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ɿʆɺɸʅʀɽʄ ɸʃɻʆʈʀʊʄʆɺ ʆɹʋʏɽʅʀʗ ʉ ʇʆɼʂʈɽʇ-

ʃɽʅʀɽʄ 

 

 

 

326 

78 ʀ.ʆ. ɺʣʘʩʦʚ, ʄ.ɼ. ɹʦʙʨʦʚʥʠʯʠʡ, ʃ.ʄ. ʉʦʙʦʣʝʚʘ, 

ʆ.ʅ. ʂʦʨʘʙʣʝʚʘ. ʎʀʌʈʆɺʓɽ ɼɺʆʁʅʀʂʀ ɺ ʅɽʌʊɽɻɸ-

ɿʆɺʆʁ ʆʊʈɸʉʃʀ 

 

 

330 

79 ɸ.ɸ. ɼʝʥʠʩʦʚ, ʀ.ɺ. ʊʶʢʠʥ. ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊɽʁ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʉʃʋʏɸʁʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ 

 

 



12  

ʉʆɺʈɽʄɽʅʅʓʍ ʉʀʉʊɽʄɸʍ ʀʄʀʊɸʎʀʆʅʅʆɻʆ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

 

334 

80 ɸ.ɸ. ɼʴʷʢʦʥʦʚ, ʅ.ɻ. ʉʝʤʝʥʦʚʘ. ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅ-

ʅʓɽ ʉʀʉʊɽʄʓ ɼʀʉʇɽʊʏɽʈʉʂʆɻʆ ʋʇʈɸɺʃɽʅʀʗ  

 

337 

81 ɸ.ɺ. ʂʘʣʘʯʥʠʢʦʚ, ɼ.ʖ. ɺʦʣʢʦʚ, ɼ.ɺ. ʐʘʤʛʫʥʦʚ, ɸ.ɺ. 

ʇʝʯʘʪʢʠʥ. ʄʆɼɽʈʅʀɿɸʎʀʗ ʄʆɼʋʃʔʅʆʁ ʉʀʉʊɽʄʓ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʂʆʅʊʈʆʃʗ ʕʃɽʂʊʈʀʏɽʉ-

ʂʀʍ ɾɻʋʊʆɺ ɼʃʗ ɸɺʀɸʂʆʉʄʀʏɽʉʂʆʁ ʇʈʆʄʓʐ-

ʃɽʅʅʆʉʊʀ, ɸɺʊʆʄʆɹʀʃɽʉʊʈʆɽʅʀʗ ʀ ʉʀʉʊɽʄ 

ʉɺʗɿʀ 

 

 

 

 

 

341 

82 ɸ.ʄ. ʂʘʩʠʤʦʚ, ɸ.ʉ. ʐʘʰʠʝʚ, ɺ.ʉ. ɹʦʷʨʢʠʥ, ʅ.ɻ. ʄʘʢʘ-

ʨʝʥʢʦ. ʈɸʉʐʀʈɽʅʀɽ ɺʆɿʄʆɾʅʆʉʊɽʁ MSEXCEL. 

ɸɺʊʆʄɸʊʀɿɸʎʀʗ ʈɽʐɽʅʀʗ ɻɽʆʌʀɿʀʏɽʉʂʀʍ ɿɸ-

ɼɸʏ 

 

 

 

345 

83 ɼ.ɸ. ʂʠʩʢʠʥ, ɽ.ʇ. ʐʝʨʰʫʢʦʚ, ɸ.ɺ. ʎʠʙʠʟʦʚ, ʅ.ɻ. ʄʘʢʘ-

ʨʝʥʢʦ. ɸʅɸʃʀɿ ʊɽʍʅʆʃʆɻʀʁ ʆʇʈɽɼɽʃɽʅʀʗ ʈɸʉ-

ʉʊʆʗʅʀʗ ɼʆ ʆɹʒɽʂʊɸ ɺ ʈʆɹʆʊʆʊɽʍʅʀʏɽʉʂʀʍ 

ʂʆʄʇʃɽʂʉɸʍ 

 

 

 

349 

84 ɼ.ʉ. ʂʦʢʘʨʝʚʘ, ʇ.ɸ. ʂʦʣʛʘʥʦʚ, ɼ.ɺ. ʉʢʦʨʳʥʠʥ.  

ʇʆɺɽʈʍʅʆʉʊʅʓʁ ʊɽʅɿʆɼɸʊʏʀʂ ʅɸ ʆʉʅʆɺɽ ʈɽɿʀ-

ʉʊʀɺʅʆʁ ʄɸʊʈʀʎʓ 

 

 

353 

85 ʀ.ʀ. ʇʨʠʭʦʜʴʢʦ, ʖ.ɺ. ɺʘʩʠʣʴʢʦʚ. ʆʈɻɸʅʀɿɸʎʀʗ 

ʋʇʈɸɺʃɽʅʀʗ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆʁ ɼɽʗʊɽʃʔ-

ʅʆʉʊʔʖ ʇʈɽɼʇʈʀʗʊʀʗ 

 

 

358 

86 ɺ.ʉ. ʉʦʙʦʣʝʚ, ɸ.ɽ. ʉʘʚʝʥʢʦ. ʉʊʈɸʊɽɻʀʗ ɼʀɸɻʅʆʉ-

ʊʀʂʀ ʅɽʀʉʇʈɸɺʅʆʉʊɽʁ ʈɸɿʆʄʂʅʋʊʆʁ ʎɽʇʀ ʉʀ-

ʃʆɺʆɻʆ ɺʓʂʃʖʏɸʊɽʃʗ ʅɸ ʆʉʅʆɺɽ ʅɽʏɽʊʂʆʁ 

ʃʆɻʀʂʀ 

 

 

 

362 

87 ɸ.ɺ. ʊʘʨʘʩʦʚ, ɽ.ɺ. ʉʠʜʦʨʦʚʩʢʠʡ, ʀ.ʆ. ɺʦʨʦʙʴʝʚ,  

ɼ.ɺ. ʉʢʦʨʳʥʠʥ. ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʇɽ-

ʈɽʄɽʑɽʅʀʗ ʆɹʒɽʂʊɸ ʉ ʇʆʄʆʑʔʖ ʄɸɻʅʀʊ-ʅʆɻʆ 

ʇʆʃʗ 

 

 

 

366 

88 ʃ.ʀ. ʊʠʭʦʤʠʨʦʚ, ʆ.ʖ. ʄʘʨʴʷʩʠʥ. ʆɹʅɸʈʋɾɽʅʀɽ 

ɸʅʆʄɸʃʀʁ ɺ ɼɸʅʅʓʍ ʆɹ ʕʅɽʈɻʆʇʆʊʈɽɹʃɽʅʀʀ 

ʂʆʈʇʋʉʆɺ ʗɻʊʋ 

 

 

369 

89 ɽ.ʅ. ʏʝʨʥʷʢʦʚʠʯ, ʉ.ʉ. ɸʥʠʢʝʝʚ, ʈ.ʀ. ɻʘʬʪʫʣʭʘʪʦʚ, 

ʅ.ɻ. ʄʘʢʘʨʝʥʢʦ. ʉʀʉʊɽʄɸ ɿɸʑʀʊʓ ʃʀʅʀʁ ʉɺʗɿʀ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʄ ʇʈʆʎɽʉʉʆʄ (ɸʉʋ ʊʇ) 

ʆʊ ʂʀɹɽʈɸʊɸʂ 

 

 

 

 

374 

90 ʈ.ɽ. ʐʘʙʨʦʚ, ʆ.ʖ. ʄʘʨʴʷʩʠʥ. ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ 

ʅɸʇʈʗɾɽʅʀʗ ʃʀʊʀʁ-ʀʆʅʅʆɻʆ ɸʂʂʋʄʋʃʗʊʆʈɸ 

 

378 
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91 ɼ.ʅ. ʐʝʚʝʣʸʚ, ɽ.ɺ. ʃʦʤʘʥʦʚʘ. ɺʆɿʄʆɾʅʆʉʊʀ ʈɸɿʈɸ-

ɹʆʊʂʀ ʇʆʃɽʊʅʆɻʆ ʂʆʅʊʈʆʃʃɽʈɸ ɼʃʗ ʄɸʃʓʍ 

ɹʇʃɸ ʅɸ ʆʊɽʏɽʉʊɺɽʅʅʆʁ ʕʃɽʄɽʅʊʅʆʁ ɹɸɿɽ 

 

 

382 

  

ʉɽʂʎʀʗ 

"ʇʈʆʄʓʐʃɽʅʅʆɽ ʀ ɻʈɸɾɼɸʅʉʂʆɽ  

ʉʊʈʆʀʊɽʃʔʉʊɺʆ" 

 

 

92 ɸ.ɸ. ɹʘʨʫʟʜʠʥ, ʃ.ɺ. ɿʘʢʨʝʚʩʢʘʷ. ʈɽʎʀʂʃʀʅɻ ʆʊʍʆɼʆɺ 

ʉʊʈʆʀʊɽʃʔʉʊɺɸ ʀ ʉʅʆʉɸ 

 

386 

93 ɸ.ʆ. ʄʫʨʘʰʦʚ, ɸ.ʀ. ʇʘʥʯʝʥʢʦ. ʄʆʈʆɿʆʉʊʆʁʂʆʉʊʔ 

ɹɽʊʆʅɸ ʉ ʅʀɿʂʆʄʆɼʋʃʔʅʓʄʀ ɺʂʃʖʏɽʅʀʗʄʀ 

 

392 

94 ɸ.ɹ. ʆʩʤʘʥʦʚ, ʉ.ɺ. ʉʘʤʯʝʥʢʦ, ʄ.ɸ. ɸʙʨʘʤʦʚ.
 

ʀɿʄɽʅɽʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʂɺɸʈʎɽɺʆɻʆ ʇɽʉʂɸ 

ʇʈʀ ɽɻʆ ɸʂʊʀɺɸʎʀʀ ɺ ʕʅɽʈɻʆʅɸʇʈʗɾɽʅʅʆʄ   

ɸʇʇɸʈɸʊɽ ʋɼɸʈʅʆɻʆ ɼɽʁʉʊɺʀʗ 

 

 

 

396 

95 ɸ.ɸ. ɿʝʣʝʥʢʦʚ, ʀ.ʉ. ʂʘʟʘʢʦʚʘ. ʈɸɿʈɸɹʆʊʂɸ ʕʌʌɽʂ-

ʊʀɺʅʆɻʆ ʂʆʅʉʊʈʋʂʊʀɺʅʆɻʆ ʈɽʐɽʅʀʗ ʇɸʅɽʃɽʁ 

ʇʆʂʈʓʊʀʗ ɼʃʗ ʍʆʃʆɼʅʆʁ ʂʈʆɺʃʀ  

 

 

400 

96 ʀ.ɸ. ɺʦʣʢʦʚ, ɼ.ɸ. ʂʦʨʝʚʦʜʦʚ, ʀ.ʉ. ʂʘʟʘʢʦʚʘ. ɺʓɹʆʈ 

ʂʆʅʉʊʈʋʂʊʀɺʅʆʁ ʉʀʉʊɽʄʓ ɿɼɸʅʀʁ ʉɽʃʔʉʂʆ-

ʍʆɿʗʁʉʊɺɽʅʅʆɻʆ ʅɸɿʅɸʏɽʅʀʗ  

 

 

404 

97 ɸ.ɺ. ʂʘʡʜʘʩ, ɸ.ɽ. ʉʘʚʝʥʢʦ. ɸʅɸʃʀɿ ʇʈʀʄɽʅɽʅʀʗ 

ʄʆʈʉʂʀʍ ɺɽʊʈʗʅʅʓʍ ʕʃɽʂʊʈʆʉʊɸʅʎʀʁ  

 

408 

98 ɼ.ɸ. ɹʘʯʝʨʠʢʦʚ, ʄ.ɸ. ɸʙʨʘʤʦʚ. ʉʆʉʊɸɺʓ ɼʃʗ  ʈɽ-

ʄʆʅʊɸ ʄʆʅʆʃʀʊʅʓʍ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʂʆʅʉʊ-

ʈʋʂʎʀʁ 

 

 

411 

99 ʖ.ɸ. ʂʦʪʦʚ, ʄ.ɸ. ɸʙʨʘʤʦʚ. ʇʈʀʄɽʅɽʅʀɽ ʊɽʍʅʆʃʆ-

ɻʀʀ ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ (ʊʀʄ) 

ɼʃʗ ʈɽɸʃʀɿɸʎʀʀ ʋʉʂʆʈɽʅʅʆɻʆ ɺʆɿɺɽɼɽʅʀʗ 

ʄʆʅʆʃʀʊʅʓʍ ɾʀʃʓʍ ɼʆʄʆɺ 

 

 

416 

100 ɸ.ʅ. ʄʘʟʘʝʚʘ, ʄ.ɸ. ɸʙʨʘʤʦʚ. ʆʎɽʅʂɸ ʊʈɽɹʆɺɸʅʀʁ ʂ 

ʂʆʅʉɽʈɺɸʎʀʀ ʆɹʒɽʂʊʆɺ ʅɽɿɸɺɽʈʐɽʅʅʆɻʆ 

ʉʊʈʆʀʊɽʃʔʉʊɺɸ ʀ ɸʅɸʃʀɿ ʇʆʉʃɽɼʉʊɺʀʁ ʅɽɺʓ-

ʇʆʃʅɽʅʀʗ ʊʈɽɹʆɺɸʅʀʁ ʂʆʅʉɽʈɺɸʎʀʀ ʅɸ ʂʆʅ-

ʂʈɽʊʅʆʄ ʆɹʒɽʂʊɽ 

 

 

 

421 

101 ʖ.ʀ. ʉʘʚʯʫʢ, ʄ.ɸ. ɸʙʨʘʤʦʚ. ʆʎɽʅʂɸ ʌʆʊʆʂɸʊɸʃʀ-

ʊʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʀ ɹɽʊʆʅɸ 

 

425 

102 ɸ.ɺ. ɺʣʘʜʠʤʠʨʦʚʘ, ʉ.ɺ. ʍʘʪʶʰʠʥ.  çɿɽʃɽʅɸʗè ʈɽʂʆʅ-

ʉʊʈʋʂʎʀʗ ʇʈʆʄʓʐʃɽʅʅʆɻʆ ɿɼɸʅʀʗ ʉ ʇʈʀʄɽ-

ʅɽʅʀɽʄ ʊɽʍʅʆʃʆɻʀʀ  ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ʄʆ-

ɼɽʃʀʈʆɺɸʅʀʗ (ʊʀʄ) 

 

 

 

429 
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103 ɸ.ɸ. ʇʝʪʨʝʥʢʦ, ɺ.ɸ. ɹʣʘʛʦʚʘ, ʀ.ɸ. ʖʤʰʘʥʦʚʘ, ɸ.ɺ. ɼʘ-

ʚʳʜʦʚ. ʉʆɿɼɸʅʀɽ ʋʏɽɹʅʆʁ ʄʆɼɽʃʀ ʇʃɸʅʆɺʆʁ 

ɻɽʆɼɽɿʀʏɽʉʂʆʁ ʈɸɿɹʀɺʆʏʅʆʁ ʆʉʅʆɺʓ ʉʊʈʆ-

ʀʊɽʃʔʉʊɺɸ ɿɼɸʅʀʗ ʃʀʅɽʁʅʆ-ʋɻʃʆɺʓʄʀ ʇʆ-

ʉʊʈʆɽʅʀʗʄʀ 

 

 

 

 

435 

104 ɼ.ʖ. ɻʨʘʬ, ʄ.ɺ. ʃʳʩʘʥʦʚʘ. ʉʀʉʊɽʄɸ ʎɽʅʆʆɹʈɸ-

ɿʆɺɸʅʀʗ ɺ ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 

 

439 

105 ɸ.ɼ. ʋʪʳʰʝʚ, ɺ.ɹ. ɼʦʙʨʦʭʦʪʦʚ. ɸʅɸʃʀɿ ʀʉʇʆʃʔ-

ɿʆɺɸʅʀʗ ʆɹʃɽɻʏɽʅʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ ʄʆʅʆʃʀʊ-

ʅʓʍ ʇʃʀʊ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʇʋʉʊʆʊʅʓʍ ɺʂʃɸ-

ɼʓʐɽʁ 

 

 

 

444 

106 ɸ.ɸ. ɾʫʨʘʚʣʸʚ, ɽ.ɺ. ɿʘʭʘʨʦʚʘ, ɺ.ɹ. ɼʦʙʨʦʭʦʪʦʚ. ʇʆʃʋ-

ʏɽʅʀɽ ʎɺɽʊʅʆɻʆ ʄɽʃʂʆɿɽʈʅʀʉʊʆɻʆ ɸʉʌɸʃʔʊʆ-

ɹɽʊʆʅɸ 

 

 

449 

107 ʄ.ɺ. ɻʥʝʟʜʦʚ, ɺ.ɹ. ɼʦʙʨʦʭʦʪʦʚ. ʇʆʃʋʏɽʅʀɽ ʄɽʃʂʆ-

ɿɽʈʅʀʉʊʆɻʆ ɸʉʌɸʃʔʊʆɹɽʊʆʅɸ 

 

453 

108 ɼ.ʉ. ʊʝʣʝʞʥʷʢ, ɸ.ɹ. ʃʝʙʝʜʝʚ. ɺʃʀʗʅʀɽ ʋʇʃʆʊʅɪʅ-

ʅʆʁ ɿɸʉʊʈʆʁʂʀ ʅɸ ʉɺɽʊʆɺʆʁ ʈɽɾʀʄ ɺ ʇʆʄɽ-

ʑɽʅʀʗʍ ɾʀʃʓʍ ɿɼɸʅʀʁ  

 

 

457 

109 ʖ.ɽ. ʃʦʙʘʥʦʚʘ, ɸ.ɹ. ʃʝʙʝʜʝʚ. ɺʈɽʄʗ ʊɽʇʃʆɺʆʁ 

ʀʅɽʈʎʀʀ  ʆɼʅʆ-  ʀ ɼɺʋʍʉʃʆʁʅʓʍ ʅɸʈʋɾʅʓʍ 

ʉʊɽʅ  

 

 

461 

110 ʅ.ɺ. ʂʘʨʩʘʢʦʚ, ɸ.ɹ. ʃʝʙʝʜʝʚ. ɸʂʊʀɺʅʆɽ ʐʋʄʆʇʆ-

ɼɸɺʃɽʅʀɽ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɻʆ ʐʋʄɸ 

 

465 

111 ʇ.ʇ. ɹʫʨʘʣʢʦʚ, ɼ.ʉ. ɼʝʭʪʝʨʝʚ. ʄɽʊʆɼ ʆɹʅɸʈʋ-

ɾɽʅʀʗ ʇʆɺʈɽɾɼɽʅʀʁ ʉʊʈʆʀʊɽʃʔʅʓʍ ʂʆʅʉʊ-

ʈʋʂʎʀʁ ʅɸ ʆʉʅʆɺɽ ʊɽʍʅʀʏɽʉʂʆɻʆ ɿʈɽʅʀʗ 

 

 

471 

112 ɸ.ɸ. ɹʝʛʦʫʣʝʚ, ɼ.ʉ. ɼʝʭʪʝʨʝʚ. ʆʎɽʅʂɸ ɺʃʀʗʅʀʗ ɿɸ-

ʄʆʈɸɾʀɺɸʅʀʗ ɹɽʊʆʅʅʆʁ ʉʄɽʉʀ ʅɸ ʌʀɿʀʂʆ-

ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ 

ʂʆʅʉʊʈʋʂʎʀʁ 

 

 

 

477 

113 ɸ.ʉ. ʉʘʠʪʦʚ, ɻ.ʅ. ɻʦʣʫʙʴ. ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʌɽʈʄ ʀɿ ɻʅʋʊʆ-

ʉɺɸʈʅʓʍ ʇʈʆʌʀʃɽʁ ʀ ʌɽʈʄ ʀɿ ʇɸʈʅʓʍ ʋɻʆʃʂʆɺ 

ɺ ʇʆʂʈʓʊʀʗʍ ɿɼɸʅʀʁ 

 

 

 

482 

114 ʂ.ɽ. ɼʫʨʢʠʥʘ, ɻ.ʅ. ɻʦʣʫʙʴ. ʆɹɽʉʇɽʏɽʅʀɽ ʇʆɾɸʈʅʆʁ 

ɹɽɿʆʇɸʉʅʆʉʊʀ ɺ ʉʊʈʆʀʊɽʃʔʉʊɺɽ ʅɸ ʉʆɺʈɽʄɽʅ-

ʅʆʄ ʕʊɸʇɽ ʅʆʈʄʀʈʆɺɸʅʀʗ 

 

 

486 

115 ɼ.ɸ. ʄʘʢʝʝʚʘ, ɸ.ʃ. ɹʘʣʫʰʢʠʥ. ʉʆɺʈɽʄɽʅʅʓɽ ʉʇʆ-

ʉʆɹʓ ʀʅʒɽʎʀʈʆɺɸʅʀʗ ʂɸʄɽʅʅʆʁ ʂʃɸɼʂʀ ʉʊɽʅ 

ʆɹʒɽʂʊʆɺ ʂʋʃʔʊʋʈʅʆɻʆ ʅɸʉʃɽɼʀʗ 

 

 

490 

116 ɻ.ɸ. ɼʦʚʣʘʪʙʝʢʷʥ, ɸ.ʃ. ɹʘʣʫʰʢʠʥ.   
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ʇʆɺʓʐɽʅʀɽ ʕʂʉʇʃʋɸʊɸʎʀʆʅʅʆʁ ʅɸɼɽɾʅʆʉʊʀ 

ʀ ʉʅʀɾɽʅʀɽ ʄɸʊɽʈʀɸʃʆɽʄʂʆʉʊʀ ɼɽʈɽɺʗʅʅʓʍ 

ʂʃɽɽʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ 

 

 

495 

117 ʅ.ɸ. ɸʢʝʣʴʝʚ, ɸ.ʃ. ɹʘʣʫʰʢʠʥ. ʉʈɸɺʅʀʊɽʃʔʅʓʁ 

ɸʅɸʃʀɿ ʊɽʍʅʀʂʆ-ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʇʆʂɸɿɸʊɽ-

ʃɽʁ ʂʆʅʉʊʈʋʂʎʀʁ ʀɿ ʃɽɻʂʀʍ ʉʊɸʃʔʅʓʍ ʊʆʅʂʆ-

ʉʊɽʅ-ʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁ ʀ ʇʀʃʆʄɸʊɽʈʀɸʃʆɺ 

 

 

 

499 

118 ɼ.ɺ. ʂʦʟʠʥ, ɸ.ʃ. ɹʘʣʫʰʢʠʥ. ʉʆɺʈɽʄɽʅʅʓɽ ɹɸɿʆɺʓɽ 

ʇʈʀʅʎʀʇʓ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʀ ʉʊʈʆʀʊɽʃʔʉʊɺɸ 

ʐʋʄʆɿɸʑʀʊʅʓʍ ʕʂʈɸʅʆɺ 

 

 

505 

119  ɼ.ʆ. ʊʶʣʴʧʠʥʦʚ, ɸ.ʃ. ɹʘʣʫʰʢʠʥ. ʉʆɺʈɽʄɽʅʅʓɽ 

ʄɽʊʆɼʓ ɿɸʑʀʊʓ ʇʆɼɿɽʄʅʓʍ ʉʊɸʃʔʅʓʍ 

ɻʆʈʀɿʆʅʊɸʃʔʅʓʍ ʈɽɿɽʈɺʋɸʈʆɺ ʆʊ ʂʆʈʈʆɿʀʀ  

 

 

508 

120 ɼ.ɸ. ʂʦʥʘʩʦʚʘ, ʉ.ɸ. ʊʫʤʘʢʦʚ. ʋʉʀʃɽʅʀɽ ʆʉʅʆɺɸʅʀʗ 

ʇʆɼ ʇʆʃʆʄ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʆɻʆ ɿɼɸʅʀʗ  

 

512 

121 ʖ.ɺ. ʉʠʣʘʝʚʘ, ʉ.ɸ. ʊʫʤʘʢʦʚ. ʆʎɽʅʂɸ ʆɹʑɽʁ ʋʉʊʆʁ-

ʏʀɺʆʉʊʀ ʄʅʆɻʆʕʊɸɾʅʆɻʆ ɾʀʃʆɻʆ ɿɼɸʅʀʗ 

 

517 

122 ʅ.ɸ. ʄʘʩʣʦʚ, ʉ.ɸ. ʊʫʤʘʢʦʚ. ʋʏɽʊ ʊɽʄʇɽʈɸʊʋʈʅʆ-

ʂʃʀʄɸʊʀʏɽʉʂʀʍ ɺʆɿɼɽʁʉʊɺʀʁ ɺ ʈɸʉʏɽʊɽ ɾɽʃɽ-

ɿʆɹɽʊʆʅʅʆɻʆ ʂɸʈʂɸʉɸ ʄʅʆɻʆʕʊɸɾʅʆɻʆ ɿɼɸʅʀʗ 

 

 

521 

123 ɸ.ɸ. ʃʫʯʢʠʥʘ, ʉ.ɸ. ʊʫʤʘʢʦʚ. ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ 

ʈɸʉʏɽʊ ɸʈʄʀʈʆɺɸʅʅʆɻʆ ʆʉʅʆɺɸʅʀʗ 

ɺɽʈʊʀʂɸʃʔ-ʅʆɻʆ ʉʊɸʃʔʅʆɻʆ ʈɽɿɽʈɺʋɸʈɸ 

ɽʄʂʆʉʊʔʖ 10000 ʂʋɹ. ʄɽʊʈʆɺ 

 

 

 

525 

124 ɸ.ɸ. ʄʘʣʳʰʝʚ, ʉ.ɸ. ʃʦʛʠʥʦʚʘ. ɸʅɸʃʀɿ ʅɸʇʈʗ-

ɾɽʅʅʆ-ɼɽʌʆʈʄʀʈʆɺɸʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ɿɼɸ-

ʅʀʗ ʉ ʋʏɽʊʆʄ ʕʊɸʇʆɺ ɽɻʆ ɺʆɿɺɽɼɽʅʀʗ 

 

 

530 

125 ɸ.ɸ. ʐʘʣʳʛʠʥʘ, ʉ.ɸ. ʃʦʛʠʥʦʚʘ. ʄɽʊʆɼʓ ʆʎɽʅʂʀ 

ʂʆʈʈʆɿʀʆʅʅʓʍ ʇʆɺʈɽɾɼɽʅʀʁ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ 

ʂʆʅʉʊʈʋʂʎʀʁ  

 

 

535 

126 ɸ.ɸ. ʇʝʪʨʝʥʢʦ, ɸ.ʀ. ɼʤʠʪʨʠʝʚʩʢʘʷ, ɸ.ɸ. ʏʝʢʘʣʦʚʘ,  

ɸ.ʀ. ʇʝʪʨʦʚ. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʅɼɽʅʎʀʀ ʇʆɺʓ-

ʐɽʅʀʗ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʀ ɻʈɸɾɼɸʅʉʂʀʍ 

ɿɼɸʅʀʁ ʀ ʉʆʆʈʋɾɽʅʀʁ 

 

 

 

539 

127 ʀ.ʉ. ɸʣʝʰʢʦʚʩʢʘʷ, ʉ.ɺ. ɹʦʨʦʜʫʣʠʥʘ, ʂ.ɸ. ʂʫʣʠʢʦʚʘ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʀ ɸʅɸʃʀɿ ʇɸʈʂʆɺʆʏʅʆɻʆ ʇʈʆ-

ʉʊʈɸʅʉʊɺɸ ɺ ʎɽʅʊʈɸʃʔʅʆʁ ʏɸʉʊʀ ɻ. ʗʈʆʉʃɸɺʃʗ 

 

 

544 

128 ʀ.ɸ. ɹʝʩʩʦʥʦʚ, ʅ.ʉ. ʂʦʤʘʨʦʚ, ɽ.ʉ. ɹʫʜʘʥʦʚʘ. ʂʆʃʔ-

ʎɽɺʓɽ ʇɽʈɽʉɽʏɽʅʀʗ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ɼʆʈʆɻ ɺ 

ʆɼʅʆʄ ʋʈʆɺʅɽ 

 

 

549 

129 ɸ.ɽ. ɹʦʛʜʶʢʝʚʠʯ, ɸ.ʀ. ɸʭʨʝʤʝʥʢʦ. ʆ ʇʈʀʈʆɼʆ-ʆʍʈɸʅ-

ʅʓʍ ʄɽʈʆʇʈʀʗʊʀʗʍ ʇʈʀ ɹɽʈɽɻʆʋʂʈɽʇʃɽʅʀʀ 
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ʇʈɸɺʆɻʆ ɹɽʈɽɻɸ ʈ. ɺʆʃɻɸ ɺ ɻ. ʈʓɹʀʅʉʂɽ 553 

130 ʆ.ʂ. ɹʫʨʢʦʚʘ, ʂ.ɸ. ʂʫʣʠʢʦʚʘ. ʉʆɽɼʀʅɽʅʀɽ ʂɸʈʊ 

ʀʅʅʆɺɸʎʀʆʅʅʆʁ 3D-ɻɽʆʈɽʐɪʊʂʀ 

 

557 

131 ʆ.ʖ. ɺʦʣʥʫʰʢʠʥ, ɺ.ʄ. ɼʫʜʠʥ. ɸʅɸʃʀɿ ʉʆʉʊʆʗʅʀʗ 

ʊʈɸʅʉʇʆʈʊʅʆʁ ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ ʀ ʈɽʂʆʄɽʅ-

ɼɸʎʀʀ ʇʆ ʇʈʆɼʃɽʅʀʖ ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ ɸɺ-

ʊʆʄʆɹʀʃʔʅʓʍ ɼʆʈʆɻ 

 

 

 

560 

132 ɼ.ʄ. ɻʦʨʠʥʘ, ɸ.ʀ. ɸʭʨʝʤʝʥʢʦ.  

ʄɽʈʆʇʈʀʗʊʀʗ ʇʆ ʆʍʈɸʅɽ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ ɺ 

ɿʆʅɽ ɸʈʊɽɿʀɸʅʉʂʆʁ ʉʂɺɸɾʀʅʓ ɼ. ɼɽʄʀʅʆ 

ʈʓɹʀʅʉʂʆɻʆ ʈɸʁʆʅɸ ʗʈʆʉʃɸɺʉʂʆʁ ʆɹʃɸʉʊʀ 

 

 

 

564 

133 ɺ.ɸ. ɼʝʥʠʩʦʚ, ʂ.ɸ. ʂʫʣʠʢʦʚʘ. ʉʊɸʊʀʉʊʀʂɸ ɼʆʈʆɾ-

ʅʆ-ʊʈɸʅʉʇʆʈʊʅʓʍ ʇʈʆʀʉʐɽʉʊɺʀʁ ʉ ʋʏɸʉʊʀ-

ɽʄ ɼʀʂʀʍ ɾʀɺʆʊʅʓʍ 

 

 

568 

134 ʅ.ʉ. ʂʦʤʘʨʦʚ, ʀ.ɸ. ɹʝʩʩʦʥʦʚ, ɽ.ʉ. ɹʫʜʘʥʦʚʘ.  

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʇʈʀʄɽʅɽʅʀʗ ʇɽʈɽʉɽʏɽʅʀʁ ʇʆ 

ʊʀʇʋ çʊʋʈɹʆʂʆʃʔʎʆè 

 

 

572 

135 ʀ.ɸ. ʂʨʫʧʝʥʥʠʢʦʚʘ, ɸ.ʀ. ɸʭʨʝʤʝʥʢʦ. ʋʏɸʉʊʆʂ ʆʏʀ-

ʉʊʂʀ ʉʊʆʏʅʓʍ ɺʆɼ ʎɽʍɸ ˉ 12  ʇɸʆ çʉʃɸɺʅɽʌʊʔ ï 

ʗʅʆʉè 

 

 

577 

136 ʆ.ɺ. ʃʠʬʘʥʦʚʘ, ʂ.ɸ. ʂʫʣʠʢʦʚʘ. ʀʉʇʆʃʔɿʆɺɸʅʀɽ 

ʇɽʈɽʈɸɹʆʊɸʅʅʆɻʆ ʇʕʊ-ʇʃɸʉʊʀʂɸ ɺ ɼʆʈʆɾʅʆʄ 

ʉʊʈʆʀʊɽʃʔʉʊɺɽ  

 

 

581 

137 ɼ.ʇ. ʄʘʩʣʦʚ, ɺ.ʄ. ɼʫʜʠʥ. ɸʅɸʃʀɿ ʂʆʅʎɽʇʎʀʀ 

ʈɸɿɺʀʊʀʗ ʊʈɸʅʉʇʆʈʊʅʆʁ  ʅʌʈɸʉʊʈʋʂʊʋʈʓ 

ʈʓɹʀʅʉʂʆɻʆ ʄʈ ʗʈʆʉʃɸɺʉʂʆʁ ʆɹʃɸʉʊʀ 

 

 

585 

138 ʅ.ɸ ʄʠʭʘʡʣʦʚ, ʊ.ɸ. ʊʨʝʪʴʷʢʦʚ, ɼ.ɺ. ɻʝʨʘʩʠʤʦʚ. 

ʆ ʇʈʆɹʃɽʄɽ ʄɸʃʆʁ ʀɿʋʏɽʅʅʆʉʊʀ ɻʈɸʅʋʃʀ-

ʈʆɺɸʅʅʆʁ ɸʉʌɸʃʔʊʆɹɽʊʆʅʅʆʁ ʉʄɽʉʀ ʉ ʀʉ-

ʇʆʃʔɿʆɺɸʅʀɽʄ ʇʈʆʄʓʐʃɽʅʅʓʍ ʀ ɹʓʊʆɺʓʍ  

ʆʊʍʆɼʆɺ ʇʆ ʄɽʊʆɼʀʂɽ ʄɸʈʐɸʃʃɸ 

 

 

 

 

591 

139 ɸ.ɸ. ʄʦʠʩʝʝʚ, ʂ.ɸ. ʂʫʣʠʢʦʚʘ. ʅɽɻɸʊʀɺʅʆɽ ɺʃʀʗ-

ʅʀɽ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ʇʈʆɹʆʂ ʅɸ ʋʃʀʏʅʆ-

ɼʆʈʆɾʅʋʖ ʉɽʊʔ 

 

 

596 

140 ɸ.ɺ. ʄʦʨʦʟʦʚʘ, ɼ.ɺ. ɻʝʨʘʩʠʤʦʚ. ʇʈʀʄɽʅɽʅʀɽ ʌʆʉ-

ʌʆɻʀʇʉɸ ɺ ʂɸʏɽʉʊɺɽ ʄʀʅɽʈɸʃʔʅʆɻʆ ɺʗɾʋʑɽ-

ɻʆ ɺ ʊɽʍʅʆʃʆɻʀʀ ʍʆʃʆɼʅʆʁ ʈɽɻɽʅɽʈɸʎʀʀ ɸʉ-

ʌɸʃʔʊʆɹɽʊʆʅʅʓʍ ʇʆʂʈʓʊʀʁ 

 

 

 

600 

141 ʅ.ʄ. ʇʝʰʢʦʚ, ɺ.ʄ. ɼʫʜʠʥ. ɸʅɸʃʀɿ ʊʈɸʅʉʇʆʈʊʅʆʁ 

ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ ʗʈʆʉʃɸɺʉʂʆʁ ʆɹʃɸʉʊʀ, ʂɸʂ 

ʆɼʅʆɻʆ ʀɿ ʆʇʈɽɼɽʃʗʖʑʀʍ ʌɸʂʊʆʈʆɺ ʆɹɽʉʇɽ-

ʏɽʅʀʗ ɽɪ ʋʉʊʆʁʏʀɺʆɻʆ ʈɸɿɺʀʊʀʗ 

 

 

 

605 
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142 ɸ.ʂ. ʇʦʣʠʱʫʢ, ʂ.ɸ. ʂʫʣʠʢʦʚʘ. ʈɸɿɺʀʊʀɽ ʀʅʊɽʃʃɽʂ-

ʊʋɸʃʔʅʓʍ ʊʈɸʅʉʇʆʈʊʓʍ ʉɽʊɽʁ ɺ ɻʆʈʆɼɽ ʗʈʆ-

ʉʃɸɺʃɽ 

 

 

609 

143 ɽ.ɸ. ʇʦʩʪʝʚʘʷ, ʂ.ɸ. ʂʫʣʠʢʦʚʘ. ɸʅɸʃʀɿ ɺʅɽɼʈɽʅʀʗ 

ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ BIM-ʄʆɼɽʃʀʈʆɺɸ-

ʅʀʗ 

 

 

613 

144 ɸ.ʊ. ʉʦʨʦʢʠʥ, ɼ.ɺ. ɻʝʨʘʩʠʤʦʚ. ʂ ɺʆʇʈʆʉʋ ʄʆɼʀ-

ʌʀʂɸʎʀʀ ɸʉʌɸʃʔʊʆɹɽʊʆʅɸ ʈɽɿʀʅʆɺʆʁ ʂʈʆʐ-

ʂʆʁ 

 

 

617 

145 ɸ.ʊ. ʉʦʨʦʢʠʥ, ɼ.ɺ. ɻʝʨʘʩʠʤʦʚ. 

ʀʉʇʓʊɸʅʀʗ ʇʆ ʄʆɼʀʌʀʂɸʎʀʀ ɸʉʌɸʃʔʊʆɹɽʊʆ-

ʅɸ ʈɽɿʀʅʆɺʆʁ ʂʈʆʐʂʆʁ 

 

 

622 

146 ʊ.ɸ. ʊʨʝʪʴʷʢʦʚ, ʅ.ɸ ʄʠʭʘʡʣʦʚ, ɼ.ɺ. ɻʝʨʘʩʠʤʦʚ. 

ʀʉʇʓʊɸʅʀʗ ɻʈɸʅʋʃʀʈʆɺɸʅʅʆʁ ɸʉʌɸʃʔʊʆɹɽ-

ʊʆʅʅʆʁ ʉʄɽʉʀ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʇʈʆʄʓʐ-

ʃɽʅʓʍ ʀ ɹʓʊʆɺʓʍ ʆʊʍʆɼʆɺ ʇʆ ʆɹʅʆɺʃɽʅʅʆʁ 

ʄɽʊʆɼʀʂɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʍ ʉʊɸʅɼɸʈʊʆɺ ʈʆʉ-

ʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ, ʇʈɽɼʒʗɺʃʗɽʄʓʄ ʂ ɸʉ-

ʌɸʃʔʊʆɹɽʊʆʅʅʓʄ ʉʄɽʉʗʄ 

 

 

 

 

 

 

626 

147 ɸ.ɼ. ʋʣʠʯʝʚ, ɸ.ɼ. ʄʘʛʘʟʠʥʶʢ, ɽ.ʉ.ɹʫʜʘʥʦʚʘ.  
ʆɹʒɽʄʅʓʁ ʄɽʊʆɼ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ɸʉʌɸʃʔʊʆ-

ɹɽʊʆʅʅʆɻʆ ʇʆʂʈʓʊʀʗ 

 

 

631 

148 ʄ.ɽ. ʍʘʨʠʥ, ɼ.ɺ. ɻʝʨʘʩʠʤʦʚ. ʂ ɺʆʇʈʆʉʋ ʆ ʇʈʀʄɽ-

ʅɽʅʀʀ ʇɽʈɽʈɸɹʆʊɸʅʅʓʍ ʇʆʂʈʓʐɽʂ ɺ ʆɹʃɸʉʊʀ 

ʇʈʆʀɿɺʆɼʉʊɺɸ ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ɹʀʊʋʄ-

ʅʓʍ ɺʗɾʋʑʀʍ ɼʃʗ ɼʆʈʆɾʅʆɻʆ ʉʊʈʆʀʊɽʃʔʉʊɺɸ 

 

 

 

636 

149 ʄ.ɽ. ʍʘʨʠʥ, ɼ.ɺ. ɻʝʨʘʩʠʤʦʚ. ʀʉʇʓʊɸʅʀʗ ʇʆ ʄʆɼʀ-

ʌʀʂɸʎʀʀ ɹʀʊʋʄʅʆɻʆ ɺʗɾʋʑɽɻʆ ʈɽɿʀʅʆ-ɺʆʁ 

ʂʈʆʐʂʆʁ 

 

 

640 

150 ʆ.ʉ. ʏʘʥʦʚʘ, ɺ.ʄ. ɼʫʜʠʥ. ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʂʆʅ-

ʊʈɸʂʊʆɺ ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ ʉ ʎɽʃʔʖ ʉʆɺɽʈ-

ʐɽʅʉʊɺʆɺɸʅʀʗ ʀ ʈɸɿɺʀʊʀʗ ɼʆʈʆɾʅʆʁ ʀʅ-

ʌʈɸʉʊʈʋʂʊʋʈʓ ʗʈʆʉʃɸɺʉʂʆʁ ʆɹʃɸʉʊʀ ɼʃʗ 

ʆɹɽʉʇɽʏɽʅʀʗ ɽɪ ʋʉʊʆʁʏʀɺʆɻʆ ʈɸɿɺʀʊʀʗ 

 

 

 

 

645 

  

ʉɽʂʎʀʗ "ɸʈʍʀʊɽʂʊʋʈɸ ʀ ɼʀɿɸʁʅ" 

  

 

151 ɸ.ɼ. ɹʦʯʢʘʨʝʚʘ, ʅ.ɺ. ʍʦʤʫʪʦʚʘ. ɸʈʍʀʊɽʂʊʋʈɸ ʌɸʈ-

ʌʆʈʆɺʓʍ ɿɸɺʆɼʆɺ ʈʆʉʉʀʀ 

 

649 

152 ɸ.ɸ. ɹʫʨʦʚʘ, ʊ.ɸ. ʉʠʨʦʪʠʥʘ. ʈɽɻɽʅɽʈɸʎʀʗ ʉɽʄʀʇɸ-

ʃɸʊʀʅʉʂʆɻʆ ʇʆʃʀɻʆʅɸ 

 

653 

153 ʕ.ɺ. ɻʝʣʝʪʠʥʘ, ʅ.ʅ. ʂʫʜʨʷʰʦʚ. ʄʋɿɽʁ ʊɽʍʅʀʏɽʉʂʆʁ  
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ʀʉʊʆʈʀʀ ʗʈʆʉʃɸɺʉʂʆɻʆ ʂʈɸʗ 657 

154 ɽ.ɺ. ɻʦʣʫʙʝʚʘ, ʉ.ɺ. ʈʘʩʪʦʨʛʫʝʚ. ʕʄʆʎʀʀ ʀ ɸʈʍʀʊɽʂ-

ʊʋʈɸ 

 

660 

155 ʃ.ɺ. ɿʚʝʨʝʚʘ, ʊ.ɸ. ʉʠʨʦʪʠʥʘ. ɿɸɹɺɽʅʀɽ ʂɸʂ ʅɸɼɽɾ-

ɼɸ ʅɸ ʅʆɺʋʖ ɾʀɿʅʔ: ʈɽɻɽʅɽʈɸʎʀʗ ʇʆʉɽʃʂɸ ʆʂ-

ʊʗɹʈʔʉʂʀʁ ʅɸ ʂɸʄʏɸʊʂɽ 

 

 

664 

156 ɻ.ʄ. ʂʫʣʠʛʠʥ, ʅ.ɺ. ʍʦʤʫʪʦʚʘ. ʆʉʆɹɽʅʅʆʉʊʀ ɸʈʍʀ-

ʊɽʂʊʋʈʅʆʁ ʊʀʇʆʃʆɻʀʀ ɿɼɸʅʀʁ ʉʇɸʉɸʊɽʃʔ-ʅʓʍ 

ʉʃʋɾɹ 

 

 

668 

157 ʇ.ʖ. ʄʦʩʢʚʠʥʘ, ʉ.ʄ. ʄʘʢʩʠʤʦʚ. ʕʂʆ-ʆʊɽʃʔ ʅɸ ʂʈɸʖ 

ʋʊɽʉɸ 
 

672 

158 ɺ.ɼ. ʉʧʠʨʝʥʢʦʚ, ɽ.ɺ. ʉʠʥʠʮʳʥʘ. ʌʆʈʄʀʈʆɺɸʅʀɽ ɻʀ-

ʂɸʄʀ ɺʀʈʊʋɸʃʔʅʆʁ ʀɻʈʆɺʆʁ ɸʈʍʀʊɽʂʊʋʈʅʆʁ 

ʉʈɽɼʓ ʀ ʀʍ ɺʃʀʗʅʀɽ ʅɸ ʄʀʈʆɺʋʖ ʂʋʃʔʊʋʈʋ 

 

 

676 

159 ʊ.ɺ. ʎʚʝʪʢʦʚʘ, ʉ.ʄ. ʄʘʢʩʠʤʦʚ. ʇʈʀʅʎʀʇʓ ʌʆʈʄʀʈʆ-

ɺɸʅʀʗ ʀɼɽɸʃʔʅʆɻʆ ɻʆʈʆɼɸ ɹʋɼʋʑɽɻʆ 

 

680 

160 ɽ.ʄ. ʏʠʩʪʷʢʦʚʘ, ɽ.ɺ. ʄʠʪʨʦʬʘʥʦʚʘ. ʌʆʈʄʀʈʆɺɸʅʀɽ 

ɻʈɸɼʆʉʊʈʆʀʊɽʃʔʅʆʁ ʉʈɽɼʓ ʕʂʆʊʋʈʀɿʄɸ 

 

684 

161 ɸ.ɺ. ʐʘʭʘʣʦʚ, ɽ.ɺ. ʄʠʪʨʦʬʘʥʦʚʘ. ʄɽʄʆʈʀɸʃʔʅɸʗ 

ɸʈʍʀʊɽʂʊʋʈɸ. ʆʊ ʄɽʊɸʌʆʈʓ ʂ ʄɽʊɸʌʀɿʀʂɽ 

 

688 

  

ʉɽʂʎʀʗ "ʉʊɸʅɼɸʈʊʀɿɸʎʀʗ, ʄɽʊʈʆʃʆɻʀʗ  

ʀ ʉɽʈʊʀʌʀʂɸʎʀʗ" 

 

 

162 ʀ.ʅ. ʉʦʢʦʣʦʚʘ, ɸ.ʇ. ʏʠʨʢʦʚ. ʆ ʈɸʉʐʀʈɽʅʀʀ ʆɹʃɸʉ-

ʊʀ ɸʂʂʈɽɼʀʊɸʎʎʀʀ ʇʆɺɽʈʆʏʅʆʁ ʃɸɹʆʈɸʊʆʈʀʀ  

 

692 

163 ɺ.ʈ. ʉʘʧʦʛʦʚ, ɸ.ʇ. ʏʠʨʢʦʚ. ʆ ʇʈɽʀʄʋʑɽʉʊɺɸʍ 

ʆʎɽʅʂʀ ʈɽɿʋʃʔʊɸʊʆɺ ʀʉʇʓʊɸʅʀʁ ʇʈʆɼʋʂʎʀʀ ʉ 

ʋʏɽʊʆʄ ʀʅʌʆʈʄɸʎʀʀ ʆ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʀ 

ʀɿʄɽʈɽʅʀʁ 

 

 

695 

164 ʀ.ɺ. ʉʤʠʨʥʦʚʘ, ɽ.ʄ. ʈʫʤʷʥʮʝʚʘ, ʂ.ʀ. ʇʦʨʩʝʚ.  

ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ɼɽʗʊɽʃʔʅʆʉʊʀ ʉʃʋɾɹʓ 

ʉʊɸʅɼɸʈʊʀɿɸʎʀʀ ɺ ʆʈɻɸʅʀɿɸʎʀʀ ʅɸ ʆʉʅʆɺɽ  

ʀʅʅʆɺɸʎʀʆʅʅʆɻʆ ʄɽʅɽɼɾʄɽʅʊɸ 

 

 

 

699 

165 ɽ.ʇ. ʂʦʥʜʨʘʪʴʝʚʘ, ʃ.ʉ. ɻʨʦʤʦʚʘ. ɸʅɸʃʀɿ ʀ ʈɸɿʈɸ-

ɹʆʊʂɸ ɼʆʂʋʄɽʅʊʆɺ ʇʆ ʉʊɸʅɼɸʈʊʀɿɸʎʀʀ ɺ ʉʌɽ-

ʈɽ ɼʆʇʆʃʅʀʊɽʃʔʅʆɻʆ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆɻʆ ʆɹ-

ʈɸɿʆɺɸʅʀʗ ʌɻɹʆʋ ɺʆ ʗɻʊʋ 

 

 

 

703 

166 ɺ.ɸ. ʐʠʣʦʚʘ, ɸ.ʇ. ʏʠʨʢʦʚ. ʇʆɺɽʈʂɸ ʉʈɽɼʉʊɺ ʀɿʄɽ-

ʈɽʅʀʁ ɺ ʇʆʃɽɺʓʍ ʋʉʃʆɺʀʗʍ 

 

708 

167 ɸ.ɺ. ʂʝʣʘʨʝʚʘ, ʉ.ɸ. ʉʦʣʦʚʴʝʚʘ. ʄɽʉʊʆ ʉʊɸʅɼɸʈʊʆɺ 

ɻʆʉʊ ʈ ʀʉʆ 5725 ɺ ʇʈʆʎɽɼʋʈɽ ʇʆɺɽʈʂʀ ʉʈɽɼʉʊɺ 
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168 ɽ.ɺ. ɻʨʷʟʥʦʚ, ʉ.ɸ. ʉʦʣʦʚʴʝʚʘ. ʉʊɸʅɼɸʈʊʀɿɸʎʀʗ 

ʉʈɽɼʉʊɺ ʉɺʗɿʀ ɺ ʈʆʉʉʀʀ 

 

716 

169 ɸ.ʉ. ʂʘʨʧʦʚ, ɺ.ɸ. ʀʚʘʥʦʚʘ. ʄɽʊʈʆʃʆɻʀʏɽʉʂɸʗ ɼɽʗ-

ʊɽʃʔʅʆʉʊʔ ɺ ʈʆʉʉʀʀ: ɺʓɿʆɺʓ ʀ ɺʆɿʄʆɾʅʆʉʊʀ 

ɺ ʋʉʃʆɺʀʗʍ ʉɸʅʂʎʀʁ 

 

 

719 

170 ʗ.ɺ. ʉʪʨʘʭʦʚʘ. ʀʉʉʃɽɼʆɺɸʅʀɽ ɾʀɿʅɽʅʅʆɻʆ ʎʀʂ-

ʃɸ ʉʊɸʅɼɸʈʊɸ ʆʈɻɸʅʀɿɸʎʀʀ 

 

723 

  

ʉɽʂʎʀʗ "ʋʇʈɸɺʃɽʅʀɽ ʂɸʏɽʉʊɺʆʄ" 

 

 

171 ʅ.ʉ. ɸʨʠʭʠʥʘ, ɸ.ʉ. ɽʨʤʠʰʠʥ. ʇʈɽɼʇʆʉʓʃʂʀ ʈɽʀʅ-

ɾʀʅʀʈʀʅɻɸ ɺʅʋʊʈɽʅʅɽɻʆ ɸʋɼʀʊɸ ʅɸ ʄɸʐʀʅʆ-

ʉʊʈʆʀʊɽʃʔʅʆʄ ʇʈɽɼʇʈʀʗʊʀʀ 

 

 

728 

172 ʀ.ʄ. ɺʴʶʛʠʥʘ, ɸ.ʉ. ɽʨʤʠʰʠʥ. ʉʀʉʊɽʄɸ ʂʆʈʈɽʂʊʀ-

ʈʋʖʑʀʍ ʀ ʇʈɽɺɽʅʊʀɺʅʓʍ ʄɽʈʆʇʈʀ-ʗʊʀʁ ɺ 

ʋʇʈɸɺʃɽʅʀʀ ʂɸʏɽʉʊɺʆʄ 

 

 

732 

173 ɺ.ʄ. ɻʫʣʠʥ, ɺ.ɺ. ʂʦʯʝʨʦʚʘ. ʇʈɽɼʇʆʉʓʃʂʀ ʈɸɿʈɸ-

ɹʆʊʂʀ ʇʈʆɻʈɸʄʄʓ ʂʆʅʊʈʆʃʗ ʂɸʏɽʉʊɺɸ ʃʆʇɸ-

ʊʆʂ ɻɸɿʆʊʋʈɹʀʅʅʆɻʆ ɼɺʀɻɸʊɽʃʗ 

 

 

737 

174 ʄ.-ʍ.ʍ. ʅʘʫʨʙʠʝʚ, ɸ.ʄ. ɹʫʛʨʝʮʦʚʘ, ʉ.ɸ. ʎʘʨʝʚʘ.  

ʇʈʆʀɿɺʆɼʉʊɺʆ ʉ ʅʋʃɽɺʓʄ ɼɽʌɽʂʊʆʄ ʅɸ ʆʉʅʆ-

ɺɽ ʈʆɹɸʉʊʅʆɻʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ (ʇʆ ʄɸʊɽʈʀɸ-

ʃɸʄ ʆʆʆ ʇʊʂ çʉɻʄè) 

 

 

 

742 

175 ʂ.ɺ. ʅʝʢʠʧʝʣʦʚʘ, ɽ.ʄ. ʐʘʩʪʠʥʘ. ʈɸɿʈɸɹʆʊʂɸ ʄɽʈʆ-

ʇʈʀʗʊʀʁ ʇʆ ʉʆʂʈɸʑɽʅʀʖ ʇʆʊɽʈʔ ʅɸ ʇʈʆʀɿ-

ɺʆɼʉʊɺɽʅʅʆʄ ʇʈɽɼʇʈʀʗʊʀʀ (ʅɸ ʇʈʀʄɽʈɽ ɿɸʆ 

çʅʇʆ ʈɽɻʋʃʗʊʆʈè) 

 

 

 

746 

176 ʉ.ʉ. ʇʘʨʰʠʥʘ, ɺ.ʉ. ʂʨʫʛʣʦʚʘ, ʉ.ɸ. ʎʘʨʝʚʘ. ʈʆʃʔ ʀ 

ɿʅɸʏɽʅʀɽ ʉʊɸʊʀʉʊʀʏɽʉʂʆɻʆ ʇʈʀɽʄʆʏʅʆɻʆ 

ʂʆʅʊʈʆʃʗ ʂɸʏɽʉʊɺɸ ʃɸʂʆʂʈɸʉʆʏʅʆɻʆ ʇʆʂʈʓ-

ʊʀʗ ɺ ʇʆɺʓʐɽʅʀʀ ʂɸʏɽʉʊɺɸ ʇʈʆɼʋʂʎʀʀ ʈɽ-

ɻʀʆʅɸʃʔʅʆɻʆ ʉʋɼʆʉʊʈʆʀʊɽʃʔʅʆɻʆ ʇʈɽɼʇʈʀ-

ʗʊʀʗ 

 

 

 

 

 

751 

177 ɸ.ʂ. ʇʦʚʝʨʠʥʦʚʘ, ʄ.ɹ. ɺʦʨʦʥʠʥ, ɽ.ʄ. ʐʘʩʪʠʥʘ.  

ɺʃʀʗʅʀɽ ʀʄʇʆʈʊʆɿɸʄɽʑɽʅʀʗ ɺ ʇʈʆʄʓʐʃɽʅ-

ʅʆʉʊʀ ʅɸ ʂɸʏɽʉʊɺʆ ʇʈʆɼʋʂʎʀʀ (ʅɸ ʇʈʀʄɽʈɽ 

ʆʆʆ çʇʈʆʊɽʄʆʃè) 

 

 

 

757 

178 ɸ.ʉ. ʉʝʤʝʥʦʚʘ, ʉ.ɸ. ʎʘʨʝʚʘ. ʉʊɸʊʀʏɽʉʂʆɽ ʋʇʈɸɺ-

ʃɽʅʀɽ ʇʈʆʎɽʉʉɸʄʀ: ʇʈʀʂʃɸɼʅʓɽ ɸʉʇɽʂʊʓ ɺ 

ʋʉʃʆɺʀʗʍ ʇɸʆ çʉʃɸɺʅɽʌʊʔ-ʗʅʆʉè 

 

 

761 

179 ɸ.ʄ. ʉʠʨʦʪʢʠʥʘ, ɸ.ʉ. ɽʨʤʠʰʠʥ. ʊɽʆʈɽʊʀʏɽʉʂʀɽ ɸʉ-  
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ʇɽʂʊʓ ʈɸɿʈɸɹʆʊʂʀ ʀ ɺʅɽɼʈɽʅʀʗ ʅʆɺʓʍ ʄɽʊʆ-

ɼʀʏɽʉʂʀʍ ʇʆɼʍʆɼʆɺ ʂ ʆʎɽʅʂɽ ʂɸʏɽʉʊɺɸ ʀʆʊ 

 

765 

180 ʅ.ʉ. ʉʤʠʨʥʦʚʘ, ɸ.ɺ. ɿʘʚʛʦʨʦʜʥʷʷ, ɼ.ʉ. ʏʠʩʪʷʢʦʚ,  

ɽ.ʄ. ʐʘʩʪʠʥʘ.  ʅʋɾʅɸ ʃʀ ʉɽʈʊʀʌʀʂɸʎʀʗ ʖɺɽ-

ʃʀʈʅʓʍ ʀɿɼɽʃʀʁ? 

 

 

769 

181 ʄ.ɺ. ʉʦʮʠʭʦʚʩʢʠʡ, ɸ.ɽ. ʉʦʢʦʣʦʚ, ɸ.ɺ. ʎʠʙʠʟʦʚ,  

ʅ.ɻ. ʄʘʢʘʨʝʥʢʦ. ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʆɺʈɽʄɽʅʅʓʍ 

ʃʀʊʀʁ-ʇʆʃʀʄɽʈʅʓʍ ɸʂʂʋʄʋʃʗʊʆʈʆɺ ɼʃʗ ɹɽʉ-

ʇʀʃʆʊʅʓʍ ʃɽʊɸʊɽʃʔʅʓʍ ɸʇʇɸʈɸʊʆɺ 

 

 

 

773 

182 ɸ.ʄ. ʌʦʤʠʥʘ, ɸ.ʉ. ɽʨʤʠʰʠʥ. ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʀ-

ʏɽʉʂʀʍ ʇʆɼʍʆɼʆɺ ʂ ʆʎɽʅʂɽ ʂɸʏɽʉʊɺɸ ʌɸʈʄɸ-

ʎɽɺʊʀʏɽʉʂʀʍ ʇʈɽʇɸʈɸʊʆɺ ɺ ɼʆʂʃʀʅʀʏɽʉʂʀʍ 

ʀʉʉʃɽɼʆɺɸʅʀʗʍ 

 

 

 

777 

183 ʂ.ʅ. ʌʫʥʠʢʦʚʘ, ʗ.ʕ. ʀʧʘʪʦʚʘ, ɽ.ʄ. ʐʘʩʪʠʥʘ.  

ɼʀɸɻʈɸʄʄɸ ʀʉʀʂɸɺʓ, ʂɸʂ ʉʇʆʉʆɹ ʇʆʀʉʂɸ 

ʇʈʀʏʀʅ ʉʋʑɽʉʊɺʋʖʑʀʍ ʇʈʆɹʃɽʄ ʅɸ ʇʈɽɼʇʈʀ-

ʗʊʀʗʍ (ʅɸ ʇʈʀʄɽʈɽ ʇɸʆ çɸɺʊʆɼʀɿɽʃʔè) 
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çʆɼʂ-ʉɸʊʋʈʅè 

 

 

 

785 

  

ɼʆʇʆʃʅɽʅʀɽ ʂ ʉɽʂʎʀʀ "ʄɸʊɽʈʀɸʃʆɺɽɼɽʅʀɽ 

ʀ ʊɽʍʅʆʃʆɻʀʗ ʄɸʊɽʈʀɸʃʆɺ" 

 

 

185 ɽ.ʇ. ʂʦʥʜʨʘʪʴʝʚʘ, ɸ.ɺ. ʂʝʣʘʨʝʚʘ, ʀ.ʅ. ʉʦʢʦʣʦʚʘ. ʇʃɸ-

ʅʀʈʆɺɸʅʀɽ ʕʂʉʇɽʈʀʄɽʅʊɸ ɼʃʗ ʂʆʅʉʊʈʋʀʈʆɺɸ-

ʅʀʗ ɸʄʆʈʊʀɿɸʊʆʈɸ ʉʊʈɸʍʆɺʆʏʅʆɻʆ ʉʊʈʆʇɸ ʆʊ 

ʇɸɼɽʅʀʗ ʉ ɺʓʉʆʊʓ 

 

 

 

789 

186 ɽ.ʇ. ʂʦʥʜʨʘʪʴʝʚʘ, ɽ.ɸ. ʂʦʰʫʪʠʥʘ, ɸ.ɸ. ʀʉʉʃɽɼʆɺɸ-

ʅʀɽ ʇʈʀʏʀʅ ɹʈɸʂɸ ʉʂʆɹʓ ʀɿ ʉʊɸʃʀ ʄɸʈʂʀ 

ʉʊ3ʉʇ 

 

 

793 

 



21  

ʉɽʂʎʀʗ  

"ʄɸʐʀʅʆʉʊʈʆɽʅʀɽ" 
 
ʋɼʂ 621.91.01 

 
ɺʃʀʗʅʀɽ ʉʆɾ ʅɸ ʊɽʄʇ ʀɿʅʆʉɸ ʀʅʉʊʈʋʄɽʅʊɸ ʇʈʀ 

ʈɽɿɸʅʀʀ ɺ ʆʇʊʀʄɸʃʔʅʓʍ ʋʉʃʆɺʀʗʍ 

 
ʖ.ʀ. ɺʣʘʜʠʤʠʨʦʚ, ɸ.ʄ. ʐʘʧʦʰʥʠʢʦʚ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɸ.ʄ. ʐʘʧʦʰʥʠʢʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, 

ʜʦʮʝʥʪ 
 

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ ʞʠʜʢʦʩʪʝʡ ʥʘ ʧʨʦ-

ʮʝʩʩʳ ʨʝʟʘʥʠʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤ ʠ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʘʤʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʝ ʞʠʜʢʦʩʪʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ 

 

INFLUENCE OF CUTTING FLUID SON TOOL WEAR RATE 

DURING CUTTING UNDER OPTIMAL CONDITIONS  

 
Y.I.  Vladimirov,  A.M. Shaposhnikov

 

 

Scientific Supervisor ï A.M. Shaposhnikov,  

Candidate of Technical Science, Associate Professor
 

 

Yaroslavl State Technical University 

 
The influence of cutting fluids on cutting processes under optimal conditions 

and its quantitative evaluation by experimental and computational methods are consi-

dered. 

Keywords: cutting fluid, mechanical engineering, mechanical treatment, tool 

wear 

 

ʆʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʝʟʘʥʠʷ ï ʵʪʦ ʨʝʟʘʥʠʝ ʩ ʪʘʢʠʤʠ ʨʝʞʠʤʘʤʠ, 

ʧʨʠ ʢʦʪʦʨʳʭ  ʪʝʤʧ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʙʫʜʝʪ ʤʠʥʠʤʘʣʝʥ. ʉʤʘʟʦʯʥʦ-

ʦʭʣʘʞʜʘʶʱʠʝ ʞʠʜʢʦʩʪʠ (ʉʆɾ) ʫʤʝʥʴʰʘʶʪ ʪʝʤʧ ʠʟʥʦʩʘ, ʫʚʝʣʠʯʠʚʘʷ 

ʩʨʦʢ ʩʣʫʞʙʳ ʠʥʩʪʨʫʤʝʥʪʘ.   
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ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʉʆɾ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʨʝʟʘ-

ʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʧʪʠʤʘʣʴʥʳʡ ʪʝʤʧ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ. ʊʝʤʧ ʠʟ-

ʥʦʩʘ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʘʤʠ.  

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʘ ʠʟʥʦʩʘ ʧʝʨʚʳʤ ʤʝʪʦʜʦʤ ʧʨʦʚʦʜʷʪʩʷ ʩʪʦʡ-

ʢʦʩʪʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʢ ʬʫʥʢʮʠʠ 

hʦʣ=f(V), ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʣʠʥʝʡʥʳʡ ʠʟʥʦʩ. ʆʥ 

ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʢʨʠʚʦʡ ʥʘ ʫʯʘʩʪʢʝ ʥʦʨʤʘʣʴʥʦʛʦ ʠʟ-

ʥʘʰʠʚʘʥʠʷ. ʇʨʦʚʝʜʝʥʠʝ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʨʝʟʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʠ hʦʣ=f(V ), ʠ ʦʧʪʠʤʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʪʨʫʜʦʝʤʢʦʩʪʴ 

ʠ ʙʦʣʴʰʠʝ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʠ ʪʝʨʤʦ-ʕɼʉ 

ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1.  

 
 

ʈʠʩ.1. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʠ ʪʝʨʤʦ-ʕɼʉ ʦʪ ʩʢʦʨʦʩʪʠ 

 

ʅʘ ʨʠʩ. 2 ʠ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʛʨʘʬʠʢʠ ʠʟʥʦʩʘ ʠʥʩʪ-

ʨʫʤʝʥʪʘ  ʦʪ ʧʫʪʠ ʨʝʟʘʥʠʷ ʧʨʠ ʪʦʯʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʕʀ437ɹʋɺɼ ʨʝʟʮʦʤ 

ɺʂ8 çʚʩʫʭʫʶè ʠ ʩʦ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʤʠ ʞʠʜʢʦʩʪʷʤʠ ɸʢʚʦʣ-2 ʠ 

ɺʅʀʀ ɸʣʤʘʟ. 

 
ʈʠʩ. 2. ɻʨʘʬʠʢʠ ʪʝʤʧʘ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ: 1 ï ʧʨʠ ʨʝʟʘʥʠʠ çʚʩʫʭʫʶè; 

2 ï ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ɸʢʚʦʣ-2 
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ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʪʝʤʧʘ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ: 1 ï ʧʨʠ ʨʝʟʘʥʠʠ çʚʩʫʭʫʶè; 

2 ï ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ɺʅʀʀ ɸʣʤʘʟ 

 

ʇʦʤʠʤʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʚʝʣʠʯʠʥʫ ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʫ ʂʦʥʦʥʦʚʘ ʖ.ɽ. (ʬʦʨʤʫʣʘ 1). 
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ʛʜʝ ὧ”= 4,76Ͻ106 ˑ̇

3̍Ͻᴈ
 ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ (ʕʀ437ɹʋɺɼ); 

„= 0,25 ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʕʀ437ɹʋɺɼ); 

„̃ = 1000,62 ʄʇʘ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʕʀ437ɹʋɺɼ); 

—0 = 800 ᴈ - ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʣʷ ʧʘʨʳ ʕʀ437ɹʋɺɼ ï ɺʂ8; 

„Ὄ= 1415 ʄʇʘ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʠʟʛʠʙ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ (ɺʂ8); 

†̑ = 869 ʄʇʘ ï ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʫʩʣʦʚʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʜʚʠ-

ʛʘ ʜʣʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʕʀ437ɹʋɺɼ); 

—Ὄ= 1490 ᴈ ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ; 

ὺ̏ ï ʦʧʪʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʜʘʯʝ; 

ὺ0
ᴂ ï ʦʧʪʠʤʘʣʴʥʘʷ  ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ ʧʨʠ Ὓ= 1 ʤʤ/ʦʙ; 

ὥ1 ï ʪʦʣʱʠʥʘ ʩʨʝʟʘ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʜʘʯʝ; 

ὥ1
ᴂ - ʪʦʣʱʠʥʘ ʩʨʝʟʘ ʧʨʠ Ὓ= 1 ʤʤ/ʦʙ. 

ɼʘʥʥʘʷ ʬʦʨʤʫʣʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʣʷ ʨʝʟʘʥʠʷ çʚʩʫʭʫʶè. ʇʨʦʚʝʨʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦ ʥʝʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʠ ʧʨʠ ʫʩʣʦʚʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʆɾ. ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫ-

ʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ  ʨʘʩʯʝʪʥʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʦʜʦʚ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ  

ʠ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʘʤʠ 

 
s, 

ʤʤ/

ʦʙ 

ʈʝʟʘʥʠʝ 

çʚʩʫʭʫʶè 

% 

ʧʦʛʨ. 

ʠʟʤ. 

ʈʝʟʘʥʠʝ  

ʉ ʉʆɾ  

ɸʢʚʦʣ-2 

% 

ʧʦʛʨ. 

ʠʟʤ. 

ʈʝʟʘʥʠʝ ʩ 

ʩ ʉʆɾ 

ɺʅʀʀ-

ɸʣʤʘʟ 

% ʧʦʛʨ. 

ʠʟʤ. 

ʕʢʩ. 

Ā10-8 

ʈʘʩʯ

Ā10-8 

ʕʢʩ. 

Ā10-8 

ʈʘʩʯ. 

Ā10-8 

ʕʢʩ. 

Ā10-8 

ʈʘʩʯ

Ā10-8 

0.09 2.6 2.4 7.7 1.97 2.08 5.3 1.82 1.86 2.3 

0.14 3.3 3.4 3 3.54 3.31 7 3.03 2.9 4.1 

0.2 4.4 4 9 4.14 4.27 3.1 4.49 4.12 8.2 

0.29 7.2 6.5 9.7 6.37 5.95 7.1 6.29 6.61 5.1 

0.4 8.3 8.8 7 8.2 8.48 3.3 7.1 8.22 15.7 

 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʮʝʥʪʳ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ 

ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ, ʩʣʘʙʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʩʯʝʪʘʭ 

ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʩ ʉʆɾ. 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1 ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʝ-

ʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʬʦʨʤʫʣʘ 1) ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʉʆɾ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʛʘʪʴ ʪʨʫʜʦʝʤʢʠʭ ʠ ʜʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʨʝʟʘʥʠʝʤ: ʉʧʨʘʚʦʯʥʠʢ / ʇʦʜ ʨʝʜʘʢʮʠʝʡ ʉ.ɻ. ʕʥʪʝʣʠʩʘ, ʉ.ʄ. ɹʝʨʣʠʥʝʨʘ.  ʄ.: ʄʘ-

ʰʠʥʦʩʪʨʦʝʥʠʝ, 1986.  352 ʩ. 
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ʋɼʂ 517.925 

ʈɸɿʈɸɹʆʊʂɸ ʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʃʀʊɽʁʅʆʁ ʌʆʈʄʓ 

ɼɽʊɸʃʀ çʂʆʈʇʋʉ ʈɸɼʀʆʉʊɸʅʎʀʀè  

ɺ CAD ʉʀʉʊɽʄɽ ʂʆʄʇɸʉ 3D 

 

ɺ.ɼ. ɹʘʰʢʠʨʮʝʚ, ʄ.ɸ. ɸʛʘʧʦʚ, ʆ.ʅ. ʂʘʣʘʯʝʚ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʆ.ʅ. ʂʘʣʘʯʝʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 
 

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʉʦʟʜʘʥʠʝ ʬʦʨʤ-ʧʘʢʝʪʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʤʝʪʦʜʦʤ ʣʠʪʴʷ. ʈʘ-

ʟʦʙʨʘʪʴʩʷ ʚ CAD ʩʠʩʪʝʤʝ ʂʦʤʧʘʩ 3D. ʀʟʫʯʠʪʴ ʤʝʪʦʜʠʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʚʝʨ-

ʜʦʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʚʳʯʠʪʘʥʠʝ ʠ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʜʚʝ ʧʦʣʦʚʠʥʳ ʥʦʚʦʡ ʜʝʪʘʣʠ ʩ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʴʶ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʬʦʨʤʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: CAD, ʂʦʤʧʘʩ 3D ʣʠʪʝʡʥʘʷ ʬʦʨʤʘ, ʤʘʪʨʠʮʘ ʠ ʧʫʘʥʩʦʥ, 

3D-ʤʦʜʝʣʴ 
 

DEVELOPMENT AND DESIGN OF A CASTING MOLD  

IN CAD SYSTEM COMPASS 3D DETAILS  

çRADIO STATION HOUSING è 
 

V.D. Bashkirtsev, M.A. Agapov, O.N. Kalachev 

 

Scientific Supervisor ï O.N. Kalachev, Candidate of Technical 

Sciences, Associate Professor  
 

Yaroslavl State Technical University 

 
Creation of a form package for the production of a workpiece by casting. Un-

derstand the Compass 3D CAD system. To study the methodology of using solid-state 

operations subtraction and division into two halves of a new part with an internal cavi-

ty of a curved shape.  

Keywords: CAD, Kompas 3D, casting mold, matrix and punch, 3D model 

 

ʃʠʪʴʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʰʠ-

ʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʉʢʦʨʦʩʪʴ ʚʳʧʫʩʢʘ ʧʨʠ ʣʠʪʴʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʦʪʣʠʚʢʠ ʠ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʣʠʪʴʷ ʤʦʞʝʪ ʙʳʪʴ ʚ ʧʨʝʜʝ-

ʣʘʭ ʦʪ 0,5 ʜʦ 120 ʤ/ʩ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ, ʥʝʢʦʪʦʨʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʄʘʪʝʨʠʘʣʳ ʜʝʪʘʣʝʡ 
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ʠʤʝʶʪ ʦʙʰʠʨʥʳʡ ʩʧʝʢʪʨ, ʦʥ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʮʚʝʪʥʳʝ ʤʝʪʘʣʣʳ ʥʘ ʦʩʥʦʚʝ 

ʘʣʶʤʠʥʠʷ, ʮʠʥʢʘ, ʘ ʪʘʢʞʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʧʣʘʩʪʤʘʩ-

ʩʳ, ʨʝʟʠʥʘ ʠ ʩʠʣʠʢʦʥ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʣʠʪʴʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ ɸʂ7ʏ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʠ ʥʝʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ ʠʩʧʦʣʴʟʦʚʘ-

ʣʘʩʴ ʩʠʩʪʝʤʘ ʉɸʇʈ ʂʦʤʧʘʩ 3D. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ. ɺʥʘʯʘʣʝ, ʧʦ 

ʩʥʷʪʳʤ ʨʘʟʤʝʨʘʤ ʩʫʱʝʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʩʪʨʦʠʪʩʷ ʯʝʨʪʝʞ ʠ ʤʦʜʝʣʴ ʚ ʩʠʩ-

ʪʝʤʝ ʂʦʤʧʘʩ 3D.  

 
 

ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʦʙʤʝʨʘ ʥʘʪʫʨʥʦʛʦ ʦʙʨʘʟʮʘ 

 

ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʠ  ʢʦʨʧʫʩʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʢʣʶʯʝʚʳʭ 

ʰʘʛʘʭ. ʐʘʛ 1: ʩʦʟʜʘʸʤ ʬʠʛʫʨʫ ʷʱʠʢ, ʠʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʳ 

çʇʨʷʤʦʫʛʦʣʴʥʠʢè ʠ çɺʳʜʘʚʣʠʚʘʥʠʝè (ʨʠʩ. 2, ʘ). ʐʘʛ 2: ʚʳʯʝʪʘʝʤ ʧʘʟ ʠ 

ʧʦʣʦʩʪʠʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ çɺʳʜʘʚʣʠʚʘʥʠʝè (ʨʠʩ. 2, ʙ). ʐʘʛ 3: 

ʚʳʜʘʚʣʠʚʘʝʤ ʦʩʪʘʚʰʠʝʩʷ ʵʣʝʤʝʥʪʳ (ʨʠʩ. 2, ʚ).ʐʘʛ 4: çʉʢʨʫʛʣʝʥʠʝʤè 

ʟʘʚʝʨʰʘʝʤ ʩʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʠ (ʨʠʩ. 2, ʛ). 

 
ʈʠʩ. 2. ʉʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ 
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ɸʥʘʣʦʛʠʯʥʦ ʩʪʨʦʠʤ 3D-ʤʦʜʝʣʴ ʢʨʳʰʢʠ ʢʦʨʧʫʩʘ (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 3 3D-ʤʦʜʝʣʴ ʢʨʳʰʢʠ 

 

ɼʘʣʝʝ ʩʦʟʜʘʝʤ ʧʘʨʘʣʣʝʣʠʧʠʧʝʜ ʙʫʜʫʱʝʡ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ (ʨʠʩ. 4). 

 

 
 

ʈʠʩ.4.ʉʦʟʜʘʥʠʝ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʙʫʜʫʱʝʛʦ ʧʘʢʝʪʘ 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʦʩʪʠ ʚʳʧʦʣʥʠʣʠ ʪʚʝʨʜʦʪʝʣʴʥʦʝ ʚʳʯʠʪʘʥʠʝ ʠʟ 

ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ  ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ (ʨʠʩ. 5). 

 

 
 

ʈʠʩ. 5. ʉʦʟʜʘʥʥʘʷ ʟʘʛʦʪʦʚʢʘ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ (ʚʩʧʦʤ. ʩʙʦʨ..dwg) 

 

ʊʝʧʝʨʴ ʩʦʟʜʘʝʤ ʥʦʚʳʡ ʬʘʡʣ ʧʦ ʨʝʟʫʣʴʪʘʪʫ ʚʳʯʠʪʘʥʠʷ, ʜʣʷ 

ʜʦʙʘʚʣʝʥʠʷ ʨʘʥʝʝ ʩʦʟʜʘʥʥʦʡ ʟʘʛʦʪʦʚʢʠ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ ʠʩʧʦʣʴʟʫʝʤ 
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ʢʦʤʘʥʜʫ çʂʦʧʠʨʦʚʘʪʴ ʦʙʲʝʢʪè. ɿʘʪʝʤ ʠʟ ʩʧʠʩʢʘ ʜʦʩʪʫʧʥʳʭ ʬʘʡʣʦʚ 

ʚʳʙʠʨʘʝʤ ʵʪʫ ʟʘʛʦʪʦʚʢʫ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ (ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 6. ʇʦʩʣʝ ʧʦʚʦʨʦʪʘ ʜʝʪʘʣʴ ʚ ʩʙʦʨʢʝ  

 

ɼʘʣʝʝ ʩʧʨʦʝʮʠʨʫʝʤ ʢʦʥʪʫʨ ʟʘʛʦʪʦʚʢʠ ʚ ʙʫʜʫʱʝʡ ʤʘʪʨʠʮʝ, ʠʩʧʦʣʴ-

ʟʫʷ ʢʦʤʘʥʜʫ çʉʧʨʦʝʮʠʨʦʚʘʪʴ ʦʙʲʝʢʪè.ɺʳʜʝʣʷʝʤ ʧʦʣʫʯʝʥʥʳʡ ʢʦʥʪʫʨ ʠ 

ʚʳʨʝʟʘʝʤ ʚʳʜʘʚʣʠʚʘʥʠʝʤ ʜʦ ʥʠʞʥʝʡ ʧʣʦʩʢʦʩʪʠ ʟʘʛʦʪʦʚʢʠ (ʨʠʩ. 7). 

 
ʈʠʩ. 7. ʉʧʨʦʝʮʠʨʦʚʘʥʥʳʡ ʢʦʥʪʫʨ ʟʘʛʦʪʦʚʢʠ ʠ ʚʳʯʠʪʘʥʠʝ ʠʟ ʟʘʛʦʪʦʚʢʠ 

 

 
 

ʈʠʩ. 8. ʇʦʣʫʯʝʥʥʘʷ ʤʘʪʨʠʮʘ 

 

ɸʥʘʣʦʛʠʯʥʦ ʧʦʩʪʨʦʝʥʠʶ ʤʘʪʨʠʮʳ ʩʪʨʦʠʤ ʧʫʘʥʩʦʥ. 
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ʈʠʩ. 9. ʇʦʣʫʯʝʥʥʳʡ ʧʫʘʥʩʦʥ 

 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʘʢʝʪʘ ʧʨʝʩʩ-ʬʦʨʤʳ ʩʦʟʜʘʝʤ ʥʦʚʫʶ ʩʙʦʨʢʫ. ɼʦ-

ʙʘʚʣʷʝʤ ʠʤʠʪʘʮʠʶ ʚʝʨʭʥʝʡ ʧʣʠʪʳ ʧʨʝʩʩ-ʬʦʨʤʳ, ʤʘʪʨʠʮʫ ʚ ʮʝʥʪʨʝ ʢʦʦʨ-

ʜʠʥʘʪ, ʩʦʙʩʪʚʝʥʥʦ ʟʘʛʦʪʦʚʢʫ ʠ ʧʨʠ ʧʦʤʦʱʠ ʩʦʧʨʷʞʝʥʠʷ ʟʘʜʘʝʤ ʧʘʨʘʤʝʪ-

ʨʳ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʪʘʣʠ ʚ ʤʘʪʨʠʮʝ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʜʦʙʘʚʣʷʝʤ ʥʘʧʨʘʚ-

ʣʷʶʱʠʝ ʠ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʚʧʨʳʩʢʘ ʤʝʪʘʣʣʘ ʚ ʩʦʩʪʘʚʝ ʣʠʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ. 

ɿʘʚʝʨʰʘʷ ʧʨʦʜʝʣʘʥʥʫʶ ʨʘʙʦʪʫ, ʩʦʝʜʠʥʷʝʤ ʵʪʦ ʚʩʝ ʚ ʤʦʜʝʣʠ ʬʦʨʤ-ʧʘʢʝʪʘ. 

 

 

ʈʠʩ. 10. ʇʘʢʝʪ ʧʨʝʩʩ-ʬʦʨʤ ʜʣʷ ʢʨʳʰʢʠ ʠ ʢʦʨʧʫʩʘ 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 
1. ɹʦʣʴʰʘʢʦʚ, ɺ.ʇ. ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘ 

- ʮʠʠ ʚ ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ-3D: ʇʨʘʢʪʠʢʫʤ. ʉʇʙ.: ɹʍɺ-ʇʝʪʝʨʙʫʨʛ, 2011.  496 ʩ.  

2.  ʌʝʪʠʩʦʚʘ, ʊ.ʉ.  ʀʟʜʘʪʝʣʴʩʪʚʦ ʊʦʣʴʷʪʪʠʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

URL: https://dspace.tltsu.ru/bitstream/123456789/378/1/ʌʝʪʠʩʦʚʘ%201-30-12.pdf]. 

3. ʀʩʘʛʫʣʦʚ, ɸ.ɿ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʣʠʪʝʡʥʦʡ ʦʩʥʘʩʪʢʠ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɸ.ɿ. ʀʩʘ-

ʛʫʣʦʚ, ʉ.ɹ, ʂʫʟʝʤʙʘʝʚ, ʉ.ɻ. ʂʘʥʫʥʠʥʢʦʚʘ.  ʂʘʨʘʛʘʥʜʘ, ʂʘʨɻʊʋ, 2003.  183 ʩ. URL: 

https://reallib.org/reader?file=567690 
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ʇʨʦʮʝʩʩ FDM (Fused deposition modeling - ʧʦʩʣʦʡʥʦʝ ʥʘʧʣʘʚʣʝʥʠʝ 

ʪʝʨʤʦʧʣʘʩʪʦʚ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʚʠʜʦʚ 

3D-ʧʝʯʘʪʠ, ʦʜʥʘʢʦ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: ʥʠʟʢʘʷ ʤʝʭʘʥʠ-

ʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘʛʨʫʟʢʠ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʘʷʩʷ ʘʥʠʟʦʪʨʦʧʠʝʡ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʪʨʫʜʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʠʭ 

ʩʪʝʥʦʢ ʠ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʥʘʧʨʠʤʝʨ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʦʡ, ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ɸʊ) ʫʩʪʫʧʘʶ ʧʦ ʨʷʜʫ ʢʣʶʯʝʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʘ ʠʤʝʥʥʦ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ.  ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʚ ɸʊ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ʣʝʩʪʥʠʮʳ (ʩʪʫʧʝʥʯʘʪʳʡ ʵʬʬʝʢʪ).  ɽʩʣʠ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʦʙʨʘʟʫʝʪ ʫʛʦʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʣʦʷ, ʪʦ ʦʙʨʘʟʫʝʪʩʷ ʩʪʫ-

ʧʝʥʯʘʪʳʡ ʧʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʩʪʫʧʝʥʯʘ-

ʪʦʛʦ ʵʬʬʝʢʪʘ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʦ ʚ ʩʣʫʯʘʝ ʩ ʥʘʢʣʦʥʥʳʤʠ ʠʣʠ ʢʨʠʚʦ-

ʣʠʥʝʡʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʪʦʣʱʠʥʫ ʩʣʦʷ, ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʜʣʠʥʘ ʪʘʢʠʭ ʩʪʫʧʝʥʝʡ. 

ʉʪʫʧʝʥʯʘʪʳʡ ʵʬʬʝʢʪ ʚ ʜʝʪʘʣʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʜʠʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʜʝʣʠʡ. 

ʇʦʜʭʦʜʳ ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞ-

ʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: ʦʧʪʠʤʠʟʘʮʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʯʘʪʠ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʧʦʩʪʦʙʨʘʙʦʪʢʠ [1]. ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ 

ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠ-

ʢʫ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ.  ʀʩʭʦʜʷ ʠʟ ʩʪʘʪʴʠ [2], ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠʟ FDM ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʘʷ ʥʝʨʘʚ-

ʥʦʤʝʨʥʦʩʪʴ: ʧʨʠ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʠ ʧʝʯʘʪʠ ʪʦʣʱʠʥʝ ʩʣʦʷ                

0,254 ʤʤ ʩʨʝʜʥʷʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ Ra ʢʦʣʝʙʣʝʪʩʷ ʦʪ 16 ʤʢʤ ʜʦ 60 ʤʢʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʥʘʧʣʘʚʣʝʥʠʷ.  

ɺ ʩʪʘʪʴʝ [3] ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ FDM ʠʟʜʝʣʠʷ. ʊʘʢ ʧʨʠ ʫʛʣʝ ʥʘʧʣʘʚʣʝʥʠʷ 0Á (ʩʣʦʡ, ʧʘʨʘʣ-

ʣʝʣʴʥʳʡ ʩʪʦʣʫ), ʧʨʦʬʠʣʴ ʦʙʨʘʟʦʚʘʥ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʠʤ ʟʘʧʦʣʥʝʥʠʝʤ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝ-

ʞʜʫ ʧʘʨʘʤʠ ʩʣʦʝʚ ʜʦ 0,75 ʤʤ, ʚʳʩʦʪʦʡ ʚʝʨʰʠʥʳ ʜʦ ʚʧʘʜʠʥʳ 180 ʤʢʤ. 

ʇʨʠ ʫʛʣʝ ʥʘʧʣʘʚʣʝʥʠʷ 20Á ʧʨʦʬʠʣʴ ʤʝʥʝʝ ʨʝʛʫʣʷʨʝʥ, ʪʘʢ ʢʘʢ ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʥʘʣʠʯʠʝʤ ʢʘʢ ʚʥʝʰʥʝʛʦ ʢʦʥʪʫʨʘ, ʪʘʢ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʧʦʣʥʝʥʠʷ. ʇʨʦʬʠʣʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʪʦʡ ʦʪ ʧʠʢʘ ʜʦ ʚʧʘʜʠʥʳ (ʦʢʦʣʦ 400 ʤʢʤ), ʩ ʠʥʪʝʨʚʘ-

ʣʦʤ 0,82 ʤʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʜʣʠʥʝʥʠʶ ʫʯʘʩʪʢʘ ʬʠʣʘʤʝʥʪʘ. ʇʨʠ ʫʛʣʝ 

ʥʘʧʣʘʚʣʝʥʠʷ 90Á (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʩʪʦʣʫ) ʥʠʪʠ ʠʜʝʘʣʴʥʦ ʫʢʣʘʜʳʚʘʶʪʩʷ 

ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʧʨʦʬʠʣʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʚʥʝʰʥʝʡ ʩʪʝʥʢʦʡ ʠʟʜʝʣʠʷ. 

ʕʪʦʪ ʩʣʫʯʘʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʤʝʥʴʰʝʡ ʦʙʱʝʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ                 

(100 ʤʢʤ). ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʛʦʣ ʥʘʢʣʦʥʘ.  
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ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʬʠʣʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʠʙʣʠʞʝ-

ʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʠʢʠ ʧʨʦʬʠʣʷ ʜʝʪʘʣʝʡ, ʥʘʧʝʯʘʪʘʥʥʳʭ 

ʤʝʪʦʜʦʤ FDM ʙʝʟ ʜʝʬʦʨʤʘʮʠʠ, ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ [4]: 

 

ὼ2 + ώ2 = (ὸ/ 2sin‌)2, 
ὼɴ [ (ὸ/ 2sin‌),(ὸ/ 2sin‌)],ώ> 0,                       (1) 

 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʘʢʦʛʦ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ, ʭʘʨʘʢʪʝʨʥʦ-

ʛʦ ʜʣʷ FDM ʧʝʯʘʪʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʠʧʠʯʥʘʷ ʢʨʠʚʘʷ ñʚʪʦʨʦʡ 

ʩʪʝʧʝʥʠò [5].  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʘʚʠʣʴʥʘʷ ʧʦʜʛʦʥʢʘ ʢʨʠʚʦʡ ʥʘʠʣʫʯʰʠʤ 

ʦʙʨʘʟʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʪʣʠʯʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʠʥʦʯʥʘʷ ʚʝʨʰʠʥʘ ʧʨʦʬʠʣʷ ʧʦ-

ʚʝʨʭʥʦʩʪʠ.  

 
 

ʈʠʩ. 1. ʆʧʠʩʘʥʠʝ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ FDM ʜʝʪʘʣʠ ʯʝʨʝʟ ʧʘʨʘʙʦʣʠʯʝʩʢʫʶ 

ʢʨʠʚʫʶ 

 

ʊʘʢʘʷ ʬʦʨʤʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʚʫʶ ʚʪʦʨʦʡ ʩʪʝ-

ʧʝʥʠ, ʪ.ʝ. ʩʦʩʪʦʷʱʫʶ ʠʟ ʦʪʨʝʟʢʘ ʧʘʨʘʙʦʣʳ. ʃʦʢʘʣʴʥʘʷ ʜʝʢʘʨʪʦʚʘ ʩʠʩʪʝʤʘ 

ʢʦʦʨʜʠʥʘʪ xïy ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʧʨʦʬʠʣʷ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʧʨʦʬʠʣʴ ʨʝʙʨʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

ώ= ὥὼ2 + ὦὼ+ ὧ,ὼɴ
1

2
(
ὸ

ίὭὲ‌
Ὧὦ),

1

2
(
ὸ

ίὭὲ‌
Ὧὦ) ,ώ> 0.    (2) 

 

ɸʚʪʦʨʳ ʚ ʩʪʘʪʴʝ [4] ʠʩʭʦʜʷ ʠʟ ʚʳʰʝ ʦʧʠʩʘʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʠ ʧʨʠ-

ʤʝʥʠʚ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʣʠʥʠʠ 

ʧʨʦʬʠʣʷ ʦʪ ʧʠʢʘ ʜʦ ʚʧʘʜʠʥʳ ʧʨʝʜʣʦʞʠʣʠ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ, ʦʧʠʩʳ-

ʚʘʶʱʝʝ ʩʨʝʜʥʶʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʜʣʷ ʧʨʦʬʠʣʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʘʨʘʙʦʣʠ-

ʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ. ʆʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʧʠʢʘʤʠ ʠ ʚʧʘʜʠʥʘʤʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʝʪʳʨʝʭ ʢʦʥʢʨʝʪʥʳʭ ʚʝʣʠʯʠʥ, ʘ ʠʤʝʥʥʦ ʪʦʣʱʠʥʳ ʩʣʦʷ 



33  

(t), ʫʛʣʘ ʥʘʢʣʦʥʘ (Ŭ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʢʣʦʥʝʥʠʷ ʧʨʦʬʠʣʷ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʪ. ʝ. kb ʠ kh. ʋʨʘʚʥʝʥʠʝ ʩʨʝʜʥʝʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʣʷ ʪʘʢʦʛʦ ʧʨʦʬʠʣʷ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

 

Ὑὥ(‘ά) =
2000

(ὸ/ίὭὲ‌ Ὧὦ)
(᷿
ὼὧ

0
ώ ώὨὼ+ ᷿

1/ 2(ὸ/ίὭὲ‌ Ὧὦ)

ὼὧ
ώ ώὨὼ.   (3) 

 

ɺʳʰʝʦʧʠʩʘʥʥʳʝ ʧʦʜʭʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʧʨʦʬʠʣʴ ʧʦʚʝʨʭʥʦʩʪʠ 

FDM ʠʟʜʝʣʠʷ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʨʤ, ʦʪ ʧʦʣʫʢʨʫʛʣʦʡ, ʜʦ ʙʦʣʝʝ 

ʩʣʦʞʥʦʡ ʢʨʠʚʦʡ ʚʪʦʨʦʛʦ ʨʦʜʘ ʪʠʧʘ ʧʘʨʘʙʦʣʘ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʠʨʦʚʢʠ ʫʯʠʪʳʚʘʶʪ ʣʠʰʴ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʪ.ʝ. ʦʧʠʩʳʚʘʝʤʳʡ ʧʨʦʬʠʣʴ ʠʜʝʘʣʠʟʠʨʫʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ (ʚʳʩʦʪʘ ʧʠʢʘ, ʰʠʨʠʥʘ ʧʠʢʘ, ʨʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʠʢʘʤʠ ʠ ʪ.ʜ.). ɺ ʩʪʘʪʴʷʭ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ñʬʠʟʠ-

ʯʝʩʢʠʭò ʧʘʨʘʤʝʪʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʧʝʮʠʬʠʢʘ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʟʣʠʯʥʳʝ ʬʠ-

ʣʘʤʝʥʪʳ ʠʤʝʶʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠʤʝ-

ʥʷʝʤʳʭ ʧʨʠ ʧʝʯʘʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝ-

ʜʝʥʠʝ ʧʣʘʩʪʠʢʘ ʚ ʚʷʟʢʦʪʝʢʫʯʝʤ ʩʦʩʪʦʷʥʠʠ ʙʫʜʝʪ ʨʘʟʥʦʝ.  

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ  

 
1. ɻʫʣʷʝʚ, ɸ.ʉ. ʌʨʝʟʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʠʤʝʨʥʳʭ ʠʟʜʝʣʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʪʝʭʥʦ-

ʣʦʛʠʠ FDM 3D-ʧʝʯʘʪʠ, ʢʘʢ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ / ɸ.ʉ. ɻʫʣʷ-

ʝʚ, ʀ.ʉ. ɹʘʩʘʣʦʚ // ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: 

ʄʘʪʝʨʠʘʣʳ V ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝ-

ʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ 15-16 ʥʦʷʙʨʷ, 2021 ʛ.  ʇʝʨʤʴ: ʇʅʀʇʋ,  2022.  ʉ. 

141-144. 
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4. Taufik, M. "A Study of Build Edge Profile for Prediction of Surface Roughness in 
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2016; 138(6): 061002. URL: https://doi.org/10.1115/1.4032193. 
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ʩʙʦʨʢʝ-ʨʘʟʙʦʨʢʝ ʨʘʟʣʠʯʥʳʭ ʫʟʣʦʚ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʥʘ ʧʨʠʤʝʨʝ ʠʟʜʝʣʠʷ ʩ ʧʨʝʜʧʨʠ-
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The technique of creating an AR application on the Unity engine together with 

the Vuforia Engine for displaying animated assembly and disassembly instructions for 

various machine parts components on the example of a product from the company PJSC 

çAvtodieselè YMZ çYMZï236è is considered. 

Keywords: CAD, 3D model, AR, Unity, Vuforia Engine, instruction, animation. 

ʊʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (ARïʪʝʭʥʦʣʦʛʠʠ) ʚ ʧʦʩʣʝʜ-

ʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʪʫʨʠʟʤʝ ʠʣʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʠ. ʅʦ 

ʥʝʨʘʩʢʨʳʪʳʤ ʦʩʪʘʸʪʩʷ ʧʦʪʝʥʮʠʘʣ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʰʠʥʦʩʪʨʦʠ-

ʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 
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ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʘʢʪʫʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʥʝʜʨʝ-

ʥʠʷ AR-ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʤʘʰʠʥʦ-

ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ. ʀʟʚʝʩʪʥʳ ʧʫʙʣʠʢʘʮʠʠ, ʥʘʧʨʠʤʝʨ [1], ʧʦʩʚʷʱʝʥ-

ʥʳʝ ʵʢʨʘʥʥʦʡ ʩʙʦʨʢʝ ʩʪʘʥʦʯʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʠʟ ʜʝʪʘʣʝʡ, ʧʦʜʛʦʪʦʚ-

ʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʘʤʠ ʚ CAD-ʩʠʩʪʝʤʘʭ. ʊʘʢʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠʣʣʶʩʪʨʘʮʠʠ 

ʥʘʛʣʷʜʥʳ, ʥʦ ʥʝ ʚʩʝʛʜʘ ʜʘʶʪ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʪʘ-

ʧʘʭ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ. ɺ ʨʘʙʦʪʘʭ [2ï4] ʧʦʢʘʟʘʥʳ ʠʜʝʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʫʩʪʨʘʥʠʪʴ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ, ʘ ʚ 

ʠʩʪʦʯʥʠʢʝ [5] ʛʦʚʦʨʠʪʩʷ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʦʙʱʝʥʠʝ ʢ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦ-

ʩʪʠ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʫʞʝ ʥʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝ-

ʜʝʥʠʷʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʦʛʦ  

AR-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʙʦʨʢʠ-ʨʘʟʙʦʨʢʠ ʚʘʣʘ ʗʄɿ-236.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʣʝʜʫʶʱʠʡ 

ʢʦʤʧʣʝʢʪ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ: 

1. Unity ï ʵʪʦ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʠʛʨ ʠ ʧʨʠʣʦʞʝʥʠʡ, ʩʦʝʜʠʥʷʶʱʘʷ ʚ 

ʩʝʙʝ ʇʆ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ: ʢʦʤʧʠʣʷʪʦʨ, ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ, ʦʪʣʘʜʯʠʢ ʠ 

ʪ.ʜ.  

2. Vuforia Engine ï ʵʪʦ ʥʘʙʦʨ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʩʦ ʩʨʝʜʦʡ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝ-

ʘʣʴʥʦʩʪʠ. ʕʪʦʪ ʥʘʙʦʨ ʩʚʦʙʦʜʥʦ ʠʤʧʦʨʪʠʨʫʝʪʩʷ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʨʝʜʝ ʨʘʟ-

ʨʘʙʦʪʢʠ ʠʛʨ/ʧʨʠʣʦʞʝʥʠʡ çUnityè. 

3. ʃʶʙʘʷ CAD-ʩʠʩʪʝʤʘ, ʩʧʦʩʦʙʥʘʷ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ 3D-ʤʦʜʝʣʠ ʚ 

ʬʦʨʤʘʪʝ *.obj, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʡ ʬʦʨʤʘʪ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʬʘʡʣʘʤʠ ʚ ʩʨʝʜʫ çUnityè. ʄʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʦʛʦAR-

ʧʨʠʣʦʞʝʥʠʷ ʚ ʚʠʜʝ ʩʭʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ʄʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʦʛʦAR-ʧʨʠʣʦʞʝʥʠʷ  
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ʉʥʘʯʘʣʘ ʚ ʉAD-ʩʠʩʪʝʤʝ ʩʦʟʜʘʚʘʣʠʩʴ ʮʠʬʨʦʚʳʝ ʧʨʦʪʦʪʠʧʳ ʠʟʜʝ-

ʣʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʙʦʨʦʯʥʫʶ ʝʜʠʥʠʮʫ, ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʣʠʩʴ ʚ ʬʦʨʤʘʪʝ 

*.obj. 

ɼʘʣʝʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʣʠʮʝʥʟʠʷ ʨʘʟʨʘʙʦʪʯʠʢʘ ʠ ʩʦʟʜʘʚʘʣʘʩʴ ʙʘʟʘ 

ʜʘʥʥʳʭ AR-ʤʝʪʦʢ ʪʠʧʘ çDeviceè. ɺʩʸ ʵʪʦ ʟʘʛʨʫʞʘʣʦʩʴ ʥʘ ʇʂ, ʧʦʩʣʝ ʯʝʛʦ 

ʠʤʧʦʨʪʠʨʦʚʘʣʦʩʴ ʚ ʩʨʝʜʫ ʨʘʟʨʘʙʦʪʢʠ çUnityè. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʨʘʙʦʪʫ ʚ ʩʨʝʜʝ çUnityè. ʅʘ ʜʘʥ-

ʥʦʤ ʵʪʘʧʝ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʥʘʧʦʣʥʝʥʠʝ ʢʦʥʪʝʥʪʦʤ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ AR-

ʧʨʠʣʦʞʝʥʠʷ: ʥʘ ʩʮʝʥʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʠ ʦʢʨʘʰʠʚʘʣʠʩʴ ʤʦʜʝʣʠ ʜʝʪʘʣʝʡ 

(ʨʠʩ. 2), ʟʘʜʘʚʘʣʘʩʴ ʠʭ ʣʦʛʠʢʘ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʡ ʵʣʝ-

ʤʝʥʪʦʚ ʠʟʜʝʣʠʡ ʯʝʨʝʟ ʧʦʩʪʨʦʝʥʠʝ ʮʝʧʦʯʢʠ ʩʦʙʳʪʠʡ (ʨʠʩ. 3), ʟʘʜʘʚʘʣʠʩʴ 

ʵʣʝʤʝʥʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. ʊʘʢʞʝ ʫʣʫʯʰʘʣʘʩʴ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʷ ʜʝʪʘʣʝʡ ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʚʩʝ 

ʦʙʲʝʢʪʳ ʦʩʥʘʱʘʣʠʩʴ ʵʣʝʤʝʥʪʦʤ ʪʠʧʘ çColliderè ʠ ʧʨʦʧʠʩʳʚʘʣʩʷ ʩʢʨʠʧʪ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ.  

 

 
 

ʈʠʩ. 2  ʄʦʜʝʣʠ ʠʟʜʝʣʠʷ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 

 

ʈʠʩ. 3. ʃʦʛʠʯʝʩʢʘʷ ʮʝʧʴ ʘʥʠʤʘʮʠʠ  

 

ʇʦʩʣʝʜʥʠʤ ʰʘʛʦʤ ʷʚʣʷʣʘʩʴ ʢʦʤʧʠʣʷʮʠʷ ʧʨʦʝʢʪʘ ʧʦʜ ʟʘʜʘʥʥʫʶ 

ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʘ ʇʂ ʟʘʛʨʫʞʘʣʦʩʴ ʧʨʠʣʦʞʝʥʠʝ ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʡʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ. ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʘ ʩʦʟʜʘʥʥʘʷ ʩʙʦʨʢʘ ʩ ʵʢʨʘʥʘ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜ 

ʫʧʨʘʚʣʝʥʠʝʤ ʆʉ Android. 
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ʈʠʩ. 4  ʀʩʧʦʣʴʟʦʚʘʥʠʝ AR-ʧʨʠʣʦʞʝʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʨʠʤʝʨʝ ʠʟʜʝʣʠʷ çʇʨʦʤʝʞʫʪʦʯʥʳʡ ʚʘʣ  

ʗʄɿ-236è ʙʳʣ ʦʧʠʩʘʥ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʤʝʪʦʜʦʚ 

ʨʝʘʣʠʟʘʮʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ: ʨʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ʥʘ ʜʚʠʞʢʝ çUnityè ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʙʠʙʣʠʦʪʝʢ ʇʆ çVuforia Engineè. ɼʘʥʥʘʷ 

ʩʭʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʝʩʣʠ ʥʝ ʩʘʤʦʡ, ʪʦ ʦʜʥʦʡ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʧʦ 

ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʦʸʤʢʦʩʪʠ. ʆʥʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

3D-ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʝʪʘʣʝʡ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʥʦʨ-

ʤʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʢʘʞʜʦʤ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ. ɹʣʘʛʦʜʘ-

ʨʷ ʵʪʦʤʫ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦ-

ʜʠʪʴ ʚ ʙʦʣʝʝ ʙʳʩʪʨʦʤ ʪʝʤʧʝ, ʧʨʠʚʥʦʩʷ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟ-

ʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʚʳʰʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦ ʢʘʯʝʩʪʚʫ ʠ ʧʦʷʚʣʝʥʠʝ 

ʦʙʫʯʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʝʨʩʦʥʘʣʘ ʠ ʧʦʪʨʝʙʠʪʝʣʷ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. 
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ʇ.ɺ. ɽʨʤʘʢʠʥ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ - ɸ.ɸ. ʂʫʣʝʙʷʢʠʥ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 
ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʘʧʧʘʨʘʪʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʨʝʟʝʥʪʘʮʠʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʦʙʦʪʘ - ʤʘʥʠʧʫʣʷʪʦʨʘ. ɺʦʧʨʦʩʳ 

ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʩʪʨʦʝʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʝʟʝʥ-

ʪʘʮʠʠ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʪʨʦʡʩʪʚʦ ʚʠʟʫʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ 3-D ʠʥʬʦʨʤʘ-

ʮʠʠ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʝʟʝʥʪʘʮʠʠ, ʨʦ-

ʙʦʪ-ʤʘʥʠʧʫʣʷʪʦʨ, ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʝʢʪʦʨ. 
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The article discusses the possibilities of hardware and software for the presen-

tation of a holographic robot manipulator. The issues of creating such equipment, in-

cluding for computer technology systems, are relevant. The purpose of this study is to 

analyze the software and features of building a holographic presentation of a robot 

manipulator. 
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1. ʊʝʭʥʦʣʦʛʠʷ ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʠʡ 

ɻʦʣʦʛʨʘӢʬʠ̫ ð ʤʝʪʦʜ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚʦʣʥ.  ʆʧʪʠӢʯʝʩʢʘ̫ ʛʦʣʦʛʨʘӢʬʠ̫ ð ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʛʦʣʦ-

ʛʨʘʬʠʠ. ʀʟʦʙʨʘʞʝʥʠʝ, ʧʦʣʫʯʘʝʤʦʝ ʩ ʧʦʤʦʱʴʶ ʛʦʣʦʛʨʘʬʠʠ, ʥʘʟʳʚʘʝʪ-

ʩ ̫ʛʦʣʦʛʨʘӢʤʤʘ. ɻʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ ï ʵʪʦ ʦʙʲʝʤʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʚ ʪʦʯʥʦʩʪʠ ʧʝʨʝʜʘʝʪ ʩʫʱʝʩʪʚʫʶʱʠʡ (ʠ ʥʝ ʪʦʣʴʢʦ) ʦʙʲʝʢʪ. ɾʝ-

ʣʘʝʤʳʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʤʝʪ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʘʟʝʨʦʚ, ʘ ʧʦʪʦʤ ï ʚʦʩʩʦʟʜʘʸʪʩʷ ʚ ʜʨʫʛʦʤ ʤʝʩ-

ʪʝ. ɺ 2018 ʛʦʜʫ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʦ 2 ʚʠʜʘ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ: ʛʦʣʦʛʨʘʬʠʯʝ-

ʩʢʘʷ ʧʨʦʝʢʮʠʷ ʥʘ ʵʢʨʘʥʝ ʠ ʚ ʚʦʟʜʫʭʝ [1]. 

ʂʦʥʩʪʨʫʢʮʠʶ ʨʦʙʦʪʘ ʠʟ ʙʠʙʣʠʦʪʝʢʠ ʠʟʚʝʩʪʥʦʡ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤ-

ʤʳ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʧʨʝʟʝʥʪʘʮʠʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʦʛʦ ʨʦʙʦʪʘ. ʅʘ ʨʠʩ. 1. ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʨʦʙʦʪ ʠʟ 

ʙʠʙʣʠʦʪʝʢʠ ʧʨʦʛʨʘʤʤʳ V-REPPROEDUv3.2.0 [3].  

 

 
 

ʈʠʩ. 1. ʈʦʙʦʪ-ʤʘʥʠʧʫʣʷʪʦʨ 

 

ʇʨʦʝʢʮʠʷ ʚ ʚʦʟʜʫʭʝ ʩʪʘʣʘ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ. ɼʣʷ 

ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥ-

ʬʦʨʤʘʮʠʠ - ʧʦʣʠʚʠʟʦʨ. ɺ 2020 ʛʦʜʫ ʜʦʣʞʥʳ ʙʳʣʠ ʧʦʷʚʠʪʴʩʷ ʧʝʨʚʳʝ ʤʦ-

ʜʝʣʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʪʝʣʝʚʠʟʦʨʦʚ. Microsoft ʨʘʟʨʘʙʦʪʘʣʘ ʪʝʭʥʦʣʦ-

ʛʠʶ ʛʦʣʦʧʦʨʪʘʮʠʠ. ʉʧʝʮʠʘʣʠʩʪʳ ʣʘʙʦʨʘʪʦʨʠʠ Digital Nature Group ʠʟ 

ʗʧʦʥʠʠ ʥʘʫʯʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʬʝʤʪʦ-ʩʝʢʫʥʜʥʳʭ ʣʘʟʝʨʦʚ ʩʦʟʜʘʚʘʪʴ ʛʦʣʦ-

ʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʢ ʪʦʤʫ ʞʝ ʤʦʞʥʦ ʧʦʪʨʦʛʘʪʴ ʨʫʢʘʤʠ. ɺ ʨʷʜʫ ʥʦʚʝʡʰʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ï ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʘʷ 

ʛʦʣʦʛʨʘʬʠʷ, ʬʦʨʤʠʨʫʶʱʘʷ ʵʬʬʝʢʪ ʚʠʩʷʱʝʡ ʚ ʚʦʟʜʫʭʝ ʧʨʦʟʨʘʯʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ [2]. 

2. ɺʠʨʪʫʘʣʴʥʘʷ ʠ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ 

https://ru.wikipedia.org/wiki/%D0%98%D0%BD%D1%82%D0%B5%D1%80%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D0%B8%D1%8F_%D0%B2%D0%BE%D0%BB%D0%BD
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ɺʠʨʪʫʘʣʴʥʘʷ  ʨʝʘʣʴʥʦʩʪʴ  (ɺʈ,  ʘʥʛʣ.  Virtual  reality,  VR,  ʠʩʢʫʩʩʪ-

ʚʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ) ï ʩʦʟʜʘʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʤʠʨ, ʧʝʨʝʜʘ-

ʚʘʝʤʳʡ ʯʝʣʦʚʝʢʫ ʯʝʨʝʟ ʝʛʦ ʦʱʫʱʝʥʠʷ: ʟʨʝʥʠʝ, ʩʣʫʭ, ʦʩʷʟʘʥʠʝ ʠ ʜʨʫʛʠʝ. 

ɺʠʨʪʫʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʠʤʠʪʠʨʫʝʪ ʢʘʢ ʚʦʟʜʝʡʩʪʚʠʝ, ʪʘʢ ʠ ʨʝʘʢʮʠʠ ʥʘ 

ʚʦʟʜʝʡʩʪʚʠʝ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʙʝʜʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʱʫʱʝʥʠʡ ʨʝʘʣʴʥʦ-

ʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʡ ʩʠʥʪʝʟ ʩʚʦʡʩʪʚ ʠ ʨʝʘʢʮʠʡ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʅʝ ʩʣʝʜʫʝʪ ʧʫʪʘʪʴ ʚʠʨʪʫʘʣʴʥʫʶ ʨʝ-

ʘʣʴʥʦʩʪʴ ʩ  ʜʦʧʦʣʥʝʥʥʦʡ. ʀʭ ʢʦʨʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʚ ʪʦʤ, ʯʪʦ ʚʠʨʪʫʘʣʴʥʘʷ 

ʢʦʥʩʪʨʫʠʨʫʝʪ ʥʦʚʳʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʤʠʨ, ʘ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʣʠʰʴ 

ʚʥʦʩʠʪ ʦʪʜʝʣʴʥʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʚʦʩʧʨʠʷʪʠʝ ʤʠʨʘ ʨʝʘʣʴʥʦʛʦ. 

ɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ (ʘʥʛʣ. augmentedreality, AR ð çʜʦʧʦʣʥʝʥʥʘʷ 

ʨʝʘʣʴʥʦʩʪʴè) ð ʨʝʟʫʣʴʪʘʪ ʚʚʝʜʝʥʠʷ ʚ ʟʨʠʪʝʣʴʥʦʝ ʧʦʣʝ ʣʶʙʳʭ ʩʝʥʩʦʨʥʳʭ 

ʜʘʥʥʳʭ ʩ ʮʝʣʴʶ ʜʦʧʦʣʥʝʥʠʷ ʩʚʝʜʝʥʠʡ ʦʙ ʦʢʨʫʞʝʥʠʠ ʠ ʠʟʤʝʥʝʥʠʷ ʚʦʩ-

ʧʨʠʷʪʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. [4] 

 
ʈʠʩ. 2. ʇʨʠʤʝʨ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

 

3. ʉʦʟʜʘʥʠʝ ʛʦʣʦʛʨʘʤʤʳ ʩ ʧʦʤʦʱʴʶ ʩʤʘʨʪʬʦʥʘ 

ʇʨʦʩʪʝʡʰʠʡ 3D-ʧʨʦʝʢʪʦʨ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʠʟ ʦʙʳʯʥʦʛʦ ʩʤʘʨʪʬʦ-

ʥʘ. ʂʦʤʧʘʥʠʷ RED ʚ ʠʶʣʝ ʧʨʦʰʣʦʛʦ ʛʦʜʘ ʧʨʝʜʩʪʘʚʠʣʘ ʧʝʨʚʳʡ ʩʤʘʨʪʬʦʥ 

ʩ 5,7 ʜʶʡʤʦʚʳʤ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʵʢʨʘʥʦʤ ï RED Hydrogen One.  

ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʛʨʘʤʤʳ ʚʦʟʤʦʞʥʘ, ʥʘʧʨʠʤʝʨ, ʚ ʩʨʝʜʝ PowerPoint, 

ProfiScretch, AfterEffects, 3DMax ʠ ʜʨ. ɺʠʜʝʦʨʦʣʠʢʠ ʩʦʟʜʘʶʪʩʷ ʩ ʨʘʩʰʠ-

ʨʝʥʠʝʤ *.MP4, *.MPEG ʠ ʜʨ. ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʬʦʨʤʘʪʳ: JMP4, AVI, 

RMVB, MKV, JPG, GIF. ʂʘʞʜʦʝ ʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʝʮʠʨʫʝʪʩʷ ʥʘ ʩʚʦʶ 

ʛʨʘʥʴ, ʘ ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʥʘʙʣʶʜʘʪʝʣʴ ʚʠʜʠʪ ʩʨʘʟʫ ʚʩʝ ʯʝʪʳʨʝ ʠʟʦʙʨʘʞʝ-

ʥʠʷ, ʢʦʪʦʨʳʝ ʩʚʦʜʷʪʩʷ ʚ ʝʜʠʥʫʶ ʪʨʝʭʤʝʨʥʫʶ ʢʘʨʪʠʥʢʫ ʛʨʘʥʷʤʠ ʧʠʨʘʤʠ-

ʜʳ.  

4.ʉʦʟʜʘʥʠʝ ʛʦʣʦʛʨʘʤʤʳ ʩ ʧʦʤʦʱʴʶ ʥʦʫʪʙʫʢʘ 

ʉʦʟʜʘʥʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦʟʤʦʞʥʦ ʧʨʠ ʧʦʤʦʱʠ 

ʥʦʫʪʙʫʢʘ. ɼʣʷ ʵʪʦʛʦ ʚʳʧʦʣʥʷʶʪ ʧʦʩʪʨʦʝʥʠʝ ʫʩʝʯʝʥʥʦʡ ʧʠʨʘʤʠʜʳ ʩ ʛʘʙʘ-

https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%92%D1%81%D0%B5%D0%BB%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F
https://ru.wikipedia.org/wiki/%D0%9E%D1%89%D1%83%D1%89%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D0%B2%D1%80%D0%B5%D0%BC%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%BE%D0%BF%D0%BE%D0%BB%D0%BD%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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ʨʠʪʘʤʠ - 240*40*140 (ʤʤ). ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʠʨʘʤʠʜʘ ʜʣʷ ʥʦʫʪʙʫ-

ʢʘ. 

 

 

 

ʈʠʩ. 3. ʇʠʨʘʤʠʜʘ ʜʣʷ ʥʦʫʪʙʫʢʘ 

 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʠʨʘʤʠʜʘʣʴʥʘʷ ʛʦʣʦʛʨʘʤʤʘ ʧʨʦʠʟʚʦʜʩʪ-

ʚʝʥʥʦʛʦ ʨʦʙʦʪʘ ʥʘ ʥʦʫʪʙʫʢʝ. 

 

 

 

ʈʠʩ. 4. ɻʦʣʦʛʨʘʤʤʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʨʦʙʦʪʘ ʥʘ ʥʦʫʪʙʫʢʝ 
 

5. ʀʟʦʙʨʘʞʝʥʠʝ ʚ ʚʦʟʜʫʭʝ - ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʝʢʮʠʷ, ʚʳʧʦʣʥʝʥʥʘʷ 

ʧʨʠ ʧʦʤʦʱʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʦʨʘ ʠʣʠ ʣʘʟʝʨʥʦʛʦ ʧʨʦʝʢʪʦʨʘ. ɻʦ-

ʣʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʝʢʪʦʨ ʜʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʚʦʟʜʫʭʝ - ʩʦʟʜʘʝʪ ʠʟʦʙʨʘʞʝ-

ʥʠʝ ʚ ʚʦʟʜʫʭʝ ʧʨʠ ʧʦʤʦʱʠ ʚʨʘʱʝʥʠʷ ʘʜʨʝʩʥʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪʳ ʠ 

ʯʠʧʘ, ʩʦʟʜʘʥʥʦʛʦ ʥʘ ʧʣʘʪʬʦʨʤʝ Arduino. [6]. 
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ɼʣʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʨʦʚ ʭʘʨʘʢʪʝʨʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥ-

ʥʦʩʪʠ: ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʙʦʪʳ ʢʦʤʧʴʶʪʝʨʘ (ʥʦʫʪ-

ʙʫʢʘ); ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ɺʠʜʝʦ ʠʟʜʝʣʠʷ ʟʘʛʨʫʞʘʝʪʩʷ ʥʘ ʬʣʝʰ-

ʢʘʨʪʫ ʧʘʤʷʪʠ, ʜʘʣʝʝ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʚʦʟʜʫʭʝ. ʇʦʜʜʝʨʞʠ-

ʚʘʶʪʩʷ: ʬʦʨʤʘʪʳ ʬʦʪʦ - JPG, GIF ʠ ʬʦʨʤʘʪʳ ʚʠʜʝʦ - MPEG, MP4, AVI. 

ʇʦʨʪʘʪʠʚʥʳʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦʝʢʪʦʨ MAX3D-Z7 ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʚʝʥʪʠʣʷʪʦʨ ʩʦ ʩʚʝʪʦʜʠʦʜʥʳʤ ʜʠʩʧʣʝʝʤ, ʥʘ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʦʪʦʙʨʘ-

ʞʘʪʴ ʪʨʝʭʤʝʨʥʳʝ ʛʦʣʦʛʨʘʤʤʳ. ʇʨʦʝʢʪʦʨʳ-ʚʝʥʪʠʣʷʪʦʨʳ ʩʦʟʜʘʶʪ ʠʟʦʙʨʘ-

ʞʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʩʪʨʦʛʦ ʚʨʘʱʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʢʦʪʨʦʣʣʝʨʦʚ ʚʳʨʘʙʘ-

ʪʳʚʘʝʪʩʷ ʩʝʨʠʷ ʩʚʝʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʧʦʜ ʚʨʘʱʘʶʱʠʡ ʤʦʤʝʥʪ. ɺ ʨʝʟʫʣʴʪʘ-

ʪʝ ʤʳ ʚʠʜʠʤ ʷʨʢʦʝ ʪʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʧʨʘʚʣʷʪʴ 

ʪʘʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʥʘʜʦ ʩʢʘʯʘʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠ ʟʘʧʫʩʪʠʪʴ 

ʝʛʦ. 

6. ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ  

ɻʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʢʘʢ 

ʥʘʧʨʠʤʝʨ: 

1. ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʣʝʢʪʦʨ ʠʣʠ ʚʝʜʫʱʠʡ.  

2. ʉʚʷʟʴ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ. ʉʦʟʜʘʝʪʩʷ ʵʬʬʝʢʪ ʧʨʠʩʫʪ-

ʩʪʚʠʷ ʵʪʦʛʦ ʩʘʤʦʛʦ ʯʝʣʦʚʝʢʘ. 

3. ʄʦʙʠʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʥʫʪ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʩ ʧʦ-

ʤʦʱʴʶ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ.  

4. ʄʝʜʠʮʠʥʘ. ʋʞʝ ʚ ʥʘʰʠ ʜʥʠ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʪʴ 3D-

ʛʦʣʦʛʨʘʬʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʦʙʣʘʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʠ.  

5. ɸʚʪʦʥʠʢʘ. ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʵʢʨʘʥ ʥʘ ʣʦʙʦʚʦʤ ʩʪʝʢʣʝ ʘʚʪʦʤʦ-

ʙʠʣʷ, ʩ ʦʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʘʚʪʦ. 

6.  ɺ ʦʙʣʘʩʪʠ ʛʦʨʦʜʩʢʦʡ ʜʦʨʦʞʥʦʡ ʨʘʟʤʝʪʢʠ - ʧʨʠʤʝʥʷʶʪ ʛʦʣʦ-

ʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʛʦʙʦ-ʧʨʦʝʢʪʦʨʘ. 

7. ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʨʦʚ   

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʦʨʘ MAX3D-Z7 1. ʈʘʟ-

ʤʝʨ ʚʳʚʦʜʘ ʠʟʦʙʨʘʞʝʥʠʷ: 42*42 ʩʤ. 2. ʈʘʟʨʝʰʝʥʠʝ: 224*224px.  3. ʀʩʪʦʯ-

ʥʠʢ ʩʚʝʪʘ: LED RGB. 4. ʉʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ LED: 100000 ʯʘʩʦʚ.  5. ʇʠʪʘ-

ʥʠʝ: 16,8 V 2A (AC100-240 V 50/60Hz).  6. ʄʦʱʥʦʩʪʴ: 20 ɺʪ. 7. ʇʦʜʜʝʨ-

ʞʠʚʘʝʤʳʝ ʬʦʨʤʘʪʳ: JMP4, AVI, RMVB, MKV, JPG, GIF. 8. ʉʙʦʨʢʘ ʚʠ-

ʜʝʦ-ʩʪʝʥ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʨʠʙʦʨʦʚ. 9. ʈʝʞʠʤʳ ʫʧʨʘʚʣʝʥʠʷ: Wifi ʩ PC, 

Android ʠ Iphone. 10. SD ʢʘʨʪʘ ʚ ʢʦʤʧʣʝʢʪʝ: 8 Gb. ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʦ-

ʝʢʪʦʨ DSee-100 ʷʚʣʷʝʪʩʷ ʩʚʝʪʦʜʠʦʜʥʳʤ ʧʨʦʝʢʪʦʨʦʤ, ʪʘʢʞʝ ʦʙʣʘʜʘʶʱʠʤ 

ʧʨʦʛʨʝʩʩʠʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɿʘʢʣʶʯʝʥʠʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʛʦʣʦʛʨʘ-

ʬʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʙʫʯʝʥʠʷ ʧʨʠ ʢʦʥʩʪ-

ʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ.  
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ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪ ʫʙʝʞʜʘʶʪ ʚ ʧʨʘʚʠʣʴʥʦ-

ʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʛʠʧʦʪʝʟʳ: ʝʩʣʠ ʫʩʪʘʥʦʚʠʪʴ ʧʠʨʘʤʠʜʫ ʥʘ ʵʢʨʘʥ ʩʤʘʨʪ-

ʬʦʥʘ, ʠʣʠ ʥʦʫʪʙʫʢʘ ʩ ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʝʤ, ʪʦ ʚ ʮʝʥʪʨʝ ʧʠʨʘʤʠʜʳ ʦʙʨʘʟʫ-

ʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʨʦʙʦʪʘ-ʤʘʥʠʧʫʣʷʪʦʨʘ. 

ʇʨʠ ʧʦʤʦʱʠ ʩʚʝʪʦʜʠʦʜʥʦʛʦ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʦʨʘ ʦʙʨʘʟʫʝʪʩʷ ʝʛʦ 

ʪʨʝʭ- ʤʝʨʥʘʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ ʚ ʚʦʟʜʫʭʝ. 
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ʋɼʂ 621.9.014 

ʉʈɸɺʅɽʅʀɽ ʄɽʊʆɼʀʂ ʈɽɸʃʀɿɸʎʀʀ  

ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ ʅɸ ʆʉʅʆɺɽ 

ʉʋɹɼ MSSQLSERVER ʀPDM-ʉʀʉʊɽʄʓ ʃʆʎʄɸʅ: PLM  

 

ʂ.ʉ. ʃʝʦʥ, ʆ.ʅ. ʂʘʣʘʯʝʚ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʆ.ʅ. ʂʘʣʘʯʝʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 
ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʠʢʘ ʜʦʙʘʚʣʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʙʘʟʳ ʜʘʥ-

ʥʳʭ, ʩʦʟʜʘʥʠʝ ʦʪʯʝʪʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʠ ʤʝʪʦʜʠʢʘ ʧʦʜʛʦʪʦʚʢʠ ʠ ʟʘʛʨʫʟʢʠ ʛʨʘʬʠʯʝ-

ʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʃʆʎʄɸʅ: PLM. ʇʨʦʠʟʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ 

ʤʝʪʦʜʠʢ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʩʠʩʪʝ-

ʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʙʘʟʳ ʜʘʥʥʳʭ, PLM, PDM, CAD/CAM 

 

COMPARISON OF METHODS FOR IMPLEMENTING  

INFORMATION SUPPORT BASED ON MS SQL SERVER 

DBMS AND PDM-SYSTEM LOODSMAN: PLM  

 

K.S. Leon, O.N. Kalachev 

 

Scientific Supervisor ï O.N. Kalachev, Candidate of Technical 

Sciences, Associate Professor 

 
Yaroslavl State Technical University 

 
The method of adding graphical information to databases and creating a report 

based on them and the method of preparing and uploading graphical information to the 

LOODSMAN:PLM are considered. A comparative analysis of these techniques has 

been made. 

Keywords: mechanical engineering, information support, database man-

agement system, databases, PLM, PDM, CAD/CAM 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʯʝʚʠʜʥʘ ʧʦʪʨʝʙʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠ-

ʚʘʪʴ ʮʠʬʨʦʚʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʷ (ʀʆ) ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ [1-3]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘ-
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ʥʠʝ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ.  

ʈʘʩʩʤʦʪʨʠʤ ʚʥʘʯʘʣʝ ʤʝʪʦʜʠʢʫ ʩʦʟʜʘʥʠʷ ʀʆ ʧʫʪʝʤ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ) MSSQLServer ʠ 

ʧʨʠʣʦʞʝʥʠʷ ReportBuilder.  

ʇʝʨʝʜ ʩʦʟʜʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ (ɹɼ) ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʫʤʘʪʴ ʝʝ 

ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 1), ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʨʠʙʣʠʞʝʥʘ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚ-

ʣʷʝʤʦʡ ʚ ʃʆʎʄɸʅ: PLM. ɼʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʚ ɹɼ 

ʢʣʶʯʝʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʦʙʲʝʢʪʝ, ʘ ʪʘʢʞʝ ʦʩʫʝɦ-

ʩʪʚʣʷʪʴ ʧʦʠʩʢ ʧʦ ʤʥʦʛʠʤ ʧʘʨʘʤʝʪʨʘʤ. 
 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ɹɼ 

 

 
  

ʈʠʩ. 2 . ɺʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʪʘʙʣʠʮʘʤʠ ɹɼ 

 

ʊʝʧʝʨʴ ʩʨʝʜʩʪʚʘʤʠ ʉʋɹɼ ʩʦʟʜʘʜʠʤ ʧʷʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʪʘʙʣʠʮ, 
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ʚ ʪʦʤ ʯʠʩʣʝ ʦʜʥʘ ʙʫʜʝʪ ʦʩʥʦʚʥʦʡ ʠ ʯʝʪʳʨʝ ʜʨʫʛʠʭ ï ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ. ɺ 

ʦʩʥʦʚʥʦʡ ʪʘʙʣʠʮʝ ʙʫʜʝʪ ʭʨʘʥʠʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʝʪʘʣʷʭ 

ʠ ʚʥʝʰʥʠʝ ʢʣʶʯʠ ʢ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʪʘʙ-

ʣʠʮ. 

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʠ ʟʘʧʦʣʥʝʥʠʷ ʪʘʙʣʠʮ ʩʦʟʜʘʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ɹɼ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ ʣʦʛʠʯʝʩʢʠ ʩʚʷʟʳʚʘʝʤ ʪʘʙʣʠʮʳ (ʨʠʩ. 2), ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʧʦʣʫʯʘʝʤ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ʪʘʙʣʠʮʫ ʩ ʧʦʜʩʪʘʚʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʢʣʶʯʝʡ.  

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʨʘʙʦʪʳ ʚ ReportBuilder ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʩʪʦʣ-

ʙʝʮ, ʩʦʜʝʨʞʘʱʠʡ ʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʲʝʢʪʘʭ ɹɼ. ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʟʘʧʨʦʩ, ʩʦʜʝʨʞʘʱʠʡ ʢʦʤʘʥʜʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʪʦʣʙʮʘ ʠ ʜʦʙʘʚʣʝʥʠʷ ʚ ʥʝʛʦ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ ʬʘʡʣʘ ʠʟʦ-

ʙʨʘʞʝʥʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʘʝʤ ʪʘʙʣʠʮʫ ʩ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʚ 

ʚʠʜʝ ʜʚʦʠʯʥʦʛʦ ʢʦʜʘ (ʨʠʩ. 3). 

 
 

ʈʠʩ. 3. ɼʦʙʘʚʣʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʡ  

 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʚʦʠʯʥʦʛʦ ʢʦʜʘ ʠʟʦʙʨʘʞʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ReportBuilder ï ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ɹɼ.  

ʇʝʨʝʜ ʩʦʟʜʘʥʠʝʤ ʦʪʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʢʣʶʯʠʪʴ ɹɼ, ʘ ʪʘʢʞʝ ʧʦ-

ʣʫʯʠʪʴ ʥʘʙʦʨ ʜʘʥʥʳʭ,  ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʥʘʤʝʯʝʥʥʦʝ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʝ. 

ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʥʘʙʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʬʘʡʣ ʦʪʯʝʪʘ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ ʩ 

ʧʨʠʚʷʟʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ɹɼ. ɺ ʥʝʛʦ ʜʦʙʘʚʣʷʝʤ ʩʪʨʦʢʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

ʦʪʦʙʨʘʞʘʪʴ ʦʙʱʫʶ ʤʘʩʩʫ ʚʭʦʜʷʱʠʭ ʚ ʠʟʜʝʣʠʝ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʘʷ ʧʦʜʩʯʠ-

ʪʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ, ʩʫʤʤʠʨʫʶʱʠʤ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʠʟʚʝʜʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʠʟ ʷʯʝʝʢ çʄʘʩʩʘè ʠ çʂʦʣʠʯʝʩʪʚʦè.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʪʘʙʣʠʮʫ ʦʪʯʝʪʘ (ʨʠʩ. 4), ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʠ ʦʙʥʦʚʣʷʪʴʩʷ ʧʨʠ ʦʙʥʦʚʣʝʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ɹɼ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʪʦʡ ʞʝ 

ʩʪʨʫʢʪʫʨʳ ʠʟʜʝʣʠʷ ʚ PDM-ʩʠʩʪʝʤʝ ʃʆʎʄɸʅ: PLM. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʛʦʪʦʚʠʤ ʚʝʢʪʦʨʥʫʶ ʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʯʝʨ-

ʪʝʞʝʡ, ʜʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʝʤ ʉɸʇʈ ʂʆʄʇɸʉ-3D. 
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ʈʠʩ. 4. ʉʦʟʜʘʥʥʳʡ ʦʪʯʝʪ 

 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʙʦʨʦʯʥʦʛʦ ʯʝʨʪʝʞʘ ʠʟʜʝʣʠʷ ʚ ʤʦʤʝʥʪ ʧʨʦʩʪʘʥʦʚʢʠ 

ʧʦʟʠʮʠʡ ʜʝʪʘʣʝʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʟʠʮʠʝʡ ʠ ʬʘʡ-

ʣʦʤ ʯʝʨʪʝʞʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʠʟʚʣʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠʟ 

ʰʪʘʤʧʘ ʯʝʨʪʝʞʘ ʜʝʪʘʣʠ (ʨʠʩ. 5). 

 

 
 

ʈʠʩ. 5. ɼʦʙʘʚʣʝʥʠʝ ʩʩʳʣʢʠ ʥʘ ʬʘʡʣ ʯʝʨʪʝʞʘ ʜʝʪʘʣʠ 
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ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʟʜʝʣʠʷ ʚ ʃʆʎ-

ʄɸʅ: PLM ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʦʙʲʝʢʪ çʉʙʦʨʦʯʥʘʷ ʝʜʠʥʠʮʘè, ʘ ʚ ʥʝʤ ï 

ʦʙʲʝʢʪ çʉʧʝʮʠʬʠʢʘʮʠʷè. ɼʘʣʝʝ ʤʳ ʟʘʛʨʫʞʘʝʤ ʚʩʝ ʬʘʡʣʳ ʯʝʨʪʝʞʝʡ ʠ ʩʧʝ-

ʮʠʬʠʢʘʮʠʶ ʥʘ ʜʠʩʢ ʠ ʜʦʙʘʚʣʷʝʤ ʬʘʡʣ ʩʧʝʮʠʬʠʢʘʮʠʠ ʚ ʃʆʎʄɸʅ. ɼʘʣʝʝ 

ʧʦʣʫʯʘʝʤ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʬʘʡʣʘ ʩʧʝʮʠʬʠʢʘʮʠʠ, ʚʳʙʠʨʘʷ ʧʫʥʢʪ çɼʦʙʘ-

ʚʠʪʴ ʩʪʨʫʢʪʫʨʫè. ɹʣʘʛʦʜʘʨʷ ʨʘʥʝʝ ʟʘʛʨʫʞʝʥʥʳʤ ʬʘʡʣʘʤ ʯʝʨʪʝʞʝʡ ʧʦʣʫ-

ʯʘʝʤ ʜʝʨʝʚʦ ʩʪʨʫʢʪʫʨʳ ʠʟʜʝʣʠʷ ʩ ʦʙʲʝʢʪʘʤʠ ʜʝʪʘʣʝʡ ʠ ʠʭ ʯʝʨʪʝʞʘʤʠ 

(ʨʠʩ. 6). 

 

 
 

ʈʠʩ. 6. ʇʦʣʫʯʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʜʝʣʠʷ 

 
ɽʩʣʠ ʩʨʘʚʥʠʪʴ ʜʚʝ ʦʧʠʩʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʠʥʪʝʛʨʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: ʃʆʎʄɸʅ: PLM ï ʵʪʦ ʤʦʱʥʦʝ ʨʝʰʝ-

ʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʭʨʘʥʠʪʴ ʬʘʡʣʳ, ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʛʨʘʬʠ-

ʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʧʨʠʚʷʟʘʥʥʳʝ ʢ ʚʝʪʢʘʤ ʜʝʨʝʚʘ ʧʨʦʝʢʪʘ, ʥʦ ʠ ʩʦʟʜʘʚʘʪʴ ʩʚʦʠ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʦʤʤʫʥʠʢʘʮʠʶ 

ʤʝʞʜʫ ʨʘʙʦʪʥʠʢʘʤʠ.   

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʝʪʦʜʠʢʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ MS SQL Server ʠ Report 

Builder, ʚʳʧʦʣʥʷʝʪ ʭʨʘʥʝʥʠʝ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ ʘʢʪʫʘʣʠʟʘʮʠʶ 

ʧʦ ʟʘʧʨʦʩʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʀʆ 

ʙʫʜʝʪ ʥʝʦʙʭʦʜʠʤ ʧʨʦʛʨʘʤʤʠʩʪ, ʩʧʦʩʦʙʥʳʡ ʩʦʟʜʘʪʴ ʧʨʠʣʦʞʝʥʠʷ, ʨʘʩʰʠ-

ʨʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʡ ʉʋɹɼ. 
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ɺ ʨʝʘʣʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʦʧʝʨʘʪʠʚʥʦʤ ʫʜʘʣʝʥʥʦʤ ʜʦʩʪʫʧʝ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʢ ʯʝʨʪʝʞʘʤ ʠ 

3D-ʤʦʜʝʣʷʤ ʠʟʜʝʣʠʡ. ʕʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʠʥʬʦʨʤʘʮʠʝʡ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ [1, 2]. 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʤʝʪʦʜʠʢʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫ-

ʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʬʠʣʷ. 
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ʈʠʩ. 1. ʉʦʟʜʘʥʥʳʡQR-ʢʦʜ 
ʈʠʩ. 2. ʉʯʠʪʳʚʘʥʠʝ  

QR-ʢʦʜʘ ʚ ʦʯʢʘʭ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 

 

ʇʝʨʚʘʷ ʤʝʪʦʜʠʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʠʤʝʥʝʥʠʝ QR-ʢʦʜʦʚ. ɼʣʷ ʝʝ ʨʝʘʣʠ-

ʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʪʨʘʥʠʮʘ ʢʘʬʝʜʨʳ ʂʀ ʊʄʉ http://tms.ystu.ru, ʥʘ ʢʦ-

ʪʦʨʫʶ ʟʘʛʨʫʟʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʚʠʜʝ, 

ʥʘʧʨʠʤʝʨ, ʬʘʡʣʦʚ ʠʟʦʙʨʘʞʝʥʠʡ ʜʝʪʘʣʝʡ ʩʪʘʥʦʯʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʤ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʢʩʪʦʚʳʝ ʛʠʧʝʨʩʩʳʣʢʠ, ʢʦʪʦʨʳʝ ʧʦ-

ʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʵʪʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ. ʆʜʥʘʢʦ ʛʠʧʝʨʩʩʳʣʢʠ 

ʣʝʛʢʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʚ QR-ʢʦʜʳ (ʨʠʩ. 1). ʀʤʠ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʢʘʤʝʨʳ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʦ ʚ ʥʘʰʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ï 

ʦʯʢʠ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ EPSON MOVERIO BT-300 ʥʘ ʧʣʘʪʬʦʨʤʝ 

Android. ʇʨʠ ʧʦʤʦʱʠ ʢʘʤʝʨʳ, ʚʩʪʨʦʝʥʥʦʡ ʚ ʦʯʢʠ, ʚʳʧʦʣʥʷʣʦʩʴ ʩʢʘʥʠʨʦ-

ʚʘʥʠʝ QR-ʢʦʜʘ, ʠ ʛʨʘʬʠʢʫ ʩ ʩʝʨʚʝʨʘ ʗɻʊʋ ʤʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʥʘ ʣʠʥʟʘʭ 

ʦʯʢʦʚ (ʨʠʩ. 2). ɼʘʥʥʳʡ ʩʧʦʩʦʙ, ʝʩʪʝʩʪʚʝʥʥʦ, ʨʝʘʣʠʟʫʝʪʩʷ ʪʘʢ ʞʝ ʩʤʘʨʪʬʦ-

ʥʦʤ ʩ ʢʘʤʝʨʦʡ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʫʧʘ ʢ ʩʝʪʠ Internet.  

ɺʪʦʨʘʷ ʤʝʪʦʜʠʢʘ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ThingMark.  

ɼʣʷ ʤʥʦʛʦʰʘʛʦʚʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ CAD/CAM/CAE-ʩʠʩʪʝʤʫ, ʥʘʧʨʠʤʝʨ, CreoParametric. ʇʦʣʴʟʦ-

ʚʘʪʝʣʴ ʩʦʟʜʘʝʪ ʮʠʬʨʦʚʦʡ ʧʨʦʪʦʪʠʧ ʜʝʪʘʣʠ ʠʣʠ ʩʙʦʨʢʠ ʦʙʳʯʥʳʤʠ ʤʝʪʦʜʘ-

ʤʠ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʧʨʦʪʦʪʠʧʘ ʜʦʙʘʚʣʷʶʪʩʷ ʤʝʪʢʠ ʧʨʠʚʷʟ-

ʢʠ: ThingMark ʠʣʠ Spatial Target. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʚ ʤʝʥʶ 

Creo çʀʥʩʪʨʫʤʝʥʪʳè ï çɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴè. ʄʝʪʢʫ ʤʦʞʥʦ ʨʘʟ-

ʤʝʩʪʠʪʴ ʣʠʙʦ ʚ ʦʩʥʦʚʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʣʠʙʦ ʥʘ ʦʜʥʦʡ ʠʟ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ 3D-ʤʦʜʝʣʠ (ʨʠʩ. 3), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ, ʛʜʝ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ 

ʮʠʬʨʦʚʦʡ ʧʨʦʪʦʪʠʧ, ʢʦʛʜʘ ʚʳ ʥʘʚʝʜʝʪʝ ʥʘ ThingMark ʫʩʪʨʦʡʩʪʚʦ ʧʨʦ-

http://tms.ystu.ru/
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ʩʤʦʪʨʘ. ʅʘ ThingMark ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʝʤʥʘʷ ʩʪʨʝʣʢʘ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ 

ʦʨʠʝʥʪʘʮʠʶ 3D-ʤʦʜʝʣʠ. 

 

 
 

ʈʠʩ. 3. ɺʩʪʘʚʢʘ ThingMark 

 

ɺ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʛʨʫʟʠʪʴ ʩʦʟʜʘʥʥʫʶ ʤʦʜʝʣʴ ʥʘ 

ʩʝʨʚʝʨ ʢʦʤʧʘʥʠʠ PTC (ʨʠʩ. 4). ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʧʦʣʫʯʘ-

ʝʤ QR-ʢʦʜ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʩʝʨʚʝʨʫ ʠ ThingMark. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥ-

ʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʘʤʝʨʦʡ ʩʤʘʨʪʬʦʥʘ ʩʢʘʥʠʨʫʝʤ QR-ʢʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʘʢʦʜʠʨʦʚʘʥʥʦʛʦ ʠʟʜʝʣʠʷ, ʧʝʨʝʭʦʜʠʤ ʚ ʧʨʠʣʦʞʝʥʠʝ VuforiaView ʠ ʥʘʚʦ-

ʜʠʤ ʢʘʤʝʨʫ ʥʘ ThingMark (ʨʠʩ. 5). ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʣʷʝʪʩʷ 3D-

ʤʦʜʝʣʴ ʨʘʥʝʝ ʩʦʟʜʘʥʥʦʡ ʜʝʪʘʣʠ, ʜʦʩʪʫʧʥʘʷ ʜʣʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʩʤʦʪʨʘ. 
 

 
 

ʈʠʩ. 4. ɿʘʛʨʫʟʢʘ AR-ʦʧʳʪʘ ʥʘ ʩʝʨʚʝʨ 

 

ɺ ʪʨʝʪʴʝʡ ʤʝʪʦʜʠʢʝ ʩʦʟʜʘʝʤ ʧʦʣʥʦʮʝʥʥʳʡ AR-ʧʨʦʝʢʪ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʘʥʠʤʘʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 3D-ʤʦʜʝʣʝʡ, 
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ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠ ʛʨʘʬʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʚʳʜʝʣʝʥʠʷ ʢʦʥʢʨʝʪ-

ʥʳʭ ʜʝʪʘʣʝʡ [3]. 

 

 

 
 

ʈʠʩ. 5.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ AR-ʪʝʭʥʦʣʦʛʠʠ 

 

ɺʳʚʦʜʳ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʨʘʟʥʳʭ ʤʝʪʦʜʠʢʠ ʜʦʩʪʫʧʘ ʢ 

ʠʥʬʦʨʤʘʮʠʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. ʂʘʞʜʘʷ ʤʝʪʦʜʠʢʘ ʠʤʝʝʪ 

ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʇʝʨʚʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʩʪʨʦ ʨʝʘʣʠʟʦ-

ʚʘʥʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʚʣʦʞʝ-

ʥʠʡ, ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ 

ʯʝʨʪʝʞʝʡ ʠ ʠʟʦʙʨʘʞʝʥʠʡ ʜʝʪʘʣʝʡ.  

ɺʪʦʨʘʷ ʤʝʪʦʜʠʢʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʪʨʝʙʫʝʪ ʙʦʣʴ-

ʰʠʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʥʘ ʧʦʢʫʧʢʫ ʣʠʮʝʥʟʠʡ ʇʆ. ʆʥʘ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʚʠʜʝ 3D-ʤʦʜʝʣʝʡ. ɼʦʙʘʚʣʷʝʪʩʷ 

ʫʜʦʙʩʪʚʦ ʚʠʟʫʘʣʴʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʅʦ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ 

ʚʦʧʨʦʩ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʪ. ʢ. ʠʥʬʦʨʤʘʮʠʷ ʜʦʩʪʫʧʥʘ ʩ 

ʩʝʨʚʝʨʘ ʢʦʤʧʘʥʠʠ PTC. 

ʊʨʝʪʴʷ ʤʝʪʦʜʠʢʘ ʚʦʙʨʘʣʘ ʚʩʝ ʜʦʩʪʦʠʥʩʪʚʘ ʧʨʝʜʳʜʫʱʠʭ ʠ ʠʤʝʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʘʥʠʤʠʨʦʚʘʥʥʳʭ ʜʚʠʞʝʥʠʡ 3D-ʤʦʜʝʣʝʡ. ɼʘʥʥʘʷ 

ʤʝʪʦʜʠʢʘ ʦʪʣʠʯʥʦ ʧʦʢʘʟʳʚʘʝʪ ʩʝʙʷ ʚ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ, ʥʘʧʨʠʤʝʨ, ʚ ʮʝʭʦʚʦʡ ʩʙʦʨʢʝ ʠʟʜʝʣʠʡ. ʇʨʠ 

ʵʪʦʤ ʠʥʬʦʨʤʘʮʠʷ ʪʨʘʥʩʣʠʨʫʝʪʩʷ ʩ ʣʦʢʘʣʴʥʦʛʦ ʩʝʨʚʝʨʘ.  
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An industrial 3D printer using SLM technology has been selected, a new tech-

nological process has been developed and a new route for manufacturing the "Bracker" 

part has been drawn up with the use of additive technologies for the production of the 

workpiece with subsequent refinement with the help of classical machining. 
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ʇʨʠʤʝʥʷʝʤʳʡ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʜʝʪʘʣʠ çʂʨʦʥ-

ʰʪʝʡʥè (ʨʠʩ. 1) ʠʤʝʝʪ ʛʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʝʪʘʣʴ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʩʣʦʞʥʘ ʚ ʠʟʛʦʪʦʚ-

ʣʝʥʠʠ. 
 

  

 

ʈʠʩ. 1. ɼʝʪʘʣʴ çʂʨʦʥʰʪʝʡʥè 

 

ʏʪʦʙʳ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʟʘʛʦʪʦʚʢʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʣʠʪʴʷ. ɿʘʛʦʪʦʚʢʘ, 

ʧʦʣʫʯʝʥʥʘʷ ʣʠʪʴʝʤ, ʦʙʣʘʜʘʝʪ ʛʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ï ʥʘʣʠʯʠʝ ʙʦʣʴʰʠʭ 

ʧʨʠʧʫʩʢʦʚ ʠ ʣʠʪʝʡʥʳʭ ʫʢʣʦʥʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʢʦʥʩʪʨʫʢʮʠʷ ʥʘʰʝʡ ʜʝʪʘ-

ʣʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʘʣʠʯʠʝ ʪʦʥʢʠʭ ʩʪʝʥʦʢ ʚ 1,5 ʤʤ, ʠʟ-ʟʘ ʯʝʛʦ ʤʦʞʝʪ 

ʙʳʪʴ ʨʠʩʢ ʧʦʣʫʯʝʥʠʷ ʙʨʘʢʘ ʚ ʪʘʢʠʭ ʤʝʩʪʘʭ. 

ʇʦʵʪʦʤʫ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦ-

ʮʝʩʩ ʩ ʧʦʤʦʱʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʧʦʤʦʱʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʤ 3D ʧʨʠʥʪʝʨʝ H3D LACM 100 [2] (ʨʠʩ. 2), ʨʘʙʦ-

ʪʘʶʱʝʤ ʧʦ ʪʝʭʥʦʣʦʛʠʠ SLM. 
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ʈʠʩ. 2. ʇʨʦʤʳʰʣʝʥʥʳʡ 3D ʧʨʠʥʪʝʨ H3D LACM 100 

 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 3D ʧʝʯʘʪʠ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʣʶʤʠ-

ʥʠʝʚʳʡ ʩʧʣʘʚ AlSi10Mg [4], ʦʙʣʘʜʘʶʱʠʡ ʘʥʘʣʦʛʠʯʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ ʠ ʘʣʶʤʠʥʠʝʚʳʡ ʩʧʣʘʚ ɼ16 ɻʆʉʊ 4784-97, ʢʦʪʦʨʳʡ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʚ ʩʪʘʨʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. 

ʕʪʦʪ ʤʝʪʦʜ ʫʧʨʦʩʪʠʪ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ, ʫʤʝʥʴʰʠʪ ʨʘʩ-

ʭʦʜ ʤʘʪʝʨʠʘʣʘ ʠ ʜʦʙʘʚʠʪ ʥʦʚʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ï ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʥʝ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʤ. ʊʘʢ ʢʘʢ ʥʘ ʩʪʝʥʢʠ ʜʝʪʘʣʠ ʥʝʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ ʠ ʦʩʝʚʦʛʦ ʙʠʝʥʠʷ, ʪʦ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ 

ʥʝ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʤ. ʕʪʦ ʦʙʣʝʛʯʠʪ ʤʘʩʩʫ ʜʝʪʘʣʠ, ʫʤʝʥʴ-

ʰʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ ʩʥʠʟʠʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʚʥʝʜʨʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʚʳʩʠʪ ʪʦʯʥʦʩʪʴ ʫʛʣʦʚʳʭ ʨʘʟʤʝʨʦʚ, ʩʥʠʟʠʚ 

ʦʪʢʣʦʥʝʥʠʷ ʩ Ñ5ô ʜʦ Ñ2ô, ʘ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ï ʩ 100 ʤʢʤ ʜʦ 50 ʤʢʤ [1]. 

ʅʦ ʤʳ ʥʝ ʤʦʞʝʤ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʤʝʪʦ-

ʜʘ ʧʦʣʫʯʝʥʠʷ ʟʘʛʦʪʦʚʢʠ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʶʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʥʝʣʴʟʷ ʧʦʣʫʯʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʪʦʣʴʢʦ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʇʦ-

ʵʪʦʤʫ ʚ ʢʦʥʝʯʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʚʢʣʶʯʝʥ ʤʥʦʛʦʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʡ ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʮʝʥʪʨ IBARMIA ZVH [3] (ʨʠʩ. 3) ʜʣʷ 

ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʜʦʨʘʙʦʪʢʠ ʜʝʪʘʣʠ çʂʨʦʥʰʪʝʡʥè ʩ ʧʦʤʦʱʴʶ ʜʦʨʘʙʦʪʢʠ 

ʦʪʜʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ (ʪʘʙʣ. 1). 
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ʈʠʩ. 3. ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʦʙʨʘʙʘʪʳʚʘʶʱʠʡ  

ʮʝʥʪʨ IBARMIA ZVH  

 

ɼʦʨʘʙʦʪʢʘ ʟʘʛʦʪʦʚʢʠ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʦʙʨʘʙʦʪʢʫ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠʤʝʶʱʠʭ ʚʳʩʦ-

ʢʫʶ ʪʦʯʥʦʩʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʘʨʝʟʘʥʠʝ ʨʝʟʴʙ ʄ2-6ʅĬ4+0,5-

4,5+0,5 ʚ ʜʚʫʭ ʦʪʚʝʨʩʪʠʷʭ, ʄ2-6ʅ ʚ ʪʨʝʭ ʦʪʚʝʨʩʪʠʷʭ, ʄ2,5-6ʅ ʚ ʯʝʪʳʨʝʭ 

ʦʪʚʝʨʩʪʠʷʭ ʠ ʬʠʥʠʰʥʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʴʙʳ ʄ18Ĭ0,75-6ʅ. 

 

ʊʘʙʣʠʮʘ 1. ʄʘʨʰʨʫʪʥʘʷ ʢʘʨʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ˉ  

ʦʧʝʨʘʮʠʠ 

ʆʙʦʨʫʜʦʚʘʥʠʝ 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʧʝʨʘʮʠʠ 

005 ʇʨʦʤʳʰʣʝʥʥʳʡ 3D ʧʨʠʥʪʝʨ H3D LACM 100 ɿʘʛʦʪʦʚʠʪʝʣʴʥʘʷ 

010 ʉʪʦʣ ʢʦʥʪʨʦʣʝʨʘ ʂʦʥʪʨʦʣʴ ʆʊʂ 

015  ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 

020 ʆʙʨʘʙʘʪʳʚʘʶʱʠʡ ʮʝʥʪʨ IBARMIA ZVH  ʇʨʦʛʨʘʤʤʥʘʷ  

025 ʉʪʦʣ ʩʣʝʩʘʨʷ ʉʣʝʩʘʨʥʘʷ 

030 ʄʘʰʠʥʘ ʤʦʝʯʥʘʷ ʄʦʝʯʥʘʷ 

035 ʉʪʦʣ ʢʦʥʪʨʦʣʝʨʘ ʂʦʥʪʨʦʣʴ ʆʊʂ 

040  ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 
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ʈɸɿʈɸɹʆʊʂɸ ʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʃʀʊɽʁʅʆʁ ʌʆʈʄʓ 

ɼɽʊɸʃʀ çʏɽʍʆʃè ɺ CAD ʉʀʉʊɽʄɽ ʂʆʄʇɸʉ 3D 

 

ɸ.ɸ. ʄʦʭʦʚ, ʈ.ɺ. ʍʘʥʠʥ, ʆ.ʅ. ʂʘʣʘʯʝʚ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʆ.ʅ. ʂʘʣʘʯʝʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 
 

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʉʦʟʜʘʥʠʝ ʬʦʨʤ-ʧʘʢʝʪʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʛʦʪʦʚʢʠ ʤʝʪʦʜʦʤ ʣʠʪʴʷ. ʈʘ-

ʟʦʙʨʘʪʴʩʷ ʚ CAD ʩʠʩʪʝʤʝ ʂʦʤʧʘʩ 3D. ʀʟʫʯʠʪʴ ʤʝʪʦʜʠʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʚʝʨʜʦ-

ʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʚʳʯʠʪʘʥʠʝ ʠ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʜʚʝ ʧʦʣʦʚʠʥʳ ʥʦʚʦʡ ʜʝʪʘʣʠ ʩ ʚʥʫʪ-

ʨʝʥʥʝʡ ʧʦʣʦʩʪʴʶ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʬʦʨʤʳ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: CAD, ʂʦʤʧʘʩ 3D ʣʠʪʝʡʥʘʷ ʬʦʨʤʘ, ʤʘʪʨʠʮʘ ʠ ʧʫʘʥʩʦʥ, 

3D-ʤʦʜʝʣʴ 

 

DEVELOPME NT AND DESIGN OF A CASTING MOLD  

IN CAD SYSTEM COMPASS 3D DETAILS "CASE"  
 

A.A. Mokhov, R.V. Khanin, O.N. Kalachev 

 

Scientific Supervisor ï O.N. Kalachev, Candidate of Technical 

Sciences, Associate Professor  
 

Yaroslavl State Technical University 

 
Creation of a form package for the production of a workpiece by casting. Un-

derstand the Compass 3D CAD system. To study the methodology of using solid-state 

operations subtraction and division into two halves of a new part with an internal cavi-

ty of a curved shape.  

Keywords: CAD, Kompas 3D, casting mold, matrix and punch, 3D model 

 

ʃʠʪʴʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʜʦ 800 ʄʇʘ ʜʝʪʘʣʴ ʧʦʣʥʦʩʪʴʶ 

ʧʦʚʪʦʨʷʝʪ ʬʦʨʤʫ ʦʪʣʠʚʢʠ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʪʦʯ-

ʥʦʩʪʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʄʘʪʝʨʠʘʣ ʜʝʪʘʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟ-

ʣʠʯʥʳʤ: ʮʚʝʪʥʳʝ ʤʝʪʘʣʣʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ, ʮʠʥʢʘ ʠ ʜʨʫʛʠʭ, ʥʦ ʠ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʧʣʘʩʪʠʢ, ʢʘʫʯʫʢ ʠ ʩʠʣʠʢʦʥ. ɺ ʭʦʜʝ 

ʨʘʙʦʪʳ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦʜʚʠʞʥʳʝ ʠ ʥʝʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠ ʣʠʪʝʡʥʦʡ ʬʦʨ-

ʤʳ ʧʨʠ ʧʦʤʦʱʠ CAD ʩʠʩʪʝʤʳ ʂʦʤʧʘʩ-3D. ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʤʦʞʥʦ ʠʩʧʦʣʴ-
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ʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʣʠʪʝʡʥʳʭ ʬʦʨʤ. ʇʝʨʚʦʥʘʯʘʣʴ-

ʥʦ ʧʦ ʩʥʷʪʳʤ ʨʘʟʤʝʨʘʤ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʟʘʚʦʜʦʤ ʦʙʨʘʟʮʘ ʠʟʜʝʣʠʷ, 

ʩʪʨʦʠʪʩʷ 3D-ʤʦʜʝʣʴ ʚ ʩʠʩʪʝʤʝ ʂʦʤʧʘʩ 3D (ʨʠʩ.1). 

 

 
 

ʈʠʩ. 1. ʉʦʟʜʘʥʥʘʷ 3D-ʜʝʪʘʣʴ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ  

 

ʇʦʩʣʝ ʯʝʛʦ ʩʦʟʜʘʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʫʪʝʤ ʟʘʢʨʳʪʠʷ 

ʩʢʚʦʟʥʳʭ ʦʪʚʝʨʩʪʠʡ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ çɿʘʧʣʘʪʢʘè (ʩʤ. ʨʠʩ.1) ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʤʘʪʨʠʮʫ ʠ ʧʫʘʥʩʦʥ ï ʦʩʥʦʚʥʳʝ ʜʝʪʘʣʠ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ. ɺ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʙʦʨʢʠ ʚʦʢʨʫʛ ʧʦʩʪʨʦʝʥʥʦʡ ʨʘʥʝʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʩʦʟʜʘʝʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʟʘʛʦʪʦʚ-

ʢʦʡ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ. ʀʩʧʦʣʴʟʫʷ ʢʦʤʘʥʜʫ çɺʳʨʝʟʘʪʴ ʚʳʜʘʚʣʠʚʘʥʠʝʤè, 

ʚʳʯʠʪʘʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. ʊʝʤ ʩʘʤʳʤ ʩʦʟʜʘʝʤ ʧʦʣʦʝ ʧʨʦʩʪʨʘʥ-

ʩʪʚʦ ʚʥʫʪʨʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ. 



62 

 

ɿʘʜʘʜʠʤ ʧʣʦʩʢʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʤʘʪʨʠʮʫ ʠ ʧʫʘʥʩʦʥ. ʇʝʨʝʡʜʝʤ ʚ 

ʨʝʞʠʤ ʩʦʟʜʘʥʠʷ ʵʩʢʠʟʘ ʠ ʩʧʨʦʝʮʠʨʫʝʤ ʣʠʥʠʠ ʢʦʥʪʫʨʘ ʯʝʭʣʘ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʟʘʛʦʪʦʚʢʠ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ ʢʦʤʘʥʜʦʡ çʉʧʨʦʝʮʠʨʦʚʘʪʴ ʦʙʲʝʢʪè 

(ʨʠʩ. 2, ʘ). ʅʘ ʨʠʩʫʥʢʝ 2, ʙ ʧʨʠʚʝʜʝʥ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ ʧʦʣʦʩʪʠ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʫʘʥʩʦʥʘ ʚʳʜʘʚʣʠʚʘʝʤ ʢʦʥʪʫʨ ʜʦ ʙʣʠʞʘʡʰʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʤʘʥʜʦʡ çɺʳʨʝʟʘʪʴ ʚʳʜʘʚʣʠʚʘʥʠʝʤè (ʨʠʩ. 2, ʚ). ʇʝʨʝʚʦʨʘʯʠʚʘʝʤ ʟʘʛʦ-

ʪʦʚʢʫ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ ʠ ʘʥʘʣʦʛʠʯʥʦ ʧʨʦʝʮʠʨʫʝʤ ʢʦʥʪʫʨ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʘʪʨʠʮʳ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʧʫʘʥʩʦʥʘ, ʚʳʜʘʚʣʠʚʘʝʤ ʢʦʥʪʫʨ ʜʦ ʙʣʠʞʘʡʰʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

 
 

ʈʠʩ. 2. ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʧʫʘʥʩʦʥʘ 

 

ɼʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʦ ʨʝʘʣʠʟʘʮʠʶ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʠ 

çɺʳʨʝʟʘʪʴ ʚʳʜʘʚʣʠʚʘʥʠʝʤè: ʩʧʨʘʚʘ - ʤʦʜʝʣʴ, ʩʣʝʚʘ ï ʢʦʤʘʥʜʳ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ (ʨʠʩ. 3). 

ʉʦʟʜʘʝʤ ʩʙʦʨʢʫ, ʜʦʙʘʚʣʷʝʤ ʟʘʨʘʥʝʝ ʩʦʭʨʘʥʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ï 

ʤʘʪʨʠʮʘ, ʧʫʘʥʩʦʥ ʠ ʯʝʭʦʣ. ʈʘʟʤʝʱʘʝʤ ʵʪʠ ʢʦʤʧʦʥʝʥʪʳ ʩʦʦʩʥʦ, ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʯʝʛʦ ʧʦʣʫʯʘʝʤ ʢʘʢ ʙʳ ʩʙʦʨʢʫ ʣʠʪʝʡʥʦʡ ʬʦʨʤʳ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʥʘʧʨʘʚʣʷʶʱʠʝ ʠ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʧʦʜʘʯʠ ʞʠʜʢʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ (ʨʠʩ. 4).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ CAD-ʩʠʩʪʝʤʳ ʧʦʜʛʦʪʦʚʣʝʥʳ 

ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʝ ʜʝʪʘʣʠ ʧʨʝʩʩ-ʬʦʨʤʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ. 
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cal elements, the conditions for performing heat treatment, as well as their changes due 

to regime conditions for mechanical processing. 

Keywords: machining, the chemical composition of the processed materials and 

cutting tools, heat treatment, the quality of the surface layer of the material of the part. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʪʝʦʨʝʪʠʢʦ-

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʨʷʜʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʩʣʝ ʤʝʭʘ-

ʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʝʪʘʣʝʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ (ʨʝʞʠʤ 

ʨʝʟʘʥʠʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʞʫʱʝʡ ʯʘʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʨʫ-

ʛʠʝ), ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʢʦʪʦʨʳʝ ʚ ʨʘʩʯʝʪʘʭ ʧʨʠʥʠʤʘʶʪʩʷ ʢʘʢ ʧʦʩʪʦʷʥʥʳʝ, ʪʦ ʝʩʪʴ ʩʪʘʙʠʣʴ-

ʥʳʝ ʚʝʣʠʯʠʥʳ [1]. ʂ ʩʦʞʘʣʝʥʠʶ, ʦʯʝʥʴ ʯʘʩʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʦʙʨʘ-

ʙʘʪʳʚʘʝʤʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚ ʥʘʨʫʰʘʝʪʩʷ, ʧʨʠʯʝʤ ʥʘʠ-

ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʡ ʩʠʪʫʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʘ-

ʙʠʣʴʥʦʩʪʠ ʵʪʠʭ ʩʚʦʡʩʪʚ. 

ʋ ʟʘʛʦʪʦʚʦʢ, ʧʦʣʫʯʘʝʤʳʭ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʚʣʝʥʠʝʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʣʝʙʘʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ-

ʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʷ ʚʳʧʣʘʚʢʠ ʤʘʪʝʨʠʘʣʘ, ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘ-

ʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʢʦʣʝʙʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢ, ʚ ʥʝ-

ʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠʟʤʝʥʝʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʩʪʘʣʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʦʪ 

20 ʜʦ 30% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʚʦʡʩʪʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦʡ. ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʝʪʘʣʠ ʚʢʣʶʯʝʥʳ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʠ ʠʥʩʪʨʫ-

ʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʦ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʠʭ ʟʥʘʯʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʦʰʠʙʢʘʤ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʠʣʠ ʫʢʘʟʘʥʠʶ ʧʨʝʜʝʣʘ ʠʭ ʨʘʩʩʝʠʚʘʥʠʷ.  

ʅʝʠʟʚʝʩʪʥʦ ʚ ʢʘʢʠʭ ʧʨʝʜʝʣʘʭ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦ ʧʨʠʯʠʥʝ ʥʝʩʪʘ-

ʙʠʣʴʥʦʩʪʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦ-

ʩʪʠ, ʩʪʝʧʝʥʠ ʠ ʛʣʫʙʠʥʳ ʥʘʢʣʝʧʘ, ʘ ʪʘʢʞʝ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʘʪʝʨʠʘʣʘ ʜʝʪʘʣʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʠ ʪʝʭʥʦʣʦ-

ʛʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʝʪʘʣʠ. 

ɺ ʤʘʨʦʯʥʠʢʝ ʩʪʘʣʝʡ [2] ʜʘʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʨʦʢ ʨʘʟʣʠʯʥʳʭ ʩʪʘʣʝʡ, ʩʧʣʘʚʦʚ ʠ ʪ.ʜ. ʇʨʠ ʘʥʘʣʠʟʝ ʢʦʥʢʨʝʪʥʦʡ 

ʤʘʨʢʠ, ʥʘʧʨʠʤʝʨ, ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ 30ʍɻʊ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʡ ʨʘʟ-

ʙʨʦʩ ʟʥʘʯʝʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʘ 1. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʦʚ ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ 30ʍɻʊ, %  

ʧʦ ɻʆʉʊ 4543-71 
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ʈʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʜʦʩʪʠʛʘʝʪ 66,7 %, ʯʪʦ 

ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʚʘʞʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʛʦ-

ʪʦʚʢʠ, ʪʘʢʠʝ ʢʘʢ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʙʘ-

ʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʯʝʩʢʦʤʫ ʩʜʚʠʛʫ ʠ ʥʘ ʨʷʜ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ. 

ʊʘʢʞʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ ʚʣʠʷʝʪ ʚʠʜ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʣʝʙʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʣʝ ʥʝʝ. ɺ ʩʧʨʘʚʦʯʥʠʢʝ ʤʘʨʦʢ ʠ ʩʪʘʣʝʡ [3] ʧʨʠʚʝʜʝʥʳ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 30ʍɻʊ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʪʝʨʤʠʯʝ-

ʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʩʣʝ ʟʘʢʘʣʢʠ ʠ ʦʪʧʫʩʢʘ ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ ʜʦʧʫʩʢʘʝ-

ʤʦʝ ʟʥʘʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʦʪ 262 ʜʦ 311 ʝʜʠʥʠʮ ʧʦ ɹʨʠ-

ʥʝʣʣʶ (ʪʘʙʣ. 2). 

 
ʊʘʙʣʠʮʘ 2. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ 30ʍɻʊ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ  

ʦʙʨʘʙʦʪʢʠ 

ɻʆʉʊ 
ʉʦʩʪʦʷʥʠʝ 

ʧʦʩʪʘʚʢʠ 

ʉʝʯʝʥʠʝ, 

ʤʤ 

„0,2, 

ʄʇʘ 

„̃, 

ʄʇʘ 

 ,5‏

% 

‪, 

% 

KCU, 

ˑ̇

/̒̍2 

ʊʚʝʨʜʦʩʪʴ, 

ʥʝ ʙʦʣʝʝ 

ʥʝ ʤʝʥʝʝ 

8479-
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ʇʦʢʦʚʢʘ. 

 ɿʘʢʘʣʢʘ + 

ʦʪʧʫʩʢ 

ɼʦ 100 685 835 13 42 59 
HB 262-

311 

 

ʛʜʝ, „0,2 ï ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʫʩʣʦʚʥʳʡ, ʄʇʘ; „ˏ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ; 5‏ ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʦʩʣʝ ʨʘʟʨʳʚʘ, %; ‪ ï 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʫʞʝʥʠʝ, %; KCU ï ʫʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ˑ /̇̒̍2; ʅɺ ï ʪʚʝʨ-

ʜʦʩʪʴ ʧʦ ɹʨʠʥʝʣʣʶ. 

ʅʘ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʪʦʯʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʧʨʦʯʥʦ-

ʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʝ 
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ʢʘʢ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʨʘʟʨʳʚ ʠ ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʠʟʛʠʙ; ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦ-

ʧʨʦʚʦʜʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚ; ʫʜʝʣʴ-

ʥʘʷ ʦʙʲʝʤʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʜʨ. ʅʘʟʚʘʥʥʳʝ ʚʳʰʝ ʧʦʢʘʟʘʪʝʣʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʷʚ-

ʣʷʶʪʩʷ ʩʪʨʦʛʦ ʢʦʥʩʪʘʥʪʘʤʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʝʸ ʦʪʩʫʪʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʚʦʟʥʠʢʘʝʪ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ (ʪʘʙʣ. 3). 

 
ʊʘʙʣʠʮʘ 3. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ⱦ̉(ˏ/̓ ̍Ͻ̠)   

ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ ʚ ʦʪʧʫʱʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʊʝʤʧʝʨʘʪʫʨʘ, 

—,Ј˞ 

ʄʘʨʢʘ ʩʪʘʣʠ 

11ʈ3ɸʄ3ʌ2 ʈ6ʄ5 ʈ6ʄ5ʌ3 ʈ9ʂ5 ʈ18 

100 26 21 18 20,2 19,5 

200 26,5 23 19,5 23,9 20,7 

300 27,3 25 21 25 22,4 

400 28 27 23 25,9 23,3 

500 28,5 28,5 24,5 26,7 24,2 

600 29,3 30,5 26 27,8 25,5 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 3, ʧʦʣʫʯʝʥʳ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ⱦ̉ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʪʘʙʣʠʮʘ 4), ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ⱦ̉ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʪʘʣʠ. 

 

ʊʘʙʣʠʮʘ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʟʥʘʯʝʥʠʷ ⱦ̉ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ɗ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ 

ʄʘʨʢʘ ʩʪʘʣʠ ʈʘʩʯʝʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

11ʈ3ɸʄ3ʌ2 18,891Ͻ—0,0662  

ʈ6ʄ5 7,269Ͻ—0,2209  

ʈ6ʄ5ʌ3 6,565Ͻ—0,2103  

ʈ9ʂ5 9,840Ͻ—0,1623  

ʈ18 9,283Ͻ—0,1554  

 

ʀʟʣʦʞʝʥʥʦʝ ʚʳʰʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠ ʨʘʩʯʝʪʥʦʤ ʦʧ-

ʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʢʘʯʝʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʩʪʝʧʝʥʠ ʠʭ ʬʘʢ-

ʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 
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ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʢʨʠʧʪʦʚ ʥʘ ʷʟʳʢʝ 

AutoLISP. ʇʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʚ ʩʨʝʜʫ nanoCADʠ ʥʝʦʙʭʦʜʠʤʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʘʧʦʚ ʝʝ ʩʦʟʜʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʢʨʠʧʪ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʵʩʢʠʟ, AutoLISP, nanoCAD   
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CUTTING TOOL IN THE AUTOLISP LANGUAGE  

IN THE NANOCAD ENVIRONMENT  

 

A.Yu. Tikhova, O.N. Kalachev 
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The possibility of automated construction of drawings of cutting tools by pro-

gramming scripts in the AutoLISP language is being studied. The process of implement-

ing the program into the nanoCAD environment and the necessary sequence of stages 

of its creation are shown.  

Keywords: script, automation, sketch, AutoLISP, nanoCAD 

  

ʇʣʘʪʬʦʨʤʘ nanoCAD - ʵʪʦ ʨʦʩʩʠʡʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʩʣʦʞʥʦʩʪʠ. ʇʦʜʜʝʨʞʢʘ ʬʦʨ-

ʤʘʪʦʚ .dwg ʠ IFC ʜʝʣʘʝʪ ʝʝ ʦʪʣʠʯʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʧʝʨʝʚʦʜʘ ʧʨʦʛʨʘʤʤ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʨʘʥʝʝ ʜʣʷ ʩʨʝʜʳ AutoCAD. ʌʫʥʢʮʠʦ-

ʥʘʣ ʧʣʘʪʬʦʨʤʳ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʰʠʨʝʥ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʤʦʜʫʣʝʡ, 

ʢ ʧʨʠʤʝʨʫ, ʪʘʢʠʭ ʢʘʢ ʩʢʨʠʧʪʳ ʥʘ ʷʟʳʢʝ LISP.  
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ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʠʢʣʘʜʥʦʡ ʉɸʇʈ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʯʝʨʪʝʞʘ ʦʩʝʚʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʨʝʜʝ 

nanoCAD. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʳʙʠʨʘʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ 

ʯʝʨʪʝʞ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɺʠʜ ʩʧʝʨʝʜʠ 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʠʩʭʦʜʥʳʡ ʵʩʢʠʟ ʚʠʜʘ ʩʧʝʨʝʜʠ ʟʘʧʨʦʛʨʘʤʤʠʨʫʝʤ 

ʥʘ ʷʟʳʢʝ LISP ʛʝʦʤʝʪʨʠʶ ʯʝʨʪʝʞʘ ʨʝʞʫʱʝʡ ʯʘʩʪʠ, ʤʝʥʷʶʱʫʶʩʷ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʪʨʝʭ ʧʘʨʘʤʝʪʨʦʚ: ʜʠʘʤʝʪʨ, ʜʣʠʥʘ ʬʘʩʢʠ ʠ ʰʠʨʠʥʘ ʣʝʥʪʦʯʢʠ.  

ʇʨʦʛʨʘʤʤʘ ʠʩʧʦʣʴʟʫʝʪ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʣʠʥʠʡ ʨʝʞʫʱʠʭ 

ʢʨʦʤʦʢ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ çpolarè. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʦʡ ʧʘʨʘʤʝʪʨʳ ʙʫʜʫʪ ʟʘʜʘʚʘʪʴ-

ʩʷ ʯʝʨʝʟ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ, ʩʦʟʜʘʥʥʦʝ ʥʘ ʷʟʳʢʝ DCLʚ ʬʦʨʤʘʪʝ .dcl. ɺ ʭʦʜʝ 

ʜʠʘʣʦʛʘ ʩ ʩʠʩʪʝʤʦʡ ʟʘʧʨʘʰʠʚʘʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʪʘʢʞʝ 

ʪʦʯʢʘ ʧʨʠʚʷʟʢʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʚʝʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʧʦ ʧʨʦʛʨʘʤʤʝ 

ʦʪʨʠʩʦʚʳʚʘʝʪʩʷ ʛʣʘʚʥʳʡ ʚʠʜ ʩʧʝʨʝʜʠ. 

ɺ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʨʦʛʨʘʤʤʳ ʜʦʙʘʚʣʷʝʤ ʩʣʫʞʝʙʥʳʝ ʩʪʨʦ-

ʢʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʥʘʩʪʨʦʠʪʴ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʜʝʣʠ. ʀʩʧʦʣʴ-

ʟʫʝʤ ʬʫʥʢʮʠʠ ç_lineè, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʦʝʜʠʥʷʪʴ ʪʦʯʢʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʩʦʟ-

ʜʘʚʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʵʩʢʠʟ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʩʦʟʜʘʪʴ ʦʩʝʚʫʶ ʣʠʥʠʶ ʩ 

ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ ç_linetypeè ʠ çlistè. 

ɼʣʷ ʥʘʯʘʣʘ ʦʪʣʘʜʠʤ ʧʨʦʛʨʘʤʤʫ ʚ ʩʨʝʜʝ AutoCAD, ʪ.ʢ. ʝʝ ʬʫʥʢʮʠʠ 

ʥʘʤ ʠʟʚʝʩʪʥʳ ʥʘʤʥʦʛʦ ʣʫʯʰʝ, ʯʝʤ ʚ ʘʥʘʣʦʛʠʯʥʦʡ nanoCAD. ʅʘ ʧʨʠʤʝʨʝ 

ʜʘʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʨʘʩʩʤʦʪʨʠʤ, ʢʘʢʠʝ ʧʨʦʙʣʝʤʳ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʠ ʧʫʪʠ 

ʠʭ ʨʘʟʨʝʰʝʥʠʷ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪʘʣʘ ʚ ʩʨʝʜʝ AutoCAD ʝʝ ʥʝʦʙʭʦ-

ʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʤʝʩʪʠʪʴ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʩʠʩʪʝʤʥʳʝ ʬʘʡʣʳ (ʨʠʩ. 

2). ɺ ʩʨʝʜʝ nanoCAD ʵʪʦʛʦ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʨʘʩʧʦʟʥʘʥʠʝ  ʩʢʨʠʧʪʘ ʙʫʜʝʪ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʧʨʠ ʝʛʦ ʟʘʧʫʩʢʝ.  
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ʈʠʩ. 2. ɼʦʙʘʚʣʝʥʠʝ ʧʘʧʢʠ ʩ ʧʨʦʛʨʘʤʤʘʤʠ ʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʬʘʡʣʘʤ              

ʚ AutoCAD 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʛʨʘʤʤʦʡ ʦʞʠʜʘʣʦʩʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʪʠʧʳ ʣʠʥʠʡ ʚ nanoCAD ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ. ʊʠʧʘ çACAD_ISO04W100è 

ʜʣʷ ʦʩʝʚʦʡ ʣʠʥʠʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʝʛʦ ʘʥʘʣʦʛʦʤ ʷʚʣʷʝʪʩʷ çɻʆʉʊ 2.303 6è. 

ʏʪʦʙʳ ʦʩʝʚʘʷ ʣʠʥʠʷ ʚ nanoCADʦʪʦʙʨʘʞʘʣʘʩʴ ʢʦʨʨʝʢʪʥʦ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʤʝʥʷʪʴ ʥʘʟʚʘʥʠʝ ʪʠʧʘ ʚ ʢʦʜʝ: (command "_linetype" "_s" "ɻʆʉʊ 2.303 6" 

""). ʈʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʘʭ 3, 4. 

 
 

ʈʠʩ. 3. ʆʩʝʚʘʷ ʣʠʥʠʷ ʪʠʧʘ çACAD_ISO04W100è 

 

 

 

ʈʠʩ. 4. ʆʩʝʚʘʷ ʣʠʥʠʷ ʪʠʧʘ çɻʆʉʊ 2.303 6è 



72 

 

ʆʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʦʙʝʠʭ ʧʨʦʛʨʘʤʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ ʨʘʟʤʝʨʥʳʭ ʩʪʠʣʝʡ, ʪ.ʢ. ʦʪ ʵʪʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ 

ʚʦʩʧʨʠʷʪʠʝ ʯʝʨʪʝʞʘ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪʥʦ ʚ nanoCAD, ʪ.ʢ. ʪʘʤ ʧʦ ʫʤʦʣ-

ʯʘʥʠʶ ʩʪʦʠʪ ʤʘʩʰʪʘʙ ʨʘʟʤʝʨʥʳʭ ʣʠʥʠʡ, ʨʘʚʥʳʡ 100. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʨʨʝʢʪʥʦʛʦ ʵʩʢʠʟʠʨʦʚʘʥʠʷ ʦʥ ʙʳʣ ʠʟʤʝʥʝʥ ʥʘ 1.  

 
 

ʈʠʩ. 5. ʆʪʩʫʪʩʪʚʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʧʦ ʫʤʦʣʯʘʥʠʶ ʨʘʟʤʝʨʥʳʭ 

ʩʪʠʣʝʡ  

ʇʦʩʣʝ ʚʩʝʭ ʦʪʣʘʜʦʯʥʳʭ ʨʘʙʦʪ, ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʧʝ-

ʨʝʭʦʜʘ ʠʟ ʩʨʝʜʳ AutoCADʚ nanoCAD, ʧʦʣʫʯʘʝʪʩʷ ʨʘʙʦʯʠʡ ʩʢʨʠʧʪ, ʩʧʦ-

ʩʦʙʥʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʨʠʩʦʚʘʪʴ ʚʠʜ ʩʧʝʨʝʜʠ ʟʝʥʢʝʨʘ ʧʦ ʪʨʝʤ ʧʘʨʘʤʝʪ-

ʨʘʤ, ʚʚʦʜʠʤʳʤ ʯʝʨʝʟ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ (ʨʠʩ. 6). 

 
 

ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʚʠʜʘ ʦʩʝʚʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʨʝʜʝ nanoCAD ʠ ʦʪʨʘʙʦʪʘʥʳ 

ʦʰʠʙʢʠ ʧʨʠ ʧʝʨʝʥʦʩʝ ʠʟ ʩʨʝʜʳ AutoCAD. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʩʢʨʠʧʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʫʯʝʥʠʷ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ nanoCAD, ʪʘʢ ʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʜʦʙʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʢʨʥʩʪʨʫʢʪʦʨʩʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ - ɸ.ɽ. ʃʝʙʝʜʝʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ɸ.ɹ. ʂʘʧʨʘʥʦʚʘ, ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
 

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ ʪʨʫʙ ʦʩʪʘʝʪʩʷ ʚʩʸ ʝʱʸ ʘʢʪʫʘʣʴʥʦʡ. ʆʜʥʠʤ 

ʠʟ ʧʫʪʝʡ ʝʝ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʢʨʝʙʢʦʚʳʭ ʢʣʘʧʘʥʦʚ.  
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʤʘʪʫʨʦʩʪʨʦʝʥʠʝ, ʢʣʘʧʘʥ, ʩʢʨʝʙʢʦʚʳʡ ʢʣʘʧʘʥ, 

ʪʨʘʥʩʧʦʨʪ ʥʝʬʪʠ  
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The most efficient way to transport oil and gas nowadays is pipeline transport. 

Despite the use of modern materials and technologies of pipeline construction the 

problem of pipe contamination is still relevant. One of the ways to solve it is the use of 

pig valves 
Keywords: valves, valve, scraper valve, oil transportion 
 

ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʨʝʙʢʦʚʳʭ ʢʣʘʧʘʥʦʚ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʣʘʧʘʥʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ.  
ʈʘʩʩʤʦʪʨʠʤ ʩʢʨʝʙʢʦʚʳʡ ʢʣʘʧʘʥ ʬʠʨʤʳ ITAG [1] ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʯʠʩʪʢʫ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠ ʧʦʤʦʱʠ ʩʢʨʝʙʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ 1. 
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ʈʠʩ. 1. ɼʚʘ ʚʠʜʘ ʩʢʨʝʙʢʦʚ ʜʣʷ ʢʣʘʧʘʥʘ 
 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʣʘʧʘʥ ʩʦʩʪʦʠʪ ʢʦʨʧʫʩʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚʥʫʪʨʠ 

ʢʦʨʧʫʩʘ ʰʘʨʦʚʦʛʦ ʟʘʪʚʦʨʘ, ʫʧʣʦʪʥʝʥʠʷ, ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʝʤʘ ʩʢʨʝʙʢʦʚ ʠ 

ʙʘʡʧʘʩʥʦʛʦ ʧʘʪʨʫʙʢʘ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʦ ʚʨʝʤʷ 

ʟʘʧʫʩʢʘ ʠʣʠ ʧʨʠʝʤʢʠ ʩʢʨʝʙʢʘ, ʰʘʨ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 90Ü ʚ ʟʘʢʨʳʪʦʝ 

ʧʦʣʦʞʝʥʠʝ, ʪʘʢ ʯʪʦ ʧʨʦʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʣʦʚʫʰʢʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʦʦʩʥʦ 

ʧʨʦʭʦʜʥʦʤʫ ʦʪʚʝʨʩʪʠʶ ʢʣʘʧʘʥʘ. ɺʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ ʠ ʦʩʪʘʪʢʠ 

ʞʠʜʢʦʩʪʠ ʚ ʰʘʨʝ ʠ ʧʨʦʭʦʜʥʦʤ ʦʪʚʝʨʩʪʠʠ ʣʦʚʫʰʢʠ ʚʳʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ 

ʜʨʝʥʘʞʥʳʡ ʢʣʘʧʘʥ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʢʣʘʧʘʥʘ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ. 

ʉʪʨʦʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʧʦʣʦʩʪʝʡ ʢʣʘʧʘʥʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. 

 

 
 

ʈʠʩ. 2. ʉʢʨʝʙʢʦʚʳʡ ʢʣʘʧʘʥ ʬʠʨʤʳ ITAG  

 
ɼʘʥʥʳʡ ʢʣʘʧʘʥ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʟʤʝʱʘʪʴ ʥʘ ʥʦʚʳʭ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ʆʜʥʘʢʦ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʝʤ ʪʨʫʙʦʧʨʦʚʦʜʝ 
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ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʟʘʤʝʥʫ ʩʫʱʝʩʪʚʫʶʱʝʡ ʘʨʤʘʪʫʨʳ, ʧʨʦʚʝʩʪʠ 

ʤʦʜʝʨʥʠʟʘʮʠʶ ʤʝʩʪ ʫʩʪʘʥʦʚʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ 

ʦʧʝʨʘʮʠʷʤʠ. 
ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘʤʠ ʢʦʥʩʪʨʫʢʮʠʷ ʩʢʨʝʙʢʦʚʦʛʦ ʢʣʘʧʘʥʘ [2] ʠʤʝʝʪ 

ʩʭʦʞʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʩ çʚʝʥʪʠʣʷʤʠè, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 

ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʝʛʦ 

ʫʩʪʘʥʦʚʢʫ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜʘ. 
ʂʣʘʧʘʥ ʠʤʝʝʪ ʥʘ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ, ʤʝʞʜʫ ʚʭʦʜʥʳʤ 

ʧʘʪʨʫʙʢʦʤ ʠ ʢʨʳʰʢʦʡ ʧʨʠʝʤʥʠʢ ʩʢʨʝʙʢʦʚ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ ʧʦʣʦʛʦ 

ʮʠʣʠʥʜʨʘ, ʟʘʢʨʳʪʦʛʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʢʨʳʰʢʦʡ, ʩʦʦʙʱʘʶʱʠʡʩʷ ʩ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʴʶ ʢʦʨʧʫʩʘ ʯʝʨʝʟ ʢʘʥʘʣ ʢʨʫʛʦʚʦʛʦ ʩʝʯʝʥʠʷ, ʠʤʝʶʱʠʡ 

ʪʨʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʫʯʘʩʪʢʘ, ʧʨʠʯʝʤ ʚʝʨʭʥʠʡ ʫʯʘʩʪʦʢ 

ʨʘʩʧʦʣʦʞʝʥ ʚʝʨʪʠʢʘʣʴʥʦ, ʥʠʞʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʩʦʝʜʠʥʷʶʱʠʡ ʠʭ 

ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʠʤʝʝʪ ʬʦʨʤʫ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ, ʘ ʥʘ ʢʦʥʮʝ 

ʥʠʞʥʝʛʦ ʫʯʘʩʪʢʘ ʨʘʟʤʝʱʝʥʳ ʫʩʪʨʦʡʩʪʚʘ ʬʠʢʩʘʮʠʠ ʩʢʨʝʙʢʦʚ. ʏʝʨʪʝʞ 

ʜʘʥʥʦʛʦ ʩʢʨʝʙʢʦʚʦʛʦ ʢʣʘʧʘʥʘ ʧʨʠʚʝʜʝʥ ʥʠʞʝ ʥʘ ʨʠʩ. 3. 
ʅʘ ʚʠʜʝ ɸ ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʩʢʨʝʙʢʦʚʦʛʦ ʢʣʘʧʘʥʘ, ʅʘ ʚʠʜʝ ɹ 

ʧʦʢʘʟʘʥʦ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪʦʝ ʧʦʣʦʞʝʥʠʝ (2:1), ʥʘ ʚʠʜʝ ɺ ʧʦʢʘʟʘʥʦ 

ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʦʝ ʧʦʣʦʞʝʥʠʝ (2:1).  
ʉʢʨʝʙʢʦʚʳʡ ʢʣʘʧʘʥ ʩʦʜʝʨʞʠʪ ʢʦʨʧʫʩ 1, ʩʦ ʚʭʦʜʥʳʤ 2 ʠ ʚʳʭʦʜʥʳʤ 

3 ʧʘʪʨʫʙʢʘʤʠ, ʢʨʳʰʢʫ 4 ʩ ʫʧʣʦʪʥʝʥʠʝʤ ʢʨʳʰʢʠ 5, ʧʣʫʥʞʝʨ 6, ʠʤʝʶʱʠʡ 

ʥʘ ʥʠʞʥʝʤ ʢʦʥʮʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʚʳʩʪʫʧ, ʩʝʜʣʦ 7 ʩ ʫʧʣʦʪʥʝʥʠʝʤ ʩʝʜʣʘ 

8. ʋʧʣʦʪʥʝʥʠʝ ʧʣʫʥʞʝʨʘ 6 ʚʳʧʦʣʥʝʥʥʦʝ ʚ ʚʠʜʝ ʰʝʚʨʦʥʥʦʛʦ ʧʘʢʝʪʘ 9 ʩ 

ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʧʨʦʢʣʘʜʢʘʤʠ 10, ʬʠʢʩʠʨʫʝʤʦʝ ʧʦʜʞʠʤʥʦʡ ʛʘʡʢʦʡ 11 ʚ 

ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʝʥ ʛʨʷʟʝʩʲʝʤʥʠʢ 12. 

ʂ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʚʳʩʪʫʧʘ, ʨʘʟʤʝʱʝʥʥʦʛʦ 

ʥʘ ʥʠʞʥʝʤ ʢʦʥʮʝ ʧʣʫʥʞʝʨʘ 6, ʧʨʠʩʦʝʜʠʥʝʥʘ ʧʦʣʘʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ 

ʥʘʩʘʜʢʘ 13, ʠʤʝʶʱʘʷ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʚʦʟʥʳʝ ʦʪʚʝʨʩʪʠʷ 14. 

ɺʳʩʦʪʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʥʘʩʘʜʢʠ 13 ʙʦʣʴʰʝ ʪʦʣʱʠʥʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 

ʚʳʩʪʫʧʘ. ɺ ʩʝʜʣʝ 7 ʚʳʧʦʣʥʝʥʘ ʢʦʣʴʮʝʚʘʷ ʚʧʘʜʠʥʘ 15, ʜʠʘʤʝʪʨ ʠ ʪʦʣʱʠʥʘ 

ʢʦʪʦʨʦʡ ʨʘʚʥʳ ʪʦʣʱʠʥʝ ʠ ʜʠʘʤʝʪʨʫ ʧʦʣʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʥʘʩʘʜʢʠ 13. 

ʅʘ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʧʫʩʘ 1, ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʧʘʪʨʫʙʢʦʤ 2 ʠ 

ʢʨʳʰʢʦʡ 4, ʨʘʟʤʝʱʝʥ ʧʨʠʝʤʥʠʢ ʩʢʨʝʙʢʦʚ 16, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ ʧʦʣʦʛʦ 

ʮʠʣʠʥʜʨʘ, ʟʘʢʨʳʪʦʛʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʢʨʳʰʢʦʡ 17, ʩʦʦʙʱʘʶʱʠʡʩʷ ʩ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʴʶ ʢʦʨʧʫʩʘ 1 ʯʝʨʝʟ ʢʘʥʘʣ 18 ʢʨʫʛʦʚʦʛʦ ʩʝʯʝʥʠʷ. 
ʂʘʥʘʣ 18 ʠʤʝʝʪ ʪʨʠ ʫʯʘʩʪʢʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, 

ʧʨʠʯʝʤ ʚʝʨʭʥʠʡ ʫʯʘʩʪʦʢ ʨʘʩʧʦʣʦʞʝʥ ʚʝʨʪʠʢʘʣʴʥʦ, ʥʠʞʥʠʡ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʘ ʩʦʝʜʠʥʷʶʱʠʡ ʠʭ ʢʨʠʚʦʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʠʤʝʝʪ ʬʦʨʤʫ 

ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ. ʅʘ ʢʦʥʮʝ ʥʠʞʥʝʛʦ ʫʯʘʩʪʢʘ ʨʘʟʤʝʱʝʥʳ ʫʩʪʨʦʡʩʪʚʘ 

ʬʠʢʩʘʮʠʠ 19 ʩʢʨʝʙʢʦʚ 20. ɼʣʷ ʯʠʩʪʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʢʨʝʙʢʠ 20. 
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ʈʠʩ. 3. ʉʭʝʤʘ ʩʢʨʝʙʢʦʚʦʛʦ ʢʣʘʧʘʥʘ 

 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʢʨʝʙʢʦʚʳʡ ʢʣʘʧʘʥ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ 

ʜʚʫʭ ʨʝʞʠʤʘʭ - ʨʝʞʠʤʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʘ ʠ ʨʝʞʠʤʝ ʯʠʩʪʢʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ.  
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ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʣʦʢ-ʩʭʝʤʳ ʨʘʩʯʝʪʘ ʨʘ-

ʮʠʦʥʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʠʨʫʶʱʝʛʦ 

ʢʣʘʧʘʥʘ. ʕʣʝʤʝʥʪʳ ʜʘʥʥʦʡ ʙʣʦʢ-ʩʭʝʤʳ ʦʧʠʨʘʶʪʩʷ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘ-

ʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʫʟʳʨʴʢʦʚʦʡ ʢʘʚʠʪʘʮʠʠ ʥʘ 

ʝʝ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʚ ʧʨʦʪʦʯʥʦʡ ʦʙʣʘʩʪʠ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʝʚʦʡ ʣʘʧʘʥ, ʧʫʟʳʨʴʢʦʚʘʷ ʢʘʚʠʪʘʮʠʷ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʤʦʜʝʣʴ 
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ʇʦʩʪʦʷʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʨʝʛʣʘʤʝʥʪʥʳʭ ʟʘʧʨʦʩʦʚ ʢ ʦʩʥʦʚʥʳʤ ʧʦʢʘ-

ʟʘʪʝʣʷʤ ʨʘʙʦʪʳ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ, ʥʘʧʨʠʤʝʨ, ʨʘʩʭʦʜʥʦʡ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʝ ʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʣʘʧʘʥʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʦʩʪ-

ʨʦʛʦ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʫʢʘʟʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɺr ʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ 

ʧʦʪʦʢʦʚ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠʚʝʣʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠ ʧʦʜʪʚʝʨʜʠʪʴ [1, 2] ʠ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʦʙʦʩʥʦʚʘʪʴ [3] 

ʵʬʬʝʢʪʠʚʥʦcʪʴ ʧʨʠʤʝʥʝʥʠʷ ʟʘʧʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʨʫʞʥʦʛʦ ʪʠʧʘ [4] ʚ 

ʙʦʨʴʙʝ ʩ ʧʫʟʳʨʴʢʦʚʦʡ ʢʘʚʠʪʘʮʠʝʡ ʥʘ ʝʝ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʵʚʦʣʶʮʠʠ. ʉʦʦʩ-

ʥʘʷ ʧʦʟʠʮʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʫʟʣʘ ʧʦʜʚʠʞʥʳʡ ʟʘʪʚʦʨ-ʩʝʧʘʨʘʪʦʨ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ʚ ʬʦʨʤʝ ʜʚʫʭ ʦʙʝʯʘʝʢ ï ʛʣʫʭʦʡ ʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ï ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʩʦʯʝʪʘʥʠʝ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ 

ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʦʪʢʨʳʪʦʤ ʧʦʣʦʞʝʥʠʠ ʢʣʘʧʘʥʘ. ʂ ʦʩ-

ʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʦʩʝʚʦʛʦ ʢʣʘʧʘʥʘ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʙʦʣʝʝ 10 ʝʜʠʥʠʮ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʳ ʥʘ-

ʮʝʣʝʥʦ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʠʭ ʨʝʞʠʤʘ ʨʘʙʦʪʳ. ɺ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʠ ʨʝʛʣʘʤʝʥʪ-

ʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʫʢʘʟʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʨʘʙʦʪʳ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʦʩʝʚʦ-

ʛʦ ʢʣʘʧʘʥʘ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʚʳʙʦʨʘ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʥʘʙʦʨʘ ʢʦʥʩʪ-

ʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʫʩʣʦʚʠʷ ʤʠʥʠ-

ʤʠʟʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʧʫʟʳʨʯʘʪʦʡ ʢʘʚʠʪʘʮʠʠ. ʕʪʦ ʷʚʣʝʥʠʝ 

ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʠʟʙʝʞʥʳʤ ʜʣʷ ʨʝʛʫʣʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚʩʣʝʜʩʪʚʠʝ ʩʦʚʧʘ-

ʜʝʥʠʷ ʫʩʣʦʚʠʡ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʞʠʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʯʝ-

ʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʫʟʳʨʝʡ ʩ ʦʧʘʩʥʳʤʠ ʧʦ-

ʩʣʝʜʩʪʚʠʷʤʠ (ʵʨʦʟʠʝʡ ʠ ʰʫʤʦʤ). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʧʦʩʦʙʘ ʚʳʙʦʨʘ ʪʠʧʘ ʨʝʛʫʣʠʨʫʶʱʝʛʦ 

ʢʣʘʧʘʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʦʩʥʦʚʥʦʛʦ ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚ ʬʦʨʤʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ; ʯʠʩʣʘ ʕʡʣʝʨʘ ʢʘʢ ʧʦʣʦʚʠʥ-

ʥʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʢʘʚʠʪʘʮʠʠ ʠ ʪ.ʧ.) ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʙʣʦʢ-ʩʭʝʤʳ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

[5]. ʂ ʪʘʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʥʦʩʷʪʩʷ ʚʳʨʘʞʝʥʠʷ: ʜʣʷ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʜʠʫ-

ʩʦʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʫʟʳʨʝʡ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ 

ʨʘʙʦʪʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʫʟʣʘ ʧʦʜʚʠʞʥʳʡ ʟʘʪʚʦʨ-ʩʝʧʘʨʘʪʦʨ, ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʫʟʳʨʯʘʪʦʡ ʢʘʚʠʪʘʮʠʠ ʠ ʪ.ʧ. ɺʢʣʶʯʝʥʠʝ ʚ ʫʢʘʟʘʥʥʫʶ 

ʙʣʦʢ-ʩʭʝʤʫ 25 ʙʣʦʢʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ. ʆʙʷʟʘ-

ʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʚʦʜ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʤʥʦʞʝʩʪʚʘ ʥʘʯʘʣʴʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ ʜʣʷ ʨʷʜʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʞʠʤʥʳʭ (ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʩ-

ʭʦʜ, ʪʝʤʧʝʨʘʪʫʨʳ ʩʨʝʜʳ, ʤʠʥʠʤʘʣʴʥʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ, ʩʢʦʨʦʩʪʴ ʞʠʜ-

ʢʦʩʪʠ ʚ ʪʨʫʙʝ, ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ, ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʧʫʟʳʨʷ, 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʮʝʥʪʨʝ ʧʫʟʳʨʷ ʠ ʪ.ʧ.) ʧʘʨʘʤʝʪʨʦʚ. ɿʘʪʝʤ ʩʣʝʜʫ-

ʝʪ ʧʦʠʩʢ ʧʨʝʜʝʣʦʚ ʠʟʤʝʥʝʥʠʷ ʜʣʷ ʨʷʜʘ ʧʦʢʘʟʘʪʝʣʝʡ: ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʝʨʝ-
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ʧʘʜʘ ʜʘʚʣʝʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʭʦʜʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʜʨ. ʩ ʦʧʨʝʜʝʣʝ-

ʥʠʝʤ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʙʝʩʢʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʢʣʘʧʘʥʘ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʧʨʠʤʝʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʵʢʩʪʨʝʤʫʤʘ 

ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦ ʬʘʟʦʚʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʡ ʥʦʤʝʨʫ ʨʷʜʘ ʜʨʦʩʩʝʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʩʝʧʘʨʘʪʦʨʘ. ɼʘʣʴʥʝʡʰʠʡ ʨʘʩʯʝʪ 

ʢʘʩʘʝʪʩʷ ʦʮʝʥʢʠ ʧʨʝʜʝʣʦʚ ʠʟʤʝʥʝʥʠʷ ʜʠʘʤʝʪʨʘ ʫʩʣʦʚʥʦʛʦ ʧʨʦʭʦʜʘ, ʧʦ-

ʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʘ ʚʷʟʢʦʩʪʴ ʨʘʙʦʯʝʡ ʩʨʝʜʳ. ʇʦʠʩʢ ʢʨʠʪʠʯʝ-

ʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʷʟʘʥ ʩ 

ʧʨʦʚʝʨʢʦʡ ʫʩʣʦʚʠʷ ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʨʝʜʥʝʛʦ ʧʦ 

ʘʥʩʘʤʙʣʶ ʜʠʘʤʝʪʨʘ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʫʟʳʨʷ ʠ ʛʨʘʬʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʢʘʚʠʪʘʮʠʠ.  

ʀʪʘʢ, ʚʳʧʦʣʥʝʥʥʳʡ ʨʘʩʯʝʪ ʩʨʝʜʥʝʛʦ ʧʦ ʘʥʩʘʤʙʣʶ ʨʘʜʠʫʩʘ ʢʘʚʠʪʘ-

ʮʠʦʥʥʦʛʦ ʧʫʟʳʨʷ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʟ ʠʭ ʧʦʣʫ-

ʯʝʥʥʳʭ ʨʘʮʠʦʥʘʣʴʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʠʟʤʝʥʝʥʠʷ  ʧʦʢʘʟʘʣ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟ-

ʤʝʨʦʚ ʜʘʥʥʳʭ ʧʫʟʳʨʴʢʦʚ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʧʦ-

ʣʫʯʝʥʥʳʤʠ ʧʨʠ ʨʘʩʯʝʪʝ ʩ ʥʝʨʘʮʠʦʥʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʛʫʣʠʨʫʶ-

ʱʝʛʦ ʦʩʝʚʦʛʦ ʢʣʘʧʘʥʘ ʙʦʣʝʝ, ʯʝʤ ʚ 10 ʨʘʟ. 
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ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʣʘʧʘʥʘ ʩ ʩʠʩʪʝ-

ʤʦʡ ʩʝʧʘʨʘʪʦʨ-ʧʨʫʞʠʥʘ ʩʞʘʪʠʷ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʘʥʪʠʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʥʠʞʘʝʪʩʷ 
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The design features of a control valve with a separator-compression spring sys-

tem are considered. This system is designed to provide an anti-cavitation mode of op-

eration of the device, which reduces the number of bubbles formed already in the early 

stages of the cavitation effect. 
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ʈʦʣʴ ʘʥʪʠʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʜʣʷ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ 

ʘʨʤʘʪʫʨʳ ʘʢʪʫʘʣʴʥʘ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʱʠʪʳ ʦʪ ʘʚʘʨʠʡ ʠ ʧʨʦ-

ʪʝʯʝʢ, ʚʳʟʚʘʥʥʳʭ ʵʨʦʟʠʡʥʳʤʠ ʠ ʰʫʤʦʚʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʥʝʛʘʪʠʚʥʦʛʦ 

ʷʚʣʝʥʠʷ ʢʘʚʠʪʘʮʠʠ [1, 2]. ʄʥʦʛʦʦʙʨʘʟʠʝ ʜʝʣʠʪʝʣʝʡ ʧʦʪʦʢʦʚ ʞʠʜʢʦʩʪʠ ʚ 

ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʝ [3] ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨʦʤ ʩʧʦʩʦʙʘ ʦʨʛʘʥʠʟʘʮʠʠ 
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ʜʨʦʩʝʣʠʨʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʡ/ʥʝʩʢʦʣʴʢʠʭ ʩʪʫ-

ʧʝʥʠ/ʩʪʫʧʝʥʝʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʭ ʮʠʣʠʥʜʨʦʚ ʠʣʠ ʩʝʨʠʠ ʣʘʙʠʨʠʥʪʥʳʭ 

ʧʨʦʭʦʜʦʚ. ʅʘʧʨʠʤʝʨ, ʩʝʧʘʨʘʮʠʷ ʞʠʜʢʦʩʪʠ ʟʘʜʘʝʪʩʷ ʢʣʝʪʦʯʥʳʤ ʩʧʦʩʦʙʦʤ 

ʠʣʠ ʨʫʯʴʷʤʠ ʚ ʢʘʥʘʣʘʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ. ʅʘʟʥʘʯʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨ ʚʢʣʶʯʝ-

ʥʠʷ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʩʠʩʪʝʤʫ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʪʘʢʞʝ ʪʠʧ ʨʘ-

ʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʤʝʥʝʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʦʩʦʙʘ ʦʨʛʘʥʠ-

ʟʘʮʠʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ, ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʟʤʝʨʳ ʚʭʦʜ-

ʥʦʛʦ ʧʘʪʨʫʙʢʘ ʠ ʢʦʨʧʫʩʘ ʢʣʘʧʘʥʘ. ʇʨʠ ʵʪʦʤ ʧʦʜʙʦʨ ʜʠʘʧʘʟʦʥʦʚ ʠʟʤʝʥʝ-

ʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʣʘʧʘʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʙʘʟʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [4, 5]. 

ʈʘʩʩʤʦʪʨʠʤ ʩʧʦʩʦʙ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʢʣʘʧʘʥʝ ʧʨʷʤʦ-

ʪʦʯʥʦʛʦ ʪʠʧʘ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʩʝʧʘʨʘʪʦʨ-ʧʨʫʞʠʥʘ ʩʞʘʪʠʷ [6].  

ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʚʥʝʰʥʝʛʦ/ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʨʧʫʩʘ, ʥʘʙʦʨ 

ʚʭʦʜʥʦʛʦ/ʚʳʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʦʚ ʠ ʬʣʘʥʮʝʚ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʛʫʣʠʨʫʶʱʝʛʦ 

ʢʣʘʧʘʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʧʨʷʤʦʪʦʯʥʦʛʦ ʚʠʜʘ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʚʦʜʘ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʠʧʘ 

ʨʝʡʢʠ. ʆʩʦʙʝʥʥʦʩʪʴ ï ʥʘʣʠʯʠʝ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʝʧʘʨʘʪʦʨʝ ʩ ʧʨʦʜʦʣʴ-

ʥʳʤʠ ʚʳʨʝʟʘʤʠ ʧʨʫʞʠʥʳ ʩʞʘʪʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʥʘʚʠʚʢʠ ʠ 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʩ ʫʧʦʨʘʤʠ ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʚ ʦʙʣʘʩʪʷʭ ʚʳ-

ʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ ʠ ʧʣʫʥʞʝʨʘ, ʠʤʝʶʱʠʭ ʪʘʢʞʝ ʪʨʝʫʛʦʣʴʥʳʝ ʚʧʘʜʠʥʳ.  

ʀʪʘʢ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʚʦʡʥʦʡ ʵʬʬʝʢʪ ʜʨʦʩʩʝʣʠʨʦʚʘ-

ʥʠʷ ï ʤʝʞʜʫ ʚʠʪʢʘʤʠ ʧʨʫʞʠʥʳ ʠ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʩʝ-

ʧʘʨʘʪʦʨʝ. 
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ʂʆʅʉʊʈʋʂʊʀɺʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʆʉɽɺʆɻʆ  

ʂʃɸʇɸʅɸ ʉʆ ʉʇʀʈɸʃʔʅʓʄ ɼɽʃʀʊɽʃɽʄ ʇʆʊʆʂɸ 

 
ɼ.ɺ. ʐʧʠʣʴʢʠʥ

2
, ʀ.ʀ. ɺʝʨʣʦʢʘ

2
, ɸ.ɺ. ɻʨʳʟʫʥʦʚ

2
,                         

ɸ.ɹ. ʂʘʧʨʘʥʦʚʘ
1
 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɸ.ɹ. ʂʘʧʨʘʥʦʚʘ, ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ 
 

1
ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

2
ʇɸʆ çʉʣʘʚʥʝʬʪʴ-ʗʅʆʉè 

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʝʚʦʛʦ ʢʣʘʧʘʥʘ ʩʦ ʩʧʠ-

ʨʘʣʴʥʳʤ ʜʝʣʠʪʝʣʝʤ ʧʦʪʦʢʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʨʘʜʠʘʣʴʥʳʭ ʧʣʘʩʪʠʥ, 

ʩʥʠʞʘʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʫʟʳʨʴʢʦʚʦʡ ʢʘʚʠʪʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʩʥʠʞʝʥʠʷ 

ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʘʧʘʥ, ʨʘʜʠʘʣʴʥʘʷ ʧʣʘʩʪʠʥʘ, ʩʧʠʨʘʣʴ, ʢʦʥʩʪʨʫʢʮʠʷ, ʢʘ-

ʚʠʪʘʮʠʷ, ʞʠʜʢʦʩʪʴ 
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ʈʝʛʫʣʠʨʫʶʱʘʷ ʘʨʤʘʪʫʨʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩ-

ʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʭʠʤʠʯʝʩʢʦʡ ʠ ʥʝʬʪʝʭʠʤʠʯʝ-

ʩʢʦʡ [1]. ʎʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʳ ï ʠʟʤʝʥʝʥʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢ (ʜʘʚʣʝʥʠʷ, ʨʘʩʭʦʜʘ) ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʩʨʝʜʳ ʧʦʩʨʝʜʩʪʚʦʤ 
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ʠʟʤʝʥʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʣʘʧʘʥʘ [2, 3]. ʉʦʯʝʪʘʥʠʝ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʭ [4] ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ [5] ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʜʨʦʩʩʝʣʠʨʦʚʘ-

ʥʠʷ ʧʦʪʦʢʦʚ ʞʠʜʢʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʙʦʨʴʙʳ ʩ ʢʘʚʠʪʘʮʠʦʥʥʳʤ ʵʬʬʝʢʪʦʤ ʚ ʧʨʦʪʦʯ-

ʥʦʡ ʯʘʩʪʠ ʢʣʘʧʘʥʘ ʩʦ ʩʧʠʨʘʣʴʥʳʤ ʜʝʣʠʪʝʣʝʤ ʧʦʪʦʢʘ [6] (ʨʠʩ. 1).  ʇʨʠ ʦʪ-

ʢʨʳʪʠʠ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ, ʢʦʛʜʘ ʧʨʦʭʦʜʥʦʝ ʩʝʯʝ-

ʥʠʝ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʘʚʠʪʘʮʠʠ 

ʚʩʣʝʜʩʪʚʠʝ ʜʦʩʪʠʞʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʞʠʜʢʦ-

ʩʪʠ ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʚʪʫʣʢʝ 9, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʤʫ ʧʘʜʝʥʠʶ 

ʜʘʚʣʝʥʠʷ. ʆʧʘʩʥʦʩʪʴ ʨʘʙʦʪʳ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ ʚ ʫʢʘʟʘʥʥʦʤ ʢʨʠ-

ʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʠ ʨʘʟʚʠʪʦʡ ʩʪʘʜʠʠ ʢʘʚʠʪʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʧʦʥʠʞʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʘʨʤʘʪʫʨʳ ʠʣʠ ʘʚʘʨʠʠ 

[1].  

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1 ʢʦʥʩʪʨʫʢʮʠʷ ʦʩʝʚʦʛʦ ʢʣʘʧʘʥʘ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʫʟʳʨʴʢʦʚʦʡ ʢʘʚʠʪʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʘʣʴʥʳʭ ʧʣʘʩʪʠʥ 12 ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʦ ʩʪʦʨʦʥʳ ʚʳʭʦʜ-

ʥʦʛʦ ʬʣʘʥʮʘ 4 ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʧʠʨʘʶʱʝʛʦ ʦʨʛʘʥʘ 6. ɺʳ-

ʩʦʪʘ ʨʘʜʠʘʣʴʥʳʭ ʧʣʘʩʪʠʥ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʮʝʥʪʨʘ ʟʘʧʠʨʘʶʱʝʛʦ ʦʨʛʘʥʘ 6 ʢ 

ʧʝʨʠʬʝʨʠʠ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʧʦʪʦʢʘ, ʞʠʜʢʦʩʪʴ ʢʘʢ ʙʳ çʨʘʟʙʠʚʘʝʪʩʷè ʧʣʘ-

ʩʪʠʥʘʤʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʪʨʫʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʣʘʚʥʦʤʫ ʣʦʢʘʣʴʥʦʤʫ ʩʥʠ-

ʞʝʥʠʶ ʜʘʚʣʝʥʠʷ [6]. 

 

ʈʠʩ. 1. ʆʩʝʚʦʡ ʢʣʘʧʘʥ [6]:  

1 ï ʚʥʝʰʥʠʡ ʢʦʨʧʫʩ, 2 ï ʚʥʫʪʨʝʥʥʠʡ ʢʦʨʧʫʩ, 3 ï ʚʭʦʜʥʦʡ ʬʣʘʥʝʮ,  

4 ï ʚʳʭʦʜʥʦʡ ʬʣʘʥʝʮ, 5 ï ʜʝʣʠʪʝʣʴ ʧʦʪʦʢʘ, 6 ï ʟʘʧʠʨʘʶʱʠʡ ʦʨʛʘʥ, 7 ï ʨʝʝʯʥʳʡ 

ʧʨʠʚʦʜ,  8 ï ʰʪʦʢ, 9 ï ʨʘʩʰʠʨʠʪʝʣʴʥʘʷ ʚʪʫʣʢʘ, 10 ï ʥʘʧʨʘʚʣʷʶʱʠʡ ʜʠʩʢ,  

12 ï ʨʘʜʠʘʣʴʥʳʝ ʧʣʘʩʪʠʥʳ 

 

ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʩʝʚʦʛʦ ʢʣʘʧʘʥʘ ʩʦ ʩʧʠʨʘʣʴʥʳʤ ʜʝʣʠʪʝʣʝʤ 

ʧʦʪʦʢʘ ʧʦʟʚʦʣʷʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʥʠʟʠʪʴ ʯʠʩʣʦ ʢʘʚʠʪʘʮʠʦʥʥʳʭ 

ʧʫʟʳʨʝʡ ʚʩʣʝʜʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʩʝʠʚʘʥʠʷ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʠ ʧʣʘʚʥʦ-

ʛʦ ʣʦʢʘʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ. 
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ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʦʛʝʥʥʦʛʦ ʟʘʧʦʨ-

ʥʦʛʦ ʧʣʫʥʞʝʨʥʦʛʦ ʧʨʦʭʦʜʥʦʛʦ ʢʣʘʧʘʥʘ. ʐʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩ 

ʧʝʨʝʧʘʜʦʤ ʙʦʣʝʝ 100ᴈ ʜʣʷ ʨʘʙʦʯʠʭ ʩʨʝʜ ʥʘʢʣʘʜʳʚʘʝʪ ʨʝʛʣʘʤʝʥʪ ʥʘ ʛʝʨʤʝʪʠʟʘ-

ʮʠʶ ʫʧʣʦʪʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʰʪʦʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʦʛʝʥʥʳʡ ʢʣʘʧʘʥ, ʛʝʨʤʝʪʠʟʘʮʠʷ, ʫʧʣʦʪʥʝʥʠʷ, ʢʦʥʩʪ-

ʨʫʢʮʠʷ 
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The main distinguishing features of a cryogenic shut-off plunger through valve 

are considered. A wide range of low temperatures with a difference of more than 100ᴈ 

for working environments imposes regulations on the sealing of seals, including for the 

stem. 
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ʇʨʠʤʝʥʝʥʠʝ ʢʨʠʦʛʝʥʥʦʡ ʘʨʤʘʪʫʨʳ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʤʥʦʛʠʭ ʦʪʨʘʩʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʜʥʘʢʦ ʠʤʝʥʥʦ ʢʣʘʧʘʥʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯ-

ʪʠʪʝʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʩʥʠʞʝʥ-
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ʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʨʘʟʜʝʣʝʥʠʷ ʚʦʟʜʫʭʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʰʘʨʦʚʳʤʠ ʢʨʘʥʘʤʠ ʠʣʠ ʟʘʜʚʠʞʢʘʤʠ [1]. ɼʘʥʥʳʡ ʬʘʢʪ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘ-

ʜʝʞʥʦʩʪʴʶ ʟʘʧʦʨʥʳʭ ʢʣʘʧʘʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʦʪʦʢʘ ʨʘʙʦʯʝʡ ʩʨʝʜʳ. ʇʦʚʳʰʝʥʥʳʡ ʠʟʥʦʩ ʫʧʣʦʪʥʠʪʝʣʴ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʨʘʙʦʪʝ ʩʦ ʩʞʠʞʝʥʥʳʤ ʛʘʟʦʤ (ʥʘʧʨʠʤʝʨ, ʢʠʩʣʦʨʦʜʦʤ, ʚʦ-

ʜʦʨʦʜʦʤ, ʬʪʦʨʦʤ, ʘʟʦʪʦʤ, ʬʨʝʦʥʦʤ, ʛʝʣʠʝʤ) [2, 3], ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʝʨʝ-

ʧʘʜʳ ʧʨʝʚʳʰʘʶʪ 100 ᴈ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʛʦ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ [4]. ʂʨʠʦʛʝʥʥʘʷ ʪʝʭʥʠʢʘ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠ-

ʧʦʚ: ʦʙʨʘʪʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʟʘʧʦʨʥʦ-ʨʝʛʫʣʠʨʫʶʱʘʷ, ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʘʷ.  

ɼʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʜʝʞʥʦʩʪʠ ʢʨʠʦʛʝʥʥʳʭ ʢʣʘ-

ʧʘʥʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʪʘʢʠʤʠ ʠʟʦʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ-

ʙʳ ʦʪʩʫʪʩʪʚʦʚʘʣ ʢʦʥʪʘʢʪ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʩ ʫʧʣʦʪʥʠʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘ-

ʤʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʦʪʝʨʷ ʵʣʘʩʪʠʯʥʦʩʪʠ ʤʘʥʞʝʪ 

ʠ ʧʨʝʜʘʚʘʨʠʡʥʳʡ/ʘʚʘʨʠʡʥʳʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʘʨʤʘʪʫʨʳ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ [5] ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʝ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʋʧʣʦʪ-

ʥʝʥʠʝ ʰʪʦʢʘ ʨʘʩʧʦʣʦʞʝʥʦ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʢʨʳʰʢʦʡ ʠ ʪhʦʢʦʤ. ɼʣʷ ʧʨʝ-

ʜʦʪʚʨʘʱʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʪʚʝʨʜʳʭ ʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʵʣʝʤʝʥʪʳ 

ʠʟʦʣʷʪʦʨʘ ʠ ʫʧʣʦʪʥʝʥʠʡ ʠʩʢʣʶʯʘʝʪʩʷ ʢʦʥʪʘʢʪ, ʜʘʥʥʳʡ ʫʧʣʦʪʥʝʥʠʡ ʩ ʨʘ-

ʙʦʯʝʡ ʩʨʝʜʦʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʤʝʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʫʧʣʦʪʥʝʥʠʡ: ʚʥʫʪ-

ʨʝʥʥʝ - ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʢʨʳʰʢʦʡ ʠ ʧʣʫʥʞʝʨʦʤ, ʩʨʝʜʥʝʝ ï ʤʝʞʜʫ ʧʣʫʥʞʝ-

ʨʦʤ ʠ ʩʪʦʡʢʦʡ ʚʤʝʩʪʝ ʩ ʥʘʧʨʘʚʣʷʶʱʠʤ ʢʦʣʴʮʦʤ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʥʝʰ-

ʥʝʝ - ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʢʨʳʰʢʦʡ ʠ ʩʪʦʡʢʦʡ. ʀʟʦʣʷʪʦʨ ʧʦʤʝʱʘʝʪʩʷ ʚ ʦʙʦʡʤʫ 

ʚ ʬʦʨʤʝ ʮʠʣʠʥʜʨʘ, ʧʨʠʯʝʤ ʫʢʘʟʘʥʥʳʡ ʠʟʦʣʷʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʢʦʣʴʮʝʚʳʤʠ ʢʘʥʘʚʢʘʤʠ ʥʘ ʪʦʨʮʘʭ ʩ ʚʦʟʤʦʞ-

ʥʳʤ ʩʦʦʙʱʝʥʠʝʤ ʯʝʨʝʟ ʢʦʣʴʮʝʚʳʝ ʢʘʥʘʚʢʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥ 

ʬʠʣʴʪʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʜʣʷ ʦʯʠʱʝʥʠʷ ʩʨʝʜʳ ʦʪ ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʤʝʱʝʥʠʝ ʫʧʣʦʪʥʝʥʠʷ ʰʪʦʢʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʢʣʘʧʘʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʣʠʪʴ ʝʛʦ ʩʨʦʢ ʩʣʫʞʙʳ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʢʣʶʯʝʥʠʷ 

ʢʦʥʪʘʢʪʘ ʩ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʴʶ. 
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ʇʨʦʮʝʩʩ ʩʤʝʰʝʥʠʷ ʪʚʝʨʜʳʭ ʜʠʩʧʝʨʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʤʝʝʪ ʰʠ-

ʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʘ ʧʨʦʙʣʝʤʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʡ ʩʤʝʩʠ 

ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʥʫʞʜ ʭʠʤʠʯʝʩʢʦʡ, ʧʠʱʝʚʦʡ, ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʡ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ, ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʠ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʫʞʝʩʪʦ-

ʯʝʥʠʝʤ ʨʝʛʣʘʤʝʥʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʢʘʟʘʪʝʣʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʘ [1,2]. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʤʝʩʠ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʠ ʪʨʫʜʦʝʤʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ 

ʩʤʝʩʴ ʪʨʫʜʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ [3, 4]. ɺ ʦʩʥʦʚʥʦʤ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʠ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʪʘʢʪʥʳʝ ʤʝʪʦʜʳ, ʢʦʪʦ-

ʨʳʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʬʠʟʠʯʝʩʢʦʤ ʚʟʷʪʠʠ ʧʨʦʙ ʠ ʜʘʣʴʥʝʡʰʝʤ ʦʧʨʝʜʝʣʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ (ʩʠʪʦʚʳʡ ʘʥʘʣʠʟ, ʩʝʜʠʤʝʥʪʘʮʠʷ ʠ ʧʨ.), ʛʣʘʚʥʳʤ ʥʝʜʦʩ-

ʪʘʪʢʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʠʭ ʪʨʫʜʦʝʤʢʦʩʪʴ. ɺ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʤʝʪʦʜʘʭ ʤʦ-

ʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʦʙʣʫʯʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʨʝʥʪʛʝ-

ʥʦʚʩʢʠʤʠ ʣʫʯʘʤʠ, ʥʦ ʫ ʵʪʠʭ ʩʧʦʩʦʙʦʚ ʫʟʢʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠ ʚʳʩʦ-

ʢʘʷ ʩʪʦʠʤʦʩʪʴ. ʅʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʠ ʜʝʰʝʚʳʤʠ ʠʟ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʤʝ-

ʪʦʜʦʚ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʪʚʝʨʜʦʡ ʜʠʩʧʝʨʩʥʦʡ ʩʤʝʩʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ, ʦʩ-

ʥʦʚʘʥʥʳʝ ʥʘ ʬʦʪʦ ʠ ʚʠʜʝʦ ʘʥʘʣʠʟʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʝʩʠ, ʥʦ ʪʘʢʦʡ ʧʦʜʭʦʜ 

ʪʨʝʙʫʝʪ ʚʚʝʜʝʥʠʷ ʬʦʪʦʢʘʤʝʨʳ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʩʤʝʩʠʪʝʣʷ ʙʝʟ ʝʛʦ ʦʩʪʘʥʦʚ-

ʢʠ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ ʩʤʝʩʠʪʝʣʷʭ ʩ ʦʪʢʨʳʪʦʡ ʨʘʙʦʯʝʡ ʟʦʥʦʡ, ʢʦʪʦʨʳʝ 

ʥʝ ʠʤʝʶʪ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʧʨʠʤʝʥʝʥʠʝ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʤʝʪʦʜʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʢʦʥʪʘʢʪʥʳʭ ʵʢʩʧʨʝʩʩ ʤʝʪʦʜʦʚ 

ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʧʝʨʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʇʨʦʘʥʘ-

ʣʠʟʠʨʦʚʘʚ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʦʙʦʠʭ ʤʝʪʦʜʦʚ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʣʫʙʝʩʢʦʥʪʘʢʪʥʳʡ ʵʢʩʧʨʝʩʩ-

ʤʝʪʦʜ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʪʚʝʨʜʦʡ ʜʠʩʧʝʨʩʥʦʡ ʩʤʝʩʠ ʠ ʘʧʧʘʨʘʪʘ ʜʣʷ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ [5].  

ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʫʩʪʨʦʡʩʪʚʘ: ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʙʣʦʢ (ʧʝʨʩʦ-

ʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʤʦʙʠʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ), ʬʦʪʦʢʘʤʝʨʘ, ʧʨʦʙʦʦʪʙʦʨʥʠ-

ʢʠ, ʧʘʥʝʣʴ ʘʥʘʣʠʟʘ, ʩʚʝʪʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ (ʨʠʩ. 1). ʇʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ 

ʨʝʘʣʠʟʫʝʪ ʫʥʠʢʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʝʨʝʨʘʩʧʨʝʜʝʣʠʪʴ ʧʠʢʩʝ-

ʣʠ ʮʠʬʨʦʚʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʧʳʪʥʦʡ ʧʨʦʙʳ ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ ʩʤʝʩʠ, ʥʘʧʠ-

ʩʘʥʥʳʡ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. 

ɸʧʧʘʨʘʪʥʘʷ ʯʘʩʪʴ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʝ ʩʪʘʜʠʠ:  

1) ʆʪʙʦʨ ʧʨʦʙ ʩʤʝʰʠʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʤʝʩʠ, ʨʘʟʣʦʞʝʥʠʝ ʠʭ 

ʥʘ ʨʦʚʥʦʡ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʦʤʝʨʥʳʤ ʩʣʦʝʤ; 

2) ʇʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʵʪʠʭ ʧʨʦʙ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʝ ʧʨʠ ʦʜʠʥʘ-

ʢʦʚʳʭ ʵʢʩʧʦʟʠʮʠʷʭ. 
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ʈʠʩ. 1. ɸʧʧʘʨʘʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ  

 

 ʅʘ ʵʪʘʧʝ ʦʪʙʦʨʘ ʧʨʦʙ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ 

ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʟʘʙʦʨ ʧʨʦʙ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟ 

ʨʘʟʥʳʭ ʟʦʥ ʩʤʝʩʠ ʠ ʩ ʦʪʣʠʯʘʶʱʝʡʩʷ ʛʣʫʙʠʥʦʡ ʧʦʛʨʫʞʝʥʠʷ ʧʨʦʙʦʦʪʙʦʨ-

ʥʠʢʘ. 

ɿʘʪʝʤ ʦʪʦʙʨʘʥʥʳʝ ʧʨʦʙʳ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʢ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʶ 

ʠ ʦʙʨʘʙʦʪʢʝ. ʈʘʟʨʝʰʝʥʠʝ ʢʘʤʝʨʳ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 2 ʄʇ, ʜʣʷ ʦʙʝʩ-

ʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 0,01-10 

ʤʤ. ʇʨʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʦʯʝʨʝʜʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʠʭ 

ʨʘʚʥʦʤʝʨʥʳʤ ʪʦʥʢʠʤ ʩʣʦʝʤ ʥʘ ʨʦʚʥʦʡ ʤʘʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʦʪʣʠʯʘʪʴʩʷ ʧʦ ʮʚʝʪʫ ʦʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʙʦʣʴʰʝʡ 

ʪʦʯʥʦʩʪʠ ʘʥʘʣʠʟʘ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʙ (ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʪ 5 ʜʦ 10). ʅʘʠʙʦʣʴʰʝʡ ʜʦʩʪʦʚʝʨʥʦ-

ʩʪʠ ʨʝʟʫʣʴʪʘʪʘ ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʦʙʝʩʧʝʯʠʚ ʦʜʠʥʘʢʦʚʳʝ ʫʩʣʦʚʠʷ ʠʭ ʩʲʝʤʢʠ: 

ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ, ʵʢʩʧʦʟʠʮʠʷ, ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʤʘʪʝʨʠʘʣʘ ʜʦ ʢʘʤʝʨʳ, 

ʦʩʚʝʱʝʥʥʦʩʪʴ. ʇʨʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ 
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ʦʪʩʫʪʩʪʚʠʝ ʙʣʠʢʦʚ ʠ ʪʝʥʝʡ ʦʪ ʬʦʪʦʛʨʘʬʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʩʣʫʯʘʝ ʩʞʘ-

ʪʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥʘʢʦʚʳʝ ʧʘʨʘʤʝʪʨʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʧʧʘʨʘʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʢʩʧʨʝʩʩ-

ʘʥʘʣʠʟʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʪʚʝʨʜʦʡ ʜʠʩʧʝʨʩʥʦʡ ʩʤʝʩʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠ-

ʪʠʶ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʝʛʣʘʤʝʥʪʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʦʢʘʟʘʪʝ-

ʣʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝ-

ʪʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʤʝʩʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʩʤʝʩʴ ʩʢʣʦʥʥʘ ʢ ʩʝʛʨʝ-

ʛʘʮʠʠ ʠ ʝʝ ʪʨʫʜʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʠʩʭʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ [1]. ɺ ʨʘʙʦʪʝ [2] 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʣʫʙʝʩʢʦʥʪʘʢʪʥʳʡ ʵʢʩʧʨʝʩʩ-

ʤʝʪʦʜ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʪʚʝʨʜʦʡ ʜʠʩʧʝʨʩʥʦʡ ʩʤʝʩʠ ʠ ʘʧʧʘʨʘʪʘ ʜʣʷ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ.  

ʆʜʥʠʤ ʠʟ ʵʪʘʧʦʚ ʨʘʙʦʪ ʧʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʷʚʣʷʝʪʩʷ ʦʪʙʦʨ ʧʨʦʙ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʙ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠ-

ʧʳ ʧʨʦʙʦʦʪʙʦʨʥʠʢʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʦʪʙʦʨʘ ʧʨʦʙ ʩʳʧʫʯʠʭ ʩʨʝʜ. ʆʜʥʘʢʦ ʥʝ ʚʩʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʘʥʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʩʤʝʩʠ 

ʩʢʣʦʥʥʳʭ ʢ ʩʝʛʨʝʛʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʦʪʙʦʨʘ ʧʨʦʙ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ, 

ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
 

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʠʷ ʧʨʦʙʦʦʪʙʦʨʥʠʢʘ  

 

ʇʨʦʙʦʦʪʙʦʨʥʠʢ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ, 

ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʱʝʥ ʦʪʙʦʨʥʳʡ ʦʨʛʘʥ ʩ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʦʨʦʪʘ. ʆʪ-

ʙʦʨʥʳʡ ʦʨʛʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʣ, ʠʤʝʶʱʠʡ ʥʘ ʢʦʥʮʝ ʨʫʢʦʷʪʢʫ. ʅʘ 

ʚʘʣʫ ʨʘʟʤʝʱʝʥʳ ʪʨʠ ʜʠʩʢʘ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʝʨʝʛʦʨʦʜʢʠ. 

ʅʘ ʢʦʥʮʝ ʢʦʨʧʫʩʘ ʫʩʪʘʥʦʚʣʝʥ ʢʦʥʠʯʝʩʢʠʡ ʦʙʪʝʢʘʪʝʣʴ. 

 ʅʘ ʵʪʘʧʝ ʦʪʙʦʨʘ ʧʨʦʙ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ 

ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʟʘʙʦʨ ʧʨʦʙ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʠʟ 
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ʨʘʟʥʳʭ ʟʦʥ ʩʤʝʩʠ ʠ ʩ ʦʪʣʠʯʘʶʱʝʡʩʷ ʛʣʫʙʠʥʦʡ ʧʦʛʨʫʞʝʥʠʷ ʧʨʦʙʦʦʪʙʦʨ-

ʥʠʢʘ. 

ʆʪʙʦʨ ʧʨʦʙ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʚ ʩʣʦʡ ʤʘʪʝ-

ʨʠʘʣʘ. ɼʣʷ ʟʘʭʚʘʪʘ ʩʤʝʩʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʚʦʨʦʪ ʚʘʣʘ. ʇʨʠ ʵʪʦʤ ʤʘʪʝʨʠʘʣ 

çʟʘʧʠʨʘʝʪʩʷè ʚ ʩʝʢʪʦʨʘʭ ʤʝʞʜʫ ʧʝʨʝʛʦʨʦʜʢʘʤʠ. ɺʳʛʨʫʟʢʘ ʧʨʦʙʳ ʧʨʦʠʩ-

ʭʦʜʠʪ ʧʫʪʝʤ ʧʦʚʦʨʦʪʘ ʚʘʣʘ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʤʦʞʝʪ ʥʘ ʵʪʘʧʝ ʦʪʙʦʨʘ ʧʨʦʙ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʫʙʝʩʢʦʥʪʘʢʪʥʦʛʦ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʪʚʝʨ-

ʜʦʡ ʜʠʩʧʝʨʩʥʦʡ ʩʤʝʩʠ.  
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ʈʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʤʝʩʠ ʠʟ ʛʨʘʥʫʣ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʧʦʩʦʙʦʚ ʩʤʝʰʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʮʠʢʣʠʥʛ, ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʤʝʰʝʥʠʝ, ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 
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ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʙʳʪʦʚʳʭ ʠ ʦʜʥʦ-

ʨʘʟʦʚʳʭ ʪʦʚʘʨʦʚ ʚʳʨʦʩʣʠ ʦʙʲʝʤʳ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ. ʅʘʠʙʦʣʝʝ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʢʘʢ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʪʘʢ ʠ ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʮʠʢʣʠʥʛ. ʇʨʦʜʫʢʪʦʤ ʪʘʢʦʡ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʛʨʘʥʫʣʳ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʜʦʧʫʩʢʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʦʚʳʭ ʠʟʜʝʣʠʡ. ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʧʝʨʝʨʘʙʦ-

ʪʘʥʥʳʝ ʛʨʘʥʫʣʳ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʳʭ ʠʟʜʝʣʠʡ, ʧʦ-

ʵʪʦʤʫ ʥʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʨʘʥʫʣʳ ʯʠʩʪʦʛʦ ʠ ʧʝ-
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ʨʝʨʘʙʦʪʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʨʝʛʣʘʤʝʥʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

(ʨʠʩ. 1). 

 
 
ʈʠʩ. 1 ʌʦʪʦʛʨʘʬʠʷ ʩʤʝʩʠ ʧʝʨʚʠʯʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʧʦʣʠʧʨʦʧʠʣʝʥʘ 

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʩʤʝ-

ʰʝʥʠʷ (ʨʠʩ. 2), ʢʦʛʜʘ ʦʙʲʝʤʳ ʩʤʝʰʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʝʨʝʤʝʱʘʶʪʩʷ ʟʘ 

ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʢʦʨʧʫʩʘ ʠʣʠ ʜʨʫʛʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʤʝʩʠʪʝʣʷ. 

 
 
ʈʠʩ. 2. V-ʦʙʨʘʟʥʳʡ ʩʤʝʩʠʪʝʣʴ ʩ ʬʫʥʢʮʠʝʡ ʜʚʫʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ [1] 

 

ʉʤʝʩʠʪʝʣʴ ʩʦʜʝʨʞʠʪ ʩʪʘʥʠʥʫ 1, ʚʘʣ 2 ʜʣʷ ʚʨʘʱʝʥʠʷ V-ʦʙʨʘʟʥʦʛʦ 

ʢʦʨʧʫʩʘ 3, ʫʟʝʣ ʟʘʛʨʫʟʢʠ ʤʘʪʝʨʠʘʣʘ 4 ʠ ʧʨʠʚʦʜ 5 ʜʣʷ ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʝʡ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 
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ʩʤʝʰʝʥʠʷ, ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ Vc ʥʝ ʥʠʞʝ 10% [2], 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʦʣʫʯʘʝʤʦʡ ʩʤʝʩʠ.  

ɼʨʫʛʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʤʝʩʠ 

ʷʚʣʷʝʪʩʷ ʩʤʝʰʝʥʠʝ ʪʚʝʨʜʳʭ ʧʦʣʠʤʝʨʥʳʭ ʯʘʩʪʠʮ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷ-

ʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʜʘʨʥʳʭ ʵʬʬʝʢʪʦʚ (ʨʠʩ. 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 3. ʉʤʝʩʠʪʝʣʴ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [3] 

 

ʉʤʝʩʠʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʨʘʤʳ 1, ʨʦʪʘʮʠʦʥʥʳʭ ʨʘʩʧʳʣʠʪʝʣʝʡ 2, ʦʪ-

ʙʦʡʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 3, ʢʦʨʧʫʩʘ 4, ʫʩʪʨʦʡʩʪʚʘ ʚʳʛʨʫʟʢʠ 5. ʉʤʝʰʝʥʠʝ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʟʨʝʞʝʥʥʳʭ ʧʦʪʦʢʘʭ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʝ ʩʝʛʨʝʛʘʮʠʠ, ʘ ʥʘʣʠʯʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʵʬ-

ʬʝʢʪʘ, ʟʘ ʩʯʝʪ ʦʪʙʦʡʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʦ ʩʤʝʩʠ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ Vc ʥʠʞʝ 10 %. 
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ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʘʩʪʠʢʦʚʳʭ ʠʟʜʝʣʠʡ ʤʝʪʦʜʦʤ 

ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ ʚʳʩʪʫʧʘʝʪ ʧʦʣʠʤʝʨʥʘʷ ʥʠʪʴ (ʬʠʣʘʤʝʥʪ) ʜʠʘʤʝʪ-

ʨʦʤ 1.75, 2.85 ʠʣʠ 3 ʤʤ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʣʘʤʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦ-

ʣʠʤʝʨʳ ʠʟ ʛʨʫʧʧʳ ʪʝʨʤʦʧʣʘʩʪʦʚ, ʢʦʪʦʨʳʝ ʤʥʦʛʦʢʨʘʪʥʦ ʤʦʛʫʪ ʤʝʥʷʪʴ ʘʛ-

ʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʏʘʱʝ ʚʩʝʛʦ ʵʪʠ ʧʦʣʠ-

ʤʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʝʣʳʝ ʠʣʠ ʧʨʦʟʨʘʯʥʳʝ ʛʨʘʥʫʣʳ, ʯʪʦʙʳ ʧʨʠʜʘʪʴ 

ʬʠʣʘʤʝʥʪʫ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʝ ʛʨʘʥʫʣʳ ʩʤʝʰʠʚʘʶʪʩʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʜʦʙʘʚʢʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟ-
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ʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʪʦʨʳ, ʥʘʧʦʣʥʠʪʝʣʠ, ʘʥʪʠʧʠʨʝʥʳ, ʢʨʘʩʠʪʝʣʠ ʠ.ʪ.ʜ. ʉʫʰ-

ʢʘ ʠ ʩʤʝʰʝʥʠʝ ʧʦʣʠʤʝʨʦʚ ʩ ʜʦʙʘʚʢʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʤ 

ʵʪʘʧʝ ʧʦʩʣʝ ʯʝʛʦ ʩʤʝʩʴ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʥʘ ʣʠʥʠʶ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʬʠ-

ʣʘʤʝʥʪʘ (ʨʠʩ 1.) 

 

 

 

 

 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʣʠʥʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʬʠʣʘʤʝʥʪʘ ʜʣʷ 3D-ʧʝʯʘʪʠ [1] 

ɺ ʩʪʘʥʜʘʨʪʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʣʠʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʵʢʩʪʨʫʜʝʨʘ ʩ ʬʠʣʴʝ-

ʨʦʡ 1, ʛʦʨʷʯʝʡ ʚʘʥʥʳ 2, ʭʦʣʦʜʥʦʡ ʚʘʥʥʳ 3, ʪʷʛʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 4, ʩʯʝʪ-

ʯʠʢʘ 5, ʩʫʰʢʠ 6 ʠ ʫʟʣʘ ʥʘʤʦʪʢʠ 7. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʩʤʝʰʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘ-

ʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʘʩʪʠʮʳ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʦʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʡ 

ʨʠʩʢ ʧʦʷʚʣʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʩʝʛʨʝʛʘʮʠʠ ʠ ʘʛʣʦʤʝʨʘʮʠʠ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʥʦʚʦʛʦ ʩʤʝʩʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʩʤʝʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 2 

ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩ ʧʦʤʦʱʴʶ ʨʦʪʘʮʠʦʥʥʳʭ ʫʟʣʦʚ ʩʦʟʜʘʶʪʩʷ ʨʘʟʨʝ-

ʞʝʥʥʳʝ ʧʦʪʦʢʠ ʩʤʝʰʠʚʘʝʤʳʭ ʯʘʩʪʠʮ [2, 3]; ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʯʘʩʪʠʮʳ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʦʪʙʦʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʧʘʜʘʶʪ ʚ ʸʤʢʦʩʪʴ ʜʣʷ ʚʳʛʨʫʟʢʠ 

ʠʟ ʩʤʝʩʠʪʝʣʷ. ʈʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [4, 5] ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪ-

ʨʦʚ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʦʪʘʮʠʦʥʥʦʛʦ ʫʟʣʘ. ʆʧʠʨʘʷʩʴ ʥʘ ʵʪʠ ʜʘʥʥʳʝ, 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ 3D-ʤʦʜʝʣʴ ʨʦʪʘʮʠʦʥʥʦʛʦ ʩʤʝʩʠʪʝʣʷ (ʨʠʩ. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 2. ʂʦʤʧʴʶʪʝʨʥʘʷ 3D-ʤʦʜʝʣʴ ʥʦʚʦʛʦ ʩʤʝʩʠʪʝʣʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ  

ʧʦʣʠʤʝʨʥʦʡ ʩʤʝʩʠ 
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ʉʤʝʩʠʪʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʨʘʤʳ 1, ʨʦʪʘʮʠʦʥʥʳʭ ʫʟʣʦʚ 2, ʢʦʥʠʯʝʩʢʦʛʦ 

ʦʪʙʦʡʥʠʢʘ 3, ʫʩʪʨʦʡʩʪʚʘ ʚʳʛʨʫʟʢʠ 4. ʇʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʝʪʳʨʝ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʨʦʪʘʮʠʦʥʥʳʭ ʫʟʣʘ, ʢʦʪʦʨʳʝ ʦʜʥʦʚʨʝʤʝʥ-

ʥʦ ʩʦʟʜʘʶʪ ʧʝʨʝʢʨʝʱʠʚʘʶʱʠʝʩʷ ʧʦʪʦʢʠ ʩʤʝʰʠʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʕʪʦ 

ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʤʝʰʠʚʘʪʴ ʜʦ ʯʝʪʳʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝ-

ʤʦʡ ʩʤʝʩʠ.  
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ʐʘʨʦʚʦʡ ʢʨʘʥ ï ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʢʨʘʥʘ, 

ʟʘʧʠʨʘʶʱʠʡ ʠʣʠ ʨʝʛʫʣʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʩʬʝʨʠʯʝʩʢʫʶ 

ʬʦʨʤʫ. ʕʪʦ ʦʜʠʥ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʪʠʧʦʚ ʟʘʧʦʨʥʦʡ 

ʘʨʤʘʪʫʨʳ, ʥʘʭʦʜʷʱʠʡ ʚʩʸ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʨʘʙʦʪʳ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʠ ʥʝʬʪʴ, 

ʩʠʩʪʝʤʘʭ ʛʦʨʦʜʩʢʦʛʦ ʛʘʟʦʩʥʘʙʞʝʥʠʷ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. ʀʤʝʝʪʩʷ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʳ. 
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ʈʠʩ. 1.  ʈʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ ʩ ʜʝʣʠʪʝʣʝʤ ʧʦʪʦʢʘ: ʘ) ð ʦʙʱʠʡ ʚʠʜ;  

ʙ) ð ʚʠʜ ʩʚʝʨʭʫ ʟʘʪʚʦʨʘ ʩ ʜʝʣʠʪʝʣʝʤ 

 
ʂʣʘʧʘʥ ʨʝʛʫʣʠʨʫʶʱʠʡ ʩʦʜʝʨʞʠʪ ʩʦʩʪʘʚʥʦʡ ʢʦʨʧʫʩ 1 ʩ ʚʭʦʜʥʳʤ 2 

ʠ ʚʳʭʦʜʥʳʤ 3 ʧʘʪʨʫʙʢʘʤʠ, ʰʘʨʦʚʦʡ ʧʦʚʦʨʦʪʥʳʡ ʟʘʪʚʦʨ 4 ʩʦ ʩʢʚʦʟʥʳʤ 

ʦʪʚʝʨʩʪʠʝʤ 5, ʰʪʦʢ 6, ʫʧʣʦʪʥʝʥʠʝ 7 ʰʪʦʢʘ, ʩʝʜʣʘ 8 [2] ʰʘʨʦʚʦʛʦ 

ʧʦʚʦʨʦʪʥʦʛʦ ʟʘʪʚʦʨʘ[1]. ɺ ʩʢʚʦʟʥʦʤ ʦʪʚʝʨʩʪʠʠ 5 ʨʘʩʧʦʣʦʞʝʥ ʰʘʨʦʚʳʡ 

ʧʦʚʦʨʦʪʥʳʡ ʟʘʪʚʦʨ 4, ʠʤʝʶʱʠʡ ʧʨʦʨʝʟʠ 9 ʥʘ ʛʨʘʥʷʭ, ʧʝʨʝʭʦʜʷʱʠʭ ʚ 

ʦʪʚʝʨʩʪʠʝ. ʇʨʦʨʝʟʠ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʞʝ 

ʧʨʦʨʝʟʠ 9 ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʦʪʚʝʨʩʪʠʡ. 
ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʧʦʨʥʦʡ ʠ ʨʝʛʫʣʠʨʫʶʱʝʡ 

ʘʨʤʘʪʫʨʝ [3], ʚ ʯʘʩʪʥʦʩʪʠ ʢ ʰʘʨʦʚʳʤ ʢʨʘʥʘʤ ʩ ʜʨʦʩʩʝʣʠʨʫʶʱʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʛʠʜʨʘʚʣʠʢʠ, 

ʧʥʝʚʤʘʪʠʢʠ, ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʥʝʨʛʝʪʠʢʝ, 

ʚʦʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʤʝʜʠʮʠʥʝ [1].  
ʂʣʘʧʘʥ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1, ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: ɺ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʦʤ ʧʦʣʦʞʝʥʠʠ ʩʢʚʦʟʥʦʝ ʦʪʚʝʨʩʪʠʝ 5 

ʰʘʨʦʚʦʛʦ ʧʦʚʦʨʦʪʥʦʛʦ ʟʘʪʚʦʨʘ 4 ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʦ ʠ ʞʠʜʢʦʩʪʴ 

ʩʚʦʙʦʜʥʦ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʢʨʘʥ. ʇʨʠ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪʦʤ ʧʦʣʦʞʝʥʠʠ 

ʰʘʨʦʚʦʡ ʧʦʚʦʨʦʪʥʳʡ ʟʘʪʚʦʨ 4 ʧʦʚʝʨʥʫʪ ʥʘ 90Á ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʥʦʩʪʴʶ 

ʦʪʢʨʳʪʦʛʦ ʧʦʣʦʞʝʥʠʷ [1], ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʢʨʘʥ ʦʪʩʫʪʩʪʚʫʝʪ. 
 ʆʪʢʨʳʪʠʝ ʢʨʘʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʚʦʨʦʪʝ ʰʘʨʦʚʦʛʦ ʟʘʪʚʦʨʘ 4. ʅʘ 

ʧʝʨʚʠʯʥʦʤ ʵʪʘʧʝ ʦʪʢʨʳʪʠʷ ʞʠʜʢʦʩʪʴ ʧʦʩʪʫʧʘʝʪ ʠʟ ʚʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ 2 ʠ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʯʘʩʪʠʯʥʦ ʦʪʢʨʳʪʦʝ ʩʢʚʦʟʥʦʝ ʦʪʚʝʨʩʪʠʝ 5. ɿʘ ʩʯʸʪ 

ʧʨʦʨʝʟʝʡ ʥʘ ʢʦʨʧʫʩʝ ʟʘʪʚʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʙʠʝʥʠʝ ʧʦʪʦʢʘ ʥʘ ʩʪʨʫʠ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʘʚʠʪʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʧʨʦʨʝʟʠ ʥʘ ʢʦʨʧʫʩʝ 

ʟʘʪʚʦʨʘ 4 (ʨʠʩ. 1, ʘ)  ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʛʣʫʙʠʥʫ, ʜʝʣʝʥʠʝ ʧʦʪʦʢʘ ʥʘ 
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ʩʪʨʫʠ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʪʢʨʳʪʠʷ ʢʣʘʧʘʥʘ, ʩ 

ʧʦʤʦʱʴʶ ʜʨʦʩʩʝʣʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ 9, ʢʦʛʜʘ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʳʩʦʢʠ, ʘ 

ʜʘʚʣʝʥʠʝ ʤʘʣʦ. ʊʘʢʘʷ ʢʦʤʧʦʥʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʚ ʢʣʘʧʘʥʝ ʧʦʟʚʦʣʷʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʙʦʨʦʪʴʩʷ ʩ ʢʘʚʠʪʘʮʠʝʡ, ʥʝ ʩʦʟʜʘʚʘʷ ʚʳʩʦʢʦʛʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
ɿʘʜʘʯʝʡ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʣʘʧʘʥʘ ʷʚʣʷʝʪʩʷ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʠ [4] ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʚ ʦʪʢʨʳʪʦʤ ʧʦʣʦʞʝʥʠʠ. ʈʝʰʝʥʠʝ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʫʩʧʝʰʥʦ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʣʘʧʘʥ, 

ʩʦʜʝʨʞʘʱʠʡ ʵʣʝʤʝʥʪ ʜʨʦʩʩʝʣʠʨʫʶʱʠʡ ʧʦʪʦʢ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ - ʄ.ʖ. ʊʘʨʰʠʩ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 
ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʙʘʨʘʙʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʩʤʝʰʠʚʘʥʠʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʵʣʘʩʪʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʦʟʚʦ-

ʣʷʶʱʠʝ ʩʥʠʟʠʪʴ ʩʝʛʨʝʛʘʮʠʶ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ  ʧʨʠʝʤʳ ʧʦʚʳ-

ʰʝʥʠʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʨʘʙʘʥʥʳʡ ʩʤʝʩʠʪʝʣʴ, ʢʦʥʩʪʨʫʢʮʠʷ, ʩʳʧʫʯʠʝ ʤʘʪʝʨʠʘ-

ʣʳ, ʩʝʛʨʝʛʘʮʠʷ, ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʤʝʩʠ 
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ʇʨʦʮʝʩʩʳ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʩʳʧʫʯʠʭ ʩʤʝʩʝʡ ʰʠʨʦʢʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʩʤʝʩʝʡ ʦʩʣʦʞʥʷʝʪʩʷ ʮʝʣʳʤ ʨʷʜʦʤ ʥʝʛʘʪʠʚʥʳʭ 
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ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ. ʂ ʥʠʤ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʣʫ-

ʯʝʥʠʷ ʩʦʩʪʘʚʦʚ ʩ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʩʤʝʩʠ, ʠʭ ʚʳʩʦʢʘʷ ʘʜʛʝʟʠʷ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʨʘʟʣʠʯʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʬʠʟʠʢʦ- ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ (ʜʠʘʤʝʪʨʘʤ, 

ʧʣʦʪʥʦʩʪʷʤ ʯʘʩʪʠʮ, ʠʭ ʬʦʨʤʝ) ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ. ʇʦʩʣʝʜʥʠʡ ʠʟ ʫʧʦʤʷʥʫʪʳʭ 

ʬʘʢʪʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪ ʦʩʥʦʚʥʫʶ ʧʨʦʙʣʝʤʫ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʩʦʩʪʘ-

ʚʦʚ ï ʩʝʛʨʝʛʘʮʠʶ ʯʘʩʪʠʮ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʜʦʤʠʥʠʨʦʚʘʥʠʠ ʩʝʛʨʝʛʘʮʠʠ 

ʩʤʝʩʠʪʝʣʴ ʬʘʢʪʠʯʝʩʢʠ ʫʪʨʘʯʠʚʘʝʪ ʩʚʦʶ ʬʫʥʢʮʠʶ.   

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʩʳʧʫʯʠʭ ʩʦʩʪʘʚʦʚ ʰʠʨʦʢʦʝ ʧʨʠ-

ʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʭʦʜʷʪ ʘʧʧʘʨʘʪʳ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ ʚ ʩʠʣʫ 

ʪʠʭʦʭʦʜʥʦʩʪʠ ʠ, ʧʦʵʪʦʤʫ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ. ʉʤʝʰʠʚʘ-

ʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʘʢʠʭ ʘʧʧʘʨʘʪʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʭ  ʧʝʨʝʩʳʧʘʥʠʠ 

ʚʥʫʪʨʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʢʦʨʧʫʩʘ (ʚ ʨʝʞʠʤʝ ʧʝʨʝʢʘʪʘ). ʉʝʛʨʝʛʘʮʠʷ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʚʦʟʥʠʢʘʝʪ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʷʜʨʘ ʙʦʣʝʝ ʤʝʣʢʠʭ ʠ (ʠʣʠ) ʙʦʣʝʝ 

ʧʣʦʪʥʳʭ ʯʘʩʪʠʮ ʚ ʮʝʥʪʨʝ ʮʠʨʢʫʣʷʮʠʠ ʩʤʝʩʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʘʢʠʭ ʘʧ-

ʧʘʨʘʪʘʭ ʵʣʘʩʪʠʯʥʳʭ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʨʷʜ ʧʨʦʙʣʝʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʜʝʡʩʪʚʠʝʤ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ ʧʨʦʮʝʩʩʘ, ʚʢʣʶʯʘʷ ʩʢʣʦʥ-

ʥʦʩʪʴ ʢ ʩʝʛʨʝʛʘʮʠʠ ʩʤʝʩʠ. ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʩʭʝʤ ʘʧʧʘʨʘʪʦʚ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʪʦʨʳʭ ʵʣʘʩʪʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦ-

ʚʳʩʠʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʩʝʛʨʝʛʠʨʫʶʱʠʭ ʩʤʝʩʝʡ. 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʩʤʝʩʠʪʝʣʴ [1], ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʫʶ ʵʣʘʩʪʠʯʥʫʶ ʝʤʢʦʩʪʴ, ʚʳʧʦʣʥʝʥʥʫʶ ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦ-

ʙʦʡ ʪʦʨʦʦʙʨʘʟʥʳʭ ʵʣʘʩʪʠʯʥʳʭ ʢʘʤʝʨ 1, ʩʚʷʟʘʥʥʳʭ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʠʭ ʨʘ-

ʜʠʘʣʴʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 2, 3 ʬʣʘʥʮʝʚ 4. ʂʘʤʝʨʳ ʫʩʪʘʥʦʚʣʝʥʳ ʚʥʫʪʨʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ 5 ʠ ʧʦʜʞʘʪʳ ʢʨʳʰʢʦʡ 6. ɺ ʙʦʨʪʘʭ ʢʘʤʝʨ ʚʳ-

ʧʦʣʥʝʥʳ ɻ-ʦʙʨʘʟʥʳʝ ʥʘʜʨʝʟʳ ʠ ʵʣʝʤʝʥʪʳ 7 ʙʦʨʪʦʚ ʦʪʦʛʥʫʪʳ (ʚ ʚʠʜʝ ʣʦ-

ʧʘʩʪʝʡ) ʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʦʜ ʦʩʪʨʳʤʠ ʫʛʣʘʤʠ ʢ ʦʩʠ ʢʘʤʝʨʳ ʩ ʧʦʤʦʱʴʶ 

ʫʛʦʣʢʦʚ 8. ʂʘʤʝʨʳ 1 ʩʦʝʜʠʥʝʥʳ ʩ ʧʘʪʨʫʙʢʦʤ 9 ʟʘʛʨʫʟʢʠ ʩʤʝʰʠʚʘʝʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʘʪʨʫʙʢʦʤ 10 ʚʳʛʨʫʟʢʠ ʩʤʝʩʠ, ʧʦʜ ʢʦʪʦʨʳʤ ʨʘʟʤʝʱʝʥ 

ʧʨʠʝʤʥʳʡ ʙʫʥʢʝʨ 11. ʎʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʨʧʫʩ 5 ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʨʦʣʠʢʘʭ 

12, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʠʚʦʜʦʤ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʉʤʝʰʠʚʘʝʤʳʝ ʢʦʤ-

ʧʦʥʝʥʪʳ ʠʟ ʧʘʪʨʫʙʢʘ ʟʘʛʨʫʟʢʠ 9 ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚ ʢʨʳʰʢʝ 6 ʧʦʩʪʫʧʘʶʪ ʚ 

ʢʨʘʡʥʶʶ ʢʘʤʝʨʫ 1. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʧʨʠʚʦʜʘ ʢʦʨʧʫʩʘ 5 ʩʳʧʫʯʠʝ ʢʦʤʧʦ-

ʥʝʥʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʥʫʪʨʠ ʢʘʤʝʨʳ 1, ʜʚʠʞʫʪʩʷ ʚ ʨʝʞʠʤʝ ʧʝʨʝʢʘʪʘ, ʪʦ 

ʝʩʪʴ ʧʦʜʥʠʤʘʶʪʩʷ ʚʚʝʨʭ ʠ, ʜʦʩʪʠʛʥʫʚ ʥʝʢʦʪʦʨʦʛʦ ʫʨʦʚʥʷ, ʦʙʨʫʰʠʚʘʶʪʩʷ. 

ʇʨʠ ʨʘʜʠʘʣʴʥʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʵʣʘʩʪʠʯʥʳʭ ʢʘʤʝʨ ʠʟʤʝʥʷʝʪʩʷ ʨʘʜʠʫʩ 

ʢʨʠʚʠʟʥʳ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʩʳʧʫʯʠʤ ʤʘʪʝ-

ʨʠʘʣʦʤ. ʇʨʦʠʩʭʦʜʠʪ ʧʦʩʪʦʷʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʩʳʧʫʯʝʡ ʩʤʝʩʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʤʝʩʴ.  
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ʈʠʩ. 1. ʉʤʝʩʠʪʝʣʴ 

 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʪʦʛʥʫʪʳʭ ʠʟ ʙʦʨʪʦʚ ʵʣʘʩʪʠʯʥʳʭ ʢʘ-

ʤʝʨ, ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʩʤʝ-

ʩʠ, ʨʘʟʨʫʰʝʥʠʶ ʷʜʨʘ ʩʝʛʨʝʛʘʮʠʠ. 

ʉʤʝʩʠʪʝʣʴ [1], ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 2 ʩʦʜʝʨʞʠʪ ʨʘʤʫ 1 ʠ ʫʩʪʘʥʦʚ-

ʣʝʥʥʫʶ ʥʘ ʥʝʡ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʝʤʢʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʫʢʨʝʧʣʝʥʥʳʤʠ 

ʚʘʣʫ 2 ʜʠʩʢʘʤʠ 3, 4 ʠ ʦʭʚʘʪʳʚʘʶʱʝʡ ʠʭ ʙʝʩʢʦʥʝʯʥʦʡ ʣʝʥʪʦʡ 5, ʧʘʪʨʫʙʢʠ 

ʧʦʜʘʯʠ ʢʦʤʧʦʥʝʥʪʦʚ 6 ʠ ʚʳʛʨʫʟʢʠ ʩʤʝʩʠ 7. ʃʝʥʪʘ ʦʛʠʙʘʝʪ ʥʘʪʷʞʥʳʝ ʨʦ-

ʣʠʢʠ 8, 9 ʠ ʧʨʠʚʦʜʥʦʡ ʨʦʣʠʢ 10. ɺʥʫʪʨʠ ʝʤʢʦʩʪʠ ʨʘʟʤʝʱʝʥʳ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʝ ʰʥʝʢʠ 11, ʚʘʣʳ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʜʠʩʢʘʭ 3, 4 ʚ ʧʦʜʰʠʧ-

ʥʠʢʘʭ 12.  

ʂʦʤʧʦʥʝʥʪʳ ʜʦʟʘʪʦʨʘʤʠ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 6 ʟʘʛʨʫʞʘʶʪʩʷ ʚ ʮʠʣʠʥʜ-

ʨʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ. ʇʨʠ ʨʘʙʦʪʝ ʧʨʠʚʦʜʘ ʣʝʥʪʘ 5 ʧʨʠʭʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ, ʠ 

ʥʘʭʦʜʷʱʠʝʩʷ ʩ ʥʝʡ ʚ ʢʦʥʪʘʢʪʝ ʜʠʩʢʠ 3, 4 ʥʘʯʠʥʘʶʪ ʚʨʘʱʘʪʴʩʷ ʚʤʝʩʪʝ ʩʦ 

ʰʥʝʢʘʤʠ 11. ʂʦʤʧʦʥʝʥʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʙʦʯʝʡ ʝʤʢʦʩʪʠ, ʧʝʨʝʤʝʰʠ-

ʚʘʶʪʩʷ ʚ ʧʦʪʦʢʝ ʦʙʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʰʥʝʢʦʚ ʯʝʨʝʟ 

ʩʤʝʩʴ ʧʨʦʠʩʭʦʜʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʥʚʝʢʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʝʝ ʢʦʤ-

ʧʦʥʝʥʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚʨʘʱʘʶʱʠʝʩʷ ʰʥʝʢʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ 

ʮʝʥʪʨ ʮʠʨʢʫʣʷʮʠʠ ʩʤʝʩʠ, ʚʦʢʨʫʛ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘʩʪʦʡʥʘʷ ʟʦʥʘ 

ʠçʚʳʜʘʚʣʠʚʘʶʪè ʣʦʢʘʣʠʟʫʶʱʠʝʩʷ ʟʜʝʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʛʨʝʛʘʮʠʠ ʯʘʩʪʠʮʳ 

ʚ ʦʙʣʘʩʪʴ ʘʢʪʠʚʥʦʛʦ ʩʤʝʰʠʚʘʥʠʷ. 
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ʈʠʩ. 2. ʉʤʝʩʠʪʝʣʴ 

 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʧʝʨʝʯʠʩʣʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝ-

ʪʦʜʳ ʩʥʠʞʝʥʠʷ ʩʝʛʨʝʛʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʩʩʤʦʪʨʝʥ-

ʥʳʭ ʘʧʧʘʨʘʪʘʭ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ ʵʣʘʩʪʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

- ʫʩʪʘʥʦʚʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʮʝʥʪʨʝ 

ʩʝʛʨʝʛʘʮʠʠ ʩʤʝʩʠ; 

- ʧʨʠʤʝʥʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʧʦʜʘʯʠ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʨʘʚʥʦʤʝʨʥʘʷ ʧʦʜʘʯʘ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʦʪʦʢ ʦʙʨʫʰʝʥʠʷ); 

- ʧʨʠʤʝʥʝʥʠʝ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʠʟʤʝʥʷʝʤʦʡ ʬʦʨʤʳ; 

- ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʚʠʜʝ 

ʰʥʝʢʦʚ, ʠʤʝʶʱʠʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʚʠʚʢʠ, ʚ ʚʠʜʝ ʣʦʧʘ-

ʩʪʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʢʣʦʥʘ ʢ ʦʩʠ ʘʧʧʘʨʘʪʘ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʥʦʚʳʭ ʘʧʧʘʨʘʪʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʯʝʨ-

ʥʦʡ ʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʢʘ-

ʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʢʦʣʦʛʠʶ ʠʟ-ʟʘ ʧʳʣʝʚʳʭ 

ʚʳʙʨʦʩʦʚ ʦʪʭʦʜʦʚ ʚ ʘʪʤʦʩʬʝʨʫ. ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʵʢʦʣʦʛʠʶ, ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʠʣʴʪʨʘʮʠ-

ʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ. 
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 ɺʩʝ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʦʝ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ ʨʘʙʦʪʦʡ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʧʨʝʜʧʨʠʷʪʠ-

ʷʭ. ʕʪʠ ʫʩʪʘʥʦʚʢʠ, ʧʨʠʥʷʪʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʧʦ ʩʧʦʩʦʙʘʤ ʬʠʣʴʪʨʦʚʘʥʠʷ 

ʩʣʝʜʫʶʱʝʤ ʦʙʨʘʟʦʤ ʥʘ ʠʥʝʨʮʠʦʥʥʳʝ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʠ ʬʠʣʴʪʨʘʮʠ-

ʦʥʥʳʝ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʦʯʠʩʪʢʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ 

ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ʧʦʣʫʯʠʣʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʩʧʦ-

ʩʦʙʳ. 

ʕʣʝʢʪʨʦʬʠʣʴʪʨ ʩʦʩʪʦʠʪ ʠʟ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʪʨʫʙʢʦʚ, ʢʦʨʦ-

ʥʠʨʫʶʱʠʭ ʠ ʦʩʘʜʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʢʦʨʧʫʩʘ,  ʙʫʥʢʝʨʦʚ, ʠ ʩʠʩʪʝʤʳ 

ʧʳʣʝʫʜʘʣʝʥʠʷ. ʆʥ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʝʤ ʦʙʨʘʟʦʤ. ɺʦʟʜʫʭ ʥʘʩʳʱʝʥʥʳʡ 

ʧʳʣʴʶ ʧʦʧʘʜʘʝʪ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʘʧʧʘʨʘʪʘ, ʛʜʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝ-

ʜʝʣʷʝʪʩʷ ʧʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ, ʟʘʪʝʤ ʛʘʟ ʧʦʩʪʫʧʘʝʪ ʚ ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʨʘʙʦʪʳ 

ʬʠʣʴʪʨʘ, ʛʜʝ ʯʘʩʪʠʮʳ ʧʳʣʠ ʟʘʨʷʞʘʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ, ʘ ʧʦʪʦʤ 

- ʦʩʝʜʘʶʪ ʥʘ ʵʣʝʢʪʨʦʜʝ, ʠʤʝʶʱʝʤ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ. ʇʦ ʧʨʦʰʝʩʪʚʠʠ 

ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ, ʩʣʦʡ ʧʳʣʠ ʥʘ ʦʩʘʜʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʘʭ ʩʪʘʥʦʚʠʪʴʩʷ 

ʚʝʩʴʤʘ ʚʥʫʰʠʪʝʣʴʥʳʤ ʠ ʧʨʦʠʩʭʦʜʠʪ ʚʩʪʨʷʭʠʚʘʥʠʝ ʩʘʤʦʛʦ ʵʣʝʢʪʨʦʜʘ, 

ʧʳʣʴ ʩʩʳʧʘʝʪʩʷ ʚ ʙʫʥʢʝʨ, ʘ ʟʘʪʝʤ ʫʜʘʣʷʝʪʩʷ ʠʟ ʥʝʛʦ. 

ʈʫʢʘʚʥʳʡ ʬʠʣʴʪʨ ʩʦʩʪʦʠʪ ʠʟ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʪʨʫʙʢʦʚ, ʢʦʨ-

ʧʫʩʘ, ʨʫʢʘʚʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʢʦʪʦʨʳʡ ʧʨʦʩʪʦ ʥʘʪʷʥʫʪ ʥʘ ʢʘʨʢʘʩ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʥʝʥʠʷ ʤʦʞʝʪ 

ʩʪʦʷʪʴ ʩʠʩʪʝʤʘ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʩʠʩʪʝʤʘ ʧʳʣʝʫʜʘʣʝʥʠʷ. 

ʈʫʢʘʚʥʳʡ ʬʠʣʴʪʨ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɿʘʧʳʣʝʥʥʳʡ ʚʦʟ-

ʜʫʭ, ʧʦʧʘʜʘʷ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʘʧʧʘʨʘʪʘ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʬʠʣʴʪʨʦ-

ʚʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʟʘʪʝʤ ʯʘʩʪʠʮʳ ʧʳʣʠ ʦʩʝʜʘʶʪ ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʦʤ ʤʘ-

ʪʝʨʠʘʣʝ, ʘ ʯʠʩʪʳʡ ʚʦʟʜʫʭ ʚʳʭʦʜʠʪ ʚ ʘʪʤʦʩʬʝʨʫ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʣʦʡ 

ʧʳʣʠ ʨʘʩʪʝʪ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʬʠʣʴʪʨʘ. 

ʇʦ ʜʦʩʪʠʞʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʝʥʝʨʘʮʠʷ 

ʬʠʣʴʪʨʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʦʯʠʩʪʢʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ 

ʛʘʟʦʚ ʧʦʣʫʯʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙʳ.  

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʳʭ ʩʧʦʩʦ-

ʙʦʚ.  

ɼʣʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʩʧʦʩʦʙʘ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ: 

- ʫʚʝʣʠʯʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘ 

ʩʯʝʪ ʥʘʨʘʩʪʘʥʠʷ ʩʣʦʷ ʧʳʣʠ;  

- ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʧʳʣʠ; 

ɼʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ:  

- ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʫʩʪʘʥʦʚʢʠ;  

- ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʫʣʘʚʣʠʚʘʥʠʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʧʳʣʠ;  

- ʥʠʟʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʜʣʷ ʬʠʣʴʪʨʦʚʘʥʠʷ ʧʳʣʝʚʳʭ ʚʳʙʨʦ-

ʩʦʚ ʧʦʣʫʯʠʣʠ ʵʣʝʢʪʨʦʬʠʣʴʪʨʳ, ʠʟ-ʟʘ ʧʨʦʩʪʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʘʣʦʛʦ 
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ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʜʦʩʪʠʯʴ ʥʘʠʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʛʘʟʦʧʳʣʝʚʦʡ ʩʤʝʩʠ ʦʪ ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ ʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʝʥʥʦ ʨʫʢʘʚʥʦʛʦ ʬʠʣʴʪʨʘ. 

ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ, ʧʨʝʜʣʦʞʝʥʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʢʦʥʩʪʨʫʢ-

ʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʵʣʝʢʪʨʦʬʠʣʴʪʨ ʠ ʨʫ-

ʢʘʚʥʳʡ ʬʠʣʴʪʨʘ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʬʠʣʴʪʨʘʮʠʠ ʠ ʢʦʥʩʪʨʫʢʮʠʷ ʚʳʩʦ-

ʢʦʨʝʩʫʨʩʥʦʛʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʧʦʚʳʰʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʣʷ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠ-

ʷʪʠʡ. 

ɺ ʦʩʥʦʚʫ ʨʘʟʨʘʙʦʪʢʠ ʧʦʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʬʠʣʴʪʨʘ ʜʣʷ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʦʧʠʩʘʥʥʦʛʦ ʨʘʙʦʪʘʭ [1-2] .  

ɺ ʮʝʣʦʤ ʧʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʩʪʦʪʦʡ. ɿʘʧʳ-

ʣʸʥʥʳʡ ʛʘʟ ʧʦʩʪʫʧʘʝʪ ʚ ʬʠʣʴʪʨ. ɿʘʪʝʤ ʯʘʩʪʠʮʳ ʟʘʨʷʞʘʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴ-

ʥʳʤ ʟʘʨʷʜʦʤ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʵʣʝʢʪʨʦʬʠʣʴʪʨ ʥʘ ʚʭʦʜʝ. ʇʦʩʣʝ ʵʪʦʛʦ, ʦʪʨʠ-

ʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʦʩʘʞʜʘʶʪʩʷ ʥʘ ʨʫʢʘʚʘʭ ʬʠʣʴʪʨʘ. ɺ ʩʠʣʫ 

ʟʘʨʷʞʝʥʥʦʩʪʠ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʧʦʪʝʥʮʠʘʣʦʤ, ʦʥʠ ʦʪʪʘʣʢʠʚʘʶʪʩʷ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʠ ʦʙʨʘʟʫʶʪ ʨʳʭʣʳʡ ʩʣʦʡ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʦʚʘʣʴʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ. ʂʦʛʜʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ, 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʝʥʝʨʘʮʠʷ ʬʠʣʴʪʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʧʨʠʥʮʠʧʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ 

ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʘʧʧʘʨʘʪʘ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ ʩʠʥʝʨ-

ʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʳʣʝʫʣʘʚʣʠ-

ʚʘʥʠʷ, ʥʝ ʤʝʥʝʝ 99,5 %, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʝʞʩʝʨʚʠʩʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʝ ʤʝ-

ʥʝʝ ʯʝʤ ʥʘ 20 %.  
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ʂ ʩʤʝʩʠʪʝʣʷʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʧʝʨʝʩʳʧʥʦʛʦ ʜʝʡʩʪʚʠʷ ʦʪʥʦʩʷʪʩʷ ʘʧ-

ʧʘʨʘʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩ ʩʤʝʰʠʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʞʠʤʝ ʧʝʨʝʢʘʪʘ, 

ʢʦʛʜʘ ʚ ʦʙʲʸʤʝ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʦʙʣʘʩʪʠ ʭʘʨʘʢ-
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ʪʝʨʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʝ ʜʚʠʞʫʪʩʷ ʠʟ ʦʙʣʘʩʪʠ (ʪʨʘʥʩʧʦʨʪʠʨʦ-

ʚʘʥʠʷ), ʧʝʨʝʩʝʢʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʠ ʧʦʧʘʜʘʶʪ ʚ ʦʙʣʘʩʪʴ ʦʙʨʫʰʝ-

ʥʠʷ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʘʢʪʠʚʥʦʝ ʩʤʝʰʠʚʘʥʠʝ. ɿʘʪʝʤ ʯʘʩʪʠʮʳ ʩʥʦʚʘ ʧʦʧʘ-

ʜʘʶʪ ʚ ʦʙʣʘʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ. ʉʨʝʜʠ ʪʘʢʠʭ ʩʤʝʩʠʪʝʣʝʡ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʛʨʫʧʧʘ ʘʧʧʘʨʘʪʦʚ ʙʘʨʘʙʘʥʥʦʛʦ ʪʠʧʘ. ʆʥʠ ʩʦ-

ʜʝʨʞʘʪ ʢʦʨʧʫʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʠʚʦʜʦʤ ʚʨʘʱʝʥʠʷ, ʧʘʪʨʫʙʢʠ ʟʘʛʨʫʟʢʠ ʢʦʤ-

ʧʦʥʝʥʪʦʚ ʠ ʚʳʛʨʫʟʢʠ ʩʤʝʩʠ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʦʤʝʥʢʣʘʪʫʨʘ ʩʤʝʩʠʪʝʣʝʡ 

ʜʘʥʥʦʛʦ ʪʠʧʘ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʝʥʘ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʚʳʰʝʥʘ 

ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʘʧʧʘʨʘʪʘ ʵʣʘʩʪʠʯʥʳʭ ʨʘʙʦʯʠʭ ʵʣʝʤʝʥ-

ʪʦʚ [1]. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʪʘʚʠʪ ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʟʘʜʘʯʠ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ  

ʇʦʜʭʦʜ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʭʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʧʧʘʨʘʪʘ ʜʣʷ ʩʤʝʰʠʚʘ-

ʥʠʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʮʝʣʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʪʦʜʠʢʝ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʣʶʙʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ. ʇʝʨʝʯʠʩʣʠʤ ʝʛʦ ʦʩʥʦʚ-

ʥʳʝ ʵʪʘʧʳ. 

1) ʆʧʨʝʜʝʣʝʥʠʝ ʮʝʣʠ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

2) ʆʧʨʝʜʝʣʝʥʠʝ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ (ʦʧʨʝʜʝʣʷʝʤʳʭ) ʧʘʨʘʤʝʪʨʦʚ.  

3) ʈʘʟʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. 

4) ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

5) ɺʳʙʦʨ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ  

6) ɺʳʙʦʨ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

7) ɺʳʙʦʨ ʧʣʘʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

8) ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ.  

9) ɺʳʙʦʨ ʤʝʪʦʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʵʪʘʧʦʚ ʥʘ ʧʨʠʤʝʨʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʙʘʨʘʙʘʥʥʦ-ʣʦʧʘʩʪʥʦʛʦ ʩʤʝʩʠʪʝʣʷ [2]. ʆʥ ʩʦʜʝʨʞʠʪ ʢʦʨʧʫʩ, ʩʦʩʪʦʷ-

ʱʠʡ ʠʟ ʪʦʨʦʦʙʨʘʟʥʳʭ ʵʣʘʩʪʠʯʥʳʭ ʢʘʤʝʨ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʪʨʫʙʝ ʩ ʢʨʳʰʢʘʤʠ. ɹʦʨʪʘ ʢʘʤʝʨ ʥʘʜʨʝʟʘʥʳ, ʠ ʵʣʝʤʝʥʪʳ ʙʦʨʪʦʚ ʦʪʦʛʥʫʪʳ 

ʧʦʦʯʝʨʝʜʥʦ, ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʦʧʘʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʤʝʭʘʥʠʟʤʦʤ ʨʝʛʫʣʠʨʦʚʢʠ ʫʛʣʦʚ ʠʭ ʥʘʢʣʦʥʘ. ʂʘʤʝʨʳ 

ʩʦʦʙʱʘʶʪʩʷ ʩ ʧʘʪʨʫʙʢʘʤʠ  ʟʘʛʨʫʟʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʳʛʨʫʟʢʠ ʩʤʝʩʠ. 

1) ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʠʪ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʣʠʷʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʩʤʝʩʠʪʝʣʷ, ʧʨʦʮʝʩʩʘ ʠ ʩʚʦʡʩʪʚ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪ-

ʚʘ ʧʦʣʫʯʘʝʤʳʭ ʩʦʩʪʘʚʦʚ.  

2) ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʩʤʝʩʠʪʝʣʴ ï ʤʘʪʝʨʠʘʣʳ ʠ ʜʠʘʧʘʟʦ-

ʥʳ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ {} { }1 2~ , , , , ,pK L L dʚ Da a ,  

ʛʜʝ 0,23 ʤdʚ=  - ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, 0,242 ʤD= , L- 

ʜʣʠʥʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, pL - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʨʘʷ ʣʦʧʘʩʪʠ ʜʦ ʧʝʨʝʛʦʨʦʜʢʠ 
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(ʪʦʯʢʠ ʚʳʛʨʫʟʢʠ ʩʤʝʩʠ), 
1 2,a a-ʫʛʣʳ ʥʘʢʣʦʥʘ ʣʦʧʘʩʪʝʡ ʢ ʧʣʦʩʢʦʩʪʠ ʧʦ-

ʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ.  ʇʨʠ ʵʪʦʤ: 

[ ]0,01 0,405  ʤL= - , [ ]0,01 0,09  ʤpL = - , 1 8 120a è ø= -ê ú
A A, 

2 8 120a è ø= -ê ú
A A; - ʨʝʞʠʤʥʳʝ{ } { }~ , , ,n mR Q k n c , ʛʜʝ Q- ʦʙʲʝʤ ʤʘʪʝʨʠʘʣʘ 

ʚʥʫʪʨʠ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, 
ʟk  - ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʛʨʫʟʢʠ ʤʘʪʝʨʠʘʣʘ, n - ʯʘʩʪʦ-

ʪʘ ʚʨʘʱʝʥʠʷ ʢʦʨʧʫʩʘ [30, 60] ʦʙ/ʤʠʥ, 
mʩ - ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʣʶʯʝʚʦʛʦ ʢʦʤ-

ʧʦʥʝʥʪʘ ʚ ʩʤʝʩʠ.[ ]200, 400, 500, 1000Q= ʤʣ ʜʣʷ ʦʜʥʦʩʪʫʧʝʥʯʘʪʦʛʦ ʩʤʝʩʠ-

ʪʝʣʷ, [ ]1200, 2400, 3000Q=  ʤʣ ʜʣʷ ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʛʦ ʩʤʝʩʠʪʝʣʷ, 
ʟk Í [0,14; 

0,21; 0,28; 0,35], 
mʩÍ [0,1; 0,3; 0,5; 0,57; 0,66; 0,75; 0,8; 0,909; 0,95],  

w=[ˊ, 2ˊ] ʨʘʜ/ʩ; - ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ: ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ʢʦʤ-

ʧʦʥʝʥʪʦʚ d  ʠ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ r. ʇʨʝʜʝʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ: dÍ[0,03;  0,05; 0,175; 0,275] ʩʤ; rÍ[0,495; 0,666; 0, 840;1,3; 

1,51.] ʛ/ʩʤ
3
. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʳʧʫʯʝʡ ʩʤʝʩʠ (ʚʳ-

ʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ) ʧʨʠʥʷʪ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ  

2

1

1 1
( ) ,

1

n

C i

i

V c c
c n =

= -
-
ä                         (1) 

ʛʜʝ c  - ʩʨʝʜʥʷʷ ʧʦ ʦʙʲʝʤʫ ʩʤʝʩʠ ʤʘʩʩʦʚʘʷ ʠʣʠ ʦʙʲʝʤʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʣʶʯʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 
ic  - ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʣʶʯʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ i  - ʦʡ 

ʧʨʦʙʝ, n  - ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ. 

3)ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʱʝ ʧʦ ʢʦʥʩʪʨʫʢ-

ʮʠʠ, ʯʝʤ ʠʩʩʣʝʜʫʝʤʳʡ ʘʧʧʘʨʘʪ, ʦʜʥʘʢʦ, ʜʦʣʞʥʘ ʧʦʟʚʦʣʠʪʴ ʫʩʪʘʥʦʚʠʪʴ 

ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ ʩʤʝʩʝʡ. ʆʥʘ ʩʦʜʝʨʞʠʪ ʢʦʨ-

ʧʫʩ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʱʝʥʳ ʩʪʫʧʝʥʠ ʩ ʣʦʧʘʩʪʷʤʠ, ʧʨʦʟʨʘʯʥʳʝ ʢʦʣʴ-

ʮʝʚʳʝ ʧʝʨʝʛʦʨʦʜʢʠ ʠ ʪʦʨʮʝʚʳʝ ʩʪʝʥʢʠ. ʏʝʨʝʟ ʧʘʪʨʫʙʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʟʘʛʨʫʟʢʘ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʥʠʤʘʷ ʢʦʣʴʮʝʚʳʝ ʧʝʨʝʛʦʨʦʜʢʠ 

ʠ, ʫʜʘʣʷʷ ʩʤʝʩʴ, ʥʘʭʦʜʷʱʫʶʩʷ ʧʝʨʝʜ ʩʣʝʜʫʶʱʝʡ ʧʝʨʝʛʦʨʦʜʢʦʡ, ʧʨʦʚʦʜʷʪ 

ʘʥʘʣʠʟ ʩʤʝʩʠ ʧʦ ʤʝʪʦʜʠʢʝ [3] (ʩʤ. ʧ.4), ʠ ʧʦʣʫʯʘʶʪ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʝʯʝʥʠʷʭ ʟʘ ʧʝʨʝ-

ʛʦʨʦʜʢʘʤʠ. 

 4) ɺ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥ 

ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʤʝʩʠ [3]. ʆʥ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʬʠʢʩʘʮʠʶ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʤʝʩʠ ʯʝʨʝʟ ʧʨʦʟʨʘʯʥʫʶ ʩʪʝʥʢʫ, 

ʘʥʘʣʠʟ ʵʪʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʜʝʣʝʥʠʷ ʥʘ ʧʨʦʙʥʳʝ ʟʦʥʳ ʠ ʚʳ-

ʯʠʩʣʝʥʠʝ ʚ ʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʣʶʯʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 
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5)-7) ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʕʪʠʤ ʤʝʪʦʜʦʤ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʠʩʢ ʫʨʘʚʥʝʥʠʷ 

ʧʨʠʙʣʠʞʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʥʘ ʦʩʥʦʚʝ ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʠʟ ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʤʦʛʦ ʢʣʘʩʩʘ, ʜʣʷ ʢʦʪʦʨʦʡ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘ-

ʯʝʥʠʝ [1]: 

2

1

[ ( )] min
n

ci c

i

f V V x
=

= - ­ä ,                              (2) 

ʛʜʝ 
ciV  - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, 

( )cV x - ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ, ʚ ʢʘʯʝʩʪʚʝ  ʢʦʪʦʨʦʡ ʧʨʠʥʠʤʘʣʘʩʴ ʪʘ, 

ʜʣʷ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʷ f ʷʚʣʷʣʘʩʴ ʥʘʠʤʝʥʴʰʝʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʢʣʘʩʩʘ. 

ɼʣʷ  ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚʝʣʠʯʠʥʘ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 2R : 
2

2

2

)

( )

i

i

V V
R

V V

-
=

-

ä
ä

%

 ,                                              (3) 

ʛʜʝ 
ʩiV  - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ,             

V -  ʝʛʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, iV
%

 - ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ.  

8) ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 

ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʩʚʷʟʠ ʢʘʯʝʩʪʚʘ ʩʤʝʩʠ ʠ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘʧʨʠʤʝʨ, 

ʥʘʣʠʯʠʝ ʤʠʥʠʤʫʤʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ CV ʥʘ ʛʨʘʬʠʢʝ ʝʛʦ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʩʪʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʵʢʩʪʨʝʤʘʣʴ-

ʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘʢʣʦʥʘ ʣʦʧʘʩʪʠ ʥʘ ʚʝʣʠʯʠʥʫ ʦʙʲʝʤʘ ʟʘʭʚʘʪʘ ʷʜʨʘ ʩʝʛʨʝʛʘ-

ʮʠʠ.    

9)  ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʩʤʝʰʠʚʘʥʠʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚ ʙʘʨʘʙʘʥʥʦ-ʣʦʧʘʩʪʥʦʤ ʘʧʧʘʨʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʜʠʩʢʨʝʪʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ. ɺʳʙʦʨ ʤʝʪʦʜʘ ʦʙʦʩʥʦʚʘʥ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʧʨʦʮʝʩʩʘ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʝʛʦ ʧʦʧʝʨʝʯʥʦʤ 

ʩʝʯʝʥʠʠ.  

ʀʟʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʥʝʧʨʝʨʳʚʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-

ʧʝʨʝʩʳʧʥʦʛʦ ʪʠʧʘ. 
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ɼ.ɺ. ʃʝʙʝʜʝʚ, ɸ.ɽ. ʃʝʙʝʜʝʚ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɸ. ɽ. ʃʝʙʝʜʝʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 
ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʩʝʡ, ʦʜʥʦʨʦʜʥʳʭ ʧʦ 

ʩʦʩʪʘʚʫ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʤʝʰʝʥʠʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʜʚʫʭʢʦʤʧʦ-

ʥʝʥʪʥʳʭ ʩʤʝʩʝʡ. ʆʧʠʩʘʥʳ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ ʠʟ ʜʠʩʧʝʨʩʥʳʭ ʩʨʝʜ ʠ 

ʤʝʭʘʥʠʟʤʳ ʩʤʝʰʠʚʘʥʠʷ ʚʥʫʪʨʠ ʧʦʪʦʢʦʚ. ʉʜʝʣʘʥʳ ʛʠʧʦʪʝʟʳ ʦ ʧʨʠʤʝʥʷʝʤʦʩʪʠ 

ʤʦʜʝʣʝʡ ʧʨʠ ʧʦʜʙʦʨʝ ʧʨʦʮʝʩʩʦʚ ʠ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʳʧʫʯʠʝ ʤʘʪʝʨʠʘʣʳ, ʩʤʝʰʝʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘʤʠ  
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ɺ ʧʨʦʮʝʩʩʘʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʩʤʝʩʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʝʭ, 

ʢʦʤʧʦʥʝʥʪʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʳʧʫʯʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʨʠʥʷʪʦ 

ʚʳʜʝʣʷʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʘ ʩʤʝʰʠʚʘʥʠʷ [1]: ʜʠʬʬʫʟʠʦʥʥʦʝ ʩʤʝ-

ʰʠʚʘʥʠʝ, ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʠ ʩʜʚʠʛʦʚʦʤ ʪʝʯʝʥʠʠ ʠ ʢʦʥʚʝʢʪʠʚʥʦʝ ʩʤʝʰʠ-

ʚʘʥʠʝ. ɼʠʬʬʫʟʠʦʥʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʩʣʫʯʘʡʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ, ʢʦʛʜʘ ʦʥʠ ʩʢʘʪʳʚʘʶʪʩʷ ʧʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ 

ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʧʦʜʚʠʞʥʦʩʪʠ ʯʘʩʪʠʮ. ʇʨʠ ʩʜʚʠʛʦʚʦʤ 
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ʪʝʯʝʥʠʠ ʤʘʪʝʨʠʘʣʘ, ʧʨʦʠʩʭʦʜʷʱʝʤ ʣʠʙʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʙʦʯʝʛʦ ʦʨʛʘ-

ʥʘ ʩʤʝʩʠʪʝʣʷ, ʣʠʙʦ ʠʟ-ʟʘ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ ʠʣʠ ʙʫʥʢʝʨʘ, ʩʜʚʠʛʦʚʳʝ ʟʦʥʳ 

ʚʥʫʪʨʠ ʥʘʩʳʧʥʦʡ ʤʘʩʩʳ ʚʳʟʳʚʘʶʪ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʟʘ ʩʯʝʪ ʦʙʤʝʥʘ ʯʘʩʪʠ-

ʮʘʤʠ ʯʝʨʝʟ ʩʜʚʠʛʦʚʳʝ ʟʦʥʳ. ʂʦʥʚʝʢʪʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʙʦʣʴʰʠʭ ʧʦʨʮʠʡ ʤʘʪʝʨʠʘʣʘ ʠʟ ʦʜʥʦʛʦ 

ʤʝʩʪʘ ʚ ʜʨʫʛʦʝ ʚ ʧʨʝʜʝʣʘʭ ʥʘʩʳʧʥʦʡ ʤʘʩʩʳ. ʏʘʩʪʠʮʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ 

ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʯʪʦ ʩʚʦʜʠʪ ʩʝʛʨʝʛʘʮʠʶ ʢ ʤʠʥʠʤʫʤʫ.  

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ ʤʝʭʘʥʠʟʤʳ ʷʚʣʷʶʪ ʩʦʙʦʡ ʙʘʟʠʩ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʷ ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʠ ʵʪʦʤ ʚ ʨʝʘʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʘʧʧʘ-

ʨʘʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʤʝʩʷʭ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ ʩʤʝʞʥʳʝ ʠ ʧʝʨʝʭʦʜʷʱʠʝ 

ʧʨʦʮʝʩʩʳ. 

ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʩʤʝʩʠ ʚ ʜʠʩʧʝʨʩʥʳʭ ʩʨʝʜʘʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ 

ʩʤʝʩʠ, ʧʨʦʮʝʩʩʦʚ ʠ ʘʧʧʘʨʘʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʝʸ ʬʦʨʤʠʨʦʚʘʥʠʠ, ʤʦ-

ʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ.  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʪʠʧʦʚʦʡ ʧʨʠʤʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ, ʯʪʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʤʝʩʠʪʝʣʷʭ ʙʘʨʘʙʘʥ-

ʥʦʛʦ ʠ ʙʫʥʢʝʨʥʦʛʦ ʪʠʧʘ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʙʦʪʝ ʩʦ ʩʤʝʩʴʶ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʦʙʲʸʤʘ, ʦʜʥʘʢʦ ʵʪʦ ʤʦʞʝʪ ʪʨʝʙʦʚʘʪʴ ʩʣʦʞʥʳʭ ʬʦʨʤ ʠʩ-

ʧʦʣʥʝʥʠʷ ʙʫʥʢʝʨʥʦʡ ʯʘʩʪʠ ʩʤʝʩʠʪʝʣʷ ʠ ʩʣʦʞʥʦʛʦ ʪʠʧʘ ʚʨʘʱʝʥʠʷ ʙʫʥʢʝʨʘ. 

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʤʝʰʠʚʘʥʠʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʪʦʣʴʢʦ ʚʦʢʨʫʛ ʦʜʥʦʡ 

ʦʩʠ ʚʨʘʱʝʥʠʷ, ʘ ʧʦ ʜʣʠʥʝ ʙʫʥʢʝʨʘ ʩʤʝʩʴ ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʩʝʛʨʝʛʘʮʠʠ 

ʠ ʘʛʣʦʤʝʨʠʨʦʚʘʥʠʶ. 

 

 
ʈʠʩ. 1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ [2] 

 

ʇʦʜʦʙʥʳʭ ʧʨʦʙʣʝʤ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʧʦ ʨʘʙʦʯʝʡ ʦʙʣʘʩ-

ʪʠ ʩʤʝʩʠʪʝʣʷ ʣʠʰʝʥʳ ʚʠʙʨʘʮʠʦʥʥʳʝ ʘʧʧʘʨʘʪʳ, ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦ-

ʨʳʭ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 2. ʆʜʥʘʢʦ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʯʘʩʪʠʮ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʤʝʩʠ ʤʦʛʫʪ ʟʘʪʨʫʜʥʠʪʴ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʨʘʟʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʨʘʟʤʝʨ-

ʥʦʩʪʴ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʪʴ 

ʧʝʨʝʤʝʱʝʥʠʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʩʤʝʰʠʚʘʥʠʠ.        
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ʈʠʩ. 2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ ʚʠʙʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ [3] 

 

ɹʦʣʝʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʚʘʨʠʘʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʟʠʨʦʚʘʥʠʝ ʠ ʨʝʛʫ-

ʣʠʨʦʚʢʘ ʧʦʜʘʯʠ ʢʦʤʧʦʥʝʥʪʦʚ (ʨʠʩ. 3), ʥʦ ʵʪʦ ʢʨʠʪʠʯʥʦ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ 

ʧʨʦʮʝʩʩʘ. ʊʘʢʞʝ ʪʨʫʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʜʙʦʨ ʜʦʟʘʪʦʨʦʚ, ʠʭ ʨʝʛʫʣʠ-

ʨʦʚʢʘ ʠ ʩʣʦʞʥʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ.  

 

 
 

ʈʠʩ. 3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ ʜʦʟʠʨʦʚʘʥʠʝʤ [4] 

 

ʏʘʩʪʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʪʦʥʢʠʤʠ ʩʣʦʷʤʠ ʧʦʪʦʢʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʤʝ-

ʥʷʶʪ ʣʦʧʘʩʪʥʳʝ ʣʠʙʦ ʱʸʪʦʯʥʳʝ ʨʘʩʩʝʠʚʘʪʝʣʠ (ʨʠʩ. 4). ɼʘʥʥʳʡ ʩʧʦʩʦʙ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʧʦʜʩʪʨʦʡʢʫ ʧʦʜ ʨʘʟʥʳʡ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ ʥʝ 

ʩʣʠʰʢʦʤ ʩʣʦʞʝʥ ʚ ʨʝʛʫʣʠʨʦʚʢʝ.   
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ʈʠʩ. 4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ ʨʘʩʩʝʠʚʘʪʝʣʷʤʠ [5] 

 

ɸʚʪʦʨʳ ʩʪʘʪʴʠ ʪʘʢʞʝ ʧʨʦʚʦʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʚʦʙʦʜʥʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ. ʊʘʢ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʤʝʩʠ ʚʦʟʤʦʞʥʦ ʧʦʜ ʜʝʡʩʪ-

ʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʜʙʦʨʘ ʫʛʣʘ ʠ ʚʳʩʦʪʳ ʧʦʜʘʯʠ 

(ʨʠʩ. 5).  

 

 
 

ʈʠʩ. 5. ʉʚʦʙʦʜʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ 

 

ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʩʪʦʪʦʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʜʘʧ-

ʪʘʮʠʠ ʧʦʜ ʤʥʦʛʠʝ ʪʠʧʳ ʘʧʧʘʨʘʪʦʚ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʦʩʦʙ 

ʩʚʦʙʦʜʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ ʫʤʝʩʪʥʦ ʧʨʠʤʝʥʷʪʴ ʣʠʰʴ ʚ ʢʘʯʝʩʪʚʝ 
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ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʩʤʝʰʠʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʜʚʠʞʫʱʝʡʩʷ ʩʤʝʩʠ ʚ ʜʠʩʧʝʨʩʥʦʤ ʧʦʪʦʢʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠ-

ʝʤ ʩ ʢʘʢʠʤʠ-ʣʠʙʦ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ, ʜʦʬʦʨʤʠʨʦʚʳʚʘʶʱʠʤʠ ʢʦʥʝʯʥʫʶ 

ʩʤʝʩʴ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ, ʦʜʥʘʢʦ ʪʦʯʥʦ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʜʦʣʞʥʘ ʜʦʩʪʠʛʘʪʴʩʷ ʧʨʠ ʙʦʣʴʰʦʡ ʚʳʩʦʪʝ ʦʪ ʪʦʯʢʠ ʚʳʛʨʫʟʢʠ ʜʦ ʟʦʥʳ 

ʩʙʨʦʩʘ.   

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 
1. Paul, Edward L. Handbook of industrial mixing: science and practice. Blackwell 

Publishing Ltd, 2004. 1432 p. 

2. Van den Bergh, W. (1994).Removing the uncertainty in solids mixer selection, Chem. 

Eng., Dec., 70ï77. 

3. ʌʘʪʘʭʝʪʜʠʥʦʚ, ɸ.ʄ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʮʝʩʩʘ ʚʠʙʨʘʮʠʦʥʥʦʛʦ 

ʩʤʝʰʠʚʘʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʫʭʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ / ɸ.ʄ. ʌʘʪʘʭʝʪʜʠʥʦʚ // 

ɼʠʩ. éʢʘʥʜ.ʪ ʝʭʥ. ʥʘʫʢ. ʀʚʘʥʦʚʦ.: ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝ-

ʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  2021. 126 ʩ. 

4. ɺʘʩʠʥ, ɺ.ʄ. ʉʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʩʤʝʩʝʡ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ // 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 2003. ˉ3. ʉ .21-24. 

5. ɺʘʪʘʛʠʥ, ɸ.ɸ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʤʝʰʠʚʘʥʠʷ ʩʳʧʫʯʠʭ ʩʨʝʜ, 

ʩʢʣʦʥʥʳʭ ʢ ʩʝʛʨʝʛʘʮʠʠ, ʚ ʘʧʧʘʨʘʪʘʭ ʩ ʧʦʜʚʠʞʥʦʡ ʣʝʥʪʦʡ / ɸ.ɸ. ɺʘʪʘʛʠʥ // ɼʠʩ. 

éʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ʀʚʘʥʦʚʦ.: ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ, 2022.121 ʩ. 

6. ʇʘʪ. 2692717 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ʉʤʝʩʠʪʝʣʴ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ / ɸ. ɽ. 

ʃʝʙʝʜʝʚ, ɸ. ɸ. ɺʘʪʘʛʠʥ, ɼ. ɺ. ʃʝʙʝʜʝʚ, ʀ. ʉ. ɻʫʜʘʥʦʚ ï ʦʧʫʙʣ. 26.06.2019. ʙʶʣ. ˉ 

18. 



120 

 

ʋɼʂ 621.922: 621.921.34 

ʈɽɻʈɽʉʉʀʆʅʅɸʗ ʄɸʊɽʄɸʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ  

ʈɸɹʆʊʓ ʂʆʅʀʏɽʉʂʀʍ ʈʆʊʆʈʅʓʍ ɼʆɿɸʊʆʈʆɺ  

ɻɽʊɽʈʆɻɽʅʅʓʍ ʂʆʄʇʆʅɽʅʊʆɺ ɼʃʗ ʋʇʈɸɺʃɽʅʀʗ 

ʂɸʏɽʉʊɺʆʄ ʉʄɽʉɽʁ, ʇʆʃʋʏɸɽʄʓʍ  

ʅɸ ʅʆʅʄʀʂʉɽʈɸʍ 

 

ʀ.ɸ. ʖʨʘʩʢʦʚʘ, ɸ.ɺ. ɽʚʩʝʝʚ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɸ.ɺ. ɽʚʩʝʝʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 
 

ʊʫʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʜʦʟʠʨʦʚʘʥʠʷ ʩʳʧʫʯʠʭ ʠ ʟʝʨʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʦʪʦʨʥʳʤʠ ʢʦʥʠʯʝʩʢʠʤʠ ʧʠʪʘʪʝ-

ʣʷʤʠ ʚ ʧʨʠʣʦʞʝʥʠʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʛʦʪʦʚʦʡ ʩʤʝʩʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʢʦʤʧʦ-

ʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʤʝʩʠ, ʢʦʤʧʦʟʠʪʳ, ʧʠʪʘʪʝʣʠ, ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ 

 

REGRESSION MATHEMATICAL MODEL  

OF OPERATION OF CONICAL ROTARY DISPENSERS 

OF HETEROGENEOUS COMPONENTS FOR QUALITY  

CONTROL OF MIXTURES PRODUCED  

ON NONMIXERS  

 

I.A. Yurasʩova, A.V. Evseev 
 

Scientific Supervisor ï A.V. Evseev, Doctor of Technical Sciences,  

Associate Professor 
 

Tula State University 

 
The paper examines the construction of regression mathematical model for dos-

ing bulk and granular materials by rotary conical feeders in the application of quality 

control of finished mixed products and composite materials is considered. 

Key words: mixtures, composites, feeders, regression analysis, mathematical 

models, quality control 
 



121 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʦʟʘʪʦʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʦʤʧʦʟʠ-

ʮʠʡ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʭ ʨʘʙʦʪʳ, ʢʘʢ ʪʦʯʥʦʩʪʴ 

ʚʳʜʘʯʠ ʤʠʢʨʦʜʦʟ ʠʣʠ ʧʦʪʦʢʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʪʦʡ ʚʳʜʘʯʠ 

[1-5]. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ ʧʦʣʫ-

ʯʘʝʤʳʭ ʩʤʝʩʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ. ɺʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [1, 3] ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʤʥʦʛʦʬʘʢʪʦʨ-

ʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʛʨʫʟʢʠ 

ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʙʘʨʘʙʘʥʥʳʤ ʰʣʶʟʦʚʳʤ ʧʠʪʘʪʝʣʝʤ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 

ʦʧʳʪʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʨʠʩ. 1), ʧʦʩʪʨʦʝʥʘ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ (ʄʄ) ʨʘʙʦ-

ʪʳ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʦʪʦʨʥʳʭ ʢʦʥʠʯʝʩʢʠʭ ʧʠʪʘʪʝʣʝʡ (ʨʠʩ. 2), ʢʦʪʦʨʘʷ 

ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʢʘʯʝʩʪʚʦʤ ʧʦʣʫʯʘʝʤʳʭ ʛʝ-

ʪʝʨʦʛʝʥʥʳʭ ʩʤʝʩʝʡ [5]. ɼʦʟʠʨʦʚʘʥʠʝ ʩʳʧʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʧʦ ʦʙʲʝʤʫ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ.  

 

 
 

ʈʠʩ. 1. ʆʧʳʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ: 

1 ï ʙʫʥʢʝʨ; 2 ï ʢʦʨʧʫʩ ʧʠʪʘʪʝʣʷ; 3 ï ʰʣʶʟʦʚʳʡ ʙʘʨʘʙʘʥ; 4 ï ʚʳʧʫʩʢʥʘʷ ʚʦʨʦʥʢʘ 

ʧʠʪʘʪʝʣʷ; 5 ï ʦʪʩʝʢʘʪʝʣʴ ʧʨʦʙʦʦʪʙʦʨʥʠʢʘ; 6 ï ʥʘʧʨʘʚʣʷʶʱʘʷ ʚʦʨʦʥʢʘ;  

7 ï ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʩʙʦʨʘ ʧʦʨʦʰʢʘ; 8 ï ʧʨʠʚʦʜ ʧʠʪʘʪʝʣʷ;  

9 ï ʧʨʠʚʦʜ ʧʨʦʙʦʦʪʙʦʨʥʠʢʘ; 10 ï ʩʪʘʥʠʥʘ; 11 ï ʢʘʨʫʩʝʣʴ ʦʪʩʝʢʘʪʝʣʝʡ;  

12 ï ʚʘʣ ʧʨʦʙʦʦʪʙʦʨʥʠʢʘ; 13 ï ʢʘʨʫʩʝʣʴ ʢʦʥʪʝʡʥʝʨʦʚ 

 

 
ʈʠʩ. 2. ʈʦʪʦʨʥʳʡ ʢʦʥʠʯʝʩʢʠʡ ʧʠʪʘʪʝʣʴ 
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ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʧʣʘʥ, 

ʤʘʪʨʠʮʘ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʜʠʦʢ-

ʩʠʜʘ ʢʨʝʤʥʠʷ SiO2. 

ɸʥʘʣʠʟ ʧʨʝʜʳʜʫʱʠʭ [1, 3]  ʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚʣʠʷʥʠʝ ʚʳʙʨʘʥʥʳʭ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʮʝʩʩʳ ʜʦʟʠʨʦʚʘʥʠʷ ʩʳ-

ʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠʤʝʝʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʢʘʯʝʩʪʚʝ 

ʤʦʜʝʣʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʦʣʠʥʦʤʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʢʪʦ-

ʨʦʚ: ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʦ ʧʝʨʚʦʤʫ ʬʘʢʪʦʨʫ ὢ1, ʠ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʧʦ ʚʪʦ-

ʨʦʤʫ ʬʘʢʪʦʨʫ ὢ2. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʘ ʩʣʝʜʫʶʱʘʷ ʤʦʜʝʣʴ ʚ ʚʠ-

ʜʝ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʦʪʦʨʥʦʛʦ ʢʦʥʠʯʝ-

ʩʢʦʛʦ ʧʠʪʘʪʝʣʷ  ʦʪ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʦʙʲʝʤ ʧʘʟʦʚ ʙʘʨʘʙʘʥʘ X1, 

ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʙʘʨʘʙʘʥʘX2, ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʠʪʘʪʝʣʷ ʩʯʠʪʘʣʠ 

ʥʝʠʟʤʝʥʥʳʤʠ):  

 

ὣ= 98,14 + 20,05ὼ1 + 41,02ὼ2 8,341ὼ1
2 59,35ὼ2

2 18,41ὼ1ὼ2
2  

4,562ὼ2
3 + 15,864ὼ2

4,                                        (1)  

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʝʨʠʠ ʟʘʚʠʩʠʤʦ-

ʩʪʝʡ ʚʳʭʦʜʥʦʛʦ ʬʘʢʪʦʨʘ ð ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʠʪʘʪʝʣʷ ʦʪ ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʯʝʪʘʥʠʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 3, ʚ ʚʠʜʝ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʦʪʢʣʠʢʘ ʠ ʣʠʥʠʡ ʨʘʚʥʦʛʦ ʫʨʦʚʥʷ. 

 

 
 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʤʘʪʝʨʠʘʣʘ SiO2 

 

ʉʦʛʣʘʩʥʦ ʛʨʘʬʠʢʘʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʠʪʘʪʝʣʷ ʦʪ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʤʝʝʪ ʥʝʣʠʥʝʡʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʥʘ-

ʯʘʣʘ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʟʘʪʝʤ ʩʥʠʞʘʝʪʩʷ, ʧʨʠʯʝʤ ʤʘʢʩʠʤʫʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦ-

ʩʪʠ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʧʘʟʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʦʪʦʨʥʦʛʦ ʢʦʥʠʯʝʩʢʦʛʦ ʧʠ-
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ʪʘʪʝʣʷ. ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʧʪʠʤʘʣʴʥʳʤʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤʠ 

ʚʳʩʦʢʫʶ  ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʠʪʘʪʝʣʷ, ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʠʥʪʝʨʚʘʣʳ: 

ʦʙʲʝʤ ʧʘʟʦʚ ʙʘʨʘʙʘʥʘ ʚ ʧʨʝʜʝʣʘʭ 19-12 ʩʤ
3
, ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ï 0,6-0,9 

ʤ/ʩ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʟʘʪʦʨʘ ʜʘʥʥʦʛʦ ʪʠʧʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʢʘʢ ʜʣʷ ʣʠʥʝʡ-

ʥʳʭ, ʢʦʥʚʝʡʝʨʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʨʦʪʦʨʥʳʭ ʢʦʤʧʦʥʦʚʦʢ ʥʦʥʤʠʢʩʝʨʦʚ [2].  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʧʠʪʘ-

ʪʝʣʝʡ ʦʪ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʦʟʠʨʫʶʱʝʛʦ ʙʘʨʘʙʘʥʘ ʠ ʝʛʦ ʨʘ-

ʙʦʯʝʛʦ ʦʙʲʝʤʘ ʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩ-

ʩʦʚ ʜʦʟʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʠ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʧʠʪʘʪʝʣʷ. 

ʀʤʝʷ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʨʘʙʦʪʳ ʧʠʪʘʪʝʣʷ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ, ʤʦʞʥʦ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʠ ʫʧʨʘʚʣʷʪʴ ʢʘʯʝʩʪʚʦʤ 

ʧʦʣʫʯʘʝʤʦʡ ʩʤʝʩʝʚʦʡ ʠ ʢʦʤʧʦʟʠʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥ-

ʥʳʭ ʜʦʟʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚ ʥʦʥʤʠʢʩʝʨʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʭʦʜʠʤʦʩʪʠ ʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʠʭ 

ʥʘ ʨʝʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʥʦʚʳʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪ-

ʚʘ ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. 
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ʈɸʉʏɽʊ ʄɽʊɸʃʃʆʂʆʅʉʊʈʋʂʎʀʁ ʅɸɺɽʉɸ 

 

ʅ.ɽ. ʉʝʨʜʦʙʦʣʴʩʢʠʡ, ʅ.ɸ.ʂʨʘʶʭʠʥ, ʅ.ɺ. ɹʘʜʘʝʚʘ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʅ.ɺ. ɹʘʜʘʝʚʘ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 
ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʥʘʚʝʩʘ ʠʟ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʘʚ-

ʪʦʤʦʙʠʣʴʥʦʡ ʩʪʦʷʥʢʠ. ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʨʘʩʯʝʪʥʳʝ ʩʭʝʤʳ ʵʣʝʤʝʥʪʦʚ ʥʘʚʝʩʘ. ʇʦʜʦʙʨʘʥʳ ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʧʨʦʛʦʥʦʚ, 

ʬʝʨʤʳ ʠ ʩʪʦʝʢ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:  ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ, ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ, ʨʘʩʯʝʪʥʘʷ 

ʩʭʝʤʘ, ʧʨʦʛʦʥ, ʬʝʨʤʘ, ʩʪʦʡʢʘ, ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ, ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ. 
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A method for calculating a canopy made of metal structures for a parking 

lot has been developed. The calculation of structural elements is performed. The 

design schemes of the canopy elements are considered. The cross sections of the 

girders, trusses and struts of the structure are selected 
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girder, truss, rack, strength condition, cross section. 

 

ʈʘʩʯʸʪ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʳʣ ʚʳʧʦʣʥʝʥ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘʚʝʩʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʩʪʦʷʥʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʦʡ ʙʘʟʳ ʚ ʜʝʨʝʚʥʝ ʂʫʟʥʝʯʠʭʘ ʗʨʦʩʣʘʚʩʢʦʛʦ ʨʘʡʦʥʘ ʗʨʦʩʣʘʚʩʢʦʡ 

ʦʙʣʘʩʪʠ.  

ɼʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ: 

1) ʨʘʟʤʝʨ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʧʣʘʥʝ 5500ʭ5600 ʤʤ; 

2) ʚʳʩʦʪʘ 3600 ʤʤ; 
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3) ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ (ʩʪʦʡʢʠ, ʬʝʨʤʳ, ʧʨʦʛʦʥʳ); 

4) ʫʢʣʦʥ ʢʨʦʚʣʠ  10Á. 

ɿʘʜʘʯʘ ʨʘʩʯʝʪʘ ï ʧʦʜʦʙʨʘʪʴ ʩʝʯʝʥʠʷ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʨʠʩ. 1). 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʥʘʚʝʩʘ 

 

ʈʘʩʯʝʪ ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʘʪʴ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʯʝʥʠʷ ʧʨʦʛʦʥʘ. ʅʘ ʧʨʦ-

ʛʦʥ ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘʛʨʫʟʢʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʧʨʦʛʦʥʘ, ʚʝʩʘ ʢʨʦʚ-

ʣʠ  ʠ ʩʥʝʛʦʚʘʷ. ʇʦʩʪʦʷʥʥʘʷ ʥʘʛʨʫʟʢʘ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʚʝʩʘ ʢʨʦʚʝʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ (ʧʨʦʬʣʠʩʪ ʅʉ35ʭ1000ʭ0.5), ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʧʨʦʛʦʥʘ (ʫʯʠ-

ʪʳʚʘʶʪ ʢʘʢ 1 % ʦʪ ʧʦʣʥʦʡ ʨʘʩʯʝʪʥʦʡ ʥʘʛʨʫʟʢʠ).  

ήʧʦʩʪ= 5,4(ʢʛ/ʤ2) . 

ʉʥʝʛʦʚʘʷ ʥʘʛʨʫʟʢʘ 

Ὓ= ‘ϽὛὫ, 

ʛʜʝ ‘ - ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʫʢʣʦʥʘ ʢʨʳʰʠ, ʧʨʠ  ‌< 30Á‘= 1; 
ὛὫ- ʥʦʨʤʘʪʠʚʥʘʷ ʩʥʝʛʦʚʘʷ ʥʘʛʨʫʟʢʘ [1]; 

ὛὫ= 240(ʢʛ/ʤ2) (ʗʨʦʩʣʘʚʩʢʘʷ ʦʙʣʘʩʪʴ, IV ʟʦʥʘ); 

Ὓ= ‘ϽὛὫ= 1Ͻ240 = 240 (̋/̄ ̍2). 

ʈʘʩʯʝʪʥʳʝ ʥʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʶʪ, ʫʤʥʦʞʘʷ ʥʦʨʤʘʪʠʚʥʳʝ ʥʘʛʨʫʟʢʠ 

ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʧʦ ʥʘʛʨʫʟʢʝ, ʧʦ ʩʥʝʛʦʚʦʡ ʥʘʛʨʫʟʢʝ ï 1,4, ʜʣʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ï 1,05. 

Ὓʨ= ὛϽ1,4 = 240Ͻ1,4 = 336
ʢʛ

ʤ2
, 

ήʨʘʩʯ= ήʧʦʩʪϽ1,05 = 5,4Ͻ1,05 = 5,67(ʢʛ/ʤ2) . 

ʅʘʛʨʫʟʢʘ ʥʘ ʧʨʦʛʦʥ 

ὗὧ= όϽὊ= (5,67 + 336) Ͻ1,422Ͻ1,375Ͻ1,01 = 674,7 (ʢʛ) 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʛʨʫʟʢʠ, ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʜʣʠʥʝ ʧʨʦʛʦʥʘ 

 

ή=
ὗὧ

ὒ
=

674,7

1,375
= 490,71 

ʢʛ

ʤ
= 4809 

ʅ

ʤ
. 

 

ɺ ʠʪʦʛʝ ʨʘʩʯʝʪʘ  ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ ʧʨʦʛʦʥʘ (ʨʠʩ. 2) ʧʨʠʥʠ-

ʤʘʝʤ ʰʚʝʣʣʝʨ ˉ 5 ʇ ʧʦ ɻʆʉʊ 8240-97. 
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ʈʠʩ. 2. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ  ʧʨʦʛʦʥʘ 

 

ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʚʝʩʘ ʠʩʧʦʣʴʟʫʝʤ ʧʷʪʴ ʬʝʨʤ, ʜʣʠʥʘ ʬʝʨʤʳ 5,6 

ʤʝʪʨʘ. ʈʘʩʩʯʠʪʳʚʘʶʪ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʫʶ ʬʝʨʤʫ (ʨʠʩ. 3), ʥʘ ʢʦʪʦʨʫʶ 

ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘʛʨʫʟʢʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʧʨʦʛʦʥʘ, ʚʝʩʘ ʢʨʦʚʣʠ, 

ʚʝʩʘ ʬʝʨʤʳ  ʠ ʩʥʝʛʦʚʘʷ ʥʘʛʨʫʟʢʘ.  ʇʦʣʥʘʷ ʨʘʩʯʝʪʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʦʛʦʥ-

ʥʳʡ ʤʝʪʨ ʬʝʨʤʳ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ) 

 

ή= 240Ͻ1,375Ͻ1,4 +
4,84Ͻ5Ͻ1,375Ͻ1,05

5,6
+ 5,4 Ͻ1,375Ͻ1,05

= 462 + 6,24 + 7,8 = 476,04
ʢʛ

ʤ
. 

ʇʦʣʥʘʷ ʥʘʛʨʫʟʢʘ 

 

ὗ= 476,04Ͻ5,6 Ͻ1,01 = 2672,02 ʢʛ=26386ʅ . 
 

 
ʈʠʩ. 3. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʬʝʨʤʳ 

 

ʂʦʥʝʯʥʦʡ ʮʝʣʴʶ ʨʘʩʯʝʪʘ ʬʝʨʤʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʠʣʠʡ ʚ ʝʝ 

ʩʪʝʨʞʥʷʭ. ʇʦ ʵʪʠʤ ʫʩʠʣʠʷʤ ʧʦʜʙʠʨʘʶʪ ʩʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʬʝʨʤʳ. ʈʘʩʯʝʪ 

ʬʝʨʤʳ ʥʘʯʠʥʘʶʪ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʢʮʠʡ ʚ ʦʧʦʨʘʭ. 
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ὓὃ= 0, 

ὙὄϽ5,6 3298,5 Ͻ5,6 6597Ͻ4,2 6597Ͻ2,8 6597Ͻ1,4) = 0, 

Ὑὄ=
3298,5 Ͻ5,6 + 6597Ͻ8,4

5,6
= 13194 ̊ . 

Вὣ= 0,Ὑὃ 3298,5 6597ɂ6597 6597 3298,5 + Ὑὄ= 0. 

Ὑɸ= 13194 ʅ. 
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʠʣʠʡ ʚ ʩʪʝʨʞʥʷʭ ʬʝʨʤʳ ʠʩʧʦʣʴʟʫʶʪ ʩʧʦʩʦʙ 

ʚʳʨʝʟʘʥʠʷ ʫʟʣʦʚ. ʅʘʯʠʥʘʶʪ ʨʘʩʯʝʪ ʦʪ ʫʟʣʘ, ʚ ʢʦʪʦʨʦʤ ʤʝʥʴʰʝ ʚʩʝʛʦ ʥʝʠʟ-

ʚʝʩʪʥʳʭ ʩʠʣ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʚʥʦʚʝʩʠʝ ʚʪʦʨʦʛʦ ʫʟʣʘ (ʨʠʩ. 4) 

 

ὣ= 0,ὔ1 = 3298,5 ʅ 

ὢ= 0,ὔ2 = 0 ʅ 

 

ʀʟ ʨʘʚʥʦʚʝʩʠʷ 1 ʫʟʣʘ (ʨʠʩ. 4) 

Вὣ= 0, 3298,5 + 13194 ὔ3 sin 39,18Á= 0, ὔ3 = 15664,2 ʅ 
Вὢ= 0,ὔ4 ὔ3 cos39,18Á= 0 , ὔ4 = 12142,3 ʅ 

 

ʀʟ ʨʘʚʥʦʚʝʩʠʷ 7 ʫʟʣʘ (ʨʠʩ. 4) 

Вὢ= 0,ὔ11 = 0 , 
Вὣ= 0, 3298,5 + ὔ13 = 0, ὔ13 = 3298,5 ʅ. 

 

 
 

ʈʠʩ. 4 

 

ʀʟ ʨʘʚʥʦʚʝʩʠʷ 8 ʫʟʣʘ (ʨʠʩ. 4) 

 

Вὣ= 0, ὔ13 ὔ12 sin 24,8 + Ὑɺ= 0, ὔ12 = 23591,5 ʅ, 
Вὢ= 0,ὔ10 ὔ12ὅέί24,8Á= 0 ,ὔ10 = 21415,8 ʅ. 
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ʀʟ ʨʘʚʥʦʚʝʩʠʷ 3 ʫʟʣʘ (ʨʠʩ. 4) 

 

Вὣ= 0, 6597 ὔ5 cos50,83Á+ ὔ6 sin 10Á+ ὔ3 sin 39,17Á= 0ὔ5 =
10780,6 ʅ, 

Вὢ= 0, ὔ6ὅέί10Á+ ὔ5 sin 50,83Á+ ὔ3ὅέί39,17Á= 0 ,  
ὔ6 = 20871,0 ʅ 

ʀʟ ʨʘʚʥʦʚʝʩʠʷ 6 ʫʟʣʘ (ʨʠʩ. 4) 

Вὣ= 0, 6597 ὔ8 sin 10Á+ ὔ12 sin 24,8Á+ ὔ9 sin 24,8Á= 0ὔ9 =
830,5 ʅ, 

Вὢ= 0, ὔ12ὅέί24,8Á+ ὔ9 cos24,8Á+ ὔ8ὅέί10Á= 0 ,ὔ8 =
20870,7 ʅ 

ʀʟ ʨʘʚʥʦʚʝʩʠʷ 5 ʫʟʣʘ (ʨʠʩ.4) 

ὣ= 0,ὔ7 = 6597,0 ʅ, 

Вὢ= 0,ὔ6 = ὔ8. 

 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʚʥʦʚʝʩʠʝ 4 ʫʟʣʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʨʘʩʯʝʪʘ (ʨʠʩ.4) 

Вὣ= 0, ὔ7 + ὔ9 sin 24,8Á+ ὔ5 sin 39,18Á= 0 , 0 = 0, 
Вὢ= 0, ὔ9ὅέί24,8Á+ ὔ10 ὔ4 ὔ5ὅέί39,18Á= 0 , 0 = 0. 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʬʝʨʤʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

 
ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʅʦʤʝʨ 

ʩʪʝʨʞ

ʥ ̫

1 2 3 4 5 6 7 8 9 10 11 12 13 

ʉʠʣʘ, 

ʅ 

329

9 
0 

156

64 

121

42 

107

81 

208

71 

659

7 

208

71 
831 

214

16 
0 

235

92 

329

9 

ʉʞʘʪ, 

ʨʘʩʪʷ-

ʥʫʪ 

ʩ  ʩ ʨ ʨ ʩ ʩ ʩ ʨ ʨ  ʩ ʩ 

ɼʣʠ-

ʥʘ, ʤʤ 

138

7 
 

180

6 

280

0 

180

6 

142

2 
894 

142

2 

154

0 

280

0 
 

154

0 
400 

 

ʇʨʠ ʨʘʩʯʝʪʝ ʵʣʝʤʝʥʪʦʚ ʬʝʨʤʳ ʫʯʠʪʳʚʘʶʪ ʥʝ ʬʘʢʪʠʯʝʩʢʫʶ ʜʣʠʥʫ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʨʘʩʯʝʪʥʫʶ [2], ʥʘʤʝʯʘʶʪ ʪʠʧ ʩʝʯʝʥʠʷ. ʇʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʩʞʘʪʳʭ ʩʪʝʨʞʥʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʇʦʜʙʠʨʘʷ ʪʠʧ ʩʝʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʫʩʪʦʡʯʠʚʦʩʪʴ ʩʪʝʨʞʥʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʚ-
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ʥʳʭ ʦʩʝʡ ʩʝʯʝʥʠʷ, ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʶʪ ʪʘʚʨʦʚʦʝ ʩʝʯʝʥʠʝ ʩʪʝʨʞʥʝʡ 

ʬʝʨʤ, ʩʦʙʨʘʥʥʦʝ ʠʟ ʜʚʫʭ ʫʛʦʣʢʦʚ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʩʞʘʪʳʭ ʩʪʝʨʞʥʝʡ ʠʩʧʦʣʴʟʫʶʪ ʫʩʣʦʚʠʝ 

„άὥὼ =
ὔάὥὼ

•Ͻὃ
ὙʋϽ‎ʩ ,  ὃ

ὔάὥὼ

•ϽὙʋϽ‎ʩ
. 

ɼʣʷ ʨʘʩʯʝʪʘ ʨʘʩʪʷʥʫʪʳʭ ʩʪʝʨʞʥʝʡ ʠʩʧʦʣʴʟʫʶʪ ʫʩʣʦʚʠʝ 

„άὥὼ =
ὔάὥὼ

ὃ
ὙʋϽ‎ʩ , ὃ

ὔάὥὼ

ὙʋϽ‎ʩ
. 

ʇʨʠ ʧʦʜʙʦʨʝ ʩʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʪʝʨʘʮʠʡ: 

ʟʘʜʘʶʪʩʷ ʛʠʙʢʦʩʪʴʶ ʩʪʝʨʞʥʷ ‗; ʧʦ ʛʠʙʢʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪ 
ʧʨʦʜʦʣʴʥʦʛʦ ʠʟʛʠʙʘ •; ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ὃ=
ὔ

•ϽὙʋϽ‎ʩ
 ; ʧʦʜʙʠʨʘʶʪ ʫʛʦʣʦʢ; ʜʣʷ ʧʦʜʦʙʨʘʥʥʦʛʦ ʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ 

ʛʠʙʢʦʩʪʴ ʠ ʩʨʘʚʥʠʚʘʶʪ ʝʝ ʩ ʧʨʝʜʝʣʴʥʦʡ ʛʠʙʢʦʩʪʴʶ ‗ὼ=
ὰὼ

Ὥὼ
‗, ʛʜʝ ʧʨʝ-

ʜʝʣʴʥʘʷ ʛʠʙʢʦʩʪʴ ‗= 180 60 
ὔ

•ϽὙʋϽ‎ʩ
 . ʇʦ ʙʦʣʴʰʝʡ ʛʠʙʢʦʩʪʠ ʫʪʦʯʥʷʶʪ 

• ʠ ʧʨʦʚʝʨʷʶʪ ʫʩʣʦʚʠʝ„=
ὔάὥὼ

•Ͻὃ
ḶὙʋϽ‎ʩ. ʂʘʢ ʪʦʣʴʢʦ ʫʩʣʦʚʠʝ ʚʳʧʦʣʥʷ-

ʝʪʩʷ, ʧʨʦʮʝʩʩ ʧʦʜʙʦʨʘ ʩʝʯʝʥʠʷ ʟʘʢʦʥʯʝʥ. ɼʣʷ ʵʣʝʤʝʥʪʦʚ ʬʝʨʤʳ ʧʦʜʦʙʨʘ-

ʥʳ ʦʜʠʥʘʢʦʚʳʝ ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ, ʜʚʘ ʨʘʚʥʦʧʨʦʯʥʳʭ ʫʛʦʣʢʘ 40*40*3. 

ʇʦʩʣʝʜʥʠʤ ʧʦʜʙʠʨʘʶʪ ʩʝʯʝʥʠʝ ʩʪʦʝʢ. ʅʘ ʩʪʦʡʢʫ ʙʫʜʫʪ ʜʝʡʩʪʚʦʚʘʪʴ 

ʥʘʛʨʫʟʢʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ ʩʪʦʡʢʠ, ʚʝʩʘ ʧʨʦʛʦʥʘ, ʚʝʩʘ ʢʨʦʚʣʠ, ʚʝʩʘ 

ʬʝʨʤʳ  ʠ ʩʥʝʛʦʚʘʷ ʥʘʛʨʫʟʢʘ. 

ʇʦʣʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʩʪʦʡʢʫ 

 

ὗ= (
240Ͻ1,375Ͻ1,4Ͻ5,6 + 4,84Ͻ5Ͻ1,375Ͻ1,05

2
+  

 

+
5,4 Ͻ1,375Ͻ1,05Ͻ5,6 + 20,661Ͻ2,32Ͻ2

2
) Ͻ1,03 = 1375 ʢʛ=

= 13476(ʅ) 
 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʪʦʡʢʠ ʠʩʧʦʣʴʟʫʶʪ ʫʩʣʦʚʠʝ 

„άὥὼ =
ὔάὥὼ

•Ͻὃ
ὙʋϽ‎ʩ ,  ὃ

ὔάὥὼ

•ϽὙʋϽ‎ʩ
. 

 

 

ɻʠʙʢʦʩʪʴ ʩʪʦʡʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ ʧʨʝʜʝʣʴʥʦʡ 

‗ὼ=
ὰὼ

Ὥὼ
‗. 

 

ʀʟ ʨʘʩʯʝʪʘ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠʥʠʤʘʝʤ ʩʝʯʝʥʠʝ ʧʨʦʬʠʣʴʥʦʡ ʪʨʫʙʳ 

40ʭ40 ʠ ʪʦʣʱʠʥʦʡ ʩʪʝʥʢʠ 2 ʤʤ. 
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ɼʠʩʢʦʚʳʝ ʟʘʪʚʦʨʳ ʦʪʥʦʩʷʪ ʢ ʘʨʤʘʪʫʨʦʩʪʨʦʝʥʠʶ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʝ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʢʨʳʪʠʷ ʨʘʙʦʯʠʭ 

ʩʨʝʜ ʛʘʟʦʚ ʠ ʞʠʜʢʦʩʪʝʡ. ʀʟʚʝʩʪʥʦ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʘʪʝʥʪʦ-

ʚʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʜʠʩʢʦʚʳʭ ʟʘʪʚʦʨʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʘʥʘʣʠʟʘ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘʪʚʦʨʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʝʩʪʴ ʦʜʠʥ, ʥʦ ʦʯʝʥʴ ʥʝʛʘʪʠʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ: ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʘʚʠʪʘʮʠʠ 

[1, 2] ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʡ ʩʨʝʜʳ [3, 4]. ʇʦʵʪʦʤʫ 

ʩʦʟʜʘʥʠʝ ʜʠʩʢʦʚʦʛʦ ʟʘʪʚʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʤʝʶ-

ʱʝʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʢʘʚʠʪʘʮʠʶ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝ-

ʤʦʡ. 
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ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʜʠʩʢʦʚʦʛʦ ʟʘʪʚʦʨʘ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ [4] ʈʝʰʝ-

ʥʠʝ ʫʤʝʥʴʰʝʥʠʷ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʢʦʥʩʪ-

ʨʫʢʮʠʠ ʜʠʩʢʦʚʦʛʦ ʟʘʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ: ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʬʣʘʥʮʳ, 

ʢʦʨʧʫʩ, ʠʤʝʶʱʠʡ ʩʝʜʣʦ ʩ ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʚʘʣ. ʅʘ ʚʘʣʫ 

ʫʩʪʘʥʦʚʣʝʥ ʜʠʩʢ ʧʨʠ ʧʦʤʦʱʠ ʰʧʦʥʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʅʘ ʜʠʩʢʝ ʨʘʟʤʝ-

ʯʝʥʘ ʣʘʤʝʣʴ, ʚʥʝʰʥʷʷ ʛʨʘʥʴ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʢʦʥʫʩʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ɺʘʣ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʢʦʨʧʫʩʝ ʥʘ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʚʪʫʣʢʘʭ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ 

ʩʠʤʤʝʪʨʠʠ ʧʨʦʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʩʦ ʩʤʝʱʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʢʘʟʘʥʥʦʡ 

ʦʩʠ. ʊʘʢʞʝ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʚʢʣʶʯʝʥ ʩʘʣʴʥʠʢ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ  ʩʧʝʮʠʘʣʴ-

ʥʦʡ ʢʨʳʰʢʝ. ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚ ʜʚʠʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ 

ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ (ʧʦʚʦʨʦʪ ʚʘʣʘ ʩ ʜʠʩʢʦʤ) ʠʤʝʝʪʩʷ ʧʨʠʚʦʜ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʘʚʠʪʘʮʠʠ ʥʘ ʙʦʣʴʰʦʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʠʩʢʘ, ʦʩʝʢʘʝʤʦʡ ʦʩʴʶ ʚʘʣʘ, ʩʦ ʩʪʦʨʦʥʳ ʚʭʦʜʥʦʛʦ ʬʣʘʥʮʘ, ʨʘʟʤʝʱʝʥʳ ʧʦ 

ʯʘʩʪʠ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʩʪʝʨʞʥʠ, ʟʘʛʥʫʪʳʝ ʚ ʩʪʦʨʦʥʫ 

ʚʭʦʜʥʦʛʦ ʬʣʘʥʮʘ. ʅʘ ʤʝʥʴʰʝʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ ʪʘʢʞʝ ʥʘ ʯʘʩʪʠ 

ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ ʪʦʞʝ ʨʘʩʧʦʣʦʞʝʥʳ ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʩʪʝʨʞʥʠ, ʟʘʛʥʫʪʳʝ ʚ 

ʩʪʦʨʦʥʫ ʚʳʭʦʜʥʦʛʦ ʬʣʘʥʮʘ. 

ɼʘʥʥʳʡ ʜʠʩʢʦʚʳʡ ʟʘʪʚʦʨ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɺ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʦʤ ʧʦʣʦʞʝʥʠʠ ʧʣʦʩʢʦʩʪʴ ʜʠʩʢʘ ʧʘʨʘʣʣʝʣʴʥʘ 

ʧʨʦʜʦʣʴʥʦʤʫ ʩʝʯʝʥʠʶ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɾʠʜʢʦʩʪʴ ʩʚʦʙʦʜʥʦ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ 

ʟʘʪʚʦʨ. 

ɿʘʢʨʳʪʠʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʚʦʜʘ, ʚʨʘʱʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʧʝʨʝʜʘʶʪ ʥʘ ʚʘʣ ʩ ʜʠʩʢʦʤ, ʚ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪʦʤ ʧʦʣʦʞʝʥʠʠ ʧʣʦʩʢʦʩʪʴ 

ʜʠʩʢʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʦʪʦʢʫ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɹʦʢʦʚʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʠʩʢʘ ʢʘʩʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʜʣʘ ʢʦʨʧʫʩʘ. ʅʘʣʠʯʠʝ ʣʘʤʝʣʠ 

ʩ ʢʦʥʫʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘ ʚʥʝʰʥʝʡ ʛʨʘʥʠ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʛʝʨʤʝ-

ʪʠʯʥʦʩʪʴ ʜʘʥʥʦʛʦ ʟʘʪʚʦʨʘ ʚ ʟʘʢʨʳʪʦʤ ʧʦʣʦʞʝʥʠʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʪʢʨʳʪʠʷ ʜʘʥʥʦʛʦ ʟʘʪʚʦʨʘ (ʠʟ-ʟʘ ʧʦʚʦʨʦʪʘ ʜʠʩʢʘ ʦʪ 

ʧʨʠʚʦʜʘ) ʧʦʪʦʢ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʥʘʧʨʘʚʣʷʝʪʩʷ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʪʚʝʨ-

ʩʪʠʷ ʤʝʞʜʫ ʜʠʩʢʦʤ ʠ ʩʝʜʣʦʤ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʘʚʠʪʘʮʠʠ ʧʨʠ ʦʪʢʨʳʪʠʠ ʟʘʪʚʦʨʘ (ʢʦʛʜʘ ʩʢʦ-

ʨʦʩʪʠ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳ, ʘ ʜʘʚʣʝʥʠʝ ʤʦʞʝʪ ʦʧʫʩʪʠʪʴʩʷ ʜʦ 

ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ, ʯʪʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʘʚʠʪʘ-

ʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ) ʥʘ ʙʦʣʴʰʦʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ ʨʘʟʤʝʱʝʥ-

ʥʳʝ ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʩʪʝʨʞʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʧʦʪʦʢʦʤ, ʨʘʟʜʝʣʷʶʪ ʝʛʦ 

ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʪʨʫʠ.  ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʠ 

ʩʥʠʞʘʝʪʩʷ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʷʚʣʝʥʠʝ ʢʘʚʠʪʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ 

ʤʘʣʦʚʝʨʦʷʪʥʳʤ. 

ɿʘʛʠʙ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʩʪʝʨʞʥʝʡ ʚ ʩʪʦʨʦʥʫ ʚʭʦʜʥʦʛʦ ʬʣʘʥʮʘ ʧʦʟʚʦ-

ʣʷʝʪ ʜʠʩʢʫ ʩʚʦʙʦʜʥʦ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʝ ʟʘʜʝʚʘʷ 

ʩʝʜʣʦ ʠ ʜʨʫʛʠʝ ʚʥʫʪʨʝʥʥʠʝ ʯʘʩʪʠ ʟʘʪʚʦʨʘ, ʢʨʦʤʝ ʪʦʛʦ, ʢʨʠʚʦʣʠʥʝʡʥʘʷ 

ʬʦʨʤʘ ʩʪʝʨʞʥʝʡ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʧʦʪʦʢʘ ʥʘ ʦʪʜʝʣʴ-
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ʥʳʝ ʩʪʨʫʠ ʠ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʚ ʦʪʢʨʳʪʦʤ ʧʦʣʦʞʝʥʠʠ. 

ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ (ʨʘʟʜʝʣʝʥʠʝʤ ʧʦʪʦʢʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʪʨʫʠ) ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʨʝʰʝʥʠʝ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʢʘʚʠʪʘʮʠʠ ʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʚ 

ʧʨʷʤʦʪʦʯʥʦʤ ʢʣʘʧʘʥʝ [5]. 
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ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʈʘʩʩʤʦʪʨʝʥ  ʧʦʨʷʜʦʢ ʨʘʩʯʝʪʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ. ʇʨʦʘʥʘ-

ʣʠʟʠʨʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ, ʪʘʢʠʭ 

ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʨʘʟʤʝʨʳ ʜʝʪʘʣʠ, ʩʦʩʪʦʷʥʠʝ ʦʙʨʘʙʦʪʢʠ ʝʝ ʧʦ-

ʚʝʨʭʥʦʩʪʠ. ʆʧʨʝʜʝʣʝʥ ʧʦʨʷʜʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʧʦ 

ʥʦʨʤʘʣʴʥʳʤ ʠ ʢʘʩʘʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʣʦʞʥʦʤ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʩʪʘʣʦʩʪʥʳʝ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʮʠʢʣʠ-

ʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʧʝʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 
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The procedure for calculating the endurance parts of machines. The features of 

the effect of various factors on the endurance performance, such as stress concentra-

tion, the size of the part, the state of processing its surface, are analyzed. The proce-

dure for determining the coefficient of safety margin by normal and tangential stresses, 

as well as by complex resistance is determined.  

Keywords: fatigue failure, safety factor of cyclic strength, variable loads, fati-

gue limit, effective stress concentration factor 
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ʆʧʳʪʳ ʧʦʢʘʟʳʚʘʶʪ,  1  ʯʪʦ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʧʦʩʣʝ 

ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʘ ʮʠʢʣʦʚ ʤʦʞʝʪ ʥʘʩʪʫʧʠʪʴ ʨʘʟʨʫʰʝʥʠʝ ʜʝʪʘʣʠ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʨʠ ʪʘʢʠʭ ʞʝ ʧʦʩʪʦʷʥʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʨʘʟʨʫʰʝʥʠʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ.  

ʇʨʠʯʝʤ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʟʥʘ-

ʯʝʥʠʷʭ „άὥὼ  ʤʝʥʴʰʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ „̃, ʘ ʠʥʦʛʜʘ ʜʘʞʝ ʤʝʥʴʰʝ  ʧʨʝ-

ʜʝʣʘ ʪʝʢʫʯʝʩʪʠ „ʪ ʜʣʷ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʤʝʯʝʥʦ, ʯʪʦ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʦʤʘ ʜʝʪʘʣʠ ʤʦʞʥʦ ʷʚʥʦ ʫʚʠʜʝʪʴ  ʜʚʝ ʟʦʥʳ, ʚ ʦʜʥʦʡ ï ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʤʘʪʦʚʘʷ ʠ ʚʠʜʥʳ ʢʨʠʩʪʘʣʣʳ, ʚ ʜʨʫʛʦʡ ï ʧʦʚʝʨʭʥʦʩʪʴ ʩʛʣʘʞʝʥʘ.  

ɺʦʟʥʠʢʘʝʪ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ. ʆʜʥʘʢʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚ-

ʣʝʥʦ 1 , ʯʪʦ ʧʨʠʯʠʥʦʡ ʨʘʟʨʫʰʝʥʠʷ   ʧʨʠ ʮʠʢʣʠʯʝʩʢʠ ʠʟʤʝʥʷʶʱʠʭʩʷ  
ʥʘʧʨʷʞʝʥʠʷʭ ʷʚʣʷʝʪʩʷ  ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʤʘʪʝʨʠʘʣʝ ʪʨʝʱʠʥ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ, ʦʩʦʙʝʥʥʦ, ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʥʘ-

ʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʥʝʦʙʨʘʪʠʤʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʦʚʨʝʞʜʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪ-

ʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʝʡ  ʚ ʥʘʠʙʦʣʝʝ ʩʣʘʙʳʭ ʧʣʦʩʢʦʩʪʷʭ,  ʥʘʠʤʝ-

ʥʝʝ ʫʜʘʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘ-

ʭʦʜʷʱʠʝʩʷ ʚ ʤʘʪʝʨʠʘʣʝ ʤʠʢʨʦʪʨʝʱʠʥʳ ʨʘʩʪʫʪ, ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦ-

ʙʦʡ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ  ʜʦ ʪʘʢʠʭ ʨʘʟʤʝʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʚʦʟʤʦʞ-

ʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʜʝʪʘʣʠ ʚ ʦʩʣʘʙʣʝʥʥʦʤ ʩʝʯʝʥʠʠ.  ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʫʩ-

ʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʩʣʦʞʥʳ ʠ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʤʘʣʦ ʠʟʫʯʝʥʳ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘ ʠʭ ʙʘʟʝ ʩʦʟʜʘʪʴ 

ʥʘʜʝʞʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʥʘ ʚʳʥʦʩʣʠʚʫʶ ʧʨʦʯʥʦʩʪʴ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʠʟ-

ʣʦʞʝʥʥʳʤ  ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʦʚ ʥʘ ʚʳʥʦʩʣʠ-

ʚʦʩʪʴ ʧʨʠʭʦʜʠʪʩʷ ʩʦʭʨʘʥʷʷ ʧʦʥʷʪʠʷ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʠʜʪʠ ʧʦ 

ʧʫʪʠ ʥʘʢʦʧʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʘʚʠʣʘ ʢʘʢ  ʤʝʪʦʜʠʢʫ ʨʘʩʯʝʪʘ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦ-

ʚʝʜʝʥʠʷ ʪʘʢʠʭ ʨʘʩʯʝʪʦʚ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʫʞʝ ʠʟʚʝʩʪʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʘʪʝʨʠʘʣʦʚ: ʧʨʝʜʝʣʘʤ ʧʨʦʯʥʦʩʪʠ „ʚ ʠ ʪʝʢʫʯʝʩʪʠ „ʪ ʥʝ-

ʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʥʦʚʳʝ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʮʠʢʣʠʯʝʩʢʦʛʦ ʥʘ-

ʛʨʫʞʝʥʠʷ.  ʂ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪʥʦʩʠʪʩʷ ʧʨʝʜʝʣ ʚʳ-

ʥʦʩʣʠʚʦʩʪʠ „Ὑ, ʢʦʪʦʨʳʡ ʜʣʷ ʢʘʞʜʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ, ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʰʠʥʘʭ.  ʀʩʧʳʪʘʥʠʷ ʥʘ ʚʳʥʦʩʣʠ-

ʚʦʩʪʴ ʧʨʦʚʦʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʮʠʢʣʘ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʠʟʛʦ-

ʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʪʨʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʧʦʣʠʨʦʚʘʥʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ. ɽʩʣʠ ʨʝʘʣʴʥʳʡ ʮʠʢʣ ʥʘʛʨʫʞʝʥʠʷ ʜʝʪʘʣʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʠʤ-

ʤʝʪʨʠʯʥʦʛʦ, ʪʦ ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʥʘʣʦʞʝʥʠʷ ʧʦ-

ʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʚʥʦʛʦ „̓ =
„̓ὥὼ+„̓Ὥὲ

2
  ʠ ʥʘʧʨʷʞʝʥʠʷ ʮʠʢʣʠʯʝʩʢʠ 

ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʧʦ ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʮʠʢʣʫ ʩ ʘʤʧʣʠʪʫʜʦʡ „‌=
„̓ὥὼ „̓Ὥὲ

2
.  

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ, ʯʪʦ ʫʩʪʘʣʦʩʪʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʥʘʠʙʦʣʴʰʠʤ „̓ὥὼ  ʠ ʥʘʠʤʝʥʴʰʠʤ „̓Ὥὲ ʟʥʘʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʝ 
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ʟʘʚʠʩʠʪ ʦʪ ʟʘʢʦʥʘ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʠ ʮʠʢʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʮʝʥ-

ʢʠ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʟʘʜʘʥʥʦʛʦ ʮʠʢʣʘ ʜʦʩʪʘʪʦʯʥʦ 

ʟʥʘʪʴ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʠʡ „̓ ʠ „‌. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʫʢʘʟʘʥ-

ʥʳʭ ʚʳʰʝ ʚʝʣʠʯʠʥ ʥʘʧʨʷʞʝʥʠʡ, ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʤʦʞʥʦ ʧʨʠʩʪʫ-

ʧʠʪʴ ʢ ʧʨʦʚʝʜʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʜʝʪʘʣʠ ʥʘ ʚʳ-

ʥʦʩʣʠʚʦʩʪʴ. ʊʘʢʦʡ ʨʘʩʯʝʪ, ʦʙʳʯʥʦ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʳʙʦʨʘ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨ-

ʤʳ ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʧʦ 

ʧʨʝʜʝʣʫ ʧʨʦʯʥʦʩʪʠ „ʚ ʠ ʧʨʝʜʝʣʫ ʪʝʢʫʯʝʩʪʠ „ʊ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʦʙʭʦʜʠʤʳʡ 

ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ὲ̃ =
„ʚ

„̓ὥὼ
   ʠ  ʪʝʢʫʯʝʩʪʠ   ὲʊ=

„ʊ

„̓ὥὼ
 . ʆʜʥʘʢʦ, ʧʨʝʜʝʣ ʚʳ-

ʥʦʩʣʠʚʦʩʪʠ ʨʝʘʣʴʥʦʡ ʜʝʪʘʣʠ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ ʩʪʘʥ-

ʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ, ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ  ʠ ʟʘʚʠʩʠʪ ʦʪ 

ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ-

ʧʨʷʞʝʥʠʡ, ʨʘʟʤʝʨʳ ʜʝʪʘʣʠ ʠ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʣʠ-

ʯʠʝ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʩʥʠʞʘʝʪ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʨʝʘʣʴʥʦʡ ʜʝʪʘʣʠ, 

ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʘʭ. ʉʥʠʞʝʥʠʝ ʧʨʝʜʝʣʘ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʜʝʪʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʣʠʯʠʷ ʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʫʯʠʪʳʚʘ-

ʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʢʦʪʦ-

ʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʘʙʣʠʮʳ, ʛʨʘʬʠʢʠ, ʠʤʝʶʱʠʝʩʷ ʚ ʩʧʨʘʚʦʯ-

ʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

Ὧ„Ὧ† ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘʧʨʷʞʝʥʠʡ; 

‐„(‐†) ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ; 

‍„ (‍†)  ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ  ʧʦʚʝʨʭʥʦʩʪʠ. 

 ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ  ʨʠʩ. 1 ʧʦʢʘʟʘʥ  ʪʠʧʠʯʥʳʡ ʛʨʘʬʠʢ ʜʣʷ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ Ὧ„ 
ʜʣʷ ʩʪʘʣʴʥʦʛʦ ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʪʝʨʞʥʷ  ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʠ ʩʞʘʪʠʠ. ʂʨʠʚʳʝ 

1,2,3 ʜʘʥʳ ʜʣʷ ʩʪʘʣʝʡ ʩ ʧʨʝʜʝʣʘʤʠ ʧʨʦʯʥʦʩʪʠ „̃ =̑ 400ʄʇɸ, 800ʄʇɸ, 

1200 ʄʇʘ. ɸʥʘʣʦʛʠʯʥʳʝ ʛʨʘʬʠʢʠ ʠʤʝʶʪʩʷ ʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʨʫʛʠʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ. 

 
ʈʠʩ. 1 

 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʨʘʩʯʝʪʳ ʥʘ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ 

ʥʘʧʨʷʞʝʥʠʷʭ ʚʳʧʦʣʥʷʶʪʩʷ ʢʘʢ ʧʨʦʚʝʨʦʯʥʳʝ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 
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ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ çnè ʜʣʷ 

ʦʧʘʩʥʦʛʦ ʩʝʯʝʥʠʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʜʝʪʘʣʠ ʠ ʝʛʦ ʩʨʘʚʥʝʥʠʝ ʩ ʜʦʧʫʩʢʘʝʤʳʤ 

ὲ.  ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʪʨʝʙʫʝʤʳʡ ʟʘʧʘʩ ʧʨʦʯʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʠʤʝʪʴ ʨʘʚ-

ʥʳʤ 1,4 - 2, ʚ ʦʩʦʙʳʭ ʩʣʫʯʘʷʭ ʦʥ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 3 ʠ ʙʦʣʝʝ 2 .  ɼʣʷ ʜʝ-

ʪʘʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʠʟʛʠʙ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ʮʠʢʣʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷ-

ʞʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʷ: 

ὲ„=
„1

Ὧ„̅ Ͻ„άὥὼ
. 

ɸʥʘʣʦʛʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ: 

 

ὲ„=
„ 1̑

Ὧ„ʜϽ„άὥὼ
, 

ʢʨʫʯʝʥʠʠ:   ὲ†=
† 1

Ὧ†ʜϽ†άὥὼ
, 

ʛʜʝ „1,„1 ,̑†1  ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʦʙʨʘʟʮʘ, 

Ὧ„̅ =
Ὧ„

‐„Ͻ‍„
,Ὧ†̅ =

Ὧ†

‐†Ͻ‍†
 ʦʙʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʥʠʞʝʥʠʷ ʧʨʝʜʝʣʦʚ 

ʚʳʥʦʩʣʠʚʦʩʪʠ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʮʠʢʣʘʭ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʪʨʝʭ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʬʘʢʪʦʨʦʚ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʜʦʣʞʝʥ ʙʳʪʴ 

ʠʟʚʝʩʪʝʥ ʧʨʝʜʝʣ ʚʳʥʦʩʣʠʚʦʩʪʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʨʘʟʮʘ„Ὑ ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ 

ʮʠʢʣʝ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʜʦʙʥʳʭ ʨʘʙʦʯʝʤʫ ʮʠʢʣʫ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʙʦʪʘʝʪ ʜʝ-

ʪʘʣʴ.   

ɺʝʣʠʯʠʥʘ „Ὑ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʜʠʘʛʨʘʤʤʳ ʧʨʝʜʝʣʴʥʳʭ ʘʤʧʣʠʪʫʜ 

ʨʠʩ. 2. 

 
ʈʠʩ. 2 

 

ʇʨʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʮʠʢʣʘʭ ʥʘʛʨʫʞʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʨʘʙʦ-

ʯʠʡ ʠ ʧʨʝʜʝʣʴʥʳʡ ʮʠʢʣʳ ʥʘʛʨʫʞʝʥʠʡ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʜʝʪʘʣʠ ʧʦʜʦʙʥʳ 

ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʩʣʝʜʫʶ-

ʱʠʤ ʬʦʨʤʫʣʘʤ: 
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 ʧʨʠ ʠʟʛʠʙʝ ὲ„=
„ 1

Ὧ„ʜϽ„‌+ „„ά
; 

ʧʨʠ ʩʞʘʪʠʠ ὲ„=
„ 1̑

Ὧ„ʜϽ„‌+ „„ά
; 

ʧʨʠ ʢʨʫʯʝʥʠʠ  ὲ†=
† 1

Ὧ†ʜϽ†‌+ ††ά
. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ  „ ʠ  † ʧʨʠʚʝʜʝʥʳ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʪʘʙ-

ʣʠʮʘʭ 2 . 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʙʨʫʩʘ ʥʘ ʩʣʦʞʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʩʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪ-

ʚʠʝ ʠʟʛʠʙʘ ʩ ʢʨʫʯʝʥʠʝʤ ʠ ʪ. ʜ.), ʢʦʛʜʘ ʚ ʦʧʘʩʥʦʡ ʪʦʯʢʝ ʚʦʟʥʠʢʘʝʪ ʧʣʦʩʢʦʝ 

ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ (ʚ ʩʝʯʝʥʠʠ, ʚʦʟʥʠʢʘʶʪ ʥʦʨʤʘʣʴʥʳʝ ʠ ʢʘʩʘʪʝʣʴ-

ʥʳʝ ʥʘʧʨʷʞʝʥʠʷ), ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʦʙ-

ʱʝʧʨʠʥʷʪʦʛʦ ʚʳʨʘʞʝʥʠʷ (ʬʦʨʤʫʣʳ ɻʘʬʘ ʠ ʇʦʣʣʘʨʜʘ): 
1

ὲὙ
2 =

1

ὲ„
2

+
1

ὲ†
2
 

ʠʣʠ 

ὲ=
ὲ„Ͻὲ†

ὲ„
2 + ὲ†

2
. 
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ʉ.ʃ. ʄʘʟʫʨʦʚʩʢʠʡ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ  

 
ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʝʭʘʥʠʟʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʛʣʫʙʠʥʳ ʧʦʛʨʫ-

ʞʝʥʠʷ ʢʦʨʟʠʥʳ ʙʠʩʝʨʥʦʡ ʤʝʣʴʥʠʮʳ, ʚʳʧʦʣʥʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʚʠʥʪʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ. 
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ʥʠʟʤ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ 
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The design of the mechanism for regulating the immersion depth of the bead 

mill basket, made on the basis of a screw mechanism, is considered. 
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ʇʨʠʤʝʥʝʥʠʝ ʙʠʩʝʨʥʳʭ ʤʝʣʴʥʠʮ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʤʥʦʛʠʭ ʦʪʨʘʩʣʝʡ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ, ʤʝʜʠʮʠʥ-
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ʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʧʠʱʝʚʦʤ ʙʣʦʢʝ, ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1-3].  

ɺ ʣʘʢʦʢʨʘʩʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʠ-

ʩʝʨʥʳʝ ʤʝʣʴʥʠʮʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɺ ʗɻʊʋ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʙʠʩʝʨʥʦʡ ʤʝʣʴʥʠʮʳ ʧʦ-

ʛʨʫʞʥʦʛʦ ʪʠʧʘ. ʉʭʝʤʘ ʨʘʙʦʯʝʡ ʢʦʨʟʠʥʳ ʤʝʣʴʥʠʮʳ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʙʦʯʝʡ ʢʦʨʟʠʥʳ ʙʠʩʝʨʥʦʡ ʤʝʣʴʥʠʮʳ 

 

ʂʦʨʧʫʩ ʢʦʨʟʠʥʳ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʚʘ ʦʪʩʝʢʘ. ɺ ʦʪʩʝʢʝ ɸ (ʨʠʩ. 1) 

ʥʘʭʦʜʠʪʩʷ ʙʠʩʝʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʠʥ-

ʪʝʥʩʠʬʠʢʘʮʠʠ ʩʤʝʰʠʚʘʥʠʷ ʠʭ ʩ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʠ ʣʘʢʘʤʠ. ʈʦʪʦʨ 3 ʩ ʣʦ-

ʧʘʩʪʷʤʠ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʚʨʘʱʘʶʱʝʤʩʷ ʚʘʣʫ 1, ʧʝʨʝʤʝʰʠʚʘʝʪ ʢʦʤʧʦ-

ʥʝʥʪʳ ʩʤʝʩʠ ʠ ʙʠʩʝʨ ʚ ʦʪʩʝʢʝ. ʇʦʣʫʯʝʥʥʘʷ ʩʤʝʩʴ ʩʢʚʦʟʴ ʪʦʥʢʠʝ ʦʪʚʝʨʩʪʠʷ 

ʚʳʭʦʜʠʪ ʯʝʨʝʟ ʙʦʢʦʚʳʝ ʩʪʝʥʢʠ ʚ ʝʤʢʦʩʪʴ, ʚ ʢʦʪʦʨʫʶ ʧʦʛʨʫʞʝʥʘ ʢʦʨʟʠʥʘ, 

ʘ ʪʘʢʞʝ ʧʝʨʝʪʝʢʘʝʪ ʚ ʦʪʩʝʢ ɹ, ʚ ʢʦʪʦʨʦʤ ʚʨʘʱʘʝʪʩʷ ʣʦʧʘʩʪʥʦʡ ʚʝʥʪʠʣʷʪʦʨ 

4. ʃʦʧʘʩʪʠ ʚʝʥʪʠʣʷʪʦʨʘ ʫʩʢʦʨʷʶʪ ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʘ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ. ʅʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʦʚ ʤʘʪʝʨʠʘʣʘ ʥʘ 

ʩʭʝʤʝ ʧʦʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ. ɿʘʪʝʤ ʠʟ ʝʤʢʦʩʪʠ ʤʘʪʝʨʠʘʣ ʩʥʦʚʘ ʧʦʧʘʜʘʝʪ 

ʚʥʫʪʨʴ ʢʦʨʟʠʥʳ ʠ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. 

 ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʧʨʦʮʝʩʩ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ 

ʚʣʠʷʝʪ ʛʣʫʙʠʥʘ ʧʦʛʨʫʞʝʥʠʷ ʢʦʨʟʠʥʳ ʚ ʝʤʢʦʩʪʴ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ ʥʝʦʙ-
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ʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʭʘʥʠʟʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʧʦʛʨʫʞʝʥʠʷ ʨʘ-

ʙʦʯʝʡ ʢʦʨʟʠʥʳ. ʉʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 

 
 

ʈʠʩ. 2.  ʂʦʥʩʪʨʫʢʮʠʷ ʤʝʭʘʥʠʟʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

 

ʋʩʪʨʦʡʩʪʚʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʥʘ ʦʩʥʦʚʝ ʚʠʥʪʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʦʩ-

ʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʧʣʘʚʥʦʩʪʴ ʨʘʙʦʪʳ, ʚʳʩʦʢʘʷ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ. ɻʣʘʚʥʳʤ ʘʨʛʫ-

ʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʚʳʙʦʨʘ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦ-

ʪʦʨʤʦʞʝʥʠʷ ʤʝʭʘʥʠʟʤʘ, ʪ.ʝ. ʬʠʢʩʠʨʦʚʘʥʠʝ ʧʝʨʝʤʝʱʘʝʤʦʛʦ ʧʨʝʜʤʝʪʘ ʚ 

ʥʫʞʥʦʤ ʧʦʣʦʞʝʥʠʠ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʦʨʤʦʟʥʳʭ ʤʝʭʘ-

ʥʠʟʤʦʚ [4]. 

ʄʝʣʴʥʠʮʘ ʢʨʝʧʠʪʩʷ ʢ ʜʚʫʤ ʢʘʨʝʪʢʘʤ 2, ʜʚʠʞʫʱʠʤʩʷ ʧʦ ʚʝʨʪʠʢʘʣʴ-

ʥʳʤ ʩʪʦʡʢʘʤ 1 (ʥʘ ʩʭʝʤʝ ʤʝʣʴʥʠʮʘ ʥʝ ʧʦʢʘʟʘʥʘ). ɺ ʧʦʧʝʨʝʯʠʥʫ 3, ʟʘʢʨʝʧ-

ʣʝʥʥʫʶ ʥʘ ʢʘʨʝʪʢʘʭ ʟʘʧʨʝʩʩʦʚʘʥʘ ʙʨʦʥʟʦʚʘʷ ʛʘʡʢʘ. ɼʚʠʞʝʥʠʝ ʛʘʡʢʠ, ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʨʝʪʦʢ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʭʦʜʦʚʦʛʦ ʚʠʥʪʘ 5 ʩ 
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ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʡ ʨʝʟʴʙʦʡ. ɺʠʥʪ ʟʘʢʨʝʧʣʝʥ ʚ ʜʚʫʭ ʦʧʦʨʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʘ ʨʘʤʝ. ɺʝʨʭʥʷʷ ʦʧʦʨʘ ï ʬʠʢʩʠʨʫʶʱʘʷ, ʫʜʝʨʞʠʚʘʝʪ ʚʠʥʪ ʠ ʚ ʚʝʨʪʠʢʘʣʴ-

ʥʦʡ, ʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʜʚʘ ʨʦʣʠʢʦʚʳʭ ʢʦʥʠ-

ʯʝʩʢʠʭ ʧʦʜʰʠʧʥʠʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ çʚʨʘʩʪʷʞʢʫè. ʅʠʞʥʷʷ ʦʧʦʨʘ ï ʧʦʜ-

ʜʝʨʞʠʚʘʶʱʘʷ, ʬʠʢʩʠʨʫʝʪ ʚʠʥʪ ʪʦʣʴʢʦ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ 

ʝʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʘʨʠʢʦʚʳʡ ʨʘʜʠʘʣʴʥʳʡ ʧʦʜʰʠʧʥʠʢ [5]. 

ʋʩʪʨʦʡʩʪʚʦ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʝʡʩʪʚʠʝ ʧʨʠ ʧʦʤʦʱʠ ʯʝʨʚʷʯʥʦʛʦ ʤʦʪʦʨ-

ʨʝʜʫʢʪʦʨʘ 9. ɺʳʭʦʜʥʦʡ ʚʘʣ ʨʝʜʫʢʪʦʨʘ ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʚʠʥʪʦʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʪʫʣʦʯʥʦʡ ʤʫʬʪʳ 8. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʨʘʱʝʥʠʠ ʚʠʥʪʘ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʢʘ-

ʨʝʪʢʠ ʩ ʟʘʢʨʝʧʣʝʥʥʦʡ ʥʘ ʥʠʭ ʤʝʣʴʥʠʮʝʡ ʦʧʫʩʢʘʶʪʩʷ ʚʥʠʟ ʠ ʨʘʙʦʯʘʷ ʢʦʨ-

ʟʠʥʘ ʤʝʣʴʥʠʮʳ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʝʤʢʦʩʪʴ. ʇʨʠ ʚʳʢʣʶʯʝʥʠʠ ʜʚʠʛʘʪʝʣʷ ʤʦ-

ʪʦʨ-ʨʝʜʫʢʪʦʨʘ ʚʠʥʪ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʠ ʤʝʣʴʥʠʮʘ ʦʩʪʘʝʪʩʷ ʚ ʥʫʞʥʦʤ ʧʦ-

ʣʦʞʝʥʠʠ. 
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ʎʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʳʝ ʤʝʣʴʥʠʮʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʘʰʠʥ ʜʣʷ ʪʦʥʢʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ. 

ʂʦʥʩʪʨʫʢʮʠʠ ʮʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʳʭ ʤʝʣʴʥʠʮ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʧʦʭʦʞʠ ʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʯʘʩʪʠ: ʙʫʥʢʝʨ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʟʘʛʨʫʟʢʠ - 1, ʚ 

ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʤʘʪʝʨʠʘʣ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ, ʨʘʟʛʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ - 4, 

ʩʦʩʪʦʷʱʝʝ ʠʟ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʠʩʢʦʚ ʤʝʞʜʫ ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʣʦʧʘʪʢʠ - 5, ʦʪʙʦʡʥʳʝ ʵʣʝʤʝʥʪʳ - 7, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʟ 

ʩʝʙʷ ʧʣʘʩʪʠʥʳ. ɺʩʝ ʵʪʠ ʵʣʝʤʝʥʪʳ ʟʘʢʣʶʯʝʥʳ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʨʧʫʩ - 

3, ʚ ʢʦʪʦʨʦʤ ʠʤʝʝʪʩʷ ʧʘʪʨʫʙʦʢ ʜʣʷ ʚʳʚʦʜʘ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ - 2. 

ʀʟʤʝʣʴʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘʧʨʘʚʣʷʝʪʩʷ ʢ ʚʳʚʦʜʷʱʝʤʫ ʧʘʪʨʫʙʢʫ ʩ 

ʧʦʤʦʱʴʶ ʥʘʧʨʘʚʣʷʶʱʠʭ ʣʦʧʘʩʪʝʡ - 9, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʥʠʟʫ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ. ʈʘʟʛʦʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʣʦʧʘʪʢʘʤʠ ʠ 
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ʥʘʧʨʘʚʣʷʶʱʠʝ ʣʦʧʘʩʪʠ ʧʨʠʚʦʜʷʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʤʦʪʦʨʘ - 6.  

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʮʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʦʡ 

ʤʝʣʴʥʠʮʳ (ʨʠʩ. 1 ʠ 2): ʤʘʪʝʨʠʘʣ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ - 1 

ʧʦʜʘʝʪʩʷ ʚ ʨʘʟʛʦʥʥʳʡ ʨʦʪʦʨ ï 4. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʤʘʪʝʨʠʘʣ 

ʨʘʟʛʦʥʷʝʪʩʷ ʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʡ ʩʢʦʨʦʩʪʠ ʩʨʳʚʘʝʪʩʷ ʩ 

ʣʦʧʘʪʦʢ - 5 ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʙʦʡʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʫʜʘʨʝʥʠʷ 

ʩ ʙʦʣʝʝ ʪʚʝʨʜʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ  ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʘʤʠ ʤʘʪʝʨʠʘʣ 

ʨʘʟʨʫʰʘʝʪʩʷ, ʪʝʨʷʷ ʩʢʦʨʦʩʪʴ, ʠ ʧʘʜʘʶʪ ʚʥʠʟ ʢ ʥʘʧʨʘʚʣʷʶʱʠʤ ʣʦʧʘʩʪʷʤ - 

9, ʠ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʚ ʚʳʚʦʜʷʱʠʡ ʧʘʪʨʫʙʦʢ - 2. 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʮʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʦʡ ʤʝʣʴʥʠʮʳ 

 

ʈʠʩ. 2 . ʈʘʟʛʦʥʥʳʡ ʨʦʪʦʨ  

ʆʩʦʙʝʥʥʦʩʪʠ ʜʘʥʥʦʡ ʤʝʣʴʥʠʮʳ: ʚ ʜʘʥʥʦʡ ʤʝʣʴʥʠʮʝ ʝʩʪʴ ʜʚʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʪʣʠʯʠʷ ʦʪ ʜʨʫʛʠʭ ʤʝʣʴʥʠʮ. ʇʝʨʚʦʝ ʦʪʣʠʯʠʝ ï 

ʦʪʙʦʡʥʳʝ ʵʣʝʤʝʥʪʳ ʦʩʥʘʱʝʥʳ ʤʝʭʘʥʠʟʤʦʤ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʝʥʦʢ ʢʦʨʧʫʩʘ, ʵʪʦ ʩʜʝʣʘʥʦ ʩ ʮʝʣʴʶ 
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ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʤʝʞʜʫ ʨʝʤʦʥʪʘʤʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʙʦʣʝʝ ʜʦʣʛʦʡ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʝ. ʇʨʠ ʠʟʥʦʩʝ ʨʘʙʦʯʝʛʦ ʫʯʘʩʪʢʘ 

ʦʪʙʦʡʥʳʭ ʧʣʘʩʪʠʥ ʠʭ ʧʝʨʝʤʝʱʘʶʪ ʚʚʝʨʭ, ʚʚʦʜʷ ʚ ʨʘʙʦʪʫ ʥʦʚʳʡ 

ʥʝʠʟʥʦʰʝʥʥʳʡ ʫʯʘʩʪʦʢ. ɺʪʦʨʦʝ ʦʪʣʠʯʠʝ ï ʬʦʨʤʘ ʨʘʟʛʦʥʥʳʭ ʣʦʧʘʪʦʢ. 

ʈʘʟʛʦʥʥʳʝ ʣʦʧʘʪʢʠ ʧʨʠʥʠʤʘʶʪ ʥʘ ʩʝʙʷ ʥʝ ʤʝʥʴʰʠʝ ʥʘʛʨʫʟʢʠ ʠ ʪʘʢ ʞʝ 

ʧʦʜʚʝʨʞʝʥʳ ʧʦʚʳʰʝʥʥʦʤʫ ʠʟʥʦʩʫ, ʜʣʷ ʝʛʦ ʫʤʝʥʴʰʝʥʠʷ ʚʘʞʥʘ 

ʦʧʪʠʤʘʣʴʥʘʷ ʬʦʨʤʘ ʣʦʧʘʪʦʢ (ʨʠʩ. 3). ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʨʠʚʦʣʠʥʝʡʥʘʷ 

ʬʦʨʤʘ ʣʦʧʘʪʦʢ ʫʤʝʥʴʰʘʝʪ ʠʟʥʦʩ, ʯʪʦ ʪʘʢ ʞʝ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʝʩʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ ʤʝʞʜʫ ʨʝʤʦʥʪʘʤʠ. 

 

ʈʠʩ. 3. ʌʦʨʤʘ ʣʦʧʘʩʪʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ 

ʆʧʠʩʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʮʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʦʡ ʤʝʣʴʥʠʮʳ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʦʥʢʠʡ ʧʦʤʦʣ ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʙʨʘʟʠʚʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʣʦʧʘʩʪʝʡ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʧʦ ʚʩʝʡ ʚʳʩʦʪʝ ʣʦʧʘʩʪʠ, 

ʩʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʦʩʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʤʝʣʴʥʠʮʳ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1 ʇʘʪ. 2471560 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ʎʝʥʪʨʦʙʝʞʥʦ-ʫʜʘʨʥʘʷ ʤʝʣʴʥʠʮʘ / ɸ.ʀ. 

ɿʘʡʮʝʚ, ɸ.ɽ. ʃʝʙʝʜʝʚ, ɸ.ɹ. ʂʘʧʨʘʥʦʚʘ, ɸ.ʉ. ʉʫʭʘʥʦʚ,  ʦʧʫʙʣ. 10.01.13. 
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ʇʨʝʜʣʘʛʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʡ ʫʩʪʨʦʡʩʪʚ ʜʣʷ 

ʩʤʝʰʝʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʘʧʧʘʨʘʪʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʤʝʩʠ, ʩʢʣʦʥʥʳʭ ʢ ʩʝʛʨʝʛʘʮʠʠ 

ʤʘʪʝʨʠʘʣʦʚ 
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ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʤʝʰʝʥʠʷ 

ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

 
ʈʠʩ. 1. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʤʝʰʝʥʠʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ 

 
ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚ 

ʚʠʜʝ ʩʪʝʨʞʥʝʡ ʩ ʨʘʜʠʘʣʴʥʳʤʠ ʵʣʘʩʪʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 
ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʤʝʰʝʥʠʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʜʝʨʞʠʪ 

ʫʩʪʨʦʡʩʪʚʘ ʟʘʛʨʫʟʢʠ ʩʤʝʰʠʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 1 ʠ 2, ʫʩʪʨʦʡʩʪʚʦ 

ʚʳʛʨʫʟʢʠ 3, ʨʘʤʫ 4, ʥʘ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʘ ʝʤʢʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʥʘʷ 

ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʚʘʣʫ 12 ʜʠʩʢʘʤʠ 5 ʠ ʦʭʚʘʪʳʚʘʶʱʝʡ ʠʭ ʣʝʥʪʦʡ 6. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʥʪʳ ʨʘʟʤʝʱʝʥʳ ʣʦʧʘʩʪʠ 7. ʆʙʘ ʢʦʥʮʘ ʣʝʥʪʳ 6 

ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʨʠʚʦʜʥʳʭ ʙʘʨʘʙʘʥʦʚ 8 ʠ 9, ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ. ʅʘ ʜʠʩʢʘʭ 5 ʢʦʣʴʮʝʚʳʤʠ ʨʷʜʘʤʠ ʨʘʟʤʝʱʝʥʳ 

ʧʝʨʝʤʝʰʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʚʠʜʝ ʩʪʝʨʞʥʝʡ 10 ʩ ʨʘʜʠʘʣʴʥʳʤʠ 

ʵʣʘʩʪʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 11 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʚʳʛʨʫʟʢʠ ʩʤʝʩʠ ʚ ʣʝʥʪʝ 

ʚʳʧʦʣʥʝʥʦ ʦʢʥʦ 13. 
ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 
ʇʦʜʣʝʞʘʱʠʝ ʩʤʝʰʝʥʠʶ ʩʳʧʫʯʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʩʪʫʧʘʶʪ ʠʟ 

ʫʩʪʨʦʡʩʪʚʘ ʟʘʛʨʫʟʢʠ 1 ʠ 2 ʚ ʝʤʢʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʥʫʶ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ 

ʚʘʣʫ ʜʠʩʢʘʤʠ 5 ʠ ʦʭʚʘʪʳʚʘʶʱʝʡ ʠʭ ʣʝʥʪʦʡ 6. ʆʙʘ ʢʦʥʮʘ ʣʝʥʪʳ 

ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ ʧʨʠʚʦʜʥʳʭ ʙʘʨʘʙʘʥʦʚ, ʧʨʠ ʚʨʘʱʝʥʠʠ 

ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʦʨʦʪ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʝʤʢʦʩʪʠ, ʘ 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʝʡ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠ ʵʪʦʤ ʧʝʨʝʤʝʰʠʚʘʶʪʩʷ. ʋʛʣʦʚʘʷ 
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ʩʢʦʨʦʩʪʴ ʙʘʨʘʙʘʥʦʚ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʠʭ ʚʨʘʱʝʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʚ ʩʤʝʰʠʚʘʝʤʳʭ ʚʝʱʝʩʪʚ. ɺʳʩʦʪʘ ʧʦʜʲʝʤʘ ʝʤʢʦʩʪʠ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʨʘʟʤʝʨʘʤʠ ʢʦʨʧʫʩʘ. 

 

ʈʠʩ. 2.  ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚ ʚʠʜʝ ʩʪʝʨʞʥʝʡ  

ʩ ʨʘʜʠʘʣʴʥʳʤʠ ʵʣʘʩʪʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

 
ʉ ʮʝʣʴʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʤʝʰʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʝʥʪʳ ʨʘʟʤʝʱʝʥʳ ʣʦʧʘʩʪʠ 7, ʘ ʥʘ ʜʠʩʢʘʭ ʢʦʣʴʮʝʚʳʤʠ ʨʷʜʘʤʠ ʨʘʟʤʝʱʝʥʳ 

ʧʝʨʝʤʝʰʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʚʠʜʝ ʩʪʝʨʞʥʝʡ 10 ʩ ʨʘʜʠʘʣʴʥʳʤʠ 

ʵʣʘʩʪʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 11. ʃʦʧʘʩʪʠ 7 ʠ ʩʪʝʨʞʥʠ 10 ʩ 

ʨʘʜʠʘʣʴʥʳʤʠ ʵʣʘʩʪʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 11 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩʦ ʩʤʝʰʠʚʘʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʨʠʯʝʤ ʥʘʧʨʘʚʣʝʥʠʝ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʧʦʚʦʨʦʪʝ 

ʝʤʢʦʩʪʠ. ɺʳʛʨʫʟʢʘ ʩʤʝʩʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʧʫʩʢʘʥʠʠ ʝʤʢʦʩʪʠ ʚ ʥʠʞʥʝʝ 

ʧʦʣʦʞʝʥʠʝ ʯʝʨʝʟ ʦʢʥʦ 13, ʚʳʧʦʣʥʝʥʥʦʝ ʚ ʣʝʥʪʝ. 
ʇʨʝʜʣʘʛʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʤʝʰʝʥʠʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʩʧʦʩʦʙʥʦ ʧʦʣʫʯʘʪʴ 

ʦʜʥʦʨʦʜʥʳʝ ʩʤʝʩʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʢʣʦʥʥʳʭ ʢ ʩʣʠʧʘʥʠʶ, 

ʘʛʣʦʤʝʨʠʨʦʚʘʥʠʶ, ʘ ʪʘʢʞʝ ʚʣʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 
1. ʇʘʪʝʥʪ ˉ 2627421 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ. ʉʤʝʩʠʪʝʣʴ. / ʃʝʙʝʜʝʚ ɸ.ɽ., 

ʂʘʧʨʘʥʦʚʘ ɸ.ɹ., ʉʫʠʜ ʉʘʬʫʘʥ; ʦʧʫʙʣ. 08.08.2017. 
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ʕʤʫʣʴʩʠʠ ʠʩʧʦʣʴʟʫʶʪ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʘʢʠʝ 

ʢʘʢ ʭʠʤʠʯʝʩʢʘʷ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ, ʧʠʱʝʚʘʷ, ʢʦʩʤʝʪʠʯʝʩʢʘʷ, ʬʘʨ-

ʤʘʮʝʚʪʠʯʝʩʢʘʷ ʠ ʪ.ʜ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʡ ʘʧʧʘʨʘʪʦʚ 

ʜʣʷ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʪʝʤʦʡ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʛʨʝʛʘʪ ʩʦʜʝʨʞʠʪ ʫʩʪʨʦʡʩʪʚʘ ʟʘʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ, 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʨʧʫʩ ʩ ʢʨʳʰʢʦʡ, ʚʘʣ ʩ ʨʘʟʤʝʱʝʥʥʳʤʠ 

ʥʘ ʥʝʤ ʜʠʩʢʦʤ ʠ ʢʦʥʠʯʝʩʢʦʡ ʥʘʩʘʜʢʦʡ, ʚ ʢʦʪʦʨʦʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʨʝʙʨʘ. ɺʥʫʪʨʠ ʢʦʥʠʯʝʩʢʦʡ ʥʘʩʘʜʢʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʦʪʨʘʞʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʥʘʙʦʨʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʣʝʮ. ʈʘʩʩʪʦʷ-

ʥʠʝ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ ʚʦʟʨʘʩʪʘʶʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʧʦ ʝʛʦ ʩʝʯʝʥʠʶ. ɺʥʠʟʫ ʢʦʨʧʫʩʘ 
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ʨʘʩʧʦʣʦʞʝʥʘ ʝʤʢʦʩʪʴ ʜʣʷ ʩʙʦʨʘ ʛʦʪʦʚʦʡ ʵʤʫʣʴʩʠʠ, ʢʦʪʦʨʘʷ ʩʥʘʙʞʝʥʘ ʥʘ-

ʩʦʩʦʤ ʠ ʩʦʝʜʠʥʝʥʘ ʩ ʧʨʠʝʤʥʦʡ ʢʘʤʝʨʦʡ ʪʨʫʙʦʧʨʦʚʦʜʦʤ. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʫʩʪʨʦʡʩʪʚʦ ʘʛʨʝʛʘʪʘ (ʨʠʩ. 1). 

ʆʥ ʩʦʜʝʨʞʠʪ ʢʦʨʧʫʩ 1, ʚ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʚʘʣ 2 ʩ ʧʨʠʚʦʜʦʤ. ʅʘ ʚʘʣʫ 

ʨʘʟʤʝʱʝʥ ʜʠʩʢ 3, ʢʦʥʠʯʝʩʢʘʷ ʥʘʩʘʜʢʘ 4 ʠ ʦʪʨʘʞʘʪʝʣʴ 6. ʀʩʭʦʜʥʳʝ ʞʠʜʢʦ-

ʩʪʠ ʧʦʜʘʶʪʩʷ ʠʟ ʫʩʪʨʦʡʩʪʚ ʟʘʛʨʫʟʢʠ 7 ʠ 8 ʯʝʨʝʟ ʧʨʠʝʤʥʫʶ ʢʘʤʝʨʫ 9 ʥʘ 

ʜʠʩʢ. ɺʥʠʟʫ ʢʦʨʧʫʩʘ ʨʘʩʧʦʣʦʞʝʥʦ ʫʩʪʨʦʡʩʪʚʦ ʚʳʛʨʫʟʢʠ 13 ʠ ʝʤʢʦʩʪʴ ʜʣʷ 

ʩʙʦʨʘ ʵʤʫʣʴʩʠʠ 12, ʢʦʪʦʨʘʷ ʩʦʝʜʠʥʝʥʘ ʪʨʫʙʦʧʨʦʚʦʜʦʤ 10 ʩ ʥʘʩʦʩʦʤ 11 ʠ 

ʧʨʠʝʤʥʦʡ ʢʘʤʝʨʦʡ.   

 

 
ʈʠʩ. 1. ɸʛʨʝʛʘʪ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʤʫʣʴʩʠʡ:  

1 ï ʢʦʨʧʫʩ; 2 ï ʚʘʣ ʩ ʧʨʠʚʦʜʦʤ; 3 ï ʜʠʩʢ; 4 ï ʢʦʥʠʯʝʩʢʘʷ ʥʘʩʘʜʢʘ; 5 ï ʨʝʙʨʘ;  

6 ï ʦʪʨʘʞʘʪʝʣʴ; 7 ʠ 8 ï ʫʩʪʨʦʡʩʪʚʘ ʟʘʛʨʫʟʢʠ; 9 ï ʧʨʠʝʤʥʘʷ ʢʘʤʝʨʘ;  

10 ï ʪʨʫʙʦʧʨʦʚʦʜ; 11 ï ʥʘʩʦʩ; 12 ï ʸʤʢʦʩʪʴ ʜʣʷ ʩʙʦʨʘ ʵʤʫʣʴʩʠʠ; 13 ï ʫʩʪʨʦʡʩʪʚʦ 

ʚʳʛʨʫʟʢʠ; 14 ï ʦʢʥʦ. 

 

ɸʛʨʝʛʘʪ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʀʩʭʦʜʥʳʝ ʞʠʜʢʦʩʪʠ ʧʦʩʪʫ-

ʧʘʶʪ ʠʟ ʫʩʪʨʦʡʩʪʚʘ ʟʘʛʨʫʟʢʠ ʯʝʨʝʟ ʧʨʠʝʤʥʫʶ ʢʘʤʝʨʫ ʥʘ ʚʨʘʱʘʶʱʠʡʩʷ 

ʜʠʩʢ ʠ ʨʘʩʧʳʣʠʚʘʶʪʩʷ. ʇʨʦʮʝʩʩ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʤʫʣʴʩʠʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 

ʩʦʚʤʝʩʪʥʦʤ ʜʚʠʞʝʥʠʠ ʢʘʧʝʣʴ ʦʙʝʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʨʘʟʨʝʞʝʥʥʦʤ ʧʦʪʦʢʝ, 

ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪʩʷ ʚʨʘʱʘʶʱʠʤʩʷ ʜʠʩʢʦʤ. ɿʘʪʝʤ ʠʜʝʪ ʫʜʘʨʥʦʝ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʜʠʩʧʝʨʩʥʦʛʦ ʧʦʪʦʢʘ ʩ ʚʨʘʱʘʶʱʠʤʩʷ ʦʪʨʘʞʘʪʝ-

ʣʝʤ. ʇʨʠ ʵʪʦʤ ʧʝʨʚʠʯʥʳʝ ʢʘʧʣʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ, ʜʨʦʙʷʪʩʷ ʥʘ ʙʦ-
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ʣʝʝ ʤʝʣʢʠʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʦʪʨʘʞʘʪʝʣʝʤ ʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʀʟ ʤʥʦ-

ʛʦʯʠʩʣʝʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʘʩʩʘ ʞʠʜʢʦʩʪʠ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʦʪʦʢʫ ʩʝʯʝʥʠʷʭ ʠʟʤʝʥʷ-

ʝʪʩʷ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʝʯʝʥʠʠ ʧʦʪʦʢʘ, ʛʜʝ ʩʦ-

ʩʨʝʜʦʪʦʯʝʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ, ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʢʦʣʴʮʘʤʠ ʦʪʨʘʞʘʪʝʣʷ ʤʠʥʠʤʘʣʴʥʳ, ʠ ʦʥʠ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦ ʫʤʝʥʴʰʝʥʠʶ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʧʦ ʝʛʦ ʩʝʯʝʥʠʶ. ʊʘʢʦʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʦʪʨʘʞʘʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʚʥʦ-

ʤʝʨʥʦʝ ʫʜʘʨʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʧʝʣʴ ʩ ʦʪʨʘʞʘʪʝʣʝʤ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʮʝʩʩʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʤʫʣʴʩʠʠ. ɼʘʣʝʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥ-

ʥʳʡ ʧʦʪʦʢ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʪʨʘʞʘʪʝʣʴ ʠ ʫʜʘʨʷʝʪʩʷ ʦ ʨʝʙʨʘ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʝ ʥʘ ʢʦʥʠʯʝʩʢʦʡ ʥʘʩʘʜʢʝ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥ-

ʥʘʷ ʛʨʫʙʘʷ ʵʤʫʣʴʩʠʷ ʧʦʜʥʠʤʘʝʪʩʷ ʚʚʝʨʭ ʧʦ ʦʙʨʘʟʫʶʱʝʡ ʢʦʥʠʯʝʩʢʦʡ ʥʘ-

ʩʘʜʢʠ, ʩʥʦʚʘ ʨʘʩʧʳʣʷʝʪʩʷ ʠ ʫʜʘʨʷʝʪʩʷ ʦ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʧʫ-

ʩʘ. ɼʘʣʝʝ, ʯʝʨʝʟ ʫʩʪʨʦʡʩʪʚʦ ʚʳʛʨʫʟʢʠ, ʵʤʫʣʴʩʠʷ ʧʦʩʪʫʧʘʝʪ ʚ ʝʤʢʦʩʪʴ ʜʣʷ 

ʩʙʦʨʘ ʵʤʫʣʴʩʠʠ. ʇʨʠ ʟʘʧʦʣʥʝʥʠʠ ʝʤʢʦʩʪʠ ʜʣʷ ʩʙʦʨʘ ʵʤʫʣʴʩʠʠ, ʯʪʦ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʪʨʝʙʫʝʤʳʤ ʦʙʲʝʤʦʤ ʧʨʦʜʫʢʮʠʠ, ʧʦʜʘʯʘ ʞʠʜʢʦʩʪʝʡ ʠʟ ʫʩʪʨʦʡʩʪʚ 

ʟʘʛʨʫʟʢʠ ʧʨʝʢʨʘʱʘʝʪʩʷ. ɿʘʪʝʤ ʚʢʣʶʯʘʝʪʩʷ ʥʘʩʦʩ, ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠ-

ʛʦʪʦʚʣʝʥʥʘʷ ʛʨʫʙʘʷ ʵʤʫʣʴʩʠʷ ʠʟ ʝʤʢʦʩʪʠ ʜʣʷ ʩʙʦʨʘ ʵʤʫʣʴʩʠʠ ʧʦ ʪʨʫʙʦ-

ʧʨʦʚʦʜʫ ʥʘʧʨʘʚʣʷʝʪʩʷ ʯʝʨʝʟ ʧʨʠʝʤʥʫʶ ʢʘʤʝʨʫ ʥʘ ʚʨʘʱʘʶʱʠʡʩʷ ʜʠʩʢ. 

ʇʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʤʫʣʴʩʠʠ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ. 

ʂʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʚʳʛʨʫʞʘʝʪʩʷ ʯʝʨʝʟ ʦʢʥʘ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʛʨʝʛʘʪ ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡ-

ʩʪʚʠʷ. ɺ ʥʝʤ ʠʟʤʝʥʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʝʨʝʨʘʙʦʪʢʠ ʣʝʛʢʦ ʨʝʛʫʣʠʨʫʝʪʩʷ ʢʘʯʝ-

ʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʵʤʫʣʴʩʠʠ. 
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ʇʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʞʠʜʢʦʩʪʝʡ, ʩʦʜʝʨʞʘʱʠʭ ʘʙʨʘʟʠʚʥʫʶ 

ʪʚʝʨʜʫʶ ʬʘʟʫ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʙʳʩʪʨʦʛʦ ʠʟʥʦʩʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʧʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠʭ ʥʝʜʦʩʪʘʪʢʠ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʫʩʪʨʦʡʩʪʚʘ [1, 2]. 
ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ ʚʠʜ 

ʩʚʝʨʭʫ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘ 

ʨʠʩ. 3 ʧʦʢʘʟʘʥ ʚʠʜ ʩʙʦʢʫ ʫʩʪʨʦʡʩʪʚʘ.  



153 

 

 
ʈʠʩ. 1. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ  

 
ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʦʜʝʨʞʠʪ ʫʩʪʨʦʡʩʪʚʘ ʟʘʛʨʫʟʢʠ 1 ʠ ʚʳʛʨʫʟʢʠ 2, ʢʦʨʧʫʩ 3, ʚʦ ʚʥʫʪʨʝʥʥʝʤ 

ʦʙʲʝʤʝ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʠʚʦʜʥʦʡ ʚʘʣ 4 ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʥʝʤ ʢʦʥʠʯʝʩʢʦʡ ʥʘʩʘʜʢʦʡ 5, ʧʘʪʨʫʙʦʢ ʚʳʚʦʜʘ 

ʦʩʚʝʪʣʝʥʥʦʡ ʬʘʟʳ 6, ʩʦʦʙʱʘʶʱʠʡʩʷ ʩ ʮʝʥʪʨʦʙʝʞʥʳʤ ʥʘʩʦʩʦʤ 7, ʠ 

ʧʘʪʨʫʙʦʢ ʧʦʜʘʯʠ ʞʠʜʢʦʩʪʠ 8, ʩʦʝʜʠʥʝʥʥʳʡ ʩʦ ʩʤʝʩʠʪʝʣʴʥʦʡ ʢʘʤʝʨʦʡ 9. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʠʯʝʩʢʦʡ ʥʘʩʘʜʢʠ ʚʳʧʦʣʥʝʥʳ ʦʪʚʝʨʩʪʠʷ 10, 

ʨʘʟʤʝʱʝʥʥʳʝ ʢʦʣʴʮʝʚʳʤʠ ʨʷʜʘʤʠ, ʧʨʠʯʝʤ ʨʘʟʤʝʨ ʦʪʚʝʨʩʪʠʡ 

ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ ʥʠʞʥʝʛʦ ʨʷʜʘ ʢ ʚʝʨʭʥʝʤʫ.  

 
ʈʠʩ. 2. ɺʠʜ ʩʚʝʨʭʫ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ  

ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ  

 
ʉʤʝʩʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ ʚʳʧʦʣʥʝʥʘ ʚ ʚʠʜʝ ʧʦʣʦʛʦ ʪʦʨʘ, ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʱʝʥʦ ʢʦʣʴʮʝʚʦʝ ʦʢʥʦ 11 ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ 

ʩʛʫʱʝʥʥʦʡ ʬʘʟʳ.  

ʇʨʠʚʦʜ ʚʘʣʘ ʩ ʢʦʥʠʯʝʩʢʦʡ ʥʘʩʘʜʢʦʡ ʠ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 12. ʇʦʜʣʝʞʘʱʠʝ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʘʥʠʶ ʩʳʧʫʯʠʝ ʤʘʪʝʨʠʘʣʳ ʚʤʝʩʪʝ ʩ ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʡ ʞʠʜʢʦʩʪʴʶ 

ʧʦʜʘʶʪʩʷ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʢʦʨʧʫʩʘ 3 ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʢʦʥʠʯʝʩʢʫʶ 
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ʥʘʩʘʜʢʫ 5. ʇʨʠ ʚʨʘʱʝʥʠʠ ʥʘʩʘʜʢʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʥʘ 

ʦʩʚʝʪʣʝʥʥʫʶ ʬʘʟʫ (ʞʠʜʢʦʩʪʴ ʩ ʤʝʣʢʠʤʠ ʯʘʩʪʠʮʘʤʠ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ 

ʫʛʨʦʟʳ ʜʣʷ ʥʘʩʦʩʘ), ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ 10 ʚ ʥʘʩʘʜʢʝ, ʠ 

ʩʛʫʱʝʥʥʫʶ (ʢʨʫʧʥʳʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʞʠʜʢʦʩʪʠ), ʢʦʪʦʨʘʷ ʧʦʜʥʠʤʘʝʪʩʷ ʧʦ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ 

ʢʦʣʴʮʝʚʦʝ ʦʢʥʦ 11 ʚ ʩʤʝʩʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ 10. 

ʆʩʚʝʪʣʝʥʥʘʷ ʬʘʟʘ ʩʪʝʢʘʝʪ ʚ ʥʠʟ ʢʦʨʧʫʩʘ ʠ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ ʚʳʚʦʜʘ 6 

ʧʦʧʘʜʘʝʪ ʚ ʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ 7, ʛʜʝ ʨʘʟʛʦʥʷʝʪʩʷ ʠ ʯʝʨʝʟ ʧʘʪʨʫʙʦʢ 

ʧʦʜʘʯʠ ʞʠʜʢʦʩʪʠ 8 ʧʦʩʪʫʧʘʝʪ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʚ ʩʤʝʩʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ 10. 

ɿʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʩʤʝʰʝʥʠʝ ʩʦ ʩʛʫʱʝʥʥʦʡ ʬʘʟʦʡ. ɿʘʪʝʤ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʡ ʤʘʪʝʨʠʘʣ ʠʟ ʫʩʪʨʦʡʩʪʚʘ ʚʳʛʨʫʟʢʠ 2 ʧʦʩʪʫʧʘʝʪ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜ. 

 
ʈʠʩ. 3. ɺʠʜ ʩʙʦʢʫ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʛʠʜʨʦʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʩʳʧʫʯʠʭ 

ʤʘʪʝʨʠʘʣʦʚ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʫʩʪʨʦʡʩʪʚʝ ʟʘ ʩʯʝʪ ʨʘʟʜʝʣʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʩʛʫʱʝʥʥʫʶ ʠ ʦʩʚʝʪʣʝʥʥʫʶ ʬʘʟʳ 

ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʨʘʟʛʦʥʷʶʪʩʷ ʧʦʪʦʢʦʤ ʦʩʚʝʪʣʝʥʥʦʡ ʬʘʟʳ ʠ ʥʝ ʧʦʧʘʜʘʶʪ 

ʚ ʮʝʥʪʨʦʙʝʞʥʳʡ ʥʘʩʦʩ, ʪʝʤ ʩʘʤʳʤ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʘʝʪʩʷ ʩʨʦʢ ʩʣʫʞʙʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʦʢʪʘʥʦ-

ʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʥʟʠʥʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʠʟʦʤʝʨʠʟʘʮʠʠ ʧʝʥʪʘʥʘ. ʇʨʠʯʠʥʦʡ ʪʦʤʫ ʚʚʝʜʝʥʠʝ ʥʦʚʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʥʦʨʤ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʙʝʥʟʠʥʦʚ, 

ʥʘ  ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʬʨʘʢʮʠʦʥʥʦʤʫ ʩʦʩʪʘʚʫ, ʘ ʪʘʢʞʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʘʨʦ-

ʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʳʨʴʝʤ ʧʨʦʮʝʩʩʘ ʠʟʦʤʝʨʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʣʝʛʢʠʝ 

ʙʝʥʟʠʥʦʚʳʝ ʬʨʘʢʮʠʠ. ʇʦ ʧʨʠʯʠʥʝ ʠʭ ʥʠʟʢʦʡ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ 
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ʜʘʥʥʫʶ ʬʨʘʢʮʠʶ ʧʦʜʚʝʨʛʘʶʪ ʠʟʦʤʝʨʠʟʘʮʠʠ. ʇʦʚʳʰʝʥʠʝ ʦʢʪʘʥʦʚʦʛʦ 

ʯʠʩʣʘ ʜʦʩʪʠʛʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʠʟʦʧʘʨʘʬʠʥʦʚ. ʅʝ ʤʘʣʦ ʚʘʞʥʫʶ 

ʨʦʣʴ ʠʛʨʘʝʪ ʢʘʪʘʣʠʟʘʪʦʨ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ 

ʠʟʦʤʝʨʠʟʘʮʠʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʠ-

ʜʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʨʠ ʚʳʙʦʨʝ ʪʦʛʦ ʪʠʣʠ ʠʥʦʛʦ ʚʠʜʘ, ʩʪʦʠʪ ʦʙʨʘʱʘʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʝʛʦ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʚʳʙʦʨʘ ʢʘʪʘ-

ʣʠʟʘʪʦʨʘ.  

ɺ ʭʦʜʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʣʷ ʧʨʦʮʝʩʩʘ ʠʟʦʤʝʨʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥ ʥʘʠʙʦʣʝʝ ʵʬ-

ʬʝʢʪʠʚʥʳʡ ʠ ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʟʘʪʦʨ. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʧʦ ʩʚʦʝʡ ʩʫʱʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʪʨʝʭ ʚʠʜʦʚ: ʪʚʝʨʜʳʝ, 

ʞʠʜʢʠʝ ʠ ʛʘʟʦʦʙʨʘʟʥʳʝ, ʪʦ ʝʩʪʴ ʧʨʠʥʠʤʘʪʴ ʦʜʥʦ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ ʘʛʨʝ-

ʛʘʪʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʚʝʨʜʳʝ ʢʘʪʘ-

ʣʠʟʘʪʦʨʳ. ʀʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʤʝʪʘʣʣʦʚ (ʞʝʣʝʟʦ, ʧʣʘʪʠʥʘ) ʠ ʦʢʩʠʜʦʚ 

ʤʝʪʘʣʣʦʚ.  

ɺʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: 

1. ʎʝʦʣʠʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ 

ʀʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʦʨʦʛ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʯʝʤ ʜʨʫʛʠʝ ʚʠʜʳ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʧʦʣʫʯʘʝʤ ʤʘʣʳʝ ʦʢʪʘʥʦʚʳʝ ʯʠʩʣʘʤ (76-

78 ʧʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤʫ ʤʝʪʦʜʫ). ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʪʝʤʧʝ-

ʨʘʪʫʨ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʥʝʚʳʭ ʧʦʜʦʛʨʝʚʘʪʝʣʝʡ ʜʣʷ ʥʘʛʨʝʚʘ 

ʛʘʟʦ-ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ. ʊʘʢʞʝ ʜʘʥʥʳʡ ʚʠʜ ʢʘʪʘʣʠʟʘʪʦʨʘ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʝ 

ʦʪʥʦʰʝʥʠʝ ʚʦʜʦʨʦʜʘ ʢ ʫʛʣʝʚʦʜʦʨʦʜʥʦʤʫ ʩʳʨʴʶ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʙʘʚʣʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ ʧʨʦʮʝʩʩʘ ʢʦʤʧʨʝʩʩʦʨʘ ʜʣʷ ʧʦʜʘʯʠ 

ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ɺʉɻ, ʘ ʪʘʢʞʝ ʩʝʧʘʨʘʪʦʨʘ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ɺʉɻ. ʅʘʣʠʯʠʝ 

ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʚʳʰʘʝʪ ʟʘʪʨʘʪʳ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʮʝʦ-

ʣʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʪʨʘʚ-

ʣʷʶʱʠʤ ʧʨʠʤʝʩʷʤ ʚ ʩʳʨʴʝ. ɽʱʝ ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʚʠʜʘ ʢʘʪʘ-

ʣʠʟʘʪʦʨʘ ʙʫʜʝʪ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʧʦʣʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ. 

2. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʭʣʦʨʠʨʦʚʘʥʥʦʡ ʦʢʠʩʠ ʘʣʶʤʠʥʠʷ 

ɺ ʩʣʝʜʩʪʚʠʠ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪʩʷ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ. 

ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʭʣʦʨʠʨʦʚʘʥʥʦʡ ʦʢʠʩʠ ʘʣʶʤʠʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝ 

ʨʝʥʪʘʙʝʣʴʥʳʤʠ ʧʦ ʧʨʠʯʠʥʝ ʜʚʫʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ: 

1) ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʥʘʰʠʚʘʝʪʩʷ, ʪʝʨʷʷ ʭʣʦʨ. ʏʪʦ ʧʨʠ-

ʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʣʠʯʝ-

ʩʪʚʘ ʭʣʦʨʘ ʚ ʩʳʨʴʝ ʜʦʙʘʚʣʷʶʪ ʭʣʦʨʩʦʜʝʨʞʘʱʠʝ ʜʦʙʘʚʢʠ. 

2) ʆʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʷʜʘʤ 
(ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚʦʜʘ, ʘʟʦʪ, ʩʝʨʘ). 

ʊʘʢʞʝ ʜʘʥʥʳʡ ʚʠʜ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʝ ʨʝʛʝʥʝʨʠʨʫʶʪʩʷ, ʘ ʩʨʦʢ ʩʣʫʞ-

ʙʳ ʩʦʩʪʘʚʣʷʝʪ 3-5 ʣʝʪ.  

3. ʂʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʳʭ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ 
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ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ. ʋʩʪʦʡʯʠʚʳ ʢ 

ʜʝʡʩʪʚʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʷʜʦʚ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʧʦ-

ʩʦʙʥʳ ʢ ʨʝʛʝʥʝʨʘʮʠʠ. ʅʝ ʪʨʝʙʫʶʪ ʚʚʝʜʝʥʠʷ ʭʣʦʨʘ ʧʨʠ ʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʩʫʰʢʝ, ʘ ʪʘʢʞʝ ʧʨʠ ʟʘʱʝʣʘʯʠʚʘʥʠʠ ʋɺ ʛʘʟʦʚ. ʅʦ ʧʨʠ ʵʪʦʤ ʪʘʢ ʞʝ ʢʘʢ ʠ 

ʮʝʦʣʠʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ ʪʨʝʙʫʶʪ ʥʘʣʠʯʠʷ ʢʦʤʧʨʝʩʩʦʨʘ ʜʣʷ ʧʦʜʘʯʠ ɺʉɻ. 

ɼʣʷ ʧʦʜʙʦʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʪʨʠ ʨʘʟʣʠʯʥʳʝ ʤʘʨʢʠ, ʩʦʙʨʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʮʝʩʩʦʚ ʩ 

ʫʯʘʩʪʠʝʤ ʜʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʜʦʩʪʫʧʥʳʭ ʥʘ 

ʨʳʥʢʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʤʘʨʢʠ: ʉʀ-2, ʅʀʇ-3ɸ, ʀʇʂ-

2ʉ. ɼʘʥʥʳʝ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 
ʊʘʙʣʠʮʘ 1. ʇʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ  

ʉʀ-2, ʅʀʇ-3ɸ, ʀʇʂ-2ʉ 

ʇʦʢʘʟʘʪʝʣʠ                                     ʉʀ-2  ʅʀʇ-3ɸ ʀʇʂ-2ʉ 

ʊʝʤʧʝʨʘʪʫʨʘ, 0ʉ 120-180 140-200 100-150 

ʆʙʲʸʤʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʳʨʴʷ, ʯ-1 2,5-3,5 1,5-2 2,0-3,0 

ɼʘʚʣʝʥʠʝ, ʄʇʘ 2,5-2,8 2-4 3,0-4,0 

ʄʦʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ ʚʦʜʦʨʦʜ: ʩʳʨʴʸ (1,5-

2,5):1 

(0,1- 3):1 (0,5-1,5) : 1 

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʩʳʨʴʝ, ʤʛ/ʢʛ (ppm) 2-5 1 ʜʦ 1 

ɸʢʪʠʚʥʦʩʪʴ: 

ʢʦʥʚʝʨʩʠʷ ʩʳʨʴʷ çʟʘ ʧʨʦʭʦʜè, % 

ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʠʟʦʤʝʨʠʟʘʪʘ (ʀʆʏ) 

82-84 84 ʜʦ 84 

ʄʝʞʨʝʛʝʥʝʨʘʮʠʦʥʥʳʡ ʮʠʢʣ  2-3 1-2  2 

 ʉʨʦʢ ʩʣʫʞʙʳ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʣʝʪ 8 4-6 7-8 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʚʳʙʨʘʥ ʢʘʪʘʣʠʟʘʪʦʨ ʬʠʨʤʳ 

çʆʣʢʘʪè ʧʣʘʪʠʥʦʩʦʜʝʨʞʘʱʠʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ ʀʇʂ-2ʉ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʫʣʴʬʘʪʠʨʦʚʘʥʥʫʶ ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʢʩʠʜʦʚ 

ʮʠʨʢʦʥʠʷ ʠ ʘʣʶʤʠʥʠʷ. ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʚ ʛʘʟʦʬʘʟ-

ʥʦʤ ʨʝʞʠʤʝ, ʪʘʢ ʠ ʚ ʞʠʜʢʦʬʘʟʥʦʤ. ʉʧʦʩʦʙʝʥ ʢ ʨʝʛʝʥʝʨʘʮʠʠ, ʦʙʣʘʜʘʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʨʠʤʝʩʷʤ ʚ ʩʳʨʴʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ 
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ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʦʟʤʦʞʥʦ ʩʥʠʟʠʪʴ ʨʘʙʦʯʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʘ ʪʘʢʞʝ ʦʪʢʘʟʘʪʴʩʷ 

ʦʪ ʧʦʜʘʯʠ ʭʣʦʨʘ ʧʨʠ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʫʰʢʝ ʠ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʟʘʱʝʣʘʯʠʚʘ-

ʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʟʫʯʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚʠʜʦʚ ʠ ʤʘʨʦʢ ʢʘʪʘʣʠʟʘ-

ʪʦʨʦʚ ʧʦʟʚʦʣʠʣʠ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʣʫʯʰʠʡ. ʈʝʟʫʣʴʪʘʪʦʤ ʚʳʙʦʨʘ ʜʘʥʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩʪʘʥʝʪ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ, ʫʤʝʥʴʰʝʥʠʝ ʤʝʞ-

ʨʝʛʝʥʝʨʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ, ʦʪʩʫʪʩʪʚʠʝ ʱʝʣʦʯʥʳʭ ʩʪʦʢʦʚ. 
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ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʠ ʝʛʦ ʩʪʨʦʝʥʠʝ. ɺʳʷʚʣʝʥʠʝ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ 
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The purpose of this study is to consider the disc shutter, the scope of applica-

tion and its structure. Identification of shortcomings and ways to solve them by devel-

oping a new type of design of the disc shutter. 
Keywords: disc shutter, cavitation, flow rate of liquid media. 
 

ɼʠʩʢʦʚʳʡ ʟʘʪʚʦʨ ð ʪʠʧ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʘʨʤʘʪʫʨʳ, ʚ ʢʦʪʦʨʦʤ ʟʘ-

ʧʠʨʘʶʱʠʡ ʠʣʠ ʨʝʛʫʣʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʠʤʝʝʪ ʬʦʨʤʫ ʜʠʩʢʘ, ʧʦʚʦʨʘʯʠ-



160 

 

ʚʘʶʱʝʛʦʩʷ ʚʦʢʨʫʛ ʦʩʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʠʣʠ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦʜ ʫʛʣʦʤ 

ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʪʦʢʘ ʨʘʙʦʯʝʡ ʩʨʝʜʳ [1]. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʠʩʢʦʚʳʝ ʟʘʪʚʦʨʳ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʞʠ-

ʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʆʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʟʘʪʚʦʨʦʚ ʧʦʚʦ-

ʨʦʪʥʳʭ ʜʠʩʢʦʚʳʭ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ. ʅʘʧʨʠʤʝʨ, ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʠ ʦʪʦ-

ʧʣʝʥʠʝ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʚʝʥʪʠʣʷʮʠʷ, ʛʘʟʦʩʥʘʙʞʝʥʠʝ ʠ ʪʨʫʙʦʧʨʦʚʦ-

ʜʳ ʧʦʜʘʯʠ ʧʘʨʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ, ʥʘ ʦʙʲʝʢʪʘʭ ʵʥʝʨʛʝʪʠʢʠ, ʚ ʩʠʩʪʝʤʘʭ 

ʧʦʞʘʨʦʪʫʰʝʥʠʷ.  
ɿʘʪʚʦʨʳ ʩʦʩʪʦʷʪ ʠʟ ʢʦʨʧʫʩʘ ʩ ʚʭʦʜʥʳʤ ʠ ʚʳʭʦʜʥʳʤ ʬʣʘʥʮʘʤʠ, 

ʨʘʟʤʝʱʝʥʥʦʛʦ ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ ʩʝʜʣʘ ʩ ʫʧʣʦʪʥʠʪʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, 

ʚʘʣʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʚʪʫʣʦʢ ʚ ʚʳʰʝʫʢʘ-

ʟʘʥʥʳʡ ʢʦʨʧʫʩ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʝʛʦ ʧʨʦʭʦʜʥʦʛʦ ʦʪʚʝʨ-

ʩʪʠʷ ʩʦ ʩʤʝʱʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʢʘʟʘʥʥʦʡ ʦʩʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʚʘʣ 

ʜʠʩʢʘ, ʢʦʪʦʨʳʡ ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʘ ʚʘʣʫ ʦʪ ʧʨʦʚʦʨʦʪʘ ʰʧʦʥʢʘʤʠ, ʫʩʪʘʥʦʚ-

ʣʝʥʥʦʡ ʥʘ ʜʠʩʢ ʣʘʤʝʣʠ, ʚʥʝʰʥʷʷ ʛʨʘʥʴ ʢʦʪʦʨʦʡ ʠʤʝʝʪ ʢʦʥʫʩʥʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ, ʦʩʴ ʢʦʪʦʨʦʡ ʥʘʢʣʦʥʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʩʠʤʤʝʪʨʠʠ ʧʨʦʭʦʜʥʦʛʦ 

ʦʪʚʝʨʩʪʠʷ ʢʦʨʧʫʩʘ, ʧʨʠʞʠʤʥʦʛʦ ʢʦʣʴʮʘ, ʧʨʠʞʠʤʘʶʱʝʛʦ ʣʘʤʝʣʴ ʢ ʜʠʩʢʫ 

ʧʨʠ ʧʦʤʦʱʠ ʚʠʥʪʦʚ, ʩʘʣʴʥʠʢʘ, ʢʨʳʰʢʠ ʩʘʣʴʥʠʢʘ, ʥʠʞʥʝʡ ʢʨʳʰʢʠ, ʩʢʦʙʳ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʢʫ ʢʦʨʧʫʩʘ, ʧʨʠʚʦʜʘ, ʟʘ-

ʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʩʢʦʙʝ, ʚʝʣʠʯʠʥʘ ʚʳʩʪʫʧʘ ʰʧʦʥʦʢ ʠʟ ʰʧʦʥʦʯʥʦʛʦ ʧʘʟʘ 

ʚʘʣʘ, ʠʟʤʝʨʷʝʤʘʷ ʦʪ ʦʩʠ ʚʘʣʘ ʜʦ ʩʘʤʦʡ ʫʜʘʣʝʥʥʦʡ ʛʨʘʥʠ ʰʧʦʥʢʠ, ʤʝʥʴʰʝ 

ʧʦʣʦʚʠʥʳ ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ ʨʘʩʪʦʯʢʠ ʢʦʨʧʫʩʘ ʧʦʜ ʫʩʪʘʥʦʚʢʫ ʧʦʜ-

ʰʠʧʥʠʢʦʚʳʭ ʚʪʫʣʦʢ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʠʭ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʥʠ ʠʤʝʶʪ ʦʙʱʠʡ ʥʝʜʦʩ-

ʪʘʪʦʢ- ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʘʚʠʪʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʘ ʞʠʜ-

ʢʠʭ ʩʨʝʜ. ʇʦʜ ʢʘʚʠʪʘʮʠʝʡ ʚ ʞʠʜʢʦʩʪʠ ʧʦʥʠʤʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʧʦʣʥʝʥ-

ʥʳʭ ʧʘʨʦʤ ʠ ʛʘʟʦʤ ʧʦʣʦʩʪʝʡ ʠʣʠ ʧʫʟʳʨʴʢʦʚ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʧʦʥʠʞʝʥʠʠ 

ʜʘʚʣʝʥʠʷ ʚ ʞʠʜʢʦʩʪʠ ʜʦ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ [2]. ʉʦʦʪʥʦʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʛʘʟʘ ʠ ʧʘʨʘ ʚ ʧʦʣʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ (ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʘ ʠʣʠ ʛʘʟʘ ʚ ʧʦ-

ʣʦʩʪʠ ʠʭ ʥʘʟʳʚʘʶʪ ʧʘʨʦʚʳʤʠ ʠʣʠ ʛʘʟʦʚʳʤʠ [3].  
ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʙʳʣʠ ʚʥʝʩʝʥʳ ʢʦʨʨʝʢʪʠʚʳ ʚ 

ʩʪʨʦʝʥʠʝ ʜʠʩʢʦʚʦʛʦ ʟʘʪʚʦʨʘ. ʅʘ ʙʦʣʴʰʝʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ, 

ʦʪʩʝʢʘʝʤʦʡ ʦʩʴʶ ʚʘʣʘ, ʩʦ ʩʪʦʨʦʥʳ ʚʭʦʜʥʦʛʦ ʬʣʘʥʮʘ, ʨʘʟʤʝʱʝʥʳ ʧʦ ʯʘʩʪʠ 

ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʩʴʶ ʚʘʣʘ, ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʩʪʝʨʞʥʠ, ʟʘ-

ʛʥʫʪʳʝ ʚ ʩʪʦʨʦʥʫ ʚʭʦʜʥʦʛʦ ʬʣʘʥʮʘ, ʘ ʥʘ ʤʝʥʴʰʝʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʠʩʢʘ, ʦʪʩʝʢʘʝʤʦʡ ʦʩʴʶ ʚʘʣʘ, ʩʦ ʩʪʦʨʦʥʳ ʚʳʭʦʜʥʦʛʦ ʬʣʘʥʮʘ, ʫʩʪʘʥʦʚʣʝ-

ʥʳ ʧʦ ʯʘʩʪʠ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʩʴʶ ʚʘʣʘ, ʢʨʠʚʦʣʠʥʝʡʥʳʝ 

ʩʪʝʨʞʥʠ, ʟʘʛʥʫʪʳʝ ʚ ʩʪʦʨʦʥʫ ʚʳʭʦʜʥʦʛʦ ʬʣʘʥʮʘ. 
ʉ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʘʚʠʪʘʮʠʠ ʧʨʠ ʦʪʢʨʳʪʠʠ ʜʠʩʢʦʚʦʛʦ ʟʘ-

ʪʚʦʨʘ (ʢʦʛʜʘ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳ, ʘ ʜʘʚʣʝʥʠʝ ʚ ʞʠʜ-
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ʢʦʩʪʠ ʤʦʞʝʪ ʦʧʫʩʪʠʪʴʩʷ ʜʦ ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫ-

ʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʘʚʠʪʘʮʠʠ) ʥʘ ʙʦʣʴʰʝʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ 8, 

ʦʪʩʝʢʘʝʤʦʡ ʦʩʴʶ ʚʘʣʘ 6, ʩʦ ʩʪʦʨʦʥʳ ʚʭʦʜʥʦʛʦ ʬʣʘʥʮʘ 1, ʨʘʟʤʝʱʝʥʳ ʧʦ 

ʯʘʩʪʠ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʩʴʶ ʚʘʣʘ, ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʩʪʝʨʞ-

ʥʠ 13, ʟʘʛʥʫʪʳʝ ʚ ʩʪʦʨʦʥʫ ʚʭʦʜʥʦʛʦ ʬʣʘʥʮʘ 1.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʜʠʩʢʦʚʦʛʦ ʟʘʪʚʦʨʘ 

 

ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʜʠʩʢʦʚʦʛʦ ʟʘʪʚʦʨʘ.  
ɺʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩʦ ʩʪʝʨʞʥʷʤʠ 13 ʧʦʪʦʢ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʪʨʫʠ, ʧʨʠ 

ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʩʠʧʘʮʠʷ ʵʥʝʨʛʠʠ ʧʦʪʦʢʘ ʠ ʩʥʠʞʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʜʘʚ-

ʣʝʥʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʢʘʚʠʪʘʮʠʠ. ɿʘʛʠʙ ʢʨʠʚʦʣʠʥʝʡ-

ʥʳʭ ʩʪʝʨʞʥʝʡ 13 ʚ ʩʪʦʨʦʥʫ ʚʭʦʜʥʦʛʦ ʬʣʘʥʮʘ 1 ʧʦʟʚʦʣʷʝʪ ʜʠʩʢʫ 8 ʧʦʚʦʨʘ-

ʯʠʚʘʪʴʩʷ ʤʝʞʜʫ ʟʘʢʨʳʪʳʤ ʠ ʦʪʢʨʳʪʳʤ ʧʦʣʦʞʝʥʠʷʤʠ ʜʠʩʢʦʚʦʛʦ ʟʘʪʚʦʨʘ, 

ʥʝ ʟʘʜʝʚʘʷ ʟʘ ʩʝʜʣʦ 4 ʠ ʜʨʫʛʠʝ ʚʥʫʪʨʝʥʥʠʝ ʵʣʝʤʝʥʪʳ ʜʠʩʢʦʚʦʛʦ ʟʘʪʚʦʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʨʠʚʦʣʠʥʝʡʥʘʷ ʬʦʨʤʘ ʩʪʝʨʞʥʝʡ 13 ʠ 14 ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʜʝʣʷʪʴ ʧʦʪʦʢ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʪʨʫʠ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ 

ʧʨʦʮʝʩʩʘ ʧʦʚʦʨʦʪʘ ʜʠʩʢʘ 8 ʧʨʠ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ʛʠʜʨʘʚʣʠʯʝ-

ʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʦʪʢʨʳʪʦʤ ʧʦʣʦʞʝʥʠʠ. ɼʣʷ ʵʪʠʭ ʞʝ ʮʝʣʝʡ ʥʘ 

ʤʝʥʴʰʝʡ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʢʘ 8, ʦʪʩʝʢʘʝʤʦʡ ʦʩʴʶ ʚʘʣʘ 6, ʩʦ ʩʪʦ-

ʨʦʥʳ ʚʳʭʦʜʥʦʛʦ ʬʣʘʥʮʘ 2, ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʯʘʩʪʠ ʜʫʛʠ ʦʢʨʫʞʥʦʩʪʠ, ʦʛʨʘ-

ʥʠʯʝʥʥʦʡ ʦʩʴʶ ʚʘʣʘ, ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʩʪʝʨʞʥʠ 14, ʟʘʛʥʫʪʳʝ ʚ ʩʪʦʨʦʥʫ ʚʳ-

ʭʦʜʥʦʛʦ ʬʣʘʥʮʘ 2 ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʢʨʠʚʦʣʠʥʝʡʥʳʤ ʩʪʝʨʞ-

ʥʷʤ 13). ʈʘʩʧʦʣʦʞʝʥʠʝ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʩʪʝʨʞʥʝʡ 13 ʠ 14 ʥʘ ʦʙʝʠʭ ʩʪʦʨʦ-

ʥʘʭ ʜʠʩʢʘ 8 ʧʦ ʯʘʩʪʷʤ ʜʫʛ ʦʢʨʫʞʥʦʩʪʝʡ, ʧʦʣʫʯʘʝʤʳʭ ʨʘʟʜʝʣʝʥʠʝʤ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʦʤ 6, ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦ 

ʦʙʨʘʟʦʚʘʥʥʦʤʫ ʧʨʦʭʦʜʥʦʤʫ ʩʝʯʝʥʠʶ ʧʨʠ ʦʪʢʨʳʪʳʭ ʧʦʣʦʞʝʥʠʷʭ ʜʠʩʢʦʚʦ-
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ʛʦ ʟʘʪʚʦʨʘ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʘʚʠʪʘʮʠʠ ʚʦ 

ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ ʜʠʩʢʘ 8 [4]. 
ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʙʣʘʛʦʜʘʨʷ ʜʘʥʥʳʤ ʢʦʨʨʝʢʪʠʨʦʚʢʘʤ ʚ ʩʪʨʦʝʥʠʠ ʜʠʩ-

ʢʦʚʦʛʦ ʟʘʪʚʦʨʘ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʘʚʠʪʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʩ-

ʭʦʜʘ ʞʠʜʢʠʭ ʩʨʝʜ ʙʫʜʝʪ ʫʩʪʨʘʥʝʥʦ. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʝ ʚʨʝʤʷ ʥʝʬʪʝʛʘʟʦʚʘʷ ʦʪʨʘʩʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 

ʢʦʤʧʣʝʢʩʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʤʥʦʞʝʩʪʚʘ ʤʦʱʥʝʡʰʠʭ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʫʩʪʘʥʦʚʦʢ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ɻ-43-107 ʜʠʩʣʦʮʠʨʫʶʱʘʷʩʷ ʥʘ ʄʦʩʢʦʚʩʢʦʤ 

ʅʇɿ. 
ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʨʦʮʝʩʩʘ - ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʙʦʯʘʷ 

ʵʣʘʩʪʠʯʥʦʩʪʴ: ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʥʝʬʪʷʥʳʝ 

ʬʨʘʢʮʠʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʳʩʦʢʦʦʢʪʘʥʦʚʦʛʦ ʪʦʧʣʠʚʘ ʠ ʛʘʟʘ, ʙʦʛʘʪʦʛʦ 

ʧʨʦʧʠʣʝʥʦʤ, ʠʟʦʙʫʪʘʥʦʤ ʠ ʙʫʪʝʥʘʤʠ; ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʣʝʛʢʦʩʪʴ 
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ʩʦʚʤʝʱʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʢ ʧʨʠʤʝʨʫ, ʩ ʘʣʢʠʣʠʨʦʚʘʥʠʝʤ, 

ʛʠʜʨʦʢʨʝʢʠʥʛʦʤ, ʛʠʜʨʦʦʯʠʩʪʢʦʡ ʠ ʪ. ʜ. 
ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʢʦʣʦʥʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 ʦʙʦʟʥʘʯʝʥʘ ʧʦʜ ʥʦʤʝʨʦʤ 7. 

ʕʪʦ ʢʦʣʦʥʥʘ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʧʘʥ-ʙʫʪʘʥʦʚʦʡ ʬʨʘʢʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʩ 

ʢʦʣʦʥʥʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʙʝʥʟʠʥʘ, ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʦʧʘʥ-ʧʨʦʧʠʣʝʥʦʚʫʶ 

ʬʨʘʢʮʠʶ (ʇʇʌ) ʠ ʙʫʪʘʥ-ʙʫʪʠʣʝʥʦʚʫʶ ʬʨʘʢʮʠʶ (ɹɹʌ). ʊʘʢ ʢʘʢ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʢʦʣʦʥʥʘ ʩʪʦʠʪ ʚ ʢʦʥʮʝ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʦʯʥʝʝ ʵʪʦ 

ʧʦʩʣʝʜʥʷʷ ʩʪʘʜʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʩʳʨʴʝ 

ʧʦʩʪʫʧʘʶʱʝʝ ʚ ʥʝʝ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʥʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʭ ʧʨʠʤʝʩʝʡ, ʪʦ ʜʘʥʥʫʶ ʢʦʣʦʥʥʫ 

ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʠʟ ʤʝʥʝʝ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ.  

 

 
 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ɻ-43-107 
 

ʅʘʧʨʠʤʝʨ, ʚʤʝʩʪʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʪʨʘʧʝʮʠʝʚʠʜʥʦ-

ʢʣʘʧʘʥʥʳʭ ʪʘʨʝʣʦʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʥʝʝ ʜʦʨʦʛʠʝ ʢʦʥʪʘʢʪʠʨʫʶʱʠʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʘʨʝʣʦʢ. ʉʠʪʯʘʪʳʝ ʪʘʨʝʣʢʠ 

ʥʘʤʥʦʛʦ ʜʝʰʝʚʣʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʧʝʮʠʝʚʠʜʥʦ-ʢʣʘʧʘʥʥʳʭ ʪʘʨʝʣʦʢ. 

ʇʨʦʚʝʜʷ ʨʘʩʯʝʪʳ ʚ ʧʨʦʛʨʘʤʤʝ AspenHYSYS ʷ ʧʦʩʪʘʚʠʣ, ʚʤʝʩʪʦ 

ʩʫʱʝʩʪʚʫʶʱʠʭ 60 ʪʨʘʧʝʮʠʝʚʠʜʥʦ-ʢʣʘʧʘʥʥʳʭ ʪʘʨʝʣʦʢ, 30 ʰʪʫʢ ʩʠʪʯʘʪʳʭ 

ʪʘʨʝʣʦʢ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʨʠʩʫʥʢʠ ʫʧʨʦʱʝʥʥʦʡ ʩʭʝʤʳ ʢʦʣʦʥʥʳ, ʩʦʩʪʘʚʘ 

ʠ ʩʚʦʡʩʪʚʘ ʩʳʨʴʷ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ: 
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ʈʠʩ. 2. ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʢʦʣʦʥʥʳ 
 

ʊʘʙʣʠʮʘ 1. ʉʚʦʡʩʪʚʘ ʩʳʨʴʷ 

ʊʝʤʧʝʨʘʪʫʨʘ,  73,1 

ɼʘʚʣʝʥʠʝ, ʄʇʘ 1935 
ʈʘʩʭʦʜ, ʢʛ/ʯ 43600 

 

 
 

ʈʠʩ. 3. ʂʘʯʝʩʪʚʦ ʇʇʌ 

 

 

 
ʈʠʩ. 4. ʂʘʯʝʩʪʚʦ ɹɹʌ 
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ʇʦʩʣʝ ʟʘʤʝʥʳ: 

 

 
 

ʈʠʩ. 5. ʅʦʚʦʝ ʢʘʯʝʩʪʚʦ ʇʇʌ 

 

 
 

ʈʠʩ. 6. ʅʦʚʦʝ ʢʘʯʝʩʪʚʦ ɹɹʌ 
ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʚʳʭ ʪʘʨʝʣʦʢ ʠ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʢʦʣʦʥʥʳ: 

 

 
 

ʈʠʩ. 7. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘʨʝʣʦʢ 



167 

 

ɺ ʢʦʥʮʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʫʶ ʢʦʣʦʥʥʫ ʤʦʞʥʦ 

ʫʜʝʰʝʚʠʪʴ, ʟʘʤʝʥʠʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʨʘʧʝʮʠʝʚʠʜʥʦ-ʢʣʘʧʘʥʥʳʝ ʪʘʨʝʣʢʠ ʥʘ 

ʥʦʚʳʝ ʩʠʪʯʘʪʳʝ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʠʚ ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʪʘʨʝʣʦʢ, ʥʝ ʪʝʨʷʷ ʧʨʠ 

ʵʪʦʤ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʦʚ. ʅʦʚʘʷ ʢʦʣʦʥʥʘ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʧʨʦʧʘʥ-

ʙʫʪʘʥʦʚʦʡ ʬʨʘʢʮʠʠ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ɻ-43-107 ʙʫʜʝʪ ʣʝʛʯʝ, ʤʝʥʴʰʝ ʠ 

ʜʝʰʝʚʣʝ ʩʫʱʝʩʪʚʫʶʱʝʡ. 
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ʋɼʂ 621.926.3 

ʀɿʄɽʃʔʏʀʊɽʃʔ ʉʓʇʋʏʀʍ ʉʈɽɼ 

 

ɸ.ʀ. ʀʚʘʥʦʚ, ɸ.ɽ. ʃʝʙʝʜʝʚ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɸ.ɽ. ʃʝʙʝʜʝʚ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
 

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʇʨʝʜʣʘʛʘʝʤʳʡ ʠʟʤʝʣʴʯʠʪʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʤʝʣʴʯʠʪʝʣʴ, ʰʘʨʦʚʘʷ ʤʝʣʴʥʠʮʘ, ʢʦʥʠʯʝʩʢʠʝ ʙʘʨʘʙʘʥʳ, 

ʧʝʨʝʛʨʫʟʦʯʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 
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ʀʟʤʝʣʴʯʝʥʠʝ ʩʳʧʫʯʠʭ ʩʨʝʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʭʠʤʠʯʝʩʢʦʡ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʜʣʷ 

ʵʪʠʭ ʮʝʣʝʡ ʧʨʠʤʝʥʷʶʪʩʷ ʰʘʨʦʚʳʝ ʤʝʣʴʥʠʮʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. 
ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʤʝʣʴʥʠʮ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ 

ʥʝʜʦʩʪʘʪʢʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪ: ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʝʚʳʩʦʢʘʷ 

ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʙʳʩʪʨʳʡ ʠʟʥʦʩ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ 

ʤʝʣʶʱʠʭ ʪʝʣ (ʰʘʨʦʚ). 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʤʝʣʴʥʠʮ, ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟʤʝʣʴʯʠʪʝʣʷ 

ʩʧʠʨʘʣʴʥʦʛʦ ʪʠʧʘ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1 ʠ ʨʠʩ.2. 
ʀʟʤʝʣʴʯʠʪʝʣʴ ʩʦʜʝʨʞʠʪ ʫʩʪʨʦʡʩʪʚʘ ʟʘʛʨʫʟʢʠ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ 1 ʠ ʚʳʛʨʫʟʢʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 2, ʧʨʠʚʦʜʥʳʝ 

ʢʦʥʠʯʝʩʢʠʝ ʙʘʨʘʙʘʥʳ 3 ʠ 4, ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʢʦʪʦʨʳʭ 
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ʨʘʟʤʝʱʝʥʳ ʩʧʠʨʘʣʴʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʚ ʚʠʜʝ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʧʦʣʳʭ 

ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʧʝʨʝʩʳʧʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʙʘʨʘʙʘʥʘ ʚ ʙʘʨʘʙʘʥ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʧʝʨʝʛʨʫʟʦʯʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 5 ʠ 6, ʩʦʝʜʠʥʷʶʱʝʝ 

ʪʦʨʮʝʚʳʝ ʯʘʩʪʠ ʙʘʨʘʙʘʥʦʚ. ʂ ʪʦʨʮʘʤ ʙʘʨʘʙʘʥʦʚ ʪʘʢʞʝ ʧʨʠʩʦʝʜʠʥʝʥʳ 

ʢʦʥʠʯʝʩʢʠʝ ʢʘʤʝʨʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʩʧʠʨʘʣʴʥʳʭ ʥʘʧʨʘʚʣʷʶʱʠʭ ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʤʝʶʱʠʝ ʬʦʨʤʫ ʜʠʬʬʫʟʦʨʦʚ 7 ʠ ʢʦʥʬʫʟʦʨʦʚ 8. 

ɼʣʷ ʚʳʛʨʫʟʢʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʙʘʨʘʙʘʥʘʭ ʚʳʧʦʣʥʝʥʳ 

ʦʪʚʝʨʩʪʠʷ 9. ʇʨʠʚʦʜ ʙʘʨʘʙʘʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 10. 

ʄʝʣʶʱʠʝ ʪʝʣʘ ʧʦʜʘʶʪʩʷ ʚ ʙʘʨʘʙʘʥ ʠʟ ʙʫʥʢʝʨʘ 11. 
 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʠʟʤʝʣʴʯʠʪʝʣ ̫

 

ʀʟʤʝʣʴʯʠʪʝʣʴ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 
ʇʦʜʣʝʞʘʱʠʡ ʠʟʤʝʣʴʯʝʥʠʶ ʤʘʪʝʨʠʘʣ ʠʟ ʫʩʪʨʦʡʩʪʚʘ ʟʘʛʨʫʟʢʠ 1 

ʧʦʩʪʫʧʘʝʪ ʚʤʝʩʪʝ ʩ ʤʝʣʶʱʠʤʠ ʪʝʣʘʤʠ ʠʟ ʙʫʥʢʝʨʘ 11 ʚʦ ʚʥʫʪʨʝʥʥʠʡ 

ʦʙʲʝʤ ʢʦʥʠʯʝʩʢʦʡ ʢʘʤʝʨʳ 7 ʚʨʘʱʘʶʱʝʛʦʩʷ ʙʘʨʘʙʘʥʘ 3 ʠ ʜʚʠʞʝʪʩʷ ʧʦ 

ʩʧʠʨʘʣʴʥʳʤ ʥʘʧʨʘʚʣʷʶʱʠʤ. ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʜʚʠʞʝʥʠʠ ʯʘʩʪʠʮ 

ʤʘʪʝʨʠʘʣʘ ʠ ʤʝʣʶʱʠʭ ʪʝʣ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʣʴʯʝʥʠʝ. ʇʨʦʜʫʢʪʳ ʧʦʤʦʣʘ 

ʧʨʦʭʦʜʷ ʩʢʚʦʟʴ ʦʪʚʝʨʩʪʠʷ 9, ʧʦʧʘʜʘʶʪ ʚ ʫʩʪʨʦʡʩʪʚʦ ʚʳʛʨʫʟʢʠ 2. ʇʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʤʝʣʶʱʠʤʠ ʪʝʣʘʤʠ ʠ ʥʝʠʟʤʝʣʴʯʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʚʩʝʛʦ 

ʙʘʨʘʙʘʥʘ ʦʥʠ ʧʦʧʘʜʘʶʪ ʚ ʢʦʥʠʯʝʩʢʫʶ ʢʘʤʝʨʫ 8, ʘ ʠʟ ʥʝʝ ʯʝʨʝʟ 

ʧʝʨʝʛʨʫʟʦʯʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ 5 ʚ ʙʘʨʘʙʘʥ 4, ʛʜʝ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. 

ʇʝʨʝʛʨʫʟʢʘ ʤʘʪʝʨʠʘʣʘ ʠʟ ʙʘʨʘʙʘʥʘ 4 ʚ ʙʘʨʘʙʘʥ 3 ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ 

ʧʝʨʝʛʨʫʟʦʯʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ 6. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦ ʜʦ ʧʦʣʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʠʟʤʝʣʴʯʠʪʝʣʷ. ɺʠʜ ɹ 

 

ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʢ ʪʦʨʮʘʤ ʙʘʨʘʙʘʥʦʚ ʧʨʠʩʦʝʜʠʥʝʥʳ ʢʦʥʠʯʝʩʢʠʝ 

ʢʘʤʝʨʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʜʠʬʬʫʟʦʨʦʚ ʠ ʢʦʥʬʫʟʦʨʦʚ, ʚʦʟʥʠʢʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʠʭ ʙʘʨʘʙʘʥʦʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʘ ʧʝʨʝʛʨʫʟʢʘ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʙʘʨʘʙʘʥʘ ʚ ʙʘʨʘʙʘʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʥʘʢʣʦʥʥʳʭ ʧʝʨʝʛʨʫʟʦʯʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ (ʣʦʪʢʦʚ), ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ 

ʢʦʥʩʪʨʫʢʮʠʶ. 

ɺʳʧʦʣʥʝʥʠʝ ʙʘʨʘʙʘʥʦʚ ʢʦʥʠʯʝʩʢʠʤʠ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʧʝʨʝʤʝʥʥʦʝ, ʠʟʤʝʥʷʶʱʫʶʩʷ ʧʦ ʜʣʠʥʝ ʙʘʨʘʙʘʥʘ, ʩʠʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʯʘʩʪʠʮʳ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ɸʅɸʃʀɿ ʅɸʇʈʗɾɽʅʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ʉɽɼʃʆɺʓʍ 

ʆʇʆʈ ɻʆʈʀɿʆʅʊɸʃʔʅʓʍ ʉʆʉʋɼʆɺ ʉ ʎɽʃʔʖ  

ʆʇʊʀʄʀɿɸʎʀʀ ɻɽʆʄɽʊʈʀʀ ʆʇʆʈʓ 

 

ɸ.ʄ. ʀʚʘʥʦʚ, ʗ.ʉ. ʂʦʢʦʨʠʥʘ, ɼ.ʉ. ɼʦʣʛʠʥ, ʖ.ɸ. ɺʝʪʢʠʥ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɼ.ʉ. ɼʦʣʛʠʥ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

 
ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʉʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʝ ʩʝʜʣʦʚʳʝ ʦʧʦʨʳ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʫʶ ʤʝʪʘʣʣʦʸʤ-

ʢʦʩʪʴ, ʧʨʠ ʵʪʦʤ ʚʳʜʝʨʞʠʚʘʶʪ ʥʘʛʨʫʟʢʫ ʩ ʙʦʣʴʰʠʤ ʟʘʧʘʩʦʤ. ʄʝʪʘʣʣʦʸʤʢʦʩʪʴ ï 

ʦʯʝʥʴ ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʣʶʙʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʟʘʥʠʤʘʶʱʝʛʦʩʷ ʠʟʛʦʪʦʚʣʝʥʠ-

ʝʤ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʦʚ ʥʘ ʠʟʛʦʪʦʚʣʝ-

ʥʠʝ. ʇʦʵʪʦʤʫ ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʦʧʦʨʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʜʣʦʚʘʷ ʦʧʦʨʘ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʦʩʝʚʘʷ ʥʘ-

ʛʨʫʟʢʘ, ʧʨʦʜʦʣʴʥʘʷ ʥʘʛʨʫʟʢʘ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ, ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ 
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Standardized saddle supports have increased metal consumption, while with-

standing the load with a large margin. Metal consumption is a very important parame-

ter for any production engaged in the manufacture of petrochemical equipment, in or-

der to reduce manufacturing costs. Therefore, optimizing the geometry of the support is 

an urgent task. 
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ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʦʩʫʜʦʚ ʠ ʘʧʧʘʨʘʪʦʚ ʚ ʭʠʤʠʯʝʩʢʦʡ 

ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʝʜʣʦʚʳʝ ʦʧʦʨʳ. 
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ʆʧʦʨʳ ʵʪʦʛʦ ʪʠʧʘ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʳ, ʘ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʨʘʟʤʝʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʆʉʊ 26-2091-93 [1]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʩʪʘʥʜʘʨʪʦʤ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʦ-

ʨʳ ʜʝʣʷʪʩʷ ʥʘ ʪʨʠ ʪʠʧʘ. ʂʘʞʜʳʡ ʪʠʧ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʦʧʦʨʳ ʧʦʜʚʠʞʥʳʝ 

ʠ ʥʝʧʦʜʚʠʞʥʳʝ (ʨʠʩ. 1-2), ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʥʳʝ ʜʠʘʤʝʪʨʳ ʠ ʥʘʛʨʫʟʢʫ. 

 

ʈʠʩ. 1. ʆʧʦʨʘ ʥʝʧʦʜʚʠʞʥʘʷ: 

1 ï ʣʠʩʪ ʦʧʦʨʥʳʡ; 2 ï ʧʣʠʪʘ ʦʧʦʨʥʘʷ; 4 ï ʨʝʙʨʦ;  

5 ï ʚʪʫʣʢʘ ʨʝʟʴʙʦʚʘʷ; 6 ï ʰʘʡʙʘ 

 

 

ʈʠʩ. 2 ʆʧʦʨʘ ʧʦʜʚʠʞʥʘʷ: 

1 ï ʣʠʩʪ ʦʧʦʨʥʳʡ; 2 ï ʧʣʠʪʘ ʦʧʦʨʥʘʷ; 3 ï ʣʠʩʪ ʧʦʜʢʣʘʜʥʦʡ; 4 ï ʨʝʙʨʦ;  

5 ï ʚʪʫʣʢʘ ʨʝʟʴʙʦʚʘʷ; 6 ï ʰʘʡʙʘ; 7 ï ʙʦʣʪ 
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ʆʜʥʘʢʦ ʚ ʫʢʘʟʘʥʥʦʤ ʚʳʰʝ ʩʪʘʥʜʘʨʪʝ ʟʘʣʦʞʝʥʳ ʙʦʣʴʰʠʝ ʟʘʧʘʩʳ ʧʦ 

ʧʨʦʯʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʦʧʪʠʤʠʟʘʮʠʷ ʛʝʦʤʝʪʨʠʠ ʦʧʦʨʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. 

ʆʧʪʠʤʠʟʘʮʠʶ ʧʨʦʚʝʜʝʤ ʥʘ ʧʨʠʤʝʨʝ ʩʪʘʥʜʘʨʪʥʦʡ ʦʧʦʨʳ: ʆʧʦʨʘ 

125-514-II  ʆʉʊ 26-2091-93, ʛʜʝ 125 ʢʅ ʵʪʦ ʥʘʛʨʫʟʢʘ, ʚʦʩʧʨʠʥʠʤʘʝʤʘʷ 

ʦʧʦʨʦʡ; 514 ʤʤ ʵʪʦ ʨʘʜʠʫʩ R, ʘ II ï ʵʪʦ ʛʨʫʧʧʘ ʤʘʪʝʨʠʘʣʘ (09ɻ2ʉ). ʇʦ-

ʩʪʨʦʠʤ ʝʸ 3D ʤʦʜʝʣʴ ʚ ʧʨʦʛʨʘʤʤʝ AutodeskInventor (ʨʠʩ. 3). 

ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʫʤʝʥʴʰʝʥʠʷ ʤʝʪʘʣʣʦʸʤʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ çɻʝʥʝʨʘʪʦʨ ʬʦʨʤè. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʟʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʩʦʭʨʘʥʷʝʤʳʝ ʦʙʣʘʩʪʠ, ʪʝ ʵʣʝʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʚʠʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ï ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʧʣʠʪʘ 

ʦʧʦʨʥʘʷ ʠ ʣʠʩʪ ʦʧʦʨʥʳʡ. ɼʘʣʝʝ ʟʘʜʘʝʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʜʣʷ ʥʠʞʥʝʡ 

ʧʣʦʩʢʦʩʪʠ ʦʧʦʨʥʦʡ ʧʣʠʪʳ ï ʟʘʱʝʤʣʝʥʠʝ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʥʝʦʙʭʦʜʠ-

ʤʦ ʟʘʜʘʪʴ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʦʧʦʨʫ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [2] ʜʣʷ ʘʧ-

ʧʘʨʘʪʘ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʜʚʫʭ ʦʧʦʨʘʭ, ʦʜʥʫ ʦʧʦʨʫ ʥʝʦʙʭʦʜʠʤʦ ʥʘʛʨʫʟʠʪʴ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʠʣʦʡ ὖ1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʩʘ ʦʙʦʨʫʜʦʚʘʥʠὋ̫άὥὼ =
125̋ ʠ̊ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʠʣʦʡ ʪʨʝʥʠʷ ὖ2: 

 

ὖ1 = 0,5 Ὃάὥὼ; ὖ2 = 0,15 Ὃάὥὼ. 
 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʘ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʦʧʦʨʳ ὖ1 = 125 ̋ ,̊ ʘ 

ὖ2 = 0,15 125 = 18,75 ̋ .̊ ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʠʥʩʪ-

ʨʫʤʝʥʪʘ çʛʝʥʝʨʘʪʦʨ ʬʦʨʤè ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ, 

ʢʦʪʦʨʳʡ ʤʳ ʧʨʠʥʠʤʘʝʤ 30%. ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʘʝʤ ʦʧ-

ʪʠʤʠʟʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫ, ʩ ʫʤʝʥʴʰʝʥʥʦʡ ʤʘʩʩʦʡ ʥʘ 30 % (ʨʠʩ. 4). 

 

  

ʈʠʩ. 3. ʄʦʜʝʣʴ ʜʦ ʛʝʥʝʨʘʮʠʠ ʈʠʩ. 4. ʄʦʜʝʣʴ ʧʦʩʣʝ ʛʝʥʝʨʘʮʠʠ 

 

ɼʣʷ ʧʦʣʫʯʠʚʰʝʡʩʷ ʛʝʦʤʝʪʨʠʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʦʧʦʨʳ ʥʝʦʙʭʦ-

ʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 
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ʵʣʝʤʝʥʪʦʚ, ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʥʘʛʨʫ-

ʞʝʥʥʳʝ. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5. 

 

 

ʈʠʩ. 5. ʂʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 

 

ʀʩʭʦʜʷ ʠʟ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʤʘʢ-

ʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʪʘʢʦʡ ʬʦʨʤʳ ʦʧʦʨʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʤʝʩʪʝ 

ʩʦʝʜʠʥʝʥʠʷ ʣʠʩʪʘ ʦʧʦʨʥʦʛʦ ʠ ʨʝʙʨʘ, ʢʦʪʦʨʦʝ ʯʠʩʣʝʥʥʦ ʨʘʚʥʦ 169 ʄʇʘ. 

ɼʦʧʫʩʢʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʩʪʘʣʠ 09ɻ2ʉ ʩʦʩʪʘʚʣʷʝʪ 196 ʄʇʘ, ʯʪʦ 

ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʜʝʣʘ-

ʝʤ ʚʳʚʦʜ ʦ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʥʘʤʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʩʝʜʣʦʚʦʡ ʦʧʦʨʳ ʩ ʫʤʝʥʴʰʝʥʥʦʡ ʤʝʪʘʣʣʦʸʤʢʦʩʪʴʶ ʥʘ 30%. 
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ʋɼʂ 62.347 

ɺʓɹʆʈ ʆʇʊʀʄɸʃʔʅʆʁ ʂʆʅʉʊʈʋʂʎʀʀ ʆʇʀʈɸʅʀʗ 

ʇʈʀɺʆɼɸ ʅɸ ʂʈʓʐʂʋ ɸʇʇɸʈɸʊɸ ʉ ʈɽɹʈɸʄʀ  

ɾɽʉʊʂʆʉʊʀ ʀ ʂʆʃʔʎʆʄ ɾɽʉʊʂʆʉʊʀ 

 

ʀ.ɸ. ʀʚʘʥʦʚ, ʀ.ʇ. ʂʦʨʦʣʝʚ, ɼ.ʉ. ɼʦʣʛʠʥ, ʖ.ɸ. ɺʝʪʢʠʥ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɼ.ʉ. ɼʦʣʛʠʥ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

 
ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʩʧʝʥʟʠʡ, ʵʤʫʣʴʩʠʡ, ʘ ʪʘʢʞʝ ʩʤʝʩʝʡ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ, 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʦʮʝʩʩ ʩʤʝʰʝʥʠʷ. ʊʘʢʞʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʭʠʤʠʯʝ-

ʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʜʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʤʘʩʩʦʦʙʤʝʥʘ ʠ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʥʩʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʥʦʛʠʭ ʥʝ-

ʧʨʝʨʳʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʤʝʰʝʥʠʝ, ʩʫʩʧʝʥʟʠʷ, ʫʢʨʝʧʣʝʥʠʝ ʦʪʚʝʨʩʪʠʷ, ʧʝʨʝʤʝʰʠ-

ʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʨʝʙʨʦ ʞʝʩʪʢʦʩʪʠ 

 
SELECTION OF THE OPTIMAL DESIGN OF THE DRIVE 

SUPPORT ON THE COVER OF THE DEVICE  

WITH STIFFENERS AND A STIFFENING RING  

 

I.A. Ivanov, I.P. Korolev, D.S. Dolgin, Yu.A. Vetkin 

 

Scientific Supervisor ï D.S. Dolgin, Senior Lecturer 

 
Yaroslavl State Technical University 

 
For the production of suspensions, emulsions, as well as mixtures of solids, a 

mixing process is used. This process is also used in chemical industries to activate the 

processes of mass transfer and heat exchange. In addition, intensive mixing is required 

for many continuous chemical processes. 

Keywords: mixing, suspension, hole reinforcement, mixing device, stiffening rib 

 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʤʝʰʠʚʘʝʤʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ. ʍʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ - ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʤʦ-

ʛʫʪ ʧʨʦʪʝʢʘʪʴ ʢʘʢ ʨʘʟʜʝʣʴʥʦ, ʪʘʢ ʠ ʩʦʚʤʝʩʪʥʦ, ʘ ʪʘʢʞʝ ʩʦʚʧʘʜʘʪʴ ʧʦ ʚʨʝʤʝ-

ʥʠ ʠ ʧʦ ʤʝʩʪʫ ʧʨʦʚʝʜʝʥʠʷ. ɼʣʷ ʨʘʟʜʝʣʴʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝ-
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ʰʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʤʝʩʠʪʝʣʠ[1], ʘ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ - ʨʝʘʢʮʠʦʥʥʳʝ ʘʧʧʘʨʘʪʳ, ʦʩ-

ʥʘʱʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʰʠʚʘʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ [2]. 

ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʚʦ ʚʨʘʱʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʤʝʰʠʚʘʶʱʠʭ ʫʩʪ-

ʨʦʡʩʪʚ ʚ ʭʠʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ ʩʣʫʞʘʪ ʧʨʠʚʦʜʳ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʜʚʠʞʫ-

ʱʝʡ ʩʠʣʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʩʪʘʣʠ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴʩʷ ʛʠʜʨʦʧʨʠʚʦʜʳ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʜʚʠʞʫʱʝʡ 

ʩʠʣʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʞʠʜʢʦʩʪʴ (ʤʘʩʣʦ).  

 

   

 
 

ʈʠʩ. 1. ʊʠʧʳ ʧʨʠʚʦʜʦʚ: 

1ï ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ; 2 ï ʩʪʦʡʢʘ; 3 ï ʤʫʬʪʘ; 4 ï ʫʧʣʦʪʥʝʥʠʝ;  

5 ï ʦʧʦʨʘ ʚʘʣʘ ʢʦʥʮʝʚʘʷ; 6 ï ʚʘʣ ʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 
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ʉʫʱʝʩʪʚʫʝʪ ʚʝʩʴʤʘ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠʚʦʜʦʚ (ʨʠ-

ʩʫʥʦʢ 1), ʚ ʢʦʪʦʨʳʭ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʧʨʠʤʝʥʷʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʤʥʦʛʦ-

ʦʙʦʨʦʪʥʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʠ ʪʠʧʦʚʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʨʝʜʫʢʪʦʨʳ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʚʘʣʘ ʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʦ ʪʨʝʙʫʝ-

ʤʦʛʦ ʧʦ ʨʘʩʯʝʪʫ [3]. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʭʠʤʠʯʝʩʢʦʤ ʘʧʧʘʨʘ-

ʪʦʩʪʨʦʝʥʠʠ ʧʦʣʫʯʠʣʠ ʚʳʥʦʩʥʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʠʚʦʜʳ ʩʦ ʩʪʘʥʜʘʨʪ-

ʥʳʤʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ ʠ ʪʠʧʦʚʳʤʠ ʨʝʜʫʢʪʦʨʘʤʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ 

ʢʨʳʰʢʝ ʠʣʠ ʚʝʨʭʥʝʤ ʜʥʠʱʝ ʘʧʧʘʨʘʪʘ. 

ʇʨʠ ʨʘʙʦʪʝ ʘʧʧʘʨʘʪʘ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʝʨʝʤʝʰʠʚʘʶʱʠʤ ʫʩʪʨʦʡʩʪ-

ʚʦʤ ʩʦ ʩʪʦʨʦʥʳ ʧʨʠʚʦʜʘ ʥʘ ʢʦʨʧʫʩ ʜʝʡʩʪʚʫʶʪ ʥʘʛʨʫʟʢʠ: ʦʩʝʚʘʷ ʠ ʧʦʧʝ-

ʨʝʯʥʘʷ ʩʠʣʳ ʠ ʠʟʛʠʙʘʶʱʠʡ ʠ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪʳ [4].ʇʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʠ 

ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʠʤʝʶʪ ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʫʟʝʣ ʦʧʠʨʘʥʠʷ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ, ʯʪʦʙʳ ʜʝʬʦʨʤʘ-

ʮʠʠ ʫʟʣʘ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʦʜʘ ʥʝ ʧʨʝʚʳʰʘʣʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʪʘʢ 

ʢʘʢ ʨʦʩʪ ʵʪʠʭ ʜʝʬʦʨʤʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʠʙʨʘʮʠʷʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʨʫʰʝ-

ʥʠʶ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʫʟʣʘ ʫʧʣʦʪʥʝʥʠʷ ʠ ʧʦʪʝʨʝ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʆʩʦʙʝʥʥʦ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʘʧʧʘʨʘʪʦʚ ʙʦʣʴʰʠʭ ʜʠʘʤʝʪʨʦʚ 

(2ʤ ʠ ʙʦʣʝʝ) ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʪʦʣʱʠʥʘʭ ʜʥʠʱ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʦʡ ʨʘʜʠʫʩ 

ʢʨʠʚʠʟʥʳ ʜʥʠʱʘ ʚ ʮʝʥʪʨʝ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪ ʞʝʩʪʢʦʩʪʴ ʜʥʠʱʘ. 

ʀʟ ʧʨʘʢʪʠʢʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʬʣʘʥʮʘ, ʥʘ ʢʦʪʦʨʳʡ ʫʩ-

ʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠʚʦʜ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 0,05Ü.ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰʝʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ ʥʘʠʤʝʥʝʝ ʤʝʪʘʣʣʦʝʤʢʫʶ 

ʦʧʦʨʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʚʦʟʥʠʢʘʪ ɹʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʦʩʠ 

ʘʧʧʘʨʘʪʘ ʥʝ ʙʦʣʝʝ Ŭ=0,05Ü. 

 

 

ʈʠʩ. 2. ʂʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ 
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ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʠʩʪʝʤʝ Autodesk Inventor.ʇʨʠ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʠ, ʧʨʠʥʷʪʦ ʫʩʣʦʚʠʝ ʦʧʠʨʘʥʠʷ ʜʥʠʱʘ ʧʦ ʥʘʨʫʞʥʦʤʫ ʢʦʥʪʫʨʫ ʚ ʚʠʜʝ 

ʞʝʩʪʢʦʡ ʟʘʜʝʣʢʠ. ʉʠʣʳ ʠ ʤʦʤʝʥʪʳ ʦʪ ʧʨʠʚʦʜʘ ʧʨʠʣʦʞʝʥʳ ʢ ʟʝʨʢʘʣʫ 

ʬʣʘʥʮʘ (ʨʠʩ. 2). 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷ-

ʞʝʥʠʡ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʝʙʝʨ. 

 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʛʨʫʟʢʠ ʩʦʟʜʘʚʘʝʤʦʡ ʧʨʠʚʦʜʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ 

ʧʨʠʣʦʞʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʦʧʦʨʫ ʙʝʟ ʫʢʨʝʧʣʷʶʱʝʛʦ ʢʦʣʴʮʘ: 

1 ï ʩ 2 ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ, 2 ï ʩ 3 ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ, 3 ï ʩ 4 ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ,  

4 ï ʩ 6 ʨʝʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ, 5 ï ʩ 9 ʨʝʙʨʘʤʠ ʞʸʩʪʢʦʩʪʠ, 6 ï ʩ 12 ʨʸʙʨʘʤʠ ʞʝʩʪʢʦʩʪʠ 
 

ɸʥʘʣʠʟ ʛʨʘʬʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʥʠʤʘʪʴ ʢʦ-

ʣʠʯʝʩʪʚʦ ʨʝʙʝʨ ʙʦʣʴʰʝ 6, ʪʘʢ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ, ʧʨʠ ʵʪʦʤ ʤʘʩʩʘ ʫʟʣʘ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʦʟ-

ʨʘʩʪʘʶʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ ʨʝʙʝʨ. 
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ʅ.ɼ. ʂʦʚʧʘʥʴʢʦ, ʀ.ɸ. ʆʚʯʠʥʥʠʢʦʚ, ɸ.ɸ. ɺʘʪʘʛʠʥ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɸ.ɸ. ɺʘʪʘʛʠʥ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

 
ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ çʦʩʤʦʩè ʜʣʷ 

ʦʯʠʩʪʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʩʝʣ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʭʦʣʦʜʠʣʴʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʠ ʫʩʪʨʦʡʩʪʚ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ. ʉ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʦʯʠʩʪʢʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʘʧʧʘʨʘʪʳ ʜʣʷ ʦʯʠʩʪʢʠ ʤʘʩʣʘ, ʫʩʪʨʦʡʩʪʚʘ ʦʯʠʩʪʢʠ ʥʘ ʦʩʥʦʚʝ ʦʩʤʦʩʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʦʣʦʜʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʘʩʣʦ, ʦʙʨʘʪʥʳʡ ʦʩʤʦʩ, ʦʯʠ-

ʩʪʢʘ, ʬʠʣʴʪʨʘʪ, ʜʘʚʣʝʥʠʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
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The article discusses the application of the physical phenomenon of "osmosis" 

for the purification of technical oils used in the operation of refrigeration equipment 

and thermal stabilization devices. In order to achieve high purification rates, the possi-

bility of introducing osmosis-based cleaning devices into existing oil purification devic-

es is being considered. 
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ɺʧʝʨʚʳʝ ʷʚʣʝʥʠʝ ʦʩʤʦʩʘ ʙʳʣʦ ʦʪʢʨʳʪʦ ʬʨʘʥʮʫʟʦʤ ɾ.ɸ. ʅʦʣʣʝ ʚ 

1748 ʛʦʜʫ. ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʩʣʝʜʫʶʱʠʡ: ʧʨʦʮʝʩʩ ʩʘʤʦ-

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ) 

ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʦʧʫʩʢʘʝʪ ʚʝʱʝʩʪʚʦ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʝʡ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʟʜʝʣʷʶʱʘʷ ʜʚʘ ʨʘʩʪʚʦʨʘ ʚʝʱʝʩʪʚ ʥʘ: ʚʳʩʦʢʫʶ 
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ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʥʠʟʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ, ʠʣʠ ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʥʘ ʯʠʩʪʦʝ 

ʚʝʱʝʩʪʚʦ ʠ ʢʦʥʮʝʥʪʨʘʪ. 

ʀʟ-ʟʘ ʩʚʦʝʡ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʤʦʩ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʥʘʧʨʠʤʝʨ: ʜʣʷ ʦʧʨʝʩʥʝʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʚ ʤʝʜʠʮʠʥʝ 

(ʦʯʠʩʪʢʘ ʢʨʦʚʠ ʠ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʜʠʘʣʠʟ), ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʠ ʜʨ. [1]. 

ʅʘ ʧʨʘʢʪʠʢʝ, ʥʘʯʠʥʘʷ ʩ 1970 ʛʦʜʘ ʯʘʱʝ ʚʩʝʛʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʯʠ-

ʩʪʢʠ ʯʝʛʦ-ʣʠʙʦ ʧʨʠʤʝʥʷʶʪ ʦʙʨʘʪʥʳʡ ʦʩʤʦʩ ï ʵʪʦ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ, ʧʨʠ 

ʦʧʨʝʜʝʣʸʥʥʦʤ ʫʩʠʣʠʠ ʠʣʠ ʜʘʚʣʝʥʠʠ, ʚʦʜʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʧʦʣʫʧʨʦʥʠʮʘʝ-

ʤʫʶ ʤʝʤʙʨʘʥʫ ʠʟ ʙʦʣʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʚ ʤʝʥʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ 

ʨʘʩʪʚʦʨ, ʧʨʠ ʵʪʦʤ ʤʝʤʙʨʘʥʘ ʧʨʦʧʫʩʢʘʝʪ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʥʦ ʥʝ ʧʨʦʧʫʩʢʘʝʪ 

ʥʝʢʦʪʦʨʳʝ ʨʘʩʪʚʦʨʸʥʥʳʝ ʚ ʥʸʤ ʚʝʱʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ: ʩʫʣʴʬʘʪʳ, ʥʠʪʨʘʪʳ, 

ʠʦʥʳ ʥʘʪʨʠʷ, ʤʘʣʳʝ ʤʦʣʝʢʫʣʳ, ʢʨʘʩʠʪʝʣʠ ʠ ʪ.ʧ. [2]. 

ʈʘʩʩʤʦʪʨʠʤ ʩʭʝʤʫ ʧʨʦʮʝʩʩʘ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʥʘ ʧʨʠʤʝʨʝ ʦʯʠʩʪʢʠ 

ʚʦʜʳ (ʨʠʩ. 1). ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʩʠʣʠʷ P ʥʘ ʣʝʚʫʶ ʯʘʩʪʴ ʝʤʢʦʩʪʠ, ʚ ʢʦʪʦ-

ʨʦʡ ʥʘʭʦʜʠʪʩʷ ʨʘʩʪʚʦʨ ʚʦʜʳ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʟʣʠʯʥʳʭ ʚʝ-

ʱʝʩʪʚ, ʦʥʘ (ʚʦʜʘ) ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʦʧʫʩʢʘʝʪ ʯʘʩ-

ʪʠʮʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚ ʧʨʘʚʫʶ 

ʦʙʣʘʩʪʴ ʩʦʩʫʜʘ ʧʦʩʪʫʧʘʝʪ ʫʞʝ ʚʦʜʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʝʡ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ [3]. 

ʆʙʨʘʪʥʳʡ ʦʩʤʦʩ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʦʯʠʩʪʢʝ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʩʝʣ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʞʝ ʩʦʟʜʘʶʪʩʷ ʪʘʢʠʝ ʫʩʪʘʥʦʚʢʠ, 

ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʝ ʩʪʫʧʝʥʴ ʩ ʦʙʨʘʪʥʳʤ ʦʩʤʦʩʦʤ [4]. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʷʚʣʝʥʠʝ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ 

ʦʯʠʩʪʢʠ ʠ ʬʠʣʴʪʨʘʮʠʠ ʤʘʩʣʘ ʢʦʤʧʨʝʩʩʦʨʦʚ ʭʦʣʦʜʠʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʕʪʦ 

ʪʨʝʙʫʝʪʩʷ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʢʘʢ ʧʨʘʚʠʣʦ, ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʘʩʣʘ ʜʣʷ ʢʦʤ-

ʧʨʝʩʩʦʨʦʚ ʭʦʣʦʜʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ, ʪʘʢ ʠ ʧʨʠ 

ʟʘʤʝʥʝ ʬʨʝʦʥʘ ʦʜʥʦʛʦ ʥʘ ʜʨʫʛʦʡ ʪʨʝʙʫʝʪʩʷ ʟʘʤʝʥʘ ʤʘʩʣʘ ʢʦʤʧʨʝʩʩʦʨʘ. 

ʇʨʠʤʝʥʷʷ ʚ ʫʩʪʘʥʦʚʢʘʭ ʦʯʠʩʪʢʠ ʤʘʩʣʘ ʦʙʨʘʪʥʳʡ ʦʩʤʦʩ, ʧʦ ʤʠʤʦ ʜʨʫʛʠʭ 

ʩʪʫʧʝʥʝʡ ʦʯʠʩʪʢʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʚʳʭʦʜʝ ʤʘʩʣʦ ʩʦ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ 

97-99 %. 

 
 

ʈʠʩ. 1. ʆʯʠʩʪʢʘ ʚʦʜʳ ʦʙʨʘʪʥʳʤ ʦʩʤʦʩʦʤ: 1, 7-ʟʘʧʦʨʥʳʝ ʚʝʥʪʠʣʠ, 2-ʩʦʩʫʜ,  

3-ʟʘʛʨʷʟʥʝʥʥʘʷ ʚʦʜʘ, 4-ʨʘʟʣʠʯʥʳʝ ʨʘʩʪʚʦʨʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, 5-ʤʝʤʙʨʘʥʘ,  

6-ʦʯʠʱʝʥʥʘʷ ʚʦʜʘ  
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ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʤʘʩʣʘ ʙʳʣ ʨʘʟʨʘ-

ʙʦʪʘʥ ʩʪʝʥʜ, ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2. ʉʪʝʥʜ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʤʘʩʣʘ: 

1 ï ʛʨʫʙʘʷ ʬʠʣʴʪʨʘʮʠʷ, 2 ï ʩʨʝʜʥʷʷ ʬʠʣʴʪʨʘʮʠʷ, 3 ï ʪʦʥʢʘʷ ʬʠʣʴʪʨʘʮʠʷ;  

ʂʐ1-5 ï ʢʨʘʥ ʰʘʨʦʚʳʡ, ʌʉʪ ï ʬʠʣʴʪʨ ʩʝʪʯʘʪʳʡ, ʅ ï ʥʘʩʦʩ,  

ʂʇ ï ʢʣʘʧʘʥ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ, ʌʇʪ1-2 ï ʬʠʣʴʪʨ ʧʘʪʨʦʥʥʳʡ,  

ʄ1-2 ï ʤʘʥʦʤʝʪʨ, ʆʌ1-4 ï ʦʩʤʦʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʧʨʠʤʝʥʝʥʠʷ ʩʪʨʫʡʥʳʭ ʩʤʝʩʠʪʝʣʝʡ ʧʨʠʤʝʥʠ-

ʪʝʣʴʥʦ ʢ ʫʩʪʘʥʦʚʢʘʤ ʧʦʣʫʯʝʥʠʷ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʫʩʪʘʥʦʚʦʢ ʧʝʥʥʦʛʦ ʧʦʞʘʨʦ-

ʪʫʰʝʥʠʷ. ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʚʥʫʪʨʝʥʥʝʡ ʛʝʦʤʝʪʨʠʠ ʵʞʝʢʪʦʨʥʦʛʦ ʩʤʝʩʠʪʝʣʷ ʧʝ-

ʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʚʦʜʦʡ. ɺʳʧʦʣʥʝʥ ʵʩʢʠʟ ʵʞʝʢʮʠʦʥʥʦʛʦ ʩʤʝʩʠʪʝʣʷ. 
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ʚʘʪʝʣʴ, ʩʠʩʪʝʤʘ ʭʨʘʥʝʥʠʷ ʠ ʜʦʟʠʨʦʚʘʥʠʷ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ 
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ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ-

ʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʧʝʥʥʦʛʦ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʧʝʥʘ, ʦʙʨʘʟʫʝʤʘʷ ʧʫʪʝʤ ʩʤʝʰʝʥʠʷ ʚʦʜʳ ʩ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʝʤ. ʕʪʠ 

ʩʠʩʪʝʤʳ ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʘʢʪʥʳ ʠ ʥʘʜʝʞʥʳ. ʉʦʜʝʨʞʘʥʠʝ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝ-

ʣʷ ʚ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 1 ʠʣʠ 3 % ʧʦ ʤʘʩʩʝ. ɺ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚ ʩʤʝʰʝʥʠʷ 

ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʩ ʚʦʜʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʜʦʟʘʪʦʨʳ: ʪʫʨʙʠʥʥʳʝ 
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ʦʩʝʚʳʝ ʜʦʟʘʪʦʨʳ, ʙʘʣʘʥʩʠʨʫʶʱʠʝ ʜʦʟʘʪʦʨʳ, ʵʞʝʢʪʦʨʥʳʝ ʜʦʟʘʪʦʨʳ. ɺ 

ʦʩʥʦʚʥʦʡ ʩʚʦʝʡ ʤʘʩʩʝ ʵʪʦ ʜʦʟʘʪʦʨʳ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʦʩʪʫʧ ʢ 

ʢʦʪʦʨʳʤ, ʚ ʩʠʣʫ ʚʝʜʝʥʠʷ ʩʘʥʢʮʠʦʥʥʦʡ ʧʦʣʠʪʠʢʠ ʥʝʜʨʫʞʝʩʪʚʝʥʥʳʤʠ 

ʩʪʨʘʥʘʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʢʨʳʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʜʦʙʥʦʛʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʜʘʥ-

ʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʵʞʝʢʪʦʨʥʦʛʦ 

(ʩʪʨʫʡʥʦʛʦ) ʜʦʟʘʪʦʨʘ ʜʣʷ ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʠ ʜʦʟʠʨʦʚʘʥʠʷ ʧʝʥʦʦʙʨʘʟʦʚʘ-

ʪʝʣʷ. 

ʉʪʨʫʡʥʳʝ ʘʧʧʘʨʘʪʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  ʀʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝ-

ʥʠʝ ʜʘʚʣʝʥʠʷ ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʧʦʪʦʢʘ ʙʝʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʟʘʪʨʘʪʳ ʤʝ-

ʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʧʨʦʩʪʦʪʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʜʚʠʞʫʱʠʭʩʷ 

ʯʘʩʪʝʡ. ʇʨʦʮʝʩʩ ʨʘʙʦʪʳ ʪʘʢʠʭ ʘʧʧʘʨʘʪʦʚ ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʝʜʘʯʝ ʢʠʥʝʪʠʯʝ-

ʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʦʜʥʦʛʦ ʧʦʪʦʢʘ ʢ ʜʨʫʛʦʤʫ ʧʫʪʝʤ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʢʦʥʪʘʢʪʘ (ʩʤʝʰʝʥʠʷ). ʉʤʝʰʠʚʘʝʤʳʝ ʧʦʪʦʢʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʬʘʟʝ (ʞʠʜʢʦʡ, ʧʘʨʦʚʦʡ, ʛʘʟʦʚʦʡ) ʠʣʠ ʚ ʨʘʟʥʳʭ ʬʘʟʘʭ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʵʞʝʢʪʦʨʥʦʛʦ ʜʦʟʘʪʦʨʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ʕʩʢʠʟ ʜʦʟʘʪʦʨʘ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʦʟʘʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʪʦʢ ʚʦʜʳ ʧʦ-

ʜʘʚʘʝʤʳʡ ʚ ʜʦʟʘʪʦʨ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʫʞʘʶʱʝʝʩʷ ʩʦʧʣʦ ʠ 

ʧʝʨʝʜʘʝʪ ʩʚʦʶ ʵʥʝʨʛʠʶ ʠʥʞʝʢʪʠʨʫʝʤʦʤʫ ʧʦʪʦʢʫ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ. ɼʘʣʝʝ 

ʜʚʝ ʩʨʝʜʳ ʧʦʧʘʜʘʶʪ ʚ ʢʘʤʝʨʫ ʩʤʝʰʝʥʠʷ, ʛʜʝ ʩʤʝʰʠʚʘʶʪʩʷ. ɿʘʪʝʤ ʚ ʜʠʬ-

ʬʫʟʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʨʝʜʳ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ.  ʇʦʣʫʯʝʥʥʘʷ ʩʤʝʩʴ ʚʳʭʦʜʠʪ ʠʟ ʵʞʝʢʪʦʨʘ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʩʯʝʪʘ ʷʚʣʷʶʪʩʷ: ʨʘʩʭʦʜ ʨʘʙʦʯʝʡ ʩʨʝʜʳ 

(ʚʦʜʳ), ʜʘʚʣʝʥʠʝ ʩʨʝʜ ʥʘ ʚʭʦʜʝ ʚ ʵʞʝʢʪʦʨ, ʤʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʷ, ʫʜʝʣʴʥʳʝ ʦʙʲʝʤʳ ʩʨʝʜ. 
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ʀʟ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ [2] ʤʦʞʥʦ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʧʣʦʱʘʜʝʡ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ ʠ ʩʦʧʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ ʤʝʞʜʫ ʨʘʙʦʯʝʡ ʩʨʝʜʦʡ ʠ ʠʥʞʝʢʪʠʨʫʝʤʦʡ: 

Ὢ3

Ὢ̑1
=

2 •3
2 ὺὧ
ὺὴ

1+ό2 2•2
1

•4
2
ὺὭ
ὺὴ
ὲό2

•2
 ,                               (1) 

 

ʛʜʝ Ὢ̑1- ʧʣʦʱʘʜʴ ʩʦʧʣʘ;Ὢ3 ï ʧʣʦʱʘʜʴ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ; •2, •3, •4 ï ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ ʨʘʩʭʦʜʘ; ὺὴ,ὺὭ,ὺὧ ï ʫʜʝʣʴʥʳʝ ʦʙʲʝʤʳ ʨʘʙʦʯʝʡ ʩʨʝʜʳ, ʠʥʞʝʢ-

ʪʠʨʫʝʤʦʡ ʩʨʝʜʳ ʠ ʩʤʝʩʠ; u ï ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʞʝʢʮʠʠ, ὲ ï ʦʪʥʦʰʝʥʠʝ 
ʧʣʦʱʘʜʠ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ ʢ ʧʣʦʱʘʜʠ ʠʥʞʝʢʪʠʨʫʝʤʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ (2). 

 

ὲ=
Ὢ3

ὪὭ2
=

Ὢ3
Ὢὴ1
Ὢ3
Ὢὴ1

1
   .                                          (2) 

ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ (1) ʠ (2) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘ-

ʜʝʡ 
Ὢ3

Ὢ̑1
  ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʞʝʢʮʠʠ u.  

ɼʘʣʝʝ ʠʟ ʫʨʘʚʥʝʥʠʷ ʨʘʩʭʦʜʘ ʥʝʫʧʨʫʛʦʡ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʯʝʨʝʟ ʩʦʧʣʦ 

ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʧʣʦʱʘʜʴ ʩʦʧʣʘ fp1: 

Ὢὴ1 =
Ὃὴ

•1

ὺὴ

2 ὴὴ ὴὭ
  ,                                           (3) 

ʛʜʝ Ὃὴï ʨʘʩʭʦʜ ʨʘʙʦʯʝʡ ʩʨʝʜʳ; •1- ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʭʦʜʘ ʯʝʨʝʟ ʩʦʧʣʦ; 

 ὴὴɀ ʜʘʚʣʝʥʠʝ ʨʘʙʦʯʝʡ ʩʨʝʜʳ; ὴὭ ï ʜʘʚʣʝʥʠʝ ʠʥʞʝʢʪʠʨʫʝʤʦʡ ʩʨʝʜʳ.  

ʇʦʣʫʯʠʚ ʟʥʘʯʝʥʠʝ ʧʣʦʱʘʜʠ ʩʦʧʣʘ ʠ ʟʥʘʷ ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʢʘ-

ʤʝʨʳ ʩʤʝʰʝʥʠʷ ʢ ʧʣʦʱʘʜʠ ʩʦʧʣʘ ʦʧʨʝʜʝʣʷʝʤ ʧʣʦʱʘʜʴ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ 

f3.  ʀʟ ʧʣʦʱʘʜʝʡ ʥʘʭʦʜʠʤ ʜʠʘʤʝʪʨʳ ʩʦʧʣʘ ʠ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ. 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʩʦʧʣʘ ʜʦ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ [2, 

ʩʪʨ. 69]. 

ʆʩʝʚʳʝ ʨʘʟʤʝʨʳ ʵʞʝʢʪʦʨʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʩʦʦʪ-

ʥʦʰʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʦʧʳʪʥʳʤ ʧʫʪʝʤ.  ɼʣʠʥʳ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ ʠ ʜʠʬ-

ʬʫʟʦʨʘ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤʠ 6-10 ʜʠʘʤʝʪʨʦʚ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ ʢʘʞʜʘʷ.   

ʈʘʩʯʝʪ ʧʦ ʫʢʘʟʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʩʨʝʜʝ Mathcad 14. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʟ-

ʤʝʨʳ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʵʞʝʢʪʦʨʥʦʛʦ ʜʦʟʘʪʦʨʘ: ʜʠʘʤʝʪʨ ʩʦʧʣʘ, ʜʠʘʤʝʪʨ 

ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʦʧʣʘ ʜʦ ʢʘʤʝʨʳ ʩʤʝʰʝʥʠʷ, ʜʣʠʥʳ ʢʘ-

ʤʝʨʳ ʩʤʝʰʝʥʠʷ ʠ ʜʠʬʬʫʟʦʨʘ.  ɺʳʧʦʣʥʝʥ ʵʩʢʠʟ ʧʨʦʪʦʯʥʦʡ ʯʘʩʪʠ ʜʦʟʘʪʦ-

ʨʘ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʤʫʬʪʳ ʚ ʘʧʧʘʨʘʪʘʭ ʩ ʛʝʨ-

ʤʝʪʠʯʥʳʤ ʧʨʠʚʦʜʦʤ ʧʝʨʝʤʝʰʠʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʧʧʘ-

ʨʘʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʵʤʫʣʴʩʠʡ ʠ 

ʩʫʩʧʝʥʟʠʡ. ɼʘʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʫʬʪ. 
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ʤʘʛʥʠʪʥʘʷ, ʛʝʨʤʝʪʠʯʥʳʡ ʧʨʠʚʦʜ 
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The object of the study is magnetic couplings in devices with a hermetic drive of 

the mixing device. The corresponding devices are used in the chemical industry for the 

application of emulsions and suspensions. A brief overview of the design and applica-

tion of these couplings is given. 

Keywords: agitator, mixing device, drive, coupling, sealed drive 

 

ʇʨʠʤʝʥʝʥʠʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʤʝʥʷʝʪ-

ʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʘ ʠ ʤʘʩʩʦʦʙʤʝʥʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʨʘʚʥʦʚʝʩʥʳʭ ʩʤʝʩʝʡ ʞʠʜʢʦʩʪʝʡ, ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʱʝʩʪʚʘ ʠʣʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʝʨʝʤʝʰʠʚʘʝʤʦʤ ʦʙʲʝʤʝ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʦʜʥʘʢʦ, ʥʘʠ-
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ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʘʧʧʘʨʘʪʳ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʝʨʝʤʝ-

ʰʠʚʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʤʝʰʠʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʩʪʦʷʪ ʠ ʪʨʝʭ ʦʩ-

ʥʦʚʥʳʭ ʯʘʩʪʝʡ: ʚʘʣʘ, ʥʘ ʢʦʪʦʨʦʤ ʟʘʢʨʝʧʣʷʝʪʩʷ ʤʝʰʘʣʢʘ; ʤʝʰʘʣʢʠ, ʢʦʪʦ-

ʨʘʷ ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʠʤ ʵʣʝʤʝʥʪʦʤ; ʠ ʧʨʠʚʦʜʘ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʝʪ ʤʝʭʘʥʠʯʝ-

ʩʢʫʶ ʵʥʝʨʛʠʶ ʥʘ ʚʘʣ. 

ɻʝʨʤʝʪʠʯʥʦʩʪʴ ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʘʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʧʣʦʪʥʝʥʠʝʤ, 

ʢʦʪʦʨʦʝ ʟʘʢʨʝʧʣʷʝʪʩʷ ʢ ʢʨʳʰʢʝ ʘʧʧʘʨʘʪʘ. ʊʠʧ ʫʧʣʦʪʥʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʚʝ-

ʣʠʯʠʥʳ ʜʘʚʣʝʥʠʷ ʚ ʘʧʧʘʨʘʪʝ ʠ ʦʪ ʩʚʦʡʩʪʚ ʨʘʙʦʯʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʦʪ ʪʨʝ-

ʙʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʝʨʤʝʪʠʯʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ 

ʪʦʢʩʠʯʥʦʩʪʴ, ʚʟʨʳʚʦ- ʠ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ ʩʨʝʜʳ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʛʝʨʤʝʪʠʯʥʳʝ ʧʨʠʚʦʜʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʩʰʠʨʝʥʠʶ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʝʤʝ-

ʰʠʚʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʫʤʝʥʴʰʘʷ ʚʳʙʨʦʩʳ ʪʦʢʩʠʯʥʳʭ ʩʨʝʜ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʇʦʵʪʦʤʫ ʚ ʭʦʜʝ ʜʘʥʥʦʛʦ ʦʙʟʦʨʘ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʢʦʥʩʪʨʫʢʮʠʠ 

ʤʘʛʥʠʪʥʳʭ ʤʫʬʪ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʭ ʩʪʘʢʘʥʦʚ ʠ ʪʠʧʳ 

ʤʘʛʥʠʪʦʚ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʘʧʧʘʨʘʪʘ ʠʩʧʦʣʴʟʫ-

ʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʤʫʬʪʳ, ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʝʪ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʙʝʩʢʦʥʪʘʢʪ-

ʥʦ ʯʝʨʝʟ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤ ʠ ʚʥʝʰʥʠʤ ʨʦʪʦʨʘʤʠ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʳʭ ʤʫʬʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʦʩʪʦʷʥʠʠ 

ʧʦʢʦʷ ʩʝʚʝʨʥʳʡ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʶʞʥʳʡ ʧʦʣʶʩʘ ʥʘʭʦʜʷʪʩʷ ʩʠʤʤʝʪ-

ʨʠʯʥʦ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʤʘʛʥʠʪʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʧʨʠʭʦʜʷʪ ʚ ʜʚʠ-

ʞʝʥʠʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʟʘʟʦʨ. ɼʘʥʥʘʷ 

ʩʠʩʪʝʤʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʧʨʝʜʦʭʨʘʥʠʪʝʣʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʫʛʦʣ ʩʜʚʠʛʘ ʧʝʨʝʭʦʜʠʪ ʩ ʨʘʙʦʯʝʛʦ 

ʟʥʘʯʝʥʠʷ, ʚ ʬʘʟʫ ʩʚʦʙʦʜʥʦʛʦ ʚʨʘʱʝʥʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʜʘʝʪʩʷ ʠʟʙʝʞʘʪʴ 

ʧʦʚʨʝʞʜʝʥʠʷ ʤʝʰʘʣʢʠ ʠ ʚʘʣʘ. 

ʆʪʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʘ ʦʪ ʘʪʤʦʩʬʝʨʳ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʝʨʤʝ-

ʪʠʯʥʦʛʦ ʩʪʘʢʘʥʘ, ʢʦʪʦʨʳʡ ʨʘʟʜʝʣʷʝʪ ʚʥʫʪʨʝʥʥʠʡ ʨʦʪʦʨ ʦʪ ʚʥʝʰʥʝʛʦ, ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʘ ʦʪ ʘʪʤʦʩʬʝʨʳ. ʇʨʝʠʤʫ-

ʱʝʩʪʚʦʤ ʜʘʥʥʦʛʦ ʫʧʣʦʪʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʩʪʘʪʠʯʝ-

ʩʢʠ, ʪʦ ʝʩʪʴ ʙʝʟ ʜʠʥʘʤʠʯʝʩʢʠ ʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɻʝʨʤʝʪʠʟʠʨʫʶʱʠʡ ʩʪʘʢʘʥ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ ʤʝʪʘʣʣʠʯʝʩʢʠʤ, ʪʘʢ ʠ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʤ. ʇʦ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʘʢʘʥʳ ʠʤʝʶʪ 

ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʧʨʠʤʝʥʝʥʠʡ, ʦʜʥʘʢʦ ʠʤʝʶʪ ʠ ʩʚʦʠ ʟʥʘʯʠʪʝʣʴ-

ʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʥʘʧʨʠʤʝʨ, ʩʦʟʜʘʶʪ ʚʠʭʨʝʚʳʝ ʪʦʢʠ, ʚʣʝʢʫʱʠʝ ʧʦʪʝʨʠ ʧʨʠ 

ʧʝʨʝʜʘʯʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʭʣʘʞ-

ʜʝʥʠʝ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʢʘʥʳ ʠʟ ʪʝʭʥʠ-

ʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ ʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʧʦʣʠʤʝʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ PEEK. ʆʜ-

ʥʘʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʜʣʷ ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʚʠʭ-

ʨʝʚʳʭ ʪʦʢʦʚ, ʩʥʠʞʘʝʪʩʷ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 
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ʚʥʫʪʨʠ ʘʧʧʘʨʘʪʘ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʧʨʦʮʝʩ-

ʩʘʭ. 

ʄʫʬʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʥʝʰʥʝʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʨʦʪʦʨʘ. ɺʥʝʰʥʠʡ ʨʦʪʦʨ 

ʩʥʘʙʞʝʥ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʩ ʧʝʨʝʤʝʥʥʦʡ 

ʧʦʣʷʨʥʦʩʪʴʶ, ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ, ʘ ʚʥʫʪʨʝʥʥʠʡ ʦʩʥʘ-

ʱʘʝʪʩʷ ʠʤʠ ʩʥʘʨʫʞʠ. 

ɺʥʝʰʥʠʡ ʨʦʪʦʨ ʦʙʳʯʥʦ ʬʠʢʩʠʨʫʝʪʩʷ ʩ ʚʝʜʫʱʝʡ ʩʪʦʨʦʥʳ, ʤʘʛʥʠʪʳ 

ʢʦʪʦʨʦʛʦ ʧʨʠʢʣʝʠʚʘʶʪʩʷ ʢ ʧʘʟʘʤ. ɺ ʩʚʦʶ ʞʝ ʦʯʝʨʝʜʴ ʤʘʛʥʠʪʳ ʚʥʫʪʨʝʥʥʝ-

ʛʦ ʨʦʪʦʨʘ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʩʦ ʩʪʦʨʦʥʳ ʥʘʛʨʫʟʢʠ, ʧʦʣʥʦʩʪʴʶ ʛʝʨʤʝʪʠʟʠʨʫ-

ʶʪʩʷ, ʪʦ ʝʩʪʴ ʨʦʪʦʨ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ ʚʘʣʫ ʤʝʰʘʣʢʠ ʚʥʫʪʨʠ ʘʧʧʘʨʘʪʘ. 

ʏʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʠʩʪʝʤʳ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ SmCo ʠʣʠ 

NdFeB. 

ʉʠʩʪʝʤʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ SmCo/SmCo ʨʘʩʩʯʠʪʘʥʘ ʜʣʷ ʨʘʙʦʪʳ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 300 ÁC ʠ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ 

ʩʦ 100 % ʜʦ 70 %. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʠʩʪʝʤʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ SmCo/NdFeB ʜʣʷ 

ʪʝʤʧʝʨʘʪʫʨ ʜʦ 150 ÁC ʧʨʠ ʢʨʫʪʷʱʝʤ ʤʦʤʝʥʪʝ ʦʪ 110 % ʜʦ 85 % ʧʨʠ ʥʦ-

ʤʠʥʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ, ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ɺʨʝʤʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʢʨʫʪʷʱʠʭ ʤʦʤʝʥʪʦʚ  

ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʤʘʪʝʨʠʘʣʦʚ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝ-

ʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʫʬʪ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʝ ʦʪʣʠʯʠʷ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʛʥʠʪʥʳʭ 

ʤʫʬʪ.  

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʛʝʨʤʝʪʠʯʥʳʭ ʧʨʠʚʦʜʦʚ ʩ ʤʘʛʥʠʪʥʳʤʠ ʤʫʬʪʘʤʠ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʤʫʬʪʳ ʢ 

ʩʨʝʜʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʚʥʫʪʨʠ ʘʧʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ ʜʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʘ, ʯʪʦ-
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ʙʳ ʩʦʭʨʘʥʠʪʴ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʘʧʧʘʨʘʪʘ ʠ ʠʟʙʝʞʘʥʠʷ ʚʳʙʨʦʩʦʚ ʚ ʦʢʨʫ-

ʞʘʶʱʫʶ ʩʨʝʜʫ ʪʦʢʩʠʯʥʳʭ, ʚʟʨʳʚʦ- ʠ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʩʨʝʜ.  

ʇʨʠʤʝʥʝʥʠʝ ʛʝʨʤʝʪʠʯʥʳʭ ʧʨʠʚʦʜʦʚ ʩ ʤʘʛʥʠʪʥʳʤʠ ʤʫʬʪʘʤʠ ʷʚʣʷ-

ʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʧʨʠʚʦʜʦʚ ʩ ʪʦʨʮʦʚʳʤʠ ʫʧʣʦʪʥʝʥʠʷʤʠ ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʥʠʭ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʥʘʜʝʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ.  
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ʈɸɿʈɸɹʆʊʂɸ ʊɸʈɽʃʂʀ ʆʊʇɸʈʅʆʁ ʂʆʃʆʅʅʓ 

ʋʉʊɸʅʆɺʂʀ ʀɿʆʄɽʈʀɿɸʎʀʀ 

 
ɼ.ɸ. ʂʨʫʪʠʣʦʚ, ɸ.ɽ. ʃʝʙʝʜʝʚ, ɸ.ɹ. ʂʘʧʨʘʥʦʚʘ 

 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ï ɸ.ɽ. ʃʝʙʝʜʝʚ ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ɸ.ɹ. ʂʘʧʨʘʥʦʚʘ ï ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
 

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʧʘʨʥʘʷ ʢʦʣʦʥʥʘ ʫʩʪʘʥʦʚʢʠ 

ʠʟʦʤʝʨʠʟʘʮʠʠ ʬʨʘʢʮʠʡ ʉ5-ʉ6. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʧʧʘʨʘʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʜʣʷ ʫʜʘʣʝʥʠʷ ʚʦʜʳ, ʣʝʛʢʠʭ ʛʘʟʦʚ ʠ ʧʘʨʦʚ ʠʟ 

ʛʠʜʨʦʦʯʠʱʝʥʥʦʛʦ ʩʳʨʴʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʘ, ʠʟʦʤʝʨʠʟʘʮʠʷ, ʢʦʣʦʥʥʳʡ ʘʧʧʘʨʘʪ, 

ʛʣʫʙʦʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʥʝʬʪʠ, ʪʘʨʝʣʢʘ, ʬʨʘʢʮʠʠ ʉ5-ʉ6  
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ʀʟʦʤʝʨʠʟʘʮʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʝʛʦ ʠʟʦʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʪʩʷ 

ʩʦʝʜʠʥʝʥʠʝ, ʦʙʣʘʜʘʶʱʝʝ ʪʝʤ ʞʝ ʩʦʩʪʘʚʦʤ ʠ ʪʦʡ ʞʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, 

ʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʠʦʥʦʚ, ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ, ʪʘʢ ʞʝ 
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ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɺ ʩʣʝʜʩʪʚʠʠ ʠʟʦʤʝʨʠʟʘʮʠʠ 

ʪʦʧʣʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʦʢʪʘʥʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʠʟʢʦʦʢʪʘʥʦʚʳʭ 

ʬʨʘʢʮʠʡ ʥʝʬʪʠ. 

ʀʟʦʤʝʨʠʟʘʮʠʷ ʚʦʟʤʦʞʥʘ ʜʣʷ ʣʝʛʢʠʭ ʘʣʢʘʥʦʚ ʙʫʪʘʥʘ, ʧʝʥʪʘʥʘ ʠ 

ʛʝʢʩʘʥʘ. ʕʪʦ ʬʨʘʢʮʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʳʢʠʧʘʥʠʷ 28-70 Áʉ ʥʘʟʳʚʘʝʪʩʷ - 

ʣʝʛʢʘʷ ʥʘʬʪʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʭʦʜʷʪ ʦʙʲʝʤʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʦʤʝʨʠʟʘʮʠʠ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʬʨʘʢʮʠʡ ʥʝʬʪʠ. 

ɺ ʛʣʫʙʦʢʦʡ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʧʦʚʳʰʝʥʠʷ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ: 

ī ʩ ʨʝʮʠʢʣʦʤ;  

ī ʦʜʥʦʧʨʦʭʦʜʥʦʡ.  

ʈʝʮʠʢʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʝ ʦʢʪʘʥʦʚʳʭ ʯʠʩʝʣ, ʧʨʠʤʝʨʥʦ ʩ 

70 ʧʦ 92 ʯʠʩʣʦ. ʉʘʤ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʚʳʜʝʣʝʥʥʦʡ ʩʤʝʩʠ 

ʥʠʟʢʦʦʢʪʘʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ 

ʨʝʮʠʢʣ.  

ʆʜʥʦʧʨʦʭʦʜʥʘʷ ʠʟʦʤʝʨʠʟʘʮʠʷ, ʵʪʦ ʫʚʝʣʠʯʝʥʠʝ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ, 

ʚʦʟʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʝʛʦ ʣʠʰʴ ʩ 72 ʜʦ 83 ʧʫʥʢʪʦʚ.  

ʀʟʦʤʝʨʠʟʘʮʠʠ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ï ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʧʦʚʳʰʝʥʠʡ ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚʘ. ʀʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʜʦʙʘʚʣʝʥʠʝ ʠʟʦʤʝʨʠʟʘʪʘ ʢ ʜʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʪʦʚʘʨʥʳʭ ʙʝʥʟʠʥʦʚ ʧʦʥʠʞʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʧʨʦʜʫʢʮʠʶ ʙʣʠʟʢʫʶ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʢ ʩʚʦʡʩʪʚʘʤ, ʢʦʪʦʨʳʝ 

ʪʨʝʙʫʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ɽʚʨʦ-3 ʠ ɽʚʨʦ-4. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʧʘʨʥʘʷ ʢʦʣʦʥʥʘ ʫʩʪʘʥʦʚʢʠ 

ʠʟʦʤʝʨʠʟʘʮʠʠ, ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʢʦʣʦʥʥʘ ʩʝʢʮʠʠ ʛʠʜʨʦʦʯʠʩʪʢʠ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʠʟ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʛʠʜʨʦʛʝʥʠʟʘʪʘ. ʉʘʤʦ ʫʜʘʣʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʨʝʢʪʠʬʠʢʘʮʠʠ.  

ʈʝʢʪʠʬʠʢʘʮʠʷ ï ʵʪʦ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʨʘʟʜʝʣʝʥʠʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʝ ʤʝʞʜʫ 

ʩʪʝʢʘʶʱʝʡ ʚʥʠʟ ʞʠʜʢʦʡ ʬʘʟʦʡ ʠ ʧʦʜʥʠʤʘʶʱʠʤʩʷ ʚʚʝʨʭ ʧʘʨʦʤ. ʉʘʤ 

ʧʨʦʮʝʩʩ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʥʝʧʨʝʨʳʚʥʦʤ ʦʙʤʝʥʝ ʪʝʧʣʦʤ 

ʠ ʦʪʜʝʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʝʞʜʫ ʞʠʜʢʦʡ ʠ ʧʘʨʦʚʦʡ ʬʘʟʘʤʠ. 

ʄʘʩʩʦʦʙʤʝʥ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʩʦʩʪʘʚʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʥ ʨʘʚʥʦʚʝʩʥʳʭ.  

ʆʩʥʦʚʥʳʤ ʪʠʧʦʤ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʨʝʢʪʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ ʢʦʣʦʥʥʘ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ: ʫʚʝʣʠʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʘʢʪʘ ʬʘʟ ʠ ʩʦʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʚ. ʇʦʪʦʢ ʧʘʨʘ ʩʦʟʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʜʦʛʨʝʚʘʥʠʷ 

ʪʷʞʝʣʦʢʠʧʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʢʫʙʝ ʢʦʣʦʥʥʳ. ʇʦʪʦʢ ʞʠʜʢʦʩʪʠ ʩʦʟʜʘʝʪʩʷ 

ʟʘ ʩʯʝʪ ʢʦʥʜʝʥʩʘʮʠʠ ʣʝʛʢʦʢʠʧʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʜʠʩʪʠʣʣʷʪʘ) ʠ 

ʨʘʟʜʝʣʝʥʠʷ ʝʛʦ ʥʘ 2 ʧʦʪʦʢʘ (ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʠ ʬʣʝʛʤʘ). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 
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ʧʦʪʦʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ: 

ʪʘʨʝʣʢʠ, ʥʘʩʘʜʢʠ.      

ʊʘʨʝʣʴʯʘʪʳʝ ʢʦʣʦʥʥʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʞʠʜʢʦʩʪʠ ʧʦ ʚʩʝʤʫ ʢʦʥʪʘʢʪʥʦʤʫ ʵʣʝʤʝʥʪʫ ʠ ʘʧʧʘʨʘʪʫ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʘʛʨʫʟʦʢ ʧʦ 

ʧʘʨʫ ʠ ʞʠʜʢʦʩʪʠ, ʩʧʦʩʦʙʥʳ ʯʝʪʢʦ ʨʘʟʜʝʣʠʪʴ ʩʤʝʩʴ.  

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʪʘʨʝʣʴʯʘʪʳʭ ʢʦʣʦʥʥ ʦʪʥʦʩʷʪʩʷ: ʰʠʨʦʢʠʡ ʨʘʙʦʯʠʡ 

ʜʠʘʧʘʟʦʥ ʥʘʛʨʫʟʦʢ ʧʦ ʞʠʜʢʦʡ ʠ ʧʘʨʦʚʦʡ ʬʘʟʘʤ, ʥʝʤʘʣʘʷ ʧʣʦʱʘʜʴ 

ʢʦʥʪʘʢʪʘ ʬʘʟ, ʵʬʬʝʢʪʠʚʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʥʘ ʩʪʫʧʝʥʷʭ 

ʢʦʥʪʘʢʪʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʯʠʩʪʦʛʦ ʨʘʟʜʝʣʝʥʠʷ.  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʠʪʩʷ ʩʪʦʠʤʦʩʪʴ ʠ ʥʝʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ʢʦʣʦʥʥʳ 

ʚ ʚʳʩʦʪʫ, ʪʨʫʜʥʦʩʪʠ ʤʦʥʪʘʞʘ.   

ɺ ʥʘʰʝ ʚʨʝʤʷ ʚ ʘʧʧʘʨʘʪʘʭ ʥʘ ʅʇɿ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʞʝʩʪʚʦ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʥʪʘʢʪʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʚʦʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ. ɺʤʝʩʪʝ ʩ ʢʦʣʧʘʯʢʦʚʳʤʠ ʪʘʨʝʣʢʘʤʠ, ʢʦʪʦʨʳʝ ʜʦ ʩʠʭ ʧʦʨ 

ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʥʘ ʩʪʘʨʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ 

ʫʩʪʘʥʦʚʢʘʭ ʧʦʣʫʯʠʣʠ S-ʦʙʨʘʟʥʳʝ, ʢʣʘʧʘʥʥʳʝ (ʧʣʘʩʪʠʥʯʘʪʳʝ, ʜʠʩʢʦʚʳʝ) ʠ 

ʜʨʫʛʠʝ ʪʠʧʳ ʢʦʥʪʘʢʪʥʳʭ ʫʩʪʨʦʡʩʪʚ.  

ɿʘʯʘʩʪʫʶ ʚ ʦʜʥʦʡ ʢʦʣʦʥʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ 

ʢʦʥʪʘʢʪʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʠʝʤ ʧʘʨʦʚʳʭ ʠ 

ʞʠʜʢʦʩʪʥʳʭ ʥʘʛʨʫʟʦʢ. 

ʂʣʘʧʘʥʥʳʝ ʪʘʨʝʣʢʠ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʪʘʢʠʭ ʢʘʢ: 

ʧʨʦʩʪʦʪʘ ʠ ʙʳʩʪʨʦʪʘ ʩʙʦʨʢʠ, ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ, ʨʘʚʥʦʤʝʨʥʳʡ ʙʘʨʙʦʪʘʞʥʳʡ 

ʩʣʦʡ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʤ ʩʪʘʪʴ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʦʤ ʪʘʨʝʣʢʠ. 

ɼʘʥʥʳʡ ʪʠʧ ʪʘʨʝʣʦʢ ʧʨʠʤʝʥʷʶʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʦʣʦʥʥ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʧʨʦʮʝʩʩʘʭ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ. 

ʉʝʢʮʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʠʷ ʩʝʨʘ-, ʘʟʦʪʦ-, 

ʢʠʩʣʦʨʦʜʦʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʜʝʟʘʢʪʠʚʠʨʫʶʱʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʨʦʮʝʩʩʘ ʠʟʦʤʝʨʠʟʘʮʠʠ, ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʪʧʘʨʢʦʡ 

ʧʨʦʜʫʢʪʦʚ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ ʚ ʦʪʧʘʨʥʦʡ ʢʦʣʦʥʥʝ. 

ɺ ʢʦʣʦʥʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 34 ʪʘʨʝʣʢʠ ʢʣʘʧʘʥʥʦʛʦ ʪʠʧʘ. ʅʘʛʨʝʪʦʝ 

ʩʳʨʴʝ ʧʦʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʧʠʪʘʥʠʷ ʥʘ 18 ʪʘʨʝʣʢʫ. ʉ ʥʠʟʘ ʦʪʧʘʨʥʦʡ 

ʢʦʣʦʥʥʳ ʚʳʚʦʜʠʪʩʷ ʧʨʦʜʫʢʪ ʢʫʙʘ ï ʩʪʘʙʠʣʴʥʳʡ ʛʠʜʨʦʛʝʥʠʟʘʪ. ʉ ʚʝʨʭʘ 

ʦʪʧʘʨʥʦʡ ʢʦʣʦʥʥʳ ʚʳʚʦʜʠʪʩʷ ʚʝʨʭʥʠʡ ʧʨʦʜʫʢʪ ï ʧʘʨʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 

ʚʦʜʳ, ʘʤʤʠʘʢ, ʚʦʜʦʨʦʜ ʠ ʩʝʨʦʚʦʜʦʨʦʜ. 

ʈʘʟʨʘʙʦʪʢʘ ʪʘʨʝʣʢʠ ʦʪʧʘʨʥʦʡ ʢʦʣʦʥʥʳ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ: 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʘʨʝʣʢʠ, ʨʘʩʯʝʪ ʧʨʦʮʝʩʩʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʥʘ ʪʘʨʝʣʢʝ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʪʦʢʦʚ, ʨʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʪʘʨʝʣʦʢ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ. 

ʊʘʨʝʣʢʘ ʙʫʜʝʪ ʠʤʝʪʴ ʩʧʠʨʘʣʝʦʙʨʘʟʥʳʡ ʙʦʨʪ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʩʳʨʴʷ ʥʘ ʪʘʨʝʣʢʝ, ʵʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʧʦʪʦʢ 

ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʛʠʜʨʦʛʝʥʠʟʘʪʘ, ʙʫʜʝʪ ʪʝʯʴ ʧʦ ʩʧʠʨʘʣʝʚʠʜʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, 
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ʯʪʦ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʪʘʨʝʣʢʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʪʘʨʝʣʦʢ ʚ ʢʦʣʦʥʥʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʢʦʥʪʘʢʪʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʘʧʘʥʦʚ. 
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ʈʝʛʫʣʠʨʫʶʱʘʷ ʘʨʤʘʪʫʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʪʠʧʘʭ 

ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ. ʆʩʝʚʳʝ ʨʝʛʫʣʠʨʫʶʱʠʝ ʢʣʘʧʘʥʘ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʥʠʟʢʦʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʩʭʦʜ ʞʠʜʢʠʭ ʩʨʝʜ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʝʚʳʭ ʢʣʘʧʘʥʦʚ(ʨʠʩ.1.) 

ʥʘʤʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʣʘʧʘʥʘ(ʨʠʩ.2.).  
ʇʨʷʤʦʪʦʯʥʳʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ ʩʦʜʝʨʞʠʪ ʚʥʝʰʥʠʡ ʢʦʨʧʫʩ 1, 

ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʢʠ 2 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʬʣʘʥʮʳ 4 ʠ 5, 
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ʜʝʣʠʪʝʣʴ ʧʦʪʦʢʘ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ ʧʦʣʦʛʦ 

ʮʠʣʠʥʜʨʘ 6, ʩ ʦʪʚʝʨʩʪʠʷʤʠ 7. ɿʘʧʠʨʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʮʠʣʠʥʜʨʦ-ʢʦʥʠʯʝʩʢʫʶ ʦʙʝʯʘʡʢʫ 8, ʢʦʥʠʯʝʩʢʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʘ 

ʩʦ ʩʪʦʨʦʥʳ ʚʳʭʦʜʥʦʛʦ ʧʘʪʨʫʙʢʘ 3. 
 

 

ʈʠʩ. 1. ʆʩʝʚʦʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ 

 

 
ʈʠʩ. 2. ʆʩʝʚʦʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ ʫʣʫʯʰʝʥʥʳʡ 

 
ʇʨʠʚʦʜ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʙʝʯʘʡʢʠ 8 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ 

ʨʝʝʯʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 9. ʅʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʟʦʥʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʙʝʯʘʡʢʘ 8 ʩʥʘʙʞʝʥʘ ʨʘʜʠʘʣʴʥʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ 

11, ʩʦʝʜʠʥʝʥʥʳʤʠ ʩ ʨʝʝʯʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 9. ʆʙʝʯʘʡʢʘ 8 ʩʚʦʝʡ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʴʶ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʨʧʫʩʘ 10. ɾʝʩʪʢʦʝ ʢʨʝʧʣʝʥʠʝ 12, ʠ ʧʣʘʚʘʶʱʝʝ ʢʨʝʧʣʝʥʠʝ 

14. 
ɺ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʦʤ ʧʦʣʦʞʝʥʠʠ (ʢʨʘʡʥʝʝ ʣʝʚʦʝ ʧʦʣʦʞʝʥʠʝ 

ʦʙʝʯʘʡʢʠ 8, ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʢʨʳʪʳ ʚʩʝ ʦʪʚʝʨʩʪʠʷ 7 ʚ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʤ 

ʧʦʣʦʤ ʮʠʣʠʥʜʨʝ 6) ʞʠʜʢʦʩʪʴ ʧʦʩʪʫʧʘʝʪ ʚʦ ʚʥʫʪʨʝʥʥʠʡ ʦʙʲʝʤ ʚʥʝʰʥʝʛʦ 

ʢʦʨʧʫʩʘ 1 ʯʝʨʝʟ ʚʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ 2. ɼʘʣʝʝ ʧʦʪʦʢ ʧʨʦʭʦʜʠʪ  ʚʜʦʣʴ 

ʢʣʘʧʘʥʘ, ʦʙʪʝʢʘʷ ʚʥʫʪʨʝʥʥʠʡ ʢʦʨʧʫʩ 10, ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʢ ʦʪʚʝʨʩʪʠʷʤ 7 
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ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ 6. ʇʨʦʭʦʜʷ ʯʝʨʝʟ ʥʠʭ ʞʠʜʢʦʩʪʴ 

ʧʦʧʘʜʘʝʪ ʚ ʚʳʭʦʜʥʦʡ ʧʘʪʨʫʙʦʢ 3. 
ʇʨʦʮʝʩʩ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʢʣʘʧʘʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʧʝʨʝʢʨʳʪʠʷ ʦʪʚʝʨʩʪʠʡ 7 ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ ʮʠʣʠʥʜʨʘ 6 ʧʦʩʪʫʧʘʪʝʣʴʥʦ 

ʜʚʠʞʫʱʝʡʩʷ ʦʙʝʯʘʡʢʦʡ 8, ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ ʧʦʣʦʛʦ 

ʮʠʣʠʥʜʨʘ 6 ʠ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʦʪʢʨʳʚʘʝʪ (ʜʚʠʞʝʥʠʝ ʚʣʝʚʦ) ʠʣʠ 

ʟʘʢʨʳʚʘʝʪ (ʜʚʠʞʝʥʠʝ ʚʧʨʘʚʦ) ʦʪʚʝʨʩʪʠʷ 7. 
ɿʘʢʨʳʪʠʝ ʚʩʝʭ ʦʪʚʝʨʩʪʠʡ 7 ʦʙʝʯʘʡʢʦʡ 8 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʦʩʪʴʶ 

ʟʘʢʨʳʪʦʤʫ ʢʣʘʧʘʥʫ (ʢʨʘʡʥʝʤʫ ʧʨʘʚʦʤʫ ʧʦʣʦʞʝʥʠʶ ʦʙʝʯʘʡʢʠ 8). 
ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʦʙʝʯʘʡʢʠ 8 ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʯʘʩʪʠʯʥʦʤʫ 

ʧʝʨʝʢʨʳʪʠʶ ʦʪʚʝʨʩʪʠʡ 7 (ʯʘʩʪʴ ʦʪʚʝʨʩʪʠʡ ʦʪʢʨʳʪʘ, ʯʘʩʪʴ ʟʘʢʨʳʪʘ 

ʦʙʝʯʘʡʢʦʡ). 
ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʨʷʤʦʪʦʯʥʳʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ ʠʤʝʝʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʫʶ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʛʨʫʟʠʪʴ 

ʟʘʧʠʨʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʠʚʦʜ ʠ ʫʤʝʥʴʰʠʪʴ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ. 
 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʀ.ɸ. ʆʚʯʠʥʥʠʢʦʚ, ɽ.ɺ. ʇʰʝʥʠʯʥʠʢʦʚʘ, ɸ.ɸ. ɺʘʪʘʛʠʥ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɸ.ɸ. ɺʘʪʘʛʠʥ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

 
ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʘ ʮʠʨʢʫʣʠʨʫʶʱʝʡ, ʦʭʣʘʞ-

ʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʘʩʪʦʡʥʳʭ ʟʦʥ, ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʡ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ, ʦʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ, ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʫʯʘʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 
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The paper considers the movement of the circulating coolant flow in the cooling 
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 ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʘʚʠʣʴʥʦʡ ʠ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʦʭʣʘʞʜʝʥʠʷ, ʪʨʝʙʫʝʪʩʷ, ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʧʦʪʦʢʘ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ: ʛʣʠʢʦʣʴ, 

ʤʘʩʣʦ ʠʣʠ ʠʥʦʡ ʭʣʘʜʦʥʦʩʠʪʝʣʴ. ʆʜʥʠʤʠ ʠʟ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʫʙʦ-

ʧʨʦʚʦʜʥʦʡ ʩʝʪʠ, ʷʚʣʷʶʪʩʷ: ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʜʘʚʣʝʥʠʝ ʚ ʩʠʩ-

ʪʝʤʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ (Ů, %) [1].  

ɺʳʧʦʣʥʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ (ʆɾ-65 [2]) ʚ ʵʣʝʤʝʥʪʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ SolidWorks: 
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FlowSimulation. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʫʯʘʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʣʦʞʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʟʘʜʘʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɿʘʜʘʝʤ ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʥʘ ʚʭʦʜʝ 

ʠ ʚʳʭʦʜʝ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʛʠʜʨʘʚʣʠʢʠ ï ʨʘʩʭʦʜ ʥʘ 

ʚʭʦʜʝ, ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ ʨʘʩʭʦʜʫ ʥʘ ʚʳʭʦʜʝ, ʪʘʢʞʝ ʟʘʜʘʝʤ ʩʪʘʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ ʚ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

 
 

ʈʠʩ. 1. ʋʯʘʩʪʦʢ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ  

ʆʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʥʘ ʚʭʦʜʝ/ ʚʳʭʦʜʝ = 0,004 ʤ3/ʩ, Pʩʪ = 1 ʘʪʤ 

 

ʇʦʩʣʝ ʚʚʦʜʘ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ, ʟʘʜʘʝʤ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʢʦ-

ʨʦʩʪʴ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ [3]. ʇʨʠ ʧʦʤʦ-

ʱʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʛʨʘʤʤʘ ʚʳʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

(ʨʠʩ. 2 ʠ ʨʠʩ. 3), ʜʣʷ ʫʜʦʙʩʪʚʘ ʩʪʝʥʢʠ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʜʝʣʘʝʤ ʧʨʦ-

ʟʨʘʯʥʳʤʠ. 

 
 

ʈʠʩ. 2. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ 

Vmin å 3 ʤ/ʩ, Vmax å 6 ʤ/ʩ  
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ʈʠʩ. 3. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʝ ʪʨʫʙʦʧʨʦʚʦʜʘ 

Min = 2%, Max = 15%  

 
ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ (ʨʠʩ. 2), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘ 

ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʢʦʨʦʩʪʴ ʨʘʚʥʦʤʝʨʥʘʷ, ʩ ʣʦʢʘʣʴʥʳʤ ʤʘʢʩʠ-

ʤʫʤ ʚ ʟʦʥʝ ʨʘʟʚʝʪʚʣʝʥʠʷ (ʪʨʦʡʥʠʢ).  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ (ʨʠʩ. 3) 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ Ů ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2 ʜʦ 15 %. ʉʦʛʣʘʩʥʦ [4], ʝʩʣʠ 

Ů ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 5-20 %, ʪʦ ʵʪʦ ʩʠʣʴʥʦ ʪʫʨʙʫʣʠʟʠʨʦʚʘʥʥʦʝ ʪʝʯʝ-

ʥʠʝ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʫʯʘʩʪʢʦʚ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʝʩʣʠ Ů ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 1-5 %, ʪʦ ʵʪʦ ʜʚʠʞʝʥʠʝ ʩʦ ʩʨʝʜʥʝʡ ʪʫʨʫʙʣʝʥʪʥʦʩʪʴʶ (ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʠ ʢʘʥʘʣʳ ʥʝ ʩʣʦʞʥʦʡ ʬʦʨʤʳ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʦʨʤʘʣʴ-

ʥʦʤ ʪʝʯʝʥʠʠ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʩʣʦʞʥʦʤ ʪʨʫʙʦʧʨʦʚʦ-

ʜʝ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʪʦʢʘ, ʤʦʞʥʦ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʪ-

ʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʚʠʜʝ ʦʪʚʦʜʦʚ ʠ ʪʨʦʡʥʠʢʦʚ, ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʧʣʘʚʥʳʝ 

ʧʝʨʝʭʦʜʳ. 
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1. ʂʘʩʘʪʢʠʥ, ɸ.ɻ. ʆʩʥʦʚʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʘʧʧʘʨʘʪʳ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʄ., 

çʍʠʤʠʷè, 1973. ʉ. 40-42, 46, 647. 
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2
ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 
ʇʨʷʤʦʪʦʯʥʳʝ ʨʝʛʫʣʠʨʫʶʱʠʝ ʢʣʘʧʘʥʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʦʚ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʩʨʝʜ ʚ ʭʠʤʠʯʝʩʢʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ 

ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʣʘʧʘʥʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʘʚʠʪʘʮʠʠ  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʘʧʘʥ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʨʘʩʭʦʜʘ, ʢʘʚʠʪʘʮʠʷ, ʧʦʪʦʢ 
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ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʢʣʘʧʘʥʦʚ ʧʨʷʤʦʪʦʯʥʦʛʦ ʪʠʧʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 
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ʇʨʷʤʦʪʦʯʥʳʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʦʨʧʫʩʘ: 

ʚʥʝʰʥʠʡ 1 ʠ ʚʥʫʪʨʝʥʥʠʡ 2, ʚʭʦʜʥʦʡ 3 ʠ ʚʳʭʦʜʥʦʡ 4 ʬʣʘʥʮʳ. ɼʣʷ 

ʨʘʟʙʠʝʥʠʷ ʧʦʪʦʢʘ ʥʘ ʩʪʨʫʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʝʣʠʪʝʣʴ ʧʦʪʦʢʘ, - 

ʧʝʨʬʦʨʠʨʦʚʘʥʥʳʡ ʮʠʣʠʥʜʨ 5, ʩʦʦʩʥʦ ʢʦʪʦʨʦʤʫ ʨʘʟʤʝʱʝʥ ʟʘʧʠʨʘʶʱʠʡ 

ʦʨʛʘʥ 6. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ ʮʠʣʠʥʜʨʘ 5 ʠʤʝʶʪʩʷ 

ʦʪʚʝʨʩʪʠʷ 7, ʘ ʥʘ ʟʘʧʠʨʘʶʱʝʤ ʦʨʛʘʥʝ 6 - ʦʪʚʝʨʩʪʠʷ 8. ɿʘʧʠʨʘʶʱʠʡ ʦʨʛʘʥ 

6 ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʨʝʝʯʥʳʤ ʧʨʠʚʦʜʦʤ 9 ʧʨʠ ʧʦʤʦʱʠ ʰʪʦʢʘ 10. ɺ ʚʳʭʦʜʥʦʤ 

ʬʣʘʥʮʝ 4 ʚʩʪʘʚʣʝʥʘ ʨʘʩʰʠʨʠʪʝʣʴʥʘʷ ʚʪʫʣʢʘ 11. ʉ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʟʘʧʠʨʘʶʱʝʤʫ ʦʨʛʘʥʫ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ, ʢʦʥʮʝʚʦʡ 

ʫʯʘʩʪʦʢ ʰʪʦʢʘ 10 ʫʩʪʘʥʦʚʣʝʥ ʚ ʧʦʣʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʨʧʫʩʘ 2 ʧʨʠ 

ʧʦʤʦʱʠ ʧʦʜʰʠʧʥʠʢʘ 12, ʘ ʚ ʟʦʥʝ ʚʳʭʦʜʥʦʛʦ ʬʣʘʥʮʘ ʟʘ ʩʯʝʪ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʚʳʩʪʫʧʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʚʪʫʣʢʝ 11. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʚʦʨʦʪʘ ʟʘʧʠʨʘʶʱʝʛʦ ʦʨʛʘʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʪʦʢʘ 

10 ʠ ʨʝʝʯʥʦʛʦ ʧʨʠʚʦʜʘ 9 ʚʳʧʦʣʥʝʥʳ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʟʘʮʝʧʣʝʥʠʠ ʟʫʙʯʘʪʳʝ 

ʚʝʥʮʳ 13 ʠ 14. 

 
ʈʠʩ. 1. ʇʨʷʤʦʪʦʯʥʳʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ 

 

ʇʨʷʤʦʪʦʯʥʳʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. 

ɾʠʜʢʦʩʪʴ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʚʭʦʜʥʦʡ ʬʣʘʥʝʮ 3 ʚ ʧʦʣʦʩʪʴ ʤʝʞʜʫ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʥʝʰʥʝʛʦ ʢʦʨʧʫʩʘ 1 ʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʨʧʫʩʘ 2, ʦʙʪʝʢʘʝʪ ʚʥʫʪʨʝʥʥʠʡ ʢʦʨʧʫʩ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʦʪʚʝʨʩʪʠʷ 7 ʠ 8 ʚ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʤ ʮʠʣʠʥʜʨʝ 5 ʠ ʟʘʧʠʨʘʶʱʝʤ ʦʨʛʘʥʝ 6 ʢ 

ʚʳʭʦʜʥʦʤʫ ʬʣʘʥʮʫ 4. 
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ʇʨʠ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʦʤ ʢʣʘʧʘʥʝ ʟʘʧʠʨʘʶʱʠʡ ʦʨʛʘʥ 6 ʧʦʚʝʨʥʫʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʛʦ ʮʠʣʠʥʜʨʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʩʠ 

ʦʪʚʝʨʩʪʠʡ 7 ʠ 8 ʩʦʚʧʘʜʘʶʪ, ʪʦ ʝʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʣʥʦʝ ʦʪʢʨʳʪʠʝ 

(ʩʦʚʧʘʜʝʥʠʝ) ʦʪʚʝʨʩʪʠʡ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʘ ʟʘʧʠʨʘʶʱʠʡ ʦʨʛʘʥ 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʚʦʝʡ ʦʩʠ, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ 

ʦʩʝʡ ʦʪʚʝʨʩʪʠʡ 8 ʠ ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʧʨʦʭʦʜʠʪ ʞʠʜʢʦʩʪʴ, 

ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʳʪʦʤ ʢʣʘʧʘʥʝ ʦʪʚʝʨʩʪʠʷ ʧʦʣʥʦʩʪʴʶ 

ʟʘʢʨʳʪʳ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʚʦʨʦʪʘ ʟʘʧʠʨʘʶʱʝʛʦ ʦʨʛʘʥʘ 6 ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʚʦʝʡ ʦʩʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʪʦʢʘ 10 ʠ ʨʝʝʯʥʦʛʦ ʧʨʠʚʦʜʘ 9 ʚʳʧʦʣʥʝʥʳ 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʟʘʮʝʧʣʝʥʠʠ ʟʫʙʯʘʪʳʝ ʚʝʥʮʳ 13 ʠ 14. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʚʦʨʦʪ ʟʘʧʠʨʘʶʱʝʛʦ ʦʨʛʘʥʘ 6 ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʨʝʝʯʥʦʛʦ 

ʧʨʠʚʦʜʘ 9. ʇʨʠ ʵʪʦʤ ʢʦʥʮʝʚʦʡ ʫʯʘʩʪʦʢ ʰʪʦʢʘ 10 ʫʩʪʘʥʦʚʣʝʥ ʚ ʧʦʣʦʩʪʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʨʧʫʩʘ 2 ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʰʠʧʥʠʢʘ 12, ʘ ʚ ʟʦʥʝ ʚʳʭʦʜʥʦʛʦ 

ʬʣʘʥʮʘ ʢʨʝʧʠʪʩʷ ʟʘ ʩʯʝʪ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʚʳʩʪʫʧʘ (ʫʧʠʨʘʝʪʩʷ ʚ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʴ), ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʦʡ ʚʪʫʣʢʝ 11.  

ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʟʘʧʠʨʘʶʱʠʡ ʦʨʛʘʥ ʫʩʪʘʥʦʚʣʝʥ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʦʚʦʨʦʪʘ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ, ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ ʢʣʘʧʘʥʝ ʫʜʘʝʪʩʷ ʠʩʢʣʶʯʠʪʴ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʟʘʧʠʨʘʶʱʝʛʦ ʦʨʛʘʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʥʘʛʨʫʟʢʠ ʚ ʧʨʠʚʦʜʝ ʠ ʩʥʠʟʠʪʴ ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʪʫʨʙʫʣʠʟʘʮʠʠ ʧʦʪʦʢʘ. 

ʆʜʠʥʘʢʦʚʘʷ ʬʦʨʤʘ ʦʪʚʝʨʩʪʠʡ ʚ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʤ ʮʠʣʠʥʜʨʝ ʠ 

ʟʘʧʠʨʘʶʱʝʤ ʦʨʛʘʥʝ ʠ ʨʘʟʤʝʱʝʥʠʝ ʢʦʣʴʮʝʚʳʤʠ ʨʷʜʘʤʠ, ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʦʜʠʥʘʢʦʚʦʝ ʧʝʨʝʢʨʳʪʠʝ ʚʩʝʭ ʦʪʚʝʨʩʪʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʩʪʦʷʥʥʳʡ ʭʘʨʘʢʪʝʨ ʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʚʩʝ 

ʦʪʚʝʨʩʪʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ (ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʚʩʝ ʦʪʚʝʨʩʪʠʷ ʩʨʘʟʫ ʥʘ ʦʜʥʫ ʠ 

ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ), ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ 

ʧʝʨʝʤʝʱʝʥʠʠ ʟʘʧʠʨʘʶʱʝʛʦ ʦʨʛʘʥʘ, ʢʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʴ 

ʦʪʚʝʨʩʪʠʡ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʚʘʝʪʩʷ, ʘ ʯʘʩʪʴ ʦʩʪʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ 

ʦʪʢʨʳʪʳʤʠ ʧʨʠ ʵʪʦʤ ʫʩʠʣʠʚʘʶʪʩʷ ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ.  

ʉ ʮʝʣʴʶ ʧʦʣʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʦʩʝʡ ʦʪʚʝʨʩʪʠʡ ʠ ʠʭ ʦʜʠʥʘʢʦʚʦʛʦ 

ʧʝʨʝʢʨʳʪʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʷʜʘʤʠ, ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʢʨʘʷ ʚʳʭʦʜʥʦʛʦ 

ʬʣʘʥʮʘ ʦʪ ʙʣʠʞʘʡʰʝʛʦ ʢ ʥʝʤʫ ʨʷʜʘ ʦʪʚʝʨʩʪʠʡ ʠ ʫʛʣʦʚʦʡ ʰʘʛ ʤʝʞʜʫ 

ʮʝʥʪʨʘʤʠ ʦʪʚʝʨʩʪʠʡ ʚ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʤ ʮʠʣʠʥʜʨʝ ʠ ʟʘʧʠʨʘʶʱʝʤ ʦʨʛʘʥʝ 

ʚʳʧʦʣʥʝʥʳ ʦʜʠʥʘʢʦʚʳʤʠ. 
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ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʷʚʣʝʥʠʷ ʚʠʙʨʘʮʠʠ ʠ ʰʫʤʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʚʝʥʪʠʣʷʪʦʨʘ, ʥʘʩʦʩʘ ʠ ʩʠʣʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʢʘʨʢʘʩ) ʚ ʩʠʩ-
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ, ʰʫʤʳ, ʰʫʤʦʤʝʨ, ʚʠʙʨʦʤʝʪʨ, ʚʝʥʪʠ-

ʣʷʪʦʨ, ʥʘʩʦʩ, ʢʘʨʢʘʩ, ʪʦʯʢʠ ʟʘʤʝʨʘ 
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ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ ʨʘʟ-

ʣʠʯʥʳʝ ʰʫʤʳ ʠ ʚʠʙʨʘʮʠʠ ʦʪ ʨʘʙʦʪʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ: ʢʦʤʧʨʝʩʩʦʨ, ʥʘʩʦʩ, 

ʚʝʥʪʠʣʷʪʦʨ ʠ ʜʨ. ɺʦʟʜʝʡʩʪʚʠʝ, ʦʢʘʟʳʚʘʝʤʦʝ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ, 

ʤʦʞʝʪ ʧʘʛʫʙʥʦ ʚʣʠʷʪʴ ʥʘ ʧʝʨʩʦʥʘʣ ʠ ʦʧʝʨʘʪʦʨʦʚ ʚ ʟʦʥʝ ʤʦʥʪʘʞʘ ʭʦʣʦ-

ʜʠʣʴʥʦʡ ʤʘʰʠʥʳ, ʩʦʛʣʘʩʥʦ ʉʅʠʇʘʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʮʝʣʴʶ ʨʘʙʦʪʳ, ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʨʦʚʥʷ ʚʠʙ-

ʨʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʦʪ ʨʘʙʦʪʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʠ ʦʪ ʩʠʣʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʦʧʝʨʘʪʦʨʘ ʦʪ ʭʦʣʦʜʠʣʴʥʳʭ ʤʘʰʠʥ. ɺʠʙʨʘʮʠʠ ʭʘʨʘʢʪʝʨʠ-
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ʟʫʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ: ʚʠʙʨʦʩʢʦʨʦʩʪʴ, ʚʠʙʨʦʫʩʢʦʨʝʥʠʝ ʠʣʠ ʚʠʙʨʦʧʝʨʝʤʝ-

ʱʝʥʠʝ.  

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʚʝʥʪʠʣʷʪʦʨʘ, ʥʘ ʧʨʠʤʝʨʝ ʚʝʥʪʠʣʷʪʦʨʘ 220ɺʆ-

12-2ɸ [1]. ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʟʠʤ ʪʦʯʢʠ ʟʘʤʝʨʘ ʚʠʙʨʘʮʠʡ ʦʪ ʨʘʙʦʪʘʶʱʝ-

ʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. ɿʘʤʝʨʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʫʩʪʨʦʡʩʪʚʘ ɸʣʛʦ-

ʨʠʪʤ 05 ʰʫʤʦʤʝʨ, ʚʠʙʨʦʤʝʪʨ [3]. 

ɿʘʤʝʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʚʠʙʨʘʮʠʡ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʫʩ-

ʪʘʥʦʚʣʝʥʥʳʤʠ ʟʘʚʦʜʦʤ-ʠʟʛʦʪʦʚʠʪʝʣʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʧʨʦʠʟʦʰʣʦ ʙʳ 

ʨʘʟʨʫʰʝʥʠʝ ʚʝʥʪʠʣʷʪʦʨʘ. 

 

ɺʠʜ ʩʧʝʨʝʜʠ                                                        ɺʠʜ ʩʟʘʜʠ 
ʈʠʩ. 1. ʊʦʯʢʠ ʟʘʤʝʨʘ ʚʝʥʪʠʣʷʪʦʨʘ 220ɺʆ-12-2ɸ 

 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʥʘʩʦʩʘ Grundfoss CRN 10-8 [2]. ʅʘ ʨʠʩ. 2 ʠʟʦ-

ʙʨʘʟʠʤ ʪʦʯʢʠ ʟʘʤʝʨʘ ʚʠʙʨʘʮʠʡ ʦʪ ʨʘʙʦʪʘʶʱʝʛʦ ʥʘʩʦʩʘ. ɿʘʤʝʨʳ ʧʨʦʠʟʚʦ-

ʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ [3]. 

ɿʘʤʝʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʚʠʙʨʘʮʠʡ ʚ ʪʦʯʢʘʭ 1-4 (ʪʦʯʢʠ ʢʨʝʧ-

ʣʝʥʠʷ) ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʚʠʙ-

ʨʦʛʘʩʷʱʠʭ ʧʣʘʩʪʠʥ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʭ ʘʤʦʨʪʠʟʘʪʦʨʦʚ, ʣʠʙʦ ʫʩʪʘʥʦʚʢʘ ʥʘ-

ʩʦʩʘ ʥʘ ʙʦʣʝʝ ʞʝʩʪʢʦʡ ʨʘʤʝ, ʩ ʮʝʣʴʶ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʛʘʰʝʥʠʷ ʚʠʙʨʘʮʠʡ. 

ʂʘʞʜʳʡ, ʨʘʙʦʪʘʶʱʠʡ ʘʛʨʝʛʘʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʩʠʣʦʚʫʶ ʢʦʥʩʪ-

ʨʫʢʮʠʶ: ʨʘʤʘ, ʢʘʨʢʘʩ, ʢʦʞʫʭ ʠ ʪ.ʧ., ʧʦʵʪʦʤʫ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʦ-

ʚʘʥʠʡ ʉʅʠʇ [4] ʧʦ ʫʨʦʚʥʶ ʚʠʙʨʘʮʠʡ ʚʳʧʦʣʥʠʤ ʧʨʦʚʝʨʢʫ ʢʘʨʢʘʩʘ ʭʦʣʦ-

ʜʠʣʴʥʦʡ ʤʘʰʠʥʳ.  
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ʈʠʩ. 2. ʊʦʯʢʠ ʟʘʤʝʨʘ ʥʘʩʦʩʘ Grundfoss CRN 10-8 

 

ʊʦʯʢʠ ʟʘʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. ɿʘʤʝʨʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ 

ʧʦʤʦʱʠ ʚʠʙʨʦʤʝʪʨʘ [2]. ɺʳʧʦʣʥʝʥʥʳʝ ʟʘʤʝʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʥʘʯʝʥʠʷ 

ʚʠʙʨʘʮʠʡ ʚ ʪʦʯʢʘʭ 1, 2, 7 ï 14 ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʠʝ ʜʦʧʫʩʪʠ-

ʤʳʝ. ɺ ʪʦʯʢʘʭ 1 ʠ 2 ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʳʜʝʣʝʥʥʦʝ ʤʝʩʪʦ ʷʚʣʷʝʪʩʷ 

ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʨʰʥʝʚʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ. ɺ 

ʪʦʯʢʘʭ 7 ï 14 ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ, ʫʢʘʟʘʥʥʳʝ 

ʪʦʯʢʠ ʷʚʣʷʶʪʩʷ ʤʝʩʪʘʤʠ ʢʨʝʧʣʝʥʠʷ ʘʛʨʝʛʘʪʘ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʝʥʳ ʠʟ ʛʥʫ-

ʪʦʛʦ ʣʠʩʪʦʚʦʛʦ ʧʨʦʬʠʣʷ. ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʚʠʙʨʘʮʠʡ ʚ ʫʢʘʟʘʥʥʳʭ ʪʦʯ-

ʢʘʭ ʪʨʝʙʫʝʪʩʷ ʧʦʚʳʩʠʪʴ ʞʝʩʪʢʦʩʪʴ, ʟʘʤʝʥʠʪʴ ʛʥʫʪʳʡ ʧʨʦʬʠʣʴ ʥʘ ʮʝʣʴʥʳʡ 

ʧʨʦʢʘʪ, ʘ ʪʘʢʞʝ ʜʦʙʘʚʠʪʴ ʚʠʙʨʦʛʘʩʷʱʠʝ ʧʣʘʩʪʠʥʳ. 
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ʈʠʩ. 3. ʊʦʯʢʠ ʟʘʤʝʨʘ ʩʠʣʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ (ʢʘʨʢʘʩ) 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʇʘʩʧʦʨʪ ʚʝʥʪʠʣʷʪʦʨʘ 220ɺʆ-12-2ɸ. URL: https://eandc.ru/pdf/dvigateli/vo-a.pdf 

(ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.03.2023). 

2. ʇʘʩʧʦʨʪ ʥʘʩʦʩʘ Grundfoss CRN 10-8. URL:: https://www.c-o-

k.ru/library/instructions/grundfos/nasosnye-stancii-i-spec-nasosy/1324/15101.pdf  (ɼʘ-

ʪʘ ʦʙʨʘʱʝʥʠʷ: 12.03.2023). 

3. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʣʛʦʨʠʪʤ 05. URL:: 

https://algoritm.ru/upload/files/alg05_site.pdf  (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.03.2023). 

4. ʉʪʨʦʠʪʝʣʴʥʳʝ ʥʦʨʤʳ ʠ ʧʨʘʚʠʣʘ ʈʌ. URL:: http://sniprf.ru/ (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

12.03.2023). 

5. ʂʫʮʫʙʠʥʘ, ʅ.ɺ. ʊʝʦʨʠʷ ʚʠʙʨʦʟʘʱʠʪʳ ʠ ʘʢʫʩʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ ʤʘʰʠʥ: ʫʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ / ʅ.ɺ. ʂʫʮʫʙʠʥʘ, ɸ.ɸ. ʉʘʥʥʠʢʦʚ.  ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀʟʜ-ʚʦʋʨʘʣʴʩʢ.ʛʦʩ. ʣʝ-

ʩʦʪʝʭʥ. ʫʥ-ʪʘ, 2014. ʉ. 43-48, 118-128. 

https://algoritm.ru/upload/files/alg05_site.pdf


207 

 

ʋɼʂ 665.64.097.38 

ʆʇʊʀʄʀɿɸʎʀʗ ʂʆʅʉʊʈʋʂʎʀʀ ʀ ʏʀʉʃɽʅʅʆɽ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʇʆʈʓ ʂʆʃʔʎɽɺʆɻʆ 

ɺʆɿɼʋʍʆʈɸʉʇʈɽɼɽʃʀʊɽʃʗ 
 

ɸ.ɺ. ʉʘʞʠʥ, ɺ.ɸ. ʊʠʭʦʤʠʨʦʚ, ɸ.ɺ. ʇʨʦʚʦʨʦʚ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ɸ.ɺ. ʇʨʦʚʦʨʦʚ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 
 

ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 
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ʆʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʛʝʥʝʨʘʪʦʨʘ ʫʩʪʘʥʦʚʢʠ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ [1] ʷʚʣʷʝʪʩʷ ʣʦʢʘʣʴʥʳʡ ʧʝʨʝʛʨʝʚ ʩʪʝʥʢʠ ʜʥʠʱʘ 

ʚ ʤʝʩʪʝ ʢʨʝʧʣʝʥʠʷ ʦʧʦʨ ʢʦʣʴʮʝʚʳʭ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʝʡ. ʆʧʦʨʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʩʠʚʥʫʶ ʩʚʘʨʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʞʝʩʪʢʦ 

ʟʘʢʨʝʧʣʝʥʥʫʶ ʥʘ ʩʪʝʥʢʝ ʜʥʠʱʘ. ɸʧʧʘʨʘʪ ʠʟʥʫʪʨʠ ʬʫʪʝʨʦʚʘʥ ʩʣʦʝʤ 

ʪʦʨʢʨʝʪ-ʙʝʪʦʥʘ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʝʛʦ ʩʪʝʥʢʝ ʥʘʛʨʝʚʘʪʴʩʷ ʙʦʣʝʝ 300 Áʉ ʧʨʠ 

ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʥʫʪʨʠ ʘʧʧʘʨʘʪʘ 700 Áʉ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʦʧʦʨʳ ʪʘʢʞʝ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʣʦʝ ʪʦʨʢʨʝʪ-ʙʝʪʦʥʘ, ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʥʘʛʨʝʚʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʦʧʦʨʳ ʪʝʧʣʦ ʧʝʨʝʜʘʝʪʩʷ ʢ ʩʪʝʥʢʝ ʜʥʠʱʘ ʟʘ ʩʯʝʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʤʘʪʝʨʠʘʣʘ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʣʦʢʘʣʴʥʦʤʫ ʧʝʨʝʛʨʝʚʫ ʜʥʠʱʘ ʠ ʩʥʠʞʝʥʠʶ ʝʛʦ ʧʨʦʯʥʦʩʪʠ. 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʯʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʦʨʳ ʢʦʣʴʮʝʚʦʛʦ 

ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʛʨʝʚʘ ʩʪʝʥʢʠ ʘʧʧʘʨʘʪʘ. 

ʇʨʠʤʝʥʷʣʘʩʴ ʪʝʭʥʦʣʦʛʠʷ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʊʦʧʦʣʦʛʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ (ʊʆ) ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʬʦʨʤʳ, ʢʦʣʠʯʝʩʪʚʘ ʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʳʨʝʟʦʚ ʚ 

ʜʝʪʘʣʠ, ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʶʪ ʝʝ ʤʘʩʩʫ ʥʘ ʟʘʜʘʥʥʫʶ ʚʝʣʠʯʠʥʫ [2].  

ʎʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ ʊʆ ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʊʆ 

ʧʦʟʚʦʣʷʝʪ ʧʦʜʦʙʨʘʪʴ ʪʘʢʫʶ ʬʦʨʤʫ ʠ ʩʪʨʫʢʪʫʨʫ ʜʝʪʘʣʠ, ʢʦʪʦʨʘʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʞʝʩʪʢʦʩʪʴ ʧʨʠ ʟʘʜʘʥʥʦʤ ʩʥʠʞʝʥʠʠ ʤʘʩʩʳ. 

ʉʥʠʞʝʥʠʝ ʤʘʩʩʳ ʜʝʪʘʣʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ʠʟ 3D ʤʦʜʝʣʠ, ʢʦʣʠʯʝʩʪʚʦ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʨʘʥʝʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʆʩʪʘʚʰʠʡʩʷ ʤʘʪʝʨʠʘʣ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʪʝʨʠʝʤ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʟʘʜʘʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʜʝʪʘʣʠ 

ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʦʧʦʨʫ ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʚʦʟʤʦʞʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʩʪʝʥʢʠ ʘʧʧʘʨʘʪʘ. 

ʊʆ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʠʩʭʦʜʥʦʡ 

ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʟʘʜʘʶʪʩʷ ʤʘʪʝʨʠʘʣ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʧʘʨʘʤʝʪʨʳ 

ʩʝʪʢʠ ʂʕ. ɿʘʪʝʤ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʜʝʣʠ, ʠ 

ʫʜʘʣʷʝʪʩʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʩʪʘʚʰʠʝʩʷ ʵʣʝʤʝʥʪʳ 

ʨʘʙʦʪʘʣʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʟ ʤʦʜʝʣʠ ʫʜʘʣʷʝʪʩʷ 

ʯʘʩʪʴ ʥʝʥʘʛʨʫʞʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʥʘʠʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʱʝʛʦ ʥʘ 

ʞʝʩʪʢʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʜʝʪʘʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʞʝʩʪʢʘʷ, ʨʘʚʥʦʤʝʨʥʦ ʥʘʛʨʫʞʝʥʥʘʷ ʠ, ʯʪʦ ʚʘʞʥʦ, ʦʙʣʝʛʯʝʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʜʝʪʘʣʠ.  

ɺ ʩʠʩʪʝʤʝ ʂʦʤʧʘʩ-3D ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ 3D ʤʦʜʝʣʴ ʦʧʦʨʳ ʠ 

ʧʨʦʚʝʨʝʥʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʦʚʝʨʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ (ʙʣʠʟʢʠʝ ʢ 

150 ʄʇʘ) ʚʦʟʥʠʢʘʶʪ ʥʘ ʥʝʙʦʣʴʰʦʤ ʫʯʘʩʪʢʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʤʦʜʝʣʠ ʥʝʜʦʛʨʫʞʝʥʘ. 

ʀʥʩʪʨʫʤʝʥʪʘʤʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ APMFEM, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʩ ʂʦʤʧʘʩ-3D, ʙʳʣʘ ʩʛʝʥʝʨʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʚ ʚʠʜʝ 3D-

ʩʝʪʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʤʦʜʝʣʠ ʧʦʜ ʥʘʛʨʫʟʢʦʡ, ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʝʝ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. ʕʪʘ ʩʝʪʴ ʩʦʚʤʝʱʘʝʪʩʷ ʩ ʠʩʭʦʜʥʦʡ 

ʤʦʜʝʣʴʶ ʠ ʩʪʘʥʦʚʠʪʩʷ ʰʘʙʣʦʥʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʬʦʨʤʳ ʦʧʦʨʳ 

(ʨʠʩ. 2). 
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ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ ʥʘ ʧʨʦʯʥʦʩʪʴ 

 

 

 
 

ʈʠʩ. 2. ʉʝʪʴ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʘʷ ʧʨʦʛʨʘʤʤʦʡ 

 

ɺ ʧʨʦʮʝʩʩʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʩʭʦʜʥʘʷ ʜʝʪʘʣʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ 

ʥʦʚʫʶ ʤʦʜʝʣʴ ʦʧʦʨʳ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʥʘ ʧʨʦʯʥʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3. ʈʘʩʰʠʨʝʥʥʘʷ ʯʘʩʪʴ ʚʝʨʭʥʝʡ ʧʣʦʱʘʜʢʠ ʠ 

ʭʚʦʩʪʦʚʠʢ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʦʥʠ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʢʦʣʴʮʝʚʦʛʦ ʚʦʟʜʫʭʦʨʘʩʧʨʝʜʝʣʠʪʝʣʷ. 
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ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʄʠʟʝʩʫ 

 

ɺʠʜʠʤ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʦʧʦʨʳ ʥʘʛʨʫʞʝʥʘ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ, ʯʝʤ 

ʠʩʭʦʜʥʘʷ ʤʦʜʝʣʴ. ʅʘʧʨʷʞʝʥʠʷ ʚ ʦʩʥʦʚʥʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʦʧʦʨʳ 

ʩʥʠʟʠʣʠʩʴ ʩ 75,7 ʄʇʘ ʜʦ 46,4 ʄʇʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦ 

ʄʠʟʝʩʫ ʨʘʚʥʦ 64 ʄʇʘ, ʯʪʦ ʤʝʥʴʰʝ ʜʦʧʫʩʢʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʩʪʘʣʠ 

09ɻ2ʉ - [s] = 151 ʄʇʘ. ʋʟʝʣ ʚʳʜʝʨʞʠʚʘʝʪ ʟʘʜʘʥʥʳʝ ʥʘʛʨʫʟʢʠ. ʋʩʣʦʚʠʝ 

ʧʨʦʯʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʤʘʩʩʫ ʦʧʦʨʳ ʫʜʘʣʦʩʴ 

ʩʥʠʟʠʪʴ ʩʦ 162 ʢʛ ʜʦ 60 ʢʛ.  

ɺʳʧʦʣʥʝʥʠʝ ʚʳʨʝʟʦʚ ʚ ʦʧʦʨʝ ʠ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʝʝ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ 

ʪʝʣʦ ʦʧʦʨʳ ʠ ʚʳʨʘʚʥʠʚʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʢʦʥʠʯʝʩʢʦʛʦ ʜʥʠʱʘ 

ʘʧʧʘʨʘʪʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʦʧʦʨʝ ʷʚʣʷʝʪʩʷ ʮʝʣʴʶ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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A method for calculating the optimal design parameters of a constant force 
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ʆʧʦʨʳ ʧʦʩʪʦʷʥʥʦʛʦ ʫʩʠʣʠʷ Witzenmann ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʠʠ ʙʦʣʴʰʠʭ (50 ... 250 ʤʤ) ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʜʣʠʥʝʥʠʡ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ [1, ʩ.146]. ʆʥʠ 

ʚʦʩʧʨʠʥʠʤʘʶʪ ʠ ʫʜʝʨʞʠʚʘʶʪ ʚʝʩ ʪʨʫʙ, ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʅʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳ ʦʧʦʨʳ ʬʠʨʤ Witzenmann, Hesterberg, Lisega.ʆʧʦʨʳ Witzenmann 

ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʥʦ    ʚ ʪʦ ʞʝ ʩʘʤʦʝ ʚʨʝʤʷ 
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ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʝʥʴʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʫʩʠʣʠʷ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʧʝʨʝʤʝʱʝʥʠʷ. 

 ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʱʠʡ ʚʠʜ ʠ ʩʭʝʤʘ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʦʨʳ 

ʬʠʨʤʳ Witzenmann [2]. 

 
 

ʈʠʩ. 1. ʆʙʱʠʡ ʚʠʜ ʠ ʩʭʝʤʘ ʦʧʦʨʳ ʧʦʩʪʦʷʥʥʦʛʦ ʫʩʠʣʠʷ: 

1 ï ʧʨʫʞʠʥʘ, 2 ï ʦʩʴ ʚʨʘʱʝʥʠʷ ʨʳʯʘʛʘ, 3 ï ʪʷʛʘ, 4 ï ʩʪʘʢʘʥ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʪʦʜʠʢʘʭ ʨʘʩʯʸʪʘ 

ʧʦʜʦʙʥʳʭ ʦʧʦʨ, ʦʪʩʫʪʩʪʚʫʶʪ ʧʦʜʨʦʙʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ. 

ʇʦʵʪʦʤʫ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ: ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʨʘʩʯʸʪʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʦʨʳ ʧʦʩʪʦʷʥʥʦʛʦ ʫʩʠʣʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ  ʫʩʠʣʠʷ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʯʢʠ ʢʨʝʧʣʝʥʠʷ ʪʨʫʙʳ. 

ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʦʧʦʨʳ ʷʚʣʷʝʪʩʷ ʜʚʫʧʣʝʯʠʡ ʨʳʯʘʛ (ʨʠʩ. 1), 

ʦʜʥʦ ʧʣʝʯʦ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʪʷʛʠ ʩ ʪʨʫʙʦʧʨʦʚʦʜʦʤ, ʘ ʜʨʫʛʦʝ 

ʧʣʝʯʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʦʝʡ ʪʷʛʠ ʩʦ ʰʪʦʢʦʤ ʧʨʫʞʠʥʳ. ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʦʧʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʜʣʠʥʳ ʧʣʝʯ (ʩ, d), ʠʭ ʫʛʣʳ ʥʘʢʣʦʥʘ, ʜʣʠʥʳ 

ʪʷʛ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʫʞʠʥʳ ʠ ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ 

ʨʳʯʘʛʘ (h) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʧʦʩʪʦʷʥʩʪʚʦ ʫʩʠʣʠʷ. ʆʥʠ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʠʥʪʝʨʚʘʣ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʫʙʳ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʫʩʠʣʠʷ ʥʘ ʪʷʛʝ ʩʦ ʩʪʦʨʦʥʳ ʪʨʫʙʳ, ʘ ʪʘʢʞʝ 

ʤʠʥʠʤʘʣʴʥʳʝ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʫ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ, ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʫʶ 

ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʘ ʩʠʩʪʝʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ IOSO. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʸ-

ʪʘ ʚ ʩʠʩʪʝʤʝIOSO ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

1. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ; 

2. ɺʳʭʦʜʥʳʝ ʨʘʩʯʝʪʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʜʘʥʥʳʝ; 

3. ʂʨʠʪʝʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ; 
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4. ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʠ ʢʨʠʪʝʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

ɿʘʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ: ʨʘʙʦʯʠʡ ʭʦʜ ʪʷʛʠ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ, ʠʥʜʝʢʩ ʧʨʫʞʠʥʳ, ʜʣʠʥʳ ʨʳʯʘʛʦʚ, ʜʣʠʥʘ ʧʨʫʞʠʥʳ, ʫʛʣʳ ʥʘʢʣʦʥʘ 

ʧʣʝʯ ʨʳʯʘʛʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ ʦʧʨʝʜʝʣʝʥʳ: ʤʘʢʩʠʤʘʣʴ-

ʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʫʩʠʣʠʷ ʥʘ ʪʷʛʝ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʛʘʙʘʨʠʪʳ ʤʝʭʘʥʠʟʤʘ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ Python, ʢ 

ʢʦʪʦʨʦʡ IOSO ʦʙʨʘʱʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ 

ʦʧʦʨʳ ʩʠʩʪʝʤʘ IOSO ʚʳʜʘʝʪ ʩʚʦʜʥʫʶ ʪʘʙʣʠʮʫ ʇʘʨʝʪʦ - ʦʧʪʠʤʘʣʴʥʳʭ ʨʝ-

ʰʝʥʠʡ. ɹʳʣ ʨʘʩʩʯʠʪʘʥ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʦʧʦʨʳ ʧʦʩʪʦʷʥʥʦʛʦ ʫʩʠʣʠʷ (ʥʘ-

ʛʨʫʟʢʘ - 5000 ʅ, ʠʥʪʝʨʚʘʣ ʧʝʨʝʤʝʱʝʥʠʷ ʪʨʫʙʳ 0 .. 250 ʤʤ). ʀʟ ʨʝʟʫʣʴʪʠ-

ʨʫʶʱʝʡ ʪʘʙʣʠʮʳ (ʨʠʩ. 2) ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʦʧʦʨʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʦʪʢʣʦ-

ʥʝʥʠʝʤ ʫʩʠʣʠʷ ʦʪ ʚʝʩʘ ʪʨʫʙʳ. 

 

ʈʠʩ. 2. ʊʘʙʣʠʮʘ ʇʘʨʝʪʦ - ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ 

 

ɼʣʷ ʚʳʙʨʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʦʧʦʨʳ ʧʦʩʪʦʷʥʥʦʛʦ ʫʩʠʣʠʷ ʚ ʩʠʩʪʝʤʝ 

ʂʦʤʧʘʩ-3D ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʜʨʦʙʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʦʧʦʨʳ 


