ ʩʪʨʫʡ ʞʠʜʢʦʩʪʠ: 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʘʤʝʪʨʘ ʢʘʧʝʣʴ ʧʨʠʥʠʤʘʝʤ: ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʧʝʣʴ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʨʦʙʣʝʥʠʠ ʩʪʨʫʝʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʭʨʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ 

ʦʙʪʝʢʘʥʠʠ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʜʘʣʠ ʦʪ ʧʨʠʩʪʝʥʥʳʭ ʩʣʦʝʚ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ; 

ʢʘʧʣʠ ʚ ʤʦʤʝʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʩ ʦʜʥʦʨʦʜʥʳʤ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʥʘʪʷʞʝʥʠʝʤ; ʩʢʦʨʦʩʪʠ ʜʨʦʙʣʝʥʠʷ ʠ ʢʦʘʣʝʩʮʝʥʮʠʠ ʢʘʧʝʣʴ 

ʦʜʠʥʘʢʦʚʳ, ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʠ ʤʥʦʛʦʢʨʘʪʥʦʤ ʜʨʦʙʣʝʥʠʠ 
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ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʪʨʫʝʢ [102]. 

ɼʠʘʤʝʪʨ ʢʘʧʝʣʴ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʩʧʘʜʝ ʩʪʨʫʡ ʞʠʜʢʦʩʪʠ, ʦʧʨʝʜʝʣʠʤ ʠʟ 

ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʘʧʣʶ: 

 

( )
2

2
k b

U
S ms

¡
Ö = Ö ,        (3.66) 

 

ʛʜʝ ʚ ʣʝʚʦʡ ʯʘʩʪʠ - ʩʠʣʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʘ ʚ ʧʨʘʚʦʡ - ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʥʘʧʦʨ, ʜʝʡʩʪʚʫʶʱʠʡ ʠʟʥʫʪʨʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 

ʠʟʤʝʥʝʥʠʝʤ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ l ʇʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʢʘʧʣʠ 

Sk ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

S
d

k
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.       (3.67) 

ʄʘʩʩʫ ʩ ʜʣʠʥʦʡ l, ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 
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d
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p
r l= Ö Ö.       (3.68) 

 

ʉʨʝʜʥʶʶ ʧʫʣʴʩʘʮʠʦʥʥʫʶ ʩʢʦʨʦʩʪʴ ¡U  ʥʘʭʦʜʠʤ ʧʦ ʫʨʘʚʥʝʥʠʶ [96, ʩ.228]: 

 
1/3 1/3 1/3 1/3
ʕ ʕ

k
U d¡= Ö = Ö        (3.69) 

 

ʛʜʝ ? - ʤʘʩʰʪʘʙ   ʧʫʣʴʩʘʮʠʡ, ʩʦʠʟʤʝʨʠʤʳʡ ʩ ʜʠʘʤʝʪʨʦʤ ʢʘʧʣʠ, ʪ.ʝ. ?=dk . 

ʕʥʝʨʛʠʶ ʜʠʩʩʠʧʘʮʠʠ ʚʠʭʨʝʡ ʕ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʩʪʨʫʡ 

ʞʠʜʢʦʩʪʠ, ʦʧʨʝʜʝʣʠʤ ʢʘʢ: 
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V rÖ
,       (3.70) 

 

ʛʜʝ  ʚ
N - ʤʦʱʥʦʩʪʴ ʚʠʭʨʝʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʩʪʨʫʡ ʞʠʜʢʦʩʪʠ: 
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ʆʙʲʝʤ ʩʪʨʫʡ ʞʠʜʢʦʩʪʠ ʩ ʜʠʘʤʝʪʨʦʤ ʩʪʨ
d   ʠ ʜʣʠʥʦʡ l,  ʦʧʨʝʜʝʣʠʤ ʧʦ 

ʬʦʨʤʫʣʝ: 
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ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (3.67), (3.68) ʠ (3.69) ʩ ʫʯʝʪʦʤ (3.70), (3.71), (3.72)  ʚ 
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ʫʨʘʚʥʝʥʠʝ (3,66)  ʠ ʨʝʰʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ dk, ʧʦʣʫʯʠʤ: 
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Ö
.     (3.72) 

 

ʟʜʝʩʴ  Bk =0,925 - ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʇʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ dʧʣ , Uʩʪʨ, dʩʪʨ ʠ dk  ʫʯʠʪʳʚʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʯʝʨʝʟ Uʛ ʠ Uʞ, ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʯʝʨʝʟ wʚʨ,  

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʨʦʰʘʝʤʳʭ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʧʣʦʰʥʦʡ ʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟ ʯʝʨʝʟ rʞ, rʛ, nʞ, nʛ  ʠ s. 
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4 ʄɸʉʉʆʆɹʄɽʅ ɺ ɸʇʇɸʈɸʊɽ ʉ ɺʈɸʑɸʖʑʀʄʀʉʗ 

ʅɸʉɸɼʆʏʅʓʄʀ ʕʃɽʄɽʅʊɸʄʀ 

 

4.1 ɺʣʠʷʥʠʝ ʨʝʞʠʤʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ 

ɼʣʷ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʜʚʠʞʝʥʠʝ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩʧʣʦʰʥʳʤ ʧʦʪʦʢʦʤ, ʪʦʛʜʘ ʢʘʢ 

ʞʠʜʢʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʠʭʨʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ 

ʞʠʜʢʦʩʪʠ ʚ ʦʙʲʝʤʝ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʜʨʦʙʣʝʥʠʶ 

ʢʘʧʝʣʴ, ʩʪʨʫʡ ʠ ʧʣʝʥʦʢ ʞʠʜʢʦʩʪʠ, ʚʳʨʘʚʥʠʚʘʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʥʫʪʨʠ ʢʘʧʝʣʴ, 

ʩʦʟʜʘʚʘʷ ʧʨʠ ʵʪʦʤ ʨʘʟʚʠʪʫʶ ʤʝʞʬʘʟʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʫʣʴʩʘʮʠʠ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʦʪʨʳʚʝ ʚʠʭʨʝʡ, ʧʨʠʚʦʜʷʪ ʢ 

ʢʦʣʝʙʘʥʠʷʤ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʝʣʴ ʞʠʜʢʦʩʪʠ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʝʝ ʬʦʨʤʳ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʡ ʦʧʨʝʜʝʣʷʝʪ 

ʩʢʦʨʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ, ʘ ʚ ʠʪʦʛʝ ʩʢʦʨʦʩʪʴ ʤʘʩʩʦʦʙʤʝʥʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʩʩʦʦʪʜʘʯʠ 

ʚ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ. ʅʘ ʨʠʩʫʥʢʘʭ 4.1 ʠ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʠ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ. 
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ʉʢʦʨʦʩʪʴ ʛʘʟʘ Wʛ, ʤ/ʩ 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ:  ʚʨʘʱʘʶʱʘʷʩʷ ʥʘʩʘʜʢʘ ɺʇʃ: tʚ= 3,5dʦʙ; tp=2dʦʙ; dʦʙ = 50 ʤʤ; 

ʚʨʘʱʘʶʱʘʷʩʷ ʥʘʩʘʜʢʘ ʈʇɺʂʨ:  tʚ= 3,5d; tp=2d; d = 80 ʤʤ; L=25 ʤ3/ʤ2ʯ. ʂʨʠʚʳʝ ï 

ʨʘʩʯʝʪ; ʪʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪ. 1 ʠ 2 - ɓʛs ʥʘʩʘʜʦʢ ɺʇʃ ʠ ʈʇɺʂʨ [61]; 3 - ɓʞs 

ʥʘʩʘʜʢʠ ɺʇʃ. 

 

ʈʠʩʫʥʦʢ 4.1 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ɓʛs ʠ ʞʠʜʢʦʡ 

ɓʞs ʬʘʟʘʭ ʚʨʘʱʘʶʱʠʭʩʷ ʥʘʩʘʜʦʢ ɺʇʃ ʠ ʈʇɺʂʨ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ Wʛ 
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ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 4.1. Wʛ=4 ʤ/ʩ. ʂʨʠʚʳʝ ï ʨʘʩʯʝʪ; ʪʦʯʢʠ ï 

ʵʢʩʧʝʨʠʤʝʥʪ. 1 ʠ 2 - ɓʛs ʥʘʩʘʜʦʢ ɺʇʃ ʠ ʈʇɺʂʨ [61]; 3 - ɓʞs ʥʘʩʘʜʢʠ ɺʇʃ. 

 

ʈʠʩʫʥʦʢ 4.2 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ɓʛs ʠ ʞʠʜʢʦʡ 

ɓʞs ʬʘʟʘʭ ʚʨʘʱʘʶʱʠʭʩʷ ʥʘʩʘʜʦʢ ɺʇʃ ʠ ʈʇɺʂʨ ʦʪ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ L 

 

ɸʥʘʣʠʟ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʠ 

ʞʠʜʢʦʡ ʬʘʟʘʭ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ (ʨʠʩʫʥʦʢ 4.1) ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʩʩʦʦʙʤʝʥʘ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʪʫʨʙʫʣʠʟʘʮʠʷ ʧʦʪʦʢʦʚ, ʩʥʠʞʘʶʱʘʷ ʜʠʬʬʫʟʠʦʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʇʨʠ ʵʪʦʤ 

ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʘʧʝʣʴ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʪʝʪ ʤʝʞʬʘʟʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ. 

ɺʨʘʱʝʥʠʝ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ɺʇʃ ʠ ʈʇɺʂʨ) ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʘʣʴʥʝʡʰʝʤʫ ʨʦʩʪʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ  bʛs ʠ bʞs. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʛʘʟʘ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʩʥʠʞʝʥʠʶ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ 

ʠ ʜʠʘʤʝʪʨʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʘʧʝʣʴ, ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʩʣʫʯʘʝ ʤʘʩʩʦʦʙʤʝʥʘ, ʣʠʤʠʪʠʨʫʝʤʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʛʘʟʦʚʦʡ ʬʘʟʳ 

ʚʳʙʠʨʘʶʪ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʛʘʟʘ, ʚ ʩʣʫʯʘʝ ʞʝ, ʢʦʛʜʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʣʠʤʠʪʠʨʫʝʪʩʷ ʞʠʜʢʦʡ ʬʘʟʦʡ, ʩʢʦʨʦʩʪʴ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠʛʨʘʝʪ 

ʤʝʥʝʝ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʨʘʙʦʪʘ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ ʚ ʢʘʧʝʣʴʥʦʤ ʨʝʞʠʤʝ. ɿʜʝʩʴ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʠʭ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ  bʛs ʠ ʞʠʜʢʦʡ  bʞs ʬʘʟʘʭ ʧʨʠ 
ʫʩʣʦʚʠʠ ʜʦʧʫʩʪʠʤʦʛʦ ʙʨʳʟʛʦʫʥʦʩʘ [61, ʩ.138]. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ   bʛs ʠ ʞʠʜʢʦʡ bʞs ʬʘʟʘʭ ʩ 
ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ L ʨʘʩʪʫʪ (ʨʠʩʫʥʦʢ 4.2). ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʬʘʟ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʢʘʧʝʣʴ ʞʠʜʢʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ L.  ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʢʘʧʝʣʴ ʦʙʫʩʣʦʚʣʝʥ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʧʦ ʥʘʩʘʜʢʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʠʪʦʢʘ ʩʚʝʞʝʡ ʞʠʜʢʦʩʪʠ ʚ ʟʦʥʫ 
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ʢʦʥʪʘʢʪʘ. ɺʨʘʱʝʥʠʝ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʫʨʙʫʣʠʟʘʮʠʠ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ ʠ ʦʙʣʝʛʯʘʝʪ ʜʨʦʙʣʝʥʠʝ ʧʣʝʥʦʢ ʥʘ ʩʪʨʫʡʢʠ ʠ ʢʘʧʣʠ. 

ʀʟʚʝʩʪʥʦ [61, ʩ.139], ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ ʧʨʠ ʘʙʩʦʨʙʮʠʠ 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʳʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʧʝʨʝʢʘʯʢʫ 

ʞʠʜʢʦʩʪʠ. ʇʨʠ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʘʭ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ ʚʝʜʝʪ 

ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʧʝʨʝʜʘʯʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʯʘʩʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʦʨʦʰʝʥʠʷ. 

ʅʘ ʧʨʦʮʝʩʩʳ ʤʘʩʩʦʦʙʤʝʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʚʟʘʠʤʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʘ ʨʠʩʫʥʢʘʭ 4.3 ʠ 4.4 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʦʪ ʰʘʛʦʚ 

ʨʘʟʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘʩʘʜʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ tʚ/Ὠ̏  ̂ ʠ ʨʘʜʠʘʣʴʥʦʤ tp /Ὠ̏  ̂

ʥʘʧʨʘʚʣʝʥʠʷʭ.   
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ɺʝʨʪʠʢʘʣʴʥʳʡ ʰʘʛ tʚ/Ὠ̏  ̂

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: tp=2dʦʙ; dʦʙ = 50 ʤʤ; L=25 ʤ3/ʤ2ʯ. 

ʂʨʠʚʳʝ ï ʨʘʩʯʝʪ; ʪʦʯʢʠ ï ʵʢʩʧʝʨʠʤʝʥʪ. 

1 ʠ 2 - ɓʛs ʥʘʩʘʜʢʠ ɺʇʃ ʧʨʠ Wʛ=2 ʠ 4 ʤ/ʩ. 

 

ʈʠʩʫʥʦʢ 4.3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ɓʛs 

ʥʘʩʘʜʢʠ ɺʇʃ ʦʪ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘʩʘʜʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ tʚ/Ὠ̏  ̂
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ʈʘʜʠʘʣʴʥʳʡ ʰʘʛ tʨ/Ὠ̏  ̂

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 4.3. tʚ/Ὠ̏ =̂3,5. ʂʨʠʚʳʝ ï ʨʘʩʯʝʪ; ʪʦʯʢʠ ï 

ʵʢʩʧʝʨʠʤʝʥʪ. 1 ʠ 2 - ɓʛs ʥʘʩʘʜʢʠ ɺʇʃ ʧʨʠ Wʛ=2 ʠ 4 ʤ/ʩ. 

 

ʈʠʩʫʥʦʢ 4.4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ɓʛs 

ʥʘʩʘʜʢʠ ɺʇʃ ʦʪ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘʩʘʜʢʠ ʚ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ tʨ/Ὠ̏  ̂

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4.3 ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʢʨʠʚʳʭ bʛs = f (tʚ/Ὠ̏ )̂ 

ʘʥʘʣʦʛʠʯʝʥ ʢʨʠʚʳʤ DPL =  f (tʚ/Ὠ̏ )̂ (ʨʠʩʫʥʦʢ 3.10). ʇʝʨʠʦʜʥʳʡ ʨʝʞʠʤ, 

ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ (ɺʇʃ ʠ 

ʈʇɺʂʨ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʥʘʩʘʜʦʢ ɺʇʃ ʠ ʈʇɺʂʨ [61, ʩ.142] 

ʧʨʠʭʦʜʷʪʩʷ ʥʘ tʚ/Ὠ̏ =̂3,5, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʢʨʫʛʣʦʡ ʬʦʨʤʦʡ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʭʨʝʡ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʚ ʵʪʦʤ ʨʝʞʠʤʝ, ʨʦʩʪ ʠʭ 

ʤʦʱʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ 

ʩʯʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʨʦʙʠʣʴʥʳʭ ʢʘʧʝʣʴ ʠ ʧʣʝʥʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʤʘʩʩʦʦʙʤʝʥʘ. ʅʝʩʠʥʬʘʟʥʦʩʪʴ ʚ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ   bʛs. 

ʀʟ ʨʠʩʫʥʢʘ 4.4 ʚʠʜʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʢʨʠʚʳʭ bʛs = f (tʨ/Ὠ̏ )̂ 

ʘʥʘʣʦʛʠʯʝʥ ʢʨʠʚʳʤ DPL =  f (tʨ/Ὠ̏ )̂ (ʨʠʩʫʥʦʢ 3.11). ɺ ʜʠʘʧʘʟʦʥʝ tʨ/Ὠ̏  ̂ʦʪ 1,5 ʜʦ 2 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ tʨ/Ὠ̏ >̂2 ʧʘʜʝʥʠʝ ʢʨʠʚʳʭ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʧʣʘʚʥʦ. 
ʇʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ bʛs ʧʨʠ tʨ/Ὠ̏  ̂ 

ʦʪ 1,5 ʜʦ 2 ʦʙʫʩʣʦʚʣʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʫʨʙʫʣʠʟʘʮʠʝʡ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ 

ʚʠʭʨʷʤʠ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʰʠʨʠʥʝ ʟʘʟʦʨʘ 
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ʤʝʞʜʫ ʦʙʪʝʢʘʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ [61, ʩ.143]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʦʟʨʘʩʪʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʨʘʩʪʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

 

4.2 ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ 

ʉʣʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʨʝʛʫʣʷʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʙʪʝʢʘʝʤʳʭ ʪʝʣ ʠ ʧʦʵʪʦʤʫ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚ ʥʝʤ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ ʠ ʞʠʜʢʦʩʪʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʫʣʴʩʘʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚʩʝʛʦ ʩʣʦʷ. 

ʋʯʠʪʳʚʘʷ ʩʣʦʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ, ʢʦʛʜʘ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʤʘʩʩʦʧʝʨʝʥʦʩ ʚ ʪʫʨʙʫʣʝʥʪʥʦʤ ʩʧʣʦʰʥʦʤ ʧʦʪʦʢʝ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʦʛʠʠ ʤʝʞʜʫ ʪʨʝʥʠʝʤ ʠ ʤʘʩʩʦʦʪʜʘʯʝʡ, ʪ.ʢ. ʧʝʨʝʥʦʩ 

ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʠ ʤʘʩʩʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʤʠ ʧʫʣʴʩʘʮʠʷʤʠ. 

ʕʪʘ ʘʥʘʣʦʛʠʷ ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [3 ʩ.87]:  
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ʛʜʝ Uʩ ï ʩʢʦʨʦʩʪʴ ʩʧʣʦʰʥʦʡ ʬʘʟʳ; lʪʨ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ; Sʩ = nʛ /Dʛ ï ʯʠʩʣʦ 
ʐʤʠʜʪʘ ʜʣʷ ʩʧʣʦʰʥʦʡ ʬʘʟʳ. 

ɺ ʨʘʙʦʪʝ [75, ʩ.50], ʩʦʧʦʩʪʘʚʣʷʷ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʧʨʠ 

ʪʝʯʝʥʠʠ ʚ ʢʘʥʘʣʘʭ  lʪʨ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ x ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʪʝʣ 

ʞʠʜʢʦʩʪʥʳʤ ʠʣʠ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ, ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ, ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ 

ʢʘʥʘʣʘ ʠ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʈ.ɹʝʨʜ, ɺ.ʉʪʴʶʘʨʪ ʠ ɽ.ʃʘʡʪʬʫʪ 

[103] ʫʪʚʝʨʞʜʘʶʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʥʷʪʴ lʪʨ ʠ x ʢʘʢ ʦʜʥʫ ʚʝʣʠʯʠʥʫ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʤʝʭʘʥʠʟʤ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʘʧʝʣʴʥʦʝ ʪʝʯʝʥʠʝ ʚ ʢʦʥʪʘʢʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʚ 

ʠʥʪʝʥʩʠʚʥʳʭ ʨʝʞʠʤʘʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʚʠʜʝ, ʪ.ʝ. ʩʧʣʦʰʥʦʡ 

ʧʦʪʦʢ ʧʨʦʭʦʜʠʪ ʧʦ ʢʘʥʘʣʫ, ʦʙʨʘʟʦʚʘʥʥʦʤʫ ʢʘʧʣʷʤʠ ʩ ʜʦʣʝʡ 1-j. ʅʘ ʵʪʦʤ 
ʦʩʥʦʚʘʥʠʠ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ xb ~ʛ   ʠ xb ~ʛs . ʊʦʛʜʘ ʧʨʠ ʢʘʧʝʣʴʥʦʤ 

ʪʝʯʝʥʠʠ: 
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ʛʜʝ Uʢ ï ʩʢʦʨʦʩʪʴ ʢʘʧʝʣʴ; xʢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʧʝʣʴ. 

ʇʦʩʣʝʜʥʠʡ ʧʘʨʘʤʝʪʨ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʢʘʧʣʠ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʧʣʠ, ʢʘʢ ʠ ʧʫʟʳʨʷ, ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʨʘʟʣʠʯʥʳʤ ʫʨʘʚʥʝʥʠʷʤ. 

ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʥʝ ʫʯʠʪʳʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʠʭ ʬʦʨʤʳ ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʥʝʰʥʠʭ ʩʠʣ. ɹʘʣʘʙʝʢʦʚʳʤ ʆ.ʉ. [104] ʜʘʥʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ ʢʘʧʣʠ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʠʤ ʧʨʠ ʨʘʩʯʝʪʝ ʩʢʦʨʦʩʪʠ 

ʤʘʩʩʦʦʙʤʝʥʘ ʚ ʩʧʣʦʰʥʦʡ ʬʘʟʝ. ʆʥʦ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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5/12
ʢWe

d

ʚ
ʌ

ʢ

== ,      (4.3) 

 

ʛʜʝ ʚ ï ʤʘʣʘʷ ʧʦʣʫʦʩʴ ʵʣʣʠʧʩʦʚʠʜʥʦʡ ʢʘʧʣʠ; k - ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʨʘʚʥʳʡ 1,1. 

ʏʠʩʣʦ ɺʝʙʝʨʘ We: 

s

rʢʢʢdU
We

2

= .      (4.4) 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ɹʘʣʘʙʝʢʦʚ ʆ.ʉ. ʧʨʝʜʣʘʛʘʝʪ ʜʣʷ ʨʘʩʯʝʪʘ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʢʘʧʣʠ ʩʣʝʜʫʶʱʫʶ ʬʦʨʤʫʣʫ: 

 

ʉʢ = ʉh Ö ʌ2,       (4.5) 

 

ʛʜʝ ʉh  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʬʝʨʠʯʝʩʢʦʡ (ʰʘʨʦʦʙʨʘʟʥʦʡ) ʢʘʧʣʠ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʝʝ ʜʚʠʞʝʥʠʷ ʚ ʩʧʣʦʰʥʦʤ ʧʦʪʦʢʝ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʘʧʧʘʨʘʪʝ ʩ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʦʡ 

ʨʝʞʠʤʳ ʜʚʠʞʝʥʠʷ ʢʘʧʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʠʘʧʘʟʦʥʫ 100¢ Reʢ.ʛ. ¢ 800, ʚ ʢʦʪʦʨʦʤ  

 

5,0

..
Re

13

ʛʢ

ʉh = ,      (4.6) 

 

ʛʜʝ Reʢ.ʛ. ï ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʢʘʧʣʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʝʝ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ: 

 

ʛ

ʢʢ
ʛʢ

dU

n
=..Re ,      (4.7) 

 

ʊʦʛʜʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʷ (4.1) ʧʦʣʫʯʠʤ:  

 
1/2 5/6 2

1/2 1/3
1,625 ʢ ɻ

ɻ

ʢ ɻ

U ʌ

d D

n
b

Ö Ö
= Ö

Ö
.     (4.8) 

 

ʋʯʠʪʳʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʩʘʜʢʠ xL  ʧʦʣʫʯʠʤ: 

 
1/2 5/6 2

1/2 1/3

ʢ ɻ
ɻS ʤ L

ʢ ɻ

U ʌ
ɺ

d D

n
b x

Ö Ö
= Ö Ö

Ö
,      (4.9) 

 

ʛʜʝ 

1/2

2,25
1

ʤ
ɺ

j

j

å õ
= Öæ ö

-ç ÷
 ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ. 

 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ 

ʀʟʚʝʩʪʥʦ [105], ʯʪʦ ʵʥʝʨʛʠʷ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ ʜʠʩʩʠʧʠʨʫʝʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʫ 
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ʢʘʩʢʘʜʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʵʥʝʨʛʠʷ ʧʫʣʴʩʘʮʠʡ 

ʩʦʠʟʤʝʨʠʤʳʤʠ ʩ ʜʠʘʤʝʪʨʦʤ D ʠʣʠ ʚʳʩʦʪʦʡ ʨʘʙʦʯʝʡ ʟʦʥʳ ʘʧʧʘʨʘʪʘ L ʧʝʨʝʜʘʝʪʩʷ 

ʚʦ ʚʩʝ ʤʝʥʴʰʠʝ ʤʘʩʰʪʘʙʳ, ʧʦʢʘ ʥʝ ʜʠʩʩʠʧʠʨʫʝʪʩʷ ʚ ʤʘʩʰʪʘʙʘʭ ʧʦʨʷʜʢʘ ?0. ʇʨʠ 
ʵʪʦʤ ʨʘʟʤʝʨʳ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʠʭʨʝʡ ʩʪʘʥʫʪ ʩʪʦʣʴ ʤʘʣʳʤʠ, ʯʪʦ ʦʥʠ ʧʦʯʪʠ 

ʤʛʥʦʚʝʥʥʦ ʙʫʜʫʪ ʠʩʯʝʟʘʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʷʟʢʦʩʪʠ. ʄʘʩʰʪʘʙ ʧʫʣʴʩʘʮʠʡ ?0 
ʥʘʟʳʚʘʶʪ ʚʥʫʪʨʝʥʥʠʤ ʤʘʩʰʪʘʙʦʤ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʕʪʦʪ ʤʘʩʰʪʘʙ, ʩʦʛʣʘʩʥʦ 

ʪʝʦʨʠʠ ʣʦʢʘʣʴʥʦ-ʠʟʦʪʨʦʥʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʂʦʣʤʦʛʦʨʦʚʘ - ʆʙʫʭʦʚʘ [106-108] 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʦ ʚʳʨʘʞʝʥʠʶ:  

 

?0 = 
1/4

3

,
ʕ

nå õ
æ ö
ç ÷

        (4.10) 

 

ʛʜʝ ʕ ï ʩʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ, ɺʪ/ʢʛ.  

ʀʟ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʢʘʩʢʘʜʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʤʝʣʢʠʝ ʚʠʭʨʠ, ʩʦʠʟʤʝʨʠʤʳʝ ʩ ʤʘʩʰʪʘʙʦʤ  ?0 ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʤʘʩʩʦʦʙʤʝʥ, 
ʢʦʪʦʨʳʡ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʳʭ ʚʨʝʤʝʥ ʢʦʥʪʘʢʪʘ ʧʨʦʪʝʢʘʝʪ ʥʝʩʪʘʮʠʦʥʘʨʥʦ. ʊʦʛʜʘ, ʢʘʢ 

ʠ ʚ ʜʨʫʛʠʭ ʤʦʜʝʣʷʭ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʜʠʬʬʫʟʠʠ [109,110] ʩʢʦʨʦʩʪʴ ʤʘʩʩʦʦʙʤʝʥʘ 

ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚʨʝʤʝʥʝʤ ʢʦʥʪʘʢʪʘ ʬʘʟ  Dt ʠ ʚʝʣʠʯʠʥʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ D. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʜʣʦʞʝʥʥʦʤ ʤʝʭʘʥʠʟʤʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ, ʠ, ʩʚʷʟʳʚʘʷ 

ʝʛʦ ʩ ʚʦʣʥʦʚʳʤ ʜʚʠʞʝʥʠʝʤ, ʚ ʨʘʙʦʪʝ [61, ʩ.149] ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʬʘʟ  Dt: 
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.      (4.11) 

 

ʍʠʛʙʠ [111] ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ 

ʧʨʝʜʣʦʞʠʣ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 
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,       (4.12) 

 

ʛʜʝ ʞD  ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ ʞʠʜʢʦʩʪʠ, ʤ2/ʩ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ (4.12) ʩ ʫʯʝʪʦʤ ʩʦʦʪʥʦʰʝʥʠʷ (4.11), ʠʤʝʝʤ: 
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4/1

4/1

~
ʞ

ʞ

ʞ

Dʕ

n
b

Ö
.      (4.13) 

 

ɺʳʰʝʠʟʣʦʞʝʥʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ 

ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʫʨʘʚʥʝʥʠʷ: 
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4/1

2/14/1

ʞ

ʞ
ʞʞ

Dʕ
ɺ

n
b

Ö
=       (4.14) 

ɺʞ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɸʥʘʣʠʟ ʫʨʘʚʥʝʥʠʷ (4.14) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʟʘʜʘʯʘ ʝʝ ʨʝʰʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʠʩʩʠʧʘʮʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʠʭʨʝʡ. ʉʢʦʨʦʩʪʴ 

ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚʠʭʨʝʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʵʣʝʤʝʥʪʦʚ 

ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ, ʦʧʨʝʜʝʣʠʤ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʨʘʙʦʯʘʷ ʟʦʥʘ ʘʧʧʘʨʘʪʘ 

ʷʚʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʦʪʜʝʣʴʥʳʭ ʷʯʝʝʢ: 

 

ʞʷʯʞ
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rÖ
=

.

       (4.15) 

 

ʄʦʱʥʦʩʪʴ ʚʠʭʨʝʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

[61, ʩ.150]: 

 
3

/ 2
ʚ L ʵʣ ʛ ʛ

N S Ux r= Ö Ö Ö       (4.16) 

 

ʆʙʲʝʤ ʞʠʜʢʦʩʪʠ ʚ ʷʯʝʡʢʝ: 

 

( )ʷʯʨʚʷʯʞ ttV j-ÖÖ= 1
2

. ,        (4.17) 

 

ʛʜʝ 
ʚ

ʢ
ʷʯ

t

h
-=1j  ï ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ ʩʣʦʷ ʚ ʷʯʝʡʢʝ.  

ɺ ʨʘʙʦʪʝ [61, ʩ.100] ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ (ʂʋɾ) 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʫʨʘʚʥʝʥʠʝ, ʫʯʠʪʳʚʘʶʱʝʝ ʜʦʣʶ ʚʢʣʘʜʘ ʧʣʝʥʦʯʥʦʡ ʠ ʢʘʧʝʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ: 
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H
h h h
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= + Ö     (4.18) 

 

ʂʘʧʝʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʚ ʦʙʱʝʤ ʢʦʣʠʯʝʩʪʚʝ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ 

ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

 
2

ʧʣ
/ʧʣ ʵʣ ʨh S td= Ö        (4.19)  

 

ʊʦʛʜʘ ʢʘʧʝʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʂʋɾ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʫʨʘʚʥʝʥʠʷ 

(4.18): 
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= Ö -      (4.20) 

 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (4.16) ʠ (4.17) ʚ ʫʨʘʚʥʝʥʠʝ (4.15) ʧʦʣʫʯʠʤ: 
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      (4.21) 

 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʝ (4.14) ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (4.21), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ 

ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʪʜʘʯʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ:  

 
1/4

2 3

0

ʞs ʞ

(1 )

(1 )

ʞ ɻ

L

ʷʯ ʚ ʞ

K D U
ɺ

t

re
b x

j n

è øÖ Ö-
= Ö Ö Öé ù

- Öé ùê ú
,    (4.22) 

 

ʛʜʝ ɺʞ= σπȟωτϽ  - ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ; ʂr = rɻ/rʞ ï ʙʝʟʨʘʟʤʝʨʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ. 
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5 ʈɽʂʆʄɽʅɼɸʎʀʀ ʇʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʖ ʀ ʄɽʊʆɼʀʂɸ 

ʈɸʉʏɽʊɸ ʇʈʆʄʓʐʃɽʅʅʓʍ ɸʇʇɸʈɸʊʆɺ ʉ ʈɽɻʋʃʗʈʅʆʁ 

ɺʈɸʑɸʖʑɽʁʉʗ ʅɸʉɸɼʂʆʁ 

 

5.1 ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʧʧʘʨʘʪʦʚ ʩ 

ʨʝʛʫʣʷʨʥʳʤʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʤʝʪʦʜʠʢʘ 

ʨʘʩʯʝʪʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʤ ʘʧʧʘʨʘʪʘʤ ʠʟʤʝʥʷʣʠʩʴ, 

ʪ.ʢ. ʤʝʥʷʣʘʩʴ ʢʦʥʮʝʧʮʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ 

ʧʠʱʝʚʦʛʦ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʦʣʦʥʥ 

ʥʝʬʪʝʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʝʟʢʠʤ ʧʦʜʦʨʦʞʘʥʠʝʤ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʚʦ ʚʩʝʤ ʤʠʨʝ ʠ ʩ ʜʝʬʠʮʠʪʦʤ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷ:    

1. ʕʥʝʨʛʦʝʤʢʦʩʪʴ. ʆʮʝʥʢʘ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʝʦʜʥʦʟʥʘʯʥʘ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʟʘʪʨʘʪʘʤʠ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ ʘʧʧʘʨʘʪʘ. ʆʜʥʘʢʦ ʠʤʝʶʪʩʷ ʠ 

ʜʨʫʛʠʝ ʩʣʫʯʘʠ. ʅʘʧʨʠʤʝʨ, ʧʦʣʳʝ ʩʢʨʫʙʙʝʨʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ʊʦʛʜʘ ʢʘʢ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʠʩʢʦʤʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, 

ʧʦʪʨʝʙʫʶʪʩʷ ʩʪʘʚʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʇʨʠ ʵʪʦʤ 

ʜʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʤʥʠʪʝʣʴʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʚʝʣʠʯʠʪʩʷ 

ʩʫʤʤʘʨʥʘʷ ʵʥʝʨʛʦʧʦʪʨʝʙʥʦʩʪʴ, ʘ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ (ʩʪʦʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʠ ʤʦʥʪʘʞʘ, ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ) ʚʦʟʨʘʩʪʫʪ ʥʘ ʧʦʨʷʜʦʢ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʦʮʝʥʢʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʠ ʘʧʧʘʨʘʪʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʭʦʜʠʪʴ ʠʟ ʦʪʥʦʰʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ [112].  

2. ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩ 

ʞʠʜʢʦʩʪʴʶ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʚʠʭʨʝʚʦʡ ʤʝʭʘʥʠʟʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʜʦʩʪʠʛʘʪʴ ʨʝʞʠʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʠʥʬʘʟʥʳʡ ʨʝʞʠʤ) ʚ ʦʙʲʝʤʝ ʨʝʛʫʣʷʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘʩʘʜʦʯʥʳʭ ʪʝʣ, ʫʜʘʨʥʳʡ ʤʝʭʘʥʠʟʤ ʨʝʘʣʠʟʫʶʱʠʡʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʴʶ, 

ʮʝʥʪʨʦʙʝʞʥʳʡ ʤʝʭʘʥʠʟʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʮʝʥʪʨʦʙʝʞʥʫʶ ʩʠʣʫ, ʩʢʦʨʦʩʪʥʦʡ ʤʝʭʘʥʠʟʤ ʩʦʟʜʘʶʱʠʡ ʚʳʩʦʢʦʨʘʟʚʠʪʫʶ 

ʤʝʞʬʘʟʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʦʛʦ 

ʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʷʶʱʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʜʨ. ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʠ ʧʫʣʴʩʠʨʫʶʱʝʛʦ 

ʜʚʠʞʝʥʠʷ ʢʘʢ ʩʘʤʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʪʦʢʦʚ, ʪʘʢ ʠ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 3. ɺʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ɺʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʛʘʙʘʨʠʪʦʚ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʦʟʜʘʚʘʝʤʳʭ ʘʧʧʘʨʘʪʦʚ, ʪ.ʝ. ʢ ʩʥʠʞʝʥʠʶ 

ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʚʦʟʨʘʩʪʠ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʩʣʦʞʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ. 
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4. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ 

ʘʧʧʘʨʘʪʦʚ. ʕʪʦ ʩʦʚʨʝʤʝʥʥʦʝ ʪʨʝʙʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʙʲʝʜʠʥʠʪʴ ʧʨʦʚʝʜʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʜʥʦʤ ʘʧʧʘʨʘʪʝ. ʉʦʚʤʝʱʝʥʠʝ ʠʣʠ ʩʦʧʨʷʞʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʜʝʡʩʪʚʠʡ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʥʩʪʨʫʢʮʠʡ ʜʦ ʤʠʥʠʤʫʤʘ. ʇʨʠ ʵʪʦʤ ʩʦʢʨʘʪʷʪʩʷ ʠ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʠ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʤʥʦʛʠʝ ʧʨʦʙʣʝʤʳ. 

ʆʜʥʘʢʦ ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ ʪʘʢʠʭ ʩʦʚʤʝʱʝʥʥʳʭ ʠʣʠ ʩʦʧʨʷʞʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʝʱʝ 

ʥʝ ʩʦʟʜʘʥʳ.  

5. ʇʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʵʪʘ ʟʘʜʘʯʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʤʦʥʪʘʞʘ ʥʝ ʜʦʣʞʥʘ 

ʙʝʩʧʦʢʦʠʪʴ. ʆʜʥʘʢʦ, ʦʪʩʫʪʩʪʚʠʝ ʚ ʂʘʟʘʭʩʪʘʥʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚ ʦʪʜʝʣʴʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʦʝʢʪʥʳʭ ʠ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʫʩʣʦʞʥʷʝʪ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʘ ʧʨʦʜʫʢʮʠʶ, ʚʳʧʫʩʢʘʝʤʫʶ ʚ ʥʘʰʝʡ ʈʝʩʧʫʙʣʠʢʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʢʦʣʦʥʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʣʘʥʠʨʦʚʘʪʴ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

6. ʇʨʦʩʪʦʪʘ ʤʦʥʪʘʞʘ, ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʛʠʨʣʷʥʜ ʚ ʚʠʜʝ ʩʪʨʫʥ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʥʠʭ ʥʘʩʘʜʦʯʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʠʣʠ ʧʫʯʢʘ ʪʨʫʙ, ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʦ ʩʦʙʠʨʘʝʤʦʛʦ ʙʣʦʢʘ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ 

ʠ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʪ.ʢ. ʩʝʡʯʘʩ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʩʙʦʨʢʠ ʷʚʣʷʝʪʩʷ ʙʣʦʯʥʘʷ. 

7. ʇʨʦʩʪʦʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʪʩʫʪʩʪʚʠʝ ʜʚʠʞʫʱʠʭʩʷ ʠ ʪʨʫʱʠʭʩʷ ʯʘʩʪʝʡ 

ʜʝʣʘʝʪ ʢʦʣʦʥʥʳʝ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʥʘʜʝʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʘʧʧʘʨʘʪʘʤ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ ʚʦʟʤʦʞʥʦʝ 

ʦʪʣʦʞʝʥʠʝ ʪʚʝʨʜʳʭ ʧʨʠʤʝʩʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʥʝʚʦʟʤʦʞʥʦ, ʪ.ʢ. ʦʥʠ ʩʘʤʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʦʚ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʪʨʫʙʥʦʛʦ ʧʫʯʢʘ ʩʲʝʤʥʳʤ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʠ ʯʠʩʪʢʫ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʢ ʦʪ ʥʘʢʠʧʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ 

ʥʘʨʫʰʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. 

ʋʢʘʟʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʦʮʝʥʢʠ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʦʪʚʝʯʘʝʪ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʥʘʤʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʨʝʞʠʤʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ.  

ʈʝʢʦʤʝʥʜʫʝʤʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ: 

- ʩʢʦʨʦʩʪʴ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ wʛ=3,5-4,5 ʤ/ʩ; 

- ʧʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ ʜʣʷ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʦʚ ʩʦʩʪʘʚʣʷʝʪ L=15-25 

ʤ3/ʤ2Öʯ; ʜʣʷ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʦʚ L=50 ʤ3/ʤ2Öʯ ʠ ʚʳʰʝ. 

ʈʝʢʦʤʝʥʜʫʝʤʳʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ɺʇʃ ʷʚʣʷʶʪʩʷ: ʚʳʩʦʪʘ ʦʙʦʜʘ - hʦʙ=0,5dʦʙ; ʪʦʣʱʠʥʘ ʦʙʦʜʘ 

- ŭʦʙ=0,02dʦʙ; ʜʣʠʥʘ ʣʦʧʘʩʪʝʡ ï lʣ=0,38dʦʙ; ʰʠʨʠʥʘ ʣʦʧʘʩʪʝʡ ï bʣ=0,5dʦʙ; ʪʦʣʱʠʥʘ 

ʣʦʧʘʩʪʝʡ ï ŭʣ=0,02dʦʙ; ʫʛʦʣ ʥʘʢʣʦʥʘ ʣʦʧʘʩʪʝʡ Ŭ=450; ʜʠʘʤʝʪʨ ʪʨʫʙʯʘʪʦʛʦ 

ʵʣʝʤʝʥʪʘ ï dʪʨ=0,2dʦʙ; ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʚʪʫʣʢʠ ï dʚʪʫʣ=0,18dʦʙ; ʜʠʘʤʝʪʨ ʦʩʠ ï 

dʦʩ=0,04dʦʙ; ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʦʛʨʘʥʠʯʠʪʝʣʷ ï dʦʛʨ=0,2dʦʙ. 
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ʈʝʢʦʤʝʥʜʫʝʤʳʤʠ ʰʘʛʘʤʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ: 

- ʰʘʛ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ tʚ=3,5dʦʙ; 

 - ʰʘʛ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ tp=2dʦʙ. 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʚʳʩʦʪʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʝʢʮʠʡ: ʤʠʥʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʩʝʢʮʠʠ ï 

1 ʤ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʩʦʪʫ ʩʝʢʮʠʠ ʫʚʝʣʠʯʠʚʘʶʪ ʜʦ 

1,5-2 ʤ ʠʣʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʜʚʝ ʩʝʢʮʠʠ ʩ ʨʘʟʨʳʚʦʤ (ʥʝ ʤʝʥʝʝ 0,5 ʤ). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʚʨʘʱʘʶʱʠʤʠʩʷ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʥʞʝʥʝʨʥʫʶ ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ. 

 

ʊʘʙʣʠʮʘ 5.1 ï ʀʥʞʝʥʝʨʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʳʤʠ 

ʚʨʘʱʘʶʱʠʤʠʩʷ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

 

ˉ 

ʧ/ʧ 

ʈʘʩʩʯʠʪʳʚʘʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ 

1. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨ rʥʘʩʘʜʢʠ 

- ʧʦʨʦʟʥʦʩʪʴ ʚ ʩʝʯʝʥʠʠ ʘʧʧʘʨʘʪʘ; 

- ʦʙʲʝʤʥʘʷ ʧʦʨʦʟʥʦʩʪʴ; 

- ʢɻʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ. 

 

(3.11) 

(3.18) 

(3.24) 

2. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (3.28) 

3. ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʩʘʜʦʯʥʦʡ 

ʟʦʥʳ 

(3.30)  ʩ ʫʯʝʪʦʤ (3.24), 

(3.31), (3.32), (3.34), 

(3.35), (3.36) ʠ (3.37) 

4. ʂʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ (3.39) ʩ ʫʯʝʪʦʤ (3.24) 

5. ɻʘʟʦʩʦʜʝʨʞʘʥʠʝ ʩʣʦʷ (3.41) ʩ ʫʯʝʪʦʤ (3.18) ʠ 

(3.39) 

6. ʉʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʞʠʜʢʦʡ ʬʘʟʳ: 

- ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ; 

- ʩʢʦʨʦʩʪʴ ʩʪʨʫʠ ʞʠʜʢʦʩʪʠ; 

- ʜʠʘʤʝʪʨ ʩʪʨʫʠ ʞʠʜʢʦʩʪʠ; 

- ʜʠʘʤʝʪʨ ʢʘʧʝʣʴ ʞʠʜʢʦʩʪʠ. 

 

(3.57) ʩ ʫʯʝʪʦʤ (3.28) 

(3.63) ʩ ʫʯʝʪʦʤ (3.28) 

(3.65) ʩ ʫʯʝʪʦʤ (3.28) 

(3.72) ʩ ʫʯʝʪʦʤ (3.63) ʠ 

(3.65) 

7. ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ (4.9) ʩ ʫʯʝʪʦʤ (3.31) ʠ 

(3.72) 

8. ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ (4.22) ʩ ʫʯʝʪʦʤ (3.11), 

(3.31) ʠ (3.41) 

 

5.2 ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ çʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡè ʚ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʭʨʦʤʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ 

 ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ 
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ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʤʘʩʩʦʦʙʤʝʥʘ, ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ 

ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʩʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʀʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ɸʆ çɸʢʪʶʙʠʥʩʢʠʡ ʟʘʚʦʜ ʭʨʦʤʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡè ʠ ʨʘʙʦʪʳ [113] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʘʢʠʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ: 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʭʨʦʤʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʭʨʦʤʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʦʩʥʦʚʘʥʦ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʣʘʚʘ 

ʙʠʭʨʦʤʘʪʘ ʥʘʪʨʠʷ ʩ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʤʘʩʩʳ 

ʜʦ 200õ100ʉ. ʇʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʭʨʦʤʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʧʨʦʪʝʢʘʝʪ ʚ ʨʝʘʢʪʦʨʝ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʙʘʨʘʙʘʥ ʜʠʘʤʝʪʨʦʤ 1,6 ʤ ʠ 

ʜʣʠʥʦʡ 16 ʤ ʩ ʥʘʢʣʦʥʦʤ 1,7% ʠ ʚʨʘʱʘʶʱʝʡʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ - 4 ʦʙ/ʤʠʥ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʛʘʟʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʭʣʦʨ, ʭʣʦʨʠʩʪʳʡ 

ʭʨʦʤʠʣ, ʧʳʣʴ ʦʢʠʩʠ ʭʨʦʤʘ ʠ ʜʨ. 

ɸʧʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʨʝʘʢʪʦʨʘ 

ʭʨʦʤʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʚʢʣʶʯʘʝʪ, ʙʦʣʴʰʦʡ ʩʢʨʫʙʙʝʨ (ʜʠʘʤʝʪʨ - 1,8 ʤ, ʚʳʩʦʪʘ - 8,5 

ʤ), ʜʚʘ ʤʘʣʳʭ (ʜʠʘʤʝʪʨ - 1,6 ʤ, ʚʳʩʦʪʘ - 7,0 ʤ ʢʘʞʜʳʡ), ʢʘʧʣʝʫʣʦʚʠʪʝʣʴ, 

ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʙʘʢ ʠ ʜʳʤʦʩʦʩ. ʉʢʨʫʙʙʝʨʘ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʧʦʣʳʤʠ. 

ʇʦʩʪʫʧʘʶʱʠʝ ʠʟ ʨʝʘʢʪʦʨʘ ʚ ʙʦʣʴʰʦʡ ʩʢʨʫʙʙʝʨ ʛʘʟʳ ʦʨʦʰʘʶʪʩʷ ʤʦʥʦʭʨʦ-

ʤʘʪʥʳʤʠ ʱʝʣʦʢʘʤʠ. ʌʦʨʩʫʥʢʠ ʜʣʷ ʨʘʩʧʳʣʝʥʠʷ ʧʦʛʣʦʪʠʪʝʣʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʜʚʘ 

ʷʨʫʩʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʢʨʫʙʙʝʨʘ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʛʘʟʘ, 

ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʩʢʨʫʙʙʝʨʘ, ʚ ʚʳʭʣʦʧʥʦʤ ʛʘʟʦʚʦʤ ʧʘʪʨʫʙʢʝ ʠ ʥʘʢʣʦʥʥʦʤ ʛʘʭʦʭʦʜʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʬʦʨʩʫʥʢʠ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʳʡ (ʚ ʙʦʣʴʰʦʤ ʩʢʨʫʙʙʝʨʝ ʠ ʦʨʦʰʘʝʤʦʤ ʛʘʟʦʭʦ-ʜʝ) 

ʛʘʟ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʭʦʜʠʪ ʜʚʘ ʤʘʣʳʭ ʧʦʣʳʭ ʩʢʨʫʙʙʝʨʘ. ʈʝʞʠʤ ʨʘʙʦʪʳ 

ʧʝʨʚʦʛʦ ʤʘʣʦʛʦ ʩʢʨʫʙʙʝʨʘ - ʥʠʩʭʦʜʷʱʠʡ ʧʨʷʤʦʪʦʢ, ʚʪʦʨʦʛʦ - ʧʨʦʪʠʚʦʪʦʢ. 

ʆʨʦʰʝʥʠʝ ʤʘʣʳʭ ʩʢʨʫʙʙʝʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢʞʝ ʤʦʥʦʭʨʦʤʘʪʥʳʤʠ  ʱʝʣʦ-

ʢʘʤʠ ʯʝʨʝʟ ʬʦʨʩʫʥʢʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ  ʚ ʜʚʘ ʷʨʫʩʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʦʚ. 

ʉʣʠʚ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟ ʙʦʣʴʰʦʛʦ ʩʢʨʫʙʙʝʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʮʠʨʢʫʣʷ-

ʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ, ʘ ʠʟ ʤʘʣʳʭ ʩʢʨʫʙʙʝʨʦʚ - ʚ ʘʚʪʦʪʨʘʚʦʯʥʠʢ. ʆʯʠʱʝʥʥʳʡ ʛʘʟ 

ʜʳʤʦʩʦʩʦʤ ʯʝʨʝʟ ʢʘʧʣʝʫʣʦʚʠʪʝʣʴ ʠ ʩʘʥʠʪʘʨʥʫʶ ʪʨʫʙʫ ʚʳʙʨʘʩʳʚʘʣʩʷ ʚ ʘʪʤʦ-

ʩʬʝʨʫ. 

ʉʨʝʜʥʠʝ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʘʚʣʷʶʪ: ʨʘʩʭʦʜ ʛʘʟʘ 

ʥʘ ʚʭʦʜʝ ʚ ʩʢʨʫʙʙʝʨ 9900-17500 ʥʤ3/ʯ;  ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ - ʧʦʩʣʝ ʙʦʣʴʰʦʛʦ 

ʩʢʨʫʙʙʝʨʘ 70-750ʉ;  ʧʦʩʣʝ ʤʘʣʳʭ - 60-650ʉ;  ʢʦʥʮʝʥʪʨʘʮʠʷ  ʫʣʘʚʣʠʚʘʝʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ  (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʭʨʦʤ) - ʧʦʩʣʝ ʙʦʣʴʰʦʛʦ ʩʢʨʫʙʙʝʨʘ 7,7õ9,4 ʛ/ʥʤ3;  

ʧʦʩʣʝ ʤʘʣʳʭ 0,8õ4,8 ʛ/ʥʤ3;  ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ 87õ92%. ɼʣʷ ʦʨʦʰʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʩʦʩ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 60 ʤ3/ʯ. ʇʦʛʣʦʪʠʪʝʣʴʥʳʡ ʨʘʩʪʚʦʨ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʚʩʝ ʬʦʨʩʫʥʢʠ ʪʨʝʭ ʩʢʨʫʙʙʝʨʦʚ ʠ ʛʘʭʦʭʦʜʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʥʝʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʳʭ 

ʬʦʨʩʫʥʦʯʥʳʭ ʩʢʨʫʙʙʝʨʦʚ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʦʢʠʩʠ ʭʨʦʤʘ. 

ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʦʢʠʩʠ ʭʨʦʤʘ ʚʢʣʶʯʘʝʪ ʩʪʘʜʠʠ: ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʩʝʨʥʦʡ 

ʩʫʩʧʝʥʟʠʠ; ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʭʨʦʤʘʪʘ ʥʘʪʨʠʷ ʚ ʘʚʪʦʢʣʘʚʘʭ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʩʝʨʦʡ; 
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ʦʪʜʝʣʝʥʠʝ ʛʠʜʨʠʨʦʚʘʥʥʦʡ ʦʢʠʩʠ ʭʨʦʤʘ ʦʪ ʪʠʦʩʫʣʴʬʘʪʥʦʛʦ ʨʘʩʪʚʦʨʘ; 

ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʧʨʦʢʘʣʠʚʘʥʠʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ ʦʢʠʩʠ ʭʨʦʤʘ; ʚʳʱʝʣʘʯʠʚʘʥʠʝ 

ʩʧʝʢʘ ʠ ʦʪʜʝʣʝʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʦʢʠʩʠ ʭʨʦʤʘ; ʩʫʰʢʫ ʠ ʬʘʩʦʚʢʫ ʦʢʠʩʠ 

ʭʨʦʤʘ. 

ɻʠʜʨʦʦʢʠʩʴ ʭʨʦʤʘ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʩ ʭʨʦʤʠʭʨʦʤʘʪʘʤʠ ʠ ʧʦʩʪʫʧʘʝʪ ʚ 

ʧʠʪʘʪʝʣʴ, ʦʪʢʫʜʘ ʧʥʝʚʤʦʜʦʟʘʪʦʨʘʤʠ, ʯʝʨʝʟ ʧʠʪʘʪʝʣʴʥʫʶ ʬʦʨʩʫʥʢʫ ʧʦʜʘʝʪʩʷ ʚ 

ʧʨʦʢʘʣʦʯʥʫʶ ʧʝʯʴ.  ʇʨʠ ʩʤʝʰʝʥʠʠ ʭʨʦʤʠʭʨʦʤʘʪʦʚ ʩ ʛʠʜʨʦʦʢʠʩʴʶ ʭʨʦʤʘ 

ʘʜʩʦʨʙʠʨʫʝʤʘʷ ʱʝʣʦʯʴ ʥʝʡʪʨʘʣʠʟʫʝʪʩʷ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʦʙʨʘʪʥʦʝ ʦʢʠʩʣʝʥʠʝ 

ʦʢʠʩʠ ʭʨʦʤʘ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ. ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʧʘʩʪʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʩʝʨʳ, ʦʥʘ 

ʩʛʦʨʘʝʪ ʚ ʧʨʦʢʘʣʦʯʥʦʡ ʧʝʯʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ.  ʇʝʯʴ ʦʙʦʛʨʝʚʘʝʪʩʷ 

ʪʦʧʦʯʥʳʤʠ ʛʘʟʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʚ ʧʝʯʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ1200-14000ʉ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ 

ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʛʠʜʨʦʦʢʠʩʠ ʭʨʦʤʘ ʠ ʚʳʛʦʨʘʥʠʝ ʩʝʨʳ. 

ʀʟ ʧʝʯʠ ʩ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ ʫʥʦʩʠʪʩʷ ʜʦ 16% ʧʳʣʠ, ʢʦʪʦʨʫʶ ʫʣʘʚʣʠʚʘʶʪ ʚ 

ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʢʨʫʙʙʝʨʘʭ, ʦʨʦʰʘʝʤʳʭ ʪʠʦʩʫʣʴʬʘʪʥʳʤ 

ʬʠʣʴʪʨʘʪʦʤ ʧʦʩʣʝ I ʠ II ʩʪʘʜʠʠ ʬʠʣʴʪʨʘʮʠʠ ʛʠʜʨʦʦʢʠʩʠ ʭʨʦʤʘ. ʇʦʜʘʯʘ 

ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʩʦʩʦʤ ʠʟ ʩʙʦʨʥʠʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʢʨʫʙʙʝʨʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʣʳʝ 

ʬʦʨʩʫʥʦʯʥʳʝ ʘʧʧʘʨʘʪʳ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 50·60%. 

ʇʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʧʝʨʝʜ ʚʭʦʜʦʤ ʚ ʘʧʧʘʨʘʪʳ 

ʩʦʩʪʘʚʠʣʠ: ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 500·8000ʉ; ʨʘʩʭʦʜ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

17400·19390 ʥʤ3/ʯ; ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʠ ʚ ʛʘʟʝ 80·160 ʛ/ʩ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʭʨʦʤʦʛʦ ʜʫʙʠʪʝʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʙʠʭʨʦʤʘʪʘ ʥʘʪʨʠʷ 

ʜʠʦʢʩʠʜʦʤ ʩʝʨʳ. 

ʉʫʣʴʬʘʪ ʭʨʦʤʘ ʧʦʣʫʯʘʶʪ ʚ ʩʤʝʩʠ ʩ ʩʫʣʴʬʘʪʦʤ ʥʘʪʨʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʙʠʭʨʦʤʘʪʘ ʥʘʪʨʠʷ ʣʠʙʦ ʜʠʦʢʩʠʜʦʤ ʩʝʨʳ ʠ ʩʦʣʷʤʠ ʩʫʣʴʬʘʪʥʦʛʦ ʨʷʜʘ, ʣʠʙʦ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ [113, ʩ.235]. ɺ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʦʧʨʦʙʠʨʦʚʘʥʳ ʩʘʭʘʨ, ʛʣʶʢʦʟʘ, ʢʨʘʭʤʘʣ, ʤʫʢʘ, ʛʣʠʮʝʨʠʥ, 

ʬʦʨʤʘʣʠʥ, ʩʫʣʴʬʘʪʮʝʣʣʶʣʦʟʥʳʝ ʱʝʣʦʢʘ, ʜʫʙʠʣʴʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʜʨʝʚʝʩʥʘʷ ʩʪʨʫʞʢʘ ʠ ʦʧʠʣʢʠ. ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʭʨʦʤʦʚʳʭ ʜʫʙʠʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʝʜʣʦʞʝʥʳ [113, ʩ.236] ʦʪʙʨʦʩʥʘʷ ʢʠʩʣʘʷ ʩʤʦʣʘ ʦʪ ʦʯʠʩʪʢʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʩʝʣ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʘʚʪʦʢʣʘʚʥʘʷ ʞʠʜʢʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʬʫʨʬʫʨʦʣʘ, ʧʝʥʪʦʟʥʘʷ ʧʘʪʦʢʘ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʩʫʣʴʬʘʪʘ 

ʭʨʦʤʘ. ʆʜʥʘʢʦ ʦʥ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. 

ʅʘ ɸʆ "ɸʢʪʶʙʠʥʩʢʠʡ ʟʘʚʦʜ ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ" ʚʧʝʨʚʳʝ ʩʦʟʜʘʥʘ 

ʧʨʦʤʳʰʣʝʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʭʨʦʤʦʚʦʛʦ ʜʫʙʠʪʝʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʙʠʭʨʦʤʘʪʘ ʥʘʪʨʠʷ ʜʠʦʢʩʠʜʦʤ ʩʝʨʳ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʢʣʶʯʘʝʪ 6 ʩʪʘʜʠʡ:  

1. ʇʨʠʝʤ ʩʳʨʴʷ. 

2. ʇʦʜʘʯʘ ʙʠʭʨʦʤʘʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʙʘʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʢʦʨʨʝʢʪʠʨʦʚʢʘ 

ʢʦʥʮʝʥʪʨʘʮʠʡ. 

3. ʇʦʜʘʯʘ ʧʨʠʨʦʜʥʦʡ ʩʝʨʳ ʚ ʧʝʯʴ, ʩʞʠʛʘʥʠʝ ʝʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʦʢʩʠʜʘ 

ʩʝʨʳ. 
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4. ʅʘʩʳʱʝʥʠʝ ʙʠʭʨʦʤʘʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʝʨʥʠʩʪʳʤ ʛʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ ʨʘʩʪʚʦʨʘ 

ʦʩʥʦʚʥʦʛʦ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ. 

5. ʉʫʰʢʘ ʨʘʩʪʚʦʨʘ. 

6. ʋʧʘʢʦʚʢʘ ʧʨʦʜʫʢʪʘ, ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʠ ʦʪʛʨʫʟʢʘ ʧʦʪʨʝʙʠʪʝʣʶ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʛʦʨʘʥʠʷ ʩʝʨʳ ʚ ʧʝʯʠ ʦʢʦʣʦ 6500ʉ. ʉʝʨʥʠʩʪʳʡ ʛʘʟ ʯʝʨʝʟ 

ʨʝʢʫʧʝʨʘʪʦʨ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʠ ʫʣʘʚʣʠʚʘʥʠʝ 

ʥʝʩʛʦʨʝʚʰʠʭ ʯʘʩʪʠʮ ʩʝʨʳ ʠ ʧʳʣʠ, ʧʦʩʪʫʧʘʝʪ ʚ ʩʠʩʪʝʤʫ ʛʘʟʦʫʣʘʚʣʠʚʘʥʠʷ, 

ʩʦʩʪʦʷʱʫʶ ʠʟ 3-ʭ ʘʙʩʦʨʙʮʠʦʥʥʳʭ ʢʦʣʦʥʥ ʠ ʢʘʧʣʝʫʣʦʚʠʪʝʣʷ. 

ʇʝʨʚʳʡ ʘʙʩʦʨʙʝʨ ʦʨʦʰʘʝʪʩʷ ʙʠʭʨʦʤʘʪʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʧʦʜʘʚʘʝʤʳʤ 

ʥʘʩʦʩʘʤʠ ʠʟ ʙʘʢʘ ʮʠʨʢʫʣʷʮʠʠ. ɺʪʦʨʘʷ ʢʦʣʦʥʥʘ ʦʨʦʰʘʝʪʩʷ ʙʠʭʨʦʤʘʪʥʳʤ 

ʨʘʩʪʚʦʨʦʤ, ʧʦʜʘʚʘʝʤʳʤ ʥʘʩʦʩʦʤ ʠʟ ʙʘʢʘ ʮʠʨʢʫʣʷʮʠʠ. ʅʝ ʚʩʪʫʧʠʚʰʠʡ ʚ ʨʝʘʢʮʠʶ 

ʜʠʦʢʩʠʜ ʩʝʨʳ ʚʤʝʩʪʝ ʩ ʦʪʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ ʧʨʦʭʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʯʠʩʪʢʫ ʚ 

ʪʨʝʪʴʝʤ ʘʧʧʘʨʘʪʝ, ʢʦʪʦʨʳʡ ʦʨʦʰʘʝʪʩʷ ʙʠʭʨʦʤʘʪʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩ ʧʦʤʦʱʴʶ 

ʥʘʩʦʩʘ ʠʟ ʙʘʢʘ ʦʨʦʰʝʥʠʷ (ʥʠʞʥʷʷ ʯʘʩʪʴ ʘʙʩʦʨʙʝʨʘ). ɻʘʟʳ, ʦʯʠʱʝʥʥʳʝ ʦʪ 

ʜʠʦʢʩʠʜʘ ʩʝʨʳ, ʥʘʧʨʘʚʣʷʶʪʩʷ ʚʝʥʪʠʣʷʪʦʨʦʤ ʚ ʛʘʟʦʭʦʜ - ʣʦʚʫʰʢʫ, ʛʜʝ ʢʘʧʣʠ ʚʦʜʳ 

ʟʘʜʝʨʞʠʚʘʶʪʩʷ, ʘ ʛʘʟ ʯʝʨʝʟ ʩʘʥʠʪʘʨʥʫʶ ʪʨʫʙʫ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʇʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʤʝʶʪ ʚʠʜ: 

ʅʘ ʚʭʦʜʝ ʚ ʧʝʨʚʳʡ ʘʙʩʦʨʙʝʨ: ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ - 750ʉ; ʨʘʩʭʦʜ ʛʘʟʘ - 6816 ʤ3/ʯ 

(5850 ʥʤ3/ʯ); ʢʦʥʮʝʥʪʨʘʮʠʷ SO2 - 80,4 ʛ/ʤ
3. 

ʅʘ ʚʭʦʜʝ ʚʦ ʚʪʦʨʦʡ ʘʙʩʦʨʙʝʨ: ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ - 400ʉ; ʨʘʩʭʦʜ ʛʘʟʘ - 5667 

ʤ3/ʯ (5106 ʥʤ3/ʯ); ʢʦʥʮʝʥʪʨʘʮʠʷ SO2 - 68,6 ʛ/ʤ
3. 

ʅʘ ʚʭʦʜʝ ʚ ʪʨʝʪʠʡ ʘʙʩʦʨʙʝʨ: ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ - 200ʉ; ʨʘʩʭʦʜ ʛʘʟʘ - 11496 

ʤ3/ʯ (10711 ʥʤ3/ʯ); ʢʦʥʮʝʥʪʨʘʮʠʷ SO2 - 0,0805 ʛ/ʤ
3. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, 

ʦʪʭʦʜʷʱʠʭ ʦʪ ʩʫʰʠʣʢʠ ʂʉ. 

ʄʝʪʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ (ʦʩʥʦʚʥʦʛʦ) ʦʩʥʦʚʘʥ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ ʩ ʨʘʩʪʚʦʨʦʤ ʙʠʭʨʦʤʘʪʘ ʥʘʪʨʠʷ. ʉʝʨʥʠʩʪʳʡ ʛʘʟ 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʩʛʦʨʘʥʠʠ ʩʝʨʳ ʚ ʧʝʯʠ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʩʪʚʦʨ 

ʙʠʭʨʦʤʘʪʘ ʥʘʪʨʠʷ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (230-300) ʛ/ʣ ʧʦ CrO3 ʧʦʩʪʫʧʘʝʪ ʚ ʢʦʣʦʥʥʫ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʢʫʜʘ ʧʨʦʪʠʚʦʪʦʢʦʤ ʧʦʩʪʫʧʘʝʪ ʩʝʨʥʠʩʪʳʡ ʛʘʟ, ʦʙʨʘʟʫʶʱʠʡʩʷ 

ʧʨʠ ʩʞʠʛʘʥʠʠ ʩʝʨʳ ʚ ʧʝʯʠ, ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ 

ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʩʫʰʢʫ ʚ 

ʩʫʰʠʣʢʫ çʢʠʧʷʱʝʛʦ ʩʣʦʷè (ʂʉ), ʚʳʩʫʰʝʥʥʳʡ ʩʫʣʴʬʘʪ ʭʨʦʤʘ ʧʦʩʪʫʧʘʝʪ ʥʘ 

ʨʘʩʬʘʩʦʚʢʫ. 

ʀʟ ʙʘʢʘ-ʧʠʪʘʪʝʣʷ ʩʠʨʦʧʦʦʙʨʘʟʥʳʡ ʨʘʩʪʚʦʨ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʧʦ CrO3 (380-415) ʛ/ʣ ʯʝʨʝʟ ʬʦʨʩʫʥʢʫ ʧʦʜʘʝʪʩʷ ʚ ʩʫʰʠʣʢʫ çʢʠʧʷʱʝʛʦ ʩʣʦʷè. 

ʉʫʰʠʣʢʘ çʂʉè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʫʶ ʝʤʢʦʩʪʴ ʩ ʨʝʰʝʪʢʦʡ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ, 

ʥʘ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʩʣʦʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ çʧʦʜʫʰʢʘè. ɺʳʰʝ 

ʨʝʰʝʪʢʠ ʫʩʪʘʥʦʚʣʝʥ ʜʝʟʠʥʪʝʛʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ ʨʘʟʤʝʣʴʯʝʥʠʷ 

çʧʦʜʫʰʢʠè. ʇʦʣʫʯʘʝʤʳʝ ʧʨʠ ʩʞʠʛʘʥʠʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʪʦʧʢʝ ʩʫʰʠʣʢʠ 

ʪʦʧʦʯʥʳʝ ʛʘʟʳ ʧʦʩʪʫʧʘʶʪ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʩʫʰʠʣʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʤʝʞʜʫ ʪʦʧʦʯʥʳʤʠ ʛʘʟʘʤʠ, çʧʦʜʫʰʢʦʡè ʠ ʨʘʩʪʚʦʨʦʤ ʩʫʣʴʬʘʪʘ 

ʭʨʦʤʘ ʧʨʦʠʩʭʦʜʠʪ ʩʫʰʢʘ ʧʦʩʣʝʜʥʝʛʦ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʩʫʰʠʣʢʝ ʧʦʜ ʨʝʰʝʪʢʦʡ ʟʘ 

ʩʯʝʪ ʨʘʟʙʘʚʣʝʥʠʷ ʛʦʨʷʯʠʭ ʛʘʟʦʚ ʭʦʣʦʜʥʳʤ ʚʦʟʜʫʭʦʤ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 
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(145-155)0ʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʩʣʦʝ (70-75)0ʉ. ɺʳʩʫʰʝʥʥʳʡ ʩʫʣʴʬʘʪ ʭʨʦʤʘ ʚʤʝʩʪʝ ʩ 

ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʴʶ ʜʳʤʦʩʦʩʦʤ ɼ-12 ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʯʝʨʝʟ ʛʨʫʧʧʫ ʮʠʢʣʦʥʦʚ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʫʣʘʚʣʠʚʘʥʠʝ ʦʩʥʦʚʥʦʡ ʝʛʦ ʯʘʩʪʠ (90-95)% ʠ ʩʦʙʠʨʘʝʪʩʷ ʚ ʙʫʥʢʝʨʝ 

ʮʠʢʣʦʥʦʚ, ʦʪʪʫʜʘ ʯʝʨʝʟ çʤʠʛʘʣʢʠè ʠ ʜʘʣʝʝ ʩʠʩʪʝʤʫ ʰʥʝʢʦʚ, ʚʳʩʫʰʝʥʥʳʡ 

ʩʫʣʴʬʘʪ ʭʨʦʤʘ ʧʦʩʪʫʧʘʝʪ ʚ ʨʘʩʭʦʜʥʳʡ ʙʫʥʢʝʨ ʨʘʩʬʘʩʦʚʦʯʥʦʛʦ ʢʦʥʚʝʡʝʨʘ. 

ʇʘʨʦʛʘʟʦʚʘʷ ʩʤʝʩʴ ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʡ ʦʯʠʩʪʢʠ ʧʨʦʭʦʜʠʪ ʦʨʦʰʘʝʤʳʡ ʚʦʜʦʡ 

ʩʢʨʫʙʙʝʨ ʠ ʣʦʚʫʰʢʫ 7, ʟʘʪʝʤ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʯʝʨʝʟ ʩʘʥʠʪʘʨʥʫʶ ʪʨʫʙʫ ʚ 

ʘʪʤʦʩʬʝʨʫ. ʅʘ ʦʨʦʰʝʥʠʝ ʩʢʨʫʙʙʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ. ʇʦ 

ʜʦʩʪʠʞʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ (110-120) ʛ/ʣ ʧʦ CrO3 ʨʘʩʪʚʦʨʳ ʠʟ ʙʘʢʦʚ ʦʨʦʰʝʥʠʷ 

ʩʫʰʠʣʦʢ, ʦʪʢʘʯʠʚʘʶʪʩʷ ʚ ʙʘʢ-ʩʙʦʨʥʠʢ, ʦʪʢʫʜʘ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʝʨʝʢʘʯʠʚʘʶʪʩʷ ʚ ʙʘʢ ʦʨʦʰʝʥʠʷ. 

ɺʦʟʜʫʭ ʚ ʩʫʰʠʣʢʫ çʂʉè ʧʦʜʘʝʪʩʷ ʚʦʟʜʫʭʦʜʫʚʢʦʡ. ʏʘʩʪʴ ʚʦʟʜʫʭʘ ʠʜʝʪ ʥʘ 

ʬʦʨʩʫʥʢʫ, ʢʘʢ çʧʝʨʚʠʯʥʳʡè ʜʣʷ ʩʛʦʨʘʥʠʷ ʛʘʟʘ, ʦʩʪʘʣʴʥʦʡ ʚʦʟʜʫʭ ʧʦʜʘʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʪʦʧʢʫ ʜʣʷ ʨʘʟʙʘʚʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʪʦʧʦʯʥʳʭ ʛʘʟʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʟʘʤʝʨʳ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʯʠʩʪʢʠ, ʚ 

ʢʦʪʦʨʦʡ ʚ ʢʘʯʝʩʪʚʝ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʩʪʫʧʝʥʠ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʦʨʦʰʘʝʤʳʡ ʧʦʣʳʡ 

ʩʢʨʫʙʙʝʨ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʠ (ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ) 

ʩʦʩʪʘʚʠʣʦ ʉʢ=0,22ʛ/ʥʤ
3, ʯʪʦ ʚʳʰʝ ʥʦʨʤʘʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (ʉʥʦʨʤ.=0,174 ʛ/ʥʤ

3). 

ʆʧʠʩʘʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʤʝʩʪʘʤʠ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ. ɼʣʷ ʵʪʦʛʦ ʥʘʤʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ çʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ 

ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʥʘʩʘʜʢʦʡè (ʇʨʠʣʦʞʝʥʠʝ ɺ), ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʘʭ 

ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥ ʘʢʪ ʚʥʝʜʨʝʥʠʷ (ʇʨʠʣʦʞʝʥʠʝ ɻ) ʠ ʩʧʨʘʚʢʘ ʦ 

ʚʥʝʜʨʝʥʠʠ (ʇʨʠʣʦʞʝʥʠʝ ɼ). 
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ɿɸʂʃʖʏɽʅʀɽ 

 

ʂʨʘʪʢʠʝ ʚʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

1 ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʡ ʘʧʧʘʨʘʪʦʚ ʩ ʥʝʨʝʛʫʣʷʨʥʳʤʠ 

(ʭʘʦʪʠʯʝʩʢʠʤʠ) ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʥʘʩʘʜʢʘʤʠ, ʨʝʛʫʣʷʨʥʳʤʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ 

ʥʘʩʘʜʢʘʤʠ, ʧʦʜʚʠʞʥʳʤʠ ʥʘʩʘʜʢʘʤʠ ʠ ʨʝʛʫʣʷʨʥʳʤʠ ʧʦʜʚʠʞʥʳʤʠ ʥʘʩʘʜʢʘʤʠ 

ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩʳ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʜʘʯʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ. 

2 ɼʣʷ ʩʦʟʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ 

ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ ʧʦʣʫʯʝʥʳ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʘʜʢʠ, ʦʙʲʝʤʥʦʡ 

ʧʦʨʦʟʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʜʠʘʤʝʪʨʘ. 

3 ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ 

ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ ʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʦʢ, 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ 

ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ.  ʇʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ, ʜʠʘʤʝʪʨʘ ʩʪʨʫʡ ʠ ʨʘʟʤʝʨʘ 

ʢʘʧʝʣʴ. 

4 ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ 

ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ 

ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ ʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʭ. 

5 ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ 

ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʠ ʤʘʩʩʦʦʙʤʝʥʫ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʠʥʞʝʥʝʨʥʦʡ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʘ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ 

ʦʙʦʜʦʤ. 

6 ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ çʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡè ʧʨʠʥʷʪʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʧʨʦʠʟʚʦʜʩʪʚʘʭ 

ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ɸʆ çɸʢʪʶʙʠʥʩʢʠʡ ʟʘʚʦʜ ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡè. 

ʇʦʣʫʯʝʥʳ ʩʧʨʘʚʢʘ ʠ ʘʢʪ ʚʥʝʜʨʝʥʠʷ. 

ʆʮʝʥʢʘ ʧʦʣʥʦʪʳ ʨʝʰʝʥʠʡ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ʩ 

ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ, ʧʘʨʘʤʝʪʨʦʚ ʚʨʘʱʝʥʠʷ 

ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʧʨʦʮʝʩʩʦʚ ʤʘʩʩʦʦʙʤʝʥʘ, ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʩʪʘʚʣʝʥʥʳʤ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʟʘʜʘʯʘʤ. 
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ʈʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ 

ʤʘʩʩʦʦʙʤʝʥʘ ʚ ʘʧʧʘʨʘʪʝ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ 

ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʘʙʦʪʥʠʢʘʤʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʘ ʪʘʢʞʝ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ ʧʨʠ ʯʪʝʥʠʠ ʣʝʢʮʠʡ, ʧʨʦʚʝʜʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʧʨʘʢʪʠʢʫʤʘ.  

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʷʚʣʷʶʪʩʷ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʩʨʝʜ, 

ʤʝʪʦʜʠʢʠ ʠʥʞʝʥʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʩʥʦʚʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʩʦʦʙʤʝʥʘ, ʘ ʪʘʢʞʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʚʳʙʦʨ ʨʝʞʠʤʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʆʮʝʥʢʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʠʯʝʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ 

çʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡè, ʢʦʪʦʨʘʷ ʧʨʠʥʷʪʘ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ɸʆ çɸʢʪʶʙʠʥʩʢʠʡ 

ʟʘʚʦʜ ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡè. ʇʦʣʫʯʝʥʳ ʩʧʨʘʚʢʘ ʠ ʘʢʪ ʚʥʝʜʨʝʥʠʷ. 

ʆʮʝʥʢʘ ʥʘʫʯʥʦʛʦ ʫʨʦʚʥʷ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʣʫʯʰʠʤʠ 

ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ɸʥʘʣʠʟ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʠ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ 

ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ ʠ ʢʦʣʴʮʝʚʳʤ ʦʙʦʜʦʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʩ ʥʝʨʝʛʫʣʷʨʥʳʤʠ (ʭʘʦʪʠʯʝʩʢʠʤʠ) 

ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʥʘʩʘʜʢʘʤʠ ʠ ʨʝʛʫʣʷʨʥʳʤʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʥʘʩʘʜʢʘʤʠ 
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ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʘʧʧʘʨʘʪʦʚ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʦʯʠʩʪʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʉʢʦʨʦʩʪʴ ʛʘʟʘ wʛ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʳʡ - ʢʘʧʝʣʴʥʳʡ ʨʝʞʠʤ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ 

wʛ=3,5-4,5 ʤ/ʩ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʪʫʨʙʫʣʠʟʘʮʠʷ ʧʦʪʦʢʦʚ 

ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʧʨʠ ʜʦʧʫʩʪʠʤʦʤ ʙʨʳʟʛʦʫʥʦʩʝ [1-5].  

ʇʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʘʙʩʦʨʙʮʠʠ, ʢʦʥʪʘʢʪʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ, 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʛʘʟʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʣʘʚʣʠʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʛʘʟʝ ʠ 

ʞʠʜʢʦʩʪʠ. ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʧʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ ʜʣʷ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʦʚ 

ʩʦʩʪʘʚʣʷʝʪ L=15-25 ʤ3/ʤ2Öʯ, ʜʣʷ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʦʚ L=50 ʤ3/ʤ2Öʯ ʠ ʚʳʰʝ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʧʧʘʨʘʪʳ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ ʪʘʢʞʝ 

ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʧʨʠ ʧʣʦʪʥʦʩʪʷʭ ʦʨʦʰʝʥʠʷ L=100 ʤ3/ʤ2Öʯ ʠ 

ʚʳʰʝ[6]. 

ʆʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʘʜʢʠ. ʈʝʢʦʤʝʥʜʫʝʤʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʥʘʩʘʜʦʯʥʳʭ ɻ ʣʝʤʝʥʪʦʚ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤʠ ʣʦʧʘʩʪʷʤʠ 

(ɺʇʃ) ʘʥʘʣʦʛʠʯʥʘ ʪʦʡ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʨʠʩʫʥʦʢ ɺ.1).  

ʆʩʥʦʚʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ - ʜʠʘʤʝʪʨ ʦʙʦʜʘ dʦʙ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʘʧʧʘʨʘʪʘ ʜʠʘʤʝʪʨ ʦʙʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 

dʦʙ=50 ʠ 100 ʤʤ. 

ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʨʘʟʤʝʨʳ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʠ ɺʇʃ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʦʙʦʜʘ dʦʙ: 

ɺʳʩʦʪʘ ʦʙʦʜʘ - hʦʙ=0,5dʦʙ; 

ʊʦʣʱʠʥʘ ʦʙʦʜʘ - ŭʦʙ=0,02dʦʙ; 

ɼʣʠʥʘ ʣʦʧʘʩʪʝʡ ï lʣ=0,38dʦʙ; 

ʐʠʨʠʥʘ ʣʦʧʘʩʪʝʡ ï bʣ=0,5dʦʙ; 

ʊʦʣʱʠʥʘ ʣʦʧʘʩʪʝʡ ï ŭʣ=0,02dʦʙ;  

ʋʛʦʣ ʥʘʢʣʦʥʘ ʣʦʧʘʩʪʝʡ Ŭ=450; 

ɼʠʘʤʝʪʨ ʪʨʫʙʯʘʪʦʛʦ ʵʣʝʤʝʥʪʘ ï dʪʨ=0,2dʦʙ; 

ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʚʪʫʣʢʠ ï dʚʪʫʣ=0,18dʦʙ; 

ɼʠʘʤʝʪʨ ʦʩʠ ï dʦʩ=0,04dʦʙ;  

ɺʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʦʛʨʘʥʠʯʠʪʝʣʷ ï dʦʛʨ=0,2dʦʙ. 

 

ʐʘʛ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ tʚ ʠ ʨʘʜʠʘʣʴʥʦʤ 

tp ʥʘʧʨʘʚʣʝʥʠʷʭ. ʆʧʪʠʤʘʣʴʥʳʤ ʰʘʛʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʨʘʱʘʶʱʠʭʩʷ ʥʘʩʘʜʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʨʝʞʠʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʠʥʬʘʟʥʳʡ ʨʝʞʠʤ) ʷʚʣʷʝʪʩʷ tʚ=3,5dʦʙ.  
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͊ύ ͍ύ 

  
͋ύ 

 

ʘ) ï ʦʙʱʠʡ ʚʠʜ ʥʘʩʘʜʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ; ʙ) ï ʚʠʜ ʩʚʝʨʭʫ; ʚ) ï ʨʘʟʨʝʟ 

ʥʘʩʘʜʦʯʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʘʢʩʦʥʦʤʝʪʨʠʠ. 1 - ʦʩʴ; 2 - ʚʪʫʣʢʘ; 3 ï ʪʨʫʙʯʘʪʳʡ 

ʵʣʝʤʝʥʪ; 4 - ʥʘʢʣʦʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʣʦʧʘʩʪʠ; 5 - ʢʦʣʴʮʝʚʦʡ ʦʙʦʜ; 6 - 

ʦʛʨʘʥʠʯʠʪʝʣʠ. 
 

ʈʠʩʫʥʦʢ ɺ.1- ɺʨʘʱʘʶʱʘʷʩʷ ʥʘʩʘʜʢʘ ɺʇʃ 
 

 

 

 

ʆʧʪʠʤʘʣʴʥʳʤ ʰʘʛʦʤ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ tp=2dʦʙ.  

ʄʘʪʝʨʠʘʣ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʪʨʫʥ ʚʳʙʠʨʘʝʪʩʷ, 

ʠʩʭʦʜʷ ʠʟ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʩʨʝʜ. 

ɺʳʩʦʪʘ ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʝʢʮʠʡ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ. ʄʠʥʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ 

ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ 1 ʤ. ɽʩʣʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʩʦʪʘ 

ʩʝʢʮʠʠ ʚ 1ʤ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʜʘʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʚʘ 

ʚʘʨʠʘʥʪʘ: ʧʨʠ ʨʘʩʯʝʪʝ ʫʚʝʣʠʯʠʚʘʶʪ ʚʳʩʦʪʫ ʩʝʢʮʠʠ ʜʦ 1,5 ʠʣʠ 2ʤ, ʠʣʠ ʞʝ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʜʚʝ ʩʝʢʮʠʠ ʩ ʨʘʟʨʳʚʦʤ (ʥʝ ʤʝʥʝʝ 0,5 ʤ) ʚʳʩʦʪʦʡ ʧʦ 1 ʤ. 

ʆʨʦʩʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ.  ɺ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ 

ʥʘʩʘʜʢʦʡ, ʵʣʝʤʝʥʪʳ ʥʘʩʘʜʢʠ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ ʜʨʦʙʣʝʥʠʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʞʠʜʢʦʩʪʠ. ʇʦʵʪʦʤʫ ʦʩʦʙʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʨʦʩʠʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʥʝ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ. ɺʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʨʦʩʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʚʢʣʶʯʘʷ ʥʠʟʢʦʥʘʧʦʨʥʳʝ [1-5].  

ʂʘʧʣʝʫʣʦʚʠʪʝʣʴ.  ʆʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ 

ʛʘʟʘ ʚ ʘʧʧʘʨʘʪʝ ʧʨʝʚʳʰʘʝʪ 4,5 ʤ/ʩ [7]. ʂʦʥʩʪʨʫʢʮʠʷ ʢʘʧʣʝʫʣʦʚʠʪʝʣʷ ʧʦʜʙʠʨʘʝʪʩʷ 

ʠʩʭʦʜʷ ʠʟ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʩʪʠ, ʫʥʦʩʠʤʦʡ ʠʟ ʘʧʧʘʨʘʪʘ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ. ɺʳʙʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʩʧʨʘʚʦʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ [8-10]. 
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ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʘ ʩ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ 

ʅʘ ʨʠʩʫʥʢʝ ɺ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʘʧʧʘʨʘʪʘ ʩ ʚʨʘʱʘʶʱʝʡʩʷ 

ʥʘʩʘʜʢʦʡ. 

 

 

 
 

 

1 - ʢʦʨʧʫʩ; 2 ï ʧʘʪʨʫʙʦʢ ʚʚʦʜʘ ʛʘʟʘ; 3 

ï ʧʘʪʨʫʙʦʢ ʚʳʚʦʜʘ ʛʘʟʘ; 4 - ʦʨʦʩʠʪʝʣʴ; 

5 - ʰʪʫʮʝʨ ʜʣʷ ʩʣʠʚʘ ʦʪʨʘʙʦʪʘʥʥʦʡ 

ʞʠʜʢʦʩʪʠ; 6 ï ʢʨʝʧʝʞʥʳʝ ʨʝʰʝʪʢʠ; 7 

- ʦʩʠ; 8 ï ʚʨʘʱʘʶʱʠʝʩʷ ʥʘʩʘʜʢʠ; 9 - 

ʚʪʫʣʢʠ; 10 ï ʪʨʫʙʯʘʪʳʡ ʵʣʝʤʝʥʪ; 11 - 

ʥʘʢʣʦʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʣʦʧʘʩʪʠ; 

12 - ʢʦʣʴʮʝʚʦʡ ʦʙʦʜ.  

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ ɺ.2 ï ɸʧʧʘʨʘʪ ʩ ʚʨʘʱʘʶʱʝʡʩʷ ʥʘʩʘʜʢʦʡ 

 

 

ʇʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʧʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʘʧʧʘʨʘʪʘ ʷʚʣʷʝʪʩʷ 
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ʦʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ. ʆʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʨʘʩʭʦʜʘ ʛʘʟʘ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʠʣʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʬʦʨʤʫʣʝ: 

 

 Ὄ ̐
Ͻ̄

Ͻ̄
        (1) 

 

ɿʜʝʩʴ Qʛ ï ʨʘʩʭʦʜ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʤ
3/ʯ; wʛ ï ʦʧʪʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʛʘʟʘ, ʤ/ʩ. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

DʈL = 
2

ɻ ɻ

2

ʵʢʚ 0
2

L

WH

d

r
x

e
Ö Ö .      (2) 

 

ɿʜʝʩʴ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

xL = ʚ

Re Re
0,212 ,

Re

ʮ ʞ

p

ɻ

q q
Ö

Ö Ö Ö       (3) 

 

ʛʜʝ 
ʚ
q- ʢʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ; qp - ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʪʝʧʝʥʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [7]. 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ: 

 

Reʮ = 
2

ɻ

S ʦʙn d

n

Ö
.       (4) 

 

ɿʜʝʩʴ 
2

ʚʨ

s
n

w

p
=
Ö

  - ʯʠʩʣʦ ʦʙʦʨʦʪʦʚ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩ-1. 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ: 

 
2 2

ʛ ʛ ʞ ʞ

2

ʛ

( ) sin1,7

2 sin
ʚʨ

W W S K

mR R S tg

r r a
w

e r a a

Ö - Ö Ö Ö
= Ö

+ Ö Ö Ö
.                                  (5) 

  

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʧʦ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

Reʛ = ɻ ʵʢʚ

ɻ

W d

n

Ö
      (6) 

 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʧʦ ʞʠʜʢʦʡ ʬʘʟʝ Reʞ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 
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Reʞ = ʞ ʵʢʚ

ʞ

U d

n

Ö
,      (7) 

 

ʛʜʝ 
ʞ

U  = L/3600 - ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʤ/ʩ. 

ʂʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ, ʫʜʝʨʞʠʚʘʝʤʦʡ ʚ ʘʧʧʘʨʘʪʝ  

 
2

ʛ ʛ

2

0

0,476
2

ʦ L

ʵʢʚ ʞ

Wʅ
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d g
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x

r e
= Ö Ö Ö
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     (8) 

 

ɻʘʟʦʩʦʜʝʨʞʘʥʠʝ ʩʣʦʷ 

 

H

ho-=ej       (9) 

 

ʉʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʞʠʜʢʦʡ ʬʘʟʳ 

ʊʦʣʱʠʥʘ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ ʥʘ ʦʙʦʜʝ ʚʨʘʱʘʶʱʝʛʦʩʷ ʵʣʝʤʝʥʪʘ: 

 
1/3

ʞ ʞ s

2
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3
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ɿʜʝʩʴ S
ʣʦʧ

ʦʙ
S

B
S

= - ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʜʘ ʢ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʧʘʩʪʝʡ. 

ʉʢʦʨʦʩʪʴ ʩʪʨʫʠ ʞʠʜʢʦʩʪʠ: 
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.     (11) 

 

ɼʠʘʤʝʪʨ ʩʪʨʫʠ ʞʠʜʢʦʩʪʠ: 
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ɼʠʘʤʝʪʨ ʢʘʧʝʣʴ ʞʠʜʢʦʩʪʠ: 
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ʄʘʩʩʦʦʙʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ 

 
1/2 1/2 5/6 2
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ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ 
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ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʘʙʩʦʨʙʮʠʠ 

ʇʨʠ ʨʝʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʣʘʚʣʠʚʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʘʙʩʦʨʙʮʠʠ, ʦʪʥʝʩʝʥʥʳʡ ʢ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʘʧʧʘʨʘʪʘ, ʤʦʞʝʪ 

ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

˗̄ ́

Ў̔̒̑
,           (16) 

 

ʛʜʝ ή́- ʩʢʦʨʦʩʪʴ ʘʙʩʦʨʙʮʠʠ, ʢʛ/(ʤ2ʩ); Ў̔̒-̑ ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʧʨʦʮʝʩʩʘ, ʢʛ/ʤ3. 

ɼʚʠʞʫʱʘʷ ʩʠʣʘ ʧʨʦʮʝʩʩʘ [11]: 

 

 Ўώ̒̑
̔̎ ̔̋
̔̎

̔̋

         (17) 

 

ʏʠʩʣʦ ʝʜʠʥʠʮ ʧʝʨʝʥʦʩʘ ʧʦ ʛʘʟʦʚʦʡ ʬʘʟʝ: 

 

ὔ̏ ̄ ὰὲ
̔̎

̔̋
        (18) 

 

 ʉʢʦʨʦʩʪʴ ʘʙʩʦʨʙʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ή́ ̄

Ͻ́́ ̐
.       (19) 

 

ɿʜʝʩʴ Ὃ̄- ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʝʥʥʦʛʦ ʛʘʟʘ, ʢʛ; †́- ʚʨʝʤʷ, ʩ; Ὓ́ -̐ ʧʣʦʱʘʜʴ 

ʩʝʯʝʥʠʷ ʘʧʧʘʨʘʪʘ, ʤ2. 

ʇʨʠ ʠʟʚʝʩʪʥʦʤ ʯʠʩʣʝ ʝʜʠʥʠʮ ʧʝʨʝʥʦʩʘ ʩʪʝʧʝʥʴ ʘʙʩʦʨʙʮʠʠ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ [12]: 

 

́ ρ ̆ ̏  ̄      (20) 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʤʘʩʩʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ï ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
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ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1 ʈʘʤʘʪʫʣʣʘʝʚʘ ʃ.ʀ. ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʠ ʫʣʘʚʣʠʚʘʥʠʝ ʘʵʨʦʟʦʣʝʡ ʚ ʘʧʧʘʨʘʪʝ ʩ 

ʫʜʘʨʥʦ-ʚʠʭʨʝʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʦʚ: ʜʠʩ. éʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ï 

ʐʳʤʢʝʥʪ, 2009. ï 113 ʩ. 

2 ɺʦʣʥʝʥʢʦ ɸ.ɸ. ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʘʩʯʝʪʘ ʚʠʭʨʝʚʳʭ 

ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ: ʜʠʩ. é ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ. ï 

ʐʳʤʢʝʥʪ, 1999. -300 ʩ. 

3 ʉʝʨʠʢʫʣʳ ɾ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʘʩʯʝʪ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ 
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