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ɼʆʅʀʐɻʆ׳ʀ ɼɸɺʃɸʊʀʀ ɹʆʍʊɸʈ  

ʙʘ ʥʦʤʠ ʅʆʉʀʈʀ ʍʋʉʈɸɺ 

 

ʄɸּתɸʃʃɸʀ ʀʃʄ  ʉʆʃʀ 2008 ʊɸʒʉʀʉ ɪʌʊɸ,  

ʉʆʃʀ 2013 ʊɸנʁʀʈʀ ʅʆʄ ʂɸʈɼɸɸʉʊ 

 

ʉʘʨʤʫ״ʘʨʨʠʨ ʐʦʜʠʝʚ ʄ.ʉ. 

 

 ʘʨʨʠʨ״ʦʥʠʰʠʥʦʥʠ ʩʘʨʤʫתּ
 

ʂʦʤʠʣ  ɸ.ʐ.- ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ  

ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ, ʧʨʦʬʝʩʩʦʨ.  

ɸʙʜʫʨʘ״ʠʤʦʚ ɸ.ʆ.- ʥʦʤʟʘʜʠ ʠʣʤ״ʦʠ  

ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ, ʜʦʪʩʝʥʪ. 
 

ʂʦʪʠʙʠ ʤʘʩʲʫʣ 
 

ɹʦʣʪʘʝʚ ʄ.ɸ. ï ʥʦʤʟʘʜʠ ʠʣʤ״ʦʠ  

ʭʠʤʠʷ, ʜʦʪʩʝʥʪ. 
 

 :ʨʠʨʠʷ״ʘʡʘʪʠ ʪʘ׳
 

  ʦʠ״ʜʦʢʪʦʨʠ ʠʣʤ - .פ.ʫʨʙʦʥʦʚ ʀפ

ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ, ʧʨʦʬʝʩʩʦʨ  

ʫʟʚʠ ʚʦʙʘʩʪʘʠ ɸʀ ּתʊ. 

ʈʘֹוʘʙʦʚ ʅ.ʈ. - ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ  

ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ, ʧʨʦʬʝʩʩʦʨ,  

ʘʢʘʜʝʤʠʢʠ ɸʀ ּתʊ.  

ʊʘʙʘʨʦʚ ɸ.׳. - ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ  

ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ, ʧʨʦʬʝʩʩʦʨ. 

ʉʘʬʘʨʦʚ ּת.ʉ. - ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ  

ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ, ʧʨʦʬʝʩʩʦʨ. 

ɹʘʜʘʣʦʚ ɸ.ɹ. - ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ  

ʭʠʤʠʷ, ʧʨʦʬʝʩʩʦʨ.  

ʕʰʦʚ ɹ.ɹ. - ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ ʪʝʭʥʠʢ, 

ʧʨʦʬʝʩʩʦʨ. 

 ,ʦʠ ʭʠʤʠʷ״ʘʬʫʨʦʚ ɹ.ɸ. - ʜʦʢʪʦʨʠ ʠʣʤנ

ʜʦʪʩʝʥʪ. 

ɸʙʜʫʣʣʦʝʚ ɸ.ɸ. - ʜʦʢʪʦʨʠ ʠʣʤ״ʦʠ  

ʙʠʦʣʦʛʠʷ, ʧʨʦʬʝʩʩʦʨ. 

ɹʝʨʜʠʝʚ ּת.ɹ. - ʥʦʤʟʘʜʠ ʠʣʤ״ʦʠ  

ʙʠʦʣʦʛʠʷ, ʜʦʪʩʝʥʪ. 
 

 

ʄʘʩʲʫʣʠ ʯʦʧ:                ɹʦʣʪʘʝʚ ʄ.ɸ. 
 

ʄʫϲʘʨʨʠʨʦʥ:          ʊʘסʦʡʤʫʨʦʜʦʚ ʈ.׳., ɻʫʣʦʚ ɸ.ʉ., פʫʨʙʦʥʦʚ ɹ.ɸ., ʅʘʟʘʨʦʚ ʄ.ʅ.,  

  .ʫʜʜʫʩʦʚ ɸ.ɸפ
 

ʄʫϲʘʨʨʠʨʠ ʪʝʭʥʠʢṯ:    ʊʦ״ʠʨֹוʦʥʦʚ ɹ.ʊ.  

  

ʇʘʸʤʠ ɼʦʥʠʰʛʦ״ʠ ʜʘʚʣʘʪʠʠ ɹʦʭʪʘʨ ʙʘ ʥʦʤʠ ʅʦʩʠʨʠ ʍʫʩʨʘʚ 

 

ʄʘṉʘʣʣʘ ʜʘʨ ʀʥʜʝʢʩʠ ʠϨʪʠʙʦʩϲʦʠ ʠʣʤʠʠ 

ʈʫʩʠʷ (ʈʀʅʎ) ʚʦʨʠʜ ʢʘʨʜʘ ʰʫʜʘʘʩʪ. 

 

ʄʘṉʘʣʣʘ ʙʘ ʟʘʙʦʥϲʦʠ ʪʦṉʠʢṯ ʚʘ ʨʫʩṯ 

ʥʘʰʨ ʤʝʰʘʚʘʜ. 

 

ʄʘʪʥʠ ʤʫʢʘʤʤʘʣʠ ʤʘʚʦʜʠ ʯʦʧṯ ʜʘʨ 

ʩʦʤʦʥʘʠ ʨʘʩʤʠʠ ʤʘṉʘʣʣʘ ṉʦʡʛʠʨ ʢʘʨʜʘ 

ʰʫʜʘʘʩʪ (www.ktgu-vestniki.com). 

 

ʄʘṉʘʣʣʘ ʜʘʨ ɺʘʟʦʨʘʪʠ ʬʘʨϲʘʥʛʠ Ṉʫʤϲʫʨʠʠ 

ʊʦṉʠʢʠʩʪʦʥ ʪʘϲʪʠ ˉ 092/ʄṈ-97, 

 ʘʟ 21 ʷʥʚʘʨʠ ʩʦʣʠ 2019 ʥʦʤʥʘʚʠʩ ʰʫʜʘʘʩʪ. 
 

ʉʫʨʦϤʘʠ ʵʣʝʢʪʨʦʥṯ:  

ʝ-mail: payomiddq@mail.ru  

ʝ-mail: ktgu-vestniki@mail.ru  

 

 

http://www.ktgu-vestniki.com/
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ɹʆʍʊɸʈʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊ 

 ʠʤʝʥʠ ʅʆʉʀʈɸ ʍʋʉʈɸɺɸ 
 

ʅɸʋʏʅʓʁ ɾʋʈʅɸʃ ʆʉʅʆɺɸʅ ɺ 2008 ɻʆɼʋ ʀ ʇɽʈɽʀʄɽʅʆɺɸʅ ɺ 2013 ɻʆɼʋ 
 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ ʐʦʜʠʝʚ ʄ.ʉ. 
 

 

ɿʘʤʝʩʪʠʪʝʣʠ ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ 
 

ʂʦʤʠʣʠ ɸ.ʐ.- ʜʦʢʪʦʨ ʬʠʟʠʢʦ- 

 ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ. 

ɸʙʜʫʨʘʭʠʤʦʚ ɸ.ʆ.- ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-  

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ. 
 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʩʝʢʨʝʪʘʨʴ 
 

ɹʦʣʪʘʝʚ ʄ.ɸ. ï ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ  

ʥʘʫʢ, ʜʦʮʝʥʪ. 
 

ʏʣʝʥʳ ʨʝʜʢʦʣʣʝʛʠʠ: 
 

ʂʫʨʙʦʥʦʚ ʀ.ʂ. - ʜʦʢʪʦʨ ʬʠʟʠʢʦ- 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ,  

ʧʨʦʬʝʩʩʦʨ, ʯʣʝʥ-ʢʦʨʨ. ɸʅ ʈʊ. 
 

ʈʘʜʞʘʙʦʚ ʅ.ʈ. - ʜʦʢʪʦʨ ʬʠʟʠʢʦ- 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ,  

ʘʢʘʜʝʤʠʢ ɸʅ ʈʊ.  
 

ʊʘʙʘʨʦʚ ɸ.ʍ. - ʜʦʢʪʦʨ ʬʠʟʠʢʦ- 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ. 
 

ʉʘʬʘʨʦʚ ɼʞ.ʉ. - ʜʦʢʪʦʨ ʬʠʟʠʢʦ-  

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ. 
 

ɹʘʜʘʣʦʚ ɸ.ɹ. - ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ  

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ.  
 

ʕʰʦʚ ɹ.ɹ. - ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ  

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ. 
 

ɻʘʬʫʨʦʚ ɹ.ɸ. - ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ  

ʥʘʫʢ, ʜʦʮʝʥʪ. 
 

ɸʙʜʫʣʣʦʝʚ ɸ.ɸ. - ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ  

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ. 
 

ɹʝʨʜʠʝʚ ɼʞ.ɹ. - ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ  

ʥʘʫʢ, ʜʦʮʝʥʪ. 
 

 
 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ:        ɹʦʣʪʘʝʚ ʄ.ɸ. 
 

ʈʝʜʘʢʪʦʨʳ:         ʊʘʛʘʡʤʫʨʦʜʦʚ ʈ.ʍ., ɻʫʣʦʚ ɸ.ʉ., ʂʫʨʙʦʥʦʚ ɹ.ɸ., ʅʘʟʘʨʦʚ ʄ.ʅ.,  

      ʂʫʜʜʫʩʦʚ ɸ.ɸ. 
 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ:       ʊʦʭʠʨʜʞʦʥʦʚ ɹ.ʊ.  
 

ɺʝʩʪʥʠʢ ɹʦʭʪʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ 

 

ɾʫʨʥʘʣ ʚʢʣʶʯʝʥ ʚ ʙʘʟʫ ʜʘʥʥʳʭ 

ʈʦʩʩʠʡʩʢʦʛʦ ʠʥʜʝʢʩʘ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ 

(ʈʀʅʎ). 

 

ɾʫʨʥʘʣ ʧʝʯʘʪʘʝʪʩʷ ʥʘ ʪʘʜʞʠʢʩʢʦʤ ʠ 

ʨʫʩʩʢʦʤ ʷʟʳʢʘʭ. 

 

ʇʦʣʥʦʪʝʢʩʪʦʚʳʝ ʚʝʨʩʠʠ ʦʧʫʙ-

ʣʠʢʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʤʝʱʝʥʳ ʥʘ 

ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʞʫʨʥʘʣʘ (www.ktgu-

vestniki.com). 

 

ɾʫʨʥʘʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ 

ʄʠʥʠʩʪʝʨʩʪʚʝ ʢʫʣʴʪʫʨʳ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ ʟʘ ˉ 092/ ʄʏ-97, ʦʪ 21 ʷʥʚʘʨʷ 

2019 ʛʦʜʘ. 

 

ʕʣʝʢʪʨʦʥʥʘʷ ʧʦʯʪʘ:  

ʝ-mail: payomiddq@mail.ru  

ʝ-mail: ktgu-vestniki@mail.ru  
 

 

 

http://www.ktgu-vestniki.com/
http://www.ktgu-vestniki.com/
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ʄɸʊɽʄɸʊʀʂɸ                                                                                                 ʄɸʊɽʄɸʊʀʂɸ 

 

ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʊɽʆʈʀʗ ʋʇʈʋɻʆʉʊʀ ï 

ʕʃɽʂʊʈʆʄɸɻʅʀʊʆʋʇʈʋɻʆʉʊʀ ʀ ʈɸɿʈɽʐʀʄʆʉʊʀ ʂʈɸɽɺʓʍ ɿɸɼɸʏ 

ɼʃʗ ʆɼʅʆʈʆɼʅʓʍ ʉʈɽɼ 
 

ʂʫʨʙʘʥʦʚ ʀ.ʂ.  
ʈʦʩʩʠʡʩʢʦ-ʊʘʜʞʠʢʩʢʠʡ ʩʣʘʚʷʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʄʠʨʟʦʝʚ ɸ.ʈ. 
ʎʊ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʀʇʉ 

 

ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʫʶ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʫʧʨʫʛʦʩʪʠ [1-4]: 
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ʠʥ ֹוʦ (),;,0 1

2 öö
÷

õ
ææ
ç

å
WÍ ¤

A

WTLu  () ()( )W¤ Æöö
÷

õ
ææ
ç

å
WÍ pp LTLWTLE ;,0;,0 1

2

A

 ʤʝʙʦʰʘʜ, ʤʫץʘʨʨʘʨ 

ʥʘʤʫʜʘʘʥʜ. 

()( ),;,0 2
W

¤Í LTLH



9 

 

ʆʥ״ʦ ״ʘʤʯʫʥʠʥ ʥʠʰʦʥ ʜʦʜʘʘʥʜ, ʢʠ ʜʘʨ ʤʘʚʨʠʜʠ ʥʠʩʙʘʪʘʥ ʤʫʨʘʢʢʘʙʪʘʨ ʙʫʜʘʥʠ 
ʤʘʩʲʘʣʘ״ʦʠ ʧʝʰʥʠ״ʦʜʰʫʜʘ ״ʘʣʣʠ ʫʤʫʤʠʢʘʨʜʘʰʫʜʘ ʚʫֹוʫʜ ʜʦʰʪʘ, ʦʥ ʙʘ  

(),1
2

;,0 ö
÷
õæ

ç
å W¤Í WTLH  ()( ) ()( ),;,0;,0 1

2 W
¡¡¤ +WÍ pp LTLWTLE  () ()öö

÷

õ
ææ
ç

å
WÆWÍ ¤ 2

2

0
1

2;,0 WWTLu
ʪʘʘʣʣʫץ ʜʦʨʘʜ. 

ʂɸʃʀɼɺʆɾɸ׳ʆ: ʤʫʦʜʠʣʘ, ʤʘʩʲʘʣʘ״ʦʠ ʢʘʥʦʨ ʘʣ, ʩʝʨʘʲʟʦʛ״ , , ʘʡʥʠʷʪ, ʥʦʙʘʨʦʙʘʨ , 
ʧʘʡʜʘʨʧʘ , ʪʝʦʨʝʤʘ. 
 

ʄɸʊɽʄɸʊʀʏɽʉʂʀɽ ʄʆɼɽʃʀ ʊɽʆʈʀʗ ʋʇʈʋɻʆʉʊʀ ï 

ʕʃɽʂʊʈʆʄɸɻʅʀʊʆʋʇʈʋɻʆʉʊʀ ʀ ʈɸɿʈɽʐʀʄʆʉʊʀ ʂʈɸɽɺʓʍ ɿɸɼɸʏ ɼʃʗ 

ʆɼʅʆʈʆɼʅʓʍ ʉʈɽɼ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʛʣʘʜʢʦʩʪʠ ʦʙʦʙʱʝʥʥʳʭ ʨʝʰʝʥʠʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʫʧʨʫʛʦʩʪʠ. ɸʚʪʦʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʦʙʦʙ-
ʱʝʥʥʳʭ ʨʝʰʝʥʠʡ ʥʘʯʘʣʴʥʦ-ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʫʧʨʫʛʦʩʪʠ ʩ ʦʙʱʠʤʠ 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʪ.ʝ. ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʬʫʥʢʮʠʡ ( ),, txu  ( ),, txu ( ) ( )txHtxE ,,,  ʚ 

] [TQ ,0W=  ,  ʛʜʝ  (),;,0 1

2 öö
÷

õ
ææ
ç

å
WÍ ¤

A

WTLu  () ()( ).;,0;,0 1

2 W
¤ Æöö

÷

õ
ææ
ç

å
WÍ pp LTLWTLE

A

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʧʨʝʜʣʦʞʝʥʠʷʭ ʦ ʜʘʥʥʳʭ ʟʘʜʘʯʘʭ ʦʙʦʙʱʝʥʥʳʝ 
ʨʝʰʝʥʠʷ ʩʫʱʝʩʪʚʫʶʪ ʠ ʧʨʠʥʘʜʣʝʞʘʪ  

(),1
2

;,0 ö
÷
õæ

ç
å W¤Í WTLH  ()( ) ()( ),;,0;,0 1

2 W
¡¡¤ +WÍ pp LTLWTLE  () ().;,0 2

2

0
1

2 öö
÷

õ
ææ
ç

å
WÆWÍ ¤ WWTLu  

ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʫʨʘʚʥʝʥʠʝ, ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ, ʤʥʦʞʝʩʪʚʦ, ʪʦʞʜʝʩʪʚʦ, 
ʥʝʨʘʚʝʥʩʪʚʦ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʪʝʦʨʝʤʘ. 
 

MATHEMATICAL MODEL S OF THE THEORY OF ELASTICITY OF 

ELECTROMAGNETOELASTIC AND  THE SOLVABILITY OF BOUNDARY VALUE 

PROBLEMS FOR HOMOGENEOUS MEDIUM  
 

The article deals with the smoothness of generalized solutions of the boundary value problem of 
electromagnetoelasticity. Also the authors  generalized  the existence and uniqueness of solutions of 
the initial boundary value problem of electromagnetoelasticity with General defining equations, i.e. 

the existence of functions ( ),, txu  ( ),, txu ( ) ( )txHtxE ,,,  in ] [TQ ,0W= , where from 

(),;,0 1

2 öö
÷

õ
ææ
ç

å
WÍ ¤

A

WTLu  () ()( ).;,0;,0 1

2 W
¤ Æöö

÷

õ
ææ
ç

å
WÍ pp LTLWTLE

A

 

There are shown that for several stronger propositions about these problems, generalized 

solutions exist and belong to (),1
2

;,0 ö
÷
õæ

ç
å W¤Í WTLH  ()( ) ()( ),;,0;,0 1

2 W
¡¡¤ +WÍ pp LTLWTLE   

() ().;,0 2

2

0
1

2 öö
÷

õ
ææ
ç

å
WÆWÍ ¤ WWTLu

 

KEY WORDS:  equation, boundary value problems, solution set, identity, inequality, sequence, 
theorem. 

ʉɺɽɼɽʅʀʗ ʆɹ ɸɺʊʆʈɸʍ: ʂʫʨʙʘʥʦʚ ʀʢʨʦʤ ʂʫʨʙʘʥʦʚʠʯ, ʜʦʢʪʦʨ ʬʠʟʠʢʦ-
ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʯʣ. ʢʦʨ. ɸʅ ʈʊ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʢʠ ʠ ʬʠʟʠʢʠ ʈʊʉʋ.  

ʄʠʨʟʦʝʚ ɸʟʠʟ, ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʠʨʝʢʪʦʨ ʎʊ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ 
ʀʇʉ. 

 

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʆ-ɻɽʆʄɽʊʈʀʏɽʉʂʀɽ ʆɹʒɽʂʊʓ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽ 

ɺɽʂʊʆʈʅʓʍ ʇʃʆʊʅʆʉʊɽʁ 
 

ʉʘʪʪʦʨʦʚ ɸ.ʕ.  

ɹʦʭʪʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ 
  

ʇʨʦʩʪʨʘʥʩʪʚʦ ʚʝʢʪʦʨʥʳʭ ʧʣʦʪʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʥʠʝʤ ʥʘ ʢʘʞʜʦʡ ʪʦʯʢʝ ʍ 

(ʭi) ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ό, ʟʜʝʩʴ i,j, é.1én; ‌ȟ‍ȟȣ1én., 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʤ 2n-ʤʝʨʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ [1, ʩ. 219]. 

()( ),;,0 2
W

¤Í LTLH

()( ),;,0 2
W

¤Í LTLH
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ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʧʦʨʥʳʭ ʚʝʢʪʦʨʥʳʭ ʧʣʦʪʥʦʩʪʝʡ, ʢʘʢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʧʦʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ [2, ʩ. 435], ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʘ ʨʦʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʜ.-ʛ.) ʦʙʲʝʢʪʦʚ.  

ɽʩʣʠ ʚ ὼȟό ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʟʘʜʘʥ ʦʙʲʝʢʪ Øȟό ʢʣʘʩʩʘ ὶ c 

ʟʘʢʦʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ˍ ὃˍ ɛȟὪȟỄȟὪ
Ễ 
ȟ                                                      ρ 

ʛʜʝ 

 Ὢ
Ễ Ễ  

,                                                       (2) 

ʪʦ ʦʥ ʥʘʟʳʚʘʝʪʩʷ ʜ.-ʛ. ʦʙʲʝʢʪʦʤ ʧʝʨʚʦʛʦ ʨʦʜʘ. 

ɼ.-ʛ. ʦʙʲʝʢʪʦʤ ʚʪʦʨʦʛʦ ʨʦʜʘ ʧʨʦʩʪʨʘʥʩʪʚ ὢȟ ʥʘʟʳʚʘʝʪʩʷ ʦʙʲʝʢʪ  ȟ̃ ʟʘʢʦʥ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ Ὢ
Ễ
Ὦ ʠ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ, ʪ.ʝ. 

ʘ) ὐ ὐ ȟ̋ὪȟỄȟὪ
Ễ 
Ƞ Ў ὪȠ ‬ Ў Ὢ ȟỄȟ 

‬
Ễ
Ў Ὢ Ƞ ό‬ Ў Ὢ ȟỄȟό‬

Ễ
Ў Ὢ ȟ (3) 

ʙ) ὐ ὐ ȟ̋ὪȟỄȟὪ
Ễ 
Ƞ Ў ὪȠ ‬ Ў Ὢ ȟỄȟ 

 ‬
Ễ
Ў Ὢ Ƞ ό‬ Ў Ὢ ȟỄȟό‬

Ễ
Ў Ὢ Ȣ  

ʂʣʘʩʩ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʶ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʧʦʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ [2, ʩ. 436]. 

ʏʪʦʙʳ ʦʙʲʝʢʪʳ  ̉   ̫ʚʣʷʣʠʩʴ ʜ.-ʛ. ʦʙʲʝʢʪʘʤʠ, ʬʫʥʢʮʠʠ  ̉   ʜʦʣʞʥʳ 

ʦʙʣʘʜʘʪʴ ʩʚʦʡʩʪʚʦʤ ʪʨʘʥʟʠʪʠʚʥʦʩʪʠ, ʩʦʭʨʘʥʷʪʴʩʷ ʧʨʠ ʦʙʨʘʪʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʠ 

ʩʚʦʜʠʪʴʩʷ ʢ ʘʨʛʫʤʝʥʪʘʤ ɱṠ ʧʨʠ  

Ὢ ȟỄȟὪ‏
Ễ 

πȟ  

ʪ.ʝ. ʜʦʣʞʥʳ ʠʤʝʪʴ ʤʝʩʪʦ ʪʦʞʜʝʩʪʚʘ  

ὐ ὐ ȟ̋‏ȟπȟỄȟπȟὐ ὐ ȟ̋‏ȟπȟỄȟπȟ‏ȟπȟỄȟπȢ  

ɽʩʣʠ ʟʘʜʘʥʦ ʟʥʘʯʝʥʠʝ ʜ.-ʛ. ʦʙʲʝʢʪʘ ɱ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ὢȟ, ʪʦ ʤʳ 

ʠʤʝʝʤ ʧʦʣʝ ʦʙʲʝʢʪʘ ɱ ʚ ʵʪʠʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ. ʊʠʧ ʦʙʲʝʢʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʬʦʨʤʫʣʘʤʠ (1) ʠ (3). 

ʅʘʧʨʠʤʝʨ, ʢʦʤʧʦʥʝʥʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʪʝʥʟʦʨʘ ˟  ʚʝʩʘ  ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʥʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ  

˟ Ў ˟ Ὢ Ὢ ȟ  

ʛʜʝ ὭȟὮ ʢʦʣʣʝʢʪʠʚʥʳʝ ʠʥʜʝʢʩʳ, ʪ.ʝ. 

˟ ˟
Ễ

Ễ
, Ὢ Ὢ ỄὪ̋̋˟

Ễ

Ễ
.  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʬʬʠʥʥʘʷ ʩʚʷʟʥʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘʜʘʥʠʝʤ 

ʧʦʣʝʡ ʜ.-ʛ. ʦʙʲʝʢʪʦʚ ʧʝʨʚʦʛʦ ʨʘʜʘ ὒ ὼȟό ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʪʝʥʟʦʨʘ ὅ ὼȟό ʚʝʩʘ ïʨ 

ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʟʘʢʦʥʘʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  

ὒ ὒ Ὢ  Ὢ Ὢ  Ὢ Ὢ  

ὅ  Ў ὅ  Ὢ  Ὢ Ὢ . 

ʊʦʛʜʘ ʢʦʚʘʨʠʘʥʪʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣ ʦʪ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʪʝʥʟʦʨʘ  

ri

si

ii

jj

i

j TT
...

...

)(

)( =  ʚʝʩʘ q ʠʤʝʝʪ ʚʠʜ [1, ʩ. 220]: 

 

,+*q

i

j

i

j

i

j TdTT )(

)(

*

*

)(

)(

)(

)( wd +=                                                   (4) 

ʛʜʝ 

Jq

---  - ʩʠʤʚʦʣ ɹ.ʃ. ʃʘʧʪʝʚʘ [2, ʩ. 435]. ɺʳʨʘʞʝʥʠʝ (4) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ:  
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k

q

i

jk

k

q

i

jk

q

i

j

i

j

i

j uTCdxTLTdTT dwd
,+*,+*,+*

)(

)(

*

*

)(

)(

*

*

)(

)(

*

*

)(

)(

)(

)( +++=  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʦʚʘʨʠʘʥʪʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ 

ʢʦʚʘʨʠʘʥʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 
ki

kj

ki

kj

i

j uTdxTT dd )(

:)(

)(

),(

)(

)( += , 

ʛʜʝ 

,+*,+* q

i

j

p

s

k

i

sj

i

jk

i

kj TLuLTTT )(

)(

*

**

*

*

)(

)(

)(

)(

)(

),( +-µ= ¶  ʢʦʚʘʨʠʘʥʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʝʨʚʦʛʦ ʪʠʧʘ ʠ 

,+*,+* q

i

j

p

s

k

i

sj

i

kj

i

kj TCuCTTT )(

)(

*

**

*

*

)(

)(

)(

)(

)(

:)( +-= ¶¶ ʢʦʚʘʨʠʘʥʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʚʪʦʨʦʛʦ ʪʠʧʘ.  

ɿʜʝʩʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʦʟʥʘʯʝʥʠʷ 
ii

xµ

µ
=µ  ʠ 

ii
uµ

µ
=¶ . 

ʉʦʛʣʘʩʥʦ ɺ.ʀ. ɹʣʠʟʥʠʢʘʩʫ [3,ʩ.10], ʚ ʠʟʫʯʘʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʥʦ ʟʘʜʘʪʴ ʜ.ïʛ. 

ʦʙʲʝʢʪ ʚʪʦʨʦʛʦ ʨʦʜʘ  ː ʩ ʟʘʢʦʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  

ː  Ў  ː Ὢ  Ὢ ό‬ Ў  Ὢ  Ὢ  

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʦʙʲʝʢʪʦʤ ὒ ʚ ʚʠʜʝ  

 ː  

,+*p

s

kuL*

*  . 
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ʆɹʒɽʂʊ׳ʆʀ ɼʀʌʌɽʈɽʅʉʀɸʃ-ɻɽʆʄɽʊʈ  ɼɸʈ ʌɸɿʆʀ ɺɽʂʊʆʈʀʀ ɿʀʏʅʆʂ 
  

ɼʘʨ ʤʘץʦʣʘʠ ʤʘʟʢʫʨ ʤʘʲʣʫʤʦʪ ʜʘʨ ʙʦʨʘʠ ʦʙʲʝʢʪ״ʦʠ ʜʠʬʬʝʨʝʥʩʠʘʣ-ʛʝʦʤʝʪʨʠʠ ʬʘʟʦʠ 

ʚʝʢʪʦʨʠʠ ʟʠʯʥʦʢ, ʢʠ ʙʦ ʛʫʟʦʰʪʘʥ ʙʘ ״ʘʨ ʷʢ ʥʫץʪʘʠ ʬʘʟʦʠ ʍ (ʭi) ʬʘʟʦʠ ץʠʤʘʪʠʠ ʚʝʢʪʦʨʠ 

ʟʠʯʥʦʢ ό, ʢʠ ʜʘʨ ʠʥ ֹוʦ i,j, é.1én; ‌ȟ‍ȟȣ1én ʘʩʪ, ״ʦʩʠʣ ʤʝʰʘʚʘʥʜ, ʦʚʘʨʜʘ ʰʫʜʘ, ʷʢʯʘʥʜ 

ʤʠʩʦʣ״ʦʠ ʤʫʰʘʭʭʘʩ ʦʠʜ ʙʘ ʠʥ ʦʙʲʝʢʪ״ʦ ʪʘ״ʣʠʣ ʛʘʨʜʠʜʘʘʩʪ. 

ʂɸʃʀɼɺʆɾɸ׳ʆ: ʦʙʲʝʢʪ, ʛʝʦʤʝʪʨʠʷ, ʜʠʬʬʝʨʝʥʩʠʘʣ, ʬʘʟʦ, ʚʝʢʪʦʨʠ ʟʠʯʥʦʢ, ״ʦʩʠʣʘʠ 

ʢʦʚʘʨʠʘʥʪ . 
 

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʆ-ɻɽʆʄɽʊʈʀʏɽʉʂʀɽ ʆɹʒɽʂʊʓ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽ 

ɺɽʂʊʆʈʅʓʍ ʇʃʆʊʅʆʉʊɽʁ 
  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʘʭ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʝʢʪʦʨʥʳʭ ʧʣʦʪʥʦʩʪʝʡ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʥʠʝʤ ʥʘ ʢʘʞʜʦʡ 

ʪʦʯʢʝ ʍ (ʭi) ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʥʘʯʝʥʠʡ ʚʝʢʪʦʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ό, ʟʜʝʩʴ i,j, é.1én; ‌ȟ‍ȟȣ1én., ʠ 

ʧʨʠʚʝʜʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʦʙ ʵʪʠʭ ʦʙʲʝʢʪʘʭ. 

ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʦʙʲʝʢʪ, ʛʝʦʤʝʪʨʠʷ, ʜʠʬʬʝʨʝʥʮʠʘʣ, ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚʝʢʪʦʨʥʘʷ 

ʧʣʦʪʥʦʩʪʴ, ʢʦʚʘʨʠʘʥʪʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ. 
 

DIFFERENTIAL -GEOMETRIC OBJECTS IN THE SPACE OF VECTOR DENSITIES  
 

This article discusses the information about the differential geometric objects vector density 

space, which is determined by the task at each point X (ʭi) space values of the vector density uŬ̂, 

here i, j, ....1...n; Ŭ, ɓ...1...n., and specific examples about these objects are given.  

KEY  WORDS: object, geometry, differential, space, vector density, covariant derivative. 
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ʆ ʈɽʐɽʅʀɽ ʋʈɸɺʅɽʅʀʗ ɼʋʌʌʀʅɻɸ ʉ ʄʅʆɻʀʄʀ ʇʆʉʊʆʗʅʅʓʄʀ 

ʆʊʂʃʆʅɽʅʀʗʄʀ ɸʈɻʋʄɽʅʊɸ        
 

ʉʘʬʘʨʦʚ ɼ.ʉ., ʄʠʨʘʪʦʚ ʉ.ʂ. 

ɹʦʭʪʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ  
 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ 

ό ὸ ‫όὸ ‘ό ὸ  ὥ όὸ Ὤ πȟ                                                      ρ 

ʛʜʝ  ‫ȟ‘ȟὥȟὬ  ʧʦʩʪʦʷʥʥʳʝ.  

ɺ ʤʦʥʦʛʨʘʬʠʠ [1] ʦʙʱʠʡ ʠʥʪʝʛʨʘʣ ʫʨʘʚʥʝʥʠʷ (1) ʧʨʠ ‌ π ʥʘʡʜʝʥʦ ʚ ʚʠʜʝ 
ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʩʠʥʫʩʘ ʬʫʥʢʮʠʠ ʗʢʦʙʠ ίὲό, ʠ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʥʘʟʚʘʥʦ ʪʦʯʥʳʤ 
ʨʝʰʝʥʠʝʤ. ʕʣʣʠʧʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʩʠʥʫʩ ɀ ίὲό, ʢʦʩʠʥʫʩὲ̒ό ʠ ʜʝʣʴʪʘ ʘʤʧʣʠʪʫʜʳ 
ɀὨὲό ʥʘʟʳʚʘʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʗʢʦʙʠ [2]. 

ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʬʦʨʤʫʣʳ ʠʟ ʪʝʦʨʠʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʗʢʦʙʠ. 

1. ʌʫʥʢʮʠʷ ᾀ ίὲόȟὯ  ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʩʠʥʫʩ (ʠʣʠ ʩʠʥʫʩ ʘʤʧʣʠʪʫʜʳ) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ 

ᾀ ίὲόȟὯ ίὭὲ•Ὧ ίὭὲὥάόȟ 
ʛʜʝ ʘʤʧʣʠʪʫʜʳ • ὥάό ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʙʨʘʱʝʥʠʝ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʠʥʪʝʛʨʘʣʘ 

  ό  ρ ὯίὭὲὸ Ὠὸ Ȣ    

ɿʜʝʩʴ  Ὧ  ʯʠʩʣʦ, π Ὧ ρȟ ʢʦʪʦʨʦʝ ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʫʣʝʤ ʵʣʣʠʧʪʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʠ,  ίὭὲ•ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʧʝʨʠʦʜʘ ς“. 

ʇʨʠ ʠʟʤʝʥʝʥʠʝ    •   ̎  ́ ς“  ʚʝʣʠʯʠʥʘ  ό  ʠʟʤʝʥʷʪʩʷ ʥʘ ʚʝʣʠʯʠʥʫ  

˟ ρ ὯίὭὲὸ Ὠὸ   

ʠ ʦʙʨʘʪʥʦ 

ό ˟ ρ ὯίὭὲὸ  ὨὸȢ   

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʫʥʢʮʠʷ  ᾀ ίὲόȟὯ  ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ  ό  ʧʝʨʠʦʜʦʤ ʊ. 

ɺʝʣʠʯʠʥʘ  

ὑὯ ρ ὯίὭὲ‚Ὠ‚ 

ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʥʳʤ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʠʥʪʝʛʨʘʣʦʤ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ 

ʃʝʞʘʥʜʨʘ [2]. 

ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ 

ρ ὯίὭὲὸ Ὠὸ ρ ὯίὭὲὸ Ὠὸ ρ ὯίὭὲὸ Ὠὸ 

ρ ὯίὭὲὸ Ὠὸȟ 

ʪʦ ʬʫʥʢʮʠʷ  ᾀ ίὲόȟὯ  ʠʤʝʝʪ ʧʝʨʠʦʜ  ˟ τὑȟ  ʪʦ ʝʩʪʴ 
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ᾀ ίὲό τὑȟὯ ίὲόȟὯȢ 
2. ʌʫʥʢʮʠʠ ᾀ ὲ̒όȟὯ  ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʢʦʩʠʥʫʩ ʠ ᾀ ὨὲόȟὯ  ʜʝʣʴʪʘ 

ʘʤʧʣʠʪʫʜʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʚʝʥʩʪʚʘʤʠ 

ᾀ ὲ̒όȟὯ ὧέί•Ὧ ὧέίὥάόȟ 

ᾀ ὨὲόȟὯ Ў• ρ ὯίὭὲ• ρ ὯίὭὲὥάό Ȣ 
ʕʪʠ ʬʫʥʢʮʠʠ ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷʤʠ  

ίὲό  ὧὲό ρȟ            Ὧίὲό  Ὠὲό ρ                        ς 
ʠ ʜʣʷ ʥʠʭ ʩʧʨʘʚʝʜʣʠʚʳ ʬʦʨʤʫʣʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ 

Ὠίὲό

Ὠό
ὧὲόὨὲό ȟ     

Ὠὧὲό

Ὠό
ίὲόὨὲόȟ

ὨὨὲό

Ὠό
ὯίὲόὧὲόȢ                σ 

ʌʫʥʢʮʠʠ ʗʢʦʙʠ   ίὲόȟ  ὧὲόȟ   Ὠὲό  ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ίὲό ςὑ ίὲόȟ    ὧὲό ςὑ ὧὲόȟ               

  Ὠὲό ὑ
Ὧ

Ὠὲό
 ȟὨὲό ςὑ Ὠὲόȟ                                              τ 

ʛʜʝ  Ὧ  ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʩʚʷʟʘʥʥʦʝ ʩ ʤʦʜʫʣʝʤ  Ὧ ʨʘʚʝʥʩʪʚʦʤ Ὧ Ὧᴂ ρȢ  
ʌʫʥʢʮʠʷ ίὲό ʥʝʯʝʪʥʘʷ ʬʫʥʢʮʠʷ ʧʝʨʝʤʝʥʥʦʡ όȟ ʘ ʬʫʥʢʮʠʠ  ὧὲό  ̉   Ὠὲό 

ʯʝʪʥʳʝ  ʬʫʥʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ίὲπ πȟ   ὧὲπ  Ὠὲπ ρȟ   
Ὠίὲό

Ὠό
πȢ  

ʊʝʧʝʨʴ ʠʩʧʦʣʴʟʫʷ ʚʳʧʠʩʘʥʥʳʝ ʬʦʨʤʫʣʳ ʧʦʢʘʞʝʤ, ʯʪʦ  ʠʥʪʝʛʨʘʣ ʫʨʘʚʥʝʥʠʷ (1) 

ʧʨʠ  ‌ π  ̉  Ὤ  Ὦὑ  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ  

όὸ Ὠ̱ὲὸ ὫȟὯȟ                                                υ 

ʛʜʝ ẖ̌Ὣ ʠ Ὧ ʧʦʩʪʦʷʥʥʳʝ. ʇʦʩʪʦʷʥʥʳʝ  ̱  ʠ Ὧᴂ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʢʦʵʬʬʠʮʠʝʥʪʳ 
ʫʨʘʚʥʝʥʠʷ,  Ὣ ɀ ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ (ʘʜʜʠʪʠʚʥʘʷ). 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʜʚʘ ʨʘʟʘ ʜʠʬʬʝʨʝʥʮʠʨʫʷ ʨʘʚʝʥʩʪʚʦ (5) ʠ ʫʯʠʪʳʚʘʷ ʩʦʦʪʥʦʰʝʥʠʝ 

(2), (3) ʧʦʣʫʯʠʤ: 

ό ὸ Ὧ̱ὨὲὼςὨ̱ὲὼςὨ̱ὲὼȢ                                  φ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʫʥʢʮʠʷ όὸ Ὠ̱ὲὼ ȟ   ὼ ὸ Ὣȟ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ  

ό ὼ Ὧ ςόὼ
ς

ˍ
ό ὼ πȢ                                    χ 

ʀʟ ʫʨʘʚʥʝʥʠʷ (7) ʚʠʜʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʧʨʠ ‌ π  ʥʝʣʴʟʷ ʧʦʣʫʯʠʪʴ ʩ 
ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʜʝʣʴʪʘ ʘʤʧʣʠʪʫʜʳ. ʊʘʢ ʢʘʢ ʚ ʫʨʘʚʥʝʥʠʠ (1) ‫ πȟ  ʘ ʚ ʫʨʘʚʥʝʥʠʠ 
(7)  Ὧ ς π. 

ʇʦʵʪʦʤʫ ʩʪʘʚʠʪʩʷ ʚʦʧʨʦʩ: ʧʨʠ ʢʘʢʦʡ ʟʥʘʯʝʥʠʠ  ‌ π ʠ ʧʦʩʪʦʷʥʥʳʝ Ὤ ʤʦʞʥʦ 

ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1) ʩ  ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʜʝʣʴʪʘ ʘʤʧʣʠʪʫʜʳ (5). 

ɼʣ̫ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʩʯʠʪʘʝʤ, ʯʪʦ ʤʦʜʫʣʴ ʬʫʥʢʮʠʠ π Ὧ ρ ʘʧʨʠʦʨʠ 
ʠʟʚʝʩʪʥʦ. ɿʘʪʝʤ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (5) ʚ (1) ʥʘʭʦʜʠʤ ʪʦʯʥʦʝ  ʟʥʘʯʝʥʠʝ Ὧȟ̒   ʫʩʣʦʚʠʝʤ   

π Ὧ ρȢ 
ʊʝʧʝʨʴ ʧʦʜʩʪʘʚʣʷʷ (5) ʚ (1) ʠ ʫʯʠʪʳʚʘʷ ʬʦʨʤʫʣ (4), (6), (7) ʧʨʠ     Ὤ  Ὦὑ  , Ὦ

ρȟςȟσȟτ  ̉ Ὤ  φὑ  ʠ ʩʨʘʚʥʠʚʘʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ   

Ὧ ς ‫ ‌Ὧ ˍȟ

ς ‘̱  Ȣ
 

ʀʩʢʣʶʯʘʷ ʠʟ ʵʪʦʡ ʩʠʩʪʝʤʳ ˍ ʠ ʟʘʤʝʥʷʷ Ὧᴂ ʥʘ ρ Ὧ ʥʘʭʦʜʠʤ Ὧ ʚ ʚʠʜʝ 

Ὧ
ς ‫ ‌

ρ ‌
τ
‘

 ȟ      ̆̒̌̉    ρ ‌
τ

‘
πȢ  

ʊʘʢ ʢʘʢ  π Ὧ ρȟ ʪʦ ʠʟ ʧʦʩʣʝʜʥʝʛʦ ʨʘʚʝʥʩʪʚʦ ʧʦʣʫʯʠʤ ʥʝʨʘʚʝʥʩʪʚʦ 

ρ ‫ ‌
τ

‘
ρȢ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʨʘʚʝʜʣʠʚʘ:  
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ʊʝʦʨʝʤʘ  1. ʇʫʩʪʴ ʚ ʫʨʘʚʥʝʥʠʠ (1)   π ‘ ς  ʠ   

  

‌
ρ ‫

τ
‘

ρ
 Ȣ 

ʊʦʛʜʘ, ʝʩʣʠ  

ὑὯ

ở

Ở
ờ
ρ

ς ‫ ‌

ρ ‌
τ
‘

ίὭὲ†

Ợ

ỡ
Ỡ
Ὠ†ȟ 

ʪʦ ʧʨʠ  Ὤ Ὦὑȟ       Ὦ ρȟςȟσȟτȟ   Ὤ φὑȟ ʫʨʘʚʥʝʥʠʝ (1) ʜʦʧʫʩʢʘʝʪ ʨʝʰʝʥʠʝ ʚʠʜʘ 

όὸ
ς

‘
Ὠὲὸ ὫȟὯȟ 

ʛʜʝ Ὣ  ʧʨʦʠʟʚʦʣʴʥʘʷ ʘʜʜʠʪʠʚʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʨʘʟʣʦʞʝʥʠʷ ʚ ʩʪʝʧʝʥʥʦʡ ʨʷʜ ʜʣʷ  ὑ ï ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʚʠʜʘ [2] 

ὑ
“

ς

ςὮȦςὮȦ

ς ὮȦ

ς ‫ ‌

ρ ‌
τ
‘

 Ȣ 

2. ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ 

ό ὸ ‫όὸ ‘ό ὸ  ‌ όὸ Ὤ ‍ȟ                  ψ 

ʛʜʝ  ‫ȟ‘ȟὥȟ‍ȟὬ  ʧʦʩʪʦʷʥʥʳʝ. 

ʉʨʘʚʥʠʚʘʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʩ ʫʨʘʚʥʝʥʠʝʤ (7) ʟʘʤʝʪʠʤ, ʯʪʦ ʨʝʰʝʥʠʝ ʧʨʠ ‌ ‍ π  
ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʚ ʚʠʜʝ (5).  ɸ ʧʨʠ ‌ πȟ‍ π  ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ (5)  ʟʘʚʠʩʠʪ ʦʪ ʧʦʜʙʦʨʘ  
ὬȢ  ʂʘʢ ʚʳʰʝ ʘʧʨʠʦʨʠ ʩʯʠʪʘʷ, ʯʪʦ ʤʦʜʫʣʴ Ὧȟπ Ὧ ρ ʠʟʚʝʩʪʥʦ ʥʘʭʦʜʠʤ ʨʝʰʝʥʠʝ 
ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ (5).  

ʇʦʜʩʪʘʚʣʷʷ (5) ʚ (8) ʧʨʠ Ὤ Ὦὑȟ   Ὦ ρȟςȟσȟτ  ʠ  ʠʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʘ ʬʫʥʢʮʠʠ Ὠὲὸ  
ʠʤʝʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ 

ὃ
Ὠ

Ὠὸ
Ὠὲὼὃ‫Ὠὲὼ‘ὃὨὲὼ ‌ϽὃὯ ‍Ȣ                     ω 

ʊʝʧʝʨʴ ʩʨʘʚʥʠʚʘʷ ʫʨʘʚʥʝʥʠʝ (9)   ʩ ʫʨʘʚʥʝʥʠʝʤ (7) ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ  

ς Ὧ ‫ȟ
ς
ὃ

‘ȟ        

‌̱ Ὧᴂ ‍ πȢ

  

ʀʟ ʵʪʦʡ ʩʠʩʪʝʤʳ ʧʦʩʪʦʷʥʥʳʝ ὃ ʠ  Ὧ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ   

Ὧ ς ȟ                     ὃ ‫
ς

‘
      ‘ π ȟ    Ὧ

‍‘

τ‌
 ȟ ‌ πȢ 

ʀʩʧʦʣʴʟʫʷ  ʩʦʦʪʥʦʰʝʥʠʷ  ʜʣʷ  ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ  ʤʦʜʫʣʷ  

Ὧ Ὧᴂ ς ‫
‍‘

τ‌
ρȟ 

ʧʨʠ  π Ὧ ρ    ʧʦʣʫʯʠʤ: 

ʊʝʦʨʝʤʘ 2.   ʇʫʩʪʴ ʚ ʫʨʘʚʥʝʥʠʝ (8)    

1.  ‘ πȟ̉    ‌ πȟ    ‍ π  ʠ ʢʨʦʤʝ ʪʦʛʦ,  π ȿ‘ȿ ς  , 
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2.  ‫ ρ   ̉   Ὧ ρ . 

ʠ 

ὑὯ

ở

Ở
ờ
ρ ρ

‘

ς

‍

‌
ίὭὲ†

Ợ

ỡ
Ỡ
Ὠ†Ȣ 

ʊʦʛʜʘ ʧʨʠ  Ὤ Ὦὑȟ       Ὦ ρȟςȟσȟτ   ʫʨʘʚʥʝʥʠʝ (8) ʜʦʧʫʩʢʘʝʪ ʨʝʰʝʥʠʝ ʚʠʜʘ 

όὸ
ς

‘
Ὠὲὸ Ὣȟς ‫ Ȣ 

3. ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʥʝʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ 
 

                 ό ὸ ‫όὸ ‘ό ὸ  ‌όὸ Ὤ                                              

‌ ‌ όὸ Ὤ όὸ Ὤ όὸ Ὤ ȟ                                ρπ 

ʛʜʝ  ‫ πȟ‘ȟὥȟ‌ȟ‌ȟ‌ȟὬ  ʧʦʩʪʦʷʥʥʳʝ.  

ʀʩʧʦʣʴʟʫʷ ʚʳʧʠʩʘʥʥʳʝ ʬʦʨʤʫʣʳ ʧʦʢʘʞʝʤ, ʯʪʦ ʠʥʪʝʛʨʘʣ ʫʨʘʚʥʝʥʠʷ (10) ʧʨʠ    

‌ πȟ   ‌ π   ̉  Ὤ Ὦὑ    ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʜʝʣʴʪʘ ʘʤʧʣʠʪʫʜʳ (5). 

ʉʨʘʚʥʠʚʘʷ ʫʨʘʚʥʝʥʠʝ (10) ,  ʩ ʫʨʘʚʥʝʥʠʝʤ (1) ʚʠʜʠʤ ʯʪʦ ʬʫʥʢʮʠʷ ʚʠʜʘ (5) ʥʝ ʜʘʸʪ 

ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (10) ʧʨʠ ‌ ‌ πȢ 
ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (10)  ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ (5) ʧʨʠ  

‌ πȟ‌ π  ʠ ʧʦʜʙʦʨʘ Ὤ. 

ʉʥʘʯʘʣʘ ʥʘʭʦʜʠʤ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (10) ʧʨʠ  ὲ ρ  ʠ ʢʦʛʜʘ ʦʥʦ ʠʤʝʝʪ ʚʠʜ 

ό ὸ ‫όὸ ‘ό ὸ  ‌όὸ Ὤ                                                                
‌ ‌ όὸ Ὤ όὸ Ὤ όὸ Ὤ Ȣ                            ρρ 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ, ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʚʠʜʝ (5), ʥʘʜʦ ʥʘʡʪʠ ʤʦʜʫʣʴ Ὧ 

ʠ ʟʘʪʝʤ ʧʦʜʙʠʨʘʪʴ ʧʦʩʪʦʷʥʥʳʝ  ὬȢ  ʇʦʩʪʫʧʘʷ ʢʘʢ ʨʘʥʴʰʝ ʧʦʣʫʯʠʤ:  

ʊʝʦʨʝʤʘ 3. ʇʫʩʪʴ ʚ ʫʨʘʚʥʝʥʠʠ (11) ‌ π,  ρ ‌ ‫ ςȟ‘ ‌   ʠ ʤʦʜʫʣʴ 

ʬʫʥʢʮʠʠ   Ὠὲὸȟ    Ὧ  ʦʧʨʝʜʝʣʝʥʦ  ʬʦʨʤʫʣʦʡ 
 

Ὧ ς ‫ ‌    ̉     ὑὯ ρ ς ‌ †‫ίὭὲ Ὠ†Ȣ 

ʊʦʛʜʘ, ʝʩʣʠ   Ὤ ςὮὑȟ       Ὦ ρȟςȟσȟτȟ   ʪʦ ʫʨʘʚʥʝʥʠʝ (10), ʧʨʠ  ὲ ρ  ʪʦ ʝʩʪʴ 

ʫʨʘʚʥʝʥʠʝ (11) ʜʦʧʫʩʢʘʝʪ ʨʝʰʝʥʠʝ ʚʠʜʘ 
 

όὸ
ς

‘ ‌
Ὠὲὸ Ὣȟς ‌ ‫ ȟ 

ʛʜʝ Ὣ ʧʦʩʪʦʷʥʥʘʷ. 

ʕʪʦ ʪʝʦʨʝʤʘ ʜʣʷ ὲ ρ  ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ. ʉʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ ʜʘʸʪ ʨʝʰʝʥʠʝ 
ʫʨʘʚʥʝʥʠʷ (10)  ʧʨʠ ʣʶʙʦʡ   ὲ ρȟ  ʠ ʧʨʦʠʟʚʦʣʴʥʳʝ  ‌ π   ̉  ‌ πȢ 

ʊʝʦʨʝʤʘ 4. ʇʫʩʪʴ ʚ ʫʨʘʚʥʝʥʠʠ (10)  π ‌ ρȟ   ‘ πȟ  ρ ‌ ‫ ς  ʠ ‫ȟ‌ȟ
‌  ʩʚʷʟʘʥʳ ʨʘʚʝʥʩʪʚʦʤ  ‌ ‌ ρ ‫Ȣ  ʊʦʛʜʘ, ʝʩʣʠ   ʤʦʜʫʣʴ ʬʫʥʢʮʠʠ    Ὧ    
ʚʳʯʠʩʣʝʥʦ  ʬʦʨʤʫʣʦʡ 

Ὧ ρ ‌    ̉  ὑὯ ρ ρ ‌ ίὭὲ† Ὠ†ȟ 
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ʪʦ ʧʨʠ  Ὤ ςὑȟὬ ὑȟὬ τὑ  ʠ  ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ‌ πȟ̉  Ὤ  ʫʨʘʚʥʝʥʠʷ (10) ʧʨʠ 

ʣʶʙʦʡ  ὲ ρȟ  ʜʦʧʫʩʢʘʝʪ ʨʝʰʝʥʠʝ ʚʠʜʘ 

όὸ
ς

‘
Ὠὲὸ Ὣȟρ ‌ ȟ 

ʛʜʝ Ὣ ʧʦʩʪʦʷʥʥʘʷ. 

ʊʘʢʠʤ ʞʝ ʧʫʪʝʤ ʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʦʙʱʠʡ ʠʥʪʝʛʨʘʣ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ 

ό ὸ ‫όὸ ‘ό ὸ  ‌ όὸ Ὤ όὸ Ὤ ‍ ȟ 

ʛʜʝ  ‫ȟ‘ȟ‌ȟὬ  ʧʦʩʪʦʷʥʥʳʝ,  ὲ ʣʶʙʦʝ ʮʝʣʦʝ. 
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 ɼʆʀʈ ɹɸ ׳ɸʃʃʀ ʄʋʆɼʀʃɸʀ ɼʋʌʌʀʅɻ ɹʆ ʗʂʏɸʅɼ ɼʆʀʄʀ׳ʆʀ 

ʌɸʈפʂʋʅɸʅɼɸʀ ɸʈɻʋʄɽʅʊ 
  

ɼʘʨ ʤʘץʦʣʘ ʙʦ  ʤʝʪʦʜʠ ʤʘʩʲʘʣʘ״ʦʠ ʙʘʨʲʘʢʩ  ʘʡʨʠʭʘʪʠʠ ɼʫʬʬʠʥʛס ʠ ʤʫʦʜʠʣʘʠץʘʣʣʠ ʘʥʠ״  

ʙʦ ʷʢʯʘʥʜ ʜʦʠʤʠ״ʦʠ ʬʘʨץʢʫʥʘʥʜʘʠ ʘʨʛʫʤʝʥʪ ʙʦ ʸʨʠʠ ʬʫʥʢʩʠʷʠ ʗʢʦʙ  ʥʠʰʦʥ ʜʦʜʘ ʰʫʜʘʘʩʪ. 

ʂɸʃʀɺʆɾɸ׳ʆ: ʬʫʥʢʩʠʷ״ʦʠ ʵʣʣʠʧʪʠʢ , ʬʫʥʢʩʠʷ״ʦʠ ʜʘʚʨ , ʤʦʜʫʣʠ ʬʫʥʢʩʠʷ. 
 

ʆ ʈɽʐɽʅʀɽ ʋʈɸɺʅɽʅʀʗ ɼʋʌʌʀʅɻɸ ʉ ʄʅʆɻʀʄʀ ʇʆʉʊʆʗʅʅʓʄʀ 

ʆʊʂʃʆʅɽʅʀʗʄʀ ɸʈɻʋʄɽʅʊɸ        
 

ɺ ʩʪʘʪʴʝ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʧʦʢʘʟʘʥʳ ʪʦʯʥʳʝ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ɼʫʬʬʠʥʛʘ ʩ ʤʥʦʛʠʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ ʘʨʛʫʤʝʥʪʘ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ʗʢʦʙʠ. 

ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʣɻʣʠʧʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʤʦʜʫʣʴ 

ʬʫʥʢʮʠʠ. 
 

ON THE SOLUTION  OF THE DUFFING EQUATION WITH MANY CONSTANT 

DEVIATIONS OF THE ARGUMENT  
 

This article shows by theory method of inverse problem the exact solutions of the Duffing 

nonlinear equation with many deviatiens of the argument with the help of Jacobi function. 

KEY WORDS: elliptic function, periodic function, module function. 
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 ʋʄʋʄʀʂʋʅʆʅʀʀ ʊɽʆʈɽʄɸʀ ɼʋʖʄʀ ɸʉʆʉʀʀ ʅ.ʅ. ɹʆɻʆʃʖɹʆɺ 

ɹɸʈʆʀ ʉʀʉʊɽʄɸʀ ɹɽʆʍʀʈʀ ʄʋʆɼʀʃɸ׳ʆʀ ɼʀʌʌɽʈɽʅʉʀɸʃ ɼɸʈ 

ʊɸʄʆʄʀ ʊʀʈʀ ɸɼɸɼ 
 

ɸʙʜʫʣʘʟʠʟʦʚ ɸ.ʍ. 

ɼʦʥʠʰʛʦ״ʠ ʜʘʚʣʘʪʠʠ ʂʣʦʙ ʙʘ ʥʦʤʠ ɸʙʘʙʜʫʣʣʦ״ʠ ʈʜʘʢ 
 

ɼʘʨ ʤʘץʦʣʘʠ ʤʘʟʢʫʨ ʦʠʜ ʙʘ ʤʘʚֹוʫʜʠʷʪ ʚʘ ʷʛʦʥʘʛʠʠ ״ʘʣ״ʦʠ ʜʘʨ ʪʘʤʦʤʠ ʪʠʨʠ ʘʜʘʜ 

ʤʘ״ʜʫʜʠ ʩʠʩʪʝʤʘʠ ʙʝʦʭʠʨʠ ʤʫʦʜʠʣʘ״ʦʠ ʜʠʬʬʝʨʝʥʩʠʘʣʠʠ  
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Ὠό

Ὠὸ
Ὢ
ὸ

‐
ȟόȟόȟȣȟόȟȣ  ὲ ρȟςȟȣ                                  ρ 

ʙʦ ʧʘʨʘʤʝʪʨʠ ʭʫʨʜʠ ‐ , ʢʠ  

Ὢὸȟόȟόȟȣȟόȟȣ  ὲ ρȟςȟȣ  
ʬʫʥʢʩʠʷ״ʦʠ ʤʘʲʣʫʤ ʚʘ  

ό όȟȣȟόȟȣ  

ʬʫʥʢʩʠʷʠ ʤʘʪʣʫʙʠ ʷʛʦʥ ʬʘʟʦʠ ʙʘʥʘʭʠʠ ʍ ʤʝʙʦʰʘʜ, ʪʘץ״ʠץʦʪ ʙʫʨʜʘ ʤʝʰʘʚʘʜ. 

ʗʢʝ ʘʟ ʤʝʪʦʜ״ʦʠ ʤʫ״ʠʤʤʠ ʪʘץ״ʠץʦʪʠ ʩʠʩʪʝʤʘʠ (1) ʜʘʨ ʘʩʦʩʠ ʠʥʪʠʭʦʙʠ ʬʘʟʦʠ 

ʧʘʡʜʘʨʧʘʡʠ״ʦʠ ʍ ʙʘ ʰʫʤʦʨ ʤʝʨʘʚʘʜ, ʢʠ ʬʫʥʢʩʠʷ״ʦʠ Ὢὸȟόȟόȟȣȟόȟȣ  ὲ
ρȟςȟȣ  ʦʧʝʨʘʪʦʨʠ ʘʟ RxX ʙʘ X ʘʤʘʣʢʫʥʘʥʜʘʠ 

Ὢὸȟό Ὢόȟȣȟόȟȣ ȟȣ ȟὪόȟȣȟόȟȣ ȟȣ   
ό όȟȣȟόȟȣ  

- ʨʦ ʤʫʘʡʷʥ ʤʝʢʫʥʘʜ.  

ɹʦ Ў Ὢὸȟόȟȣȟόȟȣ ȟὲȟὯ ρȟςȟȣ  ʘʜʘʜ״ʦʠ ״ʦʩʠʣʘʚʠʠ ʃʠʬh ʠʪʩʨʦ ʠʰʦʨʘ 

ʤʝʢʫʥʝʤ. ɼʘʨ ״ʦʣʘʪʠ ʤʘʚֹוʫʜ ʙʫʜʘʥʠ ״ʦʩʠʣʘ״ʦʠ ʭʫʩʫʩʠʠ Ὢȟ ὸȟόȟȣȟόȟȣ  ʙʘʨʦʙʘʨʠʠ 

ʟʝʨʠʥ ֹוʦʡ ʜʦʨʘʜ: 
 

Ў Ὢὸȟόȟȣȟόȟȣ Ὢȟ ὸȟόȟȣȟόȟȣ  ȟὲȟὯ ρȟςȟȣ  Ȣ 
 

ʆʠʣʘʠ ʘʜʘʜ״ʦʠ ״ʦʩʠʣʘʚʠʠ ʃʠʬh ʠʪʩ ʬʫʥʢʩʠʷ״ʦʠ ʤʘʪʨʠʩʘʚʠʠ Ὣὸȟό-ʨʦ ʤʫʘʡʷʥ 

ʤʝʢʫʥʘʜ, ʢʠ ʜʘʨ ʬʘʟʦʠ Ὑὼὢ ʤʫʘʡʷʥ ʙʫʜʘ, ץʠʤʘʪ״ʦʷʰ ʜʘʨ ʬʘʟʦʠ ʤʘʪʨʠʪʩʘ״ʦʠ 

ʙʝʦʭʠʨʯʝʥʘʢʘʠ Ὑ  ʤʝʭʦʙʘʥʜ. 

ʊʘʲʨʠʬ: ʌʫʥʢʩʠʷʠ Ὢόȟȣȟόȟȣ  * -ʙʝʬʦʩʠʣʘ ʥʦʤʠʜʘ ʤʝʰʘʚʘʜ, ʘʛʘʨ ʙʘʨʦʠ 

ʜʠʣʭʦ״ ό όȟȣȟόȟȣ ȟὺ ὺȟȣȟὺȟȣ ᶰὢ ʰʘʨʪʠ  

ÌÉÍ
ᴼ
Ὢόȟȣȟόȟὺ ȟȣ Ὢόȟȣȟόȟȣ  

ʠֹוʨʦ ʰʘʚʘʜ. ɼʘʨ ״ʦʣʘʪʠ ὢ ὰȟρ ὴ Њ  ʙʫʜʘʥ, ʭʦʩʠʷʪʠ *-ʙʝʬʦʩʠʣʘʛʠʠ ʬʫʥʢʩʠʷ ʘʟ 

ʭʦʩʠʷʪʠ ʙʝʬʦʩʠʣʘʛʠʠ ʬʫʥʢʩʠʷ ʤʝʙʘʨʦʷʜ.  

ʊʝʦʨʝʤʘ. ɹʠʛʫʟʦʨ ὢ ὰȟρ ὴ Њ  ʚʘ ״ʘʨ ʷʢʝ ʘʟ ʬʫʥʢʩʠʷ״ʦʠ  
 

Ὢὸȟόȟȣȟόȟȣ  ὲ ρȟςȟȣ  
ʥʘʤʫʜʠ ʟʝʨʠʥʨʦ  

Ὢὸȟόȟȣȟόȟȣ Ὢὸ  ‌ ὸό ύ ὸȟόȟȣȟόȟȣ ὲ ρȟςȟȣ  

 

ʜʦʰʪʘ, ʠʣʦʚʘ ʙʘʨ ʠʥ ʰʘʨʪ״ʦʠ ʟʝʨʠʥ ʠֹוʨʦ ʰʘʚʘʥʜ:  

ʘ) ʬʫʥʢʩʠʷ״ʦʠ Ὢὸ ʥʠʩʙʘʪ ʙʘ ὸɴ Ὑ ʤʘ״ʜʫʜʠ ʙʝʬʦʩʠʣʘ ʙʫʜʘ, ʜʘʨ ʪʘʤʦʤʠ ʪʠʨʠ 

ʘʜʘʜ ʜʦʨʦʠ ץʠʤʘʪʠ ʤʠʸʥʘʠ ʥʫʣ ʙʦʰʘʥʜ 

ÌÉÍ
ᴼ
ÓÕÐ
ᶰ

ρ

Ὕ
Ὢί‌ί π 

ʚʘ ʰʘʨʪʠ ʟʝʨʠʥʨʦ ץʘʥʦʘʪ ʢʫʥʦʥʘʥʜ 

ÌÉÍ
ᴼ
ÓÕÐ
ᶰ
В ȿὪὸȿ π ὸɴ Ὑ; 

ʙ) ʬʫʥʢʩʠʷ״ʦʠ ‌ ὸ ʥʠʩʙʘʪ ʙʘ ὸɴ Ὑ ʤʘ״ʜʫʜʠ ʙʝʬʦʩʠʣʘ ʙʫʜʘ, ʰʘʨʪʠ  
 

ÌÉÍ
ᴼ
ᴁὃ‐ ὃὸᴁ ЉȟЉ π 

 

ʠֹוʨʦ ʰʘʚʘʜ, ʢʠ ʜʘʨ ʠʥ ֹוʦ A ὸ ʦʧʝʨʘʪʦʨʠ ʭʘʪʪ ʙʦ ʤʘʪʨʠʩʘʠ ʵʣʝʤʝʥʪ״ʦʷʰ 

‌ ὸ ὲȟὯ ρȟςȟȣ  ʙʫʜʘ, ʜʘʨ ʬʘʟʦʠ Љ ʜʦʨʦʠ ץʠʤʘʪʠ ʤʠʸʥʘʠ ɸ ʙʦʰʘʜ: 
 

ÌÉÍ
ᴼ
ÓÕÐ᷿ ὃ†Ὠὸὃ

ЉȟЉ
π, 

  

ʢʠ ʜʘʨ ʠʥ ֹוʦ ɸ ʦʧʝʨʘʪʦʨʠ ʭʘʪʪ ʙʦ ʤʘʪʨʠʩʘʠ ʵʣʝʤʝʥʪ״ʦʷʰ ‌  ὲȟὯ ρȟςȟȣ  ʤʝʙʦʰʘʜ;  
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ʚ) ʬʫʥʢʩʠʷ״ʦʠ ύ ὸȟόȟȣȟόȟȣ  ὲ ρȟςȟȣ  hʘʨʪʠ  ύ ὸȟπȟȣȟπȟȣ π-ʨʦ 
ʘʥʦʘʪ ʢʘʨʜʘ ʥʠʩʙʘʪ ʙʘ ὸɴץ Ὑ ʤʘ״ʜʫʜʠ ʙʝʬʦʩʠʣʘ ʙʫʜʘ,  

 

ÌÉÍ
ᴼ
ÓÕÐ ȿύ ὸȟόȟȣȟόȟȣ ȿ π όᶰЉ  

  

ʠʣʦʚʘ ʙʘʨ ʠʥ ʦʥ״ʦ * - ʙʝʬʦʩʠʣʘ ʙʫʜʘ , ʙʘʨʦʠ ʬʫʥʢʩʠʷʠ ʤʘʪʨʠʩʘʛʠʠ Ὣὸȟό ʙʦ 

ʵʣʝʤʝʥʪ״ʦʠ  

Ў ύὸȟόȟȣȟόȟȣ  ὲȟὯ ρȟςȟȣ  
ʰʘʨʪʠ ʟʝʨʠʥ ʠֹוʨʦ ʰʘʚʘʜ: 

ÌÉÍ
ᴼ
ÓÕÐÓÕÐ

ȿ ȿ
ᴁὫὸȟόᴁ ЉȟЉ π; 

ʛ) ʩʧʝʢʪʨʠ ʦʧʝʨʘʪʦʨʠ ɸ-ʠ ʵʣʘʤʝʥʪ״ʦʷʰ ‌   ὲȟὯ ρȟςȟȣ  ʙʦ ʪʠʨʠ ʤʘʚ״ʫʤʠ ὭὙ 
ʙʫʨʠʜʘ ʥʘʰʘʚʘʜ „ὃẔὭὙᶮȢ 

ʆʥ ʛʦ״ ״ʘʤʠʥ ʭʝʣ ʘʜʘʜ״ʦʠ ‏ȟὶ π ʤʘʚֹוʫʜ ʘʩʪ, ʢʠ ״ʘʥʛʦʤʠ ȿ‐ȿ  ʩʠʩʪʝʤʘʠ ( 1) ‏
ʙʘʨʦʠ ״ʘʤʘʠ ץʠʤʘʪ״ʦʠ ὸɴ Ὑ ʜʦʨʦʠ ״ʘʣʣʠ ʷʛʦʥʘʠ ʜʘʨ ʢʫʨʘʠ ᴁόᴁ ὶ ʭʦʙʘʥʜʘʠ ό ὸ 

ʙʫʜʘ, ʠʣʦʚʘ ʙʘʨ ʠʥ ״ʘʥʛʦʤʠ ‐O π hʘʨʪʠ ᴁό ὸᴁ˞ᴼπ ʠֹוʨʦ ʤʝʰʘʚʘʜ. ʀʥʯʫʥʠʥ ʠʥ ״ʘʣ 

ʵʢʩʧʦʥʝʥʩʠʘʣ ʫʩʪʫʚʦʨ ʤʝʰʘʚʘʜ, ʘʛʘʨ ʩʧʝʢʪʨʠ ʦʧʝʨʘʪʦʨʠ ʭʘʪʪʠʠ ɸ ʜʘʨ ʥʠʤ״ʘʤʚʦʨʠʠ 

ʯʘʧʠ ״ʘʤʚʦʨʠʠ ʢʦʦʨʜʠʥʘʪ ʭʦʙʘʜ.  
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ʋʄʋʄʀʂʋʅʆʅʀʀ ʊɽʆʈɽʄɸʀ ʅ.ʅ. ɹʆɻʆʃʖɹʆɺ ɹɸʈʆʀ ʉʀʉʊɽʄɸʀ ɹɽʆʍʀʈʀ 

ʄʋʆɼʀʃɸ׳ʆʀ ɼʀʌʌɽʈɽʅʉʀɸʃʀʀ נɸʁʈʀʍɸʊʊ ɼɸʈ ʌɸɿʆʀ LP (1<P<Њ   
 

ɼʘʨ ʤʘץʦʣʘʠ ʤʘʟʢʫʨ ʰʘʨʪ״ʦʠ ʤʘʚֹוʫʜʠʷʪ, ʷʛʦʥʘʛ ʚʘ ʫʩʪʫʚʦʨʠʠ ʵʢʩʧʦʥʝʥʩʠʘʣʠʠ ״ʘʣ״ʦʠ 

ʤʘ״ʜʫʜʠ ʩʠʩʪʝʤʘʠ ʙʝʦʭʠʨʠ ʤʫʦʜʠʣʘ״ʦʠ ʜʠʬʬʝʨʝʥʩʠʘʣʠʠ סʘʡʨʠʭʘʪʪʠʠ ʘʟ ʧʘʨʘʤʝʪʨ ʚʦʙʘʩʪʘ ʜʘʨ 

ʪʘʤʦʤʠ ʪʠʨʠ ʘʜʘʜ ״ʦʩʠʣ ʢʘʨʜʘ ʰʫʜʘʘʥʜ. 

ʏʠ ʭʝʣʝ ʢʠ ʤʘʲʣʫʤ ʘʩʪ, ʪʝʦʨʝʤʘʠ ʢʣʘʩʩʠʢʠʠ ʅ.ʅ. ɹʦʛʦʣʶʙʦʚ ʙʦ ʠʩʪʠʬʦʜʘʠ ʤʝʪʦʜʠ 

ʤʠʸʥʘʢʫʥ ʙʘʨʦʠ ʩʠʩʪʝʤʘʠ ʦʭʠʨʥʦʢʠ ʤʫʦʜʠʣʘ״ʦʠ ʜʠʬʬʝʨʝʥʩʘʣ ʜʘʨ ʧʦʨʯʘʠ ʙʘ ץʘʜʨʠ ʢʠʬʦʷ 

ʢʘʣʦʥ, ʚʘʣʝ ʦʭʠʨʥʦʢʠ [πȟ˟Ⱦ ˒  ʤʘʥʩʫʙ ʘʩʪ. 

ɸʟ ʠʥ ʣʠ״ʦʟ, ʤʘʩʲʣʘʠ ʛʫʟʦʰʪʘʰʫʜʘ סʘʡʨʠʢʣʘʩʩʠʢ ʙʫʜʘ, ʪʘʩʜʠץʦʪʠ ʦʥ ʙʦ ʠʩʪʠʬʦʜʘʠ 

ʤʝʪʦʜʠ ʤʠʸʥʘʢʫʥ ʚʘ ʤʝʪʦʜ״ʦʠ ʪʘ״ʣʠʣʠ ʬʫʥʢʩʠʦʥʘʣ ʙʦ ʪʘʜץʠץʠ ʩʧʝʢʪʨʠ ʦʧʝʨʘʪʦʨʠ 

ʤʠʸʥʘʢʘʨʜʘʰʫʜʘ ʘʣʦץʘʤʘʥʜ ʘʩʪ. 

ʂɸʃʀɼɺʆɾɸ׳ʆ: ʬʫʥʢʩʠʷ, ʩʠʩʪʝʤʘ, ʤʫʦʜʠʣʘ, ʬʘʟʦ, ʧʘʡʜʘʨʧʘʡ, ʤʘ״ʜʫʜ, ״ʦʩʠʣʘ, 

ʦʧʝʨʘʪʦʨ, ʩʧʝʢʪʨ, ʙʝʬʦʩʠʣʘ, ʤʠʸʥʘʢʫʥ, ʫʩʪʫʚʦʨ, ʵʢʩʧʦʥʝʥʩʠʘʣ. 
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ʆɹʆɹʑɽʅʀɽ ʊɽʆʈɽʄʓ ʅ.ʅ. ɹʆɻʆʃʖɹʆɺɸ ɼʃʗ ɹɽʉʂʆʅɽʏʅʓʍ ʉʀʉʊɽʄ 

ʅɽʃʀʅɽʁʅʓʍ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽ  

LP (1<P<Њ  ʅɸ ɺʉɽʁ ʆʉʀ 
 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʳʚʦʜʷʪʩʷ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʟʘʜʘʥʥʘʷ ʙʝʩʢʦʥʝʯʥʘʷ ʩʠʩʪʝʤʘ 

ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʧʘʨʘʤʝʪʨʦʤ ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʥʦʝ ʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʩʪʦʡʯʠʚʦʝ ʥʘ ʚʩʝʡ ʦʩʠ ʨʝʰʝʥʠʝ. ʂʘʢ ʠʟʚʝʩʪʥʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʝʤʘ ʅ.ʅ. 

ɹʦʛʦʣʶʙʦʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʣʷ ʢʦʥʝʯʥʳʭ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʢʦʥʝʯʥʦʤ, 

ʥʦ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʦʣʴʰʦʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ [0, ˟ Ⱦ ˒ . 

ʇʦʵʪʦʤʫ ʧʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʥʝ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ ʧʦʣʫʯʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʫʩʨʝʜʥʝʥʠʷ, ʤʝʪʦʜʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʘ 

ʫʩʨʝʜʥʝʥʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. 

ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʬʫʥʢʮʠʷ, ʩʠʩʪʝʤʘ, ʫʨʘʚʥʝʥʠʷ, ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʥʘʷ, ʦʧʝʨʘʪʦʨ, ʩʧʝʢʪʨ, ʥʝʧʨʝʨʳʚʥʦʩʪʴ, 

ʫʩʨʝʜʥʝʥʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ. 
 

GENERALIZED THEOREM OF N.N. BOGOLYUBOV FOR ENDLESS SYSTEM OF 

NONLINEAR DIFFERENTIAL EQUATION IN THE SPACE  LP (1<P<Њ  
 

This work concludes conditions in which current endless system of nonlinear differential 

equations with parameter has only restricted and stable in all axis solution. It is well-known classic 

theorem of N.N. Bogolyubov considers for finite systems of differential equations in the finite at least 

a long lapse of time [0, ˟ Ⱦ ˒ . 

Thus this given problem is not classical and theorem conditions got with the help of equation 

method, functional analysis method and spectrum research of the effective operator. 

KEY WORDS: function, system, equation, space, sequence, limitation, derivative, operator, 

spectrum, regularity, effectiveness, stability. 

ʉɺɽɼɽʅʀʗ ʆɹ ɸɺʊʆʈɽ: ɸʙʜʫʣʘʟʠʟʦʚ ɸʙʜʫʣʭʘʢʠʤ ʍʦʣʤʫʨʦʜʦʚʠʯ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʪʝʦʨʠʠ ʬʫʥʢʮʠʠ ʂɻʋ 

ʠʤʝʥʠ ɸʙʫʘʙʜʫʣʣʦʭʘ ʈʫʜʘʢʠ. ʊʝʣ.: (+992) 988-32-75-66. 
  

ʋɼʂ 517.948 
 

ʆɹ ɸʉʀʄʇʊʆʊʀʂɽ ʉʇɽʂʊʈɸ ʕʃʃʀʇʊʀʏɽʉʂʆɻʆ ʆʇɽʈɸʊʆʈɸ ɺ 

ʆɻʈɸʅʀʏɽʅʅʆʁ ʆɹʃɸʉʊʀ ʉʆ ʉʊɽʇɽʅʅʓʄ ɺʓʈʆɾɼɽʅʀɽʄ ʅɸ 

ɻʈɸʅʀʎɽ 
 

ʅʝʤʘʪʫʣʣʦʝʚ ʆ.ɸ. 

ɹʦʭʪʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ 
 

ʇʫʩʪʴ ὒ ï ʚʳʨʦʞʜʘʶʱʠʡʩʷ ʵʣʣʠʧʪʠʯʝʩʢʠʡ ʦʧʝʨʘʪʦʨ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʘʚʝʥʩʪʚʦʤ  

ὒόὼḳ ρȿȿ

ȿȿȟȿȿ

ὴ ὼὴὼὥ ὼό ὼ ȟὼɴ ɱ              ρ 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ π ὥ ὶ ʩʪʘʨʰʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ὥ ὼ, ȿὯȿ ȿὰȿ ὶȟ 
ʥʝʧʨʝʨʳʚʥʳ ʚ ʟʘʤʢʥʫʪʦʡ ʦʙʣʘʩʪʠ    ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʝʤʫ ʫʩʣʦʚʠʶ 

ʵʣʣʠʧʪʠʯʥʦʩʪʠ 

ὙὩ ὥ ὼ‚
ȿȿ ȿȿ

‚ ὧȿ‚ȿ                                                  ς 

ʜʣʷ ʚʩʝʭ ὼɴ  ȟ‚ɴ Ὑ 0c  ï ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʥʝʟʘʚʠʩʷʱʘʷ ʦʪ ὼȟ‚ Ȣ 

ʇʫʩʪʴ ʤʣʘʜʰʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ὥ ὼ ʧʨʠ ȿὯȿȟȿὰȿ ὶ ʠ ȿὯȿ  ȿὰȿ ςὶ ρ 
ʧʨʠʥʘʜʣʝʞʘʪ ʧʨʦʩʪʨʘʥʩʪʚʫ ὒ Ƞ Ⱦ ɱ , ʛʜʝ ʯʠʩʣʦ ὴ  ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ  
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ὴ

 
ὲ

ὶ ȿὯȿ
‐ȟȿὰȿ ὶȟὲ ςὶ ȿὯȿȟ

ὲ

ὶ ȿὰȿ
‐ȟȿὯȿ ὶȟὲ ςὶ ȿὰȿ

 

ʝʩʣʠ ȿὯȿ ὶ ρȟȿὰȿ ὶ ρ, ʪʦ 

ὴ

ừ
Ử
Ừ

Ử
ứ 

ὲ

ςὶ ȿὯȿ ȿὰȿ
‐ȟὲ ςὶ ȿὯȿȟὲ ςὶ ȿὰȿȟ

ὲ

ὶ ȿὰȿ ‐
 ȟὲ ςὶ ȿὯȿȟὲ ςὶ ȿὰȿȟ

ὲ

ὶ ȿὯȿ ‐
 ȟὲ ςὶ ȿὯȿȟὲ ςὶ ȿὰȿ Ƞ

 

ὴ  - ʣʶʙʦʝ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʙʦʣʴʰʝ 2 ʚ ʦʩʪʘʚʰʠʭʩʷ ʩʣʫʯʘʷʭ. 

ɿʜʝʩʴ ‐ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʯʠʩʣʦ. 

ʊʦʛʜʘ ʦʧʝʨʘʪʦʨ ὒ ʠʤʝʝʪ ʜʠʩʢʨʝʪʥʳʡ ʩʧʝʢʪʨ ʠ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ‗ ʦʧʝʨʘʪʦʨʘ 

ὒ ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ  

‗
Ⱦ

Њ                                                                       σ 

ʛʜʝ ‎ - ʣʶʙʦʝ ʯʠʩʣʦ , ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʫ ‎ ὲȾὶ ὥ Ȣ 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ 

ʵʪʦʡ ʪʝʦʨʝʤʳ, ʩʬʦʨʤʫʣʠʨʫʝʤ ʥʝʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʩʚʦʡʩʪʚʘʭ 

ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ s ï ʯʠʩʝʣ ʦʧʝʨʘʪʦʨʦʚ ʢʦʤʧʘʢʪʥʦʛʦ ʚʣʦʞʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ [4] ʜʣʷ ʦʧʝʨʘʪʦʨʘ A, ʜʝʡʩʪʚʫʶʱʝʛʦ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʛʠʣʴʙʝʨʪʦʚʘ 

ʧʨʦʩʪʨʘʥʩʪʚʦ X ʚ ʜʨʫʛʦʝ ʛʠʣʴʙʝʨʪʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ Y, ʩʦʧʨʷʞʝʥʥʳʡ ʦʧʝʨʘʪʦʨ ὃᶻ 
ʜʝʡʩʪʚʫʝʪ ʠʟ Y ʚ X . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʧʝʨʘʪʦʨ ὃᶻὃ ʜʝʡʩʪʚʫʝʪ ʠʟ X ʚ X ʠ ʷʚʣʷʝʪʩʷ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤ ʦʧʝʨʘʪʦʨʦʤ: 

ὃᶻὃόȟό ὃόȟὃό ᴁὃόȠ ὢ ᴁ πȢ 
ɽʩʣʠ ʦʧʝʨʘʪʦʨ A - ʚʧʦʣʥʝ ʥʝʧʨʝʨʳʚʥʳʡ, ʪʦ ʦʧʝʨʘʪʦʨ ὃᶻὃ ʙʫʜʝʪ ʚʧʦʣʥʝ 

ʥʝʧʨʝʨʳʚʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʚ ʛʠʣʴʙʝʨʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ X ʠ ʝʛʦ ʩʧʝʢʪʨ ʦʙʨʘʟʫʝʪ 

ʩʯʝʪʥʦʝ ʤʥʦʞʝʩʪʚʦ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʠʩʝʣ ʩ ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʨʝʜʝʣʴʥʦʡ ʪʦʯʢʦʡ ‗ π. 
ɿʘʥʫʤʝʨʫʝʤ ʠʭ ʚ ʧʦʨʷʜʢʝ ʫʙʠʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʢʨʘʪʥʦʩʪʝʡ ʠ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ‗ὃᶻὃ. 

ʅʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʯʠʩʣʘ  

ίὃ ‗ὃᶻὃ ȢὮ ρȟςȟȣ 

ʥʘʟʳʚʘʶʪʩʷ s ï ʯʠʩʣʘʤʠ ʦʧʝʨʘʪʦʨʘ A. 

ʇʫʩʪʴ ρ ὴ Њ . ʉʠʤʚʦʣʦʤ ὢȟὣ ʦʙʦʟʥʘʯʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʩʝʭ ʚʧʦʣʥʝ 

ʥʝʧʨʝʨʳʚʥʳʭ ʦʧʝʨʘʪʦʨʦʚ A, ʜʝʡʩʪʚʫʶʱʠʭ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ὢ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ὣ ʩʦ 

ʩʣʝʜʫʶʱʝʡ ʥʦʨʤʦʡ 

ὃȠ ὢȟὣ ί ὃ

Ⱦ

Њ Ȣ 

ʉʦ ʩʚʦʡʩʪʚʘʤʠ ʵʪʠʭ ʧʨʦʩʪʨʘʥʩʪʚ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʤʦʥʦʛʨʘʬʠʠ ʀ. ʎ. 

ɻʦʭʙʝʨʛʘ ʠ ʄ. ɻ. ʂʨʝʡʥʘ. 

ʇʫʩʪʴ Ὄ  - ʛʠʣʴʙʝʨʪʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦ ʩʢʘʣʷʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ș  ʠ 

ʥʦʨʤʦʡ ᴁᴁȟὌ  ʜʨʫʛʦʝ ʛʠʣʴʙʝʨʪʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ , ʧʣʦʪʥʦ ʚʣʦʞʝʥʥʦʝ ʚ Ὄ  , ʩʦ ʩʚʦʠʤ 

ʩʢʘʣʷʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ  ȟ  ʠ ʥʦʨʤʦʡ ᴁᴁ Ȣ  
ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ Ὄ ʧʦʧʦʣʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ Ὄ  ʧʦ ʥʦʨʤʝ  

ᴁὪȡ Ὄᴁ ÓÕÐ
ᶰ

ȿὪ ȟό ȿ 

ᴁόᴁ
 ȟὪ  ɴὌ Ȣ 
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ʇʦʣʫʯʝʥʥʘʷ ʪʨʦʡʢʘ Ὄ , Ὄ , Ὄ  ʧʣʦʪʥʦ ʚʣʦʞʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʥʘʟʳʚʘʝʪʩʷ [2-3], 

ʦʩʥʘʱʝʥʥʳʤ ʛʠʣʴʙʝʨʪʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʇʨʦʩʪʨʘʥʩʪʚʦ Ὄ  ʥʘʟʳʚʘʝʪʩʷ ʧʦʟʠʪʠʚʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʦ Ὄ  - ʥʝʛʘʪʠʚʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. 

ʇʫʩʪʴ ὈṚὌ  - ʥʝʢʦʪʦʨʦʝ ʣʠʥʝʡʥʦʝ ʤʥʦʞʝʩʪʚʦ, ʧʣʦʪʥʦʝ ʚ Ὄ. ʉʠʤʚʦʣʦʤ Ὄ  

ʦʙʦʟʥʘʯʠʤ ʟʘʤʳʢʘʥʠʝ Ὀ ʚ ʥʦʨʤʝ ʧʨʦʩʪʨʘʥʩʪʚʘ Ὄ, ʘ ʩʠʤʚʦʣʦʤ Ὄ  ʦʪʚʝʯʘʶʱʝʝ ʝʤʫ 
ʥʝʛʘʪʠʚʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʇʫʩʪʴ ὄόȟὺ - ʧʦʣʫʪʦʨʘʣʠʥʝʡʥʘʷ ʬʦʨʤʘ, ʟʘʜʘʥʥʘʷ ʥʘ ʤʥʦʞʝʩʪʚʝ Ὀ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʩʣʦʚʠʷʤ  

ȿὄόȟὺȿ ὅᴁόᴁᴁὺᴁ ᶅ όȟὺᶰὈ Ὀὄ ȟ                             (4) 

 Re ὄόȟὺ ‗ᴁόᴁ ᴁόᴁ ȟ ᶅ ό‏  ɴὌ                              (5) 

ʛʜʝ ὅȟ‗ȟ‏ - ʥʝʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʳʝ. 
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ʆʀɼ ɹɸ ʊɸפ׳ʀפʀ  ʋʉʊʋɺʆʈʀʀ  ʗʂ ʉʀʉʊɽʄɸʀ ʄʋʆɼʀʃɸ׳ʆʀ 

ɼʀʌʌɽʈɽʅʉʀɸʃ 
 

ɼʘʨ ʤʘץʦʣʘ ʪʘץ״ʠץʦʪʠ ʫʩʪʫʚʦʨʠ ״ʘʣʣʠ ʩʠʩʪʝʤʘʠ ʤʫʦʜʠʣʘ״ʦʠ ʜʠʬʬʝʨʝʥʩʠʘʣ  ʙʘʨʨʘʩ  

ʛʘʨʜʠʜʘ,  ʥʘʪʠֹוʘ״ʦʠ ʘʥʠץʠ ʦʥ״ʦ ʥʠʰʦʥ ʜʦʜʘ ʰʫʜʘʘʥʜ. ɺʦʙʘʩʪʘʛʠʠ ʘʥʘʣʠʪʠʢʠʠ ʦʧʝʨʘʪʦʨ״ʦ, ʢʠ 

ʙʦ ʸʨʠʠ ʙʠʩʸʨʰʘʢʣ״ʦʠ ʠʥʪʝʛʨʘʣ  ʫʜʫʜʠ m-ʨʦ ʤʫʘʡʷʥ ʤʝʢʫʥʘʥʜ, ʠʩʙʦʪ ʢʘʨʜʘ ʰʫʜʘʘʥʜ. ʋʩʫʣʠ״ 

ʦʚʘʨʜʘʰʘʚ  ʪʘʜץʠץ ʢʘʨʜʘ ʰʫʜʘʘʩʪ. 

ʂɸʃʀɼɺʆɾɸ׳ʆ: ʫʩʫʣʠ ʦʚʘʨʜʘʰʘʚ , ʤʫʦʜʠʣʘ״ʦʠ ʠʥʪʝʛʨʘʣ , ʙʠʩʸʨʰʘʢʣ״ʦʠ  

ʠʥʪʝʛʨʘʣ , ʫʩʫʣʠ ʧʘʡʜʘʨʧʘʡʠ ʥʘʟʜʠʢʰʘʚ . 
 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʆɹ ʋʉʊʆʁʏʀɺʆʉʊʀ ʆɼʅʆʁ ʉʀʉʊɽʄʓ 

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʣʠʥʝʡʥʳʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʟʘʢʦʥʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʦʢʘʟʳʚʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʝʨʘʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʝʜʝʣʴʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʥʦʛʦʦʙʨʘʟʠʷ ʠ 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʚʝʜʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʟʘʤʝʥʳ ʦʪ ʧʘʨʘʤʝʪʨʘ m. 

ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʤʝʪʦʜ ʩʚʝʜʝʥʠʷ, ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʠʥʪʝʛʨʘʣʴʥʦʝ 

ʤʥʦʛʦʦʙʨʘʟʠʝ, ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. 
   

STUDY ON THE STABILITY OF A SINGLE SYSTEM OF DIFFERENTIAL EQUATIONS  
  

In this article the author considers only linear systems of differential equations for which 

complete results are obtained. In particular, we proved the analytic dependence of the operators 

defining the limit integral manifolds and carrying out the reduction by means of a change from the 

parameterm. 

KEY  WORDS: reduction method, integral equation, integral manifold, method of successive 

approximation. 

ʉɺɽɼɽʅʀʗ ʆɹ ɸɺʊʆʈɽ: ʗʢʫʙʦʚ ʅʫʨʘʭʤʘʜ ʉʘʠʜʘʭʤʘʜʦʚʠʯ, ʊʊʋ ʠʤʝʥʠ ʘʢʘʜ. ʄ.ʉ. 

ʆʩʠʤʠ. 

 

ʆɼʅʆʄɽʈʅʓɽ ʅɽʉʊɸʎʀʆʅɸʈʅʓɽ ɿɸɼɸʏʀ ʊɽʇʃʆʀɿʃʋʏɽʅʀʗ ɺ 

ʇʆʃʋʇʈʆʉʊʈɸʅʉʊɺɽ 
 

ʍʘʢʠʤʦʚʘ ʆ.ʍ., ʂʫʨʙʘʥʦʚ ʅ.ɿ. 

ɹʦʭʪʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ 
 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʘʜʘʯʠ ʦ ʜʠʬʬʫʟʠʠ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʝ ὼ
π, ʢʦʛʜʘ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ὄȡ 

‬ὄ

‬ὸ

‬

‬ὼ
Ὀὄ

‬ὄ

‬ὼ
ȟπ ὼ Њȟὸ πȟ  

ὄὼȟπ πȟὼ πȟ  

ὄπȟὸ ὄȟὸ πȟÌÉÍ
ᴼ
ὄὼȟὸ πȟÌÉÍ

ᴼ
Ὀὄ

‬ὄ

‬ὼ
πȟὸ πȢ  

ɽʸ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʦʜʝʣʴʥʫʶ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʣʝʥʢʘ ὄ ʦʙʣʘʜʘʝʪ 

ʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ ʚʝʱʝʩʪʚʘ ὄ ʠʣʠ ʢʦʛʜʘ ʠʟʫʯʘʝʪʩʷ ʜʠʬʬʫʟʠʷ ʚ ʧʦʜʣʦʞʢʝ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʧʳʣʝʥʠʷ ʧʣʝʥʢʠ ὄ. ɺʤʝʩʪʦ ʵʪʦʛʦ ρ 
Ὠ

Ὠ–
Ὀὄ

Ὠὄ

Ὠ–

ρ

ς
–
Ὠὄ

Ὠ–
πȟπ – Њȟ                                     ρ 
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Ὀὄ
Ὠὄ

Ὠ–
ὫȟÌÉÍ

ᴼ
ὄ– πȟÌÉÍ

ᴼ
Ὀὄ

Ὠὄ

Ὠ–
πȢ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʤ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ 
Ὠ

Ὠ–
Ὀὄ

Ὠὄ

Ὠ–

ρ

ς
–
Ὠὄ

Ὠ–
πȟπ – Њȟ  

ὄπ ὄȟÌÉÍ
ᴼ
ὄ– πȟÌÉÍ

ᴼ
Ὀὄ

Ὠὄ

Ὠ–
πȢ 

ʈʘʟʳʩʢʠʚʘʷ ʝʝ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ 

ὄ– ὄ ρ ˡ
–

ςЍὈ
ȟ                                                   ς 

ʧʦʣʫʯʘʝʤ ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ Ὀ̞ ʚʳʨʘʞʝʥʠʝ 

Ὀ̞
Ѝς

Ѝς ρ
Ὀὄ

ς

Ѝ“
Ὀὄ ρ ˡὼ Ὡ Ὠὼȟ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ c 

Ὠ

Ὠ–
Ὀὄ–

Ὠὄ–

Ὠ–

ρ

ς
–
Ὠὄ–

Ὠ–
Ͻρ ˡ

–

ςὈ
Ὠ– πȟ 

 

Ὠ

Ὠ–
Ὀὄ–

Ὠὄ–

Ὠ–

ρ

ς
–
Ὠὄ–

Ὠ–
Ͻρ ˡ

–

ςὈ
Ὠ– πȟ 

ʠ ʚʳʨʘʞʝʥʠʝ Ὀ̞ Ὀ ὄ  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ς 

Ὠ

Ὠ–
Ὀὄ–

Ὠὄ–

Ὠ–

ρ

ς
–
Ὠὄ–

Ὠ–
Ὠ– πȟ 

Ὠ

Ὠ–
Ὀὄ–

Ὠὄ–

Ὠ–

ρ

ς
–
Ὠὄ–

Ὠ–
Ὠ– πȢ 

 ʇʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʟʘʜʘʯʠ (2) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ  

ὄὼȟὸ ὄπ ρ ˡ
ὼ

ςЍὈ̞ὸ
ȟὼ πȟὸ πȟ                              σ 

ʩ ὄπ ὄ. ʂ ʙʦʣʝʝ ʩʣʦʞʥʦʤʫ ʚʳʨʘʞʝʥʠʶ Ὀ̞ ʧʨʠʚʦʜʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʦʛʦ 
ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ  

Ὀὄπ ̞
ὄπ

Ѝ“Ὀ̞
Ὣȟ 

Ὀ̞
ψЍς

“
Ὀὄπ ρ ˡὼ Ὡ

Ὠ

Ὠὼ
 

ὼὩ ὨὼὈ̞
φЍς

“
ὄπ

Ὠ

Ὠὄ
Ὀ ὄπ  

φЍς

Ѝ“
Ὀὄπ ρ ˡὼ Ὡ  

Ὠ

Ὠὼ
Ὀὄπ ρ ˡὼ Ὡ Ὠὼ πȢ 

ʀʩʧʦʣʴʟʫʷ ʢʦʥʩʪʨʫʢʮʠʶ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ (2), ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʧʨʦʩʪʳʝ 

ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Ὀ̞ ʧʦ ʥʝʢʦʪʦʨʳʤ ʠʟʤʝʨʝʥʥʳʤ ʚʝʣʠʯʠʥʘʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 
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ʩʦʛʣʘʩʥʦ (3), ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ ὼ π ʩ ʝʜʠʥʠʮʳ 
ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ὼ π ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

Ὣὸ
Ὀὄ ὄ

Ѝ“Ὀ̞ὸ
 ̉̌ ̉Ὣὸ ὄ

Ὀ̞

“ὸ
 Ȣ  

ʂʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ, ʧʦʩʪʫʧʠʚʰʝʛʦ ʟʘ ʚʨʝʤʷ ὸ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

א ὫὸὨὸςὄ
Ὀὄ Ѝὸ

Ѝ“Ὀ̞
א̉̌̉ ςὄ

Ὀ̞ὸ

“
 Ȣ                       τ 

ʀʟ (4) ʥʘʭʦʜʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ 

Ὀ̞
τὄὈ ὄ ὸ

א“
 ̉̌ ̉Ὀ̞

א“

τὄὸ
ȟ 

ʛʜʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Ὀ̞ʧʦ ʠʟʤʝʨʝʥʥʳʤ ʚʝʣʠʯʠʥʘʤ 

 .ὸ  ̉ א

ʕʢʚʠʚʘʣʝʥʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʪʘʢʞʝ ʧʦ 

ʠʟʤʝʨʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ὄὼȟὸ ʚ ʥʝʢʦʪʦʨʦʡ ʪʦʯʢʝ ὼ π ʠ ʚ ʥʝʢʦʪʦʨʦʝ 
ʚʨʝʤʷ ὸ πȢ ʇʦ ʠʟʤʝʨʝʥʥʦʤʫ ὄὼȟὸ  ʩʦʛʣʘʩʥʦ σ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ 
 

                                                  
̞

ˡ ρ
ȟ
ȟ 

ʘ ʟʘʪʝʤ ʠ  

Ὀ̞
ὼ

τὸ
ˡ ρ

ὄὼȟὸ

ὄ
Ȣ 

ʆʙʨʘʱʝʥʠʝ ʠʥʪʝʛʨʘʣʘ ʚʝʨʦʷʪʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʚʳʯʠʩʣʝʥʠʝ ʧʨʘʚʦʡ ʯʘʩʪʠ 

ʩʦʦʪʥʦʰʝʥʠʷ, ʧʨʦʱʝ ʚʩʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʢʘ ˡὼ. 
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ʄɸʉʒɸʃɸ׳ʆʀ ʗʂʏɽʅɸʂɸʀ נɸʁʈʀʉʊɸʊʉʀʆʅɸʈʀʀ ɸʌʂɸʅʀʐʀ  

ɻɸʈʄ  ɼɸʈ ʅʀʄʌɸɿʆ 
 

ɼʘʨ ʠʥ ʤʘץʦʣʘ ʤʘʩ̡ʘʣʘ״ʦʠ ʨʘʚʘʥʜʠ ʜʠʬʬʫʟʠʦʥʠʠ ״ʘʣʰʘʚʠʠ ʧʣʝʥʢʘʠ ʪʫʥʫʢʠ ʙʦ ץʘʙʘʪʠ 
ʥʠʩʙʘʪʘʥ סʘʬʩʪʘʨʠ ʙʘ ʦʥ ʨʘʩʘʥʜʘ, ʠʥʯʫʥʠʥ ʜʠʬʬʫʟʠʷ ʜʘʨ ʟʝʨץʘʙʘʪʠ ʚʘʩʝ,̡ ״ʘʥʛʦʤʠ ʙʘ ʦʥ 
ʧʦʰʠʜʘʥʠ ʧʣʝʥʢʘ ʙʘʚʫֹוʫʜʦʤʘʜʘ, ʤʘʚʨʠʜʠ ʪʘץ״ʠץ ץʘʨʦʨ ʛʠʨʠʬʪʘʘʩʪ. ɼʘʨ ʘʤʩʠʣʘ״ʦʠ 
ʤʘʪʝʤʘʪʠʢʠʠ ʨʘʚʘʥʜ״ʦʠ ʜʠʬʬʫʟʠʦʥʠʠ ʧʝʰʥʠ״ʦʜʰʫʜʘ ʪʫʥʫʢץʘʙʘʪʘʛʠʠ ʤʫ״ʠʪ, ʚʦʙʘʩʪʘʛʠʠ 
ʟʘʨʠʙʠ ʜʠʬʬʫʟʠʷ ʘʟ ʢʦʥʩʝʥʪʨʘʪʩʠʷ ʚʘ ״ʘʣʰʘʚʘʥʜʘʛʠʠ ״ʫʜʫʜʥʦʢ ʙʘ ״ʠʩʦʙ ʛʠʨʠʬʪʘ ʤʝʰʘʚʘʜ.    

ʂɸʃʀɼɺʆɾɸ׳ʆ: ʪʫʥʫʢץʘʙʘʪ, ʢʦʥʩʝʥʪʨʘʪʩʠʷ, ʥʠʤʬʘʟʦ, ʜʠʬʬʫʟʠʷ, ʩʘʪ״.  
 

ʆɼʅʆʄɽʈʅʓɽ ʅɽʉʊɸʎʀʆʅɸʈʅʓɽ ɿɸɼɸʏʀ ʊɽʇʃʆʀɿʃʋʏɽʅʀʗ ɺ 

ʇʆʃʋʇʈʆʉʊʈɸʅʉʊɺɽ 
 

 ɺ ʨʘʙʦʪʝ ʠʟʫʯʘʶʪʩʷ ʚʦʧʨʦʩʳ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʨʘʩʪʚʦʨʝʥʠʷ ʦʯʝʥʴ ʪʦʥʢʦʡ ʧʣʝʥʢʠ 
ʚ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʥʝʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʪʦʣʩʪʳʭ ʧʣʝʥʦʢ, ʘ ʪʘʢʞʝ ʜʠʬʬʫʟʠʶ ʚ ʤʘʩʩʠʚʥʦʡ ʧʦʜʣʦʞʢʝ 
ʧʨʠ ʥʘʧʳʣʝʥʠʠ ʥʘ ʥʝʝ ʪʦʥʢʦʡ ʧʣʝʥʢʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 
ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʫʯʠʪʳʚʘʶʪ ʧʣʦʩʢʦʩʣʦʠʩʪʦʩʪʴ ʩʨʝʜʳ, ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
ʜʠʬʬʫʟʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. 

ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʧʣʦʩʢʦʩʣʦʠʩʪʦʩʪʴ, ʢʦʥʮʝʥʪʨʘʮʠʷ, ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ, ʜʠʬʬʫʟʠʷ, 
ʧʦʚʝʨʭʥʦʩʪʴ. 



27 

 

 

ONE-DIMENSIONAL NONSTATIONARY PROBLEM S OF THE THERMAL  

RADIATION IN THE HALF SPACE  
 

In this paper, we study the diffusion processes of dissolution of a very thin film in the adjacent 
relatively thick films, as well as diffusion in a massive substrate when a thin film is deposited on it. 
The considered mathematical models of diffusion processes take into account the flatness of the 
medium, the dependence of the diffusion coefficients on the concentration and limited solubility.  

KEY  WORDS: plane-layering, concentration, half-space, diffusion, surface. 
ʉɺɽɼɽʅʀʗ ʆɹ ɸɺʊʆʈɸʍ: ʍʘʢʠʤʦʚʘ ʆʣʠʤʘ ʍʘʬʠʟʦʚʥʘ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣ ɹʢʘʬʝʜʨʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ɹɻʋ ʠʤʝʥʠ ʅʦʩʠʨʘ 
ʍʫʩʨʘʚʘ. 

ʂʫʨʙʦʥʦʚ ʅ.ɿ., ʤʘʛʠʩʪʨʘʥʪ ʚʪʦʨʦʛʦ ʢʫʨʩʘ ɹɻʋ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ. 

 

ʆʇʈɽɼɽʃɽʅʀɽ ʄʀʅʀʄɸʃʔʅʆɻʆ ʈɸʉʉʊʆʗʅʀʗ ʄɽɾɼʋ ɼɺʋʄʗ 

ʆɹʒɽʂʊɸʄʀ  
 

ʊʘʛʘʡʥʘʟʘʨʦʚ ʉ., ʀʙʦʜʦʚ ʄ.ʍ. 

ɹʦʭʪʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʪʠʪʝʪ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ 
 

 ʇʫʩʪʴ ʟʘʜʘʥʳ: 1) ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ  

() ( )( )0, 0 , , , {1,..., },n

jx Ax bu x x x x j J R J n u R= + = = Í Í = Í                 (1) 

2) ʢʣʘʩʩ ʜʦʩʪʫʧʥʳʭ ʫʧʨʘʚʣʝʥʠʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʳʭ ʬʫʥʢʮʠʡ 

() *, [0, ]u t t T tÍ = , ʩʪʝʩʥʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʝʤ () 1,u t t T¢ Í . 

3) ʪʝʨʤʠʥʘʣʴʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ 

( )( )* *

*{ : }, , , {1,..., }m xX x b Hx b H H I J P I m³= ¢ ¢ = Í =                        (2) 

4) ʤʥʦʛʦʛʨʘʥʥʳʡ ʰʘʨ Sr ʨʘʜʠʫʩʘ r: 

( )( )* *

* *{ : , { : }}, , , {1,..., }, , , 0n kS x x Dy y Y y f y f D D J K K k D R R f fr r r r r³

+= = Í = ¢ ¢ = = Í Í ¢ ¢

ʥʘʟʦʚʝʤ r-ʦʢʨʝʩʪʥʦʩʪʴʶ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʜʦʩʪʠʞʠʤʦʩʪʠ () ()( ) ()* *

0{ : , , 1, }Q t x x x t x u u t t T= = Ö ¢ Í 

ʧʨʠʥʘʜʣʝʞʠʪ ʢʦʥʝʯʥʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʤʥʦʞʝʩʪʚʘ (2): ()* ,Q t XrrË <¤. 

ʃʠʥʝʡʥʘʷ ʟʘʜʘʯʘ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ: 

ʩʨʝʜʠ ʪʦʯʝʢ ʤʥʦʞʝʩʪʚʘ ()*Q t  ʥʘʡʪʠ ʪʘʢʫʶ 
0x , ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʚ ʤʠʥʠʤʘʣʴʥʦʡ 

ʦʢʨʝʩʪʥʦʩʪʠ ʤʥʦʞʝʩʪʚʘ *X : 

()0 *x Q t XrÍ Æ =Å ʧʨʠ 
0r r<                                                     (3) 

ɺ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ ʠʤʝʝʪ ʚʠʜ: 

() () ()( )* * *

0 * *min, , 0 , 1, ; ,x Ax bu x x U t t T b H x t Dy b f y fr r r­ = + = ¢ Í ¢ - ¢ ¢ ¢   (4) 

ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ (4) ʥʝʪ ʪʝʨʤʠʥʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʪʦ ʣʶʙʦʝ 
ʜʦʩʪʫʧʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʥʘʟʦʚʝʤ ʜʦʧʫʩʪʠʤʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. 

ʄʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ()ur r= , ʧʨʠ ʢʦʪʦʨʦʤ r-ʦʢʨʝʩʪʥʦʩʪʴ Xr ʪʝʨʤʠʥʘʣʴʥʦʛʦ 

ʤʥʦʞʝʩʪʚʘ *X  ʩʦʜʝʨʞʠʪ ʩʦʩʪʦʷʥʠʝ ()*x t , ʧʦʨʦʞʜʝʥʥʦʝ ʜʦʧʫʩʪʠʤʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 

(),u t t TÍ , ʥʘʟʦʚʝʤ ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʟʘʜʘʯʠ (4) ʥʘ ʜʦʧʫʩʪʠʤʦʤ ʫʧʨʘʚʣʝʥʠʠ 

(),u t t TÍ . 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ɼʦʧʫʩʪʠʤʦʝ ʫʧʨʘʚʣʝʥʠʝ ()0 ,u t t TÍ , ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʤ, 

ʝʩʣʠ ()0 0( ) minu ur r r= = [1]. 
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ʆʧʨʝʜʝʣʝʥʠʝ 2. ʇʨʠ ʟʘʜʘʥʥʦʤ ʯʠʩʣʘ 0e²  ʜʦʧʫʩʪʠʤʦʝ ʫʧʨʘʚʣʝʥʠʝ (),u t t Te Í , 

ʥʘʟʳʚʘʝʪʩʷ e-ʦʧʪʠʤʘʣʴʥʳʤ, ʝʩʣʠ ʦʥʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʫ: ( ) 0uer r e² -. 

1. ʆʧʦʨʘ. ʆʧʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʇʫʩʪ onI -ʧʨʦʠʟʚʦʣʴʥʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʤʥʦʞʝʩʪʚʘ    

I . ʅʘ ʦʪʨʝʟʢʝ T  ʚʳʙʠʨʘʝʤ ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʤʦʤʝʥʪʦʚ 

1{ , }, ,on j on j j on onT t j J t t J I+= Í < ¢. ɺʚʝʜʝʤ ʤʥʦʞʝʩʪʚʘ *
*, ,on on onK K K K K KË Ë Ë . 

ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʚʦ ʚʚʝʜʝʥʥʳʭ ʤʥʦʞʝʩʪʚʘʭ ʧʦʜʙʝʨʝʤ ʪʘʢ [2-3], ʯʪʦʙʳ 

ʚʳʧʦʣʥʷʣʦʩʴ ʨʘʚʝʥʩʪʚʦ: 
*

* 1on on onI K K J K+ + = + + 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʩʣʫʯʘʷ: 1) *

*K KÆ =Å,  

 2) ( ) ( )* *

* * 0 0,oK K K f K f KÆ = ¸ . 

ʉʬʦʨʤʠʨʫʝʤ ʤʥʦʞʝʩʪʚʦ 
( )

( )

( ) ( ) ( )

* *

* *

* *

* * 0 0

[ \ ] ,

\ , ,

on

on

on o

K K K K åñëè K K
K

K K K åñëè K f K f K

r
ë Ç Ç Æ =Åî
=ì

Ç ¸îí

 

ʛʜʝ Kr-ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʥʜʝʢʩ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʝʤʝʥʥʦʡ : Ky
r

r r= . 

ʆʙʦʟʥʘʯʠʤ ( ) ( )( )*{ ; , }, / , , ,on on on onM I T K h I t H I J F t t b= =

( ) ( )( ), / , ,on on on onH I T h I t t T= Í ()* 0 0,HF t x HD Gh= = , ()i
h i- -̫ ʩʪʨʦʢʘ ʤʘʪʨʠʮʳ H . 

ʇʦʩʪʨʦʠʤ ʤʘʪʨʠʮʫ ( ) ( ); ;on on on on onP P M P I T K= = , ʩ ʙʣʦʢʘʤʠ  

( )( ) ( ) ( )( )( )
( ) ( ) ( ) ( ) ( )( )

* *

* *

* * *

* * *

; ,[ \ ] , , , \ ,

, ,

on on on on on on on

on on on

P I T K K K H I T G I K K K

P I K G I K f K G I K f Kr

Ç = - Ç

=- +
 

ʆʧʨʝʜʝʣʝʥʠʝ 3. ʉʦʚʦʢʫʧʥʦʩʪʴ onM  ʥʘʟʦʚʝʤ ʦʧʦʨʥʦʡ ʟʘʜʘʯʠ, ʝʩʣʠ ʥʝʚʳʨʦʞʜʝʥʘ 

ʦʧʦʨʥʘʷ ʤʘʪʨʠʮʘ onP . 

ʆʙʦʟʥʘʯʠʤ * *

* *\ , \ , \ , \ , \H on H H H on H onI I I K K K K K K K K K J J J= = = = = . 

ʆʧʨʝʜʝʣʝʥʠʝ 4. ʇʘʨʘ { , }onu M  ʠʟ ʜʦʧʫʩʪʠʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ()( ),u u t t T= Í  ʠ ʦʧʦʨʳ 

ʥʘʟʳʚʘʝʪʩʷ ʦʧʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʆʧʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ { , }onu M  ʥʘʟʦʚʝʤ 

ʥʝʚʳʨʦʞʜʝʥʥʳʤ, ʝʩʣʠ : 

1) ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʚ ʦʧʦʨʥʳʝ ʤʦʤʝʥʪʳ ʥʝʢʨʠʪʠʯʝʩʢʠʝ: () 1, onu t t T< Í ; 

2) ʪʝʨʤʠʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ()*x t , ʧʦʨʦʞʜʝʥʥʦʝ ʵʪʠʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʚʤʝʩʪʝ ʩ 

() (),u y y ur r= =  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʘʤ: 

( ) ( ) ()( ) ( ) ( ) ( ) ( )* * * * *

* * *, ,H H H H H Hb I H I J x t Dy b I f K y K f Kr r< - < < < . 
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ʄʋɸʁʗʅ ʂɸʈɼɸʅʀ ʄɸʉʆʌɸʀ ʄʀʅʀʄɸʃʀʀ ɹɸʁʅʀ ɼʋ ʆɹʒɽʂʊ  
 

ɼʘʨ ʠʥ ʤʘץʦʣʘ ʪʘʚʘʩʩʫʪʠ ʤʘʲʣʫʤʦʪʠ ʤʘʚֹוʫʜʘ ʚʘ ʠʩʪʠʬʦʜʘʠ ʤʫʦʜʠʣʘ״ʦʠ ʤʘʲʤʫʣ ʤʘʩʦʬʘʠ 
ʤʠʥʠʤʘʣʠʠ ʙʘʡʥʠ ʜʫ ʦʙʲʝʢʪ ʪʘץ״ʠץ ʛʘʨʜʠʜʘʘʩʪ. ʄʫʘʣʣʠʬʦʥ ʭʫʣʦʩʘ ʤʝʢʫʥʘʥʜ, ʢʠ ״ʦʣʘʪʠ 
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ʪʝʨʤʠʥʘʣʠʠ ()*x t , ʢʠ ʙʘ ʪʫʬʘʡʣʠ ʠʜʦʨʘʢʫʥʠʠ ʪʘʢʷʛʦ״  ʜʘʨ ʷʢֹוʦʷʛ  ʙʦ () (),u y y ur r= =  ʙʘ 

ʚʫֹוʫʜ ʦʤʘʜʘʘʩʪ, ʥʦʙʘʨʦʙʘʨʠʠ  

( ) ( ) ()( ) ( ) ( ) ( ) ( )* * * * *

* * *, ,H H H H H Hb I H I J x t Dy b I f K y K f Kr r< - < < <  -ʨʦ ץʘʥʦʘʪ ʤʝʢʫʥʦʥʘʜ. 

ʂɸʃʀɼɺʆɾɸ׳ʆ: ʥʠʟʦʤʠ ʜʠʥʘʤʠʢ, ʬʫʥʢʩʠʷ, ʢʫʨʘʠ ʙʠʩʸʨʨ ʷ, ʨʘʜʠʫʩ, ʙʠʩʸʨʘʲʟʦʛ, 
ʤʘʩʲʘʣʘʠ ʭʘʪʪ, ʬʘʟʦ, h ʘʢʣʠ ʘʥʘʣʠʪʠʢ, ʥʦʘʨʦʙʘʨ, h ʦʭʠʩʠ ʠʣʦʚʘʛ.  

 

ʆʇʈɽɼɽʃɽʅʀɽ ʄʀʅʀʄɸʃʔʅʆɻʆ ʈɸʉʉʊʆʗʅʀʗ ʄɽɾɼʋ ɼɺʋʄʗ 

ʆɹʒɽʂʊɸʄʀ  
 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥr ʭ 
ʫʨʘʚʥʝʥʠʡ ʠʩʩʣʝʜʫʝʪʩʷ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʦʙʲʝʢʪʘʤʠ. ɸʚʪʦʨʳ ʟʘʢʣʶʯʘʶʪ, ʯʪʦ ʪʝʨʤʠʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ()*x t , ʧʦʨʦʞʜʝʥʥʦʝ ʵʪʠʤ 

ʫʧʨʘʚʣʝʥʠʝʤ, ʚʤʝʩʪʝ ʩ () (),u y y ur r= =  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʘʤ: 

( ) ( ) ()( ) ( ) ( ) ( ) ( )* * * * *

* * *, ,H H H H H Hb I H I J x t Dy b I f K y K f Kr r< - < < < . 

ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʬʫʥʢʮʠʷ, ʤʥʦʛʦʛʨʘʥʥʘʷ ʩʬʝʨʘ, ʨʘʜʠʫʩ, 
ʤʥʦʞʝʩʪʚʦ, ʣʠʥʝʡʥʘʷ ʟʘʜʘʯʘ, ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʬʦʨʤʘ, ʥʝʨʘʚʝʥʩʪʚʘ, 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʥʜʝʢʩ. 

 

DETERMINE THE MINIMUM DISTANCE BETWEEN TWO OBJECTS  
 

In this paper, on the basis of multiple data and the use of certain equations, we investigate the 
ways to determine the minimum distance between two objects. The authors conclude that the terminal 
state generated by this control, together with satisfy inequalities: 

( ) ( ) ()( ) ( ) ( ) ( ) ( )* * * * *

* * *, ,H H H H H Hb I H I J x t Dy b I f K y K f Kr r< - < < < . 

KEY WO RDS: dynamic system, a function, a multi-faceted sphere, radius, numerous, linear 
problem, the space, the analytical form of inequality, additional index. 

ʉɺɽɼɽʅʀʗ ʆɹ ɸɺʊʆʈɸʍ: ʊʘʛʘʡʥʘʟʘʨʦʚ ʉʫʬʭʦʥʘʣʠ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-
ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ɸʉʆʀ ʠ ʀ ɹɻʋ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ. ʊʝʣ.: 
(+992) 907-58-40-80. 

ʀʙʦʜʦʚ ʄʫʨʦʜʞʦʥ ʍʫʰʚʘʭʪʫʣʦʝʚʠʯ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʪʠʢʠ ɹɻʋ ʠʤʝʥʠ 
ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ. ʊʝʣ.: (+992) 917-66-60-61. 

 

ʀɿʋʏɽʅʀɽ ʈɸɿɼɽʃʆɺ ʃʀʅɽʁʅʆʁ ɸʃɻɽɹʈʓ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ EXCEL  
 

ɸʙʜʫʨʘʭʤʘʥʦʚʘ ɿ.ʍ. 

ʈʦʩʩʠʡʩʢʦ-ʊʘʜʞʠʢʩʢʠʡ ʩʣʘʚʷʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ʕʣʝʤʝʥʪʳ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʟʘʜʘʯ 
ʵʢʦʥʦʤʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʨʘʟʚʠʪʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 
ʦʧʝʨʘʮʠʡ ʥʘʜ ʤʘʪʨʠʮʘʤʠ ʧʨʠʤʝʥʷʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ EXCEL. 
ʈʘʩʩʤʦʪʨʠʤ ʪʠʧʠʯʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ.  

ɼʥʝʚʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʷʪʠ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʳʧʫʩʢʘʶʱʠʭ ʯʝʪʳʨʝ ʚʠʜʘ 
ʧʨʦʜʫʢʮʠʠ ʩ ʧʦʪʨʝʙʣʝʥʠʝʤ ʪʨʝʭ ʚʠʜʦʚ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ 
ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʛʦʜʫ ʠ ʮʝʥʘ ʢʘʞʜʦʛʦ ʚʠʜʘ ʩʳʨʴʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 
 

ɺʠʜ ʠʟʜʝʣʠʷ 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ  
ʧʨʝʜʧʨʠʷʪʠʡ, ʠʟʜ/ʜʝʥʴ 

ɿʘʪʨʘʪʳ ʩʳʨʴʷ, ʝʜ. 
ʚʝʩʘ/ʠʟʜ 

ʇ1 ʇ2 ʇ3 ʇ4 ʇ5 R1 R2 R3 

ʈ1 4 ʢ 3 6 7 2 ʂ 4 

ʈ2 ʢ 2 4 ʢ 6 3 5 6 

ʈ3 8 15 ʢ 4 6 ʢ 4 ʢ 

ʈ4 3 10 7 5 ʢ 5 ʂ 6 

ʂʦʣ-ʚʦ ʨʘʙʦʯʠʭ ʜʥʝʡ 200 150 170 120 140  

ʉʪʦʠʤʦʩʪʴ ʩʳʨʴʷ  30 50 40 
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ʊʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ:  
1) ʛʦʜʦʚʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʢʘʞʜʦʤʫ ʚʠʜʫ ʠʟʜʝʣʠʡ; 
2) ʛʦʜʦʚʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʢʘʞʜʦʤʫ ʚʠʜʫ ʩʳʨʴʷ; 
3) ʛʦʜʦʚʫʶ ʩʫʤʤʫ ʢʨʝʜʠʪʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ ʟʘʢʫʧʢʠ ʩʳʨʴʷ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʚʳʧʫʩʢʘ ʠʟʜʝʣʠʡ ʫʢʘʟʘʥʥʳʭ ʚʠʜʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 
ʨʘʙʦʯʠʭ ʜʥʝʡ. 

ʈʝʰʝʥʠʝ. ʉʦʩʪʘʚʠʤ ʤʘʪʨʠʮʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ɸ ʧʦ ʚʩʝʤ ʚʠʜʘʤ 
ʧʨʦʜʫʢʮʠʠ, ʤʘʪʨʠʮʫ ʟʘʪʨʘʪ ʩʳʨʴʷ ɺ ʥʘ ʝʜʠʥʠʮʫ ʠʟʜʝʣʠʷ, ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʯʠʭ ʜʥʝʡ 
ʚ ʛʦʜʫ ʈʜ ʠ ʮʝʥʝ ʩʳʨʴʷ ʎ. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʥʘʧʠʰʝʤ ʚ ʚʠʜʝ ʤʘʪʨʠʮ ʠ ʚʝʢʪʦʨʦʚ.  
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ɺʚʦʜʠʤ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ɽʍʉɽL (ʨʠʩ. 1). 
1. ʂʘʞʜʳʡ ʩʪʦʣʙʝʮ ʵʪʦʡ ʤʘʪʨʠʮʳ ɸʜʝʥʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʥʝʚʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʢʘʞʜʦʤʫ ʚʠʜʫ ʧʨʦʜʫʢʮʠʠ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʢʘʞʜʦʤʫ ʚʠʜʫ 
ʧʨʦʜʫʢʮʠʠ ʧʦʣʫʯʘʝʪʩʷ ʫʤʥʦʞʝʥʠʝʤ ʢʘʞʜʦʛʦ ʩʪʦʣʙʮʘ ʤʘʪʨʠʮʳ ɸʜʝʥʴ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 
ʨʘʙʦʯʠʭ ʜʥʝʡ ʚ ʛʦʜʫ ʈʜ ʜʣʷ ʵʪʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ɸʛʦʜ= ɸʜʝʥʴ *ʈʜ. 

 

 
ʈʠʩ. 1. 
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ʈʠʩ. 2. 

ʄʘʪʨʠʮʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʷʯʝʡʢʘʭ ɺ11:F14, ʦʟʥʘʯʘʝʪ ʛʦʜʦʚʫʶ ʥʦʨʤʫ ʚʳʧʫʩʢʘ 

ʧʨʦʜʫʢʮʠʠ ʧʦ ʢʘʞʜʦʤʫ ʚʠʜʫ ʥʘ ʧʷʪʠ ʧʨʝʜʧʨʠʷʪʠʷʭ (ʨʠʩ. 2).  

2. ɼʥʝʚʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʧʦ ʚʠʜʘʤ ʩʳʨʴʷ (Rʜ) ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʤʘʪʨʠʮʳ ɺ ʥʘ ʤʘʪʨʠʮʫ ɸʜʝʥʴ, ʪ.ʝ. Rʜ =ɺ*ɸʜʝʥʴ 

ʇʨʝʞʜʝ ʯʝʤ ʫʤʥʦʞʠʪʴ ʤʘʪʨʠʮʫ ɺ ʥʘ ɸ, ʤʘʪʨʠʮʫ ɺ ʪʨʘʥʩʧʦʥʠʨʫʝʤ. 

ʊʨʘʥʩʧʦʥʠʨʦʚʘʥʥʘʷ ʤʘʪʨʠʮʘ ɺ ʥʘʭʦʜʠʪʩʷ ʚ ʷʯʝʡʢʘʭ J3: M5 (ʨʠʩ. 3-4).  
 

 

 
ʈʠʩ. 3. 

 

 
ʈʠʩ. 4. 
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ɻʦʜʦʚʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʢʘʞʜʦʤʫ ʚʠʜʫ ʩʳʨʴʷ ʧʦʣʫʯʘʝʪʩʷ 

ʫʤʥʦʞʝʥʠʝʤ ʩʪʦʣʙʮʦʚ Rʜ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʯʠʭ ʜʥʝʡ ʚ ʛʦʜʫ ʜʣʷ 

ʧʨʝʜʧʨʠʷʪʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʦʜʦʚʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʢʘʞʜʦʤ ʚʠʜʝ 

ʩʳʨʴʷ Rʛʦʜ =ɺɸʛʦʜ (ʨʠʩ. 5). 
 

 
ʈʠʩ. 5. 

 

3. ʉʪʦʠʤʦʩʪʴ ʦʙʱʝʛʦ ʛʦʜʦʚʦʛʦ ʨʘʩʭʦʜʘ ʩʳʨʴʷ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʧʦʣʫʯʘʝʪʩʷ ʫʤʥʦʞʝʥʠʝʤ ʚʝʢʪʦʨʘ ʮʝʥ ʎ ʥʘ ʤʘʪʨʠʮʫ Rʛʦʜ, ʪ.ʝ. ʉʩ =ʎ* Rʛʦʜ.  

ʅʘ ʨʠʩʫʥʢʝ 6 ʚ ʷʯʝʡʢʘʭ ʉ16:G16 ʦʪʨʘʞʝʥʳ ʨʘʩʭʦʜʳ ʥʘ ʩʳʨʴʝ ʢʘʞʜʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ. 

ɺ ʷʯʝʡʢʝ ɸ16 ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʩʳʨʴʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʤʤʳ ʢʨʝʜʠʪʦʚʘʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʡ ʜʣʷ ʟʘʢʫʧʢʠ ʩʳʨʴʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʷʯʝʡʢʠ ɸ16. 
 

 
ʈʠʩ. 6. 
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ʆʄ ɿʀʐʀ ʌɸʉʃ׳ʆʀ ɸʃɻɽɹʈɸʀ ʍɸʊʊ  ɹʆ ʀʉʊʀʌʆɼɸ ɸɿ EXCEL  
 

ʄʫʘʣʣʠʬʠ ʤʘץʦʣʘ ץʘʡʜ ʤʝʥʘʤʦʷʥʜ, ʢʠ ʘʢʩʘʨ ʚʘץʪ ʙʘʨʦʠ ״ʘʣʣʠ ʤʘʩʲʘʣʘ״ʦʠ ʠץʪʠʩʦʜ  

ʫʥʩʫʨ״ʦʠ ʘʣʛʝʙʨʘʠ ʭʘʪʪ  ʠʩʪʠʬʦʜʘ ʤʝʰʘʚʘʥʜ. ɼʘʨ ʰʘʨʦʠʪʠ ʤʫʦʩʠʨʠ ʨʫʰʜʠ ʪʝʭʥʦʣʦʛʠʷ״ʦʠ 

ʢʦʤʧʶʪʝʨ  ʙʘʨʦʠ ʠֹוʨʦʠʰʠ ʘʤʘʣʠʸʪ ʙʦ ʤʘʪʨʠʪʩʘ״ʦ ʠʤʢʦʥʠʷʪ״ʦʠ ʬʫʥʢʩʠʦʥʘʣʠʠ EXCEL ʚʘʩʝʲ 

ʠʩʪʠʬʦʜʘ ʤʝʛʘʨʜʘʜ. 

ɼʘʨ ʤʘץʦʣʘ ״ʘʣʣʠ ʤʘʩʲʘʣʘ״ʦʠ ʪʠʧʧʠʢʠʠ ʠץʪʠʩʦʜ  ʙʦ ʠʩʪʠʬʦʜʘ ʘʟ ʫʥʩʫʨ״ʦʠ ʤʘʪʨʠʪʩʘ 

ʧʝʰʥʠ״ʦʜ ʛʘʨʜʠʜʘʘʩʪ. 

ʂɸʃʀɼɺʆɾɸ׳ʆ: ʘʣʛʝʙʨʘʠ ʭʘʪʪ, ʠץʪʠʩʦʜʠʸʪ, ʤʘʪʨʠʪʩʘ, ʢʦʨʭʦʥʘ, ʤʘʩʥʫʦʪ, ʢʦʤʧʶʪʝʨ, 

ʪʝʭʥʦʣʦʛʠʷ, ʤʘ״ʩʫʣʦʪ, ʪʘʣʘʙʦʪʠ ʩʦʣʦʥʘ, ̫ ʯʝʡʢʘ. 
 

ʀɿʋʏɽʅʀɽ ʈɸɿɼɽʃʆɺ ʃʀʅɽʁʅʆʁ ɸʃɻɽɹʈʓ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ EXCEL  
 

ɸʚʪʦʨ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʵʣʝʤʝʥʪʳ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʤʥʦʛʠʭ ʟʘʜʘʯ ʵʢʦʥʦʤʠʢʠ. ʇʨʠ ʨʘʟʚʠʪʠʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʦʧʝʨʘʮʠʡ ʥʘʜ ʤʘʪʨʠʮʘʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

EXCEL. 

ɺ ʩʪʘʪʴʝ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʠʧʠʯʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʥʳ ʵʣʝʤʝʥʪʳ 

ʤʘʪʨʠʮʳ. 

ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʣʠʥʝʡʥʘʷ ʘʣʛʝʙʨʘ, ʵʢʦʥʦʤʠʢʘ, ʤʘʪʨʠʮʘ, ʧʨʝʜʧʨʠʷʪʠʷ, ʠʟʜʝʣʠʷ, 

ʢʦʤʧʴʶʪʝʨ, ʪʝʭʥʦʣʦʛʠʷ, ʧʨʦʜʫʢʮʠʷ, ʛʦʜʦʚʘʷ ʧʦʪʨʝʙʥʦʩʪʴ, ʷʯʝʡʢʘ. 
 

THE STUDY OF SECTIONS OF LINEAR ALGEBRA USING EXCEL  
 

The authors of this paper note that elements of linear algebra are often used to solve many 

problems of ʝconomics. With the development of computer technology to perform operations on 

matrices is currently used Excel functionality. In the article, when considering typical economic 

problems, the elements of the matrix are used.  

KEY  WORDS: linear algebra, ʝconomics, matrix, enterprises, products, computer, technology, 

products, annual demand, cell. 
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ɼʀʅɸʄʀʏɽʉʂʀʁ ʄɸʉʉʆʇɽʈɽʅʆʉ ɺ ʂʆʅʂʈɽʊʅʓʍ ʄʆɼɽʃʗʍ 

ɸʉʀʄʄɽʊʈʀʏʅʓʍ ɾʀɼʂʆʉʊɽʁ 
 

ʄʫʨʦʜʦʚ ʌ.ʈ., ʐʦʥʘʟʘʨʦʚ ʈ.ʉ., ʄʫʨʦʜʦʚ ʂ.ʌ. 

ɹʦʭʪʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʡr ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ 
 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ [1-3], ʧʨʠʤʝʥʠʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʢʦʥʢʨʝʪʥʳʭ ʤʦʜʝʣʷʭ ʞʠʜʢʦʩʪʝʡ ʦʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʠ 

ʯʘʩʪʦʪʳ ʚʥʝʰʥʝʛʦ ʚʦʟʤʫʱʝʥʠʷ. ɺʳʙʦʨʦʤ ʨʘʚʥʦʚʝʩʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʬʦʨʤʳ ʧʦʪʝʥʮʠʘʣʘ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʨʘʚʥʦʚʝʩʥʦʡ ʨʘʜʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 

ʜʨʫʛʠʭ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʢʨʝʪʥʦʡ ʞʠʜʢʦʩʪʠ) ʧʨʦʚʦʜʠʪʩʷ ʯʠʩʣʝʥʥʳʡ 

ʨʘʩʯʝʪ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʭ ʚʨʝʤʝʥ 

ʨʝʣʘʢʩʘʮʠʠ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ, ʪʝʨʤʦʜʠʬʬʫʟʠʠ, ʢʦʥʚʝʢʮʠʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʣʦʪʥʦʩʪʠ, 

ʜʘʚʣʝʥʠʷ ʠ ʯʘʩʪʦʪʳ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʠʭ ʠʟʤʝʥʝʥʠʷ. ʇʨʠ ʥʘʣʠʯʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʦʧʦʩʪʘʚʠʤ ʠʭ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ɺ 

ʧʝʨʚʦʤ ʧʘʨʘʛʨʘʬʝ ʧʨʦʚʝʜʝʤ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʜʣʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʤʦʜʝʣʠ ʞʠʜʢʦʩʪʝʡ 

(ʜʣʷ ʞʠʜʢʦʛʦ ʘʨʛʦʥʘ), ʘ ʟʘʪʝʤ ʚʦ ʚʪʦʨʦʤ ʧʘʨʘʛʨʘʬʝ ʧʨʦʚʝʜʝʤ ʨʘʩʯʝʪʳ ʜʣʷ ʙʦʣʝʝ 

ʩʣʦʞʥʦʛʦ ʦʙʲʝʢʪʘ - ʥʝʤʘʪʠʯʝʩʢʦʛʦ ʞʠʜʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʘʨʘʘʟʦʢʩʠʘʥʠʟʦʣ (ʇɸɸ). 
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çʫʧʨʫʛʦʩʪʠè. 

ɼʨʫʛʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʤʦʜʫʣʠ ʫʧʨʫʛʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʜʠʥʘ-ʤʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʚ ʪʘʢʠʭ ʞʠʜʢʦʩʪʷʭ ʷʚʣʷʶʪʩʷ ʤʘʣʳʤʠ ʚʝʣʠ-ʯʠʥʘʤʠ ʧʦʨʷʜʢʘ 

(ttt/ttr). ɺʢʣʘʜʳ ʵʪʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠ ʤʦʜʫʣʝʡ ʫʧʨʫʛʦʩʪʠ ʚ 

ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʪʘʢʠʭ ʧʨʦʩʪʳʭ ʞʠʜʢʠʭ ʩʠʩʪʝʤ ʩʯʠʪʘʝʤ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ (1) ʠ (2) ʚ ʪʘʢʠʭ ʧʨʦʩʪʳʭ ʞʠʜʢʦʩʪʷʭ ʜʠʥʘʤʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʚ ʦʩʥʦʚʥʦʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʘʥʩʣʷʮʠʦʥʥʳʤ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʚʨʝʤʝʥʝʤ ʨʝʣʘʢʩʘʮʠʠ  
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-ʢʦʵʬʬʠʮʠʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤʠ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ 

çʫʧʨʫʛʦʩʪʠè ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʣʠ ʞʠʜʢʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ: 

1) ɿʥʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 

T

P

n

µå õ
æ ö
µç ÷ ʠ n

P

T

µå õ
æ ö
µç ÷. ɺ ʥʫʣʝʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ. ɹʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʤʝʥʠʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʯʝʨʝʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ (ʠʣʠ ʨʘʩʰʠʨʝʥʠʷ) 
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µç ÷ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʘʚʣʝʥʠʷ 
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ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʣʦʪʥʦʩʪʷʭ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʨʘʪʴ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

2) ɹʦʣʝʝ ʚʘʞʥʦʡ ʠ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʨʨʝʣʷʪʦʨʘ 
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Ĕ),(Ĕ >< tFXF q

CC

 , ʛʜʝ ʩʠʣʘ )(
~

tF  ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ (2, 3, 7) ʠ ʷʚʥʦ ʦʪ 

ʚʨʝʤʝʥʠ ʥʝ ʟʘʚʠʩʠʪ 1 1

( ) ( , , )
N N

ij ij i j

i j i

F t F X q q
= ¸ =

=ää
. 

 ʂʘʢ ʚʠʜʥʦ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʦʪ ʚʨʝʤʝʥʠ ʤʦʞʝʪ 

ʧʨʦʷʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʢʘʨʪʦʚʳʭ ʠ ʫʛʣʦʚʳʭ ʢʦʦʨʜʠʥʘʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʯʘʩʪʠʮ ʦʪ ʚʨʝʤʝʥʠ. ʈʘʟʣʘʛʘʷ ʧʦʩʣʝʜʥʠʝ ʚ ʨʷʜ, ʦʛʨʘʥʠʯʠʤʩʷ 

ʧʝʨʚʳʤʠ ʯʣʝʥʘʤʠ ʨʘʟʣʦʞʝʥʠʷ: 
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ʠ ʚ ʥʫʣʝʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʣʫʯʠʤ  

 

( ) 0 0
Ĕ Ĕ Ĕ( , ) ( , ) (0)t n

O

dt F X F F X Fa b aq t q
¤

< > º < >ñ
                       (5) 

ɿʜʝʩʴ,nt ~ ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ 

ʧʘʨʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʣʝʢʫʣ. ɺ ʨʘʙʦʪʝ [4] ʜʣʷ ʟʥʘʯʝʥʠʷ ʪʘʢʦʛʦ ʚʨʝʤʝʥʠ 

ʧʨʠʚʦʜʠʪʩʷ ʟʥʘʯʝʥʠʝ 4,5 10-10 ʩ. ʆʜʥʘʢʦ, ʜʫʤʘʝʤ, ʯʪʦ ʵʪʦ ʥʝʩʢʦʣʴʢʦ ʟʘʚʳʰʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. ɽʩʣʠ ʩʣʫʯʘʡʥʳʝ ʩʠʣʳ ʜʝʡʩʪʚʫʶʪ ʥʘ ʤʦʣʝʢʫʣʳ ʞʠʜʢʦʩʪʠ ʚ ʧʨʦʤʝʞʫʪʢʘʭ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʪʦʣʢʥʦʚʝʥʠʷʤʠ ʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʪʦ ʧʦʨʷʜʦʢ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʜʦʣʞʝʥ 

ʙʳʪʴ ~4,5 10-13 ʩ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ nt ʚʭʦʜʠʪ ʚ ʥʘʰʠ ʚʳʨʘʞʝʥʠʷ ʢʘʢ ʧʨʦʠʟʚʦʣʴʥʳʡ 

ʧʘʨʘʤʝʪʨ ʠ ʥʝʩʢʦʣʴʢʦ ʦʩʣʦʞʥʷʝʪ ʧʨʦʚʝʜʝʥʠʝ ʪʦʯʥʳʭ ʨʘʩʯʝʪʦʚ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʫʩʨʝʜʥʝʥʠʠ ʧʦ ʣʦʢʘʣʴʥʦ-ʨʘʚʥʦʚʝʩʥʦʤʫ ʘʥʩʘʤʙʣʶ ʯʣʝʥʳ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ~ 
ijP

m  ʙʫʜʫʪ ſ O, ʠ ʚ (5) ʤʦʛʫʪ ʜʘʚʘʪʴ ʪʦʣʴʢʦ ʚʢʣʘʜ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ~ (
ijP

m)2. ʇʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʵʪʠ ʯʣʝʥʳ ʩʪʘʥʦʚʷʪʩʷ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ (nt)3. ɿʥʘʯʝʥʠʷ ʵʪʠʭ ʯʣʝʥʦʚ ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤʠ ʠʟ-
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ʟʘ ʤʘʣʦʩʪʠ ʟʥʘʯʝʥʠʷ nt, ʪʘʢ ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ (5) ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʪʨʘʞʘʝʪ 

ʟʥʘʯʝʥʠʝ ʠʥʪʝʛʨʘʣʘ. 

ʀʩʧʦʣʴʟʫʷ ʚ ʢʘʯʝʩʪʚʝ ʨʘʚʥʦʚʝʩʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʞʠʜʢʦʡ ʩʠʩʪʝʤʳ 

ʬʫʥʢʮʠʶ ʣʦʢʘʣʴʥʦ-ʨʘʚʥʦʚʝʩʥʦʛʦ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɻʠʙʙʩʘ [2; 7; 8], ʠ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʟʘʚʠʩʠʪ ʥʝ ʦʪ ʟʥʘʯʝʥʠʷ ʩʘʤʠʭ 

ʜʝʢʘʨʪʦʚʳʭ (iX
)ʠ ʫʛʣʦʚʳʭ (iq) ʢʦʦʨʜʠʥʘʪ ʤʦʣʝʢʫʣ, ʘ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʚʟʘʠʤʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ (ij i jX X X= -
) ʠ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ (ij i jq q q= -

), ʥʘʭʦʜʠʤ 

{ }
( , )

( , )

2
2

0

( , )
8Ĕ( , ) (0)

1

ij X ij ij

ij X ij ij

kT
ij ij ij ij ij

V

kT
ij ij

V

n
d F X e dX

F X F

d e dX
V

q

q

a a

q q
p

q

q

F
-

F
-

W

< > º
ñ ñ

ñ ñ
              (6) 

ɼʣʷ ʧʨʦʩʪʳʭ ʞʠʜʢʦʩʪʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʩʬʝʨʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ (ʢ ʪʘʢʦʚʳʤ 

ʦʪʥʦʩʠʪʩʷ ʠ ʞʠʜʢʠʡ ʘʨʛʦʥ), ʧʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

( )ij ijXF
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʚʠʩʷʪ ʪʦʣʴʢʦ ʦʪ ʚʟʘʠʤʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʤʦʣʝʢʫʣ, ʘ ʦʪ ʫʛʣʦʚ ʥʝ ʟʘʚʠʩʷʪ. ɼʣʷ ʪʘʢʠʭ ʞʠʜʢʦʩʪʝʡ ʬʦʨʤʫʣʘ (6) 

ʧʨʠʥʠʤʘʝʪ ʝʱʸ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʚʠʜ 
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F
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ñ
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ʇʦʜʩʪʘʚʣʷʷ (1.7) ʚ (1.4) ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ɓtt ʧʦʣʫʯʠʤ 
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ɺʳʙʠʨʝʤ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʳ ʤʦʣʝʢʫʣ ʞʠʜʢʦʛʦ ʘʨʛʦʥʘ 

ʚ ʚʠʜʝ  

12 6

, 1;

( ) , 11 1
4

ij

ʝʩʣʠr

ʌ r ʝʩʣʠ r

r r
e

¤ ¢ë
î
= < <¤å õì å õ å õ

-æ ö æ öæ öî
ç ÷ ç ÷ç ÷í               (9) 

ʛʜʝ Ů ï ʛʣʫʙʠʥʘ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʳ ʤʦʣʝʢʫʣ ʠ ʜʣʷ 

ʞʠʜʢʦʛʦ ʘʨʛʦʥʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ Ů = 1,653 Ț 10-21 ɼʞ; 
ijX

r
s

=
- ʙʝʟʨʘʟʤʝʨʥʦʝ ʚʟʘʠʤʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʧʘʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʣʝʢʫʣ; s ï ʵʬʬʝʢʪʠʚʥʳʡ ʜʠʘʤʝʪʨ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʡ ʜʣʷ ʞʠʜʢʦʛʦ ʘʨʛʦʥʘ ʨʘʚʝʥ s å 3,405Ț 10-10 ʤ. 

ʇʝʨʝʭʦʜʷ ʚ (1.8) ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʚʝʣʠʯʠʥʘʤ 
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ʀʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʷ ɓtt [5] ʧʦ ʬʦʨʤʫʣʝ (1.2) ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ 

ʨʝʣʘʢʩʘʮʠʠ Űtt, ʛʜʝ ʜʣʷ ʞʠʜʢʦʛʦ ʘʨʛʦʥʘ m = 66,31 Ț 10-27 ʢʛ. ʇʨʠ ʵʪʦʤ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʧʦʜʭʦʜʷʱʝʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʚʳʙʦʨʘ ʚʟʘʠʤʥʦ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʩʦʩʪʦʷʥʠʷ ʧʣʦʪʥʦʩʪʠ 

*
3( / 6 )mr r ps r= , ʪʝʤʧʝʨʘʪʫʨʳ 

*

( / )T T kT e=  ʠ ʜʘʚʣʝʥʠʷ 

ʈ ʠʩʧʦʣʴʟʫʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ [6] (ʪʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʞʠʜʢʦʛʦ ʘʨʛʦʥʘ [1-2] 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ btt ( ʢʨʠʚʳʝ ʘ) ʠ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ttt 

(ʢʨʠʚʳʝ ʙ) ʦʪ ʪʝʤʧʝʨʘʪʫʨ. 
 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ - ( )tt Tb  ʠ ʚʨʝʤʝʥʠ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʨʝʣʘʢʩʘʮʠʠ 
( )tt Tt

 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʣʷ ʜʚʫʭ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ (1388 ʢʛ/ʤ3 ʠ 1436 ʢʛ/ʤ3). ʂʘʢ ʚʠʜʥʦ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ 
( )tt Tb

 ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʷ 

( )tt Tt
 ʨʘʩʪʝʪ. ʕʪʦ ʢʘʯʝʩʪʚʝʥʥʦ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʥʬʦʨʤʘʮʠʷʤ, ʩʫʱʝʩʪʚʫʶʱʠʤ ʚ 

ʣʠʪʝʨʘʪʫʨʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʛʘʟʦʚʦʤ (ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ) ʩʦʩʪʦʷʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʠʤʝʝʪ ʩʘʤʳʝ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʠ ʚ ʥʠʭ ʧʨʦʠʩʭʦʜʷʪ ʩʘʤʳʝ 
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ʤʝʜʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʤʝʥʘ ʵʥʝʨʛʠʝʡ ʤʝʞʜʫ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʤʦʣʝʢʫʣ. ʂʨʦʤʝ ʪʦʛʦ, 

ʪʘʢʦʡ ʭʘʨʘʢʪʝʨ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ttt ʛʦʚʦʨʠʪ ʦ ʪʝʨʤʠʯʝʩʢʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ 

ʪʨʘʥʩʣʷʮʠʦʥʥʦʛʦ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʞʠʜʢʦʤ ʘʨʛʦʥʝ.   

ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ btt ʚ 2-2,5 ʨʘʟʘ 

ʤʝʥʴʰʝ ʯʝʤ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ [1; 3], ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦ ʩʪʦʣʴʢʦ ʞʝ ʨʘʟ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ 

ttt. ʈʘʩʩʯʠʪʘʥʥʳʝ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʞʠʜʢʦʛʦ ʘʨʛʦʥʘ 
( )ttD T  (ʨʠʩ. 1, ʢʨʠʚʘʷ 1) ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʘ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʣʘʙʦ ʨʝʘʛʠʨʫʶʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, 

ʚʦʟʤʦʞʥʦ ʵʪʠ ʨʘʩʭʦʞʜʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʧʨʷʤʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʛʦʣʦʛʦè ʧʦʪʝʥʮʠʘʣʘ, 

ʢʦʪʦʨʳʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʢʦʨʨʝʣʷʮʠʶ ʠ ʢʦʣʣʝʢʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠ ʜʚʠʞʝʥʠʷ ʤʦʣʝʢʫʣ ʞʠʜʢʦʩʪʠ.  
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ɸʉʉʀʄɽʊʈ 
 

ɼʘʨ ʤʘץʦʣʘ ʜʘʨ ʙʦʨʘʠ ʤʫʘʡʷʥʩʦʟʠʠ ʤʘʬ״ʫʤ״ʦʠ ʘʩʦʩʠʠ ʠʥʪʠץʦʣʠ ʪʘʥʦʩʫʙʠ ʤʘʩʩʘ ʙʘ 

ʤʦʝʦʪʠ ʘʩʩʠʤʝʪʨ  ʚʘ ״ʦʜʠʩʦʪʠ ʜʠʥʘʤʠʢʠʠ ʜʠʬʬʫʟʠʦʥʠʠ ʪʘʙʠʘʪ, ʷʲʥʝ ʜʘʨ ʙʦʨʘʠ ʯʫʥʠʥ 

 .ʫʚʚʘʠ ʙʝʨʫʥʘ ʤʘʥʩʫʙʘʥʜ, ʩʫʭʘʥ ʤʝʨʘʚʘʜץ ʦʜʠʩʦʪʝ, ʢʠ ʙʘ ʪʘʨʢʠʙʠ ʜʦʭʠʣʠ ʤʦʝʦʪ ʚʘ ʪʘʲʩʠʨʠ״

ʂɸʃʀɼɺʆɾɸ׳ʆ: ʤʦʝʦʪ, ʩ ʟʠʰʚʦʨ , ʤʘʚʦʜʠ ʤʦʣʠʜʘʥ , ʭʣʘʜʦʘʛʝʥʪ״ʦ, ʜʘʩʪʛʦ״״ʦʠ 

ʢʘʡ״ʦʥ ʚʘ ״ʘʚʦʧʘʡʤʦʠʠ ʨʝʘʢʪʠʚ, ʩʧʝʢʪʨ, ״ʦʣʘʪʠ ʜʠʥʘʤʠʢ . 
 

ɼʀʅɸʄʀʏɽʉʂʀʁ ʄɸʉʉʆʇɽʈɽʅʆʉ ɺ ʂʆʅʂʈɽʊʅʓʍ ʄʆɼɽʃʗʍ 

ɸʉʀʄʄɽʊʈʀʏʅʓʍ ɾʀɼʂʆʉʊɽʁ 
  

ɺ ʩʪʘʪʴʝ ʛʦʚʦʨʠʪʩʷ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʛʣʘʚʥʳʭ ʧʦʥʷʪʠʡ ʧʝʨʝʭʦʜʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʘʩʩʳ ʚ 

ʘʩʠʤʤʝʪʨʠʯʝʩʢʫʶ ʞʠʜʢʦʩʪ ɹʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʜʠʬʬʫʟʠʦʥʥʳʝ ʩʣʫʯʘʠ ʧʨʠʨʦʜʳ, ʪ.ʝ. ʦ ʢʘʯʝʩʪʚʝ 

ʪʘʢʠʭ ʩʣʫʯʘʝʚ, ʦʪʥʦʩʷʱʠʭʩ ̫ʢ ʩʦʩʪʘʚʫ ʚʥʫʪʨʠ ʞʠʜʢʦʩʪʠ ʠ ʚʣʠʷʥʠʶ ʚʥʝʰʥʝʡ ʩʨʝʜʳ.  

ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʞʠʜʢʦʩʪʴ, ʛʦʨʶʯʝʝ, ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣ,r ʭʣʘʜʘʛʝʥʪ,r 

ʢʦʩʤʠʯʝʩʢʠʝ ʠ ʘʚʠʘʮʠʦʥʥʳʝ ʨʝʘʢʪʠʚʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʩʧʝʢʪʨ, ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ.  
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THE DYNAMIC MASS TRANSFER IN SPECIFIC TYPES OF THE ASYMMETRIC FLUID  
 

This article discusses the determination of main ideas of turning mass coefficient into 

asymmetric liquid and dynamic definitions events of the nature. 

KEY  WORDS: liquid, fuel, lubricationg oil, coolants, space and activation reactive settings, 

spectrum, indignation dynamic condition.  
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ʊʘʜʞʠʢʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʢ. ʄ.ʉ. ʆʩʠʤʠ 
 

ʆʙʦʙʱʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ 
ʜʣʷ ʢʘʢʦʡ-ʣʠʙʦ ʛʨʫʧʧʳ ʚʝʱʝʩʪʚ, ʤʘʣʦ ʧʨʠʛʦʜʥʳ ʜʣʷ ʰʠʨʦʢʦʛʦ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʢ 
ʚʝʱʝʩʪʚʘʤ ʟʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʡ ʛʨʫʧʧʳ. ʊʨʫʜʥʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʪʝʦʨʠʡ ʞʠʜʢʦʩʪʠ 
ʙʳʩʪʨʦ ʨʘʩʪʫʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʣʦʞʥʦʩʪʠ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʜʝʣʘʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ ʵʪʦʪ ʧʫʪʴ ʜʣʷ ʧʨʠʢʣʘʜʥʳʭ ʨʘʩʯʝʪʦʚ ʩʚʦʡʩʪʚ ʨʝʘʣʴʥʳʭ 
ʤʥʦʛʦʘʪʦʤʥʳʭ ʞʠʜʢʦʩʪʝʡ ʠ ʨʘʩʪʚʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ 
ʩʦʩʪʦʷʥʠʷ ʩʪʨʘʜʘʶʪ ʦʪʩʫʪʩʪʚʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʪʨʘʞʘʶʪ ʩʚʦʡʩʪʚʘ 
ʢʦʥʢʨʝʪʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʞʠʜʢʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ 
ʤʝʪʦʜʘʤ ʧʨʦʛʥʦʟʘ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʝʜʠʥʦʤ ʧʦʜʭʦʜʝ ʢ ʦʧʠʩʘʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 
ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘ ʠ ʠʩʧʦʣʴʟʫʶʱʠʤ ʤʠʥʠʤʫʤ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 
ʠʩʩʣʝʜʫʝʤʦʤ ʚʝʱʝʩʪʚʝ. 

ʈʘʩʪʚʦʨʳ, ʥʘʨʷʜʫ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʬʦʨʤʘʤʠ 
ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʩʝʭ ʩʣʦʞʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʠʨʦʜʝ. ʈʘʩʪʚʦʨʳ ʦʜʥʦʨʦʜʥʳ, ʪʦ ʝʩʪʴ 
ʣʶʙʘʷ ʝʛʦ ʯʘʩʪʴ ʦʙʣʘʜʘʝʪ ʪʝʤʠ ʞʝ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʠ ʚʩʷ ʤʘʩʩʘ ʨʘʩʪʚʦʨʘ. ɺ ʨʘʩʪʚʦʨʝ 
ʤʦʣʝʢʫʣʳ ʤʥʦʛʠʭ ʚʝʱʝʩʪʚ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ 
ʤʦʣʝʢʫʣʷʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ï ʘʩʩʦʮʠʘʪʳ. ʇʦʵʪʦʤʫ ʨʘʩʪʚʦʨʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 
ʤʦʣʝʢʫʣʷʨʥʦ ï ʜʠʩʧʝʨʩʥʳʤ ʩʠʩʪʝʤʘʤ. ɺ ʪʝʦʨʠʠ ʩʪʨʦʝʥʠʷ ʞʠʜʢʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ 
ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ. 

ʇʝʨʚʳʡ ï çʬʦʨʤʘʣʴʥʦ ʩʪʨʦʛʠʡè, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 
ʤʝʭʘʥʠʢʠ ʠ ʧʨʠʚʦʜʷʱʠʡ ʢ ʩʪʨʦʛʠʤ ʚʳʨʘʞʝʥʠʷʤ ʜʣʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʫʥʢʮʠʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘ ʯʝʨʝʟ ʥʠʭ ʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ɺʪʦʨʦʡ ï çʤʦʜʝʣʴʥʳʡ 
ʧʦʜʭʦʜè, ʧʦʟʚʦʣʷʶʱʠʡ ʦʩʫʱʝʩʪʚʠʪʴ ʩʪʘʪʠʩʪʠʢʦ ï ʤʝʭʘʥʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩʚʦʡʩʪʚ ʞʠʜʢʠʭ 
ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʟʘʨʘʥʝʝ ʧʦʩʪʫʣʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ 
ʤʦʜʝʣʴʥʳʤʠ ʪʝʦʨʠʷʤʠ ʩʪʨʦʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʷʚʣʷʶʪʩʷ çʷʯʝʝʯʥʘʷè ʠ çʜʳʨʦʯʥʘʷè. 

ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʷʯʝʝʯʥʘʷ ʪʝʦʨʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʩʪʨʦʝʥʠʝ ʞʠʜʢʦʩʪʠ ʩ ʧʦʟʠʮʠʠ 
ʩʪʨʦʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʕʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʧʨʦʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʧʨʠ ʦʧʠʩʘʥʠʠ 
ʢʠʥʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʚʥʦʚʝʩʥʳʭ ʩʚʦʡʩʪʚ 
ʞʠʜʢʦʩʪʠ ʷʯʝʝʯʥʘʷ ʤʦʜʝʣʴ ʜʘʝʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɼʳʨʦʯʥʘʷ ʪʝʦʨʠʷ ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʝʪ ʢʠʥʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʠ, ʪʘʢ ʢʘʢ 
ʫʯʠʪʳʚʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʛʥʦʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʝʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʙʦʣʝʝ 
ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ʩʨʝʜʠ ʤʦʜʝʣʴʥʳʭ ʪʝʦʨʠʡ [1]. ɺ ʬʠʟʠʢʝ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʦʙʦʝ 
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ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʚʦʜʘ ʠ ʝʝ ʨʘʩʪʚʦʨʳ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʦʜʘ ʦʙʣʘʜʘʝʪ ʤʥʦʞʝʩʪʚʦʤ 
ʘʥʦʤʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʞʠʜʢʦʩʪʷʤʠ [2]. 

ʅʘʧʨʠʤʝʨ, ʠʟʦʙʘʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚʦʜʳ (Ŭ), 
ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, ʧʣʦʪʥʦʩʪʠ ʠ ʩʞʠʤʘʝʤʦʩʪʠ ʚʦʜʳ ʠʤʝʶʪ 
ʵʢʩʪʨʝʤʫʤʳ. ʊʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʙʲʝʤʝ (CV) ʚʦʜʳ ʘʥʦʤʘʣʴʥʦ ʚʝʣʠʢʘ, (ʉʈ) ï 
ʢʨʘʡʥʝ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʪʝʨʚʘʣʝ 273 ï 373 ʂ, ʯʪʦ ʪʘʢʞʝ ʥʝ ʭʘʨʘʢʪʝʨʥʦ 
ʜʣʷ ʜʨʫʛʠʭ ʞʠʜʢʦʩʪʝʡ. 

ɸʥʦʤʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʩʚʷʟʘʥʳ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʝ ʩʪʨʦʝʥʠʷ. ʄʦʣʝʢʫʣʳ ʅ2ʆ 
ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ ʨʘʚʥʦʙʝʜʨʝʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʠʢʘ. ɺʝʨʰʠʥʫ ʪʨʝʫʛʦʣʴʥʠʢʘ ʟʘʥʠʤʘʝʪ 
ʢʠʩʣʦʨʦʜ, ʘ ʜʚʘ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʣʝʞʘʪ ʚ ʝʛʦ ʦʩʥʦʚʘʥʠʠ. ɺʘʣʝʥʪʥʳʡ ʫʛʦʣ ʅʆʅ 
ʩʦʩʪʘʚʣʷʝʪ 104,6ʦ, ʪ.ʝ. ʙʣʠʟʦʢ ʢ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʤʫ 109,5ʦ. ɼʣʠʥʘ ʆ ï ʅ ʩʚʷʟʠ ʩʦʩʪʘʚʣʷʝʪ 
0,9572 ¡ [3]. ʊʨʠ ʷʜʨʘ ʚ ʤʦʣʝʢʫʣʝ ʚʦʜʳ ʦʢʨʫʞʝʥʳ ʜʝʩʷʪʴʶ ʵʣʝʢʪʨʦʥʘʤʠ. ɼʚʘ ʵʣʝʢʪʨʦʥʘ 
ʜʚʠʞʫʪʩʷ ʚʙʣʠʟʠ ʷʜʨʘ ʢʠʩʣʦʨʦʜʘ, ʘ ʦʩʪʘʣʴʥʳʝ ʚʦʩʝʤʴ ï ʧʦ ʯʝʪʳʨʝʤ ʚʳʪʷʥʫʪʳʤ 
ʦʨʙʠʪʘʤ. ɼʚʝ ʦʨʙʠʪʳ ʥʘʧʨʘʚʣʝʥʳ ʚʜʦʣʴ ʩʚʷʟʝʡ ʆïʅ, ʜʚʝ ʜʨʫʛʠʭ ʣʝʞʘʪ ʚ ʧʣʦʩʢʦʩʪʠ, 
ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʷʜʨʦ ʢʠʩʣʦʨʦʜʘ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʅʆʅ [3]. 

ʅʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʦʚ ʧʨʝʚʨʘʱʘʝʪ ʤʦʣʝʢʫʣʫ ʚʦʜʳ ʚ ʜʠʧʦʣʴ. 
ɼʣʷ ʢʘʞʜʦʡ ʩʚʷʟʠ ʆïʅ ʟʥʘʯʝʥʠʷ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 0,15 ɼ. ʈʝʟʫʣʴʪʠʨʫʶʱʠʡ 
ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʤʦʤʝʥʪ ʜʚʫʭ ʩʚʷʟʝʡ ʆ ï ʅ ʠ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ 
ʫ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʜʚʫʭ ʥʝʧʦʜʝʣʝʥʥʳʭ ʧʘʨ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʦʙʱʫʶ 
ʚʝʣʠʯʠʥʫ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ 1,844ɼ. ʂʨʦʤʝ ʵʪʦʛʦ ʜʚʝ ʚʝʪʚʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʢʘ, ʥʘ 
ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʘʨʷʜʳ, ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ 
ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʣʝʢʫʣʫ ʚʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʪʨʝʫʛʦʣʴʥʫʶ ʧʠʨʘʤʠʜʫ 
ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʧʦ ʫʛʣʘʤ ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʘʶʪʩʷ ʯʝʪʳʨʝ ʟʘʨʷʜʘ: ʜʚʘ 
ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʜʚʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ. ʕʪʠ ʟʘʨʷʜʳ ʬʦʨʤʠʨʫʶʪ ʩʚʦʝ ʙʣʠʞʘʡʰʝʝ 
ʦʢʨʫʞʝʥʠʝ, ʨʘʟʚʦʨʘʯʠʚʘʷ ʤʦʣʝʢʫʣʫ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ, ʪʘʢ, ʯʪʦ ʤʝʞʜʫ 
ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ ʦʜʠʥ ʘʪʦʤ ʚʦʜʦʨʦʜʘ. ʊʘʢʦʝ ʩʦʝʜʠʥʝʥʠʝ 
ʤʦʣʝʢʫʣ ʧʦʩʨʝʜʩʪʚʦʤ ʦʜʥʦʛʦ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʥʘʟʳʚʘʝʪʩʷ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʴʶ. 
ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʤʦʛʫʪ ʠʤʝʪʴ ʯʝʪʳʨʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʚ ʜʚʫʭ ʠʟ ʥʠʭ ʦʥʘ ï ʜʦʥʦʨ, ʘ 
ʜʚʫʭ ʜʨʫʛʠʭ ï ʘʢʮʝʧʪʦʨ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʢ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʪʘʢ ʠ ʩ 
ʠʦʥʘʤʠ ʜʨʫʛʠʭ ʤʦʣʝʢʫʣ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʢʘʞʜʘʷ ʤʦʣʝʢʫʣʘ ʚʦʜʳ ʦʢʨʫʞʝʥʘ ʯʝʪʳʨʴʤʷ 
ʜʨʫʛʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʅ2ʆ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʨʘʟʫʶʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ 
ʫʧʘʢʦʚʢʫ (ʨʠʩ. 1). 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 1. ʉʪʨʫʢʪʫʨʘ ʚʦʜʳ. 
 

ʇʨʦʯʥʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʩʣʦʞʥʳʝ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʣʝʢʫʣ, ʦʙʲʝʜʠʥʷʶʱʠʭʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʠ ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʚʝʪʚʣʝʥʥʦʡ 
ʩʝʪʴʶ ʅ ï ʩʚʷʟʝʡ. ʆʩʦʙʝʥʥʦʩʪʠ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʚ ʚʦʜʝ ʪʘʢʦʚʳ, ʯʪʦ ʝʡ ʣʝʛʯʝ 
ʠʟʦʛʥʫʪʴʩʷ, ʯʝʤ ʨʘʟʦʨʚʘʪʴʩʷ [4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʠʩʪʝʤʝ ʤʦʣʝʢʫʣ ʅ2ʆ ʚʦʜʦʨʦʜʥʳʝ 
ʩʚʷʟʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪ ʩʪʨʫʢʪʫʨʫ ʚʦʜʳ.  

çɸʥʦʤʘʣʴʥʦʩʪʴè ʚʦʜʳ ʯʘʩʪʦ ʦʙʲʷʩʥʷʶʪ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʘʩʩʦʮʠʘʮʠʠ ʝʝ 
ʤʦʣʝʢʫʣ ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʭ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦ-ʧʦʣʷʨʥʳʭ ʩʚʦʡʩʪʚ, 
ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʧʨʘʚʣʝʥʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ʅ - ʩʚʷʟʝʡ). 
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ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʘʥʦʤʘʣʴʥʳʝ 
ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ, ʘ ʛʣʘʚʥʦʝ ï ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʚʦʜʳ 
ʥʘ ʨʘʩʪʚʦʨʝʥʠʝ ʚ ʥʝʡ ʚʝʱʝʩʪʚʘ ʠ ʧʦʥʷʪʴ ʩʧʝʮʠʬʠʢʫ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ɺ ʤʦʣʝʢʫʣʷʨʥʳʭ ʪʝʦʨʠʷʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʵʪʠʤ ʷʚʣʝʥʠʷ 
ʛʠʜʨʘʪʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʚ ʦʙʲʷʩʥʝʥʠʠ ʷʚʣʝʥʠʷ 
ʛʠʜʨʘʪʘʮʠʠ-ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʠ ʢʠʥʝʪʠʯʝʩʢʠʡ [2,4]. 

ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʩʚʷʟʘʥ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʛʠʜʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʤʦʣʝʢʫʣʘʤʠ ʚʝʱʝʩʪʚʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ 
ʠʟʫʯʝʥʠʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʦʚ (ʧʣʦʪʥʦʩʪʴ, ʩʞʠʤʘʝʤʦʩʪʴ ʠ ʜʨ.). 

ɺʪʦʨʦʡ ʧʦʜʭʦʜ ʩʚʷʟʘʥ ʩ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʚʣʠʷʥʠʷ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ 
ʥʘ ʪʨʘʥʩʣʷʮʠʦʥʥʦʝ ʜʚʠʞʝʥʠʝ ʦʢʨʫʞʘʶʱʠʭ ʠʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩ ʠʟʫʯʝʥʠʝʤ 
ʢʠʥʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʦʚ (ʚʷʟʢʦʩʪʴ ʠ ʜʨ.). 

 

ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ: 1-(90% ʜʠʤʝʪ + 10% ʅ2ʆ);2-(80% ʜʠʤʝʪ + 20% 
ʅ2ʆ); 3-(70% ʜʠʤʝʪ + 30% ʅ2ʆ);4-(60% ʜʠʤʝʪ + 40% ʅ2ʆ); 5-(50% ʜʠʤʝʪ + 50% ʅ2ʆ);  

6-(40% ʜʠʤʝʪʠ + 60% ʅ2ʆ); 7-(30% ʜʠʤʝʪ + 70% ʅ2ʆ); 8-(20% ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥ + 80% ʅ2ʆ); 
9-(10% ʜʠʤʝʪ + 90% ʅ2ʆ). 

 

 
ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. 1-0,101;2-4,91;3-9,81;4-19,61;5-29,43; 6-39,34;7-49,01 ʄʇʘ. 
     

ʏʠʩʣʦ ʛʠʜʨʘʪʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪ ʩʠʣʦʚʦʝ ʧʦʣʝ ʢʚʘʟʠʯʘʩʪʠʮʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 
ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʯʠʩʣʘ ʩʠʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 
ʩ ʥʝʡ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʕʪʦʪ ʛʠʜʨʘʪʥʳʡ ʤʝʪʦʜ (ʢʚʘʟʠʯʘʩʪʠʮʘ) ʦʙʣʘʜʘʝʪ ʩʣʦʞʥʦʡ 
ʩʪʨʫʢʪʫʨʦʡ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʚʦʨʘ (ʈ, V, ʊ) ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʜʨʫʛʠʭ ʝʛʦ ʩʚʦʡʩʪʚ. ɺ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 
ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʚʦʜʳ), ʩʚʷʟʘʥʥʳʝ ʚ ʛʠʜʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʥʝʩʞʠʤʘʝʤʳ, ʪʘʢ 
ʢʘʢ ʦʥʠ ʫʞʝ ʥʘʭʦʜʷʪʩʷ ʧʦʜ çʜʘʚʣʝʥʠʝʤè ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʦʥʦʚ. ʇʦʵʪʦʤʫ ʧʨʠ 
ʚʥʝʰʥʝʤ ʚʦʟʜʝʡʩʪʚʠʠ ʩʞʘʪʠʶ ʧʦʜʚʝʨʛʘʶʪʩʷ ʣʠʰʴ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʥʝ ʚʭʦʜʷʱʠʝ ʚ 
ʛʠʜʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

ɚÅ103,ɺʪ/(ʤÅʂ) 
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ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʢʘʟʘʥ 
ʥʘ ʨʠʩʫʥʢʝ 2 ʠ 3.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ 2-3 ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩ ʨʦʩʪʦʤ 
ʪʝʤʧʝʨʘʪʫʨʳ ʩʥʘʯʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʧʦʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ 
ʨʘʩʪʝʪ. 

 

ʈʠʩʫʥʦʢ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ (50% ʜʠʤʝʪʠʣ-ʛʠʜʨʘʟʠʥʘ + 50% ʅ2ʆ) 
ʦʪ ʜʘʚʣʝʥʠʷ: 1-293ʂ; 2-373ʂ; 3-453ʂ; 4-533ʂ. 

  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚʝʱʝʩʪʚ ʩʚʷʟʘʥ ʩ ʫʜʝʣʴʥʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʴʶ ὅὴˑ Ⱦ̇̋ Ͻ̠̄ ; ʧʣʦʪʥʦʩʪʴʶ ”ȟ
̋̄

̍
 ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦ-ʚʦʜʥʦʩʪʶ ὥȟ

̍

̒
 ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭʩʦʩʪʦʷʥʠʷ: 

‗ ὥ̒ ”ȟ
ˏ̓

Ͻ̠̍
                                                          (1) 

ʆʪʩʶʜʘ 

  ὥ
‗

ὅ”
ȟ
̍

ὧ
                                                                        ς 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ (ʪʚʝʨʜʳʭ ʪʝʣ: ʩʳʧʫʯʠʭ, ʧʦʨʦʰʢʦʚ, 
ʤʦʥʦʣʠʪ; ʯʠʩʪʳʭ ʞʠʜʢʦʩʪʝʡ, ʨʘʩʪʚʦʨʦʚ ʛʘʟʦʚ ʠ ʠʭ ʩʤʝʩʝʡ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʘʭ 
ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʥʳ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ (2), ʤʦʞʥʦ ʤʘʣʦʝ 
ʧʦʣʫʯʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʪʴ. 

 

 

 

ʈʠʩʫʥʦʢ 5. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʵʨʦʟʠʥʘ  

(70% ʘʵʨʦʟʠʥ + 30% ʅ2ʆ) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʜʘʚʣʝʥʠʷʭ. 

 

ʉ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (2) ʫʩʧʝʰʥʦ ʨʘʩʩʯʠʪʘʣʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʦ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, 

ʪʝʧʣʦʝʤʢʦʩʪʠ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʵʨʦʟʠʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʠ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʩʯʠʪʘʥʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ ʘʵʨʦʟʠʥʘ ʠ 

ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (293-553) ʂ ʠ ʜʘʚʣʝʥʠʷ (0,101-49,01) ʄʧʘ. 
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ʈʠʩʫʥʦʢ 6. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʳ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʵʨʦʟʠʥʘ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ ʧʨʠ ʊ=293ʂ. 
 

ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʫʯʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʨʘʩʪʚʦʨʦʚ ʠ ʞʠʜʢʦʩʪʝʡ ʚʣʠʷʝʪ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ ʠ ʤʦʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʛʦ ʘʟʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʨʘʢʝʪʥʦʛʦ 

ʪʦʧʣʠʚʘ, ʪʘʢʞʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʧʦɻʪʦʤʫ, ʪʝʧʣʦ ʦʪ ʦʜʥʦʛʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʩʣʦʷ ʢ ʜʨʫʛʦʤʫ ʧʨʦʭʦʜʠʪ ʤʝʜʣʝʥʥʦ, ʧʦʵʪʦʤʫ 

ʠʭ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ. ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 1, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠʣʠ 

ʥʘ ʣʠʥʠʠ ʥʘʩʳʱʝʥʠʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 393 ʂ ʨʘʩʪʝʪ, ʘ ʟʘʪʝʤ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʊʘʢʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʩʦʩʪʦʷʥʠʷ (ʨʠʩʫʥʦʢ 2). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʩʠʩʪʝʤ, ʥʘʧʨʠʤʝʨ, ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥ-ʚʦʜʘ ʚ ʥʘʯʘʣʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 393ʂ ʪʝʧʣʦ 

ʧʨʦʚʦʜʷʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʘ ʧʦʩʣʝ 393 ʂ ʧʝʨʝʥʦʩ ʪʝʧʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʦʣʝʢʫʣʘʤʠ 

ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘ. ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʚʳʧʦʣʥʷʝʪʩʷ 

ʧʦʯʪʠ ʜʣʷ ʚʩʝʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʂʘʢ ʚʳʰʝ ʫʧʦʤʷʥʫʪʦ, 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʩ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʨʘʩʪʝʪ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʞʠʜʢʦʩʪʝʡ ʠ ʨʘʩʪʚʦʨʦʚ ʫʤʝʥʴʰʘʝʪʩʷ, ʪʝʧʣʦ ʧʨʦʭʦʜʠʪ ʠʟ ʦʜʥʦʛʦ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʩʣʦʷ ʢ ʜʨʫʛʦʤʫ ʙʳʩʪʨʝʝ, ʧʦʵʪʦʤʫ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʨʘʩʪʝʪ. ʂʨʦʤʝ 

ʪʦʛʦ, ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʞʠʜʢʦʩʪʝʡ ʠ ʨʘʩʪʚʦʨʦʚ ʝʱʝ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʥʘ ʩʣʝʜʫʶʱʝʤ ʧʨʠʤʝʨʝ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʘʚʣʝʥʠʷ ʦʙʲʝʤ ʠʩʩʣʝʜʫʝʤʳʭ ʞʠʜʢʦʩʪʝʡ ʠ 

ʨʘʩʪʚʦʨʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʵʪʦʤ  ʨʘʩʪʝʪ ʧʣʦʪʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ. ʊʘʢ ʢʘʢ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʣʦʪʥʦʩʪʠ (ʫʨʘʚʥʝʥʠʝ 1), ʧʦʵʪʦʤʫ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. 
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ʊɸ׳ʃʀʃʀ ʊɸפ׳ʀפʀ ʆɿʄʆʀʐʀʀ ʍʆʉʀʗʊ׳ʆʀ ʊɽʇʃʆʌʀɿʀʂʀʀ ʄɸ׳ʃʋʃ׳ʆʀ 

ʆɹʀʀ ɹʆ ɻʀɼʈɸɿʀʅ ʀɺɸɿʐʋɼɸ 
 

ɼʘʨ ʤʘץʦʣʘ ʯʝʥʢʫʥʠʠ ʤʦʣʝʢʫʣʘʠ ʦʙ ״ʘʤʯʫʥ ʧʠʨʘʤʠʜʘʠ ʩʝʢʫʥֹוʘʠ ʰʘʢʣʠ ʪʝʪʨʘʵʜʨʠʜʦʰʪʘ, 
ʢʠ ʜʘʨ ʢʫʥֹ״וʦʠ ʦʥ ʯʦʨ ʟʘʨʷʜ: ʜʫ ʟʘʨʷʜʠ ʤʫʩʙʘʪ ʚʘ ʜʫ ʟʘʨʷʜʠ ʤʘʥʬ  ʦʡ ʛʠʨʠʬʪʘʘʥʜ, ʪʘʚʩʠʬוֹ 
ʛʘʨʜʠʜʘʘʩʪ. ʀʥ ʟʘʨʷʜ״ʦ ʜʘʨ ʘʪʨʦʬʠ ʭʫʜ ʤʫ״ʠʪʝʨʦ ʙʘ ʚʫֹוʫʜ ʤʝʦʨʘʥʜ, ʢʠ ʜʘʨ ʦʥ ʙʘ ʪʫʬʘʡʣʠ ʙʘ 
ʪʘʚʨʠ ʤʫʘʡʷʥ ʯʘʨʭ ʟʘʜʘʥʠ ʤʦʣʝʢʫʣʘ ʜʘʨ ʙʘʡʥʠ ʜʫ ʘʪʦʤʠ ʦʢʩʠʛʝʥ ״ʘʤʘ ʚʘץʪ ʷʢ ʘʪʦʤʠ ʛʠʜʨʦʛʝʥʠ 
ʤʘ״ʣʫʣʠ ʦʙʠʠ ʙʦ ʛʠʜʨʘʟʠʥ ʠʚʘʟʰʫʜʘ ֹוʦʡ ʤʝʛʠʨʘʜ ʚʘ ʦʥ ʜʘʨ ץʠʤʘʪ״ʦʠ ʛʫʥʦʛʫʥʠ ״ʘʨʦʨʘʪ ʚʘ 
ʬʠʰʦʨ ʚʦʙʘʩʪʘʛʠʠ ʘʧʧʨʦʩʠʤʘʣʠʠ ʤʫʘʡʷʥʨʦ ʩʦ״ʠʙ ʤʝʰʘʚʘʜ. 

ʂɸʃʀɼɺʆɾɸ׳ʆ: ʛʠʜʨʘʪʘʪʩʠʷʠ ʦʙ,ʛʘʨʤʠʛʫʟʘʨʦʥ, ʘʵʨʦʟʠʥ, ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥ, ״ʘʨʦʨʘʪ, 
ʬʠʰʦʨ.  

 

ɸʅɸʃʀɿʓ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ ʀʉʉʃɽɼʆɺɸʅʀʗ ʊɽʇʃʆʌʀɿʀʏɽʉʂʀʍ 

ʉɺʆʁʉʊɺ ɻʀɼʈɸɿʀʅɿɸʄɽʑɽʅʅʓʍ ɺʆɼʅʓʍ ʈɸʉʊɺʆʈʆɺ 
 

ɺ ʩʪʘʪʴʝ ʠʟʤʝʨʝʥʠʷ ʤʦʣʝʢʫʣ r ʚʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʪʨʝʫʛʦʣʴʥʫʶ ʧʠʨʘʤʠʜʫ 
ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʧʦ ʫʛʣʘʤ ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʘʶʪʩʷ ʯʝʪʳʨʝ ʟʘʨʷʜʘ: ʜʚʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 
ʜʚʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ. ɿʘʨʷʜʳ ʬʦʨʤʠʨʫʶʪ ʩʚʦʝ ʙʣʠʞʘʡʰʝʝ ʦʢʨʫʞʝʥʠʝ, ʨʘʟʚʦʨʘʯʠʚʘʷ ʤʦʣʝʢʫʣʫ 
ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʪʘʢ, ʯʪʦ ʤʝʞʜʫ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ ʦʜʠʥ 
ʘʪʦʤ ʚʦʜʦʨʦʜʘ ʛʠʜʨʘʟʠʥʟʘʤʝʱʝʥʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 
ʜʘʚʣʝʥʠʷʭ ʦʥʠ ʧʦʣʫʯʠʣʠ ʦʧʨʝʜʝʣʝʥʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʫ  ʁʟʘʚʠʩʠʤʦʩʪʴ.   
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THE ANALYSES OF EXPERIMENTAL RESEARCH OF THERMOPHYSICAL 

PROPERTIES OF AQUEOUS SOLUTIONS HYDROSENSATION 
 

In the article, the measurements of water molecules are considered as a triangular pyramid of 
tetrahedral type, at the corners of which four charges are placed: two positive and two negative. The 
charges form their immediate environment, deploying the molecule in a strictly defined way so that 
between two oxygen atoms there is always one hydrogen atom of hydrazine-substituted aqueous 
solutions. At different temperatures and pressures, they obtained a certain approximation dependence. 

KEY WORDS:  hydration, water, thermal conductivity, aerosol, dimethylhydrazine, 
temperature, pressure. 
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ʉʘʠʜʦʚ ɸ.ʈ., ɼʠʣʰʦʜʜʞʦʥʠ ʉ.ɼʞ. 

ɹʦʭʪʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʪʠʪʝʪ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ 
 

ʂʠʪʘʡ ʷʚʣʷʝʪʩʷ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʧʦ ʦʙʲʸʤʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʸʛʢʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʙʨʘʙʘʪʳʚʘʶʱʠʝ ʦʪʨʘʩʣʠ ʂʠʪʘʷ ʠʤʝʶʪ ʧʝʨʝʜ ʜʦʙʳʚʘʶʱʠʤʠ 
ʩʝʢʪʦʨʘʤʠ ʥʝʙʦʣʴʰʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ. ɺʝʜʴ ʟʝʤʣʠ ʫ ʂʠʪʘʷ ʥʝ ʪʘʢ ʤʥʦʛʦ, ʘ ʩʳʨʴʝ ʚʩʝʛʜʘ 
ʤʦʞʥʦ ʧʦʢʫʧʘʪʴ ʟʘ ʛʨʘʥʠʮʝʡ. ʆʜʥʘʢʦ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʬʘʙʨʠʢ ʠ ʟʘʚʦʜʦʚ ʂʠʪʘʡ 
ʧʨʘʢʪʠʯʝʩʢʠ ʚʧʝʨʝʜʠ ʚʩʝʡ ʧʣʘʥʝʪʳ. ʉʝʛʦʜʥʷ ʦʪʨʘʩʣʝʚʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ʩʪʨʘʥʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʦʣʝʝ ʯʝʤ 360 ʦʪʨʘʩʣʷʤʠ. ʇʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʦʟʜʘʥʳ ʥʦʚʳʝ 
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ʩʦʚʨʝʤʝʥʥʳʝ ʦʪʨʘʩʣʠ. ʕʪʦ ʪʘʢʠʝ ʢʘʢ: ʵʣʝʢʪʨʦʥʠʢʘ, ʥʝʬʪʝʭʠʤʠʷ, ʘʚʠʘʩʪʨʦʝʥʠʝ, 
ʤʝʪʘʣʣʫʨʛʠʷ ʨʝʜʢʠʭ ʠ ʨʘʩʩʝʷʥʥʳʭ ʤʝʪʘʣʣʦʚ [1]. 

ʂʦʥʪʝʡʥʝʨʥʳʝ ʧʝʨʝʚʦʟʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚʠʜʦʚ ʧʝʨʝʚʦʟʦʢ. ɺ 
ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʙʳʩʪʨʝʝ, ʧʦʪʦʤʫ ʯʪʦ 
ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: çɺʨʝʤʷ - ʜʝʥʴʛʠè. ʏʪʦʙʳ ʜʦʩʪʘʚʠʪʴ ʛʨʫʟ ʠʟ ʂʠʪʘʷ ʚ 
ɽʚʨʦʧʫ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʦʡ ʧʫʪʴ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʭʦʜʠʣʠ ʙʳ ʥʘʩʝʣʝʥʥʳʝ 
ʧʫʥʢʪʳ ʠ ʨʘʩʭʦʜʳ ʥʘ ʜʦʨʦʛʫ ʙʳʣʠ ʙʳ ʤʠʥʠʤʘʣʴʥʳʤʠ. ʇʦ ʤʘʨʰʨʫʪʫ, ʧʦ ʢʦʪʦʨʦʤʫ 
ʩʣʝʜʫʶʪ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʠʟ ʂʠʪʘʷ ʚ ɽʚʨʦʧʫ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʢʣʘʜʩʢʘʷ 
ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʛʨʫʟʢʝ ʠ ʚʳʛʨʫʟʢʝ. ɼʣʷ 
ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʪʝʡʥʝʨʥʳʭ ʧʝʨʝʚʦʟʦʢ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 
ʢʨʦʩʩ-ʜʦʢʠʥʛ. ʊʝʭʥʦʣʦʛʠʠ ʢʨʦʩʩ-ʜʦʢʠʥʛ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʛʨʫʞʘʪʴ ʢʦʥʪʝʡʥʝʨ ʩ ʦʜʥʦʛʦ 
ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʜʨʫʛʦʡ ʠ ʬʘʢʪʠʯʝʩʢʠ ʙʝʟ ʨʘʟʤʝʱʝʥʠʷ ʝʛʦ ʥʘ ʩʢʣʘʜʝ ʭʨʘʥʝʥʠʷ ʠʣʠ 
ʢʦʥʪʝʡʥʝʨʥʦʡ ʧʣʦʱʘʜʢʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ ʢʨʦʩʩ-ʜʦʢʠʥʛʘ: 
- ʩʦʢʨʘʱʘʝʪ ʟʘʪʨʘʪʳ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʩʢʣʘʜʩʢʠʭ ʦʧʝʨʘʮʠʡ; 
- ʫʩʢʦʨʷʝʪ ʜʦʩʪʘʚʢʫ ʛʨʫʟʘ ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ; 
- ʫʤʝʥʴʰʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʩʦʥʘʣ; 
- ʫʪʨʘʯʠʚʘʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʢʣʘʜʩʢʠʭ ʧʣʦʱʘʜʷʭ; 
- ʧʨʦʠʩʭʦʜʠʪ ʫʣʫʯʰʝʥʠʝ ʫʨʦʚʥʷ ʩʝʨʚʠʩʘ [4-5]. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʜʚʝ ʜʦʨʦʛʠ ʠʟ ʂʠʪʘʷ ʚ ɽʚʨʦʧʫ ï ʉʝʚʝʨʥʘʷ, ʢʦʪʦʨʘʷ 
ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʂʘʟʘʭʩʪʘʥ ʠ ʈʦʩʩʠʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʭʦʜʦʤ ʚ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ 
ɽʚʨʦʧʳ, ʠ ʎʝʥʪʨʘʣʴʥʘʷ ï ʯʝʨʝʟ ʊʘʜʞʠʢʠʩʪʘʥ, ʊʫʨʢʤʝʥʠʶ, ɻʨʫʟʠʶ ʠ ɸʟʝʨʙʘʡʜʞʘʥ ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʭʦʜʦʤ ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ, ʶʞʥʫʶ ʠ ʩʝʚʝʨʥʫʶ ʯʘʩʪʠ ɽʚʨʦʧʳ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ SWOT-ʘʥʘʣʠʟʘ. 
SWOT-ʘʥʘʣʠʟ - ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ 
ʤʝʥʝʜʞʤʝʥʪʝ. ʉʫʱʥʦʩʪʴ ʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʠʟʝ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, 
ʦʮʝʥʢʝ ʨʠʩʢʦʚ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʝʢʪʘ. 

ʈʘʩʰʠʬʨʦʚʢʘ ʘʙʙʨʝʚʠʘʪʫʨ SWOT - ʘʥʘʣʠʟʘ: Strengths, Weaknesses, Opportunities, 
Threats. 

S= Strengths - ʉʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʧʨʦʝʢʪʘ. ʕʪʦ ʪʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 
ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʝʢʪʘ ʧʝʨʝʜ ʢʦʥʢʫʨʝʥʪʥʳʤʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʙʫʜʝʤ 
ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʘʞʜʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʨʰʨʫʪʘ ʧʝʨʝʚʦʟʢʠ. 

W=Weaknesses - ʉʣʘʙʳʝ ʩʪʦʨʦʥʳ ʠʣʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʦʝʢʪʘ. ʕʪʦ ʪʝ ʬʘʢʪʦʨʳ, 
ʢʦʪʦʨʳʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ ʠ ʫʭʫʜʰʘʶʪ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ. ɿʜʝʩʴ 
ʥʘʰʝʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʧʦʥʷʪʠʝ, ʥʘʩʢʦʣʴʢʦ ʩʠʣʴʥʦ ʚ ʢʘʞʜʦʤ ʠʟ ʤʘʨʰʨʫʪʦʚ ʧʨʦʷʚʣʷʝʪʩʷ 
ʚʣʠʷʥʠʝ ʵʪʠʭ ʩʪʦʨʦʥ. 

O=Opportunities-ɺʦʟʤʦʞʥʦʩʪʠ ʢʦʤʧʘʥʠʠ - ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʬʘʢʪʦʨʳ ʚʥʝʰʥʝʡ 
ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʘ ʚ ʙʫʜʫʱʝʤ. ʕʪʦ ʧʦʟʚʦʣʠʪ 
ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʠʟ ʧʨʦʝʢʪʦʚ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ ʙʫʜʫʱʝʤ, ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. 

T=Threats ï ʋʛʨʦʟʳ ʢʦʤʧʘʥʠʠ - ʥʝʛʘʪʠʚʥʳʝ ʬʘʢʪʦʨʳ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ 
ʤʦʛʫʪ ʚ ʙʫʜʫʱʝʤ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʘʨʰʨʫʪʘ. ʅʝʦʙʭʦʜʠʤʦ 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʢʘʢ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʢʘʞʜʳʡ ʠʟ ʚʘʨʠʘʥʪʦʚ ʠ ʢʘʢʠʝ 
ʧʨʝʧʷʪʩʪʚʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ [2-3].  

ʊʘʙʣʠʮʘ 1 
ʌʘʢʪʦʨʳ ʩʨʘʚʥʝʥʠʷ ʚʘʨʠʘʥʪʦʚ 

 

ʉʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʉʣʘʙʳʝ ʩʪʦʨʦʥʳ 

1. ɺʳʛʦʜʥʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ 
2. ʈʘʟʚʠʪʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 
3. ʅʘʣʠʯʠʝ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ 

1. ʕʢʦʥʦʤʠʢʦ-ʧʦʣʠʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ 
2. ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ 
3. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 
ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ɺʦʟʤʦʞʥʦʩʪʠ ʋʛʨʦʟʳ 

1. ʈʘʩʰʠʨʝʥʠʝ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ 
2. ʋʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʦʚ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʡ 

1. ʈʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʘ ʤʦʞʝʪ 
ʧʨʠʚʝʩʪʠ ʢ ʥʝʩʧʦʩʦʙʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʪʴ 
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ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʠʚʣʝʯʝʥʠʷ ʛʨʫʟʦʚ 
ʥʘ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ 
3. ʅʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʜʝʣʘʝʪ ʙʦʣʝʝ 
ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ 
ʪʨʘʥʩʧʦʨʪʘ 
 

ʧʝʨʝʚʦʟʢʫ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ 
2. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʛʨʫʟʦʯʥʳʭ 
ʦʧʝʨʘʮʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ 
ʩʨʦʢʘ ʜʦʩʪʘʚʢʠ 
3. ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʫʯʘʩʪʥʠʢʦʚ 
ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʦʥʬʣʠʢʪʫ ʠ ʦʩʪʘʥʦʚʢʝ 
ʧʨʦʝʢʪʘ 

 

ʏʪʦʙʳ ʦʪʜʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʜʥʦʤʫ ʠʟ ʚʘʨʠʘʥʪʦʚ, ʥʫʞʥʦ ʚʳʧʦʣʥʠʪʴ 
ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʬʘʢʪʦʨʦʚ ʜʣʷ ʦʙʦʠʭ ʚʘʨʠʥʪʦʚ ʚ 
ʚʠʜʝ ʪʘʙʣʠʮʳ. ɺ ʥʝʡ ʢʘʞʜʳʡ ʧʦʢʘʟʘʪʝʣʴ ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʰʢʘʣʝ ʦʪ 0 ʜʦ 10. ɼʣʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʥʘʢ ç+è, ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ç-è. ʇʨʠ ʵʪʦʤ 
ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʢʘʞʜʦʤ ʙʣʦʢʝ ï ʵʪʦ 1. ʇʨʠʩʚʘʠʚʘʝʤ ʢʘʞʜʦʤʫ ʠʟ ʪʨʝʭ ʩʚʦʡ 
ʢʦʵʬʬʠʮʠʝʥʪ: ʜʣʷ ʧʝʨʚʳʭ ʬʘʢʪʦʨʦʚ 0,4; ʜʚʘ ʜʨʫʛʠʭ - ʧʦ 0,3. ʏʝʤ ʩʠʣʴʥʝʝ ʚʣʠʷʥʠʝ 
ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʪʝʤ ʙʦʣʴʰʠʡ ʙʘʣʣ ʤʳ ʤʦʞʝʤ ʝʤʫ ʧʨʠʩʚʦʠʪʴ. ʇʦʩʣʝ ʧʦʜʚʝʜʝʥʠʷ 
ʩʫʤʤʘʨʥʦʛʦ ʠʪʦʛʘ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦ ʪʦʤ, ʢʘʢʦʡ ʚʘʨʠʘʥʪ ʤʘʨʰʨʫʪʘ ʩʯʠʪʘʝʪʩʷ ʙʦʣʝʝ 
ʧʝʨʩʧʝʢʪʠʚʥʳʤ. 

ʊʘʙʣʠʮʘ 2 
ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʚʘʨʠʘʥʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʨʰʨʫʪʘ 

 

ʌʘʢʪʦʨ ɹʘʣʣʳ 

ʉʝʚʝʨʥʳʡ 
ʤʘʨʰʨʫʪ 

ʎʝʥʪʨʘʣʴʥʳʡ 
ʤʘʨʰʨʫʪ 

ʇʆʃʆɾʀʊɽʃʔʅʓɽ ç+è   

ɺʳʛʦʜʥʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ 8 10 

ʈʘʟʚʠʪʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 9 9 

ʅʘʣʠʯʠʝ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ 7 9 

ʈʘʩʰʠʨʝʥʠʝ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ 7 10 

ʋʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʦʚ ʟʘ ʩʯʝʪ ʙʦʣʴʰʦʡ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ 
ʧʨʠʚʣʝʯʝʥʠʷ ʛʨʫʟʦʚ ʥʘ ʧʫʪʠ ʩʣʝʜʦʚʘʥʠʷ 

6 8 

ʅʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʜʝʣʘʝʪ ʙʦʣʝʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʩ 
ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ 

10 9 

ʅɽɻɸʊʀɺʅʓɽ ç-è   

ʕʢʦʥʦʤʠʢʦ-ʧʦʣʠʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ 10 6 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ 8 8 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 6 8 

ʈʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʩʧʦʩʦʙʥʦʩʪʠ 
ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʚʦʟʢʫ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ 

7 8 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 
ʫʚʝʣʠʯʝʥʠʶ ʩʨʦʢʘ ʜʦʩʪʘʚʢʠ 

4 6 

ʅʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʫʯʘʩʪʥʠʢʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 
ʢʦʥʬʣʠʢʪʫ ʠ ʦʩʪʘʥʦʚʢʝ ʧʨʦʝʢʪʘ 

2 5 

ʆʙʱʝʝ ʯʠʩʣʦ ʙʘʣʣʦʚ 10 14 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ SWOT-
ʘʥʘʣʠʟʘ ʎʝʥʪʨʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʢʦʥʪʝʡʥʝʨʥʳʭ ʛʨʫʟʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 
ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ, ʯʝʤ ʉʝʚʝʨʥʳʡ ʠ ʝʛʦ ʨʘʟʚʠʪʠʝ ʚʳʛʣʷʜʠʪ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. 
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5. https://sitmag.ru/article/9629-preimushchestva-kross-dokinga-i-slojnosti-tehnologii-kross-

doking 
 

ʄʋʂɸʄʄɸʃɻɸʈɼʆʅʀʀ ʊɽʍʅʆʃʆɻʀʗʀ ʂʆʈ ɹʆ ɹʆʈ׳ʆʀ ʂʆʅʊɽʁʅɽʈ  ɼɸʈ 

ʐɸʈʆʀʊʀ ʊɸʐʂʀʃʀ ʈʆ׳ʈɸɺʀ ɹɸʁʅɸʃʄʀʃɸʃʀʀ ʅɸפʃʀɪʊ 
 

ɹʘ ʘץʠʜʘʠ ʤʫʘʣʣʠʬʦʥ, ʠʥʪʠץʦʣʠ ʢʦʥʪʝʡʥʝʨ  ʷʢʝ ʘʟ ʥʘʚʲ״ʦʠ ʤʫ״ʠʤʪʘʨʠʥʠ ʠʥʪʠץʦʣ 

ʤʝʙʦʰʘʜ. ɼʘʨ ʰʘʨʦʠʪʠ ״ʦʟʠʨʘ ʠʥʪʠץʦʣʠ ʙʦʨ״ʦ ʙʦʷʜ ʟʫʜʪʘʨ ʘʤʘʣ  ʛʘʨʜʘʜ, ʯʫʥʢʠ ʯʫʥʠʥ 

 ʝʨʦ״ʪ-ʧʫʣè. ɹʘʨʦʠ ʙʦʨʨʦ ʘʟ ʏʠʥ ʙʘ ɸʚʨʫʧʦ ʨʘʩʦʥʠʜʘʥ ʙʦʷʜ ʯʫʥʠʥ ʨʦץʫʜ ʘʩʪ: çɺʘוʦʥʫʥʠʷʪ ʤʘʚֹץ

ʸʬʪ, ʢʠ ʦʥ ʘʟ ʥʘʟʜʠ ʥʫץʪʘ״ʦʠ ʘ״ʦʣʠʥʠʰʠʥ ʛʫʟʘʨʘʜ ʚʘ ʭʘʨʦֹוʦʪʠ ʨʦ״ ʥʦʯʠʟ ʙʦʰʘʜ. 

ʊʘ״ʣʠʣʠ ʛʫʟʘʨʦʥʠʜʘʰʫʜʘ ʥʠʰʦʥ ʜʦʜ, ʢʠ ʘʟ ʨ ʠ ʥʘʪʠֹוʘ״ʦʠ ʪʘ״ʣʠʣʠ SWOT ʩʘʡʨʭʘʪʠ 

ʄʘʨʢʘʟʠ ʠʥʪʠץʦʣʠ ʙʦʨ״ʦ ʥʘʟʘʨ ʙʘ ʐʠʤʦʣ  ʘʬʟʘʣʠʷʪʥʦʢʪʘʨ ʚʘ ʨʫʰʜʠ ʦʥ ʦʷʥʜʘʜʦʨ ʤʝʙʦʰʘʜ.  

ʂɸʃʀɼɺʆɾɸ׳ʆ: ʪʝʭʥʦʣʦʛʠʷ, ʠʥʪʠץʦʣʠ ʢʦʥʪʝʡʥʝʨ , ʭʠʟʤʘʪʨʘʩʦʥ , ʩʘʡʨʭʘʪ, ʘʨʟʠʰʠ 

ʭʦʩ, ʪʘʣʘʙʦʪ, ʥʘץʣʠʸʪ. 
 

ʋʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɹʆʊʓ ʉ ʂʆʅʊɽʁʅɽʈʅʓʄʀ 

ɻʈʋɿɸʄʀ ɺ ʋʉʃʆɺʀʗʍ ʆʈɻɸʅʀɿɸʎʀʀ ʄɽɾɼʋʅɸʈʆɼʅʆɻʆ ʊʈɸʅʉʇʆʈʊʅʆɻʆ 

ʂʆʈʀɼʆʈɸ 
 

ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʢʦʥʪʝʡʥʝʨʥʳʝ ʧʝʨʝʚʦʟʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚʠʜʦʚ 

ʧʝʨʝʚʦʟʦʢ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʙʳʩʪʨʝʝ, ʧʦʪʦʤʫ 

ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: çɺʨʝʤʷ - ʜʝʥʴʛʠè. ʏʪʦʙʳ ʜʦʩʪʘʚʠʪʴ ʛʨʫʟ ʠʟ ʂʠʪʘʷ ʚ 

ɽʚʨʦʧʫ ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʦʡ ʧʫʪʴ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʭʦʜʠʣʠ ʙʳ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʠ 

ʨʘʩʭʦʜʳ ʥʘ ʜʦʨʦʛʫ ʙʳʣʠ ʙʳ ʤʠʥʠʤʘʣʴʥʳʤʠ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ SWOT-ʘʥʘʣʠʟʘ ʎʝʥʪʨʘʣʴʥʳʡ 

ʤʘʨʰʨʫʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʢʦʥʪʝʡʥʝʨʥʳʭ ʛʨʫʟʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ, ʯʝʤ 

ʉʝʚʝʨʥʳʡ ʠ ʝʛʦ ʨʘʟʚʠʪʠʝ ʚʳʛʣʷʜʠʪ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. 

ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʪʝʭʥʦʣʦʛʠʷ, ʢʦʥʪʝʡʥʝʨʥʳʝ ʧʝʨʝʚʦʟʢʠ, ʩʝʨʚʠʩ, ʤʘʨʰʨʫʪ, 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʧʦʪʨʝʙʥʦʩʪʴ, ʪʨʘʥʩʧʦʨʪ. 
 

THE IMPROVEMENT OF TECHNOLOGY OF WORK WITH CONTAINER  

CARGO IN THE CONDITIONS OF ORGANIZATION OF INTERNATIONAL  

TRANSPORT CORRIDOR  
 

The authors believe that container transportation is one of the most important types of 

transportation. In modern conditions, the carriage of goods should be carried out faster, because there 

is a pattern: çTime is moneyè. In order to deliver cargo from China to Europe, we need to find a way 

that settlements would pass and the cost of travel would be minimal. 

Our analysis showed that, based on the results of the SWOT analysis, the central route for the 

transport of containerized cargo is more preferable than the Northern route and its development looks 

more promising. 

KEY WORDS: technology, container transportation, service, route, cost, need, transport. 

ʉɺɽɼɽʅʀʗ ʆɹ ɸɺʊʆʈɸʍ: ʉʘʠʜʦʚ ɸʙʜʫʤʘʣʠʢ ʈʠʟʦʝʚʠʯ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ɹɻʋ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ. ʊʝʣ.: (+992) 907-95-76-95. 

ɼʠʣʰʦʜʜʞʦʥʠ ʉʘʡʢʘʙʠʨʠ ɼʞʘʣʦʣʟʦʜʘ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʦʨʛʘʥʠʟʘʮʠʠ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ɹɻʋ ʠʤʝʥʠ ʅʦʩʠʨʘ ʍʫʩʨʘʚʘ. ʊʝʣ.: (+992) 904-88-14-44.  

 

ʄɽʊʆɼʀʏɽʉʂʀʁ ʇʆɼʍʆɼ ʂ ʄʆɼɽʈʅʀɿɸʎʀʀ ɺʆɿɼʋʐʅʓʍ 

ʕʃɽʂʊʈʆʉɽʊɽʁ 6-10 ʢɺ ʇʋʊɽʄ ʀʍ ʈɸɿʋʂʈʋʇʅɽʅʀʗ 
 

ʂʘʜʳʨʢʫʣʦʚ ʉ.ʉ., ʈʘʭʤʘʪʫʣʦʝʚ ɸ.ɿ.  

ʂʳʨʛʳʟʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ. ʈʘʟʟʘʢʦʚʘ 
  

ɺ ʩʝʣʴʩʢʠʭ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʚʦʟʜʫʰʥʳʭ ʵʣʝʢʪʨʦʩʝʪʷʭ 6-10 ʢɺ ʦʜʥʠʤ ʠʟ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʮʝʥʠʚʘʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʝʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

(ʤʦʜʝʨʥʠʟʘʮʠʠ), ʷʚʣʷʝʪʩʷ ʥʝʜʦʧʫʩʪʠʤʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʷ ʢʘʢ ʚ ʝʝ ʫʟʣʦʚʳʭ 

ʪʦʯʢʘʭ, ʪʘʢ ʠ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʩʝʪʷʭ 6ï10 ʢɺ 

ʥʝʜʦʧʫʩʪʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʨʝʰʝʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʥʘ ʚʨʝʤʷ ʩʚʦʝʡ ʨʝʘʣʠʟʘʮʠʠ ʦʪʢʣʶʯʝʥʠʷ 

https://sitmag.ru/article/9629-preimushchestva-kross-dokinga-i-slojnosti-tehnologii-kross-doking
https://sitmag.ru/article/9629-preimushchestva-kross-dokinga-i-slojnosti-tehnologii-kross-doking
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ʩʝʪʠ ʠ ʠʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʊʘʢʠʤ ʩʨʝʜʩʪʚʦʤ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʉʇʕ) ʨʘʙʦʪʳ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʧʦʣʥʘʷ ʠʣʠ ʯʘʩʪʠʯʥʘʷ ʟʘʤʝʥʘ ʧʨʦʚʦʜʦʚ 

ʣʠʥʠʡ ʥʘ ʙʦʣʴʰʝʝ ʩʝʯʝʥʠʝ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʡ ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ ʦʙʲʝʤʥʳʭ ʨʘʙʦʪ 

ʢʘʢ ʧʦ ʜʝʤʦʥʪʘʞʫ ʧʨʦʚʦʜʦʚ ʜʝʡʩʪʚʫʶʱʝʡ ɺʃ, ʘ ʟʘʪʝʤ ʧʦ ʧʦʜʚʝʩʢʝ (ʤʦʥʪʘʞʫ) ʥʦʚʳʭ 

ʧʨʦʚʦʜʦʚ ʙʦʣʴʰʝʛʦ ʩʝʯʝʥʠʷ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʣʠʰʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ ʜʘʞʝ ʧʨʠ ʫʜʘʨʥʳʭ ʪʝʤʧʘʭ ʚʳʧʦʣʥʝʥʠʷ 

ʵʣʝʢʪʨʦʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʉʇʕ ʥʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʣʠʥʠʠ, ʥʦ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ.  

ʇʦʵʪʦʤʫ ʪʦʣʴʢʦ ʨʘʟʫʢʨʫʧʥʝʥʠʝ (ʜʝʣʝʥʠʝ) ʦʪʜʝʣʴʥʦʛʦ ʜʝʡʩʪʚʫʶʱʝʛʦ ʬʠʜʝʨʘ 6ï10 

ʢɺ ʥʘ ʯʘʩʪʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʬʠʜʝʨʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʠʭ ʦʪʜʝʣʴʥʳʤ ʧʠʪʘʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦ ʧʨʠʝʤʣʝʤʳʤ ʉʇʕ, ʧʦʟʚʦʣʷʶʱʠʤ ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʨʝʞʠʤ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʩʝʪʷʭ 6ï10 ʢɺ ʠ ʥʘ ʚʚʦʜʘʭ, ʧʠʪʘʶʱʠʭʩʷ ʦʪ ʥʠʭ ʊʇ 6ï10/0,4 

ʢɺ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʝʪʠ 0,38 ʢɺ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʠ 

ʩʫʤʤʘʨʥʦʡ ʥʘʛʨʫʟʢʠ ʬʠʜʝʨʘ, ʦʥ ʤʦʞʝʪ ʨʘʟʜʝʣʝʥ ʥʘ 2ï3 ʥʦʚʳʭ ʬʠʜʝʨʘ.  

ʂʘʞʜʳʡ ʠʟ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʬʠʜʝʨʦʚ (ɺʆʌ) ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʦʩʥʦʚʥʦʤʫ 

ʪʨʝʙʦʚʘʥʠʶ ï ʠʤʝʪʴ ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ ï7,5% ʠ ʫʯʠʪʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʦʩʪʘ ʥʘʛʨʫʟʦʢ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʦʚ ʩʪʨʘʥʳ ʂʨʦʩʪ=1,07é1,08 [3].  

ʈʘʟʫʢʨʫʧʥʝʥʠʝ ʬʠʜʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʝʣʝʥʠʝʤ ʝʛʦ ʥʘ ʯʘʩʪʠ ʧʫʪʝʤ ʝʛʦ ʨʘʟʨʳʚʘ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ, ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʙʦʩʥʦʚʘʥʥʳʭ, ʪʦʯʢʘʭ ʧʦ ʜʣʠʥʝ ʤʘʛʠʩʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʬʠʜʝʨʘ (ʄʏʌ,) ʟʘ ʢʦʪʦʨʦʡ ʜʘʣʝʝ ʥʘʯʠʥʘʶʪʩʷ ʥʦʚʳʝ ʬʠʜʝʨʳ. ʂ ʤʝʩʪʫ ʨʘʟʨʳʚʘ ʬʠʜʝʨʘ 

ʟʘʨʘʥʝʝ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʜʚʝʜʝʥʘ ʧʠʪʘʶʱʘʷ (ʨʝʟʝʨʚʥʘʷ) ʣʠʥʠʷ, ʢ ʢʦʪʦʨʦʡ ʧʦʜʢʣʶʯʘʝʪʩʷ 

ʥʘʯʘʣʦ ɺʆʌ. ʇʨʠ ʵʪʦʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʧʝʨʝʨʳʚ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ, ʟʘʪʨʘʯʝʥʥʳʤ ʥʘ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʥʦʚʦʛʦ ɺʆʌ ʢ ʧʦʜʚʝʜʝʥʥʦʤʫ 

ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ ʪ.ʝ. ʢ ʧʠʪʘʶʱʝʡ ʣʠʥʠʠ ʠ ʚʢʣʶʯʝʥʠʝʤ ʢʦʤʤʫʪʘʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʆ 

ʪʘʢʦʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʧʝʨʝʨʳʚʝ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʠ ʟʘʨʘʥʝʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʠʟʚʝʱʝʥʳ.  
 
 

ʇʨʝʜʣʘʛʘʝʤʫʶ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ ʨʘʟʨʳʚʘ (ʨʘʟʫʢʨʫʧʥʝʥʠʷ) ʬʠʜʝʨʘ 

ʧʦʢʘʞʝʤ ʥʘ ʧʨʠʤʝʨʝ ʬʠʜʝʨʘ ʥʘ ʨʠʩ. 1. ʇʝʨʚʳʤ ʰʘʛʦʤ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʬʠʜʝʨʘ ʯʘʩʪʴ ʜʣʠʥʳ ʝʛʦ ʄʏʌ ʩ ʢʦʥʢʨʝʪʥʳʤ ʩʝʯʝʥʠʝʤ ʧʨʦʚʦʜʘ ʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 

ʥʦʨʤʘʪʠʚʥʫʶ ʚʝʣʠʯʠʥʫ ï7,5%. ɼʣʷ ʵʪʦʛʦ ʧʨʝʜʣʦʞʝʥʦ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ 

 lʤĿSʨʘʩʯ =7,5 / æUʫʜ% 10ï3 ,                                                       (1) 

ʪ.ʝ. ʦʙʦʟʥʘʯʠʤ ʧʨʦʠʟʚʝʜʝʥʠʝ lʤĿSʨʘʩʯ = ɺʥʚʧ, ʥʘʟʦʚʝʤ ʝʛʦ ʥʦʨʤʘʪʠʚʥʳʤ ʚʝʩʦʚʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʢʦʥʢʨʝʪʥʦʛʦ ʬʠʜʝʨʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪ ʯʘʩʪʴ ʜʣʠʥʳ ʝʛʦ ʄʏʌ 

ʥʘʯʠʥʘʷ ʦʪ ɻɺ ʩ ʢʦʥʢʨʝʪʥʳʤ ʧʨʦʚʦʜʦʤ ʩ ʦʧʨʝʜʝʣʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʪ.ʝ. ʟʥʘʯʝʥʠʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ lʤĿSʨʘʩʯ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʄʏʌ ʪʦʯʢʫ ʨʘʟʨʳʚʘ (ʨʘʟʫʢʨʫʧʥʝʥʠʷ) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʦʛʦ ʬʠʜʝʨʘ. ʂʘʢ ʚʳʰʝ ʦʪʤʝʯʘʣʦʩʴ, ʚ ʜʘʥʥʦʤ ʬʠʜʝʨʝ ʝʛʦ ʄʏʌ 

ʚʳʧʦʣʥʝʥ ʧʨʦʚʦʜʦʤ ɸʉ-50, ʜʣʷ ʢʦʪʦʨʦʛʦ ʫʜʝʣʴʥʳʝ ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ æUʫʜ% = 0,68 10ï

3 % ʢɺɸ ʢʤ. ʇʦ ʚʳʨʘʞʝʥʠʶ (3) ʜʣʷ ʬʠʜʝʨʘ ʥʘ ʨʠʩ. 2 ʥʘʭʦʜʠʤ ʥʦʨʤʘʪʠʚʥʳʡ ʚʝʩʦʚʦʡ 

ʧʘʨʘʤʝʪʨ, ʠʤʝʝʤ ɺʥʚʧ
 

 ɺʥʚʧ
 
= lʤĿSʨʘʩʯ = 7,5% /0,68 10ï3 % = 11029, 4 ʢɺɸĿ ʢʤ.                         (2) 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʤʝʩʪʘ ʨʘʟʨʳʚʘ ʬʠʜʝʨʘ ʥʘ ʛʦʣʦʚʥʦʤ ʫʯʘʩʪʢʘ ʝʛʦ ʧʦʜʙʠʨʘʝʤ ʪʦʯʢʫ, 

ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʠʟʚʝʜʝʥʠʶ lʤĿSʨʘʩʯ = 11029,4 ʢɺɸ ʢʤ. ʇʨʦʚʝʨʢʘ ʨʘʩʯʝʪʦʤ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʦʯʢʘ ʨʘʟʨʳʚʘ ʬʠʜʝʨʘ ʥʘ ʨʠʩ. 2 ʥʘʭʦʜʠʪʩʷ ʟʘ ʩʫʤʤʘʨʥʦʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʴʶ ʚʩʝʭ ʧ= 8 ʊʇ, ʛʜʝ ʵʪʘ ʩʫʤʤʘ ʨʘʚʥʘ 2660 ʢɺɸ, ʪ.ʝ.  

 l  ʥʦʨʤ1=ɺʥʚʧ/ʂʨʦʩʪĀSʨʘʩʯ=11029,4 / 0,77Ŀ0,65Ŀ1,07Ŀ2660 = 6,85 ʢʤ                  (3) 

ʪ.ʝ. ʨʘʟʜʝʣʝʥʠʝ (ʨʘʟʫʢʨʫʧʥʝʥʠʝ) ʬʠʜʝʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʄʏʌ ʥʘ ʨʘʩʩʪʦʷʥʠʠʠ 6,85 ʢʤ 

ʦʪ ɻɺ. ɺʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʡ ʬʠʜʝʨ ʦʙʟʥʘʯʘʝʪ ʢʘʢ ɺʆʌ ɸ1. ʇʨʠ ʵʪʦʤ ʧʦʪʝʨʠ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʥʮʝ ʥʦʚʦʛʦ ɺʆʌɸ1 ʩʦʩʪʘʚʠʪ  

 æU1 % = æUʫʜ% ĿSʨʘʩʯ1Ŀlʤʯʬ1 = 0,68Ŀ10
ï3Ŀ 0,77Ŀ 0,65Ŀ2660Ŀ6,85= 6,2% < 7,5% 
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ʇʨʦʚʝʨʠʤ ʦʩʪʘʚʰʫʶʩʷ (ʦʪʜʝʣʝʥʥʫʶ) ʚʪʦʨʫʶ ʯʘʩʪʴ ʬʠʜʝʨʘ ʥʘ ʨʠʩ. 1 ʥʘ ʪʨʝʙʦʚʘʥʠʝ 

ʥʦʨʤʘʪʠʚʥʦʛʦ ʫʨʦʚʥʷ ʧʦʪʝʨʴ ʥʘʧʨʷʞʝʥʠʷ. ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʄʏʌ ʬʠʜʝʨʘ ʪʘʢʞʝ ʠʤʝʝʪ 

ʧʨʦʚʦʜ ʩʝʯʝʥʠʝʤ ɸʉï50, ʘ ʜʣʠʥʘ ʄʏʌ lʫʤ=17,58ï6,85 =10,73 ʢʤ, ʢʦʣʠʯʝʩʪʚʦ ʊʇ ʧ = 15 

ʩ ʩʫʤʤʘʨʥʦʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ×Sʊʇ= 8120 ï 2660 = 5460 ʢɺɸ. ʇʨʠ ʪʘʢʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʥʪ ʧʦʪʝʨʴ ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʘʚʠʪ
 

æUi % = æUʫʜ% ĿSʫ ʨĿ lʫʤ = 0,68 10ï3 Ŀ 0,725Ŀ 0,65 Ŀ 5460 Ŀ 10,73 =20,09%,  

ʪʘʢ ʢʘʢ 20,09 %, > 7,5% , ʪ.ʝ ʧʦʪʝʨʠ ʥʘʧʨʷʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʪ ʥʦʨʤʘʪʠʚʥʳʡ 

ʫʨʦʚʝʥʴ ʧʦʪʝʨʴ ʥʘʧʨʷʞʝʥʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʫʢʨʫʧʥʝʥʠʷ 

ʦʩʪʘʣʴʥʫʶ ʯʘʩʪʴ ʬʠʜʝʨʘ. 

ʉʝʯʝʥʠʝ ʧʨʦʚʦʜʘ ʄʏʌ ʦʪʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʬʠʜʝʨʘ ʪʘʢʞʝ ɸʉ-50, ʧʦʵʪʦʤʫ æUʫʜ% = 

0,68Ŀ 10ï3 % ʢɺɸ ʢʤ ʠ ʚʝʣʠʯʠʥʘ ʥʦʨʤʘʪʠʚʥʦʛʦ ʚʝʩʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ɺʥʚʧ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʦʡ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʊʇ ʥʘ ʚʪʦʨʦʤ ʫʯʘʩʪʢʝ ʄʏʌ (ʨʠʩ. 2) 3360 ʢɺɸ. 

ʊʦʛʜʘ ʜʣʠʥʘ ʚʪʦʨʦʛʦ ʫʯʘʩʪʢʘ ʄʏʌ ʧʦ ʚʳʨʘʞʝʥʠʶ 
 

l  ʥʦʨʤ1=ɺʥʚʧ/ʂʨʦʩʪĀSʨʘʩʯ = 11029,4/1,07 Ŀ 0,77Ŀ 0,65 Ŀ 3360 = 5,41 ʢʤ. 

ʇʨʦʮʝʥʪ ʧʦʪʝʨʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʦʥʮʝ ʚʪʦʨʦʛʦ ɺʆʌ ɸ2  

æUi % = æUʫʜ% ĿSʫ ʨĿ lʫʤ = 0,68Ŀ 10ï3 Ŀ 0,77Ŀ 0,65 Ŀ 3360 Ŀ 5,41= 6,18 % < 7,5% 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʪʦʨʘʷ ʪʦʯʢʘ ʨʘʟʨʳʚʘ ʬʠʜʝʨʘ ʨʠʩ. 2 ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʪʦʯʢʝ 3 ʥʘ 

ʄʏʌ. 

ʆʩʪʘʣʴʥʘʷ ʯʘʩʪʴ ʬʠʜʝʨʘ, ʥʘʯʠʥʘʷ ʩ ʪʦʯʢʠ 3 ʦʙʨʘʟʫʝʪ ʪʨʝʪʴʶ ɺʆʌɸ2 ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʠʥʦʡ ʄʏʌ 5,32 ʢʤ, ʩʫʤʤʘʨʥʦʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ 1960 ʢɺɸ. 

ʇʦʪʝʨʠ ʚ ʢʦʥʮʝ ʪʨʝʪʴʝʛʦ ɺʆʌɸ2 ʩʦʩʪʘʣʷʝʪ 

æUi % = æUʫʜ% ĿSʫ ʨĿ lʫʤ = 0,68Ŀ 10ï3 Ŀ 0,79Ŀ 0,65 Ŀ 1960 Ŀ 5,32= 3,9% < 7,5% 

ʇʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʥʠʞʝ ʚʳʧʦʣʥʝʥʦ ʨʘʟʫʢʨʫʧʥʝʥʠʝ ʬʠʜʝʨʦʚ 

ɹʦʭʪʘʨʩʢʦʛʦ ʈʕʉ, ʛʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʜʦʧʫʩʪʠʤʘʷ ʧʦʪʝʨʷ ʥʘʧʨʷʞʝʥʠʷ. ʈʘʩʯʝʪʳ ʧʦ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʢʠʭ ʬʠʜʝʨʦʚ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʈʕʉ 

ʥʘʯʠʪʳʚʘʝʪʩʷ 9.  

ʅʦʚʳʤ ɺʆʌ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʫʢʨʫʧʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʬʠʜʝʨʦʚ, 

ʩʦʭʨʘʥʝʥʥʦ ʝʛʦ ʧʨʝʞʥʝʝ ʥʘʟʚʘʥʠʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʙʦʟʥʘʯʝʥʠʡ çɸ1è ʠ çɸ2è ʠ ʧʨʠʚʝʜʝʥʳ 

ʝʛʦ ʥʦʚʳʝ ʧʘʨʘʤʝʪʨʳ.  

ʅʘ ʥʝʨʘʟʫʢʨʫʧʥʝʥʥʦʡ (ʦʩʥʦʚʥʦʡ) ʩʭʝʤʝ ʬʠʜʝʨʦʚ ʪʦʯʢʘ ʠʭ ʨʘʟʲʝʜʠʥʝʥʠʷ (ʨʘʟʨʳʚʘ) 

ʥʘ ʝʝ ʄʏʌ ʧʦʢʘʟʘʥʦ ʟʥʘʢʦʤ (  ).  

ɺʥʘʯʘʣʝ ʢʘʞʜʦʛʦ ɺʆʌ çɸ2è ʫʩʣʦʚʥʦ ʧʦʢʘʟʘʥ ʨʘʟʲʝʜʠʥʠʪʝʣʴ, ʢ ʢʦʪʦʨʦʤʫ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʦʜʢʣʶʯʠʪʴ ʥʦʚʳʡ ʠʩʪʦʯʥʠʢ ʝʛʦ ʧʠʪʘʥʠʷ. ʇʨʠʚʝʜʝʤ ʚʩʝ 

ʥʝʨʘʟʫʢʨʫʧʥʝʥʥʳʝ ʬʠʜʝʨʳ, ʧʨʠʩʚʦʠʚ ʠʤ ʧʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ, ʠ ʠʭ ʜʝʣʝʥʠʝ ʥʘ ɺʆʌ 

ʧʦʩʣʝ ʠʭ ʨʘʟʫʢʨʫʧʥʝʥʠʷ.  

 
ʈʠʩ. 1. ʅʝʨʘʟʫʢʨʫʧʥʝʥʥʳʡ ʬʠʜʝʨ 10 ʢɺ ˉ2 ʈʊʇ35/10 ʢɺ çɿʘʨʛʘʨè. ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ: 

L×=24,46 ʢʤ; lʤʯʬ=17,58 ʢʤ S×= 8120 ʢɺɸ. 
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ʈʠʩ. 2. ʌʠʜʝʨ 10 ʢɺ ˉ2 ɸ1 ʈʊʇ 35/10 ʢɺ çɿʘʨʛʘʨè. L×=11,26 ʢʤ; lʤʯʬ=6,85 ʢʤ; S×= 2660 ʢɺʘ. 

 

 
ʈʠʩ. 3. ʌʠʜʝʨ 10 ʢɺ ˉ2 ɸ2 ʈʊʇ 35/10 ʢɺ çɿʘʨʛʘʨè. L×=6,48 ʢʤ; lʤʯʬ=5,41 ʢʤ; S×=3360 ʢɺʘ. 

 

 
 

ʈʠʩ. 4. ʌʠʜʝʨ 10 ʢɺ ˉ2 ɸ3 ʈʊʇ 35/10 ʢɺ çɿʘʨʛʘʨè. L×=6,72 ʢʤ; lʤʯʬ=5,32 ʢʤ; S×=2100 ʢɺʘ. 
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ʄʋʅʆʉʀɹɸʊʀ ʄɽʊʆɼ  ɹɸ ɸɿʅɸɺʉʆɿʀʀ ʐɸɹɸʂɸ׳ʆʀ ɹɸʈפʀʀ ׳ɸɺʆʀʀ  

6-10 ʢɺ ɹʆ ʈʆ׳ʀ ʗʂּתʆʗʉʆɿʀʀ ʆʅ׳ʆ 
 

ʄʝʪʦʜʠʢʘʠ ʷʢֹוʦʷʩʦʟʠʠ ʭʘʪ״ʦʠ ʘʤʘʣʢʫʥʘʥʜʘʠ 6-10 ʢɺ ʜʘʨ ʤʠʩʦʣʠ ʬʠʜʝʨʠ ʤʫʰʘʭʭʘʩ ʙʦ 

ʥʘʪʠֹוʘ״ʦʠ ʪʘʰʘʢʢʫʣʠ ʬʠʜʝʨ״ʦʠ ʥʘʚ ʦʚʘʨʜʘ ʰʫʜʘʘʩʪ.  

ʂɸʃʀɼɺʆɾɸ׳ʆ: ʬʠʜʝʨ 10 ʢɺ,  ʛʫʤʰʘʚʠʠ ʰʠʜʜʘʪ, ֹוʘʥʙʘʠ ʤʝʲʸʨʠʠ ʚʘʟʥ, ʬʠʜʝʨʠ ʥʘʚ, 

ʩʘʥֹוʠʰʠ ʰʠʜʜʘʪ. 
 

ʄɽʊʆɼʀʏɽʉʂʀʁ ʇʆɼʍʆɼ ʂ ʄʆɼɽʈʅʀɿɸʎʀʀ ɺʆɿɼʋʐʅʓʍ  

ʕʃɽʂʊʈʆʉɽʊɽʁ 6-10 ʢɺ ʇʋʊɽʄ ʀʍ ʈɸɿʋʂʈʋʇʅɽʅʀʗ 
 

ʇʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʟʫʢʨʫʧʥʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʣʠʥʠʡ 6-10 ʢɺ ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʢʨʝʪʥʦʛʦ 

ʬʠʜʝʨʘ ʩ ʨʝʟʫʣʴʪʘʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʬʠʜʝʨʦʚ. 

ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʬʠʜʝʨ 10 ʢɺ, ʧʦʪʝʨʷ ʥʘʧʨʷʞʝʥʠʷ, ʥʦʨʤʘʪʠʚʥʳʡ ʚʝʩʦʚʦʡ 

ʧʘʨʘʤʝʪʨ, ʥʦʚʳʡ ʬʠʜʝʨ, ʧʨʦʚʝʨʢʘ ʥʘ ʧʦʪʝʨʶ. 
 

A METHODICAL APPROACH TO MODERNIZATION OF AIR GRIDS of 6 -10 kV BY 

THEIR DOWNSIZING  
 

The method of unbundling the existing lines of 6-10 kV on the example of a specific feeder with 

the result of the formation of new feeders is given.  

KEY WORDS:  10 kV feeder, voltage loss, standard weight parameter, new feeder, check for 

loss. 

ʉɺɽɼɽʅʀʗ ʆɹ ɸɺʊʆʈɸʍ: ʂʘʜʳʨʢʫʣʦʚ ʉʫʝʨʢʫʣ ʉʝʠʪʦʚʠʯ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ 

ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʂɻʊʋ ʠʤʝʥʠ ʀ. ʈʘʟʟʘʢʦʚʘ. E-mail: suerkul@mail.ru 

ʈʘʭʤʘʪʫʣʦʝʚ ɸʰʫʨʘʣʠ ɿʦʢʠʨʦʚʠʯ, ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʂɻʊʋ ʠʤʘʥʠ ʀ. 
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ʊɸʈʊʀɹʀ ɺʆפɽʀʗʊ ɼɸʈ ʊɸɹʀɸʊ ɼɸʈ ɸʉʆʉʀ פʆʅʋʅ׳ʆʀ ʌʀɿʀʂ 
 

ʅʘʟʘʨʦʚ פ.ɸ., ɸʙʜʫʨʘ״ʠʤʦʚʘ ʉ.ɸ., ʍʦʣʠץʦʚ ׳.  

ɼʦʥʠʰʛʦ״ʠ ʜʘʚʣʘʪʠʠ ɹʦʭʪʘʨ ʙʘ ʥʦʤʠ ʅʦʩʠʨʠ ʍʫʩʨʘʚ  
 

ʀʩʪʠʣʦ״ʠ çʠʝʨʘʨʭʠʷè (ʪʘʨʪʠʙʦʪ, ʤʘʨʪʘʙʘ) ʜʘʨ ״ʦʣʘʪʠ ʘʣʦ״ʠʜʘ ״ʘʤʯʫʥ 

ʠʬʦʜʘʢʫʥʘʥʜʘʠ ʟʠʥʘʠ ʤʘץʩʘʜ, ʩʠʬʘʪʠ ʬʘʨץʠʷʪ ʚʘ y ʭʫʩʫʩʠʷʪʠ ʜʘʨʘֹוʘʠ ʜʫʰʚʦʨ 

ʠʩʪʠʬʦʜʘ ʙʫʨʜʘ ʤʝʰʘʚʘʜ. 

ɼʘʨ ʦʣʘʤʝ, ʢʠ ʤʦʨʦ ʠ״ʦʪʘ ʢʘʨʜʘʘʩʪ ʯʫʥʠʥ ʚʦץʝʠʪ̫״ʦ ʪʘʨʪʠʙʦʪʨʦ (ʜʘʨ ״ʦʣʘʪʠ 

ʪʘʙʠʘʪʨʦ ʦʤʭʪʘʥʠ ʠʥʩʦʥ) ʠʚʘʟ ʢʘʨʜʘʥʘʰ ʤʫʤʢʠʥ ʘʩʪ: ʟʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨ ï ʷʜʨʦ ï 

ʘʪʦʤ ï ʤʦʣʝʢʫʣʘ ï ʤʘʢʨʦֹוʠʩʤ״ʦ (ʢʨʠʩʪʘʣ״ʦ, ʤʦʝʲ״ʦ, ʛʘʟ, ʧʣʘʟʤʘ) ï ʩʘʡʸʨʘ״ʦ ï ʩʠʪʦʨʘ״ʦ 

ï ʛʘʣʘʢʪʠʢʘ - ʢʦʠʥʦʪ. 

ʀʥʩʦʥ ʙʘ ʤʘʢʨʦֹוʠʩʤ״ʦ (ʘʟ ʣʦʪʠʥ  ʤʘʢʨʦ - ʢʘʣʦʥ) ʩʘʨʫ ʢʦʨ ʜʦʰʪʘ, ʭʫʜʘʰ ʥʠʟ ʙʘ 

ʦʣʘʤʠ ʤʘʢʨʦֹוʠʩʤ ʪʘʘʣʣʫץ ʜʦʨʘʜ. ׳ʘʥʛʦʤʠ ʪʘץ״ʠץʦʪ ʠʥʩʦʥ ״ʘʤʘ ʚʘץʪ ʤʝʭʦ״ʘʜ ʪʘʙʠʘʪʨʦ 

ʦʤ ʟʘʜ ʚʘ ʩʠʨʨʫ ʘʩʨʦʨʠ ʦʥʨʦ ʜʦʥʠʩʪʘ ʜʦʥʠʩʪʘ ʛʠʨʘʜ. ɹʦʷʜ ץʘʡʜ ʢʘʨʜ, ʢʠ ʪʘʙʠʘʪ ʜʘʨ ʜʫ 

 :ʠʨ ʤʝʛʘʨʜʘʜ״ʦʣʘʪ ʟʦ״

- ʜʘʨ ״ʦʣʘʪʠ ʥʠ״ʦʷʪ ʭʫʨʜ (ʤʠʢʨʦʦʣʘʤ); 

- ʜʘʨ ״ʦʣʘʪʠ ʥʠ״ʦʷʪ ʢʘʣʦʥ (ʤʘʢʨʦʦʣʘʤ). 

ʦʠ ʵʣʝʤʝʥʪʘʨ״ʠʩʤ-ʤʦʣʝʢʫʣʘ-ʘʪʦʤ-ʷʜʨʦ-ʟʘʨʨʘוʠʨʠ ʤʘʢʨʦֹוʘʠ çʟʘʥֹץʘʣ״ ʘʨ ʷʢ׳ è 

ʠʥʲʠʢʦʩʠ ʪʘʲʨʠʭʠ ץʘʜʠʤʘʠ ʪʘץ״ʠץʦʪʨʦ ʥʠʰʦʥ ʤʝʜʠ״ʘʜ, ʢʠ ʦʥ ʜʘʚʨʘ״ʦʠ ʦʤ ʟʠʰʠʨʦ ʜʘʨ 

ʙʘʨ ʤʝʛʠʨʘʜ. ɹʦ̫ʜ ץʘʡʜ ʢʘʨʜ, ʢʠ ״ʘʥʛʦʤʠ ʦʤ ʟʠʰʠ ʠʥ ʟʘʥֹוʠʨ ʙʘ ʪʘʨʘʬʠ ʤʫץʦʙʠʣ, ʷʲʥʝ 

ʘʟ ʟʘʨʨʘ״ʦ ʙʘ ʤʘʢʨʦֹוʠʩʤ ʤʘʩʲʘʣʘ״ʦʠ ʦʤ ʭʪʘʰʘʚʘʥʜʘ ʘʟ ʤʘʩʲʘʣʘ״ʦʠ ʦʩʦʥ ״ʠʩʦʙ 

ʥʘʤʝʰʘʚʘʜ. ʄʘʩʘʣʘʥ, ʜʘʨ ʬʠʟʠʢʘ ʪʦ ״ʦʣ ʪʘץ״ʠץʠ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘʟʘʨʠʷʠ ״ʦʣʘʪʠ ʤʦʝʲʛʠʠ 

  .ʫʜ ʥʝʩʪוʦ ʤʘʚֹ״ʠʩʤוֹ

ɼʘʨ ʠʥ ֹוʦ ʪʘʨʪʠʙʦʪʠ ʘʩʦʩʠʠ ʚʦץʝʠʷʪ״ʦʠ ʪʘʙʠʘʪʨʦ ʜʠʜʘ ʙʘʨʦʤʘʜʘ, ʪʘʚʩʠʬʠ 

ʤʫʭʪʘʩʘʨʠ ʦʥʨʦ ʧʝʰʢʘʰ ʤʝʥʘʤʦʝʤ: 

I.  ɿʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨ . ɼʘʨ ʟʘʤʦʥʠ ʤʫʦʩʠʨ ʠʥ ʩʦʭʪʠ ʦʜʜ  ʘʤ, ʘʤʤʦ״ ʠʩʦʙ ʰʘʚʘʜ״ 

ʠʥ ʥʠʰʦʥʘʠ ʦʥ ʥʝʩʪ, ʢʠ ʩʦʭʪʠ ʦʥ״ʦ ʦʜʜ  ʘʩʪ. ɹʘʨʦʠ ʥʘʚʠʰʪʠ ʨʘʬʪʦʨʠ ʟʘʨʨʘ״ʦʠ 
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ʵʣʝʤʝʥʪʘʨ  ʥʘʟʘʨʠʷʠ ʘʤʠץʠ ʬʠʟʠʢʠʨʦ ʠʩʪʠʬʦʜʘ ʤʝʙʘʨʘʥʜ, ʢʠ ʦʥ ʩʠʥʪʝʟʠ ʥʘʟʘʨʠʷʠ 

ʥʠʩʙʠʷʪ ʚʘ ʥʘʟʘʨʠʷʠ ʢʚʘʥʪ  ʤʝʙʦʰʘʜ. 

ʊʘʤʦʤʠ ʟʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨ ʙʘ ʜʫ ʛʫʨ״: ï ʘʜʨʦʥ״ʦ ʚʘ ʣʝʧʪʦʥ״ʦ ֹוʫʜʦ ʤʝʰʘʚʘʥʜ.  

 ɸʜʨʦʥ (ʘʟ ʢʘʣʠʤʘʠ ʘʥʛʣʠʩʠʠ ὬέὨὶέὲ ʚʘ ʶʥʦʥʠʠ ὥὨὶέί ï ʚʘʟʥʠʥ, ʧʫʨʚʘʟʥ) 

ʛʠʨʠʬʪʘ ʰʫʜʘ, ʥʦʤʠ ʫʤʫʤʠʠ ʟʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨʠʝ ʤʝʙʦʰʘʜ, ʢʠ ʜʘʨ ʪʘʲʩʠʨʠ 

ʤʫʪʘץʦʙʠʣʘʠ ʟʨ ʠʰʪʠʨʦʢ ʤʝʢʫʥʘʥʜ. ʀʩʪʠʣʦ״ʠ çʟʘʨʨʘ״ʦʠ ʟʨʪʘʲʩʠʨʢʫʥʘʥʜʘè ʸ 

çʟʘʨʨʘ״ʦʠ ʩʘʭʪʪʘʲʩʠʨʢʫʥʘʥʜʘè, ʢʠ ʪʦ ״ʦʣ ʠʩʪʠʬʦʜʘ ʤʝʰʘʚʘʥʜ, ʢʦ״ʠʰ״ʦʠ 

ʙʘʚʫֹוʫʜʦʚʘʨʘʥʜʘʠ ʠʥ ʛʫʥʘ ʟʘʨʨʘ״ʦʨʦ ʜʘʨ ʰʘʢʣʠ çʢʦ״ʠʰ״ʦʠ סʘʡʨʠʣʝʧʪʦʥ è ʥʠʰʦʥ 

ʤʝʜʠ״ʘʥʜ. ʀʥ ʯʫʥʠʥ ʤʘʲʥʦ ʜʦʨʘʜ, ʢʠ ʛ ʸ çʢʦ״ʠʰ״ʦʠ ʬʦʪʦʥè ʥʠʟ ʙʘ ״ʘʤʠʥ ʛʫʥʘ 

çʢʦ״ʠʰ״ʦʠ סʘʡʨʠʣʝʧʪʦʥ è ʤʘʥʩʫʙ ʤʝʙʦʰʘʥʜ, ״ʘʨʯʘʥʜ, ʢʠ ʬʦʪʦʥ״ʦ ʣʝʧʪʦʥ ʥʝʩʪʘʥʜ. ɸʟ 

ʠʥ ʨ , ʬʠʟʠʢʘʜʦʥʠ ʀʪʪʠ״ʦʜʠ ʐ ʨʘʚ  ʃ.ɹ. ʆʢʫʥ ʟʘʨʨʘ״ʦʠ ʩʘʭʪʪʘʲʩʠʨʢʫʥʘʥʜʘʨʦ ɸ 

ʥʦʤʠʜʘ, ʢʦ״ʠʰ״ʦʠ ʙʘ ʚʫֹוʫʜʦʚʘʨʜʘʠ ʦʥ״ʦʨʦ ʢʦ״ʠʰ״ʦʠ ʘʜʨʦʥ ʥʦʤʛʫʟʦʨ  ʥʘʤʫʜ. 

ʀʩʪʠʣʦ״ʠ ɸ ״ʘʤ ʙʘʨʦʠ ʤʝʟʦʥ״ʦʚʫ ʙʘʨʠʦʥ״ʦ, ʢʠ ʜʘʨʦʟʫʤʨʘʥʜ ʚʘ ״ʘʤ ʙʘʨʦʠ ʨʝʟʦʥʘʥʩ״ʦ, 

ʢʠ ʢʪʦ״ʫʤʨʘʥʜ, ץʦʙʠʣʠ ʠʩʪʠʬʦʜʘ ʤʝʙʦʰʘʜ. 

ʃʝʧʪʦʥ״ʦ (ʘʟ ʢʘʣʠʤʘʠ ʶʥʦʥʠʠ Љᴢὴὸέί-ʩʘʙʫʢ) - ʟʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨʠʝ ʤʝʙʦʰʘʥʜ, 

ʢʠ ʜʘʨ ʪʘʲʩʠʨʦʪʠ ʤʫʪʘץʦʙʠʣʠ ʟ ʨ ʠʰʪʠʨʦʢ ʥʘʢʘʨʜʘ, ʪʘʥ״ʦ ʜʘʨ ʪʘʲʩʠʨʦʪʠ ʤʫʪʘץʦʙʠʣʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʠʠ ʩʫʩʪ ʚʘ ʛʨʘʚʠʪʘʪʩʠʦʥ ʠʰʪʠʨʦʢ ʤʝʢʫʥʘʥʜ. ʃʝʧʪʦʥ״ʦ ʬʝʨʤʠʦʥ 

ʤʝʙʦʰʘʥʜ. 

ɸʜʨʦʥ״ʦ ʟʘʨʨʘ״ʦʠ ʤʫʨʘʢʢʘʙ ʙʫʜʘ, ʦʥ״ʦ ʜʘʨ ʥʘʚʙʘʪʠ ʭʫʜ ʙʘ ʙʘʨʠʦʥ (ʧʨʦʪʦʥ - p, 

ʥʝʡʪʨʦʥ - n, ʛʠʧʝʨʦʥ״ʦ - ɤȟɫȟɱ) ʚʘ ʤʝʟʦʥ״ʦ (ʇ-ʤʝʟʦʥ״ʦ, ʂ-ʤʝʟʦʥ״ʦ) ֹוʫʜʦ ʤʝʰʘʚʘʥʜ. 

ɹʘʨʠʦʥ״ʦ (ʘʟ ʢʘʣʠʤʘʠ ʶʥʦʥʠʠ barys ï ʚʘʟʥʠʥ, ʛʘʨʦʥ) ʛʠʨʠʬʪʘ ʰʫʜʘ, ʟʘʨʨʘ״ʦʠ 

ʵʣʝʤʝʥʪʘʨʠʠ ʤʘʩʩʘʘʰʦʥ ʥʘ ʢʘʤʪʘʨ ʘʟ ʤʘʩʩʘʠ ʧʨʦʪʦʥ ʤʝʙʦʰʘʥʜ. ʋʤʨʠ ʘʢʩʘʨʠ ʙʘʨʠʦʥ״ʦ 

ʥʠ״ʦʷʪ ʢʪʦ״ (10-10-1014ʩ) ʘʩʪ. ʇʨʦʪʦʥ ʥʠʩʙʘʪʘʥ ʫʩʪʫʚʦʨʪʘʨ ʙʫʜʘ, ʫʤʨʠ ʦʥ 10-31 ʩʦʥʠ ̫

ʘʩʪ. ʅʝʡʪʨʦʥ ʜʘʨ ʜʘʨʫʥʠ ʷʜʨʦ ʤʘʚֹוʫʜ ʙʫʜʘ ʤʝʪʘʚʦʥʘʜ, ʚʘʣʝ ʥʝʡʪʨʦʥʠ ʦʟʦʜ ʧʦʡʜʦʨ 

ʥʘʤʝʤʦʥʘʜ ʚʘ ʙʘ ʧʨʦʪʦʥ ʪʘʙʜʠʣ ʤʝʸʙʘʜ. ɼʘʨ ʥʘʪʠֹוʘʠ ʢʦ״ʠʰ״ʦʠ ʧʘʡʜʘʨ ʧʘʡ ʙʘʨʠʦʥ״ʦ ʙʘ 

ʧʨʦʪʦʥ״ʦ ʚʘ ʟʘʨʨʘ״ʦʠ ʥʠʩʙʘʪʘʥ ʩʘʙʫʢʪʘʨ ʪʘʙʜʠʣ ʤʝʸʙʘʥʜ. ʇʘʡʜʦʠʰ ʚʘ ʢʦ״ʠʰʠ 

ʙʘʨʠʦʥ״ʦ ʘʟ ʨʠ ץʦʥʫʥʠ ʙʘץʦʠ ʘʜʘʜʠ ʙʘʨʠʦʥ ʨʡ ʤʝʜʠ״ʘʜ: ʘʜʘʜʠ ʙʘʨʠʦʥ ʜʘʨ ״ʘʨ ʛʫʥʘ 

ʩʠʩʪʝʤʘʠ ʩʘʨʙʘʩʪʘ ʪʘסʡʠʨʥʦʧʘʟʠʨ ʙʦץ  ʤʝʤʦʥʘʜ. ʄʫʚʦʬʠץʠ ʠʥ ץʦʥʫʥ ʧʨʦʪʦʥ ʙʘ 

ʧʦʟʠʪʨʦʥ ʚʘ ʬʦʪʦʥ ʪʘʙʜʠʣ ʸʬʪʘ, ʥʝʡʪʨʦʥ ʙʘ ʣʠʦʥʠ ʤʫʩʙʘʪ ʚʘ ʵʣʝʢʪʨʦʥ ʪʘֹוʟʠʷ ʰʫʜʘ 

ʥʘʤʝʪʘʚʦʥʘʜ. 

ʄʝʟʦʥ״ʦ (ʘʟ ʢʘʣʠʤʘʠ ʶʥʦʥʠʠ mesos - ʤʦʙʘʡʥ ) ʛʠʨʠʬʪʘ ʰʫʜʘ, ʟʘʨʨʘ״ʦʠ 

ʣɻʝʤʝʥʪʘʨʠʝ ʤʝʙʦʰʘʥʜ, ʢʠ ʤʘʩʩʘʘʰʦʥ ʥʘʟʘʨ ʙʘ ʤʘʩʩʘʠ ʵʣʝʢʪʨʦʥ ʟʠʸʜ, ʚʘʣʝ ʥʘʟʘʨ ʙʘ 

ʤʘʩʩʘʠ ʧʨʦʪʦʥ ʢʘʤ ʘʩʪ. 

ʈʝʟʦʥʘʥʩ״ʦʠ ʤʝʟʦʥʠʝ ʢʘʰʬ ʰʫʜʘʘʥʜ, ʢʠ ʤʘʩʩʘʠ ʙʘʲʟʝʠ ʦʥ״ʦ ʥʘʟʘʨ ʙʘ ʤʘʩʩʘʠ 

ʧʨʦʪʦʥ ʟʠʸʜ ʘʩʪ. 

ɻʫʨ  :ʦʠ ʵʣʝʤʝʥʪʘʨ ʠʙʦʨʘʪ ʤʝʙʦʰʘʥʜ״ʦ ʘʟ ʯʫʥʠʥ ʟʘʨʨʘ״ʠ ʣʝʧʪʦʥ״

- ʣɻʝʢʪʨʦʥ - ᴢ, ʥʝʡʪʨʦʥ-ʵʣʝʢʪʨʦʥʠ ‎̆; 
- ʤʶʦʥ ‘ - ʥʝʡʪʨʦʤʁ ʦʥʠ ‎; 

- ʪʘʫ-ʣʝʧʪʦʥ † ï ʥʝʡʪʨʦʥʠ ‎  

ʕʣʝʢʪʨʦʥ (ʘʟ ʢʘʣʠʤʘʠ ʶʥʦʥʠʠ ᴢЉᴢּׂשὸίέὲ - ץʘ״ʨʘʙʦ) ʛʠʨʠʬʪʘ ʰʫʜʘ, ʙʦ ̆ ʠʰʦʨʘ 

ʤʝʰʘʚʘʜ. ʆʥ ʥʘʭʫʩʪʠʥ ʟʘʨʨʘʠ ʵʣʝʤʝʥʪʘʨʠʝ ʤʝʙʦʰʘʜ, ʢʠ ʬʠʟʠʢ״ʦ ʦʰʢʦʨ ʩʦʭʪʘʘʥʜ. 

ʕʣʝʢʪʨʦʥʨʦ ʩʦʣʠ 1897 ּתּ.ת. ʊʦʤʩʦʥ ʜʘʨ ʪʘʨʢʠʙʠ ʥʫʨ״ʦʠ ʢʘʪʦʜ  ʢʘʰʬ ʢʘʨʜʘʘʩʪ [1]. ʆʥ 

ʜʦʨʦʠ ʯʫʥʠʥ ʭʦʩʠʷʪ״ʦ ʤʝʙʦʰʘʜ: 

- ʤʘʩʩʘʠ ʦʨʦʤ - mo=0,9109534Ͻρπ ʢʛ; 
- ʟʘʨ̫ʜʠ ʵʣʝʢʪʨʠʢ - ᴢ=-1,6Ͻρπ ̋  ̌

- ʣʘ״ʟʘʠ ʤʘʛʥʠʪ  - ‘̆ =1,001 ‘ˎ (‘ˎ -ʤʘʛʥʠʪʦʥʠ ɹʦʨ); 

- ʩʧʠʥ - S Ὤ Ὤ ʜʦʠʤʠʠ ʇʣʘʥʢ); 

- ʨʘʜʠʫʩ - ὶ̆ = 2,8Ŀ10-15 ʤ. 

ʄʶʦʥ״ʦ. ( ‘-ʤʝʟʦʥ״ʦ) ʤ -ʁʤʝʟʦʥ״ʦ - ʟʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨʠʝʘʥʜ, ʢʠ ʤʘʩʩʘʘʰʦʥ ʙʘ 

207 m0 ʙʘʨʦʙʘʨ (m0-ʤʘʩʩʘʠ ʵʣʝʢʪʨʦʥʠ ʦʟʦʜ) ʤʝʙʦʰʘʜ. 
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ʄʶʦʥ״ʦ ʜʫ ʥʘʚʲʘʥʜ: ‘+ ʚʘ ‘-, ʦʥ״ʦ ʥʦʫʩʪʫʚʦʨʘʥʜ, ʫʤʨʠ ʤʠʸʥʘʘʰʦʥ ʙʘ 2,2Ͻρπʩ 
ʙʘʨʦʙʘʨ ʘʩʪ. ʄʘʥʙʘ״ʦʠ ʘʩʦʩʠʠ ʧʘʡʜʦʠʰʠ ʤʶʦʥ״ʦ ʢʦ״ʠʰʠ ʧʠʦʥ״ʦ (ɩ ) ʚʘ ʢʘʦʥ״ʦ (ʂ) 

ʤʝʙʦʰʘʜ. 

ʊʘʫ-ʣʝʧʪʦʥ״ʦ ʥʠʟ ʜʫ ʥʘʚʲ †ï ʚʘ †+ ʙʫʜʘ, ʤʘʩʩʘʘʰʦʥ ά  = 3485 mЉ ʤʝʙʦʰʘʜ. ʊʘʫ-

ʣʝʧʪʦʥ״ʦʨʦ ʩʦʣʠ 1975 ʄ. ʇʝʨʣ ʚʘ ״ʘʤʢʦʨʦʥʘʰ ʙʘ ʚʦʩʠʪʘʠ ʜʘʩʪʘ״ʦʠ ״ʘʤʜʠʛʘʨʠʠ 

ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥ  ʢʘʰʬ ʥʘʤʫʜʘʘʥʜ.  

ɹʘ ʘʜʨʦʥ״ʦ ʙʦʟ ʜʫ ʛʫʨ״ʠ ʢʘʣʦʥʠ ʦʠʣʘʠ ʟʘʨʨʘ״ʦʠ ʨʝʟʦʥʘʥʩ: ʟʘʨʨʘ״ʦʠ ʨʝʟʦʥʘʥʩʠʠ 

ʙʘʨʠʦʥ ʚʘ ʤʝʟʦʥ ʜʦʭʠʣ ʤʝʰʘʚʘʥʜ. ʄʠץʜʦʨʠ ʟʘʨʨʘ״ʦʠ ʢʘʰʬʰʫʜʘʠ ʨʝʟʦʥʘʥʩ ʘʟ 300 

ʘʜʘʜ ʟʠʸʜ ʤʝʙʦʰʘʜ.  

ɼʘʨ ʠʙʪʠʜʦ ʘʟ ʪʘʨʘʬʠ ʤʫ״ʘץץʠץʦʥ ʤʦʜʝʣʠ ʢʚʘʨʢʠʠ ʘʜʨʦʥ״ʦ ʧʝʰʥʠ״ʦʜ ʰʫʜʘ ʙʫʜ, 

ʢʠ ʤʫʚʦʬʠץʠ ʦʥ ʢʚʘʨʢ״ʦ ״ʘʤʯʫʥ ʟʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨʠʠ ʤʘʪʝʤʘʪʠʢ ʰʫʤʦʨʠʜʘ ʰʫʜʘ, 

ʜʘʨ ʠʥ ʘʩʦʩ ʘʜʨʦʥ״ʦ ʜʫʨʫʩʪ ʰʘʨ״ ʜʦʜʘ ʤʝʰʫʜ. 

ɼʘʨ ʪʘʙʠʘʪ ʟʘʨʨʘ״ʦʠ ʜʠʛʘʨʠ ʵʣʝʤʝʥʪʘʨ ʥʠʟ ʢʘʰʬ ʰʫʜʘʘʥʜ, ʢʠ ʤʫʚʦʬʠץʠ 

 ʦ ʜʦʭʠʣ ʢʘʨʜʘ ʰʫʜʘʘʥʜ. ɸʤʤʦ ʙʦ״ʠ ʢʚʘʨʢ״ʦ 2 ʛʫʨ״ʦʥʫʥʠʷʪʠ ʤʫʘʡʷʥ ʙʘ ʦʥץ

ʥʘʟʘʨʜʦʰʪʠ ʪʘʣʘʙʦʪ ʙʦʷʜ 6 ʛʫʨ״ʠ ʢʚʘʨʢ״ʦ ʤʘʚֹוʫʜ ʙʦʰʘʥʜ.  

ʂʚʘʨʢ״ʦ ʚʘ ʣʝʧʪʦʥ״ʦ ʜʘʨ ʟʘʤʦʥʠ ʤʫʦʩʠʨ ״ʘʤʯʫʥ ʟʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨ ʢʘʙʫʣ ʢʘʨʜʘ 

ʰʫʜʘʘʥʜ. ɹʘ ʟʘʨʨʘ״ʦʠ ʙʘʨʘʥʜʘʠ ʪʘʲʩʠʨʠ ʙʘʡʥʠ״ʘʤʜʠʛʘʨ ʙʦʰʘʜ ʛʠʶʦʥ״ʦ, ʬʦʪʦʥ״ʦ ʚʘ 

ʙʦʟʦʥ״ʦ ʤʘʥʩʫʙ ʜʦʥʠʩʪʘ ʤʝʰʘʚʘʥʜ. 

ʊʘʲʩʠʨʠ ʙʘʡʥʠ״ʘʤʜʠʛʘʨʠʠ ʟʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨ ʙʘ çʙʦʟ  ʙʦ ʪʙʯʘ״ʦè ʰʘʙʦ״ʘʜ 

ʜʦʨʘʜ:  

1) ʧʘʨʪʦʬʪʠ ʛʣʶʥ״ʦ ʜʘʨ ʘʣʦץʘʠ ʙʘʡʥʠ ʢʚʘʨʢ״ʦ;  

2) ʠʚʘʟʰʘʚʠʠ ʬʦʪʦʥ״ʦ ʜʘʨ ״ʦʣʘʪʠ ʙʦ״ʘʤʪʘʲʩʠʨʠ ʟʘʨʨʘ״ʦʠ ʟʘʨʷʜʥʦʢʠ ʵʣʝʢʪʨʠʢ.  

ɿʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨʠʝ, ʢʠ ʜʘʨ ״ʦʣʘʪʠ ʦʟʦʜ ʫʤʨʠ ʟʠʸʜ ʜʦʨʘʥʜ, ʧʨʦʪʦʥ, ʬʦʪʦʥ, 

ʵʣʝʢʪʨʦʥ ʚʘ ʪʘʤʦʤʠ ʥʘʤʫʜ״ʦʠ ʥʝʡʪʨʠʥʦ ʤʝʙʦʰʘʥʜ. ɿʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨʠʠ ʘʟ ״ʘʤʘ ʫʤʨʠ 

ʢʪʦ״ʜʦʰʪʘ ʨʝʟʦʥʘʥʩ״ʦ ʤʝʙʦʰʘʥʜ: 10-23 ʩ.  

ɼʘʨ ʤʠʢʨʦʦʣʘʤ ʟʘʨʨʘʠ ʘʟ ״ʘʤʘ ʜʘʨʦʟʫʤʨʪʘʨʠʥ ʥʝʡʪʨʦʥ ʜʘʨ ״ʦʣʘʪʠ ʦʟʦʜ ʤʝʙʦʰʘʜ: 

103 ʩ.  

ɻʠʧʝʨʦʥ״ʦ ʘʟ ʧʘʡʜʦʠʰ ʪʦ ʜʘʚʨʘʠ ʢʦ״ʠʰ ״ʘʤʘʛ  10-10ʩ, ʤʝʟʦʥ״ʦ 10-8ʩ, ʤʶʦʥ״ʦ 10-6ʩ 

ʚʘ ʪʘʫʣʝʧʪʦʥ״ʦ 10-12ʩ ʫʤʨ ʤʝʙʠʥʘʥʜ.  

 ʙʘ ʪʫʬʘʡʣʠ ״ʫʤʨʨʦ ʠʥʩʦʥ ʜʘʨ ʦʟʤʦʠʰʛʦ״ʦʠ ʵʣʝʤʝʥʪʘʨʠʠ ʢʪʦ״ʦʥʠ ʟʘʨʨʘ״ʘתּ

ʘʩʙʦʙ״ʦʠ ʩʫʨʘ̡ʪʬʠʟʦ״ʦ ʙʘ ʚʫֹוʫʜ ʤʝʦʨʘʜ. ɼʘʨ ʘʩʙʦʙ״ʦʠ ʩʫʨʲʘʪʬʠʟʦ ʧʨʦʪʦʥ״ʦ ʸ 

ʵʣʝʢʪʨʦʥ״ʦ ʙʦ ʵʥʝʨʛʠʷʠ ʙʘʣʘʥʜ ʩʫʨʲʘʪ ʜʦʜʘ ʤʝʰʘʚʘʜ ʚʘ ״ʘʥʛʦʤʠ ʙʘʨʭʨʜ ʙʦ ʤʦʝʲʠ 

ʛʠʜʨʦʛʝʥʠ ʜʘʨ ״ʫʙʦʙʢʘʤʝʨʘʙʫʜʘ ʦʥ״ʦ ʘʟ ʭʫʜ ʟʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨʠʠ ʢʪʦ״ʫʤʨʨʦ 

ʤʝʦʬʘʨʘʥʜ. ɹʦ ʘʬʟʫʜʘʥʠ ʵʥʝʨʛʠʷʠ ʙʘʨʭʨʜʠ ʟʘʨʨʘ״ʦ ʛʫʨ״ʠ ʥʘʚ ʢʫʰʦʜʘ ʤʝʰʘʚʘʜ. 

ʦʠ ʵʥʝʨʛʠʷʘʰʦʥ ʙʘʣʘʥʜ ʠʤʢʦʥʠ̫״ʫʙʦʙʯʘ׳ ʪʠ çʣʘʤʩè ʢʘʨʜʘʥʠ ʛʫʨ״ʠ ʩʫʙʤʠʢʨʦʩʢʦʧʠʠ 

ʟʘʨʨʘʠ ʪʘֹוʨʠʙʘʚʠʨʦ ʬʘʨʦ״ʘʤ ʤʝʦʚʘʨʘʥʜ [2]. 

ɼʘʨ ʪʘʙʠʘʪ ʟʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨʠʠ ʢʪʦ״ʫʤʨ ʜʘʨ ʚʘʟʲʠʷʪʠ סʘʡʨʠʦʜʜʠʠ ֹוʠʩʤ״ʦ ʚʘ 

ʤʘʡʜʦʥ״ʦ ʥʘץʰʠ ʘʩʦʩ  ʤʝʙʦʟʘʥʜ. ʏʫʥʦʥʯʠ, ʠʥ ʥʘץʰ ʜʘʨ ʪʘ״ʘʚʚʫʣʦʪʠ ʧʘʡʜʦʠʰʠ ʢʘʡ״ʦʥ, 

ʦʬʘʨʠʥʠʰʠ ֹוʠʩʤ״ʦʠ ʘʩʪʨʦʬʠʟʠʢ, ʙʘ ʤʦʥʘʥʜʠ çʩʨʦʭʠʠ ʩʠʸ״è, ʙʘ ʚʫֹוʫʜ ʦʤʘʜʘʥʠ ץʘʣʙʠ 

ʩʠʪʦʨʘ״ʦʠ ʥʝʡʪʨʦʥ ʤʫʰʦ״ʠʜʘ ʤʝʰʘʚʘʜ [3]. 

ʄʘʩʩʘ״ʦʠ ʜʦʠʤʠʠ ʟʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨ ʯʫʥʠʥ ʪʘץʩʠʤ ʰʫʜʘʘʥʜ: 

¶ ʧʨʦʪʦʥ: mp=1,67 Ŀ 10
-27ʢʛ;  

¶ ʵʣʝʢʪʨʦʥ: me=0,91 Ŀ 10
-30ʢʛ. 

ʄʘʩʩʘʠ ʦʨʦʤʠʠ ʬʦʪʦʥ, ʛʣʶʦʥ ʚʘ ʪʘʤʦʤʠ ʥʝʡʪʨʠʥʦ״ʦ ʙʘʨʦʙʘʨʠ ʩʠʬʨ ʘʩʪ.  

ʄʘʩʩʘʠ ʵʣʝʢʪʨʦʥʠ ʥʝʡʪʨʠʥʦ: <10-23ʢʛ ʙʫʜʘ, ʤʘʩʩʘʠ ʛʠʧʝʨʦʥ״ʦ ʘʟ ʤʘʩʩʘʠ ʧʨʦʪʦʥ 

ʟʠʸʜ ʤʝʙʦʰʘʜ. 

ʄʘʩʩʘʠ ʤʝʟʦʥ״ʦ ʘʟ ʤʘʩʩʘʠ ʧʨʦʪʦʥ ʭʫʨʜ ʘʩʪ.  

ɿʘʨʷʜʠ ʟʘʨʨʘʠ ʵʣʝʤʝʥʪʘʨʠ e =1,6Ŀ10-19 ʂʣ ץʘʙʫʣ ʰʫʜʘʘʩʪ. ʊʘʤʦʤʠ ʟʘʨʨʘ״ʦʠ 

ʵʣʝʤʝʥʪʘʨ ʜʦʨʦʠ ʟʘʨʷʜʠ ʵʣʝʢʪʨʠʢʠʠ ʤʫʩʙʘʪ, ʤʘʥʬ  ʚʘ ʸ ʙʝʟʘʨʷʜ ʤʝʙʦʰʘʥʜ. 

ɿʘʨʨʘʠ ʟʘʨʷʜʥʦʢʠ ʵʣʝʢʪʨʠʢʠʠ ʢʘʩʨ ʙʘ ץʘʡʜ ʛʠʨʠʬʪʘ ʥʘʰʫʜʘʘʩʪ.  

ɼʘʨ ʩʦʣ״ʦʠ ʩʠʶʤʠ ʘʩʨʠ ʍʍ ʯʫʥʠʥ ʪʘʭʤʠʥ ʧʝʰʥʠ״ʦʜ ʰʫʜ, ʢʠ ʪʠʙץʠ ʦʥ ״ʘʨ ʷʢ 

ʟʘʨʨʘ ʜʦʨʦʠ ʘʥʪʠʟʘʨʨʘ ʤʝʙʦʰʘʜ. ʗʢʝ ʘʟ ʭʦʩʠʷʪ״ʦʠ ʤʫ״ʠʤʤʠ ֹוʫʬʪʠ ʟʘʨʨʘ - ʘʥʪʠʟʘʨʨʘ ʦʥ 
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ʘʩʪ, ʢʠ ״ʘʥʛʦʤʠ ʙʘʨʭʨʜ ʚʘ y ʙʘ ʜʠʛʘʨ ʥʘʤʫʜʠ ʟʘʨʨʘ ʪʘʙʜʠʣ ʸʬʪʘʥ, ץʦʙʠʣʠʷʪʠ 

ʭʫʜʥʦʙʫʜʢʫʥʠʨʦ ʩʦ״ʠʙ ʤʝʰʘʚʘʜ.  

ɼʘʨ ʟʘʤʦʥʠ ״ʦʟʠʨʘ ץʘʨʠʙ ʪʘʤʦʤʠ ʥʘʤʫʜʠ ʘʥʪʠʟʘʨʨʘ״ʦ ʢʘʰʬ ʰʫʜʘʥʜ.  

ɸʟ ʘʥʪʠʟʘʨʨʘ ʘʥʪʠֹוʠʩʤ ʙʦʷʜ ʙʘ ʚʫֹוʫʜ ʦʷʜ. 

ɼʘʨ ʩʫʨʲʘʪʬʠʟʦʠ ʇʘʞ  ʦʩʠʣ״ ʠ ʬʠʟʠʢʘʠ ʉʝʨʧʫʭʦʚʘ (ʈʦʩʩʠʷ) ʘʥʪʠʛʝʣʠʡ-3״ʠʰʛʦ״

ʢʘʨʜʘ ʰʫʜʘʘʩʪ. ɸʪʦʤʠ ʘʥʪʠʛʝʣʠʡ-3 ʘʟ ʜʫ ʘʥʪʠʧʨʦʪʦʥ ʚʘ ʷʢ ʘʥʪʠʥʝʡʪʨʦʥ ʠʙʦʨʘʪ 

ʤʝʙʦʰʘʜ. ʀʥ ʷʜʨʦ ʙʦ ֹוʫʬʪʠ ʧʦʟʠʪʨʦʥ״ʦ (ʘʥʪʠʵʣʝʢʪʨʦʥ״ʦʨʦ ʯʫʥʠʥ ʥʦʤ ʤʝʙʘʨʘʥʜ) ʠ״ʦʪʘ 

ʛʘʨʜʠʜʘʘʩʪ.  

ʅʝʡʪʨʦʥ ʚʘ ʘʥʪʠʥʝʡʪʨʦʥ ʟʘʨʷʜʠ ʩʠʬʨʠ ʵʣʝʢʪʨʠʢ ʜʦʨʘʥʜ, ʢʠ ʙʘʨʦʙʘʨ ʙʘ ʩʘʤʪʠ 

ʤʫץʦʙʠʣʠ ʣʘ״ʟʘʠ ʤʘʛʥʠʪ ʘʩʪ. 

 ʥʦʚʦʙʘʩʪʘ ʙʘ ʩʠʤʤʝʪʨʠʷʠ ʤʠʢʨʦʩʢʦʧʠʠ ʙʘʡʥʠ ʟʘʨʨʘ ʚʘ ʘʥʪʠʟʘʨʨʘ ,ץʘʤʠʥ ʪʘʨʠ׳

ʜʘʨ ʢʘʡ״ʦʥ ʪʦ ʙʘ ״ʦʣ ֹוʦʡʝ ʸʬʪ ʥʘʰʫʜʘʘʩʪ, ʢʠ ʜʘʨ ʦʥ ֹוʦ ʘʥʪʠֹוʠʩʤ ʚʫֹוʫʜ ʜʦʰʪʘ ʙʦʰʘʜ. 

ɿʘʨʨʘ ʚʘ ʘʥʠʪʠʟʘʨʨʘ״ʦ ʙʘ ʤʘʡʜʦʥʠ ֹוʦʟʠʙʘ ʷʢʭʝʣʘ ʪʘʲʩʠʨ ʤʝʢʫʥʘʥʜ, ʢʠ ʠʥ ʤʘʚֹוʫʜ 

ʥʘʙʫʜʘʥʠ ʤʘʡʜʦʥʠ ʘʥʪʠֹוʦʟʠʙʘʨʦ ʪʘʩʜʠץ ʤʝʥʘʤʦʷʜ. 
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ʊɸʈʊʀɹʀ ɺʆפɽʀʗʊ ɼɸʈ ʊɸɹʀɸʊ ɼɸʈ ɸʉʆʉʀ פʆʅʋʅ׳ʆʀ ʌʀɿʀʂ 
 

ɼʘʨ ʠʥ ʤʘץʦʣʘ ʤʫʘʣʣʠʬʦʥ ʜʘʨ ʭʫʩʫʩʠ ʪʘʨʪʠʙʦʪʝ, ʢʠ ʜʘʨ ʪʘʙʠʘʪ ʜʘʨ ʘʩʦʩʠ ץʦʥʫʥ״ʦʠ 

ʬʠʟʠʢ  ʚʫֹוʫʜ ʜʦʨʘʜ, ʤʫ״ʦʢʠʤʘʨʦʥ  ʥʘʤʫʜʘ, ʜʫ ״ʦʣʘʪʠ ʟʦ״ʠʨʰʘʚʠʠ ʪʘʙʠʘʪ-ʤʠʢʨʦʦʣʘʤ ʚʘ 

ʤʢʨʦʦʣʘʤʨʦ ʪʘʚʘʩʩʫʪʠ ץʦʥʫʥʠʷʪ״ʦʠ ʘʤʘʣʢʫʥʘʥʜʘ ʰʘʨ״ʫ ʵʟʦ״ ʤʝʜʠ״ʘʥʜ. 

ʆʥ״ʦ ʦʣʘʤʠ ʤʠʢʨʦʟʘʨʨʘ״ʦʨʦ ʪʘʚʩʠʬ ʥʘʤʫʜʘ, ץʘʡʜ ʤʝʢʫʥʘʥʜ, ʢʠ ʦʥ ʪʘסʡʠʨʸʙʘʥʜʘ ʘʩʪ, ʙʘ 

ʪʫʬʘʡʣʠ ʢʦ״ʠʰ״ʦʠ ʛʫʥʦʛʫʥ ʟʘʨʨʘ״ʦʠ ʥʘʚ ʘʨʟʠ ʚʫֹוʫʜ ʢʘʨʜʘ ʤʝʪʘʚʦʥʘʥʜ. 

ʄʫʘʣʣʠʬʦʥ ʜʘʨ ʭʫʣʦʩʘ ץʘʡʜ ʤʝʢʫʥʘʥʜ, ʢʠ ʥʦʚʦʙʘʩʪʘ ʙʘ ʩʠʤʤʝʪʨʠʷʠ ʤʠʢʨʦʩʢʦʧʠʠ ʙʘʡʥʠ 

ʟʘʨʨʘ ʚʘ ʘʥʪʠʟʘʨʨʘ ʜʘʨ ʢʘʡ״ʦʥ ʪʦ ״ʦʣ ֹוʦʝ ʸʬʪ ʥʘʰʫʜʘʘʩʪ, ʢʠ ʜʘʨ ʦʥ ʘʥʪʠֹוʠʩʤ ʚʫֹוʫʜ ʜʦʰʪʘ 

ʙʦʰʘʜ. 

ʂɸʃʀɼɺʆɾɸ׳ʆ: ʟʘʨʨʘ״ʦʠ ʵʣʝʤʝʥʪʘʨ , ʤʘʢʨʦֹוʠʩʤ, ʥʘʟʘʨʠʷʠ ʢʚʘʥʪ , ʘʜʨʦʥ״ʦ, 

ʣʝʧʪʦʥ״ʦ, ʤʝʟʦʥ״ʦ, ʙʘʨʠʦʥ״ʦ, ʢʚʘʨʢ, ʧʨʦʪʦʥ, ʬʦʪʦʥ, ʵʣʝʢʪʨʦʥ, ʟʘʨʨʘ, ʘʥʪʠʟʘʨʨʘ. 
 

ʇʆʈʗɼʆʂ ɼɽʁʉʊɺʀʊɽʃʔʅʆʉʊʀ ɺ ʇʈʀʈʆɼɽ ʅɸ ʆʉʅʆɺɸʅʀʀ  

ʌʀɿʀʏɽʉʂʀʍ ɿɸʂʆʅʆɺ 
 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʘʚʪʦʨʳ, ʦʙʩʫʞʜʘʷ ʧʦʨʷʜʦʢ, ʩʫʱʝʩʪʚʫʶʱʠʡ ʚ ʧʨʠʨʦʜʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʧʦʩʨʝʜʩʪʚʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʲʷʩʥʷʶʪ ʜʚʘ ʩʣʫʯʘʷ 

ʧʨʦʷʚʣʝʥʠʷ ʧʨʠʨʦʜʳ ï ʤʠʢʨʦʤʠʨʘ ʠ ʤʘʢʨʦʤʠʨʘ. 

ʍʘʨʘʢʪʝʨʠʟʫʷ ʤʠʨ ʤʠʢʨʦʯʘʩʪʠʮ, ʦʥʠ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʦʥ ʠʟʤʝʥʯʠʚ ʠ ʚ ʩʚʷʟʠ ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʯʘʩʪʠʮʳ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʘʚʪʦʨʳ ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ, ʚ 

ʢʦʩʤʦʩʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʥʘʡʜʝʥʦ ʤʝʩʪʦ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ ʠ ʘʥʪʠʯʘʩʪʠʮʘʤʠ, ʯʪʦʙʳ ʪʘʤ 

ʩʫʱʝʩʪʚʦʚʘʣʦ ʘʥʪʠʪʝʣʦ. 

ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ, ʤʠʢʨʦʪʝʣʘ, ʢʚʘʥʪʦʚʘʷ ʪʝʦʨʠʷ, ʘʜʨʦʥʳ, 

ʣʝʧʪʦʥʳ, ʤʝʟʦʥʳ, ʙʘʨʠʦʥʳ, ʢʚʘʨʢ, ʧʨʦʪʦʥ, ʬʦʪʦʥ, ʵʣʝʢʪʨʦʥ, ʯʘʩʪʠʮʳ, ʘʥʪʠʯʘʩʪʠʮʳ. 
 

THE ORDER OF REALITY IN NATURE ON THE BASIS OF PHYSICAL LAWS  
 

In this article, the authors, discussing the order existing in nature based on physical laws, clarify 

two instances of the manifestation of the nature of the microworld and the macroworld through the 

laws in force.  

Describing the world of microparticles, they note that it is changeable and new particles appear 

due to changes.  

In conclusion, the authors emphasize that, regardless of microscopic symmetry, in a space has 

not yet been found in place between particles and antiparticles for an antibody to exist there.  

KEY WORDS:  elementary particles, micro-objects, quantum theory, hadrons, leptons, mesons, 

baryons, quark, proton, photon, electron, particles, antiparticles. 
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ɼʦʥʠʰʛʦ״ʠ ʜʘʚʣʘʪʠʠ ɹʦʭʪʘʨ ʙʘ ʥʦʤʠ ʅʦʩʠʨʠ ʍʫʩʨʘʚ 
 

ʈʫʰʜʠ ʦʷʥʜʘʠ ʊʦֹוʠʢʠʩʪʦʥ ʚʘ ʧʘʩʪ ʢʘʨʜʘʥʠ ʩʘʪ״ʠ ʢʘʤʙʠʟʦʘʪʠʠ ʘ״ʦʣ  ʘʟ ʙʠʩʸʨ 
ʦʠ ʵʥʝʨʛʝʪʠʢ״ʪʠʩʦʜʠ ʢʠʰʚʘʨ ʟʘʭʠʨʘץʘʪ ʙʘ ʦʥ ʚʦʙʘʩʪʘ ʤʝʙʦʰʘʜ, ʢʠ ʜʘʨ ʠ״ʠוֹ  ʪʦ ʯ  
ʘʥʜʦʟʘ ʩʘʤʘʨʘʙʘʭʰ ʠʩʪʠʬʦʜʘ ʤʝʛʘʨʜʘʥʜ. ʈʫʰʜʠ ʵʥʝʨʛʝʪʠʢʘ ʠʤʢʦʥ ʤʝʜʠ״ʘʜ ʥʘ ʪʘʥ״ʦ 
ʤ ʚʘ ʩʠʬʘʪʠ ʭʠʟʤʘʪʨʘʩʦʥוʘֹ״  ʙʘʨʦʠ ʜʠʛʘʨ ʙʘʭʰ״ʦʠ ʠʩʪʝ״ʩʦʣ , ʢʠ ʘʡʥʠ ʟʘʤʦʥ ʘʟ ʩʘʙʘʙʠ 
ʥʦʨʘʩʦʠʠ ץʫʚʚʘʠ ʙʘʨץ ʙʦ ʠץʪʠʜʦʨʠ ʥʦʧʫʨʨʘ ʬʘʲʦʣʠʷʪ ʤʝʢʫʥʘʥʜ, ʘʬʟʦʷʜ, ʠʥʯʫʥʠʥ ʙʘ 
ʙʘʣʘʥʜ ʙʘʨʜʦʰʪʘʥʠ ʩʘʪ״ʠ ʜʘʩʪʨʘʩʠʠ ʭʠʟʤʘʪʨʘʩʦʥʠʠ ʵʥʝʨʛʝʪʠʢ  ʙʘʨʦʠ ʘ״ʦʣ  ʤʫʩʦʠʜʘʪ 
ʭʦ״ʘʜ ʢʘʨʜ. 

ʉʠʩʪʝʤʘʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠʠ ʢʠʰʚʘʨ ʘʟ ʩʝ ʟʝʨʩʠʩʪʝʤʘ״ʦʠ ʘʣʦ״ʠʜʘ ʠʙʦʨʘʪ ʘʩʪ, ʢʠ 
ʜʘʨ ʚʠʣʦʷʪʠ ʉʫסʜ, ʜʘʨ ּתʘʥʫʙʠ ʢʠʰʚʘʨ (ʘʟ ֹוʫʤʣʘ ʚʠʣʦʷʪʠ ʍʘʪʣʦʥ, ʰ. ɼʫʰʘʥʙʝ ʚʘ ʅʊʄ) 
ʚʘ ɺʠʣʦʷʪʠ ʄʫʭʪʦʨʠ ʂ  ʦʠ״ʠʢʠʩʪʦʥ ʜʦʨʦʠ ʟʘʭʠʨʘוʫʜʘʥʜ. ʊʦֹוʠʩʪʦʥʠ ɹʘʜʘʭʰʦʥ ʤʘʚֹ״
ʟʠʸʜʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢ  ʙʫʜʘ, ʘʟ ʠʥ ֹוʦ 55 ʬʦʠʟʠ ʟʘʭʠʨʘ״ʦʠ ʤʠʥʪʘץʘʠ ʆʩʠʸʠ ʄʘʨʢʘʟ  
ʩʘʨʯʘʰʤʘ ʤʝʛʠʨʘʥʜ. ɿʘʭʠʨʘ״ʦʠ ʫʤʫʤʠʠ ʠʤʢʦʥʧʘʟʠʨʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠʠ ʢʠʰʚʘʨ 527 
ʤʣʨʜ ʢɺʪ.ʩʦʘʪ ʜʘʨ ʷʢ ʩʦʣ ʤʝʙʦʰʘʜ (ʘʩʦʩʘʥ ʜʘʨ ֹוʘʥʫʙʠ ʢʠʰʚʘʨ). ʉʘʪ״ʠ ʠʤʨ ʟʘʠ 
ʠʩʪʝ״ʩʦʣʠ ץʫʚʚʘʠ ʙʘʨץ ʘʟ ʥʝʨʫʠ ʘʟ ʥʠʛʦ״ʠ ʪʝʭʥʠʢ  ʠʩʪʠʬʦʜʘʙʦʙ 6,5 ʬʦʠʟʨʦ ʪʘʰʢʠʣ 
ʤʝʜʠ״ʘʜ. ɼʘʨ ʩʦʭʪʦʨʠ ʙʘʣʘʥʩʠ ʩ ʟʠʰʚʦʨʠʶ ʵʥʝʨʛʝʪʠʢʠʠ ʢʠʰʚʘʨ ʟʘʭʠʨʘ״ʦʠ 
ʛʠʜʨʦʵʥʝʨʛʝʪʠʢ  ʙʝʰ ʘʟ 90 ʬʦʠʟ ʤʝʙʦʰʘʜ. ʅʝʨʫʠ ʥʘʟʘʨʨʘʩʠ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʠʠ ʢʠʰʚʘʨ 
ʠʤʢʦʥ ʤʝʜʠ״ʘʜ, ʢʠ ʩʦʜʠʨʦʪʠ ץʫʚʚʘʠ ʙʘʨץ ʚʘ ʨʫʰʜʠ ʠʩʪʝ״ʩʦʣʦʪʠ ʵʥʝʨʛʠʷʪʘʣʘʙ ʟʠʸʜ 
ʢʘʨʜʘ ʰʘʚʘʜ.  

ɸʡʥʠ ʟʘʤʦʥ ʜʘʨ ʷʢ ʩʦʣ 17-17,5 ʤʣʨʜ ʢɺʪ.ʩʦʘʪ ץʫʚʚʘʠ ʙʘʨץ ʠʩʪʝ״ʩʦʣ ʤʝʰʘʚʘʜ, ʢʠ 
ʪʘץʨʠʙʘʥ 99 ʬʦʠʟʠ ʦʥ ʦʙ  ʤʝʙʦʰʘʜ. פʠʩʤʠ ʘʩʦʩʠʠ ʠʥ ץʫʚʚʘ ʜʘʨ ʅʆɹ-ʠ ʅʦʨʘʢ ʠʩʪʝ״ʩʦʣ 
ʤʝʛʘʨʜʘʜ, ʢʠ ʦʥ ʜʦʨʦʠ ʦʙʘʥʙʦʨʠ ״ʘֹוʤʘʥ ʭʫʨʜ ʙʫʜʘ, ʠʤʢʦʥ ʥʘʤʝʜʠ״ʘʜ, ʢʠ ʠץʪʠʜʦʨ״ʦʠ 
ʤʘʚֹוʫʜʘ ʧʫʨʨʘ ʠʩʪʠʬʦʜʘ ʙʫʨʜʘ ʰʘʚʘʥʜ. ɸʬʟʘʣʠʷʪʠ ʘʩʦʩʠʠ ץʫʚʚʘʠ ʙʘʨץʝ, ʢʠ ʜʘʨ ʅʆɹ-ʠ 
ʅʦʨʘʢ ʠʩʪʝ״ʩʦʣ ʤʝʛʘʨʜʘʜ, ʠʥ ʘʨʟʠʰʠ ʘʩʣʠʠ ʦʥ ʤʝʙʦʰʘʜ (0,3 ʩʝʥʪʠ ʐʄɸ), ʢʠ ״ʘʥ ʟ ʜʘʨ 
ʜʘʚʨʘʠ ʰ ʨʘʚ  ʭʘʨʦֹוʦʪʠ ʩʘʨʤʦʷʛʫʟʦʨʠʠ ʦʥ ʧ ʰʦʥʠʜʘ ʰʫʜʘ ʙʫʜ.  

ʂʘʣʦʥʪʘʨʠʥ ʠʩʪʠʬʦʜʘʙʘʨʘʥʜʘʛʦʥʠ ʢʦʨʭʦʥʘ״ʦʠ ʩʘʥʦʘʪʠʠ ץʫʚʚʘʠ ʙʘʨץ ɿʘʚʦʜʠ 
ʘʣʶʤʠʥʠʡʠ ʪʦֹוʠʢ ʚʘ ʥʘʩʦʩ״ʦʠ ʦʙʢʘʰ ʙʘʨʦʠ ʵ״ʪʠʸֹוʦʪʠ ʟʘʤʠʥ״ʦʠ ʢʠʰʦʚʘʨʟ  ʤʝʙʦʰʘʥʜ, 
ʢʠ ʘʟ ʩʘʨʙʦʨʠʠ ʫʤʫʤ  ʤʫʪʘʥʦʩʠʙʘʥ 40 ʬʦʠʟ ʚʘ 15 ʬʦʠʟʨʦ ʪʘʰʢʠʣ ʤʝʜʠ״ʘʥʜ. 

ɿʘʭʠʨʘ״ʦʠ ʢʘʰʬʛʘʨʜʠʜʘʠ ʥʘʬʪ, ʛʘʟ ʚʘ ʢʦʥʜʝʥʩʘʪ ʢʘʤʪʘʨ ʘʟ ʷʢ ʬʦʠʟʠ ʟʘʭʠʨʘ״ʦʠ 
ʤʘֹוʤ ʠʨʦ ʪʘʰʢʠʣ ʤʝʜʠ״ʘʥʜ, ʢʠ ʪʘץʨʠʙʘʥ 1033 ʤʠʣʣʠʦʥ ʪʦʥʥʘ ʩ ʟʠʰʚʦʨʠʠ ʰʘʨʪ  
ʘʨʟʸʙ  ʤʝʛʘʨʜʘʜ. ɿʘʭʠʨʘʠ ʘʥʛʠʰʪ 4,5 ʤʠʣʣʠʘʨʜ ʪʦʥʥʘ ʧʝʰʛ  ʤʝʛʘʨʜʘʜ, ʢʠ ץʠʩʤʠ 
ʥʦʯʠʟʠ ʦʥ ʠʩʪʠʭʨʦֹו ʢʘʨʜʘ ʤʝʰʘʚʘʜ. 

ʊʘʨʦʬʘ״ʦʠ ʧʘʩʪ ʙʘ ץʫʚʚʘʠ ʙʘʨץ ʥʠʟ ʙʦʠʩʠ ʙʘʜ ʛʘʨʜʠʜʘʥʠ ״ʦʣʘʪʠ ʪʝʭʥʠʢʠʠ 
ʠʩʪʝ״ʩʦʣʦʪ, ʙʘʣʘʥʜ ʰʫʜʘʥʠ ʥʦʨʘʩʦʠʠ ץʫʚʚʘʠ ʙʘʨץ ʚʘ ʪʘʣʘʬʦʪ, ʘʬʟʦʠʰʠ ʪʘʣʘʙʦʪ ʙʘ 
 ʦʣʠʥʠʰʠʥʠ ʢʠʰʦʚʘʨʟ ʚʘ״ʦʠ ʘ״ʘʛʠוʦʥʠʙʠ ʭʦֹוֹ ʤʘʭʩʫʩʘʥ ʘʟ ,ץʫʚʚʘʠ ʙʘʨץ
ʩʘʥʦʘʪʠʢʫʥʦʥʠʠ ʩʦ״ʘ ʤʝʛʘʨʜʘʜ. ɼʘʨ ʬʘʩʣʠ ʟʠʤʠʩʪʦʥ ʠʥ ʦʤʠʣ״ʦ ״ʘʤʟʘʤʦʥ ʙʦ ʪʘʣʘʙʦʪʠ 
ʘʬʟʦʷʥʜʘʠ ʤʘʚʩʠʤ  ʙʘ ץʫʚʚʘʠ ʙʘʨץ, ʧʘʩʪ ʰʫʜʘʥʠ ʦʙʛʫʟʘʨʦʥʠʠ ʜʘʨʸʠ ɺʘʭʰ ʚʘ ʠʩʪʝ״ʩʦʣʠ 
ʢʘʤʠ ʥʝʨʫʠ ʙʘʨץ ʜʘʨ ʅʆɹ-ʠ ʅʦʨʘʢ ʙʦʠʩʠ ʤʫʥʪʘʟʘʤ ץʘʪʲ ʛʘʨʜʠʜʘʥʠ ץʫʚʚʘʠ ʙʘʨץ 
ʤʝʛʘʨʜʠʜ. 

ʂʘʤ ʰʫʜʘʥʠ ʠʥʪʠץʦʣʠ ʛʘʟ ʚʘ ʠʩʪʝ״ʩʦʣʠ ʘʥʛʠʰʪ, ʘʬʟʦʠʰʠ ʥʘʨʭ ʙʘ ʦʤʠʣ״ʦʠ 
ʵʥʝʨʛʠʷʠ ʚʦʨʠʜʦʪ  ʙʦʠʩʠ ʟʠʸʜ ʰʫʜʘʥʠ ʪʘʣʘʙʦʪ ʘʟ ֹוʦʥʠʙʠ ʭʦֹוʘʛʠ״ʦʠ ʘ״ʦʣʠʥʠʰʠʥʠ 
ʢʠʰʦʚʘʨʟ, ʤʘ״ʜʫʜʩʦʟʠʠ ʤʘʚʩʠʤʠʠ ץʫʚʚʘʠ ʙʘʨץ, ʤʫץʘʨʨʘʨ ʥʘʤʫʜʘʥʠ ʤʘ״ʜʫʜʠʷʪ (ʣʠʤʠʪ) 
ʙʘ ʛʘʟ ʪʦ 6-8 ʩʦʘʪ ʜʘʨ ʷʢ ʰʘʙʦʥʘʨ ʟ ʤʝʛʘʨʜʠʜ (ʥʦʢʠʬʦʷʛʠʠ ץʫʚʚʘʠ ʙʘʨץ ʜʘʨ ʬʘʩʣʠ 




