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CALCULATION OF MAGNETIC LOSSES OF ENERGY IN STEEL  

OF POWER TRANSFORMERS 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ 

ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ (ʉʊ), ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʦʡ ʧʦʣʥʳʤ 

ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ, ʘ ʪʘʢʞʝ ʤʦʱʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ ʧʨʠ 

ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʯʠʩʣʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʤʦʱʥʦʩʪʠ ʉʊ, ʢʦʵʬʬʠʮʠʝʥʪʝ ʬʦʨʤʳ 

ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ  ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ ʉʊ. 

ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʛʦʜʠʯʥʳʭ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʦʚ ʉʊ 10(6)/0,4ʢɺ, 35/10(6) 

ʢɺ, 110/10(6)ʢɺ ʠ 110/35/10(6) ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ 

(ʈʕʉ) ʃʫʛʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ ʛʦʜʠʯʥʦʛʦ ʤʘʢʩʠʤʫʤʘ 

ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ 

ʵʪʠʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʧʨʠ ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʷʭ ʠʥʜʫʢʮʠʠ. 

ʇʨʝʜʣʦʞʝʥ ʨʷʜ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʫʨʦʚʥʷ 

ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʵʪʠʭ 

ʉʊ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩʠʣʦʚʦʡ 

ʪʨʝʭʬʘʟʥʳʡ, ʛʦʜʠʯʥʳʝ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ, 

ʛʦʜʠʯʥʳʡ ʤʘʢʩʠʤʫʤ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ, ʛʦʜʠʯʥʳʝ 

ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ, ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʪʦʢ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʫʯʝʪʘ ʧʦʪʝʨʴ 

ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʧʝʨʝʜʘʯʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʯʝʨʝʟ ʩʠʣʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ (ʉʊ) 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʝʪʝʡ ʢ ʧʦʪʨʝʙʠʪʝʣʷʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜʠʢʘ [1], ʚ ʢʦʪʦʨʦʡ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ()P
ʊWD  ʠ ʨʝʘʢʪʠʚʥʦʡ 

()Q
TWD ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʜʝʡʩʪʚʠʝʤ 

ʦʩʥʦʚʥʳʭ ʛʘʨʤʦʥʠʢ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ, ʧʦ ʩʣʝʜʫʶʱʠʤ ʫʧʨʦʱʝʥʥʳʤ 

ʬʦʨʤʫʣʘʤ: 
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ʛʜʝ -.ʟ.ʢʈ ʧʦʪʝʨʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢɺʪ; 

-.ʭ.ʭʈ ʧʦʪʝʨʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢɺʪ; 

ʥS ï ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʦʙʤʦʪʢʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢɺɸ; 

-PT ʚʨʝʤʷ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʨʘʩʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ, ʚ ʯʘʩʘʭ; 

-.ʟ.ʢU ʥʘʧʨʷʞʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, %; 

-0i ʪʦʢ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, %; 

2
3k ïʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʦʙʤʦʪʢʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ; 

-2
ʬk ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʛʨʘʬʠʢʘ ʥʘʛʨʫʟʢʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

 

ʆʜʥʘʢʦ ʚ [1] ʥʝ ʫʯʪʝʥʳ ʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ʚ 

ʩʪʘʣʠ ʉʊ ʧʨʠ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʠʥʜʫʢʮʠʠ ʚ 

ʤʘʛʥʠʪʥʦʡ ʩʠʩʪʝʤʝ, ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʤʦʱʥʦʩʪʠ ʠ 

ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʦʡ ʧʦʣʥʳʤ ʩʧʝʢʪʨʦʤ ʛʘʨʤʦʥʠʢ 

ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ 

ʠʩʢʘʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʡ ʨʘʟʣʠʯʠʝʤ ʚ ʬʦʨʤʝ ʢʨʠʚʳʭ 

ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

ʋʢʘʟʘʥʥʳʝ ʷʚʣʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʪʘʣʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʚ ʉʊ ʟʘ ʩʯʝʪ 

ʦʙʨʘʪʠʤʦʛʦ ʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦʛʦ ʥʝʦʙʨʘʪʠʤʦʛʦ 

ʩʤʝʱʝʥʠʷ ʛʨʘʥʠʮ ʜʦʤʝʥʦʚ ʠ ʧʦʵʪʦʤʫ ʤʘʩʩʦʚʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ 

ɺ ʨʘʙʦʪʘʭ [2,3,4] ʨʘʩʯʝʪ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʟʥʘʯʝʥʠʷ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ 0i  ʧʨʠʚʦʜʠʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʧʝʨʚʦʡïʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ. 



10             ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 

 

 

 

ʇʨʠʯʝʤ ʜʝʡʩʪʚʠʝ ʠ ʫʯʝʪ ʛʘʨʤʦʥʠʢ ʚʳʩʰʝʛʦ 

ʧʦʨʷʜʢʘ (ʛʘʨʤʦʥʠʢ, ʢʨʘʪʥʳʭ ʪʨʝʤ, ʠ ʛʘʨʤʦʥʠʢ =n
5,7é ʠ ʪ.ʜ.) ʠʟ ʘʤʧʣʠʪʫʜʳ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ 

r0i  ʩʦʛʣʘʩʥʦ [2] ʠʩʢʣʶʯʘʝʪʩʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ (ʛʘʨʤʦʥʠʢ) fk , 

ʫʯʠʪʚrʘʶʱʝʛʦ ʥʘʣʠʯʠʝ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʧʨʠ 

ʨʘʩʯʝʪʝ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ 

ʪʦʢʘ: 

 

wkk

F
I

fʘ
r0

ÖÖ
= ,                          (3) 

 

ʛʜʝ F - ʩʨʝʜʥʷʷ ʥʘʤʘʛʥʠʯʠʚʘʶʱʘʷ ʩʠʣʘ ʦʜʥʦʡ ʬʘʟʳ,

A ; 

41,1kʘ= - ʢʦʵʬʬʠʮʠʝʥʪ ʘʤʧʣʠʪʫʜʳ ʧʦ [5]; 

w - ʯʠʩʣʦ ʚʠʪʢʦʚ ʦʙʤʦʪʢʠ. 

ʊʘʢʞʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʦʧʨʝʜʝʣʝʥʠʶ 

ʤʦʱʥʦʩʪʠ ʠʩʢʘʞʝʥʠʷ T  ʦʪʚʦʜʠʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ 

ʨʦʣʴ, ʦʛʨʘʥʠʯʝʥʥʘʷ ʫʧʦʤʠʥʘʥʠʝʤ ʚ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʝ: 

 

,QPST 222 --=               (4) 

 

ʛʜʝ  -S ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ, ʫʢʘʟʘʥʥʘʷ ʥʘ ʪʘʙʣʠʯʢʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ɺɸ; 
-P ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʠʣʠ ʧʦʣʝʟʥʘʷ 

ʤʦʱʥʦʩʪʴ, ɺʪ; 

-Q ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, .ɺɸʨ 

ʆʜʥʘʢʦ ʙʦʣʝʝ ʪʦʯʥʳʡ ʫʯʝʪ ʤʦʱʥʦʩʪʠ 

ʠʩʢʘʞʝʥʠʷ T  ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘʛʣʷʜʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʪʝʨʷʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʉʊ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʢʘʞʝʥʠʷ ʛʘʨʤʦʥʠʢ 

ʬʘʟʥʳʭ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ, ʜʦʙʘʚʦʯʥʳʭ ʧʦʪʝʨʷʭ, 

ʥʘʠʙʦʣʝʝ ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ 

ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʧʨʠ ʩʦʝʜʠʥʝʥʠʠ ʦʙʤʦʪʦʢ ʉʊ ʩ 

ʨʘʟʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʧʦ ʩʭʝʤʘʤ ,0YY ʥ- ,0ɼY -

110ɼ/Y/Y ʥʥ --  ʠ ,1111ɼ/ɼ/Yʥ -- ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʜʦʙʘʚʦʯʥʳʝ ʧʦʪʝʨʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʮʠʨʢʫʣʷʮʠʠ ʪʦʢʦʚ ʛʘʨʤʦʥʠʢ, 

ʢʨʘʪʥʳʭ ʪʨʝʤ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʚʳʧʦʣʥʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʫʯʝʪʘ 

ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ, 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ, 

ʚʳʟʚʘʥʥʦʡ ʧʦʣʥʳʤ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ 

ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʘ ʪʘʢʞʝ ʤʦʱʥʦʩʪʠ 

ʠ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ ʧʨʠ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʯʠʩʣʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ 

ʤʦʱʥʦʩʪʠ ʉʊ, ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ  

( )ʢɺɸS,ɺʪ,P,%i ,ʥʦʤ.ʭ.ʭ0 , , fk ï ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʬʦʨʤʳ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ [6] ʠ ʫʩʣʦʚʠʷ 

ʧʦʩʪʦʷʥʩʪʚʘ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʤʦʱʥʦʩʪʠ ʭQ  ʚ ʉʊ. 

ʀʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʷʝʤ ʚʝʣʠʯʠʥʳ 

ʧʦʣʥʦʡ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʤʦʱʥʦʩʪʠ ʭQ ( )ɺɸ ʠ 

ʬʘʟʥʦʛʦ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 
ʌ0

I ()ɸ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʪʝʨʴ ʚ ʩʪʘʣʠ ʉʊ ʥʘʧʨʷʞʝʥʠʝʤ ʦʪ 

6 ʜʦ 110 ʢɺ ʧʨʠ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʠʥʜʫʢʮʠʠ, ʠʤʝʶʱʝʡ ʟʘ ʧʝʨʠʦʜ ʦʜʠʥ ʤʠʥʠʤʫʤ ʠ 

ʦʜʠʥ ʤʘʢʩʠʤʫʤ ʩʜʝʣʘʥʳ, ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ. 

1) ɺʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ çʵʢʚʠʚʘʣʝʥʪʥʘʷ ʯʘʩʪʦʪʘè 

ʵf  ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʠʥʜʫʢʮʠʠ ( )minmax0 BB5,0B +Ö= . ʕʪʦ ʪʘʢʘʷ ʯʘʩʪʦʪʘ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʩʠʥʫʩʦʠʜʘʣʴʥʦ ʤʝʥʷʶʱʘʷʩʷ ʠʥʜʫʢʮʠʷ 

ʠʤʝʝʪ ʪʘʢʫʶ ʞʝ ʘʤʧʣʠʪʫʜʫ, ʢʘʢ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʨʝʘʣʴʥʘʷ ʠʥʜʫʢʮʠʷ maxB . 

2) ʇʦʪʝʨʠ ʥʘ ʚʠʭʨʝʚʳʝ ʪʦʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ 

ʢʚʘʜʨʘʪʫ ʜʝʡʩʪʚʫʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ,U 2
ʜ  

ʠʥʜʫʢʪʠʨʦʚʘʥʥʦʛʦ ʚ ʦʙʤʦʪʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʚʳʰʝʫʢʘʟʘʥʥʳʝ 

ʜʦʧʫʱʝʥʠʷ, ʧʦ ʠʟʚʝʩʪʥʳʤ ʧʘʩʧʦʨʪʥʳʤ ʜʘʥʥʳʤ ʉʊ 

( )ɺʪ,P,ɻʮf ʭʭʩ  ʧʨʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʠʥʜʫʢʮʠʠ ʠ ʯʘʩʪʦʪʝ ʧʠʪʘʶʱʝʡ ʩʝʪʠ ,ɻʮ50fʵ= ʘ 

ʪʘʢʞʝ )u(ʬK ï ʢʦʵʬʬʠʮʠʝʥʪʝ ʬʦʨʤʳ ʢʨʠʚʦʡ 

ʨʝʘʣʴʥʦʛʦ (ʥʝ ʧʨʠʚʝʜʝʥʥʦʛʦ) ʥʘʧʨʷʞʝʥʠʷ, ʩʠʥ,ʬK ï 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʬʦʨʤʳ ʜʣʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʠ -a ʧʦʢʘʟʘʪʝʣʝ ʩʪʝʧʝʥʠ, 

ʫʯʠʪʳʚʘʶʱʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʨʴ ʦʪ ʯʘʩʪʦʪʳ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʚ ʩʪʘʣʠ: 

,
11,1

ʂ
PP
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)u(ʬ
ʭʭʩʪ
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= ö
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a

                (5) 

 

ʛʜʝ 11,122K ʩʠʥ,ʬ ==p ʧʦ [4]; 

56,1=a  ʧʦ [4]; 

-)u(ʬK ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ ʢʨʠʚʦʡ ʨʝʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ: 

 

() ,ʂKK ʩʠʥ,ʬuuʬ Ö=                   (6) 

 

ʛʜʝ uK  - ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʢʘʞʝʥʠʷ ʩʠʥʫʩʦʠ-

ʜʘʣʴʥʦʩʪʠ ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʷ. 

ʅʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʠ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʢʘʞʝʥʠʷ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ɻʆʉʊ 

13109 ʧʨʠ ʢʣʘʩʩʘʭ ʥʘʧʨʷʞʝʥʠʷ 6,10,35 ʠ 110 ʢɺ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.1. 
 

ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʢʘʞʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ  

ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ 

ʅʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠ ,ʥʦʤU ʢɺ 

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠ ,ʥʦʤU ʢɺ 

6-10 35 110 6-10 35 110 

1,17 1,15 1,13 1,20 1,18 1,14 
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ʇʦʵʪʦʤʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʚ 

ʩʪʘʣʠ ʧʨʠ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʠ 
ʩʪ

P  

ʬʦʨʤʫʣʳ (5 ʠ 6), ʘʢʪʠʚʥʦʡ ʠ ʨʝʘʢʪʠʚʥʦʡ (ʦʩʥʦʚʥʦʡ, 

1-ʡ ʛʘʨʤʦʥʠʢʠ ʠ ʩ ʫʯʝʪʦʤ ʚʩʝʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ) ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʉʊ (ɸ),  

ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ 

ʤʦʱʥʦʩʪʠ ʉʊ, ʚʳʟʚʘʥʥʦʡ ʦʩʥʦʚʥʦʡ, 1-ʡ ʛʘʨʤʦʥʠʢʦʡ 

ʠ ʧʦʣʥʳʤ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ, ʤʦʱʥʦʩʪʠ ʠʩʢʘʞʝʥʠʷ (ɺɸʨ), ʘ ʪʘʢʞʝ 

ʦʩʪʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩ ̫ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ 

ʦʪʢʣʦʥʝʥʠʷʭ ʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʷ. 

ɺʝʣʠʯʠʥʘ  ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʬʘʟʳ ʉʊ (ɸ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ: 

.
Um

P
I

ʬ1

ʬɸ0

cʪ

 
Ö

=                   (7) 

 

ɼʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ 

ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ 

ʪʦʢʘ,ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, (ɸ): 

 

.III 2
ʬɸ0

2
ʬ0ʬr0 -=                  (8) 

 

ɸʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʤʘʛʥʠʯʠ-

ʚʘʶʱʝʛʦ ʪʦʢʘ (ɸ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

fʬr0ʬr0 kIi Ö= ,                  (9) 

 

ʛʜʝ -fk  ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʠʚʦʡ ʪʦʢʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʧʦ [6].  

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʉʊ 

ʧʨʠʤʝʥʷʶʪʩʷ  ʚ ʦʩʥʦʚʥʦʤ ʨʫʣʦʥʥʳʝ ʪʦʥʢʦʣʠʩʪʦʚʳʝ 

ʘʥʠʟʦʪʨʦʧʥʳʝ ʭʦʣʦʜʥʦʢʘʪʘʥʥʳʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ 

ʩʪʘʣʠ ʤʘʨʦʢ 3404-3408 ʪʦʣʱʠʥʦʡ 0,27; 0,30 ʠ  

0,35 ʤʤ, ʧʦʵʪʦʤʫ ʚ ʩʦʦʪʚʝʪʩʚʠʠ ʩ ʨʘʟʲʷʩʥʝʥʠʷʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ [6], ʜʣʷ ʉʊ ʩ ʩʝʨʜʝʯʥʠʢʘʤʠ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʭʦʣʦʜʥʦʢʘʪʘʥʥʦʡ ʩʪʘʣʠ, 

ʧʨʠʥʠʤʘʝʤ .1,2=fk  

ɺʝʣʠʯʠʥʘ ʨʝʘʢʪʠʚʥʦʡ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ 

ʤʦʱʥʦʩʪʠ ʉʊ (ɺɸʨ) ʦʪ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʥʦʡ 

ʛʘʨʤʦʥʠʢʠ ʨʝʘʢʪʠʚʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ: 

 

2

cʪ
PQQ 2

ʭʨ.ʭ -= .                 (10) 

 

ɺʝʣʠʯʠʥʘ ʨʝʘʢʪʠʚʥʦʡ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ 

ʤʦʱʥʦʩʪʠ ʉʊ (ɺɸʨ) ʦʪ ʜʝʡʩʪʚʠʷ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʨʝʘʢʪʠʚʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ: 

 

                         (11) 

 

ʀʩʢʦʤʘʷ ʚʝʣʠʯʠʥʘ ʤʦʱʥʦʩʪʠ ʠʩʢʘʞʝʥʠʷ ʚ ʉʊ 

(ɺɸʨ) [4]: 

                           (12) 

 

ʉʫʪʦʯʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ ʚ ʉʊ 

( )ʯɺɸʨÖ : 

 

,TʊW p
)ʊ(

ʊ Ö=D                  (13) 

 

ʛʜʝ -= ʯTʈ 24 ʚʨʝʤʷ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʨʘʩʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ, ʚ ʯʘʩʘʭ. 

ɺʝʣʠʯʠʥʘ ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ʉʊ( )ʯɺʪÖ : 

 

.TPW pcʪ
)P(

ʊ Ö=D              (14) 

 

ɺʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ ʚ ʩʪʘʣʠ, ʚʢʣʶʯʘʷ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʦʪ 

ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʠ( )ʯʢɺʪÖ , ʚʳʜʝʣʷʝʤʳʝ 

ʛʨʫʧʧʦʡ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ʉʊ ʚ ʪʝʯʝʥʠʝ 

ʛʦʜʘ:  

 

   

          (15)

 

 

ʛʜʝ -n ʢʦʣʠʯʝʩʪʚʦ ʦʜʥʦʪʠʧʥʭr ʧʦ ʤʦʱʥʦʩʪʠ ʉʊ, 

ʰʪ.; 

365N= -ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʚ ʛʦʜʫ. 

ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʫʤʘ ʤʘʛʥʠʪʥʦʡ ʨʝʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʘʷ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʉʊ ( )ʯɺɸʨÖ

ʦʪ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ: 

 
( )

..24
..

pʨʭ

Q

ʤʘʢʩ TQW ʨʭ Ö=                       (16) 

 

ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʫʤʘ ʤʘʛʥʠʪʥʦʡ  ʨʝʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʘʷ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʉʊ ( )ʯɺɸʨÖ

ʦʪ ʜʝʡʩʪʚʠʷ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ 

ʪʦʢʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ:    

 

                        (17) 

 

ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʫʤʘ ʨʝʘʢʪʠʚʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʉʊ, ʩʦʟʜʘʥʥʘʷ ʦʩʥʦʚʥʦʡ 

ʛʘʨʤʦʥʠʢʦʡ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ ʠ ʚʳʜʝʣʷʝʤʘʷ 

ʛʨʫʧʧʦʡ ʦʜʥʦʪʠʧʥʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ʉʊ ʚ ʪʝʯʝʥʠʝ 

ʛʦʜʘ( )ʯʢɺɸʨÖ :  

 

          

(18)
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ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʫʤʘ ʨʝʘʢʪʠʚʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʉʊ, ʩʦʟʜʘʥʥʘʷ ʧʦʣʥʳʤ 

ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, 

ʚʳʜʝʣʷʝʤʘʷ ʚ ʛʨʫʧʧʝ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ʉʊ ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ( )ʯʢɺɸʨÖ : 

 

               

(19)

 
 

ɽʞʝʛʦʜʥʘʷ ʚʝʣʠʯʠʥʘ ʥʝʜʦʫʯʪʝʥʥʦʡ 

ʵʥʝʨʛʦʢʦʤʧʘʥʠʷʤʠ ʧʦʪʝʨʠ ʨʝʘʢʪʠʚʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ʉʊ( )ʯʢɺɸʨÖ  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ:  

 

         (20) 

 

ɺʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ( )ʯʢɺɸʨÖ , 

ʚʳʜʝʣʷʝʤʘʷ ʛʨʫʧʧʦʡ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ʉʊ ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ:  

 

                 

(21) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʫʤʤʘʨʥʳʭ ʛʦʜʠʯʥʳʭ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʛʨʫʧʧʝ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ʉʊ( )ʯʢɺʪÖ  ʙʫʜʝʪ 

ʩʦʩʪʦʷʪʴ ʠʟ ʩʫʤʤʳ ʘʢʪʠʚʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʦʪ 

ʪʦʢʦʚ ʥʘʛʨʫʟʢʠ ʚ ʦʙʤʦʪʢʘʭ ʠ ʩʪʘʣʠ ʵʪʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʫʯʝʪʦʤ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʨʠʤʝʪ ʚʠʜ:  

 

()[ ].
10

22

.3

)(

.

.).(

..

P

TPʌɿɿʂ

P

ʛʨʫʧʧʛʦʜ

ʟPʢ

ʛʨʫʧʧʛʦʜ

P

ʛʨʫʧʧʛʦʜ

WTkkP
Nn

WWW

D+ÖÖÖÖ
Ö

=

=D+D=ä
    (22) 

 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʬʦʨʤʫʣʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʳʭ ʛʦʜʠʯʥʳʭ ʧʦʪʝʨʴ 

ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʦʡ ʛʨʫʧʧʦʡ 

ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ʉʊ( )ʯʢɺɸʨÖ , ʙʫʜʝʪ 

ʩʦʩʪʦʷʪʴ ʠʟ ʩʫʤʤʳ ʧʦʪʝʨʴ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʦʙʤʦʪʢʘʭ ʚʳʟʚʘʥʥʳʭ ʪʦʢʦʤ ʥʘʛʨʫʟʢʠ ʠ ʚ ʩʪʘʣʠ ʵʪʠʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʩ ʫʯʝʪʦʤ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʛʘʨʤʦʥʠʢ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ:  
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 (23) 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 

ʧʦʪʝʨʴ ʚ ʩʪʘʣʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʧʨʠ 

ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʠ, ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ 

ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʠʠ, ʤʦʱʥʦʩʪʠ ʠʩʢʘʞʝʥʠʷ ʠ ʵʥʝʨʛʠʠ, 

ʚʳʜʝʣʷʝʤʦʡ ʚ ʉʊ ʪʠʧʘ ʊɼʊʅ-25000/110/35/10 ʢɺ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ: 
;ʢɺɸ25000Sʥʦʤ=

ʥʦʤʠʥʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʙʤʦʪʦʢ:

;ɺ%)78,19ʈʇʅ(110000Uɺʅ ³°

( );ɺ%5,22ʇɹɺ38500Uʉʅ ³°
 

.ɺ11000Uʅʅ ʉʭʝʤʘ ʠ 

ʛʨʫʧʧʘ ʩʦʝʜʠʥʝʥʠʷ 
.110ɼ/Y/Y 0 --
ʇʘʨʘʤʝʪʨʳ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ: ʥʘʧʨʷʞʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʦʙʤʦʪʦʢ: ( ) %;5,10U ʉɺk =- ( ) %;5,17U ʅɺk =-

( ) %..5,6U ʅʉk =- ʇʦʪʝʨʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤrʢʘʥʠʷ 

;ɺʪ140000Pk = ʧʦʪʝʨʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

;ɺʪ31000Pʭʭ= ʪʦʢ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 
%.7,0i0 =  

ʂʦʣʠʯʝʩʪʚʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʉʊï2 ʰʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʩʯʝʪʳ ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʘʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʪʦʢʘ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 
%I .ʘ.ʭ.ʭ  ʠ ʛʦʜʠʯʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ʉʊ, ʚʢʣʶʯʘʷ ʧʦʪʝʨʠ ʦʪ 

ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʠ, ʚʦʟʨʘʩʪʘʶʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʝʝ ʠʩʢʘʞʝʥʠʷ ʚ 1,15-1,16 ʨʘʟʘ, ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʚʝʣʠʯʠʥʦʡ ʪʦʢʘ ʠ ʧʦʪʝʨʷʤʠ ʚ ʩʪʘʣʠ ʵʪʠʭ 

ʞʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʙʝʟ ʫʯʝʪʘ ʧʦʪʝʨʴ, ʚʳʟʚʘʥʥʳʭ 

ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʴʶ ʠʥʜʫʢʮʠʠ.   

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʤʦʱʥʦʩʪʠ, ʛʦʜʠʯʥʦʡ 

ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʙʝʟ ʫʯʝʪʘ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ 

ʠʥʜʫʢʮʠʠ ʠ ʧʨʠ ʫʯʝʪʝ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʠ ʚ 

ʉʊ ʥʘʧʨʷʞʝʥʠʝʤ 10(6)/0,4 ʢɺ, 35/10(6) ʢɺ, 110/10(6) 

ʢɺ ʠ  110/35/10(6) ʢɺ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʃʫʛʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ [7], ʘ ʪʘʢʞʝ 

ʛʦʜʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ, ʚʳʜʝʣʷʝʤʦʡ 

ʵʪʠʤʠ ʉʊ, ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2 ʠ 3. 
 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʛʦʜʠʯʥʳʭ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ʉʊ-6/0,4 ʢɺ, 10/0,4 ʢɺ, 

 35/10(6) ʢɺ, 110/10(6) ʢɺ ʠ 110/35/10 (6) ʢɺ ʙʝʟ ʫʯʝʪʘ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʠ 

ˉ 

ʧʧ 
ʈʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʈʘʩʯʝʪʳ ʙʝʟ ʫʯʝʪʘ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʠ ʜʣʷ ʉʊ  

ʩ ʩʦʯʝʪʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʦʙʤʦʪʦʢ, ʢɺ 

6/0,4 ʢɺ 10/0,4 ʢɺ 35/10(6) ʢɺ 110/10(6) ʢɺ ʠ 110/35/10(6) 

1. 
ʉʫʤʤʘʨʥʘʷ ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʉʊ  

ʢɺɸ,S
ʥʦʤä  1618238 1354130,50 2475060 6300900 

2. 
ɻʦʜʠʯʥʳʝ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ 

ʉʊ () ʯʘʩʄɺʪÖD ,W P
ʛʨʫʧʧ.ʛʦʜ

 46360,37 38120,15 33942,37 62959,00 
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ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʛʦʜʠʯʥʳʭ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ʉʊ-6/0,4 ʢɺ, 10/0,4 ʢɺ, 35/10(6) ʢɺ,  

110/10(6) ʢɺ ʠ 110/35/10 (6) ʢɺ ʧʨʠ ʫʯʝʪʝ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʠ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʠ  

ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʭ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʦʡ ʠ ʧʦʣʥʳʤ ʛʘʨʤʦʥʠʯʝʩʢʠʤ  

ʩʧʝʢʪʨʦʤ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

ˉ 

ʧʧ 

ʈʘʩʯʝʪʥʳʝ 

ʧʘʨʘʤʝʪʨʳ 

ʈʘʩʯʝʪ ʧʨʠ ʫʯʝʪʝ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ  ʠʥʜʫʢʮʠʠ ʜʣʷ ʉʊ ʩ ʩʦʯʝʪʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ ʦʙʤʦʪʦʢ 

6/0,4 ʢɺ 10/0,4 ʢɺ 35/10(6) ʢɺ 110/10(6) ʢɺ ʠ 110/35/10(6) 

17,1Ku =

 

20,1Ku =

 

17,1Ku =

 

20,1Ku =

 

15,1Ku =

 

18,1Ku =  

 

13,1Ku =

 
14,1Ku =  

1. 
ʢɺɸ,S

ʥʦʤä
 

1618238 1354130,50 2475060 6300900 

2. 

()

ʯʘʩʄɺʪÖ

D ,W P
ʛʨʫʧʧ.ʛʦʜ  55273,26 56863,02 45448,83 46756,02 39693,90 40855,45 72194,76 72910,69 

3. 

( )

ʯʘʩʄɺɸʨÖ

D ,W ʈ.ʍQ
ʛʨʫʧʧ.ʛʦʜ

 

435986,72 435763,04 350843,88 350648,88 195547,26 195271,16 378826,71 378686,83 

4. 

( )

ʯʘʩʄɺɸʨÖ

D ,W
Q

ʛʨʫʧʧ.ʛʦʜ
m

 915572,11 915102,38 736772,15 736362,65 410649,24 410069,44 795536,09 795242,34 

5. 

()

ʯʘʩʄɺɸʨÖ

D ,W T
ʛʨʫʧʧ.ʛʦʜ

 

805101,15 804688,10 647874,81 647514,72 361101,19 360591,34 699548,43 699290,11 

6. 

()

ʯʘʩʄɺɸʨÖ

D ,W Q
ʛʨʫʧʧ.ʛʦʜ

 

479585,39 479339,34 385928,27 385713,77 215101,98 214798,28 416709,38 416555,51 

 
ʆʙʦʙʱʘʶʱʠʡ  ʘʥʘʣʠʟ ʨʘʩʯʝʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ 

ʧʦ ʪʘʙʣ. 2 ʠ 3, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʷ ʦ ʪʦʤ, 

ʯʪʦ ʧʨʝʚʳʰʝʥʠʷ ʚʝʣʠʯʠʥʳ ʛʦʜʠʯʥʳʭ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ʉʊ ʠ ʘʢʪʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʨʠ ʫʯʝʪʝ 

ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʠ ʥʘʜ ʧʦʪʝʨʷʤʠ ʙʝʟ 

ʫʯʝʪʘ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʠ ʩʦʩʪʘʚʣʷʶʪ: 

-ʜʣʷ ʉʊ ʥʘʧʨʷʞʝʥʠʝʤ 10(6)/0,4 ʢɺ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʠ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʷ ï ʚ 1,19 ʨʘʟʘ, 

ʧʨʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʠ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʷ ʚ 1,23 ʨʘʟʘ; 

-ʜʣʷ ʉʊ ʥʘʧʨʷʞʝʥʠʝʤ 35/10(6) ʢɺ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʠ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʷ ï ʚ 1,17 ʨʘʟʘ, 

ʧʨʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʠ ʚ ï 1,20 ʨʘʟʘ; 

-ʜʣʷ ʉʊ ʥʘʧʨʷʞʝʥʠʝʤ 110/10(6) ʢɺ ʠ 

110/35/10(6) ʢɺ ʧʨʠ ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ 

ʠʩʢʘʞʝʥʠʠ ʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʷ ï 

ʚ 1,15 ʨʘʟʘ, ʧʨʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʠ ï 

ʚ 1,16 ʨʘʟʘ. 

ɻʦʜʠʯʥʘʷ ʚʝʣʠʯʠʥʘ ʤʘʢʩʠʤʫʤʘ ʨʝʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ, ʩʦʟʜʘʥʥʘʷ ʧʦʣʥʳʤ ʩʧʝʢʪʨʦʤ ʛʘʨʤʦʥʠʢ 

ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʚ ʜʚʫʭʦʙʤʦʪʦʯʥʳʭ 

ʉʊ ʥʘʧʨʷʞʝʥʠʤ 35/10(6) ʢɺ, 110/10(6) ʢɺ ʩ ʛʨʫʧʧʦʡ 

ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ 11
ɼ

Y - , ʘ ʪʘʢʞʝ ʚ 

ʪʨʝʭʦʙʤʦʪʦʯʥʳʭ ʉʊ  ʥʘʧʨʷʞʝʥʠʝʤ 110/35/10(6) ʢɺ ʩ 

ʛʨʫʧʧʦʡ ʩʦʝʜʠʥʝʥʠʷ ʦʙʤʦʪʦʢ ʧʦ ʩʭʝʤʝ  

110ɼ/Y/Y ʥʥ --  ʠ 1111ɼ/ɼ/Yʥ -- , 

ʧʨʝʚʳʰʘʝʪ ʛʦʜʠʯʥʫʶ ʚʝʣʠʯʠʥʫ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ 

ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ, ʩʦʟʜʘʥʥʫʶ ʦʩʥʦʚʥʦʡ 

ʛʘʨʤʦʥʠʢʦʡ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ,ï ʚ 2,1 ʨʘʟʘ ʠ 

ʫʯʠʪʳʚʘʝʪ ʧʦʪʝʨʠ ʨʝʘʢʪʠʚʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ 

ʟʘʤʳʢʘʶʱʝʛʦʩʷ ʚʦ ʚʪʦʨʠʯʥʦʡ ʦʙʤʦʪʢʝ, ʩʦʝʜʠʥʝʥʥʦʡ 

ʚ ʪʨʝʫʛʦʣʴʥʠʢ, ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʪʦʢʘ, 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʛʘʨʤʦʥʠʢʘʤʠ ʢʨʘʪʥʳʤʠ ʪʨʝʤ, 

ʢʦʪʦʨʳʡ ʚʩʣʝʜʩʪʚʠʝ ʧʨʝʦʙʣʘʜʘʥʠʷ ʠʥʜʫʢʪʠʚʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠʥʠʤʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʥʜʫʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʛʦʜʠʯʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ 

ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ ʚ ʉʊ ʩ ʩʦʯʝʪʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ 

6/0,4 ʢɺ, 10/0,4 ʢɺ, 35/10(6) ʢɺ, 110/10(6) ʢɺ ʠ 

110/35/10(6) ʢɺ ʧʨʝʚʳʰʘʝʪ ʛʦʜʠʯʥʫʶ ʚʝʣʠʯʠʥʫ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ, ʩʦʟʜʘʥʥʫʶ 

ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʦʡ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʚ 1,85 

ʨʘʟʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʷ ʚ ʈʕʉ. 

ɺʳʚʦʜʳ. 1.ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʠʪʴ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʩʪʘʣʠ ʉʊ ʩ ʩʦʯʝʪʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ 6/0,4 ʢɺ, 10/0,4 

ʢɺ, 35/10(6) ʢɺ, 110/10(6) ʢɺ ʠ 110/35/10(6) ʢɺ ʧʨʠ 

ʫʯʝʪʝ ʧʦʪʝʨʴ ʦʪ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʠ, 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʨʝʘʢʪʠʚʥʫʶ ʵʥʝʨʛʠʶ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʟʘʪʨʘʯʠʚʘʝʤʫʶ ʥʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʉʊ, 

ʩʦʟʜʘʥʥʫʶ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʦʡ ʨʝʘʢʪʠʚʥʦʡ 



14             ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 

 

 

 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʧʦʣʥʳʤ 

ʩʧʝʢʪʨʦʤ ʛʘʨʤʦʥʠʢ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ, 

ʵʥʝʨʛʠ ʁ ʠʩʢʘʞʝʥʠʷ, ʚʳʟʚʘʥʥʦʡ ʨʘʟʣʠʯʠʝʤ ʬʦʨʤ 

ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʫ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʩʫʤʤʘʨʥʳʝ ʛʦʜʠʯʥʳʝ ʧʦʪʝʨʠ ʘʢʪʠʚʥʦʡ ʠ 

ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʳʝ ʵʪʠʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ. 

2. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʩʪʘʣʠ ʉʊ, ʫʯʠʪʳʚʘʷ ʧʦʪʝʨʠ ʦʪ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ 

ʠʥʜʫʢʮʠʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʨʪʘ ʭʦʣʦʜʥʦʢʘʪʘʥʦʡ, ʘʥʠʟʦʪʨʦʧʥʦʡ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ ʪʦʣʱʠʥʦʡ ʥʝ ʤʝʥʝʝ 0,27 

ʤʤ, ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʫʜʝʣʴʥʳʭ ʧʦʪʝʨʴ (0,85 ɺʪ/ʢʛ 

ʧʨʠ ʠʥʜʫʢʮʠʠ 1,7 ʊʣ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʬʦʨʤʳ 

ʢʨʠʚʦʡ ʪʦʢʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʤ 

7,16,1k f ·= [6]. 

3. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʨʝʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʦʥʥʳʡ ʦʪʞʠʛ ʧʣʘʩʪʠʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ 

ʩʪʘʣʝʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʨʝʘʢʪʠʚʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ 

ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ, 

ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʉʊ, ʠ ʵʥʝʨʛʠʠ 

ʠʩʢʘʞʝʥʠʷ ʚ ʬʦʨʤʘʭ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ. 

4. ɼʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʉʊ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ 

ʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʥʝʦʙʭʦʜʠʤʘ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʜʘʚʣʝʥʠʷ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ 

ʙʝʟ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʠʭ ʢʦʥʩʪʨʫʢʮʠʶ. 
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Syrtsov ɸ.I., Polovinka D.V., Parsentiev O.S. 

CALCULATION OF MAGNETIC LOSSES OF ENERGY 

IN STEEL OF  POWER TRANSFORMERS WITH THE 

ACCOUNT OF NON-INVISIBILITY OF MAGNETIC  

INDUCTION  

To determine the magnetic energy losses in the steel of 

power transformers (PTs), the magnetizing reactive power 

and the energy caused by the total harmonic composition of 

the idle current amplitude, and the power and energy of the 

distortion for non-sinusoidal magnetic induction, a method 

based on the numerical use of the magnetizing power PTs, the 

shape factor of the magnetization curve and the passport data 

of PTs. 

The calculation of annual losses of active energy in the 

steel of magnetic cores PTs-10 (6)/0,4 kV, 35/10 (6) kV, 

110/10 (6) kV and 110/35/10 (6) kV of distribution networks 

(DNES) of  Lugansk Region and one-year maximum of the 

reactive energy expended on magnetization of these 

transformers under normal admissible and maximum 

allowable distortions of induction. 

A number of measures are proposed to reduce the 

reactive component of the no-load current, the level of energy 

loss spent on magnetizing these  PTs. 

Key words: three-phase power transformer, annual 

active energy losses in steel, annual maximum of reactive 

energy, annual energy losses of distortion, harmonic 

composition of no-load current. 
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ʇʣʘʭʦʪʥʠʢ ɺ.ʖ, ʂʦʯʝʨʛʠʥ ɸ.ɺ, ʄʘʭʦʨʪʦʚʘ ʅ.ɺ. 

 

 

FAN-BEAM GEOMETRY IN THE  FEW-ANGLE TOMOGRAPHY  

WITH CODED APERTURES  
 

Plakhotnik V .J, Kochergin A.V, Makhortova N.V. 

 
ɺ ʩʪʘʪʴʝ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ 

ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʦʪ ʩʘʤʦʠʟʣʫʯʘʶʱʠʭ 

ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ɔ-ʠʟʣʫʯʝʥʠʷ ʩ 

ʢʦʜʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ (ʉɺʂɸ). ʋʩʪʘʥʦʚʣʝʥ ʬʘʢʪ 

ʚʝʝʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʧʨʦʝʢʮʠʡ ʩ ʧʦʤʦʱʴʶ 

ʉɺʂɸ, ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ, 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʩʠʩʪʝʤʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʫʯʝʡ. ʄʝʪʦʜ 

ʤʘʢʩʠʤʫʤʘ ʵʥʪʨʦʧʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʢ ʚʝʝʨʥʦʡ 

ʛʝʦʤʝʪʨʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ 

ʩ ʧʦʤʦʱʴʶ ʉɺʂɸ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʜʠʨʦʚʘʥʥʳʝ ʘʧʝʨʪʫʨʳ, 

ʤʘʢʩʠʤʫʤ ʵʥʪʨʦʧʠʠ, ʤʘʣʦʨʘʢʫʨʩʥʘʷ ʪʦʤʦʛʨʘʬʠʷ, ʚʝʝʨʥʘʷ 

ʛʝʦʤʝʪʨʠʷ. 

 

 

ɿʘʜʘʯʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʷʜʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʚʫʭ ʠ ʪʨʝʭʤʝʨʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʚ ʧʦʣʝ ʟʨʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ 

ʩʠʩʪʝʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ɔ-ʠʟʣʫʯʝʥʠʷ ʩ ʢʦʜʠʨʦʚʘʥʥʦʡ 

ʘʧʝʨʪʫʨʦʡ (ʉɺʂɸ) ʜʣʷ ʢʦʥʪʨʦʣʷ ʦʙʲʝʤʥʳʭ ʛʘʤʤʘ-

ʠʟʣʫʯʘʶʱʠʭ ʦʙʲʝʢʪʦʚ. 

ʉɺʂɸ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ɔ-

ʠʟʣʫʯʝʥʠʷ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʩʠʩʪʝʤʳ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʉɺʂɸ ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʢʦʜʠʨʦʚʘʥʠʠ 

ʧʦʣʦʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʢʦʜʠʨʫʶʱʝʡ ʤʘʩʢʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʤʘʩʩʠʚʘ 

ʵʣʝʤʝʥʪʦʚ, ʧʨʦʟʨʘʯʥʳʭ ʜʣʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠ 

ʧʦʛʣʦʱʘʶʱʠʭ ʝʛʦ. ʄʘʩʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʝʞʜʫ 

ʦʙʣʘʩʪʴʶ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʦʟʠʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ 

ʜʝʪʝʢʪʠʨʫʶʱʝʡ ʧʣʦʩʢʦʩʪʴʶ (ʇʏɼ) ʪʘʢ, ʯʪʦ ʣʶʙʦʡ 

ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ  ʚ ʧʦʣʝ ʟʨʝʥʠʷ, ʧʨʦʝʮʠʨʫʝʪ ʪʝʥʴ 

ʤʘʩʢʠ ʥʘ ʜʝʪʝʢʪʠʨʫʶʱʫʶ ʧʣʦʩʢʦʩʪʴ. ʕʣʝʤʝʥʪʳ 

ʤʘʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʱʘʪʝʣʴʥʦ 

ʚʳʙʨʘʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ ʪʘʢ, ʯʪʦ 

ʪʝʥʴ ʤʘʩʢʠ, ʧʨʦʝʮʠʨʫʝʤʘʷ ʠʩʪʦʯʥʠʢʦʤ ʚ ʣʶʙʦʡ 

ʧʦʟʠʮʠʠ ʚ ʧʦʣʝ ʟʨʝʥʠʷ, ʫʥʠʢʘʣʴʥʘ [1]. ʇʨʦʝʢʮʠʷ 

ʠʤʝʝʪ ʪʦ ʞʝ ʩʘʤʦʝ ʢʦʜʠʨʦʚʘʥʠʝ, ʯʪʦ ʠ ʤʘʩʢʘ, ʥʦ 

ʩʜʚʠʥʫʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ 

ʠʩʪʦʯʥʠʢ ʬʦʪʦʥʦʚ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʦʟʠʮʠʠ 

ʠʩʪʦʯʥʠʢʘ ʢʦʜʠʨʫʝʪʩʷ  ʩʜʚʠʛʦʤ ʪʝʥʝʛʨʘʤʤʳ, ʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ï ʤʦʱʥʦʩʪʴʶ ʪʝʥʝʛʨʘʤʤʳ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʧʠʩʘʥʥʘʷ ʪʝʥʴ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʠʩʪʝʤ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʢʦʜʠʨʦʚʘʥʥʳʤʠ ʘʧʝʨʪʫʨʘʤʠ 

ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʧʨʠ ʥʘʙʣʶʜʝʥʠʠ ʨʝʘʣʠʟʫʝʪʩʷ 

ʤʫʣʴʪʠʧʣʝʢʩʥʳʡ ʧʨʠʥʮʠʧ ʠʟʤʝʨʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʠ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʠʟʤʝʨʝʥʠʡ ʩ 

ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʢʘʥʠʨʫʶʱʠʤʠ ʧʨʠʙʦʨʘʤʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʉɺʂɸ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʘʤʦʠʟʣʫʯʘʶʱʝʛʦ ʦʙʲʝʢʪʘ ï ʪʦʤʦʛʨʘʬʠʯʝʩʢʫʶ 

ʚʠʟʫʘʣʠʟʘʮʠʶ. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʠʟʣʫʯʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʦʜʠʨʦʚʘʥʥʳʭ ʘʧʝʨʪʫʨ [2,7] ʠ ʤʝʪʦʜ 

ʬʦʢʫʩʥʳʭ ʧʣʦʩʢʦʩʪʝʡ [3,4]. ʆʜʥʘʢʦ ʤʝʪʦʜ ʬʦʢʫʩʥʳʭ 

ʧʣʦʩʢʦʩʪʝʡ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʧʦ ʛʣʫʙʠʥʝ ʪʦʣʴʢʦ ʚ ʛʝʦʤʝʪʨʠʠ ʩʠʣʴʥʦ 

ʨʘʩʭʦʜʷʱʠʭʩʷ ʣʫʯʝʡ (ʚ ʙʣʠʞʥʝʤ ʧʦʣʝ ʟʨʝʥʠʷ). ɺ 

ʩʣʫʯʘʝ ʩʣʘʙʦ ʨʘʩʭʦʜʷʱʠʭʩʷ ʣʫʯʝʡ ʤʝʪʦʜ ʬʦʢʫʩʥʳʭ 

ʧʣʦʩʢʦʩʪʝʡ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʪʦʣʴʢʦ ʛʨʫʙʫʶ 

ʪʦʤʦʛʨʘʬʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ.  

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʤʝʪʦʜʫ ʬʦʢʫʩʥʳʭ ʧʣʦʩʢʦʩʪʝʡ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʝʪʦʜ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʚʠʟʫʘʣʠʟʘʮʠʶ 

ɔ-ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʜʠʨʦʚʘʥʥʳʭ ʘʧʝʨʪʫʨ, ʠ 

ʤʝʪʦʜʳ ʤʘʣʦʨʘʢʫʨʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ [5]. ʆʜʥʘʢʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʨʘʥʝʝ ʤʝʪʦʜ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʝʪ ʚ 

ʫʩʣʦʚʠʷʭ ʩʣʘʙʦ ʨʘʩʭʦʜʷʱʠʭʩʷ ʣʫʯʝʡ, ʢʦʛʜʘ 

ʨʘʩʭʦʞʜʝʥʠʝʤ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ.   

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʤʘʣʦʨʘʢʫʨʩʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
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ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʠʟʣʫʯʘʶʱʠʭ ʦʙʲʝʢʪʦʚ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ɔ-ʠʟʣʫʯʝʥʠʷ ʩ ʢʦʜʠʨʦʚʘʥʥʳʤʠ 

ʘʧʝʨʪʫʨʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ. 

ʇʨʠʥʮʠʧ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʥʝʛʨʘʤʤʳ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩ. 1. ʂʘʞʜʳʡ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ɔ-ʠʟʣʫʯʝʥʠʷ ʚ ʧʦʣʝ 

ʟʨʝʥʠʷ ʩʠʩʪʝʤʳ ʧʨʦʝʮʠʨʫʝʪ ʥʘ ʇʏɼ ʯʘʩʪʴ 

ʢʦʜʠʨʫʶʱʝʡ ʤʘʩʢʠ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʧʦʣʦʞʝʥʠʝʤ 

ʠʩʪʦʯʥʠʢʘ. ʅʘʧʨʘʚʣʝʥʠʷ ʥʘ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ 

ʧʦʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʨʠʩ. 1 

ʧʦʢʘʟʘʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʢʦʜʠʨʦʚʘʥʠʝ ʧʦʣʦʞʝʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʧʨʠ ʨʘʙʦʪʝ ʉɺʂɸ ʚ ʙʣʠʞʥʝʤ ʧʦʣʝ, ʚ 

ʨʘʩʭʦʜʷʱʠʭʩʷ ʣʫʯʘʭ. ʇʨʠ ʨʘʙʦʪʝ ʚ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʣʫʯʘʭ ʧʨʠʥʮʠʧ ʢʦʜʠʨʦʚʘʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʵʣʝʤʝʥʪʘ ʤʘʩʢʠ ʠ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʇʏɼ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ 

ʩʦʦʪʥʦʰʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ [6, 7].  

 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʥʝʛʨʘʤʤʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʷ ʟʨʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʠʩʪʝʤʳ. ʆʯʝʚʠʜʥʦ 

ʪʘʢʞʝ, ʯʪʦ ʧʨʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ɔ-ʠʟʣʫʯʝʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʢʦʜʠʨʦʚʘʥʥʳʭ ʘʧʝʨʪʫʨ ʤʳ ʠʤʝʝʤ ʚʝʝʨʥʫʶ 

ʛʝʦʤʝʪʨʠʶ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʢʦʦʨʜʠʥʘʪʥʘʷ ʩʝʪʢʘ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ ʙʫʜʝʪ ʠʤʝʪʴ 

ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 2.  

 

 
 

ʈʠʩ. 2. ʂʦʦʨʜʠʥʘʪʥʘʷ ʩʝʪʢʘ ʠ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ (ʦʙʲʝʢʪ) 

 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʩʘʤʦʠʟʣʫʯʘʶʱʝʛʦ ʦʙʲʝʢʪʘ ʚʳʙʨʘʥ ʤʝʪʦʜ ʤʘʢʩʠʤʫʤʘ 

ʵʥʪʨʦʧʠʠ (ʄʕ), ʦʙʣʘʜʘʶʱʠʡ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ 

ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʪʦʤʦʛʨʘʬʠʠ, ʪ.ʢ. ʚ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ  ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ, ʠ ʦʥ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʚ ʩʣʫʯʘʝ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ. ʇʦ ʩʚʦʝʡ 

ʧʨʠʨʦʜʝ ʵʪʦʪ ʤʝʪʦʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ [8]. 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ ʄʕ 

ʟʘʢʣʶʯʘʶʪʩʷ ʪʘʢʞʝ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʣʦʞʥʳʭ 

ʦʙʲʝʢʪʦʚ ʩ ʚʳʩʦʢʠʤʠ ʛʨʘʜʠʝʥʪʘʤʠ, ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʠ 

ʯʠʩʣʘ ʧʨʦʝʢʮʠʡ ʠ ʧʨʦʝʢʮʠʦʥʥʳʭ ʫʛʣʦʚ, ʛʘʨʘʥʪʠʨʫʝʪ 
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ʥʝʙʦʣʴʰʦʡ ʫʨʦʚʝʥʴ ʘʨʪʝʬʘʢʪʦʚ ʧʨʠ ʚʳʩʦʢʦʡ 

ʟʘʰʫʤʣʝʥʥʦʩʪʠ ʧʨʦʝʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʠ ʪʨʝʙʫʝʪ 

ʤʝʥʴʰʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʠʪʝʨʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

[9]. ʊʘʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʪʦʜʘ ʄʕ ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ 

ʚʳʙʦʨ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ ʧʨʦʝʢʮʠʦʥʥʳʤ ʜʘʥʥʳʤ, 

ʧʦʣʫʯʘʝʤʳʤ ʩ ʧʦʤʦʱʴʶ ʉɺʂɸ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʨʘʥʝʝ [5] ʤʝʪʦʜʠʢʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ 

ʪʨʝʙʫʝʪ ʥʝʢʦʪʦʨʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʝʝʨʥʦʡ 

ʛʝʦʤʝʪʨʠʠ. ʆʩʥʦʚʦʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʝʝʨʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ [10], ʧʨʠʚʦʜʷʱʝʝ 

ʚʝʝʨʥʫʶ ʩʠʩʪʝʤʫ ʣʫʯʝʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ (x,y) ʚ 

ʩʠʩʪʝʤʫ ʧʘʨʘʣʣʝʣʴʥʳʭ ʣʫʯʝʡ.  

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʧʨʦʝʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʉɺʂɸ 

ʚʳʧʦʣʥʷʝʪ ʧʦʚʦʨʦʪʳ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʛʣʳ. 

ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (s,p) ʧʦʚʝʨʥʫʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ (x,y) ʥʘ ʫʛʦʣ ɓ (ʨʠʩ.2). ɺ ʵʪʦʡ 

ʩʠʩʪʝʤʝ ʚʚʝʜʝʤ ʚʝʝʨʥʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ (u,v):  
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ɿʜʝʩʴ D ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʧʦʚʦʨʦʪʘ ʜʦ 

ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʚʝʝʨʘ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ 

ʇʏɼ. ʕʪʦ ʨʘʩʩʪʦʷʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʉɺʂɸ: 

 

bfD += ,   (2) 

 

ʛʜʝ f ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʇʏɼ ʠ ʢʦʜʠʨʫʶʱʝʡ 

ʤʘʩʢʦʡ, b ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʬʦʢʫʩʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ɺ ʚʝʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʣʫʯ ʚʝʝʨʘ 

ʟʘʜʘʝʪʩʷ ʫʩʣʦʚʠʝʤ u = const. ɿʘʤʝʪʠʤ, ʯʪʦ ʠʩʭʦʜʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ g(x,y) ʙʫʜʝʪ 

ʜʝʬʦʨʤʠʨʦʚʘʥʦ, ʧʨʠʯʝʤ ʜʝʬʦʨʤʘʮʠʷ ʠʩʭʦʜʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʫʛʣʘ ɓ ʧʦʚʦʨʦʪʘ 

ʉɺʂɸ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʧʨʦʝʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ, ʪ.ʝ. ʦʪ 

ʨʘʢʫʨʩʘ. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʜʝʬʦʨʤʘʮʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʦʙʲʝʢʪʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ 

ʥʘʙʣʶʜʝʥʠʷ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ a ʦʙʣʘʩʪʠ 

ʠʥʪʝʨʝʩʘ (ʦʙʲʝʢʪʘ) ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʨʘʩʩʪʦʷʥʠʝ D ʦʪ ʮʝʥʪʨʘ ʚʨʘʱʝʥʠʷ ʜʦ ʠʩʭʦʜʥʦʡ 

ʪʦʯʢʠ ʚʝʝʨʘ (a/D << 1), ʜʝʬʦʨʤʘʮʠʷ ʦʙʲʝʢʪʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʕʪʦ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3 ʛ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʛʝʦʤʝʪʨʠʷ a/D << 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʛʝʦʤʝʪʨʠʠ ʩʣʘʙʦ ʨʘʩʭʦʜʷʱʠʭʩʷ ʣʫʯʝʡ, ʠ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʝʝʨʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʄʕ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʉɺʂɸ. 

ʆʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ ʩ ʫʯʝʪʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (x,y) ­ (s,p) ʧʨʠ ʧʦʚʦʨʦʪʝ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʈʠʩ. 3. ɼʝʬʦʨʤʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠ  

ʚʝʝʨʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʢʦʦʨʜʠʥʘʪ: ʘ - ʠʩʭʦʜʥʦʝ  

ʨʘʩʧʨʝʜʝʣʝʥʠʝ; ʙ ï  ʫʛʦʣ ʧʦʚʦʨʦʪʘ ɓ = 0Ü;  

ʚ ï  ʫʛʦʣ ʧʦʚʦʨʦʪʘ ɓ = 15Ü; ʛ ï ɓ = 0Ü, a/D << 1 

 
 

ɺʝʝʨʥʘʷ ʧʨʦʝʢʮʠʷ ʚʜʦʣʴ ʣʫʯʘ ʩʚʦʜʠʪʩʷ ʢ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ ʚ ʚʝʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ: 
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ɿʜʝʩʴ j ï ʠʥʜʝʢʩ ʨʘʢʫʨʩʘ. 

ʌʫʥʢʮʠʦʥʘʣ ʵʥʪʨʦʧʠʠ, ʧʦʜʣʝʞʘʱʠʡ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʚ ʤʝʪʦʜʝ ʄʕ, ʚ ʩʣʫʯʘʝ ʚʝʝʨʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ʟʘʧʠʰʝʪʩʷ ʚ ʚʠʜʝ: 
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ʛʜʝ K ï ʯʠʩʣʦ ʨʘʢʫʨʩʦʚ ʥʘʙʣʶʜʝʥʠʷ, ȿ ï ʤʥʦʞʠʪʝʣʠ 

ʃʘʛʨʘʥʞʘ. ʈʝʰʝʥʠʝ ʚʘʨʠʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ, ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʚʳʨʘʞʝʥʠʶ 
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ʛʜʝ A ï ʧʣʦʱʘʜʴ ʦʙʲʝʢʪʘ, ʘ ʤʥʦʞʠʪʝʣʠ Hj, ʢʘʢ ʠ ʚ 

ʩʣʫʯʘʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʠʤʝʶʪ ʚʠʜ: 

 

ù
ú

ø
é
ê

è
-L=

K
uuH jj

1
)(exp)( .  (7) 

 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ (6) ʜʣʷ ʠʩʢʦʤʦʡ 

ʬʫʥʢʮʠʠ g(x,y) ʚ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʤ ʚʠʜʝ ʚ 

ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʝʢʮʠʠ (4), ʧʦʣʫʯʠʤ: 
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ɿʜʝʩʴ ʚʚʝʜʝʥʦ ʦʙʦʟʥʘʯʝʥʠʝ ʜʣʷ j-ʛʦ ʣʫʯʘ ʚ k-ʦʤ 

ʨʘʢʫʨʩʝ 

 

)),(),,((),( vuyvuxuvuu jjkkj = . (9) 

 

ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (8) ʤʝʪʦʜʦʤ ʠʪʝʨʘʮʠʡ 

ɻʘʫʩʩʘ-ɿʘʡʜʝʣʷ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʢʦʤʧʦʥʝʥʪʳ 

ʨʝʰʝʥʠʷ: 
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ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʡ (10) ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʩʪʦʯʥʠʢʦʚ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (6). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʪʨʦʧʠʠ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʜʣʷ ʫʩʣʦʚʠʡ ʚʝʝʨʥʦʡ 

ʛʝʦʤʝʪʨʠʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʩʘʤʦʠʟʣʫʯʘʶʱʠʭ ʦʙʲʝʢʪʦʚ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʧʨʦʝʢʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ɔ-ʠʟʣʫʯʝʥʠʷ ʩ 

ʢʦʜʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ. ʋʯʠʪʳʚʘʷ ʤʝʪʦʜʳ 

ʫʣʫʯʰʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ [5], 

ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʜʠʨʦʚʘʥʥʳʭ 

ʘʧʝʨʪʫʨ ʦʙʝʩʧʝʯʠʪ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʪʦʯʥʳʭ 

ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʳ ʠʩʪʦʯʥʠʢʦʚ ɔ-ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʦʤʦʛʨʘʬʠʠ 

ʩʦʯʝʪʘʝʪʩʷ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʩʠʩʪʤ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʢʦʜʠʨʦʚʘʥʥʳʤʠ ʘʧʝʨʪʫʨʘʤʠ. 
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Plakhotnik V.J, Kochergin A.V, Makhortova N.V. 

FAN-BEAM GEOMETRY IN THE FEW -ANGLE 

TOMOGRAPHY WITH CODED APERTURES  

The peculiarities of geometry of projection data 

acquisition from the self-radiating objects with aid of gamma-

ray imaging system with coded aperture (GRIS) are studied in 

the paper. The fact of fan-beam geometry at the projection 

observation with aid of GRIS is stated, the method of 

coordinate transform resulting to parallel rays system is 

proposed. The maximum entropy method is modified to fan-

beam geometry that provides its using at the arbitrary 

geometry of projection data acquisition with aid GRIS. 

Key words: coded aperture, maximum entropy, few-

angle tomography, fan-beam geometry. 
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ANALYSIS OF THE WEAR OF CHILDREN`S PANTS FOR EVERYDAY USE  

 
Deineka I.G., Goncharova N.V. 

 
ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ ʨʘʟʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʠ ʘʩʩʦʨʪʠʤʝʥʪʘ ʧʨʦʠʩʭʦʜʷʪ ʠʟʤʝʥʝʥʠʷ ʠʭ 

ʩʚʦʡʩʪʚ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ, 

ʠʟʥʘʰʠʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʫʭʫʜʰʝʥʠʝ ʠʭ ʛʠʛʠʝʥʠʯʥʳʭ, 

ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʵʩʪʝʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

(ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ, ʩʥʠʞʝʥʠʝ ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʩʪʠ) ʠ ʪ.ʧ. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʦʜʝʞʜʳ ʜʝʪʩʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ 

ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʢ ʢʦʪʦʨʦʡ ʚʳʜʚʠʛʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʪʨʝʙʦʚʘʥʠʡ, ʯʝʤ ʢ ʚʟʨʦʩʣʦʤʫ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʘʣʠʟ ʠʟʥʦʩʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʜʝʪʩʢʠʝ ʙʨʶʢʠ, ʤʘʪʝʨʠʘʣ. 
 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʜʝʞʜʳ ʜʣʷ ʜʝʪʝʡ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʜʦʣʞʥʦ ʠʤʝʪʴ ʚ ʦʩʥʦʚʝ ʥʘʫʯʥʦ-

ʦʙʦʩʥʦʚʘʥʥʳʡ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ ʠ 

ʵʩʪʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʩʦʟʜʘʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʝ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠʟʜʝʣʠʷ, ʥʦ ʪʘʢʠʝ, ʯʪʦ ʦʪʚʝʯʘʶʪ 

ʩʘʥʠʪʘʨʥʦ-ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʥʦʨʤʘʤ. ʇʦʵʪʦʤʫ ʝʝ 

ʨʘʟʨʘʙʦʪʢʘ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʠʟʫʯʝʥʠʠ ʦʙʱʝʡ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʠʜʘ, ʩʦʙʣʶʜʝʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʠ ʪ.ʧ., ʯʪʦ 

ʦʙʝʩʧʝʯʠʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ, ʘ ʪʘʢʞʝ  

ʟʘʱʠʪʫ ʦʨʛʘʥʠʟʤʘ ʨʝʙʝʥʢʘ ʦʪ ʨʘʟʥʳʭ ʚʣʠʷʥʠʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʇʨʦʙʣʝʤʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʜʝʪʩʢʦʡ ʦʜʝʞʜʳ ʟʘʥʠʤʘʶʪʩʷ ʆ.ɺ. ʗʨʦʱʫʢ, ɻ.ʇ. 
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ʠʟʥʦʩʘ ʦʜʝʞʜʳ ʠʟʫʯʘʶʪ ɹ.ɼ. ʉʝʤʘʢ, ɸ.ɺ. 

ɻʦʣʫʙʯʠʢʦʚʘ, ɼ.ɻ. ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʡ; ʚʦʧʨʦʩʘʤʠ 

ʫʣʫʯʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ 

ʟʘʥʠʤʘʶʪʩʷ ʀ.ɻ. ɼʝʡʥʝʢʘ, ʅ.ʇ. ʉʫʧʨʫʥ, ʄ.ɺ. 

ʂʦʣʦʩʥʠʯʝʥʢʦ, ʠ ʜʨ. ʅʦ ʦʩʪʘʶʪʩʷ ʥʝʨʝʰʝʥʥʳʤʠ 

ʚʦʧʨʦʩʳ ʫʣʫʯʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʜʝʪʩʢʦʡ 

ʦʜʝʞʜʳ ʜʦʰʢʦʣʴʥʦʡ ʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʠʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʠʟʥʦʩʘ ʜʝʪʩʢʠʭ 

ʙʨʶʢ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ɺ ʨʘʙʦʪʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʘʩʩʦʨʪʠʤʝʥʪʘ ʜʝʪʩʢʦʡ ʦʜʝʞʜʳ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ 

ʨʳʥʢʝ ʪʦʚʘʨʦʚ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʪʦʧʦʛʨʘʬʠʠ ʝʛʦ ʠʟʥʦʩʘ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʥʦʩʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʚʠʜʳ 

ʜʝʪʩʢʦʡ ʦʜʝʞʜʳ, ʢʘʢ ʙʨʶʢʠ (ʨʝʞʝ ʢʦʤʙʠʥʝʟʦʥʳ), 

ʢʫʨʪʢʠ ʩ ʢʘʧʶʰʦʥʦʤ, ʶʙʢʠ (ʨʝʞʝ ʧʣʘʪʴʷ), ʘ ʪʘʢʞʝ 

ʰʦʨʪʳ, ʣʦʩʠʥʳ, ʤʘʡʢʠ, ʬʫʪʙʦʣʢʠ ʠ ʨʫʙʘʰʢʠ. 

ʅʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʦʜʝʞʜʦʡ ʦʢʘʟʘʣʠʩʴ ʙʨʶʢʠ 

ʠʟ ʜʞʠʥʩʦʚʦʡ, ʧʣʘʱʝʚʦʡ (ʨʝʞʝ ʢʦʩʪʶʤʥʦʡ ʪʢʘʥʠ), ʘ 

ʪʘʢʞʝ ʠʟ ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʦʣʦʪʥʘ. ʀʪʘʢ, ʙʦʣʝʝ 

ʪʱʘʪʝʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʙʨʶʢʠ, ʢʦʪʦʨʳʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪ ʜʝʪʠ ʢʘʞʜʳʡ ʜʝʥʴ, ʥʘ 

ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʟʦʨʫ 

ʧʦʜʚʝʨʛʣʠʩʴ ʠʟʜʝʣʠʷ, ʢʦʪʦʨʳʝ ʫʞʝ ʧʨʠʰʣʠ ʚ 

ʥʝʧʨʠʛʦʜʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʠʭ ʨʘʟʨʫʰʝʥʠʝʤ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʩʣʦʚʠʡ ʠ ʚʠʜʦʚ ʠʛʨʦʚʳʭ ʨʘʟʚʣʝʯʝʥʠʡ ʜʝʪʝʡ 

ʜʦʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʚʠʞʝʥʠʡ, 

ʘʢʪʠʚʥʦʩʪʠ, ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ, ʦʪʚʝʜʝʥʥʦʛʦ ʜʣʷ 

ʧʨʦʛʫʣʦʢ, ʤʝʩʪ ʠʭ ʧʨʦʚʝʜʝʥʠʷ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ 

ʧʣʦʱʘʜʦʢ, ʧʝʩʦʯʥʠʮ, ʧʦʢʨʳʪʠʷ (ʘʩʬʘʣʴʪ, ʛʨʫʥʪ, 

ʧʝʩʦʢ, ʢʝʨʘʤʟʠʪ), ʥʘʣʠʯʠʷ ʛʦʨʦʢ, ʢʘʨʫʩʝʣʝʡ, 

ʜʝʨʝʚʴʝʚ ʠ ʧʨʦʯʝʛʦ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʣʠʷʥʠʷ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʙʳʪʦʚʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʚ ʧʨʦʮʝʩʩʝ ʫʢʘʟʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʧʘʩʥʳʝ ʠ ʚʨʝʜʥʳʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ 

ʥʘ ʜʝʪʩʢʠʝ ʠʟʜʝʣʠʷ ʥʘ ʠʛʨʦʚʳʭ ʦʙʲʝʢʪʘʭ, ʥʝ 

ʷʚʣʷʶʪʩʷ ʘʛʨʝʩʩʠʚʥʳʤʠ, ʘ ʧʦʪʦʤʫ ʥʘʤʠ ʦʪʥʝʩʝʥʳ ʢ 

ʛʨʫʧʧʝ ʤʝʭʘʥʠʯʝʩʢʠʭ. ʋʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʦʙʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘʣʠʯʠʝʤ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʠ ʯʨʝʟʤʝʨʥʦʡ ʥʘʛʨʫʟʢʠ ʢʘʢ ʥʘ 

ʠʟʜʝʣʠʝ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʥʘ ʝʛʦ ʦʪʜʝʣʴʥʳʝ ʜʝʪʘʣʠ 

(ʵʣʝʤʝʥʪʳ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʫʧʨʫʛʠʭ, 

ʵʣʘʩʪʠʯʥʳʭ, ʘ ʪʘʢʞʝ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷʤʠ 

ʨʘʟʨʳʚʘʶʱʠʭ, ʨʘʟʜʠʨʘʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʩʪʦʡʢʦʩʪʴʶ ʢ ʠʩʪʠʨʘʥʠʶ ʧʦ ʧʣʦʩʢʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʣʦʢʘʣʴʥʳʤ ʚʣʠʷʥʠʝʤ 

ʥʘ ʪʝʢʩʪʠʣʴʥʳʡ ʤʘʪʝʨʠʘʣ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʦʷʚʣʝʥʠʶ ʢʨʠʪʠʯʝʩʢʠʭ 
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ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʝ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʨʘʟʨʫʰʝʥʠʝ ʠʟʜʝʣʠʡ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʣʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ. 

ʋʢʘʟʘʥʥʳʝ ʛʠʧʦʪʝʟʳ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʪʦʧʦʛʨʘʬʠʝʡ ʠʟʥʘʰʠʚʘʥʠʷ ʜʝʪʩʢʠʭ 

ʙʨʶʢ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɸʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 

ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʠʟʥʘʰʠʚʘʥʠʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʘʩʩʦʨʪʠʤʝʥʪʘ ʪʝʢʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʧʝʨʝʜʥʶʶ ʧʦʣʦʚʠʥʢʫ ʙʨʶʢ. ʊʘʢ, ʝʩʣʠ ʟʘ ʦʙʲʝʢʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʷʪʴ ʙʨʶʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ 100 % 

ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ ʪʢʘʥʠ (ʦʙʨʘʟʝʮ ˉ 1), ʪʦ, ʧʨʠ ʠʭ 

ʦʙʱʝʡ ʧʣʦʱʘʜʠ Sʠʟʜ. ʚ 2772,0 ʩʤ
2
, ʥʘ ʧʣʦʱʘʜʴ 

ʠʟʥʘʰʠʚʘʥʠʷ ʧʨʠʭʦʜʠʪʩʷ 105,0 ʩʤ
2
 (3,8 %), ʥʦ ʜʣʷ 

ʧʝʨʝʜʥʝʡ ʧʦʣʦʚʠʥʢʠ ʵʪʦ ʨʘʚʥʷʝʪʩʷ 70,0 ʩʤ
2
, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ 5,6 %. ʏʪʦ ʢʘʩʘʝʪʩʷ ʠʟʜʝʣʠʡ, ʥʘʧʨʠʤʝʨ, 

ʠʟ ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʦʣʦʪʥʘ (ʦʙʨʘʟʝʮ ˉ 4), 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ 100 % ʚʠʩʢʦʟʥʳʭ ʚʦʣʦʢʦʥ, ʪʦ, 

ʧʨʠ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʥʝʧʨʠʛʦʜʥʦʩʪʠ ʚ 283,0 ʩʤ
2
 

(10,2 %), 197,0 ʩʤ
2
 (15,6 %) ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʝʜʥʝʡ 

ʧʦʣʦʚʠʥʢʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʠ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʨʶʢ 

ʠʩʧʦʣʴʟʫʶʪ ʪʢʘʥʴ ʠʟ 100 % ʭʣʦʧʢʘ ʧʦ ʦʩʥʦʚʝ ʠ 

100 % ʪʨʦʱʝʥʦʡ ʧʦʣʠʵʬʠʨʥʦʡ (ʣʘʚʩʘʥʦʚʦʡ) ʧʨʷʞʠ 

ʧʦ ʫʪʢʫ (ʦʙʨʘʟʝʮ ˉ 2). ʋʢʘʟʘʥʥʳʝ ʠʟʜʝʣʠʷ ʠʤʝʶʪ 

ʦʙʱʫʶ ʚʝʣʠʯʠʥʫ ʠʟʥʦʩʘ, ʢʦʪʦʨʘʷ ʨʘʚʥʷʝʪʩʷ 156,0 

ʩʤ
2
, ʠʟ ʥʠʭ 89,0 ʩʤ

2
, ʘ ʠʤʝʥʥʦ 7,1 %, ï ʵʪʦ ʠʭ 

ʧʝʨʝʜʥʷʷ ʧʦʣʦʚʠʥʢʘ. ʅʦ ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʧʨʦʮʝʥʪ 

ʠʟʥʦʩʘ ʠʩʧʳʪʳʚʘʶʪ ʙʨʶʢʠ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪ ʧʣʘʱʝʚʫʶ ʪʢʘʥʴ (ʦʙʨʘʟʝʮ ˉ 3) 

ʠʟ ʧʦʣʠʘʤʠʜʥʳʭ (ʢʘʧʨʦʥʦʚʳʭ) ʚʦʣʦʢʦʥ. ʆʙʱʘʷ 

ʧʣʦʱʘʜʴ ʠʟʥʘʰʠʚʘʥʠʷ ʠʟʜʝʣʠʷ ʨʘʚʥʷʝʪʩʷ 516 ʩʤ
2
, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 18,6 %, ʠʟ ʢʦʪʦʨʳʭ 29,3 % ʘ ʵʪʦ 369,0 

ʩʤ
2
 ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʝʜʥʠʤ ʧʦʣʦʚʠʥʢʘʤ ʠʟʜʝʣʠʷ 

(ʪʘʙʣ. 1). 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʠʟʥʘʰʠʚʘʥʠʷ 

ʟʘʜʥʠʭ ʧʦʣʦʚʠʥʦʢ ʙʨʶʢ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ 

ʢʦʪʦʨʳʭ (Sʟ/ʧ) ʨʘʚʥʷʝʪʩʷ 1512,0 ʩʤ
2
. ʊʘʢ, ʤʘʪʝʨʠʘʣ 

ʦʙʨʘʟʮʘ ˉ 1 ʠʟʥʘʰʠʚʘʝʪʩʷ ʥʘ 2,3 %, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 

35,0 ʩʤ
2
, ʘ, ʥʘʧʨʠʤʝʨ, ʧʣʦʱʘʜʴ ʪʢʘʥʠ ʦʙʨʘʟʮʘ ˉ 2, 

ʢʦʪʦʨʘʷ ʥʝʧʨʠʛʦʜʥʘ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʨʘʚʥʷʝʪʩʷ 

67,0 ʩʤ
2
 ʠ ʩʦʩʪʘʚʣʷʝʪ 4,4 %. ʅʝʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʴʶ ʠʟʥʘʰʠʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʢʘʟʘʥʥʘʷ 

ʧʨʦʙʘ, ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʠʟ ʦʙʨʘʟʮʘ ˉ 4, ʪʦ ʝʩʪʴ 

ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʛʜʝ ʢʦʥʪʨʦʣʠʨʫʶʱʘʷ 

ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʣʷʝʪ 86,0 ʩʤ
2
 ʠ 5,7 % ʦʪ ʦʙʱʝʡ 

ʚʝʣʠʯʠʥʳ (Sʟ/ʧ = 1512,0 ʩʤ
2
). ɸ ʯʪʦ ʢʘʩʘʝʪʩʷ 

ʢʘʧʨʦʥʦʚʦʡ ʪʢʘʥʠ (ʦʙʨʘʟʝʮ ˉ 3), ʪʦ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ, 

ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʷʝʪʩʷ 147,0 ʩʤ
2
 ʠ ʩʦʩʪʘʚʣʷʝʪ 

9,7 % (ʪʘʙʣ. 1). 

ʀʪʘʢ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʘʣʠʯʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʦʡʢʦʩʪʠ ʠʟʜʝʣʠʡ ʢ ʧʨʦʮʝʩʩʫ 

ʠʟʥʘʰʠʚʘʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ ʚʦʣʦʢʥʠʩʪʦʛʦ 

ʩʦʩʪʘʚʘ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʘʟ ʩʪʨʦʝʥʠʷ, ʘ 

ʟʘʪʝʤ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦʣʱʠʥʳ, ʚʠʜʘ 

ʧʝʨʝʧʣʝʪʝʥʠʷ ʠ ʧʨʦʯʝʛʦ, ʧʦʩʢʦʣʴʢʫ ʨʘʥʝʝ ʫʢʘʟʘʥʥʳʝ 

ʦʧʘʩʥʳʝ ʬʘʢʪʦʨʳ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʪʘʶʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤʠ.
 

ʊʘʙʣʠʮʘ 1 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʥʘʰʠʚʘʥʠʷ ʜʝʪʩʢʠʭ ʙʨʶʢ 

ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʠʟʜʝʣʠʷ 

(Sʠʟʜ.) ʠ ʝʛʦ ʵʣʝʤʝʥʪʦʚ (Sʧ/ʧ 

ʠ Sʟ/ʧ), ʩʤ
2 

ɺʦʣʦʢʥʠʩʪʳʡ ʩʦʩʪʘʚ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʩʥʦʚʝ (ʦ) ʠ ʫʪʢʫ (ʫ)  

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ, % 

ʆʙʨʘʟʝʮ ˉ 1 

ʆ ï 100 % ɹɺ 

ʋ ï 100 % ɹɺ 

ʆʙʨʘʟʝʮ ˉ 2 

ʆ ï 100 % ɹɺ 

ʋ ï 100 % ʇɽ 

ʆʙʨʘʟʝʮ ˉ 3 

ʆ ï 100 % ʇɸ 

ʋ ï 100 % ʇɸ 

ʆʙʨʘʟʝʮ ˉ 4 

ʪʨʠʢʦʪʘʞʥʦʝ  

ʧʦʣʦʪʥʦ 

100 % ɺʠʩ 
ʇʣʦʱʘʜʴ ʠʟʥʘʰʠʚʘʥʠʷ Sʟʥ 

ʩʤ2 % ʩʤ2 % ʩʤ2 % ʩʤ2 % 
ʙʨʶʢʠ (Sʠʟʜ. =2772,0) 105,0 3,8 156,0 5,6 516,0 18,6 283,0 10,2 

ʧʝʨʝʜʥʷʷ ʧʦʣʦʚʠʥʢʘ ʙʨʶʢ  

(Sʧ/ʧ = 1260,0) 70,0 5,6 89,0 7,1 369,0 29,3 197,0 15,6 

ʟʘʜʥʷʷ ʧʦʣʦʚʠʥʢʘ ʙʨʶʢ  

(Sʟ/ʧ = 1512,0) 35,0 2,3 67,0 4,4 147,0 9,7 86,0 5,7 

ʇʨʠʤʝʯʘʥʠʝ: ɹɺ ï ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʝ ʚʦʣʦʢʥʦ; ʇɽ ï ʧʦʣʠʵʬʠʨʥʦʝ ʚʦʣʦʢʥʦ (ʣʘʚʩʘʥ); ʇɸ ï ʧʦʣʠʘʤʠʜʥʦʝ ʚʦʣʦʢʥʦ (ʢʘʧʨʦʥ);  

 ɺʠʩ ï ʚʠʩʢʦʟʥʦʝ ʚʦʣʦʢʥʦ 
 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟʜʝʣʠʷ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ 

ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ ʪʢʘʥʠ ʩʘʨʞʝʚʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ 

(R = 3/1), ʧʨʠ ʪʦʣʱʠʥʝ 0,87 ʤʤ (ʦʙʨʘʟʝʮ ˉ 1) ʠ 

ʠʟʜʝʣʠʷ ʠʟ ʭʣʦʧʢʦʚʦ-ʣʘʚʩʘʥʦʚʦʡ ʪʢʘʥʠ ʪʘʢʞʝ 

ʩʘʨʞʝʚʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ (R = 1/3) ʠ ʪʦʣʱʠʥʦʡ 0,76 

ʤʤ (ʦʙʨʘʟʝʮ ˉ 2) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʠʤʝʥʴʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʠʟʥʘʰʠʚʘʥʠʷ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ 

ʨʘʚʥʷʝʪʩʷ 105,0 ʩʤ
2
 ʠ 156,0 ʩʤ

2 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʜʦʙʥʳʡ ʚʳʚʦʜ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʟʜʝʣʠʷ ʠʟ ʪʨʠʢʦʪʘʞʥʦʛʦ ʧʦʣʦʪʥʘ ʪʦʣʱʠʥʦʡ ʚ 1,0 

ʤʤ ʠ ʧʝʨʝʧʣʝʪʝʥʠʝʤ ʫʪʦʯʥʘʷ ʛʣʘʜʴ, ʦʙʱʘʷ ʧʣʦʱʘʜʴ 

ʠʟʥʘʰʠʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʨʘʚʥʷʝʪʩʷ 283,0 ʩʤ
2
. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʠʟʜʝʣʠʷ ʠʟ 100 % ʧʦʣʠʘʤʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʦʙʨʘʟʝʮ 

 ̄3), ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʠʟʥʘʰʠʚʘʥʠʷ ʢʘʢ 

ʧʝʨʝʜʥʠʭ, ʪʘʢ ʠ ʟʘʜʥʠʭ ʧʦʣʦʚʠʥʦʢ ʙʨʶʢ, ʦʙʱʘʷ 

ʧʣʦʱʘʜʴ ʢʦʪʦʨʦʛʦ ʨʘʚʥʷʝʪʩʷ 516,0 ʩʤ
2
, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ 18,6 %. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʙʳʣʦ 

ʙʳ ʦʮʝʥʠʪʴ ʢʘʢ ʥʝʢʦʨʨʝʢʪʥʳʝ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʧʦʣʠʘʤʠʜʥʳʝ ʚʦʣʦʢʥʘ ʦʪʥʦʩʷʪʩʷ ʢ 



ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 23 

 

 

 

ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʳʤ. ʅʦ ʧʨʠʚʝʜʝʥʥʳʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʨʫʛʠʭ ʦʙʨʘʟʮʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʪʦʤ, ʯʪʦ ʚʳʙʦʨ ʫʢʘʟʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʨʶʢ 

ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʝʪʷʤ ʜʦʰʢʦʣʴʥʦʛʦ 

ʚʦʟʨʘʩʪʘ ʥʫʞʥʦ ʩʯʠʪʘʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʤ. ʊʘʢ, ʧʨʠ ʧʦʣʦʪʥʷʥʦʤ ʧʝʨʝʧʣʝʪʝʥʠʠ, 

ʩʪʨʦʝʥʠʝ ʪʢʘʥʠ, ʢʦʪʦʨʘʷ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʜʝʚʷʪʦʡ 

ʬʘʟʝ, ʝʝ ʪʦʣʱʠʥʝ (0,25 ʤʤ), ʫʜʣʠʥʝʥʠʶ ʧʦ ʦʩʥʦʚʝ 

(84,4 %) ʠ ʫʪʢʫ (50,0 %) ʠ ʧʨʦʯʝʝ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʠʟʥʘʰʠʚʘʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʘʙʨʘʟʠʚʥʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʨʘʟʦʚʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ, ʢʦʪʦʨʘʷ ʦʯʝʚʠʜʥʘ. 

ʀʪʘʢ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʪʘʢʠʭ ʠʟʜʝʣʠʡ 

ʜʝʪʩʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ, ʢʘʢ ʙʨʶʢʠ, ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦʪ 

ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʝʢʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ 

ʵʪʦʤ, ʘ ʧʦʪʦʤʫ ʟʥʘʯʝʥʠʷ ʝʛʦ ʧʦʢʘʟʘʪʝʣʝʡ ʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʦʩʦʙʳʤʠ, 

ʦʪʚʝʯʘʶʱʠʤʠ  ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʦʩʦʙʝʥʥʦ 

ʧʨʠ ʠʭ ʦʙʦʙʱʝʥʠʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʘʩʩʦʨʪʠʤʝʥʪʘ ʤʘʪʝʨʠʘʣʦʚ, ʩʭʝʤʘ 

ʪʦʧʦʛʨʘʬʠʠ ʠʟʥʦʩʘ ʫʢʘʟʘʥʥʳʭ ʠʟʜʝʣʠʡ ʦʜʠʥʘʢʦʚʘʷ ʠ 

ʜʝʣʠʪʩʷ ʥʘ ʧʷʪʴ ʟʦʥ. ʂʘʞʜʘʷ ʠʟ ʫʢʘʟʘʥʥʳʭ ʟʦʥ ʢʘʢ 

ʜʣʷ ʧʝʨʝʜʥʝʡ, ʪʘʢ ʠ ʜʣʷ ʟʘʜʥʝʡ ʧʦʣʦʚʠʥʦʢ ʙʨʶʢ 

ʦʙʦʩʥʦʚʘʥʥʘ ʥʘʣʠʯʠʝʤ (ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ) 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʥʘʰʠʚʘʥʠʷ ʠ ʝʛʦ ʧʣʦʱʘʜʴʶ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʦʛʦ ʦʥʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ 

ʪʘʢʠʝ ʪʨʠ ʢʣʘʩʩʘ, ʢʘʢ çʙʝʟʦʧʘʩʥʘʷ ʟʦʥʘè, çʦʧʘʩʥʘʷ 

ʟʦʥʘè ʠ çʢʨʠʪʠʯʝʩʢʘʷ ʟʦʥʘè (ʨʠʩ. 1). 

 

 

 
ï ʙʝʟʦʧʘʩʥʘʷ ʟʦʥʘ;  ï ʦʧʘʩʥʘʷ ʟʦʥʘ 

 ï ʢʨʠʪʠʯʝʩʢʘʷ ʟʦʥʘ 

 

ʈʠʩ. 1. ʊʦʧʦʛʨʘʬʠʷ ʠʟʥʦʩʘ ʜʝʪʩʢʠʭ ʙʨʶʢ:  

1 ï ʧʝʨʝʜʥʷʷ ʧʦʣʦʚʠʥʢʘ; 2 ï ʟʘʜʥʷʷ ʧʦʣʦʚʠʥʢʘ 

 

ʊʘʢ, ʝʩʣʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʝʨʝʜʥʶʶ 

ʧʦʣʦʚʠʥʢʫ ʠʟʜʝʣʠʡ, ʪʦ ʜʣʷ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʝʨʚʫʶ, ʯʝʪʚʝʨʪʫʶ ʠ ʧʷʪʫʶ ʟʦʥʳ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʫʞʥʦ ʩʯʠʪʘʪʴ ʙʝʟʦʧʘʩʥʳʤʠ, ʦʜʥʘʢʦ 

ʚʪʦʨʘʷ ʟʦʥʘ, ʘ ʦʩʦʙʝʥʥʦ ʪʨʝʪʴʷ, ʦʪʥʦʩʷʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʦʧʘʩʥʦʡ ʠ ʢʨʠʪʠʯʝʩʢʦʡ (ʨʠʩ. 1, 1).  

ɸ ʯʪʦ ʢʘʩʘʝʪʩʷ ʟʘʜʥʝʡ ʧʦʣʦʚʠʥʢʠ ʙʨʶʢ, ʪʦ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʨʠʪʠʯʝʩʢʦʡ 

ʟʦʥʳ ʠʭ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʧʷʪʴʶ ʟʦʥʘʤʠ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ ʙʝʟʦʧʘʩʥʳʝ (ɯɯɯ, ɯV) ʠ ʦʧʘʩʥʳʝ 

(ɯ, ɯɯ, V) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 1). 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʠʟʥʦʩʘ ʜʝʪʩʢʠʭ ʙʨʶʢ 

ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʠʟʥʘʰʠʚʘʥʠʝ ʠʩʧʳʪʳʚʘʶʪ 

ʧʝʨʝʜʥʠʝ ʧʦʣʦʚʠʥʢʠ ʙʨʶʢ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʤʦʞʥʦʛʦ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʣʠʷʥʠʷ 

ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʤʤʘʨʥʦʡ 

ʧʣʦʱʘʜʴʶ (Sʠʟʥ), ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʦʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʠʩʭʦʜʥʦʡ ʩʪʠʨʘʥʠʝʤ ʣʠʮʝʚʦʡ ʩʪʦʨʦʥʳ. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ, ʯʪʦ ʧʣʦʱʘʜʴ ʠʟʥʘʰʠʚʘʥʠʷ, 

ʙʣʘʛʦʜʘʨʷ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʧʨʠ 

ʠʟʤʝʨʝʥʠʠ, ʤʦʞʝʪ ʙʳʪʴ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʜʣʷ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʘʩʩʦʨʪʠʤʝʥʪʘ 

ʪʢʘʥʝʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ  ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʩʢʠʭ 

ʙʨʶʢ. 
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ANALYSIS OF THE WEAR OF CHILDREN`S PANTS 

FOR EVERYDAY USE 

During the operation of garments of different purposes 

and assortments, their properties change. This can be 

mechanical damage, wear of materials, deterioration of their 

hygienic, protective properties, as well as aesthetic indicators 

(color change, reduced form stability), etc. Especially it 

concerns clothes of children's assortment of everyday use, to 

which much more requirements are put forward, than to the 

adult. 

Key words: Analysis of wear, research, children's pants, 

material. 
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ANALYSIS OF POWER SUPPLY MODES OF ASYNCHRONOUS MOTOR FAN  

WITH SHIELDED SHORT -RINGS IN THE ROTOR WIND FROM THE DRIVING  
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Zaharchuk I .A., Zaharchuk A.S. 

 
ɺ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʨʝʞʠʤʦʚ ʧʠʪʘʥʠʷ 

ʘʩʠʥʭʨʦʥʥʳʭ ʤʦʪʦʨ-ʚʝʥʪʠʣʷʪʦʨʦʚ (ɸʄɺ) ʩ 

ʵʢʨʘʥʠʨʦʚʘʥʥʳʤʠ ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʠʤʠ ʢʦʣʴʮʘʤʠ ʚ 

ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ ʦʪ ʪʷʛʦʚʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʘʨʘʪʦʨʘ 

(ʊʉɻ) ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʊʉɻ ʠ ʪʨʦʛʘʥʠʠ 

ʪʝʧʣʦʚʦʟʘ ʥʘ ʧʦʜʲʝʤʝ ʩ ʪʷʞʝʣʦʚʝʩʥʳʤ ʩʦʩʪʘʚʦʤ.  

ɼʦʢʘʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ɸʄɺ ʩ ʵʢʨʘʥʠʨʦʚʘʥʥʳʤʠ 

ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʠʤʠ ʢʦʣʴʮʘʤʠ ʚ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʨʠʡʥʳʤʠ ɸʄɺ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʜʠʟʝʣʷ ʪʝʧʣʦʚʦʟʘ ʧʨʠ ʘʚʘʨʠʡʥʦʤ 

ʚʦʟʙʫʞʜʝʥʠʠ ʊʉɻ ʠ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʪʨʦʛʘʥʠʷ 

ʪʝʧʣʦʚʦʟʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʦʟ, ʘʩʠʥʭʨʦʥʥʳʡ ʤʦʪʦʨ 
ʚʝʥʪʠʣʷʪʦʨ, ʪʷʛʦʚʳʡ ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ,  ʨʝʞʠʤʳ  

ʧʠʪʘʥʠʷ. 

 

ɺʚʝʜʝʥʠʝ. ʅʘ ʦʜʥʦʡ ʩʝʢʮʠʠ ʪʝʧʣʦʚʦʟʘ 2ʊʕ116 

ʫʩʪʘʥʦʚʣʝʥʦ ʯʝʪʳʨʝ ʘʩʠʥʭʨʦʥʥʳʭ ʤʦʪʦʨ 

ʚʝʥʪʠʣʷʪʦʨʘ (ɸʄɺ) ʤʦʱʥʦʩʪʴʶ ʧʦ 24 ʢɺʪ, ʧʠʪʘʥʠʝ 

ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʪʷʛʦʚʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ (ʊʉɻ) (ʨʠʩ.1). 

ʊʘʢ ʢʘʢ ʊʉɻ ʧʠʪʘʝʪ ʪʷʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ, ʪʦ 

ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʯʘʩʪʦʪʫ ʪʦʢʘ ʊʉɻ. ɸʄɺ ʟʘʧʠʪʘʥʳ ʦʪ 

ʊʉɻ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ɸʄɺ 

ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʦʧʳʪʥʦʛʦ ɸʄɺ 

ʩ ʵʢʨʘʥʠʨʦʚʘʥʥʳʤʠ ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʠʤʠ 

ʢʦʣʴʮʘʤʠ ʚ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ [1, 2, 3]. ʅʘ ʩʝʨʠʡʥʦʤ 

ɸʄɺ ʵʢʨʘʥʳ 9 (ʨʠʩ. 2) ʦʪʩʫʪʩʪʚʫʶʪ.  

 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʠʪʘʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʤʦʪʦʨ ʚʝʥʪʠʣʷʪʦʨʦʚ ʦʪ ʪʷʛʦʚʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ: ʊʉɻ 

ʪʷʛʦʚʳʡ ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ, ɺʋ ʪʷʛʦʚʘʷ ʚʳʧʨʷʤʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʊɼ1, ʊɼ6  ʪʷʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ,  

ʇ1,ʇ6  ʧʦʝʟʜʥʳʝ ʢʦʥʪʘʢʪʦʨʳ, 1ʄɺ-4ʄɺ ʘʩʠʥʭʨʦʥʥʳʝ ʤʦʪʦʨ ʚʝʥʪʠʣʷʪʦʨʳ, 1ɸɺ-4ɸɺ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ  

ʚʳʢʣʶʯʘʪʝʣʠ, ʂ1-ʂ4 ʢʦʥʪʘʢʪʦʨʳ ʫʧʨʘʚʣʝʥʠʷ ʤʦʪʦʨ ʚʝʥʪʠʣʷʪʦʨʘʤʠ 



26             ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 

 

 

 

 
 

ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʮʠʷ ɸʄɺ ʩ  ʵʢʨʘʥʠʨʦʚʘʥʥʳʤʠ ʢʦʣʴʮʘʤʠ ʚ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ: 1 ʩʪʘʪʦʨ, 2 ʦʩʥʦʚʘʥʠʝ,  

3 ʚʪʫʣʢʘ, 4 ʧʦʜʰʠʧʥʠʢ, 5 ʚʘʣ, 6 ʪʦʨʮʝʚʦʡ ʱʠʪ, 7 ʚʝʥʪʠʣʷʪʦʨʥʦʝ ʢʦʣʝʩʦ, 8 ʣʦʧʘʩʪʠ, 9 ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʵʢʨʘʥʳ,  

10 ʢʦʨʪʢʦʟʘʤʳʢʘʶʱʠʝ ʢʦʣʴʮʘ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ, 11 ʩʪʝʨʞʥʠ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ 

 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʨʝʞʠʤʦʚ ʧʠʪʘʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʤʦʪʦʨ-

ʚʝʥʪʠʣʷʪʦʨʦʚ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ 

ʪʷʛʦʚʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ ʧʨʠ ʪʷʞʝʣʳʭ 

ʫʩʣʦʚʠʷʭ ʪʨʦʛʘʥʠʷ ʪʝʧʣʦʚʦʟʘ ʥʘ ʧʦʜʲʝʤʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
ʈʘʩʩʤʦʪʨʠʤ ʨʝʞʠʤʳ ʧʠʪʘʥʠʷ ɸʄɺ ʦʪ ʊʉɻ ʧʨʠ 

ʘʚʘʨʠʡʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʊʉɻ ʠ ʧʨʠ ʪʷʞʝʣʳʭ 

ʫʩʣʦʚʠʷʭ ʪʨʦʛʘʥʠʷ ʪʝʧʣʦʚʦʟʘ. ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ()nfM =  ʩʝʨʠʡʥʦʛʦ ɸʄɺ ʪʠʧʘ 

ʄɺ-11 ʩ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʡ ʦʙʤʦʪʢʦʡ ʨʦʪʦʨʘ ʠʟ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸʂ12ʄ ʧʦʢʘʟʘʥ r ʥʘ ʨʠʩ.3 

(ʢʨʠʚʳʝ 1é3, ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʧʠʪʘʥʠʷ 

321
UUU >> ). ʄʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚʝʥʪʠʣʷʪʦʨʥʦʛʦ ʢʦʣʝʩʘ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʠʚʦʡ 4. 

ʈʝʞʠʤʳ ʨʘʙʦʪʳ ɸʄɺ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʯʢʘʤʠ ʘ, ʙ, ʚ. 

ʆʙʣʘʩʪʴ ɸ, ʣʝʞʘʱʘʷ ʚʳʰʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʧʝʨʝʛʠʙʘ 

ʢʨʠʚʳʭ (ʚʳʰʝ ʣʠʥʠʠ ml ), ï ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʡ 

ʨʘʙʦʪʳ ɸʄɺ (ʪʦʯʢʘ ʘ). ʆʙʣʘʩʪʴ ɹ (ʥʠʞʝ ʣʠʥʠʠ ml ) 
ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʥʝʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ (ʪʦʯʢʘ ʙ) ï 

ɸʄɺ ʨʘʙʦʪʘʝʪ ʩ ʙʦʣʴʰʠʤ ʩʢʦʣʴʞʝʥʠʝʤ, ʧʦʪʨʝʙʣʷʝʪ 

ʯʨʝʟʤʝʨʥʦ ʙʦʣʴʰʦʡ ʪʦʢ, ʦʙʤʦʪʢʘ ʩʪʘʪʦʨʘ 

ʧʝʨʝʛʨʝʚʘʝʪʩʷ ʠ ɸʄɺ ʤʦʞʝʪ ʚʳʡʪʠ ʠʟ ʩʪʨʦʷ. 

ʊʝʧʣʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ɸʄɺ ʚ ʦʙʣʘʩʪʠ ɹ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 20 ʩ. 

 

 
 

ʈʠʩ. 3. ʄʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɸʄɺ: 1-3 ï ʩʝʨʠʡʥʦʛʦ ʩ ʦʙʤʦʪʢʦʡ ʨʦʪʦʨʘ ʠʟ ʩʧʣʘʚʘ ɸʂ12;  

31 ¡-¡  ï ʦʧʳʪʥʦʛʦ ɸʄɺ ʩ ʵʢʨʘʥʠʨʦʚʘʥʥʳʤʠ ʢʦʣʴʮʘʤʠ ʥʘ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ; 4 ï ʚʝʥʪʠʣʷʪʦʨʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 

ʅʘ ʚʥʝʰʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʫʟʣʘ (ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʊʉɻ ʠ ʧʨʠ 

ʘʚʘʨʠʡʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ) ʥʘ 15 ʧʦʟʠʮʠʠ 

ʢʦʥʪʨʦʣʣʝʨʘ ʤʘʰʠʥʠʩʪʘ (ʨʠʩ. 4) ʵʪʦʪ ʨʝʞʠʤ 

ʥʘʭʦʜʠʪʩʷ ʥʠʞʝ ʪʦʯʝʢ ɸɹ (ɸɹ ï ʛʨʘʥʠʮʘ 

ñʦʧʨʦʢʠʜʳʚʘʥʠʷò ɸʄɺ), ʪ.ʝ. ʥʘ ʧʫʩʢʦʚʳʭ ʫʯʘʩʪʢʘʭ 

ʚʥʝʰʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɻʨʘʥʠʮʘ ʦʧʨʦʢʠʜʳʚʘʥʠʷ 

ɸɹ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʠ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʷʭ 

ʩʝʨʠʡʥʦʛʦ ʄɺ-11 ʚ ʦʧʳʪʘʭ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʠ 

ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʠ ʩʦʩʪʘʚʣʷʝʪ B205...155=ʣU  ʧʨʠ 

100=f  
ɻʮ (ʩʤ. ʨʠʩ. 4, ʟʦʥʘ ɸɹ). 
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ʈʠʩ. 4. ɺʥʝʰʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʷʛʦʚʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʪʝʧʣʦʚʦʟʘ 2ʊʕ116 ʧʨʠ ʘʚʘʨʠʡʥʦʤ (1-4)  

ʠ ʥʦʨʤʘʣʴʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ (5): 4¡ ʚʥʝʰʥʷʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʠ ʪʷʞʝʣʳʭ  

ʫʩʣʦʚʠʷʭ ʪʨʦʛʘʥʠʷ ʪʝʧʣʦʚʦʟʘ  ʧʨʠ ʚʢʣʶʯʝʥʥʳʭ ʤʦʪʦʨ ʚʝʥʪʠʣʷʪʦʨʘʭ 

 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʧʨʝʜʤʝʪ ʪʨʦʛʘʥʠʷ 

ʪʝʧʣʦʚʦʟʘ 2ʊʕ116 ˉ007 ʥʘ ʧʦʜʲʝʤʝ 9/̄00 ʚ ʨʝʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩ ʪʷʞʝʣʦʚʝʩʥʳʤ ʩʦʩʪʘʚʦʤ 2200 ʪ ʥʘ 

ʉʨʝʜʥʝʘʟʠʘʪʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ (ʜʝʧʦ ʂʘʛʘʥ) 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚʨʝʤʷ ʪʨʦʛʘʥʠʷ ʧʨʠ ʪʦʢʘʭ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʫʟʣʘ 4200...5400 ɸ ʜʦ ʥʘʧʨʷʞʝʥʠʷ 

205...155=
ʉɻʃ
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ɺ, ʨʘʚʥʦʝ 80...140 ʩ. ʇʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʊʉɻ ʯʘʩʪʦʪʘ 
ʉɻ

f  ʥʝ 

ʧʨʝʚʳʰʘʣʘ 70 ɻʮ (9ʇʂ). ʅʦ ʚʦ ʚʨʝʤʷ ʪʨʦʛʘʥʠʷ ʥʘ 

ʵʪʦʤ ʧʦʜʲʝʤʝ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʊʉɻ ʧʨʠ 

ʪʦʢʘʭ ʙʦʣʝʝ 4200 ɸ ʥʝʦʙʭʦʜʠʤʘ ʨʘʙʦʪʘ ʊʉɻ ʥʘ 15 

ʇʂ (ʩʤ. ʨʠʩ. 4) ʯʪʦ ʟʘʩʪʘʚʠʪ ɸʄɺ ʨʘʙʦʪʘʪʴ ʚ ʨʝʞʠʤʝ 

ñʦʧʨʦʢʠʜʳʚʘʥʠʷò ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (ʥʝ ʤʝʥʝʝ 

80...140 ʩ), ʠ ʚʦʟʤʦʞʝʥ ʚʳʭʦʜ ɸʄɺ ʠʟ ʩʪʨʦʷ. ɼʘʞʝ 

ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʊʉɻ ʧʨʠ ʵʪʠʭ 

ʠʩʧʳʪʘʥʠʷʭ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ 

ʨʘʙʦʪʳ ɸʄɺ ʩ ʘʚʘʨʠʡʥʳʤ ʟʥʘʯʝʥʠʝʤ ʪʦʢʘ 40 ʩ. 

ɿʘʬʠʢʩʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʤʥʦʛʦʢʨʘʪʥʳʭ ʧʦʧʳʪʦʢ 

ʪʨʦʛʘʥʠʷ ʙʝʟ ʫʩʧʝʭʘ ʥʘ ʧʦʜʲʝʤʝ, ʦʙʱʘʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʙʦʣʝʝ 40 ʩ. 

ʇʨʠ ʪʨʦʛʘʥʠʠ ʪʝʧʣʦʚʦʟʘ ʩ ʚʢʣʶʯʝʥʥʳʤʠ 

ʩʝʨʠʡʥʳʤʠ ɸʄɺ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ 

ʚʥʝʰʥʷʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʫʟʣʘ 

ʠʩʢʘʞʘʝʪʩʷ (ʩʤ. ʨʠʩ. 4); ʢʨʠʚʘʷ 4¡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 4, ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ 

ʨʝʦʩʪʘʪʥʳʭ ʠʩʧʳʪʘʥʠʷʭ ʧʨʠ ʨʘʙʦʪʝ ɸʄɺ ʚ 

ʥʦʨʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʪʨʦʛʘʥʠʠ ʪʝʧʣʦʚʦʟʘ ʥʘʧʨʷʞʝʥʠʝ ʊʉɻ 155<
ʉɻʃ

U ɺ 

ʧʨʠ ʪʦʢʝ ʊʉɻ 4200 ɸ. ʇʨʠ ʵʪʦʤ ʯʝʪʳʨʝ ɸʄɺ 

ʨʘʙʦʪʘʶʪ ʚ ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ ʠ ʧʦʪʨʝʙʣʷʶʪ 

ʯʨʝʟʤʝʨʥʦ ʙʦʣʴʰʦʡ ʪʦʢ ʧʨʠ ʥʠʟʢʦʤ jcos . ʀʟ 

ʦʧʳʪʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʝʨʠʡʥʳʡ 

ʤʦʪʦʨ-ʚʝʥʪʠʣʷʪʦʨ ʧʨʠ 205...155=
ʉɻʃ

U ɺ 

ʧʦʪʨʝʙʣʷʝʪ ʪʦʢ 130...200 ɸ ʧʨʠ 0,37ºjcos ,  ʧʨʠ 

ʵʪʦʤ ʚʩʝ ɸʄɺ ʧʦʪʨʝʙʣʷʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪ ʊʉɻ 

ʪʦʢ ʜʦ 800 ɸ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʠʥʜʫʢʪʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ, ʯʪʦ ʨʘʟʤʘʛʥʠʯʠʚʘʝʪ ʛʝʥʝʨʘʪʦʨ. 

ɺʥʝʰʥʷʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʠʩʢʘʞʘʝʪʩʷ 

(ʢʨʠʚʘʷ 4¡) ʠ ɸʄɺ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ ʠ ʤʦʛʫʪ ʚʳʡʪʠ ʠʟ 

ʩʪʨʦʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 4¡ 
ʩʫʱʝʩʪʚʫʝʪ ʦʧʘʩʥʦʩʪʴ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʪʨʦʛʘʥʠʷ 

ʪʝʧʣʦʚʦʟʘ ʥʘ ʧʦʜʲʝʤʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʨʳʚʘ 

ʛʨʘʬʠʢʘ ʜʚʠʞʝʥʠʷ ʥʘ ʧʝʨʝʛʦʥʝ. 

ʅʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ɸʄɺ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 1, 2, 3 ʨʠʩ. 3 ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ ɹ 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʧʝʨʝʜʝʣʢʫ. 

ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʜʠʟʝʣʷ ʜʣʷ ʪʝʧʣʦʚʦʟʘ 

2ʊʕ116 ï ʧʨʠʤʝʥʝʥʠʝ ɸʄɺ ʩ ʵʢʨʘʥʠʨʦʚʘʥʥʳʤʠ 

ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʠʤʠ ʢʦʣʴʮʘʤʠ ʚ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ 

(ʩʤ. ʨʠʩ. 2) [1]. ʊʘʢʦʡ ɸʄɺ ʚʦʟʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʠʟ 

ʩʝʨʠʡʥʦʛʦ ɸʄɺ11, ʫʩʪʘʥʘʚʣʠʚʘʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ 

ʵʢʨʘʥʳ ʠʟ ʩʪʘʣʠ ʉʪ3 ʥʘ ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʠʝ ʢʦʣʴʮʘ 

ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ.  

ɺ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʧʳʪʥʦʛʦ 

ɸʄɺ 3...1 ¡¡  ʨʠʩ. 3 ʦʪʩʫʪʩʪʚʫʝʪ ʨʝʞʠʤ 

ñʦʧʨʦʢʠʜʳʚʘʥʠʷò, ʧʨʠʯʝʤ ʧʫʩʢʦʚʳʝ ʩʚʦʡʩʪʚʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ, ʯʝʤ ʩʝʨʠʡʥʦʛʦ ʄɺ-11, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʦʧʳʪʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ  

(ʨʠʩ. 5). ʊʦʯʢʠ a¡, ʙ¡, ʚ¡ ʥʘ ʨʠʩ. 3 ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʫʩʪʦʡʯʠʚʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʧʳʪʥʦʛʦ ɸʄɺ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʥʦ ʦʧʳʪʥʳʡ 

ɸʄɺ ʠʤʝʝʪ ʧʦʚʳʰʝʥʥʦʝ ʩʢʦʣʴʞʝʥʠʝ ʚ 



28             ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 

 

 

 

ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ (2,5%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ɸʄɺ11 (1,4%), ʢʦʪʦʨʦʝ ʧʣʘʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦ 

ʩʥʠʞʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ. ʆʪʥʦʰʝʥʠʝ 

ʛʘʙʘʨʠʪʥʦʡ ʤʦʱʥʦʩʪʠ ʦʧʳʪʥʦʛʦ ɸʄɺ ʢ 

ʥʦʤʠʥʘʣʴʥʦʡ ʦʩʪʘʝʪʩʷ ʚ ʪʝʭ ʞʝ ʧʨʝʜʝʣʘʭ ʧʨʠ 

ʧʠʪʘʥʠʠ ʦʪ ʊʉɻ, ʯʪʦ ʠ ʜʣʷ ʩʝʨʠʡʥʦʛʦ ʄɺ11. 

 

 
 

ʈʠʩ. 5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʦʧʳʪʥʦʛʦ 

ɸʄɺ  ʩ ʵʢʨʘʥʠʨʦʚʘʥʥʳʤʠ ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʠʤʠ 

ʢʦʣʴʮʘʤʠ ʚ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ (-) ʠ ʩʝʨʠʡʥʦʛʦ ʄɺ-11 (---) 

 

ʇʨʠ ʧʠʪʘʥʠʠ ʦʪ ʊʉɻ ʚ ʨʝʞʠʤʝ ʪʨʦʛʘʥʠʷ 

ʪʝʧʣʦʚʦʟʘ ʩ ʪʷʞʝʣʦʚʝʩʥʳʤ ʩʦʩʪʘʚʦʤ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʩʯʝʪʥʦʤ ʧʦʜʲʸʤʝ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ 

ʘʚʘʨʠʡʥʦʡ ʚʳʥʫʞʜʝʥʥʦʡ ʦʩʪʘʥʦʚʢʠ ʚʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ ʦ ʩʥʠʞʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ɸʄɺ ʠ 

ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʝʸ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʜʠʟʝʣʷ ʧʨʠ 

ʨʘʩʯʝʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ +40ʉ̄. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʢʦʣʴʞʝʥʠʝ ɸʄɺ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 

6,7% ʧʨʠ ʩʥʠʞʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʜʦ 

280=ʣU ɺ, ʪ.ʝ. ʩʢʦʣʴʞʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 4%, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʝʥʪʠʣʷʮʠʠ 

ʧʘʜʘʝʪ ʥʘ 4%. ʇʨʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤ ʩʥʠʞʝʥʠʠ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʝʥʪʠʣʷʮʠʠ 

ʩʥʠʞʘʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʜʠʟʝʣʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸʄɺ ʩ ʵʢʨʘʥʠʨʦʚʘʥʥʳʤʠ ʢʦʣʴʮʘʤʠ 

ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ ʠ ʧʠʪʘʥʠʠ ɸʄɺ ʦʪ ʊʉɻ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʧʳʪʘʥʠʡ 

ʪʝʧʣʦʚʦʟʘ 2ʊʕ116 ˉ007 ʧʨʠ ʪʷʞʸʣʳʭ ʫʩʣʦʚʠʷʭ 

ʪʨʦʛʘʥʠʷ ʩ ʧʦʣʥʦʚʝʩʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʥʘ ʧʦʜʲʸʤʝ 

9 /̄00 ʥʘ ʫʯʘʩʪʢʝ ɼʞʠʟʘʢ-ʉʘʤʘʨʢʘʥʜ ʉʨʝʜʥʝʘʟʠʘʪʩʢʦʡ 

ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʨʷʜʘ ʠʩʧʳʪʘʥʠʡ 

ʚʳʷʚʣʝʥ ʥʘʠʙʦʣʝʝ ʪʷʞʸʣʳʡ ʨʝʞʠʤ ʪʨʦʛʘʥʠʷ 

ʪʝʧʣʦʚʦʟʘ ʩ ʛʨʫʟʦʚʳʤ ʩʦʩʪʘʚʦʤ ʧʨʠ ʤʘʩʩʝ ʧʦʝʟʜʘ 

2200 ʪʦʥʥ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ 

+30̄ ʉ. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʊʉɻ ʧʨʠ ʪʨʦʛʘʥʠʠ ʪʝʧʣʦʚʦʟʘ ʚ ʬʫʥʢʮʠʠ 

ʚʨʝʤʝʥʠ. ʊʦʯʢʘ ɸ ʥʘ ʨʠʩ. 6 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ɸʄɺ, ʨʘʚʥʦʡ 0,96 ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʥʘ ʜʘʥʥʦʡ ʧʦʟʠʮʠʠ 

ʢʦʥʪʨʦʣʣʝʨʘ ʤʘʰʠʥʠʩʪʘ ʇʂ. ʊʘʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʦʟʤʦʞʥʘ ʯʝʨʝʟ t = 45 ʩ  ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʪʨʦʛʘʥʠʷ ʪʝʧʣʦʚʦʟʘ, ʥʦ ʠ ʧʨʠ t < 45 ʩ ɸʄɺ 

ʪʘʢʞʝ ʠʤʝʶʪ ʦʧʨʝʜʝʣʸʥʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʦ 

ʤʝʥʴʰʫʶ. 

 

 
 

ʈʠʩ. 6. ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ  (1), ʣʠʥʝʡʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (2) ʪʷʛʦʚʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ ʪʦʢʘ 

 ʥʘ ʚʳʭʦʜʝ ʚʳʧʨʷʤʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ (3) ʧʨʠ ʪʨʦʛʘʥʠʠ ʪʝʧʣʦʚʦʟʘ 2ʊʕ116 ʥʘ ʧʦʜʲʝʤʝ 9/̄00 

 ʩ ʪʷʞʝʣʦʚʝʩʥʳʤ ʩʦʩʪʘʚʦʤ 2200 ʪʦʥʥ 

 

ʅʘ ʨʠʩ. 7 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʨʘʟʛʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʠ 

ʤʘʩʣʘ ʥʘ ʚʳʭʦʜʝ ʠʟ ʜʠʟʝʣʷ  ʧʨʠ ʥʘʙʨʦʩʝ ʥʘʛʨʫʟʢʠ ʥʘ 

ʜʠʟʝʣʴ ʧʨʠ ʦʪʢʣʶʯʸʥʥʳʭ ʚʝʥʪʠʣʷʪʦʨʘʭ ʠ ʧʦʣʥʦʩʪʴʶ 

ʟʘʢʨʳʪʳʭ ʞʘʣʶʟʠ ʦʭʣʘʞʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʠʟʝʣʷ 

ʪʝʧʣʦʚʦʟʘ 2ʊʕ116 ˉ307 ʥʘ ʨʝʦʩʪʘʪʥʦʤ ʫʯʘʩʪʢʝ ʚ 

ʜʝʧʦ ɽʣʝʮ. ʇʨʠ ʨʝʦʩʪʘʪʥʳʭ ʠʩʧʳʪʘʥʠʷʭ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʠ 

ʤʘʩʣʘ ʚ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ ʧʨʠ ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ 

ʥʘʛʨʫʟʢʠ ʜʠʟʝʣʷ ʦʪ 0 ʜʦ 0,25; 0,5; 0,75; 1,0 

ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʜʦ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʙʣʠʟʢʠʭ ʢ 
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ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ ʩʥʷʪʠʶ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʦʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʠ 

ʤʘʩʣʘ ʥʘ ʚʳʭʦʜʝ ʜʠʟʝʣʷ 96̄ ʉ ʠ 88ʉ̄ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʟʛʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʣʠʩʴ 

ʚʳʯʠʪʘʥʠʝʤ ʠʟ ʪʝʢʫʱʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʝʚʘ 

ʥʘʯʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʫʣʝʚʦʡ ʇʂ ʧʝʨʝʜ ʥʘʙʨʦʩʦʤ ʥʘʛʨʫʟʢʠ. ʆʥʠ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 70ʉ̄ ʜʣʷ ʚʦʜʳ ʠ 67ʉ̄ ʜʣʷ ʤʘʩʣʘ. 

ʀʟ ʨʠʩ. 7 ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʛʨʝʚ ʚʦʜʳ ʜʦ 

ʘʚʘʨʠʡʥʦʛʦ ʩʙʨʦʩʘ ʤʦʱʥʦʩʪʠ ʜʠʟʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 240 

ʩ, ʜʣʷ ʤʘʩʣʘ 350 ʩ. ʅʘʛʨʝʚ ʚʦʜʳ ʠ ʤʘʩʣʘ ʧʨʠ 

ʧʦʣʥʦʩʪʴʶ ʦʪʢʣʶʯʝʥʥʳʭ ɸʄɺ ʠ ʧʦʣʥʦʩʪʴʶ 

ʟʘʢʨʳʪʳʭ ʞʘʣʶʟʠ ʦʭʣʘʞʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʠʟʝʣʷ 

ʚ ʪʝʯʝʥʠʠ 45 ʩʝʢ ʥʝ ʧʨʝʚʳʰʘʝʪ 1ʉ̄. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʠ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʪʨʦʛʘʥʠʷ ʪʝʧʣʦʚʦʟʘ ʥʘ  

ʧʦʜʲʝʤʝ 9/̄00 ʠ ʧʠʪʘʥʠʠ ɸʄɺ ʦʪ ʊʉɻ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʜʠʟʝʣʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ɸʄɺ ʩ ʵʢʨʘʥʠʨʦʚʘʥʥʳʤʠ 

ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʠʤʠ ʢʦʣʴʮʘʤʠ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ ʥʝ 

ʥʘʨʫʰʘʝʪʩʷ. 
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ʈʠʩ. 7. ʈʘʟʛʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ (ʘ) ʠ ʤʘʩʣʘ (ʙ) ʥʘ ʚʳʭʦʜʝ ʠʟ ʜʠʟʝʣʷ  

ʧʨʠ ʥʘʙʨʦʩʝ ʥʘʛʨʫʟʢʠ ʠ ʚʳʢʣʶʯʝʥʥʳʭ ʤʦʪʦʨ ʚʝʥʪʠʣʷʪʦʨʘʭ 

 

ɺʳʚʦʜʳ. 1. ʇʨʠ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʪʨʦʛʘʥʠ ̫

ʪʝʧʣʦʚʦʟʘ ʩ ʚʢʣʶʯʝʥʥʳʤʠ ʩʝʨʠʡʥʳʤʠ ɸʄɺ ʧʨʠ 

ʘʚʘʨʠʡʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʚʥʝʰʥʷʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʫʟʣʘ ʠʩʢʘʞʘʝʪʩʷ (ʩʤ. ʨʠʩ. 4) ʠ ɸʄɺ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʘʚʘʨʠʡʥʦʤ 

ʨʝʞʠʤʝ ʠ ʜʘʞʝ ʚʳʡʪʠ ʠʟ ʩʪʨʦʷ. ʅʝʦʙʭʦʜʠʤʦ 

ʠʟʤʝʥʠʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ɸʄɺ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʠʩʢʣʶʯʠʪʴ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 1, 2, 3 

ʨʠʩ. 3 ʘʚʘʨʠʡʥʳʝ ʨʝʞʠʤʳ ñʦʧʨʦʢʠʜʳʚʘʥʠʷò ɹ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʧʝʨʝʜʝʣʢʫ.   

2. ʅʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʜʠʟʝʣʷ ʜʣʷ 

ʪʝʧʣʦʚʦʟʘ 2ʊʕ116 ï ʧʨʠʤʝʥʝʥʠʝ ɸʄɺ ʩ 

ʵʢʨʘʥʠʨʦʚʘʥʥʳʤʠ ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʠʤʠ ʢʦʣʴʮʘʤʠ 

ʚ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ (ʩʤ. ʨʠʩ. 2). ʊʘʢʦʡ ɸʄɺ ʚʦʟʤʦʞʥʦ 

ʠʟʛʦʪʦʚʠʪʴ ʠʟ ʩʝʨʠʡʥʦʛʦ ʄɺ-11, ʫʩʪʘʥʘʚʣʠʚʘʷ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʵʢʨʘʥʳ ʠʟ ʩʪʘʣʠ ʉʪ3 ʥʘ 

ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʠʝ ʢʦʣʴʮʘ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ. ɺ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʧʳʪʥʦʛʦ ɸʄɺ  

( 3...1 ¡¡  ʨʠʩ. 3) ʦʪʩʫʪʩʪʚʫʪʁ ʨʝʞʠʤ r

ñʦʧʨʦʢʠʜʳʚʘʥʠʷò, ʧʨʠʯʝʤ ʧʫʩʢʦʚʳʝ ʩʚʦʡʩʪʚʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ, ʯʝʤ ʩʝʨʠʡʥʦʛʦ ʄɺ11, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʦʧʳʪʘ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ  

(ʨʠʩ. 5). 

3. ʇʨʠ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʪʨʦʛʘʥʠʷ ʪʝʧʣʦʚʦʟʘ 

ʥʘ  ʧʦʜʲʝʤʝ  9 /̄00  ʠ ʧʠʪʘʥʠʠ ʦʧʳʪʥʦʛʦ ɸʄɺ ʦʪ ʊʉɻ  

ʥʘʛʨʝʚ ʚʦʜʳ ʜʦ ʘʚʘʨʠʡʥʦʛʦ ʩʙʨʦʩʘ ʤʦʱʥʦʩʪʠ ʜʠʟʝʣʷ 

ʩʦʩʪʘʚʣʷʝʪ 240 ʩ, ʜʣʷ ʤʘʩʣʘ 350 ʩ. ʅʘʛʨʝʚ ʚʦʜʳ ʠ 

ʤʘʩʣʘ ʧʨʠ ʧʦʣʥʦʩʪʴʶ ʦʪʢʣʶʯʝʥʥʳʭ ɸʄɺ ʠ 

ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪʳʭ ʞʘʣʶʟʠ ʦʭʣʘʞʜʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʜʠʟʝʣʷ ʚ ʪʝʯʝʥʠʝ 45 ʩʝʢ ʥʝ ʧʨʝʚʳʰʘʝʪ 

1 ʉ̄. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ 

ʪʨʦʛʘʥʠʷ ʪʝʧʣʦʚʦʟʘ ʥʘ  ʧʦʜʲʝʤʝ 9/̄00 ʠ ʧʠʪʘʥʠʠ 

ɸʄɺ ʦʪ ʊʉɻ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ ʜʠʟʝʣʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ɸʄɺ ʩ 

ʵʢʨʘʥʠʨʦʚʘʥʥʳʤʠ ʢʦʨʦʪʢʦʟʘʤʳʢʘʶʱʠʤʠ ʢʦʣʴʮʘʤʠ 

ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ ʥʝ ʥʘʨʫʰʘʝʪʩʷ. 
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Zaharchuk I .A.  Zaharchuk A.S. 

ANALYSIS OF POWER SUPPLY MODES OF 

ASYNCHRONOUS MOTOR-FAN WITH SHIELDED 

SHORT-RINGS IN THE ROTOR WIND FROM THE 

DRIVING GENERATOR UNDER THE EMERGENCY 

EXCITATION AND HEAVY CONDITIONS OF 

THRESHOLD TROUBLESHOOTING  
Four asynchronous motor fans are installed in the diesel 

cooler system on the diesel locomotive of the 2TE116 series. 

The traction synchronous generator supplies asynchronous 

motor AC fans. Under severe conditions of starting the diesel 

locomotive 2TE116, the external characteristic of the traction 

synchronous generator is distorted during emergency 

excitation and included serial asynchronous motor fans. The 

voltage of the traction synchronous generator decreases. 

Serial asynchronous motor fans consume fault current, 

operate in emergency "rollover" mode and can break. To 

improve the reliability of the asynchronous motor fans, it is 

necessary to change the motor design of the fans. It is 

proposed to use asynchronous motor fans with shielded short-

circuiting rings in the winding of the rotor. n such motor fans, 

the emergency mode of "tipping" in the mechanical 

characteristic is absent when the voltage is lowered. The 

starting properties of the fan motor are improved significantly. 

The external characteristic of the generator set of the 

locomotive is not distorted during emergency excitation and 

start-up of a diesel locomotive with a heavy train. The start of 

the diesel locomotive 2TE116 improves. 

Keywords: locomotiv , asynchronous motor fan, traction 

synchronous generator, power supply modʝ. 
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ANALYSIS OF OPERATING MODE OF ASYNCHRONOUS MOTOR FANS  

ON THE LOCOMOTIVE 2TE116 IN EXPLOITATION  
 

Zacharchuk I .A.  

 
ɺ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ 

ʧʠʪʘʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʤʦʪʦʨ ʚʝʥʪʠʣʷʪʦʨʦʚ (ɸʄɺ) ʜʣʷ 

ʦʭʣʘʞʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʠʟʝʣʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʪʷʛʦʚʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʟʘ 2ʊʕ116. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʧʨʝʜʣʦʞʝʥʳ ʟʥʘʯʝʥʠʷ ʠʩʭʦʜʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʥʘʛʨʫʟʦʢ ʜʣʷ ʨʘʩʯʝʪʘ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʯʘʩʪʠ ʤʦʪʦʨ ʚʝʥʪʠʣʷʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʧʠʪʘʶʪʩʷ ʦʪ ʪʷʛʦʚʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. 

ʆʧʨʝʜʝʣʝʥʳ ʩʨʝʜʥʝʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ 

ʧʠʪʘʥʠʷ ɸʄɺ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʝʘʣʴʥʦ ʦʮʝʥʠʚʘʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʜʣʷ 

ʚʝʥʪʠʣʷʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʪʝʧʣʦʚʦʟʦʚ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʦʟ, ʘʩʠʥʭʨʦʥʥʳʡ ʤʦʪʦʨ-
ʚʝʥʪʠʣʷʪʦʨ,  ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ ʧʠʪʘʥʠʷ. 

 

 

ɺʚʝʜʝʥʠʝ. ʅʘ ʦʜʥʦʡ ʩʝʢʮʠʠ ʪʝʧʣʦʚʦʟʘ 2ʊʕ116 

ʫʩʪʘʥʦʚʣʝʥʦ ʯʝʪʳʨʝ ʘʩʠʥʭʨʦʥʥʳʭ ʤʦʪʦʨ-

ʚʝʥʪʠʣʷʪʦʨʘ (ɸʄɺ) ʤʦʱʥʦʩʪʴʶ ʧʦ 24 ʢɺʪ, ʢʦʪʦʨʳʝ 

ʨʘʙʦʪʘʶʪ ʚ ʪʷʞʝʣʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʨʠʩ.1). 

 

 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʤʦʪʦʨ ʚʝʥʪʠʣʷʪʦʨʦʚ,  

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʪʝʧʣʦʚʦʟʝ 

 

ʉʝʨʠʡʥʳʡ ɸʄɺ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʩ 

ʚʥʝʰʥʠʤ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ, ʚʩʪʨʦʝʥʥʳʡ ʚ 

ʩʪʫʧʠʮʫ ʦʩʝʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. ʀʟʚʝʩʪʥʳ 

ʢʦʥʩʪʨʫʢʮʠʠ ɸʄɺ ʩ ʬʝʨʨʦʤʘʛʥʠʪʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʚ ʦʙʤʦʪʢʝ ʨʦʪʦʨʘ ʜʣʷ ʥʝʧʨʝʨʳʚʥʳʭ ʩʠʩʪʝʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʜʠʟʝʣʷ 

ʪʝʧʣʦʚʦʟʘ [1ï4]. ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ɸʄɺ ʩ ʩʝʨʠʡʥʳʤ (ʧʦʪʨʝʙʣʷʝʤʦʛʦ 

ʪʦʢʘ ʠ ʧʦʪʝʨʴ ʧʨʠ ʧʫʩʢʝ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʚ ʨʝʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ) 

ʥʝʦʙʭʦʜʠʤʦ ʚʥʘʯʘʣʝ ʦʧʨʝʜʝʣʠʪʴ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ 

ʧʠʪʘʥʠʷ ɸʄɺ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢ ʢʘʢ ʧʠʪʘʥʠʝ ɸʄɺ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʪʷʛʦʚʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ, ʥʘʧʨʷʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʷʛʦʚʳʭ 

ʨʝʞʠʤʦʚ ʪʝʧʣʦʚʦʟʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʧʠʪʘʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʤʦʪʦʨ-

ʚʝʥʪʠʣʷʪʦʨʦʚ ʚ ʨʝʘʣʴʥʳʭ ʪʷʛʦʚʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ 

ʪʝʧʣʦʚʦʟʘ 2ʊʕ116 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ 

ʪʝʧʣʦʚʦʟʘʭ 2ʊʕ116 ʧʠʪʘʥʠʝ ʘʩʠʥʭʨʦʥʥʳʭ ʤʦʪʦʨ-

ʚʝʥʪʠʣʷʪʦʨʦʚ ʦʭʣʘʞʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ (ɸʄɺ ʆʋ) 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʪʷʛʦʚʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

(ʊʉɻ), ʥʘʛʨʫʟʢʦʡ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ ʷʚʣʷʪʁʩʷ 

ʚʳʧʨʷʤʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ɺʋ) ʠ ʪʷʛʦʚʳʝ 

ʜʚʠʛʘʪʝʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʊɼ). ʅʘʧʨʷʞʝʥʠʝ ʊʉɻ 

ʥʘ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ ʢʦʥʪʨʦʣʣʝʨʘ ʤʘʰʠʥʠʩʪʘ (ʇʂʄ) 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʢʘ ʛʝʥʝʨʘʪʦʨʘ 

ʩʦʛʣʘʩʥʦ ʚʥʝʰʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʊʉɻ (ʨʠʩ.2). 

ʊʦʢ ʊʉɻ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʬʠʣʝʤ ʧʫʪʠ, ʚʝʩʦʤ 

ʧʦʝʟʜʘ, ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ 

ʥʘʧʨʷʞʝʥʠʷ  ʠ ʯʘʩʪʦʪʫ ʪʦʢʘ ɸʄɺ. ɼʣʠʪʝʣʴʥʦʤʫ 

ʨʝʞʠʤʫ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʟʘ 2ʊʕ116 ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʩʯʝʪʥʘʷ ʩʠʣʘ ʪʷʛʠ 17,6 ʪ ʠ ʜʣʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

35,5 ʢʤ/ʯʘʩ. ʕʪʠ ʚʝʣʠʯʠʥʳ ʦʧʨʝʜʝʣʷʶʪ ʜʣʠʪʝʣʴʥʳʡ 

ʪʦʢ  ʠ ʥʘʧʨʷʞʝʥʠʝ ʊʉɻ ʥʘ 15 ʇʄʂ, 

ʢʦʪʦʨʦʝ ʨʘʚʥʦ 415 ɺ ʥʘ ʚʳʭʦʜʝ ɺʋ ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʜʠʟʝʣʷ (ʪʦʯʢʘ G).
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ʈʠʩ. 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʷʛʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ɻʉ-501 ʥʘ ʚʳʭʦʜʝ ʚʳʧʨʷʤʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʪʝʧʣʦʚʦʟʘ 2ʊʕ116 

 

ʈʘʙʦʪʘ ʪʷʛʦʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʚ 

ʨʝʞʠʤʘʭ ʧʨʠ ʙʦʣʝʝ ʚʳʩʰʠʭ ʥʘʧʨʷʞʝʥʠʷʭ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʥʴʰʠʭ ʪʦʢʘʭ ʥʘ 15 ʇʂ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʦ ʚʨʝʤʝʥʠ, ʘ ʨʘʙʦʪʘ ʧʨʠ ʤʝʥʴʰʠʭ  

ʥʘʧʨʷʞʝʥʠʷʭ ʠ  ʙʦʣʴʰʠʭ ʪʦʢʘʭ ʩʪʨʦʛʦ ʦʛʨʘʥʠʯʝʥʘ: 

ʧʨʠ 4800é5500 ɸ ʥʝ ʙʦʣʝʝ 10  ʤʠʥ., 5500é6000 ɸ ï 

5 ʤʠʥ., 6000é6500 ɸ ï 3 ʤʠʥ. ʇʦʵʪʦʤʫ ʛʣʘʚʥʳʤ ʧʨʠ 

ʨʘʙʦʪʝ ɸʄɺ ʚ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ ʊʉɻ, ʤʝʥʴʰʠʭ 

ʥʘʧʨʷʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʣʠʪʝʣʴʥʦʤʫ ʪʦʢʫ, 

ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʝʥʪʠʣʷʪʦʨʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʠʷ, ʧʠʪʘʶʱʝʛʦ 

ɸʄɺ, ʟʘʚʠʩʠʪ ʦʪ ʪʷʛʦʚʳʭ ʨʝʞʠʤʦʚ ʪʝʧʣʦʚʦʟʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʦʛʣʘʩʥʦ ʚʥʝʰʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʊʉɻ (ʩʤ. ʨʠʩ. 2). ʊʦʯʢʦʡ Q ʦʙʦʟʥʘʯʠʤ ʥʦʤʠʥʘʣʴʥʳʡ 

ʨʝʞʠʤ ʧʠʪʘʥʠʷ ɸʄɺ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʘʥʳ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ɸʄɺ. ʆʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʯʘʩʪʦʪʝ f
 
=100 ɻʮ ʠ ʣʠʥʝʡʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ 

ʉɻʃ
U =400 ɺ ʥʘ 15 ʇʂʄ. ɿʜʝʩʴ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚʥʝʰʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 1, 5, 10 ʇʂʄ, ʯʘʩʪʦʪʘ 

ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʊʉɻ ʨʘʚʥʘ 35, 56, 77 ɻʮ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʥʝʩʝʥʳ ʣʠʥʠʠ ʚʢʣʶʯʝʥʠʷ ʠ 

ʦʪʢʣʶʯʝʥʠʷ ʨʝʣʝ ʧʝʨʝʭʦʜʦʚ ʈʇ1 ʠ ʈʇ2. ʕʪʠ ʨʝʣʝ 

ʰʫʥʪʠʨʫʶʪ ʧʨʠ ʧʦʤʦʱʠ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʙʤʦʪʢʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʪʷʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ ʪʝʧʣʦʚʦʟʘ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʪʷʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʅʘʧʨʷʞʝʥʠʝ (ʣʠʥʝʡʥʦʝ) ʥʘ ʚʳʭʦʜʝ ʛʝʥʝʨʘʪʦʨʘ 
ʉɻʃ

U  

ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʥʝʰʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʠ 

ʜʚʝʥʘʜʮʘʪʠʠʤʧʫʣʴʩʥʦʡ ʩʭʝʤʝ ɺʋ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

 

( )[ ] 39,1//12/sin212/ dd UUU
ʉɻʃ

=ÖÖ= pp .     (1) 

ʅʘ ʢʘʞʜʦʡ ʇʂʄ  ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʫʯʘʩʪʢʠ ʩ 

ʨʘʟʣʠʯʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʨʘʙʦʪʳ ʊʉɻ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘ 15 ʇʂʄ ʵʪʦ ʫʯʘʩʪʦʢ NG, 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʚʢʣʶʯʝʥʠʝʤ ʨʝʣʝ ʧʝʨʝʭʦʜʘ ʈʇ2 

(ʪʦʯʢʘ N, ʩʤ. ʨʠʩ. 2) ʠ ʚʳʢʣʶʯʝʥʠʝʤ ʈʇ1 (ʪʦʯʢʘ G). 

ɺʳʰʝ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʥʘʭʦʜʠʪʩʷ ʟʦʥʘ ʨʘʙʦʪʳ 

ʪʝʧʣʦʚʦʟʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʳʰʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ 

(ʟʦʥʘ ɸɹ), ʥʠʞʝ - ʟʦʥʘ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʟʘ ʧʨʠ ʪʦʢʘʭ, 

ʧʨʝʚʳʰʘʶʱʠʭ ʜʣʠʪʝʣʴʥʳʡ , ʠ ʨʘʙʦʪʘ 

ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʜʦʧʫʩʢʘʝʪʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦ ʚ 

ʧʝʨʝʭʦʜʥʳʭ ʨʝʞʠʤʘʭ ʧʨʠ ʨʘʟʛʦʥʝ ʪʝʧʣʦʚʦʟʘ. 

ʅʘ 10 ʇʂʄ ʠʤʝʝʪʩʷ ʜʠʘʧʘʟʦʥ ʨʘʙʦʪʳ 

ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʚʥʝʰʥʝʡ (ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ) 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʪ ʪʦʯʢʠ ɽ ʜʦ ʟʥʘʯʝʥʠʷ 
ʜʣ

I . ʅʘ 5-ʡ 

ʠ 1-ʡ ʧʦʟʠʮʠʷʭ - ʧʦʣʥʦʩʪʴʶ ʫʯʘʩʪʢʠ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʄʂ ʠ PF). 

ʆʙʣʘʩʪʴ NGʂFPMɽN ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʳʝ 

ʨʝʞʠʤʳ ʧʠʪʘʥʠʷ ɸʄɺ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʧʣʦʚʦʟʘ 

ʩ ʫʯʝʪʦʤ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʟʘ ʧʨʠ ʪʨʦʛʘʥʠʠ. 

ʆʙʣʘʩʪʴ NGTPN ʦʧʨʝʜʝʣʷʝʪ ʜʣʠʪʝʣʴʥʳʝ ʨʝʞʠʤʳ 

ʧʠʪʘʥʠʷ ʠ ʨʘʙʦʪʳ ɸʄɺ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ɸʄɺ ʤʦʛʫʪ 

ʨʘʙʦʪʘʪʴ ʜʣʠʪʝʣʴʥʦ, ʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʧʣʦʚʦʟʘ. 

ʊʦʯʢʘ A  ʨʠʩ.2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʨʝʞʠʤʫ ʧʠʪʘʥʠʷ (f =100 ɻʮ, 
ʃ

U =550 ɺ), ʪʦʯʢʘ R  - 

ʨʝʞʠʤʫ ʧʠʪʘʥʠʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ, ʥʦ ʚʦʟʤʦʞʥʦʤʫ 

ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʣʠ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʪʝʧʣʦʚʦʟʘ ʥʘ 

ʨʝʦʩʪʘʪʝ (f =100 ɻʮ, 
ʃ

U =240 ɺ). ʇʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ 

ʩʝʨʠʡʥʳʡ ɸʄɺ ʩ ʦʙʳʯʥʳʤ ʩʝʨʠʡʥʳʤ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʤ ʨʦʪʦʨʦʤ, ʠʤʝʶʱʠʡ ñʞʝʩʪʢʫʶò 

ʤʝʭʘʥʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʥʝ ʜʦʣʞʝʥ 

ɸ  4320=
ʜʣ

I
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ñʦʧʨʦʢʠʜʳʚʘʪʴʩʷò. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʠʟʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʣʝʡʥʦ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʠ 

ʦʪʢʣʶʯʝʥʠʷ ɸʄɺ. 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ  2ʊʕ116 ʩ ʧʠʪʘʥʠʝʤ ɸʄɺ 

ʦʪ ʊʉɻ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʩʣʠ ʘʩʠʥʭʨʦʥʥʳʡ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩ ʚʝʥʪʠʣʷʪʦʨʥʦʡ ʥʘʛʨʫʟʢʦʡ 

ʚʳʜʝʨʞʠʚʘʝʪ ʜʣʠʪʝʣʴʥʦ ʧʨʠ ʩʪʝʥʜʦʚʳʭ ʠʩʧʳʪʘʥʠʷʭ 

ʨʝʞʠʤʳ ʧʠʪʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʦʯʢʘʤ   A ʠ R 

(ʩʤ. ʨʠʩ.2), ʪʦ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɸʄɺ ʚ ʪʦʯʢʝ ɸ 

ʥʝʦʙʭʦʜʠʤʘ ʥʝʥʘʩʳʱʝʥʥʘʷ ʤʘʛʥʠʪʥʘʷ ʩʠʩʪʝʤʘ 

ɸʄɺ. ʇʦʵʪʦʤʫ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ( f =100 ɻʮ, 

ʃ
U =240 ɺ) ʠʥʜʫʢʮʠʷ ʚ ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ 0,65 ʊʣ. ɼʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɸʄɺ ʚ 

ʪʦʯʢʝ R  ʥʝʦʙʭʦʜʠʤʦ ʣʠʥʝʡʥʫʶ ʪʦʢʦʚʫʶ ʥʘʛʨʫʟʢʫ ʚ 

ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʚʳʙʠʨʘʪʴ ʚ 1,5 ʨʘʟʘ ʤʝʥʴʰʝ. 

ʇʨʠ ʵʪʦʤ ɸʄɺ ʨʘʙʦʪʘʝʪ ʫʩʪʦʡʯʠʚʦ ʠ ʥʝ 

ñʦʧʨʦʢʠʜʳʚʘʝʪʩʷò. ʇʨʠ ʛʘʙʘʨʠʪʥʦʡ ʤʦʱʥʦʩʪʠ 

ʩʝʨʠʡʥʦʛʦ ʤʦʪʦʨ-ʚʝʥʪʠʣʷʪʦʨʘ ɸʄɺ37 ʚ 

ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ, ʨʘʚʥʦʡ 37 ʢɺʪ, ʜʣʷ  ʪʝʧʣʦʚʦʟʘ 

2ʊʕ116 ʜʦʧʫʩʪʠʤʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʚʘʣʫ 24 ʢɺʪ, ʪ.ʝ. ʚ 

1,54 ʨʘʟʘ ʤʝʥʴʰʝ. 

ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʨʠʩ.2, ʥʘ ʨʠʩ.3 ʧʦʩʪʨʦʝʥʘ 

ʜʦʧʫʩʪʠʤʘʷ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʥʘʧʨʷʞʝʥʠʷ 
ʉɻʃ

U  ʜʣʷ ɸʄɺ ʦʪ ʯʘʩʪʦʪʳ ʧʠʪʘʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ 
ʉɻ

f  (ʦʙʣʘʩʪʴ ) ʠ 

ʟʘʚʠʩʠʤʦʩʪʴ mn  ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʯʘʩʪʦʪʳ, 

ʥʝʦʙʭʦʜʠʤʘ ̫ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ  ʢ.ʧ.ʜ. ʘʩʠʥʭʨʦʥʥʦʛʦ 

ʧʨʠʚʦʜʘ ʩ ʚʝʥʪʠʣʷʪʦʨʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʩʦʛʣʘʩʥʦ 

ʟʘʢʦʥʫ 
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ʊʘʢʞʝ ʩʦʛʣʘʩʥʦ ʨʠʩ. 2, ʥʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ 

ʨʝʘʣʴʥʘʷ ʜʣʠʪʝʣʴʥʘʷ ʦʙʣʘʩʪʴ NGTPN ʠʟʤʝʥʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʷ 
ʉɻʃ

U  ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʝʧʣʦʚʦʟʘ ʜʣʷ ɸʄɺ ʦʪ ʯʘʩʪʦʪʳ 
ʉɻ

f . 
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ʈʠʩ. 3. ʆʙʣʘʩʪʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 

ʉɻʃ
U  ʪʷʛʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ɻʉ-501 ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ  ʦʪ ʯʘʩʪʦʪʳ

ʉɻ
f  ; 

mn ï ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 
ʉɻʃ

U  ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (2) . 

 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʪʝʧʣʦʚʦʟʦʚ ʚ ʨʘʡʦʥʘʭ ʩ ʨʘʟʚʠʪʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʚʦʟʣʝ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ  

ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʜʠʟʝʣʷ. ʇʦ ʜʘʥʥʳʤ ʍʂ "ʃʫʛʘʥʩʢʪʝʧʣʦʚʦʟ", 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʪʝʧʣʦʚʦʟʘ 

2ʊʕ116 ˉ 521 ʚ ʨʷʜʦʚʦʤ ʛʨʫʟʦʚʦʤ ʜʚʠʞʝʥʠʠ ʥʘ 

ʫʯʘʩʪʢʘʭ ʀʣʦʚʘʡʩʢʦʝ ï ɺʦʣʥʦʚʘʭʘ ʠ ʂʘʤʳʰ ɿʘʨʷ - 

ʇʦʣʦʛʠ ɼʦʥʝʮʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʟʘ 68 ʯʘʩʦʚ 

ʨʝʛʠʩʪʨʘʮʠʠ ʨʝʞʠʤʦʚ ʧʦʢʘʟʳʚʘʶʪ: 

- ʢʦʣʠʯʝʩʪʚʦ ʚʩʝʭ ʧʝʨʝʢʣʶʯʝʥʠʡ ʧʦʟʠʮʠʡ 

ʢʦʥʪʨʦʣʣʝʨʘ ʤʘʰʠʥʠʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 11160, ʠʟ 

ʢʦʪʦʨʳʭ ʧʦ ʚʨʝʤʝʥʠ 28 %  ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʠʘʧʘʟʦʥ 

ʚʨʝʤʝʥʠ 0-1 ʤʠʥʫʪʘ, ʯʪʦ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʢ 

ʧʝʨʝʭʦʜʥʳʤ ʨʝʞʠʤʘʤ ʧʨʠ ʨʘʟʛʦʥʝ ʧʦʝʟʜʘ, ʩʤʝʥʝ 

ʇʂʄ (ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʠʟʝʣʷ) ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ, ʠ 

ʧʨʠ ʪʦʣʯʢʦʚʦʡ ʨʘʙʦʪʝ ʥʘ ʧʝʨʚʳʭ ʪʨʸʭ ʧʦʟʠʮʠʷʭ 

ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʠ ʧʨʠʮʝʧʢʝ ʠ ʦʪʮʝʧʢʝ ʧʦʝʟʜʘ; 

- ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʟʘ ʙʝʟ ʩʤʝʥʳ ʨʝʞʠʤʘ 

ʥʘ ʨʘʙʦʯʠʭ ʧʦʟʠʮʠʷʭ ʢʦʥʪʨʦʣʣʝʨʘ ʤʘʰʠʥʠʩʪʘ 

ʩʦʩʪʘʚʣʷʶʪ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ 1-2 ʤʠʥʫʪʳ ʥʘ 

ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʟʠʮʠʡ; 4-5 ʤʠʥʫʪ, 5-10 ʤʠʥʫʪ - ʥʘ 

13, 14 ʇʂʄ ʠ 35 ʤʠʥʫʪ - ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʜʠʟʝʣʷ; 

-ʧʝʨʝʤʝʥʥʦʩʪʴ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʤʦʪʦʨ-

ʚʝʥʪʠʣʷʪʦʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʘʥʥʳʤʠ ʪʘʙʣ. 1. 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʡ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʟʘ ʧʝʨʠʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ +20...+30
0
 C  ʙʦʣʝʝ ʯʘʩʪʦ ʚʢʣʶʯʘʣʩʷ 

ʚʝʥʪʠʣʷʪʦʨ ʄ1 ʢʦʥʪʫʨʘ ʦʭʣʘʞʜʝʥʠʷ ʚʦʜʳ, ʦʜʥʘʢʦ ʧʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ 

ARWKFDCVA ,,,,,,,,
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ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʘʷ ʜʦʣʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʚʝʥʪʠʣʷʪʦʨʳ ʢʦʥʪʫʨʘ ʦʭʣʘʞʜʝʥʠʷ ʤʘʩʣʘ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʧʨʝʜʝʣʘʤʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʚʢʣʶʯʝʥʠʝ ʚʝʥʪʠʣʷʪʦʨʘ ʄ4 ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʝ ʤʘʩʣʘ ʜʠʟʝʣʷ ʧʨʠ 67
0
 C  ʧʨʦʪʠʚ 79

0
 C  

ʚʝʥʪʠʣʷʪʦʨʘ ʄ1 ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ) ʠ ʙʦʣʴʰʝʡ 

ʪʝʧʣʦʸʤʢʦʩʪʴʶ ʠ ʠʥʝʨʮʠʦʥʥʦʩʪʴʶ ʢʦʥʪʫʨʘ 

ʦʭʣʘʞʜʝʥʠʷ ʤʘʩʣʘ. 

 
ʊʘʙʣʠʮʘ 1 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʪʦʨ ʚʝʥʪʠʣʷʪʦʨʦʚ 

ʆʙʱʝʝ 

ʚʨʝʤʷ 

ʨʘʙʦʪʳ 

ʪʝʧʣʦʚʦʟʘ ʚ 

ʯʘʩʘʭ 

ʆʙʱʝʝ ʚʨʝʤʷ 

ʨʘʙʦʪʳ 

ʚʝʥʪʠʣʷʪʦʨʦʚ ʚ 

ʯʘʩʘʭ 

ʅʦʤʝʨ 

ʚʝʥʪʠʣʷʪʦʨʘ  

(ʦʭʣʘʞʜʘʝʤʳʡ 

ʪʝʧʣʦʥʦʩʠʪʝʣʴ 

ʜʠʟʝʣʷ) 

ʍʘʨʘʢʪʝʨʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʤʠʥʫʪʘʭ 

ʂʦʣʠʯʝʩʪʚʦ 

ʚʢʣʶʯʝʥʠʡ 
ɺʩʝʛʦ ʟʘ 

ʧʝʨʠʦʜ 

ʨʝʛʠʩʪʨʘʮʠʠ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʄʠʥʠʤʘʣʴʥʘʷ 

68 43,6 

ʄ1 (ʚʦʜʘ) 873 3,96 0,34 2568 

ʄ2(ʚʦʜʘ) 48 0,81 0,066 720 

ʄ3 (ʤʘʩʣʦ) 1051 31,3 1,99 528 

ʄ4 (ʤʘʩʣʦ) 2632 45,5 2,96 888 

 

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ 

ʪʝʧʣʦʚʦʟʘ 2ʊʕ116 ˉ 521 ʚ ɻʢʩʧʣʫʘʪʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 

68 ʯʘʩʦʚ. ʀʟ ʨʠʩ. 5 ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʞʠʤʳ ʨʘʙʦʪʳ 

ʪʝʧʣʦʚʦʟʦʚ 2ʊʕ116 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʜʦʣʝʡ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʭʦʣʦʩʪʦʤ ʭʦʜʫ (52,2 %) ʧʨʠ ʩʪʦʷʥʢʘʭ ʪʝʧʣʦʚʦʟʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʚʨʝʤʷ ʨʘʙʦʪʳ  ʪʝʧʣʦʚʦʟ ʠʩʧʦʣʴʟʫʝʪ ʚ 

ʜʚʠʞʝʥʠʠ  ʥʘ 10 ʧʦʟʠʮʠʠ ʢʦʥʪʨʦʣʣʝʨʘ ʤʘʰʠʥʠʩʪʘ. 
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ʈʠʩ. 4. ɻʠʩʪʦʛʨʘʤʤʘ  ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʟʘ 2ʊʕ116  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʟʠʮʠʠ ʢʦʥʪʨʦʣʣʝʨʘ  ʤʘʰʠʥʠʩʪʘ (1) ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʈ/ʈʅ ʥʘ ʚʘʣʫ  

ʤʦʪʦʨ-ʚʝʥʪʠʣʷʪʦʨʘ (2) ʦʪ ʯʘʩʪʦʪʳ  ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ 
 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ  

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʧʠʪʘʥʠʷ ʘʩʠʥʭʨʦʥʥʳʭ ʤʦʪʦʨ-

ʚʝʥʪʠʣʷʪʦʨʦʚ (ɸʄɺ) ʚ ʨʝʘʣʴʥʳʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʪʷʛʦʚʳʭ ʨʝʞʠʤʘʭ ʪʝʧʣʦʚʦʟʘ  

2ʊʕ116 ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ 

ʨʘʙʦʪʳ ɸʄɺ, ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʠ 

ʯʘʩʪʦʪʫ ʪʦʢʘ ɸʄɺ, ʘ ʪʘʢʞʝ 

ʩʨʝʜʥʝʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʣʷʝʤʫʶ 

ʥʘ ʧʨʠʚʦʜ ʚʝʥʪʠʣʷʪʦʨʦʚ ʦʭʣʘʞʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʜʠʟʝʣʷ.  ɺʥʝʰʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʧʣʦʚʦʟʥʦʛʦ 

ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʊʉɻ) ( ʩʤ. ʨʠʩ.2) 

ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ ʠ ʯʘʩʪʦʪʫ ʧʠʪʘʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ɸʄɺ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʘʧʨʷʞʝʥʠʝ 

ʠ ʯʘʩʪʦʪʘ ʪʦʢʘ ʊʉɻ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʧʠʪʘʥʳ ɸʄɺ, 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʷʛʦʚʦʛʦ ʪʦʢʘ 

ʛʝʥʝʨʘʪʦʨʘ ʩʦʛʣʘʩʥʦ ʚʥʝʰʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʊʉɻ 

(ʨʠʩ.2) ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʚʦʟʘ. ʇʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ  ʨʘʙʦʪʳ ʜʠʟʝʣʷ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ɸʄɺ ʤʦʞʝʪ ʠʟʤʝʥʷʪʩʷ 

ʚ ʧʨʝʜʝʣʘʭ ʦʪ  ʣU =240 ɺ ʜʦ ʣU =550 ɺ ʧʨʠ ʯʘʩʪʦʪʝ 

f
 
=100 ɻʮ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ  ʢʘʢ ʧʨʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʝʨʠʡʥʳʭ ɸʄɺ , ʪʘʢ 

ʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ɸʄɺ ʜʣʷ ʥʦʚʳʭ ʪʝʧʣʦʚʦʟʦʚ 

ʧʨʠ ʧʠʪʘʥʠʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ɸʄɺ ʦʪ 

ʪʷʛʦʚʦʛʦ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ. ʀʟʤʝʥʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ʚ ʪʘʢʠʭ ʧʨʝʜʝʣʘʭ ʪʨʝʙʫʝʪ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ɸʄɺ ʧʨʠ  

ʣU =550 ɺ ʠ f
 
=100 ɻʮ ʠʩʧʦʣʴʟʦʚʘʪʴ 
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ʥʝʥʘʩʳʱʝʥʥʫ  ʁʤʘʛʥʠʪʥʫ  ʁʩʠʩʪʝʤʫ ɸʄɺ. ʇʦʵʪʦʤʫ 

ʨʘʩʯʝʪʥʘʷ ʠʥʜʫʢʮʠʷ ʚ ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʧʨʠ 

ʣʥU =400 ɺ ʠ ʥf  
=100 ɻʮ ʚ ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ ʥʝ 

ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 0,6 5 ʊʣ, ʨʘʩʯʝʪʥʫʶ ʣʠʥʝʡʥʫʶ 

ʥʘʛʨʫʟʢʫ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʚ 1,5 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʢʦʤʝʥʜʫʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ 

ʦʙʳʯʥʳʭ ʩʝʨʠʡʥʳʭ ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴ ʜʣʷ 

ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʡ  ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ ʘʣʶʤʠʥʠʝʚʳʡ 

ʩʧʣʘʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʫʜʝʣʴʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. 

ʇʨʠ ʵʪʦʤ ɸʄɺ ʨʘʙʦʪʘʝʪ ʫʩʪʦʡʯʠʚʦ ʠ ʥʝ 

ñʦʧʨʦʢʠʜʳʚʘʝʪʩʷò ʧʨʠ ʣU =240 ɺ.  ʇʨʠ ʛʘʙʘʨʠʪʥʦʡ 

ʤʦʱʥʦʩʪʠ ʩʝʨʠʡʥʦʛʦ ʤʦʪʦʨ ʚʝʥʪʠʣʷʪʦʨʘ ɸʄɺ37, 

ʨʘʚʥʦʡ 37 ʢɺʪ (ʧʨʠʥf  
=100 ɻʮ ʠ ʣʥU =400 ɺ ), ʥʘ 

ʪʝʧʣʦʚʦʟʝ 2ʊʕ116 ʥʘʛʨʫʟʢʘ ʥʘ ʚʘʣʫ ɸʄɺ ʚ 

ʥʦʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʜʦʧʫʩʪʠʤʘ 24ʢɺʪ, ʪ.ʝ. ʚ 1,54 

ʨʘʟʘ ʤʝʥʴʰʝ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʧʣʦʚʦʟʘ ʧʨʠ 

ʯʘʩʪʦʪʝ ʪʦʢʘ ʥf =100 ɻʮ. 

ɸʥʘʣʠʟ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʟʘ 2ʊʕ116 ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ (ʩʤ. ʪʘʙʣ. 1) ʦʧʨʝʜʝʣʠʣ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʩʢʦʚʳʭ ʨʝʞʠʤʦʚ ʤʦʪʦʨï

ʚʝʥʪʠʣʷʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʣʝʡʥʦʤ ʨʝʞʠʤʝ. ʕʪʦ 

ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʥʘʜʸʞʥʦʩʪʴ ʠ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠʚʦʜʦʚ ʚʝʥʪʠʣʷʪʦʨʦʚ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʩʢʦʚʳʭ ʨʝʞʠʤʦʚ 

ɸʄɺ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʧʣʦʚʦʟʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʜʦ 38 ʧʫʩʢʦʚ ʚ ʯʘʩ. ʅʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ 

ʧʫʩʢʦʚʳʝ ʪʦʢʠ ʠ ʧʦʪʝʨʠ ʧʨʠ ʧʫʩʢʘʭ ʚ ɸʄɺ 

(ʫʤʝʥʴʰʠʪʴ ʥʘʛʨʝʚ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ), 

ʩʦʚʝʨʰʝʥʩʪʚʫʷ ʢʦʥʩʪʨʫʢʮʠʶ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʦʡ 

ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ɸʄɺ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʨʝʘʣʴʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʠ ʧʠʪʘʥʠʷ ɸʄɺ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ  (ʩʤ.ʨʠʩ.3 ʠ ʨʠʩ.4), ʠʟ ʢʦʪʦʨʳʭ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ɸʄɺ  

ʨʘʙʦʪʘʝʪ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ ʙʦʣʝʝ 1,8%, ʧʨʠ ʵʪʦʤ 

ʥʘʧʨʷʞʝʥʠʝ ʣʠʥʝʡʥʦʝ ʥʘ ɸʄɺ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 260 ʜʦ 

450 ɺ.  ʆʩʪʘʣʴʥʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ɸʄɺ ʨʘʙʦʪʘʶʪ ʧʨʠ ʤʦʱʥʦʩʪʠ ʥʘ ʚʘʣʫ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝʡ ʥʦʤʠʥʘʣʴʥʦʡ (ʢʨʠʚʘʷ 2, ʨʠʩ. 4). 

ɺʳʚʦʜʳ. 1. ɸʥʘʣʠʟ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʠ ʧʠʪʘʥʠʷ 

ʘʩʠʥʭʨʦʥʥʳʭ ʤʦʪʦʨ-ʚʝʥʪʠʣʷʪʦʨʦʚ (ɸʄɺ) ʧʨʠ 

ʪʷʛʦʚʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ  ʪʝʧʣʦʚʦʟʘ 2ʊʕ116 

ʦʧʨʝʜʝʣʠʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʨʘʙʦʪʢʠ  ʤʝʪʦʜʦʚ 

ʨʘʩʯʝʪʘ ɸʄɺ (ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠ ʧʫʩʢʦʚʳʭ 

ʨʝʞʠʤʦʚ) ʩ ʫʯʝʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ ɸʄɺ (%40° ) ʦʪ 

ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʣʥU =400 ɺ ʧʨʠ ʯʘʩʪʦʪʝ  

ʥf  
=100 ɻʮ. 

2. ʈʘʩʯʝʪʥʘʷ ʠʥʜʫʢʮʠʷ ʚ ʚʦʟʜʫʰʥʦʤ ʟʘʟʦʨʝ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 0,65 ʊʝʩʣʘ, ʣʠʥʝʡʥʘʷ ʪʦʢʦʚʘʷ 

ʥʘʛʨʫʟʢʘ ʧʨʠ ʨʘʩʯʝʪʝ ʜʦʣʞʥʘ ʙʳʪʴ ʫʤʝʥʴʰʝʥʘ ʚ 1,5 

ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ  ʘʩʠʥʭʨʦʥʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ 

ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʳʭ ʩʝʨʠʡ ʘʥʘʣʦʛʠʯʥʦʡ ʤʦʱʥʦʩʪʠ. 

3. ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʧʦ ʧʦʪʨʝʙʣʷʝʤʦʡ 

ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʠʚʦʜ ʚʝʥʪʠʣʷʪʦʨʦʚ ʩ ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʥʝ ʥʦʤʠʥʘʣʴʥʳʡ ʨʝʞʠʤ, ʘ 

ʩʨʝʜʥʝʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʦʛʣʘʩʥʦ 

ʨʠʩ. 4, ʘ ʪʘʢʞʝ ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʧʨʠ ʧʫʩʢʦʚʳʭ 

ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ɸʄɺ, ʢʦʪʦʨʳʝ ʜʦʩʪʠʛʘʶʪ ʜʦ 38 

ʧʫʩʢʦʚ ʚ ʯʘʩ. 
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Zacharchuk I .A. 

ANALYSIS OF OPERATING MODE OF 

ASYNCHRONOUS MOTOR FANS ON THE 

LOCOMOTIVE 2TE116 IN EXPLOITATION  

The analysis of operating modes of the locomotive 

2TE116 in exploitation determined a significant intensity of 
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the starting modes of motor-fans operating in the relay mode. 

This does not provide sufficient reliability and economy of 

operation of the fan drives in operation. The intensity of the 

AMB start-up modes during operation of the locomotive can 

reach up to 38 starts per hour. It is necessary to reduce the 

starting currents and losses during AMC starts (to reduce the 

heating of the stator winding), improving the design of the 

short-circuited winding of the rotor. The supply of the 

asynchronous motor-fans of the cooling device (AMV OU) is 

carried out from the traction synchronous generator. The 

tension of the traction synchronous generator is determined by 

the profile of the path, the weight of the train, and the speed of 

movement. Therefore, the supply voltage of the motor fan 

changes  from the rated value of 400 V at a frequency of 100 

Hz. The magnetic motor-fan system must be unsaturated at a 

voltage from the rated voltage. Consequently, the magnetic 

induction in the air gap should not exceed 0.65 T in the 

nominal power mode. The AMB must not "tilt" (stop) at the 

supply voltage from the rated voltage. The calculated linear 

load should be 1.5 times less than for serial asynchronous 

motors. 

Key words: locomotive 2TE116, asynchronous motorï

fan, the rotor winding, modes of operation and supply, 

exploitation. 
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ɸɺʊʆʄɸʊʀʏɽʉʂʆɽ ɺʆʉʉʊɸʅʆɺʃɽʅʀɽ ɼʆɸɺɸʈʀʁʅʆɻʆ ʈɽɾʀʄɸ  

ʀ ɺʓʗɺʃɽʅʀɽ ʇʆɺʈɽɾɼɽʅʅʆɻʆ ʇʈʀʉʆɽɼʀʅɽʅʀʗ ɺ ʉɽʊʗʍ ʉ  

ʀɿʆʃʀʈʆɺɸʅʅʆʁ ʅɽʁʊʈɸʃʔʖ 6-10 ʢɺ ʇʈʀ  

ʆɼʅʆʌɸɿʅʓʍ ɿɸʄʓʂɸʅʀʗʍ ʅɸ ɿɽʄʃʖ 
 

ʂʫʟʴʤʝʥʢʦ ɼ.ʀ., ʗʨʝʤʝʥʢʦ ʉ. ʇ. 

 

 

AUTOMATIC RECUPERATION BEFORE EMERGENCY  

MODE AND IDENTIFICATION OF DAMAGED CONNECTION IN NETWORKS  

WITH ISOLATED NEUTRAL 6 -10 kV UNDER ONE-PHASE CIRCUITS TO EARTH  
 

Kuzmenko D.I., Yaremenko S. P. 

 
ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦʘʚʘʨʠʡʥʦʛʦ ʨʝʞʠʤʘ ʠ ʚʳʷʚʣʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʦʜʥʦʬʘʟʥʳʭ 

ʟʘʤʳʢʘʥʠʷʭ ʥʘ ʟʝʤʣʶ ʧʫʪʝʤ ʰʫʥʪʠʨʦʚʘʥʠʷ 

ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ ʚ ʩʝʪʷʭ ʩ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʴʶ, 

ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʦʧʨʝʜʝʣʠʪʴ ʪʠʧ ʧʦʚʨʝʞʜʝʥʠʷ,  

ʩʦʩʪʦʷʥʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʩʣʝ ʰʫʥʪʠʨʦʚʘʥʠʷ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ. ʄʝʪʦʜ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʦʛʨʘʥʠʯʠʪʴ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʧʦʠʩʢʝ 

ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʤʝʪʦʜʦʤ ʧʦʦʯʝʨʝʜʥʳʭ 

ʦʪʢʣʶʯʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʥʝʡʪʨʘʣʴ, 

ʦʜʥʦʬʘʟʥʦʝ ʟʘʤʳʢʘʥʠʝ ʥʘ ʟʝʤʣʶ, ʰʫʥʪʠʨʦʚʘʥʠʝ 

ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ, ʦʛʨʘʥʠʯʝʥʠʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ.  

 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʥʘʜʣʝʞʘʱʝʛʦ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ 6-10 ʢɺ, ʨʘʙʦʪʘʶʱʠʭ ʚ 

ʨʝʞʠʤʝ ʩ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʴʶ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʧʦʩʣʝʜʩʪʚʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʦ ʚʨʝʤʷ ʦʜʥʦʬʘʟʥʳʭ 

ʟʘʤʳʢʘʥʠʡ ʥʘ ʟʝʤʣʶ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʦʣʞʘʪʴ ʧʦʠʩʢ 

ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. ʇʦʠʩʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʠ ʫʩʣʦʚʠʡ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʨʝʜʩʪʚ ʨʝʣʝʡʥʦʡ 

ʟʘʱʠʪʳ ʠ ʩʥʠʞʝʥʠʠ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʚ ʤʝʩʪʝ ʧʨʦʙʦʷ 

ʠʟʦʣʷʮʠʠ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤ, ʙʳʣʠ 

ʚʚʝʜʝʥʳ ʧʦʧʨʘʚʢʠ ʚ ʇʋʕ [1]  ʠ ʇʊʕʕʇ [2]. 

ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʧʦʧʨʘʚʢʘʤ, ʜʦʧʫʩʢʘʝʪʩʷ ʨʘʙʦʪʘ ʩʝʪʠ 

6-10 ʢɺ ʩ ʤʘʣʳʤʠ ʪʦʢʘʤʠ ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ ʜʦ 20 

ɸ ʩ ʚʢʣʶʯʝʥʥʳʤ ʚ ʥʝʡʪʨʘʣʴ ʯʝʨʝʟ 

ʥʝʡʪʨʘʣʝʦʙʨʘʟʫʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʠʟʢʦʦʤʥʳʤ 

ʨʝʟʠʩʪʦʨʦʤ ʠʣʠ  ʩʧʝʮʠʘʣʴʥʳʤ ɼɻʈ. ʇʨʠʤʝʥʝʥʠʝ 

ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʧʦʚʪʦʨʥʳʭ 

ʟʘʞʠʛʘʥʠʷʭ ʜʫʛʠ ʙʣʘʛʦʜʘʨʷ ʨʘʟʨʷʜʫ ʝʤʢʦʩʪʝʡ 

ʥʝʧʦʚʨʝʞʜʝʥʥʳʭ ʬʘʟ ʯʝʨʝʟ ʩʦʟʜʘʥʥʫʶ ʥʝʡʪʨʘʣʴ. 

ɺʢʣʶʯʝʥʠʝ ʞʝ ʨʝʟʠʩʪʦʨʘ ʚ ʥʝʡʪʨʘʣʴ ʥʝ ʪʦʣʴʢʦ 

ʨʘʟʨʷʞʘʝʪ ʝʤʢʦʩʪʠ ʩʝʪʠ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʨʦʮʝʩʩ 

ʥʘʢʦʧʣʝʥʠʷ ʟʘʨʷʜʦʚ ʚ ʥʠʭ ʠ ʫʩʪʨʘʥʷʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʷʚʣʝʥʠʷ ʙʦʣʴʰʠʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʥʦ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ, ʪʝʤ 

ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʣʝʡʥʳʭ ʟʘʱʠʪ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ 

ʨʝʣʝ  ʈʊɿ ï 51 (ʈʊɿ ï 50, ʈʊ ï 40/0,2). ʇʨʠʤʝʥʝʥʠʝ 

ʥʠʟʢʦʦʤʥʦʛʦ ʨʝʟʠʩʪʦʨʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʣʠʙʦ ʙʳʩʪʨʦʝ 

ʦʪʢʣʶʯʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʣʠʙʦ 

ʦʪʢʣʶʯʝʥʠʝ ʩ ʚʳʜʝʨʞʢʦʡ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ, 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʥʠʟʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʨʝʟʠʩʪʦʨʦʚ. 

ʇʦʩʣʝ ʠʭ ʥʘʛʨʝʚʘ ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩ ʟʘʟʝʤʣʷʶʱʠʤ ʨʝʟʠʩʪʦʨʦʤ ʜʦʣʞʝʥ 

ʙʳʪʴ ʦʪʢʣʶʯʝʥ,  ʠ ʚ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʠ ʧʠʪʘʥʠʷ 

ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʚʩʷ ʩʝʪʴ ʧʝʨʝʚʦʜʠʪʩʷ 

ʚ ʨʝʞʠʤ ʩ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʴʶ.  

ʆʜʥʘʢʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʧʨʠʤʝʥʝʥʠʝ 

ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʟʘʟʝʤʣʝʥʠʷ ʥʝʡʪʨʘʣʠ ʥʝ ʧʨʠʚʝʣʦ ʢ 

ʦʞʠʜʘʝʤʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ 

ʧʨʠʚʝʣʦ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʛʥʦʚʝʥʥʦ ʦʪʢʣʶʯʘʪʴ 

ʧʦʚʨʝʞʜʝʥʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ, ʘ ʧʨʠ ʥʘʩʪʨʦʝʥʥʦʡ 

ʩʝʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʠʚʦʜʠʣʦ 

ʢ ʥʝʦʧʨʘʚʜʘʥʥʦʤʫ ʛʨʫʧʧʦʚʦʤʫ ʦʪʢʣʶʯʝʥʠʶ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟ-ʟʘ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʣʝ ʧʦʛʘʩʘʥʠʷ 

ʜʫʛʠ ʦʜʠʥʦʯʥʳʭ  ʟʘʤʳʢʘʥʠʡ, ʧʨʠʚʦʜʠʣʦ ʣʠʙʦ ʢ 

ʧʦʚʪʦʨʥʦʤʫ ʧʨʦʙʦʶ, ʪʘʢ ʢʘʢ ʚ ʤʝʩʪʝ ʧʨʦʙʦʷ ʥʝ 

ʫʩʧʝʚʘʣʘ ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 
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ʧʨʦʯʥʦʩʪʴ, ʣʠʙʦ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʜʨʫʛʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ɼɻʈ ʚ ʩʝʪʷʭ ʩ ʤʘʣʳʤʠ ʪʦʢʘʤʠ 

ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʦʤʧʝʥʩʘʮʠʶ 

ʪʦʢʘ ʟʘʤʳʢʘʥʠʷ ʠ ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʛʘʰʝʥʠʷ 

ʜʫʛʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʪʦʢʘ ʚ ʤʝʩʪʝ ʟʘʤʳʢʘʥʠʷ. 

ʆʜʥʘʢʦ ʚʥʝʜʨʝʥʠʝ ʵʪʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʠʚʝʣʦ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʜʝʡʩʪʚʠʷ ʨʝʣʝʡʥʦʡ 

ʟʘʱʠʪʳ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʪʦʢʘ ʚ 

ʤʝʩʪʝ ʟʘʤʳʢʘʥʠʷ, ʢʦʪʦʨʳʡ ʩʪʘʣ ʩʦʠʟʤʝʨʠʤ ʩ ʪʦʢʘʤʠ 

ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝʧʦʚʨʝʞʜʝʥʥʳʭ 

ʧʨʠʩʦʝʜʠʥʝʥʠʡ. ɺʳʷʚʣʝʥʠʝ ʵʪʦʛʦ ʪʦʢʘ ʦʩʣʦʞʥʷʶʪ 

ʝʱʝ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʚʥʦʩʠʤʳʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʪʦʢʘ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʦʢʦʚ ʜʦ 0,5 ɸ 

[3]. 

ɽʱʝ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ɼɻʈ 

ʩʪʘʣʘ ʧʨʦʙʣʝʤʘ ʝʛʦ ʪʦʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʚ ʨʝʟʦʥʘʥʩ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦ̫ʚʣʝʥʠʷ ʬʝʨʨʦʨʝʟʦʥʘʥʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʝʞʜʫ 

ʝʤʢʦʩʪʷʤʠ ʩʝʪʠ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʷ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʚʳʭʦʜʘ ʧʦʩʣʝʜʥʝʛʦ ʠʟ ʩʪʨʦʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʧʦʚʳʰʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ 

ʩʝʪʝʡ ʩ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʴʶ 6-10 ʢɺ ʚ 

ʘʚʘʨʠʡʥʳʭ ʨʝʞʠʤʘʭ ʧʨʠ ʦʜʥʦʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʷʭ ʥʘ 

ʟʝʤʣʶ. 

ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʦʩʦʙ, 

ʧʦʚʳʰʘʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʝʪʝʡ 6-10 ʢɺ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʩ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʴʶ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩʝʪʠ ʩ 

ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʴʶ 6-10 ʢɺ ʚ ʘʚʘʨʠʡʥʦʤ 

ʨʝʞʠʤʝ ʧʨʠ ʦʜʥʦʬʘʟʥʳʭ ʛʣʫʭʠʭ ʠ ʜʫʛʦʚʳʭ 

ʟʘʤʳʢʘʥʠʷʭ ʥʘ ʟʝʤʣʶ ʚ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʰʫʥʪʠʨʦʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ 

[4]. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʨʝʘʣʠʟʫʶʱʝʛʦ ʥʦʚʳʡ ʩʧʦʩʦʙ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ 

ʢʦʪʦʨʦʛʦ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ. 1, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʰʫʥʪʠʨʦʚʘʥʠʠ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ 

ʦʜʥʦʧʦʣʶʩʥʳʤʠ ʧʦʬʘʟʥʦ-ʫʧʨʘʚʣʷʝʤʳʤʠ 

ʚʘʢʫʫʤʥʳʤʠ ʚʳʢʣʶʯʘʪʝʣʷʤʠ ʠ ʧʝʨʝʚʦʜʝ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʩʝʪʠ ʩ ʥʘʣʠʯʠʝʤ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʨʝʞʠʤ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʛʣʫʭʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ. ʇʨʠ 

ʵʪʦʤ ʫʩʪʨʦʡʩʪʚʦ ʟʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʜʦ ʚʢʣʶʯʝʥʠʷ 

ʰʫʥʪʠʨʫʶʱʝʛʦ ʚʳʢʣʶʯʘʪʝʣʷ (ʐɺ), ʚʳʷʚʣʷʝʪ 

ʯʘʩʪʦʪʫ ʯʝʨʝʜʦʚʘʥʠʷ ʧʨʦʙʦʝʚ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʩʣʫʯʘʡʥʦʛʦ ʦʜʠʥʦʯʥʦʛʦ 

ʩʘʤʦʫʩʪʨʘʥʷʶʱʝʛʦʩʷ ʧʨʦʙʦʷ, ʘ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ 

ʐɺ ʫʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦʘʚʘʨʠʡʥʦʛʦ ʨʝʞʠʤʘ. ʕʪʦʪ ʨʝʞʠʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʢʣʶʯʝʥʠʝ ʐɺ ʚ ʩʣʫʯʘʝ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʪʨʦʣʷ ʬʘʟʳ ʪʦʢʘ ʚ 

ʮʝʧʠ ʐɺ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʠʷ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʛʣʫʭʦʛʦ 

ʟʘʤʳʢʘʥʠʷ ʧʦ ʮʝʧʠ ʐɺ ï ʟʝʤʣʷ ï ʤʝʩʪʦ  ʟʘʤʳʢʘʥʠʷ 

ʧʨʦʪʝʢʘʝʪ ʯʘʩʪʴ  ʪʦʢʘ ʥʘʛʨʫʟʢʠ Ὅ̱˥  ˏ (ʨʠʩ. 1), 

ʫʚʝʣʠʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʘʢʪʠʚʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʪʦʢʘ ʚ ʤʝʩʪʝ ʰʫʥʪʠʨʦʚʘʥʠʷ. ʌʘʟʘ ʪʦʢʘ ʚ ʮʝʧʠ ʐɺ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠ 

ʫʜʘʣʝʥʥʦʩʪʠ ʧʦʚʨʝʞʜʝʥʠʷ ʤʝʥʷʝʪʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 90 ʛʨʘʜʫʩʦʚ. 

ʇʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʬʘʟʘ ʪʦʢʘ ʠʟʤʝʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʯʝʟʥʦʚʝʥʠʷ ʘʢʪʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʧʦʚʨʝʞʜʝʥʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʦʪ ʤʝʩʪʘ 

ʰʫʥʪʠʨʦʚʘʥʠʷ ʢ ʤʝʩʪʫ ʧʦʚʨʝʞʜʝʥʠʷ, ʯʪʦ ʫʢʘʞʝʪ ʥʘ 

ʧʨʘʚʠʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʧʨʠ 

ʧʦʦʯʝʨʝʜʥʦʤ ʦʪʢʣʶʯʝʥʠʠ ʧʨʠʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʜʫʛʦʚʦʛʦ ʟʘʤʳʢʘʥʠʷ ʧʦʩʣʝ ʰʫʥʪʠʨʦʚʘʥʠʷ 

ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ ʜʫʛʘ ʚ ʤʝʩʪʝ ʟʘʤʳʢʘʥʠʷ 

ʧʦʛʘʩʥʝʪ ʠ  ʬʘʟʘ ʪʦʢʘ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 90 ʛʨʘʜʫʩʦʚ. 

ʕʪʦʪ ʞʝ ʨʝʞʠʤ ʧʨʝʜʧʦʣʘʛʘʝʪ  ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʦʫʩʪʨʘʥʝʥʠʷ ʜʫʛʦʚʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ 

ʟʘ ʩʯʝʪ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʧʦʛʘʩʘʥʠʷ ʜʫʛʠ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʜʫʛʦʚʦʛʦ ʧʨʦʤʝʞʫʪʢʘ, ʠ 

ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʢʣʶʯʘʝʪ 

ʰʫʥʪʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ.  

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʐɺ ʫʩʪʨʘʥʝʥʠʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʥʘʣʠʯʠʠ ʛʣʫʭʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ ʠʣʠ ʧʦʩʣʝ 

ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʐɺ, ʚʳʟʚʘʥʥʦʛʦ 

ʚʦʟʦʙʥʦʚʣʝʥʠʝʤ ʜʫʛʦʚʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʧʨʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʜʫʛʦʚʦʛʦ ʧʨʦʤʝʞʫʪʢʘ 

ʧʦʚʨʝʞʜʝʥʠʷ ï ʰʫʥʪʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 

ʧʨʦʜʦʣʞʘʝʪ ʨʘʙʦʪʘʪʴ  ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ, ʜʦʧʫʩʢʘʝʤʦʝ ʧʦ ʇʋʕ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʙʩʣʫʞʠʚʘʶʱʝʤʫ ʧʝʨʩʦʥʘʣʫ ʧʨʠʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʤʝʨʳ.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʦʦʯʝʨʝʜʥʳʭ ʦʪʢʣʶʯʝʥʠʡ, 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʦʜʥʦʬʘʟʥʳʡ ʰʫʥʪʠʨʫʶʱʠʡ ʚʳʢʣʶʯʘʪʝʣʴ 

ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ ʦʩʪʘʝʪʩʷ ʚʢʣʶʯʝʥʥʳʤ, ʯʪʦ 

ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʦʧʘʩʥʳʭ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʢʦʤʤʫʪʘʮʠʷʭ ʠ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʠʪʴ ʤʦʤʝʥʪ ʦʪʢʣʶʯʝʥʠʷ 

ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʬʘʟʳ ʪʦʢʘ ʚ ʰʫʥʪʠʨʫʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ. 

ʅʘ ʩʭʝʤʝ (ʨʠʩ. 1) ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʦʢʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʚ ʤʝʩʪʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʦʩʦʙʘ 

ʰʫʥʪʠʨʦʚʘʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ, ʧʦʤʦʛʘʶʱʝʝ 

ʧʦʢʘʟʘʪʴ ʨʘʙʦʪʫ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠ 

ʧʦʦʯʝʨʝʜʥʳʭ ʦʪʢʣʶʯʝʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʷʚʣʝʥʠʝʤ 

ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʦʪʢʘʟʝ ʨʝʣʝʡʥʦʡ 

ʟʘʱʠʪʳ ʠʣʠ ʧʨʠ ʚʳʷʚʣʝʥʠʠ ʧʦʚʨʝʞʜʝʥʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʧʦʩʣʝ 

ʚʢʣʶʯʝʥʠʷ ʐɺ. ʉʭʝʤʘ ʩʦʜʝʨʞʠʪ: ʩʠʣʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʊ, ʧʠʪʘʶʱʠʡ ʰʠʥʳ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʛʣʘʚʥʦʡ ʧʦʜʩʪʘʥʮʠʠ 

ʈʋɻʇ, ʦʪ ʢʦʪʦʨʳʭ ʟʘʧʠʪʳʚʘʶʪʩʷ ʙʣʦʢ 

ʰʫʥʪʠʨʫʶʱʠʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʩ ʪʨʝʤʷ ʦʜʥʦʬʘʟʥʳʤʠ 

ʰʫʥʪʠʨʫʶʱʠʤʠ ʚʳʢʣʶʯʘʪʝʣʷʤʠ ʐɺ1-ʐɺ3, 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘʧʨʷʞʝʥʠʷ ʩ 
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ʫʩʪʨʦʡʩʪʚʦʤ ʚʳʙʦʨʘ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ ʠ ʪʨʠ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʦʪʭʦʜʷʱʠʤʠ ʣʠʥʠʷʤʠ W1ïW3, 

ʧʨʠʯʝʤ ʣʠʥʠʷ W2 ʟʘʧʠʪʳʚʘʝʪ ʰʠʥʳ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ 

ʧʦʜʩʪʘʥʮʠʠ ʈʋʈʇ, ʢ ʢʦʪʦʨʦʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʜʢʣʶʯʝʥʳ ʜʚʘ ʦʪʭʦʜʷʱʠʭ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ 

ʦʪʭʦʜʷʱʠʤʠ ʣʠʥʠʷʤʠ W4 ʠ W5. ɽʤʢʦʩʪʠ ʉ1ïʉ5 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʝʤʢʦʩʪʥʳʝ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʫʢʘʟʘʥʥʳʭ ʧʨʠʩʦʝʜʠʥʝʥʠʡ 

W1ïW5 ʧʨʠ ʥʘʣʠʯʠʠ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ 

ʟʝʤʣʶ.  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʧʨʠ ʧʦʦʯʝʨʝʜʥʳʭ ʧʝʨʝʢʣʶʯʝʥʠʷʭ ʚ ʮʝʧʴ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʪʦʢʘ ʊɸʐɺ 

ʚʢʣʶʯʝʥʘ ʪʦʢʦʚʘʷ ʦʙʤʦʪʢʘ ʨʝʣʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʤʦʱʥʦʩʪʠ KWʐɺ.   

ɺʢʣʶʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʨʝʣʝʡʥʳʭ ʟʘʱʠʪ 

ʫʜʘʣʝʥʥʳʭ ʧʨʠʩʦʝʜʠʥʝʥʠʡ ʟʘ ʩʯʝʪ ʧʦʜʪʝʢʘʥʠʷ 

ʘʢʪʠʚʥʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʰʫʥʪ ʠ ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʝʥʠʷ 

ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʥʫʣʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ.

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʰʫʥʪʠʨʫʶʱʝʛʦ ʚʳʢʣʶʯʘʪʝʣʷ ʠ  

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʦʢʦʚ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ ʧʨʠ ʝʛʦ ʚʢʣʶʯʝʥʠʠ: 

ï ʨʘʩʪʝʢʘʥʠʝ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʬʘʟʳ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ; 

ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʤʢʦʩʪʥʳʭ ʪʦʢʦʚ 
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ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ 

ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʦʩʥʦʚʥʳʝ 

ʧʨʠʥʮʠʧʳ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʷʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʋʩʪʨʦʡʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ ʩ 

ʦʪʢʣʶʯʝʥʥʳʤ ʐɺ ʚ ʥʦʨʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʜʦ 

ʧʦʷʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʚʳʰʝʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. 

2. ʇʦʩʣʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 3U0 ʫʩʪʨʦʡʩʪʚʦ ʧʦ 

ʫʨʦʚʥʶ ʬʘʟʥʳʭ ʠ ʣʠʥʝʡʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪ 

ʪʠʧ ʧʦʚʨʝʞʜʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʚʩʝʭ ʪʨʝʭ 

ʣʠʥʝʡʥʳʭ ʥʘʧʨʷʞʝʥʠʡ  ʠ ʜʚʫʭ ʬʘʟʥʳʭ (ʚʝʣʠʯʠʥʘ 

ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʡ ʫʩʪʘʚʦʢ ʨʝʣʝʡʥʦʡ 

ʟʘʱʠʪʳ) ʧʦʚʨʝʞʜʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʜʥʦʬʘʟʥʦʝ, 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʜʥʦʛʦ ʠʟ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ 

ʦʞʠʜʘʥʠʷ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʜʨʫʛʦʛʦ ʪʠʧʘ 

ʧʦʚʨʝʞʜʝʥʠʷ. 

3. ʇʦʩʣʝ ʚʳʷʚʣʝʥʠʷ ʦʜʥʦʬʘʟʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ ʧʦ 

ʫʩʣʦʚʠʶ ʦʪʩʫʪʩʪʚʠʷ ʫʨʦʚʥʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʦʡ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʬʘʟʦʡ ʠ 

ʟʝʤʣʝʡ. 

4. ʇʨʠ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʦ, 

ʜʣʷ ʩʝʪʝʡ ʩ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʥʝʡʪʨʘʣʴʶ, ʦʧʨʝʜʝʣʷʝʪ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 3U0. ɼʣʷ ʵʪʦʛʦ 

ʫʩʪʨʦʡʩʪʚʦ ʚʳʜʝʨʞʠʚʘʝʪ ʧʘʫʟʫ, ʢʦʪʦʨʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 20-30 ʧʝʨʠʦʜʘʤ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʯʘʩʪʦʪʳ. ɺʝʣʠʯʠʥʘ ʧʘʫʟʳ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʠʩʭʦʜʷ ʠʟ 

ʦʧʳʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʝʥʠʷ ʧʝʨʝʤʝʞʘʶʱʝʡʩʷ ʜʫʛʠ 

[5, 6]. 
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5. ʇʨʠ ʚʳʙʦʨʝ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ ʫʩʪʨʦʡʩʪʚʦ 

ʙʣʦʢʠʨʫʝʪ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʐɺ ʦʩʪʘʚʰʠʭʩʷ 

ʜʚʫʭ ʬʘʟ, ʢʦʪʦʨʳʝ ʧʦ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʠʤʝʶʪ 

ʢʦʥʪʘʢʪʘ ʩ ʟʝʤʣʝʡ. 

6. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ ʠ 

ʙʣʦʢʠʨʦʚʢʠ ʐɺ ʥʝʧʦʚʨʝʞʜʝʥʥʳʭ ʬʘʟ ʧʦʜʘʝʪʩʷ 

ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʧʨʠʚʦʜ ʚʳʙʨʘʥʥʦʛʦ ʐɺ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ  ʰʫʥʪʠʨʦʚʘʥʠʝ 

ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ. 

7. ɿʘʰʫʥʪʠʨʦʚʘʚ ʧʦʚʨʝʞʜʝʥʥʫʶ ʬʘʟʫ, 

ʫʩʪʨʦʡʩʪʚʦ ʩ ʧʦʤʦʱʴʶ ʨʝʣʝ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʱʥʦʩʪʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪ ʭʘʨʘʢʪʝʨ ʪʦʢʘ ʚ ʮʝʧʠ ʟʘʟʝʤʣʝʥʠʷ ʐɺ, 

ʢʦʥʪʨʦʣʴ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ. ɺʳʷʚʣʝʥʠʝ ʵʪʠʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʚʳʰʝ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʩʪʘʚʢʠ ʨʝʣʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʘʢʪʠʚʥʦ-ʠʥʜʫʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʪʦʢʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʩʝʪʠ ʛʣʫʭʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ 

ʟʝʤʣʶ, ʦʪʩʫʪʩʪʚʠʝ ʞʝ ʵʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʝʘʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʠʩʯʝʟʥʦʚʝʥʠʝ ʪʦʢʘ ʚ ʤʝʩʪʝ ʧʦʚʨʝʞʜʝʥʠʷ ʧʦʩʣʝ 

ʚʢʣʶʯʝʥʠʷ ʐɺ ʠ ʥʘʣʠʯʠʝ ʚ ʩʝʪʠ ʜʫʛʦʚʦʛʦ 

ʟʘʤʳʢʘʥʠʷ. 

8. ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʫʛʦʚʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚʦ, ʧʦʩʣʝ ʧʦʛʘʩʘʥʠʷ ʜʫʛʠ, ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ, 

ʚʳʜʝʨʞʠʚʘʝʪ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʟʘʨʘʥʝʝ ʚʨʝʤʷ ʧʝʨʝʜ 

ʦʪʢʣʶʯʝʥʠʝʤ ʐɺ.  ʇʨʠ ʵʪʦʤ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ ʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʷ. 

9. ʇʦʩʣʝ ʦʪʢʣʶʯʝʥʠʷ ʐɺ, ʚ ʩʣʫʯʘʝ ʜʫʛʦʚʦʛʦ 

ʟʘʤʳʢʘʥʠʷ, ʧʝʨʝʜ ʧʝʨʝʭʦʜʦʤ ʚ ʜʦʘʚʘʨʠʡʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʫʩʪʨʦʡʩʪʚʦʤ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʳʜʝʨʞʢʘ 

ʚʨʝʤʝʥʠ (ʧʦʨʷʜʢʘ 10 ʤʠʥ.) ʥʘ ʩʣʫʯʘʡ ʧʦʚʪʦʨʥʦʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʷ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ 

ʧʦʩʣʝʜʥʝʛʦ ʚʝʨʦʷʪʥʦ ʧʨʠ ʥʘʣʠʯʠʠ 

ʥʝʩʘʤʦʫʩʪʨʘʥʷʝʤʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʐɺ   ʚʢʣʶʯʘʝʪʩʷ ʧʦʚʪʦʨʥʦ, ʩʦʚʤʝʩʪʥʦ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʘʥʥʦʤʫ ʩʣʫʯʘʶ ʩʠʛʥʘʣʠʟʘʮʠʝʡ, ʠ 

ʨʘʙʦʪʘʝʪ ʜʦ ʨʫʯʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʧʝʨʩʦʥʘʣʦʤ. 

10. ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʣʫʭʦʛʦ ʟʘʤʳʢʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʜʦ ʦʪʢʣʶʯʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʛʦ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʦʧʝʨʘʪʠʚʥʳʤ ʧʝʨʩʦʥʘʣʦʤ ʠʣʠ 

ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʦʡ. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 

ʟʘʱʠʪʘ ʦʪ ʜʚʦʡʥʳʭ ʟʘʤʳʢʘʥʠʡ ʥʘ ʟʝʤʣʶ, ʧʦʩʣʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʪʦʨʳʭ ʐɺ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʦʪʢʣʶʯʘʝʪʩʷ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʦʞʠʜʘʥʠʷ ʜʦ 

ʤʦʤʝʥʪʘ ʦʪʢʣʶʯʝʥʠʷ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʦʡ  ʦʪ 

ʤʝʞʬʘʟʥʳʭ ʟʘʤʳʢʘʥʠʡ ʦʜʥʦʛʦ ʠʟ ʧʨʠʩʦʝʜʠʥʝʥʠʡ, 

ʧʦʩʣʝ ʯʝʛʦ ʟʘʥʦʚʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʨʝʞʜʝʥʥʘʷ ʬʘʟʘ 

ʫ ʥʝʦʪʢʣʶʯʝʥʥʦʛʦ, ʩ ʦʜʥʦʬʘʟʥʳʤ ʧʦʚʨʝʞʜʝʥʠʝʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʠ ʧʦʚʪʦʨʷʝʪʩʷ ʚʳʰʝʦʧʠʩʘʥʥʘʷ 

ʨʘʙʦʪʘ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʤʝʞʬʘʟʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʫʩʪʨʦʡʩʪʚʦ ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʫʝʪ 

ʚʢʣʶʯʝʥʠʝ ʚʩʝʭ ʪʨʝʭ ʐɺ. 

ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʰʫʥʪʠʨʫʶʱʝʛʦ ʚʳʢʣʶʯʘʪʝʣʷ 

ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʫʩʪʨʦʡʩʪʚʦʤ 

ʧʨʝʜʫʩʤʦʪʨʝʥ ʧʝʨʝʚʦʜ ʦʛʨʘʥʠʯʠʪʝʣʝʡ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʦʥʠʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʪʢʣʶʯʝʥʠʷ ʠʭ ʦʙʱʝʡ ʪʦʯʢʠ ʦʪ 

ʟʘʟʝʤʣʠʪʝʣʷ. 

ɺʳʚʦʜʳ: 1. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʜʣʠʪʝʣʴʥʳʭ ʜʫʛʦʚʳʭ ʟʘʤʳʢʘʥʠʡ ʟʘ 

ʩʯʝʪ ʧʝʨʝʚʦʜʘ ʠʭ ʚ ʛʣʫʭʠʝ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ 

ʰʫʥʪʠʨʫʶʱʝʛʦ ʚʳʢʣʶʯʘʪʝʣʷ ʧʨʠ ʧʦʷʚʣʝʥʠʠ 

ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ. 

2. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ 

ʟʘʤʳʢʘʥʠʷ ʥʘ ʟʝʤʣʶ ʚ ʧʦʚʨʝʞʜʝʥʥʦʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʧʫʪʝʤ ʢʦʥʪʨʦʣʷ ʥʘʧʨʘʚʣʝʥʠʷ 

ʤʦʱʥʦʩʪʠ ʚ ʮʝʧʠ  ʰʫʥʪʠʨʫʶʱʝʛʦ ʚʳʢʣʶʯʘʪʝʣʷ. 

3. ʉʦʟʜʘʥʠʝ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʭʝʤʝ ʙʝʩʪʦʢʦʚʦʡ 

ʧʘʫʟʳ ʧʦʟʚʦʣʷʝʪ ʚ ʤʝʩʪʝ ʧʦʚʨʝʞʜʝʥʠʷ, ʚ ʩʣʫʯʘʝ 

ʜʫʛʦʚʦʛʦ ʟʘʤʳʢʘʥʠʷ, ʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʟʘ ʩʯʝʪ 

ʚʢʣʶʯʝʥʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʰʫʥʪʠʨʦʚʘʥʠʷ 

ʧʦʚʨʝʞʜʝʥʥʦʡ ʬʘʟʳ. 

4. ʇʨʠʤʝʥʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʰʫʥʪʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚʠʜ ʟʘʤʳʢʘʥʠʷ (ʜʫʛʦʚʦʡ ʠʣʠ 

ʛʣʫʭʦʡ) ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʳ ʤʝʞʜʫ ʪʦʢʦʤ ʠ 

ʥʘʧʨʷʞʝʥʠʝʤ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

5. ʇʨʝʜʣʦʞʝʥʥʦʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦʘʚʘʨʠʡʥʦʛʦ ʨʝʞʠʤʘ ʧʨʠ 

ʥʝʫʩʪʦʡʯʠʚʦʤ ʜʫʛʦʚʦʤ ʟʘʤʳʢʘʥʠʠ ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʜʦʦʪʧʫʩʢʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 

6. ʆʙʝʩʧʝʯʝʥʠʝ ʩʠʛʥʘʣʠʟʘʮʠʠ ʜʣʷ ʧʨʠʥʷʪʠʷ ʤʝʨ 

ʧʦ ʚʳʷʚʣʝʥʠʶ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʧʨʠ 

ʛʣʫʭʦʤ ʟʘʤʳʢʘʥʠʠ, ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʧʦʩʣʝʜʥʝʝ 

ʧʫʪʝʤ ʧʦʦʯʝʨʝʜʥʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ. 
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Kuzmenko D.I., Yaremenko S. P. 

AUTOMATIC RECUPERATION BEFORE 

EMERGENCY  MODE AND IDENTIFICATION OF 

DAMAGED CONNECTION IN NETWORKS WITH 

ISOLATED NEUTRAL 6 -10 kV UNDER ONE-PHASE 

CIRCUITS TO EARTH  
A method is proposed for automatically regeneration of 

before breakage mode and detecting the damaged connection 

in single-phase earth faults by shunting the damaged phase in 

networks with isolated neutral that is able to determine the 

type of damage, the state of damage after shunting, and the 

possibility of self-healing of the insulation properties of the 

damaged connection. The method also allows you to limit 

overvoltage in the forced search for a damaged connection by 

the method of successive shutdowns 

Key words: isolated neutral, single-phase ground fault, 

shunting of the damaged phase, overvoltage limitation, 

reliability of electrical networks. 
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ʋʊʆʏʅɽʅʅʓʁ ʈɸʉʏɽʊ ʀ ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʈɸʉʇʈɽɼɽʃɽʅʀʗ  

ʄɸɻʅʀʊʅʓʍ ʇʆʊɽʈʔ ʕʅɽʈɻʀʀ ɺ ʉʊɸʃʀ ɸɺʊʆʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ  

ʅɸʇʈʗɾɽʅʀɽʄ  220-500 ʢɺ ʀ ʉʀʃʆɺʓʍ  

ʊʈɸʅʉʌʆʈʄɸʊʆʈʆɺ 6-110 ʢɺ ʃʋɻɸʅʉʂʆɻʆ ʈɽɻʀʆʅɸ 
 

ʉʳʨʮʦʚ ɸ.ʀ., ʇʦʣʦʚʠʥʢʘ ɼ.ɺ., ʇʘʨʩʝʥʪʴʝʚ ʆ.ʉ. 

 

 

UPDATED CALCULATION AND COMPARATIVE ANALYSIS  DISTRIBUTION  

OF MAGNETIC LOSS OF ENERGY IN STEEL  AVTOTRANSFORMERS VOLTAGE  

220-500 kV AND POWER TRANSFORMERS 6-110 kV IN LUGANSK REGION  
 

Syrtsov ɸ.I., Polovinka D.V., Parsentiev O.S. 

 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ 

ʩʠʣʦʚʳʭ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ (ɸʊ) ʥʘʧʨʷʞʝʥʠʝʤ 220-

500 ʢɺ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʯʠʩʣʝʥʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʤʦʱʥʦʩʪʠ, ʧʘʩʧʦʨʪʥʳʭ 

ʜʘʥʥʳʭ, ʢʦʵʬʬʠʮʠʝʥʪʝ ʬʦʨʤʳ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʠ 

ʫʩʣʦʚʠʠ ʧʦʩʪʦʷʥʩʪʚʘ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʤʦʱʥʦʩʪʠ. 

ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʨʝʘʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʳʭ ʦʩʥʦʚʥʦʡïʧʝʨʚʦʡ 

ʛʘʨʤʦʥʠʢʦʡ ʠ ʧʦʣʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʛʘʨʤʦʥʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʤʦʱʥʦʩʪʠ ʠ 

ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ ʚ ʩʪʘʣʠ ʩʠʣʦʚʳʭ ɸʊ 220-500 ʢɺ,  

ʚʳʟʚʘʥʥʳʭ ʨʘʟʣʠʯʠʝʤ ʬʦʨʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʫ 

ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʯʝʪ ʜʦʙʘʚʦʯʥʳʭ ʧʦʪʝʨʴ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʮʠʨʢʫʣʷʮʠʠ ʪʦʢʦʚ, ʛʘʨʤʦʥʠʢ, ʢʨʘʪʥʳʭ 

ʪʨʝʤ. 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ɸʊ ʠ ʩʠʣʦʚʳʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ (ʉʊ) ʥʘʧʨʷʞʝʥʠʝʤ 6-110 ʢɺ 

ʃʫʛʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ. 

ʇʨʝʜʣʦʞʝʥ ʨʷʜ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ 

ʵʪʠʭ ʧʦʪʝʨʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ɸʊ  ʠ  ʉʊ ʃʫʛʘʥʩʢʦʛʦ 

ʨʝʛʠʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩʠʣʦʚʦʡ ʪʨʝʭʬʘʟʥʳʡ, ʪʨʝʪʠʯʥʘʷ 

ʦʙʤʦʪʢʘ, ʧʨʦʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ, ʛʦʜʠʯʥʳʝ ʧʦʪʝʨʠ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ, ʛʦʜʠʯʥʳʡ ʤʘʢʩʠʤʫʤ 

ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ, ʛʦʜʠʯʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ 

ʠʩʢʘʞʝʥʠʷ, ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʪʦʢ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ. 

 
ɺʚʝʜʝʥʠʝ. ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʃʫʛʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʦʧʪʦʚʦʛʦ 

ʨʳʥʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʆʈʕ) ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

(ʈʌ) ʠ ʋʢʨʘʠʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ (ʄʕʉ) ʥʘʧʨʷʞʝʥʠʝʤ 220-500 

ʢɺ ɻʇ ʅʕʂ çʋʢʨʵʥʝʨʛʦè [1]. 

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʚʳʨʘʙʘʪʳʚʘʝʤʘʷ 

ʛʝʥʝʨʠʨʫʶʱʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʆʈʕ ʈʌ ʠ ʋʢʨʘʠʥʳ, 

ʧʝʨʝʜ ʪʝʤ ʢʘʢ ʧʦʧʘʩʪʴ ʢ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʃʫʛʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʧʨʝʪʝʨʧʝʚʘʝʪ ʨʷʜ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʜʩʪʘʥʮʠʷʭ. 

ʉʚʷʟʴ ʛʝʥʝʨʠʨʫʶʱʠʭ ʢʦʤʧʘʥʠʡ ʆʈʕ ʈʌ ʠ 

ʋʢʨʘʠʥʳ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʧʦʥʠʟʠʪʝʣʴʥʳʤʠ 

ʧʦʜʩʪʘʥʮʠʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʠʣʦʚʳʭ 

ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ (ɸʊ) ʥʘʧʨʷʞʝʥʠʝʤ 220-750 

ʢɺ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʠʣʦʚʳʭ ɸʊ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ 

ʩʦʙʣʶʜʝʥʠʠ ʨʷʜʘ ʫʩʣʦʚʠʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ  

ʜʚʫʭʦʙʤʦʪʦʯʥʳʤʠ ʠ ʪʨʝʭʦʙʤʦʪʦʯʥʳʤʠ ʩʠʣʦʚʳʤʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ (ʉʊ) ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ: 

- ʚʳʩʦʢʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ; 

- ʤʝʥʴʰʠʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʫ; 

- ʯʘʩʪʴ ʦʪ ʚʩʝʡ ʧʦʣʫʯʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʚ ʦʙʤʦʪʢʫ, ʘ 

ʜʨʫʛʫʶ ʯʘʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʝʨʝʜʘʪʴ ʠʟ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʜʨʫʛʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪʦʡ 

ʞʝ ʯʘʩʪʦʪʳ ʠ ʙʝʟ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʃʫʛʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝʥʘʜʮʘʪʴ ʧʦʜʩʪʘʥʮʠʡ (ʇʉ)  220-500 

ʢɺ ʩ  42-ʤʷ ɸʊ. 

ʇʨʦʚʝʜʝʥʥʳʤ ʘʥʘʣʠʟʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ɸʊ 

ʩʦʝʜʠʥʷʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ ʥʘʧʨʷʞʝʥʠʝʤ 220-

500 ʢɺ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʝʪʷʤʠ 110 ʢɺ, ʩʫʤʤʘʨʥʘʷ 

ʥʦʤʠʥʘʣʴʥʘʷ (ʧʨʦʭʦʜʥʘʷ) ʤʦʱʥʦʩʪʴ ʦʜʥʦʬʘʟʥʳʭ ʠ 

ʪʨʝʭʬʘʟʥʳʭ ʪʨʝʭʦʙʤʦʪʦʯʥʳʭ ʧʦʥʠʟʠʪʝʣʴʥʳʭ 

ʩʠʣʦʚʳʭ ɸʊ ʩʦʩʪʘʚʣʷʝʪ 8143 ʄɺɸ, ʩʫʤʤʘʨʥʘʷ 

ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʦʙʤʦʪʦʢ ʥʠʟʰʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ 6-35 ʢɺ ɸʊ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

( ) ɸʊS5,04,0S ʥʦʤ
ʅʅ
ʥʦʤ ·=  ʠ ʩʦʩʪʘʚʣʷʝʪ 2519 ʄɺɸ. 

ʆʙʤʦʪʢʠ ʦʜʥʦʬʘʟʥʳʭ ʩʠʣʦʚʳʭ ɸʊ ʩ ʧʝʨʚʠʯʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ö
÷

õ
æ
ç

å
-

3
500

3
220 ʢɺ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦ 

ʩʭʝʤʝ 0011I ɸɺʊʆ --- , ʘ ʪʨʝʭʬʘʟʥʳʭ ʩʠʣʦʚʳʭ ɸʊ 
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ʩ ʣʠʥʝʡʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʢɺ500220-  ï  ʧʦ ʩʭʝʤʝ 

110ɼʋʅɸɺʊʆ -- . 

ʅʘ ʇʉ 220-500 ʢɺ ɻʇ ʅʕʂ çʋʢʨʵʥʝʨʛʦè 

ʧʨʠʤʝʥʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ ʥʫʣʝʚʦʡ ʪʦʯʢʠ ʦʙʤʦʪʦʢ 

ʚʳʩʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ɸʊ ʢ ʟʘʟʝʤʣʝʥʥʦʡ ʥʝʡʪʨʘʣʠ, 

ʧʦʵʪʦʤʫ ʪʨʝʪʴʷ ʛʘʨʤʦʥʠʢʘ ʠ ʢʨʘʪʥʳʝ ʝʡ ʛʘʨʤʦʥʠʢʠ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ ɸʊ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ (ʩɺ ), 

ʦʩʥʦʚʥʦʡ ʧʦʪʦʢ (ʩʌ ) ʚ ʩʪʝʨʞʥʷʭ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ, 

ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʬʘʟʘʭ ɸʊ 

ʙʫʜʫʪ ʠʤʝʪʴ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ. 

ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʛʘʨʤʦʥʠʢ, ʢʨʘʪʥʳʤ ʪʨʝʤ, 

ʦʙʤʦʪʢʘ ʥʠʟʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʆʅʅ) ï ʪʨʝʪʠʯʥʘʷ 

ʦʙʤʦʪʢʘ ʚ ʩʠʣʦʚʳʭ ɸʊ ï ʩʦʝʜʠʥʷʝʪʩʷ ʧʦ ʩʭʝʤʝ 

ʪʨʝʫʛʦʣʴʥʠʢ. 

ɺ ʦʜʥʦʬʘʟʥʳʭ ʧʦʥʠʟʠʪʝʣʴʥʳʭ ʪʨʝʭʦʙʤʦʪʦʯʥʳʭ 

ɸʊ, ʧʝʨʚʠʯʥʘʷ ʦʙʤʦʪʢʘ ʢʦʪʦʨʳʭ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ 

ʬʘʟʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ,ʢɺ
3

500  ʫʢʘʟʘʥʥʘʷ 

ʪʨʝʪʠʯʥʘʷ ʦʙʤʦʪʢʘ ʥʘʧʨʷʞʝʥʠʝʤ 10,5 -38,5 ʢɺ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʥʦʤʠʥʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ 33-120 

ʢɺɸ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʪʨʝʭʬʘʟʥʳʭ ʧʦʥʠʟʠʪʝʣʴʥʳʭ 

ʪʨʝʭʦʙʤʦʪʦʯʥʳʭ ɸʊ ʩ ʣʠʥʝʡʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 500 

ʢɺ ʢʘʞʫʱʘʷʩʷ ʤʦʱʥʦʩʪʴ ʪʘʢʦʡ ʦʙʤʦʪʢʠ ʩʦʩʪʘʚʣʷʝʪ 

100 ʢɺɸ ʧʨʠ ʥʦʤʠʥʘʣʴʥʦʤ ʥʘʧʨʷʞʝʥʠʠ  10,5 -38,5 

ʢɺ. 

ɺ ʋʢʨʘʠʥʝ ʩʦʛʣʘʩʥʦ [2] ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʯʝʪ 

ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ 
()P
ʊWD  ʠ ʨʝʘʢʪʠʚʥʦʡ 

()Q
TWD  ʚʠʜʦʚ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʦʜʥʦʬʘʟʥʳʭ ʠ ʪʨʝʭʬʘʟʥʳʭ 

ʪʨʝʭʦʙʤʦʪʦʯʥʳʭ ʉʊ ʠ ɸʊ ʧʨʦʠʟʚʦʜʠʪʴ ʧʦ 

ʫʧʨʦʱʝʥʥʳʤ ʬʦʨʤʫʣʘʤ, ʫʯʠʪʳʚʘʶʱʠʤ ʜʝʡʩʪʚʠʝ 

ʪʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʛʘʨʤʦʥʠʢ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ. 

ʆʜʥʘʢʦ ʚ ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʥʝ ʫʯʪʝʥʳ ʚʝʣʠʯʠʥʳ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʤʦʱʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʳʝ 

ʧʦʣʥʳʤ ʩʧʝʢʪʨʦʤ ʛʘʨʤʦʥʠʢ ʨʝʘʢʪʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʘ 

ʪʘʢʞʝ ʨʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ, 

ʚʳʟʚʘʥʥʳʝ ʨʘʟʣʠʯʠʝʤ ʚ ʬʦʨʤʝ ʢʨʠʚʳʭ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ. 

ʋʢʘʟʘʥʥʳʝ ʨʘʟʣʠʯʠʷ (ʠʩʢʘʞʝʥʠʷ) ʚʦʟʥʠʢʘʶʪ ʚ 

ʩʪʘʣʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ  ɸʊ, ʚʩʣʝʜʩʪʚʠʝ ʧʦʚʦʨʦʪʘ 

ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʜʦʤʝʥʦʚ ( )SJ  ʜʦ 

ʩʦʚʧʘʜʝʥʠʷ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ()H , ʠ 

ʧʦʵʪʦʤʫ ʷʚʣʷʶʪʩʷ ʢʨʠʪʝʨʠʝʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʘʤʧʣʠʪʫʜʫ ʠ ʬʦʨʤʫ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʘ ʪʘʢʞʝ ʝʛʦ 

ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. 

ʊʘʢ ʢʘʢ ʪʨʝʪʠʯʥʘʷ ʦʙʤʦʪʢʘ ɸʊ ʩʦʝʜʠʥʝʥʘ ʧʦ 

ʩʭʝʤʝ ʪʨʝʫʛʦʣʴʥʠʢ ɼ""  ʪʦ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ 

( )ʩɺ , ʧʦʪʦʢ ( )ʩʌ  ʚ ʩʪʝʨʞʥʷʭ, ʥʘʧʨʷʞʝʥʠʷ 

 U ,U 2ʬʬ1 ʠ ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ, ʥʘʚʦʜʠʤʳʝ ʚ 

ʬʘʟʘʭ ɸʊ  ,E , 2ʬ1ʬE ʠʤʝʶʪ ʩʠʥʫʩʦʠʜʘʣʴʥʫʶ ʬʦʨʤʫ. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʫʯʠʪʳʚʘʪʴ ʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ʚ ʩʪʘʣʠ 

ɸʊ ʧʨʠ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʠʥʜʫʢʮʠʠ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

ɺ ʨʘʙʦʪʘʭ [3,4] ʨʘʩʯʝʪ ʜʝʡʩʪʚʫʶʱʝʛʦ ʟʥʘʯʝʥʠʷ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ 
0
i  ʧʨʠʚʦʜʠʪʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʜʣʷ ʧʝʨʚʦʡ ï ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ. 

ɼʝʡʩʪʚʠʝ ʠ ʫʯʝʪ ʛʘʨʤʦʥʠʢ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ 

(ʛʘʨʤʦʥʠʢ, ʢʨʘʪʥʳʭ ʪʨʝʤ, ʠ ʛʘʨʤʦʥʠʢ =n 5,7é ʠ 

ʪ.ʜ.) ʠʟ ʘʤʧʣʠʪʫʜʳ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ 
r0

I , 

ʩʦʛʣʘʩʥʦ [3], ʠʩʢʣʶʯʘʝʪʩʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ (ʛʘʨʤʦʥʠʢ) fk , 

ʫʯʠʪʚrʘʶʱʝʛʦ ʥʘʣʠʯʠʝ ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ ʧʨʠ 

ʨʘʩʯʝʪʝ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ 

ʪʦʢʘ: 

 

wkk

F
I

fʘ
r0

ÖÖ
= ,                       (1) 

 

ʛʜʝ Fï ʩʨʝʜʥʷʷ ʥʘʤʘʛʥʠʯʠʚʘʶʱʘʷ ʩʠʣʘ ʦʜʥʦʡ ʬʘʟʳ,

A ; 

41,1kʘ= ï ʢʦʵʬʬʠʮʠʝʥʪ ʘʤʧʣʠʪʫʜʳ ʧʦ [5]; 

wï ʯʠʩʣʦ ʚʠʪʢʦʚ ʦʙʤʦʪʢʠ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʱʥʦʩʪʠ 

ʠʩʢʘʞʝʥʠʷ T  ʦʪʚʦʜʠʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʨʦʣʴ, 

ʦʛʨʘʥʠʯʝʥʥʘʷ ʫʧʦʤʠʥʘʥʠʝʤ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

,QPST 222 --=                       (2) 

 

ʛʜʝ -S  ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ, ʫʢʘʟʘʥʥʘʷ ʥʘ ʪʘʙʣʠʯʢʝ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ɺɸ; 

-P ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʠʣʠ ʧʦʣʝʟʥʘʷ 

ʤʦʱʥʦʩʪʴ, ɺʪ; 

-Q ʨʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, .ɺɸʨ 

ʆʜʥʘʢʦ ʙʦʣʝʝ ʪʦʯʥʳʡ ʫʯʝʪ ʤʦʱʥʦʩʪʠ 

ʠʩʢʘʞʝʥʠʷ T  ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘʛʣʷʜʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʦʪʝʨʷʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ɸʊ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʢʘʞʝʥʠʷ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ 

ʜʦʙʘʚʦʯʥʳʝ ʧʦʪʝʨʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʪ ʮʠʨʢʫʣʷʮʠʠ 

ʪʦʢʦʚ, ʛʘʨʤʦʥʠʢ, ʢʨʘʪʥʳʭ ʪʨʝʤ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ 

ʚʳʧʦʣʥʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʫʯʝʪʘ 

ʤʘʛʥʠʪʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ɸʊ, 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ, 

ʚʳʟʚʘʥʥʳʝ ʧʦʣʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʛʘʨʤʦʥʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʘ ʪʘʢʞʝ 

ʤʦʱʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʯʠʩʣʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʤʦʱʥʦʩʪʠ ɸʊ, ʧʘʩʧʦʨʪʥʳʭ 

ʜʘʥʥʳʭ ( ,ɺU,U ʌ2ʌ1 )ʢɺɸS,ɺʪ,P,%i ,ʥʦʤ.ʭ.ʭ0 , , fk - 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʦʨʤʳ ʢʨʠʚʦʡ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ [6] ʠ 

ʫʩʣʦʚʠʷ ʧʦʩʪʦʷʥʩʪʚʘ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʤʦʱʥʦʩʪʠ 

ʭQ  ʚ ɸʊ. 
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ʀʟʚʝʩʪʥʳʤ ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʷʝʤ ʚʝʣʠʯʠʥʳ 

ʧʦʣʥʦʡ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʤʦʱʥʦʩʪʠ ʭQ ( )ɺɸ ʠ 

ʬʘʟʥʦʛʦ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 
ʌ0

I ()ɸ ʠ ʧʦ ʠʟʚʝʩʪʥʳʤ 

ʧʘʩʧʦʨʪʥʳʤ ʜʘʥʥʳʤ ɸʊ 

( )ɺʪ,P,ɻʮ ,f,ɺU,U ʭʭʩʌ2ʌ1 ʦʧʨʝʜʝʣʷʝʤ ʚʝʣʠʯʠʥʫ 

ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʬʘʟʳ 

ɸʊ (ɸ): 

,
Um

P
I

ʌ11

ʭʭ
ʌɸ0

Ö
=                              (3) 

 

ʛʜʝ  -1m ʯʠʩʣʦ ʬʘʟ ʩʝʪʠ. 

ɼʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ 

ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, (ɸ): 

 

.III 2
ʬɸ0

2
ʬ0ʬr0 -=                                (4) 

 

ɸʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʨʝʘʢʪʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ (ɸ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

fʬr0ʬr0 kIi Ö= ,                                   (5) 

 

ʛʜʝ -fk  ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʠʚʦʡ ʪʦʢʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ 

ʧʦ [6]. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ɸʊ  

ʧʨʠʤʝʥʷʶʪʩʷ  ʚ ʦʩʥʦʚʥʦʤ ʨʫʣʦʥʥʳʝ ʪʦʥʢʦʣʠʩʪʦʚʳʝ 

ʘʥʠʟʦʪʨʦʧʥʳʝ ʭʦʣʦʜʥʦʢʘʪʘʥʳʝ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ 

ʩʪʘʣʠ ʤʘʨʦʢ 3404-3408 ʪʦʣʱʠʥʦʡ 0,27; 0,30 ʠ 0,35 

ʤʤ, ʧʦʵʪʦʤʫ  ʚ ʩʦʦʪʚʝʪʩʚʠʠ ʩ ʨʘʟʲʷʩʥʝʥʠʷʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ [6], ʜʣʷ ɸʊ ʩ ʩʝʨʜʝʯʥʠʢʘʤʠ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʭʦʣʦʜʥʦʢʘʪʘʥʦʡ ʩʪʘʣʠ, 

ʧʨʠʥʠʤʘʝʤ .7,1k f =  

ɺʝʣʠʯʠʥʘ  ʨʝʘʢʪʠʚʥʦʡ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ 

ʤʦʱʥʦʩʪʠ ʉʊ (ɺɸʨ) ʦʪ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʥʦʡ 

ʛʘʨʤʦʥʠʢʠ ʨʝʘʢʪʠʚʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ: 

 

ʬr0ʬ11
2
ʭʨ.ʭ IUmPQQ 2

ʍʍ
ÖÖ=-= .     (6) 

 

ɺʝʣʠʯʠʥʘ ʨʝʘʢʪʠʚʥʦʡ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ 

ʤʦʱʥʦʩʪʠ ʉʊ (ɺɸʨ) ʦʪ ʜʝʡʩʪʚʠʷ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ 

ʨʝʘʢʪʠʚʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ: 

 

 (7) 

 

 

ʀʩʢʦʤʘʷ ʚʝʣʠʯʠʥʘ ʤʦʱʥʦʩʪʠ ʠʩʢʘʞʝʥʠʷ ʚ ɸʊ 

(ɺɸʨ) [7]: 

(8) 

 

 

ʇʨʝʦʙʨʘʟʫʝʤ ʬʦʨʤʫʣʫ (8) ʠ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ 

ʠʩʢʘʞʝʥʠʷ ɸʊ (ɺɸʨ): 

 

 

(

(9) 

 

 

 

 

ʉʫʪʦʯʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ ʚ ɸʊ 

( )ʯɺɸʈÖ : 

 

p
)ʊ(

ʊ TʊW Ö=D ,                          (10) 

 

ʛʜʝ -= ʯTʈ 24 ʚʨʝʤʷ ʨʘʙʦʪʳ ɸʊ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʨʘʩʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ, ʚ ʯʘʩʘʭ. 

ɺʝʣʠʯʠʥʘ ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ɸʊ( )ʯɺʪÖ : 

 

pʭʭ
)P(

ʊ TPW Ö=D .                           (11) 

 

ɺʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ ʚ ʩʪʘʣʠ ( )ʯʢɺʪÖ , ʚʳʜʝʣʷʝʤʳʭ ʛʨʫʧʧʦʡ 

ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ɸʊ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ: 

 

(12) 

 

ʛʜʝ -n

ʢʦʣʠʯʝʩʪʚʦ 

ʦʜʥʦʪʠʧʥʳ

ʭ ʧʦ ʤʦʱʥʦʩʪʠ ɸʊ, ʰʪ.; 

365N= -ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʚ ʛʦʜʫ. 

 

ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʫʤʘ ʤʘʛʥʠʪʥʦʡ  ʨʝʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʘʷ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ɸʊ ( )ʯɺɸʨÖ

ʦʪ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ: 

 
( )

.pʨ.ʭ

Q

24ʤʘʢʩ TQW .ʨ.ʭ Ö=                               (13) 

 

ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʫʤʘ ʤʘʛʥʠʪʥʦʡ  ʨʝʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʘʷ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ɸʊ ( )ʯɺɸʨÖ

ʦʪ ʜʝʡʩʪʚʠʷ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ 

ʪʦʢʘ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ: 

(14) 

 

 

ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʫʤʘ ʨʝʘʢʪʠʚʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ɸʊ, ʩʦʟʜʘʥʥʘʷ ʦʩʥʦʚʥʦʡ 

ʛʘʨʤʦʥʠʢʦʡ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ ʠ ʚʳʜʝʣʷʝʤʘʷ 

ʛʨʫʧʧʦʡ ʦʜʥʦʪʠʧʥʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ʉʊ ʚ ʪʝʯʝʥʠʝ 

ʛʦʜʘ ( )ʯʢɺɸʨÖ :  

 

(15) 
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Q
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ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʫʤʘ ʨʝʘʢʪʠʚʥʦʡ ʤʘʛʥʠʪʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ ɸʊ, ʩʦʟʜʘʥʥʘʷ ʧʦʣʥʳʤ 

ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, 

ʚʳʜʝʣʷʝʤʘʷ ʚ ʛʨʫʧʧʝ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ʉʊ ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ( )ʯʢɺɸʨÖ : 

 

(16) 

 

 

ɽʞʝʛʦʜʥʘʷ ʚʝʣʠʯʠʥʘ ʥʝʜʦʫʯʪʝʥʥʦʡ 

ʛʝʥʝʨʠʨʫʶʱʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʆʈʕ ʧʦʪʝʨʴ 

ʨʝʘʢʪʠʚʥʦʡ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʤʘʛʥʠʪʦʧʨʦʚʦʜʝ 

ɸʊ ( )ʯʢɺɸʨÖ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ: 

 

(17) 

 

 

ɺʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ ( )ʯʢɺɸʨÖ , 

ʚʳʜʝʣʷʝʤʘʷ ʛʨʫʧʧʦʡ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ɸʊ ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ: 

 

(18) 

 

 

ʌʦʨʤʫʣʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʳʭ 

ʛʦʜʠʯʥʳʭ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʛʨʫʧʧʝ 

ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ɸʊ( )ʯʄɺʪÖ  ʙʫʜʝʪ 

ʩʦʩʪʦʷʪʴ ʠʟ ʩʫʤʤʳ ʘʢʪʠʚʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʦʪ 

ʪʦʢʦʚ ʥʘʛʨʫʟʢʠ ʚ ʦʙʤʦʪʢʘʭ ʠ ʩʪʘʣʠ ʵʪʠʭ 

ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ:     
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      (19) 

 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʬʦʨʤʫʣʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʳʭ ʛʦʜʠʯʥʳʭ ʧʦʪʝʨʴ 

ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʦʡ ʛʨʫʧʧʦʡ 

ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʤʦʱʥʦʩʪʠ ɸʊ( )ʯMɺɺɸÖ, ʙʫʜʝʪ 

ʩʦʩʪʦʷʪʴ ʠʟ ʩʫʤʤʳ ʧʦʪʝʨʴ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʦʙʤʦʪʢʘʭ ʦʪ ʪʦʢʘ ʥʘʛʨʫʟʢʠ, ʩʪʘʣʠ ʩ ʫʯʝʪʦʤ ʚʩʝʛʦ 

ʩʧʝʢʪʨʘ ʛʘʨʤʦʥʠʢ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʛʦ ʪʦʢʘ ʠ 

ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ ʵʪʠʭ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ: 
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  (20) 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʛʨʫʧʧʳ ʉʊ 

(ɸʊ) ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ  

ʦʜʥʦʛʦ  ʧʠʪʘʶʱʝʛʦ ʢʣʘʩʩʘ ʥʘʧʨʷʞʝʥʠʷ: 

 

() ()

. 1
.

)(
..

ù
ù

ú

ø

é
é

ê

è

ö
ö

÷

õ

æ
æ

ç

å

ÖÖÖ

D+D+D
-=

ä nNTS

WWW
k

pʥʦʤ

T
ʛʨʫʧʧʛʦʜ

Q
ʛʨʫʧʧʛʦʜ

P
ʛʨʫʧʧʛʦʜ

T

m

 (21) 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ 

ʧʦʪʝʨʴ ʚ ʩʪʘʣʠ ʤʘʛʥʠʪʦʧʨʦʚʦʜʘ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ 

ʤʦʱʥʦʩʪʠ ʵʥʝʨʛʠʠ, ʤʦʱʥʦʩʪʠ ʠʩʢʘʞʝʥʠʷ ʠ ʵʥʝʨʛʠʠ, 

ʚʳʜʝʣʷʝʤʦʡ ʚ ɸʊ ʪʠʧʘ ɸʊɼʎʊʅ-

250000/220/110/10(6) ʢɺ, ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ: ;ʢɺɸ250000Sʥʦʤ=

;ʢɺɸ125000Sʥʦʤʅʅ=  ʥʦʤʠʥʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʦʙʤʦʪʦʢ: ;ɺ%)26ʈʇʅ(230000Uɺʅ ³°

;ɺ121000Uʉʅ .ɺ10500Uʅʅ ʉʭʝʤʘ ʠ ʛʨʫʧʧʘ 

ʩʦʝʜʠʥʝʥʠʷ: 110ɼʋʅɸɺʊʆ -- . ʇʘʨʘʤʝʪʨʳ ɸʊ: 

ʥʘʧʨʷʞʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʦʙʤʦʪʦʢ: 

( ) %;5,11U ʉʅɺʅk =-  ( ) %;4,33U ʉʅɺʅk =-

( ) %..8,20U ʅʅʉʅk =- ʇʦʪʝʨʠ ʢʦʨʦʪʢʦʛʦ ʟʘʤrʢʘʥʠʷ: 

( ) ;ɺʪ520000P ʉʅɺʅk =- ʧʦʪʝʨʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ 

;ɺʪ145000Pʭʭ= ʪʦʢ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ %.5,0i0 =  

ʂʦʣʠʯʝʩʪʚʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʉʊ ï2 ʰʪ. 

 

ʈʝʫʟʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 

ʩʠʣʦʚʳʭ ɸʊ ʥʘʧʨʷʞʝʥʠʝʤ 220 ʢɺ: 

- ʦʪʥʦʰʝʥʠʝ ʛʦʜʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ɸʊ 
()

ʯʘʩʄɺʪ,W
P
ʛʨʫʧʧ.ʛʦʜ ÖD ʢ ʧʨʦʭʦʜʥʦʡ (ʢʘʞʫʱʝʡʩʷ) 

ʵʥʝʨʛʠʠ ɸʊ ʩʦʩʪʘʚʣʷʝʪ: 
() ( )( ) .;.105,8 4ʥʦʤ

.. ʝʦWW
S
ʛʨʫʧʧʛʦʜ

P
ʛʨʫʧʧʛʦʜ

-Ö=D ä  

-  ʛʦʜʠʯʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ 
()T
ʛʨʫʧʧ.ʛʦʜWD  ʚ ɸʊ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ
( )ʈ.ʍQ

ʛʨʫʧʧ.ʛʦʜWD , 

ʦʙʨʘʟʦʚʘʥʥʫʶ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʦʡ ʨʝʘʢʪʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʚ 1,38 ʨʘʟʘ; 

ɼʘʥʥʘʷ ʛʨʫʧʧʘ ʩʠʣʦʚʳʭ ɸʊ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʜʣʷ ʥʠʭ ʩʦʩʪʘʚʣʷʝʪ.988,0kʊ=  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʤʦʱʥʦʩʪʠ ʚ ʩʪʘʣʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ɸʊ ʥʘʧʨʷʞʝʥʠʝʤ 220-500 ʢɺ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ɻʇ ʅʕʂ 

çʋʢʨʵʥʝʨʛʦè [7], ʘ ʪʘʢʞʝ ʛʦʜʠʯʥʦʡ ʚʝʣʠʯʠʥʳ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʠ ʵʥʝʨʛʠʠ 

ʠʩʢʘʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʭ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʦʡ ʠ 

ʧʦʣʥʳʤ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʩʧʝʢʪʨʦʤ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʠ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʛʦʜʠʯʥʳʭ ʧʦʪʝʨʴ ʚ ʩʪʘʣʠ ɸʊ ʥʘʧʨʷʞʝʥʠʝʤ 220-500ʢɺ ɻʇ ʅʕʂ çʋʢʨʵʥʝʨʛʦè 

ˉ  

ʧ/ʧ 

ʈʘʩʯʝʪʥʳʝ 

ʧʘʨʘʤʝʪʨʳ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʚ ɸʊ  ʩ ʧʝʨʚʠʯʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ: 

220 330 500 
ʉʫʤʤʘʨʥʳʝ ʧʦʪʝʨʠ 

ʚ ʩʝʪʠ 220-500 ʢɺ 

1. ʢɺɸ,S
ʥʦʤä  5030000,00 1360000,00 1753000,00 

 

8143000,00 

 

2. 
( )

ä Öʯʄɺɸ,W ʥʦʤS
ʛʨʫʧʧ.ʛʦʜ  44062800 11913600 15356280 71332680 

3. 
()

ʯʘʩʄɺʪ,W
P
ʛʨʫʧʧ.ʛʦʜ ÖD  24878,40 7708,80 10950,00 

 

43537,20 

 

4. 
( )

ʯʘʩʄɺɸʨ,W ʈ.ʍQ

ʛʨʫʧʧ.ʛʦʜ ÖD  185297,12 94265,84 79839,56 

 

359402,52 

 

5. 
( )

ʯʘʩʄɺɸʨ,W
Q

ʛʨʫʧʧ.ʛʦʜ ÖD m
 315005,11 160251,93 135727,25 

 

610984,29 

 

6. 
()

ʯʘʩʄɺɸʨ,W
T
ʛʨʫʧʧ.ʛʦʜ ÖD  254741,43 129594,10 109761,25 

 

494096,78 

 

7. 
()

ʯʘʩʄɺɸʨ,W
Q
ʛʨʫʧʧ.ʛʦʜ ÖD  129707,99 65986,09 55887,69 

 

251581,77 

 

8. Tk  0,987 0,975 0,983 0,984 

 

 

ɸʥʘʣʠʟ ʪʘʙʣ. 1 ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: 

- ʦʪʥʦʰʝʥʠʝ ʛʦʜʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ɸʊ 
()

ʯʘʩʄɺʪ,W
P
ʛʨʫʧʧ.ʛʦʜ ÖD ʢ 

ʧʨʦʭʦʜʥʦʡ (ʢʘʞʫʱʝʡʩʷ) ʵʥʝʨʛʠʠ ɸʊ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ: 
() ( )( )äD

ʥʦʤS

ʛʨʫʧʧ.ʛʦʜ
P
ʛʨʫʧʧ.ʛʦʜ WW

.;.107,15,6 4 ʝʦ-Ö·=  

(ʧʨʠʯʝʤ ʥʘʠʤʝʥʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʵʪʠʭ ʧʦʪʝʨʴ ʚ 

ʩʪʘʣʠ ʦʪʥʦʩʠʪʩʷ ʢ  ɸʊ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʤ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʥʘʧʨʷʞʝʥʠʝʤ 220 ʢɺ, 

ʥʘʠʙʦʣʴʰʠʡ,ï ʢ  ɸʊ ʩ ʧʠʪʘʶʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ 500 

ʢɺ); 

- ʛʦʜʠʯʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ 
()T
ʛʨʫʧʧ.ʛʦʜWD  ʚ ɸʊ ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ
( )ʈ.ʍQ

ʛʨʫʧʧ.ʛʦʜWD

,ʦʙʨʘʟʦʚʘʥʥʫʶ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʦʡ ʨʝʘʢʪʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʚ 1,38 ʨʘʟʘ; 

- ʛʦʜʠʯʥʘʷ ʚʝʣʠʯʠʥʘ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ 
( )mQ

ʛʨʫʧʧ.ʛʦʜWD , ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ɸʊ, 

ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʦʣʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ 

ʛʘʨʤʦʥʠʢ ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ, ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ 

ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ
( )ʈ.ʍQ

ʛʨʫʧʧ.ʛʦʜWD , ʦʙʨʘʟʦʚʘʥʥʫʶ 

ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʦʡ ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʚ 1,70 ʨʘʟʘ; 

- ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ 

ʩʠʣʦʚʳʭ ɸʊ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

.987,0975,0kT ·=  (ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 

975,0kT =  ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʣʦʚʳʤ ɸʊ ʩ ʧʠʪʘʶʱʠʤ 

ʥʘʧʨʷʞʝʥʠʝʤ 330 ʢɺ, ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ  

987,0kT =  ï ʜʣʷ ɸʊ ʩ ʧʦʜʚʦʜʠʤʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 

220 ʢɺ). 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʥʪʝʨʝʩʥʦ ʩʨʘʚʥʠʪʴ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʦʜʠʯʥʳʭ ʧʦʪʝʨʴ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ 

ʩʪʘʣʠ ʉʊ-6/0,4 ʢɺ, 10/0,4 ʢɺ, 35/10(6) ʢɺ, 110/10(6) 

ʢɺ ʠ 110/35/10 (6) ʢɺ ʧʨʠ ʫʯʝʪʝ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ 

ʠʥʜʫʢʮʠʠ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʠ 

ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʭ ʦʩʥʦʚʥʦʡ 

ʛʘʨʤʦʥʠʢʦʡ ʠ ʧʦʣʥʳʤ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʩʧʝʢʪʨʦʤ 

ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʵʥʝʨʛʦʩʥʘʙʞʘʶʱʠʭ 

ʢʦʤʧʘʥʠʡ ʆʆʆ çʃʕʆè ʠ ʆʆʆ çʊʦʨʛʦʚʳʡ ɼʦʤ 

çʅʝʬʪʝʧʨʦʜʫʢʪè [8] ʩ ʛʦʜʠʯʥʳʤʠ ʧʦʪʝʨʷʤʠ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ, ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʳʭ 

ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʦʡ ʠ ʧʦʣʥʳʤ  ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʩʦʩʪʘʚʦʤ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʚ ɸʊ 

ʥʘʧʨʷʞʝʥʠʝʤ 220-500 ʢɺ ɻʇ ʅʕʂ çʋʢʨʵʥʝʨʛʦè. 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 
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ʊʘʙʣʠʮʘ 2 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ  

ˉ 

ʧʧ 

ʈʘʩʯʝʪʥʳʝ  

ʧʘʨʘʤʝʪʨ

 r

ʈʘʩʧʨʝʜʝʜʝʥʠʝ ʧʦʪʝʨʴ ʧʨʠ ʫʯʝʪʝ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ  ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʜʣʷ ʉʊ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʆʆʆ çʃʕʆè ʠ  ʆʆʆ çʊʦʨʛʦʚʳʡ ɼʦʤ çʅʝʬʪʝʧʨʦʜʫʢʪè ʩ 

ʩʦʯʝʪʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ ʦʙʤʦʪʦʢ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʪʝʨʴ ʚ ɸʊ 

220-500 ʢɺ  

ɻʇ ʅʕʂ  

çʋʢʨʵʥʝʨʛʦè 6/0,4 ʢɺ 10/0,4 ʢɺ 35/10(6) ʢɺ 
110/10(6) ʢɺ ʠ 

110/35/10(6) 

17,1=¡ʠK

 

20,1=¡¡ʠK

 

17,1=¡ʠK

 

20,1=¡¡ʠK  14,1=¡ʠK

 

15,1=¡¡ʠK

 

18,1=¡ʠK

 

13,1=¡¡ʠK

 

1. 
ʢɺɸ,S

ʥʦʤä
 

1618238 1354130,50 2475060 6300900 
 

8143000 

 

2. 

( )

ä
Öʯʄɺɸ

,W
Sʥʥʦ

 ʛʛʨʫʧʛʦʜ.

 

 

14175764,88 

 

 

11862183,18 

 

 

21681525,60 

 

 

55195884,00 

 
71332680 

3. 

()

ʯʘʩʄɺʪÖ

D ,W P
ʛʨʫʧʧ.ʛʦʜ  55273,26 56863,02 45448,83 46756,02 39693,90 40855,45 72194,76 72910,69 

 

43537,20 

 

4. 

( )

ʯʘʩʄɺɸʨÖ

D ,W ʈ.ʍQ
ʛʨʫʧʧ.ʛʦʜ

 

435986,72 435763,04 350843,88 350648,88 195547,26 195271,16 378826,71 378686,83 359402,52 

5. 

( )

ʯʘʩʄɺɸʨÖ

D ,W
Q

ʛʨʫʧʧ.ʛʦʜ
m

 915572,11 915102,38 736772,15 736362,65 410649,24 410069,44 795536,09 795242,34 610984,28 

6. 

()

ʯʘʩʄɺɸʨÖ

D ,W T
ʛʨʫʧʧ.ʛʦʜ

 

805101,15 804688,10 647874,81 647514,72 361101,19 360591,34 699548,43 699290,11 494096,78 

7. 

()

ʯʘʩʄɺɸʨÖ

D ,W Q
ʛʨʫʧʧ.ʛʦʜ

 

479585,39 479339,34 385928,27 385713,77 215101,98 214798,28 416709,38 416555,51 251581,76 

8. .ʦ.ʝ,kʊ  0,875 0,875 0,879 0,879 0,963 0,963 0,972 0,972 0,984 

 

,Kʠ¡ -¡¡ʠK ʥʦʨʤʘʣʴʥʦʝ ʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʢʘʞʝʥʠʷ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʢʨʠʚʦʡ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ɻʆʉʊ 

13109. 

 

ɸʥʘʣʠʟ ʪʘʙʣ. 1 ʠ 2 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ (ʈʕʉ) 

ʥʘʧʨʷʞʝʥʠʝʤ 6-110 ʢɺ ʵʥʝʨʛʦʢʦʤʧʘʥʠʡ ʠ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ  ʵʣʝʢʪʨʠʯʝʩʢʠʭ  ʩʝʪʷʭ ʥʘʧʨʷʞʝʥʠʝʤ 

220-500 ʢɺ ɻʇ ʅʕʂ çʋʢʨʵʥʝʨʛʦè ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ ʉʊ ʠ ɸʊ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

1. ɼʣʷ ʉʊ ʩ ʩʦʯʝʪʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ 6/0,4 ʢɺ: 

- ʦʪʥʦʰʝʥʠʝ ʛʦʜʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ʉʊ 
()

ʯʘʩʄɺʪ,W
P
ʛʨʫʧʧ.ʛʦʜ ÖD ʢ  

ʢʘʞʫʱʝʡʩʷ ʵʥʝʨʛʠʠ ʉʊ ʩʦʩʪʘʚʣʷʝʪ:
() ( )( ) .ʝ.ʦ1039WW 4ʥʦʤS

ʛʨʫʧʧ.ʛʦʜ
P
ʛʨʫʧʧ.ʛʦʜ

-Ö=D ä  ʧʨʠ 

ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʠ ʠʥʜʫʢʮʠʠ ʠ ʧʨʠ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʠ ʠʥʜʫʢʮʠʠ 

.;ʝ.ʦ101,40 4-Ö  

- ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʉʊ-6/0,4 ʢɺ, 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʈʕʉ ʥʘʧʨʷʞʝʥʠʝʤ 6 ʢɺ, 

ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 875,0kT =  ʧʨʠ ʥʦʨʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʤ ʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʷʭ 

ʠʥʜʫʢʮʠʠ. 

2. ɼʣʷ ʉʊ ʩ ʩʦʯʝʪʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ 10/0,4 ʢɺ: 

- ʦʪʥʦʰʝʥʠʝ ʛʦʜʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ʉʊ 
()

ʯʘʩʄɺʪ,W
P
ʛʨʫʧʧ.ʛʦʜ ÖD ʢ  

ʢʘʞʫʱʝʡʩʷ ʵʥʝʨʛʠʠ ʉʊ ʩʦʩʪʘʚʣʷʝʪ:  
() ( )( ) .ʝ.ʦ103,38WW 4ʥʦʤS

ʛʨʫʧʧ.ʛʦʜ
P
ʛʨʫʧʧ.ʛʦʜ

-Ö=D ä  ʧʨʠ 

ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʠ ʠʥʜʫʢʮʠʠ ʠ ʧʨʠ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʠ ʠʥʜʫʢʮʠʠ 

.;.104,39 4 ʝʦ-Ö  

- ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʉʊ-10/0,4 ʢɺ, 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʈʕʉ ʥʘʧʨʷʞʝʥʠʝʤ 10 ʢɺ, 

ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 879,0kT =  ʧʨʠ ʥʦʨʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʤ ʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʷʭ 

ʠʥʜʫʢʮʠʠ. 

3. ɼʣʷ ʉʊ ʩ ʩʦʯʝʪʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ 35/10(6) 
ʢɺ: 

- ʦʪʥʦʰʝʥʠʝ ʛʦʜʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ʉʊ 
()

ʯʘʩʄɺʪ,W
P
ʛʨʫʧʧ.ʛʦʜ ÖD ʢ  

ʢʘʞʫʱʝʡʩʷ ʵʥʝʨʛʠʠ ʉʊ ʩʦʩʪʘʚʣʷʝʪ: 
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() ( )( ) .ʝ.ʦ103,18WW 4ʥʦʤS
ʛʨʫʧʧ.ʛʦʜ

P
ʛʨʫʧʧ.ʛʦʜ

-Ö=D ä  ʧʨʠ 

ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʠ ʠʥʜʫʢʮʠʠ ʠ ʧʨʠ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʠ ʠʥʜʫʢʮʠʠ 

.;.108,18 4 ʝʦ-Ö  

- ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʉʊ-

35/10(6)ʢɺ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʈʕʉ ʥʘʧʨʷʞʝʥʠʝʤ 

35 ʢɺ, ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 963,0kT =   ʧʨʠ 

ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠ ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʦʤ 

ʠʩʢʘʞʝʥʠʷʭ ʠʥʜʫʢʮʠʠ. 

4. ɼʣʷ ʉʊ ʩ ʩʦʯʝʪʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ 110/10(6) 
ʠ 110/35/10(6) ʢɺ: 

- ʦʪʥʦʰʝʥʠʝ ʛʦʜʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ʉʊ 
()

ʯʘʩʄɺʪ,W
P
ʛʨʫʧʧ.ʛʦʜ ÖD ʢ 

ʢʘʞʫʱʝʡʩʷ ʵʥʝʨʛʠʠ ʉʊ ʩʦʩʪʘʚʣʷʝʪ: 
() ( )( ) .ʝ.ʦ101,13WW 4ʥʦʤS

ʛʨʫʧʧ.ʛʦʜ
P
ʛʨʫʧʧ.ʛʦʜ

-Ö=D ä ʧʨʠ 

ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʠ ʠʥʜʫʢʮʠʠ ʠ ʧʨʠ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʠ ʠʥʜʫʢʮʠʠ 

.;ʝ.ʦ102,13 4-Ö  

- ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʉʊ-110/10(6) ʠ 

110/35/10(6) ʢɺ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʈʕʉ 

ʥʘʧʨʷʞʝʥʠʝʤ 110 ʢɺ, ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 

972,0kT =  ʧʨʠ ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʷʭ ʠʥʜʫʢʮʠʠ. 

5.  ɼʣʷ ɸʊ ʩ ʧʦʜʚʦʜʠʤʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 220 ʢɺ: 

- ʦʪʥʦʰʝʥʠʝ ʛʦʜʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ɸʊ 
()

ʯʘʩʄɺʪ,W
P
ʛʨʫʧʧ.ʛʦʜ ÖD ʢ  

ʢʘʞʫʱʝʡʩʷ ʵʥʝʨʛʠʠ ʉʊ ʩʦʩʪʘʚʣʷʝʪ:  
() ( )( ) .;ʝ.ʦ106,5WW 4ʥʦʤS

ʛʨʫʧʧ.ʛʦʜ
P
ʛʨʫʧʧ.ʛʦʜ

-Ö=D ä  

- ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ɸʊ, 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʄʕʉ ʥʘʧʨʷʞʝʥʠʝʤ 220 ʢɺ, 

ʩʦʩʪʘʚʣʷʝʪ 987,0kT =  ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤ 

ʧʦʢʘʟʘʪʝʣʝʤ ʩʨʝʜʠ ʚʩʝʭ ʛʨʫʧʧ ɸʊ ʠ ʉʊ, 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʃʫʛʘʥʩʢʦʤ ʨʝʛʠʦʥʝ. 

6.  ɼʣʷ ɸʊ ʩ ʧʦʜʚʦʜʠʤʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 330 ʢɺ: 

- ʦʪʥʦʰʝʥʠʝ ʛʦʜʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ɸʊ 
()

ʯʘʩʄɺʪ,W
P
ʛʨʫʧʧ.ʛʦʜ ÖD ʢ  

ʢʘʞʫʱʝʡʩʷ ʵʥʝʨʛʠʠ ʉʊ ʩʦʩʪʘʚʣʷʝʪ:  
() ( )( ) .ʝ.ʦ105,6WW 4ʥʦʤS

ʛʨʫʧʧ.ʛʦʜ
P
ʛʨʫʧʧ.ʛʦʜ

-Ö=D ä  

- ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ɸʊ, 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʄʕʉ ʥʘʧʨʷʞʝʥʠʝʤ 330 ʢɺ, 

ʩʦʩʪʘʚʣʷʝʪ 975,0kT =  ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʥʠʟʰʠʤ ʩʨʝʜʠ 

ʛʨʫʧʧ ɸʊ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʃʫʛʘʥʩʢʦʤ ʨʝʛʠʦʥʝ, 

ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʠʭ ʨʝʘʢʪʠʚʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ 

ʜʘʥʥʳʭ ɸʊ. ɽʛʦ ʟʥʘʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʉʊ 110/10(6) ʠ 

110/35/10(6) ʢɺ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ  

ʩʝʪʷʭ 110 ʢɺ ʵʥʝʨʛʦʢʦʤʧʘʥʠʡ. 

7.  ɼʣʷ ɸʊ ʩ ʧʦʜʚʦʜʠʤʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 500 ʢɺ: 

- ʦʪʥʦʰʝʥʠʝ ʛʦʜʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ɸʊ 
()

ʯʘʩʄɺʪ,W
P
ʛʨʫʧʧ.ʛʦʜ ÖD ʢ  

ʢʘʞʫʱʝʡʩʷ ʵʥʝʨʛʠʠ ʉʊ ʩʦʩʪʘʚʣʷʝʪ:  
() ( )( ) .;.101,7 4ʥʦʤ

.. ʝʦWW
S
ʛʨʫʧʧʛʦʜ

P
ʛʨʫʧʧʛʦʜ

-Ö=D ä  

- ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ɸʊ, 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʄʕʉ ʥʘʧʨʷʞʝʥʠʝʤ 500 ʢɺ, 

ʩʦʩʪʘʚʣʷʝʪ 983,0kT =  ʠ ʷʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʤʝʥʴʰʠʤ ʯʝʤ ʫ ɸʊ ʩ ʧʦʜʚʦʜʠʤʳʤ ʥʘʧʨʷʞʝʥʠʤ 220 

ʢɺ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʠʭ ʘʢʪʠʚʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʚ 

ʩʪʘʣʠ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʩʪʨʦʠʤ 

ʩʣʝʜʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ: 

( ) ),U(fk,UfS ʥʦʤTʥʦʤʥʦʤ ==  ʘ ʪʘʢʞʝ 

( ) ( ) ( ) () ( )ʥʦʤ
T
ʛʨʫʧʧ.ʛʦʜ

Q
ʛʨʫʧʧ.ʛʦʜ

.ʨ.Qʭ
ʛʨʫʧʧ.ʛʦʜ

Pʭʭ
ʛʨʫʧʧ.ʛʦʜ UfW,W,W,W =DDDD

m
. 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ.1 

ʠ 2, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ Tk  

ʜʣʷ ʉʊ ʥʘʧʨʷʞʝʥʠʝʤ 6-110 ʢɺ ʩʫʤʤʘʨʥʘʷ 

ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʛʨʫʧʧ ʉʊ ʥʘʧʨʷʞʝʥʠʝʤ 6-

110 ʢɺ ʵʥʝʨʛʦʢʦʤʧʘʥʠʡ ʠ ʛʨʫʧʧ ɸʊ ʥʘʧʨʷʞʝʥʠʝʤ 

220-500 ʢɺ ɻʇ ʅʕʂ çʋʢʨʵʥʝʨʛʦè ʚʘʨʴʠʨʫʶʪʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. 

ɿʥʘʯʝʥʠʝ Tk  ʜʣʷ ʉʊ ʥʘʧʨʷʞʝʥʠʝʤ 6-110 ʢɺ 

(ʨʠʩ.1) ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ: 972,0875,0 · . 

ʇʨʠʯʝʤ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 875,0kT =  ʦʪʥʦʩʠʪʩʷ 

ʢ ʉʊ ʩ ʩʦʯʝʪʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ 6/0,4 ʢɺ, ʥʘʠʙʦʣʴʰʝʝ 

972,0kT = ï ʢ ʉʊ ʩ ʩʦʯʝʪʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ 

110/10(6) ʢɺ ʠ 110/35/10(6) ʢɺ. 

ʆʜʥʘʢʦ ʜʣʷ ʩʠʣʦʚʳʭ ɸʊ ʥʘʧʨʷʞʝʥʠʝʤ 220-500 

ʢɺ ʟʥʘʯʝʥʠʝ 987,0975,0kT ·=  (ʨʠʩ.2) ʧʨʠʥʠʤʘʝʪ 

ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʉʊ  

ʥʘʧʨʷʞʝʥʠʝʤ 6-110 ʢɺ. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 

975,0kT =  ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʣʦʚʳʤ ɸʊ ʩ ʧʠʪʘʶʱʠʤ 

ʥʘʧʨʷʞʝʥʠʝʤ 330 ʢɺ, ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ  

987,0kT = ï ʜʣʷ ɸʊ ʩ ʧʦʜʚʦʜʠʤʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 

220 ʢɺ. 

ʆʙʦʙʱʘʶʱʠʡ ʘʥʘʣʠʟ ʪʘʙʣ. 1,2 ʠ ʨʠʩ.1-3 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʢʣʶʯʝʥʠʷ: 

- ʩʫʤʤʘʨʥʳʝ  ʛʦʜʠʯʥʳʝ ʧʦʪʝʨʠ  ʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ 
( )Pʭʭ
ʛʨʫʧʧ.ʛʦʜWD  ʚ ʩʪʘʣʠ  ʉʊ  ʥʘʧʨʷʞʝʥʠʝʤ 6-110 

ʢɺ  ʧʨʝʚʳʰʘʶʪ  ʩʫʤʤʘʨʥʳʝ ʛʦʜʠʯʥʳʝ ʧʦʪʝʨʠ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ɸʊ ʥʘʧʨʷʞʝʥʠʝʤ 220-500 

ʢɺ ʚ 4,88 ʨʘʟʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ 

ʠʩʢʘʞʝʥʠʠ ʠʥʜʫʢʮʠʠ ʠ ʚ 4,99 ʨʘʟʘïʧʨʠ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʠ ʠʥʜʫʢʮʠʠ; 

 



50             ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 

 

 

 

0 100 200 300 400 500 ʢɺ

Uʥʦʤ

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1,0

ʦ.ʝ. kʊ
1 2

 
ʈʠʩ.1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ )U(fk ʥʦʤT =  ʜʣʷ: 1-ʉʊ ʥʘʧʨʷʞʝʥʠʝʤ 6-110 ʢɺ ʵʥʝʨʛʦʤʧʘʥʠʡ;    

2-ɸʊ ʥʘʧʨʷʞʝʥʠʝʤ 220-500 ʢɺ ɻʇ ʅʕʂ çʋʢʨʵʥʝʨʛʦè 
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ʈʠʩ.2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ )U(fS ʥʦʤʥʦʤ=  ʜʣʷ:  1-ʉʊ ʥʘʧʨʷʞʝʥʠʝʤ 6-110 ʢɺ ʵʥʝʨʛʦʢʦʤʧʘʥʠʡ;   

2-ɸʊ ʥʘʧʨʷʞʝʥʠʝʤ 220-500 ʢɺ ɻʇ ʅʕʂ çʋʢʨʵʥʝʨʛʦè 
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ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ( ) ( ) ( ) () ( )ʥʦʤ
T
ʛʨʫʧʧ.ʛʦʜ

Q
ʛʨʫʧʧ.ʛʦʜ

.ʨ.Qʭ
ʛʨʫʧʧ.ʛʦʜ

Pʭʭ
ʛʨʫʧʧ.ʛʦʜ UfW,W,W,W =DDDD

m  ʚ ʉʊ  

ʥʘʧʨʷʞʝʥʠʤ 6-110 ʢɺ ʵʥʝʨʛʦʢʦʤʧʘʥʠʡ ʠ ɸʊ ʥʘʧʨʷʞʝʥʠʝʤ 220-500 ʢɺ ɻʇ ʅʕʂ çʋʢʨʵʥʝʨʛʦè ʚ ʃʫʛʘʥʩʢʦʤ ʨʝʛʠʦʥʝ: 

1,2 - ʜʣʷ ʉʊ 
( ) ( )ʥʦʤ
Pʭʭ
ʛʨʫʧʧ.ʛʦʜ

UfW =D ʧʨʠ ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʷʭ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ; 3-ʜʣʷ ɸʊ 
( ) ( )ʥʦʤ
Pʭʭ
ʛʨʫʧʧ.ʛʦʜ

UfW =D ; 4,5 - ʜʣʷ ʉʊ 
( ) ( )ʥʦʤ

.ʨ.Qʭ
ʛʨʫʧʧ.ʛʦʜ

UfW =D ʧʨʠ ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʷʭ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ; 6- ʜʣʷ ɸʊ 
( ) ( )ʥʦʤ

.ʨ.Qʭ
ʛʨʫʧʧ.ʛʦʜ

UfW =D ;  

7,8 ï ʜʣʷ ʉʊ 
( ) ( )ʥʦʤ
Q
ʛʨʫʧʧ.ʛʦʜ

UfW =D
m

ʧʨʠ ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʷʭ ʤʘʛʥʠʪʥʦʡ 

ʠʥʜʫʢʮʠʠ; 9- ʜʣʷ ɸʊ 
( ) ( )ʥʦʤ
Q
ʛʨʫʧʧ.ʛʦʜ

UfW =D
m

; 10,11- ʜʣʷ ʉʊ 
() ( )ʥʦʤ
T
ʛʨʫʧʧ.ʛʦʜ

UfW =D  ʧʨʠ ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠʩʢʘʞʝʥʠʷʭ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ; 12-ʜʣ̫ ɸʊ 
() ( )ʥʦʤ
T
ʛʨʫʧʧ.ʛʦʜ

UfW =D  

 

- ʛʦʜʠʯʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ 
()T
ʛʨʫʧʧ.ʛʦʜWD  ʚ ʉʊ ʥʘʧʨʷʞʝʥʠʝʤ 6-110 ʢɺ ʧʨʝʚʳʰʘʝʪ 

ʚʝʣʠʯʠʥʫ ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ
( )ʈ.ʍQ

ʛʨʫʧʧ.ʛʦʜWD  ʦʙʨʘʟʦʚʘʥʥʫʶ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʦʡ 

ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ  ʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ 

ʠʩʢʘʞʝʥʠʠ ʠʥʜʫʢʮʠʠ ʚ 1,85 ʨʘʟʘ, ʘ ʚ ɸʊ 

ʥʘʧʨʷʞʝʥʠʝʤ 220-500 ʢɺ ʧʨʝʚʳʰʝʥʠʝ ʤʝʞʜʫ 

ʚʝʣʠʯʠʥʘʤʠ 
() ( )( ).ʨ.Qʭ

ʛʨʫʧʧ.ʛʦʜ
T
ʛʨʫʧʧ.ʛʦʜ WW DD  ʩʦʩʪʘʚʣʷʝʪ 1,38 

ʨʘʟʘ. 

- ʛʦʜʠʯʥʘʷ ʚʝʣʠʯʠʥʘ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ 
( )mQ

ʛʨʫʧʧ.ʛʦʜWD , ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʥʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʉʊ 6-

110 ʢɺ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʦʣʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʩʦʩʪʘʚʦʤ ʛʘʨʤʦʥʠʢ ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ 

ʥʘʤʘʛʥʠʯʠʚʘʶʱʝʡ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ
( )ʈ.ʍQ

ʛʨʫʧʧ.ʛʦʜWD , 

ʦʙʨʘʟʦʚʘʥʥʫʶ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʦʡ ʨʝʘʢʪʠʚʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʚ 2,10 ʨʘʟʘ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʠ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ 

ʠʩʢʘʞʝʥʠʷʭ ʠʥʜʫʢʮʠʠ, ʘ ʚ ɸʊ ʥʘʧʨʷʞʝʥʠʝʤ 220-500 



52             ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 

 

 

 

ʢɺ ʵʪʦ ʧʨʝʚʳʰʝʥʠʝ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ
( ) ( )( ).ʨ.Qʭ

ʛʨʫʧʧ.ʛʦʜ
Q
ʛʨʫʧʧ.ʛʦʜ WW DD
m

 ʩʦʩʪʘʚʣʷʝʪ: 1,7 ʨʘʟʘ; 

- ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʉʊ 

ʥʘʧʨʷʞʝʥʠʝʤ 6-110 ʢɺ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʈʕʉ 

ʥʘʧʨʷʞʝʥʠʝʤ 6-110 ʢɺ, ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

.972,0875,0kT ·=  ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 

875,0kT =  ʦʪʥʦʩʠʪʩʷ ʢ ʉʊ ʩ ʩʦʯʝʪʘʥʠʝʤ 

ʥʘʧʨʷʞʝʥʠʡ 6/0,4ʢɺ, ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ  

972,0kT = ï ʜʣʷ ʉʊ ʩ ʩʦʯʝʪʘʥʠʝʤ ʥʘʧʨʷʞʝʥʠʡ 

110/10(6) ʠ 110/35/10(6) ʢɺ; 

- ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʫ 

ʩʠʣʦʚʳʭ ɸʊ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʥʘʧʨʷʞʝʥʠʝʤ 220-500 ʢɺ ɻʇ 

ʅʕʂ çʋʢʨʵʥʝʨʛʦè, ʚʳʰʝ ʯʝʤ ʫ ʉʊ ʥʘʧʨʷʞʝʥʠʝʤ 6-

110 ʢɺ ʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ .987,0975,0kT ·=  

ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ 975,0kT =  ʦʪʥʦʩʠʪʩʷ ʢ 

ʩʠʣʦʚʳʤ ɸʊ ʩ ʧʠʪʘʶʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ 330 ʢɺ, 

ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 987,0kT = ï ʜʣʷ ɸʊ ʩ 

ʧʦʜʚʦʜʠʤʳʤ ʥʘʧʨʷʞʝʥʠʝʤ 220 ʢɺ 

 

ɺʳʚʦʜʳ. 1.ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʠʪʴ ʥʘʤʘʛʥʠʯʠʚʘʶʱʫʶ 

ʨʝʘʢʪʠʚʥʫʶ ʤʦʱʥʦʩʪʴ ʠ ʵʥʝʨʛʠʶ, ʚʳʟʚʘʥʥʳʝ 

ʦʩʥʦʚʥʦʡïʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʦʡ ʠ ʧʦʣʥʳʤ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʘʤʧʣʠʪʫʜʳ 

ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ, ʘ ʪʘʢʞʝ ʤʦʱʥʦʩʪʴ ʠ ʵʥʝʨʛʠʶ 

ʠʩʢʘʞʝʥʠʷ ʚ ʩʪʘʣʠ ʩʠʣʦʚʳʭ ɸʊ ʥʘʧʨʷʞʝʥʠʝʤ 220-

500 ʢɺ ɻʇ ʅʕʂ çʋʢʨʵʥʝʨʛʦè, ʚʳʟʚʘʥʥʳʝ ʨʘʟʣʠʯʠʝʤ 

ʬʦʨʤ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʫ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

2. ɼʣʷ ʦʮʝʥʢʠ ʧʦʪʝʨʴ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʛʦʜʠʯʥʳʭ ʧʦʪʝʨʴ 

ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ʉʊ-6/0,4 ʢɺ, 10/0,4 ʢɺ, 

35/10(6) ʢɺ, 110/10(6) ʢɺ ʠ 110/35/10 (6) ʢɺ ʧʨʠ 

ʫʯʝʪʝ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʠ ʵʥʝʨʛʠʠ 

ʠʩʢʘʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʭ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʦʡ ʠ 

ʧʦʣʥʳʤ ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʩʧʝʢʪʨʦʤ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʩ ʛʦʜʠʯʥʳʤʠ ʧʦʪʝʨʷʤʠ ʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ ʚ ʩʪʘʣʠ ʙʝʟ ʫʯʝʪʘ ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʝʘʢʪʠʚʥʦʡ 

ʵʥʝʨʛʠʠ, ʚʳʟʚʘʥʥʳʭ ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʦʡ ʠ ʧʦʣʥʳʤ 

ʛʘʨʤʦʥʠʯʝʩʢʠʤ ʩʧʝʢʪʨʦʤ ʘʤʧʣʠʪʫʜʳ ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ 

ʭʦʜʘ ʠ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ ʚ ɸʊ ʥʘʧʨʷʞʝʥʠʝʤ 220-

500 ʢɺ ɻʇ ʅʕʂ çʋʢʨʵʥʝʨʛʦè. 

3. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʚ ʩʪʘʣʠ ʉʊ ʠ ɸʊ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʨʪʘ ʭʦʣʦʜʥʦʢʘʪʘʥʦʡ, ʘʥʠʟʦʪʨʦʧʥʦʡ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʩʪʘʣʠ ʪʦʣʱʠʥʦʡ ʥʝ ʤʝʥʝʝ 0,27 

ʤʤ, ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʫʜʝʣʴʥʳʭ ʧʦʪʝʨʴ (0,85 ɺʪ/ʢʛ 

ʧʨʠ ʠʥʜʫʢʮʠʠ 1,7 ʊʣ). 

4. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʦʪʞʠʛ ʧʣʘʩʪʠʥ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʳʭ ʩʪʘʣʝʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʨʝʘʢʪʠʚʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ 

ʪʦʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʠ ʪʝʤ ʩʘʤʳʤ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ 

ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʦʡ ʥʘ ʥʘʤʘʛʥʠʯʠʚʘʥʠʝ ʉʊ ʠ 

ɸʊ, ʠ ʵʥʝʨʛʠʠ ʠʩʢʘʞʝʥʠʷ ʚ ʬʦʨʤʘʭ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ. 

5. ɼʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʉʊ ʠ ɸʊ ʚ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʠ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʝʪʷʭ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʜʘʚʣʝʥʠʷ 

ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ,  ʚʢʣʶʯʘʷ ʧʨʠʤʝʥʝʥʠʝ 

ʫʧʨʘʚʣʷʝʤʳʭ ʬʠʣʴʪʨʦʢʦʤʧʝʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʩʢʘʞʝʥʠʡ ʚ ʢʨʠʚʦʡ 

ʥʘʧʨʷʞʝʥʠʷ 10(6) ʢɺ, ʙʘʪʘʨʝʡ ʩʪʘʪʠʯʝʩʢʠʭ 

ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʷʭ ʥʘʧʨʷʞʝʥʠʝʤ 

6-220 ʢɺ ʠ ʩʪʘʪʠʯʝʩʢʠʭ ʪʠʨʠʩʪʦʨʥʳʭ ʢʦʤʧʝʥʩʘʪʦʨʦʚ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʤʛʥʦʚʝʥʥʦ 

ʚʚʦʜʠʪʴ ʝʤʢʦʩʪʥʫʶ ʠʣʠ ʠʥʜʫʢʪʠʚʥʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʛʝʥʝʨʘʮʠʠ 

ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ. 
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Syrtsov ɸ.I., Polovinka D.V., Parsentiev O.S.  

UPDATE CALCULATION AND COMPARATIVE 

ANALYSIS DISTRIBUTION OF MAGNETIC LOSS OF 

ENERGY IN STEEL AUTOTRANSFORMERS 

VOLTAGE 220-500 KV AND POWER 

TRANSFORMERS 6-110 KV IN LUGANSK REGIO N 

To determine the magnetic energy losses in the steel of 

power autotransformers (ɸʊ) with a voltage of 220-500 kV, a 

method based on the numerical use of magnetizing power, 

passport data, the magnetization curve shape factor and the 

condition of the magnetizing power constant is proposed. 

The calculation of the magnetizing reactive power and 

energy, caused by the main-first harmonic and the total 

spectral harmonic composition of the amplitude of the no-load 

current, power and distortion energy in the steel of power AT 

220-500 kV, caused by the difference in harmonic composition 

forms for current and voltage, and accounting for additional 

losses of electricity from the circulation of currents, 

harmonics of multiple three. 

A comparative analysis of the distribution of magnetic 

energy losses in AT steel and power transformers (PT) with a 

voltage of 6-110 kV in the Lugansk region was carried out. 

A number of measures have been proposed to reduce the 

level of these energy losses in the AT and PT of the Lugansk 

region. 

Keywords: autotransformer, three-phase power 

transformer, tertiary winding, throughput, annual active 

energy losses in steel, annual maximum of reactive energy, 

annual energy losses of distortion, harmonic composition, no-

load current. 

 

ʉʳʨʮʦʚ ɸʥʘʪʦʣʠʡ ʀʚʘʥʦʚʠʯ, ʢ.ʪ.ʥ. ʜʦʮʝʥʪ 

ʢʘʬʝʜʨʳ çʕʣʝʢʪʨʦʤʝʭʘʥʠʢʘè ɻʆʋ ɺʇʆ ʃʅʈ çʃʫʛʘʥʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷè, ʛ. 

ʃʫʛʘʥʩʢ. 

Syrtsov Anatoli Ivanovich, Candidate of  Sciences, a 

dosent of the Chair çElectromechanicsè, State Educational 

Establishment of Higher Professional  Education çLugansk 

Vladimir Dahl National Universityè. 

E-ma l̔:  syrts ov.@ lds.net.ua 

 

ʇʦʣʦʚʠʥʢʘ ɼʤʠʪʨʠʡ ɺʘʩʠʣʴʝʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʳ çʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷè ɻʆʋ ɺʇʆ ʃʅʈ çʃʫʛʘʥʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷè, ʛ. 

ʃʫʛʘʥʩʢ. 

Polovinka Dmitri Vasilevich, Candidate of Sciences, a 

dosent of the Chair çElectrotechnical Systems of 

Electroconsumptionè, State Educational Establishment of 

Higher Professional  Education çLugansk Vladimir Dahl 

National Universityè. 

E-ma l̔:  pdv-ese@mail.ru 
 

ʇʘʨʩʝʥʪʴʝʚ ʆʣʝʛ ʉʝʨʛʝʝʚʠʯ, ʘʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ 

çʕʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷè ɻʆʋ 

ɺʇʆ ʃʅʈ çʃʫʛʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ɺʣʘʜʠʤʠʨʘ ɼʘʣʷè,  ʛ. ʃʫʛʘʥʩʢ. 

Parsentiev Oleg Sergeivich, a chair assistant of 

çElectrotechnical Systems of Electroconsumptionè, State 

Educational Establishment of Higher Professional  Education 

çLugansk Vladimir Dahl National Universityè  

E-ma l̔: parsentevo@mail.ru 

 

 

ʈʝʮʝʥʟʝʥʪ: ʊʘʨʘʩʝʥʢʦ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʢʘʥʜʠʜʘʪ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɻʆʋ ɺʇʆ ʃʅʈ çʃʫʛʘʥʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷè.   

 
ʉʪʘʪʴʷ ʧʦʜʘʥʘ 20.06.2017 ʛʦʜʘ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:pdv-ese@mail.ru


54             ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 

 

 

 

 

 

 

ʋɼʂ 621.833.1 

 

ʉʀʅʊɽɿ ʌʋʅʂʎʀʀ ʇɽʈɽɼɸʊʆʏʅʆɻʆ ʆʊʅʆʐɽʅʀʗ ʇɽʈɽɼɸʏʀ 

ʅɽʂʈʋɻʃʓʄʀ ɿʋɹʏɸʊʓʄʀ ʂʆʃɽʉɸʄʀ ɼʃʗ 
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SYNTHESIS of FUNCTION of TRANSMISSION RELATION  

of TRANSMISSION by UNROUND GEAR-WHEELS FOR 

KROVOSHIPNO GO OVERSEAS MECHANISM  
 

Ututov N.L., Muhovatiy A.A.  

 
ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩ 

ʥʝʢʨʫʛʣʳʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ ʚ ʧʨʠʚʦʜʝ ʢʨʠʚʦʰʠʧʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʳʡ ʤʝʭʘʥʠʟʤ, 

ʥʝʢʨʫʛʣʳʝ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ, ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ, 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ. 

 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ. ʂʨʠʚʦʰʠʧʥʦ-

ʧʦʣʟʫʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ 

ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʢʨʠʚʦʰʠʧʘ ʚ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦʣʟʫʥʘ (ʧʦʨʰʥʷ). 

ʇʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʤʝʭʘʥʠʟʤʦʚ ʙʣʠʟʢʦʝ 

ʢ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʠ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʪʨʝʙʫʝʪʩʷ ʠʤʝʪʴ ʩʧʝʮʠʘʣʴʥʫʶ ʬʫʥʢʮʠʶ 

ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʚ ʩʦʩʪʘʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʠʣʠ 

ʩʪʘʥʢʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʧʨʠʤʝʥʷʶʪ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʥʝʤʫ ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ, 

ʥʘʧʨʠʤʝʨ, ʨʳʯʘʞʥʳʝ. 

ʆʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʦʝ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʫʩʣʦʚʠʷʤ ʤʘʰʠʥʳ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʧʦʤʦʱʠ ʧʝʨʝʜʘʯ ʩ ʧʝʨʝʤʝʥʥʳʤ ʧʝʨʝʜʘʪʦʯʥʳʤ 

ʦʪʥʦʰʝʥʠʝʤ, ʧʦʤʝʱʝʥʥʳʤ ʚ ʧʨʠʚʦʜ ʢʨʠʚʦʰʠʧʘ. 

ʊʘʢʠʤʠ ʷʚʣʷʶʪʩʷ ʧʝʨʝʜʘʯʠ ʥʝʢʨʫʛʣʳʤʠ 

ʢʦʣʝʩʘʤʠ, ʧʦʤʝʱʝʥʥʳʝ ʚ ʧʨʠʚʦʜ ʢʨʠʚʦʰʠʧʘ, 

ʦʙʣʘʜʘʶʱʠʝ ʢʦʤʧʘʢʪʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ. ɺʦʧʨʦʩʳ ʢʠʥʝʤʘʪʠʢʠ ʠ 

ʜʠʥʘʤʠʢʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʮʝʥʪʨʘʣʴʥʳʭ ʠ ʜʝʟʘʢʩʠʘʣʴʥʳʭ, 

ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʷʜʝ ʨʘʙʦʪ [1, 2]. ʆʜʥʘʢʦ ʦʪʩʫʪʩʪʚʫʝʪ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʨʦʙʣʝʤʳ ʩ ʫʯʝʪʦʤ ʧʝʨʝʜʘʯ 

ʥʝʢʨʫʛʣʳʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ ʚ ʧʨʠʚʦʜʝ 

ʢʨʠʚʦʰʠʧʘ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

ʎʝʣʴ ʩʪʘʪʴʠ: ʧʨʝʜʩʪʘʚʠʪʴ ʚʦʧʨʦʩʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʠ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 

ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʟʘʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʤʘʰʠʥʦʡ, ʚ 

ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʧʝʨʝʜʘʯʘ ʥʝʢʨʫʛʣʳʤʠ 

ʢʦʣʝʩʘʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʘʢʩʠʘʣʴʥʳʡ ʢʨʠʚʦʰʠʧʥʦ-

ʧʦʣʟʫʥʥʳʡ ʤʝʭʘʥʠʟʤ ʩ ʧʝʨʝʜʘʯʝʡ ʥʝʢʨʫʛʣʳʤʠ 

ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ ʚ ʧʨʠʚʦʜʝ ʢʨʠʚʦʰʠʧʘ (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʦʛʦ  

ʤʝʭʘʥʠʟʤʘ ʩ ʥʝʢʨʫʛʣʳʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ 

 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ  

 

,iii 422141=    (1) 

 

ʛʜʝ 21i  ï ʬʫʥʢʮʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 

ʧʝʨʝʜʘʯʠ ʥʝʢʨʫʛʣʳʤʠ ʢʦʣʝʩʘʤʠ; 

        41i  ï ʬʫʥʢʮʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ 

ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʜʣʷ 

ʘʢʩʠʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ [1]: 

 

( ),cossini 2242 1 jlj +=    (2) 

 

ʛʜʝ 2j  ï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʢʨʠʚʦʰʠʧʘ; 

      l ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʭʘʥʠʟʤʘ: 
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,
l

l

3

2=l    (3) 

 

ʛʜʝ 2l  ʠ 3l  ï ʜʣʠʥʘ ʢʨʠʚʦʰʠʧʘ ʠ ʜʣʠʥʘ ʢʦʨʦʤʳʩʣʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʨʝʙʫʝʤʦʝ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ 41i  ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʜʘʥʦ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠʣʠ ʛʨʘʬʠʯʝʩʢʦʡ 

ʬʦʨʤʝ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 141 jOi  ( 1jï 

ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʝʜʫʱʝʛʦ ʥʝʢʨʫʛʣʦʛʦ ʢʦʣʝʩʘ ʚ 

ʧʨʠʚʦʜʝ ʢʨʠʚʦʰʠʧʘ). ʂʨʦʤʝ ʵʪʦʛʦ, ʬʫʥʢʮʠʷ 41i  

ʤʦʞʝʪ ʙʳʪʴ ʦʛʦʚʦʨʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʝʝ 

ʫʯʘʩʪʢʦʚ. 

ʀʟ ʟʘʚʠʩʠʤʦʩʪʠ (1) ʩ ʫʯʝʪʦʤ (2) ʦʧʨʝʜʝʣʷʶʪ:  

 

()
( )

.
cossin

i

i

i
ii

22

41

42

41
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1 jlj
j

+
===  (4) 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʠʝʤ ʧʨʦʚʦʜʷʪ 

ʚʳʯʠʩʣʝʥʠʷ ʠ ʩʪʨʦʷʪ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ 42i  ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ .Oi 242 j  ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ 

ʬʫʥʢʮʠʠ 42i  ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 2j  ʥʘ ʘʙʩʮʠʩʩʝ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʠ 42i  ʧʨʠʥʠʤʘʝʤ 

ʤʘʩʰʪʘʙ: 

 

,
H

i max
i

42=m    (5) 

 

ʛʜʝ maxi42 ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 42i ; 

       H  ï ʦʪʨʝʟʦʢ ʥʘ ʛʨʘʬʠʢʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 42i ; ʧʨʦʚʦʜʷʪ ʚʳʯʠʩʣʝʥʠʷ 

42i , ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʚʦʜʷʪ ʚ ʪʘʙʣʠʮʫ ʠ ʩʪʨʦʷʪ 

ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ 42i  ʚ ʢʦʦʨʜʠʥʘʪʘʭ  242 jOi  ʟʘ 

ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʢʨʠʚʦʰʠʧʘ (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʧʝʨʝʜʘʪʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ:  

1 ï ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʚʨʘʱʝʥʠʝʤ ʢʨʠʚʦʰʠʧʘ; 2 ï ʩ ʥʝʢʨʫʛʣʳʤʠ ʢʦʣʝʩʘʤʠ ʚ ʧʨʠʚʦʜʝ ʢʨʠʚʦʰʠʧʘ 

 

ʉʦʚʤʝʱʘʶʪ ʦʩʠ ʢʦʦʨʜʠʥʘʪ 242 jOi  ʩ 141 jOi . 

ʇʨʠ ʵʪʦʤ ʜʝʣʝʥʠʷ ʥʘ ʘʙʩʮʠʩʩʘʭ 2jO  ʠ 1jO  

ʨʘʟʤʝʱʘʶʪ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʝʨʝʟ ʨʘʚʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʜʝʣʝʥʠʷʤʠ ʦʪʨʝʟʢʦʚ. 

ɽʩʣʠ ʬʫʥʢʮʠʷ 41i  ʟʘʜʘʥʘ ʛʨʘʬʠʯʝʩʢʠ, ʪʦ ʩʪʨʦʷʪ 

ʝʝ ʛʨʘʬʠʢ ʚ ʤʘʩʰʪʘʙʝ (5). ɽʩʣʠ ʞʝ ʬʫʥʢʮʠʷ 41i  ʥʝ 

ʟʘʜʘʥʘ, ʥʦ ʠʟʚʝʩʪʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʝʢʪʠʨʫʝʤʦʤʫ 

ʤʝʭʘʥʠʟʤʫ, ʪʦ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 141 jOi  (ʨʠʩ. 2) ʩʪʨʦʷʪ 

ʛʨʘʬʠʢ ʵʪʦʡ ʬʫʥʢʮʠʠ. ɿʜʝʩʴ ʫʛʦʣ 1j  ʧʨʠʥʠʤʘʶʪ 

ʨʘʚʥʳʤ 2j . 

ʀʟʤʝʨʷʶʪ ʚʝʣʠʯʠʥʳ ʢʦʦʨʜʠʥʘʪ 41i  ʠ 42i  ʥʘ 

ʛʨʘʬʠʢʘʭ (ʨʠʩ. 2) ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʘ (5) ʜʣʷ ʢʘʞʜʦʛʦ 

ʟʥʘʯʝʥʠʷ 1j, ʟʘʥʦʩʷʪ ʚ ʪʘʙʣʠʮʫ. 

ʇʦʣʴʟʫʷʩʴ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ ʚ ʪʘʙʣʠʮʝ, 

ʧʦ ʬʦʨʤʫʣʝ (4) ʚʳʯʠʩʣʷʶʪ ʟʥʘʯʝʥʠʷ 21i  ʠ ʟʘʥʦʩʷʪ ʚ 

ʪʘʙʣʠʮʫ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ 1j  (ʨʠʩ. 2). 

ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 21i  ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʫʙʯʘʪʦʡ 

ʧʝʨʝʜʘʯʠ ʥʝʢʨʫʛʣʳʤʠ ʢʦʣʝʩʘʤʠ. 

ʇʨʠ ʧʨʦʝʢʪʥʳʭ ʨʘʩʯʝʪʘʭ ʢʨʠʚʦʰʠʧʥʦ-

ʧʦʣʟʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩ ʧʝʨʝʜʘʯʝʡ ʥʝʢʨʫʛʣʳʤʠ 

ʢʦʣʝʩʘʤʠ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʙʣʠʯʥʳʤʠ ʜʘʥʥʳʤʠ ʬʫʥʢʮʠʠ 41i  ʠ 

ʚʝʣʠʯʠʥʦʡ 42i , ʚʳʯʠʩʣʝʥʥʳʤʠ ʪʘʢ ʞʝ ʚ 

ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʜʝʣʝʥʠʷʤʠ ʘʙʩʮʠʩʩ 2jO  ʠ 1jO

. 
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ʊʘʢ ʢʘʢ ʚ ʬʫʥʢʮʠʷʭ (2) ʠ (4) ʠʤʝʝʪʩʷ ʬʫʥʢʮʠʷ 

2jsin , ʢʦʪʦʨʘʷ ʧʨʠ 02 =j (ʚ ʢʦʥʝʯʥʳʭ ʪʦʯʢʘʭ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʣʟʫʥʘ) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʠ ʚ 

ʚʳʨʘʞʝʥʠʠ (4) ʧʨʝʚʨʘʱʘʝʪ ʧʝʨʝʜʘʪʦʯʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʧʝʨʝʜʘʯʠ ʥʝʢʨʫʛʣʳʤʠ ʢʦʣʝʩʘʤʠ ʚ ʥʫʣʴ, ʯʪʦ 

ʥʝʜʦʧʫʩʪʠʤʦ, ʪʦ ʨʘʟʣʦʞʠʤ ʬʫʥʢʮʠʶ 2jsin  ʚ ʨʷʜ 

ʌʫʨʴʝ ʠ ʦʛʨʘʥʠʯʠʤʩʷ ʜʚʫʤʷ ʯʣʝʥʘʤʠ ʨʷʜʘ: 

 

( )2
2

2 25142460
3
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j

j
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ʊʦʛʜʘ ʩ ʫʯʝʪʦʤ (6) ʚʳʨʘʞʝʥʠʝ (4) ʧʨʠʥʠʤʘʝʪ 

ʚʠʜ: 
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1
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j
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ʊʘʢ ʢʘʢ ʥʘ ʛʨʘʬʠʢʘʭ 41i , 42i  ʠ 21i  ʘʙʩʮʠʩʩʳ 

ʦʜʠʥʘʢʦʚʳʝ, ʘ ʦʨʜʠʥʘʪʳ ʨʘʟʥʳʝ, ʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʮʝʥʪʨʦʠʜ, ʠʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʦʚ 

ʢʦʣʝʩ ʧʝʨʝʜʘʯʠ ʥʝʢʨʫʛʣʳʤʠ ʢʦʣʝʩʘʤʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʜʣʷ  21i  ʠʟ ʪʘʙʣʠʮʳ ʠʣʠ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʦʨʤʫʣʦʡ (7), ʧʨʠʥʷʚ ʟʘ ʧʘʨʘʤʝʪʨ 

12 jj =  (ʩʤ. ʛʨʘʬʠʢʠ ʨʠʩ. 2). 

ʌʫʥʢʮʠʷ ʧʦʣʦʞʝʥʠʷ ʚʝʜʫʱʝʛʦ ʥʝʢʨʫʛʣʦʛʦ 

ʢʦʣʝʩʘ ʠ ʢʨʠʚʦʰʠʧʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ  

 

()112 jjj i= .   (8) 

 

ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʝʨʝʤʝʥʥʦʛʦ 

ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʝʨʝʜʘʯ ʥʝʢʨʫʛʣʳʤʠ 

ʢʦʣʝʩʘʤʠ ʜʣʷ ʧʨʠʚʦʜʘ ʢʨʠʚʦʰʠʧʘ ʢʨʠʚʦʰʠʧʥʦ-

ʧʦʣʟʫʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʜʠʥʘʢʦʚʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʥʘ ʜʝʟʘʢʩʠʘʣʴʥʳʝ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʳ ʠ ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ ʪʦʛʦ ʞʝ ʥʘʟʥʘʯʝʥʠʷ. 

ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʦʛʦ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʝʨʝʜʘʯ ʜʣʷ 

ʧʨʠʚʦʜʘ ʢʨʠʚʦʰʠʧʘ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʣʟʫʥʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ. ʇʦʣʫʯʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʧʝʨʝʜʘʯ 

ʥʝʢʨʫʛʣʳʤʠ ʟʫʙʯʘʪʳʤʠ ʢʦʣʝʩʘʤʠ ʜʣʷ ʧʨʠʚʦʜʘ 

ʢʨʠʚʦʰʠʧʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜʘʯ ʩ ʧʝʨʝʤʝʥʥʳʤ 

ʧʝʨʝʜʘʪʦʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʪʘʢ ʞʝ ʤʦʛʫʪ ʙʳʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʝʤʝʥʥʳʝ ʧʝʨʝʜʘʯʠ ʩ ʟʫʙʯʘʪʳʤʠ 

ʨʝʤʥʷʤʠ, ʮʝʧʥʳʝ ʧʝʨʝʜʘʯʠ ʠ ʜʨʫʛʠʝ ʤʝʭʘʥʠʟʤʳ. 
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SYNTHESISS OF FUNCTION OF TRANSMISSION 

RELATION OF TRANSMISSION BY UNROUND 

GEAR-WHEELS FOR KROVOSHIPNOGO OVERSEAS 

MECHANISM  

A method for determining the gear ratio of a crank-

slider mechanism with non-circular gear wheels in a crank 

drive is proposed. 

Keywords: crank slider mechanism, non-circular gears, 

gear ratio, angle of rotation. 
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ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʢʪʫʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ 

ʦʙʲʝʜʠʥʝʥʠʡ ʧʦ ʧʘʪʨʠʦʪʠʯʝʩʢʦʤʫ ʚʦʩʧʠʪʘʥʠʶ 

ʤʦʣʦʜʝʞʠ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʪʠʧʠʯʥʳʝ ʧʨʦʙʣʝʤʳ ʠ 

ʤʝʪʦʜʠʢʘ ʚʦʝʥʥʦ-ʧʘʪʨʠʦʪʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ 

ʩʪʫʜʝʥʪʦʚ ʥʘ ʚʦʝʥʥʳʭ ʢʘʬʝʜʨʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʪʨʠʦʪʠʟʤ, ʧʘʪʨʠʦʪʠʯʝʩʢʦʝ 

ʚʦʩʧʠʪʘʥʠʝ, ʬʦʨʤʳ ʠ ʤʝʪʦʜʳ ʧʘʪʨʠʦʪʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʩ 

ʤʦʣʦʜʝʞʴʶ, ʚʦʝʥʥʦ-ʧʘʪʨʠʦʪʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʚ 

ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ. 

 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʩʣʦʞʥʦʡ ʚʦʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʝ, ʚ ʫʩʣʦʚʠʷʭ ʠʜʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʘʢʫʫʤʘ, ʚ 

ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʥʘʰʘ ʨʝʩʧʫʙʣʠʢʘ, ʝʜʠʥʩʪʚʝʥʥʦ 

ʧʨʦʯʥʦʡ, ʮʝʤʝʥʪʠʨʫʶʱʝʡ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʩʦʭʨʘʥʝʥʠʷ ʃʫʛʘʥʩʢʦʡ ʅʘʨʦʜʥʦʡ 

ʈʝʩʧʫʙʣʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʪʦʣʴʢʦ ʠʜʝʠ ʧʘʪʨʠʦʪʠʟʤʘ, 

ʪʘʢ ʢʘʢ ʜʨʫʛʠʝ ʠʜʝʠ ʚ ʥʘʰʝʤ ʥʝʩʪʘʙʠʣʴʥʦʤ, ʜʘʣʝʢʦʤ 

ʦʪ ʩʦʛʣʘʩʠʷ ʠ ʫʩʪʫʧʦʢ ʦʙʱʝʩʪʚʝ ʥʝ ʤʦʛʫʪ ʠʛʨʘʪʴ 

ʨʦʣʴ ʩʠʣʳ, ʩʧʣʘʯʠʚʘʶʱʝʡ ʥʘʰ ʥʘʨʦʜ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʯʝʤʫ-ʪʦ 

ʤʘʣʦ ʫʜʝʣʷʣʠ ʠ ʫʜʝʣʷʶʪ ʚʥʠʤʘʥʠʷ ʧʘʪʨʠʦʪʠʯʝʩʢʦʤʫ 

ʚʦʩʧʠʪʘʥʠʶ ʤʦʣʦʜʝʞʠ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʨʝʟʢʦʤʫ 

ʩʥʠʞʝʥʠʶ ʧʨʝʩʪʠʞʘ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ, ʨʦʩʪʫ 

ʠʥʪʝʨʝʩʦʚ ʩʫʛʫʙʦ ʣʠʯʥʦʛʦ, ʧʨʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʘ. 

ɺʦʝʥʥʦ-ʧʘʪʨʠʦʪʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʷʚʣʷʝʪʩʷ 

ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚʦʩʧʠʪʘʥʠʷ ʚ 

ʦʙʱʝʩʪʚʝ ʠ ʜʦʣʞʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʧʦʚʩʝʜʥʝʚʥʫʶ, 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʛʦʩʫʜʘʨʩʪʚʘ, 

ʠʥʩʪʠʪʫʪʦʚ ʠ ʫʯʨʝʞʜʝʥʠʡ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫ ʤʦʣʦʜʝʞʠ ʚʥʫʪʨʝʥʥʝʡ ʛʦʪʦʚʥʦʩʪʠ 

ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʘʢʪʠʚʥʦʤʫ ʫʯʘʩʪʠʶ ʚ ʚʦʦʨʫʞʝʥʥʦʡ 

ʟʘʱʠʪʝ ʩʚʦʝʛʦ ʆʪʝʯʝʩʪʚʘ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ 

ʧʦʜʛʦʪʦʚʢʠ ʢ ʟʘʱʠʪʝ ʩʚʦʝʡ ʈʦʜʠʥʳ ʥʫʞʥʦ ʥʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. ʃʶʜʴʤʠ ʜʦʣʛʘ ʥʝ 

ʨʦʞʜʘʶʪʩʷ, ʠʤʠ ʩʪʘʥʦʚʷʪʩʷ. 

ɺ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʜʨʦʙʥʦ 

ʠʟʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ, ʬʦʨʤʳ, ʵʪʘʧʳ ʠ 

ʤʝʪʦʜʳ ʧʘʪʨʠʦʪʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ, ʨʝʘʣʠʟʫʝʤʳʝ 

ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ. ʀ ʦʜʥʠʤ ʠʟ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʦʙʫʯʝʥʠʝ ʠ ʚʦʩʧʠʪʘʥʠʝ ʩʪʫʜʝʥʪʦʚ ʥʘ 

ʚʦʝʥʥʳʭ ʢʘʬʝʜʨʘʭ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. 

ɺʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʝʥʥʳʭ 

ʢʘʬʝʜʨ ʚ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʙʳʣ ʧʦʜʥʷʪ ɻʣʘʚʦʡ 

ʃʫʛʘʥʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʇʣʦʪʥʠʮʢʠʤ ʀ.ɺ. 

ʠ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʩʠʣʦʚʳʭ ʩʪʨʫʢʪʫʨ ʝʱʝ ʚ ʥʘʯʘʣʝ 

2015 ʛʦʜʘ. ʕʪʦ ʙʳʣʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʚʦʝʥʥʦ-

ʧʦʣʠʪʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʨʝʩʧʫʙʣʠʢʝ ʪʨʝʙʦʚʘʣʘ ʠ 

ʪʨʝʙʫʝʪ ʧʦʜʛʦʪʦʚʢʠ ʤʦʙʠʣʠʟʘʮʠʦʥʥʦʛʦ ʨʝʟʝʨʚʘ 

ʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʬʠʮʝʨʩʢʠʭ 

ʢʘʜʨʦʚ. 

ʕʪʦ ʘʢʪʫʘʣʴʥʦ ʝʱʝ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʪʦʣʴʢʦ ʬʦʨʤʠʨʫʝʪʩʷ ʬʫʥʜʘʤʝʥʪ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʨʝʜʥʠʭ ʠ ʚʳʩʰʠʭ ʚʦʝʥʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ 

ʃʅʈ. ʅʦ ʥʘ ʵʪʦ ʥʫʞʥʦ ʚʨʝʤʷ, ʩʨʝʜʩʪʚʘ ʠ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨʩʢʦ-

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʠʡ ʩʦʩʪʘʚ. 

ʀ ʟʜʝʩʴ ʥʘ ʧʦʚʝʩʪʢʝ ʜʥʷ ʩʪʘʣ ʚʦʧʨʦʩ, ʢʘʢ ʧʦ-

ʥʦʚʦʤʫ ʤʦʞʥʦ ʠ ʥʫʞʥʦ ʛʦʪʦʚʠʪʴ ʦʬʠʮʝʨʩʢʠʝ ʢʘʜʨʳ 

ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ, ʯʪʦʙʳ ʚ ʩʠʣʦʚʳʝ 

ʩʪʨʫʢʪʫʨʳ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʠ ʧʨʠʭʦʜʠʣʠ ʣʶʜʠ, 

ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʙʳ ʚʦʠʥʩʢʫʶ ʩʧʝʮʠʘʣʴʥʦʩʪʴ, 

ʚʣʘʜʝʣʠ ʦʨʫʞʠʝʤ, ʤʦʛʣʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ 

ʨʫʢʦʚʦʜʠʪʴ ʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʚ ʩʣʫʯʘʝ ʚʚʝʜʝʥʠʷ 

ʯʨʝʟʚʳʯʘʡʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʝʨʚʳʤʠ ʚʩʪʘʪʴ ʥʘ 

ʟʘʱʠʪʫ ʩʚʦʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʉʦʚʝʪ ʄʠʥʠʩʪʨʦʚ 

ʃʫʛʘʥʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ 31 ʤʘʷ 2016 ʛʦʜʘ 

ʧʨʠʥʠʤʘʝʪ ʇʦʩʪʘʥʦʚʣʝʥʠʝ ˉ284 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ 

ʇʦʣʦʞʝʥʠʷ ʦ ʚʦʝʥʥʳʭ ʢʘʬʝʜʨʘʭ ʧʨʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ 

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷè, ʘ ʈʘʩʧʦʨʷʞʝʥʠʝʤ ˉ863-ʨ ʦʪ 

9 ʘʚʛʫʩʪʘ 2016 ʛʦʜʘ ʦʙʷʟʳʚʘʝʪ ʩʦʟʜʘʪʴ ʚʦʝʥʥʳʝ 

ʢʘʬʝʜʨʳ ʚ ʢʘʞʜʦʤ ɺʋɿʝ ʥʘʰʝʡ ʨʝʩʧʫʙʣʠʢʠ ʩ 
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ʫʢʘʟʘʥʠʝʤ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʦʬʠʮʝʨʦʚ ʟʘʧʘʩʘ. 

ʏʪʦ ʜʘʣʦ ʩʦʟʜʘʥʠʝ ʚʦʝʥʥʦʡ ʢʘʬʝʜʨʳ ʧʨʠ 

ʃʫʛʘʥʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ 

ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ? 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʃʫʛʘʥʩʢʦʡ ʅʘʨʦʜʥʦʡ 

ʈʝʩʧʫʙʣʠʢʝ: 

1. ɺʦʝʥʥʘʷ ʢʘʬʝʜʨʘ ʨʘʩʰʠʨʠʣʘ ʤʘʩʰʪʘʙ 

ʧʦʜʛʦʪʦʚʢʠ ʦʬʠʮʝʨʦʚ ʟʘʧʘʩʘ ʧʦ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʠ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʚʦʝʥʥʦ-ʫʯʝʪʥʳʤ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ. 

2. ʏʘʩʪʴ ʦʬʠʮʝʨʦʚ ʟʘʧʘʩʘ, ʢʦʪʦʨʘʷ ʧʦʧʦʣʥʠʪ 
ʦʬʠʮʝʨʩʢʠʡ ʩʪʨʦʡ ʧʦ ʢʦʥʪʨʘʢʪʫ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 

ɺʋɿʘ, ʙʫʜʝʪ ʩʧʦʩʦʙʥʘ ʙʝʟ ʩʝʨʴʝʟʥʦʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʫʯʝʙʳ ʢʦʤʘʥʜʦʚʘʪʴ ʚʚʝʨʝʥʥʳʤ 

ʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʫʧʨʘʚʣʷʪʴ ʙʦʝʚʦʡ ʪʝʭʥʠʢʦʡ ʠ 

ʚʦʦʨʫʞʝʥʠʝʤ. 

3. ʅʘʣʠʯʠʝ ʚʦʝʥʥʦʡ ʢʘʬʝʜʨʳ ʧʦʟʚʦʣʠʪ 

ʦʙʝʩʧʝʯʠʪʴ ʃʫʛʘʥʩʢʫʶ ʅʘʨʦʜʥʫʶ ʈʝʩʧʫʙʣʠʢʫ 

ʚʦʝʥʥʦ-ʦʙʫʯʝʥʥʳʤ ʤʦʙʠʣʠʟʘʮʠʦʥʥʳʤ ʣʶʜʩʢʠʤ 

ʨʝʟʝʨʚʦʤ. 

ɼʣʷ ʩʪʫʜʝʥʪʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʥʘ ʚʦʝʥʥʦʡ 

ʢʘʬʝʜʨʝ: 

1. ɹʫʜʫʱʠʝ ʜʠʧʣʦʤʠʨʦʚʘʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ 

ʠʩʧʦʣʥʷʪ ʩʚʦʡ ʢʦʥʩʪʠʪʫʮʠʦʥʥʳʡ ʜʦʣʛ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

2. ʉʪʫʜʝʥʪʳ ʧʦʣʫʯʘʪ ʢʨʦʤʝ ʦʩʥʦʚʥʦʡ, 

ʛʨʘʞʜʘʥʩʢʦʡ, ʧʨʦʬʝʩʩʠʠ ʚʪʦʨʫʶ, ʚʦʝʥʥʫʶ, 

ʩʧʝʮʠʘʣʴʥʦʩʪʴ, ʢʦʪʦʨʦʡ ʩʤʦʛʫʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦ ʢʦʥʪʨʘʢʪʫ ʠʣʠ ʞʝʣʘʥʠʶ. 

3. ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʫʯʝʥʠʷ 

ʧʦʤʦʞʝʪ ʩʪʫʜʝʥʪʘʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʟʥʘʥʠʷ ʠ 

ʥʘʚʳʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʛʨʘʞʜʘʥʩʢʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ʚ ɺʋɿʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʫʯʝʙʥʳʭ ʩʙʦʨʦʚ 

(ʩʪʘʞʠʨʦʚʢʠ), ʝʩʣʠ ʛʨʘʞʜʘʥʩʢʘʷ ʠ ʚʦʝʥʥʘʷ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʨʦʜʩʪʚʝʥʥʳ, ʠʜʝʥʪʠʯʥʳ. 

4. ʇʦʣʫʯʝʥʥʘʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʚʦʝʥʥʘʷ 

ʩʧʝʮʠʘʣʴʥʦʩʪʴ ʫʧʨʦʩʪʠʪ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ɺʋɿʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ʠʣʠ ʤʫʥʠʮʠʧʘʣʴʥʫʶ ʩʣʫʞʙʫ. ʇʫʪʴ 

ʪʫʜʘ ʤʦʣʦʜʳʤ ʣʶʜʷʤ, ʠʟʙʝʞʘʚʰʠʤ ʩʣʫʞʙʫ ʙʝʟ 

ʟʘʢʦʥʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʙʫʜʝʪ 

ʟʘʢʨʳʪ, ʢʘʢ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

5. ɻʦʜʳ ʫʯʝʙʳ ʥʘ ʚʦʝʥʥʦʡ ʢʘʬʝʜʨʝ ʧʦʟʚʦʣʷʪ 
ʧʦʚʳʩʠʪʴ ʢʫʣʴʪʫʨʥʳʡ ʠ ʜʫʭʦʚʥʳʡ ʫʨʦʚʝʥʴ 

ʚʳʧʫʩʢʥʠʢʦʚ ʥʘʰʝʛʦ ɺʋɿʘ ʥʘ ʦʩʥʦʚʘʭ 

ʦʙʱʝʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʘʪʨʠʦʪʠʟʤʘ ʠ ʫʚʘʞʝʥʠʷ ʢ 

ʂʦʥʩʪʠʪʫʮʠʠ ʃʫʛʘʥʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ ʠ 

ʩʪʘʪʴ ʜʦʩʪʦʡʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʦʩʦʙʦʡ 

ʢʘʪʝʛʦʨʠʠ ʥʘʰʝʡ ʠʥʪʝʣʣʠʛʝʥʮʠʠ. 

ʋʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʥʘ ʚʦʝʥʥʦʡ 

ʢʘʬʝʜʨʝ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʪʣʠʯʘʶʱʠʭ ʝʛʦ 

ʦʪ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʛʨʘʞʜʘʥʩʢʦʛʦ 

ɺʋɿʘ. 

ʉʦʜʝʨʞʘʥʠʝ, ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʚʦʩʧʠʪʘʥʠʷ 

ʩʪʫʜʝʥʪʦʚ ʥʘ ʚʦʝʥʥʦʡ ʢʘʬʝʜʨʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝʤ, ʯʪʦ ʙʫʜʫʱʠʤ ʦʬʠʮʝʨʘʤ ʙʫʜʝʪ 

ʜʦʚʝʨʝʥʘ ʦʩʦʙʘʷ ʧʦ ʚʘʞʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʫ ʟʘʜʘʯʘ 

ʚʩʪʘʪʴ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʥʘ ʚʦʦʨʫʞʝʥʥʫʶ ʟʘʱʠʪʫ 

ʥʘʰʝʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, ʤʠʨʥʦʛʦ ʪʨʫʜʘ 

ʛʨʘʞʜʘʥ ʃʫʛʘʥʩʢʦʡ ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ. 

ɺʘʞʥʝʡʰʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʥʘ ʚʦʝʥʥʦʡ 

ʢʘʬʝʜʨʝ ʩʦʩʪʦʠʪ ʝʱʝ ʠ ʚ ʪʦʤ, ʯʪʦ ʥʘʨʷʜʫ ʩʦ 

ʚʩʝʩʪʦʨʦʥʥʠʤ ʨʘʟʚʠʪʠʝʤ ʣʠʯʥʦʩʪʠ ʩʪʫʜʝʥʪʳ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʣʫʯʘʶʪ ʛʨʘʞʜʘʥʩʢʦʝ ʠ ʚʦʝʥʥʦ-

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʫʨʦʚʥʷ ʠ ʧʨʦʬʠʣʷ. ʇʨʠ ʵʪʦʤ ʚʦʝʥʥʘʷ ʢʘʬʝʜʨʘ 

ʛʦʪʦʚʠʪ ʥʝ ʧʨʦʩʪʦ ʚʦʝʥʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʦʬʠʮʝʨʘ 

ʟʘʧʘʩʘ, ʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʨʛʘʥʠʟʘʪʦʨʘ, ʚʦʝʥʥʦʛʦ 

ʧʝʜʘʛʦʛʘ, ʚʦʩʧʠʪʘʪʝʣʷ ʙʫʜʫʱʠʭ ʩʚʦʠʭ ʧʦʜʯʠʥʝʥʥʳʭ, 

ʜʘʞʝ ʝʩʣʠ ʦʥ ʙʫʜʝʪ ʚʦʩʪʨʝʙʦʚʘʥ ʪʦʣʴʢʦ ʧʦ 

ʛʨʘʞʜʘʥʩʢʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʩʪʝʥʘʭ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɺʦʝʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʙʣʦʢʘʜʘ ʃʫʛʘʥʩʢʦʡ 

ʅʘʨʦʜʥʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʥʘʣʠʯʠʝ ʩʣʦʞʥʦʡ ʙʦʝʚʦʡ 

ʪʝʭʥʠʢʠ ʠ ʚʦʦʨʫʞʝʥʠʷ ʧʦʙʫʜʠʣʦ ʦʙʨʘʪʠʪʴ ʙʦʣʝʝ 

ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʤʦʨʘʣʴʥʦ-

ʧʩʠʭʦʣʦʛʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ ʙʫʜʫʱʠʭ ʦʬʠʮʝʨʦʚ. 

ʉʪʘʪʴ ʦʬʠʮʝʨʦʤ ï ʥʝʧʨʦʩʪʦʝ ʜʝʣʦ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ 

ʥʝ ʪʦʣʴʢʦ ʦʚʣʘʜʝʪʴ ʚʦʝʥʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʴʶ, 

ʥʘʫʯʠʪʴʩʷ ʦʙʨʘʱʘʪʴʩʷ ʩ ʦʨʫʞʠʝʤ ʠ ʪʝʭʥʠʢʦʡ, ʥʦ ʠ 

ʦʩʚʦʠʪʴ ʝʱʝ ʥʝʤʘʣʦ ʜʨʫʛʠʭ ʩʦʣʜʘʪʩʢʠʭ, ʘ ʧʦʨʦʡ 

ʞʠʪʝʡʩʢʠʭ ʧʨʝʤʫʜʨʦʩʪʝʡ. 

ʇʦʵʪʦʤʫ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʥʦʰʝʥʠʠ ʩʪʫʜʝʥʪʘʤʠ ʚʦʝʥʥʦʡ 

ʬʦʨʤʳ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʦʙʩʪʘʥʦʚʢʝ 

ʩʪʨʦʛʦʛʦ ʚʦʠʥʩʢʦʛʦ ʧʦʨʷʜʢʘ ʠ ʫʩʪʘʚʥʳʭ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ, ʷʚʣʷʶʱʠʭʩʷ ʚʘʞʥʝʡʰʠʤ 

ʫʩʣʦʚʠʝʤ ʚʦʩʧʠʪʘʥʠʷ ʩʪʫʜʝʥʪʦʚ, ʙʫʜʫʱʠʭ ʦʬʠʮʝʨʦʚ. 

ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫ ʥʠʭ 

ʜʠʩʮʠʧʣʠʥʠʨʦʚʘʥʥʦʩʪʠ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʩʪʠ, 

ʩʧʣʦʯʝʥʥʦʩʪʠ, ʫʤʝʥʠʷ ʨʘʙʦʪʘʪʴ ʩ ʣʶʜʴʤʠ, 

ʢʨʠʪʠʯʝʩʢʠ ʦʮʝʥʠʚʘʪʴ ʜʦʩʪʠʛʥʫʪʦʝ. 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʯʘʩʪʴ ʫʯʝʙʥʦ-

ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʚ ʢʣʘʩʩʘʭ ʠ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʥʦ ʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, 

ʦʙʩʪʘʥʦʚʢʝ, ʧʨʠʙʣʠʞʝʥʥʦʡ ʢ ʙʦʝʚʦʡ. ʕʪʦ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫ ʩʪʫʜʝʥʪʦʚ 

ʥʝʦʙʭʦʜʠʤʳʭ ʢʘʯʝʩʪʚ ʦʨʛʘʥʠʟʘʪʦʨʦʚ ʠ 

ʨʫʢʦʚʦʜʠʪʝʣʝʡ, ʫʤʝʶʱʠʭ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʩʣʦʞʥʳʭ, 

ʠʥʦʛʜʘ ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʙʦʝʚʦʡ ʠ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʦʙʩʪʘʥʦʚʢʠ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʛʦʪʦʚʢʝ ʦʬʠʮʝʨʩʢʠʭ ʢʘʜʨʦʚ 

ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʭʦʜʝ ʚʩʝʛʦ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʚʩʝʡ ʞʠʟʥʠ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʣʣʝʢʪʠʚʘ 

ɺʋɿʘ. ʅʘ ʧʨʝʪʚʦʨʝʥʠʝ ʚ ʞʠʟʥʴ ʵʪʠʭ  ʪʨʝʙʦʚʘʥʠʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʚʩʷ ʦʙʩʪʘʥʦʚʢʘ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʝ, ʥʦ ʚʝʜʫʱʘʷ ʨʦʣʴ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ 

ʟʘʜʘʯʠ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʬʝʩʩʦʨʩʢʦ-

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʦʝʥʥʦʡ ʢʘʬʝʜʨʳ.  

ʇʨʝʧʦʜʘʚʘʪʝʣʴ ʚʦʝʥʥʦʡ ʢʘʬʝʜʨʳ ï ʮʝʥʪʨʘʣʴʥʘʷ 

ʬʠʛʫʨʘ ʚ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ. ʆʥ 

ʧʨʠʟʚʘʥ ʨʝʰʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʟʘʜʘʯʫ ï ʜʘʪʴ 

ʦʙʫʯʘʝʤʳʤ ʛʣʫʙʦʢʠʝ ʠʜʝʡʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʝ, 

ʚʦʝʥʥʳʝ, ʚʦʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʟʥʘʥʠʷ ʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʧʦʣʠʪʠʯʝʩʢʠʝ, ʤʦʨʘʣʴʥʦ-ʙʦʝʚʳʝ ʠ ʬʠʟʠʯʝʩʢʠʝ 

ʢʘʯʝʩʪʚʘ, ʧʨʠʩʫʱʠʝ ʦʬʠʮʝʨʩʢʦʤʫ ʩʦʩʪʘʚʫ. 

ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʘʯʝʩʪʚʦ 

ʧʨʝʧʦʜʘʚʘʥʠʷ ʥʘ ʢʘʬʝʜʨʝ, ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʡ, 
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ʘʚʪʦʨʠʪʝʪ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʪʝʧʝʥʴʶ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ ʢʘʢ ʩʪʘʨʰʠʭ 

ʦʬʠʮʝʨʦʚ ʟʘʧʘʩʘ ʩ ʤʥʦʛʦʣʝʪʥʠʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʚ 

ʚʦʡʩʢʘʭ ʠ ʫʯʘʩʪʠʝʤ ʚ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʷʭ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʦʛʦ ʜʦʣʛʘ. 

ʕʪʦ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʦʩʧʠʪʘʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʪʫʜʝʥʪʦʚ, ʚʳʟʳʚʘʝʪ ʫ ʥʠʭ ʯʫʚʩʪʚʦ 

ʛʦʨʜʦʩʪʠ ʟʘ ʩʚʦʡ ɺʋɿ ʠ ʚʦʝʥʥʫʶ ʢʘʬʝʜʨʫ. ʇʦʵʪʦʤʫ 

ʚʘʞʥʝʡʰʠʤ ʧʨʠʥʮʠʧʦʤ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʘ ʚʦʝʥʥʦʡ ʢʘʬʝʜʨʝ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʝʜʠʥʩʪʚʦ ʦʙʫʯʝʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ. 

ɺʦʩʧʠʪʘʥʠʶ ʩʪʫʜʝʥʪʦʚ ʥʘ ʚʦʝʥʥʦʡ ʢʘʬʝʜʨʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ ʨʷʜ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʇʝʨʚʳʤ ʠ ʦʩʥʦʚʥʳʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʪʫʜʝʥʪ 

ʧʨʠʭʦʜʠʪ ʥʘ ʢʘʬʝʜʨʫ ʥʝ ʩʦ ʰʢʦʣʴʥʦʡ ʩʢʘʤʴʠ, ʘ 

ʧʦʩʣʝ 2-3 ʣʝʪ ʫʯʝʙʳ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʛʜʝ ʫʞʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʯʥʳʡ  ʬʫʥʜʘʤʝʥʪ ʦʩʦʟʥʘʥʥʦʛʦ 

ʧʘʪʨʠʦʪʠʟʤʘ ʠ ʝʛʦ ʚʳʩʰʝʛʦ ʧʨʦʷʚʣʝʥʠʷ ï 

ʛʦʪʦʚʥʦʩʪʠ ʢ ʟʘʱʠʪʝ ʩʚʦʝʡ ʈʦʜʠʥʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ ʧʘʪʨʠʦʪʠʯʝʩʢʦʛʦ 

ʚʦʩʧʠʪʘʥʠʷ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʨʘʢʪʠʢʫʶʪʩʷ ʥʘʫʯʥʳʝ ʠ 

ʧʘʪʨʠʦʪʠʯʝʩʢʠʝ ʢʨʫʞʢʠ, ʢʦʥʬʝʨʝʥʮʠʠ, ʢʨʫʛʣʳʝ 

ʩʪʦʣʳ, ʦʣʠʤʧʠʘʜʳ, ʧʘʪʨʠʦʪʠʯʝʩʢʠʝ ʠ ʢʨʘʝʚʝʜʯʝʩʢʠʝ 

ʢʣʫʙʳ, ʣʝʢʮʠʠ, ʙʝʩʝʜʳ, ʜʠʩʢʫʩʩʠʠ, ʚʩʪʨʝʯʠ ʩ 

ʚʝʪʝʨʘʥʘʤʠ ʚʦʡʥʳ ʠ ʪʨʫʜʘ, ʫʯʘʩʪʠʝ ʚ ʩʤʦʪʨʘʭ ʧʦ 

ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ, ʫʯʘʩʪʠʝ ʚ ʩʧʦʨʪʠʚʥʦ-

ʚʦʝʥʥʠʟʠʨʦʚʘʥʥʳʭ ʠʛʨʘʭ, ʫʯʘʩʪʠʝ ʚ ʪʫʨʠʩʪʠʯʝʩʢʠʭ 

ʧʫʪʝʰʝʩʪʚʠʷʭ, ʢʨʘʝʚʝʜʯʝʩʢʠʭ ʵʢʩʢʫʨʩʠʷʭ, 

ʩʧʦʨʪʠʚʥʳʭ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʧʦʭʦʜʘʭ ʧʦ ʨʦʜʥʦʤʫ 

ʢʨʘʶ ʩ ʤʥʦʛʦʜʥʝʚʥʳʤ ʧʨʝʙʳʚʘʥʠʝʤ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʪ. ʜ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʫ ʩʪʫʜʝʥʪʦʚ ʨʘʟʚʠʚʘʝʪʩʷ 

ʩʘʤʦʩʦʟʥʘʥʠʝ, ʚʦʣʷ, ʩʧʦʩʦʙʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʩʚʦʠʤʠ 

ʜʝʡʩʪʚʠʷʤʠ, ʧʦʩʪʫʧʢʘʤʠ ʠ ʬʦʨʤʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʯʝʨʪʳ ʧʘʪʨʠʦʪʠʟʤʘ. 

ʆʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠ ʚʦʝʥʥʦ-

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʦʪʙʦʨ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʚʦʝʥʥʦʡ ʢʘʬʝʜʨʝ. 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʜʘʝʪʩʷ ʦʮʝʥʢʘ ʢʘʥʜʠʜʘʪʦʚ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʪʝʨʠʷʤ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʭ 

ʚʦʝʥʥʦ-ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʨʠʛʦʜʥʦʩʪʠ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʢʨʠʪʝʨʠʝʚ ʩʫʱʝʩʪʚʫʝʪ 

ʦʪʙʦʨ: ʧʦ ʤʦʨʘʣʴʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʤ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʘʤ, ʫʨʦʚʥʶ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʠ ʬʠʟʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʧʦ ʤʝʜʠʮʠʥʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ. 

ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʝʝ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʧʨʠʛʦʜʥʦʩʪʴ ʢʘʥʜʠʜʘʪʘ ʠ ʩʣʫʞʠʪ 

ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʫʯʝʙʥʦ-ʚʦʩʧʠʪʘʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩ 

ʥʠʤ ʚ ʧʝʨʠʦʜ ʦʙʫʯʝʥʠʷ ʥʘ ʚʦʝʥʥʦʡ ʢʘʬʝʜʨʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʥʘ ʚʦʝʥʥʦʡ ʢʘʬʝʜʨʝ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʫʨʘʪʦʨʩʪʚʦ ï ʟʘʢʨʝʧʣʝʥʠʝ ʟʘ 

ʫʯʝʙʥʳʤʠ ʛʨʫʧʧʘʤʠ ʣʫʯʰʠʭ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. 

ʂʫʨʘʪʦʨ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʪʴ ʣʠʰʴ ʩ  ʫʯʝʪʦʤ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ ʩʚʦʝʡ ʛʨʫʧʧʳ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʫʨʘʪʦʨʫ ʧʦʤʦʯʴ ʦʙʫʯʘʝʤʦʤʫ ʨʘʙʦʪʘʪʴ ʩ ʧʦʣʥʦʡ 

ʦʪʜʘʯʝʡ ʩʠʣ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ: ʫʩʧʝʰʥʦ ʫʩʚʘʠʚʘʪʴ 

ʫʯʝʙʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʨʘʟʚʠʚʘʪʴ ʩʚʦʠ ʩʧʦʩʦʙʥʦʩʪʠ, 

ʥʝʧʨʝʨʳʚʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠʜʝʡʥʦ-

ʧʦʣʠʪʠʯʝʩʢʠʡ ʠ ʚʦʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ, 

ʤʝʪʦʜʠʯʝʩʢʫʶ ʠ ʬʠʟʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʦʝʥʥʦ-

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʚʦʩʧʠʪʘʥʠʷ ʫ 

ʤʦʣʦʜʝʞʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʙʱʝʩʪʚʝʥʥʦ ʟʥʘʯʠʤʳʭ 

ʤʦʪʠʚʦʚ ʚʳʙʦʨʘ ʧʨʦʬʝʩʩʠʠ ʦʬʠʮʝʨʘ ʠʛʨʘʝʪ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʚʦʩʧʠʪʘʪʝʣʴʥʘʷ ʨʘʙʦʪʘ. 

ʇʦʵʪʦʤʫ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʡ ʚʦʝʥʥʦ-

ʧʦʣʠʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʜʣʷ ʥʘʰʝʡ ʈʝʩʧʫʙʣʠʢʠ 

ʥʝʦʙʭʦʜʠʤʦ ʚ ɺʋɿʘʭ ʩ ʧʝʨʚʦʛʦ ʛʦʜʘ ʦʙʫʯʝʥʠʷ 

ʫʜʝʣʷʪʴ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʫʭʦʚʥʦ-

ʥʨʘʚʩʪʚʝʥʥʳʭ, ʛʨʘʞʜʘʥʩʢʠʭ ʠ ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʠʭ 

ʢʘʯʝʩʪʚ ʣʠʯʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʣʶʙʚʠ ʢ 

ʈʦʜʠʥʝ, ʢ ʩʚʦʝʤʫ ʜʦʤʫ, ʚ ʩʪʨʝʤʣʝʥʠʠ ʠ ʫʤʝʥʠʠ 

ʙʝʨʝʯʴ ʠ ʫʤʥʦʞʘʪʴ ʪʨʘʜʠʮʠʠ, ʮʝʥʥʦʩʪʠ ʥʘʰʝʛʦ 

ʥʘʨʦʜʘ, ʩʚʦʝʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ, ʚ ʣʶʙʚʠ ʢ 

ʤʘʣʦʡ ʨʦʜʠʥʝ, ʛʦʪʦʚʥʦʩʪʠ ʢ ʝʝ ʟʘʱʠʪʝ. 

ʕʪʦ ʧʦʟʚʦʣʠʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʫ ʢʘʞʜʦʛʦ 

ʩʪʫʜʝʥʪʘ ʞʝʣʘʥʠʝ ʧʦʣʫʯʠʪʴ ʚʦʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʫʞʝ ʚ ʩʪʝʥʘʭ ʫʥʠʚʝʨʩʠʪʝʪʘ,  ʯʪʦʙʳ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʚʳʩʪʫʧʠʪʴ ʫʤʝʣʳʤ, 

ʚʩʝʩʪʦʨʦʥʥʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤ ʫʯʘʩʪʥʠʢʦʤ ʙʦʝʚʳʭ 

ʜʝʡʩʪʚʠʡ ʠ ʟʘʱʠʪʥʠʢʦʤ ʥʘʰʝʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʘ. 

ɿʘʚʝʨʰʘʶʱʠʤ ʵʪʘʧʦʤ ʦʙʫʯʝʥʠʷ ʥʘ ʚʦʝʥʥʦʡ 

ʢʘʬʝʜʨʝ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʫʯʝʙʥʦʛʦ ʩʙʦʨʘ. 

ʋʯʝʙʥʳʡ ʩʙʦʨ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ 

ʚʦʝʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ 

ʚʦʡʩʢ, ʠʭ ʦʧʳʪʦʤ, ʚʦʦʨʫʞʝʥʠʝʤ ʠ ʙʦʝʚʦʡ ʪʝʭʥʠʢʦʡ, 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʦʙʫʯʝʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ ʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʧʦ ʧʦʜʜʝʨʞʘʥʠʶ ʚʳʩʦʢʦʡ 

ʙʦʝʚʦʡ ʛʦʪʦʚʥʦʩʪʠ ʠ ʧʨʠʦʙʨʝʪʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʦʧʳʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʩʚʦʝʡ ʦʩʥʦʚʥʦʡ ʛʨʘʞʜʘʥʩʢʦʡ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 

ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʫʯʝʙʥʳʭ ʩʙʦʨʦʚ ʦʙʫʯʘʝʤʳʝ 

ʧʨʦʭʦʜʷʪ ʠʪʦʛʦʚʫʶ ʘʪʪʝʩʪʘʮʠʶ ʧʦ ʚʦʝʥʥʦʡ 

ʧʦʜʛʦʪʦʚʢʝ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʫʨʦʚʝʥʴ 

ʠʭ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʚʦʝʥʥʦ-ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ ʠ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʚʳʧʫʩʢʥʠʢʘʤ ʚʦʝʥʥʳʭ ʢʘʬʝʜʨ. 

ʃʠʮʫ, ʧʨʦʰʝʜʰʝʤʫ ʠʪʦʛʦʚʫʶ ʘʪʪʝʩʪʘʮʠʶ ʧʦ 

ʚʦʝʥʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʠʥʷʚʰʝʤʫ ʧʨʠʩʷʛʫ, ʚ 

ʫʩʪʘʥʦʚʣʝʥʥʦʤ ʧʦʨʷʜʢʝ ʧʨʠʩʚʘʠʚʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʦʠʥʩʢʦʝ ʟʚʘʥʠʝ ʧʨʠ ʟʘʯʠʩʣʝʥʠʠ ʚ 

ʟʘʧʘʩ. 

ʇʝʨʚʳʡ ʚʳʧʫʩʢ ʦʬʠʮʝʨʦʚ ʟʘʧʘʩʘ ʥʘ ʚʦʝʥʥʦʡ 

ʢʘʬʝʜʨʝ ʃʫʛʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ʩʦʩʪʦʷʣʩʷ ʚ ʬʝʚʨʘʣʝ 2017 

ʛʦʜʘ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚ 

ʙʫʜʫʱʝʤ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʚʦʝʥʥʳʭ ʢʘʬʝʜʨ ʚ ʩʝʪʴ 

ʩʨʝʜʥʠʭ ʠ ʚʳʩʰʠʭ ʚʦʝʥʥʳʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ 

ʥʘʰʝʡ ʈʝʩʧʫʙʣʠʢʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʘʪʨʠʦʪʠʟʤ ï ʵʪʦ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ, 

ʥʝʧʨʝʭʦʜʷʱʠʭ ʮʝʥʥʦʩʪʝʡ, ʚʳʨʘʞʘʶʱʘʷ ʦʪʥʦʰʝʥʠʝ 

ʣʠʯʥʦʩʪʠ ʢ ʩʚʦʝʤʫ ʆʪʝʯʝʩʪʚʫ ʠ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 
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ʙʣʘʛʦ ʈʦʜʠʥʳ. ʇʦʵʪʦʤʫ ʚʦʝʥʥʦ-ʧʘʪʨʠʦʪʠʯʝʩʢʦʝ 

ʚʦʩʧʠʪʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʠ 

ʤʥʦʛʦʛʨʘʥʥʳʡ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʜʦʣʞʥʳ 

ʫʯʘʩʪʚʦʚʘʪʴ ʚʩʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʯʨʝʞʜʝʥʠʷ: ʚʦʝʥʥʳʝ 

ʢʦʤʠʩʩʘʨʠʘʪʳ ʨʘʡʦʥʦʚ ʠ ʛʦʨʦʜʦʚ, ʢʦʤʠʪʝʪʳ ʠ 

ʦʪʜʝʣʳ ʧʦ ʜʝʣʘʤ ʤʦʣʦʜʸʞʠ, ʤʠʥʠʩʪʝʨʩʪʚʦ 

ʬʠʟʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʩʧʦʨʪʘ ʠ ʪʫʨʠʟʤʘ, ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʦʪʜʝʣʳ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʘʟʘʯʝʩʪʚʦ, ʧʨʘʚʦʩʣʘʚʥʘʷ 

ʮʝʨʢʦʚʴ, ʢʦʤʠʪʝʪʳ ʚʝʪʝʨʘʥʦʚ ɺʝʣʠʢʦʡ 

ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ, ʢʦʤʠʪʝʪʳ ʩʦʣʜʘʪʩʢʠʭ 

ʤʘʪʝʨʝʡ, ʢʦʤʠʪʝʪʳ ʚʝʪʝʨʘʥʦʚ ʚʦʡʥʳ ʚ ɸʬʛʘʥʠʩʪʘʥʝ, 

ʚʝʪʝʨʘʥʦʚ ɺʦʦʨʫʞʝʥʥʳʭ ʉʠʣ ʠ ʚʦʝʥʥʳʝ ʢʘʬʝʜʨʳ 

ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʃʫʛʘʥʩʢʦʡ ʅʘʨʦʜʥʦʡ 

ʈʝʩʧʫʙʣʠʢʠ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ. 

ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʤʠʨʦʚʦʛʦ ʧʘʨʢʘ ʛʠʙʨʠʜʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʪʢʘʟʳ ʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʛʠʙʨʠʜʥʳʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʙʦʨʫʜʦʚʘʥʠʶ 

ʧʦʩʪʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʝ 

ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ɻʉʋ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʙʨʠʜʥʳʡ ʘʚʪʦʤʦʙʠʣʴ, 

ʵʣʝʢʪʨʦʤʦʙʠʣʴ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ (ʊʆ), 

ʜʠʘʛʥʦʩʪʠʢʘ, ʛʠʙʨʠʜʥʘʷ ʩʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ, ʜʚʠʛʘʪʝʣʴ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ (ɼɺʉ), ʚʳʩʦʢʦʚʦʣʴʪʥʘʷ ʙʘʪʘʨʝʷ 

(ɺɺɹ). 

 

 

ɺʚʝʜʝʥʠʝ. ɺʦ ʚʩʝʤ ʤʠʨʝ ʧʦʩʪʦʷʥʥʦ ʚʝʜʫʪʩʷ 

ʨʘʙʦʪʳ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʪʨʝʙʣʝʥʠʷ ʥʝʬʪʷʥʳʭ ʪʦʧʣʠʚ 

ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʘʚʪʦʤʦʙʠʣʷʤʠ, 

ʧʦʚʳʰʝʥʠʶ ʠʭ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ. ʆʜʥʦʡ ʠʟ 

ʨʝʟʫʣʴʪʘʪʠʚʥʳʭ ʢʦʥʮʝʧʮʠʡ ʧʦʚʳʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ ʠ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʧʨʦʩʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʠ 

ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʛʠʙʨʠʜʥʳʤʠ ʩʠʣʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ 

(ɻʉʋ).  

ɻʠʙʨʠʜʥʳʤʠ ʥʘʟʳʚʘʶʪʩʷ ʘʚʪʦʤʦʙʠʣʠ, 

ʠʤʝʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʥʝʟʘʚʠʩʠʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʥʘʧʨʠʤʝʨ, ɼɺʉ ʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʩ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʙʘʪʘʨʝʝʡ ʠʣʠ ʚʦʜʦʨʦʜʥʳʤʠ 

ʪʦʧʣʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʵʪʠ ʠʩʪʦʯʥʠʢʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʧʦ 

ʦʪʜʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʦ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʪʝʨʤʠʥʦʣʦʛʠʝʡ ʜʣʷ ʨʘʟʛʨʘʥʠʯʝʥʠʷ 

ʚʠʜʦʚ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʷʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ: 

Battery Electric Vehicles (BEV), Plug-in Hybrid 

Electric Vehicle (PHEV), Fuel Cell Electric Vehicle 

(FCEV) ʠ  Hybrid Electric Vehicle (HEV).  

ɸʙʩʦʣʶʪʥʳʤ ʣʠʜʝʨʦʤ ʚ ʩʦʟʜʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩʯʠʪʘʝʪʩʷ ʷʧʦʥʩʢʘʷ ʬʠʨʤʘ 

Toyota, ʢʦʪʦʨʘʷ ʩʪʘʣʘ ʚʳʧʫʩʢʘʪʴ ʘʚʪʦʤʦʙʠʣʠ ʪʘʢʦʛʦ 

ʪʠʧʘ ʩ 1997 ʛʦʜʘ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʢʦʤʧʘʥʠʷ 

çʊʦʡʦʪʘ ʄʦʪʦʨ ʂʦʨʧʦʨʵʡʰʥè ʧʨʦʠʟʚʦʜʠʪ 27 

ʤʦʜʝʣʝʡ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ 1 ʛʠʙʨʠʜʥʫʶ 

ʤʦʜʝʣʴ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʨʷʜʢʠ ʦʪ ʵʣʝʢʪʨʦʩʝʪʠ 

(Plug-in Hybrid Electric Vehicle (PHEV)) [1]. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ʆʙʟʦʨ ʤʠʨʦʚʦʛʦ ʧʘʨʢʘ ʛʠʙʨʠʜʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʢʦʥʝʮ 2016 ʛʦʜʘ 

ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʤʠʨʝ 

ʘʚʪʦʤʦʙʠʣʝʡ ʩ ɻʉʋ ʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʧʨʝʚʳʩʠʣʦ 

17,5 ʤʣʥ ʝʜʠʥʠʮ. ʅʘ ʜʝʢʘʙʨʴ 2016 ʛʦʜʘ ʩʘʤʳʤʠ 

ʧʨʦʜʘʚʘʝʤʳʤʠ ʤʦʜʝʣʷʤʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʩʪʘʣʠ 

Tesla Model S ʠ X, ʘ ʪʘʢʞʝ Nissan Leaf. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ [2] ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ Tesla ʙʳʣʦ ʧʨʦʜʘʥʦ 

47000. ʇʨʦʛʥʦʟʳ ʜʦ 2020 ʛʦʜʘ ʦʩʪʘʶʪʩʷ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ, ʠ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ɻʉʋ  

ʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʙʫʜʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʅʘʠʙʦʣʴʰʠʤ cʧʨʦʩʦʤ ʧʦʣʴʟʫʶʪʩʷ 

ʪʘʢʠʝ ʤʦʜʝʣʠ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʢʘʢ: Toyota 

Prius, Prius Liftback, Toyota RAV4, Ford Fusion, 

Honda Acccord, Ford C-Max Energi, Ford Fusio 

Energi. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʛʠʙʨʠʜʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʉʐɸ ʟʘ 2016 ʛʦʜ. 

 

 
 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʨʝʘʣʠʟʘʮʠʠ ʛʠʙʨʠʜʥʳʭ  

ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʉʐɸ ʟʘ 2016 ʛʦʜ 
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SNE Research ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʚ 2020 ʛʦʜʫ 

ʝʞʝʛʦʜʥʳʝ ʧʨʦʜʘʞʠ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ɻʉʋ ʚ ʂʠʪʘʝ  

ʜʦʩʪʠʛʥʫʪ 4,050,000 ʝʜʠʥʠʮ; ʧʦ ʚʠʜʘʤ ʩʦʦʪʥʦʰʝʥʠʝ 

ʙʫʜʝʪ ʩʣʝʜʫʶʱʝʝ: BEV ʙʫʜʝʪ ʧʨʦʜʘʥʦ ʦʢʦʣʦ 620,000 

ʵʢʟʝʤʧʣʷʨʦʚ, PHEV - 410,000 ʠ HEV -  3,030,000 

ʝʜʠʥʠʮ [3].  

ʉ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʦʡ ʛʠʙʨʠʜʥʦʡ 

ʤʦʜʝʣʠ Lexus RX 400h ʚ 2005 ʛʦʜʫ ʥʘ ʨʦʩʩʠʡʩʢʦʤ 

ʨʳʥʢʝ ʙʳʣʦ ʧʨʦʜʘʥʦ 14 917 ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 

Toyota ʠ Lexus [1]. ʉʦʩʪʦʷʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦ 

ʦʙʩʣʫʞʠʚʘʥʠ ʁ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ ʠ ʘʚʪʦʤʦʙʠʣʝʡ ʩ 

ɻʉʋ ʚ ʈʦʩʩʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʘʙʳʤ ʨʘʟʚʠʪʠʝʤ 

ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ, ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʘʥʮʠʡ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʭʩʷ 

ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʨʝʤʦʥʪʝ ɻʉʋ.  

ʉʨʝʜʠ ʧʨʦʙʣʝʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʙʳʩʪʨʦʤʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ. 

1. ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʚr ʩʦʢʦʚʦʣʴʪʥʦʡ 

ʙʘʪʘʨʝʠ, ʠʥʚʝʨʪʦʨʘ ʠ ʵʣʝʢʪʨʦʤʦʪʦʨ-ʛʝʥʝʨʘʪʦʨʘ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʫʚʝʣʠʯʠʚʘʶʪ ʩʪʦʠʤʦʩʪʴ 

ʘʚʪʦʤʦʙʠʣʷ ʥʘ 30%. 

2. ʊʝʭʥʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩʦ 

ʩʪʦʨʦʥʳ ʚʝʜʫʱʠʭ ʘʚʪʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʨʛʘʥʠʟʦʚʘʥʦ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʝʨʩʦʥʘʣ 

ʩʪʘʥʮʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʝ ʨʘʩʧʦʣʘʛʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ. ʂ ʪʦʤʫ ʞʝ ʪʨʫʜʥʦʩʪʠ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʠʙʨʠʜʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʩʥʠʞʘʶʪ ʠʥʪʝʨʝʩ ʢ ʥʠʤ ʧʦʢʫʧʘʪʝʣʝʡ, 

ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʟʘʤʝʜʣʷʝʪ ʦʙʥʦʚʣʝʥʠʝ ʤʠʨʦʚʦʛʦ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʧʘʨʢʘ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʛʠʙʨʠʜʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤʠ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ, ʷʚʣʷʶʪʩʷ: 

1) ʥʠʟʢʠʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʛʦʨʦʜʩʢʦʤ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ 

ʘʚʪʦʤʦʙʠʣʷ;  

2) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

3) ʭʦʜʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʳʩʦʢʠʡ 

ʢʦʤʬʦʨʪ; 

4) ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ 

ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ 

Toyota Prius. ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʦʪʢʘʟʦʚ ɻʉʋ 

ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ʚ ʮʝʣʦʤ 

ʨʝʘʣʠʟʦʚʘʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʛʦ ʦʪʦʙʨʘʥʳ ʘʚʪʦʤʦʙʠʣʠ, ʦʙʩʣʫʞʠʚʘʝʤʳʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʙʶʣʣʝʪʝʥʝʤ. 

ʇʦʣʫʯʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʢʘʟʦʚ ʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʛʠʙʨʠʜʥʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ Toyota Prius ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 1 [4]. 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʣʶʙʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʛʠʙʨʠʜʥʦʡ ʪʨʘʥʩʤʠʩʩʠʠ ʩʨʝʜʠ ʠʩʩʣʝʜʫʝʤʦʡ ʚʳʙʦʨʢʠ 

ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʢ ʧʨʦʙʝʛʫ 100 ʪʳʩ. ʢʤ 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʣʠʰʴ 14,5 %. ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʫ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʪʠʧʠʯʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʵʪʘ 

ʚʝʣʠʯʠʥʘ ʢ ʪʦʤʫ ʞʝ ʧʨʦʙʝʛʫ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 100 %. 

ʅʘʠʙʦʣʴʰʝʝ ʞʝ ʯʠʩʣʦ ʦʪʢʘʟʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ 

ɻʉʋ (71 %) ʩʚʷʟʘʥʦ ʩ ʜʚʠʛʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ ɼɺʉ. ʉʨʦʢ ʩʣʫʞʙʳ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʵʣʝʤʝʥʪʦʚ ʛʠʙʨʠʜʥʦʡ ʪʨʘʥʩʤʠʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ 8 - 10 

ʣʝʪ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, 

ʚʳʧʫʱʝʥʥʳʭ ʜʦ 2000 ʛʦʜʘ, ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʙʝʟ 

ʩʝʨʴʝʟʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. ʆʪʢʘʟʳ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ 

ʙʘʪʘʨʝʠ ɺɺɹ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʦʩʪʘʚʠʣʠ 2,5 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʧʨʠʯʠʥ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ-ʟʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʩ ʥʝʠʩʧʨʘʚʥʳʤ ɼɺʉ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʜʦʧʫʩʪʠʤʦʤʫ ʨʘʟʨʷʜʫ ɺɺɹ ʠ 

ʫʩʢʦʨʝʥʥʦʤʫ ʩʪʘʨʝʥʠʶ ʝʝ ʵʣʝʤʝʥʪʦʚ, ʠʣʠ, ʥʘʧʨʠʤʝʨ, 

ʝʟʜr ʙʝʟ ʙʝʥʟʠʥʘ. ʅʝʠʩʧʨʘʚʥʦʩʪʠ ɼɺʉ ʚʳʟʳʚʘʶʪ 

ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʦʪʢʘʟʦʚ ʚ ʨʘʙʦʪʝ ɻʉʋ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʫʭʫʜʰʝʥʠʷ ʪʘʢʠʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʢʘʢ ʧʦʣʝʟʥʘʷ ʤʦʱʥʦʩʪʴ ʠ ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʤʦʱʥʦʩʪʴ 

ɼɺʉ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ ʚʪʦʨʦʡ 

ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ï ʚʳʩʦʢʦʚʦʣʴʪʥʫʶ ʙʘʪʘʨʝʶ, ʯʪʦ 

ʫʤʝʥʴʰʘʝʪ ʝʝ ʥʘʜʝʞʥʦʩʪʴ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʦʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʦʙʩʣʫʞʠʚʘʥʠʶ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʫʜʘ, 

ʩʨʝʜʩʪʚ, ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʙʘʟʳ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
ʕʢʩʧʣʫʘʪʘʮʠʷ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠʤʝʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠ ʝʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʙʱʠʝ ʧʨʦʮʝʜʫʨʳ 

ʧʨʦʚʝʨʢʠ ʠ ʨʝʛʫʣʠʨʦʚʢʠ ʧʨʠʚʝʜʝʥʳ ʚ [5]. 

ʈʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 10 ʪʳʩ. ʢʤ. 

ɽʩʣʠ ʘʚʪʦʤʦʙʠʣʴ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʚ ʦʩʦʙʳʭ 

ʫʩʣʦʚʠʷʭ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʯʘʩʪʦʝ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʫʥʢʪʘʤ ʧʣʘʥʘ ʊʆ. 

ʇʨʠʚʝʜʝʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʫʩʣʦʚʠʡ ʚʦʞʜʝʥʠʷ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ ʩ 

ɻʉʋ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʠʪʴ ʊʆ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚ 2 ʨʘʟʘ ʯʘʱʝ. ʆʙʩʣʫʞʠʚʘʥʠʝ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʯʘʩʪʠ ʛʠʙʨʠʜʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ. 

ʊʝʭʥʠʯʝʩʢʠʤ ʦʙʩʣʫʞʠʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩ ʦʧʝʨʘʮʠʡ ʧʦ: ʧʦʜʜʝʨʞʘʥʠʶ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʥʘʜʣʝʞʘʱʝʤ ʚʥʝʰʥʝʤ ʚʠʜʝ; ʦʙʝʩʧʝʯʝʥʠʶ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʨʘʙʦʪʳ, ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ, ʟʘʱʠʪʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; ʫʤʝʥʴʰʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʭʫʜʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ; ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʦʪʢʘʟʦʚ ʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʶ ʠʭ ʩ ʮʝʣʴʶ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ [6]. 
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ʊʘʙʣʠʮʘ 1 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʢʘʟʦʚ ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ Toyota Prius 

 

* ʈʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 10 ʪʳʩ. ʢʤ 

 

ʉʝʨʚʠʩʥʳʡ ʙʶʣʣʝʪʝʥʴ ʥʘ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʚʳʧʦʣʥʝʥʠʝ ʦʙʷʟʘʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʦ 

ʧʨʦʚʝʨʢʝ, ʨʝʛʫʣʠʨʦʚʢʝ ʠ ʟʘʤʝʥʝ, ʥʦ ʠ ʧʨʦʚʝʜʝʥʠʝ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʦʚʝʨʦʢ ʠ ʚʳʷʚʣʝʥʠʝ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʧʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ ʚʝʩʴ 

ʧʝʨʝʯʝʥʴ ʨʘʙʦʪ, ʟʘʷʚʣʝʥʥʳʭ ʚʣʘʜʝʣʴʮʝʤ. 

ɼʠʘʛʥʦʩʪʠʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʷʚʣʝʥʠʝ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʥʝʟʘʧʥʳʝ ʦʪʢʘʟʳ ʚʦ ʚʨʝʤʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ. 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʘʚʪʦʤʦʙʠʣʝʡ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ ʧʨʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʙʝʩʩʪʝʥʜʦʚʳʡ ʤʝʪʦʜ. ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ ʧʨʠʤʝʥʷʶʪ: ʤʦʪʦʨ-

ʪʝʩʪʝʨ ʜʣʷ ɼɺʉ, ʩʢʘʥʝʨ ʦʰʠʙʦʢ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɻʉʋ, ʦʩʮʠʣʣʦʛʨʘʬ, ʪʝʩʪʝʨ 

ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 

ɼʠʘʛʥʦʩʪʠʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʦʠʩʢ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ɻʉʋ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʟʘʪʨʫʜʥʝʥʳ ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʤʝʪʦʜʦʤ 

ʧʦʵʣʝʤʝʥʪʥʦʡ ʧʨʦʚʝʨʢʠ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ 

ʪʨʫʜʦʟʘʪʨʘʪʳ ʠ ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. ʅʝʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʜʠʘʛʥʦʟʘ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʦʰʠʙʢʘʤ ʚʦ ʚʨʝʤʷ ʨʝʤʦʥʪʘ ʠ 

ʧʦʚʨʝʞʜʝʥʠʶ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʵʣʝʤʝʥʪʦʚ ʛʠʙʨʠʜʥʦʛʦ 

ʧʨʠʚʦʜʘ. ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʠ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ 

ʫʩʣʦʞʥʷʶʪʩʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʆʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʢʘʢ ʠ 

ʣʶʙʦʛʦ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ, ʷʚʣʷʝʪʩʷ 

ʙʦʨʪʦʚʘʷ ʩʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. ʉʯʠʪʳʚʘʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʩʢʘʥʝʨʘ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʪʝʢʫʱʠʝ 

ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ ʘʚʪʦʤʦʙʠʣʷ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʥʦʮʝʥʥʦʛʦ ʧʦʩʪʘ ʜʣʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʩ 

ɻʉʋ (ʩʤ. ʨʠʩ.2) ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʫʟʣʦʚ ɻʉʋ (ʪʘʢʠʭ ʢʘʢ 

ʵʣʝʢʪʨʦʤʦʪʦʨʳ, ʠʥʚʝʨʪʦʨʳ, ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ 

ʥʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ, ʪʨʘʥʩʤʠʩʩʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ). ɼʣʷ ʠʭ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʦʙʨʘʥʳ ʚʦʣʴʪʤʝʪʨ, ʦʤʤʝʪʨ, 

ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʜʘʪʯʠʢ ʪʦʢʘ ʚ ʮʝʧʠ, ʧʨʠʙʦʨ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 

ʪʦʢʘ, ʧʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʸʤʢʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʠ 

ʩʝʢʮʠʡ ɺɺɹ, ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʦʩʮʠʣʣʦʛʨʘʬ ʠ 

ʟʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ɺɺɹ.  

ʉʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ 

ʠʤʝʝʪ ʚʳʩʦʢʦʚʦʣʴʪʥʫʶ ʩʠʣʦʚʫʶ ʯʘʩʪʴ, ʠʩʪʦʯʥʠʢʦʤ 

ʵʥʝʨʛʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ, ʥʘʧʨʷʞʝʥʠʝ ʢʦʪʦʨʦʡ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 200 ʜʦ 

300 ʚʦʣʴʪ, ʘ ʩʠʣʘ ʪʦʢʘ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ ʜʦ 50 ɸ. 

ʇʨʠ ʵʪʦʤ ʚ ʮʝʧʠ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 650 ɺ. ʇʦʵʪʦʤʫ ʚʩʝ 

ʨʘʙʦʪʳ ʧʦ ʨʝʤʦʥʪʫ ʠ ʜʝʤʦʥʪʘʞʫ ʫʟʣʦʚ ʩʠʣʦʚʦʡ 

ʫʩʪʘʥʦʚʢʠ ʠ ʜʨʫʛʠʭ ʫʟʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦʜ ʚʳʩʦʢʠʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ, ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʠ 

ʦʪʢʣʶʯʝʥʠʠ ɺɺɹ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʩʝʨʚʠʩʥʘʷ ʚʠʣʢʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʨʷʜʦʤ ʩ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʙʘʪʘʨʝʝʡ. 

ʉʦʛʣʘʩʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʇʨʘʚʠʣʘʤ [7] 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ ʩ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʷʚʣʷʶʪʩʷ ʦʧʘʩʥʳʤʠ, ʠ ʩʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʠʤ 
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ʇʨʘʚʠʣʘʤ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʣʠʮʘ, ʜʦʧʫʱʝʥʥʳʝ ʢ ʥʠʤ, ʜʦʣʞʥʳ 

ʧʨʦʡʪʠ ʦʙʫʯʝʥʠʝ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ. ʋʨʦʚʝʥʴ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʠʥʞʝʥʝʨʘ-ʜʠʘʛʥʦʩʪʘ, 

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ɻʉʋ, ʜʦʣʞʝʥ  ʙʳʪʴ ʥʝ ʥʠʞʝ 4 

ʨʘʟʨʷʜʘ ʘʚʪʦʵʣʝʢʪʨʠʢʘ ʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 3-ʡ ʛʨʫʧʧʝ 

ʜʦʧʫʩʢʘ ʧʦ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʨʠ ʦʙʱʝʤ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ (ɼ-1) 

ʘʚʪʦʤʦʙʠʣʷ ʧʦ ʚʳʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʥʝʦʙʭʦʜʠʤ 

ʨʦʣʠʢʦʚʳʡ ʩʪʝʥʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʪʷʛʦʚʳʭ, 

ʪʦʨʤʦʟʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ʆʜʥʘʢʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʣʠʯʠʝ 

ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʉʊʆ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʦ ʠʟ-ʟʘ 

ʚʳʩʦʢʦʡ ʮʝʥʳ ʥʘ ʥʝʛʦ (ʙʦʣʝʝ 1,5 ʤʣʥ ʨʫʙ.). ɽʩʣʠ 

ʪʘʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ ʚʦʟʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʠʢʠ ʚʳʝʟʜʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦ 

ʟʘʜʘʥʥʦʤʫ ʮʠʢʣʫ [8]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʧʨʷʤʫʶ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʥʜʘ ʩ ʙʝʛʦʚʳʤʠ ʙʘʨʘʙʘʥʘʤʠ. 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʧʦʩʪʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ  

ʛʠʙʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ: 

1 ï ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʩʢʘʥʝʨ; 2 ï ʤʦʪʦʨ-ʪʝʩʪʝʨ ɼɺʉ; 3 ï 

ʤʦʪʦʨ-ʪʝʩʪʝʨ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʩʠʩʪʝʤʳ; 4 ï 

ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ; 5 ï ʢʦʤʧʨʝʩʩʦʤʝʪʨ; 6 ï ʤʘʥʦʤʝʪʨ 

ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ; 7 ï ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠ 

ʧʨʦʤʳʚʢʠ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ; 8 ï ʫʩʪʘʥʦʚʢʘ ʜʣʷ 

ʚʳʪʷʞʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ; 9 ï ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʵʣʝʢʪʨʠʢʘ; 10 ï ʨʦʣʠʢʦʚʳʡ ʩʪʝʥʜ 

 

ʇʝʨʝʜ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝʤ ʛʠʙʨʠʜʥʦʛʦ 

ʘʚʪʦʤʦʙʠʣʷ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʨʷʜ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ:  

- ʜʦʚʝʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʰʠʥʘʭ ʜʦ 
ʥʦʨʤʳ;  

- ʧʦʜʢʣʶʯʝʥʠʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʩʢʘʥʝʨʘ;  

- ʧʨʦʛʨʝʚ ɼɺʉ ʜʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ;  

- ʧʦʜʢʣʶʯʝʥʠʝ ʜʘʪʯʠʢʘ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 
ʩʠʣʦʚʫʶ ʮʝʧʴ ɺɺɹ;  

- ʧʦʜʢʣʶʯʝʥʠʝ ʜʘʪʯʠʢʘ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 
ʰʠʥʫ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠʥʚʝʨʪʦʨʘ ʄɻ1, ʄɻ2;  

- ʧʦʜʢʣʶʯʝʥʠʝ ʜʘʪʯʠʢʘ ʩʢʦʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ;   

- ʧʦʜʢʣʶʯʝʥʠʝ  ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ;   

- ʟʘʧʠʩʴ ʟʘʛʨʫʟʢʠ  ʘʚʪʦʤʦʙʠʣʷ (ʯʠʩʣʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ  ʧʘʩʩʘʞʠʨʦʚ  ʠ ʛʨʫʟʘ ʩ ʪʦʯʥʦʩʪʴʶ Ñ 

20 ʢʛ);  

- ʧʨʦʙʥʳʡ ʚʳʝʟʜ ʥʘ ʠʩʧʳʪʫʝʤʦʤ ʫʯʘʩʪʢʝ ʠʣʠ 
ʠʩʧʳʪʘʥʠʝ ʥʘ ʩʪʝʥʜʝ ʪʷʛʦʚʳʭ ʢʘʯʝʩʪʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʛʠʙʨʠʜʥʦʡ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʩʨʝʜʩʪʚ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ɼɺʉ ʠ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. 

ʆʪʤʝʯʝʥʥʳʝ ʚʳʰʝ ʧʨʦʙʣʝʤʳ, ʩʜʝʨʞʠʚʘʶʱʠʝ 

ʙʳʩʪʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ, 

ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ. ʆʩʥʦʚʥʳʝ ʤʝʨʳ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʢʫʧʢʠ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ:  

1) ʩʫʙʩʠʜʠʨʦʚʘʥʠʝ ʧʦʢʫʧʢʠ ʥʦʚʦʛʦ ʛʠʙʨʠʜʥʦʛʦ 
ʘʚʪʦʤʦʙʠʣʷ (ʵʣʝʢʪʨʦʤʦʙʠʣʷ)  ʧʨʠ ʩʜʘʯʝ ʩʪʘʨʦʛʦ ʥʘ 

ʫʪʠʣʠʟʘʮʠʶ;  

2) ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʤʝʨʳ - ʥʘʧʨʠʤʝʨ, ʚʪʦʨʦʡ 

ʘʚʪʦʤʦʙʠʣʴ ʚ ʩʝʤʴʝ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʳʩʰʠʡ ʢʣʘʩʩ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪ.ʝ. ʙʳʪʴ ʛʠʙʨʠʜʥʳʤ 

ʠʣʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʤ; 

3) ʛʨʘʥʪʳ ʥʘ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʥʘ 

ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʢʦʣʦʛʠʯʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ 

ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʜʣʷ ʛʠʙʨʠʜʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʠ 

ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ;  

4) ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʛʨʘʥʪʳ ʥʘ ʧʦʜʛʦʪʦʚʢʫ 

ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ 

ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʵʣʝʢʪʨʦʤʦʙʠʣʝʡ. 

ɺʳʚʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʛʠʙʨʠʜʥʦʡ 

ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ. ʇʨʝʜʣʦʞʝʥʦ ʦʩʥʦʚʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ.  
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Britik S.A., Galchenko A.O., Azhippo A.G. 

PECURLARUTIES OF HYBRID ELECTRICAL 

VEHICLE S MAINTANANCE  

The article is devoted to the topic of current interest in 

the peculiarities of hybrid electrical vehicles maintenance and 

diagnostics. The analysis of the hybrid vehicles world park is 

adduces. Failures and disrepairs of the hybrid power plant in 

operational conditions are analyzed. The recommendations 

for service place technical equipment and hybrid vehicles 

diagnostics are submitted in this article. The service place for 

diagnosis of hybrid vehicles is considered. This data can be 

realized on technical service stations and resulted in efficient 

labour and material use. 

Keywords: hybrid vehicle, electric vehicle, technical 

maintenance, diagnostics, hybrid power plant, internal 

combustion engine, high-voltage battery. 
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THE ISSUE OF THE NEW ROUTINE MAINTENANCE  

FRIKTSIONNOYH DAMPER TRUCKS CARS  

 
Gubacheva L.A., Andreev A.A., Panfilov A.M. 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʦʙʥʦʚʣʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʨʫʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʪʝʢʫʱʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ ʙʝʟ ʧʦʜʲʝʤʦʯʥʦʛʦ 

ʨʝʤʦʥʪʘ ʠ ʨʘʟʙʦʨʢʠ ʪʝʣʝʞʝʢ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ. 

ʇʨʝʜʣʦʞʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ 

ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʝʡ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʵʣʝʢʪʨʦʧʦʝʟʜʦʚ ʠ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʚʘʛʦʥʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʨʠʢʮʠʦʥʥʳʡ ʛʘʩʠʪʝʣʴ ʢʦʣʝʙʘʥʠʡ, 

ʰʧʠʥʪʦʥ, ʬʨʠʢʮʠʦʥʥʘʷ ʚʪʫʣʢʘ, ʢʦʨʦʥʯʘʪʘʷ ʛʘʡʢʘ, 

ʰʧʣʠʥʪ, ʩʧʝʮʠʘʣʴʥʳʡ ʛʘʝʯʥʳʡ ʢʣʶʯ. 

 

ɺʚʝʜʝʥʠʝ. ʇʘʩʩʘʞʠʨʩʢʠʝ ʚʘʛʦʥʳ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛ ʉʉʉʈ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʢʦʨʦʩʪʝʡ 

ʜʚʠʞʝʥʠʷ ʜʦ 45 ʤ/ʩ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʤʝʶʪ 

ʜʚʫʭʦʩʥʳʝ ʙʝʩʯʝʣʶʩʪʥʳʝ ʪʝʣʝʞʢʠ ʪʠʧʘ ʂɺɿ-ʎʅʀʀ, 

ʜʦ ʩʠʭ ʧʦʨ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʥʦʛʠʭ 

ʩʪʨʘʥ ʉʅɻ [1] ʜʣʷ ʧʝʨʝʜʘʯʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʠʣ ʦʪ 

ʙʫʢʩ ʢ ʨʘʤʘʤ ʪʝʣʝʞʝʢ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ ʪʠʧʘ 

ʂɺɿ-ʎʅʀʀ, ʘ ʪʘʢʞʝ ʤʦʪʦʨʥʳʭ ʠ ʧʨʠʮʝʧʥʳʭ 

ʚʘʛʦʥʦʚ ʵʣʝʢʪʨʦʧʦʝʟʜʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ ʬʨʠʢʮʠʦʥʥʳʝ ʛʘʩʠʪʝʣʠ ʢʦʣʝʙʘʥʠʡ 

ʙʫʢʩʦʚʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ [1, 2]. ɸʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʢʩʦʚʦʛʦ ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ 

ʪʝʣʝʞʝʢ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʝʩʣʠ 

ʩʠʣʘ ʪʨʝʥʠʷ ʚ ʬʨʠʢʮʠʦʥʦʤ ʛʘʩʠʪʝʣʝ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 1,0-4,3 ʢʅ, ʧʨʠ ʥʘʛʨʫʟʢʝ ʥʘ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʧʨʫʞʠʥʫ 40ʢʅ, ʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʩʪʨʝʣʦʯʥʳʭ ʧʝʨʝʚʦʜʦʚ ʠ ʧʝʨʝʭʦʜʥʳʭ ʢʨʠʚʳʭ 

ʙʦʢʦʚʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʙʫʢʩʫ ʠ  ʬʨʠʢʮʠʦʥʥʳʝ ʛʘʩʠʪʝʣʠ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 10ʢʅ ʠ ʙʦʣʝʝ  [3, 4]. ʅʝʜʦʩʪʘʪʦʯʥʦʝ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʪʨʘʩʣʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʤʝʥʫ ʩʪʘʨʦʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ ʥʘ 

ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʥʦʚʳʭ, ʩʦʚʝʨʰʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ɺʳʰʝʩʢʘʟʘʥʥʦʝ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠ ʫʩʪʨʦʡʩʪʚ, 

ʧʦʚʳʰʘʶʱʠʭ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʘʨʝʚʰʠʭ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ ʙʝʟ ʩʥʠʞʝʥʠʷ ʠʭ ʥʘʜʝʞʥʦʩʪʠ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ [5]. 

ʈʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʵʢʠʧʘʞʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ 

ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʪʝʢʫʱʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʬʨʠʢʮʠʦʥʥʳʭ ʯʘʩʪʝʡ ʢʦʣʝʙʘʥʠʡ ʪʝʣʝʞʝʢ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ [6]. 

ɺʘʨʠʘʥʪʳ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʝʡ 

ʢʦʣʝʙʘʥʠʡ ʪʝʣʝʞʝʢ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʪʝʥʪʘʤʠ ʋʢʨʘʠʥʳ ʥʘ ʧʦʣʝʟʥʳʝ 

ʤʦʜʝʣʠ [7-11].  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʚʦʧʨʦʩʦʚ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠ ʁ ʠ ʨʘʩʯʝʪʫ ʨʫʯʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʪʝʢʫʱʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʬʨʠʢʮʠʦʥʥʳʭ 

ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ ʧʘʩʩʘʞʠʨʩʢʠʭ ʚʘʛʦʥʦʚ ʙʝʟ 

ʧʦʜʲʝʤʦʯʥʦʛʦ ʨʝʤʦʥʪʘ ʠ ʚʳʢʘʪʢʠ ʠ ʨʘʟʙʦʨʢʠ 

ʪʝʣʝʞʝʢ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʛʘʩʠʪʝʣʠ ʢʦʣʝʙʘʥʠʡ ʧʨʝʚʨʘʱʘʶʪ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʢʦʣʝʙʘʥʠʡ ʚ ʪʝʧʣʦʚʫʶ, 

ʪʝʨʷʶʪ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟ-ʟʘ ʧʦʚʨʝʞʜʝʥʠʡ 

ʠ ʠʟʥʦʩʘ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʘʢ ʠ ʛʘʩʠʪʝʣʷ ʚ 

ʮʝʣʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ ʚ 

ʤʝʞʨʝʤʦʥʪʥʳʡ ʧʝʨʠʦʜ. 

ʇʦʜ ʨʝʤʦʥʪʦʤ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʪʝʭʥʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʣʠʢʚʠʜʘʮʠʶ ʜʝʬʝʢʪʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʚ 

ʨʝʩʩʦʨʥʦʤ ʧʦʜʚʝʰʠʚʘʥʠʠ. 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ ʚ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ 

ʧʣʘʥʦʚʦ-ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʠʭ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ. 

ʉʪʨʫʢʪʫʨʘ ʨʝʤʦʥʪʥʦʛʦ ʮʠʢʣʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʦʯʝʨʝʜʥʦʩʪʴ ʚʠʜʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ 

ʨʝʤʦʥʪʘ, ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʵʪʦʡ ʩʠʩʪʝʤʳ. ɻʣʘʚʥʦʡ 
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ʮʝʣʴʶ ʨʝʤʦʥʪʘ ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ 

ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʭ ʨʝʩʫʨʩʘ. 

ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʪʨʫʱʠʭʩʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪ ʥʘʧʣʘʚʦʯʥʳʝ 

ʨʘʙʦʪʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʜʝʣʢʦʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʚʟʘʠʤʥʦʡ 

ʧʦʜʛʦʥʢʝ (ʧʨʠʪʠʨʢʝ). 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʬʨʠʢʮʠʦʥʥʳʭ 

ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ ʪʠʧʘ çʉʋè ʷʚʣʷʝʪʩʷ ʠʭ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʥʫʪʨʠ ʧʨʫʞʠʥʳ ʙʫʢʩʦʚʦʛʦ 

ʨʝʩʩʦʨʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ ʪʝʣʝʞʢʠ ʂɺɿ-ʎʅʀʀ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʙʝʟ ʨʘʟʙʦʨʢʠ ʚʘʛʦʥʦʚ ʚʳʢʘʪʢʦʡ 

ʪʝʣʝʞʝʢ ʠʟ-ʧʦʜ ʢʫʟʦʚʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤʠ 

ʪʨʫʜʦʚʳʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʚʨʝʤʝʥʝʤ ʥʘ ʪʝʢʫʱʝʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʭʦʜʦʚʦʡ ʯʘʩʪʠ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʩʘʤʠʭ ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʠ 

ʪʠʧʘ çʉʋè ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʠʟʥʦʩ 

ʬʨʠʢʮʠʦʥʥʳʭ ʚʪʫʣʦʢ, ʢʦʪʦʨʳʡ ʩʦ ʩʪʦʨʦʥʳ 

ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʚʘʛʦʥʘ ʚ 2 ʨʘʟʘ 

ʧʨʝʚʳʰʘʝʪ ʠʟʥʦʩ ʩ ʥʘʨʫʞʥʦʡ ʩʪʦʨʦʥʳ ʚʘʛʦʥʘ, ʯʪʦ 

ʩʥʠʞʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʜʝʤʧʬʝʨʦʚ. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʝʤʦʥʪʘ 

ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʳʢʘʪʢʫ ʪʝʣʝʞʝʢ. 

ʇʝʨʝʜ ʚʳʢʘʪʢʦʡ ʪʝʣʝʞʝʢ ʪʷʛʠ ʨʘʟʲʝʜʠʥʷʶʪ, 

ʩʥʠʤʘʶʪ ʰʢʚʦʨʝʥʴ, ʨʘʟʰʧʣʠʥʪʦʚʳʚʘʶʪ ʠ 

ʦʪʢʨʫʯʠʚʘʶʪ ʛʘʡʢʠ ʰʧʠʥʪʦʥʦʚ, ʩʥʠʤʘʶʪ ʜʘʪʯʠʢʠ 

ʉʂʅɹ. ʇʦʩʣʝ ʧʦʜʲʝʤʘ ʚʘʛʦʥʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʢʘʪʠʪʴ 

ʪʝʣʝʞʢʠ, ʦʯʠʩʪʠʪʴ ʦʪ ʛʨʷʟʠ, ʩʥʝʛʘ (ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ) 

ʠ ʦʩʤʦʪʨʝʪʴ. 

ʇʨʠ ʚʠʟʫʘʣʴʥʦʤ ʦʩʤʦʪʨʝ ʪʝʣʝʞʝʢ ʦʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʦʩʪʦʷʥʠʶ ʚʠʜʠʤʳʭ ʪʨʝʱʠʥ 

ʢʦʣʝʩʥʳʭ ʧʘʨ, ʧʨʫʞʠʥ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠ ʙʫʢʩʦʚʦʛʦ 

ʧʦʜʚʝʰʠʚʘʥʠʷ, ʥʘʜʨʝʩʩʦʨʥʳʭ ʙʘʣʦʢ ʠ ʧʦʜʜʦʥʦʚ, 

ʨʘʤʳ ʪʝʣʝʞʢʠ, ʢʨʦʥʰʪʝʡʥʦʚ ʜʣʷ ʧʦʚʦʜʢʦʚ, 

ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ, ʧʦʜʚʝʰʠʚʘʥʠʷ ʜʝʪʘʣʝʡ 

ʪʦʨʤʦʟʥʦʡ ʨʳʯʘʞʥʦʡ ʧʝʨʝʜʘʯʠ, ʧʦʜʚʝʩʦʢ 

ʨʳʯʘʞʥʦʛʦ ʧʦʜʚʝʰʠʚʘʥʠʷ (ʪʷʛ, ʚʘʣʠʢʦʚ, ʩʝʨʝʞʝʢ, 

ʦʧʦʨʥʳʭ ʙʘʣʦʢ, ʧʦʜʚʝʩʦʢ), ʧʨʦʜʦʣʴʥʳʭ ʧʦʚʦʜʢʦʚ 

ʪʝʣʝʞʢʠ ʂɺɿ-ʎʅʀʀ, ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʭ ʩʢʦʙ ʠ 

ʙʦʣʪʦʚ, ʢʨʝʧʣʝʥʠʷ ʫʟʣʦʚ ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʝʡ ʥʘ 

ʧhʠʥʪʦʥʘʭ (ʨʠʩ. 1). 

ʉʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ, ʨʝʤʦʥʪʫ 

ʠ ʠʩʧʳʪʘʥʠʶ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ ʣʦʢʦʤʦʪʠʚʦʚ ʠ 

ʤʦʪʦʨ-ʚʘʛʦʥʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʟʙʦʨʢʘ 

ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

1. ʈʘʩʬʦʨʤʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʧʦʝʟʜ. 

2. ʉ ʧʦʤʦʱʴʶ ʜʦʤʢʨʘʪʦʚ ʧʦʜʥʷʪʴ ʢʫʟʦʚ, 

ʪʝʣʝʞʢʠ ʚʳʢʘʪʠʪʴ ʠʟ-ʧʦʜ ʚʘʛʦʥʘ ʵʣʝʢʪʨʦʧʦʝʟʜʘ ʠ 

ʨʘʩʰʧʣʠʥʪʦʚʘʪʴ ʛʘʡʢʠ, ʩʚʠʥʪʠʪʴ ʠʭ ʩ ʰʧʠʪʦʥʦʚ ʠ 

ʩʥʷʪʴ ʪʘʨʝʣʴʯʘʪʫʶ ʧʨʫʞʠʥʫ. 

3. ʉʥʷʪʴ ʜʝʪʘʣʠ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ ʚ 
ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳʤʠ. 

4. ʇʨʠ ʜʝʤʦʥʪʘʞʝ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. 

5. ʉʥʷʪʳʝ ʜʝʪʘʣʠ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ 

ʥʘʧʨʘʚʠʪʴ ʥʘ ʜʝʬʝʢʪʘʮʠʶ ʠ ʨʝʤʦʥʪ. ʇʦʩʣʝ ʨʝʤʦʥʪʘ 

ʩʙʦʨʢʘ ʛʘʩʠʪʝʣʷ ʢʦʣʝʙʘʥʠʡ ʢʣʠʥʦʚʦʛʦ ʪʠʧʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

 

 
 

ʈʠʩ. 1. ʈʘʟʙʦʨʢʘ ʪʝʣʝʞʢʠ ʠ ʬʨʠʢʮʠʦʥʥʳʭ  

ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ 

 

1. ʋʩʪʘʥʦʚʠʪʴ ʥʘ ʢʨʳʣʴʷ ʙʘʣʘʥʩʠʨʘ ʙʫʢʩʳ 

ʥʠʞʥʠʝ ʘʤʦʨʪʠʟʘʪʦʨʳ, ʚʩʪʘʚʠʪʴ ʥʠʞʥʝʝ ʢʦʣʴʮʦ.  

2. ʋʩʪʘʥʦʚʠʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʠʤʠʪʠʨʫʝʪ ʬʨʠʢʮʠʦʥʥʫʶ ʚʪʫʣʢʫ, ʚʳʩʪʘʚʠʪʴ 

ʚʦʢʨʫʛ ʥʝʛʦ ʬʨʠʢʮʠʦʥʥʳʝ ʢʣʠʥʴʷ ʠ ʫʣʦʞʠʪʴ ʥʘ ʥʠʭ 

ʚʝʨʭʥʝʝ ʢʣʠʥʦʚʦʝ ʢʦʣʴʮʦ. 

3. ʋʣʦʞʠʪʴ ʥʠʞʥʶʶ ʤʝʪʘʣʣʠʯʝʩʢʫʶ 

ʧʨʦʢʣʘʜʢʫ, ʚʝʨʭʥʠʡ ʨʝʟʠʥʦʚʳʡ ʘʤʦʨʪʠʟʘʪʦʨ ʠ 

ʚʝʨʭʥʶʶ ʧʨʦʢʣʘʜʢʫ. 

4. ʋʩʪʘʥʦʚʠʪʴ ʧʨʫʞʠʥʫ ʠ ʧʨʫʞʠʥʫ ʙʫʢʩʦʚʦʡ 
ʧʦʜʚʝʩʢʠ. 

5. ʋʩʪʘʥʦʚʠʪʴ ʥʘ ʰʧʠʥʪʦʥ ʬʨʠʢʮʠʦʥʥʫʶ 

ʚʪʫʣʢʫ, ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʝʸ ʧʦʣʦʞʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʛʘʡʢʦʡ. 

6. ɺʚʝʩʪʠ ʚ ʦʪʚʝʨʩʪʠʷ ʢʨʳʣʴʝʚ ʙʘʣʘʥʩʠʨʘ 

ʙʫʢʩʳ ʰʧʠʥʪʦʥʳ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʨʘʤʝ ʪʝʣʝʞʢʠ. 

7. ʆʧʫʩʪʠʪʴ ʨʘʤʫ ʪʝʣʝʞʢʠ ʥʘ ʧʨʫʞʠʥʳ 

ʙʫʢʩʦʚʦʡ ʧʦʜʚʝʩʢʠ, ʥʘʛʨʫʟʠʪʴ ʪʝʣʝʞʢʫ ʠ ʟʘʚʠʥʪʠʪʴ 

ʛʘʡʢʠ, ʫʩʪʘʥʦʚʠʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʪʘʨʝʣʴʯʘʪʫʶ 

ʧʨʫʞʠʥʫ. ʇʝʨʝʜ ʧʦʩʪʘʥʦʚʢʦʡ ʛʘʡʢʠ ʧʦʢʨʳʪʴ 

ʨʝʟʴʙʦʚʫʶ ʯʘʩʪʴ ʰʧʠʥʪʦʥʘ ʢʦʥʩʠʩʪʝʥʪʥʦʡ ʩʤʘʟʢʦʡ. 

ɻʘʡʢʫ ʧʦʟʠʮʠʠ ʟʘʰʧʣʠʥʪʦʚʘʪʴ. 

8. ʊʝʣʝʞʢʠ ʚʢʘʪʠʪʴ ʧʦʜ ʢʫʟʦʚ, ʠ ʦʧʫʩʪʠʪʴ ʝʛʦ 

ʥʘ ʪʝʣʝʞʢʠ. 

9. ʀʟ ʚʘʛʦʥʦʚ ʩʬʦʨʤʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʧʦʝʟʜ. 

ʀʟ-ʟʘ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ 

ʠʟʥʦʩʘ ʬʨʠʢʮʠʦʥʥʳʭ ʚʪʫʣʦʢ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ 

ʉʋ ʪʝʣʝʞʝʢ ʂɺɿ-ʎʅʀʀ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʦʧʝʨʘʮʠʠ 

ʧʨʠʭʦʜʠʪʩʷ ʚʳʧʦʣʥʷʪʴ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʧʨʦʙʝʛʘ ʚ 90 

ʪʳʩ. ʢʤ ʚ ʫʩʣʦʚʠʷʭ ʚʘʛʦʥʦʨʝʤʦʥʪʥʦʛʦ ʜʝʧʦ. ɺ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʬʨʠʢʮʠʦʥʥʦʛʦ ʜʝʤʧʬʝʨʘ 

ʠʟʥʦʩ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʭʘʨʴ - ʚʪʫʣʢʘ ʥʝʨʘʚʥʦʤʝʨʝʥ, 

ʪʘʢ ʢʘʢ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚʘʛʦʥʘ ʠ ʝʛʦ ʪʦʨʤʦʞʝʥʠʷ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʦʨʤʦʟʥʦʡ ʩʠʣʳ ʩʫʭʘʨʴ ʧʨʠʞʠʤʘʝʪʩʷ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʪʫʣʢʠ ʠ ʩʪʠʨʘʝʪ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʚ 

ʤʝʩʪʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʙʦʣʴʰʝ, ʥʝʞʝʣʠ 

ʠʟʥʘʰʠʚʘʶʪʩʷ ʦʩʪʘʣʴʥʳʝ ʯʘʩʪʠ ʚʪʫʣʢʠ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʠʟʥʦʩʘ, ʧʦʚʳʩʠʪʴ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʘʨ ʪʨʝʥʠʷ, ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʦʷʥʩʪʚʦ 

ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʤʷʛʯʝʥʠʝ ʫʩʣʦʚʠʡ ʪʨʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʭʘʨʷ ʠ ʚʪʫʣʢʠ, ʨʘʥʝʝ ʙʳʣ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʘʪʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥʦ 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʠʟʥʦʩʘ ʚʪʫʣʢʠ 

ʰʧʠʥʪʦʥʘ. 
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ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ 

ʧʨʦʩʚʝʨʣʠʚʘʥʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʪʫʣʢʠ ʛʣʫʭʦʛʦ 

ʦʪʚʝʨʩʪʠʷ ʧʦʜ ʥʘʢʠʜʥʦʡ ʢʣʶʯ (ʨʠʩ.2). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʫʭʦʛʦ ʦʪʚʝʨʩʪʠʷ ʚʦ ʚʨʝʤʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʟʚʦʣʠʪ ʙʝʟ ʨʘʟʙʦʨʢʠ 

ʚʘʛʦʥʘ ʩ ʧʦʤʦʱʴʶ ʥʘʢʠʜʥʦʛʦ ʢʣʶʯʘ ʧʦʚʦʨʘʯʠʚʘʪʴ 

ʬʨʠʢʮʠʦʥʥʫʶ ʚʪʫʣʢʫ ʥʘ 90
0
, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʧʦʚʳʰʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʪ 

ʨʘʟʙʠʨʘʪʴ ʚʘʛʦʥ ʥʝ ʯʝʨʝʟ 90 ʪʳʩ. ʢʤ (ʢʘʢ ʵʪʦ 

ʜʝʣʘʝʪʩʷ ʩʝʡʯʘʩ), ʘ ʯʝʨʝʟ 180 ʪʳʩ. ʢʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ 

ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʡ ʠʟʥʦʩ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠ ʪʨʝʥʠʠ 

ʠ ʫʤʝʥʴʰʠʪ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ. ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʝʝ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʠʟʥʦʩʘ ʬʨʠʢʮʠʦʥʥʦʡ ʚʪʫʣʢʠ ʧʦ 

ʦʢʨʫʞʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠ ʪʝʭʥʠʯʝʩʢʦʤ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʯʝʨʝʟ ʢʘʞʜʳʝ 30 ʪʳʩ. ʢʤ ʧʨʦʙʝʛʘ ʚ 

ʧʫʥʢʪʘʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʦʩʪʘʚʦʚ 

ʧʦʚʦʨʘʯʠʚʘʪʴ ʥʘ 90 ̄ ʵʪʠ ʚʪʫʣʢʠ (ʙʝʟ 

ʨʘʩʬʦʨʤʠʨʦʚʘʥʠʷ, ʚʳʢʘʪʢʠ ʪʝʣʝʞʝʢ ʠ ʧʦʣʥʦʡ 

ʨʘʟʙʦʨʢʠ ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ). 

 

 
 
ʈʠʩ. 2. ʉʭʝʤʘ ʧʦʚʦʨʦʪʘ ʛʘʝʯʥʳʤ ʢʣʶʯʦʤ  

ʬʨʠʢʮʠʦʥʥʦʡ ʚʪʫʣʢʠ 

 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʜ ʧʦʜʛʦʪʦʚʢʠ ʛʘʝʯʥʦʛʦ 

ʢʣʶʯʘ ʢ ʧʦʚʦʨʦʪʫ ʬʨʠʢʮʠʦʥʥʦʡ ʚʪʫʣʢʠ ʛʘʩʠʪʝʣʷ 

ʢʦʣʝʙʘʥʠʡ ʥʘ ʪʝʣʝʞʢʝ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ. 

ʇʦ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

1. ʈʘʩhʧʣʠʥʪʦʚʳʚʝʪʩʷ ʢʦʨʦʥʯʘʪʘʷ ʛʘʡʢʘ. 

2. ʆʪʢʨʫʯʠʚʘʝʪʩʷ ʢʦʨʦʥʯʘʪʘʷ ʛʘʡʢʘ ʥʘ 90-120̄  

ʧʦʚʦʨʦʪʘ ʛʘʝʯʥʦʛʦ ʢʣʶʯʘ. 

3. ɻʘʝʯʥʳʤ ʢʣʶʯʦʤ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ 

ʬʨʠʢʮʠʦʥʥʘʷ ʚʪʫʣʢʘ ʥʘ 90.̄ 

4. ʂʦʨʦʥʯʘʪʘʷ ʛʘʡʢʘ ʟʘʚʠʥʯʠʚʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ 

ʩʦʩʪʦʷʥʠʝ.  

5. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʰʧʠʥʪʦʥ ʬʠʢʩʠʨʫʶʱʠʡ 
ʰʧʣʠʥʪ. 

 

 
 

ʈʠʩ. 3. ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʦʚʦʨʦʪʫ ʬʨʠʢʮʠʦʥʥʦʡ ʚʪʫʣʢʠ ʥʘ 

ʪʝʣʝʞʢʝ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ 

 

ɺʩʝ ʦʧʝʨʘʮʠʠ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠʶ 

ʬʨʠʢʮʠʦʥʥʭr ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ ʚʳʧʦʣʥʷʶʪʩʷ 

ʦʜʥʠʤ ʩʣʝʩʘʨʝʤ-ʚʘʛʦʥʱʠʢʦʤ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ 

ʧʦʜʲʝʤʥʦʛʦ ʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ 

ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʥʘ ʦʜʠʥ ʚʘʛʦʥ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʷ 

ʠʟʥʦʩʘ ʬʨʠʢʮʠʦʥʥʦʡ ʚʪʫʣʢʠ ʯʝʨʝʟ ʢʘʞʜʳʝ 60 ʪʳʩ. 

ʢʤ. ʧʨʦʙʝʛʘ ʚʘʛʦʥʘ ʧʦ ʰʪʘʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ( ʘ) ʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ (ʙ). 

 

 
 

ʈʠʩ. 4. ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʥʦʩʘ ʬʨʠʢʮʠʦʥʥʦʡ ʚʪʫʣʢʠ: 

ʘ) ʰʪʘʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ;  

ʙ) ʧʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʯʸʪʥʘʷ ʩʭʝʤʘ 

ʛʘʝʯʥʦʛʦ ʢʣʶʯʘ ʧʨʠ ʟʘʪʷʞʢʝ ʢʦʨʦʥʯʘʪʦʡ 

ʰʧʠʥʪʦʥʥʦʡ ʛʘʡʢʠ. 
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ʈʝʟʴʙʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʳʯʥʦ ʟʘʪʷʛʠʚʘʶʪ ʧʨʠ 

ʩʙʦʨʢʝ ʩ ʧʦʤʦʱʴʶ ʛʘʝʯʥʦʛʦ ʢʣʶʯʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

- ʨʦʞʢʦʚʦʡ ʯʘʩʪʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʣʶʯʘ. ʋʩʠʣʠʝ Fʢʣ 

ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʢ ʨʫʢʦʷʪʢʝ ï ʟʝʚʫ ʥʘʢʠʜʥʦʡ ʯʘʩʪʠ ʚ 

ʪʦʯʢʝ ʉ ʢ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. ʉ ʫʯʝʪʦʤ ʠʤʝʶʱʠʭʩʷ 

ʟʘʟʦʨʦʚ ʤʝʞʜʫ ʛʨʘʥʷʤʠ ʛʘʡʢʠ ʠ ʟʝʚʦʤ ʨʦʞʢʦʚʦʡ 

ʯʘʩʪʠ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʛʘʡʢʝ ʧʨʠʢʣʘʜʳʚʘʶʪʩʷ 

ʜʚʝ ʩʠʣʳ: R1 ï ʚ ʪʦʯʢʝ ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠ R2 ï ʚ 

ʪʦʯʢʝ ɸ ʥʠʞʥʝʡ ʯʘʩʪʠ ʟʝʚʘ. ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʛʘʝʯʥʦʛʦ ʢʣʶʯʘ. 

ʋʩʣʦʚʥʦ ʩʧʝʮʠʘʣʴʥʳʡ ʢʣʶʯ ʜʣʷ ʨʘʩʯʝʪʘ 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʛʨʘʥʠ ʛʘʡʢʠ ʩʠʣ R1 ʠ R2 ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʙʘʣʢʠ ɸɺʉ, ʢʦʪʦʨʘʷ ʚ 

ʪʦʯʢʝ ɸ ʦʧʠʨʘʝʪʩʷ ʥʘ ʥʝʧʦʜʚʠʞʥʳʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʰʘʨʥʠʨ, ʘ ʚ ʪʦʯʢʝ ɺ ï ʥʘ 

ʠʜʝʘʣʴʥʳʡ ʩʪʝʨʞʝʥʴ ʩ ʜʚʫʤʷ ʰʘʨʥʠʨʘʤʠ ʥʘ ʢʦʥʮʘʭ. 

ʈʘʩʯʝʪʥʘʷ ʩʠʩʪʝʤʘ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ: ʆʋ ï ʧʨʦʭʦʜʠʪ 

ʯʝʨʝʟ ʪʦʯʢʠ ɽ ʠ D ʤʝʩʪ ʨʘʟʨʫʰʝʥʠʷ, ʆʍʆ̂ʋ. 

 

 
 

ʈʠʩ. 5. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʣʶʯʘ,  

ʨʘʙʦʪʘʶʱʝʛʦ ʧʨʠ ʟʘʪʷʞʢʝ ʰʧʠʥʪʦʥʥʦʡ ʛʘʡʢʠ ʩʠʣʦʡ Fʢʣ 

 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʯʥʦʩʪʥʦʛʦ 

ʨʘʩʯʝʪʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʛʘʝʯʥʦʛʦ ʢʣʶʯʘ ʧʨʠ ʧʣʦʩʢʦʤ 

ʠʟʛʠʙʝ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʵʧʶʨʳ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ ʜʣʷ 

ʫʩʣʦʚʥʦʡ ʙʘʣʢʠ (ʥʘ ʩʪʦʨʦʥʝ ʩʞʘʪʳʭ ʚʦʣʦʢʦʥ)(ʩʤ. 

ʨʠʩ. 6). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʤ ʩʝʯʝʥʠʡ ʠʟʛʠʙʘʶʱʠʡ 

ʤʦʤʝʥʪ ʠ ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʚ ʢʘʢʦʤ-ʣʠʙʦ ʩʝʯʝʥʠʠ 

ʨʘʚʥʳ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʝ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ 

ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʪʦʣʴʢʦ ʩʣʝʚʘ ʠʣʠ 

ʪʦʣʴʢʦ ʩʧʨʘʚʘ ʦʪ ʩʝʯʝʥʠʷ. 

ɺ ʪʦʯʢʝ ʉ ʠʤʝʝʤ: ʄʉ = 0, ʚ ʪʦʯʢʝ ɺ 

ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʨʘʚʝʥ ʄɺ = FʢʣÖɺʉ, ʚ ʪʦʯʢʝ ɸ 

ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʪʘʢʞʝ ʨʘʚʝʥ  ʄɸ= 0. 

ʕʧʶʨʳ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ ʪʘʢʞʝ ʩʪʨʦʷʪʩʷ 

ʥʘ ʩʪʦʨʦʥʝ ʩʞʘʪʳʭ ʚʦʣʦʢʦʥ ʫʩʣʦʚʥʦʡ ʙʘʣʢʠ. 

ɸʥʘʣʠʟ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʵʧʶʨ çQè ʠ çʄʀè ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ 

ʥʘʠʙʦʣʴʰʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʢʣʦʥʥʦʩʪʠ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʢʣʶʯʘ ʚ ʪʦʯʢʘʭ ɽ ʠ D, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʪʦʯʥʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʣʶʯʘ. 

 

 
 

ʈʠʩ. 6. ʕʧʶʨʳ ʩʠʣ çQè, çNè, çʄUè 

 

ʋʪʦʯʥʝʥʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʢʣʶʯʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʣʦʞʝʥʠʝ ʩʠʣʳ Fʢʣ ʚ ʪʦʯʢʝ 

ʉ1 ʧʦ ʣʠʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʛʣʘʚʥʦʡ 

ʛʦʨʠʟʦʥʪʘʣʠ ʅʅ1. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʪʨʝʪʴʝʡ ʨʝʘʢʮʠʠ R3 ʚ ʪʦʯʢʝ S ʩʦ ʩʪʦʨʦʥʳ ʪʨʝʪʴʝʛʦ 

ʨʝʙʨʘ ʰʧʠʥʪʦʥʥʦʡ ʛʘʡʢʠ. 

ʉʦʩʪʘʚʣʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʣʶʯʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ Fʢʣ ʠ 

ʨʝʘʢʮʠʡ R1, R2, R3 ʚʳʧʦʣʥʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʡ 

ʨʘʚʥʦʚʝʩʠʷ: 

 

 
 

ʀʟ ʫʨʘʚʥʝʥʠʷ ʥʘʭʦʜʠʤ ʨʝʘʢʮʠʶ R3: 

 

                 (4) 

 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʤ: 

 

 
(5) 
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ʆʪʢʫʜʘ ʥʘʭʦʜʠʤ ʨʝʘʢʮʠʶ R1: 

 

 
.       (6) 

 

ʀʟ ʫʨʘʚʥʝʥʠʷ  ʥʘʭʦʜʠʤ ʨʝʘʢʮʠʶ R2: 

 

         (7) 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʫʛʦʣ Ŭ = 15Á 

(ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʘʤ), ʪʦ ʫʛʦʣ ɓ ʟʘʚʠʩʠʪ ʦʪ 

ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ d ʤʝʞʜʫ ʛʨʘʥʷʤʠ ʛʘʡʢʠ ʠ ʟʝʚʦʤ 

ʨʦʞʢʦʚʦʛʦ ʢʣʶʯʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʨʘʚʥʳʤ: 

 

,                       (8) 

 

ʛʜʝ ʊɺ ï ʜʣʠʥʘ ʛʨʘʥʠ ʧʨʠʟʤʳ ʰʝʩʪʠʛʨʘʥʥʦʡ 

ʰʧʠʥʪʦʥʥʦʡ ʛʘʡʢʠ. 

 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʨʝʘʢʮʠʡ R1, R2, R3 

ʚ ʟʝʚʝ ʩʧʝʮʠʘʣʴʥʦʡ ʨʦʞʢʦʚʦʡ ʯʘʩʪʠ ʢʣʶʯʘ ʩʣʝʜʫʝʪ 

ʧʝʨʝʡʪʠ ʢ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ ʚ ʚʠʜʝ ʪʨʝʭʦʧʦʨʥʦʡ ʨʘʤʳ 

ɺɽSDAC ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʧʦʩʪʨʦʝʥʠʷ ʵʧʶʨ 

ʧʝʨʝʨʝʟʳʚʘʶʱʠʭ ʩʠʣ çQè, ʥʦʨʤʘʣʴʥʳʭ ʩʠʣ çNè ʠ 

ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ çʄʀè. 

ʈʘʩʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʣ R1, R2, R3 ʜʣʷ ʩʠʣʳ:  

 

= 400ʅ; AC1 å 0,5 ʤ; ɸɺ å 0,084 ʤ; ɓ å tgɓ å 

0,0005/0,042å 0,011 å sin ɓ; cos ɓ å 0,995.               (9) 

 

                   (10) 

 

(11) 

 

(12) 
 

ʆʙʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʧʣʦʩʢʦʤ ʠʟʛʠʙʝ ʚ ʤʝʩʪʝ 

ʢʨʝʧʣʝʥʠʷ ʨʫʢʦʷʪʢʠ ʢ ʨʦʞʢʦʚʦʡ ʛʦʣʦʚʢʝ ʧʦ ʪʝʦʨʠʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʙʦʣʴʰʝ ʜʦʧʫʩʢʘʝʤʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ: 

 

(13) 

 

 
(14) 

 

ʈʘʩʯʝʪ ʥʘʢʠʜʥʦʡ ʯʘʩʪʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʛʘʝʯʥʦʛʦ 

ʢʣʶʯʘ ʩ ʧʦʣʫʢʨʫʛʣʳʤ ʟʝʚʦʤ ʠ ʚʥʫʪʨʝʥʥʠʤ ʟʘʮʝʧʥʳʤ 

ʟʫʙʦʤ ʜʣʷ ʢʨʫʛʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʨʠʢʮʠʦʥʥʦʡ 

ʚʪʫʣʢʠ ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥ ʚʳʙʦʨʦʤ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʟʘʮʝʧʥʦʛʦ ʟʫʙʘ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʢ ʨʫʢʦʷʪʠ 

ʩʠʣʳ Fʢʣʛ = 100ʅ ʥʘ ʪʘʢʦʡ ʞʝ ʜʣʠʥʝ Lʈ = 0,5 ʤ ʧʨʠ 

ʨʘʜʠʫʩʝ ʮʠʣʠʥʜʨʘ r = 45 ʤʤ. ʊʦʛʜʘ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʧʝʨʝʨʝʟʳʚʘʶʱʘʷ ʟʫʙ ʩʠʣʘ ʙʫʜʝʪ ʨʘʚʥʘ: 

 

(15) 

 

ʈʘʩʯʝʪʥʘʷ ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʢʨʫʛʣʦʛʦ ʟʫʙʘ 

ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʨʘʚʥʘ 

 

(16) 

 

ʈʘʩʯʝʪʥʦʝ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪ 

ʧʝʨʝʨʝʟʳʚʘʶʱʝʡ ʩʠʣʳ ʚ ʤʝʩʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʟʫʙʘ 

ʢ ʛʦʣʦʚʢʝ ʥʘʢʠʜʥʦʛʦ ʢʣʶʯʘ ʨʘʚʥʦ: 

 

(17) 

 

ɼʣʷ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʟʘʮʝʧʥʦʛʦ ʟʫʙʘ ʢ ʧʦʣʫʢʨʫʛʣʦʤʫ ʟʝʚʫ ʧʣʦʱʘʜʴʶ 

 

(18) 

 

ʨʘʩʯʝʪʥʦʝ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʩʜʚʠʛʘ 

ʨʘʚʥʦ: 

(19) 

 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʮʝʧʥʦʡ ʟʫʙ ʧʦʜʚʝʨʞʝʥ 

ʪʘʢʞʝ ʧʣʦʩʢʦʤʫ ʠʟʛʠʙʘʶʱʝʤʫ ʤʦʤʝʥʪʫ: 

 

(20) 

 

ʈʘʩʯʝʪʥʳʡ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʛʠʙʫ 

ʟʘʮʝʧʥʦʛʦ ʟʫʙʘ ʚ ʤʝʩʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʢ 

ʧʦʣʫʢʨʫʛʣʦʤʫ ʟʝʚʫ ʨʘʚʝʥ: 

 

(21) 

 

ʅʘʠʙʦʣʴʰʝʝ ʥʘʧʨʷʞʝʥʠʝ ʨʘʩʪʷʞʝʥʠʷ ʚʦ 

ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʦʢʥʘʭ ʦʪ ʠʟʛʠʙʘ ʟʘʮʝʧʥʦʛʦ ʟʫʙʘ 

ʩʠʣʦʡ  ʨʘʚʥʦ: 

 

(22) 

 

ʆʙʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʧʣʦʩʢʦʤ ʠʟʛʠʙʝ 

ʟʘʮʝʧʥʦʛʦ ʟʫʙʘ ʚ ʤʝʩʪʝ ʢʨʝʧʣʝʥʠʷ ʢ ʧʦʣʫʢʨʫʛʣʦʤʫ 

ʟʝʚʫ ʧʦ ʪʝʦʨʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʙʦʣʴʰʝ ʜʦʧʫʩʢʘʝʤʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ: 

 

(23) 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʪʝʢʫʱʝʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʝʡ 

ʢʦʣʝʙʘʥʠʡ ʪʝʣʝʞʝʢ ʂɺɿ-ʎʅʀʀ ʧʘʩʩʘʞʠʨʩʢʠʭ 
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ʚʘʛʦʥʦʚ ʩʠʣʘ Fʢʣʛ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʷ 300ʅ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʦʯʢʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʟʘʮʝʧʥʦʛʦ ʟʫʙʘ ʢ ʧʦʣʫʢʨʫʛʣʦʤʫ ʟʝʚʫ 

ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʝ 306 ʄʇʘ, ʯʪʦ ʤʝʥʴʰʝ 

ʜʦʧʫʩʢʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ 360 ʄʇʘ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ 

ʤʝʩʪʝ ʢʨʝʧʣʝʥʠʷ ʧʦʣʫʢʨʫʛʣʦʛʦ ʟʝʚʘ ʢ ʨʫʢʦʷʪʢʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʣʶʯʘ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ 

ʨʘʩʯʝʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʦ ʜʣʷ ʩʠʣʳ Fʢʣʛ = 300ʅ 

ʨʘʚʥʳʤ 307 ʄʧʘ-360 ʄʇʘ = [s]. ʈʘʩʯʝʪʥʳʡ ʦʙʲʝʤ 

ʤʘʪʝʨʠʘʣʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʛʘʝʯʥʦʛʦ ʢʣʶʯʘ ʜʣʷ 

ʚʳʙʨʘʥʥʳʭ ʩʝʯʝʥʠʡ ʜʚʫʭʨʦʞʢʦʚʦʡ ʠ ʧʦʣʫʢʨʫʛʣʦʡ 

ʛʦʣʦʚʢʠ ʠ ʨʫʢʦʷʪʢʠ ʩʦʩʪʘʚʠʪ 150 ʩʤ
3
, ʘ ʤʘʩʩʘ ʢʣʶʯʘ 

ʩʦʩʪʘʚʠʪ 1200 ʛ. 

ɺʳʚʦʜʳ. ʇʦʣʦʞʠʪʝʣʴʥʦʡ ʩʪʦʨʦʥʦʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʩʥʠʞʝʥʠʝ  ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʥʦʩʘ ʬʨʠʢʮʠʦʥʥʦʡ 

ʚʪʫʣʢʠ ʥʘ 30-35% ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ  

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠʟʥʦʩʘ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʚʪʫʣʢʠ ʩ 

74% ʜʦ 10-11%, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ  ʧʦʚʳʰʝʥʠʝ 

ʩʪʘʙʠʣʠʟʘʮʠʠ  ʬʨʠʢʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ  ʥʘ 40-50% ʧʦ 

ʧʦʢʘʟʘʪʝʣʶ ʚʝʣʠʯʠʥʳ ʩʠʣ ʪʨʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʙʝʛʘ ʚʘʛʦʥʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʬʨʠʢʮʠʦʥʥʳʭ ʛʘʩʠʪʝʣʝʡ ʢʦʣʝʙʘʥʠʡ ʪʝʣʝʞʝʢ ʪʠʧʘ 

ʂɺɿ-ʎʅʀʀ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʘ ʛʘʩʠʪʝʣʝʡ ʧʦ 

ʩʦʚʨʝʤʝʥʥʦʤʫ ʫʩʪʨʘʥʝʥʠʶ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

çʦʩʣʘʙʣʝʥʠʝ ʢʨʝʧʣʝʥʠʷ (ʣʶʬʪ) ʚʪʫʣʢʠè ʚʩʣʝʜʩʪʚʠʝ 

ʦʩʝʜʘʥʠʷ ʪʘʨʝʣʴʯʘʪʦʡ ʧʨʫʞʠʥʳ ʠ ʩʥʠʞʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʪʨʝʥʠʷ ʠʟ-ʟʘ ʫʜʘʨʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʢʨʳʣʴʝʚ ʙʫʢʩʳ ʥʘ ʛʘʡʢʫ ʠ ʰʧʠʥʪʦʥ.  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʛʘʝʯʥʦʛʦ ʢʣʶʯʘ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʚ ʜʚʘ ʨʘʟʘ ʠ ʙʦʣʝʝ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ 

ʠ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝʤ 

ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʩʣʝʩʘʨʝʡ-ʨʝʤʦʥʪʥʠʢʦʚ ʧʨʠ 

ʧʝʨʝʥʦʩʢʝ ʩʣʝʩʘʨʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʝʨʝʨʝʟʳʚʘʶʱʠʝ ʩʠʣʳ çQè, 

ʥʦʨʤʘʣʴʥʳʝ ʩʠʣʳ çNè ʠ ʠʟʛʠʙʘʶʱʠʝ ʤʦʤʝʥʪʳ 

çʄʀè. ʇʦʩʪʨʦʝʥʳ ʵʧʶʨʳ ʵʪʠʭ ʩʠʣ. ɹʳʣʦ ʥʘʡʜʝʥʦ 

ʦʙʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʧʣʦʩʢʦʤ ʠʟʛʠʙʝ ʥʠʞʥʝʛʦ 

ʟʫʙʘ, ʦʙʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʧʣʦʩʢʦʤ ʠʟʛʠʙʝ ʚ ʤʝʩʪʝ 

ʢʨʝʧʣʝʥʠʷ ʨʫʢʦʷʪʢʠ ʢ ʨʦʞʢʦʚʦʡ ʛʦʣʦʚʢʝ ʠ ʦʙʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʧʣʦʩʢʦʤ ʠʟʛʠʙʝ ʟʘʮʝʧʥʦʛʦ ʟʫʙʘ ʚ 

ʤʝʩʪʝ ʢʨʝʧʣʝʥʠʷ ʢ ʧʦʣʫʢʨʫʛʣʦʤʫ ʟʝʚʫ. ʈʘʩʯʝʪʥʳʡ 

ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ ʩʧʝʮʠʘʣʴʥʦʛʦ ʛʘʝʯʥʦʛʦ ʢʣʶʯʘ ʜʣʷ 

ʚʳʙʨʘʥʥʳʭ ʩʝʯʝʥʠʡ ʜʚʫʭʨʦʞʢʦʚʦʡ ʠ ʧʦʣʫʢʨʫʛʣʦʡ 

ʛʦʣʦʚʢʠ ʠ ʨʫʢʦʷʪʢʠ ʩʦʩʪʘʚʠʪ 150 ʩʤ
3
, ʘ ʤʘʩʩʘ ʢʣʶʯʘ 

ʩʦʩʪʘʚʠʪ 1200 ʛʨ. 
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ʊHE ISSUE OF THE NEW ROUTINE MAINTENANCE 

FRIKTSIONNOYH DAMPER TRUCKS CARS  

The questions of renovation and development of the 

manual tool are considered for the running service of friction 

vibration dampers without the hoist repair and disassembling 
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the passenger cars trucks. The perspective direction is 

proposed to improve the friction dampers of the rolling stock 

parts of the railway electro trains and passenger car.  

Keywords: friction damper, shpinton, friction sleeve, 

castle nut, cotter pin, a special wrench. 
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ɺ ʨʘʙʦʪʝ ʦʙʦʩʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʩʦʩʪʘʚʘ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʪʝʭʥʦʣʦʛʠʠ ʛʘʟʠʬʠʢʘʮʠʠ ʪʦʧʣʠʚʘ ʩ ʥʠʞʥʝʡ ʧʦʜʘʯʝʡ 

ʩʳʨʴʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʠ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ ʩʦʩʪʘʚʘ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʧʝʣʣʝʪʥʦʛʦ ʪʦʧʣʠʚʘ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨ, 

ʙʠʦʪʦʧʣʠʚʦ, ʧʝʣʣʝʪʳ, ʛʦʨʝʣʢʘ ʦʙʲʝʤʥʦʛʦ ʛʦʨʝʥʠʷ. 

 

 

ɺʚʝʜʝʥʠʝ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʞʠʜʢʦʤʫ ʪʦʧʣʠʚʫ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ ʷʚʣʷʝʪʩʷ ʛʘʟʦʦʙʨʘʟʥʦʝ ʪʦʧʣʠʚʦ, ʢʦʪʦʨʦʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʰʝʚʠʟʥʦʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʜʢʠʤ ʪʦʧʣʠʚʦʤ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʥʦ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ; ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ; ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʣʫʯʰʘʝʪʩʷ ʭʦʜʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʜʚʠʛʘʪʝʣʷ; ʚ ʛʦʣʦʚʢʘʭ ʮʠʣʠʥʜʨʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʦʙʨʘʟʫʝʪʩʷ ʥʘʛʘʨ; ʫʤʝʥʴʰʘʝʪʩʷ ʠʟʥʦʩ ʮʠʣʠʥʜʨʦ-

ʧʦʨʰʥʝʚʦʡ ʛʨʫʧʧʳ ʠ ʨʘʩʭʦʜ ʤʘʩʣʘ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʪʦʧʣʠʚʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ɼɺʉ, 

ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʪʦʨʥʳʡ ʛʘʟ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ ʧʨʠʤʝʥʷʝʪʩʷ ʧʝʣʣʝʪʥʦʝ ʪʦʧʣʠʚʦ - 

ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʠ ʵʢʦʥʦʤʠʯʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʵʥʝʨʛʠʠ, 

ʧʦʣʫʯʘʝʤʦʝ ʠʟ ʦʪʭʦʜʦʚ ʣʝʩʦʟʘʛʦʪʦʚʢʠ ʠ 

ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʠ, ʙʠʦʤʘʩʩʳ ʨʘʩʪʝʥʠʡ [2, 3].  

ʅʘ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʝ ʪʦʧʣʠʚʘ ʚʣʠʷʶʪ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ, ʧʦʵʪʦʤʫ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʦʧʣʠʚʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʦʪ ʧʦʪʨʝʙʠʪʝʣʷ [4, 5].  

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʝʣʣʝʪʥʦʝ ʪʦʧʣʠʚʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʞʠʛʘʥʠʷ ʚ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʨʝʣʦʢ 

ʬʘʢʝʣʴʥʦʛʦ ʠ ʦʙʲʝʤʥʦʛʦ ʪʠʧʘ. ɺ ʤʠʨʝ ʧʦʢʘ ʝʱʝ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʥʘ ʧʝʣʣʝʪʥʦʝ 

ʪʦʧʣʠʚʦ, ʧʦʵʪʦʤʫ ʬʠʨʤʳ, ʚʳʧʫʩʢʘʶʱʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʘʙʦʪʘʶʱʝʝ ʥʘ ʥʝʤ, ʧʨʠʚʷʟʳʚʘʶʪ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʩʦʨʪʫ ʪʦʧʣʠʚʘ. 

ʉʚʷʟʘʥʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʠ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ  ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʚʠʜ ʪʦʧʣʠʚʘ [6-8].  

ɺ ʈʦʩʩʠʠ ʠ  ʋʢʨʘʠʥʝ ʦʪʩʫʪʩʪʚʫʶʪ ʩʪʘʥʜʘʨʪʳ ʥʘ 

ʢʘʯʝʩʪʚʦ ʜʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ɽʚʨʦʧʝ ʉ 1-ʛʦ ʷʥʚʘʨʷ 

2010 ʛ. ʜʝʡʩʪʚʫʶʪ ʥʦʚʳʝ ʩʪʘʥʜʘʨʪʳ ʢʘʯʝʩʪʚʘ ʥʘ 

ʪʦʧʣʠʚʥʳʝ ʛʨʘʥʫʣʳ (EN 14961-2), ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʧʦʜʪʚʝʨʞʜʘʪʴʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʝʨʪʠʬʠʢʘʪʦʤ EN 

plus. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚ ɽʚʨʦʧʝ ʥʦʚʳʭ ʥʦʨʤ ʢʘʯʝʩʪʚʘ 

ʥʘ ʪʦʧʣʠʚʥʳʝ ʛʨʘʥʫʣʳ (EN 14961-2) ʚʩʝ 

ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ DIN Plus, DIN 51731, ʆ-

Norm 7135, SS 1871 ʠ ʜʨʫʛʠʝ ʧʦʪʝʨʷʶʪ ʩʚʦʶ ʩʠʣʫ. 

ʊʨʝʙʦʚʘʥʠʷ ʧʦ ʢʘʯʝʩʪʚʫ ʛʨʘʥʫʣ ʙʫʜʫʪ ʥʝ ʪʦʣʴʢʦ 

ʫʞʝʩʪʦʯʝʥʳ, ʥʦ ʠ ʜʦʧʦʣʥʝʥʳ ʥʦʚʳʤʠ ʢʨʠʪʝʨʠʷʤʠ. 

ʇʝʣʣʝʪʳ ʙʫʜʫʪ ʨʘʟʜʝʣʷʪʴʩʷ ʧʦ ʢʘʯʝʩʪʚʝʥʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ ʥʘ 3 ʢʣʘʩʩʘ. ʉʘʤʳʝ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ 

ʙʫʜʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʧʝʣʣʝʪʳ ʇʝʨʚʦʛʦ ʩʦʨʪʘ 

ɸ1, ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʟʦʣʴʥʦʩʪʴ ʜʣʷ ʵʪʠʭ 

ʛʨʘʥʫʣ 0,5% (ʛʨʘʥʫʣʳ ʠʟ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʜʝʨʝʚʘ) ʠ 

0,7% (ʠʟ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ). ɺ ʦʩʥʦʚʥʦʤ ʪʦʣʴʢʦ 

ʪʘʢʠʝ ʛʨʘʥʫʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʯʘʩʪʥʦʤ 

ʩʝʢʪʦʨʝ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ. ɺʪʦʨʦʡ ʩʦʨʪ ʛʨʘʥʫʣ ɸ2 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥ ʠʟ ʩʤʝʰʘʥʥʳʭ ʩʦʨʪʦʚ 

ʜʝʨʝʚʘ ʠ ʦʙʣʘʜʘʪʴ ʟʦʣʴʥʦʩʪʴʶ ʜʦ 1%. ʊʘʢʠʝ ʛʨʘʥʫʣʳ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʪʣʘʭ ʠ ʢʦʪʝʣʴʥʳʭ ʙʦʣʝʝ 

ʰʠʨʦʢʦʛʦ ʧʨʦʬʠʣʷ ʠ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʴʟʫʶʪʩʷ 

ʩʧʨʦʩʦʤ ʥʘ ʶʛʝ ɽʚʨʦʧʳ. ɻʨʘʥʫʣʳ ʪʨʝʪʴʝʛʦ ʩʦʨʪʘ ɺ 

ʤʦʛʫʪ ʠʤʝʪʴ ʟʦʣʴʥʦʩʪʴ 3% [9, 10]. 

ʂ ʩʦʜʝʨʞʘʥʠʶ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ, 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʩʞʠʛʘʥʠʷ ʚ ɼɺʉ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʯʝʤ ʢ ʛʘʟʫ, ʩʞʠʛʘʝʤʦʤʫ ʚ 

ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʘ. ʉʦʜʝʨʞʘʥʠʝ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ ʚʣʠʷʝʪ ʥʘ ʤʦʱʥʦʩʪʴ ʠ  

ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʚʠʛʘʪʝʣʷ, ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ, ʨʘʟʤʝʨʳ ʠ ʂ.ʇ.ɼ. ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʧʦʵʪʦʤʫ ʦʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʩʧʦʩʦʙʘ ʛʘʟʠʬʠʢʘʮʠʠ ʪʦʧʣʠʚʘ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʩʦʨʪʦʚ ʧʝʣʣʝʪʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ. 
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ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ʅʘ ʩʦʩʪʘʚ ʛʘʟʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʶʪ ʧʨʦʜʫʢʪʳ ʩʫʭʦʡ ʧʝʨʝʛʦʥʢʠ ʪʦʧʣʠʚʘ, 

ʧʨʠʯʝʤ ʩʪʝʧʝʥʴ ʵʪʦʛʦ ʚʣʠʷʥʠʷ ʟʘʚʠʩʠʪ ʦʪ  ʩʦʨʪʘ 

ʪʦʧʣʠʚʘ ʠ ʪʠʧʘ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʛʝʥʝʨʘʪʦʨʳ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʛʘʟʦʛʝʥʝʨʘʪʦʨʳ ʧʨʷʤʦʛʦ 

(ʚʦʩʭʦʜʷʱʝʛʦ), ʦʙʨʘʪʥʦʛʦ (ʥʠʩʭʦʜʷʱʝʛʦ) ʠ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʛʘʟʠʬʠʢʘʮʠʠ. ʇʨʠ ʧʨʷʤʦʤ 

ʧʨʦʮʝʩʩʝ ʛʘʟʠʬʠʢʘʮʠʠ ʥʝ ʚʩʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ 

 ʪʦʧʣʠʚʘ ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʝ. ɺ ʩʚʷʟʠ ʩ 

ʚʝʨʭʥʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʦʥ ʩʫʭʦʡ ʧʝʨʝʛʦʥʢʠ ʠ 

ʩʫʰʢʠ ʚʩʷ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʘʷ ʚʣʘʛʘ ʪʦʧʣʠʚʘ ʠ 

ʣʝʪʫʯʠʝ ʧʨʠʤʝʰʠʚʘʶʪʩʷ ʢ ʦʩʥʦʚʥʦʤʫ ʛʘʟʫ, 

ʦʙʨʘʟʫʶʱʝʤʫʩʷ ʚ ʘʢʪʠʚʥʦʤ ʩʣʦʝ ʪʦʧʣʠʚʘ. ʅʘʣʠʯʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʤʦʣ ʚ ʛʘʟʝ 

ʜʝʣʘʝʪ ʝʛʦ ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʧʠʪʘʥʠʷ ɼɺʉ, ʪʘʢ ʢʘʢ 

ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʛʘʟʘ ʩʤʦʣʳ 

ʢʦʥʜʝʥʩʠʨʫʶʪʩʷ ʚ ʛʘʟʦʧʨʦʚʦʜʘʭ ʠ ʚʦ ʚʩʘʩʳʚʘʶʱʝʡ 

ʩʠʩʪʝʤʝ ʜʚʠʛʘʪʝʣʷ, ʥʘʨʫʰʘʷ ʪʝʤ ʩʘʤʳʤ ʝʛʦ ʨʘʙʦʪʫ. 

ɻʘʟʦʛʝʥʝʨʘʪʦʨ ʦʙʨʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʛʘʟʠʬʠʢʘʮʠʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʪʦʧʣʠʚʘ  ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ. ʇʨʦʜʫʢʪʳ ʩʫʭʦʡ ʧʝʨʝʛʦʥʢʠ, 

ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʟʦʥʫ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʟʣʦʞʝʥʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʢʦʣʠʯʝʩʪʚʦ ʩʤʦʣ ʥʘ ʚʳʭʦʜʝ ʠʟ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. ɺ ʛʘʟʦʛʝʥʝʨʘʪʦʨʝ 

ʧʦʧʝʨʝʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʛʘʟʠʬʠʢʘʮʠʠ ʚʦʟʜʫʭ 

ʧʦʜʚʦʜʠʪʩʷ ʯʝʨʝʟ ʬʫʨʤʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʩʙʦʢʫ ʚ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʕʪʦʪ ʛʘʟʦʛʝʥʝʨʘʪʦʨ 

ʥʝʧʨʠʛʦʜʝʥ ʜʣʷ ʛʘʟʠʬʠʢʘʮʠʠ ʪʦʧʣʠʚʘ ʩ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʩʩʤʦʣʴʥʦʛʦ ʛʘʟʘ [11, 

12]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʧʨʦʮʝʩʩʘ ʛʘʟʠʬʠʢʘʮʠʠ, 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʛʘʟʘ, ʠʩʧʦʣʴʟʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʩʦʩʪʘʚʘ ʛʝʥʝʨʘʪʦʨʥʦʛʦ 

ʛʘʟʘ [11, 13]. 

ʉʞʠʛʘʥʠʷ ʚ ʛʘʟʦʛʝʥʝʨʘʪʦʨʝ ʩ ʥʠʞʥʝʡ ʧʦʜʘʯʝʡ 

ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʮʝʩʩʘ 

ʛʘʟʠʬʠʢʘʮʠʠ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʩʪʘʥʦʚʦʢ 

ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʩʞʠʛʘʶʱʠʭ ʤʘʣʦʟʦʣʴʥʫʶ  

ʙʠʦʤʘʩʩʫ (ʜʨʝʚʝʩʥʘʷ ʱʝʧʘ, ʦʧʠʣʢʠ) ʚʣʘʞʥʦʩʪʴʶ ʜʦ 

40 % [14, 15]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʷ 

ʩʞʠʛʘʥʠʷ ʩ ʥʠʞʥʝʡ ʧʦʜʘʯʝʡ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ 

ʧʝʣʣʝʪʥʘʷ ʛʦʨʝʣʢʘ ʦʙʲʝʤʥʦʛʦ ʛʦʨʝʥʠʷ (ʨʠʩ. 1), 

ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʚ ʪʦʧʢʝ ʢʦʪʣʘ [6, 8, 16].  

ɼʝʡʩʪʚʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʛʘʟʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʩʤʝʰʘʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʪʘʢ ʢʘʢ ʯʘʩʪʴ ʚʣʘʛʠ ʪʦʧʣʠʚʘ 

ʫʯʘʩʪʚʫʝʪ ʚ ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʠ [16]. ʇʦʜʘʯʘ ʚʦʟʜʫʭʘ ʚ 

ʧʝʣʣʝʪʥʦʡ ʛʦʨʝʣʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʚʝʨʭʫ, ʧʨʠ ʵʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʘʝʪ 1300-1700
0
ʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʠʚʥʘʷ ʟʦʥʘ ʟʘʥʠʤʘʝʪ 

ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʛʦʨʝʣʢʠ. ʇʦʜ ʢʠʩʣʦʨʦʜʥʦʡ ʟʦʥʦʡ 

ʥʘʭʦʜʠʪʩʷ ʟʦʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʊʘʢ ʢʘʢ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʩ 

ʧʦʛʣʦʱʝʥʠʝʤ ʪʝʧʣʘ, ʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʥʠʞʘʝʪʩʷ ʜʦ 700-900
0
ʉ. ʅʠʞʝ 

ʘʢʪʠʚʥʦʡ ʟʦʥʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʦʥʘ ʩʫʭʦʡ ʧʝʨʝʛʦʥʢʠ 

ʠ ʟʦʥʘ ʧʦʜʩʫʰʢʠ ʪʦʧʣʠʚʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʦʪʦʨʳʭ 

ʜʦʩʪʠʛʘʝʪ 150-400
0
ʉ ʠ 100-150

0
ʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
ʈʠʩ. 1. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʝʣʣʝʪʥʘʷ ʛʦʨʝʣʢʘ ʦʙʲʝʤʥʦʛʦ 

ʛʦʨʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ɸ.ɹ. ɻʦʨʜʠʥʘ 

 

 
 

ʈʠʩ. 2. ɻʦʨʝʣʢʘ ʦʙʲʝʤʥʦʛʦ ʛʦʨʝʥʠʷ  

 

ʕʪʠ ʟʦʥʳ ʦʙʦʛʨʝʚʘʶʪʩʷ ʪʝʧʣʦʤ, ʠʟʣʫʯʘʝʤʳʤ 

ʪʦʧʣʠʚʦʤ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ʇʨʠ ʵʪʦʤ ʚʣʘʛʘ ʪʦʧʣʠʚʘ ʠ 

ʣʝʪʫʯʠʝ ʥʝ ʤʦʛʫʪ ʚʳʡʪʠ ʠʟ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ, ʤʠʥʫʷ 

ʘʢʪʠʚʥʫʶ ʟʦʥʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʦʯʝʚʠʜʥʦ, ʧʨʦʮʝʩʩ 

ʛʘʟʠʬʠʢʘʮʠʠ ʧʝʣʣʝʪʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʛʦʨʝʣʢʝ 

ʦʙʲʝʤʥʦʛʦ ʛʦʨʝʥʠʷ ʩ ʥʠʞʥʝʡ ʧʦʜʘʯʝʡ ʩʳʨʴʷ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʦʢ  ʢ ʦʙʨʘʪʥʦʤʫ ʧʨʦʮʝʩʩʫ 

ʛʘʟʠʬʠʢʘʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʝ ʩʦʩʪʘʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʪʦʧʣʠʚʘ ʠ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʘʷ ʚʣʘʛʘ ʧʨʠʥʠʤʘʶʪ 

ʫʯʘʩʪʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʛʘʟʘ ʠ ʚʣʠʷʶʪ ʥʘ ʝʛʦ ʩʦʩʪʘʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʩʦʜʝʨʞʘʥʠʷ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʙʨʘʪʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʛʘʟʠʬʠʢʘʮʠʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʘʪʝʨʠʘʣʴʥʦʤ ʠ 

ʪʝʧʣʦʚʦʤ ʙʘʣʘʥʩʝ ʧʨʦʮʝʩʩʘ ʛʘʟʠʬʠʢʘʮʠʠ, 

ʫʯʠʪʳʚʘʶʱʘʷ ʢʦʥʩʪʘʥʪʫ ʨʘʚʥʦʚʝʩʠʷ ʛʘʟʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʭʦʜʘ ʝʛʦ ʠʟ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʪʦʧʣʠʚʘ, 

ʩʦʩʪʦʠʪ ʠʟ ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ, ʚʦʜʦʨʦʜʘ, 

ʢʠʩʣʦʨʦʜʘ, ʘʟʦʪʘ, ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ ʚʦʜʷʥʦʛʦ 

ʛʘʟʘ, ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʧʨʦʮʝʩʩʘ ʛʘʟʠʬʠʢʘʮʠʠ [17, 

18]. 

ʈʘʩʯʝʪ ʩʦʩʪʘʚʘ ʛʘʟʘ ʧʨʠ ʦʙʨʘʪʥʦʤ ʧʨʦʮʝʩʩʝ 

ʛʘʟʠʬʠʢʘʮʠʠ ʚʝʜʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ 100 ʤʦʣʴ 

ʚʣʘʞʥʦʛʦ ʛʘʟʘ ʠʟ ʪʦʧʣʠʚʘ. 

ɻʘʟ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

2222 ,,,, NOHHCOCO , ʪʦʛʜʘ ʫʨʘʚʥʝʥʠʝ ʧʨʠ 

ʥʘʣʠʯʠʠ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʤʝʝʪ ʚʠʜ:  
 

%.1002222 =++++ NOHHCOCO       (1) 



ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 75 

 

 

 

ʉʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʥʘ ʚ ʛʘʟʝ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ 

ʫʨʘʚʥʝʥʠʡ ʧʨʝʥʝʙʨʝʛʘʶʪ, ʘ ʧʨʠ ʦʢʦʥʯʘʪʝʣʴʥʦʤ 

ʨʘʩʯʝʪʝ ʚʥʦʩʷʪ ʧʦʧʨʘʚʢʫ ʥʘ ʩʦʩʪʘʚ ʛʘʟʘ, ʧʨʠʥʠʤʘʷ, 

ʯʪʦ ʚ ʥʝʤ ʩʦʜʝʨʞʠʪʩʷ 1,5% ʤʝʪʘʥʘ. 

ɻʦʨʶʯʘʷ ʤʘʩʩʘ ʪʦʧʣʠʚʘ ʩʦʩʪʦʠʪ: 

 

%.100=++++ PPPPp AWOHC          (2) 

 

ʛʜʝ 
pC  - ʨʘʙʦʯʘʷ ʤʘʩʩʘ ʫʛʣʝʨʦʜʘ ʚ %; 

PH  - ʨʘʙʦʯʘʷ ʤʘʩʩʘ ʚʦʜʦʨʦʜʘ ʚ %; 
PO  - ʨʘʙʦʯʘʷ ʤʘʩʩʘ ʢʠʩʣʦʨʦʜʘ ʚ %; 
PW  - ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʪʦʧʣʠʚʝ ʚ %; 

PA - ʟʦʣʘ ʚ %. 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʉʆ, ʉʆ2, ʅ2, ʅ2ʆ, 

N2 ʠ ʚʳʭʦʜʘ ʛʚv .  ʚʣʘʞʥʦʛʦ ʛʘʟʘ ʥʘ ʦʜʠʥ ʢʠʣʦʛʨʘʤʤ 

ʪʦʧʣʠʚʘ ʩʦʩʪʘʚʣʷʶʪʩʷ  ʫʨʘʚʥʝʥʠʷ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ, 

ʚʦʜʦʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ, ʘʟʦʪʘ, ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ 

ʚʦʜʷʥʦʛʦ ʛʘʟʘ, ʪʝʧʣʦʚʦʡ ʙʘʣʘʥʩ ʧʨʦʮʝʩʩʘ 

ʛʘʟʠʬʠʢʘʮʠʠ.    

ɺ ʤʘʪʝʨʠʘʣʴʥʦʤ ʙʘʣʘʥʩʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʚʝʱʝʩʪʚʘ, 

ʧʝʨʝʭʦʜ ʵʣʝʤʝʥʪʦʚ ʪʦʧʣʠʚʘ 
PPp OHC 22 ,, ʠ 

ʚʦʟʜʫʭʘ
BB NO 22 , ʚ ʛʘʟ ʧʦ ʩʣʝʜʫʶʱʠʤ ʪʨʝʤ 

ʫʨʘʚʥʝʥʠʷʤ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ, ʚʦʜʦʨʦʜʘ, ʢʠʩʣʦʨʦʜʘ. 

ɹʘʣʘʥʩ ʫʛʣʝʨʦʜʘ 
pC , ʚ ʤʦʣʷʭ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚʝʩʴ ʫʛʣʝʨʦʜ  ʪʦʧʣʠʚʘ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʧʦʪʝʨʴ ʝʛʦ ʩ ʥʝʜʦʞʦʛʦʤ ʚ ʟʦʣʝ, 

ʧʝʨʝʭʦʜʠʪ ʚ ʛʘʟ ʚ ʚʠʜʝ 2,COCO . 

ʆʙʲʝʤ ʧʦʣʫʯʘʝʤʦʛʦ ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

,100 .. ʛʤʛʚ VV Ö=    (3) 

 

ʛʜʝ 4,22. =ʛʤV  -  ʦʙʲʝʤ ʦʜʥʦʛʦ ʤʦʣʷ ʛʘʟʘ ʚ ʥʤ
3
 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 0Á ʠ ʜʘʚʣʝʥʠʠ 760 ʤʤ ʨʪ. ʩʪ. 

ʂʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʚʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʛʚV .   ʛʘʟʘ: 

.
.

.

ʛʚ

ʛʚ
T

v

V
G =   (4) 

 

ʂʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ ʚ ʨʘʙʦʯʝʤ ʪʦʧʣʠʚʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ: 

 

100

p

Tp

m

CG
C = .  (5) 

 

ʂʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ ʚ ʪʦʧʣʠʚʝ, ʚ ʤʦʣʷʭ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

ʛʚ

p
p

m
v

C
C

.

867,1
=     (6) 

 

ʆʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʉʆ ʠ ʉʆ2 ʚ ʛʘʟʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʜʝʨʞʘʥʠʶ ʠʭ ʚ ʤʦʣʷʭ. 

ʉ ʫʯʝʪʦʤ ʥʝʜʦʞʦʛʘ ʫʨʘʚʥʝʥʠʝ ʙʘʣʘʥʩʘ ʫʛʣʝʨʦʜʘ 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

2

. 100

100867,1
COCO

v

C

ʛʚ

p

+=ö
÷

õ
æ
ç

å -d
,         (7) 

 

ʛʜʝ d - ʧʦʪʝʨʠ ʫʛʣʝʨʦʜʘ ʚ ʦʯʘʛʦʚʳʭ ʦʩʪʘʪʢʘʭ ʚ ʚʠʜʝ 

ʧʳʣʠ, ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʙʝʨʝʪʩʷ ʧʨʠ ʛʘʟʠʬʠʢʘʮʠʠ 

ʤʷʛʢʠʭ ʧʦʨʦʜ, ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʪʚʝʨʜʳʭ ʧʦʨʦʜ 

ʜʨʝʚʝʩʠʥʳ.  

ɼʝʡʩʪʚʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ, 

ʨʘʩʭʦʜʫʝʤʦʛʦ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʟʘ, ʚʳʨʘʞʘʝʪʩʷ 

ʯʝʨʝʟ: 

2
100

100
COCOʉʨ +=ö

÷

õ
æ
ç

å -d
. (8) 

 

ʆʢʦʥʯʘʪʝʣʴʥʦ ʬʦʨʤʫʣʘ ʠʤʝʝʪ ʚʠʜ: 

 

2

.

867,1
COCO

v

C

ʛʚ

p

ʜ += .   (9) 

ɹʘʣʘʥʩ ʚʦʜʦʨʦʜʘ 
pH , ʚ ʤʦʣʷʭ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚʝʩʴ ʩʚʦʙʦʜʥʳʡ ʚʦʜʦʨʦʜ ʠ ʚʦʜʦʨʦʜ 
p

wH ʩʚʷʟʘʥʥʳʡ ʚʦ ʚʣʘʛʝ ʪʦʧʣʠʚʘ, ʧʝʨʝʭʦʜʠʪ ʚ 

ʩʚʦʙʦʜʥʳʡ ʚʦʜʦʨʦʜ ʛʘʟʘ ʠ ʚ ʚʦʜʦʨʦʜ, ʩʚʷʟʘʥʥʳʡ ʚ 

ʥʝʨʘʟʣʦʞʠʚʰʝʤʩʷ ʧʘʨʝ. 

ʉʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʚʦʜʦʨʦʜʘ  ʚ ʪʦʧʣʠʚʝ, ʚ 

ʤʦʣʷʭ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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p
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H
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2,11
= .  (10) 

ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ,  ʚ ʤʦʣʷʭ, ʩʚʷʟʘʥʥʦʛʦ ʚʦ 

ʚʣʘʛʝ ʪʦʧʣʠʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ  ʫʨʘʚʥʝʥʠʷ: 

 

.
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W
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ɹʘʣʘʥʩ ʚʦʜʦʨʦʜʘ, ʚ ʤʦʣʷʭ, ʠʤʝʝʪ ʚʠʜ: 

 

.
244,12,11
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ɹʘʣʘʥʩ ʢʠʩʣʦʨʦʜʘ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʪʦʛʦ, 

ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ 

ʧʝʣʣʝʪʥʦʛʦ ʪʦʧʣʠʚʘ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʢʠʩʣʦʨʦʜʘ 

ʛʦʨʶʯʝʡ ʤʘʩʩʳ ʠ ʢʠʩʣʦʨʦʜʘ, ʩʚʷʟʘʥʥʦʛʦ ʚʦ ʚʣʘʛʝ 

ʪʦʧʣʠʚʘ. 
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ʉʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ  ʚ ʪʦʧʣʠʚʝ, 

ʚ ʤʦʣʷʭ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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p
p

m
v

O
O
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7,0
= .   (13) 

ʂʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʚ ʤʦʣʷʭ, ʩʚʷʟʘʥʥʦʛʦ ʚʦ 

ʚʣʘʛʝ ʪʦʧʣʠʚʘ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ  ʫʨʘʚʥʝʥʠʷ: 

 

.
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.ʛʚ

p
p

w
v

W
O =    (14) 

ʂʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ  ʠʟ ʚʦʟʜʫʭʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʚʝʩʴ ʘʟʦʪ ʧʦʩʪʫʧʘʝʪ 

ʪʦʣʴʢʦ ʩ ʚʦʟʜʫʭʦʤ ʧʦ ʬʦʨʤʫʣʝ: 

 

22 266,0 NOʚ=   (15) 

 

ʂʠʩʣʦʨʦʜ ʚʭʦʜʠʪ ʚ ʛʘʟ ʚ ʩʦʩʪʘʚʝ ʉʆ, ʉʆ2, ʅ2ʆ.  

ɹʘʣʘʥʩ ʢʠʩʣʦʨʦʜʘ, ʚ ʤʦʣʷʭ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: 

 

).(5,0266,0
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ʇʦ ʦʙʨʘʪʠʤʦʡ ʨʝʘʢʮʠʠ ʚʦʜʷʥʦʛʦ ʛʘʟʘ ʤʝʞʜʫ 

ʯʝʪʳʨʴʤʷ ʢʦʤʧʦʥʝʥʪʘʤʠ ʉʆ, ʉʆ2, ʅ2, ʅ2ʆ  

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʟʘʚʠʩʷʱʝʝ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ.  

ʂʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʵʪʦʡ ʨʝʘʢʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʈʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚʦʜʷʥʦʛʦ ʛʘʟʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘʭ ʧʨʠ ʢʦʥʩʪʘʥʪʝ 

5,27,1 -=pK , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 

1000Üʉ [11]. 

ʉʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʩʦʩʪʘʚʘ ʛʘʟʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʧʨʦʮʝʩʩʘ 

ʛʘʟʠʬʠʢʘʮʠʠ. 

ʇʦʪʝʨʠ ʪʝʧʣʘ ʧʨʠ ʧʨʦʮʝʩʩʝ ʛʘʟʠʬʠʢʘʮʠʠ 

ʫʯʠʪʳʚʘʶʪʩʷ ʫʩʣʦʚʥʳʤ ʂʇɼ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ: 

 

,
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ʛʜʝ 
ʛʚ

ʥQ .
 - ʪʝʧʣʦʪʚʦʨʥʦʩʪʴ ʚʣʘʞʥʦʛʦ ʛʘʟʘ. 

ʊʝʧʣʦʪʚʦʨʥʦʩʪʴ ʚʣʘʞʥʦʛʦ ʛʘʟʘ ʦʧʨʝʜʝʣʷʝʤ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

.7,255,30 2

. HCOQ ʛʚ

ʥ +=   (19) 

 

ʇʦʩʣʝ  ʧʦʜʩʪʘʥʦʚʢʠ ʫʨʘʚʥʝʥʠʷ (19) ʚ ʫʨʘʚʥʝʥʠʝ 

(18) ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  ʬʦʨʤʫʣʘ ʫʨʘʚʥʝʥʠʷ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʠʤʝʝʪ ʚʠʜ:  

.7,255,30 2
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ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʘʟʦʪʘ ʚʳʚʦʜʷʪ ʠʟ ʙʘʣʘʥʩʘ 

ʩʦʩʪʘʚʘ ʛʘʟʘ: 

 

.)(100 2222 NOHHCOCO =+++-     (21) 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʛʘʟʘ ʠ ʚʳʭʦʜʘ ʝʛʦ ʠʟ 

ʦʜʥʦʛʦ ʢʠʣʦʛʨʘʤʤʘ ʪʦʧʣʠʚʘ ʨʝʰʘʝʪʩʷ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ (9), (12), (16), (17), (20) ʠ (21). 

ʕʣʝʤʝʥʪʘʨʥʳʡ ʩʦʩʪʘʚ ʛʦʨʶʯʝʡ ʤʘʩʩʳ 

ʩʪʚʦʣʦʚʦʡ ʜʨʝʚʝʩʠʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ ʜʣʷ 

ʚʩʝʭ ʧʦʨʦʜ (ʪʘʙʣ. 1). 

 
ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʩʩʳ ʧʝʣʣʝʪʥʦʛʦ ʪʦʧʣʠʚʘ [11, 19] 

ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʉʦʜʝʨʞʘʥʠʝ, % 

ʋʛʣʝʨʦʜ 50 - 51 

ɺʦʜʦʨʦʜ 6 - 6,1 

ʂʠʩʣʦʨʦʜ 42,3 - 43 

ɸʟʦʪ < 0,3 - 1 

 

ɿʦʣʴʥʦʩʪʴ ʩʫʭʦʡ ʜʨʝʚʝʩʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʨʦʜʳ ʜʨʝʚʝʩʠʥʳ (ʪʘʙʣ. 2). 

 
ʊʘʙʣʠʮʘ 2 

ɿʦʣʴʥʦʩʪʴ ʩʫʭʦʡ ʜʨʝʚʝʩʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ  

ʦʪ ʧʦʨʦʜʳ ʜʨʝʚʝʩʠʥʳ [11] 

ʇʦʨʦʜʘ 
ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʳ, % 

ʚ ʩʪʚʦʣʝ ʚ ʩʫʯʴʷʭ 

ʉʦʩʥʘ 0,24 1,72 

ɹʝʨʝʟʘ 0,35 2,42 

ʆʩʠʥʘ 0,75 2,35 

 

ʂʇɼ ʧʝʣʣʝʪʥʳʭ ʢʦʪʣʦʚ ʩ ʛʦʨʝʣʢʘʤʠ ʦʙʲʝʤʥʦʛʦ 

ʪʠʧʘ - ʜʦ %95=ʛh  (ʤʦʜʝʣʠ Vitolig 300 ʦʪ 

VIESSMANN (ɻʝʨʤʘʥʠʷ), GD-WB ʦʪ GRANDEG 

(ʃʘʪʚʠʷ), Biomatic ʦʪ THERMIA (ʐʚʝʮʠʷ), Benekov 

ling ʠ Pelling 27 ʦʪ BENEKOV (ʏʝʭʠʷ)), ʘ ʢʦʥʩʪʘʥʪʘ 

ʨʘʚʥʦʚʝʩʠʷ 76,0=pK ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750Áʉ,  

ʚʳʭʦʜʷʱʝʛʦ ʠʟ ʘʢʪʠʚʥʦʛʦ ʩʣʦʷ [17]. ʇʦʪʝʨʠ 

ʫʛʣʝʨʦʜʘ ʚ ʦʯʘʛʦʚʳʭ ʦʩʪʘʪʢʘʭ ʚ ʚʠʜʝ ʧʳʣʠ 

%5,25,1 -=d , ʛʜʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʙʝʨʝʪʩʷ ʧʨʠ 

ʛʘʟʠʬʠʢʘʮʠʠ ʤʷʛʢʠʭ ʧʦʨʦʜ, ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ - ʜʣʷ 

ʪʚʝʨʜʳʭ ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ [11]. 

ʊʝʧʣʦʪʫ ʩʛʦʨʘʥʠʷ ( Q ), ʚʳʩʰʫʶ ( Qɺ )  ʠ 

ʥʠʟʰʫʶ (Qʅ), ʚ ʄɼʞ/ʤ
3
,  ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ 

ʩʦʛʣʘʩʥʦ ɻʆʉʊ 22667-82: 
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,                            (22) 
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ʛʜʝ Qi - ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʛʘʟʘ (ʚʳʩʰʘʷ ʠ ʥʠʟʰʘʷ)  

i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʛʘʟʘ (ʪʘʙʣ. 3); 

ʉi - ʜʦʣʷ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʛʘʟʝ (ʪʘʙʣ. 4). 

ʇʨʝʜʧʨʠʷʪʠʷ, ʠʟʛʦʪʘʚʣʠʚʘʶʱʠʝ ʧʝʣʣʝʪʳ ʜʣʷ 

ʝʚʨʦʧʝʡʩʢʠʭ ʨʳʥʢʦʚ, ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʩʪʘʥʜʘʨʪʦʚ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3 [20, 21]. ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʧʨʷʤʦʤ ʧʨʦʮʝʩʩʝ ʛʘʟʠʬʠʢʘʮʠʠ 

ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʧʝʣʣʝʪʥʦʛʦ ʪʦʧʣʠʚʘ, ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 3. 

 
ʊʘʙʣʠʮʘ 3 

ʈʘʩʯʝʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʝʣʣʝʪʥʦʛʦ ʪʦʧʣʠʚʘ 

ʊʦʧʣʠʚʦ 

ʉʦʜʝʨʞʘʥʠʝ ʚ % ʧʦ ʚʝʩʫ 

ʥʝ ʙʦʣʝʝ 
ʉʦʩʪʘʚ ʛʘʟʘ, % 

ʚʣʘʛʠ 

Wʘʙʩ 

ʟʦʣʳ 

ɸʝ 

cʝʨʳ 

Sc 
ʉʆ ʅ2 ʉʆ2 ʉʅ4 N2 

ʇʝʣʣʝʪʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʦʨʳ 

(ʧʝʨʚʳʡ ʩʦʨʪ) 
5-7% 

ʄʝʥʝʝ 

0,7 
- 40,50 21,50 0,70 1,50 37,40 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʧʝʣʣʝʪʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʨʳ 

- ʙʦʣʝʝ 0,7- 1,5% 
5-7% ʙʦʣʝʝ 

0,7 
- 38,86 22,18 1,76 1,5 37,19 

DIN 51 731, ɻʝʨʤʘʥʠʷ < 12 < 1,50 < 0,08 35,01 23,99 4,27 1,5 36,71 

DIN plus, ɻʝʨʤʘʥʠʷ < 10 < 0,50 < 0,04 36,58 23,27 3,26 1,5 36,88 

ʆ-Norm M 7135, ɸʚʩʪʨʠʷ < 10 < 0,50 < 0,08 36,60 23,28 3,25 1,5 36,86 

SS 18 71 20, ʐʚʝʮʠʷ < 10 < 1,50 < 0,08 36,51 23,30 3,29 1,5 36,88 

Commercial, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ < 10 
1, 3 ʠʣʠ 

6 
< 0,08 

36,53 23,30 3,28 1,5 36,88 

36,10 23,41 3,50 1,5 36,98 

ʇʝʣʣʝʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʨʘʟʥʳʭ ʚʠʜʦʚ 

ʩʳʨʴʷ, ʧʦ ʜʘʥʥʳʤ ʢʦʤʧʘʥʠʡ  

ʆʆʆ çʕʂʆʈʆʉʉè 

8,3-8,5 0,5 - 37,70 22,73 2,52 1,5 37,03 

Cʨʝʜʥʠʡ ʩʦʩʪʘʚ ʛʘʟʘ 35-40 21-24 
0,7-

4,3 
1,5 37 

 

ʊʘʙʣʠʮʘ 4 

ɺʳʩʰʘʷ ʠ ʥʠʟʰʘʷ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ* ʢʦʤʧʦʥʝʥʪʦʚ ʩʫʭʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ 

ʧʨʠ 0 Áʉ ʠ 101,325 ʢʇʘ** (ɻʆʉʊ 22667-82) 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʌʦʨʤʫʣʘ 

ʊʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʳʩʰʘʷ ʥʠʟʰʘʷ 

ʄɼʞ/ʤ3 ʢʢʘʣ/ʤ3 ʄɼʞ/ʤ3 ʢʢʘʣ/ʤ3 

ɺʦʜʦʨʦʜ H2 12,75 3040 10,79 2580 0,0695 

ʆʢʠʩʴ ʫʛʣʝʨʦʜʘ CO 12,64 3020 12,64 3020 0,9671 

ɼʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʉʆ2  - - - 1,529 

ɸʟʦʪ N2  - - - 0,967 

 

* ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 1. 

**  ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ ʧʨʠʚʝʜʝʥʳ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʞʠʤʘʝʤʦʩʪʠ Z. 
 

ʊʝʧʣʦʪʘ ʩʞʠʛʘʥʠʷ ʩʫʭʦʛʦ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ ʠʟ 

ʠʩʩʣʝʜʫʝʤʳʭ ʜʨʝʚʝʩʥʳʭ ʧʝʣʣʝʪ ʩʦʩʪʘʚʣʷʝʪ 7,82-8,30 

ʄɼʞ/ʤ
3
. 

ʅʝʢʦʪʦʨʳʝ ʦʪʣʠʯʠʷ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ 

ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʧʝʣʣʝʪʥʦʛʦ 

ʪʦʧʣʠʚʘ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʝʣʣʝʪʘʭ ʟʦʣʳ ʠ ʚʣʘʛʠ 

(ʪʘʙʣ. 3), ʘ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ 

ʢʦʨʳ ʚ ʧʘʣʣʝʪʘʭ, ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʚʠʜʘ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʨʝʚʝʩʠʥʳ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʝʣʣʝʪ ʚʣʠʷʝʪ ʥʘ ʠʭ 

ʪʝʧʣʦʪʫ ʩʛʦʨʘʥʠʷ: ʯʝʤ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ ʛʦʨʶʯʠʭ 

ʛʘʟʦʚ, ʪʝʤ ʚʳʰʝ ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ, ʘ ʟʥʘʯʠʪ, ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. ʀʟ ʪʘʙʣ. 3 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʪʝʧʣʦʪʫ 

ʩʛʦʨʘʥʠʷ ʚʣʠʷʝʪ ʥʝ ʧʦʨʦʜʘ ʜʨʝʚʝʩʠʥʳ, ʠʩʧʦʣʴʟʫʝʤʘʷ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʝʣʣʝʪ, ʘ ʝʝ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʙʦʪʦʡ [13]. 

ɺʳʚʦʜʳ. 1. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʛʘʟʠʬʠʢʘʮʠʠ ʧʝʣʣʝʪʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʛʦʨʝʣʢʝ 

ʦʙʲʝʤʥʦʛʦ ʛʦʨʝʥʠʷ ʩ ʥʠʞʥʝʡ ʧʦʜʘʯʝʡ ʩʳʨʴʷ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʦʢ ʢ ʦʙʨʘʪʥʦʤʫ ʧʨʦʮʝʩʩʫ 

ʛʘʟʠʬʠʢʘʮʠʠ. 

2. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʣʣʝʪʳ ʧʝʨʚʦʛʦ ʩʦʨʪʘ ɸ1, 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʟʦʣʴʥʦʩʪʴ ʜʣʷ ʵʪʠʭ ʛʨʘʥʫʣ 

0,5 % (ʛʨʘʥʫʣʳ ʠʟ ʭʚʦʡʥʳʭ ʧʦʨʦʜ ʜʝʨʝʚʘ) ʠ 0,7 % 

(ʠʟ ʣʠʩʪʚʝʥʥʳʭ ʧʦʨʦʜ), ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʝ, ʙʣʠʟʢʠʝ 

ʧʦ ʩʚʦʡʩʪʚʘʤ.  
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3. ʇʦʣʫʯʠʣʘ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʠʢʘ 

ʨʘʩʯʝʪʘ ʩʦʩʪʘʚʘ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʛʘʟʘ, ʫʯʠʪʳʚʘʶʱʘʷ 

ʥʠʞʥʶʶ ʧʦʜʘʯʫ ʧʝʣʣʝʪʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʟʦʥʫ 

ʛʘʟʠʬʠʢʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʨʪ ʧʝʣʣʝʪʥʦʛʦ ʪʦʧʣʠʚʘ 

ʚʣʠʷʝʪ ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʣʫʯʘʝʤʦʛʦ ʛʘʟʘ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʪʝʧʣʦʪʫ ʝʛʦ ʩʞʠʛʘʥʠʷ, ʠ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ 

ʛʘʟʦʛʝʥʝʨʘʪʦʨʘ. 

5. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʜʠʥʦʛʦ ʤʠʨʦʚʦʛʦ ʩʪʘʥʜʘʨʪʘ ʥʘ 

ʧʝʣʣʝʪʥʦʝ ʪʦʧʣʠʚʦ ʜʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʛʘʟʠʬʠʢʘʮʠʠ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʚ.  
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ʊHE PRODUCT GAS OBTAINED FROM THE PELLET 

FUEL IN THE AUTOMOBILE  GAS ïGENERATOR 

We justify the method of calculation of the composition 

of the product gas produced when using fuel gasification 

technology with bottom feed. The methods of calculation and 

results of calculation of the composition of the gas generator 

for different types of pellet fuel. Completed analysis of the 

calculated data. 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʠ ʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʝʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ ʩʦʚʤʝʩʪʥʦ 

ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʮʠʢʣʦʥʥʳʤʠ ʧʳʣʝʫʣʦʚʠʪʝʣʷʤʠ. 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʷ 

ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʥʝʩʫʱʝʡ ʬʘʟʳ ʠ ʪʨʘʝʢʪʦʨʠʡ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʫʩʪʘʥʦʚʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʢʣʦʥ, ʚʦʟʜʫʭʦʦʯʠʩʪʢʘ, ʯʘʩʪʠʮʘ, 

ʧʳʣʝʫʣʦʚʠʪʝʣʴ, ʚʠʭʨʝʚʦʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʦʨʛʘʥ. 

 

 

ɺʚʝʜʝʥʠʝ. ɺ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʠ ʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʨʝʜʠ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚʳʜʝʣʷʶʪʩʷ ʧʳʣʝʦʯʠʩʪʢʘ, ʦʙʦʛʘʱʝʥʠʝ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʚ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ 

ʧʨʦʤrhʣʝʥʥʦʩʪʠ ï ʦʯʠʩʪʢʘ ʨʘʙʦʯʝʡ ʤʘʩʩʳ, ʚ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʘʭ ï ʦʯʠʩʪʢʘ ʚʦʟʜʫʭʘ, 

ʪʦʧʣʠʚ ʠ ʤʘʩʝʣ ʦʪ ʚʦʜʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʠ 

ʪ.ʜ. [1-3]. ɺ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚʘʞʥʦʝ ʤʝʩʪʦ 

ʟʘʥʠʤʘʶʪ ʮʝʥʪʨʦʙʝʞʥʳʝ ʠʥʝʨʮʠʦʥʥʳʝ 

ʧʳʣʝʫʣʦʚʠʪʝʣʠ ʠ ʩʝʧʘʨʘʪʦʨʳ ï ʮʠʢʣʦʥʳ.  

ʎʠʢʣʦʥʳ ʧʨʦʩʪʳ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʣʝʛʢʦ 

ʫʧʨʘʚʣʷʝʤʳ, ʜʝʰʝʚʳ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʢʦʤʧʘʢʪʥʳ, 

ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳ ʠ ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ. ɼʘʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ 

ʧʦʟʚʦʣʠʣʠ ʥʘʡʪʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʥʳʭ 

ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺʦʟʤʦʞʥʦʩʪʠ ʮʠʢʣʦʥʦʚ 

ʢʘʢ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʜʣʷ 

ʞʠʜʢʠʭ ʩʤʝʩʝʡ. ʉʤʝʩʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʙʦʣʴʰʝ 

ʜʚʫʭ ʞʠʜʢʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʥʦ ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ, 

ʚ ʚʠʜʝ ʥʝʩʪʘʙʠʣʴʥʦʡ ʵʤʫʣʴʩʠʠ, ʩʦʩʪʦʷʪʴ ʠʟ ʞʠʜʢʠʭ 

ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [2]. ʆʪʜʝʣʝʥʠʝ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʦʪ ʪʝʢʫʯʝʡ ʩʨʝʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʛʘʟʦʤ ʠʣʠ  

ʞʠʜʢʦʩʪʴʶ [3]. ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ ʚʩʝ ʝʱʝ ʩʫʱʝʩʪʚʫʶʪ 

ʨʝʟʝʨʚʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

ʩʝʧʘʨʘʪʦʨʦʚ ʮʠʢʣʦʥʥʦʛʦ ʪʠʧʘ ʩʦʜʝʨʞʠʪʩʷ ʚ ʨʘʙʦʪʘʭ 

[4-7]. ʉʚʝʜʝʥʠʷ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ 

ʮʠʢʣʦʥʥʦʛʦ ʧʦʪʦʢʘ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʚ ʨʘʙʦʪʘʭ 

Perry and Green [6], Boysan [8], Hirai [9]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʡ ʧʦʣʷ 

ʩʢʦʨʦʩʪʝʡ ʠ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʘʚʪʦʨʘʤʠ Boysan ,[8], Hirai [9]. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʩʣʦʞʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʧʦʪʦʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʮʠʢʣʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʧʦʣʥʦ, ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʜʣʷ 

ʨʘʩʯʝʪʦʚ ʚʝʣʠʯʠʥʳ ʧʨʝʜʝʣʴʥʦʛʦ ʟʝʨʥʘ [4-6]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʠ 

ʩʝʧʘʨʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʠʩʢʝ ʥʦʚʳʭ 

ʤʝʪʦʜʦʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʚʠʭʨʝʚʳʭ ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ [10, 11]. ʕʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʜʝʞʥʦʡ ʦʩʥʦʚʦʡ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʬʠʟʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ 

ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ 

ʫʩʪʨʦʡʩʪʚ ʚ ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʝ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʠʤʝʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʥʝ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʘ, ʥʦ ʠ ʚ ʪʝʭ 

ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ, ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʝ 

ʧʦʪʦʢʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʝʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ ʚ ʧʨʦʮʝʩʩʘʭ, ʛʜʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʳʣʦ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʱʝʛʦ ʠ ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠ ̫ ʚʠʭʨʝʚʳʭ 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʦʨʛʘʥʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɿʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʮʠʢʣʦʥʘ 

ʧʫʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʧʝʩʢʦʚʦʡ 
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ʥʘʩʘʜʢʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʚ ʘʚʘʨʠʡʥʦʤ ʨʝʞʠʤʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʮʠʢʣʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʤ ʢ ʧʝʩʢʦʚʦʡ ʥʘʩʘʜʢʝ ʚʠʭʨʝʚʳʤ 

ʨʝʛʫʣʠʨʫʶʱʠʤ ʦʨʛʘʥʦʤ ʩ ʦʩʝʚʳʤ ʠʣʠ ʨʘʜʠʘʣʴʥʳʤ 

ʢʘʥʘʣʦʤ ʧʠʪʘʥʠʷ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ ʢʘʥʘʣʦʤ 

ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʧʝʩʢʦʚʦʡ ʥʘʩʘʜʢʠ, ʢʦʪʦʨʘʷ ʤʝʥʷʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʮʠʢʣʦʥʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʢʨʳʪʠʷ 

ʧʦʪʦʢʘ ʯʝʨʝʟ ʧʝʩʢʦʚʫʶ ʥʘʩʘʜʢʫ. ʇʦʪʦʢ ʫʧʨʘʚʣʝʥʠʷ 

ʨʘʙʦʪʦʡ ʚʠʭʨʝʚʦʛʦ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ ʤʦʞʝʪ 

ʙʳʪʴ ʢʘʢ ʞʠʜʢʠʤ, ʪʘʢ ʠ ʛʘʟʦʦʙʨʘʟʥʳʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʭʝʤʳ (ʨʠʩ. 1) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʘʟʜʝʣʝʥʠʷ ʩʤʝʩʝʡ ʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʳʣʝʫʣʘʚʣʠʚʘʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʧʝʩʢʦʚʦʡ ʥʘʩʘʜʢʠ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʧʝʨʝʢʨʳʪʠʷ ʧʦʪʦʢʘ ʯʝʨʝʟ ʥʠʞʥʶʶ ʯʘʩʪʴ ʮʠʢʣʦʥʘ 

ʜʣʷ ʚʥʝʧʣʘʥʦʚʳʭ ʨʘʙʦʪ [13]. 

 

 
 

ʈʠʩ.1. ʉʭʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɺʈʆ ʥʘ ʚʳʭʦʜʝ  

ʠʟ ʮʠʢʣʦʥʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ 

 

ʎʠʢʣʦʥ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɼʚʫʭʬʘʟʥʘʷ ʩʤʝʩʴ ʧʦʜʘʝʪʩʷ ʚ ʮʠʢʣʦʥ ʯʝʨʝʟ 

ʧʠʪʘʪʝʣʴʥʳʡ ʧʘʪʨʫʙʦʢ. ʇʦʜ ʚʣʠʷʥʠʝʤ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʚ ʮʠʢʣʦʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ. ɹʦʣʝʝ ʢʨʫʧʥʳʝ ʠ 

ʪʷʞʝʣʳʝ ʯʘʩʪʠʮʳ ʦʪʙʨʘʩʳʚʘʶʪʩʷ ʢ ʧʝʨʠʬʝʨʠʠ ʠ, 

ʦʧʫʩʢʘʷʩʴ ʧʦ ʩʪʝʥʢʘʤ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʳ ʠ 

ʢʦʥʠʯʝʩʢʦʡ ʢʘʤʝʨʳ, ʥʘʧʨʘʚʣʷʶʪʩʷ ʢ ʧʝʩʢʦʚʦʡ 

ʥʘʩʘʜʢʝ ʠ ʯʝʨʝʟ ʚʠʭʨʝʚʦʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʦʨʛʘʥ 

ʚʳʛʨʫʞʘʶʪʩʷ ʚ ʚʳʭʦʜʥʦʡ ʢʘʥʘʣ, ʤʝʣʢʠʝ ʠ ʣʝʛʢʠʝ 

ʯʘʩʪʠʮʳ ʚʳʪʘʣʢʠʚʘʶʪʩʷ ʢ ʦʩʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʢʘʤʝʨʳ ʮʠʢʣʦʥʘ ʠ ʫʜʘʣʷʶʪʩʷ ʠʟ ʥʝʛʦ ʯʝʨʝʟ ʩʣʠʚʥʦʡ 

ʧʘʪʨʫʙʦʢ. ɺʩʝ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʜʘʚʣʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʢʘʥʘʣʝ 

ʫʧʨʘʚʣʝʥʠʷ ʚʠʭʨʝʚʦʛʦ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ . 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ (ʘʥʘʣʦʛ ʫʤʝʥʴʰʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʝʩʢʦʚʦʡ ʥʘʩʘʜʢʠ) 

ʧʦʜʘʝʪʩʷ ʜʘʚʣʝʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ 

ʢʘʥʘʣ ʫʧʨʘʚʣʝʥʠʷ  ʚʠʭʨʝʚʦʛʦ ʨʝʛʫʣʠʨʫʶʱʝʛʦ 

ʦʨʛʘʥʘ. ʇʨʠ ʵʪʦʤ ʚ ʥʝʤ ʚʦʟʨʘʩʪʘʝʪ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʪʘʢʞʝ ʤʝʥʷʝʪʩʷ ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ 

ʠʟ ʧʝʩʢʦʚʦʡ ʥʘʩʘʜʢʠ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʠʣʠ ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, ʧʦʧʘʜʘʶʱʝʡ ʚ ʩʣʠʚʥʦʡ 

ʧʘʪʨʫʙʦʢ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ (ʚ ɻʢʩʪʨʝʥʥʦʤ ʩʣʫʯʘʝ) 

ʚʦʟʤʦʞʥʘ ʠ ʧʦʣʥʘ ̫ ʦʪʩʝʯʢʘ ʧʦʪʦʢʘ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʤʦʡ ʜʚʫʭʬʘʟʥʦʡ ʩʨʝʜʳ ʧʫʪʝʤ 

ʧʦʣʥʦʛʦ ʟʘʢʨʳʪʠʷ ʚʠʭʨʝʚʦʛʦ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ 

ʚʩʣʝʜʩʪʚʠʝ ʧʦʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʡ ʢʘʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʚʠʭʨʝʚʦʛʦ 

ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ. 

ʊʠʧʠʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʢʦʥʠʯʝʩʢʦʛʦ ʮʠʢʣʦʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2 [3]. ʎʠʢʣʦʥ ʚʢʣʶʯʘʝʪ ʢʦʨʧʫʩ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʦʥʫʩʘ 2 ʠ ʮʠʣʠʥʜʨʘ 3 ʠ ʟʘʢʨʳʪʳʡ 

ʩʚʝʨʭʫ ʢʨʳʰʢʦʡ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʢʨʳʰʢʦʡ, 

ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʢ ʮʠʣʠʥʜʨʦʚʦʡ ʯʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥ 

ʧʠʪʘʪʝʣʴʥʳʡ ʧʘʪʨʫʙʦʢ 5, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ ʧʦʜʘʝʪʩʷ ʩʨʝʜʘ, ʧʦʜʚʝʨʛʘʝʤʘʷ ʦʯʠʱʝʥʠʶ 

ʦʪ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ. ʅʘ ʦʩʠ ʮʠʢʣʦʥʘ ʚ ʮʝʥʪʨʝ ʢʨʳʰʢʠ 

ʨʘʩʧʦʣʦʞʝʥ ʩʣʠʚʥʦʡ ʧʘʪʨʫʙʦʢ 4, ʘ ʚ ʚʝʨʰʠʥʝ ʢʦʥʫʩʘ 

ï ʨʘʟʛʨʫʟʦʯʥʦʝ ʦʪʚʝʨʩʪʠʝ (ʧʝʩʢʦʚʘʷ ʥʘʩʘʜʢʘ). ɽʛʦ 

ʧʣʦʱʘʜʴ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʩʤʝʥʥʳʭ 

ʥʘʩʘʜʦʢ 1. ɺʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʥʘ ʥʠʞʥʝʤ ʢʦʥʮʝ 

ʩʣʠʚʥʦʛʦ ʧʘʪʨʫʙʢʘ 4 ʥʘʟʳʚʘʶʪ ʩʣʠʚʥʳʤ ʦʪʚʝʨʩʪʠʝʤ. 

 

 
 

ʈʠʩ. 2. ʂʦʥʠʯʝʩʢʠʡ ʮʠʢʣʦʥ 

 

ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʮʠʢʣʦʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘ [1-5], ʦʢʦʣʦ ʩʪʝʥʢʠ ʢʦʨʧʫʩʘ 

ʮʠʢʣʦʥʘ ʧʦʪʦʢ ʜʚʠʞʝʪʩʷ ʚʥʠʟ, ʦʥ ʩʦʜʝʨʞʠʪ 

ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʠ ʦʪʙʨʦʰʝʥʳ ʢ ʩʪʝʥʢʘʤ ʧʦʜ 

 



82            ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 

 

 

 

ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ. ʉʧʫʩʢʘʷʩʴ ʧʦ ʩʪʝʥʢʘʤ 

ʢ ʚʝʨʰʠʥʝ ʢʦʥʫʩʘ ʠ ʩʛʫʱʘʷʩʴ ʚ ʤʝʨʫ ʫʤʝʥʴʰʝʥʠʷ 

ʩʝʯʝʥʠʷ ʢʦʥʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʩ 

ʥʝʢʦʪʦʨʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʯʠʱʘʝʤʦʡ ʩʨʝʜʳ ʚʳʭʦʜʷʪ 

ʯʝʨʝʟ ʨʘʟʛʨʫʟʦʯʥʦʝ ʦʪʚʝʨʩʪʠʝ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʧʦʢʠʜʘʝʪ ʮʠʢʣʦʥ ʯʝʨʝʟ ʨʘʟʛʨʫʟʦʯʥʦʝ 

ʦʪʚʝʨʩʪʠʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʘʠʙʦʣʝʝ ʣʝʛʢʠʝ ʯʘʩʪʠʮʳ ʥʝ 

ʚʩʝʛʜʘ ʩʝʧʘʨʠʨʫʶʪʩʷ ʠ ʧʦʧʘʜʘʶʪ ʚ ʩʣʠʚʥʦʝ 

ʦʪʚʝʨʩʪʠʝ.  

ɺ ʩʣʫʯʘʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʩʠʣ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʯʘʩʪʠʮʫ (ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʫʤʤʳ ʩʠʣ 

ʚʷʟʢʦʩʪʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʨʝʜʳ), ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʤʦʞʝʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʮʠʨʢʫʣʠʨʦʚʘʪʴ ʚ ʮʠʢʣʦʥʝ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ 

ʧʨʠʙʣʠʞʝʥʠʠ ʈʝʡʥʦʣʴʜʩʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ. ɺ ʨʘʙʦʪʘʭ [9-11] 

ʨʘʩʩʤʦʪʨʝʥʳ RNG, ʩʪʘʥʜʘʨʪʥʘʷ "k-e"-ʤʦʜʝʣʴ ʠ 

ʤʦʜʝʣʴ ʪʫʨʙʫʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ, 

RSM. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʝʡ RNG, RSM ʠ 

ʩʪʘʥʜʘʨʪʥʦʡ "k-e" ʥʝ ʧʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʨʘʟʣʠʯʠʷ ʚ ʨʘʩʯʝʪʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʧʨʦʬʠʣʷʭ ʤʝʞʜʫ 

ʩʪʘʥʜʘʨʪʦʤ ʠ ʤʦʜʝʣʷʤʠ RNG [9-11], ʧʦʵʪʦʤʫ ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʤ ʩʪʘʥʜʘʨʪʥʫʶ "k-e"-

ʤʦʜʝʣʴ. 

ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ Cosmos 

Floworks ʥʘ ʦʩʥʦʚʝ ʢʦʥʝʯʥʦ-ʦʙʲʝʤʥʦʛʦ ʤʝʪʦʜʘ 

ʨʝʰʘʣʘʩʴ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, 

ʤʦʤʝʥʪʘ ʠ ʵʥʝʨʛʠʠ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ. ʆʙʱʠʡ 

ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʝʯʝʥʠʷ ʚ ɺʈʆ ʦʧʠʩʘʥ ʚ 

[11]. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʥʝʩʫʱʝʡ 

ʞʠʜʢʦʩʪʠ ʠ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʪʚʝʨʜʦʡ 

ʬʘʟʳ ʜʣʷ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʦʛʦ ʩʦʩʪʦʷʥʠʷ ɺʈʆ ʠ 

ʧʨʠ ʧʝʨʝʢʨʳʪʠʠ ʧʦʪʦʢʘ ʧʨʝʜʩʪʘʚʣʝʥ rʥʘ ʨʠʩ. 3. 

ʀʟ ʨʠʩ. 3. ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ɺʈʆ, ʢʘʨʪʠʥʘ ʪʝʯʝʥʠʷ ʚ ʮʠʢʣʦʥʝ 

ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʥʦʩʪʠ 

ʧʣʦʪʥʦʩʪʝʡ ʥʝʩʫʱʝʡ ʞʠʜʢʦʩʪʠ ʠ ʪʚʝʨʜʦʡ ʬʘʟʳ, 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʪʦʢʘ ʥʝʩʫʱʝʡ ʩʨʝʜʳ ʜʚʠʞʝʪʩʷ ʢ 

ʩʣʠʚʥʦʤʫ ʧʘʪʨʫʙʢʫ, ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ï ʢ 

ʨʘʟʛʨʫʟʦʯʥʦʤʫ ʦʪʚʝʨʩʪʠʶ ʚ ʢʦʥʠʯʝʩʢʦʡ ʯʘʩʪʠ 

ʮʠʢʣʦʥʘ. 

ɼʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʚ ʥʝʩʫʱʝʡ ʩʨʝʜʝ 

ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʚ 2 ʵʪʘʧʘ: ʚʥʘʯʘʣʝ ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʥʝʩʫʱʝʡ ʩʨʝʜʳ, ʟʘʪʝʤ ï 

ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʠ ʪʨʘʝʢʪʦʨʠʡ ʯʘʩʪʠʮ ʚ 

ʥʝʩʫʱʝʤ ʧʦʪʦʢʝ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʦʙʨʘʟʮʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʨʘʣʩʷ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ 

ʩ ʤʝʜʠʘʥʥʳʤ ʜʠʘʤʝʪʨʦʤ (8,32,50)*10
-6
 ʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʪʚʝʨʜʦʡ ʬʘʟʳ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ɺʈʆ ʠ ʧʨʠ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪʦʤ ɺʈʆ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4. 

 
 

ʘ)    ʙ)  

 

 
ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʥʝʩʫʱʝʡ ʬʘʟʳ:  

ʘ) ʙʝʟ ʧʦʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ɺʈʆ, ʙ) ʚ ʩʣʫʯʘʝ ʧʝʨʝʢʨʳʪʠʷ ʧʦʪʦʢʘ ʥʝʩʫʱʝʡ ʬʘʟʳ ʯʝʨʝʟ ɺʈʆ 
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ʘ)                             ʙ)  

 
ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʝ ʯʘʩʪʠʮ ʪʚʝʨʜʦʡ ʬʘʟʳ:  

ʘ) ʙʝʟ ʧʦʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ɺʈʆ, ʙ) ʚ ʩʣʫʯʘʝ ʧʝʨʝʢʨʳʪʠʷ ʧʦʪʦʢʘ ʥʝʩʫʱʝʡ ʬʘʟʳ ʯʝʨʝʟ ɺʈʆ 

 

ʂʘʢ ʚʠʜʥʦ (ʨʠʩ. 4), ʚ ʩʣʫʯʘʝ ʦʪʢʨʳʪʦʛʦ ɺʈʆ 

ʯʘʩʪʴ ʢʚʘʨʮʝʚʦʡ ʧʳʣʠ ʧʦʢʠʜʘʝʪ ʮʠʢʣʦʥ ʯʝʨʝʟ 

ʨʘʟʛʨʫʟʦʯʥʦʝ ʦʪʚʝʨʩʪʠʝ, ʦʩʪʘʚʰʠʝʩʷ ʯʘʩʪʠʮʳ 

ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʚ ʮʠʢʣʦʥʝ. ʇʨʠ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪʦʤ 

ɺʈʆ ʯʘʩʪʠʮʳ ʧʳʣʠ ʥʝ ʧʦʢʠʜʘʶʪ 

ʧʳʣʝʫʣʘʚʣʠʚʘʶʱʫʶ ʫʩʪʘʥʦʚʢʫ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʧʳʣʝʚʦʟʜʫʰʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʩʭʝʤʝ çʮʠʢʣʦʥ-ʚʠʭʨʝʚʦʡ 

ʨʝʛʫʣʠʨʫʶʱʠʡ ʦʨʛʘʥè ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩ r ʠʟʤʝʣʴʯʝʥʠʷ ʘʥʪʨʘʮʠʪʘ ʚ 

ʧʥʝʚʤʦʪʨʘʥʩʧʦʨʪʥʦʡ ʠʟʤʝʣʴʯʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ. 

 

ɺʳʚʦʜʳ. 1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɺʈʆ ʩʦʚʤʝʩʪʥʦ ʩ 

ʮʠʢʣʦʥʦʤ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʯʝʡ ʩʨʝʜʳ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʚʠʞʝʥʠʷ ʧʳʣʝʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʮʠʢʣʦʥʝ ʠ ɺʈʆ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ Cosmos Floworks 

ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʪʁ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ 

ʫʩʪʘʥʦʚʢʝ. 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɺʈʆ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ 

ʮʠʢʣʦʥʘ ʚ ʨʝʞʠʤʝ ʧʝʨʝʢʨʳʪʠʷ ʧʦʪʦʢʘ ʯʝʨʝʟ 

ʨʘʟʛʨʫʟʦʯʥʦʝ ʦʪʚʝʨʩʪʠʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʚʥʝʧʣʘʥʦʚʳʭ ʨʘʙʦʪ. 
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Dmitrienko D.V.  

IMPROVEME NT OF DUST CATCHING EQUIPMENT 

EFFICIENCY  

The paper is devoted to the actual topic of prospects 

analysis for the use of vortex regulators in transport air-

refining systems, and in metallurgy and mining industry 

processes. The stand scheme, designed for use of vortex 

regulators together with the cyclone dust catcher was 

designed. The results of numerical simulation of velocity field 

for carrying phase and particles of silica sand in designed 

stand are  presented. 

Keywords: cyclone, air cleaning, particle, dust collector, 

vortex regulator. 
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ɺ ʩʪʘʪʴʝ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʣʠʪʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʥʘ ʦʪʩʫʪʩʪʚʠʝ 

ʚʥʫʪʨʝʥʥʠʭ ʥʝʜʦʧʫʩʪʠʤʳʭ ʥʝʩʧʣʦʰʥʦʩʪʝʡ. ʇʨʦʚʝʜʝʥʥʳʡ 

ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣ ʥʠʟʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʝʛʦ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʚʳʟʚʘʥʥʫʶ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠ ʥʘʩʪʨʦʡʢʝ 

ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʵʪʘʣʦʥʥʳʤʠ 

ʦʪʨʘʞʘʪʝʣʷʤʠ. ʅʘ ʫʤʝʥʴʰʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʚʣʠʷʶʪ ʚʦʟʤʦʞʥʳʝ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʪʨʘʞʘʪʝʣʝʡ 

ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʘ ʪʘʢʞʝ ʨʘʟʥʠʮʘ ʚ ʟʘʪʫʭʘʥʠʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʧʨʠ ʝʝ ʧʨʦʭʦʞʜʝʥʠʠ ʚ 

ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʨʘʟʮʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʚ ʦʙʲʝʢʪʝ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. ʇʦʩʨʝʜʩʪʚʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʪʨʘʞʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʚʦʣʥʳ ʦʪ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʞʘʪʝʣʝʡ ʙʳʣ ʧʦʣʫʯʝʥ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ,ʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥ 

ʙʝʟʵʪʘʣʦʥʥʳʡ ʤʝʪʦʜ ʥʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʥʦʡ 

ʨʝʛʫʣʠʨʦʚʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʝʬʝʢʪʦʩʢʦʧʘ ʧʨʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʣʠʪʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ. ɼʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʯʝʪʦʚ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʬʫʥʢʮʠʠ 

ʚʨʝʤʝʥʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥ 

ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ NDTRT-18. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ, ʧʦʜʚʠʞʥʦʡ 

ʩʦʩʪʘʚ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ, 

ʠʤʧʫʣʴʩʥʳʡ ʵʭʦ-ʤʝʪʦʜ, ʜʝʬʝʢʪ. 

 

 

ɺʚʝʜʝʥʠʝ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʜʚʠʞʝʥʠʷ ʥʘ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ ʫʜʝʣʷʝʪʩʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ. ʅʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛʘʭ ʟʘʥʠʤʘʝʪ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʂʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ 

ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ (ʇʉɾɼ) ʚ ʮʝʣʦʤ ʟʘʚʠʩʪ̫ ʦʪ 

ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʝʛʦ ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʩʠʩʪʝʤ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ, ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʧʦʷʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʪʢʘʟʦʚ ʵʣʝʤʝʥʪʳ ʠ ʩʠʩʪʝʤʳ 

ʇʉɾɼ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʦʤʧʣʝʢʩʫ ʤʝʨʦʧʨʠʷʪʠʡ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʢʘʢ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʪʘʢ ʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʥʦʞʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ 

ʵʢʠʧʘʞʥʦʡ ʯʘʩʪʠ ʇʉɾɼ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣʠ ʣʠʪʝʡʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʠ ʧʦʤʦʱʠ ʣʠʪʴʷ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠʟʜʝʣʠʷ ʩʣʦʞʥʦʡ 

ʬʦʨʤʳ, ʦʜʥʘʢʦ ʣʠʪʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣʘ ʚʩʣʝʜʩʪʚʠʝ 

ʤʥʦʞʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʯʠʥ ʟʘʯʘʩʪʫʶ 

ʙʳʚʘʝʪ ʜʝʬʝʢʪʥʦʡ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʣʠʪʳʝ ʵʣʝʤʝʥʪʳ ʵʢʠʧʘʞʥʦʡ ʯʘʩʪʠ 

ʇʉɾɼ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʶ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʠʤʧʫʣʴʩʥʳʤ ʵʭʦ-ʤʝʪʦʜʦʤ ʥʘ 

ʦʪʩʫʪʩʪʚʠʝ ʚʥʫʪʨʝʥʥʠʭ ʥʝʜʦʧʫʩʪʠʤʳʭ 

ʥʝʩʧʣʦʰʥʦʩʪʝʡ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʣʠʪʳʭ ʵʣʝʤʝʥʪʦʚ 

ʇʉɾɼ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʚʥʫʪʨʝʥʥʠʭ ʥʝʜʦʧʫʩʪʠʤʳʭ 

ʥʝʩʧʣʦʰʥʦʩʪʝʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʝʩʧʣʦʰʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ 

ʤʘʪʝʨʠʘʣʝ ʵʣʝʤʝʥʪʦʚ ʇʉɾɼ ʧʨʠ ʣʠʪʴʝ, ʤʦʛʫʪ ʙʳʪʴ 

ʢʘʢ ʦʙʲʝʤʥʳʤʠ, ʪʘʢ ʠ ʧʣʦʩʢʦʩʪʥʳʤʠ. ʆʜʥʘʢʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʠʤʝʶʪ ʚʩʝ ʞʝ 

ʦʙʲʝʤʥʳʡ ʭʘʨʘʢʪʝʨ [1] ï [5]. 

ʅʦʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʘʧʧʘʨʘʪʫʨʳ ʧʨʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʤʝʪʦʜʦʤ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʝʜʧʨʠʷʪʠʷ ʩ 

ʚʳʧʦʣʥʝʥʥʳʤʠ ʚ ʥʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʵʪʘʣʦʥʥʳʤʠ 

ʦʪʨʘʞʘʪʝʣʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʨʘʟʥʦʡ ʛʣʫʙʠʥʝ 

ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʪʨʦʣʷ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʵʪʘʣʦʥʥʦʛʦ ʦʪʨʘʞʘʪʝʣʷ ʧʨʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʵʣʝʤʝʥʪʦʚ ʇʉɾɼ ʧʦʣʫʯʠʣʦ 

ʦʪʚʝʨʩʪʠʝ ʩ ʧʣʦʩʢʠʤ ʜʥʦʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʮʠʣʠʥʜʨʘ (ʧʣʦʩʢʦʜʦʥʥʳʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʦʪʨʘʞʘʪʝʣʴ). ʆʜʥʘʢʦ ʪʘʢʦʡ ʪʠʧ 
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ʦʪʨʘʞʘʪʝʣʷ ʤʦʜʝʣʠʨʫʝʪ ʧʣʦʩʢʦʩʪʥʦʡ ʪʠʧ 

ʥʝʩʧʣʦʰʥʦʩʪʠ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʲʝʤʥʳʭ 

ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ʦʪʨʘʞʘʪʝʣʷ ʦʪʚʝʨʩʪʠʷ ʩ 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʤ ʜʥʦʤ (ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʡ 

ʦʪʨʘʞʘʪʝʣʴ) [6]. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʵʩʢʠʟ 

ʧʨʠʤʝʨʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʜʧʨʠʷʪʠʷ ʩ 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʤʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʦʪʨʘʞʘʪʝʣʷʤʠ. 

ʇʨʠ ʥʘʩʪʨʦʡʢʝ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʨʘʟʮʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʰʢʘʣʘ ʨʘʩʩʪʦʷʥʠʡ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʝʬʝʢʪʦʩʢʦʧʳ ʠʤʝʶʪ ʬʫʥʢʮʠʶ 

ʚʨʝʤʝʥʥʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ɺʈʏ), 

ʧʦʟʚʦʣʷʶʱʫʶ ʚʳʨʦʚʥʷʪʴ ʘʤʧʣʠʪʫʜʫ ʵʭʦ-ʩʠʛʥʘʣʘ ʦʪ 

ʨʘʚʥʦʚʝʣʠʢʠʭ ʦʪʨʘʞʘʪʝʣʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʨʘʟʥʦʡ ʛʣʫʙʠʥʝ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʪʨʦʣʷ, ʢʦʪʦʨʘʷ 

ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʪʘʢʞʝ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʨʘʟʮʝ 

ʧʨʝʜʧʨʠʷʪʠʷ. 

 

 
 

ʈʠʩ. 1. ʉʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ ʧʨʝʜʧʨʠʷʪʠʷ ʩ 

ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʤʠ ʦʪʨʘʞʘʪʝʣʷʤʠ 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʭ ʦʪʨʘʞʘʪʝʣʝʡ ʚ 

ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʨʘʟʮʝ ʧʨʝʜʧʨʠʷʪʠʷ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ 

ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʳʡ ʧʨʦʮʝʩʩ. ɺʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ 

ʤʥʦʞʝʩʪʚʘ ʧʨʠʯʠʥ (ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʥʩʪʨʫʤʝʥʪʘ, 

ʦʰʠʙʢʠ ʠʟʛʦʪʦʚʠʪʝʣʷ) ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʪʨʘʞʘʪʝʣʝʡ 

ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʪʘʢʠʝ ʢʘʢ: ʧʦʚʳʰʝʥʥʘʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʥʝʠʜʝʘʣʴʥʦʩʪʴ ʧʦʣʫʩʬʝʨʳ ʠ ʜʨ., ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴ ʘʤʧʣʠʪʫʜʫ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʵʭʦ-ʩʠʛʥʘʣʘ, 

ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʦʪʨʘʞʘʪʝʣʷ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʩʪʦʚʝʨʥʦʡ ʦʮʝʥʢʝ 

ʥʝʩʧʣʦʰʥʦʩʪʝʡ ʚ ʦʙʲʝʢʪʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ. 

ʈʘʟʥʠʮʘ ʟʘʪʫʭʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʚ ʦʙʲʝʢʪʝ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʨʘʟʮʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʩʪʦʚʝʨʥʦʡ 

ʦʮʝʥʢʝ ʥʝʩʧʣʦʰʥʦʩʪʝʡ. 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ 

ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ ʮʝʣʝʩʦʦʙʨʘʟʝʥ ʧʝʨʝʭʦʜ ʢ 

ʙʝʟʵʪʘʣʦʥʥʦʤʫ ʤʝʪʦʜʫ ʥʘʩʪʨʦʡʢʠ ʰʢʘʣʳ ʨʘʩʩʪʦʷʥʠʡ 

ʠ ʬʫʥʢʮʠʠ ɺʈʏ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ. 

ɸʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʵʭʦ-ʩʠʛʥʘʣʘ Nʜ ʦʪ ʙʝʩʢʦʥʝʯʥʦʡ ʧʣʦʩʢʦʩʪʠ 

(ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʜʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ) 

ʦʧʠʩʳʚʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ [7]: 
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ʛʜʝ Sʘ ï ʧʣʦʱʘʜʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʤʤ
2
; ɚ ï ʜʣʠʥʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ, ʤʤ; ʭʜ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʚʦʜʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʜʦ ʜʦʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʤʤ; ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʚ ʦʙʲʝʢʪʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ, 

ʅʧ/ʤʤ. 

ʀʟ ʚʳʨʘʞʝʥʠʷ (1) ʥʘʭʦʜʠʤ ʘʥʘʣʠʪʠʯʝʩʢʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʪʫʭʘʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʚ ʦʙʲʝʢʪʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʦ 

ʠʟʤʝʨʝʥʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʦʥʥʦʛʦ ʵʭʦ-

ʩʠʛʥʘʣʘ: 
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ɸʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʵʭʦ-ʩʠʛʥʘʣʘ Nʧʩ ʦʪ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʦʪʨʘʞʘʪʝʣʷ 

ʦʧʠʩʳʚʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ [7]: 
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ʛʜʝ ʭ ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʚʦʜʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʜʦ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ 

ʦʪʨʘʞʘʪʝʣʷ, ʤʤ; d ï ʜʠʘʤʝʪʨ ʦʪʨʘʞʘʶʱʝʡ 

ʧʦʣʫʩʬʝʨʳ, ʤʤ. 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʚʳʨʘʞʝʥʠʷʤʠ (1) ï (3) 

ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ (ʪʘʙʣ. 1), ʫʯʠʪʳʚʘʶʱʠʝ ʨʘʟʤʝʨ 

ʵʪʘʣʦʥʥʳʭ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʭ ʦʪʨʘʞʘʪʝʣʝʡ, ʨʘʩʩʪʦʷʥʠʝ 

ʜʦ ʦʪʨʘʞʘʪʝʣʝʡ, ʦʩʣʘʙʣʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʧʨʠ 

ʝʝ ʧʨʦʭʦʞʜʝʥʠʠ ʚ ʦʙʲʝʢʪʝ ʢʦʥʪʨʦʣʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʠ ɺʈʏ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʝʬʝʢʪʦʩʢʦʧʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʣʠʪʳʭ ʵʣʝʤʝʥʪʦʚ ʇʉɾɼ. 
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ʊʘʙʣʠʮʘ 1 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʠ ɺʈʏ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ  

ʜʣʷ ʢʦʥʪʨʦʣʷ ʣʠʪʳʭ ʵʣʝʤʝʥʪʦʚ ʇʉɾɼ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʦʪʨʘʞʘʪʝʣʷ 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ, ʜɹ 
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ɼʠʘʧʘʟʦʥ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ, ʤʤ 

10+ʜx  

ʂʦʦʨʜʠʥʘʪʘ ʤʘʨʢʝʨʘ ɺʈʏ, ʤʤ ʋʨʦʚʝʥʴ ɺʈʏ, ʜɹ 

20-ʜx  0 

1075,0 -ʜx  

( )

( )
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å
l

ö
ö
÷

õ
æ
æ
ç

å

-
+-

ö
ö
÷

õ
æ
æ
ç

å

-
+-

- 25,0
10

20

2

2

102

205,1
11075,0

402
120

lg20

ʜʜ x

a

N

ʜ

ʜ
ʜ

ʜ
ʜ

S

x

x

d
x

x

d
x

 

2/ʜx  

( )

( )
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å
l

ö
ö
÷

õ
æ
æ
ç

å
+

ö
ö
÷

õ
æ
æ
ç

å

-
+-

- 5,0
20

20

2

2

102

12/

402
120

lg20

ʜʜ x

a

N

ʜ

ʜ
ʜ

ʜ
ʜ

S

x

x

d
x

x

d
x

 

1025,0 +ʜx  

( )

( )
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å
l

ö
ö
÷

õ
æ
æ
ç

å

+
++

ö
ö
÷

õ
æ
æ
ç

å

-
+-

- 75,0
30

20

2

2

102

205,0
11025,0

402
120

lg20

ʜʜ x

a

N

ʜ

ʜ
ʜ

ʜ
ʜ

S

x

x

d
x

x

d
x

 

20 

( )

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å
l

+

ö
ö
÷

õ
æ
æ
ç

å

-
+-

-1
40

20

2

102

10400

402
120

lg20

ʜʜ x

a

N

ʜʜ
ʜ

S

x

d

x

d
x

 

 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʯʝʪʦʚ ʧʨʠ ʥʘʩʪʨʦʡʢʝ 

ʬʫʥʢʮʠʠ ɺʈʏ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʣʠʪʳʭ ʵʣʝʤʝʥʪʦʚ ʇʉɾɼ 

ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ NDTRT-18  

(ɹʣʦʢ 2). 

ʆʢʥʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ NDTRT-18 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

ʅʘʩʪʨʦʡʢʘ ʬʫʥʢʮʠʠ ɺʈʏ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʝʬʝʢʪʦʩʢʦʧʘ ʧʨʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʣʠʪʳʭ 

ʵʣʝʤʝʥʪʦʚ ʇʉɾɼ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ NDTRT-18 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Á ʚ ʦʙʲʝʢʪʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ ʠʟʤʝʨʷʝʪʩʷ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʚʚʦʜʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʜʦ ʜʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠ ʘʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʥʥʦʛʦ ʵʭʦ-

ʩʠʛʥʘʣʘ (ʥʘ ʙʝʟʜʝʬʝʢʪʥʦʤ ʫʯʘʩʪʢʝ); 

Á ʚ ʦʢʥʦ çɹʣʦʢ 2è ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

NDTRT-18 ʚʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

ʜʠʘʤʝʪʨ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, 

ʯʘʩʪʦʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ, ʩʢʦʨʦʩʪʴ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʚ ʦʙʲʝʢʪʝ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ; ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʚʦʜʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʜʦ ʜʦʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ; ʘʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʜʦʥʥʦʛʦ ʵʭʦ-ʩʠʛʥʘʣʘ; ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʵʪʘʣʦʥʥʦʛʦ ʧʦʣʫʩʬʝʨʠʯʝʩʢʦʛʦ ʦʪʨʘʞʘʪʝʣʷ 

(ʟʘʜʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʥʘ 

ʦʙʲʝʢʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʣʠʙʦ ʥʘ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦʥʪʨʦʣʴ ʦʙʲʝʢʪʘ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ); 

Á ʚ ʦʢʥʝ çɹʣʦʢ 2è ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ 

NDTRT-18 ʚʳʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ ʜʣʷ 

ʥʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʠ ɺʈʏ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʝʬʝʢʪʦʩʢʦʧʘ: ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ; ʜʠʘʧʘʟʦʥ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ; ʤʘʨʢʝʨʳ ɺʈʏ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʫʨʦʚʥʠ ɺʈʏ; ʢʨʠʚʘʷ ɺʈʏ 

ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ; 
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Á ʜʘʥʥʳʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʤ 

ʧʨʦʜʫʢʪʦʤ NDTRT-18, ʚʚʦʜʷʪʩʷ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʝʬʝʢʪʦʩʢʦʧ ʠ ʥʘʩʪʨʘʠʚʘʝʪʩʷ 

ʬʫʥʢʮʠʷ ɺʈʏ, ʧʦʩʣʝ ʯʝʛʦ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʨʦʮʝʩʩ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʣʠʪʳʭ ʵʣʝʤʝʥʪʦʚ ʇʉɾɼ. 
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ʈʠʩ. 2. ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ NDTRT-18: 

ʘ) ï ʩʪʘʨʪʦʚʦʝ ʦʢʥʦ; ʙ) ï ʦʢʥʦ çɹʣʦʢ 2è 
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ʈʠʩ. 3. ʅʘʩʪʨʦʡʢʘ ʬʫʥʢʮʠʠ ɺʈʏ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ ʋɼ 2-70 ʜʣʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʪʫʧʠʮʳ  

ʣʠʪʦʛʦ ʢʦʣʝʩʥʦʛʦ ʮʝʥʪʨʘ ʛʨʫʟʦʚʦʛʦ ʪʝʧʣʦʚʦʟʘ, ʧʨʠ ʢʦʦʨʜʠʥʘʪʘʭ ʤʘʨʢʝʨʘ ɺʈʏ: 

ʘ) ï 200 ʤʤ; ʙ) ï 155 ʤʤ; ʚ) ï 110 ʤʤ; ʛ) ï 65 ʤʤ; ʜ) ï 20 ʤʤ; ʝ) ï ʨʝʞʠʤ ʢʦʥʪʨʦʣʷ (ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʠʩʢʘ) 

 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ɸ-ʩʢʘʥʳ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ ʋɼ 2-70 ʧʨʠ 

ʥʘʩʪʨʦʡʢʝ ʬʫʥʢʮʠʠ ɺʈʏ ʜʣʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʩʪʫʧʠʮʳ ʣʠʪʦʛʦ ʢʦʣʝʩʥʦʛʦ ʮʝʥʪʨʘ ʜʣʷ ʛʨʫʟʦʚʦʛʦ 

ʪʝʧʣʦʚʦʟʘ (ʭʜ = 220 ʤʤ; ʘʤʧʣʠʪʫʜʘ ʜʦʥʥʦʛʦ ʵʭʦ-

ʩʠʛʥʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʦʥʥʦʛʦ ʵʭʦ-ʩʠʛʥʘʣʘ ʚ 
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ʩʪʘʥʜʘʨʪʥʦʤ ʦʙʨʘʟʮʝ ʉʆ-2 Nʜ = -17 ʜɹ; ʜʠʘʤʝʪʨ 

ʵʪʘʣʦʥʥʦʛʦ ʦʪʨʘʞʘʪʝʣʷ d = 12 ʤʤ). 

ɺʳʚʦʜʳ. ɺ ʩʪʘʪʴʝ ʨʝʰʝʥʘ ʘʢʪʫʘʣʴʥʘʷ ʥʘʫʯʥʦ-

ʧʨʠʢʣʘʜʥʘʷ ʟʘʜʘʯʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʣʠʪʳʭ ʵʣʝʤʝʥʪʦʚ 

ʇʉɾɼ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʚʥʫʪʨʝʥʥʠʭ ʥʝʜʦʧʫʩʪʠʤʳʭ 

ʥʝʩʧʣʦʰʥʦʩʪʝʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʠ ɺʈʏ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʝʬʝʢʪʦʩʢʦʧʘ ʩʥʠʞʘʝʪ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʣʠʪʳʭ ʵʣʝʤʝʥʪʦʚ ʇʉɾɼ 

ʚʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ ʤʥʦʞʝʩʪʚʘ ʪʝʭʥʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ. 

2. ɹʳʣ ʧʦʣʫʯʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʠ ʥʘ 

ʝʛʦ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥ ʙʝʟʵʪʘʣʦʥʥʳʡ ʤʝʪʦʜ 

ʥʘʩʪʨʦʡʢʠ ʬʫʥʢʮʠʠ ɺʈʏ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 

ʜʝʬʝʢʪʦʩʢʦʧʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʇʉɾɼ 

ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʝʛʦ ʨʝʟʫʣʴʪʘʪʦʚ. 

3. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʯʝʪʦʚ ʧʨʠ ʥʘʩʪʨʦʡʢʝ 

ʬʫʥʢʮʠʠ ɺʈʏ ʧʨʠ ʧʦʤʦʱʠ ʙʝʟʵʪʘʣʦʥʥʦʛʦ ʤʝʪʦʜʘ 

ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ NDTRT-18. 

4. ɹʝʟʵʪʘʣʦʥʥʳʡ ʤʝʪʦʜ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ 

NDTRT-18 ʚʥʝʜʨʝʥʳ ʚ ʧʫʙʣʠʯʥʦʤ ʘʢʮʠʦʥʝʨʥʦʤ 

ʦʙʱʝʩʪʚʝ çʃʫʛʘʥʩʢʪʝʧʣʦʚʦʟè ʚ ʧʨʦʮʝʩʩ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʣʠʪʳʭ ʵʣʝʤʝʥʪʦʚ 

ʵʢʠʧʘʞʥʦʡ ʯʘʩʪʠ ʪʝʧʣʦʚʦʟʦʚ 2ʊʕ116ʋ, 2ʊʕ116ʋɼ, 

3ʊʕ116ʋ. 
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Kire yev A.N., Dodonov V.I.  

IMPROVED ULTRASOUND DIAGNOSTICS CAST 

ELEMENTS OF RAILWAY ROLLING STOCK  

In the article the task of improving the ultrasound 

diagnosis of cast elements of railway rolling stock in the 

absence of internal unacceptable discontinuities. The analysis 

of the existing process of ultrasound diagnosis showed a low 

reliability of the results caused by the application when you 

set up a temporary adjustment of the sensitivity of the 

ultrasonic flaw detector standard samples venture with 

artificial reference reflectors. On the reduction of the 

reliability of diagnostic results affect possible inconsistencies 

artificial reflectors technical requirements, as well as the 

difference in the attenuation of the ultrasound wave as it 

passes in a standard sample of the enterprise and the object of 

diagnosis. By means of mathematical modeling of processes of 

reflection of ultrasonic waves from the various reflectors was 

obtained mathematical apparatus and on its basis developed 

standardless method of setting a function of time adjusting the 

sensitivity of the ultrasonic flaw detector in the diagnosis of 

cast elements of railway rolling stock. To automate the 

calculations when setting the time sensitivity adjustment 

function developed software NDTRT-18. 

Keywords: railway, rolling stock, diagnostics, ultrasonic 

control, pulse echo method, defect. 
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SYSTEM TWO-STAGE MIXING CASCADE THERMAL COMPRESSION  
 

Kovtun A.S., Danileychenko ɸ.ɸ., Bryntsev M.ɸ. 

 
ʇʨʠʚʝʜʝʥ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ  ʜʠʟʝʣʴʥʦʤ ʜʚʠʛʘʪʝʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʨʝʩʩʦʨʘ ʢʘʩʢʘʜʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ. ʉʭʝʤʘ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠʩʧʘʨʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʟʘ ʩʯʝʪ ʚʧʨʳʩʢʠʚʘʥʠʷ 

ʬʦʨʩʫʥʢʦʡ ʚ ʤʘʛʠʩʪʨʘʣʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʂʊʉ ʯʘʩʪʠ 

ʪʦʧʣʠʚʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʘʨʦʚʦʡ ʬʘʟʳ,  ʦʙʝʩʧʝʯʠʪʴ 

ʛʦʤʦʛʝʥʠʟʘʮʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ  ʧʫʪʝʤ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ ʩ ʚʦʟʜʫʭʦʤ ʚ ʢʘʤʝʨʝ ʩʤʝʰʝʥʠʷ ʵʞʝʢʪʦʨʘ, ʘ 

ʪʘʢʞʝ  ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʜʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʚ 

ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʪʦʧʣʠʚ ʩ ʚʳʩʦʢʦʡ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʦʡ 

ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ.  ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʘʙʦʪʳ ʂʊʉ ʚ ʩʦʩʪʘʚʝ ʫʩʪʘʥʦʚʢʠ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ, ʦʪʚʦʜʠʤʦʛʦ ʢ 

ʵʞʝʢʪʦʨʫ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʢʣʘ.  ʇʨʝʜʩʪʘʚʣʝʥ ʟʘʢʦʥ ʪʘʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʚʫʭʩʪʘʜʠʡʥʦʝ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝ, 

ʢʘʩʢʘʜʥʳʡ ʦʙʤʝʥʥʠʢ ʜʘʚʣʝʥʠʷ.  

 

 

ɺʚʝʜʝʥʠʝ. ʅʘʨʷʜʫ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʥʜʝʥʮʠʝʡ 

ʧʦʚʳʰʝʥʠʷ ʘʛʨʝʛʘʪʥʦʡ ʤʦʱʥʦʩʪʠ ɼɺʉ ʚ ʧʝʨʚʳʡ ʨʷʜ 

ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ ʚʳʭʦʜʠʪ 

ʟʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ.  

ʊʦʢʩʠʯʥʦʩʪʴ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ ʜʠʟʝʣʝʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʦʚ 

ʘʟʦʪʘ, ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʠ ʩʘʞʠ [1, 2]. ʇʨʦʮʝʩʩ ʛʦʨʝʥʠʷ 

ʦʢʠʩʠ ʘʟʦʪʘ ʩʣʫʞʠʪ ʩʨʝʜʩʪʚʦʤ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠ ʢʦʪʦʨʳʭ ʢʠʥʝʪʠʢʘ ʵʪʠʭ ʨʝʘʢʮʠʡ 

ʦʧʨʝʜʝʣʷʝʪ ʥʘʣʠʯʠʝ ʟʘʤʝʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʢʠʩʣʦʨʦʜʘ ʠ ʘʟʦʪʘ ʚ ʧʨʦʜʫʢʪʘʭ 

ʩʛʦʨʘʥʠʷ. ɺ ʜʠʟʝʣʷʭ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʦʙʳʯʥʦ ʥʝ ʤʝʥʝʝ 1,3, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ, ʩʧʦʩʦʙʥʳʭ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʦʢʩʠʜʳ ʘʟʦʪʘ. ʊʦ, ʯʪʦ ʪʘʢʘʷ ʤʦʜʝʣʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ 

ʨʝʘʣʴʥʦʡ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʪʝʤ, ʯʪʦ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʟʘʤʝʪʥʦʤ ʫʤʝʥʴʰʝʥʠʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʘʝʪʩʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʚ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ. ʂʦʣʠʯʝʩʪʚʦ ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʚ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ 

ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʩʛʦʨʘʥʠʷ ʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ, 

ʣʦʢʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ 

ʠ ʪʝʧʣʦʪʚʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʦʧʣʠʚʘ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʛʦʨʘʥʠʷ 

ʚʳʭʦʜ ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʚʦʟʨʘʩʪʘʝʪ.  

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ  ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʚʨʝʜʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʯʝʣʦʚʝʢʘ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʫʣʫʯʰʝʥʠʷ 

ʤʦʱʥʦʩʪʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ. ɺʣʠʷʥʠʝ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʪʦʢʩʠʯʥʦʩʪʴ ʦʪʨʘʙʦʪʘʚʰʠʭ 

ʛʘʟʦʚ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ [1, 2]. ʇʨʦʚʝʜʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ ʩ 

ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʦʚ ʩʦʜʝʨʞʘʥʠʝ 

ʦʢʠʩʣʦʚ ʘʟʦʪʘ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʘʭ ʩʥʠʞʘʝʪʩʷ ʥʘ 

20...40%. ʇʨʠ ʵʪʦʤ ʥʘ ʨʝʞʠʤʘʭ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʢ 

ʜʠʟʝʣʷ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʝ ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʠ ʩʘʞʠ ʚ ʦʪʨʘʙʦʪʘʚʰʠʭ 

ʛʘʟʘʭ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ [1] 

ʙʦʣʝʝ ʧʦʣʥʳʤ ʩʛʦʨʘʥʠʝʤ ʪʦʧʣʠʚʘ ʚʩʣʝʜʩʪʚʠʝ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠ ̫ ʝʛʦ ʧʦ ʢʘʤʝʨʝ 

ʩʛʦʨʘʥʠʷ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʥʘʛʨʫʟʢʠ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʧʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʟʝʣʴʥʳʤ ʮʠʢʣʦʤ. ʇʦʚʳʰʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʥʘʛʨʫʟʢʠ ʧʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʯʠʥʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠ ʪʝʭ 

ʞʝ ʥʘʛʨʫʟʢʘʭ, ʥʘ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪ ʫʭʫʜʰʘʪʴʩʷ 

ʪʦʧʣʠʚʥʘʷ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʠʟʝʣʴʥʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ. ʕʪʠʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʥʝʧʦʣʥʦʪʳ ʩʛʦʨʘʥʠʷ 

ʪʦʧʣʠʚʘ-ʦʙʦʛʘʪʠʪʝʣʷ ʥʘ ʤʘʣʳʭ ʥʘʛʨʫʟʢʘʭ. 



ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 93 

 

 

 

ʅʘʠʙʦʣʴʰʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʟʜʘʥʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ ʜʠʟʝʣʷ 

ʧʨʠ ʧʝʨʝʚʦʜʝ ʝʛʦ ʥʘ ʜʚʫʭʩʪʘʜʠʡʥʦʝ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʩʭʝʤʳ ʫʩʪʘʥʦʚʦʢ, ʨʝʘʣʠʟʫʶʱʠʭ ʧʨʠʥʮʠʧʳ 

ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ, ʜʘʣʝʢʠ ʦʪ 

ʩʦʚʝʨʰʝʥʩʪʚʘ. ɼʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ 

ʩʭʝʤʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [3]. ʊʘʢʦʡ ʜʚʠʛʘʪʝʣʴ ʥʝ 

ʣʠhʝʥ ʨʷʜʘ ʥʝʜʦʩʪʘʪʢʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʦʙʱʠʤʠ ʜʣʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ, ʘ ʠʤʝʥʥʦ: ʫʩʣʦʞʥʝʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʛʦʣʦʚʢʠ; 

ʩʣʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʳʣʠʚʘʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʘʣʳʭ ʧʦʜʘʯ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ; ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ 

ʛʦʤʦʛʝʥʠʟʘʮʠʷ ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʮʠʣʠʥʜʨʘʭ; 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʟʥʦʩ ʜʝʪʘʣʝʡ ʮʠʣʠʥʜʨʦʧʦʨʰʥʝʚʦʡ 

ʛʨʫʧʧʳ ʚʩʣʝʜʩʪʚʠʝ ʩʤʳʚʘʥʠʷ ʩʤʘʟʢʠ ʩ ʟʝʨʢʘʣʘ 

ʮʠʣʠʥʜʨʘ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʥʘ ʥʝʛʦ ʯʘʩʪʠ 

ʥʝʠʩʧʘʨʠʚʰʝʛʦʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ; 

ʩʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʛʦʣʦʚʢʠ ʜʠʟʝʣʷ ʚʚʠʜʫ 

ʨʘʟʤʝʱʝʥʠʷ ʚ ʥʝʡ ʜʚʫʭ ʬʦʨʩʫʥʦʢ; ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʥʘ 

ʧʨʠʚʦʜ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ ʥʘʩʦʩʘ. ʂʨʦʤʝ 

ʪʦʛʦ,  ʥʝʜʦʩʪʘʪʢʦʤ ʩʠʩʪʝʤʳ ʧʠʪʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ 

ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʩʭʝʤʳ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʝ ʚʳʙʨʦʩʳ ʉʆ ʠ ʉʅ ʥʘ ʤʘʣʳʭ ʥʘʛʨʫʟʢʘʭ 

ʠ ʩʥʠʞʝʥʠʝ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʦʡ 

ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʩʧʠʨʪʦʚ ʠ ʚʝʜʝʪ ʢ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʠʩʧʘʨʷʝʤʦʩʪʠ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʣʦʭʘʷ ʠʩʧʘʨʷʝʤʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʢʦʥʜʝʥʩʘʮʠʠ ʧʘʨʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚʦ 

ʚʧʫʩʢʥʦʡ ʩʠʩʪʝʤʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʝʥʢʠ. ʕʪʠ 

ʷʚʣʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ 

ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʧʦʜʘʚʘʝʤʦʡ ʥʘ ʚʧʫʩʢ 

ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ, ʘ ʪʘʢʞʝ ʢ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʝ ʧʦ ʮʠʣʠʥʜʨʘʤ 

ʜʚʠʛʘʪʝʣʷ. ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʤʝʶʪ ʤʝʩʪʦ 

ʧʝʨʝʦʙʦʛʘʱʝʥʠʝ ʩʤʝʩʠ ʚ ʦʪʜʝʣʴʥʳʭ ʮʠʣʠʥʜʨʘʭ, ʘ 

ʪʘʢʞʝ ʦʪʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʥʘʛʘʨʘ ʠ ʣʘʢʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʧʫʩʢʥʳʭ ʢʣʘʧʘʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʧʘʜʘʥʠʝ ʥʝʠʩʧʘʨʠʚʰʠʭʩʷ ʢʘʧʝʣʴ ʩʧʠʨʪʦʚʦʛʦ 

ʪʦʧʣʠʚʘ ʥʘ ʣʦʧʘʪʢʠ ʢʦʤʧʨʝʩʩʦʨʘ ʚʳʟʳʚʘʝʪ ʠʭ 

ʢʘʚʠʪʘʮʠʦʥʥʳʡ ʠʟʥʦʩ. 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ  ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʦʚʦʡ 

ʩʭʝʤʳ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʫʣʫʯʰʠʪʴ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʜʠʟʝʣʷ ʠ ʝʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ 

ʢʘʬʝʜʨʝ çɼʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷè 

ʃʫʛʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ 

ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

ʧʠʪʘʥʠʷ ʜʠʟʝʣʷ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ (ʨʠʩ.1), ʣʠʰʝʥʥʘʷ ʦʩʥʦʚʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʧʨʠʩʫʱʠʭ ʙʦʣʴʰʠʥʩʪʚʫ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʨʝʩʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ [4-8] ʠ ʵʞʝʢʪʦʨʘ ʚ 

ʢʘʯʝʩʪʚʝ ʘʛʨʝʛʘʪʦʚ ʧʦʜʘʯʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʥʘ ʚʧʫʩʢ ʜʚʠʛʘʪʝʣʷ ʚ ʧʘʨʦʚʦʡ ʬʘʟʝ. ɼʘʚʣʝʥʠʝ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʩʦʟʜʘʚʘʝʤʳʝ ʂʊʉ, ʚ ʩʠʣʫ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʙʦʪʳ [5] ʧʨʝʚʳʰʘʶʪ ʜʘʚʣʝʥʠʝ ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʨʝʘʣʠʟʫʝʤʫʶ ʮʝʥʪʨʦʙʝʞʥʳʤ 

ʢʦʤʧʨʝʩʩʦʨʦʤ ʧʨʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʤ ʨʘʩʭʦʜʝ 

ʚʦʟʜʫʭʘ ʫ ʂʊʉ.  

ʉʠʩʪʝʤʘ ʧʠʪʘʥʠʷ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʆʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ ʠʟ ʚʳʧʫʩʢʥʦʛʦ 

ʢʦʣʣʝʢʪʦʨʘ 2 ʜʚʠʛʘʪʝʣʷ 1 ʧʦʩʪʫʧʘʶʪ ʚ ʪʫʨʙʠʥʫ 3, 

ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʡ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʨʠʚʦʜ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 4. ʀʟ ʪʫʨʙʠʥʳ ʆɻ, 

ʠʤʝʶʱʠʝ ʝʱʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʪʝʧʣʦʚʦʡ 

ʧʦʪʝʥʮʠʘʣ, ʧʦʜʚʦʜʷʪʩʷ ʢ ʪʝʧʣʦʦʙʤʝʥʥʠʢʫ 8, ʛʜʝ 

ʧʝʨʝʜʘʶʪ ʩʚʦʶ ʪʝʧʣʦʪʫ ʚʦʟʜʫʭʫ (ʨʘʙʦʯʝʤʫ ʪʝʣʫ 

ʢʦʤʧʨʝʩʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ 10), 

ʮʠʨʢʫʣʠʨʫʶʱʝʤʫ ʚ ʚʳʪʝʩʥʠʪʝʣʴʥʦʡ ʤʘʛʠʩʪʨʘʣʠ 9. 

ʏʘʩʪʴ ʚʦʟʜʫʭʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʮʠʢʣʘ 

ʢʦʤʧʨʝʩʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ 10 (ʊ=500-550ʂ, 

p=0,2-0,3ʄʇʘ) ʦʪʚʦʜʠʪʩʷ ʠʟ ʫʯʘʩʪʢʘ 

ʚʳʪʝʩʥʠʪʝʣʴʥʦʡ ʤʘʛʠʩʪʨʘʣʠ 9, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʟʘ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʤ 8, ʢ ʤʘʛʠʩʪʨʘʣʠ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ 11. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʜʚʠʛʘʪʝʣʷ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ  

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ: 

1 ï ʜʚʠʛʘʪʝʣʴ; 2 ï ʚʳʧʫʩʢʥʦʡ ʢʦʣʣʝʢʪʦʨ; 3 ï ʪʫʨʙʠʥʘ;  

4 ï ʮʝʥʪʨʦʙʝʞʥʳʡ ʢʦʤʧʨʝʩʩʦʨ; 5 ï ʚʳʧʫʩʢʥʦʡ ʧʘʪʨʫʙʦʢ 

ʢʦʤʧʨʝʩʩʦʨʘ; 6 ï ʧʘʩʩʠʚʥʦʝ ʩʦʧʣʦ ʵʞʝʢʪʦʨʘ; 7 ï ʚʳʭʦʜʥʦʡ 

ʧʘʪʨʫʙʦʢ ʪʫʨʙʠʥʳ; 8 ï ʪʝʧʣʦʦʙʤʝʥʥʠʢ; 9 ï 

ʚʳʪʝʩʥʠʪʝʣʴʥʘʷ ʤʘʛʠʩʪʨʘʣʴ; 10 ï ʢʦʤʧʨʝʩʩʦʨ ʪʝʧʣʦʚʦʛʦ 

ʩʞʘʪʠʷ; 11 ï ʤʘʛʠʩʪʨʘʣʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ; 12 ï 

ʬʦʨʩʫʥʢʘ; 13 ï ʘʢʪʠʚʥʦʝ ʩʦʧʣʦ ʵʞʝʢʪʦʨʘ; 14 ï ʢʘʤʝʨʘ 

ʩʤʝʰʝʥʠʷ ʵʞʝʢʪʦʨʘ; 15 ï ʚʧʫʩʢʥʦʡ ʢʦʣʣʝʢʪʦʨ ʜʚʠʛʘʪʝʣʷ; 

16 ï ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ; 17 ï ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ. 

 
ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʚʦʟʜʫʭʘ ʦʪʚʦʜʠʪʩʷ ʥʘ 

ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ 

ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ. ɺ ʤʘʛʠʩʪʨʘʣʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ ʠ ʩʤʝʰʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 



94            ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 

 

 

 

ʪʦʧʣʠʚʘ ʩ ʚʳʩʦʢʦʡ ʩʢʨʳʪʦʡ ʪʝʧʣʦʪʦʡ 

ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʬʦʨʩʫʥʢʦʡ 12, ʩ 

ʛʦʨʷʯʠʤ ʚʦʟʜʫʭʦʤ, ʧʦʩʪʫʧʘʶʱʠʤ ʠʟ 

ʚʳʪʝʩʥʠʪʝʣʴʥʦʡ ʤʘʛʠʩʪʨʘʣʠ 9. ɼʘʣʝʝ 

ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ ʧʦʜʚʦʜʠʪʩʷ ʢ ʘʢʪʠʚʥʦʤʫ 

ʩʦʧʣʫ ʵʞʝʢʪʦʨʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢ ʧʘʩʩʠʚʥʦʤʫ 

ʩʦʧʣʫ ʵʞʝʢʪʦʨʘ ʠʟ ʚʳʧʫʩʢʥʦʛʦ ʧʘʪʨʫʙʢʘ 

ʢʦʤʧʨʝʩʩʦʨʘ ʧʦʩʪʫʧʘʝʪ ʩʞʘʪʳʡ ʚʦʟʜʫʭ. 

ʇʦʜʢʣʶʯʝʥʠʝ ʤʘʛʠʩʪʨʘʣʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʢʦʤʧʨʝʩʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ ʢ ʘʢʪʠʚʥʦʤʫ ʩʦʧʣʫ 

ʵʞʝʢʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ 

ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 

ʪʦʧʣʠʚʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʩ ʚʦʟʜʫʭʦʤ ʦʪ 

ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʠʭ ʚʦ 

ʚʧʫʩʢʥʦʡ ʢʦʣʣʝʢʪʦʨ ʜʚʠʛʘʪʝʣʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʘʚʘʝʤʦʛʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʯʝʨʝʟ ʬʦʨʩʫʥʢʫ 12 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 17, 

ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʜʠʟʝʣʷʭ ʩ ʜʚʫʭʩʪʘʜʠʡʥʳʤ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʨʝʩʩʦʨʘ ʪʝʧʣʦʚʦʛʦ ʩʞʘʪʠʷ 

ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʚ ʮʝʣʦʤ ʦʢʘʟʳʚʘʝʪ ʂʇɼ 

ʂʊʉ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʢʣʘ ʊz ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʦʪʙG . ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʢʣʘ 

ʊz ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʨʦʩʪʦʤ ʂʇɼ. 

ʄʝʥʝʝ ʦʜʥʦʟʥʘʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘʢʪʩh  ʦʢʘʟʳʚʘʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʩʭʦʜ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʙG , ʚ 

ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʝʛʦ ʟʥʘʯʝʥʠʡ, ʠʤʝʝʪ ʤʝʩʪʦ 

ʚʦʟʨʘʩʪʘʥʠʝ ʢʪʩh , ʦʜʥʘʢʦ, ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ 

ʤʦʤʝʥʪʘ, ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʮʠʢʣʘ, ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʨʘʩʭʦʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʢʪʩh . ɹʦʣʝʝ 

ʟʘʤʝʪʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʘʢʦʛʦ ʩʥʠʞʝʥʠʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ (ʊz 

=600ʂ). 

ʂʨʠʪʝʨʠʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʙG , 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʢʩʪʨʝʤʫʤʫ ʬʫʥʢʮʠʠʢʪʩh , ʟʘʚʠʩʷʪ 

ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʢʣʘ, ʩʤʝʱʘʷʩʴ ʚ 

ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʊz. ɺ 

ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʦʚ ʊz =600-1500ʂ 

ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʙG  (ʧʦ ʢʨʠʪʝʨʠʶ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʪʩh ) ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20-40%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʂʊʉ ʚ ʩʦʩʪʘʚʝ ʫʩʪʘʥʦʚʢʠ 

ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʛʘʟʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʢʣʘ. 

ɿʘʢʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʙG  (ʧʦ ʢʨʠʪʝʨʠʶ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦʢʪʩh ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʊz ʙʝʟ ʫʯʝʪʘ ʫʪʝʯʝʢ ʨʘʙʦʯʝʛʦ ʪʝʣʘ (ʢʨʠʚʘʷ 1) 

ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʨʠʩ. 2, ʘ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʪʩh , 

ʜʦʩʪʠʛʘʝʤʳʝ ʧʨʠ ʪʘʢʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ, - ʨʠʩ. 3. 

 

 
 

Pʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʩ ʭʦʜʘ ʦʪʙG  ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʢʣʘ ʊz: 

 1 ï ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʙʝʟ ʫʯʝʪʘ ʫʪʝʯʝʢ 

 

ɺ ʨʝʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʂʊʉ ʧʦʣʫʯʝʥʥʳʡ ʟʘʢʦʥ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʫʞʜʘʝʪʩʷ ʚ ʢʦʨʨʝʢʪʠʨʦʚʢʝ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʙG  ʥʘ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ, ʧʦʩʢʦʣʴʢʫ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʣʷ ʫʪʝʯʝʢ ʯʝʨʝʟ ʧʦʜʚʠʞʥʳʝ 

ʩʦʧʨʷʞʝʥʠʷ ʨʦʪʦʨʘ ʚ ʧʦʪʦʢʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ, 

ʦʪʚʦʜʠʤʦʛʦ ʢ ʵʞʝʢʪʦʨʫ, ʚʦʟʨʘʩʪʘʝʪ. ʇʦʵʪʦʤʫ ʥʘ ʵʪʠʭ 

ʨʝʞʠʤʘʭ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʦʪʙG  ʥʘ 10-15% ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʯʝʪʥʳʭ, ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʨʘʟʤʝʨʦʚ ʘʛʨʝʛʘʪʦʚ ʂʊʉ. 

 

 
 

ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʮʠʢʣʘ ʥʘ ʂʇɼ 

ʂʊʉ ʧʨʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʟʥʘʯʝʥʠʷʭ

ʦʪʙG : 1 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʢʨʠʚʘʷ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ, ʧʦʩʢʦʣʴʢʫ ʦʪʨʘʞʘʶʪ ʣʠʰʴ ʦʜʥʦ 

ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʘʛʨʝʛʘʪʘ ʂʊʉ. ʇʨʠʯʝʤ ʧʦʢʘʟʘʪʝʣʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʳʤ ʪʝʤʧʝʨʘʪʫʨʘʤ 

ʮʠʢʣʦʚ ʩʚʳʰʝ 950ʂ, ʧʦʣʫʯʝʥʳ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ. 

ʆʜʥʘʢʦ ʫʞʝ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ 

ʩʫʜʠʪʴ ʦ ʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʫʩʪʘʥʦʚʢʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʝʞʠʤʦʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ ʨʘʙʦʯʝʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʘʛʨʝʛʘʪ ʂʊʉ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ 

ʥʘʜʝʞʥʦʩʪʴ. ʇʦʩʢʦʣʴʢʫ ʷʯʝʡʢʠ ʨʦʪʦʨʘ ʂʊʉ 

ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʭʣʘʞʜʘʶʪʩʷ ʩʚʝʞʠʤ ʟʘʨʷʜʦʤ, 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʘʛʨʝʛʘʪʘ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ. 
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ʉʝʨʴʝʟʥʳʤ ʚʦʧʨʦʩʦʤ ʦʩʪʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʚ ʩʦʧʨʷʞʝʥʠʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʦʪʦʨʘ ʠ ʩʪʘʪʦʨʘ. 

ʉʥʠʞʝʥʠʝ ʟʘʟʦʨʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʟʘʢʣʠʥʠʚʘʥʠʝʤ ʨʦʪʦʨʘ ʚʩʣʝʜʩʪʚʠʝ ʪʝʨʤʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʘʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʟʘʟʦʨʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʢʨʘʡʥʝ ʥʝʛʘʪʠʚʥʳʤ ʚʣʠʷʥʠʝʤ ʫʪʝʯʝʢ ʨʘʙʦʯʝʛʦ ʪʝʣʘ 

ʥʘ ʵʬʬʝʢʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʂʊʉ. 

ɺʳʚʦʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ 

ʚʳʙʨʦʩʳ ʦʩʥʦʚʥʳʭ ʪʦʢʩʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʠʟʝʣʝʡ 

ʥʘ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʘʭ. 

ʉʭʝʤʘ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʊʉ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʜʠʟʝʣʷ ʠ ʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʝʞʠʤʘʭ ʤʘʣʳʭ ʥʘʛʨʫʟʦʢ ʟʘ ʩʯʝʪ: 

- ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʩʧʘʨʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʫʪʝʤ ʚʧʨʳʩʢʠʚʘʥʠʷ 

ʬʦʨʩʫʥʢʦʡ ʚ ʤʘʛʠʩʪʨʘʣʴ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʂʊʉ 

ʯʘʩʪʠ ʪʦʧʣʠʚʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʘʨʦʚʦʡ ʬʘʟʳ; 

- ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ ʧʫʪʝʤ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʚʦʟʜʫʭʦʤ ʚ ʢʘʤʝʨʝ 

ʩʤʝʰʝʥʠʷ ʵʞʝʢʪʦʨʘ; 

- ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʜʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʚ 

ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʪʦʧʣʠʚ ʩ ʚʳʩʦʢʦʡ ʩʢʨʳʪʦʡ 

ʪʝʧʣʦʪʦʡ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʧʠʨʪʦʚ). 
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Kovtun A.S., Danileychenko ɸ.ɸ., Bryntsev M.ɸ.  

SYSTEM TWO-STAGE MIXING CASCADE 

THERMAL COMPRESSION   
The operating principle of the plant for performing a 

two-stage mixture formation in a combined diesel engine 

using a cascade thermal compression compressor is given. 

The scheme allows to improve the quality of evaporation of 

additional fuel by injecting a portion of the fuel into the high-

pressure pipeline into the high-pressure line with the 

formation of a vapor phase, to homogenize the additional fuel 

by gas-dynamic mixing of the additional fuel with air in the 

mixing chamber of the ejector, and also to reduce the charge 

air temperature in the case of using fuels with High latent heat 

of vaporization. To expand the area of effective operation of 

the CCC as part of a two-stage mixture formation, it is 

advisable to regulate the relative air flow to the ejector, 

depending on the maximum temperature of the cycle. The law 

of such regulation is presented.  

Key words: two-stage mixing, cascade pressure 

exchanger. 
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ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʚʥʝʜʨʝʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ 

ʪʨʘʥʩʧʦʨʪʝ. ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ RFID-ʪʝʭʥʦʣʦʛʠʡ, 

ʧʦʟʚʦʣʠʪ ʚʳʚʝʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʥʘ 

ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʧʝʨʝʚʦʟʦʢ. ʉ ʚʥʝʜʨʝʥʠʝʤ ʩʠʩʪʝʤʳ RFID-

ʪʝʭʥʦʣʦʛʠʡ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʝʪ ʫʨʦʚʝʥʴ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʝʨʝʚʦʟʦʢ, ʘ ʪʘʢʞʝ 

ʩʦʭʨʘʥʥʦʩʪʴ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʛʨʫʟʦʚ ʚ ʧʫʪʠ 

ʩʣʝʜʦʚʘʥʠʷ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʙʫʜʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʚʘʛʦʥʘʤʠ ʠ 

ʢʦʥʪʝʡʥʝʨʘʤʠ ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʩʝʡ ʩʝʪʠ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛ. ʉʠʩʪʝʤʘ RFID-ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʤʝʥʠʤʘ ʥʝ ʪʦʣʴʢʦ ʚ 

ʛʨʫʟʦʚʦʤ ʩʦʦʙʱʝʥʠʠ, ʥʦ ʠ ʜʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 

ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: RFID, ʤʝʪʢʘ, ʨʠʜʝʨ, ʩʯʠʪʳʚʘʪʝʣʠ, 

ʛʨʫʟʦʚʳʝ ʧʝʨʝʚʦʟʢʠ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʉʦʚʨʝʤʝʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʚʦʟʦʯʥʳʤ ʧʨʦʮʝʩʩʦʤ  

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ  ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ, ʠʭ ʢʦʤʤʝʨʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʥʫʶ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. 

ʈʦʩʪ ʦʙʲʝʤʘ ʠ ʩʪʦʠʤʦʩʪʠ ʛʨʫʟʦʚ, ʧʝʨʝʚʦʟʠʤʳʭ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʚʳʟʳʚʘʝʪ 

ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʠ ʧʦʣʥʦʪʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʠʜʝ ʠ ʢʦʣʠʯʝʩʪʚʝ ʧʝʨʝʚʦʟʠʤʳʭ 

ʛʨʫʟʦʚ, ʩʦʩʪʦʷʥʠʠ ʛʨʫʟʦʚ ʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

      ɺ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʚ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʣʦʞʠʣʘʩʴ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ, ʯʪʦ 

ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʫʩʣʫʛ, ʠʭ ʢʦʤʤʝʨʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʦʧʳʪ ʩʦʚʤʝʩʪʥʦʡ 

ʨʘʙʦʪʳ ʢʦʤʧʘʥʠʠ ʆɸʆ çʈɾɼè ʩ ɿɸʆ çʆʪʨʘʩʣʝʚʦʡ 

ʮʝʥʪʨ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡè ʧʦ 

ʚʥʝʜʨʝʥʠʶ ʠ ʧʨʠʤʝʥʝʥʠʶ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ RFID. 

  RFID ï ʵʪʦ ʥʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʩʧʦʩʦʙʥʳʡ 

ʨʝʰʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʧʫʪʝʤ ʚʳʚʦʜʘ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʮʝʧʷʤʠ ʧʦʩʪʘʚʦʢ [1]. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʧʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ɿʘʜʘʯʘ: ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ RFID-ʪʝʭʥʦʣʦʛʠʡ, 

ʢʦʪʦʨʘʷ  ʧʦʟʚʦʣʷʝʪ ʚʳʚʝʩʪʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ 

ʪʨʘʥʩʧʦʨʪ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʧʝʨʝʚʦʟʦʢ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɿʘʜʘʯʝʡ 

RFID-ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʦʙʲʝʢʪʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʝʝ ʫʜʦʙʥʦʛʦ ʩʯʠʪʳʚʘʥʠʷ, 

ʪʦʯʥʦʩʪʴ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʧʝʨʝʚʦʟʦʯʥʦʤ ʧʨʦʮʝʩʩʝ. ʄʝʪʢʘ 

ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʜʘʥʥʳʝ ʦ ʪʠʧʝ ʦʙʲʝʢʪʘ, ʝʛʦ 

ʩʪʦʠʤʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʚʦʟʢʠ (ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʚ 

ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ)  

ɺ ʩʠʩʪʝʤʝ RFID ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʷʤʘʷ ʚʠʜʠʤʦʩʪʴ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʡ ʤʝʪʢʠ, ʯʪʦʙʳ ʩʯʠʪʳʚʘʪʴ ʩ ʥʝʝ 

ʠʥʬʦʨʤʘʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʷ ʝʝ ʩʢʨʳʪʥʦʩʪʴ ʠ 

ʩʦʭʨʘʥʥʦʩʪʴ. ʈʝʛʠʩʪʨʘʮʠʷ ʤʝʪʦʢ ʧʨʦʠʟʚʦʜʠʪʩʷ  

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʤʝʪʢʠ ʚ ʟʦʥʫ 

ʜʝʡʩʪʚʠʷ ʘʥʪʝʥʥʳ ʩʯʠʪʳʚʘʥʠʷ (ʨʠʩ. 1). 

 

    
 
ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʩʯʠʪʳʚʘʥʠʷ ʤʝʪʢʠ 

 

ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʯʪʝʥʠʷ ʤʝʪʦʢ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 1000 ʰʪ./ʩʝʢ., ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ: 

ï ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʯʪʝʥʠʷ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʦʢ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʫʥʢʮʠʠ 

ʘʥʪʠ-ʢʦʣʣʠʟʠʠ; 
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ï ʠʟʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʝʪʢʝ, ʝʩʣʠ ʦʥʘ 

ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ çʯʪʝʥʠʝ-ʟʘʧʠʩʴè (Read /Write); 

ï ʯʪʝʥʠʷ ʠ ʟʘʧʠʩʠ ʤʝʪʢʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

- ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ɼʣʷ ʦʧʝʨʘʮʠʡ çʪʦʣʴʢʦ ʯʪʝʥʠʝè 

ʩʨʦʢ ʞʠʟʥʠ ʤʝʪʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥ; 

- ʚr ʩʦʢʘʷ ʩʪʝʧʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʫʥʠʢʘʣʴʥʦʛʦ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʤʝʪʢʠ, ʧʨʠʩʚʘʠʚʘʝʤʦʛʦ ʥʘ ʟʘʚʦʜʝ 

ʧʨʠ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʘ ʪʘʢʞʝ ʰʠʬʨʦʚʘʥʠʝʤ ʜʘʥʥʳʭ, 

ʟʘʧʠʩʳʚʘʝʤʳʭ ʚ ʤʝʪʢʫ [2]; 

- ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʧʦʩʢʦʣʴʢʫ ʤʝʪʢʫ ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʦʤʝʩʪʠʪʴ ʚ 

ʣʶʙʫʶ ʟʘʱʠʪʥʫʶ ʧʦʣʠʤʝʨʥʫʶ ʦʙʦʣʦʯʢʫ; 

- RFID-ʤʝʪʢʠ  ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʘʙʦʪʳ ʚ 

ʟʘʛʨʷʟʥʝʥʥʦʡ, ʞʠʨʥʦʡ, ʩʳʨʦʡ ʠ ʞʝʩʪʢʦʡ ʩʨʝʜʝ. 

- ʤʝʪʢʠ ʠ ʩʯʠʪʳʚʘʪʝʣʠ RFID ʥʝ ʠʤʝʶʪ 

ʧʦʜʚʠʞʥʳʭ ʜʝʪʘʣʝʡ, ʧʦʵʪʦʤʫ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʠʩʪʝʤʳ ʚʝʩʴʤʘ ʨʝʜʢʦ, ʦʥʘ ʤʦʞʝʪ 

ʨʘʙʦʪʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ. 

ʉʠʩʪʝʤʘ RFID ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʘʪʴ 

ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʘʛʦʥʘʭ. ʊʘʢʞʝ ʩʠʩʪʝʤʘ 

ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʝʨʝʤʝʱʝʥʠʝ 

ʩʦʩʪʘʚʘ ʥʘ ʚʩʝʤ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ [3]. ʉʠʩʪʝʤʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ RFID 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʟʘ ʚʘʛʦʥʘʤʠ, ʠʭ  

ʩʦʩʪʦʷʥʠʝ ʠ ʥʘʭʦʞʜʝʥʠʝ ʚ ʩʣʦʞʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʫʤʝʥʴʰʘʪʴ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʠʪ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʝʨʘʪʠʚʥʦʝ ʧʦʣʫʯʝʥʠʝ 

ʜʘʥʥʳʭ ʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʢʘʞʜʦʛʦ ʚʘʛʦʥʘ ʠ 

ʣʦʢʦʤʦʪʠʚʘ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʷʷ 

ʦʧʨʝʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʩʦʩʪʘʚʦʚ, ʥʦ 

ʠ ʠʭ ʩʦʩʪʦʷʥʠʝ (ʥʘʧʨʠʤʝʨ, ʚ ʢʘʢʦʤ ʧʫʥʢʪʝ 

ʧʨʠʮʝʧʣʝʥ ʠʣʠ ʦʪʮʝʧʣʝʥ ʢʦʥʢʨʝʪʥʳʡ ʚʘʛʦʥ). 

ʇʦʣʫʯʝʥʥʘʷ ʦʧʝʨʘʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ, 

ʘʥʘʣʠʟʘ, ʫʯʸʪʘ, ʚʟʘʠʤʦʨʘʩʯʸʪʘ ʟʘ ʧʦʣʴʟʦʚʘʥʠʝ 

ʚʘʛʦʥʘʤʠ, ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʠʝʥʪʫʨʳ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ: 

- ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ ʟʘ 

ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʩʪʦʝʚ, ʧʦʨʦʞʥʠʭ ʧʨʦʙʝʛʦʚ; 

- ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ 

ʩʦʭʨʘʥʥʦʩʪʠ ʛʨʫʟʦʚ; 

- ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʤʝʞʨʝʤʦʥʪʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ ʟʘ ʩʯʝʪ ʠʤʝʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʠʩʢʣʶʯʘʶʱʝʛʦ ʥʝʦʙʦʩʥʦʚʘʥʥʫʶ ʟʘʤʝʥʫ (ʠʣʠ 

ʧʦʜʤʝʥʫ) ʚ ʧʨʦʮʝʩʩʝ ʨʝʤʦʥʪʘ ʚʘʛʦʥʦʚ ʠ 

ʣʦʢʦʤʦʪʠʚʦʚ; 

- ʧʦʚʳʰʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ 

ʪʘʤʦʞʝʥʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʦ-ʧʨʦʧʫʩʢʥʳʭ ʧʫʥʢʪʘʭ ʥʘ 

ʘʚʪʦʩʪʨʘʜʘʭ, ʞʝʣʝʟʥʳʭ ʜʦʨʦʛʘʭ; 

- ʩʦʢʨʘʱʝʥʠʝ ʥʠʟʢʦ-ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʨʘʙʦʪʥʠʢʦʚ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʧʠʩʯʠʢʦʚ ʥʦʤʝʨʦʚ 

ʚʘʛʦʥʦʚ, ʢʦʥʪʦʨʩʢʠʭ ʩʣʫʞʘʱʠʭ, ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʯʠʭ; 

- ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʦʞʥʝʛʦ 

ʧʨʦʙʝʛʘ (ʥʘ 2,4 %); 

- ʦʩʚʦʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʝʚʦʟʦʢ ʥʘ 1,6 %; 

- ʫʤʝʥʴʰʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʚʘʛʦʥʦʚ (ʧʨʠ 

ʨʝʤʦʥʪʝ ʧʦ ʧʨʦʙʝʛʫ) ʥʘ 2,5%; 

- ʩʦʢʨʘʱʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʣʦʢʦʤʦʪʠʚʘʭ. 

ɺʝʩʴ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʦʙʦʨʫʜʫʝʪʩʷ ʢʦʜʦʚʳʤʠ 

ʙʦʨʪʦʚʳʤʠ ʜʘʪʯʠʢʘʤʠ ʂɹɼ-2,  ʥʝʩʫʱʠʤʠ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʞʜʦʤ ʧʦʜʚʠʞʥʦʤ ʦʙʲʝʢʪʝ.  ɺ 

ʧʫʥʢʪʘʭ ʢʦʥʪʨʦʣʷ (ʧʦʛʨʘʥʠʯʥʳʝ ʧʝʨʝʭʦʜʳ, ʛʨʘʥʠʮʳ 

ʜʦʨʦʛ, ʚʭʦʜʳ ʠ ʚʳʭʦʜʳ ʩʦʨʪʠʨʦʚʦʯʥʳʭ, ʫʯʘʩʪʢʦʚʳʭ, 

ʢʨʫʧʥʳʭ ʛʨʫʟʦʚʳʭ ʩʪʘʥʮʠʡ, ʛʨʘʥʠʮʳ ʧʦʝʟʜʥʳʭ 

ʫʯʘʩʪʢʦʚ, ʢʦʥʪʨʦʣʴʥʳʝ ʧʫʥʢʪʳ ʣʦʢʦʤʦʪʠʚʥʳʭ ʠ 

ʚʘʛʦʥʥʳʭ ʜʝʧʦ) ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʫʥʢʪʳ 

ʩʯʠʪʳʚʘʥʠʷ (ʇʉʏ), ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʦʪʦʨʳʭ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʥʠʤʘʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ 

ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ (ʨʠʩ. 2). 

 

  
 

ʈʠʩ.2. ʂʨʝʧʣʝʥʠʝ ʙʦʨʪʦʚʳʭ  

ʜʘʪʯʠʢʦʚ (ʤʝʪʢʠ) ʥʘ ʚʘʛʦʥʘʭ 

 

ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʜʝʥʪʠʬʠʢʘʪʦʨʝ, 

ʥʦʤʝʨʝ ʇʉʏ, ʚʨʝʤʝʥʠ ʧʨʦʭʦʜʘ ʧʦʜʚʠʞʥʳʤ ʩʦʩʪʘʚʦʤ 

ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ, ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʯʝʨʝʟ 

ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʧʝʨʝʜʘʝʪʩʷ ʥʘ 

ʢʦʥʮʝʥʪʨʘʪʦʨ ʣʠʥʝʡʥʦʛʦ ʫʨʦʚʥʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ 

ʝʝ ʩʙʦʨ ʩʦ ʚʩʝʭ ʧʫʥʢʪʦʚ ʩʯʠʪʳʚʘʥʠʷ ʜʘʥʥʦʛʦ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʫʟʣʘ (ʨʠʩ. 1). ʂʦʣʠʯʝʩʪʚʦ ʇʉʏ ʠ 

ʠʭ ʨʘʟʤʝʱʝʥʠʝ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʣʝʞʝʥʠʝ ʟʘ 

ʧʝʨʝʭʦʜʦʤ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʚʩʝʤ ʙʝʟ 

ʠʩʢʣʶʯʝʥʠʷ ʧʫʥʢʪʘʤ ʚʭʦʜʘ ʠ ʚʳʭʦʜʘ ʚʳʜʝʣʷʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ (ʫʧʨʘʚʣʝʥʠʝ ʩʝʪʴʶ-

ʧʦʛʨʘʥʠʯʥʳʝ ʧʝʨʝʭʦʜʳ, ʜʦʨʦʛʦʡ-ʛʨʘʥʠʮʳ ʜʦʨʦʛ, 

ʦʪʜʝʣʝʥʠʝʤ-ʤʝʞʦʪʜʝʣʝʥʯʝʩʢʠʝ ʩʪʳʢʦʚʳʝ ʧʫʥʢʪʳ, 

ʚʳʜʝʣʝʥʥʦʡ ʩʪʘʥʮʠʝʡ). 

ʊʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʝʠʤʫʱʝʩʪʚ. ʇʦʜ ʵʪʠʤ ʥʦʚʦʚʚʝʜʝʥʠʝʤ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʟʘʢʨʝʧʣʝʥʠʝ ʤʝʪʦʢ ʥʘ ʧʦʜʚʠʞʥʦʡ 

ʩʦʩʪʘʚ ʠ ʫʩʪʘʥʦʚʢʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʯʠʪʳʚʘʪʝʣʝʡ 

ʚʜʦʣʴ ʧʫʪʝʡ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʧʝʨʝʥʦʩʥʳʭ 

ʩʯʠʪʳʚʘʪʝʣʝʡ (RFID-ʨʠʜʝʨʳ) ʫ ʩʪʘʥʮʠʦʥʥʳʭ 

ʨʘʙʦʪʥʠʢʦʚ (ʨʠʩ. 3).  

 

 

ʈʠʩ. 3. ɸʚʪʦʥʦʤʥʦ ʨʘʙʦʪʘʶʱʠʡ ʤʦʙʠʣʴʥʳʡ 

ʩʯʠʪʳʚʘʪʝʣʴ Convergence CS101 
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ʈʫʯʥʦʡ ʩʯʠʪʳʚʘʪʝʣʴ IDBLUE UHF ʠʟʦʙʨʘʞʝʥ 

ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʤʤʫʥʠʢʘʪʦʨʦʤ ʠ ʧʣʘʥʰʝʪʥʳʤ 

ʢʦʤʧʴʶʪʝʨʦʤ 

ɺ ʢʦʨʧʫʩ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʙʫʜʝʪ ʢʨʝʧʠʪʴʩʷ 

ʠʣʠ ʚʰʠʚʘʪʴʩʷ ʚ ʢʦʨʧʫʩ ʚʘʛʦʥʘ ʢʨʝʧʠʪʴʩʷ ʩ 

ʟʘʧʠʩʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʢʘʢ ʦ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʘʛʦʥʘ, ʪʘʢ ʠ ʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʛʨʫʟʘ, ʧʨʝʜʲʷʚʣʷʝʤʦʛʦ ʢ ʧʝʨʝʚʦʟʢʝ 

ʚ ʜʘʥʥʦʤ ʧʦʜʚʠʞʥʦʤ ʩʦʩʪʘʚʝ. ʊʘʢʞʝ ʜʘʥʥʳʝ ʤʝʪʢʠ 

ʤʦʞʥʦ ʢʨʝʧʠʪʴ ʥʘ ʟʘʧʦʨʥʦ ʧʣʦʤʙʠʨʦʚʦʯʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ. ʈʘʟʥʦʦʙʨʘʟʠʝ RFID-ʤʝʪʦʢ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.  ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʚʘʛʦʥʦʚ, ʚ ʩʣʫʯʘʷʭ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ 

ʜʦʩʪʫʧʘ ʢ ʥʠʤʠ ʚʩʢʨʳʪʠʠ ʚʘʛʦʥʘ. RFID-ʨʠʜʝʨʳ, 

ʩʯʠʪʳʚʘʶʪ ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʤʝʪʦʢ, ʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʩʦʩʪʘʚʘ ʠ 

ʦʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ. RFID-

ʪʨʘʥʩʧʦʥʜʝʨ ʟʘʧʠʩʳʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʞʝ 

ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʦʧʝʨʘʮʠʷʭ. ɼʘʥʥʳʝ ʤʝʪʢʠ 

ʟʘʱʠʱʝʥʳ ʦʪ ʧʦʜʜʝʣʦʢ, ʥʦ ʚ ʩʣʫʯʘʝ ʧʦʨʯʠ ʤʝʪʢʘ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʥʝ ʧʦʜʣʝʞʠʪ [4]. 

 

 
 

ʈʠʩ. 4.  RFID-ʤʝʪʢʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ 

 

ɺʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ RFID ʥʘ ʦʜʥʦʡ ʩʪʘʥʮʠʠ 

ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʥʝʨʝʥʪʘʙʝʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʚʘʛʦʥʳ 

ʦʙʨʘʱʘʪɹʩʷ ʧʦ ʦʜʥʦʡ ʩʪʘʥʮʠʠ ʠʣʠ ʜʦʨʦʛʝ ʧʦʩʪʦʷʥʥʦ 

ʥʝ ʤʦʛʫʪ, ʪʨʝʙʫʝʪʩʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʝ ʚʥʝʜʨʝʥʠʝ 

ʥʘ ʚʩʝʡ ʩʝʪʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʪʦʛʜʘ ʣʠʰʴ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʴʰʫʶ ʚʳʛʦʜʫ ʦʪ 

ʠʭ ʚʥʝʜʨʝʥʠʷ ʢʘʢ ʚ ʩʬʝʨʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, 

ʪʘʢ ʠ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʩʪʘʥʮʠʷ ʩʦ ʩʨʝʜʥʠʤ 

ʛʨʫʟʦʦʙʦʨʦʪʦʤ, ʦʙʦʨʫʜʦʚʘʥʥʘʷ RFID-ʪʝʭʥʦʣʦʛʠʝʡ, 

ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʚ ʛʨʫʟʦʚʦʤ ʜʚʠʞʝʥʠʠ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʡʢʘ ʮʝʭʘ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʦʙʫʯʝʥʠʝ 

ʩʦʪʨʫʜʥʠʢʦʚ ʨʘʙʦʪʝ ʩ ʥʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ. 

ɺ ʨʘʩʯʸʪʳ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʚʢʣʶʯʘʶʪʩʷ 

ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠ ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʦʧʪʦʚʳʤ ʮʝʥʘʤ, 

ʨʘʩʭʦʜʳ ʥʘ ʪʨʘʥʩʧʦʨʪ, ʟʘʛʦʪʦʚʠʪʝʣʴʥʦ-ʩʢʣʘʜʩʢʠʝ 

ʨʘʩʭʦʜʳ, ʘ ʪʘʢʞʝ ʟʘʪʨʘʪʳ ʥʘ ʤʦʥʪʘʞ ʤʘʰʠʥʳ, 

ʨʘʩʭʦʜʳ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʠ ʫʯʠʪʳʚʘʝʪʩʷ 

ʩʪʦʠʤʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ [5]: 

ʂʟ  = ʉ+ ɿʜ +ɿʤ , 

 

ʛʜʝ ʂʟ - ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ ʥʦʚʦʡ 

ʪʝʭʥʠʢʠ, ʨʫʙ.; 

ʉ - ʩʪʦʠʤʦʩʪʴ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʮʝʥʝ ʝʛʦ 

ʧʨʠʦʙʨʝʪʝʥʠʷ, ʨʫʙ.; 

ɿʜ - ʟʘʪʨʘʪʳ ʥʘ ʜʦʩʪʘʚʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʘʨʠʬʘʤ, ʨʫʙ. (ʧʨʠʥʠʤʘʝʤ 10% ʦʪ 

ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ); 

ɿʤ - ʟʘʪʨʘʪʳ ʥʘ ʤʦʥʪʘʞʥʳʝ ʨʘʙʦʪʳ, ʨʫʙ. 

(ʧʨʠʥʠʤʘʝʤ 20% ʦʪ ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ). 

ʉ = 100000,00 ʨʫʙ. 

ʂʟ = 100000,00 + 10000,00 + 20000,00 = 

130000,00 ʨʫʙ. 

ʆʩʚʦʝʥʠʝ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʧʨʠʥʠʤʘʝʤ 

10% ʦʪ ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ): 100000,00*10/100 

= 10000,00 ʨʫʙ 

 

 
ʊʘʙʣʠʮʘ1 

ʂʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪ r

ˉ 
ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʟʘʪʨʘʪ 

ʂʦʣ-
ʚʦ 

ʉʪʦʠʤʦʩʪʴ, 
ʨʫʙ. 

ʉʫʤʤʘ, ʨʫʙ. 

1 
ɿʜʘʥʠʝ ʜʣʷ 

ʧʝʨʩʦʥʘʣʘ 
1 2220000,00 2220000,00 

2 ʆʙʦʨʫʜʦʚʘʥʠʝ 1 130000,00 130000,00 

3 
ʆʙʫʯʝʥʠʝ 
ʧʝʨʩʦʥʘʣʘ 

1 10000,00 10000,00 

4 

ʈʘʟʨʘʙʦʪʢʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ 

1 10000,00 10000,00 

ɺʩʝʛʦ 2370000,00 

 
ʊʘʙʣʠʮʘ 2 

ʈʘʩʯʝʪ ʰʪʘʪʘ ʩʦʪʨʫʜʥʠʢʦʚ 

ˉʧ/ʧ 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʟʘʪʨʘʪ 

ʂʦʣ-

ʚʦ 

ʉʪʦʠʤʦʩʪʴ, 

ʨʫʙ. 

ʉʫʤʤʘ, 

ʨʫʙ. 

1 ʈʫʢʦʚʦʜʠʪʝʣʴ 1 35000,00 35000,00 

2 ʇʝʨʩʦʥʘʣ  6 15000,00 90000.00 

 

ɺ ʠʪʦʛʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʭʦʜʦʚ ʨʘʚʥʦ 2495000,00 

ʨʫʙʣʝʡ ʚ ʧʝʨʚʳʡ ʛʦʜ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ, ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʭʦʜʳ ʩʦʢʨʘʪʷʪʩʷ ʠ ʙʫʜʫʪ ʩʦʩʪʦʷʪʴ 

ʠʟ: ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʨʘʙʦʪʥʠʢʦʚ ʠ ʩʥʘʙʞʝʥʠʷ 

ʦʩʥʦʚʘʤʠ ʜʣʷ ʤʝʪʦʢ. ɺ ʩʨʝʜʥʝʤ ʥʘ ʩʪʘʥʮʠʠ ʩʦ  

ʩʨʝʜʥʠʤ ʛʨʫʟʦʦʙʦʨʦʪʦʤ ʪʨʝʙʫʝʪʩʷ 2 ʙʨʠʛʘʜʳ ʧʦ ʪʨʠ 

ʦʩʤʦʪʨʱʠʢʘ, ʪʘʢʞʝ ʚ ʰʪʘʪʝ ʧʨʠʝʤʦʩʜʘʪʯʠʢʦʚ - 2 

ʯʝʣʦʚʝʢʘ ʚ ʩʤʝʥʫ. ʉ ʫʩʪʘʥʦʚʢʦʡ RFID-ʪʝʭʥʦʣʦʛʠʡ  

ʰʪʘʪ ʨʘʙʦʪʥʠʢʦʚ ʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ ʜʦ 2 ʙʨʠʛʘʜ ʧʦ 2 

ʦʩʤʦʪʨʱʠʢʘ, ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʠʝʤʦʩʜʘʪʯʠʢʦʚ - 1 ʨʘʙʦʪʥʠʢ ʚ ʩʤʝʥʫ. ɺʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ ʠʜʝʪ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʟʘʨʘʙʦʪʥʫʶ 

ʧʣʘʪʫ ʨʘʙʦʪʥʠʢʦʚ. ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʩʪʘʚʠʪ ʧʨʠʤʝʨʥʦ  2 ʛʦʜʘ. 

ɼʘʥʥʳʝ ʤʝʪʢʠ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʥʘ 

ʧʘʩʩʘʞʠʨʩʢʠʝ ʚʘʛʦʥʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʫʩʪʘʥʦʚʠʚ RFID-ʤʝʪʢʠ 

ʥʘ ʧʘʩʩʘʞʠʨʩʢʠʝ ʚʘʛʦʥʳ ʜʣʷ ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, 

ʩʯʠʪʳʚʘʪʝʣʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʚʭʦʜʥʳʭ ʩʚʝʪʦʬʦʨʘʭ ʏ, 

ʅ ʠ ʥʘ ʤʘʥʝʚʨʦʚʦʤ ʩʚʝʪʦʬʦʨʝ  ʄ.  ɿʘ ʩʯʝʪ 

ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʡ 



100            ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 

 

 

 

ʢʦʤʧʴʶʪʝʨ ʦʧʝʨʘʪʦʨʘ ʉʊʎ ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʥʘ 

ʦʪʮʝʧʢʫ ʚʘʛʦʥʦʚ. 

ɼʘʥʥʳʝ ʤʝʪʢʠ ʧʦʟʚʦʣʷʪ ʠʟʤʝʥʠʪʴ ʪʝʭʥʦʣʦʛʠʶ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʩʢʦʨʠʪʴ ʦʙʨʘʙʦʪʢʫ 

ʧʦʯʪʦʚʦ-ʙʘʛʘʞʥʳʭ ʧʦʝʟʜʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʠʩʢʣʶʯʘʝʪʩʷ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʦʧʝʨʘʪʦʨʦʤ ʉʊʎ 

ʥʘ ʩʣʝʜʦʚʘʥʠʝ ʢ ʤʝʩʪʫ ʥʘʪʫʨʥʦʛʦ ʩʧʠʩʳʚʘʥʠʷ 

ʥʦʤʝʨʦʚ ʚʘʛʦʥʦʚ ʧʨʠʙʳʚʘʶʱʠʭ ʧʘʩʩʘʞʠʨʩʢʠʭ, 

ʧʦʯʪʦʚʦ-ʙʘʛʘʞʥʳʭ ʧʦʝʟʜʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʚʥʝʜʨʝʥʠʝ RFID-ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʧʘʩʩʘʞʠʨʩʢʦʡ 

ʩʪʘʥʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

ɺʳʚʦʜʳ 1. ɺʥʝʜʨʝʥʠʝ RFID-ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʠʚʝʜʝʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʤʘʥʝʚʨʦʚʦʡ ʨʘʙʦʪʳ, ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʘʥʝʚʨʦʚʳʭ ʩʨʝʜʩʪʚ, ʩʦʢʨʘʱʝʥʠʶ 

ʩʪʦʷʥʢʠ ʧʦʝʟʜʦʚ, ʠʩʢʣʶʯʠʪ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ 

ʦʧʝʨʘʪʦʨʦʤ ʉʊʎ ʥʘ ʧʨʦʚʝʨʢʫ ʧʨʘʚʠʣʴʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʦʚ ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʧʦʯʪʦʚʦ-

ʙʘʛʘʞʥʳʭ ʧʦʝʟʜʦʚ ʩʚʦʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʦʢʨʘʪʠʪ 

ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚʘʛʦʥʦʚ ʯʝʨʝʟ 

ʧʦʛʨʘʥʠʯʥʳʝ ʧʫʥʢʪʳ.  

2. ʇʨʠʤʝʥʝʥʠʝ RFID-ʤʝʪʦʢ ʥʘ ɿʇʋ ʩʦʢʨʘʪʠʪ 

ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʚʘʛʦʥʦʚ, ʦʙʝʩʧʝʯʠʪ  ʩʦʭʨʘʥʥʦʩʪʴ 

ʛʨʫʟʦʚ ʧʨʠ ʧʝʨʝʚʦʟʢʘʭ ʠ ʩʦʢʨʘʪʠʪ ʚʨʝʤʷ ʥʘ 

ʦʙʨʘʙʦʪʢʫ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ  ʚ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ, 

ʪʘʢʞʝ ʧʨʠ ʧʨʠʝʤʝ ʠ ʦʪʧʨʘʚʣʝʥʠʠ ʧʦʝʟʜʦʚ. 

3. RFID ï ʵʪʦ ʠʥʩʪʨʫʤʝʥʪ ʩʠʩʪʝʤʳ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  ʢʦʪʦʨʳʡ ʨʝʰʘʝʪ 

ʤʥʦʛʠʝ ʧʨʦʙʣʝʤʳ ʥʝ ʪʦʣʴʢʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʙʳʩʪʨʦʝ ʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ 

ʚʨʝʤʝʥʠ ʫʧʨʘʚʣʝʥʠʝ ʧʝʨʝʚʦʟʦʯʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʥʦ ʠ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ. 
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APPLICATION INNOVATIVE TECHNOLOGIES ON 

RAILWAY TRANSPORT  

This article is devoted the questions of introduction of 

innovative technologies on a railway transport.  Introduction 

of the system of RFID of technologies, will allow to show out a 

railway transport on the new level of transportations  With 

introduction of the system of RFID of technologies, the level of 

profitability of railway transportations will grow 

considerably, also safety of mobile composition and loads will 

grow on the way followings.  With the use of this system wakes 

permanent control after carriages and containers on the way 

following on all network of railways. Given systems of RFID 

of technologies, applicable not only in a freight report but also 

really can be applied and for  railway passenger 

transportations. 

Key words: RFID,  mark,  rider, schityvateli, freight 

transportations, railway transport. 
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RESEARCH OF TRANSPORT FLOWS INTENSITY IN INTELLECTUAL  

GIS ñITSGISò FOR AUTOMOTIVE ROAD 

 
Kosonogova L.G., Nechaev G.I., Lisikhin M.A.  

 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʠ ʫʩʪʘʥʦʚʣʝʥʠʶ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʥʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʝʪʦʜʦʚ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʜʦʨʦʛ ʠ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʩʪʨʦʝʥʘ ʩʭʝʤʘ ʜʘʥʥʳʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʜʘʥʥʳʭ ʚ ʩʨʝʜʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʦʪʦʢʦʚ, ʥʝʡʨʦʩʝʪʝʚʦʡ ʘʥʘʣʠʟ, ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ. 

 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʦʢ 

ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ, ʦʙʦʩʥʦʚʘʥʠʡ ʠʥʚʝʩʪʠʮʠʡ ʠ 

ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʦʪʦʢʦʚ.  ʅʘʙʣʶʜʘʝʤʳʡ ʨʦʩʪ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʧʘʨʢʘ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʪʦʢʦʚ ʠ ʠʭ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

 ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʫʯʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʠʟʫʯʘʪʴ ʪʝʥʜʝʥʮʠʶ ʠʟʤʝʥʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦ ʙʦʨʦʪʴʩʷ ʩ 

ʘʚʘʨʠʡʥʦʩʪʴʶ. ʕʪʫ ʟʘʜʘʯʫ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ 

ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

1ʊ8ʉ18 "ʋʯʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʦʪʦʢʘ". 

ʅʝʦʙʭʦʜʠʤʳʤʠ ʵʪʘʧʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʨʘʩʯʝʪ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʦʞʠʜʘʝʤʦʡ ʥʘ ʥʝʢʦʪʦʨʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʝʨʠʦʜ 

ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʩʫʪʦʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʥʘ ʫʯʘʩʪʢʘʭ ʩʝʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʦʙʱʝʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ, ʥʘ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ (ʋɼʉ) 

ʛʦʨʦʜʦʚ, ʚ ʧʨʠʛʦʨʦʜʥʦʡ ʟʦʥʝ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʧʨʠ 

ʦʮʝʥʢʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ, 

ʚʳʝʟʞʘʶʱʝʛʦ ʩ ʨʝʢʨʝʘʮʠʦʥʥʳʤʠ ʮʝʣʷʤʠ, ʘ ʪʘʢʞʝ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʦʙʲʝʤʦʚ ʛʨʫʟʦʚʳʭ ʠ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʧʝʨʝʚʦʟʦʢ ʥʘ ʩʝʪʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʦʙʱʝʛʦ 

ʧʦʣʴʟʦʚʘʥʠʷ. 

ʎʝʣʴ ʨʘʙʦʪʳ - ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʪʦʢʦʚ ʠ ʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ - 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʠʟʫʯʝʥʠʝ ʪʝʥʜʝʥʮʠʠ 

ʠʟʤʝʥʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦ 

ʙʦʨʴʙʘ ʩ ʘʚʘʨʠʡʥʦʩʪʴʶ. 

ɿʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɻʣʘʚʥʦʡ 

ʟʘʜʘʯʝʡ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʝʡʨʦʩʝʪʝʚʳʭ 

ʩʭʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ɺ 

ʨʘʤʢʘʭ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ñITSGISò ï ʵʪʦ 

ʟʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ. ʄʝʪʦʜʳ ʨʘʟʣʠʯʘʶʪʩʷ 

ʜʝʪʘʣʷʤʠ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʦ ʨʘʙʦʪʝ ʥʝʡʨʦʥʦʚ ʠ 

ʩʧʦʩʦʙʘʤʠ ʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʙʦʡ.  

ʅʘ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʪʨʫʢʪʫʨʘ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ɼʣʷ ʤʥʦʛʦʩʣʦʡʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʩʚʷʟʷʤʠ ʩʪʨʫʢʪʫʨʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʦʝʚ ʠ ʥʝʡʨʦʥʦʚ ʚ 

ʢʘʞʜʦʤ ʠʟ ʩʣʦʝʚ. ʇʦʜʙʦʨ ʩʪʨʫʢʪʫʨʳ ʩʝʪʠ ʷʚʣʷʝʪʩʷ 

ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ: ʩʝʪʠ ʩ ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ 

ʜʘʶʪ ʛʨʫʙʳʡ ʨʝʟʫʣʴʪʘʪ. ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʦʷʚʣʷʝʪʩʷ ʢ ʤʝʭʘʥʠʟʤʘʤ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʄʥʦʛʦʩʣʦʡʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʤʦʜʝʣʠ ʄʘʢʂʘʣʣʦʢʘ ʇʠʪʪʩʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʚʘʞʜʳ 

ʤʥʦʛʦʨʷʜʥʳʝ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʛʨʫʧʧʦʚʦʛʦ ʫʯʝʪʘ ʘʨʛʫʤʝʥʪʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʦ ʩʚʦʠʤ ʢʦʥʬʠʛʫʨʘʮʠʷʤ, ʩʝʪʝʚʳʝ 

ʧʘʨʘʜʠʛʤʳ ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ. 

ʇʨʠʥʮʠʧ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʤʦʜʝʣʝʡ ʵʪʠʭ ʪʠʧʦʚ 

ʩʝʪʝʡ ʦʜʠʥʘʢʦʚ ʠ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʚʳʙʦʨʘ 

ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ, ʥʘʣʠʯʠʷ ʤʝʭʘʥʠʟʤʘ ʤʫʪʘʮʠʠ 
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ʤʦʜʝʣʝʡ ʠ ʢʨʠʪʝʨʠʷ ʠʭ ʦʪʙʦʨʘ. ɺ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ ʧʦ ʤʦʜʝʣʠ ʄʘʢʂʘʣʣʦʢʘ ʇʠʪʪʩʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʚʦʣʶʮʠʦʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʘʣʛʦʨʠʪʤʘ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʩʭʝʤʫ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʣʠ ʢʦʩʚʝʥʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ [1].  

ʉʭʝʤʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʠʜ ʢʦʜʠʨʦʚʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʢʘʞʜʘʷ ʩʚʷʟʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʟʘʜʘʝʪʩʷ ʝʛʦ ʜʚʦʠʯʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ 

ʢʚʘʜʨʘʪʠʯʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʛʝʥʦʪʠʧʘ ʧʨʠ ʨʦʩʪʝ 

ʫʟʣʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʝʤʣʝʤʳʤ 

ʪʦʣʴʢʦ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʩʝʪʝʡ. 

ñITSGISò ï ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ (ɻʀʉ) ʩ ʤʥʦʛʦʩʣʦʡʥʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʨʪʦʡ ʛʦʨʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʘʙʦʪʫ 

ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʦʙʲʝʢʪʘʤʠ ʛʦʨʦʜʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ñITSGISò ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪ, ʚʳʧʦʣʥʷʶʱʠʭ ʬʫʥʢʮʠʠ ʫʯʝʪʘ 

ʦʙʲʝʢʪʦʚ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ñITSGISò 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʘʨʭʠʪʝʢʪʫʨʝ, 

ʫʯʝʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʨʦʢʣʘʜʢʝ ʠʥʞʝʥʝʨʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʥʘ ʪʨʘʥʩʧʦʨʪʝ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚ ʣʦʛʠʩʪʠʢʝ [2]. 

ʉ ʮʝʣʴʶ ʦʙʦʩʥʦʚʘʥʠʷ ʠʥʞʝʥʝʨʥʦʛʦ ʧʨʦʝʢʪʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʠʣʦʛʦ ʧʦʩʝʣʢʘ ʚ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ 

ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠ ʚʳʧʦʣʥʝʥ 

ʨʘʩʯʝʪ ʧʨʦʛʥʦʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ. ʈʘʩʯʝʪ ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʩʨʝʜʝ 

ñITSGISò ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʛʨʫʧʧʦʚʦʛʦ ʫʯʝʪʘ 

ʘʨʛʫʤʝʥʪʦʚ.  

ʂʨʦʤʝ ʤʦʜʫʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ñITSGISò 

ʩʦʜʝʨʞʠʪ ʧʦʜʩʠʩʪʝʤʫ ʫʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʧʦʟʚʦʣʷʶʱʫʶ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʭʨʘʥʝʥʠʝ, ʦʙʨʘʙʦʪʢʫ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʜʘʥʥʳʭ ʦʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʘ 

ʪʘʢʞʝ ʚʠʟʫʘʣʠʟʘʮʠʶ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʨʪʝ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠʥʠʤʘʶʪ ʛʦʜ, ʤʝʩʷʮ, 

ʩʫʪʢʠ, ʯʘʩ ʠ ʙʦʣʝʝ ʢʦʨʦʪʢʠʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ 

(ʤʠʥʫʪʳ, ʩʝʢʫʥʜʳ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʟʘʜʘʯʠ ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ. 

ʊʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ ʦʙʫʩʣʦʚʣʝʥ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ 

ʚʦ ʚʨʝʤʝʥʠ (ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʤʝʩʷʮʘ, ʩʫʪʦʢ ʠ ʜʘʞʝ 

ʯʘʩʘ).  

ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʩʯʝʪʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ. ɼʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʳʯʠʩʣʝʥʳ ʜʣʷ ʛʦʜʦʚʦʡ, ʩʫʪʦʯʥʦʡ ʠ ʯʘʩʦʚʦʡ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʝʡ ʜʚʠʞʝʥʠʷ. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʢʘʢ ʜʦʣʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ, ʧʨʠʭʦʜʷʱʘʷʩʷ ʥʘ ʜʘʥʥʳʡ ʦʪʨʝʟʦʢ 

ʚʨʝʤʝʥʠ, ʣʠʙʦ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢ ʩʨʝʜʥʝʡ ʟʘ ʦʜʠʥʘʢʦʚʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ɿʘ ʝʜʠʥʠʮʫ ʚʳʨʘʞʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠʥʷʪʳ ʥʘʪʫʨʘʣʴʥʳʝ ʝʜʠʥʠʮʳ 

(ʘʚʪ/ʯ) ʠ ʧʨʠʚʝʜʝʥʥʳʝ (ʝʜ/ʯ). 

ʅʘʪʫʨʘʣʴʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʚʠʜʳ ʪʨʘʥʩʧʦʨʪʘ. ɿʘ ʧʨʠʚʝʜʝʥʥʫʶ ʝʜʠʥʠʮʫ 

ʠʟʤʝʨʝʥʠʷ ʧʨʠʥʷʪ ʣʝʛʢʦʚʦʡ ʘʚʪʦʤʦʙʠʣʴ, ʦʩʪʘʣʴʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʠʚʦʜʷʪʩʷ ʢ ʣʝʛʢʦʚʦʤʫ 

ʘʚʪʦʤʦʙʠʣʶ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʧʨʠʚʝʜʝʥʠʷ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʫʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʙʦʨʘ, 

ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠʭ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʨʪʝ ʛʦʨʦʜʘ. ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʢʪʘʭ 

ʭʨʘʥʠʪʩʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ, ʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 [2]. 

ʆʙʲʝʢʪ ñʀʥʪʝʥʩʠʚʥʦʩʪʴò ʧʨʠʚʷʟʳʚʘʝʪʩʷ ʢ ʜʫʛʝ 

ʛʨʘʬʘ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʛʦʨʦʜʘ. ɻʨʘʬʘ ʫʣʠʯʥʦ-

ʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʷʚʣʷʷʩʴ ʵʣʝʤʝʥʪʦʤ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜʦʩʥʦʚʳ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ñITSGISò, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ (ʊʨʇ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʀʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʲʝʢʪʘʭ ʭʨʘʥʠʪʩʷ ʚ ɹɼ [3]. 

ʄʦʜʫʣʴ ʫʯʝʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʦʪʦʢʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʥʩʪʨʫʤʝʥʪ 

ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ʀʩʭʦʜʥʳʤʠ 

ʜʘʥʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʊʨʇ, 

ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʝʜʠʥʠʮ ʨʘʟʥʦʛʦ ʪʠʧʘ, 

ʧʝʨʠʦʜ ʫʯʝʪʘ ʠ ʜʨ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʙʲʝʢʪʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ɹɼ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʩʯʝʪ ʚʩʝʭ ʪʠʧʦʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʝʜʠʥʠʮ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʟʘʥʦʩʷʪʩʷ ʚ ɹɼ. ɺ 

ʧʦʜʩʠʩʪʝʤʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʝʜʝʥʠʷ 

ʩʧʨʘʚʦʯʥʠʢʦʚ: ʥʦʨʤʘʪʠʚʥʳʡ ʜʦʢʫʤʝʥʪ ʨʘʩʯʝʪʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʝʩʷʮʘ ʛʦʜʘ, ʜʥʷ 

ʥʝʜʝʣʠ, ʚʨʝʤʝʥʠ ʩʫʪʦʢ, ʪʠʧ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, 

ʪʠʧ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʚʦʜʥʘʷ ʚʝʜʦʤʦʩʪʴ, 

ʩʦʜʝʨʞʘʱʘʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʘʪʝ ʠ ʚʨʝʤʝʥʠ ʫʯʝʪʘ, 

ʪʠʧʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʪʠʧʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʩʘʤʦ ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʦ ʩʚʦʜʥʦʡ 

ʚʝʜʦʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʦʪʯʝʪ ʟʘ ʣʶʙʦʡ 

ʟʘʜʘʥʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʫʯʝʪʥʳʡ ʧʝʨʠʦʜ ʠ ʜʣʷ 

ʣʶʙʦʛʦ ʚʳʙʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʊʨʇ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʫʭʵʪʘʧʥʫʶ ʧʨʦʮʝʜʫʨʫ, ʧʝʨʚʳʡ 

ʵʪʘʧ ʢʦʪʦʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʛʥʦʟʝ ʩʧʨʦʩʘ ʥʘ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʚʪʦʨʦʡ ï ʚ 

ʧʨʦʛʥʦʟʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʧʨʦʩʘ ʥʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ. 

ʆʧʠʰʝʤ ʩʧʨʦʩ ʥʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʚ ʛʦʨʦʜʝ 

ʥʘʙʦʨʦʤ ʤʘʪʨʠʮ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʧʨʦʛʥʦʟʘ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ ʤʘʪʨʠʮʳ ʩʫʪʦʯʥʳʭ 

ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ ʣʝʛʢʦʚʦʛʦ ʠ ʛʨʫʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 
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ʄʘʪʨʠʮʳ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ ʨʘʩʩʯʠʪʘʝʤ ʤʝʞʜʫ 

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʨʘʡʦʥʘʤʠ ʛʦʨʦʜʘ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ, 

ʠʩʭʦʜʷ ʠʟ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚ ʥʝʤ ʠ ʫʨʦʚʥʷ 

ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ, ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ [3]. 

 

 
 

ʈʠʩ. 1. ʃʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʘʟʳ ʜʘʥʥʳʭ 

 

ʈʘʩʯʝʪ ʤʘʪʨʠʮ ʪʨʫʜʦʚʳʭ ʠ ʜʝʣʦʚʳʭ 

ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ ʜʣʷ ʪʝʢʫʱʝʛʦ ʧʝʨʠʦʜʘ ʠ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʫ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʤʘʢʩʠʤʠʟʘʮʠʠ ʵʥʪʨʦʧʠʠ [1]: 
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ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʡʦʥʦʚ; xij  

ʚʝʣʠʯʠʥʘ ʪʨʫʜʦʚʳʭ ʠʣʠ ʜʝʣʦʚʳʭ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ 

ʠʟ ʨʘʡʦʥʘ i ʚ ʨʘʡʦʥ j, ʨʝʘʣʠʟʫʶʱʠʭʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʣʝʛʢʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʘʚʪ./ʩʫʪ.; Ai, Bj - ʚʝʣʠʯʠʥʳ ʦʙʲʝʤʦʚ 

ʦʪʧʨʘʚʣʝʥʠʡ ʠ ʧʨʠʙʳʪʠʷ ʪʨʫʜʦʚʳʭ ʠʣʠ ʜʝʣʦʚʳʭ 

ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ ʜʣʷ ʨʘʡʦʥʘ i; Pij ʘʧʨʠʦʨʥʳʝ 

ʧʨʝʜʧʦʯʪʝʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʜʚʠʞʝʥʠʷ, ʧʦʣʴʟʫʶʱʠʭʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʣʝʛʢʦʚʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. 

 
)(exp tijy

ijP Ö-=                      (2) 

 

ʛʜʝ tij  - ʚʨʝʤʷ ʩʦʦʙʱʝʥʠʷ ʤʝʞʜʫ ʨʘʡʦʥʘʤʠ i ʠ j ʥʘ 

ʣʝʛʢʦʚʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʩʪʨʦʝʥʠʷ ʢʨʘʪʯʘʡʰʠʭ ʧʦ ʚʨʝʤʝʥʠ ʩʦʦʙʱʝʥʠʷ 

ʧʫʪʝʡ ʥʘ ʛʨʘʬʝ ʋɼʉ ʩ ʫʯʝʪʦʤ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ 

ʚʳʭʦʜ ʥʘ ʥʝʝ; y ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʜʧʦʯʪʝʥʠʷ, 

ʫʪʦʯʥʷʝʤʳʡ ʚ ʧʨʦʮʝʩʩʝ ʢʘʣʠʙʨʦʚʢʠ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʦʚʳʭ ʤʘʪʨʠʮ 

ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ ʧʦ ʋɼʉ ʛʦʨʦʜʘ ʦʩʫʱʝʩʪʚʣʝʥʦ 

ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʨʘʚʥʦʚʝʩʥʳʭ ʧʦʪʦʢʦʚ. ʉʦʩʪʦʷʥʠʝ 

ʨʘʚʥʦʚʝʩʠʷ ʥʘ ʋɼʉ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʘʞʜʦʝ 

ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʜʚʠʞʝʪʩʷ ʧʦ ʧʫʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʤʫ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ 

ʥʘ ʧʝʨʝʜʚʠʞʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʢʘʞʜʘʷ 

ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦ ʧʫʯʢʫ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʫʪʝʡ, ʥʦ ʢʦʣʠʯʝʩʪʚʦ ʧʫʪʝʡ ʚ 

ʢʘʞʜʦʤ ʧʫʯʢʝ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʦʜʥʦʛʦ (ʩʣʫʯʘʠ 

ʥʠʟʢʦʡ ʟʘʛʨʫʟʢʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʤʘʨʰʨʫʪʦʚ) ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ (ʩʣʫʯʘʡ 

ʚʳʩʦʢʦʡ ʟʘʛʨʫʟʢʠ). 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʥʮʠʧʘ ʨʘʚʥʦʚʝʩʠʷ 

ʦʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦ 

ʫʯʘʩʪʢʘʤ ʋɼʉ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʦʪʦʢʘ. ɼʣʷ ʧʝʨʝʛʦʥʘ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ ʵʪʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ, 

ʩʣʝʜʫʶʱʠʤ ʠʟ ʦʩʥʦʚʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʠʘʛʨʘʤʤʳ, 

ʩʚʷʟʳʚʘʶʱʝʡ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʫʯʘʩʪʢʘ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ [2]. 
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ʛʜʝ  v(I) ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦ ʧʝʨʝʛʦʥʫ, ʢʤ/ʯ; 

Vl ï ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʩʢʦʨʦʩʪʴ, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʜʦʨʦʞʥʳʤʠ ʟʥʘʢʘʤʠ (60 ʢʤ/ʯ ʜʣʷ ʛʦʨʦʜʩʢʠʭ 

ʫʩʣʦʚʠʡ); 

Vd  ï ʨʘʩʯʝʪʥʘʷ ʩʢʦʨʦʩʪʴ, ʢʤ/ʯ; 

I ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʭ ʝʜ./ʯ; 

S ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʛʨʫʟʢʠ ʦʯʝʨʝʜʠ ʥʘ 

ʨʝʛʫʣʠʨʫʝʤʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʠʚʝʜʝʥʥʳʭ ʝʜ./ʯ, 

ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʦ ʬʦʨʤʫʣʝ: S=1500x*n, ʛʜʝ n - ʯʠʩʣʦ 

ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ. 

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʨʘʩʯʝʪʘ ʦʧʨʝʜʝʣʝʥʘ 

ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʩʫʪʦʯʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦ 

ʫʯʘʩʪʢʘʤ ʋɼʉ ʛʦʨʦʜʘ. ɼʣʷ ʧʝʨʝʭʦʜʘ ʢ 

ʩʨʝʜʥʝʛʦʜʦʚʳʤ ʩʫʪʦʯʥʳʤ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ 

ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʳ ʯʘʩʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʧʦʩʪʨʦʝʥʥʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʯʘʩʦʚ ʩʫʪʦʢ ʠ ʜʥʝʡ ʥʝʜʝʣʠ. 

ʉʣʦʡ ʭʨʘʥʝʥʠʷ ʠ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʤʠ 

ʨʝʘʣʠʟʫʝʪ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ. 

ʉʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ ʨʝʘʣʠʟʫʝʪ ʙʠʟʥʝʩ-ʤʝʪʦʜʳ 

ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʝʨʚʠʩʳ ʜʣʷ 

ʢʣʠʝʥʪʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʂʣʠʝʥʪʩʢʦʝ ʧʨʠʣʦʞʝʥʠʝ 

ʦʙʨʘʙʘʪʳʚʘʝʪ ʟʘʧʨʦʩʳ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʚʳʧʦʣʥʷʝʪ 

ʟʘʧʨʦʩʳ ʥʘ ʩʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ, ʦʙʨʘʙʘʪʳʚʘʝʪ 

ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʚʳʚʦʜʠʪ ʝʝ ʚ ʫʜʦʙʥʦʤ 

ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʠʜʝ (ʨʠʩ. 2) [1]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 2. ʇʨʠʚʷʟʢʘ ʦʙʲʝʢʪʘ ñʀʥʪʝʥʩʠʚʥʦʩʪʴò  

ʢ ʜʫʛʝ ʛʨʘʬʘ ʋɼʉ ʛʦʨʦʜʘ 
 

ʇʦʣʫʯʘʝʤʳʝ ʚ ʩʠʩʪʝʤʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ ʧʦ ʨʝʤʦʥʪʫ 

ʠ ʩʦʜʝʨʞʘʥʠʶ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ, ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʠʥʞʝʥʝʨʥʦʤʫ 

ʦʙʫʩʪʨʦʡʩʪʚʫ ʜʦʨʦʛ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ [4]. 

ɺʳʚʦʜʳ. 1. ʇʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʪʨʘʥʩʧʦʨʪʝ ʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ 

ʫʧʨʦʩʪʠʪʴ ʩʦʟʜʘʥʠʝ, ʥʦ ʠ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʝʛʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʢʘʨʪʝ ʩ 

ʘʚʪʦʟʘʧʨʘʚʦʯʥʳʤʠ ʩʪʘʥʮʠʷʤʠ, ʢʘʙʝʣʴʥʳʤʠ ʩʝʪʷʤʠ, 

ʥʝʜʦʩʪʘʪʢʘʤʠ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʨʦʠʩʰʝʩʪʚʠʷʤʠ, ʨʝʢʣʘʤʥʳʤʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤʠ ʧʝʨʝʝʟʜʘʤʠ ʠ 

ʜʨ. 

2. çITSGISè ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʦʙʲʝʢʪʘʤʠ 
ʛʦʨʦʜʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʨʝʞʠʤʝ. ɺ ʧʨʦʮʝʩʩʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʫʩʪʨʘʥʝʥʠʝ ʚʦʟʥʠʢʘʶʱʠʭ 

ʢʦʥʬʣʠʢʪʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʣʝʜʫʶʱʠʝ: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʙʫʜʫʱʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʘʚʘʨʠʡʥʦʩʪʠ, ʫʧʨʘʚʣʝʥʠʝ 

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ, 

ʧʦʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʚʝʪʦʬʦʨʥʦʛʦ ʮʠʢʣʘ, 

ʧʦʩʪʨʦʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʨʰʨʫʪʦʚ, ʧʦʩʪʨʦʝʥʠʝ 

ʤʘʨhʨʫʪʦʚ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʦʧʘʩʥʳʭ ʛʨʫʟʦʚ, 

ʨʘʟʨʘʙʦʪʢʘ ʩʭʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʧʪʠʤʠʟʘʮʠʷ 

ʜʚʠʞʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. 
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RESEARCH OF TRANSPORT FLOWS INTENSITY IN 

INTELLECTUAL GIS çITSGISè FORD ROADS 

Questions of establishment existing and prediction of 

perspective intensity of transport flows on the basis of 

methods of the neuronetwork analysis are considered. The 

intensity database scheme is designed, the drawing algorithm 
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of data in the environment of an intellectual geoinformation 

system is developed. 

Key words: transport flows intensity, neuronetwork 

analysis, geoinformation system. 
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ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʧʫʣʪʨʫʟʠʦʥʥʦʛʦ 

ʬʦʨʤʦʚʘʥʠʷ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʭ ʩʪʝʞʥʝʡ, ʧʦʣʫʯʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʦʚʝʜʝʥʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʦʟʠʪ, ʩʪʝʨʞʝʥʴ, ʩʚʷʟʫʶʱʝʝ, 

ʧʫʣʪʨʫʟʠʷ, ʬʠʣʴʝʨʘ, ʧʨʦʧʠʪʢʘ, ʧʦʣʠʤʝʨʠʟʘʮʠʷ. 

 

 

ɺʚʝʜʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʩʪʝʨʞʥʠ, ʪʨʫʙʳ, ʧʨʦʬʠʣʠ ʠ 

ʜʨʫʛʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ 

ʚʦʣʦʢʥʠʩʪʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ (ɺʇʂʄ) 

ʧʫʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʪʷʛʠʚʘʥʠʷ ʘʨʤʠʨʫʶʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʨʦʧʠʪʘʥʥʦʛʦ ʩʚʷʟʫʶʱʠʤ ʩʢʚʦʟʴ 

ʧʨʦʬʠʣʠʨʫʶʱʫʶ ʬʠʣʴʝʨʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ (ʢʘʩʢʘʜ) 

ʬʠʣʴʝʨ ʩʧʝʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʊʘʢʦʡ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʬʦʨʤʦʚʘʥʠʷ 

ʥʘʟʳʚʘʝʪʩʷ ʧʫʣʪʨʫʟʠʝʡ.  

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ ʠʟ ʂʄ ʠʭ ʦʩʥʦʚʥʳʝ 

ʩʚʦʡʩʪʚʘ ʟʘʢʣʘʜʳʚʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʚʦ ʤʥʦʛʦʤ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʝʞʠʤʘʤʠ ʠ ʤʝʪʦʜʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ʝʝ 

ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʦʚ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʫʩʣʦʚʣʝʥʳ ʜʚʫʤʷ 

ʧʨʠʯʠʥʘʤʠ: ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʘʨʤʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʣʝʛʢʦʧʦʚʨʝʞʜʘʝʤʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʞʛʫʪʦʚ, ʩʦʚʤʝʱʘʝʤʳʭ ʩʦ ʩʚʷʟʫʶʱʠʤ ʠʟ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʦʣʠʤʝʨʘ, ʩ 

ʜʦʩʪʠʞʝʥʠʝʤ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʘʨʤʠʨʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʥʝʧʨʝʨʳʚʥʦʩʪʴʶ ʤʝʪʦʜʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʫʛʣʝʨʦʜʥʳʭ ʩʪʝʨʞʥʝʡ (ʋʉ) ʧʨʠ ʧʫʣʪʨʫʟʠʠ [1]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ 

ʧʦʣʠʤʝʨʦʚ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʩ ʤʘʣʳʤ 

ʚʳʜʝʣʝʥʠʝʤ ʣʝʪʫʯʠʭ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ, ʦʧʝʨʘʮʠʠ 

ʬʦʨʤʦʚʘʥʠʷ ʠ ʦʪʚʝʨʞʜʝʥʠʷ ʩʪʝʨʞʥʝʚʦʛʦ ʠʟʜʝʣʠʷ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʧʨʦʛʨʝʚʘʝʤʦʡ 

ʬʠʣʴʝʨʝ, ʛʜʝ  ʩʚʷʟʫʶʱʝʝ ʧʦʣʠʤʝʨʠʟʫʝʪʩʷ. ʇʨʠ 

ʥʘʣʠʯʠʠ ʚ ʩʚʷʟʫʶʱʝʤ  ʨʘʩʪʚʦʨʠʪʝʣʷ  ʬʦʨʤʦʚʘʥʠʝ 

ʠʟʜʝʣʠʷ  ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʵʪʘʧʥʦ, ʩ ʮʝʣʴʶ  ʫʜʘʣʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʟ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʨʷʜʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʢʦʨʦʪʢʠʭ ʬʠʣʴʝʨ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

1 ï ʰʧʫʣʷʨʥʠʢ; 2 ï ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʨʦʧʠʪʢʠ;  

3 ï ʦʪʞʠʤʥʘʷ ʬʠʣʴʝʨʘ (ʌ1), 4 ï ʪʝʨʤʦʢʘʤʝʨʘ ʩʫʰʢʠ;  

5 ï ʧʨʠʬʦʨʤʦʚʳʚʘʶʱʘʷ ʬʠʣʴʝʨʘ (ʌ2); 6 ï ʪʝʨʤʦʢʘʤʝʨʘ;  

7 ï ʬʦʨʤʫʶʱʠʝ ʬʠʣʴʝʨʳ (ʌ3); 8 ï ʚʳʪʷʞʢʘ;  

9 ï ʢʘʣʠʙʨʫʶʱʘʷ ʬʠʣʴʝʨʘ (ʌ4); 10 ï ʦʭʣʘʞʜʝʥʠʝ;  

11 ï ʫʟʝʣ ʧʨʦʪʷʞʢʠ; 12 ï ʨʝʟʘʢ 

 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʋʉ ʤʝʪʦʜʦʤ 

ʧʫʣʪʨʫʟʠʠ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɹʦʙʠʥʳ ʩʦ 

ʞʛʫʪʘʤʠ ʋɺ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʰʧʫʣʷʨʥʠʢʝ 1, ʩ 

ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʨʦʣʠʢʘ ʩʚʦʜʷʪʩʷ ʥʘ ʦʜʠʥ 

ʫʨʦʚʝʥʴ ʠ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʫʟʣʳ ʫʩʪʘʥʦʚʢʠ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʥʘʜ ʚʘʥʥʦʯʢʦʡ ʩ 

ʇɺʉ-ʩʚʷʟʫʶʱʠʤ ʩ ʧʦʤʦʱʴʶ çʢʫʧʘʶʱʝʛʦʩʷè ʨʦʣʠʢʘ 

2 ʥʘ ʞʛʫʪʳ ʋɺ ʥʘʥʦʩʠʪʩʷ ʩʚʷʟʫʶʱʝʝ, ʠʟʣʠʰʝʢ 

ʢʦʪʦʨʦʛʦ ʫʜʘʣʷʝʪʩʷ ʦʪʞʠʤʥʦʡ ʬʠʣʴʝʨʦʡ 3 ʠ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʚʘʥʥʦʯʢʫ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʫʩʣʦʚʠʡ 

ʧʨʦʧʠʪʢʠ-ʦʪʞʠʤʘ ʬʠʣʴʝʨʝ 3 ʧʨʠʜʘʝʪʩʷ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʜʦʣʴ ʩʦʙʨʘʥʥʳʭ ʚ ʧʫʯʦʢ 

ʞʛʫʪʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʣʫʬʘʙʨʠʢʘʪ  ʧʦʩʪʫʧʘʝʪ ʚ 

ʢʘʤʝʨʫ ʩʫʰʢʠ 4, ʛʜʝ ʧʦʜʩʫʰʠʚʘʝʪʩʷ ʜʦ ʢʨʠʪʠʯʝʩʢʦʡ 

ʪʦʯʢʠ. ʅʘ ʚʳʭʦʜʝ ʠʟ ʢʘʤʝʨʳ ʩʫʰʢʠ ʧʦʣʫʬʘʙʨʠʢʘʪ 

ʧʨʠʬʦʨʤʦʚʳʚʘʝʪʩʷ ʬʠʣʴʝʨʦʡ 5 ʠ ʧʦʩʪʫʧʘʝʪ ʚ 

ʪʝʨʤʦʢʘʤʝʨʫ 6, ʛʜʝ ʫʜʘʣʷʝʪʩʷ ʦʩʪʘʪʦʢ ʚʦʜʳ ʠ ʇɺʉ 

ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ 

ʬʦʨʤʫʝʪʩʷ ʬʠʣʴʝʨʘʤʠ 7. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʚ ʢʘʤʝʨʘʭ ʩʫʰʢʠ ʠ 
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ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʳʪʷʞʢʘ 8. ʅʘ ʵʪʘʧʝ 

ʦʭʣʘʞʜʝʥʠʷ ʩʪʝʨʞʥʷ ʝʛʦ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

ʢʘʣʠʙʨʫʝʪʩʷ ʬʠʣʴʝʨʦʡ 9. ʋʩʢʦʨʝʥʠʝ  ʧʨʦʮʝʩʩʘ 

ʦʭʣʘʞʜʝʥʠʷ ʩʪʝʨʞʥʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʝʥʪʠʣʷʪʦʨ 10. 

ʉʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʝʛʫʣʠʨʫʝʪʩʷ  ʫʟʣʦʤ ʧʨʦʪʷʞʢʠ 

11, ʧʦʩʣʝ ʯʝʛʦ ʩʪʝʨʞʥʠ ʨʘʟʨʝʟʘʶʪʩʷ ʥʘ ʟʘʜʘʥʥʫʶ 

ʜʣʠʥʫ ʨʝʟʘʢʦʤ 12. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʌʦʨʤʦʚʘʥʠʝ ʪʨʝʙʫʝʤʦʛʦ 

ʩʝʯʝʥʠʷ ʠʟʜʝʣʠʷ ʧʨʠ ʧʫʣʪʨʫʟʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ 

ʩʯʝʪ ʧʨʦʪʷʛʠʚʘʥʠʷ ʧʨʦʧʠʪʘʥʥʦʛʦ ʚʦʣʦʢʥʠʩʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩʢʚʦʟʴ ʩʫʞʘʶʱʠʡʩʷ ʢʘʥʘʣ, ʧʝʨʝʭʦʜʷʱʠʡ 

ʦʪ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʧʦʩʪʫʧʘʶʱʝʛʦ ʧʦʣʫʬʘʙʨʠʢʘʪʘ 

ʢ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʤ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʧʨʦʬʠʣʷ. ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʜʘʚʣʝʥʠʝ ʬʦʨʤʦʚʘʥʠʷ ʩʦʟʜʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ ʧʦ ʜʣʠʥʝ ʬʠʣʴʝʨʳ 

ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʨʦʪʷʛʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʩʢʚʦʟʴ ʬʠʣʴʝʨʫ, ʚʷʟʢʦʩʪʠ ʩʚʷʟʫʶʱʝʛʦ ʚ ʤʦʤʝʥʪ 

ʬʦʨʤʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʚʷʟʫʶʱʝʛʦ, ʚʭʦʜʷʱʝʛʦ ʚ ʬʠʣʴʝʨʫ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʟʘʜʘʥʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ ʚʦʣʦʢʥʦʤ ʠʟʜʝʣʠʷ. ʀʥʘʯʝ 

ʛʦʚʦʨʷ, ʚ ʠʩʭʦʜʥʦʤ ʧʦʣʫʬʘʙʨʠʢʘʪʝ ʥʝʦʙʭʦʜʠʤ 

ʠʟʙʳʪʦʢ ʩʚʷʟʫʶʱʝʛʦ ʜʦ 10é15% ʦʪ ʨʘʩʯʝʪʥʦʛʦ. 

ɼʘʚʣʝʥʠʝ ʬʦʨʤʦʚʘʥʠʷ ʩʪʝʨʞʥʝʚʳʭ ʠʟʜʝʣʠʡ 

ʧʫʣʪʨʫʟʠʝʡ ʟʘʜʘʝʪʩʷ ʫʩʠʣʠʝʤ ʧʨʦʪʷʛʠʚʘʥʠʷ 

ʬʦʨʤʫʝʤʦʛʦ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʩʢʚʦʟʴ ʬʠʣʴʝʨʫ ʠ 

ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʢ ʧʦʣʫʬʘʙʨʠʢʘʪʫ ʯʝʨʝʟ 

ʧʝʨʠʬʝʨʠʡʥʳʝ ʚʦʣʦʢʥʘ, ʪʘʢ ʢʘʢ ʩʚʷʟʫʶʱʝʝ ʥʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʝ ʧʦʣʠʤʝʨʠʟʦʚʘʥʦ ʠ ʧʦʣʫʬʘʙʨʠʢʘʪ ʥʝ 

ʷʚʣʷʝʪʩʷ ʤʦʥʦʣʠʪʦʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʬʠʣʴʝʨʳ ʢ 

ʧʦʚʨʝʞʜʝʥʠʶ ʧʝʨʠʬʝʨʠʡʥʳʭ ʚʦʣʦʢʦʥ, ʟʘʜʠʨʘʤ ʥʘ 

ʠʟʜʝʣʠʠ ʠʣʠ ʢ ʝʛʦ ʧʦʣʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʚʘʥʠʷ ʠ ʫʩʠʣʠʝʤ 

ʧʨʦʪʷʞʢʠ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʩʠʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ 

ʧʫʣʪʨʫʟʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
ʈʘʩʩʤʦʪʨʠʤ ʩʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʦʚʘʥʠʷ ʩʪʝʨʞʥʝʚʳʭ ʠʟʜʝʣʠʡ ʠʟ ɺʇʂʄ 

ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʬʠʣʴʝʨʦʡ ʙʝʟ ʧʨʦʛʨʝʚʘ, ʪʦ ʝʩʪʴ 

ʚʷʟʢʦʩʪʴ ʩʚʷʟʫʶʱʝʛʦ ʧʨʠ ʬʦʨʤʦʚʘʥʠʠ  ʩʯʠʪʘʝʤ 

ʧʦʩʪʦʷʥʥʦʡ. ʋʜʘʣʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩʚʷʟʫʶʱʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʚʥʝʰʥʝʛʦ ʧʦʜʚʦʜʘ ʪʝʧʣʘ. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 2.  

 

 

 

 

 

 

 
 

ʈʠʩ. 2. ʉʭʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʦʚʘʥʠʷ 

ʇʨʠ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʛʠʧʦʪʝʟʘ ʦ 

ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʚʦʣʦʢʦʥ ʧʦ ʩʝʯʝʥʠʶ 

ʧʦʣʫʬʘʙʨʠʢʘʪʘ (ʠʟʜʝʣʠʷ) ʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ 

ʜʦʧʫʱʝʥʠʷ: 

- ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʪʨʘʝʢʪʦʨʠʠ, ʨʘʜʠʘʣʴʥʳʝ ʛʣʘʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

sr (ʢʨʠʚʳʝ ɸɺ; ɸ1ɺ1) ʧʨʠʥʷʪʳ ʦʜʠʥʘʢʦʚʳʤʠ. ʕʪʦ 

ʜʦʧʫʱʝʥʠʝ ʧʨʠʥʷʪʦ ʠʩʭʦʜʷ ʠʟ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʳ ʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʚʝʥʩʪʚʫ ʚ 

ʵʪʠʭ ʪʦʯʢʘʭ ʣʠʥʝʡʥʳʭ ʥʘʧʨʷʞʝʥʠʡ sʦ; 

- ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʚʩʝʡ 

ʜʣʠʥʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʳ ʧʦʩʪʦʷʥʥʦ ʠ ʨʘʚʥʦ 

ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʟʦʥʳ. ʕʪʦ 

ʜʦʧʫʱʝʥʠʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʥʦ 

ʥʘ ʦʩʥʦʚʘʥʠʠ çʪʝʦʨʠʠ ʦ ʩʨʝʜʥʝʡè ʦʥʦ ʧʨʠʤʝʥʠʤʦ 

ʜʣʷ ʨʘʩʯʝʪʘ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʩʠʣʘ 

ʪʨʝʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʜʘʚʣʝʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 

ʥʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʪʦʷʥʥʳʡ ʧʦ ʚʩʝʡ 

ʜʣʠʥʝ ʠ ʠʤʝʝʪ ʫʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʧʨʦʮʝʩʩ 

ʬʦʨʤʦʚʘʥʠʷ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʚ ʠʟʜʝʣʠʝ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʬʦʨʤʫʶʱʝʡ ʟʦʥʝ ʬʠʣʴʝʨʳ, ʛʜʝ ʦʙʞʠʤʘʝʪʩʷ 

ʧʨʦʧʠʪʘʥʥʳʡ ʧʫʯʦʢ ʚʦʣʦʢʦʥ, ʧʝʨʝʤʝʱʘʷ ʩʚʷʟʫʶʱʝʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʣʦʢʦʥ ʠ ʚʳʜʘʚʣʠʚʘʷ ʝʛʦ ʠʟʣʠʰʝʢ. 

ʅʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ çʂè, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʬʦʨʤʫʝʤʦʡ ʟʦʥʝ ʬʠʣʴʝʨʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ .2. ɺ ʨʘʙʦʪʝ [2] ʙʳʣʦ ʜʦʢʘʟʘʥʦ, 

ʯʪʦ sr=sʦ, ʪʦʛʜʘ ʫʩʣʦʚʠʝ ʬʦʨʤʦʚʘʥʠʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʬʦʨʤʫʶʱʝʡ ʟʦʥʳ ʬʠʣʴʝʨʳ, ʩʦʛʣʘʩʥʦ ʪʨʝʪʴʝʡ ʠ 

ʯʝʪʚʝʨʪʦʡ ʪʝʦʨʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [3], 

ʚʳʨʘʞʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

 

Pr0 D=s+s ,                            (1) 

 

ʛʜʝ PD  ï ʜʘʚʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ 

ʩʚʷʟʫʶʱʝʛʦ ʩʢʚʦʟʴ ʧʫʯʦʢ ʚʦʣʦʢʦʥ. 

ɸʥʘʣʦʛʦʤ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ 

ʬʦʨʤʫʶʱʠʭ ʬʠʣʴʝʨʘʭ ʧʨʠ ʧʫʣʪʨʫʟʠʠ ɺʇʂʄ, 

ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʚʦʣʦʯʝʥʠʷ, ʩ ʦʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ: ʧʨʠ ʚʦʣʦʯʝʥʠʠ ʩʠʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʷʞʝʥʠʷ ʪʝʢʫʯʝʩʪʠ 

ʤʝʪʘʣʣʘ (sʊ), ʧʨʠ ʧʫʣʪʨʫʟʠʠ ï ʜʘʚʣʝʥʠʝ, 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʩʚʷʟʫʶʱʝʛʦ ʩʢʚʦʟʴ 

ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʦʝ ʪʝʣʦ ï ʧʫʯʦʢ ʚʦʣʦʢʦʥ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʷʪʳʭ ʜʦʧʫʱʝʥʠʡ, ʧʦ 

ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ [4], ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ 

ʩʝʯʝʥʠʶ ʩʪʝʨʞʥʷ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

 

( )a-D= fctg1P
d

d
lnP

2
ʬ

2
0

cp ,                    (2) 

ʛʜʝ 0d  ï ʜʠʘʤʝʪʨ ʧʦʣʫʬʘʙʨʠʢʘʪʘ; 

ʬd  ï ʜʠʘʤʝʪʨ ʬʠʣʴʝʨʳ; 

Dʨ ï ʜʘʚʣʝʥʠʝ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʩʚʷʟʫʶʱʝʛʦ; 
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f ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʦ ʬʠʣʴʝʨʫ; 

a ï ʧʦʣʦʚʠʥʘ ʫʛʣʘ ʚʭʦʜʥʦʛʦ ʢʦʥʫʩʘ ʬʠʣʴʝʨʳ. 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʩ ʫʯʝʪʦʤ ʧʨʠʚʝʜʝʥʥʦʡ ʘʥʘʣʦʛʠʠ 

ʠʜʝʥʪʠʯʥʦ ʬʦʨʤʫʣʝ ʀ.ʃ.ʇʝʨʣʠʥʘ ï ɺ.ʄ.ɿʘʨʫʝʚʘ [5], 

ʧʦ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʧʨʦʬʠʣʷ ʧʨʠ 

ʚʦʣʦʯʝʥʠʠ. 

ʀʟ ʪʝʦʨʠʠ ʬʠʣʴʪʨʘʮʠʠ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʢʚʦʟʴ 

ʢʘʧʠʣʣʷʨʥʦʧʦʨʠʩʪʦʝ ʪʝʣʦ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

ʂʘʨʤʘʥʘ-ʂʦʟʝʥʠ: 

L

ʨk
V f

h

D
= ,                                  (3) 

 

ʛʜʝ V = Vʇʈ ï ʩʢʦʨʦʩʪʴ ʧʨʦʪʷʞʢʠ ʧʨʠ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʧʨʦʮʝʩʩʝ ʧʫʣʪʨʫʟʠʠ; 

L ï ʧʫʪʴ ʩʚʷʟʫʶʱʝʛʦ ʟʘ ʧʨʝʜʝʣʳ ʧʨʦʬʠʣʷ, 

L=d0/2; 

h ï ʚʷʟʢʦʩʪʴ ʩʚʷʟʫʶʱʝʛʦ ʥʘ ʵʪʘʧʝ ʬʦʨʤʦʚʘʥʠʷ; 

fk  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʛʨʫʙʦʡ ʤʝʨʦʡ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʦʨʦʚʦʛʦ ʧʨʦʩʚʝʪʘ  
2
V

3

f
S

aS
k

x
= , 2ʤ ; 

ʘ ï ʧʦʩʪʦʷʥʥʘʷ ʂʦʟʝʥʠ, ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ, 

ʟʘʚʠʩʷʱʘʷ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʧʦʨ. ʇʨʠ ʧʨʦʧʠʪʢʝ ʧʫʯʢʘ ʚʦʣʦʢʦʥ  ʘ = 1 (ʜʣʷ 

ʱʝʣʝʚʳʭ ʧʦʨ); 

x ï ʠʟʚʠʣʠʩʪʦʩʪʴ, ʦʪʥʦʰʝʥʠʝ ʧʫʪʠ ʜʚʠʞʝʥʠʷ 

ʩʚʷʟʫʶʱʝʛʦ ʢ ʨʘʜʠʫʩʫ ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ 

ʬʦʨʤʦʚʘʥʠʝ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʩʪʝʨʞʥʷ, ʧʨʠʥʷʪʦ x º 1; 

S ï ʝʜʠʥʠʯʥʘʷ ʧʣʦʱʘʜʴ ʜʣʷ ʧʦʪʦʢʘ ʩʚʷʟʫʶʱʝʛʦ 

ʚʥʫʪʨʠ ʬʦʨʤʫʝʤʦʛʦ ʧʦʣʫʬʘʙʨʠʢʘʪʘ. 

ʉʝʯʝʥʠʝ ʧʦʪʦʢʘ ʨʘʩʩʯʠʪʘʥʦ ʪʦʣʴʢʦ ʚʜʦʣʴ 

ʚʦʣʦʢʦʥ B

2
0 F

4

d
S -
p
= , ʩʝʯʝʥʠʝʤ ʧʦʪʦʢʘ ʧʦʧʝʨʝʢ 

ʚʦʣʦʢʦʥ ʧʨʝʥʝʙʨʝʛʘʝʤ, ʪʘʢ ʢʘʢ ʦʪʞʘʪʦʝ ʩʚʷʟʫʶʱʝʝ 

ʩʦʩʪʘʚʣʷʝʪ º 10%; 

VS  ï ʧʦʣʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʣʦʢʦʥ ʥʘ 

ʝʜʠʥʠʯʥʦʡ ʜʣʠʥʝ ʧʦʣʫʬʘʙʨʠʢʘʪʘ  dBnSV p= . 

ʀʟ ʫʨʘʚʥʝʥʠʷ (3): 

 

f

0ʇʈ

k2

dV
ʨ

h
=D .                          (4) 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʦ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʬʠʣʴʝʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ [5]: 

 

ʨ
f
D

t
= .                                  (5) 

 

ʂʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ: 

 

dy

dV
h=t ,                              (6) 

ʧʨʠ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʧʨʦʮʝʩʩʝ ʬʦʨʤʦʚʘʥʠʷ V = const 

= acos/Vʇʈ ; ʚʝʣʠʯʠʥʘ dy=ʝ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʥʫʩʘ, 

ʢʦʪʦʨʦʝ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʜʣʠʥʝ ʦʙʨʘʟʫʶʱʝʡ. ʉʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʧʨʦʩʣʦʡʢʠ ʩʚʷʟʫʶʱʝʛʦ (ʝ) ʨʘʩʩʯʠʪʘʥʦ 

ʠʩʭʦʜʷ ʠʟ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʣʦʢʦʥ ʧʦ 

ʩʝʯʝʥʠʶ ʬʦʨʤʫʝʤʦʛʦ ʧʦʣʫʬʘʙʨʠʢʘʪʘ: 
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ʛʜʝ Bd  ï ʜʠʘʤʝʪʨ ʚʦʣʦʢʦʥ; 

n ï ʢʦʣʠʯʝʩʪʚʦ ʚʦʣʦʢʦʥ ʚ ʬʦʨʤʫʝʤʦʤ ʩʪʝʨʞʥʝ. 

ʊʦʛʜʘ, ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʝ (7), t (6) ʠ Dʨ (4), 

ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ f: 
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ʇʦʜʩʪʘʚʠʚ ʟʥʘʯʝʥʠʝ Dʨ ʠ f, ʧʦʩʣʝ ʩʦʢʨʘʱʝʥʠʡ, 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʜʦʧʫʱʝʥʠʡ 

(cosa º 1, ʪʘʢ ʢʘʢ a = 6é120), ʧʦʣʫʯʠʤ ʬʦʨʤʫʣʫ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʦʪʷʛʠʚʘʝʤʦʤ 

ʧʦʣʫʬʘʙʨʠʢʘʪʝ: 
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ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʚʦʣʦʢʥʘʭ ʧʦʣʫʬʘʙʨʠʢʘʪʘ (ʨʠʩ. 2), ʧʨʝʚʳʰʘʶʪ 

ʩʨʝʜʥʝʝ ʚ 1,5é2 ʨʘʟʘ. 

ʋʩʠʣʠʝ ʧʨʦʪʷʞʢʠ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʩʢʚʦʟʴ 

ʬʦʨʤʫʶʱʫʶ ʬʠʣʴʝʨʫ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʠʟ 

ʚʳʨʘʞʝʥʠʷ: 
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ʇʦʣʫʯʝʥʥʳʤʠ ʬʦʨʤʫʣʘʤʠ (9), (10) ʩʣʦʞʥʦ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʘʭ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʦʚʘʥʠʷ 

ʩʧʣʦʰʥʦʛʦ ʩʪʝʨʞʥʷ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʠʟ ɺʇʂʄ. 

ʆʥʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʬʦʨʤʦʚʘʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ ʧʨʠ ʧʫʣʪʨʫʟʠʠ 

ʠ ʫʩʠʣʠʷ ʧʨʦʪʷʞʢʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʚʳʚʦʜʝ ʠʭ ʙʳʣʠ 

ʧʨʠʥʷʪʳ ʜʦʧʫʱʝʥʠʷ ʠ ʚʭʦʜʷʱʠʝ ʚ ʬʦʨʤʫʣʳ 

ʚʝʣʠʯʠʥʳ (Bd , fk ) ʥʦʩʷʪ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʨʤʦʚʘʥʠʷ 

ʠʟʜʝʣʠʡ ʠʟ ɺʇʂʄ ʤʝʪʦʜʦʤ ʧʫʣʪʨʫʟʠʠ ʦʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʚʘʥʠʷ 

ʠ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʫʶʱʠʭ 

ʬʠʣʴʝʨ. 
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ɺʳʚʦʜʳ. ʈʝʟʫʣʴʪʘʪ ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʘʧʨʦʙʠʨʦʚʘʥ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʭ 

ʩʪʝʨʞʥʝʡ Å1,16 ʤʤ ʥʘ ʩʚʷʟʫʶʱʝʤ ʪʠʧʘ 17% ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ (10) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʫʩʠʣʠʡ ʬʦʨʤʦʚʘʥʠʷ ʩʪʝʨʞʥʷ ʚ 

ʦʜʠʥ ʵʪʘʧ ʩ 0d =1,45 ʤʤ ʜʦ ʬd =1,16 ʤʤ, ʘ ʪʘʢʞʝ ʚ 

ʜʚʘ ʵʪʘʧʘ ʩ 0d =1,45 ʜʦ ʬd =1,25 ʤʤ ï 1-ʡ ʵʪʘʧ, ʩ 0d

=1,25 ʜʦ ʬd =1,16 ʤʤ ï 2-ʡ ʵʪʘʧ. ʈʘʩʯʝʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʫʩʠʣʠʡ ʧʨʠ ʦʜʥʦʵʪʘʧʥʦʤ ʠ 

ʜʚʫʭʵʪʘʧʥʦʤ ʬʦʨʤʦʚʘʥʠʠ 1/0,8, ʪʦ ʝʩʪʴ ʩʥʠʞʘʝʪʩʷ ʚ 

1,25 ʨʘʟʘ ʧʨʠ ʜʚʫʭʵʪʘʧʥʦʤ ʬʦʨʤʦʚʘʥʠʠ. ʕʪʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠ ʜʨʫʛʠʤ, ʝʩʣʠ  ʜʠʘʤʝʪʨ 

ʧʝʨʚʦʡ ʬʠʣʴʝʨʳ  ʙʫʜʝʪ ʦʪʣʠʯʥʳʤ ʦʪ 1,25 ʤʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʦ ʩʥʠʞʝʥʠʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʬʠʣʴʝʨʳ ʩ 12 ʅ ʜʦ 9 ʅ, ʪʦ ʝʩʪʴ 

ʩʥʠʞʝʥʠʝ ʫʩʠʣʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ 1,33 ʨʘʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʦʚʘʥʠʷ ʢʨʫʛʣʳʭ ʩʪʝʨʞʥʝʡ ʥʝʦʙʦʛʨʝʚʘʝʤʦʡ 

ʬʠʣʴʝʨʦʡ ʩ ʢʦʥʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʦʡ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʬʦʨʤʦʚʘʥʠʷ ʠʟʜʝʣʠʷ ʧʫʣʪʨʫʟʠʝʡ ʦʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʬʦʨʤʫʶʱʝʡ ʬʠʣʴʝʨʳ. 
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Kostrub V.A., Panfilov A.M., Verbskaya L.M.  

INVESTIGATION OF THE MANUFACTURING 

PRODUCTION PROCESS OF CARBON-PLASTIC 

RODS FOR CARBON-CARBONIC COMPOSITE 

STRUCTURES 

The analysis of the pultrusional forming process of 

carbon-plastic rods have  been carried out, the dependences 

for determination of structural and technological parameters 

have been  obtained, the experimental investigation  of  

produced samples has been conducted. 

Keywords: composite material, rod, binder, pultrusion, 

spinneret, impregnation, polymerization. 
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IMPROVEMENT OF CALCULATION OF NON -FAILURE OPERATION  

OF THE MODERNIZED LOCOMOTIVES  

 
Kushchenko A.V., Siomin Y.G. 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʦʚʳʰʝʥʠʝʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʩʯʝʪʘ ʙʝʟʦʪʢʘʟʥʦʩʪʠ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ. ʇʨʝʜʣʦʞʝʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʪʘʢʠʭ ʪʷʛʦʚʳʭ ʝʜʠʥʠʮ, ʯʪʦ 

ʧʦʚʳʰʘʝʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ʣʦʢʦʤʦʪʠʚʦʚ ʠ ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʳʨʘʙʦʪʢʝ ʧʨʘʚʠʣʴʥʳʭ ʨʝʰʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʧʪʠʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʦʜʝʨʞʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʷʛʦʚʳʡ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ, 

ʤʦʜʝʨʥʠʟʘʮʠʷ, ʙʝʟʦʪʢʘʟʥʦʩʪʴ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ 

ʥʘʜʝʞʥʦʩʪʴ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʨʝʩʫʨʩ, ʩʪʦʭʘʩʪʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ. 

 

 

ɺʚʝʜʝʥʠʝ. ɺ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʜʝʥʝʞʥʳʭ 

ʩʨʝʜʩʪʚ ʥʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ 

ʦʪʨʘʩʣʠ, ʫʤʝʥʴʰʝʥʠʷ ʛʨʫʟʦʚʦʛʦ ʦʙʦʨʦʪʘ, ʩʪʘʨʝʥʠʷ 

ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʧʘʨʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʷ 

ʫʨʦʚʥʷ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʘʙʦʪʳ ʪʷʛʦʚʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʊʇʉ).  

ʄʦʜʝʨʥʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʤʝʪʦʜʦʤ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ ʩʣʫʞʙʳ ʣʦʢʦʤʦʪʠʚʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʬʠʥʘʥʩʦʚ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ 

ʦʙʥʦʚʣʝʥʠʷ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʧʘʨʢʘ ʠ ʧʝʨʝʚʦʜʘ ʝʛʦ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʪʷʛʫ [1, 2]. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʧʘʨʢʘ 

ʷʚʣʷʝʪʩʷ  ʫʣʫʯʰʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʊʇʉ, ʢʘʢ ʩʪʘʨʦʛʦ, ʪʘʢ ʠ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 

ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʣʦʢʦʤʦʪʠʚʦʚ, ʦʩʦʙʝʥʥʦ 

ʤʦʜʝʨʥʠʟʦʚʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʣʘ ʙʳ 

ʤʠʥʠʤʘʣʴʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠʟʜʝʨʞʢʠ. ɺʚʠʜʫ 

ʥʝʜʦʩʪʘʪʢʘ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʤʦʜʝʨʥʠʟʦʚʘʥʥʦʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʝʝ ʧʦʢʘʟʘʪʝʣʝʡ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʤʘʥʝʚʨʦʚʳʭ ʪʝʧʣʦʚʦʟʦʚ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʙʦʨʘ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 

ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʚʦʟʦʯʥʳʡ ʧʨʦʮʝʩʩ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʢʘʯʝʩʪʚʘ ʧʝʨʝʚʦʟʦʢ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʪʝʭʥʠʯʝʩʢʘʷ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʩʪʦʠʤʦʩʪʴ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʪʝʭʥʠʯʝʩʢʘʷ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʚʪʦʨʦʤ 

ʵʪʘʧʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. ʇʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ 

ʚʦʧʨʦʩʦʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʪʷʛʦʚʦʛʦ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ [3, 4, 5, 6] ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʨʘʙʦʪʘʭ: ʌʝʜʦʨʝʥʢʦ ʅ.ʇ., ʈʳʙʘʣʴʩʢʦʛʦ ɺ.ʀ., 

ɺʘʛʥʝʨʘ ɻ., ʄʠʪʨʦʬʘʥʦʚʘ ɻ.ɼ., ɾʠʥʢʠʥʘ ɻ.ʅ., 

ʉʦʢʦʣʠʥʘ ɺ.ʇ., ɺʦʨʦʧʘʝʚʘ ɺ.ʀ., ʄʘʣʦʟʝʤʦʚʘ ʅ.ɸ., 

ʅʦʩʳʨʝʚʘ ɼ.ʗ., ʆʩʷʝʚʘ ɸ.ʊ., ʇʘʚʣʦʚʠʯʘ ɽ.ʉ., 

ʇʦʜʰʠʚʘʧʦʚʘ ɸ.ɹ., ʉʢʦʚʦʨʦʜʥʠʢʦʚʘ ɽ.ʀ., 

ʏʝʪʚʝʨʛʦʚʘ ɺ.ɸ., ʏʘʥʢʠʥʘ ɺ.ɺ., ɺʦʣʢʦʚʘ ɹ.ɸ., 

ʀʚʘʥʦʚʘ ʄ.ʀ., ʉʧʠʨʠʜʦʥʦʚʘ ʕ.ʉ., ʂʣʳʢʦʚʘ ʄ.ʉ., 

ʇʝʨʝʩʝʣʝʥʢʦʚʘ ɻ.ʉ., ɻʨʠʛʦʨʴʝʚʘ ʅ.ʇ., ʐʠʤʦʭʠʥʘ 

ɺ.ɺ. ʠ ʜʨ. 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ 

ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʨʦʚʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩʠʩʪʝʤʘ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʭ ʨʝʤʦʥʪʦʚ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠ.̫ ʆʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʧʨʘʚʠʣʴʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ, ʩʦʜʝʨʞʠʪʩʷ ʠ ʨʝʤʦʥʪʠʨʫʝʪʩʷ ʣʦʢʦʤʦʪʠʚ, 

ʟʘʚʠʩʠʪ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ 

ʝʛʦ ʥʘʜʝʞʥʘʷ ʨʘʙʦʪʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʚ 

ʦʙʣʘʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʣʦʢʦʤʦʪʠʚʦʚ ʧʦʟʚʦʣʠʣ 

ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʤʘʪʝʤʘʪʠʢʦ-ʧʨʦʛʥʦʟʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʧʦʢʦʣʝʥʠʝʤ ʊʇʉ ʠ ʫʨʦʚʥʝʤ 

ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʦʙʲʝʜʠʥʝʥʠʝ ʩʠʩʪʝʤʳ ʧʣʘʥʦʚʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʠ ʊʆʈ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʚʫʭ ʩʠʩʪʝʤ ʨʝʤʦʥʪʘ ʠ 

ʩʥʠʟʠʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠʩʫʱʠʭ ʠʤ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
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ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 

ʤʦʜʝʨʥʠʟʦʚʘʥʥʦʛʦ ʊʇʉ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʥʘʜʝʞʥʦʩʪʠ ʦʩʥʦʚʥʳʭ 

ʩʠʩʪʝʤ ʣʦʢʦʤʦʪʠʚʦʚ ʠ ʝʜʠʥʠʮʳ ʊʇʉ ʚ ʮʝʣʦʤ 

ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 

ʪʷʛʦʚʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʨʝʩʫʨʩ ʣʦʢʦʤʦʪʠʚʦʚ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʤʝʪʦʜʦʣʦʛʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʥʘʜʝʞʥʦʩʪʠ 

ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ ʣʦʢʦʤʦʪʠʚʦʚ ʠ ʝʜʠʥʠʮʳ ʊʇʉ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʞʨʝʤʦʥʪʥʳʭ ʧʨʦʙʝʛʦʚ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʠʭ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʡ ʢ 

ʪʝʭʥʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʤʫ ʨʝʩʫʨʩʫ ʙʘʟʦʚʳʭ ʜʝʪʘʣʝʡ 

ʠ ʫʟʣʦʚ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
ʊʝʧʣʦʚʦʟ ʢʘʢ ʩʣʦʞʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ 

ʠʟ ʤʥʦʛʠʭ ʩʠʩʪʝʤ, ʥʦ ʧʦ ʩʧʦʩʦʙʥʦʩʪʷʤ ʚʳʧʦʣʥʷʪʴ ʪʫ 

ʠʣʠ ʠʥʫʶ ʨʘʙʦʪʫ ʝʛʦ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ ʧʦʜʩʠʩʪʝʤʳ (ʪʘʙʣ. 1, 

ʨʠʩ. 1). ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ 

ʟʘʤʝʥʷʶʪʩʷ ʣʦʛʠʯʝʩʢʠʤʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʙʝʟʦʪʢʘʟʥʫʶ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ.  

ʕʣʝʤʝʥʪ r (ʧʦʜʩʠʩʪʝʤ)r, ʧʨʠ ʦʪʢʘʟʝ ʢʦʪʦʨʳʭ 

ʦʪʚʝʯʘʝʪ ʦʪʢʘʟʦʤ ʚʩʷ ʧʦʜʩʠʩʪʝʤʘ (ʩʠʩʪʝʤʘ), ʩʯʠʪʘʁʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʥyʥrʤʠ ʚ ʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ, 

ʘ ʵʣʝʤʝʥʪ,r ʦʪʢʘʟ ʢʦʪʦʨʦʳʭ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʘʟʫ 

ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʪʁʩʷ ʚ ʧʘʨʘʣʣʝʣʴʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʚ 

ʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ. ʉʪʦʭʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʤʦʜʝʨʥʠʟʦʚʘʥʥʳʭ 

ʤʘʥʝʚʨʦʚʳʭ ʪʝʧʣʦʚʦʟʦʚ ʫʟʣʘʤʠ ʨʘʟʥʳʭ ʧʦʢʦʣʝʥʠʡ 

(ʭʦʜʦʚʘʷ ʯʘʩʪʴ ï ɯɯ ʧʦʢʦʣʝʥʠʝ, ʜʠʟʝʣʴ ʠ ʜʨʫʛʠʝ 

ʩʠʩʪʝʤʳ ʪʝʧʣʦʚʦʟʘ ï ɯV ʧʦʢʦʣʝʥʠʝ) ʚ ʦʙʱʝʤ ʚʠʜʝ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʩʣʝʜʫʶʱʝʛʦ 

ʚʳʨʘʞʝʥʠʷ: 

 

ʈ (L) = ʈII (L) + ʈIV (L) - ʈII (L) ʈIV (L).  (1)

 

 

 
 

ʈʠʩ. 1. ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʨʥʠʟʦʚʘʥʥʦʛʦ ʤʘʥʝʚʨʦʚʦʛʦ ʪʝʧʣʦʚʦʟʘ ʏʄɽ3ʄ 

 

ʇʨʦʛʥʦʟʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʩʦʦʙʨʘʞʝʥʠʡ. 

ɽʩʣʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ n ʧʦʜʩʠʩʪʝʤ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ 

ʨʘʚʥʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦniPi ,...,1, = , ʪʦ ʬʦʨʤʫʣʳ 

ʜʣʷ ʨʘʩʯʝʪʦʚ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʪʘʢʦʡ ʚʠʜ: 

- ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ:  

ʈʧʦʩʣ = i

n

i

PÏ
1=

;          (2) 

- ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

(ʜʫʙʣʠʨʦʚʘʥʠʷ):  

ʈʧʘʨ = ( )i
n

i

PÏ --
=

11
1

;            (3) 

 

- ʜʣʷ ʩʦʚʤʝʩʪʠʤʳʭ ʩʦʙʳʪʠʡ (ʦʮʝʥʢʠ ʚ 

ʦʪʥʦʰʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʩʚʷʟʘʥʥʦʡ ʦʩʥʦʚʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʪʝʧʣʦʚʦʟʘ): 

ʈʩʦʚ = 1

2

1
+

= =
ä - i

2

1i
i

i
i PPP Ï .          (4). 

ʉʠʩʪʝʤʘ ʜʠʟʝʣʷ 

ʩ ʩʠʩʪʝʤʘʤʠ 

ʦʙʝʩʧʝʯʝʥʠʷ 

ʉɸʊ 

ʊʷʛ 

ʈʝʜ 
ʊʷʛ 

ʈʝʜ 
ʊʷʛ 

ʈʝʜ 

ʊʷʛ 

ʈʝʜ 

ʉʠʣʦʚʘʷ 

ʵʣʝʢʪʨʦʩʭʝʤʘ 

˟˪ˑ
ɼ 

˟˪ˑ
ɼ 

 ˟ ˪ˑ
ɼ 

 ˟ ˪ˑ
ɼɼ 
 

˟˪ˑ
 ˑ

 

ʊʷʛ 

ʈʝʜ 

˟˪ˑ
ɼɼ 
 

ʊʷʛ 

ʈʝʜ 

ʉʠʩʪʝʤʘ 

ʍʦʜʦʚʦʡ ʯʘʩʪʠ  

 

ʉʠʩʪʝʤʘ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛ

ʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʧʣʦʚʦʟ ʚ ʜʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ 

ʩʭʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʝʜʠʥʠʮ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ ʝʛʦ 

ʦʩʥʦʚʥʳʝ ʘʛʨʝʛʘʪʳ ʠ ʩʠʩʪʝʤʳ (ʩʤ. ʨʠʩ. 1).  

ʄʦʜʝʨʥʠʟʦʚʘʥʥʳʝ ʪʝʧʣʦʚʦʟʳ ʚʚʠʜʫ ʨʘʟʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠʭ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ, ʘ ʪʘʢʞʝ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʫʞʜʘʶʪʩʷ ʧʨʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʫʨʦʚʥʷ ʠʭ ʥʘʜʝʞʥʦʩʪʠ ʥʘ ʨʘʟʥʳʭ 

ʵʪʘʧʘʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʨʝʤʦʥʪʥʦʛʦ ʮʠʢʣʘ ʚ 

ʧʨʠʚʣʝʯʝʥʠʠ ʟʘʠʤʩʪʚʦʚʘʥʥʳʭ ʩʚʝʜʝʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠʜʝʥʪʠʯʥʳʭ ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʥʘ ʜʨʫʛʠʭ ʩʝʨʠʷʭ 

ʪʝʧʣʦʚʦʟʦʚ, ʘ ʪʘʢʞʝ ʚ ʠʥʬʦʨʤʘʮʠʠ ʨʘʟʥʦʛʦ ʨʦʜʘ, 

ʠʤʝʶʱʝʡʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʣʠʪʝʨʘʪʫʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʧʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʢʘʭ [7-14].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʬʦʨʤʘʣʴʥʦʛʦ 

ʧʦʜʭʦʜʘ [15] ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʩʠʩʪʝʤ ʣʦʢʦʤʦʪʠʚʦʚ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʯʸʪʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ (1) Ƅ (4) 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʫʨʦʚʥʷʭ ʙʝʟʦʪʢʘʟʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʤʦʜʝʨʥʠʟʫʝʤʦʛʦ ʣʦʢʦʤʦʪʠʚʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 1, ʥʘ ʫʨʦʚʥʝ 96% 

ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʪʝʧʣʦʚʦʟʘ ʩʦʩʪʘʚʠʪ 

ʪʦʣʴʢʦ ~ 0,4, ʘ ʧʨʠ 0,97 ~ 0,5, 0,98 ~ 0,63 ʠ ʣʠʰʴ ʧʨʠ 

0,99 ʙʝʟʦʪʢʘʟʥʦʩʪʴ ʩʦʩʪʘʚʠʪ ~ 0,8. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʧʨʠ ʪʝʢʫʱʝʡ ʧʦʝʟʜʢʝ ʜʘʞʝ ʚ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 20%, ʯʪʦ, 

ʝʩʪʝʩʪʚʝʥʥʦ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʘʢʪʠʢʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʠ ʧʦʢʘʟʘʪʝʣʷʭ ʥʘʜʝʞʥʦʩʪʠ ʪʝʧʣʦʚʦʟʦʚ ʏʄʕ3 

ʠ ʏʄʕ3ʇ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 1, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʛʥʦʟʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʧʨʦʪʦʪʠʧʘ ʩʦʩʪʘʚʣʷʝʪ 0,54, ʘ ʜʣʷ 

ʤʦʜʝʨʥʠʟʦʚʘʥʥʦʛʦ ʊʉ Ƅ 0,6, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʛʥʦʟʘ 

ʥʝ ʠʤʝʝʪ ʧʨʘʚʘ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ. 

 
ʊʘʙʣʠʮʘ 1 

ɼʘʥʥʳʝ ʨʘʩʯʝʪʘ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʘʣʛʦʨʠʪʤʫ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʤʘʥʝʚʨʦʚʳʭ  

ʣʦʢʦʤʦʪʠʚʦʚ ʏʄʕ ʠ ʏʄʕ3ʇ (ʤʦʜʝʨʥʠʟʦʚʘʥʥʦʛʦ) ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʊʆ3 

ʉ
ʠ
ʩ
ʪ
ʝ
ʤ
ʳ

 

ʪ
ʝ
ʧ
ʣ
ʦ
ʚ
ʦ
ʟ
ʘ

 

ˉ
 

ʵ
ʣ
ʝ
ʵ
ʤ
ʝ

ʥ
ʪ
ʘ 

ʕʣʝʤʝʥʪ ʩʠʩʪʝʤʳ 

ɹʝʟʦʪʢʘʟʥʦʩʪʴ 

ʵʣʝʤʝʥʪʦʚ 
ʈʝ(ʊʆɿ) 

ɹʝʟʦʪʢʘʟʥʦʩʪʴ 

ʧʦʜʩʠʩʪʝʤ 
ʈʧ(ʊʆɿ) 

ɹʝʟʦʪʢʘʟʥʦʩʪʴ 

ʩʠʩʪʝʤ ʈʩ(ʊʆɿ) 
ɻʠʧʦʪʝʟʳ ʈ(q)y 

ɹʝʟʦʪʢʘʟʥʦʩʪʴ 

ʣʦʢʦʤʦʪʠʚʘ ʈʣ 

ʏʄɽɿ ʏʄɽɿʇ ʏʄɽɿ ʏʄɽɿʇ ʏʄɽɿ ʏʄɽɿʇ ʏʄɽɿ ʏʄɽɿʇ ʏʄɽɿ ʏʄɽɿʇ 

1
.
 
ʍ
ʦ
ʜ
ʦ
ʚ
ʘ
ʷ
 
ʯ
ʘ
ʩ
ʪ
ʴ

 

11 ʈʘʤʘ ʪʝʧʣʦʚʦʟʘ 0,99 0,995 ʈ1ʧʘŹ 

0,876 0,880 0,260 0,447 

0,81 0,89 

12 
ɸʚʪʦʩʮʝʧʥʦʝ 
ʫʩʪʨʦʡʩʪʚʦ 

0,98 0,98 

0,961 0,961 

13 
ʋʜʘʨʦʧʦʛʣʦʱʘʶʱʠʡ  

ʘʧʧʘʨʘʪ 
0,98 0,98 

14 ʈʘʤʘ ʪʝʣʝʞʢʠ 0,99 0,99 0,99 0,99 

15 ʊʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ 0,98 0,98 0,98 0,98 

16 
ɹʫʢʩʦʚʳʡ ʫʟʝʣ ʩ 

ʢʦʤʧʣʝʢʪʦʤ ʧʨʫʞʠʥ 
0,98 0,98 ʈ1ʧʛŹ 

17 
ɻʠʜʨʘʚʣʠʯʝʩʢʠʝ 
ʛʘʩʠʪʝʣʠ ʢʦʣʝʙʘʥʠʡ 

0,99 0,99 

0,970 0,970 

18 
ɺʦʟʚʨʘʱʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ 
0,98 0,98 

19 ʂʦʣʝʩʥʘʷ ʧʘʨʘ 0,99 0,99 ʈ2ʚʜŹ 

 2
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21 ʊʦʧʣʠʚʥʘʷ ʩʠʩʪʝʤʘ 0,96 0,985 

0,816 0,929 
0,772 0,917 0,443 0,207 

22 ʄʘʩʣʷʥʘʷ ʩʠʩʪʝʤʘ 0,95 0,985 

23 ʉʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ 0,96 0,985 

24 
ʉʠʩʪʝʤʘ 

ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ 
0,95 0,985 

25 ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʢʠ 0,96 0,985 

26 ɼʠʟʝʣʴ 0,93 0,985 0,93 0,985 

3
.
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31 ʊʷʛʦʚʳʡ ʛʝʥʝʨʘʪʦʨ 0,975 0,985 0,975 0,985 

0,903 0,920 0,138 0,197 

32 ʉʠʣʦʚʘʷ ʵʣʝʢʪʨʦʩʭʝʤʘ 0,97 0,98 ʈ3ʪʧŹ 

33 
ʊʷʛʦʚʳʡ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 
0,98 0,98 

0,951 0,951 

34 ʊʷʛʦʚʳʡ ʨʝʜʫʢʪʦʨ 0,97 0,97 
ʈ4ʚʩŹ 

4
.
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41 
ʈʝʜʫʢʪʦʨʳ, 
ʚʝʥʪʠʣʷʪʦʨʳ 

0,97 0,985 

0,933 0,956 
0,890 0,938 0,159 0,150 

42 

ʉʠʩʪʝʤʘ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, 

ʦʪʦʧʣʝʥʠʷ 

0,98 0,985 

43 
ʉʠʩʪʝʤʘ ʩʥʘʙʞʝʥʠʷ 
ʧʝʩʢʦʤ 

0,98 0,985 

44 ʉʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʢʠ 0,95 0,98 0,95 0,98 
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ʉʫʪʴ ʚʳʜʚʠʛʘʝʤʦʡ ʛʠʧʦʪʝʟʳ ʩʦʩʪʦʠʪ ʚ 

ʩʣʝʜʫʶʱʝʤ. ʉʠʩʪʝʤʳ ʪʝʧʣʦʚʦʟʘ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʧʨʦʮʝʜʫʨʘʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ, ʣʦʛʠʯʝʩʢʠ ʫʚʷʟʘʥʥʳʭ 

ʚ ʩʠʩʪʝʤʫ ʩʦʜʝʨʞʘʥʠʷ, ʮʝʣʴʶ ʯʝʛʦ ʷʚʣʷʝʪʩʷ 

ʠʩʢʣʶʯʝʥʠʝ ʦʪʢʘʟʦʚ ʇʉ. ʇʨʠ ʵʪʦʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʚʳʨʘʞʝʥʠʝ (2) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ
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   (5) 

 

ʛʜʝ i = 3é. n; 

jÍi; j = 3é.n; 

n Ƅ ʯʠʩʣʦ ʧʦʜʩʠʩʪʝʤ ʚ ʩʠʩʪʝʤʝ ʝʜʠʥʠʮʳ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ,ʠ ʯʪʦ ʣʝʚʘʷ ʯʘʩʪʴ ʜʘʥʥʦʛʦ 

ʚʳʨʘʞʝʥʠʷ ʢʦʨʨʝʢʪʥʘ ʪʦʣʴʢʦ ʧʨʠ ʫʯʝʪʝ ʚʩʝʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʘʚʦʡ ʯʘʩʪʠ. ʉʪʨʦʛʦ ʛʦʚʦʨʷ, 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚʩʝʭ ʯʣʝʥʦʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʦʟʥʘʯʘʝʪ 

ʦʪʩʫʪʩʪʚʠʝ ʩʠʩʪʝʤʳ ʊʆʈ ʢʘʢ ʪʘʢʦʚʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʨʘʟʣʦʞʝʥʠʝ ʣʝʚʦʡ ʯʘʩʪʠ ʚ ʨʷʜ ʧʦ ʩʪʝʧʝʥʷʤ ʦʪʢʘʟʦʚ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʢʘʟʦʚ ʥʘ ʙʝʟʦʪʢʘʟʥʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʛʦ ʚ 

ʫʩʣʦʚʠʷʭ ʩʠʩʪʝʤʳ ʩʦʜʝʨʞʘʥʠʷ. ʅʘʠʙʦʣʝʝ 

ʝʩʪʝʩʪʚʝʥʥʦ Ƅ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʡ 

ʨʘʟʥʦʛʦ ʨʘʥʛʘ (ʥʘʯʠʥʘʷ ʩʦ ʩʪʘʨʰʠʭ) ʧʨʝʥʝʙʨʝʛʘʪʴ 

ʯʣʝʥʘʤʠ ʨʘʟʣʦʞʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʤʠ ʥʘʠʙʦʣʴʰʝʝ 

ʯʠʩʣʦ q - ʩʦʤʥʦʞʠʪʝʣʝʡ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʠʩʪʝʤʳ ʠʟ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ-

ʧʦʜʩʠʩʪʝʤ 

 

Qc = q1P2P3 + q2P1P3 + q3P1P2 + q1q2P3 + 

+ q1q3P2 + q2q3P1 + q1q2q3                 (6) 

 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʘʟʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝʭ ʪʨʝʭ 

ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ (ʠʟ ʪʨʝʭ), ʯʪʦ, ʫʯʠʪʳʚʘʷ 

ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʩʦʜʝʨʞʘʥʠʷ ʇʉ ʇʇʈ+ʊʆʈ, 

ʚʳʛʣʷʜʠʪ ʥʝʨʝʘʣʴʥʳʤ.  ʆʯʝʚʠʜʥʦ, ʠʩʭʦʜʷ ʠʟ ʪʝʭ ʞʝ 

ʩʦʦʙʨʘʞʝʥʠʡ, ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʠʩʢʣʶʯʠʪʴ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʪʢʘʟʘ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ 

ʚ ʩʠʩʪʝʤʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ ʣʦʢʦʤʦʪʠʚʦʚ ʩ 

ʵʣʝʤʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ ʜʦ 8é10 ʝʜ. (ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʜʦ ʵʪʘʧʘ ʊʆ3). ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʧʦʣʦʞʝʥʠʷ 

ʩʣʫʞʘʪ ʦʩʥʦʚʥʳʤʠ ʧʦʩʪʫʣʘʪʘʤʠ ʚʳʜʚʠʛʘʝʤʦʡ 

ʛʠʧʦʪʝʟʳ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʦʡ ʛʠʧʦʪʝʟʦʡ ʬʦʨʤʫʣʘ 

(6) ʜʦʣʞʥʘ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

Qc = q1P2P3 + q2P1P3 + q3P1P2.         (7) 

 

ʆʩʥʦʚʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʦʡ 

ʛʠʧʦʪʝʟʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʧʨʠʥʷʪʳʭ ʚʳʰʝ 

ʧʦʩʪʫʣʘʪʦʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʩʠʩʪʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟ n ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʝʨʠʦʜ ʜʦ ʦʯʝʨʝʜʥʦʛʦ ʊʆ - 3: 
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ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ (8) ʩʣʝʜʫʝʪ, ʯʪʦ  
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ɼʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʚ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʦʪʨʘʞʘʝʪ ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʜʩʠʩʪʝʤ 

ʩʠʩʪʝʤʳ ʣʦʢʦʤʦʪʠʚʘ, ʪʘʢ ʢʘʢ, ʧʦ ʩʫʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʦʨʤʫʣʝ ʧʦʣʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʩ ʛʠʧʦʪʝʟʘʤʠ  
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ʠʣʠ, ʚ ʫʧʨʦʱʝʥʥʦʤ ʚʠʜʝ: 

 

.)(
1

ä
=

Ö=
n

k

kkc qqPQ  (11) 

 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʩʦʚʧʘʜʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʣʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʩ ʧʦʣʫʯʝʥʥʳʤ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʥʷʪʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʛʠʧʦʪʝʟʳ 

P(Hi) = P(qk) ʝ y ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʷ ʙʝʟʦʪʢʘʟʥʦʩʪʝʡ 

ʵʣʝʤʝʥʪʦʚ Ô

¸
=
=

n

ki
1k

i k

i

P

P

1

 ʧʨʠ 1-ʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʦʪ ʦʪʢʘʟʦʚ qk ʦʯʝʚʠʜʥʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʩʮʝʥʝʥʦ ʢʘʢ ʩʣʫʯʘʡʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʠ ʚ 



114            ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 

 

 

 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ 

ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʧʦʣʫʯʝʥʥʦʡ ʬʦʨʤʫʣʳ 

(10) ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʧʦʣʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʝʥʦʨʤʠʨʦʚʘʥʥʦʩʪʴ 

ʝʜʠʥʠʮʝ ʩʫʤʤʳ ʛʠʧʦʪʝʟ: .1)(
1

¸ä
=

n

k

kqP  ʕʪʦ ʤʦʞʥʦ 

ʨʘʩʮʝʥʠʪʴ ʢʘʢ ʩʦʚʤʝʩʪʥʦʩʪʴ ʩʦʙʳʪʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʛʠʧʦʪʝʟʘʤʠ, ʠʣʠ ʠʭ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ (ʩʤ. (4)), ʯʝʤ 

ʨʘʩʰʠʨʷʝʪʩʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʬ-ʣʳ (10). 

ʆʜʥʘʢʦ ʫʩʣʦʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʘʥʦʚʢʠ 

ʣʦʢʦʤʦʪʠʚʘ ʥʘ ʊʆ - 3 ʚ ʩʠʣʫ ʧʨʠʥʷʪʳʭ ʚʳʰʝ 

ʜʦʧʫʱʝʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʙʝʟʫʩʣʦʚʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʦʜʥʦʡ ʠʟ 

ʫʩʣʦʚʥʳʭ ʛʠʧʦʪʝʟ, ʪ.ʝ. ʨʘʚʝʥʩʪʚʘ 1)(
1

=ä
=

n

k

ʫkqP . ʇʨʠ 

ʵʪʦʤ ʧʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʛʠʧʦʪʝʟ 

ʧʦ ʩʧʦʩʦʙʫ , ʧʨʠʤʝʥʝʥʥʦʤʫ ʧʨʠ ʚʳʚʦʜʝ ʠʟʚʝʩʪʥʦʡ 

ʬʦʨʤʫʣʳ ɹʝʡʝʩʘ, ʪ.ʝ ʨʘʚʝʥʩʪʚʦ 1)(
1

=ä
=

n

k

ʫkqP  

ʨʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʧʳʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʛʦ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʳʨʘʞʝʥʠʡ (10, 11) ʬʦʨʤʫʣʝ ʜʣʷ 

ʧʦʣʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʦʡ ɹʝʡʝʩʘ, ʢʦʪʦʨʫʶ ʜʣʷ ʢʘʞʜʦʡ 

ʫʩʣʦʚʥʦʡ (ʫʪʦʯʥʝʥʥʦʡ) ʛʠʧʦʪʝʟʳ P(qk)ʫ ʩʣʝʜʫʝʪ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
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ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʥʦʨʤʠʨʦʚʘʪʴ ʩʫʤʤʫ 

ʫʩʣʦʚʥʳʭ ʛʠʧʦʪʝʟ ʢ 1, ʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʫʪʦʯʥʠʪʴ 

ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʪʝʧʣʦʚʦʟʘ ʚ ʮʝʣʦʤ ʧʝʨʝʜ 

ʧʦʩʪʘʥʦʚʢʦʡ ʝʛʦ ʥʘ ʊʆ - 3. ɼʣʷ ʵʪʦʛʦ ʧʦʜʩʪʘʚʣʷʝʤ 

ʥʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫʪʦʯʥʝʥʥʳʭ ʛʠʧʦʪʝʟ P(qk)ʫ ʚ 

ʧʦʣʫʯʝʥʥʦʝ ʨʘʥʝʝ ʚʳʨʘʞʝʥʠʝ (11) ʠ ʚʳʧʦʣʥʷʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʘʩʯʝʪ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʪʝʧʣʦʚʦʟʘ 

ʈʣ, ʧʨʝʜʩʪʘʚʣʷʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʥʘʜʩʠʩʪʝʤʳ 

(ʣʦʢʦʤʦʪʠʚʘ) ʝʛʦ ʯʝʪʳʨʝ ʩʠʩʪʝʤʳ (ʩʤ. ʨʠʩ. 1,  

ʪʘʙʣ. 1). 

ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʪʝʧʣʦʚʦʟʘ ʏʄʕ3 

(ʧʨʦʪʦʪʠʧʘ) ʠ ʤʦʜʝʨʥʠʟʦʚʘʥʥʦʛʦ ʏʄʕ3ʇ ʚ ʩʦʩʪʘʚʝ 

ʩʠʩʪʝʤ ʠ ʚ ʮʝʣʦʤ (ʩʤ. ʪʘʙʣ. 1) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʦʚʳʰʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ 

ʧʦʩʣʝʜʥʝʛʦ ʤʝʞʜʫ ʊʆ3 ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩ 

0,81 ʜʦ 0,89, ʪ.ʝ. ʥʘ ~ 10% ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʩʥʠʞʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʩ 0,19 ʜʦ 0,11, ʪ. ʝ. ʥʘ 

42%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʦʱʝʥʥʦ ʩʯʠʪʘʷ, ʯʪʦ 

ʧʨʦʙʝʛʠ ʤʦʜʝʨʥʠʟʦʚʘʥʥʳʭ ʪʝʧʣʦʚʦʟʦʚ ʤʝʞʜʫ 

ʦʙʩʣʫʞʠʚʘʥʠʷʤʠ ʊʆ3 ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ 

ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʥʘ ʵʪʦʤ ʧʨʦʙʝʛʝ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʜʘʥʥʳʭ ʧʨʦʛʥʦʟʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʦ, ʯʪʦ 

ʧʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʳ  ʥʘ ʚʝʣʠʯʠʥʫ 

ʧʦʨʷʜʢʘ 40é50% ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʤʝʞʨʝʤʦʥʪʥʳʭ ʧʨʦʙʝʛʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʩʣʝʜʫʝʪ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ 

ʜʝʥʝʞʥʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʤʦʜʝʨʥʠʟʦʚʘʥʥʳʭ ʪʝʧʣʦʚʦʟʦʚ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʠʭ ʧʨʦʪʦʪʠʧʘʤʠ. 

ɺʳʚʦʜʳ. 1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʣʫʯʝʥ ʘʣʛʦʨʠʪʤ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʷ ʥʘʜʝʞʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ 

ʣʦʢʦʤʦʪʠʚʦʚ ʠ ʝʜʠʥʠʮʳ ʊʇʉ ʚ ʮʝʣʦʤ, ʢʦʪʦʨʳʡ 

ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʩʠʩʪʝʤʳ ʩʦʜʝʨʞʘʥʠʷ ʥʘ 

ʙʝʟʦʪʢʘʟʥʦʩʪʴ ʠʟʜʝʣʠʷ. 

2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʡ ʧʨʦʙʝʛ 

ʤʦʜʝʨʥʠʟʦʚʘʥʥʳʭ ʪʝʧʣʦʚʦʟʦʚ ʤʝʞʜʫ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷʤʠ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥ ʥʘ ~ 40-50% 

ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʦʪʦʪʠʧʦʤ. ʕʪʦ ʩʣʝʜʫʝʪ ʨʘʩʮʝʥʠʚʘʪʴ 

ʢʘʢ ʚʘʞʥʳʡ ʬʘʢʪʦʨ ʧʨʠ ʦʮʝʥʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ 

ʧʦʧʦʣʥʝʥʠʷ ʧʘʨʢʘ ʣʦʢʦʤʦʪʠʚʦʚ ʚ ʩʪʨʘʥʝ 

ʤʦʜʝʨʥʠʟʘʮʠʝʡ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʇʉ ʩ ʟʘʤʝʥʦʡ 

ʫʩʪʘʨʝʚʰʠʭ ʛʨʫʧʧ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʛʨʝʩʩʠʚʥʳʤʠ 

ʵʢʦʥʦʤʠʯʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. 
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Kushchenko A.V., Siomin Y.G.  

IMPROV EMENT OF CALCULATION OF NON -

FAILURE OPERATION OF THE MODERNIZED 

LOCOMOTIVES  

In article the questions connected with increase in 

reliability of calculation of non-failure operation of the 

upgraded rolling stock are considered. It is offered 

improvement of a method of definition of non-failure 

operation of such traction units that increases adequacy of 

modeling of systems of maintenance of locomotives and, 

thereby, to development of the correct solutions of rather 

optimum system of contents. 

Key words: traction rolling stock, modernization, non-

failure operation, operational reliability, modeling, resource, 

stochastic approach. 
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INFORMATION TECHNOLOGIES AT MODERN TRANSPORT ENTERPRISE  
 

Luchko M. I., Popov S.V., Ryazantseva N.A. 

 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʝ ʚʥʝʜʨʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 

ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʵʣʝʢʪʨʦʥʥʳʝ 

ʩʠʩʪʝʤʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩ 

ʜʦʢʫʤʝʥʪʘʤʠ ʠ ʜʘʥʥʳʤʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ 

ʠ ʫʩʢʦʨʝʥʠʶ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʨʷʜ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʠʤʝʶʱʠʭ ʩʚʦʠ ʩʧʝʮʠʬʠʢʠ, 

ʬʫʥʢʮʠʦʥʘʣ ʠ ʠʥʪʝʛʨʘʮʠʶ ʚ ʩʬʝʨʫ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʯʘʩʪʥʦʩʪʠ, ʠ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʮʝʣʦʤ. ɼʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʧʦʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʣʦʛʠʩʪʠʢʠ ʙʣʘʛʦʜʘʨʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, 

ʩʫʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʚ ʟʘʤʝʥʝ ʙʫʤʘʞʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠ 

ʧʝʨʝʚʦʟʦʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʳʤʠ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʛʨʫʟʦʚʳʝ ʧʦʪʦʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʪʨʘʥʩʧʦʨʪʥʘʷ ʣʦʛʠʩʪʠʢʘ (ʊʃ), 

ʪʨʘʥʩʧʦʨʪʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ, ʵʣʝʢʪʨʦʥʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ. 

 

 

ɺʚʝʜʝʥʠʝ. ɽʜʠʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʝʪʩʷ 

çʚʠʨʪʫʘʣʴʥʳʤè ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʠ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʪʝʭʥʦʣʦʛʠʠ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʠ ʢʣʠʝʥʪ-

ʩʝʨʚʝʨʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʩʝʪʠ. çɺʠʨʪʫʘʣʴʥʦʩʪʴè ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʘʪʝʨʠʘʣʴʥʳʡ 

ʥʦʩʠʪʝʣʴ ʧʝʨʝʩʪʘʝʪ ʠʛʨʘʪʴ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ʉʦʪʨʫʜʥʠʢʠ 

ʨʘʙʦʪʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝ ʩ ʜʦʢʫʤʝʥʪʘʤʠ, ʘ ʩ 

ʢʦʥʢʨʝʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʳ ʠ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʳ (ʧʨʠʯʝʤ 

ʜʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʚʳʚʦʜʷʪʩʷ ʥʘ 

ʤʦʥʠʪʦʨ ʢʦʤʧʴʶʪʝʨʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ). 

ʂʘʞʜʦʝ ʠʟʤʝʥʝʥʠʝ ʩʠʪʫʘʮʠʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʫʞʝ 

ʥʝ ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʙʦʨʘ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʷʚʣʷʶʪʩʷ 

çʩʦʙʩʪʚʝʥʥʦʩʪʴʶè ʦʪʜʝʣʴʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʣʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʚʩʷ 

ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʨʫʛʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʙʣʝʤ ʩʦʜʝʨʞʠʪʩʷ ʚ ʙʘʟʝ 

ʜʘʥʥʳʭ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʦʡ ʧʨʠ ʧʦʤʦʱʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʤʝʩʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʝʢʫʥʜʳ ʠ ʤʠʥʫʪʳ, ʘ ʥʝ ʟʘ 

ʜʥʠ ʠ ʥʝʜʝʣʠ (ʩʨʦʢʠ, ʟʘ ʢʦʪʦʨʳʝ ʩʦʙʠʨʘʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʠʟ ʜʦʢʫʤʝʥʪʦʚ ʧʨʠ ʙʫʤʘʞʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ).  

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʪʝʭʥʠʢʠ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʠ 

ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʣʦʛʠʩʪʠʢʠ ʠ ʝʸ ʨʘʟʚʠʪʠʝ ʚʦ ʤʥʦʛʦʤ 

ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʙʣʘʛʦʜʘʨʷ ʙʫʨʥʦʤʫ ʨʘʟʚʠʪʠʶ ʠ 

ʚʥʝʜʨʝʥʠʶ ʚʦ ʚʩʝ ʩʬʝʨʳ ʙʠʟʥʝʩʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʈʝʘʣʠʟʘʮʠʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʡ ʙʳʣʘ ʙʳ 

ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʭ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʣʦʢʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ, 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ [1].  

ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, 

ʮʠʨʢʫʣʠʨʫʶʱʠʝ ʚʥʫʪʨʠ ʠ ʤʝʞʜʫ ʦʪʜʝʣʘʤʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʨʘʥʩʧʦʨʪʥʳʤ 

ʧʨʝʜʧʨʠʷʪʠʝʤ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ (ʜʨʫʛʠʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ), ʦʙʨʘʟʫʶʪ 

ʩʚʦʝʦʙʨʘʟʥʫʶ ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ 

ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʝʨʩʦʥʘʣʘ, 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʮʝʜʫʨ (ʪʝʭʥʦʣʦʛʠʡ), 

ʦʙʲʝʜʠʥʝʥʥʳʭ ʩʚʷʟʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʝʥʝʜʞʤʝʥʪʦʤ ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ ʘʥʘʣʠʟʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɽʩʣʠ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʢʦʤʧʴʶʪʝʨʥʫʶ ʪʝʭʥʠʢʫ ʠ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ ʤʝʞʜʫ 

ʩʘʤʠʤʠ ʢʦʤʧʴʶʪʝʨʘʤʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤ 

ʧʨʝʜʧʨʠʷʪʠʝʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʞʜʫ ʧʘʨʪʥʝʨʘʤʠ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʙʝʟʙʫʤʘʞʥʳʭ 

ʦʙʤʝʥʦʚ ʠʥʬʦʨʤʘʮʠʝʡ. ʅʘ ʪʨʘʥʩʧʦʨʪʝ ʚʤʝʩʪʦ 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʛʨʫʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ 

(ʦʩʦʙʝʥʥʦ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦʦʙʱʝʥʠʠ) ʧʦ ʢʘʥʘʣʘʤ 

ʩʚʷʟʠ (ʠʥʪʝʨʥʝʪ) ʩʠʥʭʨʦʥʥʦ ʩ ʛʨʫʟʦʤ ʧʝʨʝʜʘʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʦ ʢʘʞʜʦʡ ʦʪʧʨʘʚʣʷʝʤʦʡ 

ʝʜʠʥʠʮʝ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʥʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʦʚʘʨʘ ʠ ʨʝʢʚʠʟʠʪʳ. ʇʨʠ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʥʘ ʚʩʝʭ 

ʫʯʘʩʪʢʘʭ ʤʘʨʰʨʫʪʘ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʨʫʟʝ ʠ ʥʘ ʦʩʥʦʚʝ 

ʵʪʦʛʦ ʧʨʠʥʠʤʘʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʛʨʫʟʦʦʪʧʨʘʚʠʪʝʣʶ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʬʘʡʣʘʤ, 

ʦʪʨʘʞʘʶʱʠʤ ʩʦʩʪʦʷʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʠ 

ʟʘʛʨʫʟʢʫ ʪʨʘʥʩʧʦʨʪʘ [2].  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʚʝʜʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʝʡ ʨʝʣʷʮʠʦʥʥʳʭ ʙʘʟ 

ʜʘʥʥʳʭ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʦʙʲʝʜʠʥʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ, ʟʘʯʘʩʪʫʶ 

çʧʝʨʝʩʝʢʘʶʱʠʭʩʷè ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʦʪʜʝʣʴʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʨʫʢʦʚʦʜʠʪʝʣʝʡ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʯʘʩʪʥʳʭ ʧʨʦʙʣʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʚ ʝʜʠʥʫʶ 

ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ. 

ɼʘʥʥʘʷ ʢʘʨʪʠʥʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʮʝʣʦʩʪʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʦʟʜʘʝʪ 

ʫʩʣʦʚʠʷ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʧʝʨʚʠʯʥʳʭ 

ʛʣʫʙʠʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʷʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʙʫʤʘʞʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚʨʷʜ 

ʣʠ ʚʦʦʙʱʝ ʤʦʛʣʠ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥʳ (ʥʘʧʨʠʤʝʨ, 

ʝʞʝʜʥʝʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʦʭʦʜʦʚ ʧʦ ʢʘʞʜʦʤʫ 

ʤʘʨʰʨʫʪʫ ʘʚʪʦʙʫʩʦʚ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʣʠʝʥʪ-

ʩʝʨʚʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʤʥʦʞʝʩʪʚʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ (ʟʘʯʘʩʪʫʶ ʨʘʟʜʝʣʝʥʥʳʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠ, ʥʦ ʦʙʲʝʜʠʥʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ) ʠ 

ʢʦʦʨʜʠʥʘʮʠʶ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʂʨʫʧʥʳʝ ʟʘʨʫʙʝʞʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʠ 

ʪʦʚʘʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʝ ʢʦʤʧʘʥʠʠ ʩʝʛʦʜʥʷ 

ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʩʣʦʞʥʳʭ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʅʘ ʠʭ 

ʨʘʟʨʘʙʦʪʢʝ ʩʧʝʮʠʘʣʠʟʠʨʫʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʬʠʨʤʳ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ, 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʝʜʠʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘʩʯʝʪʦʚ ʜʝʣʘʶʪ 

ʵʪʠ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʪʠʨʘʞʠʨʫʝʤʳʤʠ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʠʭ ʩʪʦʠʤʦʩʪʴ. ɺ ɿʘʧʘʜʥʦʡ 

ɽʚʨʦʧʝ ʩʫʱʝʩʪʚʫʶʪ ʬʠʨʤʳ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʝ ʠ 

ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʛʦʜʥʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʵʪʠ ʧʨʦʛʨʘʤʤʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʟ-ʟʘ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ 

ʫʯʝʪʘ ʠ ʨʘʩʯʝʪʦʚ. ʅʘ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʨʳʥʢʝ ʠʤʝʶʪʩʷ 

ʨʘʟʨʘʙʦʪʢʠ, ʧʦʜʦʙʥʳʝ ʘʤʝʨʠʢʘʥʩʢʠʤ ʙʫʭʛʘʣʪʝʨʩʢʠʤ 

ʩʠʩʪʝʤʘʤ ʜʣʷ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ 

(ʥʘʧʨʠʤʝʨ, "ʊʫʨʙʦʙʫʭʛʘʣʪʝʨ", "ʀʥʬʦʙʫʭʛʘʣʪʝʨ", "1ʉ 

ɹʫʭʛʘʣʪʝʨʠʷ" ʠ ʜʨ.), ʦʜʥʘʢʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ 

ʚʳʧʦʣʥʷʪʴ ʣʠʰʴ ʯʘʩʪʴ ʦʧʝʨʘʮʠʡ ʪʠʧʦʚʦʛʦ 

ʭʘʨʘʢʪʝʨʘ, ʠ ʠʭ ʧʦʣʥʘʷ ʘʜʘʧʪʘʮʠʷ ʢ ʥʳʥʝʰʥʠʤ 

ʫʩʣʦʚʠʷʤ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʧʘʥʠʡ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘ. 

ɺʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʪʨʘʥʩʧʦʨʪʝ 

ʚ ɻʝʨʤʘʥʠʠ ʠ ɹʝʣʴʛʠʠ, ʥʘʧʨʠʤʝʨ, ʥʘʭʦʜʠʪ 

ʪʝʭʥʦʣʦʛʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʫʯʝʪʘ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʩ ʘʥʘʣʠʟʦʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʠ ʫʧʨʘʚʣʝʥʠʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʫʪʝʤ ʨʝʤʦʥʪʘ, ʩʧʠʩʘʥʠʷ ʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʤʘʨʰʨʫʪʦʚ. ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ 

ʢʦʥʪʨʦʣʴ ʥʘ ʪʨʘʩʩʝ ʩ ʧʦʤʦʱʴʶ ʙʦʨʪʦʚʳʭ ʕɺʄ ʠ 

ʵʣʝʢʪʨʦʥʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʧʦʟʚʦʣʷʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʦʙʦʨʦʪ ʠʥʬʦʨʤʘʮʠʠ, 

ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʫʪʝʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʪʝʤ ʩʘʤʳʤ 

ʵʢʦʥʦʤʠʪʴ ʦʛʨʦʤʥʳʝ ʩʫʤʤʳ. ɺ ʐʦʪʣʘʥʜʠʠ, 

ʀʨʣʘʥʜʠʠ ʠ ɸʥʛʣʠʠ, ʘ ʪʝʧʝʨʴ ʠ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ɽʉ 

ʧʨʠʤʝʥʷʶʪʩʷ ʙʦʨʪʦʚʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩ 

ʤʘʛʥʠʪʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʫʯʝʪ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʠ ʚʦʜʠʪʝʣʝʡ, ʦʧʝʨʘʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʩʦʙʣʶʜʝʥʠʝ ʨʝʞʠʤʦʚ ʪʨʫʜʘ ʠ ʦʪʜʳʭʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʥʦʛʠʝ ʬʠʨʤʳ ʟʘʥʠʤʘʶʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʧʨʦʜʘʞʝʡ 

ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʠ 

ʢʘʣʴʢʫʣʷʮʠʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʝʨʝʚʦʟʦʢ, ʦʧʪʠʤʘʣʴʥʦʡ 

ʟʘʛʨʫʟʢʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʩʥʘʙʞʝʥʠʷ 

ʟʘʧʘʩʥʳʤʠ ʯʘʩʪʷʤʠ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ 

ʚʳʧʦʣʥʷʪʴ ʨʘʩʯʝʪʳ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʤʘʨʰʨʫʪʦʚ, 

ʚʨʝʤʝʥʠ ʠʭ ʧʨʦʭʦʞʜʝʥʠʷ, ʦʩʪʘʥʦʚʦʢ ʥʘ 

ʧʦʛʨʘʥʠʯʥʳʭ ʧʝʨʝʭʦʜʘʭ ʠ ʟʘʧʨʘʚʢʘʭ. ʆʥʠ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʜʦʨʦʞʥʳʝ 

ʫʩʣʦʚʠʷ, ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʤʘʨʰʨʫʪʝ ʠ ʨʘʟʨʘʙʦʪʢʫ 

ʧʦʜʨʦʙʥʦʡ ʣʝʛʝʥʜʳ ʧʨʦʭʦʞʜʝʥʠʷ ʤʘʨʰʨʫʪʦʚ ʜʣʷ 

ʚʦʜʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʙʣʦʢʠʨʦʚʘʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠʣʠ ʦʪʜʝʣʴʥʳʝ ʘʚʪʦʜʦʨʦʛʠ, 

ʠʩʢʣʶʯʘʷ ʠʭ ʠʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʤʘʨʰʨʫʪʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʮʝʣʴʶ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ 

ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʫʙʲʝʢʪʘʭ (ʧʦʢʫʧʘʪʝʣʴ, ʧʝʨʝʚʦʟʯʠʢ, 

ʪʝʨʤʠʥʘʣ) ʠ ʦʙʲʝʢʪʘʭ (ʪʦʚʘʨʳ ʠ ʫʩʣʫʛʠ) ʜʦʩʪʘʚʢʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʅʦʚʳʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ ʚ ʩʬʝʨʝ ʧʝʨʝʚʦʟʦʢ, 

ʪʨʝʙʫʶʪ ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ, 

ʩʦʙʠʨʘʪʴ ʠ ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚʩʝʤ 

ʫʯʘʩʪʥʠʢʘʤ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʝʪʠ. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʠʩʪʦʯʥʠʢʦʚ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʨʝʜʩʪʚ ʝʝ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʠ. 

ʗʜʨʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʪʦʚʘʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʆʥ ʚ ʙʦʣʴʰʦʡ 

ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʡ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʦʩʢʦʣʴʢʫ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʜʝʡʩʪʚʦʚʘʥ ʚ 

ʧʦʚʩʝʜʥʝʚʥʳʭ ʙʠʟʥʝʩ-ʦʧʝʨʘʮʠʷʭ. 

ɹʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʠ 

ʘʢʪʠʚʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 
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ʚʠʨʪʫʘʣʴʥʳʭ ʩʣʫʞʙ ʮʠʢʣ ʫʩʣʫʛ ʧʦ ʜʦʩʪʘʚʢʝ ʪʦʚʘʨʦʚ 

ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ ʥʘʯʠʥʘʝʪ ʧʨʠʦʙʨʝʪʘʪʴ 

ʚʧʦʣʥʝ ʢʦʥʢʨʝʪʥʳʝ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʠʧʠʟʘʮʠʠ 

ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʬʠʥʘʥʩʦʚʳʭ ʦʧʝʨʘʮʠʡ ʬʦʨʤʳ. ɺ ʩʠʣʫ ʵʪʦʛʦ 

ʣʦʛʠʩʪʠʢʘ ʚʩʝ ʪʝʩʥʝʝ ʩʚʷʟʳʚʘʝʪʩʷ ʠ ʚʩʝ ʯʘʱʝ 

ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʩʣʦʞʥʳʭ ʧʨʦʝʢʪʦʚ 

ʜʦʩʪʘʚʢʠ ï ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʚʘʨʦʚ, ʨʝʩʫʨʩʦʚ. 

ʅʘʯʠʥʘʶʪ ʩʦʟʜʘʚʘʪʴʩʷ ʮʝʥʪʨʳ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʧʨʦʜʘʞʝ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ. ʇʨʠʯʝʤ ʧʨʝʜʤʝʪʥʘʷ 

ʦʙʣʘʩʪʴ ʧʨʦʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʡ ï ʦʪ 

ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦ-

ʵʢʩʧʝʜʠʪʦʨʩʢʦʡ ʢʦʤʧʘʥʠʝʡ ʜʦ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʳʩʪʘʚʢʠ ʚ ʜʨʫʛʦʡ ʩʪʨʘʥʝ, ʥʘ ʜʨʫʛʦʤ ʢʦʥʪʠʥʝʥʪʝ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʧʫʙʣʠʢʫʝʤʳʝ ʩʝʛʦʜʥʷ ʚ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ ʧʨʝʜʣʦʞʝʥʠʷ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʥʦ-

ʣʦʛʠʩʪʠʯʝʩʢʠʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʠ ʬʠʨʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʘʯʘʣʝ ʥʦʚʦʛʦ ʵʪʘʧʘ ʚ ʨʘʟʚʠʪʠʠ ʣʦʛʠʩʪʠʢʠ ʠ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ ʚ ʯʘʩʪʥʦʩʪʠ. ʕʪʦʪ ʵʪʘʧ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʰʠʨʦʢʠʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʣʦʛʠʩʪʠʢʝ, ʥʦ ʠ ʘʢʪʠʚʠʟʘʮʠʝʡ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʮʝʧʝʡ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʦʙʤʝʥʦʤ 

ʜʘʥʥʳʤʠ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ð ʧʨʦʮʝʩʩ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʦʚ 

ʥʘʣʘʜʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʤʧʘʥʠʷʤʠ, ʟʘʢʣʶʯʠʪʴ 

ʩʜʝʣʢʫ ʩ ʧʦʤʦʱʴʶ ʛʣʦʙʘʣʴʥʳʭ ʠ ʣʦʢʘʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʨʛʘʥʠʟʫʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʢʦʤʧʴʶʪʝʨʘʤʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʘʥʠʡ. ʏʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʵʪʠ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʢʦʤʧʘʥʠʠ ʟʘʢʣʶʯʘʶʪ ʩʪʘʥʜʘʨʪʥʳʝ 

ʧʨʦʪʦʢʦʣʳ ʦʙʤʝʥʘ ʠ ʟʘʢʣʶʯʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ 

ʜʦʛʦʚʦʨʘ. 

ʋʜʦʙʩʪʚʦ ʠ ʚʳʛʦʜʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʤʝʥʘ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

EDI (Electronic Data Interchange ð ʵʣʝʢʪʨʦʥʥʳʡ 

ʦʙʤʝʥ ʜʘʥʥʳʤʠ) ʠʤʝʝʪ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʫʶ 

ʧʣʘʪʬʦʨʤʫ, ʢ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʢʣʠʝʥʪ (ʙʫʜʴ 

ʦʥ ʨʠʪʝʡʣʝʨ, ʧʦʩʪʘʚʱʠʢ ʠʣʠ ʣʦʛʠʩʪʠʯʝʩʢʘʷ 

ʢʦʤʧʘʥʠʷ) ʧʦʜʢʣʶʯʘʝʪʩʷ ʦʜʠʥ ʨʘʟ ʠ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʦʯʪʠ ʥʝʦʛʨʘʥʠʯʝʥʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʱʘʪʴʩʷ 

ʩʦ ʚʩʝʤʠ ʧʦʜʢʣʶʯʝʥʥʳʤʠ ʢ ʧʣʘʪʬʦʨʤʝ 

ʫʯʘʩʪʥʠʢʘʤʠ, ʥʝ ʟʘʜʫʤʳʚʘʷʩʴ ʥʘʜ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʠʭ ʫʯʝʪʥʳʭ ʩʠʩʪʝʤ ʠ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, 

ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʧʝʨʩʦʥʘʣʘ. ʇʨʝʠʤʫʱʝʩʪʚʦ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʪʠ EDI 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ʉʨʘʚʥʝʥʠʝ ʩʭʝʤ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʪʠ EDI ʠ ʙʝʟ ʥʝʝ 

 

EDI ʩʝʛʦʜʥʷ ʚʳʩʪʫʧʘʝʪ ʚ ʜʚʫʭ ʩʫʱʥʦʩʪʷʭ [3]. 

ʇʝʨʚʳʡ ï ʚʝʙ-EDI, ʢʦʪʦʨʳʡ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪ 

ʥʝʙʦʣʴʰʠʤ ʪʦʨʛʦʚʳʤ ʩʝʪʷʤ ʠ ʤʘʛʘʟʠʥʘʤ. ʕʪʦ 

ʥʝʙʦʣʴʰʦʡ ʦʙʦʨʦʪ, ʚ ʧʨʝʜʝʣʘʭ 30 ʟʘʢʘʟʦʚ ʚ ʤʝʩʷʮ. 

ʇʦʣʴʟʦʚʘʪʝʣʠ ʧʨʦʩʪʦ ʟʘʭʦʜʷʪ ʥʘ ʥʝʢʠʡ ʧʦʨʪʘʣ, 

ʚʚʦʜʷʪ ʣʦʛʠʥ/ʧʘʨʦʣʴ ï ʠ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ ʩʚʦʝʤʫ 

ʬʫʥʢʮʠʦʥʘʣʫ, ʚʠʜʷʪ ʚʩʝ ʟʘʢʘʟʳ ʠ ʧʦʩʪʘʚʢʠ, 

ʬʦʨʤʠʨʫʶʪ ʚʩʶ ʧʝʨʚʠʯʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʠ 

ʦʪʚʝʪʥʳʝ ʜʦʢʫʤʝʥʪʳ (ʥʘʢʣʘʜʥʳʝ ʠ ʪʘʢ ʜʘʣʝʝ). ʕʪʦ 

ʥʝ ʩʦʚʩʝʤ ʧʦʣʥʦʮʝʥʥʳʡ EDI, ʥʦ ʦʥ ʧʦʟʚʦʣʷʝʪ 

ʥʝʙʦʣʴʰʠʤ ʢʦʤʧʘʥʠʷʤ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ 

ʨʝʰʘʪʴ ʩʚʦʠ ʚʦʧʨʦʩʳ ʦʙʤʝʥʘ ʜʦʢʫʤʝʥʪʘʤʠ ʩ 

ʢʨʫʧʥʳʤʠ ʪʦʨʛʦʚʳʤʠ ʩʝʪʷʤʠ. 

ɸ ʧʦʣʥʦʮʝʥʥʳʡ ï ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ï 

ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ ʫʯʝʪʥʦʡ ʩʠʩʪʝʤʦʡ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʉʪʘʚʠʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ ʇʆ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ 

ʦʪ ʩʝʨʚʝʨʘ ʧʨʦʚʘʡʜʝʨʘ ʠ ʛʨʫʟʠʪ ʠʭ ʚ ʫʯʝʪʥʫʶ 

ʩʠʩʪʝʤʫ, ʥʘʧʨʠʤʝʨ, 1ʉ. ʀ ʤʝʥʝʜʞʝʨ ʧʦ ʧʦʩʪʘʚʢʘʤ 

ʚʠʜʠʪ ʟʘʢʘʟ ʦʪ ʤʘʛʘʟʠʥʦʚ ʫʞʝ ʫ ʩʝʙʷ ʚ 1ʉ ʚ ʚʠʜʝ 

ʜʦʢʫʤʝʥʪʘ çɿʘʢʘʟ ʧʦʢʫʧʘʪʝʣʷè. ʕʪʦ ʥʝ ʩʪʦʣʴʢʦ 

ʦʙʤʝʥ ʜʦʢʫʤʝʥʪʘʤʠ, ʩʢʦʣʴʢʦ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʬʦʨʤʘʪʝ. 

ʅʦ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ EDI-ʧʨʦʚʘʡʜʝʨ ï ʵʪʦ 

ʥʝ ʪʦʣʴʢʦ çʪʨʘʥʩʧʦʨʪè ʜʣʷ ʜʘʥʥʳʭ, ʵʪʦ ʝʱʝ ʠ 

ʨʝʛʫʣʷʪʦʨ ʩʪʘʥʜʘʨʪʦʚ, ʢʦʥʩʫʣʴʪʘʥʪ ʠ ʪ.ʧ. ʆʥ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʩʫʜʝ ʧʨʠ ʨʝʰʝʥʠʠ ʪʷʞʙ ʦ ʥʘʨʫʰʝʥʠʠ 

http://pandia.ru/text/categ/wiki/001/95.php
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ʜʦʛʦʚʦʨʦʚ ʧʦʩʪʘʚʢʠ. ʇʨʝʮʝʜʝʥʪʥʳ ʪʘʢʠʝ ʫʞʝ ʙʳʣʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʧʦʨʥʳʭ ʩʠʪʫʘʮʠʷʭ ʤʝʞʜʫ ʧʘʨʪʥʝʨʘʤʠ, 

ʢʦʛʜʘ ʦʜʠʥ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʪʧʨʘʚʣʷʣ ʟʘʢʘʟ, ʘ 

ʚʪʦʨʦʡ ï ʯʪʦ ʥʝ ʧʦʣʫʯʘʣ ʝʛʦ. ʇʦʜʦʙʥʳʝ ʩʠʪʫʘʮʠʠ 

ʚʦʟʥʠʢʘʶʪ ʥʝʦʜʥʦʢʨʘʪʥʦ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ EDI 

ʚʳʩʪʫʧʘʝʪ ʪʨʝʪʝʡʩʢʠʤ ʩʫʜʴʝʡ, ʚʥʝʰʥʠʤ ʘʫʜʠʪʦʨʦʤ, 

ʬʠʢʩʘʪʦʨʦʤ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʦʙʦʠʤ ʫʯʘʩʪʥʠʢʘʤ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʦʤ, ʯʪʦ ʠ 

ʢʦʛʜʘ ʧʨʦʠʟʦʰʣʦ ʩ ʜʦʢʫʤʝʥʪʘʤʠ. ʕʪʦ ʜʝʣʘʝʪ 

ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʟʙʠʨʘʪʝʣʴʩʪʚʦ ʙʦʣʝʝ ʣʝʛʢʠʤ ʠ 

ʙʳʩʪʨʳʤ. 

ʇʨʠʥʮʠʧ ʦʙʤʝʥʘ ʜʦʢʫʤʝʥʪʘʤʠ ʚ ʩʠʩʪʝʤʝ EDI 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2: 

 

 
 

ʈʠʩ. 2. ʇʨʠʥʮʠʧ ʦʙʤʝʥʘ ʜʦʢʫʤʝʥʪʘʤʠ ʚ ʩʠʩʪʝʤʝ EDI 

 

ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʇʦʩʪʘʚʱʠʢ ʥʘʧʨʘʚʣʷʝʪ ʨʠʪʝʡʣʝʨʫ ʩʚʦʡ 

ʢʘʪʘʣʦʛ ʪʦʚʘʨʦʚ ʩ ʮʝʥʘʤʠ (PRICAT). 

2. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʘʪʘʣʦʛʘ ʧʦʢʫʧʘʪʝʣʴ 

ʬʦʨʤʠʨʫʝʪ ʟʘʢʘʟ ʥʘ ʧʦʩʪʘʚʢʫ ʧʨʦʜʫʢʮʠʠ (ORDERS). 

ORDERS ð ʦʬʠʮʠʘʣʴʥʳʡ ʜʦʢʫʤʝʥʪ, ʩʦʜʝʨʞʘʱʠʡ 

ʥʦʤʝʨ ʟʘʢʘʟʘ, ʜʘʪʫ ʠ ʚʨʝʤʷ ʧʦʩʪʘʚʢʠ, ʥʦʤʝʨ 

ʜʦʛʦʚʦʨʘ ʧʦʩʪʘʚʢʠ, ʨʝʢʚʠʟʠʪʳ ʩʪʦʨʦʥ ʜʦʛʦʚʦʨʘ, 

ʥʘʠʤʝʥʦʚʘʥʠʷ ʟʘʢʘʟʘ ʩʦ ʩʩʳʣʢʘʤʠ ʥʘ ʢʘʪʘʣʦʛ 

ʪʦʚʘʨʦʚ. ɼʦʢʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʪʘʪʫʩ 

ʟʘʢʘʟʘ. 

3. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʩʪʘʚʱʠʢ ʧʦʩʳʣʘʝʪ ʦʪʚʝʪ 

ʥʘ ʟʘʢʘʟ (ORDRSP), ʛʜʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʣʠ 

ʦʪʢʘʟʳʚʘʝʪʩʷ ʦʪ ʥʝʛʦ. 

4. ʂʦʛʜʘ ʟʘʢʘʟ ʩʬʦʨʤʠʨʦʚʘʥ ʠ ʦʪʛʨʫʞʝʥ, 

ʧʦʩʪʘʚʱʠʢ ʦʪʧʨʘʚʣʷʝʪ ʫʚʝʜʦʤʣʝʥʠʝ ʦʙ ʦʪʛʨʫʟʢʝ 

ʪʦʚʘʨʘ (DESADV). DESADV ð ʵʪʦ ʪʝʭʥʠʯʝʩʢʠ 

ʪʦʚʘʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʘʷ ʥʘʢʣʘʜʥʘʷ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʦ 

ʬʘʢʪʝ ʦʪʛʨʫʟʢʠ, ʩʘʤʠʭ ʪʦʚʘʨʘʭ (ʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʰʪʨʠʭ-ʢʦʜ ʠ ʪ.ʧ.), ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. 

5. ɺ ʤʦʤʝʥʪ ʧʨʠʝʤʢʠ ʟʘʢʘʟʘ ʨʠʪʝʡʣʝʨ 

ʚʳʩʳʣʘʝʪ ʧʦʩʪʘʚʱʠʢʫ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʫʚʝʜʦʤʣʝʥʠʝ ʦ ʧʨʠʝʤʢʝ (RECADV) 

ʩ ʘʢʪʫʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʧʨʠʥʷʪʦʡ ʧʨʦʜʫʢʮʠʠ. 

6. ʅʘ ʦʩʥʦʚʘʥʠʠ RECADV ʧʦʩʪʘʚʱʠʢ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʩʪʘʚʣʷʝʪ ʧʨʘʚʠʣʴʥʳʡ ʩʯʝʪ 

(INVOIC). 

7. INVOIC (ʩʯʝʪ-ʬʘʢʪʫʨʘ) ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʦʧʣʘʯʠʚʘʝʪʩʷ. ɽʩʣʠ ʞʝ ʨʠʪʝʡʣʝʨ ʞʝʣʘʝʪ ʚʝʨʥʫʪʴ 

ʟʘʢʘʟ, ʪʦ ʦʥ ʚʳʩʳʣʘʝʪ ʧʦʩʪʘʚʱʠʢʫ ʫʚʝʜʦʤʣʝʥʠʝ 

ʦ ʚʦʟʚʨʘʪʝ (RETANN). 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ EDI 

ʪʝʭʥʦʣʦʛʠʡ: 

¶ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ð 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʳʭ 

ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: AS1 (ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʞʥʦ 

ʧʝʨʝʜʘʚʘʪʴ ʜʦʢʫʤʝʥʪʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʦ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ ʯʝʨʝʟ ʧʨʦʪʦʢʦʣ SMTP) ʠ AS2 (ʦʙʲʝʜʠʥʷʝʪ 

EDI ʠ ʀʥʪʝʨʥʝʪ, ʧʦʟʚʦʣʷʝʪ ʦʙʤʝʥʠʚʘʪʴʩʷ 

ʮʠʬʨʦʚʳʤʠ ʜʘʥʥʳʤʠ ʯʝʨʝʟ ʧʨʦʪʦʢʦʣ https); 

¶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ð ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MDN (ʦʧʦʚʝʱʝʥʠʡ ʦ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʩʦʦʙʱʝʥʠʡ) ʜʣʷ ʢʦʥʪʨʦʣʴʥʳʭ 

ʩʫʤʤ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʜʦʢʫʤʝʥʪ ʙʝʟ 

ʚʝʜʦʤʘ ʧʦʣʫʯʘʪʝʣʷ; 

¶ ʛʘʨʘʥʪʠʠ ʜʦʩʪʘʚʢʠ ð ʩʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʦʚʝʱʘʝʪ ʦʪʧʨʘʚʠʪʝʣʷ ʦ ʜʦʩʪʘʚʢʝ 

ʜʦʢʫʤʝʥʪʘ; 

¶ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ð ʦʙʨʘʙʦʪʢʘ ʠ ʧʝʨʝʜʘʯʘ 

ʜʦʢʫʤʝʥʪʘ ʚ ʪʝʯʝʥʠʝ 15 ʩʝʢʫʥʜ; 

¶ ʪʦʯʥʦʩʪʴ ð ʚʩʪʨʦʝʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʨʘʙʦʪʢʫ 

ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʠ ʧʨʠ 

ʩʦʚʝʨʰʝʥʠʠ ʦʰʠʙʢʠ ʚ ʟʘʧʦʣʥʝʥʠʠ ʬʦʨʤʳ ʦʥʘ 

ʤʛʥʦʚʝʥʥʦ ʦʙ ʵʪʦʤ ʩʦʦʙʱʘʝʪ; 

¶ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ð ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʤ ʧʝʨʩʦʥʘʣʝ ʩʦʢʨʘʱʘʝʪʩʷ ʤʠʥʠʤʫʤ 

ʥʘ 70%, ʘ ʟʘʪʨʘʪʳ ʥʘ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ï ʥʘ 

80%. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚʥʝʜʨʝʥʠʝ EDI ʧʦʟʚʦʣʷʝʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʦʩʪʘʚʣʝʥʠʝʤ 

ʜʦʢʫʤʝʥʪʦʚ, ʜʦ 7ï10% ʦʪ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʩʜʝʣʢʠ; 

¶ IT-ʩʦʚʤʝʩʪʠʤʦʩʪʴ ð ʝʩʣʠ ʚ ʢʦʤʧʘʥʠʠ 

ʠʤʝʝʪʩʷ ERP-ʩʠʩʪʝʤʘ, ʪʦ ʧʦʩʪʘʚʱʠʢ ʪʝʭʥʦʣʦʛʠʠ EDI 

ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʪʴ ʝʝ ʠʥʪʝʛʨʘʮʠʶ ʩ ʫʯʝʪʥʦʡ 

ʩʠʩʪʝʤʦʡ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʴ ʢʣʠʝʥʪʘ ʦʪ ʜʚʦʡʥʦʛʦ 

ʚʚʦʜʘ ʜʘʥʥʳʭ. ɽʩʣʠ ʞʝ ʛʦʚʦʨʠʪʴ ʦ ʢʦʤʧʘʥʠʷʭ, 

ʥʝ ʠʤʝʶʱʠʭ ʫʯʝʪʥʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʜʣʷ ʥʠʭ 

ʩʫʱʝʩʪʚʫʝʪ ʩʣʝʜʫʶʱʝʝ ʨʝʰʝʥʠʝ: ʧʦʩʪʘʚʱʠʢ 
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ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʢʣʶʯʘʝʪ ʠʭ ʢ WEB-ʧʦʨʪʘʣʫ, ʛʜʝ 

ʢʦʤʧʘʥʠʠ ʭʨʘʥʷʪ ʩʚʦʠ ʜʘʥʥʳʝ ʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʠʤʠ 

ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ. 

ɺ ɹʝʣʘʨʫʩʠ ʩʝʛʦʜʥʷ ʘʢʪʠʚʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ERP-ʩʠʩʪʝʤ 

(Enterprise Resource Planning ð ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʨʝʩʫʨʩʦʚ ʧʨʝʜʧʨʠʷʪʠʷ) ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʙʫʭʛʘʣʪʝʨʠʝʡ, ʬʠʥʘʥʩʘʤʠ ʠ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʦʡ. ʇʦʤʠʤʦ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ ʚ ʮʝʣʦʤ, ʥʘʣʠʯʠʝ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ 

ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʘʢʮʠʡ ʢʦʤʧʘʥʠʠ ʥʘ 

ʙʠʨʞʝ ʠ ʟʘʢʣʶʯʝʥʠʷ ʟʥʘʯʠʤʳʭ ʢʦʥʪʨʘʢʪʦʚ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʳʥʢʝ ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ. 

ʉ ʧʦʷʚʣʝʥʠʝʤ ʚ ʦʪʨʘʩʣʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʢʣʘʩʩʘ ERP ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤʧʘʥʠʠ 

ʧʦʣʫʯʠʣʠ ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʬʠʥʘʥʩʘʤʠ. 

ɻʣʘʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ ð 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ, ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʩʝʭ 

ʬʠʥʘʥʩʦʚʳʭ ʜʘʥʥʳʭ. ʀ, ʯʪʦ ʚʘʞʥʦ, ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ: ʨʫʢʦʚʦʜʠʪʝʣʴ ʭʦʯʝʪ ʚ ʢʘʞʜʳʡ 

ʢʦʥʢʨʝʪʥʳʡ ʤʦʤʝʥʪ ʚʠʜʝʪʴ ʩʦʩʪʦʷʥʠʝ ʩʯʝʪʦʚ, 

ʦʪʩʣʝʞʠʚʘʪʴ ʨʘʙʦʪʫ ʩ ʢʦʥʪʨʘʛʝʥʪʘʤʠ ʠ ʪ.ʜ. 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ 

ʦʥʣʘʡʥ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʩʠʪʫʘʮʠʶ, ʚʥʦʩʠʪʴ ʩʨʦʯʥʳʝ ʢʦʨʨʝʢʪʠʚʳ ʚ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʳ, ʦʧʝʨʘʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʷʚʠʚʰʠʝʩʷ 

ʠʟʣʠʰʢʠ ʨʝʩʫʨʩʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ, ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ ʜʦʭʦʜʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ, ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʠ ʜʨʫʛʠʝ, 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ, ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ 

ʟʘ ʩʯʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʙʳʩʪʨʦʛʦ ʜʦʩʪʫʧʘ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʫʙʲʝʢʪʘʭ (ʧʦʢʫʧʘʪʝʣʴ, ʧʝʨʝʚʦʟʯʠʢ, 

ʪʝʨʤʠʥʘʣ) ʠ ʦʙʲʝʢʪʘʭ (ʪʦʚʘʨʳ, ʫʩʣʫʛʠ) ʜʦʩʪʘʚʢʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ: 

1. ʉʠʩʪʝʤʘ Gon-rand. ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Gon-rand ʷʚʣʷʝʪʩʷ ʩʙʦʨ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʘʣʠʯʠʠ ʛʨʫʟʘ. ʇʝʨʝʚʦʟʯʠʢ ʜʘʝʪ 

ʟʘʷʚʢʫ ʦ ʩʚʦʙʦʜʥʳʭ ʧʨʦʚʦʟʥʳʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʝʚʦʟʢʠ. ʀʥʬʦʨʤʘʮʠʷ ʟʘʥʦʩʠʪʩʷ ʚ 

ʙʘʟʫ ʜʘʥʥʳʭ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʛʨʫʟʘʭ ʧʦʩʪʫʧʘʝʪ ʚ 

ʩʠʩʪʝʤʫ ʥʝʧʨʝʨʳʚʥʦ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ 

ʛʨʫʧʧʠʨʦʚʘʪʴ ʛʨʫʟʳ ʧʦ ʦʪʧʨʘʚʠʪʝʣʷʤ, ʧʦʣʫʯʘʪʝʣʷʤ, 

ʢʦʣʠʯʝʩʪʚʫ ʤʝʩʪ ʠ ʚʳʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʦʪʧʨʘʚʣʝʥʠʠ, ʥʘʠʤʝʥʦʚʘʥʠʠ ʛʨʫʟʦʧʦʣʫʯʘʪʝʣʷ, 

ʥʦʤʝʨʝ ʘʚʪʦʤʦʙʠʣʷ, ʟʘʢʘʟʯʠʢʝ, ʢʦʜʝ ʜʝʧʘʨʪʘʤʝʥʪʘ ʠ 

ʩʫʤʤʝ ʦʪʧʨʘʚʣʝʥʠʡ ʧʦ ʜʝʧʘʨʪʘʤʝʥʪʘʤ. 

2. ʉʠʩʪʝʤʘ Videotrans ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ 

ʪʨʘʥʩʧʦʨʪʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʩʧʨʘʚʢʠ ʠ 

ʚʚʦʜʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʣʠʯʠʠ ʚ ʠʭ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠʣʠ ʪʦʚʘʨʘ ʜʣʷ ʜʦʩʪʘʚʢʠ. 

3. ʉʠʩʪʝʤʘ ʉʊʉ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʣʷ 

ʵʢʩʧʝʜʠʪʦʨʦʚ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʣʠʯʠʠ ʛʨʫʟʦʚ, ʪʠʧʘʭ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʤʘʨʰʨʫʪʘʭ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʘʜʨʝʩʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʬʠʨʤ, ʠʤʝʶʱʠʭ ʚ 

ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʳʡ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ, ʠ ʪ.ʧ. ɼʣʷ 

ʧʝʨʝʚʦʟʯʠʢʦʚ ʩʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʣʝʜʫʶʱʫʶ 

ʠʥʬʦʨʤʘʮʠʶ: ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʛʨʫʟʢʠ, ʘʜʨʝʩ 

ʦʪʧʨʘʚʠʪʝʣʷ, ʤʝʩʪʦ ʠ ʚʨʝʤʷ ʟʘʛʨʫʟʢʠ, ʚʨʝʤʷ 

ʧʨʠʙʳʪʠʷ ʩ ʛʨʫʟʦʤ, ʘʜʨʝʩ ʧʦʣʫʯʘʪʝʣʷ ʠ ʪ.ʧ. 

4. ʉʠʩʪʝʤʘ BRS ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʘʥʘʣʦʛʠʯʥʦ 

ʩʠʩʪʝʤʝ ʉʊʉ. ɻʨʫʟʦʦʪʧʨʘʚʠʪʝʣʴ ʢʦʥʪʘʢʪʠʨʫʝʪ ʥʝ ʩ 

ʧʝʨʝʚʦʟʯʠʢʦʤ, ʘ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ. 

ʌʠʨʤʘ ʛʘʨʘʥʪʠʨʫʝʪ ʦʧʣʘʪʫ ʧʝʨʝʚʦʟʯʠʢʘʤ 

ʚʳʧʦʣʥʝʥʥʦʡ ʧʝʨʝʚʦʟʢʠ, ʝʩʣʠ ʟʘʢʘʟʯʠʢ ʥʝ ʧʨʦʠʟʚʝʣ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʧʣʘʪʫ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʘʩʰʠʨʷʷ ʪʝʤ 

ʩʘʤʳʤ ʦʭʚʘʪ ʨʳʥʢʘ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

5. ʉʠʩʪʝʤʘ Espace Cat ʩʦʦʙʱʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʚʦʟʠʤʳʭ ʛʨʫʟʦʚ ʠ ʩʭʝʤʳ ʠʭ 

ʨʘʟʤʝʱʝʥʠʷ ʚ ʢʫʟʦʚʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, 

ʧʨʝʜʩʪʘʚʣʷʷ ʵʪʠ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʪʨʝʭʤʝʨʥʳʭ 

ʛʨʘʬʠʢʦʚ. ʉʠʩʪʝʤʘ ʚʳʯʠʩʣʷʝʪ ʧʘʨʘʤʝʪʨʳ 

ʦʧʪʠʤʘʣʴʥʦʡ ʫʧʘʢʦʚʢʠ. ʆʙʣʘʜʘʷ ʤʦʜʫʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʦʥʘ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʪʩʷ ʢ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʉʦʟʜʘʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʪʦʚʘʨʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʦʡ. ʊʘʢʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʚʢʣʶʯʘʶʪ ʙʘʟʳ ʠ ʙʘʥʢʠ ʜʘʥʥʳʭ, ʙʘʥʢʠ ʤʦʜʝʣʝʡ, 

ʩʠʩʪʝʤʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʠ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʪʥʳʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʧʨʠ 

ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ. 

6. ʉʠʩʪʝʤʘ ISCIS ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, ʦʙʩʣʫʞʠʚʘʶʱʝʡ 

ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʢʘʥʘʣ. ɺʨʝʤʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʡ ʠʟ 

ʣʶʙʦʡ ʪʦʯʢʠ ʟʝʤʥʦʛʦ ʰʘʨʘ ʚ ʜʨʫʛʫʶ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 

ʪʦʣʴʢʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʬʦʨʤʘʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʚʨʝʤʝʥʝʤ ʦʞʠʜʘʥʠʷ 

ʥʘʯʘʣʘ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʦʙʨʘʙʦʪʢʘ ʩʦʦʙʱʝʥʠʡ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʧʦʩʪʘʚʱʠʢʦʚ ʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʩʠʩʪʝʤʝ Kanban, 

"ʪʦʯʥʦ ʚ ʩʨʦʢ" ʠ ʜʨ. 

7. ʉʠʩʪʝʤʘ GPS ð ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ 

ʛʣʦʙʘʣʴʥʘʷ ʩʧʫʪʥʠʢʦʚʘʷ ʩʠʩʪʝʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʰʠʨʦʪʳ ʠ ʜʦʣʛʦʪʳ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʩʫʜʥʘ, 

ʩʘʤʦʣʝʪʘ, ʛʨʫʟʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠ ʪ.ʧ.). ʉʠʩʪʝʤʘ 

ʩʚʷʟʘʥʘ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʩʧʫʪʥʠʢʘʤʠ ɿʝʤʣʠ. 

ʂʘʞʜʳʡ ʩʧʫʪʥʠʢ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʜʘʝʪ ʚ ʵʬʠʨ 

ʩʠʛʥʘʣʳ ʚʨʝʤʝʥʠ ʠ ʢʦʦʨʜʠʥʘʪʳ ʩʚʦʝʛʦ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ. ʊʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʜʦʣʞʥʦ 

ʙʳʪʴ ʦʩʥʘʱʝʥʦ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʠʝʤʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʝʪ ʩʠʛʥʘʣʳ ʩ ʪʨʝʭ 

ʩʧʫʪʥʠʢʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʭ ʠ 

ʚʳʚʦʜʠʪ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʥʘ 
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ʜʠʩʧʣʝʡ (ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʥʝ 

ʙʦʣʝʝ 3-15 ʤ). 

ɺʳʚʦʜʳ. ʇʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʝʛʦʜʥʷ 

ʥʝʦʙʭʦʜʠʤ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʥʝʠʟʙʝʞʝʥ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʩʝ ʚʦʟʨʘʩʪʘʶʱʠʤ ʦʙʲʝʤʦʤ 

ʧʦʜʣʝʞʘʱʠʭ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ. ʆʙʳʯʥʳʤʠ, 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʫʞʝ ʥʝ ʫʜʘʝʪʩʷ ʠʟʚʣʝʯʴ 

ʠʟ ʵʪʦʛʦ ʧʦʪʦʢʘ ʚʩʶ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ.  

ʆʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʫʧʨʘʚʣʝʥʠʠ 

ʩʪʘʥʦʚʠʪʩʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʝʥʠʝ 

ʥʫʞʥʳʭ ʩʚʝʜʝʥʠʡ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚʥʝʜʨʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ, ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʫʯʝʪʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʚ ʩʬʝʨʝ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʥʮʝʧʮʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʭʨʘʥʠʣʠʱ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʪʜʘʯʫ ʚ 100%. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʨʷʜ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʠʤʝʶʱʠʭ ʩʚʦʠ ʩʧʝʮʠʬʠʢʠ, ʬʫʥʢʮʠʦʥʘʣ ʠ 

ʠʥʪʝʛʨʘʮʠʶ ʚ ʩʬʝʨʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʯʘʩʪʥʦʩʪʠ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ 

ʮʝʣʦʤ. ɼʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ʧʦʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʪʨʘʥʩʧʦʨʪʥʦʡ ʣʦʛʠʩʪʠʢʠ 

ʙʣʘʛʦʜʘʨʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʩʫʪʴ 

ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʚ ʟʘʤʝʥʝ ʙʫʤʘʞʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠ 

ʧʝʨʝʚʦʟʦʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʳʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʧʦʪʦʢʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʛʨʫʟʦʧʦʪʦʢʠ.   
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INFORMATION TECHNOLOGIES AT MODERN 

TRANSPORT ENTERPRISE 

The article is devoted to the topical issue of the 

implementation of information technologies in modern 

transport enterprise. The electronic systems facilitating 

optimization of the work with documents and data in the 

transport enterprise as well as expedition of the decision-

making had been considered. These systems will contribute to 

the development of transport logistics due to the information 

technology, the essence of which is to replace paper forms and 

shipping documents electronically, and to automate the 

information flows accompanying the flow of goods. 

Keywords: circulation of documents, information flows, 

transport logistics, transport enterprise, the speed of data 

processing, electronic data interchange. 
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ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʰʚʝʡʥʳʭ 

ʠʟʜʝʣʠʡ ʥʘ ʙʘʟʝ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʠʤʝʶʱʠʭʩʷ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʩ ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʪʨʝʭʤʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʀʟʫʯʝʥʠʝ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʙʲʝʢʪʠʚʥʳʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʨʘʮʠʦʥʘʣʴʥʦ ʟʘʤʝʥʷʪʴ ʦʙʲʝʢʪʠʚʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʪʨʝʭʤʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʂʦʤʧʣʝʢʩ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ, ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ ʵʪʦʤ, ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʤʝʩʪʥʳʝ ʠ ʩʨʝʜʥʝʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʵʪʘʣʦʥʥʳʤʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʰʚʝʡʥʦʛʦ ʠʟʜʝʣʠʷ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 

ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʯʝʩʪʚʦ, ʪʨʝʭʤʝʨʥʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ, ʵʪʘʣʦʥ, ʢʦʦʨʜʠʥʘʪʳ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ. 

 

 

ɺʚʝʜʝʥʠʝ. ʋʩʣʦʚʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʨʳʥʦʯʥʦʡ 

ʵʢʦʥʦʤʠʢʠ ʠ ʞʝʩʪʢʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʪʨʝʙʫʶʪ ʦʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠʟʜʝʣʠʡ ʰʚʝʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʨʳʥʢʘ 

ʧʨʠʦʙʨʝʪʘʶʪ ʚʦʧʨʦʩʳ ʢʘʯʝʩʪʚʘ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ.  

ʂʘʯʝʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʟʜʝʣʠʡ, ʧʦʵʪʦʤʫ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʩʪʨʝʤʠʪʩʷ ʫʣʫʯʰʠʪʴ ʩʚʦʡʩʪʚʘ ʩʚʦʝʡ 

ʧʨʦʜʫʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʚʘʨʘʤʠ ʢʦʥʢʫʨʝʥʪʦʚ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʝ ʩʪʦʠʤʦʩʪʠ. 

ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʯʝʩʪʚʦ 

ʠʟʜʝʣʠʷ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʝʱʝ ʥʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʘ ʨʳʥʢʝ ʦʜʝʞʜʳ ʩʝʡʯʘʩ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʦʛʨʝʩʩʠʚʥʳʡ ʨʦʩʪ ʪʨʝʙʦʚʘʥʠʡ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ 

ʢʘʯʝʩʪʚʫ, ʨʘʟʥʦʦʙʨʘʟʠʶ ʠʟʜʝʣʠʡ ʩ ʙʳʩʪʨʦ 

ʤʝʥʷʶʱʠʤʩʷ ʘʩʩʦʨʪʠʤʝʥʪʦʤ ʤʦʜʝʣʝʡ. ʇʦʵʪʦʤʫ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʨʳʥʢʘ ʦʜʝʞʜʳ ʜʣʷ 

ʰʚʝʡʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʤʦʙʠʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʜʝʞʜʳ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʪʠʤʠʟʘʮʠʶ ʪʨʝʙʦʚʘʥʠʡ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʜʝʞʜʳ ʚ 

ʤʘʪʝʨʠʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ʊʨʘʜʠʮʠʦʥʥʦ ʚ ʣʝʛʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ, 

ʠʣʠ ʧʨʦʩʪʝʡʰʠʝ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʩʧʦʩʦʙʳ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ. ʋʯʠʪʳʚʘʷ ʪʝʥʜʝʥʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʚʠʪʠʷ ʪʨʝʭʤʝʨʥʳʭ 

ʠʟʤʝʨʝʥʠʡ, ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

3Dʩʢʘʥʝʨʦʚ [1]. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʝʘʣʴʥʦʝ ʰʚʝʡʥʦʝ 

ʠʟʜʝʣʠʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʪʨʝʭʤʝʨʥʳʤ ʦʙʲʝʢʪʦʤ, 

ʤʦʞʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʚʳʩʠʪʴ ʦʙʲʝʢʪʠʚʥʦʩʪʴ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ [2]. 

ʇʨʠʥʮʠʧʳ ʜʝʡʩʪʚʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʢʘʥʝʨʦʚ 

ʦʧʠʩʘʥʳ ʚ [3-4], ʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʥʘʜ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘ 

ʧʨʠʤʝʨʝ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ð ʚ [5-6]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʩʢʘʥʝʨʦʚ 

ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʠ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ - ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [7], 

ʫʯʠʪʳʚʘʷ, ʯʪʦ ʜʘʥʥʳʝ ʩʦ ʩʢʘʥʝʨʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʚ 

ʢʦʤʧʴʶʪʝʨʘʭ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʟʚʦʣʠʪ ʚʥʝʜʨʷʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʠ ʢʦʥʪʨʦʣʝ [8-9], ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʠ ʧʦʚʳʰʘʪʴ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʧʝʨʘʮʠʦʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ [10-11]. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʦʜʝʞʜʳ ʩʦʯʝʪʘʝʪʩʷ ʩ ʟʘʜʘʯʝʡ ʩʦʟʜʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʧʦ ʠʟʤʝʨʝʥʠʶ ʬʠʛʫʨʳ ʯʝʣʦʚʝʢʘ [12]. 

ʅʘʣʠʯʠʝ ʮʠʬʨʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʘʥʥʳʭ ʧʦ 

ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʚʩʝʛʦ ʠʟʜʝʣʠʷ ʢʘʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʠʛʫʨʳ ʧʦʜʢʨʝʧʣʷʝʪʩʷ ʤʝʪʦʜʘʤʠ 

ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ ʜʝʬʝʢʪʦʚ 

ʧʨʦʜʫʢʮʠʠ [13-14]. 
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʦʜʚʠʞʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʪʨʝʭʤʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʣʝʛʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʢʘ ʦʛʨʘʥʠʯʝʥʦ, ʘ ʚ ʧʨʦʮʝʩʩʘʭ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ï ʢʨʘʡʥʝ ʨʝʜʢʦ. ɺʥʝʜʨʝʥʠʝ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩʧʦʩʦʙʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚ ʰʚʝʡʥʦʡ ʦʪʨʘʩʣʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʰʚʝʡʥʳʭ 

ʠʟʜʝʣʠʡ ʥʘ ʙʘʟʝ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʩ 

ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʪʨʝʭʤʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʦʙʣʝʤʘ ʢʘʯʝʩʪʚʘ ʥʦʩʠʪ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ 

ʫʩʧʝʰʥʦ ʦʥʘ ʨʝʰʘʝʪʩʷ, ʟʘʚʠʩʠʪ ʤʥʦʛʦʝ ʚ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʩʦʮʠʘʣʴʥʦʡ ʞʠʟʥʠ ʣʶʙʦʡ ʩʪʨʘʥʳ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ. ʂʘʯʝʩʪʚʦ 

ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ ʯʘʱʝ ʚʩʝʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʠʟʫʘʣʴʥʦ ʩ ʧʦʤʦʱʴʶ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ, ʧʨʦʩʪʳʤ ʠ ʜʦʩʪʫʧʥʳʤ. ʂʘʯʝʩʪʚʦ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ ʯʝʣʦʚʝʢʘ 

ʠ ʝʛʦ ʦʱʫʱʝʥʠʡ, ʧʦʵʪʦʤʫ ʪʦʯʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʷ ʟʘʚʠʩʷʪ ʦʪ 

ʢʚʘʣʠʬʠʢʘʮʠʠ, ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ, ʩʧʦʩʦʙʥʦʩʪʝʡ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʮʝʥʠʚʘʶʱʠʭ ʢʘʯʝʩʪʚʦ. 

ʆʩʥʦʚʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ ʩʣʫʞʘʪ ʦʨʛʘʥʳ ʯʫʚʩʪʚ (ʦʨʛʘʥʳ ʟʨʝʥʠʷ ʠ 

ʨʝʮʝʧʪʦʨʳ ʧʨʠʢʦʩʥʦʚʝʥʠʷ). ʆʨʛʘʥʳ ʟʨʝʥʠʷ ï ʛʣʘʟʘ, 

ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʚʦʩʧʨʠʥʠʤʘʪʴ ʟʨʠʪʝʣʴʥʳʝ 

ʦʱʫʱʝʥʠʷ ʬʦʨʤʳ (ʩʠʣʫʵʪʘ), ʢʦʤʧʦʟʠʮʠʠ (ʭʘʨʘʢʪʝʨʘ 

ʯʣʝʥʝʥʠʷ ʜʝʪʘʣʝʡ), ʮʚʝʪʘ, ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʮʝʣʦʩʪʥʦʩʪʴ. ʈʝʮʝʧʪʦʨʳ ʧʨʠʢʦʩʥʦʚʝʥʠʷ ʧʨʠʥʠʤʘʶʪ 

ʨʘʟʣʠʯʥʳʝ ʪʘʢʪʠʣʴʥʳʝ ʦʱʫʱʝʥʠʷ: ʧʨʠʢʦʩʥʦʚʝʥʠʷ, 

ʜʘʚʣʝʥʠʷ, ʫʜʦʙʩʪʚʘ ʚ ʩʪʘʪʠʢʝ ʠ ʜʠʥʘʤʠʢʝ, ʪʝʧʣʘ ʠʣʠ 

ʭʦʣʦʜʘ. 

ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʢʘʯʝʩʪʚʦ ʧʦʩʘʜʢʠ ʠʟʜʝʣʠʷ ʥʘ ʬʠʛʫʨʝ, ʤʘʥʝʢʝʥʝ ʠ 

ʢʘʯʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʢʘʯʝʩʪʚʦ 

ʫʧʘʢʦʚʢʠ ʠ ʤʘʨʢʠʨʦʚʢʠ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʥʳʭ 

ʨʘʟʨʘʙʦʪʦʢ. 

ɺ ʰʚʝʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʪʨʝʭʤʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʩʧʦʩʦʙʥʳʝ ʚʦ ʤʥʦʛʦʤ ʟʘʤʝʥʠʪʴ 

ʩʫʙʲʝʢʪʠʚʥʳʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ 

ʩʪʘʥʜʘʨʪʦʚ. 

ʂʘʯʝʩʪʚʦ ʧʦʩʘʜʢʠ ʠʟʜʝʣʠʷ ʥʘ ʬʠʛʫʨʝ ʠʣʠ 

ʤʘʥʝʢʝʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʟʫʘʣʴʥʦ. ʇʨʠ ʵʪʦʤ ʠʟʜʝʣʠʝ 

ʦʜʝʚʘʝʪʩʷ ʥʘ ʯʝʣʦʚʝʢʘ ʠʣʠ ʤʘʥʝʢʝʥ, ʟʘʩʪʝʛʠʚʘʝʪʩʷ ʥʘ 

ʚʩʝ ʧʫʛʦʚʠʮʳ, ʠ ʟʘʚʷʟʳʚʘʝʪʩʷ ʧʦʷʩ (ʝʩʣʠ ʝʩʪʴ). 

ʆʮʝʥʠʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʟʜʝʣʠʷ ʨʘʟʤʝʨʘʤ ʠ 

ʬʦʨʤʝ ʪʝʣʘ ʯʝʣʦʚʝʢʘ, ʤʦʜʝ, ʮʝʣʦʩʪʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʠ 

ʠʟʜʝʣʠʷ, ʥʘʣʠʯʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʜʝʬʝʢʪʦʚ 

(ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʣʘʜʦʢ, ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʢʣʘʜʦʢ, 

ʥʘʢʣʦʥʥʳʭ ʩʢʣʘʜʦʢ, ʫʛʣʦʚʳʭ ʟʘʣʦʤʦʚ ʠ ʙʘʣʘʥʩʦʚʳʭ 

ʥʘʨʫʰʝʥʠʡ), ʘ ʪʘʢʞʝ ʫʜʦʙʩʪʚʦ ʧʦʣʴʟʦʚʘʥʠʷ ʤʝʣʢʠʤʠ 

ʜʝʪʘʣʷʤʠ (ʢʘʨʤʘʥʳ, ʧʦʷʩʘ, ʢʣʘʧʘʥʳ, ʟʘʩʪʝʞʢʠ ʠ ʜʨ.) 

ʠ ʫʜʦʙʩʪʚʦ ʚ ʩʪʘʪʠʢʝ ʠ ʜʠʥʘʤʠʢʝ. 

ʅʝʜʦʩʪʘʪʢʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʦʙʫʩʣʦʚʣʝʥʳ ʠʭ ʙʦʣʴʰʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ, ʙʦʣʴʰʠʤ 

ʚʣʠʷʥʠʝʤ ʩʫʙʲʝʢʪʠʚʠʟʤʘ, ʦʪʩʫʪʩʪʚʠʝʤ ʨʝʘʣʴʥʳʭ 

ʯʠʩʣʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ɺʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʋʜʦʙʩʪʚʦ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʢʦʥʪʨʦʣʝ 

ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʨʝʘʢʪʠʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠʣʠ ʚ ʜʨʫʛʠʭ 

ʩʣʦʞʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʪʦʯʥʦʩʪʠ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʜʦ ʩʠʭ 

ʧʦʨ ʥʝ ʧʦʣʫʯʠʣ ʜʦʣʞʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʩʚʷʟʠ ʩ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʠʢʠ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. 

3Dʩʢʘʥʝʨ ʩʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʩʚʝʪʦʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʪʨʝʭʤʝʨʥʦʡ ʬʦʨʤʳ ʦʙʲʝʢʪʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ 

ʢʘʤʝʨʳ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʫʟʢʦʡ ʧʦʣʦʩʳ ʩʚʝʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʭʤʝʨʥʦʡ ʬʦʨʤʳ ʧʨʠʚʦʜʠʪ ʢ ʝʝ 

ʠʩʢʘʞʝʥʠʶ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʪʦʯʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʇʨʠʥʮʠʧ ʪʨʝʭʤʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 3Dʧʨʠʥʪʝʨʦʚ ʧʦʢʘ ʜʦʩʪʘʪʦʯʥʦ 

ʟʘʪʨʘʪʥʘʷ, ʢʘʢ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʡ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʷʚʠʣʠʩʴ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʝ 

ʧʨʦʝʢʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ ʪʨʝʭʤʝʨʥʳʝ 

ʩʢʘʥʝʨʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʝʜʦʨʦʛʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʚʘ ʪʠʧʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʝʨʚʳʡ 

ʠʩʧʦʣʴʟʫʝʪ ʣʘʟʝʨʥʳʝ ʨʫʯʢʠ, ʚʝʙ-ʢʘʤʝʨʳ ʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʟʘʜʠ ʧʣʘʩʪʠʥʳ ʩʦ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʪʦʯʢʘʤʠ ʥʘ ʢʘʞʜʦʤ ʬʘʩʘʜʝ. ʊʦʯʢʠ 

ʧʦʷʚʣʷʶʪʩʷ ʟʘ ʦʙʲʝʢʪʦʤ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 
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ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʢʘʢ ʯʘʩʪʴ ʧʨʦʮʝʩʩʘ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ɺʪʦʨʘʷ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʪʦʪ ʞʝ ʪʠʧ ʢʘʤʝʨʳ 

ʠ ʧʨʦʝʢʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʦʝʮʠʨʫʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʀʤʝʥʥʦ ʵʪʦʪ 

ʧʨʦʮʝʩʩ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʩʢʘʥʠʨʦʚʘʥʠʝ ʚ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʤ ʩʚʝʪʝ, ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʣʠʯʘʪʴ 

ʦʯʝʨʪʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʰʘʙʣʦʥʘ. 

ʊʨʝʭʤʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʫʞʝ ʩʝʡʯʘʩ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʷʜʝ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʬʦʨʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

(ʥʘʧʨʠʤʝʨ, ʣʦʧʘʪʦʢ ʪʫʨʙʠʥ), ʦʙʨʘʪʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ (ʧʦʣʫʯʝʥʠʝ ʪʦʯʥʳʭ CADʜʘʥʥʳʭ ʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ), ʠʟʤʝʨʝʥʠʷ ʦʙʲʝʤʘ 

(ʥʘʧʨʠʤʝʨ, ʦʙʲʝʤ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʚ ʜʚʠʛʘʪʝʣʷʭ), 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʰʣʠʬʦʚʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʠʟʤʝʨʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ ʜʣʷ 

ʢʦʩʤʝʪʠʢʠ ʠ ʤʝʜʠʮʠʥʳ, ʠʟʤʝʨʝʥʠʷ ʥʘ ʪʢʘʥʠ ʠ ʢʦʞʝ. 

ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʩʢʘʥʝʨʦʚ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʚʝʨʭʥʝʡ ʦʜʝʞʜʳ, ʥʘʜʝʪʦʡ ʥʘ ʤʘʥʝʢʝʥ, 

ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʚʠʟʫʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʠʟʜʝʣʠʷ ʚ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʨʝʜʝ (ʨʠʩ. 2). 

 

 
 

ʈʠʩ. 2.  ʉʢʘʥʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʜʝʞʜʳ ʥʘ ʤʘʥʝʢʝʥʝ 

 

ʆʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʚʠʟʫʘʣʴʥʦ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʜʝʞʜʳ, ʚ 

ʨʝʘʣʴʥʦʩʪʠ ʚ ʬʦʨʤʘʪʝ Stl ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʙʦʨ ʪʦʯʝʢ ʩ ʠʟʚʝʩʪʥʳʤʠ ʪʨʝʭʤʝʨʥʳʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ (x, y, z). ʅʘʧʨʠʤʝʨ, ʥʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ 

ʧʣʝʯʝʚʘʷ ʟʦʥʘ ʦʜʝʞʜʳ, ʧʦʜʚʝʨʞʝʥʥʘʷ 

ʩʢʘʥʠʨʦʚʘʥʠʶ. 

ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʢʦʥʪʨʦʣʝʨʘ 

ʠʤʝʝʪʩʷ ʵʪʘʣʦʥʥʳʡ ʦʙʨʘʟʝʮ ʩʢʘʥʠʨʦʚʘʥʥʦʛʦ 

ʦʙʲʝʢʪʘ, ʚʳʧʦʣʥʝʥʥʳʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʠʟʜʝʣʠʷ ʥʘ 

ʤʘʥʝʢʝʥʝ ʩ ʠʜʝʘʣʴʥʦʡ ʧʦʩʘʜʢʦʡ, ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ 

ʤʦʞʥʦ ʥʘʡʪʠ ʦʪʢʣʦʥʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟʜʝʣʠʷ ʦʪ 

ʠʜʝʘʣʘ. 
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ʛʜʝ (xʝ , yʝ , zʝ ) ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʥʘ ʵʪʘʣʦʥʝ. 

 

 
 

ʈʠʩ. 3.  ʈʘʩʧʦʣʦʞʝʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʥʘ 

ʩʢʘʥʠʨʦʚʘʥʥʦʤ ʦʙʲʝʢʪʝ 

 

ʂʦʤʧʣʝʢʩ ʪʦʯʝʢ ʦʪʢʣʦʥʝʥʠʡ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʨʝʘʣʴʥʦʛʦ ʠʟʜʝʣʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ 

ʛʨʘʬʠʯʝʩʢʠ (ʨʠʩ. 4). 

 

 

 
ʈʠʩ. 4.  ʂʦʤʧʣʝʢʩ ʦʪʢʣʦʥʝʥʠʷ ʢʦʦʨʜʠʥʘʪ  

ʠʟʜʝʣʠʷ ʦʪ ʵʪʘʣʦʥʘ 

 

ʉ ʧʦʣʫʯʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʨʘʙʦʪʘʪʴ ʥʝʩʢʦʣʴʢʦ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʆʩʥʦʚʥʦʝ ʫʩʣʦʚʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ 

ʦʪʩʶʜʘ ʠʟʚʣʝʯʴ ð ʥʝʧʨʝʚʳʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʦʪʢʣʦʥʝʥʠʷ  ʝʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝäîïDD ¢max . 

ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʩʘʜʢʠ ʚʩʝʛʦ ʠʟʜʝʣʠʷ 

ʞʝʣʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. 

ɼʣʷ ʵʪʦʛʦ ʞʝʣʘʪʝʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʚ 

ʠʟʜʝʣʠʠ, ʧʨʝʜʩʪʘʚʣʷʷ ʠʭ ʢʘʢ ʬʫʥʢʮʠʶ ʦʪ ʜʚʫʭ 

ʢʦʦʨʜʠʥʘʪ ð ʚʳʩʦʪʳ ʠʟʜʝʣʠʷ ʠ ʫʛʣʘ, ʩ ʢʦʪʦʨʦʛʦ 

ʠʟʜʝʣʠʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɼʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜ 

ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʚ ʢʦʪʦʨʦʡ ʠʩʢʦʤʘʷ 

ʬʫʥʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 
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ʅʝʠʟʚʝʩʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ aij 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʵʪʘʣʦʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5. 

 

 
 

ʈʠʩ. 5.  ʇʦʚʝʨʭʥʦʩʪʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʵʪʘʣʦʥʘ  

ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ 

 

ɺ ʫʩʣʦʚʠʷʭ ʥʘʣʠʯʠʷ ʬʫʥʢʮʠʠ ʨʝʘʣʴʥʳʭ 

ʦʪʢʣʦʥʝʥʠʡ ʤʦʞʥʦ, ʚʦ-ʧʝʨʚʳʭ, ʨʝʘʣʴʥʦ ʦʮʝʥʠʪʴ 

ʟʦʥʳ ʩʘʤʳʭ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʝʬʝʢʪʦʚ, ʚʦ-ʚʪʦʨʳʭ, 

ʚʳʷʚʠʪʴ ʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʪʘʢʠʝ 

ʢʘʢ ʩʨʝʜʥʝʠʥʪʝʛʨʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ  
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ɺ ʩʣʫʯʘʝ ʚʘʞʥʦʩʪʠ ʧʦʩʘʜʢʠ ʦʜʝʞʜʳ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʤʦʛʫʪ ʙʳʪʴ ʚʚʝʜʝʥʳ ʤʝʩʪʥʳʝ 

ʩʨʝʜʥʝʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʪʢʣʦʥʝʥʠʷ 
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ʛʜʝ a ð ʥʘʯʘʣʦ ʫʯʘʩʪʢʘ ʢʦʥʪʨʦʣʷ ʧʦ ʚʳʩʦʪʝ, b ð 

ʜʣʠʥʘ ʫʯʘʩʪʢʘ ʢʦʥʪʨʦʣʷ ʧʦ ʚʳʩʦʪʝ, Ŭ ð ʥʘʯʘʣʦ 

ʫʯʘʩʪʢʘ ʢʦʥʪʨʦʣʷ ʧʦʜ ʫʛʣʦʤ, ɓ ð ʫʛʦʣ ʢʦʥʪʨʦʣʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʣʴʥʳʡ ʧʨʠʤʝʨ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʧʨʠ ʧʦʤʦʱʠ ʢʠʥʝʢʪʩʠʩʪʝʤʳ. 

ʇʨʦʮʝʩʩ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʦʤʦʱʴʶ ʥʝʛʦ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʚʝʜʝʥʠʠ ʠʟʤʝʨʷʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʧʨʠʙʦʨʦʤ. ʊʦʯʢʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʬʠʢʩʠʨʫʶʪʩʷ ʢʦʤʧʴʶʪʝʨʦʤ ʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ 

ʵʢʨʘʥʝ ʚ ʚʠʜʝ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 6). 

ʂ ʩʦʞʘʣʝʥʠʶ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʥʝʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʪʦʯʝʢ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

ʜʚʫʭ ʤʠʣʣʠʦʥʦʚ. ɼʘʞʝ ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʩ 

ʪʨʫʜʦʤ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʪʘʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʨʷʜ ʟʘʜʘʯ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʇʝʨʚʘʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʨʝʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʠʛʫʨʳ ʠʣʠ ʦʜʝʞʜʳ (ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʮʝʣʷʭ 

ʜʠʟʘʡʥʘ ʠʣʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʦʣʫʯʝʥʠʷ ʨʘʟʚʝʨʪʦʢ). 

ɺʪʦʨʘʷ ʟʘʜʘʯʘ ð ʦʧʨʝʜʝʣʝʥʠʝ ʨʝʘʣʴʥʳʭ ʨʘʟʤʝʨʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ. 

 

 
 

ʈʠʩ. 6.  ʈʝʟʫʣʴʪʘʪ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ  

ʢʠʥʝʢʪʩʠʩʪʝʤʳ 

 

ɿʘʡʤʝʤʩʷ ʧʦʢʘ ʚʪʦʨʦʡ ʟʘʜʘʯʝʡ ʠ 

ʩʦʩʨʝʜʦʪʦʯʠʤʩʷ ʥʘ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ ʯʘʩʪʠ ð 

ʦʧʨʝʜʝʣʝʥʠʠ ʦʙʭʚʘʪʥʳʭ ʨʘʟʤʝʨʦʚ. 

ɺʳʷʩʥʠʤ ʩʥʘʯʘʣʘ, ʢʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ 

ʠʟʚʣʝʯʴ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʜʘʥʥʳʭ ʩ 3Dʩʢʘʥʝʨʘ ʚ ʚʠʜʝ DXFʬʘʡʣʘ, ʧʦʩʣʝʜʥʠʡ 

ʤʦʞʥʦ ʦʪʢʨʳʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʢʩʪʦʚʳʭ ʧʨʦʛʨʘʤʤ. 

ʂʘʞʜʘʷ ʪʦʯʢʘ ʚ ʥʝʤ ʚʳʜʝʣʷʝʪʩʷ ʦʧʨʝʜʝʣʠʪʝʣʝʤ 

POINT, ʧʦʩʣʝ ʯʝʛʦ ʩʣʝʜʫʝʪ ʨʷʜ ʜʘʥʥʳʭ (ʥʦʤʝʨ, ʮʚʝʪ 

ʠ ʪ.ʜ.). ʅʘʩ ʙʦʣʴʰʝ ʠʥʪʝʨʝʩʫʶʪ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ. 

ʊʘʢ, ʧʦʩʣʝ ʦʧʨʝʜʝʣʠʪʝʣʷ 10 ʚ ʬʘʡʣʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʯʠʩʣʦ ʘʙʩʮʠʩʩʘ ʪʦʯʢʠ, ʧʦʩʣʝ ʦʧʨʝʜʝʣʠʪʝʣʷ 20 ð 

ʦʨʜʠʥʘʪʘ ʪʦʯʢʠ, ʧʦʩʣʝ ʦʧʨʝʜʝʣʠʪʝʣʷ 30 ð 

ʘʧʧʣʠʢʘʪʘ ʪʦʯʢʠ. 

ʋʯʠʪʳʚʘʷ ʥʘʰʝ ʩʪʨʝʤʣʝʥʠʝ ʦʧʨʝʜʝʣʷʪʴ 

ʦʙʭʚʘʪʥʳʝ ʧʨʠʟʥʘʢʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʩʦʪʝ, ʧʦʧʨʦʙʫʝʤ ʠʟʙʘʚʠʪʴʩʷ ʦʪ 

ʦʜʥʦʡ ʢʦʦʨʜʠʥʘʪʳ. ɼʣʷ ʵʪʦʛʦ ʨʘʟʦʙʴʝʤ ʦʙʱʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʯʝʢ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩ 

ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʥʠʤʠ ȹz ʥʘ ʨʷʜ ʦʙʣʘʩʪʝʡ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʙʣʠʟʢʘ ʢ ʧʣʦʩʢʦʡ ʬʠʛʫʨʝ (ʨʠʩ. 6). 

ʇʨʠ ʵʪʦʤ ʚ ʢʘʞʜʫʶ ʦʙʣʘʩʪʴ ʧʦʧʘʜʘʶʪ ʪʦʯʢʠ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʳʩʦʪʝ ʠʟʤʝʨʝʥʠʡ. 

ʄʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʧʣʦʩʢʦʩʪʠ, ʢʦʪʦʨʦʝ 

ʦʪʥʦʩʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʘʟʤʝʨʥʦʤʫ ʧʨʠʟʥʘʢʫ. 

ʄʦʞʥʦ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʚʩʝ ʧʦʣʫʯʝʥʥʳʝ ʦʙʣʘʩʪʠ, 

ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʣʠʪʴ ʪʝ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʪ 

ʧʦʜ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʥʘʠʙʦʣʴʰʠʝ 

ʠʣʠ ʥʘʠʤʝʥʴʰʠʝ ʦʙʭʚʘʪʳ). ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʢʘʞʜʘʷ 

ʪʦʯʢʘ ʚʳʙʨʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠʤʝʝʪ ʚ DXFʬʘʡʣʝ ʪʨʠ 

ʢʦʦʨʜʠʥʘʪʳ, ʧʨʠʯʝʤ ʘʧʧʣʠʢʘʪʘ ʚ ʠʩʩʣʝʜʫʝʤʦʡ 

ʦʙʣʘʩʪʠ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 

 

.
22

z
zz

z
z ii

D
+¢¢

D
-

 
 

ɺʚʝʜʝʤ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚ ʨʘʤʢʘʭ 

ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 
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ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʨʠʨʘʚʥʷʝʤ ʢʦʦʨʜʠʥʘʪʫ 

z ʟʥʘʯʝʥʠʝʤ ʩʨʝʜʥʝʡ ʚʳʩʦʪʳ ʚʳʙʨʘʥʥʦʛʦ ʩʝʯʝʥʠʷ zi . 
ɺ ʠʪʦʛʝ ʢʘʞʜʘʷ ʦʪʜʝʣʴʥʘʷ ʦʙʣʘʩʪʴ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

ʧʦʣʷ ʪʦʯʝʢ ʥʘ ʧʣʦʩʢʦʩʪʠ.   

ɼʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʣʷ ʪʦʯʝʢ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʢʦʦʨʜʠʥʘʪʳ ʠ ʧʦʩʪʨʦʠʪʴ ʘʧʧʨʦʢʩʠʤʫʶʯʫ ʢʨʠʚʫʶ ʚ 

ʣʶʙʦʡ ʧʨʦʛʨʘʤʤʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʇʝʨʝʡʜʝʤ ʢ ʧʦʣʷʨʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ. ɼʣʷ ʵʪʦʛʦ 

ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʘʙʩʮʠʩʩʳ ʠ ʦʨʜʠʥʘʪʳ ʜʣʷ ʧʦʣʷ ʪʦʯʝʢ. 

ʈʘʟʤʝʩʪʠʤ ʧʦʣʶʩ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ 

ʮʝʥʪʨ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʝʯʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ 

ʧʝʨʝʯʠʩʣʠʤ ʜʝʢʘʨʪʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ ʢʘʞʜʦʡ ʪʦʯʢʠ 

ʧʦ ʬʦʨʤʫʣʘʤ 
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ɺ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ð 

ʨʘʜʠʫʩ-ʚʝʢʪʦʨ 
22 óõ +=r  ʠ ʧʦʣʷʨʥʳʡ ʫʛʦʣ 

y/x arctg=j . 

ɺʳʯʠʩʣʠʤ ʧʦʣʷʨʥʳʡ ʫʛʦʣ ʢʘʞʜʦʡ ʪʦʯʢʠ ʠ 

ʨʘʩʧʦʣʦʞʠʤ ʚʩʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʦʨʷʜʢʝ ʝʛʦ ʨʦʩʪʘ. 

ɸʧʧʨʦʢʩʠʤʘʮʠʦʥʥʘʷ ʢʨʠʚʘʷ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ 

ʜʘʥʥʳʤ ʪʦʯʢʘʤ ʠʤʝʝʪ ʚʠʜ ʠʩʢʦʤʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ 

(ʨʠʩ. 7). 
 

 
 

ʈʠʩ. 7. ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʢʨʠʚʘʷ ʩʝʯʝʥʠʷ 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʢʨʠʚʦʡ ʩ ʵʪʘʣʦʥʥʦʡ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʨʦʚʝʥʴ ʢʘʯʝʩʪʚʘ ʰʚʝʡʥʦʛʦ ʠʟʜʝʣʠʷ, 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ 

ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ. 

ɺʳʚʦʜʳ. 1. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʪʨʝʭʤʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ.  

2. ʀʟʫʯʝʥʠʝ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʰʚʝʡʥʳʭ ʠʟʜʝʣʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʫʙʲʝʢʪʠʚʥʳʝ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʢʦʥʪʨʦʣʷ ʨʘʮʠʦʥʘʣʴʥʦ 

ʟʘʤʝʥʷʪ ʦʙʲʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʪʨʝʭʤʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ. ʂʦʤʧʣʝʢʩ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ, 

ʧʦʣʫʯʘʝʤʳʡ ʧʨʠ ʵʪʦʤ, ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʤʝʩʪʥʳʝ ʠ ʩʨʝʜʥʝʠʥʪʝʛʨʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ. 
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Mokshina O.V.  

IMPROVING QUALITY OF CONTROL OBJECTIVE 

GARMENTS WITH THREE -DIMENSIONAL 

SCANNING 

The article is devoted to the actual topic for the 

development of scientific and technical bases to improve the 

quality of garments based on the introduction of new and 

improvement of existing methods and measuring instruments 

and the definition of the quality of products, taking into 

account possibilities of modern, three-dimensional scanning. 

Study garments methods of quality control shows, that the 

subjective sensory testing methods to replace the rational 

objective methods of three-dimensional scanning. The complex 

coordinates of the points obtained at the same time, allows 

you to define local and medium-integrated quality indicators. 

A comparison of the data with reference demonstrates the 

level of quality garment that can be used for the construction 

of automated quality control systems garments. 

Key words: quality, three-dimensional scanning, 

standard, location, automation. 
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OPTIMAL LAYOUT OF MULTILA YER SHAFT 
 

Mokshina O.V., Bykadorov V.V., Ivanova E.I. 

 
ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʪʝʤʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨ ʤʥʦʛʦʩʣʦʡʥʳʭ ʚʘʣʦʚ ʠʩʭʦʜʷ ʠʟ 

ʢʨʠʪʝʨʠʝʚ ʤʠʥʠʤʠʟʘʮʠʠ ʚʠʙʨʘʮʠʡ ʰʚʝʡʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʰʚʝʡʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʚʘʣʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ  ʵʪʠʭ ʚʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʙʨʘʮʠʷ, ʤʥʦʛʦʩʣʦʡʥʳʡ ʚʘʣ, 

ʦʧʦʨʘ, ʦʧʪʠʤʠʟʘʮʠʷ, ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ. 

 

 

ɺʚʝʜʝʥʠʝ. ʅʝʨʝʰʝʥʥʳʤʠ ʠ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʷʚʣʷʶʪʩʷ ʟʘʜʘʯʠ ʩʥʠʞʝʥʠʷ 

ʚʠʙʨʘʮʠʡ ʥʘ ʫʨʦʚʥʝ ʵʢʩʧʣʫʘʪʘʮʠʠ,  ʧʫʪʝʤ ʚʳʙʦʨʘ 

ʧʨʘʚʠʣʴʥʳʭ ʨʝʞʠʤʦʚ ʥʘʣʘʜʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʜʥʠʤ 

ʠʟ ʚʝʜʫʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚʠʙʨʘʮʠʠ ʚ ʰʚʝʡʥʦʤ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʷʚʣʷʶʪʩʷ ʚʘʣʳ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʜʦʩʪʘʪʦʯʥʫʶ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʴ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ 

ʚʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʩʦʚʨʝʤʝʥʥʳʝ ʩʭʝʤʳ ʤʘʰʠʥ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʯʪʠ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ, ʤʝʪʦʜʳ ʠʭ ʨʘʩʯʝʪʦʚ ʨʘʟʨʘʙʦʪʘʥʳ 

ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʨʘʟʚʠʪʠʷ ʰʚʝʡʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʥʘ ʦʩʥʦʚʝ 

ʦʙʲʝʜʠʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʠ ʧʝʨʝʭʦʜʘ ʥʘ ʩʪʨʫʢʪʫʨʥʫʶ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʦʥʦʚʢʝ 

ʤʥʦʛʠʭ ʤʝʭʘʥʠʟʤʦʚ ʯʘʩʪʦ ʚ ʢʦʨʧʫʩʝ  ʦʛʨʘʥʠʯʝʥʥʦʛʦ  

ʨʘʟʤʝʨʘ  ʚʘʣʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʥʫʪʨʠ ʜʨʫʛ ʜʨʫʛʘ [1-

3]. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʩʰʠʨʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʦʷʚʣʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʚʘʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʦʜʥʦʡ ʦʩʠ. ʄʘʰʠʥʘ ʩ 

ʤʥʦʛʦʩʣʦʡʥʳʤ ʚʘʣʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ (ʨʠʩ.1). ʇʨʠ 

ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨ ʪʘʢʠʭ ʚʘʣʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʠʥʮʠʧʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʚʘʣʳ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʠʟ ʧʨʠʥʮʠʧʦʚ 

ʧʨʦʯʥʦʩʪʠ, ʞʝʩʪʢʦʩʪʠ ʠ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ [2-4]. 

ɼʣʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʚʘʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ 

ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ.

 

 
 

ʈʠʩ.1. ʄʥʦʛʦʩʣʦʡʥʳʡ ʚʘʣ
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ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʚʘʣʦʚ ʠʩʭʦʜʷ ʠʟ ʢʨʠʪʝʨʠʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʠʙʨʘʮʠʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʠʤʝʝʪ ʩʚʦʶ ʤʘʩʩʫ, 

ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʚʘʣʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʩʭʝʤʳ (ʨʠʩ.2). 

 

 
 

ʈʠʩ.2. ʄʦʜʝʣʴ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʚʘʣʘ 

 

ʃʝʚʫʶ ʦʧʦʨʫ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʠ 

ʦʙʦʟʥʘʯʠʤ ʝʝ ʥʦʤʝʨʦʤ 1, ʧʦʣʦʞʝʥʠʝ ʚʪʦʨʦʡ ʙʫʜʝʤ 

ʤʝʥʷʪʴ ʠ ʠʩʢʘʪʴ ʝʝ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ. ɺ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʚʩʝ ʤʘʩʩʳ 

ʦʜʠʥʘʢʦʚʳʤʠ, ʨʘʟʤʝʨʳ a = b, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʦʩʣʝʜʥʠʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʤʘʩʩʘʤʠ (ʩ ʥʦʤʝʨʘʤʠ n ʠ 

2n) ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ m Ā a, ʪʦ ʝʩʪʴ: 

 

( )mnal +Ö= 2 .  (1) 

 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʦʨʘʤʠ ʥʘʡʜʝʤ, ʢʘʢ 

( )kmna -+2 . ɹʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʚʢʣʘʜ ʢʘʞʜʦʡ 

ʤʘʩʩʳ ʚ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʚʘʣʘ. ɼʣʷ ʝʜʠʥʠʯʥʦʡ ʤʘʩʩʳ ʩ 

ʥʦʤʝʨʦʤ ʠ ʟʥʘʯʝʥʠʝ ʨʝʘʢʮʠʡ ʚ ʦʧʦʨʘʭ ʙʫʜʫʪ 

ʦʧʨʝʜʝʣʷʪʴʩʷ ʬʦʨʤʫʣʘʤʠ: 

 

î
î
î

í

îî
î

ì

ë

+>
-+

-+

+¢<
-+

+

¢
-+

=

î
î
î

í

îî
î

ì

ë

+>
-+

--

+¢<
-+

-++
-

¢
-+

-+

=

kni
kmn

imn

knin
kmn

mn

ni
kmn

i

R

kni
kmn

nki

knin
kmn

ikn

ni
kmn

imn

R

,
2

3

,
2

3

,
2

2

,

,
2

,
2

1

,
2

1

         (2) 

 

ɿʥʘʷ ʨʝʘʢʮʠʶ ʚ ʣʝʚʦʡ ʦʧʦʨʝ, ʥʝʪʨʫʜʥʦ ʥʘʡʪʠ 

ʚʥʫʪʨʝʥʥʠʝ ʨʝʘʢʮʠʠ. ʊʘʢ, ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʚʘʣʘ 

ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ (ʨʠʩ.3). 

 

 
 

ʈʠʩ. 3. ʉʭʝʤʘ ʚʥʫʪʨʝʥʥʝʛʦ ʚʘʣʘ 
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ʅʘ ʨʠʩʫʥʢʝ ʩʠʤʚʦʣʘʤʠ ʚ ʬʠʛʫʨʥʳʭ ʩʢʦʙʢʘʭ {1} 

ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ ʝʜʠʥʠʯʥʳʝ ʫʩʠʣʠʷ ʦʪ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʤʘʩʩ. ʃʦʛʠʯʥʦ ʚʳʜʝʣʝʥʠʝ ʥʘ ʚʘʣʫ 

ʯʝʪʳʨʝʭ ʫʯʘʩʪʢʦʚ. ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʚʘʣʘ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʫʞʝ ʙʫʜʫʪ ʧʨʠʟʥʘʥʳ ʨʝʘʢʮʠʠ, 

ʜʝʡʩʪʚʫʶʱʠʝ ʩʥʠʟʫ. 

ɼʣʷ ʨʝʘʢʮʠʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʩʚʝʨʭʫ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʦʞʥʦ ʥʘʡʪʠ ʚʳʨʘʞʝʥʠʷ: 
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ʈʝʘʢʮʠʠ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʧʦʨʘʭ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʚʘʣʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʧʦ ʨʝʢʫʨʨʝʥʪʥʳʤ 

ʬʦʨʤʫʣʘʤ, ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ ʨʝʘʢʮʠʡ ʚ 

ʧʨʝʜʳʜʫʱʠʭ ʚʘʣʘʭ. ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʘʣʘʭ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʫʯʘʩʪʢʘ (ʨʠʩ.4). 

 

 
 

ʈʠʩ.4. ʉʭʝʤʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʚʘʣʘ 

 

ɺʝʨʥʝʤʩʷ ʢ ʚʥʫʪʨʝʥʥʝʤʫ ʚʘʣʫ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ 

ʥʘʠʤʝʥʴʰʫʶ ʞʝʩʪʢʦʩʪʴ ʠ ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʜʣʷ ʚʥʝʰʥʠʭ ʫʩʠʣʠʡ. ɿʥʘʷ ʨʝʘʢʮʠʠ ʚ 

ʣʝʚʦʡ ʦʧʦʨʝ, ʨʝʘʢʮʠʠ ʚ ʦʧʦʨʘʭ, ʩʚʷʟʳʚʘʶʱʠʭ ʝʛʦ ʩʦ 

ʚʪʦʨʳʤ ʚʘʣʦʤ, ʤʦʞʥʦ ʥʘʡʪʠ ʧʝʨʝʤʝʱʝʥʠʝ ʢʘʢʦʡ - 

ʣʠʙʦ ʪʦʯʢʠ ʚʘʣʘ ʦʪ ʜʝʡʩʪʚʠʷ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʚ 

ʢʘʢʦʡ - ʣʠʙʦ ʪʦʯʢʝ. ʕʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ 

ʦʪ ʩʫʤʤʳ ʧʝʨʝʤʝʱʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʣʷ ʢʘʞʜʦʡ 

ʠʟ ʯʝʪʳʨʝʭ ʫʯʘʩʪʢʦʚ ʚʘʣʘ. 

ɹʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʢʠ ʩ 

ʥʦʤʝʨʦʤ ʠ ʦʪ ʜʝʡʩʪʚʠʷ ʤʘʩʩʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʪʦʯʢʝ 

ʩ ʥʦʤʝʨʦʤ j (1 Ò i Ò 2n, 1 Ò j Ò 2n). 

ɼʣʷ ʧʝʨʚʦʛʦ ʫʯʘʩʪʢʘ 
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ɼʣʷ ʯʝʪʚʝʨʪʦʛʦ ʫʯʘʩʪʢʘ 

( )

( )

( )

î
î
î
î
î
î
î
î
î
î

í

î
î
î
î
î
î
î
î
î
î

ì

ë

==

-+

+ö
÷

õ
æ
ç

å
-

-+

-
-+-Öö

÷

õ
æ
ç

å
-

-+

-
Ö-+

==

Ö-+--Öö
÷

õ
æ
ç

å
-

-+

-
Ö-+

=¸

Ö-+-Öö
÷

õ
æ
ç

å
-

-+

-
Ö-+

==-Ö-+

¸¸=Ö-Ö-+

¸¸¸ÖÖ-+

=

.,

),32(

1
32

112
)32(11

32

112
)32(

3

1

,1

,1)32(1121
32

112
)32(

3

2

,1

,1)32(11
32

112
)32(

3

2

1,1,112)32(
3

1

,,1,1112)32(
3

1

,,1,11)32(
3

4

4

2

2

3

2

2

2

njni

mn

mn

R
mnR

mn

R
mn

nji

RmnR
mn

R
mn

nji

RmnR
mn

R
mn

jiRmn

njijiRRmn

ijniiRRmn

i
j

i

ii
i

jj
i

i

ji

ji

ijd

    (7)



ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 131 
 

 

 

ʉʫʤʤʘʨʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʢʠ ʩ ʥʦʤʝʨʦʤ ʠ ʦʪ 

ʝʜʠʥʠʯʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʪʦʯʢʝ ʩ 

ʥʦʤʝʨʦʤ j: 

 

ijijijijijj 4321 ddddd +++= .  (8) 

 

ɼʣʷ ʝʜʠʥʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʞʝʩʪʢʦʩʪʠ ʠ ʤʘʩʩʳ 

ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʧʫʪʝʤ 

ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʠʪʝʣʷ: 
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ɼʣʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʚʘʣʦʚ ʩ ʯʠʩʣʦʤ ʩʣʦʝʚ ʙʦʣʝʝ 

ʜʚʫʭ ʧʦʜʦʙʥʘʷ ʟʘʜʘʯʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʈʠʪʮʘ ʜʣʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

ʢʦʣʝʙʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʚʘʣʘ: 
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ʉ ʪʦʯʥʦʩʪʴʶ ʜʦ ʫʩʢʦʨʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʧʘʜʝʥʠʷ: 

ä
ä

=
2d

d
v .   (11) 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʜʣʷ ʚʘʣʘ ʩ ʯʝʪʳʨʴʤʷ 

ʩʣʦʷʤʠ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

 
ʊʘʙʣʠʮʘ 1 

ʋʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʤʥʦʛʦʩʣʦʡʥʳʭ ʚʘʣʦʚ 

 m=2 m=3 m=4 m=5 m=6 

k=1 0,717983 0,613107 0,53 0,463789 0,41 

k=2 0,721665 0,616604 0,53301 0,465296 0,411704 

k=3 0,723602 0,615467 0,53376 0,466798 0,413038 

k=4 0,721665 0,618951 0,53376 0,468828 0,414126 

k=5 0,719792 0,615467 0,535257 0,466798 0,414126 

k=6 0,705337 0,607454 0,528488 0,465725 0,413401 

k=7 0,669627 0,585235 0,520577 0,461736 0,411339 

 

ʅʘ (ʨʠʩ.5) ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʯʘʩʪʦʪ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʚʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʪʦʨʦʡ ʦʧʦʨʳ. ʊʘʙʣʠʮʘ ʠ ʛʨʘʬʠʢʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ 

ʤʘʢʩʠʤʫʤ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʧʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʤʥʦʛʦʩʣʦʡʥʦʛʦ 

ʚʘʣʘ. 

 

 
 

ʈʠʩ.5. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ  

ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨʳ 

 

ɺʳʚʦʜʳ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʚʘʣʘ ʦʙʦʩʥʦʚʘʣʠ ʩʦʙʩʪʚʝʥʥʫʶ 

ʯʘʩʪʦʪʫ ʝʛʦ ʢʦʣʝʙʘʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ, ʯʪʦ 

ʧʦʜʣʝʞʠʪ ʦʧʪʠʤʠʟʘʮʠʠ, - ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨ. 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʝʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʧʦʨ, 

ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʫʤ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ 

ʢʦʣʝʙʘʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʝʛʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ. 
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OPTIMAL  LAYOUT OF MULTILAYER SHAFT  

The article is devoted to the topic of optimal multilayer 

arrangement shaft bearings according to the criterion of 

minimizing the sewing equipment vibration, affecting the 

quality of garment products. We consider the natural 

frequencies of the multi-layer shaft, depending on the location 

of the poles, which can be recommended for the design of 

these shafts. 

Key words: vibration, multi-shaft support, optimization, 

and natural frequency. 
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ABOUT FEATURES OF CONTACT INTERACTION  

OF THE WHEEL AND RAIL  
 

Nosko G.S., Bykadorov V.V., Turmanova N.I., Ivanova E.I. 

 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ ʜʣʷ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʠʭ ʢʦʥʪʘʢʪʘ ʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʷʛʦʚʦʛʦ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚ ʝʛʦ ʜʚʠʞʝʥʠʠ ʩ ʧʦʝʟʜʦʤ. ʇʦʩʣʝʜʥʠʡ 

ʨʘʩʩʤʦʪʨʝʥ ʢʘʢ ʟʘʤʢʥʫʪʘʷ ʩʠʩʪʝʤʘ, ʟʘʢʣʶʯʝʥʥʘʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʘʥʠʮʘʭ, ʚ ʚʠʜʝ ʢʦʣʝʩ ʚʝʜʦʤʳʭ ʠ 

ʜʚʠʞʫʱʠʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʣʝʩʦ, ʨʝʣʴʩ, ʪʨʝʥʠʝ, ʦʙʣʘʩʪʴ 

ʢʦʥʪʘʢʪʘ, ʩʢʦʣʴʞʝʥʠʝ, ʩʮʝʧʣʝʥʠʝ. 

 

 

ɺʚʝʜʝʥʠʝ. ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʩʪʦʨʦʥ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʘ ʩ 

ʨʝʣʴʩʦʤ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘ ʠʟ-ʟʘ ʩʣʫʯʘʡʥʦʩʪʠ 

ʬʘʢʪʦʨʦʚ, ʧʨʠʩʫʱʠʭ ʠʭ ʧʦʷʚʣʝʥʠʶ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ. ʇʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʳʡ 

ʫʨʦʚʝʥʴ ʧʦʟʥʘʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʜʘʣʝʢʦ ʥʝ 

ʠʩʯʝʨʧʳʚʘʶʱʠʡ ʠ ʥʫʞʜʘʝʪʩʷ ʚ ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ, 

ʦʩʦʙʝʥʥʦ ʚ ʪʦʡ ʝʛʦ ʯʘʩʪʠ, ʢʦʪʦʨʘʷ ʢʘʩʘʝʪʩʷ ʘʥʘʣʠʟʘ 

ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʚ ʚʠʜʝ ʢʦʥʪʘʢʪʘ ʜʚʫʭ ʪʝʣ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʩʠʣ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʝʭʘʥʠʟʤʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ. ɺ 

ʥʝʢʦʪʦʨʦʡ ʤʝʨʝ ʵʪʘ ʟʘʜʘʯʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ [1]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʢʦʥʪʘʢʪʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʢʘʪʳʚʘʥʠʝʤ, ʢʦʪʦʨʦʤʫ ʩʚʦʡʩʪʚʝʥʥʳ ʚʩʝ ʚʠʜʳ 

ʪʨʝʥʠʷ: ʧʦʢʦʷ, ʩʢʦʣʴʞʝʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩʘ 

ʢʘʯʝʥʠʷ, ʧʨʠʯʝʤ ʧʦʩʣʝʜʥʠʡ ʚʢʣʶʯʝʥ ʚ ʤʝʭʘʥʠʟʤ 

ʦʙʱʝʛʦ ʢʘʯʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʨʦʮʝʩʩ ʩʢʦʣʴʞʝʥʠʷ 

ʧʨʠʟʥʘʥ ʟʜʝʩʴ ʚʝʜʫʱʠʤ, ʪʘʢ ʢʘʢ ʛʣʘʚʥʘʷ ʝʛʦ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ï ʧʦʪʝʨʠ ʦʪ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ ï 

ʩʥʠʞʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʣʦʢʦʤʦʪʠʚʘ 

[2]. ʄʝʞʜʫ ʪʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʪʦ, ʯʪʦ ʢʦʥʪʘʢʪ ʢʦʣʝʩʘ 

ʩ ʨʝʣʴʩʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʣʦʱʘʜʢʦʡ, ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʩʞʘʪʠʝʤ ʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠʤʝʶʱʠʭ 

ʥʝʩʦʛʣʘʩʦʚʘʥʥʫʶ ʬʦʨʤʫ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʠʭ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʦʛʣʘʩʦʚʘʥʠʝʤ ʚ 

ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ. ʇʨʠʯʝʤ ʚʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʜʘʥʥʘʷ ʧʣʦʱʘʜʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʙʣʘʩʪʴ ʩ 

ʣʦʢʘʣʴʥʳʤʠ ʟʦʥʘʤʠ: ʩʮʝʧʣʝʥʠʷ ʠ ʩʢʦʣʴʞʝʥʠʷ, ʨʠʩ. 1 

[2, 4, 7]. ʀ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʝʜʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʩʠʣ ʩʮʝʧʣʝʥʠʷ ʚ ʢʦʥʪʘʢʪʝ ñöF  

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʨʘʞʝʥʠʶ: 

 

ñîñö FFF += ,    (1) 

 

ʛʜʝ îF  - ʩʠʣʘ ʩʮʝʧʣʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʟʦʥʳ ʩʮʝʧʣʝʥʠʷ; 

ñF  - ʩʠʣʘ ʩʮʝʧʣʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʚ ʟʦʥʝ ʩʢʦʣʴʞʝʥʠʷ ʚ 

ʧʨʝʜʝʣʘʭ ʣʦʢʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ óõ, . 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʨʘʟʤʝʨʳ ʫʢʘʟʘʥʥʳʭ ʟʦʥ ʩʚʷʟʘʥʳ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʠʭ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ m ʩʦʛʣʘʩʥʦ 

ʟʘʢʦʥʘ ɸʤʦʥʪʦʥʘ:  

 

m==
P

G

yxp

yxq
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),(
,   (2) 

 

ʛʜʝ q  ʠ G  - ʟʥʘʯʝʥʠʷ ʩʜʚʠʛʘʶʱʠʭ (ʢʘʩʘʪʝʣʴʥʳʭ) 

ʥʘʛʨʫʟʦʢ; ʈ, ʨ ï ʥʘʛʨʫʟʢʠ ʩʜʘʚʣʠʚʘʶʱʠʝ 

(ʥʦʨʤʘʣʴʥʳʝ); ),( yxq  ʠ ),( yxp  - ʪʦʯʝʯʥʳʝ 

ʥʘʛʨʫʟʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʧʦ 

ʧʣʦʱʘʜʢʝ ʢʦʥʪʘʢʪʘ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ 

1 ï ʟʦʥʳ ʩʢʦʣʴʞʝʥʠʷ, 2 ï ʟʦʥʘ ʢʘʯʝʥʠʷ (ʩʮʝʧʣʝʥʠʷ) 

 

ʇʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʦʚ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ ʚʝʣʠʯʠʥʘ m 

ʟʘʚʠʩʠʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʘʢ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʥʘʣʠʯʠʝ ʥʘʢʣʝʧʘ 



134            ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 

 

 

 

ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʪʨʝʪʴʝʛʦ ʪʝʣʘè (ʩʫʙʩʪʘʥʮʠʷ, 

ʩʦʜʝʨʞʘʱʘʷ ʦʢʩʠʜʳ, ʧʣʝʥʢʠ, ʚʣʘʛʫ, ʦʩʪʘʪʢʠ ʠʟʥʦʩʘ ʠ 

ʧʨʦʯʝʝ), ʟʘʤʝʪʥʦ ʥʠʚʝʣʠʨʫʶʱʝʛʦ ʚʣʠʷʥʠʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ʊʦ ʝʩʪʴ ʚ ʠʟʚʝʩʪʥʦʡ ʤʝʨʝ ʤʦʞʥʦ 

ʧʦʣʘʛʘʪʴ, ʯʪʦ çʪʨʝʪʴʝ ʪʝʣʦè - ʵʪʦ çʭʦʨʦʰʘʷ = ʧʣʦʭʘʷ 

ʩʤʘʟʢʘè. ʀ ʜʦʧʫʩʪʠʤʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ 

ʢʦʥʪʘʢʪʘ ʠʤʝʝʪʩʷ ʩʠʪʫʘʮʠʷ ʩ ʧʦʧʘʨʥʦ ʥʦʨʤʘʣʴʥʳʤʠ 

ʩʤʝʱʝʥʠʷʤʠ zu , ʩʦʧʨʦʚʦʞʜʘʝʤʳʤʠ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ 

zs  ʦʙʦʠʭ ʢʦʥʪʘʢʪʝʨʦʚ ʥʘ ʛʨʘʥʠʮʝ, ʘ ʪʘʢʞʝ ʩ 

ʢʘʩʘʪʝʣʴʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ 0=xs , ʪʦ ʝʩʪʴ: 

 
'
zz uu = , zz ss ¡= , 0=¡= xx ss .  (3) 

 

ʄʝʞʜʫ ʪʝʤ ʣʦʢʘʣʠʟʘʮʠʷ ʟʦʥ ʩʮʝʧʣʝʥʠʷ ʠ 

ʩʢʦʣʴʞʝʥʠʷ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʩʢʦʣʴʞʝʥʠʷ xu  ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʣʦʱʘʜʢʠ; ʪʦ ʝʩʪʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (2) ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʟʥʘʯʝʥʠʷ 

ʚʝʣʠʯʠʥ ),( yxq , ),( yxp  ʠ m. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ 

ɻʝʨʮʘ ʜʣʷ ʫʩʣʦʚʠʡ ʫʧʨʫʛʦʛʦ ʢʦʥʪʘʢʪʘ ʠʟʚʝʩʪʥʳ 

ʩʦʦʪʥʦʰʝʥʠʷ [3]: 
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ʛʜʝ 
)(2

3
0

ab

P
P

p
=  - ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ 

ʧʣʦʱʘʜʢʝ ʚ ʬʦʨʤʝ ʵʣʣʠʧʩʘ ʩ ʧʦʣʫʦʩʷʤʠ ʘ ʠ b ; ʈ ï 

ʥʦʨʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʢʦʣʝʩʦ; 

)(2

3
0

ab

F
G K

p
=  - ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʩʘʪʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʢʘʩʘʪʝʣʴʥʦʡ ʩʠʣʦʡ ʪʷʛʠ 

KF . ɺʠʜʥʦ, ʯʪʦ ʠʟ (4) ʩʣʝʜʫʝʪ ʥʝʢʦʪʦʨʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ),( yxp  ʠ ),( yxq , 

ʯʝʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ ʟʥʘʯʝʥʠʠ ʚʝʣʠʯʠʥʳ m ʠʟ-ʟʘ ʝʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ, ʪʘʢ ʢʘʢ ʥʠ ʣʦʢʘʣʴʥʳʡ ʫʯʘʩʪʦʢ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ, ʥʠ ʪʝʤ ʙʦʣʝʝ ʪʦʯʝʯʥʳʡ ʢʦʥʪʘʢʪ ʥʝ 

ʩʦʜʝʨʞʘʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʩʝʡ ʧʦʣʥʦʪʳ ʵʪʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʊʦʛʜʘ ʚʝʣʠʯʠʥʫ m ʜʦʧʫʩʪʠʤʦ 

ʧʦʢʘʟʘʪʴ ʫʩʨʝʜʥʝʥʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʡ ʦʙʣʘʩʪʠ 

ʢʦʥʪʘʢʪʘ, ʘ ʩʮʝʧʥʳʝ ʩʚʦʡʩʪʚʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʩʦ ʚʩʝʤ ʩʧʝʢʪʨʦʤ ʚʦʟʤʦʞʥʳʭ 

ʩʤʝʱʝʥʠʡ xu , ʧʨʝʜʩʪʘʚʠʪʴ ʦʙʦʙʱʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ, ʛʜʝ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, 

ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤ ʜʘʥʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʵʪʦʡ ʟʦʥʳ, 

ʙʫʜʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʦʨʤʘʣʴʥʦʡ  ),( yxp  ʠ 

ʢʘʩʘʪʝʣʴʥʦʡ ),( yxq . ʊʦʛʜʘ ʙʫʜʝʤ ʠʤʝʪʴ (ʚ ʣʠʥʝʡʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ) ʜʣʷ ʟʦʥʳ ʩʮʝʧʣʝʥʠʷ -- )()( xpxq m¢ , 

ʜʣʷ ʟʦʥʳ ʩʢʦʣʴʞʝʥʠʷ -- ()xpxq m=)( . 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʪʝʦʨʠʠ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ 

ʦʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ [2]. ʄʝʞʜʫ ʪʝʤ ʧʨʠʥʠʤʘʷ ʦʙʣʘʩʪʴ 

ʢʦʥʪʘʢʪʘ ʢʘʢ ʥʝʢʦʪʦʨʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʢʨʫʛʘ 

ʢʘʪʘʥʠʷ, ʨʘʩʩʤʦʪʨʠʤ ʩʠʪʫʘʮʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ 

ʩʣʘʛʘʝʤʳʭ ʚ (2) ʠ ʩʦʦʪʥʝʩʝʤ ʠʭ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʬʦʨʤʫʣʳ ʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʘ 

ʣʦʢʦʤʦʪʠʚʥʦʡ ʪʷʛʠ: 

 

ñöêê PF 1000y¢ .   (5) 

 

ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʜʘʥʥʦʤʫ ʘʥʘʣʠʟʫ, ʙʫʜʝʤ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ ʢʦʥʝʯʥʦʡ ʬʦʨʤʝ, ʪʘʢ ʢʘʢ ʦʙʳʯʥʦ 

ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʪʨʝʙʫʶʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʙʘʟʳ 

ʩʧʝʮʠʘʣʴʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ, 

ʘ ʵʪʠ ʫʩʣʦʚʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʦ ʤʥʦʛʠʭ ʩʠʪʫʘʮʠʷʭ 

ʥʝʘʜʝʢʚʘʪʥʳ ʨʝʘʣʴʥʳʤ ʚʩʣʝʜʩʪʚʠʝ ʩʣʫʯʘʡʥʦʩʪʠ ʠʭ 

ʧʦʷʚʣʝʥʠʷ. 

ʋʢʘʞʝʤ ʧʨʠ ʵʪʦʤ ʥʘ ʥʝʢʦʪʦʨʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ 

ʦʙɦʝʛʦ ʭʘʨʘʢʪʝʨʘ, ʧʨʠʤʝʥʠʤʳʝ ʢ ʷʚʣʝʥʠʷʤ ʚ 

ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 

ʙʳʪʴ ʫʯʪʝʥʳ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʚ 

ʨʝʞʠʤʝ ʪʷʛʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʨʷʤʦʣʠʥʝʡʥʦʤʫ 

ʧʫʪʠ ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʩʢʦʨʦʩʪʴʶ u (ʜʘʣʝʝ ʥʠʞʝ ʧʦ 

ʪʝʢʩʪʫ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʵʪʘ ʩʠʪʫʘʮʠʷ).  

ʊʘʢ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʩʠʩʪʝʤʘ ï çʚʝʜʫʱʠʝ ʢʦʣʝʩʘ 

ʣʦʢʦʤʦʪʠʚʘ ï ʩʮʝʧʢʘ ʚʘʛʦʥʦʚ ï ʢʦʣʝʩʘ ʚʘʛʦʥʦʚ, 

ʨʝʣʴʩ, ʠʭ ʩʚʷʟʳʚʘʶʱʠʡè ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʟʘʤʢʥʫʪʳʤ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʢʦʥʪʫʨʦʤ, ʟʘʢʣʶʯʝʥʥʳʤ 

ʚ ʛʨʘʥʠʮʘʭ, ʛʜʝ ʣʦʢʘʣʠʟʦʚʘʥʘ ʝʛʦ ʵʥʝʨʛʠʷ, ʪʦ ʝʩʪʴ, ʧʦ 

ʩʫʪʠ, ʚ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʢʘʭ ʢʦʣʝʩ ʧʦʝʟʜʘ. ʇʨʠ 

ʵʪʦʤ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ 

ʷʚʣʷʝʪʩʷ ʮʠʢʣʠʯʥʦʩʪʴ, ʧʨʠʩʫʱʘʷ ʚʩʝʤ 

ʩʦʩʪʘʚʣʷʶʱʠʤ ʝʛʦ ʢʦʤʧʦʥʝʥʪʘʤ, ʥʘʯʠʥʘʷ ʦʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʣʦʢʦʤʦʪʠʚʘ ʠ ʟʘʚʝʨʰʘʷ 

ʢʦʣʝʩʘʤʠ ʣʦʢʦʤʦʪʠʚʘ ʠ ʚʘʛʦʥʦʚ. ʇʦʣʘʛʘʝʤ ʪʘʢʞʝ, 

ʯʪʦ ʚʭʦʜ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚʝʜʫʱʠʤʠ ʢʦʣʝʩʘʤʠ 

ʣʦʢʦʤʦʪʠʚʘ, ʘ ʚʳʭʦʜ ï ʢʦʣʝʩʘʤʠ ʚʘʛʦʥʦʚ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʨʘʱʝʥʠʝ ʢʦʣʝʩʘ ʣʦʢʦʤʦʪʠʚʘ ʟʘʜʘʝʪʩʷ 

ʚʥʝʰʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʩ ʮʝʣʴʶ ʩʦʙʣʶʜʝʥʠʷ 

ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʇʦʩʢʦʣʴʢʫ ʥʘ ʛʨʘʥʠʮʘʭ ʩʠʩʪʝʤʳ ʧʨʦʮʝʩʩʳ 

ʮʠʢʣʠʯʝʩʢʠʝ ʠʟ-ʟʘ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩ, ʪʦ ʠ ʜʨʫʛʠʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ (ʧʦʝʟʜʘ) ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʳ 

ʮʠʢʣʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʊʦʛʜʘ ʩʚʦʙʦʜʥʳʝ ʠ 

ʚʳʥʫʞʜʝʥʥʳʝ ʠʭ ʢʦʣʝʙʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʧʝʨʧʦʟʠʮʠʝʡ ʩʪʦʷʯʠʭ ʚʦʣʥ ʠ ʠʭ ʤʦʜ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ: 

 

ä=
k

k tkAtp
1

sin)( w ,   (6) 

 

ʛʜʝ ɸ ï ʘʤʧʣʠʪʫʜʘ ʚʦʟʤʫʱʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʥʘʧʨʠʤʝʨ ʩʠʣʳ, ʛʘʨʤʦʥʠʢʠ k , w ï ʯʘʩʪʦʪʘ 

ʢʨʫʛʦʚʘʷ. 
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ɺʤʝʩʪʝ ʩ ʪʝʤ ʩ ʯʘʩʪʦʪʦʡ kw, ʦʧʨʝʜʝʣʷʶʱʝʡ 

ʭʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʷ ʊ, ʤʦʛʫʪ ʙʳʪʴ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʧʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʡ iT  ʜʨʫʛʠʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʦʮʝʩʩʦʚ 1T ; 2T ;éiT , ʚʢʣʶʯʝʥʥʳʭ 

ʚ ʩʠʩʪʝʤʫ. ɺ ʩʣʫʯʘʝ ==T 1T ; 2T ;éiT , ʧʦʩʣʝʜʥʠʝ 

ʜʦʧʫʩʪʠʤʦ ʩʯʠʪʘʪʴ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʊ. ʊʦʛʜʘ, ʧʨʠʤʝʥʷʷ ʤʝʪʦʜ ʤʘʣʳʭ 

ʚʦʟʤʫʱʝʥʠʡ, ʥʘʧʨʠʤʝʨ, ʩʠʣʫ ʚ ʧʨʦʮʝʩʩʝ 

ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ )(tq  

ʧʦʢʘʞʝʤ ʩʫʤʤʦʡ ʜʚʫʭ ʩʣʘʛʘʝʤʳʭ: 

ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʠʷ q  ʠ ʚʦʟʤʫʱʝʥʠʷ q¡. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ )(tq  ʙʫʜʝʪ 

ʨʘʚʥʦ: 

 
steqqtq ¡+=)( ,    (7) 

 

ʛʜʝ q  ï ʵʪʦ ʚ ʦʩʥʦʚʥʦʤ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʦʣʝʙʘʥʠʷ 

ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʫʪʠ;  

wl js +=  ï ʢʦʤʧʣʝʢʩʥʘʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʚʦʟʤʫʱʝʥʠʷ q¡; l ï ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ; w ï 

ʯʘʩʪʦʪʘ ʢʨʫʛʦʚʘʷ. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʘ, ʚʣʠʷʶʱʠʤ ʥʘ ʢʦʥʪʘʢʪ 

ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ, ʷʚʣʷʝʪʩʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʥʘ 

ʧʣʦʱʘʜʢʝ ʩ ʥʘʛʨʫʟʢʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʦʛʣʘʩʥʦ (4). 

ʊʦʛʜʘ ʤʛʥʦʚʝʥʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ ʥʘʜʦ 

ʩʯʠʪʘʪʴ ʥʝ ʦʩʴ ʢʦʣʝʩʥʦʡ ʧʘʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ 

ʮʝʥʪʨʝ ʧʣʦʱʘʜʢʠ, ʘ ʣʠʥʠʶ ʥʘ ʚʭʦʜʝ ʚ ʦʙʣʘʩʪʴ 

ʢʦʥʪʘʢʪʘ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʦʩʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʠ 

ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʪʦʯʢʫ ʚʭʦʜʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ 

çʫʛʣʦʚʫʶ ʪʦʯʢʫè ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʧʨʠ ax °= . ʀ 

ʟʜʝʩʴ ʚʘʞʥʳ ʫʩʣʦʚʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʧʣʦʱʘʜʢʠ. ʊʘʢ, ʚ 

ʪʦʯʢʝ ʚʭʦʜʘ, ʛʜʝ ʢʦʣʝʩʦ ʚʢʣʠʥʠʚʘʝʪʩʷ ʚ ʨʝʣʴʩ, ʪʦ 

ʝʩʪʴ ʚ ʫʛʣʦʚʦʡ ʪʦʯʢʝ, ʜʝʬʦʨʤʘʮʠʷ ʠ ʝʝ ʩʢʦʨʦʩʪʴ 

ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʳ, ʘ ʢʘʩʘʪʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʨʘʚʥʳ ʥʫʣʶ. ʅʘ ʚʳʭʦʜʝ ʠʟ ʦʙʣʘʩʪʠ 

ʢʦʥʪʘʢʪʘ ï ʩʠʪʫʘʮʠʷ ʠʥʘʷ. ʇʨʠ ʵʪʦʤ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

çʫʛʣʦʚʦʡ ʪʦʯʢʠè ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʮʝʩʩ ʢʘʯʝʥʠʷ ʩ 

ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʬʨʠʢʮʠʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, 

ʢʦʪʦʨʦʝ ʥʝ ʩʚʷʟʘʥʦ ʩ ʧʨʠʣʠʧʘʥʠʝʤ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʩʥʠʞʝʥʦ ʩʤʘʟʢʦʡ. ʆʥʦ ʚʦʟʥʠʢʘʝʪ ʪʦʣʴʢʦ ʠʟ-ʟʘ 

ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ ʚ ʤʝʩʪʝ ʠʭ 

ʤʛʥʦʚʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʢʦʪʦʨʦʝ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʜʦʣʴ 

ʨʝʣʴʩʘ ʠ ʢʨʫʛʘ ʢʘʪʘʥʠʷ ʢʦʣʝʩʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ ʣʦʢʦʤʦʪʠʚʘ [5]. ʊʘʢʠʤ ʧʫʪʝʤ ʥʝʧʨʝʨʳʚʥʦ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʜʘʥʥʦʝ ʢʘʯʝʥʠʝ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʣʠʷʥʠʷ ʥʘ ʩʠʣʫ ʪʷʛʠ. 

ʄʝʭʘʥʠʢʘ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʘ 

ʩ ʨʝʣʴʩʦʤ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʠʟʚʝʩʪʥʘ. ɿʜʝʩʴ ʥʘ 

ʚʝʜʫʱʠʝ ʢʦʣʝʩʘ ʣʦʢʦʤʦʪʠʚʘ ʚʦʟʜʝʡʩʪʚʫʶʪ ʚʥʝʰʥʠʝ 

ʩʠʣʳ: ʥʦʨʤʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʈ, ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʤʫ ʜʚʠʞʝʥʠʶ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ï 

W, ʤʦʤʝʥʪ ʢʨʫʪʷʱʠʡ, ʧʦʜʚʦʜʠʤʳʡ ʦʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦʩʨʝʜʩʪʚʦʤ ʪʷʛʦʚʦʡ 

ʧʝʨʝʜʘʯʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʯʝʨʝʟ ʟʫʙʯʘʪʳʡ ʨʝʜʫʢʪʦʨ, ʚ 

ʚʠʜʝ ʠʤʧʫʣʴʩʘ ʤʦʤʝʥʪʘ TM , ʩʚʦʡʩʪʚʝʥʥʦʛʦ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʤʫ çʪʦʣʯʢʦʚʦʤʫ ʨʝʞʠʤʫè ʨʘʙʦʪʳ 

ʟʫʙʯʘʪʦʡ ʧʘʨʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʤʦʜʫʣʷʮʠʝʡ ʯʘʩʪʦʪʳ ʟʘʮʝʧʣʝʥʠʷ ʟʫʙʴʝʚ ʧʘʨʳ 

çʰʝʩʪʝʨʥʷ-ʢʦʣʝʩʦè, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʷʚʣʝʥʠʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ ʜʚʫʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ: ʰʝʩʪʝʨʥʠ 1y  ʠ ʢʦʣʝʩʘ 

2y  ʩ ʯʘʩʪʦʪʦʡ 1w  ʠ 2w  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 

ʘʤʧʣʠʪʫʜʦʡ ï ɸ, ʪʦ ʝʩʪʴ, [6]: 

 

21 yyy += ,   (8) 

tA 11 coswy = , tA 22 coswy = . 

 

ʊʦʛʜʘ 

ttA cpìîä wy cos)(= ,  (9) 

tAA ìîäìîä wcos2= ; ( )21
2

1
www +¹cp ; 

( )21
2

1
www -¹ìîä . 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ìîäñð www +=1 , 

ìîäñð www -=2 . 

ʇʦʧʫʪʥʦ ʟʘʤʝʪʠʤ, ʯʪʦ ʫʩʣʦʚʠʷʤ (8) ï (9) 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʥʪʘʢʪʥʳʤʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʧʣʦʱʘʜʦʢ ʚʝʜʫʱʠʭ 

ʢʦʣʝʩ ʣʦʢʦʤʦʪʠʚʘ ʠ ʢʦʣʝʩ ʚʘʛʦʥʦʚ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ, ʧʨʠʩʫʱʠʤ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʝ, ï ʦʥʘ ʩʪʨʝʤʠʪʩʷ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ 

ʘʩʧʝʢʪʝ ʢ ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʤʝʭʘʥʠʟʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʬʨʠʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʚʷʟʷʭ 

ʯʝʨʝʟ ʩʢʦʣʴʞʝʥʠʝ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʚʦʟʤʦʞʥʳʭ 

ʩʤʝʱʝʥʠʡ u  ʦʪ ʤʘʢʩʠ ï ʜʦ ʩʫʙʤʠʢʨʦ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʪʦ ʣʠ ʠʟ-ʟʘ ʫʧʨʫʛʠʭ 

ʩʤʝʱʝʥʠʡ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʩʫʙʤʠʢʨʦʩʤʝʱʝʥʠʷʤ, ʪʦ 

ʣʠ ʠʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʨʦʩʤʝʱʝʥʠʷʤ xu . ʇʨʠ ʵʪʦʤ 

ʧʦʜʦʙʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʮʝʣʦʯʠʩʣʝʥʥʦʩʪʴ ʠ ʢʨʘʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ 

ʯʘʩʪʦʪ 1w  ʠ 2w  ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʝ ʠʟ ʠʭ ʩʦʩʪʘʚʘ. ɹʝʟ 

ʵʪʦʡ ʢʨʘʪʥʦʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʧʦʚʪʦʨʝʥʠʝ ʚʩʝʛʦ 

ʧʨʦʮʝʩʩʘ y ʚ (8) ʥʝʚʦʟʤʦʞʥʦ. ɺ ʩʠʪʫʘʮʠʠ ʜʚʠʞʝʥʠʷ 

ʧʦʝʟʜʘ, ʩ ʦʛʦʚʦʨʝʥʥʳʤʠ ʚʳʰʝ ʫʩʣʦʚʠʷʤʠ, ʦʩʥʦʚʥʦʡ 

ʯʘʩʪʦʪʦʡ ʷʚʣʷʝʪʩʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʝʜʫʱʠʭ ʢʦʣʝʩ 

ʣʦʢʦʤʦʪʠʚʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʪʨʝʙʫʝʤʦʛʦ 

ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ, ʪʦ ʝʩʪʴ ʵʪʦ ʚʝʜʫʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʘ ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʨʦʮʝʩʩʦʤ ʷʚʣʷʝʪʩʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʚʠʞʝʥʠʶ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʪ.ʝ. 

ʵʪʦ ʚʝʜʦʤʦʝ ʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʘ yʚ (8). 

ʇʦʣʘʛʘʝʤ, ʯʪʦ ʚʝʜʫʱʝʤʫ ʧʨʦʮʝʩʩʫ ʩʚʦʡʩʪʚʝʥʥʦ 

ʚʦʟʙʫʞʜʝʥʠʝ, ʧʨʠʩʫʱʝʝ ʨʝʞʠʤʫ ʙʫʢʩʦʚʘʥʠʷ, ʘ 

ʚʝʜʦʤʦʤʫ ï ʶʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʜʚʠʞʝʥʠʶ 

ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦ 

ʧʨʷʤʦʣʠʥʝʡʥʦʤʫ ʧʫʪʠ ʩʦʧʫʪʩʪʚʫʝʪ (ʩʧʦʥʪʘʥʥʦʝ) 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʠʢʨʦʶʟʘ ʠ ʤʠʢʨʦʙʫʢʩʦʚʘʥʠʷ ʩ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʤʝʱʝʥʠʷʤʠ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʊʦʛʜʘ, ʝʩʣʠ ʢʦʣʝʩʦ ʚʘʛʦʥʘ ʧʨʠ ʶʟʝ 

ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ ʩʢʦʣʴʞʝʥʠʷ xD, ʪʦ ʦʥʦ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʨʠ ʵʪʦʤ ʢʘʢ ʙʳ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʚʨʘʱʝʥʠʝ 
r

x
â

D
=Dw

, ʛʜʝ r ï ʨʘʜʠʫʩ ʢʦʣʝʩʘ ʧʦ ʢʨʫʛʫ ʢʘʪʘʥʠʷ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʨʠ ʧʨʦʙʫʢʩʦʚʢʝ ʚʝʜʫʱʝʛʦ ʢʦʣʝʩʘ ʣʦʢʦʤʦʪʠʚʘ 

ʚ ʧʣʦʩʢʦʩʪʠ ʝʛʦ ʢʦʥʪʘʢʪʘ ʩ ʨʝʣʴʩʦʤ ʚʦʟʥʠʢʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ xsD  ʠʟ-ʟʘ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʪʘʢʪʝʨʦʚ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ 

ʜʝʬʦʨʤʘʮʠʝʡ 
G

x
x

s
e= , ʛʜʝ G ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ 

(ʩʜʚʠʛʘ). ʇʦʣʘʛʘʷ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʦʯʝʥʴ ʪʦʥʢʠʭ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʢʦʥʪʘʢʪʝʨʦʚ 

ʚ ʠʭ ʫʧʨʫʛʠʭ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʩʯʠʪʘʝʤ, ʯʪʦ 

xx uºe , ʪʘʢ ʢʘʢ 
x

ux
x
µ

µ
=e , ʛʜʝ xu  ï ʚʝʣʠʯʠʥʘ 

ʩʤʝʱʝʥʠʷ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʝ xu  ʩʦʧʫʪʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ wD . 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚʝʣʠʯʠʥʳ xu , ʢʘʢ ʧʨʘʚʠʣʦ, ʦʯʝʥʴ ʤʘʣʳ 

ï ʵʪʦ ʧʦ ʩʫʪʠ ʩʫʙʤʠʢʨʦʩʤʝʱʝʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ 

ʧʦ ʧʣʦʱʘʜʢʝ ʢʦʥʪʘʢʪʘ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʛʥʦʚʝʥʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʥʘʛʨʫʟʦʢ ʚ 

ʪʦʯʢʘʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʣʝʩʘ ʠ 

ʨʝʣʴʩʘ. ɿʜʝʩʴ ʞʝ ʫʢʘʞʝʤ, ʯʪʦ ʦʩʝʚʳʝ ʥʘʛʨʫʟʢʠ ʠ 

ʨʘʟʤʝʨʳ ʢʦʣʝʩ ʣʦʢʦʤʦʪʠʚʦʚ ʠ ʚʘʛʦʥʦʚ ʩʦʧʦʩʪʘʚʠʤʳ 

ʤʝʞʜʫ ʩʦʙʦʡ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʥʪʫʨʥʘʷ ʧʣʦʱʘʜʢʘ ʦʙʣʘʩʪʠ 

ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ ʠʤʝʝʪ ʬʦʨʤʫ ʵʣʣʠʧʩʘ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʦʣʫʦʩʝʡ çaè ʠ çbè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʦʨʠʝʡ ɻʝʨʮʘ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʬʦʨʤʫʣʦʡ 1
2

2

2

2

=+
b

y

a

x

. ʇʨʠ ʵʪʦʤ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʢʘʪʘ ʙʘʥʜʘʞʘ 

ʬʦʨʤʘ ʧʣʦʱʘʜʢʠ ï ʧʦʯʪʠ ʢʨʫʛʦʚʘʷ; ʚ ʢʦʥʝʯʥʦʡ 

ʩʪʘʜʠʠ ʧʨʠ ʜʦʧʫʩʪʠʤʦʤ ʝʛʦ ʠʟʥʦʩʝ ï ʙʣʠʟʢʘ ʢ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʫʦʩʠ çbè, ʧʨʠ 

ʧʦʯʪʠ ʥʝʠʟʤʝʥʝʥʥʦʤ ʨʘʟʤʝʨʝ çʘè. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʩʪʦʷʥʩʪʚʦ ʭʦʨʜʳ, 

ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʣʦʱʘʜʢʦʡ ʥʘ ʢʨʫʛʝ ʢʘʪʘʥʠʷ. ʊʦʛʜʘ 

ʧʨʦʛʠʙ 
R

õîðäà
f

8
= , ʘ ʵʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʯʪʠ 

ʦʜʠʥʘʢʦʚʦʝ ʩʤʝʱʝʥʠʝ xu  ʚʩʝʭ ʪʦʯʝʢ ʢʦʥʪʘʢʪʘ. 

ʄʝʞʜʫ ʪʝʤ ʢʦʥʪʘʢʪ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʢʨʫʛʫ ʢʘʪʘʥʠʷ ʫʟʢʦʡ ʧʦʣʦʩʦʡ 

ʰʠʨʠʥʦʡ ç2bè. ʀ ʝʩʣʠ ʝʝ ʫʩʣʦʚʥʦ ʨʘʟʚʝʨʥʫʪʴ, ʪʦ 

ʚʩʣʝʜʩʪʚʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʦ ʯʝʤ 

ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʦʥʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, 

ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 2. ʊʦ ʝʩʪʴ ʦʥʘ ʢʘʢ ʙʳ 

"ʢʚʘʥʪʫʝʪʩʷ" ʧʝʨʠʦʜʦʤ 
uu

aX
T

20 ==  ʩ ʯʘʩʪʦʪʦʡ 

ìîäw  ʠʟ (9), ʛʜʝ u ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ. 

 
 
ʈʠʩ. 2. ʉʭʝʤʘ ʢʦʥʪʘʢʪʥʦʡ ʧʦʣʦʩʢʠ ʢʨʫʛʘ ʢʘʪʘʥʠʷ ʢʦʣʝʩʘ 

 

ʊʦʛʜʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʯʢʠ çɸè, ʪʦ ʝʩʪʴ ʥʘ 

ʚʭʦʜʝ ʢʦʣʝʩʘ ʚ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 

ʚʩʣʝʜʩʪʚʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʤʝʩʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʝʝ ʥʘ ʤʛʥʦʚʝʥʥʦʡ ʦʩʠ ʚʨʘʱʝʥʠʷ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʩʦʚʝʨʰʘʝʪʩʷ ʧʨʦʚʦʨʦʪ 

ʢʦʣʝʩʥʦʡ ʧʘʨʳ, ʧʨʦʠʩʭʦʜʠʪ ʩʣʦʞʥʘʷ ʜʝʬʦʨʤʘʮʠʷ, 

ʩʦʧʨʦʚʦʞʜʘʝʤʘʷ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʝʘʣʠʟʘʮʠʝʡ ʝʝ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʚʦʟʤʦʞʥʳʤ 

ʨʘʟʨʫʰʝʥʠʝʤ ʠʣʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʣʦʷ ʥʘʢʣʝʧʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʣʝʝ ʧʦ ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʢʦʥʪʘʢʪ 

ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ ʚ ʦʙʣʘʩʪʠ ʧʣʦʱʘʜʢʠ ʧʨʦʭʦʜʠʪ ʫʞʝ ʚ 

ʫʧʨʫʛʦʤ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʚʥʦʚʴ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʣʦʝʚ ʢʦʥʪʘʢʪʝʨʦʚ, ʛʜʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʦʯʝʥʴ ʪʦʥʢʦʤ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ. ʇʨʠ ʵʪʦʤ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʟʦʥʝ ʩʮʝʧʣʝʥʠʷ 

ʢʘʯʝʥʠʶ ʢʦʣʝʩʘ ʧʦ ʨʝʣʴʩʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʥʠʝ 

ʧʦʢʦʷ. ʅʦ ʠʟ-ʟʘ ʢʦʣʝʙʘʥʠʡ ʚʠʜʘ ʙʠʝʥʠʷ ʚʩʝ ʞʝ 

ʧʨʦʠʩʭʦʜʷʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʚʳʥʫʞʜʝʥʥʳʝ 

ʩʤʝʱʝʥʠʷ xu , ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʯʠʩʣʝʥʥʦʩʪʠ ʯʘʩʪʦʪ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʣʝʙʘʥʠʡ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ m, ʧʨʠʩʫʱʝʛʦ ʚʩʝʡ ʧʣʦʱʘʜʢʝ. ʋʢʘʟʘʥʥʳʝ 

ʩʤʝʱʝʥʠʷ xu  ʦʙʫʩʣʦʚʣʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ 

ʬʘʢʪʦʤ, ʠ ʠʭ ʧʦʷʚʣʝʥʠʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʥʪʘʢʪʦʚ, ʧʦʜ ʢʦʪʦʨʳʤʠ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, 

ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʠʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʣʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʦʙʣʘʩʪʠ 

ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ ʩ ʧʦʟʠʮʠʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʩʢʦʣʴʞʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ q¡ ʚ (9) 

ʚ ʩʚʷʟʠ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʚʦʟʚʨʘʱʘʶʱʝʡ ʩʠʣʳ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʡ ʩʢʦʣʴʞʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʟ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʩʠʣ ʚ ʢʦʥʪʘʢʪʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ, ʚʳʜʝʣʠʤ 

ʦʧʨʝʜʝʣʷʶʱʠʝ: ʥʝʨʦʚʥʦʩʪʠ (ʧʦʛʨʝʰʥʦʩʪʠ ʬʦʨʤʳ) 

ʢʨʫʛʘ ʢʘʪʘʥʠʷ ʢʦʣʝʩʘ, ʚʣʠʷʥʠʝ ʰʧʘʣʴʥʦʡ ʨʝʰʝʪʢʠ 

ʨʝʣʴʩʦʚʦʛʦ ʧʫʪʠ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ. ʇʨʠʯʝʤ ʧʦʩʣʝʜʥʠʡ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʥʝ ʚʣʠʷʶʱʠʤ ʥʘ ʬʠʟʠʢʫ 

ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ. ɿʜʝʩʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʚʦʟʤʫʱʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ, ʢʦʛʜʘ 
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ʥʦʨʤʘʪʠʚʥʳʡ ʫʨʦʚʝʥʴ ʥʘʛʨʫʟʢʠ ʧʨʠ 0u ; u ï 

ʜʝʡʩʪʚʫʶʱʘʷ ʩʢʦʨʦʩʪʴ.  

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʤʝʭʘʥʠʟʤ ʢʦʥʪʘʢʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ ʠʟʚʝʩʪʝʥ. ʅʘ ʥʝʛʦ 

ʚʣʠʷʶʪ ʢʦʥʪʘʢʪʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪ ʚʥʝʰʥʠʭ ʩʠʣ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʘʪʘʥʠʷ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʝʨʦʚʥʦʩʪʠ ʠ ʜʝʬʝʢʪʳ ʬʦʨʤʳ 

ʢʨʫʛʘ ʢʘʪʘʥʠʷ ʢʦʣʝʩʘ, ʤʝʩʪʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʘʢʪʘ, 

ʪʦ ʝʩʪʴ ʩʘʤʘ ʧʣʦʱʘʜʢʘ. 

ɺ ʯʘʩʪʠ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʦʚ, ʦʪʤʝʪʠʤ, ʯʪʦ ʥʘ 

ʤʘʢʨʦʫʨʦʚʥʝ ʦʥʠ ʩʯʠʪʘʶʪʩʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠ 

ʛʣʘʜʢʠʤʠ, ʘ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ ï ʥʝʛʣʘʜʢʠʝ 

(ʰʝʨʦʭʦʚʘʪʳʝ). ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʣʦʢʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʢʦʥʪʘʢʪʥʳʭ ʥʘʛʨʫʟʦʢ ʚ ʪʦʯʢʘʭ ʢʘʩʘʥʠʷ. ʊʦ ʝʩʪʴ 

ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʥʝʨʦʚʥʦʩʪʷʤʠ, 

ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʩʫʙʤʠʢʨʦʥʝʨʦʚʥʦʩʪʝʡ. ʅʦ ʚ 

ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʥʝʨʦʚʥʦʩʪʠ 

ʧʨʠʦʙʨʝʪʘʶʪ ʧʨʠʟʥʘʢʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʥʝʨʦʚʥʦʩʪʝʡ [7]. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʥʝʢʦʪʦʨʳʭ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ (6), ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʪʴ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʟʦʥ ʩʮʝʧʣʝʥʠʷ ʠ ʩʢʦʣʴʞʝʥʠʷ 

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʪʦʯʢʘʭ ʚʭʦʜʘ (ɸ ʠ ɺ ʨʠʩ.1), ʛʜʝ 

ʤʘʪʝʨʠʘʣ ʢʦʥʪʘʢʪʝʨʦʚ ʚʪʝʢʘʝʪ ʚ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʘ, 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʢʦʨʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ ʧʦ ʧʨʷʤʦʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʫʪʠ 

ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʆʪʣʠʯʠʝ ʜʘʥʥʦʡ ʩʭʝʤʳ ʦʪ 

ʠʟʚʝʩʪʥʳʭ [1, 4] ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʚ ʥʝʡ 

ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ ɸɺ (ʨʠʩ.1). 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʪʘʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʨʠʚʦʜʘ ʩ ʤʦʪʦʨʦ-ʦʩʝʚʳʤ ʧʦʜʚʝʰʠʚʘʥʠʝʤ ʪʷʛʦʚʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ (ʊʕɼ). 
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ʈʠʩ. 3. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʣ ʚ ʢʦʥʪʘʢʪʝ 

ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ: 

ʘ ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ; ʙ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʣ ʚ  

ʢʦʥʪʘʢʪʝ ʟʫʙʴʝʚ ʰʝʩʪʝʨʥʠ ʠ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ;  

ʚ ï ʩʭʝʤʘ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ 

 

ʈʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣ Q ʠ ʈ (ʨʠʩ. 3, ʚ), 

ʩʞʠʤʘʶʱʠʭ ʢʦʣʝʩʦ ʠ ʨʝʣʴʩ ʧʦ ʥʦʨʤʘʣʠ, ʨʘʚʥʘ ʥʫʣʶ, 

ʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʝʣʴʩʘ ʧʦ ʣʠʥʠʠ ʢʦʥʪʘʢʪʘ ʩʠʣʘ ʪʷʛʠ 

kF , ʦʙʨʘʟʫʝʤʘʷ ʤʦʤʝʥʪʦʤ, ʚʨʘʱʘʶʱʠʤ ʢʦʣʝʩʥʫʶ 

ʧʘʨʫ, ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʩʠʣʦʡ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʶ ʣʦʢʦʤʦʪʠʚʘ - W . ʊʷʛʦʚʳʡ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʩʦʟʜʘʶʱʠʡ Têð MM = , ʧʝʨʝʜʘʝʪ 

ʝʛʦ ʦʪ ʰʝʩʪʝʨʥʠ, ʥʘʩʘʞʝʥʥʦʡ ʥʘ ʚʘʣʫ ʷʢʦʨʷ, 

ʟʫʙʯʘʪʦʤʫ ʢʦʣʝʩʫ, ʟʘʢʨʝʧʣʝʥʥʦʤʫ ʥʘ ʦʩʠ ʢʦʣʝʩʥʦʡ 

ʧʘʨʳ. ʇʨʠ ʵʪʦʤ ʚ ʪʦʯʢʝ ʢʦʥʪʘʢʪʘ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʠ 

ʰʝʩʪʝʨʥʠ ʜʝʡʩʪʚʫʝʪ ʘʢʪʠʚʥʘʷ ʩʠʣʘ 1F  (ʨʠʩ. 3, ʙ), 

ʧʨʠʣʦʞʝʥʥʘʷ ʦʪ ʰʝʩʪʝʨʥʠ ʢ ʟʫʙʯʘʪʦʤʫ ʢʦʣʝʩʫ, ʠ 

ʨʝʘʢʪʠʚʥʘʷ 2F  ʦʪ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʢ ʰʝʩʪʝʨʥʠ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʠʣʘ 1F  ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʨʘʱʘʝʪ 

ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ ʠ ʦʧʨʦʢʠʜʳʚʘʝʪ (ʩʦʟʜʘʝʪ 

ʦʧʨʦʢʠʜʳʚʘʶʱʠʡ ʤʦʤʝʥʪ) ʢʦʣʝʩʥʫʶ ʧʘʨʫ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ çʤʛʥʦʚʝʥʥʦʡè ʦʩʠ ʚʨʘʱʝʥʠʷ, 

ʧʨʦʭʦʜʷʱʝʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʯʝʨʝʟ ʪʦʯʢʫ ɸ 

ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ y. 

ʊʦ ʝʩʪʴ ʤʦʤʝʥʪ, ʢʨʫʪʷʱʠʡ ʦʪ ʪʷʛʦʚʦʛʦ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ - TM , ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʜʚʫʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ: ʥʘ ʩʦʟʜʘʥʠʝ ʩʠʣʳ ʪʷʛʠ (ʚʨʘʱʝʥʠʝ 

ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʥʘ ʦʩʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ) ï ÊÏM  

(ʨʠʩ. 3, ʘ) ʠ ʥʘ ʚʨʘʱʝʥʠʝ ʢʦʣʝʩʥʦʡ ʧʘʨʳ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʛʥʦʚʝʥʥʦʡ ʦʩʠ ʚʨʘʱʝʥʠʷ ï îÌ . 

ɺ ʦʢʨʝʩʪʥʦʩʪʠ ʦʩʠ ʤʛʥʦʚʝʥʥʦʛʦ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ (ʪʦʯʢʠ ɸ) 

ʚʩʣʝʜʩʪʚʠʝ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʭ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ 
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ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʮʝʩʩ ʢʘʯʝʥʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʪʨʝʥʠʝʤ. ʕʪʦ ʤʝʩʪʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʨʝʣʴʩʘ ʠ 

ʦʙʦʜʘ ʢʦʣʝʩʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ 

ʩʦʩʪʘʚʘ.  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʜʝʡʩʪʚʠʷ ʩʠʣʳ 1FFïð =  ʥʘ ʧʣʝʯʝ 

Ar , ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʝʝ ʨʝʘʣʠʟʘʮʠʷ 

ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʫʧʦʨʘ ʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʯʘʩʪʠ ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʩʦ ʩʪʦʨʦʥʳ ʩʠʣʳ 2F . ʅʦ ʚ ʫʩʣʦʚʠʷʭ ʪʝʣʝʞʝʯʥʦʛʦ 

ʵʢʠʧʘʞʘ ʜʨʫʛʠʭ ʫʧʦʨʦʚ, ʢʨʦʤʝ ʢʘʢ ʧʣʦʱʘʜʢʠ 

ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ, ʥʝʪ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ 

ʨʝʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʣʳ 2F , 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʠʣʝ ïðF , ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ 

ʩʪʨʫʢʪʫʨʘʤ ʪʝʣʝʞʢʠ (ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʷ, 

ʩʪʨʫʢʪʫʨʘ ʤʝʭʘʥʠʟʤʘ ʧʦʜʚʝʩʢʠ ʊʕɼ, ʙʫʢʩʦʚʦʛʦ ʫʟʣʘ 

ʠ ʜʨ.) ʢ ʢʦʥʪʘʢʪʥʳʤ ʧʣʦʱʘʜʢʘʤ ʢʦʣʝʩ ʜʨʫʛʠʭ 

ʢʦʣʝʩʥʳʭ ʧʘʨ ʪʝʣʝʞʢʠ, ʪʝʨʷʷ ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ ʵʥʝʨʛʠʠ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʧʫʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʷ. ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʠ 

ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʦʥʪʘʢʪ ɸ-ɺ ʧʨʠʭʦʜʷʪ 

ʘʥʘʣʦʛʠʯʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʦʪ ʜʨʫʛʠʭ ʢʦʣʝʩʥʳʭ ʧʘʨ 

ʪʝʣʝʞʢʠ, ʩʦʟʜʘʚʘʷ ʨʝʘʢʪʠʚʥʳʡ ʤʦʤʝʥʪ ʚ ʪʦʯʢʝ ɺ 

ʦʪʥʦʩʠʪʝʣʴʥʦ çʤʛʥʦʚʝʥʥʦʡè ʦʩʠ ʚʨʘʱʝʥʠʷ ʚ ʪʦʯʢʝ ɸ 

ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʣʦʚʦʡ ʨʝʘʢʮʠʝʡ ʦʪ ʢʦʣʝʩʘ ʥʘ 

ʨʝʣʴʩ.  

ʇʦʢʘʞʝʤ ʩʠʣʫ 1F  ʢʘʢ 

 

Tʧʨ FFF +=1 ,   (10) 

 

ʛʜʝ TF  ʠ ʧʨF  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʠʣʳ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʚʨʘʱʝʥʠʝ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʠ 

ʧʨʦʚʦʨʦʪ ʦʩʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʚʦʢʨʫʛ ʤʛʥʦʚʝʥʥʦʡ ʦʩʠ 

ʚʨʘʱʝʥʠʷ. 

ɺʳʰʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʦʪ ʪʷʛʦʚʦʛʦ 

ʨʝʜʫʢʪʦʨʘ ʢʦʣʝʩʥʦ-ʤʦʪʦʨʥʦʛʦ ʙʣʦʢʘ ʚ ʦʙʣʘʩʪʴ 

ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʩ ʨʝʣʴʩʦʤ ʵʥʝʨʛʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʚ ʚʠʜʝ ʠʤʧʫʣʴʩʘ. ʊʦʛʜʘ ʚʨʘʱʘʪʝʣʴʥʳʡ ʠʤʧʫʣʴʩ 

ʨʘʚʝʥ [5]: 

 

qw=xG ,   (11) 

 

ʛʜʝ q ï ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʚʨʘʱʘʶʱʝʡʩʷ ʤʘʩʩʳ ò  ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ r  ʨʘʚʝʥ 

 

äD= 2mrq ,   (12) 

 

w - ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ.  

ɺʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ ʨʘʚʝʥ 

asin0mgl
dt

dG
M ==

*

, ʛʜʝ 0l  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʠ ʮʝʥʪʨʦʤ ʪʷʞʝʩʪʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ; 

ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ a aaºsin . ʊʦʛʜʘ ʜʣʷ ʢʦʣʝʩʘ 

w2kkk rmG =* , ʘ ʜʣʷ ʫʩʣʦʚʠʡ ʧʨʦʚʦʨʦʪʘ 

ʢʧ

ʧʨ

ʧʨ m
r

G
w
=* . ʊʦ ʝʩʪʴ ʦʙʱʠʡ ʚʨʘʱʘʪʝʣʴʥʳʡ 

ʠʤʧʫʣʴʩ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʟʤʝʨʘʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʜʠʫʩʦʚ. 

ɺ ʵʪʦʤ ʞʝ ʩʦʦʪʥʦʰʝʥʠʠ ʙʫʜʫʪ ʨʘʩʧʨʝʜʝʣʝʥʳ ʠ 

ʩʠʣʳ ʚ (10), ʩ ʫʯʝʪʦʤ ʚʨʘʱʘʶʱʠʭʩʷ ʤʘʩʩ ʢʦʣʝʩ ʠ 

ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʚʨʝʤʝʥʠ dt. 

ʄʝʞʜʫ ʪʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʟʤʫʱʝʥʠʷ ʦʪ 

ïðF  ʚ ʦʙʣʘʩʪʴ ʢʦʥʪʘʢʪʘ ʠ ʨʝʘʢʪʠʚʥʦʡ ʝʝ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʜʨʫʛʠʭ ʢʦʣʝʩʥʳʭ 

ʧʘʨ ʵʢʠʧʘʞʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʟʚʫʢʘ ʚ çʪʦʣʯʢʦʚʦʤè ʨʝʞʠʤʝ, ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ 

ʢʦʥʪʘʢʪʘ ʟʫʙʯʘʪʳʭ ʟʘʮʝʧʣʝʥʠʡ, ʢʦʪʦʨʳʡ ʥʝ 

ʧʦʣʥʦʩʪʴʶ ʫʧʨʫʛʠʡ, ʪ.ʢ. ʩʦʜʝʨʞʠʪ ʠ ʧʣʘʩʪʠʯʝʩʢʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʜʝʬʦʨʤʘʮʠʠ ʟʫʙʴʝʚ. ʇʦʵʪʦʤʫ ʟʜʝʩʴ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ 

ʥʘʛʨʫʟʦʢ ʚ ʤʝʞʟʫʙʯʘʪʦʤ ʟʘʮʝʧʣʝʥʠʠ ʚ ʚʠʜʝ 

ʠʤʧʫʣʴʩʦʚ. ʊʦʛʜʘ ʠʤʧʫʣʴʩʳ ʩʠʣʳ ïðF  ʚ ʪʦʯʢʠ çɸè ʠ 

çɺè ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ ʨʘʚʥʳ: 

 

AʧʨA lFG D= ; ɺʧʨɺ lFG D=  

ɸʧʨʧʨɸ tFF DÖ= , ɺʧʨʧʨɺ tFF DÖ= , 

 

ʛʜʝ 
c

L
t A
ɸ=D  ʠ 

c

L
t B
ɺ=D  ï ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʠʤʧʫʣʴʩʦʚ; AL  ʠ BL  ï ʜʣʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʠʤʧʫʣʴʩʦʚ ʦʪ ʧʦʣʶʩʘ ʟʘʮʝʧʣʝʥʠʷ ʟʫʙʯʘʪʦʡ ʧʘʨʳ 

ʪʷʛʦʚʦʛʦ ʧʨʠʚʦʜʘ ʜʦ ʪʦʯʢʠ çɸè ʠ ʜʦ ʪʦʯʝʢ ʢʦʥʪʘʢʪʘ 

ʢʦʣʝʩ ʩ ʨʝʣʴʩʘʤʠ ʜʨʫʛʠʭ ʢʦʣʝʩʥʳʭ ʧʘʨ ʵʢʠʧʘʞʘ; ʩ ï 

ʧʨʦʜʦʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ. 

ʉ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʧʦ ʧʫʪʠ ʧʨʦʭʦʞʜʝʥʠʷ 

ʠʤʧʫʣʴʩʦʚ ʚ ʪʦʯʢʠ ɸ ʠ ɺ ʩʠʣʳ ʟʜʝʩʴ ʨʘʚʥʳ 

( )Aʧʨʧʨɸ LFF h-=¡ 1  ʠ ( )Bʧʨʧʨɺ LFF h-=¡ 1 , ʛʜʝ h 

ï ʧʦʛʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ. 

ʉʠʣʳ ʧʨɸF¡ ʠ ʧʨɺF¡ ʨʘʟʣʦʞʠʤ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʥʦʨʤʘʣʴʥʫʶ ip  ʠ ʢʘʩʘʪʝʣʴʥʫʶ ig  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ, 

ʨʠʩ. 3, ʚ gcos1

k

i Fp =  ʠ gsin1ii Fq ¡= , 

gcosiʧʧi FN ¡=  ʠ gsiniʧʧi FG ¡= . 

ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʷ )(xpi  ʠ )(xgi  ʨʘʚʥʳ 

0

)(
a

x
pxp ii =  ʠ 

0

)(
a

x
gxg ii °= ; a

pp

p
a

BA

B

+
=

2
0

. 

ʊʦ ʝʩʪʴ ʦʩʴ ʤʦʤʝʥʪʦʚ ʩʠʣ Ap  ʠ Bp  ʩʜʚʠʥʫʪʘ ʦʪ 

ʮʝʥʪʨʘ ʧʣʦʱʘʜʢʠ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʝʡ ʠʟ ʥʠʭ.  

ʉʦʩʪʘʚʣʷʶʱʘʷ ʦʪ ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ p  ʚ 

ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʢʘʟʘʥʘ ʚ ʚʠʜʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ɻʝʨʮʫ 

(4). 

ʆʛʨʘʥʠʯʠʚʘʷʩʴ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʣʠʥʝʡʥʦʡ 

ʟʘʜʘʯʠ (ʧʨʠ ʚʝʩʴʤʘ ʤʘʣʦʤ çyè), ʚʳʨʘʞʝʥʠʝ (4) ʙʫʜʝʪ 

ʠʤʝʪʴ ʚʠʜ ʜʣʷ ʩʠʣ ʩʞʘʪʠʷ  ʠ ʩʜʚʠʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
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÷
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x
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2

0 1 ö
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õ
æ
ç

å
-=

a

x
qq , ʛʜʝ 0p  ï 

ʜʘʚʣʝʥʠʝ ʚ ʮʝʥʪʨʝ ʧʣʦʱʘʜʢʠ, ʨʘʚʥʦʝ 
)(2

3
0

ab

P
p

p
= . 

P  ï ʩʠʣʘ ʩʞʠʤʘʶʱʘʷ, 0q  ï ʢʘʩʘʪʝʣʴʥʘʷ ʩʠʣʘ ʚ 

ʮʝʥʪʨʝ ʧʣʦʱʘʜʢʠ, ʨʘʚʥʘʷ 
)(2

3
0

ab

F
q T

p
= . 

ɼʠʥʘʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ p¡ ʚ (7) ʢʘʢ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʠ p, ʪʘʢ ʠ ʜʣʷ ʢʘʩʘʪʝʣʴʥʦʡ 

ʩʠʣʳ q, ʧʦʢʘʞʝʤ ʚ ʚʠʜʝ 

 

ä=¡
k

ki tkptp wwd cos)( 2
0 ,  (11) 

 

ʛʜʝ id ï ʘʤʧʣʠʪʫʜʘ k-ʦʡ ʛʘʨʤʦʥʠʢʠ ʚʝʣʠʯʠʥʳ 

ʧʦʛʨʝʰʥʦʩʪʝʡ (ʥʝʨʦʚʥʦʩʪʝʡ) ʢʦʣʝʩʘ ʠ ʟʫʙʯʘʪʦʛʦ 

ʟʘʮʝʧʣʝʥʠʷ; 02 fk pw = ; 
kD

f
p

u
=0 ; 

u
ʧʣl

t= ;  

ʧʣl  ï ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ; u ï 

ʩʢʦʨʦʩʪʴ ʣʦʢʦʤʦʪʠʚʘ; kD  ï ʜʠʘʤʝʪʨ ʢʦʣʝʩʘ ʧʦ ʢʨʫʛʫ 

ʢʘʪʘʥʠʷ. 

ʂʦʦʨʜʠʥʘʪʳ çxè ʛʨʘʥʠʮ ʟʦʥ "ʢʘʯʝʥʠʷ" ï 

"ʩʮʝʧʣʝʥʠʷ" ï "ʩʢʦʣʴʞʝʥʠʷ" ʦʧʨʝʜʝʣʠʤ ʧʦ ʪʦʯʢʘʤ 

ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʡ ʫʨʘʚʥʝʥʠʡ, ʦʪʨʘʞʘʶʱʠʭ ʨʘʙʦʪʫ 

ʩʠʣ ʩʜʚʠʛʘ ʠ ʩʞʘʪʠʷ ʨʘʟʜʝʣʴʥʦ ʩʦ ʩʪʦʨʦʥʳ ʪʦʯʝʢ 

çɸè ʠ çɺè ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ, 

ʩʯʠʪʘʷ, ʯʪʦ ʚ ʪʦʯʢʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʠʡ ʨʘʙʦʪʳ 

ʨʘʚʥʳ. 

ʊʦʛʜʘ ʩʦ ʩʪʦʨʦʥʳ ɸ ʨʘʙʦʪʘ ʩʠʣ ʩʞʘʪʠʷ 

ʦʧʨʝʜʝʣʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ɸ ʩʠʣ ʩʜʚʠʛʘ ï ʧʦ ʬʦʨʤʫʣʝ: 
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ɸʥʘʣʦʛʠʯʥʦ ʩʦ ʩʪʦʨʦʥʳ ɺ: 
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Tcb mb .  (15) 

 

ɿʜʝʩʴ a ʠ b ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʞʘʪʠʷ ʠ ʩʜʚʠʛʘ, 

ʤʤ
2
/ʅ, [6]; ʜʣʷ ʩʪʘʣʠ Ŭ=0,3, ɓ=12; nm , cm  ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʧʦʢʦʷ ʠ ʩʢʦʣʴʞʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦʛʜʘ: 

 

gw cos
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ʇʨʠ ʧʨʠʥʷʪʳʭ ʟʥʘʯʝʥʠʷʭ u, ʈ, ÒÝÄÌ , a, b, 

0m , cm  ʧʘʨʘʤʝʪʨʦʚ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʥʘʭʦʜʷʪʩʷ 

ʢʦʦʨʜʠʥʘʪʳ çʭè ʩʦ ʩʪʦʨʦʥʳ ɸ ʠ ɺ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʦʧʨʝʜʝʣʷʪʩʷ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʟʦʥ ʩʮʝʧʣʝʥʠʷ ʠ 

ʩʢʦʣʴʞʝʥʠʷ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʨʠʝʥʪʠʨʫʷʩʴ ʥʘ ʠʟʚʝʩʪʥʳʝ 

ʜʘʥʥʳʝ, ʧʦʣʫʯʠʤ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʵʪʠʭ ʟʦʥ ʜʣʷ 

ʫʩʣʦʚʠʡ 95=u  ʢʤ/ʯ, 100=P  ʢʅ, ÒÝÄÌ =1350 ʅʤ, 

009,0=a  ʤ; 006,0=b ; 01,0=nm ; 14,0=cm ; 

ʧʝʨʝʜʘʪʦʯʥʦʤ ʦʪʥʦʰʝʥʠʠ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ 

ʪʷʛʦʚʦʛʦ ʨʝʜʫʢʪʦʨʘ 41,4=i , ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 4. 

 

 
ʘ 

 
ʙ 

 
ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ: ʘ ï ʩʦ ʩʪʦʨʦʥʳ ɸ;  

ʙ ï ʩʦ ʩʪʦʨʦʥʳ ɺ. 

 

ɼʣʷ ʜʘʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʫʩʣʦʚʠʡ ʟʦʥʘ ʩʮʝʧʣʝʥʠʷ 

ʨʘʚʥʘ 10,8 ʤʤ ʠ ʟʦʥʘ ʩʢʦʣʴʞʝʥʠʷ ï 7,2 ʤʤ. 

ʈʘʟʚʝʨʥʫʪʘʷ ʧʦ ʢʨʫʛʫ ʢʘʪʘʥʠʷ ʯʘʩʪʴ 

ʮʠʢʣʦʛʨʘʤʤʳ ʩ ʫʢʘʟʘʥʥʳʤʠ ʟʦʥʘʤʠ ʩʮʝʧʣʝʥʠʷ ʠ 

ʩʢʦʣʴʞʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5. 

 

 
 

ʈʠʩ. 5. ʏʘʩʪʴ ʮʠʢʣʦʛʨʘʤʤʳ ʩ ʫʢʘʟʘʥʥʳʤʠ ʟʦʥʘʤʠ 
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ɺʳʚʦʜʳ. ʋʢʘʞʝʤ ʠ ʚʳʜʝʣʠʤ ʥʝʢʦʪʦʨʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʭʘʥʠʢʠ ʢʦʥʪʘʢʪʘ ʩʠʩʪʝʤʳ ʢʦʣʝʩʦ-

ʨʝʣʴʩ, ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ: 

- ʩʭʝʤʘ ʩʠʣʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʦʥʪʘʢʪʝ 

ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ ʜʦʣʞʥʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ 

ʩʦʩʪʦʷʥʠʠ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʘ, ʢʦʛʜʘ ʩʠʩʪʝʤʘ 

çʣʦʢʦʤʦʪʠʚ-ʚʘʛʦʥʳ-ʨʝʣʴʩʳè ʦʙʨʘʟʫʝʪ 

ʟʘʤʢʥʫʪʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ, ʮʠʢʣʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤʠ, ʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʢʦʣʝʙʘʥʠʡ ʨʝʘʣʠʟʫʝʪʩʷ 

ʬʨʠʢʮʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʯʝʨʝʟ ʩʢʦʣʴʞʝʥʠʷ; 

- ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʚʥʝʰʥʝʛʦ 

ʠʩʪʦʯʥʠʢʘ ʥʘ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʥʘʛʨʫʟʦʢ; 

- ʯʘʩʪʴ ʵʥʝʨʛʠʠ, ʧʦʜʚʦʜʠʤʦʡ ʦʪ ʚʥʝʰʥʝʛʦ 

ʠʩʪʦʯʥʠʢʘ, ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʣʦʱʘʜʢʠ ʦʙʣʘʩʪʠ ʢʦʥʪʘʢʪʘ ʧʫʪʝʤ ʧʨʦʚʦʨʦʪʘ 

ʚʝʜʫʱʝʛʦ ʢʦʣʝʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʛʥʦʚʝʥʥʦʡ ʦʩʠ 

ʚʨʘʱʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʚʭʦʜʝ ʚ ʦʙʣʘʩʪʴ 

ʢʦʥʪʘʢʪʘ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʛʦ ʥʝʧʨʝʨʳʚʥʦʩʪʴʶ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʢʦʨʦʩʪʠ. 
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Nosko G.S., Bykadorov V.V., Turmanova N.I., 

Ivanova E.I.  

ABOUT FEATURES OF CONTACT INTERACTION OF 

THE WHEEL AND RAIL  

The scheme of a wheel and rail interaction for linear 

model of their contact is presented in article, and the factors 

influencing various functional indicators of the traction 

rolling stock in its movement with train are established. The 

last is considered as the closed system concluded in the 

certain borders, in the form of conducted and moving wheels. 

Key words: wheel, rail, friction, area of contact, 

slippage, clutch. 
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ANALYSIS OF THE STRESSED STATE OF THE CARBON  

PLASTIC ROD WHEN BROACHING  
 

Panfilov ɸ.ʄ., ʂostrub V.A., Shenkman G.L. 

 
ʈʘʩʩʤʦʪʨʝʥʦ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ 

ʩʪʝʨʞʥʷ ʧʨʠ ʧʨʦʪʷʞʢʝ, ʧʦʣʫʯʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʦʟʠʪ, ʫʛʣʝʨʦʜʥʳʡ ʩʪʝʨʞʝʥʴ, 

ʨʦʣʠʢ, ʧʨʦʪʷʛʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʥʘʧʨʷʞʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. 

 

ɺʚʝʜʝʥʠʝ. ʋʛʣʝʨʦʜ-ʫʛʣʝʨʦʜʥʳʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʮʝʣʦʤ ʨʷʜʝ ʩʧʝʮʠʘʣʴʥʳʭ ʠʟʜʝʣʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʪʦʨʤʦʟʥʳʝ ʜʠʩʢʠ ʩʘʤʦʣʝʪʦʚ ʠ ʘʚʪʦʤʦʙʠʣʝʡ, 

ʪʝʧʣʦʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ 

ʪʝʭʥʠʢʠ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʣʘʚʠʣʴʥʳʭ ʧʝʯʝʡ, 

ʵʣʝʤʝʥʪʳ ʧʨʠ ʢʨʝʧʣʝʥʠʠ ʠ ʧʨʦʪʝʟʠʨʦʚʘʥʠʠ 

ʨʘʟʨʫʰʝʥʥʳʭ ʢʦʩʪʥʳʭ ʪʢʘʥʝʡ. ʀʭ ʦʩʥʦʚʦʡ ʷʚʣʷʶʪʩʷ 

ʩʪʝʨʞʥʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʫʛʣʝʨʦʜʥʳʭ 

ʚʦʣʦʢʦʥ ʠ ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ.  

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ʂʘʯʝʩʪʚʦ ʩʪʝʨʞʥʝʚʳʭ ʠʟʜʝʣʠʡ ʠʟ 

ʚʦʣʦʢʥʠʩʪʳʭ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ (ɺʇʂʄ), 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʧʫʣʪʨʫʟʠʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ 

ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠʭ 

ʬʦʨʤʦʚʘʥʠʷ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʥʦ ʪʘʢʞʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʪʷʛʠʚʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ [1, 2, 3]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʝʧʨʝʨʳʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʩʪʝʞʥʝʡ (ʋʉ) 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʦʪʷʛʠʚʘʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ, 

ʚʳʧʦʣʥʝʥʥʳʤ ʦʙʳʯʥʦ ʚ ʚʠʜʝ ʧʨʠʚʦʜʥʳʭ 

ʦʙʨʝʟʠʥʝʥʥʳʭ ʨʦʣʠʢʦʚ. ʇʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʩʪʝʨʞʥʷ 

ʧʨʠ ʧʨʦʪʷʞʢʝ, ʘ ʪʘʢʞʝ ʯʨʝʟʤʝʨʥʦʝ ʝʛʦ ʦʙʞʘʪʠʝ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʨʦʣʠʢʦʚ ʚʝʜʫʪ ʢ 

ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʋʉ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʷʚʣʷʝʪʩʷ 

ʧʨʦʚʝʜʝʥʠʝ ʩʠʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʪʘʢʠʭ ʩʪʝʨʞʥʝʡ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʝʛʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʩʪʝʨʞʥʝʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
ʈʘʩʩʤʦʪʨʠʤ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʝʨʞʥʷ ʧʨʠ 

ʝʛʦ ʧʨʦʪʷʞʢʝ ʨʝʟʠʥʦʚʳʤʠ ʨʦʣʠʢʘʤʠ ʠ ʦʧʨʝʜʝʣʠʤ 

ʧʘʨʘʤʝʪʨʳ ʫʟʣʘ ʧʨʦʪʷʛʠʚʘʥʠʷ ʋʉ ʚ ʧʫʣʪʨʫʟʠʦʥʥʦʡ 

ʫʩʪʘʥʦʚʢʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʟʘʜʘʥʥʫʶ ʩʢʦʨʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʨʠʩ. 1.) 
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ʈʠʩ. 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʧʨʦʪʷʛʠʚʘʥʠʷ ʩʪʝʨʞʥʷ ʨʦʣʠʢʘʤʠ 

 
ʄʝʞʮʝʥʪʨʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʷʥʫʱʠʤʠ 

ʨʦʣʠʢʘʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

 

d-+= 2dDOO 21 ,                         (1) 

 

ʛʜʝ D ï ʜʠʘʤʝʪʨ ʨʦʣʠʢʦʚ; 

d ï ʜʠʘʤʝʪʨ ʩʪʝʨʞʥʷ;  

d ï ʚʝʣʠʯʠʥʘ ʚʜʘʚʣʠʚʘʥʠʷ ʩʪʝʨʞʥʷ ʚ ʨʝʟʠʥʦʚʳʡ 

ʨʦʣʠʢ ʧʨʦʪʷʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

ʇʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʢ ʩʪʝʨʥʶ ʩʞʠʤʘʶʱʠʭ ʩʠʣ, 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʠʣʠʷ ʧʨʦʪʷʛʠʚʘʥʠʷ 

ʩʪʝʨʞʥʷ Pʇʈ, ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʪʦʯʝʯʥʦʝ ʢʘʩʘʥʠʝ 

ʧʝʨʝʭʦʜʠʪ ʚ ʢʦʥʪʘʢʪ ʧʦ ʥʝʢʦʪʦʨʦʡ ʧʣʦʱʘʜʢʝ, 

ʢʦʪʦʨʘʷ ʚ ʧʣʘʥʝ ʠʤʝʝʪ ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʢʦʥʪʫʨ ʩ 

ʧʦʣʫʦʩʷʤʠ: 
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ɼʣʷ ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʤʝʤ 

ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

- ʚʝʣʠʯʠʥʘ ʨʘʜʠʘʣʴʥʦʛʦ ʩʙʣʠʞʝʥʠʷ ʩʪʝʨʞʥʷ ʠ 

ʨʦʣʠʢʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʪʦʣʴʢʦ ʜʝʬʦʨʤʘʮʠʠ 

ʨʦʣʠʢʘ, ʪʘʢ ʢʘʢ ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʩʪʝʨʞʥʷ ʠ ʨʦʣʠʢʘ ZPZCʊ EE >> ; 

- ʜʘʚʣʝʥʠʝ ʈ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʵʣʣʠʧʩʘ 

ʢʦʥʪʘʢʪʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 1X ; 1Y  ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʦʨʜʠʥʘʪʝ 1Z , ʦʧʠʩʳʚʘʝʤʦʛʦ ʫʨʘʚʥʝʥʠʝʤ 
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ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʛʜʝ 0ʨ  ï ʜʘʚʣʝʥʠʝ ʚ ʮʝʥʪʨʝ ʵʣʣʠʧʩʘ. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʨ 

ʥʘ ʧʣʦʱʘʜʠ ʵʣʣʠʧʩʘ ʚ ʧʣʘʥʝ abF p=  ʚʧʦʣʥʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʧʦʣʫʦʩʷʤʠ ï ʘ, b ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʨʝʪʴʝʡ ʧʦʣʫʦʩʠ ʩ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʪʦʣʴʢʦ ʬʦʨʤʫ 

ʵʣʣʠʧʩʦʠʜʘ ʜʘʚʣʝʥʠʷ. 

ʅʘʛʨʫʟʢʘ ʈ ʩʚʷʟʘʥʘ ʩ ʚʝʣʠʯʠʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʜʘʚʣʝʥʠʷ 0ʨ  ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

ññ ==
FF

ZdF
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ð
ðdFP 0
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ʛʜʝ ñ p=
F

ab
3

2
ZdF ï ʦʙʲʝʤ ʵʣʣʠʧʩʦʠʜʘ ʜʘʚʣʝʥʠʷ. 

ʊʦʛʜʘ abp
3

2
p 0p=  ʠ 

ab2

p3
p0

p
= , ʪʦ ʝʩʪʴ ʧʨʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ ʧʦ 

ʵʣʣʠʧʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʥʘʠʙʦʣʴʰʝʝ ʜʘʚʣʝʥʠʝ ʚ 

ʮʝʥʪʨʝ ʵʣʣʠʧʩʘ ʚ 1,5 ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʥʘ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʝʨʞʥʷ ʚ 

ʤʝʩʪʝ ʢʦʥʪʘʢʪʘ. ɼʣʷ ʯʝʛʦ ʵʣʣʠʧʩʦʠʜ ʜʘʚʣʝʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʦʥʪʘʢʪʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʨʞʥʷ  ʠ ʨʦʣʠʢʘ, ʧʨʠʚʝʜʝʤ ʢ 

ʧʣʦʩʢʦʩʪʠ XY ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ 

ʟʥʘʯʝʥʠʡ ʜʘʚʣʝʥʠʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ (ʨʠʩ. 2). 

ʇʝʨʝʡʜʝʤ ʦʪ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʢ 

ʧʦʣʷʨʥʳʤ ʠ ʟʘʤʝʥʠʤ ;sinrx j=  .cosjry= . ʊʦʛʜʘ 

ʫʨʘʚʥʝʥʠʝ (4) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 
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ʈʠʩ. 2. ʕʣʣʠʧʩʦʠʜ ʜʘʚʣʝʥʠʷ 

 

ʋʨʘʚʥʝʥʠʝ ʢʦʥʪʫʨʥʦʛʦ ʵʣʣʠʧʩʘ 1
b

y

a

x
2

2

2

2

=+  ʚ 

ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʠʤʝʝʪ ʚʠʜ 1Ar 22
0 = , 

ʛʜʝ 0r  ï ʧʦʣʷʨʥʳʡ ʨʘʜʠʫʩ r ʥʘ ʢʦʥʪʫʨʝ ʧʣʦʱʘʜʢʠ 

ʢʦʥʪʘʢʪʘ. 

ʉʠʣʘ ʜʘʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʧʣʦʱʘʜʢʝ jrdrd , ʦʧʨʝʜʝʣʠʪʩʷ ʢʘʢ:  

 

j-= rdrdAr1ʨdʨ 22
0 .                   (7) 

 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚ ʪʦʯʢʘʭ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʪʝʣ, ʣʝʞʘʱʠʭ 

ʧʦ ʦʩʠ 31OO , ʛʜʝ ʵʣʣʠʧʩʦʠʜ ʜʘʚʣʝʥʠʷ ʠʤʝʝʪ 

ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʧʦʷʚʣʷʶʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʠ ʢʘʩʘʪʝʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ. 

ʅʘʧʨʷʞʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ 

ɼ, ʣʝʞʘʱʝʡ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ ʵʣʣʠʧʩʦʠʜʘ 

ʜʘʚʣʝʥʠʡ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʈ=1, ʧʨʠʣʦʞʝʥʥʦʡ ʚ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ ʄ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ, 

ʚʳʨʘʞʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʬʦʨʤʫʣʘʤʠ [4]: 
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m ï ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʪʝʣʘ ï 

ʨʝʟʠʥʳ. 
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ʇʝʨʝʡʜʝʤ ʦʪ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʘʜʠʘʣʴʥʦʤ ʠ 

ʦʢʨʫʞʥʦʤ ʩʝʯʝʥʠʷʭ ʢ ʥʘʧʨʷʞʝʥʠʷʤ ʥʘ ʧʣʦʱʘʜʢʘʭ, 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʤ ʧʣʦʩʢʦʩʪʷʤ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʝʤ ʬʦʨʤʫʣʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ [5]. ʊʦʛʜʘ ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʧʣʦʩʢʦʩʪʷʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʤ ʠ 

ʧʨʦʭʦʜʷʱʠʤ ʯʝʨʝʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʪʦʯʢʫ ɼ, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʦʩʠ  z, ʧʦʣʫʯʠʤ: 

-ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ: 
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;cossin

'
r

*
z

2'
t

2'
r

*
y

2'
t

2'
r

*
x

s=s

js+js=s

js+js=s

                (9) 

 

-ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ: 

( )

.sin

;cos

;2sin
2

1

'
rz

*
xz

*
zx

'
rz

*
zy

*
yz

'
t

'
t

*
yx

*
xy

jt=t=t

jt=t=t

js-s=t=t

           (10) 

 

ɺʳʨʘʟʠʤ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʦʯʢʝ ɼ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʦʡ ʈ=1, ʘ 

ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʠʣ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʧʣʦʱʘʜʢʝ ʢʦʥʪʘʢʪʘ ʧʦ ʟʘʢʦʥʫ 

ʧʦʣʫʵʣʣʠʧʩʦʠʜʘ. ʊʦʛʜʘ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʠʩʭʦʜʷ ʠʟ (9) ʠ (6), ʨʘʚʥʳ  

 

ññ
p

j-s=s
2

0

22
0

r

0

'
zz rdrdAr1p

0

.         (11) 

 

ʊʘʢ ʢʘʢ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʬʫʥʢʮʠʶ ʦʪ sin2j ʠ cos2j, ʪʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʧʦʣʥʠʪʴ ʧʦ ʯʝʪʚʝʨʪʠ 

ʵʣʣʠʧʩʘ: 

ññ
p

j-s=s
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0

22
0

r
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'
zz rdrdAr1P4

0

.         (12) 

 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ (12) 

ʟʥʘʯʝʥʠʝ z's  ʠʟ (8), ʧʦʣʫʯʠʤ: 

 

( )
ñ ñ
p
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j

p
=s

2/
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r

0
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0z rdr
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Ar1
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.      (13) 

 

ʇʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʛʨʘʣʦʚ ʠ ʨʷʜʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚʳʨʘʞʝʥʠʝ  ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 

2222
0z

zbza

ab
P

++
-=s .            (14) 

 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ xs  ï ʥʦʨʤʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʣʦʱʘʜʢʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ 

ʙʦʣʴʰʝʡ ʦʩʠ ʵʣʣʠʧʩʘ (ʦʩʠ x), ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [43]: 
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.    (15) 

 

ʕʣʣʠʧʪʠʯʝʩʢʠʝ ʠʥʪʝʛʨʘʣʳ ʧʝʨʚʦʛʦ ʨʦʜʘ ʂ(ʝ; y) 

ʠ ʚʪʦʨʦʛʦ ʨʦʜʘ L(ʝ; y) ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ: 
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ʛʜʝ ʧʘʨʘʤʝʪʨ 

2
2

a

b
1e;

a

z
arctg ö

÷

õ
æ
ç

å
-==y ï ʢʚʘʜʨʘʪ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʢʦʥʪʫʨʥʦʛʦ ʵʣʣʠʧʩʘ ʧʣʦʱʘʜʢʠ 

ʢʦʥʪʘʢʪʘ. 

ɸʥʘʣʦʛʠʯʥʦ sx ʚʳʯʠʩʣʷʶʪʩʷ ʥʘʧʨʷʞʝʥʠʷ ys  

ï ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʣʦʱʘʜʢʝ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʢ ʤʘʣʦʡ ʦʩʠ ʵʣʣʠʧʩʘ (ʦʩʠ y) [6]: 
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ʂʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ;yxxy t=t  ;zyyz t=t  

,xzzx t=t ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ (10) ʠ (7) ʠ ʧʨʠʥʮʠʧʫ 

ʩʣʦʞʝʥʠʷ ʜʝʡʩʪʚʠʷ ʩʠʣ ʧʦʣʫʯʠʤ ʚ ʚʠʜʝ: 

 

( ) ;rdrdAr1P2sin
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;rdrdAr1Pcos 22
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            (19) 

 

,rdrdAr1Psin 22
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2

0

r

0

'
rzzx

0

j-jt=t ññ
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           (20) 

ʦʜʥʘʢʦ ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʝ 
¡
t
¡
s
¡
s rztz ,,  ʠʟ 

ʚʳʨʘʞʝʥʠʡ (8) ʧʦʣʫʯʘʝʤ: 

0;; zxxzzyyzyxxy =t=tt=tt=t . 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʣʶʙʦʡ ʪʦʯʢʠ ɼ, ʣʝʞʘʱʝʡ 

ʥʘ ʧʨʦʜʦʣʞʝʥʠʠ ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ  ʵʣʣʠʧʩʦʠʜʘ 

ʜʘʚʣʝʥʠʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ z ʦʪ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ, ʚʩʝ 

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʣʦʱʘʜʢʘʭ, 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ  x, y, z 

ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʧʨʷʞʝʥʠʷ 

xs ; ys ; zs  ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ. 

ʇʦʣʘʛʘʷ z=0 ʚ ʬʦʨʤʫʣʘʭ (14), (15), (17) 

ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ï ʚ ʮʝʥʪʨʝ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʧʣʦʱʘʜʢʠ ʢʦʥʪʘʢʪʘ (ʪʦʯʢʘ 

0): 
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.                  (21) 

 

ɺʳʨʘʞʝʥʠʷ (21) ʦʧʨʝʜʝʣʷʶʪ ʥʘʧʨʷʞʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʦʡ ʪʦʯʢʝ (ʪʦʯʢʘ ʆ) 

ʩʪʝʨʞʥʷ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʦʞʝʥʠʠ, ʪʦ ʝʩʪʴ ʙʝʟ ʝʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ. ʇʨʠ ʧʨʦʪʷʛʠʚʘʥʠʠ ʩʪʝʨʞʥʷ ʧʦʣʘʛʘʝʤ, 

ʯʪʦ ʩʠʣʘ ʧʨʦʪʷʛʠʚʘʥʠʷ ʧʨʝʦʜʦʣʝʚʘʝʪʩʷ ʩʠʣʦʡ ʪʨʝʥʠʷ 

ʤʝʞʜʫ ʨʝʟʠʥʦʚʳʤʠ ʨʦʣʠʢʘʤʠ ʠ ʩʪʝʨʞʥʝʤ, Pʇʈ¢Pf¡, 

ʛʜʝ f¡ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʘʨʳ çʤʘʪʝʨʠʘʣ 

ʩʪʝʨʞʥʷ ï ʨʦʣʠʢè. ɺʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ 

ʢʘʩʘʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ 

ʥʦʨʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʥʘ ʧʣʦʱʘʜʢʘʭ. ɺ 

ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʦʡ ʪʦʯʢʝ ʩʪʝʨʞʥʷ ʚʦʟʥʠʢʘʶʪ 

ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ: 
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ɺʳʚʦʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʚ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʧʨʦʪʷʛʠʚʘʥʠʷ, ʧʨʝʜʝʣ 

ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩʪʝʨʞʥʷ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ 

ʩʞʘʪʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩʪʝʨʞʥʷ ʠ 

ʨʦʣʠʢʘ, ʘ ʪʘʢʞʝ ʟʘʜʘʚ ʜʠʘʤʝʪʨ ʩʪʝʨʞʥʷ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʚʳʙʨʘʚ ʚʝʣʠʯʠʥʫ ʝʛʦ ʚʜʘʚʣʠʚʘʥʠʷ ʚ 

ʨʦʣʠʢ ʧʨʠ ʧʨʦʪʷʞʢʝ, ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʨʝʜʝʣʠʣʠ ʤʠʥʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʙʦʣʴʰʝʡ ʧʦʣʫʦʩʠ ʵʣʣʠʧʩʘ 

ʢʦʥʪʘʢʪʘ, ʘ ʟʘʪʝʤ ʠ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ 

ʜʠʘʤʝʪʨ ʨʝʟʠʥʦʚʳʭ ʨʦʣʠʢʦʚ. ʈʘʩʩʯʠʪʘʥʥʳʡ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʜʠʘʤʝʪʨ ʨʝʟʠʥʦʚʳʭ ʨʦʣʠʢʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʨʝʙʫʝʤʦʝ ʫʩʠʣʠʝ ʧʨʦʪʷʞʢʠ ʩʪʝʨʞʥʷ ʙʝʟ 

ʥʝʦʙʨʘʪʠʤʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʝʛʦ ʩʝʯʝʥʠʷ. 
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ANALYSIS OF THE STRESSED STATE OF THE 

CARBON PLASTIC ROD WHEN BROACHING  

The stressed state of the carbonic rod during the 

broaching has been considered, and recommendations for the 

optimal designing the equipment have been received. 

Key  words: composite material, carbonic rod, roller, 

drawing device, stressed state. 
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EFFICIENCY OF MOVEMENT THE BOGIE WITH  THE INDEPENDENTLY  

REVOLVED WHEEL S IN CURVED SECTION TRACK  
 

 

Slaschev V.A., Dodonov V.I.  

 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʝ ʧʦ 

ʫʤʝʥʴʰʝʥʠʶ ʩʠʣ ʧʦʧʝʨʝʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʵʢʠʧʘʞʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʝʛʦ ʚ 

ʨʝʣʴʩʦʚʦʡ ʢʦʣʝʝ, ʦʩʦʙʝʥʥʦ ʚ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘʭ 

ʧʫʪʠ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʚ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ ʪʨʝʭʦʩʥʦʡ 

ʪʝʣʝʞʢʠ, ʠʤʝʶʱʝʡ ʩʨʝʜʥʶʶ ʢʦʣʝʩʥʫʶ ʧʘʨʫ ʩ ʥʝʟʘʚʠʩʠʤʦ 

ʚʨʘʱʘʶʱʠʤʠʩʷ ʢʦʣʝʩʘʤʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ 

ʩʨʘʚʥʝʥʠʝʤ ʝʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʫʩʠʣʠʡ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʫʩʣʦʚʠʷʭ ʜʚʠʞʝʥʠʷ ʩ ʪʝʣʝʞʢʦʡ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʩʝ 

ʢʦʣʝʩʥʳʝ ʧʘʨʳ ʩʪʘʥʜʘʨʪʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. ʈʘʩʯʝʪʳ 

ʚʳʧʦʣʥʷʣʠʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʟʘʚʦʜʩʢʦʡ ʧʨʘʢʪʠʢʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʚʨʘʱʘʶʱʠʭʩʷ ʢʦʣʝʩ ʦʢʘʟʘʣʘʩʴ 

ʥʘʠʚʳʩʰʝʡ (ʜʦ 10é15% ʠ ʙʦʣʝʝ) ʧʨʠ ʜʚʠʞʝʥʠʠ ʪʝʣʝʞʢʠ ʚ 

ʢʨʠʚʳʭ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ. ʕʪʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʬʘʢʪ, 

ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʪʘʤ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ ʛʨʝʙʥʝʡ ʢʦʣʝʩ ʠ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ 

ʨʝʣʴʩʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʣʝʞʢʘ, ʨʝʣʴʩʦʚʳʡ ʧʫʪʴ, 

ʫʰʠʨʝʥʠʝ ʢʦʣʝʠ, ʢʦʣʝʩʥʘʷ ʧʘʨʘ, ʙʦʢʦʚʘʷ ʨʘʤʥʘʷ ʩʠʣʘ, 

ʥʘʧʨʘʚʣʷʶʱʝʝ ʫʩʠʣʠʝ, ʪʨʝʥʠʝ ʩʢʦʣʴʞʝʥʠʷ. 

 

ɺʚʝʜʝʥʠʝ. ʊʝʣʝʞʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʣʦʢʦʤʦʪʠʚʦʚ 

ʪʨʘʜʠʮʠʦʥʥʦ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʫʶ ʨʘʤʫ, ʚ 

ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʶʪ ʢʦʣʝʩʥʳʝ ʧʘʨʳ, 

ʩʦʝʜʠʥʝʥʥʳʝ ʩ ʥʝʡ ʧʨʦʜʦʣʴʥʳʤʠ ʠ ʧʦʧʝʨʝʯʥʳʤʠ 

ʩʚʷʟʷʤʠ ʩ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʟʘʟʦʨʘʤʠ ʠʣʠ 

ʩʦʚʩʝʤ ʙʝʟ ʪʘʢʦʚʳʭ. ʆʩʦʙʝʥʥʦʩʪʠ ʪʘʢʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ 

ʨʝʣʴʩʦʚʦʛʦ ʧʫʪʠ ʪʝʣʝʞʢʘ ʚʳʥʫʞʜʝʥʘ ʩʦʚʝʨʰʘʪʴ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʣʦʞʥʦʝ ʧʣʦʩʢʦ-

ʧʘʨʘʣʣʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ: ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʚʜʦʣʴ ʧʫʪʠ ʠ ʚʨʘʱʘʪʝʣʴʥʦʝ ī ʚʦʢʨʫʛ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. ʇʦʩʪʫʧʘʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʢʘʯʝʥʠʷ ʢʦʣʝʩ, ʘ ʚʨʘʱʘʪʝʣʴʥʦʝ ī 

ʟʘ ʩʯʝʪ ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʛʨʝʙʥʠ ʥʘʙʝʛʘʶʱʠʭ ʢʦʣʝʩ ʩʦ ʩʪʦʨʦʥʳ ʨʝʣʴʩʦʚ. ʇʨʠ 

ʵʪʦʤ ʫʛʣʦʚʦʡ ʧʦʚʦʨʦʪ ʜʚʠʞʫʱʝʡʩʷ ʪʝʣʝʞʢʠ ʚ 

ʥʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝʤ ʢʦʣʝʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʣʴʩʦʚ ʚ 

ʟʦʥʝ ʠʭ ʢʦʥʪʘʢʪʘ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʥʘʧʨʘʚʣʷʶʱʠʭ ʫʩʠʣʠʷʭ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʳʭ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʥʦʩʘ ʛʨʝʙʥʝʡ ʢʦʣʝʩ ʠ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ ʨʝʣʴʩʦʚ. 

ɺ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʢʦʣʝʩʥʳʭ ʧʘʨ 

ʦʙʘ ʢʦʣʝʩʘ ʞʝʩʪʢʦ ʥʘʩʘʞʠʚʘʶʪʩʷ ʥʘ ʦʙʱʫʶ ʦʩʴ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʢʦʣʝʩʥʘʷ ʧʘʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʝʜʠʥʦʝ ʪʚʝʨʜʦʝ ʪʝʣʦ ʩ ʧʨʠʩʫʱʠʤʠ ʝʤʫ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɽʩʣʠ ʢʦʣʝʩʥʫʶ ʧʘʨʫ 

ʚʳʧʦʣʥʠʪʴ ʩ ʥʝʟʘʚʠʩʠʤʦ ʚʨʘʱʘʶʱʠʤʠʩʷ ʢʦʣʝʩʘʤʠ 

(ʅɺʂ), ʪʦ ʝʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʷʶʪʩʷ, ʯʝʤ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʜʚʠʞʝʥʠʷ ʪʝʣʝʞʢʠ ʚ ʢʨʠʚʦʡ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʪʝʣʝʞʢʘʭ 

ʢʦʣʝʩʥʳʭ ʧʘʨ ʩ ʅɺʂ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʤʫ ʪʝʣʝʞʢʠ 

ʤʦʤʝʥʪʘ ʦʪ ʩʠʣ ʪʨʝʥʠʷ ʤʝʞʜʫ ʢʦʣʝʩʘʤʠ ʠ ʨʝʣʴʩʘʤʠ ʚ 

ʟʦʥʝ ʠʭ ʢʦʥʪʘʢʪʘ ʫʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʨʘʙʦʪʘʭ 

[1,2], ʥʦ ʚ ʥʠʭ ʜʝʣʦ ʦʛʨʘʥʠʯʠʣʦʩʴ ʪʦʣʴʢʦ ʘʥʘʣʠʟʦʤ 

ʠʟʤʝʥʝʥʠʷ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʚ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ ʠ ʥʝ 

ʙʳʣʦ ʜʦʚʝʜʝʥʦ ʜʦ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ, ʪ.ʝ. ʜʦ 

ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʷʶʱʠʭ ʫʩʠʣʠʡ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʜʚʠʞʝʥʠʷ ʚ ʢʨʠʚʳʭ ʢʘʢ ʬʘʢʪʦʨ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʟʥʦʩʘ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ 

ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʫʩʪʨʘʥʠʪʴ ʦʪʤʝʯʝʥʥʫʶ 

ʥʝʜʦʨʘʙʦʪʢʫ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʠʞʝʥʠʝ ʪʨʝʭʦʩʥʦʡ ʪʝʣʝʞʢʠ ʚ 

ʢʨʫʛʦʚʦʡ ʢʨʠʚʦʡ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʝʝ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʜʦʧʫʱʝʥʠʷʤʠ ʠ ʫʧʨʦʱʝʥʠʷʤʠ 

[3]. ʉʭʝʤʘ ʩʠʣ ʪʨʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʥʝʝ ʩʦ 

ʩʪʦʨʦʥʳ ʨʝʣʴʩʦʚ ʧʨʠ ʫʛʣʦʚʦʤ ʧʦʚʦʨʦʪʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʉʠʣʳ ʪʨʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʪʝʣʝʞʢʫ ʧʨʠ ʫʛʣʦʚʦʤ ʧʦʚʦʨʦʪʝ 

 

ʊʦʯʢʘ ʆ, ʚʦʢʨʫʛ ʢʦʪʦʨʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʚʨʘʱʝʥʠʝ ʪʝʣʝʞʢʠ, ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʶʩʦʤ, ʘ 

ʨʘʩʩʪʦʷʥʠʝ x1 ʦʪ ʧʦʣʶʩʘ ʜʦ ʧʝʨʚʦʡ ʧʦ ʭʦʜʫ ʢʦʣʝʩʥʦʡ 

ʧʘʨʳ ī ʧʦʣʶʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʧʘʨʘʤʝʪʨʦʤ ʚ ʨʘʩʯʝʪʘʭ ʜʚʠʞʝʥʠʷ ʚ 

ʢʨʠʚʳʭ. ɺ ʧʨʠʥʷʪʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʧʦʣʦʞʝʥʠʝ 

ʧʦʣʶʩʘ ʆ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʢʦʡ ʧʝʨʝʩʝʯʝʥʠʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ, ʦʧʫʱʝʥʥʦʛʦ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ ʢʨʠʚʦʡ ʥʘ ʧʨʦʜʦʣʴʥʫʶ ʦʩʝʚʫʶ ʣʠʥʠʠ 

ʪʝʣʝʞʢʠ. ʂʦʥʢʨʝʪʥʘʷ ʚʝʣʠʯʠʥʘ x1, ʢʨʦʤʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʪʠ ʠ ʩʘʤʦʡ 

ʪʝʣʝʞʢʠ, ʟʘʚʠʩʠʪ ʝʱʝ ʦʪ ʚʠʜʘ ʝʝ ʫʩʪʘʥʦʚʢʠ ʚ ʢʨʠʚʦʡ 

ʧʨʠ ʜʚʠʞʝʥʠʠ, ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʪʨʠ:  

1) ʫʩʪʘʥʦʚʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʢʦʩʘ, ʢʦʛʜʘ 

ʧʝʨʚʘʷ ʢʦʣʝʩʥʘʷ ʧʘʨʘ ʥʘʙʝʛʘʝʪ ʥʘ ʥʘʨʫʞʥʳʡ ʨʝʣʴʩ 

ʢʨʠʚʦʡ, ʘ ʧʦʩʣʝʜʥʷʷ ī ʥʘ ʚʥʫʪʨʝʥʥʠʡ (ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ ʫʩʪʘʥʦʚʢʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ);   

2) ʫʩʪʘʥʦʚʢʘ ʧʦ ʭʦʨʜʝ, ʢʦʛʜʘ ʧʝʨʚʘʷ ʠ 

ʧʦʩʣʝʜʥʷʷ ʢʦʣʝʩʥʳʝ ʧʘʨʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʙʝʛʘʶʪ 

ʥʘ ʥʘʨʫʞʥʳʡ ʨʝʣʴʩ ʢʨʠʚʦʡ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 

ʫʩʪʘʥʦʚʢʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʝʡ);   

3) ʩʚʦʙʦʜʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʢʦʛʜʘ ʣʠʰʴ ʧʝʨʚʘʷ 

ʢʦʣʝʩʥʘʷ ʧʘʨʘ ʥʘʙʝʛʘʝʪ ʥʘ ʥʘʨʫʞʥʳʡ ʨʝʣʴʩ ʢʨʠʚʦʡ, ʘ 

ʛʨʝʙʥʠ ʧʦʩʣʝʜʥʝʡ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʠʜʫʪ ʙʝʟ ʥʘʙʝʛʘʥʠʷ 

ʥʘ ʢʘʢʦʡ-ʣʠʙʦ ʠʟ ʨʝʣʴʩʦʚ. 

ɽʩʣʠ ʠʟʚʝʩʪʥʳ ʚʝʣʠʯʠʥʳ ʨʘʜʠʫʩʘ ʢʨʠʚʦʡ, 

ʢʦʣʝʩʥʦʡ ʙʘʟʳ ʪʝʣʝʞʢʠ ʠ ʩʫʤʤʘʨʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ 

ʛʨʝʙʥʷʤʠ ʢʦʣʝʩ ʠ ʛʦʣʦʚʢʘʤʠ ʨʝʣʴʩʦʚ ʢʦʣʝʩʥʦʡ ʧʘʨʳ, 

ʘ ʪʘʢʞʝ ʚʠʜ ʫʩʪʘʥʦʚʢʠ ʪʝʣʝʞʢʠ, ʪʦ ʚʝʣʠʯʠʥʫ x1 

ʥʝʩʣʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʧʨʦʩʪʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʦʦʙʨʘʞʝʥʠʡ. 

ʇʨʠ ʫʛʣʦʚʦʤ ʧʦʚʦʨʦʪʝ ʪʝʣʝʞʢʠ, ʩʢʘʞʝʤ, ʧʦ 

ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ (ʩʤ. ʨʠʩ. 1) ʧʦʜ ʢʘʞʜʳʤ ʢʦʣʝʩʦʤ 

ʚʦʟʥʠʢʘʝʪ ʩʠʣʘ ʪʨʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚ ʩʪʦʨʦʥʫ, 

ʦʙʨʘʪʥʫʶ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ, ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʷ ʣʫʯʫ ʠʟ ʧʦʣʶʩʘ ʆ ʜʦ ʪʦʯʢʠ ʦʧʦʨʳ 

ʢʦʣʝʩʘ ʥʘ ʨʝʣʴʩ. ɼʣʷ ʢʦʣʝʩʘ ʧʝʨʚʦʡ ʢʦʣʝʩʥʦʡ ʧʘʨʳ, 

ʥʘʙʝʛʘʶʱʝʛʦ ʥʘ ʥʘʨʫʞʥʳʡ ʨʝʣʴʩ, ʩʠʣʘ ʪʨʝʥʠʷ ʨʘʚʥʘ 

 

fʈʊ 1ʥ1ʥ= ;                             (1) 

ʜʣʷ ʢʦʣʝʩʘ, ʠʜʫʱʝʛʦ ʧʦ ʚʥʫʪʨʝʥʥʝʤʫ ʨʝʣʴʩʫ, 

 

fʈʊ 1ʚ1ʚ= ,                             (2) 

 

ʛʜʝ 1ʥʈ  ʠ 1ʚʈ  ī ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʦʪ ʢʦʣʝʩʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʥʘʨʫʞʥʳʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʨʝʣʴʩ 

ʢʨʠʚʦʡ; f  ī ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ 

ʤʝʞʜʫ ʢʦʣʝʩʦʤ ʠ ʨʝʣʴʩʦʤ (ʦʙʳʯʥʦ  ʧʨʠʥʠʤʘʶʪ  

f  = 0,25). 

ʉʠʣʫ 1ʥʊ  ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʜʚʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ: ʧʨʦʜʦʣʴʥʫʶ 
xʊ1ʥ  ʠ ʧʦʧʝʨʝʯʥʫʶ 

yʊ1ʥ . 

ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ 

 

11ʥ11ʥ1ʥ sinsin bb fʈTʊx == ; 

11ʥ11ʥ1ʥ coscos bb fʈTʊy == ,          (3) 

 

ʛʜʝ  22
111 /sin sxx +=b ;  22

11 /cos sxs +=b ;    (4) 

 

s ī ʧʦʣʦʚʠʥʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʨʫʛʘʤʠ ʢʘʪʘʥʠʷ 

ʢʦʣʝʩ. 

ɸʥʘʣʦʛʠʯʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʠ ʜʣʷ 

ʩʠʣʳ 1ʚʊ , ʨʘʚʥʦ ʢʘʢ ʠ ʜʣʷ ʢʦʣʝʩ ʦʩʪʘʣʴʥʳʭ 

ʢʦʣʝʩʥʳʭ ʧʘʨ. 

ɺ ʙʘʣʘʥʩʝ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʨʘʤʫ ʪʝʣʝʞʢʠ, ʦʪʤʝʯʝʥʥʳʝ ʧʦʧʝʨʝʯʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣ ʪʨʝʥʠʷ ʥʘʧʨʷʤʫʶ ʥʝ ʫʯʘʩʪʚʫʶʪ, 

ʪʦʛʜʘ ʢʘʢ ʧʨʦʜʦʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʙʫʢʩʦʚʳʝ 

ʥʘʧʨʘʚʣʷʶʱʠʝ, ʦʙʨʘʟʫʷ ʤʦʤʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʚʦʨʦʪʫ, ʨʘʚʥʳʡ 

 

ää +=+=
i

iii

i

x

i

x

ix fsPPsTTM bsin)()( ʚʥʚʥ ,   (5) 

 

ʛʜʝ  i ī ʠʥʜʝʢʩ ʢʦʣʝʩʥʦʡ ʧʘʨʳ (ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʧʦ 

ʭʦʜʫ ʜʚʠʞʝʥʠʷ ʪʝʣʝʞʢʠ). 



148            ɺɽʉʊʅʀʂ ʃʋɻɸʅʉʂʆɻʆ ʅɸʎʀʆʅɸʃʔʅʆɻʆ ʋʅʀɺɽʈʉʀʊɽʊɸ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷ ˉ 2(4) ʏ.2  2017 

 

 

 

ɺ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʪʝʣʝʞʢʠ ʚ ʢʨʠʚʦʡ 

ʩʫʤʤʘʨʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʨʝʣʴʩʳ ʦʪ 

ʦʙʦʠʭ ʢʦʣʝʩ ʦʜʥʦʡ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʨʘʚʥʘ 

ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʥʝʝ ʩʪʘʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ iPʩʪ2 , 

ʧʦʵʪʦʤʫ ʦʙʱʠʡ ʤʦʤʝʥʪ ʦʪ ʧʨʦʜʦʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣ ʩʢʦʣʴʞʝʥʠʷ, ʧʨʠʣʦʞʝʥʥʳʡ ʢ 

ʨʘʤʝ ʪʝʣʝʞʢʠ, ʙʫʜʝʪ ʨʘʚʝʥ 

 

ä=
i

iix PfsM bsin2 ʩʪ
.                     (6) 

ɽʩʣʠ ʚ ʩʦʩʪʘʚʝ ʪʝʣʝʞʢʠ ʙʫʜʫʪ ʠʜʪʠ ʦʜʥʘ ʠʣʠ 

ʥʝʩʢʦʣʴʢʦ ʢʦʣʝʩʥʳʭ ʧʘʨ ʩ ʅɺʂ, ʪʦ ʦʥʠ ʥʝ ʙʫʜʫʪ 

ʧʨʠʢʣʘʜʳʚʘʪʴ ʢ ʝʝ ʨʘʤʝ ʧʨʦʜʦʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʩʠʣ ʪʨʝʥʠʷ, ʦʙʥʫʣʷʷ ʠʭ ʟʘ ʩʯʝʪ ʘʚʪʦʥʦʤʥʦʛʦ 

ʧʝʨʝʢʘʪʳʚʘʥʠʷ ʢʦʣʝʩ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚ ʩʫʤʤʝ (6) 

ʩʣʘʛʘʝʤʳʝ ʩ ʥʦʤʝʨʘʤʠ ʢʦʣʝʩʥʳʭ ʧʘʨ, ʠʤʝʶʱʠʭ 

ʅɺʂ, ʧʦʣʘʛʘʶʪʩʷ ʦʪʩʫʪʩʪʚʫʶʱʠʤʠ, ʨʘʚʥʳʤʠ ʥʫʣʶ, 

ʯʪʦ ʥʝʠʟʙʝʞʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʙʦʢʦʚʳʭ 

ʨʘʤʥʳʭ ʩʠʣʘʭ, ʪ.ʝ. ʥʘ ʩʠʣʘʭ ʧʦʧʝʨʝʯʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʥʳʭ ʧʘʨ ʩ ʨʘʤʦʡ ʪʝʣʝʞʢʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʘʚʥʦʚʝʩʠʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʨʘʤʳ, ʥʘʧʨʠʤʝʨ, ʪʨʝʭʦʩʥʦʡ ʪʝʣʝʞʢʠ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʥʝʡ ʚʥʝʰʥʠʭ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ, 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʳ ʙʦʢʦʚʳʭ ʨʘʤʥʳʭ ʩʠʣ 

ʥʘ ʢʘʞʜʦʡ ʠʟ ʢʦʣʝʩʥʳʭ ʧʘʨ. ʅʘʧʨʠʤʝʨ, ʥʘ ʧʝʨʚʦʡ 

ʢʦʣʝʩʥʦʡ ʧʘʨʝ ʙʦʢʦʚʘʷ ʨʘʤʥʘʷ ʩʠʣʘ ʙʫʜʝʪ ʨʘʚʥʘ 

 

dtdWWMMY xp 2/)2/)(( ʢʪʚ1 -+++= ,         (7) 

 

ʛʜʝ ʚM ī ʤʦʤʝʥʪ ʚʦʟʚʨʘʱʘʶʱʠʭ ʩʠʣ ʤʝʞʜʫ 

ʢʫʟʦʚʦʤ ʠ ʪʝʣʝʞʢʦʡ; ʪW  ʠ ʢW ī ʥʝʧʦʛʘʰʝʥʥʘʷ 

ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ ʩʘʤʦʡ ʨʘʤʳ 

ʪʝʣʝʞʢʠ ʠ ʘʥʘʣʦʛʠʯʥʘʷ ʩʠʣʘ ʦʪ ʢʫʟʦʚʘ, 

ʧʝʨʝʜʘʶʱʘʷʩʷ ʥʘ ʨʘʤʫ ʪʝʣʝʞʢʠ ʯʝʨʝʟ ʰʢʚʦʨʥʝʚʦʝ 

ʫʩʪʨʦʡʩʪʚʦ. 

ʅʘʧʨʘʚʣʷʶʱʝʝ ʫʩʠʣʠʝ 1ʥY , ʜʝʡʩʪʚʫʶʱʝʝ ʥʘ 

ʛʨʝʙʝʥʴ ʥʘʙʝʛʘʶʱʝʛʦ ʢʦʣʝʩʘ ʧʝʨʚʦʡ ʢʦʣʝʩʥʦʡ ʧʘʨʳ 

(ʨʠʩ. 2), ʷʚʣʷʝʪʩʷ ʩʠʣʦʡ, ʫʨʘʚʥʦʚʝʰʠʚʘʶʱʝʡ ʚʩʝ 

ʧʦʧʝʨʝʯʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʥʝʡ 

 

=+++= 11ʚ1ʥʢʧ11p1ʥ cos)( bfPPWYY  

11ʩʪʢʧ11p cos2 bfPWY ++= ,                   (8) 

 

ʛʜʝ ʢʧ1W ī ʥʝʧʦʛʘʰʝʥʥʘʷ ʮʝʥʪʨʦʙʝʞʥʘʷ ʩʠʣʘ ʧʝʨʚʦʡ 

ʢʦʣʝʩʥʦʡ ʧʘʨʳ. 

 
ʈʠʩ. 2. ʇʦʧʝʨʝʯʥʳʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʦʣʝʩʥʫʶ ʧʘʨʫ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʅɺʂ ʚ ʩʦʩʪʘʚʝ 

ʪʝʣʝʞʢʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ, ʚ %, ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʠʣ ʧʦ ʪʘʢʦʡ 

ʬʦʨʤʫʣʝ: 

 

100)/1( ɹ

1ʥ1ʥ Ö-= YYʕ ,                (9) 

 

ʛʜʝ 
ɹ

1ʥY  ī ʥʘʧʨʘʚʣʷʶʱʝʝ ʫʩʠʣʠʝ, ʧʨʠʣʦʞʝʥʥʦʝ ʢ 

ʧʝʨʚʦʡ ʦʩʠ ʪʝʣʝʞʢʠ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʢʦʣʝʩʥʳʤʠ 

ʧʘʨʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʳ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʳʭ ʩʨʘʚʥʠʪʝʣʴʥʳʭ 

ʨʘʩʯʝʪʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʝʣʝʞʢʘʤ ʪʝʧʣʦʚʦʟʦʚ 

ʩʝʨʠʠ 2ʊʕ10ʃ ʠ 2ʊʕ116 ʧʨʠ ʥʘʣʠʯʠʠ ʪʘʤ ʩʨʝʜʥʠʭ 

ʢʦʣʝʩʥʳʭ ʧʘʨ ʩ ʅɺʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 ʠ ʥʘ 

ʨʠʩ. 3.  

 

 
ʊʘʙʣʠʮʘ 1 

ʉʥʠʞʝʥʠʝ ʥʘʧʨʘʚʣʷʶʱʠʭ ʫʩʠʣʠʡ, ʚ %, ʧʨʠ  

ʥʘʣʠʯʠʠ ʚ ʪʝʣʝʞʢʝ ʩʨʝʜʥʝʡ ʦʩʠ ʩ ʅɺʂ 

ʉʫʤʤʘʨʥʳʡ 

ʟʘʟʦʨ ʤʝʞʜʫ 

ʛʨʝʙʥʷʤʠ ʢʦ-

ʣʝʩ ʠ ʛʦʣʦʚʢʘ-

ʤʠ ʨʝʣʴʩʦʚ 

 

 

ʇ
ʦ
ʣ
ʶ
ʩ
ʥ
ʦ
ʝ

 

ʨ
ʘ
ʩ
ʩ
ʪ
ʦ
ʷ
ʥ
.
,
ʤ

 ɺʦʟʚʳʰʝʥʠʝ ʥʘʨʫʞʥʦʛʦ 

ʨʝʣʴʩʘ 

h = 70 ʤʤ h = 150 ʤʤ 

ʋʩʪʘʥʦʚʢʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʢʦʩʘ; 

ʠʥʪʝʨʚʘʣ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ 10-40 ʢʤ/ʯ 

ʂʨʠʚʘʷ ʨʘʜʠʫʩʦʤ R = 300 ʤ 

ʘ) ʫʰʠʨʝʥʠʷ ʢʦʣʝʠ ʥʝʪ 

ʅʦʤʠʥʘʣʴʥʳʡ 

14 ʤʤ 

3,10 

2,99 

10,2é8,5 

10,3é8,8 

13,5é10,8 

13,2é10,8 

ʄʠʥʠʤʘʣʴʥʳʡ 

9 ʤʤ 

2,74 

2,58 

12,6é10,6 

13,3é11,3 

16,8é13,4 

17,1é14,0 

ʄʘʢʩʠʤʘʣʴʥʳʡ 

39 ʤʤ 

4,89 

5,01 

4,6é3,8 

4,8é4,1 

6,2é4,9 

6,5é5,4 

ʘ) ʫʰʠʨʝʥʠʝ ʢʦʣʝʠ 15 ʤʤ 

ʅʦʤʠʥʘʣʴʥʳʡ 

29 ʤʤ 

4,17 

4,20 

5,7é4,8 

5,9é5,0 

7,5é6,0 

7,6é6,2 

ʄʠʥʠʤʘʣʴʥʳʡ 

24 ʤʤ 

3,81 

3,80 

6,7é5,7 

6,7é5,7 

8,9é7,1 

8,6é7,0 

ʄʘʢʩʠʤʘʣʴʥʳʡ 

54 ʤʤ 

5,96 

6,23 

3,6é3,0 

3,8é3,1 

5,0é3,9 

5,1é4,0 

ʂʨʠʚʘʷ ʨʘʜʠʫʩʦʤ R = 600 ʤ 

ʘ) ʫʰʠʨʝʥʠʷ ʢʦʣʝʠ ʥʝʪ 

ʅʦʤʠʥʘʣʴʥʳʡ 

14 ʤʤ 

4,10 

4,12 

5,9é5,4 

6,1é5,6 

7,8é6,9 

7,9é7,0 

ʄʠʥʠʤʘʣʴʥʳʡ 

9 ʤʤ 

3,35 

3,31 

8,6é7,8 

8,5é7,8 

11,5é10,1 

10,0é9,9 

ʄʘʢʩʠʤʘʣʴʥʳʡ 

39 ʤʤ 

7,67 

8,17 

2,7é2,4 

2,8é2,5 

3,8é3,3 

3,8é3,3 

ʇʨʠʤʝʯʘʥʠʝ. ɺʝʣʠʯʠʥʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʯʠʩʣʠʪʝʣʝ, 

ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʣʝʞʢʝ ʪʠʧʘ 2ʊʕ10ʃ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ī ʢ 

ʪʝʣʝʞʢʝ ʪʠʧʘ 2ʊʕ116 
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ  

ʅɺʂ ʦʪ ʧʦʣʶʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 
 

ɺʳʚʦʜʳ. 1. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʨʝʭʦʩʥʦʡ 

ʪʝʣʝʞʢʝ ʣʦʢʦʤʦʪʠʚʘ ʩʨʝʜʥʝʡ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʩ 

ʥʝʟʘʚʠʩʠʤʦ ʚʨʘʱʘʶʱʠʤʠʩʷ ʢʦʣʝʩʘʤʠ ʩʥʠʞʘʝʪ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʫʩʠʣʠʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʢʨʠʚʳʭ ʥʘ 

2,5é17%. ʂʦʥʢʨʝʪʥʘʷ ʚʝʣʠʯʠʥʘ ʩʥʠʞʝʥʠʷ ʟʘʚʠʩʠʪ 

ʦʪ ʫʩʣʦʚʠʡ ʜʚʠʞʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʪ ʪʘʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʢʘʢ ʫʩʪʘʥʦʚʢʘ ʪʝʣʝʞʢʠ ʚ ʢʨʠʚʦʡ ʠ 

ʩʫʤʤʘʨʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʛʨʝʙʥʷʤʠ ʢʦʣʝʩ ʠ 

ʛʦʣʦʚʢʘʤʠ ʨʝʣʴʩʦʚ. ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥ ʭʘʨʘʢʪʝʨ 

ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʣʶʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʭ1, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʚ 

ʠʟʚʝʩʪʥʦʡ ʤʝʨʝ ʠʥʪʝʛʨʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʦʪʤʝʯʝʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʨʦʚ. ʏʝʤ ʙʦʣʴʰʝ ʨʘʜʠʫʩ 

ʢʨʠʚʦʡ, ʪʝʤ ʙʦʣʴʰʝ ʧʦʣʶʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʤʝʥʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʅɺʂ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʚʦʡ R = 300 ʤ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʚ ʢʨʠʚʦʡ R = 600 ʤ ʧʦʣʶʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 

ʭ1 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 20é23%, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʥʘ 32é35%. 

2. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʅɺʂ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ 

ʛʨʝʙʥʷʤʠ ʢʦʣʝʩ ʠ ʛʦʣʦʚʢʘʤʠ ʨʝʣʴʩʦʚ. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʫʰʠʨʝʥʠʷ ʢʦʣʝʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ 

ʚʝʣʠʯʠʥʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 9é39 ʤʤ, ʘ ʚ 

ʢʨʠʚʳʭ ʩ ʫʰʠʨʝʥʠʝʤ, ʛʜʝ R < 300 ʤ, ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 24é54 ʤʤ. ʏʝʤ ʙʦʣʴʰʝ ʟʘʟʦʨ, ʪʝʤ 

ʤʝʥʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʅɺʂ. ɽʩʣʠ ʧʨʠ 

ʟʘʟʦʨʝ 9 ʤʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʢʨʠʚʦʡ R = 300 ʤ 

ʜʦʩʪʠʛʘʝʪ 17%, ʪʦ ʧʨʠ ʟʘʟʦʨʝ 39 ʤʤ ʦʥʘ ʩʥʠʞʘʝʪʩʷ 

ʜʦ 6,5%, ʘ ʧʨʠ ʟʘʟʦʨʝ 54 ʤʤ ī ʜʦ 5%. 

3. ʋʚʝʣʠʯʝʥʠʝ ʚʦʟʚʳʰʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʨʝʣʴʩʘ ʩ 

70 ʤʤ ʜʦ 150 ʤʤ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʅɺʂ ʥʘ 32é38%. ʇʨʠʯʝʤ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʣʠʷʥʠʝ ʨʘʜʠʫʩʘ ʢʨʠʚʦʡ ʠ ʩʫʤʤʘʨʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ 

ʛʨʝʙʥʷʤʠ ʢʦʣʝʩ ʠ ʛʦʣʦʚʢʘʤʠ ʨʝʣʴʩʦʚ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

4. ɺ ʮʝʣʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʅɺʂ 

ʦʢʘʟʘʣʘʩʴ ʥʘʠʚʳʩʰʝʡ (ʜʦ 10é15% ʠ ʙʦʣʝʝ) ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʪʝʣʝʞʢʠ ʚ ʢʨʠʚʳʭ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ. ʕʪʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʬʘʢʪ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʪʘʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ 

ʛʨʝʙʥʝʡ ʢʦʣʝʩ ʠ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ ʨʝʣʴʩʦʚ.  
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Slaschev V.A., Dodonov V.I . 

EFFICIENCY OF MOVEMENT THE BOGIE WITH 

THE INDEPENDENTLY REVOLVED WHEELS IN 

CURVED SECTION TRACK  

The article is devoted to the actual topic to reduce the 

power of the cross between rail carriage wheels when driving 

it into the rail track, especially in the curved track sections. 

The results of calculations of efficiency of movement in the 

curved sections of the track triaxial bogie having an middle 

wheelset with independently rotating wheels. Efficacy was 

determined by comparing its guiding forces in the same 

driving conditions with a bogie that has all wheel sets the 

standard version. The calculations were performed by the 

usual method, widely used in industrial practice. The 

effectiveness of independently rotating wheels was the highest 

(up to 10...15% or more) at a truck moving in tight curves. It 

is a positive fact, because this is where there is the greatest in 

the intensification of wear out wheel flanges and the side faces 

of the rails.  

Keywords: bogie, railway track, broadening of track, 

wheel pair, lateral frame force, guiding force, sliding friction. 
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ANALYSIS OF FEATURES OF USE ROAD TRANSPORT  

IN E-COMMERCE TECHNOLOGY  
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʝ ʧʦ ʠʟʫʯʝʥʠʶ 

ʦʧʳʪʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʘ ʦʪ  ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʢ 

ʧʦʪʨʝʙʠʪʝʣʶ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʧʝʨʝʭʦʜʘ ʢ 

ʨʳʥʦʯʥʳʤ ʦʪʥʦʰʝʥʠʷʤ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ 

ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʨʘʥʩʧʦʨʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʜʝʞʥʦʝ ʦʙʨʘʱʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ.. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʨʫʟʘ, 

ʢʦʤʤʝʨʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ, 

ʠʥʪʝʨʥʝʪ ʪʝʭʥʦʣʦʛʠʠ.  

 

ɺʚʝʜʝʥʠʝ. ɽʞʝʛʦʜʥʦ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʙʨʘʟʫʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ. 

ʅʘʤʝʯʝʥʥʳʡ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ 

ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʟʦʚʝʪ ʫʚʝʣʠʯʝʥʠʝ 

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʚ 4 ʨʘʟʘ. ʕʪʠ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʝʪʘʣʴʥʦʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʜʝʞʥʦʛʦ ʵʢʦʥʦʤʠʯʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʦʚʘʨʦʦʙʤʝʥʘ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʤʝʶʪʩʷ ʤʘʣʦ 

ʠʟʫʯʝʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʘʥʩʧʦʨʪʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʥʦʡ ʪʦʨʛʦʚʣʠ ï ʵʪʦ: 

ʚʳʙʦʨ ʠʩʧʦʣʥʠʪʝʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʘ, ʚʳʙʦʨ ʚʠʜʘ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʭʝʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʜ. ʨ. 

ʇʝʨʝʭʦʜ ʢ ʨʳʥʦʯʥʳʤ ʦʪʥʦʰʝʥʠʷʤ ʪʨʝʙʫʝʪ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʙʣʝʤʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʧʦʪʦʢʦʚ, ʠʭ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʦʣʠ 

ʪʨʘʥʩʧʦʨʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ, ʢʘʢ 

ʦʩʥʦʚʥʦʛʦ ʫʯʘʩʪʥʠʢʘ ʧʨʦʮʝʩʩʦʚ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʦʢʘʟʳʚʘʶʱʝʛʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ, ʦʙʤʝʥʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʨʠ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʢʘʭ ʘʚʪʦʤʦʙʠʣʴʥʳʡ 

ʪʨʘʥʩʧʦʨʪ ʫʯʘʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʚʟʘʠʤʦʩʚʷʟʷʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʨʦʜʫʢʮʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʪʦʚʘʨʦʚ ʥʘʨʦʜʥʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ʈʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʛʨʫʟʦʧʝʨʝʚʦʟʦʢ 

ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ: ʚ ʈʦʩʩʠʠ ï ɸ.ʀ ɸʛʝʝʚ, ʃ.ɸ. 

ɸʬʘʥʘʩʴʝʚ, ɺ.ɸ. ɹʦʙʦʨʳʢʠʥ,  ɺ.ɸ. ɹʦʛʦʤʘʟʦʚ, ɸ.ɹ. 

ɹʫʩʳʛʠʥ,  ɸ.ʄ ɻʘʜʞʠʥʩʢʠʡ, ɹ.ɸ. ɻʝʨʦʥʠʤʫʩ, ɺ.ʀ. 

ʅʠʢʦʣʠʥ, ɸ.ɸ. ʉʤʝʭʦʚ, ʚ ɻʝʨʤʘʥʠʠ ï ɸ.ʌ. ʐʫʣʫʩ, 

ʀ.ʄ ʐʫʤʧʝʪʝʨ, ɸ.ɸ ʍʦʩʢʠʥʛ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʨʳʥʦʯʥʦʤʫ ʭʦʟʷʡʩʪʚʫ ʧʦʚʳʰʘʶʪʩʷ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ ʢʘʯʝʩʪʚʫ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʠʤʠ ʧʨʦʜʫʢʮʠʠ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʪʨʘʥʩʧʦʨʪʥʳʤ 

ʫʩʣʫʛʘʤ, ʪʘʢ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʠʭ ʢʘʯʝʩʪʚʘ ʧʦʟʚʦʣʷʝʪ, ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʦʭʦʜʳ ʢʦʣʣʝʢʪʠʚʦʚ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʧʦʣʴʟʫʶʱʠʭʩʷ ʫʩʣʫʛʘʤʠ ʪʨʘʥʩʧʦʨʪʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟʫʯʠʪʴ ʦʧʳʪ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʨʘʙʦʪʳ ʚ ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ 

ʩʦʭʨʘʥʥʦʩʪʠ ʛʨʫʟʦʚ, ʥʘʫʯʠʪʴʩʷ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʧʦʪʦʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʥʝʪ ʪʝʭʥʦʣʦʛʠʡ, 

ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʠʟʜʝʨʞʝʢ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʠʩʧʦʣʥʝʥʠʝʤ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. 

ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʥʝ ʤʝʥʝʝ ʩʝʤʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʦʨʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ( 

ʨʠʩ. 1). 
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ɸɺʊʆʊʈɸʅʉʇʆʈʊ
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ʈʠʩ. 1. ɺʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ  

ʜʣʷ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʦʚ 
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ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, 

ʧʦʩʢʦʣʴʢʫ ʯʠʩʣʦ ʚʘʨʠʘʥʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʝʩʣʠ 

ʫʯʠʪʳʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʣʠʮʝʥʟʠʨʦʚʘʥʠʶ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʬʦʨʤʘʤ ʦʧʣʘʪʳ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʩʣʫʛ ʠ ʪ.ʜ. [1]. 

ɺʳʙʦʨ ʛʨʫʟʦʚʣʘʜʝʣʴʮʘ ʤʝʞʜʫ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʠ ʯʘʩʪʥʳʤʠ 

ʧʝʨʝʚʦʟʯʠʢʘʤʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʫʯʝʪ 

ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʨʠʥʷʪʠʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ (ʪʘʙʣ. 1). 

ʇʦʚʳʩʠʪʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʧʝʨʝʚʦʟʯʠʢʦʚ ʚ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʤʦʞʥʦ,. ʝʩʣʠ ʠʭ ʨʘʟʙʠʪʴ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ: ɸ ï ʨʘʙʦʪʘʶʱʠʭ ʧʦʩʪʦʷʥʥʦ ʩ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤ ʦʙʲʝʤʦʤ ʨʘʙʦʪ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʧʣʘʪʦʡ ʟʘ ʦʢʘʟʘʥʥʳʝ ʫʩʣʫʛʠ; ɹ ï 

ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʲʝʤʘ ʨʘʙʦʪ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʠʟ ʛʨʫʧʧʳ 

çɹè ʚ ʛʨʫʧʧʫ çɸè, ʧʨʠʤʝʥʷʷ ʤʝʪʦʜʳ ʤʘʪʝʨʠʘʣʴʥʦʛʦ 

ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ [2]. 

 
ʊʘʙʣʠʮʘ 1 

ʆʩʦʙʝʥʥʦʩʪʠ ʚʘʨʠʘʥʪʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ɸɺʊʆʇʈɽɼʇʈʀʗʊʀɽ

1. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʛʦʪʦʚʥʦʩʪʴ
ʟʘ ʩʯʝʪ ʠʤʝʶʱʝʡʩʷ ʨʝʤʦʥʪʥʦ - ʪʝʭʥʠʯʝʩ-
ʢʦʡ ʙʘʟʳ.

2. ɹʦʣʴʰʘʷ ʥʘʜʝʞʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞ-
ʥʦʩʪʴʶ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ.

3. ʂʦʥʪʨʦʣʴ ʚʦʜʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣ-
ʥʝʥʠʷ ʟʘʢʘʟʘ ʩʦ ʩʪʦʨʦʥʳ ʧʝʨʩʦʥʘʣʘ ʧʨʝʜ-
ʧʨʠʷʪʠʷ ʠ ʩʦ ʩʪʦʨʦʥʳ ʟʘʢʘʟʯʠʢʘ.

4. ɿʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʬʠʥʘʥʩʦʚʳʝ ʠ
ʤʘʪʝʨʠʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ
ʨʝʤʦʥʪʘ, ʦʙʩʣʫʞʠʚʘʥʠʷ, ʧʨʠʦʙʨʝʪʝʥʠʷ
ʟʘʧʯʘʩʪʝʡ ʠ ɻʉʄ. 

1. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ
ʚʦʜʠʪʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʚʳʧʦʣʥʝʥʠʠ
ʟʘʢʘʟʘ.

2. ɹʦʣʴʰʘʷ ʥʘʜʝʞʥʦʩʪʴ ʟʘ ʩʯʝʪ ʙʝʨʝʞʥʦʛʦ
ʦʪʥʦʰʝʥʠʷ ʢ ʘʚʪʦʤʦʙʠʣʶ.

3. ʃʫʯʰʘʷ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʩʦ ʩʪʦʨʦʥʳ
ʟʘʢʘʟʯʠʢʘ, ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʙʦʣʴʰʦ-
ʛʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ
ʘʧʧʘʨʘʪʘ.

4. ʇʨʦʱʝ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ
ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ
ʧʦʩʪʘʚʦʢ.

ʏɸʉʊʅʓɽ ʇɽʈɽɺʆɿʏʀʂʀ

 
 

ʄʘʪʝʨʠʘʣʦʧʦʪʦʢ ʚ ʫʩʣʦʚʠʷʭ ʨʳʥʢʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʙʘʟʝ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʜʚʫʤʷ 

ʚʠʜʘʤʠ ʧʝʨʝʤʝʥʥʳʭ (ʨʠʩ. 2): 

- ʵʢʟʦʛʝʥʥʳʭ ï ʵʪʦ ʠʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ; 

- ʵʥʜʦʛʝʥʥʳʭ ï ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʥʷʪʳʭ 

ʨʝʰʝʥʠʡ. 
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ʇɽʈɽʄɽʅʅʓɽ

 
 

ʈʠʩ. 2. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʜʚʫʤʷ ʧʝʨʝʤʝʥʥʳʤʠ 

 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʫʨʦʚʥʝʡ 

[3]: 

1. ʉʧʨʦʩ ʥʘ ʤʘʪʝʨʠʘʣʦʧʦʪʦʢ ʟʘʚʠʩʠʪ ʦʪ ʪʘʨʠʬʘ 
ʥʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʘ - ʈʊ ʠ ʩʦʚʦʢʫʧʥʦʛʦ ʜʦʭʦʜʘ 

ʧʦʪʨʝʙʠʪʝʣʷ ï Y. ʇʦʵʪʦʤʫ ʫʨʘʚʥʝʥʠʷ ʩʧʨʦʩʘ 

ʚʳʨʘʟʠʤ ʪʘʢ (ʨʠʩ 3): 

 

( )YPDQ T
D ;= . 

 

2. ʇʨʝʜʣʦʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʪʘʨʠʬʘ ʥʘ 

ʧʝʨʝʚʦʟʢʫ - ʈʊ ʠ ʮʝʥʳ ʥʘ ɻʉʄ ï ʈf. ʕʪʫ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʳʨʘʟʠʤ ʫʨʘʚʥʝʥʠʝʤ ʧʨʝʜʣʦʞʝʥʠʷ (ʨʠʩ. 4): 

 

( )fT
S PPSQ ;=

. 

 

3. ʆʧʪʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʦʧʦʪʦʢʘ ʠ 

ʦʧʪʠʤʘʣʴʥʘʷ ʮʝʥʘ ʙʫʜʫʪ ʦʙʝʩʧʝʯʝʥʳ ʧʨʠ ʨʘʚʝʥʩʪʚʝ 

ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ (ʨʠʩ. 5 ʪʦʯʢʘ ɸ). 

 

SD QQ = , 

 

ʛʜʝ 
DQ  - ʩʧʨʦʩ ʥʘ ʤʘʪʝʨʠʘʣʦʧʦʪʦʢ, ʫʩʣ. ʝʜ; 

SQ  - ʧʨʝʜʣʦʞʝʥʠʝ ʤʘʪʝʨʠʘʣʦʧʦʪʦʢʘ, ʫʩ. ʜʝʥ. ʝʜ. 
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ʈʠʩ. 3. ɻʨʘʬʠʢ ʩʧʨʦʩʘ ʠ ʧʨʝʜʣʦʞʝʥʠʷ: 

D ï ʩʧʨʦʩ;S ï ʧʨʝʜʣʦʞʝʥʠʝ 
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ʈʠʩ. 4. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʧʦʪʦʢʘ 

ʠ ʪʘʨʠʬʘ ʥʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʘ  
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ʈʠʩ. 5. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʪʘʨʠʬʘ ʥʘ ʧʝʨʝʚʦʟʢʫ 

ʛʨʫʟʘ ʠ ʤʘʪʝʨʠʘʣʦʧʦʪʦʢʘ 

 

ʆʜʥʘʢʦ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʧʦʪʦʢʘ, ʚʳʟʚʘʥʥʳʝ ʩʦʩʪʦʷʥʠʝʤ 

ʨʳʥʢʘ. 

ʊʘʢ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʚʦʢʫʧʥʦʛʦ ʜʦʭʦʜʘ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʧʨʦʩ ʥʘ 

ʤʘʪʝʨʠʘʣʦʧʦʪʦʢ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʟʳʚʘʝʪ 

ʟʘʢʦʥʦʤʝʨʥʳʡ ʨʦʩʪ ʪʘʨʠʬʘ ʥʘ ʧʝʨʝʚʦʟʢʫ (ʨʠʩ. 3). 

ɸʥʘʣʦʛʠʯʥʦ (ʨʠʩ. 4), ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʮʝʥʳ ʥʘ 

ɻʉʄ, ʧʨʝʜʣʦʞʝʥʠʝ ʥʘ ʧʝʨʝʚʦʟʢʫ ʧʨʦʜʫʢʮʠʠ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʤʘʪʝʨʠʘʣʦʧʦʪʦʢʘ ʠ ʧʦʚʳʰʝʥʠʶ ʪʘʨʠʬʘ ʥʘ 

ʧʝʨʝʚʦʟʢʫ. 

ɺʳʚʦʜʳ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʤʦʛʣʠ 

ʚ ʧʨʠʦʙʨʝʪʝʥʠʠ ʦʧʳʪʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʨʘʙʦʪʳ ʚ 

ʦʙʣʘʩʪʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʜʦʩʪʘʚʢʠ ʛʨʫʟʘ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ, ʧʦʤʦʛʣʠ ʥʘʫʯʠʪʴʩʷ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʧʦʪʦʢʦʚ, ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʤʧʣʝʢʩ ʠʟʜʝʨʞʝʢ ʩʚʷʟʘʥʥʳʭ 

ʩ ʠʩʧʦʣʥʝʥʠʝʤ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ 
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ANALYSIS OF FEATURES OF USE ROAD 

TRANSPORT IN E-COMME RCE TECHNOLOGY  

The article is devoted to the actual topic on studying the 

experience of commercial work in the field of transportation 

and delivery of cargo at the enterprise, to learn how to 

organize the technological process of flow of material flows, 

to investigate the complex of costs associated with the 

performance of assigned tasks. At the present stage of 

transition to market relations, there is a need for accelerated 

development of the industrial infrastructure, including 

transport, ensuring reliable circulation of material resources. 

Key words: Cargo transportation, commercial activities, 

road transport, internet technologies. 
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INVESTIGATION OF CHARACTERISTICS OF THE ROAD NETWORK  

WITH THE USE OF AN ADAPTIVE TRAFFIC LIGHT CONTROL  
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʝ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ɸʊʉ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ ʠ 

ʧʣʦʪʥʦʩʪʠ ʛʦʨʦʜʩʢʦʡ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ (ʋɼʉ). 

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʠ ʧʝʨʝʩʝʯʝʥʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʝʨʝʩʝʯʝʥʠʡ ʜʚʫʭʚʫʢʘʥʘʣʴʥʦʡ ʉʄʆ ʩ ʦʞʠʜʘʥʠʝʤ. 

ʈʘʟʨʘʙʦʪʘʥʦ ʜʚʘ ʚʘʨʠʘʥʪʘ ʩʠʩʪʝʤ ʘʜʘʧʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʩʚʝʪʦʬʦʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ. ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 

ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʤʝʩʪʘʭ 

ʧʨʦʚʝʜʝʥʠʷ ʜʦʨʦʞʥʳʭ ʨʘʙʦʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ 

ʠ ʧʝʨʝʩʝʯʝʥʠʡ, ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʚʝʪʦʬʦʨʥʦʡ 

ʩʠʛʥʘʣʠʟʘʮʠʝʡ. 

 

ɺʚʝʜʝʥʠʝ. ʇʨʦʙʣʝʤʘ ʘʚʘʨʠʡʥʦʩʪʠ ʥʘ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ ʧʨʠʦʙʨʝʣʘ ʦʩʦʙʫʶ ʦʩʪʨʦʪʫ ʚ 

ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚ ʩʚʷʟʠ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʫʨʦʚʥʷ ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʫʣʠʯʥʦ-

ʜʦʨʦʞʥʦʡ ʩʝʪʠ (ʋɼʉ). ɺ 2016 ʛʦʜʫ ʚ ʈʦʩʩʠʠ 

ʧʨʦʠʟʦʰʣʦ ʩʚʳʰʝ 208 ʪʳʩ. ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʦʛʠʙʣʠ 34,5 ʪʳʩ. ʯʝʣʦʚʝʢ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 2000 ʛʦʜʦʤ ʯʠʩʣʦ ʧʦʛʠʙʰʠʭ 

ʚʦʟʨʦʩʣʦ ʥʘ 27,8 ʧʨʦʮʝʥʪʘ. ɹʦʣʝʝ ʯʝʪʚʝʨʪʠ 

ʧʦʛʠʙʰʠʭ ʚ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʷʭ 

ʩʦʩʪʘʚʠʣʠ ʣʶʜʠ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʛʦ 

ʪʨʫʜʦʩʧʦʩʦʙʥʦʛʦ ʚʦʟʨʘʩʪʘ (26 - 40 ʣʝʪ). ɺʩʝʛʦ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʚ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʷʭ ʧʦʛʠʙʣʠ 312,5 ʪʳʩ. ʯʝʣʦʚʝʢ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ʈʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʩʚʷʱʝʥʳ 

ʨʘʙʦʪʳ: ʚ ʈʦʩʩʠʠ ï ɺ.ɸ. ɸʢʩʸʥʦʚʘ, ɺ.ʌ. ɹʘʙʢʦʚʘ, 

ɸ.ʇ. ɺʘʩʠʣʴʝʚʘ, ʕ.ɺ. ɻʘʚʨʠʣʦʚʘ, ʆ.ɸ. ɼʠʚʦʯʢʠʥʘ, 

ɽ.ʄ. ʃʦʙʘʥʦʚʘ, ʄ.ɺ. ʅʝʤʯʠʥʦʚʘ, ɼ.ɼ. ʉʝʣʶʢʦʚʘ, 

ɺ.ɺ. ʉʠʣʴʷʥʦʚʘ, ɺ.ʅ. ʉʠʪʥʠʢʘ, ɺ.ɺ. ʌʠʣʠʧʧʦʚʘ, 

ɺ.ɺ. ʏʚʘʥʦʚʘ, ʚ ɻʝʨʤʘʥʠʠ ï ʋ. ɹʨʘʥʥʦʣʴʪʘ, ʂ. 

ʃʝʥʮʘ, ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ï ʈ. ʆʣʣʩʦʧʘ, ʈ. ʉʤʠʜʘ, ʚ 

ʐʚʝʮʠʠ ï ʂ. ɸʩʧʘ, ʂʘʨʣ-ɻʫʥʥʘʨʘ ʍʘʤʤʘʨʣʫʥʜʘ ʠ 

ʜʨ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʜʦʢʘʟʘʥʦ, 

ʯʪʦ ʫʯʝʪ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ ʥʘ 25-30 % ʠ ʚ 2-3 ʨʘʟʘ 

ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʨʦʠʩʰʝʩʪʚʠʡ. 

ɸʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ 

çʚʦʜʠʪʝʣʴ ï ʘʚʪʦʤʦʙʠʣʴ ï ʜʦʨʦʛʘè ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʠʭ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʬʘʢʪʦʨʳ 

ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʩʣʦʚʠʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ 

ʩʦʟʜʘʶʪ ʦʙʲʝʢʪʠʚʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʝʨʝʢʨʝʩʪʢʦʚ ʥʘ 

ʜʦʨʦʛʝ ʠ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟʫʯʠʪʴ ʧʨʠʥʮʠʧʳ ʠ 

ʤʝʪʦʜʳ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ 

ʠ ʚʳʧʦʣʥʝʥʠʷ ʜʦʨʦʞʥʳʭ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ. 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ 

ɸʉʋɼɼ. ʂʘʢ ʠ ʚʦ ʚʩʷʢʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʠʣʠ ʩʦʮʠʘʣʴʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʚ 

ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʪʘʥʜʘʨʪʥʳʝ ʵʣʝʤʝʥʪʳ: çʦʙʲʝʢʪè ʠ 

çʩʠʩʪʝʤʫè, ʨʝʘʣʠʟʫʶʱʫʶ ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʪʦʜʳ 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʲʝʢʪʦʤ. 

ʆʙʲʝʢʪʦʤ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʜʦʨʦʞʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪʥʳʡ ʧʦʪʦʢ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ (ɸʊʉ). ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʚʦʜʠʪʝʣʠ ʘʚʪʦʤʦʙʠʣʝʡ ʦʙʣʘʜʘʶʪ 

ʩʚʦʙʦʜʥʦʡ ʚʦʣʝʡ ʠ ʨʝʘʣʠʟʫʶʪ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʚʦʠ 

ʣʠʯʥʳʝ ʮʝʣʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʨʦʞʥʦʝ ʜʚʠʞʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʭʥʦ-ʩʦʮʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ 

(ɺɸɼʉ), ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʩʧʝʮʠʬʠʢʫ ʢʘʢ 

ʦʙʲʝʢʪʘ [1]. 

ʊʨʘʜʠʮʠʦʥʥʦ ʚʩʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ ʨʘʟʜʝʣʷʶʪ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ 

ʜʚʠʞʝʥʠʷ ʠ ʝʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (on-line ʤʝʪʦʜʳ) ʠ ʚʥʝ ʝʛʦ (off-

line ʤʝʪʦʜʳ). 
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ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ (on-line ʤʝʪʦʜʳ), ʦʪʥʦʩʷʪʩʷ 

ʘʣʛʦʨʠʪʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 

ʞʝʩʪʢʦʛʦ ʪʠʧʘ ʠ ʘʜʘʧʪʠʨʦʚʘʥʥʦʛʦ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʧʦʣʫʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʜʘʪʯʠʢʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʧʦʪʦʢʦʚ. ʉʨʝʜʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ on-line ʤʝʪʦʜʦʚ 

ʩʣʝʜʫʝʪ ʥʘʟʚʘʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʝ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ 

ʩ ʦʧʝʨʘʪʠʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʪʦʬʦʨʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ: ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʤʝʩʪʥʦʛʦ ʛʠʙʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ (ʄɻʈ) ʠ ʧʨʦʧʫʩʢʘ ʬʘʟ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ 

ʩʝʪʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ SCOOT. ʕʪʠ ʤʝʪʦʜʳ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ (ɸʉʋɼɼ). ɺ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʤʦʞʥʘ 

ʨʝʘʣʠʟʘʮʠʷ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʘʣʛʦʨʠʪʤʦʚ ʄɻʈ. 

ɸʉʋɼɼ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ, ʨʘʙʦʪʘʶʱʝʡ ʚ 

ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʦʙʨʘʙʦʪʢʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʠ ʧʝʨʝʜʘʯʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʤʘʥʜ ʩʨʝʜʩʪʚʘʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʜʦʣʞʥʳ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʪʝʤʧʝ, ʩʦʠʟʤʝʨʠʤʦʤ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ ʫʩʣʦʚʠʡ ʜʚʠʞʝʥʠʷ ʥʘ ʜʦʨʦʞʥʦ-

ʫʣʠʯʥʦʡ ʩʝʪʠ, ʘ ʠʥʦʛʜʘ ʠ ʩ ʦʧʝʨʝʞʝʥʠʝʤ ʠʭ. ʇʦʩʢʦʣʴʢʫ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʘʟ ʠ ʪʘʢʪʦʚ ʩʚʝʪʦʬʦʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ 

ʠʟʤʝʨʷʝʪʩʷ ʩʝʢʫʥʜʘʤʠ, ʨʝʘʣʠʟʘʮʠʷ ʵʪʦʡ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʜʚʠʞʝʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʘʥʜ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ, ʩʦʠʟʤʝʨʠʤʦʡ ʩ 

1 ʩ. ʆʪʩʶʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʠʩʪʝʤʳ 

ʠ ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʛʨʫʧʧʳ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʧʨʠʟʥʘʢʘʤ: 

- ʬʦʨʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ï ʫʧʨʘʚʣʝʥʠʝ ʙʝʟ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʠ (ʞʸʩʪʢʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʫʧʨʘʚʣʝʥʠʝ) ʠ ʩ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʴʶ (ʘʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ); 

- ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ ï ʫʧʨʘʚʣʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ 

ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ ʠ ʚʥʝ ʨʝʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ ʚʨʝʤʝʥʠ; 

- ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ; 

- ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʥʘʢʦʧʣʝʥʥʦʤ ʦʧʳʪʝ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ 

ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʪʝʦʨʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ off-line ʤʝʪʦʜʦʚ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʘʣʛʦʨʠʪʤʳ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʚʝʪʦʬʦʨʥʳʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʧʨʘʚʣʷʝʤʳʭ ʟʥʘʢʦʚ ʠ 

ʪʘʙʣʦ (ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʟʘʪʦʨʦʚ) ʠ 

ʨʝʚʝʨʩʠʚʥʳʭ ʧʦʣʦʩ ʜʚʠʞʝʥʠʷ. ʊʘʢʠʝ ʤʝʪʦʜʳ 

ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʦʪʜʝʣʴʥʳʭ ʟʘʨʫʙʝʞʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʎʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ï ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʫʣʫʯʰʝʥʠʝ ʩʦʮʠʘʣʴʥʳʭ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʠ ʛʨʫʟʦʚ [2]. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʜʦʨʦʞʥʳʤ ʜʚʠʞʝʥʠʝʤ ɸʉʋɼɼ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʟʘ ʩʯʝʪ 

ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʟʘʜʝʨʞʝʢ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʨʝʛʫʣʠʨʫʝʤʳʭ 

ʧʝʨʝʢʨʝʩʪʢʘʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʪʘʢʞʝ 

ʩʦʢʨʘʱʝʥʠʶ ʨʘʩʭʦʜʘ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʯʠʩʣʘ ɼʊʇ (ʜʦʨʦʞʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ) ʠ ʫʤʝʥʴʰʝʥʠʶ ʪʷʞʝʩʪʠ 

ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʥʝʜʨʝʥʥʳʭ ɸʉʋɼɼ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʘʜʝʨʞʢʠ ʪʨʘʥʩʧʦʨʪʘ ʟʘ 

ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʥʠʞʘʶʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 15-30%, ʘ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 15-20%. ʂʨʦʤʝ ʪʦʛʦ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʦʨʦʞʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʩʧʦʩʦʙʩʪʚʫʝʪ: 

- ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʰʫʤʘ ʥʘ ʛʦʨʦʜʩʢʠʭ 

ʤʘʛʠʩʪʨʘʣʷʭ; 

- ʫʤʝʥʴʰʝʥʠʶ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɸʉʋɼɼ ʥʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʬʘʢʪʦʨʳ, ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ɸʉʋɼɼ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʦʮʝʥʢʘ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʤʝʪʦʜʦʤ 

ʥʘʪʫʨʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʘ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ɸʉʋɼɼ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʦʙ ʘʚʘʨʠʡʥʦʩʪʠ ʟʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ [3]. 

ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʝʜʠʥʦʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ 

ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʛʦʜʦʚʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʨʘʩʭʦʜʦʚ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʫʱʝʨʙʘ ʦʪ ɼʊʇ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʵʢʦʥʦʤʠʠ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ 

ʛʦʨʶʯʝʛʦ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ; 

- ʨʘʩʯʝʪ ʩʫʤʤʘʨʥʦʛʦ ʛʦʜʦʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ. 

ɻʦʜʦʚʘʷ ʵʢʦʥʦʤʠʷ ʕʛ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ 

ʵʢʦʥʦʤʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʩʦʢʨʘʱʝʥʠʷ ʟʘʜʝʨʞʝʢ 

ʪʨʘʥʩʧʦʨʪʘ (ä1
ʕ ); ʩʦʢʨʘʱʝʥʠʷ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ (

ä3
ʕ ) ʠ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚ ɼʊʇ (ä4

ʕ ) ʟʘ 

ʚʳʯʝʪʦʤ ʪʝʢʫʱʠʭ ʟʘʪʨʘʪ (ʉ). 
 

ʉʕʕʕʕʛ -++= äää 431 . 
 

ʕʢʦʥʦʤʠʷ ä1
ʕ  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʪʜʝʣʴʥʦ ʜʣʷ 

ʪʨʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ï 

ʣʝʛʢʦʚʦʛʦ, ʛʨʫʟʦʚʦʛʦ ʠ ʘʚʪʦʙʫʩʦʚ: 

b

ä
ää =

-

==

n

i

ii

ɸɻʃɸɻʃɸɻʃ

ɸɻʃ

zzʉʂI

ʕʕ 1

21

),(),(),(

),(

1

3

1
1

)(365
, 

ʛʜʝ ʕ1
ʣ(ʛ,ʘ)

 ï ʵʢʦʥʦʤʠʷ, ʧʦʣʫʯʘʝʤʘʷ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ 

ʟʘʜʝʨʞʝʢ ʣʝʛʢʦʚʦʛʦ (ʛʨʫʟʦʚʦʛʦ ʠ ʘʚʪʦʙʫʩʥʦʛʦ) 

ʪʨʘʥʩʧʦʨʪʘ, ʨʫʙ; 365 ï ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʚ ʛʦʜʫ; 








































































































































