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

ʧʨʦʚʝʜʝʥʠʷ. 
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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. 
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ʆʇʈɽɼɽʃɽʅʀʗ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʠʥʳ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ: 

ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʝ ʘʧʧʘʨʘʪʳ ï ʘʧʧʘʨʘʪʳ, ʠʤʝʶʱʠʝ ʦʜʥʫ ʩʪʫʧʝʥʴ ʢʦʥʪʘʢʪʘ, 

ʚ ʢʦʪʦʨʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʟʦʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ (ʧʣʝʥʦʯʥʳʝ, ʥʘʩʘʜʦʯʥʳʝ, ʪʘʨʝʣʴʯʘʪʳʝ ʘʧʧʘʨʘʪʳ, ʩʢʨʫʙʙʝʨʳ 

ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʮʠʢʣʦʥʳ, ʘʧʧʘʨʘʪʳ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ ʠ 

ʨʝʛʫʣʷʨʥʦ-ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ, ʠʥʝʨʮʠʦʥʥʦ-ʪʫʨʙʫʣʝʥʪʥʳʝ ʘʧʧʘʨʘʪʳ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ ʠ ʪ.ʧ.).   

ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʘʧʧʘʨʘʪʳ ï ʘʧʧʘʨʘʪʳ, ʠʤʝʶʱʠʝ ʜʚʝ ʘʚʪʦʥʦʤʥʳʝ 

ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ ʚ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʫʜʘʨʥʳʡ ʠ ʚʠʭʨʝʚʦʡ ʚ 

ʘʧʧʘʨʘʪʘʭ ʫʜʘʨʥʦ-ʠʥʝʨʮʠʦʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ, 

ʮʝʥʪʨʦʙʝʞʥʳʡ ʠ ʚʠʭʨʝʚʦʡ ʚ ʘʧʧʘʨʘʪʝ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʪ.ʧ.). 

ʆʜʥʦʟʦʥʥʳʝ ʘʧʧʘʨʘʪʳ ï ʘʧʧʘʨʘʪʳ, ʚ ʢʦʥʪʘʢʪʥʦʡ (ʨʘʙʦʯʝʡ) ʟʦʥʝ ʢʦʪʦʨʳʭ 

ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʠʥ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʚʠʭʨʝʚʦʡ 

ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʚ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ 

ʥʘʩʘʜʢʦʡ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʩʦ ʩʪʝʢʘʶʱʝʡ ʧʣʝʥʢʦʡ ʚ ʧʣʝʥʦʯʥʳʭ ʘʧʧʘʨʘʪʘʭ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʚ ʨʝʞʠʤʝ ʙʘʨʙʦʪʘʞʘ ʚ ʥʘʩʘʜʦʯʥʳʭ (ʩʦ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʥʘʩʘʜʢʦʡ) ʠ ʪʘʨʝʣʴʯʘʪʳʭ ʘʧʧʘʨʘʪʘʭ, ʫʜʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ 

ʩ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʴʶ ʚ ʩʢʨʫʙʙʝʨʘʭ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʮʝʥʪʨʦʙʝʞʥʳʡ 

ʤʝʭʘʥʠʟʤ ʦʩʘʞʜʝʥʠʷ ʚ ʮʠʢʣʦʥʥʳʭ ʘʧʧʘʨʘʪʘʭ ʠ ʪ.ʧ.). 

ɼʚʫʭʟʦʥʥʳʝ ʘʧʧʘʨʘʪʳ ï ʘʧʧʘʨʘʪʳ, ʚ ʢʦʥʪʘʢʪʥʦʡ (ʨʘʙʦʯʝʡ) ʟʦʥʝ ʢʦʪʦʨʳʭ 

ʨʝʘʣʠʟʫʝʪʩʷ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʫʜʘʨʥʳʡ ʠ 

ʠʥʝʨʮʠʦʥʥʳʡ ʚ ʠʥʝʨʮʠʦʥʥʦ-ʪʫʨʙʫʣʝʥʪʥʳʭ ʘʧʧʘʨʘʪʘʭ ʩʦ ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ, 

ʫʜʘʨʥʳʡ ʠ ʚʠʭʨʝʚʦʡ ʚ ʘʧʧʘʨʘʪʘʭ ʫʜʘʨʥʦ-ʠʥʝʨʮʠʦʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ, ʚʠʭʨʝʚʦʡ ʠ ʪʫʨʙʫʣʝʥʪʥʳʡ ʚ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦ-

ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʠ ʪ.ʧ.). 
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ʆɹʆɿʅɸʏɽʅʀʗ ʀ ʉʆʂʈɸʑɽʅʀʗ 

 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠ 

ʩʦʢʨʘʱʝʥʠʷ: 

ɸ ï ʧʦʚʝʨʭʥʦʩʪʴ ʤ2; ʢʦʵʬʬʠʮʠʝʥʪ;  

aï ʫʜʝʣʴʥʘʷ  ʧʦʚʝʨʭʥʦʩʪʴ, ʤ2/ʤ3; ʢʦʵʬʬʠʮʠʝʥʪ; 

ɺ ï ʢʦʵʬʬʠʮʠʝʥʪ; 

b ï ʰʠʨʠʥʘ (ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ) ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʤ; 

ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʷ, ʢʛ/ʤ3;  

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

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

F ï ʧʦʚʝʨʭʥʦʩʪʴ, ʤ2; ʩʠʣʘ ʅ; 

f  ï ʧʣʦʱʘʜʴ, ʤ2; ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʣʷ ʯʘʩʪʠʮ; 

ʂ -  ʢʦʵʬʬʠʮʠʝʥʪ; 

k ï ʢʦʵʬʬʠʮʠʝʥʪ; 

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

 ̂ ï ʨʘʟʤʝʨ, ʤ;  ʢʘʧʠʣʣʷʨʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʤ;  

G ï ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ,  ʢʛ/ʩ; ʩʠʣʘ, ʥ;   

ʅ ï ʚʳʩʦʪʘ, ʤ; 

h ï ʨʘʟʤʝʨ, ʤ; 

h0 ï ʢʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ (ʂʋɾ), ʤ; 

Dh ï ʢʦʣʠʯʝʩʪʚʦ ʚʳʪʝʩʥʝʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʤ; 

h1 ï ʟʘʟʦʨ ʤʝʞʜʫ ʩʨʝʟʦʤ ʛʘʟʦʚʦʛʦ ʧʘʪʨʫʙʢʘ ʠ ʟʝʨʢʘʣʦʤ ʞʠʜʢʦʩʪʠ, ʤ; 

hʜ ï ʜʠʥʘʤʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ, ʤ; 

J ï ʵʥʪʘʣʴʧʠʷ ʢɼʞ/ʂʤʦʣʴ; 

ʄ ï ʤʦʤʝʥʪ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ; ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ, ʢʛ/ʤʦʣʴ; 

m  ï ʤʘʩʩʘ, ʢʛ; ʢʦʵʬʬʠʮʠʝʥʪ; 

mʢ ï ʧʘʨʘʤʝʪʨ; 

mʫ ï ʫʜʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ, ʣ/ʤ
3; 

N ï ʤʦʱʥʦʩʪʴ, ɺʪ;  

n ïʢʦʵʬʬʠʮʠʝʥʪ; ʯʠʩʣʦ, ʰʪ; 

ʌ ï ʬʘʢʪʦʨ ʨʘʟʜʝʣʝʥʠʷ; ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʠ, %; 

ʈ ï ʜʘʚʣʝʥʠʝ, ʇʘ;  

Dʈ ï ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʇʘ;  

Q ï ʨʘʩʭʦʜ, ʤ3/ʩ;  

q ï ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ, ʢʛ/(ʤ2Öʩ); 

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

r  ï ʨʘʜʠʫʩ, ʤ; 

S ï ʧʣʦʱʘʜʴ, ʤ2;   

ʊ ï ʧʝʨʠʦʜ, ʩ; ʪʝʤʧʝʨʘʪʫʨʘ, ʛʨʘʜ;  

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

U ï ʩʢʦʨʦʩʪʴ, ʤ/ʩ; 

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

V ï ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ), ʤ3/ʩ; ʦʙʲʝʤ, ʤ3; 
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J ï ʩʢʦʨʦʩʪʴ, ʤ/ʩ; ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ; 

ʕ ï ʵʥʝʨʛʠʷ ʜʠʩʩʠʧʘʮʠʠ, ɺʪ/ʢʛ;  

W  ï ʩʢʦʨʦʩʪʴ, ʤ/ʩ; 

ʭ ï ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ, ʢʛ/ʢʛ; 

Z ï ʢʦʥʮʝʥʪʨʘʮʠʷ, ʢʛ/ʤ3; 

a ï ʫʛʦʣ, ʛʨʘʜ; ʢʦʵʬʬʠʮʠʝʥʪ; 

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

ɔ ï ʫʜʝʣʴʥʳʡ ʚʝʩ, ʅ/ʤ3; ʫʛʦʣ, ʛʨʘʜ;  

d  ï ʪʦʣʱʠʥʘ, ʤ;    

e  ï ʧʦʨʦʟʥʦʩʪʴ; 

h ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ, %; 

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; ʦʩʝʚʘʷ ʢʦʦʨʜʠʥʘʪʘ; 

r  ï ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3; 

s  ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʅ/ʤ; 

t  ï ʚʨʝʤʷ, ʩ;   

j  ï ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ, ʤ3/ʤ3;   

y ï ʢʦʵʬʬʠʮʠʝʥʪ; ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠʥʝʨʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ; 

w ïʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ʩ-1; ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʨʘʜ/ʩ; 
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m

Ö Ö
= ï ʉʪʦʢʩʘ; 

 

s

r dW
We

2

= ï ɺʝʙʝʨʘ. 

Pr
c m

l

Ö
=  ï ʇʨʘʥʜʪʣʷ;  

2

ʛʛ

L
L

W
ɽu

r

DR
=  ï ʕʡʣʝʨʘ; 

Nu
a

l

Ö
=  ï ʅʫʩʩʝʣʴʪʘ; 
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D
Sc
n
= ï ʐʤʠʜʪʘ; 

hg

W
Fr

DÖÖ

Ö
=
r

r

2

2

ï ʯʠʩʣʦ ʌʨʫʜʘ.  

 

 

ʀʥʜʝʢʩʳ: 

 

ʘ ï ʘʙʩʦʨʙʮʠʷ; 

ʘʧ ï ʘʧʧʘʨʘʪ; 

ʚ ï ʚʝʨʪʠʢʘʣʴʥʳʡ; ʚʠʭʨʴ; ʚʦʨʦʥʢʘ; ʚʠʪʘʥʠʷ; 

ʚʭ ï ʚʭʦʜʷʱʠʡ; 

ʚʳʭ ï ʚʳʭʦʜʷʱʠʡ 

ʛ ï ʛʘʟʘ; ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ; 

D ï ʜʠʬʬʫʟʠʦʥʥʳʡ; 

ʜ ï ʜʠʥʘʤʠʯʝʩʢʠʡ; 

ʞ ï ʞʠʜʢʦʩʪʴ; 

ʟ ï ʟʘʭʚʘʪʘ; ʟʦʥʘ; 

ʢ ï ʢʦʥʝʯʥʘʷ; ʢʘʧʣʷ; ʢʦʥʠʯʝʩʢʠʡ; 

ʢʨ ï ʢʨʠʪʠʯʝʩʢʠʡ; 

L ï ʦʨʦʰʘʝʤʳʡ; 

ʤ ï ʤʦʣʝʢʫʣʷʨʥʳʡ; ʤʠʛʨʘʮʠʠ; ʤʦʢʨʳʡ; ʤʝʩʪʥʳʡ; 

ʥ ï ʥʘʯʘʣʴʥʘʷ; ʥʘʩʘʜʢʘ;  

ʦʙʱ ï ʦʙʱʠʡ; 

ʦʩ ï ʦʩʘʞʜʝʥʠʷ; 

ʦʪʥ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ; 

ʦʧ ï ʦʧʳʪʥʳʡ; ʦʧʳʪ; 

ʧ ï ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ; ʧʣʘʩʪʠʥʘ;  

ʧʘʪ ï ʧʘʪʨʫʙʦʢ; 

ʧʣ ï ʧʣʝʥʢʘ;  

ʨ ï ʨʘʜʠʘʣʴʥʳʡ; ʨʷʜʦʚ; ʨʘʟʜʝʣʠʪʝʣʴʥʳʡ; 

ʩ ï ʩʦʧʨʦʪʠʚʣʝʥʠʷ; ʩʪʘʮʠʦʥʘʨʥʳʡ; ʩʫʭʦʡ; ʩʪʨʫʥ;  

ʩʣ ï ʩʣʦʡ; 

ʩʪʨ ï ʩʪʨʫʷ; 

ʩʨ ï ʩʨʝʜʥʠʡ; 

ʪ ï ʪʷʞʝʩʪʠ; ʪʚʝʨʜʘʷ; ʪʫʨʙʫʣʝʥʪʥʳʡ; ʪʨʫʙʳ; 

ʪʨ ï ʪʨʝʥʠʝ; ʪʨʫʙʳ; 

ʪʫʨ ï ʪʫʨʙʫʣʝʥʪʥʘʷ; 

ʫʣ ï ʫʣʦʚʣʝʥʥʦʡ;  

ʬ ï ʬʨʘʢʮʠʦʥʥʘʷ;  

ʬʘʢʪ - ʬʘʢʪʠʯʝʩʢʠʡ 

ʮ ï ʮʠʢʣʦʥʘ; ʮʝʥʪʨʦʙʝʞʥʳʡ; 

ʯ ï ʯʘʩʪʠʮ; 

ʵ ï ʵʢʚʠʚʘʣʝʥʪʥʳʡ; ʵʬʬʝʢʪʠʚʥʳʡ; ʵʞʝʢʮʠʷ;  
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ʵʢʚ ï ʵʢʚʠʚʘʣʝʥʪʥʳʡ; 

ʷʯ ï ʷʯʝʡʢʘ. 

 

ɸʧʧʘʨʘʪʳ: 

 

ʀʊʇʅ ï ʠʥʝʨʮʠʦʥʥʦ-ʪʫʨʙʫʣʝʥʪʥʳʡ ʘʧʧʘʨʘʪ ʩ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ; 

ʂɸʀʊ - ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʘʧʧʘʨʘʪ ʠʥʝʨʮʠʦʥʥʦ-ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ; 

ʈʇʅ ï ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ; 

ʋʀɼ ʩ ʈʇʅ ï ʫʜʘʨʥʦ-ʠʥʝʨʮʠʦʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ. 

ʇʅ ï ʩ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ; 

ʊʈ ï ʩ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ; 

ʊɺ ï ʩ ʪʨʫʙʯʘʪʦ-ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ; 

ɸɼʇɻʇ ï ʘʧʧʘʨʘʪ ʩ ʥʘʩʘʜʢʦʡ ʠ ʜʚʫʭʩʪʨʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ; 

ɸʋɺɼ ʩ ʊʅ ï ʘʧʧʘʨʘʪ ʫʜʘʨʥʦ - ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ; 

ɸʎɺɼ ï ʘʧʧʘʨʘʪ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ. 
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ɺɺɽɼɽʅʀɽ 

 

ʆʮʝʥʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʰʘʝʤʦʡ ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʳ. ʈʦʩʪ 

ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠ ʩʣʦʞʥʳʭ ʧʦ 

ʩʦʩʪʘʚʫ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘ ʨʘʡʦʥʦʚ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʦʯʠʩʪʢʠ ʛʘʟʦʚ 

ʚʢʣʶʯʘʶʪ ʩʪʘʜʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʦʪʜʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ. ʂ ʠʭ ʯʠʩʣʫ 

ʦʪʥʦʩʷʪʩʷ ʧʦʣʳʝ ʨʘʩʧʳʣʠʪʝʣʴʥʳʝ (ʬʦʨʩʫʥʦʯʥʳʝ) ʘʧʧʘʨʘʪʳ, ʥʘʩʘʜʦʯʥʳʝ (ʩʦ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʥʘʩʘʜʢʦʡ: ʢʦʣʴʮʘ ʈʘʰʠʛʘ, ʇʘʣʣʷ, ʩʝʜʣʘ ɹʝʨʣʷ ʠ ʜʨ.) ʠ ʪʘʨʝʣʴʯʘʪʳʝ 

ʘʧʧʘʨʘʪʳ [1,2,3,4].  

ʉʨʝʜʠ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʨʘʟʨʘʙʦʪʦʢ ʜʣʷ ʥʘʩʘʜʦʯʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʥʝʨʝʛʫʣʷʨʥʳʝ ʥʘʩʘʜʢʠ HY-PAK, CASCADE-RINGS. ʆʥʠ ʠʤʝʶʪ 

ʧʦʚʳʰʝʥʥʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʦʙʣʘʜʘʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʈʝʛʫʣʷʨʥʳʝ ʥʘʩʘʜʢʠ INTALOX, Sulzer, Koch, Norton, 

çɺʘʢʫʧʘʢè, çɻʣʠʪʯ-ɻʨʠʜè, Mellapak, MellapakPlus, Mellagrid, ʩʝʪʯʘʪʳʝ ʥʘʩʘʜʢʠ 

ɺʍ ʠ ʉY ʩʦʜʝʨʞʘʪ ʢʘʥʘʣʳ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʦʥʠ ʠʤʝʶʪ 

ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ [5]. ɺ ʂʘʟʘʥʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠ ʆʆʆ ʀɺʎ çʀʥʞʝʭʠʤè (ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ) 

ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʛʫʣʷʨʥʦʡ ʠ ʥʝʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʠ: 

ʩʝʛʤʝʥʪʥʦ ʨʝʛʫʣʷʨʥʘʷ ʨʫʣʦʥʥʘʷ ʥʘʩʘʜʢʘ çʀʥʞʝʭʠʤè, ʨʝʛʫʣʷʨʥʘʷ ʨʫʣʦʥʥʘʷ 

ʛʦʬʨʠʨʦʚʘʥʥʘʷ ʥʘʩʘʜʢʘ, ʥʘʩʘʜʢʘ ʨʫʣʦʥʥʘʷ ʧʨʦʩʝʯʥʘʷ, ʨʝʛʫʣʷʨʥʘʷ ʥʘʩʘʜʢʘ IRG, 

ʨʝʛʫʣʷʨʥʘʷ ʥʘʩʘʜʢʘ BIM, ʥʝʨʝʛʫʣʷʨʥʘʷ ʥʘʩʘʜʢʘ çʀʥʞʝʭʠʤè, ʥʘʩʘʜʢʘ çʀʥʞʝʭʠʤ-

2002è, ʥʘʩʘʜʢʘ çʀʥʞʝʭʠʤ 2003-ʄè [6-8]. ɺ ʦʩʥʦʚʥʦʤ ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʯʠʩʪʳʝ ʛʘʟʳ ʠ ʞʠʜʢʦʩʪʠ. 

ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʠʤʝʶʪ ʦʜʥʫ ʟʦʥʫ ʢʦʥʪʘʢʪʘ ʠ ʤʘʣʦʧʨʠʛʦʜʥʳ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʘʟʦʚʳʭ ʠ ʞʠʜʢʦʩʪʥʳʭ ʧʦʪʦʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʠʟ-

ʟʘ ʫʛʨʦʟʳ ʠʭ ʟʘʨʘʩʪʘʥʠʷ. 

ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʤʳ ʷʚʠʣʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʤʝʶʱʝʛʦ ʥʝʩʢʦʣʴʢʦ ʟʦʥ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʟʦʥʘʤʠ ʢʦʥʪʘʢʪʘ ʚ 

ʘʚʪʦʥʦʤʥʳʭ ʩʪʫʧʝʥʷʭ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʠʭ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.   

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʢ ʚʳʧʦʣʥʝʥʠʶ ʨʘʙʦʪʳ ʷʚʠʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʦʚ ʮʠʢʣʦʥʦʚ, ʘʧʧʘʨʘʪʦʚ ʫʜʘʨʥʦ-ʠʥʝʨʮʠʦʥʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʠ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ.  

ʆʙʦʩʥʦʚʘʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʛʘʟʦʦʯʠʩʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʤʝʶʱʝʛʦ ʥʝʩʢʦʣʴʢʦ ʟʦʥ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʟʦʥʘʤʠ 
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ʢʦʥʪʘʢʪʘ ʚ ʘʚʪʦʥʦʤʥʳʭ ʩʪʫʧʝʥʷʭ, ʠʭ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ 

ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʉʚʝʜʝʥʠʷ ʦ ʧʣʘʥʠʨʫʝʤʦʤ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʨʘʟʨʘʙʦʪʢʠ. 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʡ ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʤʝʶʱʝʛʦ ʥʝʩʢʦʣʴʢʦ ʟʦʥ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʟʦʥʘʤʠ ʢʦʥʪʘʢʪʘ ʚ 

ʘʚʪʦʥʦʤʥʳʭ ʩʪʫʧʝʥʷʭ ʠ ʩʦʟʜʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʥʘʫʯʥʳʭ 

ʦʪʢʨʳʪʠʷʭ [9,10] ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʚʠʭʨʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʟ, 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʘʭ ʤʝʭʘʥʠʢʠ ʞʠʜʢʦʩʪʠ, ʛʘʟʘ ʠ ʘʵʨʦʟʦʣʝʡ, ʪʝʦʨʠʡ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʨʘʟʨʘʙʦʪʢʠ.  

ʉʚʝʜʝʥʠʷ ʦ ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʩʪʨʫʢʮʠʡ 

ʤʥʦʛʦʟʦʥʥʳʭ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʘʧʧʘʨʘʪʦʚ ʧʘʪʝʥʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ 

ʥʘ ʛʣʫʙʠʥʫ ʩʚʳʰʝ ʩʦʨʦʢʘ ʣʝʪ ʧʦ ʩʪʨʘʥʘʤ ʉʉʉʈ ʠ ʈʦʩʩʠʠ, ʉʐɸ, ʌʨʘʥʮʠʠ, 

ɻʝʨʤʘʥʠʠ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, ʗʧʦʥʠʠ. ʇʨʦʚʝʜʝʥʥʳʡ ʧʦʠʩʢ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜʳ ʦ ʜʦʩʪʦʠʥʩʪʚʘʭ ʠ ʥʝʜʦʩʪʘʪʢʘʭ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʡ 

ʘʧʧʘʨʘʪʦʚ, ʘ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʘʪʝʥʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʝ ʥʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʦʚ ʧʦʟʚʦʣʷʶʪ 

ʧʦʚʳʩʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʚ ʧʨʦʮʝʩʩʘʭ ʤʘʩʩʦʦʙʤʝʥʘ, ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. 

ʉʚʝʜʝʥʠʷ ʦ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʨʘʙʦʪʳ. ɺ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʘ 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. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ 

ʤʦʢʨʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʧʦʣʳʝ ʬʦʨʩʫʥʦʯʥʳʝ ʩʢʨʫʙʙʝʨʳ, ʧʝʥʥʳʝ ʘʧʧʘʨʘʪʳ 

ʜʳʨʯʘʪʳʤʠ ʠ ʱʝʣʝʚʳʤʠ ʧʨʦʚʘʣʴʥʳʤʠ ʪʘʨʝʣʢʘʤʠ ʠ ʩʦ ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ ʧʝʥʥʦʛʦ 

ʩʣʦʷ, ʩʢʨʫʙʙʝʨʳ ɺʝʥʪʫʨʠ ʠ ʞʠʜʢʦʩʪʥʦ-ʠʥʞʝʢʮʠʦʥʥʳʝ ʘʧʧʘʨʘʪʳ, ʥʘʩʘʜʦʯʥʳʝ 

ʘʧʧʘʨʘʪʳ ʩʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʥʘʩʘʜʢʦʡ, ʘʧʧʘʨʘʪʳ ʩ ʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʦʨʦʰʘʝʤʦʡ 

ʥʘʩʘʜʢʠ, ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʦʪʦʢʣʦʥʳ [11-15]. 

ʀʟʚʝʩʪʥʳ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩʦʯʝʪʘʶʱʠʭ 

ʥʝʩʢʦʣʴʢʦ ʟʦʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʠʥʝʨʮʠʦʥʥʦ-ʪʫʨʙʫʣʝʥʪʥʳʝ ʩ ʧʦʜʚʠʞʥʦʡ (ʨʝʛʫʣʷʨʥʦʡ) ʥʘʩʘʜʢʦʡ ʩ 

ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ [16-19], ʨʝʘʣʠʟʫʶʱʠʝ ʫʜʘʨʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʪʦʢʘ ʛʘʟʘ ʩ ʟʝʨʢʘʣʦʤ ʞʠʜʢʦʩʪʠ ʠ ʚʠʭʨʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ 

ʟʦʥʝ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʠ. ɺ ʪʘʢʠʭ ʘʧʧʘʨʘʪʘʭ ʧʨʦʠʩʭʦʜʠʪ ʵʞʝʢʮʠʷ ʞʠʜʢʦʩʪʠ ʚ 

ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ ʠ ʧʦʛʣʦʪʠʪʝʣʴʥʳʡ ʨʘʩʪʚʦʨ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ 

ʟʦʥʝ ʫʜʘʨʘ ʚ ʢʘʯʝʩʪʚʝ ʘʙʩʦʨʙʝʥʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʙʩʦʨʙʮʠʠ ʛʘʟʦʦʙʨʘʟʥʳʭ 
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ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ. ʆʜʥʦʩʪʦʨʦʥʥʠʡ ʧʦʜʚʦʜ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ 

ʘʧʧʘʨʘʪ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦ ʚʳʩʦʪʝ ʠ ʝʛʦ 

ʨʘʩʢʘʯʢʝ.  

ɺ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʘʧʧʘʨʘʪʝ ʩ ʘʚʪʦʥʦʤʥʳʤʠ ʢʦʥʪʫʨʘʤʠ ʦʨʦʰʝʥʠʷ [20] ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ ʘʙʩʦʨʙʮʠʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʧʦʛʣʦʪʠʪʝʣʴʥʳʝ ʞʠʜʢʦʩʪʠ ʥʝ ʩʤʝʰʠʚʘʶʱʠʝʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ɼʣʷ 

ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʠ 

ʧʦʚʳʩʠʪʴ ʜʚʠʞʫʱʫʶ ʩʠʣʫ ʧʨʦʮʝʩʩʘ ʘʙʩʦʨʙʮʠʠ. 

ʅʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ 

ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʩʢʦʣʴʢʦ ʢʦʥʩʪʨʫʢʮʠʡ ʘʧʧʘʨʘʪʦʚ.  

ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʡ ʜʚʫʭʟʦʥʥʳʡ ʘʧʧʘʨʘʪ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ 

ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠʤʝʝʪ ʧʘʪʨʫʙʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ ʢʦʨʧʫʩʘ ʘʧʧʘʨʘʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦ ʚʳʩʦʪʝ ʠ ʝʛʦ ʨʘʩʢʘʯʢʝ [21]. 

ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʝ ʘʧʧʘʨʘʪʳ ʫʜʘʨʥʦ ï ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ [22] ʠ ʮʠʢʣʦʥʥʦ ï ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ [23] ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʘʟʜʝʣʴʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ ʘʙʩʦʨʙʮʠʠ ʚ ʘʚʪʦʥʦʤʥʳʭ ʩʪʫʧʝʥʷʭ ʢʦʥʪʘʢʪʘ. ɺ 

ʥʠʞʥʝʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ ʫʜʘʨʥʦ ï ʚʠʭʨʝʚʦʛʦ ʘʧʧʘʨʘʪʘ ʨʝʘʣʠʟʫʝʪʩʷ ʫʜʘʨʥʳʡ 

ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ, ʘ ʚ ʘʧʧʘʨʘʪʝ ʮʠʢʣʦʥʥʦ ï ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʥʪʨʦʙʝʞʥʳʡ ʤʝʭʘʥʠʟʤ ʫʣʘʚʣʠʚʘʥʠʷ ʧʳʣʠ ʚ ʦʪʩʫʪʩʪʚʠʠ 

ʦʨʦʰʝʥʠʷ ʞʠʜʢʦʩʪʴʶ. ɺ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ ʚ ʦʙʦʠʭ ʘʧʧʘʨʘʪʘʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʫʣʘʚʣʠʚʘʥʠʝ ʧʳʣʠ ʠ ʧʨʦʮʝʩʩ ʘʙʩʦʨʙʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʠʭʨʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʚ ʦʙʲʝʤʝ ʪʨʫʙʯʘʪʦʡ 

ʠ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʠ, ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʩʜʝʨʞʠʚʘʝʪ ʚʥʝʜʨʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʳʭ ʘʧʧʘʨʘʪʦʚ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ, 

ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʪʝʧʣʦʦʙʤʝʥʘ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ  ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ 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 2021-2025 ʛ.ʛ., ʘ 

ʪʘʢʞʝ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʧʦ ʧʨʦʛʨʘʤʤʝ ʂʅ ʄʆʅ ʈʂ AP09260240 ʥʘ 

ʪʝʤʫ çʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʚʠʭʨʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʠ ʩʦʟʜʘʥʠʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩʠʩʪʝʤ 

ʛʘʟʦʦʯʠʩʪʢʠè ʥʘ 2021-2023 ʛ.ʛ. 

ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ʘʧʧʘʨʘʪʘʤʠ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʠ 
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ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʠ ʮʠʢʣʦʥʥʦ-

ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʠʩʴ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, 

ʧʘʨʘʤʝʪʨʳ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ, ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʦʡ ʷʚʠʣʠʩʴ ʤʝʪʦʜʳ ʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʧʦʣʫʯʝʥʠʷ ʦʧʳʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ, ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʧʨʦʮʝʩʩʦʚ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʚ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ 

(ʦʜʥʦʟʦʥʥʳʭ ʠ ʜʚʫʭʟʦʥʥʳʭ) ʘʧʧʘʨʘʪʘʭ, ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʠ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ, ʩʦʟʜʘʥʠʝ ʥʘʫʯʥʦ-

ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ, ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ,  ʧʨʦʚʝʨʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ; 

 - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʘʧʧʘʨʘʪʘ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʧʦʣʫʯʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʘʧʧʘʨʘʪʘ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ 

ʜʝʡʩʪʚʠʷ ʩ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʠ ʧʦʣʫʯʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʪʝʧʣʦʦʪʜʘʯʠ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʘʧʧʘʨʘʪʘ ʮʠʢʣʦʥʥʦ-

ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʧʦʣʫʯʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ, 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ; 

- ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʧʨʦʚʝʨʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʫʜʘʨʥʦʛʦ, ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʠ ʚʠʭʨʝʚʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʘ 

ʤʝʪʦʜʦʣʦʛʠʷ ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʠ 

ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʠ ʮʠʢʣʦʥʥʦ-
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ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ, ʘʙʩʦʨʙʮʠʠ ʠ 

ʪʝʧʣʦʦʙʤʝʥʘ. ʇʨʠ ʵʪʦʤ: 

- ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ 

ʧʨʝʜʣʦʞʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ; 

- ʧʨʠ ʜʚʫʭʩʪʦʨʦʥʥʝʤ ʧʦʜʚʦʜʝ ʛʘʟʘ, ʠʩʭʦʜʷ ʠʟ ʚʳʷʚʣʝʥʥʳʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

ʩ ʞʠʜʢʦʩʪʴʶ, ʵʞʝʢʮʠʠ ʞʠʜʢʦʩʪʠ ʠ ʚʠʭʨʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʛʘʟʘ ʠ 

ʞʠʜʢʦʩʪʠ ʚ ʦʙʲʝʤʝ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʠ, ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʦʥʳ ʵʞʝʢʮʠʠ ʠ ʚʠʭʨʝʚʦʡ ʟʦʥʳ 

ʢʦʥʪʘʢʪʘ, ʠʭ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ; 

- ʠʩʭʦʜʷ ʠʟ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʞʠʜʢʦʩʪʴʶ, ʚʠʭʨʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʛʘʟʘ ʠ 

ʞʠʜʢʦʩʪʠ ʚ ʦʙʲʝʤʝ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʘʧʧʘʨʘʪʘ 

ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ, ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʜʘʨʥʦʡ ʠ ʚʠʭʨʝʚʦʡ ʩʪʫʧʝʥʝʡ ʢʦʥʪʘʢʪʘ, 

ʠʭ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ;  

- ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʨʫʙʘʭ ʩ ʫʯʝʪʦʤ ʤʝʩʪʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʥʘ ʪʨʝʥʠʝ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; 

- ʠʩʭʦʜʷ ʠʟ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦ 

ʩʧʠʨʘʣʠ, ʚʠʭʨʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʚ ʦʙʲʝʤʝ ʨʝʛʫʣʷʨʥʦ 

ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʘʧʧʘʨʘʪʘ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ, 

ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʮʠʢʣʦʥʥʦʡ ʠ 

ʚʠʭʨʝʚʦʡ ʩʪʫʧʝʥʝʡ ʢʦʥʪʘʢʪʘ, ʠʭ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ 

ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ; 

- ʥʘ ʦʩʥʦʚʝ ʪʫʨʙʫʣʝʥʪʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʣʘʚʣʠʚʘʥʠʷ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʥʘ ʢʘʧʣʷʭ ʞʠʜʢʦʩʪʠ ʜʘʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʠ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʟʦʥʝ ʫʜʘʨʘ ʠ ʨʝʛʫʣʷʨʥʦ 

ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʠ, ʘ, ʠʩʧʦʣʴʟʫʷ ʜʠʩʩʠʧʘʪʠʚʥʳʡ ʧʦʜʭʦʜ, ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ 

ʪʝʧʣʦʦʪʜʘʯʠ; 

- ʥʘ ʦʩʥʦʚʝ ʮʝʥʪʨʦʙʝʞʥʦ-ʠʥʝʨʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʣʘʚʣʠʚʘʥʠʷ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʠ ʠʥʝʨʮʠʦʥʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʚ ʮʠʢʣʦʥʥʦʡ ʩʪʫʧʝʥʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʘʧʧʘʨʘʪʘ ʮʠʢʣʦʥʥʦ-

ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʜʚʫʭʟʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʠ 

ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʘʧʧʘʨʘʪʘ [21] (ʇʨʠʣʦʞʝʥʠʝ ɸ), 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʘʧʧʘʨʘʪʦʚ ʫʜʘʨʥʦ ï ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ [22] (ʇʨʠʣʦʞʝʥʠʝ ɹ) ʠ ʮʠʢʣʦʥʥʦ ï ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ [23] (ʇʨʠʣʦʞʝʥʠʝ ɺ). 
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ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ, ʘʙʩʦʨʙʮʠʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ. 

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 ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʮʠʢʣʦʥʥʦ-

ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʘʷ ʚʥʝʜʨʝʥʘ ʥʘ ɸʆ çɸʢʪʶʙʠʥʩʢʠʡ ʟʘʚʦʜ ʭʨʦʤʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡè ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʦʯʠʩʪʢʠ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ 

ʩʫʰʠʣʢʠ çʂʉè ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ (ʦʩʥʦʚʥʦʛʦ). ʇʨʠ ʵʪʦʤ ʩʥʠʞʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʙʨʦʩʦʚ ʧʳʣʠ ʜʦ ʉʮʠʢ.ʚʠʭʨ=0,088ʛ/ʩ,  ʯʪʦ ʚ 4,6 ʨʘʟʘ ʥʠʞʝ 

ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʛʘʟʦʦʯʠʩʪʥʦʡ ʘʧʧʘʨʘʪ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʚʥʝʜʨʝʥ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ 

ʦʪ ʧʨʦʢʘʣʦʯʥʦʡ ʧʝʯʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʢʠʩʠ ʭʨʦʤʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʥʘ ɸʆ 

çɸʢʪʶʙʠʥʩʢʠʡ ʟʘʚʦʜ ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡè. ɼʘʥʥʳʡ ʘʧʧʘʨʘʪ ʟʘʤʝʥʠʣ ʨʘʥʝʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʠʥʝʨʮʠʦʥʥʦ-ʪʫʨʙʫʣʝʥʪʥʳʡ ʘʧʧʘʨʘʪ (ʀʊɸ). ʉʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʩʫʤʤʘʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʳʣʝʚʳʭ ʚʳʙʨʦʩʦʚ ʧʦʢʘʟʘʣ: ʜʣʷ ʘʧʧʘʨʘʪʘ ʀʊɸ 

ʉʬʘʢʪ=0,0858ʛ/ʩʝʢ; ʜʣʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʘʧʧʘʨʘʪʘ ʫʜʘʨʥʦ ï ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʉʬʘʢʪ= 0,06506 ʛ/ʩʝʢ. ʕʪʠ ʜʘʥʥʳʝ ʥʠʞʝ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ 4,76 ʠ 6,27 ʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʧʨʠʣʦʞʝʥʠʝ ʀ). 

ʈʘʥʝʝ ʥʘʤʠ ʧʨʦʚʝʜʝʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʘʧʧʘʨʘʪʘ ʩ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʝʛʫʣʷʨʥʦ-ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʥʦʭʨʦʤʘʪʘ 

ʥʘʪʨʠʷ [24].  

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʅʀʈ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʜʚʫʭʟʦʥʥʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʘʧʧʘʨʘʪʦʚ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʠ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʠ 

ʤʝʪʦʜʠʢʠ ʠʭ ʨʘʩʯʝʪʘ ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʝʢʮʠʦʥʥʳʭ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çɸʧʧʘʨʘʪʳ ʩ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷè. 

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: 

- ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ; 

- ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʦʥʳ ʵʞʝʢʮʠʠ ʠ 

ʚʠʭʨʝʚʦʡ ʟʦʥʳ ʢʦʥʪʘʢʪʘ, ʠʭ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ 
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ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʘʧʧʘʨʘʪʘ ʩ 

ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʘ; 

- ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʜʘʨʥʦʡ ʠ 

ʚʠʭʨʝʚʦʡ ʩʪʫʧʝʥʝʡ ʢʦʥʪʘʢʪʘ, ʠʭ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ 

ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʘʧʧʘʨʘʪʘ; 

- ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʨʫʙʘʭ; 

- ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʮʠʢʣʦʥʥʦʡ ʠ 

ʚʠʭʨʝʚʦʡ ʩʪʫʧʝʥʝʡ ʢʦʥʪʘʢʪʘ, ʠʭ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ 

ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʧʦʣʫʯʝʥʥʳʝ 

ʜʣʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʘʧʧʘʨʘʪʘ; 

-  ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʯʘʩʪʠʮ ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ ʠ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʪʝʧʣʦʦʪʜʘʯʠ; 

- ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʠ ʠʥʝʨʮʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ 

ʚ ʮʠʢʣʦʥʥʦʡ ʩʪʫʧʝʥʠ ʘʧʧʘʨʘʪʘ. 
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1 ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ɺʆʇʈʆʉɸ ɻɸɿʆʆʏʀʉʊʂʀ ʀ 

ʊɽʇʃʆʆɹʄɽʅɸ ɺ ɸʇʇɸʈɸʊɸʍ ʉ ʈɽɻʋʃʗʈʅʆ ʈɸɿʄɽʑɽʅʅʆʁ 

ʅɸʉɸɼʂʆʁ 

 

1.1 ɸʧʧʘʨʘʪʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʛʘʟʦʦʯʠʩʪʢʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʧʧʘʨʘʪʦʚ 

 

ɸʧʧʘʨʘʪʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʛʘʟʦʦʯʠʩʪʢʠ (ʘʙʩʦʨʙʮʠʠ ʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ) ʠ ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ 

ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ, ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ, ʧʠʱʝʚʦʡ, ʭʠʤʠʢʦ-

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʝʡ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʘʭ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʜʥʦʡ 

ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʧʨʦʩʪʘʠʚʘʥʠʷ ʠ ʥʝʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʩʦʟʜʘʥʥʦʛʦ ʚ 60-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʠ ʪʝʭʥʠʢʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʠʥʜʝʢʩʦʤ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʠʪʴ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʘʫʯʥʳʭ ʠ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ ʚ 

ʢʦʥʢʨʝʪʥʦʡ ʦʙʣʘʩʪʠ ʟʥʘʥʠʷ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʶ ʨʘʟʨʘʙʦʪʢʠ. ʇʨʠʯʝʤ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʦʙʣʠʢʘ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʠʪʴ ʠʟ ʦʮʝʥʢʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʟʚʝʩʪʥʳʭ ʘʥʘʣʦʛʦʚ [25]. 

ɺ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʧʦ ʧʨʦʙʣʝʤʝ 

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʙʫʜʝʪ ʦʧʨʝʜʝʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ: [26] 

- ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʦʚ, ʧʨʦʮʝʩʩʦʚ ʠ ʘʧʧʘʨʘʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ 
ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʦʪʚʝʯʘʶʱʠʭ ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ; 

- ʩʦʟʜʘʥʠʝ ʘʧʧʘʨʘʪʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʠ 

ʧʦʟʚʦʣʷʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʪ ɹ ʚʪʦʨʠʯʥʳʝ ʵʥʝʨʛʦʨʝʩʫʨʩ r (ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ï ʫʪʠʣʠʟʘʮʠʠ ʩʙʨʘʩʳʚʘʝʤʦʛʦ ʪʝʧʣʘ: ʦʪʭʦʜʷʱʠʭ 

ʛʘʟʦʚ, ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʧʘʨʘ ʠ ʪ.ʧ.); 

- ʩʦʟʜʘʥʠʝ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ ʘʧʧʘʨʘʪʦʚ ʤʘʣʦʡ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ, 

ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʥʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʝʥʠʝ ʧʣʘʟʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʉɺʏ, ʣʘʟʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪ.ʜ.; 

- ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʦʜʜʘʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʥʦʡ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʶ, ʜʣʷ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ; 

- ʩʦʟʜʘʥʠʝ ʪʠʧʦʚʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʙʦʣʴʰʦʡ ʝʜʠʥʠʯʥʦʡ ʤʦʱʥʦʩʪʠ) ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʩʝʨʠʡʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʧʝʨʝʚʦʜʘ ʥʘ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʨʝʟʢʦʛʦ ʨʦʩʪʘ ʨʝʘʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʦʪʨʘʩʣʝʡ; 
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- ʨʘʟʨʘʙʦʪʢʘ ʩʦʚʤʝʱʝʥʥʳʭ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ, ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 
ʘʧʧʘʨʘʪʦʚ ʩ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ, ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪ ʥʘ 

ʠʭ ʨʝʘʣʠʟʘʮʠʶ; 

- ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʮʝʩʩʦʚ ʠ ʘʧʧʘʨʘʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 
ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʶ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠ ʠʩʢʣʶʯʝʥʠʶ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʥʮʝʨʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʤ ʠ ʧrʣʝʫʣʘʚʣʠʚʘʶʱʠʤ 

ʘʧʧʘʨʘʪʘʤ ʠʟʤʝʥʷʣʠʩʴ, ʪ.ʢ. ʧʨʝʪʝʨʧʝʚʘʣʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʧʮʠʠ 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 ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʝ ʘʧʧʘʨʘʪʳ ʜʦʣʞʥʳ 

ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

1. ʕʥʝʨʛʦʝʤʢʦʩʪʴ. ʇʨʠ ʦʮʝʥʢʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʯʘʩʪʦ 

ʠʩʭʦʜʷʪ ʠʟ ʟʘʪʨʘʪ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʯʪʦ ʥʝʚʝʨʥʦ. ʅʘʧʨʠʤʝʨ, 

ʧʦʣʳʝ ʩʢʨʫʙʙʝʨʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ʊʦʛʜʘ ʢʘʢ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʠʩʢʦʤʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʪʨʝʙʫʝʪʩʷ ʩʪʘʚʠʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʠʝ ʪʨʝʙʫʝʤʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʤʥʠʪʝʣʴʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʚʝʣʠʯʠʪʩʷ ʩʫʤʤʘʨʥʦʝ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, 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 (ʥʘʧʨʠʤʝʨ, 

ʨʘʩʩʯʠʪʳʚʘʷ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʕʡʣʝʨʘ ʢ ʯʠʩʣʫ ʅʫʩʩʝʣʴʪʘ ʠʣʠ ʐʝʨʚʫʜʘ). 

2. ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɹʝʟʫʩʣʦʚʥʦ, ʯʪʦ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ. ʆʥ ʷʚʣʷʝʪʩʷ ʧʝʨʚʠʯʥʳʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʙʲʝʤʦʚ ʧʦʣʫʯʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʵʪʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʠʪʴ ʠʟ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʧʫʪʝʡ.  

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. 

4. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ 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 ʥʘʭʦʜʷʪʩʷ ʥʘ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ.  

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

ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʤʦʥʪʘʞʘ ʥʝ ʜʦʣʞʥʘ 
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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. 

6. ʇʨʦʩʪʦʪʘ ʤʦʥʪʘʞʘ, ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ. 

ʉʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʩʙʦʨʢʠ ʷʚʣʷʝʪʩʷ ʙʣʦʯʥʘʷ, ʧʦʵʪʦʤʫ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʢʦʤʧʦʥʦʚʢʫ ʠʭ ʠʟ 

ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ. 

7. ʇʨʦʩʪʦʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʣʦʥʥʳʭ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʥʘʩʦʩʦʚ, 

ʚʝʥʪʠʣʷʪʦʨʦʚ, ʟʘʪʚʦʨʦʚ ʠ ʪ.ʜ.), ʯʪʦ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʫʩʪʘʥʦʚʦʢ.  

8. ʅʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʟʘʛʨʷʟʥʝʥʠʷʤ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʛʘʟʦʚ ʠ 

ʞʠʜʢʦʩʪʝʡ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʟʘʣʦʞʝʥ ʢʦʥʩʪʨʫʢʪʠʚʥʦ (ʥʘʧʨʠʤʝʨ - 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʪʨʫʙ ʩ ʥʘʢʘʪʢʦʡ, ʩʦʟʜʘʥʠʝ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʥʘʩʘʜʦʯʥʦʛʦ ʩʣʦʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʠʙʨʠʨʫʶʱʠʭ ʠ ʚʨʘʱʘʶʱʠʭʩʷ ʥʘʩʘʜʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ) ʠʣʠ ʚ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʘʧʧʘʨʘʪʘ (ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʟʚʝʰʝʥʥʦʡ, 

ʬʦʥʪʘʥʠʨʫʶʱʝʡ ʠ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʥʘʩʘʜʢʠ). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ 

ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ (ʥʘʩʘʜʦʯʥʳʭ (ʩʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʥʘʩʘʜʢʦʡ), 

ʪʘʨʝʣʴʯʘʪʳʭ, ʧʣʝʥʦʯʥʳʭ, ʮʝʥʪʨʦʙʝʞʥʳʭ, ʩʢʦʨʦʩʪʥʳʭ, ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʠ ʪ.ʜ.) 

ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʦʟʜʘʶʪʩʷ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʛʘʟʦʦʯʠʩʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʩʚʦʠʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʇʨʠ ʵʪʦʤ ʦʯʝʥʴ ʯʘʩʪʦ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʭʝʤʘʤ ʩ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ, ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʥʠʟʢʦʡ 

ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ [27]. 

ʅʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ, ʫʯʠʪʳʚʘʶʱʘʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʚ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʦʜʥʦʟʦʥʥʳʭ 

ʘʧʧʘʨʘʪʘʭ, ʘ ʪʘʢʞʝ ʠʭ ʢʦʤʙʠʥʘʮʠʶ ʚ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʜʚʫʭʟʦʥʥʳʭ ʘʧʧʘʨʘʪʘʭ 

(ʨʠʩʫʥʦʢ 1.1). ʇʨʠ ʵʪʦʤ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʪʦʢʦʚ ʚ ʦʜʥʦʡ ʟʦʥʝ: 

- ʚʠʭʨʝʚʦʡ (ʚʠʭʨʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʚ ʦʙʲʝʤʝ ʨʝʛʫʣʷʨʥʦ 

ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʠ); 

- ʪʫʨʙʫʣʝʥʪʥʳʡ (ʪʫʨʙʫʣʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʠ); 

- ʧʣʝʥʦʯʥʳʡ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʩʦ ʩʪʝʢʘʶʱʝʡ ʧʣʝʥʢʦʡ ʞʠʜʢʦʩʪʠ); 

- ʙʘʨʙʦʪʘʞʥʳʡ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ (ʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʥʘʩʘʜʢʝ ʠ 

ʥʘ ʪʘʨʝʣʢʘʭ) ʚ ʨʝʞʠʤʝ ʙʘʨʙʦʪʘʞʘ); 

- ʨʘʩʧʳʣʠʪʝʣʴʥʳʡ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʢʘʧʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ); 

- ʫʜʘʨʥʳʡ (ʫʜʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʩ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʴʶ); 

- ʮʝʥʪʨʦʙʝʞʥʳʡ (ʦʩʘʞʜʝʥʠʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ 

ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ); 
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- ʩʢʦʨʦʩʪʥʦʡ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʫʞʝʥʥʦʡ ʪʨʫʙʳ ɺʝʥʪʫʨʠ); 

- ʵʣʝʢʪʨʠʯʝʩʢʠʡ (ʦʩʘʞʜʝʥʠʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ); 

- ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ (ʦʩʘʞʜʝʥʠʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʨʠʩʪʦʡ 

ʧʝʨʝʛʦʨʦʜʢʠ). 

ɺ ʜʚʫʭ ʟʦʥʘʭ ʦʜʥʦʡ ʩʪʫʧʝʥʠ ʚʦʟʤʦʞʥʦ ʩʦʯʝʪʘʥʠʝ ʩʣʝʜʫʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ: 

- ʫʜʘʨʥʦ-ʪʫʨʙʫʣʝʥʪʥʳʡ (ʫʜʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʩ ʧʦʢʦʷʱʝʡʩʷ 

ʞʠʜʢʦʩʪʴʶ ʠ ʪʫʨʙʫʣʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʠ); 

- ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʡ (ʫʜʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʩ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʴʶ 

ʠ ʚʠʭʨʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʚ ʦʙʲʝʤʝ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ 

ʥʘʩʘʜʢʠ);  

- ʪʫʨʙʫʣʝʥʪʥʦ-ʚʠʭʨʝʚʦʡ (ʚʠʭʨʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʚ 

ʦʙʲʝʤʝ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʠ ʠ ʪʫʨʙʫʣʝʥʪʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ 

ʞʠʜʢʦʩʪʠ, ʩʦʟʜʘʚʘʝʤʦʝ ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʚ ʤʝʞʥʘʩʘʜʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʠ). 

 

 
 

ʈʠʩʫʥʦʢ 1.1 - ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ 

ʘʧʧʘʨʘʪʦʚ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʨʫʜʘʭ ʠʟʚʝʩʪʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ. ʇʦʵʪʦʤʫ, 

ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʷʩʴ ʥʘ ʵʪʠʭ ʘʧʧʘʨʘʪʘʭ, ʨʘʩʩʤʦʪʨʠʤ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʟʫʣʴʪʘʪʳ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʩ ʧʦʜʚʠʞʥʦʡ ʠ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ, ʩʦʟʜʘʥʥʦʛʦ 

ʥʘ ʦʩʥʦʚʝ ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʡ [9,10] ʠ ʧʦʣʫʯʠʚʰʠʭ ʨʘʟʚʠʪʠʝ ʚ ʥʘʫʯʥʦʡ ʰʢʦʣʝ 

ʘʢʘʜʝʤʠʢʘ ɹʘʣʘʙʝʢʦʚʘ ʆ.ʉ. 

 

1.2 ʂʦʥʩʪʨʫʢʮʠʠ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ 

ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ (ʦʜʥʦʟʦʥʥʳʭ ʠ ʜʚʫʭʟʦʥʥʳʭ) ʛʘʟʦʦʯʠʩʪʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ 

ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ 

ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʝ ʦʜʥʦʟʦʥʥʳʝ ʘʧʧʘʨʘʪ rʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʦʣʦʥʥʳʝ ʘʧʧʘʨʘʪʳ, ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʢʦʪʦʨʳʭ 

ʥʘ ʩʪʨʫʥʘʭ ʟʘʢʨʝʧʣʝʥʳ ʥʘʩʘʜʦʯʥʳʝ ʵʣʝʤʝʥʪʳ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʣʘʩʪʠʥʳ, ʰʘʨʳ, ʮʠʣʠʥʜʨʳ, ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʪʝʣʘ 

ʢʚʘʜʨʘʪʥʦʛʦ, ʭ-ʦʙʨʘʟʥʦʛʦ, ʪʨʝʫʛʦʣʴʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʜʨ. [18, 28-31]. 

ʅʘʠʙʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʦʜʥʦʟʦʥʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʷʚʣʷʶʪʩʷ ʘʧʧʘʨʘʪʳ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ.  

ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ. 

 
1 ïʢʦʨʧʫʩ; 2 ï ʜʥʠʱʝ; 3 ï ʢʨʳʰʢʘ; 4 ʠ 5 ï ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʢʠ ʛʘʟʘ; 6 

ï ʦʨʦʩʠʪʝʣʴ; 7 ï ʰʪʫʮʝʨ ʜʣʷ ʩʣʠʚʘ ʞʠʜʢʦʩʪʠ; 8 ï ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ 

ʨʝʰʝʪʢʠ; 9 ï ʥʘʩʘʜʦʯʥʳʝ ʵʣʝʤʝʥʪʳ; 10 ï ʩʪʨʫʥʳ. 

 

ʈʠʩʫʥʦʢ 1.2 ï ʂʦʥʩʪʨʫʢʮʠʷ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ 
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ɸʧʧʘʨʘʪ ʩ ʥʘʩʘʜʢʦʡ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɻʘʟʦʚʳʡ ʧʦʪʦʢ, 

ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʦʯʠʩʪʢʫ, ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʰʪʫʮʝʨ 4, ʠ ʧʨʦʡʜʷ ʥʠʞʥʶʶ ʦʧʦʨʥʦ-

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʨʝʰʝʪʢʫ 8, ʚʩʪʫʧʘʝʪ ʚ ʢʦʥʪʘʢʪ ʩ ʞʠʜʢʦʩʪʴʶ, ʧʦʜʘʚʘʝʤʫʶ 

ʯʝʨʝʟ ʦʨʦʩʠʪʝʣʴ 6 ʚ ʦʙʲʝʤʝ ʥʘʩʘʜʦʯʥʳʭ ʪʝʣ 9, ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢ ʩʪʨʫʥʘʤ 10. 

ʈʘʙʦʯʘʷ ʟʦʥʘ ʦʛʨʘʥʠʯʝʥʘ ʢʦʨʧʫʩʦʤ 1 ʠ ʜʚʫʤʷ ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤʠ 

ʨʝʝhʪʢʘʤʠ 8. ʇʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʞʠʜʢʦʩʪʴʶ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʫʜʘʣʷʝʪʩʷ ʯʝʨʝʟ 

ʰʪʫʮʝʨ 5, ʘ ʦʪʨʘʙʦʪʘʥʥʘʷ ʞʠʜʢʦʩʪʴ ʯʝʨʝʟ ʰʪʫʮʝʨ 7. 

ʇʨʠ ʦʙʪʝʢʘʥʠʠ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ ʨʝʛʫʣʷʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘʩʘʜʦʯʥʳʭ ʪʝʣ 

9 ʥʘ ʩʪʨʫʥʘʭ 10 ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʨʳʚ ʚʠʭʨʝʡ, ʢʦʪʦʨʳʝ ʜʨʦʙʷʪ 

ʞʠʜʢʦʩʪʴ, ʧʦʜʘʚʘʝʤʫʶ ʯʝʨʝʟ ʦʨʦʩʠʪʝʣʴ 6. ʈʘʩʧʦʣʘʛʘʷ ʥʘʩʘʜʦʯʥʳʝ ʪʝʣʘ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ, ʜʦʩʪʠʛʘʶʪ ʨʝʞʠʤʘ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ ʩʦʚʧʘʜʘʝʪ ʩʦ ʚʨʝʤʝʥʝʤ ʜʚʠʞʝʥʠʷ ʠʭ ʦʪ 

ʥʠʞʥʝʛʦ ʢ ʚʝʨʭʥʝʤʫ ʩʣʦʶ ʥʘʩʘʜʦʯʥʳʭ ʪʝʣ. ʉʣʠʷʥʠʝ ʚʠʭʨʝʡ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʠʭ 

ʤʦʱʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʚʝʨʰʠʪʴ ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ ʧʦ ʜʨʦʙʣʝʥʠʶ ʞʠʜʢʦʩʪʠ ʠ 

ʪʝʤ ʩʘʤʳʤ ʧʦʣʫʯʠʪʴ ʨʘʟʚʠʪʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʬʘʟ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʦʧʨʝʜʝʣʷʝʪ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʨʳʚʘ ʚʠʭʨʝʡ. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʨʘʙʦʪʘʭ 

[18 ʩ.67, 28 c.52], ʟʘ ʰʘʨʦʚʳʤʠ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʩʠʤʤʝʪʨʠʯʥʳʝ ʚʠʭʨʠ, ʘ ʟʘ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʚʠʭʨʠ. 

ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦ 

ʨʘʟʤʝʱʝʥʥʦʡ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ [32]. 

 
1 ï ʢʦʨʧʫʩ; 2 ʠ 3 - ʰʪʫʮʝʨʳ ʜʣʷ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʛʘʟʘ; 4 ï ʦʨʦʩʠʪʝʣʴ; 5 ï ʧʘʪʨʫʙʦʢ 

ʜʣʷ ʩʣʠʚʘ ʦʪʨʘʙʦʪʘʥʥʦʡ ʞʠʜʢʦʩʪʠ; 6 ï ʪʨʫʙʳ; 7 ï ʢʦʣʣʝʢʪʦʨʳ; 

8 ï ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʰʪʫʮʝʨʳ; 9 ï ʧʘʪʨʫʙʦʢ ʧʦʜʘʯʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; 

10 - ʧʘʪʨʫʙʦʢ ʩʣʠʚʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

 

ʈʠʩʫʥʦʢ 1.3 ï ɸʧʧʘʨʘʪ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ 
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ʇʨʠ ʨʘʙʦʪʝ ʘʧʧʘʨʘʪʘ ʛʘʟʦʚʳʡ ʧʦʪʦʢ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʦʯʠʩʪʢʫ, ʧʦʜʘʝʪʩʷ 

ʯʝʨʝʟ ʰʪʫʮʝʨ 2. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ, ʧʦʜʘʚʘʝʤʦʡ ʯʝʨʝʟ ʦʨʦʩʠʪʝʣʴ 4, 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʪʠʚʦʪʦʯʥʦʤ ʨʝʞʠʤʝ ʚ ʦʙʲʝʤʝ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʧʫʯʦʢ ʪʨʫʙ 6, ʩ ʰʘʛʘʤʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ 

ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʨʘʚʥʳʤ 2 ʜʠʘʤʝʪʨʘʤ ʪʨʫʙʳ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʨʫʙ ʩ 

ʫʢʘʟʘʥʥʳʤʠ ʰʘʛʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʦʟʜʘʝʪʩʷ ʧʦʣʫʧʝʨʠʦʜʥʳʡ ʨʝʞʠʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʠʥʬʘʟʥʳʡ ʨʝʞʠʤ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʟʘ ʪʨʫʙʘʤʠ. ʕʪʦʪ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ ʟʘ ʪʨʫʙʘʤʠ ʠ ʚʨʝʤʝʥʝʤ ʜʚʠʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚʠʭʨʝʡ ʟʘ 

ʮʝʧʦʯʢʦʡ ʪʨʫʙ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. ɺ ʤʦʤʝʥʪ 

ʧʦʜʣʝʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʜʣʝʪʝʚʰʠʭ ʠ ʟʘʚʝʨʰʠʚʰʠʭ ʮʠʢʣ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʡ ʟʘ ʪʨʫʙʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʚʠʭʨʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʚʝʨʰʠʪʴ ʙʦʣʴʰʫʶ 

ʨʘʙʦʪʫ ʧʦ ʜʨʦʙʣʝʥʠʶ ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠ ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ 

ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [32].  

ɺ ʪʨʫʙʥʦʤ ʧʫʯʢʝ ʜʚʠʞʝʪʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʧʦʜʘʯʘ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦ ʩʭʝʤʝ ʧʘʪʨʫʙʦʢ 9 ï ʢʦʣʣʝʢʪʦʨ 7 ï ʪʨʫʙʳ 6 ï ʢʦʣʣʝʢʪʦʨ 7 ï ʰʪʫʮʝʨ 8, ʜʘʣʝʝ 

ʥʠʞʝʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩʣʦʠ ʪʨʫʙ ʠ ʚʳʚʦʜ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 10. 

ɺʳʧʦʣʥʝʥʠʝ ʢʦʥʪʘʢʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʚʠʜʝ ʧʫʯʢʘ ʪʨʫʙ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʧʦʧʝʨʝʢ ʜʚʠʞʝʥʠʶ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ, ʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʝʥ ʧʦʜʚʦʜ ʪʝʧʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʟʦʥʫ ʢʦʥʪʘʢʪʘ ʬʘʟ ʠʣʠ ʦʪʚʦʜ ʠʟ ʥʝʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʠʭ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʭʝʤʦʩʦʨʙʮʠʠ. 

ʆʯʠʱʝʥʥʳʡ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʚʳʚʦʜʠʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ ʰʪʫʮʝʨ 3, ʘ 

ʦʪʨʘʙʦʪʘʥʥʘʷ ʞʠʜʢʦʩʪʴ ʩʪʝʢʘʝʪ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 5.  

ʀʟʛʦʪʦʚʣʝʥʠʝ ʘʧʧʘʨʘʪʘ ʩ ʪʨʫʙʥʦʡ ʥʘʩʘʜʢʦʡ, ʫ ʢʦʪʦʨʦʛʦ ʢʦʥʮʳ ʪʨʫʙ 6 

ʢʘʞʜʦʛʦ ʨʷʜʘ ʥʘʩʘʜʢʠ, ʚʳʭʦʜʷʱʠʝ ʟʘ ʢʦʨʧʫʩ ʘʧʧʘʨʘʪʘ, ʩʥʘʙʞʝʥʳ ʢʦʣʣʝʢʪʦʨʦʤ 7 

ʜʣʷ ʩʙʦʨʘ ʞʠʜʢʦʩʪʠ ʠ ʰʪʫʮʝʨʦʤ 8 ʜʣʷ ʧʝʨʝʣʠʚʘ ʞʠʜʢʦʩʪʠ ʥʘ 

ʥʠʞʝʨʘʩʧʦʣʦʞʝʥʥʳʡ ʨʷʜ, ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʪ ʪʦʯʢʠ ʚʚʦʜʘ ʢ ʪʦʯʢʝ ʚʳʚʦʜʘ ʯʝʨʝʟ ʩʣʦʠ ʪʨʫʙ ʧʦ ʚʳʩʦʪʝ 

ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ ʘʧʧʘʨʘʪʘ (ʨʠʩʫʥʦʢ 1.3). ʇʨʠ ʵʪʦʤ, ʚ ʩʣʫʯʘʝ ʥʘʛʨʝʚʘ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ, ʛʦʨʷʯʠʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʚʝʨʭʥʠʡ ʩʣʦʡ 

ʪʨʫʙ ʦʪʜʘʝʪ ʪʝʧʣʦ ʭʦʣʦʜʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʜʘʚʘʝʤʦʡ ʯʝʨʝʟ ʦʨʦʩʠʪʝʣʴ 4, ʠ, 

ʥʘʦʙʦʨʦʪ, ʚ ʩʣʫʯʘʝ ʦʭʣʘʞʜʝʥʠʷ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ ʭʦʣʦʜʥʳʡ ʪʝʧʣʦʥʦʩʠʪʝʣʴ 

ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʪʨʫʙ ʧʨʠʥʠʤʘʝʪ ʪʝʧʣʦ ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. ʇʨʠ ʜʚʠʞʝʥʠʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʪ ʩʣʦʷ ʢ ʩʣʦʶ ʪʨʫʙ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʝʧʣʦʩʲʝʤ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʪʝʧʣʘ ʚ ʦʙʲʝʤʝ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʥʥʳʭ 

ʫʩʣʦʚʠʡ ʚʝʣʠʯʠʥʫ ʪʝʧʣʦʩʲʝʤʘ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʦʝʚ ʪʨʫʙ, ʧʨʠ 

ʫʩʣʦʚʠʠ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʠʤʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ (ʘʙʩʦʨʙʮʠʠ, ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ ʪ.ʜ.). 

ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʤʠ ʜʚʫʭʟʦʥʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʷʚʣʷʶʪʩʷ ʘʧʧʘʨʘʪ ʩ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʨʫʙʯʘʪʦ-ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʠ ʘʧʧʘʨʘʪ ʩ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ 

ʜʝʡʩʪʚʠʷ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ.  
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ɼʣʷ ʩʣʫʯʘʷ ʫʣʘʚʣʠʚʘʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʳʣʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʪʨʫʙʯʘʪʦ-ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʠ [33]. ʅʘ ʨʠʩʫʥʢʝ 1.4 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʘʧʧʘʨʘʪʘ ʩ ʪʨʫʙʯʘʪʦ-ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ, ʠʤʝʶʱʝʛʦ  

ʧʣʦʩʢʫʶ ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʨʝʰʝʪʢʫ, ʥʘ ʨʠʩʫʥʢʝ 1.5 ʢʦʥʩʪʨʫʢʮʠʷ ʘʧʧʘʨʘʪʘ 

ʩ ʪʨʫʙʯʘʪʦ-ʬʦʥʪʘʥʠʨʫʶʱʝʡ ʥʘʩʘʜʢʦʡ [34], ʠʤʝʶʱʝʛʦ ʢʦʥʫʩʥʫʶ ʠʣʠ 

ʧʠʨʘʤʠʜʘʣʴʥʫʶ ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʨʝʰʝʪʢʫ.  

 

 
 

1 ï ʢʦʨʧʫʩ; 2 ï h ʪʫʮʝʨ ʜʣʷ ʚʚʦʜʘ ʛʘʟʘ; 3 - h ʪʫʮʝʨ ʜʣʷ ʚʳʚʦʜʘ ʛʘʟʘ; 4 ï ʦʨʦʩʠʪʝʣʴ; 

5 ï ʧʘʪʨʫʙʦʢ ʜʣʷ ʩʣʠʚʘ ʦʪʨʘʙʦʪʘʥʥʦʡ ʞʠʜʢʦʩʪʠ; 6 ï ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ; 

7 ï ʢʦʣʣʝʢʪʦʨʳ; 8 ï ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʰʪʫʮʝʨ; 9 ï ʧʘʪʨʫʙʦʢ ʧʦʜʘʯʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; 

10 ï ʧʘʪʨʫʙʦʢ ʜʣʷ ʩʣʠʚʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; 11 ï ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʨʝʰʝʪʢʘ; 

12 - ʩʣʦʡ ʜʠʩʢʨʝʪʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʰʘʨʦʚ) 

 

ʈʠʩʫʥʦʢ 1.4 - ɸʧʧʘʨʘʪ ʩ ʪʨʫʙʯʘʪʦ-ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ 
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1 ï ʢʦʨʧʫʩ; 2 ï h ʪʫʮʝʨ ʚʚʦʜʘ ʛʘʟʘ; 3 ï h ʪʫʮʝʨ ʚʳʚʦʜʘ ʛʘʟʘ; 4 ï ʦʨʦʩʠʪʝʣʴ; 

5 ï ʧʘʪʨʫʙʦʢ ʜʣʷ ʩʣʠʚʘ ʦʪʨʘʙʦʪʘʥʥʦʡ ʞʠʜʢʦʩʪʠ; 6 ï ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ; 

7 ï ʢʦʣʣʝʢʪʦʨʳ; 8 ï h ʪʫʮʝʨʳ; 9 ï ʧʘʪʨʫʙʦʢ ʜʣʷ ʧʦʜʘʯʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; 10 - ʧʘʪʨʫʙʦʢ 

ʜʣʷ ʩʣʠʚʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ; 11 - ʢʦʥʫʩʥʳʝ ʠʣʠ ʧʠʨʘʤʠʜʘʣʴʥʳʝ ʦʧʦʨʥʦ-

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʨʝʰʝʪʢʠ; 12 - ʩʣʦʡ ʜʠʩʢʨʝʪʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

ʈʠʩʫʥʦʢ 1.5 ï ɸʧʧʘʨʘʪ ʩ ʪʨʫʙʯʘʪʦ-ʬʦʥʪʘʥʠʨʫʶʱʝʡ ʥʘʩʘʜʢʦʡ 

 

ʊʘʢʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʚʦʙʨʘʣʦ ʚ ʩʝʙʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ 

ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʠ, ʘ ʠʤʝʥʥʦ ʭʘʦʪʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʦʙʲʝʤʝ ʨʘʙʦʯʝʡ ʟʦʥʳ, 

ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʯʠʩʪʢʝ ʚʥʫʪʨʝʥʥʠʭ ʫʩʪʨʦʡʩʪʚ ʦʪ ʦʪʣʦʞʝʥʠʡ ʠ ʨʝʛʫʣʷʨʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʝʩʦʤʥʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʚʠʭʨʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʤʥʦʛʦʩʪʘʜʠʡʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʢʘʢ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ, ʪʘʢ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤ ʢ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢʦʥʪʘʢʪʠʨʫʝʤʳʭ ʩʨʝʜ. ʂ ʘʧʧʘʨʘʪʘʤ, ʯʘʩʪʠʯʥʦ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʵʪʠʤ ʫʩʣʦʚʠʷʤ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ ʘʙʩʦʨʙʮʠʠ ʛʘʟʦʚ, ʦʪʥʦʩʷʪʩʷ ʘʧʧʘʨʘʪʳ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ ï ʠʥʝʨʮʠʦʥʥʦ-ʪʫʨʙʫʣʝʥʪʥʳʝ ʩ ʧʦʜʚʠʞʥʦʡ (ʨʝʛʫʣʷʨʥʦʡ) 

ʥʘʩʘʜʢʦʡ (ʀʊʇʅ), ʩʦʯʝʪʘʶʱʠʝ ʟʦʥʫ ʫʜʘʨʥʦ-ʠʥʝʨʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
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ʧʦʪʦʢʘ ʛʘʟʘ ʩ ʟʝʨʢʘʣʦʤ ʞʠʜʢʦʩʪʠ ʠ ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ ʩ ʛʘʟʦʢʘʧʝʣʴʥʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ [35]. ʕʪʠ ʘʧʧʘʨʘʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʫʩʪʨʦʡʩʪʚʘʤ ʩ ʚʥʫʪʨʝʥʥʝʡ 

ʮʠʨʢʫʣʷʮʠʝʡ ʞʠʜʢʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʩʠʩʪʝʤʳ ʦʨʦʰʝʥʠʷ 

[18 ʩ.143].  

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʛʘʟʦʚʳʡ ʧʦʪʦʢ (ʨʠʩʫʥʦʢ 1.6), ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʦʯʠʩʪʢʫ, 

ʧʦʜʘʝʪʩʷ ʚ ʰʪʫʮʝʨ 2 ʠ ʨʘʟʜʝʣʝʥʥʳʡ ʥʘ ʯʘʩʪʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʫʜʘʨʷʝʪʩʷ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʚʥʠʟʫ ʢʦʨʧʫʩʘ 1.  

 
1 ï ʢʦʨʧʫʩ; 2 ʠ 3 ï ʰʪʫʮʝʨʳ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʛʘʟʘ; 4 ï ʧʘʪʨʫʙʦʢ ʜʣʷ ʚʚʦʜʘ ʩʚʝʞʝʡ 

ʞʠʜʢʦʩʪʠ; 5 ï ʧʘʪʨʫʙʦʢ ʚʳʚʦʜʘ ʰʣʘʤʘ; 6 ʠ 7 ï ʰʪʫʮʝʨʳ ʜʣʷ ʨʝʮʠʨʢʫʣʷʮʠʠ 

ʨʘʩʪʚʦʨʘ ʠ ʧʝʨʝʣʠʚʘ ʞʠʜʢʦʩʪʠ; 8 - ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʨʝʰʝʪʢʠ;  

9 ï ʩʪʨʫʥʳ; 10 ï ʥʘʩʘʜʦʯʥʳʝ ʵʣʝʤʝʥʪʳ; 11 - ʢʦʥʠʯʝʩʢʠʡ ʮʝʥʪʨʦʙʝʞʥʳʡ 

ʟʘʚʠʭʨʠʪʝʣʴ; 12 ï ʰʪʫʮʝʨ ʩʣʠʚʘ ʦʪʩʝʧʘʨʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 1.6 ï ɸʧʧʘʨʘʪ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ 

 

ʇʨʠ ʫʜʘʨʝ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʧʦʪʦʢʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʟʘ ʩʯʝʪ ʠʥʝʨʮʠʦʥʥʦʡ 

ʩʠʣʳ ʦʩʘʞʜʘʶʪʩʷ ʚ ʞʠʜʢʦʩʪʠ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ ʧʦʜʭʚʘʪʳʚʘʝʤʘʷ ʞʠʜʢʦʩʪʴ ʚ ʚʠʜʝ ʧʣʝʥʦʢ ʠ ʢʘʧʝʣʴ ʫʚʣʝʢʘʝʪʩʷ ʚ 
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ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ. ʇʨʠ ʦʙʪʝʢʘʥʠʠ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ ʩ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʠ, ʛʜʝ ʥʘʩʘʜʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʟʘʢʨʝʧʣʝʥʳ ʩ ʰʘʛʦʤ, 

ʨʘʚʥʳʤ 1-4  ʢʘʣʠʙʨʘ ʢʘʞʜʦʛʦ ʧʨʝʜʳʜʫʱʝʛʦ ʵʣʝʤʝʥʪʘ, ʚʦʟʥʠʢʘʝʪ ʩʠʥʬʘʟʥʳʡ 

ʨʝʞʠʤ. 

ɸʧʧʘʨʘʪʳ ʀʊʇʅ ʩ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʩʠʩʪʝʤʦʡ ʦʨʦʰʝʥʠʷ ʥʘʰʣʠ ʜʦʚʦʣʴʥʦ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʩʣʘʙʦʩʣʠʧʘʶʱʠʭʩʷ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ 

ʧʳʣʝʡ ʠ ʘʙʩʦʨʙʮʠʠ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʡ ʦʯʠʩʪʢʝ 

ʛʘʟʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʜʛʝʟʠʦʥʥʳʝ ʧʳʣʠ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ, ʪ.ʢ. 

ʚʦʟʥʠʢʘʶʪ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʨʘʩʪʘʥʠʝʤ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ 

ʦʪʣʦʞʝʥʠʷʤʠ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʠ ʘʧʧʘʨʘʪʘ ʚ ʮʝʣʦʤ. ɼʨʫʛʦʡ ʧʨʦʙʣʝʤʦʡ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʧʦʜʚʦʜ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʨʠʚʦʜʷʱʠʡ ʢ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦ ʚʳʩʦʪʝ ʠ ʝʛʦ ʨʘʩʢʘʯʢʝ. ɺ 

ʠʥʪʝʥʩʠʚʥʳʭ ʨʝʞʠʤʘʭ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʩʢʦʢʫ ʥʝʦʯʠʱʝʥʥʦʛʦ ʛʘʟʘ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ [18 ʩ.87, 28 

c.96]: 
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ʛʜʝ 
Lx ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʨʦʰʘʝʤʦʡ 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. 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʨʦʰʘʝʤʦʡ ʥʘʩʘʜʢʠ: 

 
2,0Re27,0 ʞpbL qqx =       (1.2) 

 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 
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,      (1.3) 

 

ʛʜʝ  ʞU  = L/3600 - ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʤ/ʩ; ʞnï ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʤ2/ʩ;  L ï ʧʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ, ʤ3/ʤ2Öʯ. 

ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʥʘʩʘʜʢʠ: 

 

( )d

d

22

4 22

+

Ö-Ö
=

bb

bttb
d

p

ʵʢʚ ,      (1.4) 

 

ʛʜʝ d- ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ, ʤ. 
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ʂʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ  ʥʘʧʨʘʚʣʝʥʠʠ qb   ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ ʬʦʨʤʫʣʝ:  

 

ù
ú

ø
é
ê

è

öö
÷

õ
ææ
ç

å
+

Ö
+= 1

4

2
sin15,085,0

K

ʚ
ʚ

m

St ^p
q      (1.5) 

 

ɺʭʦʜʷʱʝʝ ʚ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʯʠʩʣʦ ʉʪʨʫʭʘʣʷ ʜʣʷ ʧʣʘʩʪʠʥʯʘʪʳʭ ʵʣʝʤʝʥʪʦʚ 

0,15Sl= ; Km - ʧʘʨʘʤʝʪʨ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʬʦʨʤʫ ʦʙʪʝʢʘʝʤʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʠʭʨʝʡ: 

 

( )( )0,329 1 expK bm t= - -      (1.6) 

 

ʂʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ ʚ 

ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ qʨ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

pp

p

ʨ
dt

t

-

-
=

l
q       (1.7) 

 

ɼʣʷ ʜʠʩʢʨʝʪʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʪʝʣ ʚ ʦʜʥʦʤ ʨʷʜʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʦʙʪʝʢʘʝʤʦʤʫ ʧʦʪʦʢʫ ʚʦʟʤʦʞʥʳ ʜʚʘ ʩʣʫʯʘʷ: ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʤʘʩʰʪʘʙ ʠ ʯʘʩʪʦʪʘ 

ʚʠʭʨʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʰʠʨʠʥʦʡ ʪʝʣʘ (ʧʨʠ tp²2b l=b), ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʨʘʟʤʝʨʦʤ 

ʟʘʟʦʨʘ ʤʝʞʜʫ ʪʝʣʘʤʠ (ʧʨʠ tp<2b  l=tpïb). 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ (ʂʋɾ) h0 ʧʨʝʜʣʦʞʝʥʦ 

ʫʨʘʚʥʝʥʠʝ: 

2

0

2

ʛʛ

2 er

r
x

ÖÖÖ
ÖÖÖ=

g

W

t

ʅ
ɸh

ʞʚ

Lʦ      (1.8) 

 

ʛʜʝ ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ɸ ʜʣʷ ʘʧʧʘʨʘʪʘ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ɸ=0,52. 

ʈʘʩʯʝʪ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

j e= -
h

H

0
,      (1.9) 

 

ʛʜʝ e ï ʦʙʲʝʤʥʘʷ ʧʦʨʦʟʥʦʩʪʴ ʥʘʩʘʜʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʧʦ 

ʬʦʨʤʫʣʝ: 
2

1
ʚ p

b

t t
e= -

Ö
.      (1.10) 
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ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

( )

( )

1 4
2 3

0

ʛs

ʛ k ʛ ʧʣ
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,   (1.11) 

 

ʛʜʝ 
ʛs
ɺb = 

1/4

7,8
1

j

j

å õ
æ ö
-ç ÷

 - ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ; hʧʣ ï ʧʣʝʥʦʯʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʂʋɾ, ʤ; Uʛ=Wʛ/j̫ ʯ ï ʠʩʪʠʥʥʘʷ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʷʯʝʡʢʝ, ʤ/ʩ; 

b

ʧʣ

b

k

ʷʯ
t

hh

t

h -
-=-= 011j ï ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ ʩʣʦʷ ʚ ʷʯʝʡʢʝ; ʧʣk hhh -= 0  ï ʢʘʧʝʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʂʋɾ, ʤ. 

ɼʠʘʤʝʪʨ ʢʘʧʝʣʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 
1/6 1/3 2 3
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 ,    (1.12) 

 

ʛʜʝ Bk=0,07- ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʊʦʣʱʠʥʘ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥʳ: 
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.      (1.13) 

 

Uʩʪʨ ï ʩʢʦʨʦʩʪʴ ʩʪʨʫʠ ʞʠʜʢʦʩʪʠ (ʤ/ʩ): 

 

2/16/13/1

2\1
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=
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     (1.14) 

 

dʩʪʨ ï ʜʠʘʤʝʪʨ ʩʪʨʫʠ (ʤ): 

 

5/65/25/1
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,     (1.15) 

 

ʛʜʝ ɺʩʪʨ=9,03 ï ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ.  

ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʪʜʘʯʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʜʣʷ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ:   
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ʛʜʝ 
ʞs
ɺb =14,4 - ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ; ʥd- ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥ, ʤ.  
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ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ [18 ʩ.91,19 c.64] 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʨʦʰʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (1.1). 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʨʦʰʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʫʨʘʚʥʝʥʠʶ:  

 
m

ʞʨʚL ɸ ReÖÖÖ= qqx .      (1.17) 

 

ɿʜʝʩʴ   ɸ = 0,23 ï ʜʣʷ ʘʧʧʘʨʘʪʘ ʪʨʫʙʘʤʠ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ; 

  ɸ = 0,53 ï ʜʣʷ ʘʧʧʘʨʘʪʘ ʪʨʫʙʘʤʠ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ; 

  m = 0,1 ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʜʚʠʛ ʚ ʤʦʤʝʥʪʘʭ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ:  
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ʛʜʝ  d ï ʜʣʷ ʪʨʫʙ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ dʮ, ʘ ʜʣʷ ʪʨʫʙ ʢʚʘʜʨʘʪʥʦʛʦ 

ʩʝʯʝʥʠʷ ʚʢ; Sl ï ʯʠʩʣʦ ʉʪʨʫʭʘʣʷ ʜʣʷ ʪʨʫʙ ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ Sl=0,2 , 

ʘ ʜʣʷ ʪʨʫʙ ʢʚʘʜʨʘʪʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ Sl=0,136. 

ʂʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ ʚ 

ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ, ʫʯʠʪʳʚʘʶʱʠʡ ʠʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ, qʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1.7). 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʧʦ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ (1.3).  

ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙ: 

ʩ ʢʨʫʛʣʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ  
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=       (1.19) 

 

ʩ ʢʚʘʜʨʘʪʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ  
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ʚtt
d

2Ö
= .      (1.20) 

 

ɼʣʷ ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʠʩʧʦʣʴʟʦʚʘʥʦ ʯʠʩʣʦ ʕʡʣʝʨʘ, ʢʦʪʦʨʦʝ  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  
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ʈʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

0 ʧʣ( ) .k

b

H
h h h

t
= + Ö      (1.22) 

 

ʇʣʝʥʦʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ hʧʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ: 

 

hʧʣ = dʧʣ (1-eʦ)      (1.23)   

 

ʂʘʧʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ hʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

  

Ὤ ὃϽ‚ ̄ ̄

̇
Ͻ        (1.24)  

 

 

ʚ ʢʦʪʦʨʦʡ ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ  ɸ = 0,5 ï ʜʣʷ ʪʨʫʙʯʘʪʦʛʦ ʧʫʯʢʘ ʩ ʪʨʫʙʘʤʠ 

ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ; ɸ= 0,3 ï ʜʣʷ ʪʨʫʙʯʘʪʦʛʦ ʧʫʯʢʘ ʩ ʪʨʫʙʘʤʠ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ;

 

ɻʘʟʦʩʦʜʝʨʞʘʥʠʝ ʩʣʦʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʙʘʣʘʥʩʦʚʦʡ ʬʦʨʤʫʣʝ (1.9). ʆʙʲʝʤʥʘʷ 

ʧʦʨʦʟʥʦʩʪʴ e, ʚʭʦʜʷʱʘʷ ʚ ʵʪʫ ʬʦʨʤʫʣʫ (1.9) - ʜʣʷ ʪʨʫʙ ʩ ʢʨʫʛʣʳʤ ʧʦʧʝʨʝʯʥʳʤ 
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ʇʦʨʦʟʥʦʩʪʴ ʪʨʫʙ ʚ ʩʣʦʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

pt

d
-=10e       (1.25) 

 

ɿʜʝʩʴ d, ʜʣʷ ʪʨʫʙ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ dʮ, ʘ ʜʣʷ ʪʨʫʙ ʢʚʘʜʨʘʪʥʦʛʦ 

ʩʝʯʝʥʠʷ ʚʢ.    

ʉʨʝʜʥʝʠʥʪʝʛʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʘʤʝʪʨʘ ʢʘʧʝʣʴ ʦʪ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʥʳʭ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 
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ʛʜʝ ɺʢ=18,8 - ʜʣʷ ʪʨʫʙ ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ɺʢ=21 - ʢʚʘʜʨʘʪʥʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ.   

ʊʦʣʱʠʥʫ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

 
1/3
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U d
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å õ
= Öæ öç ÷

      (1.27) 
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ʈʘʩʯʝʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʫʨʘʚʥʝʥʠʠ (1.27) ʩʦʩʪʘʚʣʷʝʪ: ʜʣʷ ʪʨʫʙ ʢʨʫʛʣʦʛʦ  

ʩʝʯʝʥʠʷ ɺʧʣ=1; ʜʣʷ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ɺʧʣ=0,625. 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʩʪʝʢʘʥʠʷ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ:  

 

3/23/2

3/1

666,0 dU
g

U ʞ

ʞ

ʧʣ ö
ö
÷

õ
æ
æ
ç

å
=

u
.     (1.28) 

 

ɼʣʠʥʘ ʣʝʧʝʩʪʢʦʚ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʨʠ ʦʪʨʳʚʝ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

fUʚ ʧʣ/= .       (1.29) 

 

ɼʠʘʤʝʪʨ ʩʪʨʫʠ, ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʠʟ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ:  

 

5/65/25/1

5/25/3

5/2

ʛʛʞ

ʧʣ

L

ʩʪʨ

ʩʪʨ
U

ɺ
d

ÖÖ
Ö=

rr

ds

x
     (1.30) 

 

ɿʜʝʩʴ ɺ = 10 ʜʣʷ ʪʨʫʙ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ;  ɺ = 15,2 ʜʣʷ ʪʨʫʙ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʉʫʤʤʘʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʬʘʟ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

[36]: 

 

ʥ

ʢ

ʢ ʘ
d

a +
F

F+-
=

2

61)1(23 j
,     (1.31) 

 

ʛʜʝ ʘʥïʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʯʘʪʳʭ ʵʣʝʤʝʥʪʦʚ: ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ (ʘʥ=pd/tʚÖ 

tʨ); ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ (ʘʥ=4ʚʢ/tʚÖ tʨ).  
ʌʦʨʤʘ ʢʘʧʣʠ ʌ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

 
5/1KWe=F         (1.32) 

 

ɿʥʘʯʝʥʠʝ ʂ ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ɻ

ʢʢ
ʢ

dU

u
=Re . ʇʨʠ 800Re >ʢ  ʂ=1,1, ʚ 

ʦʙʣʘʩʪʠ 800Re100 ¢¢ ʢ  4/1Re5,5 -= ʢK . ʕʪʠ ʟʥʘʯʝʥʠʷ ʂ ʩʧʨʘʚʝʜʣʠʚʳ ʧʨʠ 1>We . 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 
4/1
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nj
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ʷʯʧʣʚ

Lɻʛs
hɻ

UD
ɺ    (1.33) 

ʆʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʧʫʯʢʘ ʪʨʫʙ ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ɺɻ =24Öj; ʢʚʘʜʨʘʪʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ɺɻ =25Öj. 

ɺ ʢʨʠʪʝʨʠʘʣʴʥʦʤ ʚʠʜʝ ʫʨʘʚʥʝʥʠʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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2/14/3Re ScASh ɻɻ ÖÖ=*       (1.34) 

 

ɿʜʝʩʴ 
4/1

ʛʛ

)1(
ù
ú

ø
é
ê

è -
Ö=

ʷʯ

ʦLBɸ
j

ex
- ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʠʭʨʝʡ ʚ ʦʨʦʰʘʝʤʦʤ ʪʨʫʙʯʘʪʦʤ ʧʫʯʢʝ; 
*

ʛSh = bʛsÖtʚ /Dʛ   ʠ  *ʛRe  = UʛÖtʚ /nʛ - ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʯʠʩʣʘ ʐʝʨʚʫʜʘ ʠ 

ʈʝʡʥʦʣʴʜʩʘ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʚʳʩʦʪʝ ʷʯʝʡʢʠ tʚ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ  ɺa=0,12- ʜʣʷ ʪʨʫʙ ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ;  

ɺa=0,1- ʜʣʷ ʪʨʫʙ ʢʚʘʜʨʘʪʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʋʨʘʚʥʝʥʠʝ (1.35) ʚ ʢʨʠʪʝʨʠʘʣʴʥʦʤ ʚʠʜʝ ʟʘʧʠʰʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

2/1

4/3
PrRe

Sʩ
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a ,     (1.36) 

 

ʛʜʝ  
( )

4/1

01
ù
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é
ê

è -
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ʷʯ

Lɺɸ
j

e
xaa - ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʠʭʨʝʡ ʚ ʦʨʦʰʘʝʤʦʤ ʪʨʫʙʯʘʪʦʤ ʧʫʯʢʝ; 
l

a ʚ
ɻ

t
Nu

Ö
=*

  ʠ 
ʛ

ʛʛ*Re
n

tU
ɻ

Ö
=  

- ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʯʠʩʣʘ ʅʫʩʩʝʣʴʪʘ ʠ ʈʝʡʥʦʣʴʜʩʘ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʚʳʩʦʪʝ 

ʷʯʝʡʢʠ; 
l

nr ʛʛÖÖ=
ʩ

ʈrɻ  - ʯʠʩʣʦ ʇʨʘʥʜʪʣʷ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʘ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʝʛʫʣʷʨʥʦ-ʚʟʚʝʰʝʥʥʦʡ 

ʥʘʩʘʜʢʦʡ [37-39] 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

Ўὖ Ўὖ̓̑ Ўὖ̃  ̊     (1.37) 

 

ɿʜʝʩʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʠ Ўὖ̓  ̑

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1.1). ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʟʚʝʰʝʥʥʦʛʦ 

ʩʣʦʷ ʦʨʦʰʘʝʤʦʡ ʰʘʨʦʚʦʡ ʥʘʩʘʜʢʠ ʧʦ ʬʦʨʤʫʣʝ: 

Ўὖ̃ ˚ ρ ‐̙ Ͻ”̎ϽὫϽὌ̒ ̓ ̋Ͻ”̇ ϽὫϽὬ̇    (1.38) 

ʛʜʝ  ̋ï ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. ɼʣʷ ʘʧʧʘʨʘʪʘ ʩ ʪʨʫʙʯʘʪʦ-ʚʟʚʝʰʝʥʥʦʡ 

ʥʘʩʘʜʢʦʡ ̋ πȟυυψ; ʜʣʷ ʘʧʧʘʨʘʪʘ ʩ ʪʨʫʙʯʘʪʦ-ʬʦʥʪʘʥʠʨʫʶʱʝʡ ʥʘʩʘʜʢʦʡ     ̋

πȟφυϽὛ́̐Ὓ̋ϳ ; Ὤ̇  - ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ ʫʜʝʨʞʠʚʘʝʤʦʡ ʚʟʚʝʰʝʥʥʦʡ ʰʘʨʦʚʦʡ 

ʥʘʩʘʜʢʦʡ. 
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ʂʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

ʜʣʷ ʪʨʫʙʯʘʪʦ-ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʠ 

 

Ὤ̏̂̚ Ὤ˟ˏ Ὤ
̓̑

       (1.39) 

 

ʛʜʝ Ὤ˟ˏ- ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ ʫʜʝʨʞʠʚʘʝʤʦʡ ʚʟʚʝʰʝʥʥʦʡ ʰʘʨʦʚʦʡ ʥʘʩʘʜʢʦʡ  

 

Ὤ̇
Ͻ̄̄

̇
        (1.40) 

 

ʂʨʠʪʝʨʠʡ ʌʨʫʜʘ ʜʣʷ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦ-ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʚ 

ʫʨʘʚʥʝʥʠʠ (1.40) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

Ὂὶ ˍ ̄

̇

ȟ
Ͻ ̒̓

̎

ȟ
̎

̇

ȟ
,    (1.41) 

 

ʛʜʝ ɸ=0,0084 ï ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʂʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ (ʂʋɾ) ʚ ʘʧʧʘʨʘʪʝ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 
2

ʛ ʛ
0 2

0,54
2

ʪʨ

L

ʚ ʞ ʪʨ

Wʅ
h

t g

r
x

r e
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,    (1.42) 

 

ʛʜʝ H- ʚʳʩʦʪʘ ʥʘʩʘʜʢʠ, ʤ; ”̄- ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ, ʢʛ/ʤ3; ‚ - ʢʦʵʬʬʠʮʠʝʥʪ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʡ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʠʭʨʝʡ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʥʘ ʪʨʝʥʠʝ ʛʘʟʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʣʝʥʢʫ ʞʠʜʢʦʩʪʠ; ‐̓  ̑ʧʦʨʦʟʥʦʩʪʴ ʨʷʜʘ ʥʘʩʘʜʢʠ: 

 

‐̓̑ ρ        (1.43) 

 

ʂʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʘʧʧʘʨʘʪʝ ʩ ʪʨʫʙʯʘʪʦ - 

ʬʦʥʪʘʥʠʨʫʶʱʝʡ ʥʘʩʘʜʢʦʡ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

 

Ὤ̏̂̚ Ὤ˟ˡ Ὤ
̓̑

        (1.44) 

 

ʂʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ ʫʜʝʨʞʠʚʘʝʤʦʡ ʚʟʚʝʰʝʥʥʦʡ ʰʘʨʦʚʦʡ ʥʘʩʘʜʢʦʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1.40). 

 

 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʘ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ  [19 c.119, 28 c.127] 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 
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Dʈʘʧ = Dʈɻ + DʈL,       (1.45) 

 

ʛʜʝ Dʈɻ - ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʦʥʳ ʵʞʝʢʮʠʠ, ʇʘ; DʈL - ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ, ʇʘ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʦʥʳ ʵʞʝʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

Dʈɻ = ])1[(
2

ʵʞ

2

ʧʘʪʛ hg
W

D-+
Ö

jr
r
l ,     (1.46) 

 

ʛʜʝ Dh - ʢʦʣʠʯʝʩʪʚʦ ʚʳʪʝʩʥʝʥʥʦʡ ʚ ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ ʞʠʜʢʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

Dh= h1 + hʜ,        (1.47) 

 

ʛʜʝ h1 - ʟʘʟʦʨ ʤʝʞʜʫ ʩʨʝʟʦʤ ʛʦʪʦʚʦʛʦ ʧʘʪʨʫʙʢʘ ʠ ʟʝʨʢʘʣʦʤ ʞʠʜʢʦʩʪʠ, ʤ;  hʜ - 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʢʦʨʦʩʪʥʳʤ ʥʘʧʦʨʦʤ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʤ. 

ɺʝʣʠʯʠʥʫ hʜ  ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

hʜ = 
2g

2

ʧʘʪW
l ,       (1.48) 

 

ʛʜʝ l- ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ (ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʘʪʨʫʙʢʘ l=xʧʘʪ), 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ: 

 

l=
0,5

3,15

Reʧʘʪ
,      (1.49) 

 

ʟʜʝʩʴ   Re ʧʘʪ ʧʘʪ
ʧʘʪ

ʛ

W d

n

Ö
=  - ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ; Wʧʘʪ ï ʩʢʦʨʦʩʪʴ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ 

ʧʘʪʨʫʙʢʝ, ʤ/ʩ; dʧʘʪ ï ʜʠʘʤʝʪʨ ʧʘʪʨʫʙʢʘ, ʤ. 

ɻʘʟʦʩʦʜʝʨʞʘʥʠʝ ʚ ʟʦʥʝ ʵʞʝʢʮʠʠ  jɻ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

jɻ = 
1

1
1 Fr
-
+

,     (1.50) 

 

 

 

 

ʛʜʝ Fr - ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʯʠʩʣʦ ʌʨʫʜʘ: 

 

Fr =
2

ʛ

ʞ2

ʧʘʪW

g h

r

r

Ö

Ö ÖD
,     (1.51) 
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ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

(1.1), ʚ ʢʦʪʦʨʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʨʦʰʘʝʤʦʡ ʥʘʩʘʜʢʠ: 

 

xL =
0,25

ʞ
ʚ ʨ 0,1

ʛ

Re
0,7

Re
q qÖ Ö Ö ,     (1.52) 

 

ɿʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ, ʚʭʦʜʷʱʠʭ ʚ ʫʨʘʚʥʝʥʠʝ (1.52) ʦʧʨʝʜʝʣʷʶʪ  ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʬʦʨʤʫʣʘʤ:  ʢʦʵʬʬʠʮʠʝʥʪ qʚ (1.5), ʩ ʫʯʝʪʦʤ (1.6) , qʨ (1.7); ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʧʦ 

ʞʠʜʢʦʡ ʬʘʟʝ Reʞ (1.3). 

ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʧʦ ʛʘʟʦʚʦʡ ʬʘʟʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

Reʛ = 
ʛ

ʵʢʚʛ

n

dW Ö
       (1.53) 

 

ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

dʵʢʚ = 
2 2

ʚ ʥ

2

ʥ

2( )

2

pt t b

b b

d

d

Ö - Ö

+ Ö
,    (1.54) 

 

ʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ Uʞ , ʵʞʝʢʪʠʨʫʝʤʦʡ ʚ ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ: 

 

Uʞ = 0,024 g hÖD      (1.55) 

 

ʂʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʦʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ (1.22) ʩ ʫʯʝʪʦʤ (1.23) ʠ (1.24). ɿʥʘʯʝʥʠʝ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ ʫʨʘʚʥʝʥʠʠ (1.24) ɸ=0,88. ɻʘʟʦʩʦʜʝʨʞʘʥʠʝ ʩʣʦʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ (1.9). 

ʉʫʤʤʘʨʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʚ ʘʧʧʘʨʘʪʝ ʋʀɼ ʩ 

ʈʇʅ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

hʦʙ ɦ= 1 ï (1ï  Stkh ) (1ïhD),    (1.56) 

 

ʛʜʝ  hStk   ʠ hD ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ ʠʥʝʨʮʠʦʥʥʦʛʦ ʠ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʟʘ ʩʯʝʪ ʠʥʝʨʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

Stkh  = 1 ï exp ʟ ʚ

ʢ ʢ

3

2

y ʦʪʥm K t

U d

JÖ Ö Öå õ
- Öæ ö

Öç ÷
,    (1.57) 
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ʛʜʝ        ʞ

ʛ

y

V
m

V
=  ï ʚʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ, ʤ3/ʤ3; Jʦʪʥ = |uʯ ï uʢ|  ï ʩʢʦʨʦʩʪʴ 

ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʥʘ ʢʘʧʣʠ, ʤ/ʩ; uʢ ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʘʧʝʣʴ, ʤ/ʩ;                         dk 

ï ʜʠʘʤʝʪʨ ʢʘʧʝʣʴ, ʤ; ʂʟ ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʭʚʘʪʘ. 

ʂʦɻʬʬʠʮʠʝʥʪ ʟʘʭʚʘʪʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

ʂʟ = 
2

2( 0,25)

Stk

Stk
Ö

+

45,110  4,5k k

ʯ k

d

d d
e e

-- Ö Ö -å õ
-æ ö

æ ö
ç ÷

,    (1.58) 

 

ʛʜʝ   Stk= 
2

ʛ18

ʯ ʯ ʯ

k

d u

d

r

m

Ö Ö

Ö
 ï ʢʨʠʪʝʨʠʡ ʉʪʦʢʩʘ; ʛmï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʛʘʟʘ, ʇʘÖʩ; dʯ 

ï ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ, ʤ; 
ʪ ʞ( )

k
g

s

r r
=

-
  ï ʢʘʧʠʣʣ̫ ʨʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʤ; s ï 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ  ʥʘʪʷʞʝʥʠʝ, ʅ/ʤ. 

ɼʠʘʤʝʪʨ ʢʘʧʝʣʴ ʞʠʜʢʦʩʪʠ ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

(1.12): 

 
1/6 2/3 1/3

ʞ ʛ1/3

5/3 1/2

ʛ

,
ʩʪʨ

k k L

ʩʪʨ

d U
d B

U

r s
x

r

Ö Ö Ö
= Ö

Ö
 

 

ɿʜʝʩʴ   dʩʪʨ ï ʜʠʘʤʝʪʨ ʩʪʨʫʠ, ʤ; uʩʪʨ ï ʩʢʦʨʦʩʪʴ ʩʪʨʫʠ, ʤ. 

ɼʠʘʤʝʪʨ ʩʪʨʫʠ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ (1.15): 

 
3/5 2/5

ʧʣ

2/5 1/5 2/5 6/5

L ʞ ʛ ʛ

ʩʪʨ

ʩʪʨ

B
d

U

s d

x r r

Ö
= Ö

Ö Ö
, 

 

ʘ ʩʢʦʨʦʩʪʴ ʩʪʨʫʠ (1.14): 
1/2

1/3 1/6 1/2

ʛ ʞ

1,28ʩʪʨ

ʩʪʨ

U
d

s

r r
=

Ö Ö
. 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

h h hD = - - ¡Ö - ¡¡1 1 1( ) ( ) ,     (1.59) 

 

ʛʜʝ  ¡h ʠ ¡¡h  ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ  ʟʦʥʳ ʵʞʝʢʮʠʠ ʠ ʥʘʩʘʜʦʯʥʦʡ 

ʟʦʥʳ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʟʦʥʳ ʵʞʝʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

1

1/4

ʧʘʪ k

k

ʊ

W d
B

D
h

-
Öå õ

¡ ¡= Öæ ö
¡ç ÷

,     (1.60) 
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ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʧʦ ʬʦʨʤʫʣʝ: 

  
1/4

ʛ k
k

ʊ

W d
B

D
h

-

å õÖ
¡¡ ¡¡= Öæ ö

¡¡ç ÷
,     (1.61) 

 

ɺʭʦʜʷʱʠʝ ʚ ʚʳʨʘʞʝʥʠʷ (1.60) ʠ (1.61) ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʫʨʙʫʣʝʥʪʥʦʡ  

ʜʠʬʬʫʟʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʘʚʥʝʥʠʷʤ: 

ʜʣʷ ʟʦʥʳ ʵʞʝʢʮʠʠ: 

 

( )
1

1/3 1/3
1/3 4/3ʛ

1

ʞ

1
;ʊ ʧʘʪ k ʧʘʪD B d W Stk

h

r
x

r

å õå õ
¡= Ö Ö Ö Ö Öæ öæ ö

Dç ÷ç ÷
  (1.62) 

 

ʜʣʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ: 

 

( )
1/31/3 1/3

1/3 1/3 4/3ʛ
2 L 0 ʛ

ʚ ʞ 0

1
(1 )ʊ k

H
D B d u Stk

t h

r
x e

r

å õå õ å õ
¡¡= Ö - Ö Ö Ö Ö Ö Öæ öæ ö æ ö

ç ÷ ç ÷ç ÷
 (1.63) 

 

ɼʠʘʤʝʪʨ ʢʘʧʝʣʴ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʟʦʥʝ ʵʞʝʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

1 1

3/5 2/5 2/5

ʵ
ʢ ʢ 1/5 2/5 6/5

ʞ ʛ ʧʘʪ

(1 ) h
d B

W

s j

r r

Ö - D
= Ö

Ö Ö
    (1.64) 

 

1.3 ʂʦʥʩʪʨʫʢʮʠʠ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʠ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʦʜʥʦʟʦʥʥʳʭ ʛʘʟʦʦʯʠʩʪʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦ 

ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ 

ɸʥʘʣʠʟ ʨʘʙʦʪʳ ʦʜʥʦʢʦʥʪʫʨʥʦʡ ʩʠʩʪʝʤʳ ʦʨʦʰʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʚ ʦʯʠʱʘʝʤʦʤ ʛʘʟʝ ʨʘʩʪʚʦʨʠʤʳʭ ʧʳʣʝʡ ʚʦʟʤʦʞʥʦ ʩʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ 

ʘʙʩʦʨʙʮʠʠ ʢʘʢ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ, ʪʘʢ ʠ ʧʣʦʭʦʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʦʚ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʦʨʦʰʘʶʱʝʤ ʨʘʩʪʚʦʨʝ ʜʦʙʘʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ (ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʘʙʩʦʨʙʠʨʫʝʤʳʤ ʛʘʟʦʤ), ʯʪʦ ʧʦʥʠʞʘʝʪ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʛʘʟʦʚ ʠ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ [20 ʩ.20]. 

ʋʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʘʚʪʦʥʦʤʥʳʤʠ ʩʪʫʧʝʥʷʤʠ. ɺ ʛʘʟʦʦʯʠʩʪʥʳʭ 

ʘʧʧʘʨʘʪʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʫʜʘʨʥʳʡ ʠ ʚʠʭʨʝʚʦʡ ʤʝʭʘʥʠʟʤʳ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʢʦʥʪʫʨʳ ʦʨʦʰʝʥʠʷ, ʨʘʟʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʟʦʥ ï ʫʜʘʨʥʦ-ʠʥʝʨʮʠʦʥʥʦʡ ʠ 

ʥʘʩʘʜʦʯʥʦʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʠ 

ʧʦʚʳʩʠʪʴ ʜʚʠʞʫʱʫʶ ʩʠʣʫ ʧʨʦʮʝʩʩʘ ʘʙʩʦʨʙʮʠʠ. ʅʘ ʨʠʩʫʥʢʝ 1.7 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʘʚʪʦʥʦʤʥʳʤʠ 

ʢʦʥʪʫʨʘʤʠ ʦʨʦʰʝʥʠʷ (ʂɸʀʊ) [40]. 
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1-ʢʦʨʧʫʩ; 2 ʠ 3 ʰʪʫʮʝʨʳ ʜʣʷ ʚʚʦʜʘ ʠ ʚʳʚʦʜʘ ʛʘʟʘ; 4- ʧʘʪʨʫʙʦʢ ʜʣʷ ʚʚʦʜʘ ʩʚʝʞʝʡ 

ʞʠʜʢʦʩʪʠ; 5- ʧʘʪʨʫʙʦʢ  ʚʳʚʦʜʘ ʰʣʘʤʘ; 6 ʠ 7- ʰʪʫʮʝʨʳ ʜʣʷ ʨʝʮʠʨʢʫʣʠʨʫʶʱʝʛʦ 

ʨʘʩʪʚʦʨʘ ʠ ʧʝʨʝʣʠʚʘ ʞʠʜʢʦʩʪʠ; 8- ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʨʝʰʝʪʢʠ; 

9- ʩʪʨʫʥʳ; 10- ʢʦʥʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʥʘʩʘʜʦʯʥʳʝ ʵʣʝʤʝʥʪʳ; 11- ʢʦʥʠʯʝʩʢʠʡ 

ʮʝʥʪʨʦʙʝʞʥʳʡ ʟʘʚʠʭʨʠʪʝʣʴ; 12- ʰʪʫʮʝʨ ʩʣʠʚʘ ʦʪʩʝʧʘʨʠʨʦʚʘʥʥʦʡ ʞʠʜʢʦʩʪʠ; 

13- ʧʝʨʝʛʦʨʦʜʢʘ; 14- ʧʘʪʨʫʙʢʠ; 15 ʠ 16- ʧʘʪʨʫʙʢʠ ʩʣʠʚʘ ʦʪʨʘʙʦʪʘʥʥʦʡ ʞʠʜʢʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 1.7 ï ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʘʧʧʘʨʘʪ ʩ ʘʚʪʦʥʦʤʥʳʤʠ 

ʢʦʥʪʫʨʘʤʠ ʦʨʦʰʝʥʠʷ ʠ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ (ʂɸʀʊ) 

 

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʛʘʟʦʚʳʡ ʧʦʪʦʢ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʦʯʠʩʪʢʫ, ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ 

ʰʪʫʮʝʨ 2 ʠ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʫʜʘʨʷʝʪʩʷ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ. ʇʨʠ ʫʜʘʨʝ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʛʘʟʦʚʦʤ 

ʧʦʪʦʢʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʟʘ ʩʯʝʪ ʩʠʣ ʠʥʝʨʮʠʠ ʦʩʘʞʜʘʶʪʩʷ ʚ ʞʠʜʢʦʩʪʠ.  

ʆʯʠʱʝʥʥʳʡ ʦʪ ʧʳʣʠ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʧʘʪʨʫʙʢʠ 14, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 

ʥʘʢʣʦʥʥʦʡ ʧʝʨʝʛʦʨʦʜʢʝ 13, ʧʦʩʪʫʧʘʝʪ ʚ ʚʝʨʭʥʶʶ ʩʪʫʧʝʥʴ ʢʦʥʪʘʢʪʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ, ʧʦʜʘʚʘʝʤʦʡ ʯʝʨʝʟ ʦʨʦʩʠʪʝʣʴ 4, ʧʨʦʠʩʭʦʜʠʪ ʚ 
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ʧʨʦʪʠʚʦʪʦʯʥʦʤ ʨʝʞʠʤʝ ʚ ʦʙʲʝʤʝ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʥʘʩʘʜʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ 10 ʥʘ ʩʪʨʫʥʘʭ 9 ʚʳʧʦʣʥʝʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʩʦʟʜʘʝʪʩʷ ʩʠʥʬʘʟʥʳʡ 

ʨʝʞʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʟʘ ʥʘʩʘʜʦʯʥʳʤʠ ʪʝʣʘʤʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʚʠʭʨʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʚʝʨʰʠʪʴ ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ ʧʦ ʜʨʦʙʣʝʥʠʶ ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʠ 

ʠ ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʋʩʪʘʥʦʚʢʘ ʥʘʢʣʦʥʥʦʡ ʧʝʨʝʛʦʨʦʜʢʠ 13 ʩ ʧʘʪʨʫʙʢʘʤʠ ʠ ʦʪʙʦʡʥʳʤʠ ʢʦʣʧʘʢʘʤʠ 

ʜʣʷ ʧʨʦʭʦʜʘ ʛʘʟʘ 14 ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ ʩʪʫʧʝʥʴ ʢʦʥʪʘʢʪʘ ʠ 

ʩʦʟʜʘʪʴ ʜʚʘ ʘʚʪʦʥʦʤʥʳʭ ʢʦʥʪʫʨʘ ʦʨʦʰʝʥʠʷ. ʇʨʠ ʵʪʦʤ, ʚ ʩʣʫʯʘʝ ʫʣʘʚʣʠʚʘʥʠʷ 

ʧʳʣʠ, ʠʤʝʶʱʝʡ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʦʙʣʘʜʘʶʱʫʶ ʘʜʛʝʟʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ ʟʘ ʩʯʝʪ ʠʥʝʨʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʘ 

ʜʦʫʣʘʚʣʠʚʘʥʠʝ ʧʳʣʠ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʞʠʜʢʦʩʪʴʶ ʚ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʩʚʝʞʠʡ ʨʘʩʪʚʦʨ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʙʦʣʝʝ ʛʣʫʙʦʢʫʶ ʦʯʠʩʪʢʫ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʫʭ ʘʚʪʦʥʦʤʥʳʭ ʢʦʥʪʫʨʦʚ ʦʨʦʰʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʦʚʤʝʩʪʠʪʴ ʧʨʦʮʝʩʩʳ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ ʘʙʩʦʨʙʮʠʠ ʠʣʠ ʞʝ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ 

ʪʝʧʣʦʦʙʤʝʥʘ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʞʜʦʤ ʢʦʥʪʫʨʝ ʦʨʦʰʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʠʜʝʥʪʠʯʥʘʷ ʞʠʜʢʦʩʪʴ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʘʷ ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʩʪʫʧʝʥʷʭ ʢʦʥʪʘʢʪʘ. 

ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʣʠʙʦ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʣʠʙʦ ʧʨʦʚʝʜʝʥʠʷ ʠʟʙʠʨʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʘʙʩʦʨʙʮʠʠ ʥʫʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 

ʘʚʪʦʥʦʤʥʳʤʠ ʢʦʥʪʫʨʘʤʠ ʦʨʦʰʝʥʠʷ ʠ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ (ʂɸʀʊ) [18 

ʩ.159, 20 ʩ.67] 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʩʢʦʨʦʩʪʴ 

ʛʘʟʘ ʚ ʧʘʪʨʫʙʢʝ Wʧʘʪ, ʤ/ʩ; ʟʘʟʦʨ ʤʝʞʜʫ ʩʨʝʟʦʤ ʧʘʪʨʫʙʢʘ ʠ ʟʝʨʢʘʣʦʤ ʞʠʜʢʦʩʪʠ h, 

ʤ; ʧʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ L, ʤ3/(ʤ2Öʯ); ʩʥ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʠ 

ʥʘ ʚʭʦʜʝ ʚ ʘʧʧʘʨʘʪ, ʢʛ/ʤ3; ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ: ʨʘʟʤʝʨʳ ʥʘʩʘʜʢʠ b, ʤʤ; 

ʰʘʛʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʩʘʜʢʠ ʨʘʜʠʘʣʴʥʦʤ tʨ/b ʠ ʚʝʨʪʠʢʘʣʴʥʦʤ tʚ/b ʥʘʧʨʘʚʣʝʥʠʠ, ʤ;  

ʈʘʩʯʝʪ ʟʦʥʳ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʫʣʝ [18 c.159]:  

 

( )SʢSʚStk hhh ---= 1)1(1 ,    (1.65) 

 

ʛʜʝ Sʚh , Sʢh - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʨʦʥʢʠ ʠ ʥʘ ʢʘʧʣʷʭ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʨʦʥʢʠ 

ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ [41]: 

( )2
2

01.0+
=
q

q
hSʚ

,     (1.66) 

 

ʇʘʨʘʤʝʪʨ ʠʥʝʨʮʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ɗ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ: 
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ʬKStkÖ=2q ,     (1.67) 

 

ʂʨʠʪʝʨʠʡ ʬʦʨʤʳ ʞʠʜʢʦʩʪʥʦʡ ʚʦʨʦʥʢʠ Kʬ ʨʘʚʝʥ [20 ʩ.50]: 

 

ù
ú

ø
é
ê

è

-

-
=

12
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b

ʚ
ʬ

k
K

b
,     (1.68) 

 

ʏʠʩʣʦ ʉʪʦʢʩʘ ʦʧʨʝʜʝʣʷʪʁ ʧʦ ʬʦʨʤʫʣʝ: 

 

ʧʘʪ

ʯʧʘʪ

D

W
Stk

tÖ
= ,     (1.69)  

 

ʋʛʦʣ ʨʘʩʢʨʳʪʠʷ ʚʦʨʦʥʢʠ ɓʚ,  ʨʘʩʩʯʠʪʳʚʘʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [20 ʩ.49]:  
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ÖÖÖÖ
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b ,   (1.70) 

 

ɼʠʘʤʝʪʨ ʚʦʨʦʥʢʠ ʚD ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

ʧʘʪbʚ DkD Ö=2 ,     (1.71) 

 

ɻʣʫʙʠʥʘ ʚʦʨʦʥʢʠ ʚh  ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ:  

 

ʞ

ʧʘʪʛ
ʩʚ

g

W
h

r

r
x

4

2

= ,     (1.72) 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩx ʠʩʧʦʣʴʟʫʶʪ ʩʦʦʪʥʦʰʝʥʠʝ: 

 

ʩ 0,33

ʧʘʪ

300

Re
x= ,      (1.73) 

 

ʛʜʝ ʧʘʪRe - ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʞʠʤʘ ʠʩʪʝʯʝʥʠʷ ʛʘʟʦʚʦʡ ʩʪʨʫʠ 

ʠʟ ʧʘʪʨʫʙʢʘ, ʢʦʪʦʨʦʝ ʨʘʚʥʦ: 

 

ʛ

Re
n

ʧʘʪʧʘʪ
ʧʘʪ

DW Ö
= ,     (1.74) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ bk , ʚʭʦʜʷʱʠʡ ʚ ʫʨʘʚʥʝʥʠʷ (1.68) ʠ 

(1.71), ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ:  
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( )b ʧʘʪ.

ʩ

0,708
k ln Re

x
= Ö ,     (1.75) 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʧʳʣʠ ʥʘ ʢʘʧʣʷʭ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ 

ʦʙʲʝʤʝ ʚʦʨʦʥʢʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ [20 ʩ.72]: 
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,   (1.77) 

 

ʛʜʝ  ( )ʛʞʫʩ MMM =. ; ʞʞʞ qM Ö=r ; ʛʛʛ qM Ö=r ; Eʢ=0,25 ï ʵʤʧʠʨʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ; ( )ʞʢʛʞʢ VqMC rÖÖ= - ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʘʧʝʣʴ; ( ) ʬʧʘʪKDL Ö=p - ʩʨʝʜʥʷʷ 

ʜʣʠʥʘ ʢʘʥʘʣʘ ʚ ʚʦʨʦʥʢʝ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʭʚʘʪʘ Kʟ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ ʃʝʥʛʤʶʨʘ: 

 

( )2
2

125,0+
=

Stk

Stk
ʂʟ ,     (1.78) 

 

ɼʠʘʤʝʪʨ ʧʘʪʨʫʙʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠ ̫ʦʧʪʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʣʘʚʣʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ, ʩʦʛʣʘʩʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʷʤ ʠʩʪʝʯʝʥʠʷ ʧʘʪW =30·35 ʤ/ʩ: 
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,     (1.79) 

 

ɼʠʘʤʝʪʨ ʘʧʧʘʨʘʪʘ ʚ ʦʙʣʘʩʪʠ ʟʦʥʳ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ 

ʩʢʦʨʦʩʪʠ ʚʠʪʘʥʠʷ ʢʘʧʝʣʴ, ʤʠʥʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʨʘʚʝʥ . .ʤʢd =0,23Ö10ï3 ʤ: 

 

( )..

..
9,0785,0 ʢʚ

ʛ
ʧʟ

W

Q
D

ÖÖ
= ,    (1.80) 

 

ɿʜʝʩʴ ..ʢʚW - ʩʢʦʨʦʩʪʴ ʚʠʪʘʥʠʷ ʢʘʧʝʣʴ ʩ ʜʠʘʤʝʪʨʦʤ ...ʢʤd . ʂʦʵʬʬʠʮʠʝʥʪ 0,9 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚ ʟʦʥʝ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ 

ʩʢʦʨʦʩʪʠ ʚʠʪʘʥʠʷ ʢʘʧʝʣʴ, ʪ.ʝ. ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʝ ..ʧʛW < ..ʢʚW , ʪʦʛʜʘ 

ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʫʨʘʚʥʝʥʠʝʤ ʊʦʜʝʩʘ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʧʦ ʛʘʟʦʚʦʡ ʬʘʟʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ  

 

( )Ar0,6118ArRe Ö+=ʛ ,     (1.81) 
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ʜʣʷ ʩʢʦʨʦʩʪʠ ʚʠʪʘʥʠʷ: 
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Ar0,6118
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ʢʤ

ʢʚ
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ÖÖ+

Ö
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n
,     (1.82) 

 

ʛʜʝ  ( )( )ʛʛʞʤ.ʢ.gd rnr 23Ar =  - ʯʠʩʣʦ ɸʨʭʠʤʝʜʘ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʩʠʩʪʝʤ ʙʣʠʟʢʠʭ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʢ ʩʠʩʪʝʤʝ çʚʦʟʜʫʭ ï ʚʦʜʘè ʜʠʘʤʝʪʨ ʟʦʥʳ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʨʘʚʝʥ: 

 

ʧʘʪʧʟ DD 6.. = ,      (1.83) 

 

ɺʳʩʦʪʘ ʟʦʥʳ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʳʩʦʪʫ 

ʚʠʪʘʥʠʷ ʢʘʧʝʣʴ ..ʢʚh  ʠ ʚʳʩʦʪʫ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʠ: 

 

...... ʩʣʩʢʚʧʟ hhH += ,     (1.84) 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʚʠʪʘʥʠʷ ʢʘʧʝʣʴ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 
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h ,    (1.85) 

 

ɺʳʩʦʪʘ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʦʷ ʞʠʜʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʛʣʫʙʠʥʳ ʚʦʨʦʥʢʠ, 

ʪʦʛʜʘ ʜʣʷ ʜʚʦʡʥʦʡ ʛʣʫʙʠʥʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 

ʚʩʣʩ hh 2. = ,      (1.86) 

 

 

ʈʘʩʯʝʪ ʟʦʥʳ ʘʙʩʦʨʙʮʠʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʘʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ: 

 

( )21 yyGGʢ -Ö= ,     (1.87) 

 

ʛʜʝ ʫ2 - ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʪʭʦʜʷʱʝʤ ʛʘʟʦʚʦʤ ʧʦʪʦʢʝ.  

ʆʙʱʝʝ ʫʨʘʚʥʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʠʤʝʝʪ ʚʠʜ: 

 

( ) ( )1221 xxLyyGʢ -=- ,    (1.88) 

 

ʂʦʥʝʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʛʣʦʱʘʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ2 ʚ ʛʘʟʦʚʦʤ ʧʦʪʦʢʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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1
y

m
x =* ,       (1.89) 

 

ʚ ʢʦʪʦʨʦʡ ʭ2
* - ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʘ ʚ ʞʠʜʢʦʩʪʠ; ʪ0 - ʢʦʥʩʪʘʥʪʘ 

ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (ʢʦʥʩʪʘʥʪʘ ɻʝʥʨʠ). 

ɺ ʩʣʫʯʘʝ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʘʙʩʦʨʙʝʥʪʝ ʜʦʙʘʚʦʯʥʦʛʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʢʦʥʩʪʘʥʪʘ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [20 ʩ.78]: 

 

( ) 75,0
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ddd
,    (1.90) 

 

ʚ ʢʦʪʦʨʦʡ ʉɻ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʣʠʪʘ; ʚ+ ʠ ʚï ï ʚʘʣʝʥʪʥʦʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ; ʛd, +-dd , ï ʧʦʧʨʘʚʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʦʥʦʚ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʦʥʳ ʘʙʩʦʨʙʮʠʠ (ʈʇʅ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʩʢʦʨʦʩʪʴ 

ʨʘʩʪʚʦʨʝʥʠʷ ʛʘʟʘ ʚ ʘʙʩʦʨʙʝʥʪʝ ʠ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʬʘʟ F, ʦʙʨʘʟʫʝʤʦʡ ʚ ʩʣʦʝ 

ʈʇʅ: 

 

DÖÖ== FK
d

dG
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,     (1.91) 

 

ʛʜʝ KS ï ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʧʝʨʝʜʘʯʠ ʠ D - ʜʚʠʞʫʱʘʷ ʩʠʣʘ 

ʧʨʦʮʝʩʩʘ.  

ʇʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʬʘʟ ʩ ʫʯʝʪʦʤ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʝʣʴ ʧʦ 

ʨʘʟʤʝʨʘʤ ʟʘʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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,    (1.92) 

 

ʛʜʝ ʢh - ʢʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʩʣʦʝ ʥʘʩʘʜʢʠ. 

ɺʠʜ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʝʣʴ ʧʦ ʨʘʟʤʝʨʘʤ ʨʘʩʩʯʠʪʘʝʤ ʧʦ 

ʫʨʘʚʥʝʥʠʶ [20 ʩ.80]: 
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df ,   (1.93) 

 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʧʝʨʝʜʘʯʠ KS ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 
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( )ɾʛ
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= ,     (1.94) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ ʧʦ ʞʠʜʢʦʡ ʬʘʟʝ (ʜʣʷ ʧʣʦʭʦʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʦʚ) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʦʙʦʙʱʝʥʥʦʡ ʬʦʨʤʫʣʝ:  
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ʇʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʧʨʠ ʯʠʩʣʝ ʈʝʡʥʦʣʴʜʩʘ Ŭ ʠ ʢʦʵʬʬʠʮʠʝʥʪ Bʞ ʟʘʚʠʩʷʪ ʦʪ 

ʨʝʞʠʤʘ ʦʙʪʝʢʘʥʠʷ ʢʘʧʣʠ: ʧʨʠ ʢRe < 100, Ŭ =3/4  ʠ  Bʞ = 0,47Öyʢ; ʧʨʠ  100 < ʢRe < 

800,  Ŭ =5/8  ʠ  Bʞ = 1,43; ʧʨʠ ʢRe ² 800, Ŭ =3/4  ʠ  Bʞ = 0,57.  

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ ʧʦ ʛʘʟʦʚʦʡ ʬʘʟʝ (ʜʣʷ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʦʚ) 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʢʨʠʪʝʨʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ: 

 
3152Re ʛʢʛʛ ScWeBSh b= ,    (1.96) 

 

ɿʜʝʩʴ  ʧʨʠ  ʢRe < 100,  a1=1/2,  Bʛ = 2  ʠ  Weº1; ʧʨʠ 100 < ʢRe < 800, ɓ =0  ʠ  

Bʛ = 50;  ʧʨʠ  800 ¢ ʢRe ¢ 2000,  ɓ =1/2  ʠ  Bʛ = 1,6; ʧʨʠ ʢRe > 2000, ɓ =4/5  ʠ  Bʛ = 

0,16. 

ɺ ʩʣʫʯʘʝ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʧʦʩʪʦʷʥʩʪʚʘ rʛ ʠ rʞ 

ʯʠʩʣʦ ʝʜʠʥʠʮ ʧʝʨʝʥʦʩʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ Van - ʦʙʲʝʤ ʘʧʧʘʨʘʪʘ; S - ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ; L - ʧʣʦʪʥʦʩʪʴ 

ʦʨʦʰʝʥʠʷ, ʦʧʪʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 20·50 ʤ3/ʤ2Öʯ; 

..ʘʟH  - ʚʳʩʦʪʘ ʟʦʥʳ ʘʙʩʦʨʙʮʠʠ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 
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ɼʠʘʤʝʪʨ ʘʧʧʘʨʘʪʘ ʚ ʦʙʣʘʩʪʠ ʟʦʥʳ ʘʙʩʦʨʙʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ ..ʘʟW - ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʟʦʥʝ ʘʙʩʦʨʙʮʠʠ, ʢʦʪʦʨʫʶ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ 

ʠʩʭʦʜʷ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʙʨʳʟʛʦʫʥʦʩʘ ʚ ʠʥʪʝʨʚʘʣʝ ï 1,0 · 2,0 ʤ/ʩ.   
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ʆʙʱʘʷ ʚʳʩʦʪʘ ʘʧʧʘʨʘʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʚʳʩʦʪ ʟʦʥ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ ʘʙʩʦʨʙʮʠʠ. ʂ ʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʚʳʩʦʪʳ ʟʦʥ 

ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʪʘʨʝʣʢʠ, ʦʨʦʩʠʪʝʣʷ ʠ ʦʪʚʦʜʘ ʛʘʟʘ ʠʟ ʘʧʧʘʨʘʪʘ, ʢʦʪʦʨʳʝ, ʚʤʝʩʪʝ 

ʚʟʷʪʳʝ, ʩʦʩʪʘʚʣʷʶʪ 10·15% ʦʪ ʦʙʱʝʡ ʚʳʩʦʪʳ. 

ʈʘʩʯʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʘʚʠʣʘ ʘʜʜʠʪʠʚʥʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʟʦʥ 

ʦʙʨʘʙʦʪʢʠ ʛʘʟʘ, ʜʣʷ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʚʠʜ [20 ʩ.97]: 

 

ʘʙʪʨʧʦʙʱ PPPP D+D+D=D .. ,    (1.100) 

 

ʛʜʝ ʧPD , ..ʪʨPD , ʘʙPD  - ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʦʥʳ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ, ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʪʘʨʝʣʢʠ ʠ ʟʦʥʳ ʘʙʩʦʨʙʮʠʠ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʦʥʳ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʧPD  ʩʢʣʘʜʳʚʘʝʪʩʷ 

ʠʟ ʧʦʪʝʨʴ ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʧʦʨʘ ʠ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʨʦʥʢʠ ʩ 

ʪʨʘʥʩʧʦʨʪʦʤ ʢʘʧʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ, ʪʦʛʜʘ ʩʫʤʤʘʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ 

ʚʠʜʝ: 
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ʛʜʝ hʚ  - ʛʣʫʙʠʥʘ ʞʠʜʢʦʩʪʥʦʡ ʚʦʨʦʥʢʠ: 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʢʦʪʦʨʦʡ ʚ ʫʨʘʚʥʝʥʠʝ (1.101), ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʨʝʥʝʙʨʝʛʘʷ ʚʪʦʨʳʤ ʩʣʘʛʘʝʤʳʤ ʚ ʩʢʦʙʢʘʭ, ʚʚʠʜʫ ʝʛʦ ʤʘʣʦʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʝʨʚʳʤ ʩʣʘʛʘʝʤʳʤ, ʧʦʣʫʯʝʥʦ:  
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ʛʜʝ  7,0. =ʦʧB  - ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʪʘʨʝʣʢʠ ..ʪʨPD  ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʫʨʘʚʥʝʥʠʶ ʜʣʷ ʦʜʥʦʬʘʟʥʳʭ ʧʦʪʦʢʦʚ [29]: 
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ʛʜʝ  ..ʪʨx - ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʘʨʝʣʢʠ; ʛW - ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʟʦʥʝ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ; 0H - ʚʳʩʦʪʘ ʧʘʪʨʫʙʢʦʚ ʪʘʨʝʣʢʠ, ʦʪʥʝʩʝʥʥʘʷ ʢ ʜʠʘʤʝʪʨʫ 

ʦʪʚʝʨʩʪʠʷ; 0S - ʩʚʦʙʦʜʥʦʝ ʩʝʯʝʥʠʝ ʨʘʟʜʝʣʠʪʝʣʴʥʦʡ ʪʘʨʝʣʢʠ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʟʦʥʳ ʘʙPD , ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʫʨʘʚʥʝʥʠʶ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ ʨʘʙʦʪʝ [29] ʜʣʷ ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ 
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ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʘʢʪʦʨʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʫʭʬʘʟʥʦʡ 

ʩʠʩʪʝʤʳ: 
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ʛʜʝ ʩPD - ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʫʭʦʡ ʥʘʩʘʜʢʠ; ʧʣu - ʩʢʦʨʦʩʪʴ ʧʣʝʥʢʠ ʥʘ 

ʧʣʘʩʪʠʥʝ; Sl- ʯʠʩʣʦ ʉʪʨʫʭʘʣʷ; 0e- ʧʦʨʦʟʥʦʩʪʴ ʨʷʜʘ ʥʘʩʘʜʢʠ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʩPD  ʚ ʵʪʦʡ ʞʝ ʨʘʙʦʪʝ [29] ʧʨʝʜʣʦʞʝʥʘ ʬʦʨʤʫʣʘ: 
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ʚ ʢʦʪʦʨʦʡ ..ʧʩx - ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʘʩʪʠʥʳ; ʚq- ʢʦʵʬʬʠʮʠʝʥʪ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʧʦʪʝʨʶ ʜʘʚʣʝʥʠʷ ʧʨʠ ʩʜʚʠʛʝ ʚ ʤʦʤʝʥʪʘʭ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ; ʚt - 

ʰʘʛ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ; H - ʚʳʩʦʪʘ ʥʘʩʘʜʢʠ. 

 

1.4 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ ʧʦ ʩʦʟʜʘʥʠʶ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʦʛʦ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʝʛʦ ʢʦʣʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɽʛʦ 

ʩʦʟʜʘʥʠʝ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʩʪʘʥʦʚʢʦʡ ʟʘʜʘʯ ʠ 

ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ  ʚ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʛʘʟʘ ʠ 

ʞʠʜʢʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ ʧʣʝʥʦʯʥʳʡ, ʨʘʩʧʳʣʠʪʝʣʴʥʳʡ, ʙʘʨʙʦʪʘʞʥʳʡ, ʮʝʥʪʨʦʙʝʞʥʳʡ, 

ʪʫʨʙʫʣʝʥʪʥʳʡ, ʫʜʘʨʥʳʡ, ʩʢʦʨʦʩʪʥʦʡ, ʵʣʝʢʪʨʠʯʝʩʢʠʡ, ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ, 

ʚʠʭʨʝʚʦʡ. ʇʨʠ ʫʤʝʨʝʥʥʳʭ ʩʢʦʨʦʩʪʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʧʦʪʦʢʦʚ ʜʦʩʪʘʪʦʯʥʦ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʣʝʥʦʯʥʳʡ, ʨʘʩʧʳʣʠʪʝʣʴʥʳʡ, ʙʘʨʙʦʪʘʞʥʳʡ. 

ʇʦʚʳʰʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ (ʫʤʝʨʝʥʥʳʝ ʩʢʦʨʦʩʪʠ) ʠʤʝʶʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ, ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤʳ. 

ɺ ʠʥʪʝʥʩʠʚʥʳʭ ʨʝʞʠʤʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʬʘʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʦʙʝʞʥʳʡ, ʪʫʨʙʫʣʝʥʪʥʳʡ, ʫʜʘʨʥʳʡ, ʩʢʦʨʦʩʪʥʦʡ ʠ ʚʠʭʨʝʚʦʡ 

ʤʝʭʘʥʠʟʤʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʟʜʘʝʪʩʷ ʚʳʩʦʢʦʨʘʟʚʠʪʘʷ ʤʝʞʬʘʟʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʧʨʠ 

ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʡ, ʫʜʘʨʥʳʡ ʠ 

ʩʢʦʨʦʩʪʥʦʡ ʤʝʭʘʥʠʟʤʳ, ʥʘʠʤʝʥʝʝ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤʠ ï ʮʝʥʪʨʦʙʝʞʥʳʡ ʠ 

ʚʠʭʨʝʚʦʡ.  

ʉʦʯʝʪʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ 

ʚ ʦʜʥʦʡ ʩʪʫʧʝʥʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʘʧʧʘʨʘʪʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʱʠʭ ʧʨʦʚʦʜʠʤʳʝ ʧʨʦʮʝʩʩʳ. ʊʘʢ, ʩʦʯʝʪʘʥʠʝ 

ʫʜʘʨʥʦʛʦ ʠ ʚʠʭʨʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʫʜʘʨʥʦ-

ʪʫʨʙʫʣʝʥʪʥʦʛʦ (ʀʊʇʅ) ʠ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ (ʋʀɼ ʩ ʈʇʅ) ʘʧʧʘʨʘʪʦʚ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʞʝ ʤʝʭʘʥʠʟʤʦʚ ʚ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʤ ʘʧʧʘʨʘʪʝ ʧʨʠʚʝʣʦ ʢ 

ʩʦʟʜʘʥʠʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʘʚʪʦʥʦʤʥʳʤʠ 

ʢʦʥʪʫʨʘʤʠ ʦʨʦʰʝʥʠʷ [20 c.10]. ɺ ʪʘʢʦʤ ʘʧʧʘʨʘʪʝ ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʜʝʥʠʝ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʯʠʩʪʢʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʛʘʟʦʚ. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʩʢʦʣʴʢʦ ʢʦʥʩʪʨʫʢʮʠʡ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʘʙʩʦʨʙʮʠʠ, ʢʦʥʪʘʢʪʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʦʜʥʦʟʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ï ʘʧʧʘʨʘʪ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ 

ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʠ ʧʦʜʚʦʜʦʤ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚʦ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ 

ʧʣʦʩʢʦʩʪʷʭ [42, 43]. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʜʚʫʭʟʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ï 

ʘʧʧʘʨʘʪ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

[21]. ɺ ʢʘʯʝʩʪʚʝ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʦʜʥʦʟʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ - ʘʧʧʘʨʘʪ ʮʠʢʣʦʥʥʦ-

ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ [23] ʠ ʘʧʧʘʨʘʪ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ [22]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʩʪʦʨʦʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

- ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ; 

 - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʘʧʧʘʨʘʪʘ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʧʦʣʫʯʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʘʧʧʘʨʘʪʘ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʠ 

ʧʦʣʫʯʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ 

ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ; 

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʘʧʧʘʨʘʪʘ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʠ ʧʦʣʫʯʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ, 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʪʝʧʣʦʦʪʜʘʯʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ; 

- ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

- ʧʨʦʚʝʨʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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2 ʆʇʀʉɸʅʀɽ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʋʉʊɸʅʆɺʆʂ ʀ 

ʄɽʊʆɼʀʂ ʇʈʆɺɽɼɽʅʀʗ ʀʉʉʃɽɼʆɺɸʅʀʁ  

 

2.1 ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦ 

ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʚʢʣʶʯʘʣʘ ʤʦʜʝʣʴ ʘʧʧʘʨʘʪʘ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ (340x340 ʤʤ), 

ʚʳʧʦʣʥʝʥʥʫʶ ʠʟ ʦʨʛʩʪʝʢʣʘ [44].  

 ʇʦʪʦʢ ʚʦʟʜʫʭʘ, ʥʘʛʥʝʪʘʝʤʳʡ ʚʝʥʪʠʣʷʪʦʨʦʤ 1, ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʩʙʦʨʥʫʶ 

ʝʤʢʦʩʪʴ ʚ ʢʦʣʦʥʥʳʡ ʘʧʧʘʨʘʪ 10 ʩʝʯʝʥʠʝʤ 340ʭ340ʤʤ ʠ ʚʳʩʦʪʦʡ ʨʘʙʦʯʝʡ ʟʦʥʳ 1,3 

ʤ.  ɿʘʪʝʤ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʪʨʫʙʯʘʪʳʡ ʧʫʯʦʢ 8, ʦʨʦʰʘʝʤʳʡ ʞʠʜʢʦʩʪʴʶ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʯʝʨʝʟ ʦʨʦʩʠʪʝʣʴ 7, ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. ʈʘʩʭʦʜ 

ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʰʠʙʝʨʦʤ 2 ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʩʪʘʥʜʘʨʪʥʦʡ 

ʜʠʘʬʨʘʛʤʳ ʩ ʜʠʬʤʘʥʦʤʝʪʨʦʤ. ʆʨʦʰʘʶʱʘʷ ʞʠʜʢʦʩʪʴ ʠʟ ʥʠʞʥʝʡ ʝʤʢʦʩʪʠ 

ʘʧʧʘʨʘʪʘ 10 ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʝʤʢʦʩʪʴ 9 ʥʘʩʦʩʦʤ 3 ʧʦʜʘʝʪʩʷ ʚ ʥʘʧʦʨʥʳʡ ʙʘʢ 

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

ʚʝʥʪʠʣʝʤ 6 ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʨʦʪʘʤʝʪʨʘ. 

ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʦʜʘʯʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʨʫʙʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦ ʟʘʤʢʥʫʪʦʤʫ ʢʦʥʪʫʨʫ ʚʢʣʶʯʘʶʱʠʤ ʥʘʩʦʩ 3, ʥʘʧʦʨʥʫʶ ʝʤʢʦʩʪʴ 

5 ʩ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 4 ʠ ʪʨʫʙʯʘʪʳʡ ʧʫʯʦʢ 8.  

ɼʘʥʥʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʣʘ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʦʜʘʯʝ ʥʘʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʮʠʨʢʫʣʷʮʠʷ ʞʠʜʢʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʭʦʣʦʜʥʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʪʝʧʣʦʥʦʩʠʪʝʣʴ 

ʥʘʛʨʝʚʘʣʩʷ ʚ ʥʘʧʦʨʥʦʡ ʝʤʢʦʩʪʠ 5 ʩ ʧʦʤʦʱʴʶ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 4 ʠ 

ʧʦʩʪʫʧʘʣ ʚ ʪʨʫʙʯʘʪʳʡ ʧʫʯʦʢ 8.  

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ: 

 ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

ï  ʩʢʦʨʦʩʪʴ ʛʘʟʘ wʛ - 1õ5 ʤ/ʩ; 

ï  ʧʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ L -10õ75 ʤ3/ʤ2.ʯ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ tʚʦʟʜ.= 20õ100 
0ʉ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʨʫʙʯʘʪʦʤ ʧʫʯʢʝ tʞ=16õ100 
0ʉ; 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ  ʧʘʨʘʤʝʪʨʦʚ: 

        ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ: d = 0,025 ʤ;  ̂= 0,34 ʤ; tʚ/d - 2; tʨ/d ï 2; 

        ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ: bʭbʭŭ=40ʭ40ʭ1 ʤʤ; tʚ/b - 2; tʨ/b - 2. 
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1 ï ʚʝʥʪʠʣʷʪʦʨ; 2 ï ʰʠʙʝʨ; 3 ï ʥʘʩʦʩ; 4 ï ʥʘʛʨʝʚʘʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; 

5 ï ʥʘʧʦʨʥʘʷ ʝʤʢʦʩʪʴ; 6 ï ʚʝʥʪʠʣʴ; 7 ï ʦʨʦʩʠʪʝʣʴ; 8 ï ʪʨʫʙʯʘʪʳʡ ʧʫʯʦʢ; 

9 ï ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʝʤʢʦʩʪʴ; 10  - ʘʧʧʘʨʘʪ ʩ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ. 

 

ʈʠʩʫʥʦʢ 2.1 - ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʧʧʘʨʘʪʦʚ ʩ 

ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ 

 

2.2 ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʘʧʧʘʨʘʪʦʤ, 

ʠʩʧʦʣʴʟʫʶʱʠʤ ʫʜʘʨʥʳʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʚ ʘʧʧʘʨʘʪʝ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ 

ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.2. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚʢʣʶʯʘʣʘ ʘʧʧʘʨʘʪ 3, ʥʘʩʦʩ 1, ʚʝʥʪʠʣʷʪʦʨ 6, 

ʮʠʨʢʫʣʷʮʠʦʥʥʫʶ 11 ʠ ʥʘʧʦʨʥʫʶ 2 ʝʤʢʦʩʪʠ, ʢʘʧʣʝʫʣʦʚʠʪʝʣʴ 4, ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʧʦʜʘʯʠ ʧʳʣʠ, ʚʢʣʶʯʘʶʱʝʝ ʚʭʦʜʥʦʡ ʛʘʟʦʭʦʜ 8 ʧʳʣʝʧʦʜʘʪʯʠʢ 9 ʠ ʢʦʤʧʨʝʩʩʦʨ 10, 

ʚʝʥʪʠʣʠ 7. 

ʋʩʪʘʥʦʚʢʘ ʨʘʙʦʪʘʣʘ ʧʦʜ ʨʘʟʨʝʞʝʥʠʝʤ ʚ ʨʝʞʠʤʝ ʧʨʦʪʠʚʦʪʦʢʘ. ʇʦʪʦʢ ʚʦʟʜʫʭʘ, 

ʦʪʩʘʩʳʚʘʝʤʳʡ ʚʝʥʪʠʣʷʪʦʨʦʤ 9 ʧʦʩʪʫʧʘʣ ʧʦ ʚʭʦʜʥʦʤʫ ʛʘʟʦʭʦʜʫ 8, ʠʤʝʶʱʝʤʫ 

ʪʨʦʡʥʠʢ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʦʪʦʢʘ ʠ ʧʦʜʘʯʠ ʝʛʦ ʯʝʨʝʟ ʜʚʘ ʧʘʪʨʫʙʢʘ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ 

ʘʧʧʘʨʘʪʘ 3, ʟʘʧʦʣʥʝʥʥʫʶ ʞʠʜʢʦʩʪʴʶ. ʀʤʝʷ ʧʦʚʳʰʝʥʥʫʶ ʩʢʦʨʦʩʪʴ, ʚʦʟʜʫʰʥʳʡ 

ʧʦʪʦʢ ʫʜʘʨʷʣʩʷ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʧʦʜʭʚʘʪʳʚʘʣ ʝʝ ʠ ʵʞʝʢʪʠʨʦʚʘʣ ʚ 

ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ. ɼʘʣʴʥʝʡʰʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʚ ʩʣʦʝ ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ, ʚʢʣʶʯʘʶʱʝʡ ʩʪʨʫʥʳ  ʩ ʟʘʢʨʝʧʣʝʥʥʳʤʠ 

ʥʘ ʥʠʭ ʥʘʩʘʜʢʘʤʠ. ʇʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʛʘʟʦʚʦʡ ʧʦʪʦʢ ʧʦ ʛʘʟʦʭʦʜʫ ʯʝʨʝʟ 
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ʢʘʧʣʝʫʣʦʚʠʪʝʣʴ 4 ʠ ʚʝʥʪʠʣʷʪʦʨ 6 ʚʳʙʨʘʩʳʚʘʣʩʷ ʚ ʘʪʤʦʩʬʝʨʫ, ʘ ʞʠʜʢʦʩʪʴ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʩʪʝʢʘʣʘ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʘʧʧʘʨʘʪʘ.  

 

 
1 - ʥʘʩʦʩ; 2 - ʥʘʧʦʨʥʘʷ ʝʤʢʦʩʪʴ; 3 - ʘʧʧʘʨʘʪ ʋʀɼ ʩ ʈʇʅ; 4 - ʢʘʧʣʝʫʣʦʚʠʪʝʣʴ; 

5 - ʰʠʙʝʨ; 6 - ʚʝʥʪʠʣʷʪʦʨ; 7 - ʚʝʥʪʠʣʴ; 8 - ʚʭʦʜʥʦʡ ʛʘʟʦʭʦʜ; 9 - ʧʳʣʝʧʦʜʘʪʯʠʢ; 

10 - ʢʦʤʧʨʝʩʩʦʨ; 11 - ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ 
 

ʈʠʩʫʥʦʢ 2.2 - ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʘʧʧʘʨʘʪʦʤ ʫʜʘʨʥʦ-

ʠʥʝʨʮʠʦʣʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ 

 

ʉʪʝʢʘʥʠʝ ʞʠʜʢʦʩʪʠ, ʫʣʦʚʣʝʥʥʦʡ ʚ ʢʘʧʣʝʫʣʦʚʠʪʝʣʝ 4, ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ 

ʮʠʨʢʫʣʷʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ 11. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʩʭʦʜʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʰʠʙʝʨʦʤ 5 ʧʦ ʧʦʢʘʟʘʥʠʤ̫ ʜʠʘʬʨʘʛʤʳ. 

ʎʠʨʢʫʣʷʮʠʷ ʞʠʜʢʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʢʦʥʪʫʨʫ: ʠʟ 

ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ 11 ʥʘʩʦʩʦʤ 1 ʞʠʜʢʦʩʪʴ ʧʦʜʘʚʘʣʘʩʴ ʚ ʥʘʧʦʨʥʫʶ ʝʤʢʦʩʪʴ 

2. ʀʟʙʳʪʦʢ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʧʝʨʝʣʠʚʥʦʡ ʢʘʨʤʘʥ ʚʦʟʚʨʘʱʘʣʩʷ ʚ ʮʠʨʢʫʣʷʮʠʦʥʥʫʶ 

ʝʤʢʦʩʪʴ 11, ʘ ʦʩʥʦʚʥʦʡ ʝʝ ʧʦʪʦʢ ʥʘʧʨʘʚʣʷʣʩʷ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʘʧʧʘʨʘʪʘ 3. 

ɿʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʧʦʜʜʝʨʞʠʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʣʠʚʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʮʠʨʢʫʣʠʨʫʶʱʘʷ ʞʠʜʢʦʩʪʴ ʩʪʝʢʘʣʘ ʚ ʝʤʢʦʩʪʴ 11. ɺ 

ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʶ (ʢʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʣʦʞʝʥʠʷ ʦʩʘʜʢʘ) ʞʠʜʢʦʩʪʴ ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ 3 
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ʧʦʣʥʦʩʪʴʶ ʩʣʠʚʘʣʘʩʴ ʯʝʨʝʟ ʥʠʞʥʝʡ ʧʘʪʨʫʙʦʢ ʘʧʧʘʨʘʪʘ ʚ ʮʠʨʢʫʣʷʮʠʦʥʥʫʶ 

ʝʤʢʦʩʪʴ 11 ʠ ʜʘʣʝʝ ʚ ʢʘʥʘʣʠʟʘʮʠʶ. ɸʧʧʘʨʘʪ ʠʤʝʣ ʢʦʥʠʯʝʩʢʦʝ ʜʥʠʱʝ. 

ʀʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʷʥʦʛʦ çʭʦʣʤʘè 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʚʠʟʫʘʣʴʥʦ ʧʨʠ ʧʦʤʦʱʠ ʰʢʘʣʳ ʜʝʣʝʥʠʡ, ʥʘʥʝʩʝʥʥʦʡ ʥʘ ʢʦʨʧʫʩʝ 

ʘʧʧʘʨʘʪʘ. ʍʘʨʘʢʪʝʨʥʳʝ ʨʝʞʠʤʳ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʩʲʝʤʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʧʧʘʨʘʪʘ, ʚʳʙʨʘʥʳ: ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʧʧʘʨʘʪʘ Dʈʘʧ, ʟʦʥʳ ʵʞʝʢʮʠʠ 

Dʈɻ ʠ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ DʈL, ʢʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ hʦ, 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ j, ʩʪʘʪʠʯʝʩʢʠʡ h1 ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ hʜ ʫʨʦʚʥʠ ʞʠʜʢʦʩʪʠ. 

    ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ:  

ʘ) ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ  

- ʩʢʦʨʦʩʪʴ ʛʘʟʘ Wʛ =2·7ʤ/ʩ;  

- ʟʘʟʦʨ ʤʝʞʜʫ ʩʨʝʟʦʤ ʧʘʪʨʫʙʢʘ ʠ ʟʝʨʢʘʣʦʤ ʞʠʜʢʦʩʪʠ h1 =+0,04· -0,04ʤ. 

ʙ) ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

- ʨʘʟʤʝʨ ʧʣʘʩʪʠʥʯʘʪʳʭ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ b=0,04ʭ0,04ʤ;  

- ʰʘʛ ʤʝʞʜʫ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦ ʚʝʨʪʠʢʘʣʠ tʚ/b =2; 

- ʰʘʛ ʤʝʞʜʫ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ tʨ/b=2. 

 

2.3  ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʘʧʧʘʨʘʪʦʤ, 

ʠʩʧʦʣʴʟʫʶʱʠʤ ʮʝʥʪʨʦʙʝʞʥʳʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ 

 

ʅʘ ʨʠʩʫʥʢʝ 2.3 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʩ ʘʧʧʘʨʘʪʦʤ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ [23]. 

ʇʦʪʦʢ ʚʦʟʜʫʭʘ ʧʦʩʪʫʧʘʝʪ ʚ ʥʠʞʥʶʶ ʩʪʫʧʝʥʴ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʘʧʧʘʨʘʪʘ 

ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 6, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʠ ʧʦʜ ʫʛʣʦʤ ʢ ʢʦʨʧʫʩʫ 5. 

ɺʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʵʪʦʤ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ 

ʧʳʣʠ, ʧʨʠʞʠʤʘʷ ʠʭ ʢ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʘʧʧʘʨʘʪʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ 

ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʧʳʣʠ ʩʧʦʣʟʘʶʪ ʚ ʢʦʥʠʯʝʩʢʦʝ ʜʥʠʱʝ 7 ʥʠʞʥʝʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ 

ʠ ʚʳʚʦʜʷʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ çʤʠʛʘʣʢʫè ʠ ʥʠʞʥʠʡ ʧʘʪʨʫʙʦʢ 8 ʚ ʝʤʢʦʩʪʴ ʜʣʷ 

ʩʙʦʨʘ ʧʳʣʠ 18. 

ʆʯʠʱʝʥʥʳʡ ʦʪ ʧʳʣʠ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʥʠʞʥʠʡ ʩʨʝʟ ʮʝʥʪʨʘʣʴʥʦʡ ʪʨʫʙʳ 

9 ʧʦʩʪʫʧʘʝʪ ʚ ʚʝʨʭʥʶʶ ʩʪʫʧʝʥʴ ʢʦʥʪʘʢʪʘ. ʇʨʠ ʚʭʦʜʝ ʚ ʥʝʝ ʮʝʥʪʨʘʣʴʥʘʷ ʪʨʫʙʘ 

ʩʥʘʙʞʝʥʘ ʢʦʣʧʘʢʦʤ 12 ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʩʪʝʢʘʶʱʝʡ ʦʨʦʰʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ. 

ʅʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ ʨʘʟʜʝʣʝʥʳ ʥʘʢʣʦʥʥʦʡ ʧʝʨʝʛʦʨʦʜʢʦʡ 10, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʨʘʙʦʪʘ ʠʭ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʥʦʤʥʦ. 
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1 ï ʥʘʩʦʩ; 2 ï ʥʘʧʦʨʥʘʷ ʝʤʢʦʩʪʴ; 3 ï ʰʠʙʝʨ; 4 ï ʚʝʥʪʠʣʷʪʦʨ; 5 ï ʘʧʧʘʨʘʪ 

ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ; 6 ï ʧʘʪʨʫʙʦʢ ʜʣʷ ʧʦʜʚʦʜʘ ʛʘʟʘ; 7 ï ʢʦʥʠʯʝʩʢʦʝ 

ʜʥʠʱʝ; 8 ï ʧʳʣʝʚʳʧʫʩʢʥʦʡ ʧʘʪʨʫʙʦʢ ʩ çʤʠʛʘʣʢʦʡè; 9 ï ʮʝʥʪʨʘʣʴʥʘʷ ʪʨʫʙʘ; 

10 ï ʥʘʢʣʦʥʥʘʷ ʧʝʨʝʛʦʨʦʜʢʘ; 11 ï ʰʪʫʮʝʨ ʜʣʷ ʩʣʠʚʘ ʞʠʜʢʦʩʪʠ; 12 ï ʢʦʣʧʘʢ; 

13 ï ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʨʝʰʝʪʢʘ; 14 ï ʩʪʨʫʥʳ; 15 ï ʥʘʩʘʜʦʯʥʳʝ 

ʵʣʝʤʝʥʪʳ; 16 ï ʦʨʦʩʠʪʝʣʴ; 17 ï ʧʘʪʨʫʙʦʢ ʜʣʷ ʚʳʭʦʜʘ ʛʘʟʘ; 18 - ʝʤʢʦʩʪʴ ʜʣʷ 

ʩʙʦʨʘ ʧʳʣʠ; 19 ï ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ; 20 ï ʧʳʣʝʧʦʜʘʪʯʠʢ; 

21 ï ʢʦʤʧʨʝʩʩʦʨ; 22 - ʚʝʥʪʠʣʴ. 

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʘʧʧʘʨʘʪʦʤ ʮʠʢʣʦʥʥʦ-

ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ 

 

ʈʘʙʦʪʘ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʦʪʠʚʦʪʦʯʥʦʤ ʨʝʞʠʤʝ. 

ɼʚʠʞʝʥʠʝ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʟʫ ʚʚʝʨʭ, ʘ ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʩʚʝʨʭʫ ʚʥʠʟ. 

ɾʠʜʢʦʩʪʴ ʠʟ ʮʠʨʢʫʣʷʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ 19 ʥʘʩʦʩʦʤ 1 ʧʦʜʘʝʪʩʷ ʥʘʧʦʨʥʫʶ ʝʤʢʦʩʪʴ 

2, ʦʪʢʫʜʘ ʦʥʘ ʯʝʨʝʟ ʦʨʦʩʠʪʝʣʴ 16, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘʜ ʨʘʙʦʯʝʡ ʟʦʥʦʡ ʧʦʩʪʫʧʘʝʪ ʚ 

ʟʦʥʫ ʢʦʥʪʘʢʪʘ.  ʈʘʩʭʦʜ ʚʦʜʳ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚʝʥʪʠʣʝʤ 22 ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʨʦʪʘʤʝʪʨʘ. 

ʇʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʴ ʯʝʨʝʟ ʰʪʫʮʝʨ 11 ʚ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ ʩʪʝʢʘʝʪ ʚ ʮʠʨʢʫʣʷʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ 19, ʘ ʛʘʟ 
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ʯʝʨʝʟ ʚʝʨʭʥʠʡ ʧʘʪʨʫʙʦʢ 17 ʘʧʧʘʨʘʪʘ ʦʪʩʘʩʳʚʘʝʪʩʷ ʧʦ ʛʘʟʦʭʦʜʫ ʚʝʥʪʠʣʷʪʦʨʦʤ 4 ʠ 

ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. ʈʘʩʭʦʜ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʰʠʙʝʨʦʤ 3 

ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʩʪʘʥʜʘʨʪʥʦʡ ʜʠʘʬʨʘʛʤʳ ʩ ʜʠʬʤʘʥʦʤʝʪʨʦʤ. 

ɺ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʠ ʥʘ ʩʪʨʫʥʘʭ 14 ʥʘʪʷʥʫʪʳʭ ʤʝʞʜʫ ʦʧʦʨʥʦ-

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤʠ ʨʝʰʝʪʢʘʤʠ 13, ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʰʘʛʦʤ  ʟʘʢʨʝʧʣʝʥʳ 

ʥʘʩʘʜʦʯʥʳʝ ʵʣʝʤʝʥʪʳ 15, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʧʣʘʩʪʠʥʳ 40ʭ40ʭ1 ʤʤ. 

ɼʣʷ ʨʘʩʧʳʣʝʥʠʷ ʧʦʨʦʰʢʦʚ ʚ ʧʦʜʚʦʜʷʱʝʤ ʛʘʟʦʭʦʜʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʳʣʝʧʦʜʘʪʯʠʢ 

ʃʀʆʊ 20 ʚ ʢʦʤʧʣʝʢʪʝ ʩ ʢʦʤʧʨʝʩʩʦʨʦʤ 21. ʇʳʣʝʧʦʜʘʪʯʠʢ ʃʀʆʊ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʝʡ ʯʘʩʪʠʮ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʛʘʟʘ [45,46]. 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ:  

- ʩʢʦʨʦʩʪʴ ʛʘʟʘ Wʛ =1·5 ʤ/ʩ ʚ ʚʠʭʨʝʚʦʡ ʩʪʫʧʝʥʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ 

ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʮʠʢʣʦʥʥʫʶ ʩʪʫʧʝʥʴ Wʚʭ =4,575·22,875 ʤ/ʩ;  

- ʧʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ L =25õ100 ʤ3/ʤ2.ʯ. 

 

2.4 ʄʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

2.4.1 ʄʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʟʤʝʨʷʣʦʩʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 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 [47]. 

ɻʘʟʦʩʦʜʝʨʞʘʥʠʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ 

ʞʠʜʢʦʩʪʠ ʫʜʝʨʞʠʚʘʝʤʦʡ ʥʘʩʘʜʢʦʡ ʚ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ ʢ ʦʙʲʝʤʫ 

ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ. 

ʉʪʘʪʠʯʝʩʢʠʡ ʠ ʜʠʥʘʤʠʯʝʩʢʠʡ ʫʨʦʚʥʠ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʣʠʥʝʡʢʠ, ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ ʢʦʨʧʫʩʝ ʘʧʧʘʨʘʪʘ. 

 

2.4.2 ʄʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ ʠ ʪʝʧʣʦʦʪʜʘʯʠ 

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 [48,49]. 

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: 

 

ʢ

*

ʥ

*

ʥʢ

ln
PP

PP

PP
Pcp

-

-

-
=D .      (2.3) 

 

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; MH 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 [50,51], ʘ ʪʘʢʞʝ  ʨʘʩʩʯʠʪʳʚʘʣʠ [52] ʧʦ ʫʨʘʚʥʝʥʠʷʤ: 
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ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ a [53]. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ a ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʳʪʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ: Gʛ ï ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʢʛ/ʯ.; 

tʩ.ʥ.ʠ tʩ.ʢ. ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʯʘʣʴʥʘʷ ʠ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ, ʦʉ; 

ʩʨʚ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ; ʢɼʞ(ʢʛÖʢ); 

F ï ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ, ʤ2; 

Dtʩʨ.ʣï ʩʨʝʜʥʷʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ, 
ʦʉ; 
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=D ,      (2.7) 

 

ʛʜʝ maxq ʠ minq - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘʠʙʦʣʴʰʠʡ ʠ ʥʘʠʤʝʥʴʰʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʥʘʧʦʨʳ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ ʦʉ.  



56 
 

ʅʘʠʙʦʣʴʰʠʡ ʠ ʥʘʠʤʝʥʴʰʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʧʦʨ ʤʝʞʜʫ ʧʦʪʦʢʘʤʠ, 

ʩʦʛʣʘʩʥʦ ʩʭʝʤʳ ʧʨʦʪʠʚʦʪʦʯʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ ʠ ʠʟʤʝʥʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

...max ʢʞʥʩ tt -=q ; ..min ʞʥʢʩ tt -=q .    (2.8) 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦ ʤʦʢʨʦʤʫ ʪʝʨʤʦʤʝʪʨʫ ʠʟʤʝʨʷʣʘʩʴ 

ʧʩʠʭʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʟʤʝʨʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʭʠʤ ʠ ʚʣʘʞʥʳʤ (ʤʦʢʨʳʤ) ʪʝʨʤʦʤʝʪʨʘʤʠ. ʀʟʤʝʨʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʩʠʭʨʦʤʝʪʨʘʤʠ ɸʩʤʘʥʘ ʩʥʘʙʞʝʥʥʳʭ ʨʪʫʪʥʳʤʠ ʪʝʨʤʦʤʝʪʨʘʤʠ ʩ 

ʮʝʥʦʡ ʜʝʣʝʥʠʷ 0,10ʉ. 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚʣʘʞʥʦʛʦ ʥʝ ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʩʫʭʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʧʦʢʘʟʳʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ, ʘ ʩ 

ʚʣʘʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʦʨʦʛʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʘʨʷʝʪʩʷ ʚʦʜʘ. 

ʀʩʧʘʨʝʥʠʝ ʝʝ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʷʥʳʭ ʧʘʨʦʚ ʚ 

ʥʝʥʘʩʳʱʝʥʥʦʤ ʚʦʟʜʫʭʝ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʘʨʝʥʠʷ ʟʘʪʨʘʯʠʚʘʝʪʩʷ ʪʝʧʣʦ 

ʢʘʢ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʪʘʢ ʠ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʩʤʦʯʝʥʥʦʤ ʤʘʪʝʨʠʘʣʝ 

ʯʝʭʣʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʧʦʥʠʞʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʠʩʧʘʨʝʥʠʝ ʪʝʧʣʦ ʧʦʣʥʦʩʪʴʶ ʦʪʙʠʨʘʝʪʩʷ ʠʟ 

ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. ʊʝʤ ʩʘʤʳʤ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʧʦ ʤʦʢʨʦʤʫ ʪʝʨʤʦʤʝʪʨʫ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʩʳʱʝʥʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʫʩʣʦʚʠʷʭ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ, 

ʢʦʛʜʘ ʪʝʧʣʦ ʜʣʷ ʠʩʧʘʨʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʙʝʨʝʪʩʷ ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ bds ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ (2.9): 
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ʛʜʝ d1 ʠ d2 ï ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʘʧʧʘʨʘʪʘ, 

ʢʛ/ʢʛ ʩʫʭʦʛʦ ʚʦʟʜʫʭʘ. 

ʌʦʨʤʫʣʘ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʷ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʘ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ: 
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ʛʜʝ ʨn ï ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʚʦʟʜʫʭʝ, ʤʤ. ʨʪ. ʩʪ; 

ʈʙ ï ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ, ʤʤ. ʨʪ. ʩʪ.  

ɺʝʣʠʯʠʥʫ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʚʦʟʜʫʭʝ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʧʦʢʘʟʘʥʠʷʤ ʩʫʭʦʛʦ tʩ ʠ ʤʦʢʨʦʛʦ tʤ ʪʝʨʤʦʤʝʪʨʦʚ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 

ʠʟʤʝʨʝʥʠʷ: 
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ʨn = pʥ.ʤ ïɸʧ (tʩ-tʤ) Ö ʈʙ ,    (2.11) 

 

ʛʜʝ ʨʥ.ʤ ï ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʠʷ ʧʨʠ ʥʘʙʣʶʜʘʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʧʦ 

ʤʦʢʨʦʤʫ ʪʝʨʤʦʤʝʪʨʫ, ʤʤ. ʨʪ. ʩʪ; 

ɸʧ ï ʧʩʠʭʨʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ɺʝʣʠʯʠʥʘ ʧʩʠʭʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʫ ʩʤʦʯʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʯʫʚʩʪʚʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʚʳʨʘʞʝʥʠʶ: 
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.     (2.12) 

 

ʉʦʛʣʘʩʥʦ ɿʘʢʦʥʫ ɼʘʣʴʪʦʥʘ ʜʘʚʣʝʥʠʝ ʩʤʝʩʠ ʥʝʩʢʦʣʴʢʠʭ ʛʘʟʦʚ ʧʨʠ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʩʦʩʪʦʷʥʠʠ ʨʘʚʥʦ ʩʫʤʤʝ ʜʘʚʣʝʥʠʡ ʛʘʟʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʪʫ 

ʩʤʝʩʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʱʝʝ ʜʘʚʣʝʥʠʝ ʚʣʘʞʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʈʙ ʨʘʚʥʦ 

ʩʫʤʤʝ ʜʘʚʣʝʥʠʡ ʩʫʭʦʡ ʝʛʦ ʯʘʩʪʠ ʠ ʚʦʜʷʥʳʭ ʧʘʨʦʚ 

 

ʈʙ = ʨc+ʨn .      (2.13) 

 

ʆʙʱʝʝ ʜʘʚʣʝʥʠʝ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ ʈʙ ʥʘʭʦʜʷʪ ʟʘʤʝʨʦʤ ʧʦ ʙʘʨʦʤʝʪʨʫ 

ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʈʙ.ʟ ʠ ʚʥʝʩʝʥʠʝʤ ʚ ʥʝʛʦ ʧʦʧʨʘʚʦʢ: 

 

ʈʙ = ʈʙ.ʟ° ʩʪʅD ° 1ʨD ° 2ʨD ° 3ʨD ,    (2.14) 

 

ʛʜʝ -D ʩʪʅ ʧʦʧʨʘʚʢʘ ʥʘ ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ (ʙʝʨʝʪʩʷ ʩʦ ʟʥʘʢʦʤ ʧʣʶʩ) ʠʣʠ 

ʨʘʟʨʝʞʝʥʠʝ (ʩʦ ʟʥʘʢʦʤ ʤʠʥʫʩ) ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʫʯʘʩʪʢʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʪʤʦʩʬʝʨʥʳʤ ʜʘʚʣʝʥʠʝʤ; 

1ʨD  - ʧʦʧʨʘʚʢʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ, ʙʝʨʝʪʩʷ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʪʘʙʣʠʮʘʤ; 

2ʨD  - ʧʦʧʨʘʚʢʘ ʥʘ ʚʳʩʦʪʫ ʤʝʩʪʘ ʠʟʤʝʨʝʥʠʷ (ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʪʘʙʣʠʮʘʤ); 

3ʨD  - ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʧʦʧʨʘʚʢʘ (ʧʦ ʧʘʩʧʦʨʪʫ ʧʨʠʙʦʨʘ). 

 

2.4.3 ʄʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ 

ɼʣʷ ʨʘʩʧʳʣʝʥʠʷ ʧʦʨʦʰʢʦʚ ʚ ʧʦʜʚʦʜʷʱʝʤ ʛʘʟʦʭʦʜʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʳʣʝʧʦʜʘʪʯʠʢ ʃʀʆʊ, ʢʦʪʦʨʳʡ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʥʘʜʝʞʥʦʩʪʴʶ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʳʩʦʢʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʝʡ ʯʘʩʪʠʮ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʛʘʟʘ, ʧʦʜʘʚʘʝʤʦʛʦ ʚ ʘʧʧʘʨʘʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʤʦʢʨʳʭ 

ʧʳʣʝʫʣʦʚʠʪʝʣʝʡ [45,46]. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ  ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʧʨʦʮʝʩʩʘ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ  

ʠʩʧʦʣʴʟʦʚʘʣʠ  ʤʝʪʦʜ  ʚʥʫʪʨʝʥʥʝʡ  ʬʠʣʴʪʨʘʮʠʠ.  ɼʣʷ  ʟʘʧʦʣʥʝʥʠʷ  ʘʣʣʦʥʞʝʡ 

ʧʨʠʤʝʥʷʣʠ  ʩʪʝʢʣʦʚʘʪʫ. ʈʘʩʭʦʜ ʛʘʟʘ  ʯʝʨʝʟ  ʘʣʣʦʥʞʠ  ʫʩʪʘʥʘʚʣʠʚʘʣʠ  ʠʩʭʦʜʷ ʠʟ 

ʫʩʣʦʚʠʷ ʠʟʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʦʪʙʦʨʘ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ  ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ ʧʳʣʠ ʚ 
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ʧʦʪʦʢʝ ʛʘʟʘ ʚʤʝʩʪʦ ʘʣʣʦʥʞʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʝʤʠʩʪʫʧʝʥʯʘʪʳʡ ʠʤʧʘʢʪʦʨ ʩʦ 

ʩʜʚʦʝʥʥʳʤʠ ʩʪʫʧʝʥʷʤʠ [54,55].  

ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʥʦʡ ʧʳʣʠ ʧʨʠʤʝʥʷʣʠ ʧʳʣʝʚʠʜʥʳʡ ʢʚʘʨʮ ʂʇ-3,  

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʟʤʦʣʦʪʳʡ ʥʘ ʚʠʙʨʦʤʝʣʴʥʠʮʝ ɺʅʀʀʄʉʄ ʪʠʧʘ ʄ-10. 

ɺʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ  ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʠ  ʥʘ ʚʭʦʜʝ  ʚ ʘʧʧʘʨʘʪ  

ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ  ʦʢʦʣʦ 2ʛ/ʤ3. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʥʦʩʪʠ  ʧʳʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ  ʜʚʘ ʤʝʪʦʜʘ. ʂʦʥʪʨʦʣʴ 

ʧʦʤʦʣʘ ʧʳʣʠ  ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ  ʥʘ ʧʨʠʙʦʨʝ  ʩ 

ʧʦʜʲʝʤʥʦʡ  ʧʠʧʝʪʢʦʡ [56,57].  ɼʠʩʧʝʨʩʥʳʡ  ʩʦʩʪʘʚ  ʧʳʣʠ  ʚ ʧʦʪʦʢʝ  ʛʘʟʘ  ʜʦ ʠ 

ʧʦʩʣʝ  ʘʧʧʘʨʘʪʘ  ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ  ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ  ʩʝʤʠʩʪʫʧʝʥʯʘʪʦʛʦ 

ʠʤʧʘʢʪʦʨʘ ʩʦ ʩʜʚʦʝʥʥʳʤʠ  ʩʪʫʧʝʥʷʤʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ  ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ.  ɺ ʧʨʦʚʦʜʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ  ʚʥʫʪʨʝʥʥʝʡ  ʬʠʣʴʪʨʘʮʠʠ ʩ  ʘʣʣʦʥʞʘʤʠ. 

ɿʘʧʳʣʝʥʥʦʩʪʴ ʧʦʪʦʢʘ  (ʛ/ʥʤ3)  ʦʧʨʝʜʝʣʷʣʠ  ʧʦ ʫʨʘʚʥʝʥʠʶ 
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q
Z ,      (2.15) 

 

ʛʜʝ q ï ʧʨʠʚʝʩ ʧʳʣʠ ʚ ʘʣʣʦʥʞʝ, ʛ; J0 ï ʦʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʧʨʠ ʦʪʙʦʨʝ, 

ʧʨʠʚʝʜʝʥʥʘʷ  ʢ ʥʦʨʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ, ʥʤ3/ʩ; t ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʪʙʦʨʘ, ʩ. 

ɺ ʦʧʳʪʘʭ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʧʳʣʴʶ, ʥʘʯʘʣʴʥʫʶ ʟʘʧʳʣʝʥʥʦʩʪʴ ʧʦʪʦʢʘ ʛʘʟʘ  

ʦʧʨʝʜʝʣʷʣʠ  ʧʦ ʬʦʨʤʫʣʝ: 
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,      (2.16) 

 

ʚ ʢʦʪʦʨʦʡ m ï ʤʘʩʩʘ ʧʳʣʠ, ʨʘʩʧʳʣʝʥʥʦʡ ʧʳʣʝʧʦʜʘʪʯʠʢʦʤ ʟʘ ʦʧʳʪ, ʛ; Jʛ ï 

ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʛʘʟʘ ʯʝʨʝʟ ʘʧʧʘʨʘʪ, ʥʤ3/ʩ; tʦʧ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ  ʦʧʳʪʘ, ʩ. 

ʇʦʩʢʦʣʴʢʫ  ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ,  

ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʘʧʧʘʨʘʪ ʠ ʚʳʭʦʜʠʚʰʝʛʦ ʠʟ ʥʝʛʦ, ʧʨʘʢʪʠʯʝʩʢʠ  ʥʝ ʠʟʤʝʥʷʣʦʩʴ, ʪʦ 

ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ  ʦʯʠʩʪʢʠ hʦʙ ɦ(%)  ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ: 
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h      (2.17) 

 

ɿʜʝʩʴ Zʥ ʠ Zʢ ï ʥʘʯʘʣʴʥʘʷ  ʠ ʢʦʥʝʯʥʘʷ  ʟʘʧʳʣʝʥʥʦʩʪʴ  ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛ/ʥʤ3. 

ʆʧʨʝʜʝʣʝʥʠʝ  ʬʨʘʢʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ.  ɼʣʷ ʟʘʤʝʨʘ 

ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ  ʧʳʣʠ ʥʘ ʚʭʦʜʝ ʠ  ʚʳʭʦʜʝ  ʧʳʣʝʫʣʦʚʠʪʝʣʷ ʧʨʠʤʝʥʷʣʠ ʩʭʝʤʫ,  

ʚ ʢʦʪʦʨʦʡ  ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʤʧʘʢʪʦʨ.  

ɼʣʷ  ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ  ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʜʦʣʶ ʯʘʩʪʠʮ 

(%),  ʦʩʝʚʰʠʭ ʥʘ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ ,..., 2,11,1 qq  ï ʧʨʠʚʝʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʫʧʝʥʝʡ ʠʤʧʘʢʪʦʨʘ, ʢʛ; qʬ  ï ʧʨʠʚʝʩ 

ʬʠʣʴʪʨʘ, ʢʛ. 

ʊʦʛʜʘ ʜʣʷ ʯʘʩʪʠʮ, ʦʩʝʚʰʠʭ ʥʘ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ  ʩʪʫʧʝʥʠ ʠʤʧʘʢʪʦʨʘ ʩʦʩʪʘʚʠʪ:  
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ʂʦʵʬʬʠʮʠʝʥʪ  ʬʨʘʢʮʠʦʥʥʦʡ  ʦʯʠʩʪʢʠ hʬ (%)  ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

 

F¡

-F¡¡-F¡
=
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ʬ     (2.20) 

 

ʛʜʝ iF¡ , iF¡¡ ï ʩʦʜʝʨʞʘʥʠʝ  i - ʬʨʘʢʮʠʠ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ  ʠʟ ʘʧʧʘʨʘʪʘ, %. 
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3 ɻʀɼʈʆɼʀʅɸʄʀʂɸ, ʄɸʉʉʆʆɹʄɽʅ ʀ ʇʓʃɽʋʃɸɺʃʀɺɸʅʀɽ 

ɼɺʋʍɿʆʅʅʆɻʆ ɸʇʇɸʈɸʊɸ ʉ ʈɽɻʋʃʗʈʅʆ ʈɸɿʄɽʑɽʅʅʆʁ 

ʅɸʉɸɼʂʆʁ ʀ ɼɺʋʍʉʊʆʈʆʅʅʀʄ ʇʆɼɺʆɼʆʄ ɻɸɿʆɺʆɻʆ ʇʆʊʆʂɸ 

 

3.1 ʂʦʥʩʪʨʫʢʮʠʷ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʜʚʫʭʟʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦ 

ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʜʚʫʭʟʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦ 

ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʠ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʘʧʧʘʨʘʪʘ ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʘ ʯʝʨʝʟ ʧʘʪʨʫʙʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʩʪʦʨʦʥʘʭ ʢʦʨʧʫʩʘ ʘʧʧʘʨʘʪʘ ʧʦʟʚʦʣʷʝʪ ʨʝʠhʪʴ ʧʨʦʙʣʝʤʳ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦ ʚʳʩʦʪʝ ʠ ʝʛʦ ʨʘʩʢʘʯʢʝ. 

ʅʘ ʨʠʩʫʥʢʝ 3.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʘʧʧʘʨʘʪʘ ʠʥʝʨʮʠʦʥʥʦ-

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ [21]. 

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ ʛʘʟʦʚʳʡ ʧʦʪʦʢ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʦʯʠʩʪʢʫ, 

ʧʦʜʘʝʪʩʷ ʚ ʰʪʫʮʝʨʘ 2, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ ʢʦʨʧʫʩʘ ʘʧʧʘʨʘʪʘ ʜʨʫʛ 

ʥʘʧʨʦʪʠʚ ʜʨʫʛʘ. ʈʘʟʜʝʣʝʥʥʳʡ ʥʘ ʜʚʝ ʯʘʩʪʠ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ 

ʫʜʘʨʷʝʪʩʷ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ. ʆʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʦʚ ʚʭʦʜʥʳʭ ʛʘʟʦʚʳʭ 

ʰʪʫʮʝʨʦʚ ʢ ʜʠʘʤʝʪʨʫ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ 0,15-0,35, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʩʪʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚ ʧʘʪʨʫʙʢʝ ʩʚʳʰʝ 10 ʤ/ʩ. ʕʪʦʡ ʩʢʦʨʦʩʪʠ  ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʧʦʢʦʷʱʝʡʩʷ 

ʞʠʜʢʦʩʪʴʶ. ʇʨʠ ʫʜʘʨʝ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʛʘʟʦʚʦʤ ʧʦʪʦʢʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʟʘ ʩʯʝʪ 

ʩʠʣ ʠʥʝʨʮʠʠ ʦʩʘʞʜʘʶʪʩʷ ʚ ʞʠʜʢʦʩʪʠ. ɺ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʨʘʟʜʝʣʝʥʥʳʝ ʧʦʪʦʢʠ ʛʘʟʘ 

ʠʤʝʶʪ ʨʘʚʥʫʶ ʩʠʣʫ, ʧʦʜʭʚʘʯʝʥʥʘʷ ʠʤʠ ʞʠʜʢʦʩʪʴ ʚ ʚʠʜʝ ʧʣʝʥʦʢ ʠ ʢʘʧʝʣʴ 

ʵʞʝʢʪʠʨʫʝʪʩʷ ʚ ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ ʘʧʧʘʨʘʪʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʝʛʦ ʯʘʩʪʠ. ʕʪʠʤ ʩʘʤʳʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʘʷ ʧʦʜʘʯʘ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʪʘʢʪʥʫʶ ʟʦʥʫ ʘʧʧʘʨʘʪʘ. 

ɺ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʳ ʥʘ ʩʪʨʫʥʘʭ 11 

ʥʘʩʘʜʦʯʥʳʝ ʪʝʣʘ 12. ʇʨʠ ʦʙʪʝʢʘʥʠʠ ʛʘʟʦʞʠʜʢʦʩʪʥʳʤ ʧʦʪʦʢʦʤ ʥʘʩʘʜʦʯʥʳʭ ʪʝʣ 

ʚʦʟʥʠʢʘʝʪ ʩʠʥʬʘʟʥʳʡ ʨʝʞʠʤ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʦʩʪʦʤ ʩʫʤʤʘʨʥʦʡ 

ʤʦʱʥʦʩʪʠ ʚʠʭʨʝʡ, ʩʦʟʜʘʶʱʠʤʠ ʚʳʩʦʢʦʪʫʨʙʫʣʠʟʠʨʦʚʘʥʥʳʡ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ 

ʧʦʪʦʢ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠʣʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. 

ʊʘʢ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʘ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢ ʜʠʘʤʝʪʨʫ 

ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ 1,5-2, ʪʦ ʧʨʦʡʜʷ ʢʦʥʪʘʢʪʥʫʶ ʟʦʥʫ ʘʧʧʘʨʘʪʘ, ʠ 

ʜʦʩʪʠʛʥʫʚ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʪʝʨʷʝʪ 

ʩʚʦʶ ʩʢʦʨʦʩʪʴ. ʋʢʘʟʘʥʥʳʡ ʜʠʘʧʘʟʦʥ ʩʦʦʪʥʦʰʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʜʦ 2 ʤ/ʩ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʘʧʝʣʴ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ 

ʠ ʟʘ ʩʯʝʪ ʩʠʣ ʠʥʝʨʮʠʠ ʢʘʧʣʠ ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʢʦʥʪʘʢʪʥʫʶ ʟʦʥʫ. ʋʚʝʣʠʯʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʧʘʨʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʩʘʜʢʘ, ʚʳʧʦʣʥʷʶʱʘʷ ʨʦʣʴ ʦʪʙʦʡʥʠʢʦʚ 

ʠ  ʨʘʩʧʦʣʘʛʘʶʱʘʷʩʷ ʚ ʩʝʧʘʨʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 

0,5 ʚʳʩʦʪʳ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ. 

ʆʯʠʱʝʥʥʳʡ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʚʳʚʦʜʠʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ ʰʪʫʮʝʨ 3. ɺ ʥʠʞʥʝʡ 

ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʦʜʘʯʘ ʩʚʝʞʝʡ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 4 ʠ ʚʳʚʦʜ 

ʰʣʘʤʘ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 5. ɾʠʜʢʦʩʪʴ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 
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ʨʝʞʠʤʝ ʮʠʨʢʫʣʷʮʠʠ ʧʨʠ ʟʘʢʨʳʪʦʤ ʚʝʨʭʥʝʤ ʚʝʥʪʠʣʝ 8, ʘ ʧʨʠ ʟʘʢʨʳʪʦʤ ʥʠʞʥʝʤ 

ʚʝʥʪʠʣʝ  ʠ ʦʪʢʨʳʪʦʤ ʚʝʨʭʥʝʤ ʚ ʨʝʞʠʤʝ ʧʝʨʝʣʠʚʘ. 

 
1 ï ʢʦʨʧʫʩ; 2 ï ʰʪʫʮʝʨ ʜʣʷ ʚʚʦʜʘ ʛʘʟʘ; 3 ï ʰʪʫʮʝʨ ʜʣʷ ʚʳʚʦʜʘ ʛʘʟʘ; 4 - ʧʘʪʨʫʙʦʢ 

ʜʣʷ ʚʚʦʜʘ ʩʚʝʞʝʡ ʞʠʜʢʦʩʪʠ; 5 - ʧʘʪʨʫʙʦʢ ʚʳʚʦʜʘ ʰʣʘʤʘ; 6 - ʰʪʫʮʝʨ ʜʣʷ 

ʨʝʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ; 7 ï ʰʪʫʮʝʨ ʜʣʷ ʧʝʨʝʣʠʚʘ ʞʠʜʢʦʩʪʠ; 8 ï ʚʝʥʪʠʣʠ;  

9 ï ʩʝʧʘʨʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ; 10 - ʦʧʦʨʥʦ-ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʨʝʰʝʪʢʠ;  

11 ï ʩʪʨʫʥʳ; 12 ï ʥʘʩʘʜʦʯʥʳʝ ʵʣʝʤʝʥʪʳ. 

 

ʈʠʩʫʥʦʢ 3.1 - ɸʧʧʘʨʘʪ ʠʥʝʨʮʠʦʥʥʦ-ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

 

3.2 ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʢʦʥʩʪʨʫʢʮʠʷʤ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʨʝʘʣʠʟʫʶʱʝʛʦ ʫʜʘʨʥʦ-ʠʥʝʨʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʪʦʢʦʚ 

(ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʳʣʝʫʣʦʚʠʪʝʣʴ, ʛʘʟʦʧʨʦʤʳʚʘʪʝʣʴ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ, 

ʩʢʨʫʙʙʝʨʳ ɼʦʡʣʷ, ʩʢʨʫʙʙʝʨʳ ʫʜʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʨʦʪʦʢʣʦʥʳ ʪʠʧʘ N ʠ ʈʇɸ, 

ʧʳʣʝʫʣʦʚʠʪʝʣʴ ʚʝʥʪʠʣʷʮʠʦʥʥʳʡ ʤʦʢʨʳʡ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʳʣʝʫʣʦʚʠʪʝʣʴ) 
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ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʠʭ ʥʝ ʧʨʠʚʦʜʷʪʩʷ ʜʝʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʧʨʦʮʝʩʩʘ 

ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʞʠʜʢʦʩʪʠ. ʆʜʥʘʢʦ, 

ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʦʩʘʞʜʝʥʠʷ ʘʵʨʦʟʦʣʝʡ ʚ ʟʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ. 

 
 

 

ʈʠʩʫʥʦʢ 3.2 - ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʤʝʨ ʛʣʫʙʠʥʳ ʚʦʨʦʥʢʠ ʠ ʚʳʩʦʪʳ ʞʠʜʢʦʩʪʥʦʛʦ 

çʭʦʣʤʘè. 

 

ɺʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʬʦʪʦʩʲʝʤʢʘ ʧʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʫʶ ʢʘʨʪʠʥʫ 

ʦʙʨʘʟʦʚʘʥʠʷ ʞʠʜʢʦʩʪʥʦʡ ʚʦʨʦʥʢʠ (ʨʠʩʫʥʢʠ 3.2 ʠ 3.3). ɻʘʟʦʚʳʡ ʧʦʪʦʢ, 

ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʦʯʠʩʪʢʫ, ʧʦʜʘʝʪʩʷ ʚ ʰʪʫʮʝʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩ ʚʥʝʰʥʝʡ 

ʩʪʦʨʦʥʳ ʢʦʨʧʫʩʘ ʘʧʧʘʨʘʪʘ ʜʨʫʛ ʥʘʧʨʦʪʠʚ ʜʨʫʛʘ. ʈʘʟʜʝʣʝʥʥʳʡ ʥʘ ʜʚʝ ʯʘʩʪʠ 

ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ (ʩʚʳʰʝ 10 ʤ/ʩ) ʫʜʘʨʷʝʪʩʷ ʦ ʧʦʚʝʨʭʥʦʩʪʴ 
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ʞʠʜʢʦʩʪʠ. ʕʪʦʡ ʩʢʦʨʦʩʪʠ  ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʜʘʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʧʦʢʦʷʱʝʡʩʷ ʞʠʜʢʦʩʪʴʶ. ʇʨʠ ʫʜʘʨʝ 

ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʛʘʟʦʚʦʤ ʧʦʪʦʢʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʟʘ ʩʯʝʪ ʩʠʣ ʠʥʝʨʮʠʠ 

ʦʩʘʞʜʘʶʪʩʷ ʚ ʞʠʜʢʦʩʪʠ. ɺ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʨʘʟʜʝʣʝʥʥʳʝ ʧʦʪʦʢʠ ʛʘʟʘ ʠʤʝʶʪ ʨʘʚʥʫʶ 

ʩʠʣʫ, ʧʦʜʭʚʘʯʝʥʥʘʷ ʠʤʠ ʞʠʜʢʦʩʪʴ ʚ ʚʠʜʝ ʧʣʝʥʦʢ ʠ ʢʘʧʝʣʴ ʵʞʝʢʪʠʨʫʝʪʩʷ ʚ 

ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ ʘʧʧʘʨʘʪʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʝʛʦ ʯʘʩʪʠ. ʕʪʠʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʨʘʚʥʦʤʝʨʥʘʷ ʧʦʜʘʯʘ ʞʠʜʢʦʩʪʠ ʚ ʢʦʥʪʘʢʪʥʫʶ ʟʦʥʫ ʘʧʧʘʨʘʪʘ [58]. 

 

 
                                ʘ)                                                              ʙ) 

 

ʈʠʩʫʥʦʢ 3.3 - ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ ʚ ʵʞʝʢʮʠʦʥʥʦʡ ʟʦʥʝ 

ʘʧʧʘʨʘʪʘ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʠʩʭʦʜʥʳʭ ʫʨʦʚʥʷʭ 

ʞʠʜʢʦʩʪʠ 

  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʫʜʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʞʠʜʢʦʩʪʥʦʡ ʚʦʨʦʥʢʠ. ʍʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʞʠʜʢʦʩʪʥʦʡ 

ʚʦʨʦʥʢʠ ʷʚʣʷʶʪʩʷ ï ʛʣʫʙʠʥʘ ʠ ʜʠʘʤʝʪʨ ʚʦʨʦʥʢʠ. ɻʣʫʙʠʥʘ ʚʦʨʦʥʢʠ (ʫʛʣʫʙʣʝʥʠʝ 

ʦʪ ʩʨʝʟʘ ʧʘʪʨʫʙʢʘ ʜʦ ʜʥʘ ʚʦʨʦʥʢʠ) ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3.4 ʠ 3.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʠ ʜʠʘʤʝʪʨʘ ʞʠʜʢʦʩʪʥʦʡ ʚʦʨʦʥʢʠ 

ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ [59, 60]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʩʪʝʯʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠʟ 

ʧʘʪʨʫʙʢʘ  ʚʝʜʝʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʦʩʪʫ ʢʘʢ hʜ, ʪʘʢ ʠ ʚD . ʈʦʩʪ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʥʘʧʦʨʘ ʜʣʷ ʘʧʧʘʨʘʪʘ ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ 

ʘʧʧʘʨʘʪʘ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ. ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ (Wʧʘʪ<4 ʤ/ʩ) ʞʠʜʢʦʩʪʥʦʡ ʚʦʨʦʥʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʨʘʟʫʝʪʩʷ, ʪʦʛʜʘ, ʢʘʢ 

ʧʨʠ Wʧʘʪ>4 ʤ/ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ hʜ. 
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ʉʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ Wʧʘʪ,  ʤ/ʩ 

 

1 ʠ 2 - hʜ ʘʧʧʘʨʘʪʘ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 3.4 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ hʜ 

ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ Wʧʘʪ 
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ʉʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ Wʧʘʪ, ʤ/ʩ 

 

ʈʠʩʫʥʦʢ 3.5 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʜʠʘʤʝʪʨʘ ʚʦʨʦʥʢʠ Dʚ ʦʪ ʩʢʦʨʦʩʪʠ 

ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ Wʧʘʪ ʚ ʘʧʧʘʨʘʪʝ ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 
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ʈʦʩʪ ʜʠʘʤʝʪʨʘ ʚʦʨʦʥʢʠ (ʨʠʩʫʥʦʢ 3.5) ʦʙʫʩʣʦʚʣʝʥ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʛʣʫʙʠʥʳ 

ʚʦʨʦʥʢʠ ʠ ʚʳʪʝʩʥʝʥʠʝʤ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 3.6 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʯʝʪʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʦʥʳ 

ʵʞʝʢʮʠʠ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚ ʧʘʪʨʫʙʢʝ. 
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ʉʢʦʨʦʩʪ ɹʠʩʪʝʯʝʥʠʷ ʛʘʟʘ Wʧʘʪ , ʤ/ʩ 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: h1=0 ʤ. 

1 ʠ 2 -  PɻD  ʘʧʧʘʨʘʪʘ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 3.6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʦʥʳ 

ʵʞʝʢʮʠʠ PɻD  ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ Wʧʘʪ 

  

ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʦʥʳ ʵʞʝʢʮʠʠ ʩ 

ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚ ʧʘʪʨʫʙʢʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʟʘʚʠʩʠʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪ ʧʦʪʝʨʴ ʩʢʦʨʦʩʪʥʦʛʦ ʥʘʧʦʨʘ. ʈʦʩʪ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʦʥʳ ʵʞʝʢʮʠʠ ʜʣʷ ʘʧʧʘʨʘʪʘ ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ 

ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʘʧʧʘʨʘʪʘ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʘʧʧʘʨʘʪʝ ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

ʵʞʝʢʪʠʨʫʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ ʚ ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʙʦʣʴʰʝ. 
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ɺ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ ʠʥʝʨʮʠʦʥʥʦ-ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚʠʭʨʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʦʪʦʢʦʚ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ [59, 60].  

ɸʥʘʣʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ  ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʘʧʧʘʨʘʪʘ  DʈL ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ 

Wɻ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʠʩʭʦʜʥʳʭ ʫʨʦʚʥʷʭ ʞʠʜʢʦʩʪʠ h1, ʘ ʪʘʢʞʝ  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 [28 c.130]. 

ʀʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ h1 ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʛʨʘʥʠʮʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʠ ʚʝʣʠʯʠʥʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ DʈL=f(wʛ). 
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ʉʢʦʨʦʩʪ ɹʛʘʟʘ Wʛ , ʤ/ʩ 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: tʚ/b=2; tp/b=2; h1=0 ʤ; bxb = 40x40 ʤʤ 

1 ʠ 2 -  DʈL ʘʧʧʘʨʘʪʘ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 3.7 - ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ  

DʈL ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ Wɻ 

 

ʀʟʤʝʥʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ h1  ʦʪ -0,02 ʜʦ +0,03 ʤ ʩʜʚʠʛʘʝʪ 

ʥʘʯʘʣʦ ʢʘʧʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʚ ʩʪʦʨʦʥʫ  ʤʝʥʴʰʠʭ ʩʢʦʨʦʩʪʝʡ. 
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ʇʨʠ ʩʢʦʨʦʩʪʠ ʛʘʟʘ Wɻ º 4 ʤ/ʩ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ 

ʚʠʭʨʝʚʦʛʦ ʜʨʦʙʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ.    ɺʦʟʨʘʩʪʘʝʪ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʩʣʦʷ, ʫʣʫʯʰʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʧʦ 

ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʘʧʧʘʨʘʪʘ. 

ɺʝʣʠʯʠʥʘ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ h1  ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ  

ʥʘ ʛʨʘʥʠʮʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʘʧʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʠ ʩʪʨʫʢʪʫʨʫ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ 

ʩʣʦʷ ʚ ʟʦʥʝ ʵʞʝʢʮʠʠ. ʇʨʠ h1> 0 ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ  

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʠʣʴʥʝʝ, ʯʝʤ ʧʨʠ h1¢ 0. ɺ ʨʘʟʤʝʨʘʭ ʢʘʧʝʣʴ ʧʨʠ h1<0 ʧʨʝʦʙʣʘʜʘʶʪ 

ʙʦʣʝʝ ʪʦʥʢʠʝ ʬʨʘʢʮʠʠ (0,8·1,2 ʤʤ), ʘ ʧʨʠ h1> 0 ʨʘʟʤʝʨ ʵʞʝʢʪʠʨʫʝʤʳʭ ʢʘʧʝʣʴ 

ʢʨʫʧʥʝʝ  (2,0-2,5 ʤʤ). 

ʈʝʞʠʤ ʙʨʳʟʛʦʫʥʦʩʘ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩʚʳʰʝ 4 ʤ/ʩ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ  ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 

ʇʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ  ʞʠʜʢʦʩʪʠ  ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʠ ʥʘʜ ʥʝʡ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʫʥʦʩʘ 

ʞʠʜʢʦʩʪʠ ʠʟ ʘʧʧʘʨʘʪʘ. 

ɺʝʣʠʯʠʥʘ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ h1 ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ 

ʫʩʢʦʨʷʝʪ ʥʘʩʪʫʧʣʝʥʠʝ ʨʝʞʠʤʘ ʫʥʦʩʘ, ʪʦʛʜʘ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ h1  

ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʵʪʦʪ ʨʝʞʠʤ ʥʘʩʪʫʧʘʝʪ ʧʨʠ Wɻ > 4,5 ʤ/ʩ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3.8 ʠ 3.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Dʈʘʧ,  ʘ ʥʘ ʨʠʩʫʥʢʘʭ 3.10 ʠ 3.11 ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ h0 ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ j ʘʧʧʘʨʘʪʦʚ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʠ 

ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ Wɻ ʠ ʦʪ ʠʩʭʦʜʥʦʛʦ 

ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ h1. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 3.8 ʠ 3.10 ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʘʧʧʘʨʘʪʦʚ 

ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʨʘʩʪʫʪ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʨʦʩʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʛʘʟʘ 

ʦʙʫʩʣʦʚʣʝʥ ʨʦʩʪʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʩʪʫʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʟʘʪʨʘʪʳ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ ʘʧʧʘʨʘʪʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʥʘʧʦʨʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʜʝʨʞʘʥʠʶ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʠʜʢʦʩʪʠ ʚ ʦʙʲʝʤʝ 

ʥʘʩʘʜʢʠ (ʨʠʩʫʥʦʢ 3.10). 

ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʶ ʩʣʦʷ (ʨʠʩʫʥʦʢ 3.10) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʟʥʘʯʝʥʠʷ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ (ʨʠʩʫʥʢʠ 3.9 ʠ 3.11) ʧʨʠʚʦʜʠʪ ʢ 

ʨʦʩʪʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. 

ʕʪʦ ʦʯʝʚʠʜʥʦ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʫʯʘʩʪʚʫʝʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʞʠʜʢʦʩʪʠ. 
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ʉʢʦʨʦʩʪ ɹʛʘʟʘ Wʛ , ʤ/ʩ 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ ʩʤ. ʨʠʩʫʥʦʢ 3.7. h1=0 ʤ 

1 ʠ 2 -  Dʈʘʧ ʘʧʧʘʨʘʪʦʚ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ 
ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 3.8 - ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʘʟʦʦʯʠʩʪʥʦʛʦ 

ʘʧʧʘʨʘʪʘ Dʈʘʧ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ Wɻ  
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ʀʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ h1 , ʤ  

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ ʩʤ. ʨʠʩʫʥʦʢ 3.7. Wɻ =4 ʤ/ʩ 

1 ʠ 2 -  Dʈʘʧ ʘʧʧʘʨʘʪʦʚ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ 
ʧʦʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 3.9 - ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʛʘʟʦʦʯʠʩʪʥʦʛʦ 

ʘʧʧʘʨʘʪʘ Dʈʘʧ ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ h1 

 



69 
 

  
ʂ
ʦ
ʣ
ʠ
ʯ
ʝ
ʩ
ʪ
ʚ
ʦ
 
ʫ
ʜ
ʝ
ʨ
ʞ
ʠ
ʚ
ʘ
ʝ
ʤ
ʦ
ʡ
 
ʞ
ʠ
ʜ
ʢ
ʦ
ʩ
ʪ
ʠ
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

h
0
Ŀ1

03
,
 
ʤ

 

 

ɻ
ʘ
ʟ
ʦ
ʩ
ʦ
ʜ
ʝ
ʨ
ʞ
ʘ
ʥ
ʠ
ʝ

 ʩ
ʣ
ʦ
ʷ

  
 j
,
 
ʤ

3
/
ʤ3  

ʉʢʦʨʦʩʪʴ ʛʘʟʘ Wʛ, ʤ/ʩ   

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ ʩʤ. ʨʠʩʫʥʦʢ 3.7. h1=0 ʤ 

1 ʠ 3 - h0  ʠ  j - ʘʧʧʘʨʘʪʘ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʘ; 2 ʠ 4 - h0 ʠ - j - 

ʘʧʧʘʨʘʪʘ ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʘ 

 

ʈʠʩʫʥʦʢ 3.10 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ h0 ʠ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ j ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ Wʛ 
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ʀʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ h1 , ʤ 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ ʩʤ. ʨʠʩʫʥʦʢ 3.7 Wɻ =4 ʤ/ʩ 

1 ʠ 3 - h0 ʠ - j - ʘʧʧʘʨʘʪʘ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʘ; 2 ʠ 4 - h0 ʠ - j - 

ʘʧʧʘʨʘʪʘ ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʘ 

 

ʈʠʩʫʥʦʢ 3.11 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ h1 ʠ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ j ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ Dʈʘʧ ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ 
ʞʠʜʢʦʩʪʠ h1 
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3.3 ʄʘʩʩʦʦʙʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ 

ɺ ʜʚʫʭʟʦʥʥʦʤ ʘʧʧʘʨʘʪʝ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʠ 

ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚʦʟʤʦʞʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʦʚʝʜʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʘʙʩʦʨʙʮʠʠ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʘʙʩʦʨʙʮʠʠ ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʦʚ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʠʢʫ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ ʚ ʚʦʟʜʫʭ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. 

ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʠ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʠ ʧʨʠʚʦʜʠʪ 

ʦʨʛʘʥʠʟʦʚʘʥʥʦʤʫ ʚʠʭʨʝʚʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʧʦʪʦʢʦʚ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ. ʕʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʜʨʦʙʣʝʥʠʶ ʢʘʧʝʣʴ, ʩʪʨʫʡ ʠ ʧʣʝʥʦʢ ʞʠʜʢʦʩʪʠ, 

ʩʦʟʜʘʚʘʷ ʧʨʠ ʵʪʦʤ ʨʘʟʚʠʪʫʶ ʤʝʞʬʘʟʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɺʠʭʨʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʦʙʪʝʢʘʥʠʠ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʫʣʴʩʘʮʠʠ 

ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ. ʆʩʥʦʚʥʳʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʤ ʥʘ ʯʘʩʪʦʪʫ ʧʫʣʴʩʘʮʠʡ 

ʧʦʪʦʢʘ, ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʢʦʨʦʩʪʴ. 

ʅʘ ʨʠʩʫʥʢʘʭ 3.12 ʠ 3.13 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʠ 

ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ. 
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ʉʢʦʨʦʩʪʴ ʛʘʟʘ Wʛ , ʤ/ʩ 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ ʩʤ. ʨʠʩʫʥʦʢ 3.7. 

ʂʨʠʚʘʷ  ï  bʛs  ʧʨʠ h1 = 0 ʤ 

 

ʈʠʩʫʥʦʢ 3.12- ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ bʛs 

ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ  ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ  Wɻ 
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ʀʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ h1 , ʤ  

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ ʩʤ. ʨʠʩʫʥʦʢ 3.7. 

ʂʨʠʚʘʷ  ï  bʛs  ʧʨʠ Wɻ = 4 ʤ/ʩ 

 

ʈʠʩʫʥʦʢ 3.13- ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ bʛs 

ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ  ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ h1 

 

ɸʥʘʣʠʟ ʢʨʠʚʦʡ ʥʘ ʨʠʩʫʥʢʝ 3.12 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʩʩʦʦʙʤʝʥʘ 

ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ 

ʤʘʩʩʦʦʙʤʝʥʘ ʣʠʤʠʪʠʨʫʝʤʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʛʘʟʦʚʦʡ ʬʘʟʳ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʪʫʨʙʫʣʠʟʘʮʠʷ ʧʦʪʦʢʦʚ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʜʠʬʬʫʟʠʦʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʉʪʨʫʢʪʫʨʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʘʧʝʣʴʥʫʶ ʞʠʜʢʦʩʪʴ ʩʦ ʩʥʠʞʝʥʥʳʤ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ ʢʘʧʝʣʴ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʤʝʞʬʘʟʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʕʪʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʢʘʧʝʣʴʥʦʤ ʨʝʞʠʤʝ, ʛʜʝ ʜʦʩʪʠʛʘʶʪʩʷ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠ ̫

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ 

ʙʨʳʟʛʦʫʥʦʩʘ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʦʪ -0,02 ʜʦ +0,03ʤ (ʨʠʩʫʥʦʢ 3.13) ʥʝʩʢʦʣʴʢʦ 

ʩʥʠʞʘʶʪʩʷ. ʀʟʚʝʩʪʥʦ [47, 61], ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʪʦʢʘ ʞʠʜʢʦʩʪʠ ʧʨʠ ʘʙʩʦʨʙʮʠʠ 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʳʟʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʧʝʨʝʢʘʯʢʫ 

ʞʠʜʢʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ 

ʘʧʧʘʨʘʪʘ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

ʠ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3.14 ʠ 3.15 [62,63]. 
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ʉʢʦʨʦʩʪ ɹʛʘʟʘ Wʛ , ʤ/ʩ 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ ʩʤ. ʨʠʩʫʥʦʢ 3.7.  h1 = 0 ʤ; dʯ = 5 ʤʢʤ 

1 ʠ 2 ï  hʦʙ ɦ ʘʧʧʘʨʘʪʘ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʈʠʩʫʥʦʢ 3.14- ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʱʝʡ  ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ hʦʙ ɦ 

ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ  ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ  Wɻ 
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ʀʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ h1 , ʤ 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ ʩʤ. ʨʠʩʫʥʦʢ 3.7.  Wɻ = 4 ʠ 5 ʤ/ʩ; dʯ = 5 ʤʢʤ 

1 ʠ 2 ï  hʦʙ ɦ ʘʧʧʘʨʘʪʘ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʈʠʩʫʥʦʢ 3.15- ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʱʝʡ  ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ hʦʙ ɦ 

ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ  ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ h1 
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ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ (ʨʠʩʫʥʦʢ 3.14) ʦʙʱʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʢʘʧʝʣʴʥʦʤ 

ʨʝʞʠʤʝ, ʧʦʩʣʝ ʯʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʧʨʠʚʦʜʠʪ ʢ ʫʥʦʩʫ 

ʞʠʜʢʦʩʪʠ ʠʟ ʘʧʧʘʨʘʪʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪʩʷ. 

ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ  ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ  ʨʦʩʪʦʤ  

ʢʦʣʠʯʝʩʪʚʘ  ʵʞʝʢʪʠʨʫʝʤʦʡ  ʞʠʜʢʦʩʪʠ ʠ ʚʠʭʨʝʚʳʤ  ʜʨʦʙʣʝʥʠʝʤ  ʞʠʜʢʦʩʪʠ  ʚ 

ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ. ʇʦʩʢʦʣʴʢʫ ʯʘʩʪʦʪʘ ʩʨʳʚʘ  ʚʠʭʨʝʡ  ʩ ʵʣʝʤʝʥʪʦʚ  

ʥʘʩʘʜʢʠ  ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ,  ʠʥʪʝʥʩʠʚʥʦʩʪʴ  ʠ ʯʘʩʪʦʪʘ  ʧʫʣʴʩʘʮʠʡ ʫʚʝʣʠʯʠʚʘʶʪʩʷ  

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ  ʩʢʦʨʦʩʪʠ ʛʘʟʘ, ʪʦ ʧʨʠ  ʥʝʠʟʤʝʥʥʳʭ  ʧʘʨʘʤʝʪʨʘʭ ʥʘʩʘʜʢʠ  ʵʪʦ 

ʧʨʠʚʦʜʠʪ  ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ  ʧʨʦʮʝʩʩʘ ʩʨʳʚʘ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ  

ʝʝ ʜʨʦʙʣʝʥʠʷ ʥʘ ʙʦʣʝʝ  ʤʝʣʢʠʝ ʢʘʧʣʠ. ʇʨʠ ʵʪʦʤ, ʝʩʪʝʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ  

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʬʘʟ, ʘ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ,  ʠ ʦʙʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ  

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ  ʠʩʭʦʜʥʦʛʦ  ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ (ʨʠʩʫʥʦʢ 3.14)  ʨʦʩʪ ʦʙʱʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ  ʧʨʦʠʩʭʦʜʠʪ  ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ  

ʵʞʝʢʪʠʨʫʝʤʦʡ  ʚ ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ ʞʠʜʢʦʩʪʠ. ʇʨʠ ʵʪʦʤ  ʢʦʣʠʯʝʩʪʚʦ  

ʫʜʝʨʞʠʚʘʝʤʦʡ  ʥʘʩʘʜʢʦʡ ʞʠʜʢʦʩʪʠ  ʚʦʟʨʘʩʪʘʝʪ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ  ʦʙʱʝʝ ʯʠʩʣʦ  

ʜʨʦʙʠʤʳʭ ʢʘʧʝʣʴ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ  ʨʦʩʪʫ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. 

 

3.4 ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʘ 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʧʧʘʨʘʪʘ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

(1.45): 

 

Dʈʘʧ = Dʈɻ + DʈL,        

 

ʛʜʝ Dʈɻ - ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʦʥʳ ʵʞʝʢʮʠʠ, ʇʘ; DʈL - ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ, ʇʘ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʦʥʳ ʵʞʝʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ 

(1.46) [28 c.127, 64-67]: 
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ʛ ʧʘʪ
ʞ ʵ[(1 ) ]
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ʵ ʜ
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ʈ g h
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D = + - .      

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ hʜ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 

ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʡ ʩʪʨʫʠ, ʠʩʪʝʢʘʶʱʝʡ ʠʟ ʧʘʪʨʫʙʢʘ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʘʪW , ʩ ʟʝʨʢʘʣʦʤ ʞʠʜʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤ, ʪʦ ʠʟ 

ʦʩʥʦʚʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʛʠʜʨʦʩʪʘʪʠʢʠ ʩʧʨʘʚʝʜʣʠʚʦ ʫʨʘʚʥʝʥʠʝ [20 ʩ.45, 68-70]:  
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ʛʜʝ  g  - ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ; ʞr - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ; ʛr - 

ʧʣʦʪʥʦʩʪʴ ʛʘʟʘ; 0h - ʦʙʱʘʷ ʚʳʩʦʪʘ ʧʝʨʝʧʘʜʘ ʫʨʦʚʥʝʡ ʞʠʜʢʦʩʪʠ; ʚD - ʜʠʘʤʝʪʨ 

ʦʙʨʘʟʫʝʤʦʡ ʚʦʨʦʥʢʠ; s- ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. 

ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (3.1) ʫʯʠʪʳʚʘʝʪ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ 

ʛʘʟʦʚʦʡ ʩʪʨʫʠ ʥʘ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʝʡ ʧʝʨʝʧʘʜʘ ʞʠʜʢʦʩʪʠ, ʘ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ 

ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʨʦʥʢʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ,  ʙʘʨʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʪʘʢʞʝ 

ʧʨʝʪʝʨʧʝʚʘʶʪ ʠʟʤʝʥʝʥʠʝ. ɺʦ ʧʝʨʚʳʭ ï ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ, ʚʦ ʚʪʦʨʳʭ ï ʟʘ ʩʯʝʪ ʨʘʩʰʠʨʝʥʠʷ ʩʝʯʝʥʠʷ ʪʨʘʢʪʘ 

ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʝʛʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. ɺʩʝ ʵʪʦ 

ʩʦʟʜʘʝʪ ʦʙʳʯʥʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʊʦʛʜʘ ʜʣʷ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ ʚ 

ʧʘʪʨʫʙʢʝ ʠ ʵʞʝʢʮʠʦʥʥʦʡ ʟʦʥʝ ʩʧʨʘʚʝʜʣʠʚʦ ʚʳʨʘʞʝʥʠʝ:   
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ʚ ʢʦʪʦʨʦʤ V- ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ; ʧʘʪʘʧWW , - ʦʩʨʝʜʥʝʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʧʘʪʨʫʙʢʝ ʠ ʵʞʝʢʮʠʦʥʥʦʡ ʟʦʥʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʝʰʘʷ ʫʨʘʚʥʝʥʠʷ (3.1) ʠ (3.2) ʦʪʥʦʩʠʪʝʣʴʥʦ ʜh  ʠ ʧʨʝʥʝʙʨʝʛʘʷ ʘʧW  ʠ ʛr , 

ʧʦʩʢʦʣʴʢʫ 2
ʧʘʪW >> 2

ʘʧW , ʘ ʞr >> ʛr ,  ʧʦʣʫʯʠʤ:  
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ʊ.ʢ. ʦʙʲʝʤ ʚʳʪʝʩʥʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʨʘʚʝʥ ʦʙʲʝʤʫ ʚʦʨʦʥʢʠ, ʚʩʣVV = , ʪʦ  

ʦʯʝʚʠʜʥʦ, ʯʪʦ ʜ ʚ ʩʣh h h= + . ʊʦʛʜʘ ʧʨʠʙʣʠʞʝʥʥʦʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʘʝʪ:  

 

ʩʣʩʣʚ hh dÖº ,      (3.4) 
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ʋʯʠʪʳʚʘʷ ʬʦʨʤʫʣʫ (3.3), ʦʢʦʥʯʘʪʝʣʴʥʦ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ 

ʜh  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 
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ʚ ʢʦʪʦʨʦʤ ( )ʩʣdc 11+=  



75 
 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʠ 

( )ʜ ʧʘʪh f W=  (ʨʠʩʫʥʦʢ 3.4) ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ V(1.73): 

 

0,33

300

Reʧʘʪ
V= ,        

 

ʛʜʝ ʛRe nʧʘʪʧʘʪʧʘʪ DW Ö= - ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʞʠʤʘ 

ʠʩʪʝʯʝʥʠʷ ʛʘʟʦʚʦʡ ʩʪʨʫʠ ʠʟ ʧʘʪʨʫʙʢʘ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʪʨʫʠ ʛʘʟʘ ʩ ʟʝʨʢʘʣʦʤ ʞʠʜʢʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʪʝʢʫʯʝʩʪʠ 

ʞʠʜʢʦʩʪʠ, ʝʝ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʙʫʜʝʪ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʣʠʥʠʷʤʠ ʨʘʚʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʙʨʘʟʦʚʳʚʘʷ ʵʣʣʠʧʩʦʠʜʥʳʡ ʧʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʠʘʤʝʪʨ ʚʦʨʦʥʢʠ, ʩʦʛʣʘʩʥʦ [20 ʩ.47] ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ (1.71): 

 

2ʚ b ʧʘʪD k D= Ö ,        

 

ʛʜʝ bk - ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʦʪʥʦʰʝʥʠʷ - ʧʘʪʘʧDD

ʠ ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ (1.75): 

 

( ).Reln
708,0

ʧʘʪ
ʩ

bk Ö=
x

       

 

ɺ ʫʨʘʚʥʝʥʠʠ (1.46) l- ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥʦ 

ʦʙʨʘʙʦʪʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ 

(1.49):  

 

l=
0,5

ʧʘʪRe

15,3
,       

 

ɻʘʟʦʩʦʜʝʨʞʘʥʠʝ ʚ ʟʦʥʝ ʵʞʝʢʮʠʠ  jɻ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʠʟʚʝʩʪʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ (1.50): 

jɻ = 
Fr+

-
1

1
1 ,       

 

ʛʜʝ   Fr - ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʯʠʩʣʦ ʌʨʫʜʘ (1.51): 

 

Fr =
ʜ

ʧʘʪ

hg

W

ÖÖ

Ö

ʞ

2

ʛ

2r

r
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(1.1): 

2
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ʛʛ

ʚ 2e

r
x
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H
P LL

Ö
Ö=D .        

 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʨʦʰʘʝʤʦʡ ʥʘʩʘʜʢʠ xL  ʫʯʠʪʳʚʘʝʪ ʩʪʝʧʝʥʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʚʠʭʨʝʡ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʦʪʝʨʠ 

ʜʘʚʣʝʥʠʷ ʥʘ ʪʨʝʥʠʝ ʛʘʟʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ. 

ʆʙʨʘʙʦʪʢʦʡ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ xL : 

 

xL =
1,0

25,0

ʨʚ
Re

Re
43,0

ʛ

ʞÖÖÖ qq ,     (3.6) 

 

ʛʜʝ qb - ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ  ʥʘʧʨʘʚʣʝʥʠʠ; qp  - ʢʦʵʬʬʠʮʠʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʩʪʝʧʝʥʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ; Reʞ ʠ Reʛ ï ʢʨʠʪʝʨʠʠ 

ʈʝʡʥʦʣʴʜʩʘ ʧʦ ʛʘʟʫ ʠ ʞʠʜʢʦʩʪʠ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ ʜʠʘʤʝʪʨʫ ʥʘʩʘʜʢʠ 

ʠ ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (1.3), (1.53):  

 

Reʞ = 
ʞ

ʵʢʚʞ

n

dU Ö
       

 

                                                Reʛ = 
ʛ

ʵʢʚʛ

n

dW Ö
        

 

ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʥʘʩʘʜʢʠ dʵʢʚ , ʚʭʦʜʷʱʠʡ ʚ ʚʳʨʘʞʝʥʠʷ (1.3) ʠ (1.53) 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ, ʠʩʭʦʜʷ  ʠʟ [28 c.128] ʧʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ (1.54): 

 

dʵʢʚ = 
2 2

ʚ ʥ

2

ʥ

2( )

2

pt t b

b b

d

d

Ö - Ö

+ Ö
,       

 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʞʝʢʪʠʨʫʝʤʫʶ ʞʠʜʢʦʩʪʴ [28 c.128], 

ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ (1.55): 

 

Uʞ = 0,024 g hÖD ,        

 

ʛʜʝ 0,024 ï ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʟʥʘʯʝʥʠʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʪʠʚʦʪʦʯʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʠ ʘʧʧʘʨʘʪʘ ʋʀɼ ʩ ʈʇʅ ʚ ʫʩʣʦʚʠʷʭ ʨʘʚʝʥʩʪʚʘ 

ʨʘʩʭʦʜʦʚ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ. 

ʀʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ 

ʚʝʣʠʯʠʥʦʡ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ, ʫʜʝʨʞʠʚʘʝʤʦʡ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ [71]: 
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    (3.7) 

 

ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ (ʂʋɾ) ʚ 

ʘʧʧʘʨʘʪʝ ʩ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʦʚ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ (1.8): 
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2

ʛʛ

2
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er
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x

ÖÖÖ
ÖÖÖ=
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ʞʚ

Lʦ      (3.8) 

 

ʈʘʩʯʝʪ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1.9): 

 

H

ho-=ej        

 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ. ʅʘʩʘʜʦʯʥʘʷ ʟʦʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʦʙʪʝʢʘʝʤʳʭ ʪʝʣ ʠ ʧʦʵʪʦʤʫ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚ 

ʥʝʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʞʠʜʢʦʩʪʠ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʫʣʴʩʘʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚʩʝʛʦ 

ʩʣʦʷ [36]. ʂʨʦʤʝ ʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʦʪʨʳʚʥʦʝ ʪʝʯʝʥʠʝ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʟʘ ʢʘʧʣʝʡ ʠ 

ʵʣʝʤʝʥʪʘʤʠ ʥʘʩʘʜʢʠ ʩ ʧʣʝʥʢʦʡ ʞʠʜʢʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʬʦʨʤʘʮʠʷ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʦʛʨʘʥʠʯʥʦʤ 

ʩʣʦʝ, ʧʨʠʣʝʛʘʶʱʠʤ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʬʘʟ ʚʦʟʥʠʢʘʶʪ ʥʝʙʦʣʴʰʠʝ 

ʟʘʚʠʭʨʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʦʛʣʘʩʥʦ [72] ʠʛʨʘʶʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʤʘʩʩʦʧʝʨʝʥʦʩʝ. 

ʆʪ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ, ʷʚʣʷʶʱʝʡʩʷ ʤʝʨʦʡ ʪʦʣʱʠʥʳ 

ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ, ʟʘʚʠʩʠʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʤʘʩʩʳ ʠ 

ʪʝʧʣʘ, ʢʘʢ ʚ ʜʠʩʧʝʨʩʥʦʤ, ʪʘʢ ʠ ʚ ʩʧʣʦʰʥʦʤ ʧʦʪʦʢʘʭ. 

ʉʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ ʟʘʢʦʥʫ ʌʠʢʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

 

Z

C
D

z

c
Dq

D

D
-=

µ

µ
-= ~ ,     (3.9) 

 

ʛʜʝ: D ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, ʤ2/ʩ; q ï ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʦʪʦʢ ʢʛ/(ʤ2Öʩ); Dʉ/DZ 

ï ʛʨʘʜʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

ʉʦʛʣʘʩʥʦ [73] ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ DZ~ dʧ.ʩ, ʛʜʝ dʧ.ʩ ï ʛʣʫʙʠʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ. ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ 
2/1~ ʛʛ Scb  ʟʘʧʠʰʝʤ:   

 

2/1

.

2/1

ʛ
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ʛʛ Sc
D
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d
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D
= ,    (3.10) 

ʛ

ʛ

ʛ
D

Sc
n
=  - ʯʠʩʣʦ ʐʤʠʜʪʘ ʜʣʷ ʩʧʣʦʰʥʦʡ ʬʘʟʳ. 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʘʧʧʘʨʘʪʝ ʩ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʦʡ ʚʠʭʨʠ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ ʧʦ ʤʘʩʰʪʘʙʘʤ, ʪʘʢ ʠ ʧʦ ʯʘʩʪʦʪʝ. ʕʥʝʨʛʠʷ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ 
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ʜʠʩʩʠʧʠʨʫʝʪʩʷ ʧʦ ʤʝʭʘʥʠʟʤʫ ʢʘʩʢʘʜʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ [74], ʦʪ ʧʫʣʴʩʘʮʠʡ ʩ 

ʙʦʣʴʰʠʤʠ ʤʘʩʰʪʘʙʘʤʠ L, ʩʦʠʟʤʝʨʠʤʳʤʠ ʩ ʜʠʘʤʝʪʨʦʤ ʘʧʧʘʨʘʪʘ ʠʣʠ ʚʳʩʦʪʦʡ 

ʨʘʙʦʯʝʡ ʟʦʥʳ, ʵʥʝʨʛʠʷ ʧʝʨʝʜʘʝʪʩʷ ʚʦ ʚʩʝ ʤʝʥʴʰʠʝ ʤʘʩʰʪʘʙʳ ʧʦʢʘ ʥʝ 

ʜʠʩʩʠʧʠʨʫʝʪʩʷ ʚ ʤʘʩʰʪʘʙʘʭ ʧʦʨʷʜʢʘ lʦ, ʥʘʟʳʚʘʝʤʳʭ ʚʥʫʪʨʝʥʥʠʤ ʤʘʩʰʪʘʙʦʤ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʣʦʢʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

ʂʦʣʤʦʛʦʨʦʚʘ-ʆʙʫʭʦʚʘ [75-77]: 

 

( )4/13 /ʕlo n= ,     (3.11) 

 

ʛʜʝ ʕ ï ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʜʠʩʩʠʧʠʨʫʝʤʦʝ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʚ 

ʝʜʠʥʠʮʝ ʩʨʝʜʳ, ɺʪ/ʢʛ. 

ʉʦʦʪʥʦʰʝʥʠʝ (3.3) ʩʧʨʘʚʝʜʣʠʚʦ ʚ ʠʥʝʨʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ L¢ l¢ lo . 
ɺ ʨʘʙʦʪʝ [78] ʜʣʷ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʟʘʚʠʭʨʝʥʥʦʩʪʠ ʚ ʩʣʫʯʘʝ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮʳ 

ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʙʝʟʚʠʭʨʝʚʦʤ ʜʚʠʞʝʥʠʠ ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ: 

 
2/1

.  ö
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õ
æ
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å
=
w

n
dʩʧ .     (3.12) 

 

ɻʨʘʜʠʝʥʪʳ ʩʢʦʨʦʩʪʠ ʚʥʫʪʨʠ ʚʠʭʨʝʚʦʛʦ ʩʣʦʷ ʫ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʬʘʟ ʧʦ 

ʚʝʣʠʯʠʥʝ ʥʝ ʙʦʣʴʰʝ ʛʨʘʜʠʝʥʪʦʚ ʩʢʦʨʦʩʪʠ ʚʥʝ ʝʛʦ [78 ʩ.457]. ʇʦʵʪʦʤʫ ʩʢʦʨʦʩʪʴ 

ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʚʦ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʧʦʪʦʢʘ ʙʫʜʝʪ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʧʦʨʷʜʢʘ. 

ʊʦʛʜʘ ʠʟ ʩʦʚʤʝʩʪʥʦʛʦ ʨʝʰʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʡ (3.11) ʠ (3.12) ʧʦʣʫʯʠʤ ʯʘʩʪʦʪʫ 

ʢʦʣʝʙʘʥʠʷ ʬʦʨʤʳ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ: 

 
2/1

ö
÷

õ
æ
ç

å
=
n

w
ʵ

.      (3.13) 

 

ʇʦʜʩʪʘʚʣʷʷ (3.13) ʚ ʫʨʘʚʥʝʥʠʝ (3.12) ʠ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ ʬʦʨʤʫʣʫ 

(3.10), ʧʦʣʫʯʠʤ: 
1/4

2 ʕ
ʛ Db

n

å õ
= Öæ ö
ç ÷

     (3.14) 

 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʦʧʨʝʜʝʣʷʝʪ ʚ ʦʩʥʦʚʥʦʤ 

ʭʘʨʘʢʪʝʨ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. 

ɾʠʜʢʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʪʨʫʝʢ ʠ ʢʘʧʝʣʴ, ʦʙʨʘʟʫʝʤʳʭ ʧʨʠ ʩʨʳʚʝ ʚʠʭʨʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʪʘʢʪʥʘʷ ʟʦʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʷʯʝʝʢ. ʆʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʡ ʷʚʣʷʝʪʩʷ 

ʧʨʠʯʠʥʦʡ ʜʨʦʙʣʝʥʠʷ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ ʥʘ ʩʪʨʫʡʢʠ, ʠʭ - ʥʘ ʢʘʧʣʠ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠʭ ʬʦʨʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʶʪʩʷ 

ʠʜʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 
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ʆʪʨʳʚʥʦʝ ʪʝʯʝʥʠʝ ʧʦʪʦʢʘ ʚʩʣʝʜʩʪʚʠʝ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʫʣʴʩʘʮʠʦʥʥʦʤʫ ʜʚʠʞʝʥʠʶ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʪʝʩʥʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʬʘʟ ʚ ʷʯʝʡʢʝ ʠ ʧʦʚʳʰʝʥʠʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʪʦʢʦʚ, 

ʨʘʟʚʠʪʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʬʘʟ, ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʜʨʦʙʣʝʥʠʶ ʞʠʜʢʦʩʪʠ ʠ 

ʫʣʫʯʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʙʝʟ ʨʝʟʢʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʙʨʳʟʛʦʫʥʦʩʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʩʝʧʘʨʠʨʫʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʷʯʝʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʘ ʤʘʩʩʦʦʙʤʝʥʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʠʪʴ ʠʟ 

ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʚʠʭʨʝʚʳʭ ʧʦʪʦʢʦʚ ʚ ʷʯʝʡʢʝ, ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʩʦʩʝʜʥʠʤʠ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ [79].  

ʕʥʝʨʛʠʶ ʜʠʩʩʠʧʘʮʠʠ ʚʠʭʨʝʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʷʯʝʡʢʝ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ, 

ʦʧʨʝʜʝʣʠʤ ʧʦ ʫʨʘʚʥʝʥʠʶ:  

 

ʛʛʷrÖ
=

V

N
ʕ ʚ
ʷʯ .      (3.15) 

 

ʄʦʱʥʦʩʪʴ ʚʠʭʨʝʡ ʚ ʷʯʝʡʢʝ: 
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ʛʜʝ ck ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʮʝʥʢʠ ʬʦʨʤʳ ʢʘʧʣʠ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʢʘʢ 

ʩʦʦʪʥʦʰʝʥʠʝ [80]: 
1/5,ʢʩ KWe=        (3.17) 

 

ʛʜʝ 
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Ö Ö
=  ï ʯʠʩʣʦ ɺʝʙʝʨʘ; K- ʨʝʞʠʤʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʆʙʨʘʙʦʪʢʦʡ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ [81] ʚʳʷʚʣʝʥʦ, ʯʪʦ: ʧʨʠ ʯʠʩʣʝ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ 

ʢʘʧʝʣʴ 
.Re 800ʢ ʢ
ʢ

ʛ

u d

n
= >   K=1,1 ʠ 100 ¢ Reʢ. ¢ 800 .Re5,5 25,0-= ʢK  

ʆʙʲʝʤ ʛʘʟʘ ʚ ʷʯʝʡʢʝ:  

 

( )2

.ʛ ʷʯ p ʷʯ b ʧʣV t t hj= Ö -     (3.18) 

 

ɺ ʫʨʘʚʥʝʥʠʷʭ (3.14) ï (3.16): hʧʣ ï ʧʣʝʥʦʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʂʋɾ, ʤ; 

Uʛ=Wʛ/j̫ ʯ ï ʠʩʪʠʥʥʘʷ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʷʯʝʡʢʝ, ʤ/ʩ; 
b

ʧʣ

b

k

ʷʯ
t

hh

t

h -
-=-= 011j ï 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ ʩʣʦʷ ʚ ʷʯʝʡʢʝ; ʧʣk hhh -= 0 ï ʢʘʧʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʂʋɾ, ʤ. 

ʇʨʝʦʙʨʘʟʦʚʳʚʘʷ ʫʨʘʚʥʝʥʠʝ (3.15) ʩ ʫʯʝʪʦʤ (3.16) ʠ (3.18) ʠʤʝʝʤ: 
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     (3.19) 

 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ (3.19) ʚ (3.14), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ: 
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ʛʜʝ 
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ɺb = 

1/4
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 - ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʡ 

ʦʧʳʪʥʳʤ ʧʫʪʝʤ.  

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ ʛsb  ʧʦ ʫʨʘʚʥʝʥʠʶ (3.20) ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʩʦʩʪʘʚʠʣʘ °15%. 

ɼʣʷ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʚ ʘʧʧʘʨʘʪʝ  ʫʜʘʨʥʦ-

ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʥʝʨʮʠʦʥʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. 

ʉ ʫʯʝʪʦʤ ʘʥʘʣʠʟʘ ʤʝʭʘʥʠʟʤʦʚ ʦʩʘʞʜʝʥʠʷ ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ (1.56) 

[28 c.192, 63]: 

 

hʦʙ ɦ= 1 ï (1 ï hStk) (1 ï hD),       

 

ʛʜʝ hStk, hD  ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ  ʠʥʝʨʮʠʦʥʥʦʛʦ ʠ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʧʨʦʮʝʩʩ ʠʥʝʨʮʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʷʚʣʷʶʪʩʷ, ʜʠʘʤʝʪʨ ʠ ʧʣʦʪʥʦʩʪʴ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʩʢʦʨʦʩʪʴ ʠʭ ʜʚʠʞʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ, ʨʘʟʤʝʨ ʦʙʪʝʢʘʝʤʳʭ ʪʝʣ, ʰʘʛʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʩʘʜʢʠ ʠ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʩʚʷʟʳʚʘʶʪ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʭʚʘʪʘ ʂʟ. 

ʊʦʛʜʘ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʟʘ ʩʯʝʪ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [82]: 

 

hStk =1-ʝʭʨ(-ʂʟStk),      (3.21) 

 

ʛʜʝ  ʂʟ ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʭʚʘʪʘ; Stk ï ʯʠʩʣʦ ʉʪʦʢʩʘ: 
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ʛʜʝ:  dʯ ï ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ, ʤ; Uʯ ï ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ, ʤ/ʩ; rʯ ï ʧʣʦʪʥʦʩʪʴ ʯʘʩʪʠʮ, 

ʢʛ/ʤ3; nʛ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʛʘʟʘ, ʤ2/ʩ; mʛ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʛʘʟʘ, ʇʘÖʩ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʭʚʘʪʘ ʂʟ ʟʘʚʠʩʠʪ ʦʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʚ ʘʧʧʘʨʘʪʝ, ʘ ʠʤʝʥʥʦ ʦʪ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʩ 

ʢʘʧʣʷʤʠ ʠʣʠ ʧʣʝʥʢʘʤʠ ʞʠʜʢʦʩʪʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʠʣ ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ ʘʜʛʝʟʠʦʥʥʳʡ ʟʘʭʚʘʪ, ʣʠʙʦ ʫʧʨʫʛʦʝ 

ʦʪʪʘʣʢʠʚʘʥʠʝ. ʂʦʛʜʘ ʯʘʩʪʠʮʘ ʦʪʪʘʣʢʠʚʘʝʪʩʷ, ʦʥʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʧʦʪʦʢ, ʘ ʝʩʣʠ 

ʧʨʦʠʟʦʰʝʣ ʟʘʭʚʘʪ, ʪʦ ʪʚʝʨʜʘʷ ʯʘʩʪʠʮʘ ʚʥʝʜʨʷʝʪʩʷ ʚ ʩʣʦʡ ʞʠʜʢʦʩʪʠ.  

ɺ ʨʘʙʦʪʝ [28 c.194] ʜʣʷ ʦʮʝʥʢʠ ʂʟ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ (1.58) ʜʣʷ ʨʘʩʯʝʪʘ ʂʟ: 
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  -  ʢʘʧʠʣʣʷʨʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʤ. 

ɺ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʘʩʘʜʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʡ 

ʨʝʞʠʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝʤ.  

 ʊʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʧʳʣʠ ʠʤʝʶʪ  ʨʘʟʤʝʨ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʤʘʩʰʪʘʙʘ 

ʪʫʨʙʫʣʝʥʪʥʳʭ  ʧʫʣʴʩʘʮʠʡ ʠ ʧʦʵʪʦʤʫ ʚʦʚʣʝʢʘʶʪʩʷ  ʚ ʧʫʣʴʩʘʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. ʇʨʠʯʝʤ, ʩʪʝʧʝʥʴ ʫʚʣʝʯʝʥʠʷ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʜʠʘʤʝʪʨʘ  ʠ 

ʧʣʦʪʥʦʩʪʠ  ʯʘʩʪʠʮ, ʪ.ʝ. ʦʪ ʝʝ ʠʥʝʨʮʠʦʥʥʦʩʪʠ [65 ʩ.222].  ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  ʧʨʠ 

ʨʘʩʯʝʪʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʚ ʠʥʪʝʥʩʠʚʥʳʭ  ʨʝʞʠʤʘʭ ʪʝʯʝʥʠʷ ʛʘʟʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʘʨʷʜʫ  ʩ ʠʥʝʨʮʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ  ʦʩʘʞʜʝʥʠʷ ʠ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʝʡ ʪʘʢʞʝ  ʪʫʨʙʫʣʝʥʪʥʫʶ ʜʠʬʬʫʟʠʶ, ʢʦʪʦʨʘʷ ʚʥʦʩʠʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ  ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ  ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ  1-2 ʤʢʤ 

ʠ ʙʦʣʝʝ [13]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʧʦ ʜʠʬʬʫʟʠʦʥʥʦʡ ʤʦʜʝʣʠ 

ʠʩʧʦʣʴʟʫʝʤ ʧʦʜʭʦʜ, ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʘʭ [28 c.195, 83]. ʀʩʩʣʝʜʫʝʤʳʡ ʘʧʧʘʨʘʪ 

ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʤ ʥʘ ʜʚʝ ʟʦʥʳ: ʟʦʥʫ ʵʞʝʢʮʠʠ ʠ ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ. 

ɺ ʧʝʨʚʦʡ ʟʦʥʝ (ʟʦʥʝ ʵʞʝʢʮʠʠ)  ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʟʘʧʳʣʝʥʥʳʡ ʛʘʟʦʚʳʡ 

ʧʦʪʦʢ ʫʜʘʨʷʝʪʩʷ ʦ ʟʝʨʢʘʣʦ ʞʠʜʢʦʩʪʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʧʝʣʴ. ʆʩʘʞʜʝʥʠʝ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʝʣʴ, ʧʨʠʯʝʤ ʚʜʘʣʠ ʦʪ ʢʘʧʣʠ 

ʥʘ ʯʘʩʪʠʮʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʜʠʘʤʝʪʨʘ ʠ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ  

ʚʦʟʜʝʡʩʪʚʫʶʪ  ʪʫʨʙʫʣʝʥʪʥʳʝ  ʧʫʣʴʩʘʮʠʠ. ɺʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ  

ʩʢʦʨʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʳʭ ʧʫʣʴʩʘʮʠʡ  ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʠ ʚʳʙʨʦʩ ʯʘʩʪʠʮʳ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʥʝʨʮʠʦʥʥʦʡ ʩʠʣʳ  ʩ ʨʘʩʩʪʦʷʥʠʷ, ʨʘʚʥʦʛʦ ʜʣʠʥʝ 

ʩʚʦʙʦʜʥʦʛʦ ʠʥʝʨʮʠʦʥʥʦʛʦ ʧʨʦʙʝʛʘ ʯʘʩʪʠʮʳ i . 

ʀʟ ʵʞʝʢʮʠʦʥʥʦʡ ʟʦʥʳ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʧʦʧʘʜʘʝʪ ʚ ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ ʘʧʧʘʨʘʪʘ, 

ʛʜʝ  ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ  ʨʝʘʣʠʟʫʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ 

ʪʝʯʝʥʠʷ. ɿʜʝʩʴ ʞʝ ʚʳʙʨʦʩ  ʧʳʣʠ ʠʟ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʷʜʨʘ  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ 

ʟʘ ʩʯʝʪ ʩʠʣ ʠʥʝʨʮʠʠ. 
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ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʦ ʣʦʢʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ 

ʂʦʣʤʦʛʦʨʦʚʘ-ʆʙʫʭʦʚʘ ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ: 

ʜʣʷ ʟʦʥʳ ʵʞʝʢʮʠʠ (1.62) 
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ʜʣʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ (1.63) 
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ɺ ʫʨʘʚʥʝʥʠʷʭ (1.62) ʠ (1.63): ɺ1 = 4,5Ö10-2;    ɺ2 = 8,85Ö10-2. 

ɼʣʷ ʨʘʩʯʝʪʘ ʜʠʘʤʝʪʨʘ ʢʘʧʝʣʴ ʞʠʜʢʦʩʪʠ ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʧʣʘʩʪʠʥʯʘʪʦʡ 

ʥʘʩʘʜʢʠ ʠ ʟʦʥʝ ʵʞʝʢʮʠʠ ʚ ʨʘʙʦʪʝ [28] ʧʨʝʜʣʦʞʝʥʳ ʫʨʘʚʥʝʥʠʷ: 

ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ 

 
1/6 2/3 1/3

1/3

5/3 1/2
1,15 ,

ʞ ʩʪʨ ʛ

k L

ʩʪʨ ʛ

d U
d

U

r s
x

r

Ö Ö Ö
= Ö

Ö
     (3.24) 

 

ɺ ʟʦʥʝ ʵʞʝʢʮʠʠ 
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ  ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʢʘʞʜʦʡ ʠʟ ʟʦʥ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʘʤ 

(1.60), (1.61): 
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ʛʜʝ    ¡Bk , ¡¡Bk  ï ʦʧʳʪʥʳʝ   ʢʦʵʬʬʠʮʠʝʥʪʳ,   ʨʘʚʥʳʝ   ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  ¡Bk  = 5,5; ¡¡Bk  

= 3,55. 

ʉʪʝʧʝʥʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʧʦ ʜʠʬʬʫʟʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ 

ʬʦʨʤʫʣʝ (1.59): 

 
h h hD =- - ¡Ö- ¡¡1 1 1( ) ( ) .        
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ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʫʨʘʚʥʝʥʠʶ (1.56) ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʝʞʠʤʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ  

ʨʘʩʭʦʜʷʪʩʷ  ʥʝ ʙʦʣʝʝ  ʯʝʤ °15% (ʩʤ. ʨʠʩʫʥʢʠ 3.14-3.15). 
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4 ɻʀɼʈʆɼʀʅɸʄʀʂɸ, ʊɽʇʃʆʄɸʉʉʆʆɹʄɽʅ ʀ 

ʇʓʃɽʋʃɸɺʃʀɺɸʅʀɽ ɼɺʋʍʉʊʋʇɽʅʏɸʊʓʍ ɸʇʇɸʈɸʊʆɺ ʋɼɸʈʅʆ ï 

ɺʀʍʈɽɺʆɻʆ ʀ ʎʀʂʃʆʅʅʆ ï ɺʀʍʈɽɺʆɻʆ ɼɽʁʉʊɺʀʗ 

 

4.1 ʂʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʦʚ 

ʅʘ ʨʠʩʫʥʢʝ 4.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʘʧʧʘʨʘʪʘ ʫʜʘʨʥʦ - ʚʠʭʨʝʚʦʛʦ 

ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ [22].  

ʈʘʙʦʪʘ ʘʧʧʘʨʘʪʘ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɻʘʟʦʚʳʡ ʧʦʪʦʢ, 

ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʦʯʠʩʪʢʫ, ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 2. ʆʜʥʦʚʨʝʤʝʥʥʦ ʯʝʨʝʟ 

ʰʪʫʮʝʨ 14, ʩʦʦʩʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʩ ʚʳʭʦʜʥʳʤ ʢʦʥʮʦʤ ʧʘʪʨʫʙʢʘ ʚʚʦʜʘ ʛʘʟʘ 2 

ʧʦʜʘʝʪʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʠʟ ʥʠʞʥʝʛʦ ʢʦʣʣʝʢʪʦʨʘ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ. ʆʙʲʝʜʠʥʝʥʥʳʡ ʧʦʪʦʢ ʛʘʟʘ ʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʫʜʘʨʷʝʪʩʷ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ. ʇʨʠ ʫʜʘʨʝ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʛʘʟʦʚʦʤ 

ʧʦʪʦʢʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʟʘ ʩʯʝʪ ʩʠʣ ʠʥʝʨʮʠʠ ʦʩʘʞʜʘʶʪʩʷ ʚ ʞʠʜʢʦʩʪʠ. ɺʚʝʜʝʥʠʝ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʯʝʨʝʟ ʚʭʦʜʥʦʡ ʛʘʟʦʚʳʡ ʧʘʪʨʫʙʦʢ 2 ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ 

ʧʦʜʧʠʪʢʫ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʞʥʝʛʦ 

ʩʨʝʟʘ ʚʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʨʛʘʥʠʟʘʮʠʷ 

ʧʦʜʘʯʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʟʦʥʫ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʩʪʦʷʥʥʦʤʫ ʢʦʥʪʘʢʪʫ ʟʘʧʳʣʝʥʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩʦ ʩʚʝʞʝʡ ʞʠʜʢʦʩʪʴʶ. ʉʣʠʚ 

ʦʪʨʘʙʦʪʘʥʥʦʡ ʞʠʜʢʦʩʪʠ (ʰʣʘʤʘ) ʠʟ ʥʠʞʥʝʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 15. 

ʆʯʠʱʝʥʥʳʡ ʦʪ ʧʳʣʠ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 12 ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʥʘʢʣʦʥʥʦʡ ʧʝʨʝʛʦʨʦʜʢʠ 11 ʠ ʩʥʘʙʞʝʥʥʳʡ ʦʪʙʦʡʥʳʤ 

ʢʦʣʧʘʢʦʤ 13 ʧʦʩʪʫʧʘʝʪ ʚ ʚʝʨʭʥʶʶ ʩʪʫʧʝʥʴ ʢʦʥʪʘʢʪʘ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ 

ʞʠʜʢʦʩʪʠ, ʧʦʜʘʚʘʝʤʦʡ ʯʝʨʝʟ ʦʨʦʩʠʪʝʣʴ 4, ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʪʠʚʦʪʦʯʥʦʤ ʨʝʞʠʤʝ 

ʚ ʦʙʲʝʤʝ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʢʦʣʣʝʢʪʦʨʳ 7 ʜʣʷ ʩʙʦʨʘ ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʚʠʜʝ ʢʦʣʴʮʘ ʩ ʨʝʰʝʪʢʦʡ ʠʟ ʪʨʫʙ 8. ʇʝʨʝʪʝʢʘʥʠʝ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʪ ʦʜʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʢ ʜʨʫʛʦʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʪʨʫʙʳ 9. 

ʊʘʢʦʝ ʠʩʧʦʣʥʝʥʠʝ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ 

ʜʦʩʪʠʞʝʥʠʠ ʨʝʞʠʤʘ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʠʥʬʘʟʥʦʛʦ ʨʝʞʠʤʘ). 

ɼʘʥʥʳʡ ʨʝʞʠʤ ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʚʦʜʠʤʳʭ 

ʧʨʦʮʝʩʩʦʚ ʟʘ ʩʯʝʪ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʛʘʟʦʚʦʡ ʠ 

ʞʠʜʢʦʡ ʬʘʟ. 

ʆʯʠʱʝʥʥʳʡ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʚʳʚʦʜʠʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 3, 

ʦʪʨʘʙʦʪʘʥʥʘʷ ʞʠʜʢʦʩʪʴ (ʘʙʩʦʨʙʝʥʪ) ʚʳʚʦʜʠʪʩʷ ʯʝʨʝʟ ʰʪʫʮʝʨ 5, ʘ ʦʪʨʘʙʦʪʘʥʥʳʡ 

ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʠʟ ʰʪʫʮʝʨʘ 10 ʧʦʩʪʫʧʘʝʪ ʚ ʥʠʞʥʶʶ ʩʪʫʧʝʥʴ ʢʦʥʪʘʢʪʘ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʘʧʧʘʨʘʪʘ ʫʜʘʨʥʦ - ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʢʠʩʠ ʭʨʦʤʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ (ʩʤ. 

ʨʘʟʜʝʣ 5). ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʩʣʝʜʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʠ ʩ ʚʳʥʦʩʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.1. 
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1 ï ʢʦʨʧʫʩ; 2 - ʚʭʦʜʥʦʡ ʛʘʟʦʚʳʡ ʧʘʪʨʫʙʦʢ; 3 - ʚʭʦʜʥʦʡ ʛʘʟʦʚʳʡ ʧʘʪʨʫʙʦʢ;  

4 ï ʦʨʦʩʠʪʝʣʴ; 5 ï ʰʪʫʮʝʨ ʩʣʠʚʘ ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʠ; 6 - ʰʪʫʮʝʨ ʜʣʷ ʧʦʜʘʯʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ; 7 ï ʢʦʣʣʝʢʪʦʨ; 8 - ʨʝʰʝʪʢʘ ʠʟ ʪʨʫʙ; 9 ï ʧʝʨʝʣʠʚʥʳʝ ʪʨʫʙʳ;  

10 - ʰʪʫʮʝʨ ʜʣʷ ʩʣʠʚʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʟ ʢʦʣʣʝʢʪʦʨʘ; 11 ï ʧʝʨʝʛʦʨʦʜʢʘ;  

12 ï ʮʝʥʪʨʘʣʴʥʳʡ ʧʘʪʨʫʙʦʢ; 13 ï ʦʪʙʦʡʥʳʡ ʢʦʣʧʘʢ; 14 ï ʰʪʫʮʝʨ ʚʚʦʜʘ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚʦ ʚʭʦʜʥʦʡ ʛʘʟʦʚʳʡ ʧʘʪʨʫʙʦʢ; 15 ï ʧʘʪʨʫʙʦʢ ʚʳʚʦʜʘ 

ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʰʣʘʤʘ 

 

ʈʠʩʫʥʦʢ 4.1 - ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʘʧʧʘʨʘʪ ʫʜʘʨʥʦ - ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ 

 

ɺ ʛʘʟʦʦʯʠʩʪʥʳʭ ʘʧʧʘʨʘʪʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʮʝʥʪʨʦʙʝʞʥʳʡ ʠ ʚʠʭʨʝʚʦʡ 

ʤʝʭʘʥʠʟʤʳ, ʚ ʥʠʞʥʝʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʥʪʨʦʙʝʞʥʳʡ ʤʝʭʘʥʠʟʤ 

ʫʣʘʚʣʠʚʘʥʠʷ ʧʳʣʠ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʨʦʰʝʥʠʷ ʞʠʜʢʦʩʪʴʶ, ʘ ʚ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʠ 

ʢʦʥʪʘʢʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʫʣʘʚʣʠʚʘʥʠʝ ʧʳʣʠ ʠ ʧʨʦʮʝʩʩ ʘʙʩʦʨʙʮʠʠ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʠʭʨʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ. 

ʅʘ ʨʠʩʫʥʢʝ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʘʧʧʘʨʘʪʘ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ 

ʜʝʡʩʪʚʠʷ [23,84]. 

 
1 ï ʢʦʨʧʫʩ; 2 ï ʧʘʪʨʫʙʦʢ ʚʚʦʜʘ ʛʘʟʘ; 3 ï ʧʘʪʨʫʙʦʢ ʚʳʚʦʜʘ ʛʘʟʘ; 4 ï ʦʨʦʩʠʪʝʣʴ;  

5 ï ʰʪʫʮʝʨ ʜʣʷ ʩʣʠʚʘ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʧʦʛʣʦʪʠʪʝʣʷ; 6 ï ʦʧʦʨʥʦ ï 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʨʝʰʝʪʢʘ; 7 ï ʩʪʨʫʥʳ; 8 ï ʥʘʩʘʜʦʯʥʳʝ ʪʝʣʘ; 9 ï ʥʘʢʣʦʥʥʘʷ 

ʧʝʨʝʛʦʨʦʜʢʘ; 10 ï ʮʝʥʪʨʘʣʴʥʘʷ ʪʨʫʙʘ; 11 ï ʢʦʣʧʘʢ; 12 ï ʢʦʥʠʯʝʩʢʦʝ ʜʥʠʱʝ;  

13 - ʧʘʪʨʫʙʦʢ ʜʣʷ ʚʳʚʦʜʘ ʫʣʦʚʣʝʥʥʦʡ ʧʳʣʠ 

 

ʈʠʩʫʥʦʢ 4.2 - ɸʧʧʘʨʘʪ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ 

 

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʛʘʟʦʚʳʡ ʧʦʪʦʢ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʦʯʠʩʪʢʫ, ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ 

ʰʪʫʮʝʨ 2 ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ. ʇʨʠ 

ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʧʦʜʚʦʜʝ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚʦʟʥʠʢʘʝʪ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʢʦʪʦʨʘʷ 

ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʧʳʣʠ, ʧʨʠʞʠʤʘʷ ʠʭ ʢ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ 

ʘʧʧʘʨʘʪʘ 1. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʧʳʣʠ ʩʧʦʣʟʘʶʪ ʚ 

ʢʦʥʠʯʝʩʢʦʝ ʜʥʠʱʝ 12 ʥʠʞʥʝʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ ʠ ʚʳʚʦʜʷʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ 

ʧʘʪʨʫʙʦʢ 13.  

ʆʯʠʱʝʥʥʳʡ ʦʪ ʧʳʣʠ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʚʝʨʭʥʠʡ ʩʨʝʟ ʮʝʥʪʨʘʣʴʥʦʡ ʪʨʫʙʳ 

10 ʧʦʩʪʫʧʘʝʪ ʚ ʚʝʨʭʥʶʶ ʩʪʫʧʝʥʴ ʢʦʥʪʘʢʪʘ. ʇʨʠ ʚʭʦʜʝ ʚ ʥʝʝ ʮʝʥʪʨʘʣʴʥʘʷ ʪʨʫʙʘ 10 

ʩʥʘʙʞʝʥʘ ʢʦʣʧʘʢʦʤ 11 ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʩʪʝʢʘʶʱʝʡ ʦʨʦʰʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ. 
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ʅʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ ʨʘʟʜʝʣʝʥʳ ʥʘʢʣʦʥʥʦʡ ʧʝʨʝʛʦʨʦʜʢʦʡ 9, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʨʘʙʦʪʘ ʠʭ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʥʦʤʥʦ. 

ʈʘʙʦʪʘ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʪʠʚʦʪʦʯʥʦʤ ʨʝʞʠʤʝ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ, ʧʦʩʪʫʧʘʶʱʠʡ ʩʥʠʟʫ ʛʘʟʦʚʳʡ ʧʦʪʦʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʨʦʰʘʶʱʝʡ 

ʞʠʜʢʦʩʪʴʶ, ʧʦʜʘʚʘʝʤʦʡ ʯʝʨʝʟ ʦʨʦʩʠʪʝʣʴ 4 ʚ ʦʙʲʝʤʝ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 8 ʥʘ ʩʪʨʫʥʘʭ 7 ʚʳʧʦʣʥʝʥʦ ʩ ʰʘʛʦʤ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʜʦʩʪʠʞʝʥʠʝ ʨʝʞʠʤʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʠʥʬʘʟʥʦʛʦ ʨʝʞʠʤʘ).  

ʆʯʠʱʝʥʥʳʡ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʚʳʚʦʜʠʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 3, ʘ 

ʦʪʨʘʙʦʪʘʥʥʘʷ ʚ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʠ ʞʠʜʢʦʩʪʴ ʫʜʘʣʷʝʪʩʷ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 5. 

 

4.2 ɺʠʭʨʝʚʳʝ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ  

4.2.1 ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ɺ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʘʨʷʜʫ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʦʡ ʥʘʩʘʜʦʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʨʘʩʩʪʦʷʥʠʷ (ʠʣʠ ʙʝʟʨʘʟʤʝʨʥʳʡ ʰʘʛ) ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ 

ʥʘʩʘʜʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦ 

ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. ʆʩʥʦʚʦʡ 

ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʷʚʠʣʠʩʴ ʦʪʢʨʳʪʠʷ, ʩʜʝʣʘʥʥʳʝ ʚ 

ʥʘʫʯʥʦʡ ʰʢʦʣʝ ʘʢʘʜʝʤʠʢʘ ɹʘʣʘʙʝʢʦʚʘ ʆ.ʉ. [9,10], ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʘʤʠ  

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [36, 85-90] ʠ ʦʙʦʙʱʝʥʥʳʝ ʚ 

ʤʦʥʦʛʨʘʬʠʠ [18].  

ʉʦʛʣʘʩʥʦ ʦʪʢʨʳʪʠʷʤ ʠ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʘʧʧʘʨʘʪʘʭ ʩ 

ʨʝʛʫʣʷʨʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʥʘʩʘʜʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʤʦʞʥʦ ʜʦʩʪʠʛʘʪʴ ʨʝʞʠʤʳ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʣʠ  ʩʠʥʬʘʟʥʳʭ 

ʨʝʞʠʤʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩʫʤʤʠʨʦʚʘʥʠʝ ʤʦʱʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʚʠʭʨʝʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʚʝʜʝʥʠʶ ʙʦʣʴʰʝʡ ʨʘʙʦʪʳ ʧʦ ʜʨʦʙʣʝʥʠʶ ʦʨʦʰʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʘʩʪʝʪ ʤʝʞʬʘʟʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʪʩʷ ʧʨʦʚʦʜʠʤʳʝ ʧʨʦʮʝʩʩʳ. 

ʐʘʛʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʬʦʨʤʳ ʦʙʪʝʢʘʝʤʳʭ ʪʝʣ. ɼʣʷ ʩʬʝʨʠʯʝʩʢʠʭ 

ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʥʬʘʟʥʳʡ ʨʝʞʠʤ  ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ tʚ= 4,7d; 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ  ʢʚʘʜʨʘʪʥʦʛʦ, ʍ-ʦʙʨʘʟʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʧʨʠ tʚ= 3b ʠ 6b, ʢʨʫʛʣʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʧʣʘʩʪʠʥ ʧʨʠ tʚ= 2b ʠ 4b 

[18 ʩ.169]. 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʰʘʛʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʷʚʣʝʥʦ 

ʢʨʠʪʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʙʪʝʢʘʝʤʳʤʠ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʨʷʜʦʤ ʧʦʧʝʨʝʢ ʧʦʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ tp=2b [10]. ʇʨʠ 

ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ (tp<2b) 

ʯʘʩʪʦʪʫ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ ʚ ʟʘʟʦʨʝ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʘ (ʨʘʟʤʝʨ). ʂʦʛʜʘ 

ʰʘʛ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʧʨʝʚʳʰʘʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ (tp>2b) ʯʘʩʪʦʪʫ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʜʝʣʝʚʦʤ 

ʩʝʯʝʥʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʰʘʛʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʪʝʣ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʥʘʤʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. 

ɺ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʤ ʘʧʧʘʨʘʪʝ ʫʜʘʨʥʦ - ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʚʠʭʨʝʚʘʷ ʩʪʫʧʝʥʴ ʩʦʜʝʨʞʠʪ ʨʝʛʫʣʷʨʥʫʶ ʪʨʫʙʯʘʪʫʶ ʥʘʩʘʜʢʫ, 

ʘ ʚ ʘʧʧʘʨʘʪʝ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʚʠʭʨʝʚʘʷ ʩʪʫʧʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʘʧʧʘʨʘʪʦʚ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʘʩʘʜʢʠ ʭʘʨʘʢʪʝʨʥʳ ʪʨʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘ: 

ʧʣʝʥʦʯʥʦ-ʢʘʧʝʣʴʥʳʡ, ʢʘʧʝʣʴʥʳʡ ʠ ʙʨʳʟʛʦʫʥʦʩʘ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 

ʦʜʠʥʘʢʦʚʳʭ ʜʠʘʧʘʟʦʥʘʭ ʩʢʦʨʦʩʪʝʡ [31 c.62, 91]. 

ʇʨʠ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʦʪ 1 ʜʦ 2,5 ʤ/ʩ ʝʛʦ ʜʚʠʞʝʥʠʝ ʥʝ ʥʘʨʫʰʘʝʪ ʭʘʨʘʢʪʝʨʘ 

ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʇʦʩʪʫʧʘʶʱʘʷ ʯʝʨʝʟ ʦʨʦʩʠʪʝʣʴ ʞʠʜʢʦʩʪʴ ʜʨʦʙʠʪʩʷ ʥʘ ʢʘʧʣʠ, 

ʢʦʪʦʨʳʝ ʦʩʝʜʘʶʪ ʥʘ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʩʪʝʢʘʶʪ ʩ ʥʠʭ ʠ ʧʦ ʩʪʨʫʥʘʤ ʚ ʚʠʜʝ 

ʧʣʝʥʢʠ, ʘ ʚ ʤʝʞʥʘʩʘʜʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʢʘʧʝʣʴ ʠ ʩʪʨʫʡ. ʇʦ 

ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʵʪʦʪ ʨʝʞʠʤ ʥʘʟʚʘʥ ʧʣʝʥʦʯʥʦ-ʢʘʧʝʣʴʥʳʤ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʦʢ, ʘ ʪʘʢʞʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʧʥʳʭ ʢʘʧʝʣʴ ʠ ʩʪʨʫʡ. ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʪʝʨʝʡ ʥʘʧʦʨʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʪʨʝʥʠʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ 

ʦʨʦʰʘʝʤʳʡ ʩʣʦʡ ʧʣʘʩʪʠʥʯʘʪʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʦʪ 2,5 ʜʦ 4 ʤ/ʩ ʧʨʠʚʦʜʠʪ ʢ ʥʘʩʪʫʧʣʝʥʠʶ 

ʢʘʧʝʣʴʥʦʛʦ ʨʝʞʠʤʘ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʥʘʨʫʰʝʥʠʷ ʧʣʝʥʦʯʥʦʛʦ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʝʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥ. ʉʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʟʘʤʝʜʣʷʝʪʩʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺʦʣʥʳ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʨʫʡ, ʢʦʪʦʨʳʝ ʜʨʦʙʷʪʩʷ ʥʘ ʢʘʧʣʠ. 

ʅʘʠʙʦʣʴʰʝʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʙʦʪʘ ʘʧʧʘʨʘʪʦʚ ʜʦʩʪʠʛʘʝʪ ʧʨʠ 4,0 ʤ/ʩ.  

ʋʣʫʯʰʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ 

ʘʧʧʘʨʘʪʘ, ʨʘʩʪʝʪ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ ʟʘ ʩʯʝʪ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ  ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʨʳʚʘ ʚʠʭʨʝʡ ʟʘ ʦʙʪʝʢʘʝʤʳʤʠ ʪʝʣʘʤʠ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ ʩʜʚʠʛʘʝʪ ʢʦʥʝʮ ʢʘʧʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʚ ʩʪʦʨʦʥʫ 

ʤʝʥʴʰʠʭ ʩʢʦʨʦʩʪʝʡ ʛʘʟʘ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʧʨʠʚʦʜʠʪ ʢ ʝʱʝ ʙʦʣʴʰʝʤʫ ʨʦʩʪʫ ʝʛʦ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ɾʠʜʢʦʩʪʴ ʚ ʢʘʧʝʣʴʥʦʤ ʚʠʜʝ ʫʚʣʝʢʘʝʪʩʷ ʛʘʟʦʤ ʠ 

ʚʳʥʦʩʠʪʩʷ  ʟʘ ʧʨʝʜʝʣʳ ʨʘʙʦʯʝʡ ʟʦʥʳ. ʇʦʷʚʣʝʥʠʝ  ʢʘʧʝʣʴ ʞʠʜʢʦʩʪʠ ʥʘʜ ʨʘʙʦʯʝʡ 

ʟʦʥʦʡ ʘʧʧʘʨʘʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʩʪʫʧʣʝʥʠʠ ʩʣʝʜʫʶʱʝʛʦ ʨʝʞʠʤʘ - ʨʝʞʠʤʘ 

ʙʨʳʟʛʦʫʥʦʩʘ. ʕʪʦʪ ʨʝʞʠʤ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩʚʳʰʝ 4,0 ʤ/ʩ. 

ʅʘ ʨʠʩʫʥʢʘʭ 4.3 ʠ 4.4  ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʥʘ ʨʠʩʫʥʢʘʭ 4.5 ʠ 4.6 ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ  ʩʣʦʷ 

ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʠ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ. 
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ʉʢʦʨʦʩʪ ɹʛʘʟʘ Wʛ , ʤ/ʩ 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ tʚ= 2b; tp=2b; bʭbʭŭ=40ʭ40ʭ1 ʤʤ; 

ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ tʚ= 2d; tp=2d; d = 25 ʤʤ; L=25 ʤ3/ʤ2ʯ. 

1 ʠ 2 - DʈL - ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʠ ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 4.3 - ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʟʦʥ DʈL 

ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ Wʛ 

 

ɻ
ʠ
ʜ
ʨ
ʘ
ʚ
ʣ
ʠ
ʯ
ʝ
ʩ
ʢ
ʦ
ʝ
 
ʩ
ʦ
ʧ
ʨ
ʦ
ʪ
ʠ
ʚ
ʣ
ʝ
ʥ
ʠ
ʝ

 

ʥ
ʘ
ʩ
ʘ
ʜ
ʦ
ʯ
ʥ
ʦ
ʡ
 
ʟ
ʦ
ʥ
ʳ
 

 æ
P

L
,
 
ʇ
ʘ

 

 

ʇʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ L, ʤ3/ʤ2Ŀʯ 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 4.3. Wʛ=4 ʤ/ʩ 

1 ʠ 2 - DʈL - ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʠ ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 4.4 - ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʟʦʥ DʈL 

ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʦʪ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ L 

 



90 
 

  
ʂ
ʦ
ʣʠ
ʯ
ʝ
ʩ
ʪ
ʚ
ʦ
 
ʫ
ʜ
ʝ
ʨ
ʞ
ʠ
ʚ
ʘ
ʝ
ʤ
ʦ
ʡ
 

ʞ
ʠ
ʜ
ʢ
ʦ
ʩ
ʪ
ʠ
 

h
0
Ŀ1

03
,
 
ʤ

 

 

  
  
  
  ɻ
ʘ
ʟ
ʦ
ʩ
ʦ
ʜ
ʝ
ʨ
ʞ
ʘ
ʥ
ʠ
ʝ
 

ʩ
ʣ
ʦ
ʷ

  
j
,
 
ʤ

3
/
ʤ3  

ʉʢʦʨʦʩʪ ɹʛʘʟʘ Wʛ , ʤ/ʩ  

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 4.3. L=25 ʤ3/ʤ2ʯ. 

1 ʠ 2 - h0 - ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʠ ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

3 ʠ 4 - j- ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʠ ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 4.5 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʶʱʝʡ ʞʠʜʢʦʩʪʠ h0 ʠ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ  ʩʣʦʷ j ʥʘʩʘʜʦʯʥʳʭ ʟʦʥ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ Wʛ 
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ʇʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ L, ʤ3/ʤ2Ŀʯ 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 4.3. Wʛ=4 ʤ/ʩ 

1 ʠ 2 - h0 - ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʠ ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

3 ʠ 4 - j- ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʠ ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 4.6 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʶʱʝʡ ʞʠʜʢʦʩʪʠ h0 ʠ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ j ʥʘʩʘʜʦʯʥʳʭ ʟʦʥ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ ʦʪ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ L  
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 4.3 ʠ 4.5 ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ 

ʞʠʜʢʦʩʪʠ, ʧʨʠʯʝʤ ʟʥʘʯʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʣʷ ʘʧʧʘʨʘʪʘ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʚʳʰʝ, ʯʝʤ ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʠ. 

ʈʦʩʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʮʝʣʦʤ, 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. 

ʇʨʝʚʳʰʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʘʧʧʘʨʘʪʝ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʫʙʯʘʪʦʡ ʩʚʷʟʘʥʦ ʩ ʧʦʢʘʟʘʪʝʣʝʤ 

ʦʙʪʝʢʘʝʤʦʩʪʠ. ʉʦʛʣʘʩʥʦ [28 ʩ.48] ʧʣʘʩʪʠʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʣʦʭʦʦʙʪʝʢʘʝʤʳʤ ʪʝʣʘʤ, 

ʪʦʛʜʘ ʢʘʢ ʮʠʣʠʥʜʨʳ ʢ ʩʨʝʜʥʝʦʙʪʝʢʘʝʤʳʤ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʣʘʩʪʠʥ 

1,1, ʮʠʣʠʥʜʨʦʚ 0,4. 

ʅʘ ʨʠʩʫʥʢʝ 4.5 ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʶ. ʕʪʠ 

ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʟʥʘʯʝʥʠʷ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ 

ʩʥʠʞʘʶʪʩʷ. ɸʥʘʣʠʟ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʦʙʲʝʤʝ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ ʥʘ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʨʠʩʫʥʢʠ 4.4 ʠ 4.6) 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. 
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ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ Reʞ  

1- ȹPʪʨ.; 2- ȹPʤ.ʩ; 3- ȹPʦʙʱ. 

 

ʈʠʩʫʥʦʢ 4.7 - ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʫʙʥʦʛʦ ʧʫʯʢʘ Dʈ 

ʦʪ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ Reʞ. 
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ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʪʨʫʙʯʘʪʦʛʦ ʧʫʯʢʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚʥʫʪʨʠ ʪʨʫʙ (ʨʠʩʫʥʦʢ 4.7) ʦʪ 

ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ Reʞ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʨʫʙʯʘʪʦʛʦ ʧʫʯʢʘ ʚʦʟʨʘʩʪʘʝʪ, ʧʨʠʯʝʤ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʯʠʩʝʣ 

ʈʝʡʥʦʣʴʜʩʘ ʦʭʚʘʪʳʚʘʝʪ ʧʝʨʝʭʦʜʥʦʡ ʨʝʞʠʤ ʠ ʨʝʞʠʤ ʨʘʟʚʠʪʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. 

ʈʦʩʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʨʘʩʪʫʪ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ 

ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʥʘ ʪʨʝʥʠʝ. 

 

4.2.2 ʄʘʩʩʦʦʙʤʝʥʥʳʝ ʠ ʪʝʧʣʦʦʙʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʤʠ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʪʝʧʣʦʦʪʜʘʯʠ [92,93]. 

ɺʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʪʨʫʢʪʫʨʦʡ ʧʦʪʦʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ʢʦʥʪʘʢʪʥʳʭ ʟʦʥʘʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʥʘʩʘʜʢʠ, ʩʧʣʦʰʥʳʤ 

ʧʦʪʦʢʦʤ ʷʚʣʷʝʪʩʷ ʛʘʟ, ʘ ʞʠʜʢʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʝʥʢʘʤʠ, ʩʪʨʫʡʢʘʤʠ ʠ ʢʘʧʣʷʤʠ. 

ʇʨʠ ʵʪʦʤ ʪʫʨʙʫʣʠʟʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚʠʭʨʷʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠʩʷ ʟʘ ʦʙʪʝʢʘʝʤʳʤʠ ʥʘʩʘʜʦʯʥʳʤʠ ʪʝʣʘʤʠ.  

ʅʘ ʨʠʩʫʥʢʘʭ 4.8 ʠ 4.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʝʡ  ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʠ 

ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ. 
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ʉʢʦʨʦʩʪ ɹʛʘʟʘ Wʛ , ʤ/ʩ 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 4.3. L=25 ʤ3/ʤ2ʯ 

1 ʠ 2 - bʛs  - ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʠ ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

3 ʠ 4 - a - ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʠ ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 4.8 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ bʛs ʠ 

ʪʝʧʣʦʦʪʜʘʯʠ a ʥʘʩʘʜʦʯʥʳʭ ʟʦʥ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ Wʛ 
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ʇʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ L, ʤ3/ʤ2Ŀʯ 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 4.3. Wʛ=4 ʤ/ʩ 

1 ʠ 2 - bʛs  - ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʠ ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

3 ʠ 4 - a - ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʠ ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 4.9 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ bʛs ʠ 

ʪʝʧʣʦʦʪʜʘʯʠ a ʥʘʩʘʜʦʯʥʳʭ ʟʦʥ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ ʦʪ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ L 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4.8 ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʪʝʧʣʦʦʪʜʘʯʠ ʨʘʩʪʫʪ. ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʘʟʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʤʦʱʥʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʠʭʨʝʡ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪ 

ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ ʧʦ ʜʨʦʙʣʝʥʠʶ ʞʠʜʢʦʩʪʠ ʠ ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ 

ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʪʝʧʣʦʦʪʜʘʯʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʢʘʧʝʣʴʥʦʤ ʨʝʞʠʤʝ ʠ ʙʨʳʟʛʦʫʥʦʩʘ, 

ʦʜʥʘʢʦ ʨʝʞʠʤ ʙʨʳʟʛʦʫʥʦʩʘ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʢʘʧʣʝʫʣʦʚʠʪʝʣʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʨʦʩʪʫ ʵʥʝʨʛʦʟʘʪʨʘʪ ʘʧʧʘʨʘʪʘ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ ʠ ʪʝʧʣʦʦʪʜʘʯʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʪʫʪ (ʨʠʩʫʥʦʢ 4.9).  ʀʟʚʝʩʪʥʦ [47], ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ ʧʨʠ ʘʙʩʦʨʙʮʠʠ ʭʦʨʦʰʦʨʘʩʪʚʦʨʠʤʳʭ ʛʘʟʦʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʳʟʳʚʘʝʪ  

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʧʝʨʝʢʘʯʢʫ ʞʠʜʢʦʩʪʠ. 

ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʘʩʩʦʦʪʜʘʯʠ ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʪʝʧʣʦʦʪʜʘʯʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4.10.  
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ʏʠʩʣʦ ʇʨʘʥʜʪʣʷ Pr, 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 4.3. Wʛ=4 ʤ/ʩ; L=25 ʤ3/ʤ2ʯ 

1 ʠ 2 - bʛs  - ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʠ ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

3 ʠ 4 - a - ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʠ ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 4.10 - ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ bʛs ʠ 

ʪʝʧʣʦʦʪʜʘʯʠ a ʥʘʩʘʜʦʯʥʳʭ ʟʦʥ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ ʦʪ ʯʠʩʝʣ ʇʨʘʥʜʪʣʷ Pr 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ ʩ ʠʟʤʝʥʝʥʠʝʤ ʯʠʩʝʣ ʇʨʘʥʜʪʣʷ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʪʝʧʣʦʦʪʜʘʯʠ ʤʝʥʷʶʪʩʷ ʚ 

ʥʝʙʦʣʴʰʠʭ ʧʨʝʜʝʣʘʭ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠ ʩʘʤʠ ʯʠʩʣʘ ʇʨʘʥʜʪʣʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʥʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ [51] ʠ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʢ 

ʩʥʠʞʝʥʠʶ. 

 

4.2.3 ʇʘʨʘʤʝʪʨʳ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ 

ɺʠʭʨʝʚʳʝ ʩʪʫʧʝʥʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʘʧʧʘʨʘʪʦʚ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʠ 

ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʚ ʥʠʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʦʯʠʩʪʢʘ 

ʧʳʣʠ, ʚʳʭʦʜʷʱʝʡ ʠʟ ʥʠʞʥʝʡ ʩʪʫʧʝʥʠ ʚʤʝʩʪʝ ʩ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ. 

ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘ ʨʠʩʫʥʢʘʭ 4.11 ʠ 4.12 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʝʡ  ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʠ ʧʣʦʪʥʦʩʪʠ 

ʦʨʦʰʝʥʠʷ. 
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ʉʢʦʨʦʩʪʴ ʛʘʟʘ Wʛ, ʤ/ʩ 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 4.3. dʯ = 5 ʤʢʤ; L=25 ʤ3/ʤ2ʯ. 

1 ʠ 2 - hD  - ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʠ ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 4.11 - ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ hD  ʥʘʩʘʜʦʯʥʳʭ 

ʟʦʥ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ Wʛ 
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ʇʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ L, ʤ3/ʤ2Ŀʯ 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 4.3. dʯ = 5 ʤʢʤ; Wʛ=4 ʤ/ʩ. 

1 ʠ 2 - hD  - ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʠ ʪʨʫʙʯʘʪʘʷ ʥʘʩʘʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 4.12 - ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ hD ʥʘʩʘʜʦʯʥʳʭ 

ʟʦʥ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʦʪ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ L 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4.11 ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʨʦʩʪʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚ ʢʘʧʝʣʴʥʦʤ ʨʝʞʠʤʝ. ʇʨʦʠʩʭʦʜʠʪ ʚʳʨʘʚʥʠʚʘʥʠʝ ʠ ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʠʭ 

ʟʥʘʯʝʥʠʡ ʜʠʘʤʝʪʨʦʚ ʢʘʧʝʣʴ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʜʦʩʪʠʞʝʥʠʷ ʩʠʥʬʘʟʥʦʛʦ 

ʨʝʞʠʤʘ. ʈʘʩʪʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʬʘʟ, ʘ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ,  ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ  

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʜʦʦʯʠʩʪʢʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʧʳʣʠ ʨʘʟʤʝʨ 

ʫʣʘʚʣʠʚʘʝʤʳʭ ʯʘʩʪʠʮ  ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʤʢʤ ʜʦ 1-2 ʤʢʤ, ʚ ʵʪʦʡ ʩʚʷʟʠ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʤʦʣʝʢʫʣʷʨʥʘʷ ʠ ʪʫʨʙʫʣʝʥʪʥʘʷ ʜʠʬʬʫʟʠʷ [13]. ɹʦʣʝʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ hD ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʩ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ ʪʫʨʙʫʣʝʥʪʥʘʷ 

ʜʠʬʬʫʟʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʜʚʫʭ ʩʪʫʧʝʥʷʭ ï ʫʜʘʨʥʦʛʦ ʠ ʚʠʭʨʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʪʦʢʦʚ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʥʘʩʪʫʧʣʝʥʠʶ ʨʝʞʠʤʘ 

ʙʨʳʟʛʦʫʥʦʩʘ, ʚ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʝʢʦʪʦʨʦʝ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʈʦʩʪ ʧʣʦʪʥʦʩʪʠ ʦʨʦʰʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ (ʨʠʩʫʥʦʢ 4.12). ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʨʦʙʠʤʳʭ ʢʘʧʝʣʴ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʪʦʢʘ ʩʚʝʞʝʡ 

ʞʠʜʢʦʩʪʠ. 

 

4.3 ʉʪʫʧʝʥʠ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 

 

4.3.1 ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʟʦʥʳ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʞʠʜʢʦʩʪʴʶ ʚ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʤ ʘʧʧʘʨʘʪʝ ʫʜʘʨʥʦ - ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ, ʥʘʢʣʦʥʥʦʡ ʧʝʨʝʛʦʨʦʜʢʠ ʠ ʦʙʱʝʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚʦ ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ ʠ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 4.13 ʠ 4.14 [94]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4.13 ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚʦ ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʟʦʥ, ʘ ʪʘʢʞʝ ʦʙʱʝʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʪʫʪ.  

ʈʦʩʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʦʥʳ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʞʠʜʢʦʩʪʴʶ ʦʙʫʩʣʦʚʣʝʥ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʥʘ ʩʦʟʜʘʥʠʝ 

ʞʠʜʢʦʩʪʥʦʡ ʚʦʨʦʥʢʠ, ʪʨʝʥʠʝ ʛʘʟʘ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʠ ʜʨʦʙʣʝʥʠʝ ʞʠʜʢʦʩʪʠ 

ʚ ʟʦʥʝ ʫʜʘʨʘ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʧʦʚʦʨʦʪʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ 1800.  

ʋʚʝʣʠʯʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʦʥʳ ʧʨʝʦʜʦʣʝʥʠʷ ʥʘʢʣʦʥʥʦʡ 

ʧʝʨʝʛʦʨʦʜʢʠ ʩʚʷʟʘʥʦ ʩ ʤʝʩʪʥʳʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ʧʨʠ ʚʳʭʦʜʝ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ 

ʠʟ ʧʦʜ ʢʦʣʧʘʢʘ ʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ.  

ʈʦʩʪ ʦʙʱʝʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʧʧʘʨʘʪʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʦʙʫʩʣʦʚʣʝʥ ʨʦʩʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʟʦʥʳ ʫʜʘʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʞʠʜʢʦʩʪʴʶ, ʟʦʥʳ ʧʨʝʦʜʦʣʝʥʠʷ ʥʘʢʣʦʥʥʦʡ 

ʧʝʨʝʛʦʨʦʜʢʠ ʠ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ.  
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ʉʢʦʨʦʩʪʴ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ Wʧʘʪ, ʤ/ʩ  

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: dʧʘʪ=0,2ʤ; h1=0 ʤ. 

1 - . .ʅ ʇPD  ï ʥʘʢʣʦʥʥʦʡ ʧʝʨʝʛʦʨʦʜʢʠ; 2 - ʕPD  - ʟʦʥʳ ʵʞʝʢʮʠʠ; 3 ï 
ʦʙʱPD ï ʦʙʱʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 4.13- ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʦʥʳ ʵʞʝʢʮʠʠ 

PɻD , ʠ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʦʙʱPD  ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʝʯʝʥʠʷ ʛʘʟʘ Wʧʘʪ 
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ʀʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ h1, ʤ 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 4.13. Wʧʘʪ=12 ʤ/ʩ. 

1 - ʕPD  - ʟʦʥʳ ʵʞʝʢʮʠʠ; 2 ï ʦʙʱPD ï ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

 

ʈʠʩʫʥʦʢ 4.14- ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʦʥʳ ʵʞʝʢʮʠʠ PɻD , 

ʠ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʱPD  ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ h1 

 

ʈʦʩʪ ʦʙʱʝʛʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠʩʭʦʜʥʦʛʦ 

ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ (ʨʠʩʫʥʦʢ 4.14) ʚ ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʦʥʳ 
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ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʞʠʜʢʦʩʪʴʶ, ʪʦʛʜʘ ʢʘʢ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʦʥʳ ʧʨʝʦʜʦʣʝʥʠʷ ʥʘʢʣʦʥʥʦʡ ʧʝʨʝʛʦʨʦʜʢʠ ʠ 

ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʦʜʥʦ ʠʟ 

ʧʨʝʠʤʫʱʝʩʪʚ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʘʧʧʘʨʘʪʦʚ, ʠʤʝʶʱʠʭ ʘʚʪʦʥʦʤʥʳʝ ʢʦʥʪʫʨʳ 

ʦʨʦʰʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʩʪʫʧʝʥʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʠ ʘʧʧʘʨʘʪʘ ʮʠʢʣʦʥʥʦ-

ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.15. ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʣʦʩʴ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ Dʈʚʭ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʣʴʮʝʚʦʡ ʟʦʥʳ Dʈʢʦʣʴʮ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʚʳʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ Dʈʚʳʭ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʠʢʣʦʥʥʦʡ ʩʪʫʧʝʥʠ 

Dʈʮ [91]. ʅʘ ʵʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʘ ʢʨʠʚʘʷ ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʦʙʱʝʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʧʧʘʨʘʪʘ 
ʦʙʱPD . 
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ʉʢʦʨʦʩʪʴ ʛʘʟʘ ʚʦ ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ Wʚʭ, ʤ/ʩ 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʘʭʚ1=0,264ʭ0,104 ʤ (ʨʘʟʤʝʨ ʚʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ: ʘ ï ʚʳʩʦʪʘ, ʚ1 - 

ʰʠʨʠʥʘ) 

1 ï æPʢʦʣʴʮ; 2 ï æʈʚʳʭ; 3 ï æʈʚʭ; 4 ï æʈʮ; 5 - 
ʦʙʱPD . 

 

ʈʠʩʫʥʦʢ 4.15 - ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʮʠʢʣʦʥʥʦʡ ʩʪʫʧʝʥʠ æPʢʦʣʴʮ, æʈʚʳʭ, æʈʮ  ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚʦ ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ 

Wʚʭ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʠʢʣʦʥʥʦʡ ʩʪʫʧʝʥʠ ʠ 

ʚʩʝʭ ʝʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʘʩʪʝʪ. ʕʪʦ ʦʯʝʚʠʜʥʦ, ʪʘʢ ʢʘʢ ʨʦʩʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʦʙʫʩʣʦʚʣʝʥ ʨʦʩʪʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʥʘʧʦʨʘ ʠ ʧʦʪʝʨʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʠ 

ʧʦʪʝʨʷʤʠ ʥʘ ʪʨʝʥʠʝ. ʂʨʠʚʘʷ ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʘʧʧʘʨʘʪʘ ʚ 

ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʮʠʢʣʦʥʥʦʡ 

ʩʪʫʧʝʥʠ.  
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ʅʘ ʨʠʩʫʥʢʝ 4.16 ʧʨʠʚʝʜʝʥ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʛʨʘʬʠʢ ʦʙʱʝʛʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʧʧʘʨʘʪʦʚ, ʠʤʝʶʱʠʭ ʜʚʝ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ:  

ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʘʧʧʘʨʘʪʘ ʫʜʘʨʥʦ - ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ (ɸʋɺɼ ʩ ʊʅ), ʘʧʧʘʨʘʪʘ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ (ɸʎɺɼ) ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠʥʝʨʮʠʦʥʥʦ-ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂɸʀʊ) ʩ 

ʘʚʪʦʥʦʤʥʳʤʠ ʢʦʥʪʫʨʘʤʠ ʦʨʦʰʝʥʠʷ [20 ʩ.98]. ɼʣʷ ʘʧʧʘʨʘʪʘ ʂɸʀʊ ʜʣʷ 

ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʟʷʪʳ ʨʝʟʫʣʴʪʘʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʨʝʞʠʤʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ [95]: 

ʥʘʩʘʜʦʯʥʘʷ ʟʦʥʘ 

- ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʟʦʥʝ ʘʙʩʦʨʙʮʠʠ Wʟ.ʘ =1-2 ʤ/ʩ; 

- ʧʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ L =20õ50 ʤ3/ʤ2.ʯ; 

- ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʩʘʜʢʠ: ʚʳʩʦʪʘ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ Hʥ=1-2 ʤ; 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʣʘʩʪʠʥ ï ʰʘʭʤʘʪʥʦʝ; ʰʘʛ ʧʦ ʚʝʨʪʠʢʘʣʠ tʚ/b =2; ʰʘʛ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʠ tʨ/b =2; b=0,05 ʤ. 

ʟʦʥʘ ʫʜʘʨʥʦ-ʠʥʝʨʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ 

- ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʧʘʪʨʫʙʢʝ Wʧʘʪ =30-35 ʤ/ʩ; 

- ʜʠʘʤʝʪʨ ʧʘʪʨʫʙʢʘ Dʧʘʪ=0,2 ʤ. 
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ʉʢʦʨʦʩʪʴ ʛʘʟʘ ʚʦ ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ Wʚʭ, ʤ/ʩ 

 

1 - ɸʋɺɼ

ʦʙʱPD ; 2 - ɸʎɺɼ

ʦʙʱPD ; 3 - ʂɸʀʊ

ʦʙʱPD . 

 

ʈʠʩʫʥʦʢ 4.16 - ɿʘʚʠʩʠʤʦʩʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʧʧʘʨʘʪʦʚ ʩ ʜʚʫʤʷ 

ʩʪʫʧʝʥʷʤʠ ʢʦʥʪʘʢʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚʦ ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʦʙʱʝʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚʦ ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ 

ʨʘʩʪʝʪ. ʕʪʦʪ ʨʦʩʪ ʦʙʫʩʣʦʚʣʝʥ ʤʥʦʛʦʢʨʘʪʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ ʛʘʟʦʚʦʛʦ 
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ʧʦʪʦʢʘ, ʧʦʪʝʨʷʤʠ ʥʘ ʪʨʝʥʠʝ, ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʠʭʨʝʚʦʡ ʩʪʨʫʢʪʫʨʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ, ʚʥʝʟʘʧʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ ʠ ʩʫʞʝʥʠʝʤ ʧʦʪʦʢʘ ʠ ʨʷʜʦʤ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ.  

ʀʟ ʨʠʩʫʥʢʘ 4.16 ʚʠʜʥʦ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ 

ʘʧʧʘʨʘʪʝ ʂɸʀʊ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʜʦ 40 ʤ/ʩ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʘʧʧʘʨʘʪʘ ɸʋɺɼ ʩ ʜʠʘʧʘʟʦʥʦʤ ʩʢʦʨʦʩʪʝʡ ʚʦ 

ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ ʦʪ 6 ʜʦ 15 ʤ/ʩ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʦʣʝʝ ʯʝʤ ʚ 2,5 ʨʘʟʘ, ʠ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ ʙʝʟ ʩʥʠʞʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. 

 

4.3.2 ʇʘʨʘʤʝʪʨʳ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ 

 ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʟʦʥʳ 

ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʧʧʘʨʘʪʘ ɸʋɺɼ, ʟʦʥʳ ʜʝʡʩʪʚʠʷ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʚ 

ʘʧʧʘʨʘʪʝ ɸʎɺɼ ʠ ʠʭ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ. 

 ʅʘ ʨʠʩʫʥʢʘʭ 4.17 ʠ 4.18 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʟʦʥʳ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩ 

ʞʠʜʢʦʩʪʴʶ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚʦ ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ ʠ ʠʩʭʦʜʥʦʛʦ 

ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ. 
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ʉʢʦʨʦʩʪʴ ʛʘʟʘ ʚʦ ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ Wʚʭ, ʤ/ʩ 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 4.13 

1 ʠ 2 - hStk ʧʨʠ dʯ = 5 ʠ 10 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 4.17 - ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʟʦʥʳ ʫʜʘʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʞʠʜʢʦʩʪʴʶ hStk ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʥʘ ʚʭʦʜʝ Wʚʭ 
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ʀʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ h1, ʤ 

 

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 4.13 

1 ʠ 2 - hStk ʧʨʠ dʯ = 5 ʠ 10 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 4.18 - ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʟʦʥʳ ʫʜʘʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʞʠʜʢʦʩʪʴʶ hStk ʦʪ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ 

ʞʠʜʢʦʩʪʠ h1 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4.17 ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʦ ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʨʘʩʪʝʪ. ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʫʜʘʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʘ ʩ ʞʠʜʢʦʩʪʴʶ ʨʝʘʣʠʟʫʝʪʩʷ ʠʥʝʨʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʦʩʘʞʜʝʥʠʷ. ʀ ʯʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʛʘʟʘ, ʪʝʤ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ 

ʦʩʘʞʜʘʝʪʩʷ ʚ ʞʠʜʢʦʩʪʠ. 

 ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʧʨʦʮʝʩʩ 

ʠʥʝʨʮʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʧʦʤʠʤʦ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʷʚʣʷʶʪʩʷ ʜʠʘʤʝʪʨ, ʧʣʦʪʥʦʩʪʴ 

ʯʘʩʪʠʮ  ʠ ʩʢʦʨʦʩʪʴ ʠʭ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ. ʀʟ 

ʨʠʩʫʥʢʘ 4.17 ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʚʝʩʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʣʘʚʣʠʚʘʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. 

ʋʚʝʣʠʯʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʨʠʩʫʥʦʢ 4.18). 

ʅʘ ʨʠʩʫʥʢʝ 4.19 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʩʪʫʧʝʥʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʦʪ 

ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʥʘ ʚʭʦʜʝ. 

ʅʘ ʨʠʩʫʥʢʝ 4.20 ʧʨʠʚʝʜʝʥ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʛʨʘʬʠʢ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʚ ʘʧʧʘʨʘʪʘʭ ɸʋɺɼ, ɸʎɺɼ ʠ ʂɸʀʊ [77] ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚʦ 

ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ.  
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ʉʢʦʨʦʩʪʴ ʛʘʟʘ ʚʦ ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ Wʚʭ, ʤ/ʩ  

  

ʋʩʣʦʚʠʷ ʦʧʳʪʦʚ: ʩʤ. ʨʠʩʫʥʦʢ 4.15 

1 ʠ 2 - hʮ ʧʨʠ dʯ = 5 ʠ 10 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 4.19 - ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʟʦʥʳ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ hʮ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʥʘ ʚʭʦʜʝ Wʚʭ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4.19 ʫʚʝʣʠʯʝʥʠʝ  ʨʘʩʭʦʜʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʨʦʩʪʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʨʘʩʪʝʪ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʚʦʟʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʋʚʝʣʠʯʝʥʠʝ 

ʨʘʟʤʝʨʦʚ ʜʚʠʞʫʱʠʭʩʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʠʭ ʚʝʩʘ) ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʩʠʣʳ ʠʥʝʨʮʠʠ, 

ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʦʩʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ. 
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ʉʢʦʨʦʩʪʴ ʛʘʟʘ ʚʦ ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ Wʚʭ, ʤ/ʩ  

 

1 - ɸʋɺɼ

ʦʙʱh ; 2 - ɸʎɺɼ

ʦʙʱh ; 3 - ʂɸʀʊ

ʦʙʱh . 

 

ʈʠʩʫʥʦʢ 4.20 - ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʱʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʘʧʧʘʨʘʪʦʚ 

ʩ ʜʚʫʤʷ ʩʪʫʧʝʥʷʤʠ ʢʦʥʪʘʢʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚʦ ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4.20 ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʛʘʟʘ ʚʦ ʚʭʦʜʥʦʤ ʧʘʪʨʫʙʢʝ 

ʦʙʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʘʧʧʘʨʘʪʦʚ ʨʘʩʪʝʪ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʚ ʩʪʫʧʝʥʷʭ ʘʧʧʘʨʘʪʦʚ, 

ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. 

ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʚ ʘʧʧʘʨʘʪʘʭ ɸʋɺɼ ʠ ɸʎɺɼ 

ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ 

ʘʧʧʘʨʘʪʘ ʂɸʀʊ ʪʨʝʙʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʥʘ ʚʭʦʜʝ, ʘ 

ʵʪʦ ʩʦʧʨʷʞʝʥʦ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ.  

 

4.4 ʄʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʦʚ 

4.4.1 ʈʘʩʯʝʪ ʚʠʭʨʝʚʦʡ ʩʪʫʧʝʥʠ [94,96] 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1.1): 
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ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʨʦʰʘʝʤʦʡ ʥʘʩʘʜʢʠ xL : 

ʧʣʘʩʪʠʥʯʘʪʦʡ (3.6) 

 

xL =
1,0

25,0

ʨʚ
Re

Re
43,0

ʛ

ʞÖÖÖ qq       

ʪʨʫʙʯʘʪʦʡ  

 
0,10,195 ReL ʚ p ʞx q q= Ö Ö Ö     (4.1) 

 

ʇʦʨʦʟʥʦʩʪʴ ʨʷʜʘ ʥʘʩʘʜʢʠ ‐: 

ʧʣʘʩʪʠʥʯʘʪʦʡ  
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ʪʨʫʙʯʘʪʦʡ (1.25) 

 

‐ ρ         

 

ʂʨʠʪʝʨʠʠ ʈʝʡʥʦʣʴʜʩʘ ʧʦ ʛʘʟʫ ʠ ʞʠʜʢʦʩʪʠ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʤʫ 

ʜʠʘʤʝʪʨʫ ʥʘʩʘʜʢʠ ʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (1.3), (1.53):  
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ʕʢʚʠʚʘʣʝʥʪʥʳʡ  ʜʠʘʤʝʪʨ ʥʘʩʘʜʢʠ dʵʢʚ: 

ʧʣʘʩʪʠʥʯʘʪʦʡ (1.54) 

 

dʵʢʚ = 
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ŭʥ ï ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥ, ʤ. 

ʪʨʫʙʯʘʪʦʡ (1.19) 
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ʂʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ (ʂʋɾ). 

ɼʣʷ ʚʠʭʨʝʚʦʡ ʩʪʫʧʝʥʠ ʘʧʧʘʨʘʪʘ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʦʜʭʦʜ, ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʘʭ [85 ʩ.99, 88,97]. ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʂʋɾ ʠʤʝʝʪ 

ʚʠʜ (1.22): 
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ʇʣʝʥʦʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ hʧʣ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ  ʟʘʚʠʩʠʤʦʩʪʠ 

(1.23): 

 

hʧʣ = dʧʣ (1-eʦ)         

 

ʂʘʧʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ hʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʙʘʣʘʥʩʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ [98] ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʦʜʥʦʤʝʨʥʦʤ ʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ  

ʜʚʠʞʝʥʠʠ ʝʛʦ ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʦʙʲʝʤʝ ʦʜʥʦʡ ʷʯʝʡʢʠ ʠ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʇʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʠʤʝʝʪ ʚʠʜ: 
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ɼʣʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʘʧʧʘʨʘʪʘ ʫʜʘʨʥʦ - ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ 

ʧʦʣʫʯʝʥʦ ʠʟ ʩʦʦʪʥʦʰʝʥʠ ̫ʤʝʞʜʫ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʚʝʣʠʯʠʥʦʡ 

ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ, ʫʜʝʨʞʠʚʘʝʤʦʡ ʛʘʟʦʚʳʤ ʧʦʪʦʢʦʤ [30 c.46, 99]: 
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ɻʘʟʦʩʦʜʝʨʞʘʥʠʝ ʩʣʦʷ ʦʧʨʝʜʝʣʠʤ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʧʦ ʬʦʨʤʫʣʝ (1.9): 

 



105 
 

,oh

H
j e= -          

 

ʆʙʲʝʤʥʘʷ ʧʦʨʦʟʥʦʩʪʴ e, ʚʭʦʜʷʱʘʷ ʚ ʵʪʫ ʬʦʨʤʫʣʫ (1.9) - ʜʣʷ ʪʨʫʙ ʩ ʢʨʫʛʣʳʤ 

ʧʦʧʝʨʝʯʥʳʤ ʩʝʯʝʥʠʝʤ 
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e ;  ʜʣʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ 
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ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ 

ʛʘʟʦʚʦʡ ʬʘʟʝ ʚʠʭʨʝʚʳʭ ʩʪʫʧʝʥʝʡ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ 

ʠʩʧʦʣʴʟʦʚʘʥ ʝʜʠʥʳʡ ʧʦʜʭʦʜ [93,100], ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʚʦʛʦ 

ʟʘʢʦʥʘ ʌʠʢʘ. ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ ʫʨʘʚʥʝʥʠʝ ʚʩʝʭ ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ ʚʝʣʠʯʠʥ 

ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ (3.14):  
1/4
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å õ
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ʇʨʠ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʘ ʤʘʩʩʦʦʙʤʝʥʘ ʚ ʘʧʧʘʨʘʪʝ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ 

ʥʘʩʘʜʢʦʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩʭʦʜʠʪʴ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ 

ʚʠʭʨʝʚʳʭ ʧʦʪʦʢʦʚ ʚ ʷʯʝʡʢʝ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʩʦʩʝʜʥʠʤʠ ʥʘʩʘʜʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ [79].  

ʕʥʝʨʛʠʶ ʜʠʩʩʠʧʘʮʠʠ ʚʠʭʨʝʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʷʯʝʡʢʝ ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʳ, 

ʦʧʨʝʜʝʣʠʤ ʧʦ ʫʨʘʚʥʝʥʠʶ (3.15):  

 

ʛ.ʷʯ ʛ

ʚ
ʷʯ

N
ʕ

V r
=

Ö
        

 

ɼʣʷ ʚʠʭʨʝʚʦʡ ʟʦʥʳ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ 

ʄʦʱʥʦʩʪʴ ʚʠʭʨʝʡ ʚ ʷʯʝʡʢʝ: 

 

2

3

ʛ

ʛ

2 U
bN Lb ÖÖ= rx .       (4.5) 

 

ʆʙʲʝʤ ʛʘʟʘ ʚ ʷʯʝʡʢʝ (3.18): 

 

Vʛ.ʷʯ. = ( )Ö-Ö ʧʣʚp htt2 j̫ ʯ.        

 

ɺ ʫʨʘʚʥʝʥʠʷʭ (3.14 ï 3.15), (4.5): 0(1 )ʧʣ ʧʣh d e= Ö - ï ʧʣʝʥʦʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʂʋɾ, ʤ; Uʛ=Wʛ/j̫ ʯ ï ʠʩʪʠʥʥʘʷ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʷʯʝʡʢʝ, ʤ/ʩ;  

b

ʧʣ

b

k

ʷʯ
t

hh

t

h -
-=-= 011j ï ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ ʩʣʦʷ ʚ ʷʯʝʡʢʝ;  

ʧʣk hhh -= 0 ï ʢʘʧʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʂʋɾ, ʤ. 
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ɺ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʰʘʛʦʚ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʧʦ ʚʝʨʪʠʢʘʣʠ 

ʦʪʥʦʰʝʥʠʝ tʚ/hʧʣ>103, ʧʦʵʪʦʤʫ ʧʣʝʥʦʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʫʨʘʚʥʝʥʠʠ (3.18) 

ʧʨʝʥʝʙʨʝʛʘʝʤ. ʊʦʛʜʘ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ: 

 

Vʛ.ʷʯ. = ÖÖʚ
2 ttp
j̫ ʯ.      (4.6) 

 

ʇʨʝʦʙʨʘʟʦʚʳʚʘʷ ʫʨʘʚʥʝʥʠʝ (3.15) ʩ ʫʯʝʪʦʤ  (4.5) ʠ (4.6)  ʠʤʝʝʤ: 

 

ʕ̫ ʯ. = 
ʷʯʚ
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ʛ

2

2 j
x

ÖÖ
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p

L
.      (4.7) 

 

ɺ ʧʦʣʫʯʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ 
ʚ

2

2

tt

b

pÖ
 = 

ʧʣd

e-1
, ʪʦʛʜʘ 

 

ʕ̫ ʯ = 
ʷʯʧʣ

3

ʛ

2

)1(

jd

e
x

ÖÖ

Ö- U
L ,      (4.8) 

 

ʛʜʝ  e ï ʦʙʲʝʤʥʘʷ ʧʦʨʦʟʥʦʩʪʴ ʥʘʩʘʜʢʠ; ʧʣd  ï ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʥʳ, ʤ. 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ (4.8) ʚ (3.14), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ  

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ: 

 

bʛs = ɺʛ 

4/1

ʛʷʯʧʣ

3

ʛ2

ʛ

)1(
ù
ú

ø
é
ê

è

ÖÖ

Ö-
Ö

njd

ex U
D L

,     (4.9) 

 

ʛʜʝ ɺʛ = 6,22/(1-e)1/4 - ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʦʧʳʪʥʳʤ ʧʫʪʝʤ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʫʨʘʚʥʝʥʠʶ (4.9) ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ (ʨʠʩʫʥʢʠ 4.3 ʠ 4.4) ʩʦʩʪʘʚʠʣʘ  °12%. 

ɼʣʷ ʚʠʭʨʝʚʦʡ ʟʦʥʳ ʩ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ 

ʄʦʱʥʦʩʪʴ ʚʠʭʨʝʡ ʚ ʷʯʝʡʢʝ: 

 

2

3

ʛ

ʛ

U
tN ʨLb ÖÖÖÖ= rx ^ .     (4.10) 

 

ʆʙʲʝʤ ʛʘʟʘ ʚ ʷʯʝʡʢʝ:  

 

. ʚ( )ʛ ʷʯ p ʧʣ ʷʯV t t h j= Ö Ö - Ö     (4.11) 
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ɺ ʫʨʘʚʥʝʥʠʷʭ (4.9) ï (4.11): 0(1 )ʧʣ ʧʣh d e= Ö - ï ʧʣʝʥʦʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʂʋɾ, 

ʤ; Uʛ=Wʛ/j̫ ʯ ï ʠʩʪʠʥʥʘʷ ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʷʯʝʡʢʝ, ʤ/ʩ; 
b

ʧʣ

b

k

ʷʯ
t

hh

t

h -
-=-= 011j ï 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ ʩʣʦʷ ʚ ʷʯʝʡʢʝ; ʧʣk hhh -= 0 ï ʢʘʧʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʂʋɾ, ʤ. 

ɺ ʠʩʩʣʝʜʫʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʰʘʛʦʚ ʤʝʞʜʫ ʪʨʫʙʘʤʠ ʧʦ ʚʝʨʪʠʢʘʣʠ ʦʪʥʦʰʝʥʠʝ 

tʚ/hʧʣ>103, ʧʦʵʪʦʤʫ ʧʣʝʥʦʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʫʨʘʚʥʝʥʠʠ (4.11) ʧʨʝʥʝʙʨʝʛʘʝʤ. 

ʊʦʛʜʘ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ: 

 

ʷʯpʷʯʛ ttV jÖÖÖ= ʚ. ^      (4.12) 

 

ʇʨʝʦʙʨʘʟʦʚʳʚʘʷ ʫʨʘʚʥʝʥʠʝ (4.9) ʩ ʫʯʝʪʦʤ (4.10) ʠ (4.12) ʠʤʝʝʤ: 
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.                    (4.13) 

 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ (4.13) ʚ (4.9), ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ: 
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ʛʜʝ 
ʛs
ɺb =

1/4

10,4
1

j

j

å õ
æ ö-ç ÷

 - ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ 

ʦʧʳʪʥʳʤ ʧʫʪʝʤ.  

ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ ʛsb  ʧʦ ʫʨʘʚʥʝʥʠʶ (4.14) ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʩʦʩʪʘʚʠʣʘ °11%. 

ʂʦʵʬʬʠʮʠʝʥʪ rʪʝʧʣʦʦʪʜʘʯʠ ʜʣʷ ʚʠʭʨʝʚʦʡ ʩʪʫʧʝʥʠ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠ 

ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʠ ʤʘʩʩʳ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʣʠʯʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʩʨʝʜʳ. ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʞʠʤʘʤ ʨʘʙʦʪʳ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ 

ʧʨʠʥʠʤʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ʜʣʷ ʧʝʨʝʥʦʩʘ ʤʘʩʩʳ (ʚʦʜʷʥʦʛʦ ʧʘʨʘ) ï ʧʘʨʮʠʘʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ ʚʦʜʷʥʳʭ ʧʘʨʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ ʦʪʜʝʣʴʥʳʭ ʪʦʯʝʢ 

ʩʨʝʜʳ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʝʨʝʥʦʩ ʪʝʧʣʘ, ʘ ʨʘʟʣʠʯʠʝ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ï ʧʝʨʝʥʦʩ 

ʤʘʩʩʳ [101]. 

ʈʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʢʦʥʪʘʢʪʥʳʭ ʘʧʧʘʨʘʪʘʭ ʧʨʦʪʝʢʘʶʪ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʙʤʝʥʠʚʘʶʱʠʭʩʷ ʩʨʝʜ, ʪ.ʝ. ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ. ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʤʘʩʩʦʦʪʜʘʯʠ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʙʘʣʘʥʩʦʚʳʭ ʫʨʘʚʥʝʥʠʡ ʢʦʥʚʝʢʪʠʚʥʦʛʦ 

ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʠ ʤʘʩʩʳ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʙʝʛʘʶʪ ʢ ʫʧʨʦʱʝʥʠʷʤ ʠ ʩʯʠʪʘʶʪ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʤʘʩʩʦʦʪʜʘʯʠ ʧʦʩʪʦʷʥʥʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʉʦʛʣʘʩʥʦ [53 ʩ.32] ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʚ ʩʣʦʝ ʥʘʩʳʱʝʥʥʦʛʦ ʛʘʟʘ ʥʝ ʟʘʚʠʩʠʪ 

ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ, ʘ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪʩʷ ʬʦʨʤʦʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʝʣʘ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥ ʤʝʞʜʫ 

ʞʠʜʢʦʩʪʴʶ ʠ ʛʘʟʦʤ ʧʨʠ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ ʘʚʪʦʤʦʜʝʣʝʥ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʝʣ ʧʦʜʦʙʠʷ, ʚʢʣʶʯʘʶʱʠʭ ʪʦʣʴʢʦ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʨʝʜ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʠʩʝʣ ʃʴʶʠʩʘ, ʇʨʘʥʜʪʣʷ ʠ ʜʨ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʬʦʨʤʘ ʧʨʠʤʳʢʘʶʱʠʭ ʜʨʫʛ ʢ ʜʨʫʛʫ ʩʣʦʝʚ ʥʘʩʳʱʝʥʥʦʛʦ ʠ ʥʝʥʘʩʳʱʝʥʥʦʛʦ ʛʘʟʘ 

ʷʚʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʦʡ ʠ ʜʣʷ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʤʘʩʩʦʦʙʤʝʥʘ, ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ 

ʵʥʝʨʛʠʠ ʠ ʤʘʩʩʳ ʠ ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ʢ ʥʠʤ ʜʣʷ ʩʚʦʠʭ ʦʙʣʘʩʪʝʡ ʟʘʜʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʦʣʥʦʩʪʴʶ ʪʦʞʜʝʩʪʚʝʥʥʳʤʠ ʜʨʫʛ ʜʨʫʛʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʝʤʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ. ʕʪʠʤ ʩʘʤʳʤ ʫʪʚʝʨʞʜʘʝʪʩʷ ʘʥʘʣʦʛʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦ- ʠ 

ʤʘʩʩʦʦʙʤʝʥʘ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʦʜʦʙʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʦʚ, 

ʧʦʣʝʡ ʩʢʦʨʦʩʪʝʡ ʠ ʠʟʤʝʥʝʥʠʡ ʩʪʘʪʠʯʝʩʢʠʭ ʜʘʚʣʝʥʠʡ, ʠʟʤʝʥʝʥʠʷ ʧʦʣʝʡ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʚʫʭ ʫʩʣʦʚʠʡ 

ʦʜʥʦʟʥʘʯʥʦʩʪʠ:  

1) ʩʦʦʪʚʝʪʩʪʚʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʚʝʥʩʪʚʘ ʛʨʘʥʠʮ ʪʝʧʣʘ ʠ ʤʘʩʩʳ; 

2) ʩʦʙʣʶʜʝʥʠʝ ʧʦʜʦʙʠʷ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʠ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ ʚ 

ʩʭʦʜʩʪʚʝʥʥʳʭ ʪʦʯʢʘʭ ʘʧʧʘʨʘʪʘ, ʘʚʪʦʨʦʤ [101 ʩ.35] ʦʪʤʝʯʝʥʦ ʩʦʭʨʘʥʝʥʠʝ 

ʧʦʩʪʦʷʥʩʪʚʘ ʦʪʥʦʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʥʦʩʘ ʪʝʧʣʘ ʠ ʤʘʩʩʳ: 
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.      (4.15) 

 

ʊʦʛʜʘ ʜʣʷ ʚʠʭʨʝʚʦʡ ʟʦʥʳ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ 
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     (4.16) 

 

ʩ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ 

 

‌ χȟςψϽ
ϳ

Ͻ̒̑ϽxϽ
Ͻ̄̄

̠Ͻ̘̃Ͻn̄

ϳ

     (4.17) 

 

 

ɼʚʠʞʝʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦ ʪʨʫʙʘʤ ʪʨʫʙʯʘʪʦʛʦ ʧʫʯʢʘ 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʝʨʷʤʠ ʜʘʚʣʝʥʠʷ ʥʘ ʪʨʝʥʠʝ ʠ ʚ ʤʝʩʪʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ ʢʦʥʬʠʛʫʨʘʮʠʠ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʨʦʮʝʩʩʦʚ ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʪʝʧʣʦʦʙʤʝʥʘ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʡ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1. ɼʣʷ ʜʘʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʨʫʙʯʘʪʦʛʦ ʧʫʯʢʘ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ [31 c.85]: 
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Ўὴ Ўὴ ᾀ ςϽЎὴ ᾀϽЎὴ Ўὴ ὲϽЎὴ̓ ̑ Ўὴ  

ᾀ ρϽЎὴ Ўὴ +Ўὴ Ўὴ)+Ўὴ ,   (4.18)  

  

ɿʜʝʩʴ  z ï ʯʠʩʣʦ ʭʦʜʦʚ ʚ ʪʨʫʙʯʘʪʦʤ ʧʫʯʢʝ; n=Dʘʧ/tʨ ï ʢʦʣʠʯʝʩʪʚʦ ʪʨʫʙ ʚ ʩʣʦʝ. 

ɺ ʬʦʨʤʫʣʝ (4.18) Ўὴ ï ʧʦʪʝʨʷ ʜʘʚʣʝʥʠʷ ʚ ʪʨʦʡʥʠʢʝ, ʇʘ; Ўὴ ï ʧʦʪʝʨʷ 

ʜʘʚʣʝʥʠʷ ʚ ʢʦʣʝʥʝ, ʇʘ; Ўὴ ï ʧʦʪʝʨʷ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʳʭʦʜʝ ʨʘʟʜʝʣʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ 

ʢʦʣʣʝʢʪʦʨ, ʇʘ; Ўὴ ï ʧʦʪʝʨʷ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʳʭʦʜʝ ʧʦʪʦʢʘ ʠʟ ʢʦʣʣʝʢʪʦʨʘ ʚ ʪʨʫʙʳ 

ʧʫʯʢʘ, ʇʘ; Ўὴ̓  ̑ï ʧʦʪʝʨʷ ʜʘʚʣʝʥʠʷ ʥʘ ʪʨʝʥʠʝ ʚ ʪʨʫʙʘʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ, ʇʘ; Ўὴ ï 

ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʭʦʜʝ ʧʦʪʦʢʘ ʠʟ ʪʨʫʙ ʚ ʢʦʣʣʝʢʪʦʨ, ʇʘ; Ўὴ ï ʧʦʪʝʨʠ 

ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʳʭʦʜʝ ʧʦʪʦʢʘ ʠʟ ʢʦʣʣʝʢʪʦʨʘ ʚ ʦʪʚʦʜʳ, ʇʘ; Ўὴ ï ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʞʠʜʢʦʩʪʠ ʧʦ ʦʪʚʦʜʘʤ, ʇʘ; Ўὴ ï ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʭʦʜʝ ʧʦʪʦʢʘ 

ʠʟ ʦʪʚʦʜʦʚ ʚ ʢʦʣʣʝʢʪʦʨ, ʇʘ; Ўὴ ï ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʭʦʜʝ ʧʦʪʦʢʘ ʠʟ 

ʢʦʣʣʝʢʪʦʨʘ ʚ ʪʨʫʙʳ ʪʨʦʡʥʠʢʘ, ʇʘ; Ўὴ  ï ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʭʦʜʝ ʧʦʪʦʢʘ ʠʟ 

ʪʨʦʡʥʠʢʘ ʚ ʪʨʫʙʫ, ʇʘ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘ ʩʯʝʪ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʪʨʫʙʯʘʪʦʤ 

ʧʫʯʢʝ: 

 

Ўὴ̍Ȣ̒ Ўὴ ᾀ ςϽЎὴ ᾀϽЎὴ Ўὴ Ўὴ  

ᾀ ρϽЎὴ Ўὴ +Ўὴ Ўὴ)+Ўὴ    (4.19) 

 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘ ʩʯʝʪ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ ʥʘ ʪʨʝʥʠʝ: 

 

Ўὴ̍Ȣ̒ ᾀϽὲϽЎὴ̓  ̑      (4.20) 

 

ʇʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʚ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷʭ ʨʘʩʩʯʠʪʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʦ ʬʦʨʤʫʣʝ: 

 

Ўὴ ‒
Ͻ

,     (4.21) 

 

ʛʜʝ ‒ ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ [102,103]; ύ - ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʫʟʢʦʤ ʩʝʯʝʥʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ, ʤ/ʩ. 

ʇʦʪʝʨʠ ʜʘʚʣʝʥʠʷ ʥʘ ʪʨʝʥʠʝ ʚ ʪʨʫʙʘʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ [104]: 

 

ɝὴ̓ ̑ ‗̓ ̑
̃

̓̑
     (4.22) 

 

ʛʜʝ  ‗̓  ̑ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ; ὰ ï ʜʣʠʥʘ ʪʨʫʙʳ, ʤ; Ὠ̃ ï ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ 

ʪʨʫʙʳ, ʤ; ɟ ï ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʢʛ/ʤ3; ύ̓  ̑ï ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʘʭ, 

ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʧʦ ʧʣʦʱʘʜʠ ʩʚʦʙʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʦʜʥʦʛʦ ʭʦʜʘ, ʤ/ʩ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ‗̓  ̑ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʨʝʞʠʤʘ ʪʝʯʝʥʠʷ ʧʦʪʦʢʘ, ʪʘʢ ʠ ʦʪ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʪʝʥʦʢ ʪʨʫʙ ʠʣʠ ʢʘʥʘʣʦʚ. 

ʇʨʠ ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ ʪʝʯʝʥʠʷ (Re< 2300) 
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‗̓ ̑ φτȾὙὩ,      (4.23)  

 

ʇʨʠ ʪʫʨʙʫʣʝʥʪʥʦʤ ʨʝʞʠʤʝ ʪʝʯʝʥʠʷ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʪʨʫʙ, ʚʝʣʠʯʠʥʫ ‗̓  ̑ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ 

ʬʦʨʤʫʣʝ 

 

‗̓ ̑ πȟρρ ρȟρφ
Ў ȟ

,     (4.24) 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʨʫʙʘʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʨʝʟʫʣʴʪʘʪ r ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ [105-107]. ʅʘʤʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ 

ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ: 

ʣʘʤʠʥʘʨʥʦʝ ʪʝʯʝʥʠʝ  

ʚʷʟʢʦʩʪʥʳʡ ʨʝʞʠʤ  

 

Nuʞ,d = 0,15ĿReʞ,d
0,33ĿPrʞ

0,43 ĿŮl ;    (4.25) 

 

ʚʷʟʢʦʩʪʥʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʨʝʞʠʤ 

 

Nuʞ,d = 0,15ĿReʞ,d
0,33ĿPrʞ

0,43ĬGrʞ,d
0,1 ĿŮl ;   (4.26) 

 

ʪʫʨʙʫʣʝʥʪʥʦʝ ʪʝʯʝʥʠʝ 

 

Nuʞ,d = 0,021ĿReʞ,d
0,8ĿPrʞ

0,43 ĿŮl.     (4.27) 

 

ɿʘ ʦʧʨʝʜʝʣʷʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʠʥʷʪʘ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ; ʟʘ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʩʢʦʨʦʩʪʴ ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʝ; ʟʘ ʦʧʨʝʜʝʣʷʶʱʠʡ 

ʨʘʟʤʝʨ ï ʜʠʘʤʝʪʨ ʢʨʫʛʣʦʡ ʪʨʫʙʳ ʠʣʠ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʜʠʘʤʝʪʨ ʪʨʫʙʳ ʣʶʙʦʡ 

ʬʦʨʤʳ (dʵʢʚ = 4F/P, ʛʜʝ P ï ʚʥʫʪʨʝʥʥʠʡ ʧʝʨʠʤʝʪʨ ʢʘʥʘʣʘ, ʤ). 

ʕʪʠ ʬʦʨʤʫʣʳ ʜʘʶʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ŭ ʧʨʠ l/d >50. ʆʥʠ ʧʨʠʤʝʥʠʤʳ ʜʣʷ 

ʣʶʙʦʡ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʪʨʫʙ, ʠʤʝʶʱʠʭ ʜʣʠʥʫ l< 50Ĭd, ʩʣʝʜʫʝʪ ʧʦʣʫʯʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ Ŭ ʫʤʥʦʞʠʪʴ ʥʘ ʩʨʝʜʥʠʡ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ Ůl, ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʚ [105 ʩ.90]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʫʣʘʚʣʠʚʘʥʠʝ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 0,1ʤʢʤ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ. 

ɺ ʘʧʧʘʨʘʪʝ ʩ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʦʡ ʨʝʘʣʠʟʫʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ, ʧʦʵʪʦʤʫ 

ʧʨʠ ʨʘʩʯʝʪʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʚ ʠʥʪʝʥʩʠʚʥʳʭ  ʨʝʞʠʤʘʭ ʪʝʯʝʥʠʷ ʛʘʟʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʫʨʙʫʣʝʥʪʥʫʶ ʜʠʬʬʫʟʠʶ, ʢʦʪʦʨʘʷ ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʚʢʣʘʜ  ʚ ʵʬʬʝʢʪʠʚʥʦʩʪʴ  ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʦʤ 1-2 ʤʢʤ ʠ ʙʦʣʝʝ [13]. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ ʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ  ʬʫʥʢʮʠʝʡ 

ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ¡u  ʠ ʝʛʦ ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʨʘʟʤʝʨʘ  ̂ʠ ʥʝ ʟʘʚʠʩʠʪ  

ʦʪ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʪʦʢʘ [13,108]: 
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Dʪ º 0,7Ö¡u Ö ,̂     (4.28) 

 

ʛʜʝ 
ʛ18m

r udÖÖ
=̂  ï ʜʣʠʥʘ ʠʥʝʨʮʠʦʥʥʦʛʦ ʧʨʦʙʝʛʘ ʯʘʩʪʠʮʳ, ʤ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ  ̂ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʠʥʝʨʮʠʦʥʥʦʡ ʩʠʣʳ, 

ʢʦʪʦʨʘʷ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʪʚʝʨʜʫʶ ʯʘʩʪʠʮʫ ʚ ʤʦʤʝʥʪ ʝʝ ʚʳʙʨʦʩʘ ʠʟ ʪʫʨʙʫʣʝʥʪʥʦʛʦ 

ʧʦʪʦʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ: 

 

Dʪ = 0,7Ö¡u Ö
ʛ

2

18m

r ʯʯʯ ud ÖÖ
.      (4.29) 

 

ʟʜʝʩʴ ¡u  ï ʧʫʣʴʩʘʮʠʦʥʥʘʷ ʩʢʦʨʦʩʪʴ, ʤ/ʩ; rʯ ï ʧʣʦʪʥʦʩʪʴ ʪʚʝʨʜʦʡ ʯʘʩʪʠʮʳ, ʢʛ/ʤ
3; 

dʯ  ï ʜʠʘʤʝʪʨ ʯʘʩʪʠʮʳ, ʤ; uʯ ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ, ʤ/ʩ. 

ʉʨʝʜʥʶʶ ʧʫʣʴʩʘʮʠʦʥʥʫʶ ʩʢʦʨʦʩʪʴ ʤʦʞʥʦ  ʚʳʨʘʟʠʪʴ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʘ "ʜʚʫʭ-

ʪʨʝʪʝʡ" ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

¡u = 1/3 1/3ʕ Ö ,      (4.30) 

 

ʛʜʝ  ̂- ʤʘʩʰʪʘʙ ʧʫʣʴʩʘʮʠʡ, ʩʦʠʟʤʝʨʠʤʳʡ ʩ ʨʘʟʤʝʨʦʤ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪ.ʝ. 

=̂b . 

ʕʥʝʨʛʠʶ ʜʠʩʩʠʧʘʮʠʠ ʚʠʭʨʝʡ ʕ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʵʣʝʤʝʥʪʦʚ 

ʥʘʩʘʜʢʠ, ʦʧʨʝʜʝʣʠʤ ʢʘʢ: 

 

ʚ

ʞ ʞ

ʕ =
N

V rÖ
       (4.31) 

 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ  ʨʝʘʣʠʟʫʝʪʩʷ ʪʫʨʙʫʣʝʥʪʥʳʡ 

ʨʝʞʠʤ ʪʝʯʝʥʠʷ. ɿʜʝʩʴ ʞʝ ʚʳʙʨʦʩ ʧʳʣʠ ʠʟ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʷʜʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʩʠʣ ʠʥʝʨʮʠʠ. 

ɺ ʟʦʥʝ ʥʘʩʘʜʢʠ ʧʨʝʦʙʣʘʜʘʝʪ ʚʠʭʨʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩʣʦʷ, ʠ ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴʶ  ʦʙʨʘʟʫʶʱʠʭʩʷ ʚʠʭʨʝʡ.  

ɼʣʷ ʚʠʭʨʝʚʦʡ ʟʦʥʳ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ [109]  

 

2

3

ʛ

ʛʵ

2 u
nbN Lʚ ÖÖÖÖ= rx .      (4.32) 

 

ɼʣʷ ʚʠʭʨʝʚʦʡ ʟʦʥʳ ʩ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ 

 
3

ʛ
ʵ ʛ

2
ʚ L

u
N d l nx r= Ö Ö Ö Ö Ö.      (4.33) 
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ɺ ʫʨʘʚʥʝʥʠʷʭ (4.32) ʠ (4.33) xL  ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʨʦʰʘʝʤʦʡ  

ʥʘʩʘʜʢʠ; n ɻï ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʲʝʤʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʘʧʧʘʨʘʪʘ; 

uʛ = Wɻ /e0 ï ʠʩʪʠʥʥʘʷ ʩʢʦʨʦʩʪʴ  ʛʘʟʘ ʚ ʷʯʝʡʢʝ, ʤ/ʩ.  

ʂʦʣʠʯʝʩʪʚʦ  ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ: 

 

n  ɻ= np Ö nc ,       (4.34) 

 

ʚ ʢʦʪʦʨʦʡ np = H/tʚ ï ʢʦʣʠʯʝʩʪʚʦ ʨʷʜʦʚ ʥʘʩʘʜʢʠ ʚ ʘʧʧʘʨʘʪʝ; nc ï ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʜʥʦʤ ʨʷʜʫ (ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʘʧʧʘʨʘʪʘ).  

ɼʣʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ nc = 0,785 
2

2

ʨ

D

t
;  

ɼʣʷ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʠ nc = 0,785 
2

ʨ

D

t lÖ
. 

ʆʙʲʝʤ ʞʠʜʢʦʩʪʠ ʦʧʨʝʜʝʣʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

 
2

ʞ 0

 

4

D
V h

p
= Ö.       (4.35) 

 

ɿʜʝʩʴ D ï ʜʠʘʤʝʪʨ ʘʧʧʘʨʘʪʘ, ʤ; h0 - ʢʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʘʧʧʘʨʘʪʝ, ʤ. 

ʉʨʝʜʥʶʶ ʧʫʣʴʩʘʮʠʦʥʥʫʶ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʠʤ ʧʦ ʧʨʠʚʝʜʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

(4.30). ʇʨʝʦʙʨʘʟʦʚʳʚʘʷ ʜʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩ ʫʯʝʪʦʤ (4.31), (4.32) ʠ (4.35), 

ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʧʨʠʤʝʪ ʚʠʜ: 

 
1/3 1/31/3 1/31/3 2

ʛ

ʚ ʞ 02

ʛ kL

p

db H
u u

t t h

rx

r

å õ å õå õ å õå õ
¡= Ö Ö Ö Ö Öæ ö æ öæ ö æ öæ öæ öç ÷ ç ÷ ç ÷ç ÷ç ÷

.   (4.36) 

 

ʉ ʫʯʝʪʦʤ ʩʨʝʜʥʝʡ ʧʫʣʴʩʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ u¡ ʫʨʘʚʥʝʥʠʝ (4.36), ʧʦʣʫʯʠʤ 

ʬʦʨʤʫʣʫ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ: 

 

( )
1/31/3 1/3

1/3 1/3 4/3ʛ
L 0 ʛ

ʞ 0

1
(1 )T ʊ k

ɺ

H
D ɺ d u Stk

t h

r
x e

r

å õå õ å õ
= Ö Ö - Ö Ö Ö Ö Ö Öæ ö æ öæ öç ÷ ç ÷ç ÷

,  (4.37) 

 

ʛʜʝ 
2

ʛ18

ʯ ʯ ʯ

k

d u
Stk

d

r

m

Ö Ö
=

Ö
 ï ʢʨʠʪʝʨʠʡ ʉʪʦʢʩʘ;  

( )8,38 1ʊɺ j= Ö -- ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ; 

ɺT=4Ŀ10
-2 -  ʢʦʨʨʝʢʪʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

ʜʣʷ ʚʠʭʨʝʚʦʡ ʟʦʥʳ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ 
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1/4

ʛ

ʪ

2,97 k
D

W d

D
h

-

å õÖ
= Öæ ö

ç ÷
     (4.38) 

 

ʜʣʷ ʚʠʭʨʝʚʦʡ ʟʦʥʳ ʩ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ (ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʟʘ ʩʯʝʪ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ) 

 
1/4

ʛ

ʪ

3,55 kW d

D
h

-

å õÖ
¡¡= Öæ ö

ç ÷
     (4.39) 

 

ɼʠʘʤʝʪʨ ʢʘʧʝʣʴ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ [110]: 

 
1/6 1/3 2 3

1 3

1 2 5 3

ʞ ʩʪʨ ɻ

k ʢ L

ɻ ʩʪʨ

d U
d ɺ

U

r s
x

r

Ö Ö Ö
= Ö

Ö
 ,     (4.40) 

 

ʛʜʝ ɺʢ ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʠ  ɺʢ=1,54; ʜʣʷ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʠ ɺʢ=0,07. 

4.4.2 ʈʘʩʯʝʪ ʩʪʫʧʝʥʠ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʠ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 

ʋʜʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ. 

ɼʣʷ ʘʧʧʘʨʘʪʘ ʩ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

Dʈʘʧ = Dʈɻ +Dʈʥ.ʧ.+ DʈL,      (4.41) 

 

ʛʜʝ Dʈɻ - ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʦʥʳ ʵʞʝʢʮʠʠ, ʇʘ; Dʈʥ.ʧ - 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʟʦʥʝ ʚʳʭʦʜʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ 

ʪʨʫʙʳ, ʇʘ; DʈL - ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ, ʇʘ (ʫʨʘʚʥʝʥʠʝ 

(1.1)). 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʦʥʳ ʵʞʝʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ 

(1.46): 

 

Dʈɻ = ])1[(
2

ʵʞ

2

ʧʘʪʛ hg
W

D-+
Ö

jr
r
l ,       

 

ʛʜʝ Dh - ʢʦʣʠʯʝʩʪʚʦ ʚʳʪʝʩʥʝʥʥʦʡ ʚ ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ ʞʠʜʢʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʪ ʧʦ 

ʬʦʨʤʫʣʝ (1.47): 

 

Dh= h1 + hʜ,         

 

ʛʜʝ h1 - ʟʘʟʦʨ ʤʝʞʜʫ ʩʨʝʟʦʤ ʛʘʟʦʚʦʛʦ ʧʘʪʨʫʙʢʘ ʠ ʟʝʨʢʘʣʦʤ ʞʠʜʢʦʩʪʠ, ʤ; hʜ - 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʢʦʨʦʩʪʥʳʤ ʥʘʧʦʨʦʤ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʤ. 
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ɺʝʣʠʯʠʥʫ hʜ  ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ (1.48): 

 

hʜ = 
2g

2

ʧʘʪW
l ,         

 

ʛʜʝ l- ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ (ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʘʪʨʫʙʢʘ l=xʧʘʪ), 

ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ (1.49): 

 

l=
0,5

ʧʘʪRe

15,3
,         

 

ʟʜʝʩʴ 
ʛ

ʧʘʪʧʘʪ
ʧʘʪRe

n

dW Ö
=  - ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ; Wʧʘʪ ï ʩʢʦʨʦʩʪʴ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ 

ʧʘʪʨʫʙʢʝ, ʤ/ʩ; dʧʘʪ ï ʜʠʘʤʝʪʨ ʧʘʪʨʫʙʢʘ, ʤ. 

ɻʘʟʦʩʦʜʝʨʞʘʥʠʝ ʚ ʟʦʥʝ ʵʞʝʢʮʠʠ  jɻ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʫʨʘʚʥʝʥʠʶ (1.50):  

 

jɻ = 
Fr+

-
1

1
1 ,        

 

ʛʜʝ Fr - ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʯʠʩʣʦ ʌʨʫʜʘ (1.51): 

 

hg

W
Fr

DÖÖ

Ö
=

ʞ

2

ʧʘʪʛ

2r

r
.       

 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʟʦʥʝ ʚʳʭʦʜʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠʟ ʟʦʥʳ 

ʵʞʝʢʮʠʠ: 

 

Dʈʥ.ʧ. = 
2

2

ʛ kwr
V

Ö
Ö ,      (4.42) 

 

ʛʜʝ   

3
4

0,5 1 ʘʧ

ʢ

F

F
V

å õ
= -æ öç ÷

 - ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [102] ʧʨʠ Re>104; ʘʧF  - 

ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʘʧʧʘʨʘʪʘ, ʤ2; ʢF  - ʧʣʦʱʘʜʴ ʢʦʣʴʮʘ ʤʝʞʜʫ ʚʳʭʦʜʥʳʤ ʧʘʪʨʫʙʢʦʤ 

ʠ ʢʦʣʧʘʢʦʤ, ʤ2; wk ï ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʢʦʣʴʮʝʚʦʤ ʟʘʟʦʨʝ, ʤ/ʩ. 

ʉʫʤʤʘʨʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʚ ʘʧʧʘʨʘʪʝ ʩ 

ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ (1.56): 

 

hʦʙ ɦ= 1 ï (1ïStkh ) (1ïhD),       

 

ʛʜʝ  Stkh   ʠ hD ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʟʘ ʩʯʝʪ ʠʥʝʨʮʠʦʥʥʦʛʦ ʠ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ  ʟʘ ʩʯʝʪ  ʠʥʝʨʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ  
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ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ (1.57): 

 

Stkh  = 1 ï exp ö
ö
÷

õ
æ
æ
ç

å

Ö

ÖÖÖ
Ö-

ʢʢ

ʚʦʪʥʟ

2

3

dU

tKmy J
,     

 

ʛʜʝ 
ʛ

ʞ

V

V
my =  ï ʚʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ, ʤ3/ʤ3; Jʦʪʥ = ( uʯ ï uʢ) ï ʩʢʦʨʦʩʪʴ 

ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʥʘ ʢʘʧʣʠ, ʤ/ʩ; uʢ ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʢʘʧʝʣʴ, ʤ/ʩ;  

dk ï ʜʠʘʤʝʪʨ ʢʘʧʝʣʴ, ʤ; ʂʟ ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʭʚʘʪʘ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʭʚʘʪʘ ʨʘʩʩʯʠʪʳʚʘʶʪ  ʧʦ ʫʨʘʚʥʝʥʠʶ (1.58): 

 

ʂʟ = Ö
+ 2

2

)25,0(Stk

Stk

ö
ö

÷

õ

æ
æ

ç

å
-

-ÖÖ- -

k

k

ʯ

k

dd

d

ee

^
5,4 101,5 4

,      

 

ʛʜʝ Stk = 
kd

ud

Ö

ÖÖ

ʛ

ʯʯʛ

18m

r
 ï ʢʨʠʪʝʨʠʡ ʉʪʦʢʩʘ; ʛmï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʛʘʟʘ, ʇʘÖʩ; dʯ 

ï ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ, ʤ; 
)( ʞʛ rr

s

-
=

g
k̂  ï ʢʘʧʠʣʷʨʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʤ; s ï 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ  ʥʘʪʷʞʝʥʠʝ, ʅ/ʤ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ (1.59): 

 

h h hD = - - ¡Ö - ¡¡1 1 1( ) ( ) ,       

 

ʛʜʝ  ¡h ʠ ¡¡h  ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʟʦʥʳ ʵʞʝʢʮʠʠ ʠ ʥʘʩʘʜʦʯʥʦʡ 

ʟʦʥʳ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ  ʟʦʥʳ ʵʞʝʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 

(1.60): 

 

1

1/4

ʧʘʪ k

k

T

W d
B

D
h

-

T

Öå õ
¡¡ ¡= Öæ ö

¡ç ÷
,        

 

ʛʜʝ ¡Bk= 5,5 ï ʦʧʳʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ.  

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʧʦ ʬʦʨʤʫʣʝ (1.61). 

 ɺʭʦʜʷʱʠʝ ʚ ʚʳʨʘʞʝʥʠʷ (1.60) ʠ (1.61)  ʢʦʵʬʬʠʮʠʝʥʪ ʪʫʨʙʫʣʝʥʪʥʦʡ  

ʜʠʬʬʫʟʠʠ ʜʣʷ ʟʦʥʳ ʵʞʝʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʫʨʘʚʥʝʥʠ ʁ(1.62): 

 

( ) ;
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ʛʜʝ ɺ1 = 2Ö10-2 - ʢʦʵʬʬʠʮʠʝʥʪ. 
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ɼʠʘʤʝʪʨ ʢʘʧʝʣʴ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʟʦʥʝ ʵʞʝʢʮʠʠ, ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

 

1

3/5 2/5 2/5

ʵ
k 1/5 2/5 6/5

ʞ ʛ ʧʘʪ

(1 )
5,42

h
d

W

s j

r r

Ö - D
= Ö

Ö Ö
.     (4.43) 

 

ʉʪʫʧʝʥʴ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʘʧʧʘʨʘʪʘ ʦʧʨʝʜʝʣʠʤ, 

ʠʩʭʦʜʷ ʠʟ ʘʜʜʠʪʠʚʥʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʟʦʥʳ ʜʝʡʩʪʚʠʷ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʠ 

ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ [96,111]: 

 

Dʈʘʧ = Dʈʮ + DʈL,       (4.44) 

 

ʛʜʝ Dʈʮ - ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʦʥʳ ʜʝʡʩʪʚʠʷ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ, ʇʘ; 

DʈL - ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ, ʇʘ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʮʠʢʣʦʥʥʦʡ ʩʪʫʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʫʨʘʚʥʝʥʠʶ [112]: 

 

Dʈʮ = Dʈʚʭ + Dʈʢʦʣʴʮ+Dʈʚʳʭ,      (4.45) 

 

ʛʜʝ Dʈʚʭ - ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ, ʇʘ; 

     Dʈʢʦʣʴʮ - ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʣʴʮʝʚʦʡ ʟʦʥʳ, ʇʘ; 

     Dʈʚʳʭ - ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ, ʇʘ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ: 

 

Ўὖ̖̃ x̃ Ͻ̖
Ͻ̖̄̃ ,      (4.46) 

 

ʛʜʝ x̃
̖
σȟσς ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʚʭʦʜʝ ʛʘʟʘ; wʚʭ ï ʩʢʦʨʦʩʪʴ ʛʘʟʘ 

ʥʘ ʚʭʦʜʝ, ʤ/ʩ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʣʴʮʝʚʦʡ ʟʦʥʳ: 

 

Ўὖ̝̋̏̌ x̗̝̋̏̌
Ͻ̗
Ͻ̝̗̄̋̏̌

 ,    (4.47) 

 

ʛʜʝ x̋
̝̏̌

τ̗ȟρ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʦʣʴʮʝʚʦʛʦ 

ʟʘʟʦʨʘ; wʢʦʣʴʮ ï ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʢʦʣʴʮʝʚʦʤ ʟʘʟʦʨʝ, ʤ/ʩ. 

ɻʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ: 

 

Ўὖ̜̖̃ x̜̃
Ͻ̖
Ͻ̜̖̄̃ ,     (4.48) 

 

ʛʜʝ x̃
̜̖
υȟχ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʚʳʭʦʜʝ ʛʘʟʘ; wʚʳʭ ï ʩʢʦʨʦʩʪʴ 

ʛʘʟʘ ʥʘ ʚʳʭʦʜʝ, ʤ/ʩ. 
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ʆʩʘʞʜʝʥʠʝ  ʯʘʩʪʠʮ ʚ ʮʠʢʣʦʥʥʦʡ (ʩʫʭʦʡ) ʩʪʫʧʝʥʠ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ 

ʘʧʧʘʨʘʪʘ ʧʨʦʠʩʭʦʜʠʪ  ʟʘ ʩʯʝʪ ʩʫʤʤʘʨʥʦʛʦ ʜʝʡʩʪʚʠʷ ʜʚʫʭ ʤʝʭʘʥʠʟʤʦʚ: 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ, ʧʝʨʝʤʝʱʘʶʱʝʛʦ ʯʘʩʪʠʮʳ ʢ ʩʪʝʥʢʘʤ ʘʧʧʘʨʘʪʘ ʠ ʠʥʝʨʮʠʦʥʥʦʛʦ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ  ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʠ ʦʩʘʞʜʝʥʠʶ ʯʘʩʪʠʮ.  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʜʝʡʩʪʚʠʝ ʤʝʭʘʥʠʟʤʦʚ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ. ɼʣʷ 

ʚʳʚʦʜʘ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʮʝʥʪʨʦʙʝʞʥʦʝ ʦʩʘʞʜʝʥʠʝ ʯʘʩʪʠʮ ʧʳʣʠ ʚ 

ʩʫʭʦʡ ʩʪʫʧʝʥʠ ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʃʘʡʪʦʤ ʠ ʃʠʬʦʤ [113-115]. ʕʪʦʪ 

ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʤʠ ʪʘʢʞʝ ʜʣʷ ʨʘʩʯʝʪʘ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʚʠʭʨʝʚʦʛʦ 

ʧʳʣʝʫʣʦʚʠʪʝʣʷ [116].   

ʕʬʬʝʢʪʠʚʥʦʩʪʴ  ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʬʦʨʤʫʣʝ: 

 

                                    [ ])22/(1)(2exp1 +Ö--= n

kʉ C yh ,                             (4.49) 

 

ʛʜʝ   ʉʢ ï ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ  ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʫʭʦʡ 

ʩʪʫʧʝʥʠ ʘʧʧʘʨʘʪʘ. 

ɼʣʷ ʩʫʭʦʡ  ʩʪʫʧʝʥʠ  ʢʦʵʬʬʠʮʠʝʥʪ  ʉʢ  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ  ʧʦ ʫʨʘʚʥʝʥʠʶ [111]: 
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 (4.50) 

 

ɿʥʘʯʝʥʠʷ  ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʚ ʫʨʘʚʥʝʥʠʠ (4.50): 

0,66 ʮʘ D= Ö; 
1 0,26 ʮʚ D= Ö ; 0,59 ʮd D= Ö ; 

1 0,4 ʮd D= Ö ; 1,74ʊ ʮh D= Ö ; 0,3ʚ ʮh D= Ö; 

2,26ʮ ʮH D= Ö ; 2ʢ ʮH D= Ö  [111] 

ɺʝʣʠʯʠʥʘ y ʚ ʫʨʘʚʥʝʥʠʠ (4.49)  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ  

ʠʥʝʨʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ  ʩʦʩʪʦʷʥʠʝ  ʧʳʣʝʛʘʟʦʚʦʡ ʩʤʝʩʠ [28 

ʩ.204 ]: 
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ʛʜʝ   Wʚʭ ï ʩʢʦʨʦʩʪʴ ʛʘʟʘ  ʥʘ ʚʭʦʜʝ  ʚ ʩʫʭʫʶ ʩʪʫʧʝʥʴ, ʤ/ʩ. 

ɺʝʣʠʯʠʥʘ  n  ʚ ʫʨʘʚʥʝʥʠʷʭ (4.49) ʠ (4.51)  ʩʦʛʣʘʩʥʦ [13,113], ʩʦʩʪʘʚʣʷʝʪ: 
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ɿʜʝʩʴ    ʊʛ ï ʘʙʩʦʣʶʪʥʘʷ  ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʦʚ, 
0ʂ. 

ɺ ʨʘʙʦʪʝ [117] ʧʨʠʚʝʜʝʥʳ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ ʠ 

ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʦʩʘʞʜʘʝʤʳʭ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʘʧʧʘʨʘʪʝ ʮʠʢʣʦʥʥʦʛʦ 

ʪʠʧʘ. 
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5 ʈɽʂʆʄɽʅɼɸʎʀʀ ʇʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʖ ʀ ʕʂʉʇʃʋɸʊɸʎʀʀ 

ɻɸɿʆʆʏʀʉʊʅʓʍ ɸʇʇɸʈɸʊʆɺ ʀ ʇʈʆʄʓʐʃɽʅʅʓɽ ʀʉʇʓʊɸʅʀʗ  

 

5.1 ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʘʧʧʘʨʘʪʦʚ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʘʪʝʨʠʘʣʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʝʜʣʘʛʘʝʤʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʨʝʞʠʤʥʳʭ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʫʯʝʥʳʤʠ, ʟʘʥʠʤʘʶʱʠʤʠʩʷ ʠʟʫʯʝʥʠʝʤ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʦʛʦ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʧʦʜʚʠʞʥʦʡ ʠ 

ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʦʡ [17,28,30,31,118] ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʦʦʯʠʩʪʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ɼʣʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ (ʚʠʭʨʝʚʦʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ) ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʠ 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ 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.  

ʇʣʦʪʥʦʩʪʴ ʦʨʦʰʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʘʙʩʦʨʙʮʠʠ, ʢʦʥʪʘʢʪʥʦʛʦ 

ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠ ̫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. 

ʉʢʦʨʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʨʫʙʘʭ wʊ. ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʨʫʙʘʭ ʩʦʩʪʘʚʣʷʝʪ wʊ =0,1-0,5 ʤ/ʩ. 

ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʘʜʢʠ ʠ ʩʪʨʫʥ. ʇʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ 

ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʢʚʘʜʨʘʪʥʳʭ ʧʣʘʩʪʠʥ ʨʘʟʤʝʨʦʤ 50ʭ50 ʤʤ ʠʣʠ 100ʭ100 ʤʤ. 

ʊʦʣʱʠʥʘ ʧʣʘʩʪʠʥ 1- 2ʤʤ. ʇʣʘʩʪʠʥʳ ʟʘʢʨʝʧʣʷʶʪ ʥʘ ʩʪʨʫʥʘʭ, ʚʳʧʦʣʥʷʝʤʳʭ ʠʟ 

ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 2-5ʤʤ. 

ʈʘʟʤʝʨʳ ʪʨʫʙ ʜʣʷ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʠ: ʪʨʫʙ Dʫ=40 ʤʤ, Dʥ=45 ʤʤ; Dʫ=50ʤʤ, 

Dʥ=57ʤʤ; ʢʦʣʣʝʢʪʦʨʦʚ Dʫ=65ʤʤ, Dʥ=76ʤʤ; Dʫ=80ʤʤ, Dʥ=89ʤʤ. 

ʄʘʪʝʨʠʘʣ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ  ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʪʨʫʥ  ʚʳʙʠʨʘʝʪʩʷ 

ʠʩʭʦʜʷ  ʠʟ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ  ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʩʨʝʜ. 

ʐʘʛ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ tʚ/b ʠ 

ʨʘʜʠʘʣʴʥʦʤ tp/b ʥʘʧʨʘʚʣʝʥʠʷʭ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʰʘʛʘʤʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʠ ʪʨʫʙʯʘʪʳʭ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʨʠ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʶʪʩʷʪʩʷ ʨʝʞʠʤʳ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ 

(ʩʠʥʬʘʟʥʳʝ ʨʝʞʠʤʳ) ʷʚʣʷʶʪʩʷ tʚ/b=2 ʠ 4. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚʳʧʦʣʥʝʥʠʝ ʥʘʩʘʜʦʯʥʦʡ 

ʟʦʥʳ ʩ ʰʘʛʦʤ ʨʘʩʧʦʣʦʞʝʥʠʷ tʚ/b=4 ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʩʦʪʳ ʥʘʩʘʜʦʯʥʦʡ 

ʟʦʥʳ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

ʆʧʪʠʤʘʣʴʥʳʤ ʰʘʛʦʤ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ tp/b=2. ʇʨʠ tp/b<2 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʨʘʩʪʘʶʪ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʘ ʧʨʠ tp/b>2 (ʠ ʚʧʣʦʪʴ ʜʦ 3b) 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʩʥʠʞʘʶʪʩʷ 
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ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʪʦʛʜʘ ʢʘʢ ʛʘʙʘʨʠʪʳ ʥʘʩʘʜʢʠ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 

ʂʦʣʠʯʝʩʪʚʦ ʩʝʢʮʠʡ ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ. ʄʠʥʠʤʘʣʴʥʘʷ ʚʳʩʦʪʘ ʥʘʩʘʜʦʯʥʦʡ 

ʟʦʥʳ ʩʦʩʪʘʚʣʷʝʪ 1 ʤ. ɽʩʣʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚʳʩʦʪʘ ʩʝʢʮʠʠ ʚ 1ʤ 

(ʜʦ 5 ʨʷʜʦʚ ʥʘʩʘʜʢʠ) 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 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. 

ʂʘʧʣʝʫʣʦʚʠʪʝʣʴ.  ʆʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʘʙʦʯʘʷ ʩʢʦʨʦʩʪʴ 

ʛʘʟʘ ʚ ʘʧʧʘʨʘʪʝ ʧʨʝʚʳʰʘʝʪ 4,5 ʤ/ʩ [18 ʩ.171]. ʂʦʥʩʪʨʫʢʮʠʷ ʢʘʧʣʝʫʣʦʚʠʪʝʣʷ 

ʧʦʜʙʠʨʘʝʪʩʷ  ʠʩʭʦʜʷ ʠʟ ʢʦʣʠʯʝʩʪʚʘ  ʞʠʜʢʦʩʪʠ, ʫʥʦʩʠʤʦʡ  ʠʟ ʘʧʧʘʨʘʪʘ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ. ɺʳʙʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [11 ʩ.139, 12 ʩ.345, 119]. 

ɼʣʷ ʟʦʥʳ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʘʧʧʘʨʘʪʘ ʩ 

ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʘʧʧʘʨʘʪʘ: 

ʀʩʭʦʜʥʳʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ (ʟʘʟʦʨ ʤʝʞʜʫ ʩʨʝʟʦʤ ʧʘʪʨʫʙʢʘ ʠ ʟʝʨʢʘʣʦʤ 

ʞʠʜʢʦʩʪʠ) h1. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʥʠʤʘʪʴ h1 ʚ ʧʨʝʜʝʣʘʭ 0 õ 0,02 ʤ. 

ɼʠʘʤʝʪʨ ʚʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ dʧʘʪ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ wʧʘʪ =3Öwʛ (ʟʜʝʩʴ 

wʧʘʪ ï ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʧʘʪʨʫʙʢʝ; wʛ ï ʩʢʦʨʦʩʪʴ ʛʘʟʘ ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ). 

ʆʪʥʦʰʝʥʠʝ ʜʠʘʤʝʪʨʦʚ ʟʦʥʳ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʜʠʘʤʝʪʨʘ 

ʘʧʧʘʨʘʪʘ Dʟ.ʫ/ Dʘʧ =2 (ʜʣʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʘʧʧʘʨʘʪʘ). 

ɼʣʷ ʟʦʥʳ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʘʧʧʘʨʘʪʘ ʮʠʢʣʦʥʥʦ ï 

ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ.  

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʪʫʧʝʥʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʘʧʧʘʨʘʪʘ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ 

ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʩʦʦʪʥʦʰʝʥʠʡ [118 c.46]. 

 

5.2 ʇʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʘʧʧʘʨʘʪʘ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ 

ʜʝʡʩʪʚʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʩʫʰʠʣʢʠ ʂʉ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ 

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 [3 ʩ.247, 120]. 
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ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ ʩʦʜʝʨʞʠʪ 

ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: 

1 ʧʨʠʝʤ ʩʝʨʳ ʪʝʭʥʠʯʝʩʢʦʡ ʚ ʮʝʭ, ʧʦʜʘʯʘ ʩʝʨʳ ʚ ʧʝʯʴ, ʩʞʠʛʘʥʠʝ ʝʝ, ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ, ʦʭʣʘʞʜʝʥʠʝ ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ;  

2 ʧʨʠʝʤ ʙʠʭʨʦʤʘʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟ ʮʝʭʘ ˉ3, ʨʘʟʙʘʚʣʝʥʠʝ ʝʛʦ ʠ ʧʦʜʘʯʘ ʥʘ 

ʇɻʋʋ, ʦʯʠʩʪʢʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ ʩʭʝʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ;  

3 ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʠʭʨʦʤʘʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʝʨʥʠʩʪʳʤ ʛʘʟʦʤ, ʧʦʣʫʯʝʥʠʝ 

ʨʘʩʪʚʦʨʘ ʦʩʥʦʚʥʦʛʦ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ;  

4 ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʨʘʩʪʚʦʨʘ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ ʙʠʭʨʦʤʘʪʦʤ ʥʘʪʨʠʷ, ʩʘʭʘʨʦʤ ʠʣʠ 

ʙʠʩʫʣʴʬʠʪʦʤ ʥʘʪʨʠʷ (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ); 

5 ʩʫʰʢʘ; 

6 ʫʧʘʢʦʚʢʘ ʧʨʦʜʫʢʪʘ, ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʠ ʦʪʛʨʫʟʢʘ ʧʦʪʨʝʙʠʪʝʣʶ; 

7 ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʙʠʩʫʣʴʬʠʪʘ ʥʘʪʨʠʷ; 

8 ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʪʣʘ-ʫʪʠʣʠʟʘʪʦʨʘ ʧʠʪʘʶʱʝʡ ʚʦʜʦʡ, ʧʦʜʦʛʨʝʚ ʠ ʧʦʜʘʯʘ 

ʚʦʟʜʫʭʘ ʚ ʧʝʯʴ ʦʢʠʩʣʝʥʠʷ ʩʝʨʳ; 

9 ʧʝʨʝʨʘʙʦʪʢʘ ʥʝʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʦʜʫʢʮʠʠ.  

ʈʘʙʦʪʳ ʧʦ ʚʥʝʜʨʝʥʠʶ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʦʚʝʜʝʥʳ ʥʘ 5-ʡ 

ʩʪʘʜʠʠ ʚ ʩʭʝʤʝ ʦʯʠʩʪʢʠ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʦʪ ʩʫʰʠʣʢʠ çʂʉè (ʨʠʩʫʥʦʢ 5.1). 

  

 
 

1 ï ʜʳʤʦʩʦʩ; 2 ï ʪʦʧʢʘ; 3 ï ʧʠʪʘʪʝʣʴ ʩʫʰʠʣʢʠ ʂʉ; 4 ï ʩʫʰʠʣʢʘ ʂʉ; 5 ï ʛʨʫʧʧʘ 

ʠʟ 6-ʪʠ ʮʠʢʣʦʥʦʚ; 6 ï ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʡ ʘʧʧʘʨʘʪ; 7 ï ʣʦʚʫʰʢʘ; 8 ï ʰʥʝʢ; 

9 ï ʥʘʩʦʩ; 10 ï ʙʘʢ ʦʨʦʰʝʥʠʷ; 11 ï ʩʘʥʠʪʘʨʥʘʷ ʪʨʫʙʘ. 

 

ʈʠʩʫʥʦʢ 5.1 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʩʫʰʠʣʢʠ 

ʢʠʧʷʱʝʛʦ ʩʣʦʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ 
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ʀʟ ʙʘʢʘ-ʧʠʪʘʪʝʣʷ 3 ʩʠʨʦʧʦʦʙʨʘʟʥʳʡ ʨʘʩʪʚʦʨ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦ CrO3 (380-415) ʛ/ʣ ʯʝʨʝʟ ʬʦʨʩʫʥʢʫ ʧʦʜʘʝʪʩʷ ʚ ʩʫʰʠʣʢʫ 

çʢʠʧʷʱʝʛʦ ʩʣʦʷè 4. 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 2 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 (145-155)0ʉ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʩʣʦʝ (70-75)0ʉ. 

ɺʳʩʫʰʝʥʥʳʡ ʩʫʣʴʬʘʪ ʭʨʦʤʘ ʚʤʝʩʪʝ ʩ ʧʘʨʦʛʘʟʦʚʦʡ ʩʤʝʩʴʶ ʜʳʤʦʩʦʩʦʤ ɼ-12 1 

ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʯʝʨʝʟ ʛʨʫʧʧʫ ʮʠʢʣʦʥʦʚ 5, 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 (ʜʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ) ʧʨʦʭʦʜʠʣʘ 

ʦʨʦʰʘʝʤʳʡ ʚʦʜʦʡ ʩʢʨʫʙʙʝʨ ʠ ʣʦʚʫʰʢʫ 7, ʟʘʪʝʤ ʚʳʙʨʘʩʳʚʘʣʘʩʴ ʯʝʨʝʟ ʩʘʥʠʪʘʨʥʫʶ 

ʪʨʫʙʫ 11 ʚ ʘʪʤʦʩʬʝʨʫ. ʅʘ ʦʨʦʰʝʥʠʝ ʩʢʨʫʙʙʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 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 1. ʏʘʩʪʴ ʚʦʟʜʫʭʘ ʠʜʝʪ ʥʘ 

ʬʦʨʩʫʥʢʫ, ʢʘʢ çʧʝʨʚʠʯʥʳʡè ʜʣʷ ʩʛʦʨʘʥʠʷ ʛʘʟʘ, ʦʩʪʘʣʴʥʦʡ ʚʦʟʜʫʭ ʧʦʜʘʝʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʪʦʧʢʫ 2 ʜʣʷ ʨʘʟʙʘʚʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ ʪʦʧʦʯʥʳʭ ʛʘʟʦʚ. 

ɺʦ ʚʨʝʤʷ ʦʙʩʣʝʜʦʚʘʥʠʷ 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). 

ɺ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʦʡ ʩʭʝʤʝ ʦʯʠʩʪʢʠ ʦʨʦʰʘʝʤʳʡ ʩʢʨʫʙʙʝʨ ʟʘʤʝʥʝʥ ʥʘ 

ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʡ ʘʧʧʘʨʘʪ 6. 

ʎʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʡ ʘʧʧʘʨʘʪ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɻʘʟʦʚʳʡ ʧʦʪʦʢ, ʧʦʩʪʫʧʘʶʱʠʡ ʥʘ ʦʯʠʩʪʢʫ, ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʰʪʫʮʝʨ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ. ʇʨʠ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ 

ʧʦʜʚʦʜʝ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚʦʟʥʠʢʘʝʪ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ, ʢʦʪʦʨʘʷ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ 

ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʧʳʣʠ, ʧʨʠʞʠʤʘʷ ʠʭ ʢ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʝ ʘʧʧʘʨʘʪʘ. ʇʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʧʳʣʠ ʩʧʦʣʟʘʶʪ ʚ ʢʦʥʠʯʝʩʢʦʝ ʜʥʠʱʝ 

ʥʠʞʥʝʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ ʠ ʚʳʚʦʜʷʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ ʥʠʞʥʠʡ ʧʘʪʨʫʙʦʢ.  

ʆʯʠʱʝʥʥʳʡ ʦʪ ʧʳʣʠ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʯʝʨʝʟ ʥʠʞʥʠʡ ʩʨʝʟ ʮʝʥʪʨʘʣʴʥʦʡ ʪʨʫʙʳ 

ʧʦʩʪʫʧʘʝʪ ʚ ʚʝʨʭʥʶʶ ʩʪʫʧʝʥʴ ʢʦʥʪʘʢʪʘ. ʇʨʠ ʚʭʦʜʝ ʚ ʥʝʝ ʮʝʥʪʨʘʣʴʥʘʷ ʪʨʫʙʘ 

ʩʥʘʙʞʝʥʘ ʢʦʣʧʘʢʦʤ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʩʪʝʢʘʶʱʝʡ ʦʨʦʰʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ. 

ʅʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ ʨʘʟʜʝʣʝʥʳ ʥʘʢʣʦʥʥʦʡ ʧʝʨʝʛʦʨʦʜʢʦʡ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʨʘʙʦʪʘ ʠʭ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʥʦʤʥʦ. 
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ʈʘʙʦʪʘ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʪʠʚʦʪʦʯʥʦʤ ʨʝʞʠʤʝ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ, ʧʦʩʪʫʧʘʶʱʠʡ ʩʥʠʟʫ ʛʘʟʦʚʳʡ ʧʦʪʦʢ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʦʨʦʰʘʶʱʝʡ 

ʞʠʜʢʦʩʪʴʶ, ʧʦʜʘʚʘʝʤʦʡ ʯʝʨʝʟ ʦʨʦʩʠʪʝʣʴ  ʚ ʦʙʲʝʤʝ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʥʘʩʘʜʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʪʨʫʥʘʭ ʚʳʧʦʣʥʝʥʦ ʩ ʰʘʛʦʤ 2 ʢʘʣʠʙʨʘ 

ʥʘʩʘʜʦʯʥʦʛʦ ʪʝʣʘ (ʜʣʷ ʧʣʘʩʪʠʥ). ʕʪʦʪ ʰʘʛ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʠʞʝʥʠʝ ʨʝʞʠʤʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʠʥʬʘʟʥʦʛʦ ʨʝʞʠʤʘ). ʈʝʞʠʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʡ ʟʘ ʥʘʩʘʜʦʯʥʳʤʠ ʪʝʣʘʤʠ ʠ ʚʨʝʤʝʥʝʤ ʜʚʠʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʚʠʭʨʝʡ ʟʘ ʮʝʧʦʯʢʦʡ ʥʘʩʘʜʦʯʥʳʭ ʪʝʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʦʛʦ 

ʧʦʪʦʢʘ. ɺ ʤʦʤʝʥʪ ʧʦʜʣʝʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʜʣʝʪʝʚʰʠʭ ʠ 

ʟʘʚʝʨʰʠʚʰʠʭ ʮʠʢʣ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʭʨʝʡ ʟʘ ʥʘʩʘʜʦʯʥʳʤʠ ʪʝʣʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʚʠʭʨʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʚʝʨʰʠʪʴ ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ ʧʦ ʜʨʦʙʣʝʥʠʶ ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠ 

ʩʦʟʜʘʥʠʶ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʆʯʠʱʝʥʥʳʡ ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʚʳʚʦʜʠʪʩʷ ʠʟ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ ʚʳʭʦʜʥʦʡ 

ʧʘʪʨʫʙʦʢ. ʆʪʨʘʙʦʪʘʥʥʘʷ ʞʠʜʢʦʩʪʴ ʚ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʠ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ  ʚʳʚʦʜʠʪʩʷ 

ʠʟ ʘʧʧʘʨʘʪʘ. 

ɺʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ, 

ʧʨʦʚʦʜʠʤʳʭ ʩʦʚʤʝʩʪʥʦ ʩʦʪʨʫʜʥʠʢʘʤʠ ʖʂʋ ʠʤ. ʄ.ɸʫʵʟʦʚʘ ʠ ɸʆ çɸɿʍʉè 

(ʧʨʠʣʦʞʝʥʠʝ ɻ), ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʠʘʧʘʟʦʥʳ ʠʟʤʝʥʝʥʠʷ ʟʘʤʝʨʦʚ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʛʘʟʦʦʯʠʩʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ: 

ɼʦ ʛʨʫʧʧʳ ʮʠʢʣʦʥʦʚ 

- ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ 61-650ʉ; 

- ʜʘʚʣʝʥʠʝ (350-460) ʇʘ; 

- ʨʘʩʭʦʜ ʛʘʟʘ 6780-7760 ʥʤ3/ʯ; 

- ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʠ 8,0 ʛ/ʥʤ3. 

ʇʦʩʣʝ ʛʨʫʧʧʳ ʮʠʢʣʦʥʦʚ 

- ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ 58-630ʉ; 

- ʜʘʚʣʝʥʠʝ (480-510) ʇʘ; 

- ʨʘʩʭʦʜ ʛʘʟʘ 8100-8770 ʥʤ3/ʯ; 

- ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʠ 2,405 ʛ/ʥʤ3. 

ʇʦʩʣʝ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʘʧʧʘʨʘʪʘ 

- ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ 43-520ʉ; 

- ʜʘʚʣʝʥʠʝ (160-200) ʇʘ; 

- ʨʘʩʭʦʜ ʛʘʟʘ 10630-11770 ʥʤ3/ʯ; 

- ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʠ 0,029 ʛ/ʥʤ3. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʣʘʚʣʠʚʘʥʠʷ ʧʳʣʠ ʠʟ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ʚ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʤ 

ʘʧʧʘʨʘʪʝ. 

ʎʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʡ ʘʧʧʘʨʘʪ ʚʥʝʜʨʝʥ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʦʯʠʩʪʢʠ 

ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʩʫʰʠʣʢʠ ʂʉ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ (ʧʨʠʣʦʞʝʥʠʝ 

ɼ).  
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʟʘʱʠʪʝ ʘʪʤʦʩʬʝʨʳ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ (ʘʢʪ ʚʥʝʜʨʝʥʠʷ ʦʪ 24.12.2018 ʛʦʜʘ) (ʧʨʠʣʦʞʝʥʠʝ 

ɽ). ʅʦʨʤʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʧʳʣʠ ʩʦʩʪʘʚʣʷʶʪ ʉʥʦʨʤ=0,408 ʛ/ʩ. ɿʘʤʝʨʳ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʳʣʠ ʧʦʩʣʝ ʛʨʫʧʧʳ ʮʠʢʣʦʥʦʚ ʧʦʢʘʟʘʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʉʛʨ.ʮʠʢ=5,64 ʛ/ʩ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʫʱʝʨʙʘ ʩʦʩʪʘʚʣʷʝʪ 47,9 ʤʣʥ.ʪʝʥʛʝ.  

ɺ ʩʫʱʝʩʪʚʦʚʘʚʰʝʡ ʩʭʝʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʦʰʘʝʤʦʛʦ ʧʦʣʦʛʦ ʩʢʨʫʙʙʝʨʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʙʨʦʩʦʚ ʜʦ ʉʩʢʨʫʙ=0,67 ʛ/ʩ ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʫʱʝʨʙʘ ʜʦ 23,7 ʤʣʥ.ʪʝʥʛʝ. 

ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʘʧʧʘʨʘʪʘ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʳʣʠ ʧʨʦʠʟʦʰʣʦ ʜʦ ʉʮʠʢ.ʚʠʭʨ=0,088ʛ/ʩ, ʯʪʦ ʚ 4,6 ʨʘʟʘ ʥʠʞʝ ʥʦʨʤʘʪʠʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. 

ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʙʨʘʩʳʚʘʝʤʦʡ ʧʳʣʠ ʥʠʞʝ ʥʦʨʤʘʪʠʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʥʘʥʦʩʠʪ ʫʱʝʨʙʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

 

5.3 ʇʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʚ ʩʭʝʤʝ ʦʯʠʩʪʢʠ 

ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʧʨʦʢʘʣʦʯʥʦʡ ʧʝʯʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʢʠʩʠ ʭʨʦʤʘ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʄʝʪʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʢʠʩʠ ʭʨʦʤʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʦʩʥʦʚʘʥ ʥʘ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ ʦʢʠʩʠ ʭʨʦʤʘ (ɻʆʍ) ʠʟ ʤʦʥʦʭʨʦʤʘʪʘ ʥʘʪʨʠʷ  ʠ ʩʝʨʳ 

ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ (140 - 150 0ʉ) ʠ ʜʘʚʣʝʥʠʠ 0,4- 0,6 ʄʇʘ ʚ ʘʚʪʦʢʣʘʚʝ [3 

ʩ.220, 120]. ʈʝʘʢʮʠʷ ʠʜʝʪ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʠ ʩ ʠʟʙʳʪʢʦʤ ʩʝʨʳ ʧʨʦʪʠʚ ʨʘʩʯʝʪʥʦ 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʱʝʣʦʯʠ ʧʦʛʣʦʱʘʝʪʩʷ ʦʩʘʜʢʦʤ 

ʛʠʜʨʦʦʢʠʩʠ ʭʨʦʤʘ, ʘ ʠʟʙʳʪʦʢ ʚʚʝʜʝʥʥʦʡ ʚ ʧʨʦʮʝʩʩ ʩʝʨʳ ʨʘʩʪʚʦʨʷʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ- ʧʦʣʠʩʫʣʴʬʠʜʦʚ ʠ ʪʠʦʩʫʣʴʬʘʪʘ 

ʥʘʪʨʠʷ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʫʢʘʟʘʥʥʦʡ ʩʤʝʩʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʤʦʥʦʭʨʦʤʘʪʘ ʥʘʪʨʠʷ, ʧʦʣʠʩʫʣʴʬʠʜʳ ʦʢʠʩʣʷʶʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʜʨʦʦʢʠʩʠ 

ʭʨʦʤʘ ʠ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʚʨʘʪʠʪʴ ʛʠʜʨʦʦʢʠʩʴ ʭʨʦʤʘ ʚ 

ʦʢʠʩʴ ʭʨʦʤʘ, ʝʝ ʧʦʜʚʝʨʛʘʶʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʥʘʛʨʝʚʫ ʚ ʧʨʦʢʘʣʦʯʥʦʡ ʧʝʯʠ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ ʧʝʯʠ ʠʜʝʪ ʨʝʘʢʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʥʦʭʨʦʤʘʪʘ ʥʘʪʨʠʷ ʠ 

ʦʢʠʩʣʝʥʠʝ ʪʠʦʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ ʜʦ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʦʧʠʩʘʥʥʦʛʦ 

ʤʝʪʦʜʘ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʘʷ ʤʝʣʦʯʴ ʠ ʥʝʦʪʤʳʪʳʝ ʩʦʣʠ ʥʘʪʨʠʷ ʧʝʨʝʭʦʜʷʪ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ ʚ ʭʨʦʤʘʪ ʠ ʩʫʣʴʬʘʪ ʥʘʪʨʠʷ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚʳʱʝʣʘʯʠʚʘʶʪ 

ʠʟ ʩʧʝʢʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʫʣʴʧʘ ʦʢʠʩʠ ʭʨʦʤʘ ʬʠʣʴʪʨʫʝʪʩʷ, ʩʫʰʠʪʩʷ ʠ 

ʫʧʘʢʦʚʳʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʚʘʨʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʧʨʦʢʘʣʦʯʥʦʡ ʧʝʯʠ, 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ. 

ʀʟ ʙʘʢʦʚ ʜʦʟʘʪʦʨʦʚ ʧʘʩʪʘ ɻʆʍ ʧʥʝʚʤʦʜʦʟʘʪʦʨʘʤʠ ʯʝʨʝʟ ʧʠʪʘʪʝʣʴʥʫʶ 

ʬʦʨʩʫʥʢʫ ʧʦʜʘʝʪʩʷ ʚ ʧʨʦʢʘʣʦʯʥʫʶ ʧʝʯʴ. ʇʨʠ ʥʘʣʠʯʠʠ ʚ ʧʘʩʪʝ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʩʝʨʳ, ʦʥʘ ʚʳʛʦʨʘʝʪ ʚ ʧʝʯʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʥʠʩʪʦʛʦ ʛʘʟʘ. 

ʇʨʦʢʘʣʦʯʥʘʷ ʧʝʯʴ ʦʙʦʛʨʝʚʘʝʪʩʷ ʪʦʧʦʯʥʳʤʠ ʛʘʟʘʤʠ ʦʪ ʩʞʠʛʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʘ. ɺ ʧʨʦʢʘʣʦʯʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (1200 - 1400) 0ʉ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ 

ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʛʠʜʨʦʦʢʠʩʠ ʭʨʦʤʘ ʠ ʧʝʨʝʚʦʜ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʱʝʣʦʯʠ ʚ ʭʨʦʤʘʪ 
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ʥʘʪʨʠʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʝʦʪʤʳʪʳʡ ʪʠʦʩʫʣʴʬʘʪ ʥʘʪʨʠʷ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ʩʫʣʴʬʘʪʘ 

ʥʘʪʨʠʷ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʩʭʝʤʝ ʦʯʠʩʪʢʠ, ʦʪʭʦʜʷʱʠʝ ʛʘʟʳ, ʩʦʜʝʨʞʘʱʠʝ ʧʳʣʴ, ʠʟ 

ʧʝʯʠ ʧʦʩʪʫʧʘʣʠ ʥʘ ʦʯʠʩʪʢʫ ʚ ʧʦʣʳʝ ʩʢʨʫʙʙʝʨʘ, ʦʨʦʰʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ 

ʵʚʦʣʴʚʝʥʪʥʳʭ ʬʦʨʩʫʥʦʢ ʬʠʣʴʪʨʘʪʦʤ 1,2 ʩʪʘʜʠʡ ʬʠʣʴʪʨʘʮʠʠ ɻʆʍ.   ʌʠʣʴʪʨʘʪ 

ʧʦʩʪʫʧʘʣ ʚ ʙʘʢʠ ʦʨʦʰʝʥʠʷ ʩʢʨʫʙʙʝʨʦʚ ʧʝʯʝʡ ʠʟ ʙʘʢʦʚ- ʩʙʦʨʥʠʢʦʚ ʬʠʣʴʪʨʘʪʘ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʫʣʴʧʘ ʠʟ ʙʘʢʦʚ ʦʨʦʰʝʥʠʷ ʇɻʋʋ ʧʝʯʝʡ 

ʦʪʢʘʯʠʚʘʣʘʩʴ ʯʝʨʝʟ ʧʨʠʝʤʥʳʡ ʙʘʢ- ʛʘʩʠʪʝʣʴ ʚ ʦʪʩʪʦʡʥʠʢʠ çɼʦʨʨʘè. ʆʩʚʝʪʣʝʥʥʘʷ 

ʯʘʩʪʴ ʠʟ ʦʪʩʪʦʡʥʠʢʦʚ çɼʦʨʨʘè ʧʦʩʪʫʧʘʝʪ ʚ ʙʘʢ- ʩʙʦʨʥʠʢ ʦʩʚʝʪʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʦʪʢʫʜʘ ʥʘʩʦʩʦʤ ʦʪʢʘʯʠʚʘʶʪ ʥʘ ʢʦʥʪʨʦʣʴʥʫʶ ʬʠʣʴʪʨʘʮʠʶ ʥʘ ʬʠʣʴʪʨ- ʧʨʝʩʩ. 

ʆʙʨʘʟʫʶʱʠʡʩʷ ʧʦʩʣʝ ʢʦʥʪʨʦʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ 

ʰʣʘʤ, ʧʦʩʪʫʧʘʝʪ ʚ ʙʘʢ ʰʣʘʤʦʦʪʢʘʯʢʠ. ʊʚʝʨʜʘʷ ʯʘʩʪʴ ʠʟ ʦʪʩʪʦʡʥʠʢʦʚ çɼʦʨʨʘè ʠ 

ʬʠʣʴʪʨ- ʧʨʝʩʩʦʚ ʧʦʜʘʝʪʩʷ ʚ ʙʘʢ ʜʦʨʘʙʦʪʢʠ ʧʫʣʴʧʳ ɻʆʍ. 

ʆʙʩʣʝʜʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʭʝʤʳ ʦʯʠʩʪʢʠ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʠʝ 

ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ: ʨʘʩʭʦʜ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʩʢʨʫʙʙʝʨʘ 

24400·31580ʥʤ3/ʯ; ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ï ʥʘ ʚʭʦʜʝ 76-82ʦʉ; ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʫʣʘʚʣʠʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʧʳʣʴ ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ï 1,03·1,94ʛ/ʩ; Cr2O3 ï 0,926- 

2,47 ʛ/ʩ; CrO3- 0,0012- 0,014 ʛ/ʩ; ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ- 0,92- 0,98 ʛ/ʩ; ʜʠʦʢʩʠʜ ʘʟʦʪʘ - 

0,014-0,18 ʛ/ʩ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ ʥʝʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʦʣʳʭ ʬʦʨʩʫʥʦʯʥʳʭ ʩʢʨʫʙʙʝʨʦʚ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ. ɺ 

ʧʨʦʮʝʩʩʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʭʝʤʳ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʧʨʦʢʘʣʦʯʥʦʡ ʧʝʯʠ, 

ʙʳʣʠ ʫʙʨʘʥʳ ʜʚʘ ʧʦʣʳʭ ʩʢʨʫʙʙʝʨʘ, ʘ ʚʟʘʤʝʥ ʫʩʪʘʥʦʚʣʝʥ ʠʥʝʨʮʠʦʥʥʦ-

ʪʫʨʙʫʣʝʥʪʥʳʡ ʘʧʧʘʨʘʪ (ʀʊɸ) [20 ʩ.120]. 

ɸʧʧʘʨʘʪ ʀʊɸ ʚʢʣʶʯʘʝʪ ʜʚʝ ʢʦʥʪʘʢʪʥʳʝ ʟʦʥʳ. ʇʦʩʪʫʧʘʶʱʠʡ ʥʘ ʦʯʠʩʪʢʫ ʛʘʟ 

ʚʭʦʜʠʪ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʘʧʧʘʨʘʪʘ ʯʝʨʝʟ ʚʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘʜ 

ʟʝʨʢʘʣʦʤ ʞʠʜʢʦʩʪʠ. ʀʤʝʷ ʧʦʚʳʰʝʥʥʫʶ ʩʢʦʨʦʩʪʴ, ʟʘʧʳʣʝʥʥʳʡ ʛʘʟʦʚʳʡ ʧʦʪʦʢ 

ʫʜʘʨʷʝʪʩʷ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʚʳʧʘʜʘʶʪ 

ʠ ʦʩʝʜʘʶʪ ʚ ʞʠʜʢʦʩʪʠ. ʋʨʦʚʝʥʴ ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. 

ɺʪʦʨʘʷ ʟʦʥʘ ʢʦʥʪʘʢʪʘ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪʜʝʣʝʥʘ ʦʪ ʟʦʥʳ 

ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʥʘʢʣʦʥʥʦʡ ʧʝʨʝʛʦʨʦʜʢʦʡ ʩ 

ʧʘʪʨʫʙʢʘʤʠ ʜʣʷ ʧʨʦʭʦʜʘ ʛʘʟʘ. ʕʪʘ ʢʦʥʪʘʢʪʥʘʷ ʟʦʥʘ ʩʥʘʙʞʝʥʘ ʨʝʛʫʣʷʨʥʦʡ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʠ ʦʨʦʩʠʪʝʣʝʤ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʪʠʚʦʪʦʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʯʥʦ ʦʯʠʱʝʥʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩ 

ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʴʶ. ʆʨʦʰʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʟʦʥ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʚʪʦʥʦʤʥʦ. 

ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʦʨʦʰʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʠʣʴʪʨʘʪ 1,2 ʩʪʘʜʠʡ 

ʬʠʣʴʪʨʘʮʠʠ ɻʆʍ. 

ɸʧʧʘʨʘʪ ʀʊɸ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʫʣʘʚʣʠʚʘʥʠʷ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ: ʫʜʘʨʥʳʡ ʠ ʜʠʬʬʫʟʠʦʥʥʳʡ, ʘ ʪʘʢʞʝ ʜʠʬʬʫʟʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʘʙʩʦʨʙʮʠʠ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʘʚʪʦʥʦʤʥʦʝ ʦʨʦʰʝʥʠʝ 

ʢʦʥʪʘʢʪʥʳʭ ʟʦʥ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʠʤʝʣʠ ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: ʨʘʩʭʦʜ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʘʧʧʘʨʘʪ 22900·31750ʥʤ3/ʯ; 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ï ʥʘ ʚʭʦʜʝ 77-840ʉ; ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʣʘʚʣʠʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 
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ʧʳʣʴ ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ï 0,068·0,0805ʛ/ʩ; Cr2O3 ï 0,0012- 0,0024 ʛ/ʩ; CrO3- 0,0004- 

0,0009 ʛ/ʩ; ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ- 0,038- 0,057 ʛ/ʩ; ʜʠʦʢʩʠʜ ʘʟʦʪʘ- 0,004- 0,0057 ʛ/ʩ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʫʣʘʚʣʠʚʘʝʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ. 

ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʯʠʱʘʝʤʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʥʘʩʘʜʦʯʥʫʶ ʟʦʥʫ ʠ ʫʟʝʣ ʧʦʜʘʯʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʘʧʧʘʨʘʪ.  

ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ 

ʧʨʦʢʘʣʦʯʥʦʡ ʧʝʯʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.2. 

 

 
 

1 ï ʧʠʪʘʪʝʣʴ; 2 ï ʧʨʦʢʘʣʦʯʥʘʷ ʧʝʯʴ; 3 ï ʘʧʧʘʨʘʪ ʫʜʘʨʥʦ - ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ (ɸʋɺɼ ʩ ʈʊʅ); 4 ï ʢʘʧʣʝʫʣʦʚʠʪʝʣʴ; 

5 ï ʩʙʦʨʥʠʢ ʦʪʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ; 6 ï ʩʙʦʨʥʠʢ ʪʠʦʩʫʣʴʬʘʪʥʦʛʦ 

ʬʠʣʴʪʨʘʪʘ; 7 ï ʥʘʩʦʩ; 8 ï ʚʳʭʣʦʧʥʘʷ ʪʨʫʙʘ. 

 

ʈʠʩʫʥʦʢ 5.2- ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ 

ʧʨʦʢʘʣʦʯʥʦʡ ʧʝʯʠ 

 

ʈʘʙʦʪʘ ʩʭʝʤʳ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɿʘʧʳʣʝʥʥʳʡ 

ʛʘʟʦʚʳʡ ʧʦʪʦʢ ʠʟ ʧʨʦʢʘʣʦʯʥʦʡ ʧʝʯʠ 2 ʧʦʩʪʫʧʘʝʪ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʘʧʧʘʨʘʪʘ 

ʫʜʘʨʥʦ - ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ (ɸʋɺɼ ʩ ʈʊʅ) 3, 

ʛʜʝ ʟʘ ʩʯʝʪ ʫʜʘʨʘ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʦ ʟʝʨʢʘʣʦ ʞʠʜʢʦʩʪʠ ʫʣʘʚʣʠʚʘʝʪʩʷ ʦʩʥʦʚʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʳʣʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʦʦʯʠʩʪʢʘ ʧʳʣʠ ʠ ʫʣʘʚʣʠʚʘʥʠʝ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʘʧʧʘʨʘʪʘ. ʆʯʠʱʝʥʥʳʡ ʛʘʟʦʚʳʡ 

ʧʦʪʦʢ ʯʝʨʝʟ ʢʘʧʣʝʫʣʦʚʠʪʝʣʴ 4 ʠ ʚʳʭʣʦʧʥʫʶ ʪʨʫʙʫ 8 ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ. 
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ɺ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʨʫʙʯʘʪʦʤ ʧʫʯʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ, 

ʢʦʪʦʨʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʚ 

ʥʠʞʥʝʡ ʩʪʫʧʝʥʠ ʘʧʧʘʨʘʪʘ. ʉʣʠʚ ʦʪʨʘʙʦʪʘʥʥʦʡ ʞʠʜʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʧʝʨʝʣʠʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʥʘʭʦʜʷʱʝʝʩʷ ʥʘ ʙʦʢʦʚʦʡ ʩʪʝʥʢʝ ʢʦʨʧʫʩʘ ʥʠʞʥʝʡ 

ʩʪʫʧʝʥʠ, ʘ ʪʘʢʞʝ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʩʣʠʚ ʰʣʘʤʘ ʯʝʨʝʟ ʰʪʫʮʝʨ ʚ ʜʥʠʱʝ ʥʠʞʥʝʡ 

ʩʪʫʧʝʥʠ. ʉʣʠʚ ʦʪʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʙʦʨʥʠʢ 5. 

ʎʠʨʢʫʣʷʮʠʷ ʪʠʦʩʫʣʴʬʘʪʥʦʛʦ ʬʠʣʴʪʨʘʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʙʦʨʥʠʢ 6 ʩ 

ʧʦʤʦʱʴʶ ʥʘʩʦʩʘ 7. 

ɺ ʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʘʧʧʘʨʘʪʝ ʨʝʛʫʣʷʨʥʘʷ ʧʣʘʩʪʠʥʯʘʪʘʷ ʥʘʩʘʜʢʘ ʙʳʣʘ 

ʟʘʤʝʥʝʥʘ ʥʘ ʪʨʫʙʯʘʪʳʡ ʧʫʯʦʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ 

ʩʦʙʦʡ ʢʦʣʣʝʢʪʦʨʳ ʜʣʷ ʩʙʦʨʘ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʚʠʜʝ ʢʦʣʴʮʘ ʩ 

ʨʝʰʝʪʢʦʡ ʠʟ ʪʨʫʙ. ʇʝʨʝʪʝʢʘʥʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʪ ʦʜʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʢ ʜʨʫʛʦʤʫ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʚʝʨʪʠʢʘʣʴʥʳʝ ʪʨʫʙʳ. ʊʘʢʦʝ ʠʩʧʦʣʥʝʥʠʝ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʠʭʨʝʡ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʜʦʩʪʠʞʝʥʠʠ ʨʝʞʠʤʘ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ (ʩʠʥʬʘʟʥʦʛʦ ʨʝʞʠʤʘ). ɾʠʜʢʦʩʪʴ ʚ ʪʨʫʙʯʘʪʦʤ ʧʫʯʢʝ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ), ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 

ʩ ʧʦʛʣʦʪʠʪʝʣʴʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʦʨʦʰʘʶʱʠʤ ʪʨʫʙʯʘʪʳʡ ʧʫʯʦʢ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʟʘ 

ʩʯʝʪ ʢʦʥʪʘʢʪʘ ʯʝʨʝʟ ʩʪʝʥʢʠ ʪʨʫʙ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʚ ʪʨʫʙʘʭ ʦʪʥʠʤʘʝʪ ʠʟʙʳʪʦʯʥʦʝ 

ʪʝʧʣʦ ʛʘʟʦʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʘ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʫʟʣʘ ʧʦʜʘʯʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʘʧʧʘʨʘʪ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ 

ʚ ʛʘʟʦʧʦʜʚʦʜʷʱʝʤ ʧʘʪʨʫʙʢʝ ʚ ʟʦʥʝ ʚʳʭʦʜʘ ʛʘʟʘ ʩʦʦʩʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʰʪʫʮʝʨ, 

ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʠʟ ʥʠʞʥʝʛʦ ʢʦʣʣʝʢʪʦʨʘ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʚʝʨʭʥʝʡ ʩʪʫʧʝʥʠ ʢʦʥʪʘʢʪʘ. ʆʙʲʝʜʠʥʝʥʥʳʡ ʧʦʪʦʢ ʛʘʟʘ 

ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʫʜʘʨʷʝʪʩʷ ʦ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ. ʇʨʠ ʫʜʘʨʝ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʛʘʟʦʚʦʤ 

ʧʦʪʦʢʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʟʘ ʩʯʝʪ ʩʠʣ ʠʥʝʨʮʠʠ ʦʩʘʞʜʘʶʪʩʷ ʚ ʞʠʜʢʦʩʪʠ. ɺʚʝʜʝʥʠʝ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʯʝʨʝʟ ʚʭʦʜʥʦʡ ʛʘʟʦʚʳʡ ʧʘʪʨʫʙʦʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ 

ʧʦʜʧʠʪʢʫ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʞʥʝʛʦ 

ʩʨʝʟʘ ʚʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʘʧʧʘʨʘʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʨʛʘʥʠʟʘʮʠʷ 

ʧʦʜʘʯʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʟʦʥʫ ʫʜʘʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʦʩʪʦʷʥʥʦʤʫ ʢʦʥʪʘʢʪʫ ʟʘʧʳʣʝʥʥʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʩʦ ʩʚʝʞʝʡ ʞʠʜʢʦʩʪʴʶ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʠʤʝʣʠ ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ: ʨʘʩʭʦʜ ʛʘʟʘ ʥʘ ʚʭʦʜʝ ʚ ʘʧʧʘʨʘʪ 23100·31980ʥʤ3/ʯ; 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ï ʥʘ ʚʭʦʜʝ 75-880ʉ; ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ï ʥʘ ʚʳʭʦʜʝ 60-720ʉ; 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʣʘʚʣʠʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʧʳʣʴ ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ï 

0,058·0,068ʛ/ʩ; Cr2O3 ï 0,00102- 0,002 ʛ/ʩ; CrO3- 0,00034- 0,00077 ʛ/ʩ; ʦʢʩʠʜ 

ʫʛʣʝʨʦʜʘ- 0,032- 0,048 ʛ/ʩ; ʜʠʦʢʩʠʜ ʘʟʦʪʘ- 0,0032- 0,0047 ʛ/ʩ (ʧʨʠʣʦʞʝʥʠʝ ɾ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʦʩʥʦʚʥʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʪʭʦʜʷʱʠʭ ʛʘʟʦʚ ʩʥʠʞʝʥʘ ʥʘ 

15-170ʉ; ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʚʝʨʜʳʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʩʨʝʜʥʝʤ ʥʘ 14-18%. 

ʂʨʦʤʝ ʪʦʛʦ, ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʢʠ ʪʨʫʙʯʘʪʦʛʦ ʧʫʯʢʘ ʧʨʦʠʟʦʰʣʦ ʩʥʠʞʝʥʠʝ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ~1,3 ʨʘʟʘ (ʜʣʷ ʘʧʧʘʨʘʪʘ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ Dʈ = 2-2,5 ʢʇʘ; ʜʣʷ ʘʧʧʘʨʘʪʘ ʩ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ Dʈ = 1,5-1,95 ʢʇʘ). 
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ɼʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʛʘʟʦʦʯʠʩʪʥʦʡ ʘʧʧʘʨʘʪ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʚʥʝʜʨʝʥ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ 

ʦʪ ʧʨʦʢʘʣʦʯʥʦʡ ʧʝʯʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʢʠʩʠ ʭʨʦʤʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

(ʧʨʠʣʦʞʝʥʠʝ ʀ). 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʢʠʩʠ ʭʨʦʤʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʥʘʠʙʦʣʝʝ ʚʨʝʜʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚʳʙʨʘʩʳʚʘʝʤʳʤʠ ʩ ʦʪʭʦʜʷʱʠʤʠ ʛʘʟʘʤʠ, ʷʚʣʷʶʪʩʷ ʪʚʝʨʜʳʝ 

ʯʘʩʪʠʮʳ, ʩʦʜʝʨʞʘʱʠʝ ʭʨʦʤ. ʅʘʤʠ ʧʨʦʚʝʜʝʥ  rʨʘʩʯʝʪ rʧʦ ʚʳʙʨʦʩʘʤ ʧʳʣʠ. ʇʨʠ 

ʦʙʩʣʝʜʦʚʘʥʠʠ ʩʭʝʤʳ ʦʯʠʩʪʢʠ, ʚʢʣʶʯʘʶʱʝʡ ʧʦʣʳʝ ʩʢʨʫʙʙʝʨʘ ʩʫʤʤʘʨʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʝʚʳʭ ʚʳʙʨʦʩʦʚ ʩʦʩʪʘʚʠʣʘ ʉʬʘʢʪ= 3,19 ʛ/ʩʝʢ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ 

ʠʥʝʨʮʠʦʥʥʦ-ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʘʧʧʘʨʘʪʘ (ʀʊɸ) ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʝʚʳʭ 

ʚʳʙʨʦʩʦʚ ʙʳʣʘ ʩʥʠʞʝʥʘ ʠ ʩʦʩʪʘʚʠʣʘ ʉʬʘʢʪ=0,0858ʛ/ʩʝʢ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ 

ʜʚʫʭʟʦʥʥʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʝʚʳʭ ʚʳʙʨʦʩʦʚ ʩʦʩʪʘʚʠʣʘ ʉʬʘʢʪ= 0,06506 

ʛ/ʩʝʢ. 

ʕʪʠ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʳʧʦʣʥʝʥʠʝ ʨʘʩʯʝʪʘ ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʦʮʝʥʢʠ ʫʱʝʨʙʘ ʠʥʝʨʮʠʦʥʥʦ-ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʜʚʫʭʟʦʥʥʦʛʦ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʙʨʘʩʳʚʘʝʤʦʡ ʧʳʣʠ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʥʦʨʤʘʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ (ʚ 4,76 ʠ 6,27 

ʨʘʟʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) (ʧʨʠʣʦʞʝʥʠʝ ʂ). 
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ɿɸʂʃʖʏɽʅʀɽ 

 

ʂʨʘʪʢʠʝ ʚʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

1. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ ʘʧʧʘʨʘʪʦʚ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʛʘʟʦʦʯʠʩʪʢʠ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʝʜʣʦʞʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ, ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʜʚʫʭʟʦʥʥʦʛʦ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ 

ʛʘʟʦʦʯʠʩʪʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ, ʘ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

2. ɼʘʥʦ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩ ʘʧʧʘʨʘʪʘʤʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʫʜʘʨʥʳʡ ʠ ʮʝʥʪʨʦʙʝʞʥʳʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ ʠ 

ʤʝʪʦʜʠʢ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʪʝʧʣʦʦʪʜʘʯʠ, ʘ ʪʘʢʞʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. 

3. ɼʣʷ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʜʚʫʭʟʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ 

ʥʘʩʘʜʢʦʡ ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, 

ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ ʨʘʩʯʝʪʥʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʟʦʥʳ ʵʞʝʢʮʠʠ ʠ ʚʠʭʨʝʚʦʡ ʟʦʥʳ 

ʢʦʥʪʘʢʪʘ, ʠʭ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ 

ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ 

ʬʘʟʝ ʠ ʪʝʧʣʦʦʪʜʘʯʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. 

4. ɼʣʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʘʧʧʘʨʘʪʘ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʜʘʨʥʦʡ ʠ ʚʠʭʨʝʚʦʡ ʩʪʫʧʝʥʝʡ ʢʦʥʪʘʢʪʘ, ʠʭ ʦʙʱʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ 

ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ, ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʪʨʫʙʘʭ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ 

ʪʝʧʣʦʦʪʜʘʯʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ. 

5. ɼʣʷ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʛʦ ʘʧʧʘʨʘʪʘ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʜʝʡʩʪʚʠʷ ʩ 

ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʮʠʢʣʦʥʥʦʡ ʠ ʚʠʭʨʝʚʦʡ ʩʪʫʧʝʥʝʡ ʢʦʥʪʘʢʪʘ, ʠʭ ʦʙʱʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʘ ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʩʣʦʷ 

ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʦʪʜʘʯʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ ʪʝʧʣʦʦʪʜʘʯʠ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʠ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ 

ʟʦʥʝ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʠ, ʘ ʪʘʢʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʠ ʠʥʝʨʮʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʚ ʮʠʢʣʦʥʥʦʡ ʩʪʫʧʝʥʠ 

ʘʧʧʘʨʘʪʘ. 

6. ʈʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʘʧʧʘʨʘʪʘ 

ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, 
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ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʭ ʘʧʧʘʨʘʪʦʚ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʠ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʦʡ. 

7. ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʨʘʟʮ,r ʚʥʝʜʨʝʥʥʳʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʭʝʤʘʭ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʥʘ ɸʆ çɸʢʪʶʙʠʥʩʢʠʡ ʟʘʚʦʜ ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡè: 

ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʘʧʧʘʨʘʪ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʦʡ 

ʚ ʩʭʝʤʝ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʩʫʰʠʣʢʠ ʂʉ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʫʣʴʬʘʪʘ 

ʭʨʦʤʘ, ʛʜʝ ʧʦʣʫʯʝʥʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʙʨʦʩʦʚ ʧʳʣʠ ʚ 4,6 ʨʘʟʘ ʥʠʞʝ 

ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʘʧʧʘʨʘʪ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ 

ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʦʡ ʚ ʩʭʝʤʝ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ 

ʧʨʦʢʘʣʦʯʥʦʡ ʧʝʯʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʢʠʩʠ ʭʨʦʤʘ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ, ʛʜʝ ʩʥʠʞʝʥʠʝ 

ʚʳʙʨʦʩʦʚ ʧʨʦʠʟʦʰʣʦ ʚ 6,27 ʨʘʟʘ ʦʪ ʥʦʨʤʘʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. 

ʆʮʝʥʢʘ ʧʦʣʥʦʪʳ ʨʝʰʝʥʠʡ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ʈʝʟʫʣʴʪʘʪʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʭ ʦʮʝʥʢʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ ʪʝʧʣʦʦʙʤʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʨʦʮʝʩʩʘ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ, ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʩʪʘʚʣʝʥʥʳʤ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʟʘʜʘʯʘʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʦʮʝʩʩʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʚ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʠ 

ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʠ ʮʠʢʣʦʥʥʦ-

ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ 

ʚ ʟʦʥʝ ʫʜʘʨʘ, ʜʝʡʩʪʚʠʷ ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʠ ʟʦʥʝ ʚʠʭʨʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦʪʦʢʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 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 

ʨʘʩʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʚʦʛʦ ʠ ʞʠʜʢʦʩʪʥʦʛʦ ʧʦʪʦʢʦʚ, ʜʠʩʧʝʨʩʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʳʣʝʚʦʡ ʬʨʘʢʮʠʠ, ʤʝʪʦʜʠʢʠ ʠʥʞʝʥʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʦʩʥʦʚʥʳʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʘʨʘʤʝʪʨʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ, ʘ ʪʘʢʞʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʚʢʣʶʯʘʶʱʠʭ 

ʚʳʙʦʨ ʨʝʞʠʤʥʳʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʆʮʝʥʢʘ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʨʘʟʮ,r 

ʚʥʝʜʨʝʥʥʳʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʥʘ ɸʆ çɸʢʪʶʙʠʥʩʢʠʡ ʟʘʚʦʜ 

ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡè: ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʘʧʧʘʨʘʪ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ 

ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʦʡ ʚ ʩʭʝʤʝ ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʩʫʰʠʣʢʠ 

ʂʉ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ, ʛʜʝ ʧʦʣʫʯʝʥʦ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʳʙʨʦʩʦʚ ʧʳʣʠ ʚ 4,6 ʨʘʟʘ ʥʠʞʝ ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ 
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ʘʧʧʘʨʘʪ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʦʡ ʚ ʩʭʝʤʝ ʦʯʠʩʪʢʠ 

ʛʘʟʦʚ, ʦʪʭʦʜʷʱʠʭ ʦʪ ʧʨʦʢʘʣʦʯʥʦʡ ʧʝʯʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʢʠʩʠ ʭʨʦʤʘ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ, ʛʜʝ ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʧʨʦʠʟʦʰʣʦ ʚ 6,27 ʨʘʟʘ ʦʪ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. 

ʆʮʝʥʢʘ ʥʘʫʯʥʦʛʦ ʫʨʦʚʥʷ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʣʫʯʰʠʤʠ 

ʜʦʩʪʠʞʝʥʠʷʤʠ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʦʚʝʜʝʥʥʘʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʦʡ ʥʘʩʘʜʢʦʡ 

ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʧʦʜʚʦʜʦʤ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ, ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʠ ʮʠʢʣʦʥʥʦ-

ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʨʷʜʫ ʧʦʢʘʟʘʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʘʧʧʘʨʘʪ r

ʧʨʝʚʦʩʭʦʜʪ̫ ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʜʥʦʩʪʫʧʝʥʯʘʪʳʭ ʛʘʟʦʦʯʠʩʪʥʳʭ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʜʚʫʤʷ ʟʦʥʘʤʠ ʢʦʥʪʘʢʪʘ. 

 

  



131 
 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

 

1 ʂʦʚʘʣʝʚ ʆ.ʉ., ʄʫʭʣʝʥʦʚ ʀ.ʇ., ʊʫʙʦʣʢʠʥ ɸ.ʌ., ɹʘʣʘʙʝʢʦʚ ʆ.ʉ., 

ʄʦʣʜʘʙʝʢʦʚ ʐ., ɸʚʜʷʢʦʚʘ ʆ.ʉ. ɸʙʩʦʨʙʮʠʷ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. ï ʄ.: ʍʠʤʠʷ, 1987. ï 208 ʩ. 

2 ʇʦʟʠʥ ʄ.ɽ. ʊʝʭʥʦʣʦʛʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ. ï ʄ.: ʍʠʤʠʷ, 1989. ï 

352 ʩ. 

3 ɸʚʝʨʙʫʭ ʊ.ɼ., ʇʘʚʣʦʚ ʇ.ɻ. ʊʝʭʥʦʣʦʛʠʷ ʩʦʝʜʠʥʝʥʠʡ ʭʨʦʤʘ. ʀʟʜ. 2-ʝ, ʠʩʧʨ. 

ï ʃ.: ʍʠʤʠʷ, 1973 -336 ʩ. 

4 ʊʝʭʥʦʣʦʛʠʷ ʬʦʩʬʦʨʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ /ʇʦʜ ʨʝʜ. ʉ.ɼ. 
ʕʚʝʥʯʠʢʘ ʠ ɸ.ɸ. ɹʨʦʜʩʢʦʛʦ. ʄ.: ʍʠʤʠʷ, 1987. ï 464 ʩ. 

5 Zh. Serikuly, A.A. Volnenko, Ya. Kenig. Hydrodynamics of apparatuses with 

preformed packing bodies // The 7th International Conference Interdisciplinarity in 

Engineering (INTER-ENG 2013). Procedia Technology 12 (2014), P.375-381. 

6 ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʈʌ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ17011. ʈʝʛʫʣʷʨʥʘʷ ʥʘʩʘʜʢʘ ʜʣʷ 
ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ/ ʄ.ʀ. ʌʘʨʘʭʦʚ, ɺ.ɺ.ɽʣʠʟʘʨʦʚ, ʐ.ʌ. ɻʘʟʠʟʦʚ ʠ 

ʜʨ.;ʟʘʷʚʠʪʝʣʴ ʠ ʦʙʣʘʜʘʪʝʣʴ ʆʆʆ çʀɺʎ çʀʥʞʝʭʠʤè. ˉ2000114968/20; ʟʘʷʚʣ. 

15.06.00; ʦʧʫʙ. 10.03.01, ɹʶʣ. ˉ 7. ï 3 ʩ. 

7 ɼʴʷʢʦʥʦʚ, ʉ.ɻ., ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʤʘʩʩʦʦʙʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʨʫʣʦʥʥʦʡ ʥʘʩʘʜʢʠ / ʉ.ɻ.ɼʴʷʢʦʥʦʚ, ɺ.ɺ.ɽʣʠʟʘʨʦʚ, ʄ.ʀ. ʌʘʨʘʭʦʚ // ʀʟʚ. ʚʫʟʦʚ. 

ʍʠʤʠʷ ʠ ʭʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ. - 2003. - ʊ.46. ɺʳʧ. 5. - ʉ. 143-147. 

8 ʂʘʛʘʥ ɸ.ʄ., ʃʘʧʪʝʚ ɸ.ɻ., ʇʫʰʥʦʚ ɸ.ʉ., ʌʘʨʘʭʦʚ ʄ.ʀ. ʂʦʥʪʘʢʪʥʳʝ 
ʥʘʩʘʜʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ /ʇʦʜ ʨʝʜ. ʃʘʧʪʝʚʘ ɸ.ɻ. 

ï ʂʘʟʘʥʴ: ʆʪʝʯʝʩʪʚʦ, 2013. ï 454 ʩ. 

9 ɹʘʣʘʙʝʢʦʚ ʆ.ʉ., ʇʝʪʠʥ ɺ.ʌ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʠʭʨʝʡ, 
ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʪʨʳʚʥʦʤ ʦʙʪʝʢʘʥʠʠ ʧʦʪʦʢʦʤ ʛʘʟʘ ʠʣʠ ʞʠʜʢʦʩʪʠ ʜʠʩʢʨʝʪʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʥʝʛʦ ʪʝʣ // ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʥʘʫʯʥʦʤ ʦʪʢʨʳʪʠʠ ˉ144. - ʄ.: 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʘʚʪʦʨʦʚ ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʡ, 2000. 

10 ɹʘʣʘʙʝʢʦʚ ʆ.ʉ., ɺʦʣʥʝʥʢʦ ɸ.ɸ., ʇʨʘʣʠʝʚ ʉ., ʂʦʨʛʘʥʙʘʝʚ ɹ.ʅ., 

ɹʘʣʘʙʝʢʦʚʘ ʄ.ʆ., ɺʠʢʪʦʨʦʚ ʉ.ɺ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦ 

ʜʚʠʞʫʱʠʭʩʷ ʚʠʭʨʝʚʳʭ ʩʪʨʫʡ ʧʨʠ ʪʝʯʝʥʠʠ ʧʦʪʦʢʘ ʛʘʟʘ ʠʣʠ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ 

ʩʠʩʪʝʤʫ ʧʦʧʝʨʝʢ ʢ ʥʝʤʫ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʠʩʢʨʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ // 

ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʥʘʫʯʥʦʤ ʦʪʢʨʳʪʠʠ ˉ269. - ʄ.: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʘʩʩʦʮʠʘʮʠʷ 

ʘʚʪʦʨʦʚ ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʡ, 2004. 

11 ɹʠʨʛʝʨ ʄ.ʀ., ɺʘʣʴʜʙʝʨʛ ɸ.ʖ., ʄʷʛʢʦʚ ɹ.ʀ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʧʳʣʝ ï ʠ 

ʟʦʣʦʫʣʘʚʣʠʚʘʥʠʶ //ʇʦʜ ʦʙʱ.ʨʝʜ. ɸ.ɸ. ʈʫʩʘʥʦʚʘ. ï ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1983. ï 

312ʩ. 

12 ɸʣʠʝʚ ɻ.ʄ. ʊʝʭʥʠʢʘ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʚ: 
ʩʧʨʘʚ.ʠʟʜ. ï ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1986. ï 544 ʩ. 

13 ɺ.ʅ.ʋʞʦʚ, ɸ.ʖ.ɺʘʣʴʜʙʝʨʛ, ɹ.ʀ.ʄʷʛʢʦʚ, ʀ.ʂ.ʈʝʰʠʜʦʚ. ʆʯʠʩʪʢʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʚ ʦʪ ʧʳʣʠ. ï ʄ.: ʍʠʤʠʷ, 1981. ï 390ʩ. 

14 ʐʚʳʜʢʠʡ ɺ.ʉ., ʃʘʜʳʛʠʯʝʚ ʄ.ɻ. ʆʯʠʩʪʢʘ ʛʘʟʦʚ: ʉʧʨʘʚʦʯʥʦʝ ʠʟʜʘʥʠʝ 
/ɺ.ʉ. ʐʚʳʜʢʠʡ, ʄ.ɻ. ʃʘʜʳʛʠʯʝʚ. ï ʄ.: ʊʝʧʣʦʵʥʝʨʛʝʪʠʢ, 2002. ï 640 ʩ. 



132 
 

15 ɺʝʪʦʰʢʠʥ ɸ.ɻ. ʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳ ʧʳʣʝʦʯʠʩʪʢʠ. ʇʝʥʟʘ: ʀʟʜ-ʚʦ ʇʝʥʟ. 

ʛʦʩ. ʫʥ-ʪʘ, 2005.- 210ʩ. 

16 ʉʪʨʘʫʩ ɺ. ʇʨʦʤʳʰʣʝʥʥʘʷ ʦʯʠʩʪʢʘ ʛʘʟʦʚ. ʇʝʨ. ʩ ʘʥʛʣ., ʧʦʜ ʨʝʜ. ʖ.ʗ. 

ʂʦʩʦʛʦ. ï ʄ., 1981. ï 392 ʩ. 

17 ʈʘʤʘʪʫʣʣʘʝʚʘ ʃ.ʀ. ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʠ  ʫʣʘʚʣʠʚʘʥʠʝ ʘʵʨʦʟʦʣʝʡ ʚ ʘʧʧʘʨʘʪʝ 
ʩ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʦʚ: ʜʠʩ. éʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ï 

ʐʳʤʢʝʥʪ, 2009. ï 113 ʩ. 

18 ɹʘʣʘʙʝʢʦʚ ʆ. ʉ., ɺʦʣʥʝʥʢʦ ɸ.ɸ. ʈʘʩʯʝʪ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʩ ʧʦʜʚʠʞʥʦʡ ʠ 

ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʦʡ /ʄʦʥʦʛʨʘʬʠʷ ï ʐʳʤʢʝʥʪ, 2015. ï 184ʩ.  

19 Volnenko A.A., Balabekov O.S. Calculation of heat-mass- exchange and dust 

collecting apparatus with a weighted and regular nozzle. Examples and tasks. -  

Shymkent: M.O. Auezov South-Kazakhstan State University, 2018. ï 176p. 

20 ʍʫʩʘʥʦʚ ɾ.ɽ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʘʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʯʠʩʪʢʠ ʛʘʟʦʚ 
ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʛʘʟʦʞʠʜʢʦʩʪʥʦʤ ʘʧʧʘʨʘʪʝ ʩ ʘʚʪʦʥʦʤʥʳʤʠ ʢʦʥʪʫʨʘʤʠ 

ʦʨʦʰʝʥʠʷ: ʜʠʩ. ... ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ï ʐʳʤʢʝʥʪ, 2011. ï 141ʩ. 

21 ʇʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ1431 ʧʦ ʟʘʷʚʢʝ ˉ2015/0124.2 ʦʪ 26.05.2015ʛ. 
ʄʇʂ B01D 47/00, B01D 46/00. ʇʨʠʦʨʠʪʝʪ ʦʪ 9.02.2016.  ɸʧʧʘʨʘʪ ʩ ʥʘʩʘʜʢʦʡ ʜʣʷ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ / ɺʦʣʥʝʥʢʦ ɸ.ɸ., ɹʘʣʘʙʝʢʦʚ ʆ. ʉ., 

ʄʳʨʭʘʣʳʢʦʚ ɾ.ʋ., ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ., ɾʫʤʘʜʫʣʣʘʝʚ ɼ.ʂ., ʈʘʤʘʪʫʣʣʘʝʚʘ ʃ.ʀ. 

ʆʧʫʣ.15.04.2016, ʙʶʣ.ˉ4. 

22 ʇʘʪʝʥʪ ʈʂ ˉ35809 ʧʦ ʟʘʷʚʢʝ ˉ2021/0372.1 ʦʪ 18.06.2021ʛ. ʄʇʂ B01D 

53/18(2006.01), 53/00 (2006.01), 47/02(2006.01). ɸʧʧʘʨʘʪ ʩ ʥʘʩʘʜʢʦʡ ʜʣʷ 

ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ / ɺʦʣʥʝʥʢʦ ɸ.ɸ., ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ., 

ʂʦʨʛʘʥʙʘʝʚ ɹ.ʅ., ʍʫʩʘʥʦʚ ɾ.ɽ. ɾʫʤʘʜʫʣʣʘʝʚ ɼ.ʂ., ʂʘʤʘʣʙʝʢ ɼ.ʂ., ɹʘʞʠʙʘʝʚ ʊ.ʈ. 

ʆʧʫʙʣ.  26.08.22, ʙʶʣ. ˉ34 

23 ʇʘʪʝʥʪ ʈʂ ˉ33662 ʄʇʂ B01D 53/20(2006.01), 47/14(2006.01). ɸʧʧʘʨʘʪ ʩ 

ʥʘʩʘʜʢʦʡ ʜʣʷ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ / ɺʦʣʥʝʥʢʦ ɸ.ɸ., ʂʦʨʛʘʥʙʘʝʚ 

ɹ.ʅ., ʈʘʤʘʪʫʣʣʘʝʚʘ ʃ.ʀ., ʍʫʩʘʥʦʚ ɾ.ɽ., ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ., ʊʦʨʩʢʠʡ ɸ.ʆ., 

ɾʫʤʘʜʫʣʣʘʝʚ ɼ.ʂ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʖʂɻʋ ʠʤ.ʄ.ɸʫʵʟʦʚʘ.  ʆʧʫʙʣ.  

7.06.19, ʙʶʣ. ˉ23. 

24  ɽʰʞʘʥʦʚ ɸ.ɸ., ɺʦʣʥʝʥʢʦ ɸ.ɸ., ɾʫʤʘʜʫʣʣʘʝʚ ɼ.ʂ., ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ., 

ʉʘʨʩʝʥʙʝʢʫʣʳ ɼ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʝ ʘʧʧʘʨʘʪʘ ʩ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʝʛʫʣʷʨʥʦ-ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʥʦʭʨʦʤʘʪʘ 

ʥʘʪʨʠʷ // ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ: ʧʨʦʙʣʝʤʳ ʠ ʨʝʰʝʥʠʷ. ʉʙ. ʩʪ. ʧʦ ʤʘʪʝʨʠʘʣʘʤ XXII 

ʤʝʞʜʫ-ʥʘʨ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ. - ̄ 4(20). ï ʄ., ʀʟʜ. çʀʥʪʝʨʥʘʫʢʘè, 2019. ï ʉ. 132-

138  

25 Volnenko A. A., Serikuly Zh., Sarsenbekuly D., Abzhapbarov A.A. Basic 
requirements for the design of heat and mass transfer column equipment  //International 

Conference of Industrial Technologies and Engineering ICITE 30-31 October 2014  

Shymkent, Kazakhstan ï P.194-197 

26 ɺʦʣʥʝʥʢʦ ɸ.ɸ., ʂʦʨʛʘʥʙʘʝʚ ɹ.ʅ., ʉʘʨʩʝʥʙʝʢʫʣʳ ɼ., ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ. 
ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʩʦʟʜʘʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ // 

ʈʝʩʫʨʩʦ-  ʠ  ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ  ʪʝʭʥʦʣʦʛʠʠ  ʠ  ʦʙʦʨʫʜʦʚʘʥʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ 



133 
 

ʙʝʟʦʧʘʩʥʳʝ ʪʝʭʥʦʣʦʛʠʠ  :  ʄʘʪʝʨʠʘʣʳ  ʄʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʪʝʭʥ. ʢʦʥʬ., ʄʠʥʩʢ, 

26 ï 28 ʥʦʷʙʨʷ 2014 ʛ. : ʚ 2 ʯ.  ï  ʄʠʥʩʢ : ɹɻʊʋ, 2014.  ï  ʏ.  1.  ï ʉ. 269ï272. 

27 Abzhapbarov A.A., Volnenko A.A., Korganbaev B.N., Levdanskiy A.E. 

Application of combined apparatus for intensification of dust collection and absorption 

processes // VII International Conference of çIndustrial Technologiest and 

Engineeringè (ICITE 2020), Shymkent, Kazakhstan, November 12-13, 2020, V.1. ï 

P.236-241  

28 ɺʦʣʥʝʥʢʦ ɸ.ɸ. ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʘʩʯʝʪʘ ʚʠʭʨʝʚʳʭ 
ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ: ʜʠʩ. é ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ. ï 

ʐʳʤʢʝʥʪ, 1999. -300ʩ. 

29 ɹʝʢʠʙʘʝʚ ʅ.ʉ. ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʩʦʧʨʷʞʝʥʥʳʭ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʥʬʘʟʥʦ-ʚʠʭʨʝʚʳʭ ʘʧʧʘʨʘʪʘʭ: ʜʠʩ. é ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ. ʐʳʤʢʝʥʪ. 

2008. - 240ʩ. 

30 ʉʝʨʠʢʫʣʳ ɾ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʘʩʯʝʪ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ 

ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʥʦʛʦ ʧʝʨʝʭʦʜʘ: ʜʠʩ. é ʜʦʢʪʦʨʘ PhD. ï 

ʐʳʤʢʝʥʪ. 2015. -141 ʩ. 

31 ʉʘʨʩʝʥʙʝʢʫʣʳ ɼ. ʄʝʪʦʜʦʣʦʛʠʷ ʨʘʩʯʝʪʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʧʧʘʨʘʪʦʚ ʩ 

ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ: ʜʠʩ. é ʜʦʢʪʦʨʘ PhD. ï ʐ ʤrʢʝʥʪ. 

2017. -143 ʩ. 

32 ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʧʘʪʝʥʪ ˉ27719 ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ,ʄʇʂ B01D 

53/20, B01D 47/14. ɸʧʧʘʨʘʪ ʩ ʥʘʩʘʜʢʦʡ ʜʣʷ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ / ɸ.ɸ. ɺʦʣʥʝʥʢʦ, ʆ.ʉ. ɹʘʣʘʙʝʢʦʚ, ɹ.ʅ. ʂʦʨʛʘʥʙʘʝʚ, ɾ.ɽ. 

ʍʫʩʘʥʦʚ, ʅ.ʉ. ɹʝʢʠʙʘʝʚ; ʦʧʫʙʣ. 18.12.13, ɹʶʣ. ˉ12. ï 4 ʩ. 

33 ʇʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ2092 ʄʇʂ B01D 53/20, 47/14. ɸʧʧʘʨʘʪ ʩ 
ʥʘʩʘʜʢʦʡ ʜʣʷ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ / ɹʠʰʠʤʙʘʝʚ ɺ.ʂ., ɺʦʣʥʝʥʢʦ 

ɸ.ɸ., ɽʩʢʝʥʜʠʨʦʚ ʄ.ɿ., ʇʨʦʪʦʧʦʧʦʚ ɸ.ɺ., ɾʘʥʪʘʩʦʚ ʂ.ʊ., ɸʥʘʨʙʘʝʚ ɸ.ɸ. ʆʧʫʙʣ. 

30.03.17, ʙʶʣ. ˉ6. 

34 ʇʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ʈʂ ˉ3656 ʧʦ ʟʘʷʚʢʝ ˉ2018/0037.2 ʦʪ 
16.01.2018ʛ. ʄʇʂ B01D 53/20 (2006/01); B01D 47/14 (2006/1) ɸʧʧʘʨʘʪ ʩ ʥʘʩʘʜʢʦʡ 

ʜʣʷ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ / ɺʦʣʥʝʥʢʦ ɸ.ɸ., ɽʰʞʘʥʦʚ ɸ.ɸ., 

ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ., ɽʩʢʝʥʜʠʨʦʚ ʄ.ɿ., ɾʫʤʘʜʫʣʣʘʝʚ ɼ.ʂ.  

35 ɸ.ʩ. 1450180 ʉʉʉʈ, ʄʂʀ ɺ 01 D 53/20. ɸʧʧʘʨʘʪ ʩ ʨʝʛʫʣʷʨʥʦʡ ʥʘʩʘʜʢʦʡ 
/ɺʦʣʥʝʥʢʦ ɸ.ɸ., ʉʝʨʤʘʥʠʟʦʚ ʉ.ʉ., ɹʘʣʘʙʝʢʦʚ ʆ.ʉ. ʠ ʜʨ. (ʉʉʉʈ). 1987 ï ʥʝ ʧʫʙʣ. 

36 ɹʘʣʘʙʝʢʦʚ ʆ.ʉ, ɻʠʜʨʦʜʠʥʘʤʠʢʘ, ʤʘʩʩʦʦʙʤʝʥ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʝ ʧʨʠ 
ʧʨʦʪʠʚʦʪʦʯʥʳʭ ʠ ʧʨʷʤʦʪʦʯʥʳʭ ʜʚʫʭʬʘʟʥʳʭ ʢʘʧʝʣʴʥʳʭ ʠ ʧʣʝʥʦʯʥʳʭ ʪʝʯʝʥʠʷʭ ʚ 

ʩʣʦʝ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʠ: ɼʠʩ. ... ʜ-ʨʘ ʪʝʭʥ. ʥʘʫʢ. ï ʄ., 1985. ï 430ʩ. 

37 ɽʰʞʘʥʦʚ ɸ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʘʩʯʝʪ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 
ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʝʛʫʣʷʨʥʦ-ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ: ʜʠʩ. é ʜʦʢʪʦʨʘ PhD. ï 

ʐʳʤʢʝʥʪ, 2020. -120 ʩ. 

38 Yeshzhanov A., Volnenko A., Zhumadullayev D., Abzhapbarov A., 

Sarsenbekuly D., Levdanskiy A. Operating-design parameters analysis and hudraulic 

resistance calculation of vortex packed layer structure apparatus // Industrial 

Technology and Engineering, 2019, 1(30). ï P. 48-55 



134 
 

39 ɽʰʞʘʥʦʚ ɸ.ɸ., ɺʦʣʥʝʥʢʦ ɸ.ɸ., ʊʦʨʩʢʠʡ  ɸ.ʆ., ɾʫʤʘʜʫʣʣʘʝʚ ɼ.ʂ., 
ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ. ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʦʚ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʨʝʛʫʣʷʨʥʦ-

ʚʟʚʝʰʝʥʥʦʡ ʥʘʩʘʜʢʦʡ // ɺʝʩʪʥʠʢ ʂʘʟʅʀʊʋ. ï 2019. - ˉ2 (132), 2019. ï ʉ.396 ï 

401  

40 ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʧʘʪʝʥʪ ˉ25540 ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ, ʄʇʂ B01D 3/00, 

B01D 5/00, B01D 47/05.ɸʧʧʘʨʘʪ ʩ ʥʘʩʘʜʢʦʡ ʜʣʷ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ / ɸ.ɸ.ɺʦʣʥʝʥʢʦ, ɺ.ʂ.ɹʠʰʠʤʙʘʝʚ, ʄ.ɿ.ɽʩʢʝʥʜʠʨʦʚ, ɾ.ɽ. 

ʍʫʩʘʥʦʚ; ʦʧʫʙʣ. 15.03.12, ɹʶʣ. ˉ 3 ï 4 ʩ.  

41 ʊʘʩʝʚ ɾ., ɻʝʥʯʝʚ ʍʨ. ʅʝʘʜʠʙʘʪʠʯʝʩʢʘʷ ʨʝʢʪʠʬʠʢʘʮʠʷ ʚ ʨʦʪʦʨʥʦ-

ʧʣʝʥʦʯʥʦʡ ʢʦʣʦʥʥʝ ʩ ʢʦʥʠʯʝʩʢʠʤʠ ʪʘʨʝʣʢʘʤʠ // ʊʝʦʨ. ʦʩʥ. ʭʠʤ. ʪʝʭʥʦʣ. ï 1992. ï 

ʪ.26. - ˉ 4. ï ʉ.556 ï 561. 

42 ʇʘʪʝʥʪ ʈʂ ˉ 34418 ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʧʦ ʟʘʷʚʢʝ ˉ2017/0048.1 ʦʪ 
20.01.2017ʛ. ʄʇʂ B01J 2/04 (2006/1); B01J 19/32 (2006/1). ʇʨʠʦʨʠʪʝʪ ʫʩʪʘʥʦʚʣʝʥ 

22.06.2018ʛ. ˉ22011 ɸʧʧʘʨʘʪ ʩ ʥʘʩʘʜʢʦʡ ʜʣʷ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ /ɺʦʣʥʝʥʢʦ ɸ.ɸ., ɹʘʣʘʙʝʢʦʚ ʆ.ʉ., ʂʦʨʛʘʥʙʘʝʚ ɹ.ʅ., ɽʩʢʝʥʜʠʨʦʚ 

ʄ.ɿ., ɾʫʤʘʜʫʣʣʘʝʚ ɼ.ʂ., ɽʰʞʘʥʦʚ ɸ.ɸ., ɹʘʡʛʫʪʦʚ ʅ.ʊ., ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ. ɹʶʣ. 

ˉ25 ʦʪ 26.06.2020 ʛ. 

43 ʇʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ʈʂ ˉ5919  ʧʦ ʟʘʷʚʢʝ ˉ2020/1083.2 ʦʪ 
03.12.2020ʛ. ʄʇʂ B01D 53/20 (2006/01); B01D 47/14 (2006/1). ɸʧʧʘʨʘʪ ʩ 

ʥʘʩʘʜʢʦʡ ʜʣʷ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ / ɺʦʣʥʝʥʢʦ ɸ.ɸ., 

ʂʦʨʛʘʥʙʘʝʚ ɹ.ʅ., ʀʩʘʝʚʘ ɸ.ʅ., ɼʞʘʢʠʧʙʝʢʦʚʘ ʅ.ʆ., ɾʫʤʘʜʫʣʣʘʝʚ ɼ.ʂ., 

ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ., ʂʘʤʘʣʙʝʢ ɼ.ʂ. ʆʧʫʙʣ.12.03.2021, ʙʶʣ. ˉ10 ï  

44 ɻʘʤʠʜʦʚ ʄ., ʉʘʨʩʝʥʙʝʢʫʣʳ ɼ., ʉʝʨʠʢʫʣʳ ɾ., ɺʦʣʥʝʥʢʦ ɸ.ɸ. 

ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ ʥʘʩʘʜʢʦʡ // ʊʨ. 18-ʡ 

ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥ.ʢʦʥʬ. ʧʦ ʝʩʪʝʩʪ., ʪʝʭʥ., ʩʦʮ.-ʛʫʤʘʥʠʪ. ʥʘʫʢʘʤ: çʅײʨʣʳ ʞʦʣ ï 

ʚʢʣʘʜ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳè ʖʂɻʋ ʠʤ. ʄ.ɸʫʵʟʦʚʘ.- 

ʐʳʤʢʝʥʪ, 2015. ï ʉ.181-184. 

45 ʂʦʫʟʦʚ ʇ.ɸ., ʄʳʣʴʥʠʢʦʚ ʉ.ʀ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 
ʫʥʠʬʠʢʘʮʠʠ ʤʦʢʨʳʭ ʧʳʣʝʫʣʦʚʠʪʝʣʝʡ // ʉʙ. ʥʘʫʯʥ. ʪʨʫʜʦʚ ʠʥʩʪʠʪʫʪʦʚ ʦʭʨʘʥʳ 

ʪʨʫʜʘ ɺʎʉʇʉ. ï ʄ.: ʇʨʦʬʠʟʜʘʪ, 1971. ɺʳʧ. 74. ʉ.17 ï 23. 

46 ʂʦʫʟʦʚ ʇ.ɸ. ʇʳʣʝʧʦʜʘʪʯʠʢ ʃʀʆʊ // ʉʙ. ʥʘʫʯʥ. ʪʨʫʜʦʚ ʠʥʩʪʠʪʫʪʦʚ 
ʦʭʨʘʥʳ ɺʎʉʇʉ. ï ʄ.: ʇʨʦʬʠʟʜʘʪ, 1969. ɺʳʧ. 60. - ʉ.3 ï 12. 

47 ʈʘʤʤ ɺ.ʄ. ɸʙʩʦʨʙʮʠʷ ʛʘʟʦʚ. ʀʟʜ. 2-ʝ, ʧʝʨʝʨʘʙʦʪ. ʀ ʜʦʧ. ï ʄ.: ʍʠʤʠʷ, 

1976. ï 656ʩ. 

48 ɺʦʣʥʝʥʢʦ ɸ.ɸ., ɾʫʙʘʥʠʷʟʦʚ ɹ.ʊ., ɸʰʠʨʙʘʝʚ ʍ.ɸ. ʈʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ 
ʫʜʝʨʞʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʚ ʘʧʧʘʨʘʪʝ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʥʘʩʘʜʢʦʡ // ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʰʠʥ ʠ ʘʧʧʘʨʘʪʦʚ ʚ 

ʦʩʥʦʚʥʦʡ ʭʠʤʠʠ: ʊʝʟ. ʜʦʢʣ. ɺʩʝʩ. ʩʦʚʝʱ. ï ʉʫʤʳ, 1986. ʉ.93 ï 94. 

49 ʗʢʫʰʝʥʢʦ ʉ.ʀ., ʅʠʢʠʰʠʥ ʇ.ɸ. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 
ʤʘʩʩʦʦʪʜʘʯʠ ʠ ʙʨʳʟʛʦʫʥʦʩʘ ʥʘ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʩʪʝʥʜʘʭ // ʊʝʟ. ʜʦʢʣ. 

ɺʳʝʟʜʥʦʛʦ ʟʘʩʝʜ. ʥʘʫʯʥ.-ʪʝʭʥ. ʢʦʤʠʩʩʠʠ ʧʦ ʤʘʩʩʦʦʙ. ʢʦʣʦʥ. ʘʧʧʘʨʘʪʫʨʝ ɻʂʅʊ 

ʉʉʉʈ. ï ɸʥʛʘʨʩʢ, 1985. ï ʉ.28 ï 30. 

50 ʇʝʨʨʠ ɼʞʦʥ ɻ. ʉʧʨʘʚʦʯʥʠʢ ʠʥʞʝʥʝʨʘ-ʭʠʤʠʢʘ. ï ʃ.: ʍʠʤʠʷ, ʃʝʥʠʥʛʨ. 

ʦʪʜ-ʥʠʝ, 1969. ï ʪ.1. ï 639ʩ. 



135 
 

51 ʇʘʚʣʦʚ ʂ.ʌ., ʈʦʤʘʥʢʦʚ ʇ.ɻ., ʅʦʩʢʦʚ ɸ.ɸ. ʇʨʠʤʝʨʳ ʠ ʟʘʜʘʯʠ ʧʦ ʢʫʨʩʫ 
ʧʨʦʮʝʩʩʦʚ ʠ ʘʧʧʘʨʘʪʦʚ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ // ʇʦʜ ʨʝʜ. ʇ.ɻ.ʈʦʤʘʥʢʦʚʘ. ï ʃ.: 

ʍʠʤʠʷ, 1981. ï 560ʩ. 

52 ʂʘʩʪʘʣʴʩʢʠʡ ɸ.ɸ., ʄʠʥʮ ɼ.ʄ. ʇʦʜʛʦʪʦʚʢʘ ʚʦʜʳ ʜʣʷ ʧʠʪʴʝʚʦʛʦ ʠ 
ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ï ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1962. ï 494ʩ. 

53 ɸʥʜʨʝʝʚ ɽ.ʀ. ʈʘʩʯʝʪ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʘ ʚ ʢʦʥʪʘʢʪʥʳʭ ʘʧʧʘʨʘʪʘʭ. ï ʃ.: 

ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ. ʃʝʥʠʥʛʨ. ʦʪʜʝʣʝʥʠʝ, 1985.- 192ʩ. 

54 ʈʫʩʘʢʦʚ ɸ.ɸ., ʗʥʢʦʚʩʢʠʡ ʉ.ʉ. ʀʤʧʘʢʪʦʨʳ ʜʣʷ ʜʠʩʧʝʨʩʥʦʛʦ ʘʥʘʣʠʟʘ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʳʣʝʡ. ï ʄ.: ʎʅʀʀʊʕʅʝʬʪʝʭʠʤ, 1970. ï 52ʩ. 

55 ʗʥʢʦʚʩʢʠʡ ʉ.ʉ., ɹʫʣʛʘʢʦʚʘ ʅ.ɻ., ʇʦʣʷʢʦʚ ɺ.ɸ. ʉʪʨʫʡʥʳʡ ʦʩʘʜʠʪʝʣʴ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʧʳʣʝʡ /ɺ ʩʙ. ñʆʯʠʩʪʢʘ ʠ 

ʫʪʠʣʠʟʘʮʠʷ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ʚ ʬʦʩʬʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠò. ï ʃ.: ʃʊʀ ʠʤ. 

ʃʝʥʩʦʚʝʪʘ, 1975. ï ʉ.17ï23. 

56 ʂʦʫʟʦʚ ʇ.ɸ., ʉʢʨʷʙʠʥʘ ʃ.ʗ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʳʣʝʡ. ï ʃ.: ʍʠʤʠʷ, 1983. ï 138ʩ. 

57 ʂʦʫʟʦʚ ʇ.ɸ. ʆʩʥʦʚʳ ʘʥʘʣʠʟʘ ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʳʣʝʡ 

ʠ ʠʟʤʝʣʴʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ï 3-ʝ ʠʟʜ. ʧʝʨʝʨʘʙ. ï ʃ.: ʍʠʤʠʷ, 1987. ï 264ʩ. 

58 ɺʦʣʥʝʥʢʦ ɸ.ɸ., ɹʘʣʘʙʝʢʦʚ ʆ.ʉ., ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ., ʈʘʤʘʪʫʣʣʘʝʚʘ ʃ.ʀ. 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʟʦʥʝ ʵʞʝʢʮʠʠ ʧʨʠ ʜʚʫʭʩʪʦʨʦʥʥʝʤ ʧʦʜʚʦʜʝ 

ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʘʧʧʘʨʘʪʝ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ ʜʝʡʩʪʚʠʷ // ʊʨ. ʤʝʞʜʫʥʘʨʦʜ. 

ʥʘʫʯʥʦ-ʧʨʘʢʪ.ʢʦʥʬ. çʉʪʦ ʢʦʥʢʨʝʪʥʳʭ ʰʘʛʦʚ. ʉʦʚʨʝʤʝʥʥʦʝ ʛʦʩʫʜʘʨʩʪʚʦ ʜʣʷ 

ʚʩʝʭè - ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʫʪʴ ʠʥʜʫʩʪʨʠʘʣʴʥʦ-ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳè - 

ʐʳʤʢʝʥʪ: ʖʂɻʋ ʠʤ.ʄ.ɸʫʵʟʦʚʘ, 2015ʛ. ï ʉ.147- 153. 

59 ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ., ɺʦʣʥʝʥʢʦ ɸ.ɸ., ʋʤʘʨʦʚ ʈ.ʐ.,  ʍʦʜʞʠʤʫʨʘʪʦʚ ɹ.ʖ., 
ɹʘʞʠʨʦʚ ʊ.ʉ. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʟʦʥʝ ʵʞʝʢʮʠʠ ʠ ʥʘʩʘʜʦʯʥʦʡ 

ʟʦʥʝ ʧʨʠ ʜʚʫʭʩʪʦʨʦʥʥʝʤ ʧʦʜʚʦʜʝ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʘʧʧʘʨʘʪʝ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʦʛʦ 

ʜʝʡʩʪʚʠʷ // ʊʨʫʜʳ ʤʝʞʜ. ʥʘʫʯ. ï ʧʨʘʢʪ. ʢʦʥʬ. çɸʋʕɿʆɺʉʂʀɽ ʏʊɽʅʀʗï20: 

ʅʘʩʣʝʜʠʝ ʄʫʭʪʘʨʘ ɸʫʵʟʦʚʘ - ʜʦʩʪʦʷʥʠʝ ʥʘʮʠʠè ʧʦʩʚʷʱʝʥʥʘʷ  125 - ʣʝʪʠʶ ʄ.ʆ. 

ɸʫʵʟʦʚʘ- ʐʳʤʢʝʥʪ: ʖʂʋ ʠʤ. ʄ. ɸʫʵʟʦʚʘ, 2022. ï ʉ. 6-11 

60 Abzhapbarov A.A., Volnenko A.A., Umarov R.Sh., Khodzhimuratov B. Yu., 

Levdansky A.E. Influence of regime parameters on hydrodynamic regularities in a 

shock-vortex apparatus with double-sided gas flow input //Proceeding IX International 

Conference çIndustrial Technologies and Engineeringè ICITE ï 2022, Shymkent, 

Kazakhstan, December 9-10, 2022, V.II. ï P.140-146  

61 ʂʘʬʘʨʦʚ, ɺ.ɺ. ʆʩʥʦʚʳ ʤʘʩʩʦʧʝʨʝʜʘʯʠ (ʩʠʩʪʝʤʳ ʛʘʟ-ʞʠʜʢʦʩʪʴ, ʧʘʨ-

ʞʠʜʢʦʩʪʴ, ʞʠʜʢʦʩʪʴ-ʞʠʜʢʦʩʪʴ) : 3-ʝ ʠʟʜ. ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. / ɺ.ɺ. ʂʘʬʘʨʦʚ ï ʄ.: 

ɺʳʩʰʘʷ ʰʢʦʣʘ, 1979. ï 439ʩ. 

62 ɺʦʣʥʝʥʢʦ, ɸ.ɸ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ 

ʦʪ ʧʳʣʠ / ɺʦʣʥʝʥʢʦ ɸ.ɸ., ʄʫʩʪʘʬʠʥʘ ɸ.ʀ., ɾʫʙʘʥʠʷʟʦʚ ɹ.ʊ., ʇʣʷʮʫʢ ʃ.ɼ.  // 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʰʠʥʳ ʠ ʘʧʧʘʨʘʪʳ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ: ʉʙ. ʪʝʟ. ʜʦʢʣ. IV 

ɺʩʝʩ. ʥʘʫʯʥ. ʢʦʥʬ. ï ʏʠʤʢʝʥʪ, 1988, ʏ.2. ï ʉ.3 ï 5. 

63 ɺʦʣʥʝʥʢʦ ɸ.ɸ., ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ., ʈʘʤʘʪʫʣʣʘʝʚʘ ʃ.ʀ., ʐʘʨʘʬʠʝʚ ɸ.ʐ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʘʧʧʘʨʘʪʘ ʩʦʚʤʝʱʘʶʱʝʛʦ ʧʨʦʮʝʩʩʳ ʫʜʘʨʥʦʛʦ ʠ 

ʚʠʭʨʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ // ʊʨ. ʤʝʞʜʫʥʘʨʦʜ. ʥʘʫʯʥʦ-ʧʨʘʢʪ.ʢʦʥʬ. çʉʪʦ 



136 
 

ʢʦʥʢʨʝʪʥʳʭ ʰʘʛʦʚ. ʉʦʚʨʝʤʝʥʥʦʝ ʛʦʩʫʜʘʨʩʪʚʦ ʜʣʷ ʚʩʝʭè - ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʫʪʴ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦ-ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳè - ʐʳʤʢʝʥʪ: ʖʂɻʋ 

ʠʤ.ʄ.ɸʫʵʟʦʚʘ, 2015ʛ. ï ʉ.154- 161. 

64  ɻʦʨʙʫʥʦʚ, ɺ.ɸ. ʆʯʠʩʪʢʘ ʛʘʟʦʚ ʬʦʩʬʦʨʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʦʪ ʧʳʣʠ ʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ: ɼʠʩ. éʢʘʥʜ. 

ʪʝʭʥ. ʥʘʫʢ. / ɻʦʨʙʫʥʦʚ ɺ.ɸ.. ï ʐʳʤʢʝʥʪ, 1991. ï 153 ʩ. 

65 ʐʘʨʳʛʠʥ, ʄ.ʇ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʨʘʩʯʝʪ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ 

ʦʪʣʦʞʝʥʠʡ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʚʠʭʨʝʚʳʤ ʧʦʪʦʢʦʤ: ʜʠʩ. ... ʜʦʢʪ. 

ʪʝʭʥ. ʥʘʫʢ. / ʐʘʨʳʛʠʥ ʄ.ʇ. ï ʄ.: 1992.ï480ʩ. 

66 ʈʘʤʘʪʫʣʣʘʝʚʘ ʃ.ʀ., ɺʦʣʥʝʥʢʦ ɸ.ɸ., ʂʦʨʛʘʥʙʘʝʚ ɹ.ʅ. ʈʘʩʯʝʪ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʘʧʧʘʨʘʪʘ 

ʫʜʘʨʥʦ-ʠʥʝʨʮʠʦʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ //ʅʘʫʢʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʖʞʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ. ï 2007. - ˉ 1(60).ïʉ.91-95. 

67 ɻʦʨʙʫʥʦʚ, ɺ.ɸ. ʈʘʩʯʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʥʝʨʮʠʦʥʥʦ-

ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ / ɻʦʨʙʫʥʦʚ ɺ.ɸ., 

ɸʡʪʙʘʝʚ ɽ., ɹʘʣʘʙʝʢʦʚ ʆ.ʉ. //ʉʦʚʨʝʤʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʨʝʜ: ʄʝʞʚʫʟ. ʩʙ. ʥʘʫʯʥ. ʪʨʫʜʦʚ ʃʊʀ ʠʤ. ʃʝʥʩʦʚʝʪʘ. ʃ.: 1988. - 

ʉ.135-140. 

68  ɽʤʮʦʚ, ɹ.ʊ. ʊʝʭʥʠʯʝʩʢʘʷ ʛʠʜʨʦʤʝʭʘʥʠʢʘ. /ɽʤʮʦʚ ɹ.ʊ. ï ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1987. ï 276 ʩ. 

69 ʂʫʪʘʪʝʣʘʜʟʝ, ʉ.ʉ. ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ ʩʠʩʪʝʤ. / 

ʂʫʪʘʪʝʣʘʜʟʝ ʉ.ʉ., ʉʪʳʨʠʢʦʚʠʯ ɸ.ʄ. ï ʄ.: ʕʥʝʨʛʠʷ, 1976. ï 296 ʩ.  

70 ʇʨʘʥʜʣʴ, ʃ. ɻʠʜʨʦʘʵʨʦʤʝʭʘʥʠʢʘ. /ʇʨʘʥʜʣʴ ʃ.  ï ʀʞʝʚʩʢ: ʅʀʎ 

çʈʝʛʫʣʷʨʥʘʷ ʠ ʭʘʦʪʠʯʝʩʢʘʷ ʜʠʥʘʤʠʢʘè, 2000. ï 576 ʩ. 

71 ʈʘʤʘʪʫʣʣʘʝʚʘ ʃ.ʀ., ɺʦʣʥʝʥʢʦ ɸ.ɸ., ʍʫʩʘʥʦʚ ɾ.ɽ. ʈʘʩʯʝʪ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʧʧʘʨʘʪʘ ʩ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ //ʄ.ɸʫʝʟʦʚ ï ʛʝʥʠʡ ʥʦʚʦʛʦ ʚʨʝʤʝʥʠ. ʊʨ. ʤʝʞʜ. ʥʘʫʯ.-

ʧʨʘʢʪ.ʢʦʥʬ. ʊ.10. - ʐʳʤʢʝʥʪ, 2007. - ʉ.46-49.  

72 Brahm, D. Absorbtion in to Turbulent Liquid / D.Brahm, C. Prosner // 

Chemical Engineering Science. ï 1973. - V. 28, - ˉ5. - P.12-30. 

73 ʉʦʢʦʣʦʚ, ɺ.ʅ. ɻʘʟʦʞʠʜʢʦʩʪʥʳʝ ʨʝʘʢʪʦʨʳ /ɺ.ʅ.ʉʦʢʦʣʦʚ, ʀ.ɺ.ɼʦʤʘʥʩʢʠʡ. 
ï ʃ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1976. ï ʩ. 216. 

74 ʊʫʨʙʫʣʝʥʪʥʦʩʪʴ. ʇʨʠʥʮʠʧʳ ʠ ʧʨʠʤʝʥʝʥʠʝ /ʧʦʜ ʨʝʜ. ʋ. ʌʨʦʩʪʘ, ʊ. 
ʄʦʫʣʜʝʥʘ ï ʄ.: ʄʠʨ, 1980. ï ʩ. 535. 

75 ʂʦʣʤʦʛʦʨʦʚ, ɸ.ʅ. ʋʨʘʚʥʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝʩʞʠʤʘʝʤʦʡ 
ʞʠʜʢʦʩʪʠ / ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚ //ʀʟʚ. ɸʅ ʉʉʉʈ. ʉʝʨʠʷ ʬʠʟʠʯʝʩʢʘʷ. ï 1942.ï ʊ.6, 

ˉ1-2. ï ʉ. 56ï58. 

76 ʂʦʣʤʦʛʦʨʦʚ, ɸ.ʅ. ʈʘʩʩʝʷʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠ ʣʦʢʘʣʴʥʦ-ʠʟʦʪʨʦʧʥʦʡ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ / ɸ.ʅ. ʂʦʣʤʦʛʦʨʦʚ //ɼʦʢʣ. ɸʅ ʉʉʉʈ. ï 1941. ï ʊ.32, ˉ 1. ï ʉ.19 

ï 21. 

77 ʆʙʫʭʦʚ, ɸ.ʄ. ʆ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʚ ʩʧʝʢʪʨʝ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ 
/ ɸ.ʄ. ʆʙʫʭʦʚ //ɼʦʢʣ. ɸʅ ʉʉʉʈ. ï 1941. ï ʊ.32, ˉ 1. ï ʉ. 22 ï 24. 

78 ɹʝʪʯʝʣʦʨ, ɼ. ɺʚʝʜʝʥʠʝ ʚ ʜʠʥʘʤʠʢʫ ʞʠʜʢʦʩʪʠ / ɼ. ɹʝʪʯʝʣʦʨ.ï ʄ.: ʄʠʨ, 

1973. ï ʩ. 758. 



137 
 

79 ɹʝʢʠʙʘʝʚ, ʅ.ʉ. ʂ ʨʘʩʯʝʪʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʦʪʜʘʯʠ ʚ 

ʢʦʥʪʘʢʪʥʳʭ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʥʘʩʘʜʢʦʡ/ ʅ.ʉ. ɹʝʢʠʙʘʝʚ [ʠ ʜʨ.] //ɺʝʩʪʥʠʢ ʅɸʅ ʈʂ. ï 2003. ï̄ 3. ï ʉ.26-29. 

80  ɹʘʣʘʙʝʢʦʚ ʆ.ʉ., ʂʦʨʛʘʥʙʘʝʚ ɹ.ʅ., ɽʩʢʝʥʜʠʨʦʚ ʄ.ɿ., ɸʣʪʘʝʚ ʄ.ɸ. ʆʙ 

ʘʥʘʣʦʛʠʠ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʬʦʨʤʳ ʢʘʧʣʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ 

ʦʙʪʝʢʘʶʱʝʤ ʝʝ ʧʦʪʦʢʝ //ɺʝʩʪʥʠʢ ʅɸʅ ʈʂ. ï  2002.-ˉ6. - ʉ.22-26. 

81 ʂʦʚʘʣʝʥʢʦ ɺ.ʉ. ɼʝʬʦʨʤʘʮʠʷ ʢʘʧʝʣʴ ʞʠʜʢʦʩʪʠ ʚ ʛʘʟʦʚʦʤ ʧʦʪʦʢʝ //ʊʝʦʨ 
ʦʩʥʦʚʳ ʭʠʤ.ʪʝʭʥʦʣ., 1978.- ʪ.12. ˉ2.-ʉ.297-299. 

82 ɹʝʢʠʙʘʝʚ ʅ.ʉ., ʈʘʤʘʪʫʣʣʘʝʚʘ ʃ.ʀ., ɺʦʣʥʝʥʢʦ ɸ.ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʠʥʝʨʮʠʦʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʘʧʧʘʨʘʪʝ ʩ ʫʜʘʨʥʦ-ʚʠʭʨʝʚʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʦʚ // ʄʝʞʜ. ʥʘʫʯʥʦ-ʧʨʘʢʪ.ʢʦʥʬ. çʍʠʤʠʷ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʠ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʚ XXI ʚʝʢʝè, 2008.-ʉ. 68-76. 

83 ɺʦʣʥʝʥʢʦ ɸ.ɸ., ɹʘʞʠʨʦʚ ʊ.ʉ., ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ., ʈʘʤʘʪʫʣʣʘʝʚʘ ʃ.ʀ. 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʛʘʟʦʦʯʠʩʪʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʩʭʝʤʝ ʦʯʠʩʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʠ 

ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ // ʄʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ. çɸʋʕɿʆɺʉʂʀɽ 

ʏʊɽʅʀʗ - 13: çʅײʨʣʳ ʞʦʣè - ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʰʘʛ ʥʘ ʧʫʪʠ ʠʥʜʫʩʪʨʠʘʣʴʥʦ - 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦ - ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥʳè - ʐʳʤʢʝʥʪ: 

ʖʂɻʋ ʠʤ.ʄ.ɸʫʵʟʦʚʘ, 2015ʛ. ï ʉ.54- 60 

84 Torsky A., Volnenko A., Plyatsyk L., Hurets L., Zhumadullaev D., 

Abzhapbarov A. Study of dust collection efectiveness in cyclonic-vortex action 

apparatus // Chemical engineering: Ecology and environmental technology - ̄ 1/3(57), 

2021. ï P. 21-25  

85 ʄʫʩʪʘʬʠʥʘ ɸ.ʀ. ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʠ ʤʘʩʩʦʦʙʤʝʥ ʚ ʘʧʧʘʨʘʪʝ ʩ ʨʝʛʫʣʷʨʥʦʡ 
ʧʦʜʚʠʞʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ ʧʦ ʞʠʜʢʦʩʪʠ: 

ʜʠʩ. ... ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ï ʄ., 1989 ï 180ʩ. 

86 ʇʝʪʠʥ ɺ.ʌ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʘʩʩʦʦʙʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ 
ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ ʥʘ ʦʩʥʦʚʝ ʠʤʧʫʣʴʩʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʟ: 

ʜʠʩ. ... ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ï ʄ., 1982. ï 241ʩ. 

87 ɺʦʣʥʝʥʢʦ ɸ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʥʩʠʚʥʳʭ ʥʘʩʘʜʦʯʥʳʭ ʤʘʩʩʦʦʙʤʝʥʥʳʭ 
ʘʧʧʘʨʘʪʦʚ ʩ ʨʝʛʫʣʷʨʥʳʤ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʝʤ: ʜʠʩ. ... ʢʘʥʜ. ʪʝʭʥ. 

ʥʘʫʢ. ï ʄ., 1986. ï 261ʩ. 

88 ʉʝʨʤʘʥʠʟʦʚ ʉ.ʉ. ɻʠʜʨʦʜʠʥʘʤʠʢʘ, ʤʘʩʩʦʦʙʤʝʥ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʝ ʧʨʠ 
ʦʙʪʝʢʘʥʠʠ ʨʝʛʫʣʷʨʥʦ ʨʘʟʤʝʱʝʥʥʳʭ ʥʘʩʘʜʦʯʥʳʭ ʪʝʣ: ʜʠʩ. ... ʜ-ʨʘ ʪʝʭʥ. ʥʘʫʢ. ï ʄ., 

1990. ï 319ʩ. 

89 ʇʣʷʮʫʢ ʃ.ɼ. ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʠ ʤʘʩʩʦʦʙʤʝʥ ʚ ʧʨʷʤʦʪʦʯʥʦʤ ʤʘʩʩʦʦʙʤʝʥ-

ʥʦʤ ʘʧʧʘʨʘʪʝ ʩ ʨʝʛʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ: ʜʠʩ. ... ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ï 

ʂʘʟʘʥʴ, 1982. ï 203ʩ. 

90 ʉʘʙʳʨʭʘʥʦʚ ɼ.ʉ. ʉʪʨʫʢʪʫʨʘ ʧʦʪʦʢʦʚ ʠ ʤʘʩʩʦʦʙʤʝʥ ʚ ʘʧʧʘʨʘʪʘʭ ʩ 
ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ: ʜʠʩ. ... ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ï ʃ., 1982. ï 212ʩ. 

91 Zhumadullaev D.K., Torskiy A.O., Volnenko A.A., Abzhapbarov A.A., 

Korganbaev B.N. Calculation of hydrodynamic characteristics of a cyclonic-vortex 

apparatus // International Journal of Emerging Trends in Engineering Research. ï 2020. 

- V.8, ˉ9, 2020. ï P. 6091-6097. 



138 
 

92 ʀʩʘʝʚʘ ɸ.ʅ., ʂʦʨʛʘʥʙʘʝʚ ɹ.ʅ., ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ., ɺʦʣʥʝʥʢʦ ɸ.ɸ. 

ʊʝʧʣʦʤʘʩʩʦʦʙʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʧʘʨʘʪʘ ʩ ʨʝʛʫʣʷʨʥʦʡ ʪʨʫʙʯʘʪʦʡ 

ʥʘʩʘʜʢʦʡ // ʊʨ. ʤʝʞʜʫʥʘʨʦʜʥ. ʥʘʫʯ.-ʧʨʘʢʪ.ʢʦʥʬ. çɸʫʵʟʦʚʩʢʠʝ ʯʪʝʥʠʷ ï 19: 30 ʣʝʪ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘè - ʐʳʤʢʝʥʪ: ʖʂʋ ʠʤ. ʄ.ɸʫʵʟʦʚʘ, 2021. ï ʉ.83-87. 

93 A.A. ɸbzhapbarov,  A.O.Torskii, A.A.Volnenko, T.S. Bazhirov, A.E. 

Levdansky. Mass transfer in a cyclone-vortex apparatus //VIII International 

Conference of çIndustrial Technologiest and Engineeringè (ICITE 2021), Shymkent, 

Kazakhstan, November 10-11, 2021, V.II. ï P.77-82  

94 A. A. Volnenko, A. A. Abzhapbarov, D. K. Zhumadullayev, B. N. 

Korganbayev, N. T. Seitkhanov. Calculation of Hydrodynamic Parameters of the 

Apparatus of Shock-and-Vortex Action with a Regular Tubular Packing // International 

Review of Mechanical Engineering (I.RE.M.E.), Vol. 16, N. 4, 2022. ï P. 163-171 

95 ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʧʘʪʝʥʪ ˉ28151 ʈʂ. ʄʇʂ F28F 1/42. ʊʝʧʣʦʦʙʤʝʥʥʘʷ 
ʪʨʫʙʘ / ɺʦʣʥʝʥʢʦ ɸ.ɸ., ɻʦʣʫʙʝʚ ɺ.ɻ., ɹʘʣʘʙʝʢʦʚ ʆ.ʉ., ɹʘʞʠʨʦʚ ʊ.ʉ., ʍʫʩʘʥʦʚ 

ɾ.ɽ., ɾʫʤʘʜʫʣʣʘʝʚ ɼ.ʂ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʖʂɻʋ ʠʤ.ʄ.ɸʫʵʟʦʚʘ. - 

ˉ2012/0374.1; ʟʘʷʚʣ. 28.11.12; ʦʧʫʙʣ. 17.02.14, ɹʶʣ. ˉ 2. ï 4 ʩ. 

96 ʊʦʨʩʢʠʡ ɸ.ʆ., ɺʦʣʥʝʥʢʦ ɸ.ɸ., ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ. ʂ ʨʘʩʯʝʪʫ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʳ ʮʠʢʣʦʥʥʦ-ʚʠʭʨʝʚʦʛʦ 

ʘʧʧʘʨʘʪʘ // ʄʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ. çɸʋʕɿʆɺʉʂʀɽ ʏʊɽʅʀʗ - 16: 

çʏʝʪʚʝʨʪʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʨʝʚʦʣʶʮʠʷ: ʅʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʂʘʟʘʭʩʪʘʥʘ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʫʣʴʪʫʨʳè ʐʳʤʢʝʥʪ: ʖʂɻʋ 

ʠʤ.ʄ.ɸʫʵʟʦʚʘ, 2018, ʪ.9 ï ʉ.40-43. 

97 ɹʝʢʠʙʘʝʚ ʅ.ʉ. ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʠ ʤʘʩʩʦʦʙʤʝʥ ʚ ʘʧʧʘʨʘʪʝ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʥʘʩʘʜʢʦʡ: ʜʠʩ. éʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ï ʄʠʥʩʢ, 1987. ï 246 

ʩ. 

98 ʋʦʣʣʠʩ ɻ. ʆʜʥʦʤʝʨʥʳʝ ʜʚʫʭʬʘʟʥʳʝ ʪʝʯʝʥʠʷ. ï ʄ.:ʄʠʨ, 1972. ï 440ʩ. 

99 ɺʦʣʥʝʥʢʦ ɸ.ɸ., ɹʠʰʠʤʙʘʝʚ ɺ.ʂ., ʍʫʩʘʥʦʚ ɾ.ɽ., ʉʝʨʠʢʫʣʳ ɾ. 

ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʚ ʘʧʧʘʨʘʪʘʭ ʩ ʨʝʛʫʣʷʨʥʦʡ 

ʧʦʜʚʠʞʥʦʡ ʥʘʩʘʜʢʦʡ ʠ ʤʝʪʦʜʦʣʦʛʠʷ ʠʭ ʨʘʩʯʝʪʘ // ʍʠʤʠʯʝʩʢʠʡ ʞʫʨʥʘʣ 

ʂʘʟʘʭʩʪʘʥʘ. - 2011. - ˉ4(35) ï ʉ.132-145 

100 A. A. Volnenko, A. A. Abzhapbarov, D. K. Zhumadullayev, B. N. 

Korganbayev,  D. K. Kamalbek. Calculation of Heat and Mass Transfer Characteristics 

and Dust Collection Parameters of a Shock-Vortex Apparatus with a Regular Tubular 

Packing // International Review of Mechanical Engineering (I.RE.M.E.), Vol. 16, N. 

6, 2022. ï P. 309-318  

101 ʂʘʢʦʨʠʥ ʆ.ʗ. ʋʩʪʘʥʦʚʢʘ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ. ʆʩʥʦʚʳ ʨʘʩʯʝʪʘ 

ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʀʟʜ. 2-ʝ, ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. - ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1978. - 264ʩ. 

102  ʀʜʝʣʴʯʠʢ ʀ.ɽ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ ʇʦʜ 

ʨʝʜ. ʄ.ʆ. ʐʪʝʡʥʙʝʨʛʘ. ï 3-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1992. ï 

672 ʩ. 

103 ʗʙʣʦʥʩʢʠʡ ɺ.ʉ. ʂʨʘʪʢʠʡ ʢʫʨʩ ʪʝʭʥʠʯʝʩʢʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʠ. ï ʄ.: 1961. 

ï 355 ʩ. 



139 
 

104 ɼʦʤʘʥʩʢʠʡ ʀ.ɺ., ʀʩʘʢʦʚ ɺ.ʇ., ʆʩʪʨʦʚʩʢʠʡ ɻ.ʄ. ʠ ʜʨ.; / ʇʦʜ ʦʙʱ.ʨʝʜ. 
ʉʦʢʦʣʦʚʘ ɺ.ʅ. ʄʘʰʠʥʳ ʠ ʘʧʧʘʨʘʪʳ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ: ʇʨʠʤʝʨʳ ʠ ʟʘʜʘʯʠ. 

ï ʃ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʃʝʥʠʥʛʨ. ʦʪʜ-ʝ, 1982. ï 384 ʩ. 

105 ʄʠʭʝʝʚ ʄ.ɸ., ʄʠʭʝʝʚʘ ʀ.ʄ. ʆʩʥʦʚʳ ʪʝʧʣʦʧʝʨʝʜʘʯʠ. ʀʟʜ. 2-ʝ, 

ʩʪʝʨʝʦʪʠʧ. - ʕʥʝʨʛʠʷ, 1977. ï 344 ʩ. 

106 ɹʦʨʦʚʠʢ ɸ.ɸ., ʇʨʦʪʘʩʦʚ ʉ.ʂ. ʇʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳ ʭʠʤʠʯʝʩʢʦʡ 
ʪʝʭʥʦʣʦʛʠʠ. ʉʙʦʨʥʠʢ ʧʨʠʤʝʨʦʚ ʠ ʟʘʜʘʯ: ʚ 2ʯ. ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï ʄʠʥʩʢ: ɹɻʊʋ, 

2013. ï ʏ.2.- 419 ʩ. 

107 ʇʝʪʫʭʦʚʘ ɹ.ʉ., ʐʠʢʦʚʘ ɺ.ʂ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʤ: ʚ 2 ʪ. / 
ʇʝʨ. ʩ ʘʥʛʣ., ʧʦʜ ʨʝʜ. ï ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1987. ï ʊ.1.- 560 ʩ. 

108 ʌʫʢʩ ʅ.ɸ. ʄʝʭʘʥʠʢʘ ʘʵʨʦʟʦʣʝʡ. ï ʄ.:ɸʅ ʉʉʉʈ, 1955. ï 352ʩ.  

109 A.O. Torsky, A.A. Volnenko, A.A. Abzhapbarov, A.E. Levdansky, T. M. 

Orynbekov. Inertial and diffusional aerosol particle deposition effectiveness In the 

vortex interaction zone of cyclonic-vortex action apparatus // V International 

Conference of çIndustrial Technologiest and Engineeringè (ICITE 2018) dedicated to 

the 75TH anniversary of M.Auezov South Kazakhstan state university and 90TH 

anniversary of Academician S.T. Suleimenov holding within 4.0 Industrial Revolution, 

Shymkent, Kazakhstan, October 28, 2018, ʪ.3. ï P.190-195  

110 ʊʦʨʩʢʠʡ ɸ.ʆ., ɺʦʣʥʝʥʢʦ ɸ.ɸ., ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ., ʆʨʳʥʙʝʢʦʚ ʊ. ʈʘʩʯʝʪ 
ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʞʠʜʢʦʡ ʬʘʟʳ ʚ ʥʘʩʘʜʦʯʥʦʡ ʟʦʥʝ ʮʠʢʣʦʥʥʦ-

ʚʠʭʨʝʚʦʛʦ ʘʧʧʘʨʘʪʘ // ʊʨ. ʤʝʞʜʫʥʘʨ. ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ. çɸʋʕɿʆɺʉʂʀɽ 

ʏʊɽʅʀʗ - 17: ʅʦʚʳʝ ʠʤʧʫʣʴʩʳ ʥʘʫʢʠ ʠ ʜʫʭʦʚʥʦʩʪʠ ʚ ʤʠʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝè 

ʐʳʤʢʝʥʪ: ʖʂɻʋ ʠʤ.ʄ.ɸʫʵʟʦʚʘ, 2019, ʪ.7 ï ʉ.147-152.  

111 Torskiy A.O., Volnenko A.A., Orynbekov T., Abzhapbarov A.A., 

Levdanskiy A.E. Methodology for calculating hydraulic resistance and dedusting 

efficiency of an cyclonic-vortex apparatus // Proceedings of VI International 

Conference çIndustrial Technologiest and Engineeringè (ICITE 2019). ï Shymkent,  

2019, V.2. ï P.75-80.  

112 Torskiy A.O., Volnenko A.A., Abzhapbarov A.A., Levdanskiy A.E. 

Hydrodynamics of a swirling flow in the cyclone-vortex apparatus // News of the 

academy of sciences of the republic of Kazakhstan. Series chemistry and technology. 

ï 2018. - ˉ2(428).- P.72-79. 

113 Leith D., Mehta D. //Atmosph. Environm, 1973, V.7, ˉ5 ï P.527-549. 

114 Leith D., Licht W. //AIChE, Symposium, Series, Air ï 1971 

115 Alexander R.- Proc. Austral. Inst. Mining Metallurgy (New Series), 1949, 

V.152, ˉ 3. - P.203 ï 228. 

116 Volnenko A.A., Abzhabparov A.A., Levdanskiy A.E., Torsky A.O. 

Development and calculation of two-stage vortex dust collector // IV International 

Conference of çIndustrial Technologiest and Engineeringè (ICITE 2017), Shymkent, 

Kazakhstan, October 26-27, 2017, ʪ.2. ï P.155-162. 

117 ɺʦʣʥʝʥʢʦ ɸ.ɸ., ɸʙʞʘʧʙʘʨʦʚ ɸ.ɸ., ʊʦʨʩʢʠʡ ɸ.ʆ., ʂʦʨʛʘʥʙʘʝʚ ɹ.ʅ., 
ʃʝʚʜʘʥʩʢʠʡ ɸ.ʕ. ʆʧʨʝʜʝʣʝʥʠʝ ʚʨʝʤʝʥʠ ʦʩʘʞʜʝʥʠʷ ʠ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ 

ʦʩʘʞʜʘʝʤʳʭ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʘʧʧʘʨʘʪʝ ʮʠʢʣʦʥʥʦʛʦ ʪʠʧʘ  //ʊʨ. ʤʝʞʜʫʥʘʨʦʜʥ. 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯ.ʢʦʥʬ. ʥʘ ʪʝʤʫ çʂʘʟʘʭʩʪʘʥ ï ʥʘ ʧʫʪʠ ʜʫʭʦʚʥʦʛʦ ʚʦʟʨʦʞʜʝʥʠʷ: 



140 
 

ʨʘʟʚʠʪʠʝ ʠ ʙʫʜʫʱʝʝè. ʐʳʤʢʝʥʪ: ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʛʫʤʘʥʠʪʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, 2017. ï ʉ.11-14  

118 ʊʦʨʩʢʠʡ ɸ.ʆ. ɻʠʜʨʦʜʠʥʘʤʠʢʘ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʝ ʚ ʮʠʢʣʦʥʥʦ-

ʚʠʭʨʝʚʦʤ ʘʧʧʘʨʘʪʝ: ʜʠʩ. é ʜʦʢʪʦʨʘ PhD. ï ʐʳʤʢʝʥʪ, 2020. -117 ʩ. 

119 ʉʠʩʪʝʨ ɺ.ɻ., ʄʘʨʪʳʥʦʚ ʖ.ɺ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʝʧʘʨʘʮʠʠ 
ʞʠʜʢʠʭ ʢʘʧʝʣʴ ʚ ʚʠʥʪʦʚʦʤ ʢʘʥʘʣʝ // ʊʝʦʨ. ʦʩʥ. ʭʠʤ. ʪʝʭʥʦʣ. ï 1993. ï ʊ.27, ˉ3. ï 

ʉ.264-269. 

120  ɸʆ çɸʢʪʶʙʠʥʩʢʠʡ ʟʘʚʦʜ ʭʨʦʤʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡè / ʇʦʩʪʦʷʥʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʣʴʬʘʪʘ ʭʨʦʤʘ, ʮʝʭ ˉ4, 2015. ï 91ʩ. 
 

  



141 
 

ʇʈʀʃʆɾɽʅʀɽ ɸ 

 



142 
 

 



143 
 

 



144 
 

 
 

 



145 
 

ʇʈʀʃʆɾɽʅʀɽ ɹ



146 
 

 



147 
 



148 
 

 



149 
 

  



150 
 

ʇʈʀʃʆɾɽʅʀɽ ɺ 

 

 



151 
 

 



152 
 

 



153 
 

 


